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FIGURE 3
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FIGURE 4
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FIGURE 6
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FIGURE 8
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COMPOUNDS AND COMPOSITIONS FOR
THE TREATMENT OF PARASITIC

DISEASI S

[0001] This application clauns priority to U.S. provisional
application Ser. No. 62/923.915. filed 21 Oct. 2019. wluch
is hereby incorporated in its entirety.

BACKOROUND OF THE INVENTION

Field of the Invention

[0002J 'the imention provides a class of compounds,
pharmaceutical contpositions comprising such compounds
and methods of using such compounds to treat or prevent
parasitic diseases. such as malaria.

Background

[0003] Malaria Is an mfectious disease caused by four
pa1(ozoBB p'lnlsrtes'yasaaidlaal /ali'ipavllal; I /asalaCIUBI
vivas PlasmoCiimi avale, and Plasmadaim malarui. These
four parasites are typically tmznsmitted by the hire of an
inl'ected fbmale Anopheles mosquitu. Malarm Is a problem
in many parts of thc world mtd over thc last Ibw decades the
nulldrld bUIdcn has stcddll)'lclcdsix!. An cstulultcd 1-3
ntillion people die every year from Inalaria mostly chil-
dren under the age of 5. 'Iltis increase in malaria mortality
is due in part to the fact tlrat PlasmaCima/a/ciparam, the
deadliest ntalaria parasite, has acquired resistance against
nearly all available antunalaual drugs, with Ate excepuon of
Ihc Brtcnuslnln dctlvB(ives.
[0004] Internatiouul patent apphcdttons WO 2012/020215
and WO 20121020217 disclose various amino-imidazolnth-
iadiazoles for use as protein or lipid kinase hdt)bttors.
However, fhr the treatment of malaria. there is a need for
targeted therapies winch may be selective (i.e. may inlubtt a
cirtatn targeted molecule morc seiccuvcly as compared Io
0(hcr ntoiccURB (Btgcts, c.g pr01cul ur hpal kutiisiu, 0 g. Iis

descnbcd hcretnaftcr), which may have thc bcncfit Of reduc-
ing side efl'ects and may also have a benefit that malana can
be treated selectively
[0005] In view of the foregoing. there remains a need to
develop novel compounds as selective antiparasiric agents.
Thc nlvcnnon provulcs sUch conlpoUnds, phBnuaccntu:Bllv
deci ptdblc salts thcrcof, sohd lorms thercoli plmnuaccutical
compostuons thcreol'nd combinations thereof. Thc mven-
tion further provides methods of treating, preventing. or
amelioratin parasitic disease. comprising administering to
a subject in need thereof an efi'ective amount of a compound
of the invention.

SUMIVLSRY OF THE INVENTION

[0006J In one aspect, the present invention provides a
compound selected fmm I'ounula Ia

[0007] in Vvluch:

[0008] L is each utdependently sclectcd from NCH,. 0
and S;
[IN)09J I is each independently selected front N and ('R';
[IR)10J Y's each independently selected from ( (Rs),; 0,
NRS and S:

[0011] R's each independently selected from C, dal-
kyh hydroxy-(., dalkyl-. alkoxv CI 4 Ilkyl-, halo-C, dalkyl-,
and X',-cyclodlkyl;
[0012] R is each utdcpcndcntly selcctcd from -hydrogen.

Sall vl W I dalkoxy. halo-(:, dalkyl-, -halo, and a
saturated 3-6 membered carbocyclic ung or heterocyclic
ring containing up to tluee heteroatoms selected fbom N, S

and O„wherein carbocyclic or heterocyclic ring of R's
unsubstituted or substintted ivith I or 2 Ciaalkoxy; or
[0013] R'nd a R togc(hcr with the atoms tluough wluch
R'nd R arc connected form a suturatcd, unsaturated or
partially unsaturated 3-6 men)her heterocyclic ung contain-
ing up to three heteroatoms selected from N, S and 0;
[0014] R's each independently selected from hydrogen,
C, dalkyl, amino, X' ', NH X''", hydroxy-
substttuuxl-C„dalkyh C, dalkoxy-subsututed-C, dalkyl,
hydroxy, oxo, halo, X i

ICOSI I. X''DIN I Iz,
X'OCC, dalkyl, X SO N(( I

4'lll Vl) X's
4-cycioalkyh

[0015] R'" Is each indcpcndently selcctcd anuuo, CO
C, dalkyl, and 3-6 mcmbcr, saturated, unsaturated or par-
tially unsaturated heterocyclic ring containmg up to three
heteroatoms selected from N, NRIU, S(O)0 I and O. Ivherein
the heterocvclic rin of Rs" is unsubstituted or substituted
with I or 2 hydroxy or amino( or
[0016] any two R togcthcr with thc atonm tluough wluch
R're connected form a saturated, unsaturated or partially
unsaturated 3-6 men)her carbocyclic or heterocyclic ring
containtn up to tluee heteroatoms selected from N, NR,
S(O), and 0: wherein the C,,cycloalkyl of R's unsub-
stituted or substituted with I to 4 R independently selected
from Ci dillkyl. Bnuno, dunno-C, dalkyl, C, dalkoxy.
hydroxy, X'COSR ", X'COR ". X'C(O)NR 'R '.

XLcycioalkyl-R ",

[0017] R " and R are each independently selected from
hydrogen, anuno, and aminosubstitutcd-C, 4alkyh
[IR)ISJ X" is each independently selected from a bond and
(', daikyiene:
[0019] n is each utdcpmtdmttly sclcctcd from 0, I and 2,
[0020J m is each independently selected from 0. I. 2, and
3;
[0021] p Is each utdcpmtdcntly sclcctcd from 0, I, 2. 3 and
4. or

[0022] individual isomers and mixture of isomers
thereof: or a phaunaceutically acceptable salt thereof.

[0023] In a second aspect, the presmtt Invention pmvtdcs
a solid forin of the compound 4-(anunomethyl)-1-(5-(6-
isopropy)-2-methoxypyridin-3-yl)inudazo[2,1-bJ[1 sk4]
thtadiazol-2-yl)piperidin-4-ol. and salts thereof
[0024] In a tlurd nspcct. the present Invention provides a
plmmtaccu(ical composition which con(Buts a compound
selected fmm lionnula ia. individual isonters and mixture of
isomers thereof; or a pharmaceutically acceptable salt
thereof. solid forms thereof in admixture v ith one or more
suitable excipients.
[0025] In a fourth aspixu the prcscnt utvmttton provides a
method of treating a disease In an animal in which a
cmnpound of the invention can prevent. inhibit or aineliorate
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the pathology and/or symptomology of disease caused by a
pares&tc (such as, for example. Plas&aodima la/cipdraai,
Plas»iodi&na viviix, Plaza&odium ovale. P/dsmodimu
mala ri U. i'rylzuizusoaia crvzi or a parasite of the /xi&hiadizid
enus such as, for example, Leizhiiiaaia doazzvaai) which

metiu&d con&pnses administering to the animal a thempeu-
tically efiective amount of a compound selected from For-
muks Ia. individual isomers or mixture of isomers thereof. or

pluirmaceutically acccptablc adit thereof.

[0026] In a fifth aspect, the present invention provides the
use of a compound selected from FormuLse Ia. Ib, Ic, Id, Ie,
If. Ig, lb. Ii or Ij or a compound of the Examples in the
manui'acture oi' mcd&cdmcnt for tres&u&g a d&sease caused
by a paras&te in an amma). Thc d&sense mav bc maiana.

[0027] In a sixth aspect. the present invention provides a
process Ibr prcf&aring compounds seicctccl from Fonmila Ia,
prodrug derivat&vcs, &mhv&dual isomers or mixture Of iso-
mers &hereof, or B pharmaccut&cally acccptablc nil& thcrcol.

[0028] Other aspects of the invention will become evident
from thc follow&ng more detmlcd description oi'&e mvm&-

&ion ilncl thi: cldaus

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 provides the X-ray difibact&on pattern for
crystal form A of 4-(aiuino&nethy))-I-(5-(6-isopropyl-2-

meth oxypyri din-3-yl)imidaso [2. I -6 J [1,3,4J thiadiaml-2-yl)
piperidin-4-ol (2:I) adipic acid salt.

[tlt)3U] I'l(i. 2 provides the differential scanning calonn&-
etry (DSC) thermogram scan of crystal fom& A of 4-(anu-
non&ethyl)-I-(5-((i-isopropyl-2-methoxypyridin-3-yl)im&-
dado[2,1-b][1,3,4]tluad&az01-2-yl)p&peridu&-4-oi (2.1) ad&pic
ac&il salt.

[0031] FIG. 3 prov&dcs the TGA d&ermogram scan of
crystal Ii&nn A of 4-(aminomc&hyl)-I-(5-(6-&sopropyl-2-
n&ethoxypyri din-3-yl)imidazo [2.1-bJ [1,3,4 1th iadi azol-2-yl)
piperidin-4-ol (2 I) ad&pic ac&d salt

[0032J I'l(i. 4 pmvides shows the scanning electron
n&icroscope (Sl:M) photograph of crystal foun A Of 4-(ami-
nomethyl)-I-(5-(6-isopropyl-2-methoxvpyridin-3-yl)inu-
dazo[2,l-bj[1,3.4]tlfiadiazo)-2-yl)piperidin-4-ol (2:I) adipic
acid salt.

[0033] FICI. 5 provides the X-ray diffraction pattern for
crystal form B of 4-(aminomcthyi)-I-(5-(6-&sopropyl-2-
methoxypyridin-3-yl)&m&dazo[2,1-b] [1.3,4]tluad&az01-2-yl)
pipcnd&n-4-ol (2.1) ad&p&c Bcxl salt.

[0034] FIG. 6 provides thc diiii:rent&al sc umu&g calonm-
etry (DS( ) thermogram scan of crystal fi&rm l3 Of 4-(ami-
nomethyl)-I -(5-(6-isopropyl-2-methoxypyridin-3-yl)im&-
dam[2,1-b][1.3.4Jtluadiazo)-2-yl)piperidin-t-ol (2 I) adipic
acid salt.

[0035] FIG. 7 provides the TC)A thermo@am scan of
crystal form B of 4-(aminomethyl)-I-(5-(6-isopmpyl-2-
methoxypyridin-3-yl)imidazo [2. I -b] [1,3.41 thiadiazol-2-yl)
p&pcndin-4-ol (2.1) ad&pic seal salt.

[0036] FIG. 8 pro vnles show s the scmuung cicmtron
nucroscopc (SEM) photograph oi'rystal form B Of 4-(anu-
nomethyl)-I-(5-(6-&sopropyl-2-methoxypyrnlm-3-yl)mu-
dazo[2,1-bJ[1/k4Jthiadiazol-2-yl)piperidin-4-01 (2 I) adipic
acid salt.

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

[0037] As used herein. the term "C& salkyl** refers to a
stra&ght or branched hydrocarbon cha&n radical consistu&g
solclv Uf carbon ilail hvilrogcn B&onls. Con&Buung no Unsil&U-

nstion, having from one to six carbon atoms, and w:hich is
attached to the rest of the molecule by a single bond. 'I he
tenn "C, daikyi" is to be constnied accordingly. Examples of
C,,allyl include, but are not limited to, methyL ethyl,
n-propyl, I-methylethyl (iso-propyl)„n-butyl. n-pentyl and
i,l-dimcihyiethyl (t-butyl).
[0038] As used hcrcm, thc tenn "C, calkoxy" rcfcrs to a
nsdical of the formula ~)R„where R„&s a (', calkyl radical
as generally defined above I ixamples of (', sall oxy include,
but Bre not limited to, methoxy. ethoxy. propoxy. iso-
propoxy. butoxy, isobutoxy, pentoxy. and hexoxy.
[0039] As used herein, the term "Ci sall oxyC,,alkyl*'efers

&o a rad&cal of the fom&ula R„O R„whcrc each
R„ is &nilcpcnilcntlv CI C, talk)i radical as dcf&ncxf above. Thc
oxygen ato&n n&ay be bonded to any carbon atom in either
alkyl nsdical I ixamples of(, ialkoxy (', salkyl include, but
are not limited to, methoxy-methyl, methoxy-ethyl, ethoxy-
ethyl, I-ethoxy-propyl and 2-n&ethoxy-butyl.
[0040] As used herein, the term "hydroxyC, „alkyl" refers
to a C, ialkyl radical as ilelincd above, whcrc&n onc oi'he
hydrogci&1 atonw Uf the C, ddlkyl radical &s rcplaccd by OH.
Exan&plea of hydroxy(', calkyl include, but are not limited
to, hydroxy-methyl, 2-hydroxy-ethyl, 2-hydmxy-propyl,
3-hydroxy-prop)I and 5-hydroxy-pentyl.
[0041] As used herein. the tern& "aminoC,,all yl" refers to
a C,,alkyl radical as defined above, wherein one of the
hydrogen a&orna of the C, alkyl group &s rcplaccd by a

pnmary anuno group. Rcprcsentativc examples of Bnunc&C&

cslkyl mciude, but are not hmited to, amino-methyl,
2-amino-ethyl, 2-mnino-propyl. 3-anlino-pmpyl. 3-amino-
pentyi and 5-amino-pentyl.
[0042] As used herein. the tenn "C, salkyla&uino" refers to
a radical of the formula NH R, where R, is a Cu salkyl
rad&cdl as defined abo&e.
[t)U43J As used herein, the tern& "('1 „cycloalkyl('0 salkyl'*
refers to a stable monocyclic satumsted hydrocarbon radical
consistin soiely of carbon and hydrogen atoms, bavin
from tluee to eight carbon atoms. and which is attached to
thc I'cs& of thc nlolccl&lc 6)'I su&gli I Uncl or bY B Ci cdlk) I

rdd&cdl ds clcfncil Bbo&c. Exdn&plea 01 Ci sc)mloalkY)C&i
&alkyl include, but are not limited to, cyclopropyl. cyclo-
pmpyl-methyl, cyclobutyl. cyclobutyl-ethyl, cyclopentyl,
cyclopentyi-propyl, cyclohexyL cyclohepty and cyclooctyl.
[0044] "Hc&crocychc*k "hcterocyclyl" or '*hc&crocycloal-
kyl'* means cycloalkyl, ds defined in this apphcauon, pro-
vided tlmt One or more of the rin carbons indicated. are
replaced by a moiety selected from 0, N, NR

C(O) . S, S(O) or S(O)s, wherein R is
hydrogen, C&~a)ky) or a nitrogen protect&ng group. For
example. 3-8 member heterocycloall yl as used in this appli-
ciltnin to cli:sc&1bi: conlpoilncls of thc a&vent&on hlcl&1&lcs

morpholino, pyrrol&dinyl, p&pcrazinyl, p&pendu&yi, pipendi-
nylone, 1,4-dioxa-g-aza-spim[4.5]dec-g-yl, etc
[0045] "Halogen" refers to bromo. chlom, fhioro or iodo.
[0046] As used hcrcin. &he tcm& "halogm&C, calkyl** refers
to (', „alkyl nsdical. as dehned above, substituted by one or
nx&re halo radicals, as defined above lixan&plea of halo-



US 202 [/0 [ ] 5065 A[
3

Apr. 22, 2021

enC»alkyl include, but are not limited to. trifluoromethyl,
difluoromcthyl, fluoromethyl, )rich)oromcthyl, 2.2,2-)rifluo-
roethyl. I g-dlbromopropm1-2-yl, 3-bromo-2-fluoroprupyl
and 1,4.4-trifluorobutan-2-yl

[W47J As used herein, the term "heterocyclyl" or "het-
erocyclic" refers to a stable 4-, 5-, 6- or 7-membered
non-aromatic monocyclic rin radical lvhich comprises I. 2,
or 3, heteroatoms individually selected )horn nitrogen. oxy-
gen mid sulfur. Thc hctcrocyclyl radical may be bonded via

carbon atom or hcteroatom. Examples of heterocyclyl
include. but arc uot limited to, azetldulyl, oxctanyl, pyrroli-
nyl, pyrrolidyl, tetrahydrofuiyl, tetrahydrothienyl, pipeudyl,
plpel Izlnyl, Ietrahy'rli'opvlallvl, lnoipholhll'I iu'k'I'hv-
droazepinyi.
[0048] As used herein, the term "heterocyciy)C«a)kyl**
refers to a heterocyclic ring as defined above which ls
attached to thc rest oi'he molecule by a smgle bond or by
a C, salkyl radical as dc)iced above.

[0049] As used herein, the term '*pliarmaceutical compo-
sition" refers to a compound of the invention, or a phanna-
ceutically acceptable salt thereof, together with at least one
pharmaceutically acceptable carrier, in a form suitable for
oral or parenteral administration.
[0050] As used herein. the term "pharmaceutically accept-
able carrier" refers to a substance use)'ul m the preparation
or usc of a phannaccutlcal composiuon mid ulclurlcs, for
example. suitable dlluents, solvents, dispersion media. sur-
factants. antioxidants, plusetvatives, isotonic agentw buflz
ering agents. emulslfiers. absorption dekzying, agents. salts,
drug stabilizers. binders. excipients, disinte~tion 1 ents,
lubricants, wetting a ents, sweetenin agents. flavoring
agents, dyes. mid combulauons thcrcof, as would bc known
to those skilled ul tlm art (scc. Ibr example. Rcmulgton The
Scicncc and Practice of Pharmacy. 22"'d. Pharmaceutical
Presg 2013. pp. 1049-1070)

[W5)J As used herein, the term "subject" refers to pri-
mates (e, humans. male or Ibmale), dogs, mbbits, guinea
pigs, pigs. rats and mice. In certain embodiments. the subject
is a primate. In yet other embodiments. the subject is a
hulniul.
[0052] As used hcrcul. thc teml "inhibli'*, '*ulhibition" or
"ulhibiting" refi:rs to thc reduction or suppression of a given
condition, synlptom, or disorder, or disease. or a significant
decrease in the baselme activity of a biological activity or
process.
[0053] As used herein. the term "treat". "treating" or
"treatment'* of any disease or disorder refers to alieviatin or
ameliorating the disease or disorder (i.c., slowulg or arrest-
ing the development of the discase or ai least one of the
clinical symptoms thereof/, or alleviating or ameliorating at
least one physical parameter or bioinarker associated v ith
the disease or disorder. including those which may not be
discernible to the patient.
[0054] As used herein. the term "prevent", "preventing** or
"prevention" of any disease or disorder reibrs to the pro-
phylacuc trcatmcnt of thc Ihsease or disorder; or dc)eying
the onset or progression of thc disease or disorder

[W55J As used herein, a subject is "in need of'a treatment
if such subject would benefit biologically, medically or in
quality of life from such treatment.

[0056] As used barmn, thc tenn "a.*'*an," '*the" and
similar terms used in the context of the present invention
(especially ln the context of the ckzims) are to be constnied

to cover both the singular and plural unless otherwise
indicated herein or clearly contradicted by the context.
[0057] All mcthoCs described hercul cau bc pcribrmcd in
any suitable order lulless otherwise indicated herein or
otherwise clearly contradicted by context 'I'he use of any
and all examples. or exemplary language (e.g. "such as")
provided herein is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the
iuvmltion othciw lac claiuux).

DESCRIPTION OF THE EMBODIMENTS

[IN)58J Tile invention provides a novel class of com-
pounds, pharmaceutical compositions comprising such com-
pounds and methods of using such compounds to treat or
prcvmlt dlscascs or Cisordcrs associated with a pamsttc. In
particular, thc compounds can bc used to treat nuilaria.
[IN)59J In one embodiment, lvith reference to compounds
of Formula Ia:

ls

R

[0060] L is each independently selected from N('H,. 0
and S:
[0061] Z is each utdkTIendent)y selected from N and CR .

[0062] Y's each independently selected from C(Rs),: 0,
NR'nd S:

[IN)63J R's each independently selected from ~:, zal-
kyl; hydroxy-(', zalkyl-. alkoxy-(', salkyl-, halo-('I z llkvl-,
and X'.'s,-cycloalkyh
[0064] R" is eaCh utdkTIendently ac)ected from -hydrogen,

gdkyl. Mi still oxv'al(1 Cl s ill vl 11 do and a
saturated 3-6 membered carbocychc ring or heterocyclic
ring containing up to three heteroatoms selected from N, 8
and 0, v herein carbocyclic or heterocychc ring of R is
unsubstituted or substituted lvith I or 2 Cl~alkoxy: or
[0065] R'nd a R togcthcr with the atoms tluough wluch
R'nd R are connected foun a saturated, unsatunzted or
partially unsaturated 3-6 menlber heterocyclic nng contain-
ing up to tluee heteroatoms selected fmm N, S and 0;
[0066] R's each independently sehxtcd Iyom hydrogen,
C, zalkyl, amino, X''", NH X''", hydroxy-
substnuteki ( I zalkyh (, zalkoxy-substituted-(

I zalkyl;
hydroxy, oxo, halo, XI~COzl I. X''OzNI )z,X'O C, zalkyfi X SO N(CI za)kyl) X',-cycloalkyh

[0067] R 's each indcpcndently selcc ted annuo, CO
(', za)ky), and 3-6 nlember, saturated. unsatumted or par-
tially unsaturated heterocyclic ring containmg up to three
heteroatoms selected from N„NR„,. S(O)u, and O. wherein
the heterocvclic rin of R"" is unsubstituted or substituted
with I or 2 hydroxy or amino) or
[IN)68J any uvo R to ether lvith the atoms through which
Rs are connected form a saturated, unsaturated or partially
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unsanirated 3-6 member carbocyclic or heterocyclic ring
contaiiung up to three lmtcroatoms selected lrom N, NR
S(O)c - and 0, u hcrcin thc Ci fcycloaikyl Of R is unsub-
stituted or substituted with I to 4 R independently selected
fmm (u«aalk3 l. amino, amino-(, calkyl, C, calkoxy,
hydroxy. X'COzR ". X'COR ". X'C[O)NR "R

X L cyclo alkyl-R
[00691 R 'nd R are each independently selected fmm
hydrogen, amino. mid aminosubstitutcd-C, calkyl.
[00'70] X's inch indcpcudcntly selcctcf1 from a bond and
( „zalkylcue,
[tlt)7 I ] n is each independently selected from 0, I and 2;
[0072] m is each independently selected thorn 0. I. 2. and
31

[0073] p is each independently selected from 0. I. 2. 3 and
4. or
[0074] a pharmuccutically acceptable salt thereof.
[W75J In another embodiment, the coinpound has iior-
nuila lb

saturated, unsaturated or partially unsaturated 3-6 member
bet crocyc lie ung conrauung up to tluce he sero atoms selected
from N, S and O.

[0084] In another embodiment. X's bond. In another
embodiment, X's C, calkylcne.

[0085] In another cmboflimcnt. n is 0. In another embodi-
ment, n is I . In another embodiment. n is 2

[11086J In another embodiment. m is 0 In another embodi-
ment, m is I. In another embodiment. m is 2. In another
embodiment. m is 3.

[0087] In another cmbodimmit, p is 0. In another cmbodi-
mcnt, p is I. In another embodiment, p is 2. In another
embodiment, p is 3 In another embodinient, p is 4.

[18188J In another embodiment, the compound has lfor-
mulu Ic

Ic

iR')

v s

R fJ
R I

Ni,&
— ~'

[W76J wherein
[W77J Rzc and 8 * is each independently selected front
-hydrogen. Ci 3 llkyl Ci 3 Ilkoxy llalfl-C, 4ulkyl-,
-halo. and a satumted 3-6 membered carbocyclic ring or
hcierocyc lie un co ntm rung up to tlu iu bc taro atoms selected
from N, S and 0, wherein carbocyclic or heterocyclic ung
ofR's unsub stituted or substituted with I or 2 C, calkoxy.
[0078] In another embodiment. L is O. In another embodi-
ment, L is NCH, In another embodiment, L is S;
[W79J In another embodiment. / is N. In another embodi-
nient, / is ('R
[0080] In another embodiment, Y's C(R3)z, In another
cmbodimcnt, Y's O. Iu another embodiment, Y'NR'. In
another embodiment, Y's S.
[0081] In another embodiment, R's (', calkyl In
another embodiment. R's hydroxy-C, calkyl-. In another
embodiment. R's alkoxy-C, calkyl-. In another embodi-
ment, R's halo-Cf~alkyl-. In smother embodiment, R's

Xi~Os f cycloulkyl.
[0082] In another embodiment, R'c -hydrogen In
another embodiment, R's C, calkyl. In another embodi-
ment, R's C, calkoxy. In another cmbofiunent, R" is
halo-C, calkyl-. In auotlmr embodiment, R is -halo. In
another mnboduncnt, R's a saturated 3-6 membered car-
bocyclic ring. In another embodiment, R is heterocyclic
rin containing up to three hetematoins selected from N, S
and O. In another embodiment, Rz is carbocyclic or hetero-
cyclic ring of R" is unsubstituted. In another embodunent,
R's substituted with I or 2 Cf~alkoxy.
[W83J In another enibodiment. R'nd a R together v ith
the atoms through ivhich R'nd R're connected forni a

[0089] R
'

R ", R ', and R 's each independently
scil ctcll irolll llVilrogi li Ci still 7 I Illllllo X'

NH X's", hydroxy-subsututed-C, zalkyl,
C, calkoxy-substitute-Ci still yk hydroxy. oxo, halo,

XWO II XWONII X SO( i~alkyl
X SO N(( i 3'ill'vl)z. anil X ~ 3 f cycloalkyl.

[0090] In another embodiment, the compound has For-
mula Id:

Iu

RJ

XP N

R"

wherein

[0091] R
'

R ", R ', and R 's each independently
scil ctcll irolll llVilrogi li Ci still 7 I Illllllo X'

NH X's", hydroxy-subsututed-C, zalkyl,
C, calkoxy-substitute-Ci still yk hydroxy. oxo, halo,

XWO II XWONII X SO( i~alkyl
X SO N(( i 3'ill'vl)z. anil X ~ 3 f cycloalkyl.
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[0092] In another embodiment, the compound has For-
Iltllltl Its

te

[0101] whereim
[0102] Y is each independently selected from C(R ),: 0,
NR mtd S.
[0103J In another embodiment, the compound has I'or-
llltlla 111:

ts

a-o

[0093] whcretn.
[0094] R'. and R'", is each independently selected fmm
hydrogen, C, zalkyl, amino, X''", NH X''",
hydroxy su bstltutlxl C) zaiky I C) z Ilkoxy saba(i(uter! C

~

sulky k hydroxy, oxo, halo, X'~'Ozl I, X''O,NI lz,
X SOz(

~
tetll'vl X SO N(( z zalkyl)z atlrl

X'«-cycloallyl.
[0095] In another embodiment, the compound has For-
mula If:

%+8 Y"

Y

8 S

[0104] v:herein:
[0105] Y's each independently selected from C(R ).; 0,
NR and S: and
[0106J Y's each independently selected from ('(R )z; 0,
NR mtd S.
[0107] In another cmbotliment. m ts 0 In another embodi-
ment, m is 1. In another embodiment. m is 2. In another
embodiment. m is 3.
[0108] In another embodiment„ the compound has For-
llltlla 11

R 0

[t)t)96] wherein
[t)t)97] Y is each mdependently selected from C(R ); 0,
NR and S;

[t)t)98] Y is each mdependently selected from C(R )zt 0,
NR and S; and
[0099] the dashed line represents that the bond is a single
or double bond
[0100] In mtothcr cmbodunent, the compound has For-
Iltllltl Ig.

[0109] whcrcin.
[0110] Y is each indc7tendently sclcctcd I'rom C(R )„0,
NR and S: and
[0111J Y's each independently selected from ( (R )z; 0,
NR and S.
[0112] In another embodiment. the compound has For-
mula Ij

a —o
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[0113] &vherein:

[t)114J Y is each independently selected from f'(R ); 0,
NR and S; and
[0115] Yn's each tndcpmtdcntly selcc&ed from C(R )„0,
NR mtd S

[0116J ln another embodiment. Y is ( (OII)CI lsNIls.
[0117] In another cmboduncnt, R's hydrogen. In another
cmbodimcnt, R's C, salkyl In ano&her embodiment, R's
ammo. In ano&hcr embod&mcnt, R's X''". In another
embodiment, Rs &s Nl I

X''" ln another embodi-
ntent, Rs is hydroxy-substituted-(', saikyl In another
entbodiment, R's C, alkoxy-substituted-C, alkoyl In
another entbodiment, R'a hydroxy. In another embodiment,
R is oxo. In another embod&mcnt, R's Itak&. In another
mubodimcnt. R's X&~COsH. In another emboduueut,R's X&~COsNHs. In mtothcr cmbodimen&, R's

X'OzC, salk31 In another embodi&nent. R's X'O

N((
&

salk3 I )z In another embodiment Rs is X 'i Cs
e-cycloalkyl.
[0118J in another embodiment, any tvvo Rs together v ith
the atoms through &vhich Rs are connected for&n a saturated,
unsaturated or partially unsaturated 3-6 member carbocyclic
or heterocyclic ring containing up to tltree heteroatoms
sclcctcd Ibom N, NR, S(O)a c and O. In mtother embed&-
ment, thc C, &cycloalkyl of R's unsubst«utc&L In another
embodiment. the Cs &cycloalkyl of R's substituted tv&th I

to 4 R independently selected from C& salkyl, antisub
amino-(', salkyl I

&
salkoxy. hydroxy, X&COsR ",

X'OR ". XC(O)NR *'R ", and XCcycloalkyl-
R ".

[0119] In another embodiment. R'" is amino. In another
entbodiment, R" is CO C, salkyl. In another embodi-
ment, R'" is 3-6 member, saturated. unsaturated or partially
unsnturated heterocyclic ring conu&imng up to &luce hetcroa-
&oms sclccted from N, NR,„. S(O)a s and O. In another
embodiment. the heterocyclic ring of R'" is unsubstituted. In
another embodiment. the heterocyclic ring of R " is substi-
tuted &vith I or 2 hydroxy or amino.
[0120J In another entbodiment. R " is hydmgen In
another e&ubodintent, Ir " is amino. In another embed&ment,
R 's aminosubstttuted-C, salkyl. In another embodunent,
R 's hydrogen. In another embodiment, R 's amino. In
another embodiment. R is aminosubstituted-C:, sallyl.
[0121] In a further embodiment are compounds selected
front any one of Examples 4-0 to 58-2: 4-(aminometbyl)-
1-(5-(6-&sopropy1-2-mc&hoxypyridu&-3-yl)imidazo[2,1-b] [ l.
3,4]tluad&azo1-2-yl)p&pcndu&-4-ol, 3-(ammomcthyl)-1-(5-
(2-methoxy-4-methylphmtyl)un&daze[2, l-b][1,3,4]
thiadiazol-2-yl)pyrrolidm-3-oh (1-(5-(2-methoxy-4-
ntethylphenyl)imidazn[2,1-bj[1.3,4Jthiadiazo1-2-yl)
pipemzin-2-yl)methanoh (4-amino-I-(5-(2-methoxy-4-
methylphenyl)imidazo[2. I -b] [1.3,4]thiadiazo1-2-yl)
ptpcndtn-4-yl)methanol, (3S,SS)-5-anuno-l-(5-(4-fluoro-2-
methoxyphcnyl)un&de zo[2,1-b] [1,3,4] this diazol-2-yl)
ptpcndtn-3-oh 3-(aminomcthyl)-I -(5-(6-tsopropyl-2-
meth oxypyri din-3-yl)imidaso [2. I -6 J [1,3,4J thiadi az nl-2-yl)
azetidin-3-ol, 4-(amino&uethyl)-I-(5-(5-chloro-4 fluoro-2-
methoxyphenyl)imidazo[2.1-b] [1.3,4]thiadiazo1-2-yl)
piperidin-4-oh 4-(aminomethyl)-I -(5-(2-ethoxy-5-
mcthylphcnyl)unt&h&zo[2,1-b] [1,3,4] thin diazol-2-yl)
ptpcndin-4-ol, 2-(5-(4-fluoro-2-mcthoxyphenyl)tmnlazo[2,
I-b][1.3.4]ttuadrazol-Z-yl)-5-oxa-2.8-diazasptro[3.5]
nonane; 8-(5-(2-nsethoxy-4-methylphenyl)imidazo[2,1-bJ
[1,3.4]thiadiazn1-2-yl)-l-oxa-g-azaspiro [4 5Jdecan-3-

amine: 4-(aminomethyl)-I-(5-(5-fluoro-2-methoxyphenyl)
intidazo[2,1-bJ[1,3,4Jthiadiazo1-2-yl)piperidin-4-oh 9-(5-
(4-fhtoro-2-methoxyphenyl)imidazo[2,1-b] [1,3.41
tluadtazol-2-yl)-l-oxa-4.9-&liazaspiro[5.5]undecanc,
4-(amtnomethyl)-I-(5-(2-ntethoxy-fi-methylpyridin-3-yl)
imidazo[2,1-b][1,3,4]tluadtazo1-2-yl)pipcndtn-4-oh 4-(ami-
nontethyl)-1-(5-(3-chloro-2-ntethoxyphenyl)&midazo[2,1-bJ
[1,3,4]tluadiazol-2-yl)ptpcridu&-4-ol, 4-(am&nomethyl)-I-
(5-(4-cyclopropyl-2-methoxyphenyl) in&&daze[2,1-b][1,3.4J
th&adiazol-2-yl)p&pcridu&-4-ol, (3S,4R)-4-amuto-l-(5-(4-
fluoro-2-methoxyphenyl )i

midaze [2,1-b 1 [1. 3,4Jthisdiazo1-2-
yl)piperidin-3-oi: (3R,4S)-4-amino-l-(5-(4-fluoro-2-
methoxyphenyl)imidazoj2,l-bj[1,3.4Jthiadiazo1-2-yl)
piperidin-3-ol; 1-(aminomethyl)-1-(5-(3.5-difluoro-2-
methoxyphenyl)imidazoj2,l-bj[1,3.4Jthiadiazo1-2-yl)
pipendin-4-oi: 4-(aminomethyl)-l-(5-(2S-
dihydrobenzofuran-7-yl)imkhszo[2.1-b] [1.3.4]thiadiazo1-2-
yl)pipcridin-4-ol, 4-(anunomcthyl)-I-(5-(2-methoxy-3-
methylphcnyl)&mnlazo[2,1-b] [1,3,4]tluadtazo1-2-yl)
pipe«din-4-ol: (R)-I-(I-(5-(6-isopropyl-2-methoxypyridin-
3-yl)imidazo[2,1-bJ[1.3,4Jthiad&azol-2-yl)pyrrolidin-3-yl)
cycloprcpa-- -aamin: (1-((cyclopropylntethyl)an&inn)-1-(5-
(2-methoxy-4-methylphenyl)intidazo [2. I -b] [1,3,4]
thtadiazol-2-yl)piperidin-4-yl)ntethanol; 4-(aminomethyl)-
l-(5-(2-methoxy-3-(trifluoromcthyl)phenyl)untdazo[2,1-b]
[1,3.4]thiadiazo1-2-yl)p&peridu&-4-ol, 2-(4-(5-(2-methoxy-4-
methylphenyl)intidazo[2,1-b 1 [1.3.4J tin adiazo1-2-yl)
piperazm-2-yl)ethan-I -oh 3-(aminomethyl)-1-(5-(2-
methoxy-4-&nethylphenyl)in&i daze[2,1-bJ [1,3.4Jthiadiazol-
2-yl)azetidin-3-oh (3S,4R)-3-fluoro-l-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2,1-b] [I,'3.41tlfladiazol-2-yl)
ptpendin-4-am&nc, (3R.4S)-3-fluoro-l-(5-(4-fluoro-2-
methoxyphenyl)&nmlazo[2,1-b] [I S.4]tlua&bazol-Z-yl)
ptpendin-4-am&nc, (3S.4R)-4-amuto-l-(S-(6-isopmpy1-2-
methoxypyridin-3-yl)i midaze [2.1-b 1 [1. 3,4Jthiadiazo1-2-yl)
pyrrolidin-3-oh (4-(5-(6-isopropyl-2-ntethoxypyridin-3-yl)
imidazo[2.1-b] [1,3,4]thiadiazol-2-yl)pipemzin-2-yl)
methanol: 8-(5-(6-isopropyl-2-methoxypyridin-3-yl)
imidazo[2,1-b][1,3,4]tluadtazo1-2-yl)-l-oxa-g-azasp&m[4.5]
d&man-3-amine, 8-(5-(4-fluoro-2-mc&hoxyphcnyl)untdazo
[2,1-b][l,'3,4]thiadiazo1-2-yl)-l-oxa-8-azasp&ro[4 5]dccan-
3-amine; 4-(aminontethyl)-I-(5-(2-ethoxy-4-
(tnfluoromethyl)phenyl)imidazo[2,1-bJ[1,3.4Jthiadiazo1-2-
yl)piperidin-4-oi: 3-(aminomethyl)-I-(5-(2-methoxy-6-
methylpyridin-3-yl) imidazo [2.1-b1 [1. 3,41thiadiazol-2-yl)
pyrrolidin-3-ol, 4-(emu&one:thyl)-I-(5-(4-chloro-2-(2-
methoxycthoxy)phenyl)umdazo[2,1-b] [1,3.4] duadiazol-2-
yl)pipcridin-4-ol, (S)-3-(aminomcthyl)-I-(5-(4-fluoro-2-
methoxyphenyl)intidazo[2,1-b 1 [1.3.4J tin adiazo1-2-yl)
pyrrolidin-3-oh (8)-3-(aminomethyl)-I -(5-(4-fluoro-2-
methoxyphenyl)imidazo[2,1-b] [I ek4]tluadiazol-2-yl)
pyrrolidin-3-oi: 4-(antinomethyl)-I-(5-(4-fluoro-2-
(tnfluoromethoxy)phenyl)umdazo[2,1-b] [1,3.4]duadiazol-
2-yl)pipcrnhn-4-ol, 4-(anunomcthyl)-I -(5-(3-fluoro-2-
methoxy-4-mcthylphcnyl)umdazo[2,1-b] [1,3.4]duadiazol-
2-yl)piperidin-4-oh 4-(aminomethyl)-1-(5-(2-
(cyclopropylmethoxy)-4-fluorophenyl)&ntidazo[2,1-bj[1,3,
4]thiadiazol-2-yl)piperidin-4-oh 4-(aminomethyl)-1-(5-(4-
fluoro-2-methoxyphenyl)imidazo [2, I -b] [ I eh4]thisdiazol-2-
yl)pipcridin-4-ol, 4-(aminomcthyl)-I-(5-(4-fluoro-5-

i so propy1-2-mcthoxyphenyl)imidazo [2. I -b] [1,3,4]
tluadtazo1-2-yl)p&peridu&-4-ol, 8-(5-(2-methoxy-6-
methylpyridin-3-yl)imidazo[2,1-bJ [1.3,4]thiadiazo1-2-yl)-I-
oxa-g-azaspiro[4.5]deca«-3-am&ac, (4-a&nine-I -(5-(4-
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clfloro-2-methoxyphenyl)imidazo[2.1-b] [1.3.4]thiadiazol-
2-yl)piperidin-4-yl)methanol f-(aminomethyl)-1-(5-(2.3-
dihydrobenzo[b1 [1.41 dioxin-5-yl)imidazo[2.1-b] [1,3.41
tined&azol-2-yl)p&pcudu&-4-ol, 2-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2.1-bi [1.3,4]thiadiazo1-2-yl)-2-
dzdsp&re[3.3]hap&du-5-amnnx (4-(anunon&ethyl)-1-(5-(4-
fluoro-2-methoxy phenyl)imidazo [2.1-bJ [1,3,4 J thiadi azoi-2-
yl)pipcrnlin-4-yl)methanol, 4-(amu&omefl&yl)-1-(S-(2-

ethoxyphenyl)imi daze [2. I -bi [1,3,4 Jthiadi az ol-2-yl)
p&pend&n-4-oh 4-(amu&omcthyl)-I-(5-(2-methoxypyudin-3-
yljimidazo[2,1-bJ[1.3,4Jthiadiazo1-2-yljpiperidin-4-oh (Sj-
(S-amino-l-(5-(4-fluoro-2-methoxyphenyl)imidazo[2.1-b]
[1.3.4Jthiadiau&1-2-yl)pyrrolidin-3-yl)methanol (lf)-(3-
amino-l-(5-(4-fluom-2-methoxyphenyl)imidazo[2.1-bJ[1,3.
4Jthiadiazol-2-yljpyrrolidin-3-yljmethanoh (311.5lf)-5-
fluoro-i-(5-(4-fluom-2-methoxyphenyl)imidazo[2.1-bi[1,3.
4]thiadiazol-2-yl)piperidin-3-amine: (3R,4R)-4-amino-l-(5-
(4-fluoro-2-methoxyphcnyl)&nudazo[2,1-b][1 dh4]
tined&azol-2-yl)p&pcudu&-3-ol, (3S,4S)-4-dnnno-l-(S-(4-
fluoro-2-methoxy phenyl)imidazo [2.1-bJ [1,3,4 J thiadi azoi-2-
yl)piperidin-3-oh I-(5-(2-methoxy-4-methylphenyl)
imidazo[2. I -b] [1,3,4]&hindi azo1-2-yf)-3-methylpyrrolidin-3-
an&ine; 1-(5-(2-methoxy-6-methylpyridin-3-yi)imidazo[2.1-
b] [1,3,4]thiadiazol-2-yl)-3-methylpyrrolidin-3-mnine: 1-(5-
(6-&sopropy1-2-mcthoxypyralin-3-yl)imiddzo[2.1-b] [1,3,4]
thmdiazol-2-yl)-3-mcthylpyrrolidu&-3-dminc. 2-((1-(5-(6-
isopropyl-2-methoxypyridin-j-yl)imidazo[2,l-b][i ch4J
thiadiazol-2-yl)piperidin-4-yl)amino)ethan-I-oh
4-(mninomethyl)-I -(5-(2-methoxy-4-(trifluoromethyl)phe-
nyl)imidazo [2. I -b] [ I „3.41thiadiazol-2-yl)pi peri din-4-oh
4-a&uino-l-(5-(4-fluoro-2-n&ethoxyphenyi)imidazo[2.1-bj
[1,3.4]&hied&azo1-2-yl)pyrrolidu&-3-ol, 4-(aminomethyl)-I-
(5-(3,4-d&fluoro-2-methoxyphenyl)imidazo[2.1-b] [1.3,4]
tlnadiazol-2-yl)p&pcridu&-4-ol, (3S,4R)-4-dnnno-l-(S-(4-
fluoro-2-methoxy phenyl)imidazo [2.1-bJ [1,3,4 J thiadi azoi-2-
yljpyrrolidin-3-ol; (38,4l&)-4-amh&o-l -(5-(4-fluoro-2-
metin&xyphenyl)&midazo[2,1-bi [1.3,4]thiadiazol-2-yl)
pyrrolidin-3-oh 4-(aminomethyl)-I-(5-(4-chloro-2-
methoxyphcnyl)un&dezo[2,1-b] [1,3,4] this diazol-2-yl)
p&pend&n-4-oh 4-(anunomethyl)-1-(5-(4.5-d&fluoro-2-
methoxyphcnyl)un&dezo[2,1-b] [1,3,4] this diazol-2-yl)
piperidin-4-oh (R)-(3-amino-I -(5-(2-ethoxy-4-
fluorophenyl)imidazo[2.1-bJ [1.3,4Jthiadiau&1-2-yl)
pyrrolidin-3-yl)methanol (S)-(3-amino-I-(5-(2-ethoxy-4-
fiuorophenyl)imidazo[2.1-b] [1.3,4]thiadiazo1-2-yl)
pyrrohd&n-3-yl)methanol, 4-(amu&omefl&yl)-1-(S-(2-

methoxy-4, 5-dune thylplmnyl )&midazo [2.1-b] [1. 3,4]
tlnadiazol-2-yl)p&pcridu&-4-ol, (3S,4R)-3-dnnno-l-(S-(4-
fluoro-2-methoxy phenyl)imidazo [2.1-bJ [1,3,4 J thiadi azoi-2-
yljpiperidin-4-oh (3lf,48)-3-amh&o-l -(5-(4-fluom-2-
metin&xyphenyl)&midazo[2,1-bi [1.3,4]thiadiazol-2-yl)
piperidin-4-oh 2-(4-(5-(6-&sopropyl-2-methoxypyridin-3-yl)
im&dazo[2.1-b] [1,3,4]tluad&azo1-2-yl)p&paraun-l-yl)ethan-
I -oh 3-(aminomcthyl)-I -(5-(6-&sopropyl-2-
methoxypyridiu-3-yl)&m&dazo[2,1-b] [1.3,4]tluad&azoi-2-yl)
pyrrolidin-3-oh 4-(aminomethyl)-I -(5-(2-methoxy-4-
(tetmhydro-21 I-pyran- f-yl)phenyl)imidazo[2,1-bJ [1,3.4J
thiadiazol-2-yl)piperidin-4-ol; 4-(2-(4-(aminomethyl)-4-
hydroxypiperidin- I -yl)imidazo [2.1-b] [1,3,4]thiad i azol-5-
yl)-3-mcthoxybenzo&utulc, 4-(anun&nncthyl)-1-(5-(2.6-
d&mcthoxypyrid&n-3-yl)unnlazo[2,1-b] [I S.4]thisdiazol-2-
yl)pipcrnlin-4-ol, (4-tunu&o-I-(5-(4-chloro-2-(2-
n&ethoxyethoxy)phenyl)imidazo[2,1-bJ[1.3,4Jthiadiazo1-2-
yl)piperidin-4-yl)methanol 3-(amino&I&ethyl)-1-(5-(4-

fluoro-2-methoxyphenyl)imidazo [2,1-b] [ I ah4]thisdiazol-2-
yl)azetidin-3-oh 4-(aminon&ethyl)-I-(5-(2-ethoxy-4-
fiuorophenyl) imidazo[2,1-b] [1.3.4]thiadiazol-2-yl)
p&peudin-4-oh 4-(anunomcthyl)-I-(5-(6-uopropyl-2-(2-
methoxyethoxy)pyridin-3-yi) imidazo [2, I -b1 [ I ah 41

th&adiazol-2-yl)p&pcridu&-4-ol, 4-(am&nomethyl)-1-(5-(3-fluoro-2-methoxyphenyl )i
midaze [2,1-bi [1. 3,4Jthisdiazo1-2-

yl)pipcridin-4-ol, 4-(am&nomcthyl)-I-(5-(3-
methoxynaphthalen-2-yl)in&idazo[2,1-bJ [ I ch4Jthiadiazol-2-
yl)p&pcridin-4-ol, (3S,4S)-3-amino-l-(5-(4-fluoro-2-
methoxyphenyl)in&idazo[2,1-bi[1.3.4Jtluadiazo1-2-yl)
pipendin-4-oi: (3R.4R)-3-amino-l-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2,l-b][1,3.4Jthiadiazo1-2-yl)
piperidin-4-ol; (4aff,flaff)-6-(5-(2-n&ethoxy-4-
methylphenyl)in&idazo[2,1-b 1 [1.3.4J tin adiazo1-2-yl)
octahydro-ZH-pyrido[4,3-bj[1,4]oxazine, Ix(5-(G-
isopropy1-2-methoxypyridin-3-yl)imidazo[2,1-b][1,3 4]
tluad&azol-2-yl)-[1,3xbmzcudin]-3-ol, (4-am&no-1-(5-(6-

i so propy1-2-mcthoxypynd&n-3-yl)&m&duzo [2,1-b] [1,3.4]
tluadiazol-2-yl)piperidin-4-yl)methanol; 4-(aminomethyl)-
1-(5-(5-chloro-2-methoxyphenyl)imidaro[2,1-bJ[1,3.4J
tluadiazol-2-yl)piperidin-4-oh 4-(an&momethyl)-1-(5-(2-
methoxyphenyl)imidazo[2,1-b] [13.4]tluadiazol-2-yl)
pipeudin-4-oh 4-(an&inomethyl)-I-(5-(4-fluoro-2-
isopropoxyphenyl)imidazo[2,1-b] [1.3,4] this d&azol-2-yl)
p&pcralin-4-oh 4-(I-(5-(6-&sopropyl-2-methoxypyridu&-3-yl)
in&idazo[2.1-bJ [1,3,4Jthiadiazo1-2-yl)piperidin-4-yl)
morpholine; 4-(aminomethyl)-I -(5-(2-(trifluoromethoxyj
phenyljimidazo[2,1-bJ [1.3 4]thiadiazol-2-yl)piperidin-4-ol:
3-(am&nomethyl)-1-(5-(2-etin&xy-4-fluorophenyl)imidazo[2.
I-b][1,3.4]thiadiazoi-2-yI)pyrrohdin-3-ol: I-(I-(5-(6-iso-
propy1-2-mcthoxypyridu&-3-yl)imidazo[2,1-b] [1.3,4]thiad&-
azo1-2-yl)pipcudin-4-yl)azetidin-3-ol, 4-(am&nomethyl)-I-
(5-(2-methoxy-6-(tnfluoromethyl)pyn&hn-3-yl)imidau&[2.
l-bJ[1,3,4]thiadiazol-2-yl)piperid&n-4-oh (4-
(aminon&ethyl)-I-(5-(2-methoxy-4-methylphenyl)imidaro
[2.l-bi[1.3,4]thiadiazol-2-yl)piperidin-4-yl)methanol 4-(1-
(5-(6-isopropyi-2-methoxypyridin-3-yl)imidazo [2,1-b] [1,3.
4]tluadiazol-2-yl)pipcudin-4-yl)tluomorphol&ne l,i-
d&ox&dc: (4-dnuno-I-(5-(2-methoxy-6-mcthylpyridu&-3-yl)
imidazo[2,1-b] [1,3,4]tluad&azo1-2-yl)pipcnd&n-4-yl)
methanol: (4-an&h&o-I -(5-(4-fluoro-2-n&ethoxyphenyl)
in&idazo[2.1-bJ [1,3,4Jthiadiazo1-2-yl)piperidin-4-yl)
metlmnoh 4-(aminomethyl)-I-(5-(4-fh&om-2-methoxy-5-
methylphenyl)imidazo[2,1-b] [13.4]tluadiazol-2-yl)
p&peudin-4-oh (4-amino-I-(5-(2-cthoxy-4-fluorophenyl)
im&daze[2.1-b] [1,3,4]tluad&azo1-2-yl)p&pcndu&-4-yl)
methanol: 4-(aminommhyl)-1-(5-(2,4-duncthoxyphenyl)
inxidazo[2,l-b][1.3,4]thiadiazo1-2-yl)piper&din-4-oi:
N-((3aR,7alf)-2-(5-(4-flnoro-2-methoxyphenyf)imidazo[2,
l-b1[1,3.41thiadiazo1-2-yl)octahydro-3aH-pyrrolo[3,4-c]
pyndin-3a-yl)acetamide: 2-(5-(2-methoxy-4-methylphenyl)
imidazo[2,1-b][1,3,4]tluad&azo1-2-yl)-5-oxa-2,7-d&azasp&ro
[3.4]oc&-6-cn-G-amino; 8-(5-(4-fluoro-2-mcthoxyphcnyl)
imidazo[2,1-b][1,3,4]tluad&azo1-2-yl)-l-oxa-3,8-d&azasp&ro
[4 5Jdec-2-en-2-amine: 8-(5+4-fluoro-2-methoxyphenylj
in&idazo[2.1-bJ[1,3,4Jthiadiazo1-2-yl)-3-oxa-l,fl-d&azaspim
[4.5]dec-l-en-2-amine; 8-(5-(2-methoxy-4-methylphenyl)
imidazo[2.1-b] [1,3,4]tlfladiazol-2-yl)-1 -oxa-3,8-d&azaspiro
[4.5]dec-2-en-2-dminc. (3aS.GS,GS,7aR)-G-a&u&no-2-(5-(6-

i so propy1-2-mcthoxypynd&n-3-yl)&m&duzo [2,1-b] [1,3.4]
tluad&azol-2-yl)octahydro-I H-&so&ndo1-5-ol, (3aS,GS.6S,
7aR)-6-amino-2-(5-(6-isopropyl-2-n&ethoxypyridin-3-yl)
in&idazo[2,1-bJ[1.3 4Jthiadiazol-2-yl)octahydro-111-
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isoindol-5-oh (3aS.SS,6S.7aR)-6-amino-2-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2,1-b] [1.3,4Jthiadiazo1-2-yl)
octahydro-1H-isoindol-5-ol; (9-(5-(4-fluoro-2-
mcthoxyphcnyl)unulazo[2,1-b] [13.4]thisdiazo1-2-yl)-2-
oxa-9-azaspiro[5.5]undecan-3-yl)methenamine: (3-ami&w-
1-(5-(6-&sopropy1-2-mcthoxypyri&hn-3-yl)imidazo[2,1-b] [ l.
3,4]thiadiazo1-2-yl)azetidin-3-yl)methanol (3-fluoro-1-(5-
(4-fluoro-2-methoxyphcnyl)&nudazo[2,1-b][13.4]
thiadiazol-2-yl)piperidin-3-yl)methanaminet (S-(S-(4-
fluoro-2-mcthoxyphcnyl)unidazo[2,1-b] [1.3,4]tluadrazo1-2-
yf)-1-oxa-6-azaspiro[4 5Jdecan-2-yl)methenamine; 2-(5-(4-
fluoro-2-methoxy phenyl)imidazo [2.1-b] [1.3.4] thiadiazo1-2-
yf)-5-oxa-2-azasp&ro[3 4Joctan-7-amine: (35,4S)-ft-(5-(4-
fluoro-2-methoxyphenyljimidazo[2.1-bJ[1,3,4Jthiadiazol-2-
yf)-3-methyl-2-oxa-fl-azaspim[4 5Jdecan-4-arnine:
4-(aminomethyl)-1-(5-(2-(dnnethylamino)-6-methylpyn-
din-3-yl)imidazo [2„1-b] [1,3.4]tlfladiazo1-2-yl)piperidin-4-
ol, 4-(aminomcthyl)-1-(5-(6-methyl-2-(mefl&yltluo)pyndu&-
3-yl)&midhzo[2,1-b] [1,3,4]tluad&azo1-2-yl)prpcridu&-4-ol,
3-(an&inomethyl)-1-(5-(4-fluou&-2-methoxyphenyl)in&idazo
[2,1-bJ[1.3,4Jthiadiazo1-2-yl)piperidin-3-oh fl-(5-(4-fluoro-
2-mcthexyphenyl) imidam [2. 1-bJ [1,3,4J thiadiazol-2-yl)-2-
oxa-8-azaspiro[4 5]decan-4-amine; 3-amino-1-(9-(5-(4-
fluoro-2-methoxy phenyl)imidazo [2.1-b] [1,3,4] rhiadi azol-2-
yl)-1.4.9-&nazasp&ro[5.S]undccan-4-yl)-3-mcthylbuu&n-l-
one: 5-(6-&sopropy1-2-methoxypyrulm-3-yl)-2-(1,4.9-
triazaspim[5.5Jundecan-9-yl)unidam[2,1-bj[1,3.4]
thiadiazole; 5-(4-fluoro-2-methoxyphenyl)-2-(1,43)-
triazaspim[5.5Jundecan-9-yl)unidam[2,1-bj[1,3.4]
thiadiazolet 1-(5-(4-fluoro-2-methoxyphenyl)imidazo[2.1-
b] [1.3,4]thiad&azo1-2-yl)-4-(morpholinomethyl)piperidin-4-
ammc, 7-(S-(4-fluoro-2-mcthoxyphenyl)imxlazo[2.1-b][1,
3,4]&fund&azo1-2-yf)-5,6,7,8-&ctrahydroi&uidazo[ 1,5-a]
pyrazu&-3-amino: (1-(S-(4-fluoro-2-mcthoxyphcnyl)imidazo
[2, 1-bJ [1.3,4J thiadiazol-2-yl)-4-((oxetan-3-yl methyl)
amino)piperidin-1-yl)methanol (1-(5-(4-fluom-2-
metlu&xyphenyl)&midazo[2,1-b] [1.3,4]thiadiazol-2-yl)-4-
((2-morpholinoethyl)amino)prperidin-4-yl)merhanoh 4-((3-
anunopropyl)am&no)-1-(5-(4-fluom-2-methoxyphenyl)
im&dazo[2.1-b] [1,3,4]tluad&azo1-2-yl)p&pendm-4-yl)
methanol. 6-(anunomcthyl)-2-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2,1-b] [1.3,4Jthiadiazo1-2-yl)-2-
azaspim[3.3Jheptan-6-ol; ())-3-(aminomethyl)-1-(S-(6-
isopropyl-2-methoxypyridin-3-yl)imidazo[2. 1 -b] [13.4]
thiadiazol-2-yl)pyrrolidin-3-ol, (R)-3-(aminomerhyi)-l-(5-
(6-&sopropy1-2-mcthoxypyrxlin-3-yl)imidazo[2.1-b] [1,3,4]
tlnadiazol-2-yl)pyrrol&d&n-3-ol, (S)-3-(ammomcthyl)-1-(5-
(2-methoxy-6-methylpynd&n-3-yl)unulazo[2,1-b] [1,3.4]
thiadiazol-2-yl)pyrmlidm-3-oh (f&)-3-(aminon&ethyl)-f-(5-
(2-methoxy-6-methylpyridm-3-yl)imidazo[2,1-bJ [1.3.4J
thiadiazol-2-yl)pyrrolid&n-3-ol, 3-(aminomethyl)-1-(5-(6-
isopropyl-2-methoxypyrid&n-3-yl)imidazo[2,1-b] [1.3.4]
thmdiazo1-2-yl)pyrrol&d&n-3-ol, (3S 4S)-4-a&nu&o-f-(5-(2-
methoxy-4-mcthylphenyl)un&dazo[2.1-b] [1.3,4]tluadu&zol-
2-yl)-4-methylp&pend&n-3-ol, (3R,4R)-4-&unu&o-i-(5-(2-
methoxy-4-methylphenyl)imidazo[2.1-bJ[1,3,4Jthiadiazol-
2-yl)-4-methylpiperidm-3-oh (3164R)-4-amino-1-(S-(6-
isopropyl-2-methoxypyridin-3-yl)imidazo[2. 1 -b] [13.4]
thiadiazol-2-yl)-4-methylpiperidin-3-oh (3S.4S)-4-ami&w-
1-(5-(6-&sopropy1-2-mcthoxypyridu&-3-yl)imidazo[2,1-b] [ l.
3,4]&fund&azo1-2-yf)-4-u&cthyfp&pcridu&-3-of, (3R.4R)-4-
ammo-l-(5-(4-fluoro-2-mcthoxyphcnyl)unuL&so[2,1-b][1,3.
4Jthiadiazol-2-yl)-4-methylpiperidin-3-oh (3S,4S)-4-
amino-l-(5-(4-fluom-2-methoxyphenyl)imidazo[2,1-bJ[1,3.

4]thiadiazol-2-yl)-4-methylpiperidin-3-ol; (3R.4R)-4-
amino-l-(5-(2-methoxy-6-merhylpyrid&n-3-yl)rmidazo[2,1-
b][1.3,4]thiadiazol-2-yl)-4-methylpiperidin-fl-oh (3S,4S)-4-
anuno-l-(5-(2-methoxy-6-mcthylpynd&n-3-yl)&m&daze[2,1-
b][1.3,4]thiadiazol-2-yl)-4-methylpipendin-3-oh (3S,4S)-3-
anuno-1-(5-(4-fluoro-2-mmhoxyphm&yl) &m&daze[2,1-b][1,3.
4Jthiadiazol-2-yl)-1-methylpiperidin-4-oh (3fh4ff)-3-
anuno-1-(5-(4-tluoro-2-mctlx&xyphm&yl) nn&dazo[2.1-b][1,3,
4Jthiadiazol-2-yl)-1-methylpiperidin-4-ol; (3R.4R)-4-
anuno-1-(5-(4-fluoro-2-mmhoxyphm&yl) &m&daze[2,1-b][1,3.
4Jthiadiazol-2-yl)-1-methylpiperidin-3-oh
4-(am&nomethyl)-1-(5-(4-fluoro-2-methoxyphenyl)imidazo
[2,1-b] [1,3.4Jthiadiazo1-2-yl)piperi dine-1-carboxamide:
N-((1-mninocyclopmpyl)methyl)-4-(aminon&ethyl)-1-(5-(1-
fluoro-2-n&ethoxyphenyl)imidazo[2,1-bj[1.3,4]thiadiazo1-2-
yl)piperidine-4-carboxamide: N-(2-amino-2-methylpropyl)-
ft-(5-(4-fluoro-2-n&ethoxyphenyf)imidazo[2.1-b] [1,3 4]
tluadrazof-2-yf)-f-tfua-ft-azasp&re[4.5]dccauc-4-
carboxmn&dc l. 1-d&oxide. 2-(4-am&no-1-(5-(4-fluoro-2-
methoxyphenyl)in&idazo[2,1-b 1 [1.3.4J tin adiazo1-2-yl)
pipendin-4-yl)propan-2-oh 2+1-amino-1-(5-(4-fluoro-2-
methoxyphenyl)in&idazo[2,1-b 1 [1.3.4J tin adiazo1-2-yl)
pipeudin-4-yl)propan-2-oh 4-(aminomethyl)-1-(5-(4-(1-
hydroxycyclo butyl)-2-n&ethoxyphenyl)imidazo [2,1-b] [1,3.
4]tluadiazol-2-yl)pipcudin-4-oh ((1-(5-(4-fluoro-2-
mcthoxyphcnyl)&malurn[2,1-b] [1,3,4]tlua&hazel-2-yl)-4-
((n&ethylsulfimyl)methyl)piperidu&-4-yl)n&ethanamine; 1+1-
(aminomethyl)-1-(5-(4-fh&oro-2-methoxyphenyl)unidazo [2,
i-bJ[1,3,4]thiadiazof-2-yl)piperidin-4-yl)-N,N-
dimethylmethanesulfonamide; ((3R.SS)-5-anuno-l-(5-(4-
fluoro-2-methoxyphenyl)imidazo [2,1-b] [13,4]thisdiazol-2-
yl)pipcridin-3-ol, (4S.4aR,7aS)-6-(5-(2-cthoxy-6-
isopropylpyndin-3-yl)&nndhzo[2.1-b] [1,3,4]th&ad&azo1-2-yl)
oc&ahydropymno[2,3-c]pyrrof-4-tuna&c: (4S,4aR,7aS)-6-(5-
(2-methoxy-4-(trifluoromethyl)phenyl)imidam[2,1-b J[1,3.
4Jthiadiazo1-2-yl)octahydropyrano[2.3-c Jpyrrol-4-amioe:
(4R.4aS.7aR)-6-(5-(2-methoxy-4-(trifh&oromethyl)phenyl)
imidazo[2.1-b] [1,3,4]thiadiazol-2-yl)octahydropyrano[2,3-
c]pyrml-4-anunc; (4S 4aR,7aS)-6-(5-(G-isopropyf-2-
mcthoxypyrid&n-3-yl )unidazo [2,1-b] [1. 3,4] tlua diazo1-2-yl )

octahydropyrano[2,3-c]pyrro1-4-mnu&c, (4R.4aS.7aR)-6-(S-
(6-&sopmpyl-2-n&ethoxypyridin-3-yl)in&i&Laze[2. 1 -6

1 [1.3,4J
tluadiazoi-2-yl)octahydropymno[2,3-cjpyrro)-4-amu&e; (4),
4aR,7aS)-6-(5-(4-fhroro-2-n&ethoxyphenyl)imidazo [2,1-b]
[13.4]thiadiazo1-2-yl)octahydropyrano[2.3-c]pyrro1-4-
anunc: (4R,4aS,7aR)-6-(5-(4-fluoro-2-mcthoxyphenyl)
im&daze[2.1-b] [1,3,4]tluad&azo1-2-yl)oct ahydropymno[2,3-
c]pyrrol-4-amu&e: ((4S,4aS.7aR)-6-(5-(4-fluoro-2-
methoxyphenyl)in&idazo[2,1-b 1 [1.3.4J tin adiazo1-2-yl)
octahydropyrano[2.3-cjpym&1-4-amine: (4).4aS.7aR)-6-(5-
(6-&sopropyl-2-metlmxypyridin-3-yl)imidazo[2.1-b] [1.3,4]
th&adiazol-2-yl)octahydropyrano[2,3-c]pyrml-4-amine; (4R,
4aR,7aS)-6-(5-(6-&sopropy1-2-methoxypyridu&-3-yl)
imidazo[2,1-b] [1,3,4]tluad&azo1-2-yl)octahydropymno[2.3-
c]pyrml-4-anunc; 4S.4aR,7aR)-6-(S-(6-isopropy1-2-
o&ethoxypyridin-3-yl)imidazo[2,1-bj[1.3,4]thiadiazo1-2-yl)
octahydropyrano[2,3-cjpyrrol-4-amine: (3aS,SR,7lh7aR)-
7-a&n&no-2-(5-(6-isopropyl-2-&uethoxypyridin-3-yf)imi&Lszo
[2.1-b] [13,4]thiadiazol-2-yl)octahydro-TH-&soindol-5-ol;
(3aR,4S.5 S.7aS)-4-ammo-2-(5-(6-&sopropy1-2-methoxy-
pyrulin-3-yl)inudazo[2.1-b] [1,3.4]th&ad&azol-2-yl)ocu&-
hydro-H-iso&ndol-S-ol, (3aR.4S,SR.7aS)-4-a&u&no-2-(5-(2-
o&ethoxy-6-n&ethylpyridin-3-yi)in&i&Laze[2. f-bj[1.3,4]
tluadiazol-2-yl)octahydro-TI I-iso&ndol-5-oh (3aR,4S,SR,
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7aS)-4-amino-2-(5-(6-isopropyl-2-methoxypyridin-3-yl)
imidazo[2.1-HJ[1,3,4Jthiadlaz01-2-yl)octahydro-i I-isomdol-
5-01; (3aR.4S,SR.7aS)-4-amino-2-(5-(4-fluoro-2-
mcthoxyphcnyl)unulazo[2,1-b] [I CL4]this diazol-2-yl)
octahydro-I H-isoindol-5-oh (3BR,4R,7aS)-2-(5-(fli-
isoProPyl-2-nu:thoxyPyndin-3-yl)imldazo[2,1-b] [ I o3.4]
thiadiazo1-2-yl)-2,3 Ba,4.7,7a-hexahydro-l I I-isoindol-4-
dnunix 4-(Bmtnomcthyl)-I-(5-(4-cltioro-S-II0010-2-
methoxyphenyl)imidazo[2,1-bi [1.3,4Jthiadiazo1-2-yl)
pipcndln-4-ok 4-(aminomcthyl)-I-(5-(2-lsopropoxy-6-
isopropylpyndin-3-yl) tundazo[2,)-b][1,3.4]thiadiaz01-2-yl)
piperidin-4-ok 4-(aminomethyi)-I -(5-(2-ethoxy 6-

isopropylpyridin-3-yl) inlidazo[2,1-b i[1,3,4]thiadiazo1-2-yl)
piperidin-4-ok (4-amino-I -(5-(2-ethoxy-6-
isopropylpyndin-3-yl) nni dado [2.1-b][1,3,4]tlnadiazo1-2-yl)
piperidin-4-yl)methanol 3-(aminomethyl)-I-(5-(2-ethoxy-
6-isopropylpyridu1-3-yl)unldazo[2,1-b] [1.3,4]thiadlaz01-2-
yl)azetidin-3-ol; (4-anlino-l-(5-(4-(1.2-difluoroethvl)-2-
mcthoxyphcnyl)unulazo[2,1-b] [I CL4]this diazol-2-yl)
piperidin-4-yl)methanok 4-(aminoinethyl)-1-(5-(2-(2-
hydroxyethoxy)-6-isopropylpyridin-3-yl)imidazo[2,1-bi [1.
3,4]thiadiazo1-2-yl)piperidin-f-ok (4-amino-l-(5-(4-(1.2-
difiuoroethyl)-2-methoxyphenyl)imidazo[2.1-b] [1.3.4]
thmdiazol-2-yl)plpeudul-4-yl)mcthanok 4-(Bnunomcthyl)-
1-(5-(4-(1„2-ddiuoroethyl)-2-methoxyphenyl)imidazo[2.1-
b][1.3,4]thiadiazo1-2-yl)pipcrulin-4-ol, 4-(aminomethyl)-I-
(5-(2-(2.2-difluoroethoxy)phenyl)imidazo[2,] -b

1 [1.3.4J
thlaihiiz01-2-yl)plpcrldu1-4-01, 4-(Bnunonlcthvl)-1-(5-(4-
isopropy1-2-methoxyphenyl)imidazo[2,1-bJ[ldk4]
thiadiazol-2-yl)piperidin-4-ol; 4-(iuninomethyl---((--(-
ethoxy-4-isopmpylphenyl)imidazo[2,1-bi[10.4Jthiadiazol-
2-yl)piperidln-4-oft 4-(aminomethyl)-I-(5-(2-methoxy-4-
(tctrahydrofuran-3-yl)phenyl)imidazo[2,1-b] [1.3,4]
thiadiazol-2-yl)piperidin-4-01; 4-(aminomethyl)-1-(5-(2-
nlethoxy-4-(1 -methoxycyclopnlpyl)phenyl)iinidaza[2.1-bJ
[1.3.41thiadiazol-2-yl)piperidin-4-ol; 4-(iuninomethyl---
(5-(2-methoxy-4-(l-methoxycyclobutyl)phenyl)imidazo[2.
I-b][1,3.4]tluadrdzol-2-yl)ptpcridut-4-01, (4-iunulo-1-(5-(2-
(2-fluorocthoxy)phmlyl) nutdado[2.1-b][1,3,4]tlnadiazol-2-
yl)pipendln-4-yl)methanol, 4-(anunomcthyl)-1-(5-(2-(2-
fluoroethoxy)phenyl)imidazo [2. I -6

1 [1,3,4Jthiad i ax 01-2-yl)
piperidin-4-Ok (4-amino-I -(5-(2-(2,2-difluoroethoxy)
phenyl)imidazo [2. I -b] [1,3.41thiadiazo1-2-yl)pi peri din-4-yl)
methanol: 4-(aminomethyl)-l-(5-(2-(2.2-difluoroethoxy)
phenyl)imidaSo [2. I -b] [1,3,4] tluadiazo1-2-y1)pip cndu1-4-of.
(4-annno-l-(S-(2-(2,3-ddiuoropropoxy)phenyl)mudazo[2,
I-b][I.3.4]ttuadrdzol-2-yl)ptpcridut-4-yl)mefltanol. 4-(anu-
nomethyl)-1-(5-(2-(2fl-difluoropropoxy)phenyl)imidazo[2,
l-bi[1.3.4Jthiadiazol-2-yl)piperidin-f-ol; 4-(aminomethyl)-
1-(5-(4-chloro-5-isopropy1-2-methoxyphenyl)imidazo[2.1-
b][1,3,4]thiadiazol-2-yl)piperidin-4-ol; 4-amino-8-(5-(6-
isoProPyl-2-nu:thoxyPyndin-3-yl)imldazo[2,1-b] [ I o3.4]
thmdiazo1-2-yl)-l-tlua-g-azasplro[4.5]decmle I. I-dioxide,
1-(5-(4-fluoro-2-methoxyphcnyl)inudazo[2,1-b][1,3,4]thia-
dianll-2-yl)-4-(methoxymethyl)piperidin-4-amine; 2-(3-
amino-l-(5-(4-fluom-2-methoxyphenyl)imidazo[2.1-bJ[1,3.
4]thiadiazol-2-yl)pyrrolidin-3-yl)propan-2-ok 3-mnino-I-
(5-(4-fluoro-2-methoxyphenyl)imidazo[2.1-b] [1.3,4]
tluadiazol-2-yl)-4-mcthylplperiihn-4-ol, (3R,4r,5S)-4-
ammo-1-(5-(4-fluoro-2-mcthoxyphcnyl)uuttktzo[2o I -b] [1,3.
4]tluadiazo1-2-yl)-4-methylpipcrulinc-3,5-dlol, and ((3S,
4S)-f-amino-i-(5-(4-fluoro-2-methoxyphenyl)imidazil[2,1-
bJ [1.3,4Jthiadiaz01-2-yl)piperidin-3-yl)methanol

Crystal Forms of Compound I

[0122] In Onc aspect. thc prcsi:nt ulvi:ation rclatcs to
crystal form K'f 4-(7-Hydroxy-2-lsopropyl-4-oxo-4H-qui-
nazolin-3-yl)-benzonitrile (compound I) having an X ray
difTraction pattern bavin three or more peaks at 20 values
selected from 5.3. 1258 and 22.5 0.2 "20. In some embodi-
ments. crystai form K'f compound I is chamctenzed by an
X ray dlflbaction pattcm hai ing tlucc or morc peaks at 20
values sclectcd from 5.3. 10.6. 12.3, 21.2, 22.S. and
23.0 0.2 "20. In some mnbodunenis. crystal firm K's
characterized by an X-ray ditTraction pattern having 3 or
nxlre, 4 or more, 5 or more, 6 or more. or 7 or more peaks
at 20 values selected from 5.3, 10 Eu 122k 17.0, 17.3, 19.4,
20.3. 21.2, 22.5. 23.0. 24.8. 27.1. 32 0 0.2 '20. In some
mubodunents, thc present 1mentlon rclatcs to a method of
prcparulg a crystal form K'i'ompound I, compnsulg
cvaporatulg a soluuon ol compound I in about 1.1 (viv)
n-butanol/dichloromethane. to crystalhze compound I as
crystal filrm

K'0123] In one embodiment. a crystal form K'f compound
I is prot ided in substantially pure form. This crystal formK'f

compound I in substantially pure form may bc cmploycdf
hl phinuldccllttcai conlposltlons, c g., ophthdhulc fonuula-
tlons as dcscltbcxt hcrmn. In some mnboduncnts, thc disclo-
sure provides for pharmaceutical fornlulations including
cmnpound I in crystal tilnn K'n some embodiments, the
present disclosure provides ophthalmic suspensions of com-
pound L ivherein at least 10%. at least about 20%o. at least
aboul 30%, at least about 40/o. at least about S0%, at Icdsl
aboul 60%, at least about 70!o. at less 1 about 80%, or al Icdsl
90% Of compound I ls present as crystal form Kb

[0124] In one aspect, the present invention relates to
crystal form M of 4-(7-Hydroxy-2-isopmpyl-4-oxo-4H-qui-
nazolin-3-yl)-bcnzonitrilc (compound I) havulg an X ray
dliTractlon pattern hai ing thrcc or morc pwtks at 20 values
selcctcd lrom 11.1, 18 5, 19.1 0 2 '20. Iu partwular embodi-
ments, crystal form M of compound I is charactenzed by an
X ray difFraction pattern lmvin three or more peaks at 2H

values selected from 11.1, 12.1. 18.5. 19 I, 20.1. 21.4 0.2
'20 In some embodiments, crystal foun M is characterized
by an X-ray dllTractlon pattern having 3 or more, 4 or morc,
5 Or more, 6 or morc. or 7 or morc pwtks at 20 values
sclectcd from 11.1, 12.1. 18.5, 19 I, 20.1, 21 4, 21.7. 22.2,
23 I, 26.4, 273, 29.7 0 2 "20. In some enlbodiments. the
invention relates to a method of preparing a crystal foun M
of compound L comprising slurrying compound I in crystal
form B ln acetone at room tempemlture for Bt least 24 hours,
at least 2 days. Bt least 3 days, at least 4 days, or at least S

days. Alternatively, crystal form M may bc obtauled by
slurrying crystal form B oi'compound I in acctonc. ethanol,
I I ethanol/water, methanol or I I methanol/water at 50'
for 2 weeks.
[0125] In Onc cmbodlmenu a crystal form M of compound
I is provided ln substantially pure form. This crystal I'orm M
of conlpound I ul sobsu'ultlallv'uli: fornl univ bi: culplovix!
in phamlaceutical compositions. e g, Ophthalnuc filrmula-
tions as described herein In some embodiments, the disclo-
sure provides filr pharmaceutical formuLations includin
compound I in crystal form M. In some embodiments, the
prcscut disclosure pro&ides ophthahnlc suspensions of com-
pound I, wherein at least 10'/o. at least about 20%. at least
about 30%, at least about 40/o, at least about S0%, at least
about 60o/, at least about 70%, at least about 80%. or at least
90% of coinpound I is present as crystal foun M.
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[0126] In one aspect. the present invention relates to
crystalluie Hydrate Hn ol'4-(7-Hydroxy-2-isopropyl-4-oxo-
4H-quinazolut-3-yl)-bcuzonhtnle (compound I) Imvm an X
ray ditfracthon pattern havmg three or more peaks at 20
values selected from 6 6, 12 2, 15.8 0 2 "20 in particular
enibodiments. the crystalline Hydrate Hu of compound I is
characterized by an X ray diflraction pattern having tftree or
more peaks at 20 values selected fbom 6.6, 12.2, 14.Ei. 15 8,
16.1, 18.5. 20.9, 24.7 0.2 '20. In some embodunmits,
Hydrate Hn is churactcrized by an X-ray diflbaction pauern
havilig 3 or more. 4 or more, 5 or more, 6 or nxire. or 7 or
more peaks at 20 values selected fnim 6.6. ]1.7. 12 2. 14 6,
15.8, 16.1. 18.5, 19.7. 20 9, 24.7, 26.5. 27.7, 29.3 0.2 '20.
In some embodiments. the present invention relates to a
method of preparin crystalline hydrate Hn of compound I,
comprising slurryuig compound I in crystal form B in a
about I: I nuxturc of acetone and water ut room temperature
for at least 5 days, at least 6 days, or at least 7 days, to
pmvide con)pound I as crystalline I lydrate I lu.

[0127J In one embodiment. a I iydrate If» of compoiuid I

is provided in substantially pure form. This Hydrate H„of
con)pound I in substantially pure fomi may be employed in
phannuccutical compositions, c.g., ophthalnuc formulations
us descnbed hcrcin. Iu some embodiments, thc disclosure
provides I'or phannaccutmul formulations uicluduig com-
pound I as I iydmste 11» In some embodiment ~, the present
disclosure provides ophthalmic suspensions of compound I,
wherein at least 10'/0 at least about 20%». at least about 30%,
at least about 40'/o, at least about 50'/m at least about 60%,
at least about 70 iw at least about 80%. or at least 90% of
compound I is present as Hydrate Hn.
[0128] In onc aspixt, thc prcscni mvcntion relates to
crystal form Q of 4-(7-1 lydroxy-2-isopropyl-4-oxo-411-qui-
nazolin-3-yl)-benzonitrile (compound I) having an X ray
ditfraction pattern having three or inore peaks at 20 values
selected from 11.2, 12.2. 19 I 0.2 "20. In particular embodi-
ments. crystal form Q of compound I is chamcterized by an
X ray ilhflbaction paucm havuig tlucc or more peaks at 20
i alues sclccted from 11.2, 12.2, 18.5. 19.1, 20.1. 22.0. 22 5,
23 3, 26 5 0.2 "20. In some embodiments, crystal form A hs

characterized by an X-ray diffraction pattern having 3 or
more. 4 or nlore, 5 or inure, 6 or morc, or 7 or more peaks
at 20 values selected from 11.2, 12.2. 17.7. 18.5. 19.1. 20 I,
22.0, 22.5, 23.3, 24.2. 24 Gi, 26.5, 28.5 0.2 "20. In some
cmbodimcnts. tlm present hnvenuon relates to a method of
preparing a crystul form Q ol'ompound I accorduig to
cluuns 10-11, compnsing slurrying compound I m crystal
form i) in about I I (v/v) n-butanol/dichloromethane. to
obtain compound I as crystal foun Q
[0129] In one embodiment. a crystal fiinn Q of compound
I is provided in substantially pure fomi. This crysml form Q
of con)pound I in substantially pure form may be employed
in pluinnaceuticul composiuons. e.g., ophtlmlmic fonmila-
thous as descnbed hcrcui. In some embodiments, thc disclo-
sure pmvides for pharniaceutical formulations including
compound I in crystal form Q In some embodiments, the
present disclosure pmvides ophthalmic suspensions of com-
pound I. wherein at least 10%, at least about 20'/s, ar least
about 30/s. at least about 40%». at least about 50%. at least
about 60!w at least about 70%, at least about 80%. or at least
90% of compound I hs prcscnt as crystal fiimi Q.
[0130] In a further embohhmcni ol thc imenuon is a
niethod for treating a Plasmodium related disease ui a
subject to prevent. hnllibit or amelionste the pathology ahld/or

symptamology of the Plasmodium related disease, compris-
ing adnunistcnng to a subject. ui vivo or ui vitm, a thera-
peutically cfli:i:tive amount of a compound of thc uivcntion
alone or in conibination ivith a second agent

[0131] In a I'urther mnbodimcnt is a method flir trcatuig a
Plasmodium related discase ui a subject to prevent, udubit or
ameliomte the patholog) anrb'or symptamology of the Plas-
modium related disease, comprising adnimistering to a
subject, in vive or in vitro, a therapeutically effective amount
of a compound of any of the embodiments herein, alone or
in combination svith a second agent.

[0132J In a further embodiment, the Plasniodium related
disease is malaria.

[0133J In a further embodiment, the second agent is
selected from a kinase inhibitor. an anti-malarial drug and an
anti-inflammatory agent. The anti-malarial dnig is selected
from proguanil, chlorproguanil, trimethoprim. chloroquine,
mefloquine, lumefantrine. atovaquone. pyrimethamine-sul-
fadoxine, pynmcthaminc-dapsone, halofantnue, quuunc,
qulillillllc, illlioiliaqullliv illliopvroilillllix sillpllollilllllilcs,
artemisinin, aiteflene, artemether, artesunate, primaquine,
pyronaridine, KAI I-609 and KAIH156.

[0134] In a further embodimcnu thc compounds oi'hc
invention can be administered prior to, simultaneously with,
or after the second agent

[0135] In a funhcr embodunent, thc sub)ect is a hunum.

[0136] Pharmacology and Utility

[0137J Coinpounds of the invention are useful in the
treatment and/or prevention of infections such as those
caused by Plusmudnim /uicipurmn; Plasm»Chmii vivum
Plusmudumi uvu/c: and P/»sin»Ckmn niu/urn», Fripunusumii
cruz/ and parasites of thc Leishhnuniu gmius. such as, for
i:xillllplc, Lh hs/lhh!»hihu dulhuvuiii.

[0138] Malaria is an infectious disease caused by four
prohozoan parasites: P/us»hudi inn /u/mpurm»; P/ushnudirnih
vivur/ P/usmodium ovu/». anil P/ushnudi»iii h»hi/uric. Thcsc
four parasites are typically transnutted by the bite of an
infected female Anopheles mosquito Malaria is a problem
in many parts of the world and over the last few decades the
malaria burden has steadily increased An estimated 1-3
million people die every year from malana mostly chil-
dren under thc age ol'. Tins incrcasc in malaria modality
is duc in part to the fact that P/ushnodium /u/cipurui», the
deadliest malaria parasite. has acquired resistance against
nearly all available antimalarial drugs. with the exception of
the ahtemisinin derivatives.

[0139J Tlie phylum, Apicomplexa. contains many mem-
bers that are In)man or aninial patho ens includmg. but not
limited to. Plasm»Ck»m spp. (Malaria), Tun»pl»shih» guiiChi
(congctutal neurological defects in lnimaus), Eihneriu spp.
(poultry mid cattle pathogmis). Cv)hphuspuridiu (opportunis-
tic human and animal pathogens), Duheshu (eagle parasues)
ahld /huh/erin (cattle parasites) I lie patllogenesis associated
v ith these parasitic diseases is due to repeated cycles of
host-cell invasion. Intraceflufar rephcation and host-cell
lysis. Therefore, understanding parasite prolifemstion is
essential I'or development of not el drugs and vimcincs, lor
example, to treat maluna.

[0140] In vcrtcbrutc hosts, the parasite undergoes two
minn plmscs of development, thc hcpathocytic and crytluo-
cytic phases. but it is the erythrocytic phase of its life cycle
that causes severe pathology. Dunng the er)nlhrocytic phase,
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the parasite goes through a complex but well synchronized
scrws of stages, suggest&ng the cx&stance of 1&ghliy rcgulatcd
slgudhug pdthw Bvm

[(1141J Calcium serves as an intracellular messenger to
control synchmnization and development in the erytlmlcytic
life phase. The P/asmodmm spp. genomes reveal many
sequence identities with calcium bindin. /sensing protein
motifs that mclude Pf39, calmodulin, and calcium dependent
protcul kinascs (CDPKs). Plasmodnun CDPKS, Plasmo-
dnim CDPK3 and 4, have bccn shown to be &nvolicd &n

mosquito infection CDPK4 has been denumstrated to be
essential for the sexual repmduction in the midgut of mos-
quito by translating the calcium signal into a celluLar
response and regulating cell cycle progression in the male
ametocyte CDPK3 regulates ookinete glidi&lg motility and

penctrai&on of tlm layer covcrulg the nudgut cpilhehum P.

/a/cipar»»i CDPKII (PfCDPKI) is expressed duung late
schizo ony of blood stage and in the infectious sporozo&te
sta e and is secreted to the parasitophorous vacuole bv an
acylation-dependent mechanism. It can be myristoylated and
is abundantly found in detergent-resistant membrane frac-
tious isolated from schizo ony-phase parasites. Ontolo y
based pattern ident&ficdt&on a&mlysis reveals that PICDPKI &s

eius&ercxI 0 &th gm&cs assoc&atcxf 0 &1h c&ther parse&te egress or
erythrocyte imasion Direct inhibition of Pf(:DPKI can
arrest the parasite er)throcyt&c life cycle progression in the
late schizocony phase
[0142] Therefore„kinase activity is distributed in ail the
sta es of P. /0/ripammi parasite matumtion and kinase
inhib&tora of the present Invent&on cdn bc USCVI lbr treatulg
P/as»&odi»i» rale&cd d&scascs. In parucular, kulase mlubitors
of the present mvention can be a nlute for treating malaria
by inhibiting the kinase Pf('DPKI 'I'he in vitnl cellular
assay, infra, can be used to assess the activity of compounds
of the invention against a vanety ofmalarial parasite strains.
[0143] Compounds of tlm ulvcntion Brc relauvcly ulactive
against certai&1 pmteul kinases. e g receptor-type tyrosme-
pmtein kinase or fetal liver kinase-2 (I'I:I'3), phosphati-
dylinositol 3-kinase (PIK3( A), Proto-Oncoaene. Serine/
Tlueonine Kinase (PIMI). mitogen-activated protein
kinase-activated protein lonase 2 (MapKap2 or MK-2): and
ca&ulab&no&d receptor I (CBI).
[(1144J In accordance with the foregoing, the present
invention h&rther provides a method for preventing or treat-
ing malaria in a subject in need of such treatment. which
metiuld comprises administering to said subject n thempeu-
ucally efii:ctive amount of a compound selected from For-
mula Id to Formula It. a compound of thc Ex&mlplcs or a
phanuaceutically acceptable salt thereof The required dos-
age will vary depending on the mode of administration, the
particuLSr condition to be treated and the efl'ect desired.

Administrai&on and Pharmaceutical ('Ompositions

[0145] In gcncral, compounds ol'he ulvention will bc
ddnumsicred &n thcrapeut&cally cfleclive muounls via any of
the usual and acceptable modes known in the art, either
singly or &n con&binet&on with one or more therapeutic
agents. A therapeutically effective amount mny vary widely
depending on the severity of the disease, the age and relative
health of the sub)&un the potency of thc compound usnl and
other factors. In gcnccdl, sat&sfactory results are uldmated 10

be obtained system&cally at da&ly dosages of Ibom about 0 03
to 2 5 m ik per body weight. An indicated daily dosage in
the larger malnmal, e g. humails, is in the range from about

0.5 mg to about 100 mg. conveniently admin&stered, e.g, in
d&vidcd doses up to four times a day or &n retard Ibrm.
Su&table u&ut do»age I'orms Ibr oral admuustrat&on comprise
from cl. I to 50 mg active in redient

[0146] Compounds of the invention can be administered
as pharmaceutical coiupositious by any conventional route,
iu particular entcrdlly, c.g., orally, e, u& the form of tablels
Or ciipsUlcs, 0& pBlcutcl'i&11». O.g.. hl thc lorn& ol uljcc&Bblc
solutions or suspcns&ons. topically, c g., u& the lonu of
lotions, geis. ointments or creanlm or &n a nasal or supposi-
torv filrul Phamulccutlcal con&positions coulp&'Isulg B coul-
pound of the present invention in free foun or in a pharma-
ceut&cafly acceptable salt foml in assoc&ation with at least
ouc phannaccuticafly accc7&table earner or diluent can bc
manufactured ul a conventional manner by mixulg, grmlu-
lat&ng or coatulg me&holm For example, oral compositions
can be tablets or gelatin capsules compris&ng the active
ingredient together &viih a) diluents, e g, lactose, dextrose,
sucrose. mannitol, sorbitol, cellulose and/or glycine; b)
lubricants. e.g.. silica. taicunl. a&eerie ac&d. &ts magnesium or
cidc&Uul salt iiuegol polvcthvlcucgl)'col, for tablets also c)
b&nders. c.g., magnesium alumulum s&1&cate, starch paste,
gelatin, tmgacanth, mcthylcellulose, sod&um carboxymeth-
ylcellulose and or poiyvinyipyrmlidone; if desired d) disin-
tegrants, e g., starches, agar, al inic ac&d or &ts sodium salt,
or effervescent mixtures; and/or e) absorbents, colorants,
flavors and sv,eeteners. Injectable compositions can be
dqilcoUs Isotonic solU&ious or SUspcus&ous, Bud siipposltollcs
can bc prepared from fatty emuls&ons or suspensions. Thc
compos&t&ons may bc stcnl&zed and/or coute&n adtuvmlts.
such as preserving. stabilizing. wetting or emulsifying,
agents, solution promoters. salts for regulating the osmotic
pressure and/or buffers. In addition, they may also contain
other therapeutically valuable substances. Suitable formula-
t&ons for transdemlal applications &ncludc an cflimuve
amount of a compound ol'he present &nvenuon w&th a
carncr. A carucr can include absorbablc phannacologically
acceptable solvents to assist passage through the skin of the
host For example, transdennal devices are in the form of a
bandage comprising a backing member. a reservoir contain-
ing the compound optionally with camera. optionally a mate

controllulg blur&el to deliver the compound to the skin of thc
host iit II coutrofled &iud pledctciulhlcd rate Ovcl d prolougix!
pcuod of t&me, and menus to sccurc the dcv&ce to dlc skin.
Matrix transdermai fonmdations nlay also be used Suitable
formulations for topical appiicat&on. e g, to the skin and
eyes, Bre preferably aqueous solutions, ointments, creams or
gels well-knov:n in the art. Such may contain solubilizers,
stabihzers. tonicity cnhmlcing agents. buflbrs m&d prcservd-
t&VCS

[t)147[ Co&npounds of the invention can be administered
in therapeutically effective amounts in con&binet&on with one
or more therapeutic agents (pharmaceutical mlmbinations).
Non-limiting examples of compounds which can be used in
coulbu&B&lou with coulpoUuds of thc a&vent&ou lire known
du&1-uuihilhil d&Ugs, lol cxdruph) progilBB&1, chlolplogliaull,
tnmethoprim, chloroquine. mefloquine. Iunlefantrine, atova-
quone, pyri&nethamine-sulfadoxine. pyrimethmnine-dap-
sone, halofantrine. quinine, quinidine. amodiaquine, amopy-
roquine, sulphonamides. B&temisirun. Brteflene, artemether,
artesunate. primaquine. pyronaridine. KAE-609 and KAF-
156, ctc.

[1114gJ IVhere the compounds of the im ention are admin-
istered m conjunction &vith other therapies, dosages of the
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co-administered compounds will of course vary depending
on ihc type of co-drug cmploycd, on thc spec&(ic drug
cmploycd. on the cond&uou bcuig tron&cd and so forth.
[0149] In one cmbodunenic thc invemion provides a kii
conlp&1shlg 1%0 CI'orc scpa&B&c phBnuaccili&c&d conlposi-
uonh. at least ouc of wh&ch con&arne a compound of thc
present invention In one embodiment, the kit coniprises
means for separately retaming said compositions, such as a
container, divided bottle, or d&vided foil peel et. An exa&nple
of such a kit is a blister pack, as typically used for the
packaging ol'ablets. capsules and ihe like.
[0150] The kit of the invention may be used for adminis-
tering different dosage forms, for example, oral Bnd paren-
ieral. Ibr adnun&sicnng thc sipamte compos&uons ai ddlbr-
mii dow&gc intervals, or I'or ntratuig ihc separate
compos&nous aga&nst one another. To ass&si compliance, thc
kit of the im ention typically comprises directions for admin-
istration.
[0151J In the comb&nation therapies of the invention. the
compound of the present invention and the other therapeutic
agent may be mam&factured and/or formulated by the same
or different manufacturers. Moreover. the compound of the
present invention and the other therapeutic may be brought
together into a comb&nat&ou therapy: (i) pnor Io rciwise of
Ihe combuiat&on product to physic&ans (c.g. in Ihc case of a
kit comprising the compound of the present invention and
the other therapeutic agent); (ii) by the physician themselves
(or under the guidance of the physician) shortly before
aihninistration: (iii) in the patient themselves. e.g. during
sequential administration of the compound of the present
invention and Ihc other Iherapcut&c agen1.

[0152] The terms "co-adminisnmtion" or "combined
adniinistration" or the like ac utilized herein are meant to
micompass aihn&n&sire&&on ol thc sclecicd therapeutic agents
io a su&glc patient, and arc &ntcndixi io include trealmm&l
regimens in ivhich the agents are not necessarily adniin&s-
tered by the same mute of admmistration or at the same time.
[0153] The tern& '*plrdnuaccut&cal combmation" as used
herein means a product that results fn&m the mix&ng or
combininc of more than one active ingredient and includes
both fixed and non-fixed combinations of the active ingre-
dients. The tenn "fixed combination'* means that the active
ingredients. e.g, a compound of Fomuda I and B co-1 ent,
dre boih admin&stared io a pat&cnt simu11aneously ui Ihe fi&nn

of a s&Ogle ent&ty or dosage. Thc tenn "non-lixed combuia-
tion" means that the active ingredients. e R. a compound of
l)onnuia I and a co-agent, are both administered to a patient
as separate entities either simultaneously, concurrently or
sequentially with no specific time limits. wherein such
aihninistration pmv&des therapeutically efibctive levels of
thc 2 compounds &n thc body ol'he patwni. The laucr also
appl&cs to cocktml therapy, c.g. thc adnunistraiion of 3 or
n&ore active uigred&eats

[0154] The compound of thc prcscnt &menuon may bc
ddnumsicred c&ther s&multaneously with, or belbre or afier,
one or more other therapeutic agent I'he compound of the
present invent&on niay be administered separately. by the
same or different route of administration, or together in the
same pharmaceutical composition as the other agents A
thc&'i&pc&ltu: agent &s, lor cxanlplc, d chcnucBI con&pound,
pepudc. ant&body, aunbody I'ragmcnt or nuclc&c ac&d, wh&ch
is therapeutically act&vc or cnhanccs Ihe thcrapeuuc acnviIy
when adnun&stc&'cd to a pa&lent &n conIIfin;&t&o&1 w&th;I
compound of the present invention

Processes for Makin ('ompounds of the Invention

[0155J the present invention also includes processes fbr
the preparation of compounds of the invention In the
reactions described, it can be necessary to protect reactive
funct&onal grouph. for example hydroxy. amino, &mino, thio
or carboxy roups, where these are desired in the final
product, to avoid their umvanted participat&on in the reac-
tions. Conventional protecting groups can be used in accor-
dance with standard pracucc, lbr cxamplc, sec T. W. Grivne
and P. Ci. M. Wuis ui "Pro&ceto e Groups ui Orgmuc Chem-
istrv'*, John W&lcv imd Sons. 1991.

Reaction Scheme I: General Synthetic Route

[0157] The co&upounds ol'hc invent&on can bc produccxI

by organic synthesis methods known to one of ordinary skill
iu Ilm ari with refcrcncc io ihe follow&ng reacnou schcmeh
and examples General methods for synthes&s of compounds
of Formula (Ia) are provided in Scheme I belov.

(R. )

R

1 h«w I) r'«,) r&«ih d i)&av Ih. a (' Baa Ia I'Fc I (h)

I

v s

~~ (R')c
IIV

b.&ac

(R )

I

S

HI OH)

Pd-cai, base

[0156] Compounds ol'ormula Ia cau be prcparcxI by
proceeding as in the Reaction Scheme I „wherein L, Z, Y',
R', R, R', n. m arc as dclincd ui the Summary ol'he
Invention The following reaction schemes are g&ven to be
illusiranvc, noi lun&tu&g. descript&ons of thc synthesis of
cmnpounds of the invention



US 202 [/0 [ ] 5065 A[
13

Apr. 22, 2021

-continued
iR )„

iRI/„

[0158] Scheme I show s a general method for synthesizing
many compounds of Formula (Ia) fbom conmtercially avail-
able mtenncdiatcs descnbcd heron. Thc todo-bromo-untda-
zothladlazolc core can be sclectivc reacted at the bromo-
position v ith secondary cyclic amines under typical SnAr
conditions ui the presence of base 'the secondary aniines
can contain various fiulctional group~. R'. for example
hydroxyl or fluoro The intermediates from the Siutrl reac-
tion can be further reacted with aryl- and heteroaryl-boronic
aciiis under typical Suzuki-coupluig conditions usln a
palladium catalyst und base. Thc boroiuc acid compounds
contain an ortho-substitution and can also have one-to-two
additional substituents such as methyl. isopropyl, alkoxy. or
flllol'0 Isinally, the amine is de-pnltected using typical
conditions for removing an N-Boc group such as trifluoro
acetic acid„hydrochloric acid, or formic acid.

[0159] Detailcsf dcscnptlous of the synthesis of cum-
pounds of the Invention are given in the lixamples, infra

Addlhonal Processes for Making Compounds of thc
Invention

[0160] A compound of the invcniion can be prepared as a
phaniiaceutically acceptable acid addition salt by reacting
the free base form of the compound ivith a pharmaceutically
acceptable inorganic or organic acid Alternatively, a phar-
maceutically acceptable base addition salt of a compound of
the invention can be prepared by reacting the free acid fomt
ol'he compound with a pharmaccutically acceptable inor-
ganic or organic base Altcmatlvcly. diesalt forms of the
compounds of the invention, for example, hunarate salts,
cmi be prepared using salts of the staning materials or
intemiediates

[0161] The frcc acid or free base lilnns of die clilnpoiulils
of the imention can be prepared from the corresponding
base addition salt or acid addition salt from, respectively I'or
example a compound of the invention in an acid addition salt
form can be converted to the correspondiiig fbee base by
treating with a suitable base (c.g., anunomum hydroxide
solution, sodium hydroxide, and thc hhe). A compound of
thc im mitlon ln a busc addition salt fomi cmi be converted
to the corresponding free acid by treating with a suitable acid
(e a., hydmchloric acid, etc ).

[0162] Compounds of the invention in unoxidized form
can bc prepared Ibom N oixiiics of compounds ol'hc inven-
tion by trcatuig with a reducing agent (c g., sull'ur, sulfur
dioxide, triphenyl phosphine. hthium bomhydride. sodium
borohydride. phosphorus trichloride, tribromide, or the like)
in a suitable inert or anic solvent (e.g. acetonitrile. ethanol,
aqueous dioxane. or the like) at 0 to 80'
[0163] Prodrug dcrivauvcs of thc compounds ol'thc inven-
tion can be prepared by methods known to those of ordinary
skill in the art (e o.. filr fiirther details see )aulnier et al,
(1994). Bioorganic and Medicinal Chemistry Letters. 5 obl, 4,
p. 1985). For example, appropriate prodnlgs can be prepared
by reacting a non-derivatized compound of the invention
wilh a suitable carbamoylating agent (e.g . I. I-acyloxyal-
kylcarbanochlondatc, para-mtrophcnyl carbonate, or thc
like)
[0164] Protected derivatives of the compounds of the
invention can be made by means known to those of ordinary
skill ui thc art. A dctmled dcscriptlou of tccluuqucs appli-
cable to the creation of protcctuig groups and their removal
can be found in 'I' (ireene, "Protecting (iroups in Organic
('hemistry", 3'dition..lohn Wiley and Sons, inc.. 1999
[0165] Compounds ol'he prcscnt invcntlou can bc cun-
veniently prepared, or formed during the process of the
invention. as so)vates (eg, hydmstes) Ilydrates of com-
pounds of the present invention can be conveniently pre-
pared by recrystallization from an aqueous/or amc solvent
mixture, using orgimic solvmits such as dioxin, tctrahydro-
flniln or Illetllallol.
[0166] Any asymmetric atom (e.g . carbon or the like) of
the compound(s) ol'hc present uivenhon can bc prcscnl in
raccmic or cnanuomcncnlly ennched, for cxtunple thc (R)-,
(8)- or (R,S)-configuration. In certain enibodunents. each
asymmetric atom has at least 50% enantiomenc excess at
least 60% enmitiomeric excess, at least 70% enantiomeric
excess. at least 80% enantiomeric excess, at least 90%
enantiomeric excess. at least 95/'6 enantiomeric excess. or at
least 99% enantlomcnc excess ui the (R)- or (S)-configum-
tlon. Substitucnts at atoms with unsaturated double bonds
may, if possible, be present in cis-(/)- or trans-(li)-form
[0167] Accordingly, as used hcrcin a compmind ol'he
prcscut invention can bc ui thc form ol one of thc possible
steremsomers, rotamers, atmpisomers. tautomers or mix-
hires thereof, tor example. as substalltially pure geometric
(cis or trans) stereoisomerr, diastereomers. optical isomers
(antipodes), racemates or mixnlres thereof.
[t)1681 Any resulting mixtures of stereoisomers can be
separated on the basis of the physicochemical differences of
the constituent~, into the pure or substantially pure geomet-
ric or optical isomers, diastereomers, mscemates, for
example, by chromntography and/or fracuonal crystalliza-
(1011.

[0169] Any rcsulung raccmates of compounds of thc pres-
mit ulvcntion or of intcmiedlates cun be resolved uito thc
optical antipodes by known methods, e.g., by separation of
the diastereoineric salts thereof, obtained with an optically
active acid or base, and liberating the optically active acidic
or basic compound. In particular„a basic moiety may tints be
employed to resolve the compounds of the present invention
into lheir op(mal mitlpoiics. c.g.. by Iractloual crysuilhzatlon
of a salt fiirmixl with an optically ucuvc acid, c.g., tananc
acid. dibcnzoyl tartanc acid. dlacctyl turtanc acid, dl-O,OR
p-toluoyl tartaric acid. mandehc acid. niahc acid or cam-
phor-10-sulfonic acid. Racemic conipounds of the present
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invention or racemic intermediates can also be resolved by
chil'ill chlonuitographyl ivg., high plea»i&le hi)util chlonla-
tography (HPLC) us&ng a clural adsorbm&t.
[0170J In summary. the con&pounds of Formula Ia can be
nlade by a process, which involves
[0171] (a) tlmt of reaction scheme I: and
[0172] (b) optionally converting a compo&md of the inven-
tion into a phannaceutically acceptable salt:
[01'73] (c) opt&onally converung a salt li&nnof a compound
of thi: &nvi:ation to a &&on-salt lolnn
[t)174] (d) opt&onally resolving an individual isomer of a
compound of the mvention fmm a mixture of isomers;
[0175] (e) opt&onally converting a non-derivatized com-
pound of the invention into a pham&aceuticaliy acceptable
prodrug derivative, and
[0176] (I) opuonally converung a prodrug dcnvat&ve of a
compound of thc &nvenuon to &ts non-dcnvatizcd fi&nn.

[0177J 'the invention further includes any variant of the
present processeg &n which an intermediate obtainable at
any stage thereof &s used as starting material and the remain-
ing steps are cerned out, or in which the starting matenals
are formed in situ under the reaction conditions, or in which
Ihe reaction componm&ts are used in Ihc fern& of the&r salts
or opucally pure matcnal Compounds ol Ihe present mvcn-
tion m&d intermediates can also be converted into each other
accordin to methods generally known to those skilled &n the
art Insofar as the production of the starting materials is not
particuhlrly described„ the compounds are known or can be
prepared analogously to methods known in the art or as
d&sclosed u& thc Exiunples hcrcinallcr.
[0178] Onc ol'sk&ll u& the art will apprec&atc that the above
tran»format&ons are only representative of methods fi&r

preparation of the compounds of the present invention. and
that other well known methods can similarly be used

EXAMPLES

List of Abbreviations

[01'79] AcOH Accuc acxl
[t)180] Alloc-('I Allyl chloroti&rmate
[t)181] 13,Vin. 13is(p&nacohlto)diboron
[t)182] br broad signal
[0183] BnBr Benzyl bromide
[0184] BnNIT» Benzylamine
[0185] BnOH Benzyl alcohol
[0186] B(O'Pr), Tn&sopropyl borate
[0187] B(OMe)& Truncthyl borate
[0188J (13oc)&O Di-tert-butyl dicarbonate
[0189J (:bz-(1 13enzyl chlorofonnate
[0190] CDCI, Chloroform-d
[0191] d Doublet
[0192] DAST D&cthylamu&osulfur inlluondc
[0193] DCM D&chloromcthane
[0194] DEA Dmthylam&ne
[t)195] DII3AI, D&isobutylaluminum hydride
[t)196] DIVI:A Diisopropylethylamine
[0197] DMAP 4-Dimethylaminopyridine
[0198] DME 1,2-dimethoxyethane
[t)199] DMI& Dimethyl fonnamide
[02001 DMP Dess-Martin periodinane
[0201] DMSO Duncthylsullbxide
[0202] DPPA Diphenylphosphoryl azide
[0203] e&IO&v E&tu&va)cnt(s)

[0204J I it»N 1 riethylanune

Et,O Diethyl ether
EtMgBr Ethyl magnesium brom&de
EtOAc Ethyl accrete
IitOI I I ithanol
Fe(acac)» 'I'is(acetylacetonato) iron (II I)
Fmoc Fluorenylmethyloxycarbonyl
Cirubbs II (1.3-Bis(2„4,6-trimethylphenyl)-2-imi

[0205]
[0206]
[0207]
[l)208J
[l)209J
[0210]
[02111

(laze

hcx)'0212]

[l)213J
[l)214J

3-tri
[0215]
[02161
[0217]
[0218]
[l)219J
[l)220J
[l)221]
[02221
[0223]
[0224]
[0225]
[l)226J
[l)227J
[l)228J
[0229]
[0230]
[0231]
[0232]
[l)233J
[l)234J
[l)235J
[0236]
[0237]
[0238]
[0239]
[l)24()J
[l)241J
[l)242J
[0243]
[0244]
[0245]
[0246]
[l)247J
[l)248J
[l)249J
[0250]
[0251]
[0252]
[0253]
[l)254J
[0255]
[l)256J
[0257]
[l)258J
[0259]
[l)26()J

[02611
[0262]
[0263]
[0264]
[l)265J

lidinylidene)dichloro(phenylmethylene)(tricyclo-
Iphosphhlc)loth&:nliinl

I» Iodine
IPA 2-Propanol
IPAm Isopropylanunc
&-PrMBCI Isopropylmagncs&um Chloride
KIIMDS Votassi&uu bis(trimethylsilyl)amide
Kl ISO» Potassium bisulfate
K»CO» Potassium carbonate
K,OsO» Potassium osmate (xyl)

K,SCO» Potassium dithionite
K,Fc(CN)„Potass&um fi:rncyan&dc
K»PO» Potnss&um phosphate tubas&c
KI Potassium iodide
KOAc Potassium acetate
KOI I Votassiunl hydroxide
KO'Bu Potassium tert-butoxide
LDA Lithium diisopropylamide
LiAIH» L&tluum alumuuum hydndc
LiBH» Litluum borohydride
I.it IMDF l,ithiunl hexamethyldisilazide
I.iOI I I,ithiunl hydroxide
m Multiplet
mCPBA Meta-('hioroperbenzoic Acid
Me»NH Dimethyhlmine
MeCN Acctoiuu ile
MeMgBr Mcthylmagnesium brom&dc
Mel Methyl iodide
MeOI I Metlmnoi
MeSO&NI Is Methanesulfonamide
MTBE Methyl tert-butyl ether
MS Mass spectrometry
MsCI Mcthm&eau llbnyl chlonde
MW M&crowave
N Nom&ality
N- Nitrogen
Nl)S N-bromo snccininude
n-BuLin-Butyllitlgum
Na CO» Sodium carbonate
NaBH(OAc)» Soilium tnacetoxyborohydndc
NaCN So&hum cyanide
Nal I Sodium hydride
NaHCO»Sodnun bicarbonate
NaN» Sodium elide
Na SO» Sodium Sulphate
NCS N-('hlorosuccininude
NH»CI Ammonium (:hioride
(NI I»)&CO» Amnloniunl carbonate
NH»HCO, Atmnonium fonnate
NH»OH Anunomum hydrox&de
NMO 4-Methylmorpholine N o&xide

NMP N-Methyl-2-pyrrol&done
NMR Nuclear magnetic resonance spectrometry

h Hap&et
I I,O Water
I IAli H 1-[13is(dimethylamino)methyleneJ-111-1.2,

azolo[4.5-b[pyridinium 3-oxide hexafhiorophosphate
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[0266] O&Oc Osm&um tetroxide
[0267] p Pcntet
[0268] Pd/C Palled&um on carbon
[0269J Pd(dppf)('I, I. Ixflis(diphenylphocphino)ferro-

ceneJ palladiun& (II) dichlonde
[0270] Pd(dtbpf)CI, [I.ixBis(di-tert-butylphosphino)fer-

rocene] dichloropalladium(II)
[0271] Pd(PPh&)c Tetrakis(triphenylphosphine)palladium

(0)
[02'72] Ph&P Tnplmnyl phosplunc
[t)273] PhMe I'oluene
[t)274] q quartet
[0275] s singlet
[0276] Red-Al Sodium bic(2-methoxyethoxy)aluminum

di hydride
[0277] Rf Re&cut&on factor
[0278] Rochclle salt Po&assium sod&um tartrate tetrahy-

drate
[0279J Rockphoc 2-Di(tert-butyl)phosphino-2L4hbxtriiso-

propyl-3-methoxy-6-methylbiphenyl
[0280] t Triplet
[0281] TBAB Tetra-n-butylammonium bromide
[0282] TBDMS-Cl tert-Butyldimcthyls&lyi chlondc
[0283] t-BuL& icrt-Butylhthium
[t)284] t-BuOI I tert-Butyl alcohol
[t)285] 1 sp I-Pmpanephosphonic anhydride
[t)286] 1BAI'etra-n-butylammonium fluoride
[0287] TMEDA N.N.N',NxTetramethylethylenediam&ne
[0288] TFA Trifluomacetic acid
[0289] THF Tctrahydroflicdn
[0290] Ti(OEt)d T&tannm& (IV) ethoxxlc
[0291 J

'I I,( Thin layer chromatography
[0292J 'Is('I 4/loluenesulfonyl chloride
[0293J /n /inc metal

Gm&eral Synthes&s Procedures

[0294] The compounds as deccribed herein may be syn-
thesized by the geneml synthetic routes below) speciiic
examples of which arc dcscribcd m more detml u& thc
Exmnples.
[0295] All starting materials. building blocks. reagents,
acids. bases. dehydrating a ents, colvents. and catalysts
utilized to synthesize the compoundc of the invention are
cithcr commcrc&ally ava&lablc or cm& be producixl by org&uuc
synthcs&s nu:thods known to onc of ordinary sk&11 u& the ar&

(I iouben-Weyl 4th I id. 1952, Methods ofOrganic Synthes&s,
'I'hienie, Vi&lume 21)
[0296] Compounds oi'hc present u&vent&on are prc7&ared
from conunonly ava&lablc compounds using procedures
known to those squllcd in thc art u& view ol the examples and
schemes provided herein
[0297] Within the scope of this text. only a readily remov-
able group that &s not a const&taunt oi thc parucular des&red
mxi product of thc compounds of thc present inven&ion &s

dcs&gnated a '*protcctu&g group," unless the context u&d&ca&as

othe&xvise The protection of functional groups by such
pmtecting groups, the protecting groups themselves, and
their cleavage reactions are deccribed for example in stm&-

dard reference works. such ac e.g., Science of Synthesis
Houbcn-Wi:yl Methods of Molecular Trmwfom&at&on. Ccorg
Thicme Vi:rlag, Stuugart, Ciennany. 200S. 41627 pp. (URL
http.//www.sc&ence-of-synthcs&s.corn (Electronic Version,
48 Vi&Inn&ex)): .I

I' McOmie, "Protective (iroups in
Organic Chen&&ctry*h Plenum Press. I,ondon and New York

1973, u& T. W. Clreene and P. Ii. M Wats„"Protective C)roups
in Organic Synthesis". Third ed&tion, W&ley, New York I&J&J9,

in "The Pcq&tides", Volume 3 (editors. E. Gross m&d J.
Me&enhofer), Academic Press. I codon and New York 1981,
in "Methoden der Organischen ('hen&ie" (Methods of
Organic Chemistry). Houben Weyl, 4th edition, Vohune
15/I, Cleorg Thieme Verhcg. Snittgart 1974. &n H.-D. Jakubke
and H. Jeschkeit, 'Aminosmuen. Pept&de, Proteine*'Amino
acids. Peptidcs, Proteins). Verlag Chem&c, Wmnhcun, Decr-
field Beach, and Bascl 1982, and &n Jochm& Leluna&u&.
"Chemic der Kohlenhydrate Monosaccharide und Deri-
vate*'Chemistry of Carbohydrates: Monosaccharidec and
Denvatiies). Cieor Thien&e Verhcg, Stuttgart 1974. Achar-
acteristic of protecting groups is that they can be removed
readily (i.e.. without the occurrence of undes&red secondary
reac&iona) Ibr cxamplc by solvolys&s. reduction, photolys&s
or altcmat&vcly under physiolog&cdl cond&t&ous (c.g., by
enzymatic cleavage).
[0298] As used herein, the terms "salt** or "salts'* refers to
an ac&d addition or base addition salt of a compound of the
prcscn& invm&&ion. "Salis" include u& parumilar "pharmaceu-
tical i&coop&able salts". Tlic tenn pharu&dci:uncallv dcccpt-
able salts" refers to salts that retam the biolog&cal effective-
ness and properties of the compounds of tlus im ention and,
which typically are not biologcaily or otherwise undesir-
able In many case~, the con&pounds of the present invention
are capable of fi&rmin acid and/or base salts by virtue of the
prcsencc of anuno m&d/or carboxyl groups or grmips similar
thereto.
[0299] Pharmaceutically acceptable acid addition salts can
be fomied with inor anic acids and organic acids.
[0300] Inorganic ac&ds Iiom which salts can bc dcr&vcxI

include, for example. hydmchloric acid. hydrobromic acid,
sulfuric acid. nitric acid, phosphoric acid. and the like.
[0301] Organ&c ac&ds from wh&ch salts can be dcr&vcxI

include. R&r cxamplc. acetic ac&d, prop&on&c ac&d, glycohc
ac&d. oxahc acid, male&c acid. malonic ac&d, succuuc acid,
fun&anc acid, tartaric acid, citric acid. benxo&c acid, man-
delic acid. methanesulfonic acid, ethanesulfonic acid, tolu-
enesulfonic acid. sulfi&salicylic acid. and the like.
[0302] Phannaceutically acceptable hase addit&on salts
can be fi&rmed ivith inorganic and organic bases
[0303] Inorganic bases fmm ivh&ch salts can be derived
include, fi&r example, ammonium salts and metals from
colun&nc I to XII of the periodic table In certain embodi-
ments. the salts are derived from sodium„potassium. ammo-
nium. calcium. ma nesiun&. iron. silver. zinc. and copper;
particularly su&table salts u&elude anunon&um, potassium.
soil&la&, cillc&iuu ilail &I&dgui:s&il&1& sdlgu

[0304] Organic bases from iihich salts can be derived
include. fi&r cxamplc. primary, secondary, and te&t&ary ami-
ncs. substituted anuncs u&cludu&g naturally occurnng sub-
stituted a&nines. cyclic aminec, basic ion exchange resins,
and the like. Certain organic amines include isopropylamine,
benzatlune, cholinate, diethanohcmine. diethylam&ne, lysine,
meglumine, piperazine and tromethamine.
[0305] In another aspect, the present invention pmvides
compounds of the present invention in acetate. ascorbate,
ad&pate, aspartate, benzoate. besylate, bromide/hydrobro-
nudc, b&carbonate/carbonate, b&suli'atc/sulfate, camphor-
sulfo&m&c, caprate, chloride/hydrochloride. chiorthcophyl-
lonatc, citratc. ethandisulfonate, fumara&c, gluccptaux
gluconate, glucuronate. glutamate. glutarate, glycolate, hip-
purate, hydroiodide/iodide, i acth&enate, lactate, lactobionate,



US 202 [/0 [ ] 5065 A[ Apr. 22, 2021

laurylsulfate. ma)ate„ma)cate, malonate. mandelate, mesy-
hi&c, u&clhv'ISUlphatc, nluclilc, uaphlhoaux UBpsylBIC. aleut&-
narc. nitrate, ocladccanoalcs olcales oxalales palnutate,
pamoate, phosphate/hydrogen phosphate/dihydmgen phos-
phate, polynalacturonate, propionate, sebacate. stearate. suc-
cinate. sulfosalicylate. sulfate, tarrmnte, tosyLSre trifenatate,
trifiuoroacetate or xinafoate balt form. Mixtures of isomers
obtainable according to the mvention can be sepamted in a
manner known pcr se u&to thc &nd&v&dual Isomers. diaste-
rrxiisomcrs can bc separated, for example, by )vd»nloning
bet&veen polyphasic solvent mixture~. recrystallixation and/
or cluomatographic sepanat&on. for example over silica gel
or by, e.g., medium pressure liquid clio&nato~~aphy over a
reversed phase colunul. and mncemates can be separated, for
example. by the formation of salts with oprically pure
sdlt-Ionnu&g rrmgcn&s dnd scpardlnu& of lhc nnxtUIC of
d&astcrrxiisomcrs so obtainables Ii&r example by means of
fractional crystallization, or by chromatography over opt&-

cally active colun&n n&aterials

[0306] Any formula given herein is also intended to rep-
resent unlabclcd fonna ns well Bs &sotop&cally labelm! fornm
ol'he compounds Isotop&cally labchx! compounds have
a(rue&urea dcp&creat by the formulae g&vm& hereu& cxcc7&l llml
one or more atoms are replaced by an atom having a selected
atomic mass or mass munber. Isotopes that can be incorpo-
rated into compounds of the invention include. for example,
isotopes of hydrogen
[0307] Further, u&corporation ol'cenau»sotopeas parucu-
larly deuterium (i e . BI I or I&) may afibrd certain therapeutic
advantages resulting from greater metabolic stability. fbr
example increased in vivo half-life or reduced dosage
requirements or an impmvement in therapeutic index or
tolerability. It is understood that deuterium in rhis context &s

rcgdrdm! as 0 subsutum&t ol' compound ol the presmu
invm&l&on. Thc conccntrat&on ol'culenum, may be detined
by the isotopic enrichment factor 'file term "isotopic ennch-
nlclrt flctol'S used hcl'cUI means thc I lt&i1 bet&Yea'u thc
isotopic abundance and the natural abundance of 0 specified
isotope. If a substituent in a compound of this invention &s

denoted as being deuterium, such compound has an isotopic
cnriclunm&l lector for each dcs&g&mled deulcnum alom of al
Icosi 3500 (52.5% dcutenum u&corporal&on al each dcs&g-
nated deuterium atom), at least 4000 (60'Ni deuterium Incor-
poration). at least 4500 (67 5%o deuterium incorporation). at
least 5000 (75% deuterium incorponntion), at least 5500
(82,5%o deuterium incorporation). at least 6000 (90% deu-
terium incorpomtion). at least 6333.3 (95% deuterium Ulcor-
porauon). at least 6466.7 (97% dcutcrnun mcorporat&on). al
less& 6600 (99%o deu&crnun u&corporation), or al leasl 6633 3
(')') 5%o deutemum incorporation). It should be understood
that the term "Isotopic enrichment factor" can be apphed to
anY isotope in the sa&ne nlanner as described for deuteounr.
[0308] Other examples of isotopes Ihdl can bc incorpo-
I(ilcxl ul&o conlpoUuds of lhc ulvcunon h&chah: Isolopcs of
hydrogen, carbon, n&trogm&, oxygen, phosphorous, lluonnc,

Sog. a(L '. ', ' respectivelv Accordingly it should
be understood that the invention includes compounds tlmt
incorporate one or more of any of the aforementioned
isotopes, u&cludu&g for example, radioacuvc isotopes. such
as 'H Bnd '. or those Into wh&ch non-rad&oacnve iso(upas,
such as H and ''C are prcscnt. Such isolop&cally labcllcd
compounds are usefi&1 in metabolic studies (&vith '),
reaction kmetic stud&es (with, for example 211 or 311),
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Floss. rate lm mLnnmire
Isncrai c Bi( ( (A BI
Cnlomn: Chna(PSX—AD (21 mm 250 mm)
Vlob Ic phase heptane (A) n& FIOH (B)
Flo &sic 20 a&Lininairc
Isoc&ar c SI(CO (A B)
Coho&&ra Choo(Pal,—AD 121 mni 25()mini
Y( I I pha. h )io (1) m IP&(u)

Is i: I * Fu 20 (1(ii

Mob le phase heprane (A) o& BIOH (B)
Flnm &&re I mL(nnaore
lane&&re S(i( ( (AB;
Column: Cla&a)Pal —AD H (21 mm 50 nanl
Mobrlc phase COS (A) n& McOH (B)
Fl iaic U)0 a&LI&nnnirc

Is mair 00(40 IA B)
Cohamn Clrrralpah—AD-H (21 nmr 250 nan)
M I l«ph. ('0211( M OH (u)
I Ion; I 100 mi m noi
(son;I* 7(i

'Vlob le phase CO (Ai o& 505 MeOH lo 1% NH4OH)
Cnlomn: Chnalpsh—AD H ('l(i mm 250 aan!
'Vlob le phase CO (Ai o& 555 MeOH lo 1% NH4OH)
Cnlomn: Chna(PSX—I(' (30 nan V& nan)
Vlob lc phase CO" (A) n& 40% McOH (ii la NH4OH)
Coho&&ra C-4
V&ob Ic phase n-hexnic (APFIOH (B)

Is i: I * 70 Ui (,1 In

Y( I I pha. Ii, r i'4) I tOll (Ii)
Flnm &&re I mL(nnaore
lacer:inc 55 15

Column: Cla&a)Pal IC ! I(i mm 250 mm. 5 nnc&onl
Mob le phase CO (Ai 0 la DFA o& IPA(B)
Fl i sic 13 inl.&nano(c
Is mair 5 .13 IAB)

detect&on or imaging teclu&lques. such as positron emission
tomography (PET) or s&ngle-photon cm&ss&on compulcx)
tomography (SPECT) including drug or subslcdtc t&ssue
distribution essays, or in radioactive treatment ofpatients In
particuLnr, an '"F or labeled compound may be particularly
des&rable for PET or SPECT studies. Isotopically-labeled
compounds of the present invent&on can generally be pre-
pared by conventional teclutiques known to those skilled in
thc art or by processes;mdlogous to those described u& thc
accompanyu&g Exmnplcs and Preparat&ons us&ng an appro-
priate isotopicaliy-labeled reanents in place of the uon-
labeled reagent previously employed
[0309] Intermediates and final products can be worl ed up
and/or purified according to standard methods, e, usin
cluomatographic metlu&ds, distnbution methods, (re-) crys-
tallrxalron, Bud thC hl C.
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X-Rav Diffraction Examples 1-3; Intemiediates

[t)310] 1he X-ray powder diffraction (XRPD) patterns
dcscubtxl lu:rein werc rccordcd on a Bnikcr Dg Advance

ditfractometer using ('OK radiation. 'I'he XRPI) pattern was
recorded between 2" and 40" (2-theta).

[(1311J One of ordinary skill in the art will appreciate that
an X-ray diffraction pattern may be Obtained v ith a niea-
surement error that is dependent upon the measurenient
conditions eniployed In parucular. it is generally known that
intensities in a X-ray diffraction pattern may fluctuate
dependin upon measurement conditions employed It

should be huther understood that relative intensities may
also vary depending upon experimental conditions and
svaveiength of X-ray mdiation used. The agreement in the
2-theta-diflbaction angles between specimen and reference is
withm 0.2'or the same crystal form and such degree of
mensurmuent error should be taken uito account as pertain-
ing to thc aforcmenuoncd diflbaction angles. Consequently,
it is to be understood that thc crystal fonna of the instmit
invmiiion are not linn(ed to thc crysuil fiimis that provide
X-ray ditfraction patterns completely identical to the X-ray
diffraction patterns depicted in the accompanying I'igures
disclosed herein Any crystal fonna that provide X-ray
diffraction patterns substantially identical to those disclosed
in the accompanying Iiigmes fall within the scope of the
present invention. The ability to ascertain substantial iden-
tities of X-ray diflmction patterns is v, ithin the purview of
one of ordinary skill in the art.

'I'hermogravimetric Method

[0312] The TGA nmtrumcnts used to test the crystalline
fiirms ives a 'I'A l)iscovery T(IA. Samples of 10 to 20
milligrants were analyzed at a heating rate of 10''. per
niimite in the temperatum range beuveen 30" ('nd about
300'.

Compound-1-0: 2-bromo-fi-iodoimidazo[2,l-b][1,3,
4Jthiadiazole

[0315]

i

8 S

[0316J Compound I-fives prepared in the follow:ing way

N ~N
~)

TTTN TT N

[0317] Compound 1-1 (500 g, 4.95 mol) in MeOH (5 L),
Nal ICOT (830 9 g, 9 ig) mol) ives added at mom tempem-
ture. the mixture was cooled to 0-5" C., bmmine (792.0 g,
4 9S mol) was addnl dropwisc overs peuod of I hour, then
the mixture was warmed to mono temperature and stirred fiir
3 hours, the solid ivas filtered and washed with MeOI I (5(X)

mL). then the solid was slurry in HsO (10 L) for I hours. the
sohd was collected and washed with HzO (I L). the solid
wds slulry ill McOH (1.5 L) slid Ill(uzi'cd, wasllcd wltil
MTBE (I L) to afford 554.0 g ol'Compound 1-2 as a solid.
'H NMR (400 MHz. DMSO-di). b ppm 7.51 (brs. 2H).
I C-MS 179 9 [M+IIJ

Difl'erential Scanning Calorimetry (DSC) HTN

[t)313] 1he I)S(: mstninient used to test the crystalline
fiirms was a I'A Discovery l)S( 'I'he DSC cell/sample
chamber ivas purged with 20-50 ml/min of ultra-high purity
nitrogen gas. The instrument was calibrated with high purity
indium. The sample v as placed into an open aluminum DSC

pan and measured against an empty reibrence pan. About 1-3

m of sample powder was placed into the bottom of the pan
and lightly tapped down to make contact with the pan. The

weight ol the sample was mcasurml accuratclv and recorded
to a hundredth ol a milhgram. The instnuncnt was pro-
grammed to heat at 10'. pcr mimiu: ui thc temperature
range bctw can O'. and 300'.
[0314] The invention is I'urthcr illustrated by the following
cxtunples, which should not be construixl as linutm . The
assays used throughout thc Examples are well cstablishcd in
the art demonstration of eflicacy in these assays is generally
regarded as predictive of eflicacy in subject ~

[0318] ComPound 1-2 (500 g. 2 78 mol) in HsO and ETOH
(I I; 5 I,) and then to it was added 44% aq solution of
2-chloroacetaldehyde (1425 9 g, 7.78 niol) over a period of
15 minutes at room temperature. The reaction mixture was
heated at reflux over a period of I hour and stirred for 48
llours Altcl colllplctloll Of (lie leuc(loll, tile rear(toll Illlxtiilc
wds qilclicltcd wltli 8% aq. sulu(loll of NaHCO, (S L) slid
ETOAc (10 L) was added to it. Thc mixture was stirred Ihr
10 niimites at room teniperature. The reaction mixture was
filtered through CI ii,i'I'l I pad and the pad was washed ivith
EtOAc (I L). The organic layer was separated and aqueous
layer was extracted with EtOAc (I Lx2). The combined
Organic layers werc concentrated and punlicd by normal
plmsc cluomatography with a ruruung gradient ol'6.7-25%
ETOAc,'heptane to aflhrd 88.5 g of Compound 1-3 as a solid.
'I l NMR (300 MHz„DMSO-ds): 8 ppm 8.22 (d, .I 1.2 I iz,
111) 7.39 (d I 0811z 111) I ('-MS 203 9 [M+II]
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temperature for 16 hours. the niixture was extracted with
D('M (800 ml,x3), tbe combined organic layers were
washed with NaOH (I N, 200 niLx2), brine (200 mL), dried
on NasSOw conccntratcd to ailbrd 144.2 g ol'Compmuid 2-3
as a solid. which ives used for the next step without further
purllictltloli.

[(1319J Compound 1-3 (500 g, 245 inmol) in DMli (5(X)

nil.). N IS (Gifii. I g, 294 mmol) was added at one portion, the
resulting niixture was stirred for 2.5 hours, another NIS
(11.0 g, 49 tmnol) was added and stirred for another I 5

hours. Ihe reacuon mixture was diluied with EIOAc (2 0 L),
and then the reaction nuxturc was mashed with aqutmus
NazS 0, solution (500 nil.). 1 he organic layer was washed
with ice cooled I lzO (3x250 mi,) and further ivashed v ith
brine (250 nil.). dried over NaaSOw filtered and concen-
trated and the residue was stirred in MeCN (100 mL) for 30
minutes. the solid was filtered and washed with MeCN (50
mL) to allbrd 404 g of Compound I as a solitL 'H NMR
(400 MHz, DMSO-dr). 6 ppm 7.43 (s, IH). LC-MS=329 7

[M+H] .

('ompound 2-Oa tert-butyl
((4-hydmxypiperidin-4-yl)methyl)carbamate

[0320]

[0324] Compound 2-3 (144.2 g. crude) was dissolved in
D('M (lrq I,), (lloc) 0 (1404 g, 644 niniol) was added
dropv ise at room temperature. the resulting solution was
stirred for 3 hours. Thc reaction mixture was conccntratcdI
and was purified by normal phase

chromatography

to afiord
129 6 g ol'ompound 2-4 as a sohd. ' NMR (400 MHz.
CDCls): 6 ppm 7.24-7.32 (brs, 513). 4.90 (s. IH). 3.53 (s,
2H), 3.15 (d, 1=6.0 Hz. 2H). 2.59-2.62 (m, 2H). 2.30-2 40
(m, 311), 1.56-1.67 (m, 411). I 44 (s, 911) IZ'-M) 321 2

[M+H] .

[0321] Compound 2-Oa was preparctl ui thc lbllowing
way

/Q
0 'N

2

[0322] NaH (27.5 g, 687.5 nunol) was addixl m portion to
l)MSO (IN)0 ml ) at 18" (2 under N„ trimethylsulfoxollltllll
iodide (127 9 g, 581 I mniol) was added in portion slowly
within I hour, the resulting solution was raised to room
tempemture and kept for I hour, Compound 2-1 (100
528.3 mmol) in DMSO (100 mL) was added at 18'. and
surrcd at room tcmpcraturc for 2 huurs, then the solution
was quenched with sat. NHsCI soluuon (500 mL) at 10'.,
extracted with M'I I)11 (I I.x4), the combined organic layers
were washed with I lzO (300 ml.x3), brine (200 ml x2) and
concentrated to afi'ord 120.2 g of Compound 2-2 as a
yellowish liquid. 'H NMR (400 MHz, DMSO-d,): 6 ppm
7.26-738 (m, 5H). 3 59 (s, 2H). 2.55-2.67 (m. 5H), 1.82-1.
89 (m. 2H), I 57-1 60 (m, 2H). LC-MS=204.1 [M+H]

[0325] Compound 2.4 (69.0 g, 215 3 nunol) was thssolvod
in EtOH (510 mL). Pd(OH), (21.0 v. 10%) was added under
Nw the resulting nuxturc was exchangcdi with H„ the
nuxture was stirred for 18 hours, the niixture was filtered
tluough CELITE pad, washed with DCM (100 mL), con-
centrated and stirred in M'I I)11 (100 ml ). filtered to alford
compound 35.2 g of Compound 2a as a solid. 'H NMR (400
Ml Iz, CDCI,) (t ppm 4 i) 5 (brs I I I) 3 13-3 21 (d I 6 0 I lz
2H). 2 91-2.97 (m, 2H), 2.82-2.87 (m. 2H), 2.08 (brs, 2H),
1.47-1.54 (m. 4H), 143 (s. 9H). LC-MS=231.1 [M+H] .

Compound 2-Ob. tert-butyl
(4-(hydroxymethyl)piperidin-4-yl)carbamate

[IO2 6J

[0323] Compound 2-2 (120.2 g. 514 nunoi) ui MeOH (720
nil.). aqueous ammonia (1440 ml . 28%) ives added dmp-
wise at 0" (, then the resultmg mixture was stirred at rooni
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[0327] Compound 2-Ob v ac prepared in the follov.ing
w av.

H 0
l:O

Bn — V 0 Bn — V
VII

0
7. 7

[0330] To a solution of Compound 2-3 (18 g. 7G.9 mmol)
in anhydrous THE (600 mL). Li ndH& (9 71 g. 256.08 nunol)
v as added in portionwise at 0' and heated at 6&6" (2 fi&r

3 hours I'he reaction nlixture was quenched with I I&O and
I N NaOH solution mid Iiltcred ofi'hc rcsulung solid was
washed with EIO&(c and solvent concentrated to alford 14 g
of Compound 2-4 as an oil. 'H NMR (400 MHz. DMSO-d,)
6 7.44-7.02 (m, 5H). 4.51 (s. IH), 3.44 (s, 2H). 3.11 (s, IH).
2.46-2.23 (m. 3H), 1.46 (dild, 1=15.9, 8.0, 3 0 Hz, 2H).
I 27-1.18 (m, 211). I,( -MS 234 9 [M+I IJ, retention
tlrue 0. I 3 ililluttes

[0328J 'Io a solution of I-benzylpiperidin-4-one (200 g,
105.6 mtnol) in EtOH;H&O (280 mL, I:I). was added
(NH )nCO„(101.4 g, 1056.7 mmol) followed by NaCN
(15.5 g. 316.8 nmiol). Tlm reaction nuxturc was heated at60'. Ibr 16 hours Thc reaction mixture was cooled to
room temperature. diluted with I i&O and then filtered otf.
'I'he filtrate was lvashed with IlnO and EtOII. was dried
under vacuum to afford 25 g of Compound 2-2 as a solid.
The en&de compound was used to the next step without
further purification. 'H NMR (300 MHz. DMSO-d,) 8 8.33
(s, IH), 7.38-7.06 (m, 5H), 3.46 (s, 2H), 2.67 (dt, 1=11 5,
4.0. 4.0 Hz, 2H). 2 34-2 15 (m, 2H), 1.79 (td, 1=12.4. 11 9,
41 Iiz, 211), I 47 (d..i 13 2 Ilz, 211). I C-MS 2601
[M+I IJ . retention time 0 35 mimites (Method P).

V 00
!SI

Bn
NH

0

OH OH
(dl

Bn — N Bn — N

Nil& NHBnc

[0331] To a stirred solution of Compound 2-4 (14 g, 63.54
nuuol) in anhydrous DCM (200 mL) was added (Boc)70
(15 2 g, 6i) 89 nlmol) dropwise and heated at room tempera-
ture for 16 hours 'lite reaction mixture was concentrated and
cnide compoiuld was purified by normal phase chromato-
raphy with a running gradient of 5-10% MeOH/DCM. The
resultln product was washed with pentane and filtered to
alford 9.3 g of Compound 2-5 as n sohd. 'H NMR (300
MHz, CDCJ,) 8 7.39-7.17 (m. 5H), 4.53 (s, IH), 3.G8 (s,
111), 3 55 (d, 1 20 6112, 211). 2 62 (ddd..i 17 5, 6 6&, 4 4112,
211), 2.36-2.11 (nl, 111), I 98-1 77 (m, 211). I 78-1 6&4 (m,
2H). 144 (s. 9H). LC-MS=221.0 [M+H] „retention time=0.
13 llllltutes.

7 7

0

00

Bn — V

NH.

Olt Oil

Bn — V HN

VHBnc NHlinc

26

23

[0329] To a solution of KOH (75.0 g, 1532.9 mmol) in
H&O (320 mL), Compound 2-2 (26.5 g, 102.1 mmol) was
aildcil mid tlm rcacuon mixture was heated at 100'. fi&r 24
hours. The reacuon mixture was cooled to O'.. pH was
adjusted to 6 using 6 N II('I solution. 'I'he precipitated
pmduct was filtered and washed with IJnO and M'I IJE and
dried under vacuum. The resulting product was co-distilled
with PhMe to affi&rd 18 g of Compound 2-3 as a solid.
LC-MS=234.9 [M+H], retention time=0.13 minutes,
HPLC: 96.66%, rctenuon time=2.62 nunutes (Method P).

0

OH OH

Bn — N Bn

NH. NH

[l)332J To a stirred solution of ('ompound 2-5 in MeOIJ
(150 ml,) IICOONI In (11.0 g. 174 14 mnlol) was added
followed by 10% Pd/C (0.93 g. 10% w.w ) atld heated at GO"

C. for 2 hours. The reaction mixture was Jiltered tluough the
CELITE pad„washed with MeOH and concentrated to afford
7 g of Compound 2b as a solid. 'H NMR (300 MHz.
DMSO-d() 8 6.11 (s. IH). 4.71-4.40 (m. IH). 3.35-3.30 (m,
411), 2.64-2.52 (m, 411), 1.82 (6, .I 13 I I iz. 2i I). I 36 (s,
911), 1.35-1.31 (m, I I I) I,('-MS 321.1 [M+I IJ, retention
time=1.27 minutes.

Compound 3-0 tert-butyl((4-hydroxy-I -(5-todoimi-
dazo[2.1-b] [1,3,4]tlfiadiazol-2-yl)piperidin-4-yl)

methyl)carbamate

[l)333J
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[0334] Compound 3-0 was prepared in the followin way -colitllillixl

I

8

0

i zs
i

4 I

[0335] Compound 2a (83.8 g. 363.7 nunol) and Com-
pound I (80, 242 5 mniol) was dissolved in DMSO (8(X)

mL), DIPEA (62 6 g. 485 mmofl was added dropwise. the
rcsuliuig mixture was heated to 110'., the mixture was
stirred fi&r 3 hours. the mixture was cooled to room tem-
perature mid added HsO (800 mL), cxiractcil v,iih EtOAc (I
I x4), the combined organic layers were washed v ith I isO
(200 mLx3), bone (200 mLx3). dncd on NasSOc concen-
trated and the residue was stirred in Me(:N MeOH (10 I,
500 mL) to affor 67.1 of Compound 3 as a solid. 'H NMR
(400 Ml lz, MeOD-ds) 6 ppm 7.06 (s, 111), 2.ti9-3.72 (ni,
2H). 3.45-3.52 (m, 2H), 3 11 (s, 2H). 1.63-1.76 (m. 4H),
1.44 (s, 9H). LC-MS=480 0 [M+H] .

[l)338J A mixture of ('ompound 3 (40 nig, 0 083 mmol),
(6-isopmpyl-2-metlxn ypyriilin-3-yl)boronic acid (32.5 mg,
0.167 nunol). PdCls(dppfl-DCM complex (3.4I m . 4.17
Iunol). and K,POs (53.1 mg, 0.250 nunol) ui anhydrous
dioxane (I mL) and HsO (0.2 mL) was fhished with N, for
a fcw minutes, then scaled and heated to 80' for 3 hours.
The cnide material was purified by normal pltace chroma-
tography (4 8 column) with a runnin gradient of0-50% (3:I
EtOAc EtOH)/heptane to afford 39.4 mg of Compound 4-1
as a solid. I.('-MS 503 3 [M+I IJ .

ib)

Example 4-0 4-(aminomethyfl-I -(5-(6-isopropyl-2-
methoxypyridin-3-yl)imidazo[2.i-b][1.3,4]thiadi-

azol-2-yl)pipcridui-4-ol

[0336]

[0337] Compound 4-0 was prepared in the folio~ ing v ay

n
iio Oli

N-Boc De-Protection Methods:

[0339] Route A via TEA conditions: Compound 4-1 (148
mg, 0.294 minol) was dissolved in D(:M (I ml,) and Tl'A
(0.5 mL, 6.53 nunofl was added. Thc reaction was stirred ai
mom temperature for 30 minutes. The mixture was concen-
trated in vacuo, then redissolved ui DCM and a sat. solution
of Na,CO, was added. The aqueous layer was extmcted
twice with DCM, then twice with EtOAc. Thc combincdt
orgatuc layers were ilried os cr NasSOs, and concentrating
The crude material was puriffed by prep-HPLC to afford
63.7 mg of Compound 4-2 as a solid.

ltoute l3 Via I I(:I (:onditions:

[0340] To a soluuon ol'ompound 4-1 (39 mg. 0.078
mmol) in MeOH (0.5 mL) was added HCI 4 M in dioxane
(0.5 mL, 2.0 nunol). The reaction v as stirred at room
temperature for I hour 'I he mixture was concentrated in
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vacuos then v(as purified by prep-HPLC to afford 18.2 rn of
('ompound 4-2 as a solid.

Route ('ia Tl)A (I'ree 13ase) ('onditions:

[0341] To a solution of Compound 4-1 (150 Ing. 0.298
nunol) in DCM (10 mL) was added TFA(0.6 mL) ar O'.,
then Ihe reaction mixture was stirred at room temperature fiyr
2 hours. Ihe reaction wa( concentnzted in vacuo 'the
res)due was treated with 10% NaHCO, for 2 hours 8( ruom
tempera(urc and Ihcn Ihc product wus cxlracled wi(h 5%
McOH in DCM. Thc combined orgaiuc layers were washed
vvith 10%a NaHCO,. brine. dned over NazSO4 and concen-
trated in vacuo. The resulting calid was triturated in pentane,
filtered and dried to give the desired product a( a free base.

Prcyarafion and Chartmlcnzuuun of 4-(aminom-
cxhyl)-I-(5-(6-isopropyl-2-mcthoxypyridtn-3-yl)

iniidazo[2,1-bJ[1 ch4Jthiadiazo]-2-yl)piperidin-4-01
(2 I) Adipic Acid Salt and Solid Foun(

[0342] 3.0 g of 4-(aminomcthyl)-I-(5-(6-Isopropyl-2-
methoxypyridin-3-yl)imidazo [2. I -b] [1,3.41 thiadiazo]-2-yl)
piperidin-4-ol (2:I) adipic acid salt (7.45 mmol) was added
to a mixture of 30 nil. of acetonitrile and 5 ml, water tn a
reactor. A solution of 0 549 o of adipic acid (3 75 mniol) in
15 mL ol'cctonltnlc/water (80:20) was addcu] at 50'.
nil]un 90 nunulcs. The resulting suspension was kept under
stirring at 50'. for 2 hours and (ubsequently cooled to 25"
C. with further stirring for another 12 hours. Afier filtrarion,
and washing with dry acetonitrile. the residue v as dned at
40" C for eight hours under vacuum 4-(aminomethyl)-I-
(S-(6-isopropy]-2-methoxypyndu)-3-yl)tnutktzo[2,]-b] [1,3.
4](luadiazol-2-yl)pipcndin-4-01 (2.1) adipic acid salt was
obtained as a solid
[t)343] Solid forni A of 4-(aniinomethyl)-I -(5-(6-isopro-
py]-2-methoxypyndin-3-yl)inudazo[2,]-b][1,3,4]dnarli-
dzol-2-yl)pipcridui-4-ol (2 I) adipic acul sall can bc
obtained by I) thermal conversion of 4-(aminomethyl)-I-
(5-(6-isopmpy]-2-methoxypyridin-3-yl)imidazo[2.1-b] [1.3.
4Jthiadiazol-2-yl)pipendin-4-01 (2:I) adipic acid salt or
solid fi)rm 13 by heating a san!pie to at least 10" ('bove the
meltmg point und cooluig, or 2) equihbraung a slurry of
about 40 mg Io about 100 mg of 4-(tunuiomedlyl)-1-(5-(6-
isopropyl-2-methoxypyridln-3-yl)imidazo[2,1-b] [1.3.4]
thiadiazol-2-yl)piperidin-4-ol (2:I) adipic acid salr or solid
form 13 at 25" ('o 50" ('n about 0.5 ml to about I ml of
a solvent listed in Table I below for at least about 24 hours
to about 28 days and Iillcnng and drying thc solids ui air for
dbou( 10 min Solid form A is sigh(ly hygroscopic, absorb-
in about 0.4%c of moisture at 95% RH.

TABLE I-conunucd

Pander X Pmsv D ffr«ct cn Peal s 4 (un ncmerh,fi
I-iy-(6-iscprcp I-2-incthcz)pyridiu-3-

yllimidazcl,i-b]11,3,4]tlusdmzcl-2-yl)pipcridu«-4- I

(2 Il «dip! mid salt fcrin A
Snl cnt

Beptme
Iscpicpvl Acetate
Meth(tin 1

M IBK
MTBE
I itrcmcthyuc
Pvrutine

lu i«
'I t:l)d )us
w:I
Mlhn I .I (9 3)0
Meth(traits ster (90 Ii)) Is y = 0
Meth(trace«ter (78 2) (au = 0 (j
Meth(traits ster (57 4 ) Isw = I 71

Meth(trace«ter (33 67) (au = 0 9j
I -Prcpancli ster (99 Ilia = i) IS)
A etna!talc'ter (st! ) (y = 0 3)
-Prep«eel) atm (964) ia = 0 4)

A ctunc'ter (94 G) (y = 0 61

[0344] FI(i I provides the X-ray diffraction pattern ti)r
crystal fomi A of 4-(aminoniethyl)-I-(5-(6-isopmpyl-2-
methoxypyridin-3-yl)imidazo [2.1-b 1 [1. 3,4Jthiadiazo]-2-yl)
pipendin-4-ol (2; I) adipic acid salt and the peak hating is as
shown in Error! Reference source not found. FILI 2 provides
thc difii:ren(ial scarunng calorinu:try (DSC) thermo rmn
scan of crys(al form A of 4-(aminomcthyl)-I-(S-(6-lsopro-
py]-2-methoxypyridin-3-yl)imirhuro[2.1-bJ[1,3,4Jthiadi-
azol-2-yl)piperidin-4-ol (2 I) adipic acid salt l)I(i 3 pro-
vide( the I(]A thermogmlu scan of crystal form A of
4-(amlnomethyl)-I-(5-(6-isopropyl-2-methoxypyridin-3-yl)
imidazo[2.1-b][1,3,4]tlfiadiazol-2-yl)piperidin-4-ol (2: I )

adipic acid sall. FIO. 4 shows thc scaiuung electron micro-
scope (SEM) photograph of crystal form A of 4-(aminom-
ethyl)-1-(5-(6-isopropy]-2-methoxypyridin-3-yl)imidazo[2.
l-bJ[1,3,4[thiadiazol-2-yl)piperidin-4-ol (2 I) adipic acid
salt.

TABLE 2

Pc!!der X Ray D fba t cn Peda
4-iam immcthyli-I-i -Ii-iscprcpyl- -incthczypyrituys-

vl)un«daze(2.1-6]I1.3.4]tlusdtszc)-2-)l)ptpcrtdm-d-c)
i 0 yd» aud silt fern! 4

'I'A]31 E I

inst
(2 lh Ir)

Iuie ia tv In)ma ly

I (( 16 s picpyl methcvyp, i dui t
, Ilun dazcR.) b]ll 3.4]tluad azcl l)p peud n 4 cl

07 11 fld p 'l' stilt feint 4
Solvent

1,4 Di yu
2 M i))I - bu!.u

A ercn mls
An sole
Benzyl .ilc hcl
D chlcrcmethane
Chlcrcfcmi
C)clcpcntsncne
Ethin I

3 (5
7 146

lit 71t!
11 151

I 715
13 3)
16 t)98
I I 8)4
18 27)
19 11(
21 459
22 tiiiG

24 7'

6 6!!9

t! I

248 2
12 )Gu

929
6 956
6 616

i)1

49 9
48. 0

41 8

4) G

(97
34 9
3 34
31 I

7239 (66
(9))8 (63
4118 988

620 816
869 u04
801 01

696 916
8862 471
2 94 94

(78 9(6
'I! 80 716
1217 798
4(i 7()4

61 u364
1312 7tl4

818 '

67
46

7

lu
9
8

1(i(i

7
36
14
77

6

I
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TABLE 2-cont)mud TABLE 3

Pot)de) X IL)v Ddrra r on Pe)ha
4-i unuio methyl )- I -( 5-I 6-isopr py I-2-methoxy pvudu)-3-

Hunidazo[ l-b][ID 4]thiadiazol-2-ynpipcridm-4-ol
2 I ad»c «id sair I nn 4

'0 pl lap; * is I)I i«I
(2 ii) ia) (Ai

Powder X Riy D Iha r n Peix

vlim tm [2,1 h[l).,4[thuds I 'l)pp i lou

8 737 3 104 si)5 5 3 9

31 6A3 2 829 482 870
Aapt

( -theta)

I ape 'i os

(Al

Ini«av tv

(bet) I Rc I atu c I

[0345] Sohd Ibmi B was obtained by recryslalhzing sohd
fiyrm A from I) the minimal amount of acetone to dissolve
so[xi form A at 60'o cooling and dgilatuig the solution In
a nice bath, and filtering and drying the solids in air fiir about
10 mm: 2) recrystallizing solid Ibrm A from thc nunimal
amount of I: I methanol/v ater to dissolve solid form A at60'.,

cooing and agitnnng thc soluliun ui a mce bath. and
filtering and drying the solids in air for abour 10 ml, 3)
precipitation by thc addiuou of Dlv[SO to a bcnzyl alcohol
solution of 4-(aminomethyl)-I-(5-(6-isopropyl-2-merhoxy-
pyridin-3-yl)imidaim [2,[-bJ [1,3.4]thiadiazo[-2-yl)piperidm-
4-ol (2:I) ad)pate salt; and 4) precipitation by the addition of
niethanol to a benzyl alcohol solution of 4-(aminomethyl)-
1-(5-(6-isopropyl-2-methoxypyridin-3-yl)imidazo[2.[-b] [ l.
3.4]tluadiazo[-2-yl)piperidin-4-ol (2: I ) adipate salr. Solid
fiyrm B is a highly 0)ystallme material with an approximate
nieltin point of 214" (2 Solid form l3i ~ only slightly
hygroscopic absorbing about 0. 30% of moisture at 05% RH.
FIG. 5 provides the X-ray di[lba et)on paucni I'or crystal fi)mi
B of 4-(ammomethyl)-I -(5-(6-isopropyl-2-methoxypyndin-
3-yl)imidazo[2„1-b] [1„3.4[thiadiazol-2-yl)piperidin-4-ol
(2 I) adipic acid salt and the peak listing is Av shown in Table
3 I)I(i. 6 provides the ditferential scanning, calonmetry
(DSC) lhcmiogram scnn of crystal I'onn B of 4-(anunom-
cthyl)-1-(5-(6-)sopropy[-2-mclhoxypyndin-3-yl)nnidazo[2.
I-bj[[,3.4]t[t[adiazo[-2-y[)piper[din-d-ol (2;I) adipic acid
salt. F[G. 7 provides the TfiA thermo ram scan of crystal
fiyrm B of 4-(aminomethyl)-[-(5-(6-isopropyl-2-methoxy-
pyridin-i-yl)iniidazo[2,1-bJ[1 cb4Jthiadiavo[-2-yl)piperidui-
4-01 (2.1) adipic acid sall. FIG. 8 shows thc scaruung
c[ccdron microscope (SEM) photo~()ph of crystal form B of
4-(aminoniethyl)-I-(5-(6-isopropyl-2-methoxypyridin-3-yl)
imidazo[2.1-b][1„3.4]thiadiazo1-2-yl)piperidin-4-ol (2: I)
adipic acid salt

) 89

9 'i94

li) 92t!

13 481

I 78()

16 6))7

19

'9

75

2t) i)19

I st!4

2 69t)

sf) I

7 7tu

4. i)

9 4()2

t! 090

6 56

611

34

4 tli

4491

4 058

75

. 4)i)

3 2).!9

2013 04'7

1443 807

. Atlc 186

9 7

103AI 3

233 091

661 8 9

4A2 436

1441 ill
2 8473

1474 368

446 3(

367 i)28

06 162

7044 '7

279 5

20

49

100

[0346] The follov,uig compounds were prepared bv Ihe
general synthesis route (I) and excmphfied by Compound
4-0. usrng appropnutc commercially avmlablc startuig nmie-
rials. All starting niaterials. and interntediates which are not
cmnniercially available, mid,'or do not have published syn-
thetic routes. are exemplified by compounds herein. Com-
pounds containing stereocenter(s) were prepared from the
appropnalc clural conuncrcial shirluig malcnal, or werc
pun[ied usrng clural prep-HPLC methods listed below as thc
N-Boc intcrmcdtatc prior to N-Boc dcprotcctiou

Lx.un
pie,

rom
pound

Xuinbcr

4 i)

5'tiriotiirc

Cli r)I
HPLC
Mlerh

LC-MS orl

'u bout (vt)t) bulz. I&XISO I„) b MS ' l*d n
8 54 (I. ) = 7 8 u, in!. 7 56 (v, (3 0, x) 0 8

IH),699(1,)=78Hz,lul W 4))22(m I

(s, IH). 3 6 (m rn. Hi 4 403 [M+Hf'ru.

m. H), 2 34 (m, IHl. 47 ts.
Hb I 8 im 4Hl. I 25 id. I = ( 0

Hz. 6H)

4-(iun nornethvh I (5 (6 scpiopvl
2-inctlioxypvndui/.Hvl lanidazo

f2,1 bf[1.3,4f)M di r 12 lip p I

4-ol
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MR ( ftfl MH, DMSO ds) 6
8 (V (d. J = 7 0 Hz I Hl. 7 93s(s.

JH), 7 53 (s, IH). 7 02 6 98 (m.
IH) 688(ddd, I=73 17 t)8
Hz, IH). 'I 80 is. )Ht 68 3 63

(nt. H). 3 62-351 (nt. JHI. 3 19-

: 01 im. JH) "3 (s,)H), '19-
" 05 (m, 2H)

6,2H2,N,Ozb
3(9 I fotnd

'16(t I [yl+ H]'

3 (.unutotnerhyt) I i. (2 merhozy
4-mcthylphcn llurudszn[2.l-b]

ll 34]duad.izol ',l)pvn Id n 3 ol

'H Nl IR (5VA MHz, DMSOdsl 6
9 '

8 IIG (m. 2 H ), 8.(t) i I, I =

79 Hr Itt) 7. 4(s (Ht 7(tft (4
I = I 6 Hr, IH) 69( 687 im,
IHL aft ') (m ti), 89 fs,
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IH!, 366 (dd. I = ll 7 5 I Hz.
)H),353 3 7 im, Ht. 237 Is.

)H)

MS fnrz a(cd for
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)60 I ]V + H]'

s

(4 ( t2 2 ttw«y 4m Ih Iph
nudazo[2 I b][1.3A]tluadmzol 2
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4
N 0 I(i.&-D

2

'H Nl IR i50A MHz, DMSOd„l 6

8tu(l, I=71(I(,ll(1,794(s,
SHL 49(s, ltt(,6.991d, 1=16
Hr,ltt),st(silt, I=86,(l
Hlb 2 89 ( . 3)(1, 7- I 66 Im,
2H),3 64 ts, H). I I 347 (rn.
2H), 37 (s, )HI. I 97 I 80 (m.
H!, I 80 (ddd. I = 13 6. 3 44

Hz, JHi

MS fnrz a(cd for
(H„H,N2028

)74 2 iV +

H]'ethylphenvl!

nudizo[2.1 b][1.3A]

4-2

4

'H NMR(5001(Hz. McOD-d,t 6
8 22 (dd I = 8.7. 6 5 H, IH),

7 9fl!s. It(). 2 ttb (Hl, I = it (I,

2 4 Hr, IH), 69fi ftl, I = 84,
kl, till. 4 0 441 iro, IH), 4 8

(d. I = 4 7 Hz. IH), 99 is Hl,
I 87 3 75 (nu I HI. 3 71 3 60

(nu 2H), 3 40 (dd I = li ft lf, 3

Hz IHL2 8(d,l=l)3Hz.
IH), I 9. Iddd. I = 13 2 11.1„8

Hz. I HI

MS fnrz a(cd for
('i„l(ml 9 0 8

)64 3 iV +

H]'3R58)

5 .urnno I (5 (4(toom
2 th yphrm l)uu(, oH.I b][1,)A]

tlutul azol 2 yl)p pend n 3 ol

OH
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I H!, I 26 td, J = 6 9 Hz. 6H)

CirH„N„OH

'17( [.VI +
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-16-fsnpropvl-
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[I 34[tluad szol 2 yl)azet 6 n
31

4-7 'H NMR(309 I IHz. McOD-dal 6 MS tnrz sled for
tl44(dd. 1= 6". 56 Hz. IHL 96 C»H, 6'IFI,O S

(a. Hlt 'd I = 111 Hr, IHI. 4111 flue I'9 (e. SHI, 61 fs. SHI, 76 41 2 iM + H]'
h ki), 96 js, SH), (.9

I 74 tm, 4H)

a (
N NH.

&D.
4-nunutontetl»lpl-15-(5- hloro-

4 tluoro 2 methoxvphen I) nudazo
[r,l-bj[1,3,4]tlu:tdtaznl-2-11)

'H NMR (5ttb RIHz. DMSO dsl 6
SUG(d.1=2 Hz. IH1,761(t,

I = 5 6 Hz. 'tH), 7 61 (s, IHI. 7 13

(dd 1=64.--Hz,IHI zff4(d
J = 6 4 Hz. I HI 4.12 iq, I = 6 9
Hz 2H I, 3 79 idt. J = 13 ', 4 2

Hr. H) t 1(ftl, (=116,99,
4 4 Hr, 2 I I), " l(6 (9, I = 5 6 Hr.

(s. 31(1, I 7 (fdd. I =

11 (I, 1(l 2 44 ki, 4H). I 4(t (I.
I = 6 9 Hz. )H)

MS mrz cal d (ot

3672 Feted
'tSS [M +H]'-(tur

nornethvl! I t. (2 ethoxv
. -mcthylphcr»'Iltnttdazn[2.)-b][l 3.4]

th .td .tzol 2 ?lip pend rt 4 ol
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I = I 0 Hz, )H). 6 01 (ddd J =
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3 34 (m. 2HI, 84 (q, 1 = I Hz.

HL 2 »7 (s, JH'1, 0 (d,! =
17'H,SH),IX (td.l=1 8.

4 9 I lr. 211), 1 It( (HLL .1 = I

tl l. 41( Hr. Hl) »163 tt 8 im,
Hi fi '1 ft 3 (m, 2H)

MS mrz cal d for
6 zzHzoN,Ozb
427 2 fotu d

4 8

[M+H)'4-t(

»clop» pvlmcthybunutol-1-(5-
(2 mell 4 tttylpb r vl)mu I, ofhl b)

[1,3 4) thr atrazo1-2-yi)p»pendus-4-) l)ntetlhutnl

4~N NHzi &-M
2

4-(unutnmcthyb-I-(»-t2-
tb 1 3 tittdunm th l)ptieuv()

mud:tzo[2.l-bf[l 3.4)thtadtazo(-2-
l)p prm I n 4

'H NMR (5ttb NIHz. DMSO dsl 6
8 40 (d. I = 7 9 Hz. (Hi, 7 Stl (I,
J = 9 Hz, tH), 7 66 (d. J = 7 7

Hz. IH). 7 62 (s. iHl. 7 4 (r. J =

79 Hz, IH». 370 idt J = 131 41
Hz. Hl. 364(a SH). 3A9 lddd

J = 139, 99. 4 Hz, JHL 2 85 iq
! = 8 Hz SH), i.77-1 64 im.

4ki)

MS mrz cal d for

C, Hz F N,OzS
427 I fotud

4 8 I [:VI + H)'-24

2

s

'H Nl IR (500 MHz, DMQO-dsl il

tlb (d.J= 79Hz, IH),7»uis.
HI),691((d (=161(,ii(1,
688 61(5 (m. Hl),4()3 it, i =

l»4kir,li(1.39(l.l=(38
I I r . I I I ) t 8 7 ( . . 3 I I I, 6 1 ( t.
(= 59 Hz. H). 3»4 is IHl,

144 (dd. I = 20,07 Hz 2Hl.
3 tti (dd I = I'1 8, lti 7 Hz. Hj
2 35 (s. JH», I 80 (t. J = 6 I Hz.

HL

MS tnrz sled fnr

3742 iM+ Hf

2-i4-(5-12-ntctlwx) -4-ntcthvlphcnt I I

m 8 f21 bf f1,:lA)ttu.(l: 12
vl)p pertz n 2 llethan I cl
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ki), 7 3 (s I H), .&&0 ( I, I = I 6

ki, till. 6 94 6 86 iro, IH), 4 7

(d. I = 88 Hz. 'IH). 4(6 id J=
8'! Hz, Hl. & N is. IH) 24 (4

J = 5 7 Hz. Hl, 2 37 (s, Hl

O& H,sN,ON

3461 (M +

Hf'-(unutomcthyll-I-I

-(2-n&ethos&-

4-methylphenyl) nudmo[2.1 bf
[1.3,4ftluadiaz I- -yllszcttdut-3-ol

H F~o

4

'H SMII( (4ttn bH&r. M«OI& I,l 8
tl 8 t&6 (m IH), 7 8( (bt',

HI), 6.9& (O& &L! = 1(t 9 I(, IH),
679&dt,J= 1,8&Hz.(H&
17 4 94 tm. I H), 4 I I i br t. J =

13 I Hz. IHL 4 t&! ibr d. J = 13

Hz, I HI. 'I 87 (s. 'IH&, 78 I I

Im. Hl " 0-334 (tn, IH), '13-
I 92 (m, 2H)

('&„II,&I V OS

366 'I [ul+
Hf'0

(3S.4R) 3 (I o o I O H fl o
2-mcthoxyphcnyl)au dazo[2.)-b f

[1.3,4)lh& d& r 12 &I)p&p ul 4
nt&tttc

H F~o
H&

'H HMR (400 I IHz. McODds& 6 MS tnrz a)cd (or 1&t

tl 3&&-818(nt. IH), 79's, IHI. CmH,&F V OS
7 f&9 6 97 (m. 1&(1, 6 89 Idl,! = 6 I 8 d

:, 84 kir, II(). 5. 9 5 th im, )66 3 (M + Hf
IHL44t(4 7 im, HI),424-

412( . HI'& )97(s.3&l), xp.

3 64 (m, Ht, 7 8 I 45 rrn. (H&

262u4(m, Hl

(3R 4S I-3-tluoro-I-(:-t4-
tluoro 2 rnerhoxyphen I) nudszo

[2,1-bf [1.3,4)tlua tiazol-2-yllpipcndm-
4:u
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'H NMR. (4f)0 MHz. Dl;ISO d,l 8
8 6 (d. I = 77 Hz. IHi, 8 il!d

I = 5 Hz. 'IH). 7 62 is IHI, 7 Dl

(d. I = 78 Hz. IH). 454 f4 J =
4" Hz. IH1,4ul (s, 3HI. 395 id
I = 15 I Hz. IHI, 'tl id id. J =

2 7, 10 4. 6 I Hz, HL 3 9-3 43

(m, JHI. '9tt tp. J = 6.8 Hz, IHL
I 8(I.I=681(,6H).

MSmz std for
C, HzzN60zh

'!74 I found
375 [Ml + H]

!1SAR) 4-:uu I ! (6
fsoptopyl- -ntctltozyp)ndut-)-

11)m 0 o[2.1 b][1,1A]ih mb.« I 2

l)pytrolfdnt-3-ol

MR ( f)tl MH, DMSO d ) 6
9 - i llf). 892 (I, 1=114 Hz.
IHI, 851 (d, J =, 7 Hz. IHI 76'I
is. IH). 6 99 id. I = 7 7 Hz IHI.
4 f)l is (H), 378 3 62 fnL 2HI.'l8 (tt. I = 3 8, I I Hz. Hl.

2 98 (p, I = 6 8 Hz, I HI I 2 (d
J = 7 6 Hz, SHI.

(hsHztN60,8
388 2 fotu d

'189 [Ml + H]'

6

id i5 (6 sopiop I 2

mctltozypcndut-3-vl I

un dazol2.1 I.][1.3Al
tluadtazol-2-yl)pipcrazut-2-

slim ih,m I

4 10

to

i.&-Dl
6 4 NH

MR ( f)tl MH, DMSO d ) 6
8 5 (I. I = 7 I tt, IH). 80 (d.

1111. 7 6 (6, 11(l.
7 t)1 (d. I = 7 8 Hr. Hl), 4 04 1 96
(m. 4H). ) 91 is, IH), 3 78 !dd. I =

tf) ti 4f) Hz. IH), 64!ddr. J =

18). 13 (,47 Hz. 2HI. I 49
(d I td, I = 24 I, 13.." 9 4 4 4 Hz.
H) 298 ip. I = 68 Hz. IHL 224
Idd I = 138. 8" Hz. IHI. 193-
187(m. 2HI 18."-I 69 (ni. 3H)

I 8(I.I=691(,6H).

CNH,„N„O,S

429 - !M +

H)'(5!6

.'Iml 12
rncthosypyndut-3-11)

» 4 lt.t bi[i.)A]th: I: . I

- lhl-oza-8-tz:tspuo[44]
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4-31 'H h;MR (400 MHz. *.gfcOD-dl ) 6
tl 7 (dd )= 88. 6G Hz, IHI 86
is. IHI. 7 t)2 (dt .I = H tt, ' Hz,

)HLG9068 jm,HI),41
4 t)G (m. )H) 41)2 3 97 ir 7, It)).'6 !s. 3)i). 3 90 jd I, I = ii) 4,

Hr, 1)t), LS) 3 7ti In&, 2H).
'I 64 3 53 (m. H), 2 41 ) 3 (m,

IH). -0 I 87!m. )Hj I 88
173 (m, Hl

MS ntrz cglcd fnr
C,gHzzFV)Oz5

4u3 'ound
4)14 2 [M + H)+

8-(5-(4-fluoro-2-

6[[1,3.4[tlutditzol-2-yl)-

deco)).3ntltttrtc

' Nhfli! 0(t Mt ), l)NISO I„) h MS r: I 6 fm

8 4(t. )=82)t, ifl).784(l. (3 H)loV 0 8
I = ' If, )H't, 7 77 (s. H I), 7 44 441 I fi d
(dd.)=85,17)t,iti).7 9(d. 44 2iM+H['

= I 8 Hz, )Hi,d 8 (q. J = G 9

Hz, H). 'I 74 idt, 1 = 13 1. 4 I

Hz. 2H), 3 5)!ddd J = 13 6 9 6
49Hz, Hl. 8 (q.J= SHz

H) 17 tl )=4 Hz 4HI
I 47 (t, I = 6 9 Hz. 3HI

4-Itrtflu r»nctltyl)pltcnyfl
» I [2.1 h[[l,)4[ihu I: . I 2

tllppetdr)4 I

OH
4 2

MR ( i)tl MH, l)MSO d ) 6
856()hi= Hr.IH1793(s,
kih 7 62 () )H), 698 iR I = 7 9

, lilh 4tlD ts, H), 3 7(t 65

(m. 2H), 3 64 3 52!m. H). 3 18
'I 04 (m. 2H), 46 ts, 3H). 2

2 ()8 tm, H)

Ci Hu,N„O,S

361 i [M +H)'!

m ) thtll ) i (2

methoxy 6 meth, Ipcr d n
3-) I) 7m dszo [2.)-h]
[1.3 4[rlu.id .izoi 2

Ilpyrrolidnt-3-ol
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3H), 7 69 (s, IH). 7. I (d. J = 21
Hz, IH). 71 (dd. 1= 84. I Hz,

IH). 4 10 4 26 (m. 2H) Si

1 7 (tn. 2H). 3 72 Mr. I = I 2.
41 Hz, JHI, 3 0 iddd. J = (34
97,4 Hz, Hl,336 is 3H)
2 t(6 iq. I = 6 8 Hz, JH), I 76-

I 68 (ro 4H!

('MH,„('IN,OsS
4')7 I Potu d

438 I ( VI + H]'

(tmunontethyl) I (6
2 t2 t ttto Ih

phenyl)urt dmo]2.1 l.']ll 341
tlu:tdtsz I-2-yllpipendm-4-ol

'll NSHI i 00 Mtt l)SISO I 1 b

8 '6 I = 8,. I( ll(l 7.81 (s
3H),769(s,lH1.7. 6(d.J= I

Hz, I H). 7 I Idd, J = 8 4. 2 I Hz.
IH!.430426 im. Hi, Sf

37((m.2H), 72!dr,)= I

41 Hz,JH(,3 Diddd J=134
9 7,4 b Hz, Ht, 3 36 (s. 3HI
2t(6(q I= SHz,JH1.176-

I Gt! (nt 4HI

(',sit,sin OzS
')63 I found

364 'I (:VI+H]'S!
3 lsm nomerhylt I (6

merhoxtphenyl)on dszo(2.1 6]
(1,3,4]rlusdr:tzol-2-

, l)pen el dm 3 ol

=NHJ

'H NSHI! 0(f Mtt, l)8180 I 1 b MS t: I 6 Im
8 2fi (i. I = 8 Ht. It(1, 8 f'8 is, C,rH,elb Ozb'H('I
1H). 7 64 (s. IH), 7 I (d J = ')63 I found

I I Hz, IHt, 6 01 (t J = 8 I Hz. 364 'I (VI + H]
)H),39 (d, I= (7 Hz,3Hi.

3 7fi ' Im, 4HI. 3 10 Itt J =

13 . 6 4 Hz, H). " 20-2 u2 (m
H)

(R) 3 (.unutornethyl) I (6

rnerhoxtphenyl) nudszo(2.1
b](l 3,4]rlusdr:rzol-2-

, l)pen el dm 3 ol
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'H NMR. (&t)0 MHz. Dl ISO d ) b
tl 3 idd != 89. 64Hz, IHI.
784(t.J=&SHz 3H1,7&3

(I tq, I = 9 ". 2.7, I.& Hz, I H 1
749-736 (m. 2HI, 3 69 idt J =
1'(.4( I(,SH'!, 3 53 42 (

Hi, - 86 0(. I = 5 S. Ilr. 2!I!,
1.7t) tp, I = 4 li . 4H )

MSmz &id for
C,rH, F&V50z&

431 I found
432 ll [M +Hj'(

m t ttt?l!1 i i4
tluom 2 (tt fluommethoxt j

pltcnvllnnidsz [2,(-h][1.3.4]
th .td .tzol 2 vl!p pendm 4 cl

N NH.i &-M
s

'H NMR ('alu MHz. VleOD dsl 8 MS mtz cal d fot
787 (dd, J = 80. I 5 Hz. 2H) 71! C, H„F J 0 S

(t 1= 77 Hz. IH1,39, id, I = ' 3912 foiutd
Hz, JHI. 3 92-3 77 int. JHI, 3.73- 't92 3 [M + H]

." 57 im. 2HI, -'7 (s. JHI. 2 34
(d. I = - 5 Itr. Jl I), 1 83 i I I, I =

7 G. 4tt H, 4flt

4 (.un nometh I) I (5 (3
fluoto-2-ntcthoxv-4-

meth, lphenvl) nudazo[2.1
b][1,3,4]tluadtazn(-2-

vllpi tdo4

4 NITi &-W

'H Naflt t t)0 Mtt Dal&O I! h
8 28 (dd I = 8.7. 6 9 li, ilil,
781 (s, 3Hi, 766 (s. (H) 7! 3

(dd. I = (14. 6 Hz,(H). 60!
(td, J = 84. 2 5 Hz. IHj 79 (d

J=7(Hz, Ht,371(dt J=(3)
4 Hz, JH!, 3 49 iddd J = 13 5

9t( 47 Hz. JH), 2 t!6 iq, I = 5,
Hz, Hl. I 7 -I G, lnt. 4Hi, 1.38-
I "5( 1(fl 066(tdl (m, lil,

(!4(t (5 'rn, Jfll

ol Is&I 9 OzS
417 2 found

418 [:VI + H]

4-(tur nomethvfl I IS (2

( 5 I pap&I t tho )4
flunrophenvl! m dmo[ .I 6]

[I 3.4]rluad aznl-2-

, l)p peud n 4 ol
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4-40

N NH.i &-M

'H NMP. ( ttu MHz, DMSO-d ) 6
tl I (dd 1=87.68Hz,lHI.

tl04(t I= 7Hz SH1„7 -Is.
IHI, 713 (ht, I = ll .. — 5 H,

IHi. G97 od. I = l(,2. Hr. IHl,
19 (s, 1HL 71 (dt. I = 135.

4 I Hr. 21(), '9 (HLL .I = I 9.

94, 4Hz,2H), .84(9,1=58
Hz. Hl. 17 (I, J= 46 Hz 4Hi

MS ntrz cried fnr
C,rHzoF.Jsorb

377 I found
378 ! (9( + H)+

tluoro 2 merhosvphettylj nudnzo
[21 0[(l,)41th. Iu«12

vl)p pei d ri 4 ol

'H NMR (ltto 91Hz. DMSO dsl 6
8 'd. I = 8 8 Hz, IHl. 80 tbr
s 2H),77 is, IH) u&(dl=
12 Hz. IH)." tttt-3 Gb int. SHI.
"

. 8-3 41 (ni, JHL ", Jn-3 11 un,
IH) 2 t!2 (I .I= 9 Hz. SHI.

I 78 1.64 0 r. 411). I 2 (tL.! = 6.8
61(1

MS mrz cnl d fot

CrcH,sF.JsozS
419 2 foiutd

4 0 [M+H)

4-t:unutontetl» I)-1-15-(4
tluoto 5 sopropyl 2

ntc'tlt z'tPltctt 'l)tttltltlzo[2.1-
bi[1,3M)iJ .rh I 2

) Hptpcl'tdltt 4-nl

'H Nl IR (500 MHz, DMbo-dsl 6

8 1 (I, I = 7.6 I(, ll(l, S.ti2 (s,
3HL 61 (s, 11(1, 7 0 69)7 tm,

I HL 4 tlo (s, 4(I', 1 89 (d, 1 =
14 'l . ( It). 3 8. (rid, I = 1(t ti,

4 I Hz, (H). '1 64 1 ddt, I = 17 7
I R46Hz, Ht.)49(dddd J=

65. 13,93,43 Hz. Hl, 4
(s. 3H), 'I 2 tt (ttt, IHi. I 91

187 (m. 2Hl 182-1 6t! (ni. 3H)

MS tnrz sled fnr
(hsH „N„Orb
4tltt 2. (u nd

4ttl 2 (M +H)'l

(5 (2 methoz 6

ntcthclpyndut-3-
, I! m doze[2.1 b)

[I 3.4[rlued eznl-2-vl)-I-

.'tltltttc
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HH,7 tt(t. I= 0H, (H).7 )7 9)I f) ad
(Hl. I = 8 .fi Hr, ll(l. 4))l (, 3941 (ul + H)'IH).389)dt,J=I8. l. I

Hz. H). 'l (s, Hl, 3 6 (ddt
J=) 7.98,43Hz. Hi 215
(dt. I = 141,46.46 Hz. H).

2 f)6-I 9(f Int JH)

(4 anunn I (5 (4 blate 2

ntctlwzyphcn llunidazn[2.)-b]
[1,3,4]lhu du I 2

yl)PfPetfdftt-4-t l)tttctlt firn)

0

4 I

'H NMP. ( flu MHz, DMSO-d ) 6
7 83 (d. J = 8 Hz, 'Hl. 7 77 idd.
I = 78. 16 Hz, IH). 62 is IH),
701-6 tH (m, H). 442-436 (nt,

2)I). 4 34 4 28 ( f, IH. 3 71

(dt, I=) 4 Hr, Hi.o
44(,JH),2.1)6fq, 1=58 H,

H).17 166 lm 4Hi

MS ntiz ca)cd fnr
CisH,fN,O S
3tl7 I found

)Stl I [M+Hl'0
t r lhyliii5(f)

d h,ahnbenzo[b] [14]d oz n 5

yl)unfdazn[2,)-b][1,3.4]tluadfazn)-2-
yl)p pend n 4 ol

'H NMR (5flb NIHz. DMSO dsl 6
841 Is. JH), 8 I tdd. J = 8 7, 6 8

Hz, I H!. 7 60 (s. I Hi, 7 11 Idd
J = ll 4. 2 6 Hz. IH), 6 94 ftd. I =

tl 4 2 6 Hz I HI, 449 id, I = 8 9

Hz, IH),4 id.)=84Hz IH),
4 ltl Mtdt, I = 28 4 8 Hz 2H),
39 (s JH).378(d,J= 9Hz.

llf). 2 0, I = lft.ti Hr. Hl),
2 22(17(m,pHL 0 188(

IH)

MS miz cal d (of

C,rH, F.(,05
3(9 I Jotud

'16(14 [ul+

H]'-(5-14-fluoto-2-mcthnsyphcnyH

m t. [2,1 bf[)91,4]thndmmi
20))-2-azasptr [3 3]hcptan-
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N NH.i &-W

'H b;MR (400 MHz. *.?lcOD-dt ) 6
830 (t IHI,798 is. IHI 4 (I,
I = t! 8. 7 6. I Hz. I Hl. 7 20 (I,
I = 8 4 Hz. I HI, 7 12 it. J =, 6.
76 Hr, It(),4 4 (q, I = 69 Hr.
2H't, ') '3 (m. Hl, I 74 I 61

. 2)t), 'tn (s, kIt. I tlt I 8

(m,dH!.I 0(t )=7tl,7IIHz
'IH)

MS ntrz co(cd for
C isH sN OzS
373 'ound

374 nt [M + H]'

t m o t tttylt I ( (2
erhozvphenvl) nudszo[2,1 b]

[1.3,4]tlu ttmzol-2-) H

p pendut Cot

s~h NHI

i&—Q

'H NMR. (It)0 MHz. Dl ISO d ) 6
7 83 (d. J = 8 Hz, 'Ht. I 77 idd.
I = 78. 16 Hz, IH). 62 is IH),

7 ttl-6 ttl (nt, JHI, 442-4.36
(nt 2HI,434-4O8 im. 2HI 3 I

(dt, 1=1 4 Hr, Ht
44(,2)t),2.1(6(q, 1=68 H,

"If). I 7 I I 66 !m. 4H!

MSmz old for
CisHzoNsOzS
360 I found

:Gl I [M +

H]'-tstnutotnctltyb-1-(6-12-

ntethos)tt r 6 tt I

) lumidazo[2 l-b]
[1,3,4]tttu tr. I 2

yhpipctidnt-4-ol
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8 Is. JH), 821 tdd. J= 87, 68

Hz, IH). 7 67 is, i Hi, 7 12 )dd
J=lly'z,IH169&(td,l=

8, Hz, IH), 3 93 (s. 3HI
38))-361 (nr. 6H), R&7(s, IHI.

2 34-215 ini SHI

MS mrz ca)cd for 4
C, H,&FV,O&S

363 I fora d
't643 [M+

H]'Sl-3-muon-I-i5-14-

nnrdazo [2. I -t ] [1,).4]thradrazol-

4.&n 'H Vl IR (596 MHz, DM&O-dsl 6
8 .': (s. 3HI 8 21 (td. J = t! . 6 8

Hz IH),7 68 is. IHI 13 (dd,
11 ', & ll . III). 6 9 (i I,

84. & Hr. It)1, 9 (4, JH).
3 7ti (q. I = 8 3 Il, I tl), 3 7

3 59 ( &IIl. 2 35 2 26 im, JH)

MS tnrz a)cd for 4
CisH)sFV&O

36" I foiurd
)643 iM+ H]

(R)3&m n I( (4
fluoro 2 nrethoy phen&H m daze.

[1,2 h][1,3,4])t ml r

yl)py no) dur 3 yl)methanol

F

4
4

V
4

'H V'RH(! 6(r Mtt, DRISO I„) h MS r: I 6 fm
tl . 4 8 -8 (m. 'll, 8. I S. ()81, I = (')„I I, rl V OS
8 .68 Hr It)176 (4 IH). 6 I fi d

712 tdd, I= ll . 4 Hz, IHI. 366'I [91+ H]'
94 (td, I = 8 4, 2 4 Hz. I Hi 5 16

(d, )=45 7 Hz. IHj 4) 42
im. IH). 4))3 it, I = 13 & Hz. IHI,

." 92 is. 3HI 3 62-34& (m. JH).
331 (t. J = ll 8 Hz, IHI 243 (d

I = 101 Hz IH), I 96(dt. J =

41 7, 13 (I H . IH!

(3R,&R) 5 Sum I i& (4
tluoro 2 mcrhozyphertylj nudazo

[2,l-b][l 3,4]rluadrazo(-2-
yl)pq&er dur 3 sm ne
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4 2

H OH

j )—,'.~ )li,

4 (

'H NMR (mttt Mkir, 31 OD 6,) 6
82 (dd.1=6c,87)l, ltl).79(t
(s. Ht), (t4 ( f t. I = 2 4, I!C9 Hr.
111), F.t!8 !dt, I = - 4, 8. 4 I(, I III.
423414(rn, IH).40) (td J=
2, 13 6 Hz, IH), 3 97 Is. !HI.
I St) 37tt trn, IH). ) 42 (dt J =

8. 13 1 Hz. IH!, 7 ) I tm
IH). 3 17 (dd .I = 10 1S t! Hz

IH) 2 3 (I» dd.J= 3.8 130 Hz.
IHI, I 87 (dd.! = 4 6, I ' Hz,

IHL

(h„ll,sl V 0 8

3641 [M +

H)'ts

!3R 4R)-4-anttno-I-16-I4-

[2 I h)[l 34]rluad az I 2

tl)pnt Om 3

4-?3

H OH

r

'H h;MR !400 MHz. *.?IeOD-dt ) 6
tlhy(dd !=6h.88Hz,lHI 90
is. IH). 7 t!4 (dt, I = 2 4, lu 9 Hz
IH), 6 88 i tt. J = 2 4, 84 Hz, I HI,

4 4 I 4 (m I H), 4 tt (ItL ! =
'. 13 6 H r. H I), I 9)7 is. 3)l),

t 74 (dl. I = I I 0.2 Hr. I H ),
'I 0 3 37 ( m. I H) 26 I 2 I (m,
IH) 3 16 (dd, I = Itl 6, it tl Hz
IH), 28218 (m, IH!. 186 (dq.

1= 48. I 6 Hz. IHI

MS nt!z ca)cd for lv
CtsHtsFVsO,S

363 I found
3641 [M+

Hl'3S,4»'td.

t I (5 (4
tluoro 2 merhosyphertylj nudazo

[2.1 h)[l,),4)th . Iom I 2

yl)p per d rt 3 ol

'H NMR. !st!0 MHz. Dl;ISO d,l b
8 6!s.3H),811!d.J=79Hz
I HI, 7 s7 (s, I HI. 7.01 (d. J = I 6

Hz IHI, 689 (dt.! = 81, I 'z,
IH) 3 89 (s, . Hl. 3 73 in&. JH).
."6 -: 8!m.2HI 237 is.3H).
2 33-2 21 (nt. JH), I.cp Is, . HI

MSmz aid for
C,rHr,N,OS
'!43 2 found

3441 [M+ Hl

I ts!2 tt I 4-
meth, Iphenyl) nudmo[2.1
61[1341!ludo I 2 JII I
merh,lpynol d n 3 anune
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Ch ral

I I PI.(.

VI«II

d

4-15 'H NMP. ( ttu MHz, DMSO-d ) 6
tl.t! (d. 1 = 77 Hz IHL 8."6(s.
IHt,766 (s. Hl) 7(l~ Ill, I =

7 . (I 7 Hr. It(1,49( (1, )HI.
78 '19 (m. 4H), 2.461s, tl),
8 (ddt, J = I 1 I, 13 4, 8 7 Hz

H). I I (s. Hj

MS ntrz ca(cd for

345 I (M +Hi'-I

5-t2-ntethoz) -6-

meth, Ipynd n 3

Pl)thud:tao[2,1-6][1,3.4)
tbu (re I 2 yl) 3

fttcthjlpttr It(ha-3-annus

4-16 'H NMP. ( ttu MHz, DMSO-d ) 6
tl.t! (d. 1 = 77 Hz IHL 8."6(s.

3H) 7 65 (s. IHI, 701 id, I = t!

. 1)(L 4112 (s, H), )78 9

in&. 4ki). '9 (b.! = 6.9 Hr. I HI,
2 28, (dil. I = 168. 1)4,86 Hr,
kih I 1(1 1H), IdsiR 1=68

Hz, 6Hi

MS ntrz ca(cd for
C 1tH,cNsOS
372 'ound

37 - (M+ Hi+

11 (6 soptopy(2
ntcthosypyndut-3-yHutudazo
[2,1 b[[1.34[th! dt r (2 li

3.!neth 'lptrtoltdu1.3-anunc

4- 1 7

OH

,i.&-Q-N

'H NMP. (41tu MHz, DMSO-ds) 6 MS ntrz ca(cd for
tl64-843 Im. 3HI 759 is. IH). C uH,„N„O,S
7t)fl (I, I = 761(, ll(l, .98 (s, 416 fi nd

)HL '1 (s, JH'I, 1 24 (I, I = I 8. 417 2 (M + Hi+
. 2ki). 3 ttf (1 21(1..98 (p, I =

7(1 Hr. Hti 17 (R I = I Hr,
H). I 7(t ld I = I 6 Hz Hl,

I 7(d.1=68Hz 6Hi

2 (ll (5 (6 aopiopyl
'tcthosypyndtn-3-yHuntdmo

H,l b[[t,),4[flu da o(2
yltptpctidut-4-) l)atnuto)cthan-I-ol
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HPLC

%let)

or(

'H NMII (30ti Mkir, ol OD 6) 8
8 56 (tL I = 8 Hr. IHL S(6 is,
IH),7487'l8 im, H).405 (s.
3H!. 't 96 I IO im. Hi, 75

I 59 (tn. 2H), 98 is. H). I 9
I 74 (m,4H)

(',sp,ol sN,OzS
427 I fotud

4 78 (:VI+ H]'

I' n mell It I (» i2
methosy 4 itntluorontethyl)phenyll

uI: (2 I b]I),34]lh:(I: I 2

sl)p pendm 4 ol

'H NMR. (st)0 MHz. DNISO d,) 6
8 37 id. J = Hz, IHI. 8 0 (dd.
J = 8 7. 6 7 Hz. IH). 7 66 (s I HI.

7 12 idd, I = ll 4. 6 Hz, I HI.
6 96 it t I = 8 . 2 6 Hz, I HI 4 64

It, I = 41 Hz, IHI. 392 ts. JH),
"

tio (Ii, I = lu I, 7 4 Hz. IH),
3 77 Mt t, I = 10 6 4 8 Hz IH),
3 7 (tl, I = lt),67 Hr, lul.

tl (lt I = 107 3.1 Hr. Hl)

MSmz rid for
C„H,sp.(,OzS

'!49 I found
»0 I (M + H)

merhnsyphenyl)urt dszo('.I I)
[1. 3,4j tlu:t tmzn1-2-) I )

pyrrol due I ol

4 6(i 'H NMII (30ti Mkir, ol OD ds) 8
8(ttt 79t) (m IH), 7 87 Is. IH).
7 I 71 im, IH),di)6!d, I =

7 Hz, 3H). 'I 83 I 07 (m. Hi'9 I 8 inu 2HI, 97 (s. )H).
I ti(-I 8 im,dHI

C, H,„I 1,50zS
375 I fotud

'1963 (VI+ Hl'

Nz 'H
i:&-M

4-lsnunontcth) lt.i-id-(3.4-

(J,l-bj[1,3,4]tluutt:tzol-2-) I)
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4 6) MR ( frtl MH, DMSO d ) 6
839!I, I= t)H, H!,82I)(l,

I = 7 8, )I . Iki). I 67 (s, lfll. 7.13
Rl, I = 1) 3 H )H), 6.96 il, I =

8 6 Hz, I H). 4 54 (d. J = 4 8 Hz
)H), 392 (s, )HI. '1.85 (d. J = 97
Hz, )H). ) 77 idd, J = lt 6. 47

Hz, IH). 'I 7 (r, J = 8 5 Hz I HI,
tt(d J=I0?Hz,lH)

H,„lb)OrS

[M+Hi')S

4RI 4 sm rto I O (4

[2.1 bi[i.l.ditlusd szol 2

,i)p)u I lt .'I

'H HMP. ( ttu MHz, DMSO-d ) 6
8". Ml, I = 54 Hz, 3HI. 82tl it,

I = 7 7 Hz, IH). 64 (s. IH). 7 12

id I = 113 Hz, IH). 696 (dt. J =

9 6, 4 8 I (, I I I), 4 54 (s. 111!,

39 ( zfll,'84(I,)=80)i
l)I), I 76 ri I, I = 1(t7,47 Hr.
)H), )57 tt, J = 86 Hz. IHJ.

)52 46 (m, )HI

MS ntrz cried for 5

C„H,eFVsOrb
349 I found

3)r» [M+Hl')S
4RI 4 sm rto I O (4

fluom-2-mctltozyphmtyflunrdszo
(2.) bl()H.41)l ml .« I 2

yl)p) rtolrdtlt-l-ol

Ci 'H HMR. (sr)0 MHz. Dl;ISO d,i 6
8 5 (d. I = 8 4 Hz, I Hl. 8 01 (s.
3H),772 (s, )HI.7. 7 (d. J = I

Hz IH), 718 Idd. J = 8.4. Rl Hz,
IH). 39 Is. 3HI ." 2 (it. J =

130,42 Hz. 2HI,J )0 idt J=
13 6. 7 Hz, Hl. 2 84 it. J = 6 I)

kir, H), I 8 I 9 iru,4H)

MSmz old for
C H oCl. 40?9

193 I found
394 [M+ Hi

hiero 2 methosyphen) ll

(2.) bi(l.) Aith: I: . I

27))pperdrtd I
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'H NMI( (30tt Mkir, 41 OD6,) 8 MS mr -,Imi I'

38 829 ( &, )H) 798 (s, (H), (S,H o('8 I O&S
727 (9(m. Hl),397(s, ti), ') I ft ad

& 91 & 8 (m 2)tl, 7 6) 395 8 (ul +H)'m.

Hl. - 98 (s. 2H). I 89 I 81

(m. 4HI

4 Ianunontetltyl) I O (4.&

[2.1 h)[l 34]rluad az I 2

yt)pq& om 4

4-65 'H NMP. (4&tu MHz, DMSO-d ) 6
tl . 0 Is. "H). 8 24 (d t, I = 8 8, 6 t!

Hz IH1,768 Is. IHI. 08 tdR
1 = 114. 2 Hz, IH). 691 tti. J =

t(4.. kir, )H), 4.16 iq. I = 6 9
. 2ki). 3 8(t . 58. ( &, 6HI. 2.33

16 hn. 2ki). I 4() (t. I = 6 9
Hz, &H)

MS n&rz ca(cd for 6

C,&HsoF.JsOrh
377 I found

: 7tl 't [M +H]'R)
("» I i5 (2

erhosy 4 flue&ophenyH nudazc.
[2,1 hf(1.3,4]thol. r I 2

pl)psnol d n 'I kl)u&erhsnol

4-66

—OH

CX&-0
"

'H Hl IR i400 MHz, DM?O-d,l 6
8 47 is. 3HI 8 24 (td. J = t! 8. 6 8

Hr, 1)t), 7 66 (s, IH). 7&)7 (6 I,
1)4, & It . Ikit 691(tl,

tl . -'. Hr. Hl) 4.1 Iq, I = 7(t
H, SHt, 79 7tt (m. H), 3 7)
'I 8(m. 2H),&55 ts, Ht. 23(

I I (rn, H). I qu It. J = 6 9 Hz
&H)

MS &nrz a(cd for 6

C,,H FVOS

)78.'M + H)

(S)-(3-xnmo-I-(4-t2-

[Ll l&)[I HIM)th ad azol 2
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4 67 'H NMII (m)t) Mkir, 51 OI) 6,) 8 MS mi ", I II'99(s,IH). X4!s. HI), 69)tt is. C, H„NO 8
ikih 391 (s IH), .87 3.8( im, 87' od
Hh s 69 6 (m til, 9t. Is, 388! (M +Hi').

34 (s. 'IH), 2 7 is Hl,
I 86 I 8(t Im. 4HI

2

i &-M
4 )

4 (.un nometh I) I (5 (2
ntcthoxc-4,5-dunctlt) Iphen) I)

I2.) bi[).)pith: I: . I

.)')tptpct'tdttt.4-01

II V I I)

V S

'H NMR (40u MHz. ?leOD dal 8
8 5(dd,J=6 .87Hz.lH) 789
(s. )H), 7t)4 (dd I = 24, lt) 9 Hz

IH!. 694 68) im. IHi, 4 4-
419 (nt IH),4t)3 (dd J = 42„
I." I Hz, IH). 3 9 Is 3Hi, 3.ttt-
." 69 Im. 2HI " 6."-3 5s (nt. JH)

2 02-1 92 im, JHI

MS m)z cal d fot ll
C,sH,sF.J,OzS

363 I Jotud
')640 [ul+ Hf'

3S,4R)-3-anuno-l-i5-(4-
lluoto 2 methoxsphenxl) nudazo

[2.)-bf[l,).4ftlutdtszo(-2-
tlipnt dt P

H VII)

V S

'H NM It (m)t) Mkir, 51 OI) 6,) 8
826(dd, 1=6s,87)i, it(1,
79()( IH). tt'!Itb.)=24,

11 0 Hz, IH) 6 88 (bt d. I = 2 I
Hz. IH),42 418 (m. IH) 4)'I
(dd. I = 4 3, I) Hz. I Hl. I 97

(s. 3H),38637(t im. H). 3 64
3o4(nt 2H), 0 itd.J=

10 7 Hz SHi

(h„ll,sl V 0 8

')640 [:ul+ Hf'

3R4S)-3-anuno-I-i5-(4-
lluoto 2 methoxsphenxl) nudazo

[2.)-bf[l,).4ftlutdtszo(-2-
tlipnt dt P
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4 70

Ci H,„N„O,S

4!l - (M + H)'

6

t

2 id i5 (6 sop!op I 2

n!crhosypynd!n-3-yHunrdmo
)2.1 b)[l 34)tlusd szo)2

, l)p!pe! tuel.) I!cthsu-I-ol

4 71

OH

X+H NH

!

'H NMR. (5!)0 MHz. Dl;ISO d,) 8
8 7 (d. I = 7 7 Hz, )HI. 7 9 (s.

3H), 7 59 (s, )HI. 6239 (d. J = 7 7

Hz. IH1,4u (s,3H1.36
2H1,36 Id,)=108Hz IH),
: .: Id. J = lu.7 Hz. IH). 3 17-

3 0 un 2H!, .99 ip. J = 6 9 Hz.
I)I), " !8, 2.(!8 I!!, H!. I 8 (d.

I= 69 H,6H!

MS m z sl d fo!

C, s H!4. JsO! S
')88 2 found

389 (M+ H]

34unuton!cth\'ll-I-(5-id-
sopropvl 2!nerhosvpyndm 3

, l)mud tzo (L I-6] [1.3 4]tlusdiszol-4-7'H NMR (400 I IHz. McOD-d ) 6
tl (6 J=80Hz,lH),789is.

1)H, 7!)6 (s, III), 7 02 (I, I = 8 (!,

lki), 4 08 4 I!4 iro, SH), .96 is,
tHL '6 3 8(i jm, 2H!, I 70
4( .4H! -97(s. )I), 9

2 86 (m, I Hi, I 06 I 78 rrn. SH!

MS!nrz sled for

444 I (M + H)

4-hunu!on!etl»I)-1-15-(2-

pvtme4-7))phony()un!daze(2.)-b]
(1,3.4)il: I: 12!I)pp Ir 4
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'H NNH( i 00 Mtt D6150 I ) h
I = 7 lt I( I l(l 7 81 (

3H), 7 58 (s, IHI. 7.01 (d. J = 16
Hz. IH),696683 im. IHJ 89

(s. 3H),37tl (dt. I = 114.4 Hz
Hl, I 50 (ddd. I = 116. 36 48

Hz "Hl 2 86 i9.! = 5 8 Hz 2HI'7 Is. 3HI I 7b-I 65 (m. 4H)

(tsHztN,O,5
'!73 2 found

374 [:VI +

H]'-12-t4-(xnotomcth)

l)-4-

utudszo[2,l-b][1.34]tlu uitszol-5-

N 'H NMR (5ttD MIHz. DMSO dd 6

8)3 id, J = tt I Hz, IHI. 81 td
!=65Hz.4HI 762it,1=16

Hz IH1,76 Idd.!=81,16Hz,
IH1.4DI ts. JH), ' tdt, I =

17 I.41 Hr. O'I, 1 (lit, I=
I 6. 9 8 4.7 kir, 1(1..87 it. I =

5 tl Hr, 2 I I), I 7'9, I = 4 6 Hr.
411)

MS mrz csl d fot

CisHzoNGO,S
384 I foiutd

't86 I fM+ Hl

4.75 'H NMP. ( tlu MHz, DMSO-d )6
tlo7(d.J=8" Hz IHL .84 le.
kih 7 9 (5 I H), 6. 7 iR I = 8

, I H) 4 tll ( SH), 1 )I I,

- (dt.! = I I, 4 I

H), '. 11( Sit.! = 11 A, 9 ..
Hz. Hl. 86 Il, J= 7 Hz SHi,

I 7 (t. I = 18 Hz, 4H)

MS ntrz cslcd for
1, H„NGOsS

391 I [M + Hl+

4-(xnotnntcrhyll-I-IS-

yl) nudtzo[2.1 bj[1.3,5]
tb sh. I 2 )i)pyudn4

4 76

G

'H O'MR (4(tA MHz. MeOD dcl b
8 dtl (d. I = 8 5 Hz, I Hl. 8 I (s.

IH) 7 8(t I=2DHz,lHI 18
Idd. J = 8 ., 0 Hz I HI. 4.36-
4 26 im. JH). 3 90 (dt, I = I 8,
5 ft 5 0 Hz JH), *.t!6- 92 ttll.
H), 1 81 ts 2 III, I 66 (ddd. I =

I,97, 9 II,2H).o47 it,
1HL 2 16 (dt ! = 14 it, 47 I(

Ht, 00(ddd, J= 141. 97 47
Hz, Hl

MSmz std for
C,GH14CI.JGOtS

437 I found
41tl I fM+

Hl'2-tncthozccthnz!Iphcu)

l)nnidszo
[2,1 b]ftH4]ll ml, ol 2

t'Dplpet trit.41tllfttcthsttol
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HPLC

%lail

ct

4 77 ' NMR (5))0 91Hz. DMSO da) 6

t! 13 Idd. I = 8.7. 6 8 Hz. IH).
t! 08 ia. 3HI 7 6" (a, IH), 7 ll
(it, I = 11 4, 6 Hz, IH), 695

itd I=S .26Hz,lHI 430(d
I = 8 91lr. JH) 43)8 I I, I = 8 9

If,SHt, rO fr,3H),321 It, I=
: 8 H,2H!.

MS mrz cal d (or

C,cH,aFV)OzS
349 I foiu)d

'ten 3 (M + H]

tluoro 2 merhoavphertylj nudazo
(2.1 b](1,34]ihurhr I 2 yi)

azendut 3 ol

'H NMR. Ict)0 MHz. Dl ISO d,) 8
8 4 (dd I = 87 62 Hz IH)

78. It I = 7 Hz JHI 763 Ia.
I H) 7 07 ( td, J = 114 2 5 Hz.

IH), 6 92 (td. 7 = 8 4, ' Hz. IH),
4 I9 (R I = 6 9 Hz. JH), 3 71 I tt,

I = 13 . 4 I Ilr. — Ilh cti I Ild.
I= lt.l,91. I H,2H), 86(u,

1=58Hz,JH) 1.76I67(m,
4H) 142 tt J = 69 Hz )H)

MS m z ca(cd (oi
CtaH„FN)O,S

391 'ound
)92 I (M+ H]'

r,au ) Ihvt) I ( (2

etlrov -4-t'luorophcnybunidazo
H,l b](t,),4]il u du ol 2

vbp pei d ri 4 ot

6
NH.i.&-D

'lf NNH( i 00 Mtt DNISO I ) h

861(l, I=7.71(,IIH,7.83(a,
3Hj, rf) (a, 1)t),7rt2 Id, I = 7(l
Hz. IH). 46)) 442 tm. Hl, 3 80
3 68 (rn, 4H). 'I I (ddd, J = 140.

97.49 Hz. H). 136 ia Hi
" 97 Ii), J = 6 9 Hz. I HI. " 86
Ir(. J = v 8 Hz. JH), l. 6-1 66

Im,4H). I 7(d. !=69 Hz. GH)

('r, H,oN„O D

447 (:VI +

H]'faltuuontetlt)

().l.t5-(6
. Iu pvl — t2 mtho ih

pvndur-3-) lunudazo (2,l-b](1.3,4]
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pnuudutttttct'tructure Mlctli-

LC-MS nt

4 lut ' Nboi! 0(t Mtt, D8150 IH h MS r: I d fm
St) (a,3H) 7.98(t,(=79H, ('i,lt IV OS

HI), .Istl (=69H,IH),7 9 77lf) d

(dtd, I= 'll 8'1,6tl Hz 2HL 378'I [VI+H]'91

(d. J= 18 Hz, IH1,37 (dr.
J = 13 tt, 4 I Hz, 2Hj, 3 Stl rdq.
I = 139 68 6tt Hz. 2Hj 84
it,)=60Hz, H).172(q.J=

44 Hz,4HL

4 (.un nometh I) I (5 (3

tlunrn-2-ntcthoxvpltcu) llutudszn
[2.1 b][l 34]rluad az I 2

)ltptpcl'tdltt 4-nl

'H VMR (5tto MIHz. DMSO dsl 6
8 76 (s, )H!, 7 91 (d. J = 8 I Hz.

)H!,786(d,J=8 Hz. IH) 78)
(s 3H) 769 (s IHj 7 t 748

(m. HI. 740 (dtd, J = tt 1. 68,
I Hz. IH) 47131s,.H1.3,8-
" /4 (m. JH). 3 54 (tt..l = 10 2,

. 1 Hz JH), 87iq,J=G Hz
"If). I 81 I 69!m. 4H!

MS mrz cal d fot
0 „H22N,Oab
4(02 feted

41(t [:VI +

H]'-tatnutotnctltyl)-1-(5-13-

vi)unidazo [R)-t 1 [1,34]thiadtazol-
2 slip i«dad

H NH~o
XPN~ 4 'H

G

IH VhfR 14tto MHz. I IeOD d„j 6
tl 4(dd I=65.87Hz,lHI 89
is. IH). 7 tt4 (dt, I = 2 4, lu 9 Hz
IH), 6 88 i tt. J = 2 4, 84 Hz, IH),
44tt(brdd. J = 29, I'8 Hz, IH).

3 92 (, l(l. 3 ) 3 8(t (rn, Hl,
ii) 9(r "H'28 I (

IHI, - (I (0 dd. I = 4.2, 13 2 H,
lith I 86 I 75 im, HI)

MSmz sldtot 10

C,GH,GFVGO,S
363 I found

364 [M +

H]'3S,4Ht

". » I (5 (4
fluoro 2 tnerhnxvphertvlj nudazo

12.) b111,341(b.du 12

p pet dus 4 ol
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Vlctli-Lf:915'd

H VH.

V
5

IH NNIR. (4tlv 'VIHz. MeOD d„! 6 MS mrz cal d fot ltl
tl26 (dd. I = G5. 8, Hz. IHL 91 CisHtsFVsO 8
is. I H). 7 04 (dd. J = ': Il.u Hz, 36" I foiutd
IH), 6 89 (tt. 1 = 24, 84 Hz. IH), 't64 [M + H]
44tt (br dd. J = ".5, 13 A Hz. IHI.
4!l037tt(m,'tH!,1st 4(

73 I jm, IH),
2 15 (m. IH) 1.1(6 1 7 (ra, i)if

(3R,4R't 3. t I (5 (4
iluoto 2 methoxrphcnrl) nudazo

[2,1 bj[1.3,4[lht dmml 2

rl!p pendm 4 cl

'H Nl IR i4VA MHz, DMSO-d,l 6
9 Stt (d. J = 17 9 Hz, SH), 8 00 (d.
I = 79 Hz, IH). 7 ti is IHi,699
(s. 1)i). 6 87 (th 1 = 79 llr. Hl),
4t!4 4.02 ( u I(). 3 96 (m, IH),

tltt (s, H!, 74 (m..li!, 6(i

357( li(1.34 3 8(m, Hl,
')10(d.1= I 9Hz. IH) 6(s,

3H). I 97 (dd, J = 10 t. 4 6 Hz,
H)

MS tnrz a)cd for
CisHzsN,OrS
385 2 foiutd

!862 (M+ H]

(daR Rrp) 6 (5 Hi ntethoxy

[IHIM)tlusd szo)2 yli
octahydto-2H-p iido[4,3-b]

[1,4]oxszute

I'6 16 soprop, I 'tethox pm d n
3 51) m I. [2.1 b][1.34]

thutb. )2)ii [)H burl lrj
31

N)H

OH

'H Nl IR i4VA MHz, DMSO-d,l 6
tl . 4 (d. J = 7 7 Hz, I H), 8 04 is.

SH! 7 60 (s IH), G.99 ld. J = «
Hz, I H), 4 AG id. I = 9 2 Hz 2Hl,
4(ll (s, ki). 3 61 js, 1)(l.. I

344( . H'! 334M).l=l 9.
9 ti H I II) 2 98!p, I = 6 7 Hr,
IH) 2 tlti (I I = 1 .6 Hr. Hll,

182 (t,J= If&9 Hz, IH!. I 8 (d.
I = 68 Hz. 6H)

MS tnrz a)cd for
CisHzsNsO,S
388 2 foiutd

't89 [M + H]
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CIT TITI

HPLC
Mist)t-

ot

'H NSH( t 00 Mtt DSISO I ) h
848 (I, I = 7.71(, ll(1,7. 5 (s,

)H),698(d, T=77Hz. IH) 4 2
(t,T=6 Hz,)H).416(t,J=77

Hz, H). 'I 99 (s. 3H) 9 !dd,
I = 8 4, 4 5 Hz, 2H), 3 68 rtr. J =

7 . 45 Hz, IH). 3 0 (td, I =

6 19Hz 'H) "96(dq I=
13 6, 6 6 Hz IH), 289 Itd. J =

6 I I 9 Hz. JH), 1.26 Id, I = 6 9
61(l

('HTTNsO,S
400 2 found

40)':VI+H)'H

O'MR )3(TA MHz. MeOD dsl b
8 8 (dd, 1= 81,21 Hz. IH) 761
is, IH). 691 Id. 1 =, 8 Hz IH),
406 Is. 3HI 391-3 2 (m.4H).

"66-3 tt (m, JHI, 3 AS- 9tt
Im. I Hl 2 17-2 02 (tn, JH), 'u-

I 8, (, 2)t), IOJ ls, Ht. I

(s. 3)11

MSmz std for
0 mHTTNsO,S
402 2, found

403 [M + H]

(4-snuno I (5 (6 soproptl
2-mcthnzypynduv3-vl)

» I [2.1 hill.)41)h
2D'l)PTPet tut-4-Jlnucthsnol

4
4 NH.i.&-W

I

'H h;MR 1300 MHz. *.vlcOD-d,) 8
8 I I (TL I = 2 6 Hr. I Hh 8 ('2 ts,

Hlh 4 (lt. )=89, tl
H I), 7 tl T,I I = 9 0 H , I H), 1 98
(s. SHt t 90 80 (m. Il), 74
'I 6 (m. 2H), 99 ts, Ht. I 02

I 79 tm, 4H)

MS ntrz cslcd for
(8 rH c('l¹OTS

394! )VI +H)'(

mn mml
I')(vi'ltlmo-2-ntcthoz)phcnvll

u 0 [2,1 b)11,34)ll: 6:
2 vl)p pendm 4 ol

'H NMR. I(t)0 MHz. Dl ISO d,) 6
8 t) (d. I = 7 6 Hz, )HI. 7 77 (s.
3H). 7 56 (s, )H). 7.3 I (r. J = 7 8

Hz, I Hl, 7 16 Id. J = 8 3 Hz. )HI,
7 ()7 It I = 7 6 Hz IHI. 3.9A ls.
JH), 3 69 Id, J = lyt! Hz. 2H),

)2 '4) (m. JH),2.8 iq, I =

5 tl H I (L I I I'dt..t = 8 6, 4. t

MSmz std for
C,THT,N,Ozb

'!59 I found
:Gu 't [M + H]

4 (.unutotnethyt) I (5 !2

mcthnzyphcnyl)un dszo[2.)-b]
[1.3,4(lht dt r 12 yt)ptp I

4-ol
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LC MS Qd

4-89 ' NMP. ( r iu MHz, DMSO-d ) 6
8" (dd. 1=8,69)l, ()It,
7 84 (6. 3 H ) 6- (6. It(!, 7 1 1

hbt. ( = I I . 2 6 Hr. I )It, 6 m)

(Il..(=8,4. I H, H)5,482 (p,
.I = 6 0 Hz, )H), 3.78 I 66!m.
H),3 (0 (ddd I= I( 33 5'I

Hz. H). 861d. I = 9 Hz 2Hi.
I 7- iq. I = 46 Hz.eHi, I 35!6

I = 6 0 Hz, 6HI.

MS utrz cslcd for
(', ll,I V 0 8

406 2 )M +

H)'luor'0

rsopt op '('t'pltcltyh r tsr t 6 szo
[2( bi[1,341(h.(b:« I 2 )I)

prperrdrrt-4-ol

4 9( MSmz std for
C rzH5oNOOO S
442 'ound

443 [M +

Hf'-II-(5-(6-

sopmp)I-2-
m«ll pt I 3 )I'tu I, o[2.1 b)

[1,3.4fthrtdrtzol-2-yl)prp rrdut-
4-5 I) ohrbof r

F

F+I
F

'H NMR ('u)u MHz. OleOD dsl 8 MS mrz csl d for

tl I (dd I = 8rr 18 Hz. IHL 84 CtrHtsFOVOOz(
Is. IH) 769- 9 im, IH), 76ri- 4131 foiutd
751(rn 2H). R88-3 6 tm,2HI 4143 [M+ Hf

. 72-*6uim,2HI 29 (s.
2)l), I 87 1.73 (m, 4H!

4 (snunomethyl) I (5 (2

[2 I bf[l 3 dftlusd szol 2

yhpipcndut-4-ol
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Vlctli-

Lf:VIS Qd

'H VMR (5&&0 VIHz. DMSO dp 6

t& 26 (dd. I = 8.7. 68 Hz. IH).
till(l t=7GHz SHI 7 A(s
IH).710 ild,l= H4.2 Hz.

IH), 6 92 itd. J = 8 4, L& Hz, IH),
4 'il (t, I = 6 9 II, 21(), 3 7(i

3 4( u4H&, 10(tq.l=&3
6 4 1 lr. 2)I), 2.19 2.1t& In&, 2)I&.

&42(t. &=69Hr,&H&

MS mrz cal d fo&

Ci H oF.I&0
377 I foiu&d

't78 3 [M + H]

3-ianur&on&et)» D-1-15-(2-

erhnzy Ctluo&ophe&t I)

un&daze[2 l-b] [l,i 4]tluad&azol-
2 &l)p&n I d& 3

4-93 H Vl IR (SVA MHz DMSO dsl 6
tl54(dd. 1= 77. "3 Hz. IHL 6v

(s, IHI. 7 01 (d. J = 7.8 Hz. IH),
4 &I (I, I = 6.tt klr, I l(l. 4.&7 (m,

— I I j . 4 ( i- ( s, 3 k & I, 4 t t( i 3 & l t m ,

2kl). 3 2 (m I = I I k(,4H&.'8 ( &i(j, &i& (m. )H&, 148
(m, H). I '& 1&0 (m,2Hj 128

(d. J = 6 9 Hz 6Hj

MS &nrz a(cd fnr
C,&H&sNsO,S
428 2, t'ound

429 2 (ut + H]

l(l( t6. pop 12
metl osyp, r du» yl) nudazo

[2 l-b][l,i 4]du&diazol-2-

yl)pq&er du& 4 yl).izet d n & ol

4-94 'H Nl IR i50A MHz, DMSO-dsl 6 MS &nrz a(cd fnr
8 96 (I I = 7 8 Hz, I HI. 9'- C,,H,&F&V 0 9

778 (rn 4(l). 65 (R I = 79& ki, 4 81 f) d

ll&) 4t&9 (s, l(j 3 76 (dt, I = 4291 (M + H]
I ". 41 klr, kl)..» (dtl. I =

13 G. 96. 49 Hr. 2»), 2.87 tq, I =

8 Hz, H). I 8u 1.68 &rn. 4Hi

s i
NH&

i&—Q
4-Aunu&on&etl»I)-1-15-(2-

methnsy 6 (tnduorornethcpp r dm 3

yllun&d:&zo[2.(-b][l 3.4]th&ad&azo(-2-

&I)pq& nm 4



US 2021/0115065 A1

53
Apr. 22, 2021

-oonltttttcv[

Brett?

pl
'an

p ttniutttttei'tructure
HPLC

Metis

LC-MS nt

'H O'MR (4(tn MHz. MeOD d I 6
tl 14 (d. ! = 7 9 Hz I Hh 7.; s (s.

IH) 7 Vl (t .I = 13 Hz. IHI.
6 94-6 88 Im. I Hl ." 9? is. 3H).
376 (s 2H). 3 6. (ddd ! = 194.
76.4 Hz.4H) ).ttlq,l=7(t

Ht, 21(), '2 (s, Hj. 2 4
IH). I 94 I 6(t (m. 4Ht

MSmz rid for
C, HrsN,OtS
3tl7 'ound

:Stl- [M + H]+

(4-(xnntnntcthyll-I-(6-(2-

[2.1 h)[l 34]rlusd sz I 2

4-96 'H NMP. ( ttu MHz, DMSO-d I 6
tl.. td.! = 77 Hz IHL 76(t(s.

IH) 7v2 (I I= 78 Hz, IHI 4vi
N, tH). ''e, 2H), 3 4 3 69

(, loll), 2.98 I I, I = 6 8 H, I H),
199(l,I=124Hz. Ill,(6 Id,

I = in (I H, SH), I 28 td,! = 6 9

Hz, 6H)

MS nttz en(cd fnr
C t,Hrohco,Sz

499 'ound
491 - (M + H)+

4 (I ( t6 . p op)( 2

fttctlt xtp 'ttr(tlt.3.)'Dtttttdszo
[2,1 hf[1.3,4)IM dumi 2

) I jprpcttdut.4yl ltlunntotphniut

4-97

4 I
OI I

i&— W

'H 6 MR I?DO MHz. *.vicOD-dt ) 6
tl61(d.! = 77 Hz IHL .62(s.

IH) 692 (I I= 77 Hz, IHI 4V,
(s, SH1,366 (dt .I =, '. 46 Hz.
4H). '9 (e, SH'I, 48 (s. SHI,
186 (tll I = 14(t,vtt, i 3 Hz

HL I 66 (dt.! = I 9,46 I(

2ki)

MS nttz en(cd fnr
C trH„NsotS
374 I found

376 [M +

H]'4-xnntn-l-l

-(2-ntcthnvv-
6 th Ipy lt .'I I'tuud, oH.I h(

[1.3,4]tlttsdmzn(-2-vl1
pqt dt 4 yllm Ihmol
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4-98

4~N OHi.&-~
6

'H NMP. ( tiu MHz, DMSO-d ) 6
tl 24-807 im. 4HI 7 64 is. IH).

711(d. J= ll Hz, IHI 693(t
J=ti3Hz,lH).392is 3H),3 1

(di..l = 12 I, 1 tl, 2H). 3 6 (1,
1! ai l. I = 13 1, v 8. 3 9

Hr. JH) I 9 I 77 im. 4tii

MS ntrz calcd for
C,rHzop.(10rh

377 I found
:7tl't (M+

H]'4-anuno

I (5 (4 fluoro 2

fl 34ftlutul azol 2 yl)p pend tt 4

4 99 'H NMR. (4t)0 MHz. Dl;ISO d,) 6
8 f)2 7 9(t inu 4HI, 7 61 (s. IH).

7 tt6 (d, J = 11 9 Hz. I HI, 3 87 !s.
IH),3 6040 im.JHI."84(q,

JHI, I 7 -I 61 (nt 4HI

MSmz aid for
C, H zip„OJS

191 2 found
)918 fM+ Hl

y. NH.i.&-&
4

4 (.un nometh I) I (5
fluor-2-ntcthovv-5-

b]f),3,4]tluadtaznl-2-
vllpi t de 4

4 I (i(i

s II Nttr~&-D

MR ( ittl MH, DMSO d I 6
8" (dd.1=8,6s.ti, It(i,
8 15 (s, IH), 767 (s. IH) 7 I 7

(dd, I = 11 4 2 6 Hz. I Hi 6 92
(td, I=84,2 Hz. IHi,418(9

J = 6 9 Hz. 2 HI ", 1 (dit J = 13 7.
. 4 Hz. JHI, 3 62 ls JHI. 3 5

iddd I = 13 3. t! 8 4 t.l Hz 2H)
I 99-1 76 (nt. 4H), I 41 tt, I =

69 H, H!.

('„I lzzl N,OzS
391 2 fotn d

)924 f:vl+

Hl'luotopltcnvlunudazof2,1-b]

(1.3,4]

tnctltmtol
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4 u)i '0 Nhut i Ou Mtt Dhlso I I h

sos !d,

I = 8 6 0, Hit, 7 sl id,
I = 5 9 Hz. ')H). 7 til is I HI, 6 7

(d. J = 4 Hz, IHI, 6.68 (dd. J =

86.24Hz.IHI, 89(s, Hj.)8
(s. 'Hj, 77tt tdt. I = 13,4 Hz
2H) 3 49 ( tdd. J = 13 6, 9 6. 4,

Hz, JHI, 2 86 Iq. J = 7 t! Hz. 2HI,
I 75-1 64 im, 4H)

(bsuzsN,Osh
'!S9 2 found

ja tsz [M + Hl'

lanunomethyl) I Lt (2 4
dunctltozyphcurnttn dazo[2 t-hj
[I '1.4[tluad azol 2 yl)p pet dut

4-ol

4

j
N-ill tR saR)-2-I 4-14-fluoto-2-

[1,3 4)thtadtazol-2-ylloctahydm-JaH-

NH

'H NMR (5tta 91Hz. DMSO dsl 6
8 86 is, IH!, 8 6'd. J = 9 9 Hz.
IH). 8 '17 Is, iHI, 823 (dd. J =

8 7, 69 Hz, IHI, 763 is IHI
711 Mtt, I = )14, '6 Hz. IHI.

6 95 itt I = 8 2 6 Hz IHI 3 99
id. J = 199 Hz IH), 3.931s, 3HI
I 79 64 (m. 2ul, 6O (ihl
lt)4. I 9 II, 20'), )29 t)6 (

NIL 2 ud. I = lt -, 4.2 Hr. 10),
13 nit, I = I R 61 ur, lul.

I 91 (s, IH), I 78 iq. J = 4 7 Hz.
IH)

MS miz cal d fot
C oHztp-lcozS

4'll) 2 fotnd
4)l -'M+

Hl'xample

5-0. 2-(5-(2-methoxy-4-methylphcnyl)
imidazo[2,[-bJ[1.3,4Jthiadiazo[-2-yl)-5-oxa-2.7-

diazaspiro[3 4Joct-6-en-6)-atnine

[(134'71

[0348] Compound 5-0 was prcparcd by lhe mdmc route
used lo prcparc Compound 4-0, using ten-butyl ((3-hy-
droxyazetidin-3-yl)methyl)carbamate, Compound 1 and
(2-nlethoxy-4-methylphenyl)boronic acid, hollow:ed by cycl-
ization.

j +~ji
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[0349] Compound 6-] (38 mo, 0.091 mmol) and K&COs
(50.2 mg, 0.363 mmol) were stirred in anhydrous DMSO (I
mi.). folio&ved by an addition of cyanogen bromide (14 43
n&g, 0 136 mn&ol), the reaction was stirred at n&om tmnpera-
Iurc for I hour. Then the reaction m&xturc was filtered and
punliml by prep-HPLC. The rcsultu&g fract&ons u& fi&nnic
acid solution„&vas treated with aqueous NazCOs until pH
was h&gldy bas&c (PH&I I ). 11&en the soluuon was extracted
Iwme w&th E(040, wash(xi with bunce ducd over NdzSO4

and concentrated to a]ford 60 mg of Compound 5-0 as 0

sohd. 'I l NMR (500 MI Iz, DMSO-dr) ib 7 98 (d..i 7.8 Iiz,
IH). 7.46 (s, IH). 6.97 (s, I H). 6.87 (d, 1=7.7 Hz, I H). 6.13
(s, 2H). 4.60-4.21 (m, 4H),3.86 (6, SH), 2.35 (6, 3H).
LC-MS=371.1 [M+H]'.

[0350] The following compounds v ere prepared by the
same route used Io prepnrc Compound 6-0, usu&g appropri-
dli: std&tu&g u&alu)1818.

Farunple'un&ter

Stre&ca&re LC-MS

«0

'H NMR!(uil:VIHz, DMSO MS mz .&lcd

dsl 8798 (d. J = 78 Hz IH) tbr
74 ts. IHi 697 (s IHI, C,&Hub,so&S

687 (d, 1=77 Hz. IH). 61'! '17tl I found
(s,2HI 460-421(m,4HL 3711 [M+ HI
: 80 is. Hl 2 35 ls 3H)

2!~ (2 t tbo I 4 m ib&lpt vl)
umdazo[2.&-b](l 3.4]thtadtazol-2-vl)--

2, cb; ra. iu [ I 4] cl 6 et 6

nn ne

v te 4

ji

'u 'eMI( I 0(l Mllr. I)MSO MS m% 1 d
ds) 8 8 19 ttbt J = 8 7, 6 9 I I, Rn

IH).75! (s IH). 7()9(dd, C, Hml'N O 5'

= 114. 2 Hz. )H). 693 4tl2) found
idd J = 84. 2 & Hz. IH). 4 03 40'I I IVI +Hi's.

H&. 92 (s H), 3 52
." 40 in&. 4H) 228 id I =

13 9 Hz, 2H), 24 13 itn.
2H)

b-l I-(4-tluo& o-2-n&ethos) pscnvl)
mu l.«(1.1 b] [1,3.4]l b ml: r I 2 & I)

l-ov&-3,8-dtazaspuo[4 5]de -2-en-
2 mu

-3 F

.J~,~Q

'H IMR( m MHz, DMSO- Ms nvz ca&ct
d„l 6 8.18 tdd J = 8 7. 6 9 Hz, for
IHI. 746 ts. IHI 7 us (dd, I = CmH,„FN 0 S

I &.4, 2 61)r. 111), 6 91 ltd. 4(&2 I ft ad
I = 85. 26!Ir. 10), & ) (s. 41)31 (M+ 1)i't&1.390 (d.! =.' 0 .

I 6 I ( . 41)), I 7 \

id dd, I = I 6, 8 7, I Hz
Hl. I 6& I 57 (m. 2H)

8 (5 (4 fluoro 2 methoarphea, I)

nnidazo[2,)-b][1.3,4]tluadtazol- -Jll-
I.t dtazasp o[4 v] te I «

2-a&nuts
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Emtfnple
'ompound

Number Structure LC 145

')( Nut( (sfffl VIH (75(SO h19 mfr: I 6
ff,f 6 s t I'd. 1 = tt fl Hz. (I I 1,

74. (s, tiff. 69'(, 1 = 4 7 (hs(i 1'„Or!5

3 = ll 6 Hz. Hf. 3 't41 379 (9(+H]'m

4HL '6 (s. '(HL 192
(s, GHJ

S-(6-(2-methoxy-4ntcthJ(ph nvll
m 6 o(2.( bl(1,3 4)lh .«I, 1 2 511

1-oaa-3 S-dtazaspuo(4.Side -2-en-2-

Example 6-0: (3aS,5S,6S,7aR)-6-anuno-2-(5-(6-
isopropy1-2-methoxypyndtn-3-yl)tnudazo[2,1-b][l,

3,4]tlnadfazol-2-yl)octahydro-l H-(soindol-5-ol

[(33511

layers werc passed (luuugh a phase separator and concen-
trated in vacuo to give an oil that crystallized upon standing
The res(due vvas taken up in EtzO and the resultin solid was
isolated by filtmtion mtd dried to alford 289 mg of Com-
pound 6-1. 'H NMR (500 MHz, DMSO-d,) 6 5.15 (d. J=5.7
Hz, IH), 3.53 (td, J=10.4. 5.3 Hz, IH), 3.31-3.20 (m, 3H).
3.06 (dd. i=11.2. 5.9 Hz, 2131. 2.36 (6, I H), 2 17 (dd. J=11.5,
6.2 Hz, IH), 1.89 (t. J=9.8 Hz, I H), 1 78 (d, J=12.1 Hz, I H),
I 52 (d .I 13 I Ilz ill) 1.3f) (s 911) I 17-1 04 (m, 111)

,OH"e-Xl—
61

[0352] Compound 6-0 was prepared in the folio~ ing v ay

-XX.
(. I

Bo — N ,('0

61

[0353] sf solution of tert-butyl (laR,2aR.5aS.6aS)-octa-
hydro-4H-oxireno[2,3-f]isoindole-4-carboxylate (500 rn,
2.089 nunol) fn M(rOH (10 mL) mtd HzO (2 mL) was trcatcd
w ifh NaN, (679 mg, 10.45 mmol) and NH4C1 (224 mge 4.18
mmol). Thc rcncuou was warn(cd to 65'. lhr 18 hours and
then cooled to roont tentperature, concentrated to rentove
MeOI I and extmcted with I&('M 'I he combined organic

[0354] Cotnpound 6-1 (28'3 mg, I 024 mntol) w:as treated
with HC[ (1 M in dioxane) (4 mL. 4.00 mmol). The reaction
was scaled and sttrrcd at 20'. for 3 hours. Thc rcac(ton was

concentrated in vacuo under a stream of N, to alford 222 ntg
of Compound 6-2.

I

GOHij i+B HJ;

S

62
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-continued

[(1355J 'Io a solution of ('ompound I (335 mg, I 015
nunol) and Compound 6-2 (222 mg, 1.015 nunol) m MGCN
(4 ml ) was added l)IPIIA (0 544 ml., 3 05 mmol). 'the
reaction was sealed and stirred at 1()0" C for 2 hourw then
was cooled to room tentperature and purified bv norntal
phase cluomatogmsphy with a ntnning @adieu( of 0-100%
EtOAc/heptane to aff'ord 349 mg of Compound 6-3. 'H
NMR (500 MHz, DMSO-ds) 6 7.08 (s. IH), S.27-S.12 (m,
IH). 3.59 (dd, J=3.3. 9.1 Hz, 2H), 3.43 (dt, J=5.6, 10.2 Hz,
2i I). 3 25 (d, 1 10 0 I lz, 211), 2 (i I (s. II I), 2 41 (s, I I I), I ')7

(s, ll I). I 92-1 77 (m, 111). I 61 (d..l 13.1 I lz, 111). I 31-
I 1(i (nt, 111) I.('-M) 432 I [M+I IJ+

(135 mg, 0.691 nunol). PdClz(dppf)-DCM complex (28.2
mg, 0035 nunoi), and K,POG (220 mg, I 037 mmol) was
flushed with N, for a few ntinutes. then dioxane (2.5 mL)
and HzO (0.5 mL) were atltlml. Tlu: vial was fiushed with Nz
for an additional minute. then sealed and heated to 80" C, for
3 hours. Thc reacuon was concmttratixl in vacuo mtd was
punfied by normal phase chmmatography (24 g column)
with a nuuung gratbent of 0-60% (3.1 EIOAc EIOH)/hep-
tane liractions were combined, concentrated in vacua, then
tnturatcd from DCM/heptane twice, thmt McOH/heptane.
1'he resulting product ives sepamated by chimsi separation
(Method 8) to alford 18.2 mg of Compound (i-4 Peak I and
17 3 mg of Compound 6-4 Peak 2

td!

G spk

6-4pk t

G spks

[(1356J A mixture of ('ompound (i-3 (149 mg, 0346
ntmol). (6-isopropyl-2-methoxypyridin-3-yl)boronic acid

[0357[ A solution of single stereoisonter ('ompound (i-4

pk2 (17 3 m . 0.038 mmol) in TIJF (I mL) and HsO (0.2
mL) was added Ph,P (15 mg„0.057 nunol. The reaction was
then heated to 40" C, for 2 hours. Additional PhsP (15 mg,
0.057 mmol) was added and heated to 50' for 12 hours.
The reaction was concentrated in vacuo and v as puritied by
prep-HPLC to all'ord 9.5 mg of Compound 6. 'H NMR (500
MHz, DMSO-d,) 6 8.60 (d, J=7.7 Hz, IH), 7.83 (d, J=S.I
Hz. 3H). 7.62 (G. IH). 7.01 (d, J=7.8 Hz, IH), 4.02 (G. 3H),
3.64 (qd, J=9.7. 8.7, 4.0 Hz. 3H). 344-3.31 (m, 2H). 2.98 (h,
J=6.9 Hz, IH), 2.89 (s. IH), 2.72 (6, IH), 2.48 (dd, 1=124,
5 8 I lz, 111). 2 OGJ (q..i 6 0, 4 8 I lz„ I I I), 2 03-1 94 (m, I I I),

I 69-1.60 (m, 111), I 35 (q, .I 12 8 Ilz. 111), 1.28 (d, .I (i 9

I lz. 611). I,C-MS 429.2 [M+I I[ .

[03581 The follov,utg compounds acre prepared by the
smne mute used to prepare ('ompound 6-0, using appnipri-
ate starting materials
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Emssnplc
'ompound

Hi&salt c's Stru nuc r.c-Ms

'kl)M)i(a(i(i M)i .HMSO l„)h MS ruled
sdilm, i= i If,iri'),78)id,

i = s u Hz. ')H).76'1 Is, iHi, C„,Hzs lcozS
7(il (d.J= 78Hz, 1Hi,40 (s. 4 8 f susd

3Hh ') 63 (dq. 1 =9M 46. 34 4292 fM+H]'z.

3H),341 'll (m, Hi.
98 in& IH), 89 is, 1H). ","

Is IHl, 2 47 idt i = )1 l. 3 6 Hz,
IH). 1M 04 (m. IH! I 98

(dt. J = 13",46 Hz. IH), 1 64
Rhl t. i = 13, 11 3. 4 11, 1 lii,
1

' (d. i = 12 ll )i . 111). 1 -8 ( l,
i = 6 9 If, Gri').

(3aS S.GR7aR) 6 anusm 2 i.
(6-isoprop 1-2-a&ethos)pvrsdus-3-vll
nudazo]2 1 6](1.3.4]tluid m 1 2 )li

oct&hydr -iH-&sou&do)-&-ol

6 6 F

(Jas.rs Gh,raR)-d-anomo-2-(&-(4-

ll '1.4]ih ad azol 2 l)octah dso IH

'0 H(VI)i (&(i(i Mlf, l)&(SO ds! h X(S mi: I 6
8 26 (dd. J = 8 7. 6 8 Hz, 1H). ir c

784 (S )H),7 9(a. 1H1,71i CnHzzlhsozS
(dd. J = 11 4. & Hz, 1H1. 6 93 4ilt 2!'usd

(td. J = 84, 6 Hz. iHi, I 93!s, di 4 1 (M + H]'H),364idp,J= 1&4, 6 Hz.
JHl 34n33) un SHh htl9 (s,
IHl. 72 is. IH). 2 48 (dt, J =

124. 7 Hz, IHl. 214-203 ins
1 I lh 1 9tl (dt. J = l Xl, 4 6 I(

ill),164iukl,l= is .11 .)4
. 1) i), 1

' (4..! = 12.1( 1 lr,
i)i)

Example 7-0. (9-(5-(4-fiuom-2-methoxyphenyl)
iniidaxo[2,1-bJ[1,3.4Jthiadiazo]-2yl)-2-oxa-9-

araspiro[5 5Jundecan-3-yl)methenamine

[0359] P/j

continued

i.&-~
[0360] The Compound 7-0 wa& prepared in rhe following
w av:

[0361] To soiution of tert-butyl 3-(aminomethyl)-2-oxa-9-

a map rro [5.5]un(&canc-9-carboxylate (100 mg, 0552 nunol)
in MeOI I (I m] ) )vas added I I( I 4 M in dioxane (I 319 m] „

5.27 nunc]) and was surrcd for 1 hour. Tlm rcsulung wlutc
suspension &vas concentrated in vacuo, then was partially
dissolved in EtOH (1 mL) and Compound 1 (]16 mo. 0552
mmoi) and l)]PI)/3 (0 184 ml„ 1 055 mntol) were added
The resulting suspension was heated to 80" C. for 18 hours.
The mixture was c]couched with sat. solution of NaHCO,
and was extracted twice with E(0.4)c. The combined organic
layers werc dnixl over M8804, Iiltcred and concentrated in
vacuo ]he product vvas purified by nornial phase chmma-
tography (4 g column). with a running gradient of 0-20%
(I)('M/(I)('M/MeOI] 8,'2)) to afford 59 mg of Compound
7-1 as 0 beige fi)am. 'H NMR (500 MHS. MeOD-da) 6 7.04
(s, 111), 3 87 (dd, .I 11 5. 2 7 I]2. 11]), 3.55-3.42 (m, 411),
3 33 (dt, .I 8 3, 3.6 I lz, 111). 3 24 (d..) 11 5 Ilz. ]I I),
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2.76-2.62 (m, 2H). 1.91 (dt. i=I 3.3, 3.2 Hz. I H). 1.8(7-1.75

(m, 2H). I.S2-1.46 (ms 2H), 1.45-1.3S (ms 3H).
LC-MS=434.2 [M+H]'.

F

I

('A)- Q3-
HO OH

F

[0362] To a solution of Compound 7-1 (59 mg. 0.136
mmoi) and (4-fluoro-2-methoxyphenyt)boronic acid (30 I

mg, 0.177 mmoi) in dioxane were added NazCO, (477 HL,
0.953 nuuol) and PHCIz(Ph,P)z (4 78 mg. 6.81 lunoi) under
argon. The reaction was heated to 100" C. for 2 hours. The
mixture c(as ttucnchcd with sal solution of NBHCO, and
then l(tOAc vas added 'I'he organic layer was separated and
lhc Bnucous lavcr %as cxlrdctcd twice huh EIOAC. The
combined or anic layers were dried over Mg804. filtered
dud ctiuccllltlt(cd ill 1 ncuo. Thf: ctuttc BIBicnal was purltlix!
by prep-IIPI ('o atford 7 I mg of('ompound 7 0 as a solid
'H NMR (500 MHz, DMSO-d,) b 8.21 (dd, J=8.7, 6.9 Hz,
111), 783 (9, 311), 753 (9, 111), 709 (dd..l 11 4. 2(i I iz, 111),

6.92 (td. 1=8.4. 2.6 Hz, IH), 3.92 (s, 3H)„3.90 (d. J=5.2 Hz,
IH), 3.89-3.86 (m, 3H). 3.56-3 43 (m. 8H), 3.19 (d. J=11.5
Hz. IH). 3.03-2.92 (m, IH)„2 89-2 79 (m. IH). 1.91 (d,
J=12.9 Hz, IH), 1.76 (I, J=4.9 Hz, 2H), I.S5-134 (ms SH).
I C-MS 432 4 [M+II]

[0363] Thc Ibllowtng compounds werc prepared by thc
same route used lo prepnrc Compound 7-0, usuig appropri-
du: Sldltllig Iua(c11BIS.

Fxstnplci

1 ompoiufd

I ('S
7 2 'H NMI( (ifif1 bu( 'vi OD 6,) 6 S 19 (d. I =

77 If, Ini, 761 (s, lu), 69ti ( I, I = 77 0,
1lf). 4 17 ( I. I = 6 I ti, 2ui. 4 97 (s, i(I)
39((d.J=SI Hz, H1169(s.2H) (Si

(m J = 66 Hz, IHI. 11 Id. 9 = 7(1 Hz 6H)

O,,H„N„Ora 74 2.

(3cumtio-I-I. -16-

.oi t pvl 2

methoximf du»

11.3.4)th sd nzol
Jli r«i dt 3 il)m ilu ol

.JH

'H VMR( fiu NIHz, DMSO dsi 6 6 26-tl14 MS nu'z etlcd t'or

Im.4H). 7 1(s. IHi,70, iid. 5 = 114 26 O,rH,„FNOS 3791
Hr. IH),6s9 (tl. I = 64,-6 Hr, lu).4(M fifml si)I IV+ HI

4(ai (, Inh SS fm. Iui, ss (tht J =
313.14 Hr, lu), n611 im, H!, 9

(t. I=Is H.HD,IS9167(

NJ,
iSn 10(dnm,f

tncthoxvpltcnvlfunfdszn12,1-b)
I).34)thu tu . I 2 )II

p peud n 3
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-coul)I)Lieu[

:u pl

Cotnponnd

rtIx'tr 'I n'c Rhl lt I('S

74 F 'H NMR L4Lffj MHz, DMSO d I lj 819 fdd.
1=87 69Hz. IHI 78i)(s.3H),7 4(s
IHI. 70tf Idd. I = 11 ", ' Hz. IH), 691

itd. I = 8 ., ". Hz I HI, 4 16-4.u9 fm IHI,
) 91 fs, 3H), H6t ).48 tnt, 4HI. 3 (17 — 97

, HI't, 88 2 74 (m. I H 1, I 88 I 79 im,
2kt), I op 1.69 Lm, Hf

MS nuz cal d fnr
C oH Fl OzS 471
(outtd 41 f1 [M + H]'

N

(8 to (4 fl r 2

merhnxyphenyl) nudazo[1,2 b]
[1.3,4]tltiadiaz I-2-yh-I-oxa-8-

az tap ro[4 5]de .ut '
Hntcdtattattt ttc

'H NMIL ( tttf Mklr, DM:IO I„f 6 8.2(j (s,
2kH. 8 13 (dd .I = 8 7. 6 8 H, I H), 7 8 (s,
HH, 7tt7 (6th I = 114 6 Hz. HIJ,689
(td. I = 8 4, Hz. i HI. 4 6 (d. I = 9
Hz.)HJ.424 ldd, 1=83 4f Hz. Hj

4 14 (d. I = 8 8 Hz. iHJ, I 95!dd, I = 9 7

57 Hz IH) 390 Ls. )Hj 87 (s IH).
"tl) (it, I = 97 34 Hz IHI, 2 64 idd,

I = 14 .. 7 9 Hz. I H) 2 24 (dd, I = 144,
3 9 Hz, I HI

(hruml R,O,R Ir I

Io rd)761[M+H]'

(5 (4 flunrn 2 ntethox phenyH
utud:tzo[2.l-b][l 3.4]rluadtazol-2-
)H 5 oxa '.Lztnp m[34]o tan)

ntt ttc

76

I IIN
s

'H NMR L(Lffj MHz, DMSO d I 6 8 0 fdd.
J = 8 7. 6 9 Hz, I H), 7 90 (d. J = 5 4 Hz. 3H)
7 59 (s. IH), 7 10 (dd. I = H 4. I Hz, IHJ.
693 ftd,l= tf4" Hz. IHJ,430-41 int,
IHI. 3 93 (s "H). 3 90 (d, J = 9 'z. I HI

." 86O 79 Im. I Hl " 79-3 I (tn. I HI.
3 69 (d, I = 9 Hz, IHL 346 (t J = 5 4 Hz,
IH), '1 ! fit. I = 14 l. 11 I, 7 H, )I 0,

19 I I (m.)H).165(fbt=l I

HH, I t (d I = 6 6 H, )Hl

MS nuz cal d fnr
CzoHzal RsOzS 417
iotutd 418 [MI +H]'3

8.48 I-8-(5-(4-t)un re-2-

[2.1-b] [I 3.4]tluad aznl-2-
yl)

" m Ihkl 2 r 8

azaspuo[4 5]dc ut-4-
iu
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Example 8-0: 4-(aminomethyI)-I-(5-(2-(dimethyi-
antino)-6-methylpyndin-3-yl)imidazo[2,1-bJ[1,3,4J

thiadiazoi-2-y))piperidin-4-oi

-colttlltlltxl

[11364J
iat

9
0 0

[0365] 'I he ('ompound 8-0 was prepared in the ti&llowiag
w av.

i«j

t

Is

[0366] To a solutton ol'-bmmo-2-lluoro-6-methylpyn-
dine (100 m, 0 526 mmol) in dioxane (2 6 ml,) were added
l3 Pins (200 mg, 0.789 mmol), KOAc (129 mg„ I 316 mntol)
and Pd(:ls(dppf)-D('M complex (38.5 mg, 0053 mmol)
under argon. I'he reactton was heated to ')0" (2 ti&r 2 hours.
'I'he reaction mixture tvas quenched with a sat solution of
Nal I(:Os and then diluted with I itOAc I'he organic layer
vvas separated and the aqueous layer was extracted twtce
vvith EtOAc. The combined or anic layers were dried over
M SOu filtered and concentmsted in vacuo. The crude
product was puritied by nomtal phase chromato raphy (4 g
colunut) with a runntng gmsdtent of 0-10% MeOH/DCM to
allbrd 86 mg of Compound 8-1 as an otl. LC-MS=238 4

[M+H] .

[0367] To a solution of Compound 3 (80 mg, 0.104 nunol)
and Compound 8-1 (32.1 mg„0.13(i mmol) in dtoxane (I
mL) vvere added NasCO, (03(id mL. 0.730 mmol) and
Pd(.'ls(phspjs (3.66 m, 5 22 umol) under argon 'I'he reac-
tion was heated to 100" ( for 2 hours 'the mtxture was
quenched wtth a eat. solunon ol'aHCO, and then dtlutcxt
with EIOAc. Thc organic layer was separated and thc
aqueous layer was extracted nvice wtth EtOAc. The com-
btned orgmttc layers were tlried over MgSOw Iiltcrcd and
concentrated in vamto. The crude product was punlicd by
normal pltase cluomatography (4 g column) with a runnutg
gradient of 0-20% MeOI I,'D('M to alford 36 mg of (:om-
pound 8-2 as a solid I.('-MS463.2 [M+I IJ+.

!

(/~ vj

[IO68J A solution of ( ompound 8-2 (40 ma, 0 065 nunol)
in dimethylamine 2 M in TIII'I ml., 2 000 mmol) was
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heated to 140" C for 6 hour under MW Additional dtm-
ethylamine 2 M (500 pi,) was added and the reaction was
stirred for 2 hours at 140" C. The resultin solution was
conccntratcd tn vacuo and purified by normal phase cluo-
matography (4 column) with a running gmdient of 0-20%
McOH/DCM to alford 30 mg ol'ompound 8-3. LC-
MS 488 0 [M+IIJ

[0371] The Compound 9-0 tvas prepared in the followin
way

(dl

&.D
[0369] To a solutton of Compound 8-3 (30 m . 0.062
nunol) tn McOH (2 mL), HCI 4 M m THE (200 UL, 0.800
nmtol) was added The reaction was stirred for I hour at
room temperantrc aud tlmn concentrated ut vacuo. The
resulting product was purified by prep-I IVI,('o agord 26
mg ol'ompound 8 as a solid. IH NMR (400 MHz,
DMSO-d6) 6 7 79 (d .I 7 9 I lz 411) 7 35 (s 111) 6 80 (d
1=7.6 Hz. IH)„3.63 (dt, J=13.2, 4.2 Hz. 2H). 3.44 (dt,
1 13 7. 7 I I lz. 211), 2 84 (d, .I 5 9 I lz, 211), 2 74 (s, 611),

2.42 (s. 3H). I 68 (t. J=6 0 Hz. 4H). LC-MS=388.0 [M+H]+.

[0372] A solution of ('ompound 8-2 (50 mg, 0 108 mmol)
and methanethiol, sodium salt (37.9 m . 0.540 mmol) in
'11 IF (2 ml,) v,as heated to 120" ('or I hour Additional
methmtethiol sodium salt (20 mg) was added and the reac-
tton was heated for I hour at 120'. Thc nuxture was
quenched with a sat. solution of Nal I('0, and diluted with
I:tOAc 'I'he organic layer was separated and the aqueous
Layer v:as extracted nvice with EtOAc. The combined
organic layers vvere dried over MgSOo filtered and concen-
trated tn vacuo. Thc cntdc product was punlicd by normal
pisa ac clu orna) ography (4 g colunut) wt th a running gradient
of 0-100% EtOAc/Cyclohexanc to allbrd 10 mg ol'om-
pound 9-1 as an oil I.C-MS491 2 [M+I IJ

Example 9-0: 4-(aminomethyl)-I-(5-(6-methyl-2-
(mcthyltlno)pyndtn-3-yl)unulazo[2,1-b] [1,3.4]thia-

diazol-2-yl)piperidin-4-ol

[t)370]

9-t
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[0373] A solution of Compound 9-1 (10 mg. 0.020 mmol)
and I I('l 4 M in Tl ilr (50001 .. 2 000 mmol) in MeOI I (I ml,j
vvas stirred for I hour at room temperature. The resulting
soluiion was concentrated in vacuo. Thc crurle prorluc! was
purified by prep-HPLC to alford 3.7 mg of Compound 9-0.
'H NMR (500 MHz, DMSO-ds) 8 7.85 (rl, J=7.8 Hz, IH),
7 75 (s 311) 7 39 (s, 111), 7.10 (d, .I 7 8 I lz, I I I). 3 61 (6,
J=I3.4 Hz. 2H), 349-3.37 (m, 2H), 2.82 (d. J=S.9 Hz, 2H),
I 66 (d..l 12.4 I lz, 411) I.('-MS 391 I [M+I IJ

I:xample 10-0: 3-(antmontethylj-I-(5-(4-tluonz-2-
mcihoxyphenyl)unidazo[2,1-b] [1.3.4]this dmzo1-2-

yl)pipendin-3-ol

[0374]

OH

i03

[0378] To a nuxturc ol'ompound I (793 mg. 2.403
mmol) and Compound 10-2 (4ti3 m . 2.403 nmtol) in MeCN
(10 mL), DIPEA (1.287 mL. 7.21 nmtol) v as added. The
reaction was heated at 100" ('or 18 hours. 'I'he reaction
v as cooled to room temperature and was purified by normal
plmsc cllroilliltograplly witll 0 rillzlllllg graillcllt ol 0-1000%
EIOAc/hcptanc Io alford 789.7 mg of Compound 10-3.
LC-MS=406.1 [M+H] .

I

OH

[(3375J 'I he ('ompound 10-0 was prepared in the tiillov ing
'iva)0 fc

OII

H..v

0 OH

10-1

[I)376] A mixture of tert-butyl I-oxa-5-azaspiro[2 5Joc-
tane-5-carboxylate (500 mg, 2.344 mmol) in McOH (10 mL)
and IizO (2 ml ) was treated tvith NaN, (7632 mg, 11 72
nunol) and NHzCI (251 mg, 4.69 mmol). The reaction was
warmed to 65" (: for 18 hours 'Ihe reaction tvas cooled to
room temperature. concentrated in vacuo to remove MeOH
and cxtractcd with DCM. Thc orgaiuc layer was passed
through a phase separator and concentmted in vacuo to
allhrd 616.6 mg of Compound 10-1 as an oil. LC-MS=257 4
[M+H1 .

mj

u
HO OH

F

10 4

OH

IO I
OH

[0377] A mixture of Compotutd 10-1 (Ii16 m . 2.403
mmol) ut HCI in ihoxanc (4 mL, 16.00 mmol) was surrcd at
roont temperature for I hour The reaction mixture was dried
under Nz stream to all'ord 570.9 mg of Compound 10-2.
I (:-MS 157.3 [M+IIJ

[0379] A nuxturc ol'ompound 10-3 (180 mg, 0.444
nuuol), (4-lluoro-2-mcthoxvphenyl)boronic acul (113 mg.
0 666 mmol), and Pd('lz(dppf)-IJ('M coniplex (16 25 mg,
0 022 mntol) was put under an N, atmosphere Then dioxane
(2 mL) and 2 M KzPOs (0.755 mL. 1.510 mmol) were
added The reaction mixture was heated at 90" C. Ihom 18
hours Then 1.5 equiw of (4-lluoro-2-mcthoxyphcnyi)bo-
ronic acid (113 mg, 0.666 nunol) and 0.05 eclutv. PdCiz
(dpplj-DCM complex (16.25 mg. 0 022 mmol) werc addcxI
and the resulting mixture was heated at 90" I'or 5 hours
1'he solution was diluted in MeOI I/ITEM. filtered over a
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rc &

Qv
Qy

CEL ITE pad and concentrated in vacuo. The crude matenal
was punlied by normal phase chromato~aphy with a run-
rung grad&m&t of 0-100% E&OAc)heptane to afibrd 20 6 mg
of ('ompound 10-4 I,('-MS 404 3 [M+I IJ .

F
r

mL. 104.76 mmol) and E&„N (19 (i3 mL„139 (ig mmol) were
added at mom ten&perature The reaction mixture was stirred
at room temperature for 16 hours The reaction was diluted
w&th DCM (100 mL). wash&xi w&th H&O (SO mL) and bnne
(50 mL). The organic layer was dried over Na,SO4 and
conccntratcd u& vacuo to afiord 16 5 g ol'Compound 11-1 as
a pale brown liquid, which was used in next step &vithout

lirrthcr purilicatron. 'H NMR (400 MHz, DMSO-ds) 8 3.83
(dt, 1 13 2, 3.9 I lz, 211), 3 61 (s. 311), 2 81 (d, .I 14 0 Hz,
2H), 2.54 (dt, J=11.1. 3.9 Hz, IH), 1.84-1.73 (m, 2H).
I 44-1.32 (m, 1111). I,('-MS 144.2 [M+I I-I3oc], retention
time=1.24 minutes (Metiu&d N)

10380] [text missing or illegible when tiled]
[0381] To a solut&on of Compound 10-4 (20.6 m . 0.051
mmol) u& THF (2 mL) and H&O (O.OSO mL). &riphenylphos-
phane. polymer-bound (20.09 mg. 0.077 nunol) (—3 mmol/8
loading so added 26 n&g fi&r 0 077 mmol) was added 1 he
reaction v as placed on shaker fi&r 18 hours. 'I hen 75 mg of
triphenylphosphane, polymer-bound (20 0') mg, 0 077
nm&ol) was added and placed on shaker for an additional 18
hours. The reaction was filtered and concentrared under N&.

Thc resultu&g co&dc matcnal was punlicrl by prep-HPLC to
afibrd 1.9 mg of Compound 10. 'H NMR (500 MHz,
MeOD-dc) 6 8 26 (t..l 7 7 I lz, 111), 7 6') (s. 111) 6 r)9 (d
1 10 r) ilz IH),6 86 (t..i 8511z 111) 3 r)7 (4 31i) 3 84 (d
1 12 I I iz, 111), 3 69 (d, .I 13 5 I lr.. I I I). 349 (d..l 13 3 I lz,
I H), 3.41 (t, J=11.6 Hz. IH), 3.12-2.97 (m, 2H). 2.15-2.03
(m, IH). 1.82 (dd, J=2.4, 8.2 Hz, 3H). LC-MS=378 4
[M+H] .

I ixmnple 11-0 8-(5-(4-fluoro-2-methoxyphenyl)
imidazo[2,1-bJ [1,1.4]thiadiazo1-2-yl)-2-oxa-g-

azasp&re[4 5Jdecan-4-amine

[0382J

0

/X
rr '3

[0385] To a solution of oxalyl dichlonde (13.37 mL,
155 96 mrnol) in D('M (500 ml ), anhydrous DMSO (24.17
mL. 340.27 nunol) was added dropv, ise at —78'. and the
m&xturc was stirred at —78'. for 30 mu&utes A solution of
2-((tert-butyldimethylsiiyl)oxy)ethan-I-ol Compound 11-2

(2S 0 g, 141.78 mmol) in DCM (100 mL) was added to the
nuxture at —78" C. and stirred for 30 minutes lit,N (98igl
mL, 708.89 nunol) was added and thc react&on was surrcd at
—78" (1 another I hour 'I'he react&on mixture was acidified
v ith 2 N aq. HCI solution to pH=4 and then extracted with
I)('M (3x300 n&I,) The combined organic layer were
washed brine (100 mL), dried over Na,SO4 and concen-
trated in vacuo to allbrd 24.5 g of Compound 11-3 as m& o&1.

This v as used in the next step without h&rther purilication.
'H NhIR (400 MHz, CDCI,) 6 9.69 (d, J=l 0 Hz, IH). 4.20
(d, .I 0 9 I lz. 211), 0 r)1 (s. r)I I), 0 09 (s, GI I)

tr 3

0
(c&~OTBS

0
0— rt 3

TBS

[0383] Compound 11-0 was prepared in rhe foliov.ing
'&vayu

&IO

&r-4

r& 3

[0384] To a solution of methyl piperidine-4-carboxylate
(10.0 g, 69.84 nuuo&l) &n D('M (200 mL), (Boc)&O (24.07

[0386] To a solution of Compound 11-1 (6.3 v. 25.89
nunol) u& anhydrous THF (70 mL), 1.0 M L&HMDS (31.07
mL. 31.07 nunol) was added dropwise at -78" C, and the
m&xture was stirred at O'. for I hour. The resulting orange
solution was rc-cooled to —78'. and a solut&on of Com-
pound 11-3 (7.49 g, 42.98 nunol) u& anhydrous THF (30 mL)
was added. Thc nuxturc was st&rrcxl at thc same tcmpcrature
for I hour 1'he reaction mixture was quenched with sat
NI Ic(.'I solution and extracted &vith lit&O (3x100 mi.). 1'he
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combined organic layers were washed with H,O (50 mL)
and brine (50 ml.), dried over Na&SOG and concentrated in
vacuo to afi'ord 6.3 g of Compound 11-4 as a colourless
liquid. 'H NMR (400 MHz, DBISO-dr) 6 5.11-4.99 (m. IH),
3.90-3.78 (m, 2H). 3.G2 (s. 3H), 3.56-339 (m. 3H), 1.90-1.
75 (m. 2H), 1.68-1.42 (m, 2H). 1.38 (6, 9H). 0.85 (s, 9H),
001 (s, 611) I C-MS 318 2 [M+II-i3ocJ, retention tin&e 1.

539 &all&utes.

Bcc
ts)

IBS

I TO

I! 4

OH

Boch OTBS

HO

11

[0387] To a solution of Compound 11-4 (21.5 g. 51.48
nunol) u& anhydrous THF (150 mL). L&BHc (4.49 g, 205.93
nm&ol) was added port&onwise at room temperanire and the
reaci&on mixture stirrixl for 16 hours. The reaction mixture
was cooled to 0" (', sat. aqueous NaI )CO,:1lzO (I 2, 50
mL) was added and the resuhing mixture was surrccl unt&l

bubblin subsided I'he mixture was diluted with IitOAc
(200 mL) and the m&xture was filtered. The organic layer
was separated, and the aqueous layer was extracted v ith
EtOAc (3x75 mL). The combined organic layers v.ere
washed with bnnc (50 mL), dncd over Na&SOG m&d con-
centrated in vacuo to afFord 20.0 g of ('ompound 11-5 as a
solid 'I I NMR (400 Ml lz, DMSO-dc) &5 4 63-4 51 (n&. 111),
4.48-43(i (m, 2H). 4.15-3.93 (m. IH), 3.82-3.36 (m. 6H),
1.54-130 (m. 12H), 0 86 (s, 9H). 0.05 —0.00 (m. 6H).
LC-MS=290.2 [M+H-Boc] . rctenuon nmc=1.412 numitcs.

OH OH

B,cv B,cV OH

HO HO

11 6

OH
I IO

Bccx OH !0

ITO 0

11 6

[0389] To a suspension of 60%& NaH (4.88, 122.03
mmoi) m m&hydious TIII& (IN) n&I.). a solution of ('om-
pound 11-6 (9.G g, 34.87 num&l) in anhydrous THF (GO mL)
was added dropw &sc at O'., follow&xi by a solution of TsCI
(6.65 g, 34.87 mmol) u& m&hydrous THF (40 mL). Thc
reaction mixture &Gas stirred at 0" C. for 2 hours. The
reaction mixture &vas quenched v ith sat NI Ic(1 solution at
—20' and st&rrcd until bubblu&g ccascd. Then thc aqueous
layer was extracted vnth E&OAc (3x150 mL). The co&ub&ncxI

organic layers were washed with brine (50 mL). dried over
NazSOG and concentrated in vacuo to afford 5 0 o, of
('ompound 11-7 as a solid 'I I NMR (400 Ml lz, DMSO-dr)
6 4.93 (d, J=4.8 Hz, IH), 4.67 (t, J=5.3 Hz, IH), 3.51-3.41

(m, 4H), 3.39-3.34 (m, 2H)„2.90-2.63 (m, 3H). 1.54-1.20
(m, 1311) I,('-MS 158 2 [M+II-I3ocJ, retention time I 11

nunutes.
HO 0

BccN (vl
BccN

0 0

11 8

[l)390J To a solution of ('ompound 11-7 (50 g. 19.43
mmol) in DCM (100 mL), DMP (12.36 g. 29.15 mmol) was
added at 0" C. The reaction mixture was stirred at 0" C. for
2 hours. The rcacuon mn«ure was qucnchcd w&th sat.
Na&S&O& (100 mL) at O'.. then thc organic layer was
separated The aqueous layer was extracted with DCM
(3x100 ml,) I he con&bined organic layer was washed &vith

sat. Nal I(.'Os solution (50 ml,), I lzO (50 nil.) and brine (50
mL). dried over Na&SOG and concentrated &n vacuo and
punfied by normal phase chromatography with a runnin
gradient of 10% E&OAc/hcxanc to allbrd 3 8 g ol'Compound
11-8 as a solul. LC-MS=156.15 [M+H-Boc], rctcntion
time 1.20 ininutes (Method 0).

0

[0388J 'Io a solution of ('ompound 11-5 (200 g. 51 33
nm&ol) in anhydmus THF (200 ml ). 1.0 M TBAF in THF
(77 mL. 77 0 mmol) was added dropwise at room tempem-
turc and the react&on m&xturc stirred I'or I hour. 11&c reaction
m&xture was treated w&th sau aqueous NaHCOHH-0 (1.2,
60 mL) m&d thc layers were scparatixb Thc aqueous layer
was extracted with I:tOAc (3x150 inl,) 'I he comb&ned
organic layers were washed w&th brine (50 mi ), dried over
Na&SOG and concentmted in vacua to afl'ord 9.(i g of Com-
pound 11-6 as a solid. 'H NMR (400 MHz, DMSO-d,) 8
4.56 (t, J=5.1, 5.1 Hz, IH), 4.46 (t, J=4.8, 4.8 Hz. 2H),
4.12-4.03 (m. IH), 3.59-3.45 (m. 2H). 3.42 (d, J=5.2 Hz,
2H). 3.40-3.32 (m. 2H), 3.17 (d, 1=5.3 Hz, 2H). 1.52-1.25
(m, 1311). I.(HMS 176.2 [M+II-I3ocJ, retention time I 04
n&im&tes

BcN 8cN

11 8 11 CJ

[t)391J Io a solution of ('ompound 11-8 (3 8 o. 14.88
mmol) in THF (80 mL). Ti(OEt)c (12.57 mL, 59.53 mmol)
and 2-methylpropane-2-sulfinamide (2 71, 22 33 mmol)
werc added at room tempcraturc. Thc reaction nuxturc was
hcatcd at 90'. for I hour. Thc rcacuon m&xturc was cooicxI
to O' and L&BHc (0.402 g. 1846 nm&ol) was add&Nb The
reaction mixture &vas stirred at 0''or 30 minutes The
reaction mixture was quenched with MeOI I and then was
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concentrated in vacuo The resulting residue was dduted
svith brine and extracted with EtOAc (4x100 mL). The
combined organic layers were dried over NazSOs and con-
centrated in vacuo and punfied by normal phase chroma-
tography with a ruiu»ng gmdicnt ol'% McOH/DCM to
aflbrd 1.5 g ol'ompound 11-9 as a solioL 'H NMR (400
MHz. DMSO-d,) 6 5.32-5.27 (m. IH), 3.99-3.91 (m, IH),
3.88-3.69 (m. 3H), 3.60 (d, J=8.8 Hz. IH). 3.50-3.42 (m,
2i I). 2.91-2.64 (m, 211), I 71-1 51 (in, 211), I 40 (d, .I 3 2
Iiz. 1111), I 14-1 08 (m, 911) IX'-MS 26il 2 [M+II-I3ocJ,
retcnuon time=i.175 minutes.

-colttlltllixl
1

0
HO OH
F

(k)

uocg

11 1U

H 8

uocu

1

m

1

I Hzu

[t)393] 1o a solution of ('ompound 11-10 (1.0 g, 436
nunol) in MeCN (10 mL). Compound I (1.44 8,, 436i mmol)
and DIPEA (6.08 mL, 34.91 mmol) were added at room
tempemsture The reaction mixture was heated at 100'. for
6 hollrs. Tlu: rcacuon mixture was conccnlmtcol ui vacuo,
punlicxl by nounal phase cluomaiography with a ruiuung

radient of 1-2% MeOI I/DCM to afford 0 80 g of Con)-
pound 11-11 as a solid I C-MS 405 '1 [M+I IJ . retention
time=i.039 minutes.

[t)392] 1o a solution of('ompound 11-9 (I 5 g, 4 16 mmol)
in MeOI I (10 ml ). 4 M I ICI in dioxane (10 4 nunc)) was
added at room temperature. The reaction mixnire was surred
at room temperature for 2 hours. The reaction mixture was
concentrated in vacuo The crude material was tritumted
with EtzO (2x20 mL), Iiltcrcd ofl'nd drwd to allbrd 1.0 g
ol'ompound 11-10 as a so)xi. LC-MS=157.2 [M+H]',
reteiition time 0 2')5 niinutes.

[0394] To a suspension of KsPOz (0.628 g, 2.96 nunol) in
dioxane: HzO (I.l) (10 mL. Compound ll-ll (0.8 g, 0.98
nunol). (4-fluoro-2-methoxyphenyl)boronic acid (0.251 8„
I 48 mmol) and PdC)z(dppf)-l)('M complex (0 080 g, 0.098
mmol) were added at room tenipemture. The reaction mix-
ture was heated at 80', fi&r I hour. The reaction mixture
was dilutixl with EIOAc (100 mL) washed with HzO (10
mL). The ao)accus layer was extracted with EtOAc (2x20
mL). Thc combuied organic layers werc washed wuh bone
(10 nil,) 'I'he orgmiic layer was dried over NazSOs and
concentrated in vacuo. purihed by nornial phase chmina-
to raphy v,ith a runnin gradient of 1-2% MeOH/DCM to
afliird 0.24 g of ('ompound 11 as a solid 'H NMR (400
MHz, DMSO-d,) 6 8.19 (dd, J=8.7, 6 8 Hz, IH), 748 (s,
IH), 7.05 (dd, )=II.4, 2.6 Hz. IH), 6.91 (td, J=8.4, 2.5 Hz,
I H), 3.98 (dd, J=g. 9, 6.5 Hz, I H), 3.90 (s, 2H), 3.78-3.60 (m,
411), 3.39-3.33 (m, 3i I). 3 20-3 11 (m, 111). I 88-1 612 (m,
211), 1.58-1.43 (m, 211). I IVI 4 '6 50%o. retention time 5

249 minutes (Method W). LC-MS=404 0 [M+H]'. retention
time=1.06 minutes.

Compound 12-0 3-smino-I-(9-(5-(4-tluoro-2-
methoxyphenyl)iniidazo[2,1-bJ[)S.4Jthiadiazo)-2-
yl)-I eh 9-triazaspiro[5. 5]undecan-4-yl)-3-methylbu-

tan-I -one

[l)395J

11-11
HV
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[0396] The Compound 12-0 was prepared in the foliov.ing
w av.

I

I
0

I

0
12-1

v ith N, and PdCla(PhsP), (5.87 mg. 8.37 pmol) was added.
'I'he reaction v,as heated to 100'. for I hour The mixture
was quenched with HsO then EtOAc was added. The
product was prix:iptlatcd ut Ihc organic layer. therefore 11

v as filtrated and v;ashed with H,O. The resulting solid was
dncd. then tnluratcd ut Mi&N. Iiltratcd ofl'o aflbrd 39 mg
of Compound 12-2 as a solid. I.( -MS 417 4 [M+I I]+.

[l)397] A mixture of ('ompound I (194 mg, 0.588 mmol)
and 1.4.9-tnazaspiro[5.5]tutdecan-3-one (150 m . 0.619
nunol) in EtOH (3 mL) was stirred at 100" C. for 18 hours.
Thc reaction was concentrated in vacuo anti was punfied by
ttottttal plttlsc 1:ltrotttalogtaplt)'4 g coluttltt) willi a rutttllttg

radient of 0-2(7% MeOI I/I)('M to give the expected pmd-
uct which was precipitated by adding, Me('N, the solid was
washed with Me('N to afford 242 mg of ('ompound 12-1 as
a solid. LC-MS=419.2 [M+H]'.

12-2

I

0
12 I

F

B
I IO OI I

F

12-1

[0399] To suspension of Compound 12-2 (39 mg, 0.094
mmoi) in anhydrous I'I lit (46Y ul,), Ixirane tetmhydmfuran
complex (281 gi „0 281 ntmol) v as added dmpwise at O'
The reaction was v:armed up to room tempemsture to fiirm a
clear solution. Aber 2 hours, more bomsne tetrahydrofuran
complex (281 PL, 0.281 nunol) was added at O'. The
reaction was wamtcd up to room tcmperaturc mtd was
stirred fiir 18 hours. Tltc resulting solution was quenchcxf
with I M HCI at 0' 'I'hen a sat solution of Nell('Os was
added to adjust the pl I to neutral 1ben I:tOAc was added
Then organic layer was separated„was washed with brine,
dried over MgSOo filtere and evaporated. The resulting
crude matcnal was punlimf by prep-HPLC to afhird 8.4 mg
of Compound 12-3. LC-MS=403 4 [M+H]'.

0

[0398] A nuxturc of'ompound 12-1 (70 m, 0.167
mmol). (4-tluoro-2-mcthoxyphcnyl)borotur. acid (37.0 mg,
0 218 ntmol) and Nas('Os (2 M, 58(i uf „].172 mmol) was
suspended in dioxane (837 PI.). I'he mixture was tlushed

12 'I
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-continued
f

12

HIN

methylbutanoic acid (5.44 mg. 0.025 nmlol). HA)TH (11.90
mg, 0 031 nunol) unil Et,N (8.68 PL, 0.063 mmol) were
added Thc reaction mixture was stirred R)r 3 hours. The
nuxture was quenched yvith a sat solution of Nl IAC[, dried
over MgSOn. filtered mid concentrated in vacuo to give a
sohd. Then the resulting product was dissolved in MeOH (I
ml.) and followed by the addition of 4 M I ICI (300 pi., 1.2(10
nunol). 'I'he reaction yves stirred fiyr 2 days I'he resulting
solution was concenlralml in vacuo and was purilied by
prep-HPLC to all'ord 3.7 mg of Compound 12. 'H NMR
(500 MHz. MeOD-d4) [) 8.23 (dd. J=S 8, 6.5 Hz, IH). 7.81
(s, [H). 6.98 (dd. J=[1.0, 2.5 Hz. IH), 6.83 (td. J=8.4, 2.5
I lz IH) 4.03 (s 2H) 3.95 (s. 511) 3 89-3 84 (m, 211),
3 62-3.53 (m, 21 I), 3 40 (t..l 5.5 I[z, 2H), 2 90 (s, 21[), 2.16
(d, J=[3.8 Hz. 2H), 2.07-1.9S (mr 2H). 143 (d, J=S.[ Hz,
6H). LC-MS=502.2 [M+H] .

[0400[ 'lo a solution of ('ompound 12-3 (8 4 mg, 0021
nano[) ul DMF (I mL), 3-((tert-buloxycdrbonyl)anuno)-3-

[04011 The following compounds v ere prepared by the
same mute used to prepare Compound 12-0, usulg appro-
plldli: Sldl nag ulilu:linis.

fxnmple

Cotttponltd

St I ~ I O VLS

12-4 'H RMR I 00 MHz, Meon-dn) 6 8 61 MS nttz
id 3=, 8 Hz IH), 84 is, IH). 696 ed 3 for
id. J =, tl Hz. IH), 4 i)8 (s, 'IH). 3 86 C nH,vV OS
(I, I = I .9 Hz. 21)), 6y I lltl. I = 4 7 il od
I 9,77, 9 u,zul, 44(m. 20). 4 8
'At I I, I = 741(, 0), 3 0). J = [M+ Hi'9nr.zu),liuip, I=69)I,IH!,

1201(rn 4Hi,l l(d,J=69
Hz. 6H)

i6 soptopyl 2 methoxypyt dn I
vl! 2 (1.4.91m mpr [ yl nd vn 9

'Ihm dnzo[ZI 61[1.3.4ltlnsd nzole

12 3 I '0 Xhlx I t)i MH, DMSO de) h

8 I li idtl, I = 8 7. 6 9 lit. I I I), 7

IH), 7 08 idd. I = 11 4. 6 Hz IH!,
6 90 (td, J = 8 S. Hz, I Hl. 'I 91 (s.
JH I. I 44 (m I Hl, I 9 (d. J = 7 4

Hz, H)

Mn
I dar

C, Hz 3fV E OS

402
fotntd 40'I 4
[M+Hl'o

A &-QQ
)4a r 2

methomphenhl) 2 (IA.9

I) nndnzo[2.1 61[1.3AI
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Example 13-0: I-(5-(4-fluoro-2-methoxyphenyl)
unidazo[2,1-b] [1,3,4]thiadiazo1-2-yl)-4-(morphoh-

nomcthyl)pipeudut-4-amutc

[0402]

-coulhtlltxl
F

13 2

h i

[0403] The Compound 13-0 was prepared in the follov.ing
w av.

1

1

I

(/j
13-1

[0405] Compound 13-1 (400 mg. 0.834 nunol), (4-fluoro-
2-methoxyphenyl)boronic acid (184 m „1.085 mmol) and
NasCO, (2 111, 2921 uL, 5.84 nmtol) werc susPcndcd in
dioxane (4172 pl,). 'I'hen the mixture was flushed with N,
and PdCls(PhsP)2 (29.3 mg, 0.042 nunol) was added. Thc
reaction was heated to 100''or 2 hours. I'he mixture was
diluted v, ith EtO,tic and H,O. The organic layer was sepa-
mated, washed v,ith II 0, was dried over MgSOw filtered and
concentrated in vacuo. The resulting solid was tritumted in
McCN, liltercd elfund washed with McCN to afliird 310 mg
of Compound 13-2 as a solid. 'Iq NMR (500 MHz, DMSO-
d&) 8 8.22 (dd. 1=8.7. 6.8 Hz. IH), 7 48 (s. IH), 7.0G (dd.
.I 11 4, 2.6 I lz. III), ii.92 (td. 1 8 5. 2 6 I lz, 111), Fi 55 (d,
J=25.3 Hz, IH), 4.78 (t, J=5.7 Hz, IH), 3.91 ( ~ . 3H). 3.64 (d,
.I 13 0 Ilz, 2H), 3 44 (d..i 5 7 Iiz, 211), 3 31-3 25 (m, 211),

2.14 (d. J=14.0 Hz, IH), 2.08 (s, 10H), 1.63 (td, J=I 3.0, 4.6
Hz, 2H), 1.39 (s, 8H). LC-MS=478.1 [M+H] .

[0404] 6 mixture of Compound I (480 mg. 1455 nunol),
tert-butyl (4-(hydroxymethyl)piperidin-4-yl)carbamate
acetate salt (507 mg. 1.746 mmol) Compound 2b, Et.,N (0 Gi

mL. 4.3 mmol) in dtoxauc (10 mL) was heated to 80'. for
8 hours. Thc mixture was concentrated ut vacuo, then
redissolved in 12CM, washed with 0.1 M I I(:1. 'I'he aqueous
layer was extracted twice with I 3('M 'I'he combined organic
layers were washed tvith sat aqueous Nai ICOi. dried over
Na,SOo and concentmted in vacuo to afford 511 m of
F 'otnpotmd 13-1 as a solid. LC-MS&80.1 [M+H] .

132
F

I

(/j v

13 1

B
110 011

is)

[0406] To a mixture of F'ompound 13-2 (150 mg, 0314
mmol) in DCM (498G PL). DMP (26(i mg. 0 628 mmol) was
added, thc resulting mo lure was stirred at room tcmpcra lure
fiir 2 hours. The rcucuon mixture was pourtxl onto H20, and
extracted twice with EIOAc. Thc combined orgatuc layers
were dned over MgSOs mtd concentrated in vacuo to afford
123 mg of ('ompotutd 13-3 I ('-MS 476 3 [M+I I]'
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1') ')

I

(4)

[0408] Compound 13-4 (30 n&g. 0055 mmol) was dis-
solved in MeOI I (274 01.) and then 4 M I I('I (233 pl „0933
mmol) was added. The reaction was stirred at mom tem-
pcra1urc for 2 hours. Thc resulting soluuon was conccntratcxt
in vacuo. and puritied by prep-HPLC to afli&rd 5.1 mg of
Compound 13 as a solitL "H NMR (400 MHz, Dl&ISO-ds) b

8 18 (dd,.I 8 7. 6 8 I lz. 111). 7.88 (a 311), 7 52 (s, 111), 7.08
(dd. 1=11.4. 2.S Hz, IH), 6.90 (td, 1=8.S. 2 5 Hz, IH), 3.91
(s, 41 I), 3 69 (dd, .I 14 I . 5 3 I is, 31 I), 3 62 (t..t 4 4 I is, 411),
3.S9-3.4S (m, 3H), 2.65 (s, 2H). 2 59-2 54 (m. 3H), 1.97-1.
77 (m, 41 I). I,('-MS 447.4 [M+I IJ

I)xampie 14-0 7-(5-(4-fluoro-2-methoxyphenyl)
untdazo[2,1-b 1[1,3.4]thiadiazoI-2-yl)-5,6.7.8-tetm-

hydroimidan&[1,5-aJpyrazin-3-an&ine

[04091
F

13-4

[0407] To a solutton ol'ompound 13-3 (70 mg. 0.074
n&mol). n&orpholine (I'3 2 mg, 0.221 nunol), sodium acetate
(36 2 mg, 0.442 n&mol) and AcOI I (25.3 pl .. 0 442 nunol) in
DCM, NaBIJ(OAc)4 (94 mg, 0.442 mmol) was added. The
resulting cloudy mixture was stirred at room temperature for
2 lu&urs. Asst. solut)on ofNaHCO& was added to the reaction
m)xture at O'. and stirred for S nunutcs. Thc mixture was
cxtractcd tw)ce w)th DCM. The combined organic layers
were washed once w)th brine, dried over MgSO4. tiltered
and concentrated in vacuo. 1 he cn)de material &vas puritied
by normal phase chmmatogmphy (4 g colunu&) with a
t&anting grachent of 0-100% EtOAc/Cyclohexane. followed
by 0-10% MeOH/DCM to aflord Compound 13-4. LC-
MS=S47.4 [M+H] .

F

[0410J 11&e ('ompound 14-0 &vas prepared in the ti&llosving
v ay.

13-4

0 3-'4

1

[04H] 1'o a solution of 7-benzy1-5.6,7,8-tetrahydrointi-
dazo[1,5-a]pyrazine in THF at —78" C.. n-BuLi (2.5 M. 0.7
mL) &&as added. After 0.5 hour. a solut)on ol'-mcthylben-
zenesulfonyl azide (30 w/w PhMe) in THF (0.5 mL) was
added The reaction mtxture was sttrrcd at —78'. for 10
nunutes, then v,as allowed to room ten&perature for 20
nunutcs. Thc reaction was gum&chad w)th sat. aqueous
NaHCO& I'he mixture &vas extracted with I itOAc and the
organic layer v:as washed with brine. dned over Na&SO&,
filtered, and concentrated in vacuo. 'I he residue was purified
by normal phase chron&atography with a running gradient of
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0-50'fo Et0.3)c/cyclohexane To aflord 289 mg of ('ompound
14-1. LC-MS=2554 [M+H] .

Example 15-0: (I-(5-(4-fluom-2-methoxyphenyl)
imidazo[2,1-8 1 [1,3.4Jthiadiazol-2-yl)-4-((oxetan-3-

ylmethyl)amino)piperidln-4-yl)methanol

[0414J

14 I

NIT

14-2

[0415J the Conlpound 15-0 ives prepared from ('om-
pound 4-98. followed by 0 reductive amination.

[0412] sr mixture of ComPound 14-1 and Pd(OH)z on
carbon in IltOII was stirred at nlom temperature under I lz
for 13 hours. Then 3 M HCI (0.1 mL) v,as atltlctL The
reaction mixture was stirred at room temperature under H,
for 2 hours. The mixture v as filtered tluough HPLC filter,
washed with MeOI I 1'he filtrate was concentrated in vacuo
to nflord 57.8 mg of Compound 14-2. 'H NMR (500 MHz,
McOD-ti ) b 6.63 (d, J=l 7 Hz. IH), 3.94 (dr J=1.6 Hz, 2H),
3.76 (t, 1=3.8 idz. 2H)„3.33 (m, J=1.6 Hz. 2H). 3.26 (t. J=5 8

I lz. 211), I 20 (I, .I 7.1 I lz,. 111). I,('-MS 131)4 [M+HJ .

[0413] The follow rng compound 14-0 was pray@red by the
same route used to prepare ('ompound 4-0.

F.am)pic
'on)pound

14 0

6 6 !

.i,&-G xi,

V'n(

'H VMR (st)fr 'VIHz, DMSO dr) b MS nr'z 11 d
1203 (s. )H). 3 16 ldd, J = for
tl7. 69 Hz IH). 77 (6, (1 Hrd'X OS

2HI, 750 (s, IH). 70t! (dd, J =:tla I fnnnd
114, " 6 Hz IH),694-6.t)3 3663 IM+H]'rn.

H) 470(t )= I Hz,
2kl). 3 9S (S. I = 3 1 Hr. 40),

vt 1 (s. 30'I

7 !5 td fl » 2

methoalvhenyll rn dazol2,1 hill.3.41
tlnadraz 1-2-9th

6.7,3 tetrah, dro rrndszoil.. 11

plrrlznl-1-xn nc
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Example 16-0; (4-((3-antinopropyl)amino)-l-(5-(4-
fluoro-2-m cthe xyphenyl)im id a so [2. I -b J [1,3,4 Jthia-

diazol-2-yi)piperidin-4-yl)methanol

Nnz

[0416] To a solution ol'ompound 4-98 (50 mg. 0.121
nmtol) in anhydrous DCM (604 pl ), sodimn acetate (59 5

m, 0.723 mmo))„srcOH (41.5 HL. 0.725 nmtol). oxetane-
3-carbaldehyde (24 76 pl, 0 36)2 mmol) and Nal311(O.src)3

(154 mg, 0 725 mmol) werc added. The react(on v,as stirred
at room temperuturc for 1 hour. 4 sat. soluuon ol'NaHCOs
tvas added to the reaction mixture at 0" C. and stirred for 5

minutes 1 he aqueous layer was extracted uvice v ith D(:M.
Thc comblncd orgunic layers werc washc(1 with brine, dried
over MgSO4, fillcrcd and conccntm(ed ut vacuo. 11(c crude
material was puritied by normal phase chromatography (4 g)
with a running gradient of 0-10% MeOI I/I)('M to aAizrd 29

mg ol'Compound 15-0 as a white fotun. ' NMR (500 MHz,
DMSO-d,) 6 8 20 (dd. J=8.7, 6.8 Hz, IH)r 7.47 (s, 1H)r 7.06
(dd, J=ll.4. 2.5 Hz. IH). 6 91 (td. J=8.5, 2.6 Hz. IH). 4.64
(dd..l 7 7. 5 8 I Iz. 311), 4 28 (t, .I 5 9 I lz, 21 I ), 3 9i (8, 311),

3.59-3.42 (m. 4H), 3.30 (s, 2H), 3.02-2.88 (m. 1H)r 2.74 (m,
2H), 1.59 (dd, J=35.0, 13.1 Hz, 4H). LC-MS=448 3

[M+H] .

[0417J 'the following compound was prepared by the
same route used to prepare Compound 15-0. using appro-
priate startin materials.

[l)419J Ihe Contpound 16-0 rvas prepared from ('om-
pound 4-98. follotved by reductive amination and Boc
dcprotection.

Emsrnple
'ompound

Number Srnr zrue HMR LC MS

16 2 'll NMR (4url Mur. )&V)SO 61S m) *, I 6
606817(ld, (=87.68 fln ('7 Hnl,lob
llr. )Il), 7 4 (s. (u). 7 r)S, 4W) 1 md
m t. ) = u 4. " 6 l)r. 1 u), 491 2 (M + Hi'96(rd.

1 = 84, Hz, )H).
391(s. 3H). 3 82 (d. 1= ll 1

Hz SH). 3 41 (r. 1 = 1 Hz
2H) 329 (s Hl.'116(s.
6H) 261 mt 1= 13 Hz,
2H). 1 87 (ddd 1= 16 S.

12 6, 4 9 Hz. 2Hl

2

(1-(6-(4-fluor -2-

mn lrbmrl)mud: P,l bll).3,41
rlurdrrzol-2-7))-eu2-

4 , l)nre(b.mol
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3.96 (s. 2H). 3.G1-3.48 (m, 2H), 3.2G-3.19 (m, 2H). 3.11 (t,
J=7.7 Hz, 2H). 2.23 (d. J=13.5 Hz, 3H), 2.20-2.09 (m, 3H).
LC-MS=435.4 [M+H] .

Compound 17-0; 6-(aminomethyl)-2-(5-(4-fiuoro-2-
methoxyphenyl) imidazo[2,1-b] [13.4]thiadiazol-2-

yl)-2-azaspiro[3.3]heptan-6-ol

[0422] Thc Compounii 17-0 was prcparcd ui lhe Ibllowuig
v 'IV'6-1

[0420] To a solution of ('ompound 4-98 (50 mg. 0.121
nuuol) ul mdtydrous DCM (1.5 mL), sodium acetate (S9 5

mg, 0.725 nunol). AcOH (0.041 ml . 0.725 mmol), tert-butyl
(3-oxopropyl)carbamate (0.062 mL, 0.362 mmol) mt&1 NaB-
H(OAc)s (154 m „0.725 mmol) were added. The reaction
Inixlulc wile stlrrixl al roolll lclllpi:tali&I&: fiir I lloiir. A sal.
solution of Nal I('Os ives added to the reaction mixture at 0"

C.;md stirrixl I'or 5 muiules. Thc aqueous layer was
cxtractcd twwe with DCM. Thc combined orgmlic layers
acre washed with bnue, dried over MgSOw Iiltered and
concentrated in vacuo 'I'he crude material was puritied by
normal phase chroniatography (4 8) using a nuining gradient
of DCM/MeOH 0-10% to alford 28 mg of Compound 16-1

as wlute foam. LC-MS=535.4 [M+H] .

ei,&-.XYH
HH

isl OH
0 Bccx

0
17-1

16-1

F

[0423] To a stirred solution of tert-butyl 6-oxo-2-azaspiro
[33]heptane-2-carboxylate (3 g. 14.198 nunol) m THF (30
mL) at —78'., vinyl magnesium bromide (1.0 M ul THF,
17 mL, 17.037 nuuol) was added dropwtse and stirred Iiir 30
nunulcs at —78'. Thc reaction nuxture was qucnchcd by
sat Nits(.'I lhe layers &vere separated and aqueous layer
was extnscted v,ith D(:M and the conibined organic layers
were dried over NasSOc and concentrated in vacuo. The
cnide material was purified by normal phase chromatogra-
phy with a nuuling gradient of SO-60%c EIOAc/hexane to
aifiird 1.15 g ol'ompound 17-1 as a solul. ' NMR (600
MHz. CDCls) b 5.99 (dd. J=17.3, 10.6 Hz, IH), S.24 (d.
.I 17.2 I tz, I I I), 5.10 (d. J 10.(7 I is, 111). 3 &)4 (s. 211). 3/87
(s, 211), 2 51-2 40 (m, 21 I), 2 37-2 27 (m, 211), I 80 (s, 111),

1.42 (s, 9H). LC-MS=240.25 [M+H]', retention time=i.4G
nunntes.

Ot 1 OH
(61 Bccx

16 17-1 17 2

[0421] To a solution ol'ompound 16-1 (27 mg. 0.051
mmol) in anhydrous dioxane (3(FO HI.) was added 4 M I I('I
in dioxane (101 pl . 0404 nunol) 'lhe resulting wlute
suspension was stirred at room temperature for 40 minutes.
The resulting v,hite suspension was concentrated in vacuo
and then tnluratcd in Mi/CN. The while suspension was
Iillcrcd oif and dried to alford a wlulc powder Compound 16.
'H NMR (SOO MHz. McOD-ds) 6 8.28 (dd, J=8.7. 6.5 Hz,
I i I). 7.89 (s, 111), 7 05 (dd, .I 11 0, 2 5 Iir., ] I I). 6.89 (td,

R4 2.5 Ilz 111) 404 (d .I 13 8 llz 111) 3 &)9 (s, 3H),

[0424] To a stirred solution of Compound 17-1 (700 mg.
2 924 nlmol) in 10% MeOII in I)('M (20 nil.) at —78" (
ozone was purged for 40 niinutes. then excess mone was
removed by purging N,. Afier 10 minutes of N, purging,
dimethyl sulfide (1.81 g. 29.249 tmnol) was added at -78"
C. dropwisc, allowed lo warm up to room lcmpcra lure for 30
nunulcs. Thc reacuon nnxlurc was quenched by sal. NHcCI.
The layers werc scparatcd and the aqueous layer was
extracted with I)('M lite conibined organic layers were
dried over NasSOc and concentrated in vacuo at 30" ('o
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afi'ord 700 mg of Compound 17-2 as a colourless liquid 'H
NMR (300 MHz, CDCI,) o 4.05-3.83 (m, 4H), 2.78-2.65 (m,
IH). 2.60-2.44 (m. 2H), 2.31-2.12 (m, IH). 1.43 (s. 9H).

OH rnt
Bocx (c) 13o 'V

17 3

N) IF»» o

17 2

0
17-3

NHBc

[04Z5J 'Io a solution of ('ompound 17-2 (300 mg, I 243
nmtol) in dichloroethane (4 ml ). benzyl amine (133 mg,
1.243 mmol) was added at 0" C. Then NaBH(OAc)» (395
mg, 1.865 nunol) was added portionwisc at O'. Thc
reaction was stirred at room tcmpcrature fiir I hour Thc
reaction mixture was qumiclmd by sat. NH4CI. Both layers
were separated and the aqueous layer was extractmi v ith
I)('M 'lite combined organic layers were dried over NazSO4
and concentrated in vacuo at 30" C. The crude material was
purified by normal phase chromatography with a nuuung
gradient of 8-10% McOH/DCM to afibrd 150 m of Cum-
pound 17-3 as u yellow sucky mass. LC-MS=333.20
[M+H] . rctcntion umo=l 32 mimites

OH rnt
Bocx, ta) 13o .V

Nt IFm

176

[0428] To a solunon of Compound 17-5 (280 mg, 0.603
mmni) in D('M (3 ml ). 'I'I'A (I ml,) was added dmpivise at
O'o then reaction mixture was allowed to reach thc room
temperature fnr I hour. The reaction mixture was concen-
trated in vacuo at 30'. The en»de material v as triturated
v ith pentane to affiird 300 mg of ('ompound 17-6 as a
colourless sticky mass. 'Iq NMR (300 MHz, CDCls) o 8.41
(s, IH). 7.77 (d, J=7.5 Hz, 2H). 7.56 (d, J=7.5 Hz, 2H). 741
(t. J=7 4 Hz. 2H). 7.37-7.27 (m. 2H), 4.46 (d, J=rx5 Hz. 2H),
4.19 (6, 5H), 3.18 (s. I H). 2.52-2.21 (m, 4H). LC-MS=365.
20 [M+I IJ+. retention time 1.31 mimites.

NHBa I 'Hz

17 3 17 4

[0426] To a solutiou of Compound 17-3 (150 m, 0.451
mmol) in MeOI I (4 mi,), 10% Pd/(: (100 ing) v as added at
room temperature under I lz. stirred for 5 hours at rooni
tempemture maintaining H, pressure. The reaction mixture
was filtered tluough CELITE pad. the CELITE pnd was
washed with MeOH, thc Iiltmtc was concmitrated ui vacuo
to gct 100 mg ol'ompound 17-4 as a colourless sucky
mass. 'H NMR (600 MHz, CDCI,) 6 3.91 (s, 2H), 3.88 (s,
2il) 26'3 (s. 211). 233-213 (m, 411) 142 (s. 911) I.(N
MS 284 15 [M+42J (Me('N adduct), retention time I 23
lu111iltes,

OH OH
BocV /6) BocN

I

OH

11A / + XPB»
NH)m c

17-6 1

I

17 7

Nt IF

17 4

V11

17

VII F oo

[04Z7J 'Io a solution of('ompound 17-4 (170 mg, 0702
nimol) in D(:M (10 ml ). DI PEA (109 mg, 0.842 mmol) was
added at O'. Afier 15 minutes. Fmoc chloride (199 mg,
0.772 imnol) was added dropwise at 0" C. Then the reaction
w as allow cd to reach 1hc room 1cmpera1urc and surrixl for I

hour. The reaction mixture was quenched wttit sat. NH4CI
and cxtractcd with DCM and thc combuied orgmiic layers
were ivashed with brine and dried over NazSO4. cnncen-
trated in vacuo The crude material ives purified by nornial
phase cluomatography v ith a running gradient of 6-8%
MeOH/D(:M to alford 280 mg ofCompound 17-5 as a solid.
'H NMR (300 MHz. CDCI„) 8 7.77 (d» J=7.5 Hz, 2H). 7.59
(d, J=7.3 Hz. 2H). 7.46-7.37 (m, 2H), 7.35-7.28 (m. 2H),
4.45 (d, J=6.7 Hz. 2H), 4.21 (t, 6.6 Hz. IH). 3.92 (d. J=7 8

I lz,. 41 I), 3 22 (d, .I 6.1 I iz, 21 I), 2 40-2 06 (m, 411). 1. 42 (s,
911) I,('-MS 4/75.25 [M+I IJ retention tiine i.57 minutes.

17 7

NHI mo
B

HO OH

[04Z9] A mixture of Compound 17-6 (300 m, 0.627
mmni), ('.nmpnund I (207 mg, 0 627 mniol), DIPI»A (86 mg,
3.76»2 nunol) in MeCN (4 mL) was heated at 100" C. for 90
nunutcs ui MW. Thc reaction mixture was allowed to roach
the room temperature for I hour until precipitate was
form»uk Thc sohd was liltcred and washcxi with MeCN and
pentane 'Ilia solid was dried to afford ('onipound 17-7,
which was used directly ui next stop LC-MS=614.10
[M+I IJ+, retention time I 55 minutes
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17 S

Xl IF7

material was triturated with EtzO. This resultin mixture
was purified by prop-HPLC (Method M) to ailhrd 23 mg of
Compound 17 as a solid. 'H NMR (400 MHz, McOD-dn) b

8 26 (dd .I 8 8 (7.5 Ilz ll I) 7 90 (d .I 17 3 I lz lli) 7.03
(dd..l 11.0, 2 5 llz, 111), 6 86 (td, J 8 5. 2 5 I lz, lli), 4.33
(s, 4H), 3.97 (s. 3H). 3.00 (s. 2H), 2.64-2 4I (m, 4H).
LC-MS=390.05 [M+H], retention time=1.29 min.

Example 18-0 (single enantiomer) 3-(aminom-
cthyl)-I-(5-(6-isopropyl-2-mcthoxypyndin-3-yl)

imidazo [2.1-b] [1.3,4]thiadiazo1-2-yl)pyrroliihn-3-ol

[0432]

[t)430] A solution of Compound 17-7 (]20 mg.. 01')6
nunol) in 4: I dioxane/HzO (4 mL/I mL) was added KsPOs
(104 mg. 0.489 nuuoil, (4-fluoro-2-methoxyphenyl) boronic
acid (67 mg„03191 mmol) and PdClz(dppf)-DCM coinplex
(16 mg, 0.019 mmol). Thc rcacuon rmxturc was heated at
100'. for 6 hours bclhrc it was dtlutivl with HzO and
extracted with I itOAc (twice) 'I'he combined organic layers
were washed with I IzO. brine. dried over NazSOs. tiltered
and concentrated in vacuo to ive crude material which was
purified by normal phase chromato raphy with a nuuung
gradient of 8-10% MeOH/DCM to afiord Compound 17-8 as
a solid. 'H NMR (600 MHz, CDCI,) 8 8.17 (dd, J=8.6. 6 7

Hz. IH). 7.77 (d, J=7.6 Hz, 2H). 7.59 (d, 1=7.6 Hz, 3H), 7.41
(t. 1 75, 75 I lz, 21 I), 7 32 (t, .I 75. 75 117, 21 I), 6 7')-6 6N

(m, 211), 5 19 (d, .I 6 3 117, 111). 4 48 (d, .I 6 7 liz. 211),
4.27-4.11 (m, 4H), 3 90 (s, 3H). 3.27 (d, J=6.2 Hz. 2H). 2.28
(d. )=12.8 Hz„2H), 2.44 (d. i= 12.8 Hz, 2H). LC-MS=(712.10
[M+H1 . retention time=i 59 minutes.

OH

[l)433[ Coinpound IN-O was prepared in the folloiving,
v ay.

0
0

azl
Bzz — V Bn — V

17 11

r

BH1 moc

[l)434] To a suspension of Nal I (60'%n mineral oil, 1.78
g. 44.51 nunol) in DMSO (40 mL) at 10'.. trimethyl-
sulfoxonium iodide (831 g. 37.(76 nunol) was added in
portion and lhc reaction was stirred at room tcmpemturc lor
I hour. A solution of I-benzylpyrrolidui-3-one (6 g, 34.24
nuuol) in Dh ISO (30 mL) was added and thc rcacuon was
stirred at room tempemture for 2 hours. 'I he reaction mixture
v as quenched with sat. NI Jn( I solution and extracted ivith
EtOAc. The organic layer was ivashed v ith brine. dried over
NazSOn and concentrated in vacuo. The crude compound
was purilicd by normal plrasc cluomatography with a run-
ning gmdicnt ol'0-100%o EIOAc/hcxanc to allhrd 3.0 of
Compound IS-I as a colourlcss liquid. 'H NMR (400 MHz,
('12Cls) 6 7 3N-7 21 (ni. 511). 3 72-3 58 (m, 21 i). 2 85 (d,
.I 0 8 llz, 211). 2.82-2.77 (111. 21 i), 2 69 (ddd,.l 9 I, 7 6, 5 5

Hz. I H). 2.59 (d. 1=10.7 Hz, I id). 2.20 (dt. J=I4 2, 7.2 Hz,
IH). 1.92 (ddd. 1=13.6. 7.6. 5 5 Hz„ IH). LC-MS=190.1
[M+H], rctcntion umc=0.13 mid 0.28 minutes (Method 12).

17

Sit 0 OH

Bn — H B — 8

[0431] To a solution ol'ompound 17-8 (90 mg. 0.147
mmol) ui DCM (2.0 mL), piperiduic (0.1 mL) was adduI at0''I hen reaction stirred fiir 16 hours at room temperature.
'I'he reaction mixture was concentrated in vacuo. I'he cnide

1S 1 la 7
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[0435] To a solution of Compound 18-1 (3.0 . 15.85
nmtol) in MeOH (18 mL) at 0" ('.. 28% aq. NH, (3[i mL)
was added dropwise and stirred at room temperature for 16
hours 'I he reaction mixture was diluted with I )('M, washed
with I NNaOH solution, HzO, brute, dried over Na SO4 and
conccntrdtcd in vamio to allhrd Compound 18-2. H NMR
(600 MHz„CDCii) o 737-7.20 (m. 5H). 3.(i2 (d. J=2.7 Hz,
2H), 2.83 (q, J=7.7 Hz. [H). 2.77 (s, 2H), 2.[ifi (d. 1=9.8 Hz,
HI) 2.47 (q .I 7 911z 111) 2 41 (d .I 9 67 Ilz, 111), I 83 (t,
1 7.3117, 211) I,('-MS 206.9 [M+II]+, retention time 0 27
nnnutcs (Method Q).

[0437] A chiral separation of racemic Compound 18-3
(700 mg) using chiral purification method (Method 14)
afiiirded Compound 1-4 peak I (300 mg) as a solid. I C-
MS=307.5 [M+H], rctenuon tinu:=0.11 nnuutcs. HPLC.
97.55%a. retention time=5.17 minutes (Method 14). Clfiral
HPLC 98.26%, re!canon tune=7 97 muiutcs and Compound
1-4 Peak-2 (240 mg) as a solid IT'-MS 307.5 [M+II],
re!cation time=0.12 minutes. Chiral HPLC 98.23%, reten-
tion tinle 9 47 minutes.

011 (311

Bn — V i Bn — VVII VI IB

OH OH

18 2 18 3 18 dpeat 1

OH

Bn — S
VHBcc

OH

!dl
Bn —V'HB

[0436] To a solution of Compound 18-2 (2.60 g. 12.60
nunol) in DCM (25 mL) at 0" C.. (Boc),O (3.30 g. 15.12
nimol) wac added dropwise and stirred at room temperature
fiir 2 hours. I he reaction mixture was concentrated in vacuo.
'I'he crude material was purified by normal phase chmma-
to raphy ix ith a ninning gradient of 5-10% MeOH/DCM to
afi'ord 1.75 g of Compound 18-3 as a solid. 'H NMR (300
MHz, CDC[3) 8 7.40-7.13 (m, 5H), 3.61 (d. J=l.g Hz. 2H),
3.27 (0, J=5.9 Hz, 2H), 3.03-2.74 (m, IH), 2.62 (d. J=9.7 Hz,
I H). 243 (tds J=9 5, 6.0 Hz, 2H), 2.09-1.71 (mr 2H), 1.43 (s,
9il) I.('-MS 307 I [M+II], retention time 1.29 minutes
(Method 12)

[l)438] To a solution of ('ompound 18-4 Peak I (300 mg„
0 979 mmol) in MeOI I (10 ml,), 10% Pd/C (100 mg) and
HCOONH4 (374 mg. 5.874) were added. The reaction was
heated to 70" C, for 3 hours. The reaction mixture was
cooled to room temperature„ filtered through CELITE pad,
the CELITE pad vvas xvashed iiith MeOH. The resulting
filtrate was concentrated in vacuo to afi'ord 210 m of
compound 18-5 as a colourless sticky mass. 'H NMR (400
MHz. DMSO-d,) 8 6.64 (1. J=6.1 Hz, I H). 4.56 (s, IH), 3.17

(d, J=l.g Hz. 2H). 3.05 (0, J=6.0 Hz, 2H), 2.86 (dt, i=[0.6.
7.7 Hz, IH). 2.69 (ddd, J=[0.3. 8.2, 4.4 Hz. IH)r 2.61 (d.
J=l[.5 Hz, IH), 1.69-1.42 (m, 2H)s 1.38 (6, 9H). LC-
MS=217.0 [M+H], ruxcntron tinu:=0.33 nunutes (Method
12)

01 3 18 4 peart [l)439] '[lie tiilloiving compounds were prepared by the
same route used to prepare Compound 4-0, usin appropri-
ate starting matcnals.

rxamplei

h,iunher Sins iure LC MS

18 il '1( 88111 ( (ill Muz. MM313 td 6 8 66
!I, 1 = 7 8 ii, iiil. 7 6!)is, 11th 6 88 id,
1= 78 0 . HIi,4!)6 is. 307, 8(i i 6

im,2H1,361 4 !m. H).364
29ii tm, 1Hl. 286 ts 2Hl 222 197
(m. Hl. 1 1 ts. 3H!. 1 9 ts 3HI

MS mi
. lut 11

(hauzixj) s
3 8 8 2. foiuid

'189 0

[M+Hf'11

!SI 3 !s mne i«ih117

1-!6-(6-isupiuphl-2-
«ihe pir ihn 3

vl)nnidazu[2.l-hi[1 3.41
il .«I, el 2

, Hp»rut d n i ul
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')( VMR (4(nl MH, M OD lsl 8 R69 518 m
M,.I = 7 7 Hr. 1H), 762 (s, Il(l. 69) (I, md I f
.1=78» )H) 4'ltlf IHI '8'5 ( s»sus08

(m 2HI 'l6 346(nu2H),3))7 388 .found
294 im. IH) 9)) (s, H). 4 ri6 3892
(m. H). I 'I'I (s. 3H!, I 3 ts, 3H) [M +H['R)

3 I'u m m Ihyll
I-(6-16-isoptop) )-2-

llhnudizo[2.1 6[
II.'I 43th Ic I 2

ll)pynnl d n 3 nl

18 7 'H VMR (400 MHz. MeOD d„l 6 8 67

(d. I = 77 Hz. IH),7 61 (s. iH),6 89 id.
I = 7 7 Hz IHL 4 06 (s. 'IHI. 3 81 I 64

Iiil 2H), . 64. 48 (iti, 2H). 2 88 ts
H). 2 47 Is 3H), "-25-2 ti" (m, 2HL

915 itt z

sl d !Li

"6)l 1. fort)id
(10

[M+H['8
) -3 -I un ut on) et)» 0-

I (5 (2 methox 6

inctliylpyudut-I-
yl) nudtzn[RI 6[[)DIM[

tliisdisz I-

')( VMR (4(nl MH, M OD lsl 8 R68 618 m
M, .I = 7 7 Hr. 1H), 762 (s, I I(l, 6 9(t ( l,,d . I f
1 = 7 7 Hz IHL 406 (s. 'IHI. 3 85 I 65 C rH oVsO 8

(m H).'l63 3 44 (m. H), 2 87 (s, 360 1. found
2H). 247 (s (H). 4 ild (m. 2HI 361 rl

[M+

H['RI-3-Isntuiontcthyh-

I 15 !2 Iho, 6
methylpsndui 3

[1.34[tlutul szol 2

ll)pin I dt 3
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Example 19-0:4-anuno-I-(5-(2-methoxy-4-meth-
ylphcnyl)unnlazo[2,1-b] [1.3.4]tluadiazo1-2-yl)-4-

mcthylpipendul-3-ol

[t)440]

Layers were lvashed with H,O. brine then dried over
N1,804, filtered and concentrated in vacuo 'Ihe cmde
compound v:as purified by normal phase chromatogmsphy
(40 0 g neutral alumula column) with u ruiu»ng gradient of
0-20%v EtOAc/hexane to afford 27 g of Compound 19-3 as
an oil 'H NMR (300 MHz. CDCls) 8 7.44-7.17 (m. SH).
5 37 (bs, 111), 3 57 (4, 211). 2.98-2.90 (m, 211), 2.56 (t,.l 5 8

Hz. 2H), 2.14-2.03 (m, 2H), 1.68 (s. 3H). LC-MS=188.2
[M+I IJ+, retention time 0 146 minutes

H OH

[0441] Compound 19-0 was prepared ul the followingVI'IV'9 3

/
/

19-4

191
19 2

[0442] To a solution of 4-methyipyridine (1-1. 20 . 214 7
nmlol) in MeCN (200 mL). BnBr (28 mL. 23(i.2 nunol) was
added at O'. The resulting solution was stirred at 70" C. for
3 hours. Thc reucuon was cooled to room tcmpcralure and
concentrated in vacuo to afford 55 o of Compound 19-2 as
a solid. which was used in next step without further punfi-
cation. 'Iq NMR (300 MHz. DMSO-d,) 8 9.08 (d, 1=6.3 Hz,
2H), 8.03 (d. 1=63 Hz„2H), 7.57-7.42 (m. 5H). 5.81 (s. 2H),
2.63 (s, 3H)

I 9-2

[0444] To a solution of Compound 19-3 (27 g, 72.14
nunol) m IVA I ISO (204.5 ml„ I:2). Il'A (5 5 ml., 72.14
nunol) w as added dropwisc over period ol' nnnutcs at0'',

followed by addition of NBS (16 7 8, 93.8 nunol) in
polllollwlsc in sante n:nlpcldtulc The ri aclloll wds stlrrixl dl

room temperature mid then heated to 50" ('or 1(i hours
The reaction v, as cooled down to rooln temperature and 20%
aq NaOII (120 ml,) ives added I'he resulting mixture was
stirred at room tempemsture for 6 hours and then concen-
trated in vacuo. diluted with HSO und cxtractcd tw icc widl
EtsO (100 mL). The combined organic layers were washed
with HSO, bnnc then dnlxi over NalSO4, filtcrcd off'nd
cmlcentrated in vacuo I'he crude conlpound was purified by
normal phase cluomatography (80 g column) with a runnulg
gradient of 0-50"Ib I itOAcin-hexane to afibrd 18 g of ('om-
pound 19-4 as an oil. 'Iq NMR ((i00 MHz, ('DCIS) 8

7 38-7.14 (m, 511), 3 52-3 34 (m, 211). 3 14-2 97 (m. 211),
2.57 (d. 1=13.3 Hz, IH), 2.43-2.27 (m„ IH). 2.15-2.10 (m,
I H), 1.92-1.86 (m, 2H), 1.34 (s, 3H). LC-MS=204.1
[M+H]'. retention time=0.134 minutes.

19-3

[0443] A solution of Compound 19-2 (55 g. 208.2 mmol)
in McOH (100 mL) was cooled to O'., NaBH (16 g, 416 4
mmol) was addixl portionwisc at O'. Thc reaction was
S(IIICd ilt roi1ln IClllpcl'tlturc lol I hoill; ThC ICaCtlolt WIIS

concentrated in vacuo, ice I ISO was added and then
extracted v ith IitOAc (3x100 ml,) 'Ihe combined organic

C)
19%

Huiceiiu I

I 4j
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())/

19 .

(Raccnnc-trans&

]0445] To a solution of Compound 19-4 (9 g, 44.27 mmol)
in HsO (119 mL). AcOH (58 mL) was added at 0" C,
followed by portionv ise addition of NaN& (14.4 g. 221 4

nunol) at same temperature. The reaction was stirred at room
tcmpcraturc for 24 hours, quenched reaction with sat.
NaHCOl solution and extracted twice with EtOAc (100
mL). 11&a combined orgtuuc layers werc washed with HnO
and bnne, dried over NanSOa. Iiltcrod an&1 concmitratcd in
incuo. R97&cated one morc 9 g batch. fiie resultm crude
matenals werc combined and werc purilied by normal phase
chromatonraphy (80 8 colunin) ivith a running gradient of
20 30/c I itOAc/n hexane to afiiird 11 7 g of('ompound 19-5

as an oil 'I l NMR (300 Ml lz. ('I)( ls) &) 7 41-7 18 (m. 51 I),
3 53 (9, 211), 3.3(i (9, 111), 3 00 (d, .I 9.2 I Jv, 111), 2 73-2 47

(m, 311). 2.30 (td. 1 11 4, 3 2 I iz. 111), I 90-1 78 (m, III),
1.63-1.55 (m. IH). 1.39 (s, 3H). LC-MS=247.1 (M+H],
retention time=0.27 minutes.

ie)

m
&Raccnli -trans)

19-t

]0447] To a solution of (:ompound 19-6 (10.3 c, 46.75
mmoi) in dioxane (60 mL), Na,CO& (19 8 g, 187.2 mmol)
v as added at O'., followed by addition of (Boc)aO (21.5
mL. 93.5 nunol). The reaction niixture was stirred at room
tcmpcrature for 16 hours. conccntrstcd in vacuo, dtlutcxi

with E1OAc (200 mL) and then washed with HsO. The
combined organic layers werc washed with HaO, bnnc then
dned over NanSOa, Ill(areal and conccntratcd in vacuo to gct
crude compound. The crude compound was punlicd by
normal phase chromatogmphy (40 0 8 column) with a nin-
ning gradient of 5-1(P/c EtOAcin-hexane to afford 11 8 8 of
('ompound I&/-7 as a solid 'I l NMR (400 Ml lz, DMSO-de)
8 7 39-7.16 (m, 511), 6 28 (9, 111). 4 76 (s. 111), 3 70 (s, 211),

3 45 (q, 1 13 2 Jlz, 211), 2 10 (t, .I 10 5 I iz, 111) 2 04-1 &/2

(m, 111), I &/2-1 69 (ni. 211), I 37 (9, 911). I 13 (s, 311)

LC-MS=321.2 (M+H], retention time=1.33 minute~.

19-6 19-t

]0446] To a solution of Compound 19-5 (6 g, 24.35 mmol)
in McOH (100 mL), HCOONHa (3.07 g, 48.7 nmiol) was
added. Ibllowed by addiuon of Zn dust (4.77 g, 73.1 mmol)
at room iemperature. Thc reaction was s1irrcd lor 30 numi1cs
at room tmnpcrature. Thc rcacuon liltercd over CELITE pad,
w a shed w ith MdJH (2 x30 mL) and fiie res u lung li it rate was
conccntra (cd in vacuo. A repeated batch w i1h same scale was
done and combined together to atford 10.3 8 of cnide
('ompound 19-6 which was used in next step ivithout further
purification I.('-M) 221 I ]M+I I]+. retention time 0 131

niimites

]0448] 10% Pd/(: (60 g) was added to a Ns degassed
solution of Compound 19-7 (13 g, 40.57 nunol) in MeOH
(200 nil,) and stirred at room temperature for 4 hours under
Hs. The reaction v:as filtered over CELITE pad, v ached with
MeOI I (2x30 ml,) and the resulting filtrate was concentrated
in vacuo to afi'ord 10 g of conipound 19-8 as a solid which
v as used in next step without fiirther purification 'I I NMR
(600 MHz. CDCI&) (1 4.61 (s, I H). 3.75 (dd. J=9 I, 4.4 Hz,
IH), 3 07 (dd, 1=12.5. 4.4 Hz, IH). 2.85 (dts J=12.9, 4.5 Hz,
IH). 2.69 (ddd. 1=13.2. 10.4. 3.1 Hz, IH). 2.59-2.46 (m,
IH), I 70-1.64 (m, IH). 1.56-1.49 (m. IH), 1.44 (6, 9H).
I 36 (s, 311)
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The fi&[lowing Compounds below were prepared by the
same route used to prepare Compound 4-0.

F.am)pic

'ilinici'in)et))le VbIR.

('I u, I

HPLC

Pr«p

LC-MS Method

'H JMR (46(t MHz. MeOD di) 6 Mb m z (lcd I

8 I (d. I = 8 u Hz. IH). 7 84 for
(s. IH) 71)4 6 99 im, (H). C,CHrsN(ozs

6 93 tdd. J = 8 (1, I 6 Hz. I Hl,
" ." 2 f'oiuid

4()i)(dd I= I 8 & Hz. IH). 3741( [3(+ Hf'
9& (s, .'l, 3 93-3 9O (m.

IH) stl6(dd,J=lt16 &Hz
I I I ), 1 . 7 44 ( . I I I ), '8,

2 ( , Iklh 4 ( . (lf).
2(18 I 97 ( . &H), 146 (s, 3»)

H OII

(38.48)-4-an(in -l-(6-
(2 mttm«y 4

nicthylphcnyl)au dizo
H,l bi[1,3,4f(l mli r I 2

yll 4 methylp pei dui 1 ol

19 9

(

HH

Ni

'll vMR (4(lo M)I . Ml«ol) dd n bh( m r .: I.d
8 I I (d. I = 8 9 Hr. H I), 8 ( (s. 6

ln), 797 6 otl (ni. Ik(). (R„nsu( O,b
69'lid. (=79.1,98 tt . 171 f ml
IH) 4119(dd. I = I 4,48 Hz, 741 [ul+ Hf

(HI 'I 9( (s. 3H), 3 9' 91(

(m. I HI. '1 86 (dd. J = 111 6.
Hz. IH). 3 (6 3 44 (m, (H!,
"29-3 23 an, IH), -4- (s.

JH) 211-19 tm. H) 146
(s SH)

(3R,4R1-4-unuio-l-
(6 (2 methox, 4

nicthvphcriyllinud:izo
[2.1 bi[i.inftluad szol 2

yl)-4-nietl» Ipipei tui-3-ol

'k(VMR( Oilulf,M OI& l)b MSm md I

tl 61 ( t. I = 7 8 ) I . I kn. ( Gf) f
(,IH),69(1(t.1=78)t. (Russ'cob
1)().st(6(s, kn,3893 9 492-f u 6
(rn. IH) 3 74 3 39 (rn. IH). 41» ( [bi + Hf'611342

(m, H) I 8121
(m. I H) 3 6 2 9( (rn. I H).

I 87 (ddd I = 13 'I, ( 7, 'I 6 Hz,
I H), I 64 (ddd. J = 13 7, 9"
44 Hz, IH). I 36-1 ". (m.

6H), I 19 Is, 3H)

12

s s

IIR,GR) 4 in)tule I

(& (6 s p pyl 2

merhoxypyud n 't

yllunidizo[2.(-bi[i 34[
rh nd .)zo I 2

) 1).4.11)et(i 'Ipipcl'idiii-
3 ol
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-nullltllnnil

Erntrnple

'ititi(ei'irnctlilu Vb(R.

Clural

HPLC

Prep

LC-MS Method

13 ll 'H (MR (30(l MHz. MeOD di) 6
8 61 (d. I = 7 8 Hz. IHI. 7 6kl

(s. (H) 690 (d, I = 78 Hz.
(Hl. 4 06 (s. 3H), 3 9k i '8

(m IH1,368(dt.1=1St,61
Hz, IHI. 3.3-342 (rn 2H).
3 tl-3"" im IH),306-2 J.
(m IH) 187 Mtdd, I = 13 6,
8, 1 7 kl, IH), I 63 ( t (I. I =

12 7. 9 4. 4 4 Hr. HI), I Oil! I

.I = 6 9 H, 6H). I 19 (a, IH'l.

MS irt z ca(cd I

for
0, H cHaCI 8
4il t'urd

403 [M +

Hl'38.48)-4-ainuw-l-id-i6-

sopiopyl 2 methosyp ndui 3

yl)inudazo[2.(-bf[(,1.4[tlutdiazol-2-
y(14 merh,lp pend n 'I ol

19 12 'H VMR (400:91Hz. MeOD di) 6 Mb m(z tl d 13

8. 6 (dd. J = 87. 6 Hz, (HL tbr
789 (s IH). 7(l'I (dd. I= (In. CuHzofbsO„S

( Hz. (H) 6 87 Mdd. I = 77 I !'nd
8 7 8 0, " o Hz IH), 404- 37tt 3 [91 + H)'

tl (ni, 7HI. 3 37-3 31 (m.
IHI, 2 12-191 fm, H). 146

(s SH)

()RAR) 4:u u I in (4 fl r
methosiphenyt) rn dazo[2.1 b)

[I IH[thiadiaznl-2- lh4-nrcthylpipmidne
3 ol

19 I I 'H (MR (30(l MHz. MeOD di) 6 MS m z sled I

8 6 (dd. J = 8 8. 6 6 Hz, (H). for
79(i (s IHI. 70'I idd. J= (I u, C,rHrJV OrS

4 Hz, IHI. 694-679(rn ", I ('oiutd

IH) 4u4-38 (m 7H1,364- 3783 [M +H['4(i

(m, IHI. 1(bl 94 (rn.
2H), I 46 (s, JHI

()S48)4. u I i.!4
tluoro 2 merhosyphenyl) nudazo

[2,1 b)[1,),4)ttnr Ir. I 2

y(14 merh,lp pend n 'I ol
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-I:onlnlueil

Emtrnple
Compound

Vititti ci'tttrctltlx VMR

Chual
HPLC
Prep

LC-MS Method

Ir 14 '0 RMI( (mitt Mki, Ml«tb; t

jb8 79(I, I= 7 I kir, inl,
7 9(s,ul),689M,(=76H

IH). 4 u4 (s. 3H), t 87 3 79
(rn. IH) 370 363 (rn. IH).
3((344(m, HLI 812
tm. IH). 2 4( (s, )H!, I 90
I tl (nt, IHI. 168-1 58 (m.

IH), I 19 Is, 3H)

(
(',,Hr,'Xso 8

742!'nd
375 I fM +

H]'2

I)R4R) 4: t oo I I

methoxy 2 methylpyr dut 1 ylj
unr daze 1 2,l-b] 11,3,4]tlu t tr tzol-2-

y(14 merh,lp pend n 'I ol

Ipj I '0 RMI( (mitt Mki, Ml«tb; t I MS m md I

jb879(1,1=7 rkir,inl, (
759 (s. Ill),69)(d,1= 78 (3,0„'4 0 8

H, lnj, 4tl4 (a, IH),; 83 (ItL:74 1 u d
I = I'I I 4 Hz. IH). '71dt, 375 I fM + H]'

= 134 52 Hz. IH), 1 5tt (ddt
1= 28 95 49Hz.2H),328

'I 21 (m. IH), '5 (s, )HL
19 -181 un IH), 167-1 7

Im. IH) 118 (s .Hl

12

6 I

(38.48)-4-atnuw-l-(5-(2-
methoxy 6 methylpyr dut 1 ylj

unr daze 1 2,l-b] 11,3,4]tlu t tr tzol-2-

I ixample 20-0 13).451-3-am]no-]-15-[d-fluoro-2-
rnethoxyphenyl)imidazo[2.]-h] [1.3,41thiadiazo]-2-

yl]-7-niethylpiperidin-4-01

[0450] Compound 20-0 was prepared in the follotvinfl
W4)'0449]

194

VII

20 I
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[0451] Compound 19-4 (500 mg, 2.46 mmoi) was dduted
in 30% aqueous amnionia solution (2 ml,) and the reaction

was stirred at 60' for 20 hours. Thc mtenuediate was
formchh Then dioxaue (10 mL) was nddml mid tim mixture
xvas cooled to O', before Na,COs (919 mg, 9.35 mmol)
was added. ti)[lowed by dropwise addition of (l3oc)zO (I 02

g, 4.67 nano[). Thc reacuou was stirred al room temperature

for 16 hours. The reaction mixture was quenched by sat.

NI[4('I and extracted twice with D('M (50 ml,) and the

combuicd organic layers were dried over NazSO mid con-

centrated in vacuo. The cnide compound was puriTied by
normal phase chmmatography (12 g colunul) with a Dinning

gradient of 25-30% EIOAcin-hexane lo allbrd 230 mg of
('ompound 20-1 as a solid. 'H NMR (400 MHz. CDClr) 6

7 37-7 17 (m, 51[). 5 24 (s. I I I), 3 66i-3 55 (m, 11[), 3.55-3.

37 (m. 2H). 2.72 (dd, J=i[.2, 2.9 Hz, IH)r 2.55-2.34 (m,

3H). 1.80 (bs, IH). 1.78-1.69 (m, IH). 1.62-1.48 (m, IH),
I 44 (s, 'JI I). I 20 (s, 31[) I.( -MS 320 9 [M+II[+, retention
ume=[.294 minutes.

Vita

wr(3H

/

NHBoc

-05.
20-2

2f) I

[0452] 10%o Pd'C (50 mg) was added to 0 N, de assed
solution of ('ompound 20-1 (160 ntg, 0 5 mmol) m MeOI I

(6 mL) Thc reaction stirrml al room tempcraturc Ihr 4 hours
under I la 'I'he reaction was filtered otf over ('EI,I I'I I pad,
washed u ith MLOH (2x[5 mL) and thc rcsultuig librate was
cmlcentrated in vacuo to affi)rd 85 mg of crude ('ompound
20-2 as a so[hi. 'H NMR (300 MHz, CDC[,) 8 5.13 (6, IH),
3.50 (d, J=9.4 Hz, IH). 3.22-3.13 (m. 2H). 3.02-2.86 (m,
IH), 2.76-2.64 (m, IH), 2.57 (dd. J=12 I, 6 5 Hz. IH). 1.76
(ddd, i=I 3.6, 8.2, 4.0 Hz, 2H). 1.44 (d„ J=[.8 Hz. 9H). 1.20
(s, 3H). LC-MS=230.95 [M+H] r retenuon IuncW.469 min-
utes.
[0453] '[he followinu ('ompounds were prepared by the
same route used to prepare Compound 4-0

Hxatnplcr

( ompound

Niunt et Stntchtrc VMR

('iurr I

Prep

HPLC

LC-MS Mctlmd

4

i.&-D
6

'H V'NIR (40t) MHz. MS m z .fled t'or 11

MeOD d„) 6 8 9!dd. I = CoH I h, OzS
87,6. Hz. IHI. 791 la. 3771 (nuud

IH) Jf) ldd,i=if)9, 4 378" [M+H[
Hz,IH),689itd J=s).
24 Hz. IH). 41, (ca J =

13 l. 3 8 ilz. 10), ) 99 (a.
)I).. Pf1 . 7 ( t, -I(l,

L6) )49(rr, iiu. 6

( t I, I = 7 .. 8 ! la. 10),
f)9 2 f) im. )Hl. I 96

I 87 (m. IH). 14) (s Hl

f)%4S) 1. r I (a (4-

Iluoro-2-ntethoxkplten) llunfdazo
Izi hill,)Alt in. d .« I 2

uterh, Ip pef d n 4 ol

20 1

NH)

I/)—N)

V S OH

'H VMR l4t)0 MHz. MS tnz .fled ror I'I
VleOD d„l 8 8 fl!dd, I = CoHzol h„ozS
87. 6 Hz. )H). 79 fs. 377 I found

IHI 7 fit (id,J = lit) 24 3783 [M 4Hf'z,

I HI, 6 90 (td. I = 8 ..
"4 Hz. IH1,417 (dd. J =

13, 'z. IHI, ." 99 (s,
. 0'), 1 S. 1 72 ( . 21)),'3 349 im, iu), 1 6

(it. i = 7, ) 8 Hr, 1)I).
- i(f 0 (rn, 1ul, I 96

I 87 (rtu IH). 1 sf (s Hl

()R,4R) 1: mm I ( (4
tluoro 'erhox)phenyl) nudazo
[2,1 hi[1.),dltt) ad a I 2 I) 4

methvlp) r dut 4 ol
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Exaniple 21-0: (3R.4R)-4-amino-l-(5-(4-fluoro-2-
mcthoxyphcnyl)unidazo[2,1-b] [ I I3,4] 1hiadiazol-2-

yl)-4-mcthylpiperidui-3-ol

[0454]

1=4.4 Hz, IH). 3.80-3.60 (m. 3H), 3.40-3.35 (m. IH), 3.13
(d, .I 100 Hz, III), I 91-1 75 (m. 211), 1.27 (s. 311) I.('-
MS=380.0 [M+H] . retention time=0.97 minutes.

F

1-3

1

[0455] Compound 21-0 was prepared in the following
w av: 0

19 3
21 1

[04561 10% Pd/C (100 mg) was added to N, degassed
solution of Compound 19-5 (800 mg, 3.25 nmiol) ui McOH
(5 mL) and stirred at room tcmpcrature for 16 hours under
Hi. Thc suspcnsiou was Iiltercd ofl'uvcr CELITE pad. was
washed nvice with MeOI I (30 mi,) 1be filtrate was evapo-
rated to aflord 400 nig of ('ompound 21-1 as a solid. 'll
NMR (400 MHz, DMSO-dr) 6 4.44 (bs, IH), 3.32 (bs. IH),
3.04 (dd, J=8.4, 4.0 Hz, I H). 2.77 (dd, J=12.5. 4.0 Hz, IH),
2.64 (dt. J=12.8, 4 7 Hz, IH). 2.48-2.43 (m, IH). 2.28 (dd,
J=12.5. 8.3 Hz, IH), 1.81-1.50 (m. 2H), 1.46-1.37 (m, IH),
1.23-1.13 (m. IH), 0.92 (s, 3H). LC-MS=131.2 [M+H]',
retelition time 0 255 nlinutes.

[t)458J A solution of( ompound 21-3 (I 0 equiv ). Nas('Os
(3.0 equiv.) and (4-tluoro-2-methoxyphenyl)boronic acid
(I 2 equiv) in 2 I:I DMIFI:tOII/I I,O. was degassed ivith
argon for 15 mimites and then Pd(PPh,)s (10 mol %) vv'is

added Thc reacuon mixture was heated at 80'. for 2

hours Then it v:as diluted with HsO and extracted twice
with EtOAc. The combined orgaiuc layers w crc washed with
I lsO, then brine. dried over NazSOw filtered and concen-
trated in vacuo. Thc crude nuitenal was punlied by normal
phase chromatography ivith a running gradient of 0-30"rII

MeOH/DCM to give 12 mg of Compound 21 as a solid. 'H
NMR (400 Ml lz. DMSO-ds) 35 8 19 (dd..l 8 8, 7 (2 I lz, 111),

7 45 (s HI) 7 05 (dd .I 11 2 2.4 I lz 111) 6 i)1 (dt..l 8 0,
2.4 Hz. I H). 5.12 (d, J=4.4 Hz, IH), 3.90 (s, 3H), 3.72 (dd,
J=12.8. 3.6 Hz, IH), 3.59-3.51 (m. IH), 3.49-3.35 (m. 2H),
3.21 (dd. 1=12.S, 6.S Hz. I H). I.S0-1.73 (m, I H). 1.47-1.39
(m, IH), 1.09 (s, 3H). LC-MS=378 I [M+H] I retention
time=i.09 muuitcs.

21 I Example 22-0: 4-(annnomcthyl)-I-(5-(4-fluoro-2-
mcthoxyphcnyl)imidazo[2,1-b] [1,3I4] tluadiazol-2-

yl)piperidinc-4-carboxamide

[t)459J

21 3

[0457] Compound I (400 mg, 1.21 mmol)I Compound
21-1 (I')0 mg, I 5 nimol), i)lpiiA (357 mg, 3.ti3 mmol) and
Me(:N (5 ml ) was heated to 120' for 16 hours 'Ihe
reaction was diluted with HsO and extracted twice with
EtOAc (50 mL) The combmed organic layers were washed
with brine (50 mL), dned over NasSOs and evaporated in
iacuo. The crude compound was punlicxl by normal phase
chromatography with a ruiuung gradiem ol'-17% MeOH/
D( M to afliird compound 21-3 350 ing as a solid 'l l NMR
(400 Ml iz. I)MSO-ds) 6 7 60 (bs. 211), 7 10 (3„ I I I), 5 87 (d,
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[0460] Compound 22-0 v as prepared in the follov.ing
way

-con&hut&XI
I

H.N

0
co

/ B

OH

22 '1

0 0
77

1

[0461J 'lo a suspension of I-(tert-butoxycarbm&yl)-4-
(mcthoxycarbonyl)p&pcridu&e-4-carboxylic acid (500 mg,
I 740 nimol), NI Is(1 (186 mg, 3 48 nunol)„ I IAJ'U (7')4 mg,
2.088 nunol) in dry THE (10 mL) was added DIPEA (760
ol „4 35 mmol) 1 he resulting mixture was heated to 60" C.
for 2.5 hours. The resulting mixture was quenched with sat.
solution of NaHCO&, cxtractcd tw&cc wnh E&OAc. Thc
con&bined organic layers were dried over M SOw filtered
and conccntratcd &n vacuo. The crude ma&crial was purilicd
by noonal phase chron&atography (12 8 column) with a
running gradient of 0-20%. DCIyf)MeOH &o sword 250 mg
of('ompound 22-1 as an oil 'll NMR (500 Mila, DMSO-

d,) 6 7.29 (s, IH), 7.24 (s. IH). 3.66 (s, 3H). 3.45-3.38 (m,
211), 3.1')-3.04 (m. 211), 2 01-1 78 (ln, 411), ].39 (a 911)

1 H&N

110 011

ia)

[0463J lo a solution of Compound 22-2 (80 ma. 0010
mmol) in MeOH (666 HL). 4 M HCI in dioxane (131G BL,
5 26 mniol) was added. 1 he reaction mixture was stirred at
mom temperature for 1.5 lu&urs. The resultin white sus-
pension was lhen con&ca&rat&xi ul vucuo and nuxcd w&th

Compound I (92 mv. 0.279 nmlol) and DIPEA (162 BL,
0.929 mmol) ln EtOH (1.3 mL). Thc reaction mixture was
stirred at 90''or 3 5 hour:. 1'he reaction &vas concentrated
in vacuo to allbrd Compound 22-3. LC-MS=408.1 [M+H] .

22-1

H&N

0
0

ta)
Bo&N

OH
OH

22 2

77 4

Hlh

[0462] To a soluuon of Compound 22-1 (250 mg. 0 611

n&mol) in IltOI I (3 n&I ) were added Nalil Ja (69 4 mg. I 834
mmol). Thc rcacuon was stirred Ior 18 hours at room
ten&pemture The mixture was quenched with I l&O at 0" C.
The resulting cloudy mixture was concentrated in vacuo.
'I'he crude niaterial &vas punfied by normal phase chroma-
to raphy (4 column) with a u&nning gradient of 0-100% to
ailbrd 90 mg ofCompound 22-2 was a wlu&e I'oam. ' NMR
(500 MHz, DMSO-d&) 8 7.30 (s. I H). 7.24 (s. IH), 4.81 (t,
J=5.5 Hz, IH), 3.63 (d, J=13.1 Hz, 2H). 337 (d, J=5.4 Hz,
211), 2 90 (s, 21 I), I 87 (d, .I 13 7 I la. 21 I), I 39 (s, 911). I 30
(ddd, J=14 2, 10.8, 4.2 Hz, 2H).

11&V I

72 7

[0464] To a solution of Compound 22-3 (12G mg. 0309
mmol) and (4-fiuoro-2-methoxyphenyl)boronic acid (684
m, 0402 mmol) in dioxane (1.5 mL), Na&CO, 2 M (1083

BL, 2.166 mmol), PdCJ&(Ph&P)& (10.86 m, 0015 mmol)
werc added under argon. The rclmtion mix&ure was hca&cd &o

100" C. for I hour. Thc rcsultulg solut&on was diluted in
E&OAc and H&O. Thc aqueous layer wm separated and the
organic layer was v ashcd with H&O. Thc result&ng orgaluc
layer was dned over MgSOw Iiltercd and conccntra&cd in
vacuo 11&c crude ma&anal was puniied by normal phase
cluomatography (4 g colunul) with a nnuung @adieu& of
0-100% D('M/MeOI I to afford 73 mg of ('on&pound 224 as
a hght orange foam. 'H NMR (500 MH&, DMSO-d&) 6 8.20
(ddd, J=8.5, 6.8, 1.4 Hz, IH), 7 47 (d7 J=1.3 Hz. IH), 7.25
(s, IH), 7.10-7.01 (n&. 2H). 6.92 (tt. 1=8.5. 1.9 Hz, iH),
4 93-4.88 (m, 111), 4 10 (tt. I 6.3. 3.1 I is. 111). 3.&)1 (d,
J=l.3 Hz, 3H), 3.68 (dt. J=13.1, 44 Hz, 2H), 3.44 (d. J=S.7
Hz, 2H). 3.32 (d, 1=1.5 Hz. 2H), 3.32-3.21 (m, 2H), 3.18
(dd. J=5.2. 1.4 Hz, 2H). 2.0(i (d. 1=13.9 Hz. 2H). 1.58 (ddd,
.I 14.6, 11.3, 4 4 112, 211) I,('-MS 406.1 [M+II[+.



US 202 [/0 [ [5065 A[
87

Apr. 22, 2021

22 4

F

Hsg

HP

[0466] A solution of Compound 22-5 (23 mg, 0.053
nunol) and PhsP (28.0 mg. 0.107 nunol) tn THE (427 ItL)
was hcatcd at GO'. for 4 hours Thc resulttng solution was
quenched with aqueous H('1. 'I'he resulting mixture was
cmtcentrated in vacuo and diluted m 'I III'I mi.) The
reaction was heated again to 60'. for 18 hours and then
100" C, for 2 days. The resulting mixture was concentrated
in vacuo and purified by prep-HPLC to afiitrd 5.8 mg of
Compound 22. 'H NMR (500 MHz. DMSO-ds) 6 8.20 (dd.
1=8.7, 6.9 Hz, IH), 7.80 (s, 2H), 7.67 (s, IH). 7 Sl (s, IH).
7 48 (s, 111), 7 07 (dd, .I 11 4, 2.6 Ilz. 111). 6 91 (td..i 8 4,
2 5 I lz, 111). 3 91 (3, 311), 3 66-3 60 (m, 211), 3 40 (t..l 9 I

Hz. 2H). 3.07 (d. J=G.I Hz. 213). 2.19-2.12 (m. 2H). 1.73-
1.65 (m. 2H). LC-MS=4053 [M+H] .

Example 23-0. N-((I-tuninocyclopropyl)methyl)-4-
(anlinomethyl)-I-(5-(4-iluons-2-tnetlloxyphenyl)

inudavo[2.1-bJ [1,3.4]thiadtazol-2-yl)ptperidme-4-
carboxantide

[l)467J

[0465] To a solution of Compound 22-4 (32 ntg. 0.079
nmtol) in DCM (I mL), Et„N (0.055 ml, 0.395 nunol). MsCI
(0.08 nunol), and DMAP (9 64 mg, 0.079 nunol) v, ere added
at O'. Thc reacttou mtxture was surrcrl at room tcmpcra-
turc for 2 hours. After diluuon w tth E(OAc. thc orgamc layer
was washed tvith I 120 and brine, dried over NasSOs, tiltered
and concentrated in vacua to give a solid 'I hen DMI'I
mL), 13-crown-5 (0 126 ml, 0.631 mmol) and NaNs (41 0
m, 0.631 nmtol) were added. The resultin solution was
heated to 100'. for 18 hours. After dtlutton wtth EtOAc,
thc organic layer was washed wtth HsO and bone, rlried over
NasSO», Iiltcrcd. and conccntratcd ut vacuo to gtvc 15 mg
of ('ompound 22-5 I,('-MS 431 3 [M+I IJ .

H.t

[0468] Compound 23-0 was prepared ut thc lollowutg
wa)'3

3

tt 8

22.3
23 3

72

HP

[0469] To a suspcnston of Compound I (363 mg, 1.102
nuuol) ut EIOH (5 mL), DIPEA (0385 mL, 2.203 nunul)
,'lllrl trretllvl 4-(((tert-butoxycarbonyl)alnino)nletltyl)piperi-
dine-4-carboxylate (300 ntg, 1.102 mmol) were added 'I he
resulttn suspension tvas heated at 80'. for 8 hours. The
mtxture v:as quenched with a sat. solutton of NaHCO., and
dtlutcd w ith EIOAc. The organic layer was scparatcd and the
aqueous layer was cxtracxcd twtcc wtth EtOAc. The com-
btned orgmttc layers were tiried over MgSOe Iiltcrcd and
cmtcentrated in vacuo to affttrd 460 ntg of ('ompound 23-1
I C-MS 522 I [M+IIJ
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ture and then concentrated in vacuo to afford Compound
23-3 I,C-MS 506 2 [M+II]

23 I

F

HO OH
HO

0

XHI3

2'I 2 m'0470]
To a solutiou of Compound 23-1 (100 mge 0.192

mmol). (4-fluoro-2-mcthoxyphcnyl)boroiur. acid (42.4 mg,
0.249 mmol) aud NasCO, 2 M (0.671 mL. 1.343 mmol) ui
dioxane (2 nil.) was added Vd( ls(phsp)s (9 5') umol) The
resulting mixture was heated to 100' for 2 hours. The
mixture was quenched with a sat, solution of NaHCOC and
then diluted with EtOAc. The organic layer was sepamted
and thc aqueous layer was cxtractcd twice with EtOAc Thc
coiiibiiicd orgiiiiic lay'crs werc lite'0 over MgSOe. filtered
and concenlralcd in vacuo. Thc crude product was purified
by normal phase chromatography (3 8 column) with a
running gradient of 0-100'%itOAc/('yclohexane to aflbrd
83 nlg of Compound 23-2 as a solid. LC-MS=5200
[M+H] .

[0472] A solution of Compound 23-3 (29 mg, O.OS7

nunol), tert-butyl (I-(anunomclhyl)cyclopropyl)carbamale
(14 75 mg, 0.079 mmoi), HATU (34 4 mg, 0.091 mmol) and
DIPEA (0.025 mL, 0.141 nunol) was dissolved in DMF (I
m[,). 'I'he reaction ives stirred for 48 hours 1 he mixture was
quenched with a sat solution of Nal I('Oi and then IitOAc
was addixl. The orgunic layer was scparalcd and the aqueous
layer was cxlractcd twice with EtOAc. The combntcxf
organic layers vvere dried over MgSOe. filtered and concen-
trated in vacuo. The crude product was punfied by nomlai
phase chromatographv (4 a columil) with a runiling gradient
of 020% MeOII/13('M to affiird 22 mg of ('ompound 234
as an oil. LCMS=674.6 [M+H] .

23-2
I

F

XHucc

~')-M
ie)

HO

[0471] To a solution ol'ompound 23-2 (30 mg. 0.058
mmol) in MeOH (462 FL) and HCO (11S HL). LiOH (2.77
nig, 0.115 nlmol) was added at room temperature The
reaction niixture was stirred tor 18 hours at roonl tmnpera-
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[0473] A solution of Compound 23-4 (22 mg. 0.033
mmol) and TFA (200 BL, 2.60 nunol) ui DCM (600 HL) was
surrcd at room temperature Ibr 2 hours. The rc mtion was
concentrated in vacuo and purified by prep-I IVI 4'o afford
10 5 ma of Compound 23 'll NMR (500 Ml is, l)MSO dc)
8 8.33 (d, J=(x2 Hz, IH), 8.22 (dd, J=8.7, (ug Hz. IH). 8.15
(s, 3H), 7.86 (s. 3H). 7.54 (s, IH), 7.10 (dd, 1=11.4, 2 Ci Hz,
IH). 6.92 (td, J=8.4, 2.6 Hz. IH). 3.93 (s. 3H). 3.(i6 (d,
J=11.4 Hz, 2H), 3.51-334 (m, 4H), 3.15 (d. J=5.9 Hz, 2H),
2.19 (d. J=13.4 Hz, 2H), I 83-1.G7 (m, 2H). 0.92-0.79 (m,
411) I.('-MS 474 2 [M+I IJ

Example 24-0 N-(2-mnino-2-methylpropyl)-8-(S-
(t-fluoro-2-methoxyphenyl)imidazo[2„1-bJ[1.3,4J

thiadiazol-2-yl)-I-this-8-azacpiro[4 5Jdecane-4-car-
boxamide l,i-dioxide

[(1474J

HH

0

14 i

[0477] To a sttrrcxI solution ol'Compound 24-1 (6.0 g, 19.9
nuuol) in DCM (60 mL) dt O' was added EtsN (27.7 mL.
199 mmol) and MsCI (3.08 mL, 39.81 mmol). The reaction
allowed to waun at room temperature and stirred for 18
hours The reaction mixture was quenched with sat.
Nal ICOs solution and extracted with DCM (ix50 ml,) The
organic layer ives washed ivith brine and dued over NasSOd
and concentrated in vacuo. The cnide pmduct v as purified
by nounal phase clmnmatography with a runnin gradient of
30-40'An EtOAcihexanc to dfiiird I 2 g of Compound 24-2 as
a colourless liquid. 'H NMR (400 MHz, CDCI,) 6 3.53 (L
.I 60112,2H),3-13 (t. 1 58112. 211). 3 26 (t, J 68 1 is. 211),
307-2.94 (m, 411), 234 (t..l 60 Hz. 211) 146 (4 i)II)
I.C-MS 184 10 [M — 100J+ (l)e-l3oc). retention time 1.54
iitiiiutcs.

[t)475] ('ompound 24-0 w:as prepared in the follov ing
way

0

s
Bn — H BncX

tet

()
Bn — 8 O 0

0

OH

Bnc — S

24 2

[0476] To thc stirred solution of ihhyrhotluophcn-2(3H)-
one (3.07 g. 30.11 nunol) in THF (50 mL) was added
I II IM DS (30 ml n 30 11 nimol) at —78' . and stirred for I

hour The tert-butyl 4-oxopiperidine-I-carboxylate (5 g,
25.09 nunol) in THF (30 mL) wac added to the reacrion
mixture at -78', and stirred at same temperature for 2
hours. Thc reaction mixture was quenched with sat. NHcCI
solution and cxtractcxI with EIOAc (3xSO mL). The orgtuuc
layer was wasluxl with bnuc and dried over NasSOc and
concentrated in vacuo 1'he crude product was puritied
normal phase chromatography ivith a running gradient of
30-40ffn EtOAc/n-hexane to afiord 6.12 g ofCompound 24-1
as a solid. 'H NMR (600 MHz. CDCli) 8 3.94 (br s. 2H),
3.68 (br s. IH), 3.28-3.25 (m, 2H), 3.13 (br s. 2H), 2.66 (dd,
J=13.2. 7.0 Hz, IH). 2.43 (dtd, J=12.0, 7.0, 2.9 Hz, IH),
2.06-2.03 (m. IH), 1.67 (dd. J=13.2, 2.4 Hz, I H) 1.59-1.48
(m, 311). 1.45 (s, 911). I.(HMS 202 10 [M — 100J (De-Boc),
retention time I 47 minutes.

[0478] To a stirred solution ofCompound 24-2 (3.3 n, 2.82
mmol) in MeOH (330 mL) ives added Et„N (0.79 ml . 5.64
nuuol). The rcdcuon mn«urc was lu:dtcd at 70'. and surrcd
for 32 lloiirs. Tlic rcdcttoli v'ds collcclltrdtixl 111 vaciio. Tile
crude product was purilicd by nounal phase chromatography
v ith a nuining gradient of 5-10'% itOAc/n-hexane to afford
I 2 o of Compound 24-3 as a colourless liquid 'I I NMR
(300 MHz. CDCls) o 4.09 (br s, 2H)„3.71 (s. 3H), 3.0G-2.G8

(m, 5H). 2.50-2.27 (m, 2H). 2.14 (td. J=13.0. 4.6 Hz. IH),
1.67 (ddd, J=I3.1, 10.1, 2.6 Hz. 2H). 1.45 (4, 9H) 142-148
(m, I H). LC-MS=216.15 [M— 100] (DC-BCC), rctcntion
time=i.GI nunutcs.

tdi

Iin X

[l)479J To a stirred solution offfompound 243 (1.1 o, 285
nunol) in DCM (30 nil.) ives added m('PI3A (I 4 8, 5.17
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nunol) portionwise at 0" C. and the reaction mixture was
surrcd at room tempcrnturc for 4 hours. The reacl&on mixture
Iillcrcd over CELITE pad and Iillratc washed w&lh sal.
Nal ICO,. extracted aqueous layer &vith DCM (50 n&l.x2).
'I'he combined organic layers were &vashed with brine, dried
over Na&SO4 and concentrated in vncuo to get 1.1 of
('ompound 24-4 as a colourless liquid, which wns used in
next step without further purification. 'H NMR (400 MHz,
CDClc) 6 3.94 (bs, 2H), 3.76 (s. 3H), 3.S0-332 (m. 2H),
330-3.18 (m, IH), 3.1S-3.06 (m. IH). 2.99 (dd, 1=11.1, 6 3
I iz. 111). 2 51-2 40 (n&. 111). 2 29-2 20 (m„211). 2 16-2 02
(m, 2H). 1.65-1 52 (n&. 111), I 45 (s. 911).

0

lm
H.l

24 7

0

lc l
Bcch

[0482] To a solution of Compound 24-6 (350 mg. 1.0
mmoi) in dioxane (3 mL) &has added 4 M HCI in dioxane (3
m[,) at 0" (I . then stirred at 0' to roo&n ten&perature tbr
2 hours '11&e reaction &vas concentrated in vacuo to get 350
mg of Compound 24-7 winch was used u& next stop w&thou&

punlicat&on. LC-MS=248.0 [M+H], retention time=0.IS
nunutes.

24-4 24-5

[0480] To the stirred solution of Compound 24-4 (1.1
3.16 num&l) in THF:H&O (10 mL. I; I) was added LiOH H&O

(0.19 g. 4.74 mmol) at 0" C. and the reaction mixture was
surrcd at room tempcrnturc for 3 hours. The reacl&on mixture
was acidilicd w &lh sal. c&lnc ac&d lo pH=4 and extracted w&lb

I)( M (50 n&l.x2). 1 he organ&c layer was washed with brine
and dried over Na&SOc and concentrated in vacuo to afford
0 ') g of ('ompound 24-5 as a solid 'll NMR (300 Mllz„
DMSO-d„) 6 3.85-3.70 (m. 2H). 3.46-3.35 (m, 2H). 3.15 (dt,
1=13.3. 9.0 Hz„2H), 2.94 (dd. i=I 0.4, 7.1 Hz. I H), 2.31-2.11
(m, 2H), 2.04 (td, J=9.9. 4.0 Hc 3H), 1.57 (ddd, J=15 0,
11.2, 4.9 Hz, IH). 1.39 (s, 9H).

24 7

0
I

8
!

I

(/j

0

0

B cb
ln

l&ccl

&4-6

[0481] To the stirred solution ofCompound 24-5 (350 mg,
1.05 nunoi) in DMF (5 mL) was added K&CO& (290 mg. 2 I

nunol) al O'., al'ter stirnng for 10 nunul&cs added Mcl (296
mg, 2.1 mmol) dropw&sc and lhe react&on mixture was
snrrmi al room tcmpcralurc Ibr 7 hours. Then H&O was
added to the react&on n&ixture and the aquenus layer was
extracted &vith I&tOAc (2x30 ml ). the organic layer was
washed with brine„dned over Na&SO4 and concentrated in
vacuo to afiord 350 mg of Compound 24-(i ns nn oil. 'H
NMR (400 MHz, CDCI„) 8 3.95 (bs. 2H), 3.7S (s, 3H), 3.44
(bs. IH). 3.35 (ddd, J=13.4, 9.S, 3.9 Hz. IH), 3.30-3.18 (m,
I H). 3.15-3.06 (m, IH), 2 98 (dd, J=l 1.2, 6.5 Hz. IH). 2.45
(ddt, J 14.1. 11 2. 9 3 I lz, 111). 2 30-2 17 (m. 211), 2 15-2 01

(m, 311). 1.65-1 52 (n&. 111), I 45 (s. 911).

I

(/j

0

[0483] Compound 24-7 (I cquiv). Compound I (I cqu&v),
DIPEA(2 equiv) and Me('N (15-20 volume) was heated to
100" C, for 90 mim&tes in MW The react&on mixture was
cooled to room temperature, stirred for I hour at room
temperature until precipitate was formed 'the solid was
Iiltered and washed w&th MeCN and pcntanc. Thc crude
material was punfied by normal plraac chromatography w&th

a runn&n gradient of 5/95 MeOH/DCM to get Compound
24-8 as an oil. 'H NMR (300 MHz, CDCI&) 8 7.11 (s. IH),
3.82-3.77 (m. 2H), 3.75 (s. 311). 3 (i7-3 34 (m. 3H), 3.23-2.
98 (m, 2H), 2.S9-2.18 (m, 4H). 1.94-1.76 (m, 2H).
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-conunutxl -colttlltllixl

H

HO OH

2&(a

0

24 9

0

[0484] To a stulcd tube contmtung Compound 24-8 (I 0
equiv.) in dioxane:H40 (4: I) was added K,CO, (3 equtv ),
(4-lluoro-2-methoxyphcnyl)bororuc acnl (1.5 equiv.) and
Pd('lz(dppf)-I)('M contplex (5 mol "i). 'Ihe reaction mix-
ture was heated at 100'. Rtr 6 hours bcforc it was dtluted
with I lzO and extracted twice tvith I'.tOAc 1'he combtned
organic layers were washed with H20, then brine. dried over
NazSO4. tiltered and concentmted in vacuo to give cmde
material contirmed by LC-MS=495.05 [M+H], retention
(trna=I.48 minutes=481.15 [M+H] . retention tune=i 40
minutes for acid (Method 12). The crude compound was
taken THF.H20 (5 mL, 4: I ) cooled to O'. and LiOH (22
ntg, 0.52 ntntol) was added The reaction mixture was sttrred
at room tempcraturc for 5 hours. Thc reactton was concmt-
trated in vacua, was dtssolved in I izO. washed with DCM
(10 mLx3) and then aqueous layer was acidified v.ith
KI ISOs to acidic pl I 'I'he aqueous layer was extracted v ith
D( 'M (20 mLx3). the combined organic layers were washed
with brine, dried over NazSO4 and concentrated in vacuo to
get Compound 24-9 as a solid. LC-MSi 481.15 [M+H],
retcnuon time=1.39 minutes.

[0485[ lo a solution of Compound 24-9 (100 mg. 0.21
mmol) in DCM (8 mL) was added DIPEA (0.072 mL, 0.42
mmol) follov,ed by addition of tert-butyl (I-amino-2-meth-
ylpropan-2-yl)carbumatc (31 mg, 0.17 nunol) at O'. stttrcxI
over 5 numttcs. TzP-50% in EtOAc (159 mg. 0.25 nunol)
was addcxI at O'. and the reactton mtxturc was stirred at
room tempemture for 2 hours 'lite aqueous layer was
extracted tvith D('M (50 ml x2). 'I'he combined organic
layers were vvashed with brine. dried over NazSO4 and
concentrated in vacuo. The en(de product v as purified by
normal phase cluomatography wtth a rutu»ng gradient of
2-3% McOH tn DCM to gct 50 mg ol'ompound 24-10 as
a solul 'H NMR (300 MHz, CDCI,) 8 8.11 (dd, 1=8.5. 6.8
I lz, 111), 7 56 (4, 111), 6 82-6 67 (m, 211), 4 56 (s. I I I). 3.91
(s, 31 I), 3.87-3.72 (m, 31 I). 3.6'2-3.52 (m, 111), 349-3 28 (m,
3H). 3.24-3.09 (m. IH), 2.80 (dd, 1=11.6. 6.3 Hz. IH),
2.69-2.51 (m, IH). 2.41 (d, J=13.9 Hz„ IH). 2.30-2.15 (m,
3H), 2.12-1.97 (m, 2H), 1.59 (s, 9H), 1.41 (s, 6H). LC-
MS=651.35 [M+H] rctcntion tune=1.49 mtnutcs.

NII

(k)

24 ta

OH

24-9
74
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[0486] To a solution of Compound 24-10 in dioxane (10
mL) was added 4 M HCI in ihoxanc (10 mL) at O', then
surrcd at O' to room temperature for 2 hours. The solvent
was evaporated in vacuo 'I'he cnide compound was purified
by triturating in Me('N and pentane, filtered and dried
resultant solid to get Compound 24 as HCI salt. 'H NMR
(300 MHz, MeOD-d4) o 8.55 (t, J=5.7 Hz, IH). 8.28 (dd,
1=8.8. 6fi idz, IH). 7.89 (s. IH), 7.02 (dd, J=11.0. 2.5 Hz,
IH), 6.88 (ddd, J=g 8, 8.1. 2.5 Hz, IH), 3.97 (s. 3H),
3.94-3.83 (m. 2H). 3.77-3.64 (m. IH). 3.60-3.47 (m. 2H),
3 27 3 21 (m. 111). 3 20 3 05 (m. 211), 2 57 2 40 (m. 211),
2 40-2 05 (m. 411), I 28 (d, J 4.0 112. 611) I.('-MS 551 6
[M+H1'. retention time=i 32 minutes.

Compound 25-0: 2-(4-amino-I-(5-(4-tluoro-2-
mcthoxyphcnyl)unidazo[2,1-b] [1,3,4] thiadiazol-2-

yl)pipendin-4-yl)propan-2-ol

[0487]

HO

all g
(cl

zl 5. 3

[0490] A mixture of ('ompound 25-1 (37 g, 143 mmol)
and KOI I (80 8, 1430 mmol) in II,O (400 mi,) was stirred
at 100'. fiir 24 hours. The mixture was cooled to 15'.
The pH ol'thc reaction was adjusted to 6 with atiucous HCI
(6 M) at 0" C. The reaction mixture v as filtered. washed
with HsO and MTBE, and concentratixl ui vamio to ailiird 31

8 of ('ompound 25-2 as a solid 'I I NMR (400 Miis,
DMSO-ds) 6 1.86 (br. s. 2H). 2.11 (br. d, J=6.1 Hz, 2H),
2 80-3.06 (m, 411), 3 92 (br. s. 211), 7 29-7 49 (rn, 511)

[0491] To a solution of Compound 25-2 (15 g, 64 mmol)
and NaOI I (10 2 g. 256 mmol) m I I 0 (50 nil.) and dioxane
(50 mL). (Boc)20 (41.9 g. 192 mmol) v as added. The
resulting nuxturc v,as stirred at 15'. for 3 hours. The
mixture vvas filtered and the resulting solid was washed with
H20 (50 mL) and dncd to allbrd 17 g ol'Compound 25-3 as
a white solid 'I I NMR (400 Ml iz. MeODd4) 6 143 (s, 911),
235-2.11 (m. 4H), 2.99-2.77 (m. 2H). 3.16 (br, s, 2H), 4.07
(br, 5, 211), 7.54-7.20 (ni. 511). I,('-MS 335 3 [M+I IJ+.

[0488] The Compound 25-0 was prcparcd in thc Ibllowing
wav.

0

'.(H

Bl V 0 BII 8(ll)

Ii 0

25-)

[0489] A mixture of I-benzylpiperidin-4-one (30 g. 159
nunol), (NH4),COl (107 g. 1113 nunol) and Na('N (23.4
477 mmol) in H20 (210 mL) and E(OH (210 mL) was surrcd
at 60'. for 12 hours Thc reaction nuxturc was filtered and
thc resulting solid was washed with HsO (150 mL), ilried to
atford 37 of('onipound 25-1 ass solid 'll NMR (DMSO-
ds, 400 Mllz) 23 I 51 (br. d, .I 13.0 I lz, 211)„1 73-1 ')0 (ni,
2H). 2.15-2.35 (m, 2H), 2.60-2.77 (m, 2H). 3.48 (s. 2H),
7.18-739 (m„5H)

HO

0 (,i)
BaV

xi (B

21

[t)492J io a solution of( ompound 25-3 (8 8, 20 mmol) in

DCM (50 mL) and MeOH (5 mL)„TMSCHN, (2 M. 4.6 g,
40 mmol) was added. The resulting mixture v as stirred at
15'. for 3 hours. The mixnire was concentrated in vacuo.
The reaction tv as purified by normal phase clu omatography
v ith a numing radient of I:0 to I:2 petroleum ether:EtOAc
to aifiird 4.5 g ol'Compounii 25-4 as a solid 'H NMR (400
MHz, DMSO-ds) b 1.36 (br, s, 9H), 1.81-1.88 (m. 2H),
2.12-2.29 (m, 2H), 3.32 (br. s. 4H). 3.43 (s, 2H), 3.58 (s,

3H), 7.20-7.37 (m, 5H). LC-MS=349.3 [M+H] .

0

.(H
Ba — 8

H 0

i

HO

(6) 0
Bax

HHl

25 2
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[0493] To a solution of Compotutd 25-5 (4.5 g. 12 mmol)
in anhydrous THE (50 mL). MeM Br (3 M in EtzO. 12 6

mi., 37 8 mol) was slowly added at — 15" C I'he mixture was
surrcd for 0.5 hour and then warmed up to 15'. for 15 5

hours. The mixture was poured into sat. NH4CI (30 mL)
solution and extracted with EtOAc (3x50 mL). The com-
bined organic layers (vere washed with brine, dried over
MgSO4 and concentrate in vacuo. Thc crude product was
punliml by prep-HPLC (o alford 1.6 g ol Compound 25-5 as
a solid. 'H NMR (400 MHz. DMSO-d,) 6 1.03 (s. CiH), 1.37

(s, ')I I). 1.51-1.69 (m, 211). 1.8(2-2.11 (ln„411), 2 58 (br, d,
1=11.0 Hz, 2H). 3.39 (s, 2H). 4.49 (s. IH), 6.20 (s, IH),
7.17-735 (m, 5H) LC-MS=3494 [M+H] .

Example 26-0: 4-(aminomethyl)-I -(5-(4-(I -hy-
droxycyclobu(yl)-2-methoxvphenyl)tmidazo[2.1-b]

[1,3,4] tlnadtazol-2-yl)pipcndin-4-ol

[04961

[0497] The Compound 26-0 was prepared in the following
way

2. 6

H

(ai

[0494] A suspension of Compound 25-5 (1.(i g, 4.6 mmol)
and V(1'C (2 g, 10'%ontent) in MeOI I (I ml ) was stirred
under I I, (15 psi) at room temperature for I Iuiur The
reaction mixture wm liliered and (he liitratc was concen-
trated in vacuo to alford 968 5 mg of Compound 25-6 as a
solid 'H NMI2 (400 Mliz, MeOD-da) (5 1.17 (9, 611). I 45
(s, 911), 1.62 (dt, 1 4 3, 13 2 I lz, 211), 2 00-2 i 5 (m. 211),

2.64-2.79 (m, 2H), 2.80-2.92 (m, 2H). LC-MS=259 2

[M+H1 .

[()495] 1 he follow)ng contpound 25-0 was prepared by the
same route used to prepare Compound 4-0.

26 (

Hi

26 2

[0498] To a solution ol'Compound 26-1 (500 mg. 2.06
nuuol) in DCM (25 mL) at O'n Imtdnzole (420 mg, 6.17
mmoij, TI3DMS-Cl (620 mg. 4 11 mmol) and DMAP (5 mg)
v ere added 'I'he resui(ina solution was stirred at room
temperature for 18 hours I he react)on was diluted with 1120
and extracted txvice xvith EtOAc (100 mL) The combined

I: iipl

Onilipoiiiid

, lo i I ~ NR I O XIS

21.(i

N, OH

NI Ii

'H NHR (xi Ii) 14Hz Neon dal VIS mz ci! d
6 tl 27 It I = 77 Hz IH), 7.63 (nt
(. HI),76 m,.I= 1(191(, ('i„ili (N,O 6

l)I), 692 6 tl4 on Iki). 411 4()S Rm d
463 (,2H), 96 (a. SH) 1. 1 4(is. IvI+0]'I.

1=139Hz. n) il(tl. I =

132.12Hz, H).206(d.l=
147 Hz H) I 14(a 6H)

2(4: it Ii (4(i oo"
metaoxtpxenvl) nud izn12.1 61

(1.3,41tluadiaznl-z-) lip pcoduo-4-) I)

piop.ui 2 ol
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organic layers were washed with brine. dried over NasSOs
and concentrated in vacuo. 1 he cntde material tvas puritied
by nomtal phase cluomatography with a nmning, gradient of
0-2% EtOAc/n-hexane to allitrd 410 mg of Compound 26-2
as an oil. 'H NMR (300 MHz. CDCI,) 8 7.41 (d. J=g.l Hz,
IH), 7.06 (d, J=2 0 Hz, IH), 6.59 (dd, J=gxb 2.1 Hz, IH),
3 ')0 (s. 311). I 70-1 60 (nt. 111), I 26-1 14 (m. 311), 1.02-0.
95 (m. 3H). 0.89 (s, 9H), 0 02 (s, 6H).

-colttlltllixl

TBDMS

/b/

B

[(3499J A solution of (:ompound 26-2 (0.15 mntol),
B(O'Pr)s (1.0 equtv). Pd(dppl)Clc-DCM complex (5 mol
%). I M aq Nast'Os solution (2 0 equiv ) in l)MI'1.7 ml,)
vvas allowed to purge under Argon for a few minutes before
the reaction tube was subjected to microwave heattng at
120', for 30 mtnutes. The reaction mixture was diluted
with HsO and cxtracttxl twtcc wtth EIOAc. Thc combuted
organic layers were v ashed with brine, dried over Na,SOs,
liltcrcd mtd concmttrated tn vacuo to alford 365 m of
( ompound 26-3 as a brown liquid

[050()J A solution of ('ompound 3 (I 0 equtv.) in dioxane/
I lsO (4:I). Ks(.'0s (3 0 equiv.). ('ompound 26-3 (1.5 equiv)
and Pd(dppt)Cis-DCM complex (5 mol %) were added. The
reaction mixture vvas heated at 100" C, for 6 hours. The
reaction mixture v:as diluted vvith HsO and extracted twice
wtth EtOAc. Thc combined organic layers werc washed wtdt
HsO, then bone, dried over NssSOw liltcrcd and concen-
trated m vacuo. 'I'he cntde product was purified by prep-
I IPI (: to provide 70 ma of ('ompound 2/M4 as a solid 'll
NMR (300 MHz. CDCls) 6 8.18 (d„J=8 2 Hz, 2H), 7.67 (s,
IH). 7.17 (d, 1=1.7 Hz. IH)„6.77 (dd„1=8.2. 1.8 Hz, IH),
5.04-4.85 (m. IH), 3.94 (s. 313). 3 78-3 (i4 (m. 2H), 3.62-3.
45 (m, 2H), 3.18 (d. J=6.2 Hz. 2H), 1.75-1.70 (m, 3H).
1.70-1.55 (m, 4H), 1.46 (s, 9H). I 35-1 15 (m. 3H), 1.08-0.
99 (m, I I I), 0 91 (3, 611). 0.13 —0.20 (m, 'JI I), I,('-MS m/z
631 0 [M+I IJ+, retention time I 76 minutes

MS

tnttMS

o~ ~o

3

(/~ v

3

2G

[05011 Compound 26 was prepared I'rom Compound 26-4
(40 mg) using Boc-deprotccuon procedure B. Thc crude
material was punlied by tnturatutg ut 5% McOH ut IvleCN,
followed by triturating in pentane to give 26 mg of (:om-
pound 26 as a solid 'I l NMI& (300 Mllz, MeOI)-ds) 6 8.53
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(dd. 1=8.1. 3 4 Hz, IH)„8.09 (7, IH), 7.84-7.64 (m. 2H). 4.06i

(s, 3H), 3.94-3.76 (m. 2H), 3.76-3.55 (m. 2H). 3.26-3.16 (m,
3H). 3.19-3.02 (m, 2H), 2.99 (s. 2H)7 1.92-1.74 (m, 3H),
I 26-1.13 (m. 211); I,('-MS 415 85 [M+I IJ . retention
tline I 30 nllnutes

Example 27-0 ((I-(5-(4-fluoro-2-methoxyphenyl)
inlidazo[2,1-b1[1,3,41thtadiazol-2-yl)-4-((methyl-

sulfonyl)methyl)plpendul-4-yl)mcthairanunc

[0502]

30 minutes. The reaction was quenched with sat. aqueous
NaHCOi, The mixture ives extracted v ith EtOAc, the
organic layer was washed with sat aqueous Nal I('Oi, I lzO
and brine, dried over NazSOc. filtered. and concentrated in
vacuo Thc crude matenal was dissolved in THF (1.2 mL)
and LIAIHc (2 M ul THF) was added at O'. The rcacnon
mixture v:as stirred at 0" C. to room temperature for 4 hours.
The reaction ives quenched with 2 M NaOH and v ater. then
diluted with lftOAc and NazSOc was added 'I'he mixture
v as filtered and concentrated in vacuo. 1he residue was
dissolved ln EtOAc-DCM. then liltcred and concentrated in
vacuo to affbrd 177 mg of (:ompound 27-2 as an oil

OH

Bo — 8

/j ix

77 7

I

[0503] The Compound 27-0 was prepared in the following
w av.

I'0 E'1

m o 8

7

007EI 13oc— 8
(. I

37-1

(/j
77 3

//%
0 0

[0504] To a solution of I-(tert-butyl) 4-ethyl 4-(iodom-
ethyl)piperidine-1„4-dicarboxylate in DMF (2 mL). NaSMe
(48.5 mg) was added. The reaction mixture was stirred at
room temperature I'or 14 hmirs. Aller iblution with EtOAc,
the mixture was washed twice with HzO and brmc, dried
over Na,SOc. filtered. and concentrated in vacuo 'the
residue was purihed by normal phase chromatography v ith
a numing gradient of 0-10% EIOAc/heptane to aflord 180
m of Compound 27-1 as an oil.

[0506] To a solunon of Compound 27-2 ln MeOH (0.5
ml.) was added 4 M I H:I in dioxane (0 8 ml ) 'I'he reaction
nuxture was stirred at room tenlperature for 30 minutes
'I'hen the mixture was concentrated in vacuo I'his residue
v as dissoiled in EtOH (1.5 mL). To this solution DIPEA
(0380 mL. 2.30 nunol) and Compound I (140 mg. 0.424
nunol) werc added. Thc reacuon mixture was stirred at100'.

for 3 hours. The rcsultmg prcclpitatc was tntumted with
MeCN, filtered, washed with Me(:N, and dried to afford 108
mg of Compound 27-3 as a solid. I.('-MS 457.1 [M+I IJ+

f.'0 Ei

Boc— 8

7 7. I

OH

Boc —8

0 0
77. 7

I

I//j
// XK

0 0
77 ."

fdl

[0505] To a soluuon ol'Compound 27-1 ul DCM (1.8 mL),
nl(:PIIA ives added at — 5" C. 'I'he reaction mixture was
stirred at —5'2 for 15 nlimites, then at room temperature filr

B~
HO OH
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-continued
F

dried over NasSO4. filtered, and concentrated in vacuo to
alford 60 mg of Compound 27-5. LC-MS=480.2 [Ivl+H] .

F

27-4

//0
0 0

(rt

i &-M
[0507] A mixture of Compound 27-3 ((i(i.9 mg. 0.147
nmtol). (4-fiuom-2-methoxyphenyl)boronic acid (32.4 mg,
0.191 nunol) and PdCls(PheP)s (5.15 mg. 733 Iunol) in 2 M
NasCOi mtd dtoxane (O.S mL) was stirrtxi at 100'. for I

hour. This mixture was punficdI by nonual phase cluoma-
tography tvith ntnning gradient 0-100% iitOActlieptane
then to 95,'5 MeOII/DCM to afford 67 5 mn of Con(pound
27-4. LC-MS=455.3 [M+H] .

0 0

(eli &-GC
27 4

F

[0509] To a solution ol'Compound 27-5 (60 mg. 0.12S
mmol) m Iq II'0 8 ml ) and I I,O (0 2 mi,), PhsP (65.(i mg,
0 250 mmol) was added lite reaction mixture was stirred at
60'. for G.5 hours. After dilution with EtOAc. the mixture
v as extracted vvith aqueous HCI and v ater. The combined
aqueous layers werc washed with EtOAc and then was
bastiicd with aqueous NaOH. and cxtractcd with EtOAc.
The organic layer was dried over NasSO4, iiltcred. and
cmtcentrated in vacuo. 'I'he residue was purified by prep-
I IPI C to afford 31 4 ma of ('ompound 27 'I I NMR (400
MHz. DMSO-d,) o 8.22 (dd, 1=8.7. 6.8 Hz, IH). 7.94 (s,
3H). 7.59 (s, IH). 7.09 (dd. J=ll.4. 2.6 Hz. IH). G.93 (td,
J=8.4, 2.5 Hz, IH), 3.92 (s, 3H). 3.69 (d, J=16.0 Hz, 4H).
3.S4 (ddd, J=13.4, 9.6, 3.4 Hz, 2H), 3.26 (d, J=6.0 Hz. 2H).
3.07 (s, 3H), 2. 18-1.83 (m, 2H). 1.77 (ddd, J=13.9, 10.1, 4.3
I lz, 211). I,(.'-MS 454.1 [M+I I]'.

77 5

//SS,
0 0

Example 28-0: I-(4-(aminomcthyl)-I-(S-(4-iluoro-
2-methoxy phenyl )imidezo [2.1-b] [1,3,4] Fluadiazol-2-
yljpiperidin-4-yl)-N,N-dimethylmethanesulfonamide

[0508] To a solution of Compound 27-4 (67 ntg. 0.147
nuuol) in DCM (1.8 mL), EtiN (0.103 mL, 0.737 nunol),
DMAP (I mg, 8.19 pmol) and MsCI (0.029 mL. 0369
nuuol) werc added at O'. The reaction nnxturc v,as stirred
at room temperature for I hour. More MsCI (0 02 mi,) was
added The reaction mixture was stirred at room temperature
for 30 minutes After dilution with EtOAc. the mixture was
washed with IqsO and brine. dried over NasSOw filtered and
conccntratcd ut vacuo. Thc rcsultutg rcsttluc was dissolved
in DMF (0.5 mL) and NaN, (90 mg, 1.38 nunol) and
15-crown-5 (0.233 mL, 1.18 mmol) were added. The reac-
tion ntixture was stirred at 60'( for 17 hours. After dilution
with ii(OAc, the mixture was washed with 1170 and bnne,

[0510]
F
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[0511] The Compound 28-0 was prepared in the foliov.ing
way

OO&E&

Bc — 8

I

CO Et

// VV

OH

Bcc — V /
//~'VV

2S 3

[0512] To a solution of I-(tert-butyl) 4-ethyl 4-(iodom-
ethyl)piperidine-1,4-dicarboxylate (250 mg, 0 629 mnx&l) in
DMF (2 mL), potass&um ethanethioate (144 mg. 1.259
nunol) was add&ah Thc react&on nuxturc was st&rred at room
temperature for 15 hours. More potassium ethanethionte (60
mg) was added. Ihcn Ihe react&on m&xlure was slirrcd al
ronm temperature for 13 hours. After dilutinn &vith I ttOAc,
the nnxlurc was waslmd w&th H&O tmd bri&m, drmd over
Na&SO4, filtered, and concentrated in vacuo. 'I'he res&due
was punlied by normal phase chromatoeyaphy with a run-
nina gradient 0-10% I:tOAc/heptane to atfi&rd 165 mg of
('ompound 28-1 as nn oil.

[0514] To a solul&on of Compound 28-2 (130 mg, 0.343
mmni) in 11 IF (I 2 n&I ). I iA1114 (2 M, 0 24 n&I ) was added
at O'. The reaction mixture was stirred at room tempera-
ture for I hour I he reaction v as quenched by add&tion of 2

M NaOH and &vater. The mixn&re was diluted 3& ith EtOAc,
and dried over Na&SO4, Iillcred. and conccntralcd u& vacuo
to aff'ord 88 mg of Compound 28-3.

OB

/ (/j
73 I I

I

m c 8

O

8

0

2tl 4

2S I

I 'oint

13cc— 8 /
// XX

[0513] NCS (255 mg, 1.911 mmol) was added a solution
of 3 M I I('0.167 nil.). I I&O (0 06 &nl,) and Me('N (I n& I,).
To llus mixture was added a soluuon of Compound 28-1 &n

Me(:N (I ml ) at 0" ('I'he reaction &nixture was stirred at
room ten&pernture for 50 minutes. After dilution v.ith
EtOAc. the mixture was washed with I I&O and brine. dried
over Na&SO4. filtered. nnd concentrated in vncuo. The
resulting res&due &vas dissolved in Me('N (I 5 mi ) and
aqueous Me&NH (0.3 mL) was added. The reaction mixture
was stirred at room tempcraturc for 3 hours. After d&lul&on

with EtOAc„ the mixture was washed with H,O nnd bnne,
dncd over Na&SO4. Iiltertsh and conccnuatcd m vacuo to

ive (:ompound 28-2

[0515] To a solus&on ol'Compound 28-3 (88 mg. 0.262
nunol.) in MeOII (0 5 ml ). I I(1 in dioxane (0.8 ml,) was
added Thc reac&ion mixiure was stirred at room lcmpcralure
for 1.5 hours. I hen the mixture &vas concentrated in vacuo
The residue was dissolved in EtOH (1.5 ml.) and then
('ompnund I (78 m, 0.235 n&mol) and DIPiiA (0 8 &nl„

3.20 mmol) were added. The reaction mixture was stirred at
100'. fi&r 3 hours. The mn«urc was concentrated u& vacuo.
The residue was purified by normal phase chromatogmsphy
w&th a run&ung grad&cnl 0-100%& EtOAc/heptane lo ail'ord 76

mg of Compound 28-4 I (3-MIS 486& I [M+II]

I

//~%
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-continued

n
IIO Oft

[05171 To a solution of Compound 28-5 (55 m, 0.114
mmolj in I)('M (0 8 ml ). ilt,N (0.079 nil., 0.5(29 nunol),
Dlvhsrp (13.90 mg, 0.114 nunol) and MsCI (0.022 mL, 0.284
nunol) werc raided at O'. Thc reacuon mixture was stttrcxf
at room temperature for 30 niinutes. After dilution with
EIOAc, the nuxturc was washed with HsO and brine. dnod
over NacSOe filtered and concentrated m vacuo. I'he resi-
due was diss~olvcd in DMF (0.5 mL) and then NaN, (59.2
mg, 0 910 inmol) and 15-crown-5 (0 180 nil., 0.910 mmol)
were addid. The reacuon mixture was stirred at 60'. Ibr
I hour, then at 100" C for 7 hours. More NaNs (2(i mg) was
added The reaction ntixture was stirred at 100', for 13

hours Afier dilution lvith I itOAc, the niixture was washed
with H20 and brine, dried over Na,SOe filtered, and con-
centrated ui vacuo to alford 44 mg of Compound 28-G.
LC-MS=509.2 [M+HJ'.

[0516J A mixture of ('ompound 28-4 (76 mg., 0 157
nmtol). (4-fluoro-2-methoxyphenyl)boronic acid (334 6 mg,
0.204 nunol). and PdC12(PhiP), (5.5 mg. 7.83 pmol) in
aqueous NasCOs (2 M, 0391 mL, 0.783 nmtol) and dioxane
(0.5 mL) was surrcd at 100'. Ibr I hour. The nuxturc was
punficd by normal phase cinematography with a ruruung
gradient 0-10()% lltOAc/heptane then 100% (10 90 MeOI I

I)('M) to afiord 55 9 nig of Compound 28-5 I.('-MS 484 2
[M+HJ'.

266
F

8 OH

LA,&
— K, 2

—"

2tl „

F

26 6

2tl

[l)518J To a solution of ('ompound 28-6 (44 mg. 0.087
mmoL) in THF (0.7 mL) and HsO (0.16 mL). PhsP (45.4

mg, 0.173 nunol) was added. The reaction mixture was
stirred at 60" C. for 9 hours. After dilution v ith EtOAc, the
mixture was extracted with aqueous HCI and water. The
combuied aqueous layers were lvashed with EtOAc, were
bastficd with aqueous NaOH, and extracted with EIOAc.
The organic layer was dried over NasSOw filtered. and
cmicentrated in vacuo 'I'he residue was dissolved in MeOI I

and treated with HCI in dioxanc. then concmitratixi ui vacuo.
The rcsxluc was punfied by prc72-HPLC to afford 23.6 mg of
Compound 28. 'H NMR (400 MHz. DMSO-d,) 8 8.23 (dd,
.I 8.7, 6.9 llz, 111), 7 88 (s. 311). 7 53 (s, 111). 7.08 (dd,
J=11.4, 2.5 Hz, IH). 6.92 (td, J=8.5, 2.6 Hz, IH), 3.92 (s,
3H), 3 58 (m, 4H), 3.38 (s. 2H). 3.22 (d, J=5.9 Hr, 2H).
1.94-1.84 (m. 2H), 1.77 (ddd, 1=13 (x 8.4, 4.G Hz. 2H).
I C-MS 483 2 [M+I IJ
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Compound 29-0: ((3R.GS)-5-amino-l-(5-(4-fluoro-
2-mcthoxyplmnyl )tmidazo [2.1-b] [1,3,4]tluadrazo1-2-

vl)plpct1dtu-3-01

[0519]

XII

for I hour. After dilution ivith water. the mixture was
extracted with EtOAc. The combined organic layers were
washed With aq. NaOH. dried over NdzSOd, Iiltercd, and
cmtcentrated in vacuo The residue was then treated with 4
M I I('I m dioxane, and concentrated m vacuo, then diluted
with water, and freeze-dried to aflhird 2.7 mg of Compound
29 as a solid. 'H NMR suggested the stereochemistry of the

OH v:as inverted. 'H NMR (500 MHz, MCOD-do) o 8.27
(dd, J=8.7, 6.5 Hz, IH), 7.90 (9, IH). 7.03 (dd, J=11.0, 24
Hz, IH). 6.88 (td, J=8.4. 2.4 Hz. IH). 4.20-4.09 (m. 2H).
3 96 (9, 31 I). 3 83 (dd, .I 14.1. 3.0 I iz, 111), 3 73-3 66 (m,
311), 2.21 (dt, .I 14 4, 3.6 I lz, 111), 2 09-2 01 (m, I I I)
LCMS=364.2 [M+H]'.

Ott

[0520] The Compound 29-0 was prepared by thc siunc
route used to prepare I'ompound 4-0. using appropriate
starting materials:

Example 30-0 (4Y,4aR.7aS)-6-(5-(2-ethoxy-6-iso-
propylpyridin-3-yl)intidazo[2,1-b] [I uh4]tluadiazol-

2-yl)octahydropyrano[2.3-c]pyrrol-4-amine

[0522]

.JH

XHBoc (ot

39 3

[0523] The Compound 30-0 was prepared ut thc Ibllowutg
Wdy

.JHc

fot

IIO Ott I to OTBDPS

30 3

39

OH

[0521] To a mixture of Compound 29-1 (18.3 mg. 0.039
nmtol). 4-nitmbenzoic acid, (7.92 ntg, 0.047 mmol) and
Ph„P (1243 mg. 0 047 nunol) ut THF (0.8 mL), disopropyl
dzodicarboxylate (9.33 PL, 0.047 mmol) v,as added. Thc
Icdcttoll Iluxtul'c vvas stllrix! at rootll tclllpcratulc lor 14
hours and then concentrated in vacuo 'I'he cnide was
purified by itoultal pllase chrontatography with a Dinning

radient of 0-100%o EtOAc/heptane to afford the interrnedi-
ate contpound which v as treated with MeOH/4 M HCI in
dtoxanc dt room tempcraturc for I hour. The rciwtion
nuxturc was conccntratcd in vacuo. The rcsiduc was then
tuturdtcd with McOH/McCN mtd Iiltrated ofl. The resultutg
solid ives washed with ('113CN and dried before it was
treated v ith 2 M aq NaOI I in MeOI I at niom temperature

[0524] NCH (60% motstcncd with paraflin) (21.0 g, 526.3
nunol,) was suspended in 'I'III'300 ml ) under Nz and
cooled to 0" C. 1,3-dihydroxy propane (40 g. 526.3 nunol)
dissolved in 1'I IF (200 ml ) ives added dropwise via addition
funnel and stirred at O'. for I hour. TBDPS-CI (144.6
526 3 mmoi) dissolved in THF (100 mL) was added into the
reaction mixture via addiuon furutcl at O'. and stirred Ibr
2 hours. Thc reaction mixture was quenched with tcc cold
1110 and extnscted with Et,O. The contbmed organic layers
v ere v 1shed brine, dried over Na,SOd and concentrated in
vacuo Tits cmde compound ives purified by normal phase
cluomatography tvith a nmning gmdient of 30/70 EtOAc/
n-hexane to afliird 90 g of (:ompound 30-1 as a solid. 'H
NMR (300 MHz, CDCls) b 7.75-7.57 (m, 4H), 7.51-7.31 (m,
6H), 3.91-3.79 (m, 4H). 238 (I, J=S 6 Hz, IH). 1.81 (p,
.I 5 6 Hz, 2H), 1.05 (s. 911).

ist
HO 0TB OPS

30-1
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-continued

OTBDPS

7.79-7.69 (m. 4H). 7.56-730 (ni. 7H). 4 19-4 14 (m. IH),
3.87-3.84 (m, 2H), 2.69-2.65 (m, IH), 2 51-2 46 (m, IH),
1.16 (5, 9H).

[0525] Oxalyl chloudc (19.0 mL, 214.96 nunol) was dis-
solved ui DCM (200 mL) under N, and cooled (0 —78'.
l)MSO (34.0 ml . 42') 93 mmol) dissolved in DCM (200
mi.) was added dropwise via addition funnel at —78' and
stirred at the smne temperature for I hour ('nmpound 30-1
(45.0 g. 143.31 mmol) dissolved in DCM (200 mL) was
added into the reaction mixture at -78" C. and allowed to stir
for another 2 hours Thc reaction mixiurc was quenched with
Et,N (125 mL) at —78'. slid allowed io warl&1 io root&1

tcmpcraiurc for 15 minutes followed by addiuon of H&O
(200 n&I.) 'I he aqueous layer was extracted with I )('M 1 he
combined organic layers were washed brine, dried over
NasSO& and concentm&ted in vacuo to affo&rd 45 g. of ('om-
pound 30-2. 'H NMR (300 MHz, CDCI,) 6 9.82 (t, J=2 2
Hz. IH), 7.71-7.62 (m, 4H). 748-7.31 (m. 6H). 4.02 (t,
J=6.0 Hz. 2H), 2.68-2.48 (m, 2H), 1.04 (s. 9H).

CI

I IO ( )

N OTBnis

CbzN

30 &

»cense

ornnis

OIBDPS

I'I 2

Ho~
OTBDPS

[0526J Compnund 30-2 (82 I 8, 2(i3 nunol v as dissolved
in MeOI I (I 60 I.) under N. and cooled to 0''yridme
(80 5 g. I 012 mol) was added dmpwise folloived by por-
tiomvise addition of hydmxyl amine hydrochloride (27 4 g,
395 num&1) at O'. Tlie reaction mixture wns stirred nt room
icilipcI(lilllc liir 16 110(lrs. Tile icaciioll 111(xiurc Was coliccll-
traicd in vacuo to alford a crude residue wluch was dissolved
into I I,O and extracted with I itOAc. 'I he combined organic
layers were ivashed bone. dried over NasSO& and concen-
trated in vacuo to afford 86 g of ('ompound 30-3 'I I NMR
(400 MHz. CDCI&) o 7.79-7.69 (m. 4H), 7.56-7.30 (m. 7H),
4.19-4.14 (m. IH). 3 87-3 84 (m. 2H), 2.(i9-2.(i5 (m. IH),
2.51-2.46 (m, IH). 1.16 (s. 9H).

[l)528J Compnund 30-4 (470 g. 130 nimol) and benzyl
2.5-dihydro-H-pyrrole-l-carboxylate (24.0 g. 118 nunol)
were dissolved in IPA (500 mL) at room temperature.
NaHCO., (56.0 g, 667 mmol) was added into the reaction
mixture and heated io 50'. and allow cd to sur for 16 hours.
'I'he reaction mixture was quenched with ice cold I i&O and
extracted v;ith IitOAc. 'I he combmed organic layers were
v ashed v ith cold ivater, brine. dried over Na&SO& and
concentrated in vacuo. The co(de residue wns purified by
normal phase chromatography vvith a Dinning gm&dient (80
colunm) with a nnuung gradient of 35-45% EIOAc/0-
hcxanc to alii&rd 11.5 g of Compound 30-S 'H NMR (400
MHz, CDCI&) 6 7.68-7.67 (m, 4H). 7 47-7 30 (m, 11H),
5 16-5.12 (m, 211), 3 ')6-3 86 (m, 5H). 3 60-3 50 (m. 211),
2 76-2.73 (in. 2H). 2 10-2.08 (m, 111), I 10 (s. 911). I D-
MS=546.6 [M+H,O1'.

OTBDPS

('bzN

Ho
N OTI3DPS

idl

Ci

30m

NH

I IO
N OIBDPS

3(l-4
Cbzx

OTBDPS

[t)527] ('ompound 30-3 (86 0 o, 263 mmol) ives dissnlved
in DMI& (860 ml ) under N, and cooled to 0" C NCS (38 6

. 289 nunol) was added portionwice into the reaction
mixture at 0" C. The reaction mixture &vas stirred nt room
tcmpcraiurc for 2 hours. The reaction mix(ure was quenched
with icc cold H 0 aud cxtracicd with E(OAc. Thc combuicd
orgaiuc layers acre wash(xi with cold H&O (150 mLx3),
brine. dried over Na&SO& and concento&ted in vacuo to affnrd
95 g of ('ompound 30-4 'l l NMR (400 Mllz, CD('I&) 6

3 2 i& si ( I

3(i (,

[0529] Compound 30-5 (11.5 g. 21.8 nunol) was (hssolvcxt
iu MeOH THE (3.1) (560 mL) under N, nnd cooled io —30'.

NiCI&.6H&O (15.5 g. 65.3 nmiol) was added. NaBH&
(8 27, 218 nunnl) ives added portionwise to the reaction
nuxture at —30" C and allov ed to stir for 2 hours lit&N (7
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mL) was added to the reaction mixture and stirred for 15

minutes at — 30" C The reaction mixture was filtered tluough
('LITE pad and washed with excess of MeOH. The fiitmste
was conccntratcd ui vacuo to afford a crude residue which
was dissolved into EtOAc washed with brine. dried over
NazSOz mid concentrated ui vacuo to afiiird 10.4 g of
('ompound 30-6 as a solid I,('-MS 533.20 [M+HJ+

I:bzN

)'Huoc

39

OTBDPS

.IHB

OTBDPS

Isi
CI. zb,

OH

3(3-6

I;IIB
'u 9

I:bz
0 II3DPS

39

VI IB
II

Cbzx

H

O'I B OPS

[0533] Compound 30-7 (3.10 o. 8 07 mmol) u as dissolved
in THF (80 mL) uiul cooled to O'. TBAF (I M in THF,
2 53 o, 9.68 mniol) was added 0" (2 and the mixture was
stirred at room Icmperaturc liir 30 minutes. Thc nuxturc was
quenched with I lzO and extracted with I:tOAc I'he com-
bined organic layers were washed with H30 and brine then
dried over Ns,SOz and concentrated in vacuo to afford a
cnide residue, v:inch svas purified by tritumstion v ith n-pen-
tane to afi'ord 3 g of Compound 30-9. 'H NMR (400 MHz,
MeOD-ds) 6 7.39-7.35 (m. 5141. 3.12 (s, 2H), 4.30-4.21 (m,
IH), 3.95-3.82 (m, IH), 3.78-3.50 (m. 6H), 2 35-2.15 (m.
IH). 2.15-1.95 (m. IH), 1.50 (br s. 9H) LC-MS=295.2
[M-Boc+H] .

[0530] Compound 30-6 (10.4 8, 19.6 mmol) was dissolved
in DCM (160 mL) and cooled to O'. EI,N (5.94 g, 58 8

nunol) and (Boc),O (6.41 g, 29.4 nunol) svere added and the
reaction mixture was stirred at room temperature lbr 16
hours 'I he reaction mixture was quenched with I lzO and
cxtractcd with DCM. Tlm combined orgamc layers were
washed with water. bune. duad over NazSOz and concen-
trated in vacuo The cnide residue was purified by nomial
pli;ise clii'onlatogi"ipliv (80 8 coliiiilii) with a uiiiiiiiiu gi'a-

dient of 30-65% EtOAc/n-hexane to give two die stereo meric

products Compound 30-7 and 30-8.

I'bzN

VHBoc

39 9

(/H iii

I:bzN

I tmo.

0 viz

[0531] Major peak Compound 30-7: rac-Benzyi (3S,4R)-
3-hydroxy-4-((S)-2,2.11,1I-tetunncthyl-o-oxo-3z3-diphe-
nyl-4,10-dioxa-g-aza-3-siladodecan-7-yl)pyrroiidine-l-car-
boxylate (5.10 g). 'H NMR (400 MHz. McOD-dz) 6 7.69-
7 66 (ni. 41 I), 7 47-7 30 (ni. 11 i I), 5 17 (s, 211), 4 20 (s. I H),
4.00-3.70 (m. 3H). 3.60-3.45 (m. 2H). 3.31-3.29 (m. 2H),
2 21-2.19 (m, 111). 2 11-2 09 (m. I I I). I 77-1 75 (m. HI),
1.47 (s, 9H). 1.08 (s, 9H). LCMS=533.58 [M-Boc+H]

[0532J Minor peak ('ompoiuid 30-8: rac-13enzyl (38,4R)-
3-hydroxy-4-((R)-2.2„11.1 l-tetramethyl-9-oxo-3.3-diphe-
nyl-4.10-dioxa-g-aza-3-siladodecan-7-yl)pyrrolidine-l-car-
boxylate (3 60 ): 'H NMR (400 MHz, CDClz) 6 7.68-7.67
(m, 4H), 7 47-7 30 (m, I I H), 6.20-6.10 (m. IH), 5.16-5.12
(m, 2H), 4.20 (s„ I H). 4 05-3.75 (m, 3H). 3.70-3.60 (m. IH),
336-334 (m. IH). 3.21-3.19 (m. IH). 2.10-2.08 (m. 2H),
I 45 (s, 911). I 10 (s, ')ll) I ('M) 533 63 [M-13oc+IIJ+

su ia

[t)534J To a solution of ('ompound 30-9 (300 g, 7.(31

nunol) ui DCM (60 mL) anil EtcN (0.770 g, 7.61 mmol)z 3

solution of Ms('I (0.870 u, 7 61 mmol) in 13('M (5 ml,) was
added at O'. and the resulting mixture v as stirred at 0" C.
for 2 hours Tlie mixture was concentrated in vacuo to afford
3.60 of Compound 30-10 wifich was used in the next step
without mty fiirthcr punlication. 'H NMR (400 MHz.
CDCls) 6 7.75-7.46 (m, 5141. 5.30-5.10 (m, 2H), 4.73-4.71
(m, IH), 4.35-4.34 (m, IH), 4.05-3.99 (m, IH), 3.84-3A5
(m, 3H), 3.44-3.14 (m, I H), 3.14 (s, 3H), 2.95-2.71 (m, I H),
235-2.15 (m, ill). 213-1 i)5 (m, HI), 135 (br s 911)

I C-MS 373 I [M-Boc+HJ
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r.'bz8

.IHBoc

30 10

I'bzv

30 11

'.IHBnc
for 8 hours. then was heated at 100" C. for 4 hours. The
reaction was cooled lo room temperature, conccntraicxI
down Thc crude material redissolved in DCM and was
washed ivith 0 I M I I('I (20 ml ) The aqueous layer was
extracted with I)('M lite conibined organic layers were
washed with sat. aqueous NaHCOs. dried over Na,SO4, and
concentrated invacuo to afford 421 m of Compound 30-13
as a sohd. LC-MS=492.2 [M+H1 .

XHB

[0535] Compound 30-10 (3.60 g, 7.63 nuuol) was dis-
solved in THF (80.0 mL) mid CszCOI (7.46 g, 22.9 nuuol)
was added at 0" ('he mixture was heated to refiux for 16
hours I'he mixture was hltered through a ('I il 1111 pad and
the pad was washed w ith THF The tiltmste was concentrated
in vacuo. winch was puritied by normal phase chromatog-
raphy (basic alumina colunui) with 4 nuumig grarhent of
30-45%o EIOAc/n-hexane to affhrd 1.40 g ol'ompound
30-11. 'H NMR (400 MHz, CDCIs) 6 7.41-7.30 (m. 5H),
5 21-5.12 (m, 211). 4 83-4 81 (m. 111), 4 15-4 13 (m. 111),

3 8(1-3.73 (m, 211). 3 70-348 (m. 311), 3 47-339 (m. 211),
2.27-2.25 (m, IH), 2.06-2.08 (m, IH), 1.52 (s. 9H). LC-
MS=377.3 [M+H] .

b,HBo

3rr 13

B
HO OH

3m-11 i(» 3
.IHB c

[0536] Compound 30-11 (0.400 g, 1.06 nunol) was dis-
solved in t-l3uOII (60 nil.) and then Pd/( (10% anhydrous
wt. 0.2 g) and Pd(OI I)z (20% dry wt, 0 2 8) were added and
the mixture was stirred under 10 kg/cmz H, pressure at room
tempemsture for 45 minutes. The mixture was filtered over
CEL ITE pad and the pad was washed with DCM. The filtrate
was conccntratcd in vacuo to alford 0.2S3 g ol'Compound
30-12. 'H NMR (400 MHz, CDCls) 6 4.8S-4.83 (m. IH),
4 10-4.08 (m, 111). 3 91-3 82 (m. 211), 3 25-3 03 (m. 411),
2 70-2.40 (m, 311). 2 20-2 00 (m. 211), I 62-1 59 (m. 111),

1.44 (s, 9H). LC-MS=243 2 [M+H] .

BHBn.

30 14

V'HB c
I

/ ~$P IIVV

v s

lc)

30 12

I

(/j
SHBnc

30-13

[0537] A soluuou of Compound I (300 mg, 0.909 nunol),
('ompound 30-12 (2(14 mg, I 091 nunol) and EtsN (0 26
nil .. I 865 mmol) in dioxane (10 ml.) was heated to 80" C.

:lr) I n

[0538] A nuxuirc of Compound 30-13 (190 mg. 0.387
nuuol), Compound 39 (162 mg, 0.773 mmol), PdClz(dppl)-
I)('M complex (31 6 nig, 0.039 mmol) and KsPO4 (246 mg,
I 160 mmol) v,as put under N. for a few minutes. then
dioxane (2.5 mL) and H,O (0.5 mL) were added. The vial
v as put under N, for an additional minute and then the
reaction was heatczd to 90'. for I hour. Thc reaction was
concentrated in vacuo and purilicd by normal phase cluo-
matography (40 g colunui) w idi a ruiuung gradient of0-40%
(3 I I ItOAc: EtOI I) heptane to afiord a racemic niixture. A
clural purification ives done using SI'('Method 3) to afford



US 202 [/0 [15065 A[
103

Apr. 22, 2021

SHBOO

(u)

38 mg of the first eluting peak Compound 30-14 (97.78%
retention=4.12 minutes) and 59 mg of the second elurion
peak Compound 30-15 (87 3%o retention=5.02 minutes). The
second peak was puniicd again using the 6&une SFC method
to recover 6 mg of thc Iirst ciuung compound mt&1 31 m of
the second eluting peak which showed 96 8% retention 5.
38 lllltutten

[05391 Compound 30-14 (44 mg, 0 084 nmtoi) undetwent
a Boc-deproteotion following treatmmit with formic acid

(0.5 mL, 13.04 nunol). The reacuon was stirred at room
tcmpcrature for 24 hours. The reaction was concentrated in
vacuo and punlied by prep-HPLC to tdibrd 213 mg of one
the &umntiomcr Compound 30 assigned as suigle compound
with absolute stereochemistry unknown 'l l NMR (400
MI Iz, DMSO-dr) 6 8 59 (d. 1 7.711z, 111). 7 59 (s. 111). Gt.97

(d, .I 7 8 I lz, 111), 4 47 (&I. J 7.0 I I 2, 211). 4 40 (t, .I 3 7 I 17,

111), 3 81 (t, .I 11 3 112„111), 3 66 (dd, .I 11 I, 4 I J iz, I I I),

3 60 (d, .I ') 2 I lz, 21 I), 347 (dt, .I 9 3). 4 3 I lz, 2i I). 325 (s,

111) 2 95 (p .I 61.8112, III) 2.26 (0 J 9.7112 II I) 1.&)4 (s

IH). 1.42 (t. J=7.0 Hz. 3H), 1.33 (d. J=13.9 Hz, IH), 1.26

(d. )=6.9 Hz, 6H). MS m/z ca)cd for C„H„N,O,S 428.G.

found 429.5 fM+H) . Chimsi analytic (Method 4): 100%
retetlttou=s,46 n11nutes.

36-14
pe.d: 1

[05401 The same N-Boc de-protection proccdurc was done
fitr thc second ciuung peak, Compound 30-15. Thc reaultutg
compound was assigned as sutgle compound with absoluie
stcreochcnustry unknown Compound 30-16. ' NMR (400
MHz, DMSO-de) 6 8.59 (d. J=7.7 Hz, I H). 7.59 (sr IH). 6.97

(d, .I 7 8 I lz, 111), 4 47 (&I. J 7.0 I I 2, 211). 4 40 (t, .I 3 7 I 17,

111), 3 81 (t, .I 11 3 112„111), 3 66 (dd, .I 11 I, 4 I J iz, I I I),

3 60 (d, .I ') 2 I lz, 21 I), 347 (dt, .I 9 3). 4 3 I lz, 2i I). 325 (s,

111) 2 95 (p .I 61.8112, III) 2.26 (0 J 9.7112 II I) 1.&)4 (s

111), li42 (t, .I 70 I lz, 311), 133 (d. J 13)) I lz, li I), 1261

(d. )=6.9 Hz, 6H). MS m/z ca)cd for C„H„N,OzS 428.G.

found 429.5 fM+H)'. Chimsi analytic (Method 4): 100%
retention=4.60 minutes.

[05411 The following compounds were prepared by the
sante mute used to prepare ('ompound 30-0, using appro-
priate starting materials:

1 ym lpi«

Cutup und

Vumh r Stm.i n« R V1 i&

('inrr 1

Prep

I&'S M &trot

3u-1

811.

H VMR ( tttt MHz, DMSO-d„) 6 6 6 -6 4V

itn 1H) 6 24 it.t = 6, Hz. 3H& 76 is
1H) 74(-736(m, H),4 t)itd.J=41 1

it, 00,4&)2 (a, 30) 3.1&2 3 66 tm,411).
3 66 3 4 (rn. tlf). 2 &3 (1s..t = 6, t tlr.
0th 1 (dtd, 1= la»,6,461(,111),

162(ti,t=l 1 3. 1(r,liu

MS trlrz wliol
foi

44tt 1

(vi + 111'

(43.4ak.tas 1-6-(6-12-ntctltosv-4-
(t»uu i » th,i)pt, yips tr 12,1 hj
11.3,4ittuad azoi 2 ri)o tallvilopylflllo

(2.3 oipyn 1 4, » r



US 2021/0115065 A1
104

Apr. 22, 2021

-cont)))))ex(

Exanrplc

'ompound

;eMR

Clutal

Pt ep

IC MS M Ihod

3k!-It!

HH)

'H I MR i. Atr I 1Hz DMSOdt I 6 8678 xl
(ni, IH). tl24 Id. 1= v 7 Hz. SHI, 7 6 ts,

IH). 74 (d 1= 7" Hz. 2H),4v."-448 (tn.
l)I),402 (s, ki). 3 81 . 68 ( t,4)(l, .68

.3)I),2 V!du,l=x9, I I(,ll(l,
213(dtl.l=l 6,76.34Hr.lti),(6

( Id. I = I v I. 3 2 H, I H)

Mb rn.z mr(cd
t'or

C,gHzops.(sO,

440 I

(M+

H('4R.dad,)

R) 6 IS)2 tb V 4
(tt tluoromethyl)phenyl)nn dazo(2.1 bj

(2.) jp,rzol d.urune

ln 19 H )VMR (40(t MHZ. D'uLCO do) b 8 6 (d.
)=77Hz,lH).8 A(d.l= 7Hz Hi,

761 Is. IH) 698 (t I= 8 Hz IH) 449
Id I = 4 I Hz IH), 4 Al is, 3HI 3, -3 62

(nt. tlH) 2 9t! (p. I = 6 9 Hz, IH), '-
2 trit Im, IHI. I 661.4 (nt. IH), I 2 id,

I = 6 tl I( 6)(l

MS mz .i(cd
for

C'zoH,al sOzS
414 fottttd

41

(M + Hj'

(4S,4. R.7. 9) 6 I )6»p pyl 2

merhoxvpyt d n 3 ylj m daze( .I bj
j)4,4)0; I ol

vl) ctd vdtopytm(2 3 bjpyrrol -I atnne

3I)- 0

h(H)
H

'H HMRi400 MHz Dl ISO-6 I 6 8 v6 id I =

77 Hz IH), 820 Id. 1=, Hz SHI. 769(s
IH). 69tl(d I = 77 Hz. IH),4 v7-437 (tn.

IHI. 4 01 Is. 3HI 3 78-3 6t! (m. SH).
9tlip,(=69H,IH), 12(d,!=So
Hr, 1)I), I 6I !d, I = 14 8 Hr, (H).

12, (I, I=69)(,6)(l

Mb rn.z mr(cd
t'or

C oH al'aO S

414 found
4)s

(M + H(+

(48.4uS 7 R) 6!v t6 ivopmpvi -'erhoxvpytd n 3 ylj m daze( .I bj

(2.) jp,rzol d.urune
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-confutttcx[

Emtrnple
'ompound

Number

9 21

Stir)el)ate

~J,.
VII

NMR

'u NMR (yttft an le, DMSO I„) h P4 f. 39
,IH),821(I)L)=8 .6sur.ui!,759

B. Ikl). 7 IO (df..l = 114 -. Hr, lln. 692
(I I, I = 8 4, 2 6 Hr. Hl') 4 4 (I, I = 4 9 H,
IHI. '19 (s. 'IH). '82 (t, I= l)7 Hz IHI
37'I (m H),368(d. I = 88 Hz. )H) 58

(m. 2H). 3 52 (d, I = ll I Hz, IH) 56!s,
IH) 47 (d. I = ' Hz. IH),2)t (s IHI.

I 6"
( t, I = 14 t! Hz, I HI.

LC Mb

fu

(hsur 1 '0 8

lb(t 3

[M +

H['lutal
Prep

Method

14R4nlL7)S) 6 t. (4 tluoro 2

Ihu )pit«yl) t I. [2,1 b[[).L41
rluid .izol 2, Boctahydtopyrano[2.3 cl

)tt 2

VH)
H

'H NMR ( tat MHz, DMSO dsl b 84) 8 39
(m. 'IH). 8 I (dd. I = 8 7. 68 Hz, IH). 7 9

(s. )H). 7)() Idd,J= 114, 5 Hz IHI,69
(td, I = tl4 2 6 Hz. IH). 454(t, I = 49 Hz.
IHI, )92 (s,JHI. 382(t.J= H Hz. IHI
3 73 itn 2H) " 68 it, J = tt 8 Hz. IHL
(nt. Hl. 35 (d. 1= 111 Hz. IHI 256 (s,
lu), 47 (t. I = I tl . Iul. 19 (y, DD.

I 6 t ! t, I = I 4 8 I I , I I I ).

MS tnz .ilcd
for

C, Hz I:N,orb
389 I found

39() 3

lM+

Hl'4RMH,7

R) 6 (y (4 fh m 2

methox, phenyB rr dizo[2,1 bi[1.3 4[
tlu; lu ol 2 yl) ct;6 ! d i»,u [2 B *1

p, rrol 4 tunme

Example 31-0: ((4S,48S,78R)-G-(5-(4-[[uoro-2-
methoxyphenyl]imidazo[2,[-h] [1.3,4]thiadiazo[-2-

yl)octahydropyrano[2r3-c]pyrrol-4-amine

[0542]

Niit

H

[0543] The Compound 31-0 was prepared ul thc lhllowulgWd)'l
IB

H

0! B DPS
Cbz — V

OH
H

30 8

Race)tat'Peak

I, M nor D astereomer from I 6l

.JHB
H

OH
Cbz — b,

OH
H
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[0544] Compound 30-8 (0.86 v. 1.358 nunol) was dis-
solved u& THF (10 mL) and cooled to O'. TBAF (I M u&

THF) (1.6 mL, 1.630 mmol) was addhxl at 0" C. and the
reaction nuxture was stirred at room temperature for 30
n&im&tes 'I'he reaction mixture was quenched v ith I I&O and
extracted with EtOAc. The combined or anic layers v.ere
&bashed &vith water. bnne. dned over Na&SO4 and concen-
trated in vacuo at 35" C. The crude residue was purified by
tnturation w&th u-pm»anc to obtau& 800 mg of Compound
31-1 as a solid LC-MS=295.15 [M— 100], rc&ection time=i.
44 I» lln&tew

75'. and stirred fi&r 16 hours. The reaction v as diluted in
I:tOAc and the combined organic layers &vere washed &vith

water. dried over Na,SOs and concentmted in vacuo. The
crude rcsuluc» as punlicrl by normal phase chromatography
v ith a running gradient of 5/95 MeOH/DCM The product
was taken in ethyl acute&e, MTBE was added and surr&xl Ibr
10 hours, the resultin suspension was filtered and dried to
alford 400 mg of Compound 31-3 as a sol&d. LC-)&IS=277.2

[M — 100]+ (De-l3oc). retention tin&e 1.52 n&mutes

~HBo

OH I &

3»-

8
3&-3

0 0
I

3&-4

Cbz — N

VI IB

3& 2

OMs

[0547] To a solution of Compound 31-3 (350 mg. 0.13
nunol) in &-BuOH (50 mL). Pd/C (10% dry basis) (0.2 g) and
Pd(OII)z (20% dry basis) (50 mg) were added and the
rcac&ion nuxturc was s&irred at room &mnpcralure for 7 hours
under I lz. 'I'he reaction mixture was filtered through
CELITE pad and &bashed with excess of DCM. The filtrate
v as concentrated in vacuo to ailiord 300 n&g of Compound
31-4. LC-MS=243.0 [M+H] . retention time=0.83 minutes.

[0545] To a solution of ('ompound 31-1 (800 mg. 2.21
mmol) u& THF (60 mL) Et„N (402 m, 3.98 nunol) was
added a& O'. Then MsCI (378 mg. 3.32 nunol) was added
dropw isa a& O'. and thc rcsulun react&on nuxturc was
allo&ved to st&r for 2 hours The reaction mixture was d&luted
with I izO and extracted w&th D('M 'I'he omanic layers v ere
dried over Na,SOs and v as concentmzted in vacuo to afiord
750 mg of Compound 31-2. LC-MS=373.0 ]M— 100],
rciention time=1.52 m&nu&cs.

3& 4

VHBn

I

0/ jv s

NIIB
VH&3

OMs

Cbz— N

H

i& 2
3& 3

VHBn

0
H

I& 3

[0546] To a solut&on ol'ompound 31-2 (750 mg. 1.58
n&mol) in 'I liir (15 n&I.) ('sz('Os (I 54 8, 4.7(i nunol) was
added at 0" C. and the reaction mixture was then heated to

[0548] A susperw&on of Compound 31-4 (I equ&v.). Com-
pound I (I equiv), l)ipl:A (2 equiv) in Me('N (20 volume)
was heated at 100" C. for 90 minutes in MW The reaction
nuxture was cooled to mom ten&perature The solid was
filtered and washed with an excess of cold MeCN to get 250
mg of Compound 31-5 as a solid 'l l NMR (300 Mllz,
DMSO-d,) o 7.08 (s. IH). 7.06-6.99 (m. IH). 4.13 (t, 1=3.3
Hz. IH), 3.97-3.80 (m, 2H). 3.73-3.61 (m, IH), 3.58-3.43
(m, IH), 3.43-3.35 (m, 2H)„2.84-2.70 (m, IH). 1.7G-1.59

(m, IH). I.SG-1.4G (m, 2H). 1.40 (s, 9H). LC-MS=492.0
[M+I I]+, retention tin&e I 51 n&inutes
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~63
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31 o

H
B

HO OH

VHBo NHBo

j X)
— b

1

31-6 31-7

[0549] 4 solution of Compound 31-5 (1.0 equiv) in
dtoxanc/HsO (4.1) was added KsCOs (3.0 cqutv.). (4-tluoro-
2-mcthoxvPhenyflboronic tmtd (1.5 equtv.) and PdCls
(dppfl-DCM complex (5 mo1%) was heated at 100' for
6 hours. Thc rcactton mtxture was diluted v,uh HsO and
cxtractcd twtce wtth EtOAc. The combutcd orgatuc layers
acre washed wtth HsO. then brute, dned over NaoSOs,
filtered and concentrated tn vacua. The cntde was triturated
in 5%o MeOH in Me('N, filtered and dried 'Ihe resultiag
pmduct tvas separated by chiral I IPI.( puriTication (Method
2) to affiord:

-confinluxl
1

/ XPN

H

[0550] Compound 31-6 (50 mg) as a solid. LC-MS=490 5

[M+H] . retenuon arne= l 50 nunutcs. Clnral HPLC. 99.0%,
retention time 9 80 (Method 2).

[0551] Compound 31-7 (50 mg) as a solid. LC-MS=490 5

[M+H] . rctcntion tune=1.50 mtnutes. Chiral HPLC
97.11%, retcnuon umc=16.01 (Method 2).

VI I8 to I

0

'll 6

[0552J (:ompound 31 was prepared from I'ontpound 31-67

using Boc-dcprotccuon proccxfurc B. Thc rcacuon mtxturc
was concentrated ut vacuo and washed wuh 5% MeOH in
MeCN and dried to afford 40 mg of Compound 31 as a solid.
'H NMR (400 MHz. MeOD-do) 8 8.31 (dd„J=8.7. 6.5 Hz,
110, 7 88 (3, 110. 7 03 (dd..l 11 0. 2 5 I lz. 110, 6 84 (td,
.I 8.6, 2 5 Ilz, I I fl. 4 34 (n .I 3 2 I lz, 110, 4 12-4 02 (111,

IH), 3 96 (s. 2H), 3.93-3.71 (m. 4H), 3.69-3.51 (m, 3H),
2.02-1.77 (m. 3H); LC-MS=390.1 [M+H], rctentton
time=1.26 minutes. Chirai IJPLC: 94.36%, retention
time=6.43.
[0553J I he same procedure is done for the second eluting,
peak ('ompound 31-7 using Boc-deprotection pmcedure B
Thc reaction mtxture was concentrated ut vacuo and we shia!
v ith 5% MeOII in MeCN and dried to atford 40 mg of
('ompound 31-8 as a solid 'I I NMlt (400 Ml lz. MeOI3-do)
8 8.30 (dd. J=8.8, 6.5 Hz, IH)„7.85 (s, IH), 7.02 (dd, J=11.0,
2.4 Hz. IH), (i.83 (td, J=8.5. 2.5 Hz. IH). 434 (t, J=3.2 Hz,
IH), 4.11-4.02 (m, IH), 3.96 (s. 3H), 3.93-3.69 (m, 3H),
3.68-3.53 (m, 2H), 2.93 (s. IH), 2.08-1.71 (m, 3H): 'oF

NMR (376 MHz, MeOD-da) 8 — 110.24. LC-I1JS=390.1
[M+I IJ, retention tinte I 26 minutes I hiral I IPI,(
98 85%, retention time 8 167.
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[0554] The following Compounds were prepared by the
same route used to prepare Compound 31-0. using appro-
priate starting matemals

Bxaniplc
'ompoiutd

Viti11t ci'tntcntic. I MR

Clio'al
HPLC

LC -*.CIS nicthod

NHI

'll NM)i (mitt Mktr, VI«OI) hhl m 1 I

d ) I) 8 66 (d J = 7 8 Hz, IH), .i(cd for
7 S9 fs. IHl. 6881d. I = 77 C oHzoNCOzc
Hz. )H) 417 (t, I= 3'I Hz. 414 found
IH).406(s.3H!,400391 41S (xi+H]'in,

IH). 3 74 (dd I = ll
"7 Hz. IH) "6tl-3 3 (m.

)H), 3 i)O 4" (nx I H).
: 06-2 90 Dn. IHI. 2 76-

— 63 (, 10), I )ifl 1 19 (m.
. Hh I 30 (I..I = 6 tt II 6(I)

i48,4aS,71R)-6-tl-i6-isoprnp) )-2-
methox, pind n I yl)un daze]2.1 6]

[I 3.4] thiadi izol-2-yl)octahy drop) rane
[2.1 c]pyn I 4 un

I (0

NHI

'll NM)i (mitt Mktr, VI«OI) hhl m 1 I

d ) I) 8 66 (d J = 7 8 Hz, IH), .i(cd for
7 S9 fs. IHl. 6 871d. I = 7 8 C oHzoNCOzc
Hz. )H) 416 (t, I= 3'I Hz. 414 found
IH). 40 (s. 3H!, 3 99 391 41S (xi+H]'m,

IH). 3 74(dd I = 113
"

7 Hz. IH) " 6tl-3 4 (m.
)HI, 3 48 lddd. J = 11 7

(01. 36 Hz. luh 97()'
9 Hr. lux 76 6 (m.
lu). 1 77 1 9( .30),

1 30 ( t. I = 6 tl tl . Gkt)

0
i4R 4aR 7aSI-6-is-(6- s props)-2-

methox, pind n I yl)un daze]2.1 6]
[I 3.4] thiadi izol-2-yl)octahy drop) rane

[2.1 c]pyn I 4 un

Example 32-0: (45,4aR,7aR)-6-(5-(6-isopropy]-2-
mc(hoxypyndut-3-yl)tnttdazo[2,]-b][1,3.4]tlnadi-
nzo]-2-yl)oc(ahydropyrano[2,3-0]pyrroi-d-anunc

[0556] The Compound 32-0 was prepared in the followin
W4)'0555]

(I
Bocb 0 BocN

0 I I

32-1

H

Nlit
[0557] tert-Butyl 6-oxa-3-7zabicyclo[3.1 0]hexane-3-car-
boxylate (6.00 g, 34L4 mmol) tx as combined with copper(I)
bromide-dimclhyl sullidc complex (6.66 g, 3zh4 mmol) in
anhydrous 'I'I IE (162 ml,). I'he mixture was cooled to —40"
('inyl(nag(les]am chloride (16 M in 'I II]', g] 0 ml „] 30
nunol, 4.01 mmol) was added dmpwise over 15 minutes
The mixture v:as allowed to warm to -10" C. over 4.5 hours,
then quenched by the addition of sat. aqueous NF]4CI. The
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reaction n&ixture was diluted with 400 mL of sat, aqueous
NHCCI m&d 200 mL H&O and ihe nuxiure was surrcd
1&gorously. Thc m&xiure was lhcn extracted w&lh EtOAc
(3x1(X) n&I.) and the con&bined or anic layers were washed
with sat. aqueous NIIC('I and brine, dried over MSSOC,
filtered and concentrated in vacuo. The cnide material was
con&bined with crude compounds from a previous I g scale
reaction. The cn&de material v as purified by nom&nl phase
cluomdiography (120 g column) w&ih a ru&unng gradwnt ol
0-100!o E&OAc/heptnnc to all'ord 7.59 of Compound 32-1
as an oil 'I I NMR (500 Mliz, CD('I,) IS 5 70 (ddd..l 17 7,
10 3 7 911z 111) 5 23-5.12 (m, 211) 4 Oij (q I 5 9 1lz IH)
3.73-3.60 (m. 2H). 3 28-3 16 (m. 2H), 2.73-2.(i3 (m. IH),
1.46 (s, 9H) LC-MS=158.1 [M-'Bu+H] .

-4?
1 1 oo

1 1 7

uoc)

0

12 3 nlflicl di flfl&CICOOICI

Pcflk 1

32-4

(m, 2H), 3.77-3.68 (m, IH)„3.68-3.58 (m, 2H). 3.1G-3.07
(m, 111), 2.93-2.83 (m. 111), 2.61-2.42 (m, 111). I 4(i (s, 911)
LC-MS=170.1 [M-'Bu+H] .

32-1

117)

nocV

011

37 7

0

nlnlcl dlflfl&CICOnICI

n.k2
[0558] Nal I (60% in n&merel oil, 0 844 g. 21.1 mnlol) was
added to a mixture of ('on&pound 32-1 (388) g. 14 I mnmlj
in IJMII (56 3 ml ) at 0" ('fter 20 mim&tes, allyl bromide
(2 43 mL. 28.1 mmol) was added dropwise. The reaction
mixture was stirred for 3.5 hours. during wlfich time the
tcmpcraiurc u&creased to 6'. The rcacuon v,as quenched
by thc;uldit&on of sai. aqueous NHCCI (100 mL). The
n&ixture ives diluted lvith I I&O (200 &nl,) and extracted v ith
EtOAc (3x50 ml.). 1he combined organic layers v ere
washed with brine. dried over Mo)OC and concentrated in
vacuo. The crude material uas purified by nom&al phase
cluomatogmsphy (80 g colunu&) with a runnin gradient of
0-50'!o E&OAc/heptane to afford 3.2S g ol'Compound 32-2
ds dn oil. 'H NMR (400 MHz. CDCI&) 6 5.89 (ddt, J=17 2,
10 3, 5.6 I iz. 11 1), 5 73 (ddd..l 17 (i, 10 4, 7.5 I lz, 111). 5 28
(dq..l 17.2, I 7 I iz, 111). 5 21-5 07 (m, 311). 4 07-3 96 (ni,
211), 3.80 (q, .I 5 I I lz, 111), 3 65-3 52 (m, 211). 336-3 16

(m, 2H). 2.86-2.78 (m, IH), 1.45 (s, 9H). LC-MS=198 2

[M-13u+Hj .

[0560] Amixture of('ompound 32 3 (2 75, 12 2 nunol)
in DCM (122 mL) ives treated ivith mCPBA (632 . 36.6
nuuolj at O'. wluch was added u& Ibur scparaic, equal

pomona. Thc nuxiurc was allow&xi to warm to mom icm-

pcrdnlrc slowlv dnd su&roil overnight. The nuxulrc wds thon
cooled to 0" Co poured mio sdi. aquix&us sod&um iluosulfatc
(150 mL) that was also cooled to O'. Thc nuxturc was
stirred at this temperature fiir I 5 hours. 'I'he mixture was
then further diluted with I )('M and water. 'I'he aqueous layer
v as extracted nnce lvith D(:M (100 n&I.) and the organic
layer was washed with sat. aquenus Nal I('Os and brine,
dried over MgSOC, filtered and concentmsted in vacuo 'I he
cnide material was purified by normal phase chromatogra-

phy (120 column) with a rumfing ~oadient of 0-100%
EtOAc/heptane to afford two fmsctions:

Bocg

32-2 32 .

0

[0561] Fraction I Compound 32-4; rac-tert-Butyl (laR,
3aR,6ay,fibS)-hexahydrooxireno[2)3)4,5Jpyrano[2.1-cJ
pyrrole-5(2H)-carboxyhlte, 911 mg. 'H NMR (400 MHz,
CDCIO) 6 4.2G (dt, J=13.6, 3.0 Hz, IH), 4.11 (ddd, i=13.6.
3ab 1.1 Hz. IH). 3.75-3.54 (m. 313). 3.49 (dd. J=15zh 4.5
Hz. IH), 3.23 (dd, J=4.5, 3.5 Hz, IH), 3.11 (ddd, J=ll.9,
10 2, 8.2 I lz, ll I), 3 03-2320 (m. 111), 2.35-2 19 (m, ll I),
1.4S (d, J=2.3 Hz, 9H). LC-MS=186.1 [M-tBu+H] .

[0559] ('ompound 32-2 (I 93 8, 7 (i2 nunol) v as dissnlved
in D(:M (152 ml,) under Ns, copper(I) iodide (0.073 g,
0381 nunol) and Cinibbs ll (0.485 g. 0.571 nunol) were
added. The reaction was stirred overnight. The mixnire was
conccnirdtcd in vacuo. Thc crude material v,as purilied by
nom&al phase chromntography (80 g column) w ilh a ru&uung
grad&cni of 0-50% E&OAc/heptane io alihrd 934 mg of
('ompound 32-3 as an oil 'll NMR (4(X) Milz. ('DCI&) 6
601-5 89 (m, 111), 5 69 (dq, .I 10 I, 2 611z, 111). 4 44 4 35

[0562J Iiraction 2 Compound 32-5 rac-tert-llutyl (I a),
3aR,6aS,6bR)-hcxahydrooxireno [2)3( 4,5]pyrano[2,3-c]
pyrrole-5(211)-carboxylate, 475 mg 'l l NMR (400 Ml lz,
CDCII) o 4.34 (dd. J=13.8. 1.9 Hz, I H), 3.99 (ddd. J=13.8,
5 l. 1.7117, ill), 3.78 (ddd, .I 26.2, 10 2. 8 3 Ilz. III). 3.67
(dd. 1=9.9, 7.0 Hz, IH). 3.58 (dd, J=9.7. G 9 Hz. IH), 3.42
(dd. 1=15.9, 4.0 Hz, IH), 3.26 (id, J=IO.S, 6.9 Hz. IH),
3 14-3.05 (m, 211), 3.01 (q, .I 10 I 1lz, 111). 2 05-1.89 (m,
111), I/48-1.42 (m, 1211). I,( -MS 186 I [M!13u+I IJ+
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[0563] DIBAL (I M in PhMe, 2.22 mL, 2.22 nmtol) was
acldccl dropwisc to u mtxture ol'ompound 32-4 (268 mg,
1.11 mmol) tn DCM (11 I mL) at —78'. The mixture was
allowed to wamt slowly to O'. over 4 hours. Thc reaction
was quenched wtth McOH (I mL). Then 1.1 water/Rochcllc
salt was added (15 mL) Thc nuxture was sttrrcd lbr I hour
before being diluted wtth I I,O and I)( M 'I'he layers v ere
separated and the aqueous layer was extracted twice v ith
I)('M (25 ml ) 1 he contbined organic layers Tvere washed
with brine. dried over MSSOc and concentrated in vacuo.
'I'he crude material was purified by normal phase chmma-
to raphy (12 g column) wtth a running audient of 0-100%
EtOAc/heptane to afi'ord 150 mg of Compound 32-6 as a

colorless foam 'H NMR (400 MHz. CDCl,-d) b 4.39-4.21

(m, IH)„4.02-3.81 (m, 3H). 3.81-3.58 (m. IH). 3.53-3.33

(m, IH)„3.16 (dd. J=11.7. 10.3 Hz, IH). 3.02 (dt. J=12.7. 9 8

Hz. IH), 2.02-1.83 (m, 2H)s 1.82-1.57 (m. 2H), 1.45 (s. 9H).
LC-MS=188.1 [M-'Bu+H] Structure mtd stereochemistry
conlinned by removal ol'hc Boc group (TFA/DCM) wtth
2D NMR amtlysau

[l)565J NaNT (I')9 mu, 3 07 mmol) was added to a mixture
Compound 32-7 (493 mg, 1.53 nmtol) ut DMF (15.3 mL)
and thc rcsulttng mixture was heated to 85'. for 1.5 hours.
The nuxture was diluted with iisO (50.0 mL) and extmscted
v ith EtOAc (3x25 mL). The combined organic layers were
washed with sat aqueous Nell('Os and brine, then dried
over MgSOc and concentrated in vacuo I'he crude material
was punlicxl by normal phase cluomatography (24 col-
umn) with a nuuung gradtent of 0-100%v ETOAc/heptane to
afiisrd 284 mg of ('ompound 32-8 as an oil. 'H NMR (400
MHz. CDCls) 6 4.1G (dt. J=ll.(i, 5.G Hz, IH), 3.88-3.66 (m,
211), 3.65-3.55 (m, I i I). 345-3.34 (nt. 211). 3 12 (q, .I 10 2
Ilz. 111), 301 (t, .I 110 Iiz. 111). 2.05-1.95 (m, ill),
1.93-1.6G (m, 2H), 1.46 (s, 9H). LC-MS=213.2 [MBBu+
H] .

N

BncN HN

[0566] A solutton of Compound 32-8 (300 mg. 1.118
nuuol) in anhydrous DCM (5.6 mL) was treattxl wtth 4 M
HCI tn dioxane (3 mL. 12.00 nunol) at room tempemsture for
I hour. The mixture was concentrated in vacuo, dried under
high vacuum to give ('ompound 32-'3 as a brown residue
which was used in the next step tvithout further purification

I N,

32 6 77 7

[t)564] Ms('I (0072 m1„0.925 mmol) was added to a

mixture of ('ompound 32-6 (150 mg. 0 617 mmol) and I:tsN
(0258 ml . 1.85 mmol) in 13('M (6.17 mi,) at 0''Ihe
mixture was allowed to v arm to room temperature and was
stirred overnight More EtsN (0.086 mL) and MsCI (0.024
mL) were added. The reaction was stirred for 45 minutes.
The reaction mixture was poured into sat. aqueous NHTCI
and then extracted with DCM. The combined organic layers
were washed wtth sat. aqueous NaHCOs and bnnc, then
dncd oscr NasSOc and concentrated ut vacuo. Tlm crude
ma)anal was puofied by normal phase cluomatography (12

g colunut) with a ruruung gradmnt ol'-100% EtOAc/
heptane to provtde 96 mg of Compound 32-7 as a colorless
foam. 'H NMR (400 MHz, ('DCI,) 8 5.24-5.14 (m, IH),
4.04-3.80 (m. 3H). 3.81-3.65 (m. IH). 3.62-3.47 (m. IH),
3.15-2.99 (m„5H)„2 16-1 92 (m. 3H). 145 (s. 9H). LC-
MS 26(7 I [Myl3u+I IJ+

0
H

(/j
H

32-30

0

[l)567J Io a suspension of('ompound 32-9 (229 mg. I 119
mmol) and Compound I (351 mg, I 063 nunol) in anhy-
drous MeCN (5. (i mL), DIPEA (1.173 mL, (i.71 mmol) was
added Thc rcactton 33 as heated to 80'. I'or 3 hours. The
reaction was conccntmtsxi ut 3acuo Thc crude was purtficxI
by nomtal phase cluonuttography (12 g colunm) with 6

nursing gradient of 0-40% (5:95 MeOIhlitOAc)/heptane to
alford 338 mg of ('ompound 32-10 as a sohd
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[0568J Compound 32-10 (338 mg. 0.810 mnx&fl. Pd('I&

(dppfl-DCM complex (99 mg, 0.122 nunol). (2-mcthoxy-
6-methylpyridin-3-yl)boromc acid (316 mg. I.ti20 mn&ol),

KcPOc (51(i mg. 2.430 nunofl were suspended in dioxane
(6751 pl ) and I I,O (1350 pl.) 'I'he resulting suspensioa was
sparged under argon for 15 minutes and the reaction was
bee&cd to 80'. over&ught. 11&e ro&ction nuxturc was diluted
&vith E&OAc and H,O and the aqueous layer was extracted
t» icc: with EtOAc. Thc con&binixi orga&uc layers were dried
over M 80c, hltered, and concentmted 'I'he crude n&atenal
was pur&fied by normal phase cluomatography (12 g col-
umn) with a running gradient of 0-10% (5:95 MeOII
EtOAc)/heptane to afii&rd 206 mg of a mixture of ('ompound
32-11 and ('ompound 32-12 as a solid. A chiml separation
&vas done using (Method 7) to aflord 77.4 mg of the hrst
elution peak Compound 32-11 (100%, retention time 1.89
minutes) and 79.8 mg of the second elution peak ('ompound
32-12 (99.23%&, 3.03 nunutes). Rclativc stcrcochemistry
kno&vn, absolute stereochemistry unknown. I C-Mg 441 I

[M+H] .

-cinttun&etl

/ XPN
0

[0569] A suspension of the first eluting Compound 32-11,
(77 4 mg, 0.176 nunofl and Ph,P (92 mg, 0.3SI nunol) in
10: I THE/HcO (1500 I&L) was istirred at mom temperature
overnight 'I'he cn&de material &vac purified by prep-I lpl,( to
afii&rd 35.2 mg of Compound 32. 'H NMR (400 MHz,
l)MHO-d() (5 8 53 (d..l 7.7 Hz. H 0, 8 09 (s, 31 0, 7 60 (s,
IH). 6.97 (d, J=7.8 Hz, IH). 4.10 (dd„ 1=1 I 7, 5.0 Hz. I H),
4 01 (s, 310. 3.83 (ddd..l 11.2. 7 5, 2 8 I lz, 21i). 3 76 (dd,
J=9.7, 7.4 Hz, IH), 3.66-3.56 (m, IH). 3.51-3.39 (m. IH),
340-331 (m, 210. 2.98 (p 1 6.9 Ifz Hfl 214-202 (m
I H), I 97 (d, J=13.0 Hz, I H). 1.63 (qd, J=12 6, S.4 Hz, IH).
I 27 (d, .I 6 9 Ilz„glfl. I,('-Mq 415.2 [M+I IJ+.

8 it!

0:I

32-11
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-continued

'.IHI
H

dropwise and the reaction mixture was allowed to stir at
room temperature tiir 1(i hours I he mixture was quenched
with H 0 and extracted Vvith EtOAc. The combined organic
layers werc dned oi cr NasSOd and conccntmtcd in vacuo.
The cnide material was purified by normal pltace chroma-
tography with a runmng gradient ol'0-45% E(OAc/n-
hexane to affiird 10 g of ('ompound 33-1 as a pale orange
gum. 'H NMR (400 MHz, CDCI,) o 7.89 (d, J=12.8 Hz,
111), 7 41-7.20 (m, 101 I), 5.37 (d..l 12 8 I lz. 111), 1 37 (br
s, 4H). 2.15 (s. 3H). LC-MS=2Ci6.42 [M+H]'.

32-13

[05'70] The same proccdturc as I'or Compound 32 is done
for thc second eluting peak Compound 32-12 to give Com-
pound 32-13 as smgle compound with absolute stereocheni-
istry unknoivn 'I I NMR (400 Mliz, DMSO-ds) &) 8.53 (d,
1 7.7 I Iz, 111), 8.08 (s, 31 I), 7 (10 (s, 111), Ci 97 (d, .I 7.8 I lz,
I H), 4.11 (dd. 1=11.7. 5.0 Hz. IH). 4.01 (s, 3H). 3.87-3.82
(m, 2H)„3.76 (dd, J=9.7. 7.4 Hz. IH), 3.65-357 (m, IH),
3.51-3.40 (m. IH), 3.40-3.29 (m. 2H). 2.98 (p, J=6.9 Hz,
IH). 2.14-2.02 (m, IH), I 97 (d, i=12.8 Hz, IH). 1.63 (qd,

12 Ci. 5 3 Iiz. 111). I 27 (d..l Ci 9 Iiz. Cil I) I C-MS 415 2
[M+I IJ

Exmnple 33-0. (3aS.5R,7R. 7aR)-7-amino-2-(5-(6-
isopropy1-2-methoxypyndin-3-yl)inudazo[2,1-b][l,

3,4] thiadiazol-2-yl)octahydro-I I I-isoindol-5-ol

[0571]

33-1

[t)574J KHMDS (0.5 M in PhMe, 9.01 g. 45.3 mmol) was
added to anhydrous 'I

I iii (95 ml,) at —78" ('nder a N,
atmosphere. A solution of Compound 33-1 (10 0, 37.73
mmoi) in anhydrous THF (100 mL) v, as added over a period
of 15 minutes. The reaction was allowed to slowly warm to
—50'. and stirred tor 2 hours. Thc I'cdcuon was cooled 10
—78' and a soluuon of TBSCI (7.40 g, 49 I nunoi) in
anhydrous 'I'I IF (75 mi.) was added dropwise over a period
of 10 minutes. 'I'he resulting mixture ives allowed to warm
to O'. oi er 2.5 hours. then poured onto Et,O and tiltered
throu h a CELITE pad. The filtrate was concentmted in
vacuo to afford 11.8 g of Compound 33-2, which was
iiliiiu:dialcl)'ISCd ul thC iioxt S(Cp without dilV flirthct
poriiiciition.

X(B )

.1&Bali

C3 '13 3

0113S

[0572] The Compound 33-0 was prepared in the following

VI'Iv'0573]

(Z)-4-Mcthoxybut-3-cn-2-Onc (5. g. 50 nunol) wiis
dissolved in anhydrous 1101 (25 ml,). Dibenzylamine (I ') 7

100 mmol) in anhydrous TIII'40 ml,) was added

[0575] Compound 33-2 (11.8 g. 31.1 nunol) was &hssolvcdt
in anhydrous PhMe (100 ml ) and cooled to —78" ( under
N, A solution of N-benzyl maleimide (5.24 8, 28 0 nunol)
in anhydrous PI)Me (75 mL) was added dropwise and the
reaction was aliowed to cool to room tempemture slowly
and stirred Rir 16 hours. The nnxturc was quenched with
HIO and cxtractcd with E(OAc. Thc combated orgaiuc
lavcrs wcic dried ovci NBISOS Biid coiicciilrBI&x! Bl vBcuo 10

atford a cmde residue. which ives punfied by normal phase
cluomatography (basic alumina) with a running gradient of
3-12% EtOAc/n-hexane to afford 5 g of Compound 33-3. 'H
NMR (400 MHz. CDCI„) 6 7.43-7.25 (m, 15H), 4.92-4.91
(m, IH), 4.72-4.63 (m, IH), 4.48-4.44 (m, IH), 3.95-3.92
(m, IH), 3.86-3.76 (m, 2H), 3.67-3.61 (m, 2H), 3.30-3.25
(m, IH), 3.15-3.10 (m, IH), 2.72-2.67 (m, IH), 2.32-2.25
(m, 111), 0.89 (s, 91 I). 0 14-0 10 (ni. 611) I.('-MS 567.45
[M+I IJ'
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ViBni,

idi

1.99 (m. IH), 1.83-1.77 (m, IH)„1.43 (s. 9H). 1.30-1.26 (m,
IH). 0.89 (s. 9H), 0.14-0.10 (m. 6H). LC-MS/487.35
[M — I IJ

03BS
0 hHBo

33 3
Bn

0 0

Bn

0
%THBS

r;tm
II

[11576J (:ompound 33-3 (5 g. 8.84 nunol) was dissolved in
i-PrOH (50 mL) and then 10%o Pd/C (2.50 g) was added. The
reaction was stirred at room temperature under I atm of H,
for 30 hours. The mixture was lilicrixl tluough a CELITE
pad;md thc pad was waslmd with EIOAc. The liliratc was
concentrated in vacuo to alford 3.03 8 of Compound 33-4,
which ives used in the next step without any further punfi-
cation I.('-MS 389 25 [M+I IJ

VH.

Bno

H

33 G

OTBS

[05781 Compound 33-5 (0.690 g. I 41 nunol) was dis-
solved in anhydrous PhMe (15 mL) and cooled to —78'.
Red-Al (5.71 g. 28.5 mmol, 70%o in PhMe) v as added and
the reaction mixture was stirred at room temperature for I
hour. 1'he inixture ives cooled to 0" (: and I lsO (2 75 inl,)
was added follov,ed by a mixture of I N NaOI I (3 ml.) and
HnO (3 mL). Thc mixture was then diluted with EtOAc (25
mL) and liltcrcd Iluuugh a CELITE pad. The liltraie tens
dried over NasSO4 and concentrated in vacuo to afl'ord 0.730
g of Compound 33-6, wluch was used in the next step
without any further purification I (:-MS 461 61 [M+I IJ

03BS
3 *Hnoc

H

Bn

0

V IIB

nOTBS

Bno

oOTBSn 0 BS
t

33 G

r;tm
II

[05771 Compound 33-4 (3.03 g, 7.73 mmol) was dissolved
in DCM (30 mL) and then Et,N (2.34 o, 23.2 mmol) was
acldccl. Thc reaction was stirred ai room icmpcraiurc lhr 15

minutes. A solution of (Boc)nO (1.87 g, 8. 59 mmol) m DCM
(5 mL) was then added dropwisc at O'. The nnxturc was
concentrated in vacuo, then was diluted with I'.tOAc and
washed successively ivith water, 5% citric acid solution and
sat. NaHCOs The organic layer was dried over Na,SOG and
concentrated in vacuo. The crude material was purified by
nomial phase cluomatography (basic alunmxi) v,iih a run-
rung gradimit of 8-22% EtOAc/n-hexane to alford 1.20 g of
Compound 33-5. 'H NMR (400 MHz, CDCls) 6 7.41-7.32
(m, 511). 6.19 (d..l 9.2 I lr. 111). 4.70-4.59 (m. II I). 4 08-
4 03 (m, 111). 3 10-3 01 (ni. 111), 2 33-2 26 (in, 111). 2 0')-

43
H

OTBS

[0579J Coinpound 33-6 (0730 g. I 58 nimol) was dis-
solved in i-PrOH (15 mL) anil then 10% Pd/C (0.350 g) tens
added Thc rcacuon mixture was stirred at room tcmperaturc
under I atmosphere of H, for 16 hours. The mixture was
filtered tluough a CELITE pad and concentrated under
vacuum to afford 0 550 g of Compound 33-7 as a racemic
nuxture ivhich v,as used in the next step without any further
punfication. I,C-MS 371 49 [M+I IJ+
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I
H

VHBI

ilu

01BS
H

Nl IB 01

I
H

VHBoc

OTBS

'(HBS

33 S

[0580] To a suspension of Compound I and Compound
33-7 in anhydrous Me('N (3 mi,), DIP) IA (0.635 ml . 3 64
nunol) was added. The reaction was heated to 100'. for 10
hours 'lite reaction nuxture was washed with I)('M. and
concentrated in vacuo. The crude material was purified by
nomlal phase chromatography (40 g column) w ilh a ruiuung

radient of 0-30%o (3: I EtOAc:EtOH)/heptane to afiord 150
mg of Compound 33-8 as a sobd. LC-MS=620.5 [M+H] 33

~Hz
H

I H

H

NHBoc

OTBS &O

33-9

HO OH

NEHBoc
H

H

IO I BS

To a solution of ('ompound 33-9 (40 mg, 0.0(32 nunol) in
DCM (4 mL). 4 M HCI (0.016 mL. 0.062 mmol) was added
dnd thc rcsulthlg suspension w as stllrcxl at I'ocul ti nlperd lulu
for I hour. 'I'be cmde product ives concentrated in vacuo and
punfied by prep-I IPI,( to afi'ord ') 5 mg of Compound 33
'll NMI( (400 Mllz, l)MSO do) 6 8 54 (6, .I 7 7 I lz, II I),
8.00 (s, 3H). 7.61 (s. IH), 6.96 (d. 1=7.7 Hz, IH). 4.01 (s,
3H), 3 68 (dd. 1=9.7, 5.3 Hz. IH)„3.52 (dq, 1=18.0. 10.1 Hz,
4H), 3 35 (d, J=9.8 Hz. I H), 2.98 (p, J=6.8 Hz, I H). 2.77 (s,
IH), 1.97 (d, J=11.9 Hz. IH). 1.85 (d, J=12.6 Hz, IH), 1.45

(q, J=12.1 Hz, IH), 1.27 (d, J=6.8 Hz. 7H), 1.08 (q, J=I2.2
I lz. 111). I,C-MS 429.4 [M+I I] .

I ixample 34-0: (3aR,4S.SS.7aS)-4-amino-2-(5-(6-
isopropy1-2-ntethoxypyri din-3-yl)imidazo[2.)-b] [ I,

3.4]thiadiazol-2-yl)octahydro-l H-isoindol-5-ol

[0582 J

[0581J A mixture of Pd('lz(dppfBDCM complex (9 88
mg, 0.012 nunol), Compound 33-8 (75 mg, 0.121 nunol),
Kz POo (0 182 m1„0 363 nlmo1) in dioxane (3 ml,) and I lzO
(0.(i nlL) was sparged with N, gas for 5 minutes. After
degassina. lhe suspension was stirred at 80" ('br 3 hours.
The reaction mixture was diluted with DCM and extracted
twice fmm ivater 1'he combmed or anic layers were dried
over MgSOo. filtered. and concentrated in vacuo. The crude
reaction mixture was purilicd by normal phase cluomatog-
raphy (12 g column) with a running gradient of 0-70%
EtOAc/DCM to allbrd 40 mg ol'ompound 33-9. LC-
MS 643 7 [M+IIJ

I I.'I scull '

VH
H

OH
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0
NI IB

+ Bco

0

(s)
Ba

0

0

SHBcc

[0583] The Compound 34-0 was prepared in the foliov.ing
way

H

H

34-3

V'HBcc

Cb N

NHBcc
H

34 I

[11584J A mixture of N-benzylmaleimide (5.53 g, 29 5

nimol) and to tert-butyl (I:)-buts-1.3-dien-l-ylcarbamate (5
g. 29.5 mmoi) in anhydrous dioxane (148 mL) wns heated to
reflux for 16 hours. The reaction mixture wns then cooled to
room temperature and concentrated in vacuo. The crude
rcsnluc was dissolved ut a nnnimal amount ol DCM. applied
fo Ihc lop of a sohd loaduig cartndge, mid puriliixi by nomtal
phase chromatography (120 g column) with a ninning
gradient of 0-30% IitOAc/heptane to atford ]0 u of (:oni-
pound 34-1 as a white foam 'H NMR (500 MHz. CDClz)
6 7.42-7.14 (m, 5H). 6.25 (d. J=9 4 Hz. I H), 5.89-5.75 (m,
2H), 4.59 (s. 2H), 4.50-4.35 (m, IH). 3.23 (dd. J=9.0. 6 I Hz,
IH). 3.20-3.09 (m, IH). 2.76-2.59 (m, IH). 2.26-2.14 (m,
IH). 1.46 (s, 9H). LC-MS=257.2 [Ivi-Boc+H] .

[0586] Compound 34-2 (2.07 g, 6.30 mmol) wac sparged
with N, and then dissolved in anhydrous DCM (63.0 mL).
('bz;('I (I 80 ml „12.6 mmol) was added dmpwice at room
temperature and the reaction ivac stirred for 6 hours then
quenched with NaHCO, and stirred for 15 minutes. The
layers v ere separated and the aqueous layer extracted twice
with DCM. The combined organics were dried over MgSO4,
Iiltcrcd, and conccnfrafcd. Thc cnidc residue was puniied by
normal phase chromatography (40 g column) with a rmuung
gradient of 0-100%v lftOAciheptane to afliird 1.54 g of
('ompound 34-3 as a solid. 'I I NMR (400 Ml lz. ('D('14) 8
7.45-7.27 (m, 4H), 5.74 (ddt, 1=10.0. 5.0. 2.5 Hz. IH). 5.44
(dt, J=10.2. 2.6 Hz. IH), 5.23-5.02 (m, 2H). 4.53 (s. IH),
4.43 (dd. J=18.7, 8.6 Hz. IH), 3.61-3.26 (m, 3H). 3.15 (dt,
J=10.6, 9.3 Hz, I H). 2.84 (s. IH). 2 42 (ddt, J=13.5, 9.2, S.O

Hz. IH). 2.31-2.10 (m, IH), 1.83 (ddq, J=18.8, 9.4. 3.2 Hz,
111), I/44 (3, 911). I,('-MS 273.3 [M-linc+I IJ .

NHB I;tm '
H

0

13

34 I

.IHBcc VHBc
H

Bco

H

I:bzN

H

(dl
CbzV

H

34-4

OH

[0585] Compound 34-1 (2.91 g. 8.16 mmol) was spar cxI

with Nz and then anhydrous PhMe (100 ml,) was added to
give a homogenous solution 'I hen Red-Al (60% in PhMe,
133 mL. 40.8 nmtol) was added dropwice at -78" C. The
reaction became extremely viscous, precluding adequate
surring in thc thick gcl. Thc reaction tsas allowed to wamt
to room Icmperaturc, at which point stirring resumes. After
1.5 hours, the reaction was cooled Io —78'. mtil carefully
quenched v ith dropivise addition of MeOI I (5 ml,) When
all bubbling ceased, the reaction ives manned to roont
temperature and an aqueous solution of Rochelle salt was
added. The resulting layers were separated and the aqueous
layer was cxtmctcd 3x with EtOAc. The combutixl orgiuuc
layers w cre dried over MgSO4, Iilterixh dnd concmitratcd in
iacuo. lite cnidc rcsiduc was puriiied by normal pliasc
chromato raphy (40 g column) with a running gradient of
0-40% iitOAc/heptane to afford 1.73 8 of (:ompound 34-2
as a solid. 'H NMR (400 MHz. CDCI,) o 7.36i-7.20 (m. 5H),
5.85 (dddd. J=9 4„5.7, 3.9, 2.0 Hz. I H), 5.74 (d. J=9.9 Hz,
IH). 5.31 (d, J=73 Hz, IH), 4.23 (s. IH), 3.60 (d. J=3.3 Hz,
2H). 2.85 (dd. J=9.0, 7 6 Hz, IH). 2.74 (ddf. J=19.8. I 5 7,
7.4 Hz. 2H). 2.56 (dtd, J=11.7, 8.7, 5.8 Hz. IH), 2 36 (I,

7.8 I lz„ IH), 2 24 (t..l 7.8 I is. I I I). 2 18-2.06 (nt, 111),

2 02-1 3/0 (ni, 111). I 44 (s 911). I,( -MS 329 4 [M+I IJ+

[0587] Compound 34-3 (117 m . 0.314 mmol) was
sparged with Nz and then dissolved in anhydrous TI Hi (10
ml) Tlie solution ives cooled to 0': and Ixirane tetrahy-
dmhuun complex (0 628 nil. 0.628 mmol) was added dmp-
v ise for I hour. More borane tetrahydrofhmtn complex was
added (0.628 ml. 0.628 tnmol). After 5 hours, the reaction
wds coolcil lo 0 C. drill Iiic excess boraiic was carciullv
quenched with HzO (10 mL), followed by sodium pcrbocme
monohydrafc (267 mg, 2.67 mmol) and the reaction stitrcxI
at rooni temperature mernight The reaction was diluted
with I lzO and I itOAc, then tiltered off 'lite resulting filtrate
was extracted 3x with EtOAc. the combined organic layers
were dried over MgSO4. filtered, and concentmtted. The
crude residue was punlicd by normal phase chromatography
(12 g) with a runnuig gradient of 0-60% EIOAc/heptane to
alfiird 99.7 mg of Compounii 34-4 as an oil. LC-MS=291.3
[M+I IJ

VHB
If

OH
i c/

I'bzN

H

34 4
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continued
EHBC

-cottttttiuxl

OH

7
~Hur

34-4 j XPN
OH

[0588] A nuxturc ofCompound 34-4 (95 mg, 0.243 mmol)
and 10% Pd/C (78 mg. 0.073 mmol) was sparged w:ith Nz.
EtOAc (4 8 ml) and AcOH (20 HL. 0 349 nunol) werc addixk
'I'hen the reaction was put tutder I lz and was stirred at roont
tcmpcraturc for 4.5 hours Thc reaction was purged with
argon. diluted with MeOI I, and filtered over a ('EI I'I li pad.
The CELITE v,as washed thorou hly with MeOH and
I itOAc and the filtmste was concentrated in vacuo 'I'he cntde
residue Compound 34-5 was taken forward to the next step
without any further characterization or punlication.

"HIB
I

N

I

N OH

1 J %+Br HV

v s

I

343
NIIBo

0

[t)590J Compound 34-6 (84 ntg, 0166 mmol). Pd( I,
(dppfl-I)('M complex (20 36 mg, 0.025 mmol),
(2-methoxy-6-methylpyridin-3-yl)bomntc acid (64.8 ntg,
0332 mmofl, K,PO4 (106 tng, 0.499 nunol) were suspended
in dtox me (I 4 mL) and iqzO (0.3 mL). After degassing with
argon fbr 15 minutes. the reaction nuxturc was heated to80'.

for 2.5 hours. Thc reaction mixture was diluted with
I)('M and extmscted tivice front the aqueous layer 'the
combined organic layers ivere dried over MSSOd, filtered,
and concentrated in vacuo. The crude residue was purified
by normal phase chromatography (12 g column) with a
running audient of 0-50i'b (5"i[ MeOH:EtOAc)/heptane to
alford 49.3 mg ol'Compound 34-7. LC-MS=529 6 [M+H] .

OH

H

34-6

[0589J 'lo a suspension of ('ompound 34-5 (84.5 mg,
0330 mmol) and Compound I (103 mg, 0313 mmol) in
anhydrous Me('N (3.3 ml). 1)IPIIA (173 PI.. 0 ')89 mmofl
tvas added. The reaction mixture was heated to 100" C for
2 llotirs. Tlu: rcacuon mixture was conccntmtcd ut vacuo.
The crude residue was purified by nomtcl phase chroma-
tography (12 g colunm) with a rutuung gradient of 0-60%
(5% MeOI I I:tOAc)/heptane to alford 86 8 mg of Cont-
pound 34-(I as a solid. 'H NMR (500 MHz. CD('lz) b 7.13
(t. J=l.3 Hz„ IH), 4.83 (d. J=6.8 Hz, IH), 3.74 (d. J=10.5 Hz,
IH), 3.69-3.58 (m. 3H), 3.44 (t. J=10.6 Hz. IH), 302 (d,
J=9.8 Hz, IH), 3.18 (d, J=10.3 Hz, IH), 2.61 (s. IH), 2.43
(dq..l 11 3. 5.6 1lz. 111), 2 16-2 08 (m„] I I). I 80 (dd,
1 14 8. 4 711z, 111), 1.71 (s. I I I). I 49 (s, 911), 1.42-1.33 fitt,
ill) I.('-MS 506 4 [M+I IJ+

H

j
347

NHBC
isj

OH

NIIz
I

H

OH

I
I

H

NIIB

OH

~O

HO OH

[0591] Compound 34-7 (48.3 tnv. 0091 nunol) was dis-
solved in tuthydrous DCM (2 ml) and TEA (352 HL, 4.57
ttttttol) was tuldcd. Tltc rcdctlolt wtis sttrrixi dt tootll tctll-
pcraturc fbr I hour. Thc reaction mixture couccntratcd in
vacuo and purified by prep-llpl,('o atford 40.8 mg of
('ompound 34 'll NMR (400 Milt, DMSO-ds) 8 8 54 (d,



US 202 [/0 [ [5065 A[
117

Apr. 22, 2021

I txample 35-0 (3aR.45,5R.7ag)-4-mnino-2-(5-(2-
methoxy-6-methylpyridin-3-yl)imidazo[2.1-bJ[1,3.4]

thiadiazol-2-yl)octahydro-IH-isoindol-5-ol

[0592]

VH
1

011

1=7.7 Hz, IH)„8 16-7 92 (m. 3H), 7.Ci2 (s. IH), (i.96 (d,
J=7.7 Hz. IH), 4.01 (s. 3H). 3.GG (ddd, J=IS.Gz 9.8. S 0 Hz,
2H). 3.54 (d, J=IO I Hz, 2H), 3.30 (d, J=9.8 Hz, IH),
3 27-3.1 (1 (m, 111). 2 94 (ddt, .I 2(i 4, 10.0„5 8 I lz, 211), 2 46

(q, .I 5.6 Ifz, 111). I.NN (d. J 8 5 I lz, ill), I 71 (d..f 11 2
Hz, Hi). 1.36 (t. 1=10.8 Hz. 2H). 1.27 (d, J=7.Ci Hz, 6H).
LC-MS=429.2 [M+H] .

[M-Boc+H] . The resulting intermediate (820 m, 1.52
nunol) and KzCO, (6.15 g, 44.5 nunol) werc suspended in
McOH (15.2 mL) and the reaction mtxturc was stirred at
room temperature for 2 hours 'I'he reaction was quenched
with NI Io(.'I, diluted with I ttOAc, and the layers sepansted
The aqueous layer svas extracted, the combined organic
layers were dried over MgSO4. filtered. and concentrated in
vacuo. The crude residue was puritied by normal phase
cluomatography (24 g colunm) wtth a runnutg gradtcnt of
0-40% EIOAc/hcptanc to afi'ord 748 mg ol'Compound 35-1.
'll NMR showed an inseparable mixture of desired pmduct
and dimethyl/diethyl hydrazine-1.2-dtcarboxylates 'I I

NMR (500 MHz, ( 'DCls) 6 7 40 7 31 (m, 4H). 7 29 (t. J=5.1
Hz. I H), 5.31-5.20 (m, IH). 5.18-5.02 (m. 2H), 4.00 (s. IH),
3.90-3.71 (m. 2H). 3.55-3.26 (nt. 3H). 2 78-2 Cz2 (m. IH),
2.20-2.09 (m, IH), 1.91-1.77 (m. IH), 1.63 (q, i=I 2.8 Hz,
IH), 1.54 (q, J=12.8 Hz. IH), 1.42 (s, 9H). 1.38-1.32 (m,
111). 1.('-MS 291 3 [M-l3oc+I IJ

V'HB

H
1:bzN

H

OH
1 bt

[0593] The Compound 3S-0 was prcparcd in thc lbllowing
way, startutg w 1th Compound 34-4.

./Hnoc

35-1

~Hnnc
H

,OH

OH
(o 1

CbzV

NHBo
H

H

3. 1

011

[0595] Compound 35-1 (347 m „0.889 nmtol) and 10%
Pd/C (284 mg, 0.2(z7 mmol) were put under N, Then EtOAc
(I S 4 mL) and AcOH (0.051 mL. 0 889 nunol) werc added.
The rcactton was stirred at room tempcraturc under H, linr I

hour ihe reaction was diluted tvith MeOI I, and filtered over
('I tl IT) . pad lhe ('EI I'I I 1 pad tvas washed thoroughly tvith
MeOH and EtOAc and the filtrate was concentrated in vacuo
to afl'ord Compound 33-2.

VHBnc !

[0594] A mtxture of Compound 34-4 (1.14 g. 2.92 nunol),
4-nttrobenzotc actd (0 732 g, 4.38 mmol)z mtd Phsp (1.149
g, 4.38 mmol) was suspmtdcd ut anhydrous THE (60.0 mL)
under N. 'I hen D)1AD (0 (190 ml, 4.38 nunol) tvas added at
O' 1 he reaction was stirred at 0" ('or 5 minutes. then
scanned to room tempemsture over 15 minutes. before the
reaction svas heated to 70" C. 16 hours. The reaction mixnue
w as concentrated ut vacuo and was puntied by normal plmac
cluomatography (80 g column) wtth a running gradtent of
0-30%o EIOAc/heptane to alford I.G5 g of the destred uttcr-
mediate as a solid 'l l NMR shotved an inseparable 3 I

mixture of desired pmduct and diethyl hydrazine-1.2-dtcar-
boxyhste„respectively. 'H NMR (500 MHz. CDCI,) 6 8.32
(d. 1=8.5 Hz. IH). 8 16 (d, J=8.5 Hz. I H), 8.14-8.01 (m, 2H),
7.45-7.28 (m, SH). S.42 (b, IH), 5.31-5.10 (m, IH), S 16 (d,
J=2.1 Hz. IH), 4.80-4.68 (mz IH)z 4.13 (s, IH), 3.79 (I,
J=11.2 Hz, IH), 3 72-3 57 (m, IH). 3.55-3.33 (m, 2H). 2.85
(s, I I I), 2 37-2 30 (nt. 111), 2.25-2.1 (1 (m. 111), I 77-1 64 (nt,
I i I). I 55-1 49 (m, 211), 1.42 (s, ')l l) I C-MS 440 4

NOH 8

((j

(/j
H

NHBo

,Ott

35 3

[0596] Compound 35-2 (223 mg, 0 870 nunol) mtd Com-
pound I (273 mg. 0.82(1 mmol) were suspended in anhy-
dmus Me('N (5 ml,), then DIPIIA (0.45(1 ml . 2 61 nunol)
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I 0
Nl (B

,OH

id!

was added. The reaction 55 as heated to 100" C. for 2 hours.
'I'he reaction ives concentrated in vacuo 'I'he crude nlatenal
vvas purified by normal phase chromatography (40 g col-
umn) with a ruiuung gradient of 0-30% (3.1 EtOAc/EtOH)/
heptane to alford 32G mg of Compound 35-3 as a sohd. 'H
NMR (500 MHz, CDCI,) 6 7.09 (s, IH), 5.26 (d, J=7.1 Hz,
I i I). 4 12 (5. 111). 4 00 (t, .I 10.3 I lz, 111)„3 ')4-3 81 (nl,
IH). 3.60 (dd, J=9 6, 5.5 Hz, IH). 3.49 (i, 1=9.1 Hz, IH),
3 37 (d. 1 10 I I lz. 111). 2 99-2.82 (m, 111), 2 35 (d. I 10 5

Hz. IH). 2.01-1.83 (m, 2H), 1.75-1.60 (m. 2H). 1.50 (d,
14 2 Ilz 111) I 47 (s i)II)

H

H

NHBn

(el
Oil

v ith a running gradient of 0-50%o (2% MeOH/EtO nrc)/DCM
to alford 77 mg ofCompounil 35-4. LC-MS=501 5 [M-Boo+
H] .

B
HO OH

NH
H

,OH

Ni(B
H

OH

0

35-4

[t)597] jo a mixture Pd('lz(dppfj-l)CM complex (24 ')7

mg, 0.031 nunol). (2-methoxy-6-methylpyridinu3-yl)bo-
romc acid (68.1 mg, 0.408 mmol)r KePO4 (130 mg, 0 611
nunol) was added a solution of Compound 35-3 (103 mg,
0 204 mmoi) m dioxane (I 7 mi.j and I I,O (0 34 ml,). 'I he
reaction v as heated to 80' for 2.5 hours. 'I he reaction
mixture was diluted with DCM and extracted twice front
water. The combined organic layers were dried over MgSO4,
filtered, and concentrated in vacuo. The crude mixture was
punliml by normal plrusc cluomalogrdphy (12 g colunm)

[0598] 4 solution of Compound 35-4 (76.7 mgr 0.153
mmoij m I)CM (3 mi.) was treated with Tl'A (590 pl .. 7.66
mmoij. 'I'he reaction was stirred at room temperature for I

hour. The reaction mixture concentrated in vacuo and puri-
fied twice by prep-HPLC to alford 9.9 mg of Compound 35.
'H NliIR (500 MHz. DMSO-d„) o 8.59 (d, J=7.7 Hz, IH),
7.57 (s, IH). G.99 (d. J=7.7 Hz. IH), 4.89 (6, IH). 4.00 (s,
3H), 3 95 (t, J=IO.O Hz, IH). 3.80 (s, IH), 3.61 (dd, J=9.7,
5 8 I lz, 111), 3.51 (t. 1 8 6 I iz. 111), 3.02 (s, 111), 2 62 (s,
111). 2 45 (s. 311), 2 34 (s, 111), I 78 (5, 111), I 61-1 39 (m,
3H). LC-MS/401,2 [M+Hj'.

[0599] The following compounds were prepared by the
same route used lo prcparc compound 35-0.

Bz.rmple

Number Siru uue LC MS

'.1H

H
,OH

'll I X(li (niiu M)1, OMSO 1 ) MS mo n) 1 k
68 6(i,!=78)i,ln),all ('rn „N„on
79 (m,3H). 763(s. iH) 699 4 8 found

(d. ) = 78 Hz. 1Hl 551 (s 4 '3. 1M+H]'Hl

4(l !s, H). ) 66 (dd 1=
99. 5 5 Hz, 1H). ) nz '! 46 (m
2H), 3 35 id. 1 = 99 Hz. 1Hl

98(b. 1 = 68 Hz 1H) 282-
1 irrr. 1H), - 49.2 4ri (rrl.

1Hl, 1 118-1 sii lnr, 1H). 1. 8

(i, I = la Hr. 2)I), 149 is,
1)i), 1 28 id, I = 6 9 1 1, 60)

H

!3: RAS. R.7us) 4 mmn 2

(5-(6-isnprnppl-2-nreibnz) pvrutrn-3-
slam 8 «12.1 bjil.)gllbm l: r I 2

&))nets)rvdm-tH-rsnrndo)nun)
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-conlim)ed

Emflrnple
'ompound

Number Strttcntre NMR. Lr vls

H
„OI I

'H NMII ( tfl) Mtt . OMSO I„) MS m(:6 I I
6820(dd,1=87,69Hz,i)i). (S„urINO8

8 19 7 98 (m. 3N), 74) ts, 49 2 8 und
IH1.71(r(dd J= 114, Hz. 4941 fM+H]'Hl.

689 (rd. J= 84.'z
IH). ( Str (s, IH), 1 99 (d. J =

9 8 Hz. 2H), 1 92 (s, 3H). 1 6(
(dd, I = 9 9 1 6 Hz. IH). 3 3(-
34 (m 2H1,333(d,1=9tl
Hz IH), " 74 (9, I = I I I, 9 6

Hz, IHl, 46-2 49 (nt. IH),
1 86 1 79 (m. In) I 6( 1 46

(3sRAG R, fls) 4 stir no
(3-(4-tlumo-2-ntctlmfl)pbcuvl)

r urt of 2,1 bif)3.4fn ml, ol 2

) l)nctflb)drn-IH-rsoutdol-3-ol

I ixmnple 36-0 (3aR,4R.7aS)-2-(5-(fi-isopropyl-2-
nlethoxypyndln-3-yl)unidazo[2,f-b][1,3.4]lhiadi-
azol-2-yl)-2,3,3a.4.7,7a-hexahydro-lH-isoindol-4-

nnunc

[0600]

cmnbmed organic layers (vere dried over MBSO4, filtered,
and concentrated in vacuo The cntde material was purified
by nomlal phase cluonuttography (24 g colunm) with 4

numing grtuhcnt of 10-304o E(OAC/hcptnnc lo allhrd 0.732
g of Compound 36-1 as a solid. 'H NMR (500 MHz, CDCffl)
6 5 92 (ddq. 1=16.7. 11.2, 5.8 Hz, IH), 5.73 (ddp. )=I 0.4,
5 l. 2.5 I lz, I I I), 5.43 (d..l 10.3 I lz, 111), 5 28 (dd..l 17 4,
5 3 I Iz, I I I), 5 18 (dd, .I 10.4. 6.8 I fr. 111), 4 57 (br s. 211),
4.S2 (br 8, 2H). 3.S6-3.42 (m, IH), 3.42-3.25 (m, 2H), 3.13
(t. J=10.9 Hz, IH), 2.82 (dt. J=13.1, 6.4 Hz, IH), 2.40 (lq,
J=9.2. 4.6 Hz, IH). 2.18 (dq, J=18.9, 6.7 Hz, IH), 1.85-1.74
(m, IH). I 42 (s. 9H). L(LMS=223.2 [M-Boc+H]'.

NH
I VHBo

H
VHBoc

nlln N

H

(dl

H

16 I 16 2

I

Bnv

H

NHBo

(c I

NIIB
H

AnocN

H

[0601] The Compound 36-0 was prepared in Ihe foliov.ing
'tva)c [0603] Compound 36-1 (725 mg. 225 nlnlol) was dis-

solved in anhydrous D( M (22.5 ml.) and then phenylsilane
(0.832 mL, 6.75 nunol) mid Pd(pph,)4 (260 mg, 0.225
nunol) were added. The reaction was stirred at room tem-
perature for I 5 hours 1'he reaction mixture was concen-
trated ul vacuo to afford Compound 36-2 winch was used in
the next step without further purificatio LC-MS=239.3
[M+H] .

34-2 16 I
VHBoc

[0602] Compound 34-2 (I 04 g, 3.17 nunol) was dissolved
in anhydrous DCM (30 mL) then Affoe-CI (0.650 mL. 6.12
mmol) was added dropwlsc. Thc rcacuon was sturcxf al
ioonl Icnlpcrdnlri: lol' hotlrs, lien tplcnchcil with acb
Nal ICOs and was stirred overnight. 'I'he layers were then
separated and the aqueous hsyer extracted with D('M 1 he

H

(el
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-continued

3

H
Nttn

Nltn
H

36 3

[0604] Compound 36-2 (181 m, 0.759 nunol) and Com-
pound I (238 ntg, 0.721 mmol) were suspended in anhy-
drous MeCN (5 mL) and then DIPEA (0.4 mL. 2.278 mmol)
was added Thc rcactton was heated to 100'. ovemt ht.
The reaction mixture was concentrated in vacuo and was
puniicd by normal plrasc cluouuttogcaphy (12 g colunm)
with a rutuung gradtcnt ol'-30% (5%v MeOH/EIOAc)/
heptane to afford 74 ntg of ( ompound 3ti-3 as a solid.
I ('-MS 488.3 [M+HJ

3

H
NHBcc

0

HO OH

NHBcc
I

[0606] A soiution of ('ompound 36-4 ((i0 mg. 0.117

mmol) in DCM (1.2 mL) tv as treated with TEA (453 )(L. 5 87

mmol). The reaction was stirred at room temperature for I

hour. The reaction mixture concentrated in vacuo and puri-
fied by prep-HPLC to afford 47 (i mg of Compound 36. 'H
NMR (500 8 1Hz, DMSO-d,) 6 8.56 (d, J=7 7 Hz, I H). 8.17

(d, J=5.7 Hz. 3H), 7.64 (6, IH). 6.97 (d, J=7.7 Hz, IH), 5.94

(ddt, 1=10.2, 5.0. 2.6 Hz. IH), 5.59 (d, J=10.4 Hz, IH), 4.26

(s, I H), 4.02 (6, 3H). 3.68 (cld, J=9.6, 4.7 Hz, I H), 3.60 (b
J=8.8 Hz, IH), 3.40 (dd. J=11.6 9.7 Hz, 2H), 2.99 (p, J=6.9

Hz, IH), 2.91 (dt, J=12.1, 6.0 Hz, IH), 2.70 (n, J=9.1. 4.7
I lz, 111), 2og)-2.31 (m, 111), I 92-1 80 (nt. Iii). 1.28 (d,
.I 6.9 i is, 611) I.(NMS 411.2 [M+I IJ

Example 37-0. 2-(4-chloro-5-Iluoro-2-methoxyphc-
nyl)-4.4,5,5-tetrantethy1-1.3.2-dioxabomiane

[0607]

[0605] Compound 36-3 (73 mg, 0.150 mmol). PdCls
(dppi)-DCM complex (18.35 mg. 0.022 nunol),
(2-methoxy-6-mcthylpyndtn-3-yl)bonuuc actd (58.4 mg,
0 300 mmol), K3POc (95 mg. 0 )49 tntnol) were dissolved
in dioxane (I 2 ml,) and I lzO (0 250 ml,) The reaction was
heated to 80'. for 2 5 hours. The reaction mixture was
diluted with EtOAc and extracted from vvater. The combtned
orgatuc layers were Iiltcred over NazSO4, ftitcru!. and
conccntratcd The crude resuluc was punlictl by normal
phase cluomato raphy (4 g colunm) wtth a runtung gradwut
of 0-40% (5% MeOII/IltOAc)/heptane to afford 60 mg of
('ompound 36-4 as a solid I,('-MS 511 5 [M+liJ+

OI

B
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[0608] The Compound 37-0 was prepared in the follov.ing
w av.

[0612] The Compound 38-0 was prepared in the followin
v 'IV'

(»

37 & Bi

[0609] 'Io a stirred solution of 2-chloro-I-fiuoro-4-
metlu&xybenzene (1.8 g, 9.34 nunol) in CHCI& (70 mL) was
added silvertrdiuoroacetate (7.42 v, 33.62 mmol. followed
by 12 (4.9S g, 19.61 mmol). The resulting solution was
snrrixi at room tch&&porn&urn for 2 hours. Thc reacnon mixture
was Iiltcred tl&rough CELITE pad. &he filtrate was extracted
with I(tOAc (100 n&l.x2) and washed I I&O with brine 'I he
combined organic layers were dried over Na&S()s, filtered
and evaporated in vacuo. The cnide compound was purified
by normal phase chron&atography to afi'ord 2.2 g of Com-
pound 37-1 as a pale pink hquid. 'H NMR (400 MHz,
DMSO-ds) 6 7 87 (d. J=8.5 Hz, I H), 7.21 (d. J=6.4 Hz. IH),
3.S3 (s, 3H), HPLC. 97.99%, retention tune=7.351 mmutes.

0&

[0613] A mixture of allylpalladkum chloride dnner (9.09

mg, 0.025 mmol), Rocl Phos (34.9 mg, 0.075 nunol), and
cesium carbonate (2428 mg. 7.45 mmol) was fiushcd w&d&

argon fi&r a fcw nunutcs. then anhydrous PhMe (5 mL) was
added, fi&llowcd by IPA (0.76 mL, 9 94 mmol). Thc react&on

was hcatcxl to 90'. for 3 minutes, then 2-bmmo-6-
isopropylpyridine (0.71 n&I .. 4.97 mmol) was added and the
reaction continued at 90" (1 for I hour 1he mixture was
filtered over a (.'I &I,I I'I: pad and concentrated in vacuo, then
punfied by normal phase chmmatography (80 g column)
with a running giadieh&t of 0-10% IitOAc/heptane to alford
519 mg of (.'ompound 38-1 as an oil I.( -MS 180 2

[M+H]''»-

is& ~O

B(OB&

[0610] A solution of Compound 37-1 (I.S . 6.28 mmol)
in THF (20 mL) under argon atmosphcrc was cooled to —40'.

11&cn iPrMgCI.L&CI solution (9.6 mL. 1.3 M m THF,
12.56 mmol) was added. 11&e resultu&g nuxturc was stirred
at —40'1 for 2 hours I'hen 2-methoxy-1,4.5,5-tetran&ethyl-
1.3.2-dioxalx&mlane (2 5 g, 15 70 mmol) was added at —40"
C. The resulting solution was stirred at room temperature for
16 hours. The reaction v as concentmsted in vacuo and the
crude product was purilicd by nornml phase cluomatography
with a running gcaihm&t of 5-10% EtOAc/n-hexane to ailhrd
700 mg of Compound 37 as a colourless liquid. 'H NMR
(300 Ml lz. CI)('I&) ifi 7 43 (dd..t 9 I, I I I lz. 111). 6 85 (dd,

5.6. I I Ilz, 111). 3 80 (s, 311). I 31 (3, 1211): HP[,('5,21%,

retention time=6.274 minute~.

Example 38-0.
(2-isopropoxy-6-isopropylpyridin-3-yl)boronic Acid

[0611]

B(OB&

3S &

[0614] A solut&on of Compound 38-1 (519 mg. 2.90
mmol). TMEDA (0 52 mL. 3 45 nunol), and anhydrous Et&O

(6 mL) was put under N& atmosphere, and cooled to —78'.
'I'hen n-liul,i (2 7 ml „4.32 mn&ol) (I 6 M in hexanes) was
added dmpw&sc over a I'c&w nunutcs. Thc reaction turned a

bmwn color, and v,as allowed to wana to room temperature
over I hour. where it slowly became (Lark red-brown color.
'I'he reaction v,as cooled to —78" ('. and l3(O'Pr), (2 mi„
8.61 nunol) was added dropivise over a fev minutes. The
reaction was wanncd to room tmupecaturc over I hour. The
reaction was quenched with 6 M HCI (2 mL). then the
mixture was basilied w&th 2 M NaOH (I mL) to adtust thc
pl I at 7. 11&en the reaction was again acidified with I M II( I

until pH was around 4 m&d was st&rred v&gorously at room
temperature for 30 min, then extracted with EtOAc. 'Ihe
resultu&g organic layer was dried over Na,SOB concentrated
in vacuo and purified by num&al phase chromatography (80
g colunu&) with a running gradient of 0-20% (3 I EtOAc:
E&OH)il&iptane to ail'ord 300.6 mg of Compound 38 as a

1&ght yellow gum. ' NMR (500 MHz, DMSO-di) 6 7.85 (d,
J=7.2 Hz, IH), 7.65 (s, 2H), 6.82 (dd, J=7.3, 0.4 Hz IH),
5 33 (p, 1 6 2 I lz. 111). 2 i)0 (h, .I 6.7117, 111), 1.33 (d, .I (i 2

I lz. 611), I 20 (d, .I 6.S 117„611)
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Example 39-0:
(2-cthoxy-6-Isopropylpyridul-3-yl)boronic Acid

[0615J

[t)616] 1 he ('ompound 39-0 was prepared in the follov ing
way

appear to discharge. so the reaction was cooled to —78" C.
aginn, and an additional B(O'Pr), (2 mL, 8.61 nunol) was
added Thc reaction was warmed to room tcmpcrature and
stirred for 30 min. although reaction still appeared red-
orange at this point 1'he reaction was cooled again to —78"
C.. added more B(O'Pr)s (I mL, 4 31 num)l), wamled to
room temperature and stirred for 17 hours. The reaction was
quenched with 6 M H('1. then acidified to around pH 4 with
I M HCI. Thc biphaslc nuxturc was vigorously sfitrixi at
room tcmperaturc for 30 minutes, then cxtractcd with
I:tOAc, dried over Na1804. and concentrated in vacuo. 'I he
crude material ives purified by normal phase chn)matogra-
phy (120 column) with a running gradient of 0-10% (3: I

EtOAc.EtOH)/heptane to afford 497 mg of Compound 39.
'H NMR (400 MHz, DMSO-d„) 6 7.84 (d, J=7.2 Hz. IH),
7.68 (1, 2H), 6.82 (dd, J=7.2. 0.4 Hz, IH), 4.38 (q, J=7.0 Hz,
2H), 2.89 (p, J=6.8 Hz, IH), 1.33 (t, J=7 0 Hz, 3H),
I 29-1.12 (m, 611).

Example 40-0: (6-isopropyl-2-(2-((tetmhydro-2H-
pyran-2-yl)oxy)ethoxy)pyndin-3-yl)boronic Acid

]06191

[0617J A solution of 2-chloro-6-ethoxypyridine (4.20 ml „

31.7 mmol)„anhydrous THF (110 mL), and anhydrous NMP
(15 mL) was put under N, atmosphere. and iron(IH) acety-
lacltondtc (0.672 g, 1.904 mmol) was added. The flask was
cooled to —40' . then I-PrMgCI (24 mL, 48.0 nunol) was
added over a few nllnutes The reaction mixture tumed dark
bmwn immediately and was allowed to warm to 0" ('nr I

hour I'he reaction was quenched with aqueous Ni 14('I (150
mL), the extracted twice with EtOAc, the combined organic
layers were washed with brine, dried over NasSO4, and
conccntrdtcd in vacuo. Thc crude material v;as purilied by
nomlal phase chromatography (330 g colunul) with a run-
rung a gradient of 0-5% EtOAc/heptane to afford 2.5 of
('ompound 39-1 as an oil.

[t)620J I he (.'onlpound 40 0 ives prepared in the follolving,
v ay.

q'~o
(6) ~o

BIJ)11)1

[0618] A solution ol'ompound 39-1 (500 mg. 3.03
mmol), 'I Mill )A (0 46 ml . 3 05 mmol), and anhydrous I:tlO
(6 nil.) ives put under N, atmosphere, then cooled to — 78" (2
n-BuLi (23 mL„3.68 nunol) (1.6 M in hexane) was added
droplvise over a few minutes. The reaction turned dark
orallgc color, dill wds allow is! 10 Blain ill rooln II lnpcldturc
over 30 minutes. Thc reaction was coolml to —78'.. and
B(O*Pr), (1.5 mL, 6.46 nunol) was added dropwise over a
fels Irnoutcs 11)e rcdctlon nllxtllrc wals lva)'Bled to loonl
temperature over 30 minutes. 1'he orange color did not

[t)621J A mixture of allylpalladium chloride dimer (S.I)6

mg, 0.024 Inmol), Rockphos (0 034 g, 0 073 mmol). and
cesium carbonate (2394 g, 7.35 num)l) v as flushed with
argon for a felv minutes. then anhydrous PhMe (5 mL) was
added. followmi by 2-((tctrahydro-2H-pyran-2-yl)oxy)
cthan-I-ol (1.330 mL, 9.80 mmol) Thc reacuon was heated
to 90'. for 3 minutes. Ihml 2-bromo-6-isopropylpyndulc
(0 7 mi, 4 90 mnlol) ives added and the reactiim contimied
at 90" C. for 30 minmes The resulting mixtute was filtered
over a CELITE pad, concentrated in vacuo and purified by
normal phase cluomatography (80 g column) with a runnin
gradient ol'-15% EIOAc/heptane to affbrd 1.018 g of
Compound 40-1 as nn oil. 'H NMR (500 MHz, DMSO-dr)
6 7 60 (dd, J=8.2, 7.3 Hz. I H). 6.S3 (dt, J=7 3, 0 6 Hz, I H),
6 61 (dd, .I 8 2, 0 8 Ilz. 111), 4 64 (t, J 3.7 I lz, 111),

4 50-4.31 (m, 211), 3.93 (ddd, .I 11 3. 6 0, 3 8 I lz, I I I),
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3.83-3.66 (m. 2H), 3.49-338 (m. IH), 2.91 (h, 1=6.9 Hz,
IH). 1.78-1.55 (m, 2H), 1.56-1.38 (m. 4H), 1.21 (d, J=6 8
I iz. 611).

[0624] The Compound 41-0 was prepared in the followin
v 'IV'bi

4i)- 1

Br Br

o~0

4n

B
)to~ ~ott

[0622] A soluuou of 2-tsopropyi-6-(2-((tetrahydro-2H-
pyran-2-yfloxy)ethoxy)pyridine Compound 40-1 (1018 mg,
3.84 nunol), TMEDA (0 64 mL, 4.24 nmtol), tmd anhydrous
EtsO (8 mL) was put under N, aunospherc, and coolcsl to
—78'. Then n-BuLi (3.2 mL, S.12 mmol) (1.6 M tn
hexane) was added dmpwise over a few minutes 'the
reaction turned an oraitge color, and was allowed to v ann to
roon) tentperature over 30 minutes. where it slowly becntne
red-omsnge. The reaction was recooled to -78" ('.. and
B(O'Pr)s (2.7 mL, 11.63 nmtoi) w as added dropv, tsc over a
li w nnnutes. Thc reaction was w arntcsi to room temperature
over I hour. lite reaction was slucncltcsi with 6 M HCI, then
acidified to around pll 4 with I M IICI 'Ihe resultiag
biphasic mixture was vigorously stirred at room temperature
for 30 minutes„ then extmscted with EtOAc, the combined
organic layer were doed over NasSOs, concentrated in
4 acuo mtd was punlied by normal phase cluomatography
(120 g column) with a running gradient ol'-35% (3.1
EtOAc.EtOH)/hcptanc to afli&rd 2.24 S g of Compound 40 as
a clear aum

I ixiunple 41-0 2-(4-(1.2-difluomethyl)-2-methoxy-
phenyl)-4,4.5,5-tetramethyl-l.3,2-dioxabomlane

[0623]

41 I

Br

4i l

[0625] To a soluuon of KsCOs (6.62 g, 47.94 mmol) in
THF/Water (50 mL, 4.1). I-bromo-4-iodo-2-mcthoxyben-
zenc (5.0 g, I S.98 nuuol) and potassium vinyltnfluorobocme
(3.21 g. 23.97 nuuol) werc added. The reaction was
degassed with ar on for 10 minutes 'I'hen Pd(dppfl( I,-
D(.'M complex (652 mg, 0 80 mmol) svas added and the
reaction mixture was heated at 70" (1 for 6 hours 1'he

reaction mixture was partitioned between I ltOAc and svater
1'he or anic layer was washed with brine. dried over
NaeSOs and concentrated in vacuo. 'I he cntde was purified

by nounal phase cltromatography with a runnin gradient of
5-10% EtOAc/n-hexane to afibrd 1.9 g of Compound 41-1

as a colourless iisluid. 'H NMR (400 MHz. CD(1.,) 6 7.48

(d. J=8 I Hz. IH), 6.93-6.83 (m. I H), 6 66 (dd, J=17.6, 10.9

Hz. IH). 5.75 (d, 1=17.6 Hz, IH), 5.29 (d„J=10.9 Hz. IH),
3.90 (d. J=I5.4 Hz, 3H).

B

[0626] To a solution of Compound 41-1 in THF:H,O (30
ml., 9 I), NMO (3 13 g, 26.73 mmol) and OsOs (22 mg,
0.089 nunol) werc added at O'. Thc reaction mixture was
stirred at room temperature for 16 hours. Tlm reaction
mixture was partitioned beuveen EtOAc nnd HsO and
seParated. 'I'he organic layer svas dried over Na,SOs and
conccntratcd tn vacuo. The crude compound was punlied by
normal phase chromatography with a rutu»ng gradient of
80-100% EtOAc/n-hexane to alford 1.3 of Compound 41-2
as a sobd. 'l l NMR (3(X) Ml lz„('D(1s) iS 7 51 (d..l 8 I Ilz,
IH), 6 97 (d. J=1.9 Hz, IH). 6.S2 (ddd. J=S I, 1.9, 0.7 Hz,
IH), 4.81 (db 1=7.9. 3.5 Hz. IH), 3 91 (s. 3H), 3.78 (ddd.
1=10.9. 7.1, 3.6 Hz. I H), 3.(i4 (ddd. J=i I gb 8 I, 4.9 Hz. I H),
2 60 (dd, .I 3 4. 0.6 i lz. 11 fl. 2 01 (dd..l 7 I, 4 9 I lz, I I I)
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OH [0630] The Compound 42-0 was prepared in the followin
V'IV'i

41 3

Bi

[0627] To a solution of Compound 41-2 in THF (20 mL),
l)AS'I'3.5 ml . 26 31 mnlol) was added dropwise at — 78"
C. The reaction mixture was sutrixi at room temperature for
16 hours and then was quenched tvith ice and extracted v ith
EtOAc. Thc organic layer was dried over NaiSO4 and
concentrated in vacuo 1 he crude compound was purified by
Ilonnal phast: I:hronldtogtriphv with a lunnulg gldtlient of
0-10% EtOAc/n-hexane to aflbrd 150 mg of ('ompound
41-3 as a colourlcss liqual. 'H NMR (300 MHz. CDCI,) 6
7.5(i (dd. 1=8.1. 1.0 Hz. IH), 6.91 (d. J=1.9 Hz. IH), 6.80
(ddt, J=g.i. 1.8, 0.9 Hz. IH), 5.82-5.50 (m. IH), 4.91-4.21
(m, Ziq). 3.92 (s. 3H).

F

42 I

[l)631J To a solution of methyl 4-bromo-3-methoxyben-
zoatc (2.0 g, 8.16 nunol) in THF (15 mL) at —40'. was
added I,iAII 14 (309 mg. 8 16 mmol) 1'he resulting solution
v as stirred at —40" C for 45 minutes 'I he reaction mixture
v as quenched with sat. NH4CI (20 mL) at 0" C, and
extracted twice with EtOAc (100 mL). The combined
organic layers werc tiried ot er NasSO4 and concentrated in
vacuo to aflhrd 1.6 g ol'ompound 42-1 as a colourless
liquid. 'H NMR (300 MHz, CDC11) 8 7.50 (dd, J=8.0, 0.6
I lz. 111), (7.98-6.91 (m, 111), 6 84-6 76 (nl. 111). 4.67 (d,
.I 5 5 Hz, 2H), 33)1 (s. 311).

OHO

Idl

B

(i 0 (bi

~o
Bi

42 I

Bt

47 7

[0628] To a solution of KOAc (177 mg. 1.80 mmol) in
l)MSO (3 ml.), ('ompound 41-3 and Il,pin (303 mg, I I')
nmlol) were added. The reaction mixture was de assed v. ith
argon tilr 10 minutes 1 hen Pd('ls(dppfl-D(:M complex (24
mg, 0.03 nunol) was added and the reaction nuxturc was
heated at 1(X)" ('or 2 hours. The reaction mixture was
paruuoncd bctwccn EtOAc mid water. Thc orgamc layer was
washed lvith brine, dried over NazSO4 and concentrated in
1 acuo to afl'ord 150 mg of Compound 41. The crude com-
pound ives taken directly to next step without further puri-
ficritltill.

I ixiunple 42-0 2-(4-(difluoromethyl)-2-rnethoxy-
phcnyl)-4,475,5-tctramethyl-1 73,2-dioxaborolane

[0629J

[0632] To a solution of Compound 42-1 (800 m . 3.03
mmol) in DCM (15 mL) at O'7 DMP (2.5G g, G.06 mmol)
and NaHCO7 (510 mg. 6.06 nuuol) were added. Thc result-
ing solution was stirred at room tcmperaturc for 10 hours.
1'he reaction nlixture was filtered on ('III,I'111 pad and
cmlcentrated in vacuo I'he crude conlpound was purified by
normal plmse chromatography with a running gradient of
10% EIOAc/n-hexane to afl'otd (i00 tng of Coalpound 42-2
as a solid. 'H NMR (600 MHz. CDCls) o 9.96 (s, IH). 7.75
(d, J=7 9 Hz, IH), 741 (d. J=l 8 Hz, IH), 734 (dd, J=7.9.
1.8 Hz, IH), 3.98 (s, 3H).

I.'HO

tsl

0

Bi

47 7
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[0633] To a solution of Compound 42-2 (500 mg. 2.32
nmiol) in DCM (30 mL). DAST (1.53 ml . 11.62 nunol) was
added The resulting solution w:as stirred at 40' for 24
hours 'I hen 1140 (50 ml ) was added to the reaction niixture
and cxtmctcd twice with DCM (50 mL). Tlic combuied
orgaiuc layers werc dncd over NasSO4 and concentrated in
vacuo to afibird 490 m of Compound 42-3 as n colourless
liquid. 'Iq NMR (300 MHz, CDCJ,) 8 7.62 (dt. 1=8.0, I 0,
I 0 I lz„ I I I), 7 03 (d, .I I 7 I lz, 111). 61 &)96 93 (m, 11 I), 6 61

(t..l 56.4 I lz 11 lj 3 &34 (s 311)

1st

[0637] To a solution of I-bromo-4-iodo-2-methoxyben-
zene (1.0 equiv) in dioxane&I I,O (4 I) was added K&CO,
(3.0 equiv.). arylboronic ester (1.5 equiv ) and PdCI,(dppf)-
DCM complex (5 mol %). Thc reaction mixture was hcatcxl
at 100" C. for 6 hours. The reaction was diluted v ith HsO
and cxtractcd twice with EtOAc. The combined orgaiuc
layers were washed ivith 1140, then brine. dried over
NasSO4, lihcred and concentrated in vacuo. Thc crude
material was purified by noniial phase chromatography ivith
a running gradient of n-hexane to all'ord 940 mg of Com-
pound 43-1 as a colourless liquid 'll NMR (600 Milz,
CDCI&) 8 7.47 (dr 1=8.2 Hz. IH). 6.98 (d, J=2 I Hz, IH),
6 94 (d, .I 2 I I lz, 111). 5.40-5.05 (m, 211), 3 &32 (3, 311), 2.14
(s, 3H).

42- 3

B

ri ~o

[0634[ 'lo a solution of Compound 42-3 (1.0 equiv) and
13 Pin, in d&oxane/J)MSO (10 vol), KOAc (3 0 equiv.) and
PdCli(dpplj-DCM complex (10 mol %) werc added The
reaction nuxturc was Jtcatcxl at 80" C. for 16 hours. Thc
reaction mixture was diluted with HcO and extracted twice
with EIOAc. The comb&nevi organic layers werc washed with
water. then brute, dncd over NasSO, liltcrc&1 &md concen-
trated in vacuo to elf&3rd Compound 42 'I I NMR (400 Ml lz„

Cl)Cls) &3 7 73-7 617 (m, 111). 7 061 6 9&3 (m„ I I I) 61 75 6 42
(m, I I I). 6 61 (t..l 561 4 I lz. 111), 3.84 (s, 211), I 23 (s. I II I).

Exiunple 43-0 2 (4-isopropy1-2-&nethoxyphenyl)-4.
4.5 „G-tetramethyl-1.3,2-dioxaborolane

[t)6351

13r

43 1
43-2

[0638] A solution of Compound 43-1 (940 mg. 4.14
nunol) and 10% Pd ('94 mg) in I:tOAc (30 ml.) was
stirred under H, for I hour. The reaction mixture was filtered
on CELITE p&ul and concmitrated in 3 acuo to aJlbrd 920 mg
of Compound 43-2. 'H NMR (300 MHz, CDCI,) 8 7.47 (d,
J=8.2 Hz, IH), G.98 (d, J=2.0 Hz, IH), 6.76 (d, 1=2.0 Hz,
111) 3.92 (s 311) 2 92-2 82 (m 111) 1.24 (d .I 6 91lz 611)

&cj

n
O~ ~&3

43 2

n

[0636] The Compound 43-0 was prepared in the follov.ing
w av.

43 1

Br

[0639] A solution ol'Compound 43-2 (1.0 cquiv ), B Pin .

KOAc (3.0 equrv.) and PdCli(dppl)-DCM complex (10 moi
%) 1n dioxane (30.0 mL) was heat&xi at 80 C. for IG hours.
'I'he reaction mixture was diluted with 1140 and extracted
mice with I&tOAc 'I'he combined organic layers were
v ashed with H40. then brine, dried over Na,SO4, filtered
and concentrated in vacuo. The co&de pmduct was purified
by nomial phase with a running gradimit ol'0290 EtOAc,'-hexane

to allbrd 1.3 g ol'ompound 43 as a sohd. 'H
NMR (600 MHz, CDCJ,) 6 7.60 (dr J=7 5 Hz, I H)r 6.81 (dd,
.I 7 6, I 4 llz. 111), 6 70 (s. 111), 382 (s, 311). 2 87 (h,.l 7 0
I lz. 111), I 24 (3, 1811).
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Example 44-0: 2 2-(2-ethoxy-4-isopropylphenyfl-4,
4.5, S-tctramcthyl-1.3.2-diuxaborolanc

[0640]

B

0 0

[0643] To a solution of Compound 44-1 (GOO m . 2.48
mmofl in lrtOI I (15 ml ), Ks( 0, (I 03 8, 7 44 mmol) was
added at room temperature. After 10 minutes, ethyl iodide
(0.6 mL, 7.44 nunol) was addcxl dropw isc and thc reaction
mixture was stirred at 70'. for 16 hours Thc reaction
iiiixuirc was diluted wltil HsO arid extracted twice willi
EtOAc (50 ml,), the combined organic layers were washed
v ith brine, dried over NasSOs and concentrated in vacuo
The crude compound svas purified by normal phase cltro-
matography with a nuufing gradient of 0-10% EtOAc/n-
hcxanc to allbrd 550 mg ol'Compound 44-2 as a colourless
liquid. 'H NMR (GOO MHz, CDCI,) o 7 65 (d, J=8.0, IH),
6.68 (d, J=2.0 Hz. I H). 6.60 (dd. J=8.0, 2.0 Hz. IH). 4.09 (q,
.I 6 911z, 211), 2 85 (m, IH). 1.48 (t,.l 6911z, 3i I), 1.24 (s,
311), 1.23 (s, 311).

[0641J 'I he ('ompound 44-0 was prepared in the tiillov iag
w av. icl

44 2

HO

[0642] To a solution ol'-isopropylphcnol (2.0 g, 14.68
nmiol) in AcOH (16 mL), KIOi (629 mg, 2.93 nunol) was
added 'I hen iodine (I 5 g. 5 87 mmol) was added portion-
w isc at room temperauirc. The rcsulung solution was stirred
at roolli tcliipcraturc Ior I 6 iloui s. Tile rcactloli illlxuii e wiis
concentrated in vacuo and extracted twice with EtOAc (100
nil.) and the combined organic layers were washed v ith
water, saturated NaHCO, soluuon mid then bnne. The com-
bined orgamc luycrs werc dried over NasSOe Iiltcred and
concentrated in vacuo. The en(de compound was purified by
normal phase chromatography ivith a running gradient of
n-hexane to allbrd 1.6 g of Compuund 44-1 as a brown
liquid. 'H NMR (300 MHz, CDCI,) 6 7.S4 (d, J=8.2 Hz,
IH), 6.89 (d, J=2 Hz. IH). 6 58 (dd, 1=8.0. 2.0. I Hz). 2.84
(m, I I I). 1.22 (d, .I 6 9 I iz. 61 fl.

[l)644J A solution of ( ompound 44-2 (I 0 equiv.). Hspins
in dioxane (10 vol), KOAc (3.0 equiv.) and PdCls(dppfl-
DCM compiex (10 mol %) was heated at 80" C. for IG

hours Thc reaction nuxturc was dilutixl with HiO and
extracted twice with EtOAc. Thc combined orgaiuc layers
werc washed with HsO. then bone, dried over NasSOw
filtered and concentrated in vacuo to afford 400 mg of
('ompound 44-0 as a brown liquid I,('-MS 291.30 [M+I IJ,
retention time=1.97 minutes.

Example 45-0 2-(2-niethoxy-4-(tetrahydmfuran-3-
yl)phenyl)-4.-1,5,5-(etraniethy1-1,3,2-dioxabomhsne

[0645]

B
o~ ~o
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[0646] The Compound 45-0 was prepared in the foliov.ing
w av.

!cl

Br 4(

Bi B

o ~o

45-1

[0647] To the solution of I -bromo-4-iodo-2-methoxyben-
zene (1.5 . 0.003 mmol) in THF (12 mL) at -20'.. was
added i-PrMgCI LiCI (S.3 mL, 0.012 nmiol) dropwisc and
surrcd for 30 nunutcs. A solution of dihydrofurim-3(2H)-one
(0 824 u. 0 003 nlmolj in'1311 (12 rnl,j was added dropv ise.
it was stirred under room temperature for 2 hours The
reaction mixture was quenched with NH Cl solution at 0" C.
and extracted v,ith EtOAc and the organic layer was con-
centrated in vacuo. The crude product was purified by
nomuil phase cluomatography with a ruiuung gradimit of
30.70=EIOAc:n-hexane to ailbrd 450 mg ofCompound 45-1
as a colourless liquid 'll NMR (400 Mlis. ('DCI,) iS 7 51

(dd. 1 k2, 1.8 I is, 111). 7.12 (s, 111). 6.90 (dd, .I 8 0, 2 0,
Hz. IH), 4.24-3.99 (m. 4H). 3 92 (s, 3H). 2.30-2.15 (m. 2H).

[I)649J Io a sealed tube containing aryl bnlmide ('om-
pound 4S-2 (1.0 cquiv.) and B1Puls in dioxanc (12 mL) was
added KOAc (3.0 cquiv.) anil PdCls(dpplj-DCM complex
(10 Biol %). The reaction mixture v as heated at 80" C. for
16 hours. The reaction mixture was diluted v ith H,O and
extracted twice ivith IitOAc 'I'he combined organic layers
were washed v,ith 1140. then brine. dried over NarSOw
liltcrcd and conccntratcd in vacuo to all'ord 310 mg of
Compound 4S as a crude material. LC-MS=305 05 [M+H],
retention time=1.57 minutes.

Example 46-0: 2-(2-methoxy-4-(I-methoxycyclo-
propyl)phenyl)-4.4. 5,5-tetramethyl-1„3.2-dioxaboro-

lallc

]06501

ar)

Bi

[0648] To the solution of Compound 45-1 (0.540 g, 1.98
mmol) in DCM (10 mL) at —78'.r BF(.OE(s (1.40 g, 9 9

mmol) was add(xi thmi E)1SiH (1.38 mL. 11.9 nunoi) added
dmpwise and the reaction allowed to colne at roonl tenl-
perature and stirred for 2 hours. I'he reaction mixture was
quenched with NH(CI solution and extracted with EtOAc.
The organic layer was concentmted in vacuo to afiord
compound 200 mg of a mixture of Compound 45-2 and
3-(4-bromo-3-methoxyphcnyl)-2,S-dlhydrolhran. Tlus mix-
ture underwent a hydrogenation step usuig 20% P(VC (60
mg) in I:tOAc (10 ml ) for 12 hours 'I'he reaction nlixture
was filtered on ('1)1.111( pad, the organic bayer was concen-
trated in vacuo to aff'ord 250 mg of Compound 45-2 as a
colorless liquid. 'H NMR (300 MHz. CDCI,) (5 7 45 (d,
J=8.2 Hz, IH). 6.79 (dr J=2.0 Hz, IH), 6.74 (dt. J=8.1, I 3

Hz. IH), 4.16-4.01 (m, 2H)r 3.96-3.90 (m. IH), 3.90 (s. 3H),
3.78-3.69 (m, IH)r 3 43-3 30 (mr IH), 2.47-2.28 (m. IH),
2 05-1 J)0 (m. 111) I C-MS 258 90 [M+I IJ . retention
tine I 56 olllultes

!sl

Br B

46 1

[0651] The Compound 46-0 was prepared in the following
Wa)'
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[0652] To a solution of methyl 4-bromo-3-methoxyben-
zoate (4.0 g, 1632 num11) ul THE (80 mL) at —78'.,
Tl(iprO)4 (4 6 g. 16.32 mmol) was addctl dropv, lsc and the
resulting solution was stirred at —78" C for 10 minutes.
'I'hen ethylmagnesium bmmide (21.76 lnl.. 65 28 mmolj
ives added dropwise and the reaction mixture was stirred at
room tempemture for 18 hours. The reaction mixture was
quenched with sat. NHGCI and extracted twice with EtOAc
(200 mL). Tiu: combulcd orgluuc layers were washed with
water, brine mid then dncd over NasSO4. ftitcru! and
evaporated in vacuo 1'he crude ( ompound 46-1 was
directly used in the next step.

mtxture was diluted with H10 and extmcted twice with
EtOAc Ihe combined or anic layers were washed lvith
water. then brine, dried over NasSO4, filtered and concen-
trated ul vacuo to gu c thc crude matcnal wluch was purtficxf

by normal phase clmsmatography with a numing radient of
5-8% EtOAcln-hcxanc to aflbrd Compound 46 as a colorless
liquid.

Example 47-0; 2-(2-methoxy-4-(I -methoxycy-
clobutyl)phenyl)-4,4.5. 5-(etramcthyl-1,3.2-dloxa-

boroiane

[0655]

)6)

Br

46 1 46 )
B)OR)

[0653] To a solutlou ofCompound 46-1 (1.0 g, 4.11 nuuol)
in dloxanc (10 mL), TBAB (132 g, 4.11 nunol), KOH (920
mg, 16.44 nuuol) aud Mei (0.76 mL, 12.23 mmol) werc
added at room temperatme The resulting solution was
stirred at 80': for 4 hours 1'he reaction mixture was
cooled to mom tempemture. HsO was added and extracted
nvice lvith EtOAc (100 mL). The combined organic layers
were wasluxl with bnnc. dried over NdsSO4, Iiltered and
conccntrdtcd ln vucuo. The crude compound was punfied by
uouual phase chrouldtogtllphv with a luuuulg gldtheut of
2-3% iltOAc,'n-hexane to afford I 2 g of ('ompound 46-2 as
a colourless liquid 'I I NMR (300 Mlis, CIX I,) &3 7 47 7 42
(m, IH), 6.97 (d. J=2.0 Hz, IH). 6.68 (dd, )=8.2. 2.0 Hz,
I H). 3.91 (s, 3H). 3 22 (s, 3H). 1.23-1.14 (m, 2H). 0.99-0.90
(m, 2H): LC-MS=256.75 [M+H], rctcntlon tim1.=1.60 mrn-
a)em

[0656] The Compound 47-0 was prepared ul thc Ihllowulg
v ay.

Bi

41-1

(c)

46 )

B
O~ ~O

[0654] To a solution ol'ompound 46-2 (500 mg. 1.95
mmol) mid Bapuls (54S.5 mg, 2.15 mmol) in dioxane (5
mL). KOAc (57S mg, 5.6 nuuol) and PdC14(dppl)-DCM
complex (220 mg, 0 273 mnlol) were added 'I'he reaction
ntixture ives heated at 80" (2 for 16 hours. 1'he reaction

[l)657[ A solution of I -bmmo-4-ludo-2-methoxybenzene

(2 0 g, 6.39 mmol) and cyclobutanone (I 34 g, 19 17 mmol)
in 'I'I 111 (20 ml,) under Ns atmosphere was cooled to —78" C
Then n-BuLi in n-hexane solution (2.8 mL. 2.5 M, 7.02

mmol) ives added over 10 minutes. the resulting mixture was
stirred at -78" C, for 2 hours. The reaction mixture was
quenched with sat. NHGCI solution (50 mL) and extmscted

twice with EtOAc (100 mL). The combined organic layers
werc washlxl with H40 (50 mL). brine (SO mL) and dncxf

over NasSO4 and conccntrdtcd ul vacuo. Thc crude com-

pound was purified by normal phase chromatography with 4

ruunulg gradmnt of 10-30%v EtOAO/u-hexane to ailbrd 500

mg of Compouml 47-1 as a colourless viscous liquid. 'H
NMR (400 MH4. CDCI,) 6 7.51 (d, J=g 2 Hz, I H), 7.07 (d,
J=2.0 Hz, IH), 6.96 (dli, J=8.1, 2 0 Hz, IH). 3.92 (6, 3H).
2.59-2.47 (m. 2H). 2.42-230 (nt. 2H). 2 09-1 97 (m. 2H),
I 77-1.64 (m, 111).



US 202 [/0 [ ] 5065 A[
129

Apr. 22, 2021

Example 48-0; 2-(2-(2-fiuoroethoxy)phenyl)-4,4.5.
S-tetmmethyl-1„3.2-dioxaborolane

[0660]

lbi

o

47-t

Br

47-2

Bi

[0658] To a suspemion ol'aH (47 mg. 1.16 nunol) ut
DMF (I mL) at O'., Compound 47-1 (2SO mg, 0.97 nunol)
in DMF (I mL) was added under N, atmosphere. The
reaction was stirred at mom tentperature ti4r 10 minutes.
'I'hen Mel (206 mg, I 45 mniol) tvas added at 0" (', the
resulting ntixture was stirred at room teinperature for 2

hours The reaction mixture was quenched v, ith sat NI 14('I

(50 ntl.) and extracted twice with I'.tOAc (100 m[,) 1 he
contbined or aruc layers were washed with H,O (50 mL),
brine (30 mL) and dried over Na,SO4 and concentrated in
vacuo. The crude compound was purified by normal phase
cluomatogmphy 74 ith a numing gradient of 10 30% EtOAc/
n-hexane to alford 220 mg of Compound 47-2 as a colour-
less liquid. 'H NMR (400 MHz. CDCI.,) 6 7.51 (d. J=8.2 Hz,
IH), (s96 (d„J=2.0 Hz. IH), 6.90 (dd, J=8.1, 2.0 Hz. IH),
3 '7 I (4, 311), 2.94 (8 31 I), 2 40-2 30 (m. 411). 2.00-1.87 (nt,
IH), 1.75-1.62 (m, IH).

[0661] 1lte ('ompound 48-0 tvas prepared in the tiallowing
w 'lv

Br

4s-t

[0662] To a solution of 2-bromophenol (I 6 o. 9.248
nunol) and K4COs (3 82 8, 27.74 mmol) in 1&MJ'10 ml.),
I-tluoro-2-iodoethane (1.93 g„11.098 tmnol) was added and
stirred at 70', for 3 hours. The reaction nuxture was
qucnchcd wtlh H20 and extracted with EtOAc. Thc orgaiuc
layer was washcxI v ith brine, dried over NasSO4 and con-
centrated in vacuo. I'he cnide material was purified by
normal phase chron)stot raphy with a running gradient of
0-10% I itOAc/n-hexane to afiord 1.0 8, of ('ompound 48-1
as a colourless liquid.

47 2

Br

4S 7

Bi

[0659] To a solution ol'ompound 47-2 (200 mg. 0.74
nunol) and Bsputs (22S mg. 0.88 nunol) tn dtoxanc (3 mL),
KOAc (218 mg, 2 22 nunol) mtd PdC14(dppl)-DCM com-
plex (30 m, 0.04 mntol) were added 'I'he reaction ntixture
was heated at 80" (1 for 16 hours. The reaction mixture was
diluted with H,O and extracted twice with EtOAc. The
combined organic layers were washed with water. then
bone. dried over NasSO4, Jiltcrcd tmd concentrated ut vacuo
to gn c Compound 47. 'H NMR (300 MH4. CDCJ,) 6 7.67
(d, J=7.5 Hz, IH), 7.06-6.96 (m, 2H), 3.85 (s, 3H). 2 93 (s,
3i I). 2 40 2 30 (nt. 411). 2 00-1 87 (m, 111), I 75-1 62 (nt,
I i I). 1.35 (s. 1211)
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[0663] Ar on was bubbled through dioxane (10.0 mL) for
15 muiutcs. thmi Compound 48-1 (1.0 g. 4.56 nunol). BsPuis
(2.31 g. 9.129 nmiol), KOAc (1.34, 13.69 nunol), and
PdCI,(dppfl-fl('M complex (372BY g, 0.456 mmol) v ere
added The reaction niixture was bubbled with argon for an
additional 10 minutes. then the reaction was heated at 100"
IL for 4 hours The reaction mixture was diluted v.ith
MTBE, and filtered tluough CELITE pad. The filtrate was
ducd over NasSOr aud conccruratixi in vacuo to afibrd 560
mg of Compound 48 as a solal. The crude compouixl was
used for next reaction without further purification 'I I NMR
(300 MI Iz CDCI ) rS 763 (dd .I 70 I 91ir ] Ifl. 7 45-7 30
(m, IH)„7.06-6.93 (m. IH). 6.85 (dd, 1=8.3. 0.8 Hz, IH),
4.88-4.78 (m. IH), 4.67 (ddd. 1=4.4, 3.7. 1.0 Hz, IH),
4.29-4.22 (m„ IH)„4.21-4.10 (m. I H). 1.35 (s. 6iH), 1.26 (s,
6H).

49 i

Bi

0~ ~0

Example 49-0. 2-(2-(2r2-ditluoroethoxy)plmnyl)-4.
4.5,5-tetramethy1-1.3,2-dioxaborolane

[0664]

B

0 0

[0665] The Compound 49-0 was prepared in the following
wav.

49

[0667] To a stirred suspension of Compound 49-1 (0.9
3.79 nunol) in dioxane (15 mL) ivas purged with argon and
then KOAc (0.74S g. 7.59 nuuol), 4r4,454',Sr5,5L5uocumi-
cihy1-2,2ubi(1,3.2-dioxaborolane) (1.44 g, S 68 mmol) and
Pd('lr(dppt)-D(.'M complex (0.154 g, 0 189 mniol) were
added 'I'he reaction was purged further for an additional 15

nunutes and then ives heated at 100" I'or 3 hours 'lhe
reaction mixture ives filtered on CELITE pad and washed
v ith EtOAc (20 mL). The organic layer was washed with
HsO and bnne, dncii over NasSOs and conccturatcdI in
vacuo to afiirrd I.l g ol'Compound 49 as a solid. 'H NMR
(300 M I lz. CI )('I,) 6 7.67 (dd..l 7 3. I 8 I lz, 11 0, 7 40 (ddd,
.I 8 3, 7 4. I 9 I lz, 111), 7 03 (td, .I 7 3. 0 9 I Iz. 111), 6 85 (d,
.I 8 3 I is, I I I), 6 41-5 81 (ni. 111), 4 35-4 05 (ni. 21 0, 1.35
(s, 6H). 1.26 (s, (iH).

I ixample 50-0 2-(2-(2,3-difiuoropropoxy)phenyfl-4.
4,5,5-tetramethyl-1.3.2-dioxaborolane

[0668]

B

49-i

Br

[0666] To a suspension of 2-bromophenol (I . 5.78
nuuol) in DMF (10 mL), KsCO, (1.59 g, 11.5 nmiol)r Kl
(1.59 g. 9.57 mmol) aud 2-bromo-l.l-difluoroctlmne (1.67
g. 11.5 mmol) werc added Thc reaciion mixture sr as heated
at 70' 3 hours I'he reaction mixture was quenched v ith
I irO and extracted ivith I itOAc 'I'he organic layer was
washed ivith brine dried over NasSOs and the filtrate was
concentrated in vacuo. The cnide compound was purified by
nomial plmse chromatography with a ruiuung gradimi! 1%
EtOAc/n-hexane to afibrd 0 955 g of Compound 49-1 as an
oil. 'H NMR (300 MHz. CDCI,) 8 7.65-7.SI (m, IH),
7 35-7.20 (ni. 111), 6 97-6 83 (m, 211). 6 lfir (tt, .I 55.1. 4 2

I lz,. 11 fl. 4 24 (td, .I 12 9, 4 2 I is, 21 0

Br So-i

Br

[I)669[ I he (.'on)pound 50-0 ives prepared in the folloiving,
v 'IV'
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10670] Allyl bromide (1.54 g. 12.70 nunofl was added to
thc solution of 2-bromo phenol (2 g. II.S6 nunni). KiCO,
(4.8 g. 34.68 mmol) and KI (S74 m r 3.46 nunnl) us Acetone
(30 nil.) The reaction was heated at (&0" ('or 3 hnurs The
reaction mixture ives partitioned between I'.tOAc and v ster.
The organic Layer was dned over NasSOs and concentrated
in vacuo. The crude compound was purified by Born)el phase
cluomatogmsphy v ith a running yadient of 0-10% EtOAc/
n-hcxanc to all'ord 2 4 g ol'ompound 50-1 as a cnlourlcss
liquid. 'H NMR (600 MHz, Chloroform-d) 6 7.59-7.49 (m,
I I I), 7 31-7.16 (m, 111), 6 90 (d, .I 8 3 Ilz, 111). 6 84 (t,
1 7.6. 111). (i.15-5 97 (m, 111) 5/49 (dt..) ](& 9 1.911z 111)

531 (tn IH), 4.62 (dd, J=4.9, 1.9 Hz. 2H).

raphy vvith a rtuufing gradient of 0-10%v EtOAc/n-hexane to
afiord I 3 g ol Compound 50-3 as a colourlcss liquid. 'H
NMR (600 MHz, CDCI,) 8 7.55 (ddr J=7 8, 1.6 Hz, IH),
7 36-7.15 (m, 110, 7 05-6 70 (m, 211). 5 24-4 92 (m. I I I),
4 90-4.72 (m, 211), 4 39-4 22 (m, 211)

Br

t)
O~ ~O

srxi

Br

OH

sir

Bi

Jt)671] 1o a solution of ('nmpnund 50-1 (24 8, 11 26
nunol) in THF H,O (35 mL, 9: I), NMO (4.0 g. 33.78 mmol)
and OSO4 (29 mv. 0.11 mmofl were added at O' The
reaction was stirred at room temperature for 16 hours The
reaction mixture was partitioned bc(semi EIOAc and water.
Thc organic layer was dnixi over NarSOs and cnncmitratcd
in vacuo. The cmde compound was purified by normal phase
chromatouraphy with a running gradient nf 80-I(X)%
EtOAc/n-hexane to afi'ord 2.5 g of Compound 50-2 as a
solid. 'H NMR ((i00 MHz, CDCI,) 6 7.54 (dd. 1=7.9. 1.7 Hz,
IH). 7.30-7.23 (m. IH). G 94-G.85 (m, 2H). 4.19-4.08 (m,
3H), 3.92-3.81 (m, 2H), 2.87 (d. J=S.I Hz. IH). 2.26 (t,
J=6.1 Hz. IH).

Jl)673J io a solution of KOAc (468 nig, 4.77 mmnl) in
DMSO ((i rnl,), Compound 50-3 (400 mg, 1.59 mmnfl and
B,Pin (809 mg. 3.18 nunofl were added The reaction was
de assed with ar on gas for 10 minutes Then PdCls(dppfl-
DCM complex (65 mg, 0.08 tmnol) was added and the
resultrng nuxturc v as hcatcxl at 80' for 2 hours. The
reaction nuxturc wus partitioned be)wino EIOAc and water.
1'he or anic layer was washed with brine. dried over
NaaSOs and cnncentmted in vacuo tn afford 350 mg of
Compound 50. The en)de con)pound st as taken directly to
the next step ivithout further purification.

Extunple S1-0.
(4-chloro-S-isopropyl-2-nu:thoxyphmiyflbnroiuc

Acid

10674]

OH Br

(i 2

B
IIO OI)

Jt)675J I he (.'on)pound 51-0 ives prepared in the fnlloiving,
v ay.

sii s

Bi

10672] To a solution of Compound 50-2 (2.8 g. 11.33
nunol) in TITF (40 mL), DAST (6 mL. 1.22 mmol) was
added dropwisc at —78'. Thc reacuon was thmi surrcd at
room tempcraturc for 16 hours. Thc rcacunn mixture was
quenched with icc aud cxtmctcd with EIOAc. The nr auic
layer was dried over NarSOs and concentrated in vacun The
cmde compound was purihed by normal phase chromatng-

10676] To the solution of 4-bmmo-3-chlorophenol (3 g,
1.05 mmol) ui DMF (30 mL) KrCOs (4 g, 28 98 mmofl was
added at O'. Afier 10 mmutes, nu:thyl iodide (3.06 g, 21.73
illlllnl) was trifled impulse slid tile ri ac)loll llllxtulc wtis
stirred at roon) temperature for 7 hours Then reaction
nuxture was diluted in I isO and extracted twice with I itOAc



US 202]/0]]5065 A]
132

Apr. 22, 2021

(100 mL). The comb&ned organic layers were washed with
bnnc. dncd over N»&SO» and concentrated in vacuo to afibrd
2.1 g of Compound 51-1 as a 1&ght brown liquid. 'H NMR
(600 Mlis, ('DCI,) &5 7 47 (d,.l 8 911z, 111), 7 Oi (d, .I 3 0
I lz,. 111). 6 70 (dd, .I 8.8, 3.0 I lz, 111), 3 79 (s, 311)

01

The crude compound «vas purified by normal phase cluo-
matography w&th a ruruung gradmnt of 10/90 EtOAc/n-
hcxanc &o afibrd 1.03 g ol'Compound 51-4 as a light yellow
liquid. 'l I NMR (300 )4112. ('DCI,) 8 7 62 («, 111), 6 79 (s,
111), 3 85 (s. 311), 3 26 (n&. 111), 1.22 (d, J 7 61iz, 311), 1.19
(d. 1=7.6 Hz. 3H).

B&

51-! :1-2

Jt)677] 1o a solution of ('ompound 51-1 (10 equiv) in
dioxane&1 I&O (4 I), Ks('0, PLO equiv.). allyllx&runic ester
(I 5 equiv.) and Pd('1&(dppf)-D('M complex (5 mol %) v ere
added. The react&on mixture was heated at 100'. for 6

hours. The reaction mixture was diluted with H,O and
cxtractcd tw&cc w&th EtOAc. The combu&cd orga&uc layers
were washed w&th H&O. then bru&c, dned over Na&SO»,
liltcrcd and conccntmtcd in vacuo. Thc cn&dc material was
purified by normal phase chromatography «vith a numiag

radient of 5/95 IitOAc/n-hexane to alford I 6 g of (:on&-

pound 51-2 as a colourless liquid. 'H NMR (300 MHz,
('DCI.,) 6 7.26 (s. IH). 7 12 (d. J=8.5 Hz, IH). 6.91 (d. J=2 6
Hz. IH), 5.22-5.17 (m, IH), 4.94 (dq, 1=1.9, 0.9 Hz, IH),
3.79 (s, 3H). 2.08 (dd. J=1.6, 0.9 Hz, 3H).

0
HO OH

Jl)68()J lo a «elution of (ompound 51-4 (103 g, 3.34
mmol) in dry THF (15 mL) at -78" C., n-BuLi (1.67 ml . 2.5
M &n hexane. 3.34 num&1) was added dropv ise. Then
B('PrO)., (0.93 mL, 8.35 nm&ol) in THF (5 mL) was added
dropwisc a& —78'. and slowly brought to room tcmpcra&urc
and the reaction nuxture was stirred for 3 hours. Thc rcacuon
nuxture was quenched with I I&O and extracted twice &vith

EtOAc (50 ml,). The combined organ&c layers were washed
with bone. dried over Na&SO» and concentrated in vacuo to
afii&rd 350 mg of Compound 51 as a solid 'H NMR (300
MHz. CDCI») 6 7.74 (s. IH), 6.90 (s. IH), 3.89 (s. 3H),
339-3.26 (m. IH), 1.23-1.19 (m. 6H).

51-2

Example 52-0: (i-isopropyl-2-(2-methoxyethoxy)
pyridin-3-yl)boronic Ac&d

]0681]

]0678] A solution of Compound 51-2 (1.8 &. 9.85 mmol)
and 10»%» Pd~ (100 mg) u& EtOAc (30 mL) was st&rrcd
under H- Ibr 7 hours. Thc reaction m&x&ure was f&i&crud on
CELITE pad and concentrated u& v»cuo to afibrd 1.6 of
('ompound 51-3 'll NMR (300 Mllx (:D('I,) 8 726 (s,
I il). 7.1'2 (d, 1 8 6 I lz, 111), 6.90 (d, .I 2 7 Hz. 111),
3.78-3.77 (m, 3H). 3.33 (m, IH). 1.23 (d, 1=0.6 Hz. 3H),
1.20 (d, 1=0.7 Hz„3H).

B~
Ho OH

Thc Compound «2-0 was prep»r&xl &n the followu&g way.

6»

B&

52-1

Jt)679] a solution of('on&pound 51-3 (I 6 g, 8.66 mnx&l) in
chlorofonu (70 ml ). Ag&SO» (3 24 8, 13 05 mmol) wa«
added at room temperature. Then iodine (2.(i4 g. 13.03
nunol) «vas added portionwise at room tempemture. The
resultu&g solution was stirred at room tcmpcraturc for 12
hours. Thc react&on m&xturc was liltcr&x! tluough CELITE
pad. The filtrate was cxtractcd tw&ce with E&OAc (100 mL)
and the combined organic layers «vere mashed ll&O and
brine. dried over Na&SO». filtered and evaporated in vacuo.

Jt)682J A mixture of allylpallad&um chloride duner (9.09
m, 0.025 mmol). RockPhos (34.9 mg. 0.075 mmol). and
cesium carbonate (2428 n&g. 7.45 mmol) was flushed with
argon R&r a fcw nunu&cs. then anhydrous PhMe (5 mL) was
added, followed by 2-mc&hoxyethanol (0.8 mL, 10.15
nunol). Thc rcacuon w»s healed to 90' for 3 mu&utes, &hen

2-bromo-6-isop&opylpyridine (0 71 m1„4 97 mmol) wa«
added and the reaction contim&ed at 90''or I hour 1'he
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resulting react(on was filtered over a CEI ITE pad and
concentrated in vacuo. The crude material was purified by
normal phase chmmatography (40 8) with a running gradi-
ent of 0 to 25% I)tOAc/heptane to afliord 848 ntg of
Compound 52-1 as an otl.

&bl

& ~O
62 I

n
IIO OH

[06831 A solution of Compound 52-1 (848 mo. 4.34
mmoi) and 'I'Ml

if 

)A (0 8 ml . 5 30 mmol) in anhydrous I itzO
(9 mL) v:as put under an N, atmosphere„and cooled to —78"

C. Then n-BuLI (4 mL, 6.40 nunol) (1.6 M ut hcxmtc) was
added dropwise over a few minutes The reaction tumed an
orange color, and v as allowed lo warm to room Icmpera lure
over 30 minutes, where it slowly became red-orange The
reaction was rccooled to —78'o and B(O'Pr)! (3 mL. 12.92
mmoi) was added dmptvise over a few ntututes 'I'he reaction
was wanucd lo room Iempcralurc over 30 mututeh. Thc
reaction was quenched with 6 M I I('1. then acidified to
around pi I 4 with I M I ICI. 'I he resulting biphasic mixture
was vigorousiy stirred at room temperature for 30 minutes,
then extracted with EtOAc, the combined organic layers
were dried over NazSO4. concmttrnted ut vacuo. Thc crude
material was purified by nonual phase chromatography (80
g colunm) with a ruluung gradient of 0 Io 25% (3.1 EIOAc/
EtOI I)/heptane to afford 813 ntg of ('ompound 52 as a
yellow gum 'l I NMI4 (500 MI Iz, IJMSO-doj &5 7.899 (d,
1=7.3 Hz. IH), 7.69 (s, 2H). 6.87 (d. 1=7.2 Hz, IH),
4.48-4.41 (m. 2H).3.68 (ddd„ 1=6.4. 4.2, 1.5 Hz. 2H),3.31 (s,
3H), 2.95-2.87 (m, IH), 1.21 (dd, 1=6.9. 2.1 Hz, 6H).
LC-MS=240.3 [M+H].

f(16841 I he following con(pounds were prepared by the
sante route used for ( ompound 4-0

Hennplc)

, I M le I ('is
'H VMR (309 *.9(Hz, McOD-dfl) MS!n)z a)cd

831 (t .I= 106 Hz. IH) Jo!'C! H&eCIFR 0 S

t! 64 &s. IHl, 7 34 td, I = 6 3 411 I J und
Hr, lu), 99 &fl, H). 87 (d. 412 I IM + I('
=(31(tz. H),37 161(m,

2(I). '. 03 .tv (m. 0!, I 9
1.9n (m, 40!

4 t.un nomethyl1 I (8 td
chio! o-8-tluoro-2-n!ethofltphentl)
n! dflzo12.1 bill z.4iu& fld flzol 2 '!'Ij

p!per&du!-4-ol

r 4
V VHi.&-W

'H VI IP. (4nu MHz. DMSO-d„l
8 t! 4 &d. J = 7 Hz, I H), 7 8

(s SH) 7.641s IHI 696 (d (=
78 Hz IH). 431p. J = 62

1ul, .76 3.6O (m, 20),
'49

& 1st! = I 6, 9 O. 4 0,
20), 2.9& lh, I = 68)t, HI),

, 21(l. I 72

IO I = 4 4 Hz, 4Hj. I 46 (I. I =

G Hz. 6Hj 12e rd J= 68 Hz.
G HI

MS n!)z ca)cd
for 1 Z,H,oHso!S

430 2 fo&u!d

4312 [M +

Hf'opropofly

6 s p!opylpt& du! 3

&d r H,I h)fl,t,dithrdmm( 2

vllp pm I r& 4 ol
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-con(litt)cx[

Exec&pic

'ompound

Slit I ('vIS

6 I
H h,H

i.&- W
2

'H VMR (4&!0 MHz. DMSO-de i

6 8 . » (Gt, I =,, Hz, IHl 7 tl

(t. 1=58Hz,3H), 65 is IH),
G9tl(t. I = 7 V. II, IID. 448

!q, i = '(1 H, 2H), 371 idt. I =

I '. 4 I H, 2 H), 3 49 ( hh(, I =

13 8, 89, 5.7 Hr. 2H), 9»

(h, I = 7 0 Hz, (H&. 2 86 (q. J =

8 Hz, H). I 7 (q. J = 44 Hz.
GH). I 42 It, 1 = 7 t) Hz, 3Hl.

126 td, J = 7& Hz. 6H&

119 ntiz ca(cd
for CzoHzsV6025

416 - fottttd
417 -'I M + I I

I'.(attttltotttctlttl).1

15-(2

ethoxv 6 soprop Ipvrdn 3

vllurudazo [HI-b] [I 3.4]tluadiazo(-2-
vi)pp 0 4- I

'I(;qMR (&(it) Milt. I)MSO I„)
88 4(d.1=77Hz.lHi 7(7

Is (H). 6 97 (d. J = 7 8 Hz.
iHi 471 is (H& 446 (q J =

70Hz.2Hj 643»7(m,
H). " »" (td, I = 12 R 3 3 Hz,

SH). "
18 (d. J = 4 'z, SH),

- 24 (P. I = G.9 Hz, IHS I 68-
1»8 (m,2HI 140 (q J = 61

»i(j, (.22 I'I, I = 6 9 H,
GID

for C&6H&sH60&S
416 found

417 4 [M +H]'4
tun no I t. (2 ethoxv G

&6 p&cp't'Ip 'I dtlt 3 'tluttudazo
[2.1 l&f((DIM]th ad azol 2 Ilp pe& d n

4-) H&ncthanol

'H VMR (40&i *.v(Hz, DMSO-del
6 8 49 id, J =, Hz. IHl tl

(». IH). 6 9, td, 1 =; Hz.
IHi,447 (0, I = 7( I(, 210.
4 It( ( t. I = 8 4 I I , 2 I I & . 9

(d. I = 8 3 Hr. Ii), 94 (p, I =

G 8 lit. I II), 2 89 is, 2 I I). I 41

(t, 1 = 7 u Hz. 3H&. I » (d J =

69 Hz, 6H&

MS tniz m&lcd

fol CI6H26V6028
3S82, found

389 2
(
M + I I

('-Ianttn

ntcthyp-I-t5-(2-ctltoxv-
6 sop&opylpv& dut 3 ylj nudazo[RI b]

[1,2.4fthttdttzol-2-)llazctiduid?ol
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-con(II)t)cvj

Exantplc

'ompound

bfli I ('vIS

3 9- 5 'H VMR ( i!0 MHz. DMSO-dsi
6 8 62 (t, 1 = 7 Hz, IHI tl 28

(s, JH). 7 69 is IHI, 6.99(d, I =

8 Hr, )H), 448 1q, I = 7 I H,
H). 4&!t (I I = 78)l .

2H). 3 83 iih 1 = 7.8 Hr. 21)l,
&4c Is.2)0,29 (8, 1=69
Hz. iH), I 42!t. 1 = 7 I Hz.

'IH!. I G td. J = 69 Hz, 6Hl

115 rn!z ca)cd
for C,aHz„VsOab

3tl8 2 found
389 -'I M + I I

I'4-amuto-I-I

5-(4-(1.2-difluoroethyfl-2-
merhoxvphenyl) nudazo]2.1 b](1.34]

thiadiazol-2- l)pipcndu&-4-vllntctltanol

4&n

HO s s
N NH.i.&-W

'H VMR ( i!0 MHz. DMSO-ds)
8 ti 6- (6 I = 7 V. ) I

.89 7 8 (m, )I!, 780 (s.
Iki). I I!I jih .I = 7.9 Hr. I II),
4 45 ( I I. I = b 9, 4.2 Hr. 21)l,

3 86 3 8'm 'Hl 3 74 idq J =

130. 4 3 Hz, H&. ) I Im
2H), 97 irn. )H&.287 (q J=

5 7 Hz. JH) I 7 !q J = 4 7

Hz.4H) 12 (d.J= 69Hz,
GH)

115 rn!z ca)cd

4) ) ' M + I
I I

'vdioxyerhoxv)

6 soprop, Ipvud n 3

3 1uinidaz )2 I-b] (1,3,4]tluadiazo)-2-

, l)p peud n 4 ol

41 t 'H V MR (400 '.91Hz. I IeOD d„)
8836(d.J=8! Hz.IH! 8(i&

(s. IH),7 26 Is. )H). 7 19 idd
1 = 8 ". ID Hz. IH). 5 89 (dd.

J= 182,47 Hz. IHI. 82- 71
Im. I H& 4 83-4 tl (in, IH).

4 74 (d .I = 4 4 Hz. IH). 4 0-

4 66 (m. I )I). 4 6 (d.! = 4 4
H, IH), 402 (a. Jfli, t 94.'4 ( i, I(). 3.81 ia, JH!, 66

!akl.l=)R5,9).37H, H),
215 tdt,! = I 9,47 Hz 2HI.

01 (td, J = 94. 4 8 Hz. H&

MS m,z tlml tbr
C, Hz lnN,OzS

4 ') found
4 4 I! (M + H j

(4 anuno I (6 !4 (I 2

difluoiocthv)62-ntethoxvphen)l)
nud izo(2.1 b]]1.3;1]rluad azol 2

t'l)pipe& til&.4. i'l)it&et)&alto)
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-con(It&(lux[

Exan&pic

'ompound

alit I ('vIS

F

t 4 I
~H

'H NMP. (400 91Hz. McOD-dsl
6 8 "7 (dt, I = 8 0 Hz, IHI 7 9

Is. I H) 7 2tt- 21 (in, IH).
,'18 (d. I = 84 Hr. IH), 7&

(m, (H!, 4 71 Idd I, I =

4.6 Hr l(l. 4.(H is,
3H) &.It (I, I = 11 t(,JH),
366 tdd,(= I 4,7 Hz.2HI

90 (s, 2H). I 86 I 84 (m
4H&

119 n&(z ca)cd
for C, Hz&F&I,O&S

4 3 found
4241 )M+

II)'-I:un&no&nett&pl)-1-&5.(4(l

2.

unidazo[2,l-b][1,3,4]tluadiazn)-2-yll
pp nrba4

'H Nblit (40(t Mt(, M OD ds)
n F48 I I, I = 80 H, IH), 803

Is, iH), 740 7 &6 tm. IH&.
7 3& idd, J = 8 1. I Hz. I HI.
6 8 (I, J = t6t) Hz, IH&. I 89
(dt,J=123.&9.&0Hz H),

"70-368 (ni JHI 36, (s
SHI, 3uo is. SHI. I tt6 idt, I =

79,4t) Hz,4H)

(',sH„F,~,0th
4&)9 I Ioiuid

4100 [M+ Hj'

(un nometh I) I (6 t2 L& 2

ditlumoctlmxy)plica&l)nnidazn[2,1-6]
[1.3,4]tlu.id .nol 2 vl)p pendm 4 nl

43 3

4 s
NH&i &-M

1

H NMR. (400 MHz. MeOD dr 1

6 818 (d. I = 8( Hz. IHi 787
Is. IHI 7&&4 (I.J= I Hz.

IH). 700 Idd .I = 81. 16 Hz.
I HI, 3 96 Is. 3HI. 3 9&!-3 81

Irn. JH), * 1-3 &8 tni, JH).
9'& (m. SHS I 89 I 78

(m.aH) 10(&I,( 1=69M
6)I).

MSmz aid for
C,oH&&F,,O&S
401 found

4&) I [M+

Hj'.(aiiiilioiiictliil).1

15-(4

sopmp, I 2 inethoxypheriyl) nudazn
[2 l-b] [1.3,4]rluadi&zo(-2-yl)

pq&eudui 41 ol
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-oon(I(tttcx[

Exaniplc
'ompound

Niuut i'i 8'ti'uenas NMR LC-MS

44 3

4 I
N b,Hi.&-K

i

'H NMR. (400 MHz. MeOD dtl
8 817 id. I = 8 I Hz. IHi 762

Is, iH),700 687 tm. H).
419(q. I = 63 Hz. Hi 82

id, J = 13 2 Hz. 2HI. 3 66-
4 tni, Hl. 2 98 is 2H), 'z-
2 tttl (ni, I HI I 8 -I.!4 Ini

4H) )49 It, I = 69 Hz, SHL
I. nil (=69 H,6)li

MSmz aid foi
C„Hzi Nso)S
4 I I loiuid

4163 [M+H]'-pu

m Ihili I f Q
ethoxy 4 sop) npylphent Han dazo

[2,1 bf[I.3,4]lhi dmml 2 lipip 0
4 ol

4 3 'H VMR i4)0 91Hz, DMSO d,l
6 8 11 Idd, J = 8 0. I 4 Hz. IH).

797 (s JH), 766 (d. J = 14
Hz. IH). 7 08 td, I = I 6 Hz,
IH). 7 02 idd, I = 8.1 I 6 Hz.
IH). 4 084 01 (ax IHI„4 i)0.

L94 I i, IH). 3 90 (i, tH'I,

( ),4)(i. 88 7) im,
23822o!m.lHS(99(tq, I=

121,81.1H).18) 161
(rn, 4HI

MSmz aid foi
C„Hzzb,,o)S
429 2 fnuud

430 I [M +

H]'.ianunonictltil).1

15-(2

mtlio«y 4 (I t lido fu i I I)

phenyl luiud iz [2,1-b] [1.3.4]tluadiaznl-

'H VMR (400 *.ciHz, DMSO-d I

nx24(l, I= 8 I H, IH),744
!s Itl) 7 in(b s,(H) 698(d,
I = 8 I ki!, Iio. 4 0 (6

38( 8)i(n),3HI 36 I50
(m. 3Hi, I 8 16( Im,4H).
1 28 I 0 (m, Hl. I 10 I 0

im. SHI

MS ni z ca)cd fot
(b i I I pmo,x
4292 fo ad

4!0 4 IM + II('

4-uun u nicthyH-M.
methoxy 4 (I methoxyctulopmpyll

phenyl)anidizo [HI-b] [1.3.4]tluadiaznl-
2 yl)p pend n 4 ol
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I st&pl
Compoiutd

Number St&unit&to LC MS

47 3 'H VMR i4)il VIHz, DMSO d,l
88 3)d.1=bi Hz.lHi 742

(s. iH),'I idd,1=81 17
Hz. IH). I 06 td, I = I 7 Hz,
IH1,4.0 (brs. SHI. 3 91 ts

3HI "
66 (tt, J = 13 0. 3 8 Hz,

II). 'i 318 (m,4H&, 88

(s, 3H), 491&1, I — 1&&9,44
kir, Hi, — 1(t idt, I = 12,9.'i,

ki).188(dti, I= 1)8.
9, 46 Hz. IH!, 17& 148

(m, Hl

MSmz eld for

C„Hzt RGOGS

443 fo&U&d

444 2 [M + Hj'

(I merhnsvcv lobutyl!phertyl) nudszo
[2,1 b[[1.3,4[ID dt r 12 lip p I 4

F~O

i4-Unuto-145-i2-(2-fluoroethozy)
phm l)umd o[2.111[1,14)ih sd.

2-)'l)pipcndut-4-vi)ntethmol

'H Nbflt &40(t M!I, M OD ds)
6 St2(il.1=78, I 7H&. Illl,
8 t)0 (s. IH). 742 iddd, I = 8 I
74. 17 Hz. IH! 721(dd J=
84 1&&Hz.lH!.717(td,J=

76. I I Hz, IHI 49n-487
im. I H! 4 81-4 2 (tn, IH).

4 49-4 34 im, 2 HI. 3 89 idt. J =

138, I Hz,SH),3 81 is
HL)66(dtbl, i=i .7,96.

: 8 H, SH!, I (dl. I = 14 I.
4 6 Hr H) 2 itti I tld I = 141

9.6, 47 H, 211)

&',sll„)N,O,S
391 found

39 I [M+Hj'~0
4 I

N F,Hi.&-D
t

H NMF. (400 91Hz. McOD-dcl
6 8 34 idd. J = 7.9. 1.7 Hz, IHL
7 4-7 43 im, I Hl, I '." idd. J =

8 b. I 0 Hz, IHI 720-714
( ~ t, Il(1, 49&t 488 (m, 111),
48 4 4 (rn, lfll,448 srut
( t, II(i. 4 41 413 im, 111),
: 9 F3 81 (m, Sfll, .73 3.61

(m. H), Ol is, Hl. I 9
I 8 (m, 4 HI

MS uk z cslcd f r
C,GH„FN,OrS

: 91 found
39 I [M+ Hj'

I mt t thyl!I ( (2

I'lunmetltozlphcnyllumdszo[2.)-bj
[1.1,4[)1 M ol 2 I!p p ttbn 4 oi

G I
4 0 I I

'ki VMR (1()ii Mli, MeOD
n F, 9 ( I I, I = 7 8, I 7 H, I I tl,
7 91 (s. I HI. 7 49 (ddd. I = 8 9

74. 17 Hz. IH! 7 li 71
Im, H).6 0(tt,J=44
Hz,2H),443 (rd 1 = 14 13

Hz SHI, 3 87 (dt. J = 13 8
I Hz. 2HI, 3 79 is. JH) "64

Mtdd. J = 13.8, 97 39 Hz. JH)
'23-2 08 int SH!„2 timl tlv

(m, Sfll

&',s)l„k, ~,OzS
4&)9 I found

410 I [M + H[

'4-snttn

-I-(6-&2-12.v-dtfluorocthozyl
ph yl)md r [2,1 bj[1,34jltrr le 12

vl!p pendm 4 yl)uterhmol
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Exaniplc
'ompound

Ninrlt i'2 8'ti'acnirc NMR LC-MS

40 3

5

N NI Ii &-D
2

'H NMR. ( 00 MHz. MeOD dil
68 4 823 fm. IHI. 791 (s

I H). 7 49 (dd I. I = 8 8 7 4 I 7
Hz. IH), 7 29 7 15 (m, Hl.

6 9 ttt,)=546.34Hz IH),
443 (tt .I = 14 2. 3 4 Hz 2H),

3 94-3 79 ini SHR 3.76-3 51

trn. SH), I 90-1 « iui, 4H)

MSmz aid pot

C, H„IHN,02S
4f)2 I loiuld

410 I [M +

Hj'-(unuinmcthyfl-l-(i-t2-(2.2-

d tlunroerhoxv)phenvl) nudazo[2 I bj
[I 3.4[fluad aznl-2-vl)pipcndui-4-ol

I 5
OHi &-D

'H NMR. (400 MHz. MeOD dil
68 )idd,J=78.17Hz.lHI.

79 ts, IHj. 7 ) 74 Im
IH!,).7 4(dd.J=85,1()Hz

IHI. 718 ltd .I= 6. 10 Hz
IH). 4 86-458 tui. SHI. 4'-'

" 'ni, 3 HI 3 94.3 82 fur

JH). 3 80 (s SHR 3.64 Iddd J =

137.9 .38H. H!, I

.fih im. 211). I 99 (ihl l. I =

14 t. 9 7. 4.7 Hz. Jfll

MSmz aid pot

C, H„IHN,02S
4 3 found

4 41 [M+

H]'4-anuuo-
I-id-12-i 2.3-dr

flu
oroprnpo x

)

phemil)um 0 [2,1 b][1,3.4]i): (0: « I 2 ) Ij

piper'Idui-4-vl)niethanol

1th 1

5 5
NH.i &-D

'H NMP. (300 61Hz. McOD-d„l
n 8,

"
( I I, I = 7 8, I 6 I(, I I tl,

,otl(s, I)I),75 7441
lfl) - 7 11 im. 2ti), 4 77

156 (nz 2HI 45 4 2 fm
JH),39n 378 fm Hj '171

'1 9 (m 2Hj 98 fs H)
I 88 I 77 (m, 4HI

MS ni z ca)cd f r
(,y)l„k,~,0,1

424 -'I M + I I
I

'

1am nnmethvl) I (1 (2 (2.3
dtfluor pmpnxylphcuyl)inudazo[2.)-b]

5 5
NH.

'H Nblfl 140(t M)i, M OD di)
6 8 46 (s. iHj 7 97 fs, I HI.

7 I (s. IH), 92 is Hi,392
3 85 (m. 2Hi 76 I 65 fm

Hj, 44ip J=68Hz. IHI,
"

01 (s. JH), I 9 .I 80 (ni
4H), 131 id J= 68 Hz 6H)

CzoH2GCIN,02S
4 55 loinid

4362 [M+ Hj'

lanunoniethyl) I !5 (4 chloio
5-isnpiop I- -uicthoxvphcnvl)unidazn

[2,1 b[j) R4[tl: la ol 2 lhi p ubn 4
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Compound 53-0: tert-butyl 4-amino-I-thin-8-
azaspiro[4.5]decanc-8-carboxylate I.l-dioxiilc

[0685]

for 18 hours. The reaction mixture was quenched with sat.
NaHCOi solution and cxtractcd with DCM (10 mL). The
organic layer was washed w ith brine and dncd over N4,SO4
and cmicentrated in vacuo 1 he crude product was purified
by normal phase chroniatography with a running gradient of
30-40!o EtOAc/n-hexane to afford 0.080 of Compound
53-2 as a colorless liquid. 'H NMR (300 MHz. CDClc) 8

3.54 (t. J=5.9 Hz, 2H). 344 (t, J=5.9 Hz, 2H), 3.29-3.22 (m,
2H), 3 05-2.94 (m, 4H). 2.34 (I, J=6.0 Hz, 2H), 1.47 (s, 9H).
LC-MS=284.05 [M+H] . retention tune=1.64 minutes.

[t)686] ('ompound 53-0 w:as prepared in the follov ing
way

0

tel

Boc — H

(c. i

B.c— H 0

0

OH

Boc — 8

Boc—

33

33-3

[t)687] 1o a suspension of dihydrothiophen-2(3II)-one
(0.123 g, 1.20 mmol) in THF (3 ml ). LiHMDS (1.2 mL,
1.23 niniol) ivas added at -78" C, and stirred for I hour.
Then tert-butyl 4-oxopipendine-I -carboxylate (0.200. g. I 0
mmol) in THF (3 mL) was added to thc reaction nuxturc at
—78'. and surred at same tcmperaturc Ibr 2 hours. The
reaction mixture was quenched with sat. NI 14CI solution and
extracted with IitOAc (20 mi,) 'I'he organic layer was
vvashed with brine and dried over NazSO4 and concentrated
in vacuo. The crude product was purified by nomial phase
cluomatogmphy 33 ith a numing gradient of 30-40% EtOAc/
n-hcxanc to allbrd 0 155 g of Compound 53-1 as a solid. 'H
NMR (300 MHz. CDCI,) 8 3.92 (br s, 2H), 3.75-3.59 (m,
ill), 332-321 (m. 211). 313 (s, 211), 2ti5 (s, ')ll) I D-
MS 202 10 [M+I I] (De-linc), retention time 1.48 min-
utes.

[l)689[ lo a suspension of Conipound 53-2 (0.3 g, 1.06
mmol) in MeOH (3 mL), Et,N (0.297 mL, 2.12 mmol) was
added The reaction mixture was heated at 70" C, for 32
hours llic reaction was concentrated ui vacuo. The crude
product was punlicd by normal phase cluomatogcaphy widi
a ninnmg gnsdient of 5-10'% itOAc/n-hexane to afford 0.563

8 of Compound 53-3 as a colorless liquid 'll NMR (400
MI Iz, CIJ(.'Is) (3 -I 13 (s, 2H). 3 73 (s, 311), 3 05-2 94 (m,
2H). 2.94-2.84 (m, 2H). 2.77 (dd. 1=10.8. 6.2 Hz, iH),
2.52-2.31 (m. 2H), 2.21-2.09 (m. IH). I (ig (t, J=12.9 Hz,
2H), 1.46 (s. IOH).

Cn

31.3

/SI

3 3

0

Boc — 8

Boc—

.34

[0688] To a suspension ol'Compound 53-1 (0.150 g, 0.497
mmol) in DCM (5 mL). EI,N (0.69 mL, 4.97 nunol) and
Msffi (0077 ml„0.995 mniol) ivere added at 0" C The
reaction allowed to reach the acorn temperature and stirred

[0690] To a suspension of (:ompound 53-3 (0.050 g, 0.158
nunol) in DCM (3 mL). mCPBA(0.070 g, 0 317 mmol) was
added portionwisc at O'. and the reaction mixture was
stirred at mom temperature for I hour. Thc reaction mixture
was quenched ivith cat Nal ICOs and aqueous NazSOs and
extracted twice with I)CM (10 ml,) 'I he organic layer was
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Boc—

'ix,//

iul

washed with bone and dried over NazSO4 and concentrated
in vacua 'I he cmde product was purified by normal phase
cluomatogmsphy with a numing gradient of 50-70% EtOAc/
n-hexane to allbrd 0.034 g of Compound 53-4 as a colour-
less liquid. 'H NMR (400 MHz. ('DCI,) 6 3.94 (s. 2H). 3.76
(s, 3H), 3.43 (s„ IH), 3 35 (ddd. i=13.4, 9.4. 4.0 Hz, IH),
3.23 (s, I H). 3.09 (dt, J=13.4, 9.0 Hz, IH), 2.99 (dd. J=l I I,
63 Hz. I H). 2 45 (ddt, J=14 0, 11.2. 9.3 Hz, IH), 2.24 (dddd,
J=14.0. 8.8. 6.3. 4.0 Hz, 2H), 2.IS-2.02 (m, 3H), 145 (s,
9i I)

[06921 To a solution of Compound 53-5 (05 g, 1.49
mmoij m PhMe (30 mi.) and lit,N (0 313 ml .. 2 24 nunol),
diphenyl phosphoryl azide (0.(119 g, 2.24 num)1) was added
dropwisc at room temperature. Then rcacuon heated at110'.

for 1.5 hours. The reaction was cooled to mom tempera-
ture and BnOH (OA86 g, 4A9 mmol) was added dropwisc
and stirred at 100''or 10 hours. 'I'he reaction mixture was
quenched by sat. NazCOs and cxtmctcd with EtOAc. The
combined organic layers ivere dried over NazSOc and con-
ccntratcd in vacuo. Thc crude was punlicd by normal pliasc
chromatography with a mnning, gradient of 40-70% I itOAc/
n-hexane to afford 0350 g of Compound 53-6 as a solid. 'H
NMR (400 Mliz, Cl)(1,) 6 7.42-7 2') (m, 511). 5 11 (ABq,
.I 12.0 I iz, 21 I). 3.71 (brs. 111). 3 56 (brs. 211). 3 26-3 10 (m,
211), 2.18-2.06 (m, 211), 1.98-1.87 (ni. 211). I 80-1 75 (m,
2H), 1.68-1.(/4 (m, 2H), 1.45 (s, 9H)).

s)-4
"ix//

Bo — V

Cazgx

iV,//

Boc— N

[(1691J 'le a suspension of ('ompound 53-4 (0 56 g I 61

nimol) in I Ills IizO (6 nil., I: I), I.iOII I izO (0 135 g. 3 22
nmiol) was added at 0" C. and the reaction mixnire was
stirred at room tempemture for 3 hours. The reaction mixnue
was acidllicd with sat. citric acul to pH=4 mill extracted
twwc with DCM (20 mL). Thc combined orgamc layers
were washed with brine and dried over NazSOc and con-
centrated in vacuo to afford 0 4 g of ('olnpound 53-5 as a
solid 'll NMR (300 Ml lz, l)MSO do) 6 3 79 (d,.i 13 2 llz,
2H), 3.52-3.34 (m. 2H). 3.25-3.08 (m. 2H), 2.94 (dd. J=10 4,
7.1 Hz, IH)„2 22-2 16 (m. IH). 2.10-1.95 (m, 4H), 1.57
(ddil, J=15.0, 11.2. 4.9 Hz, IH). 1.39 (s 9H).

II V

[06931 To a solution of Compound 53-6 (350 m . 0.79
mmoi) in THE (30.0 mL). 10%o Pd C (70 mg) was added
under Hz. The reaction was stirred for 10 hours. The reaction
nuxturc was liltcred on CELITE pml and conccntratcd in
vacuo to afibrd 250 mg ol'ompound S3-7. LC-MS=249
M-tBu+I IJ, retention tinie 1.27 minutes;

iv,//

0
"ix//

Boc — N lcl

Bo—

Caznx

[06941 To a solution ol'Compound S3-7 in dioxanc, 4 Ivl

I I(.'I in dioxane ives added dropwlse at 0" ('or 5 minutes
1'hen it v ss allow ed to stir at roon) teniperature for 2 hours
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The reaction was concentmted in vacuo to afford 30 mg of
( ompound 53 I ('-MS 205 10 [M+I IJ, retention tinte 0.
10 minutes.

-conttnucd)

Compound 54-0: tert-butyl(4-(methoxymethyl)pip-
eridm-4-yl)carbamate

[0695]

34-2

[0696] Compound 54-0 uas prepared in the followingw'tv'D
[0698] To a solution of diisopropyl amine (2.50 g, 24.491
nunol) m TIIII (20 ml ) at —78" ('. n-I3ul,i (2 5 M in
n-hexane-9.20 mL, 22.960 nuuol) was added dropwise. The
reaction was allowed to reach O' Ibr 10 mututcs. Then thc
reaction vvas cooled to —78" C. and Compound 54-1 (4 ",
IS.307 mmol) ut THE (10 mL) was added dropwisc. Al'ter
I hour at -78" C.. bromo(ntethoxy)methane (2.50 g, 19.899
nuuol) was atklcd dropw isa at —78' and thc reaction was
allowed to reach the room tempemture for I6 hours The
reaction nuxturc was qumtched wtth sat. NHsCI ut HsO and
extracted v;ith I itOAc and the comb tned organic layers were
dried over NacSOs and concentmted in vacuo. The crude
material was purified by normal plmse chromatography tvith
a nuuting gradient of 30-409II EtOAc/n-hexane to afford
3.SO g of Compound 54-2 as a colourless sucky mass. 'H
NMR (300 MHz, ('DCls) 6 7.46-7 33 (m. 5H), 4.53 (s. IH),
4.15 (q, 1=7.1 Hz, 2H), 3.75 (s, IH). 3.04 (~ . 2H), 2.57 (u,
.I 10.7, 4.0 1lz, ill). 2 12-1 55 (m. 411), I 26 (t, .I 7 I Ilz,
3H). LC-MS=306.05 [M+H], rctmttton umc=l 49 mtnutcs.

[0697] To a solutton ol'thyl pipcndine-4-carboxylate
(100 g, 63.61 ntmolj in I)( M (100 mi ), 'I'EA (19 3 g
190. 84 nunol) was added at 0" C. Afier 15 minutes. benzoyl
chloride (9 84 g, (&93)7 mntol) was added dmpv ise at 0" C.
Then the reaction was allowed to reach the room tempem-
turc for 16 hours The rcacuon mixture was quenched with
ice cooled HsO and extracted with DCM. The combtned
organic layers werc washed with 2 N HCI, folloved by brine
and dried over Na,SOw concentrated in vacuo to atTord 13 0

g ol'ompound 54-1. 'H NMR (300 MHz. CDCII)
746-7 33 (m. 511). 4 53 (s, 111). 4 15 (q..l 7 I llz, 211). 3 75

(s, IH), 3.04 (s, 2H). 2.57 (tt. 1=10.7, 4.0 Hz, JH). 2.12-1.55
(m, 411). 1.26 (t, .I 7 I Ilz, 3i I) I.('-MS 262 I [M+I IJ',
retention time=0.83 minutes.

4.2

54-3

s4 I

[0699] To a soluuon of Compound 54-2 (3.50 g, 11.462
nunol) tn EtOH (35 mL). NaOH (687 mg, 17.192 nunol) in

HsO (2.8 mL) was added at room tcmpcraturc and stirred lor
8 hours at 50'., then surrcd Ibr 48 hours at room
tcmpcrature. Thc rene(ton mixture was acultlicd wtth
KHSOs and extracted wtth EtDAc. Thc combuted orgatuc
layers were washed with brine solution, dried over Na,S(js
and concentrated in vacuo to atTord 3.0 g of ('ompound 54-3

as a white sticky mass I (:-MS 278 15 [M+I IJ+, retention
time 1.37 tninutes
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Compound 55-0: tert-butyl (3-(2-hydroxypropan-2-
yl)pyrrolidui-3-yl)carbanuite

[()702J

[()703J (:ompound 55-0 was prepared in the tiilloiving
way

VHBnc

~0 OH

0

(sj

[0700] To a solution of Compound 54-3 (1.0 g, 3.61
mmol);md EtsN (1.09 g, 10 830 nunol) ui PhMe (10 mL),
diphenyl phosphoryl azidc (I 19 g. 4.332 nunol) was added
dmpwise at room temperature The reaction was stirred fiir
3 hours at a retlux 1 he reaction mixture was diluted v ith
EtOAc and ivashed st ith water, followed by snt. solution of
Na,CO, and brine, dried over NacSOo and concentrated in
i acuo. The resulting resnluc was uikcn in THE (10 mL) and
KO'Bu (810 mg, 7.220 nunol) was added at room tcmpcra-
turc. The rmction was stirred for 20 muiutes at room
tenipemture The reaction mixture was quenched by sat.
solution of Nllo(1 extracted with IitOAc. 'Ihe combined
organic Layers were dried over NazSOo and concentrated in
vacuo. The crude material v as purified by nominl phase
chromatography with a runnuig gmdient of30-40% EIOAcl
n-hexane to allhrd 600 mg ol'ompounil 54-4 as a colour-
lcss sticky product LC-MS=349.15 [M+H], retention
tlilie I 50 nlllllltes

0 NHBn

(ci

~HBo

0

[()704J To a solution of Methyl (tert-butoxycarbonyl)seri-
nate (10 00 g, 45 639 ntmol) in I)CM (100 nil.). pyridine
(4.43 mL, 57.222 mmol) and Cbz-CI (50%o in PhMe, 14.22
mL 50.203 mmol) were added sloivly over a period of 30
minutes at —50'. The reaction was then surred at room
tcmperaturc for 16 hours. The reaction mixture was diluted
with DCM (100 mL) and with 20% citnc acid solution (SOO

ml.) 1'he aqueous layer was extracted twice with I)('M (5(N)

ml.) I'he combined organic layers were washed with 5'r'Ir

NaHCOs solution and brine (200 mL), dried over NazSOo
and concentrated in vacuo. The pmduct was purified by
normal phase chromatography with a ruiu»ng gradicni of
20% EtOAc(n-hcxanc to allord 12.SO g of Compound 55-1
as a solul. "H NMR (400 MHz. CDCI,) b 7.38 (d, 1=5.1 Hz,
511), 5 38-5 25 (m, I I I). 5.15 (s. 211), 4 63-4 48 (m, 211),
4 41 (dd, .I 10.8, 34 I lz, I H). 3 74 (s, 311), 1.44 (s. 911)
LC-MS=254.1 [M-100]'De-Boc), retention time=i.31
it)it)Utes.

NHBoc

0 0

0

s s. i

[t)701] 1o a solution of ('ompound 54-4 (350 iila. I 004
mmol) in I itOI I (4 5 ml.), NaOi I (241 mg, 6 02(& nunol) in
H,O (I n)L) was added at room temperature and stirred for
16 hours at 90'. The reaction mixture was concentrated in
i acuo. Thc rcsultuig resnlue was dilutix! with EtOAc and
washed with water, dncd over NazSOo and concentrated in
iacuo to allbrd 250 mg of Compound 54 as a colourless
sticky product. I (:-MS 245 20 [M+I I], retention tinie 1.

23 minutes.

[()705J Io a solution of ('ompound 55-1 (6 00 g, I 6.989
mmol) in N.N-dimethylfomianiide (60 mL), KsCOs (4.695
g. 33.979 nunol) was added slowly over a period of 5
nunutcs at room tcmpcrature. lite rcacuon was then stirred
at 6S" C. Ihr 3 hours. Thc reaction mixture was diluted with
HoO (500 mL) and exuacted twice with EtOAc (100 mL).
1'he combined organic layers were washed with brine solu-
tion (300 ml,). dried over NasSOo and concentrated in
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vacuo. The product was purified by normal phase cltroma-
tography with a running gradient of 10'!o E1OAc/hexane to
afibrd 3.00 g of Compound 55-2 as a colourless liquid. 'H
NMR (400 Ml lz, DMSO-do) 6 8.34 (s. 111), 7 46-7 32 (iu,
I i I). 5.65 (s, 111). 5.49 (s, 111), 3.72 (s, 311). I 41 (s, 'll I).
LC-MS=102.1 [M-100] (De-I)oc). retention time=i 28
ntlntltes,

Ntm

'CII j
os

Bc HN

/

BoN IJN

[0708] To a solution of Compound 55-4 (900 g, 2.692
nunol) in MeOH (20 mL), 10%o Pd/C, S0% moisture (1.432
g. 13.463 nunol) v:as added slowly at 30'. The reaction
was stirred at room temperature for I hour under Hc (60 psi).
'I'he reaction mixture was hltered through (:I:I.ITI I pad 'I he
lillrale was concentrated in vacuo to ailord 640 mg of
('ompound 55 as a yellov liquid. 'll NMR (400 Mllz,
DMSO-do) 6 4.92 (s, IH). 3.31 (s, 2H), 2.99-2.77 (m. 3H),
2 72-2.62 (m, 111), 2 02-1.80 (m. 211), 1.38 (s. 9i I), I 16-0
99 (m. 6H). LC-MS=245.1 [M+H] . retention time=i.00
nunutes.

[0706] To a solution ol'ompound 5S-2 (3.7 g, 18398
nunol) and N-bmizyl-I-methoxy-N-((trunclhylsilyl)methyl)
metharuunine (4 36 g. 18398 nunol) in DCM (30 mL)c TEA
(0 I nil.) was added slowly over a period of 5 minutes at 0"

( 'I hen the reaction was stirred at mom temperature for 16
hours. The reaction mixture was diluted with HsO (50 mL)
and extracted nvice v ith DCM (50 mL). The combined
orgaiuc layers were washed with aqueous NaHCOo and
bnnc (50 mL), thc organic layer was drwd over NacSOo and
conccnlratcd in vacuo. Thc produci was punlied by normal
phase chromatography with a nmnina gradient of 20%
I/tOAc,'n-hexane to afford I 90 o of ('ompound 55-3 as a
yellow liquid. 'H NMR (400 MHz. CDCls) 6 7.39-7.27 (m,
5H). 3.73 (s, 3H)„3.64 (q, J=13.0 Hz. 2H), 2.88 (s, I H). 2.81
(d. 1=10.3 Hz„ IH). 2.67-2.52 (m, 2H). 2.08-1.93 (m. IH),
1.58 (s, IH). 1.42 (s, 9H). LC-IvlS=33S.2 [M+H] c retmition
umc=1.04 minutes

Compound 56-0:3-azido-4-methylpipendin-4-ol

[0709]

[0710] Thc Compounil 56-0 was prcparcd ui lhe Ibllowuig
W '1V

Boc —N to Boc— N
OH

ri

[0707] To a soluuon of Compound 55-3 (1.9 g. 5.685
nimol) in anhydrous 1 Jlli (25 ml ). a solution of 3 M
NleMgl3r in iitiO (9 475 m1„28 42(i mmol) was added
slowly over a period of 5 minutes at O'. Then the reaction
ives stirred at room temperature for I hour. The reaction
mixture was quenched with sal. NHoCJ soluuon (20 mL),
ddulcd with H10 (60 mL) and cxtractcd iwice widi EtOAc
(30 mL). The combined organic layers werc vsashcxI with
brine (20 mi,), dried over NsaSOo and concentrated in
vacuo 'lhe product was purified by normal phase chmma-
to raphy with a ninning gradient of 1-2% MeOH/D('M to
afi'ord 900 mg of Compound 55-4 as a yellow liquid. 'H
NMR (400 MHz, CDCJ,) 8 7.39-7.12 (mc 5H), 4.85 (s, IH),
3.67-3.51 (m, 2H). 2.90 (d, J=10.6 Hz, IH). 2.77-2.58 (m,
2H). 2.55 (d, J=10.1 Hz. I H). 2.34-2.18 (m, I H). 1.91-1.78
(m, 111). I 40 (s. 911), 1.18 (s, 31J), I 16 (s. 311) I.(N
MS 335 I [M+II], retention time I 08 mimites.

[0711] A solution of tert-butyl (wmethyl-7-oxa-3-azabicy-
clo[4 I 0]heptmie-3-carboxylate (500 nig, 2 344 mmol) in
MeOH (10 mL) and H,O (2 mL) was treated with NaNs (762
mg, 11.72 nunol) and NHoCJ (251 mg, 4.69 mmol). The
reaction was heated to 65" C. for 18 hours. The reaction
mixture was conccnlralcd in 1 acuo and diluted with DCIvl.
filtered tlu ough a phase separator and concentmsted in vacuo
to give 544 mg of mi oil of Compound 56-1.

OH OH

ox 1

[0712] A nuxlure of Compound 56-1 (200 mg. 0.780
mmol) in HCi in dioxane (I mL, 4.00 mmol) was stirred at
room tcmpcrature for I hour. The reaction mixture was dncd
under Ns stream to atford 204.8 nlg of ('onipound 56.
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Compound 57-0:
(3R,4r,5S)-1-amino-4-methylpiperidine-3,5-diol

-cottlittiuxl
OH

[0713]
OH

0
//

0

OH

[0714J Compound 57-0 was prepared in the tiillov ing
w av.

OH

Isl
B —V

~

lice— V

OH

71

[0717J A solution of ('ompound 57-2 (427 8, 21.22
mmol) and nitroethane (1.517 ntl., 21 22 ntmol) in MeOI I

(7.66 mL) was cooled to O'. mtd a solution consisung of
Na CO, (2.249 g, 21.22 mmol) in H40 (263 mL) was added
dropwise at O'. The reaction mixture was stirred at room
temperature for I hour and then v as quenched with sat.
Nl Ic('I 'I'he pll v as setto 4 with I N I I( I 'I'his mixture was
extracted with EtOAc. The combined organic layers were
washed ivith sat Nl is('i. dried over NazSOc. filtrated and
cmtcentrated in vacuo. 'I he cntde was purified by normal
phase chromatography with a suturing radient of 5-50%
EtOAc/heptane to afibird 1.74 g of Compound 57-3.

[0715J A solution of tert-butyl 2,5-dihydro-] I I-pvrrole-I-
carboxylate (5 g, 29.5 nunol) in THF (110 mL) was cooled
to 0" C, and NMO (3 46 g. 29.5 mmol) and osmium(%HI)
oxide (4.64 ittl, 0.591 ttuttol) (4% soluttolt ttl water) wixc
added. The reacuon mixture was stirred at room tempera! urc
under N, for 18 hours. The reaction mixture was concen-
trated in vacuo and the resultutg residue was diluted ivith aq.
5%c sodium sulfite (100 nti.). 'i he mixture was stirred at
roont tentperature for 30 minutes and then was extracted
with EtOAc. The combined organic layers were washed
bone. dried over MgSO4, liltered mtd conccntratml ut vacuo.
Thc crude was puulicd by normal phase cluomatography
with a running gradient ol'0-100% EtOAc/heptane to
atford 4.31 g of ('ompound 57-1 as an oil

+&-
573

OII

V/h

OH

Bcc — 8

OII

7-1

(GI
//
Li„
7 7

//
Li

I c)

[0716] A solution of Compound 57-1 (4.31 g. 21.21
mmol) ut THF (35.4 mL) was cooled to O'. tmd a solution
consist utg ol'a104 (4.54 g, 21.21 mmol) m H40 (26.4 mL)
was added dropwtsc at O'. The rcsulung v,lute suspension
was stirred at mont tentperature for I hour. 'I'he reaction
ntixture ives filtrated and washed with 'I'Iili (40 ml,) The
filtrate vvas concentmted in vacuo to afi'ord 4.27 g of
I'ompound 57-2 as a colourlesc solution.

0

37-4

[0718] To a solution of Compound 57-3 (300 mg. 1.08G
mmol) and Zn (1136 ntg. 17.37 nmtol) in MeOH (4 mI ),
acetic acul (O.G22 mL, 10.86 nunol) was added dropwisc.
The reaction nuxturc was stirred at room tmupcrature for 3

days and then was Iihcred Iluuugh CELITE pad Thc result-
ing solution was concentrated in vacuo Hhe crude was
puufied by nomtal phase chromatography with a numing
gmdient of 0-100%c EtOAC/heptanes and then 0-20%
MeOH/DCM to afi'ord 74 ntg of Compound 57-4. I C-
MS=247.4 [M+H] .

OH

VH, ic/

OH

7. 3
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[0719[ A mixture of('ompound 57 4 (71 lng,„0 300 mmol)
and I I('I in dioxane (I nil., 4.00 nunol) was stirred at roonl
temperature fiir I hour. The reaction mixnlre was dried
under N, stream to afi'ord 62 mg of Compound 57.

('ompound 58-0 tert-butyl((3S,48)-3-(hydroxvm-
ethyl)piperidin-4-yl)carbamate

[t)720]

[0722] To a mixture of ((3S.4S)-4-aminopiperidin-3-yl)
methanol (2.8 o, 12.71 mmol) in 11 Hi (20 ml.) and 1170 (20
mL). Boc 0 (11.1 g. 50.83 tmnol) v as added Then the
reaction was stirred nl room tempcraturc for 2 hmirb. The
reaction mixture concentrated to remove THE. The mixture
was washed with water nnd cxtrdctcd twice with EtOAc. Thc
cmnbmed or anic layer: were dover over Naz804. filtered
and concentrated ul (ncuo. The crude product was purlfiuzI

by normal phase chromatography ivith a nulning gradient of
Petroleum ether.EIOAc 5:I lo 1.3 to nfihrd 2 I g of Com-
pound 58-1 as a solid "II NMR (400 Mliz, DMSO-de) (5

738-7.18 (m. 5H)s 6.73 (brd, 1=8.8 Hz„ IH), 4.28 (t. J=5.1
I lz, 111), 3 47-3 36 (m. I I I), 3.18-2332 (m, 311), 2.80-2.63
(m, IH), 1.96-1.82 (m, IH), 1.74-1.62 (m. 2H), 1.59-1.51
(m, IH), 1.44 (dd, J=3.6. 11.9 Hz, IH), 1.39-1.29 (m, 9H).

HN I NH13oc

Oil

Bn.l iNHBoc 10 rNHBoc
tb1

OH OH

[0721] Compound 58-0 was pru7)ared ul the following
w av.

B V NI I) 13nV Nltno
is)

OH OH

[0723] To a solution of Compound 58-1 (2 I g. 6.55
mmoi) in MeOI I (60 mi.), P(1'('700 mg, 10'%) was added
under Hm The reaction mixture (vas stirred at room tem-
perature tulder I Iz for 2 hours 1'he mixture was filtered and
the filtrate was concentrated in vacuo. The crude product
was purifinl by rcversc phase cluomatography to afiiird
924 7 mg of Compound 58 as an oil 'H NMR (400 MHz,
McOD-ds) 6 3.59 (brd, J=9.9 Hz, IH). 3.52-3.41 (m. IH),
3 32 (brs,211), 3 19 (brd. 1 10 1117, 111), 3 09-2 99 (m, 111),

2.60 (bn, J=ll.9 Hd. IH). 2.48 (brt, J=12.0 Hz. IH)s 1.87
(brd, .I 11 7 I iz, I II). I 51-1 37 (m, 1211)

[0724] Thc Ibllowlng compounds werc prepared by thc
smne route used tiir ('ompound 4

).nu pie

Nsunbes Stsu nue .IMR LC MS

HN
io

V/ X)
— Ns

0
4"slsllllo 6-( -16-lsopl'opvl-

uzeibozipys d n 3,1)un dnzo12.1 bl
11.3.4ltlusdisznl- -vl)-I-ibss-6-szzsplz

sme1,l I oui

'H NMI( (4(i(i MH . ('0('I,) 6 MS ms u I I k
S47 it. I = 771)e. 10), 776(s. (',Hs) „0 6,

HI!,6siil, (= 77H lu), 4 62R 6
4(i6 is, iul .91 .'7 (m, H). 477- IVI+ HI'6(ddd.)=17 1 (),3)HZ,

IHi, 46 ( (m. H) 3 16
(dt. 1 = 13 6 6 7 HZ. iH). 77

tnz.IHI.'4 -'." In& lul,
46 Idd, 1 = 14 ". ' Hz, IH).

"19-16 (m4H) ! 39 (s 3H)
I 29 Is, 3H)
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Exan&pic

'ompound

Sin ci HMR I ('S

&4-& I

4 V HH!i.&-D

'H I MR(400 MHz. SlcOD-ts) b(S mz ntl d for
6 tl 27 idd ! = 8 7. 6. Hz, IHL CisH& FxsO&S
7 92 (s, IH). 7 04 (dd. ! = I I 0 391 'ound
24M, IH).69'fla(m.)H'!, !9)2 )M+I(l'8

( . 3H), 'l9 ! t, I = I

Hz. 2H), 3 69 (s. 2tt), '4 (I,
I = lti 6 Hr, H), '. rl!s. ')ll.

22 I 94 (m, 4H)

I-(6-(4-t)uoro-2-ntcdtoxyphcn) ll
un daze(2,1 bj(1.3,4)tlu id szol 2 vl) 4

inrcthnxynrcthyllpipcndnt-4-amuie

0 HH2

'H VMR (4&&0 MHz. DMSO dr) '.v(S rmz .i(cd for
6 852 8'll (m, H). 8 I idd J CrsH &I'V Ozb

tlfl 6 tl Hz. IH! 77 -7GI 391." fnund
im, I HI. 7 13 idd.! = 11 4 "

6 392 2 (M +HI'z.
I H) 6 96 (td. ! = 8 6. ' Hz.

IHI, 392 (s, )H!. 38t! Id. J =

I ti)I . I)I).78& '74(
IH), '4 3. 6 (nr. 2kl).
2 3 (nr, Iklh 4- I!6 (rn

I)I). I 28 (s, GII)

2-i3-anurto-I-i5-14-fluotn-2-
ih &phm l)uud o(2.1 hjjl,iflj

rluad.izol 2,1)pvnol du& 3 l)ptopan 2 ol

'H VMR ( i&0 MHz, DMxO-d I MS mz ntl d for
6 tl I idd ! = 8 7. 6 8 Hz, IHL C,,H&oFVO&S
797 ( . 3H), 74tl!s. Ikl). ! t!V. 377! f md
(II. I = I!4, ' ll . !)t),69t) )783 )M+l(j'I

I, I = tl 4, 2 6 H . till. 3 90 (s,
)H). 'fl! 3 7 (, HI'I, 7

'I 68 (rn. 2H), 3 15 (dd, J = 12 4,
103 Hz. 2H) 190 (d, J = I

Hz IH). I 8'I (dr.! = I 9. 6

Hz. IH) I 30 (s. '(H)

3 .'It&&&&to i (5 (4"fit& ro-2-
methox, phenyl 1 rn d izo(2,1 bj

().3,4)tluadiazo(-2-) lu4-
methvlpq&endut Co)
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Em))nple
'ompound

Number HMR LC MS

OH

'u VMR ( D)l MH, DMSO I ) 'VIS iu'c zl*d 8
681 (dd. 1=8,6S,H . Iu). (E,uzo)V,O)S
796 ( . 3H), 7 n!t. Iki). ) ))9 39 .I f md
(II. I = li 4, ' u . )H),69() 1941 )M+uf'id.

J = 8 4. 2 Hz, )H!, 1 91 (e.
3H) 371 (d, )=9 Hz.dH).

'I 19 ii. I = (32 Hz. 2H), 121 (c,
'IH)

NJ,.

(1RA). S) 4 n u I (» (4
flue)o 2 meihosyphen, u nudezo

12.1 bl(1.1 41(hu lu I 2 yna
meih, Ip pe) d ne I.S d oi

4

/ I NH,
t

OI I

'H VMR (Soa MHz. DMSO dc) '.v(S rmz .i(cd for
6 8 3(l 8 HJ (m. 4H). 7 64 is, CCH I'V Ozb

IH).71 (dd.l=)13.2 Hz. 1771 fniu)d
IH) 694 (id. I = 84, 4 Hz. 78 IM+Hl'H)

3 92 le, oH), 3 69 Iddi I =

168,113 . 6Hz. H) 33(-
3"" irn 2H),312 it, 1 = 12"

Hz. IH) 2 18-2 n9 (n), IH),
)94ud, I= El),49 u luh

I 76 I 64 On, )If)

l(38,48)-4-unu)o-l-i 4-(4-I'luo)o-
2 meihomphen, I! m d)zo12.1 bfll,1.41

iluediezoldn).l)pipcndin-3-).l)
meilumol

Assays

[0725] Compounds of the invention can be assayed to
measure their capacity to inhibit prolifemstion of parasitemia
in infected red blood cells. The prolifemstion is quantified by
the dildilion of SYBR Green I (INYITROGEN17( ilyc which
luis a lugh afliiuty for double slranded DNA.
[0726] The following assay illustrates the invention with-
out in any vvay lunitlng the scope of the invention Tlus
purasuc pl oh fcrd non dssay nlca sures lhc'. hlcrcasc ul plllasltc
DNA content using n DNA uilerculdting dyc. SYBR
Grcmn)76.

[0727] 3D7 P. /afciparam strain is grown in complete
culturing media until pamssitemia reaches 3% to 8% with 0+
hunum crytluocytes. 20 pl of screening media is dispensed
into 3gd well assuy plaice. SO nl ol compounds of thc
invnillon (ln DMSO), uicluduig minmaldnal con(role (mc-
floquine, pyrilnethanline and artemisinin)„are then trans-
ferred into the assay plates, as well as l)MSO alone to serve
as a negative control for inhibition. Then 30 pl of a suspen-
sion of a3D7 P, /afciparam infected erythrocytes in screen-
ing media is dispnlsed inlo Ihc assay plates such Ihal the
linal hcmatocril is 2.5% wilh a lindl pdrasilcmia of 00%.
Thc plates arc placed ln a37'. uicubator for 72 hours ln a
low oxycen environlnent containing 93% Nz„4% ( Oz. and
3% O. gas nlixture 10 pl of lysis butTer (saponin, triton-X,

'VIAL ARIA PLASMODIUM FALCIPARUM
ID7 ASSAY DATA

Compound Em))nple
uulbc)

4 Ii)2
4 IDI

4 (if)
4 39
4 98
4 37
4-96
4-9
4-94

Pt'3D7 (ECoc uMI)

++
t+
++t
t+

t+

++
++t

I:DTA) containing a 10x solulion of SYBR (ireen Isf in
RPMI media is dispensed into the plates The plates are
lidded mid kept at room temperature overnight for the lysis
of the infected red blood cells 'I'he fluorescence intensity is
measured (excitation 425 nm. emission 530 mn) using the
Envisionrm system (Perkin Elmer). The percentage inhibi-
tion of 50%, ECso, is calculated for each compound.

[0728] Biological activity ui for certain cxlmlples is rep-
rescntcd ln thc table below whernn. +&EC50 0.1 HM, EC50
0 I HM&++-E('50 001 pM: +++&E('50 0 01 pM.
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MALARIA PLASMODII 'M I'ALCIPARI M
'!D7 ASSAY DATA

MIALARIA PLASI;IODIL M I ALCIPARL M
D7 ASSAY DATA

Cnu(pnuud(Ex:unpin
V(fffftC(

4 'I!
4 92
4 91
4 90
4 89
4 89
4-88
4-87
4-86
4-85
4 84

4 82
4 81

4 80
4 79
4 78
4-77
4-76
4-75
4-74
4 73
( 7

4 71

4 70
4 69
4 68
4 67
4 66
4-65
4-64
4-6't
4-6
4 61

4 6tl

9

4 57

4 56
4 55

4 54
4.t3
4-5
4-tl

4 48
( 47
4 46
4 45
4 44
4 4'I

4-4
4-41
4-4(l
4-39
4-38
4 37

(5
4-34
4 33

43
4 31

4-30
4-29
4 28
( 27

4 26
4.7

Pt" D, (ECC(, pMI

+++
++

+++

++
++
++
++
++

++

++
++
++

+++

++

+++

++
+++
++
++

++

++
++
++
++

+++

++
++

++
++

++
+++

++

++
++

Cnmpnuud(Exan(pie
lfiuGC(

4 2

4 'I
(

4 19
4-18
4-17
4-1 G

4-1
4 (4
4 I '

I"
4 11

4 Iff

49
48
4-7
4-G
4-
4-4

4 tl
'7 4

(

66
G-

6-0
7-G

7"

8 ff

9(
lff ff

ll (

I -4

I -3

-0
I'
14 tl

I 5 2

15 tl

16 0

17 (

18 8
18 7
18-6
18-D

19-1
19-14
19-13
19 I

19 ll
19 ID

19-9
19 ff

ff 'I

et) 0

21-D

.D
'I u

4 tl

26-0

Pt'3D7 (ECCC uMI)

++
t+

++t

t+
t+
++
t+
++
t+
++
t+
++
t+

++t
t+
++
t+
++
t+
++
++t
++
t+

t+

+++
t+
++
t+
++
t+
++
t+

t+

t+
t+
++
t+
++
t+
++
t+

t+

t+
++t
++
t+
++
++
t+
++t
++t
t+

++
++
++
t+

t+
t+
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MALARIA PLASMODII 'M I'ALCIPARI M
'!D7 ASSAY DATA

Con&pound(Ex:unplc
V&ff&flee

27 ff

28 fl

29 (f

6 s

36 I

6 26
3(&19
3(1-18
3(&17
3(l-16
3(1 f1

31 1(f

31 9
31

I O

3 13

o
3't-ff

3)-6

36 ff

(7 2

ms
39 4

3

39
4(l 2

41-4
41-3
4 -4

46 3

47 3

48 3

48
49 3

49-2
sf 1-5

5(&4

1

'r

56
57 4
58

Pt" D, (ECs(, PM)

++
++

+++

+++
+++
+++
+++
+++
+++
+++
++

+++

+++
+++

+++
+++
+++
+++
+++

+++

++

++
++
++
++

++

++

++
++

Kinase 13iological )electivity Assay

[0729] Compounds v ere screened against luiman kinases
using KINOMESCAN (DiscovcrX) (Fab&an, M. A. ct al.
Nat. B&olcchnol. 23, 329-336 (2005): Karamans M. W. et al.
Nat. Biot(xlmol. 26, 127-132 (2008), Caner, T. A. ct al.
Proc. Natl. Aced. )ci USA. 102. 11011-11016 (2005)). I(or
most essays, kinase-tagged 'I'7 phage strains &vere prepared
in an E. Co(i imst derived from the BL21 strain. E coli were
rown to lo -phase and Infected with T7 phage and incu-

bntfxi w&th sluikuig at 32'. until lysis. The lyse&as were
ccnlriiiigcd and Iihcrcd to remove cell debus. The remmnuig
k&nases werc produced ui HEK-293 cells dnd subsequently
tagged with DNA for qp('I( detection. Streptavidin-coated
ntagnetic beads were treated with biotinylated small mol-

(07301 (Hili. h. V. J. Physiol. (Lond.). 40, iv-vii (1910);
Levcnbcrg, K. A Q. Appl. Math. 2, 164-168 (1944)). The
H&11 Slope was sct to — 1. Curves werc Iiued usuig a
non-linear least square fit with the I evenberg-Marquardt
algootlun. Iiiological activity for certain exanlples is repre-
sented in the table below wherein +&I(('50 100 nM; Ii( o
100 BM&++&EC„, 10 nM: +++&ECS, 10 nM.

I I.is I'&K,:u I PIM I KIV &St Rl
DA&A holt St I t ("I I D ('OMP(al VDS

PLT PIK CA
Conn&mu&dr B ochenu sl B ochem .&l

Exunple Kd (rAIl Kd!nuu

Plssnfod ufn
PIM fsl psrum

B ochem nl 'ID7 Cell
Kd (nul) ECS(f (rrmf

+++
4 9

4 7'
66

4
4.4(f

4 24
4 1

f fl

'l(f I)
'if& 16

l(f ff

39-2

t+

++

++

++t
+++
++t
+++
++t

++++
++t
++t

++t

++t
+++

+t++
++++
+t++
++++
+t++
+t++

it)7311 As shown in the 1ables above, con)pounds of the
invention have on target li(:„,s of 0 I PM or less. &vith

ecule ligands for 30 minutes at room temperature to enerate
atTinity resins for kinase essays The liganded beads were
blocl ed &vith excess biotin and washed with blocking bufier
(ScaBlock (Piercc), 1%o BSA, 0.05% Tween 20, I mM DTT)
to remo& e unbound ligand and to reduce non-speciiic bind-
in . Binding reactions were assembled by combinin
kinascs. hgandrd shinily beads, nnd test compounds 1&i lx
b&nding bulli:r (20%o SeaBlock. 0.17xPBS, 0.05% Tween 20,
6 mM DTT). Test compounds acre prepared as I I lx stocks
in 100% DMSO Kds were determined using an 11-point
3-fold compound dilmion series with three DMSO contml
points. Ali compounds for Kd measurements are distributed
by acoustic transfer (non-contact d&spensin ) in 100%
DMSO. The compounds acre then d&lutcd d&rectly into thc
essays such that thc final concmitrauou oi DMSO was 0.9%.
All react&ons pcrihnncd in polypropylcne 384-well plme.
I:ach was a final vohune of 0 02 ntl '11&e assay plates were
incubated at room temperature v ith shaking for I hour and
the afiinity beads were &cashed with wash buffer (1xPBS,
0.05% Tween 20). The beads were then re-suspended in
eluuou buili:r (lxPBS, 0.05'!o Twcm& 20, 0.5 I&M nun-
b&ot&nylnted allin&ly lig;md) and incubated at room tempera-
ture )vith shakuig fi&r 30 muiutes. Thc k&nasa conccntral&on
in the eiuates &vas nieasured by qp(:I( 13&nding constants
(Kds) were calculated with a standard dose-resp(mse curve
using the Hill equation;

Rcspor&sc —Bscl around+(Sfensl-Bsckerouad) [It
(Kdllffl Slop«u s ufu Sl p«)I
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okgtarget ECSOS of 1000 nM, or more. Compounds of the
invention can si nilicanlly delay Ihe increase in parasilemia.
[t)732] It is understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereofwill be
suggested to persons skilled in the art and are Io be included
w Ilhlli Ihe spirit Bnd pill view of tilts application Bit&1 sc&ipc of
thc appcndcxl claims. All publicauons. palenls. and patent
applications cited herein are hereby incorporated by refer-
ence for all purposes

Wi: claan
1, rk conipound of Formula Ia:

independently selected from C, &alkyl, amino. amino-
C& call ) k Ci calkoxy. hydroxy, X'C01R

X'COR ", X "C(0)NR "R ", XL&ycloalkyl-
R",

R 'nd R " arc each uidependenlly sclectcd from hydro-
gen, amino, aixl anunosubstitulcd-C, calkyl,

X's each independently selected from a bond and C, 4BI-
kylcnc:

n is each independently selected from 0. I and 2;

ni is each independently selected front 0, 1. 2, and 3;

p is each independently sclccted from 0, I, 2. 3 mid 4, or
a pharmaceutically acceptable salt thereof.

2 I he compoiuid of claim I of lionnula Ib

Is

y» W~IRII„

al which:
1. is each independently selected from NCI I,, 0 and S:
Z is each independently selected Ibom N Bnd CR;
Y's each indcpcndcntly schmted from C(RS)1, 0,NR'nd

S:R's each independently selected from Ci &alkyl,
hydroxy-C,~alkyl-, alkoxy-C, alkyl-, halo-C,~BI-
kyl-, and X', &-cycloalkyl.

R's each independently selected froin -hydnigeii
calkyl. C, call oxy.halo-C«alkylo -halo.andasatu-
rated 3-(I membered carbocyclic ring or heterocyclic
ring conuiinuig up to tlucc hcleroatonw selected from
N, S and 0. w hcrcin carbocycbc or heterocyclic ring of
R is unsubstituted or substituted ivith I or 2
(', calkoxy: or

R'nd a R" together with the atoms tluough which R'nd
R arc connected form a saturate&1, unsaturated or
partially unsaturated 3-6 mcmbcr helcrocychc ring
containing up to three heteniatoms selected from N, )
and 0:

R's each independently selected thorn hydrogen. C&~BI-
kyl, anuno, X's". NH X''", hydroxy-
subsututcxt Ci call ylt Ci c ilkoxv subsliluled-C, cal-
kyk hydroxy. Oxo, haki, X&~CO,I I, X'

0 NI I ~ X )0 (li caikyi X SO N((
1

calkyl)s. X'', &-cycloalkyh
R" is each independently selected amino, ('Oi 0&

calkyl. and 3-6 member. satunated. unsaturated or par-
tially unsaturated heterocyclic rin. containing up to
three heteroatoms selected from N. NRva S(0)c . and
0, I&herein the heterocyclic riltg of R" is unsubstmited
or substituted with I or 2 hydroxy or anuno. Or

any two R'ogether with the atoms tlu ough which R're
Colllux'.ICd Iorlli B SBllil'ill&'d. Uilsaliil"JICd Or pllrlially
unsaturated 3-6 member carbocyclic or heterocyclic
ring conlainuig up lo three helcroaloms selected from
N, NR, S(0)o 1 and 0; wherein the (:»cycloalkyl of
Rs is unsubstituted or substituted with I to 4 R

wherein;
Rs" and R" is each independently selected front -hydnigen,

calkyl W 1 calkoxy. halo-(:, calkyl-, -halo, and a
saturated 3-6 membered carbocyclic nng or heterocyclic
ring containing up to tluee heteroatoms selected Ibom N, S

and O„wherein carbocyclic or heterocyclic ring of R's
umubslilutcd or substiluicd with I or 2 C,~alkoxy.

3 The compound of claim I or 2 wherein L is 0.
4 I he compoiuid of claim I or 2 ivherein n is 2

5 Thc compound of claim 2 ol'ormula Ic:

Ic

Ri'herein:

R', R". R', and R'" is each independently selected from
hydrogen, C«alkyl, amino, X''". NH X'',
hydroxy-substituted-C, calkyl, C, calkoxy-substituted-C,

ilkyl, hydroxy, oxo. Iuilo. X'OSH. X'O NH„
X'OCC, calkyl, X'OSN((', calkTI)s, and
Xi~ffs c-cycloalkyl

6 The compound of Claim I wherein n is I
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7. The compound of claim 2 of Fomlula Id:Rz'd Y's each independently selected from C1R ),; 0. NR
mid S, and

the dashed line represents that the bond is a sinble or
double bond.

11. The compound ol'lmm 3 of Formula Ig:

tl

R

R"'

wherein:
R", R". R ', and Rlw ls each independently selectcrl from
hydroaen, (', 4alkyl, amino, X'l", NI I X'ek
hydroxy-substituted-('4 4alkyk (, 4alkoxy-substituted-C,
alkyk hydroxy. oxo, hlaslo, X':OzH, X'O,NH„

X SOzC4 4alkvl. X SO N(Cz 4 lll Vl) 'ulrl
X4~04 s-cycloalkyl.
tt 'I he compound of claim I wherein n i ~ 0.
49 The compound of claim 2 of Fomlula le:

wherein;
Y ls each independently sclccted from C(R )z, 0, NR

mid S.
12. The compound of claim 3 of Formula Ih:

Ilz

R'

X+N
S

wherein:
R", and R 's each lndepmldcntly selected lyom hydropen,
C, zall,vl, anuno, X''", NH X' ", hydroxy-
substituted-(', 4alkyk (, 4alkoxy-substituted-C, 4alkyl,
hydroxy. oxo, Imlo. X''Ozl I, X''OzNI I„

X SO Cl allcvl X SO N(Cz 4 lll vl)z 'ulrl
X',-cycloalkyl.
10. Thc compound ol'laim 3 of Formula If:

wllerehl'
ls each lndcpcndcntly ac)ected Iyom C(R )z, 0, NR and

S; and
Y is each indePendently selected front (TR )z; 0, NR and
S.

13. Thc compound ol'claim 4 of Formula h:

o
Rl

0

wherein:
Y's each independently selected from (TR ),; 0, NR

and S;

wherein;
Y ls each indePendently selected front (TR )z, 0, NR

and S: and
Y is each indePendently selected front (TR )z; 0, NR

and S
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14. The compound of claim 5 of FormuLa ij:

wherein:
Y is each independently selected from ( (R ),; O. NR and
S: and
Y'" is each independently sclccted foun C(R )c. 0, NR and
S.

15. The compound of any of the precediitg claims
wherein:

/is N
16. 'l1ie conipound of any of the preceding claims

w lli:i i:Ill:
Z is CRs.
17. The compound of any one of the precediitg claims

wherein:
R's C,~alkyl; R" is Cr salkyl and Rs* is hydrogen.
Ig. 'I'he compound of any one of claims 2 to 5 wherein
Y's C(OH)CHsNH,.
19. 'I'he compound of claim I selected from: any one of

Exmnples 4-0 to 58-2. 4-(anunomcthyl)-I-(5-(6-isopropyl-
2-mcthoxypyndin-3-yl)nuslazo[2.l-b][1,3 4]tluadiazol-2-
yl)piperidin-4-ok 3-(aminomethyI)-I-(5-(2-methoxy-4-
methylphenyl)imidazo[2. I -b] [1.3,4]thiadiazo1-2-yl)
pyrrolidin-3-ok (4-(5-(2-methoxy-4-ntethylphenyl)intidazo
[2,1-bJ [1.3,4Jthiadiazo1-2-yl)piperazin-2-yl)methanok
(4-amuio-l-(5-(2-methoxy-4-methylphcnyl)imslazo[2.1-b]
[1,3.4]thiadiazo1-2-yl)piperslin-4-yl)methanol. (3S,GS)-5-
antino-I -(3-(4-ihioro-2-methoxyphenyl)imidazo[2.1-b] [1.3.
4]thiadiazol-2-yl)piperidin-3-ol: 3-(iuninomethyl)-1-(5-(6-
isopropy1-2-methoxypyridui-z-yl)imidazo[2,] -b] [1.3.4J
thiadiazol-2-yl)azetidin-3-ok 4-(aminomethyl)-1-(5-(5-
chloro-4-fluoro-2-methoxyphcnyl)inudazo[2.1-b][1,3,4]
thmdiazo1-2-yl)pipendui-4-ol, 4-(anunomcthyl)-1-(5-(2-
ethoxy-5-niethylphenyl)imidazo[2,1-b1 [1,3,4]thicdiazol-2-
yl)piperidin-4-ok 2-(5-(4-fluoro-2-methoxyphenyl)imidazo
[2.1-bJ [1.3,4Jthiadiazo1-2-yl)-5-oxa-2,8-diavaspiroPLGJ
nonane; 8-(5-(2-niethoxy-4-methylphenyl)imidazo[2,1-bJ
[1.3.4] thiadiazol-2-yl)-I -oxa-g-azaspiro[4.5]decan-3-
ammc, 4-(tunuiomethyl)-I-(5-(5-fluoro-2-mcthoxyphenyl)
imidazo[2.1-b][1,3,4]tluadiazo1-2-yl)piperidin-4-oh 9-(5-
(4-fluoro-2-methoxyphenyl)nnidazo[2,1-b][1.3.4]
thiadiazol-2-yl)-I -oxa-4.9-diazaspiro[5 5]undecane:
4-(mninomethyl)-I -(5-(2-methoxy-6-methylpyridin-3-yl)
imiiiazo[2.1-b][1,3,4]tluadiazo1-2-yljpipcrulm-4-ol. 4-(anu-
nomcthyl)-1-(5-(3-chloro-2-mcthoxyphenyl)imidazo[2,l-b]
[1.3,4]thiadiazol-2-yl)pipendin-4-ok 4-(aminomethyl)-I-
(5-(4-cyclopropyl-2-methoxyphenyl)imidazo[2.1-b][1.3 4]
thiadiazol-2-yl)piperidin-4-ol; (3S,4R)-4-amino-l -(5-(4-
fluoro-2-methoxy phenyl)imidaso [2.1-bJ [1,3,4 J thiadi azoi-2-
yl)pipeudin-3-ok (3R,4S)-4-anuno-l-(5-(4-fluoro-2-
mcthoxyphcnyl)unulazo[2,1-b] [I dk4]thisdiazol-2-yl)
piperidin-3-ok 4-(ammomethyl)-1-(5-(3.5-difluoro-2-
methoxyphenyl)imidazo[2. I -b] [1.3,4]thiadiazo1-2-yl)
piperidin-4-ok 4-(aminoinethyl)-1-(5-(2.3-

dihydrobenzofuran-7-yl)imickszo[2.1-b] [1.3.4]thiadiazo1-2-
yl)pipcridin-4-ol, 4-(anunomcthyl)-I-(5-(2-methoxy-3-
methylphcnyl)imulazo[2,1-b] [1,3,4]tluadiazo1-2-yl)
pipendin-4-ol: (R)-I-(I-(5-(6-isopropyl-2-methoxypyridin-
3-yljimidazo[2,1-bJ[1.3,4Jthiadiazol-2-yl)pyrrolidin-3-yl)
cyclopropan-I-amine: (4-((cyclopropylmethyl)amino)-1-(5-
(2-methoxy-4-methylphenyl)intidazo [2. I -b] [1,3,4]
thiadiazol-2-yl)piperidin-4-yl)niethanol; 4-(aminomethyl)-
l-(5-(2-methoxy-3-(trifluoromcthyl)phenyl)unidazo[2,1-b]
[1,3.4]thiadiazo1-2-yl)piperidui-4-ol, 2-(4-(5-(2-methoxy-4-
methylphenyl)iniidazo[2,1-b 1 [1.3.4J tin adiazo1-2-yl)
piperazm-2-yl)ethan-I -ok 3-(aminomethyl)-1-(5-(2-
methoxy-4-methylphenyl) imidazo[2.1-b] [1.3.4]thiadiazol-
2-yl)azetidin-3-ok (3S,4R)-3-fluoro-l-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2,1-b] [I,'3.41tlfladiazol-2-yl)
pipendin-4-aminc, (3R.4S)-3-fluoro-l-(5-(4-fluoro-2-
methoxyphenyl)inmlazo[2,1-b][1 3.4]tluathazol-2-yl)
pipendin-4-amine; (38.4R)-4-anuno-l-(5-(G-isopropy1-2-
methoxypyridin-3-yl)i midaze [2.1-bi [1. 3,4Jthiadiazo1-2-yl)
pyrrolidin-3-ok (4-(5-(6-isopropyl-2-methoxypyridin-3-yl)
imidazo[2.1-b] [1,3,4]tluadiazo1-2-yl)pipcrazin-2-yl)
mcthmiol; 8-(5-(6-isopropyl-2-methoxypyridui-3-yl)
imidazo[2.1-b1 [1,3,4]tlfladiazol-2-yl)-1 -oxa-8-azacpiro [4.5]
decan-3-amine: 8-(5-(4-fluoro-2-methoxyphenyl)imidazo
[2,I-bj[1,3.4]thiadiazo1-2-yl)-l-oxa-g-azasptro[4 5Jdecan-
3-annne; 4-(aminomethyl)-I-(5-(2-ethoxy-4-
(tnfluoromethyl)phenyl)untda so[2,1-b] [1,3,4] tluadiazol-2-
yl)pipcridin-4-ol, 3-(anunomcthyl)-I-(5-(2-methoxy-6-
methylpyridin-3-yl)imidazo [2, I -b1 [ I 3,4]t hindi azol-2-yl)
pyrrolidin-3-ok 4-(aminoniethyl)-I-(5-(4-chloro-2-(2-
methoxyethoxy)phenyl)iniidazo[2,1-bJ [ I ok4Jthiadiazol-2-
yl)piperidin-4-ol; (S)-3-(aminomethylj-I -(5-(4-fluoro-2-
methoxyphenyl)inmlazo[2,1-b][1 3.4]tluathazol-2-yl)
pyrrolidin-3-ol, (R)-3-(anunomcthyl)-I -(5-(4-tluoro-2-
methoxyphenyl)imidazo[2,1-b] [I,'3.41tlfladiazol-2-yl)
pyrrolidin-3-oi: 4-(antinomethyl)-I-(5-(4-fluoro-2-
(tnfluoromethoxy)phenyl)iniidazo[2,1-bJ[1,3.4Jthiadiazol-
2-yljpiperidin-4-ol; 4-(aminomethyl)-I -(5-(3-fluoro-2-
methoxy-4-mcthylphcnyl)umdazo[2,1-b] [1,3.4]Quadiazol-
2-yl)pipcridin-4-ol, 4-(aminomcthyl)-I-(5-(2-
(cyclopropylmethoxy)-4-fluorophenyl) imidazo[2. I -b][1.3,
4]thiadiazol-2-yl)piperidin-4-ok 4-(aminomethyl)-1-(5-(4-

fluoro-2-methoxyphenyl )i
midaze [2,1-bi [1. 3,4Jthisdiazo1-2-

yl)piperidin-4-ol; I-(aminomethylj-I-(5-(4-fluoro-5-
i so propy1-2-mcthoxyphenyl)imidazo [2. I -b] [1,3,4]
thiadiazol-2-yl)pipcridui-4-ol, 8-(5-(2-methoxy-6-
methylpyridin-3-yl) imidazo [2.1-b1 [1. 3,41thiadiazol-2-yl)- I—

oxa-g-azaspiro[4.5]decan-3-antme, (4-amino-I-(5-(4-
clfl oro-2-methoxyphenyi ) i midaso [2, I -bj [ I . 3,4] thiadiazol-
2-yljpiperidin-4-yl)methanok 4-(aminomethyl)-1-(5-(2.3-
dihydrobenzo [b][1,4]dioxin-5-yl)imidazo[2,1-b] [1,3,4]
tluadiazol-2-yl)piperidui-4-ol, 2-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2,1-b] [I uk4]tluadiazol-2-yl)-2-
azaspiro[3.3]heptan-5-amine: (4-(aminomethyl)-1-(5-(4-

fluoro-2-methoxyphenyl )i
midaze [2,1-bi [1. 3,4Jthisdiazo1-2-

yl)piperidin-4-yl)methanol: 4-(aminomethyl)-1-(5-(2-
ethoxy phenyl )imidazo [2.1-b] [1. 3,4] tluadiazol-2-y1 )

pipcrslin-4-ok 4-(imunomcthyl)-I-(5-(2-methoxypyndui-3-
yl)imidazo[2.1-b][13,4]thiadiazol-2-yl)piperidin-4-oi; (S)-
(3-mnino-l-(5-(4-fluoro-2-methoxyphenyl)imidazo[2.1-b]
[13,4]thiadiazn1-2-yl)pyrrolidin-3-yl)methane): (R)-(3-
amino-1-(5-(4-fluoro-2-methoxyphenyl)tnudazo[2,)-bj[1,3.
4]tluadiazol-2-yl)pyrrolidui-3-yl)mcthauok (3R.GR)-S-
fluoro-I-(5-(4-fluoro-2-mc the xyphenyl ) imida zoi [2. I -b] [1,3,
4]thiadiazo1-2-yl)piperidin-3-aniine, (3R.4R)-4-amino-l-(5-
(4-fhmro-2-methoxyphenyl)intidazo[2,1-b1[1,3.41
tluadiazol-2-yl)piperidin-3-ok (3S,48)-4-wnino-l -(5-(4-



US 202 j/0 j ]5065 A]
]54

Apr. 22, 2021

fluoro-2-methoxy phenyl)imidazo [2.1-b] [1.3.4] thiadiazol-2-
yl)pipcrnlin-3-ol, I-(5-(2-methoxy-4-mcthylphcnyl)
imulazo[2.1-b] [1,3,4]tluad&azo1-2-yl)-3-mcthylpyrrolnl&n-3-
amine; 1-(5-(2-n&ethoxy-6-methylpyridin-3-yl)imidazo[2.1-
bJ[1.3,4]thiadiazo1-2-yl)-3-methylpyrrolidin-3-amine; 1-(5-
(6-isopropy1-2-methoxypyridin-3-yl)imidazo[2.1-b] [1,3.4]
thiadiazol-2-yl)-3-methylpyrrolidin-3-amine: 2-((1-(5-(6-
isopropyl-2-methoxypyrid&n-3-yl)imidazo[2,1-b] [1.3.4]
th&adh&zol-2-yl)p&pcr&chu-4-)'1)an&h&o)cthau-l-ol.
4-(amu&omethyl)-I-(5-(2-methoxy-4-(tnfluoromethyl)phe-
nyl)imidazo[2.1-bJ [1,3,4Jthiad&azol-2-yl)piperidin-4-oh
4-amino-I -(5-(4-fluoro-2-methoxyphenyl)i&nidam[2.1-bJ
[1.3,4]thiadiazol-2-yl)pyrrolidin-3-ol; 4-(aminomethyl)-I-
(5-(3,4-difh&oro-2-methoxyphenyl)imidazo[2.1-b] [1.3,41
thiadiazol-2-yl)piperidin-4-ol; (3S.4R)-4-amino-l-(5-(4-
fluoro-2-mcthoxyplmnyl)&midan&[2.1-b] [1.3,4]tluad&azo1-2-
yl)pyrrol&din-3-ol, (3S,4R)-4-anuno-l-(S-(4-tluoro-2-
n&ethoxyphenyl)&midan&[2,1-bJ[1.3,4Jthiadiazol-2-yl)
pyrrolidin-3-oh 4-(an&inomethyf)-I-(5-(4-chloro-2-
methoxyphenyl)imidazo[2,1-bi [1.3,4Jthiadiazo1-2-yl)
p&pcndin-4-ol, 4-(anunomcthyl)-1-(5-(4.5-ddluoro-2-
methoxyphcnyl)un&dezo[2,1-b] [1,3,4] this diazol-2-yl)
piperidin-4-oh (R)-(3-amino-I -(5-(2-ethoxy-4-
fluorophenyl)imidazo[2.1-b] [1.3,4]thiadiazol-2-yl)
pyrrolidin-3-yl)methanol (S)-(3-mnino-I-(5-(2-ethoxy-4-
fluorophenyl)imi&haze[2.1-bJ [1.3,4Jthiadiazo1-2-yl)
pyrrolnlin-3-yl)methanol, 4-(annnomcthyl)-1-(5-(2-
methoxy-4, 5-dune thylplmnyl )&midazo [2.1-b] [1. 3,4]
thiadiazol-2-yl)piperidin-4-oh (3S,4R)-3-amino-l-(5-(4-
fluoro-2-methoxy phenyl)imidazo [2.1-b] [1.3.4] thiadiazol-2-
yl)piperidin-4-oh (3lt,48)-3-amino-l -(5-(4-fluom-2-
methoxyphenyl)imidazo[2,1-bi [1.3,4Jthiadiazo1-2-yl)
p&pcndin-4-ol, 2-(4-(5-(6-&sopropyl-2-mcthoxypyndin-3-yl)
im&dazo[2.1-b] [1,3,4]tluad&azo1-2-yl)p&parent-f-yl)cthan-
I-oh 3-(aminomethyl)-I-(5-(6-isopmpyl-2-
metlu&xypyridin-3-yl)imidazo [2.1-b] [1,3,4] thiadi azo1-2-yl)
pyrrolidin-3-oh 4-(aminomethyl)-I -(5-(2-methoxy-4-
(tetrahydro-211-pyran-f-yl)phenyl)imidazo[2,1-bJ[1.3.4J
thmdiazo1-2-yl)p&peudu&-4-ol, 4-(2-(4-(mninomethyl)-4-
hydroxy pip arid u&- I -yl)&m&dazo [2,1-b] [1. 3,4] flu ad&azol-5-
yl)-3-methoxybenzonitrile; 4-(aminomethyl)-1-(5-(2.6-
dimethoxypyridin-3-yl)imidazo [2.1-b] [I S,4]thiadiazo1-2-
yl)piperidin-4-oh (4-amino-I-(5-(4-chloro-2-(2-
methoxyethoxy)phenyl)imidazo[2,1-bJ[1.3,4Jthiadian&1-2-
yl)pipcrnlin-4-yl)methanol, 3-(amu&omefl&yl)-1-(S-(4-
fluoro-2-mcthoxyphcnyl)unidazo[2,1-b] [l.'3,4]tluad&azo1-2-
yl)azetidin-3-ol, 4-(aminomethyl)-I-(5-(2-ethoxy-4-
fluorophenyl)imidazo[2.1-b] [1.3,4]thiadiazol-2-yl)
piperidin-4-oh 4-(aminomethyl)-I -(5-(6-isopropyl-2-(2-
n&ethoxyethoxy)pyridin-3-yl)imidazo[2.1-b i [1.3,4J
th&adh&zo1-2-yl)p&pcr&chu-4-01, 4-(auunon&ethyl)-1-(5-(3-
fluoro-2-mcthoxyplmnyl)&midan&[2.1-b] [1.3,4]tluad&azu1-2-
yl)piperidin-4-oh 4 (aminomethyl) I (5 (3
methoxynaphthalen-2-yl)&midazo[2,1-b] [I S.4]thiadiazol-2-
yl)piperidin-4-oh (3S,4S)-3-amino-l -(5-(4-fluom-2-
methoxyphenyl)imidazo[2,1-bi [1.3,4Jthiadiazo1-2-yl)
p&pcndin-4-ol, (3R,4R)-3-anuno-l-(S-(4-tluoro-2-
methoxyphcnyl)un&dezo[2,1-b] [1,3,4] this diazol-2-yl)
piperidin-4-oh (4aR.8aR)-G-(5-(2-methoxy-4-
methylphenyl)imidazo[2. I -b] [1.3,4]thiadiazo1-2-yl)
octahydro-211-pyrido[4,3-bi [1.4]oxazine;
isopropy1-2-methoxypyridu&-3-yl)imidazo[2,] -bi [1.3.4J
thmdiazo1-2-yl)-[1,3xb&azct&din]-3-ol, (4-&unu&o-1-(5-(6-
isopropyl-2-mcthoxypyndu&-3-yl)&mala zo[2,1-b] [1,3.4]
thiadiazol-2-yl)piperidin-4-yl)methanol 4-(aminomethyl)-
1-(5-(3-chlom-2-methoxyphenyl)imidazo[2.1-b][1 uh4]
thiadiazol-2-yl)piperidin-4-oh 4-(aminomethyl)-1-(5-(2-

methoxyphenyl)imidazo[2,1-b] [I,'3.41tlfladiazol-2-yl)pip-
end&n-4-ol; 4-(aminomethyl)-I-(5-(4-fluoro-2-&sopropoxy-
phcnyl )imidazo [2,1-b] [1. 3,4] th&a diazo1-2-yl )p&pcndin-4-of:
4-(1-(5-(6-isopropyl-2-methoxypyridin-3-yl)inudazo[2,1-bJ
[1,3,4]thiadiazn1-2-yl)piperidin-4-yl)n&orpholine: 4-(mni-
nomethyl)-1-(5-(2-(trifluoromethoxy)phenyl)im&dazo[2,1-
b][1.3,4]thiadiazol-2-yl)piperidin-4-oh 3-(aminomethyl)-I-
(5-(2-ethoxy-4-fluorophenyl)in&idazo [2. I -b] [1,3,4]
th&adiazol-2-yl)pyrrol&thn-3-ol. I-(I-(5-(6-isopropyl-2-
mcthoxypyrid&n-3-yl )unidazo [2,1-b] [1. 3,4] tlua diazo1-2-yl )

piperidin-4-yl)azetidin-3-oh 4-(aminomethyl)-1-(5-(2-
methoxy-6-(tri

flue rome

thy 1 )pyri din-3-yl)imidam [2.1-bJ [ I,
3.4]thiadiazol-2-yl)piperidin-4-oh (4-(aminomethyl)-1-(5-
(2-methoxy-4-methylphenyl)imidazo [2. I -b] [1,3.41
th&adiazol-2-yl)piperidin-4-yl)methanol 4-(I-(5-(G-
i so propy1-2-mcthoxypynd&n-3-yl)&m&duzo [2,1-b] [1,3 4]
tluad&azol-2-yl)p&peridu&-4-yl)thiomorpholinc l,l-dioxide,
(4-anuno-I-(5-(2-n&ethoxy-6-&nethylpyridin-3-yf)imidam
[2,1-bi[1,3,4Jthiadiazo1-2-yl)piperidin-4-yl)methanol
(4-an&ino-I-(5-(4-fluoro-2-n&ethoxyphenyl)i&nidam[2.1-bj
[1,3,4]tluadiazol-2-yl)p&pcridu&-4-yl)methm&ol, 4-(aminom-
cthyl)-I-(5-(4-fluoro-2-methoxy-5-methylphcnyl)&mnlazo
[2.f-b][1.3,4]thiadiazof-2-yf)piperidin-4-ol; (4-amino-1-(5-
(2-ethoxy-4-fluorophenyl)imidazo[2„1-b] [1,3.4]thiadiazol-
2-yl)piperidin-4-yl)methanol 4-(aminon&ethyl)-I-(5-(2 4-
dimethoxyphenyl)imidazo[2.1-bJ[1,3,4Jth&adiaml-2-yl)
p&pcralin-4-oh N-((3aR,7aR)-2-(5-(4-fluoro-2-
methoxyphenyl)&nmlazo[2,1-b][1 3.4]tlua&hazel-2-yl)
octahydro-3aH-pyrrolo[3,4-cjpyridin-3a-yl)acetamide:
2-(5-(2-methoxy-4-methylphenyl)imidazo [2. I -b] [1,3,4]
tluadiazof-2-yl)-5-oxa-2.7-diern&piro[3.4]oc&-6-en-b-an&ine:
8-(5-(4-fluoro-2-methox)phenyl)imidam[2.1-bJ[1,3,4Jthia-
du&zo1-2-yl)-l-oxa-3,8-d&azaspiro[4 5]dcc-2-cn-2-anune.
8-(5-(4-fluoro-2-mcthoxyphenyl)inudazo[2,1-b] [1.3,4] tlua-
diazo1-2-yl)-3-oxa-l.8-diazaspim[4 5]dec-I-en-2-amine;
8-(5-(2-methoxy-4-methylphenyl)imidazo [2. I -b] [1,3.41
tluadiamf-2-yl)-I -oxa-3,8-diazaspiro[4 5Jdec-2-en-2-
amine; (3aS,58.68.7aR)-6-an&ino-2-(5-(6-isopropy1-2-
mcthoxypyrid&n-3-yl )unidazo [2,1-b] [1. 3,4] tlua diazo1-2-yl )

octahydro-TH-&soindol-5-ol; (3aS,GS,6S,7aR)-6-anuno-2-
(5-(6-isopropyi-2-methoxypyridin-3-yl)imidazo [2,1-b] [1,3.
4]thiadiazol-2-yl)octahydro-H-isoindol-5-oh (3aS.GS.GS,
7aRj-6-amino-2-(5-(4-fluo ro-2-met box ypheny1)inn daze [2,
l-bJ[1,3,4]thiadiamf-2-yl)octahydro-TI I-isoindol-5-oh (9-
(5-(4-fluoro-2-methoxy phenyl)unida zo [2, I -b] [1.3,4]
th&adiazol-2-yl)-2-oxa-9-azaspiro[5.5]undecan-3-yl)
metlmnamine: (3-amino-I-(5-(6-isopropyl-2-
methoxypyridin-3-yl) imidazo [2.1-b1 [1. 3,41thiadiazo1-2-yl)
azetidin-3-yl)metl&anol; (3-th&oro-I -(5-(4-fluoro-2-
methoxyphenyl)in&idem[2,1-b 1 [1.3.4J tin adiazo1-2-yl)
p&pcralin-3-yl)methenamine: (8-(5-(4-fluoro-2-
methoxyphenyl)&nmlazo[2,1-b][1 3.4]tlua&hazel-2-yl)-I-
oxa-fl-azaspiro[4.5]decan-2-yl)methenamine: 2-(5-(4-
fluoro-2-methoxyphenyl)imidazo [2,1-b] [1504]thisdiazol-2-
yl)-5-oxa-2-azaspiro[34Joctan-7-an&ine; (38,4S)-8-(5-(4-
fluoro-2-u&ethoxyphenyl ) i midazo [2,1-8 J [ I . 3,4]& hindi azo1-2-
yl)-3-methyl-2-oxa-8-azasp&ro[4. 5]decan-4-amu&e:
4-(&nun&ou&cthvl)-I-(5-(2-(duucthylanuuo)-6-uu:thylpy»-
din-3-yl)imidazo[2,1-b1 [1,3,4]tluadiazol-2-yl)p&peridin-4-
ol, 4-(aminomethyl)-I-(5-(6-methyl-2-(methylthio)pyridin-
3-yl)imidazo[2.1-bJ[1,3,4Jthiadiazo1-2-yl)piperidin-4-oh
3-(annnomethyl)-I -(5-(4-flnom-2-methoxyphenyl)imidazo
[2,1-b][l,'3,4]thiadiazo1-2-yl)pipen&hn-3-ol, 8-(5-(4-fluoro-
2-methoxyphcnyl)&midazo[2.1-b] [1,3,4]thu&diazo1-2-yl)-2-
oxa-fl-azaspiro[4.5]decan-4-an&me, 3-amino-1-(9-(5-(4-
fluoro-2-methoxyphenyl)imidazo [2,1-b] [1504]thisdiazol-2-
yl)-1,4,9-triazaspi&o[5 5Jundecan-4-yl)-3-methylbutan-I-
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one: 3-(G-isopropyl-2-methoxypyridin-3-yl)-2-(1.4.9-
tuazasp&ro[5. 5] und&zan-9-yl)&nudazo[2,1-b][1,3,4]
tluadiazolc, 5-(4-fluoro-2-mcthoxyphenyl)-2-(1,4.9-
triazaspirc[..5Jundeca-9-yyl)imidazc[,i-bj[1,3.4]
thiadiazole, 1-(5-(4-fluoro-2-methoxyphenyl)imidazo[2.1-
b] [1,3,4]thiadiazol-2-yl)-4-(morpholinomethyl)piperidin-4-
an&ine; 7-(5-(4-fluoro-2-methoxyphenyl)imidazo[2.1-b] f I,
3.4]tluadiazo1-2-yl)-5. 6,7,8-tetrahydroimidazof 1.5-a]
pyrazu&-3-anunc, (I-(5-(4-fluoro-2-methoxyphenyi)imi&L&zo
[2.1-b] [1.3,4]thu&d&azo&1-2-yl)-4-((oxctan-3-ylmethyl)
amino)piperidu&-4-yt)methanol: (I -(5-(4 fluoro-2-
methoxyphenyl)imidazo[2,1-b] [1.3,4Jthiadiazo1-2-yl)-4-
((2-n&orpholinoethyl)amino)piperidin-4-yl)methanol 4-((3-
aminopropyl)amino)-I-(5-(4-fluoro-2-methoxyphenyl)
imidazo[2.1-b] f1„3.41thiad&azo1-2-yl)piperidin-4-yl)
mc&hanoh 6-(anunomethyl)-2-(S-(4-tluoro-2-
mc&hoxyphcnyl)unulazo[2,1-b] [I SL4]this diazol-2-yl)-2-
azaspimPL3Jheptan-6-oh (8)-3-(an&ino&uethyl)-I -(5-(6-
isopropy1-2-methoxypyridu&-3-yl)imidazo[2,] -b] [1.3.4J
thiadiazol-2-yl)pyrmlidin-3-ol, (R)-3-(aminomethyl)-1-(5-
(6-&sopropy1-2-mcthoxypyralin-3-yl)imidazo[2.1-b] [1,3,4]
thmdiazo1-2-yl)pyrrol&d&n-3-ol, (S)-3-(anunomethyl)-l-(5-
(2-n&ethoxy-6-methylpyridin-3-yl)imidazo [2.1-b][1 cb4]
thiadiazol-2-yl)pyrrolid&n-3-ol, (R)-3-(aminomethyl)-1-(5-
(2-methoxy-6-methylpyridin-3-yl)imidazo[2,1-bJ[i 3.4]
thiadiazol-2-yl)pyrrolidm-3-oh 3-(aminomethyl)-1-(5-(6-
isopropyl-2-nu:thoxypynd&n-3-yl)&m&daze[2,1-b] [ I zb4]
tluadiazol-2-yl)pyrrol&d&n-3-ol, (3S,4S)-4-annno-l-(S-(2-
metiu&xy-4-methyl phenyl)imidazo f 2.1-b] [1.3.4]tl»adiazol-
2-yl)-4-n&ethylpiperid&n-3-oh (3R.4R)-4-amino-t-(5-(2-
n&ethoxy-4-methylphenyl)imidazo[2.1-bJ [1,3,4]thiadiazol-
2-yl)-4-methylpiperidu&-3-oh (3IZ,4R)-4-an&ino-l -(5-(6-
isopropyl-2-mcthoxypyndu&-3-yl)&mala zo[2,1-b] [1,3.4]
thmdiazo1-2-yl)-4-mc&hylp&pcridu&-3-ol, (SS.4S)-4- unino-
1-(5-(6-isopropyl-2-methoxypyridin-3-yl)imidazo[2.1-b] [ l.
3.4]tluadiazo1-2-yl)-4-methylpiperidin-3-ol; (3R.4R)-4-
amino-l-(5-(4-tluom-2-methoxyphenyl)imidazo[2.1-bJ[1,3.
4Jthiadiazol-2-yl)-4-methylpiperidin-3-ol; (38,4S)-4-
anuno-I -(5-(4-fluoro-2-mcthoxyphenyl)umda so[2,1-b] [1,3.
4]tluadiazol-2-yl)-4-methylpipcruhn-3-ol: (3R.4R)-4-
an&ino-l-(3-(2-methoxy-G-methylpyridin-3-yl)imidazo[2.1-
b][1.3,4]thiad&azo1-2-yl)-4-methylpiperidin-3-oh (3S.4S)-4-
amino-1 -(5-(2-methoxy-6-metbylpyridin-3-yl)imida&n&[2.1-
bJ[1.3,4]thiad&azol-2-yl)-4-metbylpiperidin-3-oh (38,4S)-3-
ammo-1 -(5-(4-fluoro-2-mc&hoxyphcnyl)&nu&b&so[2, I -b] [1,3.
4]&luad&azol-2-yl)-4-mc&hylpipcndm-4-ol: (3R.4R)-3-
amino-I -(5-(4-fluoro-2-methoxyphenyl)imidazo 1 2.1-b] [1.3.
4]thiadiazol-2-yl)-4-methylpiperidin-4-oh (3R.4R)-4-
amino-l-(5-(4-tluom-2-methoxyphenyl)imidazo[2.1-bJ[1,3.
4Jthiadiazol-2-yl)-4-methylpiperidin-3-ol;
4-(amu&omethyl)-I-(5-(4-fluoro-2-mc&hoxyphcnyl)imidazo
[2,1-b] [1.3,4]thiad&azo1-2-yl)pipcndine-4-carboxamide.
N-((I-aminocyclopropyl)methyl)-4-(aminomethyl)-l-(5-(4-
fluoro-2-methoxy phenyl)imidazo [2.1-b] [1.3.4] thiadiazol-2-
yi)piperidine-4-carboxamide: N-(2-a&nine-2-methylpropyl)-
8-(5-(4-fluoro-2-n&ethoxyphenyl)imi daze [2,1-bJ[1,3.4J
tined&azol-2-yl)-l-th&a-8-azasp&re[4.5]dccm&e-4-
carboxanudc l,l-d&ox&de, 2-(4-anuno-I-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2.1-b] [1.3,4]thiadiazo1-2-yl)
piperidin-4-yl)propan-2-oh 2-(4-amino-I-(5-(4-fluoro-2-
methoxyphenyl)imidazo[2,1-b] [1.3,4Jthiadiazo1-2-yl)
piperidin-4-yl)propan-2-oh 4-(aminomethyl)-I -(5-(4-(1-
hydroxycyclobutyl)-2-mcthoxyphenyl)&mulazo[2,1-b] [1,3.
4]tluadiazol-2-yl)p&pcudin-4-ol: ((I-(5-(4-tluoro-2-
metiu&xyphenyl)&midazo[2,1-b] [1.3,4]thiadiazol-2-yl)-4-
((methylsulfonyl)methyl)piperidin-4-yl)methenamine: l-(4-
(aminomethyl)-1-(5-(4-fluom-2-methoxyphenyl)imidazo[2,

I -b] 1 1,3.4]thiadtazoi-2-yt)piperidin-4-yt)-N,N-
d&mcthylmethancsuli'onanudc: ((3R,SS)-5-a&n&no-t-(5-(4-
fluoro-2-methoxy phenyl )unidezo [2,1-b] [1,3,4] &hindi azo1-2-
yl)piperidin-3-oh (48.4at&,7aS)-6-(5-(2-ethoxy-6-
isopropytpyridin-3-yt)in&i&Laze[2.t-b][1,3,4]th&adiazot-z-yt)
octahydropyrano[2,3-c]pyrrol-4-amine: (4S.4aR,7aS)-6-(5-
(2-methoxy-4-(trifluoromethyl)phenyl)imidazo [2,1-b] [1,3.
4]thiadiazo1-2-yl)octahydropyrano[2.3-c]pyrro1-4-amine:
(4R 4aS,7aR)-6-(5-(2-&ncthoxy-4-0uttuoro&ncthyt)phenyl)
imidazo[2,1-b] [1,3,4]&luad&azo1-2-yl)octahydropymno[2.3-
cJpyrrc---aa&nin; (48.4at&.7aS)-6-(5-(6-isoprcpy-2-
n&ethoxypyridin-3-yl) i midazo [2,1-8 1 [ I . 3,4]& hindi azo1-2-yl)
octahydropyrano[2,3-cjpyrrol-4-amine: (4R.4aS.7aR)-6-(5-
(6-&sopropyl-2-methoxypyridin-3-yl)imidazo[2.1-b] [1.3,4]
th&adiazol-2-yl)octahydropymnof2„3-c]pyrml-4-amine: (4S,
4aR,7aS)-6-(S-(4-fluoro-2-med&oxypheuyl)&mulazo[2,1-b]
[1,3,4]tluadiazol-2-yl)oc&ahydropyrano[2,3-c]pyrro1-4-
amine; (4R,4aS,7atZ)-6-(5-(4-fluoro-2-&uethoxyphenyl)
in&idazo[2,t-bj[1.3,4]thiadiazo1-2-yt)octahydropyrano[2,3-
cJpyrrc---aa&nin; ((4S,4aS.7at&)-6-(5-(4-fluoro-2-
methoxyphenyl)&nmlazo[2,1-b][1 3.4]ttua&hazel-2-yl)
oc&ahydropyrano[2,3-c]pyrro1-4-mnu&c, (4S.4aS.7aR)-6-(S-
(6-&sopropyl-2-methoxypyridin-3-yl)imidazo[2.1-b] [1.3,4]
th&adiazol-2-yl)octahydropyrano[2,3-c]pyrml-4-amine; (4R,
4aR,7aS)-6-(5-(6-isopropyl-2-methoxypyridin-3-yl)
in&idazo[2,t-bj[1.3,4]thiadiazo1-2-yt)octahydropyrano[2,3-
c]pyrml-4-anunc; 4S.4aR,7aR)-6-(S-(6-isopropy1-2-
methoxypyridu&-3-yl )&midezo [2.1-b] [1,3,4] &tua diazo1-2-yl )

octahydropyrano[2,3-c]pyrrol-4-amine: (3aS.GR,7R.7aR)-
7-mn&no-2-(5-(G-isopropyl-2-methoxypyridin-3-yl)imi&Lszo
[2,1-bj[1,3,4Jthiadiazo1-2-yl)octahydm-I I I-isomdol-5-oh
(3al&,48,58,7aS)—I-amino-2-(5-(6-&sopropyl-2-methoxy-
pyrulin-3-yl)inudazo[2.1-b] [1,3.4]th&ad&azol-2-yl)ocu&-
hydro-lH-&soindol-5-ol, (3aR.4S,SR,7aS)-4-amu&o-2-(5-(2-
methoxy-6-methylpyridin-3-yl)imidazo[2.1-b] 1 1.3,41
th&adiazol-2-yl)octahydro-IH-isoindol-5-ol; (3aR,4S.GR,
7aS)-4-amino-2-(5-(6-isopropyl-2-methoxypyudu&-3-yl)
in&idazo[2,1-bJ[1.3 4Jthiadiazol-2-yl)octahydro-111-
isou&dol-5-oh (3aR.4S.GR.7aS)-4-amino-2-(5-(4-tluoro-2-
methoxyphenyl)&nmlazo[2,1-b][1 3.4]ttua&hazel-2-yl)
octahydro-IH-isoindol-5-ol; (3aR.4R,7aS)-2-(5-(6-
isopropy1-2-methoxypyridin-3-yl)imidazo[2,1-b][1,3 4]
tluadiazo1-2-yl)-2,3,3a,4,7.7a-hexahydro-l I I-isoindol-4-
amine: 4-(aminon&ethyl)-I-(5-(4-chloro-5-fluoro-2-
methoxyphenyl)&nmlazo[2,1-b][1 3.4]ttua&hazel-2-yl)
p&pcrulin-4-oh 4-(aminome&hyl)-I-(5-(2-&sopmpoxy-G-
isopropylpyridin-3-yl)imidazo[ 2.1-b] [1„3.41thiadiazol-2-yl)
pipeudin-4-oh 4-(an&inomethyl)-I-(5-(2-ethoxy-6-
isopropylpyridin-3-yl)imidazo[2.1-bJ[1,3,4Jthiadiazol-2-yl)
pipeudin-4-ol: (4-a&uino-I-(5-(2-ethoxy-6-
isopropylpyndin-3-yl)mudazo[2,1-b] [1,3,4]tined&azo1-2-yl)
p&peudin-4-yl)mc&hanoi, 3-(annnomcthyl)-I-(5-(2-cthoxy-
6-isopropylpyridin-3-yl) imidazo[2.1-b] [1.3.4]thiadiazol-2-
yl)azetidin-3-oh (4-a&nine-t-(5-(4-(1,2-difluoroethyt)-2-
methoxyphenyl)in&idazo[2,1-bj[1.3.4Jtluadiazo1-2-yl)
piperidin-4-yi)methanol 4-(aminon&ethyl)-1-(5-(2-(2-
hydroxycthoxy)-6-isopropylpyud&n-z-yl)&m&dazo[2,1-b] [I,
3,4]&luad&azo1-2-yl)p&pend&n-4-oh (4-am&no-l-(S-(4-(1,2-
dilh&oroethyl)-2-methoxyphenyl) im&dazo [2,1-b1[1.3.41
th&adiazol-2-yl)piperidin-4-yl)n&ethanol; 4-(aminomethyl)-
1-(5-(4-(1.2-dith&oroethyl)-2-n&ethoxyphenyl)imidazo [ 2,1-
bJ[1,3,4Jthiadiazo1-2-yi)piperidin-4-oh 4-(an&inomethyl)-I-
(5-(2-(2,2ulifluorocthoxy)phenyl)&nudazo [2,1-b] [1,3.4]
tluad&azo1-2-yl)p&peridu&-4-ol, 4-(anunomcthyr)- I -(5-(4-
i so propyl-2-methoxyphenyi)in&idazo [2. I -b] [1,3,4]
th&adiazol-2-yl)piperidin-4-ol; 4-(aminomethyl)-1-(5-(2-
ethoxy-s-isopropylphenyt)in&idazo[2,t-b][13.4]th&adiazot-
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2-yl)piperidin-4-ol, 4-(aminomethyl)-)-(5-(2-methoxy-4-
(tetmhydrofuran-3-yl)phenyl)imidazo[2,1-bJ[1,3,4]
thmdiazo1-2-yl)prpewdur-4-ol, 4-(annnomcthyl)-1-(5-(2-
nrethoxy-4-(1 -methoxycyclopnipyl)phenyl)irnidarm[2.1-bJ
[1,3.4]thiadrazo1-2-yl)prpcrxlin-4-ol, 4-(aminomcthyl)-1-
(5-(2-nrethoxy-4-(1 -nrethoxycyclobutyl)phenyl)imidazo[2.
1-b][),3.4]tluadrazo)-2-yl)prperidur-4-ol, (4-runuro-1-(5-(2-
(2-fluoroerhoxy)phenyl) intr dam[2,1-b ] [1,3.4]thiadiazo1-2-
yl)pipcrulin-4-yl)methanol, 4-(anunomcthvl)-l-(5-(2-(2-
iiuoroethoxy)phenyl)imidazo [2. 1-b] [1,3.41tl»ad iazo1-2-y1)
pipcndrn-4-oh (4-amino-l-(5-(2-(2,2-rbfluorocthoxy)
phenyl)inside zo [2. 1-b] [1,3,4] thiadi azol-2-yi)pip eri din-4-yl)
mcthanoh 4-(amrnomcrhy))-l-(5-(2-(2,2-drfluorocthoxy)
phenyl)imidazo[2.1-b] [1,3 4]thiadiazol-2-yl)piperidin-4-ok
(4-mnino-l-(5-(2-(2.3-dithioropropoxy)phenyl)imidazo[2,
1-b][lck4]tluadiazol-2-yl)piperidin-4-yl)methanoh 4-(anu-
nomethyl)-1-(5-(2-(2fl-difluoropropoxy)phenyl)imidazo[2,
i-bj[),3.4]tiriadiazol-2-y))piper)din-4-ol; 4-(aminometbyl)-
)-(5-(4-chioro-5-isopropyl-2-ruethoxypheny)))m)daze[2. 1-

b][1.3,4]thiadrazo1-2-yl)pipcrulin-4-ol, 4-annno-8-(5-(6-
isopropyl-2-nu:thoxypyndrn-3-yl)imrdazo[2,1-b] [1 xk4]
thiadiazol-2-yl)-l-this-g-azaspiro[4.5]decane l. l-dioxide,
1-(5-(4-fluoro-2-methoxyphenyl)imidazo[2,1-bj[1,3 4]tlua-
diazrrl-2-yi)-4-(ruethoxymethyl)piperidiu-4-aurine; 2-(3-
amino-l-(5-(4-fluom-2-methoxyphenyl)imidazo[2,1-bJ[1,3.
4]tluadrazol-2-yl)pyrrolrdin-3-yl)propan-2-ol; 3-annno-1-
(5-(4-fluoro-2-mcthoxyphcnyl)imidazo[2, 1-b] [1.3,4]
thiadiazol-2-yl)-4-methylpiperidin-4-ol; (3R.4r,5S)-4-
amino-1 -(5-(4-fluoro-2-methoxyphenyl)imidazo[2.1-b] [1.3.
4Jthiadiazo1-2-yl)-4-methylpiperidine-3,5-dink and ((3S,
48)-4-amino-1 -(5-(4-fluoro-2-methoxyphenyl))m)daze[2,)-
b] [1.3,4]thiadrazo1-2-yl)pipcrulin-3-yl)methanol.

20. The compound accordurg to claim 19 wherein thc
compound bavin the stnicture:

4-(aminomethyl)-1-(5-(6-isopropyl-2-methoxypyridin-3-yl)
imidazo[2.1-b][1,3,4]thiadiazol-2-yl)pipendin-4-oh or a
pharmaceutically acceptable salt thereof

21. The compound according to claim 19 v herein the
cmnpound is the adipate salt form (2 1)

22. A solid or salt fomr ik of the compound of claim 21
characterized by an X ray diffraction pattern havurg three or
nxire peaks at 20 values selected fmm 3 56. 7 15, and
17.87 0.2 '20.

23 4 solid or salt foun 13 of the conrpound of claim 21
charactenzcd by an X ray diflbacuou pattern having tlucc or
morc peaks at 20 ialues sclectrxl from 9.40, 10.93, and
19.33 0.2 '20.

24. yx compound accordurg to any one ol'claims 1 to 21
or a plmrmaceutically acceptable salt thereof. or a solid form
of any one of claims 22 or 23 for use in treatin a Plasmo-
dium related disease; optionally in combination with a
second agent

25 1)se of a compound according to any one of claims 1

to 21 or a pharnmceutically acceptable salt thereof or solid
form of mry onc of clmms 22 or 23 in the manufacture ol a
medicament for the trcatmcnt of a rn trcaturg a Plasmodium
related disease: optionafly in combination with one or more
therapeutically active agents.

26. The compound, solid fomr. composition, method or
use of any one of claims 24 to 25. wherein the Plasmodium
related disease is malaria

27 '1'he compound, solid form. composition, method or
use of any one of claims 24 to 25, wherein the therapeuti-
cally active agent rs selccicd from a )nuasc inhibitor. an
anti-malarial drug mrd an anti-rnflanunatory agent.

28. Thc compound. solid lbmr. composition, method or
use of clarm 27 wherein thc anti-malarial drug w selected
from proguanil, chlorproguanil, trimethoprim. chloroquine,
mefloquine, lumefantrine, atovaquone. pyrimethamine-sul-
fadoxine, pyrimethamine-dapsone, halofantnne, quinine,
quinidine. arnodiaquine. amopyroquine, sulphonamides,
artemisrnin, arteflene, aru:methcr, artesunate, pruuaquure.
pyrotrandinc. K4E-609 and KkF-)56.

29. Thc compound. solid lbmr. composition, method or
use of any one of claims 24 to 28, wlmrern the compound of
any one of claims 1 to 19 is administered prior to. simulta-
neously with, or after the therapeutically active agent.

30. Thc compound. solid lbmr. composition, method or
use of any onc of clmms 24 to 29. whereur said subtcct ls a
llrllllall.
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