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described herein

The disclosure relates to inhibitors of PCSK9 useful in the
trcatmcnl ol'cholcslcrol hpid mctabohsm, snd other diseases
in which PCSK9 plays a role. havtn the Fonmtla (I).
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CYCLIC TETRAMER COMPOUNDS AS
PROPROTEIN CONVERTASE

SUBTILISLN/KEXIN TYPE 9 (PCSK9)
LNIIIIIITORS FOR THK TRKATMKNT OF

MKTABOI.I('ISORDKRS

RKI.A1

I&I 

) APPI,I('Al'ION S

[0001] Tins applicatiou clmnw the bcnclil ol'and priority
to U.S. Prox &s&onal Appl&cat&on Nos. 62/772,030, Iiled Nov.
27. 2018, and 62/924,828 tiled Ocn 23, 2019, the en)&re
contents of each of winch are incorpomted herein by refer-
ence in their entiret&es

I&II II,D Oli l)IS('J,OSURI:

[0002] The present dmclosure is direct&xl lo modulalors of
proprole&n convcrtosc subnl&s&n,'kexin t)T&c 9 (PCSK9) use-
ful in the treatn&ent of diseases or disorders associated v ith
P( SK') protease Spec&tically, the disclosure is concerned
with compounds and compositions, which inhibit PCSK9,
metlu&ds of treat&ng diseases or disorders associated v.ith
PCSK9. and methods of synthesis of these compounds.

BACKCIROUND OF THE DISCLOSURE

[0003J Vropmtein conveitase subtilisin/kexin type 9

(P( SK')) is a men&ber of the secretory subtilase, subtilisin
serine protease family. and is expressed in mony tissues and
cell types. The PCSK9 protein contains a signal sequence. a
prodomain, a catalync dome&n contauung a conserved triad
of resiilucs (D186, H226 and S386), and a C-temunal
donunn and &s synthcs&zcd as a soluble 74-kDa precursor
that undergoes autocatal)sic cleavage in the endoplasn&ic
reticuhun. 'I'he autocatalytic activity has been six&v n to be
required for secretion.
[0004] PCSK9 hos pronounced eflbcls on plasma low
density lipoprotcu& cholcstcrol (LDL-C) levels via ils modu-
lation of hepatic low density lipoprotein receptors (I,DI.R),
the main route by which cholesterol is rammed front the
circuLation. PCSK9 b&nds the I DLR and directs it to lyso-
somal degradation. thereby increasing plasma LDL-C levels
and, u& turn, coronary heart disease (CHD) nsk. (Maxw ell K.
N., Proc. Natl. Aced. Sc&., 101, 2004, 7100-7105: ParL S.
W. J. Biol. Chem 279, 2004, 50630-50638: Lagacc T. A,
et. al .I ('lu& Invest. 200(x 116(11) 2995-3005). Overex-
pression of mouse or bun&an P('SK9 in mice has been six&wn
to elevate total and LDL-C levels and dramatically reduce
hepatic LDLR protein, without an observed eflect on the
le&els of mRNA, SREBP, or SREBP pro&em miclear to
cytoplasnuc mtio. (Maxwell K. N., Proc. Natl. Aca&L Sc&.

101. 2004, 7100-7105). Morcovcr, mutotio&w in PCSK9 that
cause loss of P('SK') function in mouse &nodal ~ have also
been sho&vn to lower total and J.l)I,-('evels (('ohen. J. C.,
et al., N. Engl. J. Med.. 354. 2006. 1264-1272). Thus. the
results indicate that modulation of PCSK9 results in a
rcsluct&on ol'DLR prote&n lcvcls.
[0005] (iene deletion of P( SK9 has also been conducted
in mice. P('SK9 knockout n&ice sho&v an approximate 50%
reduction in plasma cholesterol levels and enhanced sensi-
tivity to statins in reducin plasma cholesterol (Roshid. S.,
ct ol., Proc. Natl. Aced. Sc&.. 2005, 102.5374-5379). Human
genetic data strongly support lhe role of PCSK9 u& LDL
ho&ncx&stas&s. 11&c 1&nk between PCSK9 and plasma LDL-C
levels was hrst estabhshed by the discovery of PCSK9
&I&is&elise 1&litt'it&oils 111 p'itieirts &vitli ofl a&it&iso&&lal &I&i&&ill&silt

form of familial hypercholesterolemia (Abifadel. M., et al.,
Nature, 2003, 34:154-6). Paucnts carrying PCSK9 gaui-ol-
Jiinct&on ollclcs have increased plasma LDL-C lcvcls and
premature (111), &vhereas those w&th P('SK9 loss-of-func-
tion alleles have markedly reduced plasma I DI.-( aod are
protected from CHD.
[0006] PCSK9 also plays a role in Lipoprotein (a) (Lp(a))
metabolism. Lp(a) is a proatherogenic lipoprotein comprised
of an LDL particle covalmilly linked lo apoLp(a). Human
gcnclic suxiies &nd&cate ll&ai Lp(a) is causally assocmted w&lh
('I II) risk PCSK9 therapemic ant&bod&es have been shown
to significantly reduce I,p(a) levels in patients with hyper-
cholesterolemia. (Desai, N. R., et. al., Circulation. 2013,
128(9):962-969: Lambert. G., et. al.. Chn. Sci. 2017, 131,
261-268). Patients receiving stotin therapy treated with a
monoclonal ont&body oga&nsl PCSK9 have shown up lo 32%
reducl&on in Lp(o) Jcvcls compared to placebo. (Desai N. R.,
et. al., Circulation 2013. 128(9) 962-')69).
[INN)7J In addition to having cardiovascular el(ecto,
P(.'SK9 plays an important role in sepsi~. a life-threatening
condition caused by a body's response to infection. Over-
expression of PS('K9 in septic m&ce has been shown to
aggravate sepsis by u&creasing uiflanunal&on, wlulc &nlubi-

t&on of PCSK9 has bccn shown to rcducc morlaluy.
(I)wivedi, I)..I, et al.. Shock. 2016, 46(6), 672-680) More-
over, tio&v cytometry studies in human Jlep(i2 cells have
shown that P('SK9 negatively regulates gram-negative
lipopolysaccharide (LPS) uptake by hepatocytes throuJ& the
re ulat&on of the LDLR-mediated bacterial lipid uptake of
1&potcichoic ocul (LTA) ond LPS Qm&ugh au LDL-dependent
mechaiusm. (Gnn, P. M., cl al.. Nature. 2018, 8(1):10496)
1'hus, inhibition of P('SK9 has the potential to treat sepsis by
reducmg the body*a immune response to an infection
[INNISJ Currently, there are no kno&vn small molecule
inhib&tora of PCSK9. The only known marketed inhibitors of
PCSK9 are anti-PCSK9 antibodies. Inhib&tion of PCSK9
with a small molecule u&h&biior l here fore has l1m polenlml to
bc o treatment Ior o range ol d&scascs, includ&ng hypcrcho-
lesterolemia, hyperlipidemira hypertriglyceridemia, sitoster-
oleniia, atherosclemsis. aneriosclemsis, coronary heart dis-
ease, peripheral vascular disease. penpheral arterial disease,
vascular inflammation, elevated Lp(a)„elevated LDL. tri-
glyceride-rich lipoproteins (TRL), elevated tri lycerides,
sc)&s&s, xanlhoma mid other d&sordcrs For thcsc reasons,
there remains o necsl for novel and potent small molecule
P(.'SK9 inhibitors.

SUMMARY Oli TI II. DIS('I OSI JRI I

[0009] A Iirst aspcci of the d&sclosurc rclaics io com-
pounds of Fomuda (I).
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[0010[ and phannaceutically acceptable salts, hydrates,
solvales, prodrugs, stercoisomers, and hnitomcrs
lhcrciil,

[0011] whercui.
[0012] X, and X, are each independently H or(C,-C,)

alkyl, or X, and X, to ether with the carbon atom to
wluch they arc attached form (0),

[0013] X„ is CH, when X, and X, are each inde-
pendently H or (Ci Cp)alkyl, or X, and X, together
with the carbon atom to wluch they arc auachcd fiinn

(0). or X, ls ~, NH or N(C,-C&)alkyl-,
when X, and X, together with the carbon atom to wluch
they are attached form (0);

[0016] R, ls (C&-C,&,)aryl or 5- or 6-membered hct-
eroaryl comprising 1-3 hetematoms selected front N,
0, and R wherem the aryl and heteroaryl are substi-
tu'tcd with OR& p or NR IRI&, and oPtionally sub-
stituted lvith one or more Rn:

[OU15[ Rz is 11, ((',-( p)alkyl. (( z-Cp)alkenyl. (C,-CS)
haloalkyl, NRIIRIS (C,-C,)carbocyclyL (CB-C,)cy-
cloalkeny1„5- to 7-membered heterocyclyl comprising
1-3 hetcroatoms selcclcd from N, 0, and S. (CS-CO,)
dr)i, or 5- or 6-membcrcd hetcroaryl compmslng 1-3
hcteroatoms sclcctcd from N, 0, dnd S, wherein the
alkyl is optionally substituted with one or more R,s,
and the carbocyclyl, cycloalkenyl. heterocyclyl. aryl
and heteroaryl are optionally substituted with one or
Inorc Rip,

[OU16[ Ri ls II, I), (( i (lp)alkyl (Ci (le)alkoxy, (0,-
(',)haloalkyl. (C,-C,)haloall oxy. or (C,-C,)hydroxy-
alkyl, wherein the alkyl is optionally substituted with
oni: Or nlorc Riu

[0017] Rd is H or (C,-C,)alkyl; or
[OU IS[ Ri and Rd together with the atoms to v hich they

are attached foun a 5- to 7-membered heterocyclyl ring
conlprising 1-3 heteroatomc selected from N. 0. and S,

[()019] Rs and RI aic each independently I I. I) (( I (
alkyl„(C,-C,)ailkoxy, (C,-C,)haloallyl. ((',-C,)has-
loalkoxy. or (C I Cp)hydroxyalkyL wherein the (C,-C,)
dlk)'I ls Optlonallv StlbSnhllCd with oni: 01 BIOIC D;

[0020] R, is (C,-C,)alkyl, (C,-C,)alkoxy. (C,-C,)ha-
loalkyl. (Ci Cp)haloalkoxy, or (C,-C,)hydroxyalkyl,
whcrchl lhc dlkyl is Opllonallv'libsuhltcd w ilk Onc Or

morc subsutucnts each uldcpcndmuly selected from
(( „-('&)alkoxy, ((',-( &)haloalkoxy, i C(0)(('&-0&)
alkyl, i C(O)011, and ('(0)0((',-( p)alkyh

[0021] R„ is H. (C,-Cs)alkyl, Or (C,-CS)lriloalkyl,
wherein the alkyl ls optionally substituted with one or
nlore substltuents each independently selected front
(('S-C,)carbocyclyl, 6- to 7-membered hetemcyclyl
conlprising 1-3 heteroatoms selected tbom N. 0, nnd S,

NRI SR& I and C(0)NR& SR& 71

[0022] Rv is halo en. (C,-C,)alkyl, (C,-CS)alkoxy. (C,-
C,)haloalkyl. (C,-C,)haloall oxy. OH, or ('N:

[OU23[ Ri&i is (('p-('u,)aryl or 5- or 6-membered het-
eroaryl comprising 1-3 heteroatomc selected from N,
0, and S. wherein the aryl and heteroary1 are optionally
substltutixl with onc or more Rzz,

[0026] &xich Rii ls independently al each occurrence
hlllogCB (C& C& )dig)'L (C I C&)alkol V. (C& C&)ha
loalkyl. ((',-('&)haloalkoxy, OII, or CN;

[()025] Ri 1 at'xl R I I are each independently I I or (0,-
( &)alkyh

[0026] each Rid is independently at each occurrence D,
NRORO. (CI-C,)carbocyclyl. or 3- to 7-mcmbcrcxt
hclcrocyclyl comprisulg 1-3 hctcroatoms sclectcd from
N, 0, and CL wherein the carbocyclyl and hetemcyclyl
me optionally substituted with one or more substituents
each independently selected from halogen, (('I Cp)
alkyl, (C,-C,)alkoxy, (C,-C,)haloalkyl, and ((',-C,)
haloalkoxy:

[0027] R,l and R,, arc each independently H or (C,-
(.',)alkyl:

[0020] R&p atld Ri are each indePendently H or (C,-
Cp)ally i. or

[0()29J R,& Bnd Ri to ether with the nitrogen atoln to
which they are attached foun a 1- to 7-membered
heterocyclyl rin optionally comprising 1-2 additional
heteroatoms selected from N. 0. and S;

[0(DUJ each R,„ is independently at each occurrence
((.'s-('7)carbocyclyl. 5- to 7-membered hetemcyclyl
comprising 1-3 heteroatoms selected from N. 0, and S,
(Cp Cip)aryl, or 5- or (umembered heteroaryl compris-
ing 1-3 hetcroaloms sclccted from N, 0, and S, wherein
thc carbocyclyl, hcterocyclyl. aryl and hetcroaryl arc
Optionally substituted with one or more Rz&p

[0031] each R„ is independently at each occurrence
halogen (Ci C& )dlkvL (Ci Cp)all Oxv (C& C&)ha
loalkyl, (C,-C&)haloalkoxy, ~H. or CN, or

[0032] hvo R„ together, when on adjacent atoms, form
a (CS-Ca,)aryl or 5- or 6-membcrcd hetcmaryl nng
composing 1-3 hcleroatoms sclix lcd from N. 0, and S,
wherein the aryl and heteroaryl are optionally substi-
tuted lvith one or nlore substituents each independently
selected from halogen. (( I-('p)all&1 (( I ( &jalkoxy,
(Ci Cp)haioBlkvi. (Ci Cp)haioalkoxy. OH nld CN'0(D3J

each Rzp is independently at each occurrence
halogen, ((',-Cp)alkyl (( I ( p)alkoxy, ((',-('p)ha-
loalkyl. (C,-(.pjhaloalkoxy, oxo, OH. or CN; or

[0()36J when R,s is a carbocyclyl or ahetemcyclyl, hvo
Rzp, when attached to the same carbon atonl, together
fomt (0):

[0(135J R„ ls I I ol ((', -C&)all ) I;

[0036] each Rzz ls uldePcndcntly at each occurrence
halogen, (C„-C&)alkyl. (C, -C&)alkoxy, (C, -C&)ha-
loalkyl, (C,-('&)haloalkoxy. ~)II, ('N. (('&-(,0)aryl,
or 5- or 6-membered heteroaryl conlprising 1-3 het-
eroatoms selected fmm N, 0, and CL wherein the aryl
and heteroaryl are optionally substituted with one or
more Rz;

[0(D7J each Rzs is independently at each occurrence
halo en. ((',-C jalkyl. (Ci Cp) llkoxy (Ci Cp)ha-
loalkyl. (C,-C,)haloalkoxy. CHI(OCH,CHI),
&OCHICH&. ~H. CN. or 6- to 7-membcrcd hetcro-
cyclyl comprising 1-3 hcteroatoms sclcctcd from N. 0.
mid S, whereul the hcterocyclyl ls opuonally substi-
tuted lvith one or nlore substituents each independently
selected from halogen. (( I-('p)all&1 (( I ( &jalkoxy,
(Ci C&)haioBlkvi (Ci Cp)haloalkoxy, OH, ( '(0)
R SR „NRISC(0)Rzz NHI„NH(C,-C,)alkyl,
mid N((C,-C„)alkyl)„and thc alkyl ls optionally
substttutcxt with NRSSRSS or a 6- to 7-mcmbcrcxt
hclcrocyclyl comprisulg 1-3 hctcroatoms sclectcd from
N, 0. and 5 optionally substituted with one or more
substituents each independently selected fmm halogen,
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(I',-C,)alkyl. (C,-C„)alkoxy, (C,-C,)haionlkyl, (C,-
C&)haloalkoxy, OH, NH&, NH(C, -Cs)alkyl, and

N((C, -Cp)alkyl),, and
[0038] Rzd Bnd R„are each aid&'Pendently' (Ci Cp)

alkyl, or (C -C )cdrbocyclyl opt&onally subsututedd
w&th One 10 hvo (Ci-C&)dlkv'I,

[0039] or plrdnnaccu&ically accep&table salts, hydrates,
solve&ex, prodrugs, stcrco&somcrs. N-oxides, Or tau&um-
crs thcrcof.

[0040] In another aspect, the present d&srlosure relates to
compound oi'ormula (I), whcrcin:
[0041] X, and X, are each independently H or (C,-C,)

alkyl, or X, and X, togcthcr with thc carbon atom to
wiuch they urc attached form (0),

[0042] X„&s ~H& when Xi Un&1 Xz BI'I each uulc-
pendently H or (C,-C&)alkyL or X, m&&1 Xz together
with the carbon a&om to wluch they arc auachcd fi&nn

(0). or X& is ~), NI I or N(C,-C&)alhwl-,
when Xi &I&d X, together with the carbon atom to wluch
they are attached form (0):

[0043] Ri Is (I p I ip)aryl or 5- or 6-membered het-
eroaryl comprising 1-3 hetematoms selected fron& N,
0, and S, where&n the aryl and heteroaryl are substi-
&U'ted With OR&p Ol NR&&R&p u&d OPtiOnally Sub-
s&0UI&x! w&th Ouc ol n&olc Ri i'0044]R, is H, (Ci Cp)alkyl. (C&-C,)alkenyl. (Ci Cp)
haloalkyl, NR& Ri (C Cz)carbocyclyL (Cz-Cz)cy-
cloalkcnyl, 5- to 7-membered hetcrocyclyl comprisu&g
1-3 hetcroutoms selcc&cd from N, 0, and S. (CS-C,p)
aryl, nr 5- or 6-men&bered heteroaryl comprising 1-3
heteroatoms selected from N, 0, and S. wherein the
alkyl is optionally substituted with one or more R,s,
and the carbocyclyl, cycloalkenyl. heterocyclyi. aryl
and heteroaryl are optionally substituted with one or
nxuc Rip,

[0045] R, is H, D, (C,-C,)alkyl, (C,-C,)nlkoxy, (C,-
I'„)haloaikyl. (C,-C,)haloall oxy. or (C,-C,)hydroxy-
dlkyl, whereu& thc alkyl &s opuunally substituIed w&1h

onc or morc R, d,

[0046] Rd &s H or (C,-CS)alkyl, or
[0047] R, and Rd together with the atoms to which they

are attached form a 5- to 7-membered heterocyclyl ring
comprising 1-3 hctcroatoms selected from N. O. and S,

[0048] R, and R, are each independently H. D (Ci Cp)
alkyl„(C,-C„)azlkoxy, (C,-C,)haioallyl. (C,-C,)ha~-
10 &ll oxy ol (C& Cp)bydroxyalkyl whixcni thc (Ci Cp)
dlky'I &s opt&ouallv st&bsuhued with onc 0& nlolc D;

[0049] Rp Is (Ci Cp)dlky'L (Ci Cp)alhoxy, (C,-CS)lx&-
iud lkv'I (C& C&)halodlkoxY, Ol (C& C&)hvdt'OXVBlky I,

whclchl thc dlkyl is opuonallv'ubsnhucd w iIh onc ol
more substituents each independently selected fron&

((,-(')alkoxyy, (C,-( p)haloalkoxy, i C(O)(C,-CS)
alkyl„C(O)OH. and C(O)O(C,-C,)alkyk

[005(tj Its is I I. (I',-Cp)alhwl. or ((',-Cp)haloalkyl,
wherein the alkyl &s optionally substituted with one or
more subst&tuents each independently selected from
(I'&-C,)carbocyclyl, 4- to 7-membered hetemcyclyl
comprising 1-3 hctcroatoms selected from N. 0, and S,

NR,sR,U iu&d ~(O)NR&&R,-„
[0051] Rp is halogen. (C& C&)alhyl, (C,-C&)alkoxy. (C,-

( &)haloalkyl. ((',-I'&)hak&alkoxy, ~)I I. Ur CN:
[0052] Rip &s (( p ( &p)aiyI or 5- or 6&-membered het-

eroaryl comprising 1-3 hetematoms selected fron& N,

0, and S. wherein the aryl and hetemaryl are optionally
subst&tnt&XI with one or morc R„,

[0053] I itch R» &s nuk:pendently at cBch occU&Tcnce
halngen, ((', BC&)alkyl (( I

( &)alkoxy, ((', -('&)ha-
lnalkyl, ((.',-C&)haloalkoxy, ~)I I. or I';

[0054] Ri I and R„are each independently H or (C,-
Cp)ailyi:

[0055] each R«&s u&dcpm&dcntly at cnch occurrcncc D,
NR»R», (C&-C )carbocyclyl, or 3- to 7-n&embered
heterocyclyl con&prisin 1-3 heteroatoius selected trom
N, O. and S, v:herein the carbocyclyl and heterocyclyl
are optionally substituted with one or more substituents
each independently selected from halogen, (I'I Cp)
dlk) I (C i C&)BII'oxv (C i Cs)halos lky'I iuul (Ci C& )

hdloalkoxv:
[0056] R„and R» are each independently H or (C,-

Cp)ailyi:
[0057] R«and R» dre each &ndepcndcntly H or (C,-

(.'S)alkyl, nr
[0058] R&p and Ri 1'ogether v ith the nitrogen atom to

which they are attached form a 4- &o 7-&nc&aber&XI

hc&crocyclyl rmg comprising 1-2 Bdd&t&onal hcterod-
toms sclimted Ibom N. 0, and S:

[0059] each R,„ is independently at each occurrence
(Cz-Cz)carbocyclyl. 5- to 7-membered heterocyclyl
compnsu&g 1-3 h&ncroatoms sclimted from N, 0, and S,
(C&,-C„O)aryl, or 5- or 6-membcrcd hetcroaryl compr&s-
u&g 1-3 bc&eros&orna sclccted from N, O. and S, wherein
the carbocyclyl, hetemcyclyl. aryl and heteroaryl are
optinnally substituted with one or more Itzp&

[0060] each R,p is indcpcndcntly at each occurrence
halogen (C& C& )dlkvL (Ci Cp)all oxv (C& C&)ha
lnalkyl, ((.',-C&)haloalkoxy, ~)I I. or I'; or

[0061] hvo R„ to ether. when on adlacent atoms, fom&

a (C,-CU,)aryl or 5- or (»membered heteroaryl rin
compnsu&g 1-3 h&ncroatoms sclimted from N, 0, and S,
wherein thc aryl and hctcroaryl arc opt&onally subsii-
tuted with one or more substituents each independently
selected from halogen, ((',-('p)alkyl, (C,-( p)alkoxy,
((. I ( p)1&aloalkyl. ((',-Cp)haloalkoxy. Oi I, and ('N;

[0062] each Rz„ is indcpcndcntlv dt cBch occU&Tenon

halogen (C& C& )dlkvL (Ci Cp)all oxv (C& C&)ha
lnalkyl, ((.',-C&)haloalkoxy, nxo, ~)I I. or ( N; or

[0063] when Ris is a carbocyclyl or a heterocyclyl, two
R „, when attached to the same carbon atom, together
fom& (0),

[0064J R, is II or (C,-('alkyk
[0065[ each Rzz &s u&depcndcntly at each occurrence

Lalogers (C„-C&)alkyl. (C, -C&)alkoxy, (C, -C&)hs-
10&&ll'll (C& C&)halo&&lkoxyi OH CN. (C& C&p)a&yl.
or 5- or 6-membered heteroaryl con&prising 1-3 het-
eroatoms selected fmm N, 0, and &k wherein the aryl
and heteroaryl are optionally substituted with one or
more Rz;

[0066] each Rz»s u&depcndcntly at each occurrence
halogen, (C,-('p)alkyl. (C,X'&)alkoxy, ((,-Cp)ha-
loalkyl, (C,-C,)haloalkoxy ~ I I&(O( I lz( I I ) I

&OCH&CH„OH, I 'N. or 4- to 7-membered hetero-
cyclyl comprising 1-3 hetematoms selected from N. 0,
m&d S, whcrcin thc heterocyclyl is opuonally subsii-
tu&ed with onc or morc substituents each indcpcndcnily
sclcctcd Irom halogen, (C,-C&)alkyl, (C,-C&)alkoxy,
(( I ( p)haloalkyl. ((',-('S)haloalkoxy, OI I, ~ (0)
It&ditz,. NR&d('(O)R&„NI I&, NI I(I',-('p)alkyl,
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and N((C,-C,)alkyl)s. and the alkyl is optionally
subsututixl with NRS»Rm or a 4- to 7-membered
hctcrilcvclvl conlpllslng l-a hcu:ICBlonls sclccled floni
N, 0, and 8 optionally substituted with one or nlore
substituents each independently selected from halogen,
(C,-C,)alkyl. (C,-CI)all oxy. (C,-C,)haloalkyi, (C,-
C,)haloalkoxy, OH. NH„NH(C, -(',)alkyl, and

N((CI Cs) llkvl)l1'and
[0067] R,» and R„arc each utdcpicndcntly H, (C,-C»)

alkyl, or (('s-('l)carbocyclyk
[0068[ or pharmaceutically acceptable salts. hydrates,

solvates„prodrugs, stereoisomers, N-oxides. or tautom-
crs thcrcof.

[0069] Another aspect of the present disclosure relates to
a compound of I'ornlula (I), or a pharmaceutically accept-
able salt thereof, for use in the treatment, prevention. ame-
lioration or delay of progression of a PCSK9-mediated
disease or disorder or for usc ul fhe trealmcnl, prcvmltion,
amelioration or delay ol'rogression of a disease or disorder
requiring inhibition of P('SK9 or of P('SKU activity

[0070] In another aspect. the present disclosure ref&tea to
the use of a compound of Formula (I). or a phamlaceutically
acceptable salt thcrcol', for thc Ircatmmll, prcvenlion, amc-
liorauon or delay of progression ol' PCSK9-mcdiatcd
dlscdsc or disorder or for thc Ircdlnlcnl, pic&cation. dnlcho-
ration or delay of pmgression of a disease or disorder
requiring inhibition of P('SK9 or of PCSK') activity

[0073] Another aspect of the present disclosure ref&tea to
thc usc of a compound of Formula (I), or a phamlaccutlcally
acceptable salt tlmrcof, in thc manufaclurc oi'a mcdlcluncnt
for the treatment. prevention. amelioration or delay of
progression of a P('SKU-mediated disease or disorder or fi&r

the treatment, prevention, amelioration or delay of progres-
sion of a disease or disorder requiring inhibition of P('SK9
or of PCSK9 activity.

[0072] In another aspixt, thc present disclosure relates a
nlethod for treating, preventing, amelionlting or delayiag the
progression of a P('SKU-mediated disease or disorder conl-
prising the step of administering to a patient in need thereof
a therapeutically eff'ective amount of a compound of For-
mula (I). Cr a phannaceutically acceptable sall thcrcof,
according to thc dmclosure, or a pharmaceuucally accept-
able salt thereof
[0075J Another aspect of the present disclosure relates to
a nlethod fi&r treating. preventing, ameliorating, or delaying
the progression of a PCSK9-mediated disease or a disorder
or of discase or dmorder rcqu lung ulhlbltion OI'PCSK9 or of
PCSK9 activity comprising the step of aihnimstermg to a
patient in need thereof a therapeutically etfective amount of
a compound of I'ornlula (I), or a pharmaceutically accept-
able salt thereof. according to the disclosure, or a phanna-
ceuticaily acceptable salt thereof.
[00'74] In another aspimn ihc present disclosure relates a
method of trcaung. prcvcntulg, ulhlblting, or clmunating
hypercholestemlemia, hyperlipidemia, hypertriglycem-
demia. sitosterolemia, atherosclen&sis, arteriosclerosis, coro-
nary heart ihsease. peripheral vascular disease. vascuLar
inffammation. xanthoma. penpheral arterial disease. sepsis,
clcvatcd Lp(a). clevatcd LDL. eleve(cd TRL, or elevated
tnglycerldcs composing Ihc step uf aihnirustermg to a
pullen( hl aced thol'cof d lhcldpcutlcdllv cffbi'nvc Bnlount of
a compound of I'ornlula (I), or a pharmaceutically accept-
able salt thereof

[0075] Another aspect of the present disclosure relates to
a method ol'(i) reducing Lp(a), (li) reducing Lp(a) plasma
lcvcls, (ni) reducing Lp(a) serum levels, (iv) rcduculg serum
TRI or I,DI levels, (v) reducing senun triglyceride levels,
(vi) reducing I,DI,-(L (vii) reducing total plasma apo)3
concentrations. (viii) reducing LDL apoB, (ix) reducing
TRL apoB. or (x) reducing non ITDL-C compnsing the step
ofadministering to a patient in need thereof a therapeutically
clfbctlvc Bnlount of a con&pound ol Fonnilld (I), ol
phannaceutlcdlly acceptable sall thcrcof.
[0076] In another aspect„ the present disclosure also
relates to a method of (i) reducing LDL-C. (Ii) reducing total
apolipoprotein B (apoB) concentrations. (iii) reducing LDL
apoB, (iv) reducing TRL apoB. or (v) reducing non HDL-C
and combinations Ulercoi; in a patient ul need thereol.
v herein the method comprising administering a therapeuti-
cally effective amount of a compound of I'ornlula (I). or a
phannaceutically acceptable salt thereof. to the patient.
[0077] Another aspect of thc prcscnt disclosure rclatcs to
a method of reducing Ihe total plasma concentration of a
marker selected from (i) I DI.-C, (ii) apo)3. (iii) I,DI. apo)3,
(iv) TRI apo)3 and (v) non IIDI,-('nd combinations
thereof. in a patient in need thereof, wherein the method
comprising administering a therapeutically effective amount
of a compound of Formula (I), or a pharmaceutical ly accept-
able salt Ihereoli to thc pdiient.
[t)U78J In another aspect, the present disclosure rehltes to
a phamlaceutical composition comprising (e, a therapeu-
tically effective anu&unt of) a compound of Formula (I). or
a phannaceutlcally deci ptablc salt thcrimf, and onc or more
plmmlaccutically acccptablc carriers or cxclpicnts.
[t)U79J Another aspect of the present disclosure rehltes to
a phamlaceutical composition comprising (e, a therapeu-
tically effective anu&unt of) a compound of Formula (I). or
a phannaceutlcally deci ptablc salt thcrimf, and onc or more
plmmlaccutically acceptable camera or cxciplcnts for usc in
the trcatmcnt ol' PCSK9-mediated discase or disorder.
[0080] In another aspect, the present disclosure relates to
a method of modulatin PCSK9 compnsin administerin
to a patient in nccd thcrcof d compound of Formula (I), or
a plmmulccuucally Bcccptablc salt thercol;
[t)UU IJ Another aspect of the present disclosure rehltes to
a method of inhibiting PCSK9 comprising administering to
a patient in need thereof a conlpound of Formula (I), or a
plmmlaccutically acccpiablc salt thcrcof. In another aspect,
the prcscnt disclosure relates lo a method ol udubitulg
PCSK9 activity comprising adminlstcnng to B paucni in
need thereof a con&pound of llormula (I), or a pharmaceu-
tically acceptable salt thereof
[t)U82J In another aspect, the present disclosure rehltes to
a nlethod for treating a P('SK9-mediated disease or disorder
comprising the step of adnlinistering to a patient in need
thereof a therapeutically eff'ective amount of a compound of
Formula (I), or a pharmaceuticaliy acceptable salt thereof.
[0083] Another aspect of the present disclosure relates to
a method of reducing LDL-C in a patient in need thereof, the
method comprisin administering a thempeutically eff'ective
amount of a compound ol'Formula (I), ore phannaccuticdlly
acceplable sall Ihcrcof io the patient, tlmrcby rcducntg
I.DI.-('n the patient
[0084] In another aspect. thc present disclosure relates to
a compound of Fomluld (I). or a pharmaceuucdlly accept-
able salt thereof, for use in the treatnlent of a P('SK9-
mediated disease or disorder
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[0085] Another aspect of the present disclosure relates to
a compound of I'orniula (I), or a pharmaceutically accept-
able salt thereof„ for use in the treaunent of a PCSK9-
mcdiaicd disease or dmordcr wluch is selcrtcil from hyper-
cholesteroiemia„hyperlipidemia, hypertriglyceridemia,
sitostcrolemia, athcrosclcrosik, artenosclcrosis, coronary
heart disease, peripheral vascular disease, peripheral artenal
disease, vascular inilanunation, clcvatcsl Lp(a), elevated
I DI.. elevated ')1&I . elevated triglyceridek. sepsis, and
Xililtilcilia.

5 nv.)

[0086] In another aspect. the present disclosure relates to
the use of a compound of Fornnda (I). or a phaminceutically
acceptable salt thereof. ore pharmaceutically acceptable salt
thereof, in the manufacture of a medicmnent for treating a
PCSK9-mediated discase or disorder.

[0087] Another aspect of the present disclosure relates to
compound of Fomiula (I), or a pharmaceutically accept-

able salt thereof, for use in the manufacture of a medicament
for treating a ihsease associated with uihibitmg PCSK9
activity

Bnc

Rv
(IIB)

[0090J wherein Rs is I I and IRv is as dehned above fiir
Formula (I). with an alkyl halide (e.g . methyl iodide,
ethyl iodide. etc.) and a base (e.g.. NBH) in a solvent
(c g., DMF, acetorutrilc. ctc ), and Bt low tcmpcrature to
provulc a compound of formula (Ilb),

[0088] In another aspect. thc prcscni disclosure rclatcs to
the use of a con)pound of liornnda (I). or a pharmaceutically
Bcciptablc salt Ihcrcofv in thc trcatmcnt of a disease asso-
ciated v ith the inhibition of PCSK9 activity

[0089] In certain aspects, the PCSK9 modulating or inlub-
iting compounds of the disclosure may be administered
alone or in combination v ith other compounds, including
other P('SK9 modulating or inhibiting agents. or other
therapeutic agents.

Bn.

'"Y g
[0090] Accordingly, in another aspect, the present disclo-
sure relates to a combination, comprising (e.. a thempeu-
ucally eiiecuvc amount oi) B compound of fiinnula (I), or a

pharmaceutically acceptable salt thereof, and one or more
tiiCrapClltlCallv BC(lvC Bgi:lilw

[0091] Another aspect of the present disclosure relates to
prociks for the manulhcturc of a compound of Fonmila

(II). or pharniaceutically acceptable salts, hydmstes, solvates,
stercoisomcrs. N-oxidcsv or tautomers Ihereoi:

[0095J wherein I&5 is (Cv ( i alkyl) and Rv is as defined
above for Fommla (I). or phannaceutically acceptable
salts, hydrates, soivates. stereoisomers, ¹ixides. or
tautomers thereof.

[0096J (b) reacting the compound of lionnula (Hb), or
phannaceutically acceptable salts. hydmstes, solvates,
stereoisomers. N-oxides. or tautomers thereof. with an
acnl (e.g.. tniluoroacctic acid) in a solvent (c.g., dichlo-
romethanc). followed by BoCBO and a base (c.gn N.N-
diisopropylcthylanunc (DIPEA)) to form a compound
of fiirmula (Hc),

HI )

R ~OR„,
5 ~OH

0

Rnc

0

[0092] whcrcin R„, and Rs arc each indepmidmitly (C,-
(', alkyl) and Rv is as defined above for Formula (I),
comprising.

[0093[ (B) Blkylating a compound of FonnuLB (ILB), or
plrannaccutically acceptable salts, hydrates, solvatcs,
stereoisomers. ¹ixides. or tmitomers thereof.

[0097] whcreui Rs is (Cv Ci Blkyi) Bnd Rv is as delinod
above for Fommla (I). or phannaceutically acceptable
salts, hydmstes, solvates. stereoisomers, N-oxides. or
tautomers thereof:

[0098J (c) aikyLsting the compound of iiormula (Hc). or
pharmaceuticaily acceptable salts, hydmstes, solvates,
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stereoisomers. N-oxides, or tautomers thereof, with a
alkylating agent (c.g., methyl iodide, ethyl iodiilc, etc ),
in a solvent (c.g., DMF, acctonitrile, etc.), Imd option-
ally a metal oxide (e g., silver (I) oxide (AgO), etc.), to
pmvide a compound of liornnih& (Hld)„

(Iid&

RI

~SHI
0

[0102] wherein R„, is H, R, is (C,-C, alkyl), and RS ls
as delincd above for Formula (I). compusing reacting
a compound oi'onmila (Ilb):

illa I

RI

Boc

0

[0103] whcrcin RI I ~ (C,-Cs alkyl) mid Rs is as de(inca
abo& c for Formula (I), with a palladnun catalyst (c g.,
tetrakis(triphenylphosphine) palh&diuin(0) (Pd(pphs)4),
etc ) and N,N-dimethyltrimethylsilylainine in a solvent

[0099] whcrcin R„, and R, arc each indepmidmitly (C,-
Cs all yl) aud Rs is as dclincd above for Fomiula (I) or
pharmaceutically acceptable salts. hydrates, solvates,
stereoisomers. ¹&xides. or tmitomers thereof; and

[0100] (d) dcallylatuig thc compounil of Formula (llld),
with a palladium catalyst (e.g . tetrakis(triphenvlphos-
phine) palladium(0) (Pd(Pphs)4). etc ) and N.N-dun-
ethyltrimethylsilylamine in a solvent (e.g.. DCM. etc.)
to provide the compound of Formula (11). In one
enibodiment, the palladium catalyst is tetrakis(triph-
miylphosplune) palladium(0) (Pd(pph,)4).

[0101] In another aspect. the present disclosure reh&tes to
the a process for the manufacture of a compound ofFormula
(II). or pharmaccuucally acceptable salts, hydrates, solvaIcs,
stcrcoisomcrs, ¹&xides. or tautomcrs thcrcof.

HI&

(e.g., DCM, etc.) to provide the compound of Formula
(11). In one cmboiluncnt. thc pallaihum catalyst is
tetrakis(triphcnylphosplunc) pallmbum(O) (Pd(PPh,)
,)

[0104] Unless otherwise detined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure beiongs. In the specification. the singular forms
also include thc plural unless the context clearly dicuitcs
othcrw ISO. Althou h methods and matcnals sunilar to or
equivalent to those described herein can be used in the
practice and testing of Ihe disclosure. suitable nietbods and
materials are described belo&v. All publications, patent appli-
cations. patents, and other references mentioned herein are
incorporated by reference. The references cited herein are
not adnuttcxt to be puor ari to tlu: clanued disclosure. In thc
case of conilicb thc prcscnt specilicauou. Including dclini-
tions, will contru. In addition. the materials, methods, and
exaniples are illustrative only and not intended to be limit-
I I lg
[0105] Other features and advantages of the disclosure
will be apparent from the follow in detailed description and
Clalll&S

DET,ILILED DESCRIPTION OF THE
DIS( 'LOSURE

[0106J the present disclosure relates to compounds and
compositions that are capable of modulating the activity of
PCSK9. The disck&sure features methods of treatin . pre-
venting or ameliomting a disease or disorder in which
PCSK9 plays a role by administering to a patient in need
ti&CIcof a thCIIIpi:ll(ICilllv CITCCI I I e aiiioullt Of a I:Olllpouilil Oi

Fornnila (I), or a pharnuiceutmally acccptablc salt. hydrate,
solvate, stereoisomer, or tmitomer thereof. 1'he methods of
the present disclosure can be used in the treatment of a
variety of PCSK9 dependent diseases and disorders by
modulating or inhibitin PCSK9. Inhibition or modulation
of PCSK9 provides a novel approach to the treatment,
prcvmition, or amelioration of discascs including, but no1

linutcd to. hypcrcholcsterolemia, hypcrlipidcnua, hypenri-
glycerideinia, sitosteroleniia. atherosclerosis. arteriosclero-
sis, coronary heart disease. peripheral vascular disease (in-
cluding aortic diseases and cerebrovascular disease),
peripheral arterial disease, vascular inilanuuation, elevated
Lp(a). elevated LDL. elevated TRL. elevated tri lycerides,
sepsis, alla xauthollla.
[0107J the compounds of the disclosure. by inhibiting,
PCSK9. have utility in the treatment of hypercholester-
olemia, hyperlipidemia, hypertriglyceridemia, sitoster-
olemia, atherosclen&sis, arteriosclerosis, coronary heart dis-
ease, penpheral vascular Iliscasc. pcnphcml arterial discase,
vascular uitlanunation, ele& ated Lp(a), clevatcd LDL,
elevated 1'RI (e g, elevated VI.DI, and/or chylomicrona,
elevated triglycerides, sepsis. and xanthonia.
[0108] For cximiple. the compounds of formula (I) of thc
disclosure bind to PCSK9 and thereby inhibit PCSK9 and/or
PCSK9 activity, since PCSK9 cannot any longer buid to the
low density lipoprotein receptors (I.DI,R) or any other target
receptors i&or example, if P( SKB is blocked. more I,DI,Rs
are recycled and are present on the surface of cells to remove
LDL-particies from the extracellular iluid. Therefore, block-
ing PCSK9 can lo&ver blood LDL-particle concentrations.
[0109J Accordingly, compounds of the present disclosure
may therefore be potentially usefid in the treatment. pre-
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vention, ameliomation or delay of progression of B PCSK9-
mcdidtcd discase or disorder, or a disease or disorder in
winch PCSK9 plays a rulc, as well as contlitions. discascs
and disorders benefiting from modulating P(:SK9 or PCSK9
BCtlvity
[0110] In addition. compounds of the present disclosure
may therefilre be potentially useful in the treatment. pre-
vention. ameliomation or delay of progression of B disease or
disorder requiring inhibiuon ol'PCSK9 or of PCSK9 activ-
ity.
[t)I IIJ Such diseases and disorders include diseases or
disorders selected from hypercholesterolemia. h)perhpi-
demia. hypertriglyceridemia. sitosterolemia. atherosclerosis,
arteriosclerosis. coronary heart disease, peripheral vascuLar
disease, peripheral arterial disease. vascuhsr inflnnmiation,
clcvatcd Lp(a), clcvatcd LDL, elcvaied TRL (c.g.. elevated
VLDL and/or chylomtcrons). clcvatcd tnglyccrides, sepsis,
and xanthonla
[0112J Various embodiments of the disclosure are
described herein It will be recognized that features specified
in each enlbodiment may be combined with other specified
features of other embodiments to provide further embodi-
ntcnts.
[0113] In a first aspect of the disclosure, thc compounds of
lionnuia (I) are descnbed

0

X
X

Xi
/X

v'i
x xs x,

[0114] and pharmaceutically acceptable salts, hydrates,
solvates, prodru s. stereoisomers. N-oxides. and mu-
tomcrs thereol; whcrcul Rl Ri R, Rd Rs Rs Ri Rs,

X~ X Bull XS Bl'1 IS ill SCIibCd hCrChl libovl
[0115] The details of the disclosure are set forth in the
accompanying description below. Althoug)t methods and
materials snnilar or equivalent to those described herein can
bc used in thc pracucc or testing of lhc prcscnl disclosure,
illusudtivc methods and materials arc now descnbcd. Other
features. Objects. and advantages of the disclosure will be
apparent from the description and from the claims. In the
specification and the appended claims. the siilguhsr forms
also include the pluml unless the context clearly dictates
otherwise. Unless defined otherwise. Bil teciuiical and sci-
cntilic tcnns used barmn have the same meamng as cum-
monly understood by one ol orihnary skill m the art to which
this disclosure belongs All patents and publications cited in
this specitication are incorponated herein by reference in
their entireties

Dehnition of I'erma and ( onventions i)sad

[0116] Ternw not spccilicdliy delincd hcreul should be
given thc meanuigs tlrdt mould be given to lhcm by onc of
skill in the art in light of the disclosure and the context. As
used in the specification and appended claims. however,

unless specified to the contrary„ the following terms have the
meanuig indicated dnd the lbllowing convmitions are
adhered to.

Chemical Nomenclature, Temls, and Conventions

[0117] In the groups, radicals, or moieucs dclined below.
thc number ol'carbon atoms is ofien spccilied prcccding thc
gmup, and for example, ((', -('„,) alkJ I means an alkyl gmup
or radical having I to 10 carbon atoms In general, fiir
groups comprising two or more subgroups. the last named
group is the radical attaclunent point. for example, "Blky-
Iatyl" means a monovalent radical of the formula alkyl-aryl-,
while '*arylalkyl" means a monol alcnt mthcal of tlm lbnuula
aryl-alkyl-. Furthcmiore, the usc of a tenn dcsignatuig a
nxmovalent radical where a divalent radical is appmpriate
shall be constmed to designate the respective divalent radi-
cal and vice versa. Unless otherwise specihed. conventional
dehnitions of terms control and conventional stable atom
valences are presumed and achieved in afl formulas and
groups. Thc articles '*a" and "an" arc used in tlus disclosure
to rcli:1 to Onc ol nlorc thdn Onc (c.g., to tlt lcBst Onc) of thc
grammatical object of the article. Hy way of example, "an
element" means one element or more than one element.
[0118] The tenn "and/or" is used in tius disclosure to mean
either "and" or "or" unless indicated othenvise.
[0119] The term '*optioruifly substituted" means that a
given chemical moiety (e g . an alkyl group) can (but is not
required to) be bonded other substituents (e g, heteniatoms)
For instance. an alkyl group tint is optionally substituted can
be a fully saturated alkyl chain (e .. a pure hydrocarbon).
Alternatively, the same optionally substituted alkyl group
can have substituents difli:rent from hydrogen. For instance,
il can, at any point along thc chain bc bounded to a lmlogen
atonl, a hydroxyl group. or any other substituent described
herein. 'Illus, the tenn "optionally substituted" means that a
given chemicai moiety has the potential to contain other
functional groups. but does not necessanly have any Ihrther
functional groups. Suitable substituents used in the optional
substitution of thc dcscnbtxl groups include. without limi-
tatloll, hdlogCB, lixo. OH. CN, POOH, MHSCN.~) ((

~
( s)alkyl ((

~
( s)alk)l (I

]
( r)alkoxy, ((, CCs)

haloalkyl, (Cr-( r)haloalkoxy, 0 (Cs-('s)alkenyl,
0 (C,-C,)alkynyl. (CS-C,)alkenyl. (C,-CB)alkynyl,
OH„OP(O)(OH) OC(O)(C1 Cs) llkvl C(O)(C1

Cs)alkyl„OC(O)O(Ci ( s)all ll NH NH((Cl Cs)
alkyl), N((C, -Cs)a'iky'I),. NHC(O)(C, -Cs)a'fl;y'I,

~(O)NH(CCCs)alkyl. S(O),(C,-Cr)alkyl, S(O)NH
((v-Cs)alkyl, and S(O)N(((',-Cs)alkyl)s 'I'he substituents
can themselves be optionally substituted "Optionally sub-
stituted'* as used herein also refers to substituted or unsub-
stituted whose meaning is described below
[0120] The term "subsiituied" means tlrdt ihc spcctticdt
Stoup or inoiety bears one or more suitable substituents
wherein the substituents may connect to the specified gmup
or moiety at one or nlore positions. For example, an aryi
substituted with a cycloalkyl may indicate that the
cycloaikyl connects to one atom of the aryl with a bond or
by fusing with thc dryl anil shanng two or morc common
dtonls
[0121] The term 'unsubstituted** means that the specified
group bears no substituents.
[0122] Unless otherwise spccilicdfly dclincd, "aryl"
means a cyclic, ammatic hydrocarbon group havulg I to 5

aromatic rings. includin monocyclic or bicyclic gmups
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such as phenyl, biphenyl, or naphthyl. When containing two
aromatic rin c (bicyclic, etc ), the aromatic rings of the aryl
group are optionally Joined at a cingle point (e, biphenyl),
or fused (c.g., naphthyl) Thc aryl group &s opuonally
substituted by one or morc substituents, e.g., I to 5 sub-
stiiuents. at any pout& of atnicluuenn Exemplary substituents
include. but are not limited to, I I, -halogen. i CN, 0
(( i ( s)&1131 (I i ( s)all yl 0 (( ( &)all'euyl. 0
(C,-C,)allwnyl. (C,-C,)alkenyL (C,-C,)alkynyl, OH,

OP(O)(OH) „OC(O)(C i Cs)ail& I C(O)(C i Cs)
alkyl, OC(O)O(C,-C„) alkyil. NH . NH((C,-C )alkyl),
N((C& Cr)alkyl) S(O) (Ci C&)alkyl S(O)NH(C&
C&)&ill vl ill&&1 S(O)N((Ci C&)all ) 1)s Tile st&bat&till &its arc
themselves optionally substituted I'urthernuire. when con-
taining tivo fused rings. the aryl go&ups optionally have an
unsaturated or partially saturated ring fused with a hilly
saturated ring Exemplary ring systems of these aryl groups
include. but are not limited to, phenyl, biphenyl, naphfi&yl,
sntluacenyl. phcnalcnyl, phcnanthrenyl, indanyl, uidenyl,
&etrahydronaphthalcnyl. Ictrahydrobenzomuiulmiyl, and thc
like

[01Z3J Unless othe&wise specifically defined, "heteroaryl"
means a nionovalent monocyclic aromatic radical of 5 to 24
ring atoms or a polycyclic aromatic radical. containing one
or morc nng he&croatoms sclcc&cd from N, 0, or S, thc
rcmaimng ring a&orna beuig C Hcterosryl as herein defined
also means a bicyclic heteroaromatic group wherein the
heteroatom is selected front N. O. or 8 'I he an&metic radical
is optionally substituted independently with one or niore
substituents described herem. Examples include. but are not
limited to. fiiryl, thienyL pyrrolyl, pyridyl. pyridyl N-oxide,
pyrazolyl, pynm&dinyl. imxlazolyl. isoxazolyl, oxazolyl,
oxad&azolyl, pymzinyl, &ndolyl, tluophm&-2-yl, quinolyl,
benzopymnyl, isoth&azolyl, tluazolyl. tluad&azolc, uidazole,
benzimidazolyl, thieno[3.2-b]thiophene. triazolyl, triaz&nyl,
imidazo[1.2-bJpyrarolyl. furo[2.3-cJpyridinyl. imidazo[1.2-
a]pyridinyL indazolyl, pyrrolo[2,3-cjpyridinyl. pyrrolo[3.2-
cjpyridinyL pyrazolo[3.4-c]pyridinyl. tl»eno [3,2-c]pyndi-
nyl, thicno[2,3-c]pyndinyl. &luc«o[23-b]pyridu&yl,
bcnzoth&azolyl, indolyl. indoluiyl, indoluionyl, d&hydroben-
zoth&ophenyl, &hhydrobmizofuranyl, benzol'umn, cluonuinyl,
thiochmmanyl. tetrahydroquinolinyl. dihydmbenzothianne,
dihydrobenzoxanyl, quinolinyl, isoquinolinyl. I.fi-naphthy-
ridinyl, benzo[de]isoquinolinyl. pyrido[4,3-bj[l.tijnaphthy-
ridinyl, thieno[2.3-b]pyrazinyL quinazolinyl, teuazolo[1.5-
a]pyndinyl. [1,2,4]tnazolo[4,3-a]pyriduiyl, isouidolyl,
pyrrolo[2,3-b]pyndinyl. pyrmlo[3,4-b]pyriduiyl, pyrrolo[3,
2-b]pyridinyl. im&dazo[5,4-b]pyndinyl, pyrrolo[1,2-a]py-
rimidinyl, tetrahydropyrrolo[1,2-aJpyriinidinyl, 3.4-d&-

hydro-211-1A'-pyrmlo[2.1-bJpyrimidine, dibenzo[b.dJ
thiophene. pyridin-2-one, fiiro[3,2-cjpyridinyl. furo [2,3-c]
pyridinyl. IH-pyndo[3,4-bj[1,4]thiazinyl. benzooxazolyl,
bcnzo&soxazolyl, I'uro[2,3-b]pyriduiyl. bcnzotluophenyl,
1.5-nsphthyrid&nyl, furo[3.2-b]pynduie. [1,2.4]&nazolo[1.5-
s]pyndinyl, bmizo[1,2,3]triazolyl, &nudazo[1.2-a]pyrun&d&-
nyl, [1,2.4J&naimlo[4.3-bJpyridazinyl, benzo[cJ [1.2,5Jthiad&-
azolyl. benzo[cJ [1,2.5J oxadiazole, 1,3-dihydro-211-benzo[dJ
imidazol-2-one. 3.4-dihydro-2H-pyrazolo[1.5-b][1.2]
oxazinyl„4,5,6.7-tetmhydropvrazolo[1,5-a]pyridinyl,
duazolo[5.4d]Qu«zolyl, imulazo[2,1-b][1,3.4]tiuadiazolyl,
tlucno[2.3-b]pyrrolyl, 3H-uidolyl, and dcnvat&vcs thereof.
Fur&hem&ore, when contauiing two Iiiscd nngs thc aryl

mups herein defined may have an unsan&rated or partially
saturated ring fused with a fully saturated ring. Iixmnplary

ring systems of these heteroaryl groups include indolinyl,
indohnonyl, dihydrobcnimtluophenyl, d&hydrobciizoi'uran,
chromanyl, tluocluomanyl. &etrahydroquuiolinyl. dihyd-
robenzothiazine, 3,4-dihydm-III-isoquinohnyl, 2,3-dihyd-
robenzofuran, indolinyl. indolyl, and d&hydrobenzoxanyl

[01Z4] "Haio en" or "halo" mean fluorine. chlorine, bro-
nunc, or iodine.

[0125J "Alkyl** means a straight or branched chain satu-
mated hydrocarbon containing 1-12 carbon atonis. I ixamples
of a (C,-C,)alkyl ~cup include. but are not limited to,
methyl. ethyl, propyL butyl, pentyl„hexyl„ isopropyl. isobu-
tyl, sec-butyL tert-butyl, isopentyl„neopentyl. and isohexyl.
[0126J "Alkoxy** means a straight or branched chain satu-
mated hydrocarbon containing 1-12 carbon atoms containing,
a ternnnal "0" in the chain, e 8, . O(alkyl) Examples of
alkoxy @cups include, without limitation, methoxy, ethoxy,
propoxy. butoxy, t-butoxy, or pentoxy groups.
[0127] "Alkcnyl" mc;ms a stra&gh& or branched chain
unsaturated hydrocarbon containing 2-12 carbon atoms 'I he
"alkenyl" gmup contains at least one double bond in the
chain. The double bond of an alkenyl group can be uncon-
ju ated or conjugated to another unsaturated roup.
Exmnplcs oi alkenyl groups include ctlmnyl, propcnyl,
n-butcnyl, iso-butenyl, pcntcnyl. or hcxcnyl. An alkenyl
group can bc unsubstitu&cd or substituted and may be
straight or brmiched. "Alkynyl" means a straight or
branched chain unsaturated hydrocarbon containing 2-12
carbon atoms. The "alkynyl" group contains at least one
tnple bond in the chain. Examples of alkenyl groups include
ethynyl. propargyl. n-butynyl. iso-butynyl, pentynyL or
hcxynyl. An alkynyl group can bc unsubst&tuted or substi-
tuted.

[0128J yCycloalkyi" means a monocycl&c or polycyclic
saturated carbon rin containing 3-18 carbon atoms.
Examples of cycloalkyl groups include„without limitations,
cyclopropyl. cyclobu&yl, cyclopentyl. cyclohcxyl, cyclohcp-
tanyl, cyclooctanyl, norbor;myl. norborcnyl, bicyclo[2.2.2]
octanyl, or bicyclo[2 2.2Joctenyl and denvatives thereof A
(('s-('„)cycloalkyl is a cycloalkyl group containing between
3 and 8 carbon atoms A cycloalkyl group can be fused (e.g,,
decalin) or bridged (e.g., norbomane).
[0129] "Carbocyclyl" means a monocycl&c or polycychc
saturatixl or partially unsatumtcd carbon nng contaiiung
3-18 carbon atonis (e g . cycloalkyl, cycloalkenyl,
cycloalkynyl, etc). I ixamples of carbocyclyl groups include,
v ithout limitation~, cyclopropyl. cyclobutyl. cyclobutenyl,
cyclopentyl. cyclopentenyl, cyclohexyl, cyclohexenyl
cyclohc7&ranyl, cyclooc&anyl, norboranyl, norborcnyl. bicy-
clo[2 2.2]octanyl, or b&cyclo[2.2.2]octcnyl and dcrivauvcs
thereof. A (C,-C„) carbocyclyl &s a carbocyclyl group con-
taining benveen 3 and 8 carbon atoms A carbocyclyl gmup
can be fused (e.g, decalin) or bridged (e g, norbomane).

[0130] The term 'cycloalkenyl" means a partially uncatu-
ratcd carbon nng con&ainuig 3-18 carbon atoms, prci'crably
4 to 12 carbons and I or 2 double bonds. Exemplary
cycloaikenyl groups inchide cyclopentenyl. cyclohexenyl,
cycloheptenyl, cyclooctenyl. cyclohexadienyl, and cyclo-
heptadienyi. A ((.'s-( „) cycloalkenyl is a cycloalkenyl gmup
containin between 3 and 8 carbon atoms and at least one
double bond.

[0131] "Hctcrocycloslkyl*'eans a saturated monocychc
or polycyciic ring containin carbon and at least one het-
eroatom selected from oxyaen, nitrogen, or sulfur (0, N, or
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S) and wherein there is not delocalized n electroos (aroma-
ticity) shared among flm nng carbon or hctcroaloms.
[0132] The hctcrocycloalkyl ring structure may be subst&-
tuted by one or n&ore substituents 'll&e substituents can
themselves be optionally substituted Examples of hetero-
cycloalkyl rings include, but are not limited to. oxetanyl,
azetadinyl. tetmshydrofuranyl, tetrahydropyranyl. pyrrohd&-
nyl, oxazolinyl, oxazolidinyL thiazolinyl, thiazolid&nyl,
pyranyl, tluopyranyl, tctmhydropyrunyi, d&oxalulyl, p&pcr-

idinyl, morpholu&yl, fluomorpholinyl, tluomorpholulyl
8-oxide. Ih&omorphol&nyl 8-dioxide. piperavinyl. azep&nyl,
oxepinyl. diazepinyl. tropanyl, oxazolidinonyl, 1.4-dioxa-
nyl, dihydrofuranyL l,g-dioxolanyl, imidazolidinyl, imiiLS-

zolinyl. dithiolanyl, and homotropanyl.
[0133] "Hetemcyclyl** means a saturated (e.g.. heterocy-
cloall,yl nng) or partially unsaturated monocyclm or poly-
cyclic ring conte&n&ng carbon and at lwist one hcteroatoin
selected from oxygen. nitrogen. or sulfur (0, N, or S) and
wherein there &s not delocalized n electn&as (aromat&c&ty)
shared among the ring carbon or heteroatoms. 1'he hetero-
cyclyl ring structure may be substituted by one or more
substituents. The substituents can themselves be optionally
substituted. Exiunples ol'etcmcyclyl rulgs include. but arc
not linutixi Io, oxctanyl, azctadulyl, telrahydroiuranyl. Ict-
rahydropyranyl, pyrrohdinyl. dihydropyrrolidinyl. pyndin-
2(111)-one, dihydropyridmyl, oxazolinyl, oxazolidinyl, tlu-
azolinyl. thiazol&dinyl. pynlnyl, thiopyranyl,
tetrahydropyranyl, dioxalinyl, piperidinyl, morphol&nyl,
thiomorplullinyl„ thiomorphohnyl S-oxide. thiomorpholinyl
S-dioxide. p&perazu&yl, azcpulyl, oxepinyl. d&azcpinyl, tro-
panyl. Cxazol&d&nonyl, 1,4-d&oxanyl, dihydroi'uranyl. 1.3-
dioxolanyl. imidazolidinyl. imidazolinyl, dithiolanyl. and
homotropanyl.
[0134J "Iiydroxyalkyl'* means an alkyl group substituted
&lith one or more OH groups. Examples of hydmxyalkyl
groups include HO CH, . HO CHSCHS . and CH,
CH(OH)
[0135] "Haloalkyl" mcims an alkyl group subst&to&cd with
one or nlore halogens. I ixamples of haloalkyl groups
include. but are not limited to, trifluoromethyl, difluoron&-
ethyl, pentafluoroethyl, trichloromethyl, etc
[0136] "Haloalkoxy" means an alkoxy youp substituted
with one or more halo ens. Examples of haloalkyl groups
include. but arc not inn&tcd to, tnfluoromcthoxy, difluo-
romcthoxy. pentafluorocthoxy, trichloromethoxy, etc.
[0137J "('yano" means a substituent having a carbon eton&

joined to a nitrogen eton& by a triple bond, e.g . C=N.
[0138J 'I he term "oxo" as used herein refers to an"~)w'roup.

[0139] The tenn "N-oxule** refi:rs to an oxygial atom
bound by a single bond (e g., "oxo") to a nitrogen eton& (e g.,
N 0"

)

[0140] "Amino'* means a substituent conmining at least
one mtrogcn atom (c.g., NHS).

Salt, Prodrug, Denvauve, and Solvatc Terms and
Conventions

[0141] "Prodn&g" or "prodn&g derivative** mean a cova-
lently-bonded derivative or carrier of the parent compound
or active drug substance wluch undergoes at lcasl some
b&otranslhmlation poor to cxlubiiing its phamlacological
cffccs(s). In gcncral. such prodni s have mctabolically
cleavable groups and are nspidly twins fbrmed in vivo to yield
the parent con&pound, for example. by hydrolysis in blood,

and generaliy include eaters and amide analogs of the parent
compounds. Thc prodrug &s formula&cd w&th thc obtccuvcs
of uuprovcxI chenucal stab&1&ty, improved paucnt acceptance
and compliance, improved bioavailability, prolonged dum-
tion of action. improved organ select&vity. impnlved formu-
lation (e.g.. increased hydrosolubility), and/or decreased
side efl'ects (e.g., toxicity). In geneml. prodrugs themselves
have v eak or no biological activity and are stable under
ordmary cond&1&ons. Prodrugs can bc read&ly prcpi&rcd I'rom

thc pilicilt colnpouluis os&llg Inc&I&i&ils know&1 ill tile alt. such
as those described in A I'ex&book of Drug l)esign and
l)evelopment, Krogsgaard-l.arsen and I I Ilundgaard (eds ),
Ciordon & Breach, 1991, particularly Chapter 5: "Des)y&
and Applications of Prodrugs*k Design of Prodrugs, H.
Bundgaard (ed.), Elsevier. 1985, Prodrugs: Topical and
Ocular Drug Dclivcry. K. B. Slow& (cd.), Marcel Dckkcr,
1998; Methods in Enzymology. K. Widdcr, et al (cds.). Vul.
42, Academic Press, 1985, part&cularly pp 309-39(x l3urg-
er's Medicinal (.'hemistry and l)nig D&scovery, 5th I id, M
Wolfl'(ed.), .Iolu& Wiley & Sons. 1995, particularly Vol I and
pp. 172-178 and pp. 949-982; Pro-Dn&gs as Novel Delivery
Systems. T. Higuchi and V. Stalks (eds.). Am Chem. Soc.,
1975, Bioreversible Carncrs in Dru Dcs&gn, E B. Roche
(cd ), Elscvicr, 1987. each ofwhich &s incorporated herein by
reference in their entireties
[1)142J "Pharmaceutically acceptable prodn&g" as used
herein nleans a pmdruc of a compound of the disck&sure
v hich is. witlfln the scope of sound medical jud ment,
suitable for use in contact with the tissues of humans and
lower mumals without undue tox&c&ty, &rotation, allcrg&c
respollse, slid flic Ill e, collllncllsul'lite w ith a rcasoilablc
bcneliflnsk rat&o. Snd cflcctn e for thc&r intended use, as well
as the rwvitterionic fom&s. where possible.
[l)143J "Salt** means an ionic foun of the parent compound
or the pmduct of the reaction between the parent compound
with a suitable acid or base to nlake the acid salt or base salt
of the parent compound. Salts of the compounds of the
present d&sclosure can be synthesized Irom thc parent com-
pounds, wluch con&ma a bas&c or ac&d&c mo&cty, by conven-
tional cheinical methods (Ienenllly, the salts are prepared by
reacting the free hase or acid parent compound w:ith stoi-
cluometric amounts or &vith an excess of the desired salt-
forming inorganic or organic acid or base in a suitable
solvent or various combinations of solvents.

[0144] "Phannaceutically acceptable salt" mean~ a salt of
a compound of thc d&sclosure which &s, w&tlun the scope of
sound medical judgment, su&table for usc u& contact with the
tissues of Inunans m&d lo&ver animals without undue toxicity,
irntat&on, aller ic response. and the like. comn&ensurate &vith

a reasonabie benefit/risk ratio. generally water or oil-soluble
or d&spersibie. and effective for their intended use The tenn
includes pharmaceutically-acceptable acid add&tion salts and
phannaceut&cally-acceptable base add&tion salts As thc
compounds of the present d&sclosure arc useful &n boih free
base m&d salt form, in practice, the use of the salt form
amounts to use of the base form I &sts of su&table salts are
found &n. e.g.. S. M. Birge, et. al . 1. Pharm. Sci.. 1977, 66,
pp. 1-19, v:hich is hereby incorpomted by reference in its
entiretv
[0145] "Pl&amlaccutically-acccptablc ac&d add&tion sali"
means those salts v luch re&au& the b&ological cflhctivcness
and properties of the Ibec bases and &sh&ch arc not biologi-
cally or otherwise undesirable, formed with inorganic acids
such as hydrochloric acid, hydmbromic acid, hydroiodic
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acid. sulfuric ac&d. sulfnmic acid, nitric acid. phosphoric
acid.;md tlu: hke, and organ&c acids such as acetic ac&d,

trmhlorodcctic ac&d, tniluoroacct&c acxl, ad&p&c ac&d. alg&nic
acid. ascorb&c acid, aspanic acid, benzenesulticnic acid,
benzoic acid, 2-Bcetoxybenzoic acid. butyric acid. canl-
phoric acid. camphorsulfonic acid. cinnamic acid. citric
acid, digluconic acid, etl&anesulfonic acid. glummic acid,
glycolic acid, glycemphosphoric acid, hemisulfic acid. hep-
tauolc iield, hcxauolc Bcul, folullc deal. fun&a&1c iicul, 2-h)'-
droxyctluincsulfon&c acnl [&setluonic acid), lacnc ac&d,

maleic acid, hydroxymaleic acid. malic acid, malonic acid,
mandelic acid, mesitylenesulfonic acid. methanesulficnic
acid. nnphthalenesulfonic acid, nicotinic acid, 2-naphthnle-
nesulfonic acid, oxalic acid. pamoic acid, pectinic acid,
phenyLscetic acid, 3-phenylpropionic acid, picric acid, piv-
ahc acnl. prop&oruc Bc&d, pvruv&c ac&d, pyruv&c acxl, sahcyl&c
acid. stcdnc ac&d, succu»c ac&d, sulfmuhc acid. taruiric ac&d,

p-toluenesulfonic acid, undecanoic acid, and the like

[0146] "Plrannaceutically-acceptable base addition salt**

means tlulse salts wluch retain the biological effectiveness
and propert&cs of the free seals Imd wluch are not b&olog&-

cally or Othcrw&se uudcs&rablc. fomlcd 0 &ih inorgamc bases
such ds (ann&on&B ol hvdloxldc, cBlbouaux OI b&carbonau: of
ammonium or a metal cation such as sodium, potass&uni,
lithium, calcium. magnesium, iron, zinc, copper. manga-
nese, aluminum. and the like. Particularly preferred are the
anumlnium, potassium, sodium. calcium. and nm nes&um
salts. Salts dcrivcd from pharmaceuucally-acceptable
organic nontox&c bases Include salts ol primary, secondary,
dnd tc&tiary am&ncs, quaternary anunc compounds, subst&-
tuted amines Including naturally occurring subst&tuted
amineg cyclic amines and basic ion&exchange resins, such
as methylamine. dimethylamine, trimethylnmine, ethylam-
ine. diethylamine, triethylamine. isopropyLamine. tripro-
pylammc, tributylaminc. cthanolaminc, dmthanohunule,
2-duncthylaminocthnnol. 2-diethylmninoethimol. dmyclo-
hexykunine, lysulc, arg&nine, lustidule, caffi:inc, hydrabam-
ine. chnline. beta&ne. ethylenediamine. glucosamine. meth-
ylglucrunin. theobronune. purines. piperazine, piperidule,
N-ethylpipendine. tetramethylammonium compounds. tet-
raethylanunonium compounds. pyridine. N.N-dimethylani-
lulc. N-methylp&pcridu&e, N-mc&hylmorpholine, d&cyclolu:x-
ylaminc. d&benzylam&ne, N,N-d&benzylphenethylarainc,
I -cphcn;munc, N,Nud&beuzylcthylenediiunule, polyiuninc
resins, and the hke Particularly preferred organic nontoxic
bases are isopmpylaniine, diethylamine, ethanolamine, tnni-
ethylanline, dicyclohexylamine. choline. and cnffeine.

[0147] "Solvate" means a complex ol variable sto&ch&om-

cuy Ibnncd by a solute, for cxamplc, a compound of
l&onnula [I) and solvent, for exaa&pie, water, ethanol. or
acetic acid Ibis physical association may involve varying
degrees of ionic and covalent bonding, including hydrogen
bonding. In certain instances. the solvate will be capable of
isoLstion„ for example, when one or more solvent moiecules
arc Incorporated &n lhc crysui1 1st &&ce ol the cry stalhnc sol&d.

In general. such solvents schxted li&r die purpose Of the
disclosure do not interfere with the biological activity of the
solute Snlvates enconlpasses both solution-phase and iso-
latable solvates I&epresentative solvates include hydrates,
ethnnolates„methanolates. and the like.

[0148] "Hydrato" means a solvatc whercul thc solvent
molecule[a) is/are water Thc compounds of thc present
disclosure as discussed below: include the free base or acid
thereof. the&r salts, solvates, and pn&drugs and may include

oxidized sulfur atoms or quatenuzed nitmgen atoms in their
structure, although not expl&citly stated or shown, particu-
larly thc pharmaccutically acceptable fom&~ thcrcofi Such
forms, particularly the phamlaceutically acceptable forms,
are intended to be embnsced by the appended claims

Isouicl Tcnus Bud Conventions

[0149[ "isoiners** means compounds having the saine
nunlber and kind of atoms, and hence the same molecular
v e&ght, but differing with respect to the arrangement or
configuration of the atoms in space. The tenn includes
stereo&somers and geometric isomers.
[0150] "Stereo&somcr*'r **opucal &somer" mean a stable
isomer that has at lens& Onc ciural atom or res&Octad mtat&on
giving rise to perpendicular dissymnletric planes [e.g, cer-
tain b&phenyls, allenes. and spiro compounds) and can n&tate
plane-polarized light. Because asytmnetnc centers and other
chemical structure exist in the compounds of the disclosure
which may give rise to stereoisomensm. the disclosure
coutculplatcs stclcolsouu:ls dud uuxturcs thclcof. Thc con&-

pounds of thc d&sclosurc and their salts Include asymmctnc
carbnn atoms and nlay therefore exist as single stereoiso-
mers, racemates, and as mixnlres of enant&omers and diaste-
reomers. Typically. such compounds will be prepared as a
racemic mixture. If desired, however. such compounds can
be prepared or isolated as pure stereoisomers, i.e.. as indi-
v&dual cnantiomers or (hdstereomcrs, or as stereoisomer-
cnrichcd mixtures. As ihsuussed in morc dc&ail below, indi-
vidual stereoisomers of compounds are prepared by
synthesis fmm optically active starting materials containing
the desired chiral centers or by preparation of mixtures of
enantiomeric products followed by separation or resolution,
such as conversion to a mixture of diastereomers followed
by separation or rccrystdll&zat&on, cluoma&ograpluc tcch-
n&ques, usc of chiral resolving agents, or direct scparauon of
thc cfaultloiucrs on chlml chi'Onlatogl"lph&c cohuufls Start-
ing con&pounds ofparticular stereochemistry are e&ther com-
mercially available or are made by the methods described
below and resoived by techniques v, ell-known in the art.
[0151] "Enantiomers" nleans a pair of stereoisomers that
are uon-superimposnblc mirror images of each o&her.

[t)152J "l)iastereoisomers" or "diastereomers*'ean opti-
cal Isomers lvhich are not mirror images of each other.
[0153] "bhiccnuc mixture" or **raccmatc" mcim a m&xturc
containulg equal parts ol'ldu &dual cnant&omcrs.
[0154] "Non-racemic mixture" means a m&xture contain-
ing unequal parts of individual enantiomers.
[0155] "G come&i&cal Isomer" &uciu&s a stnble &somcr wluch
results froin restricted freednm nf rotation about double
bonds ie g., cis-2-butene and trans-2-butene) or in a cyclic
stnlcture ie.g., cis-l.g-dichlorocyclobutane and trans-l.3-
dichk&rocyclobutane). Because carbon-carbon double
[olciin&c) bonds, C N double bonds, cyclic s&ructurcs, and
thc l&kc nuly bc prcscnt in thc compounds of the d&sclosure,
thc disclosure contemplates each of thc vnuous s&able geo-
metric Isomers and mixtures thereof resultmg from the
arrangement of substituents around these douhle bonds and
in these cyclic structures. The subst&tuents and the isomers
are designated using the cis/trans convention or using the E
Or Z system, whercu& thc tenn **E" &Beaus lughcr order
subst&tucnts on opposite s&dcs of thc double bond. and the
tenn "Z'* means higher order subst&tueuts on thc same sale
of the double bond A thorough discussion of li and 2
isomerism is pmvided in .I March, Advanced Organic
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Chemistry: Reactions. Mechanisms, and Structure. 4th ed.,
Jolul Wiley & Sons, 1992, which is hereby incorporated by
rei'crcncc ul its cntircty. Scvcral of the Iollow ing examples
represent single I I isomers. single / isomers. and mixtures of
)0/ isomers Determination of the E and / isomers can be
done by analytical methods such as x-ray crysmllography,
'H NMR, and "C NMR.
[t)156] Sonic of the conlpounds of the disclosure can exist
in more than one tautomeric form. Ac mentioned above. the
compounds of the disclosure include all such tautomers
[0157] It is well known in the art that the biological and
pharmacological activity of a compound is sensitive to the
stereochemistry of the compound. Thus. for exainple,
mrdntiomcrs oficn cxlubit stnkingly diffbrcnt biolo ical
dmn iiy includin ddlerenccs ul pharmacokuletic properties,
including metabolism, protcul bulding. and thc hkc, and
phannacolo ical properties, mcluding, the type of activity
displayed, the degree of activity, toxicity. and the like I'Inis,
one skilled in the art w ill appreciate that one enantiomer may
be more active or may exhibit beneficial effects v.ben
cnrichix) relative to the other enantiomer or v,lmn separated
from the otlu:r enantiomer Additioimlly. one skilled ul the
art would ktlow how to scpamle. conch. or selectively
prepare the enantionlers of the compounds Of the disclosure
fmm this disclosure and the know)edge of the prior art.
[t)150] I bus. although the racemic foun of dnig nlay be
used, it is often less etTective than administering an equal
amount of enantionlerically pure drug: indeed, in some
cases. one enantiomer may be pharmacologically inactive
and would merely serve as a simple diluent. For example,
altlxlugh ibuprofi:n had been previously admimstercd as a
IBCClndtC, It has bcCII Shouil that 011)V thC S-lsolnCI 01

ibilpiufeo iS CffCCIIVC BS Bll Bflti-lllflBInili;ltorV Bgelrt (hl thC

case of ibuprofen, however, although the R-isomer is inac-
tive. it is converted in vivo to the S-isomer, thus. the rapidity
of action of the racemic foun of the drug is less than that of
the pure S-isomer). Furthermore. the pharmacological
dmn i)les ol'cnautiomcrs may have ibsunct biologmal activ-
ity. For example, S-peiucilhmune Is a lhcrapeutic agent for
chronic arthritis. Ivhile R-penicillmnine is toxic Indeed,
sonic purified enantionlers have advantages over the race-
mates, as it has been reported that purified individual iso-
mers have faster tmnsdermal penetmtion rates compared to
the racenlic mixture. See IJ.S. Pat. Nos. 5.114.94(i and
4,S IS,541.
[0159] Thus. If ouc cnautiomer Is pharmacologically more
aetna. less toxic, or has a prcfctrcx) disposilion in lhc body
than the other enantionler. it would be therapeutically nlore
benehcial to administer that enantiomer preferentiallv. In
this way. the patient undergoing treatment would be exposed
to a lower total dose of the dru and to a lower dose of an
enantiomer that Is possibly toxic or an inhibitor of the other
Clldlltlolllen

[0160] Pre)tamtton of pure cnantiomers or nuxturcs of
dcsinx) enantiomcnc cxccss (cc) or cnanuomcnc purity arc
acconlplished by one or more of the many methods of (a)
separation or resolution of enantiomers, or (b) enantiosehx-
tive synthesis knov n to those of skill in the art. or a
combination thereof These resolution methods genemlly
ICI)'il Chlral ICCogllltloll Slid lllC)Ude, 101'XBlnp)C, ChIO-

matography using clural stationary plmses, coen)lose)ective
host-guest complcxauon, rcsolunonor synthesis usin clara)
mixiliaries, enantioselective synthesis, enzyntatic and non-
enzymatic kinetic resolution, or spontaneous enailtioselec-

tive crystallization. Such methods are disclosed generally in
Chiral Scparauon Techniques: A Pracucdl Approach (2nd
Ed.), G. Subramanimi (cx).). WIley-1/CH, 2000: T. E. Bcc-
sley and R P. W Scott. Chiml Chromatography, .Iohn Wiley
&. Smls, I')')9; and Satinder Aituja, ('hire) Separations by
Chromatography. Am. Chenl. Soc., 2000. Furthermore. there
are equally well-knoivn nlethods for the quantitation of
enantiomeric excess or purity, for example, C)C. HPLC. CE,
or NhIR, and assigiunent of absolute conligumtion and
conformation, for example, CD ORD, X-ray crystailogm-
phy, or NMR
[0161J In general, all tautomeric forms and isomeric fonna
and mixtures, Vvhether individual geometric isomers or
stereoisomers or racemic or non-racemic mixture~, of a
chemical stnlcture or compound is intended, unless the
spccilic stcrcochcmistry or isomenc fom»s speciiically
indicated in thc compound name or structure.

Pharmaceutical Administration and Treatment Terms and
Convmltions

[0162] A "patient" or **subject" is a manunal, c.g.,
hunlan, mouse, mt, guinea pi, dog. cat, horse. cow, pig, or
nonhuman primate, such as a nlonkey, chimpanzee. baboon
or, rhesus. In certain embodiments, the sub)act ic a primate.
In yet other embodiments, the subject is a human
[0163] Thc tcnus '*plmmuiceuucally cffi:ctive mmiunt" or
"therapeutically etTective amount" or "effective amount'*
means an amount of a compound according to the discklsure
v hich„v:hen administered to a patient in need thereof. is
suffiment to efl'ect treatment for disease-states. conditions, or
disorders for which the compounds have utility. Such an
amount would be sulhcicnt to ehcit the biological or mcxhca)
response of a tissue. system. Or patient Ihat is sought by a
researcher or clinician 'I'he amount of a conlpound accord-
ing to the disclosure which constitutes a therapeutically
efl'ective amount will vary depending on such factors ac the
compound and its biological activity. the composition used
for administration, the time of administmtion, the route of
administration, thc rate of cxcrction of thc compound. )hc
duration of tres)menu thc type of disease-state or disorder
beulg treated and its severity. dnigs used in combination
v ith or coincidentally with the compounds of the disclosure,
and the a e. body weight. general health. sex, and diet of the
patient. Such a therapeutically efl'ective amount can be
determined routinely by one of ordinary skill in the art
having regard to their own know led e, thc poor art, and tlus
disclosure.
[0164] As used herein. the term "pharmaceutical compo-
sition'* refers to a conlpound of the disclosure. or a phar-
maceutically acceptable salt, hydmte, solvate, stereoisomer,
or tautomcr thcrcof. together with at least onc phannaceu-
ticdlly acccTI)able cdrncr. in a form suitable for oral or
parenteral administration
[0165] "Carrier*'ncompasses carriers. excipients, and
illhlClltS iilld IIICBIIS B lnatelldl. Colnposltloil Ur VchlCRV SIICh

ds d liquid ill solid Illlcr, ililiu:iu, cxclplcllt, so)veil) ol
CIICapSidiltlllg Illa)CI1d1. Illi 011 Cd ill CBrrvlilg Ol tldllSportlllg
a pharmaceutical agent from one organ, or portion ot the
body, to another organ. or portion of the body of a subject
[0166] "Combination" rcfbrs to eitlmr a lixed combination
iu ouc dosage unit filnn. or a combined administration where
d coillpoUlld of thc plcscnt iilsclosllrc iilld BI least onc
cmnbmation partner (e.g another dnig as explained below,
also referred to as "therapeutic agent" or "co-agent") may be
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aihninistered independently at the same time or separately
w itiun time intervals, especially whcrc these ume mtcrvals
allow that Ihc combuiation partners show a beneficial efibct
fmm the co-action of these thempeutic agents. 'I'he benefi-
cial efiect of the conibination includes. but is not limited to,
a cooperative. e.g., synergistic. effect and/or a pharmacoki-
netic or pharmacodynamic co-action. or any combination
thereof. resulting fmm the combination of therapeutic
agenis. In one embodimmit, admirustraIion ol these thcra-
pcuuc agmits in combination is carried out over a deiined
tinie period (e.g . minutes, hours. days or weeks depending
upon the combination selected)."
[0167] The sin le components nmy be packaged in a kit or
separately One or Ixith of the components (e 8, . powders or
liquids) may be reconstituted or diluted to a desired dose
prior to administration. The terms "co-administration** ol
"combined administmtion" or the lil e as utilized herein are
meant to encompass administration of the selected comb&-
naiion par)acr Io a single sub)cct m ncs:d Iherimf (c.g a

paiicnt), and are uitcndcd to uiclude Irmuncnt regimens in
which the agents are not necessarily administered by the
same route of administration or at the smne time.
[0168] The temi '*plrannaccuticai combmation" as used
herein means a product that results fnim the mixing or
combininu of more than one thempeutic agent and includes
both fixed and non-fixed combinations of the therapeutic
agents. The tenn "fixed combination" means that the them-
pcuuc agents, c.g., a compound ol'the presmit disclosure and

combuiation partner, are boih admimsterwl Io a patimit
simultaneously ui the fomi of a single entity or dosage. Thc
tenn "non-fixed combination" means that the therapeutic
agents, e... a compound of the present disclosure and a
combination partner, are both administered to a patient as
separate entities either simultaneously. concurrently or
Sixplclitltlllv' i)11 iio SpccIIiC 11111C lllllil s. w liCl elll SiICll

adnunistration provides Ihcrapcutically idfcctivc levels of
thc two compounds in thc body of Ihc patient. The latter also
applies to cocktail thempy, e g the administration oftluee or
niore therapeutic agents
[0169] A subject is "in need of'a treatment if such subject
would benefit biological)y. medically, or in quality of life
fmm such treatment (preferably, a huinan).
[0170J 'I he term "P('SK9" or "proprotein convertase sub-
tilisiivkexin type 9'* interchangeably refer to a naturally-
occurring lnunan proprotein convertase belonging to the
proteinase K subfamily of the secretory subtiiase family.
PCSK9 is synthesized as a soluble zymo en that undergoes
autocatalyuc intmmolccuiar proccssm ui thc cndoplasmic
rciiculum, and is thought Io fiuiction as a proprotcin con-
vertase. P('SK9 plays a mle in cholesterol homeostasis and
may have a role in the differentiation of cortical neurons.
Mutations in the P('SK9 gene are a cause of autosonial
doniinant familial hypercholesterolemia. (Buniett and
Hooper„Cfin Biochem. Rev. (2008) 29(i):11-26)
[01711 As used herein. the term "inhibit". "inhibition**, or
"inhibiting" refers to the reduction or suppression of a given
condition, symptom, or disorder. or disease. or a significant
dimrease in Ihe baseline acuvity of a biological actnity or
process.
[0172] As usixl hcrcui. thc term '*treat*', '*trcaung", or
'*Ircatmcnt" of any discase or disorder refers to alleviating or
ameliorating the disease or disorder (i.c., slowuig or arrest-
ing the development of the disease or at least one of the
clinical symptoms thereoij; or alleviating or aineliorating at

least one physical parameter or biomarker associated with
the discase or disorder, including those which may not be
discemiblc to Ihc pa(ical.
[0173] As used herein. the tern) "prevent**, "preventing",
or "prevention" of any disease or disorder refers to the
prophylactic treatment of the disease or disorder: or delaying
the onset or progression ol'he discusc or disorder.
[0174J "Pharmaceuticaily acceptable" nieans that the sub-
stance or composition must be compatible chemically and/or
toxicologicaily, with the other in redients comprising a
fiirmulauon, aniiior the mmmnal being tres)cd thcrcwith.
[0175] "Disorder'* means„and is used interchan eably
with, the terms disease. condition, or illness. unless other-
wisc indicated.
[0176] "Administer", "administering'*. or "administra-
tion" means to either directly administering a disclosed
compound or pharmaccutically acceptable sall ol'he dis-
closed compound or a composiuon to a sub)imh or aihnin-
istering a prodnig derivative or analog of the compound or
pliarmaceuticaily acceptable salt of the compound or com-
position to the subject, which can form an equivalent amount
of active compound svithin the subject's body.
[0177J "Pmdrug," means a compound which is convertible
in vivo by metabolic means (e g.. by hydrolysis) to a
disclosed compound.
[0178J "('ompounds of the present disclosme", "(:om-
pounds of Fornuda (I)*'. "con)pounds of the disclosure", and
equivalent expressions (unless specifically identified other-
wisc) refer to compounds of Formulae (I), (Ia), (Ib). (Ic).
(Id), (Ic), (II). (Ig), (Ih), (Ii). (II), (Ik), (Im), mid (Io) as
hcrcin dcscribcd uicluduig the tautomcrs, thc prodrugs. salts
particularly the phannaceuticaliy acceptable salts, and the
solvates mid hydrates thereof. ivhere the context so perinits
thereof. as well as all stereoisomers (including diastereoi-
somers and enantiomers). rotamers, tautomers, and isotopi-
cally labelled compounds (including dcutenum ("D") sub-
stiluIions), as well as udiercntly formed moieties (c.g.,
polymorphs, solve)as and/or hydra(ca). For purposes of Ilus
disclosure, solvates and hydrates are generally considered
cmnpositions In general and preferably. the compounds of
the disclosure and the formulas desigtafin the compounds
of the disciosure are understood to only include the stable
compounds thereof and exclude unstable compounds, even
if an unstable compound might be considered to bc literally
mnbriwcd by Ihc compound liinnula. Similarly, rcfcrcnce to
intermediates, whether or not they theniselves are claimed,
is meant to embrace their salts and solvates. where the
context so permits. For the sake of clanty, particular
instances when the context so permits are sometnnes indi-
cated ui the text. but these instances are purely Iliustmstive
slid lt is riot illtclldixi lo cxcludc otllci'iistaiiccs wlicil Illc
context so pcmubn
[0179] "intcnncdiatcs of thc present disclosure", "intcr-
mcdiaIcs of Ihc disclosure". and equivalent cxprcssions
(unless spimilically idcnuiied otherwise) refer to compounds
of I'ormulae (Illa), (Hlb). (I lie), (Illd), (Ille), (Illfl. (Iiig),
(Illh), (Ilii), and (Illj) as herein described including the
tautomers. the prodrugs. salts particularly the phamiaceuti-
cally acceptable salts, and the solvates and hydrates thereof,
whcrc Ihe context so pcnnits thercol; as well as all stcreoi-
somcrs (including diastercoisomcrs and mitmtiomers),
rotamcrs, tautomcrs, mid isotopically labcllcd compounds
(including deuterium ("D") substitutions). as well as inher-
ently fomied moieties (e g., polymorphs, solvates and/or
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hydrates). For purposes of this disclosure. solvates and
hydrates arc gcnemlly considcrrxl compusilions. In general
and preferably, the intermediates of the disclosure and the
formulas designating the intermediates of the disclosure are
understood to only include the stable compounds thereofand
cxcludc unstable compounds, cvcn if an uiwtable compound
might be considered to be literally embnsced by the coni-
pound formuLa Similarly. reference to intemlediates,
whether or not they themselves are claimed, is meant to
mnbrace their salle and solvales, where lhe context so
pernlits iior the sake of clanty, particular instances when the
context so permits are sometimes indicated in the text, but
these instances are purely illustrative and it is not intended
to cxchalc olhcl'tlslanccs wllcn lhc conlcxl so pcnnlko
[l)180] ")table compound" or "stable stnicture" nieans a
conlpound that is sufficiently robust to survive isolation to a
Uscfhl ilt:grec of pUnlv Ironl B Iedclloll Inlxullc, Bnd forunl-
lauon into an cflicacious therapeutic or diagnostic agent. For
example, a compound. which would have a "dangliag
valency'* or is a carbanion is not a compound contemplated
by Ihe disclosure. In a spimific cmbudimenl. Ihe tenn
'*about" Or '*approximately" means witlun 20%, preli:rably
within 10%. and niore preferably within 5'!! of a given value
or range.
[0181] As used hcrctn, a "modulator of PCSK9" refers to

compound or molecule llrdt is able lo modulate PCSK9
biological activity or functiim, and/or downstream pathway
(s) mediated by PCSK9 activity.
[0182] As used hcrcin, an "inlubitor 01 PCSK9" reli:rs to
a compound or molixulc that ts able lo ulhtbit PCSK9
biological activity or function, and/or downstream pathway
(s) nlediated by PCSK9 signalin . An inhibitor of P('SK9
ac(Oily encompasses compounds thai block, anlagomze,
suppress or reduce (lo Bny degree includmg significantly)
P( SK9 biological activity. including downstream pathways
mediated by PCSK9 activity.
[0183] As uscxl hereul, "disorders or dtsmises rcsponsivc
to the inhibition of PCSK9,** '*disorders and conditions
responsive to the inhibition of P(')Kq," "disorders and
conditions responsive to the inhibition of PCSK9 activity.**
'*disorders responsive to thc ulhtbiuon of PCSK9." "disor-
ders rcspottstvc to thc inhibtuon of PCSK9 acnvtly," '*dis-
orders in which P('SK') plays a role." and like terms include
hypercholesterolemia, hyperlipidemia, hypertriglycen-
dcnua. silosterolcmui, atherosclerosis, arlenosclcrosis, coro-
nary heart discase, pcnphcral vascular disease (includuig
aortic diseases and cerebnlvascular disease), peripheral arte-
rial disease. vascular inflammation, elevated Lp(a). elevated
LDL, elevated TRL, elevated) triglycendcs. sepsis, and
Xanlilolnd.
[()184] As used herein. "hihibition of P(')K9 activity." or
"inhibition of PCSK9.'* refers to a decrease in the PCSK9
dmniiy. c.g., by administration of thc compound of thc
dlsclosulc.
[l)185] 1 he term "hypercholestemlemia" or "dyshpi-
denlia*'ncludes, e.g., fanulial and non-familial hypercho-
lcstcrolemia. Ftuntltal hypcrcholcstcrolenua (FH) is mt mito-
somal domurdnl disorder characlenzed by elevation of
senun cholesterol hound to low: density lipopmtein (I,DI,).
Fanlilial hypercholestemlemia includes both heterozy ous
FH dnd homozygous FH.
[l)186] I iypercholesterolemia (or dyslipidemia) is the
presence of high levels of cholesterol in the blood. It is a
form of hyperliptdemta (clevatcd lcvcls of liptds ul the
blood) and hyperlipoproteinemia (elevated levels of lipo-
pmteins in the blood).
[0187] Hyperliptdemta Is an clevauon 01'ipids ui thc
bloodstreanl I'hese lipids include cholesterol, cholesteml
eaters. phospholipids and tri lycerides. Hyperlipidemia
includes for example. type I. Iia, Iib. Iii, IV and V.

[0188] Hypertriglyceridemia denotes hi h blood levels of
tnglyccridcs. Elevated let cia of tnglyccndcs areassociatcd
with atherosclemsis, even in the ahsence of hypercholester-
olemia, and predispose to cardiovascuLar disease.
[0189] "Sitosterolemia" or "phytostemlemia*'s a rare
aulosomal rccessivcly ulhcritcd lipid metabohc disorder
characterized by hyperabsorption of sitosterol from the
gastrointestinai tract and decreased biliary excretion of
dietary sterols (i.e., leading to hypercholesterolemia, tendon
and uibcrous xanlhomds. premature devclopmcnt of athero-
sclerosis) and altered cholesterol synthesis
[0190] "Atherosclerosis*'ncludes hardening of arteries
associated v,ith deposition of fatty substances. cholesterol,
cellular waste pmducls. calcium and libnn in the unier linulg
of an artery I he buildup that results is called plaque.
[0191] "Atherosclerosis'* or "arteriosclemtic vascular dis-
ease (AS')" is a specific form Ol'artcnosclerosis involvulg
thlckenulg, hardcnulg dnd loss ill cltlsnclly'1 Ihe wBlls 01
arteries as a result of invasion and accunlulation of white
blood cells, containing both living. active white blood cells
(prodliculg lnfliunnlatlou) dlxl rctundnls ol ih:dd cells.
includulg Hlolcslcrol and triglycendcs. Alhcrosclcrosis is
therefore a syndrome afl'ecting arterial blood vessels due to
a cltionic inflammatory response of wlute blood cells in the
walls ol arlerms.
[0192] "Corollary heart discase," also known as athero-
sclerotic artery disease. atherosclerotic cardiovascular dis-
ease. Coronary heart disease or ischemic heart disease is the
ulosl colnnlon lvpc ol llcdrl dist asc slid cdUsc ol hcdlx
attacks Thc disease ts caused by plaque building up along
the inner walls of the arteries of the heals. which narrows the
lumen of arteries and reduces blood flow to the heart.
[0193] "Xanlhoma" is d mitancous manifestauon of lipi-
dosis in which lipids acmunulale in large foam cells within
the skin Xanthomas are associated with hyperlipidemias
[0194] The term 'elevated Lp(a) concentration". as used
hcrcin, reli:rs to a serum Lp(a) conccntrauon above 30 mgidl
(75 nmoiiL). "Elcvatcxl serum Lp(a)" means a serum Lp(d)
level greater than about 14 mg,'dl,. In certain embodiments,
a patient is considered to exhibit elevated serum Lp(a) if the
lcvcl of serum Lp(a) measured in thc patient Is greater than
about 15 mg/dL, about 20 mg/dL, about 25 mg/dL, about 30
mg/dl., about 35 mgidl . alxlut 40 nlg/dl., about 45 mg/dl „
about 50 mg/dL. about 60 mg/dL, about 70 mg/dL. about 80
mg/dL, about 90 mg/dL, about 100 mg/dL, about 20 mg,'dL.
about 140 mg/dL, about 150 mg dL, about 180 mg,'dL, or
about 200 mg/dl, The senim I.p(a) level can be measured in
a patient post-prandial. In some embodiments, the Lp(a)
lcvcl is mcasurcd alter a pcnod of time ol'asung (c.g., al'ier
fasting Rir 8 lus, 8 lus, 10 hrs. 12 lus or morc). Exemplary
methods for measuring senuli I p(a) in a patient include, but
are not limited to. rate inununonephelometry. ELIS k, neph-
clometry. Inununoturbidunetry. and dissociauon-cnhancod
lanthaiudc tluorcsccnt immunoassay. although mly clinically
acceptable diagnostic method can be used in the context of
the present disclosure.
[0195] By "elcvatcd tnglyceride levels" or "ETL" is
meant any dcgrcc of Inglyccridc lcvcls that is dctemuncd Io
be undesirable or is tar cled for nlodulation
[0196] "Sepsis" is a systemic reaction characterized by
artenal hypotension, metabolic acidosis. decreased systemic
vasctddl rcsistancc, tach)'pni a, Bnd 01 atl dvsfUnc)1011. Scp-
sw can result Irom scpliccmia (i.c., organisms. Ihcir mcld-
bolic end-products or toxins in the blood stream), including
bacteremia (i e., bacteria in the blood), as well as toxemia
(i e, toxins in the blood). including endotoxemia (i e,
endotoxin in the blood). The temi "sepsis*'lso encompasses
fun ernie (i.e.. fun i in the blood), viremia (i.e., viruses or
virus particles in thc blood), and para stlmnta (i.c., hclnunlluc
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or protozoan parasites in the blood). Thus, septicemia and
seTttic shock (acute circulatory failure resulting from sepu-
ccmm often associated with muluplc organ Ihilure aixl a high
niortality mte) may be caused by a number of organisms

[0201] In another embodinient. the compounds of Formula
(I) have the stmcnire of I'ormula (Ic)

Specihc iinibodinients of I ompounds of liormula (I)

[0197] The present dmclosure relates to compounds or
phannaccuncally acceptable salts, hydra)ca, so)vates, stc-
reoisolnerx or tautonlers thereot, capable ot modulatiilg
P( SK'). which are useful for the treatment of diseases and
disorders associated with modulation of a PC'SK9 protein or
enzynie. In another embodiment. the present disclosure
re)a)ca to compounds or pharmaccutically acceptable salts,
lly'grates. solvtltes, prodrugs, steleolsiiltlels. iir tailtollicls
thereol; capable of inlubiung PCSK9, wluch arc usel'ul for
the treatment of diseases and disorders associated v ith
inhibition of a PFSK9 pmtein or enzyme 'I'he disclosure
further reLates to compounds, or phamiaceutically accept-
able salts. hydrates, solvates, stereoisomers. or mutomers
thcrcof. which arc useful for uthibning PCSK9.

Rc Rs Ri

(ic)

[0198] In one enibodiment. the compounds of liornnila (I)
have the stnicture of Formula (Ia):

[0202J and pharmaceutically acceptable salts, hydrates,
solvates, prodrugs. stereoisomers. N-oxides. and tmi-
tomcrs thcrcof.

[0203] In another embodiment. the compounds of Formula
(I) have the stnicture ol'ormula (Id)

t)el

0

m

e iJL
N 0 yO

R- Rs R,

R Re R,

and pharmaceutically acceptable salts, hydrates, so)vates,
prodnigs, stcreoisomcrs, N-oxides, and tautomcrs thcrcof.

[0199] In another embodiment, the compounds ofFormula
(I) have the structure of Fomiula (Ib):

[0204] and pharmacmaically acceptable salts, hydraies,
so)vates, prodnigs. stereoisoniers, N-oxides, and tau-
tomcrs thereof.

[t)205J In another embodiment. the compounds ofl ormula
(I) have the structure of Formula (Ie):

Ri [[

/ R 0

0

0 yO

iie)

R, Rs Ri.

[0200] and pharmaceuucally acccptablc salts, hydrates,
so)vates, prodnigs. stereoisomers. N-oxides. and tau-
tomers thereof.

[0206] and pharmacmaically acceptable salts, hydraies,
solvates. prodnigg stereoisomers, N-oxides, and tau-
tomers thereof.
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[0207] In another embodiment, the compounds ofForlnula
(I) have the stnicture of liormula (If)

[0213] In another embodinlent. the compounds of Formula
(I) have the stnicture ol'ormula (Ii).

0

s

0

'i JL

R, R 0

Ri Rs Ri

[0208] and phurmaccutlcally acceptable salts, hydrates,
solvates, prodru s. stereoisomers. N-oxides. and mu-
tolncls ther'cof.

[0209] In another embodiment, the compounds ofFormula
(I) have thc structure ol'onmila (Ig):

[0214] and pharmacmnically acceptable salts, hydraies,
solvates. prodnigg stereoisomers, N-oxides, and tau-
tomers thereof.

[0215] In another enlbodinlent. the compounds of Formula
(I) have the stnicture ol'ormula (Ij).

i Is(

0

s,'t [JL

R R 0

.w,JL ~

ORIS

(Riil;

[0210J and pharniaceutically acceptable salts, hydrates,
solvates, prodru s. stereoisomers. N-oxides. and mu-
tomcrs thereof.

[0211] In another cmbodlmcnt, the compounds ofFormula
(I) have the structure of liorniula (Ih):

[0216] wherein x is 0, I, or 2( and pharmaceutically
scccptilblc salts, hv'iitstcs, solvati:s, prixllugs, slcrccll-
somcrs, N-oxides, and tautomcrs thcrcof.

[0217J In another embodiment. the compounds of I'onnula
(I) have the strucnire of Fomtu)a (Il ):

0

s
N

0
0

;JL '
lbl

. Q.ii

"j['
xi I I

(IR)

[0212] and pharmaceuucally acccptabic salts, hydrates,
solvates, prodnigs. stereoisomers. N-oxides. and tau-
tomers thereof.

[0218] whcrmn x is 0, I, or 2, and pharmaccutically
acceptable salts, hydrates, solvates, prodrugs, stereoi-
somers, N-oxides, and tautomers thereof
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[0219] In another embodiment, the compounds ofForinula
(I) have thc structure ol'onmila (hn).

0

OX 0 yO

I I»0

Rs

ORi ».
[0220[ wherein x is 0. I. or 2; and phamtaceutically

acceptable salts, hydrate», »olvale», prodnigs, stereo&-
somer», N-oxide», and lautomcrs thcrcof.

[0221] In another embodiment, the compounds ofFormula
(I) have Ihc structure ol Fonmila (Io):

I lv I

.m„A
R» OR„,.

IRII),

[0222] wherein x ls 0. I, or 2: and phamlaceutically
acceptable salts, hydrates, solvates, prodrugs, stereoi-
somers. N-ox&dc», Imd tautomers (hereof.

[0223] In some embodiments of the Fomtulae aixive (e g.,
Formula (I), Formula (Ia), Formula (lb), Fomnila (Ic),
Formula (Id), Formula (Ie), Fonuuld (If). Fomnila (Ig),
Formula (Ih), Formula (Ii). Formula (I)), Fomiula (Ik),
lionmila (Im). and/or liormula (Io)),

[0224] XI arid X» tire cdch iildependenlly H or (C, -C&)

alkyl, or X& arid X, togctlmr wilh lhc ca&boil dliiiti lo
which they are attached form (0):

[0225[ Xs is / 011» when Xi and X. are each inde-
pendently H or (C,-C,)alkyl, or X, and X, together
vvith the carbon atom to which they are attached fomt

(0). or X, is 0, NH or N(C,-C,)aikyl-,
when Xi arid X, together with lhc carbon alom lo wluch
die)'ie dltaclicd Rirm (0),

[0226] R, is (C&-C,&,)aryl or 5- or 6-membered het-
eroaryl comprising 1-3 hetematoms selected front N,
0, and S, wherem the aryl and heteroaryl are substi-

tuted with OR„, or NR IRI» and optionally sub-
stituted with onc lo four R„,

[0227] R. is H, (C,-('„)alkyl, (C»-C,)alkenyk ((',-C,)
haloall'yl NRI RI (Cs Ci)carbocyclyl, (Cs-Cv)cy-
cloalkcnyl, 5- lo 7-mmnbercd hcterocyclyl compnsuig
1-3 hctcroatoms sclccled from N, 0. and S, (('&-C,c)
aryl, or 5- or 6-membered he(eros)yl comprising 1-3
heteroatoms selected fmm N, 0. and S, wherein the
alkyl is optionailysubstituted with one to four R», and
the carbocyclyl, cycloalkenyl, heterocyclyl, aryl and
hclcroaryl are optionally subsuuited with one lo fuur
Rog

[0228] R» is H, D. ((',-C,)alkyl. (C,-C,)alkoxy, (C,-
C»)lmloalkyl. (C,-C»)haloalkoxy, or (C,-C»)hydroxy-
alkyl, whercui thc all yl Is optionally subsututed with
onc to fiiur R,d,

[0229] R is H or (C,-C„)alkyl, or
[0230] R» and R» together tvith the atoms to w hich they

are attached form a 5- to 7-membered heterocyclyl ring
compnsing 1-3 hcleroatoms sclcctcd from N. 0, and S,

[0231] Rs slid Ri are eleh ilidepelideli'tly H D (Ci C»)
alkyl, (C,-C )ailkoxy, (C,-C )haloalkyl. (C,-C )ha-
li»till'oxv oi'C

I
C&)hv'dr'oxyulk) I vvh& reit& Ilia (C] C& )

alkyl is optionally substttutcdl with onc lo four D:
[0232] R, is (C,-C )alkyl. (C,-C„)alkoxy, (C,-C )ha-

loidl') I (C& C&)lidlotllkoxyi or (CI C&)liydroxyalkyl.
wherein the alkyl is optionally substituted with one to
four substituents each independently selected from
(( I ( &)alkox) (( I (»)haloalkoxy, ('(0)((,-C»)
alkyl, C(0)OH, and C(0)0(C,-C&)allyh

[0233J R» is 11, (0,-( &)alkyl, or ((',-('&)haloalkyl,
v herein the alkyl is optionally substituted with one to
four substituents each independently selected from
(C»-CI)carbocyclyl, 4- to 7-membered heterocyclyl
compnsing 1-3 hcleroatoms schx (cd from N. 0, and S,

NRI &RI s Iiixl ~(0)NRI»RIO
[0234] R is halogen, (C,-C»)alkyl„(CI C»)alkoxy. (C»

C&,)lmloalkyl, (C»C&)haloalkoxy, ~H, or ('N,
[0235] Ric is (C,-Co,)aryl or 5- or 6-membered het-

eroaryl composing 1-3 hcteroaton» sclectixi from N.
0, and S. whercui thc aryl and hcteroaryl arc optionally
sub»linn&xi with orle lo foui R, cauli R] I

is uxlcpcn-
dently at each occurrence halogen, ((',-('»)alkyl, (0,-
('&)alkoxy, ((',-C»)haloalkyl, (( I (»)haloalkoxy,

OH. or CN;
[023 6 J RI » arid R „are each independently I I or (( ',-

(.',)alkyl:
[0237] each Rid is independently at each occurrence D,

NR»R». (('s-(. )carbocyclyl. or 3- to 7-membered
heterocyclyl comprising 1-3 heteroatoms selected from
N, 0. and S, w heraus lhe carbocyclyl and hcterocyclyl
arc optionally subsliiu lcd with onc lo Riur subslilucnls
each independently selected front halogen, ((,-0&)
alkyl. (Ci (»)alkoxy, ((,-('»)haloalkyl, and ((,-0»)
haloalkoxy:

[0230[ R,» and R», are each independently H or (C,-
C»)aily i:

[0239] R&» aild Ri are each independently H or (C»
C»)alk)'I, or

[0240] R«and R„i iogclher with thc nitrogen atom io
which they are attached form a 4- lo 7-mcmbcrcdi
heterocyclyl ring, optionally comprismg 1-2 additional
heteroatonis selected fmm N, 0. and eh
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[0241[ each R„ is independently at each occurrence
(C,-C&)carbocyclyl, 5- to 7-mcmbcrcxl heterocyclyl
comprising 1-3 hctcroatoms selected from N. 0, and S,
(( «-Cto)aryl, or 5- or 6-niembered heteroaryl compos-
ing 1-3 heteroatoms selected fn&m N, 0, and S, v herein
the carbocyclyL heterocyclyl, aryl and heteroaryl are
optionally substituted v ith one to four Rs„:

[0242] each R„ is independently at each occurrence
halogen. (C,-C )alkyl, (C,-CB)alkoxy. (C,-C )ha-
loalkyl. (C,-C&)haloalkoxy, ~H, or CN; or

[0243] two R,v togetllcl; wllcn 011 Bt!Iaccllt iltollls, ft&rill

B (( & (
&
it)aryl or 5- or 6-membered heteroaryl ring

comprisin 1-3 heten&atonis selected from N, 0, a&id S,
wherein the aryl and heteroaryl are optionally substi-
nited with one to four substituents each independently
selected from halo en. (C,-C,)alkyl. (C&-C,)aikoxy,
(C,-C )haloalkyl, (C,-C„)hailoadlkoxy. OH, ~arid CN;

[0244] each R&o is independently at each occurrence
11&llogeli (C t C& )d lit)'L (C i C&)alko& V. (C t C&)lla
loalkyl. ((«-C&)haloalkoxy, oxo, OI I, or CN; or

[(12451 tvhen R,„ is a carbocyclyl or a heten&cyclyl. two
ltso, v hen attached to the same carbon atom, together
fi&mt (0):

[0246] R„ is H or (C,-C,)all yh
[0247] each R„ is independently at each occurrence

halogen. (C,-C )alkyl, (C,-CB)alkoxy. (C,-C )ha-
10 Ill &'I (Ct C&)ll IIOBlkoX) ~H CN (C& Ct&t)ilryl,
or 5- Or 6-membered hctcroaryl comprising 1-3 hct-
eroatoms selected fmm N. O. and S, wherein the aryl
and heteroaryl are optionally substituted with one to
four R„:

[0248[ each R, is independently at each occurrence
halogen. (C,-C,)alkyl, (C,-C,)alkoxy, (C,-C,)b&-
loalkyl, (C,-C )haloalkoxyi, ~H (OCHBCHB),-
3OCHBCHB OH, CN, or 4- io 7-membered hctcro-
cyclyl comprising 1-3 hetematoms selected from N. 0,
and S. wherein the heterocyclyl is optionally substi-
tuted with one to four substituents each independently
selected from halogen. (C,-C,)alkyl, (C,-C,)alkoxy,
(Ci Cs)ltaloalkyl, (C,-C,)haloalkoxy. OH, C(O)
R BR 7 NR &C(O)R&7 NH NH(C& Cd)Blk) I

and N((C,-C&)alkyl)s. and the alkyl is oPuonally
substituted with NR&BR&s or a 4- to 7-membered
heterocyclyl comprising 1-3 heteroatoins selected front
N, O. and 5 optionally substituted with one to four
substituents each independently selected from halogen,
((',-C,)alkyl. (C,-C„)alkoxy, (C,-C,)haioulky), (C,-
C„)haloalkoxy, OH, NH„NH(C,-C&)alkyl, and

N((C, -C&)alkyl),, and

[0249] R,» and R„arc mch u&dependently H, (C,-C&)
alkyl, or (CsiC )carbocyclyh

[0250[ or pharmaceutically acceptable salts. hydrates,
solvates„prodrugs, stereoisomers, N-oxides. or tautom-
crs thcrcof.

[t)251] In some embodiments of the lionnulae above, X,
and X. are each mdependently I I or (C&-C&)BIL31, or X. and
X, together with the carbon atom to which they are auacbed
form (0): X& is CH, when X, and X, are each
indcpcndently H or (Ci Cd)alkYI or Xt all&! X together with
thc carbon atom to wluch they arc attached I'onn (0). or
Xt ls 0 NH Ol'(Ci C&)alkvl wllell Xt ill&&i X
together with the carbon atom to &vhich they are attached
form (0):

[0252] R, is (C,-(.,c)aryl or 5- or 6-membered het-
croaryl compnsing 1-3 hetcroatoms select&BI from N,
0, and S, whcrmn the aryl and hcteroaryl are subsii-
nited tvith ~)R&t& ol Nlt tlttt& arid optionallv silb-
stituted v,ith one to four It&it

[0253] R, is H, (C,-(',)alkyil, (C,-C,)alkenyL ((',-C,)
haloalkyl„NR„R, ... (C,-C,)carbocyclyl, (C,-C,)cy-
cloalkenyl, 5- to 7-membered heterocyclyl comprising
I 3 liest itrdn&ills selt etc&I f&0111 N 0 Bllll S (Cd Ct )

aryl, or 5- or 6-member&xi hctcroaryl comprisui 1-3
heteroatoms selected fmm N, O. and S, wherein the
alkyl is optionally substituted with one to four Rid Bi&&1

the carbocyclyl, cycloalkenyl, heterocyclyl, aryl and
heteroaryl are optionally substituted v ith one to four
R,,:

[0254] R7 is H, D. (C,-C )alkyl, (C,-C )alkoxy. (C,-
Cv)lmloalkvl, (C, -C&)hdlodalkoxy, or (C, -Cs)hydroxy&-
alkyl, wherein the alkyl is optionally substituted &vith

one to four R«t
[()255J R is H or (( i ( &)alkyh or
[0256] R, and Rd togcthcr with thc atoms to which they

arc attached form a 5- to 7-membered hcterocyclyl nng
comprising 1-3 heteroatoms selected fron& N. O. and S;

[0257] Rt Bird Ri Bre eieil ilidepelideli'tly H D (Ci Cs)
alkyl, (C,-C,)alkoxy, (C,-C„)haloalkyl. (C,-C,)ha-
1&&till'OX& ol'C

i C&)1&V'tll'OX)ulk) I &vill rclll tile (C t C& )

alkyl is optionally substttutcxl with onc to four D:
[0250[ R, is (C,-C,)alkyl. (C,-C&)all oxy. (C,-C,)ha-

loalkyl. (Ct ( 7)haloalkt&xy t&1 (Ci Cs)hydroxyalkyl,
wherein thc alkyl is optiomilly substituted with onc to
four substituents each indepmidmitly sclccted from
(C,-CB)alkoxy, (C,-CB)haloalkoxy, C(O)(C,-CB)
alkyl, C(O)OI I, and i C(O)O(C&iC&)alkyl:

[0259] R, is H, (C,-(:„)alkyl, or (C,-C„)haloalkyl,
wherein thc alkyl is optiomilly substituted with onc to
four substituents each indepmidmitly sclccted from
(C,-C,)carbocyclyl. 4- to 7-mcmbcrtxl hetcmcyclyl
comprising 1-3 heteroatoms selected fron& N. 0, and S,

Nit&&It&&, and ~ (O)NItislti&t
[0260] Rv is llalogcil (Ci Cs)alk)1 (Ci Cd) Ilkoxv (Ci

C&,)lmloalkyl, (C,-C&)haloalkoxy, ~H, or CN,
[0261J Rio is (CsiCB,)aryl or 5- or 6-membered het-

eroaryl comprising 1-3 hetematoms selected ibom N,
0, and S. wherein the aryl and hetemaryl are optionally
substituttd with one to four R„,

[0262J each Rii is independently at each occurrence
halogen, (Ct-('s)alkyl. (CtiC&)alkoxy, (Ct-(:s)ha-
loalkyl. (C,-('„)haloalkoxy„OH. or CN,

[0263] Rt dllt! Rt drc cilcli ill&it pl Jill& lltlY H Or (Ct
C&)alkyl;

[0264] each Rtd is independently at each occurrence D,
NR»R». (('&-(. )carbocyclyl. or 3- to 7-membered
hetcrocyclyl comprising 1-3 hctcroatoms selcctcd Irom
N, O. and S, w heraus the carbocyclyl and hcterocyclyl
are optionally substituted tvith one to four substituents
each independently selected front halogen, (Ct-(:s)
Bll yl (Ci Cs)BII oxv (Ci Cs))la)oalkyl, and (Ci Cs)
haloalkoxy:

[0265] Rt 7 dllt! Rt drc cilcli ill&it pl Jill& lltlY H Or (C t

C&)alkyl;
[0266] Rid and R, are each independently H or (Ci-

C,)allyl. or
[()267J itis slid lt,v touether with the nitrogen atom to

v hich they are attached form a 4- to 7-niembered



US 2020/0 [ 64024 A 1

18

May 28, 2020

heterocyclyl nng comprising 1-2 additional heteroa-
loms selixlcd I'rom N, 0, and S.

[0268] each R]s Is nidependently at each occurrence
(('s-(',)carbocyclyl, 5- to 7-membered heterocyclyl
coniprising 1-3 heteroatoms selected lbom N. 0, Bnd S,
(('„-C«,)aryl, or 5- or 6-membered heteroaryl comp»s-
ing 1-3 hctcroatoms sclectcd from N, 0. and S, wherein
lhc cdrboc)'cl)'I, hclclocvclv'I, Brvl Bnd he(clos])1 Brc

optionally substituted with one lo four R-„:
[0269] each R]v ls lndePendently at each occurrence

halogen. (C,-C,)alkyl, (C,-C,)alkoxy, (C,-C,)bp-
loalkyl. (C,-C,)haloall oxy. OH, or ('N: or

[027(1] two R,p together, when on adjacent atoms, forni
B (( p ( ]p)aryl or 5- or 6-membered heteroaryl ring
comprisin 1-3 hetenlatonis selected from N, 0, a]Id S,
i&herein the aryl and heteroaryl are optionally substi-
nlted with one to four substituents each independently
sclectcd lbonl hBlogcn, (C] Cp)BII'll (C] Cp)B[koxy,
(C„-CS)haloalkyl, (C,-CS)ha]loadlkoxy, OH, Pand CN;

[0271] each Rzp Is mdePendently at each occurrence
halogen. (C,-C,)alkyl, (C,-C,)alkoxy, (C,-C,)bp-
loalkyl. (C,-C,)haloall oxy. oxo. OH, or ('N: or

[02721 when R, „ is a carbocyclyl or a heterocyclyl, two
R „, when attached to the same carbon atom. together
form (0);

[0273] R„ is H or (C,-C,)all yh
[0274] each Rzz Is IndePendcnlly al each occurrence

halogen, ((
]

( &) lll )I (( ]
( &)Blkoxi (( ]

( &)ha-

lo]Ill)l

(( ] ( p)lialoalkoxy, ~)ll ( N (( p ( it])af)l,
or 5- or 6-membered heteroaryl comprising 1-3 het-
eroatoms selected from N. 0. and S, wherein the aryl
and hetemaryl are optionally substituted w:ith one to
four Rz:

[02751 each Rzs is independently at each occurrence
halogen, (( ] ( p)'Ill)1 (( ] ( &)Bllx]xi (( I ( p)ha-
loalkyl. (C] Cp)haloall oxy. CHS(OCHSCHS),-
30CHSCHV OH, CN, or 4- to 7-membered hetero-
cyclyl comprising 1-3 helcmatoms sclccted lbom N. 0,
and S, whcrcin thc hclcrocyclyl Is optiolnilly substi-
tuted with onc lo four subsntucnis each uidcpcndcntly
selected from halogen. (( ] ( S)alkyl, (C,-C&)alkoxy,
((']-('p)haloall&l (( ] ( p)l'laloalkoxy„Oil, ~'(0)
R, R„„NR, C(0)R„. NHS. NH(C,-('s)alkyl,
and N((C,-C,)alkyl)z. and the alkyl is optionally
subsntulixl with NRISRI, or a 4- lo 7-membered
ht:teria:vclvl conipllsnlg 1-3 hcu:loBlonis sclccn:4 flout
N, 0. and S optionally subsntulcd v;ilh one to lbur
substituents each independently selected from halogen,
(( ] ('p)'ilk)i. (0,-('&)alkoxy, (( ] ( p)lialoalkyl, ((
Cs)haloalkoxy, OH. NHS, NH(C,-('s)alkyl, and

N((C] Cp) Ilkvl)z] a]id

10276] Rzd and Rzs are each indePendently 11. (C,-C,)
alkyl, or (CB-C,)carbocyclyh

[02771 or plmmnaceutically acceptable salts, hydrates,
solvatem pmdnlgs, stereoisomers, N-oxides, or tautont-
ers thereof

[t)278] In some embodiments of the I'ormulae above, X, Is
Il or (0,-( p)alk3'I In another embodiment X, is 11 ln yet
another enibodinient, X, is ((',-( p)alkyl

[0279] In some cmboduncnls of(he Formulae above, X, Is
I I or (('I-(:p)alhw) In another embodiment X, is I I In yet
another embodiment. X, is (('] ( p)alk3'I

[0280] In some embodiments of the Formulae above, X,
and X, together with lhe carbon atom to which they are
attached li)rm (0).
[0281] In some cmbodmienls Ol'thc Formulae above, X, is
H and X, is H. In another embodiment, X, is H and X, is
(C] C&)idl') I In)'c(Bnothct'en]bod]a« ill Xi Is (C] C&)dlkyl
and X, is ((.', -('B)alkyl.
[0282] In some embodiments of the Formulae above, X, Is0, NH or N(C,-C&)alkyl-, when X, mid Xz
together with the carbon atom to which they are attached
form (0) ln another embodiment. Xs is N((',-('p)
alkyl-, when X, and X, together v,ith the carbon atom to
which they are attached foun (0). In yet another embodi-
nlcnl, Xp Is~, v hen X] Bnd X, together with thc carbon
atom lo which thc) dre attached form (0). In another
mubodunent, X, is NH, «hmi X, and X, together with
the carbon atoni to tvhich they are attached fbmn (0) In

yet another embodiment. X, is ~'I Iz ivhen X, and X. are
each independently H or (C, -C,)alkyl, or X, Bnd X. together
v ith the carbon atom to which they are attached fomi (0).
In another embodiment. X, is ~HS when X] Bnd X, are
each utdt7]cndcntly H Or (C,-C&)alkyl In yct another
embodiment, Xs is ~HS when X, Bnd X, togcthcr widi
the cmbon atom to which they are attached foun (0)
[0283] In some cmbodnnenls ol'he Formulae above, R, is
(('&-(',

&
)aryl or 5- or 6-membered heteroaryl comprising 1-3

heteroatoins selected from N. 0. and sk wherein the aryl and
heteroaryl are substituted tvith Og,„or NRS,R«, and
optionally substituted with one to three R». In another
embodiment. R, is phenyl or 3- or 6-membered heteroaryl
comprising 1-3 hclcroaloms selected from N, 0. mid S,
whcrcin thc phenyl and heleroaryl arc substituted widi
~)R„, or NR, 8«, and optionally substituted with one to
three R» In yet another enibodinient, R, is (('p-('m)aryl. or
5-niembered heteroaryl coniprising 1-3 heteroatoins
selected from N, 0, and S, wherein the aryl and heteroaryl
are substituted with OR,C or NRI]R]p and optionally
substituted with onc to thl'It R]] In ulolhcr cmbodimcnl. R,
is phenyl or 5-membered heleroaryl compnsing 1-3 hetcroa-
toms selected from N. 0, and S, wherein the phenyl and
heteroaryl are substitmed v ith ORS] or NRz]R»] Biid

optionally substituted tvith one to three R»
[0284] In yet another enibodiment, R, is (C,-Cm)aryl. or
6-membered heteroaryl comprising 1-3 heteroatoms
selected from N. 0, and S, i&herein the Bryl and heteroaryl
are substituted with OR]p OI'R ]R«] Bnd optionally
substitul &xi w Ith one to tinea R». In another embodiment, R,
is phenyl, or 6-membered heteroaryl con]prising 1-3 het-
eroatoms selected from N. 0. and sk wherein the phenyl and
heteroaryl are substituted with OR„ )

ill'Rz]R]p and
optionally substinited ivith one to tliree R». In another
embodiment. R, is (C,-(.,p)Br)i substituted with OR«of

NRI]R]p Bnd optionally substituted with onc to lhl'tc R» .

In yct another cmbodmient R, is phenyl subst]tuttx) with
~)R]p 0] NRS,R]p and optionally substituted with one to
three R» ln another enibodiment. R] Is (( p ( ip)aryl sub-
stituted with OR]() of NR ]R«] and substituted with one
to 'tlifcc R]] Ill yet another embodiment R] Is phenyl
substituted with OR] ] ol'RI]R]p Bnd substituted with
onc to tluec R».
[0285] In dnolhci'nibodnncnl R] is (C& C]p) Iryl subsii-
tulcd with NR„R«, and optionally substituted with one lo
three R» In yet another embodiment, R, is phenyl substi-
hited with NRS]R]p Bnd optionally substituted with one to
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three R». In another embodiment, R, is (Cp ('»,)aryl
substiui 6 8 with NR

~ Ri ti and substituIcd wiIh one 10
thi'cc RI] hi )et another cmbodunent, Ri Is phenyl substi-
tuted with NR ]RIp and substituted with one to three 8
RI another embodiment, R, is (('&-(»,)aryl substituted v ith

ORIO Btld optionally substituted with one to tiuee R». In
another embodiment. R, is phenyl substituted with OR I p

and optionally substituted with one to three R». In yet
another cnibixhnlcnL Ri is (Cp Ci )aiyl substttutcxl with

OR„, and substituted with onc to tluec R». In another
embodiment. R, is phenyl substituted with ~)Rip and
substitmed Ivith one to three R».
[02861 In some embodiments of the Formulae above, R, is
H, (C,-C )alkyl. (Cs-C )alkcnyi, (C,-C )iuiioalky),

NR»R». (C,-CI)cnrbocyclyl. (CI-CI)cycloalkcnyl, 5- to
7-mnubercxl hetcrocyclyl compnsing 1»3 hcteroaton»
selected from N. 0, and sk (( I ( Ip)alyl Oi 5 Oi' nieni-
bered heteroaryl comprising 1-3 heteroatoins selected front
N, 0. and S. Ivherein the alkyl is optionally substituted with
one to tiuee R,s and the carbocyclyl. heterocyclyl, uryl and
hetcroaryl arc opuoually substituted with one Io fiiur R,p In
anothcrcnibodinli:BL R IBH (C] Cs)BII'vl (Ci C4)all'cn)l,
(C,-CS)haloalkyl, NR»R». (C,-CI)carbocyciyl, (C,-C )

cycloalkenyi. 5- to 7-nienibered heterocyclyl comprising 1-3
heteroatoms selected from N, 0, and ). (('I-('»)aryl, or 5-
or 6-Inembered hetemaryl comprising 1-3 heteroatoms
selected from N„O. and S, wherein the alkyl is optionally
substituted with ouc to three Ris and the carbocyclyl,
hcierocyclyl. aryl and hctcroaryi arc opIionaily substiIuted
with One to four R». In yet anotlmr cmboduuent, R, Is H,
(CI-('s)alkyl. ((',-Cp)haloalkyl, NR»R», (Cs-('v)carbo-
cyciyl. 5- to 7-membered heterocyclyl coinprising 1-3 het-
eroatoms selected fmm N, 0, and S, (CS-C»,)aryl, or 5- or
6-membered hetemaryl comprisiiig 1-3 heteroatoms
sclccted from N, 0. and S, whcrcin thc alkyl is optionally
subsututed with oue to three R», and thc carbocyclyl,
hetcrocyclyl, aryl and hctcroaryl are optionally subsIitutcd
with one to four R»
[0287] In another embodiment, Rp is H. (C,-('p)alkyl,
(C I Cp)lialoalkyl, NRI IRI 4, (C p-CI)carbocyciyl. or 5- to
7-mcmberixl hcterocyclyl compnsing 1-3 hetcroaton»
sclccted from N, 0. and S, whcrcin thc alkyl is optionally
substituted with one to three R», and the carbocyclyl and
heterocyclyi are optionally substituted with one to four R».
ln another embodiment. R. is 11. (C,-CI)alkb l. or

NRIIRis. Ivherein the alkyl is optionally substituted v ith
one to three R» In another embodiment, R, is H. (Ci Cp)
alkvl (Ci Cp)RBIO dl yl 01'RIIRIS In yet into!her
mubodimcnt. R, Is H (Ci Ci)alkvl (Ci Cp)haloidl'Vl (Cs-
(,)carbocyclyl. 5- to 7-niembered heterocyclyl comprising
1-3 heteroatoms selected fn)m N, O. and S. wherein the
alkyl is optionally substituted w:ith one to three R,», and the
carbocyclyl and heterocyclyl are optionally substituted with
one to four Rip. ht another embodiment. Rs is (C,-Cp)alkyl
opiionally subsututcd with onc to three R,s. In yet another
cmbodimcnt, R, Is (C,-CS)alkyl substituted w ith one to Ihree
R, s. In another enilxidinient, Rp is ((,-('1)carbocyclyl or 5-
to 7-membered heterocyclyl comprising 1-3 heteroatoms
selected from N. O. and ), wherein the carbocyclyl and
heterocyclyi are optionally substituted ivith one to four Rip.
[0288] In another cmbodnucnt. R, is (C,-C,)alkyl, (C,-
CI)haloalkyl, (C,-CI)carbocyclyi, or 5- to 7-mtnnbcred hct-
erocyclyl comprising 1-3 heteroatoms selected from N, 0,
and ). wherein the alkyl is optionally substituted with one to

three R». and the carbocyclyl and heterocyclyl are option-
ally substituted with onc lo four Rip hi ann(hot' nibixh-
meut, R Is (C,-CS)all yl, (C,-CS)hniloalkyl, (C -C )carbo-
cyclyl, 5- to 7-menibered hetemcyclyl coniprising
heteroatoms selected from N, 0, and S, Ivherein the alkyl is
substituted with one to tluee R». Bnd the carbocyclyl and
heterocyclyl are optionally substituted with one to four R».
[0289] In some embodiments of the Formulae above, Rs is
H 0 (Ci C4)all')I (Ci Cs) dl ox) (Ci C4)haloalkyl, (C,-
C4)haloalkoxy, or (C»C4)hydroxyalkyl, w hcrcin the alkyl is
opIionally substituted with onc to thrcc R,4. In another
embodiment, Rs is 11. I) (( I ( 4) tiki I (( I ( 4)haloalkyl,

oi'(',-('4)hydroxyalkyi,wherein the alkyl is optionally sub-
stituted with one to tiuee R,4. In yet another embodiment, Rs
is H, D (Ci C4)Blkvl, or (C,-(4)haloalkyl. wherein the alkyl
is optionally substituted with onc to tlucc R,4 In another
embodiment, Rs is H, D, or (C,-C4)alkyl oPtionally subsii-
tutcd with onc to )luce R«. In yct another cmbodnucnt. R,
is 11, 0, or (C,-C4)alkyl optionally substituted with one or
two R,4. In another embodiment, Rs is 11 or (( I ( 4)Bit )I
optionally substituted with one or two R,4. In yet another
embodiment. R, is H. In another embodiment. R, is (C,-
C4)nlkyl optionally substituted with onc or Iwo R,4. In ye1
another cmbodimcnt. R, is H or (C,-C )alkyl. In another
mubodunent, R, is (C,-C4)alkyl.
[l)29()J In some embodiments of the I'orniulae above, R4 is
I I or ((',-Cs)alkyl In another enibodin)ent. R4 is ((,-Cs)
alkyl In yet another embodiment, R4 is 11, methyl, ethyl,
n-propyl, or i-propyl. In another embodiment. R, is H,
methyl or ethyl. In yet another embodiment, R4 is H or
methyl In another embodiment. R4 is H.

[0291] In some cmbodnnmits Of thc Formulae above, R,
and R4 togcthcr with thc atoms to which they are attachcxt
form a 5- or 6-membered heterocyclyl nng coniprising 1-3
heteroatoms selected from N. O. and 8 In another embodi-
ment, Rs and R4 together with the atoms to which they are
attached form a (w or 7-membered heterocyclyl ring com-
prisin 1-3 heteroatoms selected from N. 0. and S. ]n yet
another cmboihmcnt. R, and R4 togcthcr with the atoms to
which they arc auachcd form a 5-membered hcterocyclyi
riag comprising 1-3 hetematoms selected from N, 0, and )
In another embodiment. Rs and R4 together with the atoms
to which they are attached form a 7-membered heterocyclyl
ring comprisin 1-3 heteroatoms selected from N, 0, and S.
In yet another embodiment, Rs and R4 to ether with the
atoms to which they arc attached lonn a 6-mcmbcrcxt
hctcrocyclyl nng compnsing 1-3 hetcroutoms sc)ected from
N, 0, and S

[l)292J In some enibodinients of the I'orniulae above, 8, is
I I I ) (( I ( s)alki I (( I ( 1) ilk»1x) (( I ( s)1'I iloall vl ((
Cs)haloalkoxy, or (C,-(.s)hydroxyalkyl, wherein the (C,-
Cp)alkyl is optionally substituted ivith one or more (i.e., one
to seven) D. In another embodiment, R, Is H, D, (C,-Cp)
alkyl, (C»CS)halos)kyl, or (C,-CS)hydroxyalkyl, wherein
thc (C»CI)alkyl is opuonally subsututcd with onc or morc
I ) In ve'1 nlothei enlbotl'Intent Rs Is I I I ) (( I ( s)B)l )I
((',-('s)alkoxy. ((',-Cs)haioalkoxy, or (('I ( s)hydroxyalkyl,
v herein the (C,-C,)alkyl is optionally substituted with one
or more D. In another eni bod intent. R, is H „D. (C, -C s)alkyl,
Or (Ci C )haloalkVI 'w'hcI'cui the (Ci Cp)alkvl Is OpuonBIIV
substitutixl with onc or morc D. In yct another embodiment,
R, is H, D, or (C, -C,)nlkyl. In anotlmr cmbodunent, Rs Is H
or ((',-Cs)alkyl In yet another embodiment. R, is 11 or
((',-('s)alkyl In another embodiment. Rp is 11, niethyl, or
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ethyl. In yet another embodnnent, R, is H or methyl. In
another embodinient, R, is I I In yet another embodiment,
R. is methvl .

[t)293] In some embodiments of the I'ormulae above, R& Is

(C,-C,)alkyl. (C,-C„)alkoxy. (C, -C:,)haloalkyl. (C',-Cz)ha-
los lkoxy, or (C, -C,)hydroxyalkyl, wherein thc alkyl Is

optionally substituted with one to tinee substinients each
independently sclimted from (C, -C&)alkoxy. (C, -C&)lm-

loalkoxy, A'(0)(('I-(:s)alkyl, A (0)OI I. mid A'(0)0
(C,-C&)alkyl ln another cmboihmcni. Rs Is (C, -Cz)alkyl,
(Ci ( I) ill oxv (( I ( i)h'110'Ilk)i (( I ( )haloalkoxy, or
(C,-C,)hydroxyall yL wherein the alkyl is optionally sub-
stituted with one to three substituent s each independently
selected from (C,-CS)alkoxy, (C, -C:,)haki'ilkoxv. C(0)
(C, -Cs)alkyl. C(0)OH, and ~(0)0(C, -C,)alkyl. In yct
another embodiment. R, is (C,-CS)alkyl, (C,-Cz)haionlkyl,
0& (C& Cs)liydroxyalkyl. whcrcui thc alkvl is optionally
substituted with one to tliree substituent s each independently
sclcctcd Ibom (C, -C )alkoxy. (C, -C, )haloalkoxy. ~(0)
((',-Cs) ilkg I W (0)OI I arid W (0)0(( I ( s)81'kyi Iii

another cmboduncnt, Rs m (C& Cs) ill vl (Ci C )Bikoxy,
(C,-('s)haloalkoxy, or (( I ( s)l'iydroxyalkyl„wherein the
alkyl is optionally substituted with one to three sub stituents
each indcpcndcntly selcctcd from (Ci Cs)iilkoxy. (C,-Cz)
11&ilodlkox) M(0)(C I

C 1)alkvl, M(0)OH. a&xi M(0)0
((:&-('1)alkg I

[()294J In another enibodiment. Rs is ((',-C',)alkyl. or
(C,-C,)haloall yl. wherein the alkyl is optionally substituted
isith one to three substituents each independently selected
from (C,-Cz)alkoxy, (C,-Cz)halonlkoxy. C'(0)(C,-Cz)
alkyl, M(0)OH, and M(0)0(C&-CI)alkyl. In yet anotlmr
mnbodimcnt. R& Is (C& Ci) ilkvl optionally substituted with
one to three substituents each independently selected front
(C,-( 'I )elkoxy, (0, -('s)haloalkoxy, C(0)(C,-CS)alkyl,

C(0)OH, and C(0)0(C',-C,)alkyl. In another embodi-
ment, R, is (C,-CS)alkyl substituted with one to tliree
substituents each independently selected from (C,-Cz)
alkoxy. (C, -C )huloalkoxy, M(0)(C, -Cs)alkyl, M(O)
OH, and C(0)0(C, -Ci )alkyl. In yci &mother mnboduncnt,
R& is ((', -Ci)alkyl optionally substituted with one to three
substituents each independently selected from (C I (
alkoxy. (C,-C,)haloalkoxy, C(0)(C,-C,)alkyl. and

C(0)OH. In another embodiment, R, is (C, -C'z)alkyl
substituted with one to three substituent s each independently
sclcctcd Ibom (C,-Cz)alkoxy, (C,-Cz)haloalkoxy. ~(0)
(C, -Cs)alkyl. and ~(0)OH.
[()295[ In sonic embodiments of the Formulae above, Rz Is

I I, I ), (0, -( s)alkyl, ((',-( ', )alkoxy, (('I-('I )haloalkyl. (0,-
( 's)haloaikoxy„or (C,-C,)hydroxynlkyi, wherein the (C,-
( '„)alkyl is optionally substituted with one or more D In
dno&her mnboduncnt, Rz is H, D. (C,-Cz)alkyl. (C,-Cz)
luiloalkyl. or (C, -C,)hydroxyalkyl, wile&i:111 llle (C& Cs)
alkyl is opu one lly subsu&utcd wi&h onc or more D. In yct
another embodiment, RI is II, 0 (( I ( s)all 11 (( I (
alkoxy, ((',-('s)haloalkoxy. or ((',-( i)hydroxyalkyl,
wherein the (C,-C,)alkyl Is optionally substituted with one
or more D. In another embodnnent, Rz is H. D. (C, -C')alkyl,
or (C,-Cz)haloalkyl, whcrcin thc (C,-C )alkyl &s optionally
subsu&u&ed with onc or morc D. In yct another mnboduncnt,
Ri is H, D. or (C, -C,)alkyl. In another embodiment. RI Is H
or ((',-Cs)alkyl In yet another embodiment, RI is H&11'(

I ( z) ilkg I In another embodiment, Rz is I I. methyl,

&11'thyl.

Inyet another enibodinient. R Is H or methyl. In
another cmbodimcnt. Ri Is H. In yct another embodimcn&,
Ri m methyl.
[0296] In some emboduncnts of thc Formulae above. R„&s
I I, ((.',-('s)alkyl, or ((',-C,)haloalkyl, ivherein the alkyl is
optionally substituted ivith one to three substituent s each
independently selected front (C,-C,)carbocyclyl. 4- to
7-membered heterocyciyl conipnsin 1-3 heteroatoms
selcctcd from N, 0, and S, NR, R,, and ~(0)
NR«R,I. In another cmboduncnt, Rs is H, (C,-CS)alkyL or
(C& C )lid krdll'I I wlicI'et&i &110 alkvl Is Optio&1811) Siibstltut&X!
v ith one to three substin&ents each independently selected
from 4- to 7-menibered heterocyclyl comprising I -3 het-
eroatoms selected from N. O„and S. NRI SR& I a&id

C(0)NRI &Ri 1. Iii 81101'hei'tiibodiiiie&It. Rs IS H (Ci Cs )

alkyl, or (C,-C,)halodlkyl, wherein the alkyl is optionally
sub st itu1 &xi w 1th one to tlu ee subs ti tu cnts each indcpcndcnlly
sclectcd i)0m (Cs-CI)carbocyclyl, 5- to 7-member&BI hc&-

erocyclyl comprising, I -3 heteroatoms selected from N, 0,
Blld S NB&SR&1 '111d ( (0)NB&SR&I In another
embodiment. R, is H, (C,-C,)alkyl. or (C,-C,)haloalkyl,
wherein the alkyl is optionally substituted with one to tluee
substituent s each inde)tcndcntly selected from 5- to 7-mcm-
bcrcd hetcrocyclyl comprising I -3 hc&croatoms select cd
from N, 0. mid S NRI SRI i&xi ~(0)NR& SR&i.

[l)297 J In some embodiments of the I 'orniulae above, Rv is
halogen, (C, -( 's)alkyl, ((,-('i)alkoxy. ((',-( S)lmloalkyl,
((',-(',)haloalkoxv, 01 I, or ('N. In another embodiment,
Rv is halogen, (( ',-C,)alkyl. (C, -Cs )haloalkyl, OH. or
CN. In yet another embodiment. R, is halogen. (C,-CS)
alkoxy, (C,-C s )haloalkoxy. ~H, or CN. In another
embodiment, Rs is halogen, (C, -C,)alkyl, (C I Ci)ha lcd lkyl,
or (0, -('.,)haloalkoxy In ye& another embodiment, Rv is
halogen, ((',-C:I )alkyl. Oi'(

I ( s )haloalkyl In another
embodinient, Rv is halogen, or (('I-('s)alk3 I In yet another
embodiment. IL, is halogen or (C,-CS)haloalkyl, In another
embodiment. R, is halogen. In yet another embodiment, Ra
is F, C, or Br. In another embodunmit, Rv Is F or Cl. In yet
another mnboduncnt, R Is F. In yct another cmboduuent. Rv
is ('l.
[l)29RJ In some embodiments of the lionnulae above, Ru,
is (('8-C:u,)aryl or 5- or 6-niembered hetemaryl comPrising
I -3 heteroatoms selected from N. O„and S„wherein the aryl
and heteroaryi are optionally substituted with one to three
R„. In another embodiment, Ru, is phenyl or 5- or 6-mem-
bered hctcroaryl compusuig 1-3 hcteroatoms selcctcxi from
N, 0, and S. whcrcui thc phenyl and hc&croaryl are opuun-
ally substituted ivith one &0 three R„ In yet another embodi-
ment, Rm is (('s-Cm)aryl or 5- or 6-membered hetemaryl
comprising 1-3 heteroatoms selected from N, 0. and S,
wherein the aryl and heteroaryl are substituted v ith one to
three R„. In another embodiment, Rm is phenyl or 5- or
6-mcmbcrixl he& crodryl comprising I -3 hetcroat orna
selcctcd Rom N. 0, and S. whcrcin thc phenyl and he&-

eroaiyl are substinited ivith one to three R,z
[l)299J In another embodinienl Rio Is (( &

( BI)a&yl &11'-niemberedheteroaryl comprising I -3 heteroatoms
selected from N. 0, and S, isherein the aryl and heteroaryl
are optionally substituted with one to tliree R„. In another
I:Iilbod&111011& Ri& is (Cs C is)arv'I 0& 6 IIII mbci'cd 110&0&'08& I

comprising 1-3 hctcroatoms selected from N, 0. mid S,
whcrcin thc aryl and hetcroaryl arc optiormlly subsututcxi
with one to three Rzz. In ye& another enibodiment, Rn, is
(( &

( ic)aryl or 5-membered heteroaryl conipri sing I -3 het-
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eroatoms selected fmm N. 0, and S, wherein the nryl and
helcroaryl are substituted with one tu lluce Rsc. In another
cmbodimcnt, Rm is (C&-C,&,)aryl or 6-membered lmleroaryl
comprisin 1-3 heteroatoms selected from N, 0. and S,
wherein the aryl and heteroaryl are substituted v ith one to
tluen R,
[0300] In another embodiment. Rm is phenyl or 5-mem-
bered heteroaryl comprising 1-3 heteroatoms selected from
N, 0, mid S, whcrcui lhc phenyl and hcleroaryl are option-
ally substituted with one lo lla ac R,i. In yet another embodi-
ment, R«, is phenyl or 6-mcmbcrcd hcleroaryl comprising
1-3 heteroatoms selected fnim N, 0. and S. wherein the
phenyl and heteroaryl are optionally substituted with one to
three R». In another embodiment. R«, is phenyl or 5-rnem-
bered heteroaryl comprising 1-3 heteroatoms selected from
N, 0. and S. whcrcin the phenyl and hetcroaryl are substi-
tuted wah onc 10 lhri 1 Ri hi vcl dnolhcl'nibodinicnl R((1
is phenyl or 6-membered hclcroaryl compnsing 1-3 hetcroa-
toms selected from N, 0, and S. wherein the phenyl and
heteroaryl are substituted with one to three R„
[0301J In anntherenibodiment, Ru, is (Cs-('m)aryl OPtinn-
ally substituted v ith one to three Ric In another embodi-
meat Ri ( is (C,-C„)aryl substituted with one to three R».
ht dnolhcl cnlbodunent, R(c ls 5- or 6-mcmbcred heteroaryl
comprising 1-3 hetcronloms sclcctcd from N, 0. mid S,
optionally substituted with (one to tinea R 3. In yet annther
embodiment. R«, is 5- or 6-membered heteroaryl comprising
1-3 heteroatoms selected from N, 0, and S. substitutmi v ith
one to tluee R». In another embodiment, Rn, is 5-membered
heteroaryl comprising 1-3 heteroatoms selected from N, 0,
and S. optionally subsututed with one to duec Ris. In yet
duo&her cnibi1ilinlcnl R(c is 6-membcrcd hctcroaryl com-
prising 1-3 heteroatoms selected from N. 0. and S, optinn-
ally substituted with one to three Rss In another embodi-
nient, Rm is 5-nlembered heteroaryl comprising 1-3
heterontoms selected from N. 0. and S, substinued with one
to three R». In yet another embodiment, R«, is 6-membered
hcleroaryl comprisuig 1-3 hctcroaloms sclcxtcd from N, 0,
dnd S. substituted with oue to duce R,i. In anodier embodi-
ment, R«, is phenyl or pyridinyl, wherein the phenyl and
pyridinyl are optionally substituted with one to three Rss In
yet another embodiment, Ri(3 is phenyl or pyridinyl, wherein
the phenyl and pyridinyl are substituted with one to tiuee
R».
[0302] In some embodiments of the Formulae above. each
Ri i Is iixlcpcndcnlly'n cBch occulT( ncc hBlogcn, (Ci-Cs)
dlhy'I (C( Ci)alkoxy, (C( Ci)h iloalkyk (C, -C,)haloalkoxy,

OI I. or ('N. In another embodiment, each R« is indepen-
dently at each occurrence halogen. ((,-Cs)alkyl. ((',-Cs)
alkoxy. (C,-C,)haloalkyl, nr (C,-CS)haloalkoxy. In yet
another embodiment, each R« is independently at each
occurrence halo en. OH. or CN. In another embodiment,
cdch Ri ( is independently at each occurrence halo en, (C,-
C,)nlkyl. or (C, -C, )hei oalkyl. In anodier cmboduuent, each
R« is independently at each occurrence halogen, (C,-C,)
alkyl, (0,-( 3)alkoxy, or (( 1

( 3)haloalkoxy In yet annther
cniboduuclIL cack Rii is independently at each occurrence
halogen. (C( Cs) dlvi I. (C( C()h Iloalkyl. or (C,-C()hn-
loalkoxy. In another embodnnent, each R« is independently
dl cdch &mcuITcncc halogen, (C( C()haloalkyl, or (C,-C()
haloalkoxy. In yct miothcr cmbo&hmcnl. each R« is inde-
pendently at each occurrence halogen
[0303J In some embodinients of the l&onnulae above. R,z
is Il or (0,-( &)alkyl In another embodiment, R,s is 0

01'C,-C,)alkyl.

In yet another embodiment. R» is H. In
another mnboduncnt, R» is (C,-C,)alkyl. In yct another
embodiment, R» is methyl, ethyl, n-propyl, or i-propyl. In
another embodiment, R„ is methyl or ethyl In yet another
embodinient, R,i is niethyl

[0304] In some cmbodmienls of thc Fonnulac above, R»
is 11 or (C,-Or)alkyl. In miother embodinient, R» is 11 or
((',-('3)alkyl In yet another embodiment, R(3 is 11 In
amither embodiment. R» is ((',-('3)alkyl In yet another
embodiment. R» is methyl„ethyl„n-propyl, or i-propyl. In
another embodiment. R» is methyl or ethyl. In yet another
cnlbodlutcnt R( is ntclhv'1.

[03051 In some embodinients of the Formulae above, R„
is H and R, is H. In another embodiment. R„ is H and R»
is (C,-C()alkyl. In ycl another cmboduncnt, R( ls (C( C )

alkyl Bnd R( is H hi i(Both( 1 cnib&xlinicnl R( ls (C( Ci)
alkyl and R» is (C, -Ci)alkyl. In yet another cmbodimenL
R» is methyl and R» is niethyl

[0306] In some cmbodimcnls of(bc Formulae above, each
R(s is indcpcndcnlly at each occurrcncc D, NR( R(s,
((',-('1)carbncyclyl. or 3- to 7-niembered heterocyclyl com-
prising 1-3 heteroatoms selected from N, 0. and S, vvherein
the cnrbocyciyl and heterocyclyl are optionally substituted
with one to tiuee substituents each independently selected
from halogen. (C(-Cv)alk79I. (C,-C,)alkoxy, (C,-C,)ha-
10(ilkvl, (ind (Ci-C&)hdlo(illoxvi hi another cnlbodinlcnL
c(ich R(d is uidePcndcntly al each occurrence D. NR((R(s,
((',-(',)carbocyciyl, or 3- to 7-membered heterocyclyl com-
prising 1-3 heteroatonis selected front N, 0. and S, wherein
the carbocyclyl and heterocyclyl are optionally substituted
v ith one to tluee substinlents each independently selected
from halogen. (C,-('3)nlk31, (C,-CS)alkoxy, (C,-CS)hn-
loalkyl. mid (C,-CS)halodlkoxy. In yct another embodiment,
ix(Ch R(d is indcpcndCnllv'l CdCh OCCIBTCBCC NR( R(s,
((',-('1)carbncyclyl. or 3- to 7-niembered heterocyclyl com-
prising 1-3 heteroatoms selected from N, 0. and S, vvherein
the cnrbocyciyl and heterocyclyl are optionally substituted
with one to tiuee substituents each independently selected
from halogen. (C,-(. 3)alk79I. (C,-C()alkoxy, (C,-C()ha-
loalkyl, mid (C,-C()haloalkoxy.

[0307] In another enibodiment, each R(d is independently
at each occurrence NR»R». or (C,-C,)carbocyclyl
optionally subsututcd with one to three substitucnts each
independently selected Irom halogen, (C( Cs)dlky1 (C( Cs)
alkoxy, (('«CS)haioalkyl, and ((',-(',)haloalkoxy. In yet
another einbodinient, each R,d is independently at each
occurrence NR,,R» or (Cs-( 3)carbocyclyl Optionally
substituted vvith one to three substituents each independently
selected from halogen. (C,-C()alkyl, and (C( C()h Ikialkyl.
hi (Bio(her cnibodhui BL ciich R(4 is lndcpcndcnlly al &tick

occurrence NR,SR,S, or (C,-CT)carbocyclyl oPlionally
substituted with one to three ((',-(',)alkyl

[0308] In some cmbodmienls of thc Fonnulac above, R, 3

is 11 or (C( ( v)alkyl In miother embodinient, R» is 11 0('(',-('3)alkylIn yet another embodiment, R» is 11 In
another embodiment. R» is (C,-C,)alkyl In yet another
embodiment. R» is methyl„ethyl„n-propyl, or i-propyl. In
another cmboduncnt, R» is methyl or ethyl. In yct another
embodiment, R» is methyl.

[0309] In some embodiments of thc Formulae above, R»
is H or (C,-C&)alkyl. In miolher embodiment, R» is H or
((',-('3)alkyl In yet another embodiment, R» is 11 In
another embodiment Ris is ((,-('3)alkyl In yet another
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embodiment. R» is methyL ethyL n-propyL or i-propyi In
another embodiment, R, 9 is methyl or ethyl. In yct another
cmbodimcnt, R, 9 is methyl.
[t)310] In some embod&mm&ts of thc Fom&ulae above, R»
is H and R, 9, &s H. In another embodiment, R» &s H and Ri 9

is (C»C,)alkyl. In yet another embodiment R&9 is (C»C,)
alkyl and R» is II. In another embodiment. R,s is (Ct ( I)
alkyl and R». is (Ci ( t)alkyl. In yet another embodiment,
R&9 IS n&e'thvi 'u&d Ri9 is methyl.
[1)311[ ln some embodiments of the l&ounulae above. Rm
is I I or ((

&
( &)alkyl. In another einbodiment, R,p is II In

another embodiment. R„ is (C,-CS)alkyl, In yet another
en&bodiment'&p is H„methyl. ethyL n.-propyi. or i-propyl.
In another embo&hmcnn R&p &s methyl. ethyl, n-propyi, or
i-propyl. In yet another cmbodunent, R, & is H, methyl or
ethyl. In another embod&mm&t, R,& &s methyl or ethyl. In yct
another embodiment, R,p &9 I I or methyl In another embodi-
ment, R,& is methyl In yet another embodiment, R,p is il or
(C,-C,)allay, or R» and R» together with the nitro en atom
to which they are attached form a 4- to 7-membered het-
crocyclyl ung comp»a&ng 1-2 addiuonal hetcroatonw
sclccted Ibom N. 0, and S In yet anod&cr cmbodimcnt, R, &

is H oi'C& C&)alkyl o&'i& Bnd R,& logelher w&th Ihc
nitmgen atom to which they are attached form a 4- to
7-membered heterocyclyl ring optionally comprising 1-2
additional hetematoms selected from N, 0. and S.
[t)312] In son&e embodin&ents of the 1&prim&lae above, R&7
is I I or (0»( s)alkyl In another embodiment, R» is II In
another en&bodiment. R» ic (C»C7)alkyl. In yet another
embodiment. R, is H, methyl. ethyl, n-propyl. or i-propyl.
In another mubodunent, R,& &s med&yl, ethyl, n-propyl, or
i-propyl. In yet another mnboduncni, R,& is H, methyl or
ethyl. In another embod&ment, R,7 is Inethyl or ethyl In yet
another embodiment, Ri 7 is 11 or methyl In another embodi-
n&ent, R&7 &9 n&ethyl

[t)313] In son&e embodin&ents of the 1&prim&lae above, R,&
and R,s toaether with the nitrogen atom to which they are
attached fom& a 4- to 7-membered heterocyclyl ring com-
prising 1-2 additional heteroatoms selected from N. 0, and
S. In another embodiment. R„and R» together with the
&utrogcn atom Io wluch they are attached fi&nn a 4- to
6-member&xi hcterocyclyl nng comp»sing 1-2 add&tio»al
heteroatoms selected from N, 0. and S In yet another
embodiment, R,& aud R,& together with the nitrogen atom to
which they are attached form a 4- or 5-membered hetero-
cyclyl ring comprising 1-2 additional heteroutoms selected
from N. 0. and S.

[t)314] In some embodiments of the Fom&uiue above. R„
and R, together with the nitrogen atom to wigch they are
attached foun a 4- to 7-membered heterocyclyl ring option-
ally comp»sing 1-2 add&tional hcteroatoms selectc&1 Ibom N,
0, anti S. In another embodin&cnn Ri & Ind R&7 togl ther with
the nitmgen atom to which they are attached form a 4- to
6-membered heterocyclyl ring optionally comprising 1-2
additional heteroatoms selected from N. 0. and S. In yet
another en&bodimenn Rip 'u&d R&7 to ether with the nitrogen
atom to &vhich they are attached fom& u 4- or 5-membered
hcterocyclyl ring opt&onally compnsu&g 1-2 add&uonal hct-
croatoms selected from N. 0, and S.
[t)315] In some embod&ments ol'hc Fonmilac above, each
R, 9 is u&depcndcntly at each occurrence (C,-C&)carbocyclyl,
5- to 7-membered hctcrocyclyi comp»su&g 1-3 hetcroatonw
selected from N. 0, aud S. (( SBC«,)aryl, or 5- or 6-men&-
bered heteroaryl comprising 1-3 hetematoms selected fron&

N, 0. Bnd S. v:herein the carbocyclyl, heterocyclyi, aryl and
hctcroaryl Il&c opnonallv subsnultpxl w&th onc Io Iou& R&t&. In
another cmbod&ment. each R,„ is Independently at each
occurrence (Cs-07)carbocyciyl or 5- to 7-n&embered bete«&-

cyclyl, wherein the carbocyclyl and heterocyclyl are option-
ally substituted &vith one to four Rsp. In yet another embodi-
ment, each R&9 is independently at each occurrence (( o»C,)
carbocyclyi or (C,-C«,)aryl. &&herein the carbocyclyl and
aryl arc optionally subsutuu:d w&th onc to four Rpp. In
another cmbod&menu each R,„ is &ndcpcndcntly at each
occurrence 5- to 7-membered heterocyclyl composing 1-3
heteroatoins selected from N. 0, and S or 5- or 6-membered
heteroaryl comprising 1-3 heteroatoms selected from N, 0,
and S, wherein the heterocyclyl and heteroaryl are optionally
subst&tuted with one to four Rsp.

[03 1 6] In Ilnolht I cn&'bod&a&t nt I ach R
& 9 &s Independently

at each occurrence (CS-C«,)aryl or 5- or 6-membered het-
eroaiyl comprising 1-3 heteroatoms selected from N, 0, and
S, v herein the aryl and heteroaryl are substituted with one
to three R„p In yet another embodiment, each R,s ic inde-
pcndcntly at each occurrm&ce phenyl or 5- or 6-member&BI
hctcroaryl comprismg 1-3 heteroatonw sclccted from N, 0,
and S, where&n Ihc phenyl and hcteroaryl arc subsutut&xI
with one to three Ra& In m&other embodiment, each It&s is
independently at each occurrence (( p~ m)aryl or 5- or
6-membered heteroaryl comprising 1-3 heteroatoms
selected from N, 0, and S, wherein the aryl and heteroaryl
arc opt&onally substituted with onc to tlucc R&p. In yet
another cmbod&menu each R,„ is &ndcpcndcntly at each
occurrm&ce phenyl or 5- or 6-member&xi hcteroaryl comp»s-
ing 1-3 heteroatoms selected from N, 0, and ). wherein the
phenyl and he&eros&yl are optionally substituted with one to
three R„r
[0317] In some cmbodm&ants of thc Fonnulac above, R,&
is halogen, (C»C,)alkyl. (C»C,)alkoxy, (C»C,)haloalkyl,
(Ct-('t)ha)oaikoxy, 011, or CN. In another embodiment,
R&9 Is halogen, (CI-('&)alkyl. (( I ( t)alkoxy, (CIBC&)ha-
loalkyl. or (C,-C&)haloalkoxy. In another embodnnent, R»
is halogen. (C»C,)alkyl. (C»C7)haloalkyl. OH. or CN. In
another embodime&tt R&9 is halogen, (C»C,)alkyL (C»C&)
alkoxy, (C,-C&)haloalkyl (C& C&)haloalkoxy, or OH. In
another mnbod&ment, R,p is halogen, (C»C,)alkyl, (Ct C&)
alkoxy, (C&BC&)haloalk31. (C&iC&)haloalkoxy, or CN In
another embodiment, R,v is halo en, (CIBC&)all&1 (( I ( I)
alkoxy, (CI-(:&)haloalk31, ~)I I. or CN In another embodi-
ment, R&9 is halogen. (C»C&)alkyl„(C»C&)alkoxy. (I-'»Cp)
haloulkoxy. OH, or CN. In another embodiment. R,p is
halogen, (C,-C&)alkyl. (C,-C7)huloalkyl, (C,-C7)ha-
loalkoxy, OH. or CN. In another mnbod&ment, R,p is
halogen, (C&BC&)alkyl. or (Ct-(',)haloalkyl In another
embodiment'&9 is haloaeu or (Ci-C&)alkyl

[0318] In some embodin&ents of the Formulae above, two
R,p together, when on ad)scent atoms, lorm a (Cp C&p) lryl
or 5- or 6-membered hcteroaryl ung comp»sing 1-3 het-
croatoms selected Ibom N, 0. and S, wherein thc aryl and
heteroaryl are optionally substituted with one or more sub-
stituents each independently selected from halogen, (( I-Cpj
alkyl, (C,-C,)alkoxy. (C,-C'9)haloalkyl. (C,-C,)haloalkoxy,

OH. and CN. In another embodiment, two R» together,
When On Bill&&cent Bleu&s. Iottu B (Cp-C«7)a&yl Opnonallv
subst&tuttxl with onc or more subsutucnts each indepen-
dently selcctcd I'rom halogen. (C, -C&)alkyl, (C»C&)alkoxy,
(( I (

&
)haloalkyl, (6'»C,)haioalkoxy, OI I. and ( N In yet

another embodiment. two R„p to ether. when on adjacent
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atoms, fomi a 5- or 6-membered heteroaryl ring comprising
1-3 bc&eros&orna sclcctcd from N, 0, and S. optionally
subsututed with onc or morc substituents each Indcpmi-
dently selected fmm halogen. (0,-Cp)alkyl, (CI-(:&)alkoxy,
((',-Cs)haloalkyl, (CidC&)haloaikoxy, OII, and CN. In
another embodiment, nvo Riz 'toge'ther, when on adjacent
atoms. fomi a phenyl or 5- or 6-membered heteroaryl ring
coniprising 1-3 heteroatoms selected from N. 0. and S,
0 barmn Ihc phenyl and hctcroaryl are optionally substituted
with onc or more substitucnm each indcpcndently selected
fmm lmlogen. ((',dC&jalkyl. ((:,BC&,)alkoxy, (0,00&)ha-
loalkyl. (CipC&)haloalkoxy, OI I, and CN
[t)319] In another enibodiment. nvo R„z together. when on
adjacent atoms. form a phenyl optionally substitnted with
one or niore substituents each independently selected fmm
halogen. (C,-C„)alkyl, (C,-C )alkuxy, (C,-C )haloalkyl,
(Ci Cs)hdloalkoxv ~H Ind CN hl yet Bniithl I'nlbixh
Bien&, two Rip together. when on B&ifaci:nt Btonis. together
form a 5-Iuembered heteroaryl ring comprising 1-3 heteroa-
toms selected front N, 0, and S, optionally substituted v ith
one or more substituents each independently selected fmm
halogen. (Ci Cp)all'vl (Ci Cp)alkoxy, (C,-C,)haioalkyl,
(Ci Cp)haloalkoxy, OH, and CN. In another emboduuent,
two R» togcthcr, when on adjacent atoms, a 6-mcmbcred
hcieroaryl ung composing 1-3 bc&eros&orna selected from N,
0, and S, optionally substituted with one or more substitu-
ents each independently selected fnzm halogen. (( I (
alkyl, ((:,-Cp)alkoxy, (C,-Cp)haloalkyl, (Ci Cs)haloaikoxy,

OH. and CN.
[0320] In some embodiments of the Fonuulae above. each
Rzp is IndcPmidmitly at each occurrence halogen, (C,-Cz)
dlhy'I (Ci Ci)alkoxy, (C~ Ci)h IloalkyL (C, -C,)haloalkoxy,
oxo. OII, or CN In another embodiment, each ltui Is

independently at each occurrence halogen. (6 I ( z)alkvl,
((',-Cz)haloalkyl, oxo ~)11, or CN In yet another embodi-
ment, each R„ is independently at each occurrence halogen,
(Ci Cz)alkvi. (Ci Cz)alkoxy. (C,-C,)haloallvl. or (C,-Cz)
luiloalkoxy In unothcr cmbodimcnt, each Rzp is uxlepen-
ih:ntlv't erich occur&i:nce halogen, (C] Ci)sill'yl. oxo,

Ol I. or CN. In yet another emlxzdiment. each It„, is
independently at each occurrence halogen, (0,-(:s)alkyl,
(C,-('z)alkoxy, OI I, or ( N In another embodiment. each
Rzp is independently at each occurrence halogen. (C,-CB)
alkyl, (C,-Cz)alkoxy. (C,-CB)haloalkoxy, OH. or CN. In
yet another cmboduncnt, rmch R„, is mdcpmidmitly at each
occurrmicc halogen, (C,-C,)alkyl, (C,-C )alkoxy, (C,-C,)
haloallyl, or (C,-C )haloalkoxy.
[0321[ In another enibodiment. each itmi is independently
at each occurrence halogen, (CIR z)alkyl, or (( I ( s)lla-
loalkyl. In yet another embodiment. each R» is indepen-
dently at each occurrence halogen. (C,-C,)alkyl. (C,-Cz)
alkoxy. In another embodiment, each R,p is independently at
each occurrence halogen, (C,-Cz)alkyzl, (C,-Cz)alkoxy, or
(C,-Cs)haloalkoxy. In yct another cmboduuent, each R„, is
independently at each occurrence halogen. (C,-C,)alkyl, or
oxo In another embodiment, each ltzp is independently at
each occurrence halogen or (C,-CB)alkyl. In yet another
embodiment. each R„ is independently at each occurrence
(C,-C,)allvl. (C,-C,)aalkoxy. (C,-C,)haioalkyl. or (C,-Cz)
haloalkoxy. In another embodiment, each Rzp is Indcpcn-
dently at each occurrence (C,-CB)alkyl or (C~ Ci)hzlloBlkyl.
[0322] In some embodiments ol'hc Fonmilae above, each
Rzp is independently at each occurrence halogen. (Ci-Cs)
alkyl, or oxo, or when R,s is a carbocyclyl or a heterocyclyl,

two R „, when attached to the same carbon atom, together
fiirm (0). In another cmbodunent, cuch Rzp Is indePen-
dcntly at each occurrcncc halogen or (C,-Cs)alkyh or when
R,s is a carbocyclyl or a heterocyclyl, two ltzp, when
attached to the same carbon atom, together foun (0). In
some embodiments of the Formulae above, when R» is a
carbocyclyi or a heterocyciyL tvi o Rz,, when attached to the
same carbon atom. to ether form (0). In another embodi-
nlcnt w'hcn Ris Is B cdrbocvclvl tw'0 R p whi 0 Bi&Bchpx! to
thc same carbon atom, together form (0). In another
embodiment, ivhen Itis is a heterocyclyl. two R

&I
wheii

attached to the same carbon atom, together form (0). In
another embodiment, R» is carbocyclyl or heterocyclyl
substituted with one to tluee Rzn and two R„p when
attached to the same carbon atom, together form (0). In
another emboduncnt, R« is carbocyclyl substituted with one
to three Rzp. Bnd two Rzp, when attached to thc same carbon
atoni, together form (0). In another embodimen't l&]s is
heterocyclyl substituted with one to three ltzp, and nvo lt.p,
when attached to the smue carbon atom. together form

(0)
[0323] In some embodiments of thc Formulae above, R„
is H or (C~ Ci)all'yl. In miother embodiment, R„ is H. In
another embodiment, ltz, is (( I-Cz)alkyl In yet another
embodinient, Rz, is I I. methyl, ethyl, n-propyl. or i-propyl
In another embodiment, R„ is methyl, ethyl, n-propyl, or
i-propyl. In yet another embodiment, R„ is H, methyl or
ethyl. In another cmbodunenk Rz, is methyl or ethyl. In yet
another mnbodiment, Rz, Is H or methyl. In another cmbodi-
mcnt, R,, Is methyl.
[0324] In some embodiments of the FormuLze above, each
R„ is independently at each occurrence halogen. ((',-Cz)
all yl, (C,-(',)alkoxy. (C,-(.„)haloalkyl. (C,-C„)haloalkoxy,

OH CN (Cp Cip)iirv'I oi' or 6 nlenlbl rcd hetcnxiO I

composing 1-3 hctcroatoms selected from N, 0, mid S,
v herein the aryl and heteroaryl are optionally substituted
v ith one to three lt s In another embodiment, each Rzz is
independently at each occurrence halo en. (C,-Cs)alkyl,
(C,-C,)alkoxy, (C,-CB)haloalkyi„(C,-Cz)haloalkoxy, (Cp-
Ca,)aryl. or 5- or 6-membered hetemaryl comprising 1-3
hctcroatoms sclectcd I)om N. 0. and S. whcrcin thc aryl and
hctcroaryl arc opuonally substituted with one to tlucc Rzi.
In yet another embodiment. each R,z is independently at
each occurrence halogen. (CiaCI)alkyl. (('IdCI)haloalkyl,
~)II, CN, (('pdC&p)aryl. or 6- or 6I-nienibered hetemaryl
comprising 1-3 heteroatoms selected from N, 0. and S,
wherein the aryl and heteroaryl are optionally substituted
with onc to &luce Rzz. In miother cmboduncnt, each Rzz is
uldcpcndcntly't OBch occtl&I'encl: halogen. (CI -6 I)Blky'l.
((

~
( i)alkoxy. (CI -(:s)haloall oxy ~)I I I N (( & ( ~p)

aryl, or 5- or 6-membered heteroaryl comprising 1-3 het-
eroatoms selected from N, 0. and S, wherein the aryl and
heteroaryl are optionally substituted with one to three Rzz.

[0325] In another cmbodimmit, each R„ is Independently
at each occurrence halogmi. (C~ Ci) Ill vl (C~ Ci)h lloalkyl.
(( s ( ip)aryl, or 5- or 6-membered heteroaryl comprising,
1-3 heteroatoms selected from N. 0, and S, wherein the aryl
and heteroaryi are optionally substituted with one to three
R,... In yet another embodiment, each R„ is independently
dt OBch occur&cup&: halogen. (Ci Cz)all yl (Ci Cz)alkoxy,
(C,-Cs)haloalkoxy, (C&-Cm)aryl, or 6- or 6-mmnbcrcd hct-
eroaryl composing 1-3 hctcroatoms selcctcd 1)om N, 0, and
S, wherein the aryl and heteroaryl are optionally substituted
with one to three Rzm In miother embodiment, each itzz is
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independently at each occurrence halogen. (C&-Cz)alkyl,
(C&-Cu,)aryl, or 6- or 6-membered) hcteroaryl comprisuig
1-3 hctcroatoms selcctcd from N, 0, and S, whcrcui thc aryl
and hetemaryl are optionally substituted with one to three
Rzn In yet another embodiment. each Rzz is independently
at each occurrence halogen, (C,-C,)alkyl, or (C,-Cn,)aryl
optionally substituted with one to three R». In yet anorher
enibodiment, each R„ is independently at each occurrence
llillogeli. (Ci Cz)alkyl, or 6- or 6-mcmbcrcd hcteroaryl com-
pusuig 1-3 heteroatoms sclectcd Ibom N, 0. and S opuonally
substitmed with one to three R». In another embodiment,
each Rzz is mdependently at each occurrence halogen,
(C,-C,)allyl. or 5- or 6-membered heteroaryl comprising
1-3 heteroatoms selected from N, 0, and S optionally
substituted with one to three R»,
[0326] In another embodiment, each R„ is uidcpcndcntly
at each occurrence halogen, (Cr-(:z)alkyl, or 6-membered
heteroaryl comprising 1-3 heteroatoms selected fmm N, 0,
and S optionally substituted with one to three R», In yet
another embodiment. each Rzz is independently at each
occur&clice lrslogcll. (C,-Cz)alkyL or 6-membered het-
croaryl comp»sing 1-3 hcteroatoms sclectc&1 Ibom N, 0, and
S opuoruilly substituted with onc to &luce Rzi. In another
embodiment, each Rzz is independently at each occurrence
halogen. ((,-('s)alkyl. or 5-ntembered heteroaryl cnmpus-
ing 1-3 hetematoms selected from N, 0. and S substituted
&vith one to tluee R». In yet another embodiment. each Rzz
is indcpmidcntly at each occurrcncc i&slogan, (C,-Cz)alkyl,
or 6-mmnbcrcd hcteroaryl composing 1-3 hcteroatonw
sclcctcd from N, 0, and S subsututed with onc to tinea Rzu
In another embodinient. each Rzz is independently at each
occurrence halogen, (CriCz)alkyl, or iinidaimlyl optionally
substituted ivith one to three Rzu In yet another embodi-
ment, each R» is independently at each occurrence halogen,
(C,-C,)alkyl, or inndazolyl substiuited wnh one to three
R,.
[t)327] In some enibodiments of the Izormulae above, each
Rzs is independently at each occurrence halogen. (C,-Cs)
alkvl (Ci Cz)a)koxy, (C,-C,)haloalkyl, (C,-Cz)haloalkoxy,

CHz(OCHzCH )i OCHzCH . OH, CN. or 4- to
7-member&xi hcterocyclyl composing 1-3 hetcroatonw
sclccted from N, 0. and S, wherein thc hcterocyclyl is
optionally substituted with one to three substituents each
independently selected from halogen, (C,-Cs)alkyl, (C&-(:sj
alkoxy. (Ci-('s)haloalkyl, ((',-('sjhaloalkoxy, 011,

C(0)Rz&R», NRz&C(0)R». NHz. NH(C,-C,)
alkyl, and N((C,-C,)all yl)„and the alkyl is optionally
substituted with NRz&Rzs or a 4- to 7-membcrc&1 hctero-
cyclyl comprising 1-3 hcteroatoms selected from N. 0, and
S optionally substituted with one to three substituents each
independently selected front halogen, (C,R'&)alkyl (( i (
alkoxy, (( i ( s)haloalkyl, (C,-C&)haloalkoxy. 011,

NHz, NH(C,-C,)alkyl, and N((C,-C,)all yl)w
[0328] In another embodiment, each R» is uidcpcndcntly
at each occurrcncc halogen, (C,-C,)alkyl, (C& Ci)alkuxy,
(C,-('s)haloalkyl, (( i ( sjhaloalkoxy. ~)II, ('N, or 4- to
7-membered heterocyclyl comprising 1-3 heteroatoms
selected from N. 0. and S, wherein the heterocyclyl is
substituted with one to t)uee substituents each independently
sclccteil floill llalogcil, (Ci Cs)alkyL (Ci Cs)zllkoxy. (C,-
C&)haloalkyl, (C, -C&)haloalkoxy. ~H, C(0)Re&Res,

NR, C(0)Rz„NHz. NH(C, -Cs)alkvl. mal N((C,-
('s)alkyl)z. and the alkyl is optionally substituted v ith

NRz&Rzs or a 4- to 7-niembered heterocyclyl comprisiag

1-3 heteroatoms selected front N. 0. and S optionally
substitut&xl with one to tinea substitucnts each indcpcndcnily
sclectcd from halogen, (C& C&)alkvL (Ci C&)alkoxv (Ci-
('&jhaloalkyl, (('& i 0&)haloaikoxy, OI I. NI I,, NI I((',-
('a)alkyl, and N(((',-Cs)alkyl)z
[0329] In another embodimenn each Rzs is independently
at each occurrence halogen. (Cr-Cz)alkyl. (C,-C,)haloalkyl,

CHz(OCH CH )&,OCHzCH OH. CN or 4- to
7-mcmbcr&xl hcterocyclyl compnsing 1-3 hetcroatoms
selcctcd Ibom N, 0, and S, wherein the hctcrocyclyl is
optionally substituted with onc to thrcc substituents each
independently selected from halo en, (Cr-(:s)alkyl, (Cr-&:s)
alknxy, (Cr-(:s)halos)ky), (( i ( s)llaloalkoxy, ~)I I,

C(0)Rz&Rz NRzzC(0)Rzs NHz NH(C& Cs)
alk)l arid N((C& Cs)alkyl)z„and the alkyl ic optionally
substitut&xl with NRz&Rzz or a 4- to 7-mmnbcrcd hctero-
cyclyl composing 1-3 hetcroatoms sclcctcd from N, 0, and
S optionally substttutnl with one to thrcc substitucnts each
independently selected from halogen, (I i ( s)'llkyl (( i ( s)
alkoxy, (( i ( s)haloalkyl, ((,-('s)haloalkoxy, OI I,

NH,. NH(C,-Cs)alkyL and N((C,-C,)alkyl),.
[0330] In another embodiment. each R» is independently
at each occurrence halogen. (0,-C,)alkyl. (C,-C,)haloalkyl,

OH, CN. or 4- to 7-membered hetcrocyclyl compnsuig
1-3 hctcroatoms sclccted from N. 0, and S, whcrcin thc
heterocyclyl is optionally substituted with one to three
substituents each independently selected front halogen, (0,-
( s)all&vl (( i ( ) llkoxv (( i ( s)llaloall vl (( i ( s)lla
loalkoxy. OH, C(0)R„R», NR„C(0)R„, NH„

NH(C& Cs)all'yl, and N((C&-Cs)a)ky))z. and the alkyl is
optionally substituted with NRzzRzs or a 4- to 7-mem-
bered hcterocyclyl compusuig 1-3 hctcroatoms selected
from N, 0, and S optionally substituted with one to three
substituents each independently selected front hakigen, ((v»
('a)alkyl, (C&-C&)a)koxy, (Cr-('s)haloalkyl, (( i ( s)lii-
loalkoxy. OH. NHz NH(C& Cs)alkyl, and N((C,-
C,)alkyl) .

[0331] In another embodiment. each R» is independently
at each occurrence halogmi. (C,-C,)alkyl, (Ci Ci)alkoxy.
(C,-C,)haloalkyl, (C,-Ci)luiloalkoxy, or 4- to 7-mcmbcrcd
heterocyclyl comprising 1-3 heteroatoms selected fmm N,
0, and S, ivherein the hetemcyclyl is optionally substituted
v ith one to tluee substinients each independently selected
from halogen. (Ci ('s) Ilkpyl (Ci Cs)alkoxy, (C,-C,)hn-
loalkyl. (C,-t.,)haloalkoxy, OH. C(0)RzsRz,

NR &C(0)R s NH NH(C& C&)alkyl, a&xi N((C&
C&)alkyl)„and thc alkyl is optionally substituted widi

NR,&R,.-or a -I- to 7-membered heterocyclyl comprising
1-3 heteroatoms selected fmm N, 0. and S optionally
substituted vvith one to three substituents each independently
selected from halogen, (C&-Cs)a)ky). (Ci Cs)alkoxy. (C,-
C,)haloalkvl. (C,-('„)haloalkoxsy„OH. NH„NH(C,-
C,)nlkyl, and N((C,-C,)alkyl),
[0332] In another cmbodimmit, each R„ is independently
at each occurrmicc halogen, (C, -C,)alkyl, or 4- to 7-mem-
bered heterocyclyl comprising 1-3 heteroatoms selected
from N, 0, and S, wherein the heterocyclyl is optionally
substituted v, ith one to tluee substituents each independently
selected from halo en, (Ci Cs)alkvi (Ci Cs)alkoxy. (C,-
Cs)haloalkyl. (C,-C&)haloalkoxy. OH, C(0)R.4R s

NR &C(0)R s NH NH(C& C&)alkyl, a&xi N((C&
C&)alkyl)„and thc alkyl is optionally substituted widi

NRz&Rzs or a -I- to 7-membered heterocyclyl comprising
1-3 heteroatoms selected fmm N, 0. and S optionally
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substituted with one to tllree substituents each independently
sc Icca cl floin hBlogcn. (Cl Cc)all 7'I (C] Cc)ldl oxy. (Ci
C»)htdoalkv'I (Ci Cc)haloalkoxY, OH NHz NH(Ci-
('c)alkyl, and N(((',-('c)alkyl)z In yet another embodi-
nient, each Rzz is indePendently at each occurrence ((',-Cs)
alkyl or 4- to 7-membered heterocyclyl comprising 1-3
heteroatoms selected from N. 0, and S, wherein the hetero-
cyclyl is optionally substituted with one to tliree substituents
each indepcndcntly selcxlcd from lmlogen. (C,-C»)alkyl,
(C,-Cc)alkoxy, (C,-Cc)haloalkyl, (C,-C&)haloalkuxy,

Ol I ~ (O)Rz»Rz» NR 4( (O)Rz Nl I NII((
( c)alkyl. and N(((',-('4)alkyl)z. and the alkyl is oPtionally
substituted with NRz»R„or a 4- to 7-membered hetero-
cyciyl comprising 1-3 heteroatoms selected from N. 0. and
S optionally substituted with one to three cubstituents each
indcpcndenlly selected from halogen, (Ci C»)Blky'I (Ci C»)
alkoxy. (C,-Cc)haloalkyl, (C,-Cc)lmloalkoxy, OH,

NI I NI I((
]

( c) ill vl lllcl N((( i
( cdallcyl)

[0333[ In another enibodiment. each R„ is independently
at each occurrence ((',-Cs)alkyl or 4- to 7-membered het-
erocyclyl comprising 1-3 heteroatoms selected from N, 0,
and S. wherein the hetemcyclyl is substituted with one to
tlu ee substituents each independently selected thorn halogen,
(Ci C») llkv'I (Ci C»)all OXY (Ci C»)h Iloall'Yl (Ci C»)ha
loalkoxy, OH, ~(0)Rz»Rzs, NRz»C(0)Rz,, NHz,

Nl l(C,-(»)alkyl, and N((C,-('c)alkyl)z, and the alkyl is
optionally substituted with NRB»Rzz or a 4- to 7-menl-
bered heterocyclyl comprising 1-3 heteroatoms selected
front N, 0. Bnd S optionally substituted with one to tllree
substituents each independently selected ibom halogen. (C,-
C )all yl, (C,-C„)alkoxy, (C,-C )lmloalkyl, (C,-C )lxi-
loalkoxy, OH, NH„NH(Ci Cc)alkyl Bncl N((Ci-
('c)alkyl) In yet another embodiment, each R,» is
independently at each occurrence ((',-Cs)alkyl or 4- to
7-membered heterocyclyl comprising 1-3 heteroatoms
selected from N, 0. and S, wherein the heterocyciyl is
optionally substituted with one to three substiuients each
indcpenciently sclcwted from (Ci C»)alkyl. (Ci C»)ha-
loalkyl. ~H, C(0)RB»R„», NRz»C(0)R 1, NH,,

Nl l(C,-(»)alkyl, and N((C,-('c)alkyl)z, and the alkyl is
optionally substituted with NRB»Rzz or a 4- to 7-menl-
bered heterocyclyl comprising 1-3 heteroatoms selected
front N, 0. Bnd S optionally substituted with one to tllree
substituents each independently selected ibom halogen. (C,-
C,)all,yl, (C,-C„)haloalkyl. ~H, NH,. NH(C,-C,)
alkyl, and N((C, -Cs)alkyl) .

[0334] In another embodiment. wtch R„ is uidepcndcntly
at each occurrence (C,-C1)alkyl or 4- lo 7-membered hct-
erocyclyl comprising 1-3 heteroatoms selected from N, 0,
and S, v herein the heterocyclyl is optionally substituted
lvith one to three substituents each independently selected
from (Cz-C»)alkyl. (Ci Cs)haloall'YL OH NH NH
(Ci C») llkv'I ulcl N((CC Cs)alkyl)z and lhe alkyl is
optionally substituted with NRB»R„or a 4- lo 7-mmn-
bcrcd hetcrocyclyl compnsuig 1-3 hetcroaloms selected
fmm N, O. and S optionally substituted with one to tllree
substitnents each independently selected from (C,-Cc)alkyl,
(C,-C,)haloalkyl, OH. NHB, NH(C,-('s)ialksyl, and

N((C, -C„)alkyl),. In yet another embodiment. each R, is
indcpcndently at each occurrence (C,-C,)alkyl or 4- to
7-mcmbercxl hcterocyclyl composing 1-3 helcroatonw
sclccled from N, 0. and S, wherein thc hctcrocyclyl is
optionally substituted with one to three substituents each
independently selected fmm ((',-C»)alkyl, ~)I I. Ni I„

NH(CC C»)BII'yl, and N((C,-C,)alkyl),. and the alkyl is
optionally substituted with NRz»Rz, or a 4- to 7-mem-
bered hclerocyclyl compnsuig 1-3 hclcroaloms selected
from N, 0, and S optionally substituted with one to three
substituents each independently selected from (('1 (») llkyl,

OH, NH . NH(C,-(',)alkyl, and N((C,-C,)alkyl)z.
[0335] In another cmbociimcnt. each Rzs is indcPcndcnily
al each occurrence (C„-C,)alkyl or 4- to 7-membered hcl-
erocyclyl compnsuig 1-3 hcleroatoms sclccted I'rom N, 0,
and S, lvherein the heterocyclyl is optionally substituted
with one to three (0,-( c)alkyl. and the alkyl is optionally
substituted with NRB»RB, or a 4- to 7-membered hetero-
cyclyl comprising 1-3 heteroatoms selected fmm N. 0. and
S optionally subsututcxi with onc to three substiluents each
independently sclectcd Ibom ~H, NHz NH(Ci Cc)
alkyl, mid N((C,-Cc)alkyl)z. In yct another cmboduucnL
each Rzs is independently at each occurrence ((',-(',)alkyl
or 4- to 7-membered heterocyclyl comprising 1-3 heteroa-
toms selected from N. 0, and S, wherein the heterocyclyl is
optionally substituted with one to tllree (C,-C,)alkyl, and
the alkyl is optionally substttutcxl with NRz»Rzs or a 4- lo
7-membcrcxi hetcrocyclyl compnsing 1-3 hcteroatoms
sclectcd from N. 0, and S optionally substituted with onc lo
three substituents each independently selected from OI I,

and N((C,-('4)alkyl)z
[0336] In some embodiments of the Formulae above, Rz»
is H. (C,-C,)alkyl, or (Cs-C )carbocyclyl opuonally subsii-
tulcd with one lo lwo (C, -Cc)alkyl. In miothcr embodiment,
Rz» is IL (C,-(',)alkyl, or ((',-('z)carbocyclyl optionally
substituted with one to nvo ((',-Cs)alkyl In another embodi-
ment, R 4 is H. (C,-C,)alkyl. or (C,-C,)carbocyclyl. In
another embodiment. Rz» is H, (C,-C,)alkyl. or ((',-C,)
carbocyclyi. In yet another embodiment, Rz» is H or (C,-
C»)alkyl. In another cmbodinu:nt, Rz» is H. In tmothcr
mubodunent, Rz» is (C„-Cs)alkyl. In yel another embodi-
ment, Rz» is ((',-('4)carbocyclyl optionally substituted lvith
one to tv o (0,-('4)alkyl In yet another embodiment. Rz» is
(CB-C,)carbocyciyl, In another embodiment. Rz» is H,
methyl. ethyl. n-propyi. or i-propyl In yet another embodi-
ment, Rz» is methyl. ethyl, n-propyl, or i-propyl. In another
embodiment, Rz» is H. methyl. ethyl, cyclopropyl, cyclobu-
tyL or cyclopcntyl, wherein the cyclopropyl, cyclobulyL and
cyclopentyl are optionally substituted with one to nvo ((',-
('1)alkyl. In yet another embodiment, Rz» is II, methyl,
ethyl, cyclopropyl or cyclobutyl. wherein the cyclopropyl
and cyclobutyl are optionallysubstituted with one to nvo
(C,-C,)alkyl. In another embodunent„RB» is H, methyl,
ethyl, cyclopropyl, cyclobulyl, or cyclopentyl. In yet another
mubodunent, Rz» is H, methyl, ethyl, cyclopropyl or
cyclobutyl In mlother embodiment, R,» is I I, methyl or
ethyl ln another embodiment. Rz» is nlethyl or ethyl In yet
am»ther embodiment, Rz» is 11 or niethy1 In another embodi-
ment, R14 is methyl.
[0337] In some cmbodmienls of thc Fonnulac above, Rz»
is H, (C,-C,)alkyl, or (C»-Cz)carbocyclyl opuonally substi-
tuted v'ith one to two (Ci (»)Bll yl. In another embodiment,
Rzz is I I, (0,-(.'1)alkyl, or (Cs-('z)carbocyclyl optionally
substituted v, ith one to nvo (C 1 Cs)alkyl Ill ulo'ther'uibodl-
ment, R„ is H. ((',-C,)alkyl. or (C,-C,)carbocyclyl. In
another cmbodimcnl, Rzs is H, (C,-C,)alkyl, or (C,-C,)
carbocyclyl. In yct another embodunmit, R„ is H or (C,-
C,)alkyl. In another embodiment. R„- is H. In another
embodinient, Rzs is ((',-Cz)alkyl In yet another embodi-
ment, Rzs is ((.'1-('s)carbocyclyl optionally substituted lvith
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one to two (Ci Cs)alkyl. In yet another embodiment. R„ is
(CS-CS)carbocyclyl. Iu another cmbodnnent. Rls is H,
methyl. ethyl, n-propyl, or I-propyl. In yel another mnbodi-
nlent, Rls is methyl. ethyl, n-propyl. or i-propyl. In another
embodiment, R„ is I I, methyl, ethyl, cyclopropyl, cyclobu-
tyl. or cyclopentyl, wherein the cyclopropyl, cyclo butyl. and
cyclopentyl are optionally substituted with one to two (C,-
('s)alkyl. In yet another embodiment. R„- is H, methyl,
ethyl, cyclopropyl or cyclobutyl, whereui thc cyclopropyl
dnd cyclobutyl arc opuonally substituted with one to lwo
((0 ( 1)alhg I In another embodiment, Rss is I I, nlethyl,
ethyl, cyclopropyl, cyclobutyl. or cyclopentyl in yet another
embodiment. R„ is H. methyl. ethyl, cyclopropyl or
cyciobutyi. In another embodiment. R„ is H. methyl or
ethyl. In another embodiment, R„ is methyl or ethyl. In yet
another cmbodimcnt, Rss is H or methyl. In another mnbodi-
nicnt, R I ls nlcthvl.
[0338] In some mnboduncnts of ihe Fonmilac above, Rd is
Il or ((',-('4)alkyl. In another embodiment, R4 is Ii or
(('I-(:4)aihg I and Rs is I I or ((,-('4)alkyl In another
enlbodimeiit, R is H or (C,-CB)all yL R, is H or (C,-C,)
alkyl, and R, is H or (C,-C„)alkyl. In another embodiment,
Rl is H Or (C,-C&)alkyl, Rs Is H or (C,-CS)alkvl, Rl is H or
(C] C&) Ilkv'I Bnd Ry is 0 dog& n In Bnothcl cnlboduncnl Rd
is H ol'C~ C&) dl yl R Is H ol'Ci C&)alkyl Ri is H or
(C,-('&)alkyl. and Ry is chloro In another embodiment, Rd
is I I and Rs is I I or ((',-Cs)alkyl In another embodiment, R4
is H, R, is H or (C,-C,)alkyL and Rl is H or (C,-('s)alkyl.
In another embodiment, R4 is H, R, ic H or (C, -(',)alkyl, R,
is H or (Ci Cs)alkyl, mid Ry Is halogen. In another mnbodi-
mcnt, R iis H, R, is H or (C,-CB)alkyl, R, is H or (C,-CB)
alkyl, and Ry is chloro.
[0339[ In sonic embodiments of the Formulae above, Rd is
I I or ((,-('4)alkyl and Rs is ((,-('4)alkyl In another
embodiment, R4 is II or (( I-(:4)alhyl. Rs i ~ ((',-CS)alkyl,
and R is H or (C,-C,)alkyl. In another embodiment. R4 is
H or (C,-(.„)alkyl, R, is (Ci Cs)alkyl Rl Is H ol'Ci Cs)
alkyl, and Ry Is halogen. Iu another embodiment, R4 is H or
(C] C&) Ilkv'I R Is (C] C&)dll'vl Ry ls H ol'C] CS)Blkj I

and Ry is chloro In another embodiinent, Rd is li and 8, is
(CI-('4)alkyl In another embodiment, R4 is Ii, R, is (C,-
( &)alkyl. and Ry is II or (('I ( 4)'llkyl in Bnother embodi-
ment, R is H, R, is (C,-C,)alkyL Rl is H or (C,-('s)alkyl,
and Ry is halogen. In another embodiment. R4 is H. R, Is
(C,-C )alkyl, R w H or (C,-C„)alkyl, dnd R, is chioro.
[0340] In some mnboduncnts of ihe Fonmilac above, Rd is
H or (C,-C&)alkyl, Rs is H or (C,-C&)alkvl. Bnd Ri is
(('I-(:&)alhyl in another embodiment, R4 is Ii or ((',-C&j
alkyl, Rs is I I or (( I ( 4)'llkyl Rl is (( I ( 4) ill 11 Bild Ry Is
halogen. In another embodiment, R4 is H or ((', -C,)alkyl. R,
is H or (C,-C,)alkyl„R, is (C,-C,)alkyl, and R, is chloro In
another embodiment. R4 is H, R, is H or ((',-C,)alkyl. and
R Is (Ci Cs)alkyl. In another embodiment. R4 is H, Rs is H
or (C, C&)adlkyl R is (C, Cs)alkyl„md Ry dis haiogesn In
another embodiment, Rd is 11. R, is I I or (C,-('&)alkyl, Rl is
(CI-('4)alkyl. and Ry is chloro
[t)341] In some embodiments of the I'ormulae above, Ry is
H or (C,-C,)alkyl. R, is (C,-C,)alkyl, and R, is (C,-C,)
alkyl. In another embodiment, R4 is H or (C,-C,)alkyl. R, is
(C,-C,)alkyl, R, is (C,-C,)alkdyl, and R, is halogen. In
another embodiment, Rd is H or (C,-C&)alkyl, Rs is (C,-C&)
dlhy'I R Is (Ci C&)alkvl, Bnd Ry ls chkllo. In lulu)hei
embodiment, R4 is I I, Rs is ((',-( 4)alkyl. and Rl is (('I (
alkyl. In another embodiment, R4 is I I, R, is ((',-CS)alkyl,

R, is (C,-C,)alkyl, and R, is halogen. In another embodi-
ment, R4 Is H. Rs is (C, -C&)alkyl, Rl is (C, -C&)alkyl, and Ry
is chloro.
[0342] In some cmbodunents ol'he Formulae above, Rs is
H or (C,-C&)alkyl. In another embodimcnh Ri is H or
(C~ C&)ldkyl and R, is H ol'C~ C&) dkyl. In another
embodiment, Ri is I I or ((',-('&)alkyl, Rl is 11 or (( I

(
alkyl, and R„ is halogen In another embodiment, R4 is I I ol'C,-C,)alkyl.R, is H or ((',-Ca)alkyl. R, is H or (C,-C,)
alkyl, and R, is chloro.
[(D43] In some enlbodinlents of the I'ornlulae above, 8, is
(Ci C&)alkyl. In another embodiment. R, is (C,-C,)alkyl
and R, is H or (Ci Cs)alkyl. In another embodiment. R, is
(C,-C )alkyl. R isi H or (C,-C„)alkyl, and R is halogen. In
another cmbodlmcnt. R, is (C,-C4)alkyl, Rl is H or (C, -C&)

alkyl, mid Ry is chloro. In mlother cmbodunent, Rl Is H or
((',-(',)alkyl and R, is (('I-('4)alkyl In another embodi-
ment, Rs is 11 or ((',-('4)alkyl. Rv is ((',-('4)alkyl. and Ry is
halogen. In another embodiment„R, is H or (C,-C,)alkyl, R,
is (C,-C,)alkyl. and Ry is chloro. In another embodiment, R,
is (C,-CS)alkyl mu! Rl ls (Ci Cs)alkyl In Bnolhi I' nlbixh-
meut, R, is (C,-C&)all yl, R is (C,-C&)alkyl, and Ry Is
halogen. In another cmbodunent, RS is (C, -C&)alkyl, R, Is
((',-('4)alkyl, and Ry is chloro
[0344] In some cmbodunents ol'he Formulae above, Rd is
I I oi ((

~
( &)alkyl mid Ri is I I or (( I

( &)alkyl In another
embodiment, R4 is I I or ((',-('4)alkyl, Rl is 11 or ((,-CS)
alkyl, and R„ is halogen In another embodiment, R4 is I Iol'Ci

Cs)alkyl. Rl is H or (C,-C,)alkyl, and R, is chloro. In
another embodiment, R4 is H and R, is H or (C,-C,)alkyl. In
another mnboduncnt, R4 is H, Rl is H or (Ci CS)alkv'I, dnd
Ry is ludogcn. In aiuither embodimcnh Rd is H, Rl is H or
((',-('&)alkyl, and Ry is chloro In some embodiments of the
Ilornlulae above. Rd is I I or ((',-( &)alkyl and Rl is (('I ( 4)
alkyl. In another embodiment. R4 is I I or ((',-('4)alkyl. Rl is
(Ci Cs)alkvl. and R, is halogen. In another embodiment. R4
is H or (C,-C,)alkyl, R is (C,-C„)alkyl, and R, is chloro.
[0345] In another enlbodinlent. R4 is H and R, is (C,-C,)
alkyl. In another embodiment„R4 is H. R, is (C,-C,)alkyl,
and R, is halogen. In another embodiment. R4 Is H. R, is
(Ci C4)alkyl. Bnd Ry Is cldoro.
[0346] In some embodiments of the Formulae above, Rd is
H or (Ci Cd)alkyl, R, is H or (Ci Cs)alkyl. and Ry is

halogen. In another cmbodunent, Rd is H or (C,-C&)alkyl, Rs
is H or (C, C&)all'vl dnd Ry ls chlol'0 In dnolhcl' nlbodl-
ment, Rd is Ii, Rs is Il or(C] ( &)lll yl Bnd Ry ls I'lalogcl'I hl
aialther embodiment, R4 is I I, Rs is I I or ((',-('4)alkyl, and
R, is chloro. In another embodiment. R4 is H or (C,-C,)
alkyl, R, is (C,-C,)alkyl, and R, is halogen. In another
embodiment. R4 is H or (Ci Cs) Ill'lL Rs is (C,-C,)alkyl,
and Ry is chloro. In;mother embodunmit, Rd is H, Rs Is

(C,-C&)alkyl. mid R, is luilogen. In another embodiment. Rd
is I I, RS is (C,-(.'&)alkyl, and lg is chloro
[0347] In some cmbodunents ol'he Formulae above, Rd is
H or (C„-C&)alkyl and Ry is halogmi In another embodi-
ment, R4 is 11 or (( I-('4)alkyl and Ry is chion) ln another
embodiment, R4 is 11 and Ry is halogen In another embodi-
ment, R4 is H and Ry is chloro. In another embodiment, R,
is H or (C,-C,)alkyl and R, is halo en. In another embodi-
ment, R, is H or (C,-CS)alkyl and Ry is chloro. In another
embodiment, Rs Is (C,-C&)all yl und Ry is halogen. In
another cmbodimcnt. RS is (C,-C&)alkyl und Ry is chlom. In
another embodiment, Rv is II or ((',-('4)alkyl and Ry is
halogen. In another embodiment, Rv is II or ((,-CS)alkyl
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and R, is chlolj&. In another embodiment. R, is (C& Ce)alkyl
and Re is halogen In another cmbodunent, R& is (C,-Cj)
alkyl m&jl Rv is chloro.

[t)340] In snme embodiments of the l&onnulae above, X,
and X. together with the carbon atom to which they are
attached foun (0), and X& is CHS . In another
cmbodimcnt, X, and X, together w&th thc carbon atom &0

winch they are attached I'orm (0), X, is ~HS . and Re
is Cl. In another embod&ment, X, Bnd X, together w&th the
carbnn atom to which they are attached foun (0), X» s

( I Iz Rv is I',, and Re is I I. In yet another embod&ment,
X, nnd X, together with the carbon atom to which they are
attached fi&rm (0), X, is CH, . R, is Cl. Re is H. and
R, &s H. In another embodiment, X, mid X. together with thc
carbon atom to wh&ch they areauach&x! Ii&rm (0), X, is

CH&,R &sCJ,R &sH,R &sH,andR&isHor
(Ci ( e) &113 I In yet another embodi&nent. X, Bnd Xz
together w&th the carbon atom to &vhich they are attached
foun (0)„R, isCLRS &sH, R, isH, R, isHor
(C& Ce) ill vl. and R, is phenyl, or 5- or 6-membered het-
croaryl compos&ng 1-3 hcteroatoms sclec&cjl Ibom N, 0, and
S, whermn thc phm&yl Bnd hetcmaryl arc subsututcd w&th

OR]o alii opt&onallv subst&tutcjl w&tll onc &0 thi'cc Rj
[0349] In another embodiment, X. and X. together with
the carbon atom to which they are attached fomi (0). Xz
is CH, .R,isCJ.ReisH,R&isH,andR,isHor
(C, -Cz)alkyl In yet another embodiment, X, and X,
togcthcr w&th the carbon alum to which they arc attached
form (0), lk is ('I, Rz is II, R» is 11, Rs is IJ or
(('& ( e)'&lkg I. Bl&cl Ri is Phenyl, or 5- or 6-membered het-
eroaryl comprising 1-3 heteroatoms selected ihom N, 0, and
S, wherein the phenyl nnd heteroaryl are substinited v.ith

OR&
&
and optionally substituted with one to &luce R&n In

B&10&lier j:&Ilbodiment, X& Bnd X, to cthcr with the carbon
atom to w Juch they arc attached form (0). X, is ~HS
Re is ('1. Re is I I, R& is I I, R, is I I or ((

&

f z) &ll vl Ri &s

phenyl, or 5- or 6-n&embered heteroaryl cnmprisi&lg 1-3
heteroatoms selected from N, 0, and S, wherein the phenyl
and heteroaryl are substituted with OR„, nnd optionally
substituted with one to three R& 'uld R, is H. (C, -Ce)alkyl,

NR& R&& ~ (C& Ce)1&aloalkyl. (Cj-C )carbocvclyl. or 5- &0

7-member&xl hcterocyclyl composing 1-3 hetcroatonw
selected from N, 0. and S, wherein the alk3&1 is optionally
substituted with one to fi&ur R,s, and the carbocyclyl and
heterocyclyl are optionally substituted with one to four R».
[0350] In another embod&ment, X, mid X, together with
thc cnrbon atom to wluch they arc atiached fi&mi (0). X,
JS~H&,R&sCJ,R isH,R&sH.RS&sHor
((

&
( e) &lkg I R& is Phenyl, or 5- or 6&-me&nbered heteroaryl

comprisin 1-3 heteroatoms selected from N, 0. and S,
&vherein the phenyl and heteroaryl are substituted v.ith

OR&
&
and opt&onally substituted with one to three R&n R,

is H. (C& Ce)alljyl (C& Ce)haloalkyL NR& R& (C C&)
carbocyclyl. or 5- to 7-membered hetcrocyclyl comprising
1-3 hcteroatonw selcctcd from N. 0, and S. wherein thc
alkyl is opt&onally substituted with one to four R, „. and the
carbocyclyl and heterocyclyl are optionally substitut&xI v ith
one to fi&ur R,v and Rs is H. (C,-C,)haloalkyl. or (C,-C,)
alkyl optionally substituted with one to tluee R,w In yet
Bnothcr cnlbojhnli:&1k X& Bnjl Xz together with tlm carbon
atom to which they Brc attached fomi (0). X, is ~HS
R &s Cl, Re is H, R& &s H, Rs &s H or (C,-CS)alkyl. R, &s

phenyl, or 5- or 6-membered heteroaryl comprising 1-3
heteroatnms selected fron& N, 0, and S, wherein the phenyl

and heteroaryi are substin&ted with OR„, and optionally
substitutcxi w&til 0&lc &0 &lit&:c Rj& Rz &s H (C& Cj)alkyl,
(C,-CS)haloalkyl, NR,SR, „(C&-C )carbocycly&l. j&r 5- to
7-n&embered heterocyclyl compnsing 1-3 heteroato&ns
selected from N, 0. and S, &vherein the alkyl is optionally
subst&tuted with one to four R„„and the carbocyclyl and
heterocyclyl are optionally substituted with one to four R&w

Rz &s H. (C,-C,)haloalkyl, or (C,-C,)alkyl optionally sub-
st&&uted w&th onc to tlucc R,e. m&d Re &s (C,-CS)hydmxyalkyl
or (C,-Cj)alkyl opt&onally subsutu&cxI w&th onc to three
substituents each independently selected from (0&-Ce)
'&lkoxv (( i ( e)haloalkoxy. ('(0)(C&-(:e)alkyl, ~ (0)
OH and C(0)0(Ci Ce)alkyl.
[0351] In another embodiment. X, and X, together w&th

thc carbon atom to v:hich they are attached form (0), Xs
is ~H&, R is CJ, Rz is H, Rz is H, Rs &s H or
(( i ( e)alkyl, R, is phenyl, or 5- or 6&-membered hetemaryl
comprising 1-3 heteroatoms selected from N, 0 and S,
v herein the phenyl and heteroaryl are substituted with

OR&0 and optionally substituted with one to three R». Rz
is H, (C& Ce)alkvl (Ci Ce)haloalkyl, NR& R» (C& C )

carbocyclyl, or 5- to 7-membered hctcrocyclyl compnsu&g
1-3 hctcroatoms sclcctcd from N, 0, and S, whercui the
alkyl is optionally substituted with one to four Ris Bi&d the
carbocyclyi and heterocyclyl are optionally substituted &vith

one to four R» R& is H. (C,-C,)haloalkyl. or (C,-C,)alkyl
optionally substituted &vith one to three R,4. R, is ((',-C,)
hydroxyalkyl or (C,-CS)alkyl optionally subst&tuted w&th

ouc to tlucc substitucnts each indcpcndcntly schwted Irom
(C j Cj )idl'oxy (C& C j)llaloBJI'oxv'(0)(C& C j )Blkyl,
W'(0)OI I. and i 0(0)0(('&iCS)alkyl. and Its is 11, (0,-
('e)haloalkyl, or (0,-( j)alkyl opt&onally substituted &vith

one to tluee substituents each independently selected from
4- to 7-membered heterocyclyl comprising 1-3 heteroatoms
sclectcd from N. 0, m&d S Bnd ~(0)NR& SR, &

[0352] In yet another embodiment, X, and X, together
v ith the carbon atom to &vhich they are attached form (0),
Xs is CH&, Rv is Cl, Re is H, R, is H, R, is H or
(C& Ce)alkyl. R, is phenyl, or 5- or (nmembered heteroaryl
comprising 1-3 heteroato&ns selected from N. 0. and S,
whcrcin thc phenyl and heteroaryl arc substituted w&d&

OR] jj iuld opt&0&lallv sober&t» teil w &th 0&li: to &hie& Rj
&

Rz
is I I, (C&iCS)alkyl, ((',-('j)haloalkyl. Nl&„l&» (C&4'&)
carbocyclyi, or 5- to 7-men&bered heterocyclyl comprising
1-3 heteroatnms selected from N. 0, and S, wherein the
alkyl &s optionally substituted &i ith one to four R& n and the
carbocyclyi and heterocyclyl are optionally substituted with
ouc to four R&e R» s H (C& Ce)haloall yl or (C& Ce)alkyl
opt&onally subsnuitcxl w&th onc to tluec morc R,z, Rj is
((',-('j)hydroxyalkyl or (C„-('j)alkyl optionally substituted
v ith one to three sub&tin&ents each independently selected
from (C&iCe)alkoxy, ((,-('e)haloalkoxy, ('(0)(( i (
alkyl, C(0)OH. and ('(0)0(C,-C,)alkyl. R, is H, (C,-
C,)haloalkyl. or (C,-(.,)alkyl optionally substituted with
ouc to three subsutucnts each &ndepcndcntly sehntcd from
4- to 7-mcmbcrcd hetcrocyclyl comprisuig 1-3 hcteroatoms
selected frnm N, 0. and S and ~'(0)Nlr&elr» anti Rij& is

phenyl, or 5- or 6-men&bered heteroaryl comprising
heteroatoms selected fron& N. 0. and S. wherein the aryl and
heteroaryl are optionally substituted with one to three Rzw

[0353] In another embodiment, X, and X, together w&d&

the carbon atom to v,hie& they are attached form (0), X,
is (3lz, Rz is('I, Re is I I. R, is I I, and Rs is I I or methyl
In another embodin&ent, X, and Xz together with the carbon
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atom to wluch they are attached fom& (0), Rs is Ci. R4 &s

H, R- &s H, Rs is H or methyl, and R, &s Phenyl, or 5- or
6-mcmberixl hetcroaryl compr&su&g 1-3 hetcroatonw
selected from N. 0, and S. wherein the phenyl and het-
eroaryl are substituted with ~)R»1 and optiiUIaily substi-
nited with one to three R» In yet another embodiment, X,
and X, together w&th the carbon atom to which they are
attached form (0), R, is ('L R4 is H. R is H, R, is H or
methyl. R, is phenyl, or 5- or 6-men&bere»! heteroaryl com-
pnsu&g 1-3 hcteroatoms sehmtcd from N, 0. m&d S, whcrc&n
the phenyl and hetemaryl are substituted &vith ~)RU& and
optionally substituted with one to three R». and Rz is I I,

(Ci Cp) Ill vl (Ci Cp)h Iloall yL NR& Ri, (Cs-Cz)carbo-
cyciyl. or 5- to 7-membered heterocyclyl comprising 1-3
heteroatoms selected fmm N. 0. Bnd S, wherein the alkyl &s

optionally subst&tutcd w&th onc to four R,», and the carbo-
cyclyl and hctcrocyclyl are opt&onally subst&tuIed w&1h one
to fo&lr Rip

[0354J In another en&bodiment, X, and Xz together v ith
the carbon atom to which they are attached form (0). Xs
is ~'Ilz . R„ is 01, R4 &s II. R& is II, R» is II or n&ethyl,

R, is phenyl. or 5- or 6-membered heteroaryl comprising 1-3
heteroatoms selected from N. 0, and S, wherein the phenyl
and hcteroaryl are subsututed w&th OR„, m&il opuonally
substltllti:il with One &0 threi R» R is H (C& Cp)Blk)1,
(C& ( r)haloalkyl, NR&&R&1 (( I ( z)carbocyclyl. or 5- to
7-membered heterocyclyl comprising 1-3 heteroatoms
selected fron& N, O. and S, wherein the alkyl is optionally
substituted &pith one to four R&u and the carbocyclyl and
heterocyclyl are optionally substituted with one to four R,p
and R. is H. (CI Cp)haloalkyl. or (C,-CS)alkyl oPt&onally
sUbstlul&& il w&th One &0 thrci R&4 ln yct m&other wnbod&-
n&ent, X, and X, together with the carbon atioa& to which they
are attached form (0). Xs &s ~'II» . Rz is Cl. R4 is II,
Rz is I I. R, is I I or methyl, R, &s phenyl, or 5- or ti-membered
heteroaryl comprising 1-3 heteroatoms selected from N, 0,
and S, ivherein the phenyl and heteroaryi are substmited
with ~Rip and opUonally subst&tutcd w&th one &0 Ilucc
Ri& R Is H (C& Cr) Ill vl (Ci Cr)h Iloalkvl NR&&R&1
(Cs-('carbocyclyl, or 5- to 7-membered heterocyclyl cnn&-

prising 1-3 heteroatoms selected from N. 0. and S, wherein
the alk31 is optionally substituted with one to four R,», and
the carbocyclyl and heterocyclyl are optionally substituted
with one to fi&ur Ruu R„ is H, (C, -C,)haloalkyl. or (C,-C,)
alkyl opuonally subst&tuted w&th one io tluec R,4, and Rp &s

(C,-Cs)hydroxyalkyl or (C,-Cp)alkyl opt&onally»subshiutcd
with onc to tlucc subsutum&ts each u&depcndcntly selcctcd
fmm (('&-('p)alkoxy, ((',-('p)haloalkoxy. i C(0)(('«Cp)
alkyl, ~'(0)OII, and ( (O)0(( i ( p)alkyl

[0355J In another en&bodiment, X, and X, together v ith
the carbon atom to winch they are attached fom& (0). Xs
is CH, . R, isCL R4 &s H. Rz isH, R, isH ormethyl,
R, is phenyl, or 5- or 6-membcrixl hetcroaryl compnsing 1-3
hcteroatoms selcctcd from N, 0, and S, wherein thc phenyl
and hcteroaryl are subsututed w&th OR„, m&il opuonally
substitmed w&th one to three R», Rz is II. (C,-CI)alkyl,
(C,-('p)haloalkyl, NR& R&y (( y (1)carbocyclyl. or 5- to
7-membered heterocyclyl comprising 1-3 heteroatoms
selected from N, 0. and S, wherein the alkyl is optionally
subsntuted with one to Ibur R&u and d&e carbocyclyl and
hetcrocyclyl are optionally subst&tutcd w &th one to fi&ur R&p,

R, &s H. (C,-CI)haloalkyl, or (C,-C»)alkyl opt&o&wily sub-
stituted v ith one to three R,4, Rp is (('& ( p)hydroxyalkyl 0&'('&-(:s)a)kg

I optionally substituted with one to three sub-

stituents each independently selected fmm (CI-CS)alkoxy,
(C,-CS)haloalkoxy, C(0)(C,-C»)alkyl, ~(0)0»H, and
~(0)0(CI-Cs)alkyl. Bnd R„ is H. (C,-CI)haloalkyl. or
(('&-('4)alkyl optionally substinited with one to three sub-
stituents each independently selected from 4- to 7-mem-
bered heterocyclyl comprising 1-3 heteroatoms selected
from N. 0. and S and C(0)NR&»R&

[0356) In yet another mnbodimcnt, X, and X, together
w&th the carbon atom to winch they arc attached form (0),
Xs &s ('liz . avis(1, Rsis li, R,is li, Rais li or methyl,
R, &s phenyl, or 5- or 6-membered hetemaryl comprising 1-3
heteroatoms selected fron& N. 0. and S. wherein the phenyl
and heteroaryl are substituted with OR&p and optionally
subst&tutix! U&th onc &0 thrii R» R ls H (C& (p)alkyl.
(C& Cp )haloall'1 I NR& R& I (Cs C&)carbocyclyl, or 5- to
7-mcmbcrixl hcterocyclyl comp»a&ng 1-3 hetcroatoms
selected from N. 0, and S, &vherein the alkyl &s optionally
substituted ivith one to thUI'iy and the carbocyclyl and
heterocyclyl are optionally substituted with one to fbur R»,
Ry &s H. (C,-('»)haloaikyi, or (C,-C,)alkyl optionally sub-
st&tuIcd w&th one to th&ic R&4 Rp is (C,-C»)hydroxyalkyl or
(C&-C»)idkyl opt&onally substitutixl w&th onc to three sub-
st&tucnts each ind»7&endently sclectcd I'rom (C«CS)alkoxy,
(( I ( I )h lloalkoXV ( (0)(( &

( p)all ) I ~ (0)01 I &nil

~'(0)0((',-(: )alkyl. R is I I, ((',-('haloalkyl or (('«
Cp)alkyl optionally substinited with one to three substituents
each independently selected from 4- to 7-membered hetero-
cyclyl compnsing 1-3 hcteroatoms sclccted from N. 0, and
S and C(0)NR«R„, and Rm is phenyl. or 5- or 6-mcm-
bcrcd hcteroaryl compnsu&g 1-3 lu:tcroatoms sclectod from
N, 0, and S, wherein the aryl and heteroaryl are optionally
substituted ivith one to three R„, and R», is phenyl. or 5- or
6-membered heteroaryl comprising 1-3 heteroatoms
selected from N. 0, and S, ivherein the aryl and heteroaryl
are optionally subsmuttxi with one to &luce Rzz.

[ID57J In some embodiments ofthe liormulae above, X, is
I I and X. is II and X, is i Oils . In another embodiment,
X, isHandX,isH,X&is CH, .andRV&sCI inanother
embodiment. X, is H and X, is H. R, is CI. and R4 is H. In
yet another embodiment, X, is H and X, &s H, Xy is
~H&, Rv &s Cl, R4 &s H. Bnd R, w H In another
embodiment, X, is H and X- &s H, XS &s CHS, R &s Cl,
R4 is II, R& is II, and Rs is I I or ((,-('4)alkyl In yet another
embodin&ent, X, is Ii and X, is I I, Xs is ('I lz, RI is ('I,
R4 &s I L R& is I I, Rs is I I or ((,-('4)alkyl. and R, is phenyl,
or 5- or 6-membered heteroaryl comprising 1-3 heteroatoms
selected from N, 0, and S, wherein the aryl and heteroaryl
arc substituted with ~RI» and optionally subst&tutcd w&th

onc to tlui:I: R«. In another embodiment, X, &s H m&d X, is
I I, X, &s (.'I l,, Rp is ('i. R4 is I I. R& &s I I, R, is II or
(( I ( 4)alkyl, R, is phenyl, or 5- or 6-membered hetemaryl
comprising 1-3 heteroatoms selected from N, 0 and S,
v herein the phenyl and heteroaryl are substituted with

OR&p anil option Ills sUbst&'tU'ted w&th iuie 'to three Ri &
anil

R, is H, (C,-C )all yl, (C,-C )haloalkyl, NR, R,... (Cy-
C&)carbocyclyl, or 5- to 7-mcmberixl hetcrocyclyl compr&s-
ing 1-3 heteroatoms selected from N, 0, and sk wherein the
alkyl is optionally substituted with one to four Ri» Bnd the
carbocyclyl and heterocyclyl are optionally substituted ivith
one to four R,s
[0358) In yet another mnboiiimcnt, X, is H and Xz is H. X,
is ~H&, Rp is Cl, R4 is H, R& &s H, Rs is H or
(( I ( 4)alkvl Ri is phenyl, or 5- or 6-membered hetemaryl
cmnprising 1-3 heteroaton&s selected from N, O. and S,
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wherein the phenyl and heteroaryl are substituted with
OR„, and opuonally substilutcd 0 uh one to Ihr'ec Ri I R,

is H, (C,-CB)alkyl, (C»CB)haloalkyl, NR, Ri0 (C,-C,)
carbocyclyl, or 5- to 7-niembered heterocyclyl comprisiag
1-3 heteroatoms selected from N, O. and 5,, tvherein the
alkyl is optionally substituted with one to four R,„. Bnd the
carbocyclyl and heterocyclyl are optionally substituted v.ith
one to four R». and Ry is H. (Ct 0 )haltlalkvl. Or (Ci-Cs)
alkyl opuonally subsntuted with onc 10 IS&el Rid In zuiothcr
mnbotlimcnt. X, is H and X, Is H, X, is ~HB, Rv is Cl,
Rd is I I. R is ll, Rs is I I or (('»('d)alkyl, R, is phenyl, or 5-
or 6-niembered heteroaryl comprising 1-3 heteroatoms
selected from N. 0. and S, wherein the phenyl and het-
eroaryl are substituted with OR„, and optionally substi-
tuted with one to three R» R, is H. (C»C,)alkyl. (Ci Cs)
haloall yl, NR»R». (Cy-C )cdrbociycl I, Or 5- tso

7-member&xi hcterocyclyl compnsing 1-3 hetcroatonw
selected from N, O. and S, wherein the alkyl is optionally
substituted with one to fiiur R,y, and the carbocyclyl and
heterocyclyl are optionally substituted with one to four R»,
R. is 13. (Ci Cs)gal&1 Ilkyl 0& (C I Cs)'111'yl oPtionally sub-
stituted with one to three R,d. and R, is (C,-C,)hydmxyalkyl
0& (Ci Cs)alkyl opnonally substituted with onc to Ilucc
subsutumits each Indepcndcntly selected lrom (C, -C&)
alkoxy, (('»('&)haloalkoxy. W'(0)((:3-('s)alkyl, i C(O)
OI I, and ( (0)O(C»('&)alkyl.

[0359] In yet another enibodiment. X, is I I and Xz is I I. Xy
is ('Hz . R„ is ('» R is 11, R is Jl, R, is JI or
(Ci Cd) tll vl. Ri is phenyl, or 5- or 6-membered heteroaryl
comprising 1-3 heteroatoms selected from N. 0. and S,
whcrcui Ihc phenyl and hetcroaryl arc subsututcd wiIh

OR„, and opuonally substilutcd 0 uh one to Ihr'ec Ri I R,
ls II, ((',-C&)all)'I, (('I-('s)haltzaikyI, NR»R„. (C',-CI)
carbocyclyl, or 5- to 7-niembered heterocyclyl comprisiag
1-3 heteroatoms selected from N, O. and 5,, tvherein the
alkyl is optionally substituted with one to four R, 8 and the
carbocyclyl and heterocyclyl are optionally substituted v.ith
Onc 10 lout Riz R ls H (Ci Cd)RBJ&ialkvl 0& (Ci Cs)dlk)l
optionally subsntutcxI with onc Io tluce R,d, R& Is (C»C&)
hydroxyalkyl or (('»('&)alkyl optionally substituted v ith
one to three substituents each independently selected front
(C,-('3)alkoxy, (0»('&)haloalkoxy, C(0)(C»C&)alkyl,

C(0)OH, and C(0)0(C,-CB)allyl, and R, is H. (C,-
C,)haloallyl. or (C»C,)alkyl optionally substituted with
one Io duce substituents each uidcpmidcntly sclcmted from
4- to 7-membered hctcrocyclyl compnsuig 1-3 hetcroatonw
st Ice(3 tl fl'081 N 0 anil S anil C(0)NR& &Rt

[0360] In another embothmcnu X, is H dnd X- Is H, X, is
('II, R„is 0,. R is II, RI is I I. R is I I or(C'»0 )alkyl,

R, is phenyl. or 5- or 6-menibered heteroaryl comprising 1-3
heteroatoms selected from N. 0, and S, wherein the phenyl
and heteroaryl are substituted with OR„, and optionally
subsututt:il with Onc 10 tlu'cc Rii R Is H (Ci Cs)BIR)1,

(Ct C&)hdloidl yl NRIIRII (Cs-Cy)cdrbocyclyl. or 5- to
7-mcntbercxl hetcrocyclyl compnsing 1-3 hcteroatoms
selected front N, O. and S, wherein the alkyl is optionally
substitmed v ith one to four R,y, and the carbocyclyl and
heterocyclyl are optionally substituted with one to four R»,
Rt is H (Ci Cs)haloalkyl, or (C»C,)all yl optionally sub-
sututrxl with onc Io tlucc R,d, Rs Is (Ci Cs)hvdroxyalkyl or
(C»CB)alkyl opuonally subdsuuistcd wiIh done to Iluec sub-
sulucnts each Indepcndcntly sclccied frum (Ci C&)Blkoxy,
((',-Cs)haloalkoxy, ('(0)(C,-('&)alkyl, i C(0)01 1, and

( (0)0(( I ( 3)'ill )I Rs Is I I (( I ( s)halt1811 I I 01 ((

C,)all yl optionally substituted with one to three substituents
each independently selected from 4- to 7-menibered hetero-
cyclyl comprising 1-3 heteroatoms selected fmm N. 0. and
S anil ~(0)NR&BR&3 Rr Is H (Ct C&)hBloalkyl, or (C,-
C,)all yl optionally substituted with one to three substituents
each uidcpcndcntly selcctcd from 4- Io 7-mcmbcred hetcro-
cyclyl comprising 1-3 heteroatoms selected from N. 0, and
S and ~(0)NRI &R, -, dnt! Riti is phenyl, or 5- or 6-mem-
bered hetemaryl comprising 1-3 heteroatoms selected from
N, 0, and S, whercui Ihe aryl and hcteroaryl arc optionally
substituted with one to three R„, and Ri0 is phenyl. or 5- or
6-membered heteroaryl comprising 1-3 heteroatoms
selected fmm N, 0, and S, v herein the an 1 and hetemaryl
are optionally substituted with one to three Rzz.

[0361] In some embodinients of the Formulae above. X, is
HandX, is H. Xs is CH, .R,isCI. RsisH, R,is H,and
R, is H or methyl. In another embodiment. X, Is H and X,
is H, Rv is CI, Rd is H, R, is H, Rs Is H or methyl, and R,
is phenyl, or 5- or 6-mcntbercxl hctcroaryl compnsuig 1-3
heteroatonis selected from N. O. and ). wherein the phenyl
and hetemaryl are substinited tvith OHIO and optionally
substituted with one to tluee R». In yet another embodi-
ment, X, iS H and Xz iS H, Rs IS CL Rd iS H. RI iS H. Ry ia
H or methyl. R, is phenyl. or 5- or (I-membered heteroaryl
comprising 1-3 hctcroatoms selected from N, 0. mid S,
whcrcin thc phenyl and heteroaryl arc substituted widi
~)gttt and optionally substituted with one to three R» and
Rz is I I, (( I ( t)alkvl (( I ( s)haltIalkyl, NRizR13 (( 3-

C,)carbocyclyl. or 5- to 7-menibered heterocyclyl compris-
ing 1-3 heteroatoms selected fmm N, O„and S, wherein the
alkyl Is optionally substituted ts ith one to four R», and the
carbocyclyl and hetcrocyclyl arc opuonally substituted with
onc to four R».

[0362] In another enibodinient, X, is I I and X, is II, XI is
i Cliz . Rz is ('» Rais Il, RI is II, Rs is Il or methyl, R,
is phenyl. or 5- or 6-menibered heteroaryl comprisin 1-3

heteroatoms selected front N. 0. and S. wherein the phenyl
and hctcroaryl arc subsututrxl with ~RIO and optionally
stlbstluutx! '0 uh Onc 10 Ihrt t Ri I

R la H (Ci C &)8lk) I

(Ct C&)hdloall'1 I NR& Rt I (Cs CI)cdrbocyclyl, or 5- to
7-niembered heterocyclyl comprising 1-3 heteroatoms
selected from N. 0, and S, tvherein the alkyl Is optionally
substituted with one to four R», and the carbocyclyl and
heterocyclyl are optionally substituted with one to iiiur R»,
and Ry Is H, (C,-C )ltaloalkyl. or (C,-C )alkyl oPtionallzy
substituttxl with Onc to tluec R,d. In yct amithcr embodi-
81081, Xt Is H Bnd X Is H Xs Is CH Rv Is Ci Rz is
I I, RI is I I. R, is il or niethyl. R, is phenyl, or 5- or
6-niembered heteroaryl coniprising 1-3 heteroatoins
selected from N. 0, and S, tsherein the phenyl and het-
eroaryl are substituted with ORIO utd optionally substi-
tuted with Onc Io Ilucc R», R„ is H, (C,-C„)alkyl, (C,-C )

haloalkyl, NR, BR, 3, (C,-CI)carbocyclyl, or 5- to
7-mcmbcrtxl hcterocyclyl compnsing 1-3 hetcroatoms
selected from N. 0, and S, tvherein the alkyl Is optionally
substituted tvith one to tbut'iy and the carbocyclyl and
heterocyclyl are optionally substituted with one to iiiur R»,
Ry Is H. (C»('s)haloalkyl, or (C»C,)alkyl oPtionally sub-
stuuIcd with one Io Ihrce Rid dntl Rs Is (Ci Cs)hydroxyalkyl
Or (C»C&)alkyl opuoruilly subsututtxl with one to &luce

substitucnts each indc73cndcntly seltx &cd from (C, -C&)
alkoxy, (( I ( s)haloalkoxy, C(0)(('»('s)alkyl, ~ (0)
OI I Bnd ( (0)0(( I ( s)all yi
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[0363] In another embodiment. X, is H and X, is H. X, &s

CHB, Rv &s C» Rz &s H, Rz is H, Rs &s H or mediyl, R,
is phenyl, or S- or 6-mcmbcred hc&eroaryl compnsing 1-3
heteroatnms selected front N, 0, and S, wherein the phenyl
and hetemaryl are substituted with OR„, and optinnally
substituted with one to three R», R, is H. (C& Cs)alkyl,
(C,-C,)haloall yl. NR„R, » ((:,-Cz)carbocyclyl. or 5- to
7-menibered heterocyclyl comprising 1-3 heterontoms
sclcctcd Ikom N, 0, and S, wherein d&e alkyl is opuonally
substituted with ouc to Ibur R,s, and thc carbocyclyl and
heterocyclyl are optionally substituted with one to four R»,
Rs is II, (('1-(:s)haloalkyl, or ((',-( &)alkyl optionally sub-
stituted tvith one to three R,, Rs is (C,-C&)hydroxynlkyl ol
(C&-Cs)alkyl opt&onally substituted with one to three sub-
stituents each independently selected thorn (C,-(',)alkoxy,
(C,-C )haloalkoxy, C(0)(C,-C„)alkyl, i 0(D)OH, and

C(0)0(C,-CS)alkyl, m&d R„ is&H. (C,-C,)haloalkyl. or
(('&-(:&)aihg I optionally substituted with one to three sub-
stituents each independently selected from 4- to 7-meni-
bered heterocyclyl composing 1-3 heteroatoms selected
from N. 0. and S and C(0)NR&SR&9.

[0364] In yet another embodiment. X, is H and X. is H. Xz
is CH, . Rs is C» Rs is H. Rz is H. R, is H or methyl,
R, ts phenyl, or S- or 6-membcrml hetcroaryl composing 1-3
hcteroatoms selcctcd from N, 0, and S, wherein thc phenyl
and hetemaryl are substituted with ~)RB& and optionally
substitmed w&th one to three 0», Rz is II. (C,-C&)alkyl,
(&:1-('9)haloalkyl, NR& Ri & (( 9 ( z)carbncyclyl. or 5- to
7-membered heterocyclyl comprising 1-3 heterontoms
selected from N, 0. and S, wherein the alkyl is optionally
subsututed with oue to Ihur Rim and d&e carbocyclyl and
hatcrocyclyl are optionnlly subst&tutcd &s &th one to fi&ur R&9,

R, is 11. (( t
( &)haloalkyl, or (( t ( &)Bll'vl optinnally sub-

stituted v ith one to three R,m Rs is (('1 ( s)hydroxyalkyl &1&'('&-(:s)aihg

I optionally substituted with one to three sub-
stituents each independently selected from (C& Cs)'llkoxy,
(C,-C,)haloall oxy. C(0)(C, -C,)all yL C(0)OH, and

C(0)0(C,-C )alkyl, R &s H, (C,-C )haloalkyl. Or (C,-
C&)nlkyl optionally subshtutcd w&th one 1o &luce subs1i&ucnts
each independently selected from 4- to 7-membered hetero-
cyciyl comprising 1-3 heteroatoms selected from N. 0, and
S Bnd ~ (0)NR&&R&9 a&10 Rn& is phenyl, or 5- or 6-meni-
bered heteroaryl comprising 1-3 heteroatoms selected from
N, 0, and S. wherein the aryl and heteroaryl are optionally
subsuhited with onc to thrcc Rzz, and Rip is phenyl. or 5- or
6-member&xi hetcronryl compr&su&g 1-3 hetcroatonm
sclccted from N, 0, and S, whcrcu& the aryl m&d Imteroaryl
are optionally subst&tuted with one to three Rzz

[0365] In some embodiments of the I&or&miles abnve, X,
and X, together w&th the carbon atom to which they are
attached fom& (0). Xs is CH& . R„ is CL and Rs and
Rs together it ith the atoms to which they are attached fomi

S- to 7-membcrcd hetcrocyclyl ung composing 1-3 hct-
croatoms sel tx &cd from N, 0. and S. In m&0 d&er emboduueut,
X, mul X, together w&th the carbon aiom to whwh they arc
attached form (0), X& is ~'I le . Rv is ('I, R& and Rs
together with the atoms to which they are attached fnrm a 5-
to 7-menibered hetemcyclyl ring comprising 1-3 heteroa-
toms selected from N. 0, and S, and R, is H. In yet another
cmbodimcnt, X, and Xz together wi&h thc carbon a1om 10

winch they are attached Ibnu (0). X, &s CH, . R9 &s

Cl. R, and R» togc&her w&th thc atoms to wluch they are
attached fnun a 5- to 7-membered heterocyclyl ring con&-

prising 1-3 heteroatoms selected from N, 0, and S. R& is I I,

and R, is H or (C&-Cs)alkyl. In another embodiment, X, and
Xz loge&hcr 0 &th thc cn& bon i&loni 10 wh&ch thcv Brc auachcx!
fi&rm (0), Xs is CH- . R9 &s Cl, R& nnd Rs together
with the atoms to tvhich they are attached forn& a 5- to
7-niembered heterocyciyl ring comprising 1-3 heteroatoins
selected from N. 0, and S, R, is IL R, is H or (C&-CS)alkyl,
and R, is phenyl. or 5- or 6-niembered heteroaryl comprising
1-3 heteroatoms selected front N. 0. and S, ~herein the
phenyl and hcteroaryl are subst&tutcd w&th ~R&&, and
ophonall) silbstllulc&! wnb ont 10 thrct Ri 1

[0366] In another embodiment. X, and Xz together w&th

the carbon atnm to which they are attached form (0), X,
is (3 le, Rv is Cl. Rs and Rs together with the atoms to
v hich they are attached tbrm a 5- to 7-membered hetero-
cyclyl ring comprising 1-3 heteroatoms selected from N. 0,
and S. R, is H, R, is H or (C&-CS)alkyl, R, is phenyl, or 5-
or 6-mcmbcred hctcroaryl comp»a&ng 1-3 hcteroatoms
sclectcd Ikom N, 0, and S, whcrcin the phenyl and hct-
eroaryl are substituted &vith ~)R&0 and opt&onally substi-
hited with one to three Ri Bnd Rz &S I I (( 1

( 9)alkyl,
(( 1

( &)haloalkyl, NR&&R&z (( 9 ('9)carbocyclvl. or 5- to
7-membered heterocyclyl con&pnsin 1-3 heteroatoms
selected from N, 0. and S, wherein the alkyl is optionally
subst&tutcd w&th onc to four Rm, aud thc carbocyclyl and
he& crocyclyl are optionally su batt tu1 &xi with onc to four R,9.
In yet another embodiment. X. and X, together with the
carbnn atnm to which they are attached form (0), X& is
~1IC, Rz is ('» Rs and Rs together w&th the atoms to
v hich they are attached fomi a 5- to 7-membered hetero-
cyclyl ring comprising 1-3 heteroatoms selected from N. 0,
and S. R is H, Rs &s H o&'C& Cs)alkyl, R, &s phenyl, or 5-
or 6-mcmbcred hctcroaryl comp»a&ng 1-3 hcteroatoms
selected from N, 0, and S, wherein the phenyl and het-
eroaryl are substituted &vith ~)R&t& B&ld opt&onally substi-
hited v'ith one tn three R», R is II, (&'&-&'e)alkyl (& 1 « )
halonlkyL NR&&R& (C,-C,)carbocyclyl, or 5- to
7-membered heterocyclyl con&pnsin 1-3 heteroatoms
selcctcd from N, 0, and S, whercu& the alkyl &s optionally
subst&tutcd w&th onc to four Rtn aud thc carbocyclyl and
heterocyclyl are nptionaily substituted with one to fotil R&9,
'l&ld Rs is (0,-(.',)hydroxyalkyl nr ((',-(',)alkyl optionally
substituted v;ith nne to three substituents each independently
selected from (C,-C,)alkoxy. (Ci Cs)haloall oxy. ('(0)
(Ci Cs)alkyl. C(0)OH, and C(0)0(C,-C,)alkyl.
[0367] In another embodiment, X„and X, together with
the carbon atom to v,hie& they are auached form (0), Xz
is CH&, Rs is Cl. Rs mtd Rz togcthcr w&th thc atoms to
wh&ch they arc attached Ihm& a 5- to 7-&uc&aber&xi hctero-
cyclyl ring comprising 1-3 heteroatoms selected from N. 0,
a&ld S, Ri is I I. R, is I I or (( 1

( s) lllod Ri 'ls pl'&ca)i 0& 5-
or 6-membered heteroaryl comp»sin 1-3 heteroatoms
selected from N. 0, and S, &&herein the phenyl and het-
croaryl arc subsntutcd with ~R&0 Bnd opuonally substi-
tuted w&th onc to &luce R» R- is H, (C,-CS)alkyl, (C,-CB)
haloalkyl, NR,BR,&, (C,-C&)carbocyclyl, or 5- to
7-niembered heterocyclyl cnmprising 1-3 heteroatoms
selected from N. 0, and S, &vherein the alkyl &s optionally
subst&tuted with one to four Rim and the carbocyclyl and
heterocyclyl are optionally substituted with one to ii&ur R»,
R ts (C,-C )hydroxyallyl or (C,-C„)alkyl opt&o&wily sub-
stuu1cd w&th onc to &luce substituents each indcpcndcntly
sclectcd Irom (C,-C&)alkoxy. (C,-C&)halonlkoxy. ~(0)
(( 1

( &)alkyL i C(0)OII. and W'(0)0(('1-('9)alkyl, and
Rs 1s I L (( 1 ( s)h iioalkyi or (( 1

( 9)'ill ) I 0Pt&onallv siib
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stituted with one to tttfee substituents each independently
sclccted from 4- to 7-membcrcd hetcrocyclyl compnsing 1-3
hetcroatoms selcctcd from N, 0. and S and C(0)NR&9R&7.

[t)368] In yet another enibodiment. X, and X, together
with die carbon atom to which they are attached form (0),
Xy is CHz, Rg is C» Ry and Rd together with the atoms
to Vvhich they arc auachcxt I'onn a S- to 7-membcrcd het-
crocyclyl nng compnsing 1-3 hetcromoms sclcmted I)om N,
0, and S, Rz is H, R, is H or (C, -Cd)alkyl, R, is phenyl, or
5- or 6-membered hetemaryl comprising 1-3 heteroatoms
selected from N. 0, and S. wherein the phenyl and het-
eroaryl are substituted v ith OR„, and optionally substi-
nited with one to three R». R, is H. (C,-C,)alkyl. (Ci Cs)
luiloalkyl. NR,zR,, (Cy-C7)carbocyclyl, Or S- to
7-mnubercxt hetcrocyclyl compnsing 1-3 hcteroatonw
sclcctcd I)om N, 0, and S, wherein die alkyl is opuonally
substitmed v ith one to four R,y, and the carbocyclyl and
heterocyclyl are optionally substituted with one to four lt»,
Rs is (C,-C,)hydroxyalkyl or (C&-C„)alkyl optionally sub-
stituted with one to tttfee substituents each independently
sclccted from (C,-Cs)alkoxy, (C,-Cd)haloalkoxy. ~(0)
(C,-C&)alkyl, ~(0)OH, and ~(0)0(C, -Cs)alkyl. Rs is
H, (C,-Cd)luiloalkyl, or (C,-C,)alkyl optioiially subshiutcd
with one to three yubstituenty each independently selected
fmm 4- to 7-membered heterocyclyl comprising 1-3 het-
eroatoms selected from N. 0. and S and C(0)NR,sR&7,
anci Rip is phenyl„or 5- or 6-membered heteroaryl comp»s-
ing 1-3 heteroatoms sclectcd from N, 0, mid S. whereui thc
dr)i and hctcroaryl are optionally subsntuted v,1th one to
tin ca Rzz, and R„, is phenyl, or 5-or 6-membered heteroaryl
comprisiim 1-3 heteroatoms selected fnim N. 0. and S,
wherein the aryl and hetemaryl are optionally substituted
with one to three R,
[0369] In some mnboduncnts of thc Foun»inc aboic, X,
dnd X- together with Ihc carbon atom to winch they arc
attached form (0), X, is ~'Ilz . Rv is ('I, IC, and ltd
together with the atomy to which they are attached form a 5-
to 7-menibered hetemcyclyl ring comprising 1-3 heteroa-
toms selected from N. 0. and S, R, is H, and R, is H or
methyl. In another embodiment. X. and Xz together with the
carbon atom to which they arc ahachcxl fiirm (0), X, is

CHz, Rv is Cl, R, aud Rd together with tlm atoms to
which they are attached fiirm a 5- to 7-membered hetero-
cyclyl ring comprising 1-3 heteroatoms selected from N. 0,
and S, R, is I I, Ity is I I or methyl, and tt& iy phenyl, or 5- or
6-menibered hetemaryl comprising 1-3 heteroatoms
selected from N. 0, and S. wherein the phenyl and het-
crodryl are substituted with ~R&o and optionally substi-
tutcxt yyttll Oil&: hi till'Ci: R3

[11370J In yet another embodiment. X, and X, together
ivith the carbon atom to which they are attached fomi (0),
Xy is C:Hz . R, is CI. Ry and Rd together with the atoms
to which they arc ahachixl Sinn a 5- to 7-mmnbered hct-
crocyclyl nng compnsing 1-3 hcteroatoms sclcctcd from N,
0, anti S. R is H, Ry is H ormcthyL R, is phmiyl, or 5-or
6-membered heteroaryl comprising, 1-3 heteroatomy
selected from N. 0, and S. wherein the phenyl and het-
eroaryl are substituted yyith OR„, and optionally substi-
tuted ivith one to tttfee R». and R, iy H, (Ci-C&)alkyl,
(C,-C )hdloalkyl, NR, R,... (Cy-C )carboc clyil. or 5- to
7-member&xi hcterocyclyl compnsing 1-3 hetcroatonw
sclccted from N, 0. and S, yyhcrcin thc alkyl is optionally
substituted with one to fiiur IC&s, and the carbocyclyl and
heterocyclyl are optionally substituted with one to four R».

Ill a&luther embodiment, Xi Illd X, together with the carbon
atom to wluch they are attached form (0). X, is CH,
Ry is C „, Rs and Rd togcthcr 33 ith thc atoms to wluch they are
attached form a 5- to 7-niembered heterocyclyl nng com-
prising 1-3 heteroatoms selected from N, O. and S, Rz is I I,

R, is H or methyl, R, is phenyl„or 5- or 6-membered
heteroaryl comprisin 1-3 heteroatoms selected from N, 0,
and S, wherein the phenyl and hetemaryl are substituted
wi1h OR&9 and optionally substituted with oue to tluce R»
R is H (C3 C&)all VI (C3 C&)tldloall yl NR3 R3 3 (Ci-
('7)carbocyclyl, or 5- to 7-membered hetemcyclyl compris-
ing 1-3 heteroatoms selected from N, 0, and ). wherein the
alkyl is optionally substituted ivith one to four Ri u and the
carbocyclyl and heterocyclyl are optionally substituted with
one to four Riy aucl Ry is (Ci 6 s)liiclfoxyalkyl of (Ci Cs)
alkyl optionally substituted with ouc to tluce substituen1s
each ind&33endently sctccgcd from (C&-C&)alkoxy. (C] C&)
haloalkoxy, C(0)((:,-( &)alkyl. A'(0)OI I. and A'(0)0
((»-Cs)alkyl
[I)371 J In another embodiment. X, and X, together ivith
the carbon atom to ivhich they are attached form (0), Xs
is CH,, Rv is CI, R, and Ry together with the atoms to
which they are attached form a 5- to 7-membered hetero-
cyclyl ruig compnsing 1-3 hetcroatoms sclectcd from N. 0.
and S. R, is H, Rs is H or methyl, R, m phenyl, or 5- or
6-niembered heteroaryl comprising 1-3 heteroatoms
selected froin N, 0, and S. v herein the phenyl and het-
eromyl are substihited with ~)ttz&3 and optionally substi-
tuted with one to tluee R», R, is H, (Ci Cd)altyl (Ci Cs)
haloall yl. NR& R&3 (C,-C,)carbocyclyl, or 5- to
7-member&xi hetcrocyclyl compnsing 1-3 hcteroatoms
sclectcd from N, 0. and S, yy herein thc alkyl is optionally
substituted with one to four Ris llld the carbocyclyl and
heterocyclyl are optionally substituted ivith one to four It&9,

R&, 19 (( 1
( 9)hydroxyalkyt or ((:3-('&)allot optionally sub-

stituted v,ith one to three substituents each independently
selected from (C',-C,)alkoxy. (Ci Cs)tint&1 Ilkoxy. C(0)
(C,-C,)illk)'l. M(0)OH, illld M(O)0(C,-C )alkyL and
R is H, (C,-CB)halodlkyl, or (C,-Cd)alkyl optionally sub-
stituted with one to three substituents each independently
selected from 4- to 7-membered heterocyclyl composing 1-3
heteroatonis selected from N. 0, and S and C(O)NR,9R,7
[I)372] In yet another embodiment, X, and Xz together
v ith the carbon atom to which they are attached fomi (0),
Xy is CH, . Ry is C» R, and Rd together with the atoms
to yytuch they are attached form a 5- to 7-mcmbercd hct-
erocyclyl nng compnsuig 1-3 hctcroatoms sclcctcd from N,
0, and S, Rz is H, Rs is H or methyl, R, is phenyl, or 5- or
6-niembered heteroaryl coniprising 1-3 heteroatoiny
selected from N, 0, and S, wherein the phenyl and het-
eroaryl are substituted with OR„, and optionally yubsti-
nited v ith one to tluee R», R, is H. (Ci Cs) ilkyl (C '1 Cs)
llaloB11 Vl NR&zR& (C,-C7)carbocyclyl, or 5- to
7-mcmbcrixl hcterocyclyl compnsing 1-3 hetcroatoms
selcctcd from N, 0, and S, whercui the alkyl is optionally
substituted ivith one to tbul't&3 and the carbocyclyl and
heterocyclyl are optionally substituted with one to four R,z,
R, is (C,-C,)hydroxyalkyl or (C,-C,)alkyl optionally sub-
stituted ivith one to three substituents each independently
sclectcd Irolll (Ci Cs)dlkox) (Ci Cs)tldloall oxy. ~(0)
(C,-CB)alkyl. C(0)OH. and ~(0)0(C3-C&)alkyl, Rs is
H, (C,-CB)haloalkyl, or (C,-Cs)alkyl optionally substttutcxt
with one to three substituents each independently selected
from 4- to 7-membered heterocyclyl comprising 1-3 het-
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eroatoms selected from N. 0, and S and C(0)NRI&R&7,
and Rto Is phenyl, or 5- or 6-membered hcteroaryl compos-
ing 1-3 heteroatonw selcctcd from N. 0, mid S. whercui the
aryl and heteroaryl are optionally substituted with one to
three ltzz.
[0373] In sonic embodiments of the l&onnulae above. Xi is
H and X, is Ih Xs is CHS, R, is Cl. and R, Bnd R
together iyith the atoms to which they are attached form B 5-
to 7-mcmbertxl lmtcrocyclyl ring comprismg 1-3 hcteroa-
toms scl&mted I'rom N, 0, tmd S. In another embodunent, X,
is H and X, is H, Xi Is ~HS, Rv Is Cl. R, Imd Rz together
with the atoms to which they are attached form a 5- to
7-membered heterocyclyl ring comprising 1-3 heteroatoms
selected from N. 0. and S, and R, is H. In yet another
embodiment. X, is H and X, is H. X, is CH, . R, is Cl,
R„and R& togcthcr with thc atoms to wluch they arc attached
form B 5- to 7-mcmbcrtxl hcterocyclyl nng compusuig 1-3
hetcroatoms sclccted from N, 0. mid S, Rz is H, and Rs is H
or (('I-(:z)alky) In another embodiment, X, is I I and X, Is

I I, X» is ~'I la, Rv is ('1. Ri and Rz together v ith the
atoms to which they are attached fomi a 5- to 7-membered
heterocyclyl ring comprising 1-3 heteroatoms selected from
N, 0, and S, Rz Is H, R, m H or (Ct C&)alkyl, mid R, is
phenyl, or 5- or 6-mcmbercd hetcroaryl compnsing 1-3
hcteroatoms selcctcd from N, 0, and S, wherein thc phenyl
and hetemaryl are substituted with ~))tt&t and optionally
substitmed tvith one to three R».
[t)374] In another embodiment. X, is I I and Xz is Ii. Xi is

CH, „R, is CI, Rs and R, together with the atoms to
which they are attached form a 5- to 7-membered hetero-
cyclyl ring composing 1-3 hetcroatoms selected from N. 0,
and S. Rz is H, Rs Is H or (Ct Cz)alkyl Rt is phenyl, or 5-
or 6-membered heteroaryl comprising 1-3 heteroatoms
selected from N. 0, and S. wherein the phenyl and het-
eroaryl are substituted with ~)Ritz and optititiaily substi-
nited with one to three R». and R, is H. (Ci Cs)alkyl,
(C,-C,)haloall yl. NR„R,7, (C,-C,)carbocyclyl. &ir 5- to
7-me&tiber&xi hetcrocyclyl compnsing 1-3 hcteroatoms
sclcctcd Ibom N, 0, and S, wherein die alkyl is opuonally
substitmed v ith one to four Ris and the carbocyclyl and
heterocyclyl are optionally substituted with one to four lt».
[t)375] In yet another enibodiment. X, is I I and Xz is I I. Xi
is CH. „R„ is C,„R, and R& to ether with the Stoma to
which they are attached form a 5- to 7-membered hetero-
cyclyl ring comprising 1-3 heteroatoms selected from N. 0,
and S. Rz is H, Rs Is H or (Ct Cz)alkyl Rt is phenyl, or 5-
or 6-mmnbercd hetcroaryl composing 1-3 hetcroatonw
selected from N. 0, and S. wherein the phenyl and het-
eroaryl are substituted with ~)Ritz and optititiaily substi-
nited with one to three R». R. is H. (C,-C,)alkyl. (Ci Cs)
haloalkyl, NR„R,S (CtfC,)carbocyc)~y). or 5- to
7-menibered heterocyclyl comprising 1-3 heteroatoms
sclcctcd Ibom N, 0, and S, wherein die alkyl is opuonally
substituted with onc to Ihur R,s, and thc carbocyclyl and
heterocyclyl are optionally substituted with one to four lt»,
and R& is (C,-C&)hydroxyalkwl or (( I 6 7) llkpyl optionally
substituted with one to tliree substituents each independently
selected from (C,-C,)alkoxy, (CI-C,)ha)oa)koxy. C(0)
(C,-C,)allvy. C(0)OH, and C(0)0(C,-C,)B)ky).
[0376] In another mnbodimcnt, X, is H an&1 X, is H, X, Is

CHS, Rv Is Cl, R, and Rz together with tlm atoms to
winch they arc Buachcd Ibrm a 5- to 7-member&xi hetcro-
cyclyl ring comprising 1-3 heteroatoms selected from N. 0,
and S. Ii, is I I, Itz is I I or (CI-('B)alkyl, R, is phenyl, or 5-

or di-membered heteroaryl comprising 1-3 heteroatoms
selected froin N, 0, and S. v herein the phenyl and het-
eroaryl are substituted with OR&el&id optionally substi-
tuted with onc to thrtc Rit R is H, (C,-C&)alkyl (Ci C&)
haloall yl. NR„R». (C,-C,)carbocyclyl, or 5- to
7-mcmbcrtxl hcterocyclyl composing 1-3 hetcroatoms
selected from N, 0. and S, tvherein the alk31 is optionally
silbstitiit&xl wltll ollt to Iolll'is Blld the carbocyclyl and
heterocyclyl are optionally substituted with one to four R,z,
Rs ls (Ci Cs)llydroxyalkyl ol'Ci Cs)all yl optloilally silb-
stituted with one to three substituents each independently
selected from (C,-C,)alkoxy. (Ci Cs)haloall oxy. ) '(0)
(( t ( &)alkyl, A'(0)01 I, and i C(0)0(t', -Cs)alkyl, and
lt» Is II, ((:IBC„)ha)oa)ky), or (CI-(:s)alkyl optionally sub-
stituted with one to three substituents each independently
selected from 4- to 7-menibered heterocyclyl comprising 1-3
heteroatoms selected from N. 0, and S and C(0)NR„R&7.

[0377] In yet another cmbodimcnt, X, is H and X, is H, Xs
is CHS, Rv Is C» R, and R» together with thc atoms to
v hich they are attached tiirm a 5- to 7-membered hetero-
cyclyl ring comprising 1-3 heteroatoms selected from N 0,
and S. Rz is H, R, is H or (CI-CB)a)ky). R, is phenyl, or 5-or
6-membered heteroaryl comprising 1-3 heteroatoms
selected from N. 0, and S. I&herein the phenyl and het-
eroaryl arc subsututed with ~RI&t Bnd opuonally subsu-
tutcd with onc to thrtc Rit R is H, (C,-C&)alkyl (Ci C&)
haloalkyl, Nlit Slit I (( I ( )carbocyclyl, or 5- to
7-niembered heterocyclyl composing 1-3 heteroatoins
selected from N, 0. and S, wherein the alkyl is optionally
substituted with one to four Rm„and the carbocyclyl and
heterocyclyl are optionally substituted with one to four Rim
R& Is (C,-C&)hvdroxvalkvl or (C,-C&)alkyl optionallv sub-
stituted Ssith onc to tluec substitucnts each independently
selected from (CtiC&)alkoxy. (CI-(:&)haloalkoxy. ~ (0)
(( I ( s)alkyl, C(0)OI I. and ~'(O)O(( I I s)alk3 I Its is
H (Ci Cs)ital oalkyl, or (C, -C&)alkyl optionally substituted
v ith one to tluee substinients each independently selected
from 4- to 7-membered heterocyclyl comprising 1-3 het-
I IOBIOIIIS SCI&C&Cd froili N 0 illld S Slid C(0)NRi &Ri I
and R„, is phenyl, or 5- or 6-membcrcd hetcroaryl compris-
ing 1-3 heteroatoms selected from N, 0, and &k wherein the
aryl and heteroaryl are optionally substituted with one to
three R„.

[0378] In some embodiments of the Fornudae above, X, is
H andX, is H. X, is CH, . Rz is Cl, R, and Rz together
with thc atoms to which they arc attached Iorm a 5- to
7-membcr&d hctcrocyclyl ring composing 1-3 hcteroatoms
selected from N. 0. and S, ltz is I I. Its Is I I or methyl, and
R, Is phenyl, or 5- or 6-membered hetemaryl comprising 1-3
heteroatoms selected from N. 0. and S. wherein the aryl and
heteroaryl are substituted with OR„, and optionally sub-
stituted with onc to tll&CC Rii Iil allo)lit I I mbodllllt Il'I Xi Is
H and Xz is H, Rv Is Cl, Rt and R& together with thc at&11115

to wluch they arc attached Ibrm a 5- to 7-mmnbcrcd het-
erocyclyl ring comprising 1-3 heteroatoms selected fnim N,
0, and S, Ri is I I, Its is I I or niethyl. lit is phenyl, or 5- til'-memberedheteroaryl comprising 1-3 heteroatoms
selected from N. 0, and S, i&herein the Bryl and heteroaryl
are substituted witll ~RI&7 and optionally substituted widi
on& ui tllrtm Rtt Bild R Is H (Ci Cs)alkyl (Ct C&)ha-
loalkyl. NR„,R„„(C -Cz)carbocyiclyl, or 5- to 7-nsiem-

bered heterocyclyl comprising, 1-3 heteroatoms selected
from N, 0, and S, ivherein the alkyl is optionally substituted
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with one to four R„„and the carbocyclyl and hetemcyclyl
BI'c opttollilllv silbstltuti:il Willi oil&'&1 loill Riw
[t)379] In yet another enibodiment. X, is I I and Xz is I I. Xi
is i Cl lz, ifv is ('i Ri mid R» together with the atonts to
which they are attached form a 5- to 7-membered hetero-
cyclyl ring comprising 1-3 heteroatoms selected from N. 0,
and S. Rz is H, Rs is H or methyl, R, is phenyl, or 5- or
6-mcmber&xl hetcroaryl compnsuig 1-3 hetcroatonw
sclccted from N, 0, and S, whcrcui the aryl mid lmteroaryl
are substituted with OR», and optic&wily substituted v ith
one to three 8», Rz is I I. (C&»C&)alkyl, (( i 6 s)llBloalkyl,

NR,BR». (CB-C,)carbocyclyl, or 5- to 7-membered het-
erocyclyl comprisin 1-3 heteroatoms selected from N. 0,
»nd S. wherein thc alkyl is optionally subsutu ted with one to
four R, „, and the carbocyclyl Bnd hetcrocyclyl arc opuonally
substituted with one to four R, v, and R& is (C, -C&)hydroxy-
alkyl or (0, 4 &)alkyl optionally substituted with one to tliree
substitnents each independently selected from (Ci-0»)
alkoxy, (C,-C,)haloalkoxy. C(0)(C,-CB)a)ky). C(0)
OH, and C(0)0(C, -C,)all yl.

[0380] In another mnbodimcnt, X, is H and Xz is H, Xi is
CI I,, Rv is ('I, R, and R» together with the stunts to

which they are attached forni a 5- to 7-inembered hetero-
cyclyl ring comprising 1-3 heteroatoms selected from N. 0,
and S, R, is H„R, is H or methyl, R, is phenyl, or 5- or
6-membered hetemaryl comprisiitg 1-3 heteroatoms
sclccted from N, 0, and S, whcrcui the aryl mid lmteroaryl
arc substituted with ~R, „, and optionally substituted with
one to three 8», R, is I I. ((, ( &)alkyl, ((, 6 &)llBloalkyl,

NR,BR». (CBX',)carbocyclyl, or 5- to 7-membered het-
erocyclyl comprisin 1-3 heteroatoms selected from N. 0,
and S. wherein the alkyl is optionally substituted with one to
four R,s and the carbocyclyl and heterocyclyl are optionally
substituted with one to four Rig R» is (C,-C»)hydroxyalkyl
or (C,-C&)alkyl optionally substituted with onc to tlucc
substitnents each independently selected from ((:, »0&)
alkoxy, (0&-('»)haloalkoxy. W'(0)(C&»C„)alkyl, W'(0)
OH alta C(0)0(C& C»)ilkvl, Bird Rs is H (Ci Cs)li i-

loalkyl. or (C,-C„)alkyl optionally substituted with one to
three substituents each independently selected from 4- to
7-mcmber&xl hcterocyclyl composing 1-3 hetcroatonw
s& Icctl 8 fl'oils N 0 Bild S alla C(0)NR] &R]

[t)381] In another embodiment, X, is I I and X, is I I. Xi is
CH. „R„ is CI, Rs and R» together with the atoms to

which they are attached form a 5- to 7-membered hetero-
cyclyl ring composing 1-3 hetcroatoms selected from N. 0,
and S. Rz is H, R, is H or methyl, R, is phenyl, or 5- or
6-mcmber&xl hetcroaryl compnsuig 1-3 hetcroatonw
selected fmm N, 0, and S, wherein the aryl and heteroaryl
are substituted with OR», and optic&wily substituted v ith
one to tluee R», R, is H. (C,-CB)a)l yL (C,-C,)halonlkyl,

NR&zR&v (C„-C,)carbocyclyl, or 5- to 7-membered het-
crocyclyl compnsing 1-3 hcteroatoms scl&mted from N, 0,
»nd S. wherein thc alkyl is optionally subsutu ted with one to
four R, „, and the carbocyclyl Bnd hetcrocyclyl arc opuonally
substitmed ivith one to four R„i, R& is (0&-Cs)hydmxyalkyl
or (Ci-Ca)alkyl optionally substituted with one to tliree
substituents each independently selected from (C,-C,)
alkoxy, (C,-C,)haloalkoxy. C(0)(C, -C,)a)ky). C(0)
OH, illld ~(0)0(C& C»)all)L Rs Is H (Ci C»)llzlloBlkyi,
or (C„-C&)alkyl optionally substituted with one to three
subsutumits each indepcndcntly selected lbom 4- to 7-mem-
bered heterocyclyl compnsing 1-3 heteroatoms selected
fmm N. 0. and S arid ~ (0)NR&»R& . and Rn, is phenyl,

or 5- or 6-membered heteroaryl comprising 1-3 heteroatoms
sclectcd from N, 0, »nd S, wherein the aryl tmd hcteroaryl
are optionally subsmuttxl with one to tluce R„.
[l)382J In another embodiment. X, and X, together ivith
the carbon atom to which they are attached fomt (0), Xs
is CH,, R, is CI, Rz and R» together with the atoms to
which they arc attached Ihmi a 5- to 7-mcmber&x) hctero-
cyclyl ring composing 1-3 hcteroatonw selcctcd from N, 0,
and S. Rz is H. Rs is H or methyl, R, is phenyl subsutut&xI
with ~)I&i&, and optionally substituted with one to three
R», Rz is ((.'i (»)alkyl, or (CBX z)carbocyclyl. wherein the
alkyl is optionally substituted it ith one to four Ri u and the
carbocyclyi is optionally substituted with one to four R,v R,
is (C,-C»)hydroxyalkyl. Rs is (Ci C») Ilkyl optionally sub-
stituted with onc to tluec substitucnts each independently
selcctcd Irom 4- to 7-membcrcd hctcrocyclyl compnsuig 1-3
heteroatoins selected from N. 0, and S and C(0)NR,»R,B,
and Rm is phenyl are substituted with one to three Rzz

I:mbodiment I

[0383] A compound according to Fomtula (I).

Entbodiment 2

[0384] The compound according to Embodiment I,
wherein R» is 11 or (C,X &)alkyl

Embodiment 3

[0385] The compound accordin to Embodiment I or 2,
v herein R» is H.

Embodiment 4

[0386] Thc compound»ccording to Embodiment l.
v herein R, and R» together with the atoms to which they are
attached form a 5- to 7-membered heterocyclyl ring com-
prisuig 1-3 heteroatonts selected from N„O, and S.

I:mbodiment 5

[0387] Thc compound according to Embodiment I or 3.
wherein R, and R» together with thc atoms to wluch they arc
attached I'orm a 6-membcrcd hetcrocyclyl nng compnsuig
1-3 heteroatoms selected from N. 0. and 8

Embodiment 6

[0388] The compound according to any one of Embodi-
ments 1-5. v,herein R, is H or (C,-C,)alkyl.

Entbodiment 7

[0389] The compound according to any onc ol'mbodi-
ments 1-6, wherein Rs is (0, X»)alkyl

I:mbodiment 8

[l)390J 1)ie compound according to any one of l&mbodi-
ments 1-7, v;herein R, is I I or (Ci ( s)'ill )i

Embodiment 9

[I)391J 1)ie compound according to any one of l&mbodi-
ments 1-8, wherein R, is (C,X &)alkyl
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Embodiment 10

[0392] The compound according to any one of Embodi-
ments 1-9, wherein Rn is halogen.

Embodiment 11

[0393] The compound according to any one of Embodi-
ments 1-10. wherein R, is chloro.

Embodiment 12

[0394] The compound according to any one of Embodi-
nicnls 1-11. wherein R, Is (CI Ca)alkyl opltormlly substt-
tulixl with onc lo tluco subsuluents tach uidependently
ac]ected Ibom (C,-C7)carbocyclyl, 4- lo 7-mcmbcred het-
erocyclyl comprising 1-3 heteroatoms selected from N, Ch

and S, NR„RI7 anil ~ (O)NRIIRI7.

Embodiment 13

[0395J ']he compound according to any one of Itmbodi-
ments 1-12. wherein R, is (C,-C,)alkyl.

Embodiment 14

[0396] The compound accordutg to Embodiment 1. having
a Itonmda (la). I'orniula (Ib), Itonnuhs (Ic)„ lrornntla (Id),
Itonnu]a (le). Itormula (If). Itornntla (Ig)„ lrormula (Ih). or
Fomnila (h).

Embodiment 15

[0397] The compound accordin to any one of Embodi-
menls ]-14, whcrcln R. is phenyl substituted with ~RIo
and optionally substituted with one lo thrcc R».

Emboduncnt ]6

[0398] Thc compound according to any onc ol'mbodi-
ments 1-14, whcrcin R, is pyndtnyl subsututed with ~Rttt
and options]ly substituted with one to three R»

Embodiment 17

[0399J The con)pound according to I tnlbodiment I, having
a Itonmda (Ij), Formula (Ik), Irormula (Im). or Itormula (Io),
wherein x is 0, l. or 2

Embodiment lg

[0400] The compound according to any onc ol'Embodi-
ments 1-17. wherein Rm is phenyl substituted with one to
three Rzz.

Emboduncnt 19

[0401] The compound according to any onc ol'Embodi-
ments 1-17, (vherein R „, is pyridinyl substituted w ith one to
three Rzz.

Emboduncnt 20

[0402J I he compound (('md) according to I:mbodiment I

selected from:

I ISR, 7(, litS. ISRI-6-i4- hiero-2-(4-(I-ntcth!1-2-ipyrroltdut-l-yltncthylt.)H-tmtdtzol-
-vl)pltcnoxy)benzyll-13-(4- hl» I cnz li-Itt-ihydroxyntctl«l)-7-mcthvl-3-Ipyndun

2, lmethvl) I 6 9.1 tetraazab telo [I I I I]hepusdecane,( (.8.) I tetraone,
S.7S,108.13106!4 bl « '4(2 lilm (bib olm ttvl) I nnyl lu

m de I y I)ph o 3)b«vli t. (4cbl » b wvl) 0) ( nn»«nv)) 7 thy)
. -(".2, -tntiuoroethll)-1,6,9.1 -tcttaazabic le[11 3 l]hcptadcnutc- .(.tl,ll-
telt aotte.
2 (((3R 7S lt!S' IR! 6 14 chlom (4!2 i(d meth, lanuno)methyl) I meth, I IH

oi y I)pb r yi 6 0 oml Of! I i4 ll «b arvl) 10 0 th I thy))
, 12-dnttcthvl- . 8.1 l-tcttaoxo-l.b,v 12-tetr:tazabt yclo[l1 3 l]hcptadecan-3-
yliatethvl)pyndtrte l-oxtdc.

4 ('IR 7S 1(IR 13R) 6 (4 eh)ore 2 14 ( (!d metlvl»n nolmerh I) I methyl IH
m de I y I)ph o 3)b«vli t. (4cbl » b wvl) 0) ( nn»«nv)) 7 thy)

(!6 m ttvlpi wn rut thy() 1691 I I .. rab *v*1 (11 31]bpt
o.8. 0 tctraottc

7R l(IS 13R) 6 (4 eh)ore 2 14 ( (!cy I butylanuno!methyl) I merhyl IH
un dazol ylhthen xv! 6 fluombenz I) 13 (4 chlombenzyl) 10 (hydroxymeth, I) 7

Ib I ',, I rflum Ityt) I.i 9.1 I Ir:.. bi I ill 1]h ptml *m

6.8.) l-tctraonc,
6 ISS, 7S. )ttS. )SR)-6-(2-(4-1 -(itctt-I utvl»nuto)ntcthvl)-I-methyl-IH-untdtzol-6-

tflphenox ) 4 chlotobenzyl) 13 14 hlotobenzyn 1(t (methox meth I) 7 methyl 'I

(2., I li mto tbyl) I 6') Iz I m;m 6*v I (11. 1]b ptnl at 2.,811
I I.o

7 ISS, 7(. )ItS. ISRI-6-i4- hiero-2-(4-14i(itntethi lnnuto)rncthyl)- -ntetl»l-IH-
un dazol I 3lhthen xv!bertzyl) 13 14 him benzyl) I I(S! .3 i h, dro IH nden I

yll ltt (hydtmymethvl! 7 tneth, I 1691 rerraaz(1 vela[it 'I l]heptade ane
.'7,8.11 I m n,

8 ISS, 7S. )ttS. )SRI-6-(4- hloro-2-ii6-(2-i(duncth Innino)tncthyl)-I-a(ethyl-IH-
nnidazol-o-apviiduvs-ylloxv t-6-tiuor benz! li-I -i4 chlorobenzyfl-10-
(methox methyll 7 meth I ',, tntluoroerhyl) I 69 12

tctraazabtcy Io[l I
" 1]hcpttdccancdnb.tl.ll-tctrannc,

9 (sb 7R IllS 13R) 6 (4 eh)ore 2 14 ( (!d methvlarnutolmerhyl) I methyl IH
unidazol-o-vl)phenoxy)bcnzyll-I 3-(4-chlorobenz l)-lu-lntetltoxvntetl»lt.7 12.

dunethvl 3 12 2. Iutluoroethyl) 1,64.)2 tettaaztb cyclo[i l 3 l]hept ide an
6.8.) l-tctraonc,
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i3R, 7S, IOS. 13R)-6-i4-eh)or -2-fluom-6-(4-(I-n&cthvl- -(p»mhdu&-I-vln&eth lj-IH-
ruib oi & l)ph r y)bei vl) I ta hl» 6 1) (c&*l pmp Im tt I) (0

(h d xvm ttvi) 7 mll&11691 (air; I y*1 (ll 31(h i(. I mm ',& tl I(

()lt. 7(.1(!S, I IH 3 bei &16 t4 tlm (4 (2 (id m lhvl. m ) Ih I) I (101

IH nndazol I yl)phenoxyl 6 tluorobenzyl) I& (4 hlorobenzvfl 10
ih,dmxvmerhvl) 7 methyl I 6 9 12 tet&aazab cvclofll. 11] hept&decane .3 8 11

Iclraoue.
i 36, 7S, I( S. 13R) 6 (4- hlo&o 2 06 (2 ((daneth latn nc lmeth I) I methyl I H
m»daznl-&fll)pvndu&-3-yl)oxy8 cr&z lb13-(4-cl&loiobcnzvlj-10-(methoxyrncthyl)-
7.12-duncthv)-3-( .2,&-tnfluometl»l&.1,6 9,1 -tctramab& y (of 1 I

" l]hcptadecanc-
&.t)3 I I'ctr&ouc,

(SR, S, luS. 13R)-6-(4-chlom-2-(4-(2-((d&&neth) )union)methil)-I-n&eth)l-IH-
m»br I & )i)pt& x&) 6 II nl«yt) 13!4 *bio oh r &Ii l&i (m tl vm ttul)

7, 12 lm Ihyl .'(6 m th Ip&nd o,ij th I) 1,6,!.I

(Slt, 7S, I(!S, I li) 6 (4- bl II m 6!4 (I il I (p mi I& I In&eth&I) I II

nn daze( & yl)phenoxylbenzvl! I'I (4 hlo&obenzylj 10 (methoxymethyl) 7.1
dnnerhvl 3((6 methylpvnd n 4&»ethyl) 1.6 9,1
tetmmab vcl [11 '! )]heptade .me .6.8.11 tetmor&e.

i3S, 8, luS. 13R)-6-(4-chlom-2-fluo&o-6-(4-Il-n&eth&1- -tpy&rol&du&-I-&(met)&vlj-IH-
nnidazol-6-vl)phcnoxy)benzyfl-13-(4-chio&obcnzyl I.1 i&.(hid&oxymethyl)-7-n&ethyl-
3-i'.2,'-tnfluorocthyl!-1,6,91 -tctraazabic)clo[11 I]hcptadccancdh&,8,11-
let&Conc.

()S,7S, I(!S, 1)li) 6 (4- bio im12 &I I Ihyb uu !m tlvl) I mthyi IH
r urb oi & l)Ph r y)be& vl) I (4 hl » 6 I'I ((Ii! 6,7 d&t 6 o &11

.I
I I.[b)p nd»)il lr! (Iivlm« lb&I) 7 u lhv(16912

(3R. 76. Iub. I'!R) 3 benz&I 6 t(i hlo&o 3 (4 (2 r(dnnethylanuno)methvl) I methyl
IH nndazol I, l)phenoxylpy& d n 2,)t&nethyl) 13 (4 chlotobenzyl) I(&

imethnx, methyll 7 meth, I I 6 912 terr&aztb yclo[11 3 1[hept&decane .38 11

Iclraoue.
(SR, S, luS. 13R)-6-(4-chlom-2-(4-(2-((d&&neth) )union)methil)-I-n&eth)l-IH-
m»daznl- & 4 ()phcnox) Ibcnzvl)-13-(4-cl&lorob cozy 1). I ».thvdmxym ethyl)-7 I

dm&ethyl-3-ipvndu&- -yln&etl»191.6,7,12-tetra&zabi y Infll " l]heptadc anc-
&.t)3 I I'ctr&ouc,

(311,7S,((!S, I li) 6 (4- bl t4(-(bb Ihyb» !m tl I) I Ihyl la
m»br I & yi)pt& x&)b vii I t4-! I » bmuvl! 10 (h dr ym tlvl) 7 n& thyl

IP) idm 3 yl ih&l) 1,6,9.12 I in&; b & I [i 1 l]h Pt.d .m 2. db(1

('&C. 78. !»b. 13R) 6 (4chlo&o (4 (2 ((d methyl»a r&olmethyll I methyl IH
nn daze( & yl)phenoxylbenzvl! I'I (4 hlo&obenzylj 10 (hydr &yrnerhvl) 7 12
dnnerhvl 3 ( . r& tluo&oethyl) 1.6.7.I teuaazal»c cia[i i 3 l]hept ide ane

8 I I I'cl'moue

i3R, 7S, IOS. 13R)-6-i4 eh)or -2-(4-(2-i(d&methyl unu&oimcthvli-I-methyl-IH-
nnidazol-o-vl)phcnoxy)benzyfl-l3-(4-chio&obcnzyll.li&.(methox&metl&yll-7-&ncthyl-
3-ipvudu&-2-) (methyl!-1,6,9 I -tctraazabic) clo[1 I I]hcptadccancdh&,B,I I-

()S,7S, I(!S, 1)li) 6 (4- bio im12 &I I Ihyb uu !m tlvl) I mthyi IH
ru(b oi & l)ph r y) 6 li »b&mr&l) I (4 *81mb &lj li& ( tto v ttyfl
712 dm th,i (22, I flum Ihyll I ( 91 I I .::b&*v I (1131)t liuke

.B.ll rerraone.
i3R. 76. I&!b. I'IR) 6 (4chlo&o (412 ((d methyl»a nolmethyll I methy( IH
un dazol & yl)phermxy)benz&)1 13 (4 hlo&obenz lj it& (methoxymethyll 7 meth&i
I ip,r du& ylmethyfl 1.6.9 I terra izab y lo[11 3 l]heptade ane 2..8.11
tet& conc.
(SR, S, luS. 13R)-6-(4-chlom-2-((6-(2-((duncthylanunouncthvlj-I-methyl-IH-
m»daznl-&fll)pvndu&-3-yl)oxy8 cr&z lb13-(4-cl&loiobcnzvlj-10-(methoxyrncthyl)-
7.12-duncthv)-3-(I 6-mcthvlpy »du&-2-yllmcrhyfl-l,6.9.12-

(311.7S,((!S, I li) 3 6 v(6 t4 ttm - (4 (2 i(d& ml I, rw n&eth I) I rn lhyl
iti murb OI & l)ph r y) 0 ob ru&l) 13 (4*bin 6 i &lj lil
(hyd x& thvl) 7 & Ihyl 1,6,9,1 I I a, I &*I [11 31]I pt. I: n .&,8.11

Ielraouc.
(&R,7R luS 13R) 6 (4 eh)ore (4 (I methvl (pvnol dm I vlmethyl) IH un daznl
3 yljphen xy)benz&i) 13 14 hlo&obenz I) 3 eth I 10 thvdroxymethyl) 7 methyl
I 6.9.12 tet& iaz &b cvclo[1 I 3. I fheptidecru&e 2.3,8.11 tetraone.
(SR, S, luS. 13R)-3-bcnzvl-6-(4-chl r - 4(6-12-tid&methyl»au&olrnethyl)-I-methyl-
IH-nnidazol-obhpvridu&-3.)l&nxy)bcnzy(1-13-(4- hlorobcnzyfl-10-(methoxyn&ctlol)-
,. 12-dnncthyl-I 6.9,12-tctraazab&cc I [ll" l]hcptuic mc- .. B.ll-tetiaor&c,
()S,7S, I(!S, 1)li) 6 (2 (41 (. t&rbn I &I Ih I) I m lhvl lfl m hr I

vl!ph I 4 t lu u 6 II m b«yt) 13 (4 I lo ob rr I) 1&i (t& dm v th I) 7

m Ihyl .'2,,2 t li » thvl) 1691211. r I» I fil . (]h pie I *a
,&,8.11 t tr: m .
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i3S, 8, luS. 13R)-6-(( -eh)or -3-(4-i2-((dunct)0)aarutointctltvli-I-methyl-IH-
rutL oi O l)pb r y)pvi I o 'i! Ib)i) i. (4 .Il ob rr I) 1(i

()it. 7(. H)S, I IH 6 (4- bim ta (I m Ibvi (pv Ifl)n I Im Ibvl) HI r

3, ljphenoxylbenzvl) 13 14 hlorobenzyb It) ((d tluoromethoxy)methyll 7 methyl
) ip,r dut ylmethya 1.6.9 I tetra izab y le[11 3 I fheptade ane 2..8.11
Iclrflotte.
i 36, 7S, l(S. 13R) 6 (4- hloto 2 Hi (2 ((daneth latn nclmeth !) I methyl IH
m»daznl-v-, l)pvndut- -yl)oxyy crtz lb)3-(4-cltloiobcnzvl)-3-((RI-,:-dthydm-IH-
mdcn-I-ya-10-(hvdroxynrcthyll-7-tnctltyl-I 6.9,12-
tetrmzflbt 3 clo[1) 3 l]hcptfldccanc- 4 ti I I-tcti anne.
(SS, 7S, IDS. 13R)-6-i4 eh)or -2-(I -(2-((dancthvlatnino)acetic 11-I-nret)0)-IH-
m»Lr I v,i)pv ln-yl) y)b n I) I (4 hl r I » I) ((S) . Ihydu ill
mt I vl) 10 (tvd «y tlrvl) I Ih)t 1.69,1

(311,7S, IDS, I li) 6 (4- bl t4(2(bb Ihyh» !m tl I) I Ibyl lli
nn daze) v, l)phenoxyl 6 thtombenzyl) I 'I 14 hlombenzva lu ihydrox methyl)
7 I d merh, I 3 (Pyr dut 2 ylmethyl) 1,6.9.) tetraflzab cy lo[l I 3 l]hePtade me

8 ll I'cl'motte

i3S, 8, luS. 13R)-6-(2-(4-I -iazcttdunl-ylmcth)li-I-mcthvl-IH-urrtdazol--
l)phcnnxv)-4- hlorobcnzvl)-13-(4-cltl r t cnzvl)-ltt-unctltoxvmctlt)li-7-methyl-3-

i',22btnfluoroctltyl)-1,6,91 -tctraazabt clo[113 1]hcptfldecane-2m.tl,ll-
Ictrflottc.
(31( 7(. H)S, I IH 6 (4- bim '4 (2 (tdm Ibvl m n i mtb Il I m Ib)l l)I
ru(L oi O l)pb r y) 6 li »b nr)H I (4*Limb vl) 31R6 drll r b
10 (bvd y thvl) 7 Ihyl 1.6,9,1 I I fl, I» v*1 [11 l]I pt. Ie; n

,O,8.11 t tr: m .

i3R. 78. )I)b. I'IR) 6 (4chloto (412 ((d rnethvlnn nolmethyb I methyl IH
un dazol fl,l)phermxy)benz)a 13 (4 hlorobenz I! )tt (methoxymethyll 7 methyl
) (oxazol ylmethyl) 1.6,J I tetrt tzab, )of)i lfheptade ane 2 .8.11
Iclrflotte.
(7S, IDS. 13R)-6-i4-eh)ore-2-(4-(2-i(dtmcthyl unutolntcthvli-I-methyl-IH-untdaz I-

6-vaphennxy)-6-( .2-triaunrnetltoxy)hertz) I)-13-t4-cltlorobenz)li-10-
(hvdtoxynrcthya-7-met)ay)-1.6.9,12-tctrflflzabtcy Inf1 1. 1]heptadc me- . 8.H-
IC(t lottC.

(311,7S, IDS, I li) 6 (4- bl t4(-(Db Ihyh» !m tl I) I Ibyl lli
m»Lr I v,i)ptr xv)b vii I t4- )I» bmuvl! 10 (b dr ym ilvl) 712

d m thvi (24,6 ti Ii u obem vl) 1,69,121 tra; b lofti I [t pi»i *u
2.,8,H I mu
(IR, 7», l(S. 13R) 6 (4- hiero 2 (4 ( (tdmethvlflrnnolmerh H I methvl IH
nn daze) v,l)phenoxylbenzvl! I'I (4 hlorobenzyl! 10 (methoxymethyl) 7.1

drmtbvl ((6 r ttrvlp I - vl)m lhvll ),6912

i3R, 7S, IDS. 13R)-3-benzyl-6-(4-chl to- -Huoio-6-(4-( -atetlnl-4-ipvrrolidut-I-
ybnerhvll IH un dazol I yl)phenoxy!benzyl) I 14 hlcrcbenzyb ltr

(methoxymethyl) 7 merh, I I 6 91 retru ztb ale[11 31]heptfldecane .(8 11

(SR, S, luS. 13R)-3-((E)-but- -et» 1-yll-6-(4- hlnrn-2-t4-(2-
(idunetltyluruno)methyl)-I-ntetl» I-IH-anidflzol-6-vl Iphcnoxy)bcnzyl)-13-14-
hl r Lenz,l) l(r (hydroxvmerhvl! 7 methyl 1,6.J.I

(31( 7(. H)S, I IH 6 (4- bim '4 (2 (tdm Ibvl m n i mtb Il I m Ib)l l)I
m»daznl-v-, l)phcnox) Ibcnzvl)-13-(4-cltlorobcnzyi).1 tt.thvdmxymethyl)-7-met)a) I-

I ((6 merhvlpyud n 2 vbmerhyll I 6.9,1 tetraazab cyclo[i) I l]heptflde flne

.8.11 rerraone.
(311,7S, IDS, I li) 6 (4- bl t4(-(Db Ihyh» !m tl I) I Ibyl lli
nnidflzol-6-vl)phcuoxy)benzyl)-)3-(4-cltlotobcnzyll-3-(cy Inpmpvlrnethvl)-ltr-
(hvdtoxynrcthya-7-met)ay)-1.69,12-tctrflflzabtcy Inf1 1. 1]heptadc one-2.,tl 11-

Ielrflottc.
(31( 7(. H)S, I IH ) ber v)6 t4 tlm (4 (2 (idm lbvl. m ) Ih I) I (101

Iti murL OI O I) .'lu» phem )b ruvl) 13 (4*bin 6 i vi) iil
ihvdroxvnrcthvl)-7-ntetl»l-I 6.9,12-tetraazflbtc! Inf1 1 3 l]hcptade ane- . 8.H-
Iclrflotte.
(IR, 7», l(S. 13R) 6 (4- hiero 2 (4 ( (tdmethvlflrnnolmerh H I methvl IH
ruiL oi O l)Pb r y)bei vl) I ta hl» 6 I) I() trna) «m lh)l) 7 m ttbl

3-(i)-nrcthv)-6-oxo-l,6-dtltydmpm tu»2-4mcthyl)-1.6 9 12-

tetmazabtcv Io[11 3 l]hcptadcmutc- .S,ti.ll-tcti.inn;
i36, 7S, l(S. 13R) 6 (4- hloto 2 (4 ( ((c lobut lanuno)methyl) I methyl )H
m»L r I v, I)ptr xv) 6 Ii nl«yt) 13!4 *bio oh r vii iti (m tl vm ttbl) 7

m Ihyl .'2,,2 t li » tlrvl) 169121 I . r I» I [11. 1]h pie I *a
1 .tl 3 I I'ctrflottc,
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i3R, SS, l»S. 13R)-6-i4 eh)or -2-(4-(2-i(dtmcthylunutoimcthvl)-I-methyl-IH-
ruih oi & l)ph r y)bei vl) I ta hl» 6 1) I(! th 6 & ttvll 7 Ih&I

i246 in()u i be» I) 1791211 eml .& I [li 1[h ptr I .: 35811

(38. 75. 10S, I IH 6 (4- him (4 (I m tbyi ( mph I o 7 ttryi) l(I rnxh ol

yljphenox lbenzvl) 13 (4 chlotobenz l! It) (h dtoxymethyl! 7 tneth I 3 (p r dut 3

vlmerhvl! I 6.9.12 tetr.iaznb cyclo[it 'I.lfheptadecane .( 8.(l tetraone.
(IR, 7X, l(S. 13R) 6 (4- hiero 2 (4 ( (idmethvlarnnolmerh H I methvl IH
nn daze( 8 &l)phenoxyl 6 thtombenzyl) I'I 14 hlombenzva lu ihydrox methyl) 7

tnethy(-3-(2.3,4-t»auorobcnz lb1.6,3,12-tcttaxzabt y Iof1 1
" l]heptadc anc-

-.. dbl1.tctmottc,
i3S, 5, luS. 13R)-6-(4-c)tlom-2-(4-(2-((du»ethyl»»me)methyl)-I-tuctlt&l-IH-
onidazol-6-vl)phcnoxy)-6-Huombcrtz&lb)3-(4- hlorobenz&l)-3-(tS)-:-dih&dm-IH-

I n I vl) 10 (hv 0 vm ihvl) 7 mail I 1.6,9.1

()lt 7(.10S, I IH 3 ber &16 t4 tlm (4 (2 (idm lhvl. m ) Ih I) I (101

IH m I r I & &I)ptr xv)b &ii I t4 )I l cur I! 10 (8 dr vm ttvl) 7

methvl I 6.9,12 tetiaazab cv le[11.) l]heptade .ute 2..8.11 t traone.
(IR, 7X, l(S. 13R) 6 (4- hiero 2 (4 ( (idmethvlarnnolmerh H I methvl IH
nn daze( 8 &l)phenoxyl 6 thtombenzyl) I'I 14 hlombenzva lu ihydrox methyl) 7

tnethyl-&-propv)-1,6 9.12-tetr tazat icycln[11 3.1 jhcptade ane-2..8 I l-tetraonc.
(SR, S, luS. 13R)-3-bcnzvl-6-(4-chl r - -»6-(2-((dnnethvhunutolmetlt&l)-I-tncthyl-
I H-nnidazol-6-vl)py»dut-3-& t)oxy)benz&()-I I-(4-chloiobcnzvll-l(»itncthox& tnethyl)-
y-ntethy(-1.6 9,12-tctraazabt yolo[11.3 1]hcptadc aur 6.8.ll-tati acne,
()lt 7(.10S, I IH 3 ber &16 t4 tlm (4 (2 (idm lhvl. m ) Ih I) I (101

IH m I r I & &I)ptr xv)b &ii I t4 )I l cur I! 10 (8 dr vm ttvl) 712
drmthv(1691211..:6 7 I fll.'1)hptrl*r —,.811(lmr
(lt 7S,10S,I R))b v(6t4 ttm -(4(2i(dr ml l,rw urthl)irnlhyl
I H m daze( 3 yl)phenoxy) ( fluorobenzyl) I'l(4-chlorobenzyl) 10

(h&dr 7.&merhvl) 7 methyl 1.6.9,1 tetraazab cv le[11 3 l]heptide ane 2 8.11
Ielrflottc.
(75. 75. lux. 13R) I'I (4 chlorobenzvl) 34(S) .3 d hvdtc IH nden I vl) 6 ( (4 (2

(idunetltyluruno)methyl)- I -ntetl» 1-1 H-enid rzol-6-vl Iphcnoxy)b

cozyI )-
I I r-

ihvdroxvnrcthvl)-7-utetl»l-I 6.9,12-tetraazrbtc& Iof1 1 3 l]hcptade aue- . 8.H-
Ictraottc.
i3R 7S 10S I'tR)-3-bcnzyl-6-(4-chlnrn-2-(4-( -i(dunctlt&lanuno)tnet)01)-4-mctltvl-
4H 1.24 it em I vl)phem )bemrvll &3 (4*bin 6 i vl) lil (lvdu »thy() 7

m ihyi 1.6,9,1 I I m, I v I (11 3 1]h pt, I m u .&,8.11 t tr: r

(31(,7S,10S, I 5) 6 (4- bl t4(2(bh Ihyb» !m tl I) I Ihyl la
muhr I & &I)ptr xv) 6 II nl«yt) 13!4 *bio oh r vii lri (m tl vm ttbl)

7 I d merh, I 3 (P&r dut 2 ylmethyl) 1,6.9.1 tettazzab cy lo[l I 3 l]hePtade me
8 ll I'cl'motte

()S,7S,10S, 1)R) 6 (4- bio im12 rtt Ihyb uu !m tlvl) I »thy( IH
muhr I & &I)ptr xv)b vii I t4- )I » bmuvl! 3 (2. ( Iluu eth I) Iri

ihvdroxvnrcthvl)-7-utetl»l-I 4 6,9,1 -pcntrxzabt & Iof1 I
" l]heptadc mc-

.8.11 rerraone.
(IR 7X, l(S. 13R) 3 benz&I 6 (4 hiero (4 ( (((Sl 3 h&dtoxvp rrol dut I

vlrm th I) I ihvl lli » 8 I 3 vllph o !b I)1 (4 *i(out em vl) lti
(mcthoxancthyl!-7-rncth&1-I 6,9.12-tctraaz:rbic&clo+11 '+heprvdc anedh 8.11-

Ictraottc.
i35, 7S, l(S. 13R) 3 benz&16 (4 chloto (4 ( (tdunethylzrn nolmeth&l) I methyl
iti much OI & l)ph r y)b u I) I ta him( 1) I(! (8 do v ttvll 7

m Ihyl 1.4,6,9.12 penta . b v I )Il I)h 1
I. I ", » 2,&,x,ll I m n .

i3R, SS, l»S. 13R)-3-benzyl-6-(4-chl to- -(4-12(i(-hvrboxyptpendut-I-vl)ntcth I!-I-
methyl IH m daze( 3 yl)phenoxv)benz I) 13 (4 chlorol enz, I) I u

(methox&methyl) 7 merh, I I 6 91 retru ztb ulo[11 31]heptadecane .(8 11

(SR, S, luS. 13R)-6-(4-c)tlom-2-(4-(2-((dune(1) i»nine)methil)-I-nreth&l-IH-
onidazol-6-vl)phcnoxy)benzya-13-(4-cltlotobcnzyl I.lit.(hi dtoxymethyl)-7-ntethyl-
I (4 irntluoromethvl)benz&I! I 6912 tert taz tb cyclo[11 I I jheptzdecane
2.,8,11 I mu
()lt 7(.10S, I IH 6 (4- him '4 (2 (tdm Ihvl mn i mtb Il I m lh&l l(I
m»daze(-&-, l)phcnox&l-6-)htombcnzyl)-13-(4- hlorobcnzya-3-etltyl-10-
(methox methyl) 7 merh I I 691 retruztb ulo[113 1)eptade zrte 2 3 8 ll
Iclrflotte.
(5(. 75. 10S, I)IH 6 (4- hi» '4 (2 (tdm Ihvl m m i mtb Il I m Ih&I 1(I

onidazol-6-vl)phcnoxy)benzya-13-(4-cltlotobcnz& I I.lit.((5 I-I-hvcboxyethy 11-7-

ateth&1-3(25, -tnduotocthvlt.l 6 9 12 tetr tazabi vclo[l1 3 I jhcptadecute-
8 ll I'cl'motte

()lt 7(.10S, I IH 3 ber &16 t4 tlm (4 (2 (idm lhvl. m ) Ih I) I (101

I!I much OI & l)ph r y)beu I) I ta hl m I 1) I(! (mml «vm Ih&l) 7.1

doncthvl-l,d 9.12-tctramabtc&clo[ll Rfhcptade auc-2, .8 H-tetraonc.
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2-ii(3R. 7S lt&S 13Rl-6-(4-chlom-2-(4-( -ffduncthvlamu&o)n&eth) li-I-n&ethvl-IH-
ruih of & l)ph r y)bei yl) I ta hl» 6 I) I() th 6 & ttvll 7 Ih&I

2.,8,11 t t:u«1,69.12 t iu«bt I )ll 31)h pi»i .. vl)m tt l)py I ~

(&S, 7S, IOS, 1&R) 6 (4- bio (412!(I Ihyb ua !m tlvl) I mtbyf IH
rn dazol & yl)phermxy)benzyll 13 14 hlo&obenz lj if& (hydroxvrnethvl) 3

aoprop,l 7 meth, I I 46& I pentaazab cmclo[1)HI l]heprade &ae 2 ( 811
lcltfloue.
i35, 7S, l(S. 13R) 6 (4- hlo&o 2 14 (I methyl (pvncl dm I &)methyl) IH mdazol
6-v»Pbenoxy)bcnzyl)-13-(4-chio&obcnzyl)-3-I(R)-RS-d&h&d&o-IH-u&den-I-yl)-1f&-
(hvd&oxyn&cthy»-7-mcthy)-1.6.9,12-tetra(zab&cy Iof1 1. 1]heptadc me- . 8.H-
tet& &one.

(SS, OS, IDS. I SR)-6-i4 eh)or -2-(4-I I-methyl-2-(I-a&ethilazetidu&-3-yli-IH-&rn&dazol-
I!ph m«y)b yl) 13 (4 him 6 )I) t((t 2 & I h 6 IH « Ie I vl) Hl

(byd x& thyl) 7 & Ihyl 1,6,9,1 I I a, I y*l (11 & 1)I pt. I ", n .&,8.11

(3(. 751&lx. 1&R) 6 (4 *bio o 2 (41 ((IH I (I Ih&b u & il &I) I m it v) IH
un dazol & yl)phenoxylbenzyl! I'I (4 hlo&obenzylj 3 ((S) . d hydro IH nden I

yii If (hydroxyrnethyl) 7 methyl I 6.9.)2 tetraazal ciclo[ll»t )]hept&de ane
8 I I I'cl'moue

i3R, OS, IDS. 13R)-3-benzyl-6-(4-chl &o- -fio-12-(tdnncthvlannnoin&et)&)li-I-rnethyl-
IH-unidazol-&-, l)pyndu&-3-yl)oxyy cr&z I)-13-(4-cl&lotobcnzvli-10-fhydroxymctl&vl)-
, 12-dnncthyl-I 6.9.12-tctraaz ib&cyclo[if Rl]hept ulc auc-2.6 8 I l-tctiaor&e.
(SR, S, lu(. 13R)-3-bcnzyl-6-14-chl r - -(4-12-(HS)-3-(dunctl&vl&nur&o)Pvirol&du&-I-

&I!m th I) I & tt&yl lll m 8 I yllph rm v)b rr I) I (4*bin b n yl) i&i

( & Iho 3 & tt&yl) 7 m It,i 1 691 I t. r&I» I (11. 1]h p&al *m ..jbtl

(4(. 75. I OS, I&IH 13 (4 *bio cham ill 4!5 I 2 & I h 6 IH « Ie I vl) 6 (2 (4 L
i(d methvlanunolmethyll I meth, I IH un dazol ljphencxyl ( fluorobenz, I) I I&

(hydr &ymerhyl) 7 methyl ).6.9,) tetraazab cv le[11 3 l]hept ide ane 2 8.11
Ieltflouc.
(&( 75 l&IS 13R) 13 (4 chlombenzyl) '14(S) 2.& dh&d&o IH u&den I yll 6 (2 (4 f

(idunetl&ylu&uno)methyl)-I-n&etl» I-IH-enid&zol-6-vl fphcnoxy)-4-tluoiobenzvli-10-
ihvdroxyn&ethyl)-7-u&etl»l-I 6.9,12-tetraaz&b&c) Iof1 1 3 l]hcptade ane- . 8.H-
Icttaouc.
i3S, 5, lu(. 13R)-6-(4chlom-2-(4-fl-methyl-2-fpyrrol&du&-I-y)meth))j-IH-un&dazof-

„ I!ph &)6 ruvl) I& (4 I I » b o I't .'(5) 2,3 (bhv I I H md r I vll 10

(h d xvm ttvi) 7 mil&11691 fair; I y*1 (il 31(h if. I mm 4& tl li

(3)t. 7(. IOS, I IH & be& yl 13 (4- hi mb u yl) 6 H 4 nfl r 6 (4 (I Ib&I 2

(pyrrol du& I ylmethyl) IH nudazol ( yl)phermxvjbenzyll lf& (hydrm vrnethvl) 7
methvl I 6.9,12 tetiaazab cy la[11.& l]heptade .u&e 2..8.11 t traone.
(&R, 7(, l(S. 13R) 3 benzyl 6 14 hlo&o (4 (I methyl ((4 methylpO&errzu& I

yljmerhyl) IH un daze) ( yl)phenoxy)benzyl) 13 (4 chlotobenzyl) I(&

in&ctboxvn&ctl» I& 7 fncthvl-16 9 12 terr &azabicvclo[11 3 1]hcptadec&ne2,,8 11-

let&Conc.
i3S, 5, lu(. 13R)-6-(4chlom-2-(4-fl-methyl-2-fl-n&ethyl- . -dih)dro-IH-pynol-3-
vl! IH mul r I & yf)ph x&)b yii I (4 ll I rr I! (i5),3 d&b 6 o 1)I

I n I vl) 10 (hy 0 &m ihyl) 7 mail I 1.6,9.1

(&S,7S, IOS, 1&R) 3 hem &16 (4 hi m (4 (2 ((Iruml bmw j & tt I) I rn Ih&l

IH nndazol ( yl)phenoxylbenzyl! 13 (4 hlor Ienz,» lr) (hydro&.yrnerhyl) 7
methvl 4 oxa 1.6,9 I tetrt tzab, Io[l I 3 I l]hept&decane .(.8.11 tetraone.
(&R, 7(, l(S. 13R) 3 benzyl 6 14 hlo&o (4 ( ((danethvlvn no)methyl) I methyl
I H m dazol ( yl)phenoxy) 6 fluorobenzyl) I'l(4-chlorobenzyl) 10

ihvdroxyn&ethyl)-7 I -duncth )-1,6 9.12-&err &azabicvclo[1 I ." 1]l&cptadccu&c-
2.&dbll.tctmoltc,
i3R, OS, IDS. 13R)-6-i4 eh)or -2-(4-(2-i(d&methyl unu&ofmcthvl)-I-methyl-IH-
anidazol-6-vl)phcnoxy)-6-Huombcr&z)lh13-(4- hlorobenz)l)-10-H&ydmxvmctl&)li-7-
a&eth)l-3-(3-(tnfluoromcthyl)t enz H-I 6.9,12-tctraazab&cy le[11 ']l&eptadc ane-

8 I I I'cl'moue

(25, S,SR, I S) I (4 him (4(2 (tdm fh bmn i i tb I) I m lb&l l)I
mabr I & yf)pt& x&)h vii tl (4 ldml«yll & (ti dm v tb I) 2710

trm&ethyl-12-l(IR 3 5)-3-n&cth I-20-d&h) drn-lH-u&der&-l-vl)-1.4.7,1&&-

re&maze v lotetradecane 3.6,)1,14tetraone.
(&(. 75. !Db. 13R) 6 (4chlo&o 14 (2 ((d meth(lan r&olmethyll I methyl IH
r u(L of & l)ph r y) 6 li »bemr&l) I (4 *61mb &lj I& (1&dm n& tbyf)
7.12-duncthv)-3-( .2,&-tnfluometl»l&.1,6 9,1 -tctramab& y )of 1 I

" l]heptadecanc-
-.. dbl1.tctmoltc,
i35, 7S, l(S. 13R) 6 (4- hlo&o 2 14 ( ((d methvlornmolmerh&H I methvl IH
mabr I & yf)pt& x&)h vii I t4- )I » bmuvl! 10 fh dr ym tlvl) 7 n& tbyf

Q,, i»flu i tt&yl) I.b.9.1 I t a;b & I [ll. 1]h p&al . 2, jptl
tet& &one.



US 2020/0164024 A1

39
May 28, 2020

-00111m)110([

0 md

84

8.6

87

88

89

9(&

9()a

91

92

93

9o

96

97

99

I DU

10().

Comp und .(Cme

i3S, 5, luS. 13R)-6-(4-eh)em-2-(4-(2-((dnncthjlmnu&o)u&ethy()-I-n&cthjl-IH-
ruib oi & l)ph r y)bei vl) I ta hl» 6 1) ((«) Rl dit dr IH « te I

&I& 10 (bvd y thvl) 7 Ihyl ),6,9,1 I t.:, Iu &*I [11 1)b pt. Ie; n
,&,8.11 t tr: m .

(lit 75.105, I IH 3 bei v)6(i& oil» ai6 (2 (ilr ml&l mw j i tt lj I

methyl IH m daze)3 yl)pyr du& 'I yl)oxy)p & d n yl)methyl) I'I (4 chlorobenzvl)
I& (methox methyl) 7 12 d methyl I 69 I tet&aazab c& Ic[ll 3 l]heptide .me

.S.ll rerraone.
(2(. &S.SR, 125) I (4cbl (4(l thvl (p& r I I I vl Itvll tkl mde

yl!pb j)h rmvll 8 ia him b«)i) 12 ((i» 2.3 1 h dr Hl « ie I vll &

(hvd&oxyn&cthya-2 7 lt&-truncthy)-1.4,7,10-tctraaz& v lotetradecaneu»6,».14-
Ieltflouc.
i3R 75. I&!b. I'IR) 3 benz&I 6 (4 hlo&o (4 ( ((duneth&latn no)methyl) I methyl
i)i mu&b OI & I) 2 lluu phem ) 6 &I benz )i 13 i4 )Im b rr I) 10

(h d»vm ttvi) 7 mll&11691 ieir; I y*1 (Il 31(h i&. I:m ',& t) li
tet& &one.

(&«. 75. !Ub. 13R) 6 (4chlo&o (4 (2 ((d rnethvlmn r&olmethvll I ethyl IH un dazol
«, Ijphenoxyl 6 Huorobenz, I) I 'I (4 chlorobenz I) lu (hydmx&meth)I) 7 methyl 1

(2,, I& Il«elh&1) 1,6.9.1-1 I m: b, I [11 31]i pt.d .m 2.,8,11
let&Conc.

(SS, . S, tlR. 12R)-12-bcnzvl-I-(4-chl r - -(4-i)-&nethyl-2-(pvnol&du&-1-vltncthyl)-IH-
un daze) & yl)phenoxylbenzvl! 8 (4 chlombenzylj «(hydmx&meth)I) 2.7 d methyl
1.4,7,1(& I I .. ra, I iei&ml c & 3,6,11,14 I m»«.
()S, 7S,I(&S. 1)IH I (4 *hl »bmr&l) 4(5) -, I ) (8 IH &micr I yl) 6 ( (4 a
iidnncthylanuuo)rncthyll-I-&ncthyl-IH-unidaznl-«-jl)phenoxyl--
(tntluoromethyl)benzyll 10 (hydrox»nethyl) 7 methYl 1.6.9 I

tetmazab v le[)I 3 l]heptade .&ne .«Rhl1 teu.&one.

(SS.75105.131()1 (4 hl nl ylllmat,3dhvim la od o I )I) 6(2 (4(
(idunethylu&uuo)rncthv))- I -n&etl» I-I H-enid&zol-6-vl Iphcnoxy)-4-
(tutlnoro&ncthyl)benz)i&.lt!-(hydro« n&etl»l)-7-meth!1-1.6,2 12-

tetmmab vcl [11 '! )]heptade .me .«.8.) I tetmor&e.

(25, S,SR,I S)1(4 him (4(2(tdm ih hmn i itb 1)imlh)ll)I
mubr I & 71)pt»»)h vii tl (4 ldml«)(112 ((lij . 6 t& dr IH « I I

y»-6-(hvdroxvrncth,l)- 7.10&ruucth)1-1.4710-tctraaz& iclotctradecanc-
I 6.11 14 tetraone,
( «. «S. SR. 12RI I benz&I I (4 hlo&o (4 (I methyl (p»rol d n I ylmerhvl) )H
ruth oi & l)ph r y)be& vl) 8 (4 il»b&mr I) & ( mh & tlvll 57 dm& tbvl
1.4.,1(&-tetr &aza & clotctradc canc-»6,11.14-tctraon;
(SS, S, tlR )25).I.(4-ch)om-2-(4-(l-u&crh I-2-(pyrmhdu&-I-vhnethyl)-IH-unidaznl-
«yljphen xy)l&enzvl) 8 (4 hlorobenzyl) « Ihydrox meth)(1 7.10 rnmethy)12
((HI, )S».'t&yl 2,3 &hh I IH odeo I ii 1.4,7.»& t ir... v

.6,11,141 t: m .

i3R, 7S, IDS. 13R)-6-i4 eh)or -2-((6-(2-(Idanethvlanuno)a&et)all-I-met)»l-IH-
un dazol & yl)pvnd n 'I yl)oxv)benz) I) I 'I (4 chl rol enz, I) lu (methoxvmethvll
7 I d merh, I 3 (pyr du& 2 ylmethyl) 1,6.9.) tet&a&zab cv lo[l I 3 l]heptade me

,&,8.11 t tr: m .

(SS, 7S, IDS. )SR)-6-i4 eh)or -2-(4-(2-i(d&mcthylunmoimcthyl)-I-metl&yl-IH-
unidazol-6-vl)phcnoxy)benzya-13-(4-chio&obcnzyll-3-((5)-25-d&hvdio-IH-u&dcn-I-
&1! Ii (methoxymethyl) 7 merhvl 1.69.1 retmaz&b yclo[113.1]heptadecane
2.,8,11 I mu
()S,7S, IUS, 131() 6 (4- bio im(1 thy) (pyn I d&u I vlm lhvl) IH m 9ml
6-vaphenoxy)bcuzyl)-13-(4-chio&obcnzyl)-3-i(R)-".3-d&h&dto-IH-u&den-1-yl)-li&-
(methoxymeayl) 7 merh, I I 6 91 retru z&b vie[11 31]heptadecane .«8 I)
Icltflouc.
(.".I. 75. IUS, I)IH 6 (4- hi u '4 (2 (tdm Ih&l m m i mtb H I m Ib) I I) I

unidazol-o-vl)phcnoxy)benzy»-13-(4-chio&obcnzyll.1 i&.i(R).l-lad&oxyethj i)-7-
a&eth)1-3(25, -tnduo&octhvl&.)6 9 12 &err&azabi vclo[l1 3 I jhcptadecu&e-

8 I tet&anne

(311.7S, 105, 131() .'emr&l 13 (4 1 lo ob r%&l) 6 (24 )*hi u 6 (4 (2

(I li Ihyb m) thvl) I Ih)i )H u I, ol & I!Pl r &)b or&i) Hl

ihvdroxvn&ethyl)-7-n&etl»l-I 6.9,12-tetraaz&b&cj Io+ll 3 ill-tetraonc.
(&R, 7«, l(S. 13R) 6 (4- hlo&o 2 (4 ( (idmethvlarnnolmerh H I methvl IH
un dazol & yl)phermxy) 6 th&ombenzyl) 13 (4 chlorobenzyl) lii thYdrox, methvl)

,7,1 tn nil&l 1,6,9.1 t ii: b& I +ll 31+8 piml & ..8.11 I t & ne,
(SS,IUS 13R)-6-I&-chlorn-2-(4-I -i( t&rncthylan&mo)methvl)-I-met)&jl-IH-&nudazol-

-vl)phcnoxj)bcuzvl)-13-(4-cl&l r tenz I)-&-(I«i-".3-d&hvdro-IH-u&den-1-yl)-li&-
ih,dmxvmerhvl) I 69.12 tet»az&b cyclo[i) 'I.ljhepradecane .«8.11 tetraone.
()S, IUS, I li) 6 (4- tl t4(2(bb thyh» ! &I I! I u lhyl )H u br I

I!ph m«y)b vl) 13 (4 him 6 li) t(«t 2 3 1 h 6 IH « Ie I vl) Hl

ihvdroxvn&ethyl)-I 6.9,12-tetr&azat &cycln[l1 ".)jl&cptade ane-2, S.ll-tctiaonc.
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i', OS, SR 12b)-I-i4-chlor -2-14-I I-methyl-2-(p) rioltdut-I-ylrnethyl)-IH-trnutflzol-
71!pb ))6 cavil 8 ia him b«yi) I ((i» 2.3 I h dr Hl « ie I vh I

( Ih» ihvl) 2,7,10 t th 114,7,lr) I irm;*v*1 iet. I am 3,6.11.14

(28, S,SR, I S) I (4 blm '14 (I m lb)i ipv Id n I Im lhvl) Hl r

I, ljphenoxylbenzvl) 8 (4 hlorobenzyl) I ((Rj .3 d hydtobenzofitmrt 3 vl) (
ih,dmxvmerhvl) 2 7 10 r»methyl 1.4,7.ltr tetraazfl uictetrade ane ').6.11.14
Icltflotte.

S, SR. 12S) I (4 chloto 2 (4 (I meth I 2!pvrrol d n I vlmethvl) IH un dazol
5-vHphenoxy)bcuzyl)-tl-I'-cltlorot crtz I»-Il»dtoxymcthvh-I -I(R)-7-rncthoxy-
RS-dihvdrobcnzofiirfln-y-yl)-2.7,lit-tnmcthyl-l.4.7 10-tati aazmy lotetradc ane-

6.11 14 tc'ttaottc
(SS, 7S, IDS. ISR)zbbcuzyl-6-14-c)tl r -2-14-(2112-(2-ethoxvethoxy)et)mat)meth)li-

t Ihyl IH i mtb « I v l)pbem v)bear I) I (4 til r 0 I) 1ti

(8 d xv thvl) 7 t lhyl 14691 p rt» l»*v*1 )1131)h pi. I:m
2.,8,H I mu
( lt 7S,IDS, I lt) )6 vi6t4 tim -)4(2 i(dr al I, rw neth I)1m lbyl
IH m dazol I yl)phenoxy)benzyh 13 (4 hlotobenzyh 7 ( Suotoethyl) lt)
(methoxymehyl) 1.6 9 I tetrfltzab, In[)I 3 1)heptadecane ..S.ll tetrione

S, SR.)SR) I benzyl I (4chloto ('I 4 6 tluoro 4 (I meri»i (pvrrol d n I

ylnrcthvl)-IH-unidflzol-opl)phcrwx)lbcnzyh-8-t4-cltlotobenzvl)-o-ilt)dmxymeth I)-

Ry.lp-truttetl»1-1.47,lu-tctraazflc) clotcttfldccane-h6,11.14-tetrflooei', OS, SR 12b)-I-i4-chlor -2-14-I I-methyl-2-(p) rioltdut-I-ylrnethyl)-IH-trnutflzol-
-vl)phono»))bcnzvl)-8-(4-cltlotobcnzyl)- -tlrydtoxvmethi1)-2 7.10-truttctlt)1-12-

(ilt) I pb n I tttvl) 1.4.7,1)II I. r: v I letn I: « .6,11.1411.o
(2). OS.SR, IDR) 12 6 vi I t4 ti» -)4 (I al I iPv old» I Im ttul) Hl
m»br I v,i)ptt xv)h vii tl )4 ldml«yll I!ti dm v th I) 2711)

i3R. 78. Iub. I'!R) 3 benz)I 6 (4 hloro (4 ( irdunethvlatn no)methyl) I methyl
IH nndazol I, l)phenoxylbenzyl! 13 14 hlor Ienz,h lii ((S) I 8, droxvethvl) 7

methvl I 6.9,12 tetiaazab cv la[11.) l)heptade .ute 2..8.11 t trflone.
( S. 48. SR. 12S) I (4 hloto 2 (4 (I methyl IPVuoldn I Vlmethyl) IH m dflzol

-vl)phono»))bcnzvl)-8-(4-cltlotobcnzyl)-I -IIR1-7-methoxy-2.3-
dth)dmbcazofurut-3-71)-o-imcthoxymcthy0-2.7 1tt.tmncthyl-l,4 7.10-
IctIflazttcvclo'tetr'rtlccflttc,6, I I, 14 I'ctt torte.i', OS, SR 12b)-I-i4-chlor -2-14-I I-methyl-2-(p) rioltdut-I-ylrnethyl)-IH-trnutflzol-

yl)pit v)h ravl) 8 (4 hl » b«)i) I ((lm 3.3 I » Ihvl,3 I t I o IH
I n I vl) ( t tttu«y t Ihyl) 2 7,101 m It I 1.4.7,11 ta mr: v*1 t m Iea n

,6,11.14 t ii: u

(8, S,SR,I R)1(4 birn (4(imthvl (p rl I lvl ttvlliklmde
I yljphenoxyl 6 ( H tt tluotoethoxv)benzyl) 8 (4-chlorobenzyl) I ethyl I

ih, dmxvrnerhvl) 2 7 duneth, I I 4 7 lt) tetraaztc loterradecflrte 'I 611 14
Icltflotte.

S, SR. 12S) I (4 chloto 2 (4 (I meth I 2!pvrrol d n I vlmethvl) IH un dazol
5-vHphenoxy)bcuzyl)-tl-I'-cltlorot crtz lhltt-(3 3-dtfluoropropvl)-I 4(RI- 9-
dthydro-IH-utdca-lal)-6-(mcthoxvmcthyh- 7-dnncthyl-l,47.10-
tetmazflcyclotcttadccutc-3,6,11,14-tetraonc.
(2). SS)0129) I b»yl I (4 1l » 2 (4 tl r th 12 ip rmirtbn I I Ih I) IH
m»1 r I I, I)ptt xv )6 vii tl )4 ld m I «)II I !m Ih vm Ihvl) R7 it i

it rmtbvl 1.4.7,1)il I ..r v I ieiu I e t .6,11.14ta.o
(28, S,SR, I S) I (4 blm '14 (I m lb)i ipv Id n I Im lhvl) Hl r

I yliphenoxylbenzvll 8 (4 hlorobenzyl) I ((R) .3 d hydro IH nden I )H 4

imethnx, methyl),7 dunethvl it) (I I methyl ulopropvhmethvH 1.4 7.10
tetmaza v lotetrfldecane 3.6,11,14tetraone.

S, SR.)SR) I benzyl I (4chloto (4 (I methyl (py»ol dut I vlmethvl) IH
m»daznl-vpl)phcnox) lbcnzvl)-8-14-chlombmtzvl 1-lit.(3-(dutteth) l»num)propyl)-X-
(mcthoxHncthyl)-2,7-duncthy)-1,4 7 lit.tetr»rmflc) lntetiflde flne-",6 11,14-
ICtt tottC.

(SS, . S, tIR. 12R)-12-bcnzvl-I-(4-chl r - -I ho-dttluoro-4-(I-methyl- -(pviroltdui-I-
Imcthy0-! H-unidazol-o-vl)phcrtoxy)t atz 0-8-14-chloiobenzv 0-b-

imethnx, methyll,7 lit tnmerh, I I 4 7 li) teu tazflcvcloretrade flrte 3 6 11 14

(28, S,SS, I') 8 (4- bl 0 vli I tipt,) dhv im I» nd n I )I) I 12 (4 (

iidnncthylflnuno)rncthy0-I-tnctltyl-IH-unidaznl-c-) l)phenoxyl-4-ethylbenzy 0-o-
(h)dr x.vmerhvl) 2 7.HI r»methyl 1.4.7,lt) tetraazfl y loteuade .me ').6.11.14
Icltflotte.
(2). OS.SR, 128) 8 (4 bl 6 yii I tipt,) dhv1m HI nd n I )I) I (2 (4 (

(idunetltylutuuo)rncthvl)-I-ntetl» I-IH-anidflzol-o-vl Iphcnoxy)-4-et)0 lbcuz) i)-v-

(hvdtoxyntcthyH-2 7 lti-trunctltyl-l.4,7,lu-tctraflzfl v lotetrfldecane-y6,H.14-
Ieltflottc.
(3)17(. H)S, I IH 3 bet v16 t4 tlm (4 (2 (idm lhvl. m ) Ih I) I )101

i)i mutb OI O l)pb r y)beo I) I ta him I I) ii) (mal «vm Ib)l) 7

tnethyl-I 6.9, I -tctrmzflbt telo[i) 3 1)hcptfldccanc-2 8.) I-t»ouc
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Comp und .(arne

i',«RPR I S)-8-(4-chlorobcnzyl)-I 4( &. 4-d&hvdro-IH-u&den-I-yl)-1-(2-(4-(-
(id&m ii&l. m )m ihvl) I mail I IH md r I & ljph &j 4- Ihvlb n vl)
(h d»vm &tv(),71(&tu mii&114&i( t I ... I I tal . R61114

(3(C7(.1011,1&111! b vl 6!4 hl ((6( i(d& mth I. w ) &eth I) I Ihyl
IH nndazol «, l)pvr du& 3 yl)oxv)benzyh 13 (4 chlotobenz„l) Hi (rnethmyrnethvi!
7 methyl 1.6.9,12 tetraazab cv le[11.3 1jheptade &r&e 2 .8.11 tetr«one.
(&«. I& R I')R) I'I (4 hlo&obm&zvl! 3 ((S),i 4 hvd&o IH mdea I yl) 6 (4 (4 (
i(d methvlanunolmethvll I m th, I IH un dazol ljphencxyl 2 tluorobenz, I) Ii&

ihvdroxvn&ethyl)-I 6.9,12-tetr&azat &cycln[l1 ".Ijl&cptade ane-2, S.ll-tctiaonc.
(SS, 7S, I»S. I SR)-13-(4 chlnrnbcnzvl&.34&71-2. -d&hydro-IH-u&den-I-)li-6-(4-(4-12-
iidnncthylanunouncthyll-I-&ncthyl-IH-unidaznl-«-)l)phenoxyl- -tluo&obcr&HI!-l(b
(hvd&nxyn&cthya-7-methyl-l.6.9,12-tetra«zab&cy In[11. 1)heptadc me- . 8.H-

(2S. &S.SR, 12R) I (4 blm - (4 0 tb I ipv old n I Im tlvl) Hl mui.
Iiph m«y)b vl) 8 (4- 1l » bem I) 12 Ih I (hi 1m m tl&l) .7 d& Ibyl

S, SR. 12S) I (4 chio&o 2 (4 (2 ((d meth lnn no lmeth I) I methyl IH
un dazol & yl)phermxy)benzvll 8 (4 chlombenz I) 12 ((Rl .3 dd&7dro IH u&den I

I(i « Imethoxymethyl) 7,10 d methyl (2 morplml noethva 1.4.7.10
tetmaz«cyclotct&adccu&c-3,6,11,14-tetraonc.
(28)-H-l(SR 8S I IR)-3-bcnzyi-ll-i4- hlnrobcnzya-10-mcthyldh 9-taoxo-6-oxa-
I 10-diaz &b&c) clo[9 3 ljpcntadccan-ti- 0- -i(4-cl&loro-2-(4-(
(idunethylu&uno)methyl)-I-n&etl» I-IH-enid&zol-8-

(2(.&S.SR, 12SI I (4cbl (4(2(bh thVS» ! &I Hl o lhyl la
muhr I & 71)pt»»)b vii tl (4 ldml«y(112 ((l(j . 68 dr IH « I I

vlj I & tlw«y & tt&yl) 7.10 &hm ihvl 2 ( m ah I opr pvlj 1.4,7,1&l

re&mrna v lotetradecane 3,6.11.14&et&acne.
( «. «S. SR. 12RI I (4 chloro (4 (I meth I 2 (p»rol d n I vlmethva IH m dazol
«, ljphen xy)l&enzvl) 8 (4 hlorobenzyl) I eth I (hid&oxymethya .7 I»
t&unerln I I 4 7. 10 tet&aazt, Iotetrade .tne 3 6 11 114 tet&acne.

(SS, . S, tlR. 12R!-12-bcnzvi-I-(4-chl r - -(4-il-methyl-2-(pvnol&du&-I-vhncthyl)-IH-
m»daznl-&-,l)phcnox)lbcnzvi)-8-(4-chlombm&zvll-R7.10-trunethyl-v-( -oxopmpvl)-
1.4.,1(&-tetr &aza 7 clotctradc canc-y6,11.14-tctranu;
(28)-H-((38 8R IIR!-tl-benz I-ll-(4- hiorobenz) l)-ltumethvi-,6 9-tr&oxo- -oxa-
I lti lo .b cv*lu(9 ijiemtml c o yii -'l(4 .Iloo 2 i4 (2

( 8 . S, SR, I S) I (4 blm (4 (2 (tdm ih I mn i i tb I) I m Ih)l lii
rn dazol & yl)phermxy)benzvll 8 (4 chlombenz I) 12 ((Rl .3 dd&7dro IH u&den I

I(i « Imethoxymethyl) 7,10 d methyl (4 morplml nobut„ I) 1.4.7 I»
re&maze v lotetradecane 3.6,11,14tetraone.

S, SR. 12S) 2 (3 (azet d n I yl) 'I oxoprop I) I (4 chio&o 2 (4 (I methyl
ipvimhdu&-l-, ln&etlnl)-IH-unidazol-5.)l&phcaox)!benz&i)-8-(4- hlombenzya-12-
(iRI-34-du»et)» l-2 3-dihyd&o-IH-&n ten-I- I)- -unethoxvmethya-7,10-duneth) I-

I 4. 2 0-tctraaz &cy clotetradcmu&c-3.6,11.14&cti none.
(311,7S,(SS, I li) 6(4- bl t4(-(bh Ihyb» !m tl I! I Ihyl la
muhr I & 71)pt»»)b vii I t4- !I» bmuvl! 10 (h dr ym tlvl) 3

. opmp I 7 mail I I dh9.1 ieir; b 7 I (11.3 I (li I i»i; » R&,8,11

( «. «S. SR. 12RI I (4 chloro (4 (I meth I 2 rpi&rol d n I vlrnethva IH m dazol
«yljphen xy)l&enzvl) 8 (4 hlorobenzyl) I (dnnethylanuno) «(me&ho&.&meth&a

7.10 &»methyl 1.4,7.10 tetraazri y lotet&adecane &.6.11.14 tetrione
2 (( S «b. 8R12R) 12 benz&I I (4 hlo&o (4(l u&erhil (pvrroldn I ylmerhyi!
IH-nnidazol-8-vl)phcnoxy)benz H-S-(4-chlombcuz)ll-a,lp-trunet)01-R6,11,14-
tetmoxo-I 4.7,10-tetra&z&cyclotetradcmu&- -ya& ti amd
i3S, 8, luv. 13R)-6-(2-(4-( -i(tert-butylanuaolmctl&) I)-I-methyl-IH-&rn&dazol-8-

l)phcnnxvj-4- hloro-6-Huo&obcnzyl)-Ii-(4-chloiobenzvll-lru(methox)&net)01)-
712 dm tb,i (22, I l)um Ihyll I ( 91 I I .::b&*v I (113 I)t It»ku

,&,8.11 t tr: m .

()S,7S,ISS, 1)l() 6(2 (41 &(I I buiyit & tbyll mn i mtb 0 1 m lb)111(
ru&L oi & l)ph r y)4 bl m 6 II ob rr I) I (4*hi» 0 & vl) lil
imethnx,methyl) 7 merh,l 3 ( 2. t& tluoroeth lj 1.6.9.12
tetmazab 7 le[11 3 1jheptade .&ne .«Rbl1
Ielrfloue.
(&«. 78. Iub. 13R) 6 (2 (4 (2 (ite&t butylanuno)methva I me&la l IH un dizol «

l)phcnnxvj-4- hloro-6-Huo&obcnzyl)-Ii-(4-chloiobenzvll-lru(methox)&net)01)-7-
&nethyl-3-(2.2, -t»auorocthyll-l,64.12-tetra&zibi iclo[ll . Ijheptade anc-
-.. obl1.tctmouc,
()S, 7S, 10S, 131() 6 (4- bio im12 &I I b I li ih l)muo )m ltvl) I n&ethyl
IH mui. r I & 71)pt»») 6 (8 r Ibm yll I (4*llombeo &I) 10

(h d»vm &tv() 7 nil&l I I, i»tl m ihvl! 16912
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i3S, 8, luS. 13R)-6-(4-c)rlom-2-(4-(2-((dune(1&lmnmo)methyl)-I-rnctlt&l-IH-
r u(L oi & l)ph r y) 6 li »bcmrvl) I (4 *hi m b v I) 3 *vci but&I lil

( Ih» ihvl) 7,1 I r tlrvl 1,6.9.12 I I a; ., b* I [11 ) 1]1

pin»curn

,&,8.11 t tr: m .

()S, 7S, 10S, 1)li) 6 (2 (41 r(i I buiytt r llr&II ma i mtb Il I m Ib&I III
rn dazol v, l)phermxy) 4 chloto 6 tluorobenz I) I 'I (4 chlorobenzyl) 10

imethox, methyl) 7 12 d methyl I (2.. Intluoroetbv1) I 6 9 I

tetmazab 7 la[)I 3 l]heptade .tne .Vdhl1 teu.tone.
i3R. 78. IUR I')R) 6 (2 14 (2 (ttert butylamuto)methvb I meth, I )H un dazol
y»phenox&)-4-chloro-6-Huorot crtz lp13-(4-chloiobcnzvl!-3-(cy loprop&lntethyl!-
Iu intcthoxvutetl»lr 7 tncthyl-)6 9 12 tetr razabi vclo[l1 3 l]hcptadecnte-

&.ttd I I'ctraortc,
i&S, 7S, IriS 1&R).6-i2-(4-(2-(iteit-buubmcth&llmnmo)methyl)-l-nrctli&I-IH-
m«hr I &,I)pti xv)4 bl 6 &ii I i4 ll I rr I! 10 (t dr vm tt»l) .

m Ii&l! I ».2 trit) » ihvl) 1,69,12 I tn, rb, lo(il l(beP(nl *u
2.,8,11 I mu
(311,7S,10S, I li) 6 (4- bl t4(-(bb Ihyh» !m tl I) I Ibyl ill
nn dazol v, l)phenoxyl 6 thtombenzyl) I '! 14 hlombenzv» lu ihydrox methyl) 7

methyl 3 ((I merh, Ic& loptopyl)ntetltvl) 1.6,9.1
tetmmab vcl [11 '! )]heptade .me .4.8.11 tetmorte.
i3R, 7S, IOS. 13R)-6-i4 eh)or -2-(4-(2-i(dtmcthylunutoimcthvl)-I-methyl-IH-
anidazol-6-vl)phcnoxy)-6-Huombcrtz&lp13-(4- hlorobenz&l)-3-( v Ioprop&lmcthyll-
10-(hvdmxyrncthy»-7-tnctltyl-I 6.9,12-tctrvvzabtcy Io[l1 ']lteptadc me-

. 1 db I I . to taoate,

()S,7S,10S, 1)li) 6 (4- bio i«12 rt I Ihyh uu !m tlvl) I mtbyi 11(
ru(L oi & l)ph r y) 6 li »bcmrvl) I (4*blab vl) 31R2 dr(1 r pop&l)
10 (bvd y thvl) 7 Ihyl 1.6,9,1 I I a, In v*l [11 l]I pt. Ie; n

,&,8.11 t tr: m .

i36, 7S, l(S. 13R) 6 (2 14 ( ((tert butylanuno)methyl) I methyl )H un dizol
yljphenox&l 4 hlotobenzvl) I) 14 hlorobertzyll 10 (hvdrcxymethvl) 7 meth,l 3

..2 tr duotoethy» 1.6,91 tetrr rzab, Io[ll lfheptade ane 2..8.11
Iclrflottc.
(SR, S, luS. 13R)-6-(2-1't-(2-iltcrt-butylamutolmcth& I)-I-ntcthvl-)H-trntdazol-6-
y»phenox&)-4-chlorobcnzyll-13-(4-cltl robcnz&ll-3-tcycloptop&lmeth&))-)tr-
(hvdtnxynrcthy»-7-mctltyl-l.6.9,12-tctravzabtcy Iof1 1. 1]heptadc me- . 8.H-
tert rorrc.

(311, 7S, 10S, I li) 3 6 vi 6 I (4 (2 (tlat. tnt 0 u no) al I) I Ib I Ikl
m«hr I &,I)ptr xv)4 bl 6 &ii I (4 ll I rr I! 10 (u It y Ibyl)

7 Iiv)1691 I la .b 7 I [II I]hi(«i ",» 2&811(a: n.
(31(. 7!. H)S, I IH ) bei &16 t4 tlm (4 (I m lbvl (iru i)xi mn ) ttyll
IH nndazol! &I)phenoxylbenz&I! 13 (4 hlor Ienz,b lr! (h&drov.&methyl) 7
methvl I 6.9, I tetrr izab, etc[11 3 l]heptadecane .(.8.11 tetraone
(IR, 7L, l(S. 13R) 6 (4- hloto 2 14 ( (idmethvlarnnolmerh 0 I methvl IH
nn dazol v, l)phenoxyl 6 thtombenzyl) I '! 14 hlombenzv» lu ihydrox methyl)
, 12-dnncth&I-3-1 .29-tn(luor ctltyll-l.6,7 I -tctraazab«v

loft )

" l]heptadccane-
-.. 3»ll.tctmortc,
i3S, 8, luS. 13R)-6-(4-c)rlom-2-(4-(2-((ethyl(I-tncth&Icy Iopmpvl)atrrrrtoltncthyll-I-
m Ii&l lli m I r I yl)pb xv) 6 Soonb yll I (4*)la 6 ravl) l(i

(b d xvm ttvi) 7 ml)vl! I, irttl m Ihvl) 1,6912

(311 7! H)S I IH 6 (4bim '(4 (2 (I I lri&L r )» Ibyl) I tt I»I
rn dazol v,l)phermxy) 6 thtombenzyl) 13 (4 chlorobenzyl) i „ Ioptopvlmethyl)
li (hydr vymethvl) 7 methyl I 691 tctraazal cyclo[it I l]hept tde ane

.S.ll rerraone.
i3R. 78. IUR I')R) 6 (2 14 (2 (ttert butylamuto)methvb I meth, I )H un dazol
y»phenox&)-4-chloro-6-Huorot crtz lp13-(4-chloiobcnzvl!-3-(cy loprop&lntethyl!-
Iu-th&dmx&methyl)-7-met)»1-1,6.9,12-tetraazabtc& lo[H ." 1]ltcptade cue-

&.ttd I I'ctraortc,
(SR, S, luS. 13R)-6-(4-c)rlom-2-(4-(2-((dune(1& lmnino)methi1)-I-nreth&l-IH-
anidazol-6-vl)phcnoxy)-6-Huombcrtz&lp13-(4- hlorobenz&l)-3-( v Iobuulmethvl)-
li (hydr vymethvl) 7 methyl I 691 tctraazab cv lo[ll I l]hept tde ane
2.,8,11 I mu
()S,7S,10S, 1)li) 3 bem vl 6 (4 bt m (4 (2 ((Irual hmw nr tt I) I rn lb&l

IH-nnidazol-6-vl)phcnoxy)benz »-13-(4-cltlombcnzvli-lir.(methoxymcthyll-7-
methyl 4 oxa 1.6H I tetra tzair c, lo[l1 3 l]heptadecane (.8.11 tetrrone
(IS. 78. IUR 13R) 6 (2 14 ( (tzet dut I ylntetttylj I methyl IH nudizol (

v l)ph I 4 t lu u 6 0 m 6«& I) 13 (4 I lo ob r r I) 1r I (m Ih y m Ibyl)
7.12-duncthv)-3-( .2,v-tn(luometl»lt.l,6 9,1 -tetr«nebr y Iof1 I

" l]hcptadecanc-
-.. 3»ll.tctmortc,
i36, 7S, l(S. 13R) 6 (4- hloto 2 14 ( ((d methvlarnmolmerh&H I methvl IH
m«hr I &,I)ptr xv) 6 0 nl«yt) 13!4 *bio oh r vl) ) (R2 60 o opr pyl)
10 ( r ilro& r Ibyl) 712 rb ihvl 1691 I I a r br*v I (11 3 I]b 10 I

&.ttd I I'ctraortc,
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i3R, 7S, 10S. 13R)-3-benzyl-6-(4-chl to- -(4-IS-I(dancthvlatnino)met)»li-I-ntethyl-
ili mui r I & &I)ptt xr) 6 fh r Ibm vll I (4*llombeo !i) l(i

( Ih» Ihrlj 71 I t tltvl I b9121 I a; ., b* I [11 ) 1]1 ptua ourn
,&,6.11 t tr: m .

()S,7S,10S, 1)li) 6 (4- bio IRIS tt I b I li Ib l)mua jm Itvl) I ntethyl
I H nndazol i yl)phenoxyl 6 tluorobeazyl) 11 (4 hlorobenzvfl l(i
imethox,methyl) 7 merh,l 3 I 2. tt tluoroeth lj 1.6.9.12
tetmazab v le[)I 3 l]heptade .tne .32011 teu.tone.
i35, 7S, l(S. 13R) 6 (4- hloto 2 14 ( ((d methvlarnmolmerh)H I methvl IH
m»daze(-vfll)phcnox&l-6-Ihtombcnzyl)-1344- hlorobeazyfl-3-(3,:-
drfluoro» clobut, I)- I u-Ihvdrox& methyl)-7-meth&1-1.6 9,12-
tetrarzabr»clo[11 3 l]hcptadccanc- m ti ll-tcti acne.
(SR, S, lu5. 13R)-6-(2-1't-(2-iltcrt-butyluncthvllunmo)methyl)-I-metltyl-IH-
muhr I &,I)ptt x!)4 bl 6 &ii I (4 ll I rr I! (*v*1 pmp In& tbvl)

10 (h&d xrm Itvi) 7 me(i!I 16 91 Ieirm . I y*l [ll l(t) pird
2.,5,(l I mu
( lt, 7S, 10S, I li) 6 (2 (412 It( I buivli t flt&li m m i mtb Il I m Ib&I III
an daze( v,l)phenoxyl 4 hiero 6 tluorobeazylj it (4 chlorobeazyll 3

( yclopmpvlmerhvl) 10 (hvdtoxymetltvfl 7 methyl I 6 0 I

tetmmab vcl [11 '! )]heptade .me .4.5.11 tetmorte.
i3S, 5, lu5. 13RI-6-(4-c)!lorn-2-(4-(2-f(dune(1) lmnmo)methyl)-I-tnctlt&l-IH-
unidazol-6-vl)phcnoxy)-6-fluombcrtz&lp13-(4- hlorobenz&l)-3-(360
drtlnorocv Iobutvfl-10-(h& ttoxymcth H-71 -dnneth&1-1,6 9.12-
tetmazabrcv (0[11 3 l]hcptadcmutc- .i,t!.Il-tcti.ione;
()S, 7S, 10S, 1)li) 6 ( (41 f(I I buiv( r I ttivlj I mtb I HI! ul. o( &

d Il » v I b t I) 10 I t tlm«y t tltyl1 7.1 dm Ibv( 1.6.9.12
I .:r, b v I [Il I] 2,,6,11 Ieim

i35, 7S, l(S. 13R) 6 (2 14 ( (unnometh I) I methyl IH nudazol yl)pheaoxv) 4
hl m 6 tluorobeazyl) 13 (4chlorobenzvl) 3 (3 I 6 tluoto „ lobutylj lu

imethox, methyll 7 12 d methyl I 6 9 I ten atzab c le[11 3 l]heptade .me
.S.ll rerraoae.

(SR, S, lu5. 13RI-6-(4-c)!lorn-2-fluom-6-(4-(I-ntethvf- -t(methylamuto)mctltvli-IH-
m»daze(-vfll)phcnox& lbcnzvl)-13-14-cltlorobcazyl).l t!.tmethoxvntctlt& l)-7,12-
dm!cthy I-3-i I 6-ntcthvip& ndu» 2-yl lmcthy(1-1.6.9 12-

tetrmzabr»clo[11 3 l]hcptadccanc- m ti ll-tcti xone.
Iii l(,75. 1(i'i. 1)li) 6 (4 idm - (4( i(do Il 0» o)mal!i) I tt I iki

muh r I v, I)ptt x! ) 6 0 n I «yi) 13!4 *bio ob r v(i lti (m tl vm ttul)
7 12 I m th I .& 6 11 I tr, I 6 7 12 I I

''' * *I [11 ) I]i mr) I m n

('tfl. 75. ! UR 13R) 6 (2 14 (2 (itett butyl(meth l)ammo)meth) H I methyl IH
an daze( v,l)phenoxyl 4 hiero 6 tluorobeazylj it (4 chlorobeazyll 3 (3 'I

d Il » v I b t I) 10 I t tlm«y t tltyl1 7.1 dm Ibv( 1.6.9.12

i3R, 7S, 10S. 13R)-6-i4 chlor -2-(4-(2-i(dtmcthylunuto)mcthvl)-I-methyl-IH-
un dazol 6 &l)phermxy) 6 thtombenzyl) 13 (4 chlorobenzyll li) thvdrox, methvl)
7 I d merh, I 3 I(6 merhvlp&r dut 2 vltmerhvll 1.6 0.1

(SS, 7S, 10S. I SR)-6-i4 chlor -2-((6-(2-((dancthvlatnino)atetlt 11-I-ntetl»l-IH-
unidazol-6-vl)pyudut-3-&l)oxvh6-(flu r bcuzyl)-IS-(4-ohlorobettz&l)-3-IRS-
d flu t v lobu»l) 10 (methoxyntetltyl) 7.12 dunethvl 1.6.9.12

()S, 7S, 10S, 1)li) 6 (4- bio 0 m 6 (4 (I m Il I f( ml 0 mmlntetbvi) Ill
m»daze(-vfl l)phcnox& lbcnzvl)-13-14-cltlorobcazyl).l t!.tmethoxvntctlt& l)-7,12-
danerhvl 3 ( . rt tluotoethylj 1.6.7.1 teuaazalnc cia[i 1 3 l]hept ide ane

.S.ll rerraoae.
(.".!. 75. H)S, I)IH 6 (4- bi 0 '(6 (2 ttd m Ihvlm» ! It I) I Ihvl I fl
unidazo(-66hpv»du»3.& Hnx&I-d-flu r benzyfl-13-14- hlorobcnzyl)-lit-
(mcthoxnncthyl)-7,1]-duucth)(-3-(2, 2-t»fluoioethyfl-1.69.12-
tetmmab vcl [11 '! )]heptade .me .4.5.11 tetmorte.
()S,7S,10S, 1)li) 6 (4- bio IRIS tt I Ihyb uu !m tlvl) I mtby( 11(

muh r I v, I)ptt x! ) 6 0 n I «yi) 13!4 *bio ob r v(i lti (m tl vm ttul)
, 12-dnncth&1-3-Itcttalt&dro- H-p rm-4-yfl-l,6,9.12-
tetmazab v le[)I 3 l]heptade .tne .32011 teu.tone.
(IS. 75. !UR 13R) 6 (4chloro 14(2 ((d rnethvlmn rtolmethvll I methyl IH
ru(L o( & l)ph r y) 6 li »bemrrl) I (4 *61mb vlj I(

(idttluomutcthox& )methyl).7,12-du»ethyl-)-(2,'.2-tttfluoroethyf)-I 6.9,12-
tetmazabrcv Io[l I 3 l]hcptadcmutc- .i,t!.11-tctiaone;
i 35, 7R. Ii)R I'IR) 6 (4chloro I(6 ( ((d rnethvlannnolmeth&lj I meth)1 IH
muh r I v, I)pv i n ! yl) v) 6 11 o ob r%vl) 13!4 *hi a b arvlj lil

( Ih» Ihrlj 7,1 I t tltvl ) I .-.- I»l) o Ihvlj 1.6.9,1
tetrarzabr»clo[11 3 l]hcptadccanc- m ti ll-tcti xone.
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Cmd
C em p u ad . J

arne

17 (3S, 3, luv. 13R)-6-(4-o)rior»-2-aunt»-6-)4-I I-rn thy(- -t(methyl»nut»)met)tv))-IH-
ruth o)y l)ph r y)bei vl) I ta hl» 6 I) 0) th 6 ) ttv)17.12
dr»thy( (222 t 11» Ihyl) 1691 I I,: . 1»*v*1 Ill 3 1(h»u I mm

,o,d.lt t tr: m . od
17S (1)t. 7(. H)S, I 10 7 (, w lhy)) b«yt 6 (4 I lo o 2 (4 (

((d methylanuno)methyl) I meth, I )H urt dazol 4 yllphenoxv)benzvl) 13 14

hl r benz, I) Irr (hhdroxymerhvl! 1.6.4.1 tetraazab ovoloiilul Ilheptvdeoane
.S.li terra»ac

Embodiment 21 Emboduncnt 28

[0403] A pharmuceuticdl composition compusing a thera-
peutically effective amount of a compound according to any
one nfl(nilxydintents 1-20. or a pharmaceutically acceptable
salt thereof. Bnd one or more phannaceuticnlly acceptable
carriers or excipients

I)mbodiment 22

[0404] A combination comprising a compound according
to any one of Embodiments 1-20, or a phamtaceutically
acceptable salt thereof, and one or more additional them-
pcltttcdlly'lcltvc agcilhw

Embodiment 23

[(1405] qhe combination according, to limbodiment 22,
wherein the additional therapeutically active 7 ent is a
statin.

Embodiment 24

[0406] 1 he pharmaceutical coillpt1sitioil 'icciIrdiag to
I:mbodiment 21 or combination according to Eimbodtment
22 or 23. for use in the treatment. prevention. amelioration,
or delay in the progression of B PCSK9-mediated disease or
disorder.

Embodiment 25

[(1407] 1 he pharniaceutical composition or the combuia-
tion accordiim to I:mbodiment 24. wherein said PCSK9-
mediated disease or disorder or the disease or disorder
requiring inlubition of PCSK9 activity is selected fmm
hypercholcslcrolcmid, hypcrlipidcmia, hvpertriglyceu-
denud. sitosterolcmia, athcrosclcrosib, artcuosclcrosib, coro-
nary heart dtscascr PeuPhcral vascular discase, POOPheral
arterial disease. vascular inflammation, elevated l,p(a),
elevated I,I)I . elevated 'I

I&I „elevated triglycerides, sepsis,
and xanthoma.

Embodiment 26v

[0408] A method oi'odulatuig PCSK9 compnsing
administering to a patient in need thereof a compound ofany
one nfl(nilxydintents 1-20. or a pharmaceutically acceptable
salt thereof

ltmbodiment 27

[0409] A method of uihibiting PCSK9 comprisui adnun-
Istcrttig 10 a pi)licit( 111 ilcixl Iltcri'01 a cuitipottixl 01 atty Otic
of I imbodiments 1-20, or a plmrmaceutically acceptable salt
thereof

[0410] A method Ior treating, prcvmiung, mnchoraluig or
dclayuig Ihc progression 01' PCSK9-mediated ihscasc or
disorder comprising the step of administering to a patient in
need thereof a therapeutically effective antount of a com-
pound according to any one of Embodunents 1-20. or a
phaunaceuticaily acceptable salt thereof.

limbodiment 29

[0411] The niethod of I)mbodiment 28, wherein said
PCSK9-mediated disease or disorder is selected from hyper-
cholesterolemia, hyperlipidemia, hypertri lyceridemia, sito-
stcrulcnua, athcrosclcrosis. arteriosclerosis, coronary heart
discase, pcnphcral vascular disease, pcriphcral artcual dis-
ease, vascular rnflanuna(ton. Olev atcd Lp(a). Clcvatixl LDL,
elevated 'I'Rl „elevated tri lyceridev, sepsis. and xanthorna

Emboduncnt 30

[0412] Amcthodoi'(i) reducing Lp(a), (n) reducing Lp(B)
plasma lcvclb, (iii) rtxlucuig Lp(a) serum lcvcls. (Iv) reduc-
ing seuim TRI, or I,DI levels. (v) reducing seuun triglyc-
ende levels, (vi) reducina I DI.-(L (vii) icducing total
plasma apoB concentrations, (viii) reducing LDI. apoB. (ix)
reducin TRL apoB. or (x) reducing non HDL-C. the
melhod compnsing admmisleruig Io a paumit ui nco»I
liiclcof a thcltipcltlicitllv 0(fccl 11 I: aiilouttt of a cotitpoutid ol
any Onc Of Embodiments 1-20, or a pharmaccutically
acceptable salt thereof to the patient, thereby reducing
I 131.-('n the patient

Emboduncnt 31

[0413] 1)ie niethod of any one ltnibodintents 26-30,
wherein aihninistering is performed orally, parentally, sub-
cutaneously. by injection, or by infusion.

Embodiment 32

[0414] A compound accorduig Io any ouc of Embodiments
1-20, or a pharnmceutically acceptable salt thereof. for use
in the treatment of a P('SK9-0)ediated disease or disorder

l(mbodiment 33

[0415] A compound according to any one of Embodiments
1-20, Or a phamiaciu(tcally acccptablc salt Ihcrcoi: for use
iu Ihe trcalmenh prcvcnlton. amchordtiou or delay oi pro-
grcssioii ol ft)r Iisc 111 Ihc lrcdltticii(, prcvcitltott, Btlic1101411011

or delay of progression of a disease or disorder requiring
inlub Jtion of P('S K9
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Embodiment 34

[0416J Use of a compound according to any one of
limbodiments 1-20. or a phannaceutically acceptable salt
thereof. for the treatment. prevention. amelioration or delay
of progression of a PCSK9-mediated disease or disorder or
for the trcatmcnn prcvmition. amehoration or delay of
progression ol' disease or disorder requiring inhibition of
P('SK9.

Embodunent 35

[0417] Use of a compound according to any one of
Enibodinients 1-20. or a phannaceutically acceptable salt
thereof, in thc manufacture of a mcdicdmcnt fiir the treat-
ment, prcvcntion, amelioration or delay of progression of a
P('SK9-mediated disease or disorder or fiir the treatment,
prevention, amelioration or delay of progression of a disease
or disorder requiring inhibition of PCSK9.

Iimbodiment 36

[0418] A nu:thod for treating, prcvcnung, mneliorating or
delaying the progression of a PCSK9-mediated discase or
disorder or of disease or disorder requiring inhibition of
P('SK9 or of P('SK9 activity comprising the step of admin-
istering to a patient in need thereof a thempeutically effec-
tive amount of a compound according to any one of Embodi-
ments 1-20, or a phannaccutically acccptablc salt thereof

Embodiment 37

[t)419] 1 he compound for use according to Eimbodimeltt
33. the use of a compound according to Embodiment 34 or
35. or the method for according to Embodiment 36. wherein
said P('SK9-mediated disease or disorder or the disease or
disorder rcquiruig inlubiuon of PCSK9 is sclcmtu! from
hypercholcsterolcmid, hypcrlipidcmia, hvpertriglycen-
demia. sitosterolemia, atherosclerosis, arteriosclerosis, coro-
nary heart disease. peripheral vascular disease. peripheral
arterial disease. vascular inflammation, elevated i,p(aj,
elevated LDL. elevated TRL, elevated triglycerides, sepsis,
and xanthoma.

Embodiment 38

[0420] The compound accordiitg to Embodiment I

selected from: (3R,7S.IOS,13R)-6-(4-chloro-2-(4-(2-((dim-
cthyldnuno)methyl)-I-methyl-I H-unnlazol-5-yl)phcnoxy)
benzyl)-13-(4-chlorobmizyl)-10-(hydroxymcthyl)-7,12-di
methyl-3-(pyridin-2-ylmcthyl)-1,6,9,12-tetraazabicyclo[11
3 1]heptadecane-2.5,8.11-tetraone; (38,7KIOS,i3R)-6-(4-
chloro-2+1-(2-((dimethylamino)methyl)-I -methyl-111-uni-
dazol-5-yl)phenoxy)-G-fluorobenzyl)-13-(4-chlorobenzyl)-
10-(hydroxymethyl)-7.12-dnnethy1-3-(pyridin-2-ylmethyl)-
1.6.9,12-tctcdazabicyclo[113 1]hepuidccanc-2,5,8.11-
tetraonc. (3R,7S, I OS,I 3R)-3-bcnzyl-6-(4-cltioro-2-(4-(2-
((dnnethyhuniuo)methyl)-I-methyl-IH-inudazoi-5-yl)
phenoxy)benzy1)-13-(4-ch lomb enzyl)-10-(hydroxymethylj-
7-methyl-l,(i.9,12-tetraazabicyclo[11 3 I Jheptadecane-2,5,
8.11-tetraone, (3S,7S.I OS.13R)-6-(4-chloro-2-(4-(2-
((dimethyiamino)methyl)-I-methyl-iH-imidazol-5-yl)
phcnoxy)-G-IIuorobcuzyl)-13-(4-chlorobcnzyl)-3-((S)-2,3-
dihydro-I H-tndcn-I-yl)- I O-fltydroxymcfltyl)-7-methyl-I,G,
9,12-tctraazabicyclo[11 3.1]heptadccane-2,5.8,11-)etraonc.
(3R. 7S, I OK13R)-3-benzyl-(i-(4-chio ro-2-(4-(2-((dimethyl-
amino)methyl)-I -methyl-111-imidazol-5-yl)phenoxy)ben-

zyl)-13-(4-chlorobenzyl)-10-(hydroxymethyl)-7.12-dim-
ethyl-l,6.9,12-tctraazabicyclo[11.3.1]hcptadimmic-2,5,8,11-
tctraouc, (3R,7S, I OS.13R)-3-benzy1-6-(4-chloro-2-(4-(2-
((dimethylamino)methyl)-I-niethyl-111-imidazol-5-yl)
phenoxyj-6-fluorobenzyl)-13-(4-chlombenzyl)-10-
(hydroxymethyl)-7-methyl-1.6„9.12-tetmazabicyclo[11.3.1]
heptadecane-2,5,8.11-tetraone: (3R.7S.IOS,13R)-3-benzyl-
6-(4-chloro-2-(4-(2-((dimethyiamino)methyl)-I-methyl-
I H-inudazol-5-yl)phcnoxy)-6-fluorobeuzyl)-13-(4-
clflorobmizyl)-10-(hydroxymcthyl)-7.12-dimethyl-1,6,9,12-
tetraazabicycio[11 3 I Jheptadecane-2,5.8,11-tetmone: (3),
7S, I OS,13 I()-6-(4-chloro-2-(4-(2-((dintethylamino)
methyl)-I-methyl-IH-imidazol-5-yl)phenoxy)-G-fhioroben-
zyl)-13-(4-chlorobenzyl)-10-(methoxymethyl)-7.12-dim-
ethyl-3-(2,2.2-trifhioroethyl)-1.6„9.12-tetraazabicyclo[112L
1]hcptadcmanc-2,5,8. I I-(cur@one, (3S,7S, IOS,13R)-6-(4-
chloro-2-(4-(2-((duncthylamino) methyl)-I-methyl-IH-
inlidazol-5-yl)phenoxy)-6-fluorobenzyl)-13-(4-
chlorobenzyl)-10-(hydroxymethyl)-7.12-diniethy1-3-(2.2,2-
tutluoroethyl)-1,6,012-tetraazabicyclo[11 3 I J

heptadecane-2,5,8.11-tetraone: (3S„7S, IOS,13R)-6-(4-
clfloro-2-fluoro-6-(4-(I-methyl-2-((methylamine)methyl)-
I H-inudazol-5-yl)phcnoxy)bcnzyl)-13-(4-chlorobcnzyl)-
10-(mcthoxymcthyl)-7.12-dimethyl-3-(2,2,2-
trdluoroethyl)-1,6,9,12-tetraazabicyclo[11 3 I J

heptadecane-2.5,8,11-tetraone; and (3K7S,IO),138)-6+4-
clfloro-2-fluoro-6-(4-(I-methyl-2-((methylamine)methyl)-
I H-imidazoi-5-yi)phenoxy)benzyl)-13-(4-chlorobenzyl)-
10-(hydroxymethyl)-7.12-di methyl-3-(2,2.2-
tnfluorocthyl)-1,6,9,12-)cudazabicyclo[11.3.1]
hcptadimdne-2,5,8,11-tctraonc: or a phannaccutically
acceptable salt, hydrate, solvate. produig, stereoisomer,
N-oxide, or tautomer thereof.

limbodiment 39

[0421] A pharmaceutical composition compnsing a therd-
pciltlcall)'flcctlvc dmiiullt of d colllpolllld accoldillg to dllv
ouc of Emboduncnts 1-20 and Emboduncnt 38, or a phar-
maceuticaily acceptable salt thereof. and a phannaceutically
acceptable carrier or excipient.

limbodiment 40

[0422] The phanndccuucal compositiou of Emboduuent
39 further comprisuig at least one addiuonal phamiaceutical
agCflt.

Emboduncnt 41

[0423] The phamiaceutical composition of Embodiment
39 or Embodiment 40 for use in the treatment of a PCSK9-
mediated discase ur ihsorder.

Emboduncnt 42

[0424J A method of modulating P('SK9 comprising,
administering to a patient in need thereof a compound ofany
one of Embodiments 1-20 and Embodiment 38, or a phar-
maccutically acccptnblc salt thcrcxtf.

Emboduncnt 43

[0425] A method of uihibiting PCSK9 compnsing aihnin-
istenng to a patient ui need thereof a compound ol'ny one
of Iimbodiments 1-20 and I'.mbodiment 38, or a phanna-
ceuticaliy acceptable salt thereof.
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Embodiment 44

[04Z6J 4 method of inhibiting P( SK9 activity co&upnsh&g
administering to a patient in need thereof a compound ofany
one of Embodiments 1-20 and Embodiment 38. or u phar-
maceutically acceptable salt thereof.

Embodiment 45

[04Z7J 4 method for treating a P(')KB-n&ediated disease
or disorder comprismg the step of administering to a patient
in need thereof a therapeutically eflective amount of a
con&pound according to any one of the Embodiments 1-20
and Embodiment 38. or a pharmaceutically acceptable salt
Ilare&11)

Embodiment 46

[04ZSJ 'Ihe method of limbodi&nent 45. v herein said
PCSK9-nlediated disease or disorder is selected thorn hyper-
clmlesterolemia, hyperlipidem&a. hype&triglyceriden&iu, s&to-

stcrolemia, a&hcrosclcros&s, ar&cnosclcros&s, coro&wry hear&

d&scuse, pcnphcrul vascular discase, vascular ulflanunation,
anti xanlhonla.

Embodiment 47

[0429] nk method of reducing LDL-U in a patient in need
thereof. the method comprising administering a therapeuti-
cally clli 1 til c amount ol'a compound ofany onc oi'Embed&-
ments 1-20 and Embod&mcn& 38, ur a phannaccutmally
acceptable salt thereof to the patient. thereby reducing
I DI.-C in the patient

I&mbodiment 48

[0430] The method of m&y onc ol'Embodiments 42 to 47,
whermn;uhnin&stenng & ~ perl'ormcd emily, parenulliy, sub-
cutaneously, by uljcction, or by infusion.

Embodiment 49

[0431] nk compound according to any one ofEmbodiments
1-20 and Embod&ment 38, or a pharmuceuticaliy acceptable
sal& thercol: for use &n thc tres&ment of a PCSK9-mediated
d&scuse or disorder.

Embodiment 50

[0432] nk compound according to any one ofEmbodiments
1-20 and Embod&ment 38, or a pharmuceuticaliy acceptable
sal& thercol: for use &n thc tres&ment of a PCSK9-mediated
d&scuse or d&sordcr wluch &s selcc&ed from hvpcrcholcstcr-
olemia, hyperl&p&dcm&a, hyper&nglyccridemia, si&ostcr-
olemia, atheroscleros&s, arteuosclerosis, coronary heart d&s-

ease, peripheral vascular disease, vascular infla&un&ation,
and xantiu&ma.

olemiu, hyperlipidemia, hypertriglyceridemia, sitoster-
olem&a, alherosulcros&s, arlenosclcros&s, coronary hcarl
d&scasc, pcuphcral vascular iiiscasc. vascular &nflanunat&on,
anil xaf&thonla.

Emboiiuncnt 55

[0437J '[he use of Embodiment 54, wherein said disease
associated with the inhibition of P('SKB act&vity is selected
from hypercholesterolemia, hyperlipidemia„hypertriglyceri-
demia. sitosterolemia, atherosclerosis. arteriosclerosis, coro-
nary heart d&sense, peripheral vasculur d&seasc, vascular
inflammat&on. and xmlthonui.

Emboiiuncnt 56

[0438] 4 process Ibr Ihc manufac&urc of a compound of
Formula (II), or a pharmaccut&cally ucccptable salt, hydrate.
solvalc, s&cree&isomer. N ou &dc. or Iau&omcr thcrcof,

Rn

~NII
0

[0439] whcreul R„and Rs arc each &ndePcndently
((o ~C alkyl) and IC is as defined above for I ormula
0), co&nprising

[0440] (d) alkylatin a compound of Fornulla (Ila). or a
phannaceutically acceptable salt„hydmste, soivate, ste-
reo&somcr, N-oxide, or Iautomcr thcreol;

Rs

&us)

limbodiment 53

[0435] Acompoluld according to any one of Embodiments
1-20 and Embodiment 38, or a pharmaceutically acceptable
salt Ihcrcoi; Ibr usc in Ihc nuinulbcture ol' mcd&cement Ibr
tres&ulg a d&scuse assoc&a&cd with inlub&t&ng PCSK9 acuvuy.

limbodiment 54

[0436] Use of a compound according to any one of
Embodiments 1-20 and Embodnnent 38, or a phamlaceuti-
cally acceptable salt thereof. in the treatment of a disease
assoc&atcd with thc ullub&uon of PCSK9 act&v&&y.

Embodiment 51

[0433] Use of a compound accordulg to any onc of
I:mbodiments 1-20 and I:mbodiment 38. or a pharmaceuti-
cally acceptable salt thereof, in the &nanufacture of a med&-

canlent for treatmg a P('SK9-n&ediated disease or disorder.

I&mbodiment 52

[0434J 'the use of claim 51, wherein said PCSK')-medi-
ated disease or disorder &s selected from hypercholester-

Bn



US 2020/0164024 A]
47

May 28, 2020

[0441] where)n R, is H and R, is ac defined above for
Fornutia (I), v ith an alkyl halide and a base in a
solvent, and at low tentperature to provide a con&pound
of forntula (lib),

[0446] ~herein R„and R, are each )ndependentiy (C,-
C&, alkyl) and Rc is as dclined ubovc for Fonuula (I), or
a plramu)ceuucally acceptable salt, hydrate, solvatc,
stereoisonter, N-oxide, or tautomer thereof, and

[()447J (d), deallylatin the compound of I'ounula
(llld), with a palladium catalyst and N.N-dimethylt-
rimethylsilylamine in a solvent to provide the com-
pound of Formula (II).

Emboduncnt S7

[0448] The process of Etnbodiment 56, wherein the sol-
vent ut step (a) is DMF.

Bcc

[0442] wile&el&1 Rs ls (C) C& alkvl) arid Rv is as dciincxl
above for Formula (I). or a pharmaceutical iy acceptable
salt, hydrate. solvate, stereoisomer, N-oxide. or mu-
tomer thereof.

[()443] (e) reacting the compound of I'ormula (Ilb), or a
plrannaccuttcally acceptable salt, hydrate, solvatc, stc-
rcoisomcr, N-ox)dc, or )au)omar thercol) with an acid tn
a solvent„ follov ed by Boc,O and a base to fomt a
con&pound of formula (iic),

limbodiment Sg

[0449] The process ofEmbodunmtt 56 or Embodiment S7,
whcrcin the tcmpcrature in step (a) ts about O'.

Embodiment 59

[0450] Thc process of any onc of Embodiments S6 to
I:mbodiment SY. wherein the acid in step (b) is trifluoro-
acetic acid ('I'I'A)

limbodiment 60

0 I&)

[0451] The process of any one of Embodiment 56-59,
wherein a metal oxide is used in step (c).

~OH
5

Embodiment 61

[0452] The process of Emboduneut 60, whcrc)n thc metal
ox)de is stiver (I) oxide (vxgsO).

Emboduncnt 62

[()444] &vherein Rc is (C)-('& alk31) and IRv i ~ as defined
abo&e for Fonuula (I), a phannaceutically acceptable
salt. hydrate. solvate, stereoisomer, N-oxide. or tau-
tomer thereof,

[0445[ (f) alkylatin the compound of Formuha (Iic). or
a pharmaceutically acceptable salt, hydrate. solvate,
stcrco)somcr, N-ox)dc, or )au)omar thereoii wtth a

alkylating agcnn )n a solvent, mtd op)tonally a metal
oxide to prov)dc a compound ul Formula (III&1),

[t)453J lhe process of any one of i&mbodiment 56-61,
v herein the palladiunt catalyst in step (d) )s tetrakis(triph-
enylphosphine) palladium(0).

1imbodiment 63

[0454] A process for the manufacture of a compound of
Formula (II), or a pharmaccuttcally ucccptable salt, hydmtc.
solvatc, stereo)isomer. N nu tdc. or tautomcr thcrcof,

0 I)

&Ilm
R

~OR

~ NH)

0

Bcc [0455] whcrmn R„, is H. Rs is (C,-C& alkyl), tmd Rc ts
as defined above for I'ormula (I), comprismg reacting
a compound of Fornnda (lib)
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[0467] Another aspect of the present disclosure relates to
tllst an intermediate of Fornntla (Illa)

ks
(ttts)

Bnc

[0456] whcrctn Rs t ~ (C, -Cs alkyl) mtd Rs is as deiincd
abm e for I'onnula (I). with a palladium catalyst and
N,N-dintethyltrimethylsilylamine in a solvent to pro-
vide the compound of Formula (11).

Itmbodiment 64

[t)457] 1 he process of Iimbodiment 63, wherein the sol-
vent in dichloromethane.

[0468] or a pharmaceutically acceptable salt. hydrate,
solvate, stcrcotsomcr. N-oxide, or tautomer thereol.
whcrcin. R, ts NHs, NH(C,-Cr)alkyl. ~(O)
NI I„or

itmbodiment 65

[0458J 'Ihe process ofl:mbodiment63orlunbodiment64,
vvherein the palladtum catalyst is tetrakis(triphenylphos-
phine) palladium(0).
[0459] In another embodtmcnt, the compounds ofFonuula
(I) are selected front
[0460] (3R.7S. I OS,13R)-6-(4-chloro-2-(4-(2-((dimethyl-

mmno)methyl)-I-methyl-I H-inudazol-5-yl)phenoxy)
benzyl)-13-(4-chlorobcnzyl)-IO-Otydroxymedtyl)-7,12-
di methyl-3-(pyridin-2-yltnethyl)-1.6,9,12-
tetraazabtcyclo[11 3 I Jheptadecane-2,5,8„11-tetraone;

[0461] (3R.7S. I OS,13R)-6-(4-chloro-2-(4-(2-((dimethyl-
mmno)methyl)-I-methyl-I H-inudazol-5-yl)phenoxy)-6-
lluorobenzyl)-13-(4-cldorobcnzyl)-10-(hydroxymethyl)-
7. 12-dimethyl-3-(pyridin-2-ylmethyl)-1,6,9„12-
tetraazabtcyclo[11 3 I Jheptadecane-2,5,8„11-tetraone;

[0462] (3R.7S. I OS,13R)-3-benzy1-6-(4-chloro-2-(4-(2-
((tiimethylamtno)methyl)-I-methyl-IH-tmidazol-5-yl)
phcnoxy) bcnzyl)-13-(4-chlombenzyl)-10-(hydroxym-
ethyl)-7-ntethy1-1,6.9,12-tetraazabicyclo[] 1.3 I J

heptadecane-2.5,8,11-tetraone;
[0463] (3S„7S,I OS,13R)-6-(4-chloro-2-(4-(2-((dimethyl-

mmno) methyl)-I-methyl-IH-tmulazol-5-yl)phenoxy)-6-
lluorobenzyl)-13-(4-cldorobcnzyl)-3-((S)-2,3-dihydro-
11 I-inden-I -yI)-I O-(hydnsxymethyI)-7-methyl-I.63k I 2-
tetraazabtcyclo[11 3 I Jheptadecane-2,5,8„11-tetraone;

[0464] (3R.7S. I OS,13R)-3-benzy1-6-(4-chloro-2-(4-(2-
((tiimethylamtno)methyl)-I-methyl-IH-tmidazol-5-yl)
phcnoxy)bmtzyl)-13-(4-chlorobenzyl)-10-(hydroxym-
ethyl)-7,12-dimethyl-1 nk9,12-tetraazabicyclo[11 3 I J

heptadecane-2.5,8,11-tetraone;
[0465] (3R,7S. I OS,13R)-3-bcnzyl-6-(4-chloro-2-(4-(2-

((tiimethylamtno)methyl)-I-methyl-IH-tmidazol-5-yl)
phcnoxy)-6-Iluorobenzyl)-13-(4-cldorobenzyl)-10-(hy-
droxymethyl)-7-ntethy1-1,6,9.12-tetraavabicyclo[1 1 3.1 J

heptadecane-2.5,8,11-tetraone; and
[0466] (3R,7S. I OS,13R)-3-bcnzyl-6-(4-chloro-2-(4-(2-

((tiimethylamtno)methyl)-I-methyl-IH-tmidazol-5-yl)
phcnoxy)-6-Iluorobenzyl)-13-(4-cldorobenzyl)-10-(hy-
droxymethyl)-7.12-duuethyl-l,6.9,12-tetraazabicyclo[I I .

3 IJheptadecane-2,5.8,11-tetraone.

wherein "'enotes a chiral center, Rs is H or a nitrogen
protccttng group (c.g.. tert-butyloxycarbonyl (Boc). 9-Iluo-
rmtylmcthyloxycarbonyl (Fmoc). ctc.), mtd Rv is as delinod
above for I'onnula (I). In one embodiment, Rs is a nitrogen
pmtectmg group In another embodiment, Rs is tert-buty-
loxycarbonyl (Boc). In another embodiment. Ra ts H.

[0469] Another aspect of the present dtsclosure relates to
an uttemtcdiate oi'ormula (Illb):

!ttlbt

Rs Its'*-
0 R-,

[0470] or a pharmaccuttcally acceptable salt, hydrate.
solvate, stereoisonter. N-oxide, or tautomer thereof,
wherein Rs is i I or a nitrogetl protecting group (e.g,,
tett-butyloxycarbonyl (Boc), 9-IIuorenylmethyloxycar-
bonyl (Fmoc). etc.)„R, is H or ('(0)
OCH CH CHs. Rz ts H, and Rs, Rs, and Rs arc as
dclined above for Formula (I) In onecmbodtmcnt, Rs
ts a nttrogcn protccttng group In mtothcr embodtmcnt,
Its is tert-butyloxycarbonyl (Boc) In another embodi-
ment, its is I I
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[0471] Another aspect of the present disclosure rekstes to
an intermediate of lrormula (lllc)

[0475] Another aspect of the present disclosure relates to
an intcmicdiatc of Formula (Illa) or (IIH).

IIIIc)

—/-
Rr

g / ORrrr or

IIIIci

iniil

0 Rc R„ R,

Rr
X g

ORio

[()472] or a pharmaceutically acceptable salt. hydrate,
solvate. stereoisomer, N-oxide. or tautomer thereof,
wherein: I&a slid I&/ are each independently li or a
nitrogen protectin mup (e.g.. tert-butyioxycnrbonyl
(Boc). 9-fluorcnylmethyloxycdrbonyl (Fmoc), etc ),
and R„R,. R„R„R,. and R, are as defined above for
Formula (I). In onc cmbodimentr R„ is a iutrogen
pmtecting group In another einbodiinent. I&a is tert-
Butyloxycdrbonyl (Boc). In another embodiment, R» is
Il. In one embodiment, R/ is a nitrogen protecting
group. In another embodiment, R/ is tert-butyloxycar-
bonyl (Boc) In another embodiment, Rr is I I

[0473] Another aspect of the present disclosure rekmes to
an intermediate of lronnula ()lid):

[0476] or a phanndccutically acceptable salt, hydrate,
solvatc, stcreoisomer. N-oxide, or tautomcr thcrcol,
v herein Ru is Ol I, ~)(Cr/Co)alkyl, Otriflate. or
halogen, and R,o and R» are as defined above fiir
Formula (I).

[0477] Another aspect ol'hc present disclosure relates to
an intcmicdiatc of Formula (Illg) or (Blh).

illllu

R X~X/ ORw

Rc

0 R Ri R,

iind)
[0470] or a pharmaceuticaliy acceptable salt, hydrate,

solvatc, stcreoisomer. N-oxide, or tautomcr thcrcol,
wherein. Ruis OH, ~(Cr-Cc)alkyl, ~trtflater or
halogen, and Ru, and Rii are as defined above fiir
lromiula (I)

[0479] Another aspect of the present disclosure relates to
an intemiediate of FormuLa (Illi) or

[0474] or a pharmaccutically acceptable salt, hydrate,
solvate. stereoisomer, N-oxide. or tautomer thereof,
wherein: R/ is H or a mtrogen protecting, youp (e
tert-butylox/ycarbonyl (l3oc), 9-fluorenyhnethyloxycar-
bonyl (Fmoc). etc ). R is OH or O(C, -Co)alkyl,

Xi and X, together with the carbon atom too hich they
are attached form (0), X, is CH, . and Ri R„
R,, Rio Ri, R„, and Ro arc as delincd above Ibr Formula
(I). In one embodiment, Rr is a nitrogen protecting
group. In another embodiment, Ri is tert-butyloxycar-
bonyl (Boc) In another embodiment, Rr is I I

[0480] or a phanndccutically acceptable salt, hydrate,
solvatc, stcreoisomer. N-oxide, or tautomcr thcrcol,
v herein Ru is Ol I, ~)(Cr/Co)alkyl, Otriflate. or
halogen, and Ros is as defined above for IionnuLs (I)
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[0481] Another aspect of the present disclosure reLltes to
an intermediate selected from

-continual

CI

«0

NH .

CI

CI

CI

g37
OH

«0

Boc

Bnc

«OH

[0482] or a phannsccutically acceptable salt, hydrate,
solvate, stereoisomer. N-oxide. or tautomer thereof.

[0483] In another embodiment of the disclosure, the com-
pounds of FonnuLl (I) are enantiomers. In some embodi-
ments thc compounds arc thc (S)-enantlomcr. In other
embodiments Ihc compounds are thc (R)-cnanuomcr. In yct
other enlbodiments. the compounds of I oouula (I) Inay be
(+) or ( — ) enmltiomers
[0484] In another embodiment of the disclosure, the Inter-
mediates (Illa), (Illb), (Illc) and (Ilid) arc cnantiomcrs. In
some embodiments Ihc intcmlediates are Ihc (S)-cnmluomer.
In other einbodinlents the intermediates are the (R)-
enantiomer. In yet other embodiments, the intermediates
may be (+) or (-) enantiomers.
[0485] In another embodunmlt ol'hc disclosure, dlc com-
pounds of Formula (I) arc dlastcreomcrs In another embodi-
ment of the disclosure, the Intermediates of I 'onnulae (I I la),

(Hlb), (lfic) and (Illd) are diastereomers
[0486] It should be understood that all momenc forms are
included within Ihe prcsmll disclosure. Includulg mixtures
thereof. II'hc compound contains a double bond, the sub-
stituent may be in the li or / conti unltlon If the compound
cmltains a disubstituted cycioalL3), the cycloalkyl substitu-
ent may have a cis- or trans configuration. All tautomeric
forms are also intended to be included.
[0487] Compounds and lntcnnedlatcs of thc disclosure,
and pharmaceutically acceptable salts. hydrates, solvates,
stet'eolsonlel'I 'uld prodolgs thereof may exist in their tau-
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tomeric form (for example, as an amide or imino ether). All
such tmitomeric forms are contempL&ted herein as part of the
present disclosure

[t)400] I he compounds andintermediates of thedisc)osure
may contain asynunetric or chiral centers. and. therefore,
exist ui dill):rent stcrcoisomcnc forms. Ii is uiiended &liat all
stereoisomeric fonna of the compounds and intermediates of
the Cisclosurc as well as mixtures thcrcof, uicluding raccmic
niixtures. forni part of the present disclosure ln addition, the
preseni disclosure embraces all gcomelric and posiiioiial
isomers I&or example, if a compound or intermediate of the
disclosure incorpomltes a double bond or a fused ring, both
the cis- and trans-fornis, as well as mixtures. are embraced
within the scope of the disclosure. Each compound or
ill(CrlllCdia(C hCIClll dlsclosixl lllCIUIICS dll tllC CnallilolllCIS
that conform to the eneral stnicture of the compound or
intcrmediaic. Thc compounds or intcnnedialcs may be in a

raceniic or enantiomerically pure form. or any other form in
terms of siercochcmisiry The assay rcsulls may reflccl thc
data collected for the racemic form, the enantiomerically
pure lorm. or any oilmr form ui &amis of stcreochenusiry

[0409J Diastereomeric mixtures can be separated into their
individual diastereomers on the basis of their physical
chemical differences by methods well known to those skilled
in the art„such as, for example, by chromatogmphy and/or
fractional crystallization. Enantiomcrs cmi bc separated by
converting the enantiomeric mixture into a diastereomeric
mixture by reaction with an approprialc optmally aclivc
conipound (e.g.. chiral auxiliary such as a chiral alcohol or
Mosher's acid chloride). separating ihe diastercomers and
convertin (e.g. hydrolyzing) the individual diastereomers
io tilt: corrcspolldlllg plllc cnanilolllcls. Also, sonic of tile
compounds of the disclosure may be atmpisomers (e g.,
substituted biaryls) and are considered as part of this dis-
closure. Enantiomers can also be separated by use of a chiral
HPLC colunui.

[0490] It is also possible that ihe compounds imd Intcr-
mcCidics of the disclosure may exist ui ddlbrmil iautomeric
forms, and all such fi&nns are embraced within the scope of
the disclosure. Also, for example, all keto-enol and inune-
enamine forms of the compounds are included in the dis-
Clt&SUI'C.

[0491] All stereoisomers (R&r cxamplc, gcometnc isomers,
opiicdl isomers and thc like) of thc present compounds
(including those ol'he salts, solvatcs, caters and prodrugs of
the conipounds as well as the salts. solvates and eaters of the
pmdnigs). such as those which may exist due to asymnietric
carbons on various substituents. includii&g enantiomeric
forms (which may exist even in the absence of asynunetric
carbons), rouuncnc Ibnns, airopisomcrs, and diaslereomcric
forms, are contemplated wiaun thc scope ol'ins disclosure,
ds arc positional isomers (such as, for cx;miple. 4-pyndyl
and 3-pyridyl). (I'or example, if a compound of liornmla (I)
incorporates a double bond or a fused ring„both the cis- and
trans-forms. as well as mixture~, are embmced within the
scope of the disclosure. Also, for example, all keto-enol and
immccmiannnc Ibnns of thc compounds arc included ui the
disclosure.) Indivnlual stcreoisomcrs of the compounds of
thc Cisclosurc may, Ibr example, be substmiiially Ibce of
other isomers. or may be admixed, fi&r example. as race-
niates or tvi th all other, or other selected. stereoisomers. 1 he

clural centers of the present disclosure can have the S or R
coniiguration as delincd by the IUPAC 1974 RcconunenCS-
tions. Thc use of ihc terms "salt", **solvaic", **cater,** "pro-
dnig" and the like, is intended to equally apply to the salt,
solvate, ester and prodrug of enantiomers. stereoisomers,
rotamers. tautomers. positional isomers. mlcemates or prod-
rugs of the inventive compounds.
[0492] The compounds of Fomiula (I) may form salts
which are also within the scope of this disclosure Reference
to a compound of the lionnula herein is understood to
include reference to salts thereof, unless otherv ise indicated.
[0493] The prcscni disclosure rclatcs to compounds wluch
are modulators of PCSK9. In one embodiment, thc com-
pounds of the present disclosure are inhibitors of P( SK9
[0494] Thc disclosure is directed io compounds as
dcscribcd hcrcui and pharmaceuticdlly acceptable salts.
hydrates, solvates. prodnigs. stereoisomers. or tautomers
thereof, and pharmaceutical conipositions coniprising one or
more compounds as described herein, or phamiaceutically
acceptable saits. hydrates. soivates. prodrugs. stereoisomers,
Ur idUionlcrs illcrcol.

Activity of thc Compounds

[0495] The activity of compounds accorduig to the present
disclosure as PCSK9 inhibitors can bc assessed using a time
resolved tiuorescence resonance energy transfer (TR-ligl 1 f)
assay. 'I'his time resolved ffuorescence resonance energy
transfer (TR-FRET) assay nieasures the ability of a com-
pounds of the present disclosure to interfere with the binding
of human PCSK9 to human LDLR. providin measures of
both potency (ICSO) dnd cfficacy (Amex).
[0496] Solutions of varying concentmltions are prepared
by diluting a compound of ihe disclosure in dimethylsul-
fi&xidc (DMSO) and the resulting solutions are pipcitcd into
a p litle. DIVI SO la llsxxi II s a llcga (1 vc colltrol. All Inicrlncxllii Ic
plate is prepared in by transfernng a known amount of each
cmnpound solution and of the control fmm the compound
plate into a corresponding well containing assay buffer and
mixing thoroughly. A third pLate is then prepared to be used
for the assay by adduig Human PCSK9 Alcxa Fluor 647.
followed by a intown amount of each soluuon Ibom thc
intermediate plate. Unlabeled human PCSK9 in assay bulii:r
containmg I &MSO is used as a positive contml for the assay
liollowing incubation. Human I DI.R extmscellular domain-
Eumpium Kryptate is added to each v ell of the assay plate
and the resultin mixture is incubated for an additional
period of time. The TR-FRET signal is mcasurcd and ihc
FRET cdtio (FRET/Europium) is used to calculate the ICso
and kinax of ihc compounds.

Method of Synthesizing the ('ompounds

[t)497J Tile conipounds of the present disclosure may be
made by a variety ofmethods. including standard chemistry
Suitable synthetic routes are depicted in the Schemes given
below.
[t)490J lhe compounds oflionnula (I) may be prepared by
methods known in the art of organic synthesis as set forth in
part by the folloiving synthetic schemes. In the schemes
described below, ii is well understood thai protecting groups
for scllsitivc Ul lcdcilvc groups tire clllplovcxl wllcrc Ilcccs-
sary ui accordmicc with gcncral pnnciplcs or chenustry.
Protecting groups are manipulated according to standard
methods of organic synthesis (T. W (ireene and P (i M
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Wuts, "Protective Ctroups in Or anic Synthesis**, Third
edition. Vtiley, New York 1999). 'Iltese groups are removed
at a convenient stage of the compotutd synthesis using
methods that arc rcadtly apparent to those sktlled in the art.
The selection processes. as well as the reaction conditions
and order of (herr cxccuuon, shall bc cotmis1mtt wtth thc
preparation of compounds of I'onnula (I)

[0099] Those sdulled tn the art wtll recogntzc sf a stereo
center exists in the compounds of I'ornnda 0) Accordittgly,
thc prcscnt dtsclosure tncludcs both posstblc stcreotsomcrs
[unless specified in the synthesis) and includes not only
racemic compounds but the tndividual enantiomers and/or
diastereomers as well When a compound i ~ desirtx( as a
single enantiomer or diastereomer, it may be obtained by
stcrcospccilic aye(heats or by rcsolutton of the Iinal product
or any convenient intermediate. Resolution of the final
protluct, mt tntcnncdtatc. or a staning material may be
atfected by any suitable method known in the art. See. for
example. "Stereochemistry ol'rganic Compounds" by E.
I I iliel. S. I I. Wilen. and I .. N. Mender [Wiley-lntersctence,
I qtpd).

[0500J 'the compounds described herein may be made
front conunercially avadable starting materials or synthe-
sized usin known organic, inorganic, andtor enzyntatic
processes.

-colttlltllixl

(-s
0 P

Rt

Ho A .P
H
H

0

Sttp 1

Preparation of Compounds

[0501J 'the con(pounds of the present disclosure can be
prepared in a number of ways well knotvn to those skilled in
the art oforganic synthesis. 1)y way of example. compounds
of the present dtsclosure can be synthesized using the
methods dcscnbed below. togcthcr with syntheuc methods
known in the art of synthetic organic chemistry, or variations
thereol's apprcctated by those skilled tn the art. Prefi:rred
ntethods include but are not limited to t)tuse metltods
descnbcd below Compounds ol'hc present dtsclosurc can
be synthesized by following the steps outlined in (Ieneral
Schcmcs I and 2 wluch compose di(furca( sequences of
assemblin intennedtates I-a. I-b. I-c, I-d, l-e, I-f, l-g,
I-h. I-i. 2-a„2-b„2-c, 2-d, and 2-e.

[0502J Starting materials are either commercially avail-
able or made by know n procedures in the reported literature
or tls 1llllstltltcxl.

0
Rs 0

Gcttctsl Scltttttc 1

1

p.t

Step 1

R- p

...'Y'*:- —'"',

Rt, 0
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-continued
ue»enl S berne'i

R
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HS
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Si
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[0503] whermn R,. R&. Re. R», R„R»e Ri. R», and Re
are defined in lionnula (I), Xs is (:I I„X, and X&

logcthcr w&th the carbon aiom to which they are
attached foun (0), and P is an amine protecting
group (e g.. tert-butyloxycarbonyl (Boc). 9-fluorenyl-
methyloxycarbonyl (Iin&oc), etc )

[0504] )he geneml way of preparing compounds of lior-

n&u)a (I) by using intermediates I-a. I-b, I-c. I-d. I-e. I-f,
I-g. I-h. and I-& is outl&ncd &n General Scheme 1. Treauncut
of I-a with PS-2-chlorotntyl chloride resin in the presence
of a base (e.g.. tuethylam&ne (TEA), N,N-d&isopropylcthyl-

amine (l)IPI &A), etc.) and in a solvent (e.g, dichloromethane

(DCM). dimethylformamide (DMF), etc.) provides l-b.
Synthesis of intcrmed&atc I-d cim bc accomplished by
coupling of l-b with I-c under standard coupling conditions

using an amide coupling reagent (e.g.. 2-(IH-Benzotriazol-
l-yl)-1.1,3,3-tctramcthyluronnun-letrathioroborate
(TB'IU), 0-(111-6-chlorobenzotriazole-I -yl)-1.1,33-te-
tramcthyluron&um hcxafluorophosphale (HCTU), or O-(7-
azobenzotnaml-I -yl)-1. 1,3,3-tetramethylu ionian&hexafluo-

roplu&sphate (HATU). etc.) and optionally a base (e, TEA,
DIPEA. ctc ) in a solvent (c.g., N-methylpyrrol&dmc (NMP)
or DMI') on a res&n (e 5 . Tents()cpu S RAM resin) fol-

lowed by removal of amine protection group P (e.g.. treat-
ment with 4-mcthylp&peuduic/DMA for removal of Fmoc

gmup). ('oupling of I-d and acid I-e using an annde
coupling reagent (e.g.. TBTU. HCTU. HATU. etc.) and

optionally a base (c.g., TEA. DIPEA, etc.) fi&ilov&cd by
deprotection (e ., treatment with 4-methylpiperidine/DMA
for rcmoiel of Fmoc group or TFA for removal of Boc

mup) provides I-f

7

&3 P

HO R-

I

.'I
0

R-

R»

R&

R»

I-e
Seep 3

0

[0505] Cleavage of I-f from the resin by repetitive treat-
ment with 1,1,1,3,3,3-Hcxafluoropropan-2-ol (HFIP) in a
solvent (c.ge DCM) provides I-g. Reducuvc imunal&on of
»nunc I-g and aldehyde I-h &n the presence of a reducing
agent (e... sodium triacetoxyborohydride, sodium cyano-
borohydride, sodiuni bomhydride. etc.) optionally an acid
(e.g.. acetic acid (AcOH)) in a solvent (e.g.. methanol
(MeOH) and/or DCM). provides I-i. Cyclization of I-i using
standard couphng condil&ons, e... an anndc coupling
reagent (c.g., HATU, HOAR TBTU, and/or HCTU). option-
ally a base (e.g.. 2.6-1utidu&e, TEA. DIPE»&, ctc.) ui a solvent
(e g., I)(:M, NMP, DMI: etc ) pn&vides the desired con&-

pc&alii ot 1&oi'iuilla (I)

Re

R- R»
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-continued
0

Rs Rl

[0506] wherein R,. Rl. R.„Ro R„R,. R,. R,, and R,
arc deiined in Formula (I), X., is CHI. X, and X„
togcthcr with thc carbon atom to v,hich they arc
attached foml (0), R's an alkyl group. and P is an
amine pmtecting group (e g, tert-butyloxycarbonyl
(l3oc), 9-tluorenylnlethyloxycarbonyl (Iinxlc). etc )

[(1507J Alternatively. compounds of I'onnula (I) can be
prepared by using internlediates I-c, I-e, I -h. I -i, 2-a. 2-b,
2-c, 2-d. and 2-e as outlined m (ieneral Scheme 2 Synthesis
of intermediate 2-c can be accomplished by coupling of 2-a
lvith 2-b under standard coupling conditions usiilg an amide
couplulg reagent (e.g., TBTU, HCTU, HATH, ctc.) and
optionally a base (e.g . TEA. DIPEA, etc.) ul a solvent (c.g.,
NMP. 1)MI'. etc ) followed by removal of amine protection
gmnp P (e g, treatment with 4-methylpiperidineil)MA for
removal of I'moc group).
[0508] Coupling of amine 2-c and acid I-c using an atnide
coupling reagent (e.g., TBTU, HCTU. HATU. etc.) and
optionally a base (e.g., TEA. DIPEA, etc.) followed by
deprotcction (c g., treatment with 4-mcthylptpclidmc/DRILA
for remoiel of Fmoc group or TFA lilr removal of Boc

mup) provides 2-d The coupling and deprotection steps are
repeated in step 5 using the standard coupling conditions
described above to provide intermediate 2-e. Reductive
anlination of amine 2-e and aldehyde I-h in the presence of
a reducing agent. e.g., sodium triacetoxyborohydnde,
sodium cyanoborohydridc, or soibum borohydndc, and
optionally an acid (c.g, AcOH) ul a solvent (c, McOH
andior I)('M) followed by hydrolysis of the ester using an
acid (e.u, 'I IIA) in a solvent (e o.. I)(:M) provides 1-1.

Cycfization of I-i usin standard coupling conditions. e.g.,
an amide coupling reagent (e, HATU, HOAt. TBTU,
and/or HCTU). optionally a base (e, 2,6-1utidine. TEA or
DIPEA) in a solvent (c.g., DCM, NMP or DMF) provides
thc desired compound ol'ormula (I).
[0509] It should bc understood that in thc descnpuon and
formula shoivn above, the various oroups X,„X„XS. R,, R„
Rs. Rd, Rs. Rs. R» Rs. and Rv, and other variables are as
defined above. except where othelwise indicated. Further-
more. for synthetic purposes, the compounds of Cieneral
Schcmcs I mid 2 arc merc rcprescntdtivc wial elected
radicals to illustmtc thc gcncral synthetic methodology of
the compounds of Formula (I) Bs delincd hcrem.

Methods of Using the Disclosed Compounds

[0510] Another aspect of thc disclosure ls directed to a
method ol'odulating PCSK9. The method comp»sea
adnunistcrulg to a patient ul need thercol Im elPcctive
amount of a compound of liornnlLI (I). or a pharmaceutically
acceptable salt, hydnste, solvate, stereoisomer. Or tautomer

thereof or a pharmaceutical composition comprising a com-
pound of Formula (I), or a pluirmaccutlcdlly acccpuiblc adit,
hydrate, solvate, stereoisomer. or lautomer lhcreofi and a
pltarmaceutically acceptable carrier
[0511] In another aspect, the disclosure is directed to B

method of lnlubiting PCSK9. Tlu: method involves Bthnin-
istering to a patient in need thereof an effective amount of a
compound of I'omlula (I). or a pharmaceutically acceptable
salt. hydrate, solvate, stereoisomer. or tautomer thereof, or a
pharmaceutical composition comprising a compoluld of
Fornnda (I), or a pharnuiceutmdlly acccptablc salt. hydrate,
solviltc, stclcolsoulcl; OI (du(niner thcl'cof, Bnd II phBnna-
ceulically Bccc)table carncr.
[0512] Another aspect of lhc disclosure relates to B method
of Ircatnlg, plevellung. Iuhlblthlg, or cllullnBthlg d discase ol
disorder ul which PCSK9 plays a role. The method com-
prises administering to a patient in need of a treatment fbr
diseases or disorders in which P(')K9 plays a role an
efi'ective amount of a compound of Formula (I). or a
phannaceutically acceptable salt, hydrate, solvate. stereoi-
somcr, or (au(omar thcrixtf, ore pharmaceutical composition
comprising a compound ol'ormula (I), or a phannaccuii-
cally acccptablc salt. hydrate, solvatc, sterix»somer, or tau-
tomer thereof, and a phannaceutically acceptable carrier
[0513] Another aspect of thc prcscnt disclosure rclatcs to
a method of treating, preventing. Inhibiting, or eliminating a
disease or disorder in a patient associated lvith the inhibition
ofP(.'SK'), the nlethod conlprisin aihninistenng to a patient
in need thereof an effective amount of a compound of
Formula (I). or a phannaceutically acceptable salt. hydrate,
solviltc, stele'oisonu:I, or (du(niner thcrcoli ol d phtunlBccu-
ticdl composition compnsulg a compound of Formula (I), or
a phannaceutically acceptable salt. hydrate, solvate, stereoi-
somer, or tautomer thereof. and a phannaceutically accept-
able carrier
[0514J In another aspect, the present disclosure reLstes to
a method of treating, preventing. Inhibiting, or eliminating a
PCSK9-mediated disease or disorder. The method comprises
administering to a patient in need of a treatment for a
PCSK9-mediated disease or disorder an effectlve amount of
a compound of Fomluld (I). or a pharmaceuucdlly accept-
able salt, hydrate, solvate, su:rcoisomcr, or tautomcr thcrcol;
or a pharmaceutical composition conlprising a coinpound of
Iiornlula (I), or a pharmaceutically acceptable salt hydrate,
solvate, stereoisomer. or tautomer thereof, and a phanna-
ceutlcally acceptable carrier.
[0515J Another aspect of the present disclosure reLstes to
a method of treatin, preventing, inhibiting, or eliminating
hypercholesteroiemia, hyperlipidemia. hypertriglyceri-
demia. sitosterolemia, atherosclerosis. arteriosclerosi~, coro-
nary heart discase. pcriphcral vascular dtsoisc. vascular
inllamnultion. xanthomd. pe»pl»:ral artcnal disease, sepsis,
elevated l,p(a), elevated I Dl.. elevated 1 Ri „or elevated
tnglycerides. I'he method conlprises administering to a
patient in need of a treatment an efi'ective amount of a
compound of Formula (I), or a pharmaceutically acceptable
salt. hydrate, solvate, stereoisonler. or tmltomer thereof, or a
pharmaceutical composition composing a compound of
Formula (I), or a phdrmacmaically acceptable salt, hydmtc.
solvate, stereoisomer, or tautomer thereof, and a phanna-
ceutically acceptable carrier.
[0516] In another aspect. Ihc present disclosure relates to
a method of reducing I p(a). reducing I.p(a) plasma levels,
reducmg I p(a) senun levels, reducing senun 'I'Rl. or l,l)I,
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levels, reducing senim triglyceride level~. reducin LDL-C,
rcxlucntg total plasma apoB concentrations. reducm LDL
apoB, reducing TRL apoB, or rcducuig non HDL-C The
niethod comprises adnimistering to a patient in need thereof
an effective mnount of a compound of liormula (I), or a
pharmaceutically acceptable salt. hydrate, solvate. stereo&-
somer, or tautomer thereof. or a pharmaceutical composition
coniprising a compound of Fornnda (I). or a phamiaceuti-
cally acceptable sall, hydrate, solvate, stcrcxtisomer. or tmi-
tomer Ihcreof, and a pharmaccuucally acceptable earner.
[0517] In another aspect. thc prcscnt disclosure rclatcs to
a compound of Formula (I), or a pharmaceutically accep1-
ablc salt, hydrate, solvatc, stcrcoisomcr. or tautomer thereof,
ore phamiaceutical coniposition coinprising a compound of
iionmila (I), or a pharniaceutically acceptable salt. hydrate,
solvate. stereoisomer, or tautomer thereof. and a phamia-
ceutically acceptable carrier for use in the treatment, pre-
vention. inhibition„or elimination of a disease or disorder in
wiuch PCSK9 plays a role.
[0518] Another aspect of the present disclosure rehltes to
a compound of Formula (I), or a pharmaceutically accep1-
ablc salt, hydrate, solvatc, stcrcoisomcr. or tautomer thereof,
or a phannaccutical composition comprisuig a compound of
iionmila (I), or a pharniaceutically acceptable salt. hydrate,
solvate. stereoisonler, or tmttomer thereof„and a phanna-
ceutically acceptable carrier for use in the treatment, pre-
vention. inlubition, or elimination of a disease associated
w ith mhibiting PCSK9.
[0519] Another aspect of the present disclosure rehltes to
a compound of Fomiula (I), or a phannaceutically accept-
able salt, hydrate, solvatc, stcrcoisomcr. or tautomer thereof,
or a phannaccutical composition comprisuig a compound of
iionmila (I), or a pharniaceutically acceptable salt. hydrate,
solvate. stereoisonler, or tmttomer thereof„and a phanna-
ceutically acceptable carrier for use in the treatment, pre-
vention. inhibition, or elimination of hypercholesterolemia,
hyperlipidemia. hypertnglyceridemia, sitosterolemil. ath-
erosclerosis, artcnosclerosis, comnary heart disease, periph-
eral iascular ihsease, vascular inlliunmauon, xanthonui,
periphenll arterial disease, sepsis. elevated I,p(a), elevated
I DI.. elevated 'lltl . or elevated triglycerides.
[0520] In another aspect. thc prcscnt disclosure rclatcs to
a compound of I'orniula (I), or a pharmaceutically accept-
able salt, hydrate, solvate. Stereoisoiner. or tautomer thereof,
ore pharniaceutical coniposition coinprising a compound of
Formula (I), or a phannaceutically acceptable salt. hydmte,
solvate. stereoisomer, or tautomer thereof. and a phamia-
ceuucally acceptable cdmcr for use in thc rnluctton of
Lp(d). in thc rcducuon of Lp(a) plasma levels, ui thc
reduction of I p(a) seruni levels, in the reduction of senun
'I'RI or I,DI levels. in the reduction of serum triglyceride
levels, in the reduction of I,DI. apol3, in the reduction of
TRL apoB. or in the reduction of non HDL-C.
[05Z I J Another aspect of the present disclosure relates to
the use of a compound of Fornnda (I). or a phamiaceutically
acceptable salt, hydmlte. solvate, stereoisomer. or tautomer
thereof. or a phaunaceutical composition comprising a com-
pound oi Formula (I). or a phannaceuticdlly acccTItablc sall,
hydrate, solvate, stcreoisomer, or tautomer Ihcrcof. and a
phaniiaceutically acceptable carrier for treating, preventing,
inhibiting. or eliminatmg a disease or disorder in which
Pt'SK9 plays a role.
[05Z2J In another aspect. the present disclosure relates to
the use of a compound of Iiornnila (I). or a pharmaceutically

acceptable salt. hydrate, solvate. stereoisomer, or tautomer
tilCICof, Or a pllafllliICCuuCdl CiiilipOSitioii Coillprimilg d Coill-

pound of Formula (I), or a pluirmaccuticdlly acccpuiblc adit,
hydrate, solvate, stereoisomer. or tautomer thereof and a
plmrmaceutically acceptable earner in the manufacture of a
medicament for inhibiting PCSK9

[l)525J In another aspect. the present disclosure relates to
the use of a compound of Fomiula (I), or a pharmaceutically
acceptable salt. hydrate, solvate. stereoisomer. or tautomer
thcrcof, or a phamiacmitical composition comprming a com-
pound ol Fomuila (I). or d pharmaceuticdlly acceptable wdlb

hydrate, solvate, stereoisomer. or tautomer thereof. and a
pharmaceutically acceptable carrier In the manufacture of a
medicament for treating. preventing, inhibiting, or eliminat-
in hyperchoiesteroleniia, hyperlipidemia, hypertriglyceri-
demia. sitosterolemia, atherosclerosis. arteriosclerosi~, coro-
nary heart discase. pcriphcral vascular dtsotsc. vascular
inllamnuition. xanthomd. penpiu:ral artcnal disease, sepsis,
elevated I,p(a), elevated I DI.. elevated ZRI„or elevated
tnglycerides.

[0524] Another aspect of the present disclosure relates to
the use of a compound of I'orniula (I), or a phannaceutically
acceptable salt. hydrate, solvate. stereoisomer. or tautomer
thereof. or a pharmaceutical composition comprising a com-
pound ol Fomuila (I). or d pharmaceuticdlly acceptable wdlb

hydraIc, solvatc, stcrcoisomcr. or tautomcr thcrcol: and a
pharmaceutically acceptable carrier In the manufacture of a
medicament for reducing l,p(a), reducing I.p(a) plasina
levels, reducing I,p(a) senim levels. reducmg senun I'RI, or
LDL levels, reducin senim triglyceride levels, reducin
LDL apoB. reducing TRL apoB, or reducing non HDL-C.

[05Z5] In another aspect, the present disclosure relates to
a compound of Fomiuld (I). or a pharmaccuucdlly accept-
able salt, hydrate, solvate, su:rcoisomcr, or tautomcr thcrcol;
or a phamiaccutical composition composing a compmuid of
Iiorniula (I), or a pharmaceutically acceptable salt hydrate,
solvate, stereoisomer. or tautomer thereof, and a phanna-
ceutically acceptable carrier for use in the manufacture of a
medicament for treating a disease associated with mhibiting
PCSK9.

[0526] Another aspect ol'hc present disclosure relates to
a compound of Fornnila (I). or a pharniaceutically accept-
able salt, hydrate, solvate, stereoisomer, or tautomer thereof,
or a pharmaceutical composition comprising a compound of
Formula (I). or a phannaceutically acceptable salt. hydrate,
solvaIc, stcrcoisomcr. or tautomcr thcrcof, tmd a phamia-
ccutically acceptable carrier Iiir usc ui the mtmulbcturc of a
mcdicamcnt liir treating d disease in wluch PCSK9 plays a
role

[0527] In another aspect. the present disclosure relates to
a compound of Fonnuhl (I). or a pharmaceutically accept-
able salt, hydrate, solvatc. stcrcoisomcr, or tautomcr thereol.
or a pharmaceutical composiuon comprisuig a compound of
Formula (I), or a phdrmacmnically acceptable salt, hydrate.
solvate, stereoisomer, or tautomer thereof, and a phanna-
ceutically acceptable carrier for use in the niamifacture of a
medicament for treating. preventing. Inhibiting, or eliminat-
in hyperchoiesteroleniia, hyperlipidemia, hypertriglyceri-
ilciilid, silostciole111111, dtlicroscicrosls. Sitcilosch:Iosiw coro-
nary heart discase. pcriphcral vascular dtsotsc. vascular
inllamnuition. xanthomd. penpiu:ral artcnal disease, sepsis,
elevated I,p(a), elevated I DI .. elevated 1 Ri „or elevated
tnglycerides.
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[0528] Another aspect of the present disclosure relates to
a compound of Formula (I), or a pharmaceutically accep1-
ablc salt, hydrate, solvatc, stcrcoisomcr. or (au(omar thereof,
ore phamiaceutical coniposition coinprising a compound of
iionmila (I), or a pharniaceutically acceptable salt. hydrate,
solvate. stereoisomer, or tautomer thereof. and a phamia-
ceutically acceptable camer for use in the manutbcnire of a
medicament for reducing Lp(a), reducing Lp(a) plasma
les els, reducing Lp(a) serum lcvcls, rcducutg serum TRL or
LDL levels, reducing serum tnglyccridc levels, reducing
I DI. apol3. reducing 'll&I apofl. or reducing non HDI -(2
[0529] In another aspect. thc prcscnt disclosure rclatcs to
thc usc oi'n utlubitor of PCSK9 for thc preparation of a
niedicanient used in the treatnient, prevention, inhibition iii'liminationofhypercholesterolemia, hyperlipidemia, hyper-
tri lyceridemia, sitosterolemia, atherosclerosis. arterioscle-
rosis. coronary heart disease. periphemsl vascular disease,
periphemsl artenal disease. vascular inflammation, elevated
Lp(d). clcvated LDL, clcvatcd TRL, clevatcd tnglyccridcs,
sepsis. or xanthoma
[0530] Another aspect oi thc prcscn1 ihsclosure rclatcs Io
a compound of Formula (I), or a pharmaceutically accep1-
ablc salt, hydrate, solvatc, stcrcoisomcr. or (au(omar thereof,
ore phamiaceutical coniposition coinprising a compound of
iionmila (I), or a pharniaceutically acceptable salt. hydrate,
solvate. stereoisomer, or tautomer thereof. and a phamia-
ceutically acceptable carrier for use in the treatment of a
PCSK9-mediated discase or disorder.
[0531] Another aspect of the present disclosure relates to
a compound of Fomiula (I), or a phannaceutically accept-
able salt, hydrate, solvatc, stcrcoisomcr. or (au(omar thereof,
or a phannaccutical composition comprisuig a compound of
iionmila (I), or a pharniaceutically acceptable salt. hydrate,
solvate. stereoisonier, or tinttomer thereof„and a phanna-
ceutically acceptable carrier for use in the treatment of a
PCSK9-niediated disease or disorder which is selected from
hyperchoiesterolemia. hyperlipidemia, hypertriglycen-
dcnua. sitosterolcmui, atherosclerosis, artenosclcrosis, coro-
nary heart discase. pcnpheral vascular disease, penphcral
arterial disease. vascular inflammation, elevated I,p(a),
elevated I,l)I . elevated 1'RI „elevated triglycerides. sepsis,
and xanthoma.
[0532J In another aspect. the present disclosure relates to
the use of a compound of iiornnila (I). or a pharmaceutically
acceptable salt, hydmste, solvate, stereoisomer. Or tautomer
thereof. or a pharmaceutical composition comprising a com-
pound of Formula (I). or a pharmaceutically acceptable salt,
hydrate, solve(a, stcreoisomer, or tautomer Ihcrcof. and a
phanndccutically acccptablc cdrncr ui Ihe mainiflmturc of a
medicmnent for treating a P('SK9-inediated disease or dis-
order
[0533] Another aspect oi thc prcscn1 ihsclosure rclatcs Io
a compound of I'orniula (I), or a pharmaceutically accept-
able salt, hydrate, solvate. stereoisoiner. or tautomer thereof,
or a phamiaceutical composition comprising a compound of
Formula (I), or a phannaceutically acceptable salt. hydmte,
solvate. stereoisomer, or tautomer thereof. and a phamia-
ceuucally acceptable cdmcr for use in Ihe mmiufacture of a
medicament for Ircaung a PCSK9-mcthatcxl disease or dis-
order
[0534] In another aspect. thc prcscnt disclosure rclatcs to
thc usc of a compound of Formula (I), or a phamiaccutically
acceptable salt, hydmste, solvate, stereoisomer. Or tautomer
thereot. or a pharniaceutical composition comprisinn a coni-

pound of Formula (I). or a pharmaceutically acceptable salt,
hydrate, solvate, stereoisomer. or tautomer Ihcreoi; and a
pliamiaccutically acccpiable camer for use as a mcdicd-
illCflt.

[0535] The present disclosure also relates to the use of an
inhibitor of PCSK9 for the preparation of a medicament
used in Ihc trcatmcnt. prcvcntion, ud»bitten, or elimination
of a disease or coixlinon in wluch PCSK9 plays a role,
wherein the medicament coniprises a compound of I'onnula
(I)
[0536] In another aspect. Ihc present disclosure relates Io
a method fiir the mimufacture oi' mcdicamcnt I'or treatuig,
preventing, inlubituig. or climimiun a discase or condition
mediated by P(.'SK9, ivherein the medicanient comprises a
cmnpound of Fornnila (I). or a phannaceutically acceptable
salt. hydrate, soivate, stereoisomer„or tmitomer, or a phar-
maceutical composition coniprisin a compound of Formula
(I). or a pharmaceutically acceptable salt. hydmste, solvate,
stcrcoisomcr, or Iautomcr thereof. and a phannaccuticdlly
accepIable earner.
[0537] In some embodunmits of thc methods above, Ihe
PCSK9-mcxttatc»I discase or ilisordcr, the discase or disorder
in wluci PCSK9 plays a role, thc discase or ihsordcr in a
patient associated with the inhibition of P('SK9. and the
disease associated with inhibiting P('SK9 is selected from
hypercholesterolemia, hyperlipidemia. hypertriglyceri-
demia. sitosterolemia, atherosclerosis. arteriosclerosis, coro-
nary heart discase, pcnphcrdl vascular disease, peripheral
sr(anal discase. vascular ufllanunation, clcvalcxt Lp(a).
clevatcd LDL. clcvdtcd TRL. elevated tnglyccridcs, sepsis.
,'lliri XafiIliofila.

[0538] The compounds oi'lie present disclosure Iind use
in reducing or lowerin low density lipoprotem cholesteml
(I DI.-C) in mi individual in need thereof 'I'he individual
may have persistently elevated levels of I.DI,-(L In some
embodiments. the individual has LDL-C plasma levels con-
sistently above 70 mg/dL, for example above 80. 90. 100,
110, 120, 130, 140, 150, 160. 170, 180, or 190 mg/dL, or
higher. Thc compounds oi'Ihc present disclosure may also bc
used to reduce or lower non-high density lipopmtein cho-
lesterol (non-I I I )I,-C) or total cholesteml in an mdividual in
need thereof
[0539J Tlie present disclosure also relates to methods tiir
iniproving blood cholesteml markers associated ivith
increased risk of heart disease. 'I hese markers include high
total cholesterol, lugh LDL, hi+ total cholesterol to HDL
ratio and high LDL to HDL ratio. A total cholesterol of less
than 200 mg/dL is considered dcsirablc. 200-239 mg/dL is
considered borderline lugh and 240 mg/dL and above is
collsidcrcd ingli.
[0540] Inn Ihrthcr aspect. ihe disclosure provides methods
of rixlucuig LDL-C, non-HDL-C and/or total cholcstcrol in
an individual in need thereof, Ihe niethod compnsing admin-
istering a therapeutically effective amount to the individual
a compound or a pharmaceutical composition comprisiiig a
compound disciosed herein and a pharmaceutically accept-
able carrier as described herein.
[0541] In another embodiment, the present disclosure
relates to a compound of FormuLa (I), or a phamiaceutically
acccptablc salt, hydrate, soli ate. sterix»somer, or tautomer
tilcicof, or a pllafllliIccutlcdl ciiiIlpositloil conlprlsing d coiii-
pound of Formula (I), or a pluirmaccuticdlly acccpuiblc adit,
hydmste, soivate. stereoisonier, or tautomer thereof, of the
present disclosure and a pharmaceutically acceptable carrier
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used for the treatment of diseases including. but not limited
to. hypcrcholcstcrolemia. hypcrhpidcnua, hvpertriglycen-
denua. sitosterolcmia, athcrosclcrosis, artcnosclcrosis, coro-
nary heart disease. peripheral vascular disease. peripheral
arterial disease. vascular inflammation, elevated i,p(a),
elevated LDL. elevated TRL, elevated triglycerides, sepsis,
and xanthoma.
[0542] In one embodiment. are provided methods of treat-
ing a discase or dworder in wluch PCSK9 plays a role
including hypcrcholesterolcmia, hyperhpidemia, hypcrtn-
glyceridemim sitosterolemia, atherosclerosig arteriosclero-
sis, comnary heart disease, peripheral vascular disease,
peripheral arterial disease. vascular inflanmiation, elevated
Lp(a), elevated LDL„elevated TRL, elevated triglycerides,
sepsis, and xanthoma comprising administering to a patient
suflbring Ibom at least onc of Baal ihseases or disorder a
compound of Formula (I), or a pharmaceuucally acceptable
salt. hydrate, solvate, stereoisomer, or tautomer thereof, or a
pharmaceutical composition comprising a compound of
iionmila (I), or a pharniaceutically acceptable salt. hydrate,
solvate. stereoisomer, or tautomer thereof. and a phamia-
ceutically acceptable carrier.
[0543] The disclosed compounds of Ihe disclosure can bc
adnumsicred in cfli:ctive amounts Io Ireat or prevent a
disorder andior prevent the development thereof in subjects.
[0544] I he disclosed compounds of the disclosure can be
aihninistered in effective amounts to treat or prevent a
disorder and/or prevent the development thereof in subjects.

Administration. Pharmaceutical Compositions. and Dosing
of the Disclosed Compounds

[0545] Adnimistration of the disclosed compounds can be
acconiplished via any mode of administration for therapeutic
agents. These modes include systemic or local administm-
tion such as oml, nasal, parentemll. transdemial. subcutane-
ous. 1 aginal. buccal, rim/el or topical admini sire lion modes.
[0546] Depending on the intended mode ofadministration,
the disclosed conipositions can be in solid, semi-sohd or
liquid dosa e form„such ac, for example, injecmbies, tab-
lets, suppositories, pills. time-release capsules. elixirs. tinc-
turcs, mnulsions, syrups. powders. liquids, suspensions, or
thc lil e, sonu:times in urut dosages and consistent wilh
corn entional phannaccutical practices. Likcw ise. they can
also be administered in mtravenous (both bolus and infu-
sion), intmperitoneal, subcutaneous or intramuscular forni,
and all using fonna v ell known to those skilled in the
pharmaceutical arts.
[0547] Another uspcct ol'hc disclosure is dtrcctu! to
pharmaceutical compositions comprising a compound of
iionmila (I), or a pharniaceutically acceptable salt. hydrate,
solvate. stereoisomer, or tautomer thereof. and a phamia-
ceutically acceptable carrier. The phamiaceutical acceptable
carncr may further include Bn cxcipicnt. ihlumit, or surfac-
tant. In a further mubodnuent, thc composition compnscs at
least two phannaccutically acceptable carrmrs, siwh as those
described herein The pharmaceutical coinposition can be
fiirnnilated for particular niutes of administnltion such as
oral adnlinistration. parenteral administration (e.g, by injec-
tion, inhision. transdermal or topical administration). and
rectal adnunistruuon. Topical admirustralion may also per-
tillll ni lnhtilatlon Or illtranBSBI iippllCalliiu. Tile pllliiluBCCII-
ucal composiuons of the prcscnt disclosure can bc made up
in a solid forni (including, without limitation, capsules,
tablets. pills. granules, powders or suppositories). or in a

liquid form (including. without limitation, solutions, sus-
pensions or emulsions). Tablets may bc either lilm coated or
en/cue coated accorduig to methods known in Ihc aru
I'ypically, the pharmaceutical conipositions are tablets or
gelatin capsules comprisinu the active ingredient together
with one or more of:

[0548] a) dilucnts, c.g.. lactose, dextrose. sucrose, man-
iutol, sorbitol, cellulose and/or glycine.

[0549] b) lubricants, e.g., silica. talcum, stearic acid, its
magnesium or calciunl salt and/or polyethyleneglycol;
for tablets also

[0550J c) binders, eg., ml nesium aluminum silicate,
starch paste, elatin, tragacanth, niethylcellulose,
sodium carboxynlethylcellulose and/or polyvinylpyr-
rolidone: if desired

[0551] d) disuitcgrants. c.g., starches. agar, algiruc acid
or its sodiuni salt. or effeltescent mixtures; and

[0552[ e) absorbents, colorants. flavors and sueeteners.
[0553J I.iquid. Particularly injectable, compositions can,
for example, be prepared by dissolution, dispersion, etc I'or
exanlple, the disclosed compound is dissolved in or inixed
with a phannaceuticaily acceptable solvent such as. for
example. water, saline, aqueous dextrose„ iyceroi. ethanol,
and Ihc hkc, to thereby Ibmi an uijectuble isotonic solution
or suspension. Proteins such as albumin, chylomicron par-
ticles, or senun proteins can be used to solubilize the
disclosed coinpounds
[0554] The disclosed compounds can be also formulated
as a suppository that can bc prcparcd from Ihtty emulsions
or suspensions, usuig polyalkylcnc glycols such as propyl-
ene glycol, as the carrier
[0555] Parental injectable administmtion is genemlllv used
for subcutaneous. intramuscular or intravenous mjections
and uifusions. Injcctablcs can be prepared in conventional
forms, either as liquid solutions or suspensions or solid
forms suitable for dissolving in liquid prior to ill]ection
[0556] Compositions can be prepared according to con-
ventional mixin . granuhlting or coating method~, respec-
tively. and thc prcscnt phannaccutical compositions can
contain from about 0.1% to about 99%, I'rom about 5% to
about 90%, or from about 1% to about 20% of the disclosed
compound by weight or volunie.
[0557] The dosage reginlen utiflzin the disclosed com-
pound is selcctcd in accord;mce with a vanclv ol factors
lncllldlllg Ivpc, species, tigc, wclgllt, scx Slid lllcdlcill ciiu-
dition of the patient; the severity of the condition to be
treated; the route of administration, the renal or hepatic
function of the patient; and the particular disclosed com-
pound employed. A physician or veterinarian of ordinary
skill in the art can readily determine and prescribe the
elfcctivc amount of thc drug required to prcvcnt, counler or
arrest lhc ploglcss of Iilc colldltloll.
[0558] Efli:ctive dosage amounts ol'hc disclosed com-
pounds, of Ihc disclosed phannaccutical compositions, or of
thc disclosed combinauons. whmi used Ibr thc indicated
etfectc, mange fmm about 0 5 mg to about 5000 mg of the
disclosed compound as needed to treat the condition ('om-
positions for in vivo or in vitro use can contain about 0.5. 5,
20. 50, 75. 100, 150. 250, 500. 750, 1000. 1250, 2500, 3500,
or 5000 mg of thc disclosed compound, or, ui a rmigc of
from onc amount to another amount in thc list ol'oses. In
onc embodiment, Ihc compositions arc in Ihe form of a niblct
that can be scored 'I'he therapeutically effective dosage of a
cmnpound, the pharmaceutical composition. or the combi-
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nations thereof. is dependent on the species of the subject,
thc body weight, age and indivnlual condition, thc disorder
or disease or the scvcrity thereof beuig treatciL A physician,
clinician or veterinanan of ordinary skill can readily deter-
niine the etfective amount of each of the active ingredients
necessary to prevent. treat or inhibit the prosress of the
disorder or ihsease.
[0559] The above-cited dosage properties are demon-
strable in iitro and ui vivo tests usuig advantageously
mammals. C.g., mice, rats, dogs, monkeys or isolated or dns,
tissues and preparations thereof I'he compounds of the
present disclosure can be applied in vitro in the form of
solutions„e.g.. aqueous solutions, and in vivo either enter-
ally, parenterally„advantageously intravenously, e.g.. as a
suspension or in aqueous solution. The dosage in vitro may
range bctwccn about 10 3 molar and 10 9 molar conccntra-
tionS. A thCI'iipcutlcillly'lfbCtivc Binoilllt ill vlvo UIBv IilllgC
depending on the route of administration„between about
0 1-500 mgil g. or between about )-1()0 mg/kg

Combuiation Therapy

[0560] The compounds of the disclosure can be adminis-
tered in therapeutically effective amounts in a combinational
therapy tvith one or more therapeutic agents (pharmaceutical
combutatious) or modalitms, c.g., non-dnig therapies For
example. syncr»stic effects can occur with oIhcr cardiovas-
cular agents. antihypertensive agents, conmary vasodilators,
and diuretic substances Where the compounds of the appli-
cation are administered in cot)]unction with other thempies,
dosages of the co-administered compounds will of course
vary depending on the type of co-dru employed. on the
specific drug mnployed, on thc condiuon bemg tres(cd and
so foI'tli.

[0561] The compound of the present disclosure may be
aihninistered either simultaneously with. or before or aller,
one or more other thcrapcutic agcni. Thc compound of the
present disclosure may bc ixhnuusierix! separately, by the
same or dillbrent route of administration, or togeIhcr ui the
same pharmaceutical composition as the other agents A
therapeutic agent is, for example, a chemical compound,
peptide. antibody„antibody fragment or nucleic acid, which
is therapeutically active or enhances the therapeutic activity
ivhen administered to a patient in combination with. a
compound of thc present disclosure.
[0562J In one enibodinient. the disclosure provides apmd-
uct comprising a compound of the present disclosure and at
least one other therapeutic agent as a combined preparation
for slnlUltilllixius, sepal dtc or scqUclltlal 11sc In Ihciiipyi Ill
onc cmbodimmit, the therapy is the treaIment of a discase or
condition mcdtatcxf by PCSK9. Products provides) as a
combined preparation include a composition comprising the
compound ofthe present disclosure and the other therapeutic
agent(s) together in the same pharmaceutical composition,
or the con)pound of the present disclosure and the other
thCI'ilpclltlc iigcllt(s) ill Scpaidic foml, iig. In tliC fonll Uf II

kit.
[t)563] In another aspect, the disclosure includes a coni-
pound of Formula (I). Formula (Ia). Formula (Ib). Formula
(Ic), Formula (Id). Formula (le), Formula (If), Formula (I ),
Formula (Ih), Formula (h), Formula (I)), Fomnila (Ik),
Formula (Im). Formula (Io). a compound accordmg to any
one of embodiment No I to No. 20 or Embodiment 38. or
any embodiment of I 'orniula (lj, 1iornnda (la), liornmla (Ib),
Iso»mila (lc), I'orniula (Id), liormula (le). Formula (If),

Formula (lg), Formula (Ih). Formula (li). Formula (lj),
Fornnila (Ik). Formula (Im). and/or Formula (lo) descnbed
herein, or a pharmaceuticdlly acccptablc salt thereof; for use
in a combination therapy A compouiid, coinposition, niedi-
cament and con)pounds for use of I'ormula (I), liormula (la),
Formula (Ib). Formula (Ic)„Formula (Id), Fornnila (Ie),
Formula (If). Fonnuks (Ig)„Formula (Ih), Formula (Ii),
Formula (Ij). Fomnila (Ik), Fomnila (Im). Formula (lo). a
compound accorduig to dny one of'embodiment No. I to No.
20 or Embodiment 38, or any mnboduncnt ol'onmila (I).
liorniula (ia), I'ormula (Ib), I'orniula (Ic), I'ormula (id),
liorniula (le), lionnula (ltj. Iiormula (Ig). Iionnula (ih),
Formula (Ii). Formula (Ij). Formula (Ik). Formula (Im),
and/or Fomiula (lo) described herein, or a phamiaceutically
acceptable salt thereof, may also be used to advanta e in
combination with onc or more other thcrapcutic agcnnn

[0564] Another aspect of the disclosure is directed to
phannaceuticai compositions comprising a compoiuid of
Formula (I). or a phannaceutically acceptable salt. hydrate,
solvaIc, stcrcoisomcr, or tautomer Ihcreof. a phannaccuti-
cally acccqttablc carrier. Bnd one or morc therapeutic agents.
'I'he pharmaceutical acceptable carrier niay fiirther include
an excipient, diluent. or surfactant.

[0565] Combinauon therapy includes thc admiiustration
of thc sub)tet compounds ui I'urthcr combuiation with other
biologically active in redients (such as. but not limited to, a
second agent such as, but not limited to, a cardiovascular
agent, an adrenergic blocker, an antihypertensive agent, an
angiotensin system inhibitor. an angiotensin-converting
enzyme (ACE) inhibitor, a coronary vasodilator, a diuretic,
or an adrenergic stimulant or a second agent that targets
PCSK9) and non-drug thcrapms (such as, but not limitixl to.
surgery or radiation treatnient). Iior instance. the compounds
of the application can be used in combination w:ith other
phannaceutically active compounds„preferably compounds
that are able to enhance the effect of the compounds of the
application. The compounds of the application can be
ddlllllllstcicd silllUlnlllcoilsly'as B slllglc plipdI'iltloil ol
sc)taratc prcpamtion) or sequentially to the other drug
therapy or treatnient modality. In genensl. a conibination
therapy envisions administration of two or more drugs
dunn a single cycle or course of therapy.

[0566] In some cmbodunmits, compounds ol'hc applica-
tion can be used in combination with agents known to be
beneficial for reducing cholesterol. including i,i)l.-(L non-
HDL-C, triglyceride-lowering agents. Bnd total cholesterol
and/or raising HDL-C.

[0567] Exemplary therapeutic agents that may be used in
cmnbmation v, ith the conipounds of the disclosure. include,
but are not limited to, hypolipidemic agents, niacin and
analogs thereof. bile acid sequestrants. a thymid hormone
mimetic, thyroid hormone rimcptor (THR) [3-sclccuvc ago-
nist, a nucrosomal tnglyceride transfer pro(cia (MTP)
inhibitor, an acyl COA.diacylglyccrol acyltransfcrasc I

(Iy()Al I) inhibitor, a Niemann Pick ('1-hke I (NP( 1-1.1)
inhibitor, an sgonist of .Al p i3inding ('assette (A13(') pro-
teins Ci5 or C)8. an inhibitory nucleic acid targeting P('SK9,
an inhibitory nucleic acid tar eting apoB100. apoA-I up-
regulator/inducer, ABCAI stdbihzer or uiduccr, phospho-
lipid trans f1:r pro)cut (PLTP) inhibitor, lish oil, anti-diabetic
agent, anti-obesity agcnn agonists ol'pcroxisomc pmhli:rd-
tor-activator receptors. Al P citrate lyase (A('l,j inhibitor,
alla;11111-liy'pclscilslvc;lgcilts
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[0568] Examples of hypnlipidemic agents that may be
used in comb&nation w&th thc compounds of tiw. &hsclosure
include. but arc not l&m&tixi to, an HMG-CoA reductase
inhibitor. squalene synthase inhibitors, I,XR agonist, l&XR

agonist, fibrates. cholesteml absorption inhibitors. nicotinic
acid bile acid binding resins, nicotinic acid and other
GPR109 agonists and aspirin.
[0569] HMG-CoA rcductasc iulubitors (i.c.. statins) are a
class of dn&gs used to lower cholesterol levels by inlubiti&18
the enzyme I IM(J-('OA reductase, lvhich plays a central role
in the production of cholesterol in the liver. Increased
clmlesterol levels have been associated lvith cardiovascular
diseases and statins are therefore used in the prevention of
these d&seases. Exemplary statins uiclude, but are not I muted
to. diorvastatui, ccnvastatin, compactui, dalvaslatul, dihy-
clnlconlpactln. flulnclostatul, fluvasiafin, lovastntlo. pit;lv;ls-
tatin. mevastatin. pravastatin, rivastatin, simvastatin. and
velostatin. or pharmaceut&cally acceptable salts thereof.
[05'70] F&brates or fibnc ac&d derivauves lower tnglyccr-
ides mid ra&se HDL cholesterol. They may have it&le eflhct
on I I )I . chniesteml I 'or example, Ciemfibrnzil or fennfibrate
is prescribed for people who have very high triglycerides or
who have low HDL Bnd high tri lycerides. Ciemfibrozil may
be used to reduce the risk of heart attacl in people with
coronary artery disease (CAD) who have low HDL nnd high
tnglycer&dcs. Examples of fibratcs uiclude, but are uot
limited to. clofibrate, gemfibrozil, fcnofibratc, ciprofibrate,
and bezafibrate
[05'71] Cholcstcrol absorpuon inhib&tora are a class of
compounds that prevents thc uptake ul cholesterol from thc
an&all intestine into the circulatory system. and. in tun&,

reduce plasma I DI.-('oncentrations Increased cholesteiol
levels are associated with increased CAPD risk: tlms. cho-
lesterol absorption inhib&tora are used with the goal of
rcxlucu&g CMD nsk. Anon-hmiting example of a clx&iesterol
absorption inlub&tor &s Ezct&nubc, prev&ously known Bs
'*Sch-58235". Another example is Sch-48461. Both cum-
pounds are developed by Schering-plough.
[05'72] Examples of b&lc ac&d sequestrants &hat may bc
used in comb&nation with the compounds of the disclosure
include. but are not linuted to, cholestymlmine. cnlest&pol,
and colesvelam
[0573J A non-hmiting example of a thynlid horn&one
nlimetic that may be used in combination with the con&-

pounds nf the disclosure is compound JCI321] 5

[I)574] A non-limiting example of a thymid hnrnlone
receptor (JIIR) $i-selective agonist that mav be used in
combination w&th the compounds of the disclosure is MCIL-
319(i
[(1575J IXJAT is an enzyme that catalyses the last step in
triacyiglycerol biosynthesis. DCJAT catalyzes the coupling
of B 1,2-diacylglycerol with a fatty acyl-C'oA resulting in
Cocnzymc A and tnacylglyccrol. Twu ca&ymca 01st d&splay
DGAT seto&ty have bixu Blentified. DGATI (acyl coA-
dldcvlgl)'ccl'ol ac)'I lransfcrasc I, sci'dses ct al, Proc. Nil&I.

Aced Sci 95:13018-13023, 1998) and l&(JAJ'2 (acyl coA-
diacylglycerol acyl tmsnsferase 2, see Cases et al..l Bml.
Chem. 276:38870-38876, 2001). D(IATI nnd DCIAT2 do
not share siginificant pmtein sequence homolo y. Impor-
tantly. DGATJ knockout mice Brc protixted lrom lugh fat
d&ct-induced we&ght ga&n and &nsului rcsistancc (Snuth ct al,
Nature Gcnctics 25.87-90, 2000). Thc phcnotypc of the
l)CJA'I I knockout nuce suggests that a D(JA'I I inhibitor has
utility for the treatment of obesity and obesity-associated

complications. DCIATI inhibitors useful in said combination
are cou&pounds and a&uilogs genencally and specifically
d&scloscd e.g. &n WO2007/126957 and %02009/040410, in
particuLsr in the con&pound claims and the final pmducts of
the v orking examples, the subject-nlatter of the final pmd-
ucts, the pharmaceutical prepamtions and the clanns.

[0576] Examples of'DGATI inhib&tora su&table for usc in
comb&nation with compounds of the prcscnt disclosure,
include but are not 1&mitcd to, 14-[4-(3-Methoxy-5-phe-
nylanlino-pyridin-2-yl)-phenylJ-cyclohexyl)-acct&c acid,
(4-(4-[5-(I -Methyl-I I I-pyrazoi-3-ylamino)-pyridm-2-ylJ-
phenyl)-cyclohexyl)-acetic acid. (4-(4-[5-(5-Fluoro-6-
methoxy-pyridin-3-ylamino)-pyridin-2-yl]-phenyl}-cyclo-
hcxyl)-acct&c acid, (4-15-[5-(6-Tnfluoromcthyl-pyndui-3-
yhunino)-pynd&n-2-yl]-spirocyclohcxyl&deuyl-I. I'-
iudm&yl)-acct&c acul. (4-14-[5-(Benzooxazol-2-yhmnno)-
pyndin-2-ylJ-phenyl)-cyclohexyl)-acetic acid. 4-(4-14-[2-
(3-ChlorophenyLsmino)-oxen&i-5-ylJ-phenyl)-cyclohexyl)-
butyric acid. (4-(4-[5-(Ci-Trifluoromethyl-pyridin-3-
ylamino)-pyridin-2-yl]-phenyl)-cyclohexyl)-acetic acid,
(6-14-[4-(2H-Tetrazol-5-ylmedlvl)-cyclohexyl]-phcnylr-
pyrulazin-3-yl)-(6-tnJluoromcthyl-pyndu&-3-yl)-mninc,
3-(4-14-[6-(6-TnJluoromcthyl-pyrid&n-3-ylamu&o)-
pyndazin-)-ylJ-phenyl)-cyclohexylmethyl)-411-[1,2,4Jox-
ad&aznl-5-one, (1-(4-[6-(3-1'rifluoronlethyl-phenylamino)-
pyndazin-3-yl]-phenyl)-piperid&n-4-yl)-acetic acid, (4-(4-
[4-Methyl-6-(6-trifhioromethyi-pyridin-3-ylanuno)-
pyndazin-3-yl]-phenyl}-cyclohexyl)-acct&c acid, (4-(4-[S-
(6-Tnfluoromethyl-pyr&din-3-ylmn&no)-pyre z&n-2-yl]-

phenyl/-cyclohcxyl)-acetic acul. 6-[5-(4-Chloro-phenyl)-[1.
3,4Joxadiazo1-2-ylJ-2-(2.6-dichioro-phenyl)-111-
benzoimidaznle, 6-(5-(') clohexyl-[1.3,4Joxadiazol-2-yl)-2-
(2.6-dichloro-phenyl)-IH-benzoimidazole„6-(5-Butyl-[1.3,
4]oxad&azol-2-yi)-2-(2,6-dichloro-phenyl)-l H-
bcnzo&mulazolc, 2-(2.6-Diciloro-phenyl)-6-[S-(5-mcthyl-
pyrulin-3-yl)-[1,3,4]oxddmzol-2-yl]-JH-bcnzo&m&dazole.
6-[5-(4-Chloro-phenyl)-[1.3,4]oxad&azo1-2-yl]-2-(2,6-dun-
ethyl-4-morpholin-4-yl-phenyl)-I I I-bennlimidazole, 6-[5-
(4-Chloro-phenyl)-[1,3,4Joxadiaml-2-ylJ-2-(3,5-dichloro-
pyndin-4-yi)-IH-benzoimidazole. 3-(4-(5-[5-(4-Methoxy-
phenyl)-[1.3,4]oxadiazo1-2-yl]-1 H-benzoim&dazol-2-yl)-3.
5-dnncthyl-phenyl)-2,2-duncthyl-prop&on&c acid, 3-(4-(G-
[5-(4-Methoxy-phenyl)-[1.3,4]oxad&azo1-2-yl]-JH-
bcnzo&midazol-2-yl&-3.5-&hmethyl-Phenyl)-ProP&o&uc acid.
3-(4-(6-[5-(4-n&ethoxyphenyian&ino)-[1.3,4Joxadiam1-2-
ylJ-I I i-benziinidazol-2-yl)-3,5-dinlethylphenyl)-pmpionic
acid. [3-(4-(G-[5-(4-Chioro-phenyl)-[lck4]oxadiazol-2-yl]-
I H-benzoimidazol-2-yl)-3,5-dimethyl-phenyl)-propyl]-
phosphonic acul. 2-(2.6-D&CI&Joro-phenyl)-6-(4.5-dipl&cnyl-
oxazol-2-yl)-IH-bcnzounidazolc. (4-16-[S-(4-Chloro-
phcnyl)-[1.3,4]oxad&azo1-2-yl]-JH-be&rro&m&dazoJ-2-yJ)-3.
5-d&methyl-phenoxy)-scetic acid, 2-(2.6-1)ichlom-phenyl)-
6-(5-pyrrolidin-l-yl-[1,3.4Joxadiazo1-2-yl)-111-
benzo&midazole, and 3.5-Dimethyl-4-(G-[5-(4-
trdfuoromethyl-phenylanlino)-[1„3.4]oxadiazol-2-yl]-1 H-
benzo&midazo1-2-yl)-phenol.

[l)577J A non-limiting exanlple of a Niemann Pick ('I-like
I fiqp(.'I -I.l ) inhibitor tlmt may be used in combination lvith
the compounds of the disclosure is ezetimibe
[0578] Apol&poprotcin A-I &s a protc&n that &n humans &s

encoded by the APOAJ gcnc. It has a spec&fic role in hpid
melabolism. Apolipoprotmn A-I is the mator pro&a&n com-
ponent nf high density lipoproteul (Ill)I ) in plasma ('hy-
lomicrons secreted from enterocytes also contain ApoA-I
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but it is quickly transferred to HDL in the bloodstream The
proimn promotes cholesterol clllux Irom t&ssucs lo lhc i&vcr

Ior cxcrci&on. Il is a cofaclor Ior lec&tlun cholcslerolacyl-
transferase (I.('AI') which is responsible for the formation of
nlost plasma cholesteryl esters infusion of a variant of
apoA-I in humans has been shown to regress atherosclerotic
plaque. as assessed by intravascular ultrasound: thus, apoA-I
reduces CVD risk and has the ability to both slow proyes-
sion and induce rcgrcss&on of athcrosclcros&s. Anon-linuting
example of an apoA-I up-regulator/inducer &s RVX208.
[0579] ATP-b&nd&ng cassette Iransponcr, ABCAI (mem-
ber I oi'uman transporter sub-Ihm&ly ABCA). also known
as the clx&leslcrol cillux regulatory protein (CERP) is a
pmtein v hich in In&mans is encoded by the ABC'Al gene.
'I'his transporter is a malor regulator of cellular cholesteml
and pin&spholipid homeostasi~. Anon-limiting example of an
ABCAI regulator is Probucol. Probucol lowers the level of
clmlesterol m the bloodstream by increasing the rate of LDL
catabolism. Add&uonally. probucol may inhib&t cholcstcrol
synthcs&s and deluy cholcslcrol absorpuon. Probucol &s a
powerfid antioxidant. wh&ch inhibits the oxidation of clx&-

lesterol in I Dl.s; th&s slows the formation of tham cells,
which contribute to atherosclerotic plaques.
[0580J 'the liver X receptor (I,XR) is a member of the
miclear receptor family of transcription factors and is closely
reLated to nuclear receptors such as PPAR. FXR and RXR.
Liver X receptors (LXRs) are important regulators of cho-
lesterol. fatly ac&ds and glucose homcoslas&s. LXR agomsls
d&e cili'cl&vc for Ircanncnl of nniruu: nlodcls of athcroscle-
ros&s. d&abctes, anti-&nlhunmauon mid Alzhcimcr's d&seasc.
'I'reatment with I,XR agonists (including but not limited to,
hypocholamide, I'0901317. (IW3965, or N,N-dimethyl-)-
beta-hydroxy-cholenamide (DMHCA)) lowers the choles-
terol level in serum and liver and inhibits the development
oi'therosclerosis &n murinc d&sense models. Examples of
LXR agonisls include, bul are not lumtcd to, GW396S (a
synthetic nonstero&dal hvar X receptor (LXR) agomst/acu-
vator) and 'I'0901317 (a dual I.XR. FXR agonist)
[0581] The Ibmcso&d X rcccplor (FXR), also known as
NRI I 14 (nuclear receptor subfmnily I, group I I, member 4)
is a miclear horn&one receptor with activity similar to that
seen in other stero&d receptors such as esto&gen or proges-
terone but more sunilar &n form to PPAR. I XR nnd RXR.
Activation of the nuclear receptor FXR is known to impmve
hyperglycemia und hypcrl&p&dcm&a. Anon-hm&ung example
oi'a FXR agon&st &s CIW4064 (3-(2,6-Dichlorophcnyl)-4-(39
cdrboxy-2-chlorost&lbcn-4-yl)oxymed&yl-5-isopropylisox-
azole)
[0582J Vhospholipid tmnsfer pn&tein (Vl:I'V) is a protein
that in luunans is encoded by the PI TP gene. The protein
encoded by this gene &s one of at least two lipid transfer
proteins fbund in human plasma, with CETP being the other.
Thc cncodcd protein transfi:rs phospholipids from triglyc-
cnde-r&ch 1&poprote&ns to HDL. In addition lo regula)&ng thc
size of III)I particles, this protein may be imolved in
cholesterol metabolism At least two transcript vanants
encoding difi'erent isoforms have been ii&und for this gene.
Because PLTP inlhiences the metabolism of both triglycer-
ide-rich lipopmteins and HDL, modulation of this transfer
proimn hds llu: potcnluil to alter card&ovascular d&sease nsk.
[0583] F&aho&l &s dcnved from the ussucs ol o&ly lish F&sh

o&ls conimn Ihc omega-3 laity ac&ds cicosapcnlam&oic ac&d

(1&VA) and docosahexaeno&c acid (DIIA), precursors of
eicosanoids that are known to have many health benehts.

Fish oil and other omega-3 sources are most highly recom-
mended I'or thc follow uig condit&ons. hypcrlnglyccndem&a,
second&&uy cdrihovdscular ihscdsc dail p&'event&on oi high
blood pressure. For example. I ovazaeI &s used alono with a
low-fat and low-cholesterol diet to lower very h&gh triglyc-
endes (fats) in your blood. Exanlples of omega-3 fatty acids
that may be used in combination with the compounds of the
disclosure include, but are not limited to Lovazag and
V&lscclvd'IV (Icosapcnt clhvl).
[0584] Examples of anti-diabetic a ents that may be used
in combinal&on v &Ih Ihe compounds of Ihc d&sclosure
include. but arc noi 1&nnled to. uisulu». nsul&n dcrivauvcs
and numclics, insuhn sccrcldgogues such as lhc sulfonylu-
reas; insulinotropic sulfonylurea receptor ligands such as
meglitinides, e 8, nateglinide and repaglinide; pmtein tyn&-
sine phosphatase-I B (PTP-I B) inlubitors including, but not
limited to. PTP-112: GSK3 ( lyco en synthase kinase-3)
inhib&tora includin, but not limited to. SB-517955,
SB-4195052, SB-216763. NN-57-05441 and NN-57-0S445.
RXR hgands &ncluduig. bul not limited to. CIW-0791 and
A(IN-194204; sodiiun-dependent glucose cotransporter
inhibitors including, but not limited to, '111095, glycogen
phosphorylase A inhibitors including„but not limited to,
BAY R3401; biguanides includin . but not hmited to. met-
formin: alpha-glucosidase inhibitors including, but not lim-
ited to. acarbose, GLP-I (glucdgon 1&kc pcptule-I). GLP-I
analogs includ&ng, bul nol limited to, Excndui-4 and GLP-I
numetics; and l)VVIV (dipeptidyl peptidase IV) inhibitors
including. but not linlited to, vilrLsglipt&n

[0585] Examples of sulfonylureas &ncludc, but arc not
linuted to, tolbutamide. chlorpn&pamide, tolazamide, aceto-
hexamide, 4-chloro-N-[(I-pyrolidinylamino)carbonylJ-ben-
zenesulfonamide (Pycopyra&aide). glibenclamide (gly-
bunde), liclazide. I-butyl-3-metanilylurea, carbutamide,
ghbomiride, glipizulc, gl&quulone, lwoxep&d, glybuthiaz-
ole, glibuzolc, glyhcxdnudc. glymulinc. glypuiam&dc, phen-
butam&dc, amaryl, and lolylcyclmnide, or phannacculically
acceptable salts thereof.
[0586] DPP-IV (d&pcpudyl pcptidasc IV) &s responsible
for inactivating (II,V-I . More particularly, DVV-IV generates
a (iI.P-I receptor ants onist and thereby shortens the physi-
ological response to (ii,p-l (il V-I is a n&a]or stimulator of
pancreatic insuiin secretion and has direct beneficial eflects
on glucose disposal.
[0587] The DPP-IV inifibitor can be pept&dic or. prefer-
ably. non-pcpu&d&c. Examples of DPP-IV &nlub&lors also
include. bul are nol finutcxI lo, gencncdlly and specilically
DVV-IV inhibitors disclosed in WO 98/19998, l)li 196 16

486 Al, WO 00/34241 and WO 95/1530'), in each case in
particular in the compound claims and the final products of
the v orkin examples. the subject-matter of the final prod-
ucts, the pharmaceutical preparations and the claims are
hcrcby incorporated uilo Ihc present appl ical&on by ref&:rance
to thcsc publications.
[0588] GLP-I (glucdgon 1&ke pc)&t&dc-I) &s an insuluio-
tropic protein &vhich is described. e 8, by W II Schmidt et
al in l)iabetologia, 28. 1985. 704-707 and in U 8 Vat No
5.705 483. The tenn "GLP-I agonists*'ncludes variants and
analogs of CILP-1(7-36)NHs which are disclosed in particu-
lar ui U.S. Pat. Nos. 5.120.712, 5,118,666, S.512,549, WO
91/11457 and by C. Orskov, cl al, u& J. I)io/. Che&&i., 264
(1989) 12826. Further examples include CILP-I(7-37), in
which compound the carboxy-terminal amide functionality
of Arg is dispLsced with Gly at the 37" pos&tion of the
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()LP-I(7-3(i)NH, molecule and variants Bnd analogs thereof
includmg GLN -GLP-I(7-37), D-GLNB-GLP-I(7-37),
acetyl LYS -CILP-I (7-37), LYS'"-GLP-1(7-37) Imd, in par-
ticular. ()I V-I (7-37)OI I, VAI. -(II,V-I (7-37)„(il Y'(il,p-l
(7 37) 1 I IR"-Cil p I (7 37), MI I I'(il V I (737) and 4 imi-
dazopropionyl-CILP-1. Special preference is also iven to
the ()LP Bgonist analog exendm-4. described by Cr'reig. et al.,
in Diabetologia, 1999. 42, 45-50.
[0589] Also uicluded ul the dctinition '*anti-diabetic
dgcnt Brc ulsuhll scnsltlvltv cnhallccrs wlllch les(ore
Impaired ulsullll rcccptol fonctloil lo Icducc nlsidul Icsis-
tance and consequently enhance the insulin sensitivity.
I:xamples include hypoglycemic thiazofidinedfone denva-
tives (e.g.„glitazone„(S)-((3,4-dihydro-2-(phenyl-methyl)-
2H-l-benzopyran-6-yl)methyl-thiazolidine-2.4-dione
(enghtazonc), 5-1[4-(3-(5-methyl-2-phenyl-4-oxazolyl)-I-
oxopropyl)-phenyl]-methyl)-thiazohdine-2 4-dtonc (dargh-
tazonc). S-1[4-(I-methyl-cyclohcxyl)methoxy)-phenyl]
nlethyl)-thiazolidine-2,4-dione (ciglitazone), 5-[[4-(2-(1-
indolyl)ethoxy)phenylJmethyl)-thiazolidine-2„3-dione
(DRF2189). 5-[4-[2-(5-methyl-2-phenyl-4-oxazolyl)-
ethoxy)]benzyl)-thiazohdine-2,4-dione (BM-13.124Ci),
5-(2-naphthylsulfonyl)-tluazoluline-2.4-dlonc (AY-31637),
bis14-[(2.4-dioxo-5-thiszolulinyl)methyl]phcnvl I methane
(YM268), 5-14-[2-(5-methyl-2-phenyl-4-oxazolyl)-2-hy-
dmxyethoxyJbenzyl)-thiazohdine-2,4-dione (AD-5075),
5-[3-(I -phenyl- I -cyclopmpanecarbonylamino)-beilzyl J-thi-
azolidine-2,4-dione (DN-108) 5-[[4-(2-(2,3-dihydroindol-
l-yl)ethoxy)phenyl]methyl)-thiazolidine-2.4-dione. 5-[3-
(4-chloro-phenyl])-2-propyuyl]-S-phcnylsullbnyl)
tluazoliduic-2.4-dlonc. 5-[3-(4-chlorophcnyl])-2-propynyl]-
5-(4-fluorophmlyl-sulfonyl)tluazollldmc-2,4-dlonc, S-1[4-
(2-(methyl-2-pyridinyl-amino)-ethoxy)phenylJ methyl)-
thiamlidine-2.4-dione (rosiglitazone), 5-1[4-(2-(5-ethyl-2-
pyridyl)ethoxy)phenyl]-methyl)thiazolidine-2,4-dione
(pioglitazone)„5-([4-((3.4-dihydro-6-hydroxy-2.5.7.8-te-
tramethyl-213-1 -benzopyran-2-yl)methoxy)-phenyl]-
IIIC(flv'll-thlBziillduu:-2,4-01011C (Iroghuszonc). 5-[6-(2-
fluoro-bcnzyloxy)nuphthalcn-2-ylmcthyl]-duazolulmc-2,4-
dione (MC('555), 5-[[2-(2-naphthyl)-benzoxaml-5-ylJ-
methyl)thiazohdine-2,4-dione f1117-I) and 5-(2.4-
dioxotlfiazolidin-5-ylmethyl)-2-methoxy-N-(I-
trifluoromethyl-benzyl)benzamide (KRP297)).
[0590] Examples of anti-obesity agents that may be used
in combinauon with Ihc compounds of lhc ihsclosure
include. but are not hmited to. orhstat, sibutrmuine, phml-
tcnnine and Cmlnabinoid Rcccptor I (CBI) antagonists c g.
I'I lao lulb Birt.

[0591J I ixmnples of agonists of peulxisome prolifenstor-
activator receptors that may be used in combination with the
conlpounds of the disclosure include, but are not limired to,
fenofibrate„pioglltazone, rosi litazone, tesaglitazar. BMS-
298585, L-796449, thc compounds specifically descnbcd in
the patent applicution WO 2004110399S I.c. compounds of
examples I to 35 or conlpounds specifically listed in clainl
21. or the compounds specifically described in the patent
application WO 03/043985 i e. compounds of examples I to
7 or compounds specifically listed in claim 19 and especially
(R)-I-[4-[5-methyl-2-(4-trifluoromethyl-phenyl)-oxazol-4-
ylmcthoxy]-bmlzcncsulfouyl)-2,3-dihydro-l H-mdolc-2-
calboxv'llc ol B adit thereof.
[0592] Examples ol'ypolipidemlc agents (liat nuiy be
used in combination lvith the compounds of the disclosure
include. but are not limited to, an IIM(3-('oA reductase

inhibitor. squalene synthase inhibitors. LXR a onist, FXR
agonist, fibre(ca. cholesterol absorption uihibitors, nicotiiuc
acid bile acul binihng rcsuls, bempcdolc acid, nicotiiuc acid
and other (IVR10') agonists. and aspirin
[0593] Examples of anti-hypertensive agents that may be
used in combination with the compounds of the disclosure
include. but arc not linutcxf to. loop dnirctms: angiotcnsin
converting enzyme (ACE). inhibitors of thc Na K-ATPase
menlbrane pump; neutralendopeptidase (NIIV) inhibitors;
A(.'I l/NI IV inhibitors: angiotensin II antagonists; renin
inhibitors; [3-adrener ic receptor blockers: inotropic agents;
calcium channel: aldosterone receptor antagonists: and
aldosterone synthase inhibitors.
[l)594J Iixamples of loop diuretics that may be used in
cmnbmation ivith the compounds of the disclosure include,
but are not limited to, ethacrynic acid. furosemide and
torsemide.
[l)595J I he tenn "A( I I-inhibitor" (also called angiotensin
converting enzyme inhibitors) includes molecules that inter-
rupt the enzymatic de radation of angiotensin I to Bngio-
tcnsin II. Such compounds may be used Ibr thc regulation of
blood prcssure and Ior thc treatmmlt of congestive heart
failure Examples include. but are uot lunltcd to. alacepnl,
beuazepril, benazeprilat, captopril, ceronapril, cilazapril,
delapril, enalapril, enaprilat. fosinopril. imidapril. Iisinopril,
moexlpriL moveltopril, perindopril„quinapril, mmipriL spi-
rapril, temocapril. and trandolapril. or B pharmaceuticafly
acceplable salt thcrcol.
[0596] A non-limitin exanlple of Bn inhibitor of the
Na K-ATPase membrane pump is di oxin.
[0597] The term "NEP inlubitor** refers to a compound
that inhibits neutral endopeptidase (NEP). Examples
include. but are not limited to, CandoxatriL Candoxatrilat,
Dexecddotril, Ecaihltnl. Racccddotnl, Sampatnlat, Fasulo-
tnl, Omapatnlat, Gemopatnlat. Duglutnl, SCH-42495.
8('11-32615, I)K-447841, AVII-0848, V1,-37 and (2R.4s)-
5-l3iphenyl-4-yl—I-(3-carboxy-propionylam inc)-2-methyl-
pentanoic acid ethyl ester. or a pharmaceutically acceptable
salt thereof. NEP inhibitors also include Phosphono/biaryl
substituted dipeptide derivatives, as disclosed in II.S. Pat.
No. 5,155,100. NEP inhibitors also uicludc N-mercaptoacyl
phcnylalmunc denvative as disclosed In PCT apphcatlon
WO 2003/104200 Nl ip inhibitors also include dual-acting
antihypertensive agents as disclosed In V('I'pplications
WO 2008/133896, 'iVO 2009103S543, or WO 2009/134741
Other exampies inchide compounds disclosed in U S, appli-
cation Ser. Nos. 12/788,794; 12/788.766. and 12/947,029.
NEP inhibitors also Include compounds dwclosed in WO
2010/136474. WO 2010/136493. WO 2011/061271, WO
2012/065953 VVO 2012i065956 WO 2014/12(i979, and
WO 2014/015965 Other examples of Nl:V inhibitors are
compounds disclosed in VI02015116786. WO2015116760,
WO2014138053, WO2014025891. WO2013184934,
WO2013067IG3, WO2012166389. WO2012IG6387,
WO2012112742. mid WO20120828S3
[0598] The term "ACE/NEP inhibitors'* refers to a com-
pound that inhibits both angiotensin converting enzyme
(ACE) and neutral cndopcpudasc (NEP). Exmnplcs ofACE/
NEP ullubitors that may be used iu combinauon with thc
compounds of the disclosure include. but are not limited to,
onlapatrilat, sanlpatrilat, and fasidotril
[0599] The class of mlgiotcnsin II antagonwts or AT,
receptor antagonists comprises compounds havmg differing
stnictural features, essentially preferred are the non-peptidic
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ones. Examples of anglotensin 11 antagonists that may be
used in combination with the compounds of the disclosure
include. but are not limited to. valse(tan, losartan. cande-
sdrtan. cprosartan, irbcsartan, sapnsartan, Idsosartan. Ielmis-
artan, the compounds with the designation E-1477 and
ZD-8731 of thc following fomlulac

0

o~o

SC izd X

( rlrlu

ZD-S731

/R=S

or pharmaceutically acceptable salts thereof 'I'he term
"ahskiren", if not defined specilically, is to be understood
both as the free base and as a salt thereof. especially a
phannaceuucdlly acceptable salt Ihcrcoii most prefhrably a
hemi-fumaratc salt Ulercof.

[0601] Examples of fi-adrenergic receptor blockers that
may be used in combination lvith the compolulds of the
disclosure include, but are not inn(ted to, accbutolul,
atmlolol, bctaxolol, bisoprolol. metoprolol. uadolol. proprd-
nolol, sotalol, and timolol

or, in each case, a phanuaceutically acceptable salt thereof.

[0600] The tenn **rerun lnlubitur" includes diteklrcn
(chemical nants [IS-[IR.2R,4R(IR.2R)JJ-I-[(l,l-dimethy-
lethoxy)carbouyl]-L-proly I-L-phcnyldlanyl-N-[2-hydroxy-
5-methyl-I-(2-nlethylpropyl)-4-[[[2-methyl-I-J[(2 pyndi-
nylnlrthyl)aminoJcarbonylJbutylJaminoJcarbonylJhexylJ-N-
alfa-methyl-L-hlstidinamide), terlakiren (chemical name
[R (R.S)] N-(4-morpholinylcarbonyl)-L-phenyklksnyl-
N-[I-(cyclohcxylmcthyl)-2-hydroxy-3-(I-mcthylethoxy)-3-
oxopropyl]-S-methyl-L-cysteulcamide). Alisklren (chmni-
cal ruunc. (2S,4s,5S,7S)-S-amino-N-(2-carbmnoy1-2.2-
dimethylethyl)-4-hydroxy-7-[[4-methoxy-3-(3-
methoxypropoxy) phenyl Jmethyl]-8-methyl-2-(propan-2-
yl)nonanamide) and zankiren (chemical name: [IS-[I R[R
(R)].2S„3r]]-N-[1-(cyclohexylmethyl)-2,3-dihydroxy-5-1n
c thy lhcxy1] -d1fa-[[2- [[(4-methyl- I -p(pardziny1) su 1 fony1]
nlclhv'I]-I-oxo-3-phcnvlpropy'I]-anuno]-4-thlazolcplopand-
nudc), or, hydrochlondc salts thcrcoi; or. SPP630, SPP635
and SPPSOO as developed by Speedel, or IK) 66-1132 and
RO 6161-1168 of l(ormula (A) and (11)

[0602] Examples of inotropic agents that may be used in
conlbulatlon with Ihc conlpounds of thc dlsclosurc hlclude,
but arc not hmitcd to. dlgoxul, dobut;unule, and nulrulone.
Inotropes as used herein include. fbr example, dobutamine,
isoproterenol, milrinone. aminnone, levosimendan, epi-
nephrine. norepinepluine, isoproterenol, and digoxin.

[0603] Examples of calcium clrdluml blockers that nmv be
used in combination with the compounds of the disclosure
include, but are not linlited to, amlodipme, bepridil. dilti-
azem. felodipine, nicardipine„nimodiplne. nifedipine. nisol-
dipine and verapamil.

[0604J I he class of aldosterone synthase inhibitors com-
prises both steroidal and non-steroidal aldosterone svnthase
inhibitors. the latter being nlost preferred. The class of
aldosterone synthase inhibitors comprises compounds hav-
ing dlllbring structural features. Examples oi'ldosterone
synlhasc inhibitor that cml be used in combination with Ihe
compounds oi Ihc present disclosure include, but arc not
linuted to, the (+)-enantiomer of the hydrochloride of fadnl-
zole (D S Pat. Nos 4,617.307 and 4,009,06)) of tbrmula



US 2020/0]64024 Aj May 2]j, 2020

Hol

or, if appropnable. a phamiaceutically accepmble salt
thereof, and compounds and analogs generically and spe-
cifically disclosed e g. in US2007/0049616. in particular in
thc compound clauns and thc Iiiml products of the working
cxiunples, thc sublccl-matter of lhe Iiiml products, lhe phar-
n&aceutical preparations and the cLsims are hereby incorpo-
rated into the present application by reference to this pub-
lication. Examples of aldosterone synthase inhibitors that
can be used in comb&nation with the compounds of the
present disclosure include. but are not limited to. without
1&nnlauon 4-(6,7-d&hydro-SH-pyrrolo[1,2-c]imi&Lizol-S-yl)-
3-mclhylbenzorutrilc, S-(2-chloro-4-cyanoplmnyl)-6.7-di-
hydro-SI I-pyrmlo[1.2-cJimidazole-S-carboxylic acid
(4-n&ethoxybenzyl)&ac&hyle&aide; 4nfluom-6-(C&,7,8.9-tetra-
hydro-SH-imidazo[1,5-a]azepin-S-yl)biphenyl-3-carboni-
trile: 5-(4-Cyano-2-methoxyphenyl)-(i,7-dihydro-5H-pyr-
rolo[1.2-c]imidazole-S-carboxylic acid butyl ester: 4-(6.7-
Dihydro-SH-pyrrolo[1,2-c]imalazol-S-yl)-2-
mclhoxybm&zon&tnlc& 5-(2-Chloro-4-cyanophmiyl)-6.7-
dihydro-5 I I-pyrrolo[1,2-cJimidazole-5-carboxylic acid
4-fluorobenzyl ester; 5-(4-Cyano-2-trifluoromethoxyphe-
nyl)-6&7-dihydro-SH-pyno&lo[1.2-c]imidazole-S-carboxyhc
acid methyl ester; 5-(4-Cyano-2-methoxyphenyl)-Ci.7-d&-
hydro-SH-pyrrolo[1.2-c]imidazole-S-carboxylic acid 2-iso-
propoxyelhyl cater, 4-(6.7-Dihydro-SH-pyrrolo[1,2-c]un&-
dazol-5-yl)-2-methylbm&zon&tnlc: 4-(6,7-dihydro-SH-
pyrrolo[1,2-cJimidazu---yyl---flfluoiobenznnitri; 4-(6.7-
Dihydm-SI l-pyrrolo[1,2-cJim&dazol-5-yl)-2-
methoxybenzonitnle: 3-Fluoro-4-(7-methylene-6.7-
dihydro-Slq-pym&le[ I,2-c]unidazoI-S-yI)benzonitrile: cis-3-
Fluoro-4-[7-(4-fluoro-benzyl)-S.G,7,8-tetrahydro-imidazo
[1,5-a]pyr&din-S-yl]benzo&utnlc. 4nFluoro-6-(9-methyl-6.7,
8,9-&ctmhydro-SH-&m&daze[I,S-a]azcpin-S-yl)b&phenyl-3-
carbonitrile; 4nl&luoro-6-(9-methyl-(i,7.8,9-tetrahydro-SJ I-

imidazo[1.5-aJazepin-S-yl)biphenyl-x-carbonitrile or in
each case, the (R) or (S) enantiomer thereof; or if appropri-
able, a pharmaceutically acceptable salt thereof.
[l)605] 1 he terna aldostenme synthase inhibitors also
include. but are not limited to. compounds and analogs
disclosed in WO2008/0768GO, WO2008/07(i336. WO2008/
076862, WO2008/027284, WO2004/046145. WO2004/
014914. and WO2001/076574.
[0606] Futthermore„Aldosterone synthase inhibitors also
include. but arc not 1&m&tcd to. compounds and analogs
disclosed in U.S. patent applications US2007/0225232,
US2007/0208035, US2008&0318978, US2008/0076794,
US2(X)9,'00120(&8, I JS20090048241 and in P(71 applications
VVO2006,'(X)5726. WO2(X)6/128853, WO200C&128851,
)VO2006/128852. WO2007065942, WO2007/116099,
)VO2007/116908. WO2008/119744 and in European patent
applmat&on EP 1886695 Prclbrred aldostcronc synthase
inhib&lors su&table for usc u& lhc prcsem disclosure mclude,
without 1&nutation 8-(4-Fluorophenyl)-5.6-d&hydro-gH-&nu-
dazo[5,1-cJ [1.4Joxazine; 4-(5,(i-Dihydro-gl l-imidazo[5,1-cJ
[1,4]oxazin-g-yl)-2-tluorobenzonitrile; 4-(5.6-Dihydro-gl I-

imidazo[5.1-c] [1,4]oxazin-g-yl)-2.6-difhiombenzonitrile;
4-(5.6-Dihydro-gH-inniiazo[5.1-c][1,4]oxazu&-8-yl)-2-
methoxybenzon&tnle; 3-(5,6-D&hydro-gH-un&daze[5,I-c] [I,
4]oxazin-8-yl)benzonitrile: 4-(5.6-Dihydro-gl i-imidazo[5,
l-c][1,4Joxazin-g-yl)phtlmlonitrile: 4-(8-(4-('yanophenyl)-
5.6-dihydro-8H-imidazo[5.1-c] [1,4]oxazin-g-yl)
benzonitriie; 4-(5.6-Dihydro-gH-im&dazo[5,1-c][l 4]
oxazui-8-yl)benzonitrile; 4-(5.6-Dihydro-8H-imidazo[5.1-
c][1,4]oxadn-g-yl)neph&helm&c-l-carbon&tnlc& 8-[4-(IH-
Tetrazol-5-yl)phenyl 1-5.6-dihydro-gH-im&daze[5,1-c][l&4]
oxazine as developed by Speedel or in each case. the (R) or
(S) enantiomer thereof; or if appropriable, a pharmaceuti-
cally acceptable salt thereof.

[0607] Aldosleroim synthase udub&tora usefiil in smd com-
buiation include. but arc nol limited to, compounds and
analogs gcncrmafly mid spccilically d&scloscd e.g. ui WO
2009/156462 and WO 2010,'130796. in particular in the
compound claims and the final products of the working,
examples, the subject-matter of the final products. the phar-
maceutical preparations and the claims. Preferred Aldoster-
one Synthasc &nh&bilors suitable Ibr comb&nation in lhe
prcscul disclosure uicludc. 3-(6-Fluoro-3-methyl-2-pyndin-
3-yl-IH-&ndol-I-ylmclhyl)-bcnzonitmlc hydrochlondc, 1-(4-
Methanesul fonyl-benzyl)-3-methyl-2-pyridm-3-yl-111-in-
dole, 2-(5-13enzyloxy-pyridin-3-yl)-6-chloro-I -methyl-111-
indole, 5-(3-('yano-I-methyl-IH-indol-2-yl)-rucotinic acid
ethyl ester. N-[5-(C&-clfloro-3-cyano-I-u&ethyl-IH-Jndol-2-
yl)-pyndin-3-ylmclhyl]-ctlmncsulfonanndc, Pyrrohdinc-I-
sullbnic acid 5-(6-chloro-3-cyano-I-methyl-I H-&ndol-2-yl)-
pyndin-3-yl cater, N-Methyl-N-[5-(I-methyl-IH-uidol-2-
yl)-pymdin-3-yln&ethyl]-methanesulfonani&de. C&-('hloro-I-

methyl-2-[5-[(2-pyrroli din- I -yl-ethylamino)-methylJ-
pyndin-3-yl]-I H-indole-3-carbonitrile. 6-Chloro-2-[5-(4-
metlmnesulfonyi-piperazin-I-ylniethyl)-pyridin-3-yl]-I-
methyl-lH-inik&le-x-carbon&tnle, 6-Chloro-I-methyl-2-&5-
[(I -methyl-p&pend&n-4-via muio)-methyl]-pyndin-3-yl&-I H-
iudolc-3-carbon&tnle, Morphol&nc-4-carboxyl&c seal [5-(6-
chloro-3-cyano-I-methyl-111-indol-2-yl)-pyridin-3-
ylmethylJ-amide. N-[5-(6-('hiero-I -methyl-111-indol-2-yl)-
pyndin-g-yimethyl]-etlmnesulfi&namide„C,C.C'-Trifluoro-
N-[5-(I-methyl-IH-indol-2-yl)-pyrid&n-3-ylmethyl]-
mcthm&csulli&rmnndc. N-[5-(3-Chloro-4-cyano-phenyl)-
pyndin-3-yl]-4-&rifluoromclhyl-benzm&csulfi&namalc, N-[5-
(3-Chloro-4-cyano-phenyl)-pyr&din-3-yl]-I -phcnyl-
methanesulfonamide. N-(5-(3-chlom-4-cyanophenyl)
pyndin-3-yl)butane-I -sulfonamide. N-(I -(5-(4-cyano-3-
methoxyphenyl)pyridin-3-yl)ethyl)ethanesulfonamide,
N-((5-(3-c 1&J ore-4-cyanophenyl)pyri din-3-y J)(cycJopropyl)
methyl)cthanesul fun;mudc. N-(cyclopropyl(5-(I H-uidol-5-
yl)pyridin-3-yl)methyl)clhanesulfonam&de, N-(cyclopropyl
(5-nap&helen-I-yl-pyndui-3-yl)nu:thyl)cthanesulfonamide&
Ethanesulfonic acid [5-(6-chlom-I-methyl-11 1-pyrrolo[2.3-
bJpyridin-2-yl)-pyridin-3-ylniethylJ-amide and Jithanesultb-
nic acid [[5-(3-chloro-4-cyano-phenyl)-pyridin-3-yl]-cyclo-
propyl-methyl]-ethyl-amide.
[0608] Lip&d-lowering agmits are known &n thc an, and
described, e g . in (ia»ziaza&z aaa'h /maa *s I/ze /'/zarzzzaca-
/agicai Basis af 7herapeazics. 11th I',d, 13runton, Iazo and
Parker, Eds., Mc()raw-I lifl (2006): 2009 Physicians'esk
Reference (PDR). for example. in the 63rd (2008) Eds.,
Thomson PDR.

[0609] "Comb&nation therapy" &s &ntmidcd lo c&ubmce
administnstion of these themspeut&c agents in a sequential
manner, wherein each therapeutic a ent is administered at a
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difi'erent time and in any order. or in alternation and in any
order, as weil as adniinistration of these therapeutic agents,
or at least tyro of the therapeutic agents. in a substantially
simult;mcous manner. Substantially s&multaneous adminis-
tration can be accomplished, for example, by administering
Io the subtcct a single capsule havuig a fixed rauo of each
therapeutic agent or rn niultrple. single capsules fiir each of
thc thcrdpcutic agents. Scqucntial or substanually simulta-
neous administration of each therapeutic agent can be
cfibcted by any appropnatc route uicluduig. but not lmuted
to. oral routes, intravenous routes, intramuscular routes, and
direct absorption through mucous membmne tissues. The
therapemic agents can be administered by the same route or
by different routes i&or example, a first therapeutic agent of
the combination selected may be administered by intrave-
nous injection while the other therapeutic agents of the
combination may be administered omslly, Alternatively, for
cxrunple, all Ihcrapcut&c agents may be administered orally
or dll therapmrtrc agmits may bc adnunistercd by intravenous
injection I he sequence in which the therapeutic agents are
administered is not narrowlv critical

[0610] In accordance with the foregoing. the present dis-
closure also provides a therapeutic combination. e.g.. a kit,
kit of parts„e.g.. for use in any method as defined herein,
comprising a compound ol'ormula (I), or a phamurceuti-
cally acceptable salt thercofi Io bc used conconutimtiy or in
sequence with at least one pharmaceutical composition
comprisin at least another therapeutic agent. selected front
a hypolipidemic a ent, ruacin or analogs thereof. a bile acid
sequestrant„a thyroid hormone mimetic, a thyroid homione
receptor (THR) [3-selective s onist. a microsomal triglycer-
ide tr;mst'cr protein (MTP) inlubitor, an acyl CoA:durcyl-
glycerol acyltransli:rase (DCiAT) urlubi(or, a Nrmnann Pick
( I-like I (NP('l-l I) inhibitor. an agonist of A1 P 13inding
( asserte (AI3(') proteins (i5 or (ig, an inhibitory nucleic
acid targeting PCSK9. an inhibitory nucleic acid mrgeting
apoB100„apoA-I up-regulator/inducer. an ABCAI stabilizer
or inducer, phospholipid transfer protein (PLTP) inhibiror,
lish oil. an antulrabcuc agents an rmti-obesity agent. an
agomsi of perox&some prolifi:ra&or-act&vator rcccptorb, ATP
citrate lyase (A(!I ) ulllrbitor, and an anti-hyperterlsive
agent, or a phaunaceutically acceptable salt thereof. 'I'he kit
may comprise instnrctions for its administmtion. The com-
bination can be a fixed combination (e.g. in the smne
pharmaceutical composition) or a tice combination (e.g. in
srparau: phannaccuucnl composit&ons).

tically acceptable salt thereof: in the form of two separate
Ill&1&S r)f tl&C Coll&pc&leam (1) Io (11).

[0612] Like&& rse, thc presmit disclosure provides a method
as defined above comprising co-administnntion, e g., con-
cmnitantly or in sequence. Of a therapeutically effective
amount of a compound ofFormula (I). or a pharmaceutically
acceptable salt thereof. Snd a second dru substance, said
second drug substance being a hypoliprdemic agent. niacin
or analogs Ihcrcol; a bile acul srxNcstrnnt, a Ihymid hor-
mone mimetic. a thyroid hum&one receptor (THR) 3-selec-
tive agonist, a niicmsomal triglyceride transfer protein
(M I'P) mhibitor, an acyl ( OA diacylglycerol acyltransferase
(DCiAT) inhibitor, a Niemann Pick Cl-I&le I (NPCI-Ll)
inhibitor. an agonist of ATP Binding Cassette (ABC) pro-
teins C!5 or Cig. an inhibitory nucleic acid targeting P('SK9,
an &nlubitory miclcic acid targeting npoB100, apoA-I up-
regulator/inducer, an ABCAI stabilizer or uiducers PhosPho-
lipid transfer protein (PITP) inhibitor, fish oil, an antidi-
abetic agent, an anti-obesity a ent. an agonist of pen)xisome
proliferator-activator receptors. A1 P citrate lyase (A('I,)
inhibitor. and an anti-hypertemive agent. e ge as indicated
above.

I!P(AMPI I!S

[0613] The disclosure is further illustrated by the follow-
in examples and synthesis schemes, which are not to be
construed as hmituig Ilus disclosure in scope or sp&ut to Ihe
spccilic procrxlurcs hcrcin desunbed. It &s to bc understood
that the examples are provided ro illustrate certain embodi-
ments mid that no limitation to the scope of the disclosure is
intended thereby. It is to be further understood that resort
may be had to various other embodunents, moditications,
and equivalents thereof which may suggest themselves to
those skilled in Ihc art without departing from thc sp&ru of
thc present drsclosurc and/or scope ol'hc appcndcd clauns.

Analytical Methods. Materials. and Instrumentation

[0614] Unless othcrw&acnotcds reagents aud solvents were
used as reccivrxl from conuuercial supphcrs. Proton nuclear
magnetic resonance (NMR) spectra were obtained on either
13nrker or Marian spectronieters at 300 or 400 Mi lz. Spectra
are iven in ppm (b) and coupling constants, 1. are reported
in Hertz. Tetramethylsilane (TMS) was used as an internal
standard.

Atlt rc Irk&&oils

[0611] Similarly. thc present d&sclosurc provxlcs a krt of
parts comprising (i) a pllmniaceutical composition of the
disclosure; and (ir) a pllanliaceutical composition compos-
ing a compound selected from a hypolipidemic agent. niacin
or analogs thereof„a bile acid sequestrant, a thymid hor-
mone numetics a thyroid honnonc receptor (THR) [3-sclm-
Ilrc ilgontsn a ru&clusornnl Irlglvccllrlc tl'dllslcl p&01(:ill

(MTP) uilubitor, an acyl CCA.diacylglyccrol acyhransfcrasc
(D(iA1) inhibitor. a Niemann Pick ('I-like I (NPCI-I I)
inhibitor. an agonist of A1'P i3inding Cassette (AB(') pro-
teins 136 or 13N. an inhibitory nucleic acid targeting PCSK9,
an inhibitory nucleic acid targeting apoB100. apoA-I up-
regulator/uiducer, an ABCAI stabilizer or uiducer, plx&spho-
lipid urn&afar protein (PLTP) urh&buor, tish oil, an anudr-
abctic agents an anti-obesity agm&E an agonis1 ofpcroxrsome
proliferator-nctivator receptory, AI'P citrate lvase (A('I,)
inhibitor. and an anti-hypertensive agent„or a pharniaceu-

.\( ",S, 1 yx
A OEt
Acou
A OtBu
Ag
BME
Boc
Boc,o
Dk&L!

DOI
D('M
DE.AD
DIAD
DIC
DIEA.
DIPEA
DMA
DVIAP

Erh, I scat.ite
Acct c sc 4
reit Buukerh)la er.ire
Alg ll i&C

S-Mcr aprncthsnol
tci&-Bury roxycsrbon, I

Dl.terr-tlur 'I.d&cubonarc

7

1,2 D*hfo o«lk:

D erh, I azod ciu box, I.its
Dus pi pylazod ciuboxylate
E,.I' sopropylcirbod nude
1(.bk D soprop, lethyliunuie

I,".I-Dnncrhylaccr:un&dc
3-Dnncrhyrnninopyridine
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-continued -couth)tl&xi

Abiue& ut ons Abbmv tr ns

DME
DMF
DMSO
DMI MM

DPPA
TDC

LtOAc EA
EtOH
Fmoc
Fit&noose

u &11.

HC

TL'FIP

HOAt
Bout
I P &

KIIMDS

KV(ZMSI

KotBu
tBuOK
LCMS

L&HMDS
incp mh
M

M OH
M VI P P

VaBH(OAcl,
VaOA
V,OM
vns
nBuOH
V I(
AMP
Vp
Vs
0'n
Pl tBu

Pd(dtl. pf)C'Ir

Pd(PPh,)

Pm

PPHF

ps
I'I S A

P)oxnn

Itt, n
Set'

-Dut&etl&ox cthsnc
I,N-Dimcthylfomu at&dc

4 (4,6 0 m (h «! 1,3.s

Dq&h nylphnspho&ylaz de
b, (3 D n&ethyltunmoprop Il
b, erh)lcsrbod rn de HC)
Ethyl acetate
Etl&:u&nl

9-Flu rcn hnctltylos) carbnn) I

9- Flue & cayln&et)» I-N-
hvdmsy. uecuu&nidc
I

I
HI 1.,1 I: I (4,

hexflth&o&op)&capt&.it'e

0 (6 Chlorobenzotnazol I ylj
b, N,), .V'et&sn&ethylur n um
hcxaflunrnphospl&:itc
I 1.1,3,3 B-
Hcxafluompr p:u&-2-nl

I-H) d&oxy-7-sz:ibcnzotr»zoic

P 1.st

Potssmiut&
hessn&ethvld s laz.u&e

Potass um teu butvlate

L&qu&d clunmst griph) &nasa

spc t&on&etry

L&thnun lies:unct)» Id&s&lazsnc

n&eta-Cl&loropcrbcnznic i id
Men & I m I I

Sod um rr s etoxybo&ohvdnde
Soduun .icetste

n-Butanol
b, Iodosucc n rn de
b, Methvlp)&roid ne
4 Vi( ph yt
4-Vosyl
n cr n&pht

Phosphizene base Pi r Bu

bu(ylmu
tntpyrr lido&n)pltnsphorsnc
[1.1' s(d tert
butylphospluno!Ierroceneid

tctrstusitnphcnylpl&osplunel
pau:&deut&(u)

2..).7,6

Ifm,l
P)&'Id&&alia& p I '(hydr'ogc&t

th&onde)
Poly st, mne

(((I-C ano- -ttl&oxy--
nxnetl» hdcne)nnn&nlnxv)t»(p
y rml d n I ) l)phosphon un&

,&1 oops ph&I (V)

be&etc

SFC

st to
'I k141

1 13S

'In( V

TBTI

'EA

TFA
TFFH

'I I II

I VI0 I.

'I M:10 1 f
13IC.'OSMIC

TTPA

Supe&'cr&t&cal flied
luoaritoerapln:

&mt n lyldm Ih) ls lyl
lnsi(l 0«& I I 0 1..3
rnaz I 4 Amerh, lisnune
2 tlH Benz t& .izol I yl)
l,l 3 rerrunerh, huoruum
rerritiuoroborate
TI'Ict'lt I.'in&ale

T»'lue&'0& 'ct&c 'ic&d

Tctrancthvlfluoroforn&-
:utud&ruun& hcssfluorophospltate

& Ihyl nh f i tm(

ln nilnl)II& (11

alph: I .vlb nril s cy.mde
T luenesuuonylmerhyl
so '&J& de
Rerent on rune
T»'(".I.N-
tetra&neth) lcac)phospltor&c
iiclr) &I'&(in&&dc

An.ilvr al meth d I

Ag lent 1100, 12t)0 ALS s, stem&)yare&s ZQD
MS s)stem

Eh&cnt A 0 i&s '&'111uoro'rect&c iic&d ut H 0
Elucnt B Acctnnitnlc

C halt&& tc&tlpcnitu&e 40 C

(.o( ii& S n)& ( lg, 'ip ». 0

T &tie Fluent A it 1 Eluenr B in
1

i& DD

17D
vs

Purihcation Methods:

[0615] Thc iinal producqs merc punftcxt by prcparauvc
rcvcrscd-phdsc HPLC gulag 0 Waters XBndge Prc7) Cig
OBD Column, 5 pm, 30 mmx250 nmt, Part No 1 86004025.
'I'he fi)llo)ving n)obiie phases v ere used

[0616[ I luentA: 0 1%'1'1'A &n I izO at&d eluent 0: A( N
[0617[ Eiuent A: 0.01 M HCl in H20 and eiuent B:

2&&CN

[0618] Gradients»cre designed basrxl on thc spec&iic
requircmcnls of the separation problmn. Pure producm were
lyophilizcd from ACN/H20 dnd obta&ncd, depending on lhe
used eiuents, as a free base or the corresponding trifluon)-
acetate, fomnate or hydmchloride In several cases the salt
form was changed usin the fi)llowing methods;

[0619[ The TEA salt )vas partitioned between EtOAc
m)d 5% aq. NaHCO&. Thc organ&c phase was washcxi
w&th 5% aq. NaHCO, [2x) and bunc, dried over
NdzSO4, iiltercd m)d cvupomtcxl to dryncss u) vacuo.
1'he residue was dissolved in A('N/I izO (1:1) and 1 M
1 I(.'1 (-1 5-3 eq per basic center), then lyophilized to
afi'ord the hydrochloride of the product as a white solid.

Analyt&cal

Methods'0620]

The products were analyzed by thc analytical med)-
ods described below
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Analyt .Ll method I

A lear 110(if12(nl ALS systenVVrsteis ZQD
MS s'in'tcili

Elucat A u 055 Triaunrn:«ct:mid ui HrO
Eluent B Acctoniti Ic

Cnlumn tenipcrshuc 4&1 C

An.ilvr sl meth d I

Waters Acqu h I'PLC systcinfWiters SQD MS systcni
Ilu nt 5 n»M ynnoooiumhi 1m &M n H 0

('ol mm I p,au Sfi" ('inn

I if rnL(m n
Coluinn hcqu h I PLC BL'H CI8, I 7 lun I 30 mm
Gmd ent

Elucnt A [" j

T me
fit f

10

Fluent A I"
3 Liuent B ['e]

95

Ti itic

ii DD

fr i(I

I 5t)

I t,t I

I 9 t )

98
98

98
I tl

Elucat B ['

Were(a Acqintv LPLC system, Waters SQD MS system
Lluear A I mM Anmwnnim hydioa de ui H,O
Elumit B aiM Anminnnuii hvdmaidc ui acct nitnle
C luinn tcmpcrahirc 50" C
Fin I 0 niLfnua
('ohuim 5*qufy IJI'I('HI&'lB. I f pm, I sfimm

Ilu ot B [9 j

Ln liii:0 m lh d 6

Wstms Acquit I:PLC system Iystcrs Xmo 02 Qtot'S system
ElucntA D I'»mic f id m HrO
Elu nt B 01'oimic fcid m mctoaitrilc
Cnluntn temperature «0 C
tl I 0ml m
0 lu u:I qmt 01'I('IH 0th, I 7 iu, I 0
( . di nt

0 00
440

I

5.19

98
2
7

98

98
98

Tune

4 4ti

. 15

19

Fluent A [I ]

2
98

Elueat B ['j

Analyt .Ll method 'I

Anylyti sl mcthnd 7

C lumn tempeiahue 5(l'.
I'lou I fi mLm n
C lumn A qut, UPL( BEH CIB. 17 pni..l 5(1 nun
Grs I ear

I(itic Elucat A [" ] Elucnt B ['6]

W t s 4 q 11 IPI 0 sist riV: I m SOD MS si I m
I.l ami.,y fl In t rim:*din HrO
Elueat B i I I ".I'orm c ec d n scat n tnle
Coluian teinp rerum Ll. C
Finn I il mL&nua
Coluian .4 qutvLPLC BLH CIB. 1 7 lan 21 30 nun
Gradin&it

Elucnt A ['0 if(i

D.ti6

I 76
.tif

16

2

18

98

Trilie

fl t)t I

ff It)
I yti

I Bt)

I 9LL

2 Lit\

I tl

98

Elucat B ['

Were(a Acqintv LPLC system, Waters SQD MS system
Eluent A 0 I" Fornuc:icid ui HrO
Elumit B 0 I'ermi s id ui n:ctonitnlc
C luinn tcmpcrahirc 50" C

('ohuim 5*qufy IJI'I('HI&'lB. I f pm, I sfimm

0 00
440
. 15
5.19

98
2

2

98

98
98

T iris Fluent A [' Lluerit B a ]

Tune L'luent A a ] Eluear B [" ]

ii DD

I 70
95

5

An.ilvr sl meth d 8

Aylent 110tifldfiti ALS systcni yy stere ZQD MS system
Elucat A . mM Anun noun hydmyide in H 0

ami B Acct mini
('ol mm I p,tu mi" ('

fl ml mio
('ol mm Xltndp, (.'I 8 3. pm. 3 0 ti mm
Gmd ent
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00

7.1f

-conanuml

Analytical )ncthod 8

Analytical )ncthod 9

(n: Iht*. I Ihod 12

IV(re)s A qu tv LPLCISQD M( svstem

Eluent B f) D4" Fornir rc)d ui s ctonitnle

Colu)an temp rerum 60 C

I to If) I mn
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Gmd ent

VVs) . A*qu I Ial'I &'» t e. O'I I MS .

LluentA Dfl(a Trduoroa et ca d n H 0
Llucnt B Df)4'rduoroa et ca d n acetorutule
Cohuun fc)f)pcl )tore 8)) (
Fl 0 5 n)L'nnn
('o n 'Vcq t, UPI.C &'(H ('Itl. I ) n, - I an H)fl mm

(n;fh )t

T nie

2 4t)

9 8(l

Llumit A a ]

y(

Eluent B [" ]

Tane Eluenr A I" l Lluer)t B [a l Hl f)t)

9 9)) y(

f) 00

I) 20

9 4()

9 8()

9 9()

lf )If)

95

95

2

2

a(
mml t cat methot lr

VVateis Acquit( UPLCVB'stets QToi MS system

Ansi!treat mctlwd 10

Vdareis Acqintv LPLC (QD MS svsrern
Lluenr A I 0(" I'O)m C.)Cd Snd 3 7( mM.unmnruiun a crate m HsO
Lluenr B f 04''oun .m du) )) eronrnle
(nlunui remperature 60'
Fin I 0 n)L)nuu
C,lu)nn Acquita UPLC HSS T3, I 8 mm, 2 I nun 50 mni
Gird)cnt

I m nt,v I":,
I

))8[»

I) flp

Elu nt B 0 04n Tutlunrn:)cetic:)cid ui:)ccton)trdc

Cnlurtu) tempercn)re 8)P C

Flo 0 8 rnL nirn

C lunui Acqiun UPLC CSH C18. I 7 lun I mm 100 nun

( . 6) nt

'I u)

I 4t)

I 80
I 90

7

a(
a(

')
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D 20

9 40

9 80

990
lt).0)l

y(

95

98
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Anal!( (I merhnd 11

1('at rs Acqu)t)' PLCISQD MS 55'si'cni

C lumn ter»;tore 6)C&'t

if ml m
(nlunui Acqutv UPLC H(S T'!. I 8 rnm I mm 0 mm
G)a)flmnt

An:4 't csl n)ethod 14

VVateis Acquit( UPLCVB'stets OToi MS system
Elu nt A 0 u 'utlunrn:)cetic:)cid ui HfO

('oi nm)etupmrt r 8&)'(1
I le I) . ml mm
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I 8)f
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7 f)f
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2
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An.rlrt cnl method 17

Wetcrc Acqurtv LPLC7SQD MS cretcrn
Otrt",tumr . d,rd 7 IVI. m 11. «tr«tello

( ohurm I r pm: I s(1'
I'I u I S mLrnun
Colurmr Acqu tl UPLC HSS Tl, I.S mnr 2.1 rrmr Sn mnr
otuhent

the resin (e.g.. by treatment with HFIP) to provide lntemle-
duttc A-B C-D. Reductitc amrnation of 1ntcrtncslmte
A-B C-D with aldchydc E using u rcduculg agent (c.g.,
sodium cymlo borohydride or sodium borohydride) in a
solvent provides Intermediate A-13 ('-D-11 ('vciipation
under standard coupling conditions using an amide coupling
reagent follov,ed by deprotection provides the cyclic
tetrmner compound.

Train

rr nrr

9 4n
9 PO

I oo
111 OO

Elu cut A Iw)

95
7

9
91

Elumtt B ['

9S

'7

'7

Exampie 2: Synthesis of Budding Block
A Succnlati:1

Example 2.1. Synthcsrs of (R)-2-bmlxyl-4-(tcrt-
butoxy)-4-oxobutanoic acid (Al)

[0624]

[0621]

Exanlple I: Cieneral Synthecis Procedure for
Assembly of Tctramcr Compounds 0

C'I

QPS

Cvy(g — Dr(0(0 —'

PS ~A~0-H, IZ

DPs ~AB ~LB

KHBBM ——[g
(. \'CI I z.'alon

Al I

0

[t)622] 1 he cyclic and linear tetramer compounds (e g.,
( ompound Yfi in I txample 2) were assembled on solid phase
and in solution from blocks A (succinate). B (diamine), C
(0-amino acid (cx-aa)). D (cx-amino acid (0-sa)). and E
(aldehyde) as shown rn thc synthcuc scheme above. The
synthesis of burldrng blocks A-E used lilr the syntheses rs
descnbcd herein below. Thc leucr of the butldtng block
refers to the specific position m the final compoxuld. Iror the
solid phase strategies, PS-2-Ghlorotrityl chloride resin was
used. A variety of couphng reagents were used for amide
formation. e.g.. HATU. PyOxim. TBTU. DMT-MM and
Ghoscz'9 reagent (I-chloro-N.N,2-1nmcthyi-l-propcnyhun-
ine).
[0623] Coupling of succlnatc A with ditunule B using
standard coupling conditions (e g, an amide coupling
reagent in a solvent) followed by removal of the I'moc
pmtecting group under baste conditions provided A-13 Poly-
mer bound dimer A-B was obtained by attachment of
building block A-B to the solid phase (PS) by coupling of the
acid ~oup on A ol'butlding block A-B with an unine on the
Icsnl using sh'nuittrd couphng condln(1ns (c... lnl tant(le
coupling reagent in a solvent) followed by deprotection of
the mnine on 13 of building block A-13 (e g, removal of an
lr-moc protecting group under basic conditions or a 13oc

protecting group under acidic conditions). The deprotection
and coupling steps were repeated followed by cleavage from

A)-4

sh HMDS, THF

7S''. 2 h
Step 2

L10H, H 01
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continued

Step 1. (S)-4-Bmizyl-3-(3-phenylpropanoyl)oxazoli-
din-2-one (Ai-3)

[0625] To a stirred solution of (S)-4-benzyloxazolidin-2-
one (Al-2. 500 g, 2.821 mol) in THF (9 L) at — 78' was
added n-l3ul,i (2 5 M in hexane) (I 24 1„3 103 mol) over a

period of 30 min. The reaction mixture was then stirred at
—78'2 for 30 min and a solution of 3-phenylpropanoyl
cltioride (Al-1„571 . 338 mol) in THF (I L) was added
over a period of I h ai —78 io —60'. The rcsultin mixture
was stirred for 2 h and then allowed to warm up slowly to
rt. The reaction mixture was cooled to 0" Cu quenched with
sai. dq. NH Cl (500 mL) mid thc product was cxtr mtixi with
I)( M (2x I 5 I ) 1'he combined organic phases were washed
with 0.5 N NaOH (I L) and brine (I L). dried over NaaSO4,
Iilicred, and conccntraicd to dryness in vacuo. The crude
product ivas triturated with petroleum ether (5 L) for I h and
thc rcsultuig suspension was Iiltcrcd. Thc resulue was
washed tvith petroleum ether (500 ml,) and dried under
vacuuni to afford compound Al-I (815 g. 193%) as an
offiwluic solid Analyucdl method 7, 1„=1.53 nun. [M+H]

310 2.

Step 2 (R)-tert-butyl 3-bcnzyl-4-((S)-4-benzyl-2-
oxooxazolultn-3-yl)-4-oxobuianoatc (Al-5)

[0626] To a stitrcxt soluuon ofAl-3 (500 g, 1.616 mol) in
'I'I IF (71 ) at —78'(: was added I M Nal IMI)S in 'I'10'(I ')4

L, 1.939 mol) over a period of 30 min. The reaction mixture

v as then stirred for I h at -78'. and a solution oi tert-butyl
2-bromo acctatc (Al-4. 472.8 g, 2.424 mol) in THF (500
mL) was added dropw isa over a pcnod of 30 min ai —78'.
The resulting nuxturc was stirred Rtr 2 h and then qucnchcxI

with sat aq. NHaCI (500 mL). Thc product was cxtntctcxI

with E1OAc (2x1.5 L). 111e combined organic phases were
washed tvith brine (2 1.), dried over NazSOa, filtered, and
cmicentrated in tacuo 'I'he crude material was triturated
with methanol (8(8) ml ) for I h 'lhe suspension was filtered
and the resulting residue was washed with niethanol (2(30

m[,) and dried under vacuum to afibrd Intermediate Al-5
(410 g, 60%) as an off-white solid Anal)sisal method 7;

ta=l 78 min; [M-tBu+H]+=3(i8.3.

Step 3. (R)-2-benzyl-4-(tert-butoxy)-4-oxobutanoic
acid (Al)

[0627] To a stirred solution of Al-S (250 g, O.S9 mol) in
'llIF (9 I,) at 0-5" C was added 30%a I lzOz(267 m1„2.37
mol). The resulting mixture was stirred for 30 min at 0-5" C.

and thmi a solution of LiOH.HaO (49.S g, 1.18 mol) in HzO

(3 I,) was added. I'he reaction mixture was stirred at 0-5'
for I h and then quenched by addition of sat. aq. sodium
suliitc (1.6 L) mid sai. sotitum bicurbonate (1.6 L). The
resulting mixture tvas concentrated in vacuo (removal of
THF) HsO (3 L) was dtidcti and thc aqueous Plrdsc was
washed with 13(.'M (2x1 I ) to remove any impurities 1'he

aqueous phase was cooled to 5'. and acidified to pH -1.5
with 6 M HCI (I L). Thc aqueous phusc was cxtracicd with

ethyl acetate (3xl I ). 'I he combined organic phases were
v ashed with brine (I L). dried over Na,SOe, filtered. and
conccniratcd io dryness in vacuo io afford Intcnnediatc Al
as an oil (125 8, 82%) Analytical method 7; tx 1.78 min;

[M—H[ =263.5. 'H NMR (400 MHz, chloroform-d) o ppm
I 42 (s, 911), 236 (dd,.i 1693.4.5811z, 111). 2.48-2 62 (m,

IH). 2.71-2.83 (m. IH). 3.00-3.18 (m. 2H). 7 12-7.35 (m,

6H).

[l)628] lhe following i3uildin I)locks (1313) in 'labia I

v ere synthesized accordina to the procedure described in
Example 2.1 for Building Block Al.

TABLE I

Su* . Iea ii tii or hto*S 1

nu
sttu tuteChetutcat Name Stattllls M.'ttcl'I.'ll Ll.MS

0 Sled az 6 t»t 1 ta h»amul a
«li d 1tt

ta = ti 61 II'I ll

IM+ )3)' 1661

(Xi 4 (teat hutoa.v) 4 oxo

'svl'tdlll.).vllllct1ttl)tutatlole:told
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TABLE ) -cunt mund

Suc nates Bu ld ng blcck A

BB

St: IrgM.I ml I (SHS

Starting fiom.43-1-
Disstcieomeuc mixhue

scpsratcd after Step 2 bv silica

step

Analytical
niethod I 9

t„= I 99 nuri
(X( — II) = 2so"

(Si 4 (terr butoxyl 2 (()6) 2.3
dihydro-)H-inden-l-vl)-4-

oxobutano c sc d

0 4 . lysi
.. I

D astereomenc rn».hue method lf)

separated atlas St p b, a) .i ra= I ll inri
nel tlash clucmxrosraphy uid hvl — H) = 69 3

aepauited d astemomers
tstru tuse onfimied bv X-ray

crystagographyl ss takeo onto
tlic next step

(xl 4 (I I butu,) 2 ((S) 2.3
dhldi IH nden I V)14

oxobutuioic acid

Startuif from Ao-3- Analytical
Disstmcomeric mixhuc method 19

sepmatcd atter Step 2 bv silica t„= I I nnu
gcl tlash luomstomsphv md (H — H] = 317

bv X .v D t. II .pby) a

(S!4(t n but y) 2 ((R) 3,3
dunerhvl 2.3 d hydto IH uiden I

vli-4-oxobutuioic amd

Sraitum from A6 6 Anslvt i)
Disstcieomeuc mixhue liietliod I

scpsratcd after Step 2 bv silica t„= . 6. nuri
gcl Bash luomstomaphv snd (H — H] = 393 I

dcsircd disstmeomer I onfimied
6 X r, o isli gr.gib))

!Sl 4-(tert but xyl 2 I(IR 3SI 3

m th I 2.3 lihvd HI I I vl)
4 oxoliiitario c assi
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TABLE ) -cunt mund

BB
Stni tiuerf hem cal Viune Staitul Mater al LCMIS

Stnt n ~ froin A7 4 Analvr vl

m thod Ri

ta = it 67 itiiii
+Hl'= 921

(51-4-(tert-butoxy)-2-(IR96.7-
I hvdm 5H cycl pint, (b]py di 5

vli-4-oxobutuioic amd

0 Stair ng from AS 4 Analvr vl

D asteieomenc me.nue m thod I

sepmatcd at)cr Step 2 bv silica t„= 4. 7 nnu
gcl Bash luomatomaphv md (M — H) = 91 I

(R.bl-divstereomcr (conf(roved
bv X .v n I. II .phy) a

(S! 4 (t ri I t xv ) 2 (I R) 2,)
dihydrobcnzofiuui-3- 194-

0 Suutuig fiom A9-I- Analytical
Diastcieomenc mixnue ntethod 19

scparatcd after Step 2 bv silica t„= it 96 nuri

6 Xr, o iili gr.qihy)

(Sl-4-(tert-butoxy i-24(Rl-7-

vli-4-oxobutuioic amd

Alp 0 -5(il I :vnalvt .: I

m thod I

ta = 4 16 m n
(M — H) = 771

(Sl A(t I bulu 7) 4 7 itR) I

plicnylnietl» Hbutuioic acid
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TABLE I-contmued

Suc nates Bu ld n blcch A

BB
V o. Structure)Chctnical Vane Stsrtuts Marcia) LCMS

Stnrbn ~ front I.ut„r„l blonde Analvt tt
m thod iti

ta=iia9mn
(M — Hl = 9 1

(R) 4 (I u but «y) 2 Ihyi 4
oxobutuioi acid

Coma&crea)i) A astable

iR)-1-lnicthoxvcaibonyu-4-
methylpentano c ac d

Ai 0

F

Rl-2-H(19H-tluoicn-9-
yl)m It »i);ubu ylim o) 4-
(tert-butoxy)-4-oxobuanoic acid

Example 2.2: Synthesis of (S)-4-benzyl-3-(3-(pyri-
din-3-yl)propanoyl)oxazolidin-2-one (A2-I)

[(162&9]

0

OH

V

SA

[0630] To 3-(pyrxlin-3-yl)propmio&c acid (7.56 g, 50

nunol), (S)-4-bcnzyloxazohdin-2-oue (8.86 g, 50.0 nunol)

and DMAP (1.833 g, 15.0 mmol) was mldcd DCM (150 mL)

and the rc su lung mixture w as stirred at rt for 20 mui and then

cooled to O'. Thc acid was not d&ssolvcd to a Mgiulicant

ex&cut. A solutron ol'IC (10.91 mL, 70.0 nunol) ui DCIvl

(10 mL) w as then added tlropw isa at O'. However, thc acid

was still only partially thssolved. DMF (75 mL) was addcxt

and thc nuxturc was stirred lbr 20.5 h and then allowed to

warm up to rt. Thesoluuon was concmitratcd to dryness in

vacuo and thc residue was suspendcxt in DCM. Thc suspen-

s&on yves filtcrcd and the residue was wmhcd with DCM. The

liltratc was conccntrdtcd lo dryness &n vacuo. Thc crude

product was pumlicd by (lash silica gcl chromatography

(elucnt A: heptane/DIEA (98.2), cluent B. E&OAc,'DIEA

(98 2)) Pure fracuons were combined and conccntratcxt to

dryness in vacuo and thc rcsiduc was d&ssolvcd in toluene

and lhc solution was concentrated to dryncss in vacuo. Tlus

treatment was rcpcatcd twice. A2-I (11.56 g. 37.3 mmul,

75% yield) was oh&au&cd as a mixture ol'an oil tmd crystals.

Analytical method 10, in=0.77 nun: [M+H] =311.1.

12 1 [0631] Thc folloo,&ng Intennmliatcs (Iut) or Bu&ltluig

Blocks (BB) in Table 2 were synthesized according to the
pmcedure described in i)xantple 2 2 for 1nterntediate A2-I
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TABLE 2

H 13

V o. Structure. V3uIC
St u I! I g
match&I LHS(S

Al I (4SI 4 benzyl'I( (2 'I

dthydrn-IH-tndcrt-I-
yl Iacetvl)o&azohdut-2-

onc (6135(crconIct'lc
an&hue I

Sterang trom 2

(2 3-d hytro-
IH-orden.l.

yaaccttc amd

At!alit .0
method I(1

I 26 irnn
[*.vl+ H]'

336 2

(4S I-4-benzy lzb12-!3 3-
duncthyl-Rg-ddtydro-

IH Id 11

0

Stm1!ng fr m Anal&mod
A1-2 (ecc ntcthod 10

I
bi + ill'

. 64

A7V

~/i
(614 benz, I

'I ((Rl
6.7 d hydro &H

cVclopenta[b]pyud n 3

vi)acctyllo&azohdtrt-2-
onc

Sto tute frmn
A7
't!alit .0

meth d 10

ta = 0 62 nun
[*.vl + H]'

33! 3

(SI-4-bcnzyl-3-( -(IR)-
2,3-ddtvhobenzot'uran-
-vl)acctyllo&azohdtrt-2-

ont (dl.'15(crconIcl'Ic

Star(ale fr n1

At!-3
Anal&mod
nlcthod I&

15 = 1 62 nnn
[vd + H]'

(4S(-4-bcnzvl-3-(2-(7-
nrrtho&1.2

dthydrnbcnzofurht-3-
yltacetvl)o&azoltdut-2-

n !(a.t 1

I o

St.'rttutg fi ont
!7-mcthozy-2H-
dthydmbcnzo-

furan-3-vlltccttc

Anal&mod
nlcthod I&

ta = 1 39!146
nnn

[M+IH,(+=
lg
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TABLE 2-continued

BB
V o. S(mcmm Vazlvc

SLIv't zv

matc((s) LCMS

nio I Isi b » I 'u() 3

pi v vib ia vl)
onvznl d n 2 nne

Sb Inp lim Vn;I)I
(Ri ni Itmd 12

phenV)botann ta = 4 SS mm
a d IM+H]'=

Example 2.3; Synthesis of 2-(3,3-dimethyl-2.3-di-
hvdriv-IH-olden-I-vl)dci'uc Bcul (AS-2)

[0632]

0
0

0
)ECO, DMI

It 15 1(

Step I

0

1. Me Zn n iolnene

T(CI(. DCM4ii''. 21 b

I 2 VaOH Hzo
D onane. MeOH

vb 2 h

Step 2

0

OH

4(. v

Step 1. Benzyl 2-(3-oxo-2,3-(hhydm-lH-indmi-l-yl)
Bcc(B(c (AS-I)

[t)633] 1o 2-(3-oxo-2,3-dihydm-II I-inden-I-yl)acetic
acid DL80 g. 20 0 nimol) and Kz('Os (2 76 8, 20 (N) mnml)
were added DMF (50 mL) and benzyl bromide (2.379 mL,
20.00 num&1). The reaction was stirred for 15 h at rt, then
partiuoncd bctwccn E1OAc (300 mL) and S% aq. NBHCOv
(250 mL). llic orgm»c phase was washed with 5% aq.
NBHCO, (3x50 mL) and bone (30 mL), dnixt over NazSO,
filtered. and concentrated to dryness in vacuo to afliird AS-I
(5 (i(i g. 20.0 mmol, -100% yield) as a beige oil. I'he cnide

product v:as used in the next step without purification.
Anat)Steat method 10; tn=1.06 min: [M+H]'=281.2.

Step 2. 2-(3,3-1)in)ethyl-2g-dihydro-ill-inden-l-yl)
scone ticid (AS-2)

[l)634J Step 2-1: 'I'o a solution of Ti('la (I 103 m1„10.(N)
nunol) in D(:M (25 ml,) at -40" (1 was added slowly 2 M
duucthylzuic in toluene (7.50 mL, 15.00 nunol). Alter
stirring at —40'. I'or 10 nnn a solution of AS-I (1402 mg,
5.0 mmol) in DCM (5 mL) was added. The resulting solution
v as stirred for 8 h and then allowed to warm slow ly to O'.
Stirring was cnntinued fiir 13 5 h allowing the reaction to
v ann to rt 'I'he reaction vvas quenched hy the addition of
H 0 (2 mL) and McOH (2 mL). HzO (10 mL) and DCM (10
mL) (vere (xhlmt and the phases werc scpnratcd Thc orgaiuc
phase was washed with H,O (10 mL) and brine (10 ml ),
then coiiccnti(uixl to (tryncss ni v Bcuo.
[0635] Step 2-2. To the crude residue from Step 2-1
dissolved in dioxanc (20 mL) and McOH (5 mL) was addcxt
I M NaOII (10.0 ml, 10 0 niniol) and the resulting mixture
was stirred tiir 2 h at rt becomin a clear solution i)ioxane
and MeOH were removed in vacuo and the residue was
partitioned between EtOAc (100 mL) and I M aq. HCI (20
mL). Thc organic phase was washed with 5% aq KHSO(
(2x20 mL) and brute (15 mL). dncd over NazSO(, tittered.
and concmitrdtcd to dryness in vacuo. The crude pmduct was
punfied by silica gel flash chmmatography (eluent A: hep-
tane/AcOII (99:I); eluent i) litOAc/AcOI I (99:I)). Pure
fractions (vere combined and concentrated to dryness in
vacuo The residue vvas dissolved in toluene and concen-
trated to dryness ui vdcuo. Ttus treatment w ns repeated tw ice
to afi'ord AS-2 (769 mg, 3.76 mmol. 75% ymld) as
yellowish solnl. Thc product was oaken to Ihc next stc71

without further purification. Analytical method 10: ta 1.(N)

nun; [M — I IJ 203.2

Example 2.4 Synthesis of (S)-4-benzyl-1-(2-((11(,
3S)-3-methyl-2,3-dihydro-l I I-mden-I-yl)acetyl)

oxazolidin-2-one (A6-(i)

[l)636J

I SOCII D('M

c

14n inn(, It

45 C, sn mnv

VI( I DCM
b" (L 45 nnn

(3
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-continued -conllnrlixl
I VPB11.THF

ih'C,3(t 1 1

2 Hi. 10" Pd I'

1u 611

OH

3BF OEI . DCSI
O'C., I 6

Step 3

A6 2

H1101 Kmaoi
:.Isreuo

0'(. t. I ah 6

A6 6

(-4 I ru x ass)

H

DI(h Dh( hP. Dcxt
tt'C r(,121

st ps

0

Step I. (S)-a-methyl-2,3-dihydro-l H-inden-I-one
(A(i-I )

[0637] Step 1-1: To a solution of (S)-3-phenylbutanoic
acid (5.0 mL, 32.6 nunol) ul DCM (30 mL) was added
SO(.'ll (9.50 ml, 130 mmol) and l)Mlr (0 252 ml.. 3.26
mmol). 'I'he resulting, mixture hvas stirred for 110 min at rt
and, then filr 30 min at 45" ( and then concentrated to
dryness in vacuo (40'., -90 nlbar).
[0638] Step 1-2: To a solution of the crude product from
Step 1-1 ul DCM (30 mL) at O'. was mldcdAICI, (8.68 g,
65.1 mmol) poruonwisc ohcr 20 nnn. Thc resulung mixture
was stirred for 45 min a(0'., mid then poured onto icc. The
pllases were separated and the aqueous phase was extracted
with DCM (60 ml,). 1'he combined organic phases were
washed with 5% aq. KHSOc (20 mL) and brine (20 mL),
dried over NalSOo filtered, and concentrated to dryness in
v'Icuo. The residue hvas dissolved in DCM and loaded on a
punlied via sihca gel lldsh cluonuitography (38 mm ditun-
cter, 25 g Sihca gcl 60 (0.032-0.063 mm): eluting with DCM
(-200 ml.)) The fraction containing product were collected
and concentrated in vacuo (30" (., -80 nlbar) to provide
A6-I (assumed to be 32.6 nmlol) as a yellov oil. Analytical
method 10: ta=0.84 nlin: [M+H] =147.0.

AG Gr

Step 2. (IRIS)-3-Methyl-2,3-dihydm-t I I-inden-I-
ol (A6-2)

[0639] To a soluuon of A6-I (4.82 g, 32.6 mmol) in
McOH (100 mL) at O'. was added NaBH, (I 499 g, 39.6
nuno1) and thc resu lung mixture was stirred lbr I h at O'.,
and then quenched by the addition of 5%c aq Nell('Ol (5
nfi,) and 1120 (10 ml ). 'I he MeOI I was removed in vacuo
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and the resulting residue was pmtitioned between EtOAc
(100 mL) and 5% aq. NaHCO, (IS mL). Tlic orgaiuc phase
was wit»Ill 0 willi 5% aq. NaHCO, (2x10 mL) and brine (10
nil.). dried over NaeSO», filtered. and concentmted to dry-
ness in vacuo (30" (', 65 nibar) to afliird A6-2 (4 645 g, 31 3

nmiol, 96%» yield) as a v hite solid. The crude product was
used in the next step. Analytical method 15: ts=3.28 min,
[M-Oiq] =131 l.

Step 3 (I SOS)-I-Ally1-3-methyl-2.3-dihydro-lH-
indcnc (AG-3)

[(1640J 'Io a solution of A6-2 (4 (&4 8, 3].3 nunol) and
allyltrimethylsilane (14.98 mL, 94 nunol) in DCM (dry. 70
mL) at O'. (vas added BF, OEt, (3.97 ml . 31.3 mmol)
drupe isc ot cr 5 mtn. Thc resulting nuxturc was stirred for
I h at O'., and then qucnchcd by thc addition of 5% aq.
NaHCOt (200 mL). The plrascs were separated and thc
aqueous phase was extracted with D( M (50 mi,). 'the
combined organic phases were washed with 5% aq.
NaHCOS (2x20 mL) and brine (20 mL). dried over Na,SO»,
filtered, and concentrated to dryness in vacuo (40" C.. -45
mbar) to allbrd A6-3 (coutauiing — 16%» of cis-isomer
according to 'H-NMR, 5.22 g. 30.3 nmiol, 97% yield) as a

yellowish otl. Thc crude product was used in thc next step.
Analytical niethod 10: ta 1.40 min

Step 4. 2-((IIL38)-3-Methyl-2,3-dihydro-II I-inden-
I-yl)acetic acid and dehydro aimlogue (A6-4)

[0641] To a soluuou ol'6-3 (5.22 ge 30.3 mmol) ui
acetone (130 mL) was added portionw isa a slurry ol'sodntm
periodate (22 68 8, 106 mmol) and KMnO» (2 87 g. 18 18

nimol) in 1120 (200 nil.) over 25 min 'I'he reaction was
stirred for 20 nim at 0" (', and then further acetone (70 mi,)
was added. After stirring for 50 min at rt, KMnO» (2.87 g,
18.18 mmol) in H20 (30 mL) was added and stirring was
conunued for 80 min Further acctonc (100 mL), H»O (100
mL). KMnO» (2.87 g, 18.18 mmol) and sodntm peuodatc
(6 48 8, 30.3 mmol) were added and the reaction was stirred
fttr 15 h 35 min at rt. 'I'he reaction inixture was tiltered, the
acetone v as renioved in vacua and the resulting residue was
acidified by addition of 2 M aq. HCI (50 mL). The aqueous
phase was extracted v ith EtOAc (Zx100 ml ). The combined
orgaiuc phases werc waslmd with brmc (20 mL)e dried uvcr
N»sSO», filtcrext, and couccntratcd to dryness ui vacuo The
cmde product was purified by flash silica gel chromatogra-
phy (eluent A heptane/AcOII (99:I): eluent B: I:tOAc/
AcOI I (ig) I)) to afford the desired product Ati-4a together
with a dehydm analoate A6-4b (2. 579 g. 13.56 nmtol. 45%
yield) as a yellow oil. The product was used in the next step
without further puulic»lion. Analytical method 15; A6-4a
(22=4.15 min. [M —H] =189.1: A6-4b. (et=3.99 mui, [M—H]

187 1.

suspension was hltered and washed with DCM. The filtrate
v as concentrated to dryness in vacua 'the co(de pmduct
was purified by flash silica gel cluomatography (eluent A:
heqtranc, clucnt B. EtOAc) to all'ord A6-5 (as a mixture of
A6-Sa and AG-Gb; 3.983 g, 11.40 nunol, 84% yield) as a
reddish oil. The product was used ui 1hc next step withou1
further purification Analytical method 15; A6-5a ts 6.63
nun, [M+HJ'502;A6-5b tx 6.51 min, [M+IIJ 3482

Stc72 G. (S)-4-Bcuzy1-3-(2-((IR,3S)-3-methyl-2.3-
dihydm-111-inden-I-yl)acetyl)oxazolidm-2-one and

cis analogue (A6-6)

[0643] To A(i-5 (3.983 g. 11.40 mmol) dissolved in THF
(80 mL) was added nuigncsium bromide (2 73 g, 14.82
nuuol) and thc resulting mixiure was stirred for 30 mui a1

55'. bcconung a clear solution. After cooling to rt, 10%
Pd/(: (0364 g, 0342 mniol) was added and the resulting,
suspension was stirred for 26 h under an I ls-atmosphere, and
then filtered throuah HyFlo. The filtrate was txincentmted in
vacuo and the residue was partitioned between EtOAc (100
mL) and 5% aq. NaHCO. (20 mL). The orgaruc phase was
washed with 5% aq. NaHCO, (2x20 mL) and brine (I 5 mL),
duad over NaiSO», liltcred. and concmitrattxl to dryness in
vacuo to afford A6-6 (as a mixture containing -20% of
cis-isomer) (3 594 g, 10.29 ntmol, 90%» yield) as a yellotv
oil. The product vvas used in the next step v ithout purifica-
tion. Anni)zical method 15; t =G.GI, [M+H] =350 2.

Example 2.5 Synthesis of 2-(6,7-dihydm-511-cyclo-
penta[b]pyridin-5-yl)acetic acid (A7-3)

[0644]

1 Ht»H, THF

2 ti" ('L211I
Step 1

H. 1(lw Pd'(.7 THF(2~ HO it 226

Step'tep

5. (S)-4-I3enzy1-3-(2-((IR,38)-3-methyl-2,3-
dihydro-IH-inden-I-yl)acetyl)oxazolidin-2-one and

dehydro analo ue (A6-5)

[0642] A(i-4 (A6-4a and AG-4b. 2.579 g. 13.56 nunol),
(S)-4-benzyloxazolidin-2-one (2.402 g. 13.56 nmtol) and
Dit/LAP (0497 g, 4.07 mmol) werc thssolvcd m DCM (40
mL). The solutiou was cooled down to O'. under an
atmosphere of nitro gmi and DIC (2.96 mL, 18. 98 nmio1) was
added dropwise 'I'he resulting mixture was stirred for 17 h
and then allowed to warm up slotvly to tt 'I he resultiag

xx 1

0

(M,S X.OH
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0

011

to aff'ord A7-3-Batch 2 (425 ni . 2.398 mmol, 18% yield) as
a brown lacquer I'he crude product was used in the next step
without further purification. Analytical method 11: tn=0.44
nun; [8 I+H] =178.0.

lixample 2.6 Synthesis of
2-(2,3-dihydrobenxofuran-3-yl)acetic acid (A8-3)

47 1 ]0648]

Step 1. ilthyl 2-(6,7-dihydm-511-cyclopenta[bJpyri-
din-5-ylidene)acetate (A7-I)

[0645] To a suspension of NaH (2.072 g. 51.8 nunoi) in
THF (60 mL) at O'. was addrxl ethyl 2-(diedioxyphos-
phoryl)-acctatc (10.28 mL, S1.8 mmol) dropwise over 40
min. The rcsultuig mixture was surreal for 5 nun at O'o and
then 6.7-dihydro-511-cyclopenta[bJpyridin-5-one (4 93 g. 37
mmol) in Ilfil (40 nil.) was added dropwise over 15 min.
The cooling bath was removed and the reaction was surred
for 2.5 h at rt. and then quenched by addition of 2 M aq. HCI
(25.0 mL. 50.0 nunol). Thc THF was rcmovcxl m vacuo and
thc rcsulung residue was partitioned bc(ween EtOAc (250
mL) mid 5%o aq. NaHCOa (100 mL). Thc organic phase was
washed ivith 5% aq Nell('0, (2x40 inl.) and 5% aq.
Nal ICO,,'bone (I I) (60 nil.) n-Butanol (50 ml ) and brine
(50 mL) were added and the phases were separated The
organic phase was dned over NazSO4, tiltered. and concen-
trated to dryness in vacuo to afford A7-I (assumed to be 37
nuuol) us green-black oil. Thc crude product was used in thc
next step. Anal)steal method 10, In=0.79 nmi and 0.84 nun,
[M+I IJ 204 0

0

Bi

AS-1

0

Y,,('Oe Xi
Ace'loire

S'icp 1

n-BuLn THF
uiu ':1. 1 b

Step 2

1M aS NaOH
Li oaane. u. 7li nun

Stnqt 2. Ethyl 2-(6,7-dihydro-SH-cyclopcnta[b]pyri-
din-S-yl)acctatc (A7-2)

[0646J 'lo A7-I (37 mmol) dissolved in 'I'Ifil (100 mi,)
was added a suspension of 109tz Pd/('0.788 g, 0.740 mmol)
in H,O (10 mL) and the resulting mixture was stirred for 22
h under a Iqz-atmosphere. and then filtered tluough HyFlo.
Thc Iiltrate was concentrated to dryness ui vacuo and thc
crude product wus puuiied by I)ash silica gel cluomato ra-
phy (eluent A: lmptauc/DIEA (98.2), cluent B: EIOAc/DIEA
(c)8 2)) Pure fractions were combined and concentrated to
dryness in vacuo to afford A7-2 (2 805 8, 13.ti7 mmol. 37%
yield for 2 steps) as a red-brown oil. Analytical method 11,
tnW.73 min: [M+H] =206 1.

Step I. 8(ethyl (E)-4-(2-iodophcnoxy)but-2-cnoatc
(Ag-I )

OH

Step 3. 2-(6,7-Dihydro-511-cyclopenta[bJpyridin-S-
yl)acetic acid (A7-3)

[0647] To A7-2 (2.805 g. 13 67 mmol) dissolved in diox-
une (30 mL) was added I M NaOH (27.3 mL, 27.3 nuuol)
und thc rcsulun mixture was stirred for 6 h at rt, bcmoming
4 clear solution. The dioxlmc was removed ui vacuo, sat. aq.
Kl izPO4 (50 ml.) ives added, and the aqueous phase was
extracted with I itOAc (17x)0 ml,) 'I'he combined organic
phases were ivashed v ith brine (30 mL), dried over Na,SO4,
filtered, and concentmsted to dryness in vacuo to afford
A7-3-Batch I (1.928 g, 10.88 nunol. 80% yield) as a light
beige solid. The uqulxnis phase was conccntmtcd to dryness
in 1 acuo. Thc rcsulung rcsuluc was suspcndcd m DIVLK and
the suspension was filtered I'he residue was washed v ith
DMA and the filtrate was concentmted to dryness in vacuo

[l)649] To 2-iodophenol (17 (70 g. 80 mniol), Kz('Oa (11
06 g. 80 mmol) and Kl (13.28 g, 80 nuuol) was added
acetone (80 mL) and the mixture was cooled to 0" C. A
solution of (E)-methyl 4-bromobut-2-cnoatc (9.56 mL. 80
nuuol) ui acetone (40 mL) was added dropwise overs pened
of I S nun. After 30 mui stirring at O' thc cooling bath was
removed and stirring ives contimied flir 21 5 h. I'he reaction
v as filtered and acetone ives removed in vacuo The residue
v as partitioned between EtOAc (150 mL) and I M NuOH
(15 mL). The organic phase svas washed with I M NuOH
(4xl5 mL) and brute (15 mL), drn:d over NazSO4. Iiltcrcd,
and conccntratcd to dryness ui vacuo to ailord Ag-I (23.368
g, 73.S nuuol, 92% yield) us a brown oil which was used in
the nest step ivithout puriticatiou. Analytical method 10;

tn I 14 min; [M+IIJ 319.0
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Step 2. Methyl
2-(25&hhydrobm&zofuran-3-yl)ace&etc (A8-2)

[0650] To AS-1 (19.72 g. 62 nuuol) dissolved u& THF (210
mL) under an argon aunosphcrc and cool&xi to — 100'.
under an ar on atn&osphere was added a solution of I 6 M
l3ul.i in hexane (42 6 n&I., 68 2 nunol) in '1107 (30 mi,j
dmpwise over I h 45 min at — 100'L 'I'he resulting n&ixture
&vas stirred for I h at -100" C. and then quenched by the
addition of sat aq. NHsCI (40 mL). The reaction mixture
was concentratixl &n vacuo unt&1 Ihe bulk oi'he THF was
rcu&oped. The m&xture was parti&&oned bc&ween EtOAc (500
mf.) and 5% aq. KI ISOx (50 ml.). 1'he organic phase was
washed with 5% aq KI ISOs (2x25 mf,) and brine (25 nti,),
dried over Na&SOw hltered, and concentmted to dryness in
vacuo to yield A8-2 (assumed to be 62 nunol) as a yellov
oil. The crude product was used in the next step. Another
batch of AS-2 (10 mmol) was synthesized Ibom AS-1 (10
mmol). Analyucal method 10, tsW.91 min, [M+H] =193 0.

414-2

LiOH. H&0

IHI H&0

o.s C, 30 alai
Step 3

0

Step 3. 2-(23-D&hydrobenzofumn-3-yf)acetic acid
(AS-3)

[0651] To A8-2 (72 nunol) dissolved in dioxane (100 mL)
was ail&Ital I M NaOH (144 mL, 144 mmol) and the resulting
m&xture was st&rred Ibr 70 min at rt. Thc reaction mixture
was parti&&oned bctwccn EtOAc (ISO mL) and 2 M aq HCI
(YO ml,) and the aqueous phase was washed ivith I&tOAc

(2x50 ml,). 1 he combined organic phases were washed v ith
5% aq. KHSOs (Zx30 mL) and brine (20 mL), dried over
Na&SOo filtered. and concentrated to dryness in vacuo to
afibrd AS-3 (assumed to bc 72.0 mmol) as a brown sol&d.

Thc crude product was used u& the next step w&thout puu-
licauon. Analyt&cal method 10: ts=[M—H] =177.0.

lixample 2 7 )ynthesis of (8)-2-(2-(tert-liutoxy)-2-
oxoethyl)-4,4rhtufluorobutanoic acid (A14)

[0652]

0

+

F,C OH

,„JL„

0

0 0

,,M,JL.
&1 HMI&s!~~

~~

V
~~

~

0
~

~ ~

~~

~~

! ~p

~

~

~7

2

0I

TI IF

&S" C.2h

a&4 I

FiC

HO

A&4

Step I. (S)-4-Benzyl-3-(4vh4-tufluorobutanoyl)
oxazohdh&-2-one A14-I

[0653] To soiution of (S)-4-benzyloxazolidin-2-one
(1.871 . 10.56 nunol), DMAP (0.25 g. 2.11 nunol). and
4,4 4-tnfluorobutano&c aciil (1.5 g, IO.S6 mmol) in DCM (21
mL) at O'. was added DCC (2.17 g, 6.49 nunol). The
result&ng nuxturc v as st&rrcd at room tcmpcraturefor I 6 h.
1'he resulting milky niixture was filtered and the filter cake
was washed v,ith I)('M 'I'he filtrate was concentrated and
the obtained ~hite solid was taken up in EtOAc. The organic
phase was v:ashed with sat. NaHCO, and dned over
Na&SOu liltcred. m&d concm&trated. Thc crude product was
punfied by flash column cluomatography on ml&ca gel
(cluting w ith 0-50% EtOAc u& lu:ptanc) Io y&cld Ihc dcs&rod
compound A14-I after dryina (2.7 g. 85%)

Step 2. tert-Butyl (S)-3-((S)-4-benzyl-2-oxooxazoli-
dine-3-carbonyl)-5,5,5-trifluoropentanoate A14-2

[0654J to a stirred solmion of (S)-4-benzy1-3-(4.4,4-trif-
luorobutanoyl)oxazolidin-2-one (2 7 g. 8 96 n&n&ol) in TI0'60

I ) at —78''., was added I 0 M N el I M I )) in 1'I Hi (10 75
mL. 10 75 mmol) slo&vly over a period of 10 minutes and the
result&n mixture was stirred fi&r I h at -78" C. t-Butyl-2-
bromoiwctate (2.62 g. 13.44 mmol) was then added drop
w&sc at —7S'. and stirred for 2 h. Thc react&on nuxture was
quenched w &th saturntcd aq. NHxCI and cxtractcd twice w&0&

ethyl acetate the conibined organic phases were washed
with brine. dried over anhydrous sodiun& sulfate, filtered,
and concentrated under reduced pressure. The crude mate-
rial was purified by flash colunm cluomatogmphy on silica
gcl (clutu&g w&th 0-50%& EIOAc in heptane) to yield thc
desired compound A14-2 (2.22 g, 60%).

Step 3. (S)-2-(2-(tcn-Butoxy)-2-oxoethyl)-4,4,4-
trifluorobutanoic ac&d (A14)

[0655J To a stirred solution of terr-butyl (S)-3-((S)-4-
benzy1-2-oxooxazolidine-3-carbonyl)-5,5,5-trifluoropen-
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tanoate (2.22 g, 5.34 nunol) in THE (28.5 mL) at 0-5" ('. was
added 30%v I I,O,(2 18 ml., 21 37 mmol) and stirred for 30
minutes at same temperature. A solution of LiOH HsO
(0.512 g. 2157 nmlol) ul water (7.12 mL) was then added
at 0-5" (2 and stirnng was continued for I h. The reaction
mixture was quenched wtlh a saturalcxt aqueous solution of
sodium culhte (I 6 I.) and a saturated aqueous solution of
sodntm bicarbonate (1.6 L). The solvent was removed under
reduced pressure. diluted with water, and washed with O(:M
lo remove Ihc lmpunues. Thc aqueous phase was cooled Io5''nd acidified (pl I -I 5) with 6 M I IOI and the product
was extracted with ethyl acetate (3x). The combined organic
phases were tvashed with brine. and dried over anhydrous
sodium sulfate„ filtered. and concentrated under vacuum to
afibrd lhc desired compound A14 (1.27 g, 93%) v,luch was
carried onto the next step without purification.

-conlhlllixl

TMS —Cnlxt

Example 2.8 Synthesis of (R)-2-(4-(tert-Buroxy)-2-
carboxy-4-oxobutyl)pyndule-I-oxule (A15)

[0656[

McPHA
DC M

Step 6

DCM. O'" I L 16 It

Step I

0

(OH ACS.
0 THF

Step 6

,JL„ AIS.S

Ta HVDS
-78'
Sl p 2

0

Al I

0 0

Als 2

IHF HO

U ~" C.. 1U ucn
Step I

Step I. (R)-tert-Butyl 4-(4-bcnzyl-2-oxooxazolalin-
3-vl)-'I-ttxoblllanoatc (A15-I)

[0657] The title compound A15-I was prepared accordulg
to the same proccdurc descnbcd ln Example 27 for Inter-
mediate A14-I starting from (R)-4-benzyloxazolidm-2-one
and 4-(tert-butoxy)-4-oxobutanoic acid
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Step 2. (R)-tert-Butyl 4-((R)-4-benzyl-2-oxooxazo-
bdui-3-yl)-4-oxo-3-(pyridui-2-ylmclhyl)butanoaic

(A15-2)

[0658] To a round bottom flask containing A15-I (4 g,
12.00 nmiol) in THF (100 mL) was added NaHMDS (I M
in THF) (1440 mL, 14.40 mmol) dropwisc ai —78'. Thc
rcsulluig mixture was stirred Ibr miothcr 30 nun at —78'.
and then 2-(bromomethyl)pyridine (2 270 g, 13 20 mmol)
was added portion wise over 40 min 'I'he reaction nlixture
was stirred vi orously at —78" ('or I 5 h, quenched v ith
a saturated aqueous solution of NHeCI. and diluted with
EtOAc and HsO, The separated aqueous phase was extracted
twice with EtOAc. Thc combined orgamc phases were
washed with bnnc, dried over sodium sulfate, Iiltercd. and
concentrated to alford Ihc crude pmducl. Thc crude product
was purihed by flash column chroinatography on silica gel
(eluting ivith 0-100% IitOAc/heptane, product eluted 60%
EtOAc) to afi'ord the A15-2 as a reddish oil (solidifie upon
storage„3.(i8 g. 72%).

stirred at RT overnight and then concentrated under reduced
pressure (in a hath at 25" ( ) 'I'he obtained residue was
acidified to pH 4 with 4 M HCI and extmscted three times
with DCM. The combined orgaiuc phases werc dried over
NasSOe, filtered. and concentrated to affiird A15 (1.55 g,
98%) as a light thick brown oil which was used in the next
step without purification

Example 2.9; Synthesis of (R)-2-(2-(tert-Butoxy)-2-
oxocthyl)penianoic acid (A16)

[0663]

Step 3. (R)-4-(tert-Butoxy)-4-oxo-2-(pyridin-2-ylm-
cthyl)bulanoic acid (AI5-3)

[(1659] 'the title compound A15-3 (I 95 8„85%) was
prepared according to the procedure described in Example
2.7. Step 3 for intermediate AI4 starting thorn A15-2 (3.68
g. 8.67 niniol). The material was used in the next step
without punlicauon.

N. II%OS.
ul'il
Si p I

Step 4. (R)-4-tert-Butyl I-methyl 2-(pyndm-2-ylm-
clllvl)succiltalc (A15-4)

[0660] To a solution of A15-3 (1.95 g. 7.35 nunol) in
anhydrous MeOH (12 mL) and cooled in an ice bath was
added TMSCHiNi in hexane (11 mL, 22.0 mmol). Thc
result uig mixture was Ihmi warmed lo room lcmpera lure and
surreal Ibr I h An addiuoual 6 mL of TMSCHiN, was added
and stirring, v as continued for another 30 inin. 'I'he reaction
mixture ives then quenched with acetic acid (8 ml.. 140
nunol) and saturated aq. sodium bicarbonate solution and
extracted tliree tunes with EtOAc. The combined organic
pliascs w etc dried over sodiuiii sullaux Iihcrcd, aiid coiiccil-
traled to afibrd A) 5 4 (I 83 g, 89%) which was used ui the
next step without punlicauon.

Slap 5. (R)-2-(4-(tert-Butoxy)-2-(mcthoxycarbonyl)-
1-oxobutyl)pyridme i-oxide (A15-5)

0

116 I

FHFH 0
" I

'
3 ii cue

Step 2

[0661] To a solution of A15-4 (1.83 . (i.55 nunol) in
DCM (50 mL) at O'. was addml mCPBA (2.94 g. 13.10
mmo1). The resulting mixture was s iirred el 0" C. Ibr I h, and
then at RI'or I h A saturated aqueous solution of Nal I('0,
was added and the reaction mixture was extracted three
times with iitOAc 1'he organic phases were combined. dried
over NasSOe„ filtered„and concentmsted. The crude product
ives purified by fiash column chromato raphy on silica gel
(cluling with 0-15%a McOH,'DCM, product eluted — 15%
McOH) io give dcsircd product A15-S as a light brown oil
(I 5 u 78ege)

116 2

0 I I

Step 3

Step 6. (R)-2-(4-(tert-Buloxy)-2-carboxy-4-oxobu-
tyl)pyridine—oxide (A15)

[0662] To a soluuou ol'A15-S (1.5, 5.08 nunol) ui THF
(36 ml,) and A('N (12 nil.) was added I M I,iOII aqueous
solution (10 16 m1„10 16 mniol) I'he resulting, mixture was

416

OH
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Step I and 2 (R)-2-(2-(tert-Butoxy)-2-oxoethyl)
pent-4-cnoic acid (A16-2)

[(l664J 'I he title compound A16-2 tvas prepared accordiag
to the procedure described in I ixample 2 6, Steps 2 and 3. fiir
A15 starting from intermediate AI5-1.

Step 3. (R)-2-(2-(tet(-l3utoxyj-2-oxoethyljpentanotc
acid (AI6)

IIXAMPI,I: 2 10 Synthesis of (R)-2-(1-(tert-bu-
toxy)-2-carboxy-4-oxobutyl)-6-methylpyridine I-ox-

ide (A34)

[(l666J

0 0
Ais 1

]i[i
ICSHMDS. THF

ia'1 tl, u
Step 1

[0665] io a niixture of Al(i-2 (500 mg, 2.33 mniol) in
I:tOAc (10 ml,j was added Pd(OI I)s (100 ing„2 33 mniol).
The resulting mixture was flushed with hydrogen three tunes
and stirred at RT ovemi ht under a hydrogen atmosphere.
The reaction mixture was then filtered through a pad of
Celt(coo. ilail lhc fillrati: was coact nlraictl lo Btlortl Al 6 Bs ii

crude product after drying under lugh vacuum (695 mg,
quantitative yield). 'I he material was used in the next step
without purification

Step 1. (R)-tert-butyl 4-((R)-4-benzyl-2-oxooxazoli-
din-3-yl)-3-((6-methylpyridin-2-yl)methyl)-4-oxobu-

tanoate (A34-I)

[0667] ToA15-I (31.19 g. 94 mmol) in THF (104 mL) was
added NaHMDS (IM in THF) (112 mL, 112 mmol) dmp-
wise at —7g" ('he reaction niixture was stirred for another
30 nnn at —7g" (2 Then 2-(bromomethylj-6-methylpyridine
(19 15 g. 103 mmol in 15 mL THF+20 mL DMSO red
solution) was added dropwise over 20 min. After the addi-
tion, thc reaction (coalsuung a lot of solid inside) was surrcd
al —73" C. and then w amied lo rl overnight, rcsultuig a clark
reel soliition. Thc rcacnon nilxliirt: wBS qucucttixI with sat.
Nile('I solution at rt, mid diluted with I:tOAc/II,O 'lhe
aqueous phase was satumted ivith salt and extracted tvith
EtOAc. All the organic phases stere combined, dried over
Na,SOe, filtered and concentrated. The crude product was
punlicd by flash chromatography on 330 g sihca gcl colunui,
eluling with 0-30% EIOAc/hcplanc. A second 330 g gold
colunm was used lo punfy lhc fracuons with unpunly
(eluting with 30-50% litOAC,'heptane) and 26 33 o ((10

nunol, 64 2% yield) of the title product A34-I was isoLSted
Anal)tical method 5, ta=1.19„min. [M+H]'=439.5.

0

u

mt 'FHA.

esiuai eultite
Step 2

LiOH. THF

(ie (L2 S

Si p3

Step 2. 2-((R)-2-((R)-1-benzyl-2-oxooxazulidin---
carbonyl)-1-(tert-butoxy)-4-oxobutyl)-6-methyl-111-

pyridin-I-oLste (A34-2)

[0668] To a solution of A34-I (2633 g, (i0.0 mmol) in
DCM (300 mL) was added mCPBA (26 9 g, 120 nunol) as
a solid in onc portion and thc reaction mixture was stirrcxt al
room tmnpcra lure overnight. Once LCMS show cd complcie
cmisumption of starting material and a peak consistent ivith
clean conversion to desired product I'he reaction mixture
was treated with sodium sultite (7.57 g. 60 nunol) in water
(-25 mL), and then was poured into saturated sodium
bicarbonate solution. The aqueous phase cxtutctcxt with
DCM twice. Thc combuicd orgaruc phases were wasltcxl
with sal. aq. NaHCO, agaui. tktcd over sodium suilme,
filtered, and concentrated lite cnide residue was purified by
tlash chmmatography (330 g column, absorbed onto silica,
elutuig with 0-10% MeOH in DCM). to provide the desired
product A34-2 (24.39 g, 53.7 nmiol, S9% yield). Analytical
method 5, la=1.02, min. [M+H] =455.4

A34 2

Step 3. (Rj-2-(4-(tert-butoxy)-2-carboxy-4-oxobu-
tyl)-(1-niethyl-114-pyridin-I-olate (A34)

[l)669J To a round bottom tlask containing A34-2 (24 39 g„
53 7 mmolj suspended in 'I'I H'266 ml) and cooled to 0" ('
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was added hydrogen peroxide (21.93 mL. 215 nunol),
followed by litluum hydroxale (5.14 g, 215 nunc)) m water
(72 mL), kccptn thc internal temperature below 5'. and
the resulting mixture was stirred at 0" (L After 2 h, I.(:Mg
shotved complete consumption is starting material (only
hydrolyzed oxazolidinone) The reaction mixture was
quenched by adding sat aq. sodium thiosulfate and rhea
allowed to sttr overrught. The mixture was concentrated to
rcmove thc THE, partttioncd wtth DCMz and (mnsferrcd to

scpdratory funnel. The phases were separatcxl, mtd thc
aqueous phase was extracted with D('M (2x) '1'hese organic
phases v ere discarded 1'he aqueous phase Lvas acidified to
pH=l usin 1 M HC) and then partitioned with EtOAc. The
phases were separated. and the aqueous phase was extracted
with EtOAc (2x). The combined (EtOAc) or anic phases
were washed » 1th bone, doux) over sodium su)lite, liltcrcxk
and conccntratcd to provide 10.95 g (37.1 nunol, 69.)%
yield) of the desired material A34 Analytical matin)d 5,

ta 043, min, (M+HJ+ 296 3

(0670] The followin intemtediates in Table 2A were
made accordutg to thc proccdurcs debcnbed herein above for
thc succinatc but)ting blocks using Ihe appropnate starting
ntrllcrlais unless o(ht:rw)sc nlcnnoncd.

BB

A)9

TABLE 2A-cont)uncut

(R) 4!Lett But xy) 2

4 0'l I Lltflun C fl '

BB
Nn

TABLE 2A

Struculrc ohcuucfll Xflulc

A- Ll

117

OH

.i.k (R) 4!tert But xy)
(oxflzn)-2-ylulet)») I.

4 0'l I utflun 'l

'RS4-(tert-Buroxy)-2-1(6-

th )plod o 2,)) «th I

4 xob'utfluolc flcld

12 1

1)S

4(l rt nut )4
oxnbutulnlc flcld

(R) 4 (rett Butoxy) 2

Ic) c)oprnpy)uter)lvl)-

A)I r
0

0

(R) 4 (rett Butoxy)
2-cthy)-4-oxobutfluol.

.Lc LI

(R)X u rt But ) 4 u«n
-(2 4 6-tllflunrnbenzv))-
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TABLE 2A-con(lnuct) TABLE 2A-cont)noun)

nn
No Stntcnue, Chenucal name BB

brnrctumrChem .tl name

(R.L'I 2 l2 irert Butox )

.rc rl

(RB4-(tert-Butoxy)-4-oxo-2-)3-

but.m c ac d

(R) 4 iten Butox,) 2 (ll
ntcthy)-6-oxo-).6-

d hydronynd n 2 yl)
ntcthcl)-4-ox t uturor

ac d
(R!X il n Bulu«y) 2

methyl 4 oxobut.uro
:terri

)R)-4-itcrt-But xy)-4-oxo-2-

butumrc acrd

id)-4-(tert-Butoxy)-2-
(1,3 I Bu r I le lyl)

xo(rrltflrlo c ac d

(Rl 4-tt«t l3 a ) 4 o 2!4
(tr tluoromethyl)berrzvl

blrtflltorc ford

IS) 4!)ert Butoxy)
cyc)obuty I-4-oxo-

t rat.ulo 'l'
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TABLE 2A-conlmucrl TABLE 2A-conttnuhxt

BB

Stntchue, Chenucal Vame

BB
Vo Structure(C'heaucal I ante

A)1

(S I 2 12 (tert Butoxyl 'hy()44 hnu m
pent tno c ac d

I 3) 4 (lett I utoy ') 4 oxo
2-(tetrahvdto-2H-pmut-

4 yhhut, r 1 amd

Example 3: Synthesis ol'utldutg Block
13 Bimnines

Example 3.1. Synlhcsls of (crt-butyl (R)-()-(4-chlo-
rophenyl)-3-(ntethylan) ino)pmpan-2-yl)(nlethyl)

carbamate (131)

[0671]

(R)-4-trcrt-Butnx) 1-2-

(H methyl y lnptoprn
uter)» lp4-oxoburanotc

'ul

0
H

I haH. IHI
0 I.. 40 nut(

'el. r)a r.'6

h 20 tjull
Step I

O

I TBTU HOBt
LIILA. DMI
n; 20 alt(1

2 McVHr ut EtOH

I, 10

Step 2

(R)M (I rt B I «vl"
cy c( oh u» (met )1y( 1-4-

I BH 'DMS IHI
5 0'.' I S h

2 McOH r)ar'dn»1
3 10'dr(.'cOH

0'(2 ls h

Step I

H

OH

IR) 2 (4-1 I bu(o yl yrbo
4 oxobur, I! 6 methvlp 1 d ne

I-oxltc
Bl
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Step 1. (R)-2-((tert-Butoxycarbonyl)(methyl)
nnnno)-3-(4-chlorophcnyl)propanolc acid (Bl-I)

[06'72] To N-Boc-D-Phc(4-Cl)~H (2.30 g, 7.67 nuuol)
dissolved in 111lr (25 ml.) and cooled to O'. yves added
Nal I (O.r)21 n, 23 02 nlmol) and the resulting suspension
was stirred for 40 min at 0" C. Methyl iodide (3.84 mL. 61 4
nunol) was then added and stirrin was continued for 1(v h
and 20 min The reaction mixture was warmed to rt and then
quenched by the addiuon of H20 (2 mL) and then part&-

honed helm ccn EtOAc (70 mL) and 5% aq. KHSO4 (40 mL).
'I'he organic phase was mashed with 5% aq KI ISO4 (2x15
nil.) and brine (15 nil.), dried over Nao)04„ tiltered, and
concentrated to dtyness in vacuo to yield 131-] (assunled to
be 7.67 nunol) as a beige oil. The crude product m:as used in
the next step without purification. Analytical method 10,
is=1.05 min: [M— H] =312.1.

Step 2. tert-Butyl (R)-(3-(4-chlorophenyl)-I-(meth-
ylaniino)-I-oxopmpan-2-yl)(methyl)carbamate (Bl-

2)

[0673] To Bl-I (3.83 mmol). TBTU (1.599 g. 4.98 mmol)
and HOBT (0.587 g, 3.83 nunol) rhssolvcsl ui DMF (2S mL)
was added lyillA (I 539 m1„8.81 mmol) and the resulting
solution v as stirred for 20 min at rt Methylamine in I'.tOI I

(33%, 0 954 m1„7 66 mmol) was added and the reaction
mixture was stirred for 105 min at rt and concentrated in
vacuo. The resulting residue v as partitioned between EIOAc

(70 mL) and 5% aq. NaHCOa (20 mL). The organic phase
was mashrxl with 5ogo dq. NaHCOi (2xl S mL) and brute (15
mL), dncd over NaiSO4. Iillered, und couccntratcd to dry-
ness in vacuo to atford 131-2 (assumed to be 3 83 nunol) as
a yellov ish solid 'I'he crude pniduct was used in the next
step without purification. Analytical method 10; ta=1.06
min: [M+H[ =327.1.

Step 3. tert-13utyl (R)-(I-(4-chlorophenyl)-3-(meth-
ylamino)pmpml-2-yl)(niethyl)carbamate (131)

[0674J Step 3-1 131-2 (3 83 mmol) mas dissolved in 11 IF

(20 mL) and BHODMS (1.091 mL. 11.49 mmol) was added.
The reaction was stirred for 18 h at 50'.
[0675] Step 3-2: The reaction mixture from Step 3-1 was
qucnchcd by thc addluon ol MeOH (mL). Thc rcsultuig
solulion was stirrisi fiir 75 mui at 50'o and then concen-
trated to duo ness in vacuo.
[0676J Step 3-3 'I'o the residue from Step 3-2 dissolved in
MeOH (25 mL) was added 10%o Pd/C (0 122 g. 0.115 mmol)
in HaO (2 mL) and the resulting suspension was stirred for
18.5 at 50'.. and then filtered through HyFlo. The filtrate
was conccntratcd io dryness in v acuo to alford Bl (1.183 g,
3.78 mmol, 99% yield for 3 slaps) as a yellowish oil. The
crude product v, as used in the next step without purification
Analytical method 10; ta 0.80 min: [M+I IJ+ 313 2

[0677J 1)le following 13uilding 131ocks (1313) in 1'able 3
were synthesized according to the procedure described in
Example 3.1 fiir Building Block Bl.

1AI 31.1 l 3

Brrrldlrt blocl B- Dratttrrtca

BB

Stntcnrrc Chemical Vmtc Starting nt:rtcnd LCNIS

N

t rt h lvl ilil il
orrtl tto

chiorophenyljpr pan

yqimcthy lice l atn tc

I anduflng '!"
aq .IHt

Vn lyt
tnerhod ltl

t„= li 77 m n
Iu+ H]

299 2

B4 I

0

tert but I igj ii (4
hlorophenyli !/3 l

d llu r pmpyllannn
proper-2-

y 0imcthy l lcm 1 atn tc

Sl.trt ttg fl'rt Bl
I .u d ua n 3 '1

d nuoropropfitt I

atttrrtc

herbs cal
tnerhod ltl

t„= li SS m n
IM + Hl

377 3

~N~ Boc

I« 1 6 4 I (ltt (I (4
hlor phenvh r(/I
marl vlcvclopmpyl1

methybamutolpropan

yqimcthy lice l atn tc

Slmlmr 6» )31

method It)
t„= li 911 rn n
Ivl + Hl'

367 4
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TABLE 3-continued

Bu ldm bio I B D anunes

Strttctttle. Chemtcal Vane Stsrtuta mate tl LC*.eIS

BG

8 B

tetr but, I (R) (I (4 Statue frmn Bl
chlorophenyl) 'I ((3 I and us ru I

d meth, lanunolpropyl) I m thy)un no
amuse)pmpan prop, I un ne

) l)(mcthyh srbantate

Anal '1 eel
metltod Hl

ta=t)67mm
IM+ H]

3S4 2

I(xantple 3 2 Synthestc of terr-butyl (It)-(I-(4-chlo-
rophcnyl)-3-(I-methylcyclopropmte-I-carbox unido)

propan-2-yl)(methyl)carbamate (B5-1)

[0678]

I ixample 3 3 Synthesis of tert-butyl 3-amino-3-(4-
chlombenzyl)pipcndine-I-carboxylate (B8) and

tert-butyl (8)-3-amino-3-(4-chlorobenzyl)piperidine-
I-carboxylate (B2)

[0680J

NHV~ ~B
CI

I DP)'A.t luene
lyls,t, ).I,
100' . 4 h

I'Vl VaDH d os.ane
l.l h

Step I

IB)L DIL'Ax' "'l
(')ural sepuanon

Step I

Ba I

[0679] To I -methylcyclopropanecdrboxyhc aci(1 (0400 g,
4 00 mmol) and TBTU (I 284 8, 4.00 nunol) dissolved in
DMF (5 mL) was addcxt DIEA (1.40 mL, 8.00 nunol) and
lhe les(dung soluuon was su)neil It)r S nun al It. A soluuon
of B3 in DMF (S mL) was then added and surring was
contimled for 14 5 h at rt 1190 (I lnl,) was added and the
resulting mixture was partittoned bettveen EtOAc (75 ml,)
and 5%o aq. NaHCO, (15 mL). The or anic phase was
washed tvith 5% aq. NaHCO, (3x I 5 mL) and brine (10 mL),
dncd over NaaSOar Iiltcrcxt, mid concemrated Io dryness In
1 acuo to allbrd BS-I (asstuncd lo be 4.00 nunol) as a hght
brown oil. Thc crude product was used m lhe next step
without purilicatton Analyttcal method 10( tn I 17 ntin,
[M+I IJ 381.3

Boc

CI

Boc



US 2020/0164024 A[
87

May 28, 2020

Step 1. tert-Butyl 3-amino-3-(4-chlorobenzyl)piper&-
dine-I-carboxylate (Bg)

-col&ill&taxi
CI

[0681] Step I-l To I-(icrt-Butoxycarbonyl)-3-(4-chlo-
robcnzyl)pipeu&hnc-3-curboxyhc acid (6.905 g, 19 51

mmol) dissolved in toluene (100 mi,) and HIEIA (5 11 ml,
2') 3 mn&ol) was added diphenyl phosphoryl azide (5.48 ml,
25 4 mmol) and the resulting mixture was stirred for 2 5 h
at rt. and then for 4 h at 100" C. The reaction mixture was
partitioned bet&veen EtOAc (300 mL) and 5%a aq. NaHCOa
(60 mL). Thc organ&c phase was washed w&H& 5% aq.
NaHCO, (3x60 mL) and bnne (50 mL), duixI over Na&SO,
filtered. and concentrated to drvness in vacuo.

[0682] Step 1-2 To thc res&duc from Step 1-1 dissolved &n

dioxane (200 n&I.) tvas added I M NaOII (195 nil, I')5
n&mol) The result&ng mixture was stirred for I h at rt, and
then concentmated to dryness m vacuo. The resulting res&due
&vas partitioned between EtOAc (250 mL) and 5% aq.
Na,CO, (20 mL) and aqueous phase was extracted v.ith
EtOAc (70 mL) Thc combined orgaiuc phases v,ere washed
with 5% aq. Na&CO, (40 mL) and bnnc (40 mL) duad i&at'I

Na&SOa. tiltered. and concentrated to dryness in vacuo to
afford the racemate Bg as a yellow oil (ascumed to be 19 5

nunol) which v,as used in the next step without further
purification Analytical method 10: ta=0.80 min; [M+H]
=325.2.

Step 2, tert-Butyl (R)-3-amino-3-(4-chlorobenzyl)
piperidine-I-carboxylate (B2)

0

[l)685J Io l32 (2 09 g. 6 43 mmol) dissolved in dioxane (10
mL) &vas added 4 M HCl in dioxane (50 mL) and H&O (5
mL) and the resulting solution was st&rred for 4 h at rt. The
reaction nuxlurc was conccnlraicd to dryness &n vacuo io
alford B7 (1.818 g, 6.11 nunol, 95% y&cld) as a 1&ght beige
foam I'he cn&de product was used in the next step &vithout
puufication. Anal)rticai method 10, ta 0.40 min, [M+I IJ

225 1.

Exmnplc 4. Synthes&s of Bu&lding Block AB

Exiunple 4.1. Synihes&s ol'S)-4-(((R)-2-((((9H-
fluoren-9-yl)methoxy)carbonyl)(methyl) amino)-3-

(4-chlomphenyl)-propyl)(methyl)amino)-3-((R)-200
dihydro-IH-inden-I-yl)-4-oxobutanoic acid (AB I)

[0683] The raccmatc Bg (19.5 mmol) was separated by
preparative SFC (insirumm&t: Thar 200 preparauve SFC)
using the following conditions: ( oluinn Chiralpak AD,
300x50 n&m I.l).. 10 pni, eluent A ('0,; eluent 13 I:tOII
(0.1;c NHaOH), gradient: B 45%&1 flow rate: 200 mL/min,
back pressure: 100 bar: ix&lumn tempemqture: 38" ('z cycle
time: -9 min: compound v as dissolved in — 130 mL MeOH,
inituuon. 10 mL pcr &niccuon. B2 (slower cluing isomer)
(2.66 g, 7.78 nunol, 40%) was obiau&cd as a colorless oil.
Partial crystallization occurred upon storage allowing. for the
structural confirmation by X-ray crystallography Analytical
metlu&d 10; ta=0.77 m&n; [M+H]'=325.3.

[0686]

0

Bcc

OH

Example 3 3: Synthesis of (R)-3-(4-chion&benzyl)
piperidin-3-amine hydrochloride (B7)

[0684]

&LA I U. L&IL'4

DC&M it ax

p I

Bcc

4M HCI u& d c&.me

Dtct sac, H 0. 4 I». t

ABI I

I 95%&q
FFA D('M
Ii 11 &t, uu tua&

I mc — &06 u

Ha&i:0 a dtcaaue
&. &s a

st pz
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I moc

Step 2. (S)-4-(((R)-2-((((9H-Fluoren-9-yl)methoxy)
carbonyl)(methyl)amino)-3-(4-chlorophenyl)propyl)-
(methyl)amino)-3-((R)-2,3-dihydro-lH-inden-i-yl)-

4-oxobu(mioic acid (ABI)

ABI

Step I tert-Butyl (S)-4-(((R)-2-((tert-butoxycarbo-
nyl)(methyl)amino)-3-(4-chloniphenyl)propvl)

(methyl)-amino)-3-((R)-2.3-dihydro-l I I-inden-I-yl)-
4-oxobutauoatc (ABI-I)

[0687] To A3 (417 mg. 1.436 mmol) dissolved in DCM
(20 mL) was added HATH (601 m, 1.580 mmol) and DIEA
(0.301 ntL, I 723 mmol) and the resulting mixnire was
surrcd for 30 min at rt. A solution of Bl (G42 mg, 1.867
mmol) ui DCM (10 mL) and DIEA (0.752 mL, 4.31 mmol)
was then added and the reaction mixture was stirred for 4 h
at rt Additional Bl (99 mg, 0 287 mmol) rvas added and
stirring at rt was contimied for I h The reaction mixture was
concentrated in vacuo and the resulting residue was parti-
tioned bet»veen EtOAc (60 u(L) attd 5% aq. NaHCOr (10
mL). Thc orgaruc phase was wirshcx( widi 5% aq. NaHCOr
(2x10 mL). 5% aq. KHSO4 (10 mL) and brmc (10 mL),
dried over Na,SO4. hltered, and concentmted to dryness in
vacuo Io afiiird AI31-I (assumed to be I 436) mmol) as a
yellow oil 'I'he crude product rvas used in the next step
without punfication. Analytical method 10: th=1.55 min,
[M+H] =585.4

[0688] Step 2-1; ABI-I (1.435 nmiol) was dissolved in
95% aq I I)A/13(:M (I I) (20 nil.) and the resultmg solution
was stirred for 90 min at rt and then concentrated to dryness
rll vdciio.

[(1689] Step 2-2 'I'o the residue from Step 2-1 dissolved in
dioxane (I() ml,) rvas added 0.5 M aq NazCO, (8 i)1 mi„
431 mmol) and a solution of Fmoc-OSu (0.484 . 1.435
mmol) rn dioxane (10 mL). The resulting mixture was stirred
fi)r 18 5 h at rt and then quencirc»I by Ihc addition ol' Ivi aq.
HCI (10 mL). Thc dioxdnc was removcx( rn vacuo, EIOAc
(75 mL) was added, anil thc phases were separated. The
organic phase was rvashed with 5% aq KI ISO4 (2x10 mi,)
and brine (10 nil,). dried over Naz804, filtered. and con-
centrated to dryness in vacuo. The cnide product was
punfied by flash silica gel chromato~oaphy (eluent h: hep-
tane/AcOH (99:I), clucnt B. EtOAc/AcOH (99:I)). Pure
fractions werc comburrxl;md concmrtratcd to dryness in
vacuo Thc rcsiduc v,as parutionrxl bctwrmu EtOAc (70 mL)
and 5% aq. Nalg'Os (5 mi.) I'he organic phasewas washed
v ith 5% aq. Nal I('Os (3x5 ml ). 5% aq Ki ISO» (10 rnl,)
and brine (10 mL). dried over N»zSO4, filtered. and con-
centrated to dryness in vacuo to afihird AB I (6GI mo, 1.015
nunol, 71% yield R)r 2 s(eps) as a colorless kmqucr. And-
ly(ical method 10; th=1.41 nuns [M+H] =651.2.

[(169(I] Ihe following Buildin Blocks (BB) in 'labia 4
v ere synthesized accordinn to the procedure described in
Exmnple 4 I for Building I)lock AI31 and I ixample 4 3 fiir
Buildin Block AB14 from the monomer Building Blocks A
and B ui Table I and Table 3.

'I'AI31,1( 4

Bur(dura b(och AB

bynrhes s Proincol)
('h rmo I Nb I ('VIS

r))2 0

HO ~N
~ I me
H

4 (rirr) i(ri9)I Bu a 9

) Ilru ih v) wbm yn
( r ihyihr

hl »h oinpi p 0
.un no) benzyi 4

r,obursrlo c sc ri

('um rl . d Iii, )I

I r Ih4VI
)Ir'I m I »m (I dr

prus nl succ n rn de
(mmni on uruch nss
h, drolysed us n s»
baOH pr or rn I'mo
pro'rccrroII) All'llyriod

me)bod Ill
ra=1 9nnn

IM+ H]' 611

I IO

0

N
I rrro

(9) 4-(irir) i(ir))l
tlunren 9

yi)me)ho»y) ni. Cnyl)
imeihvusrn n I I (4
chl rophenyupropyl)

(mcrhvl)anomo)-3-
((IX 3S)-3-

mcrhvl-X3-drhydro-IH-
urden-I-vl)-4-onobursnoic

sod

(iomA6 nrd Br
Atul)4 ca( nreihod 1»

ra = 736 nnn
IM + Hl' 663
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TABLE 4-continuod

Bu idui block AB

BB
H o. Structure!Chemical nunc Cliem«al Vanya

Synthcsrs Protn nl!
LCMS

AB4

0

0

Fii1O'S)
4 (((R) ((((911

Ili i r 9
I h v) vu bony I'

Htlorophenvl)piopvl)
(methyl autuno) 'I ((R) 2.1

2

i

d hydrobeazofiuan 'I yl) 4
m.obutano c ac d

('I

I:unpi 4.1 .i: i nf
fioio vb,md )il

An. Iv)i al m IH I to
ta = 6.91 i Ii

(M+ H]' 613 3

AB5

0

0

0 (S) 4 1((RI '(1((9H
diioicii 7

yl)metlioyy)cmbnnyll
(methyllsniuin)0-(4-
cliloi ophcnyl)prnp) I)

(metliyllaoiuio)-3-0 R)-7-

hiidml im I'n I vl) 4
6 Ia o *: al

Lxarnple 4.1 arm»an
trom»9 and Bl!

Anal)tictl aiethod lb
ta = G.!2 !1iiii

(M + H]' 663'ti6
HO 0

0

~ I moc

S,4RI '((R) '(i(oki

Il ietho v) v Ixnyl)

hlorophenyl)piopyl)
(methyl)carbunoyl) 4
phenvlpeatano a d

I. n i I 4.1 . Outiax
f m Alii:ud 131!

vn: lyt . I m )h 6 lti
(.17 ri in

(M+ Hj' 6394

AB7

HO

0

0

V
I iiio

(S) 4 1((RI '(1((9H
diioicii 7

„ Ilmethoxv) .uboavl)
(methyllsniuin)0-(4-
cliloi ophcnyl)prnp) I)

(methyl)anunol-3-I(R)-R3-
di Ihvl, I hymn I 0
mlr I 114ooi t:no

.Od

Lxarnple 4.1 star»an
trom A( and Bl!

Ana) 4 cal method 10
1.4 !1iiii

(M + H]' 679 4

 

AB6 0

HO ~H (R) 3 ((IR) 2 (((19H
Iliioicii 9

, Bmethoxy) .uboayl)
(methylltrn no) 'I (4
cliloiopheiol)prnpyl)

ct!borne)l)pentmtotc amd

Bxample 4 I start nk
from Ail and B)(

Analn tl meth d 9
1„= 6.14 nun

(M + Hj = 149 "

!ill)

rrf1

Qx

(10 3 (((It) 2 ((H9H
Iliioicii 9

, Bmethoxy) .uboayl)
(methylltrn no) 'I (4
Htlorophenvl)piopvl)
(met)»llcaibmioyll

pc!its!rotc ac!el

I:unPI 4.1 si; I nf
from Ail and Bl(

Attalvt .il method lt)
ra= i. Snun

(M + H]' 63 3
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TABLE 4-continued

Bu trh«S block AB

It)3 :5)ntb 5. 9 to* lf

I.OMS

Atilt HO ~0
0

Fnto

Eve

fx) 4 ((ilil -'H((9) I

EtlnlCll 9

„Bmethoxv) .ubnnvl)
(methyl)xn nn) I )4

chlotnphenyBpropyl)I),3
dtfhmmpmpvl)mtutol-3-

HR)-2 3-ddudrn-IH-utdcu-
I-yl)-4-oxnbutxtoi actd

C.t .uuttoe
trnrn A and B4.

ouplutp done for )2) h
at n. ther& tot III h ar
6ft' I'm c CI used

u15)ctrl of Fusee-OS«

'nal)ttctlntethod lu
).4 uuu

[Nl+ H]' 7(5 5

AB) I HO 0
0

V~'I
tS)-4-(i(R1-2-1)i(9H.

ffunrcll 9
vl)ntctltoxy )cath no) I )

phem ilpml Vill(t
mxt Ict*l pmt vllntethvl)
:mm I (()0,3 lh to

IH utden I vl) 4
m.nbutano c ac d

Exantple 4.1- statttne
frnm 3" utd

Bt'nalttrcal tnethod ln
I„= (.52 nun

)M + il)' 795 n

At)12 HO 0
0

~ I moc

)vx
()0 4 H(RI 2 (i((9(I

Il tetho v) « Ixnyl)

chlorophen,

lhtropvl)f'unerln

l.utunnhtropvl)
xtuno) 3 benzv)4
m.nbutano c ac d

I.x i I C.t .«uttoe
li m Al, nd I)6)

tn: lyt . I m th 6 ltt
I.t 11 tn

['VI+ H]' 6364

AB)3

HO N, Fnto.

('I

(R) 4 f(IR) 2 (((19H
E«01Cll 9

vl)ntctltoxy )cath no) I )

tnteth) l)xnutn)0-(4-
cltloiopheiul)prnpyl)

Intctltvl)anuuol-3-

b la o *: el

Example 4 I start ng
t'mm h)3 2 (see

Exall1ple 4.") nnd

Bl'nal)ttctlntethod lu
I 134 uuu

[NI + H]' 5, n'B
I OI (bl 4 (IR) 3 f(((9H tiu en

9

vl)methoxy)cxbnnyll
xuulo) (4

hlombeuz) l)ptpendut-I-
Il !(Ii) 6.7 drh 6 o 5)t

.1*t prmu [6)pi «I ~ . yl)

Exmtple 4 I start ne
trnmA7 and

B7'nal)ttctlntethod lu
I. 3 uuu

[NI + H]' 664 4
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TABLE 4-continued

Bu idul block AB

BB
V o. StructurcrChcmlcal yunc Cltem«al Vaule

Srnthcara Protn nlr
LCMS

AB16 (b14 ((R) 3 ((((PH tlu n
3

„Hmethoxv) .ubnnvl)
IUUUIQ) I (4

hlombenz) llplpendul-I-
pu-3-((S)-2 3-ddtldro-I H-
uldcu- -II)-4-osot«ltmlol'

Bxmlple 4 3 start nu
trom A4 and B7'nal

S cal method 10

tn —— 144 ul u
IM+ H]' 6634

I:xampie 4 2 Synthesis of tert-butyl (R)-4-(((R)-2-
((tert-butoxycdrbonyl)(methyl)tunuto)-3-(4-ihloro-
phenyl)pmpyl)-(ntethyl)amino)-3-(dirnethylamino)-

4-oxobutanoate (AB13-2)

Step I tert-13utyl (R)-3-((((911-fluoren-9-ylj
methoxy)carbonyl)amino)-4-(((R)-2-((tert-butoxy-

carbonyl)-(methyl)amino)-3-(4-cltlorophenyI)propyi)
(methyl)amtno)-4-oxobutanoate (AB13-I)

[ll691[

0

0
tuu OH

0 Hy
I u«o'

Bl

l. IBID. DILA
Dt.'M DMF

2 131. DMY

rt, lsb mn
Step I

[0692) To A13 (362 mn. 0.88 mmol) and '113'I"t) (311 mg„
0 968 mmol) dissolved in D('MIDMI'2 I) (15 ml ) and was
added DIEA (0.231 mL. 1320 nunol) and the resulting
solution was stirred for 40 min at rt. A solution of Bl (391
mg, 1.250 nunol) ut DMF (2.5 mL) wus added and stirnng
was continued lirr 150 nun at rt. Thc reacuou mixture was
conccntratcd in vacuo nnd then paruttoucd bctwccn EtOAc
(60 ml,j and 5% aq Nail( 0, (20 ml,j 'I'he organic phase
v as washed tvith 5% aq Nai ICOa (3x10 ml,j and brine (10
mL). dried over Na,SO4, filtered. and concentmsted to dry-
ness in 3 acuo to

afford
AB1-I (-0.88 mmol) as a yellowish

otl. Thc crude product was used ut thc next step wtthoul
punlicatron. Analytical method 10, tn=l.54 mut, [M+H]
=706 5.

Step 2. tert-Butyl (R)-4-(((R)-2-((ter(-buloxycarbo-
nyl)(methyl)amuto)-3-(4-chlorophcnyl)propyl)

(methyl)-amino)-3-(dimethvlmnino)-4-oxobutanoate
(Ai313-2)

0 Bn

.31313 I

0

I DBH YS-tluophenol
I Hl, 2 h 46 mm

2 17 IS HCHO

V«BH«OAch, THF

McOH AcOH.U;
33 h

Step

Bo

0
,B,~ y~

CI

AB)3 2

[0693[ Step 2-1 'I'o AI313-I (0.88 mmol) dissolved in
'llIF (20 ml,) was added PS-thtophenol (852 mg, 1320
mmoi) and 1313U (0.027 ml . 0 176 mmol) and the resulting,
suspenston «vas stirred for 2 h 40 min at rt. The solution was
filtered off and the resin was carefully washed with DCM.
The combined lihrdtcs werc conccutrulc«I to dryness in
vacuo

[0694) Step 2-2: To the residue from Step 2-1 dissolved in
THF (20 mL) was dthlml 37%o aq HCHO (0.262 mL. 3.52
nuuolj and thc resulung solutton w us st trred for 20 nun at m
NaBH(OAc), (0.746 g. 3.52 nuuol) was then addixi and thc
reaction mixture tvas stirred for 15 h 40 min at m Additional
37% aq. I I(.'IIO (0 2(32 ml„3.52 mmol) was added and
stirring was continued for I h 20 min at rt. Additional
NaBH(OAc), (0.746 o. 3.52 nunol) was added and stirrin
was conttnucxl for 4 h. MeOH (2 mL) w us added and 6lirnng
was contutucd for 90 nnn. AcOH (0.101 mL, 1.760 nunol)
was tuldcd and the nuxturc was stirred for 3 h. Adthttonal
37% aq HCI IO (0 262 ntl.. 3 52 mntol) and Nal31 i(OAcja
(0 746 g, 3 52 nunol) «vere added and sttrring at rt was
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continued for 13.5 h. The reaction mixture was concentrated
in vacuo and the resulting residue was partitioned between
EtOAc (50 mL) and 5% aq. Na,CO, (15 mL). The organic
phase was washed wtlh 5% aq. Na,CO, (2x10 mL) and
brine (10 mL)„dried over Na,SOe, filtered, and concentrated
Io dryness ut vacuo. Thc crude product was purified by flash
silica gei chrontatography (eluent A heptane/Dll:A (98 2),
clucnl B: EtOAc/DIEA (98:2)). Pure lracttons were com-
bined and concentrated to dryness in vacuo to affilrd AI313-2
(335 mg, 0.654 nmtol, 74% for 2 steps) as a colorless oil.
Analytical ntethod 10: ta 1.09 min; [M+IIJ 5120

-cottltttttixl
Cl

I ixample 4.3 Synthesis of (R)-4-((R)-3-((((')I I-fluo-
ren-9-yi)methoxy)carbonyl)amino)-3-(4-chioroben-

zyl)piperidtn-I -yl)-4-oxo-3-(pyridin-3-yhnethyl)
butanoic acid (AB14)

[(1695J

I IB ILL DIL'A

DSLA. tt. 3.23 h

Fm — Cl, DIL'A

DCM tt, lait
Step I

Cl

761SOTI.
2 G Itlt I lie
DC)L 0" C .

Step 1. tert-Butyl (R)-4-((R)-3-((((9H-fluoren-9-yl)
methoxy)carbonyl)amino)m3-(4-chlorobenzyl)piperi-

din-I-yl)-4-oxo-3-(pyritlin-3-ylmethyl)buuutoate
(AB14-I)

[0696J Step l-l To a solution of A2 (491 ntg, 1.5(N)

mmol) and TBTU (482 ntg. 1.500 nmtol) in DMA (IO mL)
was added DIEA (0.341 mL, I 950 nunol) Thc resullutg
nuxture was stirred for 5 min at rt. and then a solution of 137

(446 mg. 1.50 mmol) in DMA (10 mL) and DIEA (1.048

mL, 6.00 nunol) v as added. Thc reactton nuxlure was
stirred for 3 25 h at rt. and then the DMA was removed in

vacuo. The resulting residue was partitioned between EtOAc
(70 ml,j and 5% aq NaH('0, (10 ml,) 'I'he organic phase
v as washed with 5% NaHCO, (3xlfi mL) and brine (10

mL), dricxi over NazSOe. Iillercd. and concentrated Io dry-
ness m vacuo to atTord a light brown oil

[0697) Step 1-2. To thc rcstdue from Step 1-1 dissolved in
D(.'M (10 ml,) was added DI EA (0. 524 ml., 3 (8) mme i) and

a solution of Fmoc-Cl (388 mg. I 500 mmol) in DCM (5

mL). The reaction mtxlurc was surrcd for 18 h at rt, and then
cmtcentrated in vacuo 'I he resultutg residue was partitioned
between EtOAc (60 mL) and 5 "ie aq. NaHCOe (10 ml ). The
orgatuc phase was washctl wtlh 5!e aq. NaHCO (2x10 mL)
and brine (10 ntl,). dried over NazSOG, filtered. and con-

centrated to dryness tn vacuo. Thc crude product was
punfied by flash silica eel chmmatography (eluent A: hep-
tane'DIEA (98:2): eluent B: EtOAc/DIEA (98:2)). Pure
fracltons werc combutcxl and concmttrated Io dryness in

vacuo 'I'he residue tvas dissolved in D('M and the solution
was concentrated to dryness in vacuo to afibtrd ABI 4-I (775

mg, 1.116 mmol. 74!e ytcld) as a whtte foam. Analyltcal
method 10; tx 1.47 min: [Mz-I I[+ 694 5.

AB14-I

Step 2. (R)-4-((R)-3-((((9H-Fluoren-9-yl)methoxy)
catrbonyf)amino)-3-(4-cltforobenzyl)ptperidin-I-yf)-
4-oxo-3-(pyrtdin-3-ylmelhyl)butanotc acul (ABI4)

[0698) 'fo a solution ofA1314-I (774 ntg, I 115 mmolj and

2.6-lutidine (1.298 mL. 11.15 nunol) in DCM (15 mL) at 0"

C. Ives addcxl TMSOTf (1.007 mL, 5.57 mmol) dropwtsc
and the reaction mixture was stirred for 2.5 h at 0" C I ltOAc
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(60 mL) and 3% aq NaHCOe (5 mL) were added and the
phases were separated 'I'he organic phase was v ashed v ith

3% aq. NaHCOs (3x5 mL) and brine (10 mL). The com-

bined aqueous phases were cxtractcd with E(OAc (2x25
mf.) 1 he combined organic phases svere v;ashed v ith brine

(10 mL) and combined with the first or anic phase. The
combuicd orgatuc phases werc duad over NacSOw filtcrcxh

and concentrated to dryness in vacuo The residue was
dissolved in DCM and the solution ives concentrated to
dryness in vacuo to allbrd AB14 (— 1.115 nunol) as a beige
foam. The crude product was used in the next step without
further purification. Analyucal method 10. (a=i.20 min,

[M+I IJ (138.3

-coli I lli I I ixl

AB17

OI

1ixaniple 4 4 Synthesis of methyl (8)-4-((I()-3-
amino-3-(4-chlorobenzyl)piper)din-I -yl)-3-((R)-2,3-

dihydro-111-loden-I-yl)-4-oxobutanoate (AB17)

Step I, tert-Butyl (R)-4-((R)-3-amino-3-(4-chlo-
robcnzyl)piperidui-I-yl)-4-oxo-3-(pyndtn-3-ylm-

c(hyl)bu(anoatc (AB17-I)

[0699]

O

[0700] To a solution ofA3 (93 mg, 320 pmol) and TBTU
(103 mg, 320 1uno1) ui DIVL4 (4 mL) was added DIEA (0 073

nd,. 416 luuol). The resultin solution was stirred for 15 min

at rt and then a solution of B7 (117 mg, 320 pmol) in DMA
(3 ml,j and I)II IA (0 291 ml „1664 pmolj was added 'I he

reaction mixture was stirred for 16.5 h at I( and then
partttionixl bctwccn E(OAc (50 mL) and 5% aq. NaHCOe

(10 nil,) 'I'he organic phase ives washed ivith 5% Nal I('Os

(2x f0 mL) and brine (10 mL), dned over NasSOe. filtered,

and concen(ra(cd (o dryness in vacuo (o allhrd AB17-I
(assumed to be 0 32 mniol) 'I'he crude product w:as used in

the next step v,ithout purification. Analytical method 10;

(a=I 12 min, [M+H] =497.2.

Step 2. Methyl (S)-4-((R)-3-amino-3-(4-cftioroben-
zyl)piperidin-l-yl)-3-((R)-2.3-dihydro-l H-inden-I-

yl)-4-oxobutanoate (AB17)

0

TBTI I DISA
D'vI.(, u. 16

Oi

SOD I .

iueOH
lt. 44 11

Step 2

[()701J Io AI)17-I (0.30 mniol) dissolved in MeOI I (10

mL) was added SOCls (0.219 mL„3.00 nunol) and the
resultmg mixture was stirred tiir 3 5 h at rt Additional
SOCI (0438 mL, fi.00 inmol) tvas added. and stirring at rt
was conttnuml Ibr 24 h. More SOC12 (0 438 mL, 6.00 nunul)
was added and the resulting mixture was stirred for 1(i 5 at

rt. and then concentrated to dryness in vacuo. The obtained
rcsiduc was par(ittoncd bctw can EtOAc (50 mL) and 5% aq.
Nal I(:Os (10 nil,) 'I'he organic phase was washed with 5%

aq NaHCOe (2x10 mL) and brine (10 mL), dried over

NasSOe, fil(crcd, und conccn(ra(cd to dryncss in vacuo to

afiiird AB17 (123 me. 0.270 nuuol, 90%v yield for 2 steps)
as a yellow oil. Thc product was used in the nex( s(cqt

v ithout purification. Analytical method 10, t„0 96 min;

[M+H] i 455.2.

I ixample 5: I )uildinu 131ock ('-a Amino Acids

6017 I [()702J Table 5 shows the ct-anuno acids used as 13uilding
131ock (3
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TABLE 5

Buldn blocl C unuuto suds

bt'tttctttrc 1'henu sl Vane LCI lb

Cl b (((9H au ren 9 C mmr sav
vnmetbosvlcarbonvn 0 methyl L avt (able

ser ne

0
H

(I!(9(I B r 9 ('o me t: Itv

0
(Bu~

0
H
N

Fntnc OH

N I!!9(I Bu r 9 ('o me t: Itv
eth vl*ub 0 0!t I but 0 I. r .ul.bt

I'

I'Btt

Cd IS)-2-(t((9H-tluotcn-9- Comntctctaay
~N. /I yumcthosyl arbnnvu-L-alanyu-2, - a at(ableFrt 0')

ilxample 6 Building Block ll 0 Amino Acids -continued

Example 6.1: Synthesis of (S)-2-((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)-6-morpholinohexanolc

acid trifhloroacetate (D2)

it)703)

~tBu
0

(.)

I N ('0»,OMA
Vtl" (' la h

2 9. "r as 7FA.rt, I h

3 I ntoc—Oau

C'O„H»0

[l)704J Step 1-1: 'I'0 l3oc-I yv-OtBu II('I (339 mg, 1.00
nuuol) and KsCO, (415 mg, 3.00 nmtol) werc added DlvLA
(6 mL) and I-bromo-2-(2-bromocthoxy)etlrdnc (0.126 mL,
1.000 mmol). The resulting suspension was stirred for I g h
at 70'.. and then partitioned betv, een EtOAc (60 ml ) and
5% aq Nail(:0» (10 ntl.) 1he organic phase was washed
v ith 5% aq. Nail(:0» (2x10 ntl.) and brine (10 ml.), dried
over NasSOa, liltcrcd. and conccntrutuxI to dryness ln vacuo.
1'he co(de product svas used in the next step without puri-
fication.



US 2020/0164024 A]
95

May 28, 2020

]0705] Step 1-2: The residue from Step 1-1 was dissolved
in 95% aq. 'll'A (10 mi,) and the resulting solution was
stirred for I h at it, and then concentrated to dryness in
I ncuo. Thc crude product was used ui thc next slap w illx)ul
purification

]0706] Step 1-3: To the residue from Step 1-2 dissolved in
diox;mc (5 mL) and H30 (2 mL) was addc(1 0.5 M aq.
NanCOI (6.00 mL, 3.00 nunol) and a solution of Fmoc-OSII
(304 mg. 0.9(X) mmol) in dioxane (2 mi ). 'I he reaction
mixture Ives stirred for 90 niin at rt and then quenched by the
addition of 2 M aq. HCI (3 ml ). The dioxane was removed
in vacuo and the cnlde residue was partitioned between

EtOAc (50 mL) and HaO (10 mL). The organic phase was
washed with brine (10 niL). The combined aqueous phases
v ere extracted with EtOAc (20 ml.) and the resulting,
organic phase was washed with brine (5 ml ) 1'he combined
orgatuc phases werc dried over NanSO», Iiltcrrxl, and con-
centrated (o dryness in vacuo. Thc crude product was
punfied by preparative reverse-phase HPLC (eluent A: 0.1%
TFA in H30; elumil B: ACN). Pure fcdctions werc combntuxt
and lyoplulizcd to agbrd D2 (264.5 mg. 0.479 nunol, 48%
yield) as a white solid Analytical method 10; t„0 71 min;
[M+I I]+ 439.3
]0707] Table 6 shows the 0-amino acids used as Buildin
Block D.

TABLE 6

Biuldinc. blocl D- a-aaimo:teide

Bu
Sy Ih . II.(.V(S

Dl (((9H tluoren 7 C mmen: ally ava lable

, l)methoxy) tiLon II

L - 3( 311 at C

Dl 0
H
xi

Fnioc . OH

(S) iti(9H tluoien 9
vi!methoxvicarbonyl)

3tniilol &

morphotiilopctuililoic
aud

Lxnnple 6 I sttunn front ISI tert
(trio I I atti tie ( ( t it

butoxyc:ubonyl)ainuto)pcntumatc
hydrochloride. crude product
suspcndcd in EtOActhept:utc;

EtOAc rcmo cd in acuo tutti( nnly

sup 11.1»il S p

Atm(st cal method lit
I'5 = LI 71 triui

I:vl+H] =4 1

D4 0
H

(.)

iSI (l(ioH tluoien 9

yl)methoxvlcarbonylj
armnol-4-

ulol'pholittottitait Ic
acre(

Lxnnple 61 srtuun ISI tert butyl
4 nnuto 7 (lterr butoxy .ubonyl)
:unino)bntsnoatc hydrochlnndc.

cliidc piochict 51ispcitilcd ilt E10Ac,
heptane EtOAc tcmo cd ut amio

until oalv sinai( unoiutt nt'r due ut
sup 11.1»il S p

I'5 = LI 71 triui
IM + Hl' 411-'6

0
H

is I-9-((i(9H-(lumen-9-
yl)ntcthoxy)cmbon I)

I ii to i 5 It«l'1 I I

Coinmcrciaily A silat Ic

D7

0

Boc OH

Itert butox crl miyn
L a(enure

Commeic .illy Ava I.tble
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Example 6 2: Synthesis of (S)-2-((((9H-fluoren-9-
yl)methoxy)cdrbonyl)amuro)-4-fluorobuianoic acid

(D5)

[0708]

0

OH 60(l . an dezole
0 ('tuh 4" 0.14(imm

Y ]C
0

0
8:HO(. XuCI,*H 0

J[ »Cx. Fr(i » .. H.O

0 (1" C, s» Ill ll

0 I Hurhi, A('V. I HI
60'C., '

~ JLu, ~ 2 dhitq.ar.i
60', 96 m a

I 0 I SO(iz MOO
S»' . 22 h

4 Hoczn. SeH('0(
H,O. d carne

0» 2 6
'

rt. 2 I h

sr pi
0

v as added SOCI, (65 nrL) dropwise over I h. The suspen-
sion was stirred for 25 min ai 4'. and a solution of methyl
(tert-butoxycarbonyl)-L-homoscrinatc (110 65 g, 90% cun-
tent, 427.0 rnmol) in I)( M (0 5 I.) was added over 30 min
1'he reaction mixture ives stirred at 4" ('or 2 h 20 min and
then quenched by the addition of HzO (1.2 L). The phases
were separated and the aqueous phase was extmscted with
DCM (0.5 L). The combined organic phases v ere washed
with H 0 (I L) and brute (I L), dncd over NdzSO(, tiltered.
and concmitrdtcd to dryness in vacuo. The crude pmduct was
puofied by silica gel chmmatogmphy IN-1 was obtained as
a yellow oil (78 14 8,. 279 8 mmol, 66% yield).

Step 2 3-(tert-13utyl) 4-methyl (4S)-1,2,3-oxathiazi-
nane-3,t-dicarboxylate 2-oxide (D5-2)

[0710] To a soluuon ol'DS-I (973, 348.4 nunol) urACN
(1.8 L) and EIOAc (180 mL) at O'. was nddrxi RuCls HzO
(4 19 8, 20 2 mmol), tiillowed by a cooled cloudy solution
of Na104 (149.0 g, 6()6.7 mmol) in I lzO (800 ml.) over 15

min. The reaction mixture was stirred for 85 min at 0" C.,
and then Et 0 (1400 mL)»vas added The resultmg suspen-
sion»vas lilicrcd and Ihc phases were scparaicd Thc aqueous
plmsc was cxtractcd with EtzO (2x800 mL). Thc comb(next
organic phases were washed with NaHCO, solution (1000
m[,) and brine, dried over NazSO(, filtered, and concen-
trated to dryness in vacuo to aflord l)5-2 (92 75 g, 282 7

mmol, 90% purity by NMR, 81%o yield) as a white solid. The
cnide product vvas taken to the next step without purifica-
tion.

Step 3. Methyl (S)-2-((tert-butoxycarbonyl)amino)-
4-fluorobutdnoatc (D5-3)

F

n(.3

n»4

0

4 Map HCJ
96'C, it h

si«p 4

Fnrocoxu HeHCO

JIJO, aCVS THF

rt,23 ah

si p»

V

F

n

0

OI I

[0711] 'I'o l)5-2 (92 75 g. ')0% punty, 282 7 mmol) dis-
solved rn ACN (I L)»vas added slowly at rt I M Tetrabu-
tylanunoniumfluoride in THE (4(i6.5 mL: 4(i6.5 nunol) and
thc reaction nuxturc w as stirred for 2 h a I 60'. The solvent
was cvaporatcd in vdcuo and the obis(next oil was nuxod
v ith 4 M aq I I('I (800 ml,) and heated to 60" ('ith stirring,
for 90 min I'he reaction mixture was concentrated to
dryness in vacuo 'I'he resultin residue was co-evaporated
v ith toluene to dryness to give a viscous yellow oil. The
cnide intermediate was dissolved in MeOH (1200 mL) and
SOClz (102.6 mL, 1.41 mol) was added ni S' and ihe
resultrng mixture was stirred under reflux Ibr 22 h. Al'ier
cmnplete consumption of starting mateoals, the solvent was
removed in vacuo and the crude product was co-evaporated
with toluene to dryness
[0712] To ihc obinurcd oil dissolved rn I M aq. NaHCOe
and droxanc (200 mL) at 5'. was added a solution of
13oczO (124.1 o, 568 6 mmol) in dioxane (100 ml ) and the
resultmg mixture ives allowed to warm to rt and stirred tiir
21 h 1laO (500 nrl,) and I itzO (500 ml ) were added and the
phases »vere sepamsted. The aqueous phase was extmscted
with Et,O (2x500 mL). The combined organic phases were
washed with HzO (SOO mL);md brine (300 mL), dried over
NazSO4, liltcrcd, and concmrudtrxl to dryncss rn vacuo. Thc
crude pmduct was purified by silica gel chromatography
l)5-3 (55 0 g, 233 8 mmol, 83% yield) was obtained as a
vellow oil.

Step 1. 3-(tcrtiButyl) 4-methyl (4S)-1,2.3-oxatlnazr-
nane-3.4-dicarboxylate 2-oxide (D5-I)

[0709[ 'lo a solution of imrdazole (173-1 g. 2 55 mol) and
triethylamine (132 0 ml . 939 mmol) in DCM (3 I,) at 4" C.

Step 4. (S)-2-Amino-4-tluonibutanorc acid (l)5-4)

[0713] D5-3 (55 0 g. 233 8 mnrol) was dissolved in 4 M
I I(11 (1000 rnl,) and the reaction nrrxture was stirred for 17
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h at 95" C. and then concentmted in vacuo. Further drying
was achieved by co-evaporation with toluene. DS-4 (33 ')4

g. 194 nunol„90%c purity. 83% yield) was obmined as a
vcllow solnl.

coltllltllixl

Step 5. (S)-2-((((9H-Fluoren-9-yl)methoxy)carbo-
nyl)amino)-4-Ihtorobutanoic acid (D5)

[0714] To D5-4 (33.9 g, 194 nunol) dtssolvcxl in 0.5 M aq.
NdHCO, (I L, 500 nmtol) was added ACN/THF (4.1). The
resulting mixture was cooled to 0" C and a solution of
ltmoc-Ogu (75 35 8, 223 4 mmol) in A(:Nfl'I Ilt (4 I) (500
mL) was added. The reaction mixture wns allowed to warn!
to rt and stirred for 23.5 h. Ice (1000 mL) wns added nnd the
react!on nnxturc was carefully actdilicd to pH of —2-3 by thc
dtldition of conc. HCI (25 mL). EtzO (2 L) was addcxl and
the phases werc scparatcd. Thc aqueous plutse was extracted
with ittzO (600 ml,) I'he combined or anic phases v ere
washed tvith I lzO (600 ml,) and brine. dried over NazSOc,
filtered, and concentrated to dryness in vacuo. The crude
product was puriiied by sihca gel chromatography. Pure
fractions were combutcd tmd conccntratcd to dryness tn
1 acuo. Thc rcsulttng res!due was suspended in tolumtc (150
mL) and tlu: suspenston conccntratcd 1o dryness in vacuo.
'I'his step v as repeated twtce D5 (17 5 g, 50.7 mntt!I, 26%
yield) v as obtained as an off-white solid Analytical method
10; tnW.96 mint [M+H] =344.1. 'H NMR (fi00 MHz,
DMSO-d„) 6 12.75 (s. IH). 7 88 (d, J=7.5 Hz, 2H). 7.71 (t,
J=7.2 Hz. 2H). 7.40 (t. J=7.4 Hz, 2H). 7.32 (I, J=7.4 Hz. 2H),
4.55 (tlt, J=9.7. 5.0 Hz, 0.5H), 4.48 (dt, J=9.7, 4.8 Hz. IH),
4.40 (td, J=8.9. 4 4 Hz, O.SH). 4.30 (d, J=7.1 Hz, 2H), 4.22
(t..l 7 0 Ilz. 111), 4 06 (td, .I 9 6, 4 4 Ilz, 111), 2.14 (dtt,
I I'I 0. 8.7, 4.4 I lz, 111), I t)2 (dtd, .I 31.2. 10 2, 5 I I lz,
I H).

I:xample 7 Building l31ock li Aldehydes

Example 7.1. Synthcsts of 4-citioro-2-(4-(I-mcthyi-
2-(pyro! Iidin-I -ylmethyl)-111-imidazol-5-yl)phe-

noxy)-benzaldehyde (E2)

[0715]

1 ut 'N. tt. 2S nnn
2 Smu(t the!e

It; 105 tttttl

Step 1

Ft
011

Kzr:Ot, SMP
Sll''tth

Sl pt

Ct

C? I

62

Step 2. 4-(I-Methyl-2-(pyrrolidtn-I-ylmethyl)-IH-
imidazol-5-yl)phenol (112-2)

Step l. 5-I)rome-I-mcfityl-2-(pyrrolidtu-I-ylm-
cthyl)-IH-unidazolc (E2-I)

[0716] To a solution of 5-bromo-I-methyl-I H-tmtdazole-
2-cdrbaldchydc (1.890 g. 10.0 mmol) ut DCM (70 mL) was
added pyrrohdinc (1.643 mL. 20.0 mmol). After stirring lor
25 ntin at rt Nal ill(OAc)s (8.48 g. 40 0 mmol) was added
1'he reaction mixture tvas stirred fi!r 105 min at tt. and then
concentrated to dryness in vacuo. The resulting residue was
partitioned between EtOAc (250 mL) and I M aq NaOH (50
mL). Thc organic phase was washed w 1th I M NaOH (2x40
mL) and bone (20 mL), dncd over NdzSOc, Iiltcrcd, and
conccntratcd to dryness ut vacuo to alford E2-I (assumed to
be 10 0 mtnol) as a yellow solid. The cmde product was used
in the next step without purification Analytical method 11;
th=0.66 min; [M+H]'=244.1.

F2 I

Pdtdthpf!t.'1. Recco,
11 O. I

101!" 0, h h

Step 2

[l)717] To E2-I (10.0 ntmol), (4-hydroxyphenyl)boronic
acid (2.76 g. 20.0 num&l) and [I.lxbts(di-tert-butylphos-
phino)-ferrocene]dichloropalladium(II) (0.978 g. 1.50
nuuol) werc added dioxmtc (30 mL) and I M aq. NazCO,
(30 mL) mtd thc resulttng mtxture was stirred 6!r 4 h at100'.

under an Nz-atmosphere. Addtttonul (4-hydroxyphcnyl)
boronic acid (I 379 g, 10 0 mmol) was added and stirring, at
100" (2 v us continued for 135 min. Addttional (4-hydroxy-
phenyl)boronic acid (1379 g. 10.0 mmol) and [I.labia(di-
tert-butylphosphino)ferrocene]-chchloropalladtum(II)
(0.244 g, 0.375 nunol) werc then added and surong at100'.

was continued for 18.75 h. EtOAc (250 mL) mtd HzO (50
mL) w crc raided and thc mixture w as Iiltercd tin ough Hyllo.
1'he phases were separated and the organic phase was
washed tvith 5% aq Nal I('Os (3x40 ml.) and brine (40 ml.),
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dried over NazSOc. filtered, and concentmted to dryness in
vacuo 1he cnide pmduct was purified by flash silica gel
cluomatogmphy (eluent A: EtOAc/MeOH/DIEA (95:5 2),
clucn( B. EtOAc/McOH/DIEA (8S.JS.2)) to give E2-2 (2 28

. 8.86 nunoL 89% yield over 2 steps) as a brown solid.
Analytical mc(hod 11, („=0.76 min, [M+H] =258.1.

-colt((lilt(XI

Q,
S(cp 3. 4-Chloro-2-(4-(I-methyl-2-(pyrrolidm-I-

ylniethyl)-IH-imidazol-5-yl)phenoxy)benzaldehyde
(E2)

[0718] To E2-2 (1.029 g, 4 mmol) and 4-chloro-2-fluo-
robcnza1dehyde (0.824 g, S. 20 mme1) dissolved m NMP (20
nil.) was added Kz('Or (I 437 g, 10 40 mmol) 'I'he resultiag
nux(urc was stirred for 18 h at 80'., and thmi partitioned
bet(veen I:tOAc (125 ml,) and IlzO (20 mi )

'I'he organic
phase was (cashed with 5% aq. NaHCOr (3x10 mL) and
brine (10 ml,), dried with NazSOm filtered, and concentrated
to dryness in vacuo. The crude product was purified by flash
silica el chromatography (eluent A: Ii(OAc.'1)II.A (98 2),
eluent B: EtOAc/MeOH/DIEA(90:10:2)) to ive E2 (I 25 g,
3.16 mmol. 79% y(eld) as a bmwn oil. A(arly(ical method
10; ta=0,79 min: [M+H] =396.2.

[0719] E9 was synthesizcxJ accordm to thc procedure
described to I:2 in I:xample 7 I starting from l(9-4. (4-hy-
droxvphenyl)boronic acid. and 4-chlom-2-fluorobenzalde-
hyde as startin materials.

Step l. 5-(4-Hydroxyphenyl)-I-methyl-IH-unida-
zolc-2-carbaldchyde (E3-I)

[0721] A mixture of 5-bromo-I-methyl-IH-inudazole-2-
carbaldehyde (1.890 . 10 nuuol). (4-hydroxyphenyl)bo-
ron(c acid (2.76 g, 20.00 nunol) and Pd(PPhs)4(O.S78 g,
0.500 nunol) ui DMF (40 mL) and I M aq NazCOs (30 mL,
30 0 mmol) was stirred for 5 h at 90" ('nder an Nz-et-
na(sphere. 'I'he mixture was tiltered through I Jylrlo and the
filtmte was partitioned betv een i(tOAc (100 ml,) and IizO
(50 mL). The aqueous phase was extracted with EtOAc
(3x50 mL). The combined organic phases were we~had with
bnnc (20 mL), dried o( cr NazSOcr filtcrcd, and conccn(rated
to dryness ui vacuo (o all'ord E3-I (assumed (o bc 10 nunol)
as an olive-colored solid. 'I'he co(de product was used in the
next step without purihcation. Analyt(cal method 10; ta 0
60 min; [M+IIJ+ 203 1.

[0720]

,3
B(OH)

Pa(PPitrl(, YczCO
DMF, Hzo, P(l" C . 3 h

Step i

Br OH

Example 7 2 4-('hlom-2-(4-(I-methyl-2-(morphoh-
nomethyl)-JH-imidazol-5-yl)phcnoxy)benzaldchydc

(1(3)

Step 2 4-(I -Methyl-2-(morphohnomethyl)-111-imi-
dazol-5-yl)phenol (E3-2)

[0722] To E3-I (2.5 nunol) werc added DCM (10 mL) and
morpholine (0 431 ml „5 00 mniol) 1 he resulting mixture
v as stirred for 140 min at rh and then Nalli 1(OAc)s (1060
m, 5.00 mmoi) was added. The reaction mixture was stirred
for 2.5 h at rt, then partitioned betv, een EtOAc (70 ml ) and
5% aq. NaHCOz (15 mL). The aqueous phase u as extmscted
with EtOAc (2x20 mL). Thc combined organic phases were
washed with bnnc (5 mL). dncxl over NazSOc, lil(crml, and
cmicentrated to dryness in vacua to afford J(3-2 ((277 mg„
2 477 mmol, '19% yield tiir 2 steps) as a light olive-colored
sohd. The crude product was used in the next step without
punfication. Analytical method 10, t =0.42 min, [M+H]
=274.2.

9,
Fi 3

83 2

i DChhrt. (somm

2 BcBH(oac)crt,2 h

sl i

FZ(ior, Xh(P
SO" ('. 2( h

Step 3

Step 3. 4-Chloro-2-(4-(I-methyl-2-(morpholinom-
cthyl)-IH-imidazol-5-yl)phcnoxy)benzaldehydc

(E3)

[0723] To 4-chloro-2-fluorobenzaldehyde (550 mg. 3.47
mmol) and K,COz (890 nig. 6.44 nmiol) v as added a
sulu(ion ol'3-2 (677 mg. 2477 nunol) in NMP (10 mL).
Thc suspension was surrml for 21 h at 80'. Thc reaction
m(xturc was partitioned bctw can EtOAc (60 mL) and HzO
(15 ml,) 1'he organic phase was washed with 5'r'(r aq
Nal ICOs (2x10 mi ) and brine (10 ml,), dried over Naz)Oc,
filtered. and concentrated to dryness in vacuo The crude
product was purified by fiash silica el cluomatography
(elucnt W: E(OAc(DIEA (98.2)r elucn( B. E(OAc/McOH,'IEA

(8S:JS.2)). Pure fracuons werc combuicd and con-
centrated to dryness in (acuo (o alford E3 (579 mg. 1.406
nuuol, 57% yield) as a beige solid Analyt(cal method 10;

ta 081 min; [M+IIJ 412.1
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[(3724] The following Building Blocks (BB) in Table 7
acre synlhestzcd accordulg to thc procedure described ln
Exmnple 7 1 lhr Bulldulg Block E2, Extmlplc 7.2 Ihr Build-

in Block E3, Example 7.7 for Building Blocl E12,
Exmnplc 7.1(3 for Butlding Block E17, and Example 7.14 for
Butldrng Block E23.

TABLE 7

Bu idun blocl I'(dain der

BB

Ii '('I« ii'.I mite
Svittltcrie '

(74S

4- c lit or o-2-(4- (2-((dune thy Iunuto 1 methyl I- I-
itti IIII mbr tv

yuphcaoxv)bcrtzaldehldc

o Exainplc 7 I- Stertuig from
dim Il it. m, 7 0 u i I i Ihyt Ill

Example 73 artutn front f3 l.
dunerhv tun ne .u d 4 chloio

tluorobenzaldehy de'n.iticcal method Hl
t =074nua

(M + Hj' 370 2

1.4 I: pf 7 St.nagf mb 1.(sl

ra = 0 71 nua
(M + H]

' 41

IS)-4- hloro-2-(4-(2-((3-hvdioxypyrrolidui-I-
v1linerhv I I I methyl IH nudzzol 3

yllphenoxy)bcrtzaldcltldc

Ezunple 7 2- Starting froin E3-1, ISI-
V.l -duncthylpvtmlidui-3-eristic mtrl 4-

chloro-2-auorobcnzaldcltydct
Xnalyt*. I i ttiol lrl

IM + lll' 430 3

(3 I-4-cliloro-2-(4 i 2-i(3-
(danethvlmuno)pvrrol d n I yllruethlll I

atetliyl-IH-urudazol-3-
llptiet lt m .hl li Ie

pl pl 7 !(Iul glo 131 I

ra = 0 37 nua
(M+H]'4 I i

4- hlom-2-(4-Il-methyl-2-((4-
i tti IP Pm. n I I tlm I hill I H m hm I 7

yllpheaoxylbenz.ildehyde
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TABLE 7-cunhlmtcd

Btuld n block I Aldehvdes

BB S, nthes s

I,(.'MS

Exmtplc 7 - Staitutg frnni E3-I
p i pend ui-4-n I uid 4-chlmn-2-

tluorobcnztl tchydc(
Bnalytim I i ttm I li)

Ia = (i 7(i m
)M+Hf'4 4

4-chlnrn-2-(4-i2-l(4-hydtoxypipendm-I-
yllmethyl) I ineth, I IH un daze) y

, l)phcrmxl lbcnzaldchvdc

Example 7 "- Startutg fiont EX-3 iscc

ttu b nrall tyd«
Bnalytim I i ttm I li)

Ia=(ib m
[M+Hf'4 I

4-chloro-2-i3 -d flunro-4-(I-nicthyl-2-
(pynoldut I ylmethyl) IH nudazcl .

vl)pltcnox )benz:ddehvdc

N

I imipl I St:ttinp. f' EO 4 (s
pt 7 4),(4

hydr xvphen,l)borom a d and 4
hloro Euorobenzaldehyde(

mialyt cal method
ta = I i)3 nun

f M + H f
' ." 84'R)

4 hl n 2 t4 (2 (I
(dunerhylanuno)ethyl) I methvl IH nudaznl

l)ph«i y)b«n ill I 4

E1 i i Exunple 7 I Start n fran Elt) 4 (see
Exankile 7 1 t4 benzylphenyhbornn

ac d and 4 hlnio
Euorobenzaldehyde(

.4nslyttcal mcthnd lit
ta = 114mnt

[I I + H[' 4tlO 2

t il h i)I ) (x!4N c)I» 2

fnnnl lphcnoxvlphenyh-I-incth) I-IH-
» I 12 yl) 2, l try la Hlpyn I I

arboxylate
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TABLE 7-confllm(nd

Buridutg blocl F- Bldchydes

BB

Strucnue Chenucal Hmne
Ittltcsrs'CIH(

I rrapl 7., St p I Sun(urn &m

2.Gddl oml .Il h I (12 ql

4-(.'ltloro-2-14-12-(idutrcthy lunmnlmethyll-I-
merh, I IH un dazol . yl)phenoxyl G

fluorobcuzaldcl» dc

L(G Es unple 7 7. Step 3 Starr n from
orrcsportd n phenol utd 5-chloro-3-

tluorop«olrnaldchydc 11 u cqi

5-(.')slot o-3-(4-(2-l(duncthylantmo lmcthvi)-I-
methyl IH nudazol .

yltpltcltoxy')pre lrttaldchvdc

E I t! Example 7 lu- Stmtnra frotn
cyclobutyiamore

tert But, I ii 14 i eh(ore I fluoro 2

fonnylphcnoxy)plrcny it.l-ntcthvi-)H-
m dazol 2, l)nrethyl)(cvclobutl B arbatnare

Lxanqrie 7 7, Step '( start ng horn the
orrespoad n pherrol snd 4 hlom

" S-d tluorobcnzald hyde

4 t 'hloro 2 (4-12 ((d methylam rroltnethvl I I

ntcthvl-I H-unidtzol-5-yl Iphcnoxy)-I-
fluorobenzaldehy de
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TABLE 7-cmnflpmtcd

Butidutg blocl F- Bldchydea

BB

Sttucnue Chenucal Nunc
tttltcatv'CM(

1.24 pie 77, Sl I 'r:ltulin liom th

4-(.'ltloto-2-l4-l2-(iduttcthi lunmnlmethyll-I-
tt,l tfl umd ol 5 vl)ph r ii 6

fluotobcnzaldcl» dc

E 5 Exanflrle 7 7. Step I crmtut from the
orrcapond n phenol and "-

tluorobcnzaldch le

2 (4 (2 ((dmmhvhm t ) thy(i I mmtvl
IH nudazol. vl)phenoxy)benzfldehyde

N—
Exmttplc 7 7. Step 3- Statttn frnm thc

dtlimm 6 nrall tyle

2 (4 (2 ((Iy thvl. » i «lb I) I m Ihvl IH
nudazol 5 vl)phenox ) 4

fluotobcnzaldcln dc

Exmtplc 7 14 Stcpa I to 4- St:utmz
from ((4-ibcnzyloxyl-3-

F

6)

4 t'hloro 2 (4 l2 ((d methvlam rtoltnethvll I

ntetl»l-IH-utudaz I-5-yfl-2-fluomphenoxvl-
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TABLE 7-connmted

Btuld n block I Aldeh des

BB
X o. Strucutrc Chcnucal Xmtc

tttltcstv'CMS

Exangrie 7 7, Step 'I Vtmt ng hnm the
nrrmpondum phenol and tluoro 4

(tntluornmethvitbenzsldehvde

2 (4-H ((Dunethvluruno)methyl) I methyl IH
nntdaznl-5-vl)phcnnx) )-4-

Exangrie 7 7, Step 'I Vtart ng hnm the
cot spnnd ng phennl and,4
dtcltloto-6-tluor bcnztliehydc

2.4 Duhio 6 t4 (2 (tdu tb)bmn im ttt n I

methyl IH nudazol .

vl)phm lb rrrllettyl

I.u pt 77,st p1al:rnpl 7ltt,
Steps I R: Sert ag 1'rom E I and

methvlam ne

tert 13uryg(6 (4-to hiero 2

Inm»lphcn xllpltenyll-I-tncthyl-IH-
ruth 12 I') «i)slit I I b lyll*ub::t

I:xampie 7 3 Synthesis of 3.3-difluoro-d-(i-methyl-
2-(pyrro)idio-I-y)methy)EIH-imidazo)-3-yi)phenol

(I!8-31

[0725]

ct&lttnltletl
I Mexihg DCM, M.OH

S S('gboa. n, 11 5 h

-'OSMI(EM OH
DIEA vr)" r' h
St pl

I TTPA,n-BuLt THF
1st rc r 7O

F 2DMF
lt)" (' h

Step 2

OH
OH

Fg I
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N

OH

3 nl&H(OAc)&, Dl'M
&'I 4. I&n&l

2.00 mmol) were added and stirring at -25" C. was contin-
ued fi&r 5 min l)MI& (1.55 ml, 20 0 mmol) was then added
dropv ise and the resulting mixture was stirred for I h and
then allowed to mann to — 10'. Thc react&on nuxturc was
quenched by the addition ofAcOH (0 916 mL. I 6 0 mmol)
and partitioned bctwccn E&OAc (50 mL) and 5% NaHCO&
(15 ml,). I he organic phase was washed with 5% aq
NaHCO& (2x10 mL) nnd bnnc (10 mL), dried over Na&SO4,
filtered, and concentrated to dryness in vacuo to afford Eg-2

(—2.0 nunol) as a yellow o&l. Thc crude product was uscxI u&

the next step v,ithout purificat&on Analyt&cal n&ethod 11;

tn=l.10 min; [M+H] =239.1.

FY 2
Step 3. 3.5-Difluoro-4-(l-methyl-2-(pyrmhdin-l-

yl methyl)- I I I-imidazoi-5-yl)phenol (I .8-3)

OH

[0729] Eg-2 (2.0 mmoi) was dissolved in DCM (20 mL)
and pyrrolidine (0331 &ui„4.00 n&mol) 1'he resulting
solution was stirred for 5 min at rt, and NaBH(OAc), (0.848
g. 4 00 mrnol) &vas added. 1 he reaction mixture w:as stirred
for 45 min at rt. and then partitioned between EtOAc (40
mL) and I M aq. HCI (10 mL). 11&e organ&c pl&asc was
extracted with I M aq. HCI (3x10 mL). The combined
aqueous phases merc bas&fied lo pH=8-9 by the add&t&on of
4 M aq NaOI I and then washed with irtOAc (xx40 ml,). The
combrncd organ&c phases werc washed w &lh brine (20 mL),
dried over Na&SO4. filtered. and concentrated to dryness in
vacuo to afl'ord E8-3 (-2.0 num&1) as a yello~ oil. The crude
pmduct was used in the next step w&thout purification
Analytical method li: tnW.84 min, [M+H] =294 2.

Step I. 3,5-Difluoro-4-(l-methyl-lH-imidazol-5-yi)
phenol (Eg- I )

[0726] Step l-l: To 2.6-difluoro-4-hydroxybenzaldebyde
(949 me. 6.00 num&l) dissolved in DCM (20 mL) was added
2 M med&ylam&ne &n methanol (9.00 mL, 18.00 mmol)
followed by MgSOc (4333 mgc 36.0 mmol). Thc resulting
suspension v as stirred for 13.5 h at rt, and then filtered The
obtained residue was washed with I)( M (-40 ml,) and the
filtrate was concentrated to dryness in vacuo to affl&rd an
orange-brown sol&d wh&ch v ac used in the next step without
purification.
[0727] Step 1-2: To TOSMIC (1523 mg. 7.80 nunoi) was
added asolut&on of the residue of Step 1-1 in MeOH (15 mL)
and DIEA (3.14 mL, 18.00 mmol). Thc resuiung mixture
was stirred Ibr 3 h al 70'., and d&en conccntratcd to
dryness u& vacuo. Thc co&dc product was purilied by I?ash
silica nel chromatography (eluent A: litOAc,'MeOH/l)II&A
(95 5 2): eluent H I&tOAc/MeOII/DIEA (90:10 2)) to yield
Eg-I (960 mg, 4.57 nunol, 76% yield) as a beige solid.
Analytical method 1l „ tn=0.71 min: [M+H]"=211.1.

Exampie 7 4: Synthesis of (R)-I-(5-bmmo-I-
methyl-lH-&midazo1-2-yl)-N,N-d&mcthylethm&-l-

amine (E9-4)

[0730]

0

3 M McMSB& rn
D «&3 I ur DOM.

f3'x 3 h

s&cp 2

Step 2. 5-(2,6-Difluoro-4-hydroxyphenyl)-l-methyl-
111-imidazole-2-carbaldehyde (I'.8-2)

[0728] To Eg-I (0.420 g, 2 00 mmol) dissolved in THE (5
mL) and TTPA (5 mL) (tris(N,N-tetramethylene)phosphoric
aciri tnanudc) aud cooled lo — 30" C. was add&xi n-BuL& (I 6

M u& hexancs) (7.50 mL, 12.00 nunol) dropw&sc. The
react&on nuxturc was sl&rrcd for 65 nun at —25 to —35'.
(some nel formed upon addition of n-flul,i) Additional
'I"I PA (1.0 ml.) and n-Bul.i (I 6 M in hexanes) (I 25 ml „

F3 3

Ec-&

4 M Hr:3 n 4 cxnne
M«OH, 1.1 h

S& F&
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continued

XoBH(OAcu. AcOH
0 R g/ ( O(sd ad

Step 4

E9-3

(OAc)! (3.47 g. 16.38 mmol) and AcOH (5 ml ). The
resulting mixture tvas stirred at rt over two days Additional
NaBH(OAc),. (1600 mo, 7,55 mmol) and paraformaldehyde
(600 mg, 20.0 nunol) were added. Thc rcacuou mixture was
stirred overnight, then quenched with 2 N aq Na,COs (100
mL) and cxtractcd with DCM (2x100 mL). Thc combo)oui
organic phases were dried nver NazSOo, filtered, and con-
centrated to dryness in )acuo to allbrd E9-4 (1.46 g. 3.14
mmoi, 48!3( yield ft)r 2 steps) as a yellow oil The cmde
malarial was used in thc next step without punficaliun.
Analydical method 5; ta 0.66 min; [M+I IJ 233 9.

F9 4

Step 1. (R„E)-N-((5-Bromo-I-methyl-IH-imidazol-
2-yl)nu:thylcnc)-2-mclhylpropmte-2-sultiimnudc

(E9- I)

Itxampie 7 5: Synthesis of tert-butyl 3-(5-(4-hy-
droxyphenyl)-I-methyl-I H-imldazol-2-yl)-2,5-di-

hydm-111-pyrrole-I-carboxylate (I:10-4)

[0735]

[0731] To 5-bromo-I-methyl-IH-imiddzolc-2-carbaldc-
hyde (3 g, IS.87 nunol) in mdiydrous DCM (40 mL) was
added (I&)-2-methylpmpane-2-sulfinamide (2 116 g. 17 46
nimol) and anhydrous copper sulfate (5 07 g, 31.7 mntol).
The resulting nuxture was stirred at rt overnight. and rien
filtered tluough a pad of Celitew, flushing with DCM The
filtrate was concentmnted in vacuo and the crude product was
punficd by tlash silica gcl chromato raphy (elutm with
0 100%o E(OAc In heptane) to alii)rd E9-I (4 g, 13.69
mmol, 86% yield) as a white solid Analytical method 5,
1„0 83 min: [M+I IJ 294 2

011

Pdldthpt)C)z Bi ('0,
Hzo, d!osu!c
Hu)" C 3 1 h

Step 1

Step 2. (R) N ((R)-I-(5-Bromo-I-methyl-IJ I-

intidazol-2-yl)ethyl)-2-methylpropane-2-sulfiniunide
(E9-2)

[0732] To a solution of E9-I (2.7 g. 9.24 nmtol) in
anhydrous DCM (50 mL) at —50'. was added 3 M
McMgBr ut diethyl ether (7 08 mL. 21.25 nunol) via a

syringe and the rcsulung mixture was slirred al —50" C for
I h, mtd then quenched with sat aq Nl loCJ. After warnting
to rt. the reaction mixture was diluted with sat aq Nal K'Oo
(50 ml ) and extracted with D(:M (2x60 mi,) 'I he combined
organic phases were dried over NazSOo. filtered, and con-
centrated to dryness in vacuo to afford a white solid. The
product was recrystallized I'rom EtOAc/heptaim to aflbrd
E9-2 (2.03 g, 6.59 nmtol, 71% yiehl) as a wlute power.
Aiuilyticdl method 5, tu=0.68 nun: [Ivi+H]+=310.1.

Step 3. (R)-I-(S-Bromo-I-methyl-IH-imidazol-2-yl)
ethanaminc hydrochlondc (E9-3)

(/

/

Eln 1

1 u-Bohr IHF
.9'. 3'!u!u

0
Step 3

91".on 1)A
thwuuool

[0733] To a suspension of E9-2 (2.02 g, 6.55 nunol) ut
anhydrous McOH (10 mL) was addcxi 4 M HCJ in dioxaue
(6 55 m1„26.2 mntol) 'I'he resulting mixture turned clear
and )vas stirred at rt for I h. Diethyl ether (HN) mi,) was
added lea(hn to the formation of a precipitate. The precipi-
tate was collected by filtration to afl'ord E9-3 (-6.55 mmol)
as a white pov, der. The crude material was used in the next
step without punficauon. Analytical method 5, la=0.51 min,
[M+H] =203.9.

Step 4 (R)-I-(S-Bromo-I-mcihyl-IH-imidazol-2-
yl)-N.N-dimethylcthananunc (E9-4)

[0734J 'Io E9-3 (6 55 mmol) )vas added anhydn)us 13(:M
(50 ml,). paraformaldehyde (I 967 8„65 5 mmol), NaBJ I

i tn I

E) Ip!

OH

0
I

Bo ~B
Pdldthpr)C) d!osu!c

Hzo. N)o (.'0,
sn'c,vn»

pd
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uo 8

/

Flo 4

011

and brine (10 mL). dried over Na,SO4, filtered. and con-
centrated to dryness in vacuo. 'I'he cmde residue was puri-
fied by flash silica gel cluoniatography (eluent A: heptane/
DIEA (98.2), elucni Bl. EIOAc/DIEA, clucnt B2: EIOAc
MeOH/DIEA (90:10:2)) to afford EJO-3 (165 mg. 0.55
nllnol, 53% yield). Aniilyiical lllcthoil 10, 1„=0.55 lulu,
[M—I IJ 299.0

Step 4, tert-Butyl 3-(5-(4-hydroxyphenyl)-I-methyl-
I H-inudezo I-2-yl)-2. 5-dihydro- I H-pyrro1c- I -car-

boxylate (1110-4)

Step l. 5-(4-(Benzyloxy)phenyl)-I-methyl-IH-imi-
dazoic (EI 0-I)

[0736] To (4-(benzyloxy)phenyl)boronic acid (2.281
10.00 mmol), 5-bromo-I-methyl-IH-inuilazole (1.610 g,
10.00 nunol) and [l,1xbis(di-tert-buiylphospluno)fi:rroceuc]
dichlompalladium(II) (0.32(7 g, 0 500 mmol) were added
dioxane (25 ml ) and I M aq. Naz( Os (25 ml .. 25 00 mniol).
'I'he resulting mixture was stirred tilr 2 5 h at 100" C. in an
Ns-atmosphere. and then partitioned between EtOAc (200
mL) and HsO (20 mL). The organic phase was washed v. ith
54%o aq. NaHCO, (3x25 mL) mid brute, dried over NasSO4,
lilicred, and conccntraicd to dryness in vacuo. The crude
pmduct ives puufied by flash silica gel chromatography
(ehient A IitOAc/DII:A (98 2); eluent 13: I'.tOAc/MeOH/
l)ii A (90 10 2)) to afford 1110 1 (1.173 g, 4 44 nunol. 44%
yield). Anal)sical method 10; ta=0.75 min: [M+H] =265 2.

Step 2. 5-(4-(Bcnzyloxy)phenyl)-2-iodo-I-methyl-
I H-imxlazoic (EI 0-2)

[0739] To EJO-3 (450 mg, 1.50 mmol. I'rom several
batches), tert-butyl 3-(4,4,5.5-tetramethyJ-I,3,2-dtoxabom-
lan-2-yl)-2,5-ddiydro-l H-pyrrolc-I-carboxylate (531 mg,
I 8()0 nlmol) and [I.lxbis(di-tert-butylphosphino)ferro-
cene]-dichioropalladiuni(H) (48.9 mg. 0.075 mmol) was
added dioxane (8 ml,) and I M aq Naz('07 (4 50 ml . 4.50
mmoi). The resulting mixture is as stirred under an Nl-at-
mosphere for 90 min at 90''.. and then partitioned between
EtOAc (50 mL) and H,O (10 mL) Tile organic phase was
washed with S% NaHCO7 (2x10 mL) and bone (10 mL),
dried over NasSO4. filtered. and concentrated to dryness in
vacuo io allbrd EJO-4 (— 1.50 nunol) as a brown sohd. Thc
crude product v, as used in the next step without purification
Analytical method 10, is=0.72 nun: [M+H] =342.2.

Example 7.6: Synthesis of 4-chloro-2-(4-(I-methyl-
2-(pyrmlidin-I -ylmethyl)-111-imidaull-5-yl)phe-

noxy)-6-(2.2.2-triiluoroethoxy)benzaldehyde (El I)

[0737] To EJO-I (538 mg, 2.03S nunoi) dissolved ui THF
(50 mL) cooled io —50'. and under mi Nc-aunospherc was
added 1.6 M n-BuL»n hexane (1.781 mL, 2.85 mmol)
dmpwise over 10 min at — 50" C After 20 min stirring at
—50''.. additional I 6 M n-i3ul,i in hexane (0 50'3 ml„
0.814 mmol) was added dropwise over 5 min. The brown
suspension tumed into a red solution. After stirring for 10
min ai —50'., N-Iodosuccuumidc (641 mg, 2.8S mmol) In
THF (5 mL) was added dropwisc over 10 nun. 11lc reaction
mixture was stirred fiir I h at — SO'., and lien quenched by
addition of I lsO (10 ml ) 1 he 1'I ill was renxlved in vacuo
and the resulting residue was partitioned between 1 itOAc (80
mL) and 5% aq. NaHCO, (10 mL). The organic phase was
washed with 5% aq. NaHCO7 (2x5 mL). The combined
aqueous phases werc washed with EIOAc (2x20 mL) The
combuicd organic phases werc washed with bone (15 mL),
dncd over NalSO4, lilterixh mid concemrated io dryness In
vacuo 'I he cnide pmduct was purified by flash silica gel
chromatoaraphy (eluent A heptane/Oil iA (98 2); eluent 13

EtOAc/DIEA (98;2)) to yield EI 0-2 (372 mg, 0.953 mmol,
47;o yield) as a beige solid. Analytical method 10; ra=I 12
min. [M+H] =391.0

[t)740J

0 1

'F7 7

Kli.'OF .IMP
77. 16 h

su'0.7 6

Step 3. 4-(2-Iodo-I-methyl-111-imidazol-5-yl)phe-
nol (EJO-3)

[0738] EIO-2 (405.3 mg. 1.039 mmol) was dissolved in
95% aq. TFA/thioatusol (9S.S) (20 mL) mid tlm resulting
nuxiurc was sturcxJ for 43 h ai rb and then concentrated Io
dryness in vacuo. The obtained rewduc was partitioned
betlveen I JIOAc (70 ml,) and 5% aq. Nal ICOs (10 mi ). 1 he
organic phase was washed with 5% aq Nail('Os (3x10 mi,)

EI I-I

CI

7 7

iiil" IL 43 6
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-continued

Q I

0 CF,

»I I

I 2('Op DMI

1st 4»
Si p2

Step 1. 4-Chloro-2-fluoro-6-(4-(I-methyl-2-(pyrroli-
dui-I-ylmcthyl)-IH-imidazol-5-yl)phenoxy)bcnzal-

dchydc (Ell-I)
»'l2 I

OH

[0741] To 4-chloro-2,6-difluorobcnzaldchvdc (88 mg,
0 50 ntmol). 112-2 (129 mg, 0 500 mmol) and Kz('Os (207
nlg, 1.500 mnlol) was added NMP (2 5 ml,) and the resultiag
suspension was stirred at rt for 1(i h, and then at 60" C fiir
7.5 h. The solution containing E I I-I was taken onto the next
step.

,l
Step 2 4-('hloro-2-(4-(I -methyl-2-(pyrrolidin-I-

yhnethyl)-I I l-inlidazol-5-yl)phenoxy)-6-(2.2,2-trif-
luoro-ethoxy)-benzaldehyde (1111)

[0742] 2,2,221'rifluoroethanol (0 044 ml„0 600 mmol)
was added to the solution containing E I I-I and the resulting
mixture was stirred at 80" C for 22 h. Additional 2.2.2-
tufluoroctlmnol (0044 mL. 0.600 nunol) was added and
surring at 80'. was continued fur 21 h. 11tc rctmtion
nnxlurc was partitioned between EtOAc (50 mL) and HzO
(10 ml,). 'I'he organic phase was washed with 5% aq.
Nal ICOs (3x10 nil.) and brine. dried over NaeSOs. filtered,
and concentmsted to dryness In vacuo. The crude product was
purified by flash silica el chromato raphy (eluent A
EtOAc/DIEA (98 2), clucnt B. EtOAc,'McOH/DIEA (90 10

2)) to afibrd Elf (165 mg, 0 334 nunol, 67% yield Ibr 2
steps). Analytical method 10, ta=0.87 nun; [M+H] =494 2.

Example 7 7: Synthesis of 2-(4-(2-(azetidin-I-ylm-
ethyl)-I-methyl-IH-Imidazof-5-yf)phenoxy)-4-chlo-

robmizaldchyde (E12)

[0743]

0

F12

0

Step 1. 4-(2-(Azetidin-I-ylmethyl)-I-niethyl-111-
imidazol-5-yl)phenol ()112-1)

[0744] To a solution ol'E3-I (500 mg. 2.47 riunol) ui THE
(25 mL) was added azctiiline (033 mL, 4.95 mmol) and
acetic acid (0 42 ml,. 7 42 ntmol) 'lhe resulting niixture was
stirred at R'I'or I h. and then NaBI I(OAc)i (I 15 o. 5.44
mmol) was added in one portion. The reaction mixture was
stirred at RT for overnight, quenched with MeOH, and
concentrated. The crude product was taken up in 20% IPA
in DCM and washed with saturated sodium bicarbonate
once The aqueous pluisc was then extracted again with 20%
IPA in D('M 1'he combined organic phases were dried over
sodium sulfate, filtered. and concentrated to afford I!12-1 as
a foam after drying (602 rng, quantitative yield). The mate-
rial was carried to the next step without purification. Ana-
lytical method 5: ta=0.77 min: MS [M+H] =244.2.

OH
»'2 I

VsuH(OA 8, HO»c

'IHI DCM
RT, IS»

Step I

Step 2. 2-(4-(2-(Azetidin-I-ylmethyl)-I-methyl-IH-
untdazol-5-yl)phenoxy)-4-chlorobcnzaldehydc

(E12)

[0745] Into a round-bottom fiask was placed E12-I (171
m, 0.70 mmoi) and potassium carbonate (486 mg. 3.51
mol) in N,NHIimcthylfornuimide (3.5 mL). Thc resulluig
nuxlurc was stirred for 30 nnn al room lemperauirc and then
4-chloro-2-tluorobcnzaldchyde (123 mg, 3.51 mmol) was
added 1'he resulting solution ives stirred for 2 5 h at 90"('siagan oil bath, cooled to room tenlperature. diluted ivith
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water, and extmscted with EtOAc (3x). The combtned
orgatuc phases werc washed wtth half saturated NBHCO,
solutton and brute, dned over NtttSO», Iiltcred, and concmt-
trated 'I'he crude residue was purified by flash column
chromatoaraphy on stlica gel eluting with dichloromethane/
methanol to give E12 (150 mg, 56'!c). Analytical method 5
14=0.99 min [M+H] =382.2.

Example 7.8. Synthcsts of 4-Cltloro-2-((6-(2-((duu-
ethyltuniuo)methyl)-I-methyl-IH-tnudazoi-5-yl)

pyridin-3-yl)oxy)benzaldehyde (1114)

[0746]

-contlnllixlc'~
I 't I 'Ov Dut

Step 4

OH

F.t »

P 1(PS,P!».

Basset 'l.

I'tusol L (.'I

THF

Step I

Bt

Fl» 1

F.14-2

Dllttcttl 'I »lttlllc.

Be/Acol,BH.
Deed

2

Pd/OH/ . Ht.
McOHtTHF

Steps

E14

Step I 5-(5-(l3enzyloxy)pyridtn-2-yl)-I-methyl-111-
imidazole-2-carbaidehyde (1114-1)

[0747] To a mixture of 5-bronto-2-(dimethoxymethyl)-I-
methyl-IH-imidazole (6.2 g, 2(x4 mmol) in THF (80 mL) at
-78" C, under an atmosphere of nitro en was added
i-PrMgCI.L1CI complex (13 M in THF, 24.35 mL, 31.6
nunol) and Ihe resulting mixture was sttrrcd for I 5 mut at
—78" ('cloudy mixture). l3usSn('I (8.15 ntl., 29.0 nunol)
was then added and stirring was contimted fitr 15 min at
—78" C. (clear solution) and rt for I h (clear solution)
5-(benzyloxy)-2-bromopyridine (8 36 g, 31 6 mmol) and
Pd(PPh»)»(3,05 g. 2.64 mmol) were added and the resulting
mtxturc was dtlutexI wtth 50 mL dtoxaue, flushed wtth
nurogcn (luce times. anti rcfluxcd at 105'. Ibr 2-3 days.
[l)748] After cooling to rt, the reaction mixture was filtered
throu h Cefiteg. The filtrate was quenched at 0" C. with 0.5
N HCI (50 mL) and the organic solvent v as removed under
rcduccd prcssure. EIOAc was added to extract the product.
Thc combtncd orgamc phases werc washed wtth water.
bone. and dncd over NdsSO», Iiltered, aud concentrated.
'I'he curds product was purified by flash column chmtna-
tography on silica gel (300 g) eluting wtth 10!e MeOI I/

DCM. The fractions containing the desired compound were
combtned and concentrated under reduced pressure. To the
remduc w as athlcd 50 mL THF. 2 5 mL water mtd 25 mL of
6 N HCI. Thc res ultutg mn«urc w as surrcd at RT ovcnught,
hcatcd at 80'. Ibr 6 h. cooled, neutrafizexI wtth a saturatexI
aqueous solution of Nail('0», and extmcted with litOAc
(300 mi ) I'he contbined organic phases were concentrated
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under reduced pressure. The residue was purified by flash
colunui chromatography (300 g silica cl column, eluting
st ith 50-90!o EIOAc/heptane) to afliird E14-I (5.8, 95%).
'll NMR (4()0 Mllz, DM)O-ds) 6 9 75 (s. 111). 8 50 (6,

2 S llr,. 111). 7 84 (d,.l 8 8 llz, 111), 7 72 (s. Ill),7 62 (dd,
1=8.8. 3.0 Hz. IH)„7.53-7.47 (m. 2H), 7.45-7.39 (m, 2H),
759-753 (m„ IH). 5.27 (s. 2H). 4.20 (s. 3H).

Step 2. I-(5-(5-(Benzylnxy)pyridin-2-yl)-I-methyl-
Hq-imidazol-2-yl)-N,N-dimethylmetlianamine (E14-

2)

[(17491 A mixture of 1314-1 (4 35 g, 14 K3 nunol) and
diniethylamine (2 M in THF, 44.5 mi . 89 mmol) in DCM
(200 mL) was stirred at mom tempemture for I hour.
NaBH(OAc), (9.43 g, 44 5 nunol) was then added m several
portions and tile i'esultlllg llllxtulc oils stlrrix! Fit riiiilll
tempcraturc Ibr I hour and then quenchixl with 0.5 mL
AcOI I and I ml,ofwater I'he phases were separated and the
organic phase was washed with a saturated solutioa of
NaHCOs and water, dried over sodium sulfate. filtered. and
concentrated The crude product was purified by tlash col-
umn chromatography (330 g sihca gel colunui eluting with
—20-50% MeOH/DCM) to alTord E14-2 (5 g. 99%). 'H
NMR (400 MHz. DMSO-ds) 8 8.39 (d. J=2.9 Hz, IH). 7.63
(d, .I 8 8 I lz. 111). 7 54 7 46 (m, 311), 7 46 7 38 (m. 21 I),
7 39-7.30 (ni. 111), 7 21 (s. 111), 5.22 (s. 21 I), 3.87 (s. 31 I),
3.48 (s, 2H). 2.16 (s„6H)

bined organic phases were washed with a saturated aqueous
solution nf NallCOs (2x50 ml,), water. brine. dried over
Na,SOw fiitered, and concentrated under reduced pressure
to alTiird the product E14 (1.04 g, 2.80 mmol, 65%). 'H
NMR (400 MHz. DMSO-ds) 8 10.36 (s. I H). 8.55 (d. J=2.9
Hz, IH). 7.89 (d, J=S.4 Hz, I H). 7.80 (d, J=S 2 Hz, JH), 7.70
(dd .I 8 8 2.i) ilz HI) 742 (dd J 83 I 911z 111) 7.38
(s, IH). 7.16 (d, 1=1.9 Hz, IH). 3.94 (s. 3H), 3.51 (s, 2H),
2.17 (s, 6H).

Example 7.9; Synthesis of 2-(4-(2-((Dimethyl-
amino)methyl)-I-methyl-I H-unidazol-5-yl)phe-

noxy)-4-ethylbenzaldehyde (E15)

[07521

X ('0,. D'v/F

Step 3. 6-(2-((Dimethylamino)methyl)-I-methyl-
IH-imidazol-5-yl)pyridin-3-ol (E14-3)

[07501 'le a solution of I-(5-(5-(benzyloxy)pyridin-2-yl)-
I -methyl-11 J-intidazol-2-yl)-N.N-diinethylmethanamine
(li14-2. 4 4 g, 13 65 mmol) in MeOJ I (60 ml,) and 1 I IF (20
mL) was added Pd(OH)s (10% on carbon, 0.575 g. 4.09
nmiol) and the resultin mixture was flushed with hydrogen
tluce (uncs and stirred under an atmosphere ol'ydrogen
using a balloon Ibr 4 hours. After complete consump!ion of
a(suing niaterial was observed by I.CM). the reaction
mixture was fhished with nitrogen, filtered through Celitek',
and the ('elitest pad was washed with MeOI I 1 he tiltrate
was concentrated and dried under high vacuum to nflord
E14-3 (2.0 v. -80% purity) and 1.53 (-85% purity) of 14-3
ssluch was used in thc next step without puntication, 'H
NMR (400 MHz, DMSO-ds) 6 10.01 (s. JH), 8.17 (d, J=2 9

I lr,. 111). 7 49 (d, J 8 2 I lz. 111). 7 21 (dd..l 8.7, 2 '3 I lz„

I i I). 7.12 (s. 111), 3 85 (s. 311), 3 48 (s, 21I), 2 16 (s, 611)

Step 4. 4-Chloro-2-(((u(2-((dimethylnmino)methyl)-
I-niethyl-IH-imidazol-5-yl)pyridin-3-yl)oxy)benzal-

dehydc (EI4)

[0751[ A flask containing E14-3 (I . 4.31 nmtol),
4-chloro-2-tluorobmiznldehyde (0.887 g, 5.60 nunol) and
CscCOs (1.824 g, 5.60 nunol). DlviF (5 mL) v,as JJusltcxl
st ith nitrogen duce times tmd heated ai 60'. Ihr 16 h. Once
complete consumption of starting material and tiinnatinn of
pmduct (I,( MS showed product at ta 0 92 min) was
observed„ the reaction mixture was filtered and concentmted
to afl'ord a crude oil The cnide product wns purified by
reverse phase tlash colunm (elutuig 5-80!6 water/ACN with
0.1% NHsOH). Thc fractions contaming die desired product
stere combined and conccntratcxI under vacuum. A saturated
solution of Nal I('Os (50 ml ) ives added and the resultiag
niixture was extracted with I itOAc (2x100 inl.). 1'he cont-

E(4-3

Ei.

[07531 To a mixture of E14-3 (436 mg, 1.972 mmol) and
4-ethyl-2-fhiorobenzaldehyde (300 mg, 1.972 nunol) in
anhydrous DMF (s mL) was added KsCOs (2180 mg. 15.77
nuuol). Thc resultuig nnxturc was hcatcxI aud surrcd at90'.

under an atmosphcrc of niuogeu for &5 h or longer to
allow the reactinn to go to cnmpletinn 1 he reaction mixture
v as cooled to room temperature. diluted with 15 ml, of
v ater. and extracted with 2x13mL of EtOAc. The combined
organic phases stere washed with 3xl0 mL of water, and
2xl 5 mL of a 1.0 N solution of aqueous HCJ. Thc aqiicous
pliascs were combuicd and basilicd with I M KiCO, solu-
tion to afliird a cloudy nnxturc. 11u: aqueous phase was then
extracted with 2x20 ml of EtOAc, dned over sodium
sulfate, filtered, mid concentrated. I'he cnide product was
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purified by flash colunm chromato raphy on silica gel (330
8, column, elutmg tvith 10% MeOI I/O('M) to atford I'.15 as
yellow oil (300 mg, 41.9%).

Step 2, tert-Butyl((5-(4-(5-cifloro-3-fluoro-2-formyl-
phenoxy)phenyl)-I -niethyl-H I-imidazol-2-yl)

methyl)carbamate (E17)

Example 7.10: Synthesi~ of tert-Butyl ((5-(4-(5-
chloro-3-fiuoro-2-formylphenoxy)phenyl)-I-methyl-

IH-imidazol-2-yl)methyl)carbamate (E17)

[I)'2541

[l)7571 To a solution of I 117-2 (1.27 g, 3 05 mmol) in D('M
(20 mL) v,as added Boc,O (I g. 4.58 mmol) tn one portion.
'I'he resulting mixture was stirred at Ifi overnight, and then
another 0.5 eq of BocsO was added to ensure complete
conversion of starung material to product. Thc reaction
mixture v:as then quenched with v, ater and extmcted twice
with DCM. Thc orgmiic phase was dncd over sodnun
sulfate, filtered, and concentrated to afford 1117 as a light
yellow loam (I.S g, 95'!c). The crude product was ol
suflicient purity to be used in the next step without puriti-
Catliill.

E 1 2-1

Kioo,
0VIF

Fl » I

Exampie 7.11: Synthesis of 4-Chloro-2-(4-(4-((dim-
ethylamino)methyl)-5-niethyl-111-imidazol-I-yl)

phenoxv)benzaldehyde (E19)

[l)758[

N

01

E'12 2

Chm itri. m

Step I

PctIOHle

TIIF

Step 2

0

Ftv 2

[07551 4-(2-((tert-Butylamino)methyl)-I-methyl-I H-imi-
dazol-5-yl)phmiol (E17-I) was prepared accoriling io the
pmcedure descnbed in lixample 7 7. )tep I for l3uildiag
block 1112 starting front the corresponding aldehyde and
tert-butvlamine.

0

Step I 2-(4-(2-((tert-Ihitylamino)methyl)-I -methyl-
I I I-imidazol-5-yl)phenoxy)-4-chloro-6-fluorobenz-

aldehyde (E17-2)

Ktuoe
0141

Step I

[0756] The title compound E17-2 was prepared according
to the procedure dcscnbixl ui Example 7.7. Step 2 for
Builduig block E12 stnrung from 4-(2-((tert-Butyiamino)
niethyl)-I-methyl-ill-tntidazoi-5-yl)phenol (E17-I) and I 2

eq of 4-chloro-2,6-difluorobenzaldehyde

OH

F19
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-continued -colt I 111 I I ixl
OEt

0

Fc. AcOH) Ftot I

Step

'19,1

0
F.19

0

Step 1. I-(I-(4-(Benzyloxy)phenyl)-5-methyl-IH-
imitiazo1-4-yl)-N,N-duuethylmcthauanunc E19-2

[0759] The tttlc compound E19-2 was prepared according
to the procedure described in Iixample 7 7, Step 2 for
Building block 1112 starting from E19-I and using 1'I flt as
the solvent.

Step 2. 4-(4-((Duncthylamino)methyl)-5-mcthyl-
IH-untdazol-I-yl)phenol Bl 1-3

E19 B

N.t O,t'NO tn)i
N ('tt 0. Htsot

Step 'I

NH

[0760] To a round bottom flask conutimng E19-2 (1.45 g,
4.51 mmol) and THE (12 mL) and MeOH (12 mL) was
added Vearhnan catalyst (Pd(OI I),. 290 mg, 2 07 nano l) and
the resultin mixture was stirred under an atnxtsphere of
hydrogen for 3 h. Tire reaction mixture was the flushed v. ith
nitrogen. filtered through a pad of Celite x', and concentmted
to afford E19-3 after drying (1.02 n. 98%). The product was
of suflicmnt punty lo bc carutxl lo Ihc next stc7t willa&ul
puniicauon.

0

NeH BnBt) DMF

Step 4

Step 3. 4-Cldoro-2-(4-(4-((dunethylamino)methyl)-
5-ntethyl-111-imidazol-I-yl)phenoxy)benzaldehyde

(1119)

[0761[ 'I he tttle contpound 1 119 was prepared according to
the procedure described in I ixample 7.7. Step 2 for Buildiag
block E12 starttng fmm E19-3.

OH

Example 7 12: Synthesis of I-(4-(Benzyloxy)phe-
nyl)-5-methyl-lH-imidazole-4-carbaldehyde, (E19-

I)

[0762]

F

NO

Onn

E19-D
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-continued
OH

0
8

v ith 10% methanol in DCM. The combined organic phases
v ere dried over Na SOo, filtered. and concentrated under
reduced pressure to afford E19-C as an off-wltite solid (16
64%). The crude compound was used ui next stc7& without
further purification.

Iaooz Ol Xl

step 6

Step 4. Ethyl I-(4-(benzyloxy)phenyl)-5-methyl-
I H-inndazolc-4-carboxylate (EI 9-D)

OBo

FIQ F.

OBo

Flv I

Slap 1. Ethyl S-methyl-I-(4-iuirophcnyl)-JH-muda-
zolc-4-carboxylate (E19-A)

[0763] 'Io a round bottom flask containing I-fluoro-4-
nitrobenzene (100 g. 071 mol) and ethyl 4-methyl-IH-
imidazole-5-carboxylate (101 o. 0.71 mol) in DMF (800
mL) was added potassium carbonate (392 g. 2 84 nmiol) and
the resulting mixture was heated lo 100'. and stirred for
4 h 1 he reaction mixture was then cooled to JCI and poured
into an ice bath to afford a slurry 'I he mixture was tiltered
and the filter cake dned under high vacuum to aiford I:I')-A
as a pale yello'w s&zhd (170 g. 87/o). H NMR (400 MHz,
DMSO-d,): 6 8.42 (d, J=(xg Hz. 2H). 8.01 (s. I H). 7.83 (d,
J=6.S Hz. 2H), 4.27 (q, J=7 2 Hz, 2H). 2.47 (s, 3H). 1.30 (I,
J=7.2 Hz, 2H).

Step 2. Ethyl I-(4-anunophcnyl)-S-methyl-IH-imi-
dazole-4-carboxylate (E19-B)

[0764] 1o a cooled nl&xtme of 1319-A (N5 g. 03i nazi) in
ethanol (700 mL) and in an ice bath was added acetic acid
(200 mL) follov, ed by iron powder (69 g. 1.24 mol). The ice
bath was then removed and the resulting mixture was heated
to 100'. for I h and then allowcxl lo cool lo room
tcmpcralurc Thc reaction mixture was concentrated under
reduced pressure and partitioned benveen DCM and water.
'I'he organic phase was dried over NazSOo, tiltered, and
concentrated under reduced pressure to afford I:19-13 as a
gummy material (55 g. 73%) which was used in the next step
svithout punfication. 'H NMR (400 MHz. CDCI&): 6 7 56 (s,
I H), 7.02 (d, J=8.0 Hz, 2H), 6.75 (d. J=8.4 Hz. 2H). 6.20 (bs,
2H), 4.38 (q, J=7.2 Hz, 2H), 241 (s. 3H), 1.41 (t, J=7.2 Hz,
211)

Step 3. iithyl I-(4-hydmxyphenyl)-5-methyl-111-
imidarole-4-carboxylate (I I19-C)

[0765] To a cooled mixture of E19-B (25 g, 0.10 mol) in
water (2 I ) and in an ice bath was added sulfuric acid (35%,
100 ml )

'I'he resulting niixture was stirred for 10 min before
NaNO, (14 g, 0.23 mol) v as added. The reaction mixture
was stirred at 0" C. for another 10 min and urea (C&.13 g. 0.10
mol) was added. The m&xuirc was then allowcsl lo warm lo
RT and an aqueous soluuon of Cu(NO,)z(370 g. 1.53 mol,
0.5M) was added, followed by sohd CusO (7.3 g. 0.05 mol).
'I'he resultin mixture was stirred at I(f f&zr 3 h and then
quenched &vith aqueous amnionia and repeatedly extracted

[0766] To an ice-cold suspension of NaH (2 85 g. 71.4
nunol) ui DMF (75 mL) was addcxl a solution of EI9-C(16
g. 65 mmoi) in DMF (75 mL) and the resulting mixture was
allowed to warm to RT mid then stirred Rzr I h bcforc benzyl
bmmide(13 3 o. 7N mmol) v as added 'lie reaction mixture
was stirred at RT Ihr )2 h. quench&xi with icc-cold water, and
extracted twice with i&IOAc. 1he organic phase was dried
over Na,SOo. filtered. and concentmted under reduced pres-
sure 'I'he co&de product was purihed by flash column
cluomatography (eluting with 40'/o EtOAc in ether) to afiord
E19-I) as a pale yellow solid (8, 37'/o) 'l l NMR (4(N)

MHz. CDCi&): 6 7.50 (s. IH), 7.48-7.36 (m, 5H). 7.18 (d,
J=S.S Hz, 2H). 7.08 (&L J=8.8 Hz, 2H), 5.12 (s, 2H), 4.39 (q,
1=7.2 Hz, 2H). 2.43 (s, 3H). 1.42 (t, J=7.2 Hz. 2H).

Step 5. (I-(4-(Benzyloxy)phenyl)-5-methyl-IH-
imidazol-4-yl)methanol (E19-E)

[0767] To a cooled solution of B19-D (10 g. 30 nunol) in
THF (150 mL) and in an &cc bath was added DIBAL-H (Hvi
in toluene, 98 mL, 98 mmol) and the resulting mixture was
stirred in an icc balf for 2 h mid then quenched with water
(21 mi.) and 15% aqueous solution of NaOJ I (Cz ml.) 1'he
reaction mixture was then warmed to RT gradually, surred
for 15 min. filtere, and the nitrate was concentmted under
reduced pressure to afi'ord E19-E as an off-v hite solid after
drying (8 g, 91%) 'l I NNII( (400 Ml lz, l)MSO-d ): &S 7.59

(s, IH), 7 48 (d. J=6.8 Hz. 2H). 7 41 (t. J=7.2 Hz. 2H),
736-730 (m, 3H), 7.14 (dd, J, =20 Hz, Js=6 8 Hz, 2H), 5.17
(s, 2H). 4.70 (t, 1=5.G Hz, IH), 4.34 (d, J=5 6 Hz, IH). 2.09
(s, 3H).

Step G. I-(4-(Benzyloxy)phenyl)-S-methyl-IH-uni-
dazole-4-carbaldehyde (I:19-1)

[0768] To a solution ofoxalyl chlondc (4.7 mL, S4 nunol)
in CHzCI, (80 mL) cooled to -78'. w as added DMSO (7.7
mL, 108 nunol) dropw isa. The resulting mixture was stttrcxi
at — 78" ('or 10 min before a solution of E19-li (8 8, 27
nunol) u&CHzClz (60mL) was added dropw&sc Thc reaction
nuxture ives stirred at —7N''or 10 min and then EtsN (23
mL, IC&2 mmol) was added dropwise. The reaction mixture
v as allowed to warm to RT, stirred for &3 h, diluted ivith
water. and extracted with DC:M twice. The combined
organic phases were dried over NasSOo, Iilter&sk &md con-
centrated under reduced pressure to afi'ord a cnlde product.
The crude material seas purified using a Cirace prep HPLC
system (cluting with 0-100/o petroleum ether/EIOAc) lo
alford EI9-I as an oi'f while solid after conccntralui Ihe
pure I'ractions under rcduc&xi prcssure (4 g, 50%) 'H NMR
(400 Ml lz, ('DCJ,) 6 B.NS (s, 111), 7.92 (s. 111), 7 49-7.35
(m, 711), 7.19 (d, I 6 8 Iiz,. 211), 5.19 (s, 211), 2.39 (s. 311)
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Exantple 7.13 Synthests of d-Chioro-2-(d-(2-((dim-
ethylamino)methyl)-I-methyl-I I I-imidazol-5-yl)
phenoxy)-(w(2.2„2-trifluoroethoxy)benzaldehyde

(E22)

[0769]

H

F C+

CI

/i /['
K.COe
NNIP

so I

F13

.~/i / ~1'

Cl

Ecc

Est-I

Deactlth teauac,
Fh BH(0,1 It.

DCM

Step 2

Pd(OH(, He

MeOHTHF

[0770] To a mixture of E13 ((1.6d g, 3.81 mmol) and
potdsstum carbonate (2.63 g, 19.03 nunol) in NMP (10 mL)
tvas added 2,2,2-trifhtoroethanol (1.25 mL. 17.29 nunol) in
one portton Thc rcactton was heated to 80'. untler mt N,
atntosphere overnight, cooled to POI'nd diluted tvith I ttOhc
(150 mL). The orgm»c phase was washed w 1th H,O (I x100
ntl.. Ix75 ml,), saturated aqueous Nal I(:0, (50 ml,), and
bnnc (50 mL), dried wtth NaaSOc, Iiltcrctl, and concmttratcd
in vacuo to provide a dark orange oil 'I'he crude otl wac
purified by fiash column (eluting with 106e MeOH 90%
I)( M tvith I "/e 'FI!A) to atford E22 as a tan oil after
concentrating the pure fmctions (1.02 g. 1.96i nunoi. 51.6%).

Exantple 7.1d Synthests of d-Chioro-2-(d-(2-((dim-
cthylannno)methyl)-I-methyl-IH-imalazol-5-yl)-3-

fiuorophenoxy)benzaldehyde (E23)

0

Step 3

Kccov DMI .

Step d

[0771]
OH

HO~ ~OH
B

Pd(PPhtlc.
N.t ('Os

DMF

Step I

Bt

E23
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Step l. 6-(4-(Benzyloxy)-2-fluorophenyl)-I-methyl-
111-imidanlle-2-carbaldehyde (I'.23-1)

-conltnttixl
6

[07'72] The title compound E23-I was prepared according
to the procedure descubed m Itxatnple 77. Step I fi5r

Building block E12 starting from 6-bromo-I-methy)-IH-
imidazole-2-carbaldehyde and (4-(benzyloxy)-2-fluorophe-
nyl)boronic acid.

Step 2 to 4. 4-Chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-imidazol-6-yl)-3-fluorophc-

noxy)benzaldehyde (E23)

)leo.
4 oH

Step 3

[0773] 1 he title compound was prepared according to the
procedure described in Example 7.8, Steps 2 to 4 for
Butldutg block B14 starling from E23-1.

Example 7.16 Synthesis of 4-Chloro-2-(4-(6-((duu-
ethy)amino)methyl)-4-methy)-4H-1,2 4-tr)azo)-3-yi)

phcnoxy)bmtzaldehyde (E26)

1.'26 2

[0774]

NH

NH

N=C=S/
I petetctttl:list)176c

2 Mco.. THF

Step 4

St«p I

L26 3

Me~
I H

H

N~ N~

Step 2

St pst 7

L26-4
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-continued

0
L26

Step 4. 5-(4-(Benzyloxy)phenyl)-4-methyl-4H-1.2.
4-tuazole-3-carbaldehydc (E26-4)

[0778J Step 4-1 I'o a mixture of l&26-3 (433 mg. 1.(&3

mmol) in o-xylene (2 mL) was added paraformaldehyde
(250 mg. 832 mmol) at RT. The react&on m&xture was heated
to 125'. Ibr 3 h. The result&ng slurry was cooled to RT.
taken up in DCM, Iiltcrcd tluough u pad of Ccl&tcgi and thc
filtmste was concentrated. I'he crude product was triturated
v ith MeOI I, filtere. and dried to afi'ord the alcohol inter-
mediate as a white solid (447 mg. 93%)
[0779] Step 4-2. To a mixture of thc alcohol from Step 4-1

(447 mg, I.SJ mmol) u& THF (6 mL) was added mangancsc
dioxide (I 49 g, 171 n&mol) at RT. 'I he resulting m&xture was
stirred at Kl'vernight before being hltered thn&ugh a pad of
('elite)t and the Iiltrate ives concentmsted to dryness 'I he
cnide product &vas purified by Iiash column chromatography
(eluting with 0-60%v DCM/ACN) to aff'ord E26-4 after
concentrating the pure free&&ons (98 mg. 20%) under reduccxl
prcssure.

Step I 2-(4-(Benzyloxy)benzoyl)-N-methylhydra-
zu&ccarbothiomnidc (E2G-I)

[t)775] 1o a micmwave vial containing 1-(benvyloxy)ben-
zohydmszide (556 mg. 230 nunol) &vas added THF and
isothiocyanatomethane (185 mg, 2.52 mmol). The resulting
nuxturc was hcuted gently w&th heat gun to afiord a clmir
hqunl, bclorc bcu&g hi ati il to 130 C. u& a nutTowavc Jor 10
n&in 1 he resulting wh&te slurry ives cooled to Ri; tiltered,
and washed ivith JitOAc to afii&rd )126-1 as a ivhite solid
afier drying (656 mg, 91%) 'I'he pmduct was carried to the
next step tvithout purificatio.

Step 2. 5-(4-(Benzyloxy)phenyl)-4-methyl-2.4-di-
hydro-3H-1.2,4-triazole-3-thione (E2(i-2)

Step 5 to 7 4-('hloro-2-(4-(5-((dimethylamino)
methyl)-4-methyl-41 1-1,2.4-triazo1-3-yl)phenoxy)

benzaldehyde (E26)

[0780J 1he title compoiu&d i&26 ives prepared according to
the procedure described in Example 7 8, Steps 2 to 4 for
Bu&ld&ng block B14 fron& E2(i-4.

Example 7.16: Synthesis of tert-Butyl 3-(S-(4-(S-
chloro-2-Ihm&ylphenoxy)phenyl)-I-methyl-IH-&mi-

dazol-2-yl)azetidine-I-carboxylate (I 127)

Step l. 4-(I-Methyl-IH-in&idazol-5-yl)phenol (E27-
I)

107811

[0776] To a m&crowave vial coniauun E26-I (6S6 mg,
2 08 mmol) ivas added a solution of NaOI I (2 M. 9 26 ml „

18 51 mn&ol) 1 he resultmg m&xture ives capped, heated to
150" C, in the micmwave for 5 min, cooled to RT. neutral-
ized with AcOH. and extracted three times with E&OAc. The
con&bined or an&c phases washed with brine. dried over
sod&um sullbte, Iiltercd, and conccntratcd to ailiird E26-2 as
a crude product (600 mg, 97%). 11&c product was cerned to
the next step without purification

Step 3. 3-(4-(Benzyloxy)phenyl)-4-methyl-4H-1,2.
4-triazole (I &2(i-3)

[0777] To a cooled mixture of E2G-2 (600 mg. 2.02 mmol)
in DCM (4 mL) m&d &n an &cc bath was added a solution of
hydrogen pcrox&dc (35%, 0.393 mL, 4.48 nunol) and acetic
acid (3 mL. S2 5 nunol) dropw isa. Thc resulting mixture was
then warmed to ITI and stirred overnight 1'he reaction
mixture ives cooled usmg an ice bath and NaOJ I (2 M) was
added dropwise unt&l the pH was -10 to afiord u biphasic
layer. The sepamted aqueous phase was extmcted twice with
DCM. 11&e combnuxl orgmuc phases werc dried over sodn&m
sulfate. Iiltcrcd. and conccntratcd. Thc crude product was
punliml by Ilash colunu& cluomatogcaphy (cluung w&th
0-10%a I)( M,'MeOI I) to alford E2(i-3 after concentratiag the
pure fmsctions (433 n&g, 81 "ltl).

HO 0&I
B

OI I

P t(PPS&ii
Se I:0&

DMF

OTBDPs

F2 2

OH

L'2& I

llullL . I

IH&

Step I

TBDPSC&
DMXP
DIP F.X
Dmt

S'tep
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-continued
I

I 8 — Bcc

IMS('I
14-dcbccswcrlmsc

Pd/dpptj I:I

Step 4

oppnrs

I (SF.D'vIF
2 K,(.OS nidF

EtOAc and haif-saturated sodium bicarbonate solution, and
the aqueous phase was cxtractcd with EtOAc (2x). The
combrncd organic phases were waslmd vvrth half-datura(ex)
aqueous solution of sodiunl bicarbonate solution (2x), water
(2x). mid brine, dried over sodium sulfate. filtered. and
concentrated. The crude product was punfied by fiash col-
unul chromatography on silica gel (elutin impurities first
with 1008 c acetone, then 0-10% MeOH in DCM/MeOH) to
provide E27-2 (2 g, 4.85 mmol. 28.1%) after concentratulg
thc pure fractions under rcduccd prcssure.

Step 3. 5-(4-((tert-Butyldiphcnylsilyl)oxy)phenyl)-
2-iodo-I-methyl-111-imidazole (li27-3)

[0784] To a solution of E27-2 (1.85 g. 4.48 nunol) in THF
(44 8 mL) was added n-butyllitluum (2.152 mL, 558 nunul)
dropwisc at 0" C. Io aflbrd a dark nuxturc Aficr stirring lhr
30 nun at O'., thc reaction mixture was coo)cd to —78'.
and iodine (I 423 g, 5.60 mnlol) in '1111'5 ml.) was added
dmpwise I he resulting mixture was stirred at —78" ( for I

h. quenched by addition of lvater. and concentrated to
remove the bulk of the THF. EtOAc was added. The organic
phase oils washerl with dqrli:orts sorhllnl thiosulfate dull
bone, drwd over sodium su)lite, liltcred. Snd concentrated.
Pumiication by flash column chromatography on silica gcl
(eluting with 0-10(7% I itOAciheptane) provided E27-3 (1.98
8, 3 68 nlmol, 82%v)

OTBDPS

627 4

p

Step 4. tert-13utyi 3-(5-(4-((tert-butyldiphenylsilyl)
oxy)phenyl)-I-methyl-I H-imidazol-2-yl)azetidine-I-

carboxvlate E27-4

F.I7

[0782] The title compound E27-I vvas prepared according
to the procedure dcscnbixi ul Example 7.7. Step I for
13uilding block I:12 starring fmm (4-hydroxyphenyl)boronic
acid and 5-bronlo-I-methyl-I I I-imidazole

Step 2 5-(4-((tert-13utyldiphenylsilyl)oxy)phenyl)-
I -methyl-111-imidazole (I'.27-2)

[0783] To a soluuou ol'E27-I (3, 17.22 mmol) ul DMF
(344 mL) was added DMAP (0.526, 4.31 nmlol) and
Humg's base (DIPEA, 9.02 mL, 51.7 mmol), I'el)owed by
tert-butyldiphenylsilyl chloride (5 31 ml „20 (77 mmol). 1 he
resulting mixture was stirred overnight and then diluted v ith

[0785] To a suspension of zmc powder (I 821 g, 27 9

nunol) in I )MA (8 nil,) ives added 'I'MS('I (0 237 m) „1.857
nunol) and 1,2-dibronloethane (0.160 ml., I 857 mmol) and
the resulting mixture stirred for 15 min. tert-Butyl 3-iodo-
azetidine-I-carboxylate (2.58 mL. 14.86 mmol) was then
added dropwisc as 4 solution ul DMA (4 mL) and thc
reaction mixture heated Io 35'. with stirnug for I h. To a
nuxture of E27-3 (I g, 1.857 mmol), Pd(dppf), (0 152 g,
0 186 mmol), and copper(1) iodide (0 071 8, 0 371 mmol) in
I)MA (8 ml.) under an aunosphere of nitrogen was added to
the zulcate mixture and the resulting mixture was stirred at
85', for 2 h and then at room temp overnight. The reaction
nuxturc was palfifioned bctvvccn EtOAc and HSO. The
organic plmsc was washed with HSO (x3), and the combrncx)
aqueous phases v, ere extracted v ith litOAc 1 he combined
organic phases were washed with brine, then dried
(NasSOS), filtered, mid concentmted in vacuo. 11le crude
product was purified by flash colunul chromatography on
silica gel (eluting with DCM/MeOH. 0-10%) to aflord the
desired product contaulmg some impumties. Thc matcnai
punlied agaul by fldsh colunul chromatography (sihca gei
cohunn; I leptane/EtOAc 0-I(XP/) to afford I)27-4 after
concentrating the pure fractions (220 nlg, 0387 nuuol,
20 9%).

Step 5, tert-Butyl 3-(3-(4-(5-chloro-2-formylphe-
noxy)phenyl)-I-methyl-I H-unidazol-2-yl)azcudulc-

I-carboxylate (E27)

[0786] To a nuxturc of E27-4 (137 mg, 0.241 nunol) and
4-chloro-2-tluorobcnzaldchyde (42 mg, 0.265 nunol) in
DMF (2.4 mL) was added cesium fluondc (55 mg. 0.362
nunol) and potassium carbonate (50 nlg. 0 362 mmol) at RI''he

resulting mixture was then heated to 90" C overnight,
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cooled to RT. and filtered The filtrate was taken up in E&OAc
and tvashed with a saturated solution of sodium bicarbonate
(x2) and brine. dried over sodium sulfate, filtered. and
conccnirdicd Thc crude product was con&bu&cxl w&1h another
batch of material (total 0.4I7 mmol) and purified by flash
colunu& cluomaiography on sihca cl (cluung with 0-60%
I)( M&A( N) to atford I:27 after concentrating the pure
fractions under reduced pressure (110 mg, SG%).

-Col&tllulixl
('n)

Step 4 te .

Exmnplc 7.17. Synthcs&s ol',4-D&thioro-6-(4-(1-
methyl-2-(pyrrol&din-I-yln&ethyl)-111-imidavol-5-yl)

phcnoxy)bm&zaldehyde (E29)
OH

E31-3

[(1787J

Eip
N

[0788[ The title compound E29 was prepared accord&ng to
thc procedure dcscribixl u& Example 7.7, Step 2 fi&r Building
block E12 start&ng from the corresponding phenol and 2

equivalents ol',4,6-&nfluombcnzaldehyde. After workup
and purification. E29 v as isolated as I: I mixture of reg&oi-
somers contauiing both thc des&red product E29 and 2.6-
diflnoro-4-(4-(I -niethyl-2-(pyrrolidin-I-ylinethyl)-111-&nn-
dazol-s-yl)phm&oxy)bcnzaldehyde.

0 F

L31

[117891

E3 1-1

CHO
HO~ OH

B
Pdtpptt&li. Ne&OO,

DMF

Example 7.18. Synthcs&s of 4-Chiom-2-(4-(2-((dun-
ethylaniuio)niethyl)-I -ethyl-111-imidavol-5-yl)phe-

noxy)-G-iiuorobenzaldehyde (E31)

Step I. (5-Bromo-I-ethyl-IH-imidazol-2-yl)metha-
nol E31 I)

[1)791)J Io a n&ixture of (I-ethyl-111-ini&dazol-2-yl)metha-
nol (4 o, 31.7 mmol) in 'I'I II'85 ml ) was cooled to —20'
(dry ice in 30% MeOII in tvater) was added NIIS (5 34 g
30.6 mmoi) portion wise over 30 min and the resultin
m&xture &vas stirred at -20" ( 2 and slowly v armed to 0 to 5"

C. over 4.5 h. Thc cooluig bad& was removed. The react&on
nuxturc was st&rrmi dt RT ovem&ght and qucnchcd with 60
ml, saturated aq. sodium bicarbonate at R'I'nd stirring was
em&tinued for 30 min. 'I'he mixture was concentrated to
remove most of the 1111& and then extracted with EtOAc
(x3). The combined organic phases were washed with a
saturated aq.NaHCOe. dried over sodium sulfate, filtered,
dill Col&CC&lt&'il&Cd to iiflold d Cltldl: solid wll&CI& Wds 1&liilldiixl
with E&OAc. Iiltcred, and waslmd w&th a small ammu&i of
EtOAc to afford 1131-1 as a v hite solid after dryuig Addi-
tional pmduct was obtained from the filtrate I'he filtrate was
concentrated under reduced pressure and purified by flash
colunui cluomatography on silica gel (eluting with 0-100%
DCM/ACN) to afford another batch of product (total 2.5
of product. 39%)

Bt

L31 OH

Step 3 S&L7& 2.
5-13romo- I -ethyl-I I-imidazole-2-carbaldehyde

(I B1-2)

[l)791[ To a mixture of E31-I (2.18 g. 1063 mmol) in
D(.'M (42 ml,) cooled in an ice bath was added Bess-Martin
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periodinane (9.02 g. 21.26 mmol) in several portions over 10
min and the resultinp niixture was stirred at 0" C tiir 30 min,
and then gradually v armed to RT and stirred for 3 h. The
reaction nnxturc was quenched with aq. sodnun tluosulfate
(27.6 mmoi) and sodium bicarbonate (52.1 nunol) to alford
4 gununy nnxturc suspcudcd in a shgluly basic solution. Thc
niixture ivas tiltered. washed thoroughly with DCM to afford
a biphasic Iiltratc. Thc separated aqueous phase was
extracted three times with I)( M 1he coinbined organic
phases werc dried over sodium sulfa ie. Iiltercdc and concen-
trated 'I he cntde product w:as purified by IIash column
clm&matography on silica gel (eluting with 0-35% EICxecc/

I leptane) to aiibrd I:31-2 as a crystalline solid after concen-
trating the pure fmtctions under reduced pressure (1.97 g,
91%).

Step 3. I-Ethyl-5-(4-hydmxyphcnyl)-I H-unulazolp-
2-carbaldehyde (E31-3)

HO~ ~OH
B

0

FB4 2

0 II

c u6uu

634 3

Pdi (cote, a ph ..
Kicoi

I cxscleoicter

Step 3

[t)792] 1 he title compound was prepared according to the
procedure descnbed in Example 7.7. Step I iiir Building
block E12 startuig Iyom E31-2 mid (4-hydroxyphmiyl)bo-
romc acid.

Step 4 to 5. 4-Chloro-2-(4-(2-((dimethylamino)
methyl)-I-ethyl-IH-unidazol-5-yl)phcnoxy)-6-iluo-

robenzaldehvde (1131)

i. Ms('I,
DIPF:3. DOM,

2. Dsncitl 'I:eTlslc,
DMF.

Seep 4

[0793] The title compound was prepared accorrling to the
procedure descnbed in Example 7.7. Steps I and 2 for
Builiiuig block E12 starting Ihom E31-3.

Exmnple 7 19. Synthesis of 4-Cldoro-2-((5-(2-((di-
methylmnino)niethyl)-I-methyl-111-imidazol-5-yl)

pyridui-2-yl)oxy)bciizaldchyde (E34)

[tl'2941

HO

0/
0

Br

Pdidppq('I, K04 .

»p s d eence

Si p2

F34

0
F'34 I

p l. 2-((5-Bromopyridin-2-yl)oxy)-4-chloroben-
ildchviic E34 i

[0795] To a mixture oi'4-citloro-2-hydroxybcnzaldchvde
(5 g. 31 9 mmol), ccsnim cnrbonatc (10.41 g, 31.9 nunol),
and l)ME (30 ml,) in a thick ivalled plass vessel was added
5-bromo-2-fluoropyridine (6.74 g. 3g 3 mniol) at Ifl'he
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resulting mixture was then flushed with nitrogen. sealed. and
heated at 110'. for 17 h. Thc reaction m&xture w as cooled
to RT. Iiltcrcd, and conccntratcd. The crutlc protluct was
purified by tlash column chromatography on silica gel
(eluting with 0-20% acetone/heptane) to atford 1134-1 (7 6 g,
85;e purity, 65'/e) after concentrati&tg the pure fractions
under reduced pressure

Step 2 (6-(5-(1&lorn-2-fonnylphenoxy)pyridin-3-yl)
boronic acid 1134-2

(eluting with MeCN/water. 0.1/'e NH4OH) to give E34 after
concentrating the pure fractions (50 mg, 42%).

Example 7.20: Synthcs&s of 4-Chloro-2-(4-(2-
((ethyl(1-mcthylcyclopropyl)amino)methyl)-I-

methyl-I H-&mulazol-5-yl)phm&oxy)-6-fluorobcnzal-
dehyde (I &36)

[08001

[0796] A mixture of bis(pinacolato)diboron (5.41 g. 21.31
nunol), E34-I (3.33 g, 10.65 mmol). Pd(dppi)CI,. (0.870
1.07 mmol) and KOAc (2 091 g. 21. 31 mmol) m dry d&oxaue
(30 mL) was flushcd with nitrogen tlupe nmcs. 11&c result u&g

n&ixture was heated at 100" C. for 3 hours under a nitrogen
atmosphere and then filtered and concentrated. 'I'he cn&de
product puriiied by reverse-phase colunu& chromatography
(C18, eluting with 20-70% MeCN/water, 0.1% NHeOH) to
afli&rd E34-2 as the boronic acid after concentrating the pure
fractions under rcduccd prcssure (1.22 g, 418/e).

(5/Bromo-I-methyl-H-imidazol-2-yl)methanol
E34-3

[0797] To a solut&on of 5-bromo-I-methyl-IH-&midazolc-
2-carbaldchydc (2 g, 10 58 mmol) in IvieOH (30 mL) cooled
in an ice bath, was added sodium borohydride (0 801 g,
21 16 mmol) in several portions. 'I he resulting mixture was
stirred in an ice bath for 60 min and then quenched v.ith
&eater and MeOH at 0" C. and concentrated in vacuo to
dryness. The result&n residue was purified by flash chro-
&uatogmphy (eluting w&th 0-40% DCM/M643H) to aflhrd
E34-3 after coucentraung tlm pure Ibactions untler reduced
pressure (2 g. quantitative yield)

Step 3. 4-Chloro-2-((5-(2-(hydroxymethyl)-I-
methyl-IH-im&dazol-5-yl)pyndin-2-yl)oxy)bcnzalde-

hyde 1131-4

[(17981 'I 0 a mixture in a microwave vial containing I '34-3
(0.392 g„2 054 num&l), E34-2 (038, 1370 nuuol) and
dioxane (6 mL) and flushed with nitrogen was added a
prc-m&xed soluuon of Pd(OAc)& (0.031 g. 0.137 nunol) and
(4-(N.N-dinu:thylam&no)phenyl)d&-tert-butyl phosphinc
(APhos, 0.087 g, 0.329 mmol) u& 2 mL d&oxanc (flushed with
nitmgen) followed by potassium carbonate (] 2 M aqueous
solution. 3.42 ml e 4 11 mmol) 'I'he resulting mixture was
flushed &vith nitrogen three times and heated at 120' for
16 hours. The reaction mixture was Iiltered and the filtrate
punlirxi by rcvcrse-phase column chromatography (elutu&g
with 50-100'/e McCN/water, 0.1% NHeOH) to aflbrd E34-4
aflcr conccntmting thc pure Ibactions under reductxl prcssure
(120 mg, 26%)

OI I

8& I

6'I I0

Me&3H

Step I

OH

E36-I

0
ST&n, vt OII

Step 3

Step 4. 4-Chloro-2-((5-(2-((dunethylamino)methyl)-
I-methyl-IH-unidazol-5-yl)pyndin-2-yl)oxy)bcnzal-

dehyde 1134

[t)799] 1o a solution IB4-4 (110 &ng. 0.320 nunol) and
DIPEA (0.140 mL. 0.800 mmol) in anhydrous DCM (3 mL)
at O'. was added methanesulfonyl chloride (0.037 mL,
0.480 mmol) and thc resulting nuxturc was st&rrcd at roon&

tcmpcraturc for I hour. D&methyl tunu&e (130 m, 1.600
mmol) u& DMF (2 mL) was then addtx! m&tl thc re&mt&on

n&ixture &vas stirred at room temperature overnight and then
purified directly by reverse-phase column chromatography

OH

E36-3

0 F

Step 3
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8

TABLE 7A

BB
Vo yu'nctlnc'Z hens .'d nunc

[0804] The following intern&ed&ates were in Table 7A
prepared according to d&e procedures described herein above
procedures using the appropriate stamng materials unless
otherw&sc &nd&catmL

CI

CI

0 F

4-6 hlo&o-2-( 4-( I -&ncthvl-2-

(pyrr lido&-I-vln&ethlll-IH-n&nd&znl-

4 yllphen xvlhenzaldehyde

I 3S 0

SIL7& l. 4-(I-Methyl-2-(((I-mcthylcyclopropyl)
an&ino)n&ethyl)-H I-imidazol-5-yl)phenol I'.36-1

0

[0801] To a mixture of E3-I (SOO mg, 2.47 nunol),
I-mcthylcyclopropanamu&c (2GG mg. 2.47 mmol). u& MeOH
(30 ml,) yves added I)IPEA (0.864 ml,. 4 95 mmol) The
resulting mixture was st&rred at RT fi&r 2 h and then cooled
using an ice bath. Nal3114 (131 mg. 3 46 mmol) was added
in smail portions and the reaction mixture was wam&ed to RT
&yith stirring for I h and then concentrated under reduced
prcssure. The crude product was iaken up m water and
cxtrnctcii tw&cc w&th EIOAc Thc separated orgamc phase
was yvashed with brine. dried over sodium sulfate. tiltered,
and concentrated to afford a solid 'I'he solid yves taken up in
I I ACNlwater and then freeze dried to afford I'36-1 as a
beige solid which was used in the next step without further
purification (570 mg. 90%).

Esp H

0

4 Chloro 2 ((6 (2

HdnnethyL&rn n jmed&&ll I methyl

&H mdaz I 4 ynpyrdn& 3 ylloxyl 6

II oroh«nrali«t&vl

Step 2. 4-(2-((Ethyl(1-mcthylcyclopropyl)anuno)
methyl)-I-methyl-IH-unidazol-5-yl)phenol (E36-2) Cl

[0802] A m&xturc of ncetnldehyde (924 mg. 20.98 mmol)
and E36-I (270 mg, 1.049 nuuol) u& anhydrous MeOH (5
mL) was surrcd at room tcmpcrature for I hour. Sodn&m
triacetoxylx&rohydmde (I 6& 8, 7 34 mmol) was added and
stirring was continued for an additional I hour 'I'he reaction
mixture was concentrated and EtOAc (100 mL) was added.
The organic phase was washed with water (2x50 mL). brine
(50 mL). dncd over sodium sulfate. Iillered and concentrated
to dll'ord E36-2 (0 30 g, 100%o yiekl) wluch was carried to
Ihe next step without purilical&on.

E46 H

0

4-Chlnrn-2-(16-i 2-

0 I rnethyL&rn n jmed&yll I methyl

&H mdaz I 4 ynpyrdn& 3 ylloxyl 6

II oroh«nrali«t&vl

Step 3. 4-Chio&0-2-(4-(2-((ethyl(I-n&ethylcyclopro-
pyl)amino)methyl)-I-methyl-IH-imidazol-5-yl)phe-

noxy)-6-fluorobcnzaldchyde (E3G)

[0803] The t&tlc compound E36 was prepared accordu&g to
thc procedure dcscribixl u& Example 7.7r Slap 2 fi&r Building
block E12 starting from i(36-2 and 4-chloro-2.6-difluo-
robenzaldehyde

Cl

i4 (21&r I In I ylm th Il I

rn«lh&i it& &miiL CI & l)Ph r ylm
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TABLE 7A-contmuc(1 TABLE 7A-contutucd

BB
Vo Structuic(C'henucai n:unc

BB
Vo

)4

0

2-i4-( -IIDuncthylamrnolnrcrhvl)-I-
rncthyl-)H-rm dazol-4-

)l)phcnosy)t cnzaldchydc

2

2-i4-(2-i(Dnncth lanuno)methyl)-I-
ru«ih)I iti imi(t o) o Bph r y)%

ethylbenzaldehyde

Example 8: Miscellaneous Buildin Blocks and
('ompounds

I 41

tert-Butyl(io-(4-( -cltloro--
fiumylphrm yiph yll I m Ihvl

[0805] The expeumcnla1 procedures dcscrlbux) herein
beloyu in l(xamples F and 0 can be used for the synthesis of
linear and the corresponding cycle peptides The linear
peptides can be assembled on solid phase and in solution
The building blocks used for the syntheses are summarized
iu Extunples 1-7 hcrcin above and ut Example 8 bcioyy.

CI

lm( II Iyl!I') (4!4 hlo
fiumylphrm yiph yll I m Ihvl

vllrnethvl!()nethyl) .ubanarte

Example 8.1. Synthesis of tert-butyl (R)-3-((S)-3-
((4-chloro-2-(4-(2-((2-(2-ethoxyethoxy)ethoxy)

mc(hyl)-1-methyl-1 H-imtdazol-5-yl)phcnoxy)bcn-
zyl)-i,-alanyl)-2,2-dimethyloxazolidine-4-

carboxamido)-3-(4-chlorobcnzyl)-pipeudutc-1-
carboxylate trifluoroacetate (104B)

[0806]

0

110

THF, toluene
I. y d

st«p I 0

0

I DIBA D(bM
I. ptt mr

V

1
2 D eth,lena I, ol

et))I'I et)re(
rt 41'I' dish

SUB

0)
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-cnnl utu c«I

B

0

)D4B

Ol

Step 1. (S)-Ilenzyl 2-((chlomcarbonyl)oxy)-3-phe-
nylpropanoate (104A)

[0807J 'ln a solution of ())-benzyl 2-hydroxy-3-phenyl-
propanoate (25G mg, I nunol) in THF (2 mL) was added to
20% phosgene ut toluene (3 00 mL, 5.70 mmol) at O'.
under an Ns-atmosphere and the resultin mixture was
surrcd for 26 h aud then allowed tn wamt to rt.

[0808] Additional 20%« phosgene in toluene (1.997 mL,
3.SO mmnl) was added mtd stirnng al n was con«cued for
3 d 22 h. 1'he reaction mixture was concentrated tn dryness
in vacuo lo alTord 104A (297 mg, 0.932 nmtol, 93% ytcld)
as a yellowish nil 'I'he co)de product was used in the next
step without purification.

I lxample 8 2: Synthesis of tert-butyl
(S)-2-amino-4.4-difluorobutanoate trifluoroacetate

(5SB)

[0811]

0
0
8

FY

Step 2. tert-Butyl (R)-3-((S)-3-((4-chlnrn-2-(4-(2-
((2-(2-ethoxyethoxy)ethoxy)methyl)-I -methyl-111-
imidazol-5-yl)phenoxy)benzyl)-L-alanyl)-2.2-dim-

ethyloxazolidine-4-carboxamido)-3-(4-chlnmbenzyl)
piperidine-I-carboxylate trifluoroacetate (104B)

[0809] Step 2-1 To GOI3 (100 Iunol) dissnlved in D('M (4
mL) was added DIEA (0 070 mL, 400 nmol) and 104A (49 4

mg, 155 pmnl) aud llm resulting mtxlure was stirred lbr 90
min at rt.

[0810] Step 2-2. Dtclhylenc glycol ethyl after (26.8 mg,
200 Iunnl) v as added to the ntixture from Step 2-1 and the
resulting mixture was stirred for 16 h at rt Additional
diethylene glycol ethyl ether (26.8 mg, 200 umnl) was added
and stirring was continued for 23 h at 45" (2 Diethylene
glycol ethyl ether (215 mg, IGOO lumil) was addi«I and
surring was contutucd Ibr 3 d 23 h al 45'. Thc rctmlion
mixture was then concentrated in vacuo. The co)de product
was purified by preparattve reverse-phase I IVI,('eluent A

0.1% TFA ut H 0, clue«1 B: ACN). Pure Ibacttons were
combuted and lyophtltzcd to aflitrd 104B (29 mg, 243 pmol,
24%« yield) as a wlute solid. Analytical method 9: 1«=4.57
nlin: [M+I IJ+ 965 3

g„k
01

Oe.e:mP.
'Y

BF, Et O. THF

tt,7 S

Step 1

0 4). tt,4« «v«

Step 2

'Y
SSB
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Step 1. tert-Butyl (S)-2-((((9H-fluoren-9-yl)
methoxy)carbonyl)amuio)-4r4-difluorobulanoalc

(58A)

]0812] To a solution of (S)-2-(Fmoc-amino)-4.4-difluo-
robutanoic acid (361 mg, I nuuol) in THF (10 mL) was
added tert-butyl 2,2,2-trichlonyacetirnidate (0 537 ml . 3 00
mmol) and BF„OEts (0.025 mL, 0.200 nmiol). Thc resulting
mixture tvas stirred for 7 h at rt, and then partitioned between
EtOAc (60 mL) and 5% aq. NaHCO, (20 mL). The organic

phase was wasluxl with 5% aq. NaHCO, (2x10 mL). 5% aq.

KIISOo (15 ml,) and brine (10 ml.). dried over NasSOo,

filtered. and concentrated to dryness in vucuo. The crude
protlucl was puulicd by flash silica gel cluomatography
(ehient A: heptane: eluent l3: lttOAc) Pure fractions v ere

conibined and concentrated to dryness in vacuo to aflord
58A (358 m, 0 858 niniol, 86% yield) as a white solid.

Analytical method 10: ts=l.33 min; IM+Nu] =440.2.

Step 2, tert-Butyl (S)-2-amino-4.4-difhtorobutanoate
tufluoroacclalc (58B)

]0813] 58A (356 m . 0.853 nuuoyl) was dissolved in
4-methyipiperidine/DMA (I:4) (5 mL)). stirred at rt for 45
min. md then concentrated to dryness in vacuo. The crude
product was punlicd by rcvcrsc-phase flash chromatography
(Telcdync ISCO: RcthScp Rf Gold C18Aq colunui 20-40
nucron 100 g: eluent A 0 1% 'll'A in IirO; eluent ll O.lqli
'll'A m ACN) Pure fractions were combined and lyophil ized
to afl'ord 58B (68.7 mg. 0.222 nuuol, 2(i% yield) as a white
sohd. Analytical method 10; tn=0.43 min; IM+H] =196.2.

lixarnple 8 3 Synthesis of (2S,SS.SR,12S)-1-(t-
cltloro-2-(4-(I-methyl-2-(pyrrolidtn-I-ylmethyI)-IH-
imidazol-5-yl)phenoxy)-benzyl)-8-(4-chlorobenzyl)-

2-((R)-2,3-ddiydro-l H-loden-I-yl)-5-
(hydmxymethyl)-2,7.10-tnmcthyl-l,4.7,10-
toit tin racy'clolt:Iratlccalle-3.6,1 I, 14-tclraollc

hydrochloride (('onipound 86)

108141

0

0

N
F

I Ps-2-(:I-tntyl hlondc
DIFrt, DCM. n, 3

2 4-M tlilpip r Ii

DMA ft 30 iit ti

Srep I

ABI

0

0

NII
Fmoc— S ntuu!—OH
Pyo w. DIFA
NVIP,it Ii h

2 4-M!hyfpiprw 0 i

DVIArt 30rnn

Sta

si p2

0

~NH

CI

I Fmoc-Alo-OH
P!0 i i,lyIF'1
NMP, rt. 2 2 5 h

2 4 M thilps wuh «

DMA rt, 30 niw
3 HFIP, D('M(1 3!

rt. I h

Step 3
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-continued

110+
0

~0
N Nil&

N

1 4 tya. DCM
rt, '&9 ru u

2 N&DH10 ycl
rt,19'

Stop 4

92

1 K4TL HOAt, 2 6-luttdutc
Ox& mu, Dl 'M. 4t&" 1

' 29 6

2 96'q TpcnDCM

Cl

XCD

C'1

8
Comp mtd 86
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Step I PS-2-chlorotntyl (S)-4-(((R)-2-((((9H-fluo-
ren-9-yl)methoxy)carbonyl)(methyl)amino)-3-(4-
Htloro-phenyl)propyl)(methyl)dnuno)-3-((R)-2,3-

dihydro-111-inden-I-yl)-4-oxobutaixiate (86A)

[0815] Step 1-1: PS-2-chkimtrityl chloride (653 mg. I 044
nunol) was washed thoroughly with DCM. A solution of
ABI (272 ntg. 0.418 mmol) dissolved in DCM (10 mL) and
DIEA (0.365 mL. 2.088 mmol) was added lo thc resin and
thc stlspcnsioit w Bs shaki n ill Il lor 3 5 h. Thc Ii sul was lien
drained and thoroughly washed scqucntially with DCM/
NleOI I,'l)IPIIA (17 2 I). D('M and DMA
[0816J Step 1-2 4-Methylpiperidine/DMA (I'4) (4 mi,)
tvas added to the resin and the resulting suspension was
shaken for 10 min at rt. Bnd then drained. This treatment was
rcpcatcd twice. Thc resin was washed with DMA (3x) and
DCM (3x), and tlmn drwd in vacuo lo dfliird 86A (—0.418
nunol).

Step 2. PS-(2-chlorotntyl) (S)-4-(((R)-2-((S)-2-
mmno-3-(tert-butoxy)-N-mclhylpropananudo)-3-(4-
chloro-phenyl)propyl)(methyl)anuno)-3-((R)-2,3-

dihydro-111-inden-I-yl)-4-oxobutanoate (86B)

[0817] Step 2-1; 86A (200 pmoi) was washed w:ith NMP
(3x). To Fmoc-Ser(1Bu)-OH (230 mg, 600 gmol) and
PyOxim (316 mg, 600 pmol) dissolved ut NMP (2 mL) was
added l)IEA (0 210 ml . 1200 gmol) and the resultiag
solution was stirred for 2 min at rt. and then added to the
resin 1'he suspension was shaken for 17 h at rt. 'I'he resin
tvas drained„ then washed v ith DMA (3x). A solution of
Ac,O/pyridine/DMA (I:I:8) (2 mL) was added nnd the
reaction nuxturc was shaken Ior 30 mut dl rl. The resin was
ilriiincd, lht:n w Bsltixl with DICLA (3x).
[0818J Step 2-2 4-Methylpiperidine/DMA (I'4) (2 mi,)
tvas added to the resin. The resulting suspension wns shaken
for 10 min at rt. and then the resin wns drained. Tlus
lrenlmmti was rcpcatcd twice. The resin v;as v,ashcd with
Db LA (3x) and DC M (3 x). 86B was directly curn txl onto thc
next step

Step 3. (S)-4-(((R)-2-((S)-2-((S j-2-Aminopropmta-
mido)-3-(tert-butoxy)-N-methyipropanantido)-3-(4-
chloro-phenyl)propyl)(methyl)amino)-3-((R)-2,3-
dihydro-I H-lnden-I-yl)-4-oxobutanoic acid (86C)

[0819] Step 3-1 86B (200 pmol) was washed with NMP
(3x) To Iimoc-Ala-OII (187 mg. (100 Iunol) and PyOxint
(31(1 m, 6N) umol) dissolved in NMP (2 ml,) tvas added
DIEA (0.210 mL. 1200 pmol) and the resultiitg solution was
stirred for 2 min nt rt. and then added to the resin. The
suspension was shaken for 2 h 15 min at rt and the resin was
drafted. dnd licit washed with DMA (3x). A sohuion of
AczO/Pyndinc/DMA (I:1.8) (2 mL) wds added Imd the
reaction tvas shaken for 30 min at rt 'I'he resin was drained,
then washed tvith DMA (ix).
[0820] Step 3-2. 4-Mcthylpipcndine/DMA (1.4) (2 mL)
wds added to thc resin The suspension was shaken I'or 10
nun dt il, lien lhc rcsul wits dtiiulcd. This uiuiuncnt wits
repeated tv ice I'he resin was washed with l)MA (3x) and
I)( M (3x).
[0821] Step 3-3. HFIP/DCM (I:3) (3 mL) was addu! to
thc rt:sut II'ont Step 3-1 Bnd lhc stlspcnsttut was shBkcn for
15 min at rt. The clcavagc soluuon wds Iiltercd ofl'nd
collected. 1'his procedure was repeated three times liinally,
the resin tvas washed once with I ilqp/I&CM (I 3) (I ml,).

The combined cleavage nnd washing solutions were con-
centrated to dryness in vacuo to aITord 86C (—200 Iunol) as
an orange oil. The crude product was used ut Ihc next stc)I
without purification. Analytical method 10; t„0 ')5;
[M+I IJ+ 643.4

Stc)I 4. (3S,6S,9R.13S)-6-(tert-buloxymcthyl)-1-(4-
cldoro-2-(4-(I-methyl-2-(pyrroluhn-I-ylmethyl)-IH-
tmulazol-5-yl)phcnoxy)phenyl)-9-(4-chlorobcnzyl)-

13-((R)-2,)-dihydro-l I I-inden-I -yl)-3,8,11-
trimethyl-4,7,12-trioxo-2.5,8.11-tetraazapentadecan-

15-oic acid trifhtoroacetate (86D)

[0822] 8(IC (200 pmol) and E2 (95 m „240 pmoi) were
dissolved in a mixture of DCM (12 mL) and AcOH (0.046
mL, 800 iunol) and stirred Ibr 90 min at rl NaBH(OAc).,
(212 mg, 1000 Iunol) was added and thc rcsultutg mixture
was stirred tiir 19 h 15 min at rt. MeOII (2 nil.) was added
and the mixture v,as conceittrated to dryness in vacuo qhe
crude pmduct tvas purified by preparative reverse-phase
HPLC (eluent A; 0.1% TFA in HSO, eluent B: ACN). Pure
fractions tvere combined and lyophilized to afford 86D (127
ntg, 93 Iunol, 47% yield Ior 4 steps) as II while sohd.
Analytical method 9, 1„=4.41 min; [M+H] =1022.4.

Step 5. (ZS.GS.8R,12S)-1-(4-chloro-2-(4-(l-methyl-
2-(pyrroiidin-I-ylmethyl)-IH-imidazol-5-yl)phe-
noxy)-benzyl)-8-(4-chlorobcnzyl)-12-((R)-2,3-di-
hydro-I H-arden-i-yl)-5-(hydroxymcthyl)-2,7,10-

tnmethy1-1,4,7,10-1clraaztmyclotctradectmc-3,6.11,
14-tetranne hydmchloride (('ompound 86)

[11823J Step 5-1: 'I'o 8(11) (127 mg, 0 093 mmol), I LA'I'U

(141 mg, 0 372 mntol) and I IOAt (I g.t&9 nlg. 0 140 nunol)
was added DCM (93 mL). The resulting mixture was stirred
for 5 mtn at rt. and then 2,6-lutidine (0325 mL. 2.79 nunol)
was added mtd surnng was continued at 40'. for 22 h.
Additional HATU (70.7 mg, 0.186 nmtol) was added and
stirring at 40" (2 tvas continued for 3 h Oxyma Pure (13.22
mg, 0.093 mmnl) was added 'lite reaction mixture was
stirred fnr 4 h at 40'' and then concentrated to dryness in
vncuo The obtained residue was pattittoned between EtOAc
(50 mL) and 5% aq. NaHCOS (5 mL). The organic phase was
washed with 5% NBHCO„(3x5 mL) and bnnc (5 mL), dncxf
over NasSOB, Iiltcrcd. and conccntmtcxt to dryness in vacuo.
1'he cnide product tvas used in the next step without puri-
fication.

[11824J Step 5-2: The residue front Step 5-1: was dissolved
in 95% aq I IIA,'I)('M (I I) (5 nil.) and the resulting
solution tvas stirred for I h at rt, and then concentrated to
dryness in vacuo. The crude product was punfied by pre-
parativc rcvcrsc-phase HPLC (cluenl A 0.1% TFA in H O.
clucnt B: ACN). Pure Ibactions werc combined and
lyophilizcd. The product was dissolved ut EtOAc (50 mL)
and the organic phase tvas washed with 5% aq. Nal I('Os
(3x5 nil,) and brine (5 mi,), dried over NaiSOB. filtered, and
concentrated to dryness in vacuo. The residue was dissolved
in ACN/H 0 (I: I) (20 mL) and 0.1 M nq. HCI (3 mL) was
added Aiicr lyoplnhzntion Compound 86 (44.3 mg, 0.042
nunol, 45% yield) was obtained as a wlutc solxl. Analyucal
method 9, ts=5.10 nun; [M+H] =948 4

[0825] The compounds mtd Intcnncdiatcs shown in Table
8 were synthesized according to the procedure described in
Exaniple 8 3 for Compotutd 86 fmm the respective inter-
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mediates shown In Table 4, Table 5. Table di and Table 7 For
several compounds. the final deprotection step was not
executed

TABLE 8

Coalpoaade Rat UII'clalcdi3(c5 Uvldc O'Idalp lo 833olplc S I I CoalpolUld Sd

(:I ld '4 xy ~ I.(: Vhs

AUR(yy eel method
14

(5=3 7UUU

fxt + Hl' 9 3 4

o~
H

HHI

CI

: I m lhmt 9

(R 4 19 UIUI

lvl + H]' 905 3

OH

H
.I

Hnl
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TABLE 8-ottttanuutj

Colnpoiuida:uit ultcrnlcdiatc. made a oldie to Eaxnple tt 9 for Conlp und ttd.

Cliirl Ho drill tlirt LCHS

21

Cl

An.ilyr al meth d 9

tu = ( 01 m n
jM + Hj' 9 2 4

Ht.'I

92

C

Analytical method 9

tu = 4 . 4 litle
jM + Hj' 9 2 4

HC'I
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TABLE a-ottttttttuutj

Colnpolutda:ult ultcrnlcdlatca made a ordutg to Eaxnple 6" for Conlp und 66.

Clllrl Ho atnl tule LCHS

9 9 Analyr al metdod
14

IR = 4 66 unn
jrd + Hj = 9694

HCI

Cl

4 I. Iyt: I m Itmd
14

IR=( 4nln
jyt + Hj' 946 4
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TABLE 8-ottttttttuuty

Cotnpotutda:ut t uttcrntcdtatc. made a otdutg to Eaxnple 6 3 for Contp und Itd.

Ctitrl Ho Htttt tarte LCHS

An.tlyr al meth d 9
tu=(37mn

Ltt + Hj' 962 4

HCI

Ct

Analytt al rncthod
14

t„= 4 21 m n
]31 + I H' 9y0 4

HCI
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TABLE 8-oonanuoa

Cotnpotutdc:ut t uttcrntcdtetc. medc n otdutg to Enxnple 6
" for Contp und Itd.

Clttrl No Htttt terre LCHS

An.tlpr tl meth d 9

tn = 439 m n
Ltd+ HH = 9894

HCI

Cl

An:tlptt el tncthod 9
=4116

let + IH+ = 9ou 4

OH

H

Cl

NQ.,

I IC I
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TABLE 8-ottttaltuut3

Colnpoluldc:ult ultcrnlcdlutce mode u otdutg to Enxnple 6" for Conlp und 66.

CtilrI Ho htnl tule LCHS

Ct

An.dpr tl meth d 9

tu = 4 7'l m n
Ltd + Hj' 936 4

HCI

: I m lhwt 9
f'u = 4 63 ltlul

IVI + H3 = 992 4

C

OI I

H
H
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TABLE 8-otttttlltuurj

Colnpoluldc:ult ultcrnlcdlutce medc u otdutg to Enxnple It 9 for Conlp und Itd.

Ctilrl Ho Htnl tule LCHS

An.dpr tl meth d 9

tu = 470 m n
jhl + Hj' 994 4

HCI

: I m thwl 9

tu 4 49 nlul

jul + Hj = 99II 4

HC'I
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TABLE 8-ottttttttuutf

Coinpoiuida:uit uitcrnicdiatc. made a otding to Eaxnple 6" for Conip und 86.

Ciiirl Ho attar trite LCMS

An.ilyr al meth d 9

tu = 447 m n
fM + Hj' 944 2

0
OH

H

I'I

p ITCI

CI

Analytical rncthod 9

t = 66m n

fM + Hf' It)264
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TABLE 8-cunhnuud

Cornpoturda:urt urtcrntcdratc. made a ordrng to Eaxnple 6" for Contp und 66.

Cltrtl Ho htrtr tarry LCMS

Analyt al method
I '1

ta = 4 49 rtrrrt

|M+ Hj =9:64

HCI

An.rlpt cal method 9
f'a = 6 9y lflur

fM + HH = lt)16 5
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TABLE 8-out!In!nerf

Cotnpotutdc:utt uttcrntcdrutc. mode u ordutg to Enxnple tt! Por Contp und Itd.

Ctitrl Vo htttt terre Lculs

nn.tlpr cl meth d p

tu = '! 7! m n
Lht + Hf' lttt!7 n

C

C

,Q

C

n t. I et: I m I tmd
I!

= 4 7o
fut + ill' pr

HC'I
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TABLE 8-oonanuoa

Cotnpotutdc:ut t uttcrntcdtutc. medc u otdutg to Enxnple 6
" for Contp und 86.

Ctitrl Vo htttt ttttc LCMS

An.tlpr tl meth d 6

tu = 4 04 m n
fM + Hj' 646 I

OH

H
V

0 ~ CI

HCI

: I m thwl 9
t„=426mu

fM + 0f' It)In 4

H

0 ~ I'I

HCI
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TABLE a-cmnanuna

Cotnpotutde:utt uttcrntcdretc. medc u ordutg to Eexnple 6" Ior Contp und 66.

Ctttrl Ho Htttt ttttc LCHS

127

Cl

An.tlyr tl meth d 6

tu = 431 mn
fht + Hf' 1649 6

Hl.'I

An.tlyt cnl method p
1'u = 4 46 lrlut

foal + Hf = 666 3

OH

HCI
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TABLE 8-otttalltuurf

Colnpoiuida:uit ultcrnlcdiatc. made a ording to Eaxnple 6" for Conlp und 86.

Cliirl Ho atilt tlirt LCHS

131

(,)
An.ilyr al meth d 6

tu = 437 m n
fhl + Hf' 1663 l

Hl.'I

132A

C

OH

Analytical method P

6 litle
fhl + Hf' 1646 4

HCI
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TABLE S-cunttnucd

Com ounda.lnd ulterrned ates made ac oM n ~ to Lamn le 8 3 for Lom ound 86

Clllrl Ho htul tule LCMS

: I m thwl 9

ta=3 4uml
lul + H]' 8894

C

0

0 Hf'I

135

Cl

An.ilyt cal method 9
I'n = 4 83 ulul

lul+H] =9trl3

H

0

C

Example 8.4: Synthesis of (3R,7S,tOS.13R)-6-(4-
chloro-2-(4-(2-((dunclhylamino)methyl)-1-methyl-

1H-imidazo)-5-yJ)phenoxy)benzyl)-13-(4-cldoroben-
zyl)-10-(hydroxymethyl)-7-methyl-3-(pyridin-3-

ylmethyl)-1.63,9,12-tetraazabicyclo[t 1 3 i 1

heptadecane-2.5,Rt )-tetraone hydntchloride
(Compound 19)

Jtl)126]

CI

I I'8 21')rnrtl hloi de
DISA.DI:M.it 68

4 Methtlp per d ne
DM.A, It. 2. nun

Step I
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-oontlu(tcu(

HO

0
H
HI»'! mcc

I FLATI.L DIEA. HMP
u. It 9

2 9 Methvlp peudute
DM.rt. rl. lh

3 HI IP D('M (I '1
l

u,l h

Bl I 2

19 (

0
I AcOH, DCM

rt, I lt

2 U BH(0(cl;
rm 2 h

Step 3

19B

F.I

CI

I FLAILt HOAt
2.6-Lutrdtuc, DCM

19C
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-contutucxI

'"
Cl.

Step I PS-2-chlorotutyl (R)-4-((R)-3-amino-3-(4-
chlorobenzyl)ptperidin-I-yl)-0-xoo---Pyridin----

ylntethyl)-butanoate (I')A)

[0827] Step 1-1: PS-2-chlorotrityl chloride (653 mg. 1.044
mmol) was wmhcd thorougltiy wtth DCM. AB14 (0.856 g,
1.115 nuuol) was dtssolvcd ut DCIvi (25 mL) and DIEA
(I 168 ml, 6 69 mrna)) I'he solution was added to the resin
and the suspension was shaken at rt for 6 h 1'he resin was
drained nnd then thoroughly washed sequentially v.ith
DCM/MeOH/DIPEA (17 2 I), DCM, Divhsr, nnd DCM.

[0828] Step 1-2. 4-Mcthylptpcudutc/DMk (I:4) (20 mL)
was added to thc resin from Step l-l. Thc suspcnston was
shaken fnr 5 min at rr and then the resin was drained 'I'lus
treatment was repeated fern times I'he collected cleavage
solutions were used for determination of the londittg by
UV-spectrometry. The resin was thoroughly washed sequen-
ually with DMA (3x), DCM (3x), DMsr (3x), and DCM
(3x), and thmt dried tn vacuo to gtvc 19A (817 gmol, 73%
yield).

Step 2 (R)-4-((R)-3-((S)-3-(L-Almtyl)-2.2-dnneth-
ylnxazohdine-4-carboxamido)-3-(1-chlnrobenzvl)
piperidin-I -yl)-4-oxo-3-(pyridin-3-ylmethyl)bu-

tanoic acid (1 913)

[0829] Step 2-1 19A (409 pmol) was washcrl with NMP
(2x10 mL) A soluttou of Fmoc-Ala-Ser[psi(Me,Mc)pro]-
OI I (Cs) (0 323 g, 736 Iunol), I IAI'U (0 280 g, 736 Iunnlj
and l)l I tA (0 157 ml. 899 Iunol) in NMP (8 ml,) v as shaken
for 2 ntin. and then added to the resin 1'he resulting
suspension was shaken for 18 h at rt and rhe resin was
drained. A solution of Fmoc-A)a-Ser[pci(Me.Me)pro]-OH
(0.323 g, 736 pmol). HATU (0.280 g. 736 pmol) and DIEA
(0.157 mL, 899 pmol) tn NMP (8 mL) was shaken Ibr 2 mtn,
and then added to the resin. The resulting suspension was
shaken for 18 h at rt I'he resin was dmined and washed v ith
DMA (3x) A solution of AcsO/pyridine/DMA (I I:8) (15
mL) wns added nnd the reaction was shaken for 15 min nt rt.
The resin vvas drained, and then washed with DMA (3x).
[0830] Step 2-2. 4-Mcthylptpcudutc/DMk (I:4) (15 mL)
was added to the resin front Step 2-1. 'I'he resulting suspen-
sion was shaken for 10 ntin at rt, and then the resin was

drautcd. Tlus treaunent was repeated twice. Thc rcsut was
v ashed with DMA (3x) and D('M (5x)
[(1831J Step 2-3: Iii'IP,'D( M (I 3) (10 ntl.) was added to
the resin from Step 2-2 and the suspension was shaken for
20 min at rt. The cleavage solution was filtered off and
collected.
[0832] This procedure was repeated tw o times. Finally, the
remn was washed w tth DCM (2x). Thc combuted cleavage
and waslung soluuons werc conccntratcd to dryncss in
vacuo and the resulting residue was lyophilized from
t-BuOI I/IlcO (4 I) to yield 19I3 (assumed to be 409 pmol)
as a yellowish solid. Analytical method 10; ta 0 70: [M+I IJ

=614.3.

Step 3. (Rj-4-((R)-3-((S)-3-((4-Chlom-2-(4-(2-((di-
methylamino)methyl)-I-methyl-IH-imidazol-5-yl)
phenoxy)-benzyl)-L-alanyl)-2.2-dimethyloxazoli-

dine-4-carboxamido)-3-(4-t:hlorobcnzyl)ptpeudut-I-
yl)-4-oxo-3-(pyudin-3-ylmethyl)butauotc actd

hydrochloride (19C)

[0833] 19B (100 gmol) and El (44.4 m „120 pmol) were
dissolved in a mixture of DCM (7 mL) and AcOH (0.023
mL, 400 Iuuol). Thc resulting soluttou was sttrrcd for I h at
rt. mtd then NaBH(OAc)s (106 mg, 500 Iunol) was added.
'I'he reactinn mixture was stirred for 2 h at rt, and concen-
trated to dryness in vacuo 1 he crude product was purified by
preparative reverse-phase HPLC (eluent A 0.01 M H('I in
HaO: eluent B: ACN). Pure frncttons were combined and
lyophilized to afford 19('75 ntg. 67 pmol. 67% yield for 2

steps). Analytical method 14. ta=2.84 mtn, [M+H] =9674.

Step 4. (3R,7S,I OS,13R)-6-(4-Chloro-2-(4-(2-((dim-
cthylanuno)methyl)-I-methyl-IH-imtdazol-5-yl)
phcnoxy)-bcnzyl)-13-(4-chlorobcnzyl)-10-(hy-

drnxymethyl)-7-methyl-3-(pyridin-3-ylmethyl)-1. 6,
9,12-tetraarabicyclo-[11 3.1 Jheptadecane-2.5,8,11-

tetraone hydroclt)oride (Compound 19)

[0834] Step 4-1. To a solution oi'9C (75 mg, 0.067
nunol) ut DCM (67 ml) was added HOAI (13.75 mg, 0.101
nunolj, HAI'U (102 mg. 0269 mntol) and 2,/ulutidine
(0 235 ml, 2 020 mmol).
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]0835] The resulting mixture was stirred for 17 h at 40" C.,
and Ihmi conccntraicd rn vacuo. Tlm residue was partitioned
betwcmn EIOAc (100 mL) and 5% aq. NanCO,. Thc or dnic
Phase ives v ashed rvith 5% aq Nun( 0, (5 ml,) and bone,
dried over NauSO4. filtered, and concentrated to dryness in
vacuo,
10836] Step 4-2: The residue was dissolved in 95% aq.
TEA/ACN/H10 (2 5 3) and the resulting solution was stirred
di tt for 45 nun aud then conccnll'(lied 10 drvncss ul vacuo.

The cnide product was purified by prepamtive reverse-phase
HPLC (clucnt A. 0.01 M HCI ui HnO: clucnt B. ACN). Pure
fracuons were combuicd dnd lyophilizrxl io allilrd Com-
pound 19 (34.5 mg. 0 030 nlmol, 45%a yield) as a white solid
Analytical method 14; tn 2.97 min: [Mell]+ 909 4

]0837] The compounds and intermediates shown in Table
9 were synthesized according to the procedure described in
Example 84 for Compound 19 from the respective inter-
mcdiatcs shown in Table 4, Table 5, and Tnble 7.

1'ABI Ir ')

Compounds nnd ntenned.ster aude n dura ro nxunple S 4 for C mpormd lp

Cmd

~u I(MS

Andlt rel
mctlrnd 14

tx — 3 04 rrlrrr

I
vl + I I I+ = 9

H(.'I
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tn = I 14 rrlrrr

IM + Hl' 941 4

0

OH

H8
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CI
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TABLE 9-continued

Compotutda and nttenncdtatca made 7 cordutg to Htantple tt 4 fot C'nntpound 19

Cmd

.Io htntcrure LCMS

711

'Cl.
m th d 14
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fM+ Hf'9483

IC I

7

Hh

CI

Attal 'ttc:tl
th d 14

Od
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TABLE 9-continued

Compotutda and nttenncdtatca made 7 cordutg to Enuuple It 4 fot C'nntpound 19

Cmd

.Io ptntcrure LCMS

77 3
m th d 14

la=4477 ui
fM+ Hf' 9444

CI

16'I

m th d 14

I„ = 4 97 rnut
fM + Hf' 936 4
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TABLE 9-continued

Cpm ponds snd ntenned ates made a cordui to Es,un le S 4 toi Com ourid 19

Cmd
Vo Strucnue I.CMS

Anal, t cal
method 14

Is = t ri ril ii

[M + Hl' 934 3

01

Example 6.6 Synthests of (3R.7S.10S,13R)-3-ben-

zyl-6-(4-chloro-2-(d-(2-((dimcthylannno)methyl)-1-

methyl- 1 I 1-imidunot-5-yt)phenoxy)benzyl)-13-(4-

ctdore benzy))-7-(2-fluoroethy))-1 0-

(methoxymcthyl)-1.6,9,12-tetradzdbicyclo[11.3.1]

heptadecane-2.5,S,) 1-tetraone hydmchioride

(C:ontpound t 05)

Itl)938)

CI

0
H

110 Fm

0

1. Ghcsez s re.i ent
Dtbl DIEA.it 21 5 h

2 9 "I,:
I TF1 DC'M
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Step I
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105A
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Step I (9H-Fluoren-9-yl)methyl ((S)-I-(((R)-3-(4-
cJtlorobcuzy1)pip citdus-3-yl jaluiuo)-3-ulclltoxy- I-

oxopropau-2-yl)carbamaie (105A)

[0839] Step 1-1. To Fmoc-Ser(Mcj-OH (0.683 g, 2.000
mmol) in D('M (10 ml ) was added (iliosez's reagent (0 265

mL. 2.000 mmol). The resulting mixture was stirred for 45

nnn at rt. and then a soluuon ol'I (0.650 g. 2.00 nunol) and
l)iiiA (0.419 ml, 2 4(X) mmol) in D( M (5 mi,) ives added.

The reaction mixture was stirred for 5 h 40 min at rt. and
then DIEA (0.105 mL, 0.600 nunolj and a solution of
Fmoc-Ser(Me)-OH (0.137 g. 0.400 nunol) and Clhosez*s

reagent (0.053 mL, 0.400 nunol) ui DCM (2 mL ) (preacti-
vation time 30 min) were added The resulting mixture was
stirred for 15 h 50 min at n, and then partitioned between
EtOAc (60 mL) mid S% aq. NaHCOs (10 mL ). The orgiuuc

phase ives washed with 5% Nal I('Os (2x10 mi ) and brine

(10 mL). dried over NasSOv filtered, and concentrated to
dryncss ui vacuo. The crude product was purified by flash
silica gel chmmatography (eluent A heptane: eluent 13

EtOAc ). Pure fractions were combined and concentrated to
dryness in vacuo to afford a white foam (I.i 30 g, I 743

nmiol, 87% yield). Analytical method 10: ta=J.52 min,

[M+H] =648.4

[0840] Step 1-2 'the white foain from Step 1-1 (I 743

nmiol) was dissolved in 95% aq. TFA'DCM (I: I) (20 mL).
Thc resulting solution was stirred for I h at rl. and then
concentrated to dryness in vacuo to afii)rd 105A (awsumed to
be 1.743 mmol) as a white foam. Analytical method 10,

taW.94 min; [M+H]'=548 4.

Step 2 (R)-4-((R)-3-((S)-2-((((9H-Fluoren-9-yl)
methoxy jcarbonyl)amuio)-3-methoxypropanarmdo j-
3-(4-chio ro ben zyl)p i peri dot- I -yl 1-3-benzyl-4-oxobu-

tanoic acid (105i3)

[0841J Step 2-1 Al (0461 g. I 743 mmol) and I'JIFU

(0.588 g. 1.831 nunol) werc dissolved ui DCM (10 mL) and
l)iiiA (0365 ml,. 2 092 nimol) and was stirred for 30 min

at rt. A solution of 105A (I 743 mmol) in DCM (10 mL) and
DIEA (0.761 mL, 4 36 nunol) was then added and the
reaction mixture was stirred for 3 h at rt, and then the D(:M
tv as renioved in vacuo The resulting residue vvas partitioned
betw Lxn EtOAc (60 mL) and 5% aq. NaHCO, (15 mL j. The
organic phase was washed with 5% aq Nai I('Os (3x10 ml,)
and brine (10 mL). dried over NasSOv filtere, and con-

ccnlraicd to dryness in vacuo lo afford a wlnle Ioiun.

Analytical method 10: tv=i.57 min; [M+H]'=794.7.

[0842] Step 2-2: To a solution ofthe white foam from Step
2-1 (I 74 nimol) and 2.6-1utidine (1.623 mi„13 94 nunol) in

D( 'M (20 niL) at 0" C. was added TMSOTf (1.259 mL. 6 97

Iliillol ) iliopw 1 ac arid llic rcsulliiig iiiixliiie was stiirid hil 3

h 50 min at 0" (2 IitOAc (60 mi,) and 5'!! aq. Nail(:Os (5

mL) were added and the phases were separated. The organic

phase was washed with S% aq. NaHCOi (3xS mL), 5% aq.
KI ISOs (3x10 nil.) and brine (10 mi,), dried over NasSOs,

filtered. and concentrated to dryness in vacuo The resultin
residue vvas dissolved in I)('M and the solution was coii-

centrated to dryness in vacuo to afford 105B (assiuned to be

1.74 nunolj as a yellowish foam llic crude product was
used iit the next step ivitbout further purificatioil. Analytical
method 10: ta=1.41 min; [M+H] =738.4.

Step 3. PS-2-chlorouilyl (R)-4-((R)-3-((S)-2-amino-
3-methoxypropanatuido)-3-(4-chlorobenzyl)piperi-

din-I-yi)-3-benzyi-4-oxobutanoate (105(')

[0843] Step 3-1: PS-2-chlorotrityl chloride resin (2.72 g,
436 iiiillol) was we slit il v 'ltli DCM (3 x). A soltitloll of I OSB

(I 742 mmol) dissolved in I)('M (20 ml.) and l)iiiA (1.825

mL. 10.45 mmol) ives added to the resin and the resultin
suspmision was shaken at rl for IS h. The resin was drantcxl

and then thoroughly vvashed sequentially vvith I )('M/MeOI I/

DIPEA (17:2:1) (3x), DCM (3x) and DMA (2x).

[0844] Step 3-2. 4-Mcthylptpcndinc/DMA (1.4) (20 mL)
was added to the resin from Step 3-1 'I'he resulting suspen-
sion was shakmi Rir 10 min al rt, and then thc rcsui was
drained. Tliis treatment ives repeated mice 'lite resin was
washed with DMA (3x) and DCM (3x) and dried in vacuo

to afibrd 105C (1.32 mmol. 66% yield for 3 ~ lcps) (3.6S g,
loading determined to be 0.3(&1 mmol/g by UV-spectrom-

etry).

Step 4. (R)-4-((R)-3-((Sj-2-((S)-2-Amino-4-fluo-
robutanamido)-3-methoxypropanamido)-3-(4-chlo-
robenzyl)piperidin-I-yi)-3-benzyl-4-oxobutanoic

acid (105D)

[0845] Step 4-1: To a solution of D5 (0.103 g, 300 Iunol )

in NMP (3 ml,) were added I IATIJ (0 114 g, 300 umol) and

DIEA (0.058 ml, 330 Iunolj. The resulting solution was
stirred for 2 min at rt. and then added to the resin 105('after
being washed with NMP (3 x) j. The resultin suspension was
slmkmi for 21 h al rt. Thc rcsui was dratncxI aud washixl widi
DMA (3x). A solution of AcsO Pyridine/l)MA (I Iig) (3

mL) v as added and the reaction mixture was shaken for 15

nun al rt. Thc rcsui was drauuxk then washed with DILLA

(3x)

[0846] Step 4-2; 4-Methylpiperidine/Df/LA (I;4) (3 mL)
was added to ihc resin from Step 4-1 Thc resulting suspen-
sion was shaken for 10 min at ri. and then the resin was
dmined. This treatment was repeated twice. The resin was
washed with DfvLA (3x) and DCM (3x).

[l)847J Step 4-3: I ililpiD('M (I:3) (3 mi,) was added to

the resin from Step 4-2 and the resulting suspension was
shaken for 20 min at rt 'I he cleavage solution was filtered

off and collected. This procedure was repeated two times.
Thc resin was then washed with DCM (2x) mid thc com-

bined cleavage and washing solutions were concentnsted to

dryness in vacuo. The crude residue v as dissolved in DCM
and lhe resulting soluuon was conccutralcd to dryness in

vacuo Ibis procedure ives repeated three times After dry-
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in using high vacuum, 105D (-100 pmol) was obtained as

a colorless oil. 1 he co(de pmduct was used in the next step

without further puulicdtion. Analytical method 10, la=0.85,

[M+H] =619.5

Slap 5. (R)-3-Beuzyl-4-((R)-3-((S)-2-((S)-2-((4-

chloro-2-(4-(2-((dimethyhsmino)methyl)-I-methyl-

I id-Imidazol-5-yl)phenoxy)benzyl)amino)-4-fluo-

robutanamtdo)-3-mclhoxypmpmuumdo)-3-(4-

chlonlbenzyl)piperidin-I-yl)-4-oxobutanoic acid

hydrochloride (105E)

[0848] 105D (0 100 mmol) and El (44.6 mg, 0.120 nuuol)
were dissolved in a mixture of DCM (7 ml ) and AcOH

(0 023 ml. 0 402 mmol) 'Ihe resulting solution was sttrred

for I h at rl aud then NaBH(OAc)r (106 mg. 0.502 nuuol)
was added. The reaction mixture was stirred iilr 2 h at rt. and

concentrated to dryness in vacua. 'I'he co(de product was

punlicd by prcparauvc reverse-phase HPLC (cluenl A. 0 01

M HCI in IdsO: eluent B: A('N). Pure fractions were

combuled and lyophllizcsI to aflbrd 105E (93 mg, 0.086
ntmol, 86%u yield) as a white solid. Analytical method 10,

taW.90 min; [M+H] =972 7.

Step G. ((3R,7S,I OS.13R)-3-Benzyl-6-(4-chloro-2-
(4-(2-((dlmethylmnulo)methyl)-I-methyl-I H-inudd-

zol-5-yl)phcnoxy)benzyl)-13-(4-chlorobcnzyl)-7-(2-
fluoroethyl)-I 10-(mcthoxymcthyl)-1,6.9,12-

tctraazabicyclo-[I 1.3.1]ho7(tadccanc-2.5,8, H-
tctraone hydrochloride (Compound I OS)

[0849] To a soiution of 105E in DCM (81 ml.) and NMP
(5 mL) was added HOAt (17.54 mg, 0.129 mmol). HATII
(131 mg, 0.344 nunol) mid 2,6-1utultne (0.300 mlr 2.58

nuuol). Thc rcsultutg nuxturc was surrcd for 22 h at 40" C.,
and lhcn cotwmurdlcd ut vacuo. Thc obtmncd rcsaluc was
partitioned bctwcen ElOAc (50 mL) and 5% acp NasCO, (5

mL). Tlm orgaluc Phase wds washed wtth 5% acp NarCO,
(3xS mL) and bnnc (5 mL), ducd over NauSOer Iiltcrcd, and
concentrated to dryness in vacuo. 'I'he co(de product was
puufied by preparative reverse-phase I IPI C'eluent A: 0.01

M IIC'I in IlrO; eluent i) A('N) Pure fractions were
combined and iyophilized to aflord C'on(pound 105 (50 5

mg, 0048 nunoi 56% yield) as a white sohd. Analytical
method 14: ta=5.29 min: [M+H]'=954.4.
[0850] The compounds and intemtedlates shown in Table
10 were synthesized according to the procedure described in
Example 8.5 for Compound 105 from the respective inter-
mediates shown in Table I. Table 3. Table 5, Table 6. and
Table 7.

TABLE 10
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TABLE 10-couumtcd

Corn ounds.utd uttenned ates made ac ordu« to uxm»le S for Com ound lt 1

Ctnd
So Stmcntre LCMS

mtmlrr
method 14

t„= 4 S4 m n
IM + HI' J77 4

o~
H

HCI

I ixample 5.6 Synthesis of (3R,7S.I OS, I 3H)-3-ben-
zyl-6-(4-chloro-2-(4-(2-((dlmcthylannno)methyl)-1-
methyl-1 H-unt daze)-S-yl)phcnoxy )b cozy 1)- ) 3-(4-

chioro benzy1)-10-(methoxymethyl)-7-methyl- 1. Cia 0
12-tetraazabicyclo(11 3.1]heptadecane-2.8.11-trione

trifluoroacetate (I onlpound 120)

]0851]

0

1 HATH, DIFX
HSIP rt 2th

2 HFIPrDI M 0 I I

rt. 1 h
fr

Step I
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-counuucd
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ri, 24 lr

SI p4

F. I

Cl

o~
H

I 'cmpcucd 12'I

Step l. (R)-3-Benzyl-4-((R)-3-((S)-2-((S)-2-((tert-
buloxycarbonyl)amino)propmmmido)-3-medtoxy-

propan-smido)-3-(4-chlorobenzyl)piperidin-I-yl)-4-
oxobulanotc acid (120A)

[0852] Step l-l: To a solution of Boc-Ala-OH (0.057 g,
300 pmol) in NMP (3 mL) mas added HATU (0.114 g. 300
umol) and DH:A (0058 ml, 330 gmol) 'Ihe resulting
soluuon was suircxt fiir 2 nun al n and lhcn added lo 105C
(100 pntol) (see I ixample 8 5) 'I he resulting suspension was
shaken for 21 h at rt The resin was drained. and then washed
with l)MA (3x) A solution of AccO/Vyridine/DMA (I I 8)
(3 mL) vvas added and the reaction was shaken for 15 min
at rl. The resut was dmuicd and washcxi with DMA (x3) and
D('M (x3).

[0853] Step 1-2. HFIP/DCM (I:3) (3 mL) was added to
the resin from Step l-l and the resulting suspension was
slmkmt liir 20 min at rt. Thc cleave c soluuon was filtered
olf and collected. This proccdurc was rLTIeated two times.
'I'he resin v as then washed with I)('M (2x) and the cont-
bined cleavage and ivashing solutions were concentrated to
dryness in vacuo. The crude residue was dissolved in DCM
and the resulting solution was concentrated to dryness in
I acuo. This proccdurc was rcpcaled tluec limes. Afler dry-
ing usutg lugh vacuum, 120A ( — 100 pmol) was obtautcd as
a colorless oil. The crude pmduct mas used ut tlm next step
without puufication Analytical method 10; ta 1.24,
[M+I IJ 687.4

Step 2, tert-Butyl ((S)-I-(((S)-I-(((R)-I-((R)-2-ben-
zyl-4-hydroxybutanoyl)-3-(4-chlorobenzyl)piperi-

din-3-yl)amino)-3-methoxy-I-oxopropan-2-yl)
amuto)-I-oxopropan-2-yl)carbamate (120B)

[0854] To 120A (100 Hmol) dissolved in THF (4 mL).
DH:A (0.026 m1„150 pntol) ives added isobutyl chlomti)r-

mate (0.014 mL. 110 iunoi) and the resulting mixture was
stirred for 3S mut al m Additional DIEA (0.013 mL. 7S

Iunol) and isobutyl chloroformate (7 22 pl, 55 0 iunol) were
added and Ihc reacuon mixture was stirred for 25 min al it,
and then cooled to —20' A solution of NaBI Ic (7 57 mg,
200 iunol) in diglyme (I mL) vvas added and the resulting
uuxuu c wils snlzixi lor 45 uuu aud lieu allowed lo wana Up

to rt Additional Nal ills (7.57 mg, 200 pnlol) in diglyme (I

mL) was added and the reaction mixture was stirred for 45

nun at rt. Diglymc (5 mL);md NaBHc (9.46 mg, 2SO iunol)
v ere again added with stirring was continued for 2 5 h at rt

The reaction mixture vvas partitioned between EtOAc (50
nfi,) and 5'i aq Nail('0, (15 ml ) I'he organic phase was
v ashed with 5'!c aq. NaHCOI (3x10 mL) and brine (10 ml ),

dncd over NasSOv Iillcrcd. mtd conccutmlcxt to dryness in

vacuo to afford 120B (assumed to be 100 pmol) as a

colorless lacquer. The crude product was used in the next
step vvilhout purilication. Analytical method 10, la=i.17
nun; [M+I IJ'73.7
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Step 3, tert-Butyl ((S)-I-(((S)-I-(((R)-I-((R)-2-ben-
zyl-4-hydroxybutauoyl)-3-(4-chlorobcnzyl)pipen-

din-3-yl)ainino)-3-niethoxy-I -oxopropan-2-yl)
amino)-I-oxopropan-2-yl)carbamate (120Cs)

[0855J 'le a solution of 120I3 (0 100 nunol) in DC'M (10
mL) was added Dess-Martin periodinane (46.5 mg. 0 110
nuuol) mid thc resuhing nuxlurc was slirrctl for 2 h 45 min
at rt Additional Bess-Manin periodinane (23 27 mg., 0 055
nunol) was added and stirring at rt was continued for 2 h 15
min. The reaction was quenched by addition of 5% aq.
N4HCO,/20% aq NaaSa06 (I:I) (20 mL). EtOAc (50 mL)
was added and the phases were separated. 'I he organic phase
ives washed with 5%v aq. NaHCOs (3x10 mI ) and brine (10
mL), dried over NaeSO4, filtered. and concentrated to dry-
ness in i acuo to alford 120C (assiuncd to bc 0.100 nunol) as
a yellowish oil 'I he cnide pniduct was used in tlie next step
without punfication. Analytical method 10: ts=1.26 min,
[M+HJ =Ci71.4.

Slop 4. (3R.7S,I OS,13R)-3-benzy1-6-(4-t:hloro-2-(4-
(2-((dimethylamino)methyl)-I -inethyl-H I-imidazol-

5-yl)phenoxy)benzyl)-I 3-(4-chlorobenzyi)-I
0-(methoxymcthyl)-7-methyl-l.6.9,12-telraazabicy-
clo[11.3 I Jhepta-decane-2,8,1 I-triune trifiuoroac-

etate (I ompound 120)

[08561 Step 4-1 120C (100 pmol) was dissolved in 95%
aq TFA/DCM (1.1) (10 mL), stirred Iiir I h at rt, and lien

concentrated to dryness in vacuo. The resultin residue was
dissolved in toluene mid concentrated lo dryness Thc treat-
ment v ith toluene was repeated (ix).
[08571 Step 4-2: To the residue from Step 4-1 dissolved in
DCM (10 mL). AcOH (0.011 mL„200 Iuuol) was added
NaBH(OAc)s (42.4 mg. 200 pmol) and thc reaction mixture
v as stirred tier 150 min at rt.
[08581 Step 4-3: El (5R5 mg, 150 pmol) was added to the
reaction mixture from Step 4-2 and stirred for 50 min at rt.
Additional NaBH(OAc)s (42.4 mg, 200 Iunol) was added
and stirring at rt was contimied fiir 4 h 20 min M NaBII
(OAc)e (42.4 mg. 200 pmoi) ivas again added and stirrin at
rt was continued for 18 h 50 min. DCM was removed in
vacuo and thc produm was isolated by preparative rcvcrse-
phase I IPI,C'eluent A: 0.1% 'll'A in I iiO: eluent l3: AC N)
Fractions containing the product v ere combined and
lyophilizcd to aiihrd Compound 120 (1.1 mg, 0.572 pmul,
0.6% yield over 4 steps) as a w lute solid. Analytical method
14: tx 4 13 min, [M+I IJ+ ')OR3

Exiunple 8.7. Synthesis oi'3S,7S, IOS,13R)-6-(4-
chioro-2-(4-(I-methyl-2-(pyrnilidin-I-ylmethyl)-111-
imidazol-5-yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-

3-((R)-2,3-thhydro-lH-indcn-l-yl)-10-
(mcthoxymclhyl)-7-methyl-1,6,9,12-tetraazabicyclo

[11.3 I Jheptadecane-2.5,8,11-tetnume
triihioroacetate (C:ompound 96)

[08591

OH

C'I

H

H
N

F 1

0
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DCOHet,67 t

si I I
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i'viva u 496

Step 1. tert-13utyl (3S)-4-(3-((8)-2-((((911-tluoren-9-
yl)methoxy)carbonyl)amino)-3-methoxypropana-

mido)-3-(4-chlorobenzyl)piperidin-l-yl)-3-((R)-2.3-
dihydro- I H-inden-I-yl)-4-oxobuuuioate (96B)

[0860] A3 (87 mg. 0.300 mmol) and HATU (125 mg,
0330 nunol) werc thssolvcdI in DCM (6 mL) mid DIEA
(0.063 mL, 0362 nunol). Tlm resulting nuxture was stirred
for 15 nnn at it, aud a solution ol'6A (0.248 nunol) (96A
synthesized according to the procedure described for 105A
starting front 138) in DCM (5 ml.) and DIEA (0.131 ml„
0.748 num&1) was added. The reaction mixture was surred
for 67 h at rt and then partitioned between EtOAc (50 mL)
and 5% aq. NaHCO» (10 mL). Thc orgaiuc phase was
washed with 5% aq. NaHCO, (2xlfimL) and brmc (10mL),
ducd over Na»SO», lilterixh mid concemrated to dryness in
vacuo to afiord ')6&IJ (diastereomeric inixture: 0.248 nunol)
as a colorless oil I'he crude product was used in the next
step without purification. Analytical method 10: ta=l 60
min: [M+H] =820.6

Step 2. tert-13utyl (38)-4-(3-((S)-2-amino-3-
methoxypropananudo)-3-(4-chlombenzyl)piperidin-

l-yl)-3-((R)-2.3-ddiydro-lH-inden-l-yl)-4-oxobu-
tanoate (96C)

[0861] 96B (0.248 mmol) was dissolved in 4-methylpip-
cnihnc/DMA (1.4) (5 mL) and thc resulung soluuon was
surrcd for 30 min at rt aud then conccntratcxI to dryness in
vacuo 'I he co&de pmduct was purified by fiash silica gel
chromatouraphy (eluent A heptane/Dll'.A (98 2); eluent 131

EtOAc/DIEA (98:2): eluent B2: EtOAc/MeOH/DIEA (100
5:2)). Pure fractions were combined and concentrated to
dryncss in vacuo to all'ord 96C (diastcrcomcuc mixture: 128
mg, 0.214 nuuol, 86% yield over 2 steps) as a yellow oil.
Analytical method 10, t»=1.16/I.I8 min, [M+H] =598 5.

Step 3. (S)-4-((R)-3-((S)-2-((S)-2-Aminopropana-
nudo)-3-methoxypropanamido)-3-(4-chlorobcnzyl)

pipcrulin-l-yl)-3-((R)-2,3-dihydro-lH-uiden-l-yl)-4-
oxobutanoic acul tnlluoroacctatc (96D)

[08621 Step 3-1 'le linc-Ala-OI I (44 2 mg. 0.234 mmol)
and 1 1JTIJ (75 0 mg, 0 234 mmol) dissolved in I &M I& (3 ml )

was added l)IEA (0 044 mi., 0 255 mmol) was added The
resulting mixture uas stirred for 5 min at rt and a solution
of 96('127 mg. 0.212 mmol) in I&MI& (3 ml.) was added
The reaction mixture was then stirred for 4 h 50 mm at rt and
partitioned beuveen EtOAc (50 ml ) and 5% aq Nal I('0,
(10 mL). The organic phase was washed with 5% aq.
NaHCO» (3 x10 mL) and bnne (10 mL), ducd over Na»SO».
filtered. and concentrated to dryness in vacuo.

[0863] Step 3-2. Thc rcsiduc from Step 3-1 was ihssolvcd
in 95% aq. TFA/DCM (15 n&L). stirred for I h at rt. and then
concentrated to dryness in vacuo. 11&c ihastcrcomers were
separated by preparative reverse-phase I IVI,('eluent A
0.1% TFA ui H»O, cluent B. ACN). Pure lbactions werc
cmnbmed and lyophilized to afiord 96&l) (43 mg, 0.059
mmol, 28% yield) as a white solid. Analytical method 10;

ta 0 94 nuiu [M+II] 613.3

Step 4 ((S)-4-((R)-3-((S)-2-((S)-2-((4cChlon&-2-(4-
(I-methyl-2-(pyrrolidin-I-yhnethyl)-I H-imidazol-5-

yl)-pbenoxy)benzyl)amino)pmpanamido)-3-
methoxypropanamido)-3-(4-chlombenzyl)piperidin-

l-yl)-3-((R)-2,3-ddiydro-lH-&admi-l-yl)-4-
oxobutanoic acid trifiuoroacetate (96E)

[0864] 96D (43 mg, 0.059 nuuol) and E2 (30.4 mg, 0.077
nunol) were dissohed in a mixture of I)CM (5 ml.) and
AcOI I (0 014 mi, 0 237 mmol). 'I he solution was stirred fi&r

30 min at rt. and then NaBH(OAc)» (25.07 mg. 0 118 nunol)
was added. The reaction mixture u as stirred for 50 min at rt
and then additional E2 (11.71 mg, 0.030 mmol) was added.
After stirnng at rt lbr 14.5 h morc E2 (11 71 mg, 0.030
llllllol) was sailed. 11&c rcsultlllg llllxturi: was attired li&r 80
nun at rt, Nalil I(OAc)» (25 07 nig, 0 118 n&mol) was again
added and stirring &vas continued fi&r 80 min MeOI I (I inl,)
v as added and the mixture was concentrated to dryness in
vacuo The co&de product was purified by prepamtive
reverse-phase HPLC (cluentA: 0 J% TFA ui H»O: cluent B.
ACN). Pure fractions werc combined and lyopluhzed to
alford 96E (19.4 mg, 0.015 nunol. 25% ymld) as an oll-
white solid. Analytical method 10, ts I 00 min, [M+I I]

9(12 6.
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Step 5. (3S,7S, IOS,13R)-6-(4-Chloro-2-(4-(1-
methyl-2-(pyrrol&din-I-yln&ethyl)-111-imidaeol-5-yl)
phenoxy)-benzyl)-13-(4-chlorobenzyl)-3-((R)-2,3-

d&hydro-I H-&aden-I-yl)-10-(med&oxymethyl)-7-
n&ethyl-1,65).12-tetraazabicyclo[11 3.1 Jheptadecane-

2.5,8,11-tetraone tnfluoroacetate ((:ompo&u&d 96)

[08651 To 96E d&ssolved in DCM (14.4 mL). HATU
(21.87 mg, 0.058 nunol) was added HOA& (2.94 mg, 0.022
nuuol) m&d Ihc resuluug mixture was s1&rrcd firr 5 nun al rl.
2.6-Lutidu&e (0.050 mL, 0.431 nunol) was then add&nb Thc
reaction mixture rvas stirred for 17 h at -10" (2 and concen-
trated to dryness in vacuo 'I'he cn&de product rvas purified by

preparative reverse-phase HPLC (eluent A: 01%a TEA in
H&O; clucnt B. ACN). Pure fracuons werc con&bu&ixi and
lyophilizcd lo afli&rd Compound 96 (8 4 mg, 6 56 pmol, 46%
yield) as a white solid Analytical method 9, ta 5 52 min;
[M+I IJ'74.4

Example 8.8: Synthesis of (3S,7S.IOS,13R)-3-bcn-
zyl-6-(4-chio ro-2-(4-(2-((di methyl am&no) methyl)- I-
methyl-111-imidazol-5-yl)phenoxy)benzyl)-13-(t-

chlorobenzyi)-IO-(hydroxyu&ethyl)-7-u&ethyl-),4.6.9,
12-pentaaza-bicyclo [11.3.1 J-heptadecane-2.5,8,11-

tetraone hydrochloride (Compound 60)

[(1866J

HO

O
H
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Step l. (R)-tert-butyl 3-((S)-3-((S)-2-aminopro-
panoyl)-2.2-dimethyloxazolidine-4-carboxamido)-3-

(4-cldoro-bmizyl)plpcndinc-I-r:arboxylale (60A)

[0867] Step 1-1: To a solution of Fmoc-Ala-Sar[pal(Mc,
Me)proJ-OI I (438 nlg, 1000 Iunol) and IIAI'U 00)9 mg,
1050 Iunol) in DMA (5 nli.) was added DIEA (0 227 ml„
1300 Iunol). The resulting solution was stirred for 2 min at
rt, and then added to a solution of B2 (325 mg. 1000 pmol)
in D)ALA (5 mL). Thc rcacuon mixture was surrcd lbr 4 h 40
nun al rt. Additional Fmoc-Ala-Scr[psi(Me,Me)pro]-OH
(132 mg, 300 Innol). HATU (133 mg, 350 Iunol) and DIEA
(0 070 nil.. 400 Iunol) in DMA (I rnl,) (preactivation time
2 nlin) were added and stirring at rt was continued tiir 16 h

20 min. The reaction mixture was partitioned between
EtOAc (70 mL) and 5%e arb NaHCOl (15 mL). The organic
plrase was washed with 5% acp NaHCO, (3xl0 mL) and
bnnc (10 mL), dried or cr NalSOe, Iiltcrcd, and concentrated
to dryness ur vacuo.
[(1868J Step 1-2 'I'he residue from Step 1-1 was dissolved
in DMA/4-methylpiperidine (4 I) (10 ml,), stirred for 30
min at rt. and then concentrated to dryness ln vacuo. The
cnide product was purified by fiash silica el chromatogra-
phy (cluent A. EtOAc/DIEA (98 2), elumit B. EtOAC,'cOH,'DIEA

(90:10:2)). Pure fractlom were combulcd and
concentrated to dryness ul l acuo to all'ord 60A (465 m, 889
Iunol, 89% yield) as a ivhire solid Analytical merliod 10;

ts 086 min; [M+II] 523.3
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Step 2. (R)-tert-butyl 3-((S)-3-((S)-2-((4-chloro-2-
(4-(2-((duncthylam&no)methyl)-I-mc&hyl-I H-&mnla-

zo1-5-yl)pheuoxy)bcuzyl)am&no)propanoyl)-2,2-
dimethyloxazohdine-4-carboxamido)-3-(4-

chlombenzyl)pipeudine-I-carboxylate (6&OB)

[0869] 60A (46S mg. 0.889 nuuol) and El (362 mg. 0.978
nuuol) acre dissolved &n a nuxturc of DCM (10 mL) and
AcOI I (0.204 m1„3.56& mmol) and stirred fiyr 45 min at rt.
Nal)II(OAc)a (942 mg, 4 44 mmol) was added and the
reaction n&ixture was stirred for 2 h at rt and then partitioned
between EtOAc (70 mL) and 5%a aq. NanCO, (20 mL). The
organic phase was washed with 5% aq. NanCOr (3x10 mL)
and brine (10 mL). dried over Na&SOe. filtered, m&d con-
ccn&rated to dryncss u& vacuo to alii&rd GOB (assumed to be
0.889 mmol) as 8 1&ght bmgc Ibam. Thc crude produc& was
used in the next step without purification Analytical method
10; tn 086 min; [M+I IJ 876& 6.

Step 3. (S)-2-(3-(4-chloro-2-(1-(2-((dimethylamino)
methyl)-I-methyl-I H-imidazol-5-yl)phenoxy)ben-

zyl)-3-((S)-I-(((S)-I-(((R)-3-(4-chlorobenzyl)piperi-
din-3-yl)amino)-3-hydroxy-I-oxoprop&m-2-yl)

amino)-I-oxopropan-2-yl)ureido)m3-phcnylpropano&c
ac&d hydrochloride (60C)

[0870] Step 3-1. (S)-tert-Butyl 2-amino-3-phenylpropano-
ate HCI (38.7 mg. 150 pmol) was dissolved in DCM (2 mL)
dnd DIEA (0.052 mL, 300 pmol). 4-Nnrophenyl chlorofor-
matc (30.2 mg, ISO Iunol) was addctl m&d the reaction
n1&xture v as stirred fot'0 lnu& at m
[0871] Step 3-2 A solut&on of 60B (100 pmol) m DCM (2
mL) dnd DIEA (0026 mL, 150 pmol) was addtxl to the
n&ixture from Step 3-1 1 he resulting mixture was stirred fiyr

20 5 h at rt and partitioned benveen I itOAc (40 ml ) and 5%
aq. NaHCO& (7 mL). The organic phase was w:ashed v.ith

5% aq. NaHCO, (4x7 mL) and brine (5 mL), dried over
NanSOn, Iiltcrcd. and concenua&ed to dryness u& vacuo.
[0872] S&ep 3-3. The rcsiduc from Step 3-2 was thssolvcxI
in 95% aq. 'I'EA (5 n&I.). stirred for I h at rt. and then
cm&centrated to dryness in vacuo. 'I'he crude pn&duct was
punf&ed by preparative reverse-phase HPLC (eluent A: 0.01
M HCI in HnO: eluent B: ACN). Pure fract&ons were
combu&ed and lyophilized to afihyrd (IOC (52 mg. 50.1 pmol,
50% yield for 2 steps) as d whi&c sol&d. Analytical method
14, t„=3.43 min, [M+H] =927.3.

Step 4. (3S,7S,I OS.13R)-3-benzyl-6-(4-chloro-2-(4-
(2-((duuethylmnino)methyl)-I-methyl-I H-&mslazol-
5-yl)phenoxy)bcnzyl)-13-(4-chlorobcnzyi)-10-(hy-
droxymethyl)-7-n&ethyl-1,4,6.9,12-pentaazabicyclo

[11 3 I J-heptadecane-2,5,8.11-tetnume
hydn&chloride (Compound 60)

[0873] To GOC (52 mg, 0.050 nunol) d&ssolvcd DCM (50
m[,) v &s added IIAI'll (76 mg, 0201 n&n&ol) and I IOAt
(10 23 mg, 0075 mmol). After stirring fi&r 10 min at rt,
2.6-lutidine (0.175 mL, 1.304 nunol) w as added and reaction
m&xture yves stirred for 2.5 h at rt and then concentm&ted to
dryness in vacuo. The rcs&due was parut&oned bctwccn
E&OAc (40 mL) and 5% dq. NaHCO, (5 mL) The orga&uc
plrs se was washed vm &h 5% aq. NaHC0, (3 x5 mL) and bnnc
(5 ml.), dried over Na,SO», filtered, and concentrated to
dryness in vacuo The crude pn&duct was purified by pre-
parative reverse-phase HPLC (eluent A: 0.01 M HCI in H,O;
eluent B: ACN). Pure fractions were combined and
lyophilizcd to afibrd Compound 60 (27 I mg, 0.027 mmol,
5S% y&cld) as a wlutc solid. Analyt&cal me&hod 14, &a=449
nun; [hf+H] =909.3.
[I)874J The compounr(y and intermediates shown in Table
11 v ere synthesired according to the procedure described in
Example 8.8 fi&r Compound 60.

TABLE 11

Cnntpnunda and ntettned &tea made a cntd ng tn Example 8 8 I' C'mnpnund 6O
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F&.ample 8 8 statute trnm lusn
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TABLE 11-continued

Conn&ounds snd ntem&edmres u&ade a co&du&n tn B&.ample 6 6 fnr Compound 6&&

&'pu nd 104 s&nlh s&«l; odnp I tl p * rhr 6 s*& hed fo C.'ornp u 6 66 n

I . mple tin slut ra I't&nn
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Sv th..
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Example 8.9: Synthesis of (3S.78,10S.)3R)-3-hen-
zyl-6-(4-chlom-2-(4-(2-((dimethylamino)methyl)-1-
methyl-11(-imirhqzol-5-yl)phenoxy)henzyl)-1 3-(4-

chlomhenzyl)-10-(hydroxymethyl)-7-methyl-4-oxa-
1,6.9,12-tetraazablcyclo [11.3.1]hcptaderanc-2, S,8.

11-tctraonc hydrochloride (Compound 78)
I(18'751

Ol

~3'V'

DIEA.DCM it.qh
2 M 2NH s Ftoa

il. 42

3 NxOH.H20,VMP
il, 33 25 h

0

I nq 3
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I 93 'q TFA, I li,it
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Step I. (S)-2-((((S)-I-((S)-4-(((R)-I-(tert-butoxycar-
bonyl)-3-(4-chlorobmtzyl)pipcrtdin-3-yl)carbamoyi)-
2,2-duncthyloxazoltdtn-3-yl)-l-oxopropan-2-yl)(4-
chloro-2-(4-(2-((duncthylamino)methyl)-I-methyl-
I I I-imi du so 1-5-yljphenoxy)benzy1)carbamoyl)oxy)-

3-phenylpropanoic acid trifluoroacetate (78A)

[0876] Step l-l: To (IOB (100 Iunol) dissolved in DCM (I
ntl.) was added a solution of 104A (159 tng„500 Iunol) in
D('M (I ml,) and DiitA 1 he resulting mixture v as sttrred
lor 'I 11 tlt lt.
[0877] Step 1-2. 33% Me NH ut EtOH (0.143 mL, 800
pmoi) was added to the mixture from Step 1-1 stirring was
continued for 42.5 h at rt. The reaction mixture was con-
centrated in vacuo and the restdue was partitioned between
EtOAc (40 mL) aud 5% aq. NaHCOs (5 mL). Tltc orgtuuc
phase tvas tvashed v ith 5% aq. NaHCO, (2x5 mL) and brine
(5 mL). dried over NazSOs. filtered. and concenuated to
dryness in vacuo
[t)878] Step 1-3 'lit the restdue from Step 1-2 dissolved in
NMP (6 mL) aud HzO (0.9 mL) was addctl 4 M NaOH
(0.100 mL, 400 pmol) and thc resultutg mtxture was sttrred
for 4 h 45 min at rt. Additional H,O (I. 9 mL) and 4 M NaOH
(0 100 ml . 400 Iuttolj were added and stirring tvas contin-
utxi for 17 h. I M NaOH (0.500 mL. 500 tuuol) was agatn
added and thc reaction nnxture was sttrrctl for 22.5 h at rt.
Additional I M NaOH (0 500 mL. 500 Iunol) was added and
the reaction mixture was stirred for 9 h at rt. quenched by
addition ofAcOH (0.1 mL), and concentrated in vacuo The
crude product was puniied by preparative reverse-phase
HPLC (eluent A: 0.1% TEA tn HzO: eluent B: ACN). Pure
fractions tvere combined and lyophilized to atford 78A (38 9

m, 300 pmol, 30% yield) as a whtte solid. Analytical
method 9; ta=5.81 min: [M+Hj =IOG8.4.

Step 2. (38,7S,I OS.13R)-3-benzyl-6-(4-chloro-2-(t-

(2-((dunethylmnino)methyl)-I-methyl-I H-tmalazol-

5-yl)-phenoxy)benzyl)-13-(4-chlorobenzyl)-10-(hy-
droxymethyl)-7-methyl-4-oxa-1,6,9,12-

tetraazabicyclo[11 3.1]-heptadecane-2.5,8,11-

tetraonc hydrochloride (Compound 78)

[0879] Step 2-1: 78A (38.9 mg, 0.030 mmol) was dis-

solved in 95% aq. Tl'A (5 ml.), stirred for I h at rt, and then

concentrated to drvncss ut vacuo.

[0880] Step 2-2: To the residue from Step 2-1 dissolved in
DCM (30 mL) was added HOAt (6.12 mg, 0.045 nuuol) and
HATV (45.G m . 0.120 nmtol) and the resulting mixture was
stirred for 5 min at rt 2,6-lutidtne (0 105 ntl., 0.900 mmolj
was tuldcd and the reacuon nuxturc was surrcd lbr 2 h 15

mtn at rt and then concentrated to dryncss tn vacuo. Thc
obtained residue tvas partitioned betv een EtOAc (40 mL)
and 5% aq. NalICOs (10 ml ) 'I'he organic phase was
washed with 5% aq. NaHCOs (2xl0 mL) and brine (10 mL).
dned over NazSOm Iiltcred. and concmttrattxl to dryness in
vacuo. The crude product was punfied by prepamtive
reverse-phase I IPI,C (eluent A 0.01 M I I('I in I lzO; eluent
B. ACN). Pure I'racttons werc combtncd and lyoplultzed to
alfizrd Compound 78 (11.3 mg, 0 011 nunol, 38% ytcld) as
a whtte solid. Analytical method 9: ta=4.71 min: [M+H]

910 3
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Example 8.10: Synthesis of ((3S,7S.10S.)3R)-3-
henzyl-6-(4-chloro-2-(4-(2-((dimethyhamino)

methyl)-1-methyl-111-intidazol-5-yl)phenoxy)hen-
zyl)-13-(4-chlorohenzyl)-10-(Inethoxymethyl)-7-

mcthy)-4-oxa-),6,9,)2-tctraazabtcyclo[)).3.)]
hcptadecanc-2,5,8,1)-tctraone hydrocldonde

(Compound 156)
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rontmutxl

CI 0

0 0

KA I I ', HOAr
I 6i Lut«tuse, Doug

Huup rl.pi'mm

Step 6

I 6P

CI

Step I tert-Butyl (It)-3-((8)-2-amino-3-methoxy-
propanamido)-3-(4-ch)orobenzy[)p)peridine-I-car-

boxylate (156A)

[0882] Step I-I To Fmoc-Scr(Me)-OH (246 m, 720
tunol) in D('M (3 ntl.) was added (ihosez's reagent (0 0')5
ntl .. 720 pmol) I'he resulting mixture was stirred for 45 min
at rt. and then a solution of B2 (195 mg. 600 pmol) and
DIEA (0.157 mL. 900 pmol) in DCM (2 mL) was added. The
rcactton mtxturc was surred for 90 nun at rt mtcl DCM was
Ienlovtx! HI cacao.

[0883[ Step 1-2 'Io the residue from Step 1-1 was dts-
solved in I I III (5 mi,) and NMP (4 Inl,) was added 0 5 M

aq NaOI I (3 6 ml„1800 Iuuol) and the resultmg mixture
was sttrrcd for 2 h at rt. Thc THF was rcmovcd ut vacuo and
the residue was partitioned betv een I ttOAc (50 ml ) and 5%
aq Na.COu (5 mL). The organic plrusc w as washed with 5%
aq NauCOI (2x5 ml ) and bnne (10 ntl.). dried over
NauSOm filtered. and concentrated to dryness in vacuo. 'I he
cntde product was purified by fiash silica el chromatogra-
phy (eluent A; EtOAc/DIEA (98 2), eluent B: EtOAc/
McOH,'DIEA (85:15:2)). Pure fracttom were combutcd and
concentrated to dryness ut I acuo to afihrd 156A ( —600 Iunol)
as a yellow oil. Thc product was used in the next sicqt
without further purification. Analytical method 10: ta 0.77
nun; [M+I I[+ 426.3
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Step 2, tert-Butyl (4-chloro-2-(4-(2-((dimethyl-
amino)methyl)-I-methyl-IH-uu&dazoi-5-yl)phenoxy)

bcnzyl)-L-alamnatc (156B)

[0884] To El (534 mg, 1%44 nm&ol) and (S)-tert-butyl
2-aminopropanoate HCI (393 mg. 2.166 nuuol) was added a
mixture of DCM (20 mL) and AcOH (0.331 mL. S.78
nuuo1). The resulting

so

1 u & &on

w as stirred for 80 nun at rt and
then Nal311(OAc), (1530 n&g, 7 22 nunol) v as added 'the
reaction was stirred for 14 5 h at it, the ITCM was removed
and the residue was part&tinned between I'.tOAc (50 ml) and
5% aq. Ns&CO, (30 mL). The organic phase was washed
with 5% aq. Na&CO& (3x10 mL) and brine (10 mL), dried
over Na&SOo liltcrcd. and conc&:atra&cil to &hyness u& vaciio.
Thc crude product was puulicd by llash s&1&ca gel cluuma-
tography (eluent A. EtOAc/DIEA (98.2), cluent B. EtOAc/
MeOI I,'l)II&A (90 10 2)j Pure fractions were combined and
concentrated to dryness in vacuo to afford 156B (347 mg,
0.695 num&1. 48% yield) as a yellow oil. Analytical method
10; ta=0.59 min„[M+H] =499.5.

Step 3. Benzyl (S)-2-((((S)-I-(tert-butoxy)-I-oxo-
propan-2-yl)(4-chloro-2-(4-(2-((d&methvlamino)

methyl)-I-methyl-I H-un&dazol-S-yl)phcnoxy)bcn-
zyl)carbamoyl)oxy)-3-phenylpropm&cate (156C)

[0885] Step 3-1 To a solution of 156B (278 mg. O.S57
mmol) u& DCM (5 mL) aud DIEA (0.389 mL. 2. 228 mmol)
was added a solut&on of 104A (40N mg, 1.281 mmol, see
Example 8 9) in DCM (4 ml.) 1'he reaction mixture was
stirred for I h 45 min at rt. additional 104A (98 mg, 0306
nm&ol) in DCM (I mL) was added and stirrin was contin-
ued for 90 min.
[0886] Step 3-2: 33% Dimethylamine in EtOH (0.796 mL,
4.46 nuuol) was added to the mixture from Step 3-1. The
resultu&g nuxturc was st&rred for 18 h at rt and then con-
ccntratcd to dryness u& vacuo. The crude product was
puulitxl by llash sil&ca gel cluomatography (cluent A
li&OAc,'l)II,A (9N 2), eluent 0 EtOAc/MeOI Vl)11&A (90 10

2)) Pure fract&ons were combined and concentrated to
dryness in vacuo to afi'ord 15GC (3G2 mg, 0.4(i3 mmol, 83%
yield) as a yellow oil. Anal)tical method 10: &a=i.13 min,
[M+H] =781.S.

Stcq& 4. Beuzyl (S)-2-((((S)-I-(tert-butoxv)-I-oxo-
propan-2-yl)(4-chlom-2-(4-(2-((di methylamine)

methyl)-1-methyl-111-in&idazol-5-yl)phenoxy)ben-
zyl)carbamoyl)oxy)-3-phenylpropanoate (156D)

[t)887] 156('362 mg. 0 463 mmolj was dissolved in 95%
aq. TEA/DCM (I:I) (10 mL). The reaction mixture was
stirred for I h at rt and then concentrated to dryness in vacuo
to afford 156D (assumed to be 0.463 mmol) as yellow oil
winch was us&xl &n the next stcq& without puulicat&on. Ana-
lytical method 10, ta=0 95 mu&, [M+H] =72S.4.

Step 5 (4S,7S,I IS)-I I -benzyi-8-(4-chlom-2-(4-(2-
((dimethylamino)methyl)-I-methyl-I H-imidazol-5-
yl)phen-oxy)benzyl)-4-(((R)-3-(4-chlorobenzyl)pip-

eridin-3-yl)carbamoyl)-7-methyl-6.9-dioxo-2.10-
dhoxa-5,8-diazadodccan-l2-o&c acid hydrochloudc

(156E)

[0888] Step 5-1: To 156D (463 pmol) and TBTU (223 mg,
695 pmol) was added DCM (10 mL) and 2.6-lutidine (1.079
n&I .. ')260 umol) 1'he resulting mixture was stirred for 5 min

at rt and then a solution of 156A (230 mg. 486 pmol) in
DCM (10 mL) was ndded. The reacuou m&xture was sturcxt

fi&r 160 min at &t and thc DCM was rmnovcd u& vacuo. The
remduc was part&tioncd bc&ween EtOAc (50 mL) and 5% aq.
NaHCO& (10 mL). Thc organic phase was washed with 5%

aq NaHCO& (3x10 mL) m&il brine (10 mL), ducd over
Na&SOw filtered, and concentrated to dryness in vacuo to
alford a yellow oil. Analytical method 10: ta I 24 min;
[M+I I]+ 1132 3.

[0889J Step 5-2 1'he residue fn&m Step 5-1 (44N mg, 0395
nuuol) was slow lv d&ssoh cd in 33% wt HBr &n AcOH (20
ml,) and DCM (10 ml,) The result&ng mixture was stirred
for 2 h at rt. then concentrated to dryness in vacuo. The crude
pmduct was purified by preparative reverse-phase IIPI.('eluent

A: 0.01 M H('I in H&O, eluent B; ACN). After
lyophilization, 156E-BatC& I (89 8 mg, 0 08S mmol, 18%
yield for Step 5 and Step 6) was obtained as a v hite solid and
156E-Batch 2 (63.4 mg. 0.060 mmol, 13% y&cld lhr Stcq& S

and Step 6) as an ofi'-&vhite solid. Analyt&cal n&ethod 14;
ta=4 02 min, [M+H] =942.3.

Step 6. (3S,7S,IOS.13R)-3-benzyl-6-(4-chloro-2-(4-
(2-((dimethylmnino)methyl)-I-methyl-111-im&dazol-

5-yl)-phcnoxy)bm&zyl)-13-(4-chlorobcnzyl)-10-
(methoxymethyl)-7-methyl-4-oxa-l,6,9,12-

tetraazabicyclo[11.3.1]heptadecane-2.5,8,11-tetraone
hydrochloride (('ompound 156)

[0890] The cyclization of 156E was done in two portions.
Poruon I: To a solution of 156E-Batch I (89 4 mg, O.ONS

nuuolj u& DCM/NMP (14.3) (85 mL) was added HOA& (52 0

mg, 0.382 mmol) and HATU (129 mg, 0340 nunol). Thc
result&ng nuxturc was snrrcd for 5 m&n at rt, m&d then
2,6-lutid&nc (0.297 mL. 2.55 nuuol) was add&xl. The react&on

nuxture was stirred for 90 &nin at rt. ai&d then concentrated
to dryness in vacuo I'he residue was partitioned between
EtOAc (50 ml,) and 5% aq Nal ICO& (10 ml ) 'I'he organic
phase was washed with 5% aq Nail('0& (2x10 mi,) and
brine, dried over Na&SOs. filtered, and concentrated to
dryness u& vacuo.

[0891] Portion 2: To a solution of 156E-Batch 2 (63.0 &ug,

0.060 mmol) in D('M/NMP (53;10) ((i3 mL) was added
HOAt (36.7 mg, 0.2(i9 mmol) and HATU (91 mg. 0.239
mmol). The resultin mixn&re was stirred for 5 min at rt and
then 2,6-1utidine (0.209 ml, 1.796 mn&ol) was added. 1'he

reaction nuxturc was stirred for 90 m&n at &t and concen-
trated to dryness in vacuo. The residue was partitioned
between EtOAc (50 mL) and 5% aq. NaHCO& (10 mL). The
organic phase was &vashed with &% aq. Nal ICO, (2x10 inl,j
and brine, ducd over Na&SOw liltcrcd, and concentrated to

tlry&less u& vacuo.

[0892] The crude product was purified by prepamtive
reverse-phase I IPI,C (eluent A 0.01 M I I('I in I I&O; eluent
B. ACN). Pure I'ractions werc comb&ncd and lyoplul&zcd to
alfi&rd Compound 156 (55.6 mg, 0.055 mmol, 38% yichl) as
a wlute solid. Analytical n&ethod 14& ta=5.23 min: [M+H]

924 3.
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Example R 1 1: Synthesis of (3R,7S,)OS,13R)-6-(4-
chioro-2-(4-(2-((dimethyiamino)methyl)-1-methyi-

111-imidazol-5-y))phenoxy)henry))-)3-(4-ch)tyroben-
xyi)-IO-(hydroxymethy))-3-)sopropy)-7-methy)-1,6,
9.)2-tctraazabtcyc)o[I).3.)]he7yradeeane-2.5,3,) )-

lenaonc hydrochloride (Compound 133)
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133B
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Step 1. tert-Butyl (R)-3-((S)-3-(N-(4-chloro-2-(4-(2-
((drmethylamrno)methyl)-I-methyl-IH-inudazol-5-
yl)-phenoxy)benzyl)-N ((R)-3-(methoxycarbonyl)-

4-methylpentanoyl)-l.-alanyl)-2„2-
dimethyloxazolidine-4-carboxarnido)-3-(4-

chlorobenzyl)piperidine-I-carboxylate (133A)

11)894] (I&)-3-(ntethoxycarbonyl)-4-methylpentanoic acid
(A12. 20 90 nlg. 120 pnlol) and I IA(1) (45(r mg. 120 Iunolj
were dissolved in DCM (I mL) and DIEA (0.02(i mL. 150
unn&1) and stirred for 30 min at rt. A solution of 60B (100
umol) in DCM (3 mL) was then added and the resulting
nnxlurc was surred for 2 h at rt and then I'or 2 h at 40'.
Addnronal DIEA (0.026 mL, 150 Iunol) v,as atldtxl and
stirring at 40" ('vas continued firr 17.5 h A solution of
(It)-3-(methoxycarbonyl)-4-ntethyipentanoic acid (20 ')0

mg, 120 Iunol) and PyOxim (68 6 m „130 )unol) in DCM
(I mi.) and DIEA (0 026 m1„150 pmol) was added (pre-
actlvation time 2 min) and the reaction mixture v as stirred
for 32 h at rl. Addrnonal soluuon of (R)-3-(mclhoxycarbo-
nyl)-4-methylpentanoic acid (41.8 m . 240 )unol) and
HATH (91 mg. 240 pmol) in DCM (I mL) and DIEA (0.052
ml., 300 Iunol) tvas added (preactivation time 20 min)
strrnng was contuturxi for 88 h at rt. Thc rcacuon mrxturc
was partitioned between I:tOAc (50 ml,j and 5%o aq
Na,CO, (10 mL). The organic phase was washed with 5%
aq NatCOs (3x10 ml,) mtd brine (10 ml,), dried over
Na,SOo, filtered, and concentrated to dryness in vacua to
alford 133A (— 100 pmol) as a brown orl whrch was used in
the next step v,ithout puriiicatron Analytical method 10;

ts I 20 min; (M+II) 1032 5.
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Step 2. (S)-4-((4-Chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-I H-untdazol-S-yl)phcnoxy)ben-

zyl)((S)-I-(((S)-I-(((R)-3-(4-chlorobcnzyl)plpendul-
3-yl)amino)-3-hydroxy-I -oxopropan-2-yl)amino)-I-
oxopnlpan-2-yl)amino)-2-isopropyl-I-oxobutanoic

acid hydrochloride (133B)

[0895] Step 2-1 To 133A(0.100 nunol) dissolved in THF
(5 mL) was added 0.25 M aq. NaOH (2.000 mL. 500 pmol)
and lhe resulung mtxlurc was surred for 90 nun al rl.
Addulonal 0.25 M aq. NaOH (2.000 mL, SOO Iunol) was
added and sttrring was contlmted for 2 h at rt 2 M aq NaOI I

(0 500 ml e 10(XI Pntolj was again added and the reaction
mixture was stirred for 2 h at rt. Additional 2 M aq. NaOH
(0.500 mL, 1000 pmol) and NMP (2 ml ) was added and
surring was conttnucd for 16 h at rt and then for 4 tl 23.5 h
at 45'. The rcactton mixture was quenched with AcOH
(0.115 mL, 2.001 mmol) and thc THF was remoted ln
vacuo 1 he restdue was partitioned bettveen 1itOAc (50 ml,j
and I izO (5 ml ) 'I'he organic Phase was washed v ith 5%
NaHCOs (5 mL) and brine (5 mL), dried over Na,SOe,
filtered, and concentmated to dryness in vacuo.
[0896] Step 2-2. The rcslduc Ibom Slap 2-1 was dlssolvcd
in 95% aq. TFA (7 mL) and DCIvl (3 mL), surreal for I h at
rL and lhml conccutcalcxt lo dryness ul vacuo. The crude
pmduct was purtfied by preparative reverse-phase IIPI.C
(eluent A 001 M II('I in IisO; eluent 13 A('N) Pure
fractions were combined and lyophilized to afi'ord 133B (16
mg, 0.01(i mmol. 1(i% yield for 2 steps) as a white solid.
Analytical method 14, la=3.37 mul, [M+H] =878.4.

Step 3. (3R.7S. I OS.13R)-6-(4-chloro-2-(4-(2-((dim-
cthyhunulo)methyl)-I-methyl-IH-lmidazol-5-yl)
phcnoxy)-benzyl)-13-(4-1:hlorobcnzyl)-10-(hy-
droxymethyl)-3-isopropyl-7-methyl-1.6,9,12-
tetraarabicyclo[11 3.1 J-heptadecane-2.5,8,11-

tetraone hydrochloride (Compound 133)

[0897] To 133B (16 mg, 0.016 mmol) tn DClVUNMP (3.1)
(16 mL) was lxhlml HATU (24 62 mg, 0.065 mmol) and
I IOAt (3 31 mg. 0024 mnlol) The resulting mixture was
stirred for 10 min at rt and then 2,6-1utidine (0.057 mi„
0.486 mmol) vvas added. The reaction mixture was stirred
for 15 h at rL additional HATU ((i.16 mg, 0 016 mmoi) was
added and stirring was continued for 2 h. The reaction
nuxturc was concentrated in vacuo. Thc crude product was
punlicd by prcparautc reverse-phase HPLC (cluenlA: 0.01
M IK'I in II,O; eluent 13 A( N). Pure fractions were
cmnbmed and lyophilized to afiord ('ompound 133 (9 I mg„
9.55 Pmol. 59% yield) as a vvhite solid. Analytical method
9: t =4.li3 min; [M+H] =8(i0.4.

Example 8.12; Synthesis of (3S,7S. I OS,13R)-6-(4-
cttloro-2-(4-(I-methyl-2-(pyrrolidtn-I-ylmethyi)-IH-
tmidazol-5-yl)phenoxy)bmlzyl)-13-(4-chlorobcnzyl)-

3-((R)-2,3-dlhydro-lH-tnden-l-yl)-10-
(hydroxymethyl)-7-methyl-1.6.9,12-tctraazabtcyclo
[11.3 I Jheptadecane-2.5,8,11-tetrmlne hydrochloride

(( onlpound 68)

[0898]
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Step 1. Methyl (S)-4-((R)-3-((S)-3-(L-alanyl)-2.2-
dintethyloxazohdtne-4-carboxmnido)-3-(4-chlo-
mbenzyl)-piperidtn-I -yl)-3-((R)-2,3-dihydro-l I I-
inden-I-yl)-4-oxobutanoate trifluoroacetate (68A)

[0899] Step 1-1: To a solution of Fmoc-Ala-Ser[psi(Me,
Me)pro]-OH (119 m „0.270 mmol) and HATH (103 mg,
0.270 ntntol) in DMA (2 ml ) was added DIEA (0.061 mL,
0351 mmol) Thc resuluug solutton was sttrrcd lbr 2 mtn at
rt and then a soluttou ol'BI7 (123 m c 0.270 mmol) tn
DMA (3 ntl ) was added lite reaction mixture was sttrred
fitr 3.5 h at rt

[t)900] Step 1-2 4-Methylpiperidine (I ml,) (vas added to
the mixture of Step 1-1 I he reaction ntixture was stitrmI for
30 min at rt and then quenched by addition of AcOH (I 5

mL) and H,O (2 mL). The resultittg solution was directly
sub)ected to preparattve rcversc-phase HPLC (elucnt A
0.1% TFA in H10: clucnt B. ACN). Pure fraction were
combutcd and lyoPluhzed to afibrd 68A (120.6 mgc 0.157
ntmol, 5R1% yield) as a whtte solid Analytical method 10,
ta I 11; [M+I IJ+ 653 2

Step 2. Methyl (S)-4-((R)-3-((S)-3-((4-chlom-2-(4-
(I-methyl-2-(pyrrolidin-I-yhnethyl)-I H-imidazol-5-
yl)phcnoxy)benzyl)-L-alanyl)-2.2-dtmcthyloxainth-
dine-4-carboxamido)-3-(4-chlorobenzyl)ptperidin-I-

yl)-3-((R)-2,3-ddtydro-l H-(aden-I-yl)-4-
oxobutanoate (68B)

[l)901J 68A (1200 mg, 0.156 mmol) and 112 (713 mg,
0.188 mmol) werc dissol(cd in a mixture of DCM (8 mL)
and AcOH (0.036 mL. 0.626 mmol) aud sttrred for I h at n.
NaBH(OAc), (IGG mg. 0.782 mmol) was added and the
reaction mixture was stirred titr 16 h at rt and then concen-
trated to dryness ut vacuo. Tire rcsulttng rcsiduc xxtts pani-
ttoncd bctwcen ETOAc (50 mL) aud 5%c aq. NacCOi (10
mL). The or anic phase was washed v ith 5% aq. NasCO,
(3x10 mi ) and brine (10 ntl.). dried over NaxSOc. filtered,
and conccntratcd to dryness in ( acuo to alford 68B (159 mg,
0.154 nunol, 98cgc ytcld) as a beige foam The product was
used Tn the next step ivithout purificatton. Analytical method
10: ta I 11 min: [M+I I]+ 1032.3
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Step 3. (3S,7S, IOS,13R)-6-(4-Chloro-2-(4-(1-
methyl-2-(pyrrolidin-I-ylmethyl)-IH-imidazol-5-yl)
phennxy)-benzyl)-13-(4-chio robenzyl)-3-((if)-2,3-

dihydro-111-inden-I -ylj-10-(hydroxy&nethyl)-7-
mishy1-1,6,9.12-&ctraazabicyclo[11.3.1]heptadecm&c-

2,5.8,11-&ctraonc hydrochloride (Cumpound 68)

[t)902] Step 3-1 'Io 6813 (159 mg. 0.15) mmol) dissnlved
in dinxane (8 ml,) and I I&O (2 ml,j was added I M aq.
NaOH (0.616 mL, 0.616 nunol). The rcsultu&g mixture was
surrcd for S.5 h at rt and then quenched by the add&non of
a solution of I M aq. HCI (0.462 mL, 0.462 mmol) in H&O
(0.92 n&L). The reaction mixture was concentrated to dry-
ness in vacuo tn affi&rd a beige solid. Analytical method 10,
ta I 05 min: [M+I IJ 1018 3
[0903] Step 3-2. To a solution of the rcs&due of'tep 3-1
(154 umol) u& DCM (154 mL) was addisl HOAt (21.0 mg,
154 unu&l) and HAllJ (234 mg. 616 )unol) and the resulting
mixture was stirred for 5 min at rt. 2.6-lutidine (0.538 mL,
4620 pmnl) was added and the reaction mixture was st&rred
for 19.5 h at 40" C and then concentrated tn dryness in
i acuo. The rcsnluc was parut&oned bct w ion EtOAc (50 mL)
and 5% aq. NaHCOa (10 mL). Thc orga&uc phase was
&cashed saith 5%4 aq. NaHCO, (2x10 ml ) and brine (10 mL),
dried over Na&SO4. filtered, and concentmted to dryness in
Cacao
[t)904] Step 3-3 The residue from )tep 3-2 ives dissnlved
in ACN/H&O (S 3) (8 mL) and 95% aq. TFA (2 mL) was
added. 11&e react&on was stirred lbr 4S mu& at rt. then
concentrated to dryness &n vacuo. The product was purified
by preparative reversed-phase HPLC (eluent A: 0.1% TFA in
I l&O; eluent 13 A('N). Pure fractions were combined and
lyophilized. 'I'he product ('I'l&A salt) was dissolved in I&tOAc
(100 mL) and the orgaiuc pl&asc was wasl&cd w&th 5% aq.
NaHCO& (3xS mL) aud brine (5 mL), dnixl over Na&SO4,
filtered. and concentrated to dryness in vncuo. The res&due
was dissolved inACN/H&O (I: I) (40 mL) and 0.1 M aq HCJ
(4 5 n&I.) was added After lyophilization ('ompound 68
(40 6 mg. 38 I pn&ol, 25% yield) ives obtained as a wlute
sohd. A»sly&&cal method 9, ta=S.02 min: [M+H] =960 3.

Example 8.13: Synthesis of (2S.3S)-2-(((Allyloxy)
carbonyl)amino)-3-(tert-butnxy)butanoic acid (Inter-

mediate 0)
[0905]

[0906] To a round bottom flask containing 0-tert-butyl-
L-allo-thrcnninc (2.3 g, 13.13 nuuol) u& NaOH (26.9 mL,
26.9 mmol) m&d cooled u& an icc bath was added allyl
chloroformate (1.54 ml„14.44 mmol) in dioxane (15 mi,)
dmpv ise via addition fi&nnel. Add&tional I N NaOJI was
then added until the piq ives about 9-10. The resulting
m&xture was v:armed to RT and allowed to stir for 2 h to
complete the reaction. The react&on mixture was tmsnsferred
to a separatory futu&cl m&d washed twice w&th ether. Thc
aqueous phase wus collcctcxI, acidilicd to pH —2, and
extracted nvice v,ith IIIOAc. 'I'he combined organic phases
v ere washed with brine. dried nver Nas)04. filtered, and
concentrated to afii&rd Intermediate 0 (Int 0) as an oil after
dryu&g (3 g. 88% yield). 'H NMR (400 MHz, dichlorometh-
ane-d,) 8 ppm 1.16-1.33 (m, 12H) 3.70 (s„2H) 3.98-4.09 (m,
JH) 4.35 (dd, J=8.31. 4.89 Hz. IH) 4.61 (d, J=S.38 Hz, 2H)
5.25 (dq, J=10.51, 1.39 Hz, I H) 500-5.S6 (m, I H) S.86-6.08
(m, 111) I'he prnduct was used in the next step &vithout
further purification

Example 8 14 Synthesis of N-(((911-Iiluoren-9-yl)
methoxy)carbonyl)-0-(difluoron&ethyl)-I -serine (In-

termediate P)

[0907]

0

P-I
0

H.N
OH &mac—I'I

0
I I

I &P

rro
.IH N. OI I

ail&I cl&to&ofonnaic
t

0

N-(tert-l3utoxycarbonyl)-O-(difluommethyl)-l.-ser-
ine (P-I)

[0908] Thc &itic compound was prcparcd according to
dcscribcd in thc literature example descnbed u& patent
IJS2015/218212 Ai, 2015

HO

0
0

I &0

S&cq& l. 0-(D&fiuoromethyl)-L-seonc (P-2)

[0909] To a solution of P-I (I 36 g. (i.l I nunol) in anhy-
drous DCM (Molume: 20 mL) was added
[0910] TFA (7.06 mL, 92 nm&ol). The resulting mixture
v as stirred at RT overnight and then concentrated under
reduced press&ac. 11&c nbtilh&ci! rcsuluc was d&la&is! w&th

tolucnc (10 mL) and concentrated under rcducixl prcssure.
This process was rcpcated tw&ce morc to allbrd P-2 (0.948
8, 100%). which &vas used in the nest step without further
puufication. MS [M+I IJ 156 0.
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Step 2. N-(((9H-Fluoren-9-yl)methoxy)carbonyl)-0-
(dtfluoromcthyl)-L-hcrinc (inienuediate P)

-colilllillixl

Example 8 14: Synthesis of (4-Chloro-2-(4-(2-((di-
mcihylamiuo)methyl)-I-methyl-IH-inucpuzol-6-yl)

phcnoxy)benzyl)-L-alanuic (DEI)

[0912]

H 0

El
0

/

!

.IH Step I

[0911] P-2 (0.948 g. 6.11 mmol) vvas dissolved in a

mixture of dioxane (40 mL) and water (20 mL) and was

cooled to O'. Sodium bicarbonate (30.8 g. 36.7 nmiol) was

added, followed by Fmoc-CI (1.739 g. 6.72 mmol) a min

later. The resulting mixture was stirred at 0" C. for I h. and

then at room temperature for overnight. EtOAc was added

and the reaction mixture was washed with H,O. I N HCI,

and brine. The organic phase was dried over Na,SOu,

filtered, and concentrated. 1 he cntde product tvas purified by
flash coluntn chroniatography on silica gel (eluting v ith

0-100% ittOAc/heptane) to give Int P as a tvhite solid (I 6

8,. 4 24 mmol. 69 4%) after drying under high vacuum MS

[M+I IJ 378.1

DF.I

I

!

[0913] To a suspension ol'L-alaninc (257 mg. 2.88 nunul)
in MeOH (4 mL) and water (0.4 mL) at RT was added NaOH

(I )5 mg, 2.88 nunol). Ilie resulting mixture was alkiwed to

stir fiir 30 nun ai RT anti then El (1.02 g, 2.74 nunol) was

added The reaction mixture was cooled to -5'. and

allowed to stir for I h Nal3114 (42 mg. I I nimol) was added

iu portions mainiauiing thc internal reaction tcmperaturc
below O'. The reaction mixture v, as stirred at 0" ( L for I

h, then quenched by addinu water dropwise until gas evo-

lution stoppmi, conccntratcd under reduced prcssure. Thc

aqueous residue was extracted with EtOAc (2x50 mL). The
separated aqueous phase was loaded onto a pad of I)owex'8'hc

ptul was clu ted with w ster, follow cd by 2 M NH4OH in

v ater. The combined aqueous hltmtes were lyophilized to

pmvide a white solid ivhich v as then dissolved m w:ster The

aqueous phase was aculilicd io pH 7, extracted with 20%

IPA in CHCle (100 mL) seveml times, diluted with brine,

and hack-extracted tvith a solution of 20% IPA in ('ll( Is

Thc combintxl orgmnc pluises werc dried over NazSO4,

filtered. and concentrated to yield DE I as a v hite solid (510

mg, 42%) which was used in the next step without further

punficatton. Aualyucal method 7: in=0.49 nun, MS [M+H]
=443 3.

[0914J '[lie follovving intermediates in'I'able 12 were made
according to the pmcedure described in I:xample 8.14 ftir
DE I.

TABLE 12

Iiii No Iht t",I ~ .

DE1 (4 (hiero (4 12

I(hunethilununo)ntetItrl) I

Ittctltvi-I H-tIttI I tzoI-6-
vl)phenozy)-6-nuotot cttz IFD

:ll ttlllle

I

!
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TABLE 12-conuuued

BB .Io Stra(city(a Chem al .lame

(I (4 is I(tt 4
imi vcmhonyll(i n

butyl)am m I r Ihyll I m tbvi
IH rtudszol vliphenozyi 4

hloro 4 tluorobenzyli L
al.uune

/

Boc

lyl 4 CI

N~oo N

0
0 OH

/

/

(Si 4 ((I

li dunethylanurmimethyu I

methyl IH nud.iz I (
virphenozyibmz liarnnroi

brit.ur c ac 4

I ixample g 15 Synthesis of (S)-3-((Allyloxy)carbo-
nyl)-2,2-methyloxazolidine-4-carboxylic acid (Inter-

mediate E)

[0915]

N:iOH
St pi

St pl

Step I (S)-2-(((Allyloxy)carbonyljmnino)-3-hy-
droxypropanoic acid (it-I)

[0916] To a roluld bottom flask containing L-serme (20.14
g. 192 mmol) v:as added NaOH (I M, 393 mL, 393 mmol).
Thc rc su 1 1uig nuxturc w as cooled using an ice bath mid ally 1

clttorofonnalc (24.5 mL. 230 mmol) rn dioxanc (151 mL)
was added dropwisc via addition fluuicl. Addrtioiml NaOH
(I Mj was added until the pl I was about pl i 9-10 'lhe
reaction mixture yves warmed to Ifl: stirred overnight,
trmlsferred to a separatory funnel„and extracted twice with
ether. The aqueous phase was acidified to pH 2.5 and
extracted tlucc times with EtDAc. Thc combined orgaiuc
plmscs werc dncd over NazSO4. Iiltercdr und concentrated lo
alford 21 g of thc dcsircd product. Addttiooal product was
recovered fmm the water phase by adding brine and extract-
ing twice with EtOAc. 'I'he combined organic phases were
dried over Na,SO4, tiltered„and concentrated to afford
another Hi g of E-I (75;o) which yyas used in the next step
without purihcation.

0 Step 2 (S)-3-((Allyloxy)carbonyl)-2,2-dimethyiox-
azolidine-4-carboxylic acid (Intermediate E)

I I0

0

Int

L'0917]
To a round bouom flasl contmrung E-I (21 g, ill

nuuolj in DCM (129 mL) was added p-TsOH (2.11 g, 11.10
mmolj and dimethoxy pmpane (93 g, g')0 mmol) 'lhe
resulting mixture yves heated to reflux and stirred at reflux
for 2 h. The heat source was removed and the reaction
mixture was allo(sad to stir at RT overni+t. concentrated
under rcduccd pressure. and taken up rn EtOAc. Tlm orgaiuc
plmsc was washed with milurulcd aq. NazCO,. The scpttralcxt
aqueous phase was aciddicd lo pH —2 with 6 N HCI. The
aqueous phase v,as extracted twice with IttOAc 'Ihe com-
bined or anic phases were washed yvith water and brine,
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dried over Na,SOS. hltered, and concentrated to afford Int-E
(6 g. 26.2 nunol). Thc product was used ut ihe next step
without purilicauon

Example 8.1G: Synthesis of (R)-tert-Butyl 3-((S)-2-
Iunino-3-methoxy-N-mcthylpmpmtiunulo)-3-(4-chlo-
robenzyl)pipcridtne-I-carboxylate (intcrmcxliatc F)

-conthnaxl

/~0
8/

/
Pd(PPksli,

si p.

[09181

C.'I

B c

Is'l

,NH +

I 4
C'I

/~0

~NB
0

00 0
B

INT-F

C'I

C'I

I~ 'I B

~O
2B0„'vi I

N
X nMF O-clc i.

81 p2

0 Anne

F I

SteP 2. (S)-Allyl 4-(((R)-I-(Cert-butoxycarbonyl)-3-
(4-chlorobenzyl)piperidin-3-yl)(methyl)carbamoyl)-

2,2-dimethyloxazolidine-3-carboxylate (IO2)

[09191 To a solution of F-I (6 I g, 1138 nunol) in anhy-
drous DMF (50 mL) at 0" C. under an atmosphere of
nitrogen ssas aiklcd NaH (1.00 g. 25.03 nunol) in portions
over 20 nun. The rcsulung mixture was stirred ai 0" C. for
2 h (tunted light brown. and Mei (2 85 ntl, 45 5 mmol) was
added and stirring was continued at 0': for 6 5 h Once
LCMS showed complete consumption of startin material,
the reaction mixture was quenched with saturated aq.
NaHCO, The resulting yellow precipitate was collected by
vacuum filtrahon and rcibssolved in EtOAc Thc orgaiuc
pllasc was wasllixl willi waicn ditccl over sodtuill suilauu
filtered, and concentrated Io afiilrd lu2 (6 37 g, 11.58 minol,
quantitative) ass yellow foani Analytical method 5 ta 1.12
mut: MS [M+HJ'=550.0.

Oi

Boc

I 2

Sl IBo ) 0.
N

DIPFA

0
Anne si pl

~(BI
0, Xi I

Ivk AON~ NII

0 0
0

Step 3 (R)-tert-l3utyl 3-((S)-2-(((allyloxy)carbonyl)
amino)-3-hydroxy-N-niethylpropanamido)-3-(4-

chlorobenzyl)piperidine-i-carboxylate, Allyl ((S)-I-
(((R)-3-(4-chlorobenzyi)piperidin-3-yl)(methyl)
amino)-3-hydroxy-I-oxopropan-2-yl)carbamate

(F-3)

[(392(3[ io a solution of li-2 (I g. I 818 mntol) in D('M (25
mL) was added dropwise 02 M TFA in DCM (13G mL. 273
mmol). After stirring for I h at RT. additional DCM (100
mL) svas added imd ihc resulting mixture was stirrcxl over-
night The reaction mixture st as quenchcxf and washed wtdt
saturated aq. NSHCO,. Thc organic plrsse was dnixi over
sodium sulfate, filtered. and concentrated to about 50 mi,
under reduced pressure
[09211 To thc above solution was added TEA (0.507 mL,
3.64 mmol) and (Boc)10 (0.211 mL, 0.909 nmtol). The
resulting mixture v as stnrcxI at RT Ibr 1.5 h, ddutcd wtdt
100 ml, of I itOAc and washed ivith 50 ml, of saturated aq
Nal I(:Os solution 'I'he organic phase was dried over sodium
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sulfate, filtered. and concentmted, The crude material was
punlitxl by flash column cluonmiography on silica gel
(eluiing z»th 0-100%c EtOAc and hcximcs) io affbrd F-3 (615
n&g, 1.206 mn&ol, 66 3%) as a white foam Analytical method
5 tta I 13 min; MS [M+I IJ 510 4

Step 4. (R)-tert-Butyl 3-((S)-2-(((allyloxy)carbonyl)
amino)-3-methoxy-N-methylpiupanamidn---((-

chlorobenzyl)piperidine-I-carboxylate (lt-4)

[0922] To a solut&on of F-3 (615 mg, 1.206& mmol) in
anhydrous ACN (10 mL) was added Ag&O (1397 mg, 6.03
nunol) and Mei (0.754 mL. 12.06 mmol). The reaction was
surrcd at RT under an aunosphcrc of iuirogen u& the dark
over&up» (16 h) LCMS showed thai ihc desired product as
a major product 'I he reaction mixture was filtered through
a pad of (:elite'Ii and the nitrate concentrated under reduced
pressure to afford F-4 as a white foam (591 mg. 1.128 mmol,
94;c). Analytical method 5 th=1.23 min; MS [M+Hj =524.
0.

added DCM (10 mL). followed by Pd(PPh&)4(0.221 g, 0.191
nuno1). Thc resulting nnxiure w as bubbl (xi w&th Nz I'or 5 min
and then st&rrmi ai RT untlcr a N, aunosphcrc Ibr 90 min.
Water (0.2 ml,) tvas added and the reaction mixture was
cm&centrated under reduced pressure to afford the desired
product int U as the n&a]or product by LC/MS. The material
was used in the next step without purification.
[0926J Alternatively, Int-(I can be prepared as shown
below starting from B2 as shown in the scheme below.

DIpp i, Ii (7&I, aGN

Step 5. (R)-tert-l3utyl 3-((8)-2-a&uino-3-&us&foxy-N-
methylpropanamido)-3-(4-chlorobenzyl)piperidine-

I-carboxylate (intermediate F)

[0923] To a soluuon of F-4 (591 m c 1.128 nunoi) and
N,N,l.l,l-pentamcthyls&lananunc (793 mg, 6.77 nunol) &n

D( M (20 mi,) was added tetrakis(triphenylphosphine) pal-
ladium(0) (65 2 mg, 0 056 mmol) and the resulting n&ixture
&vas stirred at RT for 2 h. The reaction mixture was then
evaporated to dryness. The recultin oil int-F was used in the
next step without further puofication. Analytical method 5
&a=1.07 min: MS [M+H] =440.2.

CI

Bn.

St p I

~0

0 ('hz SteP 2

Example 8.17: Synthesis of (R)-te&t-Butyl 3-((S)-2-
amino-3-hydroxy-N-methylpropanamido)-3-(4-chlo-
robc&rzyl)p&per&du&c-I-carboxyla&e (in&em&ixliaic G)

[t)924]

Bcc

G I

I'4(PPh,)(
r&( Vi

Oil

.&H&

0

Bcc

1st-G

~NH
0

Ittt G

[0925J 'Io a flask contaimng I -2 (2.1 g, 3.82 mmol) and N
N-dimethyltrimethylsilylamine (2.6() o. 22 ')] mnu&1) was

Step I. (S)-Bcnzyl 4-(((R)-I-(tert-butoxycarbonvl)-
3-(4-chlorobenzyl)piperidin-)-yl)carban&oyl)-2,2-

dimethyloxazolidine-3-carboxylate ((I-I)

[0927J To a solution of intermediate l32 (524 mg, 1.613
nunol) in anhydrous ACN (5 n&I.) was added DIPI IA (0.563
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mL, 3.23 nu&m&l) and (S)-3-((benzyloxy)carbonyl)-2.2-d&m-
cthyloxazol&dine-4-carboxylic ac&d (496 mg. 1.774 nunol),
followed by ad&it&on oi'AT(I (675 mg. 1.774 nm&ol). The
resulting mixture was stirred at Rf overnight and then
concentrated The cu&de n&aterial was purified by ISCO fiash
colunui cluomatogmphy on silica gel (eluti&tg with 0-50%
EtOAc in heptane) to aff'ord Ci-I (817 mg. 1394 mmol,
86;v) as a white foam. Analytical method 5; ta=l.34 min,
MS [M+H] -100=4863 TLC: RM).531 I:I E&OAc/Hep-
tane.

Step 2. Bcnzyl 4-(((R)-I-(&crt-butoxycarbonyl)-3-(4-
chlorobm&zyl)pipcud&n-q-yl)(methyl)carbmuoyi)-2,

2-d&methyloxazolidine-3-carboxyLste ((&-2)

[0928] To a solution of Ci-I (560 mg, 0.955 nunol) in
anhydrous DMF (15 mL) at O'. under m& atmosphere of
nitrogen was added 60% (&n mu&eral oil) NaH (76 m, I 911
nuuol). Thc result&ng m&xture &&as stirred at O'. fi&r 30 m&n

and Mel (0 179 m1„2 87 mmol) svas added 1'he reaction
mixture &vas stirred at 0''or 60 min I,('MS showed
starting material still present An additional 1.0 eq of NaH
was added and st&rring was continued for an additional 30
nun. Addi&&onal Mci was added and Q&e rmiction mixture was
surrcd for another 30 mu& and then quenched w&th saturated
aq. NaHCO, and water. Tlm resulting &&lute prcxip&tate was
collected by vacuun& filtration and redissolved in I&tOAc.
'I'he or anic phase was dried over sodium sulfate, tiltered,
and concentrated under reduced pressure to afford Ci-2 (500

m, 0.833 mmol, 87i'v) wifich was used in the next step
w&thou& further puulicai&on. Analys&cal method 5: ts=l.36
nun; )FIS [M+H] =600.4.

Step 3. (3R)-tert-Butyl 3-(2-smino-3-hydroxy-N-
mcthylpropauamido)-3-(4-chlorobcnzyl)p&pendu&c-

I-carboxylate (Iut-0)

[t)929J io a mixture of (i-2 (660 mg, 1.100 mmol) in
EtOI I (100 mi ) was added Pd-fibroin (731 n&g, 0 110 mmel)
under a nitrogen atmosphere. The resultin mixture was
fitted with a hydro en balloon and stirred at RT for 5 h.
Another 731 mg of Pd-fibroin was added and the reaction
nuxturc was st&rrcd o&enught. Thc hydrogen balloon &si&s

d&scouncctcd and thc reaction vial was ilushed with nitrogen
three times before being exposed to air I'he reaction mixture
was filtered thmugi& a pad of pre-wetted (with D( M)
Cefite'x and ivashed with additional DCM The filtrate was
concentrated under reduced pressure to afford a cnide prod-
uct. v hich was purified by reverse-phase column chroma-
tography (cluting &s&th 0-100% ACN water containu&g 0 1%
NHsOH) to afii&rd Int-O (57 mg, 0.134 nunol. 12.2%).
Analytical method 5 t„0.97 min; MS [M+IIJ 4264.

Example 8.18: Synthcs&s of N-(tert-butoxycarbo-
nyl)-N-(4-i:hloro-2-(4-(2-((dimcthylanuno)methyl)-
I-methyl-111-imidazol-5-yl)phenoxy)-6-fluoroben-

zyl)-l,-alanine (Intermediate I I)

[0930]

x4
/

/

M«&NO&t

OF&

ia&-H
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10931] To a slurry containing DE2 (12.85 g, 27.9 nunol) in
A('N (232 ml ) was added tetramethylamtnonium hydmxide
pentahydrate (2.54 g, 27.9 nunol) at RT. The resultin slurry
was stirrtxl Ihr 20 mtn and Boc auhydndc (9.13 g, 41 8

nunol) was added. The reaction mixture was stirred over-
ntght. then quenched wtth water. and concentrated under
reduced pressure to renhove excess A('N 'Ibe pl I of the
resultutg aqueous phase was adlusted to pH —e.g wzth I N
I I('I and extmcted nvice with 2-methyltetrahydrofuran 'I he

0

organic phases were cotnbined and dried over sodium sul-
fate. Iihered. and conccntratcxl to allord Int-H al)cr dryutg
under lugh vacuum (12.92 g. 83%).

Example 8.19: Synthesis of tert-Butyl (S)-3-((R)-3-
((S)-2-((S)-2-amtnopropanamido)-3-mcthoxypro-
pananudo)-3-(4-chlorobcnxyl) pzpcridutc-I-carbo-

ny))-5,5.5-trifluoropentanoate (Interntediate IC)

Jl)9321

VHF o.
HCZ

o c

0

H

IIATUtDIPFeh

DMF,RT 1-2 h
st pl

DMF RT he toot
Sl p2

0 I H

()I

tx'11 3—0

0

ctl SHI'lilt'O
HATU DIPFA

DMI RI. I 2h
Step 3

CI

V. I

Ftoto 'SI

D('M, RI I h
Step 4

Boc 8
Boc

Ci

H

F,C

1'I

~A IUtDIPLS

R I. I h

Step .

D-
EMT, RT, 3O m,

Step G

H

CI

0

SHz

Itx
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Step I tert-Butyl (R)-3-((S)-2-((((9H-fluoren-9-yl)
methoxy)carbonyl)amino)-3-methoxypropanamido)-

3-(4-cldorobenzyl)piperidine-I-carboxylate (K-I)

[0933J 'lo a solution of limoc-Ser(OMe) OI I (2 84 g, 8 31

nunol, 1.08 eq) in DMF (25 mI ) was added HATU (3.16
8 31 mmol. I 08 eqj and DIPEA (2 6') ml„]5 3') mntol).
The resultin mixture was stirred for 2 min and a solution of
B2 (2.5 g, 7.70 nunol) in DMF (10 mL) was then added in
one portion. The reaction mixture was stirred at RT and then
ddutcd with EtOAc Thc orgaiuc pltasc was waslmd twice
with a 5% aqueous solution of Nal ICO, and brine, doed
over NaiSOe. Iiltcrcd. aud conccntratcd Io give K-I (5.66 g)
as ligitt yellow fimm which was used in next step without
further purification. Analytical method 7: tr=1.39 min, MS
[M+Na] 670 2

Step 5 8. 6, tert-Butyl (S)-3-((R)-3-((S)-2-((S)-2-
anunopropanamido)-3-methoxypropaoamido)-3-(4-
cldorobcnzyl) pipcriiiute-l-carbouyl)-5.5,5-tritluoro-

pentanoate (Intermediate K)

[0937] To a solution of A14 (0.72 g. 2.81 nuuoL 1.2 eq) in
DMF (10 mL) was added HATU (1.077 g. 2.83 mmol) and
DIPEA (2.0G mL, 11.81 nunol). Thc resulting nuxture was
stirred fiir 2 nun and then a soluuou of K-4 (1.8 g, 2.3G
nuuolj in DMF (5 mL) was in onc portion. Thc reaction
nuxture ives stirred at R1 for I h and then 4-methylpiperi-
dine (4.5 inl e 38 I mmol. 16 eq) was added in one portion
The reaction mixture was stirred for 30 min at RT and then
concentrated to dryness. The cnide product was purified by
reverse phase co1unut chromatography (el u ting with 0-100%
ACN/HsO with 0.1'!e NHeOH) to aflbrd Iut-K as ofltwluic
firam Analytical mcthoii 4. 3„=1.88 min: MS [M+H] =635.

Step 2 tert-I3utyl (Rj-3-((Sj-2-amino-3-methoxv-
propanamido)-3-(4-chlorobenzyl)piperidine-I-car-

boxylate (K-2)

[0934] To a solution of K-I (5.G6 g. 7.68 mmol) in DMF
(40 ml,) was added 4-ntethylpiperidine (10 mi, 85 mntol).
The reaction mixture was stirred for 30 min at RT and then
concenuatcd to dryness The rcsiduc was diluted with
EtOAc. The organic phase w as washed with H,O and bnne,
dncd over NasSOe, Iiltcred. and concentrated to give K-2
(6 42 g) as a light yellow solid which was used in next step
without further punlicatiou. Analytical method 5. In=I 09
ntin: MS [M+IIJ+ 426 3

Example 8.20: Synthesis of (R)-Methyl 4-((R)-3-
((S)-3-((S)-2-aminopmpanoyl)-2,2-dimethyloxazoli-
dine-4-carboxamido)-3-(4-chlorobenzyl)piperidin-I-
yl)-3-benzyl-4-oxobutanoate trifluoroacetic acid salt

(Intemtediate M)

[l)938J

Step 3 tert-I3utyl (R)-3-((Sj-2-((Sj-2-((((911-fluo-
rcn-9-yl)methoxy)carbonyl)tunuto)propaixunulo)-3-

ntethoxypropanantido)-3-(4-chkirobenzyl)piperi-
dine-1-carboxylate (K-3)

[0935J 'lo a solution of I moc-Ala-Oil (47') g, 1537
nunol) in DMF (45 mL) v as added HATU (5.85 g. 15.37
mmol) and DIPEA (6 ntl., 34 4 nunol) 'I'he resulting mix-
nire was stirred for 2 min and a solution of K-2 (6.42 g. 7 69
mmol) ut DMF (15 mL) was then added ut onc portion The
reaction mixture was stirred at RT and then diluted with
EtOAc. The organic phase was washcil twice with a 5%
aqueous solution of Nal I('Os and brine, dried over NaeSOe,
Iiltcrcd. and conccntratcd. The crude pmduct was puriftnl by
flash colunin chroniatography on silica gel (eluting v ith
0-100%e EtOAc/heptane) to give K-3 (1.69 g, 30.6%) as a
yellow foam. Analytical niethod 5: ta I 34 min; MS
[M+H] =719.5

Ol

0
BI

OH

t'3
, HH IIXTL. DIFF I

Dim
Si p I

Ol

Step 4 (9H-Fluoren-9-yl)methyl ((S)-I-(((S)-I-
(((R)-3-(4-chlorobenzvl)piperidin-3-vl)amino)-3-

metlmxy-I -oxopropan-2-yl)amino)-I -oxopropan-2-
yl)carbamate (K-4)

SOcti
NeOH

Step 2

[0936] To a solution of K-3 (1.69 g. 2.35 mmol) in DCM
(5 mL) was added HCI ui dioxanc (12 mL. 48.0 mmol)
dropw isa. Thc rcsultuig mixture was stirred at RT Ibr I h and
then concmttrated to give K-4 (1.8 ) as ycflow Ibam which
was used directly in next step ivithout further puritication.
Analytical ntethod 5 ta 1.18 min: MS [M+IIJ+ 619.3
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-continued

Step 1

Ct

4 meth„ 1

P 1t ail
0 DMt

tt, VH1 meeW m

Step 2. (R)-111ethyl 4-((R)-3-amino-3-(4-chloroben-
zyl)piperidin-I-yi)-3-benzyi-4-oxobutanoate (M-2)

[0940] To a round bouom flask contatnutg M-I (435 mg.
0 924 ntmol) in anhydrous methanol (18 ml ) and cooled in
an ice bath was added thionyl chloride (1.35 mL, 18.47
mmoi) droptvise Vt'hen the addition was complete. the
resultutg mixture vvas wamted to room temperature gradu-
ally mtd then sttrred ovcrrught to complete thc reactton. The
reaction mixture was concentrated to dryness under reduced
prcssure with hctttnlg nt a wtltel btlth at 30 C. Thc crude oil
was dissolved in I:tOAc. tvashed with a half-saturated
aqueous solutton of sodnun bicarbonate, and then wttshcdI
v ith bone. 1'he sepamted organtc phase was dried over
sodium sulfate. filtered, and concentrated to aflord M-2 (408
mg, quantitative yield), which tvas carried to the next step
v ithout purification.

Step 3. (R)-Methyl 4-((R)-3-((S)m3-((S)-2-((((9H-
fluoren-1)-yl) methoxy)carbonyljmnino)propanoyl)-2.
2-dnnethyloxazolidine-4-carboxamido)-3-(4-chlo-
mbcnzyl)pipendin-I-yl)-3-bcnzyl-4-oxobutanoate

(M3)

1st M

CI

[0941] To a vial contatning M-2 (408 mg, 0.951 nunol)
and (S)-3-((S)-2-((((9H-fiuoren-9-yl)methoxy)carbonyl)
anuno)propanoyl)-2,2-dimcthyloxazoltdutc-4-carboxylic
acid (417 mg. 03)51 mg) tvas added DMA (4 7 ml ) and
DIPEA (0.249 mL, 1427 mmol) wtth sttrrutg HATH (3G2

mg, 0.951 tnmol) was then added in one portion and the
resultmg mixture was stirred at room tempemture overnight
to complete the reaction. EtOAc st as added and the reaction
mtxture was transferred to a separatory hnutel and washed
wi1h a half-saturatcdl solution of sothum btcarbonate. Thc
orgatuc phase was w ashctl tluec tinu:s wtth bone, dncdI over
sodium sulfate, filtered. and concentrated 1 he cntde pmduct
v as purified by flash column chromatography on silica gel
(eluting with 0-55%v D('Mtl itOAc) to atford M-3 (6(10 mg,
82%) afier concentrating the pure fractions under reduced
pressure.

Step l. (R)-tert-Butyl 4-((R)-3-amtno-3-(4-chlo-
robenzyl)pipendin-I-yl)-3-benzyl-4-oxobutanoate

(Ihi-i)

[0939] To a vial contatning C, (244 mg. 0.924 mmol) in
DMA (4 mL) at room tcmperaturc was added DIPEA (0323
ntl.. I 848 mntol) and I IAI'U (358 tng, 0 ')42 mmol) in
several pots tons. Once thc adth tron was complete, 1hc rcsuh-
ing mixture tvas stirred at room temperature fitr another 15

min and then added dropwise to another vial containin B7
(275 ntg, 03)24 mmol) in DMA (I 5 mf,) and DIPI'.A (0 807
mL, 4.62 nunol) The reaction mixture was stirred at room
tentpemture overnight, then transferred to a separatory htn-
nel. diluted with EtOAc, and washed with saturated aq.
sodntm bicarbonate and brine (x3). Thc orgatuc phase was
dried over sodium sulfate. filtered, and concentrated to
afibrd M-I (435 mg. qumttitattve yield), wluch was carried
to the next step without purification

Step 4. (R)-Methyl 4-((R)-3-((S)-3-((S)-2-amino-
propanoyl)-2,2-dintethyloxazohdine-4-carbox-

amido)-3-(4-chlorobenzyl)piperidin-I-yl)-3-benzyl-
4-oxobutanoate tnfluoroaccttc actd salt

(Intcmtcdiate M)

[l)9421 Io a round bottom flask containing M-3 (6(10 mg,
0.777 mmol) in DMF (5 ntL) tvas added 4-methylpiperidine
(2.75 mL. 23.31 mmol) at room temperature and the result-
in mtxture v:as stirred for 35 min. The resulting white
slurry was coolmi m an tce bath and quenched with acettc
actd (I.SG mL. 27.2 nunol) dropwise. yttatcr (O.S mL) was
then added and the slurry tvas tiltered and the filtrate was
pumfied by reverse-phase column chromatography on a ( 18

coluntn (eiuting with 30-70% water/A('N, 0 1% '11'A) in
three injections, After freeze drying, the pure fmctions
aflitrded Int M as a white powder (576 mg, quantitative
ytcld)

[0943] The follov mg intcrmedtatc in Table 13 was pre-
pared according to the pmcedure described for 8 20 titr
Intermediate M .
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TABLE 13

BB .Io Stnrctute Chem ti ",Ietne

ot 2 Ci M tt I (X) 4 ((It) 3 ((3) (I
: Inn I'

I «thylo . ofrdt
uboxun do) 3 t4

hlotoberrzyl)p pend rr I yu 3

((S) 2,3 d hydro IH utden I

VI) 4 oxo butane etc

ExiunPle 8.21: Synthesis of (3Sr7S,10S,13R)-6-(4-
C)dora-2-(4-(2-((dimcthylatuuto)methyl)- 1 -methyl-
1H-imidazol-5-yJ)phenoxy)henry))-13-(4-cldoroben-

zyl)-10-(hydmxymethyl)-7-methyl-3-(2.2.2-
tritluoroethyl)-1,6.9,12-tetraazabicyclo(1 i 3 11

heptadecane-2,5.8,11-(etmone (('ompound 83)

109441

Cl

CI

8
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CI

-POlltlllUPa

Step 4

CI

CI

F
IS

I IO

A14
Step 5

I 41

Step 6
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CI

-90tttttlUed

CI

TBSI.'I
» dc

DCM

Step t

Cl

CI

HA'I U, HOAt
t 6 luttdtnc Dt. M
49''. 19 S

Step X

ITS S

I 7

H

Step 9
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colltlllucil

Step I to 2. (R)-tert-Butyl 3-((S)-3-((S)-2-amino-
propanoyl)-2,2-dtmcthyloxazohdutc-4-carbox-

amido)-3-(4-clt)orobeuzyl)pipertdinc-I-carboxylate
(1-2)

[0945] To a soluttou of B2 (2.5, 7.70 nunol) and Fmoc-
Ala-Scr[psi(Me,Mc)pro]-OH (3.64, 831 nunol) in DMF
(30 8 ntl) was added I )I I IA (2 69 ml. 15 39 mmol), followed
by I I 4 I'l (3 16, 8 31 mntol) as a solid in one portion 'I he
resulting clear yellow mixture was stirred overnight

[0946] To reacttou mtxturc contaming the desire intemtc-
diate l-l was added 4-methyl piperidine I kti3 ml, 30 8

ntmol) and stirring was continued for 3 hr at KI Methanol
was added and the reaction mixture was concentrated under
reduced pressure (in 50" C.) to remove DMF. The obtatned
solul was tlu:n taken up ut large amount ol'tOAc and
washed twice wtth half-saturated sodtum bicarbonate sulu-
uon, anti brtnc Thc combutcd orgatuc phases were dried
over sodium sulfate, filtered, and concentrated to aflbrd 1-2
as a white sohd (3 5 g, -90'%ield: contains some I'moc
adduct), which was cerned to the next step without punii-
cation. Attalytical Method 5. ta=l.07 min.. [M+H] =523 2.

Step 3 (R)-tert-Duty 3-((8)-3-((8)-2-((4-chloro-2-
(4-(2-((dintethylamino)methyl),-tnethyl-l I I-imida-

zo1-5-yl)phenoxy)benzyl)amino)propanoyl)-2,2-
dimethyloxazolidine-4-carboxamido)-3-(4-
chlorobenzyl)piperidine-I-carboxylate (1-3)

[0947] To a round bottom flask conutimng 1-2 (3.5, 6.69
nuuol) mtd El (2.72 g. 7 36 nunol) dtssolvcd in DCM (268
ml) was added accuc actd (1.532 ml, 26.8 mmol). Thc
resulting mixture was sttrred for I h at rt and then sodtunt
triacetoxyborohydride (7.09 8, 33 5 tnmol) was added as a
solid in two portions. The reaction mixture was stirred for
overnight at room temperature and then concentrated. The
obtauttxi restdue was dtlutcd with EIOAc tmd water Tile
orgatuc phase was washed twtcc wtth saturate NaHCO,
tutee: mtd brine, dncd over NazSOw liltcrctl, anti concen-
trated The residue was purified by tlash column chroma-
tography on silica gel (eluting with 0-10'%)CM/MeOI I) to

provide 1-3 (44, 5.02 mmol. 75.0%v yteld) as an ofitwhite
sohd. Analyttcal Method 5. Ix=1 33 mtn., [M+H] =876.2

Step 4. (S)-3-((S)-2-((4-Chloro-2-(4-(2-((dtmcthyl-
tunino)methyl)-I-methyl-IH-tmidazosl-5-yl)phenoxy)
bcnzyl)anuno)propanoyl)-N ((R)-3-(4-chlorobcn-

zyi)piperidin-3-y))-2.2-dintethyloxazoltdine-4-
carboxmnide (1-4)

[0948] To a mund bouom Ilask contau»ng 1-3 (4.4 g, 5.02
nuuol) utACN (60 ml) anti water (5 ml) cooled ut an tcc bath
v as added I'I'A (30.9 ml, 401 mmol) dropwtse over two
nunutes. I'he ice hath was removed and stirring continued at
rt for 45 min. Additional TFA was added (ca 10 ml ). and
the reaction mixture was stirred at room temp for 2.5 hr and
then concentrated under reduced pressure to remove most of
the solvent. Thc obtnincd rcsitluc was carel'ully treated wtth
saturated sodium btcarbonatc soluuou and then NaOH (I N)
with stirring until the aqueous solution pli was 8. The
resultmg mixture was extracted v ith lttOAc twice. and the
combuted organic phases were washed with bnne. then dried
over sodium sulfate, fiitered. and concentrated to provide
1-4 (2.5 g, 3.22 nunol, 64.1 "% yield) as an ofitwhite foam.
Thc matcnal was earned to the next step without purilica-
tton. Analyttcal Method 5, t„=1.17 mtn., [M+H]'=776.1

Step 5. tert-Butyl (S)-3-((R)-3-((S)-3-((4-chloro-2-
(4-(2-((dimethylmnino)methyl)-I -methyl-111-imida-
zol-5-yl)phenoxy)benzyl)-I -alanyl)-2.2-dintethylox-

azofidine-4-carboxantido)-3-(4-ch)orobenzyi)
piperidine-l-carbonyl)-5,5,5-trdiuoropentanoate

(1-5)

[0949[ lo a solution of A14 (120 ntg, 0468 mmol) in
DMI'2 ml,) tvas added DIPI IA (0 20 ml „ I 16 mmol) and
HATH (184 m . 0.483 nunol). The resulting mtxture was
stirred at rt for 5 min before being added into a solution of
1-4 (300 mg, 0.386 nunol) ut DMF (2 mL). Tlm rcactton
nuxturc was st trrcd Rtr another I h. Ihmt queuchcx) w tth a 5%
solution of NaHCOt mtd exu acted wtth EtOAc. Tlm orgatuc
plrase was washed with a 5% Nal I('Os solution and brine,
dried over sodium sulfate. tiltered. and concentrated to
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afi'ord 1-5 (450 mg) as a brown oil. The crude product was
usctl tlirectly in next step without further purilicdtion. Ana-
lytical Method S. th=1.37 mui.. [M+Hj =1014.3.

Step 6. (S)-3-((R)-3-((S)-2-((S)-2-((4-Chloro-2-(4-
(2-((dimcthylamino)methyl)-I-methyl-I H-trmdazol-

5-yl)phmioxy)beuzyl)amuio)propanamtdo)-3-hy-
droxypropanamido)-3-(4-chlorobenzyl)piperidine-I-

carbonyl)-5.5,5-trifluoropentanoic acid (l-(i)

[0950] To a solution of 1-5 (450 mg. 0.443 nunol) in DCM
(3 mL) yvas added TFA (3 mL, 38.9 nmiol) dropu:ise at0'.

The resulting mixture was stirred for 2 h at RT and then
HzO (3 mL) and ACN (3 mL) yycrc added and stirring was
conunucd for another 1-2 h. Thc reaction nnxturc was
concentrated down. diluted with I)('M, the pl I v as adjusted
to pl I 7-8 v ith saturated aq Nal I( Oi/Naz('Oi 11ie organic
phase was separated, dried over sodium sulfate. filtered, and
concentrated to give 1-6 (289 mg, 71% yield) as a hght
yellow oil. ythich uas used directly in next step without
further punlication. Analytical Merited 5, t„=0.83 min.,
[M+H] =918.1.

Step 7. (S)-3-((R)-3-((S)-3-((tert-Butyldimethylsilyl)
oxy)-2-((S)-2-((4-chloro-2-(4-(2-((dtmcthylamino)
methyl)-I-methyl-I H-unulazol-5-yl)phenoxy)bmi-

zyl)amino)propanamido)propanainido)-3-(4-
chlorobenzyl)piperidine-l-carbonyl)-5,5.5-

tritluoropentanoic acid (1-7)

[0951] Ton solution of 1-6 (289 mg, 0.315 nunol) in DCM
(10 mL) was added tmidazole (139 mg, 2.042 nunol) and
TBSCI (233 mg, 1.546 mmol). Tlic rcsultuig mixture was
surrtxl at RT Ibr 3 h and then washed with water. Tlm org uuc
phase was dried over sodium sulfate, filtered. and concen-
trated 'lite crude pmduct was purified on a basic reverse-
phase colunm chromato raphy (eluting with 5-100% v ster/
A( 'N containing 0.1%o NHeOH) to give 1-7 (132 mg, 40.6%)
as a white solid after freeze drying the pure fractions.
Aiuilyticdl Method 5, In=i.lO nunc [Ivi+H] =1032.3.

Step 8. (3S.7S,I OS,13R)-10-(((tert-Butyldimethylsi-
lyl)oxy)methyl)-6-(4-chloro-2-(4-(2-((dimethyl-

aniino)methyl)- I -methyl-111-imidazol-5-yljphenoxy)
benzyl)-13-(4-chlorobenzyl)-7-methyl-)-(2,2,2-
triihioroethyl)-1,6.9.12-tetraazabicyclo[11 3 lj

heptadecane-2288.1l-tetmone (1-8)

[l)952J Io a solution of 1-7 (132 nig,0 128 mniol) in DCM
(100 ml,) was added I IOA( (17.39 mg, 0 128 mmol). I IAfU
(194 mg. 0.511 nunol) and 2,(t-lutidine (0.35 ml. 3.01
mmol). The resultin mixture was refiuxed at 48" C, over-
night and then concentrated to dryness. The obtauicd residue
was partitioned betv,ecn EIOAc and S% aq. NaHCO,. The
organic phase was v,ashed with brine. dncd over NazSOe,
filtered, and concentrated to atford I zg (200 nm, cmde) as a
bmwn oil. I'his cnide product yves used directly in next step
without further purification. Analytical Method 5, ta=l.49
mtn.. [M+H] =1014.4.

Step 9. (3S.7S.I OS,13R)-6-(4-Chloro-2-(4-(2-((dim-
ethylamino)methyl)-I-methyl-IH-imidazol-5-yl)

phenoxy)bcnzyl)-13-(4-chlorobmizyl)-10-(hy-
droxymcthyl)-7-methyl-3-(2.2,2-tnfiuoroethyl)-1,6,
9,12-tctraazabicyclo[11.3.1]heptadccdne-2.5,8,11-

tati loiae (( otliptitlfltl 83)

[0953] To a soluuon of 1-8 (200 mg, 0.197 mmolj in DCIvi
(2 mL) was added TFA (2 mL. 26.0 mmol) dropsy tee. The
resultmg mixture yves stirred at R'I'or I h and then con-
centrated to dryness 'I'he residue was dissolved in I)('M and
washed yvith saturated aq. NaHCOs. The organic phase was
separated and concentrated to dryness. The crude product
was purified on reverse-phase column chromatogmsphy
(clutiug with 10-100% water/ACN contatnuig 0.1%
NHeOH) to give Compound 83 (46 mg, 25%) as a wlutc
sohd after freeze drying the pure fractions Analytical
Method 3, tx I 06 min. [M+I IJ+ 9(X) 3

[0954] The compounds in Table 14 were synthesized
according to the procedure described in Example 8.21 for
Compound 83 from the respective intermediates ~bown in
Tables 1-7 and descnbcd abois in Extunple 8.

1'ABI E 14

sin tt i.t: hf S

cf

Anntyt .tI Method
i ty

ts = 2 fl7 atilt
IN+ HI'= s72 7
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TABLE 14-Ctttttittttui

Omd ".Io Ftttt ttttc LCMS

46

Cl

2

tn = 2 66 mn
iM + H]' 962 3

'Cl.
Cl

OI I

An; I lt nl M thol

tn = I 17 nnn
iMI + Hi' 676 4
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TABLE 14-Cttlttiltttui

Cmd ".Io 91111 title LCMS

Cl

to=i limn
i'.Cl + Hi' 9114 34

OH

Cl

144

'l.. O'I

OH

hltcl 4 oel Method
4

te = I 99 tlllll
iM + H]' 914 ."
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Example 8 22: Synthesic of (3S.7S,10S,13R)-6-(4-
Cldoro-2-(4-(2-((dimethylamino)methyl)-1-methyl-
1 I 1-imi depot-5-yl)phenoxy)-6-fluorobenpyt)-1 3-(4-

chlorobenpyl)-10-(hydroxymethyl)-7,12-dimethyl-3-
(2,2,2-tnlluoroethyl)-1,6c9,12-letcaazabtcyclo[11.3.

t]hcptadecanc-2,5,8,1)-tclraonc (Compound 82)

109561

CI
F Cl

4

DL2

I

/

'IBIL DIPLA
DMF

pl

IICI
alctcllc

Step 2

Bcc

21

AI4
PLAID. LBPLA

DMF
Step I

7 2
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Step l. (Iz)-tert-I3utyl 3-((S)-2-((S)-2-((4-chloro-2-
(4-(2-((dimethylamino)methyl)-I-methyl-I H-imida-
zol-5-yl)phenoxy)-6-lhlorobenzyl)amino)propana-

mido)-3-hydroxy-N-methylpropanamido)-3-(4-
chlorobcnzyl)pipcndinc-I-carboxylate (2-1)

[0956] To a soluuon ol'nt O (1.003 g, 2.12 nunol) and
DE2 (0.977 g, 2 120 mmol) in DMF (10 mL) was added
DIP)!A (I 481 ml . 8 48 mmol) and the resulting nlixture
was stirred for 5 min at RT '113'I'll (0.681 n. 2 120 mmol)

was added stirring was continued for 16 h at RI''he
reaction mixture vvas partitioned between I itOAc (200 inl,)
and 5% acp NaHCOR (15 mL). Thc orgaiuc phase was
washed with 5% NaHCO, (3x10 mL) and brine (10 mL).
dried over NacSOR, filtered, and concentmted. The crude
product was puriliixl by llash colunul cluomatography on
slllcii gcl (cluling v ith 0-15% DCM/McOH with 0.2 TEA
modilicr), lo aBhrd 2-1 (1.20 g, 1312 mmol, 61.9% yield)
as a light yelloiv solid. Analytical Method 5, t„ I 30 inin,
[M+I IJ+ 868.6



US 2020/0[64024 A[
[9[

May 2[], 2020

Step 2 (S)-2-((S)-2-((4-Chloro-2-(4-(2-((dimethyl-
;mu&x&)nu:thyl)-I-methyl-IH-&midazol-5-yl)phe-
noxy)-6-fluorobenzyl)tunuio)pmpmitunnlo)-N

((l&)-3-(4-chlorobenzyl)piperidin-3-yl)-3-hydmxy-N-
methylpmpanamide (2-2)

[0957] To a solution 2-1 (300 mg, 0.345 nunol) in dioxane

(4 ml) a& O'. was add&xl HCI in d&oxanc (4 N. 1.73 ml, 6.91

mmol) dropw&se 'the resulting mixture was &varnuxI and

stirred at RT overnight to afiord a white slurry. The reaction
nnx&urc was concentrated aud dried under lugh vacuum to
afl'ord 2-2 as an ofl'-wlute sohd. The material was used in the
next step wi&bout puniicat&ou (303 mg, quent&n&t&ve yield).
Analytical Method 5, ts 1.13 min, [M+I IJ 768 5.

Step 3. (S)-tert-Butyl 3-((R)-3-((S)-2-((S)-2-((4-
chloro-2-(4-(2-((dimethylamino)n&ethyl)-I-u&ethyl-
I I I-imidazol-5-yl)phenoxy)-6-fluorobenzyl)amino)

propanamido)-3-hydroxy-N-methylpropanamido)-3-
(4-chlorobenzyl)piperidine-l-carbonyl)-5.5.5-

&nfluoropm&tanoa&e (2-3)

[t)958] 1o a solution of 2-2 (303 mg,. 0 328 nunol) and A14

(88 mg. 0.344 mmol) in DMF (3 mL) was added DIPEA
(0.23 mL. I 31 nunol) and flm rcsultu&g mixture was surrcd
fiir 5 min at rt to make sure all solids were dissolved I IAI'll

(131 n&g. 0.344 nmiol) v as added and stirring was continued
for 16 h at RT. Thc reacnon m&x&urc was &akm& up ui EtOAc
and washed with a saturated Nai I('Os solution and bone.
The organic phase dned over Na&SOw filtered. and concen-
tra&ed. The crude product was punlicd by flash column
clmimatography on sil&ca gel (elutin with 0-15'/v DCM/
McOH w&th lv/o TEA), to aflbrd 2-3 (220 mg, 0.208 nmiol,
633 "/ yield) after concentmtmg the pure fmctions. Analyt&-

cal Method 5, ts=1.32 min, MS [M+H] =100ti.7.

Step 4. (S)-3-((R)-3-((S)-2-((S)-2-((4-Chloro-2-(4-
(2-((dimethylamino)methyl)-I-methyl-I H-imidazol-
5-yl)phmioxy)-6-fluorobenzyl)tmuno)propan&mudo)-

3-hydroxy-N-mc&hylpropa»anudo)-3-(4-
chlorobenzyl)p&peridine-l-carbonyl)-5.5,5-

tnfluoropentanoic acid (2-4)

[0959] To a solution of 2-3 (220 mg, 0.218 nunol) in DCM
(10 mL) was added TFA (I mL. 12.98 nunol) v,as added at
O' mid the resulting mixture was o radually v armed to I& f
and stirred overni ht. The reaction mixture was concen-
tra&ed under rcduccd pressure &o dryness and duad under

big)i vac 'I he crude product was purified by reverse-phase
colunu& cluomatogmphy (elutin with 10-80/v water/ACN
with 0 I'&/v NIIsOII) to aifiird the desired product. The
fractions were collected and concentrated in vacua to
rcmove ACN and alford a mostly aq. rcs&duc, winch was
then extracted with D('M (x4) 'I'he organic phases v ere

dried over MgSOw filtered. and concentrated in vacuo to
yield 2-4 (132 mg. 0.139 nunol, 63.5/98 ymld) as a white
solid Analytical Method 5, ts 085 min, [M+I IJ+ 950 6.

Step 5. (S)-3-((R)-3-((S)-3-((tert-Butyldimethylcilyl)
oxy)-2-((S)-2-((4-clfioro-2-(4-(2-((duucthykunu&o)
methyl)-I-me&hyl-IH-inudazol-5-yl)phcuoxy)-G-

fluombenzyl)amino)prupananiidO-N-
u&ethylpropana&nido)-3-(4-chlorobenzyl)piperidine-

l-carbonyl)-5,5,5-trifluoropentanoic acid (2-5)

[0960] To a soluuon of 2-4 (132 mg, 0 139 nunol) and
iniidazole (28 4 mg. 0.416& mmol) &n DCM (15 mi.) at 0" C
v as added I'IISCI (62 8 n&g, 0.416 mniol) dropwise 'ihe
resulting &nixture &vas warmed to I&f and st&rred for over-
ni ht Additionai TBSCI (630 nig) and imidazole (280 n&g)
v ere added and stirring was continued for 5 hr The reaction
nuxturc was qucnchcd w &th w ster (100 ml). and thc orga&uc
pl&asc was collcc&cxI, dncxl over sodium sulfate, Iil&ared, and
concentrated. The cnidc product was punlicd by bas&c
reverse-phase column chron&atoaraphy (eluting &vith

0-100"/ water/ACN &vith 0 I'&/v NI IaOI I) to afford 2-5 after
freeze dryin the fractions containing pure product (95 n&g,

0.085 nunoL (il.fi/o v'&eld). Analvt&cal Method 5. ta=l.43
min, [M+H] =1064.4.

Step G. (3S.7S,IOS,13R)-10-(((&crt-Butyldunethyls&-
lyl)oxy)methyl)-6-(4-chloro-2-(4-(2-((d&methyl-
amine)mcthy1)-I-methyl-I H-&nn&h&zol-5-yl)phc-
noxy)-6-fluorobenzyl)-13-(4-chlombenzyl)-7,12-

dimethyl-3-(2,2.2-tritluoroethyl)-1,6. 9,12-
tetraazabicyclo [11.3.1]heptadecane-2.5 „8.11-tetraone

(2-6)

[l)961J io a solution of 2-5 (95 mg, 0.09 n&mol) in DCM
(100 n&I,) &vas added 2,6-lutidine (0 21 ml„ I 78 nunol),
HOAt (12.1 mg, 0.09 nunol) and HATH (136 mg, 0.3G
mmol) and the resulting mixture was heated at 40" C. in a
heat&ng bath for 16 lu. The reaction mixture was cooled to
RT and washed wi&h NaHCO& and bone. The orgtmic phase
was dried over Na&SOw filtered, m&d couccntratcd to afliird
2-6 as a cn&de oil (142 ma) I'he material was taken to the
next step v;ithout purification. Analytical Method 5. ta 1.56&

nun, [M+I IJ+ 1046&.4

Step 7 (3S,7S,IOek138)-6-(4-('hiero-2-(4-(2-((dim-
ethylamino)methyl)-I-methyl-IH-imidazol-5-yl)

phenoxy)-(wfluorobenzyl)-13-(4-chlombenzyl)-10-
(hydroxymethyl)-7,12-dimethyl-3-(2,2,2-

u&fluoroethyl)-1,6.9.12-tctraazub&cyclo[11.3 I]
heptadecane-2,5,8.11-tetraone (Con&pound 82)

[0962] To a soiution of2-6 (142 mg, 0.136 nunol) in DCM
(Volume. 2 mL) at O'. was addcxl TFA (2 mL. 26.0 nunul)
dropw&sc and &hc rcsultmg mixture was st&rred a& RT for 2 h.
Thc rcac&ion mixture was conccntratcd to dryness m&d thc
res&due taken up in D('M 'I'he organic phase was washed
v ith a saturated solution of Nal I('0„ filtered. and concen-
trated. The crude product &vas puriiied by reverse-phase
colunui cluomatography (elutin with 10-100'/a water/ACN
w&th O. I'/s NHxOH) to alford the desired product ai'tcr freeze
dry&ng Thc material was then puniicd aga&n umng bas&c

HPLC, the pure fractions werc collected and I)ccrc dncd to
afford Compo&uid 82 as a white solid (20 nig, 0 021 mmol,
15 49"/ vield) Analytical Method 7. ta 0 93 min. [M+I IJ

=932.2.
[0963] The compounds &n Table 15 were synthcsizcxI
according &o the procedure dcscnb&xl ui Exmnplc 8.22 for
('ompound 82 fmm the respect&ve intenned&ates shown in
1'shies 1-7 and described above in I:xample 8
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TABLE 15-outtltttuotd
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TABLE 15-cuuuuuue3
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Hull 'nlm 1.CMS
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I =lennon
[M + a]' 3323

OH

Cl
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Example 8 23: Synthesic of (3S.7S,10S,13R)-6-(4-
Cldoro-2-(4-(2-((dimethylamino)methyl)-1-methyl-
1 I 1-imi darn)-5-yl)phenoxy)-6-fluorobenryl)-1 3-(4-

chlorobenpyl)-10-(ntethoxymethyl)-7,12-dimethy)-3-
(2,2,2-tnlluoroethyl)-1,6,9,12-tetcaazabtcyclo[11.3.

t]hcptadecanc-2,5,8,1)-tctraonc (Compound 22)

[t)964]

/~0

VH

0

x'4
Step I

Bc

Ict-F

Ict-H
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/
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Step 2
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Step I. (R)-tert-Butyl 3-((S)-2-((S)-2-((tert-bnroxy-
carbonyl)(4-chloro-2-(4-(2-((dimethylamino)

methyl)-I-methyl-I H-lmulazol-5-yl)phcnoxy)-6-
fluorobenzyl)am&no)propanamldo)-3-methoxy-N-

methylpropanamido)-3-(4-chlorobenzyl)piperidine-
I-carboxylate (3-1)

combined organic phases were washed with 5% NaHCO.„

bnnc. dried over sod&urn sulfate, Iiltercd. and conccntratcxt

to afford 3-3 as a yellow solid (550 mg, 61% yield) The

material v:as used in the next step v, ithout (i&ther purific-
atio. Analytical lVIcdtod 4, &„=1.79 min, [M+H] =1020.6.

[0965] To a solution ol'ut H (0.80 g, 145 mmol) and

Intcrmrxfiatc F (0 86 g, 1.46 mmol) ul ACN (20 mL) was

added DIPEA (O.SI mL, 2.89 mmol) and HATU (O.S8 g,

1.52 nunol) and tlm rcsulnng mixture was surrcd at RT for

0.5 lm Thc react&on mlxturc was diluted with 20 mL of
satumtrxt NaHCO, and 20 mL ol'a&cr, and extract&xi with

EtOAc. The orgm»c phases werc washcsI wrth a S%

NBHCO& solutrou and brute, dried over so&hum sullhte,

Iil&crcd. Bnd conccntratcd. The crude pmduct was purifrnl by

flash colunm cluomatogmphy on slhca gcl (eluting wllh

0-15%o DCM/MOOH with 0.2% TEA) to afford 3-1 as a

v'cllow fount rrfti:I'onccntl'&lung lhc pllrc f&Bellona (1.36 g,

86i'o yield). Atlalytlcal Method 5. tr=1.47 min. [M+H]

=982.8.

Step 2. (S)-2-((S)-2-((4-chlom-2-(4-(2-((dimethyl-
amino)methyl)-I-methyl-IH-unidazol-5-yl)phc-

noxy)-6-fluombenzyl)amino)propanamido)-N
((R)-3-(4-chlorobenzyl)prperidin-3-yl)-3-methoxy-

N-methylpropanamidc (3-2)

[0966] To a solution ol'-1 (1.36 g, 1.25 mmol) in Iulhy-

dmus dioxane (6 ml ) and cooled in an ice bath v as added

cold Il(1 in dioxane (4N, 6 m1„24 0 rnmol) 1be cooliag

bath was removed and the resulting mixture was srirred at

RT for 16 h. Thc reaction nuxturc was conccntra&cd in vacuo

to afl'ord a cnlde residue, which was taken up in toluene and

concentrated again (repeat) to afi'ord 3-2 as a yellow solid

(1.23 g. —quantrtatrvc yield). Thc ma&crial was used in thc

next step without further purification Anat)rtical Metlnld 5,

t„=l.27 min, [M+H]'=782.5.

Step 3. (S)-tert-Bu&yl 3-((R)-3-((S)-2-((S)-2-((4-
chloro-2-(4-(2-((dimethylamino)methyl)-] -methyl-
IH-Imidazol-5-yl)phcuoxy)-6-fiuorobenzvl)mnino)

propanamido)-3-nlethoxy-N-nlethylpropananlido)-3-
(4-chlorobenzyl)plperidine-l-carbonyl)-5.5,5-

tntluoropmltanoate (3-3)

[0967J 'lo a solution of 3-2 (071 o, 0.80 mmol) in 10 ml,

of A('N was added DIPI &A (0 56 ml „3.18 rnmol) and A14

(0 20 g. 0 80 mmol), filllowed by IIA'Ill (0 30 g. 0 80

nlmol) 'I he resulting nlrxtme was stirred for I h. quenched

with 20 ml of 5% Nal I('Os, and extmcted with I tOAc The

Step 4: (S)-3-((R)-3-((S)-2-((S)-2-((4-chloro-2-(4-

(2-((dimethylamino)methyl)-I-methyl-I H-imldazol-

5-yl)phenoxy)-6-fluorobenzyl)amino)propanamido)-
3-methoxy-N-mcthvlpropauamrdo)-3-(4-

cftiorobenzyl)piperidlne-l-carbonyf)-5,5.5-
tr'Ifluor'opeolanolc acid (3-4)

[0968] To a solunon ol'3-3 (550 mg, 0.46 nunol) ul DCM

(3 mL) ives added TFA (5 mL„64 9 mmol) at 0" (( The

cooling bath was removed and the resulting mixture was

stlrrcd at RT for I h. The rcacnon mlxturc was concentrated

in vacuo (added toluene as azeotmpe to aid TFA removal)
and the cmde product was purified by reverse-phase column

cluomatogmphy (elutmg w ith 0-50% water/ACN wnb 0 1%

NH4OH) to afford 3-4 as a white fhdfy power after

lyophilization (138 m, 30'%ield) Analytical Method 5,

to=0 85 nnn. fM+H] =964.6.

Step 5 (38,78,108.13R)-6-(4-('hloro-2-(4-(2-((dim-
cthylanuno)methyl)-I-methyl-IH-imtdazol-5-yi)

phenoxy)-(i-fluorobenzyl)-13-(4-chlombenzyl)-10-
(rnethoxymethyl)-7,12-dimethyl-3-(2,2,2-

tnfluoroc&hyl)-1,6,9.12-tctraazabrcyclo[11.3.1]

heptadecane-2.5,8,11-tetraone (Example 22)

[0969] To a solution of 3-4 (138 mg. 0.14 mmol) in

anhydrous DCM (100 mL) w Bs added 2 6-lutidule (0 2 S mL,

2 10 mmol), I IOAt (20.0 mg, 0.14 mnlol). and I IAI'll (277

mg, 0.56 nunol). The resulting mixture was refluxed for

overnight at 48'1 using a heating bath. The reaction

nnxulrc was then crnlccnllrrtcdt 1&1 dryness ul VBcuo Bnd

partitioned between I itOAc (100 ml,) and 5% aq Nal I('Os

(30 mL). The organic phase was washed with 5% aq.

NaHCOI (2x30 mL) and bnne (30 mL), dncd over NazSOB,

filtered, and concentrated 1he crude oil was diluted lvith

ACN and purified by ISCO on C 1 8 100 g column, elutin

wilh 0-100% ACN m water (0.1% TFA as thc mod&lier) to

alford Compound 22 as a white solid after lyopluhza tron (76

mg, 56% yield). Analytical Method 3, ts I 13 nlin . [M+I IJ

=946.35.

[0970] Thc compounds in Table 16 werc synthesized

according to the procedure described in Example 8.23 for
('ompound 22 fmm the respect&vs intennedrates shown in

Tables 1-7 and dcscnbtxl Bbol c in Example 8
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TABLE 16
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TABLE 16-cuttltuuut]
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Example 8 24: Synthesia of (3S.7S,10S,13R)-6-(2-
(4-(2-( atzetidin- 1 -y1methy))- 1 -methyl-1 H-imi de zo 1-

5-yl)phenoxy)-4-chlorohenzyl)-13-(-I-chlorohenzyl)-
10-(methoxyntethyl)-7-methyl-3-(2.2,2-

tntluorocthyl)-1,6,9,12-tctntazabtcycio[1) .3.1]
hcptadccanc-2,5,8,1)-tctraonc (Compound 33)

lt)9'711

Ci

0

/

I'HO

E 1 2

Iat X

CI

CI

I%4TH, HOAt

/
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-continued

CI

0

Cnu pnnin )33

Step 1. (S)-tert-Hutyl 3-((R)-3-((S)-2-((S)-2-((2-(4-
(2-(azetidin-I-ylmethyl)-I-methyl-111-imidazol-5-yl)

phenoxy)-4-c)t)orobenzyl)amino)propanamido)-3-
ntethoxypropanamido)-3-(4-chlorobenzyl)

piperidine-I -carbonyl)-5,5,5-trifluoropenmnoate
(4-1)

[I)972] 1o a solution of Intermediate K (250 mg, 039
nunol) and E12 (150 m, 0 39 nunol) in DCM (20 mL) was
added acetic acid (0.09 mL, 1.58 mmol) at room temperature
and the resultin mixture was stirred for I h. Sodium
tuacetoxyborohydudc (417 mg, 1.97 mmol) was added in
one portion and sumng was continued at room Icmperalure
for oventieht. 1'he reaction mixture was quenched v ith
ntethanol and concentrated under reduced pressure 1he
resulting residue was taken up in EtOAc and w:ashed twice
ivith a lmlf satumted solution of sodium carbonate and bnne.
The organic phase was dried over sodium sulfate, filtered,
and concentrated Flash column chromatography on silica
gcl (clututg with 0-20%v McOH ut DCM) afliirded 4-1 (293
mg, 74%v yield) after concentrating the pure fractions MS
[M+I IJ'0(X) 5

Step 2. (S)-3-((R)-3-((8)-2-((8)-2-((2-(4-(2-(Azeti-
din-I-ylmethyl)-I-methyl-111-imidazol-5-yl)phe-

noxy)-4-c)t)orobenzy))amino)propanamido)-3-
ntethoxypropanamido)-3-(4-chlorobenzyl)

piperidinc-l-carbouyl)-5,5,5-)rifluoropcntanoic acid
(4-2)

[I)973] 1o a solution of 4-1 (293 mg„0 29 mmol) in DCM
(2.5 ntL) and cooled in an ice bath was added trifluoroacetic
acid (2 mk 2(i.l mmol) dropwise. The resulting, mixture was
wamted to room tempcraturc gradually and stirred for 40
nnn. Thc reaction mixture was cooled in mt icc bath mtd then
quenched by adding a chilled natura)ed solution of sodnim
bicarbonate (26 ml,) dropwise. Additional DCM ives added
and the mixture was warmed to room temperature gradually

and stirring was continued fiir I hour The biphasic mixture
v as passed tluough a phase sepamstor and the organic phase
ducd over sodium su)lite, liltercd, aud concentrated to
afliird 4-2 as a crude product (277 m . assume quantitative
yield). Thc crude ma)coal was used immediately in the next
step without purification MS [M+I IJ+ 944 6

Step 3. (3S,7S,)08.13R)-6-(2-(4-(2-(Azefidin-)-
ylmcthyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)-4-
chlorobenzyl)-13-(4-chlombenzyl)-10-(ntethoxym-
cthyl)-7-me)by)-3-(2,2,2-tufluorocthyl)-1,6,9,12-

tetraazabicyclo[11 3.1 Jheptadecane-2.5,8,1)-tetraone
(Compound 33)

[l)974J To a solution of4-2 (277 mg, 029 mmol) in
anhydrous DCM (250 mL) was added 2.6-)utidine (1.02 mL,
8 79 mntol), I IOAt (40 ntg, 0.2') mntol). and I IA1'U (446
mg, 1.173 mmoi). The resulting mixture was heated to 45"

C. ovcmight. Thc rcacxton mixture was cooled mtd Iiltcrixh
and the filtrate concentrated to dryness under reduced pres-
sure Thc obtained residue was takmi up ut DCM and thc
organic phase was washed ivith a solution of half-saturated
sodium bicarbonate. Thc organic plrasc was then duad over
sodium sulfate, filtered. and concentrated 1 he cnide pmduct
was puulicd by flash column cluomatography on silica gel
(eluting with 0-20'i MeOII in D('M. product eluted out
-)5% MeOH) to afford the desired pmduct afier concen-
trating the pure fractions The pmduct was taken up in I:I
ACN/water and freeze dried to afford Compound 33 as a
white powder. Analyucal Method 3, ta=).12 nunn [M+H]
=926 3.

[0975] The compounds in Table 17 were synthesizes)
according to the procedure described in Example 8.24 for
Compound 33 from Ihc rcspcctne intcuncdiatcs shown in
1'shies 1-7 and described above in I:xample 8
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TABLE 77
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TABLE 17-conttnurx]
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TABLE 17-oonnnucsl
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TABLE ]7-conttnons]
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TABLE 17-connnunsl

Cmd ".Io Sttucnue LCMS

tn. Ivl v I M«II I !

tn = I !4 m n

lM+ IIE = ono4

mttnlyt .tl Method 'I

to=i lnmn
fvl+ Hl = 9324



US 2020/0164024 A]
207

May 28, 2020

TABLE 17-conttnutxl

Cma .Io Sttnehtte LCMS

tn.lvt vi M«ti I!

iu + Hi' pico
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V

itxaniple E 25 Synthesis of (3)07S,)OS,)3R)-3-
Bcnzyl-6-(d-eh)ore-2-(3-(2-((dimcthylanuno)

methyl)-) -methyl-) H-unnla zo1-5-yl)phono xy )bcu-
zyl)-) 3-(S-ch)orobenzy))-) 0-(hydroxymethyl)-7-

methyl-1,6nh12-tetraazabicyclo[1 1

nb) ]heptndecane-

2,5,8,) )-tetraone (C'otnpound 50)

]0976]
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-continued

I IIOAI, It;ITI,,
3 S-luiiduie.
DIPFeh, DCM

2 TF.h, ACR eiei

Step 3

Ci

7

I'emp uud Sfi

Step I. (R)-Methyl 3-benzyl-4-((R)-3-((S)-3-((S)-2-
((4-chioro-2-(4-(2-((di methyl inn in O)methyl---

methyl-I H-unidazol-5-yl)phenoxy)bmizyl)anuno)
propauoyl)-2,2-dimcihyloxdzohduie-4-

curboxamido)-3-(4-chiorobcnzyl)ptpcriduh-I-yl)-4-
oxobutanoate (5-1)

[0977] The title compound 5-1 was prepared according to
thc procedure dcscnbcd for Exmnple 8, Step I stariuig from
lnt M (200 mg, 0 27 mniol) and El (100 mg. 0.27 mniol).
After workup and purification, the product 5-1 was obtained
(213 mg, 72% yield). MS [M+H] =982.8.

Step 2. (R)-3-bcuzyl-4-((R)-3-((S)-3-((S)-2-((4-
chloro-2-(4-(2-((dimethylamino)methyl)-I -methyl-

111-imidazol-5-yl)phenoxy)benzyl)amino)pro-
panoyl)-2.2-dunethyloxazolidine-4-carboxamido)-3-
(4-chlorobenzyl)piperidin-I-yl)-4-oxobutanoic acid

(5-2)

[09'78] To a round bouom llask contauiing 5-1 (213 mg,
0 22 mmol) in dioxane (10 ml ) and water (2 5 ml.) was
added sodium hydroxide (IM, 0.87 mL, 0.87 nunol) drop-
wise. 'I'he resulting mixture was stirred at room temperature
for 2 h, cooled in an ice bath. and quenched with HCI (I M,
0.65 mL, 0.65 mmol) in water (1.4 mL), The rcimiion
mixture hvas manned to roon& temperature, stirred for 15

min. and then subsequently freeze dried to afi'ord example
5-2 as dn ofi'hite powder (210 mg, quanutauvc) The
material was used in the next step without purification M)
[M+H] =9698,

Step 3. (3R.7S,I OS,13R)-3-benzy1-6-(4-I:hloro-2-(4-
(2-((dimcthylamino)methyl)-I-methyl-I H-irmdazol-

5-yl)phcnoxy)bcnzyl)-13-(4-chlorobcnzyl)-I-(hy-
droxymethyl)-7-methyl-1,6,9.12-tetmsazabicyclo[11
3 IJheptadecane-2,5.8,11-tetraone (Compound 50)

[0979J 'lo a solution of 5-2 (210 mg, 0.22 nunol) in

anhydrous DCM (210 ml.) was added 2,6-lutidine (0 76 ml „

6.52 mmol). HOAt (30 Ing, 0.22 nunol). and HATH (330

mg, 0.87 mmol) 'I'he resulting mixture was heated to 45'
ovcmight. Thc rcsulung cloudy mixture was cooiuxI and

filtered. and the filtrate was concentmsted to dryness under
reduced pressure 'I'he residue was taken up in D('M and

washed with a solution ol'rdlf-saturated sodium bicarbon-

ate The organic phase was then dned over sodium sulfate,

filtered, and concentrated. The cnide product was purified by
fidsll coliilllll cllrollliliogldpllv'li silica gcl (I:luilllg Willi

0-20% MeOH in DCM. product eluted out -10% MeOH) to

atford the cyclized intermediate hvhich was used directly in

the next step (142 mg, 69% yield). MS [M+H] =948.5.

[0980] To a vial containing the cyclized intermediate (142

mg, 0.15 nunol) in ACN (5 mL) and water (3 mL) and

cooled in an ice bath was added trifiuoroacetic acid (1.44

mL lb.70 mmol) dropwise. The resulting mixture was

warmed to room temperature and stirred for -I h. The

reaction mixture hvas then diluted with a I;I mixture of
ACN/water and freeze dried. The cnide solid was taken up

in EtOAc, a haif-saturated solution of sodium bicarbonate

was added and the resulting mixture v as stirred vigorously

for 15 min to afiord a biphasic mixture. The aqueous phase
was dmined ofi'nd the organic phase was washed with

saturated aq. sodium bicarbonate (x2) and brine (x2). dried

over sodium sulfate, filtered. and concentmsted. The crude

residue v:as taken up in I; I ACN/water and freeze dried to

atford ('ompound 50 as a hvhite powder (123 mg. 86%

yield). Analytical Method 3. t„ I 07 min . [M+I IJ+ 908.4

[l)98IJ 1)ie compounds in Table 18 were synthesized

according to the pmcedure descnbed in I:xample 8.25 fiir

('ompound 50 fmm the respective intermediates shown in

1'shies 1-7 and described above in I:xample 8
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TABLE 38

Cmd ".Io Sttucuue LCMS

O'I

tn.lvl vt M«II I!
to= lt3mn

fM+ Hf' 4443S

OH

CI

Cl

mttnltt cel Method 3

to= I lumn
fM+ Hl' 4344



US 2020/0164024 A1
210

May 28, 2020

TABLE 18-oonttnucnl

Cmd ".Io Sttucnue LCMS

tn. Ivt 1 I Mell I-
tn= C7mn

LM + Hl ' 9 I 6 1

63H

C'I

Anal ttcal Metltod
97 nun

LM + Hl' 9'6 6'D
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TABLE 18-uonttnucnl

Cmd ".Io Sttucnue LCMS

tn. Ivt 1 I Mell I !

tn= I lcm n
LM + Hl ' 944 I

Ol I

C'I

'o Anal ttcal Metltod
94 uun

LM + Hl' 9' 4'D
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TABLE 18-oonttnunn]

Cmd ".Io Sttucnue LCMS

tn.lvt et M«II I-
to= 66m n

LM + H]
' 872 1

nnnlyttmt! Mctltoo 6
= I nn lttlll

]vt + H]' o 0 !

OH
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TABLE 18-oonttnucnl

Cmd ".Io Sttucnue LCMS

Cl

tn.lvt 11 M«II I-
to= 66m n

lM+ yty = 6666

41

C'I

nnnlytlml! Mctlloo
66 nuu

[M + It]' 963 y
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TABLE 18-oontlnucsl

Lmd ".lo Sttucuue LCMS

Cl

to.lvl et M«ll 1-
te = Vl Itl tl

LM+ ay = odd d

Cl

.eutetvt cel Method
te = 3 o(l Itl tl

aM+ 717' oho v
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TABLE 18-oonnnucnl

Cmd ".Io Sttucnue LCMS

Cl

tn. Ivl 1 I Mell I !

tn= I! mn
8M+ Hi' ot74

N

annal tlcal Metllod
91 nun

8M+HE=MS4
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TABLE 18-oonttnucsl

Cmd ".lo Sttucnue LCMS

Cl

Vn.lvt et M«ll 19
tn = 97 Itt tt

.nnntnt cel Method
IVI + Hl = 976 3

euttnlvt cel Method 3

to= I t7mn
LM + H]' 9tt9 4
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TABLE 18-connnncsl

Cmd ".Io Sttucnue LCMS

tn.lvl et M«II I!
to = 117 m n

8M+ Hi' 9464

C'I

mttnlyt .tl Method 'I

t„= I 11 m n

LM + Hl = 936 4

OH
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TABLE 18-oonnnncsl

Lmd ".Io Sttucnue LCMS

Cl

tn.lvl vt M«II I!
to=I!Smn

LM + Hl' ond I

OII

N Cl

.nnnltt cel Method

LM + Hl' hed 6
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TABLE 18-oonttnucsl

Cmd ".lo Sttuchue LCMS

Cl

tn.lvt at Mell 12

LM + Hl' 9'!2 6

Otl

Cl

Anal ttcal Metltod
tn = 3 It 7 ltllll

LM + HE = 942 .'l
Cl
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TABLE 18-uonnnurxl

1 md ".Io Sttucnue LCMS

Cl

Vn. Ivt n I Mell I !

tn= I 19m n

LM + Hl' unu 4

011

CI

Anal ttcal Metltod 4
tn = - ! 3 lttlll

LM + HE = 9un .

C

19H
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TABLE ]8-oonnnucs]

Cmd ".Io Sttucuue LCMS'l C'I

OH

Vn.lvl vt M«II I!
to = 117 m n

LM + H]' hu4 4

vntlelvt cel Method 3

to=1 uuu
LM+ H]' 97'4

C

OH
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TABLE 18-conttnorxl

Cmd ".Io Sttucnue LCMS

O'I

Vn.lvl et M«II I!
to= I 19m n

LM + Hl ' 9 I 9 4

Mttnlyt .tl Method 'I

to= It&9m n

f vl + H l = 91 9 4
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TABLE ]8-oonnnurx]

Cmd No Stnlcrnre LC MS

154

C'I

nnnlytlml! Mctllod 9

I 11 nnn MS
fM + H]' 9944

OH

CI

Annlytlml! Mctltorf 4
=199nnn

]81 + I I]' ra 9 9
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Example 8.26: Synthesis of (3S.78.10S.13R)-13-(4-
c)t)ore benzy))-3-((S)-23-dihydro-) H-)aden-) -yi)-6-

(2-(4-(2-((dimethylantino) methyl)-1-methyl-111-
imidazol-5-yl)phenoxy)benzyt)-) 0-(hydroxymethyl)-

7-methyl-1,6,9.12-1ctraazabicyclo [11.3.1]
hczrtadccanc-2,5,8,1)-tctraonc (Compound 66)

[t)982]

HO

137

„n RH. 14

TBTIG DIF 4
DMA, .h

St pl

CI
I mn I'I
DIFA,

1926h

p2

CI TMSOTI
lur dure

DCM tr 1

3h

Step 3

Cl

I DISA DChl.rt,16h

I mc clem use
26"64M prp re m nDMF
Step 41

H

0 HA'I U. DILTA.

DMF.
rt. I 6 lr

Step

0
Im c elec nse

20 4Mc prpcrrrlrrrc
ur DMI

2(1% HFIP
DCM
Step 6

6'I
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CUIIIUIUU(l

HIS

.I.OH. 6+ ID, DCSI
Step I

6-6

HO

HAll HOAt
I,6-tttttdtttc DC%1

t II

Step 8

CI

II A

Step 9
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-con&a&neil

0 &nv &am

Step I (S)-tert-butyl 4-((R)-3-amino-3-(4-chlo-
robenzyl)piperidin-l-yl)-3-((S)-2.3-dihydm-l I I-

inden-I-yl)-1-oxobutanoate (6-1)

[0983] To a solut&on of A4 (1376& g. 4.74 nm&ol) and
TBTU (1.522 g, 4.74 nunol) in DMA (10 mL) was added
DIIIA (1.08 ml . 6 16 mmol) The resulting, mixture was
stirred for 5 min. at RT, and then added to a solution of B7

(1.41 g. 4.74 nunol) &n DMA (10 mL) m&d DIEA (3.31 mL,
18 96 n&mol) I'he reaction m&xture was stirred for 2 5 h at

RT. the solvent was removed in vacuo and rhe resulting
rcsnluc was part&tionixl bctw ceo E&OAc (100 mL) and IM
aq. NaHCO, (40 mL). The organic phase was washed v.ith

IM NaHCO., (2xl5 mL) tmd bnnc (15 mL), dncd uvcr

Na&SO». filtered. and concentrated to dryness to atford 6-1

(2.4 v, 3.86 tmnol, 81% y&eld) as a yellow solid. The product
was used &n thc next step without punlicat&on. Analytical
Method 5, tx I 30 nun, [M+I IJ+ 497 -I.

Step 2 (S)-tert-l3utyl 4-((R)-3-((((911-fluoren-9-yl)
metlu&xy)carbonyl)amino)-3-(4-chlorobenzyl) pip-
eridin-i-yl)-3-((S)-2,3-dihydro-lH-inden-l-yl)-4-

oxobutanoatc (6-2)

[0984J 'Io 6-1 (2.4 g, 4 83 nunol) dissolved in D(:M (20

mL) was added DIPEA (1.69 mL. 9.66 nunol) and a solution
of Fmoc-Cl (1.25 g, 4 83 mmol) in DCM (10 mL) and thc
resulting mixture was stirred overnight at 81'I'he reaction
mixture &vas concentrated in vacuo and the residue was
paruuoncd bctwccn E&OAc (70 mL) m&d IM NaHCO, (50
n&I.) 'I'he ornanic phase was washed &vith I M Nail(:Os (50

ml,), water (100 mi.) and brine (100 ml.), dned over

NasSO», fiitered, and concentrated to dryness. The crude
product was purificxl by flash colunu& cluomatography on
sil&ca gel (eluting with 0-40% EtOAc/heptane) to afFord 6-2

as a white foam after concentrating the pure fmctions (2.2 g,
2.91 nunol, 60.2% y&cld). Analytical Method 5, &x=1.SG

nun., [M+I I]+ 718 7.

Step 3. (S)-4-((R)-3-((((&piq-Fh&oren-9-yl)n&ethoxy)
carbonyl)amino)-3-(4-chlorobcnzyl)p&pcrnl&n-i-yl)-
3-((S)-2.3-dihydro-lH-indcn-l-yl)-4-oxobutanoic

acid (6-3)

[0985] To a solution of 6-2 (2.2 g. 3 06 mmol) and lutidine
(3.56 mL. 30.G nunol) u& DCM (50 mL) at O'. was addcxI

tnmethylsilyi trifluoromethanesulfonate (2 76 n&I.. 15.29

mmol) dropwise. The resulting mixture was stirred for 3 h at
O'. DCM (100 mL) and 5%» aq. KHSO» (SO mL) were then
added and the phases &vere sepamted 1'he organic phase was
washed &vith 5%» aq. KHSO» (3x30 mL) and brine (30 mL),
dned over Na&SO», liltcred. and concm&tratixl to dryness in

vacuo to yield 6-3 as an off-&vh&te solid (2.2 g, 3B2 nunol,
—quent&tativc yield). An»lvrm»l Method 5, &x=0.92 mu&..

[M+II] 662.7 I'he product &vas used in the next step
v ithout further purification.

Step 4. Resin loaded (S)-4-((R)-3-((((9H-ihioren-9-
yl)methoxy)carbonyl)an&ino)-3-(4-chlorobenzyl)

pipcridin-l-yl)-3-((S)-2,3-d&hydro-l H-&aden-i-yl)-4-
oxobutanoic ac&d (6-4)

[0986] Step 4-1. To 6-3 (2.2 g, 3 32 nm&ol) d&ssolvcd in
D(.'M (65 ml.) &vas added DIPI&A (3 48 ml, 19.90 mmol)



US 2020/0164024 A[
227

May 2[J, 2020

The resultin mixture was added to a glass tube containing
pre-w a shed 2-Chlorotntyl chloride resin (G.22 g. 9 95

mmol) and shaken at RT for 16 h. The rcacuon solunon was
drained and the resui was washed with DCM (3x40 ml) and
Dl&/LA (2x40 ml). Fuially, thc rcsui was taken up in a mixture
ol'DCM/MeOH (50 mL/20 mL) and shaken Jbr 30 min The
resulting mixture was dramed and the resin was filtered and
washed with l&MI& (2x40 ml.) and DCM (2x40 ml )

[0987J Step 4-2 1o a glass tube containing the resin front
Step 4-1 v as added a solution of 20% 4-Me-piperidine in
l&MI& (100 ml,) and the resulting mixture was shaken atJf1'or

2 h. 'I'he mixture was filtered, washed ivith DMI& (100
mLx2) and DCM (100 mLx2) and dried under vacuum to
afii&rd the 6-4 (6.3 g. cnide), Smail mnount of resin cleaved
&vith TFA to determine purity. Analytical Method 7. taW.8]
min., [M+H] =441.4.

Step 5. Resin loaded (S)-4-((R)-3-((S)-3-((((9H-
tluoren-9-yl)methoxy)carbonyl)-i,-alanyl)-2,2-dini-

ethyloxazolidine-4-carboxamido)-3-(4-chlombenzyl)
piper&din-I -yl)-3-((S)-2,3-thhydro- JH-inden-I -yl)-4-

oxobutanoic ocul (G-5)

[t)988] 1o 6-4 (4 8, 8 79 mniol) in a 40 ml. falcon tube was
added a pre-niixed solution of I'moc-Ala-Ser[psi-Vro]-OII

(5 78, 13 19 mmol), DIVJ&A (6 14 m1,„35 2 nunol) and
I leg l U (5.01 g. 13 19 mn&ol) in DMJ& (30 ml.) and the tube
was shaken at RT overnight. The resin was then filtered and
washed &vith DMF (100 mLx2), followed by DCM (100
mLx2) to alford 6-5 (133 g. crude), Analytical Method 7,

ta=l.33 minst [M+H] =821.3 (unprotected serine mass).

Step 6. (S)-4-((R)-3-((S)-3-((S)-2-Aminopro-
panoyl)-2.2-din&ethyloxazolidine-4-carboxamido)-3-
(4-chlorobenzyl)piperidin-l-yl)-3-((S)-2,3-dihydro-

IH-inden-I-yl)-4-oxobutanoic acid (ti-6)

[t)989] 6-5 (1.33 g, I 52 mniol) in a 100 inl. glass tube was
added 20% 4-Me-piperidine in DMF (50 mL) and the rube

was shaken at RT for 2 h. Thc ream was then filtered and
washed with DMI& (50 ml,x2), followed bv DCM (50
mLx2). The resulting resin was placed back in a glass tube,
and a solution of 20% I II'IV in D( M (50 mi,) ives added.

The mixture was shaken at RT for 20 min. and the solution
was drmnixl oil and collected. Tlus step was repeated a total

of three tinies and the collected solution was concentrated in

vacuo to afih&rd a en&de solid (-1.6 ). The crude matenal
was then purilicd on reverse-phase column cluomatography
(eluting ivith 0-60% water/ACN with 0 ]% NHsOH) to

yield 6-6 as a white solid af'ter fbeeze drying the pure
fractions (800 mg, 0 88 nunol. 57.6% yield). Analytical
Method 5. ta=0.72 min.. [M+H]'=61t93.

Step 7. (S)-4-((R)-3-(4-Chlorobenzyl)-3-((S)-3-((S)-
2-((2-(4-(2-((dimethylamino)methyl)-I-methyl-IH-
unidazol-S-yl)phenoxy)bcnzyl)amino)propanoyl)-2,
2-dimcthyloxazohduic-4-carboxamido)pipendm-I-

yl)-3-((S)-2.3-dihydro-l I I-inden-] -yl)-4-
oxobutanoic acid (6-7)

[0990] To Intcrmeduite 6-6 (100 mg. 0.1S6 nunol) dis-

solved in DCM (2 ml,) and NMV (I mi ) was added

Intermediate E25 (52.5 rng, 0.16 mmol)„ follov ed by acetic
acid (45 ul „0.78 mmol) and resultin mixture was stirred at

RT for 1.5 h. Sodium triacetoxyborohydride (166 mg. 0.782
nunol) was then added and surnng was continued] lor 16 lu

at 1811 'I'he reaction mixture was quenched with MeOI I/

water (I mL) and stirred until gas evolution ceased. The
illlxtiilc oils cilllcclltrated arid pullllixi dll'ectly vla icvclse-
phase column chromato raphy (eluting with water/ACN
with 0.194 NH&OH) to afii&rd 6-7 as a white solid after freeze

drying thc pure fracuons (105 mg, 70%). Analytical Method
2. ta=].94 min., [M+H] =958.5.

Step 8. (3S,7S.JOS,13R)-13-(4-Chlorobenzyl)-3-
((S)-2.3 nlihydro-I H-indmi-I -yl)-6-(2-(4-(2-((dun-
cthylanuno)methyl)-I-methyl-JH-imidazol-5-yl)

phenoxy)benz& I)-10-(hydro xym ethyl)-7-methyl-1. 6,
9,12-tetm&azabicyclo[I I 3.1Jheptadecane-2.5,8,11-

tetraone (6-8)

[l)991J io 6-7 (105 ma. 0.110 mmol) dissolved in DCM

(150 mL) &vas added HATU (l(i7 mg. 0.438 mmol), 2.6-

lutiduic (0.38 mL, 3.29 nuuol) and HOAt (JS mg, 0.11

mmolj and the resultin mixture was stirred at 45'

overnight. The reaction mixture was then concentrated to

dryness and partinoncd bc]waco EtOAc (100 mL) and 5%

aq Nal ICO& (100 ml )
'I he organic phase was washed ivith

5% aq. NaHCO& (Zx50 mL) and brine (50 mL). dried over

Na&SOw filtered, and concentrated to dryness to afford 6-8

(103 mg, crude). The material was used in the next step
without punlication. Aiuilyiical Method 2. ta=3 18 mui..

[M+I IJ+ 940.7

Step 9. (3S.7S.I OS.13R)-13-(4-chlorobenzyl)-3-
((S)-2.3-dihvdro-l H-inden-I -yl)-6-(2-(4-(2-((dim-
cthyhunuio)methyl)-I-methyl-JH-imidazol-5-yl)

phcnoxy)benzyl)-10-(hydroxymcthyl)-7-methyl-1.6,
9,12-tetm&azabicyclo[11 3.1Jheptadecane-2.5,8,] ]-

tati lolie (( oillpotil&d 55)

[0992] 6-8 (103 mg, 0.11 nunol) was dissolved in a

nuxture ofACN,'I I&O (5 3) (8 ml ) and cooled in an ice bath
TFA (1.02 mL. 13.2 num&1) (pre-clulled) was added drop-
wisc, the icc bath was removed. aud thc resulting mixture
v as stirred at RT for 75 min. Saturated aqueous NaHCO,
was added and Ihc cloudy nuxturc acre extracted with
EtOAc (x2) I'he combined oraanic phases were washed
v ith brine. dried over sodium sulfate„ filtered. and concen-
trated. Thc resulting cnidc oil was punlicd by reverse-pliasc
coluntn chromatography (eiuting with MeCN/water &vith

0.1% NH&OH) to afiord Compound 55 as a white solid (23

mg, 0.02 nuuo1, 22.1% yield). Anal&a ical Method 7. Is= l.09
nun., [M+I IJ+ '&00 5.

[l)993J 1]ie compounds in Table 19 were synthesized
according to the procedure described in Example 8.26 for
Compound 55 from thc rcspcctne intcnncdiatcs shown in
1'shies 1-7 and described above in I:xample 8
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TABLE ]I]

Cmd ho. Structure LCSIS

'Cl.
Cl

vn. Ivl

'.viethod

tn = 76 nnn
hvt + H]' 97( (

Vn, lvlt nl

II dr
tn = I I 2 m n

Lvi + H]' vis (
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TABLE 19-uuuuuucd

Cmd ho. Strnctnrc LCSIS

oil

'Cl.
CFr

Vn. tvl
'.viethod 7

tn = I 1 1 nnn
hvt + H]' 666 6

CI

Vn, lvlr nl

11 d7
tn = I t 6 m n

Lvi + H]' n'rl 1
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TABLE 19-conunued

C Illa X S1tttc1tttt LC VIS

123 ts. Ivl

m tact I
fs = I I I m
1st + Hl' Pts I

Example S 27. Synthesis of (3S.7S,)OS,)3R)-6-(4-
chloro-2-(4-(2-((duncthylamino)meIhyl)-1-mcthyl-

114-imidatzol-5-y[)phenoxy)benzy[)-)3-(4-cldoroben-
zyl)-10-((S)-l-hydroxyethyl)-7-methyl-3-(2.2.2-
trifluoroethyl)-),6. 9, 1 2-tetraazabicyc)o[ 1 1 3 1 J

heptadecane-2,5.R) 1-tetraone (C'ompound 64)

[0994]

C'I ,.vP~
A14

HATII, DIF t. DVIF

tt. I 6 E

I 0
7-1

Ol

SOCI1
'.vttOH

Stot 2

Cl HO

0
0

0
0

ILATU, DISA,
Dul,

Step 3

0
1st 0
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Dl

-cunlinnnd

Me;BX ~ F
H2/

0

HH 0

HI I

74

HBTII, DIFM
DMF,

DF I

/

/

Sl«p I

0—

DBe

76
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OH
-nttntinued

HATI HOAt
2.6 lul dt «. DCM

tcttttt

Step 7

TFA

St pd

H

H
C

Cotttpuuud 64



US 2020/0164024 A[
233

May 2[], 2020

Step I. (S)-tert-Butyl 3-((R)-3-amino-3-(4-chlo-
robm&zyl)pipcnd&nc-l-carbonyl)-5,5,S-tnfluoropcn-

tanoatc (7-1)

[0995] To a solut&on of u&icrmcdiatc A14 (2.S8 g. 10 I

mmol) m&d DIPEA (4 40 mL, 25.2 nunol) u& DMF (10 mL)
w»s add&xi HATU (3.83 g, 10.1 mmol) u& 2 port&o&w over 5

n&in 1 he resulting mixture w:as stirred for 5 min and then
added to an &ce-cooled solution of intermediate 137 (3 g,
10.08 nunol) and DIPEA (8.80 mL. 50.4 mmol) in DMF (20
mL). The react&on mixture was allowed to &vam& to room
temperature. stirred for 90 min and then partitioned between
EtOAc m&d su&am&cd aq. sod&um b&carbonate solui&on Thc
»qucous phase was cxtractcd with E&OAr. (x2) and thc
combined organic phases was washed with saturated sod&un&

bicarbonate solution. water (x3). and brine. dried over
sodium sulfate. filtered and concentrated to provide 7-1

(1.63 g. 3.52 nuuo&. 34 9% yield) as an orange-brown oil.
Analytical Method 5. ta=l 18 min., [M+H] =4C&3.7 The
produci was used u& ihe next step w&thou& punlicauon.

Step 2. (S)-Methyl 3-((R)-3-mnino-3-(4-chlorobcn-
z)1)piperidine-I -carbonyl)-5,5.5-trifluon&pentanoate

(7-2)

[0996J A solution of 7-1 (I 63 g, 3.52 mmol) in aiuhydrmis
NleOI I (15 ml,) was cooled in an ice bath SOC:ls (2.57 ml „

35 2 mniol) was added dropwise to the solution. After the
addition, the ice bath was allowed to expire and stirri»g was
continued at 45" C, for 4 h. The reaction mixn&re was then
cooled back down to RT and concentrated to y&cld 7-2 (1.48
g). wluch was used &n thc next stol& without purilicaiion.
Analytical Method 5, ts 1.01 min.. [M+I IJ 421 3.

Step 3 (S)-Methyl-3-((l3)-3-((28.3S)-2-(((allyloxy)
carbonyl)amino)-3-(tert-butoxy)butanamido)-3-(4-

chiorobenzyl)piperidine-l-carbonyI)-5,5,5-uifluoro-
pentanoate (7-4)

[0997] To a solut&on of in& 0 (4S7 mg, 1.76 nunol) u& DMF
(10 mL) was added HATU (736 mg. 1.94 nunol) and DI PEA
(1.85 mL. 10.6 mmol) Thc resulun mixture was stirred for
2 min and 7-2 (741 mg. I 76 nunol) in DMF (5 ml,) was
added in one portion 'I'he reaction mixture &vas st&rred
overnight and then diluted w&th EtOAc and washed with 5%
NaHCO& (twice), then brine. The or anic phase was dried
over Na&SO», Iiltcred, m&d conccnmhed io afl'ord 7-4 as a
brown oil (1.1 g, 1.66 r&unol. 94% ymld). The product was
used u& the next step w &thout punlicat&on. Analyucal Method
5, t„1.27 ni&n, [M+I IJ 6/&2 4.

Step 4. (S)-Methyl 3-((R)-3-((2SBS)-2-amino-3-
(&crt-butoxy)butanmn&do)-3-(4-chlorobcnzyl) p&pcri-

dinc-l-carbonyl)-S,5.5-trdluoropcntam&atc (7-5)

v as used in the next step without purificat&on. Analytical
Method 5, ts=1.23 mm., [M+H] =578 0.

Step 5. (S)-Methyl 3-((R)-3-((2S,3S)-3-(tert-bu-
ioxy)-2-((R)-2-((4-chloro-2-(4-(2-((ihmethylamino)
methyl)-I-methyl-I H-&nmlazol-S-yl)phcnoxy)bcn-
zyl) mnino)propanmnido)butanan&ido)-3-(4-chlo-

mbenzyl)piperidine-I -carbonyl)-5,5,5-trithiompen-
tanoate (7-6)

[0999] To a nuxturc of DEI (0.74 g, 1.66 nunol) imd 7-5
(0.96 g, 1.66 nunol) in ace&on&trile (20 mL) was addcsI
DIPI!A (0.87 ml,. 4 98 niniol). followed by 1'131'U (0.53 8„
I 66 mmol) 11&e resultin mixture was allo&ved to stir for 45
m&n. and then quenched with sah&rated aq. NaHCO, (50
mL). The mixture ives concentrated to remove most of the
ACN and taken up &n E&OAc (100 mL). The phases werc
separated m&d the aqueous phase was back cxtn&ctcsI w&th

E&OAc (x2). Thc combu&ed orgaiuc phases were washcsi
v ith brine, dried over Na,SO», filtered, and concentrated in
vacuo 11&e co&de residue was purihed via normal phase flash
colunu& cluomatography on silica gel (eluting with 0-10%
DCM/MeOH) to yield 7-6 as a v,hite solid (1.09, 1.09
nunol, 65.4% yield). Analytical Method 5, is=1.40 mu&.,

[M+H] =1002.6.

Step C&. (S)-3-((I3)-3-((28,3S)-3-(ter&-I)utoxy)-2-
((R)-2-((4-chloro-2-(4-(2-((dimethylamino) methyl)-
I -methyl-111-in&idazol-5-yl)phenoxy)benzyl)mnino)
propanamido)butanan&ido)-3-(4-chlorobenzyl) pip-
eridine-l-carbonyl)-5.5.5-trifluoropentanoic acid

(7-7)

[1000] To a solution of 7-6 (1.09 g. 1.09 mmol) in ACN
(7.4 mL) and water (0.4 n&L) was added triethylamine (1.52
ml, 10.9 nunol). I'ollow csl by L&Br (1.89 g, 21 7 mmol). Thc
result&ng nuxiurc was hc»icd to 45'. and allow cd to stir lor
30 n&in 11&e reaction mixture was then cooled to ICI'iui
concentrated in vacuo ll&e residue was partit&oned in
EtOAc/v ster and the phases were separated 'I'be aqueous
phase ives acidified with 0.5 N HCI to a pH of -6. The
aqueous was extracted again. The combined organic phases
werc washed with bru&c. dried over Na&SO». Iilterisk and
concentrated to aflhrd 7-7 as a yellow gununy solid (980 mg,
0 99 mmol, 91% yield). I'he pn&duct was used in the next
step without purification Analytical Method 5 ta 0.95
nun., [M+I I]+ ')NN 6.

Step 7. (3S.7S,I OS,13R)-10-((S)-l-(tert-Butoxy)
ethyl)-6-(4-chloro-2-(4-(2-((dimethylam&no)methyl)-
I-methyl-IH-unidazol-5-yl)plu:noxy)bcnzyl)-13-(4-
chlorobcnzyl)-7-methyl-3-(2.2.2-tnfluorocthyl)-1,6,
9,12-tetnsavabicyclo[11 3.1Jheptadecane-2.5,8,11-

tetraone (7-N)

[0998] A solution of 7-4 (1.1 g. 1.66 mmol) &n DCM (30
mi.) and N.N.l,l,l-pentan&ethylsilana&nine (2 66 ml.. 16 6

mmol) v as degassed by bubbling in N. Nas through the
solution for 10 min. Pd(PPh,)»(0.10 v. 0.08 nunol) was
added and the resulting mixture was allowed to stir for 20
uun. Thc rein:i&on aux&i&&c wi&s then qilinchcil w&ih water
and»llowed io st&r Ibr 5 nun. Thc plmscs were separated and
thc aqueous phase was cxtractcd w&th DCM. Thc combu&cd
organic phases were dried over Na&SO». (iltered, and con-
centrated to yield 7-5 as a cn&de oil (960 mg). 'I he product

[1001] To a solui&on ol'7-7 (980 mg, 0.99 nunol) u& DCM
(900 n&I,) ivas added 2,6-lutidine (2 31 m1„19 8 nunol),
I IOAt (135 mg, 0 99 n&mol) and IIA'I'll (I 51 g. 3 96 mmol)
and the resulting mixture was heated at 40" C. (heating bath)
overnight. The reaction mixture was cooled RT and washed
w&th NaHCO, and brine. Thc organ&c phase was dried over
Na&SO», lilicrcd. and concentrated to alford 7-8 as a crude
o&l (I g). Thc product was us&xi &n thc next s&cp w&thou&

punfication. Analytical Method 5, ta I 41 n&m.. [M+I IJ

970 7.
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Step 8. (3S,7S. )US, 13R)-6-(4-C[tloro-2-(4-(2-((dim-
cthylamino)methyl)-I-methyl-IH-nntdazol-5-yl)
phetxtxy)bcnzyl)-13-(4-cldorobcnzyl)-10-((S)-I-

hydroxyethy1-7-mmethy----(,2.2--trflfiuoneethyl--,,.
t).12-tetraazabicyclo[I I 3.1Jheptadecane-2.5,8,11-

tetraone (Compotutd 64)

[lt)02] 1o a nttxture of 7-8 (I o. 1.03 nunol) in I)CM (2 6

mL) at 0" C. was added TEA (3.17 mL 41.2 mmol) dropwise.
The resulting mixture was allowed to stir for 4 h and then

concentrated in vacuo and purified via reverse-pltace colunm
cluomatography (eluting with 45-80%a water/ACN with
0.1% NHcOH) to yield Compound 64 as a wlute solid after
conccntratutg thc pure 1)acttons (180 mg, 0.187 mmol.
18.2% yield). Analyttcal Method 7, ta=1.02 mtn, [M+H]

() 14

[1003J the contpounds in lable 20 wctu synthesized
according to the pmcedure described in I:xample 8.27 fitr
Compound (i4 from the respective intermediates ~bown in
Tables 1-7 and described above in Example 8.

'I AI31.1 I 20

rmd .tc Sttcchtte LCMS

CI

Xn lyt et S111 d7
= tt vs

1M+111' vlcc

1 c9 Xa:tbdtcct Mctbcd 7

1 I ltt lttllt
IM + Hl' 9
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TABLE 20-conttnutxl

1 Ills V S1111417114 LCI IS

147 m; I I *, I M Itzu I 4

IM + ill' P2s 4

11Xample 8 223 )yntheaia Of (3R76.)040 )312)-6-(4-
('hiero-2-(4-(2-((dimethylamino)methyl)-1-methyl-
1 H-Imidazol-5-yl)phcuoxy)-6-tluorobenzyl)-13-(4-

chlorobcnzyl)-10-(hydroxymcthyl)-7,12-duuethy1-3-
(pyridin-2-ylmethyl)-1.64012-tetraazabicycio[1 1 db

1]heptadecane-2.5,8.1)-tetraone (6:ompound 32)

[1004]

02

O'I

I 'I— S

li VV„

11 IJIPL'a. Dt 'M

2111170
0

Sz p I

Q(i

~0

0 u

Vo1

Step 2

0
DCM.O- 3'C

Sz pt

Xoz



US 2020/0164024 A1
236

May 28, 2020

-nunlinucd
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"" ~NH,
0

H

HO
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TBTIE DIPFA AT'N

Step 4

CI

H
f.'s I'Ot NeOH

Step S

Cl

Cl
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-ctntlinuud

Cl

I I A. I2CM
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CI

HAILt HOAI
2,61 I I, 12('SI

retlus

Step 8

l ttc Bust
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'I HI
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-continued

Ct

IIO

Cuupvuad 'lz

Step l. (R)-3-(4-Chlorobenzyl)-I-((4-nitrophenyl)
sulihnyl)pipenduk-3-amuse. (S)-tert-butyl 4-(((R)-3-
(4-chlorobmkzyl)-I-((4-nktrophcnyl)sullhnyl)pipes u

din-3-yl)carbankoyl)-2,2-dimethyloxazolidine-3-
carboxylate (8-1)

[111(15J 'lo a suspension of l37 (370 mg, I 24 mnkol) in
D( M (10 mi,) was added I'I IA (I 73 ml,. 12 4 nunol). and
Nosyl citioride (275 mg, 1.24 mmol). The resulting solution
kvas stirred at RT for 10 min and (S)-3-(tert-butoxycarbo-
nyl)-2,2-dintethyloxazohdine-4-carboxylic acid (335 mg,
137 nunol) and HATU (520 mg, 1.37 nunol) were then
added. The reaction mixture was stirred at RT for 2 h and
then addhtkokrdl (S)-3-(tert-butoxycarbonyl)-2.2-dkmethylox-
dzohdukc-4-cdrboxylkc acid (0.5 cq) and HATU (0 5 cq)
acre atidkxi. Thc mkxture was diluted wkfik EtOAc (SO mL)
dnd washed wkth 2x50 ml oi'% NaHCO, solutkon and
bnnc. Thc organkc phase was dncxI over sodnun sulfate,
filtered, and concentrated to afFord a crude oil 'I'he ntatenal
was purified by flash column chromatogmphy on silica gel
(ehkting with 0-100'%:tOAc/Ileptane) to afford 8-1 (810

mg, I 27 mmol) as a white foam Analytical Method 5,

t„ I 30 min., [M+I IJ'-100 537 2.

Step 2. (S)-tert-Butyl 4-(((R)-3-(4-cldorobenzyl)-I-
((4-kutrophenyl)suli'onyl)pipcrulkn-3-yl)(methyl)

carbamoyl)-2,2-dnucthyloxazohduke-3-carboxylate
(8-2)

[111(16J 'lo a solution of 8-1 (780 mg, 1.22 nunol) in

anhydrous DMI'10 ml ) at 0" (2 under a nitrogen atmo-

sphere was added NaH ((i0% in mineral okl. 112 mg. 2.80
nuuol). The res u it ukg nuxturc w as stkkrcxI a I O'. for 60 min.
Mel (0.31 mL, 4.90 nuuol) was added and surrukg was
continued at O'. for 1.5 h. The reactkou mixture was
qucnchcd by saturated NaHCO, and water to ailhrd a slurry.
Thc gray prkuipktates werc collected by vacuum Iiltratkon
and re-dissolved in I itOAc 'I he organic phase was washed
v ith water and brine. dried over sodiunk sulfate. filtered, and
concentrated to afford 8-2 (fik90 nkg. I 06 mmol, 87% yield)
as a yellov; foam. 'I'he product kvas used kn the next step
v ithout further purification. Analytical Method 5, ta 1.34

mkn.. MS [M+H-100j =351.1.

Step 3. (S)-2-Amino-N ((R)-3-(4-chlorobenzyl)-I-
((4-nitrophenyl)sulfonyl)piperidin-3-yl)-3-hydroxy-

N-methylpropamunule (8-3)

[1007) To a solution of 8-2 ((i80 mg. 1.04 mmol) in DCM
(10 mL) was added TFA (5 mL, fi4.9 nunol) at 0" C. The ice
bath was removed and the mixture v, as stkrred at RT for I h.
Water (0.06 mL, 3.13 nunol) was added and surruk was
contkmkcd Iikr I addktkonal hour. The reactkou mkxture was
concentrated to remote the excess TFA. Thc resulting crude
okl was dklu ted w kth 15 mL of 2N NasCO, and cxtractcd wkfik

2x20 mL oi'CM. The combukcd organkc phases were
washed with saturated NdHCO,, dncxI over sodkum sulfate,
filtered, and concentrated to afiikrd 8-3 (534 nkg. 1.04 mknol,

100% ykeld) as yellokv foam. 1'he product was used in the
next step without further purification. Analytical Method 5,

ta 0 &)6 min . [M+HJ'11 2.
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Step 4 (S)-2-((S)-2-((4-Chloro-2-(4-(2-((dimethyl-
anuno)ntcthyl)-I-methyl-IH-tmidazol-5-yi)phe-
noxy)-6-fluorobenzyl)tunuto)pmpmttunnlo)-N

((R)-3-(4-chlorobenzyl)-I -((4-nitrophenyl)sulfonyl)
piperidut-3-yl)-3-hydroxy-N-methylpropanamide

(8-4)

[1(I(18J 'Io a suspension of 8-3 (482 mg, 1.05 mmol) in
A( N (15 ml.) was added DIPI!A (0.55 mi, 3.14 mmol) and
TBTU (336 mv. 1.05 nunol). The resulting mixture was
stirred at RT for 2 min and then a solution of DE I (534 mg,
1.05 mmol. in 10 mLACN) was added. The reaction mixnue
vvas stirred for I h and then a solution of saturated NaHCO.,
and water (50 mL of each) were added. The mixture was
then extracted wtth 2x50 mL of DCM. The combuted
orga utes w cre washed wtth brine, drwd over sodtum sulfate,
Iiltcred, mtd couccntratcd to alford 13-4 (1.06 g. 0.83 nmtol,
79% ytelti) as yellow Ibam. Thc product v;as used dtreetly
in thc next step wtthout I'urthcr purilicatton. Analytical
Method 5, ta I 22 nttn, [M+I IJ 953 5.

Step 5 (S)-2-((S)-2-((4-Chloro-2-(4-(2-((dtmcthyl-
mnino)methyl)-I -ntethyl-111-itnidazol-5-yl)phe-
noxy)-6-fluorobenzyl)antinojpropanamido)-N

((R)-3-(4-chlorobenzyl)piperidin-3-yl)-3-hydroxy-N-
methylpropanamide (8-5)

[1009] To a solution of 8-4 (482 mg, 0.51 nunol) in MeOH
(25 mL) vvas added mercaptoacetic acid (0.14 mL. 2 02
nmtol) and CssCO, (1.15 g. 3.54 nunol). The resultin
mixture was stirred at RT for 3.5 h. diluted vvith 150 ml of
water and extracted wtth 2x100 mL of DCM (a small
amount of bone mtght be rcqutred to asstst the partition).
Thc combuttxl organtc phases were drmd over sodnun
sulibte, Iiltcred, and concentrated to aflbrd 8-5 (388 mg,
0.505 nuuol, quantttattvc ytcld) as a yellow fotun (Analytt-
cal Method 5, t„ I 15 min; [M+II] 768 3) containing
-10% of 8-9 (Analytical Method 5, tx ].23 min). 'the
pmduct v as used dtrectly in the next step without htrther
purification

Step 6. 2-((lt)-4-(tert-l3utoxy)-2-((lt)-3-((S)-2-((S)-
2-((4-chloro-2-(4-(2-((dimethylantino)methyl)-I-

methyl-1H-imtdazol-5-yl)phenoxy)-6-fluorobenzyl)
amtno)pmpanamtdo)-3-hydroxy-N-

mcthylpropanamtdo)-3-(4-chlorubcnzyl)ptperidinc-
I-carbonyl)-4-oxobutyl)pyndinc I-oxide (8-6)

[1010] To a solutton ofAI5 (135 mg. 0.48 nunol) in 5 mL
ofACN tv as added DI PEA (034 mL. 1.92 mmol) and HATU
(183 mg„0.48 nunol) The recultin mixture was stirred at
RT for 5 mut. before bctng addcxI utto a solution ol'8-5 (369

mg, 0.48 mmol) tn 6 mL of ACN. Thc reactton was
connnucd for 30 min. bcforc betng quenched v, t th 50 mL of
5% NaHCOv Thc mtxturc was extracted with 2x50 mL of
EtOAc. 11tc combtncxt EtOAc phases werc v,ashcxl wtth
bone mtd dntxl over sodtum sulfate, Iiltcrctk anti concmt-
trated to afford 8-6 (495 ntg, 0 480 mtnol, assume quanti-
tative yield) as a yellow soltd tvhich was used in the next
step tvithout further purification Analytical Method 5, tx 1.

15 min.. [M+I IJ 1031 8.

Step 7. 2-((R)-2-(Carboxymethyl)-3-((R)-3-((S)-2-
((S)-2-((4-chloro-2-(4-(2-((dunethylannuo)methyl)-
I-methyl-IH-unidazol-5-yl)phenoxy)-6-fluorobmt-

zyl)amino)prupanamidO-3-hhydru-y-
ntethylprcpananiid O----(-cC hi or ohenlyl)pi pe id- n-

yl)-3-oxopropyl)pyridine I-oxide (8-7)

[ltlll] 'I'o a solution of 8-6 (495 mg. 0 480 mntol) in l)CM
(5 mi.) was added I'I'A (5 m1„64 9 ntmolj 1be resulting
nuxture v as stirred at RT for 1.5 h and then concentmted
1'he crude pmduct taken up in I)MSO. and directly purified

by reverse-phase cohunn chromatography (eluting tvith
0-50% water/ACN containin 0 1% NI IsOI I) to afford 8-7

(125 mg. 0.11 mmol, 23% yield) after freeze dryin the pure
fracttons. Analytical Method 5. ta=0 78 min., [M+H]'=975.
3.

Step 8. 2-(((3R,7S,IOS.13R)-6-(4-Chloro-2-(4-(2-
((dimethylannno)methyl)-I-methyl-IH-tmidazol-5-
yl)phcnoxy)-6-fluorobmtzyl)-13-(4-clflorobcnzyl)-

10-(hydroxymcthyl)-7,12-dimethyl-2,5.8,11-
tetmoxo-1,6.9,12-tetraazabicyclo[11.3 I Jheptadecan-

3-yl)methyl)pyridine I-oxide (8-8)

[1012] To a solutton oi'8-7 (125 mg, 0.13 nunol) ut DCM
(120 ntl,) was added 2,6-lutidine (0 45 m1„3 84 nunol),
I IOAt (17 4 mg, 0 13 mmol). and IIAI'U (195 mg, 0.51

mmoij. 'I'he resulting ntixture was refluxed for 4 h in a 48"

('eating hath, cooled back down to RT, and then concen-
trated. 'I'he cntde residue tvas partitioned between ittOAc
(50 ml,j and 5% aq Nal I( Os (50 ml,j 'I'he organic phase
v as washed with 5% aq. NaHCOs (Zx50 mL) and brine (50
mL). dried over NasSO4. filtered and concentmted to dry-
ness to afl'ord 8-8 (123 mv, 0.13 mmol. assume quantitative
yield). The product vvas used in the next step v ithout further
punfication. Analytical Method 5„ tv=0.96 min.. [M+H]
=957 4.

Step 9. (3R,7S,IOS.13R)-6-(4-Chloro-2-(4-(2-((dim-
cthyhuuuto)methyl)-I-methyl-IH-tmidazol-5-yl)

phenoxy)-6-fluorubenyyl-- I-((-cChlorcbenxyl-11-
(hydroxyntethyl)-7,12-dimethyl-3-(pyridin-2-

yltnethyl)-1.6.9,12-tetraazabicyclo[11 3 IJ
heptadecane-2,L... I I-tetraone (Compound 32)

[1013] To a solution of 8-8 (123 mg. 0.13 mmol) in THE

(15 mL) was added a saturated solution of NH4CI (5 ml ),

ztnc dust (537 mg, 8.22 ntntol) and citnc acid (444 mg, 2.31

mmol). The resulting mixture was stirred at RT for 30 min
to afli&rd a btphasic mixture. Thc organtc phase was col-
lected and the aqueous phase was extracted wtth DCM. The
combtncd orgatuc phases were couccntratcd and the
obtatncd residue was tal cn up in DCM, washed with 5%
NaHCOs solutton, dncd uter sodium sulihtc, Iiltcrcd and
concentrated. Thc crude product was takmt up tn DMSO and
punfied by I ipl tC (0 1% NI IsOI I as buffer) to atford Com-
pound 32 (20 mg, 0 02 ntmol, 16% yield) after freeze drying
the pure fractions Analytical Method 2, tx 2 59 tnin,

[M+I IJ+ 941.5
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Example 8.29: Synthesis of (3R,7S.10S,13R)-6-(4-
chloro-2-(4-(2-((dimethylamino)methyl)-1-methyl-
1 I idmi darn)-5-yl)phenoxy)-6-fluorobenryl)-1 3-(4-

ch)orobenpyl)-1 0-(ntethoxymethyl)-7,12-dimethy)-3-
((6-nu:thylpyndu1-2-yl)methyl)-1.6,9,12-

Ictrattzabtcyclo[) ) .3. ) ]hcpradccaue-2.5,8,) )-Ictcaone
(Compound 13)

[1014[

Cl

/~O

~NB
0 DFI

TBTU, DIPEA ACN
Step I

'vi'j
Bee — N

/ X ."p

)/

Y(

0
Att

11,ITIC DIPF I, I('N
Step 'I
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Step 1. (R)-tert-Iiutyl 3-((S)-2-((S)-2-((4-chloro-2-
(4-(2-((dimethylamino)methyl)-I-methyl-I H-imida-
zol-5-yl)phcuoxy)-6-lluorobcnzyl)amino)propana-

mido)-3-methoxy-N-methylpropanamido)-3-(4-
chlorobcnzyl)pipcndinc-I-carboxylate (9-1)

[1015] To a solution of Intermediate 1 (0.50 . 1.13 mmol)
and DE2 (0 57 g, 1.24 nunol) tn ACN (25 mL) v,as added
DIPI:A (0 59 ml., 3 38 mntol) and 1'131'U (0 40 8, I 24
nuuol). lite rcsulung mixture was stirred al RT Ihr 0 5 h,
diluted v ith a half saturated solution of Nal I('Os (100 ill l,),
and extracted ivith 100 mL ofEtOAc. The organic phase was
washed ivith 5% Nell('0, and brine, dried over sodiunt
sulfate. filtered and concentrated to alford 9-1 (I . quanti-
taui c yield) as a yellow foam. Analytical Method 5. (a=i 33
min.. [M+H]'=882.7. Thc malcnal was uscxl in thc next step
without punlicauon.

Stcqt 2. (S)-2-((S)-2-((4-clt)oro-2-(4-(2-((dunethyl-
anuno)ntcthyl)-I-methyl-IH-tmidazol-5-yi)phc-
noxy)-6-fiuorobenzyl)tunuto)pmpmttunulo)-N

((R)-3-(4-chlorobenzyl)piperidin-3-yl)-3-methoxy-
N-methylpropanamide hydrochloride (')-2)

[1016] To a chilled mixture of 9-1 (I g, 1.13 mmol) in
anhydrous methanol (11 mL) and in an tce bath was added
cold HCI tn dioxaue (4 N, 11.3 mL, 45.1 mmol). Thc tcc bath
was rmuoved aud rcsultutg mixture was warmed to RT
slowly and stirred for I 5 h Additional methanol (11 ml,)
and I I('I (20 eq.. 4N in dioxane) ivere added and stirring was
continued at RT for I h The reaction mixnlre was concen-
trated under reduced pressure, toluene was added. Cnd the
nnxlurc was concentrated agaut. Tlus step was rcpcatcd
tlucc tunes lo afiord 9-2 as a yellow solid (0.97 g, —quan-
ulaui c yield). Analytical Method 5, la=i.17 nun., [M+H]

782 4. 'I'he material was used in the next step v ithout
purification

Step 3. (R)-tert-llutyl 4-((R)-3-((S)-2-((S)-2-((4-
chloro-2-(4-(2-((dimethylamino)ntethyl)-I-methyl-
111-imidazol-5-yl)phenoxy)-6-fluorobenzyl)antino)

propanamido)-3-nlethoxy-N-methylpropanamido)-3-
(4-chlorobenzyl)piperidin-I-yl)-3-((6-methylpyridin-

2-vl)illclltvl)-'I-oxobunitlotilc (9-3)

[1017] To a solution ol'9-2 (048 g, 0.56 nunol) ut 10 mL
of ACN was added DIPEA (0.30 mL, 1.69 mmol) and
iulcnncdiatc A17 (0.19 g, 0.68 mmol). The resulting mixture
was stirred at R1'nd I IATU (0.26 g. 0 68 ntmol) wus added
1'he reaction mixture was stirred for I h, quenched with 50
mL of 5% NaHCO, solution. and extmcted with 2x50 mL of
EtOAc The combined organic phases were washed with 5%
NaHCO., solution and brute. lite mixture was dried over
sodium sulfate. Iillercd. mtd concmttrated to afiord 9-3 as a
yellow solxl (0.589 g. 0.56 nuuol, assume quanutauvc
yield) I'he cmde product was used in the next step without
punfication. Analytical Method 5, ta I 34 ntin.. [M+I IJ

=1043.7.

Step 4. (R)-4-((R)-3-((S)-2-((S)-2-((4-chloro-2-(4-
(2-((dimethylamino)methyl)-I-methyl-I H-imldazol-
5-yl)phenoxy)-6-fiuorobenzyl)amino)propanamido)-

3-methoxy-N-mcthylpropauamido)-3-(4-
chlorobcnzyl)ptpcndut-I-yl)-3-((6-mcthylpyndut-2-

yl)methyl)-4-oxobutanoic acid (9-4)

[1018] To a solution ol'9-3 (589 mg, O.S6 nunol) ut DCM
(5 mL) was added TFA (5 mL, 64.9 nunol) al O'. Thc
cooling bath was rcmovcd and thc resulting mixture was
stirred at RI for I h and then concentrated under reduced
pressure 'I'oluene was added and the nlixture was again
concentrated (repeat step one more tune) to remove the
excess TFA. The en(de matenal v as then purified by
reverse-phase colunut Huonuitography (cluuug with 0-50%
water/ACN with 0.1%a NHsOH) lo alford 9-4 (JS3 mg. 0.16
nunol, 28% yield) as a white powder aller frceze drvut lhe
pure fractions Analytical Method 5, ta 0 82 nlm.. [M+I IJ

987 3.
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Step 5. (3R,7S.IOS.13R)-6-(4-Chloro-2-(4-(2-((dim-
clhylamino)methyl)-I-methyl-IH-nntdazol-5-yl)

phi:nosy')-6-Iluorobenzyl)- I 3-(4-chlorobenzyl)-10-
(methoxymethyl)-7.12-dimethyl-3-((6-

methylpyridtn-2-yl)methyl)-1,6,9.12-tetmazabicyclo
(11.3.1]heptadecane-2,5.8,11-tetraone (Compound

13)

]1019] To a solution of 9-4 (153 mg. 0.1(i nunol) in
anhydrous DCM (100 mL) was added 2,6-lutidine (0.54 mL,
4.65 nunol), HOAt (21 mg, 0.16 mmol), and HAT(I (236
mg, 0.62 nunol). Thc resulting mixture was healed to rcllux
overni ht in a 48" ('eating bath. then cooled to R'I'nd

concentrated to dryness. The obtained residue was parti-
tioned between EtOAc (50 mL) and 5% aq. NaHCO1 (50
mL). The organic phase vvas collected„washed with 5% aq.
NaHCO1 (2x50 mL) and bone (50 mL), dncd over Na,SOa.
Iihcrcd, and concentrated. The crude otl was taken up in
A('N and purified by I IVI,( (eluting with 0-100% water/
A('N) to atford Compound 13 (52 mg. 005 mmol. 339(1

yield) after freeze drying the pure fractions Analytical
Method 2. ta=2.89 mine (M+iq] =969 7.
]1020] The compounds in Table 21 were synthesized
according lo the procedure dcscnbixl ut Exmnplc 8.29 for
Compound 13 I'rom the respccuvc intenncdtales shown in
1'shies 1-7 and described above in I:xample 8

TABLE 21

I &'MS

Atube cal Metltod
90 still

1M+HI'=9 I'l.

CI

Aaabttcal Method 2

t'a = 't 111111

IM + Hl' 919 I

11
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TABLE 21-connnucd

Cma Nc. Structure LC*.vlS

Cl

Vc.lvt .I M ta IC
tv=2 lama
bvi + H]' as2 s

0

CI

itxample E.30: Hynthests of (31075.10!L]311)-6-(t-
Ch]oro-2-(4-(2-((dtmcthypanunc)me thy])-] -mcthy]-
1H-inudazol-5-yl)phmloxy)-6-lluorobcnzyi)-13-(4-

chlorobenzyl)-10-[methoxymethyl)-7,12-dimethy]-3-
(pyr]d]n-2-ylmethy])-],6.9,] 2-tetraazab]cyc]0[1].3.

] Jheptadecane-2.5,8,] ]-tetraone (('ompound 57)

[1021]

Cl
OI I

Cj

HN

HA]C. DIPErx. AIN
St«a I

0

9 7
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-I:0111111Upil

TFA, DCM

CI

CI

HATH. HOAI
2.6 lpl li, DC M

rett ttx

0

lit 2

CI

F
0

A Itc 4ttxl; 't 'te I

THFix, I NIQCI

Fi«p 4

0

16 3
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-t:ottttttucil

Cl

F wvvl St

Step l. 2-((IO-4-(tert-l)utoxy)-2-((R)-3-((S)-2-((S)-
2-((4-chloro-2-(4-(2-((dimethylamino)methyl)-I-

methyl-111-inttdarol-5-yl)phenoxy)-(7-fluorobenzyl)
am)no)pmpananudo)-3-methoxy-N-

mclhylpropannmtdo)-3-(4-chlorobcnzyl)ptperidinc-
I-carbonyl)-4-oxobutyl)pyridine-I-oxide (10-1)

[1022] To a solutton ofA15 (40 mg, 0.143 nunol) ut 2 mL
ofACN was added I )I VI )A (0 08 mi,. 0 48 tntnol) and I I AfU

(54 mg, 0 14 mmol)) The resulting mixture was stirred at
Fdl for 5 nial and a solution of 9-2 (93 mg, 0 12 nunol) in
2 ml of A('N was then added 'I'he reaction mixture was
stirred tisr overntght, quenched with 15 ml of 5% Nal ICOs,
and extracted with EtOAc. The combined organic phases
were washed with a solution of5% Nal I( 0, and brine, dried
over sodtum suit'atc, filtcrcdt and concentrated to aflbrd 10-1

(124 mg, 0.12 mmoL -quantitative yield) as a yellow solid.
The crude product was used in the next step without further
purification Analyttcal Method 5, tx I 20 min, [M+I IJ

=1045.5.

Step 2 2-((R)-2-(Carboxymethyl)-3-((R)-3-((S)-2-
((S)-2-((4-chloro-2-(4-(2-((dimethylamino)methyl)-
I-methyl-IH-imidazol-5-yl)phenoxy)-6-fluorobe-

nzy )amino)propanamido)-3-mclhoxv-N-

mclhylpropanamtdo)-3-(4-chlorobcnzyl)ptpendtn-I-
yl)-3-oxopropyl)pyndinc-I-oxttlc (10-2)

[ll)23] 1o a solution of 10-I (124 tng, 0.12 mnxtl) in DCM
(2 mL) was added TFA (2 mL, 26.1 nmtol) nnd the resulting
mixture was stirred at RT for 4 h. The reaction mixnlre was
then concentrated and the crude ma lanai purilicd by rcvcrsc-
phasc column chromatography (cluung wtdt 0-100% water/
ACN with 0.1% NHsOH) lo alford 10-2 (26 mg, 0.03 nunol,
22% yield) after freeze drying the pure fractions Analytical
Method 5. ta 0 77 ntin, [M+I IJ+ 9Y9 6.

Step 3 2-(((3R,7S,IOY.13R)-6-(4-('hiero-2-(4-(2-
((dimethylamino)methyl)-I -ntethyl-111-imidazol-5-
yl)phenoxy)-6-fluorobenzyl)-13-(4-clfiorobenzyl)-

10-(methoxymethyl)-7„12-dimethyl-2,5. 8,11-
tctraoxo-l.6,9,12-tclraazabicyclo[11.3.1]heputdccan-

3-yl)methyl)pyridutc-I-oxnle (10-3)

[1024J Io a solution of 10-2 (26 mg. 0.03 ntmol) in DCM
(20 ml.) was added 2,6-1utidine (0.09 nil., 079 nunol),
HOAt (4 mg, 0.03 nunol). and HATU (40 m, 0.11 nunol).
The resulting mixture was heated to refhlx for 1.5 h in a 48"
C. hcatutg bath and lhmt cooled down to RT and concen-
trated. Thc residue was partttiontxt between EtOAc mtd 5%
aq Nail('0, solution The organtc phase was washed tvith
5% aq. Nail(:Os (2x15 mi.) and brine (15 nil.), dried over
NasSOs, filtered, and concentrated to afford 10-3 (25 mg„
0.03 nunoL -quantitative yield) which was used in the next
step v ithout filrther purification. Analytical Method 5, ts=1.
07 min., [M+H] =971.4.

Step 4. (3R,7S,I OS.13R)-6-(4-chloro-2-(4-(2-((dun-
cthyhuuuto)methyl)-I-methyl-IH-tmidazol-5-yl)

phenoxy)-6-fluombenzyl)-13-(4-chlorobenzyl)-10-
(methoxvmethyl)-7,12-dimethyl-3-(pyndin-2-

ylmethyl)-1.6,9,12-tetraazabicyclo[11.3 I]
heptadecane-2,3.8.11-tetraone (Compound 57)

[1025] To a solution of 10-3 (25 mg. 003 mmnl) in THF
(5 mL) was added snturaled NHsCI solutton (1.7 mL), zlllc
(109 mg, 1.66 nunol) and cttric actd (90 mg, 047 nunol).
Thc resulting mixture was stttrnl at RT for 30 min lo afli&rd

a biphasic mixture 'I'he organic phase was collected and the
aqueous phase tvas extracted wtth D('M I'he combined
organic phases v,ere concentrated and the obtained residue
v as taken up in DCM. washed with 5% NaHCO., solution,
dned over sodium suit'alc, and concentrated. Thc crude
product was lakmt up tn DMSO and punlicd by HPLC
(eluung with 0-100% water/ACN w 7th 0.1% NH OH) lo
atford Cotnpound 57 (12 mg. 001 mmol. 48% yield)
Analytical Method 2, ta 2.77 min., [M+I IJ 955 4
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]1026] The compound in Table 22 was synthesized
according to thc proccxturc dcscnbed ut Exmnpic 830 for
Compound 57 from thc rcspectlve uuemtctliatcs shown tn
'1'shies 1-7 and deccnbed above in Iixample 8

TABLE 22

C ms 8 Stntctute LC 546

01

ac, ltlt 41

1„=24 mt .

(xi+ H]' 271 7

0

Example 8.31: Syuthcsts of (3R,7S,10S.13R)-6-(4-

Chloro-2-((6-(2-((dimethylamino)methyl)-1-methyl-
111-inttdaml-5-yl)pyridin-3-yl)oxy)benzyl)-13-(4-

chlorobcnzyl)-10-(methoxymethyl)-7.12-dunelhyi-3-

(pyri din-2-ylmethy))- 1.6.9, 1 2-tetraazabi

cyclo (

1 1 3.
1]heptadecane-2.5,8,1l-tetraone (1'otnpound 94)

]1027]

Cl

Bcc

/~0

~NH
0

1st I

0

8
4

II
I me

HO

I I HATIL BIPFA
061F

0
Step I
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-oonatt(tcc(
CI

0

LIA

Ac(3H, NtBH!OAcH

Step 3

CI

Bc

HCI
M OIT

0

11-3

CI

OTT

0

~i'v'r

N A l.
IT(TTH DIPF(, (('N

0 Step p

11 3
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-cooltttttcu6

C'I

HAIL HOAI
2 6 lut d ne 12CM

teflo
Step 6

iV
11 s

CI

H
H

dn dust cro n d
I:I

11-6
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CI

Compound 94

Step I (R)-tert-13utyl 3-(())-2-(())-2-((((911-fluo-
ren-9-yl)methoxyjcarbonyl)amino)propanamido)-3-
methoxy-N-methylpropanamido)-3-(-I-chlorobenzyl)

piperidine-I-carboxylate (11-1)

[it)28] Step 1-1 'I'o a solution of Intermediate .I (252 mg,
0.57 num&1) in DMF was added DIPEA (0.2 mL. 1.14
nunol), Fmoc-Ala-OH (187 mg. 0.60 mmol). and HATU
(228 mg, 0.60 mmol) Tlm resulung nuxturc was stum&I at
RT for oienught
[1029] Step 1-2: 4-Methylpiperidine (105 mL. 11 4
nllnolj v:ds tllcll addixi slid stlulll wiis colltlllued lol I h to
complete the dc-protection step. Thc resulting nnxlurc was
diluted with 50 ml. of I itOAc and Ivashed with 5% Nal K'0,
(3x50 ml.) 'I he conlbined organic phases were dried v ith
sodiunl sulfate. filtered. and concento&ted 'I he cuidepmduct
was taken up in a mixture of DMSO/ACN and puriTied by
reverse-phase colunul chromatography (eluting with
0-100%o water/ACN with 0. 1% NH&OH) Io alii&rd I l-l (I 70
mg, 0.27 mmol, 47% ymld) after freeze dryul die pure
fractions Analytical Method 5, tn 1.04 min, [M+I IJ 511.
I

Step 2. (R)-tert-Butyl 3-((S)-2-((S)-2-((4-chloro-2-
((6-(2-((dimethylamino)methyl)-I-methyl-I H-imida-

zol-5-yl)pyndin-3-yl)oxy)bcnzyl)amino)propmla-
mido)-3-methoxy-N-methylpropaniumdo)-3-(4-
chlorobenzyl)piperidine-I-carboxylate (11-2)

[1030] To a mixture of 11-1 (170 mg. 0.33 nunol) mid E14
(173 mg, 0.47 mmol) in DCM (5 mL) was added AcOH
(0 08 ml . I 33 mmol) and the resulting inixture was stirred
at R'I'or I h. Sodiun& triacetoxybon&hydride (282 mg. I 33
nunol) was added and stirring wa& continued for 1.5 h.
EtOAc Ives added and the organic phase was washed with
3x50 mL of S% NaHCO& mid brine, dried over NaoSO4,
liltcrcd. conccntratcd to alford 11-2 ds a yellow oil (288 mg,
033 mmol, quantitative yield). The crude product was used
in the next step without purification Analytical Method 5,

ta I 30 min., [M+IIJ'65 3

Step 3 (Sj-2-((S)-2-((4-( hiero-2-((6-(2-((diniethyl-
amino)methyl)-I-methyl-I H-imnlazol-S-yl)pyridin-
3-yl)oxy)bcnzyl);muno)propanamido)-N ((R)-3-(4-

chlorobenzyl)piperidin-3-yl)-3-methoxy-N-
methvipropanamide (11-3)

[1031] To a soluuon oi'1-2 (288 mg, 0.33 nunol) in
anhydrous methanol (5 mL) was added cold HCI m dioxane
(5 mL, 20.0 mmol). The resulting mixture was stirred at RT
for 4 h and then concentrated. The obtained crude residue
which w as taken up ul tolucnc and concentrated quanuuitive
yield). Thc product was used in thc next step without
puniication. Analyucal Method 5, to=1.10 nuu.. [M+H]

765 5.

Step 4. 2-((R)-4-(tert-13moxy)-2-((R)-3-((8)-2-((S)-
2-((4-chlom-2-((6-(2-((dinlethylamino)n&ethyl)-I-
methyl-111-imidazol-&-yl)pyndin-3-yl)oxy)benzyl)

amino)propanamido)-3-methoxy-N-
methylpropanamido)-3-(4-chlorobenzyl)piperidine-

I-carbonyl)-4-oxobutyl)pyridule I-oxide (11-4)

[1032] To a solution of 11-3 (279 mg. 0.33 mmol) in 10
mL of ACN ives added DIPEA (0.17 mL. 1.0 mmol), A15
(140 mg, 0.50 nuuol), nnd HATU (164 mg. 0.43 mmol)).
The resulting nuxturc was sturnl at RT for 2 h mid then
quenched with 50 mL of 5% NaHCO, aud cxtractcd will
2x50 nil, of EtOAc 'I'he combined organic phases were
washed v ith 5% Nal I(:Os and brine, dried over sodium
sulfate. filtered, and concentrated to afford 11-4 a& a yellow
oil (342 mg, 0.33 mnu&1, quantitative yield) The product was
used ul the next step without further punlicdtiou. Analytical
Method 5, to=1.13 min., [M+H] =1028.7.

Step 5. 2-((R)-2-(Carboxymcthyl)-3-((R)-3-((S)-2-
((S)-2-((4-chloro-2-((6-(2-((duucthylamulo)methyl)-
I-methyl-111-imidazol-&-yl)pyridin-3-vl)oxy)benzyl)

amino)propallamido)-3-Inethoxy-N-
nlethylpropmlamidO----(-cchlombenyyi)Piperidi-1-

yl)-3-oxopropyi)pyridine I-oxide (11-5)

[1()33J To a solution of 11-4 (342 mg, 0 33 mnlol) in I 3('M
(5 nil,) was added 'I'IIA (5 ml . 64.I) mmol) and the resulting
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mixture was stirred at RT for I h. The reaction mixnire was

concentrated to affiird a cnide residue which was taken up in

toluene and concentrated again. This ives repeated once

more. The crude product was purified by reverse-phase

column cluomatogmphy (eluting with 0-50% water/ACN

with 0.1% NH4OH) to afford 11-5 (135 mg. 0.14 nunol. 38%

yield) as a white flufl'y power after freeze drying the pure

fractions. Analytical Method 5, th=0.76 min.. [M+H] =972.

3.

Step 6. 2-(((3R„7S, IOS,13R)-6-(4-Chloro-2-((/I-(2-

((dimethylamino)methyl)-I-methyl-IH-inudazol-5-
yl)pyridin-3-yl)oxy)benzyl)-13-(4-chlorobenzyl)-10-
(methoxymethyl)-7.12-dimethyl-2,5.8,11-tetraoxo-l.

6.9,12-tctrtlazabicvclo[11.3.1]llcptaileca11-3-vl)

methyl)pyridine I-oxide (11-6)

[1034] To a solution of 11-5 (135 m, 0.14 nunol) in

anhydrous DCM (100 mL) was added 2,6-lmidine (0.49 mL,

4.1(i mmol)„HOAt (19 mg, 0 14 nmiol), and HATH (211

mg, 0.56 nunol) The resulting mixture ives refluxed over-

night in a 48'. heatin bath, then to RT and concentrated

to dryness. The obtained residue was partitioned between

EtOAc (50 mL) and 5% aq. NaHCO, (50 mL). The organic

phase was tvashed with 5% aq. NaHCOs (2x50 mL) and

brine (50 niL), dried over NasSO4, filtered. and concentrated

to dryness to afl'ord 11-6 (133 mg. 0.14 mmol. quantitative

yield). The product tvas used in the next step v ithout further
punfication. Analytical Method 5. ta I 02 niin., [M+I IJ+/

2=477.8.

Step 7. (3R.7S, I OS,13R)-6-(4-Chloro-2-((/I-(2-((di-

mcthylanuno)methyl)-I-methyl-IH-imidazoll-5-yl)
pyridin-3-yl)oxy)benzyl)-13-(4-chlorobenzyl)-10-

(methoxymethyl)-7.12-dimethyl-3-(pyridin-2-
ylmethyl)-1,6.9,12-ietraazabicyclo[11.3 I]

heptadecane-2,5,8.11-tetraone (('onipound 94)

[ lt)35J
113 a solution of 11-6 (133 mg. 0 14 mniol) in 1 lilt (10 mi,)
was added saturated NH4('I (3.34 mL). zinc dust (583 ntg,
8.91 nunol). and citric acid (482 mg, 2.51 mmol). The
resulting was stirred ai RT Ihr 90 min to aflbrd a biphasic
mixture Thc organic phase was separated and ihc remaiiung
aqueous phase was washed with I&('M 'I'he combined
organic phases were concentrated and the residue was taken
up in I)CM, and washed tvith 5% NaIICOs The organic
phase v:as dried over sodiuni sulfate, filtered. and concen-
trated. The crude product was taken up in ACN and purified
by rcversc-phase column chromatography (cluiing wttit
0-100% water/ACN with 0.1!o NH4OH) io alford Com-
pound 94 (51 mg, 0 05 mmol, 37% yield) after cimcentrating
the pure fractions Analytical Method 2, ta 2.66 min,
[M+I IJ'38.4
[1036] The compounds in Table 23 v ere synthesized

according to the procedure descnbed in Example 851 for

Compound 94 from the respective intermedmtes shown in

Tables 1-7 and described above in Example 8. Compound

174 v as made according to Example 8.31. Steps 2-7.

TABLE 23

Cltld Nc Sthlchhc LCMS

4 . i lt ., i M tile 3

tc = 3/ls hhh.
IM + Hl ' vsl 3

5

N

N

0 0~
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TABLE 23-coutuolcd

Cmd Ho. Strocturc LCM(

24

CI

Snnltl 'nf M Ih tl 2

IR = — 79 414
]M + H]' 9(2 (

o~

9

H

.(nnlyttc:t! Mctltoo
SS nnn

]M+M]+=9( 4

CI~
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TABLE 23-cootootcd

Cad Xn. Structure LCSSS

174 Analt I 'af M Ih tl 7

IR = — 79 Itl lt

[ 4 + Ll1
' 949 I

Cl

17j Anal trcal Metltnd 3

IR= 1 19 u

I91 + IIE = un
:ital 9 I 9
Inta dat I
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Example 8.32: Synthesis of (3R,7S.10S,13R)-6-(4-
Chloro-2-(4-(1-methyl-2-(pyrrolidin-1-yimethyl)-

111-intidazol-5-yl)phenoxy)benxyl)-13-(4-chlttroben-
xyl)-10-(hydmxyntethyl)-7-methyl-3-(pyridin-2-

ylmcthyl)-),6,9,)2-tctraarabtcyclo[) ).3.)]
hcpladecanc-2,5,2C,))-tclraone (Compound 1)

(1113'7)

C'I

,otX1T
DIPE.A, H AZU

I

B7
X1T

12 I

HO HC I

sill
'17 7

NHt

12 3

00
I otoc

HO

0

11 HA'I Lt DIPL'A
2) 4 tract'ltclptpctlutttc

Step 4

CI

0

12 7

!

I M.laOH,
1,4 4 oxane

Step 4

E37

A OH'DCDL SaBH(CIAc!

Step 3

C. I
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CI

12-6

continued
I) HAIU. HOAt

2,6-)uttdute,
ucM
tctIttt

2) HA HO.
At.sg

step 7

CI

12

Sut Suem. IHI
step s

OI I
CI

Compound I

Step 1. 2-((R)-2-((R)-3-Amino-3-(4-chlorobenzy))
piperidine-I -carbonyl)-4-(tert-butoxy)-1-oxobutyl)

pyridtne I-oxide (12-1)

[lt)38] 1o a solution of AIS (I 696 g, 603 mn)ol) in
anhydrous ACN (40 mL) v ac added DIPEA(1.74 mL. 27 I

nunol), E37 (1.80 „6.03 mmol), and HATU (2.98, 7.84
mmol). The resulttng mtxturc was surreal at RT ovemt ht,
and then partiuoncd bctwccn EIOAc (100 mL) and 6% acp
NdHCO, (100 mL) Thc orgmuc phase was tlried uvcr
NauSOe, filtered, and concentrated 'I'he en)de material was
purified by tlash column chromatography on silica gel

(cluting with 0-10%e DCM/McOH) Io allbrd 12-1 as a yellow
sohd after concentratin the pure fracttons (2 63 8, 5.39
mmnl, 8'1% yield) Analytical Method 5, ts 092 min,
[M+H]e &488.4.

S)63) 2. 2-((R)-3-((R)-3-dnuno-3-(4-chlorobcnzyl)
pipendin-I-yl)-2-(carboxymethyl)-3-oxopropyl)pyri-

dine I-oxide (12-2)

[lt)39] Tn 12-1 (2 f)3 a. 5 39 mntol) in anhydrous DCM (8
ml,) was added I'1)A (830 ml „108 mn)ol) I'he resulting
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mixture was stirred at RT fnr 6 h, then concenuated, and
dncd thoroughly to all'ord 12-2 (2.9 g. 5.39 nunol, quanti-
taule yield). lite crude product was used in thc next step
without purification Analytical Method 5, ta 050 nlin.,
[M+I IJ 432.3

Step 3. 2-((R)-2-((Rj-3-Atnino-3-(4-chlorobcnzyl)
pi peri dine- I -carbo nyl j-4-methoxy-4-oxo

butyl )pyri-

dine I-oxide (12-3)

[1040J 'lo a solution of 12-2 (2 9 8, 5 39 mmol) in anhy-
dmus MeOI I (13 nil.j was added 4M I ICI in dioxane (13 5

mL. 53.9 nunol). The resulting mixture was stirred at RT for
overnight and then concentrated under reduced pressure.
Thc crude product was punlicd by rcvcrsc-phase column
cluomalography (elutlng with 0-100!'o lister/ACN with
0.1% NH4OH) to tdlbrd 12-3 (766 mg, 1.72 nunol, 32%
yield) after concentrating the pure fractions Analytical
Method 5, ta 0 75 nlin, [M+I IJ+ 446 3.

Step 4. 2-((Rj-2-((R)-3-((8)-3-((8)-2-aminopm-
pmioyl)-2.2-dimethyloxazolidine-4-carboxamido)-3-
(4-chlonibenzyljpiperidine-I -carbonyl)-4-methoxy-

4-oxobutyl)pyridine I-oxide (12-4)

[1041] To a solution of Fmoc-Ala-Ser[psi(Me.Me)pro]-
OH (403 nlg. 0.92 mmol) in DMA (5 mL) was added HATU
(350 mg. 0.92 nunol) and DIPEA (0.21 mL. 1.20 nunol).
Thc solution was stirred for 2 mul at RT and then a solution
oi'2-3 (410 mg, 0.92 mmol) ul DMA (3 mL) was added.
'I'he resulting nlixture was stirred at R'I'iir overnight
4-methylpiperidine (3 nil.) w:as then added 1'he reaction
mixture was stirred at RT for 30 min and then subsequently
concentrated to dryness under reduced pressure. The crude
material was puriiied by reverse-pllase colunm chromato-
raphy (cluting with 0-60% water/ACN with 0.1% NH4OH)
lo afihrd 12-4 (360 mg, 0.60 mmol, 61% yield) after frcc
drying down the pure fractions. Analytical Method 5, tx 0.
84 min., [M+I IJ 644 5

Stcqt 5. 2-((R)-2-((R)-3-((S)-3-((S)-2-((4-CIIJoro-2-
(4-(I -nlethyl-2-(pyrrolidui-I -ylinethyl)-111-imida-
zol-&-yl)phenoxy)benzyl)amino)propanoyl)-2,2-

dimethyloxazolidine-4-carboxamido)-3-(4-
chlorobenzyl)piperidine-I -carbonyl )-4-methoxy-4-

oxobutyl)pyridlne I-oxide (12-5)

[1042J 'I o a nlixture of 12-4 (360 mg, 0 60 nunol ) and I B7
(332 mg. 0.84 nunol) in DCM (15 mL) was added AcOH
(0.13 mL, 2 24 nunol) The resulting mixture was stirred for
at RT for I h and sodium lriaceloxyborohydnde (592 mg,
2.79 mmolj was then added. The reaction mixture was
snrrtxi for 2 h and then EtOAc (60 mL) was added Thc
organic Phase was washed with 5 io aq. NasCO, (50 nil x2),
dried over NasSO4. hltered, and concentmted to dryness to
afi'ord 12-5 (572 mg„0 60 mmoL crude) as a brow:n oil The
product ives used in the next step without purification.
Aluilylical Method 5, la=i.lg nuno [Ivi+H] =1023.6.

Step 6 2-((Rj-2-(Carboxymethylj-3-((R)-3-((S)-3-
((S)-2-((4-chloro-2-(4-(I-methvl-2-(pyrrolidin-I-

ylmethyl)-I H-imidazol-5-yl)phenoxy)benzyl)amino)
propanoyl)-2,2-dimethyloxnzolidine-4-

carboxamido)-3-(4-CIIJorobcnzyl)ptpcridut-I -yl)-3-
oxopropyl)pyridinc I-oxide (12-G 1

[1043J 'lo a mixture of 12-5 (572 mg. 0.60 nunol) in
dioxane (10 ml ) and I isO (2 5 mi,) and cooled to 0" C was

added I M NaOH (2.23 mL. 2 23 mmol). The resultin
mixture v:as stirred at RT for 2 h Additional NaOH (IM. up
to 3 3 mi ) was added and stirrin was continued at R'I until
starting nmterial was consumed by I.('MS I'he reaction
mixture was qumlclcd with AcOH (0 96 mL, 16 8 nunol)
and 50 mL of NaHCOs. and cxuactcd with EtOAc (x2).
Brine was added to the aqueous phase and back extmscted
v ith EtOAc once more. The combined or aruc phases were
dried over sodium sulfate, filtered, and concentnsted 1'he
crude material v,as pnrihed by reverse-phase column chro-
matography (clullng with 0-100'!o water/ACN with 0.1%
NH4OH) to afihrd 12-6 (436 mg, 043 nunol, 77% yield)
after freeze drying the pure fractions. Analytical Method 5,
ta=0 84 min., [M+H] =1009.4.

Step 7. 2-(((3J(,78.108,13R)-6-(4-chloro-2-(4-(J-
methyl-2-(pyrrolxiin-I-ylmethyl)-JH-imidazol-5-yl)

phenoxy)bcnzyl)-13-(4-chlorobmlzyl)-10-(hy-
droxymethyl)-7-methyl-2.5.8„11-tetraoxo-l,6,9.12-

tetraazabicyclo[11.3.1]heptadecan-g-yl)methyl)
pyridine I-oxide (12-7)

[1044] Step 7-1; To a solution of 12-6 (436 m, 0.43
mmol) in DCM (250 mL) ives added 2,6-lutidine (1.51 mL,
12 9 mmolj. I IOAt (5R8 mg. 0.43 mmol) and I IAI'U (657
mg, I 73 nunol) 1'he resulting mixture was heated to reflux
filr 19 h in a 48'. heating bath and tlmn coolixi lo RT and
conccntratcd to dryness. Thc obtaulcd rcsiduc was pani-
tioned between EtOAc (100 nlL) and 5% aq. NaHCO, (50
mL). The organic phase was washed with 5% aq. NaHCO,
(2x50 mi ) and brine (50 nil.j. dried over Nal)04. filtered,
and cnncentrated to dryness under reduced pressure Ana-
lytical Method 5: t„=1.17 min, [M+H] =991 3.
[1045] Slap 7-2: To lhc crude product from Step 7-1 ul 4

mixture of ACN/HsO (5;3) (16 mL) and cooled to 0" C. in
an ice bath was added a pre-chilled solution of TFA (3.9 mL,
51 3 mnlolj dmplvise and the resulting nlixture was stirred
at R1'or 75 min A mixture nf saturated Nell('Os/IM
NasCO, was added lo baslfy thc reaction and thc resullulg
slurry v Is extracted lvith EtOAc (x2) 1'he combined
organic phases were lvashed with brine, dried over sodium
sulfate. filtered. and concentrated to afiilrd 12-7 (137 ntg,
0.14 mmol. quantitative yield). The product v as used
directly ul the next step without I'urthcr puniicatlon. Ana-
lytical Method 5, la=1.02 nnno [M+H] =951.6.

Slap 9. (3R,7S.JOS.13R)-6-(4-chloro-2-(4-(1-
methyl-2-(pyrrolidin-I-ylmethyl)-JH-inudazol-5-yl)

phenoxy)benzyl)-13-(4-chlombenzylj-10-(hy-
drnxymethyl)-7-methyl-3-(pyridin-2-ylmethyl)-1. 6,
9,12-tetnsavabicyclo[11 3.1Jheptadecane-2.5,8,11-

tetraone (Compound I)
[1046J Tn a solution of 12-7 (137 mg, 0 14 mniol) in J1 IF

(40 ml.) was added saturated NII4('I (13 3 nil.), zinc dust
(1.8 g. 27.1 mmol) and citric acid (14G4 m . 7.62 mmol) and
the resultin mixture was stirred at RT for 30 mm to afford
a biphasic mixture. Thc orgamc phase was collixlcd and thc
rmnaining aqueous plmse w as w ashcd w ith 50 mL of DCM.
Thc combined oigamc plrases werc concentrated to dryncss
and the resulting residue ives taken up in D('M and washed
v ith a 5% NaIICOI solution 1 he organic phase was sepa-
rated, dried over sodium sulfate. filtered. and concentrated to
afiilrd a crude product. The crude matenal was purified by
ri:vi:Isc'-philic coiunul chrinnalography'clululg with
0-100% water/ACN with 0.1!o NH4OH) lo alford Com-
pound I (137 mg, 0.14 mmol, 344!o ymld) after freczc dryulg
the pure fractions Analytical Method 2, ta 2.71 min,
[M+I IJ'35.7
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Example 8.33: Synthesis of (3R,7S.10S,13R)-6-(4-
Cldoro-2-(4-(2-((dimethylamino)methyl)-1-methyl-
11)-inndaxol-5-yl)phenoxy)benpyl)-1 3-(4-chluroben-
xyl)-10-(hydroxymethyl)-7. 12-dimethyl-3-(pyridin-

2-y )methyl)- ),6,9, 1 2-tenaarabicycl u [1 1 .3.1]
hepttadccanc-2,5,8,1)-tctraonc (Compound 18)
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Step 1. (10-tert-Butyl 3-((S)-2-((S)-2-((4-eh]ore-2-
(4-(2-((dimethylamino)methyl)-I-methyl-] I I-imida-

zol-5-yl)phenoxy)benzyl)amino)propaniuuid O---

hydroxy-N-methylpropanamido)-3-(4-chlorobenzyl)
pipendinc-I-carboxylate (14-1)

[1048[ To intenncdiate DEI (59.3 mg, 0.134 nunc]) in
ACN (5 mL) was added DIPEA (0.070 ml . 0.401 mmol)
and TBTU (43.0 mg. 0.134 mmol). The rcsulung mixture
was stirred at rt for 5 niin before Intermediate (I (57 mg,
0.134 mmol) was added. The reaction mixture was stirred
for 1.5 h and then was diluted with 10 mL of wit. NaHCO,
and 10 ml of water and extracted ivith 2x] 5 ml. of DCM.
Thc combuttx] organic phases were drmd over sodnun
sulfate. and concentrated to afliird 14-1 (1]4 mg. 0 134
nunol) as an oil. This oil was used directly in rhe next step
without furtlu:r puriiication. Attalytical Method 5, ta=] 03
niin. [Nl+IIJ+ 850 4

Step 2 (S)-2-((S)-2-((44 hiero-2-(4-(2-((dimethy]-
amino)methyl)-I-methyl-] II-imidazol-5-yl)phenoxy)

benzyl)amino)propanamido)-N ((R)-3-(4-chlo-
robenzyl)piperidin-3-yl)-3-hydroxy-N-

mcthylpropruiamule (14-2)

[1049J 'lo a solution of 14-] (]14 mg, 0134 mniol) in
D('M (3 mL) v, as added TEA (1.032 mL, 13.40 nunol) The
resulting solution was stirred at R'I'iir I h and then
concentrated to dryness. The resulting oil (14-2, 101 mg,
0 135 nuuol, quauutativc yield) was ui thc next step w itlxiut
further purification Analytical Method 5„ ta 1.13 niin.,
[M+HJ =750.4.

Step 3. 2-((R)-4-(tert-Buioxy)-2-((R)-3-((S)-2-((S)-
2-((4-i:hloro-2-(4-(2-((duncthylamino)methyl)-I-
methyl-111-imidazol-5-yl)phenoxy)benzyl)amino)

propanamido)-3-hydroxy-N-methylpropanamido)-3-
(4-chlorobenzyl)piperidine-I-carbonyl)-4-oxobutyl)

pyndine I-oxide (14-3)

[1050J 'le a solution of A15 in 3 m], of ACN was added
DIPEA (0.09 mL„0.54 nunol) and HATU (51.2 mg. 0.14
nuuol). The resulting mixture was surrixl at RT for 5 min

before a solution of 14-2 (101 m, 0 135 mmol) in 2 ml of
A('N was added. 'I]ie reaction niixture ives stirred tiir 30 inin
before being quenched with a NaHCO, solution and
extracted with 2x15 mL of EtOAc. The combined organic
phases were dried over sodium sulfate. filtered, and concen-
trated to afford 14-3 as a ye)lots oil (13(i mg. 0.135 nunol,
and quantitative yield). The product was used ui ihc next
step without further punlication. Analytical Method 5. Ia=].
13 min., [M+HJ =10]3.7.

Step 4. 2-((R)-2-(Carboxymcthyl)-3-((R)-3-((S)-2-
((S)-2-((4-chloro-2-(4-(2-((dunethylamino)methyl)-
I-methyl-IH-imidazol-5-yl)phenoxy)benzyl)amino)
propanamido)-3-hydroX-N-mmethylprOpanamidu---

(4-chlorobenzyl)piperidin-I -yl)-3-oxopropyl)
pyndine I-oxide (14-4)

[1051J lo a solution of 14-3 (136 mg. 0 135 mmol) in
I )('M (2 ml.) was added 'I'I 'A (2 07 nil., 26i 8 mmol) and the
resultin mixture was stirred at RT for 2 h and then con-
centrated under reduced pressure to dryness. The crude
material ives taken up in DMSO and purified by reverse-
phase colunut ciuomatography (eluting with 0-50% water/
ACN with 0.1% NHsOH) io ai]'ord 14-4 (47 mg, 0.05 mmul,
34% yield) alter lrccze ilrylilg the purl: Iractlollw Allalyilcal
Method 5, ts=0.78 mm., [M+HJ'=957 4.

Step 5. 2-(((3R,7S,]OS.]3R)-6-(4-Chloro-2-(4-(2-
((dimethylamino)methyl)-I-methyl-IH-imidazol-5-

yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-10-(hy-
droxymethyl)-7,12-diniethy]-2.5.8,] I -tetraoxo-1,6 9,
12-tetraazabicyclo[11 3 I Jheptadecan-3-yl)methyl)

pyndine I-oxide (14-5)

[1052J lo a solution of 14-4 (40 mg. 0.04 nimol) in DCM
(50 mL) was added 2,6-1utidine (0.15 mL. 1.25 nunol),
HOAt (5.7 mg, 0.04 mmol)„and HATU (63.5 mg, 0.17
mmol). The resulting mixture ives heated to reflux for 4 h in
a 48'.. and then cooled to RT and concentrated. The
obtauicd residue was parutionixl bctwccn EtOAc (15 mL)
and 5% NaHCOs (15 mL). Thc orgaruc phase was washcx]
with 5% NaHCOi (2x]5 mL) mid brine (15 mL), dncd over
NasSOw Iiliered. and concenuatcd to dryness under reduccx]
pressure to atford 14-5 (43 ni, 0.04 nimol, -quantitative
yield). 'I'he product was used in the next step without further
punfication. Analytical Method 5, ta 0 97 nim.. [M+I IJ
=939 4.
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Step 6. (3R,7S. I OS,13R)-6-(4-chloro-2-(4-(2-((dim-
ethylamino)methyl)-I-methyl-I I I-imidazol-5-yl)

phenoxy)benzyl)-13-(4-chlorobenzyl)-10-(hy-
droxymethyl)-7,12-dunclhy1-3-(pyridui-2-vlmediyl)-

),6.9,)2-tetraazabicycio[)1 3 I Jheptadecane-2,5.R
11-tetraone (Compound 18)

[ll)53] To a solution of 14-5 (43 mg, 0 04 mmol) in 'I I lit
(5 mL) was added saturated NHACI (1.7 ml ) solution. zinc
dust (194 mg, 2.97 numil), and citnc ocul (160 mg, 0.84
mmol). 'I'he resulting niixture was stirred at lfl'or 30 min
to afl'ord a biphasic mixture. The organic phase w:as col-
lcclcd;md tlu: rcmainuig aqueous mixuire was washed with
5 mL of DCM. The combined organic phases were concen-
Iralcd lo dryness, mid thc resulting rcsuluc was laken up in
I)( M and ivashed with a 5% Nal ICOs solution. 1 he organic

phase was separated, dried over sodium sulfate. filtered, and
concentrated to afford a cnide product The crude material
was purified by HPLC (eluting with 0-100% water/ACN
with 0.1% NHAOH as bulfer) lo aflbrd Compound 18 (12
mg, 0.01 mmol. 27%u yield) as a white powder after freeze
dryin the pure fractions. Analytical Method 2, ta=2.60
nun.. [M+H] =923.6.

Example 8.34: Synthesis of (3R,7S,IOS,13R)-6-(4-
Chloro-2-(4-(I-methyl-2-(pyrmlidm-I -ylmethyl)-

I H-inudazol-5-yl)phcnoxy)benzyl)-13-(4-clt)orobcn-
zyl)-)0-((difluoromethoxy)ntethyl)-7-methyl-3-

(pyridin-2-yimethyl)-1,6.9.12-tetraazabicyclo[11.3.
l]hcpladccane-2,5.8,11-1elraonc (Compound 30)

[1054J
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Step I 2-((R)-2-((R)-3-((S)-2-Anuno-3-(difluo-
romcthoxy)propmiiunnlo)-3-(4-chlorobcnzyl)pipcn-
dine-I-carbonyl)-4-(tert-butoxy)-4-oxobutyl)pyri-

dine I-oxide (15-1)

[1055] To a solution of 12-1 (250 m, 0.51 mmol) in THE

(5 mL) was added Intemicdiaic P (773 mg. 2.05 mmol) and
DI PEA (0. 54 mL, 3.07 mmol). follow ml by DMT-MM (354

mg, 1.28 nuuol). Thc resulting mixiure was stirred ai RT for
I h. belhre 4-mcihylpipcriduic (0.61 mL, 5.12 nmtol) was
added I'he reaction ntixture was stirred at I&I'or 30 nun and

then concentrated to dryness under reduced pressure. The
rcsuliuig crude matcnal was punlied by reverse-phase col-

umn

chromatography

(eluting with 0-100'!! water/A('N v ith

0.1;v NHsOH) to afl'ord 15-1 (131 mv. 0.21 nunol, 41%

yield) aflcr frceze drying ol ihe pure lraciions. Analytical
Method 5. ta I 27 niin, [M+I IJ+ di25 3.

Step 2. 2-((R)-2-(Carboxymcthyl)-3-((R)-3-((S)-2-
((S)-2-((4-chloro-2-(4-(I-nu:thyl-2-(pyrroliihn-I-

ylmethyl)-I H-imidazol-5-yl)phenoxy)benzyl)amino)
propanamido)-3-(difluoromethoxy)propanamido)-3-

(4-chlorobenzyl)piperidin-I -yl)-3-oxopropyl)
pyridine I-oxide (15-2)

[1056] To a solution ol'15-1 (187 mg, 0.30 mmol) in DCM
(15 mL) was adihxl DIPEA (0.16 mL, 0 90 nunol), 30-1 (140
mg, 030 nuuol), imd HATU (114 mg, 0.30 mmol) and thc
resulting mixture ives stirred at ifl for 3 h 1'IiA (4 di0 mi„
59 7 mmol) was added and stirring was continued for 90
min. The reaction mixture was then concentrated under
reduced pressure and the cnide material uas purified by
rcvclsc'-pllilsc cololilll cllrolliaiograplly'elutlllg wlill
0-100% water/ACN with 0.1% NHsOH) to aflhrd 15-2 (183
mg, 0.18 mmol, 60/o yield) aflcr lycezc drying the pure
fractions Analytical Method 5, ts 0 82 min, [M+I IJ

1019 7.
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Step 3. 2-(((3R,7S. I OS,13R)-6-(4-Chloro-2-(4-(1-
methyl-2-(pyrrolidin-I-ylmethyl)-IH-imidazol-5-yl)
phenoxy)benzyl)-13-(4-chk»rnbenyyi--I--((difiu-
romethoxy)methyl)-7-methyl-2,5.8,11-tetraoxo-1,6,
9,12-ietraazabicyclo[11.3.1]hcptadecan-d-yl)methyl)

pyndine I-oxule (15-3)

[ll)57] 1o a solution of15-2 (167 Ing, 0.16 Innx»l) in 0(:M
(100 ml ) ives added 2,6-1utidine (0 57 mi„4 ')I mniol),
HOAt (22.3 mg, 0.16 mmol) tmd HATH (249 mg, 0.66
mmol) and thc rcsulung nuxturc was healed to rcllux
overnight in a 48" C. The reaction mixture was cooled to RT
and concentrated. The resulting residue was partitioned
betiveen I:tOAc (100 ml,) and 5'r'lr Nail(:0» (100 mi,) 1he
organic phase was washed with 5% Nal I('0» (2x50 ml ) and
brine (50 niL), dried over Na»SO», filtered. and concentrated
to dryness under reduced pressure to afford 15-3(164 mg,
0 16 mmol. —quanutauve yield). Thc pmduct was uscxl ui thc
next slop without I'urthcr puniicdtion. Andlytmal Method 5,
ta I 16 mui., [M+IIJ 1001 6

Slap 4. (3R,7S,IOS,13R)-6-(4-Chloro-2-(4-(1-
methyl-2-(pyrrolidin-I-ylniethyl)-111-imidarol-5-yl)
phenoxy)benzyl)-13-(4-chk»rnbenyyi-1I--((difiu-

romethoxy)methyl)-7-methyl-3-(pyridin-2-
ylmethyl)-I.G,9,12-tetmsazabicyclo[11.3.1]

heptadecane-2.5.8,ll-tetraone (Compound 30)

[1()58J 'Io a solution of 15-3 (164 Ing. 0 16 mmol) in 11111

(20 niL) was added saturated NH»01 (6.7 mL), zinc dust

(685 mg. 10.5 mmoi), and citric acid (566 m . 2.95 nunol).
'I'he resulting mixture ives stirred at RT for 30 min to afford
a biphasic mixture. The organic phase w as collected and the
remauung aqueous pliaac was w ashed with 50 mL of DCM.
The combined organic plmses 55 ere concentrated to dryness,
and the resulting rcsxiuc was taken up in DCM and washcxl
with a 5% Nail(:0» solution 'I he organic phase was sepa-
rdlcik 011cd ovei soihuni sulliiuu filu:I'cd, and conccnudux!.
'I'he cmde material ives purified by reverse-phase column
cluomatogcdphy (clutuig 551th 0-100% watcriACN with
0 1% NI I»OH) to afford the desired pmduct w:ith minor
impunties. The material was purified again by HPLC (elut-
ing with 0-100% waterIA('N ivith 0 1% Nil»OI I as modi-
fier) to afford Compound 30 ((53 mg, 0.0G nmiol, 37% yield)
as a white powder after freeze dryuig thc pure fracuons.
Analytical Method 2, t»=3.04 min., [M+H] =985 4.

Example 8.35: Synthesis of 2-(((3R.7S,I OS,I3R)-G-
(4-Chloro-2-(4-(2-((dunethykunuio)methyl)-I-

methyl-111-imidazol-5-yl)phenoxy)benzyl)-13-(4-
cldombenzyl)-10-(hydroxymcthyl)-7-methyl-2.5.8,

I l-lclraoxo-1.6,9,12-ictraazabicyclo[11 3.1]
heptadecan-3-yl)methyl)pyridine I-oxide

(( onlpound 66)

[1059]
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Step l. (S)-3-((4-chloro-2-(4-(2-((dimcthylanuno)
methyl)-I-methyl-111-imidazol-5-yl)phenoxy)ben-

zyl)-l,-alanyl)-N ((R)-3-(1-chlorobenzyl)piperidin-
3-yl)-2„2-dunethyloxazolidine-4-carboxamide (16-1)

and (S)-2-((S)-2-((4-chloro-2-(4-(2-((dimethyl-
Iunino)methyl)-I-methyl-IH-inudazol-5-yl)plmnoxy)

bmizyl)amino)propanamido)-N ((R)-3-(4-chio-
robcnzyl)pipcrnhn-3-yl)-3-hydroxypropiuuunnlc

( I 6-2)

[1060J 4 N II(1 m dioxane (1.0 mi, 4.00 mmol) was
added to 1-3 (105.2 mg. 0.12 mmol) in a round bouom flask
charged with a ma netic stir bar. Additional dioxane (3 mL)
was then added in one portion via synngc. The resulting
mixture was allowed to stir ai RT for 2.5 h and then
concentrated in vacuo to provalc 88 m of a wlutc sohd
containing a 60/40 mixture of 16-1 (Analytical Metlxid 5,

t„ I 21 min., [M+I IJ 776 4) and 16-2 (Analytical Metlxid
5. ta=1.09 min., [M+H]'=736.3) by LCMS. The product
mixture was taken on to the next step without further
punlication

Step 2. 2-((R)-4-(tert-Butoxy)-2-((R)-3-((S)-3-((4-
chloro-2-(4(2-((dimethylamino)methy)-I-methyl-
IH-imidazol-5-yl)phenoxy)benzyl)-L-CL)nyl)-2,2-

dimcthyloxazohdinc-4-carboxamido)-3-(4-
chlorobmizyl)pipendinc-I-carbonyl)-4-oxobutyl)

pynduic I-oxide (16-3) and 2-((R)-4-(tert-Butoxy)-
2-((It ~F3-((8)-2-((8)-2-((4-chion)-2-(4-(2-

((dimethylamino)niethyl)-I-methyl II-imidazol-5-yl)
phenoxy)benzyl)amino)propanamido)-3-

hydroxypropanamido)-3-(4-chlorobenzyl)piperidine-
I-carbonyl)-4-oxobuiyl)pyriduic I-oxide (16-4)

[it)61] A15 (34 mg, 0 12 mmol) ives added in one portion
via syringe as a solution in D('M (4 ml,) to a 60'40 cmde
mixture of 1(ui and 16-2 (88 mv. 0.12 nunol) in a round
bottom fiask charged with a mavguetic stir bar. DI PEA (0.126
mL. 0.12 mmol) was tlmn added ui one portion via syunge,
followed by the addiuon of HATH (59 mg. 0.16 nunol) The
resultuig nnxturc was stirred at RT overrught, then diluted
with IX'M. and washed with saturated NilsCI (x2) and
brine lite organic Phase was dried over NCCSOx, tiltered,

aud concentrated iu I acuo to priiv lie II pale Yellow oil,
which contained both 16-3 (Analytical Method 5, ta 1.23
nun., [M+IIJ+ 1039.7) and 16-4 (Analytical Method 5,
ta=1 12 min.. [M+H] =999. (I) by LCMS. The crude mixture
was taken on to the next step without further purification
(assuulcd qilautitative yield for rciigcut calculatlous iu ihc
next step).

Step 3. 2-((R)-2-(Carboxymethyl)-3-((R)-3-((S)-3-
((4-chforo-2-(4-(2-((dimethyfamlno)methyl)-I-

methyl-IH-imidazol-5-yl)phcnoxy)benzyl)-L-ala-
nyl)-2,2-dimcthyloxazolidine-4-carboxamido)-3-(4-
chlorobenzyl)pipcridin-I-yl)-3-oxopropyl)pyralinc

I-oxide (16-5)

[1()62J TIIA (0925 ml„1200 mmol) was added in one
portion via syringe to the crude mixture containing 16-3 and
16-4 (0.12 nunol) in DCM (4 mL) in a round bottom flask
charged with a magneuc sur bar. Thc resulung mixture was
stirred at RT under a N, aunosphere for 2 h and then
conccniratcd in vacuo. Tire obtained rcsiduc was taken up in
D('M, and concentrated in vacuo again to provide a cmde
yellow residue 'I'his process was repeated (x2) to remove
the residual TEA. The crude product was taken up in DMSO
(3 mL), filtered. and purified via reverse phase HPLC
(30xl00 nuu 5 pm colunui. eluting with 15-40% McCN.
HCO with 5 mM NHsOH. 2x1.5 mL uitiwuous, 75 mL/min)
to provalc 13.2 mg (11% yield) of 16-5 as a white powder
after freeze drying the pmduct containing fmctions. Ana-
lytical Method 5, ta 0.80 min.. [M+I IJ+ 983 6.

Step 4. 2-(((3R,7S,IOS.13R)-6-(4-Chloro-2-(4-(2-
((dimcthylanuno)methyl)-I-methyl-IH-unidazol-5-
yl)phenoxy)benzyl)-13-(4-chlombenzyl)-)0-(hy-

droXyinethyl-7-mmethy-2,,.., I I -tetraoxo-1,6,9,1 2-
tetraazabicyclo[11.3.1]heptadecan-g-yl)methyl)

pyridine I -oxide (Compound 66)

[1063] 2,6-1utaline (0.016 mL, 0 13 mmol) was added in
ouc portion via syunge io 16-5 (13.2 mg. 0.01 nuuol) in
DCM (13 mL) in a round bottom tiask charged with a
magnetic stir bar I IOAt (3 7 mg, 0.03 nimol) was then
added, followed by the addition of I IAI'll (10.2 mg, 0.03
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nunol. The resulting mixture was heated to 40" C. ovemlght
and then diluted with I:tOAc '1'he or anic phase was washed
lvith san)rated NaHCOe (x3) and brine, dried over NasSO4,
lillcrcd. and conccntralcd in vacuo. Thc crude malcnal was
transferred to a glass vial and taken up in DCM (0.5 mL).
H 0 (0.3 mL) was added, tbllowixl by TEA (0.2 mL, 2.60
nlmol) at )TT. 'I he reaction mixture was allowed to stir for 45
olin and lien part)ally'onccnnduxl ln cacao. Thc rcsulllng
residue ives taken up in DMSO, filtered, and puritied by
reverse phase HPLC (30x100 mm 5 Lm column, eluting
with 35-60"ie MeCN:H10 with 5 mM NH«OH, 1 xi 5 mL
injection. 75 mL/min) to provide 0.6 mg (5'ie) of Compound

66 as a v,lute solid after freeze drying the product containin
fracuons. Analytical Method 4. t„=1.63 min., [M+H] =925.
5.

Example 8.36: Synthesis of (3R,7S.10S.13R)-6-(4-
Chloro-2-(4-(2-((dimclhylamino)methyl)-1-methyl-
)H-inudazol-5-yl)phcnoxy)benzyl)-13-(4-cldorobcn-

pyl)-10-(ntethoxymethyl)-7-ntethvl-3-((6-
methylpyridin-2-yl)methyl)-1.6,9,12-tetraapabicyclo

[1 1 3 1 Jheptadecane-2,5,8.11-tetraone (f'ompound
4)

110641

„,«SIT

0
A)7

HA)it. DIPLA. DMI
Step I

H

H7

0

kJL
H

I ) H1712 DIPF 1, DMF

ewe

I
s) Cl

2) IIAtDCM

Step 2

NH
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ITC'I M 0 IT

Step 'I
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Step 1. tert-Butyl (R)-4-((R)-3-amino-3-(4-chlo-
robenzyl)piperidin-I-yl)-3-((6-methylpyridin-2-yl)

methyl)-4-oxobutanoate (17-1)
[1065] To a solut&on oi'17 (S23 m, 1.68 nunol) &n

anhydrous l)MI& (20 ml ) was added l)IPI IA (I 47 mi„g 40

nunol) and B7 (500 mg, 1.68 mmol) at 0" C. followed by
HATU (703 mg. I 85 mmol) and thc rcsultu&g nnxturc was
warmed to 8'I and st&rred for 2 h I itOAc was added and the

reaction mixture was washed with a 5% aq. NaHCO.,
solution. salurated NaHCO, solution, and brine. The org&uuc

phase was dried over Na&SOw filtered. and concentrated.
The crude material v as purified by reverse-phase colunu&

chromato raphy (eluting w&th 0-IO(y% water/A('N v ith
O.li'v NHsOH„product elute 80% ACN) to afi'ord 17-1 as a

dark ms&cnal ai'ter frcczc drying the pure I)act&o&w (637 mg,
78% yield). 'I'he matenal ciontained a major impurity and
&vas carried to the next step without additional purification.
A&uilylicsl Method 5, &a=i.12 nun., [Ivf+H] =486.3.

Step 2. (R)-4-((R)-3-((S)-2-iunu&o-3-mcllx&xypro-
pananudo)-3-(4-chlorobenzyijpiperidin-I-yl)-3-((6-
methylpyridm-2-yl)n&ethyl)-4-oxobutanoic acid (17-

2)

[1066J 'lo a mixture of 17-1 (315 mg. 0.65 nunolj in

anhydrous DMF (5 mL) was added a solution of (S)-2-((tert-
butoxycarbonyl)am&no)-3-mclhoxypmpm&o&c ac&d (170 mg,
0 78 mmol), DIPI&A (0 34 ml., I 91 mmol) and a solut&on of
HATU (296& mg, 0.78 mmol in 4 mI ) in DMF) and the
resul & u&g mixture w as su rred a& RT for 4 h. EtOAc was added
and the reaction mixture was washed with a solution of
NsHCO& and bru&c. The orgimic phase was dncxl over

Na&SOw filtered. and concentmted 'I he crude product was
purified by flash column chromato raphy on silica gel

(eluling w&th 20-100% E&OAc/hcpiane, product cluted out
100'i ii&OAc) to afford 17-2 as a light broivn oil after
concentratin the pure fractions (445 mg, 85% yield). Ana-

lytical Method S. &a=0.60 mu&.. [M+H] =531.4.

Step 3 methyl (R)-4-((R)-3-((8)-2-Amino-3-
n&ethoxypropananudo)-3-(4-chk&mbenzyl)piperidin-

I-yl)-3-((6-methylpyridin-2-yl)methyl)-4-oxobu-
tanoate (17-3)

[1067J 'lo a solution of 17-2 (378 mg, 055 nunol) in

anhydrous DCM (I mL) was added TFA (2.12 mL. 27 5

nunol). Thc resulung m&xturc was stirred a& RT Ibr 2-3 h and
then concentmted to dryness under reduced pressure and

dried under hi Jv& vacuum to afford 17-3 (418 n&g. quantita-
uiey&cki). Analyucal Method 5, taW.96 nun., [M+H]'545,3.

Step 4. (R)-4-((R)-3-((S)-2-((S)-2-((4-Chloro-2-(4-
(2-((dimethylamino)methyl)-I-methyl-I H-imidazol-

5-yl)phcnoxy)bcnzyl)amino)propsnamido)-3-
u&cthoxyproptursm&do)-3-(4-chiombenzyl)pipcndin-

I -yl)-3-((6-methylpyndin-2-yl)methyl)-4-
oxobutanoic acid (17-4)

[1068] Step 4-1 To a solution oi'7-3 (248 mg, 0.45

n&mol) in anhydrous DMI'8 ml ) was added Dl:I (222 mg,

0.50 mmol). DIPEA (0.25 mL, 1.43 nunol) and HATU (208

u&g, 0 S5 nunol) and lhc &csuhu&g uuxnu'c was stuicx! al RT

for 2-3 h EtOAc &vas added and the reaction mixture was

v ashed with a solution ofsodium carbonate and brine. The

orgatuc phase && as dned over Na&SOw Iihcrcd, and concen-

trated. The cmde pmduct v as purihed by reverse-phase

colunu& chromatography (eluting v, ith 0-100% water/ACN,

0.1% NH OH, pr xiucl slut&xi around 90% ACN) to alii rd

the dcs&rcd pmducl. The pooled I)act&ons was conccntratcxf

to remove excess ACN and extracted mice w&th I itOAc 'I he

organic phase was dried over Na&SOw filtered. and concen-

trated lo afiord lhc methyl ester as a while foam (441 mg,

37% yield).

[1069] Step 4-2: To the methyl ester from Step 4-1 (164

mg, 0.17 nunol) in TIll'6 ml ) and water (I 5 ml,) and

cooled in an &ce bath was added L&OH (I N, 0.2S mL, O.SI

mmol). The resulting mixn&re was stirred at RT for 2 h

before being quenched by the addition of aq I ICI (0 51 &nl „

O.S07 nunol) and a soluuon of NaHCO, (to adlusl pH to

7-8). The reaction mixture was extmcted with EtOAc (x2)
and the combined organic phases were dried over sodium

sulihtc, Iiltcrcd. and concentrated to ailbrd 17-4 as a wlutc

gununy solid after drying (162 mg. 87% y&eld) The product
was carried to the next step without purification Analytical

Method 5, ts=1.79 m&n., [M+H] =95S.7.

Step 5. (3R,78,108.13R)-6-(4-chloro-2-(4-(2-((din&-

cthylanuno)n&ethyl)-I-u&ethyl-IH-im&dazol-5-yi)

phenoxy)benzyl)-13-(4-chlorobenzyl)-I 0-

(methoxymethyl)-7-methyl-3-((6-methylpyridin-2-
yl)methyl)-I,C&.9,12-tetraazabicyclo[11.3 I J

heptadecane-2,5.8,11-&etraone (Compound 4)

[1070] Toe soluuonof17-4 (141 mg, O.IS mmol) in DCIvf

(150 ml.) v;as added 2,6-1utidine (0.5 n&I., 4 29 nunol),
HOAt (20.1 mg. 0.15 mmol). and HATU (224 mg. 0.59

nunol). Thc resuhing mn«urc was bee&cd lo reflux for

overnight in a 48''.. cooled to RT and concentrated to

dryness. Thc obtau&cd rcs&due was punfied by reverse-phase
colun&n chromatography (eluting with 0-100% water/can
v ith 0.1% NHsOH, then 50-100"is water/IPA with 0.1%
NHsOH, product elutcd 60% IPA) to tdlbrd thc dcs&rod

pmduct after concentrating the pure fmctions I'he pmduct
v as purified again using basic HPLC to afi'ord Compound 4

as a v lute sohd aficr Ibccze drying thc pure fractions (64 mg.
45% yield) Analytical Method 2, ta 2 83 n&m.. [M+I IJ

=937 3.

[107IJ The compounds in Table 25 were synthesized
according to the procedure described in Example 8.36 for
Con&pound 4 Iron& thc &expect&vc u&lcrnuxhalcs shown h&

Tables 1-7 and described above in I:xample 8



US 2020/0164024 A1
268

May 28, 2020

TABLE 25

Cmd ho. Structure LCSIS

17 Vn. Ivt . I M th I

to = 291 mn
hei+ HT = u'

Cl

C'I

eutnlht cnl Merhod
tn = 2 66 m n

hvi + HE = ul
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TABLE 26-connnucd

C aid ) satlcltac LC VIS

vc.lvt .I M ta I

= 2

1M+ Ill'c

llxample a 37 )ynthesis of (3R,7H.)0)L)3it)-6-[4-

C)t)

oro-2-(4-(2-((dimethylmutno)methyl )-)
-methyl-

1H-imidazo)-5-y))phenoxy)henry) )-13-(4-cit)oroben-

zyl)-) 0-(methoxymethyl)-7-methy)-3-(pyridin-2-

ylmcthyl)-).6,9,)2-tetntazabtcyclo[) ).3.1]
hcptadecanc-2,5.21,1)-tctraone (Compountl 21)

[1072]

0
H
N

110 n

0
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11 kLa I U. 0lpL'A

2) HCI dtcxcac

Step I

12-1
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Zut'ust cItttc ccId

sct Rtttcl. tttt
step .

Cl

1S 4 i carp uad i

S/47t l. 2-((R)-2-((R)-3-((S)-2-((tcn-Butoxycarbo-
nyl)iuniuo)-3-mclhoxypropanamido)-3-(4-chlo-
robenzyl)pipcridulc-I-cdrbonyl)-4-methoxy-4-

oxobutyl)pyridme I-oxide (18-1)

[1073] Step 1-1; To a solution of 12-3 (168 m, 0.38
mmol) ul;udlydrous DMF (3 mL) was imd DIPEA (0.2 mL,
1.14 mmol) and thc rcsultulg mixture was stirred at RT. A
solution nfl IA1 U (172 nlg. 0 15 mmol) in DMII (3 ml.) was
added and stirring was contimted tilr overnight. EltOAc was
added and the reaction mixture was washed with a solution
of sodium carbonate and twice with brine. The organic phase
tvas dried over NacSO4. filtered, and concentrated. The
crude product was punlicd by fiash colunul cluomatography
on silica gcl (cluting with 0-100% EtOAc/HC7tpdnc, product
eluted as a broad peak 100% I ltOAc, the remaining pmduct
was eluted out by using 5% MeOI I in I'.tOAc) to alford the
interim product tvhich was used directly in the follov ing
step without huther purification(233 mg, 9(i%).
[10'74] Step 1-2. To thc pmduct from Step l-l (233 mg,
0 36 mnlol) in dioxane (I ml,) was added a solution of I I('I
in dioxane (5 ml . 20 0 mmol) and the resulting mixture wac
stirred at RT for I h. The reaction mixture was concentrated
under reduced pressure. and dried under I»g~t vacuum to
afi'ord 18-1 as a crude product (238 mg. -quantitative yield),
winch was usixl in the next stc7t without punlicalton. Ana-
lytical Method 7. la=0.68 mul.. [M+H] =547.4.

S/47t 2. 2-((R)-2-((R)-3-((S)-2-((S)-2-((4-Cldoro-2-
(4-(2-((dimethylamino)niethyl)-I-methyl-] I I-imida-

zol-5-yl)phenoxy)benzyl)amino)propanamido)-3-
inedloxypropanamido)-3-(1-chlorobeilzyl)

piperidine—carbonyl)-4-methoxy-4-oxobutyl)
pyndine I-oxide (18-2)

[1075J 'lo a mixture of 18-1 (238 mg. 0.37 nunol) in
anhydrous l)MII (6 nil.) was added I)l'.I (195 mg. 044

nuuol), DIPEA (0.32 mL, 1.83 mmol) and HATU (167 mg.
0 44 mnlol) mid the resultin nlixture wac stirred at R I'or
2 h EtOAc was added and the reaction mixture cc as washed
with a solution ol'odium carbonate, bone The orgaiuc

pllase was dried over NalSO4. filtered, and concentnlted
The crude product was purified by reverse-phase colunm
cluomatogcdphy (elunng with 10-100%c H40/ACN with
0 1% NII4011, product eluted -75% ACN) to afford the
desired product. The pure fmctions was concentrated down,
extracted tvith IitOAc nvice, dried over Na,SO4, filtered,

and concentrated to afiblrd 18-2 after drying under high
vacuum (172 mg, 48%). Andlyucal Method 5, ta=1.08 mul.,

[M+I IJ 971.4

Step 3 2-((R)-2-(Carboxymethyl)-3-((R)-3-((S)-2-
((S)-2-((4-chloro-2-(4-(2-((duucthylannuo)methyl)-
I -methyl-111-inlidazol-5-yl)phenoxy)benzyl)mnino)

propanamido)-3-methoxypropanamldo)-3-(4-
chlorobenzyl)pipcridin-I-yl)-3-oxopropyl)pyralinc

I-oxide (18-3)

[1076] To 18-2 (172 mg. 0.18 nmlol) in auhydmus THF (4

ml.) and v;ster (I ml ) and cooled in an ice hath was added

LlOH (0.25 mL, 0.50 nunol). The cooling bath wac removed
and the mixture tvas stirred at 8'I ford h. I ICI (IN) was then

added to adjust the pH to between 7-8. The resultmg mixture
was then extracted with EtOAc (x2) and DCM (x2). Thc
cmnbmed organic phases were dried over sodium sulfate,

filtered. and concentrated to afiblrd 18-3 as a v lite foam after

drymg under high vamium (162 mg, 96% yield). Analytical
Method 5, ta 077 min., [M+IIJ 9574
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Step 4. 2-(((3R,7S. I OS,13R)-6-(4-Chloro-2-(4-(2-
((diniethylanimo)niethyl)-I -methyl-111-imidazol-5-

yl)phenoxy)benzyl)-3-(4-chlorobenzyl)-10-
(mcthoxymethyl)-7-methyl-2,5.8.11-tetraoxo-1,6.9,
12-tetraazabicyclo [1.3.1]heptadecan-3-yl)methyl)

pyndinc I-oxide (18-4)

[1077] To a mixture of 18-3 (162 mg, 0.17 mmol) in DCM
(100 mL) ai RT was added HOAi (23 mg, 0.17 nunol),
HATH (257 mg. 0 68 mmol) and 2,6-lutidine (0.59 mL. 5.07
nunol). Thc resulting mixture was hcalcxi Io reihix for
overni ht (bath temp 50" C ) and then cooled to rt and
conccniratcd to dryness under reduced pressure. The crude
pmduct ives then taken up in I itOAc and v;ashed v ith a 5%
NaHCO., solution. Some product precipitated out of the
organic phase and was dissolved with A( N after dccantiag
away the aq. phase 1 he organic phase was concentrated to
afii&rd a crude material. u hich was purified by reverse phase
colunui (eluting with 0-100% water/ACN with 0.1%
NHAOH, pmduct eluted -80% ACN), The pure fractions
werc concentrated down and extracted with EtOAc (x2).
Thc org;mic phase was dncd over sodium sullhtc, Iilterixh
and concentrated to afford 18-4 after high vacuum drying
(88 ma. 55% yield) Analytical Method 5, tx i 03 niin.,
[M+H]'=939.6

Step 5. (3R,7S,I OS.13R)-6-(4-Chloro-2-(4-(2-((dim-
ethylamino)methyl)-I-methyl-IH-imidazol-5-yl)

phenoxy)benz) 1)-1 3-(4-ch

larobenzy 1 )-10-
(methoxymethyl)-7-methyl-3-(pyridin-2-yhnethyl)-
1,6,9,)2-tctmazabicyclo[I I.3.)]heptadccanc-2.5,8.

11-tciraone (Compound 21)

[1078] To a solution of 18-4 (88 mg. 0 09 mmnl) in THE
(9 mL) was added saturated NHACI (3 00 mL), zinc dust
(392 mg, 5.99 nunol), and citnc acid (324 mg. I 68 nunol).
Thc resulting mixture was stirred at RT for I.S h mxl then
filtered thmugh a pad of Celitek. IitOAc was added and the
nuxture was washed with a saturated solution of Nal ICO,
The phases were separated and the aqueous phase was back
extracted twice v, ith EtOAc. The combined or anic phases
v ere concentrated. The cnide product was purified by basic
HPLC to afihrd Compound 21 aficr frceze drying the pure
fracuons (30 mg, 34% yield). Analytical Method 2, ts=2.76
nun., [M+I I] ')23 6.

Example 8.38. Synthesis of (3R,7S,IOS,13R)-3-
((I I)-but-2-en- I -yl)-6-(4-('hiero-2-(4-(2-((dunethyl-

amino)methyl)-I -niethyl-111-imidazol-5-yl)phenoxy)
benzyl)-13-(4-chlorobenzyl)-10-(hydroxymethyl)-7-
methyl-1.6.9.12-tetraazabicyclo [11.3.1]heptadecane-

2.5.8,11-tetraone (Compound 40)

[1079]

CI

I FA Ail
DIF8A. HA I U. Ai'I

Sist

Ci

TFA. Ditg
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-confound

HXI U. HOAI
2 s.hilidiiic. D(24

renux

St pl

Oviuposad 40

Step 1. (R,E)-tert-Butyl 3-((R)-3-((S)-3-((S)-2-((4-
chloro-2-(4-(2-((dunclhylamino)methyl)-I-mcthyl-

I I I-imidarol-5-yljphenoxy)benzyl)amino)pro-
panoyl)-2.2-dinlethyloxazolidine-t-carboxamido)-3-
(4-c)dorobenzy))piperidine-I-carbonyl)hept-5-enoate

(19-1)

[108U] 1o a solutlon ofA23 (10(i Ing, 0-16 nunol) in DMII

(I 5 ml,) v as added DIPIIA (0 20 ml „] 16 nunol) and
I LA'I U (184 m, 0 48 mmol) I'he resulting mixture was
stirred at RT for 5 min before being added to a solution of
1-4 (300 mg. 0.39 nunol) in DMF (2 mL). The reaction
nuxlulc was snlrcd lol' h and lien quenchlxl v uh a 5%
sodnim bicarbonate solution and cxtractcd with EtOAc The
organic phase was washed with 59li sodium bicarbonate and
brine respectively, dried over sodium sulfate, filtered and
concentrated to afiiird 19-1 as a foam after drying under high
vacuunl (390 mg, assume quantitative yield). The matenal
ives used in the next step without purification. Analyrical
Method 5, la=1.41 min., [M+H] =986.8.

Step 2. (R,E)-3-((R)-3-((S)-2-((S)-2-((4-Chloro-2-
(4-(2-((duucthylamulo)mcthy)-I-methyl-IH-Imida-
zol-5-yl)phmloxy)beuzyl)amulo)propanmmdo)-3-

hydroxypmpanamido)-3-(4-chio mbenryl jpiperidine-
I-carbonyljhept-5-enoic acid (] 9-2)

[1081J 'loa solutionof19-I (390m8,0 10mmol) in D( M
(3 mi.) and cooled in an ice bath was added 'I'IIA (3 ml„38 ')

nunol) dropw Isa. Thc cooling bath was then rmnovcd and
the resulting nuxturc was stirred at RT I'or 3 h. Water and
A(.'N were added (I I ratio. 4 ml ) and stirring was contin-
ued at R'I'or another 2 h. 1he reaction mixture was
concentrated and the obtained residue was taken up in DCM
with stirring Sodium carbonate was added to adlust the pH
of the aq, phase to slightly basic. The organic phase was then
collecnxl and the aqueous pluisc was back cxtmclcd with
DCM again. Thc comblncd orgaruc phases were dncd over
sodium sulfate, filtered, and concentrated to afford 19-2 as a
light yellov; foanl (333 m, 95% yield) 1'he product was
carried to the next step without purification. Analytical
Method 5. tx=0.81 min., [M+iq] =8903.

Step 3. (38,7S,IOY.13R)-3-((II)-but-2-en-l-yl)-(i-(1-
Chloro-2-(4-(2-((dimethyhsmino)methyl)-I -methyl-
IH-imidazol-3-yl)phenoxy)benzyl)-13-(4-chloroben-

zyl)-10-(hydroxymethyl)-7-methyl-l,6.9,12-
tctraazabicyclo[11.3.1]heptadccaue-2.5,8,11-tctraonc

(Conlpound 40)

[IU82J to a solution of 19-2 (278 nlg, 0 31 mnlol) in DCM
(140 mL) was added HOAt (42.5 mg. 0.31 mmol), HATU
(475 mg, 1.25 mmol) and 2,(wlutidine (0.8 mL, (u87 nunol).
The resultulg mixture was heatlxl to rctiux Rir (bath lamp
50'.) ovcnughk then cooled to RT, and washed wuh a 5%
aq sodium bicarbonate solunon. Thc organic phase uris
separated and concentrated to dryness to aflilrd a crude
pmduct, which v,as purified by basic IIPI,('water/ACN,
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tv/anunonium hydroxide modifier) to afford Compound 40
as a ululc pote der aller frceze dryutg lhc pure lracnons (18
mg, 6.4'go yield). Analyltcal Method 2, 14=2.92 min.,
(M+111 872.2

110831 The compound in Table 26 was synthesized
according lo the procedure dcscnb&xl ut Exmnplc 838 for
Compound 40 1'rom the respccuvc intenncdtales shown in
1'able 1-7 and described above in I:xample 8

TABLE 26

&'m I No SO I &'MS

CI

Xtultt eel Metltod 4
te = 1.63 oua.
(M + Hl' P 7 7

0

Example 8.38. Synthesis of (3S,7S.10S,13R)-6-(4-
Chloro-2-(4-(2-((cyclobutylamino)methyl)-1-

methy)-)H-imidazo)-5-yl)phenoxy)-6-fluorobenzy))-
1 3-(4-chio rob en zyl)-10-(atethoxy methyl)-7-methyl-
3-(2,2,2-trifluoroethyl)-1.6,9,12-tetmsazabicyclo (11
3 1 jhcptadccanc-2oS.8. 1 1 -tctraoue (Compound 46)

110841

I/H410
DIPF4. DMF

31 0& I I e
Step I

~H

7.7

0

HO H
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Step 1. (S)-Methyl 3-((R)-3-(())-2-Amino-3-
methoxypmpanamido)-3-(4-chlorobenzyl)piperi-
dine-l-carbonyl)-5,5.5-tnfluoropentanoate (20-1)

[lt)85] Step 1-1 1o a solutton of (8)-2-((tert-butoxvcar-
bonyl)mnino)-3-tltethoxypropanoic acid (I 30 g. 5 ')2
mmol) in DMI'25 ml ) was added I IA'I'll (2.47 g, 6 51

nunol) and DIPEA (3.10 mL, 17.7 mmol). The resulting
mixture svas stirred for 2 m before a solution of 7-2 (2.49
5.92 complctc thc rcactton. EtOAc was added and the
nuxturc was washed wtth a 5% aq. sodtum bicarbotxtte 2
solutton (x2) and then brine. Thc orgmuc phase was dried
over sodium sulfate. filtered. and concentrated to afl'ord the
interim product as a dark bmwn oil after drying (3 ') g,
-quantitative. yield). The material was used in the next step
svithout further purification.
[1086] Step 1-2. Toe soluttonof theprorluct from Step 1-1

(I 7 g, 2.73 ntntol) m D('M (5 ml,) was added 'I FA (4 21

ntl .. 54.7 mmol) dropwtse at IT I'I'he resulting mixture was
stirred for 2 h and subsequently concentrated. The obtatned
residue svas taken up in DCM and washed with a sntumted
solution of sodium btcarbonate. The organic phase was
collcctcsI, dncd over sodtum sulfate. fiiterixI. and concen-
trated to alford 20-1 as a crude rcd fomn aller drym (I g,
70'i yield) 'I'he material was carried to the next step without
purification Analytical Method 2, ts 2 lti min . [M+HJ
=522.3

Step 2. (S)-Methyl 3-((R)-3-((8)-2-((8)-2-aminopro-
panamido)-3-methoxypropanamido)-3-(4-chloroben-
zyl)piperidine-l-carbonyl)-5,5.5-trifluoropentnnonte

(20-2)

[lt)87] Step 2-1 To a solution of l3oc-Ala-Oli (036 g,
I 92 mmol) tn I)MI'10 ml.) was added I IAI'I) (0 80 g. 2 11

nunol) and DIPEA (I 0 mL, 5.75 nunol). The resulting
mixture svas stirred for 2 mm before a solution of 20-1 (I
1.92 mmol) tn DMF (5 mL) was added. The reaction mixture
w»s stirred at RT for I h. EtOAc was added and ate mixture
w»s w»shed wtth a 5'!» sothum bicarbonate soluuon twtce
and then brine I'he organic phase was dried over sodtunt
sulfate. filtered. and concentrated to aflisrd a dark brown oil.

1'he cmde material was purified by reverse-phase column
chrumatogmphy (cluttng with 0-100'!» water/ACN wtat
0 1% NII»OI I modifier, product eluted -80% A('N). 'the
reaction was repeated with the same scale, combined to
atford the interim product after concentrating all the pure
fracttons (1.3 g, 99% yield).

[it)88J Step 2-2 'I'o a solution of the pmduct from Step 2-1

(13 g. 3.03 mmol) in DCM (3 ntL) was added TFA (3 mL,
40.2 nunol) dropwise. Thc resulting mixture was then surrcd
at RT for overnight. MeOH was then added„and the mixture
was stirred for I h bcfi&rc beutg concmttrattxl. Thc resultutg
restdue was taken up in I:tOAc and washed with 5»i» sodium
btcarbunate. Thc aquctouts plrase was back cxtractcd wtth
EtOAc again and the combined organic phases were dried
over sodium sulfate, filtered. and concentrated to aflord
exantple 20-2 as a light yellow fomn (I 09 g. 98% yield)
The product was used in the next step without purification.
Analyttcal Ipicthod 5, I =0.97 nun., [M+H] =593.3

Step 3. (S)-Methyl 3-((R)-3-((S)-2-((S)-2-((2-(4
(2-(((tert-butoxycarbonyl)(cyclobutyl)amino)

methyl)-I-methyl-IH-inudazol-5-yl)phcnoxy)-4-
Htloro-6-fluorobcnzyl);muno)propanamtdo)-3-

mcthoxyprop»namido)-3-(4-chlorobcnzyl)
piperidine-l-carbonyl)-5,55-(nfluoropentanoate (20-

3)

[1089] To a round bottom flask containing 20-2 (265 ntg,
0.4 S nuno1) and E18 (230 mg. 0.4S nunol) was added DCM
(10 ml) and scene actd (0.10 ml. 1.79 mmol) and thc
rcsulttng nuxturc was surrcd at RT for I h Sodtum triac-
etoxybomhydride (474 mg, 2.24 mmol) was added and
stirring was continued at R'I'or overmght 1he reaction
mtxture vvas then concentrated and the obtained residue was
taken up in EtOAc and washed with a half saturated solution
uf sodmm carbonate tw tee anti brine. Thc orgtuuc phase was
duad over Na»SO», liltcred. and concmttrattxl to dryness to
provnlc 20-3 as an otl (488 mg, assume quantttattve ytcld).
1'he material tvas carried to the next step tvithout purifica-
tion. Anaiysical Method 5, ta 1.46 min, [M+IIJ 10904.
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Step 4. (S)-3-((R)-3-((S)-2-((S)-2-((2-(4-(2-(((tert-
Butoxycarbonyl)(cyclobutyl)amino)methyl)-I-

methyl-111-imidazol-5-yl)phenoxy)-4-chloro-6-fluo-
robenzyl)amino)pmpanamido)-3-

methoxypropanamido)-3-(4-chlorobcnzyl)
ptpcridine-l-carbouyl)-S.5,5-trifluoropenlanorc acid

(20-4)

[109UJ 'Io a round button) flask containing 20-3 (488 mg,
0.45 mmol) tn dioxanc (8 mL) mtd water (2 mL) and cooled
in an icc bath was addedI sodnun hydroxxlc (IM, 1.79 ml,
1.79 nunol) dropwise. The cooling bath was removed and
the resulting mixture was stirred at RT for 3 h. The reaction
nlixture v as then cooled using an ice bath and quenched
with a solution of I I('I (I M, I 34 ml, I 34 tnnxsl) in water
(2 ml). The mtxturc was stirred al RT for 15 min. and
subsfxpfcntly freczc dnedI to afihrd a crude solid. The soltd
was taken up in ACN and purified by reverse-phase colmnn
cluomatogmphy (elutlng with 0-100% water/ACN, v ith
0 1% Nl isOI I as modifier, product eluted -50% A('N) 'I he
pure fractions were concentmted down to atford a wlute
slurry and cxtractcd (x3) wtth a solutton of 10% MoOH tn
EtOAc. Tiu: orgamc phases werc combined. dried over
sodium sulfate, filtered. and concentrated to afford 20-4 as a
white solid (200 m, 42% yield). Analytical Method 5,
ta I 01 min., [M+HJ+ 1076 0

Step 5. (3S,7S,IOS,13R)-6-(4-Chloro-2-(4-(2-((cy-
ciobutyiamino)methyl)-I-methyl-iH-imidazol-5-yl)
phenoxy)-6-fluorobenzyl)-13-(4-chlorobenzyl)-10-
(nlethoxymethyl)-7-ntethy1-3-(2.2,2-trifluoroethyl)-
1.6.9,12-tetraazabicyclo[11 3 I Jheptadecane-2,5,8.

11-tetmone (('ompound 15)

[1091] Step 5-1 To a solution oi'0-4 (200 mg, 0.19
mmol) in I)( M (250 ml,) was added 2.(ulutidine (0 5 mi„

4.29 mmol), HOAt (25.3 mg, 0.19 mmol) and HATI) (282
mg, 0.74 nuuol). Tits resulting nuxturc was heated in a4S'.

heatutg bath oveuught. then cooled to RT, Iiltcrcd, and
cmtcentrated 1'he obtained residue was taken up in IttOAc,
washed with saturated Nal I('Os and brine 'I'he organic
phase was dried over Na,SOw filtered„and concentmted to
afibrd the product as an oil (197 m . -quantitative yield).
The material vvas taken to the next step directly without
purtiicttttott.

[1092J Step 5-2: 'I'o a solution of the pmduct from Step
5-1(197 mg, 0 19 mmol) in I)('M (2 ml,) and cooled to 0"

C. in m ice bath was added TEA (2 mL, 26 0 nunol)
dropv ise and the resulting mixture v, as stirred at RT for I h.
The reaction mixture was then concentmted and the obtained
rcstduc was taken up in EIOAc. Thc orgatuc phase was
washed with a xsfuratcd solution of sodtum btcarbonslc.
dried over sodium sulfate, filtered, and concentrated 'I he
crude product was purified by baste I IVI.('water/A('N,
anunonium hydroxide as nu&differ) to afi'ord Compound 45
as a white solid afier freeze drying the clean fractions (42.6
m, 23% yield). Analytical Method 2. tx=3.08 min.. [M+H]
=958 3.

Exampie 8.39: Synthesis of (3R.7S.IOS,13R)-3-
Bmtzyl-6-(4-chloro-2-((6-(2-((dunclhylamino)

methyl)-I-methyl-IH-imidazol-5-yl)pyndin-3-yl)
oxy)benzyl)-13-(4-chlorobenzyl)-10-

(methoxymethyl)-7.12-dimethyl-1,6,9.12-
tetraazabicyclo[11 3.1 Jheptadecane-2.5,8,11-tetraone

(Compound 27)

[1093J
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Step I tert-Butyl ((S)-I-(((S)-I-(((R)-3-(4-('hio-
robcnzyl)-I -((4-iutrophenyl) sulfonyl)piperxlin-3-yi)

(methyl)amino)-3-hydroxy-I-oxopropmi-2-yl)
amino)-I-oxopropan-2-yl)carbamate (21-2)

[lt)94] Jo a solution of (S)-2-((tert-butoxycarbonylj
amino)propanoic acid (0.31 o. 1.61 nunol) in DMF (6 mL)
was added DIPEA (0 85 ml.. 4.84 nunol) and TBTU (0.52
g, 1.61 nunol). Thc resulung mixture was stllzcd at roolll
tcmpcraturc fiir 2 min. bcforc being addcx! to a solution of
13-3 (0.82 g, 1.61 nunol) containing DIPEA (0.84 mL, 4.84
nimol) in iyCM (6 ml ) and cooled in a dry-ice hath The
reaction mixture ives warmed to RT gradually, stirred for 30
min. and then added to a mixture of saturated NaHCO, and
vvater to form a biphasic mixture. The or anic phase was
scqtaratcd, and tlm aqueous portion was back-ex)meted twice
with DCM. Thc combined orgaiuc phases werc vashixl with
bnnc. dncd over sodnun suli'atc, Iiltcrcd, and concentrated
to afiiird 21-2 as a cnide product (I I 8, assumed quantita-
tive yield). 'I'he crude pa)duct was used directly without
further purification. Analytical Method 3. to=I.I0 min.,
[M+H1 =682.2

Step 2 tert-l)utyl ((S)-I -(((8)-I -(((R)-3-(4-chlo-
robenzyl)piperidin-3-yl)(methyl)amino)-3-hydmxy-
I-oxopropan-2-yl)amino)-I-oxopropan-2-yl)carbo)n-

ate (21-3)

[1095] To a solution oi'21-2 (1.09 g, 1.6 nmiol) ui McOH
(75 mL) at RT was added mercaptoacetic acid (0.45 mL,
6 40 mmol) and CszC,» (3 65 o, 11.2 inmol) 'I'he resulting
mixture was stirred at roon) temperature for 40 min (I CMS
observed the formation of an isomeric product). then poured
into 200 n)L of cold water and extracted with 2x80 mL of
EtOAc (brlllc was addixl to assist tile paltltloll). Tlic colll-
bincd orgmiw. phases were washed with 5% NaHCOi solu-
tion twice. dned over sodium sulfate, Iiltcred, and concmi-
trated to atford 21-2 as a cnide yelkiw foam after dryiag
under hi h vacuum (594 mg. 75% yield) 'I'he product was
used in the next step without purification. Analytical Method
5. ta=0.98 mino [M+H1 =497.4.

Step 3. tert-Jjutyl (R)-3-benzyl-4-((R)-3-((S)-2-((S)-
2-((tert-butoxycarbonyl)amino)propanamido)-3-

hydroxy-N-methylpropanamido)-3-(4-chlorobenzyl)
piperidin-I-yl)-4-oxobutanoate (21-4)

[1096] To a solution of Al (190 mg. 0.72 nunol) in ACN
(8 mL) was added DIPEA (0.63 mL. 3.59 nunoi) mid HATU
(273 mg, 0.72 mniol) 1 he resulting mixture was stirred at
room teniperature for 5 niin. before being added to a solution
of21-3 (594 mg, 1.19 nunol) in A( 'N (8 00 ml ) at 0" C. The
reaction mixture was stirred at room tempemnire for 30 min
and subsequently concentrated. The residue was purilied by
Iiash column cluomatography on silica gel (cluting with
0-100%o E)OAc/Heptane, product eluted 80!o EtOAc) to
afford 21-4 after concentrating the clean fmctions (430 mg,
80'i yield) Analytical Method 5. ta I 28 min. [M+HJ
=743.6.

Step 4. )crt-Butyl (R)-3-bcnzyl-4-((R)-3-((S)-2-((S)-
2-((tert-butoxycarbonyl)amuio)propaimnudo)-3-

methoxy-N-methylpropanamido)-3-(4-chlorobenzyl)
piperidm-I-yl)-4-oxobutanoate (21-5)

[1097J 'Io a solution of 21-4 (200 mg, 0270 mniol) in
A( N (4 ml.) was added AgzO (312 mg, 1.34 mmol) and Mel

(0.168 mL. 2, (i9 nunol). The resulting mixture w as stirred at
room tcmperaturc under an atmosplmrc oi nitrogmi in the
dark ovcmight to complete thc reacuon The reaction mix-
hire was then filtered through a pad of ('eltteX and concen-
trated to affiird 21-5 (-quantitative yield) 'I he product was
carried to the next step without purification rutalyticai
Method 5. ta=1.34 min., [M+H] =757.G.

Step 5. (R)-4-((R)-3-((S)-2-((S)-2-Aminopropana-
mido)-3-methoxy-N-methylpropanamido)-3-(4-chlo-

robcnzyl)pipcridin-I-yl)-3-benzyl-4-oxobutanoic
acid (2 1-6)

[1098] To a soiution of 21-5 (0.401 g, 0.53 nunol) in DCM
(2 mL) was added TFA (4.08 mk 53.0 mmol) dropwise. The
resulting mixture was stirred at room tempcraturc for 2 hour
and subscqucntly concmitcatcd. Thc obtanuxl rewdue was
taken up in tolucnc and concentrated agaui (tlus was
repeated for a total of 3 times to ensure 1 liA removal) to
atford 21-6 after drying under high vacuum (15(i mg,
assumed quantitative yield). The solid v as carried to the
next step vvithout purification. Analytical Method 5. ta=O.G4
nun.. [M+H] =601.5.

Step 6. (R)-3-Benzyl-4-((R)-3-((S)-2-((S)-2-((4-
chloro-2-((6-(2-((dnncthykunino)methyl)-I-mcthyl-

I H-inudazol-5-yl)py odin-3-yl)ox y)bcnzyl)a tanto )

propanamido)-3-methoxy-N-methylpropanamido)-3-
(4-chlorobenzyl)piperidin-I-yl)-4-oxobutanoic acid

(21-7)

[1099] To a soluuon oi'1-6 (156 mg, 0.26 nunol) in
anhydrous DCM (5 ml,) was added 1i14 ('J(i mg, 0.2(i nunol)
and acetic acid (0 02 ml. 0 39 mniol) 'I he resulting mixture
was stirred at mom temperanire overnight and then sodium
tnacetoxyborohydride (220 m „1.04 mmol) was added. The
reaction mixture was stirred at RT for 1.5 h and subsequently
qucnchcd with water and McOH and concentrated. Thc
crude residue was puniicd by reverse-phase colunm cluo-
matography (eluting ivith 20-50% A('N/water with O.lair
'll'A) to afFord example 21-7 as a white solid after freeze
drying the pure fractions (130 mg. 52% yield) Analytical
Method 5. ta=0.80 mino [M+IT] =955 (i.

Step 7. (3R.7S, I OS,13R)-3-Benzyl-6-(4-chloro-2-
((6-(2-((dimethylamino)methyl)-I-methyl-I H-imida-
zol-5-yl)pyndui-3-yl)oxy)benzyl)-13-(4-chloroben-
zyl)-10-(methoxymcthyl)-7.12-dimethyl-1,6,9.12-

tetraainibicyclo[11.3.1]hcptadecanc-2,5,8,1l-tctraone
(Con)pound 27)

[1100] To a stirred ntixture of 21-7 (130 mg. 0.14 nunol),
HATU (207 mg, 0.54 nunol) and HOAt (27.8 mg, 0.20
nunoi) in DCM (130 mL) at RT was added 2 6-lutiihnc (0 32
nd,. 2 72 mmol). 'I'he resulting mixture was heated to40''or

4 h, then cooled to Kl, and washed twice with w:ster The
organic phase v:as concentrated to affiird a crude product
which was purified by basic HPLC (elutin with water/ACN
with 0.1% NH4OH, product eiuted -75% ACN) to afford
Compound 27 as a white solid afier Ibcezc dryuig thc pure
fractions (25 mg, 19% yield). Analytical Method 2, to=3.12
nun, [M+I IJ 937 6.

[1101] Thc compounds ui Table 27 were synthcsizcdI
according to the procedure dcscnbixl ui Exmnplc 839 for
('ompound 27 fmm the respective intermediates shown in
1'shies 1-7 and described above in I:xample 8
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Example 8.20 Synthesis of (3R.7S,10S,13R)-3-
Benzy)-) 0-(((tert-Butyldimethy)si)y()oxy)ntethy))-6-

(d-ch)oro-2-((6-(2-((dmtethy)amino)methy))-)-
methyl-11)-i attdazo)-5-y) )pyridin-3-yl)oxy)henry))-

) 3-(d-c hiero bendy) )-7 z ) 2-dnucdtyl-) . 6,9. ) 2-
Ictraazabtcyclo[) ) .3. ) ]hcptadccane-2.5,S,) )-Ictrdone

(Compound 71)

[1102[

0

21%

CI rnlr /
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Command 71

Step I (R)-4-((R)-3-((S)-2-((S)-2-Aminopropana-
mido)-3-hydroxy-N-methyipropanamido)-3-(4-clrlo-

robcnzyl)prpcndrn-I-yl)-3-bcnzyl-4-oxobutanoic
acid (23-2)

[1103] To a solution of 21-4 (2.45 . 3.30 nunol) in
anhydrous EtOAc (30 ml) was added TFA (229 ml. 296
nuuol) dropwrsc Thc rcsulung mixture was stirred a! room
temperature for I h and subsequently concentrated qhe
obtained residue was dned thoroughly under lfigh vacumn to
provide 23-2 (1.9 g, —quantitative yield). Thc product was
used ui the next step without punficdtron. Analyucal Method
5. ta 0 62 min., [M+I IJ+ 587 3.

Step 2 (R)-3-Benzyl-4-((R)-3-((S)-3-((tert-bu-
tyldimethylsilyl)oxy)-2-((S)-2-((4-chloro-2-((6-(2-
((dimethylamrno)methyl)-I-methyl-IH-imidazol-5-
yl)pyrnlin-3-yl)oxy)benzyl)runuio)pmpaniunnlo)-N-
methylpropanrunnlo)-3-(4-chlorobcnzyl)prpcndui-I-

yl)-4-oxobutrmorc acid (23-3)

[1104] Step 2-1 To a solution of 23-2 (82 m . 0.14 mmol)
in anhydrous DCM (6 ml). was added E14 (40 mg, O.ll
mmol) and acetic acid (0.025 ml, 0 43 nunol) DIVI1A (0 I

nrl.) ives then added to niake the mixture homogenous and
the resulting solution v as stirred at RT for 2 h. Na(AcO).,BH
(114 mg, 0.54 nunol) was added in one portion and stirring
was contimied for I 5 h I'he reaction mixture v as quenched
by rhe addition of water and then concentrated 'I he cmde
product was purified by reverse-phase column chromato-
raphy (clutrng with 30-50% ACN/water wi fir 0.1% NH4OH)
to afi'ord rhe interim product after concentrating the clean
fractions (50 mg. 48% yield)
[1105] Step 2-2. To a soluuon of die mtermcdratc from
Step 2-1 (50 m, 0 05 mniol) and imidazole (72 3 mg. I 06
nunol) in DMF (2 mL) was added TBDMS (60 mg. 0.40
nmiol). The resultin mixture was stirred at room tempem-
turc for 16 h. A Irdlf saturated NaHCO, solution (10 mL) was
added. follov ed by solid Kr( 0, (50 rng) and stirring was
continued at RT for I h The reaction mixture was rien
extracted with EtOAc and the organic phase was dried over
sodium sulfate, Iiltcrcd. and concentrated. The crude product

v as purified by reverse-phase column chromatography
(eluting with 0-100%4 ACN/ivater with 0.1% NH4OH) to
afiiird 23-2 as a white solid after freeze drying the clean
fractions (35 mg, 24% yield) Analytical Method 5, ta 1.03
nun, [[M+I IJ+/2J+ 433.5

Step 3. (3R,7S.I OS.13R)-3-Berrzyl-f0-(((tcn-bu-
tyldimcthylsilyl)oxy)methyl)-6-(4-chloro-2-((6-(2-
((dimethylamino)methyl)-I-methyl-IH-imidazol-5-
yl)pyridin-3-yl)oxy)benzyl)-13-(4-chlorobenzyl)-7.

12-dimethyl-1.6,9,12-retraazabicyclo[11 3 I J

heptadecane-2,5.8.11-retraone (Conipound 71)

[1106] Step 3-1; To a round bottom flask containing 23-3
(35 mg. 0.03 mmol). HATH (50.4 mv. 0.13 mmol) and
I IOAt (6.8 mg, 0 05 mniol) was added D('M (35 ml ) and
the resulting mixture was stirred at RI'or a few minutes
2,6-lutnlrnc (0.08 mL, 0.66 mmol) was added and stirnng
was continued at 40'. for 16 h. Tlm rcacuon mixture was
cooled to RT and water (30 nil) was added. The organic
phase was drained off and concentrated. The obtained resi-
due was taken up in 100 ml, of i irOAc and the organic phase
was washed with water (50 nil.) and bone (50 ml), dried
over NdsSO4, frfternl, concenuated. Thc crude residue was
filed Under high vacUUIU to afiord thc conic cy'cllzcd pmd-
UUI.

[1107] Step 3-1: The product from Step 3-1 was directly
taken up in Iq II'3 ml ) was added '113Ali (IN in TI Il; 0.28
ml., 0.28 nunol) 'I'he resulting mixture was stirred at room
tcmpcraturc for 4 h and then conccntruted. Thc crude residue
was purified by reverse-phase colunin chromatography
(eluting 50-90% ACN/ivater with 0 1%4 'I'11A) to afiirrd the
desired product after freeze drying the pure functions. The
product v:as purified again by basic HPLC (eluting with
ACN/water with 0.1%4 NH4OH) to afiord Compound 71 as
4 white powder alter frceze drying thc pUrc II'ric1ions (9 nlg,
29% yield). Armlytmdl Method 2, ts=2 89 nun., [M+H]
=923 5.

[ll()8] 1'he compounds in 'table 28 were synthesized
according to the pmcedure described in I:xample 8.40 for
Compound 71 from the respective intermediates ~bown in
Tables 1-7 and described above in Example 8.
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tn = 3 9 ltlttt
[M + H]' 949,

OH

Vn. Ivl . I M th I

ln = (I 9(l mt
hei+ H]' 464 1

Ol1
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Example 8.41: Synthesis of (2S.SS,SR.)2S)-8-(4-
Ch)ore henry))- 1 2-((S)-2,3-dihydro- 1 H-inden-1-yl)-

I -(2-(4-(2-((dintethylamino)methyl)-I-methyl-111-
imtdazol-5-yl)phenoxy)-4-ethyl henry))-5-
(hydroxymcthyl)-2,7e10-tnmethyl-1 e4.7,10-
tetntaxacyclo tetrad«mane-3. 6,11. 1 4-tetraone

(Compound )19)
[1) UUJ

Bl

~ta) J~
V Be

I sam aq TFA tt, I I,

Hart'OF ttt taae
I me —OS«, H O. tt.
Step 2

0

~(EI R~
V . Ft

I DIEA. Dt.'M. tt. 3 S

2 4Methrlp pm«ttae
DMA,tt tt&ma
Step 3

1'I 0
11
8 '«I I FLAILt DIPLA DMI.

t M title,l « I DMF
+

Step 4
t3
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-oonttnuotr

NH

0
IT

HO Fetec

I. ILSI U. DIPLA DDT
2. SI ttl'Ilplp ICI I «. DSIF

26

01

Ittcttncdtctc 0. FHI
Nenrre, tcOIrr, DI'NH

H

ITO

N
NITJ

Step 6

0 0
0

26 6

01

I, IT,ITTL HOnt
Lot dote. D('M

2, TBTF, T11F

Step I

HO

0
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-continued

0»ri&ossd i ra

[1110] To a nuxture ofA4 (2.05
&

5.37 mmol) and HATH
(2 24 g. 5.90 mmol) suspended in I)('M (30 ml-) was added
DIPEA (3.75 mL, 21.5 mmol) mid ihe resulting mixture was
stirred at RT fiir 30 niin A solution of BI (2 8 a. 8 85 nunol)
in DCM (30 mL) was added mid stirring i&as continued at

Kl for 16 h. 'I'he reaction niixture was then cimcentrated and
the rcsnlue w as parutioued bctw ceo EtOAc (SO mL) and 5%

aq NalICO& (10 ml,) 'I he organic phase was washed v ith
5% aq. NaHCO& (3x10 mL) and brine (10 mL). dried over
NaaSOo filtered, and concentrated to afford 24-2 as a beige
oil (3.1 g. assume quantitative yield). The crude product was
used in the next step without purification Analytical Metlxid
5. ta=l.48 min.. MS [M+H]+=585.5.

Step 2. (S)-4-(((R)-2-((((9H-Fluoren-9-yl)methoxy)
carbonyl)(methyl)amino)-3-(4-clflorophenyl)propyl)
(methyl)anuno)-3-((S)-2,3-dihydro-l H-uiden-i-yl)-

4-oxobutanoic ocul (24-3)

[1111] To a round bouom flask contaimng 24-2 (3.10 g,
530 mmol) was added TFA (20.4 ml. 265 nmiol). The
resultuig solution was stirred lor I h ai room temperature,
and then concentrated to dryness in vacuo. 'I'he obtained
rcsnluc was dissolved in dioximc (50 mL) and a solution of
0 5 M aq Naa('Os (74 2 ml .. 37 I mmol) and Iimoc-OSu
(4.82 g, 14. 3 nunol, ui 5 mL dioximc) was added. The
resulting mixture was stirred at 11T for 16 h before being
qucnchcii with a I M aqueous HCI solution (40 mL). Thc
reaction mixture was then concentrated and the residue was
taken up ui EtOAc (200 mL). The phases were separaicxk
'I'he organic phase ives washed with brine (50 m[,). dried
over NaaSOd. filtered. and concentrated to dryness in vacuo.
'I'he crude product was purified by flash column chmma-
to raphy on sihca gel (eluting 30-90% Heptane/EtOAc with
1% acetic acid) to afford the desired product as an oily
residue after concentmting the pure fmctions, The product

was then taken up in a nuxiurc ol'ACN (10 mL) and waier
(3 ml) and freeze dried to afford 24-3 as a ivhite solid (3.23

g, 66% yield). Analytical Method 5, ix=0.86 nun., [M+H]
650 7

Step 3 Resin loaded (3S)-(2-chlorophenyl)(phenyl)
(p-tolyl)methyl-4-(((R)-3-(4-chlorophenyl)-2-(meth-
ylamino)propyl)(methyl)amino)-3-((S)-23-dihydro-

I H-indcn-I-yl)-4-oxobutauoaic (24-4)

[1112] Step 3.1: 2-Chlorouityl chlondc resin (7.75 g, 124
mmol) was Iirst ivashed tlmroughly with DCM. To the resin
was then added a solunon of 24-3 (3.2 g, 4.96 nuuol) in
D(.'M (30 ml,) containing I)Il:A (4.33 ml., 24 8 nunol) The
rcsilltlllg slurry Wds slidl i:Il di roolll ielllperdttlli: fol 3.5 ll

and then the solution was drained off. 'I'he resulting resin
was washed scqucntially with a solution of DCM/McOH,'IP)/A

(17 2 I, 30 ml ). 30 ml. of D('M, and hnally 30 mi,
of DlVLA.

[1113[ Step 3 2 linioc-removal 1o the resin from Step
3.1 ives ixhlmi a solution of 4-nu:thylpipcndine ui DMF
(25%, 40 ml,) and the resultin suspension was shaken at
room temperature fiir 90 min. The slurry was then drained
and the process was repeated tv ice. washing the resin ivith

more 4-methylpiperidine/DMF solution. The resin was then
washed DM I& (3x50 ml,), fiil lowed by D('M (3 x50 ml,) and
was dried in vacuo to afford the correspondin resin-loaded
pmduct 24-4, ivhich was used in the next step without
further purification.

Step 4. Resin loaded (6S.9R,13S)-(2-chlorophenyl)
(phenyi)(p-tolyl)methyl 6-amino-9-(4-chloroben-
zyl)-13-((S)-2,3-dihydro-lH-inden-l-yl)-2,2.3,3,8.

I l-hexamethy1-7,12-dioxo-4-oxa-g,i I-diaza-3-
silapcntdiiecmi-15-oaic (24-5)

[1114] Step 4-1: To resin 24-4 (4.9/i nmiol) was added a
solution of Fmoc-Ser(BSIjOH (3.29 g. 7.44 nunol),
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HATU (2.83 g, 7.44 mmol). DIPEA (2.60 ml . 14.88 mmol)
in DMF (60 mL). The resulting slurry was dieu shakmi al
room lempcraturc overnight and then drained. The resin was
washed sequentially with DMii (6x50 ml,) and DCM (6x50
nil.) I he washing process was repeated once more to afford
the resin intermediate which was used directly in the next
step.
[1115] Slap 4-2. Fmoc-removal To thc rcsui from Step
4-1 ives added a solution of 4-methylpiperidine in l)Mli
(25%, 50 ml,) and the resultuig suspension v as shaken at
rooni temperature for I 5 h. The slurry was then drained and
the process was repeated once more with another solution of
4 mcthylpipcndinc/DMF I'or I h. The resin was then washed
with DMF (3x50 mL), DCM (4xSO mL) mid dncsl m vacuo
to atford 24-5. 'I'he resin was used in the next step v ithout
further purification MS [M+I I[+ 630 2 (A sinall amount of
resin was cleaved for analysis purpose).

Step 5. (6S.9R,13S)-6-((S)-2-Aminopropanamido)-
9-(4-chlorobenzyl)-13-((S)-2,)-dihydro-i I I-inden-I-
yl)-2,2,3.3,8,11-hexamethy1-7,12-dioxo-4-oxa-g, I I-

diaza-3-silapmiladccan-15-oic acid (24-6)

[1116] Step 5-1 ('ouplmg of I'moc-Ala-OII I'o a mix-
nire of Fmoc-L-Ala-OH (2.32 v. 7.44 mmol), HATU (2.83

. 7.44 mmol) in DMF (70 mL) u as added DIPEA (2.6 mL,
14.9 mmol). Thc resulting soluuon was stirred for a few
Ilillmlcs diii! Ilicii added to d slitikliig Iuiuicl coiitiiiiuiig Icsiii
24-5 (4 57, 4 96 mniol) The suspension was shaken at Rf
for 17 h betiire being dmcined and washed with l)Mli (3x50
mL). The resultin resin was directly used in the next step.
[1117] Step 5-2: Fmoc-removal To the resin from Step
5-1 was added a solution of 4-methylpiperiduie ui DMF
(25%, 40 mL) and lhe suspension was slmkcn at RT Ibr 10

min. The slurry v as then drained and the process was
repealed twice with morc 4-mcthylpipendmc solution The
reniaining resin w as then v ached with DMF (3x50 mL) and
DCM (3x50 mL) lo allbrd the corresponding resin-loaded
product, which was used in the next step without further
punlication
[1118] Step 5-3 ('leavage fnim resin To the resin front
Step 5-2 was added a soluuon of hexdfiuoro-2-propanol in
I)('M (25'%, 40 nil.) 1'he resulting suspension was shaken
at RT Ibr 15 mui and thmi lhc soluuon was dramcd oil'nd
the filtrate collected 'Ibis procedure was repeated two
additional tunes with hcxalluoro-2-propmiol solunon Thc
remaining resin was washed with D('M (2x40 mi,). All of
thc orgamc phases werc combuicd and concentrated to
dryness. The cmde material was purified by reverse-phase
colunui cltromatogmcphy (eluting with 30-50% A('N/water
with 0 I'%l ldOII) to afiiird 24-6 as an orange oil after
concentrating the clean fractionc (1.75 g. 2.49 nmiol. 503%
yield). Analytical Method 2, t„2 11 min. [M+II] 701.3

Step 6 (3S,6S.9R,138)-6-(((tert-i3utyldimethylsilyl)
oxy)niethyl)-9-(4-chlorobenzyl)-13-((S)-2B-di-

hydro- IH-inden-I -yl)-I-(2-(4-(2-((dimethylamino)
methyl)-I-methyl-I H-imulazol-5-yl)phcnoxy)-4-

cthylphcnyl)-3,8.11-tnmclhy1-4,7,12-tnoxo-2, S.8,11-
tetraazapentadecan-15-oic acid (24-7)

[1119] To a round bottom Ilask conuiimng 24-6 (578 mg,
0 82 mmol) was added a solution of I!43 (300 mg. 0 82

mmol) in (/0 mL of attitydrous DCM. The resulting mixture
v as stirred at room temperature overnivght and then concen-
trated. I he obtained residue ives subsequently taken up in

MeOH (60 mL) aml the cloudy mixture was stirred wlulc
cooled in an icc bath. Sodium borohydndc (94 mg. 2.47

mmol) was then sloivly added in portions and stirring was
continued ivhile cooled in ice bath for 30 min The reaction
nuxture was quenched with ivater (I ml,), treated with acetic
acid (0.07 mL, 1.24 mmol) at RT Rir 30 nun and then
concentrated. Tire crude product was puniicd by rcvcrse-

phase column cltromatography (eluting with 0-100'iv ACN/
v ster with 0 1% Nl idOI I) to afford the desired pmduct after
freeze drying the pure fractions 'I he pmduct was then taken

up in EtOAc (S00 mL) and thc organic phase was wasltcxl

with water (150 ml). The organic phase was separated and
the aqueous phase ives back-extracted with more EtOAc
(200 ml) I'he conibined organic phases were dried ivith

sodium sulfate, filtered, concentrated, dried under high
vacuum to alford 24-7 (0.70 g, 81% yield). Analylmdl
Method 5. t =1.08 min., [M+iq] =1049.8

Step 7. (2S,SS,SR,12S)-8-(4-Chlorobenzyl)-12-((S)-
2.3-dihydro-lH-inden-l-yl)-1-(2-(4-(2-((dunethyl-
amino)methyl)-I-methyl-I H-imnlazol-S-yl)phc-
noxy)-4-ethylbenzyi)-5-(hydroxymethyl)-2.7,10-

tnmcthy1-1,4.7,10-leu dazacyclotetradccdnc-3,6,11.
14-tetmone (( ompound 119)

[1120] Step 7.1. To a round bottom fiask containing 24-7

(0.75 g. 0.72 nunol). HAT(/ (1.09 „2 86 nuuol) and HOAt
(0.15 g, 1.07 nunol) was added anhydrous DCM (715 mL)
and the resulting mixture ives stirred at RT fiir a few minutes
and 2.6-1ulidinc (1.67 mL. 14.3 mmol) was added. The
reaction v as hcatcd lo 39'. for S h and then cooled to RT.

Water (50 ml,) ives added to atford a biphasic mixture. The
orgaiuc phase was separated. washed with water, and con-
centrated 1'he residue ives dried under high vacuum to
dliold (lie iiilcriiil cvcllzcd iiitcriiicdialc, wliicli was used
directly in the next step without purification

[1121] Step 7.2. To a round bottom fiask containuig lhe
intermediate from Step 7.1 in 'll II'20 ml.) was added
TBAF (I N in THF. 3.0 mL, 3.0 nunol) aud thc rcsultuig
nuxture was stirred at R'I'or 16 h Water (20 mi,) was
added. followed by EtOAc (100 mL). The organic phace was
separated and concentrated to dryness 1'he obtained residue
was purified by reverse-phase column chromatogmcphy
(eluting with 50-80% isopropanol/water with 0 I vgv Nl ldOI I)

to afford Compound 119 as a white powder after freeze
drying the pure fractions (373 mg. 55% yield) Analytical
Method 2, ta=3.01 min., [M+H] =916.8. During the purifi-
canou process, isomeric Compounds 121 (15 mg) and 118

(28 mg) were also obtained.

[1122] 1'he compounds in 'table 2') were synthesized
according to the procedure described in Example 8.41 for
Compound 119 stanuig Ibom startiug from A4 aud Intcnne-
diate N.
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TABLE 29

6 lna ) Sn tlcltilc LCMS

I la taafyt *. I

M II

ta = Ital Ui

ll I + Hl' 916 9

Cl

OH

IZI Aaalftlcal
Mct'flea
ta = . I)1 alai
fM+ Hl' 916 6

0

OH

lfxample tf 42: Synthesis of (39L7),10S,13R)-6-(2-
(4-(2-((tert-Butyl(methyl)anuno)methyl)-1-medtyl-
j H-lnudazoj-6-yj)phcuoxy)-4-chjoro-6-jjuoroben-
zyl)-13-(4-chlombenzyl)-10-(methoxymethyl)-7-

methy )-3-(2. 2,2-trj fino roethy))- 1. 6,9. 1 22

tetraazabicycjo[j j 3 1)heptadecane-22hz„11-tetraone
(('onlpound 137)

)11231

H

CI

H
H Cna1rmm11 f«xl I

0 s1 AH
xt Ofl
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-CotltnlUCd

CI

(Fs 0

&:nn&pnnad 137

CI

(1124J 'I'o a reaction vial containing, paraformaldehyde
(56(& mg. 18.8 nunol) was added anhydrous MeOH (22 mL).
The resulting slurry v as sonlcated under ultrasound for a
few ntinutes and then stirred vigorously at RT for I hr.
Compound 138 (181 mg, 0.19 nunol) was then ad&lu! and
surring was contutucd at RT for I h. Sodium tnacctoxy-
borohydride (798 mg. 3 77 mmol) was added and the
reaction mixture stirred at R'I'or 30 Inin. Additional sodiunt
triacetoxyborohydnde was added (up to a total of 40 eq )
until complete consumption of starting material was
observed. The reaction mixture was then filtered and the
lillrdlc was conccntralcd under reduced prcssure (balf30'.)

to aflbrd a clear oil. The malcnal was taken up ut DCM
and washed v ith a saturated solution of sodium bicarbonate.

'I'he sightly basic aqueous portion (pl 1-8) was washed ivith
DCM (x2) and the combined or aruc phases were dried over
sodium suifate, filtered, and concentrated The cnlde mate-
rial was purified by flash column chromatography on silica
gcl (eluttng with DCM&MCOH, product elute— 10%) to afliird
4 wllnc fihll aller conccnlrtuntg lite porc Irdcnons. Thc
resultmg material was taken up in a I I mixture ofA(:N and
water, freeze dried to afl'ord ('ontpound 137 as a white
powder (173 mg, 89;n yield). Analytical Method 3. ta=l.17
min.. (M+H] =974.4.
(1125) The compounds in Table 30 v ere synthesized
according lo thc proccdurc dcscnbcxl In Exmnplc 8.42 for
Compound 137 from Ihe rcspectivc Intcnnediatcs shown in
'I'shies 1-7 and described abm e in I:xample 8

TABLE 30

&and sl Sl & I &'MS

139 Aaabt&cal Mcthnd
11 aaa

IM + Hl' 9 s 4

OH
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TABLE 30-uonttnutxl

Cmd Hu. Strucmrc LCM4

141

n'W.
M; I I *, I M tttu I

14 = 3 4 tll ll

fM+ Hf' 4887

141

Irr = 2.1M

(M+ of'44

(711
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TABLE 30-uouttuurxl

Cumd H c. Structure LCM4

I 4l 1

Cl

M ; I I *, I M tttu I 1

rn = I 17 nun
fM+ Hf' 4724

CI

14 = 2.14
fM + l(f' 4144

OH
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TABLE 30-uonttnutxl

Cmd Ho. Structure LCM6

163 M ; I I *, I M ttlu I 3

tR = I 14 ul u
fM+ Hf' 9'134

6311

CI

169 Rruulf t cul Mctftod 3

tR= 13ulu
fM + Hf' 996 4
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Example 8 43: Synthesic of (3S.7S,10S,13R)-6-(2-
(4-(2-((tert-Butylamino)methy))-1-methy)-1H-imida-
rot-6-yl)phenoxy)-4-eh)ore-6-fluorohenzyl)-1 3-(4-

ch)orobenpyl)-1 0-(ntethoxymethyl)-7,12-dintethy)-3-
(2,2,2-utfluoroethyl)-),679,12-!ctcaazabtcycio[ 1 1.3.
t]heptadccane-2,5,8,H-tctraonc (Contpound 136)

[1126[

Cl

HO

c

H

Step I

Ict F

CI

no HCI. dtoxeoc
H

VleOH, I! 23" I'otoc

0

26-1

O'I

0

H

F lo F:C 0
Al 4

DIPEA. HATIE Acx
0 23'i.

Step 3

Ir 21
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-colltlllucil

F

0

t

0

Step I tert-Butyl (R)-3-((S)-2-((S)-2-((((9H-iluo-
rmt-9-yl(methoxy)carbonyl)amuto)propatmnndo)-3-
methoxy-N-methylpropanamido)-3-(-I-chlorobenzyl)

ptperidine-I-carboxylate (26-1)

[1127] To a mixture ol'moc-L-alamnc (3.03 g, 9.74
mmol) mtd TBTU (3 13 g, 9.74 mmol) ut ACN (100 mL)
was atldtxl DIPEA (4.86 mL. 27.8 mmol). The resulting
nnxturc was surrcd at RT for 6 mut. Io ailbrd a clmtr

solutton. Intenncdtate F (5.1 g, 9.27 nunol) was then added
and sttrnng was conunucd at RT lbr I h. Thc rcrmtion
ntixture was treated wtth water (30 tnl,) and then concen-
trated to remove excess organtc solvent 'I'he obtained resi-
due was extracted with D('M (2x100 ml,) and the organic
phase was washed sequentially with saturated Nal I(:Os,

water and bnnc, dncd over sodium sulfate, liltertxh and
conccntratcd to allbrd 26-1 as a crude product (6.96 g.
assumed quantitative yield), which was used dtrectly in thc
next step w tthout purilication. Analytical Method 3. Ia=l.34
mtn., [M+H] — 100=633.4.

Step 2. (9H-lluoren-9-yl)nu:thyl ((S)-I-(((S)-I-
(((R)-3-(4udtlorobenayl)piperidut-3-yl)(methyl)

annno)-3-methoxy-I-oxopropan-2-yl)amino)-I -oxo-
propan-2-yl)carbamate (26-2)

[1128] To a solutton of 26-1 (6.95 g, 948 mmol) in
anhydrous McOH (100 mL) at O'. was added a cold
solution of I I(.'I (4N in dioxane (71 I ntl., 284 nunol)
dmpvise 'I'he cooling bath was then rentoved and the
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resulting mixture v as stirred at RT for I h nnd concenrmted
in vacuo. The obtmncd rcsrduc was dried under high vacuum
to aflord 26-2 (6.35 g, quantitative yield), which v, as bc used
in rhe next step without purification Analytical Method 3,
tx I 22 min., [M+IIJ+ 633 8

Step 3 (S)-tert-13utyl 3-((IH-3-((8)-2-((Si-2-((((r)I I-

fhioren-9-yl)nrethoxy)carbonyl)amino)propana-
mido)-3-methoxy-N-methylpropanamido)-3-(4-chlo-

robenzyt)prperidine-t-carbonyt)-5,5,5-
tntluoropcntanoale (26-3)

[1129J 'lil a mixture of A14 (2 55 g. 995 nunol). IIATU
(3.78 g. 9.95 mmol) rn ACN (100 mL) ives added DIPEA
(8.28 nIL, 47.4 nunol) The resulting mixture was stirred at
RT Ibr a Ibw nunu les bcibrc bcuig added to a clulled solution
of 26-2 (6.35 g. 9 48 numil) in ACN (100 mL) cooled in an
icc bath. Thc cooling bath was removed and slirrurg was
contimied at R I'ilr C&0 nlm. 'I'he reaction mixture was then
treated with 15 ml, of water and concentrated 'I he residue
was extracted twice with EtOAc (2x 100 mL). The organic
phase was washed sequentially with saturared NaHCO.„
water. and bruin. dncxt over NacSOs, tillcrixk rmd concen-
trated Io afl'ord 26-3 (8.26 g, quantruiuve yield). 11rc mate-
rial was named lo lhc llcxl step willioirl piirliicalloll. Alla-
lytical Method 3. Ia 1.40 min. [M+II] 871.3

Step 4 (S)-3-((IH-3-((8)-2-((S)-2-Aminopmpana-
mido)-3-Inethoxy-N-methylpropanamido)-3-(4-clllo-
robenzyl)pipendine-l-carbonyl)-5.5.5-tritluoropen-

tanoic acid (26-4)

[1130J Step 4 I I'o a solution of 26-3 (8 26 g. 9.48 mmol)
in lyCM (100 ml ) at 0" ('as slowly added 'I'IiA (21 ')I
nil .. 284 mmol) 'I'he resulting mixture was stirred at R1'irr
2 h and a saturated NaHCO, solution ives then added v.ith
stirring to afford a biphasic mixture. The organic phase was
separated and Ihc aqueous pliasc bach extracted wrlh morc
DCM. The combined orgaiuc phases v,ere dncd over
NasSOw filtered, and concentrated to afford the interinr
pmduct. 'the material was used in the next step without
further purification without purification. MS [M+I ij 815 4
[1131] Step 4 2. To thc product from Step 4.1 ut DCM
(100 mL) was treated with 4-mcthylprperidutc (4.49 mL,
37 9 mnlol) at 0" ('I'he cooling bath was removed and the
resulting mixture was stirred at Rf filr 30 min. Another
portion of 4-methylpiperidine (3 49 ml„37 ') mnuil) was
then added and stirring was continued at RT for 60 min The
reaction mixture was then concentrated and the residue was
punliixi by rcvcrse-phase column chromatography (eluruig
w i lb 0-100' ACN/water with 0. 1% NHsOH) lo aflbrd 26-4
afier freeze drying the pure fractions (2 37 a. 40 ')% yield).
Analytical Nlethod 2, ta 1.19 min.. [M+I I] 593 5.

Step 5. (S)-3-((R)-3-(())-2-(())-2-((2-(4-(2-(((tert-
13utoxycarbonyl)(tert-butyl)amino)methyl)- I-

ntethyl-IH-imidazol-5-yl)phenoxy)-4-chloro-(I-fluo-
robenzyl)amino)propanamido)-3-methoxy-N-

methylpropanamido)-3-(4-chlorobcnzyl)prpcridinc-
l-carbonyl)-5,5,S-lnfluoropcntanorc acid (26-5)

[1132] To a mixture of 26-4 (304 m, 0.51 nmiol) and E17
(270 mg. 0 52 nunol) rn DCM (8 mL) was tres(cd with
AcOH (0.09 mL, 1.57 nunol) and thc resulting solution was
stirred at R'I'or I h Sodium Nal311(OAc)s (444 mg, 2 09
nlmol) was added m one portion stirring v;as continued firr

1.5 h. EtOAc (100 mL) was added and the organic phase was
v ashed v ith a 5%v Nail('0, solution (50 nrl.). dried over
Na,SOw filtered. and concentrated. The crude oily product
was purilicd by rcvcrse-phase column chromatography
(eluting with 0-100!s ACN/ivater with 0.1% NHsOH) to
atfirrd 26-5 (373 mg. 0.321 nunol, 61% yield) as a wlutc
powder after freeze dryina the pure fractions Analytical
Method 5. ta=1.02 min., [M+H] =1092.1.

Step 6. tert-13utyl terr-butyl((5-(4-(5-chloro-2-(((3S,
7S. IOS,13R)-13-(4-clflorobenzyl)-10-(methoxym-

ethyl)-7,12-dimethyl-2.5.8„1l-tetraoxo-3-(2,2,2-trif-
luoroethyl)-1,6,9,12-tetraazabicyclo [11.3.1]

hcptadccan-6-yl)methyl)-3-tluorophcnoxy)phenyl)-
I-methyl-IH-imirtazol-2-yl)methyl)carbamate (2G-6)

[1133] 'I'o a solution of 2/&-5 (373 mg, 034 mmol) in
anhydrous DCM (150 nIL) ives added 2.6-lutidine (1.19 mL,
10.2 mmol). HOAt (46.4 mg„0.34 mmol). and HATU (519
mg, I 36 mmol). The resulting mixture was heated to reflux
ovcmight rn a 45'. hcaluig bath. The reaction nuxuirc was
cooled to RT and subsequenliy conccntratcd. The oblanrcxt
residue was partitioned benveen I:tOAc (100 ml ) and 59lr

aq Nalff'0s (50 ml ) The separated organic phase was
v ashed with 5'!v aq. NaHCOs (3x50 mL) and brine (50 ml ),
dried or er NarSOs, filtered. and concentrated to afford 26-G

as a cnide oil (368 m, assunre quantitative yield). The
product was used ut Ihc next step without Iurthcr purilica-
tron. Analytical Method 5, I„=1.4S min., [M+H]'=1074.7.

Step 7. (3S.7S,I OS, 13R)-6-(2-(4-(2-((tert-t)uty-
lmmno)methyl)-I-methyl-I H-imrdazol-S-yl)phc-
noxy)-4-cldoro-6-fluorobcnzyl)-13-(4-chloroben-
zyl)-10-(methoxymerhyl)-7,12-dimethyl-3-(2,2,2-

tntiunroethyl)-1,6,9.12-tetmazabicyclo[11 3 I J

heptadecane-2,3.8.11-tetraone (Compound 136)

[1134] To a pre-chilled solution of 26-6 (3G8 mv. 0.34
nunol) ui anhydrous DCM (20 mL) was added TEA (3.95
mL, 51.3 mmol) dropw isc mtd slowly. Thc cooling bath was
removed and the resulting mixture was stirred at R'I'br I h
Additional 11iA ives added and stirring ives continued filr
1.5 h. The reaction mixture was added carefirlly to a satu-
rated NaHCO, solution (100 mL) with stirring at RT and
then extracted tivice with EtOAc (2x100 mL) The organic
phase wits dricil over sodnriil arrl fate, Iillcrixi, aird coilcc'n-
trated. Thc reaulung oil was purilied by rcvcrsc-phase cul-
unm chromatography (eluting ivith 0-100% ACN/water ivith
0 1% I'liA) tn afford the desired pmduct as a '11'A salt 'I he
product was then taken up in a mixture of EtOAc and
NaHCOr and stirred at RT to for a few minutes. The organic
phase was separated and concentmsted to affirrd the desired
product as a free base. Thc ma(coal was puuticd by basic
HPLC (cluluig wilh 0-100% ACN/water with 0.1%
NI IsOI I) and then by tlash column chromatography on silica
gel (eluting with 0-10% 0( MigleOI I) to afford ('ompound
136 after concentrating the pure fractions (50 mg. 0.05
mmol, 14'!v vield). Analytical Method 3. ta=l 14 min.
[M+H] =974.4.

[1135] Thc compounds ut Table 31 were synthcsizcxt
according lo the procedure dcscnbrxl ur Exmnplc 8.43 for
('ompnund 136 from rhe respective internledrates shown in
1'shies 1-7 and described above in I:xample 8
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TABLE 3f

Cmd

Srnlcnue LCMS

173 Analytical Mcthcd '
= 96 liinl

IM + Hf' 947

CI

176 All.ilvr M Meth d 2
tn= 9mn
[I I+ Hf' 947 4
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Example (1.44: (3R,7S,IOS,)3R)-G-(d-chioro-2-
iluoro-6-(4-(1-methyl-2-((methylamino)methyl)-1H-
imidazoi-5-yl)phenoxy)henzyl)-13-(4-chforohenzyf)-

10-(methoxymethyl)-7,12-dimethyl-3-((6-
mcthylpyridtn-2-yl)methyl)-1,6xh12-1ctraazabicyclo

[1 ).3.1]he7ttadccanc-2,6,1),f 1-tctraonc (Compound
167)

[1136[

C1

0

0

Ht '1

lll dloxene
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Step 1
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Fd

OH

FL4TL. DipEH,
4CH, 1 O h

Step 7

O'I

0

H
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0 DC I 1. h
Step 1
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Step I Allyl ((S)-I -(((It)-3-(4-chlontbenzyl)pipen-
dm-3-yl)(methyl)amtno)-3-methoxy-I-oxopropan-2-

yl)carbamate (27-1)

[1137] To a solutton ol'-4 (2.049 g. '3.91 nunol) tn
anhydrous 1.4-dioxane (7 mL) at O'. was added HCI in
1.4-dioxane (5 g7 ml . 23 46 mmol) The cooling bath was
removed and thc rcsulung mtxture was sttrrcd at rt for
overnight. Once LCMS showed complete consumption of
startutg matcnals, thc rcacuon mixture was concentrated to
afi'ord 27-1 as a white solid which was used in next step
without purificatton Analytical method 5. tx 1.02 min,
[M+H] =4243

Step 2: 2-((R)-2-((R)-3-((S)-2-(((allyloxy)carbonyl)
annno)-3-methoxy-N-mcthylpropananudo)-3-(4-

chlorobenzyl)ptpcridute-I-carbonyl)-4-(ten-butoxy)-
4-oxobutyl)-6-methylpyridine I-oxide (27-2)

[113g] 'I'o a mixture of 27-1 (I.Y g, 3 91 mmol) and A34
(1.212 g. 4.11 mmol) tn ACN (10 mL) at O', was added
DIPEA (2.049 mL, 11.73 mmol) and HATU (1.561 g. 4.11

ntmol) I'he cooing hath was removed and the reaction was
stirred at rt for 1.5 h. Once I CMS showed complete con-
sumptton ol startutg matenals, the reactton nuxturc was
diluted with 100 mL of EtOAc and washed with 3x100 mL
ol'% NaHCO, and bnne, dncd over sodium sull'atc, Iil-

tered, mtd concentrated to afford 27-2 as a brown foam-fike
solid which was used in next step without purification.
Analytical method 5, ra=1.10 min. [M+H] =701.6.

Step 3: 2-((R)-2-((R)-3-((S)-2-amino-3-methoxy-N-
methylpropanamido)-3-(4-chlorobenzyl)ptperidine-
I-carbonyi)-4-(tert-butoxy)-4-oxobutyl)-G-methyl-

pyndine I-oxide (27-3)

[1139] To a solutton ol'27-2 (2.74 g, 3.91 nunol) ut DCM
(30 ml.) was added N.N. I, I,)-pentamethylsilanatnine (3.13
mL. 19.55 nunol) and Pd(pph,)x(0 339 g, 0.293 mmol) and
the rcsultutg mixture was stirred at tt for 2 h. Once LCMS
showed complete consumption of starting matenalg the
reaction mixture was then concentmted The resultmg brown
otl vvas diluted wtth 100 mL of EtOAc and washed wtth
3x100 ml, of 5% Nail('0», and bone, dried over sodium
sulfate. filtered and concentrated under reduced pressure
ovcmight to afiitrd 27-3 as a yellow lhamtng solxl (— 100%
yield) v hich was used in next step tvithout purification
Analytica) method 5, ta=0.97 min. [M+H] =G173

Step 4: 2-((R)-4-(tert-butoxy)-2-((R)-3-((S)-2-((S)-
2-((tert-butoxycarbonyl)annno)propanamxlo)-3-

methoxy-N-mcthylpropmttunido)-3-(4-chlorobcnzyl)
ptpcndutc-I-carbonyl)-4-oxobutyl)-6-

methylpyridine I-oxtde (27-4)

[114()] 'I'o a solution of 27-3 (2413 g, 391 nunol) in

anhydrous ACN (20 mL) at 0" C. was added Boc-L-alanine
(0.777 g, 4.11 nunol). TEA (1.090 mL, 7.82 nunol) and
HATU (1.5(il g, 4.11 mmol). The coolin bath was removed
and thc rcsulttng mixture was sttrred at rt lor 3.5 h. Once
I (:MS showed complete consumption of starting materials,
the reaction mixture vvas diluted with 100 mL of EtOAc and
washed wtth 3x100 mL of 5% NaHCO„and brute, dncd



US 2020/0164024 A[
304

May 2[J, 2020

over sodium sulfate. Iiltered and concentrated under reduced
pressure ovcrmJtt to affbrd 27-4 as a ycllov; Ibam-hke solid
as the desired pmduct which was used in next step v ithout
purification. Analytical method 5. ta=I.I I min. [M+H]

788 3.

Step 5: 2-((R)-3-((R)-3-((S)-2-((S)-2-aminopropana-
mido)-3-methoxy-N-methylpropanamido)-3-(4-chlo-
robenzyl)pipcndin-I-yl)-2-(carboxymcthyl)-3-oxo-

propyl)-6-methylpyndinc I-oxiilc (27-5)

[1141] To a soluuou ol'7-4 (3.08 g, 3.91 nunol) ui
anhydrous DCM (12 nil.) at 0' was added 'i'IiA (12 05

mL. 156 nunol)). The resulting mixture was stirred at O'.
for I h and then wannuig to ri and stirred for 3 h. Once
I ('MS showed complete consumption of starting matenals,
the reaction mixture was concentrated under reduced pres-
sure and purilicd by ISCO colunm chromatography on a 415

('18 column (eluting with 0-50% A( N in water bufl'ered
with 0 1% NlqsOH; product came out at 40% ACN) to afiord
27-5 (1.01 g, 1.598 mmol. 40.9% yield) al'tcr lvoplulizaiion.
Analytical method 5, ta 0 51 min, [M+I IJ+ 632 3

Step fu 2-((R)-3-((R)-3-((S)-2-((S)-2-((2-(4-(2-
(((icrt-butoxycarbonyl)(methyl)anuno)methyl)-I-

mmhyl-IH-unidazol-5-yl)phcnoxy)-4-clfioro-6-ffuo-
robenzyl)mnino)propanmnido)-3-methoxy-N-

methylpropanamido)-3-(4-chlonibenzyl)piperidin-I-
yl)-2-(carboxymethyl)-3-oxopropyi)-6-

methylpyridine I-oxide (27-6)

[1142J 'lii a solution of 27-5 (267 mg. 0422 mniol) in
DCM (10 mL) was added E17 (200 mg, 0.422 nunoi) and
acetic acid (0.072 ml „ I 266 mmol) 'Ilie resulting ntixture
was stirred for I h at rt, and NaBH(OAc)s (358 m . 1.688
mmol) was then added. Thc reaction mixture was stirred for
additional 2 h at rt Once I,('MS showed coinplete consump-
tion of startin materials, the reaction mixnire was diluted
with 100 mL of EtOAc, washed with 50 mL ol'5% NaHCO...
dried over Na,SOs, filtered. and concentrated The cmde
oily product was purified by ISCO colunui cltromatography
on a Clg colunui (cluiing with 0-100/u ACN in water with
01% NlisOII as buffer) to afford 27-6 (224 mg. 0205
nmtol, 48.7% yield) after lyophilization. Analytical method
2. i =1.97 mui, [M+H] =1089.1.

Step 7: 2-(((3R,7S.I OS,13R)-6-(2-(4-(2-(((tert-bu-
toxycarbonyl)(methyl)tunuio)methyl)-I-methyl-IH-
imidazol-5-yl)phcnoxy)-4-clfioro-G-ffuorobenzyi)-

13-(4-chlorobcnzyl)-10-(methoxymethyl)-7.12-
dimethyl-2.5,8,11-tetraoxo- I. 6,9,12-tetraavabicyclo
[11.3 I Jheptadecan-3-yl)methyl)-6-methylpyridine

I-oxide (27-7)

[1143] To a solution of 27-G (224 m . 0.205 nmtol) in
anhydrous DCM (100 mL) werc added 2,6-1utulme (0.718
mi ., 6.16 ntmol), I IOAt (28 0 mg, 0 205 mmol), and I I A I'll

(313 ntg. 0.822 nmiol) and the resultiitg mixture was
reffuxrxi etenught in a 45'. hcatm badi. Once LCMS
shoived complete consuniption of starting materials. the
reaction ntixture v as concentrated and the resulting residue

v as partitioned behveen EtOAc (100 mL) and 5% aq.
NaHCOs (100 nil,) The separated organic phase was
washed with 5% aq. NaHCOs (2x50 mL) and brine (50 mL).
dried over NasSOw filtered and concentrated 1 he cnide oil

(27-7) was carried on to the next step without puriiication.
Analytical method S. ta=l. 19 min, [M+H] =1071.1.

Stcqt 8: 2-(((3R,7S,IOS.13R)-6-(4-chloro-2-11uoro-6-
(4-(I -methyl-2-((methylamino)methyl)-111-imida-
zol-5-yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-10-

(methoxymethyi)-7,12-diniethy1-2,5,8.11-tetraoxo-l,
Ci.9,12-tetraazabicyclo[113 1]heptadecan-3-yl)

methyl)-6-methyipyridine I-oxide (27-8)

[1144] To a soluuon of 27-7 (220 mg, 0.205 nunol) in
anhydrous DCM (10 ml,) at 0' was added TFA (2.371

mL 30.8 nunol) and the cooling bath was then removed. The
resulting mixture was sttrrtxi at rt for 3 h. Once LCIvIS

showed coinplete consumption of starting materials, the
reaction mixture was poured into 100 mL of sat. NaHCO.,
and extracts with 100 mL of DCM. Thc scpamtcd orgaiuc
plmse was dried with sodium sulfate, filtered. and concen-
trated under reduced pressure to afi'ord 27-8 as oil. wlfich
was used in next step without punlicatiou. Analytical
method 5, ta I 06 min. ]M+I IJ+ ')71 2

Step 9: (38,7R IOS,1314)-6-(4-chloro-2-fluoro-6-(4-
(I-methyl-2-((methyiamino)methyl)-I H-imidazol-5-

yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-10-
(mcthoxymcihyl)-7.12-dimethyl-3-((6-

mcihylpyrulin-2-yl)methyl)-1.6,9,12-tetraazabicyclo
[11.3.1]hcptadccanc-2,5.8.11-tctraoue (Compound

167)

[1145] To a solution of 27-8 (199 mg, 0.205 mmol) in THF
(20 mL) was raided sai. NH Cl (6.7 mL), Zutc dust (803 mg,
12 28 mmol) and citric acid (708 mg, 3 69 nimol) and the
resultuig mixture was stirred at rt for 20 min Once I CMS
showed complete consumption ol'tarnng matcnals, thc
clear biphasic reaction solution was poured out and the top
organic phase was separated (added Zx20 mL of THF to
extract any remauiing product). Thc combuicd organics
were concentrated and the residue was diluted in 100 ml, of
DCM/100 mL of 5;8 NaHCOs and partitioned in a separa-
tory funnel ovcmight. Thc separated aqueous phase was
extracted v;ith 50 mi, of DCM. 'the combined organic
phases were dried over sodium sulfate. filtered, and concen-
trated. The resulting oil was punliixl by ISCO colunui
chromatography on a 150 a ('18 column (eluting ivith
0-50% ACN in water with 0.1% TFA) to the TFA salt of
desired product as a white power after lyophilization. Thc
pmduct v ss repurified by prep I I PI,('o afford Compound
167 (21 mg. 0.021 nunol, 10.19% yield) after lyophilization.
Analytical method 2. t„=2.76 min, [M+H] =955.0.

[1146[ The compounds in 'table 32 were synthesized
according to the procedure described in Example 8.44 for
('ompound 167 from the respective interniediates shown in

Tables 1-7 and described above in Example 8
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TABLE 32
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Example 8 45. (3R,7S,)OS,13R)-G-(4-chlorc-2-(4-
(2-((dimcthylamtno)methyl)-1-methyl-)H-umdazo)-
5-yl)phenoxy)-6-fhtorobenzyl)-13-(4-chlorohenzyl)-

10-(hydroxymethyl)-7,12-dimethyl-3-((ti-
methylpyridin-2-yl)methyl)-1,6SL12-tetraavahicyclo

[11 3 1Jheptadecane-2,5.8,11-tetraone (C'ompound
170)

[1147J

CI

0 Cl
0 ~ 0 N Ztt. Clttrt carta acta

m
e

c
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[1148] Thc uric Compound 170 was prepared accordutg to
the procedure described in Example 8.28, Step 9 for Com-
pound 32 starting from 28-1 Intermediate 28-1 was pre-
pared according to the procedure described in I'.xample 8 22
fitr (:ompound 82

(3S,7S, I OS.13R)-6-(2-(4-(2-((tert-butylamino)
ntethyl)-I-methyl-I I I-unidarol-5-yl)phenoxy)-4-

chioro-6-auotubenryl)-13-(4-chlorobenzyl)-3-(33-
difluorocyclobutyl)-IO-(methoxymethyl)-7.12-

dimethyl-l.6,9,12-tetmazabicyclo[11.3.1)
hcptadecanc-22hg,l I-tetraone (Compounil 165)

[1149[
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Step I: Allyl ((S)-I-(((R)-3-(4-chlorobenzyi)pipen-
din-3-yl)(nu:thyl)amino)-3-methoxy-I-oxopropan-2-

yl)carbamate (22-1)

[1150] To a solution of intermediate F-4 (ti.92 g. 13 21

mmol) in anhydmus I,4-1)ioxane (tgolume: 40 ml,) at O'.
was added 4M HCI m l,t-dioxane (19 82 ml„7') mntol).
Thc cooluig bath was removed and the resulting mixture was
stirred at room tempemture overnight. The resultiitg mixture
was concentrated under reduced pressure overnight to afford
pmvide 22-1 (5 84 8, 12 Gig mmol, 96'!! yield) as a wlute
sohd winch was used ui thc next step without puriiication.
Analytical method 5„ ta=0.99 min, [M+H] =424.1.

Step 2: Tert-butyl (S)-4-((R)-3-((S)-2-(((allyloxy)
carbonyl)amino)-3-methoxy-N-methylpropana-

mido)-3-(4-ch)orobenzyl)piperidin-l-yl)-3-(3,3-dtf-
luorocyclobutyl)-4-oxobutanoate (22-2)

[1151] To a solution ofA29 (3.64 v. 13.79 mmol) inACN
(Volume: 50 mL) at 0" C. was added DIPEA (8.76 mL, 50 I

ntmol) and I IAI'll (5 24 8, 13 79 nunol) 'I'he cooling bath
was remoi cd aud thc resulting nuxturc was stirred at room
tcmpcraturc for 10 min. Thc reaction nuxturc was cooled to
0'1 again before 22-1 (5.77 g, 12.53 nuuol) was added.
'I'he resulting was stirred at room temperature for 3 h and
additional A29 (320 mg, 0.1 cq) and HATH (470 mg, 0.1 cq)
w crc added and surnng was continued for mi addiuonal 2 h.
The resulting mixture was concentrated and the obtained
residue was taken up in 200 ml of I'.tOAc 'I'he organic
phase was wasluxl with 3xl 50 mL ol 5% NaHCOi solution
and 150 mL ol'bone, dnixl over sodium sulfate. and filtcrcdl,

and concentrated. The crude product was purified by fiash
cohunn chromatography on silica gel (eluted ivith 0-100%
EtOAc in heptane) to afi'ord 22-2 (5.2, 7.76 nunol, 61.9%
yield) as a white foam-like sohd aficr conccntmting rite pure
fractions under reduced pressure. Analytical method 5. ta= I.
29 min, [M+I IJ 614 2 (as carboxylic acid)

Step 3: Tert-butyl (S)-4-((R)-3-((S)-2-amino-3-
methoxy-N-methylpmpanamido)-3-(4-chlonibenzyl)
piperidin-l-yl)-3-(3.3-difluorocyclobutyl)-4-oxobu-

tanoatc (22-3)

[1152] To a solution of 22-2 (1.7 g. 2.54 nunol) in anhy-
drous DCM (Volume: 20 mL) was added N.N.l,l.l-pen-
tamcthylsilanamine (2.032 mL. 12.68 nunol) aud Pd(PPhs)
4(0.220 g, 0. 190 nuno1) and the res u lung mixture was stitrcdI

at room tempcraturc for 3 h. The reucuon mixture was then
concentrated and the residue was taken up in 100 mL of
EIOAc The orgamc phase was washed with 3x100 mL of
5% Nal ICOi and brine, dried over sodium sulfate. filtered,
and concentrated under reduced pressure to afford 22-3

(I 487 g, 2 54 mntol. -100% yield) as a yellow foam The
pmduct was used directly in the next step without further
punfication. Analytical method 5, ta 1.15 min. [M+I IJ

586 2.

Step 4: (S)-4-((R)-3-((S)-2-tunuio-3-methoxy-N-
methylpropanamido)-3-(4-chlorobenzyl)pipendin-I-

yl)-3-(33-ditluorocyclobutyl)-4-oxobutanoic acid
(22-4)

[1153] To a solution ol'2-3 (2.087 g, 3.56 mmol) in
anhydrous DCIVI (14 mL) at O'. was added TFA (13.72
ml., 178 mmol). I'he cooling hath was removed and the
resulting solution was stirred at mont tentperature for 30
nun 'I'oluene (50 mi.) ives then added and the reaction
nuxture was concentmted 'lite resulting brown residue was
punfied by reverse phase flash column chromatography
(eluting with 0-50% ACN in itater with 0.1% NHsOH) to
afiiird 22-4 (1.543, 2.88 nunol, 81% yield) afier freeze
drying the pure fractions. Analytical method 2. ta=1.21 min,
[M+I IJ'30.0
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Step 3: (S)-4-((R)-3-((S)-2-((S)-2-((2-(4-(2-(((tert-
butoxycarbonyl)(tert-butyl)anuno)methyl)-I-melhyl-

I H-imidazol-5-yl)phmioxy)-4-chloro-6-fluorobcn-
zy1)amino)propanamido)-3-methoxy-N-

methylpropanamido)-3-(4-chlonibenzyl)piperidin-I-
yl)-3-(3.3-diihiorocyclobutyl)-4-oxobumnoic acid

(22-5)

[1154] To a soluuon of DE3 (881 mg, 1496 nunol) ui
DMF (30 mL) was added DIPEA (0 442 ml, 2 53 mmol) and
ILAI U (569 nl, I 49(i mmol) and the resulting yellov
solution was stirrixl al RT for 15 nun. 22-4 (610 m, 1.151
nunol) then was added as a solid surring was conlnnicd al

RT for 15 nlin. The reaction mixture was then taken up in
I!IOAc and v ashed with brine (x2) 'I'he organic phase was
dncd oser sodium sullhte, liltercd, and conccnlratu! Thc
crude matcnal was punlicd by reverse flash column cltro-
matography (eluting with 0-80% water/ACN with 0.1%
NllsOII) to atford 22-5 (2.5 8, 2 27 nunol„95%) as an otf
white powder after freeze drying down the pure functions.
Analytical method 5, Is=0.93 min. [M+H] =1100.8.

Step 6: (3S,7S. I 0),13R)-(i-(2-(4-(2-((tert-buty-
lamino)methyl)-I-methyl-I I I-imidazol-5-yl)phe-
noxy)-4-chloro-6-fluorobenzyl)-13-(4-chloroben-

zyl)-3-(3.3-difluorocyclobutyl)-10-
(methoxymethyl)-7.12-dimethyl-1.6.9.12-

Iclraazabicyclo[11.3.1]hcptadccmie-2,5,8,11-lclraone
(Compound 165)

[1155] Step 6-1 'lii a I I. round bottoin flask containing
22-5 (1.3 g. 1.181 mmol) in DCM (650 mL) al room
temperature and with stirring was added HATI1 (1.796 g,
4.72 nunol)„HOAt (0.161 g, 1.181 nunol) and 2.6-lutidine
(4 13 nil. 35.4 mmol) 1 he resulting mixture was stirred at

mom temperature for 15 min and then heated to 42" C. The
reaction mixture was then cooled to mom temperature and
filtered. flic filtrate was concentrated down to about Fs iif
the volume and v ashcd with a half-salumtcd NaHCO,
solution. The organic phase was then dried over sodium
sulfate. filtered. and concentrated. The cnide material was
punfied by flash cohuun chmmatography (eluting svith
0-10% DCREMcOH) to aflbrd the cyclizcd product (2.16 g.
1.99 itliiiol, 86%) aller ilryiiig ilowll the ptirc Iriiclioiis.
Analytical method 5, ts=1.43 min. [M+H]'=1084.8.

[1156] Step 6-2 Depmtection step To a round bottom
tiask containing the cyclized pmduct front )tep 6-1 (2 16 g,
1.994 nunol) was added DCM (40 mL). Thc resulting clear
solution vvas cooled in an ice bath and TFA (7 68 ml. 100
mmol) was added dropivise slowly Once complete con-
sumption of the starting materials was observed, the ice bath
was rcmovcd and Ihc reaction mixture was surrcd al room
temperature for I h and then added dropw ise to a pre-cooled
solution of satumted Nal I( Os (105 ml, 120 mmol) m an ice
bath Ihe reaction mixture was stirred at roonl tempemnire
fiir I h or until gas evolution ccasixl and thmi poured into a

separatory funnel and was shaken until no sound of gas
evolution. The organic phase was separated and the aqueous
portimi svas back extracted with D('M (xl ) 1'he combined
orgaiuc phases werc ilried os cr sodium sulfate. Iiltcred, and
concentrated to afford a viscous oil. The crude product was
punfied by flash column chromato raphy (eluting with
0-20% DCM/MeOII) to atford ('ompound 165 as a white
sohd (1.55 g, 1.56 nunol, 78%. malor product, Analytical
Method 3. ts=l.l3 min., [M+H] =982.4) and Compound
166 (127 mg. 0.14 mmol. 6,8%. minor product. see Table
33) as a v hite solid after concentration and freeze drying.

TABLE 33

I &'MS

4 . Iii ., I M u&v I

I's = I /ia al a.
IM + Hi' s 6 'I

H

fSI

0
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Exantple 8.46 (3R,7S, 1 OS.13R)-7-(2-aminoethyl)-
3-henzyl-6-(4-chloro-2-(4-(2-((dimethylamino)

methyl)-1-methyl-111-intidazol-5-yl)phenoxy)hen-
zyl)-13-(4-chlomhenzyl)-10-(hydroxymethyl)-1.63),

12-tetraazabtcyclo[11.3 1jhcptadecrmc-2,5,8.11-
tctraonc (Compound 178)

[1 157[

OH

tl HATL DIPEA. DMF
34 «ta Ipi tarn.DMF

Step I
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NH NH
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ttm
tx 'ss

step 5

so

Cnatpotsta 17S

Step I: (R)-methyl 4-((R)-3-((S)-2-mnino-3-((tert-
butyldimcthylstlyl)oxy)propananudo)-3-(4-clt)o-
robenryl)piperidin-I -yl)-3-benxyl-1-oxobutanoate

(30-1)

[1158] To a solutton of Fmoc-Scr(OIBlvfcsSt)OH (548 mg,
1.242 mmol) in DMA (5 mL) was mldcrl HATH (455 mg,
1.197 nuuol) aud DIPEA (0.789 mL. 4.52 nunol). The
resulting mixture tvas stirred for 2 min at room temperature
and then added to a solution of intermediate 1st-2 (484 mg,

1.129 nuuol, tn 3 mL of DMA) The reacttou mixture was
stirred at room temperature for 3 h. Additional Fmoc-Ser
(OtBMesSI)OH (88 m . 0.200 numtl) and HATH (76 ntg,
0 20 mmol) were added and stirring was continued over-
night at room temperature. 1-methylpiperidine (0.8 ml .. fi.77
nuuol) was added and sttrrutg was conttnued fitr 30 nun. at
room tcmperaturc. Thc rcscuon mixture was concentrated
under rcduccd pressure (bath tempcraturc 50'.) and the
restdue was purified by reverse fiash coluntn chromatogm-
phy (eluting with 5-90"/s tvatertA('N tvith 0 I'/ NI IsOI I) to
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afl'ord 30-1 (450 mg, 0.664 nunol, 59%) after fbeeze drying
down the pure fractions Analytical method 5, ta I 41 min,

[M+H1 =630.5.

Step 2; (R)-methyl 3-benzyl-4-((R)-3-((S)-2-((S)-4-
((tert-butoxycorbonyl)amino)-2-((4-chioro-2-(4-(2-
((dlmethylamlno)methyl)-I-methyl-IH-inudazol-5-

yl)phcnoxy)bcuzyl)amino)bulanamido)-3-((tcrt-
butyldimethylsllyl)oxy)propanamido)-3-(4-

chlombenzyl)pipendin-I -yl)-4-oxobutanoate (30-2)

[1159] To a solution of DE4 (449 mg, 0.785 nunol) and
30-1 (450 mg. 0.714 mmol) in DMA (5 ml,) was added

DIPEA (0.374 mL. 2.142 mmol). The resulting solution was
surrcd for 2 nun ot room tcmperaturc and lhcn a solution of
ILAI U (2(g) mg, 0 785 mmol) in DMA (3 mf ) was added.

The reaction mixture was stirred at room temperature for 3

h. Addiuonal DE4 (88 mg, 0.14 mmol) and HATU (76 mg,
0 20 mnlol) ivere added and stirring was continued at roonl

temperature ovemlvght. The resulting mixture lvas concen-
trated under reduced prcssure mid thc rcsiduc was purified

by flash column cluomatopaphy (eluting with 98/2 to 85/15

DCM/McOH with 03% tnclhylaminc) lo aflbrd 30-2 (760

nlg, 0.642 mmol, 90% yield) as the Inajor product after
concentrating the pure fmsctions. Analytical method 5, to=i.
55 mm, [M+H] =1184.1

Step 3 Mixture of (R)-3-bmlzyl-4-((R)-3-((S)-2-
((S)-4-((tert-butoxycarbimyl)amino)-2-((4-chloro-2-
(4-(2-((dlmethylamino)methyl)-I-methyl-] I I-imida-

zol-5-yi)phenoxy)benzyi)amino)butanomido)-3-
((tert-butyldimethylsilyi)oxy)propanamido)-3-(4-

chkuobcnzv'1)plpixuhn-I-vl)-4-oxLlbutanLuc ocul Bnd

(R)-3-benzyl-4-((R)-3-((S)-2-((S)-4-((tert-butoxycar-
bonyl)amino)-2-((4-chloro-2-(1-(2-((dimethvlamino)

methyl)-I-methyl-111-imidazol-5-yl)phenoxy)ben-
zyl)amino)butanamido)-3-hvdnlxypropanamido)-3-
(4-chlorobenzyl)piperidm-I-yl)-4-oxobutanoic acid

(30-3)

[116(IJ 'fil a solution of 30-2 (770 Ing. 0 65 mmol) in DMA
(5 mL) was added water (I mL) mid THE (4 mL). The
resulting mixture lvas stirred at mom temperature and then
a solution of LiOH (1.300 mL, 1300 mmol) wos added. The
Icrictlon nuxlul'L uris stnrix! Bl ICLun lcnlpcl'Btulc Ior 3 h.

Additional I iOI I (I 300 nil., 1.300 nunol) was added and

stirring was continued at room temperature overnight
(LCMS uldmalcd a mixture of'esirc product as well as the
de-silyl alcohol R I I) I'he reaction mixture v as cooled in

an ice bath. the pH wos neutralized (pH=7) by the addition
of IN I I('l. and then concentrated under reduced pressure

(both maintained at 30" C.). The residue was token up in 250
mL of E(OAc. Thc organic phoae was washed with water and
brine. dried over NasSO4, filtered, aod concentrated to afford
30-3 (770 mg, white solid) as a mixture of two products

(R H Bnd TBS, ratio I:1.2). The nuxturc was used in thc
next step without additional pmification. R 'I'I IS, Analytical

method 2. to=2.41 min. [M+Hj =1171 7. R H. Analytical
method 2, ta I 98 nlin. [M+I IJ+ 1055 I

Step 4: Tert-butyl (2-((3R,7S. I OS.13R)-3-benzy1-6-
(4-chloro-2-(4-(2-((dimethylanuno)methyl)-I-

methyl-I H-imidazol-5-yl)phenoxy)benzyl)-13-(4-
chlorobcnzyl)-IO-(TIydroxymcthyl)-2,5,8.11-

tetraoxo-l.6,9,12-tetroazabicyclo[1 I dh1]heptadecan-
7-yl)ethyl)carbamate (30-4) and

Tert-butyl (2-((3R.7S,I OS.13R)-3-benzy1-10-(((lcrt-
butyldimethylsilyl)oxy)nlethyl)-6-(4-chlom-2-(4-(2-
((dimcthylanuno)methyl)-I-methyl-IH-unldazol-5-
yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-2,5,R 11-

tetraoxo-1.6,9,12-tetraozabicyclo[11.3.1]hcptadecon-
7-yl)ethyl)carbmnate (30-5)

11161] To a I L round bouom flask containing a solution

of the mixture 30-3 (770 mg. 0 658 nunol) in DCM (700

ml.) v ss added 2,6-iutidine (2.3 ml . 19 74 mmol), I IOAt

(107 mg, 0.790 nunol) Bnd HATU (1001 mg, 2 63 nunol).

The resulting mixture was heated to 50" C. in a heating bath

for 4 h and then at 38" ( with stirring overnight 'Ihe

reaction nuxturc was then concentrated lo dryness under

reduced pressure and the residue was partitioned between

EtOAc (400 ml,) and 5% aq Nal I('Ol (30 mf,) 1 he organic

plmsc was washed with 5% aq NaHCO, (2x2S mL) and

brine (30 mL), dried over NasSOO hltered, and concen-

trated. I'he crude material v as purihed by reverse flash

colunm cluomalography (cluting with 5-60% water/ACN
with 0 154 trifiuoroacetic acid) to aflord 30-4 as a white solid

(300 mg, 021 mmol, 32% yield, Anal)oical nlethod 2,

to=3 22 nun, [M+H] =10394) and 30-5 (360 mg, 0.30

mmol, 45% yield, Analytical method 5. to=i.55 min,

[M+I IJ+ 1153 7) as a ivhite sohd after freeze drying down

the respective pure fractions.

Step 5: (ISSR.7S,]OS,13R)-7-(2-anlinoethyl)-3-
benzyi-6-(4-chloro-2-(4-(2-((dlmethylamino)

nlethyl)-I-methyl-I I I-imidazol-5-yl)phenoxy)beo-
zyl)-13-(4-chlorobenzyl)-10-(hydroxymethyl)-1,6.9,

12-lclraazablcyclo[11.3.1]hcptmlccanc-2,5,8.11-
tetmone (Compound 178)

[1162] 'I'o a round bottom flask containing 30-5 (350 mg„

0304 mmol) ln anhydrous dloxane (6 mL) and cooled in an

ice bath was added 4.0 N hydro en chlonde in dioxane (2

nti„g.(k) mmol) I'he ice bath ivas then removed and the

rcsulllng mixture was sllrrmi al room tcmperaturc for 16 h.

The reaction mixture was concentmsted under reduced pres-
sure to aflbrd ml ofllwlule solid which was punficd by
reverse flash column chromato raphy (eluting with 5-50%
v ater/ACN with 0,1%4 trifluoroacetlc acid) to afford Com-

pound 178 (200 mg. 0.181 nmlol, S9.5%). Analytical
method 3, ta 0 94 nlin . [M+I IJ+ 937.39
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Example 8 47: (3S.78. )OS, 1 3R)-6-(4-eh)ore-2-
lluoro-6-(4-(1-methyl-2-((methylamino)methyl)-1H-
(midgei-5-yl)phenoxy)henry))-13-(4-chforohenryf)-

10-(hydroxymethyl)-7.12-dimethyl-3-(2.2,2-
tnfluorocthyl)-1,6,9,12-tofu(arab(cyclo[11.3.1]
hcptadccano-2,5,8,11-(etmonc tnlluoroacctate

(Compound 177)

[11631
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C mnmad 177

Slap I: Tert-butyl (R)-3-((S)-3-(((((9H-thiorcn-9-yl)
methoxy)carbonyl)-L-alanyl)oxy)-2-((S)-2-((((9H-

tluoren-9-yl)niethoxy)carbonyl)amino)propana-
mido)-N-methylpropanamido)-3-(4-chlorobenzyl)

piperidine-I-carboxylate (31-1)

[1164J 'lii a solution of Intermediate (I (2')i mg. 0 588
nano 1) and Fmoc-Ala-OH (187 mg, 0. 600 nuno1 ) in acctom-
tnle (30 mL) was added DIPEA (0 205 mL. 1.176 nunol) at

rt. followed by HATU (228 mg, 0.600 mmol). The resulring
mixture v as stirred at rt for I h Once the desired pmduct
was obscrvcd as a malor product, Oie acctonilrilc was
removed under reduced pressure. The crude rcsiduc was
dissolved in 300 mL of EtOAc and washed with 40 mL of
saturated Nal I('Oi aq solution The separated organic phase
was ivashed with brine. dried with sodiuin sulfate. tiltered,
and conccntralcd Thc obtmned residue was dissolved in
DCM and puriTied by ISCO cohunn chromatography on a 40

8, silica el colunui (eluting with 10-100% iitOAc in liep-
tane) to affiird 31-1 (210 mg. 0.207 nunol) as a foaniing
solnl. Analytical method 5, t„=1.51 nun, [M+H(-Boc)]
=971.2.

Step 3. Tert-butyl (S)-3-((R)-3-((S)-3-(((((9H-fluo-
rmi-9-yl)methoxy)carbonyl)-L-alanyl)oxy)-2-((S)-2-

((((91 I-thioren-9-yl)methoxy)carbonyl)amino)pni-
panamido)-N-methylpropanamido)-3-(4-

ctttorobenzyt)piperidine-t-carbony))-5.5.5-
trifluoropentanoate (31-3)

[1166] To a soluuon oi'31-2 (192.5 mg, 0.179 mmol) and
C I (45 9 mg. 0.179 numil) in acctonitnlc (20 mL) was addcxt

DIPEA (0.094 mL, 0.538 nunol), follov ed HATU (68.2 ntg,
0 179 mmol) and the resulting niixture was stirred at rt fiir
3 h. Once thc dcsircd product was obscrvcd by LCMS, lhe
acelonitnlc was rcmovcd under reduced prcssure and thc
cnide residue ives dissolved in 200 mL of EtOAc. The
organic Phase was ivashed v ith 30 nil. of 5% Nai I('Ov 30
ml. of saturated NIIzOI I solution 'I'he separated organic
plmsc ives washed with brute (2x30 mL), dnixl with sodium
sulfate. filtered, and concentrated under reduced pressure to
atford 31-3 (220 mg,. 0 172 nimol, 96% yield) which was
used m the next step without puntication Analytical method
5, ts=l 54 mui. [M+H] =971.2. Analytical method 5, la=i.
54 min, [M+H] =not observed due to lack of ionization.

Slap 2. (S)-2-((S)-2-((((9H-Ihiorcn-9-yl)methoxy)
carbonyl)amino)propanamido)-3-(((R)-3-(4-chlo-

robettzyl)piperidin-3-yt)(methyl)elaine)-3-oxopropyl
(((9H-fluoren-9-yl)methoxy)carbonyl)-l.-alaninate

(31-2)

[1165] To a solution of 31-1 (210 mg. 0.207 nunol) in
anhydrous ethyl acetate (7 ml.) under atmosphere of nitro-
gen w as addcxt 4M hydrogen chlornle ui dioxanc (I ml, 4.00
mmol) ui portions al O'. Thc resuhuig mixture was stirred
at O', for I h and then at rt for overnitrht. Once the desired
pmduct ives observed by I.( MS, the reaction mixture was
conccnlra ted and thc resulung sohd was dncd under reduced
prcssure and then freeze dncd to afliird 31-2 (192.5 mg,
0.172 nunok 83% yield) Analytical method 5, tr=1.45 min,
[M+I IJ 912.6

Step 4 (S)-3-((R)-3-((S)-3-(((((911-fluoren-9-yl)
methoxy)carbonyl)-l,-alanyl)oxy)-2-((S)-2-((((911-

tluoren-9-yl)methoxy)carbonyl)amino)propana-
mido)-N-methylpropanamido)m3-(4-chlorobenzyl)

piperidine-l-carbonyl)-5,5.5-tritluoropentanolc acid
(31-4)

[1167] 'I'o a solution of 31-3 (220 mg, 0.172 mmol) in

anhydrous DCM (4 ml) under aunosphcrc of nitrogen was
added TFA (1.06 ml. 13.76 mmol) in portions at rl. The
reaction mixture ives stirred at rt for I h and 30 min and then
cooled to O' and diluted with 20 ml. of D('M and 5 inl,
ofwater. NazCO, (1.893 ml, 3.79 mmol) solution was addcxt

slowly to adiust lhc pH lo 6.5-7. The rcsulung mixture was
extracted with 15/85 isopropanol/DCM (120 mL). The
organics ivere dried with Naz801 and concentrated to dry-
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ness to afiblrd 31-4 (220 m . 8G% pure) which as used in
next step without punficat&on. Analytical method S, ta=l 00
nnn. [M+H] =1094.8.

Step 5: (S)-3-((R)-3-((S)-2-((S)-2-aminopropana-
&uido)-3-hydroxy-N-mcthylpropana&uido)-3-(4-ci&Io-
mbenzyl)pipeudine-I -carbonyl)-5,5.5-tritluoropen-

lano&c Belli (31-5)

[1168] To a solution of 31-4 (220 mg. 86% pure) in DCM
(9 mL) at rt. &vas added 4-methylpiperidine (I mL. 7 86
nmlol) dropwise. The reaction mixture ives stirred at rt for
I h, and then concentrated and diluted with 50/50 aceioni-
trile/water (10 mL). The resulting mixture was filtered
liuough a pad of Ccl&te,x. which was washed v,&lh acclom-
tnlc/water. The Iiltratcs was conccniratcd and thc oh&au&ed

rcsuluc was m&xcd w &th 2 mL ofACN anil IM NaHCO, (I 0
mL, 1.000 mmol) 11&c crude product was pumlied by ISCO
colunul chromatography us&ng a CI 8 colunui (100 g) (clut-
ing w&lb ACN/water w&th 0.1% NHoOH) lo afford 31-5 (77

mg, 0.133 mmol. 73%o yield) as a lvhite solid after freeze
dryuig. Analytical method 7, &„=0.73 min, [M+H] =579.2

Step 6: (S)-3-((R)-3-((S)-2-((S)-2-((2-(4-(2-(((tert-
butoxycarbonyl)(niethyl)amino)methyl)-I -methyl-
I H-imidazol-5-yl)phenoxy)-4-chloro-6-fluoroben-

zyl)amino)propanamido)-3-hydroxy-N-
methylpropanamido)-3-(4-chlorobcnzyl)p&pcriilinc-

l-carbonyl)-5,5,S-&mfluoropcntano&c acid (31-6)

[1169J 'lil a solution of31-5 (77 mg,0 133 mmol) in DCM
(12 mL) was addcxI E17 (66.2 mgo 0.140 nunol) and thc
resultulg solution was stirred for I h at rt. NaBH(OAc)o (85
mg, 0.399 nunol) was added, followed by acetic acid (0.023
mi o 0399 mmol) and stirring was continued tilr an addi-
uonal I h at rt. Once LCMS showed complete consumption
of startulg matcnal, acetic acid (0.023 mL, 0399 nmiol) and
0.1 mL water were added to quench the reaction. The
nlixture was diluted &vith 1(X) ml, of a mixture DCM/IPA
(SO/20). washed w&th 20 mL of 5% NBHCO, and 20 mL of
bnnc. dncd over Na&SOo. Iiltcrcd, and concentrated The
en&de product was purified by ISCO column cluomatogm-
phy using a 1(X) 8 ('18 colmnn (eluting, with 5-70% A('N in
water. 0.1!o NHoOH) lo aflbrd 31-6 (86 mg. 0.079 nuuol,
59.2%o vield) al'ter lyoph&1&zat&on. Analvtmal method 5,

&BW.SS min, [M+H] =10367.

Step 7: (S)-3-((R)-3-((S)-2-((S)-2-((2-(4-(2-(((tert-
butoxycarbonyl)(methyl)lunule)mcdlyl)-I-methyl-
111-inuda&ml-5-yl)phenoxy)-4-chion&-6-fluorobmi-

zyl)amino)propanamido)-3-((tert-butyldimethylsilvl)
oxy)-N-methylpropanamido)-3-(4-chlorobenzyl)

piperidine-l-carbonyl)-5.5,5-trifluoropentanoic acid
(31-7)

[1170] t-Butyld&mcthyls&lylchlondc (SO.O mg, 0332
nuuol) was added dropw&se at O'. io a sulu&&on of 31-6 (86
m, 0.083 mmol) and im&dazole (16.94 mg, 0.249 mmol) in
D( M (20 ml ).

[1171] The resultin mixntre was st&rred at rt Iilr 16 h.
Add&tional &midazolc (200 mg. 2 93 mmol) aud t-butyldim-
ethyls&lylchlonde (440 mg, 2.90 nunol) was added and
st&rring was contulucd at rt Ibr 5 h. hnulazolc (100 mg. 146
nuno1) and I-butyldmiethylsilylchlondc (220 mg, I 46
nunol) wits Bganl Bddcxl, Bni! stl&rhlg was con&hut&a! Bt ll lol
another 18 h. Once I .( MS showed con&piete consumption of
starting material, the reaction mixture was transferred to a

500 mi separatory fiuinel and 2& X) nil. of D('M was added
1'he organic phase &vas &vashed &vith water (40 ml,) and brine
(40 ml,), dried over Na&SOo, filtered. and concentnlted 1'he

crude residue ives loaded on a HIS colunin (eluting lvith
5-70% ACN/water (5-70oio) with NHoOH). The product
containln fractions were freeze dried to afl'ord 31-7 (50 ntg,
0.040 nltllol. 48.2% yield). Analytical method 2. ta=2.53
m&n. [M+H] =1051.2.

Step 8 'I'ert-butyl ((5-(4-(2-(((38,7S,IOR138)-10-
(((tert-bulylihmclhyls&lyl)oxy)methyl)-13-(4-chlo-

robenzyl)-7,1 2-dimethyl-2.5.8,11-tetraoxo-i-(2,2.2-
tnfluoroethyl)-1,6,9.12-tetraazabicyclo[11.3 I]

heptadecan-6-yl)methyl)-5-chloro-3-fluorophenoxy)
phenyl)-I-methyl-IH-imidlazol-2-yl)methyl)(methyl)

carbmnale (31-8)

[1172] To a solution of 31-7 ((i2 mg, 0.054 mmol) in
anhydrous DCM (40 mL) was added 2.G-lutid&ne (0.094 mL,
0.808 nunol) and HOAt (7.33 nig. 0.054 nunol). The result-
iug m&xiurc was st&rrmi at rt Ii&r 2 m&n and then HATI I (106

mg, 0.215 nuuol) was ad&led. Tlu: reaction m&xturc was then
hcatcd &n a 46'. hcaung bath for 7 h. Thc crude m&xlurc

was Iillcrcd and the Iiluaic was conccntratcd. Thc obtained
remduc was d&ssolved ui 60 mL ofEtOAc. Thc orga&uc pimsc
was washed with 10 mi. of 5% Nal I('0& solution and 10 mi,
of brine, dried over Na SOo, hltered, and concentrated. 1'he

crude pmduct was purified by ISCO column chromatogm-

phy on a silica gel column (eluting with D('M:15% MeOI I/

D(.'M 0.3% 'fi IA) to afford 31-8 (56 nig, 0 045 nunol, 84%
yield). Analytical metluld 5. t„=l.GO min, [M+H] =1143.7.

Stc)& 9. (3S.7S,IOS,13R)-6-(4-chloro-2-tluoro-G-(4-
(I-methyl-2-((methyhunino)methyl)-I H-imxlazol-5-

yl)phenoxy)bcnzyl)-13-(4-chlorobm&zyl)-10-(hy-
droxymethyl)-7,12-din&ethyl-3-(2.2,2-trifluoroethyl)-

1,6,9,12-tetraazabicyclo[11.3 I]heptadecane-2,5,8.
11-tetraone (Compound 177)

[1173] To a soluuon ol'1-8 (56 mg, 0.04S nuuol) in
EtOAc (3.5 mL) was added 4M hydro en chloride in
dioxane (0 5 m1„2 000 mmol) at 0" (''he cooling bath was
rmuovcd and the rcsultuig mixture was surrcd al u for 2 h.
The react&on mixture was stored at 4' and then concen-
trated Bt rt. The residue was dissolved in ACN/water (60/40)
and purified by reverse phase column chromatography on a
C18 colunm (cluling with ACN/Water w&th 0.1% TEA). The

product fract&ons werc frceze dncd to alford Compound 177

(8.2 mg. 7.15 )unol. 15.72!'o yield). Analytical method 2,

ta 2 68 min, [M+I IJ+ ')I').2
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Example 847: Synthesis of Tert-butyl (R)-3-((S)-2-
((S)-2-aminopropanmnido)-3-(ditluorometlmxy)-N-
methylpropanamido)-3-(4-chlorobenzyl)piperidine-

I-carboxylate (Intermedtate L)

Step 1. Tert-butyl (R)-3-((S)-2-((S)-2-((((9H-fluo-
ren-9-yljmethoxy)carbonyl)amino)propanantido)-3-
hydroxy-N-methylpropanamido)-3-(4-chlorobenzyl)

ptpcrithne-I-carboxylate (L-I)

]11741

Dt

0
cNHFoto .

HO

HALL. DIPL'A
DMF
Step I

]1175] To a vial containing Intermediate Ct (250 mo. 0.59

mmol) and Fmoc-Ala-OH (183 mg, 0.59 nunol) wac added
DMF (4 mL). DIPEA (0.154 mL. 0.880 nunol), followed by
HATU (223 mg, 0.59 mmol). The rcsulung mtxturc was
sttrred at room tcmpcraturc ot cmight. The rcactton mtxture
was taken up tn EIOAc mtd washed wtth a half-saturatexf

solution of sodium btcarbonatc and bnne Thc organtc plmse
was dried over sodium sulfate, filtered, and concentrated
1'he cntde tnaterial was purified by tlash colnmn (eluting
0-100 i I ttOAc/I leptane) to atford I.-l (364 mg, 0.51 mtnol,
86%) as a foant after dryins dov n the pure fractions

Bo

IVT 0

N

OH

Ll

F F

I H

Nt Sot. t.'ot
DMF
Step I

OH

L I

4-
tti tp p« itai

DMI

,'tl«p I

Step 2. Tert-butyl (R)-3-((S)-2-((S)-2-((((9H-fluo-
ren-9-yl)methoxy)carlxmyl)anttno)propanamtdo)-3-

(ddluoromethoxy)-N-methylpropanamtdo)-3-(4-
chlorobenoyi)piperidine-I-carboxylate (I.-2)

]1176] To a 20 mL vtal containutg a mtxture of L-I (3G4

mg, 0 506 nunol), sodium sulfate(71 9 mg, 0 506 mme l) and

copper(l) iodide (96 mo, 0.506 mmol) was added ACN (2

mL). Thc resulting mixture was stirred at 60' and then
treated with a solution of 2.2-difluoro-2-(fluorosultioayl)

acetic acid (0.078 mL. 0.759 nunol) in anhydrous acetoni-
tnle (ACN, 2 ml,) slotvly over 45 min (using a syringe

pump) The reaction mixture was then stirred for 30 min,
liltered, mtd washed wtth DCM. Thc filtrate was then
v ashed water (xl ), dried over sodium sulfate, filtered, and

concentrated. The cntde material was punfied by silica el

flash colunm cluomatography (elututg wtth 0-30% DCM,'tOAc)

to afford I -2 (169 ms. 0 220 mntol, 43 4% yield) as

a white foam after drying down the pure fmctions.

0

L-I

V
Boo

0

Ct

Step 3. Tert-butyl (R)-3-((S)-2-((S)-2-aminopro-
panamidoj-3-(difluorontethoxy)-N-methylpropana-
mtdo)-3-(4-chlorobenzyl)piperidine- I-carboxylate

(Intcnmxliatc L)

]1177] To a vial containing L-2 (I G9 mg. 0.220 nunol) in

ACN (2 mf ) was added 4-methylpiperidtne (0 778 ml, 6.59

nunol) cooled ut an tce bath. After thc addtuon, thc tcc baft
was removed and the resultin mixture v as sttrred at room
temperature for 2 h and then concentrated. The resulting,

crude product seas punficxi by sihca gel flash colunm cluo-

matography (eluting with 0-20'io DCM/MeOH) to afford
IN1' (99 mg, 0 18 mmol. 82%) as a foam after drying down

the pure Ibacttons.

I example 9 Postmodification

]1178] Intlus stmuon, moddicattons done after cychzatton
of the linear peptides are described
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Example 9.1 Synthests of (2S,GS,8R,12R)-12-hen-
zyl-I-(4-chlom-2-(4-(I-methyl-2-(pyrrolidin-I-ylm-
ethyl)-111-imidatml-5-yl)phenoxy)henryl)-8-(4-chlo-

rohenzyl)-2,7,10-tnmethyl-5-(2-oxopropyl)-1.4. 7,
10-tetraara-cyclotctradecanc-3,6.11.14-tetraone

hydrochlondc (Compound 129)

[1179 J

0

OH

0
t DIC2DMAP

Dtsg rt,6. h

2 TF,t tt 0 ttl 22
C't

rt.2th stl'0 2h
r ACH.H 0 tt tt

rt.t6h sll'6: 'h

C'I

[1181)J Step I'o C'ompound 135 (32 mg, 0.027 mnml)
dissolved in I)C'M (2 ntl.) was added DMAP (5 0 mg, 0 041

mmol), 2,2-dtmethyl-1,3-dioxane-4.6-dione (5.1 mg. 0 035
nunol) and DIC (5.5 DL, 0.035 nmtol) and the resulting
mixture was stirred at rt for 45 h. Additional D1VLAP (0.7 tn,
5.4 pmoi)„2.2-dimethyl-1,3-dtoxane-4,6-dione (0.8 mg, 5 4

tunol) anti DIC (0.9 HL, 5.4 Iunol) werc addcxI and sttrring
at rt was continued for 20 h.

[llgi] Step 2 817% aq 'I'I'A (2 ml,) was added to the
mtxture from Step 1. The reaction mixture was sttrred for 5

h at rt and then concentrated to dryness tn vacuo. The residue
v as dissolved in DCM (2 mL) and 80% aq. TEA (2 mL). and
the resulting nuxturc was stttrcxI for 16 h at rt and 2 h at50'.,

then concentrated to tlryness iu vacuo.
[1182] Step 3. Thc residue Iyom Step 2 was thssolvcxI in
AC.'14/IlcD (I I) (4 ntl.) 'I'he resulting solutton was stirred at
rt for 1(& and at 50'L for 2 h and then concentrated to
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dryness in vacuo. The cnide product was purified by pre-
parative reverse-plrase HPLC (cluent A. 0.1% TEA in HsO,
clucnt Eu ACN). Pure fractions werc combined and
lyophilized. The product was dissolved in I'.tOAc (40 ml,)
and the organic phase was washed with 5% aq Nal I('Os
(2x5 mL) and brine (5 mL). dried over Na,SOu filtered, and
concentrated to dryness in vacuo. The residue was dissolved
in ACN/HsO (I: I ) (20 mL) and 0.023 M aq. HCI (5.1 mL)
was added. Aficr lyoplulizauon, thc hydrochlonde salt of
Compound 129 (lb.4 mg, 0.017 mmol, G4% yield) was
obtained as a wlute solid Analytical inethod '); ts 5 15 niin,
(M+HI'4g 4

Example 9.2; Synthesis of (2S,GS.SR,12S)-2-(3-

(azetidin-I-yl)-3-oxopropyi)-I-(4-chloro-2-(4-(l-

methyl-2-(pyrrolidin-I-yimethyl)-IH-imidazol-5-yi)

phenoxy)benzyl)-8-(4-chlorobenzyl)-12-((R)-3,3-

dimethyl-2.3-dihydro-lH-inden-l-yl)-5-

(methoxymethyl)-7.10-dimethyl-1,4.7.10-

tetraazacyclotetradecane-3.G,11„14-tetraone

hydrochloride (Compound 132)

[I III3)

0

0 II

11
R

T13TII. DIFA
DBU, DMA
s, I'15 m

511" I'.3iirr s
1.4»»

1324
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[1184] 132A (40.6 mg. 0.032 mmol) and TBTU (15.3 in,
0 048 mmol) were dissolved in DMA (I 5 ml ) and DHIA
(0011 ml, 00674 mn&ol) and the resulting mixture was
surrcd at rt for 2 m&n. A su apens&on ol'zetidu&e HCI (4.5 mg,
0.048 nunol) in DMA (0.5 mL) and DIEA (8.3 gl. 0.048
mmol) was added and st&rnng was contunied fi&r 30 nun ai
rt Additional '111'I'I I (5 03 mg, 0 016 mmol) and DH:A (2 7
Id. 0.016 tmnol) were added, followed by addition of a
suspens&on of azeudu&c HCI (1.5 mg, 0.016 mmol) in DMA
(0.1 mL) and DIEA (2.7 Id. 0.016 nunol). The reaction
m&xiure was st&rrcd for 105 m&n at ri and 30 nun at 50'.
Azetidine I I('I (4.4 n&g. 0 047 mmol) in DMA (0 5 mi ) and
DBU (7.1 pl. 0.047 nm&ol) were again added at rt and stirring
w'ds con&a&neil for 45 nun i&t &t. Thc react&iu& n»a&ore wile
quenched by add&tion of MeOI I (I ml,) and I laO and the
proiiuci was isola&cd by prep&&mtive reverse-pliasc HPLC
(ehient A 0 1% Tl&A in I I&O; eluent 13: A(:N). Pure fractions
&vere con&bmed and lyophilized. The product w:as dissolved

in EtOAc (50 mL) and the organic phase was washed with
5% aq NaIICO& (2x5 n&I.) and brine. dned over Na&SOd,
filtered. and co&icentrated to dryness &n vacuo. The residue
was dissolved u& ACN/H 0 (I: I) (20 mL) m&d 0.016 M aq.
I I('I (5.1 ml,) was added. After lyophilization. the hydro-
cldonde salt of ('ompound 132 (14 mg. 0.011 mmol. 34%
v&eld) was nb&a&nixI ds a wh&ie solid Analyt&cal method 9,
ta=5.29 min; [M+H]'=1087.5.

I ixan&pie 9 2 Synthesis of (38,7S, I OS, I 3R)-6-(4-
chloro-2-(4-(l-methyl-2-(l-methyl-2.5-dihydro-l H-
pyrrol-3-yl)-IH-imidazol-5-yl)phenoxy)benzyl)-13-
(4-chlorobcnzyl)-3-((S)-2B-dihydro-IH-&aden-I-yl)-

10-(hydroxymcihyl)-7-methyl-1,6,9,12-
tetraa&n&bicyclo[11.3.1]hcptadecdnc-2,5,8,1l-tciraone

hydrochloride (('ompound 77)

]1185]

W~/
OI

OH

'I &W Hi 'HO
DMA a,30&uu&

3 V&HH(OA 6

77 &

W~/

i.'anasd 77
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[1186] To 77A dissolved in DIVLA (2 ml ) was added 37%
formaldehyde solutton (0.019 ml, 0.261 nunol) mtd the
res ultutg solution was stirrfxi for 30 nun at rt. NaBH(OAc),
was then added and stirring was contimted at rt fitr 2 h 30
ntin Additional 37% formaldehyde solution (6.5 pl, 0087
nmtol) was added and the resulting mixture was stirred for
10 min at rt NaBH(OAc)„was again added and stirring at
rt yves continued for 80 min. The reaction mixture was
qucnchcd with H20 (2 mL) and thc product was Isolated by
preparative rcvcrsc-phase HPLC (elucn( A. 0.01 M HCI tn
I 120; eluent 0 A('N). Pure fractions were combined and
lyophilixed to afford Contpound 77 (30 rng. 0.030 nunol,
34%a yield) as a white sohd, Analytical method 14; 14=4.48
min; [M+H[ =958.4.

1ixample 10 P('SK9 l.igand Bindina Assay

[1187] Thc PCSK9 btndtng of thc compounds of the
dtsclosurc were mcasurcd using 0 tune resolvcd ffuorescence
resonance cncrgy trdnsfbr (TR-FRET) assay. This ttme
resolved fluorescence resonance ener y transfer (I'R-FRE'I')
assay measures the abthty of a compound of the present
disclosure to interfere wtth the binding of human PCSK9 to
human LDLR, prov)ding measures of both potency (IC„,)
and efficacy (A„„„).

intermediate piate. For the positive contml wells in columns
23 and 24 ol'hc plate. 5 uL ol unlabclcd human PCS K9 was
added at 4 uM ut assay bulli:r contauung 8% DMSO.
Itollowing a 30 minute incubation, 5 ul, of 4 nM Ihunan
I 1)l.l& extracellular dontain-I Iuroptum Kryptate was added
and the mixture was incubated for an additional 2 hours.

[1202] The TR-FRET stgnal was mcasurcd on an Enht-
ston or PheraS(ar utstrument with a 60 ms delay. 330 nm
axe)(ation and 665 nm mntsston (FRET), and 330 nlvi
excitation and 615 nm (I iuropium) 'I he Itlil IT antic (I'Rl I'I'/

Europium) was used for calculations

l)ata Analysis

[1203] No inhibition (0%a) was observed from the wells
contauung DMSO (Control) tn columns 21 and 22 of the
compound plate. Full mlnbition (100%) wns observed from
the wells containing I uM lnunan P('SK9 (('ontntl) in
coluntns 23 and 2-1 of the plate I )ata is expressed as percent
inhibition: (value—0%a)'(100%—0%)

I'AI3l,l. 34

P( 8K9)*I 'll'I'n( '„'tle p I'Ip plltw 1'th

resent d s I sute n the PC8K9 I ret assav

Materials

[1188J I Imnan P('SK9
[1189] Human PCSK9 Alexa Fluor 647
[1190] Iluman I.I)I R extracelluhsr domain-lturopnun

Kryptate
[1191] Proxi plate-low volume assay phate (Perid-

nElmcr ¹6008280)
[1192J (ireiner V-bottont ((ireiner BioOne 8781280)
[1193] Assay Buiii:r

[1194J 20 mM I II!Pl'S. pi I 7 5

[1195] 150 mM NaCI
[1196J I mM ('a('I,
[1197] 0.01%a v/v Tv een20
[1198] 0.01!o w/v BSA

[1199] A master compound plate was prepared In a
Cireiner V bottom plate by diluting compounds of the
disclosure in dunethylsulfoxide to the correct concentration
for thc desired top conccntmtion based on the destrnl Iinal
concentration: for a 30 uM Iinal conccntratton the master
plate concentration is I 5 mM (68 ul. DMSO+12 ul, 10 ntM
of a compound of the dtsclosure), for a 10 uM final con-
centration the master plate concentmntion is 0.5 mM (76 uL
DMSO+4 uL 10 mM of a compound of the disclosure). for
a 3 uM final concentration the master plate concentmtion Is
150 uM (69 uL DMSO+I uL lfi mM of a compound of the
dtsclosurc). These solo(tons were ptpettcd mto colunms I

and I 1 of the compound plate Threetitld serial dilutions
were generated in colmnns 2-10 and 12-20 of the contpound
plate by transferring 10 uL into 20 ul of DMSO. Colunuts
21 and 22 of the compound plate were negative controls
containing DMSO alone.
[1200J An mtermediate plate was generated in a (ireiner V
bottom plate by transferring 8 ui, fmrn each 9 ell of the
master plate into a corresponding well containing 92 uL of
assay buff'er and mixing thoroughly.
[1201] A Prox& plate-low volume assay plate was used for
the assay. 'I 0 all wells of the plate tvas added I 0 ul, of 16 nM
I lumen P('SK9 Alexa I'luor 647. followed by 5 ui from the

Cmd
0
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I
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TABLE 34-continucd TABLE 34-conttnued

PCSK9.) ti tr nf I"1 pntypept des nf the
reseat dts Insure Iu thc PCSK9 Ftct ossa

PCSKJ 1 t st, nfcy Ic potipept des of the
rcscut d!sct sun m thc PCSK9 Fret assi

Cuid
Nn

PCSK9 FRET
assay IC9, tuM)

May '.

II!1!! I It!on

Cui(I
No

PCSK9 FRET
hssi IC on)MI

Mas %
It!1'Ithalolt

46
47
48
49
1(J

51

1

7

3
6f

61
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7!
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4

76
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2
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.'QLFIVALENTS

02041 Those sldlled in the arr spill recognize, or be able to
dscctlanl, Llsnlg no nlvrc tlrdn roufnlc I:xpt:tnncntaltLul,
tnunerous equivalents to the specific entbodintents described
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speciiically herein. Such equivalents are intended to be
encompassed In the scope ol'he followulg cianns.

1 A compound of Ilormula (I)

0

IJ4."
O Xs X,

R, R„ R,

ivhcl'cin.',

and Xs arc each lndcPcndcntly H or (C,-C&)alkyl. or
X, and X, together with the carbon atom to which they
are attached form (0):

Xs is CH, when X, and X, are each uldepcndcntly H
or ((:,-( &)alkyl, or X, and X. together lvith the carbon
atom to which they are attached form (0), or Xl ls

0 „NH or N(C,-('s)alkyl-.whenX, andX,
together with the carbon atom to which they are
attached I'onn (0),

R, is ((:3 Cis)aryl or 5- or 6-membered heteroaryl com-
prising 1-3 heteroatoms selected thorn N. 0. Bnd S,
whcrcln Ihc aryl and hcleroaryl arc subsliluted with
~R]a or NR ]RI&, and opuonallv sllbsnlilu:d with
onc ol'nure R»',

R IS H (C I C&)alkvl (0 C&)BlhCny L (C] C&)hlllOBlky I

NR, SR, „(C -C )carbocsyclyl. (Cs-C )cyscloalkenyl,
6- to 7-menlbered heterocyclyl comprising 1-3 heteroa-
toms selected from N. 0, and S (( &

( iu)a&1 ol'- oi'-memberedheteroaryl comprising 1-3 heteroatoms
selected from N, 0, and S, wherein the alh3 I is option-
ally substituted with one or more R,„. Bnd the carbo-
cyclyl, (C,-C7)cycloalkcnyl, hclerocyclyl, aryl and hct-
croaryl are opuo nally substituted with one or more R, 7,

R3 is H D (Ci Cs)alkYI (Ci Cs)alkoXV (Ci Cs)ha-
loalkv'I (C I C&)haloalkoxY, or (C ~

C&)hvdl'oxvBlky I,

w'hcrchl lhc alkyl is opllonallv'ubsuuucd w ilk onc or
more R,w

Rs is I I or ((',-('3)alkyk or

R3 and Rs together with the atoms to lvhich they are
attached form a 5- to 7-membered heterocyclyl ring
comprising 1-3 heteroatoms selected from N. 0. and S,

R, and R, are each independently H. D. (Ci Cs)alkyl,
(C,-C )alkoxy, (C,-C )haloalkyl, (C,-C )haloalkoxy,
or (C,-C&)hydroxyalkyl, whcrcin thc (C,-C&)alkyl is
optionally substituted with onc or more D.

R& is (('I-('&)alkyl, ((',-(:&)alkoxy, ((',-( &)haloalkyl. ((:,-
('3)haloaikoxy, or (( I ( &)hydnlxyalkyl, lvherein the
alkyl is optionally substituted with one or more sub-
stituents each independently selected thorn (C,-C,)
Bll'oxl (Ci Cs)haloalkoxy, C(0)(C, -(',)alkyl,
M(0)OH Bnd M(0)0(CI Cs)alkyl:

Rs is H (Ci C&)alkYL or (Ci C&)haklalhvl whcl'cln lhc
alkyl Is opuonally substituted with onc or morc sub-
stituents each independently selected from (('3 ( 7)
carbocyclyl, 4- to 7-membered heterocyclyl compns-

ing 1-3 heteroatonls selected from N. 0. and S,
NRI&RI7 and ~(0)NR~&R]7,

Rv Is halogen, (C„-C&)alkyl. (C,-C&)alkoxy, (C,-C&)ha-
loalkyl, ((.',-('&)haloalkoxy, ~)I I. or ('N;

Riu is ((:3-(.'m)aryl or 5- or 6-membered hetemaryl com-
prising 1-3 heteroatoms selected fmm N. 0. and S,
v herein the aryl and heteroaryl are optionally substi-
tuted with one or nlore R„t

cack Rii Is lndcpmximllly at cuch occurrcncc halogen.
(C,-CS)alkyl. (C,-CS)alkoxy, (C,-CS)haloalkyl, (C,-
('&)haloalkoxy, OI I, or ('N:

R,c and R„are each independently I I or ((:,-('&)alkyh
each R&3 is independently at each occurrence D,

NR~ R~ (Ci Ci)carbocyclyl, or 3- to 7-mcmbcrcd
helcrocyclyl comprising 1-3 hctcroaloms selcclcd Irom
N, 0, and S, lvherein the carbocyclyl and hetemcyclyl
are optionally substituted with one or more substituents
each independently selected from halogen, (C,-C,)
Bll'yl, (Ci Cs)811'OXY ((.'I Cs)halOalkyl, and (Ci Cs)
haloalkoxy:

R] and 8, 3, are each independently I I or (( I
( &)BII )i;

Ris uld Ril Bre eaCh indePendently H Or (C,-CS)alkyL Or

R
I & Bnd Ri u)gether with Ihc mtrogcn atom to wluch Ihey
me attached form a 4- to 7-nlembered hetemcyclyl ring
optionally conlprisin 1-2 additional heteroatoins
selected from N. 0. and S;

each R,s is lndcpmldmltly al euch occurrence (C,-CI)
carbocyclyl, 5- Io 7-membered hcterocyclyl compris-
ing 1-3 heteroatonls selected from N, 0, and S. (('3-
(.'m)aryl, or 5- or 6-membered hetemaryl comprising
1-3 heteroatoms selected from N. 0, and S, v herein the
carbocyclyl, heterocyciyl. aryl and heteroaryl are
optionally substituted with one or more Rs„:

each R„3 is independently at each occurrence halogen,
(( I ( 3)alkyl (( I ( )Slkoxy, ((',-('s)haloalkyl, ((',-
C,)haloalkoxy, Oik or CN: or

two R,s together. when on adtacent atoms, Ibml a (C&-
(.'m)aryl or 5- or 6-membered heteroaryl ring compris-
ing 1-3 heteroatonls selected from N, O. and ), lvherein
the aryl and heteroaryl are optionally substituted Ivith
one or more substituents each independently selected
from halogen, ((',-C,)alkyl. (Ci Cs)all'oxv (('I Cs)
lmloalkyl, (C,-C )liuilosalkoxy, OH, and CN:

each R„, is independently at each occurrence halogen,
(( I ( 3)alkyl (( I ( )Slkoxy, ((',-('s)haloalkyl, ((',-
C,)haloalkoxy, oxo. Oik or CN: or

when R~s is a carbocyclyl or 8 helcrocyclyl, Iwo Rlu,
v hen attached to the same carbon atonl. together form

(0):
Rii is H or (C,-(.,)alkyh
each Rll is independently at each occurrence halogen,

(( I ( &)BlkVI (Ci ( 3) ill OXY (( I ( &)haloalkyl, ((:,-
C&)haloalkoxy, OH„CN. (C,-CO,)aryL or 5- or
6-membered heteroaryl compnsin 1-3 heteroatoms
sclcctcd from N. 0. Bnd S, wherein the aryl and
hclcroaryl arc opllonlllly siibstltuled with one or nlore
R„;

each Rss is independently at each occurrence halogen,
(C,-C,)alkyL (C,-C,)alkoxy, (C,-C,)haloalkyl, (C,-
Cs)llaloalkoxy, ~H1(OCHSCH3)»OCHICH&.

OH, CN, or 4- Io 7-mmnbered hcterocyclyl comprls-
uig 1-3 bc(eros(orna sclccted from N, 0. and S, wherein
the heterocyclyl is optionally substituted with one or
more substituents each independently selected from
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halogen. (C,-C,)alkyl, (C,-C,)alkoxy, (C,-C,)bz-
loalkyl, (C,-C,)haloalkoxy. OH, C(O)Rz R,l,

NR »C(O)R l NHz NH(C~ Cr)ldl'vl and
N(((',-('r)alkyl),, and the alkyl is optionally substi-

tuted lvith NR»»R»s or a 4- to 7-membered hetero-
cyclyl comprising 1-3 heteroatoms selected from N. 0,
and S optionally substituted with one or more substitu-
ents each independently selected from halogen, (C,-
Ce)ldl vl (Ci C») Ill oxy (Cl Ce)haloall'vl (Ci Ce)ha
loalkoxy. ~H. NH„NH(C~ Cr)lllkyb and

N(((li ( e)alkyl),: and
Rze and Rz, are each indePendently I I (( l ( e)alkyl. or

(('»-C,)carbocyclyl optionally substituted wirh one to
nvo (C,-C»)alkyl,

or a phannaceutically acceptable salt. hydrate, solvate,
prodrug, stcrcoisomcr, N-oxide, or tautomcr thereof.

2. Thc compound according to claim 1, wherein R„ is H
or ((',-('r)alkyl.

3 I he conlPound accordmg to claim I, lvherein Re is I i.
4 'I'he conlpound according to claim l. wherein Rl and Re

together lvith the atoms to which they are attached form a 5-
to 7-membered hetemcyclyl ring comprising 1-3 heteroa-
toms selcctcd I'rom N, 0, and S.

5. Thc comPound according to claim 4. whcrcul R, aixl Re
together lvith the atoms to which they are attached form a
6-membered heterocyclyl ring comprising 1-3 heteroatoms
selected front N. 0, and S.

6. The compound accordmg to claim 1, wherein R, is H
or (C, -C,)alkyl.

7. Thc compound accorduig to el»un 1, wherem Rs is
(C,-Cs)alkyl

g 1he compound according to claim I, wherein Rz is I I

ol (( i ( e)alkyl.
9 'I'he compound according to claim l. wherein Rl is

(C,-C,)alkyl.
10. The compound accordin to claim 1. wherein R» is

hillogen.
11. The compound accordulg to claim 1, wherein R is

chloro.
12. 1he compound according to claim l„v herein R» is

((:f-('e)alkyl optionally substituted with one to three sub-
stituents each independently selected from (C»-C,)carbocy-
clyl. 4- to 7-membered heterocyclyl comprising 1-3 heteroa-
toms sclectcd I'rom N, 0, and S, NR»»Rlz and ~(O)
NR„»R„,.

13. 1he compound according to claim l„v herein R» is
(C,-C,)allyl

14. The compound ol clauu 1. havulg a Formula (la),
lfonnula (Ib), I'ornlula (Ic), Ilormula (Id), Formula (Ie),
lfonnula (If). I'ornlula (Ig). I ormula (Ih), Ifornmla (Ii),
Fomnlla (Ii). Fornulla (Ik). Fornnda (Im). or FormuLa (lo)

-conthulixl

0

0

~:...
I

i'Jl

0

:,.j''JL

R, R» Ri

(Ifzl

(Idl

fle)

0

SI

II»f 0

JL
o

=='

R

R, R» R,
Rz R» Ri
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-continued -cottlttttuxl
I bol

RI

0

Ro

"I JL 'N

0 ~ ~0. [[or]]
R, 0

0

"..I;JL

.~.A .

Rs

(R»b

ORIw r

(lo)

Ox,r,

(Ri i)„

Ox is.

(RII 1

:.g3
0 +0

N

0

e

15. The compound accordutg to claun 14, whcrcut RI Is

phenyl subsltlutcd vnth ~R„, and opuonally subsululcx]
with one to three R» ol Rr is pyridutyl substituted saith
~)Rro and optionally substintted with one to three R»

16-17 (canceled)
18. Thc comPoutxl according lo clmm 14, whcrcut Ru, Is

phenyl substituted with onc lo three Rrz or Rm is pyrultnyl
substttuted with one to three ]&, .

19. (canoe]cx])

20. The compound according to claim 1 selected from:
(3R,7S.]OS,]3R)-6-(4-chloro-2-(4-(l-methy]-2-(pyrroli-

dut-1-ylmcthyl)-1H-imidazol-5-yl)pheuoxy)bmtzyl)-
13-(4-chlorobcnzyl)-10-(hydroxymethyl)-7-methyl-3-
(pyridin-2-ylnlethyl)-1.6.9,12-tetraazabicyclo] 1 1 0 1 J

heptadecane-2.5,g,l 1-tetraone;
(35,7S,]OS,]3 R)-6-(4-chloro-2-(4-(2-((dintethylamino)

methyl)-1-methyl-1H-imidazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-10-(methoxymethyl)-7-methyl-3-
(2,2,2-tnlluoroelhyl)-1,6.9,12-tctraazabtcyclo(11.3.]j
heptadrcane-2,5,3.11-(ctraonc,

2-(((3R,7S, I OS.]3R)-6-(4-chloro-2-(4-(2-((duuethyl-
anlino)methyl)-I-methyl-111-imidaxol-5-yl)phenoxy)-
6-iluorobenzyl)-13-(4-chlorobenzyl)-10-(methoxym-
ethyl)-7. 12-dimethy]-2,5 „g. 1 1 -tetraoxo- 1.6.9.12-
tetraaznbicyc]o( H 3.]]heptadecan-3-y])methyl)
pyridine 1-oxide;

(3R,7S,]OS,]3R)-6-(4-eh]ore-2-(4-(2-((dunclhylmnino)
methyl)-1-methyl-IH-inudazol-5-yl)phcuoxy)benzyl)-
13-(4-chlorobcnzyl)-10-(methoxymethyl)-7-methyl-3-
((6-methylpyridin-2-yl)methyl)-1. tx9,12-
tetraazabicyclo(11 3 I Jheptadecane-2,5,g,l 1-tetraone:
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(3S,7S, IOS.13R)-6-(4-chloro-2-(4-(2-((cyclobutylamino)
methyl)-I-methyl-I H-tnudazol-5-yl)phcnoxy)-6-fluo-
robenzyl)-13-(4-chlorobenzyl)-10-(hydroxymcthyl)-7-
methyl-3-(2.2,2-trifluoroethyl)-1. 6,9,12-
tetraazabicyclo[11 3 1]heptadecane-2„5.8,11-tetraone:

(3S,7S, IOS.13R)-6-(2-(4-(2-((tert-butylamino)methyl)-1-
methyl-IH-imtdazol-5-yi)phcnoxy)-4-citiorobcnzyi)-
13-(4-chlorobenzyl)-10-(mcthoxymcthyl)-7-methyl-3-
(2.2.2-trithtoroethyl)-l.fx9,12-tetraazabicyclo[11 3 IJ
heptadecane-2,5,8.11-tetraone:

(3S.7S, IOS.13R)-6-(4-chlom-2-(4-(4-((dtmethyl nnino)
methyl)-5-methyl-I H-tnudazol-I-yl)phcnoxy)benzyl)-
13-(4-chlorobenzyl)-3-((S)-2,3-dihydro-lH-mdcn-l-
yl)-10-(hydroxymethyl)-7-methyl-1. 6,9,12-
tetraazabicyclo[11 3 1]heptadecane-2„5.8,11-tetraone:

(3S.7S, IOS.13R)-6-(4-chlom-2-((G-(2-((dunethylamino)
methyl)-I-methyl-I H-tnudazol-5-yl)pyridut-3-yl)
oxy)-6-fluorobcnzyl)-13-(4-citlorobcnzyi)-IO-
(methoxymethyl)-7-ntethy1-3-(2.2,2-trifluoroethyl)-1.
6.9.12-tetraazabicyclo[11 3.1 Jheptadecane-2.5,8,11-
tetraone:

(3S.7S, IOS.13R)-6-(4-chlom-2-(4-(2-((dtmethyl nnino)
methyl)-I-methyl-I H-tnudazol-5-yl)phcnoxy)benzyl)-
13-(4-chlorobenzyl)-10-(methoxymethyl)-7,12-dint-
ethy1-3-(2,2,2-trifluomethyl)-1,6,9.12-tetraarabicyclo
[11.3.1]heptadecane-2,5.8.11-tetraone:

(3R.7S.I OS,13R)-6-(4-chloro-2-fluoro-6-(4-(l-meflty1-2-
(pyrroltdin-I-ylmcthyl)-IH-tnudazol-5-yl)phenoxy)
benzyl)-)3-(4-chlombenzyl)-3-(cyclopropylmethyl)-
10-(hydroxymethyl)-7-methyl-1.6,9,12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3R.7S.I OS,13R)-3-bmtzy1-6-(4-cldoro-2-(4-(2-((duueth-
ylamino)ntethyl)-I-methyl-111-imithvzol-5-yl jphe-
noxy)-6-fluorobenzyl)-13-(4-chlorobenzyl)-10-(hy-
dmxyntethyl)-7-methyl-l,fx9,12-tetraazabicyclo[11 3

1]heptadecane-2.5. 8,11-tetraone;
(3S.7S, IOS.13R)-6-(4-chlom-2-((G-(2-((dunethylamino)

methyl)-1-methyl-111-imtdazol-5-yl)pyridin-3-yl)oxy)
benzyl)-)3-(4-chlombenzyl)-10-(methoxymethyl)-7,
12-dimethyl-3-(2,2,2-trifluomethyl)-1,6,9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3R.7S.I OS,13R)-6-(4-chloro-2-(4-(2-((dimethylmntno)
methyl)-I-methyl-111-imtdazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-chlontbenzyt)-IO-(rnethoxymethyl)-7.
12-dimethyl-3-((6-methylpyridin-2-yl)methyl)-1,63),
12-tetraazablcyc)o[I I 3 1]heptadecane-2.5.8.11-
tetraone:

(3 lt.7Y. I OS,1311)-6-(4-chloro-2-fluoro-f&-(4-( I -methyl-2-
(pyrrohdin-I-ylmethyl)-111-imithvzol-5-yl)phenoxy)
benzyl)-13-(4-clt)orobenzyi)-I 0-(methoxymethyi)-7.
12-dimethyl-3-((G-methylpyridin-2-yl)methyl)-1,6.9,
12-tetraazablcyc)o[I I 3 1]heptadecane-2.5.8.11-
tt:trairlte;

(3R7S,IOS.13R)-6-(4-chlom-2-fluonu6-(4-(l-methyl-2-
(pyrroltdin-I-ylmethyl)-IH-imidazol-3-yl)phenoxy)
benzyl)-13-(4-clt)orobenzyi)-I 0-(hydroxymethyi)-7-
methyl-3-(2.2„2-trifluoroethyI)-1.6,9.12-
tctraazabicyclo[11 3.1]heptadccane-2,5.8,11-tetraonc.

(3S,7S, IOS.13R)-6-(4-chloro-2-(4-(2-((dimethylmnino)
methyl)-I-methyl-I H-tnudazol-5-yl)phcnoxy)benzyl)-
13-(4-chlorobenzyl)-3-((R)-6,7-dthydro-5H-cyclo-
pcnta[b]pyndut-5-yl)-10-(hydroxymcthyl)-7-methyl-l.
6.9.12-tetraazabicyclo[11 3.1 Jheptadecane-2.5,8,11-
tetraone:

(3R,7S. IOS,13R)-3-benzyl-ti-((5-chloro-3-(4-(2-((dim-
cthylmmno)methyl)-I-methyl-I H-imtdazol-5-yl)phe-
noxy)pyrxlin-2-yl)methyl)-13-(4-chlorobcnzyl)-10-
(methoxymethyl)-7-methyl-1.6,9,12-tetraazabicyclo
[11.3.1Jheptadecane-2.5,8.11-tetraone,

(3R,7S. IOS,13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)benzyl)-
13-(4-chlorobcnzyl)-IO-(hydroxymcthyl)-7,12-dun-
ethy1-3-(pyridin-2-ylmethyl)-I.GOL)2-tetraazabicyclo
[11.3.1Jheptadecane-2.5,8.11-tetraone,

(3R,7S, IOS,13R)-6-(4-chloro-2-(4-(2-((duncthylmnino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)benzyl)-
13-(4-chlorobcnzyl)-10-(hydroxymethyl)-7-methyl-3-
(pyridin-3-ylntethyl)-1.6.9,12-tetraazabicyclo[113 I J

heptadecane-2.5,8,11-tetraone;
(3 S,7S, I OS.13R)-6-(4-chloro-2-(4-(2-((dtmcthylanuno)

methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)benzyl)-
13-(4-chlorobcnzyl)-IO-(hydroxymcthyl)-7,12-dun-
ethy1-3-(2,2,2-triflttoroethyl)-I.GOL)2-tetraazabicyclo
[11.3.1Jheptadecane-2.5,8.11-tetraone,

(3R,7S, IOS,13R)-6-(4-chloro-2-(4-(2-((duncthylmnino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)benzyl)-
13-(4-chlorobcnzyl)-10-(methoxymethyl)-7-methyl-3-
(pyridin-2-ylntethyl)-1.6.9,12-tetraazabicyclo[113 I J

heptadecane-2.5,8,11-tetraone;
(3 S,7S, I OS.13R)-6-(4-chloro-2-(4-(2-((dtmcthylanuno)

methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)-6-fluo-
robcnzyl)-13-(4-cltlorobenzyl)-I 0-(mcthoxymcthyi)-7,
12-ditnethy1-3-(2.2,2-trifhtoroethyl)-1. 6,9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,11-tetraone:

(3R,7S, IOS,13R)-6-(4-chloro-2-(4-(2-((duncthylmnino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)benzyl)-
13-(4-chlorobenzyl)-10-(methoxymethyl)-7-methyl-3-
(pyridin-3-ylntethyl)-1.6.9,12-tetraazabicyclo[113 I J

heptadecane-2.5,8,11-tetraone;
(3R,7S, IOS,13R)-6-(4-chloro-2-((6-(2-((duncthylamino)

methyl)-I-methyl-IH-inudazol-5-yl)pyndut-3-yl)oxy)
benz)I)-)3-(4-chlorobenzyl)-I 0-(methoxymethvl)-7,
12-ditnethy1-3-((6-methylpyridin-2-yl)ntethyl)-1,6,9.
12-tetraazabicyclo[11.3 I Jheptadecane-2.5,8,11-
tetraone:

(3R,78, IOS, 13R)-3-bcnzyl-6-(4-chloro-2-(4-(2-((dnueflt-
ylamino)methyl)-I-ntethyl-I I I-imidazol-5-yi)phe-
noxyj-3-fluorobenzyl)-13-(4-chlombenzylj-)0-(hy-
droxymethyl)-7-ntethy1-1,6,9. 12-tetmaazabicyclo[1 1 3
1]heptadecane-2,5.8,11-tetraone:

(3R,7S, IOS,13R)-6-(4-chloro-2-(4-(l-methyl-2-(pyrmh-
din-I-ylmethyl)-111-imidazol-5-yl)phenoxyjbenzyl)-
13-(4-chlorobenzyl)-3-ethyl-10-(hydroxyntethyl)-7-
methyl-l,fi,9.12-tetraazabicyclo [11 3.1]heptadecane-2.
5,8.1l-tetraone;

(3R,78, IOS, 13R)-3-bcnzyl-6-(4-chloro-2-((6-(2-((dun-
ethylatninojntethyl)-I-methyl-I I I-inudazoi-5-yl)pyri-
din-3-yljoxy)benzyl)-13-(4-chlorobenzyl)-10-
(methoxymethyl)-7,12-dimethyl-1,6,9.12-
tetraazabicyclo[I I 3.1]heptadecane-2„5.8,11-tetmaone:

(3 S,7S, I OS.13R)-6-(2-(4-(2-(azeudin-l -ylmcthyl)-I-
methyl-111-imidazol-5-yl)phenoxy)-4-chloro-fufluo-
robenzyl)-)3-(4-chiombenzyi)-I 0-(hydntxymethyt)-7-
methyl-3-(2.2,2-trifluoroethyl)-l,(i. 9,12-
tetraazabicyclo[I I 3.1]heptadecane-2„5.8,11-tetmaone:

(3 S,7S, I OS.13R)-6-((5-chloro-3-(4-(2-((dtmcthylamuto)
methyl)-1-methyl-111-imidazol-5-yljphenoxy)pyridin-
2-y))ntethyl)-)3-(4-chlorobenzyl)-10-(methoxym-
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ethyl)-7-methyl-3-(2.2.2-trifluoroethyl)-l,ti,9.12-
tetraazabicyclo[11.3.1]hcptadecanc-2,5.8,11-tetraone.

(3R.7S.I OS,13R)-6-(4-chloro-2-(4-(l-methyl-2-(pyrroli-
din-I-ylmethyl)-I I I-tntidazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-IO-((difluontmethoxy)methyl)-7-
methyl-3-(pyridln-2-ylmethyI)-1.6,9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3S.7S, IOS.13R)-6-(4-chiom-2-((5-(2-((dunethylamino)
methyl)-1-methyl-111-imtdazol-5-yl)pyridin-2-yl)oxy)
benzyl)-13-(4-chlombenzyl)-3-((l&)-2.3-dihydm-l I I-
inden-l-yl)-10-(hydroxymethyl)-7-methyl-1.6.9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3S.7S, IOS.13R)-6-(4-chiom-2-((5-(2-((dunethylamino)
methyl)-1-methyl-111-imtdazol-5-yl)pyridin-2-yl)oxy)
benzyl)-13-(4-chlombenzyl)-3-((S)-2,3-dihydro-l I I-

inden-l-yl)-10-(hydroxymethyl)-7-methyl-1.6.9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3R.7S.I OS,13R)-6-(4-chloro-2-(4-(2-((dimethylmntno)
methyl)-I-methyl-111-imtdazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-chlontbenzyI)-IO-(hydroxymethyl)-7.
12-dimethyl-3-(pyridin-2-ylmethvl)-1.6.9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3S.7S, IOS.13R)-6-(2-(4-(2-(azettdut-l-ylmethyl)-l-
methyl-111-imidazol-5-yl)phenoxy)-4-chlorobenzyl)-
13-(4-chlorobenzyl)-I-(methoxytnethyl)-7-methyl-3-
(2.2.2-trifluoroethyl)-1.6,9.12-tetraazabicyclo[113
1]heptadecane-2.5. 8,11-tetraone;

(3R.7S.I OS,13R)-6-(4-chloro-2-(4-(2-((dimethylmntno)
methyl)-I-methyl-111-imtdazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-chlontbenzyI)-3-(2,6-difluorobenzyl)-
10-(hydroxymethyl)-7-methyl-l.G,9,12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3 l&.7Y. I OS,13 I&)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-1-methyl-111-imtdazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-10-(methoxymethyl)-7-methyl-3-
(oxazol-2-ylmethyl)-1.6.9.12-tetraazabicyclo [11.3.1]
heptadecane-2,5,8.11-tetmone:

(7R I OS,13 K)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-1-methyl-1 I l-imtdazol-5-yl)phenoxy)-6-(2.2.
2-trifluoroethoxy)benzyl)-13-(4-chlombenzyl)-10-(hy-
droxymethyl)-7-methyl-l,6. 9,12-tetraazabicyclo[113
1]heptadecane-2.5. 8,11-tetraone;

(3 l&.7Y. I OS,13 I&)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-1-methyl-111-imtdazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-10-(hydroxymethyl)-7.12-duu-
ethy1-3-(2,4,6-trifhtorobenzyl)-1,6.9,12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3 l&.7Y. I OS,13 I&)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-1-methyl-111-imtdazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-10-(methoxymethyl)-7.12-dim-
ethyl-3-((G-methylpyridin-2-yl)methyl)-1.6.9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3 l&.7Y. I OS,13 I&)-3-benzy1-6-(4-chl ore-2-fluoro-6-(4-(5-
methyl-4-(pyrrolidin-I -ylmethyl)-I I I-imidazul-I-yl)
phenoxy)benzyl)-13-(4-chlorobenzyl)-10-(methoxym-
ethyl)-7-methyl-l.G,9,12-tetmazabicyclo[11.3,1]
heptadecane-2,5,8.11-tetmone:

(3 l&.7Y. I OS,13 I&)-3-((l:)-but-2-en-I -yl)-6-(4-chloro-2-(4-
(2-((dimethylamino)methyl)-I -methyl-I I I-imidazol-5-
yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-10-(hy-
droxymethyl)-7-methyl-l,6. 9,12-tetraazabicyclo[113
1]heptadecane-2.5. 8,11-tetraone;

(3 l&.78.108,13 I&)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-1-methyl-111-imtdazol-5-yl)phenoxy)benzyl)-

13-(4-chlorobenzyl)-10-(hydroxymethyl)-7-methyl-3-
((6-mcthylpyrulm-2-yl)methyl)-1.6,9,12-
tctraazabtcyclo[11 eh 1]heptadccane-2,5,8,11-tetra one:

(3R,7S. IOS,13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methvl-IH-intidazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-3-(cyclopmpylmethyl)-10-(hy-
droxymethyl)-7-methyl-1,6,9,12-tctraazabtcyclo[11.3.
1]hcptadccanc-2,5.8.11-tctraoue:

(3R,7S. IOS,I3R)-3-benzyI-G-(4-chloro-2-(4-(2-((dimeth-
ylamino)methyl)-I-methyl-IH-imidazol-5-yl)-3-fluo-
rophenoxy)bcnzyl)-13-(4-chlorobntzyl)-10-(hy-
droxymethyl)-7-methyl-1,6,9,12-tctraazabtcyclo[11.3.
1]hcptadccanc-2,5.8.11-tctraoue:

(3R,7S. IOS,13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methvl-IH-intidazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobcnzyl)-10-(methoxymethyl)-7-methyl-3-
((l-methyl-6-oxo-1.6-dthydropyudin-2-yl)methyl)-1.
6,9.12-tetraazabicyclo[11.3.1]hcptadecauc-2,5.8,11-
tetraone;

(3 S.7S, I OS.13R)-G-(4-chloro-2-(4-(2-((cyclobutylantino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)-6-fluo-
robcnzyl)-13-(4-cltlorobenzyl)-I 0-(methoxymethyi)-7-
methyl-3-(2,2,2-tnfluorocthyl)-1,6,9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,1l-tetraone:

(3R,7S. IOS,13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)benzyl)-
13-(4-chlorobcnzyl)-10-(hydroxymethyl)-7-methyl-3-
(2,4.6-tnfluorobcnzyl)-1.6,9,12-tctraazabtcycio[11.3.
I Jheptadecane-2,5.8. I I -tetrnme:

(3R,7S. IOS,13R)-6-(4-chloro-2-(4-(l-methyl-2-(mor-
pholutomcthyl)-IH-imitlazol-5-yl)phenoxy)bcnzyl)-
13-(4-chlorobcnzyl)-10-(hydroxymethyl)-7-methyl-3-
(pyridin-3-ylntethyl)-1.6.9,12-tetraazabicyclo[113 I J

heptadecane-2.5,8,11-tetraone;
(3R,7S. IOS,13R)-6-(4-chloro-2-(4-(2-((dimethylamino)

methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)-6-fluo-
robcnzyl)-13-(4-cltlorobenzyl)-I 0-(hydroxymethyi)-7-
methyl-3-(2,3,4-trifluorobenzyl)-1.63812-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,1l-tetraone:

(3 S.7S, I OS.13R)-G-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)-6-fluo-
robcnzyl)-13-(4-cltlorobenzyl)-3-((S)-2,3-dthydro-IH-
inden-I -yl)-10-(hydroxymethyl)-7-methyl-l.tx9,1 2-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,1l-tetraone:

(3R,7S. IOS,I3R)-3-benzyI-G-(4-chloro-2-(4-(2-((dimeth-
yhunino)methyl)-I-methyl-IH-tmidazorl-5-yl)phe-
noxy)bcnzyl)-13-(4-chlorobenzyl)-10-(hydroxym-
ethyl)-7-methyl-l,6.9,12-tetraazabtcyclo[11.3 1]
heptadecane-2.5,8,11-tetraone;

(3R,7S. IOS,13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)-6-fluo-
robcnzyl)-13-(4-cltlorobenzyl)-I 0-(hydroxymethyi)-7-
methyl-3-propy1-1.6,9,12-tetraazabicyclo [11 3.1 J

heptadecane-2.5,8,11-tetraone;
(3R,7S, IOS, 13R)-3-bcuzyl-6-(4-chloro-2-((6-(2-((dun-

cthylmmno)methyl)-I-methyl-I H-imtdazoi-5-yl)pyn-
dut-3-yl)oxy)bcttzyl)-13-(4-chlorobntzyl)-10-
(methoxymethyl)-7-methyl-1.6,9,12-tetraazabicyclo
[11.3.1Jheptadecane-2.5,8.11-tetraone,

(3R,7S, IOS, 13R)-3-bcuzyl-6-(4-chloro-2-(4-(2-((duueflt-
yhunino)methyl)-I-methyl-IH-tmidazorl-5-yl)phe-
noxy)bcnzyl)-13-(4-chlorobenzyl)-10-(hydroxym-
ethyl)-7,12-dimethyl-1.6,9,12-tetmazabicyclo[1 I 3 I J

heptadecane-2.5,8,11-tetraone;
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(3R,7S. I OS,13R)-3-benzyl-6-(4-chloro-2-(4-(2-((dimeth-
ylamino)methyl)-I-methyl-IH-nntdazol-5-yl)phc-
noxy)-5-fluorobettzyl)-I 3-(4-chlorobcnzyi)-IO-gty-
dmxyntethyl)-7-methyl-I zb9,12-tetraazabicvclo[11 3

IJheptadecane-2,5.8,11-tetmone;
(3S.7S, IOS,13R)-13-(4-cldorobcnzyl)-3-((S)-2,3-di-

hydro-111-inden-I -yl)-6-(2-(4-(2-((diinethylamino)
ntethyl)-I-methyl-111-nnidazol-5-yl)phenoxy)benzvl)-
10-(hydroxymethyl)-7-methyl-l.6,9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5.8.11-tetraone:

(3 1078.10S,13 I&)-3-benzy1-6-(4-chl ore-2-(4-(5-((dimeth-
ylamino)methyl)-4-methyl-4H-1.2,4-triazol-3-yl)phe-
noxy)benzyl)-13-(4-chlorobenzyl)-10-(hydroxym-
cthyl)-7-methyl-1.6,9,12-tetraazabicyclo [11.3.1]
heptadix Bnc-2,5,8.11-tctraone:

(3R,7S. I OS,13R)-6-(4-chloro-2-(4-(2-((dimethyiamino)
methyl)-I-methyl-I H-inudazol-5-yl)phcnoxy)-6-fluo-
robenzyl)-13-(4-chlorobenzyl)-10-(methoxymcthyl)-7.
12-dimethyl-3-(pyridin-2-ylmethyl)-1,6,9.12-
tetraazabicyclo[11 3 1]heptadecane-2„5.8,11-tetraone:

(3S.7S, IOS,13R)-6-(4-chloro-2-(4-(2-((dtmethylamino)
ntethyl)-I-methyl-111-nnidazol-5-yl)phenoxy)benzvl)-
13-(4-chlorobenzyl)-3-(2,2-difluoroethyl)-10-(hy-
droxymethyl)-7-methyl-l.4.6,9.12-pentaaznbicyclo
[11.3.1]heptadecane-2,5,8.11-tetraone:

(3R,7S.I OS,13R)-3-benzyl-6-(4-chloro-2-(4-(2-(((S)-3-
hydroxypyrrolnhn-I-yl)methyl)-I-methyl-IH-inudh-
zol-5-yl)phcnoxy)bmtzyl)-13-(4-chlorobenzyl)-10-
(methoxymethyl)-7-methyl-1,6.9.12-tctraazabtcyclo
[11.3.1Jheptadecane-2,5,8.11-tetraone:

(3cb 7S, I OS.13R)-3-benzy1-6-(4-chloro-2-(4-(2-((dimeth-
ylamino)ntethyl)-I-methyl-111-imichavol-5-yl)phe-
noxy)benzyl)-13-(4-chlorobenzyl)-10-(hydroxym-
ethyl)-7-methyl-l.4,6,9.12-pentaazabicyclo[11.3.1]
heptadix Bnc-2,5,8.11-tctraone:

(3R,7S. I OS,13R)-3-bmtzy1-6-(4-cldoro-2-(4-(2-((4-hy-
droxypipcndtn-I-yl)methyl)-I-methyl-IH-imidazol-5-
yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-10-
(ntethoxymethyl)-7-ntethy1-1,6.9,12-tetraaznbicyclo
[11.3.1]heptadecane-2,5,8.11-tetraone:

(3R,7S. I OS,13R)-6-(4-chloro-2-(4-(2-((dimethyiamino)
methyl)-I-methyl-I H-nntdazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-10-(hydroxymcthyl)-7-methyl-3-
(4-(trifluoromethyl)bcnzyl)-1,6.9,12-tctraazabtcyclo
[11.3.1Jheptadecane-2,5,8.11-tetraone:

(3 1078.10S,13 I&)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-111-imidazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-chlorobenzyl)-3-ethyl-10-(methoxytn-
ethyl)-7-methyl-l.G,9,12-tetmazabicyclo[11.3,1]
heptadecane-2,5,8.11-tetmone:

(3S.7S, IOS,13R)-6-(4-chloro-2-(4-(2-((dtmethylamino)
methyl)-I-methyl-I H-nnidazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobcnzyl)-10-((S)-I-hydroxyefltyl)-7-
ntethy1-3-(2.2,2-trifluoroethyi)-1.6,9.12-
tetraazabicyclo[11 3 I Jheptadecaue-2.5,8,11-tetraone:

(3R,7S. I OS,13R)-3-benzyl-6-(4-chloro-2-(4-(2-((dimeth-
ylamino)methyl)-I-methyl-I H-imidazol-5-yl)phe-
noxy)benzyl)-13-(4-chlorobenzyl)-10-(methoxym-
cthyl)-7,12-dimethyl-1,6,9,12-tctrmizabicvclo[11.3.1]
lleptadccallc-2,5,8, I I -tctiilollc:

2-(((3R,7S,I OS. I3R)-6-(4-citioro-2-(4-(2-((duncthyi-
amino)methyl)-I -methyl-111-imidazol-5-yl)phenoxy)
benzyl)-13-(4-chloiobenzyl)-10-(hydnixymethyl)-7-

methyl-2,5.8.1l-tetraoxo-1,6,9.12-tetraazabicyclo[11.
3.1]hcptadecan-3-yl)methyl)pyridute I-oxide:

(3S.7S, I OS.13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-imidazol-5-yl)pheuoxy)bcuzyl)-
13-(4-chlorobcnzyl)-10-(hydroxymcthyl)-3-iaopropyl-
7-methyl-1,4,6,9,12-pcntaazabicyclo[113 I]
heptadecane-2,5,8.11-tetraone,

(3 S,7S, I OS.13R)-6-(4-chloro-2-(4-(l-methyl-2-(pyrroh-
dut-I-ylmcthyl)-IH-imiciazol-5-yl)pheuoxy)bmtzyl)-
13-(4-chlorobenzyi)-3-((I&)-2.3-dihydro-i I I-inden-I-
yl)-10-(hydroxyntethyl)-7-methyl-1,6.9,12-
tetraazabicyclo[I I 3.1]heptadecane-2„5.8,11-tetmone:

(3 8,78, I OS,13 8)-6-(4-ch le re-2-(4-( I -ntethyl-2-( I -meth-
vlazetidin-3-yl)-111-imidazol-5-vl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-3-((S)-23-dihydro-IH-inden-I-
yl)-10-(hydroxymethyl)-7-methyl-1.6.9,12-
tctraaeabicyclo[11 xb 1]heptadccanc-2,5,8,11-tetra one:

(3S.7S, I OS.13R)-6-(4-chloro-2-(4-(2-((R)-1-(dnnethyl-
amino)ethyl)-I-methyl-IH-imidazol-5-yl)phenoxy)
benzyl)-13-(4-cltiorobcnzyl)-3-((S)-2,3-dthydro-I H-
inden-l-yl)-10-(hydroxymcthyl)-7-methyl-1,6,9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,11-tetraone:

(3R,78, I OS. 1 31&)-3-beuzyl-6-(4-chloro-2-((6-(2-((dim-
ethylmnino)methyl)-I -methyl-111-intidazol-5-yl)pyri-
din-3-yi)oxy)benzyl)-13-(4-chlombenzyl)-10-(hy-
droxymethyl)-7,12-dimethyl-1.6. 9„12-tetraazabicyclo
[I 1.3.1]hc7ttadcxane-2.5,8.1 I-tctmonc,

(3R,78, IOS, 13R)-3-bcuzyl-6-(4-chloro-2-(4-(2-(((S)-3-
(dimcthylanuno)pyrrolidut-I-yl)methyl)-I-methyl-IH-
imidazol-5-yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-
10-(methoxyntethyl)-7-methyl-l,(&. 9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,11-tetraone:

(3S.7S, I OS.13R)-13-(4-chlorobenzyl)-3-((S)-2,3-di-
hydro-I H-inden-I -yl )-6-(2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-imidazol-5-yl)pheuoxy)-4-fluo-
robcnzyl)-10-(hydroxymethyl)-7-methyl-l,6.9.12-
tctntazabicyclo[11 nb 1]hcptadecanc-2,5,8,11-tetraone:

(3 8,78,10S,13 8)-13-(4-chlorobenzyl)-3-((8)-23-di-
hydro-11I-laden-I-yl)-6-(2 (4-(2-((dimethyiamiuo)
methyl)-I-ntethyl-111-imidazol-5-yl)phenoxyj-5-flno-
robenzyl)-10-(hydroxymethyl)-7-methyl-1.6.9,12-
tetraambicyclo[11 xb 1]heptadecane-2,5,8,11-tetmone:

(3 S.7S, I OS.13R)-G-(4-chloro-2-(4-(l-methyl-2-(pyrroli-
dut-I-ylmcthyl)-IH-imiciazol-5-yl)pheuoxy)bmtzyl)-
13-(4-chlorobcnzyl)-3-((S)-2,3-chhydro-IH-indcn-l-
yl)-10-(hydroxyntethyl)-7-methyl-1,6.9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,11-tetraone:

(3107S,105,13R)-3-benzy1-13-(4-chlorobenzyl)-6-(2zb
diihcoro-6-(4-(I-methyl-2-(pyrrolidin-I-ylmethyl)-I H-
imidazoI-5-yl)phenoxy)benzyl)-IO-(hydroxymethyI)-
7-methyl-1,6,9,12-tctraazabicyclo[11.3.1]hcptadixanc-
2,5,8,11-tetraonc:

(3R,7S, IOS,13R)-3-benzyl-6-(4-chloro-2-(4-(i-mcthyl-
2-methylpiperazin-I-yl)methyl)-111-imidazol-5-yl)
phenoxy)benzyl)-13-(4-chlorobenzyl)-10-(methoxym-
ethyl)-7-methyl-l.6,9,12-tetraazabicyclo[11.3 I]
heptadecane-2,5,8.11-tetraone,

(3 S.7S, I OS.13R)-G-(4-chloro-2-(4-(l-methyl-2-( I-
methyl-2,5-ddtydro-l H-pyrrol-3-yl)-IH-unidazol-5-
yl)phcnoxy)benzyl)-13-(4-chlorobcnzyl)-3-((S)-2,3-
dthydm-IH-laden-I-yl)-IO-fltydroxymcthyi)-7-
utethyl-I,G,c),12-tetraazabicyclo[I I 3 I Jheptadecane-2.
5,8,11-tetraone;
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(3S,7S, IOS.13R)-3-benzyl-6-(4-chloro-2-(4-(2-((dimeth-
ylamino)methyl)-I-methyl-IH-nutdazol-5-yl)phc-
noxy)benzyl)-13-(4-chlorobcnzyl)-10-(hvdroxym-
ethyl)-7-methyl-4-oxa-l,Cx9,12-tetraazabicyclo[11.3 I J

heptadecane-2,5,8.11-tetraone:
(3R,7S. I OS,13R)-3-benzyl-6-(4-chloro-2-(4-(2-((dimeth-

ylamino)methyl)-I-methyl-IH-nutdazol-5-yl)phc-
noxy)-6-flnorobettzyl)-I 3-(4-chlorobcnzyi)-IO-(hy-
dmxyntethyl)-7,12-dimethyl- I. 6,9,12-tetraazahicyclo
[11.3.1Jheptadecane-2,5,N.I I-tetraone:

(3R.7S.I OS,13R)-6-(4-chloro-2-(4-(2-((dimethylmntno)
methyl)-I-methyl-I H-tnudazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-chlorobenzyl)-10-(hydroxymcthyl)-7-
methyl-3-(3-(tritluoromethyl)benzy1)-1,6„9. 12-

tetraazabicyclo[11 3 1]heptadecane-2„5.8,1)-tetraone:
(2S.GS,NR, 12S)-I-(4-chloro-2-(4-(2-((duncthylamino)

methyl)-I-methyl-I H-tnudazol-5-yl)phenoxy)benzyl)-
8-(4-chlorobcnzyl)-5-(hydroxymcthyl)-2,7.10-trim-
ethyl-12-((1 8.3 S)-3-methyl-2.3-dihydna-l I I-inden-I-
yl)-1.4.7,10-tetraazacyclotetmdecane-3.CN)1. 14-

tetraone:
(3S.7S, IOS.13R)-6-(4-chlom-2-(4-(2-((dtmethyl nnino)

methyl)-I-methyl-I H-tnudazol-5-yl)phenoxy)-6-fluo-
mbenzyl)-13-(4-chlonabenzyl)-10-(hydroxymethyl)-7.
12-dimethyl-3-(2,2,2-trifluoroethy1-1,6,9.11-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3S.7S, IOS.13R)-6-(4-chlom-2-(4-(2-((dtmethyl nnino)
methyl)-I-methyl-I H-tnudazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-10-(hydroxymethyl)-7-methyl-3-
(2.2.2-triihtoroethyl)-I.CN9,12-tetraazabicvclo[11 3 IJ
heptadecane-2,5,8.11-tetmone:

(3S.7S, IOS.13R)-6-(4-chlom-2-(4-(2-((dtmethyl nnino)
methyl)-1-methyl-111-imtdazol-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-3-((S)-2.3-dihydna- I I I-inden-I-
yl)-10-(hydroxymethyl)-7-methyl-1. 6,9,12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3R.7S.I OS,I NR)-3-bcuzyl-6-((5-chloro-3-((6-(2-((dim-
ethylamino)methyl)-I-methyl-I I I-imidaznl-5-yl)pyri-
din-3-yl)oxy)pyridin-2-yl)methyl)-13-(4-chloroben-
zyl)-10-(methoxyntethyl)-7,12-ditnethyl-l.CN'),12-
tetraazabicyclo[11 3. 1]heptadecane-2.5,8,11-tetraone,

(2S. 5S,NR,12S)-1-(4-chloro-2-(4-(1 -medtyl-2-(pyrroh-
din-I-ylmethyl)-111-anidazoi-5-yl)phenoxy)benzyl)-8-
(4-chlorobenzyl)-12-((R)-2.3-dihydro-] I I-inden-I -vl)-
5-(hydmxymethyl)-2,7.10-trimethyl-l „4.7,10-
tetraazacyclotetmdecane-3,6.11,14-tetmone:

(3R.7S.I OS,13R)-3-bmtzy1-6-(4-cldoro-2-(4-(2-((duneth-
ylamino)ntethyl)-I-methyl-111-imithazol-5-yl)-2-flno-
mphenoxy)-6-fluorobenzyl)-13-(4-chlorobenzyl)-10-
(hydroxymethyl)-7-methyl-1,6,9.12-tetraazabicyclo
[11.3.1]heptadecane-2,5.8.11-tetraone:

(3S.7S, IOS.13R)-6-(4-chlom-2-(4-(2-((dtmethyl nnino)
methyl)-1-ethyl-111-imidazol-5-yl)phenoxy)-6-fluo-
mbenzyl)-13-(4-chlonabenzyl)-10-(hydroxymethyl)-7-
methyl-3-(2.2„2-trifhtoroethyl)-I.CN9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(2S. 5S,NR,12R)-12-bmtzyl-l-(4-cldoro-2-(4-(1 -methyl-
2-(pyrrolidm-I-ylmethyl)-111-imidazol-5-yl)phenoxy)
benzyl)-N-(4-chlorobenzyl)-5-(hydroxymethyl)-2,7-dt-
methyl-1„4.7.10-tetraazacyclotetradecane-3.6.11.14-
tetraone:

(3S.7S, IOS. INR)-I3-(4-chiorobenzyi)-3-((S)-23-di-
hydro-111-tnden-I -yl)-6-(2-(4-(2-((di methyl amino)
methyl)-I-methyl-111-imtdazol-5-yl)phenoxy)-4-(tuf-

luoromethyl)benzyl)-10-(hydroxymethyl)-7-methyl-l,
6,9.12-tetraazabicyclo[11.3.1]hcptadecauc-2,5.8,11-
tetr 'ulle,

(2S.GS,8R. 12S)-I-(4-citloro-2-(4-(2-((dnuethylatnnto)
methyl)-I-methyl-IH-imidazol-5-yl)pheuoxy)bcnzyl)-
8-(4-citlorobcnzyl)-I 2-((R)-2.3-dthydro-IH-tnden-l-
yl)-5-fltydmxymethyl)-2,7.)0-trintethyl-),4,7,10-
tetraazacyclotetmdecane-3.6,1),14-tetmone;

(2S,GS,NR. 12R)-12-bcuzyl-I-(4-chloro-2-(4-(I-methyl-
2-(pyrrolidin-I-yhnethyl)-111-inttdazol-5-yl)phenoxy)
benz)I)-N-(4-chlorobenzyl)-5-(ntethoxymethyl)-2,7-
dimethyl-l.4.7,10-tetraazacyclotetradecane-3. 6,11,14-
tetraone:

(25,55,88,12S)-1-(t-chloro-2-(4-(1 -methyl-2-(pyrroli-
din-I-yimethyl)-IH-imidazol-5-yl)phenoxy)benzyl)-8-
(4-chlorobenzyl)-5-(hydroxymethyl)-2,7.10-trimethyl-
12-((IR,3S)-3-methyl-2,3-dihydro-lH-tndcu-l-yl)-1,4.
7,10-tctraazacyclotetradecmte-3.6,11,14-tetmonc,

(3R,7S„IOS,13R)-6-(4-chloro-2-((G-(2-((dimethylamino)
methyl)-I-methyl-IH-imidaznl-5-yl)pyndtn-3-yl)oxy)
benzyl)-13-(4-clt)orobcnzyl)-IO-(mcthoxymcthyl)-7,
12-dimethyl-3-(pyridin-2-ylmethyl)-1. 6,9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,) I-tetraone:

(3 8,78, I OS,13 8)-6-(4-chloro-2-(4-(2-((dintethylantino)
methyl)-I-methvl-IH-intidazol-5-yl)phenoxy)benzyl)-
13-(4-chiorobenzyl)-3-((S)-23-dihydro-IH-inden-I-
yl)-10-(mcthoxymcthyl)-7-methyl-1,6,9,12-
tctraacabtcyclo[11 201]heptadccanc-2,5,8,11-tetra one:

(3 S,7S, I OS.13R)-6-(4-chloro-2-(4-(l-methyl-2-(pyrrolt-
din-I-ylmethyl)-111-imidazol-5-yl)phenoxy)benzyl)-
)3-(4-chlorohenzyi)-3-((I&)-2.3-dihydro-i I I-tnden-I-
yl)-10-(methoxyntethyl)-7-methyl-l,tx 9,12-
tetraazabicyclo[I I 3.1]heptadecane-2„5.8,11-tetraone:

(3S.7S, I OS.13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-imidazol-5-yl)pheuoxy)bcnzyl)-
13-(4-chlorobcnzyl)-10-((R)-I-hydroxyethyl)-7-
methyl-3-(2.2,2-tnfluorocthyl)-1,6. 9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,) I-tetraone:

(3R,7S,105.13 R)-3-benzy1-13-(4-chlombenzyl)-Cu(2,4-
dichloro-6-(4-(2-((dimethylanttno)methyl)-I -methyl-
IH-imidazol-5-yl)phenoxy)benzyl)-10-(hydroxym-
ethyl)-7-methyl-l.6,9,12-tetraazabicyclo[11.3 I]
hcptathumtc-2,5,8,11-tcuaone,

(3R,7S, IOS,13R)-6-(4-chloro-2-(4-(2-((duncthylmnino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)-6-flno-
robenzyl)-13-(4-chlombenzyl)-10-(hydnaxymethyl)-3.
7,12-trimethy1-1.6,9,12-tetraazabicyclo [11 3.1 J

heptadecane-2,5,8.11-tetraonet
(3S.I OS.I 3R)-6-(5-chloro-2-(4-(2-((dimethylamino)

methyl)-I-methyl-IH-imidazol-5-yl)phenoxy)benzyl)-
I 3-(4-ch)orobcnzyl)-3-((S)-2 3-thhydro-IH-laden-I-
yl)-10-(hydroxymethyl)-1,6.9,12-tctrnazabtcyclo[11.3.
l]hcpttalceanc-2,5,8.11-tetraonc,

(3 S, I OS,1 3lt)-6-(4-chloro-2-(4-(2-((dimethyl atn inn)
methyl)-I-ntethyl-111-imidazol-5-yl)phenoxy)benzyl)-
13-(4-chiorobenzyl)-3-((S)-23-dihydro-IH-inden-I-
yl)-10-(hydroxymethyl)-1„6.9,12-tetraazabtcyclo[11.3.
11heptadecane-2,3.8.11-tetraone:

(2S,GS,NR.12S)-1-(4-chloro-2-(4-(l-methyl-2-(pyrroli-
dut-I-ylmcthyl)-IH-imitiazol-5-yl)pheuoxy)bmtzyl)-8-
(4-chlorobcnzy))-12-((R)-2 3-thhydro-IH-laden-I-yi)-
5-(ntethoxymethyl)-2,7,10-tomethyl-1,4. 7, 10-
tetraazacyclotetradecane-3.CN11,14-tetraone;
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(2S,3S,8R.]2S)-1-(4-chlnro-2-(4-(l-methyl-2-(pyrroll-
dm-I-ylmcthyl)-I H-nualazol-5-yl)phenoxy)benzyl)-8-
(4-clt]orobctrzy])- I 2-((R)-2. 3-dihydrobcttzofuratt-3-
yl)-5-(hydmxyntethyl)-2,7.10-trimethyl-],4.7,i 0-
tetraazacyclotetradecane-3,6,11,14-tetraone:

(2S,3S,8R.]2S)-1-(4-chlnro-2-(4-(l-methyl-2-(pyrroll-
dm-I-ylmcthyl)-I H-nualazol-5-yl)phenoxy)benzyl)-8-
(4-clt]orobcttcnzy])-5-(hydroxymcthy])-12-((R)-7-
methoxy-2,3-dihydrobenzofuran-3-yl)-2,7,10-
trinlethy1-1,4,7. 10-tetraazacyclotetmdecane-3.6.11.14-
tetraone:

(3S.7S,JOS.13R)-3-bcnzy1-6-(4-chloro-2-(4-(2-((2-(2-
cthoxycthoxy)cthoxy)methyl)-I-methyl- I H-mudazol-
5-yl)phenoxy)benzyl)-13-(4-chlorobenzyl)-10-(hy-
dmxynlethyl)-7-methyl-i,4. 6,9.12-pentaazabicyclo
[11.3.1)heptadecane-2,5.8.] I-tetraone:

(3R.7S.JOS,J 3R)-3-bmlzyl-6-(4-clfloro-2-(4-(2-((duucth-
y]amino)mcthy])-I-me]by]-JH-nutdazo]-5-y])phc-
noxy)benzyl)-13-(4-chklrobenzyl-7--(--fluoeethyl-
10-(methoxymethyl)-i.fl,9,12-tetraazabicyclo[11 3 JJ
heptadecane-2,5,8.11-tetmone:

(2S. 5S,NR,12R)-12-bmlzyl-l-(4-clfloro-2-(3,5-dflluoro-
4-(I-methyl-2-(pyrroltdin-I-ylmcthyl)-I H-tmnlazol-5-
yl)phenoxy)benzyl)-8-(4-chlorobenzyl)-5-(hydroxym-
ethyl)-2,7. 10-trimethyl-] .4,7,10-
tetraazacyclotetmdecane-3,6.11,14-tetmone:

(2S. 5S,NR,12S)-1-(4-chloro-2-(4-(1 -mefllyl-2-(pyrroh-
dm-I-ylmcthyl)-I H-nualazol-5-yl)phenoxy)benzyl)-8-
(4-chlorobenzyl)-5-fltydmxymethyl)-2,7„10-trintethyl-
12-((R)- I -phenylethyl)-1,4. 7,10-
tetraazacyclotetmdecane-3,6.11,14-tetmone:

(2S. 5S,NR,12R)-12-bmlzyl-l-(4-clfloro-2-(4-(1 -methyl-
2-(pyrrnlidm-I-ylmethyl)-111-imidazol-5-yl)phenoxy)
benzyl)-N-(4-chlorobenzyl)-5-(hydroxymethyl)-2,7,10-
trinlethy1-1,4,7. 10-tetraazacyclotetmdecane-3.6.11.14-
tetraone:

(3R.7S.JOS,J 3R)-3-bmlzyl-6-(4-clfloro-2-(4-(2-((duucth-
ylamino)nlethyl)-1-methyl-111-imidnzoJ-5-yl jphe-
noxy)benzyl)-13-(4-chklmbenzyl)-10-((8)-I-hydroxy-
ethyl)-7-methyl-1.6,9,] 2-tetraazabicyclo[11 3 I J

heptadecane-2,5,8.11-tetmone:
(2S. 5S,NR,12S)-1-(4-chloro-2-(4-(1 -mefllyl-2-(pyrroh-

din-1-ylmethyl)-111-unidazo1-5-yl jphenoxy)benzyl)-8-
(4-chlorobenzyl)-12-((R)-7-methoxy-2.3-dihydroben-
zofuran-j-y1)-5-(nlethoxym ethyl)-2,7, ] 0-trimethyl- I,
4.7.10-tetraazacyclotetmdecane-3.6.11.14-tetraone:

(2S. 5S,NR,12S)-1-(4-chloro-2-(4-(1 -mefllyl-2-(pyrroh-
din-1-ylmethyl)-111-unidazo1-5-yl jphenoxy)benzyl)-8-
(4-chlorobenzyl)-12-((R)-3.3-dimethyl-2.3-dihydro-
I H-inden-l-yl)-5-(methoxymethyl)-2.7.10-trimethyl-
1.4.7 „10-tetraazacyc lot etradec Cue-3.6. ] ], 1 4-tetmone,

(2S. 5S,NR,12R)-1-(4-eh]oro-2-(4-(l-methyl-2-(pyrroli-
din-1-ylmethyl)-111-unidazo1-5-yl jphenoxy)-6-(2,2.2-
trifluoroethoxy)benzyl)-8-(4-chlorobenzyl)-12-ethyl-
5-(hydroxymethyl)-2,7-dimethyl-l.4,7.10-
tetraazacyclotetmdecane-3,6.11,14-tetmone:

(2S. 5S,NR,12S)-1-(4-chloro-2-(4-(1 -mefllyl-2-(pyrroh-
din-1-ylmethyl)-111-unidazo1-5-yl jphenoxy)benzyl)-8-
(4-chlorobenzyl)-] 0-(3,3-difluoropropyl)-12-((I&)-23-
dihydro-]H-inden-l-yl)-5-(methoxymethyl)-2.7-
dimethyl-l.4,7,10-tetmazacyclotetradecnne-3.6,11.14-
tetraone:

(28.5S,NI&.12lf)-12-benzyl-l-(4-chloro-2-(4-(l-ntethyl-
2-(pyrrnlidm-I-ylmethyl)-111-imidazol-5-yl)phenoxy)

benzyl)-8-(4-chlorobenzyl)-5-(methoxymethyl)-2,7.
I O-trimcthyl-],4.7,10-tctraazacyc]otctmdccauc-3,6,11,
14-]ctraonc,

(25,55,88,12S)-1-(t-chloro-2-(4-(1 -methyl-2-(pyrroli-
din-I-yimethyl)-IH-imidazol-5-yl)phenoxy)benzyl)-8-
(4-chlorobenzyl)-12-((R)-2,3-dihydro-lH-inden-i-yl)-
5-(mcthoxymcthyl)-2,7-duncthyl-if-((1-
mcthylcyclopropyl)methyl)-1,4.7,10-
tclttlazacyclotctladccattc-3.6,11,14-]ctraonc,

(2S. 5S,8R.12R)-12-benzyl-l -(4-chloro-2-(4-(1 -methyl-
2-(pyrrolidin- I-ylmethyl)-I lj-unldazol-5-yJ)phenoxy)
benzyl)-8-(4-chlorobenzyl)-10-(3-(dimethylamino)
propyl)-5-(methoxymethyl)-2,7-dnuethy1-1,4,7.10-
tell 'la zacyuJot ctrddccdoc-3. 6, I I, I 4-]ctraone,

(28,5 S, NR,12R)-12-benzyl-l-(4-chloro-2-(3,5-difluoro-
4-(1-methyl-2-(pyrrolidin-I-ylmethyl)-I H-imidazol-5-
yl)phenoxy)benzy1)-8-(4-clflorobenzyl)-5-(methoxym-
cthyl)-2,7.10-]nmcthy1-1,4,7,10-
tclttlazacyclotctladccattc-3.6,11,14-]ctraonc,

(25,5Y,NS,128)-8-(4-chlombenzyl)-12-((S)-2.3-dihydnl-
IH-inden-I-yl)-I-(2-(4-(2-((dimethylamino)methyl)-
I-methyl-IH-imidazol-5-yl)phenoxy)-4-ethylbenzyl)-
5-(hydroxymcthyl)-2,7,10-truuethy1-1,4,7.10-
tclttlazacyclotctladccattc-3.6,11,14-]ctraonc,

(25,55,88,12S)-8-(t-chlorobenzyl)-12-((S)-2,3-dihydro-
II I-inden-I-yl)-I-(2-(4-(2-((dimethylamino)methylj-
I-methyl-IH-imidazol-5-yl)phenoxy)-4-ethylbenzyl)-
5-(hydroxymethyl)-2,7.10-trimethyl-],4,7.10-
tclttlazacyclotctladccattc-3.6,11,14-]ctraonc,

(3R,7S, I OY.13 8)-3-benzyl-fl-(4-chloro-2-(4-(2-((dimeth-
ylanlino)methyl)-I-methyl-111-imidazol-5-yl)phe-
noxy)benzyi)-13-(4-chlorobenzyl)-10-(methoxym-
ethyl)-7-methyl-l.6,9,12-tetraazabicyclo[11.3 ]J
hcptaihumlc-2,8,11-u iona.

(28,5R,NR, 1 28)-8-(4-chlorobenzyi)-12-((S)-2,3-dihydm-
II I-inden-I-yl)-I-(2-(4-(2-((dimethylamino)methylj-
I-methyl-IH-imidazol-5-yl)phenoxy)-4-ethylbenzyl)-
5-(hydroxymethyl)-2,7.10-trimethyl-],4,7.10-
tetraazacyclotetradecane-3.6,] I „] 4-tetraone;

(3R,7S,JOR,13R)-3-bmlzy1-6-(4-chloro-2-((6-(2-((ihm-
ethylmninn)methyl)-I -methyl-111-inltdazol-5-yl)pyri-
din-3-yl)oxyjbenzyl)-13-(4-chlorobenzyl)-10-
(methoxymethyl)-7-nlethyl- I. 6„9.12-tetraazabicyclo
[11.3.1)heptadecane-2.5,8,11-tetraonet

(3), 10S,1 3 R)-]

3-(4-chioroben zy 1 )-3-((S)-2,3-ddtyd
ro-

I H-inden-1-yl)-6-(4-(4-(2-((ihmethylamino)methyl)-
1-methyl-IH-imidazol-5-yl)phenoxy)-2-fluorobenzyl)-
10-(hydroxymethyl)-1,6,9„12-tetraazabicyclo[11 dh I i
heptadiudne-2,5,8.11-tctraonc,

(3 S.7S,]OS.13R)-13-(4-cltlorobenzyl)-3-((S)-2.3-di-
hydro-IH-inden-I-yl)-fu(4-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-inudazol-5-yl)phcuoxy)-2-Jiuo-
robcnzyl)-10-(hydroxymethyl)-7-methyl-1,6,9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,N,I I-tetraone:

(2S.5S,8R.12R)-1-(4-chloro-2-(4-(l-methyl-2-(pyrroll-
din-I-ylmethyl)-IH-inudazol-5-yl)phcuoxy)benzyl)-8-
(4-chlorobenzyl)-12-ethyl-5-(hydroxymethyl)-2.7-di-
methyl-1 rk7,10-tetraazacyclotetradecane-3,6,11 14-
tetraone;

(2S,5S,NR. 12S)-I-(4-chloro-2-(4-(2-((dtmcthylamuto)
methyl)-1-methyl-111-imidazol-5-yljphenoxy)benzyl)-
8-(4-chlorobenzyl)-12-((I&)-2.3-dihydro-i I I-tnden-]-
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yl)-3-(methoxymethyl)-7.10-dimethyl-2-(2-
morpholinocthyl)-1.4,7,10-tctraazacyclotctratlccanc-3.
6. I I, I 'I -tetra olla:

(2S) N-((3R.SS. I IR)-3-benzyl-I I-(4-chlorobenzyl)-10-
methvl-2,5,9-trioxo-(uoxa-l.lfl-diazabicyclo[9.3 I]
pentadecan-8-yl)-2-((4-chloro-2-(4-(2-((dimethyl-
anuno)methyl)-I-methyl-I H-unnlazol-5-yl)phcnoxy)
bcnzyl)amuto)propananudc,

(2S,GS,8R. 12S)-I-(4-clfloro-2-(4-(2-((dimethylamitw)
methyl)-I-methyl-I H-nntdazol-5-yl)phenoxy)benzyl)-
8-(4-chlorobcnzyl)-12-((R)-2,3-dthydro-lH-utden-l-
yl)-5-(mcthoxymcthyl)-7,10-dimethyl-2-(3-
morpholinopropyl)-I,4,7,10-tctmazacyclotetradccanc-
3.6.11.14-tetmone,

(2S,GS,8R.12R)-1-(4-chloro-2-(4-(l-methyl-2-(pyrroli-
dm-I -ylmcthyl)-I H-uualazoi-5-yl)phenoxy)benzyl)-8-
(4ufltlorobmtzyl)-12-ethyl-S-(hydroxymcthyl)-2.7,10-
uuncthy1-1,4,7, IO-tctraazacycioteuadccane-3,6.11.14-
tetraone:

(2S,GS,8R.12R)-12-benzyl-l-(4-chloro-2-(4-(l-methyl-
2-(pyrrolidtn-I-ylmcthyl)-IH-unidazol-5-yl)phenoxy)
bcnzyl)-8-(4-chlorobcnzyl)-2,7,10-trunethy1-5-(2-oxo-
propyl)-I,4,7. IO-tctraautcyclotctradecanc-3,6.11.14-
tetraone:

(2S) N-((3S„8R. I IR)-8-benzyl-I I-(4-chlorobenzyI)-IO-
methyl-2,6,9-tnoxo-5-oxa-l,lfl-dtazabtcvcio[9.3.1]
pcntadcman-3-yl)-2-((4-clfloro-2-(4-(2-((dtmethyl-
anuno)methyl)-I-methyl-I H-unnlazol-5-yl)phcnoxy)
benzyl)anttno)propanamtde;

(2S,3 S. 8R. 12S)-I-(4-clfloro-2-(4-(2-((dimethylamitw)
methyl)-I-methyl-I H-tnudazol-5-yl)phenoxy)benzyl)-
8-(4-chlorobcnzyl)-12-((R)-2,3-dthydro-lH-utden-l-
yl)-5-(methoxymethyl)-7,1-ditnethyl-2-(4-
morpholinobutyl)-1,4.7,10-tetraazacyclotetradecane-3,
6.11,14-tetmone:

(2S. 5S,SR,12S)-2-(3-(azeudin-l -yl)-3-oxopropyl)-1-(4-
cltioro-2-(4-(I-methyl-2-(pyrrofldut-I-ylmcthyl)-IH-
imidazol-5-yl)phenoxy)benzyl)-8-(4-chlorobenzyl)-
12-((R)-3.3-dintethy1-2,3-dihydro-l I I-inden-i-vl)-5-
(methoxytnethyl)-7,10-diutethy1-1,4.7,10-
tetraazacyclotetmdecane-3,6.11,14-tetmone:

(3R.7S.I OS,13R)-6-(4-chloro-2-(4-(2-((dimcthylmntno)
methyl)-1-methyl-II I-imtdazoi-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-10-(hydroxymethyl)-3-isopropyl-
7-methyl-I,6.9,12-tetraazabicycio[I I 3 I Jheptadecane-
2.5.8„11-tetmone:

(2S. 5S,SR,12R)-1-(4-chlore-2-(4-(l-methyl-2-(pyrroii-
din-I-ylmethyl)-111-unidazol-5-yl)phenoxy)benzyl)-8-
(4-chlombenzyl)-12-(dintethyiatnino)-5-(metltttxynt-
ethyl)-2,7.10-trimethyl-l 4,7,10-
tetraazacyclotetmdecane-3,6.11,14-tetmone:

2-((2S,GS.SR,12R)-12-bcnzyl-l-(4-chloro-2-(4-(1-
methyl-2-(pyrrolidin-I -ylmethylj-I I I-imidazol-5-yl)
phenoxy)benzyl)-8-(4-chlorobenzyl)-2,7„10-trimethyl-
3.6.11.14-tetraoxo-l.4,7.10-tetmazacycloteuadecan-5-
yl)acetic acid:

(3S.7S, IOS.13R)-6-(2-(4-(2-((tcu-butykmuno)medtyl)-1-
methyl-111-imidazol-5-yl)phenoxy)-4-chloro-6-tluo-
mbenzyl)-13-(4-chlombenzyI)-IO-(rnethoxymethyl)-7.
12-dimethyl-3-(2,2,2-triihtoroethyl)-1.6.9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3S.7S, IOS. 13R)-6-(2-(4-(2-((tert-butyl(methyl)anuno)
methyl)-I-methyl-111-imtdazol-5-yl)phenoxy)-4-
chloro-6-flttorobenzyl)-13-(4-chiorobenzyl)-10-

(methoxymethyl)-7-ntethyl-3-(2.2.2-tnfluoroethyi)-l.
6,9.12-tetraazabicyclo[11.3.1]hcptadecauc-2,5.8,11-
tert 'ulle,

(3 8,78,10S,13 K)-6-(2-(4-(2-((tert-butyl mnino)methyl)- I-
methyl-IH-imidazol-5-yl)phenoxy)-4-chloro-G-fluo-
robenzyl)-13-(4-cltlorobenzyl)-I 0-(methoxymethyi)-7-
methyl-3-(2,2,2-tnfluorocthyl)-1,6,9,12-
tctraarabtcyclo[11 xk 1]heptadccanc-2, 5,8,11-tetra one:

(38,7 S,l OS. 1 3l&)-6-(4-chloro-2-(4-(2-((cyciobutyI
(methyl)amino)methyl)-I-methyl-I H-imtdazoi-5-yl)
phenoxy)-6-fluorobenzyl)-13-(4-chlorobenzyl)-10-
(hydroxymethyl)-7-ntethyl-3-(2.2.2-tnfluoroethyl)-l,
6,9.12-tetraazabicyclo[11.3.1]hcptadecauc-2,5.8,11-
tert 'ulle,

(3 8,78,10S,13 8)-6-(4-chloro-2-(4-(2-((dintethylantino)
methyl)-I-methyl-IH-intidazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-cltlorobenzyl)-3-cyclobutyi-IO-
(mcthoxymcthyl)-7.12-dunethyl-l,6,9,12-
tctraarabtcyclo[11 xk 1]heptadccanc-2, 5,8,11-tetra one:

(3 8,78,10S,13 K)-6-(2-(4-(2-((tert-butyl(methyl)amino)
methyl)-I-methyl-IH-intidazol-5-yl)phenoxy)-4-
chloro-6-fluorobenzyl)-13-(4-chlombenzyl)-10-
(mcthoxymcthyl)-7.12-dunethy1-3-(2,2,2-
tnfluoroethyl)-1,6.9.12-tctraazabicyclo[11.3.1]
hcptatkmmtc-2,5,8,11-tcuaone,

(3R,7S, I OY.13 8)-6-(2-(4-(2-((tert-butylantino)methyl)-
I-methyl-IH-imidazol-5-yl)phenoxy)-4-chloro-6-fluo-
robenzyl)-13-(4-cltlorobenzyl)-3-(cyclopmpylmethyl)-
10-(mcthoxymcthyl)-7-methyl-1,6,9,12-
tctraarabtcyclo[11 xk 1]heptadccanc-2, 5,8,11-tetra one:

(3 8,78,10S,13 K)-6-(2-(4-(2-((tert-butyl(methyl)amino)
methyl)-I-methyl-IH-intidazol-5-yl)phenoxy)-4-chlo-
robenzyl)-13-(4-cltlorobenzyl)-I 0-(hydroxymethyi)-7-
methyl-3-(2,2,2-tnfluorocthyl)-1,6,9,12-
tctraarabtcyclo[11 xk 1]heptadccanc-2, 5,8,11-tetra one:

(3R,7S, I OY.13 8)-6-(4-ch lorn-2-(4-(2-((dunethylamino)
methyl)-I-methyl-IH-intidazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-cltlorobenzyl)-I 0-(hydroxymethyi)-7-
methyl-3-((l-methylcvclopropyl)methvl)-1,6,9,12-
tctraarabtcyclo[11 xk 1]heptadccanc-2, 5,8,11-tetra one:

(3R,7S, I OY.13 8)-6-(4-ch lorn-2-(4-(2-((dunethylamino)
methyl)-I-ntethyl-111-imidazol-5-yl)phenoxyj-6-fluo-
robenzyl)-13-(4-cltlorobenzyl)-3-(cyclopmpylmethyl)-
10-(hydroxymethyl)-7-methyl-1.6.9„12-
tctraarabtcyclo[11 xk 1]heptadccanc-2, 5,8,11-tetra one:

(3S.7S, I OS.13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-imidazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-chlorobenzyl)-3-(2,2-difluoropropyl)-
10-(hydroxymethyl)-7-methyl-1,6.9,12-
tctraarabtcyclo[11 ah 1]hcptadecanc-2, 5,8,11-tetra one:

(3 S.7S, I OS.13R)-G-(2-(4-(2-((tert-butyl amino)methyl)-1-
methyl-IH-unidazol-5-yl)piu:noxy)-4-chlorobmtzyl)-
13-(4-chlorobcnzyl)-10-(hydroxymethyl)-7-methyl-3-
(2,2,2-trifluoroethyl)-1.6.9,12-tetraazabicyclo[110 I J

heptadecane-2.5,8,11-tetraone;

(3R,7S, IOS,13R)-6-(2-(4-(2-((tert-butylannuo)methyl)-
I-methyl-111-imidazol-5-yl)phenoxy)-4-chioroben-
zyl)-13-(4-chlorobenzyl)-3-(cyclopropylntethyl)-10-
(hydroxymethyi)-7-methyl-l.btyk12-tetraazabicyclo
[11.3.1]heptadecane-2.5,8,11-tetraonet

(31&,7S,109,13R)-3-benzy1-6-(2-(4-(2-((tert-butylamino)
methyl)-I-methyl-111-imidazol-5-yljphenoxy)-4-chkt-
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robenzyl)-13-(4-chlorobenzyl)-10-(methoxymethyl)-7-
methyl-1,6,9.12-lctraaimbicyclo[11.3.1]hcptadccanc-2.
5.8.11-th:lhdohlC,

(3R,7S. I OS,13R)-3-bmizy1-6-(4-cldoro-2-(4-(l-mclhyl-
2-((methylumino)methyl)-IH-imidazol-S-yl)phcnoxy)
bcnzyl)-13-(4-clhforobcuzyl)-IO-(Ihydroxyhhhctfhyl)-7-
nhethy1-1,6xk12-tetnhazabicyclo[11 3.1 Jlheptadccane-2.
5,8.11-tetraone;

(3R.7S.I OS,13R)-6-(4-chloro-2-(4-(2-((dimcthylmnino)
methyl)-I-methyl-111-imidazol-5-yl)phenoxy)-6-fluo-
mbenzyl)-13-(4-chlonhbenzyl)-10-(hydroxymethyl)-7.
12-dimethyl-3-(2,2,2-trifhioroethyl)-1.6.9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3S. 7S, I OS.13 IC)-6-(4-clhfom-2-(4-(2-((etfhyl(1-methyl-
cyclopropyl)amino)methyl)-I-methyl-IH-imidazol-5-
yl)phenoxy)-6-fluombenzyl)-13-(4-chlorobenzyl)-10-
(hydroxyhncdhyl)-7-nhctfhy1-3-(2,2,2-hnffuoroctfhyl)-I.
6.9.12-letraazabicyclo[11.3.1]hcpladecane-2.5,8,11-
tetraone:

(3R,7S. I OS,13R)-6-(4-chloro-2-(4-(2-((cyclobutylamino)
methyl)-I-methyl-I H-unidazol-5-yl)phenoxy)-6-tluo-
robenzyl)-13-(4-chlorobenzyl)-3-(cyclopropylmethyl j-
10-(hydroxymethyl)-7-methyl-l.fi,9,12-
tetraazabicyclo[11 3.1]heptadecane-2.5.8.11-tetraone:

(3R,7S. I OS,13R)-6-(2-(4-(2-((tert-butylamino)methyl)-
I-methyl-IH-imliLhzol-5-yl)phenoxy)-4-chloro-6-fhio-
robenzyl)-13-(4-chlorobenzyl)-3-(cyclopropylmcthyl)-
10-(hydroxymclhyl)-7-methyl-l,G,9,12-
letraazabicyclo[11.3.1]hcptadecanc-2,S.8,11-telraone.

(3 IC.78. I OS,13IC)-6-(4-c)hloro-2-(4-(2-((dihuethylamino)
methyl)-I-methyl-111-imidazol-5-yl)phenoxy)-6-fluo-
mbenzyl)-13-(4-chlonhbenzyl)-3-(cyclobutylmethyl)-
10-(hydroxymethyl)-7-methyl-l.G,9,12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3S.7S, IOS,13R)-3-benzy1-6-(4-chloro-2-(4-(2-((dmicth-
ykunino)methyl)-I-methyl-IH-inudazol-S-yl)phe-
noxy)bcnzyl)-13-(4-chlombcnzyl)-10-(mcthoxym-
ethyl)-7-methyl-4-oxa-l,fi.9,12-tetraazabicyclo[11.3 I J

heptadecane-2,5,8.11-tetraone:
(3S. 7S, I OS.13 IC)-6-(2-(4-(2-(azetidin-I -ylnhethyl)-I-

methyl-IH-imidazol-5-yl)phenoxy)-4-chloro-Ci-fluo-
robenzyl)-13-(4-chlorobenzyl)-10-(methoxymethyl)-7.
12-dimethyl-3-(2,2,2-trifluoroeflhyl)-1.6,9,12-
letraazabicyclo[11.3.1]hcptadecanc-2,S.8,11-telraone.

(3S.7S, IOS.13R)-6-(4-chlom-2-(4-(2-((dimethyl nnino)
methyl)-I-methyl-111-imidazol-5-yl)phenoxy)-6-fluo-
mbenzyl)-13-(4-chlonhbenzyl)-3-(2,2-difluoropropyl)-
10-(nhethoxymethyl)-7.12-dimethyl-1,6,9.12-
tetraazabicyclo[11 3. 1]heptadecane-2.5,8,11-tetraone,

(3R.7S.I OS„I 3R)-3-benzyl-6-(4-clhloro-2-(4-(2-((dihneth-
ykunino)methyl)-I-methyl-IH-inudazol-S-yl)phc-
hhoxy)-6-fluorobchhzyl)-13-(4-chlorobchhzyl)-IO-
(melhoxymcthyl)-7,12-duncthyl-l,G,9,12-
tetraazabicyclo[11 3 I Jheptadecane-2.5,8,11-tetraone:

(3S. 7S, I OS.13 IC)-6-(4-clhfom-2-(4-(2-((cyclobutyf
(methyl)amino)methyl)-I-methyl-I H-imidazol-5-yl)
phenoxy)-6-fhiorobenzyl)-13-(4-chlorobenzyl)-10-
(methoxymethyl)-7-methyl-3-(2.2,2-trifluoroethyl)-l.
6.9.12-letraazabicyclo[11.3.1]hcpladecane-2.5,8,11-
lctrtiohic:

(3S.7S, IOS.13R)-6-(4-chlom-2-(4-(2-((dimethyl nnino)
methyl)-I -methyl-111-imidazol-5-yl)phenoxy)-6-fluo-
mbenzyl)-13-(4-chlonhbenzyl)-3-(3,3-difluorocy-

clobutyl)-10-(hydroxymethyl)-7-methyl-l,(u9,12-
tctraazabicyclo[11 uk 1]heptadccanc-2, S,8,11-tetra one:

(3R,7S. IOS,13R)-6-(2-(4-(2-((tert-butyl(methyl)amino)
nhctfhyl)-I-hhhctfhyl-IH-inhidazol-5-yl)pfhchhoxy)-4-cfhlo-
robcnzyl)-13-(4-clhforobchhzyl)-3-(cyclopropylhnchhyl)-
10-(hydroxymelhyl)-7-methyl-1,6.9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,11-tetraone:

(3IC,78,108.1314)-6-(2-(4-(2-((teht-butyl(metfhyl)ahhhihho)
methyl)-I-nhethyl-111-imidazol-5-yl)phenoxyj-4-
chloro-6-fiuorobenzyl)-13-(4-chlombenzyl)-3-(cyclo-
propylmethyl)-10-(hydroxymethyl)-7-methyl-1,6,9.
12-lclrmizabicyclo[11.3.1]hcptadccanc-2.5,8,11-
tClh '011C,

(3 S,7S, I OS.13R)-6-(4-chloro-2-(4-(2-((dimcthylanuno)
methyl)-I-methyl-111-imidazol-5-yl jphenoxy)-Ci-fluo-
robenzyl)-13-(4-chlorubenyyl-3--(,3-ddithionhC-
clobutyl)-10-(hydroxyinethyl)-7,12-dimethyl-1.6,9.12-
tetraazabicyclo[1 I db 1]heptadecane-2„5.8,11-tetmhone:

(3S.7S, I OS.13R)-6-(2-(4-(2-((tert-butylamino)methyl)-1-
methyl-IH-imidazol-5-yl)phcnoxy)-4-chloro-G-fluo-
robcnzyl)-13-(4-clflorobenzyl)-3-(3,3-difluorocy-
clobulyl)-10-(methoxymclhyl)-7,12-dimethyl-1.6,9.
12-tetraazabicyclo[11.3. I]heptadecane-2,5,8.11-
tetraone;

(3 S.7S, I OS.13R)-G-(2-(4-(2-(aminomethyl)-1 -methyl-
IH-imidazol-5-yl)phenoxy)-4-clfloro-Cufluorobenzyl)-
13-(4-chlorobenzyl)-3-(3 „3-dkfluorocyclobutyl)-10-
(mcthoxymclhyl)-7.12-dunethyl-l,6,9,12-
tctraazabicyclo[11 uk 1]heptadccanc-2, S,8,11-tetra one:

(3R,7S, IOS,13R)-6-(4-chloro-2-fluoro-6-(4-(l-methyl-2-
methylamino)methyl)-11 I-ihhhihkhzol-5-yl)phenoxyjben-
zy l)-13-(4-chlorobenzyl)-10-(methoxymethyl)-7,12-
dimethyl-3-((6-methylpyridin-2-yl)methyl)-I.G.9,12-
tetraazabicyclo[1 I db 1]heptadecane-2„5.8,11-tetmhone:

2-(((3R,7S, I OS.13R)-CC(4-chlom-2-(4-(2-((dimethyl-
mnino)methyl)-I-methyl-I H-imidazol-S-yl)phcnoxy)-
6-fluorobcnzyl)-13-(4-cfhlorobcnzyl)-I 0-(nhcflhoxyhn-
ethyl)-7,12-dimethyl-2.5,8.11-2-trixhxo-1,6.9,12-
tetraazabicyclo[11 3 I Jheptadecan-3-yl)methyl)-6-
methylpyridine I-oxide:

(3 S.7S, I OS.13R)-G-(2-(4-(2-((tert-butyl(methyl)amino)
methyl)-I-methyl-IH-inhidazol-5-yl)phenoxy)-4-
chloro-6-fiuorobenzyl)-13-(4-chlombenzyl)-3-(3.3-di-
fluorocyclobulyl)-10-(mcthoxymethyl)-7,12-dunclhyl-
1,6.9,12-lclraazabicyclo[11.3.1]hcptadccanc-2.5,8,11-
tetraone;

(311,7S,109,1311)-6-(4-chlom-2-(4-(2-((dimethylaminoj
methyl)-I-methyl-111-imidazol-5-yl jphenoxy)-Ci-fluo-
robenzyl)-13-(4-chlorobenzyl)-10-(hydroxymethyl)-7.
12-dimethyl-3-((6-nhethylpyridin-2-yl)methyl)-1,6.9.
12-tctrmizabhcyclo[11.3.1]hcptadccanc-2,5,8,11-
iCtiiluhhC,

(3 S.7S, I OS.1 3R)-6-(4-chloro-2-((6-(2-((dnnethykunuio)
methyl)-I-nhethyl-111-imidazol-5-yl)pyridin-3-yl)
oxy)-fi-fluorobenzyl)-13-(4-chlorobenzyl)-3-(3.3-dif-
luorocyclobutyl)-10-(methoxymethyl)-7.12-dimethyl-
1,6.9,12-tetraazabicyclo[11.3.1]heptadecane-2.5.8.11-
tetraone:

(3 S,7S, I OS.13R)-6-(4-chloro-2-fluoro-6-(4-( I -methyl-2-
((mcthylmmno)methyl)-IH-imidazol-5-yl)phenoxy)
bmhiyl)-13-(4-cfhlorobcnzyl)-IO-(hncflhoxyhnctfhyl)-7,
12-diinethy1-3-(2.2,2-trifhioroethyl)-1. 6,9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,11-tetraone:
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(3S,7S, IOS.13R)-6-(4-chloro-2-((6-(2-((dimethylamino)
methyl)-I-methyl-I H-Inudazol-S-yl)pyridut-3-yl)
oxy)-6-fluorobcnzyl)-13-(4-chlorobcnzyi)-IO-
(methoxymethyl)-7,12-dimethyl-3-(2,2,2-
tritluoroethyl)-1,6.9,12-tetraazabicycio[] ].3 I J

heptadecane-2,5,8.11-tetmsone:
(3S.7S„IOS.13R)-6-(4-chloro-2-(4-(2-((dimethylamino)

methyl)-I-methyl-I H-imldazol-5-yl)phenoxy)-(i-fluo-
robenzyl)-13-(4-chlorobcnzyl)-10-(mclhoxymefltyl)-7.
12-dimethyl-3-(tclrahydro-2H-pyran-4-yl)-1,6.9,12-
tetraazabicyclo[11 3 I Jheptadecane-2.5,8,11-tetraone:

(3S.7S„IOS.13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-I H-imldazol-5-yl)phenoxy)-(i-fluo-
robenzyl)-13-(4-chlorobcnzyl)-10-((dtfluoromefltoxy)
methyl)-7,12 Ihmcthyi-3-(2,2,2-(nfluoroethyl)-1,6,9.
12-tetraazabtcyclo[11.3 I Jheptadecane-2.5.8,11-
tell tulle;

(3S.7R.I OS„13R)-6-(4-chloro-2-((6-(2-((dimethyLrmlino)
methyl)-I-methyl-I H-untdazol-5-yl)pyridut-3-yl)
oxy)-6-fluorobcnzyl)-13-(4-chiorobenzyl)-10-
(nlethoxymethyl)-7,12-dimethyl-3-(2,2,2-
trifluoroethyl)-1,6.9,12-tetraazabicyck1[11.3 I J

heptadecane-2„5.8.11-tetraone:
(3S.7S, IOS,13R)-6-(4-chloro-2-fluoro-6-(4-(l-methyl-2-

((mcthylamtno)methyl)-IH-Inudazol-S-yl)plmnoxy)
benzyl)-13-(4-chlorobenzy1--1--(hydulxy methyl-7,
12-dimethyl-3-(2,2,2-trifluoroethyl-l,,i,9,11-
tetraazabicyclo[11 3.1]heptadecane-2.5.8.11-tetraone:
and

(3R,7S. I OS,13R)-7-(2-aminocthyl)-3-bmtzy1-6-(4-
chloro-2 (4-(2-((dimethyiamino)ntethyl)-I-methyl-
I I I-intidazol-5-yl)phenoxy)benzyl)-)3-(4-chloroben-
zyl)-10-(hydmxymethyl)-1,6,9.12-tetraazabicyclo[11.
3.1]heptadecane-2. 5,8,11 -tetraone;

or a pharmaccuucally acceputblc salt, hydrate, solvatc,
prudut. stereoisonter, 14-oxide, or tautomer thereof

21. The compound accordmg to claim 1 selected from:
(3 R.7Y. I OS,13R)-6-(4-chloro-2-(4-(2-((dimethylamino)

methyl)-1-methyl-II I-imtdazoi-5-yl)phenoxy)benzyl)-
13-(4-chlorobenzyl)-10-(hydroxymethyl)-7.12-duu-
ethy1-3-(pyridin-2-ylmethvl)-1,6.9.12-tetraazabicyclo
[11.3.1]heptadecane-2,5.8.11-tetraone:

(3 R.7Y. I OS,13R)-6-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-111-imtdazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-chlonlbenzyl)-IO-(hydroxymethyl)-7.
12-dimethyl-3-(pyridin-2-ylmethvl)-1.6.9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3 R.7Y. I OS,13R)-3-benzy1-6-(t-chlore-2-(4-(2-((dimeth-
ylamino)nlethyl)-I-methyl-111-imithsvol-5-yl)phe-
noxy)benzyl)-13-(4-chlorobenzyl)-10-(hydroxym-
ethyl)-7-methyl-l.G,9,12-tetmsazabicyclo[11.3,1]
heptadecane-2,5,8.11-tetmsone:

(3 sf 7S, I OS.13R)-6-(4-chlom-2-(4-(2-((dimethylamine)
methyl)-I-methyl-111-imtdazol-5-yl)phenoxy)-6-fluo-
robenzyl)-13-(4-chlorobenzyl)-3-((S)-2S-dihydro-IH-
inden-l-yl)-10-(hydroxymethyl)-7-methyl-1.6.9.12-
tetraazabicyclo[11 3.1]heptadecane-2.5,8,11-tetraone:

(3 R.7Y. I OS,13R)-3-benzy1-6-(t-chlore-2-(4-(2-((dimeth-
ylamino)nlethyl)-I-methyl-111-imithsvol-5-yl)phe-
noxy)benzyl)-13-(4-chlorobenzyl)-10-(hydroxym-
ethyl)-7,12-dimethyl-1,6,9.12-tetraazabicyclo[11 3.1]
heptadecane-2,5,8.11-tetmsone:

(3 R.7Y. I OS,13R)-3-benzy1-6-(t-chlore-2-(4-(2-((dimeth-
ylamino)nlethyl)-I-methyl-111-imithsvol-5-yl)phe-

noxy)-6-fluorobenzyl)-13-(4-chlorobenzyl)-10-(hy-
dro xymethyl)-7-methyl-1,6,9,12-tctraazabtcyclo [11 zb

1]hcptadccanc-2,5.8.11-(ctraoue:
(38,7S,109,13R)-3-benzy1-6-(4-chloro-2-(4-(2-((dimeth-

ylamino)methyl)-I-nlethyl-I I I-imidazol-5-yi)phe-
noxy)-6-ihtorobenzyl)-13-(4-chlorobenzyl)-10-(hy-
droxymethyl)-7,12-dimethyl-1,6. 9,12-tetraazabicyclo
[11.3.1]heptadecane-2,5 „8.1 l-tetraone,

(3 S.7S, I OS.1 3R)-6-(4-chloro-2-(4-(2-((dimethyhmuno)
methyl)-I-methyl-IH-imidazol-5-yl)phcuoxy)-6-fluo-
robenzyl)-13-(4-chlombenzyl)-10-(nlethoxymethyl)-7.
12-dimethyl-3-(2.2,2-trifluoroethyl)-1. 6,9,12-
tetraazabicyclo[I I 3.1]heptadecane-2,5,8,I I-tetmone:

(3 S.7S, I OS.13R)-G-(4-chloro-2-(4-(2-((dimethylamino)
methyl)-I-methyl-IH-intidazol-5-yl)phenoxy)-6-fluo-
robcnzyl)-13-(4-chlorobenzyl)-I 0-(hydroxymcthyi)-7,
12-dtmcthy1-3-(2.2,2-u ifluorocthyl)-1.6,9,12-
tetraazabicyclo[11 3 I Jheptadecane-2,5,8,11-tetraone:

(39,79,10S,13 8)-6-(4-chloro-2-fluom-6-(4-(I -methyl-2-
((methylanlino)nlethyl)-111-imidazol-5-yl)phenoxy)
benzyi)-13-(4-chlorobenzyl)-10-(methoxymethyl)-7.
12-dimethyl-3-(2.2,2-trifluoroethyl)-1. 6,9.12-
tctraarabtcyclo[11 nb 1]hcptadecanc-2, S,g, I I -tetra one:
and

(3S.7S, I OS.13R)-6-(4-chloro-2-fhtoro-G-(4-(l-methyl-2-
((methylamino)methyl)-IH-imidazol-5-yl)phenoxy)
benzyi)-13-(4-chlorobenzyl)-10-(hydroxymethyl)-7.
12-dtmethy1-3-(2.2,2-lrifluoroethyl)-1,6,9,12-
tctraarabtcyclo[11 nb 1]hcptadecanc-2, S,g, I I -tetra one:

or a phanuaceutically acceptable salt, hydrate, solvate,
prodru . stereoisomer. 1st-oxide. or tautomer thereof.

22. A pharmaccuheal composil ton compri stag a therapeu-
tically etfective amount of a compound according to claim
1, or a phanuaceutically acceptable salt thereof, and a
phannaceuticaily acceptable carrier or exciplent.

23. The pharmaccuucal compostttou of claun 22 further
comprising al least onc addiltottal pharmaceutical agent.

24. (canceled)
25. Is method of modulating PCSK9 compnsing Iuhnin-

istering to a patient in need thereof a compound of claim I,
or a phaunaceutically acceptable salt thereof

26. A method of inhibiting PCSK9 compnsing adminis-
tering to a pa trent in aced thereof a compound of clatm I, or
a pltamutceuucally acceptable salt thcrcol;

27. 4 method of inhibiting P(:SK9 activtty comprising
administerin to a patient in need thereof a compound of
claun 1, or a phamtaceutically acceptable salt thereof.

28. 4 method for treating a P('SK9-mediated dtsease or
disorder comprising the step of administering to a patient in
need thereof a therapeutically effective amount of a com-
pound accordin to claint 1„or a phamtaceutically accept-
able salt thereof.

29. 'I'he method of claim 28, wherein said P('SKO-
mediated disease or disorder is selected from hypercholes-
temlemia, hyperlipidemia, hypertriglyceridemia. sitoster-
olemia, atherosclerosis, arteriosclerosis, coronary heart
disease, peripheral vascuLar disease. vascular inflanunation,
anti xanthonltl.

30. 4 method of reducing I,DI -('n a patient in need
thereof. the method contprisin administering a therapeuti-
cally effective amount of a compound of any one of claims
1-21 or a phanuaceutically acceptable salt thereof to the
palteut, thereby reducing LDL-C in the pattcnl.

31-38 (canceled)
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39. 3 process for the manufacture of a compound of
lionnula (H), or a pharmaceutically acceptable salt, hydrate,
solvate. stereoisomer„N-oxide, or tautomer thereof.

wherein R, is (C,-C, alkyl) and R, is as defined above for
Formula (I), or a phannaccutically acceptable adit,
hydrate, solvutc. stcreoisomer, N-oxide, or (au(omar
thereof,

(b) reacting the compound of I'ormula (Hb), or a phar-
maceutically acceptable salt. hydrate. solvate, stereoi-
somer, N-oxide. or tautomer thereof„with an acid in a
solvent, followed by BocsO and a base to foun a
colllpolllld ol foillluld (Ilc),

~OR„i
5

Bo.

~VH
0

Ri

~OH

(Hc)

ivherein I&o, and Rs are each independently (C,-(:c alkyl)
and R, is as defined above for Formula (I). comprising

(a) all ylating a compound ol'ormula (Ilaj, or a phar-
maceuticdlly acccptablc salt, hydrate. solvatc, stereoi-
somer, N-oxide, or tautomcr thcreol;

Boc

= Y

!H. )

wherein R, is (C,-C, alkyl) and R, is as defined above
for Formula (I), a pharmaceutically acceptable salt,
hydrate. solvdtc. stermisontcr, N-oxide, or tautomer
tllcrcof,

(cj alkylating the compound of I'orniula (Ilc), or a phar-
maceutically acceptable salt. hydmte. solvate, stereoi-
somer. N-oxide. or tautomer thereof, with a alkytating
a ent, in a solvent, and optionally a metal oxide to
provide a compound of Formula (Hd),

nid)

wherein R, m H and Rs is as defined above lbr Formula
(I)

with an alkyl halide and a base in a solvent, and at lov
tenipemture to provide a compound of formula (Iib),

)4 ~OSvi

Rc

B

'ox

jt

IHS
v herein R„and R, are each independently (C,-Co

alkyl) and Rc is ds dclincd above for Fonmila (1), or
a phamiaccuucally acceptable salt, hydrate, solvme,
stereoisomer, N-oxide, or tautomer thereof; and

(d), deallylating the compound of Formula (Ild), with a
palladium catalyst and N.N-dimethyltrimethylsilylam-
inc in a solvent to provulc thc compound of Fomiula
(il).

40. The process of claini 39. wherein the solvent in step
(a) is DMF.

4k lite process ol'lmm 39, wherein thc tempcmture in
step (aj is about 0" ( and the acid in step (b) is trifluoro-
acetic acid ( I'lok)
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42. (canceled)
43. The process of any claim 39. wherein a metal oxide ts

used in step (c) and the metal oxide is silver (I) oxide
(Apso).

44. (canceled)
45. The process of claim 39, wherein the paliadtum

catalyst in step (d) is tetrakis(triphenyiphosphine) paliadtum
(0)

46. A process lor Ihc mamtfacture of a compound of
Formula (II), or a phannaccuttcally accc3ttable salt, hydrate,
solvate. stereoisomer, N-oxide, or tautomer thereof,

wherein R„ is H, R. is (C,-C, all yl). and R, is as defined
above for Fomntla (I), contpnsin reactin a compound
of lconnula (Ilb)

nts)

I IB

Boc

Boc

~OR,i
Rs

~XII
0

whcrcut Rs is (C,-Cr alkyl) and Ro ts as dclined above for
Fonmtla (I). v tth a palladium catalyst and N,N-dtm-
ethyltrimethylsilylamine in a solvent to provide the
compound of Fornntia (II).

47 Tlte process of claint 46, wherein the solvent is
dichloromethane and palladium catalyst ts tetmkis(triph-
mtylphosplunc) palladntm(0).

48. (cancclcdt)
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