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as I'urthcr desvnbed herein. which act as bc(a-laciamasc
inhibitors, and salts, crystalline forms and formulations
thereof. In certain aspects. the invention pertains to methods
ofusing such compounds in conibination with a beta-lectern
antibiotic to treat infections cmised by Crram-negative bac-
teria, including dru -resistant stmsins.
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Scanning Electron Microscope image of Crystalline form of Compound
of Formula (Vll),
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BETA-LACTAIVLASE INHIBITORS

('RO)S-RllliligiiN( E I'0 Rl!I,AI Ill)
APPLICATION

[0001] Tins upplicauou claims thc benefit ol'priority to
U.S. Provisional Application No. 62/401,022, tiled 28 Sep.
2016, the content of which is incorporated herein by refer-
ence.

FIELD OF THE INVENTION

[0002] Tins invcnuou relates io compounds that udubit
beta-lactamases, methods to make these compounds. and
their use in combination with beta-lactain antibiotics for
treatment of bacterial infections

13A('K(iR(RINI )

[0003] Over ihc past scvcml decades, the frcqucncy of
anlmucrobial rcsisnincc and its associalion wilh seuous
infectious diseases have increased at aLsrming rates qhe
increasiim prevalence of resistance anucog nosoconual
pathogens is particularly dtsconceltiug. Of the over 2 mil-
lion nosocomial infections occurring each year in the United
States. 50 to 60% are caused by antimicrobial-resistant
strains ol bacteria. The high mte of rcsistimce to conunonly
used anlibaclcnal agents incrcascs the morbidily, morlahty,
and costs associated with nosocomial infections In the
United States, nosocontial infections are thought to contrib-
ute to or cause more than 77.000 deaths per year and cost
approximately $5 to $ 10 billion munially.
[0004] Among ihc most imporuutt aniibiotics currently
available are several classes of compounds that contain a
beta-lectern rin, includmg penicillins. penems. carbapen-
ems, cephalosporins„monobactams and sulihcmms. These
beta-lactant antibiotics lohibit cell wall biosynthesis by
binding to proteins caliixi pcnicillut-butdutg pro(caw
(PBPs). winch arecsscnual for synthesis of pepttdoglycan,
thc major component of thc cell wall ol Gram negatu e and
(iriun-positive bactena While beta-lectern antibiotics
remain extremely important worldwide, their extensive use
has led to a large and growing problem: bacteria have
developed resistance to beta-lactams, just as they have to
most other available antibiotics. Indeed, the World Health
Organization (WHO) says anubiouc remstmtce is a '*seuous,
wiirldu idc threat .

[0005] Several difi'creat mechanisms of resistance to beta-
lactanl antibiotics have been identified; some resistant
strains possess cfflux pumps lo cxcretc mtlibiolic. and others
dcvclop mutant PBPs that are less scnsilive to Ihc anlibiolic.
An c spec i ally troubling foun of res is lance is development of
bacterial enzymes that react with these antibiotics. destroy-
ing the antibiotic by opening the beta-lactam ring.. I'hese
antibiotic-degrading enzymes are called beta-lactamases,
and are particuLarly problematic because they can impart
resistance lo many ddlcrcnt beta-lectern anlibioucs, mtd they
cmt bc transfcrrcd vui plasmids between difii:rent bactcnal
strains and spccws. Atnoug Gram-nc alive bacteria, there
are four classes of beta-lactamases, the serine beta-lactama-
ses of the classes A, ('nd I), and the metallo beta-
lactanlases (eh)as B).
[0006] Important causes of resistance to bala-lacuun anu-
bioucs include extmtdcd-spectrum beta-laclamases (ES-
131,s), serine carbapenentases of the class A„(e.g KPCx2)
and of class I) (e g. OXA-48) in /Clehslella paeaaiaaiae,

Etch erich/a cali, and Proteus mirabilis. as well as hie+ level
remstancc agauwl Ihird-gcncration ccphalospouns mcdmied
by thc class C bctu-laclamase AmpC among Eatrrabarter
species and C/iutbaiter freaad/i, and mulridrug-resistance
strains of/(ieadatttaaar, ztciaetahacter. and 3'tetratratthttma-
aas. The problem of antibacterial resistance is compounded
by the existence of bacterial stmins containing multiple
beta-iactamases. For example. Klebriella paeaaiama lta-
bormg NDM-I metallo-bc(a-lect;unasc I'rcqucntly carries
additional seunc-beta-lactamases on Ihc stone plasmid llml
carries the Nl)M-I.
[0007] Since beta-lactam antibiotics are among the few
classes that are effective against Ciram-negative bacteria,
ittiiit)'fioils ltavc beati itiiidc lo bolster lltcii abilil)'o
control resistant bacterial slrmns, in order to avoid losuig
thcsc enormously valuable mtlibactcnals. For example.
some beta-lactanis lmve been modified stmcturally to make
theni less susceptible to beta-lactantases. although this
appmach is complicated by the fact that there are already
many dlfferent beta-lactamases„and new ones arise con-
stantly. Another approach lms been to inlubil the bcia-
laclamasc enzymes that degrade these untibioucs by using a
small-molcculc beta-laclamase uthtbitor (BLI) in combina-
tion with a beta-lectern antibiotic. 'I hese 131.1s can be used in
cmnbmation with an appmved beta-lactant antibiotic to treat
patients infected with bacteria that are resistant to the
antibiotic alone due to beta-lactamase activity. Examples of
approved BLIs utclude clat ulamc acid. sulbactimt. tazo-
bactam, and avibactam. Others (rclebactam, vaborbacuun
(RPX700rp), zaicbactam.;md nacubactam) arc reportedly in
development.

[0008] In Ciram-positive organisms, penicillin resistance
mediated by penicillinase-type beta-lactamases ls an impor-
tant mechanism of rcsistancc ui Stapliy/oroccas aareas
(MSSA). Beta-lactamase-mediate rcsistunce to pcrucillins is
also found in anaembic species. like hue/era/der
[0009] The tiuee most conmlonly used scone beta-lacta-
mase lnlubitors. clavulanic acid, tazobactam and sulbactam,
have potent activity only agautsl some class A beni-lacta-
mascs, cxcludutg scrine carbapcncmases. Avibaclam is a
member of Ihc diazabicyclooclane (DBO) class ol'eta-
lactamase inhibitors and has a broad coverage of class A

(including KPCs), class ('nd some inhibition of class I)
Along v,ith beta-lactamase inhibition. avibactam also has
antibacterial activity against some clinical strains throu h
inhibiting pctucillut buiduig protein 2 (PBP-2) (Asli et al,
gatltmrrobhil g eats aad Chemotherapy, 60, No 2, 752,
2016). Antibacterial compounds with dim mimhimism ol'ction,including l)130s, select fi)r resistance at very high
frequencies in vitro (l)oiunith et al, ./ Ratimiirahial C'he-

matherap) 2016, 71, 2810-2814). Because of this. any
potential clinical benefit of the intrinsic antibacterial activity
of some DBO beta-lactamase inhibitors is currmttly unclear.
Thc weak antibaclcnal activity ol'vibaclam may nol bc
clinically rclcvant, since thc clinical dose ol'vibaclam is
fairly Iow, however, it may complicate in vitm susceptibility
testing mtd/or promote resistance In vitro susceptibility
testing of avibactanv'beta-lactam combinations against clini-
cal isolates is typically conducted using a high fixed con-
centration of avibaclam (4 pg/mL) tlrat likely docs nol rcllccl
the clinically aclncvcd levels. The direct coulribuuon of
avibaclam lo anubaclcnal actuily under Ihcsc artilicial in
vitro testing conditions could affect the accuracy in predict-
ing clinical encacy of avibactam/beta-lactantase combina-
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tions. A DBO beta-lactamase inhibitor devoid of significant
antibacterial activity would not have this extra confounding
activity. and in vitro testing protocols would measure only
thc rcvcrsal of

beta-lac)

arne
ac mediated resistance in clinics i

isohstes, enabling a more accumste prediction of clinical
cfilcacy'ased on ui vitro susceptibility results.

[0010] In addition to BLIB currently available for use,
other compounds with BLI activity are disclosml in
WO2002,'100860. US2003/0199511, US2004/0157826,
WO2008/039420. and WO2009/091856. US2010092443,
WO2010,'126820. WO2013/122888, WO2013/038330,
US2013/0225554„WO2013149121, WO2013149136,
WO2014141132 and WO2014/033560.

[0013] and the salts of these compounds, including com-
pounds of Formula (I):

Li)

[0011] The pharmacokinetic and physical properties of
pres tously descobcd BLis may noi bc ideal Ibr use with
every beta-lactam antibiotic. Moreover. known BLIs are

reportedly losing eiii:cuvcncss over tune (K Bush. Ini. J.
.4niimicrob. Agents 46(5), 483-93 (November 2015)), as
resistant bacteual siranm dcvclop tmd new beta-lactamasc
CLLZVLILCS allSC ColltlllUBllys ACColdlllglv, tliCIC rCILLBLILS

nimd Ibr ncw beta-lect;unasc inlubiiors io extend the use-
fulness of valuable beta-lectern antibiotics; indeed. novel
131,ls may also conibat resistance to known 131,is as well as
resistance to known and future-developed beta-lectern anti-
biotics. 'Ilie present invention provides novel beta-lactaniase
inhibitors that potentiate the activity of various beta-lactani
antibiotics, ivhile they exlfibit little intrinsic (direct) antibi-
otic activitv of their own.

Sl JMMAILY

[0012] The invention includes novel BLI compounds,
pharmaceutical combinations and formulations including
these compounds, and methods of usin such compounds
and compositions for treatment of patients with bactenal
infections. The BLIs are used in combination with a beta-
lactam miiibiouc, c.g. a penicillui denvauves, penem, car-

bapmiem, cephalosponn (ccxshctu), monobact un or sul-

facnun, and arc prnuauly useful for ireaunent ol Cirtun-

ncgaiive bacteual utfcctions, but also arc useful for thc
trentmmii ol'Gram-positive mid aimcmbic inibctions, whcrc
resistance is Lucxtratcd tluough production of a beta-lacta-
mase by the bacterium 'I'he invention includes compounds
of I'omtula (A) and vaoants thereof.

LA)

[0014] whcrcin compounds of Fomiula (I) may bc ui a salt
or zwittcrioruc fomi, as further descubcd herein.
[0015] The BLI conipounds of the invention are used in
combuiation v,ith a beta-lactam antibiotic, examples of
v hich are disclosed herein. to treat bactenal infections,
especially ()ram-negative bacterial infections 'I'he 131,1 and
bc)a-lectern antibiotic can be administered togcihcr or scpa-
raicly, and thc BLI enhancis thc clfbctivcncss of thc bcia-
lactam antibiotic against at least on bacterial stmsins that
exhibit resistance to beta-lactam antibiotics. where the resis-
tance is mediated by a beta-lactaniase activity. The combi-
nations of beta-lectern antibiotic and 13J,I of I'ormula (A)
can bc used to treat uilbctions caused by Gmut-negative
bacteria, including Enierobactcuaccae, such as Sulmoriella,
E cnh, Klehsteliit pneumo»iuc, Proteus, Enierohucier, Ser-
rutiu. md Giiruhucrer, non-fennentin bactena. including
I'seudumunus uernginusu, Acineiiihucier, Burl hulderiu,
Morose/lu and Sientiiruplnmiuiius, Grata-positive bacteria,
such as beta-lect;unasc producing Siuplii lccocc»s a»reus. as
well as anaerobic bacicna. suCh as Buc/eroides /ragi /is or
Bucreroides iheiuioiuomicruii.
[0016] In one aspect. the invention provides novel com-
pounds of I'ormula (A) and Iionmda (I). including their salt
or xwitterionic foons, which are eifective as inlubitors of
onc or morc bee)coal beta-laciamases. Thc compounds are
uselul io potcniiaic ihc anubacteoal ucuvity ol a bc)a-lac)am
antibiotic. They may tints be used in combination with a
beta-lactam antibiotic. The BLI and beta-lactam antibiotic
may be adininistered toaether or separately: in soine
embodinients, a 131,1 of lioonula (A) or Iiormula (I) and a
bc)a-lectern antibiouc arc combined ui a phanuaccutical
colllposliloll tltai Lvpicallv also colllpllscs Bt least oltc'. pllal-
maceuticaily acceptable carrier.
[0017] In one aspect, the invention provides methods to
make compounds of lioonula (A) or Iiormula (I) and novel
precursors useful to make compounds of Iiornnila (A) or
Fornnila (I) as described barmn. In particular, thc uivcnuon
provides a process io convert a compound ol'ormula (V)
into a compound of Fomiula (IV): and a method to convert
a compound ofFomiula (III) into compounds of Formula (I).

0
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[0018] In another aspect, thc invenuon provxlcs phamta-
ceuticai con)positions contprisutg a compound of I'ornnda
(A) and I'ormula (I) admixed with at least one pharntaceu-
tically acceptable carrier or excipient. In some embodi-
ments, the composition compnses two or more such carriers
or cxcipients. Optionnlly, thc pltannacculical composition
further utcludes a beta-lectern mtlibiotic, although thc BLI
compound can be I'onnulalcd and mhnuustcred separately
fmm the beta-lectern antibiotic.

[0019] In another aspect, the invention provides a method
for treating a sublect having a bacterial infection. which
comprises aihnuustenng to thc subjecl in need timreof an
anlibacterially cili:ctivc amount of a bala-lectern anlibiolic
and mt clli:ctive amount of a BLI of Fomnila (A) or Formula
(I), including salt and vwinerionic forms, optionally in
combination with a pharntaceutically acceptable carrier In
certain embodunents, the subject is a mammal and in some
enlbodiments. the subject is a human. This aspect provides

compound of Formula (A) or Formula (I), including
phannacculically acceptable mall or caitlenomc fiimts, for
use lo neat a bac ten at uttbction, where thc compound is used
in combination with a beta-lectern antibiotic It also includes
use of a con)pound of Iiornnda (A) or Formula (I), or a salt
or zwitterioruc form thereof, in the manufacture of a tnedl-
cament. Preferably. the medicament is one for use to treat a
Gr;mt-negatn c bactcnnl infection, espcxialiy onc has utg a
bala-laclamase acnvily sugicicnl to unparl some level of
resistance lo thc beta-lectern antibiotic, where lhc medica-
ntent is adapted for use in combination with a beta-lactant
antibiotic such as those described herein. 'I'he beta-lactant

antibiotic and BL I compound of FormuLa (A) or Formula (I)
may bc admitustcrixi smtultancously or scpamtcly and in
any order, provided lhe BLI is present ut vivo concurrently
with the beta-lectern antibiotic in order to potentiate the
etfectiveiless nt the beta-lectern antibiotic.
[0020] Thc Gram-ncgalivc bactena may be of a genus
selected froin C'iivohui iev. I:uievuhuciev, lfsr"hevivhiu, Kleh-
siellu, Muvgauellu, Pviiieus, Suliiimiellu, .'ievvuiiu,
Pseudo»ro»us. Hci»eiobuctev, Bucteroides, Burkholdcriu,
Compt lob»vier. Zgcisseria, and Sieiioirophomoaas. In par-
ticular, a bacterial infccuon caused by a spccics of Cirvo-
bacrev, Eaievobucter, Eschevichiu, Kiebsieilii, Movguueilu,
Pvoieus, Salmonella, Sevvuriu, Pseud»i»orias, or dcitteto-
hiicier is treatable by the methods disclosed herein. Particu-
lar bacterial species for such treatment include Ci tv»barter
f'reund», Ciirobacier koscri, F»terobarier ciourae, Eaiero-
bucier ueroge»es. Esrlicricl»u cuh, Klebsiellu p»eimiov»ue,
Kiebsiellu oiyiocu. Morguvreilu movguutt, Proteus imrabilis,
Sab»o»ellii species, Serruiia i»uvvesveas, Pseudomomis
iievugi »osii, and dri»eiobaciev buuiaa»aii, ns wc)i as Diirie-
voulesfvugilis, Biivkhuldeviu i cpu»i», Cu»ip) luhumevjrj uai,
Seissevia gouuvvhueue, and Sieuuiviipl»imiinus»iuliopliiliu
The Ciram-positive bacteria may be. for example. E»iero-
corras fueculis. Eriierocorcus f'aecium, Stuphvlococmis
aureus or Streptococcus paeamomue.
[0021] In another aspect, the invention provides a method
of inhibiting bacterial rowth or modulating the virulence of
a bactcnal infi:enon. whcrcut the nu:thod comprises admin-
islcring lo a patient in nccd of such inhibition a compound
of Furmula (A) or Fomtula (I) and a beta-Inc)am antibiotic.
Suitable beta-lactant antibiotics for use in these methods are
described herein
[IN)22] Pharmaceutical con)positions according to the
present inventinn are provided which include any of the
cmnpounds described herein and a pharmaceutically accept-
able currier. In some embodiments the composition includes
an additionai therapeutic agent such as a beta-lactam anti-
biotic.
[00Z3] Other aspects of the invention are discussed herein.

BRIEF DESCRIPTION OF THE FIGURES

[00Z4] FICI. 1. SEM of Crystalline Compound of Formula
(sv1I)

[0025] FICi. 2. XRPD of Crystalline Compound of For-
mula (Vii)
[0026] FICI. 3. Themtogravimetric Analysis and Ditferen-
tial Scaiudng Calorimetry Analysis of Crystalhne Com-
pound ol Fonmda (VII).

DETAILED DESCRIPTION

[0027] For purposes ol'tterpreun this speci)ice non, lhe
fit)lowing dciinitions apply unless spcciiicd otherwise or
clearly contradicted by context Whenever appropriate,
terms used in the singular will also include the plural and
vice versa.

Definitions

[0028] Tcmts used m thc spcxilication have llm Ibllowutg
titcailiitgs.

[0029] As used hcrcut, thc term "sub)cct" rel'crs lo an
anmlal In certain aspects, the animal is a ntamntal A subject
also refers to tier example. primates (e g . huntans), coivs,
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sheep. goats. horses, dogs, cats, rabbits. rats, mice, fish. birds
and the like In certaul mubodimenls. lhe subtlml ls a human.
[0030] As used herein, the term "inhibitiim" or "inhibit-
in

"
refers to the reduction or suppression of a yven

condition„symptom. or disorder, or disease. or a significant
decrease in the basehne activity of a biological activity or
process. or decrcasc in llm vmbility. number or growth rate
ol'a bactcnal populauou.
[0031] As used herein, the tern» "treating" or "treatment**

of any disease or disorder refers in one embodiment. to
ameliorating the disease or disorder (i.c., slowulg or arrest-
ing or reducing thc dcvclopmenl ol'lhc discase or al least oue
ol'hc clirucal symptoms lhercol'). In windier emboduueut
"treating," or "treatment" refers to alleviating or amelioratiag
at least one physical parameter including those v hich may
not be discernible by the patient. In yet another embodiment,
"treating'* or "treatment** refers to modulating the disease or
disorder, either physically. (e g.. stabilization of a discem-
ible symptom), physiologlcally. (c.g., stabilization of a

physical partunctcr), or both. In yet anodler emboduueut,
*'treating" or "treatment'* refers to preventing or delaying the
onset or development or pnlgression of the disease or
disorder.
[0032J As used herein, the term "a," "an." "the" and
similar terms used in the context of the present invention
(especially m the context of the claims) are to be construed
to cover both the singular and plural unless otherwise
indicalixl herein or clearly contradicted by the context.
[0033] All methods described herein can be performed in
any suitable order unless othenvise indicated herein or
othcrwlsc clearly contradicted by comcxt. The usc of any
and all examples, or cxmnplary language (e.g. "such as")
pmvided herein is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the
invention otherwise clainled.
[0034] i he tenn "antibacterial agent" refers to agents
synthesized or modified in the laboratory that have either
bactericitLsl or bacteriostatic activity. An "active** agent in
this context will inhibit the yowth of P. aeragtnasa and/or
other Ciram-negative bacteria. The tenn "inlfibiting the
growth" indicates that thc rate of increase m lhe numbers of
a population of a particular bacterium is rcsluced. Thus, the
term includes situations in which the bacterial population
increases but at a reduced rate, as lvell as situations where
the growth of the population is stopped, as well as situations
lvhere the numbers of the bacteria in the popuL)tion are
reduced or the population even eliminated.
[0035] The tenn "beta-lectern antibiotic" retbrs to an anti-
bacterial agent that contains a 4-membered Lsctam ring, also
referred to as a beta-lactam, that possesses antibactenal
acus ity. Classes of beta-lectern antlbioucs ulclutlc pmlicil-
lins, ciphalosponns, monobaclams, carbapcnmns, oxapml-
ems, cephems, carbacephems, oxacephems. penenls,
penams, sulbactams and cLsvams Particular beta-lactanl
antibiotics suitable for use in the methods and compositions
of the invention are described herein, and include aztreo-
nanl. piperacillin. ceftazidime, meropenem. and beta-lactam
5.

[0036] The tenn 'beta-lactamase" as used herein refers to
an enzymatic actlv«y posscsscd or cxlubiled bv a bactcrnun,
winch calalyzes thc degradation or umclivallon of a beta-
laclam mlubiouc Typically, it catalyzcs hydrolysis of the
beta-lactaln rillg of a monocyclic or bicyclic beta-lactanl
antibiotic, and is expressed in a (iram-negative or (iranl-

positive bacterium that can cmlse infection in manunalian
sublccts, cspccially lnmlans. Beta-lactamascs of interest
include Class A (ulcludulg extended spectrum beta-lactama-
ses and serine carbapenemases), as well as ('ass ('nd I)
beta-lactmnases
[0037] The term "beta-lactamase inhibitor*'r "BI I*'s
used hcrcin rcfi:rs to a compound that inlubits at least one
baclcrial beta-laclalnasc. This tuel«la «ulhlblm al lcasl olla
men»her of the cL»sacs of serine beta-lactamases, e.g a ('ass
A, ('r I) beta-lactamase 13y reducing beta-lactamase
activity. these compounds enhance the activity of a beta-
lactam antibiotic used in combination v ith the BLI: this
efi'ect is referred to herein as potentiation. since the BLI does
nol have slgnlticant mllibaclcnal acuvity of its own bul
boosts or potcnllatcs lhc mlubaclcnal activity of lhc antibi-
otic in bacteria that possess beta-lactaniase activity. Poten-
tiation results from the fact that the 131.1 allows the beta-
Lsctam antibiotic to persist longer in vivo v ithin the bacterial
periplasmic compartment or in the vicinity of the bacterial
pathogens. making the antibiotic more effective. or makin
il cfieclive al a lower douigc limn would be rcxluircd in lhe
absence ol'he BLI of Fonnula (A) Prcfcmbly, a BLI is
etfective at a 50% inhibitory concentmstion below about 1(10

gg/ml. (microgmsmsiml ), or below about 50 pg/mi,. or
below about 25 pg/mL.
[0038] Suitable beta-lac(am antibiotics lbr use in combi-
nation with lhc BLIs of lhe invention ulcludc, for example,
aztreonam, imipenem, ertapenenl. meropenem, doripenem,
biapenem, piperacillin. ceftriaxone, cefilpemszone, cetil-
taxime, ceftazidime. ceftolozane. cefepime. panipenem,
ticarcillin. ampicillin, amoxicillin„carbenicillin, azlocillin,
mezlocillin, ticarcillin. cefopemszone. beta-lactam 5 (shown
hcrcin), aud lhc like.
[0039] "Optionally substituted" means the youp referred
to can bc substituted al onc or morc positions by any one or
any combination of the radicals listed thcrcafter. Such sub-
stllullon ulvolves thc replacement of a hydrogen atom of lhe
unsubstituted o roup with another moiety: thus the number of
substituents that can be added to any unsubstituted group is
equal to the number of hydrogen atoms on the unsubstituted
group. If not otherwise specified. 'optionally substituted*
means that up lo tlucc non-hydrogen subsulumlt groups can
bc prcscnt.
[0040] "Haio" or 'halogen'*, as used herein, may be tluo-
rine, cldorine. bronnnc or lodulc.
[0041] "O',-C, alkyl", or "C,, alkyl*'s used herein,
denotes straight chain or bmsnched alkyl having 1-6 carbon
atoms If a ihllcrcnl number of carbon atoms is spec«iisk
such as C„or Cs, then thc delinition is to be ullcrpretod
accordingly. such as "('c('» alkyl'* will include methyl,
ethyl, propyl, isopropyl. butyl. isobutyl, sec-butyl and tert-
butyl
[IN)42J (

l
( s ill oxv ol (

l r alkoxy" as used herein,
denotes straight chain or branched alkoxy having 1-6 carbon
atoms. If a different number of carbon atoms ls specified,
such as C„or C», then the definition is to be interpreted
accordingly, e.g.. "C»-Cs alkoxy" will represent methoxy,
clhoxy, propoxy. isopropoxy, buloxy. isobuloxy, scc-buioxy
and tert-butoxy.
[0043] "C,-C -Haloalkyl*'r **C, haloalkyl" as uscxl
herein, denotes straight chain or branched alkyl havul 1-4
carbon atoms. whereul at least oue hydrogen has bern»

replaced by a halogen. If a ditl'creat number of carbon ate ins
is specified, such as ('» or ('», then the detinitiim is to be
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interpreted accordingly, thus "C,-( BOHaloalkyl** w ill repre-
scni methyl, ethyl, propyl, wopropyl, butyl, Isobutyl, sec-
butyl and tert-butyl &hat lrdvc a& least onc hydrogen substi-
tuted ivith halogen. such as where the halogen is tluorine
('I',(''s . (Cl',)I('ll, ('I i&~'I's, (11&('Iii . CI's,
('F.H . CF,CF,CHCFB or CF,CF,CF,CFB
[0044] "C,-Cs-cycloalkyl" or "C& „cycloalkyl" as used
herein refers to a saturated monocyclic hydrocarbon ru&g of
3 to 8 carbon atoms. Examples oi'uch groups mclude
cyclopmpyl. cyclobutyl, cyclopentyl and cyclohexyl. If a
di tferent munber ofcarbon atoms is specified, such as CI-CB,
then the definition is to be interpreted accordingly.

[0045] "4- io 8-Membcrcd hctcrocyclyl". "S- to 6-mem-
bered hcterocyclyl", "3- to 10-mcmbcrcd heterocyclyl". *'3-

to 14-membered heterocyclyl", "4- to 11-membered hetero-
cyclyl" and "5- to 14-men&bared heterocyclyl". refer, respec-
tively. to 4- to g-membered, 5- to 6-membered. 3- to
10-membered. 3- to 14-membered. 4- to 14-membered and
5- to 14-membered heterocyclic rings containin I to 7, I to
5 or I to 4 lu:tcroatoms sclectcd fmm thc group consisting
ofnitrogen, oxygen m&d sulphur, which may bc nitura&ed. or
partially saturated. "I Ietemcyclic" &nay be used interchange-
ably ivith "heterocyclyl*'I'he hetemcyclic gmup can be
attached at a heteroatom or a carbon atom. The term "het-
erocyciyl" includes single ring groups, hised rin groups
and bridged

groups.

Examples of such heterocyclyl include,
bu& arc not luni&cd to pyrrolidu&c, pipcrxline, pipcrazu&e,
oxazolidine, pyrroli&hnonc, morpholu&c, &ctrahydroi'uran,
tetrahydmthinphene, tetrahydrothiopyran, tetrahvdropyran,
1,4-dioxane. 1.4-oxathiane. 8-aza-bicycloP 2.1Joctane, 3.8-
diazabicyclo[3.2 1]octane, 3-0xa-g-aza-bicyclo[3.2.1]oc-
tane, 8-0xn-3-1za-bicyclo[3.2 1]octane. 2-Oxa-5-aza-i&cy-
clo[2.2.1]heptane. 2.5-Diaza-bicyclo[2.2.1]heptane,
dzctidu&e, cthylcnedioxo. Oxc&anc and tludzohdu&e. Prcfcr-
dbly. d heterocyclic or hc&crocyclyl group is a saturated or
partially saturated n&onocyclic group unless othenvise speci-
fied. m&d contains 5-7 ring atoms with up to tw n heteroatoms
selected from N, 0 and S ac rin members. In some
embodiments, a hetemcyclic group further includes bicyclic
rin systen&s containing I or 2 heteroatoms such as N. 0 or
S ds nng members and composing two fuscxi 3-, 4-. 5-, or
6-mcmberixl nngs, such as 3-azabicyclo[3.1.0]hexane,
g-aza-bicycloP.2 IJoctane. 3,8-diazabicycloP 2.1Joctane,
3-Oxa-8-aza-bicycloP 2 I Joctane, 8-0xa-3-aza-bicyc)OP.
2 1]octane, 2-0xa-5-aza-bicyclo[2.2 IJheptane. 2.5-Diam-
bicyclo[2.2.1]heptane
[0046] "Hetcrouryl" is a completely unsaturaicd (aro-
matic) ring. The &enn '*hc&croaryl" relcrs to a 5-14 mem-
bered monocyclic- or bicyclic- or tricyclic-aromatic riag
system. having I to 8 hetematoms selected from N. 0 and
S. Typically. the heteroaryl is a 5-10 membered ring system
(e, 5-6 membered monocycle or an 8-10 membered
bicycle) or a 5-6 membcrcd ru&g system. Unless ofi&erwisc
spccilicd. a lu:tcrouryl is prcfcrably an isolated 5-6 mmn-
bcrcd ru&g containu&g up &o 4 hctcroa&oms selected from N,
0 and S as ring members Typical heteroaryl groups include
furm&. isnthiazole, thiadiazole. Oxadiazole, indazole, indole,
quinofine„2- or 3-thienyh 2- or 3-furyl; 2- or 3-pyrrolyh I-,
2-. 4-. or 5-inudnzolyl; I, 3-, 4-, or 5-pyrazolyl; 2n 4O or
5-&hi&Idol)'I, 3-, 4-. Ur 5-Isothldzolvl. 2-, 4n or S-UXBzoivl. 3-,
4-, or S-isoxazolyl, 3- or 5-(1,2,4-triazolyl), 4- or 5-(1,2.3-
tndzolyl). &c&razolyl. &rnizine, pynnudine, 2-. 3-, or
4-pyridyl, 3- or 4-pyridazinyl. 3-. 1-, or S-pyrazinyl,
2-pyrazinyl. and 2-, 4-, or 5-pyrimidinyl

[0047] The term 'hydroxy" or "hydroxyl" refers to the
group ~H, or when used ds part oi' group name such as
hydroxyalkyl, it refers &o ihe Immcd group substitu&cx) with
m& W)I I.

[0048] A "zivitterion" is n molecule that has both posi-
tively-charged and ne atively-charged groups but has no
overall el&urge I.c. thc + and — clrdrgcs are balanced within
thC &1&i&ICCUIC. To Colt& Cit dl& BI&ion&C 1&&OICCUIC ll«o B I&CU&ldl

nxilecule then aninns ivould t)qfically be replaced by neutral
gmups, but to conven an aninnic molecule into a zwitterion
then a neutral group is replaced by n cationic roup.
[0049] Compounds oi'I'onnula (A) exist in frcc foun, as a
salt or as zwi&terion. In tins speci(ication, unless othcrwisc
indicated, language such as "compounds of formula (A)*'s
to be understood as embracing Ihe compounds in any fiirm,
for example free base or acid addition or exchange salt form.
Salts which may be unsuitable fiir pharmaceutical uses but
which can be employed, for example„ for the isolation or
puniication oi'bec compounds of I'onnula (A), such as
piers&ca or perchlora&es, arealso includcxI. For thcrapcu&ic
use, only pharmaceutically acceptable salts, zwinerions or
free compounds are en&ployed (where applicable in the form
ofpham&aceutical prepamtions). and are therefore preferred.
Salts are preferably physiolo ically acceptable salts,
formed, as applicable, by the addition of an acid or base or
by ion cxchangc.
[0050] Compounds of forn&UIB (A) may exist in the form
of various zwi&tcrions. For cxiunplc, thc compounds of
formula (A) may show pro&ona&cxl amino-groups Bnd dcpro-
tona&ed sulfate-gmups. In Ibis spccilicduon, &he drawu&g of
the compound in the free fnnn includes other possible
zwittenons as well. 'I'he zivitterions of the compounds of
fornuila (A) are also embraced by the invention.
[IR)51J 11&a compounds of forn&ula (A) n&ay exist in opti-
cally active form or in tbrm of mixtures of optical isomers,
e . in form of racemic mixtures or diastereomeric mixtures.
In particular. asymmetrical carbon atom(s) may be present in
thc compounds oi'ormula (A) and their salts. All optical
isomers and &heir nux&urcs. including the rnccnuc mixtures.
are embraced by the invention Various en&bodiments of the
invention are described herein. It will be recognized that
features specified in each embodiment may be combined
v ith other specified features to pmvide further embodi-
ments The follo&ving numbered embodiments are represen-
tative Of Bad&&lot&BI aspects OI thC I&&Vol&&&OIL

[0052] In one embodin&ent. the invention pmvidec com-
pounds of Formula (A):

[l)053J wherein p is I or 2;

[0054] R'nd R are indc7&cndcn&ly sclectcd I'rom H and
(d-Cd alkyl nptionally substituted with up to three gmups
selected from halo, ('N. ~)ik oxn, and NliRk
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[0055] Z is NR'r N OR';

[0056J Rs is independently selected at each occurrence
from H, Cy. and CI-Ch all yl optionally substituted with up
to tluee ~coups selected from Cy. halo, CN. OR, and

NRRH

[0057] ('y is a ('I-('s cycloalkyl ring or 4-6 membered
heterocyclic ring contairung one or two heteroatoms selected
front N. 0 and S as nng members. and Cy is optionally
subsututed with up to Qu(m groups sclec(ed lyom oxo, halo,
C,-Cs alkyl. CN, OR. aud NRRR and

[00501 R and R're independently selected from H and
(',-Ch alkyl optionally substituted with one or nvo groups
sclcctcd from halo, OH, CN, 0 (CI-C4 alkyl), oxo,

NH„NH(C,-Cs alkyl), mid N(C,-Cs alkyl)s. or R
and R'aken logcther wi(h thc iu(rogen atom lo v,hich both
are attached can form a ring selected from piperidme,
morpholine. pyrrolidine, and azetidine, wherein the nng is
optionally substituted with one or thvo groups selected from
halo, C,-Cs alkyl. OH, CN, 0 (CI-Ch alkyl). oxo,

NH NH(CI Cs all ) I) mid N(Ch-Ch alkyl)„. or a salt
or zw i(terionic form (hereof.

[0059] Particular embodiments of these compounds
include compounds the following formulas:

[0062] An embodiment ofspecial interest is compound of
Foltinilil (I):

[l)U63J whereiiu

[l)U64J R'nd R're independently selected from I I and
('I-(h alkyl optionally substituted with up to three gmups
selected from halo, CN. OR. oxo. and NRRR

[l)U65J Z is NRI or N~)RI:
[t)U66J Rs is independently selected at each occurrence
from H, Cy. and C,-(.h alkyl optionally substituted with up
to three groups selected from Cy„halo. CN, OR, and

NRRR

RO

(CIII) I

N

(A-Il

(.I 2. I

[0067] Cy is a C.,-('„cycloalkyl ring. or 4-6 membered
hc(crocyclic nng con(auung one or ((ho hetcroatoms selcc(ed
from N. 0 and S as rmg members, and Cy is optionally
substitunxl with up to (luce groups select(xl from oxo, halo,
(',-('lkyl, CN, ~)R. and NRRh and

[IN)60J R mid R're independently selected from I I and
('I-(h alkyl optionally substituted with one or nvo gmups
selected fmm halo, ~)il. ('N. ~) (('I-(8 alkyl), oxo,

NH . NH(C,-('llyi), and N(C,-C salkyl)s. or R
and R'aken to ether with the nitrogen atom to which both
arc auachcd can fomi a ruig sclectcd from pipcnduie.
morpholinc, pyrroli(hne, and azctiduic. whcrcin the ring is
optionally substituted with one or two groups selected from
halo, (',-Cs alkyl, OI I, W'N. W) (('I-('s alkyl), oxo,

Nlls, NII(( I ( s 'III'll), '(lid N(('I ( s alkyl),:

[l)U69J Y is a cationic roup:

[l)U70J n is 0 or I: and

[l)U71J when n is 0 the compound of llormula I is in a
zwlttel'loinc foi'nl

NRR'('H

I .;

(A-zal [l)U72J 1(ach of the compounds of the I lxanlples herein is
a specific embodiment of the invention

[0073] The compound of any of the preceding embodi-
ments. wherein Z is NR',

[0074] and R's H or C,-Ch alkyl optionally subsntu(cxI
with OR or NRR'. or a salt or zwiucnomc Ihnu thcrcol;

[l)U75J I he conlpound of embodiment 4, wherein Rs is
(',-('s alkyl optionally substituted with ~)R or NRRH or
a salt or zwitterionic fornl thereof

[0076] The compound of embodiment 4, wherein R's H,
or a salt or zhh it(enoruc lonn thereof.

[0060] or

[0061J or a salt or zwitterionic form thereof.

[0077] The compound of any onc of cmboduuen(s 1-6,
wherein R'nd R are both I I. or a salt or zw(ttenonic form
thereof.



US 20]8/0086762 A[ Mar. 29, 2018

[0078] The compound of embodiment I, tvhich has tlus
structure:

colttlltllcd

X

TOIIil

8

THT

e 0OSOs

TY'0079]

wherein X is Olr or NIIR'I
[tlt)80] Y is a cationic group:
[0081] n is 0 or I, and
[0082] when n is 0 thc compmuid of Formula II is in a
Zwit-terri&itic ftillll.
[00831 The compound of embodiment l. which is selected
fmm.

oso, iYet„,

H

H

osoe TYo)

H

0

0'SOT TY

0

H

oso; Ivet„.

[0084] as a salt or zwittcrionic lbrm tlmrcof.

[0085] The compound of any of the preceding embodi-
ments, whcrcin n is I mtd Y is sclimted from sodium,
potassium. ammonium, calcium, magtesium. Tron. Silver,
zinc, and copper.

[0086] The compound of any of the preceding embodi-
ments. whcrcin Y is soilium.

0' OSOT IY

[0087] The compound of any of the preceding embodi-
ments. wluch is a pharmaccutically acceptable salt or zwit-
terion.
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R'R'VII
[0088] An embodiment of special interest is a compound
of FormuLa (Vl):

[0101] The compound of embodiment 15. hirther chamlc-
tcnzed by onc or morc additional XRPD peaks at dillkaction
angles [2Thcta) of 25.1 or 315 dcgrces.
[0102] The compound of embodiment I(i. hirther chamlc-
terized by one or more additional XRPD peal s at dissection
an les [2Theta) of 27.4 or 28.7 depees.
[0103J I he compound of embodiment 17. further charac-
terized by additional XRPI) peaks at diffraction angles
[2Theta) of 19.5 de ress or 21 7 de ress.
[0104] A process Io male a compound of Formula fi),

[0089] wherein:
[0090] R'nd R're independently selected fkom H and
( r-('s alkyl optionally substituted ivith up to three groups
selected from halo, ('N. OR, oxo, and NRRR
[0091] Z is NR'r N~R',
[0092] R's uidependentiy sciimtcd at each occurrence
from H, Cy. and Cr-Cs all yl optionally substituted with up
to three ~foups selected from Cy. halo, ('N, OR, and

NRRR
[0093] ('y is a ('s-('s cycloalkyl ring or 4-6 membered
heterocyclic ruig contmmug onc or Iwo he)crea)orna selcctcd
from N. 0 and S as nng members. and Cy is opuonally
substituted with up to tliree groups selected from oxo, halo,
(',-Cs alkyL CN„OR. and NRRR and
[0094] 8 and 8're independently selected from I I and
('r-(:s alkyl optionally substituted ivith one or two groups
sclcctcd Iroili lisle Ci C Ilkvl ~H CN 0 [Ci-
Cs alkyl).oxo, NHi, NH[C,-Csalkyl),and N(C,-Cs
alkyl)„or R and R'aken together with the nitrogen atom to
wluch both are auachcd cmi form a nng selected from
pipcndinc. morpho)inc, pyrroliduic, and azctiduic. whcrcin
the ring is optionally substituted ivith one or two groups
selected front halo, (',-('i alkyl. W)II, ('N, W) (C,-
Cs ilk)I) oxo NHi NH(Ci ( 2 ill yl). and N[Ci CL
alkyl),:
[0095] A is H or CHz-Ph, where Ph represents phenyl
optionally substituted) with onc or Iwo groups selected from
halo. C, -C alkyl, C, -C alkoxy:
[0096J or a salt or zwitterion thereof
[0097J An embodiment of special interest is a conipound
of the formula fiyll)

)IN

[0105] according Io embodunent 3, as a sall or zwitteri-
oiuc Ibmi thereof;
[0106] ivherein the process composes contactin a com-
pound of Formula (I))

+Re
IRI)

[0107] whcrcin Z, R'nil R'nd R'rc as delincd in
embodinient 3,
[0108] ivith a sulfonyLlting agent in the presence of a base.
[0109] Thc process of embodunmit 19, whereui Z is NR'.
and 8 is I I or (',-('lkyl optionally substituted with ~)R
or NRRL
[0110] or a phannaccutically acceptable sall thcrcof.
[0111] Thc process of mubodiment 19 or 20. wherein thc
compound of Formula fi) is of the formula

0 osoixs, 8

[0098] 1he compound of embodiment )2 in crystalline
foilli.
[0099] The compound of embodiment 13, which exlubits
an cndothenn ou dillerential scanning calorimetry between
283'. and 350'
[0100] The compound ol'mbodiment 13, chacactenzcd
by XRPI) peaks at dtffmction angles [2'I'beta) of 83 and
16 (i degrees. [0112] or a salt or invitterionic fiinn thereof
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[0113] The process of any one of embodiments 19 to 21,
whcrcut R" is H.
[0114] Thc compounds ol'onmila (Hl) are useful for
synthesizin compounds of Iiornnila (I) as described in
I imbodiment 3 and other embodiments afxive
[0115] SpeciTic compounds of Formula (A) and Formula
(I) Include.

0

3

Q
[t)116J or a salt or zwitterion thereof.
[0117] In a further aspect. the invention provides:
[0118] A pharmaceutical combination compnsing (a) a
first therapeutic agent which is a compound of the invention,
e g. a compound of forniula (A) or any subfiirmula thereof

described herein. and (b) a second themspeuttc a ent as
described above. Thc second therapeutic agmlt is tvpically a
bc)a-lectern antibiotic.
[0119] A method as detined above comprising co-admin-
istration, e.g. concomitantly or in sequence, of a therapeu-
tically effective amount of a compound of the invention, e.g.
a compound ol formula (A) or mly subfonuulac tlmrcof Ihat
is dcscribcxl hcrcin, and a second tlmrapcuttc agcni Bs

described above
[01Z0] The terms "co-administration" or "combined
ddnllluS)ra)1011 Or (IIC like IIS lilihLCd hercltl BIC BICBIII to
encompass admitustration ol'hc sclccted thcrapeuuc agnus
to a single patient mid arc ultcndcd to ulcludc treatment
reginiens in which the agents are not necessarily adminis-
tered by the same mute ofadministration or at the same tiine
Fixed combinations are also within the scope of the present
invention. The administration of a pharmaceutical combi-
nation of the invention results m a beneficial effect, e.. a
svtlctglstlc thcrapcutlc cllcct, conlpdrcd to a 010110)hcldpv

applying only onc of its pharmaceuticdlly active ingredients.
[0121] Each component of a combination according to this
invention may be administered sepamstely. to ether. or in any
combination thcrco f.

[0122J Tile compound of the inventi(m and any additiiulal
agent may be tiirmulated in separate dosage fonna. Alter-
natively. to decrease the munber of dosage fomis adminis-
tered to a patient. the conlpound of the invention and any
additional agent may bc fomiulatcd togcthcr in miy combi-
nation. For example. )hc compound ol Ihc invention uihibi-
tor may be fornudatcd ui onc dosage form and thc additional
agent may be formulated together in another dosage form
Any separate dosage tiirms may be adnlinistered at the saine
time or different times.
[0123J Alternatively. a composition of this im ention com-
prises an additional agent as described herein Iiach com-
ponent may be present in individual compositions. combi-
nation compositions, or in a single composition.
[01Z4] The compounds of the invention may be synthe-
sized by the general synthetic routes below, specilic
examples of wiuch are described in more detail in the
Exdnlplcs.
[0125] Compounds of the present invention and interme-
diates can also be converted into each other according to
methods generally known to those slolled in thc Brt.

[01Z6] Witiun the scope of this text. only a readily remov-
dblc grollp that Is Ilot d collstltucnt ol thc partlcldal desires!
end product of thc compounds of the prcscut invention is
dcstguiltcxl a "protectmg group". unless Ihc context uidicatcs
otherwise. lite protection Of functional gmups by such
pmtecting groups, the protecting groups themselves, and
their cleavage reactions are described for example in stan-
dard reference ivorks. such as J. F. W McOmie. "Protective
Groups ui Organic Chenustry". Plenum Press, London and
New York 1973, m T. W. Greene and P. Ci M. Wuts.
"Protective Groups in Orgmlic Synthesis", Tlurd ixittton.
Wiley, Neiv York )999, in "'I he Peptides"; Viilume 3 (edi-
tors li. (Iross and.l Meienhofer). Acadeniic Press. I,ondon
and Neiv York l 901, in "Methoden der organischen Che-
mic*'Methods of Organic Chemistry). Houben Weyk 4th
ediuou. Volume 15/I, Gcorg llliemc Vi:rlag. Stuttgart 1974,
iu H.-D Iakubkc Bixl H. Jcschkctt, '* Atntnosaurcn. Pepudc,
Protcine" (Anuno Seals, Pep(ides, Proteins), Verlag Chemm,
Weinhemi. Deerfield i)each. and I)asel I'JS2, and in .Iochen
I ehniann. "(.'hemic der Kohienhydrate Monosaccharide
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und Derivate" (Chemistry nf Carbohydrates: Monosaccha-
r&dcs and Denvat&ves), Cieorg Tlucme &/criag, Stut&gart
1974. A charac&enatic ol'rotcctin«roups is that they can
be removed readily (i.e without the occurrence of undes&red
secondary reactions) for exan&pie by solvnlysis, reduction,
photolysis or alternatively under physiological conditions
(e.. by enzymatic cleavage).
[0127] Salts ofcompounds of the present invention having
at least one salt-forming group may be prepared in n manner
known to those skilled in the art. For example. salts of
compounds ol'Ihc present &nvenuon having acxl groups may
be for&ncd. for cxmnplc, by trcaung Ihe compounds, Ur a salt
ol Ihc compounds 1&kc thc tctrabu&ylanunonium salt. with
nietal con&pounds. such as alkali metal salts of suitable
organic carlx&xylic acids, e g the sodium salt of 2-ethyl-
hexanoic acid in appropriate suitable solvent. such as an
iso butanol/water mixture, v hich may facilitate the undes&red
ion pair (e.g the tetmbutyl ammonium 2-ethylhexnnonte if
Ihe u:trabu&yl Bnunon&um sall is used) Io prix&pi&ate Pref-
erably. d salt of a compound ol'he u&vention. such as thc
ammoniuni salt, may be sub)ected to an ion exchange resin
in its alkali metal or alkaline earth &netal form to prnnx&te a
counterion exchan e. Acid addition or exchange salts of
compounds of the present invention are obtained in custom-
ary manner. e.g. by treating the compounds with an acid or
a su&table anion exchange reagent. Zwitterions or inten&al
salts of compounds ol thc prcscnt &nvention con&aming ac&d

and basic salt-forming groups. e g. a free sulfate group and
a free amino mup, may be formed, e g. by the neutrafiza-
tion of salts. such as acid addition salts. to the isoelectric
point. e.g. with weak bases. or by treatment with ion
cxchangcrs.
[0128] Salts can be converted into the free compounds in
accordance i& ith methods known to those sl illed in the art.
Hydrochlondc salts can be convcried, for example, by
trcaunm&t w&th a suitable basic a cnt. Mixtures ol'somers
obtanuible accord&ng to the u&vcntion can generally be
separated in a manner known to those skilled in the art into
the individual isomers; diastereoiso&ners can be separated,
for example, by partitioning between polyphnsic solvent
mixtures. recrystallization and/or chromato~phic sepam-
uon, for example over s&hcd gcl or by c.g. medium prcssure
1&qu&d cluomatography over a rcvcrsed phase column, and
racenuues can bc separated. for example, by Ihc fi&rmat&on of
salts with optically pure salt-forming reagents and separa-
tion ot the &1&ixture of diastereoisomers sn obtainable, for
example by means of fractional crystallization, or by chro-
matography over optically active column materials.
[0129] Intermediates and final pmducts can be worked up
and/or punfied according to standard methods. e.g, using
cluomatogmph&c methods. distribution methods. (re-) crys-
tallization, and thc like.

[0130] The follow u&g appl&cs in gcncral Io all processes
mentioned herein bcforc and hcrcinaftcr.
[0131] All process stops for maku&g compounds of thc
invention can be carried out under reaction conditinns that
are knoivn tn those skilled in the art, including those
mentioned specifically. in the absence or, customarily, in the
presence of solvents or diluents, including. for exiunPI,
solvents or d&lucnts tlrdt arc u&ert towards Ihc reagents used
and d&ssolve them, u& thc absence or prcscncc of catalysts,
condcnsdt&on or UCU&rahzu&g &I cnub IUI cxan&pic &on

exchm&gers, such as cation exchangers, e g. in the I I+ fnrnt,
depending on the nature of the reaction anckor of the

reactants at reduced, normal or elevated temperature, for
example in a Icmpcrdture range of from about —100'. Io
about 190'.. &Ucludmg. Ibr example, from approximately
— NO" C to approximately 150" (, for example at fmm — 80
to —60'', at roon& temperature, at from —20 to 40" ('r at
refhix temperature, under atn&ospheric pressure or in a
closed vessel, &vhere appropriate under pressure, and/or in an
inert atmosphere, for example under an ar on or nitrogen
atmo sp herc.
[0132] At ail stages of the reactions. mixtures of isomers
that arc li&rmed cdn bc separated into the &nd&v&dual &somers,
for ex&In&pic d&astctco&sonu:&s UI cnBUI&o&lu:Is, 0»nto dnv
dcs&rixl nuxlurcs of isomers, for cxamplc raccmales or
nuxtures of diastereoisomers
[0133] Thc solvents Ibom which those solvents tl&ai arc
suitable lor any partmular reaction may bc schxted include
those n&entioned specifically or. for exan&pie, water, eaters,
such as in&ver alkyl-loiver alkannates, for exan&pie ethyl
acetate. ethers, such as aliphatic ethers„ for example diethyl
ether. or cyclic ethers, for example tetrahydrofumn or diox-
anc, hqu&d aromauc hydrocarbons, such as bcnzcnc or
tolucnc. alcohol~, suCh ds methanol, ethanol or I- or 2-pro-
panol, nitnles, such ds acctonitrilc. halogenatcd hydrocar-
bons, such as methylene chloride or chloroform, acid
amides, such as diniethylfonitamide or dimethyl acetamide,
bases, such as heterocyclic nitrogen bases, for example
pyndine or N-methylpyrrolidin-2-one. carboxylic acid
anhydndcs, such us lower alkano&c Bc&d anhydrnlcs, Ibr
cxiunplc acct&c anhydnde, cyclic, 1&near or branched hydro-
carbons, such as cyclohcxanc, lu:xanc or &sopenttmc, mcth-
ylcyclohexane. or mixn&res of those solvents. fi&r example
aqueous solutinns, unless otherv ise md&cated in the descrip-
tion of the processes. Such solvent mixtures may also be
used in v,orking up. for example by chromatngraphy or
part&tioning.

[0134] The compounds of the present Invention. including
their suits. may also be obtained in the form of hydmtes, or
thc&r crystals may, Ibr cxtunple, u&cludc the solvent used Ibr
crys&alhzat&on. Dificrcnt crys&allinc lonns may bc present.
[0135] All starlu&g ma&crisis, bu&ldu&g blocks, reagents.
acids, bases, dehydrating agents, solvents and catalysts
ut&ized to synthesize the compounds of the present inven-
tion are either commercially available or can be produced by
organic synthesis methods knot& n to one of ordinary skill in
the a&t.

[0136] The term "opiicdl isomer" or "a stcreoisomcr"
re(bra lo any Uf Ihc vdnous stereo&somenc configurations
wh&ch n&ay'x&st lot d g&vcn con&pound of thc p&cscnl
invention and includes eonietric isomers It is understood
that a substituent may be attached at a chiral center of a
carbon atom. The tenn "chiral" refers to molecules wlfich
have the property of non-superimposability on their mirror
image partner, wh&lc thc term "aclural" refi:rs to moleculcs
wh&ch arc supcnmposnblc on the&r mirror unagc paru&cr.
Thcrcforc, thc &nvcnuon u&eludes cnant&omers, diastcrcom-
ers Ur racemates of the con&pound "I inant&omers" are a pair
of stereoisomers that are non-superintposable n&irmr images
of each other. A I; I n&ixture of a pa&r of enantiomers is a
"racemic" mixture. The tenn is used to designate a mce&uic
nuxturc where appropnatc. "D&asterco&somcrs" Brc stcrcoi-
somcrs that have at least iwo asynm&ctnc n&orna, but wluch
are not nurror-images of each other. 11&e nbsolutc stereo-
chen&istry is specified according to the ('ahn-Ingold-Prelog
I(-S system. When a compound &s a pure enantiomer the
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stereochemistry at each chiral carbon may be specified by
either R or S. Rcsolvtxl compounds whose absolute con-
ligurauon is unknown can bc dcsigndttx! (+) or (— ) dcpmld-
ing on the direction (dextni- or levorotatory) which they
rotate plane polarized hght at the wavelength of the sodiunl
D line. Certain compounds described herein contain one or
more asynmletric centers or axes and may thus give nse to
enantiomers, diastereomers, and other stereoisomeric forms
Iha1 may bc dclined. In Ianna of absolute stereochcnus try. as
(R)- or (S)-.

[0137] Dependulg on the choice of Ihc startin matcnals
and pmcedures. the conlpounds can be present in the forni
of one of the possible isomers or as mixtures thereof. for
example as pure optical isoiliers, or as isomer mixture~, such
as racemates and diastereoisomer mixtures. depending on
the nunlber of asymmetric carbon atoms. The presem inven-
tion is mcult Io include all such possible stercoisomcrs,
includmg raccmic mixtures, diasteriomeric mixtures and
optically pure fonna Optically active (R)- and (S)-isomers
nlay be prepared using chiral synthons or chiral reagmits. or
resolved using conventional techniques if the conipound
contains a double bond. the substituent mny be E or Z
configumtion If the compoluld contains a disubstmited
cycloalkyl, thc cycloalkyl substituent may have a cis- or
Irans-conligurauon. All Iautomcnc forms arc also mtended
to be included

[0138] Any resulting mixtures of isoiners can be separated
on the basis of the physicochemical ditferences of the
constituents. into the pure or substantially pure geometnc or
optical isomers„dlastereomers. racemates. for example. by
clm&matography and/or fractional crystallization.

[0139] Any resulting mcemates of final products or inter-
mcdidtcs can bc resolved ulto thc optical antipodes by
known mctlxids, c.g., by separauon of Ihc diastcroomeric
sdlm Ihcrcof, obLiincd with an optically acllve acnl Or base,
and libemting the optically active acidic or basic compound.
in pedicular, a basic moiety may thus be employed to
resolve the compounds of the present invention into their
optical antipodes. e.g., by fractional crystallization of a salt
formtxl with an optically active acid, c.g.. Iartanc acid,
dibmizoyl tartaric acid, dlacetyl tariaric acid, dl-O,O'-p-
Ioluoyl tartaric acid, mandchc acul. mallc Belli or camphor-
IO-sulfonic acid Racemic pmducts can also be resolved by
chiral chromatography. e g, high pressure liquid chmma-
to raphy (HPLC) usin a chiral adsorbent.

[0140] Furthennorc, thc compounds of thc prcscnt mven-
uon, ulcludulg thCII SB119, Call BISO bC t1bldnltxl ill IhC ft1llu
of their hydrates, or ulcludc other solvents used lbr their
crystallization The conipounds of the present invention may
inherently or by design form solvates with pharmaceutically
acceptable solvents (including water); therefore. It ls
intended that the invention embrace both solvated and
UU90lt tilt:il fi1rlilw 111C tCnn SOIVBII: It:ICIS 10 SI IUOICCular

complex of a compound ol'hc present mvcntion (including
sdlt ol zwlncrlonlc locals Iht:rcol) with ont: t1I Inolt: st11vt:nt

nlolecules Such solvent Inolecules are Ilxise comnlonly
used in the pharmaceutical art, which are known to be
innocuous to the recipient, e.g., water, ethanol. Bnd the lil e.
The teml "hydmte*'efers to the complex where the solvent
Inolccult: Is watt:r.

[0141] The compounds ol'thc present ulvcntion, including
salts, hydrates and solvates thereof, may inherently or by
desi n form polymorphs

[0142] As used herein, the terms "salt** or "salts'* refers to
an acxl addition or base atldition salt of a compound of Ihe
prcscnt invmltion. "Salis" include ul parumilar "phannaceu-
tically acceptable salts" I he ternl "pharmaceutically accept-
able salts" refers to salts that retam the biological effective-
ness and properties of the compounds of tlfis invention and,
which typically are not biologcaily or otherwise undesir-
able In many case~, the conlpounds of the present invention
arc capable Of fomling acid mid/or base salts by vutue ol'hc
prCSCUCC Of dllllllo anil/t1I 9UIRIIC glOUp9 Or gIOUpS sllilllal
thereto
[0143] Pharmaccutically Imceptuble acid addition or
exchange Baits can bc fomlcd with inorganic seals and
organic acids, e.g, acetate, aspartate. benzoate, besylate,
bmmide/hydrobromide, bicarbonate/carbonate, bisulfate/
sulfate. camphorsulfonate, chloride/hydrochlonde, chlorth-
eophyllonate. citrate, ethandisulfonate„ fumamte, gluceptate,
gluconate. Iucuronate, hippurate, hydroiodide/iodide, ise-
thionatc, lactate, lackibioimtc. Iaurylsulfatc. malatc, maleale.
nulloildle. IUBIltlt:la(tv IUCSVlattx IUCIIIV19UlphaIC, llaphthoaltx
napsylate, nicotinate, nitrate, octadecanoate, oleate. oxalate,
palniitate, pamoate, phosphateihydrogen phosphate/dihy-
drogen phosphate, polygaiacturonate. propionate. stearnte,
succinate. sulfosalicykste, tartrate, tosylate and tnfluoroac-
etate salts.
[0144] Inor anic acids or Anionic Ciroups*'hat can be
introduced or from which salts can be denved include, for
cxiunplc, hydrochlonc acitl, hydrobromlc acnl. sulfuric acid.
nitric acxl, phosphonc acid. and thc like.
[0145] Organic acids or "Anionic Ciroups** that can be
introduccxl or from winch salts cml bc dcnvcd include, for
I:xiunplc, acetic Beld. proploluc Bcltl, glyuollc Bcitl, oxdhc
acid, nlaleic acid, malonic acid, succinic acid. fumaric acid,
tartaric acid, citric acid. benzoic acid, nlandelic acid, meth-
anesulfonic acid, ethmiesulfonic acid, toluenesulfonic acid,
sulfosalicylic acid, and the like. Phannaceutically accept-
able base addition or exchan e salts can be formed with
inorganic and orgtmic bases.
[0146] Inorganic bases or "Cationic Ciroups" that can be
introduced or from winch salts can be derived include, for
I:xiunplc, BnuntullUIU stilts dlxl IncL'I is fronl coltinuls I 10 XII
Of Ihc periodic table. In ctrlmn embodiments, the salts are
derived from the cationic groups sodium, potassium. ammo-
nium, calciutn, nlagnesium. iron. silver. zinc. and copper;
particuLsrly suitable salts include anlmonium, potassium,
sodium. calcium and magnesium salts.
[01471 Organic bases or "('ationic (iroups" that can be
introduced or from winch salts can be derived include, for
example. primary. secondary. and tertiary amines, substi-
tuted amines includin naturally occurring substituted
anuncs, cychc mmncs, basic ion exchange resins, and Ihe
like Certain Orgtmic amincs include isopropyhmune, ben-
zatlfine, cholinate, diethanolamine. diethylamine, lysine,
meglumine, pipemzjne and tronlethamine
[0148] Thc salts of thc present invention can bc synthe-
sized from a basic or acidic moiety. by conventional cheini-
cal methods (ienerally, such salts can be prepared by
reacting free acid fomls of these compounds with a stoi-
cluometric amount of the appropriate base (such as Na. Ca,
Mg, or K hydroxide, carbonate. bicarbonate or the like). or
by rcactulg frcc base fomls of these compounds with d

stoicluomctric amount of Ihc dppropnute acid. Prcfcrably. a
salt of a compound of the invention. such as an mnmonium
salt, may be sub[ected to an ion exchange resin in its alkali
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metal or alkaline eat(i metal foun to promote a counterion
exchange. Acid addition or exchange salts ol compounds of
thc presmlt invention are obtained ul customary manner, c g.
by treating, the compounds with an acid or a suitable anion
exchmlge reagent gwitterions or internal salts of conl-
pounds of the present invention containiilg acid and basic
salt-fomling @oops. e.g. a free sulfate Ioroup and a free
anlino group. may be formed, e.g. by the neutralization of
salts. such as acid addiuon salts, Io ihc isoelcclric poult, c g.
with weal bases, or by Ircaunent wah lon cxClan ers. Such
reactions are typically carried out in water or in an organic
solvent, or in a mixture of the two (Ienerally, use of
non-aqueous media like ether. ethyl acetate. ethanol. isopro-
panol, or acetonitrile is desirable, where practicable. Addi-
tional suitable salts can be found. e.g.. in 9Remington*s
Pluirmaccutical Sciences", 20th cd., Mack Publislung Com-
Pany. Easton, Pao (1985), and ul "Handbook of Phannaccu-
tical Salts Properties. )election, and Use" by Stahl and
Viermuth (Vl'iley-VCI I, 9/einheim, (Iermany„2002)

[0149J Any fornlula given herein is also intended to rep-
resent unlabeled forms as well as isotopically labeled forms
of the compounds of the present invention. Isotopically
labeled compounds have structures depicted by the formulas
givml hereul except that onc or morc aloms are rcplaccsl by
dn atom bavin a sclectcd atomic mass or mass number.
I:xamples of isotopes that can be incorponsted into conl-
pounds of the invention include isotopes of hvdnlgen. car-
bon. Oltl'11 cil, oxy'gall. phosphoi'oils, fluol'hlc, ailcl chlonllc,
such as 'H„sH, "C. "C. ', "N. '"F, "P. "P. "S. "C:I,'I respectively. The invention includes various isotopically
Iiibeb:0 colnpollnds of thc prcsenl lllvcntn111. for cxiunplc
those into winch radloacnve isotopes, such as H and ', or
those into which non-radioactive isotopes, such as ail and

(I are presellt. Such isotopically labelled compounds are
useful in metabolic studies (with '), reaction kinetic
studies (ivith, for example SH or SH). detection or imaging
tecluliques. such as positmn emission tomography (PET) or
single-photon emission computed tomography (SPECI)
including drug or substrate tissue distribution essays, or In
radioactive treatment of patients. In particular. an 'l
labeled compound of the present invention may be particu-
larly desirable for Pl.'I'r )Pl i("I'tudies Isotopically-
labeled conlpounds of the present invention can generally be
prepared by conventional techniques known to those skilled
in the alt or by processes mlalogous to those described ul the
accompanyulg Examples and Prcpandtions usm an appro-
pnatc lsotopically-labeled rcagcnt m place of Ihc non-
labeled reagent previously enlployed

[0150J I'urther, substitutiim with heavier isotopes. particu-
larly deuterium (i e . SI I or D) may aflbrd certain therapeutic
advantages resulting fmm greater metabolic stability. for
example increased in vivo half-life or reduced dosage
rex)utremcnls or an unprovcment ul therapeutic index It is
understood that deulcnum ul Ibis conlext is rcgardcd as a
substitumlt of a compound ol Ihe present invmllion. Thc
concentration of such a heavier isotope, speciticallv deute-
rium. may be defined by the isotopic enrichment factor 'I he
term "isotopic enriclunent factor'* as used herein means the
ratio betiveen the isotopic abundance and the nanirnl abun-
dance of a specilicd isotope. If a subsntumll in a compound
ol'bis invmltion ls denoted deuterium. such compound has
an isotopic cnriclunent lector for each dewgnated deutcnum
atom of at least 3500 (52.5% deuterium incorporation at
each designated deuterium atom). at least 4000 (60% deu-

terium incorporation). at least 4500 (67. 5%o deuterium incor-
poration), at least 5000 (75% dcutcnum ulcorporation), at
least 5500 (82.5% deuterium Incorporauon), at least 6000
(90% deuteriiun incorporation). at least 6333.3 (95%o deu-
terium incorporation). at least 6466 7 (97% deuterium incor-
poration). at least (1600 (99%o deuterium incorporation), or at
least 6633.3 (99.5% deuteriunl incorpomstion)
[01511 Pharmaccutically acceptable solvates ul accor-
dance v ith the invention include those whemin the solvent
of crystallization may be isotopically substituted. e g. DSO,
do-acetone. do/DMSO.
[01521 Compounds oi'he present Invention tlrdt contain
groups mlpablc of acting as donors and/or acccptors for
hydrogen bonds may be capable of filrnlmg co-crystals lvith
suitable co-crystal formers I'hese co-crystals may be pre-
pared from compoiulds of the present invention by known
co-crystal filnnin procedures. Such procedures include
grinding. heating. co-subliming, co-meltin, or contacting in
solution compounds of ihe present Invcnuon with Ihe co-
crystal lomler under crystallization conditions and lsolatulg
co-crystals thereby filrmed. Suitable co-crystal formers
include those described in VIO 2(X)4/078)63 Ilence the
invention further provides co-crystals comprising a com-
pound of the present invention.
[0153J All inethods described herein can be performed in
any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any
dnd dll cxanlph:s, or cxclnphlrv'dngudge (c.g. silch as )

provided hereul ls ultcndcd mcrcly Io better illuminate dlc
invmltion and docs not pose a lnnitation on thc scope of thc
invention otherlvise claimed.
[01541 The present ulvcntion provides novel compounds,
plmrmaceutical formulations including the compounds, and
methods of treating (irmn-negative bacterial infections. Par-
ticularly, the compounds are suitable filr use to treat infec-
tions caused by Barkhaiolcrm, Cirrabacicr, Entcrabac/cr,
Eschcncilia, Klcbsie/Ia,lfarganc//a, Psendanianas, Pro-
/eiis, Sabiionella.,5'srra/ia, .4cincrabac/cr, Bac/eraides,
Canip) labactcr, oVS/sscr/a. or 5/cna/raphamarias bacteria.
including species named herein
[01551 Substituuon with heal ier isotopes such as deute-
rium, I e. H. may aflord ccrtaul therapeutic advantd cs
resultmg fmm greater metabolic stabihty, for example,
increased in viva half-life or reduced dosage requirements,
and hence may be preferred in sonic circunlstances I'or
example. deuterium substitution at non-exchangeable
hydrocarbon bonds (e,go C H) may retard epimerization
and/or metabolic oxnlanon In I ivo.
[01561 Isotopically-labeled compounds of the invention,
i.e. compounds of fonnufis (A). can generally be prepared by
convcntioiml timluuqucs known Io Ihosc slolled ul Ihe arl or
by processes analogous Io those dcscribcd In Ihc accompa-
nying Examples and Preparations Sections usmg an appro-
priate Isotopically-labeled reagent in place of the non-
labeled reagent previously.
[0157J In still another aspect, the imention provides a
method for treating a subject v ith a bacterial infection. the
method comprisin the step of adminlsterin to the subject
in need thereof an antibacterially efl'ective amount of a
compound ol'hc ulvcntion. c.g . a compound ol'onuuld
(A) or salt thcrcof with a plrdnnaccutlcally acceptable car-
rier. in combulation with a beta-lectern anubiotlc. Suitable
beta-lactmn antibiotics for use in these nlethods include, but
are not limited to, penicillins such as penicillin (i. penicillin
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V. methicillin. oxacillin, cloxacillin. dicloxaciliin. nafcillin,
ampm&ilia. amox&c&itin, carben&c&itin, Iicdrcillul, mezlocill&n,
p&pcrac&itin, azloc&11&n, Iemocillul, ccphalosporins such as
cepalothin, cephapirin, cephradine, cephaloridine. cefazolin,
cefmnandole. cefi&roxime, cephalexin, cefprozfl, cefaclor,
loracarbef. cefoxitin. cefinetazole, cefotaxime. ceAizoxime,
ceftriaxone„cefopemszone, ceAazidime. cefixime. cefpodox-
ime, ceftibuten. cefdinir, cefptrome. cefepime. ceftolozane,
cdlbapcllcills siich Bs ilorlpcllcltl, llulpetlclu, lncropellcln,
p;mipenem. biapcnmn, and monobactams such as aztreo-
nmn. and beta-lectern 5. which is disclosed herein
[0158] An "etTect&ve an&Cunt" of a compound of the inven-
tion is an anlount that substantially potentiates the activity of
a beta-lac&am ant&biotic used in combination with the com-
pound of the invention, such as an amount that causes the
antibioiic to bc at least four t&mes more active againsl a
targci bacterium, &.c. au amount Iha& lowers Ihe nuninnun
inhib&tory concentrauon (or "minunal udubitory concentra-
tion", "MIG") for the target bacteriuin by at least 4x and
prefembly by at least gx

[0159J An "effective an&Cunt" of a combination of a l31,1

plus beta-lactam antibiotic as used herein refers to an
anlount efl'ective to treat a bacterial infection in a subject,
typicafly a human sublcct Thc eflbctive amount dcpmlds
upon thc sensitiv&ty of thc u&fccting bac&enum Io tim chosen
antibiotic and on the degree of potentiation pnlvided by the
l3l,l used in the con&bination. 'Il&e skilled person can deter-
mine an etTect&ve amount of such combinations based on
parameters of the subject to be treated. the infecting bacte-
rium, and the combination to be used, &vhich may include
detcrmuung thc MIC for thc particular combulation on the
targe&est bacterium. Typ&cally, the bacienum to be trcatcd &s

one dmt is resistant to at least some beta-lectern ailtibiotics
because the bactenum expresses a bets-Lsctamase activity

[0160J 'I he compounds of the invention also are useful in
the treatment of pat&eats suflering from or susceptible to skin
infections. pneumonia. sepsis. cystic fibrosis. wound. com-
plicated diabetic foot, complication intra abdominal infec-
nous or complicated unnary tmct ulfccuons imd sexually
trans&ah&cd d&scascs cmiscd by Gram-negative or fir&un-
positive pathogens The compounds of the invention also are
usehil in the condit&ons that are cm&sed by a species of
Citruhuricr, Eureruhurier. Esrhemcluu, Klchsiellu. Merge&&-

ella Proteus, Suimurzeliu. Serruiiu, Preudumuiius, griizeio-
hucicr Bur&Broider, Buri'hulderui, Cuuipiiiihu&.icr, Kcis-
scriu, or Sieucrroplzcmcuus. In pdnimiiar, a bac&coal
inl'ccuon caused by a species of Ciirobucier. Eizierobucrer,
i(sr lzeri I hiu. Klehsiellu. Murguueliu, I'rziicio. Sulzuuucllu,
Serruiiu, Pscudmiiuuus. or driuciuhurier is treatable by
metiulds herein. Part&cular bacterial species for such treat-
ment include Ciirohucier li euudii, Citruhucrer I uscm,
E»ierchurrer cloucce, Euieruhsicicr jiierulis, Euicruhucicr
lueri um. Eschcrichi ir coli, Klebsiellu puciuuouid, Kiebsieilii
OB rucu. Murgiiucllu &uurguizii, Prutciis &uirubiiis, Sirhuu-
uzllu &penes. Scrruiiu murresreus, l'scud&&a&caus uerugi-
uuru. and diiuciuhuricr huiimumiii. as well as Buiieruides

frugihs, Burl lzulderiu cepuciu, Cumpi lohuiierjcj um, Kcis-
seriu go iurrhoeue, and Sicuuiruplzumuuzis muiiuplzihu

[0161] By the term "combination", is meant either a tixed
combulat&on in oue dosage unit foml, or a k&t or instnict&ons
Ior IAC Ciilnbll&CA i&dill&ills&IB&loll Whole'. a CO&upi&Olid Of IAC

present &mention and a combulauon bern-lactmu antibiotic
partner nlay be administered mdependently or together. at
the smne time or separately within tiine intervals that

espec&ally aflovv that the combination partners shov' coop-
erat&vc, c.g.. syncrg&suc. eflixL or any combination thcrcol;
[0162] An mnbodunent ol'he preseni u&vm&t&on pmv&dcs
cmnpounds of the present invention in a pharmaceutical
cmnbmation v, ith a beta-lectern antib&otic and a third then-
peutic a ent. In some embodiments. the tlurd therapeutic
agent is an additional antibactenal agent or an additional
beta-lactamase inlubitor. In some embodunents, the combi-
nanon ulcludcs at least onc other anubactcnal agenL wluch
may bc ano&her bc&d-lac&am an&ib&ouc or auoflmr mlt&bacte-
rial agent selected from the classes described below bton-
linutin examples of additional ant&bactenal agents for use
in pharmaceutical combinathn&s of the invention may be
selected from the following groups:
[0163] (I) Macrolides or ketolides such as erythromycin,
az&thmmycin. Ctaufl&ron&vein. and tcl&thromyc&n,

[0164] (2) Beta-lectern ant&b&oucs ulcludu&g pciuc&itin
such as penicillin G. penicillin V, methic&llin. oxacillin,
cloxacillin, dicloxacillin. nafcilhn, anlpicillin, arnoxicillin,
carbenicillin, ticarcillin. mezlocillin, pipemsc&itin, azlocillin,
temocillin. cephalosporin such as cepalothin, cephapirin,
cephradine. cephaloridine. cefazoiin. cefamandole. cefurox-
ime, cephalcx&n. ccfproz&1. ccfaclor, loracarbcl; ccl'oxitin.
ccfillcIBzolc. cell&tax&lac, ccftlzoxlluc, ccflridxol&L, ccfL&p-

erazone, ceAazidime, cefixime, cefpodoxime. ceftibuten,
cefdinir, cefpimme, cefepime, ceAolozane and carbapenems
ditch Bs do&&pc&lcm, ilrilpL'octo. Inc&'opcflcin. pari&pc&le&a. Bi&it

monobactams such as aztreonam. Bnd beta-lactam 5 herein;
[0165] (3) Ciiycopeptides such as vancomycin and teico-
pliilull;
[0166] (4) Qu&nolones such as nahdix&c seal, oxoliiuc
acid, norfloxacin, pefloxacin. enoxacin, ofloxacin, levo-
floxacin, ciprofloxacin, temafloxacin. Iomefloxacin, fleroxa-
c&n, grepafloxacin, sparfloxacill. tmvafloxacin. clmafloxa-
c&n. gatifloxacin, moxitloxacin„sitatloxacin, ganefloxacin,
gemitioxacin, delafloxacin and pazufloxacin;
[0167J (5) Antibacterial sulfonamides and antibacterial
sulphanilainides. including pam-aminobenzoic ac&d, sulfa-
diazine, sulfisoxazole, sulfamethoxazole and sulfathalidine;
[0168] (6) Anunoglycosides such as strcptomyc&n, neomy-
clll, kill&a&ay'C&ll, pi&rot&tv'Cill, gC&&&dill&C&ll, tobldlnyC&ll, Bltli-
kacin, netilmicin, spectinonlycin. sisomicin, dibekalin. pla-
zmnicin and isepamicin:
[0169] (7) Tetracyclines such as tetracycline. chlortetra-
cyclillc, dclncciocv'cllllc. Inlllocvcllllc, oxyt et& dcvclllux
methacyclinc, doxycycline. tigecycl&nc and cravacyclin:
[0170] (8) Rtfamycins such as rifampicin (also called
rifampin), rifapentine. rifabutin. bezoxazinorifamycin and
till&X&lnlln

[017IJ (9) I incosanlides such as lincomycin and clin-
damycin;
[0172] (10) Strcptogramins such as qu&nupnstin and
datlopristin,
[0173J (I I ) Oxazolidinones such as linemlid or tedimlid;
[0174] (12) Polymyx&n, cohst&n and colymycin,
[0175J (13) I'rimethoprinl and bacitracin; and
[0176] (14) Efl)ux pump inhibitors
[0177J (15) 13eta-lactmnase inhibitors, such as metallo
beta-lactmnase inhibitors
[0178] The bc&a-lactam or second aut&bactenal agent may
bc adnuiustcrixl ul combulauon w ith thc compounds ol'he
prcscut inventions v,barmn Ihc beta-lac&am or second anli-
bacterial agent is adnlinisiered poor to. simultaneously, or
after the compound or con&pounds of the present mvention
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When simultaneous administration of a compound of the
invention with a second or third agenl is desired and the
route of adnunistration I ~ thc Burne, then a compound of the
invention may be formulated with a second or third agent
into the sante dosage form. An example of a dosage fornl
containing a compound of the invention and a second or
third agent is an intravenous administration. An alternative
example is an intramuscular administration of a solution
conlpllsing d coulpoUIUI of Ihc'. Ilivcnlioil Bnd II scciilid or
third dgCIII

[0179[ 'I he compounds and compositions described herein
can be used or administered in combination with a beta-
lactanl and one or more themspeutic agents that Bct as
ImmUIlolnodlllBIOIS. 0 g., Bn 1ICIIV11101 ill 11 COSIlnlillatorv
molecule. or an inhibitor ol'an inununc-mlubitory molecule,
or a vaccine Thc Prograriuncd Death I (PD-I) proteul is an
inhibitory member of the extended ('l)28/C11,A4 fanlily of
'I'ell reaulators (Okazaki et al (2002) Curr Opin Imnnulol
14; 391779-82: Bennett et al. (2003) J. Inununol. 170:711-
8). PD-I is expressed on activated B cells, T cells, and
monocytes. PD-I is an unmune-ulhibiiory pro(em 01st nega-
ui cly regulates TCR signals (isluda, Y. ct al. (1992) EMBO
J. 11.3887-3S95, Blank, C. ct al. (Epub 2006 Dcm. 29)
hnnninoi Immunother 56(5) 739-745), and is up-regulated
in chronic infections. 'I'he interaction benveen PD-I and
PD-L I can act as an imnnule checkpoint, which can lead to,e, a decrease in infiltrating lymphocytes, a decrease in
T-cell rcccptor meduited prohli:ration, and/or unmunc eva-
sion by cancerous or infcctcd cells (Dong et al. (2003) J.
Mol. 3fed. 81.281-7, Blank ci ai. (2005) Cancer lviruaao/.
lmnnido//ier. 54'307-314: Konishi et al (2004) Clli ii C'd deer
lies 10:5094-100) Inlmune suppression can be reversed by
inhibiting the local interaction of PD-I with PD-Ll or
PD-L2: the eifect is additive when the interaction of PD-I
w ith PD-L2 is blocked as weil (iwm et al. (2002) Proc. Nat'l.
.4cad. Sci. USA 99.12293-7: Brown ct dl. (2003) J. Irumaao/.
170. 1257-66). Inmlunomodulation cdn be aclucved by bind-
ing to either the immune-inhibitory pnltein (e g., PD-I ) or to
bindin proteins that modulate the inhibitory pmtein (e g.,
PD-LI, PD-L2).

[0180] In onc cmbodunent, the combirmtion therapies of
thc 1m en(ion Include an immunomodulalor thai is ml iniubi-
tor or antagonist of an inhibitory molecule Of an imnlune
check)toint molecule In another embodiment the inumulo-
nloduiator binds to a pmtein that naturally inhibits the
inununo-inhibitory checkpoint molecule. When used in
conlbination with antibacterial compounds, these inununo-
InodUldnll S Call Cnh IUCC 18C BIIIIIUICI iiblal ICSpolisC, iind 1811S

enhance ellicdcy relative 10 treatment with Ihc antibactcnal
compound alone

[0181] The term "inunune checkpoints" refers to a group
of molecules on the cell surface of CD4 and CDS T cells.
Thcsc molecules can clli:ctiveiy scrvc as '*bmkes" to down-
InodUldIC Or inhibit dn BdapllvC lnunlinc. IespollSC. IIUIIIIIUC

checkpoult molccules include, but are not lumted to. Pro-
grammed l)eath I (PD-I ), ('ytotoxic 'Ill yinplxlcyte Antmen
4 (('TI.A-4), 137111, 137114. OX-40, ( l)137, Cl)40. and
LA(33, winch directly inhibit inunune cells. Inununothem-
peutic agents which can act as inunune checkpoint inhibitors
useful In Ihc methods of the present ulvcnlion. ulclude, but
arc not fimitcxt to, inhibitors of PD-Ll. PD-L2, CTLA4,
TIM3, LAG3, VISTA, BTLA, TIGIT, LAIRI, CD160. 2B4
andior I'(ilia beta inhibition of an inhibitory molecule can
be pertilrmed by inhibition at the DNA. RNA or protein

level. In some embodiments, an inlubitory nucleic acid (e
a dsRN k, siRNA or shRNA), can bc usixl Io inhibit cxprcs-
sion ol an Inhibitory molecule. In other mnboduncnts, Ihe
inhibitor of an inhibitory signal is a polypeptide. e o.. a
soluble ligand, or an antibody or antigen-binding fragntent
thereof. that binds to the inhibitory molecule.
10182] By "in combuuition with," II is not ultended Io

imply that thc lhcrapy or Ihc therapeutic agents must be
administered at the same time and/or formulated for delivery
together, although these methods of delivery are within the
scope described herein. The inununomodulator can be
administered concurrently with, prior to, or subsequent to,
one or more compounds of the invention and the beta-lectern
partner, and optionally onc or morc additional therapies or
therapeutic agcnnc lhc Ihcrapmitic agmlts In Ihc combma-
tion cml be administered in any order In general, each agent
v ill be administered at a dose and/or on a tinle schedule
determined for that a ent. It ivill Thither be appreciated that
the therapeutic a ants utilized m this combination may be
administered together in a sin le composition or adminis-
tCICd SCpdrdtCIV 111 difibrCIII Cillnpositlolls. hl gcilCIdl, it IS

expected that each oi Ihc Ihcrapeuuc agcnm uulized ul
cmnbmation be utilized at levels that do not exceed the
levels at which they are utilized individually In some
embodiments. the levels utilized in combination will be
lower than those utilized individually.
10183] In certain embodunents, the beta-ulhibitor
described herein are administered in conlbination with a
beta-lactmn and one or more immunomodulators that are
inhibitors of PD-I, PD-L I and/or PD-L2. Each such inhibi-
tor may be an antibody. an antigen binding fragment thereof,
an inununoadhesin, a fusion protein. or an oligopeptide.
Exmnplcs of such inununomodulators arc known In dlc arn
[0184] In some embodiment~, the imnlunomodulator is an
anti-PD-I antibody chosen from MDX-I IOG, Merck 3475 or
CT-011.
10185] In some cmbodmlents, tlu: unmunomodulator is an
inununoadhesin (e.g . an inlmunoadhesin comprising an
extracellular or PD-I binding portion of Pl)-I I or Pl)-1,2
fused to a constant region (e.g . an Fc re ion of an immu-
noglobulin sequence).
[0186] In some cmbodmlents. thc inununomodulator is a
Pl)-l inhibitor such as AM P-224.
[0187] In some embodinlents. the inununomodulator is a
PD-LI inhibitor such as anu-PD-Ll antibody.
[0188] In some embodiments, the immunomodulator is an
anti-PD-LI binding antagonist chosen from YW243.55.S70,
MPDL3280A. MEDI-4736, MSB-0010718C, or MDX-
1105. MDX-1105, also known as BMS-936559. Is an anti-
PD-I,I mltibody described in W02007/005874. Antibody
YW243.55 S70 is an anti-PD-I.I descnbed in WO 2010/
077634.
[0189] In sonic embodiment~, the imnlunomodulator is
nivolumab (('AS Registry Number 946414-94-4). Alterna-
tive nunes for nivolumab include MDX-1106. MDX-1106-
04. ONO-4538. or BMS-936558. Nivolumab is a fully
human Ig(/4 monoclonal antibody which specifically blocks
PD-1. Nivolumab (clone 5C4) and otlmr human monoclonai
antibodies that spccdically buld to PD-I are discioscxI in
U 8 Pat No 8,008,449, EP21(11336 and WO2006/121168
10190] In some cmbodmlents, tlu: unmunomodulator is an
anti-PD-I antibody Pmnbrolizumab. Pembrolizumab (also
referred to as I,ambmfizuntab, MK-3475. MK03475, 8('I I-

900475 or KEY I'RUDABX Merck) is a Inunanized Ig(i4
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monoclonal antibody that binds to PD-1. Pembrolizumab
and other humanized anti-PD-I anubodics arc disclosed in
Hanud, O. ct al. (2013) ¹w Eag/aud Jaiaaa/ a/Medicine
36i) (2). 134 44. U 8 Vat. No 8,354,50i), WO2009,'114335,
and Vi02013/07i)174
[0191] In some embodunents. the inununomoduL)tor is
Pidilizumab (CT-011, Cure Tech). a humamzed Igfi 1k
monoclonal antibody that buids to PDI. Pxlilizumab and
other lnunanized anti-VD-I moooclonal antibodies are dis-
closed in W02009/101(il I

[0192] Other anti-PDI antibodies useful as imnnmomodu-
lalors for use ui thc methods ihsclosed herein uiclude AMP
514 (Amplinununc), and anti-PDI amibodies disclosed in
U.S. Pat. No. 8.(i09,089, US 2010028330, andior US
20120114649. In some embodiments, the anti-VD-I I anti-
body is MSB0010718C. MSB0010718C (also referred to as
A09-246-2, Merci Semno) is a monoclonal antibody that
binds to PD-L I.
[0193J In some enibodiments. the iinmunomodulator is
MDVI 3280A ((renentech/Roche). a huinan lic optimized
Igfil monoclonal antibody that binds to PD-L I.
MDPL3280A and other human monoclonal antibodies to
PD-Ll arc disclosed in U.S Pat. No. 7,943.743 and U.S
Publication No.. 20120039906. Other anti-PD-Ll bmding
agents useful as immunomodulalors liir methods of thc
invention include YW243.55 870 (see WO2010/077634),
MDX-1105 (also referred to as 13MS-936559), and anti-VO-
L 1 binding agents disclosed in WO2007/005874.
[0194] In some cmbodunenls. thc immunomodulator is
AMP-224 (B7-DCIg, Amphnumuie, e.g., disclosed in
)VO2010,'027827 and WO2011/066342), i ~ a VD-I.2 I'c
fusion soluble receptor that blocks the interaction between
PDI and B7-HI.
[0195] In some mnbodunenls. the immunomodulalor is an
anti-LAG-3 anubody such as BlvIS-986016. BMS-986016
(also referred to as 13M8986016) is a moraiclonal antibody
that binds to I A(i-3 13MB-986016 and other humanized
anti-LAG-3 antibodies are disclosed in US 2011/0150892,
WO2010/019570. and WO2014/008218
[0196] In certain embodunents, the coinbination therapies
disclosed herein include a modulator of a costimulatory
molecule or an inhibitory molecule. e.g. a co-inhibitory
ligand or receptor.
[0197J In one embodiment, the costimulatory modulator,
e g., a onist. of a costiniulatory molecule is chosen front an
agonist (e.g . an agonistic antibody or antigen-binding fra-
ment thereof, or soluble fusion) ofOX40. CD2. CD27, CDS,
ICAM-I, LFA-I (CDlia/CDIS), ICOS (CD278), 4-IBB
(CD137). GITR, CD30, CD40, BAFFR. HVEM. CD7,
I I(r111. NK(i2(1 SI AMI'7. NKp80, ( D160, 137-H3 or
( D83 li and.
[0198] In another embodiment, thc combination iherapics
disclosed herein include an iiiliiliiiiiiiiliirltllatot'liat is 'i

costiilliilatiiiy llloleciile, e 8, aii;lgoflist assoclateii witli 'i

positive signal that includes a costimuL)tory domain of
('D28. CD27, ICOS and/or CIITR.

[0199] lixeniplary (III'R agonists include, eg., (3111&

fusion proteins and anti-CiiTR antibodies (e, bivalent
anti-GITR antibodies). such as. a CilTR i)sion protein
descnbcd in U.S. Pat. No. 6,111.090, Europcmi Patent No.
090505BI, U S Pat. No. 8,586,023, PCT Pubhcanon Nos.
WO 2010/003118 and 2011/090754, or an anti-GITR anti-
body described. e g, in U 8 Vat No. 7.025.962, liuropean
Patent No. 1947183131, U S Vat No. 7.812,135, U.S. Vat.

No. 8.388.967. U.S. Pat. No. 8,591.886. European Patent
No.. EP 1866339, PCT Publication No.. WO 2011.i028683,
PCT Publication No.. WO 2013/039954, PCT Pubhcalion
No WO2005/007190, V(71 Publication No WO 2007/
133822, V(71'ublication No: W02005/055808, V('T Pub-
lication Nos WO 99/4019(u PCT Publication Nou WO
2001/03720. PCT Publication Noc WO99/20758. PCT Pub-
lication Nos WO2006/083289„PCT Publication Nou WO
2005/115451, U.S. Pat. No. 7,61S,632, and PCT Pubhcation
Noc WO 2011i051726.
[0200] In one cmbodunenl, the inununomodulator used is
a soluble ligand (c.g., a CTLA-4-1g), or an antibody or
antibody lbagmcnt thai binds to PD-Ll. PD-L2 or CTLA4.
Iior example, the anti-VD-I antibody niolecule can be
administered in combination with an anti-('11,A-4 antibody,
e ., ipihmumab. for exaniple. ExempLary anti-CTLA4 anti-
bodies include Tremelimumab (Igfi2 monoclonal antibody
available from Pfizer. fomierly known as ticilinnunab,
CP-675,206), and Ipilumimab (CTLA-4 anubody, also
known as MDX-010, CAS No. 477202-00-9).
[0201] In one cmbodmien( an anti-PD-I tmtibody mol-
emilc is adnunislcrcd after lrcatmmit with a compound of lhe
invention as desvnbed herein.
[0202] In another cmboiluncnt. an anti-PD-I or PD-Ll
antibody molcculc is adnunislercd ui combuialion with an
anti-I A(i-3 antibody or an antigen-binding fragment
thereof. In miother enibodinient, the anti-VD-I or VD-I,I
antibody molecule is administered in combination with an
anti-TIM-3 antibody or antigen-binding fragntent thereof. In
yet other embodiments, the anti-PD-I or PD-Ll antibody
molcculc is admitustercxI in combination with an anii-
LAC)-3 antibody and an anti-TIM-3 antibody, or muigen-
binding fragments thereof. 'I he conibmation of antibodies
recited herein can be administered separately. e.g . as sepa-
mate antibodies, or linked. e.g., as a bispecihc or trispecific
antibody molecule. In one embodiment, a bispecific anti-
body that includes an anti-PD-I or PD-Ll antibody mol-
ecule mid an anti-TIM-3 or;mti-LAC)-3 anubody, or antigcn-
buiduig fragment thcrcof. is admiiustcred. In ceruiin
embodiments, the combination of antibodies recited herein
is used to treat a cancer. e g., a cancer as described herein
(e g, a solid tumor). 1'he eflicacy of the aforesaid combi-
nations can be tested in aninial niodels known in the art. For
example. the animal niodels to test the synergistic efi'ect of
anti-PD-I and anti-LAG-3 arc descnbed, e.g . in Woo ci al.
(2012) Caimir Rcs. 72(4).917-27).
[0203] Exemplary inmiunomodulators that can be used in
thc combuiauon therapies include. but arc not lunitixi lo.
c g., afiituzumab (avmlablc Ibom Rocheg), pcglilgraslun
(Neulastak); lenalidomide (( (x5013. Revlunid'8): thalido-
nude (1'haloinid8), actin)id (C('4047): and cytokines. e.g,,
11,-21 or IRX-2 (mixture of human cytokines including,
interleukin l. interleukin 2, and interferon 7, CAS 951209-
71-5, available from IRX Therapeutics).
[0204] Exemplary doses of such immunomodulators that
can be used in combination with the antibacterial com-
pounds of the invention include a dose of anti-PD-I anti-
body molecule of about I to 10 mg/kg. c.g., 3 mg/kg, and a
dose of mi anti-CTLA-4 mitibody. e.g . ipilimumab, of about
3 fllg/kg.
[0205] Examples ofcmbodimmits ol'the methods ol'usuig
the compounds of thc invention ui combination with a
beta-lactmn antibiotic and an immunoniodulator include
these
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[0206] i. A method to treat a bacterial infection in a
subrect. comprising athnuustering Io Ihe sub)tot a compound
ol'urmula (A) as dcscribcd herein, anil ml imnumomodu-
lator
[0207] n. Thc method of cmbodnuent i. wherein thc
ImmUnonlothdBIOI ls dn BCIIVBIOI Ol a COSIIUIUialoly nlol-
ecule or an inhibitor of an unnnule checkpoint nxilecule.
[0208] Iii. Thc method of mther ol'embodimmlts I and ii,
wht:lt:ul Iht: Ilt:nvtiior of tht: cosnnnllatorv nlolct:ulc Is Bn
agonist of one or more of OX40, ( D2, ('D27, CDS, I('AM-
I, I ltA-I (CDlla/('D18). I('OS (( D278). 4-1BB (CD137),
GITR, CD30. CD40, BAFFR, HYEM, CD7. LIGHT,
NKG2C. SLAMF7. NKp80. CDI60, B7-H3 and CD83
hgdnd.
[0209] iv. The method of any of embodiments i-iii above,
wherein the inlgbitor of the immune checkpoint molecule Is
chosml from PD-I, PD-LI, PD-L2, CTLA4, TIM3, LAG3,
VISTA. BTLA, TIGIT, LAIRI. CD160, 2B4 and TGFR
beta
[0210] v. The method of mly of any of embodiments i-iii,
w barmn thc inlubitor of the Iuumule chcckpouu molcmulc is
chosen from an inhibitor of VD-I, Vl)-I I, I,A&1-3, 1 IM-3 or
(-I'I A4. or any combinatiim thereof
[0211[ 1 i. The method of any of embodiments i-v, wherein
the inhibitor of the inlnlune checkpoint Inolecule is a soluble
ligand or an antibody or antigen-binding fragtuent thereof,
that binds to the immune checl point molecule.
[0212] vii. 1he method of anv of embodiments I-vi,
wherein the antibody or antigen-binding fragment thereof Is
front an I Gl or I &)4 (e.g.. human Ig(.il or IgG4),
[0213J viii. 'I'he method of any of embodiments i-vii,
wherein the antibody or antigen-binding fragment thereof is
altered, e g . mutated. to Increase or decrease one or more of
Fc receptor binding. antibody glycosylation, the number of
cyslcule rcsiducs, cffbctor cell Rlnction, or complemmll
fUUCl itin.

[0214] ix. The method of any of embodiments i-viii,
whcrcul the antibody molecule is a bispecilic or multispc-
ciiic antibody molcculc that has a lirsi buldulg spcmiiicity to
VD-I or VD-I.I and a second binding speciticity to 'I IM-3,
I A(1-3, or VD-I 2

[0215] x. The method ofany ol'cmbodimcntsi-ix, whcrcin
the immunomodulator Is an anti-Vl)-I antibody chosen front
Nivolumab, Pembrolizunlab or Vidilizumab.
[0216J xi 'I'he nlethod ofany ofembodiments i-x, 0 herein
the immunomodulator is an anti-VD-I,I antibody chosen
fmm Y91243.55 870. MEDI 3280A, MIIDI-4736. MSB-
0010718C„or MDX-1105.
[02171 xii. The method of any of embodiments i-x,
lvherein the immunomodulator is an anti-LA&i-3 antibody
niolccultv
[0218] xiii. Thc method of embodiment xn, whcrcul thc
anti-LAG-3 antibody moltxulc Is BMS-986016.
[0219] xiv. 1he nlethod of any of einbodiments i-x,
wherein the immunomodulator is an anti-VD-I antibody
molecule administered by in)ection (e.g.. subcutaneously or
intravenously) at a dose of about I to 30 mg/k . e.g.. about
5 to 25 mg'kg. about 10 to 20 mg/I g. shorn I to 5 m /k,
or about 3 mg/kg., c g., once a week to once every 2, 3. or
4 wccl s.

[0220] xt. Thc method ol'mboduncnt xiv, wherein the
anti-VD-I antibody molecule is administered at a dose front
about 10 to 20 mg/kg every other week

[0221] xvi. The method of embodiment xv, wherein the
anti-PD-I mlnbody molcmulc. e.g., Iuvolumab, is adnunis-
tcrcd intravenously at a dose Ibom about I mg/kg to 3 mg/hg,
e g., about I mg/kg, 2 mgiltg or 3 mg/kg, every two weeks
[0222] xvii. Thc method of cmboduncnt xv, whercul thc
anti-PD-I annbody mohxulc. c.g., uivolumab. is adnnnis-
tered intravenously at a dose of about 2 nlg/I g at 3-week
intervals
[0223] The lmlguage *'cll'cctwc amount" of the compound
is that amount necessary or sutricient to enhance the efficacy
of a beta-lectern antibiotic used to treat or prevent a bacterial
infection and/or a disease or condition described herein. In
an example. an effective amount of the compound is an
amount sugdctent to treat bactcnal Infection In a sub)ccg
when dosed together with a bc(a-lac(am. In another example.
an effcclivc amount of Ihc compound is an amount sullicicnl
to treat a bacterial infection, when dosed In combination
v ith a beta-lectern antibiotic. caused by, but not limited to
species of Enterobacteriaceae and the like in a subject. The
eff'ective amount can vary dependin on such factors as the
size and weight ol'he sub)act, thc type of Illness, Ihe
charactenstics ol Ihe bee)anal pathogen causulg the illness
(for example the type and let el of bc(a-lacttmlasc produc-
tion) or the pmticular conlpound of the invention, as well as
the beta-lectern antibiotic to be used along with the com-
pound of the invention. For example. the choice of the
compound of the invention can aifect what constitutes an
"cffbctivc amounC'nc oi'rdinary slull In the art would bc
able Io study the factors contauu:d herein and make thc
dctcrnunation regarding Ihe cllimnve amount of the com-
pounds of the invention without undue experunentation
[0224] The rcguncn of administrauon can alii:ci what
cmlstitutes an effective amount. 'I he compound of the inven-
tion can be administered to the subject either prior to or after
the onset of a bacterial infection. 'I ypically, the compound is
administered to a subject diagnosed as having a bacterial
infection and in need of treatnlent therefore. Further. several
divulcd dosages, as well as staggered dosages, can bc
administered every 6 hours, every 8 hours. every 12 hours or
daily or sequentially. or the dose can be continuously
infused, Or can be a bolus injection. I'urther, the dosages of
the compound(s) of the invention can be proportionally
increased or decreased as indicated by the exigencies of the
therapeutic or prophylactic situation. Typically. the com-
pound of Ihc invention would bc administered over a course
Of 111 least 5 tld)'s, nlorc ctinuuonlv BI lt all 7 ilavs 01 BI least
10 days or at least 14 days, Iluough 3 or 4 ull'usions pcr day
(every 6 Or 8 hours)
[0225J Compounds of the invention may be used in the
treatment of states. disorders or diseases as descnbed herein,
or for the manufacture of pharmaceutical compositions for
use in the treatment of these diseases. The invention pro-
vides methods of use 01'compounds of the prcscnt ulvention
iu Ihc treatment of these diseases or phuunaccutical prcps-
mstions having compounds Of the present invention for the
treatment Of these diseases.
[0226J I he langnage "pharmaceutical composition'*
includes preparations suitable for administmstion to mam-
mals. e.g.. humans. )Vhen the compounds of the present
iuveunon are admhustercxI as phannaccuticals Io manunals,
e g., hummls. they can bc given per sc or as a phamlaceutmal
composition contauling, for example, 0.1 Io 99 5% (more
preferably, 0 5 to 9(pzb) of active mgredient in conibination
with a plmrmaceutically acceptable carrier
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[0227] The pluase "pharmaceutically accepmble carrier**

is drt rixognizcd and includes B pharmaccutically acceptable
mateual, compositiou or vchiclc, suitable for aihnimsteruig
compounds of the present invention to manunals I he car-
riers include liquid or solid filler, diluent, excipient. solvent
or encapsuLating material, involved in carrying or transport-
ing the subject agent from one organ, or portion of the body,
to another organ. or pots)on of the body. Each carrier must
bc *'acceptable" ui thc sense of beuig compatible with thc
other ingrcdicnm of Ihe formulation imd not inluuous Io thc
patient. Some examples of materials which can serve as
phaniiaceutically acceptable carriers include: aug erg such as
lactose. glucose and sucrose; starches, such as corn starch
and potato starch; cellulose, Bnd its derivatives. such as
sodium carboxymethyl cellulose, ethyl cellulose and cellu-
lose acetate. powdered tragacmuh, mal1, gc[BIin, talc, excipi-
cnts, such as cocoa butter and suppository v;axes: oils. such
as pemnit oil. cottonseed oil, safi)ower oil, sesame oil. Olive
oil. corn oil and soybean oih glycols. Such as propylene

lycoh polyols. such as glycerin, sorbitol, mannitol and
polyethylene glycol: eaters, such as ethyl oleate Bnd ethyl
laurate; agar, buffenng agents, such as matrdtesium hydrox-
ide and alununum hydroxxlc, alguuc acid, pyrogen-frcc
water, isotonic saline, Rutgcr*s soluIIOB, ethyl alcohol,
phosphate buffer solutions: and other non-toxic compatible
substances employed in phaunaceutical fiirnnilations. In
sonic enibodiments. a phaunaceutically acceptable earner Is
sterilized before combination with the compound of the
invention.

[0220J In some enibodiments. the phaunaceutical compo-
sition of the invention composes a compound of Bny of the
numbered embodiments and at least one phamiaceutically
acceptable camer or excipient. In certain embodiments. the
phanndccutical composition of thc invention composes B

compound of auy of thc numbered embodmimits and at least
two pharniaceutically acceptable carriers or excipients.

[0229] Wettin agents. enuilsifiers and lubricants. such. as
sodnim lmiryl sull'atc and nuigncsium stearatc, as well Bs

preservauvcs and antioxidmus can also bc present ui the
coll lposi tions

[0230] Examples of pharmaccutically acccptableantioxi-
d;mts uicludc: water soluble anuoxidants, such as ascorbic
acid. cystcine hydroch)oridc. sodium bisulfate, sodnun
metabisulhte. Sodium sulfite and the liket oil-soluble anti-
oxidants. such as ascorbyl palmitate. butylated hydroxyaiu-
sole (BHA), butylated hydroxytoiuene (BHT). lecithin, pro-
pyl galiate, Ix-tocopheroL and the like; and meml chelating
agents, such as cituc acid, cthylenediamine Ietraaceuc acid
(EDTvx). sorbitol, tartauc acid, phosphonc acid, and the hke.

[0231] Founulations of the present invention include those
suitable for oral, nasal, inhalation, topical. Iransdermal,
buccal. subluigua1. rectal, vaginal aniL'or parentcra1 admin-
istration. Typically, compounds of the uivention would bc
ddnumsicred intravenously, ui Ihc form of a solution Ihat is
often isotonic, such as a saline or glucose solution. 'the
fiirnnilations may conveniently be presented in uiut dosage
foun and niay be prepared by any methods well knov n in
the art of phamiacy. The amount ofactive ingredient that can
be combined with a carrier matcnal Io produce a single
douigc form will gcncrally bc that amount Of Ihe compound
that produces a Ihcrapeutic eff'cci. Generally. ou1 of Oue
lnuidred percent, this aniount will range from about I

percent to about ninety-nine percent of active ingredient,

preferably from about 5 percent to about 70 percent. most
prcfi:rably from about IO percent to about 30 percent.
[0232J Methods of preparing these forniulations or com-
positions include the step of bringing into association a
compound of the present invention with the carrier and,
optionally. one or more accessory ingredients. In general, the
fiirmulations arc prepared by umfonnly aud intimately
bunging into association a compound of Ihc present inven-
tion with liquid carriers
[0233] Pharmaceutical compositions of this invention suit-
able Rir parcntcral adnnnistration compose one or more
compounds ol Ihc mimiuon in combination with one or
Illore pllailllBCCIIIICdllv dCCCpL'ibli: SICIllC lsotolliC BiplixiiIS
or noilaqueous solutions. dispersioils, suspensions or emul-
sions, or sterile powders which niay be reconstituted into
sterile injectabie solutions or dispersions just prior to use,
which may contain antioxidants. buffers, bacteriostats, sol-
utes v hich render the formulation isotonic with the blood of
thc intcndvxl recipient or suspendin or tluckenuig agents.
[0234] Examples of suitable aqueous and nonaqueous
carucrs that may bc muployed ui Ihe plrdmiaccutical com-
positions of Ihe uivcntion include water, ethanol. polyuls
(such as glycerol, propylcnc glycol. polyethylene glycul,
and the like), and suitable mixtures thereof, vegetable oils,
such as olive oil, and injectable organic eaters, such as ethyl
oleate. Proper fluidity can be maintained. for example. by
the use of coating materials. such as lecithin. by the main-
tcnancc of Ihc rcquirrxi particle size in thc case of dispcr-
sions. mid by ihi: risc ol sillfilctdnls.
[0235] These compositions may also contain adjuvants
such as prcscrvatives. wmting agents, emulsifying agmiIs
and dispersing agents. Prcvcntion ol the action ol microor-
ganisms may be ensured by the inclusion of venous anti-
bacterial and antifun al agents. for example. paraben. chlo-
robutanol, phenol sorbic acid, and the like. It may also be
desirable to include isotonic agents. such as sugars. sodium
clfioude, and the like into the compositions. In addition,
prolonged absorpuon ol'thc inlcctablc plrdnnaccuticdl I'onn
may bc brought about by the inclusion of agmits that delay
absorption such as aluminum monosteamte and gelatin
[0236] Injcetablc depot fonna are made by firming micro-
encapsulc matuccs Ol'hc sublix1 compounds In biodegrad-
able polymers such as polylactide polyglycolide l)epending
on the ratio of duig to polymer, and the nature of the
particular polymer employed. the rate of dmg release can be
controlled. Examples of other biodegradable polymers
include poly(orthoesters) and poly(anhydrides). Depot
iulectable fornuilations arc also prepared by entrappuig thc
drug ui hposomcs or microcmulsions that arc compaiiblc
v ith body tissue
[0237] The preparations ol'he prcscnt uivmition may be
given orally, parenterally, topically, or rectally. They are of
course given by fiirms suitable for each administration mute
lior example, they are administered in tablets or capsule
fiirlu, by injection, inhalation„eye lotion. ointment. supposi-
torv. etc., administration by injection. Infusion or inhalation;
topical by lotion or ointment: and rectal by suppositories.
InIravcnous administration is prefi:rrixl.
[0238] The pluases "parenteml administration*'nd
'*admuustcrixl parcntcrdlly*'s used hcrcin means modes of
ddlullllSIIBIIOII iithCI Ilrdn CBICral Bllil topical BIIIIIIIIISIldtliiii,
usually by uijcction, Bnd includes, without lunitation, uitrd-
venous, intramuscular. intraarterial, intrathecal, intracapsu-
lar. intraorbital, intracardiac. intradermal, intraperitoneal,
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transtracheal. subcutaneous. subcuticular. intraarticular, sub-
capsular, subaraclmo&d, u&trnspuial imd intras&anvil in&oct&on

and Infusion.
[0239] The phmscs **systcnuc adnunistration." '*athninis-
Icrcsl systenncally." **peophcral mhnimstrauon" and
"athnirus&ertxl peophcrally" as used hcreui mean Ihc adm&n-
istration of a compound. dn&g or other &naterial other than
directly into the central nervous system. such that it enters
the patient's system and. thus, is subject to metabolism and
other like processes„ for example. subcutaneous administm-
non.
[0240] These compounds may be administered to humans
and other animals for therapy by any suitable route of
ddnumstration, &ncludu&g &nlrmmiscular mjeclion, orally,
nasally. inhaled as by, Ibr example. a spray. rim&ally. in&ra-

t aginally. parenterally, &n&rac&stcnmlly and Iop&cally, as by
powders. o&ntments or drops. including buccally and sub-
lingually In sonic embodiments, the compound of the
invention is adm&nistered by injection or infusion, often by
infusion„and it may be co-administered with a bem-lactam
antibiotic. The beta-lactnm antib&otic mdy be aihninistercd
by dny appropnatc route, &n some cmbod&ments. Ihc beta-
lactam antib&o&ic is adm&nistcrcd orally, and m other mnbud&-
nlents the beta-lactam antibiotic is administered by injection
or by infus&on When the compound of the invent&on &s

co-adnlinistered w&th a beta-lectern antibiotic nnd both are
adnlinistered by the same route. they may optionally be
athn&xcsI for admuustrauon by intact&on or by infusion, or
they may bc separately adnunistcrcd prov&dwl thc bcta-
lnctdmase &nhib&tor &s prcscnt systcnncally m the treated
subject alonn w&th the bets-lectern antibiotic so potent&ation
can occur
[0241J I&egardless of the route of administration selected,
the compounds of the present invention, which may be used
in a suitable hydnnted forn&, and/or the pharmaceutical
con&positions of the present invention. are formuL1&ed Into
pharmaceutically acceptable dosage forms by conventional
methods known to those of sk&11 &n thc art.
[0242] Actual dosage levels of the active

ingredients

in the
pharmaceutical compositions of this invention may be var-
ied so ds to obtmn an amount of thc acnve nigrcdlcn& which
is clfectivc to ach&cvc Ihc dcs&risi Iherapcutic response for a
particular patient, composition. and mode of administration,
without being toxic to the pat&ent.

[0243] The sclcctcd dosage lcvcl will depmid upun a
variety of factors mcluding the activity of the part&cular
compound of the present imention empk&yed, or the salt
thereof, the route of administmstion. the time of administm-
tion, the rate of excretion of the particular compound being
employed, the duration of the treatment, other drugs. com-
pounds and/or matcnals used in combuiauon w&th Ihe par-
uculnr compound employed, thc agc. scx, w mght, condition,

eneml health and prior n&ed&cal history of the patient beiag
treated, the nenus, species and strain of bacterial pathogen
causing the infection and hie factors well known &n the
medical arts.
[0244] In general, a suitable daily dose of a compound of
the invention w&ll be that amount of the compound that is the
dose eficctive to produce a therapeutic efi'ect. Such an
cfii:canc duse will gcncrally depend upon thc Ihctors
descnbcd above. Gcncrally. intravmious mid subcutancs&us
&lost:s of Ihc I:on&potu&(Is ol Ill&a a&vent&ttn fol II pat&cut, wllcn
used in combinat&on with a beta-Lnctam for the indicated
antibacterial etfects. will range from about 2 to about 100

m per kilogram of body sleight per day„more prefemsbly
from about 5 to about 100 mn per k per day, and still more
preferably from about 10 to about 50 mg per kg per day. An
elfcct&vc iunount is &liat iunount treats a bactenal infi:ct&on,
v hen dosed in combination with a beta-lactam antibiotic.

Cieneral Synthetic Schemes

[0248] One metluld for synthesizing compounds of For-
mula (I) is dcpictcd in the follow&ng reaction schemes.
Schcnic A lllUstralcs IUncnon'ihziinon 01 thc know&1 illdz-
ab&cyclooctane skeleton in protected fi&rn& to introduce an
aminoalkyl group, as described in the workmg examples
Schenle 13 illustnntes formation of the fused lectern ring,
v hich is also illustrated by the Examples. Scheme O illus-
trates how the lactam could readily be Isl-alkylated to
introduce an opt&onally-subst&tu&cd alkyl group.

0

I IO DMAP. DC('

OH.DCM

0

Mco

FHF, 1st O'C

OBn

MeCI

0

H&0, icon

I HI, H&0
(I" C to tt

OBn

0

HHBoc
HO

Ines(&tins (166 inn(
X IIPO&, DMF, S d

Onn

[0245] II des&red, Ihe cficcutc da&lv dose ol thc active
compound may be administered as two. three, four, five, six
or morc sub-doses athni&us&crcsl separately at appropnatc
intervals throughout the day, optionally, in unit dosage
forms, or as continuous infusion.

[0246] While it is possible for a compound of the present
invennon Io bc aihnmistered alone, it &s prcli:rablc to admin-
&stcl Illc con&potu&(I ns d pl&i(Dna(:cUI&cdl I:On&position.

[0247] I he compounds as defined in embodiments may be
synthesized by the general synthet&c routes below, specific
examples of wiuch are described in more detail in the
Examples.
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-continued
~HBU

0
HHBo

assays used tluoughout the Examples are accepted Demon-
stratton ol cfilcacv HI (hest: dssdvs rs pr(xhcdlvc ol clhcdcv'l
sub)ccts.

M 0

0 OBn 0 OBU

Oun OBn

I 2

~Hunc HHBU
0

Cieneml Conditions

[02521 Mass spectra werc acqu(rest on LC-MS. SEC-MS.
or OC-MS systems using electrospray. chemical and elec-
tron impact ionization methods front a mange of instmments
of the fililotving configurations: Waters A(:QUFFY UPI.('ystem

and equipped with a ZQ 2000 or SQD MS system
v here (M+I) refers to the protonated molecular ion of the
chemical species, [M+) refers to the unpmtonated quater-
nary tunmonium catton and [M— I ) rcfcrs to the dcprotonalcxI
molecular ion of Ihc chenncal spcctcs.
[l)253J NMR spectra tvere run on a 13mker i3iogpin (TOO

MI Iz, 13niker AtZAN('I I 500 Ml lz or Marian 400 Ml lz NMR
spectrometers usia ICON-NMR. under TopSpin program
control. Spectra v,ere nteasured at 2(pgK„unless indicated
othetwtse. and were referenced relative to the solvent reso-
nance.

slln3
0

',Schenie B

instrumentation

[02541 MS Methods.
[l)255J Method 2m acidic:

blco
Il TFATDCM(rt. 3 br
23 'I L 4, rt ovein ght

GUIUUT(1

Colunut
Tcmpcraturc
Eliiei'its

I I o
Gi'

Kinctcs GIS Tc I nnn, 6 (nii
T(1'

A H,O. B Tcetonitulc, both
'mtu ig(it"'l'(
I 2 i(i iu i

0
Pd — (., H . MeOH

[0256) Method 2m acldtc polar:

0

14%

S
OBU

I Sulfonylatum agent. Base

Colunut

Floe Ibite
Gmd ent

Kinctcx Cltl 60 2 I nuit, 2 6 uin
(1" ( 1

Ai Hro. u a I m inl, b lb
* tvu got"' (
I mL(nun
1%(o (ia B n I '(ttnurs
(I IS mui SS'r B

[0257) Method T3 3m polar:

0 OSO Y

('
oluinn Terupersnire

Eluents

Finn rmite
Grad(crit

('(anti I mi,26p
s('
A H„O, B a eron ti le. bnth
ont.iuun 0 1% TI'A

I mLimui
100% A for I ! (nui 3(!% B in I 0 nun,
V ' iii (1 'liiii

[1)249J I ixmnples of sulfonylating agents include. but are
not limited to sulfitrtrioxide pyridine complex. and the hke.
[02501 Examples of bases mciude, but are nor limired to
pyridine and the like.

EXAMPLES

[1)251J 'I he invention ts further illustrated by the tilllov iag
examples, which should not be constnted as limiting. The

Gnlumn

Gnlumn
Toit(pc( (1UT

Elucrits

A su tv DPL( HSS T'I

1( Tlmm lgiun
60'

A Hro B acctonitnlc, bntli
co(it:iiiiiiig 0 0'i 'FA

[l)2551 Method I,('MS 2 MIN Rl:A(FI'ION MON I'I'OR-

INCT:
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-continued

Flnw Rate
Uiiidiciit
UV ifcr'cot(or(

I 0 i»IL if»1(ii

ro 9m B ii I 4 (1(iii

TAC (21(a4 ii iunl

[0259] Method LCMS 2 MIN FINAL ANALYSIS:

Col»run

I maw,ru

Flow Rate
Gr:ulcc(it
UV dctccfioii

Acqu tr UPLC'sa T'
I m, I tl

6(i'.

I I OO (0 0 I" „1 6 +
'I 71 nrtd AA. B
acetorutr le
(OB14'A)
I (1 mL, m rr

" to 9t!" B ui I 4 mur
TAC ( If.-450 iunl

[0260] Mc(hod LCMS 2 MIN Polar:

Colunin Acquitr LPLC HOS T"

»0 2)min. I hiuii6(r''lu

at.

l1ow Rate
Gr.id ent

UV dctccfioii

H,O rrr 0 am, 1,1 +
n&1 vn. 0

.icetorurr le
((I i )4 ' 4!
I fl mLhn n
*oacme tiom I' 96'
Iii I 4 »1(ii

TAC (2tri.4 0 ainr

[0261] Mc(hod HPLC CHIRAL:

C hi(rifi
Cnlurun Tmnpcruiuc

I. 1 6 I ri »

Ctiii((IP:ik IC Kxvza 2" (i 4 6 (1»iri a iii(1

rt
ha(.n Itou t Ihrtim» 92»0(i
I 11 ml '

220 rm

Abbrevrations

10262] AA amnlonium acetate
[0263[ ACN acetonitrile
[0264] app apparent
[0265] ATP admtosfne 5L(riphosphatc
[0266] BINAP raccmrc 2»2ubts[diphenylphospluno)-1,

Iabinaphthyl
[0267] Boc tertiary butyl carboxy
[0268] br broad
[0269] br s broad singlet
[0270] BSA bovfne serum albunun
[0271] d doublet
[0272] dd doublet of doublets
[0273] IX'C dicyclohexylcarbodiimide
[0274] DCE 1.2-dichloroethane
[0275] D('M dichloromethane
[0276] DIAD dtisopropylazodicarboxyiate
[0277] DIPEA dusopropyicthylaminc
[0278] DMAP 4-[N,N-dimethylamino)pyridine
[0279] DME 1,4-dunethoxyetlmnc
[0280] DMIi N,N-dimethylforrnmnide

[0281[ DMSO dintethylsulfoxide

[0282] EDTA cthylencaiiauunc tctraacctm tmul

[0283J ESI electmspray ionization

[0284[ EtOAc ethyl acetate

[0285] FA Ibrmrc acrd

[0286 J g grmn

[0287[ h hour(s)

[0288] HATU I-[Bis[dune(hylamuto)mcthylene]-I H-l.
2,3-trinzolo[4,5-b]pyudituum 3-oxfd hexafluorophos-
phatc

[0289J I IBTH I-[bis(dimethylamino)methyleneJ-H I-

benzotriazoliumhexafluorophosphate(I-) 3-oxide

[0290] HCI hydrochlouc acfd

[0291] HOB( I-hydroxybcnf otuazolc

[0292J I IPI C high perforntance liquid chromatography

[0293] LCMS liquid cluomatography and mass cpec-
tt onlctc/

[0294] LDA litluum dtisopropylmnidc

[0295J MeOI I methanol

[0296[ MS mass spectrometry

[0297] m nuduplc(

[0298J mg milligram

[0299] MIC minimum or ntinimal inhibttory concentra-
tlotl

[0300] nun minutes

[0301J mi ntiliiliter

[0302[ nunoi millimole

[0303] ndz mass to charge ratio

[0304J NMR nuclear magnetic resonance

[0305[ o/n overnight

l0306[ p pentet

[0307] PdCla[dppi')-CHaCla I, ILBrs[drphcnylphos-
phino)fermcene-palladiumfl l)dichloride drchlorometh-
mte complex

[0308[ ppm parts per million

[0309] PyBOP bcnzo(riaaol-I-yloxytnpyrrohdinophos-
phonrum hcxufluorophosplrdtc

[0310[ q quartet

[0311 J rac nacemic

[0312] rbl'round bouom flask

[0313J rt room temperature

[0314] R, retention time

l0315[ s singlet

[0316J t triplet

[0317] TBME methyl (crt-butyl ether

[0318J I'FA trifluoroacetic acid

[0319] TFAA tufluoroacctic acrd anhydrule

[0320] THF tetrahydrofuran

[0321J I'ris-I ICI aminotris(hydroxyntethyl)methane
hydrochloride
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[0322]

Preparation of Intermediates

0

Men

y,

OBo

centrated in vacuo. The crude residue was purified via silica
gcl cluomatogmphy, afibrding tlu: title compound (23.70 g,
36%, 3:I mix nf diastcreomcrs) as a brown oil. LCMS
R, 1.12/I 1(i min. miz 447 3 (M+I), Method 2 MIN Rl'.-
A(71'ION MONI IORIN(i; 'I I NMR (600 Mllz. ('D( ln
major diastereomer) 8 7.59 (d, 1=7.9 Hz, 2H), 7.42-7.30 (m,
8H). 5.00 (d. 1=11.5 Hz, IH)„4 88 (d„)=11.5 Hz. IH). 4.15
(d. 1=11.7 Hz. I H). 3.68 (s. 3H), 3 35 (s. I H). 3.18 (d, 1=11.8
Hz, IH), 2.44 (ddd, 1=17.4, 11.8. 6.6 Hz, IH), 2 07-2.01 (m.
IH), I 91 (dd, 1=16.6. 5.8 Hz, IH), 1.72 (td. 1=12.9, 6.0 Hz.
111)

Intenncdiate A: Methyl (2S,SR)-6-(benzylnxy)-7-
oxo-1.6-diazabicyclo[3.2.1]octane-2-carboxylate

[0323] To a solution of (2S.JR)-6-(benzyloxy)-7-oxo-l.6-
diazabmyclo[3.2 1]octane-2-carboxyhc acid (5.0 g, 18 I

nuuol), McOH (880 PL, 21.7 mmol) and DlVLAP (44 mg,
0 36 mmnl) in D(:M (50 ml,) at 0" ( was added D('(: (3 ')2

8,. 19.0 mmol) After 2 h at rt it was iluted with D(:M and
washed with water then brine. The aqueous layers were
extracted with DCM (2x) and the combined organic layers
were dried over Na,SOo, filtered then concentrated in vacuo.
Thc cnide rcsuluc was trtturatexI with diethyl ether. Iiltercd
and concentrated in vacuo. lite crude iiltrate was puriiicd
silica el chromatography to afford the title compound (4 3

, 82%). I.('MS R, 0 87 niin, m/z 291 3 (M+I), Method 2

MIN REACTION MONITORINCi.

0

Meo

OBs

OBo

[0325] Intermediate C: Methvl (JR)-6-(benzyloxy)-7-oxo-
1. 6-diazabicyclo[3.2.1]oct-2-ene-2-carboxylate, To a solu-
tion of Intemiediate B in THF;stater (20: l. 22 mL) at 0" C.
was added HiOi (30%o aq, 0.8 mL, 7.83 nunol) and AcOH
(0.55 mL, 9.61 nunol). After stirring for I hour at 0" C. it
was diluted with IitOAc and pntassium sulfite (5oio aq) was
added llpon destnictinn of all peroxides (Jhl-starke-test),
the phases ivere separated and the organic layer was washed
with bnne. The aqueous Layers were extracted with EtOAc
and the combined or anic layers were washed with NaHCO,
(5% aq). bnnc, dried over NasSOo, iiltercd and conccntratod
iu vacuo. Thc crude residue was punlied via silica gel
cluomatography to afford the title compound (419 mg,
81%) I (:MS 8, 088 min, nffz 2881 (M+I), Method
2 MIN FINAL ANALYSIS. 'H NMR (600 MHz. DMSO-
d,) 8 7.45-7.41 (m, 2H), 7.40-7.33 (m. 3H). 6.88-6.86 (m,
I H). 4.89 (s. 2H), 3.96 (bra, IH). 3.67 (s. 3H). 3.35-3.28 (m,
IH), 2.82 (d, 1=11.0 Hz, IH), 2.58-2.52 (m, IH), 2.38 (s,
IH), 2.34 (s. IH).

Intermediate B: Methyl (5R)-6-(benzyloxy)-7-oxo-
2-(phcnylsclanyl)-1, 6-diazabicyclo[3.2.1]octimn-2-

carbnx)'la(i:

[0324] To a solution of diisopropylanunc (29.6 ml, 210
mmnl) ui THF (800 mL) at —70'. was added n-butyl-
lithium (1.6 M in hcxancs, 108 ml, 172 nunol) drop-wise
over 10 minutes After stirring for 50 ininutes at —73''
solution nf methyl (2S.JR)-6-(benzylnxy)-7-oxn-1.6-diaz-
abicyclo[3.2.1]octane-2-carboxylate (43.5 g. 150 mmol) in
THF (350 mL) was added drop-wise over 45 minutes. After
surring at —78'. I'or I.S hours phcnylsclenyi chloride (57 4
g. 300 nunol) iu THF (260 mL) was added drop+isa os cr 45
minutes. Aficr stirring at —78'. for 45 mm it v,as allowed
to ivan)i tn — 10" ('ver 60 mimites and stirred fnr an
additional hnur, whereupon it was cooled to —30" (2 and
quenched is ith HCI (2 M, 50 mL) followed by addition of
methanol (250 mL). The mixture was allowed to reach rt
over 15 nun then diluted with TBME (I L) and washed with
bnnc.water (2 I, 2 L) Thc phases werc separated imd the
orgaiuc phase was washed brute (2 L). Thc aqueous layers
were extracted with 1BMii (2x500 mi,). 'I'he combined
organic phases were dried over NasSOo, filtered and cnn-

Bs 0

Boo~ ~ott
Intemiediate D

N-bcnzyl-N-(ten-butoxycarbouyl)glycuic

[0326] To a suspension of N-benzylglycine (243 g. 147
nuuol) ui THF:water (1.1, 500 mL) was added Boc-anhy-
dndc (33.7 g, 154 nunol). After 6 5 h thc nnxture was dilutod
with TBME (250 mL) and citric acid (33 g) was added until
pll 4. After 10 min of stirring, the phases were separated
and the organic phase was washed with brine (250 ml). 'I he
aqueous layer was ivashed with TBME (2x100 ml) and the
combined or anic phases were dried over Na,SOo, filtered
then conccntratixl in samin (45'.), aiforduig the title
compound (40.70 g) as a colorless oil, wluch began to
crystallize upon staniiing. HPLC 99.7% by UVe LCMS.
R, 0.94 min, m/z 264 3 (M— I I). Method I ('MS 2 MIN
IiINAI, ANAI YSIS. 'H NMR (600 Milz, DMSO-do)oe)
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12.62 (br s. I H). 7 44-7 09 (m. 5H). 4.41 (d. J=g.l Hz, 2H)
1.44-1.24 (m, 9H) 3.89-3.67 (m, 2H). "As a nuxturc wtth
O(Boc)s (ca. 9%).

2H), 4.64-4.37 (m. 2H), 3.98-3.7(i (m. 2H). 3.73-3.61 (m,
2H), 3.44-3.32 (m, 2H). 2.44-2.28 (m, JH)

Bn 0

0

0

Out

Intermediate Il tert-Ihttyl (2-(allyl(benzyl)amino)-
2-oxoethyl)(benzyl)carbamate

[0327] A 1500 mL-4-neck reaction flask with mechanical
surrcr. internal themtomcter, condenser tmd mlro cn inlet
was charged wtlh tnlcrmcthalc D (31.6 g, 107 nunol) fol-
lowed by I:tOAc (500 ml) 'I'he reaction tnixture was cooled
in a ice bath (4'' followed by addition of N-allylben-
zyltunine (16 44 g, 107 mmol) and propylphosphonic anhy-
dride (T3P, 136 g, 214 nunoL 50%a in ethyl acetate). To the
mixture was added triethylamine (90 ml, 643 mmol). drop-
w isa over 5 miu Thc brown solulton was stirred for 20 mtn
at rl lhcn poured into a sttrred nuxlure of tcc water (500 ml).
'I'he phases were separated and the organic phase was
washed successively with I I(:I (0.5 N, 500 ml,), saturated
Nal I('Os (500 nil.) and brine (500 ml,). 1he initial aqueous
layer vvas extmcted with EtOAc (2x250 mL) nnd the com-
bined organic layers were dried over NasSOs. filtered and
conccnlralcd tn vacuo al (45'.), aflordmg lhc litic com-
pound (43.94 g) as a brown otl. LCMS. R,=1.31. nun
ngz395.5 (M+I). method I,('MS 2 MIN I'INAI,
ANAI YSIS. 'll NMR (400 Milz, DMSO-ds) 6 7 53-6 t)9

(m, 1011) 5 94 5 55 (m, 111), 5 24 4 97 (m, 211) 4 5( 4 25

(m, 4H). 4.16-3.68 (m. 4H), 1.42-1.28 (m. 9H).

0

BnHB

Bn

Jnlcmtcdiatc Cu rac ethyl (2Sn3aS"(6aS )-I,S-
dibcnzy1-6-oxooclahydropyrrolo[3,4-b]pyrrolc-2-

carboxylate

[0329] To a nitrogen inertized (i0 L Buechi reactor GR60
equipped with a Huber themtostat 390SV, Flexy ALR with
automated lempcralurc. dosage control and nttrogcn uriel
were added a solutton ol'mlenncdtatc F (1.460 kg, 4.81 mul)
in toluene (20 I,), magnesiunt sulfate (2 32 kg, 19 24 mol)
and triethylamine (0.872 I . 6.25 ntol) 1'he pale yellow
suspension vvas heated to reflux within I hour. To the
refhtxing mixture was added ethyl glyoxylate (50% in
toluene. 1.179 kg. 5.77 mol) over 15 h via a dosage pump.
After stirring for an addttional 6 h at reflux, the yellow
suspenston was cooled lo 15'. (tntcrual tmnp). w hcrcupon
water (20 I,) tvas added (exothermic) After stirring for 15

nun, the mixture svas transferred to a 80 I,-separation vessel
and the phases were separated. The organic layer was
extmcted successively with water (15 L) then brme (15 L).
The aqueous layer was washed with TBME (2xl0 I ). The
second TBME wash was filtered tluough cclite (contantcxi
insoluble material), cluung wtth TBME. Thc combntcxi
organic phases were partially concentrated in vacuo (45'
to a volume of 6 I „dried over NanSOB filtered and con-
centrated in vacuo (50'.). This material was ftlrther dried
overnight (50" C., 10 mbar) to aflord the title compound
(1.970 kg) as a brown oil that was a 5 2:I mixture of
dtastcrcomcrs. LCMS: R,=1.21 min (67.1% a) mtz=379.3
(M+I): (12.9% a) al R,=1.16 min us(x=379.3 (M+I). method
I (:MS 2 MIN I'INAI ANAI.YSJS

Jntemtediate F:
N allyl-N-beuzyl-2-(benzyhunuto)acetamide

[(1328] A 750 ml 4-neck reaction flask equipped v ith
ntechanical stirrer. internal theunometer, condenser and
nitrogen inlet was char ed v ith intermediate E (43.9 g, 108
nmlol) in DCM (400 mL). To the solution was added TFA
(83 ml. 1.079 mol). After stirnng ofn thc yellow solut ton was
slowly penal (rapid gas cvoluuon) unto a sttrrcd nuxlurc of
saturatcdI NaHCO, soluuou (aq. 1.5 L) aud tcc (I hg). After
10 min of stirring the phases were sepamted and the organic
phase tvas washed with % saturated Nal I('Os (aq. 0.5 I,)
then brine (0 5 L) The aqueous layer was extracted with
D('M (0.5 L) and the combined organic layers were dried
over NasSOw filtcrcd and conccntmled in vacuo (45" C ) to
aflbrd thc title compound (31.30 g) as a brown otl. LCMS
R,=0.71 nnn m/x=295 3 (M+I), method LCMS 2 MIN
I'INAI ANAI YSIS 'l l NMR (400 Milz., DMSO-dn) 6

ppm 7.49-7.04 (nt. 1011), 5 90-5 55 (m, 111)„5 19-4 ')2 (nt,

OH

Intermediate I h mc (2S", 3aS'". 6aSs)-l, 5-diben-
zyl-2-(hydroxymethyl)-hexahydmpyrmlo-[3.4-b]

pyrrol-6(l H)-one

[0330] To a solution of intemtediate Ci (1.9(i7 kg, 5.847
mol) ln THF (20 L) at O'. vvithin a nitrogen inertized 30
L Biiclu reactor CR30 cquippcd wtth a Huber thcnnostal
IOJSW, Flaxy ALR. automated tcmpcmturc control and
nttrogcn tnlct was added lithium borohydnde (0.238 hg,
10 39 mol) in portions m er 10 min (shght exotherm) After
5 days at rt additional lithium borohydride (0 025 kg, 1.143
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mol) was introduced. After an additional 5 days at rt ltthmm
borohydndc (0.017 kg, 0.780 mol) was addctL Aflcr 6 more
days thc mtxture was cooled to — 10'., whereupon HCJ (2
N, 8 I.) was added dropwise via dosage pump over 2 h
resulting in a pli 3 (caution: very strong gas and foant
formation!). After vigorous stirring, a yellow suspension
vvas fomted that was sttrred for 30 min at 0" C. Saturated
NaHCOc (aq. 10 L) was added and the mixture was trans-
li:rrtxl to a 80 L-scpara tron vessel and extracted w tth TBME
(20 L) after addttton of water (8 L). wluch atdcd the plmsc
separation. I he organic phase was washed with brine (2x10
I ) and the aqueous layer was extracted with 'I'13MI t (2x7 I,).
The combined organic layers were concentrated in vacuo
(45'.) to a volume of 8 L, then dried over NaaSOw filtered
and concentrated in vacuo (50" C.). The residue was dts-
solved in toluene (3 L). concentrated in vacuo and dried for
3 h (50' .. 10 mbar) to all'ord thc «tie compountl (1.630 kg)
as a yellow-brown oil, which was a 10 5 I mixture of
diastereomers I ('MS 8, 0.77 tnin" mlz. 337 3 (M+ I),
ntethod I,( MS 2 MIN I'iNAI, ANAI YSIS '"Major
diastereomer.

0

Ott

Intermediate I rac (3R".4aS "17aSc)-1. 6-dibenzyl-
g-hydroxyoctahydro-7H-pyrrolo[3.4-b]pyridi«-7-one

[0331] To a suspcnston ol'tntcmtcthatc H (1.627 kg, 4.836
ntol). molecular sieves (4 A, 2 5 kg) and 'I'I Il'23 I,) in a
nitmgen inerttzed 30 I. triple jacketed Amsi (iles reactor
equipped ssith automated tempemture conuoi. Unistat
390W. refiux condenser and nitrogen inlet at -5" C. was
acldccl TFAA (0 820 L, S.81 mol). dropwtse over 3S nun.
After stimng for 15 mtn at O'., tricthylanunc (3.37 L,
24.18 mol) was addcxl over 10 min, whereupon tt was heated
to reflux (internal tentpemsture 68" (1) for 6 days, reaching
an equilibrium ratio of product to starting material of 9 l.
The mixture was transferred into a 80 L separation vessel
containing ice-cold NaOH (I M. 24 L) and stirred for 15
nun. To thc brossn suspension was added ccl«c (3 kg), where
it ssas stirred for IS mtn then liltered over a pad of celtte,
waslung wtthTBME. The liltratc was cxtmctcdwtdt TBME
(20 I )

'I'he organic phase was svashed tvith saturated
Nal I( Os (aq. 101 ) then brine (I x15 I )

'I'he aqueous layers
scare extracted with TBME (2x7 L) and the combtned
organic layers were concentrated in vacuo (45" ('.) to a
s olumc ol'8 L and dried over NasSOc (2 kg). 11tc suspmtsion
was liltercd over stlica gcl (I kg, 40-63 pm), waslung with
EtOAc (4x2 L). The clumtt was concentrated ut vacuo (45'

) and dried for 3 h (50" C, 15 mbar) to aflisrd the title
compound (1.366 kg) as a dark brosvn oil. I.CMS: R, 0 84
min, nv'z=337.3 (M+I). method LCMS 2 MIN FINAL
ANALYSIS. 'H NMR (600 MHz, DMSO-d,) b 7.40-7.15
(m, IOH). 4 69-4 57 (m, IH), 4.G5-4.S6 (m. IH), 4.43 (d,
J=13.8 Hz. IH), 4.29-4.21 (m, IH). 3.62-3.49 (m, IH),
3.46-339 (m, I H), 3.18 (d, J=8.3 Hz, 2H), 2.86 (d. J=5.7 Hz,
1 il). 2.70 (dd, .I 107, 2 7 Iiz, 111). 2 66-2 56 (m, III),
I 83-1.67 (nt, 211). I 3')-I 29 (m. 111).

Oxc

Intermediate .I (3R,4ask7aS)-1, 6-dibenzyl-7-
oxooctahydro-I I I-pyrmlo[ k 4-bJ-pyridin-3-yl

acetate

[0332J A suspension of intermediate I (1.364 kg. 3.04
mol). vinyl acetate (4.20 L. 45. (i mol), Lipase QI.M (. I irufi-
gettes sp form Meito Sangyo, activity: 101400 U/g. 25
3.04 mol) mtd TBME (21 L) ut a nttrogcn tncrttzcd 30 L
tnple jackctcxI rmtctor wtth automated tempcraturc control.
Untstat 390W, condenser and nitrogen tnlct was surrcd at
30" ('intental temp) tier 6 days. 1 he mixture was cooled to
20" C. and filtered mer hyflo (500 8). The filtrate was
concentrated in vacuo (35'.) to a volume of 3 L, where-
upon toluene (I L) was added then further concentrated in
vacuo (3S'. then at 50'.). Thc crude product was
dts solved tn TBME:heptane (2: I, 3 L) and pun lied in scvcra1
portions via sthca gcl Huomatography (hepuutc-EIOAc-
methmtol), atfording the title compound (626 8) as a brown
oil. I,(.'MS: R, 1.16 min. miz 379 3 (M+ I), Method
LCMS 2 MIN FINAL ANALYSIS. HPLC: R,=33.45
ttlttl. 98.2% ee (tninor enantiomer: R,=23.92 min) method
HPLC CHIRAL. 'H NMR (600 MHz. DMSO-d,) o ppm
7.41-7.22 (m, IOH), 4.74-4.65 (m, IH) 4.S6-4.SJ (m, IH).
436-4.2G (m, 2H), 3.75 (d. J=14 3 Hz, IH) 3.30-3.21 (m.
211) 3.00 (dd, .I ') 5, 5 9 Hz. IH). 2 75-2 68 (m, H I). 2.62
(sxt, .I 6.2 I lz. II I), 2.23 (dd, 1 11 6, 7.2 I lz, 111), I 97 (s,
3H). 1.66 (t. J=6.05 Hz. 2H).

0

OH

Intcmtediate K (3R 4aS.7aS)-I, 6-dtbcnzyl-3-hy-
droxyoctahydro-7H-pyrrolo[3,4-b]-pyndtn-7-onc

[0333J A mixture of intemtediate J (616 g. 1221 mmol),
1'I II'4 I,) and Na011 (2 N. 3 97 I . 7 94 mal) m a 20 I. round
bottom flask of a Buchi Rotavapor v, as vi orously stirred for
18 h at 25" C, and 6 h at 40' „v,hereupon it was cooled
to 25'. followed by addttion of McOH (2 L) and it was
sttrrcd otn. Thc mixture was extractcxl st tth TBME (6 L) and
thc organic phase was stashcd wtth buna (4 L). Thc aqueous
layer was extracted with 113Mit (3x3 I ) and the combined
organic phases were concentrated in vacuo (45" (' to a
volume of 5 L. then dried over anhydrous sodium sulfate (I
kg). hltered and concentrated in vacuo (45" C.) The residue
was dtssolvmi in tolucnc (3 L) and rc-concentrated then
duad for 2 h (GO'., 20 mbar), afibrdutg the Otic compound
(5SS g) as a brown otl. LCMS: R,=0.84 mut, mtz=337.3
(M+I), Method I,( MS 2 NIIN I'INAI. ANAI,YSIS 'll
NMR (600 MI Iz, I)MSOSdc) cS 7 58-7 04 (m, 1011), 4 66-4 5
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(m, 2H). 4.43 (d„)=13.9 Hz, IH). 4.25 (d. 1=15.2 Hz. IH),
3.54 (lq, J=9xb 4.S Hz, IH). 3.47-3.39 (m. IH), 3.18 (d,
J=8.3 Hz. 2H), 2 85 (d. J=5.9 Hz, IH). 2.70 (dd. J=l I 0, 2 8

I lz,. 111). 2 64-2 57 (nt. 111). I 7N-I (i7 (m. 211), I 27-1 3')

(m, I I I)

0

Intermediate L; (3R,4aS.7aS)-l-benzyl-3-hy-
ilroxyoctahydro-7H-pyrrolo[3. 4-b]-pyrnlm-7-onc

[0334] To a 30 LBuclu reactor CR30 equipped with Huber
thermostat 1015, Flcxy ALR with automated tcmpcraturc
control, argon and amntonia inlet was inertized v ith argon,
precooled to —80" C, filled with liquid anunnnia (ahydrmis,
10.0 kg, 587 mol)„with the outlet attached to a gas scrubber
filled svith sulfuric acid (30%, 100 L). was added n solution
of intermediate K (543 g. 1.614 mol) in THF (1.5 L)
followed by ethanol (anhydrous. 236 mL. 4.04 mol). To the
resultuig solutiou was added hlhium ( ranular, 44.8 g. 6 46
niol). portionwise over 15 min (temp raised fmm —72" ('o
—63'1) lo the gray mixture, after I h, v;as added litluunt
(224 g, 3.23 mol) and ethanol (anhydrous. 94 mL. 1.616
mol) while maintairung stirring at -60" C. After I h,
additional lithium (11.2 g. 1.615 mol) and etlmnol (anhy-
drous. 47 mL, 0.808 mol) werc added. Afier 45 nun morc
litlmun (11 2 g, 1.615 mol) was added. Aller IS h ethanol
(anhydrous, 94 nil., 1.616 mol) was added to the deep blue
mixture Stirring was continued until &5'!! starting ntatenal
remained and it was quenched by addition of ammonium
cltloride (2 0 kg, 37.4 mol), portionwise over 10 min. The
reaction mixture was stirred for 17 h at -28" ('. and -2 h at2'.. rcsulung in complete evaporation of thc anunonia. To
thc nuxlurc was added water (15 L) miil TBME (8 L)
followed by II('I (32%) until pi I 9-10 was obtained. 1he
phases were separated and the organic layer v as washed
tvith brine (5 L). The aqueous layer was extmcted with DCM
(3x2 L) and the combined or anic layers were concentmted
in vacuo at 45" C to a volume of 3 L then dried over Na,SOs
(I I g), filtcrcd and concentrated ut vacuo (45'. dieu 2 h at
65'.. 20 mbar), afi'ording thc litic compound (373 g) as a
bmwn oil I,('MS: R, 075, m/z 247 2 (M+II). Metlxid
I ('MS 2 MIN POI AR 'I I NMR (600 Milz., DMSO-ds) iS

7.78 (s. IH). 7 34-7 24 (m. 4H), 7.27-7.16 (m. IH), 4.65-4.
60 (m, IH), 4.32 (d. J=13.9 Hz, IH). 3.G4-3.54 (m. I H). 3.44
(d. J=13.9 Hz, IH). 3.13 (d, J=g.l Hz, 2H), 2.69 (dd,
J=10.82, 2.75 Hz, IH), 2.66-2.62 (m, IH). 2.60-2.S4 (m,
IH). 1.80-1.69 (m. 2H), 1.41-1.30 (m, IH).

0

OH

Intermediate M: tert-butyl (3R,4aS.7aS)-3-hydroxy-
7-oxooctahydro-I H-pyrrolo-[3,4-b]pyuduic-l-car-

boxylate

[0335] To a solution of intermediate L (372 0 g. 1.51 mol)
and Boc-anhydride (346 g. 1.59 mol) in THF (4.0 L) was
added Pd C 10%s (15 g). The mixture was s itated in a
shaking duck apparatus al 22-25'. and 0 I bar H, pressure
for 89 h. After S7% hydrogen absorption another portion of
Pd C 10% (15 g) was added. 1 he mixture was filtered over
cehte, washed ivith I'I lii and concentrated in vacuo to obtain
cnide product (545 g) as a pale brov, n sohd. The residue was
suspended in EtOAc (I L) and stirred for I hour at 75" C.
To the suspension was added heptane (1.5 L), slowly at 75"
C. After stirring for 2 h al rt, lhc product was collixlcd by
lillralion, lhe solid was washed with heptane then dncxI in
vacuo (45''), affording io title con)pound (27N 5 g) as
white crystals I,( MS R, 0.86 min. m/z 257.3 (M+I),
Method LCMS 2 MIN POLAR. 'H NMR (GOO MHz,
DMSO-d,) 6 7.83-7.65 (m, IH), 4.80-4.49 (m, 2H), 3.93-
3.67 (m, 2H), 3,43-337 (nt. IH), 2.72 (br d, J=9.5 Hz, I H),
2.60 (brd. J=12.5 Hz, I H), 2.48-2.39 (m, IH), 1.82-1.70 (m.
IH), 1.40 (brd, J=6.8 Hz. 9H) I 36-1 27 (m, IH).

'OH

Intcnncdiaic N. Icrl-butyl (3S,4aS,7aS)-3-hydmxy-
7-oxooctahydro-I H-pyrrolo-[3,4-b]pyuduic-l-car-

boxylate

[0336] To a solution of intermeehate M (270, 948 nunol)
in THF (13 L) contained in a nitrogen inertized 20 L triple
jacketed reactor (Mnsi Olas) with mitonuited tcmperaturc
control, Usus(at 390W. condcnscr aud nitrogmt uriel at —5'.

(uitcrnal rcmp) was added 4-nitrobmizoic acid (323 g.
I 90 mol) and triphenylphosphine (524 8, 1.90 mol) To the
resulting solution was added a solution of l)IAI) (359 ml,
1.85 mol) in THF (IB L), drop-wise over 30 min while
maintainin the internal temp at -4 to -10" C The mixture
was allowed lo mann lo ri and stirred o/n then conccntratcxI
iu vacuo (45'.) lo provide crude matcnnl (I 64 kg. wci) as
a brown oil. To a soluuon ofoil residue ui MeOH (15 L) was
added KsCOs (3')3 o, 2.N44 niol) After I h of stirring the
suspensinn was concentrated in vacuo (40" C ), pmviding an
omnge solid to which DCM ((I L) was added. After 30 min,
the suspension svas filtered. washing with DCM and the
Iillrale was coimmilralcd in s acuo (45'.) Thc remduc was
suspmidcd in DCM. McOH (97.3, 4 L) aud surred for 30 min
rt Thc suspension v,as filtcrtxt, washing with DCM and thc
filtmste v ss concentrated in vacun (45" (' to a volume of 3
I. and purified in tivo portions by silica gel chromatography,
afiiirdin product(189 ) as solid. To this material dissolved
in DCM:MeOH (95:5. 5 L) at 45'. v as added heptane (5
L), slowly. Thc soluuon was partially conccntralcd (45'.),
removing some DCM. causing lhe product to crystalfizcxI
al'lcr 15 nun. After I h al rl, Ihc sohd was collcclcd via
filtmstion, svashed with heptane and dried m vacuo (45' )
until constmit iveight was obtained, affording the title com-



US 20[8/0086762 A[
25

Mar. 29, 2018

pound (167.7 ) as crystals. LCMS: R,=0.95 min. nt/z=257 3

(M+I). Method LCMS 2 MIN POLAR. 'H NMR (600
MHz. DMSO-ds)so 7.80 (d, 1=20.2 Hz. IH). 4.97 (t. J=4 8

I lz,. 111), 4 57 (dd. J i)2.2. 7 0 I lz, 111). 3 89 (ddd, I 18 8,
9 3. 6.5 Ilz, 111). 3 33-3 23 (m, 111), 2.75 (ddd..l ') 7, 4 6,
2.0 Hz. IH). 2.43 (ddt„J=16.9, 11.8. 6.1 Hz. I H), 2.08 (ddd,
1=86.(x 12.5. 10 7 Hz. IH). I 94 (dd, J=I2.2. 5.5 Hz. IH),
139 (d. J=22.G Hz. 9H), 1.04 (dq. J=15.2. 12.0 Hz. IH).
sRcporttxt as obscrvcd rotamcrs.

xt

OBC

Step 2: (48,5aS,SaS)-3-(benzyloxy)hexahydm-211-
1.4-methanopyrrolo[3, 4-d][1,3]diazepine-2.8(3H)-

dione

O OSO As

I:xample I Sodiuni (4R.5aS,BaS)-2,8-dioxohexa-
hydro-211-1,4-methanopyrmlo[3. 4-dJ[1,3Jdiazepin-

3(4H)-yl sulfate

[0337]

SHBnc
0

Mso

Onn

[0340] To a solution of methyl (2S,3S.GR)-6-(benzyloxy)-
3-(((tert-butoxycarbonyl)amino)-methyl)-7-oxo-1.6-diaz-
abicyclo[3.2.1]octane-2-carboxylate (108 mg, 026 mmol)
in DCM (3 mL) at rt was added TFA (1.0 mL, 13 nunol).
drop-v ise. It was allowed to stir at rt for 3 h, v hereupon it
was collcelltldtcd 111 vacuii. Tile crude rcslduc was dlssolvcx!
in D('M (3 ml,). cooled to 0''.. and triethylaniine (0.31
mL, 2.3 nunol) was added. Afier I h morc tncthylanunc
(0 11 mi, 0.75 mniol) and I)('M (5 ml.) ivere added The ice
bath was removed and the reaction mixture was stirred at rt
overnight (o/n), whereupon it ives washed with citric acid
(10 mL. ca 20% aq). The aqueous phase v as extracted with
DCM (3xg mL) aixl the combuiixl organic phases were
v ashed with v:ster (5 mL), bane (2x10 mL), dried over
NasSOM liltcrcd and concmitmtcd in vacuo. lite crude
residue was purified via silica gel chromatography (DCM-
McOH. 2-7%) to afiord thc title compound (47 mg, 61%) as
a beige solid I,('MS I&, 0 61 niin. nv'z 288 (M+I). Method
2m acidic.

Step I: Methyl (2S,3S.GR)-G-(benzyioxy)-3-(((tert-
butoxycarbonyl)amino)-methyl)-7-oxo-l. 6-diazabi-

cyclo[3.2.1] octane-2-carboxylate

[(1338J Intermediate ('0.82 8, 2.84 minol), Hoc-(ily-OI I

(I ()0 u. 5 69 niniol) and Ir[df(( I s)PPys(dtbPy)JPI's (32 mg,
0028 mmol) were dissolved in l)MIS (20 ml ) 1'o the
solution ivas added finely ground potassium phosplmte diba-
sic (0.59 „3.41 mmol) and the resulting suspension was
irradiated under argon (balloon) ui a 500 mL dropping
funnel (closed with a round bottom flask at the bottom and
a septuni at the top) for 7 days with a Sty UVA fluorescence
tube The flask was placed horizontally on the top of the
lanip (air cooled) to ensure maximmu irradiation. After 4
days Ir[df(CFS)ppy,(dtbpy)]PFs (32 mg. 0.028 mmol) was
adder(
[0339] To the mixture werc addml water (100 mL) then
saturated Nal ICOS (aq, 100 mi.) and it was extracted v ith
'I'l3MIS (4x80 ml.). 'I'he combined organic phases v ere
washed sequentially v ith saturated NaHCOS (aq. 50 mL),
water (50 mL) then brine (50 mL). The organic layer was
dncd over NasSOM liltcrcd and concentrated in vacuo. The
crude residue was punlicd via silica gcl cluomatography
(EtOAc-heptane, 15-100%) to aflbrd thc tale compound
(108 mg. ')%) as an oil IX'MS 8, 1.04 min. Method
2m acidic.

OH

Step 3: (4R.JaS,SaS)-3-hydmxyhexahydro-2H-1.4-
niethanopyrrolo[3, 4-dj[IO]diazepine-2,8(311)-dione

[0341] Aslurry of(4R,5aS,SaS)-3-(benzyloxy)hexahydro-
211-1,4-methanopyrrolo[3,4-d][1,3Jdiazepine-2. 8(311)-di-

one (80 mg, 0.278 nunol) and Pd C(10% De ussa type
101, 50% water, 34 mg) ui MCOH (I 8 mL) was evacuated
and backfiiled v,ith I Is (3x). After 2 5 h it was filtered

through a piu of celite. washed with MeOH and concen-
trated in vacuo, afi'ording thc title compound (40 mg, 74%).

I CMS I&, 0 13 min. miz 198 I (M+I) Method 2m acidic
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S&cp 4: Sod&um (4R,SaS,SaS)-2,8-&hoxohcxahydro-
211-1.4-methanopyrroloP,4-d ] [1.3Jdiazepin-3(41 I)-

Yl &olla&c

[t)342] 1o a slurry of crude (4R.5aS.SaS)-3-hydroxyhexa-
hydro-2H-1,4-mcthanopyrrolo[3,4-d] [1,3]d&a zap&nc-2,8

(3i I)-dione (40 7 mg, 0 206 mmol) in pyridine (2 ml,) at 0"

C. was added SO, Py complex (335 mg, 2.0(i4 nunol). After
I') h of vi orcus st&rring the slurry &vas filtered and concen-
trated in vacuo. The cn&de residue was dissolved in THF
w a&cr (1.1. 6 mL) and Amberhte 200 ¹cxchan e resin (I 5

) &vas added. The suspension was stirred for 2 h. whereupon
i& was Iiltercd, part&ally conccn&ra&cd u& vacuo, Iyozen and
lyophilized. The resulting solid &vas sub]ected to silica gel
chroma&ography (wa&er-accto&u&nlc. 2-5%), afihrtling the
title compound (12 3 mg, 16%, over 2-steps) as an amor-
phous sol&d. LCMS. R,W.25 nun, m/z=278.0 (M+ I)
Method '13 3m polar; 'l l NMR (5(X) Ml in, l)&O) &5 4 24-
4.18 (m„2H). 3.52 (dd. J=10.7. 6.2 Hz, IH). 353 (d, J=12 3

Ilz. 111). 3 10 (d..i 10 711z, 111). 2 95 (d, .I 12 3 llz. 111),

2.81 (p. J=8.5 Hz. IH)„2 54-2 46 (m, IH). 1.65 (dd, J=14 7,
9.2 Hz, IH).

Step I; (2S.SS,GR)-methyl 6-(benzyloxy)-3-(((tert-
butoxycarbonyl)mnmo)methyl)-7-oxo-1,6-diazab&cy-

clo[3.2.1]octane-Z-carboxyla&c

[03441 A stirred mixture of Intermediate C (3 g. 10.41
mmol). 2-((tert-butoxycarbonyl)amino)acct&c acid (2.55
14.57 nuuol). Ir[df(CF,)ppy]n(dtbpy)PF, (0 117 g, 0.104
nuuol), and po&assium phosphate dibasic (2.72 g, 15.GI
mmoi) in l)MI& (30 6 ml ) &vs&de assed via N, sparge for 15

nun and irradiated with a Kess&1 11150-Blue I.lil) (fan
cooling). under N, for 92 h. 2-((tert-butoxycarbonyl)amino)
acetic acid (2.55 8, 14.57 nuuol), potassium phosphate
dibasic (2.72 g, 15.61 nunol), and Ir[df(CFn)ppy,(dtbpy)PF,
(0.117 g, 0.104 nuuol) were added and thc nuxturc was
irr&uha&ed w&th a Kcssil H150-Blue LED (Ihu coolu&g),
under N& for m& additional 20 h. 'I he mixture was diluted
with satumted Nal I('Os (a&I) and extracted with I&tOAc (3x)
The combined organic layers were washed with water. brine,
dried over Na&SOn. filtered and concentmted under reduced
pressure. The cn&de material was puritied by silica el
clue&ua&ogmphy (E&OAc-Heptanes, 0-100!c) to afibrd thc
t&tlc compound (352 mg. 8%n) as a yellow foam. LC&MS.

R, 0.87 min: m/z 420.2 (M+I) Method 2n& acidic; 'll
NMR (500 MI Iz, I ) M SO-dn) 6 7 46-7 42 (m, 21 I), 7.42-7.34
(m, 3H), G.84 (br s, IH). 4.93 (d„J=4.3 Hz, ZH). 3.88 (d,
1=6.7 Hz, IH). 3.7G (br s. IH)„3.6G-3.65 (m. 3H), 3.21 (d,
1=12.0 Hz. IH). 3.12-3.03 (m„ IH)„2.8(w2.78 (m, 2H). 2.14
(br s, IH), 2.00-1.93 (m. IH). 1.51 (t, J=12.3 Hz, IH), 1.34
(s, 9H)

OBn

0'SOcxn

Example 1. Al&crnate Proccdurc. Sodnun (4R.5aS,
SaS)-2,8-d&oxohcxahydro-2H-1,4-metis&x&pyrrolo[3,

4-dJ[1,3Jd&azepin-3(411)-yl sulfate

[t)343]

8/IB

Mco

OBa

S&c)& 2: (4R.5aS,SaS)-3-(bcnzyloxy)hcxahydm-2H-
1.4-metl&anopyrrolo[3, 4-0][IO]&hazcpinc-2,8(gaH)-

dione

[0345] To a soiution of (2S,SS.GR)-methyl 6-(benzyloxy)-
3-(((te&t-butoxycarbonyl)amino)methyl)-7-oxo-l.G-diazabi-
cyclo[3.2.1]oc&anc-2-carboxyla&e (352 mg, 0.839 nunol) in
DCM (4.19 mL) was added TFA (I 61 mL, 20.98 nunol),
drop-wise. Af&er 90 nun i& was couccntratcd in vacuo,
dissolved in I)CM m&d reconcentmted (3x) 'li& the residue,
dissolved in D(.'M (5 mi .) at 0" ('as added 1'I &A (1.17 &nl „
839 mmol), after wlfich the cooling bath v as removed.
After 20 h at rt, the mixture was diluted with saturated
NaHCOn (a&I) and cxtractcd w &th EtOAc (3x). Thc cou&bn&cxl

orga&uc layers werc washed with water, bone, dried over
Na&SOn, Iil&crcd and concm&tmtcd &n vacuo. 11&e crude
material v as purified by silica ael chromatography (MeOI I-

I)('M, 0-20clc), afii&rding the title compound (158 mg. 665(,
2-steps) as a ciear film. LC/MS: R,=0.65 min: n&/z=288.0
(M+I) Method Zm acidic; 'H NMR (400 MHz, DMSO-d,)
6 7.99 (s, IH). 7.48-7.33 (m, 5H), 4.99-4.88 (m, 2H), 3.81
(d, J=7.S Hz, IH), 3.59 (br s, IH), 3 32-3 22 (m, IH), 2.89
(br d, J=11.9 Hz, IH), 2.75 (d. J=9.8 Hz, I H). 2.63 (d, J=11.9
I Iz. 111), 2.26-2.17 (m, 111), 1.3S (ddd, .I 14 3, 9.2. 1.9 I lz,
111)
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Step 3: (48,5aRSaS)-3-hydmxyhexahydro-211-1,4-
methanopyrmlo[3. 4-d][1,3]diazepine-2.8(gaH)-

ihonc

[0346J Aslurryof(48,5a),gag)-3-(benzyloxy)hexahydro-
211-1.4-methanopyrrolo[3,4-d][).3]diazepine-2,8(gal I)-dl-
one (158 nlg. 0.550 numll) and Pd C(10%s Degussa type
101, 50% water. 117 m, 0.055 mmol) in MeOH:DCM (3: I,
3.67 nlL) was evacuated and backfilled with Hl. Afier 2 h,
the nuxturc was filtcl'ed thlough cl'htl'. aud concentl'au:0 ul
I acuo (bath temp &30'.) to ail'ord thc title compound (102
nlg, 94%) as an off-white solid. I.('/MS 8, 0 12 nlin,
m,'z 198 0 (M+I) Method 2m acidic

,J
Step 4: Tetrabutylanmlonlum (4R,5aS.SaS)-2,8-

dioxohexahydro-2H-1,4-mcthanopyrrolo[3.4-d] [1,3]
diazepln-3(411)-yl sulfate

[0347] To a solution of crude (4R,5aS,8aS)-3-hydroxy-
hexahydro-2H-1.4-methanopyrrolo[3,4-d] [I B]diazepine-2.
8(8aH)-diane (102 mg, 0.517 nunol) ul Pyodine (5.17 mL)
was addixl SO, Py (412 mg, 2.59 nunol). Afier 19 h of
I lgorous stlrrulg, Ihc mixture was Iiltered and concmltratcd
in vacno (bath temp &30'' 'the resulting material was
was dissolved in NaIIIPOs (I M, 10 ml,), whereupon
tetrabutylanunonium hydro en sulfate (2(i3 m . 0.776
nmlol) was added. Afier 30 min of stirring it was extracted
with IPA:CHCI, (1.4, 3x). The combulcd organic layers
werc dried over NalSOw Iiltcrcd mid concmurated m vacuo
(bath temp &30'.). The crude rcslduc was purified by slhca
gel chromatography (MeOI I-IJ('M, 0-30'!! ) to atford the
title compound (180 nlg, 67%) as a white foam. I,CIMS
R,=0.13 mint m/z=278 (M+I) Method Zm acidic; 'H NMR
(500 MHz. DMSO-d,) o 7.97 (s. IH), 3.98 (br s. I H). 3.81
(d, J=7.8 Hz, IH). 3.28 (dd, J=6.1, 9.9 Hz, IH), 3.19-3.13
(m, SH). 2.9S (br d. J=12.1 Hx IH), 2.78 (d, J=9.9 Hz, IH),
2.65 (d, J=12.1 Hz, IH), 2.49-244 (m, IH). 2.28-2.19 (m,
1 il). I 63-1 51 (m, SII), I 40 (br dd..i 9.3. 12 7 Ilz, HI),
I 31 (sxn .I 7 4 Hz. 811), 0 93 (t, .I 7 3 Iiz„1211)

Step 5: Sodium (4R,JaS.SaS)-2,8-dioxohexahydro-
2H-1.4-methanopyrrolo[3,4-d][1 B]diazepin-3(4H)-

yl sulfate

[0348] DOWEX 50Wxg hydrogen Ibml 200-400 mesh
was conditioned by stirring with NaOI I (2 N) for 3 h The
resin v ss loaded onto a column and washed with water until
the pH was -G. It was then washed with I: I water/acetone.
tetrabutylanunonium (4R,5aS,SaS)-2.8-dioxohexahydro-
2H-I 4-methanopyrrolo[3,4-d][1„3]diazepin-3(4H)-yl sul-
fate (180 mg, 0.347 nunol) was dissolved In 1.1 acetone/
water and clutixl through Ihc resin with I.l acetone/water.
'I'he sample was partially concentrated m vacuo (bath temp
&30' ), and lyophilized to atford the title compound (75
m, 68%) as a white solid. LC/MS R,=0.25 min: nt/z=278.0
(M+I) Method T3 3m polar; 'H NMR (500 MHz. DIO) 6
4.24-4.18 (m. 2H), 3.51 (dd, 1=10.7, 6.2 Hz, I H). 3.33 (br d,
J=12.3 Hz, IH), 3.10 (d. J=10.7 Hz, I H), 2.95 (d, J=12.3 Hz,
IH), 2.81 (p. 1=8.1 Hz. IH). 2.54-2.46 (m, IH), 1.65 (dd,
.I 14.7, 9.2 I II, 111)

Altcmate Step 5 Procidure. (4R,5aS,8aS)-2,8-dl-
oxohcxahydro-2H-1.4-methanopyrrolo[3.4-d] [1,3]

dlazcpul-3(4H)-yl hydro en sulfate

[0349] To a solution of tetrabutylanmlonlum (4R,5aS,
SaS)-2.8-dioxohexahydro-2H-1,4-methanopyrrolo[3.4-d] [I,
3]diazepin-3(4H)-yl sullhtc (6.9 g, 13.30 numll) ul Isobuta-
nol (20.8 mL) and v:ster (1.35 mL) at 40'. was addixl a
solution of sodium 2-ethylhexanoate (4.56 8, 26.6 nuuol) in
isobutanol (20 8 mi,) and water (1.35 ml ) via syringe pump
at 8 mL/h. The mixture was stirred for I h at 40" C. then
cooled to rt and stirred overnight, whereupon it was filtered
v ith a Buclmer funnel using Whatman quahtatlve filter
paper. Thc tilter cake was washed with isobutanol (3x) and
then icc-cold aceulne (3x). Vacuum was apphcd to the
funnel with Nl streanl over the filter cake for 3 h followed
by lyophilization for 3 days. which afforded the title com-
pound (3.05 . 73%) as a crystalline white sohd. LC/MS:
R,=0.25 min: m/z=278.0 (M+I) Method T3 3m polar.
[0350] 'H NMR (500 MHz, D10) o=4 20-4 12 (m, 2H),
3 48 (dd, .I 6.2, 10.7 I lz, 111), 3 33-3 25 (m, 111), 3 05 (d,
.I 10.7 ill. 111), 2 90 (d,.i 12 211z. 111), 2 82-2 71 (m, II I),
2.46 (tdd, J=2.8. 8.7. 14.7 Hz„ IH). 1.6(i-l.5(i (m, IH)
[0351] The X-ray powder dlllyactlon spectrum Ibr the
sodium salt is shov'n ln FIG. I
[0352] Instltuuent: X-Ray Diffractometer (Bruker, model
DS)
[0353] Source/ Cu k o
[0354] Step width 0.02"
[0355] Voltage 40 kV
[0356] Current 40 ntA
[0357] Time pcr step 120 seconds
[0358] Scan Range 3 to 3'J'
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NaHCO( and extracted with EtOAc (3x). The combined
organic layers were washed with water. brine. dried over
NasSO4, Iilicred and concentrated in vacuo. Thc crude
material svas purified by silica el chromatography (I itOAc-
I Ieptanes, 0-100%) to afii)rd an orange foani (233 mg) 'I'his
material was repurified by silica gel chromatogmsphy
(EtOAc-Heptanes, 0-70%) afi'ording the title compound
(140 mg, 3%) as a yellow solid LC/MS: R,=0.92 min;
nj/2=434.1 (M+I) Method 2m in(dict 'H NMR (500 MHz.
DMSO-d(,) 6 7.46-7.42 (m, 2H), 7 41-7.33 (m, 3H), 4.98-
4 91 (m, 211), 3.88-3.81 (ni. 111). 3.78 (br s, 111). 3.68 (br s,
311), 3.26-3.03 (m, 211), 2.84 (br d, .I 11.6 I lz, 111), 2 67 (s,
3H). 1.97-1.88 (m. IH). 1.62 (br t, J=12.6 Hz, IH), 1.34 (br
9, 9H)

V

OBs

0 OSO()s

ilxaniple 2 Sodium (48,5a),gag)-7-roethyl-2, 8-di-
oxohexahydro-2H-1.4-methanopyrrolo[3. 4-d][1.3]

diazepin-3(4H)-yi sulfate

[0359]

V

OBs

Step 2 (28,38,513)-methyl 6-(benzyloxy)-3-((meth-
ylamino)methyl)-7-oxo-1,6-diazabicyclo[3.2 1]oc-

tane-2-carboxvlate

[0361] To a stirred solution of (2S.3S„GR)-methyl 6-(ben-
zyloxy)-3-(((tert-butoxycarbonyi)(methyl)amino)methyl)-
7-oxo-l,G-diaimbicyclo[3.2.1]octane-2-carboxylate (140
mg, 0.323 nuuol) in DCM (1.6 mL). TFA (0.622 mL, 8.07
nunol) was ad(hxl drop wise at rt under Ns. Thc rcacuon was
stirred at rt for 90 min and then concentmted and coevapo-
mated with I JCM (3x) 'I'he residue was dissolved in I&('M (2
mL) and cooled to O'. TEA (0.450 mL, 3.23 nunol) was
added. the cooling bath removed and the reaction stirred at
rt for 90 mui. Thc reacuon was diluted with saturated
NaHCO( and extracted with EtOAc (3x). The combo)cxl
orgaiuc layers werc washed with mater, bnnct dried over
Nasg()4, filtered and concentrated in vacuo 'Iiie cmde
material v ss purified by silica uel chromatography (MeOI I-

DCM. 0-20 e) to afioKI the title con)pound (86 mg, 88%) as
a clear film. LC/MS: R,=0.46 min: nj/z=301.9 (M+I)
Method 2m acidic, 'H NMR (400 MHz, DMSO-de)
7.50-7.32 (m. SH), 5.03-4.86 (m. 2H). 3.86 (d, J=7.9 Hz,
I H), 3.60 (br s, IH), 3.39-3.34 (m, IH), 2.93-2.83 (m, 2H),
2 76 (9, 311), 2 57 (6, .I 11 9 I lz, ill). 2 49-2 42 (m. 111),

2 32-2.18 (m, 111), I 38 (ddd..i 14 3, '9 0, I 9 I Iz. 111)

Step I (2S.3),5R)-niethyl 6-(beiizyloxy)-3-(((tert-
bmoxycarbonyl)(methyl)amino)methyl)-7-oxo-l.

6-diazabicyclo[3 2.1]octane-2-carboxylate

[t)360] A stirred mixture of Intermediate ('3 8, 1041
nunol), 2-((tert-butoxycarbonyl)(methyl)amino)acetic acid
(2.56 g„13.53 mmol). Ir[df(CF()ppys(dtbpy)PF, (0.117
0.104 nunol), and potassium phospha(e dibasic (2.175 g,
1249 nuuol) iu DMF (30 mL) was degassed bv bubbluig N,
tluough the suspension for 15 mui and then lefi under an N,
line and irradiated with a Kessil 11150-lilue I,I)I) (fan
cooling) for 48 h. 'I'he reaction was diluted with saturated

0
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Step 3: (4R.5aS.8aS)-3-hydroxy-7-methylhexa-
hydm-21 I-I .4-ntethanopyrnslo [3,4-di[1,3]diazepine-

2.8(gaH)-dione

[0362J (2S,3S,GR)-methyl 6-(benzyloxy)-3-((ntethyl-
amino)methyl)-7-oxo- I. 6-diazabicyclo[3.2.1]octane-2-car-
boxylate (143 mg, 0 475 mmol) was dtssolvcd in methanol

(2 4 ml ) and Vd ('(10%, Degussa type 101, 50% water,

101 mg„0.047 nunol) was added. The mixture was evacu-
ated under vacuum and backlillcd utth Hs. Afier I h of
stirring„ the mixture was Iiltered through celite and concen-
trated in vamto (bath rcmp &30'.) to allord thc tule
compound (63 mg. 63%) as a u:hite solid I C/MS R, 0 11

min: m/z=211.9 (M+ I) Method Zm acidic.

0

8
OSOsx,

Step 5. sodium (4R,5aS,gaS)-7-methyl-2, 8-dtoxo-
hexshydro-2H-1.4-methanopyrrolo [3 „4-d] [1,3]diaz-

epin-3(4H)-yl sulfate
[0364] DOWEX 50Wxg hydrogen Ibmt 200-400 mesh
was conditioned by stirring with NaOH (2 N) for 3 h. The
restn was loaded onto a glass column and washed with water
until the pl I was -6 lt was then washed tvith water:acetone
(I I). Tetrabutylammonium (4105ag,gaS)-7-methyl-2.8-di-
nxohexahydro-2 H-1. 4-mcthanopyrrolo [3,4-d] [1,3]diazeput-
3(4H)-yl sullhtc (62 mg, 0.12 mmol) was dtssolvcd ut I:I
acetone:vvater and passed down the colunut with acetone:
water (I: I). The sample was partially concentrated in vacuo
(bath temp -.30'.) then lyophilized to alford the title
compound (32 ntg„83%) as a white powder I/O/MS
R,=0.48 nun, ndz=291.8 (M+I) Method T3 sm polar: 'H
NMR (500 MHz, DsO) 6=4.20-4.15 (m, 2H). 3.60 (dd,
1=10.6. 64 Hz, IH), 3.30 (dddd. 1=12 3„4.0. 2.7, 1.3 Hz,
IH). 3.13 (d. 1=10.4 Hz, lid). 2 90 (s, 3H). 2 86 (d, 1=12.1
I lz. I H), 2 77 2 /9) (m, 111), 2 49 (tdd, .I 14 8. 8 8, 3 0 I lz,
111) I 5&) (ddd .I 14 8 8 s) 2.0 Ilz 111)

Step 4: tetrabutylamntonimn (1R,5aS,8aS)-7-
methyl-2. 8-dtoxohexahydro-2H-1,4-mcthmtopyr

role[3,4-dJ [1.3Jdiazepin-3(411)-yl sulfate

[0363] (4R,5aS,gaS)-3-hydroxy-7-mcdtylhcxahydro-2H-
1.4-methanopyrrolo[3,4-dJ [1,3Jdiazepine-2.8(8al I)-dione

(63 mg. 0.298 nmtol) v as dissolved in Pyridine (2.9 mL)
and SOs.pyndtnc (237 mg, 1.49 nunol) v;as arldcrL The
reaction was stirred at rt for 20 h. 'I'he reaction was tiltered
tluough a disposable plastic filter and concentrated under
reduced pressure (bath temp &30" (2) 'I'his material was was
dissolved in NaH,PO& (I M. 10 mL) and tetraburylanuno-
nntm hydrogen sull'atc (152 mg. 0.447 nunol) was addtxh

After stirring for 30 mtn at rt it was extracted with IttOAc

(4x). The combined organic layers were washed with bnne,
dncd over NasSOw liltcred and conccntratcd in v muo. Thc
aqueous v as further extracted with 20'%VA in CI I('I, (2x),
dried over sodium sulfate and concentrated in vacuo (bath
temp &30'.) Thc combtncd orgtmic matcnal v,as purilicd
by sthca gcl cluomatography (McOH-DCM, 0-30%) to
afibrd thc utlc compound (62 mg, 39%) as a clear lilm.
LC/MS. R,=O 13 mtn, m/z=291.9 (M+I) Method 2m acidtc,
'H NMR (400 MHz, CDCls) 6=4.34 (br s. IH), 4.04 (br d,
1=7.3 Hz. IH), 3 44 (dd, 1=10.0. 5.6 Hz, IH), 3.34 (br d,

26 Ilz. 111), 328 (br dd..i 103 liz. 5.1 Hz, 811),

2 97-2.91 (m, 411). 2.80 (d, .I 12 0 I lz, 111). 2 75-2 61 (nt,
2il). I 74 I 60 (m, 911), I 44 (sxt..l 7 4 I is„gll). I 00 (t,

7.3 I lz, 1211)

Examplc3. Sodtum (4R,5aS,gaS)-7-cyclopropy1-2.
g-dioxohexahydro-2H-1,4-methanopyrrolo [3,4-d] [I,

3[diazepin-3(4H)-yl sulfate

[0365]

Ons
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Step I (2S.3S„GR)-methyl G-(benzyloxy)-3-(((tert-
buloxycarbonyl) (cyclopropyl)amino)mcthvl)-7-oxo

l. 6-diazabicyclo[3.2 l]octane-2-carboxylate

[0366] A stirred m&xlure of Intcrmcd&stc C (4, 13 87
mmol). 2-((tert-butoxycarbonyl)(cyclopropyl) unino)acetic
aciii (3.SS g. 18.04 riunol), Ir[dl(CF,)ppys(dlbpy)]PF&
(0 156 g, 0.13&J mn&ol). and potassium phosphate dibasic
(2 90 a. 16.65 mmol) in l)MI& (40 ml,) was degassed via N&

sparge for 15 min. The mixture was irradiated under N, v ith
a Kessil H150-Blue LED (fan cooling) for 42 h, whereupon
it was was diluted with saturated NaHCO,. filtered and
cxlractcii with EtOAc (3x). Thc combined organic layers
acre washed with water, buna, duad over Na&SOw tiltcred
and concentrated in vacua 'I'he cu&de residue was puritied
by silica gel cluoniatography (J&tOAc-lleptanes, 0-100%v).
This mateual was repurified 2 more times by silica gel
clm&matography (EtOAc-Heptanes, 0-100% then E&OAc-
Heptanes. 0-70%) afi'ordin the title compound (190 mg. 3%
Y&el&i) ss a clear Iilm. LC/MS. R,=0.99 mm; ndz=460 2
(M+I) Method 2m ac&d&c, 'H NlviR (400 MHz, CDCJ&)
&) 7 45-7 34 (m, 511). 5 05 (d, .I 11.5 I lz., ] II). 4.8&J (d,

11.5 Ilz„ ill). 4 09 (d, J 6 5 Ilz. 111), 3 74 (s. 311),
337-3.25 (m, 2H). 3.17-3.07 (m. IH), 2.92-2.83 (m. IH),
2.64-2.52 (m, IH). 2.44-2.35 (m. IH), 2.09-1.98 (m. IH),
1.68 (t, 1=12.7 Hz, IH). 1.58-1.52 (m. IH), 1.44-1.39 (m,
9H), 0.80-0.66 (m, 2H), 0 59-046 (m, 2H)

1=1458 8.5, 3.0 Hz. I H). I 31 (ddd. J=14.3, 9.2, 1.9 Hz. I H),
0.78-0.68 (m. 2H), 0.66-0.55 (m, 2H).

V

OH

Step 3: (4R.5aS,SaS)-7-cyclopropy1-3-hydroxyhexa-
hydro-ZH-1.4-methanopyrrolo[3.4-d] [1,3]diazepine-

2,S(gaH)-dionc

[0368] (4R.5aS,SaS)-3-(benzyloxy)-7-cyclopropylhexa-
hydro-2H-1,4-melhanopyrrolo[3,4-d] [1,3]ihazcpinc-2,8
(SaH)-dionc (103 mg, 0.315 nunol) was d&ssolvcd in MeOH
(3.2 mL) and Pd~(10% Dcgussa type 101, 50% water,
67 0 mg, 0 031 mmol) was added 'I'he m&xture was degassed
in vacuo and backfiiled &vith I I& After stirring for 40 min. it
was filtered through celite and concentrated in vacuo (bath
temp e30" C.) to afford the title compound (75 mg. 100%)
as a wlutc sohd. LC/MS. R,=0.54 mu&, n&/x=238.0 (M+I)
Method 2m acid&c.

Olin

Step 2: (4R.5aS.SaS)-3-(benzyloxy)-7-cyclopropyl-
hexahydro-2H-1.4-methanopyrrolo[3,4-d] [1.3]diaz-

ep&ne-2.8(8aH)-dione

8

0

.J
[0367] To a surrcd solution of (2S,3S,GR)-methyl 6-(bmi-
zyloxy)-3-(((tert-buloxycarbonyl)(cyclopropyl)amino)
methyl)-7-oxo-1,6-duizab&cyclo[3.2. 1]oct&me-2-carboxylate
(190 mg. 0.413 mmol) dissolved in l)CM (4.1 ml.). I'I&A

(0 796 ml., 10.34 mmol) was added drop-wise at rt under
Ns. The solution was stirred at rt for 90 min and then
concentrated in vacuo, diluted with DCM and reconcen-
trated (3x). Thc res&due was &hssolvcxI ui DCM (2 mL) and
cooled to O'. TEA (0.576 mL, 4.13 nmiol) was ail&lcd and
il was siirred fi&r 18 h at rl. Thc solut&on was concentrated
under reduced pressure and the crude material was puritied
by silica gel chromatography (MeOI I-IJCM. 0-20%v),
afi'ording the title compound (103 mg. 7G%) as a clear tilm.
LC/MS: R,=O 69 min: m/z=328.0(M+I) Method 2m acid&c,
'H NMR (500 MHz, DMSO-ds) 6=7.46-7.42 (m, 2H),
7.41-733 (m. 3H), 4.97-4.89 (m. 2H). 3.87 (d, J=7.8 Hz,
IH). 3.59 (br s, JH), 331-3.27 (m, IH), 2.91-2.85 (m, IH),
2 76 (d .I &J.S I lz 111). 2 66 (tt, .I 7 5, 4 I I lz. 111), 2 56 (d,

11.9 I lz, 111), 2 42 (dd, .I 8 5, 6 I Jlz. ]II). 2.19 (ddt,

Step 4: fetrabutyian&n&onion& (48,5a).gaS)-7-cyclo-
propy1-2, S-dioxohexahydm-211-1,4-n&ethanopyrn&lo

[3.4-dj[1.3]diazepin-3(4H)-yl sulfate

[0369] To a solution of (4R.5aS.SaS)-7-cyclopropyl-3-
hydroxyhcxahydro-2H-JN-mctlmnopyrrolo[3,4-d][1,3]di-
azep&nc-2,S(gaH)-dionc (75 mg, 0.316 nunol) in pyuduic
(3.16 mL) was added SO&.pyr&dine (151 mg, 0.948 nunol).
Afier stirring for tiir 20 h, the slurry was filtered and
concentrated in vacuo (bath temp &30" C) 'I'he cmde
res&due was was dissolved in satumted NaH&POs (10 mL)
and washed v,ith EtOAc. To the aqueous layer was added
tctrabulylanuuonium hyiirogcn sull'alc (161 mg. 0.474
nuno1). After st&rruig R&r 45 nnn &t was extract&xi with DCIvi
(4x), dried over Na&SOw Iillercd and conccntralcd u& vacuo
(bath temp e30" (') 'I'he crude residue was purified via
sil&ca gel chromato raphy (Acetone-DCM, 0-100%) to
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afl'ord 121 mg of a clear film. LC/MS: R,=0.14 min,
m,'z 318 0 (M+I) Method 2m acidic; 'I l NMR (400 Mi lz,
DMSO-d„) 6=3.93 (br s, IH). 3.87 (d, 1=7.8 Hz. IH),
304-3.29 (m, IH). 3 19-3 13 (m, 8H), 2.99-2.94 (m. IH),
2.78 (d, J=9.7 Hz„ IH). 2.68 (tt, J=74, 4.2 Hz. IH). 2.57 (d,
J=11.9 Hz. IH), 2 46-2.36 (m, IH). 2.26-2.17 (m, IH),
I 61-1.52 (m, 811). I 35-1.26 (in, 911). 0.93 (t..l 7.3 1lz„

12H). 0.78-0.69 (m. 2H), 0.66-0.57 (m, 2H).

Example 4. Sodium (4R„5aS.8aS)-7-(2-hydroxy-
cihyl)-2. 8-dioxohcxahydro-2H-1,4-mcthanopyrrolo

[3,4-d][1,3]diazepin-3(4H)-yl sulfate

[IO71J

O

0 OH

Step 5 Sodium (4R.5aS.8aS)-7-cyclopropy1-2. 8-di-
oxohexahydro-2H-1.4-mcthanopyrrolo[3,4-d][1,3]

diazepin-3(411)-yl sulfate

[03'70] DOWEX SOWx8 hydrogen form 200-400 mesh
was conditioned by stirring with NaOII (2 N) for 3 h Hhe

resin tv as loaded onto a glass column and washed with water
(until pH=6) Ril low ed by water:acctonc (1. I). A solution of
tetrabutylammoniuni (48.5ag.gaS)-7-cyclopropy1-2.8-di-
oxohexahydm-2H-1,4-methanopyrro lo [3.4-d] [1.3] diazepin-
3(4H)-yl sulfate (121 mg, 0.217 mmol) ui water.acctonc
(I:I) was loaded onto and passed tlirough the column,
cluiuig with water.acetone (I:I). Thc sample v,as concmi-

trated in vacuo (bath temp &30" (2) and lyophilized, aiford-

ing the title compound (51 mg. 66% Yield) as a white
powder. LC/MS: R,=036 nun: ndz=318.0 (M+I) Method
2m acidic: 'I I NMR (500 Mi lz, I)z(J) 8 4 20-4 14 (ni, 211),

3.55 (dd, J=10.6. 6 I„Hz. IH), 332-3.26 (m. IH). 3.09 (d,
J=10.6 Hz. IH). 2.83 (d, J=12.3 Hz, IH), 2.73-2.65 (m. 2H),
2 50-242 (m, 111), I 51 (dd .I 14 6 i) I llz 111) 0 i)0-0 74

(m, 3H). 0.71-0.63 (m. IH).

Step I tert-butyl (3R4ay.7ag)-(i-allyl-3-hydnixy-7-
oxooctahydro- I I l-pyrmla [3.4-b Jpyridine-I -carboxy-

late

[0372] To a soln of (crt-butyl (3S,4aS,7aS)-3-hydroxy-7-
oxooctahydro-lH-pyrrolo[3,4-b]pynihnc-l-carboxylate
(I 50, 5.62 mmol) in l)Mlz (56 ml,) at 0" ('as added
Potassium tert-butoxide (I M in TIII( 5 6 ml, 5 6 mmol)
After 5 min the cold bath vvas removed and it was allowed
to stir at it for 30 min then cooled to 0" C., whereupon
allylbromidc (490 HL, 5.66 nuuol) was added drop-wise.
Thc cold bath ssas removed after 5 nnu aud aller an
additional 2 h at n, ii was conccntratcd in vacuo and punliod
directly via silica gel chromato raphy (ethylacetate-heptane,
0-100%) to atford the title compound (I 688 8 81%) as a
v hite solid. LC/MS: R,=0.70 min: nt/z=297.1 (M+I )

Method 2m acidic: 'H NMR (500 MHz. DMSO-d,)ah=5.
72 (ddi, J=16.4, 11.1. 5.9 Hz. IH). 5.23-5.15 (m, 2H), 4.96
(s, IH), 4.77 (d. J=7.1 Hz, 0.5H), 4.62 (d, J=7.1 Hz, 0.5H),
3.97-3.85 (m, 1.5H). 3.85-3.75 (m, IH). 3.71 (dd, J=15.3,
63 Ilz., 05H). 349-342 (m. IH), 283-277 (m, III),
2 50-2.40 (in, HI), 2 14 (t..i 11.6 Ilz. 0 511), 2 03-1 91 (m,
1.5H). I 42 (s, 4.5H). 1.38 (s. 4. JH) 0.9(i (p, J=12.1 Hz. I H).
'"Reported as a mixture of rotamers.

HO

8

HO

'OH

0

8
OSO,Sz

Step 2: tert-butyl (38.4a8,7aS)-3-hydroxy-6-(2-hy-
droxyethyl)-7-oxooctahydm-I I i-pyrrolo[3,4-bJpyri-

dine-1-carboxylate

[0373] A solution of tert-butyl (3S,4aS,7aS)-6-ally1-3-hy-
droxy-7-oxooctahydro-I H-pyrrolo[3,4-b]pyndinc-l-car-
boxylate (2 72 8„9 18 mmol) in DCM (92 ml) at — 78"('as

spar ed with Os for 30 min. It was then purged by
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bubbling 0, for an additional 20 min at —78'. To rhe clear
soln ss as added dimethylsullidc (6.74 ml, 92 mmol) and it
ss as Banned lo lo rl and strrred for 30 min. It was coofcxf to0'2 and MeOII (18 ml,j was added foilorved by sodrunl
borohydride (694 mg, 18 4 nmrol) then allowed to slowly
xvann to rt. Afier 14 h at rt it was cooled ro O'. and
saturated NHsCI (aq, 10 mL) was added. After 20 min at rt
it xvas concentmted in vacuo followed by addition of MeOH
and reconcentrated. Thc rcssluc wss taken up m McOH,
Iihcred then rrxoncentrated. Tulane was added mrd thc slurry
was sonicared then reconcentrated I,( MS R, 0.40 nlin,
m,'z 301 4 (M+I) Method 2m acidic

I H-pyrrolo[3 4-b]pyridine-I-carboxylate (2.411 g. 5.82
nunol), N-(bcnzyloxy)-2-mlrobmrzenesulfonamidc (2.160
g, 7 01 nuuol) and lnphenylphosphinc (1. 830 g, 6.98 nunol)
in 'll ip (65 ml) at — 17" (2 was added DIAD (I 40 ml, (s98
nunolj as a soln in Tl fir (10 ml.), drop-wise It was ellov:ed
to slowly warn( to rt and stir for 18 h then mlncentmsted in
vacuo md purified directly via sdica gel chnlmatography,
afibrdurg the title compound (1.785 g. 44% yield) as a white
sohd. LCMS. R,=1.15 min: m/x=705.4 (M+I) Method
2m acrdm.

IBSO

Tnso

8

0

'OH

0 0 Sor
~X //

OBs

Step 3; tert-butyl (3S,4aS,7aS)-6-(2-((tert-butyldim-
cthylsilyl)oxy)ethyl)-3-hydroxy-7-oxooctahydro-IH-

pyrrolo[3,4-b]pyndinc-l-carboxylate

[0374J A soln of tert-butyl (39,4aS,7a))-3-hydroxy-6-(2-
hydroxyethyl)-7-oxooctahydro- I I i-pyrrolo[3,4-bJpyridine-
I-carboxylate (') l8 nlmolj m pyridine (18 ml) was added
TBS-(.1 (1.384 g, 9.18 mmol). After stirring for 24 h at rt it
xvas concentmsted ln vacuo and tel en up in ErOAc and
ssashed ssith ss ster. Tlm aqueous layer was extracted with
EtOAc (2x) and thc combined orgaruc layers werc washed
with brine. dried over NasSOw filtered and concentrated in
vacuo The crude residue was purified via silica ael chro-
mato raphy. afiilrding the title compound (2 433 g. 64%
3-steps) as a wlfite solid. L('MS: R,=fi.gtq min: nr/z=415 4
(M+I) Method 2m acidic

TBSO

Step 4: N-(benzyloxy)-N-((3R,4aS„7aS)-6-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-7-oxooctahydro-IH-
pyrrolo[3,4-b]pyndin-3-yl)-2-nrtrobmrzeuesullbna-

lrrrde

[0376] To a flask charged with zinc(II) bromide (1.21
5 37 nuuo1, dncd at 200'. for 3 h, was added a soluuon of
tert-butyl (3R,4aS.7aS)-3-((N-(bcnzyloxy)-2-nrtrophcnyl)
sulfonamido)-6-(2-((tert-butyldimethylsilyl)oxy)ethyl)-7-
oxooctahydm-I I l-pyrrolo[3,4-b Jpyridine- I -carboxylate
(1.79 g, 2.53 mmol) in DCM (8.5 mL). Afier stlrrmg at rt for
18 h, it v:as diluted with DCM and quenched with saturated
NaHCO, Upon cessation of bubbling. the layers were
scltaratcd and lhc aqurxrus was cxtmctcd wrth DCM (3x).
The combined organic layers sscre dried over NarSOe
filtered and concentrated in vacuo, resultrng in a white foam
I (:MS R, 0 94 min; mrz 605 3 (M+I) Method 2m acidic

TBSO

8

0

on
8
H

Step 4: tert-butyl (3R,4aS,7aS)-3-((N-(benzyloxy)-
2-nitrophenyl)sulfonamide)-6-(2-((tert-butyldimeth-
ylsrlyl)oxy)ethyl)-7-oxooclahydro-lH-pyrrolo[3,4-b]

pyndurc-I-carboxylate

[0375J 'los solution of terr butyl (38 4aS 7aS)6(2((tert-
butyidimethylsilyl)oxy)ethyl)-3-hydroxy-7-oxooctahydro-

Step 5: (3R.4aS,7aS)-3-((benzyloxy)amino)-6-(2-
((tert-butylduuethylsrlyl)oxy)ethyl)oclahydro-7H-

pyrrolo[3.4-b]pyridur-7-ouc

[0377] To a slurry of N-(benzyloxy)-N-((3R,4aS,7aS)-6-
(2-((tert-butyl di methyl silyi)oxy)ethyl)-7-oxooctahydro-111-
pyrrolo[3.4-bJpyridin-3-yi)-2-nitrobenzenesul frouamide
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(1.53 g. 2.53 tmnol) and KsCO, (1.753 g. 12.68 mmol) in
ACN (25 mL) was added lhiophenol (1843 ml, 12.65
mmol). After 22 h il was Iiitcrcxi mid concentratcxl m vacuo.
'I'he cnide residue was purified via silica gel chromatogra-
phy, atfordmg the title compound (919 mg, 87%, 2-steps) as
an ofi'-wifite foam LCMS: R,=0.82 min; m/z=420.4 (M+I)
Method 2m acidic.

metlmnopyrrolo[3,4-d)[1,3)diazepine-2.8(3H)-dione (110
mg, 0.247 mmol) and Pd~'(10% Degussa type 101, 500(r

water. 25 mg, 0.012 nunol) in MeOH (2.5 mL) was de assed
and bacldilled with H, (3x). Aficr 3 h ofvigorous stirring lhe
slurry was pur ed with Ns. filtered through celite and
conccntratcd in vacuo. Toluene was added and it was soni-
cated then reconcentrated Assumed quantitative yield
LCMS. R,W.71 min, m/x=356.4 (M+I) Method 2m acidic.

0

TBSO

8

.J
Step 6: (4R,5aS,gaS)-3-(benzyloxy)-7-(2-((tert-bu-

tyldimethylsilyl)oxy)ethyl)-hexahydni-21 1-1.4-
methanopyrmlo[3.4-d) [1.3)diazepine-2.8(3H)-dione

[0378J 'Io a solution of (3R.4a8,7aS)-3-((benzvloxy)
aniino)-(I-(2-((tert-butyldimethylsilyl)oxy)ethyl)octahydro-
7H-pyrroio[3.4-bipyridin-7-one (919 mg, 2.19 nmtol) and
DIPEA (1.2 mL„G.87 nmtol) in acetonitrile ((i84 mL) at 0"

C. was added phosgene (15-20% in toluene, 1.60 mL, 2.24
nunol) ss a solution in acetoiutrile (10 mL) at a rate of 8
mi/h. It was alloived to slowly raise to rt. Afler 20 h it was
concentrated in vacuo. partitioned between EtOAc,'I I('I (aq,
0.2 M) and the phases v ere separated. The aqueous layer
was extracted with EtOAc (2x) and the combined organic
layers were washed with brine. saturated NaHCO, dried
over NasSOs/M SOw Iillcrcd and concentrated in vacuo.
Thc crude residue was purified via silica gci cluomatogra-
phy, afliirding the title compound (54') mg, 56%) as a wlute
foant I,('MS: R, 095 min: m/z 1464 (M+I) Method
2m acidic.

Step 8: Tetrabutylanunonium (4R.5aS,8aS)-7-(2-
((lcrl-butyldimcthylsilyl)oxy)ethyl)-2,8-dioxohcxa-

hydro-2H-1,4-methanopyrroio [3,4-di [1 3 1 diazep in-3
(4H)-yl sulfate

[03801 To a soiution of(4R,3aS.SaS)-7-(2-((tert-butyldim-
cthylsilyl)oxy)ethyl)-3-hydroxyhcxahydro-2H-1,4-mclhs-
nopyrrolo[3.4-di[1,31diazepine-2.8(3H)-dione (0.247
mmol) in pyridine (1.6 mL) was added SOs Py (197 mg,
1.24 mmol). After stirring for 17 h at rt the mixture was
concentrated in vacuo anti slumcxl in DCM then Iiltcrcd and
reconcentrated ui vacuo. Thc rcsultutg sohd was dissolved in
NalisPOs (I M aq. 20 nil.). v hereuPon tetrabutylammo-
nium hydrogen sulfate (131 m, 0.386 ntmol) was added
After stirring for 45 min it tv as extracted with DCM (4x) and
the combined organic layers stere dried over Na,SOw fil-
tered and concentrated in vacuo The en(de re~idue was
punlied via silica gel cluomato raphy (McOH-DCIvi.
0-20%) lo allhrd thc nile compound (56 mg, 34%. 3-stcqts)
as an oflzwhite foam. I (:MS: 8, 081 min, ni/z 1363
(M+I) Method 2m acidic

0

Oil

TBSO2

Stcqt 7: (4R,5aS,gaS)-7-(2-((tert-bulyldimcthylsiiyl)
oxy)ethyl)-3-hydroxyhexahydm-211-1,4-methanopy-

rns in [3.4-dJ [1,3 J dt azepino-2. 8 (311)-di one

[0379J A slurry of (48.5ag.gaS)-3-(benzyloxy)-7-(2-
((tert-butyldimethylsilyl)oxy)ethyl)hexahydro-211-1.4-

8
OSOibs
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Step 9 Sodium (4R,5aS,gaS)-7-(2-((tert-butyldim-
ethylsilyl)oxy)ethyl)-2,8-dioxohexahydro-21i-l.4-

methanopyrrolo[3,4-d][1.3]diazepin-3(4H)-yi sulfate
Hz'.Z

[(1381J l)OSYIIX 50SYxg hydrogen forin 200-400 mesh
was conditioned by stirring with NaOH (2 N) for 3 h The
l i slu w as lotitlcil onhl a glass cohluul ani! w ashixl with wan r
(until pi I 6) followed by water:acetone (I ]) A solution of
tetrabutylanunonium (4R,5aS,gaS)-7-(2-((tert-butyldimeth-
ylsilyl)oxy)ethyl)-2.8-dioxohcxahydro-2H-1.4-meth mopyr-
roio[3,4-d][1.31diazepin-3(4H)-yl sulfate (5(i mg. 0.083
mmol) in water.acetone (I:I) was loaded onto tmd passed
through the column. eluting with water acetone (i I) 'I he

sample lvas concentrated in vacuo (bath temp 30'.) and

lyoplulized, aifordulg tlm title compound (36 m, 95%

Yield) as a white powder I.('MS R, 0.81 min; m/z 436 3

(M+I) Method 2m acidic.

HO

xt

Oib z

Exainple 5 (48.5aS,gaS)-7-(2-aminoethyl)-2.8-
dioxohexahydro-2H-1.4-methanopyrrolo[3. 4-d][1.

3Jdiazepin-3(411)-yl hydrogen sulfate

[0383]

HO

0

0'SOzXs
OBs

Step 10. Sodnun (4R,5aS,8aS)-7-(2-hydroxyethyl)-
2,8-dioxohexahydro-211-1,4-methanopyrrolo[3.4-dJ

[1,3]diazepin-3(4H)-yl sulfate

[(1382J 'Io a slurri of sodium (18,5aS,gaS)-7-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-2,8-dioxohexahydro-2H-1,4-
methanopyrrolo[3,4-d][1,3]lhazcpin-3(4H)-yl sulfate (36

nlg, 0.079 mnlol) in acetonitrile (790 HI.) ives added trieth-
yhunine trihydroiiuoridc (13.07 pl, 0.079 nunol). drop-wise
and the resulting solution was heated to 45" (2 for 3 h.

Additional triethylamine trihydrofiuoride (13.07 gl. 0.079
mmol) was added and it was heated to 45'. for 2 h then
concentrated in vacuo 'I'he crude residue was taken up in

phosphate buffer (pH=6) and purified by reverse phase prep
HPLC (T3, Atlanus colunm, 30x100 mm, S Inn. Ci8 col-

umn: A(:N-water lvith 3 75 mmol Nl IzOA('utfer, 20-60

mL/min), affording the title compound (13.9 mg) cs a white
polvder I.('MS R, 034 min; m/z 322.2 (M+I) Method

T3 3m poLar. 'H NMR (500 MHz. DzO) 6 4.8 (d. 1=8.0 Hz,

IH), 4.14 (s, IH), 3.69 (t, J=5.4 Hz, 2H), 3.61 (dd, J=IO 7,

6 3 I is„ I I I), 3 49-3 37 (m, 2i I). 3 29-3 22 (m. 111), 3.17-3.

14 (m, IH), 2.84 (d. J=12.2 Hz, IH). 2.75-2.67 (m. I H). 2.45

(ddt, J=14.7. 8.7, 3 0 Hz, IH), I.S4 (ddd, J=14.8, 9.0. 2.0 Hz,

I i I)

Step I: (48,5aS,gag)-3-(benzyloxy)-7-(2-hydroxy-
ethyl)hexahydro-2H-1,4-methanopyrrolo [3,4-d] [1,3]

diazcpinc-2,8(3H)-drone

[0384] To a soln of (4R.5aS.8aS)-3-(benzyloxy)-7-(2-
((tert-butylduncthylsilyl)oxy)ethyl)hexahydro-2H-1.4-
methmlopyrrolo[3,1-dJ[1,3Jdiazepine-2.8(311)-dione (530

mg, I 19 numil) ul THF (12 mL) at O' was added TIJAF

(I 2 mi . 1.20 nlmol) After I h at 0" ('t was concentrated
in vacuo. partitioned between EtOAc/water and the phases
werc scparatcd. Thc atiucous layer was extracted widl
I:tOAc (2x) and the combined organic layers were washed
with brine, dried over NazSOx/MgSOo hltered and concen-
trated in vacuo. Thc crude residue was pullticxI by silica gcl
cluomatography (MeOI I-8(:M, 0-7%) to afford the title
compound (268 mv, 68%) as a white solid. LCMS: R,=0.55

nun; nt/z 332 3 (M+I) Method 2m acidic. 'I I NMR (500
MHz. CDCl,-d) o 7 48-7.36 (m. 5H). 5.09 (d. i=113 Hz,

IH), 4.93 (d. J=ll.2 Hz. IH), 4.18 (d. J=7.8 Hz, IH).
3 87-3.75 (m, 211), 3 66-3 54 (m, 211). 342-335 (m. II I),

330 (s, IH), 3.10 (d. J=12.2 Hz. IH)„3.03 (d, J=IO.I Hz,

I H), 2.81-2.72 (m, 2H), 2.48-239 (m, 2H), I 38 (dd, i=14.2.
92 Hz IH)
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Moo
compound (293 mg, 86;o) as a white solid. LCMS: R,=0.87
nun; m/z 431/4 (M—l)oc+I) Method 2m acidic

BncHS

8

Oiio

Step 2: 2-((4R„5aS„gaS)-3-(benzyloxy)-2,8-dioxooc-
tahydro-7H-1.4-mcthanopyrrolo084-d] [1,3]diazcput-

7-yl)ethyl mcthancsulfiuiatc

[0385] To a soln of (4R,5aS,gaS)-3-(benzyloxy)-7-(2-hy-
droxycthyl)hexahydro-2H-I A-mctlianopyrrolo[3,4-d][1,3]
diazepuie-2,8(3H)-dionc (265.4 mg, 0.801 nunol) and TEA
(140 ul. 1.00 mmol) in DCM (4.0 mL) v;as added MsCI
(65 5 pl, 0 841 mmol) After 45 min it was ivashed v ith
water. Ilie aqeuous layer was extnscted with I)(:M (2x) and
the combined or ante layers were dried over NasSOo/
M SOo„ filtered and coned in vacuo, affording the ritle
compound (332 mg) as a white sohd. LCMS. R,=0.55 min,
nt/x=410.3 (M+I) Method 2m acidic.

tine
I

Bo — i

OH

Step 4: tert-butyl (2-((48.5aS.gaS)-3-hydroxy-2,
g-dioxooctahydro-7H-1,4-nu:thanopyrrolo[3.4-d] [I,

3Jdiazepin-7-vl)ethvl)carbamate

[0387] A slurry of di-tert-butyl (2-((4R,5aS,gaS)-3-(bcn-
zyloxy)-2,8-dioxooctahydro-711-1.4-methanopyrrolo[3,4-d]
[1,3]diazcpin-7-yl)ethyl)iminodmarboxylatc (226.8 mg,
0 427 mniol) and Pd ('(10%1)egussa type 101. 50'%ater,
45.3 ntg. 0.021 mmol) in MeOH (4.2 mL) was degassed and
backhlled v;ith II, (3x). After 3 h of vigorous stirring the
slurry was pur ed with N,. filtered through celite and
conccntratcd in vacuo. Toluene was added and it was soni-
cated then reconcentrated. Assumed quantitative yield.
LCMS. R,W.65 min, m/x=341.4 (M+I) Method 2m acidic.

iin HHc

8

8
OBo

0

Step 3: Di-tert-butyl (2-((4R,5aS.gaS)-3-(benzy-
loxy)-2„8-dioxooctahydro-7H-I A-methanopyrrolo[3.

4-dj[1,3]diazepin-7-yl)ethyl)iminodicarboxylate

[0386] To a soln of di-tert-butyl-iminodicarboxylate (153
mg, 0.704 mmol) in DMF (3.2 ml ) was added pomssium
tert-butoxidc (I M ui THF, 700 BL. 0.700 nunol). Afier 30
min at rt. a solution of 2-((4R.5aS,8aS)-3-(benzyloxy)-2.8-
diox one ta hydro-7 H-1,4-methimopyrrolo [3,4-d] [1. 3] diaz-
epin-7-yl)ethyl methanesulfonate (262 mg, 0 640 nunol) in
l)Mli (2 min 2x500 PI washes) ives added. It was stirred at
rt for 10 min. heated to 50'. for 100 min then srirred at rt
for 12 h, whereupon it was diluted with EtOAc and washed
with brine (% saturated). Thc aqueous layer v,as cxtractcd
with EtOAc (2x) and thc combuied orgaiuc layers were
dncd over NaoSOo/MgSOo, liitercs) aml concentrated in
vacuo I'he crude residue was purified via silica aet cluo-
niatouraphy (EtOAc-heptane, 0-90ogo). affiirding the title

Step 5 Pyridin-I-ium (48,5aS.gaS)-7-(2-((tert-bu-
toxycarbonyl)amino)ethyl)-2.8-dioxohexahydro-2H-

1,4-methanopyrmlo[3.4-dJ [1.3Jdiazepin-3(411)-yl
sulfate

[l)388] To a solution of terr-butyl (2-((48,5ag,gaS)-3-hy-
droxy-2.8-dioxooctahydro-7H-1.4-methanopyrrolo[3,4-dj
[)3]diazepiu-7-yl)ethyl)carbamate in pyndine (3 mi.) was
added SOo,Pyridine (335 rng, 2.10 mmol). After 15 h at rt it
was concentrated in iacuo. slurnixl in DCM and iiltcrisk
afiiirdin the titie compound as an oif-white solid. Assumed
quantitative yield. LCMS: R,=0.59 min, m/z=3214
(M—l)oc+ I ) Method 2m acidic.
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Step I: tert-Butyl (3R.4aS.7aS)-fi-allyl-3-((N-(ben-
zyloxy)-2-nitrophenyl)sulfonamide)-7-oxoocta-
hydro-lH-pyrrolo[3,4-b]pyndine-l-carboxylate

0'SO&u
Step (I: (4R,5aS,8aS)-7-(2-aminoethyl)-2,8-dioxo-

hexahydro-2H-1.4-methanopyrrolo[3,4-d] [1.3]diaz-
epin-3(411)-yl hydrogen sulfate

[0389] To a slurry of pyridin-I-ium (4R.5aS,gaS)-7-(2-
((tert-butoxycarbonyl)an&inc)ethyl)-2,8-dioxohexahydm-
2H-I.4-&ucthanopytrolo[3,4-d][I,3]diazcpm-3(4H)-yl sul-
fate (210 m, 0 421 mniol) in D('M (4 2 ml,) at O' was
aiidcii TFA (973 pl, 12 63 nunol). Aller 2.5 h at O'. &t was
concentrated in vacuo. slurried in D('M and reconcentrated.
Thc crude rest due was taken up in phosphate bufll:r (pH=6),
filtered and purified by reverse phase prep HPLC (T3,
Atlantis colunm, 30x100 nmi, 5 m, C18 colunm; water
vvith 3.75 mmol NHsOAC buffer, 20-60 mL/min), affording
thc title compound (155 mg) as a wluie powder. LCMS
R,=0.22 niin: m/z=321.4 (M+I) Method T3 3m polar 'H
NMR (500 MHz, D,O) 6 4.00 (d, 1=8.1 Hz, IH), 3.94 (s,
IH). 3.61 (dt, J=14.3, 6 9 Hz. IH). 345 (dd, 1=10.5. 6.4 Hz,
I il). 3 28 (dt, .I 148, 5 6 I lz, 111), 3 0(i (br d, .I 12 4 Ilz„
IH), 2.96 (t. J=6 2 Hz. 2H). 2.92 (d, J=10.5 Hz. IH), 2.68
(d. 1 12 3 I I&. 111). 2.55 (p..l 8.3 I lz. 111)„2.31-2.21 (ni,
IH). 1.38 (dd. J=14.9, 9.1 Hz. IH).

[I)391J To a solution of terr-butyl (38,4aR7aS)-6-ally1-3-
hydroxy-7-oxooctahydro-IH-pyrrolo [3,4-b]pyndine-l -car-
boxylate (786/4 nig, 2.65 mniol). N-(benzyloxy)-2-nitroben-
zenesulfonamide (900 m „2.92 nunol) and
tnphenylphosplunc (835 mg. 3.18 mmol) in THF (29 mL) ai
-17" C. v:as added DIAD (0.640 mL, 3.18 mmol) ac a soln
iu THF (4.1 mL) drop-wise at 6 30 tun. It was allowed to
slowly warin to rt and stir for 22 h then concentrated in
vacuo mid puniicd directly &is silica gcl chromatography
(I:tOAc-heptane, 0-40%), affi&rding the title compound (846
mg, 54%) as an ofl'-white solid. LCMS: R,=0.95 min;
nv'z 587.3 (M+I) Method 2m acidic

0 0 VO&

v'ss//

OBs

Step 2: N-((3R 4aS,7aS)-6-allyl-7-oxooctahydro-
IH-pyrrolo[3.4-b]pyridin-3-yl)-N-(benzyloxy)-2-

nitrobcnzcncsul fonmnidc

8
OS0,82

Exaniple (i. Sodium (4R,5aS.8aS)-2,8-dioxo-7-pro-
pylhexahydro-211-),4-methanopyrmio[3„4-d][).3]

diazepin-3(411)-yl sulfate

[0390]

[0392] To a flask charged with inc(11) bromide (681 ntg,
3.02 nmiol, dncd at 200'. Ibr 4 h) and (crt-butyl (3R,4aS,
7aS)-6-allyl-3-((N-(benzyloxy)-2-nitmphenyl)sul fona-
mido)-7-oxooctahydro-lH-pyrrolo[3,4-b]pyndinc-l-car-
boxylate (845 nig. 1.44 niniol). under Ns, was added D('M
(4.8 mL). Afler stirring at rt fi&r 15 h. it was diluted with
D('M and quenched with saturated Nal I('Oi Upon cessa-
tion of bubbling, the layers were separated and the aqueous
was cxtracicd with DCM (3x). Thc combuicd organic layers
v ere dried over Na&SO& and concentrated in vacuo, result-
iug in a wlute foam. Assunuxi quautitauvc yield. LCMS.
R,=0.70 min: m/z=487.2 (M+I) Method 2m acidic.

0

Ous
8
&I
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Step 3: (3R.4aS.7aS)-G-ally1-3-((benzyloxy)amino)
octahydro-7H-pyrroio[3, 4-b]pyridui-7-one

[t)393] io a slurry of N-((3IL4a8.7aS)-6-ally1-7-oxoocta-
hydro-1 I l-pyric lo[3.4-b jpyridin-3-yl)-N-(benzyloxy)-2-ni-
trobenzenesulfonamide (1.44 nunol) and KsCO& (995 rn,
7.20 nunol) in ACN (14.4 mL) was added thiophenol (76&4

uL, 7.20 mmol). After 21 h it was filtered and concentmted
in vacuo. Thc crude rcsiduc was puuficd via sihca gel
chromatography (MeOH-DCM, 0-8%), allbrding the tule
compound (385 mg, 89%. 2-steps) as an otf-white foani.
I (:MS: Rt 0 49 min; ni/z 302 4 (M+I ) Method 2m acidic.

Step 5: (4R.5aS.gaS)-3-hydroxy-7-propylhexa-
hydro-ZH-I.4-methanopyrrolo[3.4-d] [1„3]diazepine-

2,8(311)-dione

[0395] A slurry oi'4R.5aS,8aS)-7-allyl-3-(bcnzyloxy)
hexahydro-2H-I,4-methanopyrrolo[3.4-d] [1,3]diazepine-2.
8(3H)-dione (209 nig. 0.638 nunol) and Pd C(10%
Degussa type 101, 50% v ster, 41 mg, 0 019 nlmol) in
MeOI I (6/4 &nl,) was degassed and backfilled with I I& (3x)
After 5 h oi'igorous s&irnng the slurry was purged with Ns,
more Pd~(10% Dcgussa type 101, 50% water. 41 mg,
0.019 mmol) was added and it was degassed and backfilled
v ith H (3x). After 2 h of vigorous stirring it was purged
with Ns then filtered through cehte and concentrated in
vacuo 'I'oluene was added and &t was sonicated then recon-
centrated. Assumed quantitative yield. LCMS. R,=0.27 mui,
n&/x=240.3 (ii I+1) Method 2m ac&&bc.

Oiis

Step 4: (4R.5aS,gaS)-7-allyi-3-(benzyloxy)hcxa-
hydro-2H-I.4-n&cthanopyrrolo[3.4-d][1,3]d&azepinc-

2,8(311)-dione

[t)394] io a solution of (3R,4aK7aS)-6-ally1-3-((benzy-
loxy)amino)octahydm-71 I-pyrrolo[3,4-bjpyridh&-7-one
(385 mg, 1.28 nmiol) and DIPEA (670 PL. 3.83 nmiol) in
A('N (40 mL) at 0" C, was added phosgene (1.20 mL. I.GG

mmol) as a soluuon ui ACN (5.7 mL) at a rotc of 6.5 mL/h.
I& was allowed to slowly raise to rt. Alter 20 h it was
conccntratcd in vamio, partitioned bc&ween EtOAc/HCI (0 2
N) and the phases were separated 'lhe aqueous layer was
extracted with 1&tOAc (ix) and the combined organic layers
&vere washed &vith brine and saturated NaHCO&. The brine
&sash was combined with the catumted NaHCO., wash and
the solution was ex&racted with 10% McOH/DCM (2x). Thc
acidic aqueous layer was rc-cxtrac&cd with 10% McOH/
DCM (2x) and thc combined orgaiuc layers v, ere ducd over
NaaSOw tiitered and concentmted in vacuo. 1'he cmde
residue &vas purified v&a ail&ca gel chromatography (MeOI I-
D('M. 0-10%)„afi'ordin the title compound (369.2 rn,
88io) as a white foam. LCMS; Rt=0.60 min: n9z=328 4
(M+I) Method 2m acuhc

J
Stc3& 6. Tctrabutyhmunon&um (4R,5aS.gaS)-2,8-

dioxo-7-propylhexahydro-2H-1,4-methanopyrrolo[3.
4-d1[1.3]diazepin-3(4H)-yl sulfate

[0396] To a solution of (4R,5«S,8«S)-3-hydroxy-7-propy-
lhexahydro-2H-1,4-methanopyrrolo [3„4-d] [1,3]diazepine-2,
8(3H)-dione (0.638 mmol) in pyridine (6.4 mL) v ac added
SOs Py (508 mg, 3 19 mmol) After stirring for 13 h at rt the
nuxture was filtered and concentrated in vacuo. 'I'he result-
ing solal was dissolved in NaH&POs (I M aq, 40 mL),
whereupon tctrabu&ylammomum hydrogmi sullhtc (325 mg.
0.957 nunoi) &vas added. After stirnng for I 5 h it was
extmcted v, ith DCM (4x) and the combined organic layers
v ere dried over NasSOw tiltered and concentrated in vacuo
1'he co&de residue &vas purified v&a silica gel chromatogm-
phy (McOH-DCM, 0-15%) &o alford thc title compound
(229 mg, 64%, 3-a&cps) as a white solid. LCMS R,=0.81
mui: &n/x&436.3 (M+I) Method 2m acidic.

0
0

OJI
0 OSO&8.
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Step 7 Sodium (4R,5aS.gaS)-2,8-dioxo-7-propyi-
hexahydro-2H-1.4-mcthanopyrrolo084-d] [1,3]diaz-

epin-3(4H)-yl sulfate

[0397] DOWEX 50Wxg hydrogen foun 200-400 mesh
was conditioned by stirring with NaOII (2 N) for 2 h 'I he
resin ives loaded onto a glass column and washed with water
(until pH=6) followed by water:acetone (I: I). A solution of
tclrabulylmnmonium (4R.5aS.8aS)-2,8-dioxo-7-propyl-
hexahydro-2H-1,4-mcthauopyrrolo[3.4-d] [1,3]diazepin-3
(4H)-yl sulfate (228 mg, 0.408 nunol) in water.acetone (1.1)
was loaded onto and passed through the colunui. eluting
with water acetone (I I) 'lite sample was concentrated in
vacuo (bath temp (30" C.) and lyophilized. affordin the
title compound (120 mg. 85%) as a white powder. LCMS
R,=030 nnn, nt/x=320.3 (hi+I) Method 2m acitlic. 'H
NMR (500 MHz, D,O) 6 4.18 (d, 1=8.0 Hz, IH), 4.14 (s,
IH), 3.54 (dd. J=JO 9, 6 3 Hz, IH). 3.32-3.17 (m, 3H). 3.10
(d .I 10 8 I lz 111) 2 80 (d .I 12 2 I is 111) 2 (&i) (p .I 8 2

Hz. 111), 2.50-2 41 (m, 111). I 57-1 47 (m. 311). 0.81 (t,
1=7.4, 3H).

The reaction mixture was stirred for 60 h and then heated at50'. Ior 2 days. Thc solvent was rmnovcd in vacuo and
taken back up ui EtOAc/Hcptanc (300 mL, I/I), washosl
with water (10() ml,). I ICI (0.1 N, 50 ml ). brine (50 ml.),
dried over NaoSOw filtered and concentrated in vacuo The
cnide residue ivas purified via silica el chromatogmsphy
(EtOAc-Heptane. 0-40%o) to afford the title compound (9.6
g. 55%) as an oil. LCMS: R,=l 19 min. Bt/z=479.2 (M+I),
Method 2m acidic.

OH

o
o

H

0

8 OB
Bo.

Step 2: (2S.5R)-5-((benzyloxy)(tert-butoxycarbonyi)
anuno)-I-(tert-buloxycarbonyl)pipcudinc-2-carbox-

vlle ilciil

0 OSO;sts

Example 7. Sodium (4R.5aR,9aS)-2, 9-dioxoocta-
hydro-1.4-methmiopyralo[3, 4-d][1,3]tbazcpin-3

(2H)-yl hydrogen sulfate

[0398]

[0400] To a solution of I-(tert-butyl) 2-ethyl (2S.SR)-5-
((bcnzyloxy)(tert-buloxycarbonyl)amino)pipcriduie-1.2-di-
carboxylatc (9.60 mg. 20.06 mmol) in THF.McOH (3: I, 80
m[,) at 0" (2 v,as sloiviy added a solution of sodium
hydroxide (I N, 40 ml,). After 5 h at rt, I I('I (I N, 41 mi,)
was slowly added the it ives extracted v ith EtOAc (300 mL).
The or anic layer was dried over NasSOs, filtered and
concentrated in vacuo to afford the title compound (8.78 ",
97%) as a soi't solul. LCMS: R,=1.05 min, Biz=451.2 (M+ I )

Method 2m acidic.

OEi

o

H

0

OBo
Bo

Boo m
o

H

0

H OB

Slap I: I-(tert-butyl) 2-ethyl (2S,SR)-5-((benzy-
loxy)(tert-butoxycarbonyl)amino)piperidine-1.2-

dicarboxyhste

[0399] To a suspension of (2S,SR)-ethyl 5-((benzyloxy)
anuno)piperiduic-2-carboxylate oxalale (13.25 g. 36 0
nuuol) in EtOAc (200 mL) werc added Na CO, (2.0 M, 80
mi o 160 mmol) and sodium hydroxide (I 0 M, 40 ml . 40
mmol). 1 he mixture was stirred at rooin teinperature for 30
min. The precipitate formed was filtered ofi'nd the tv o
layers of the hltrate were sepamsted, The organic layer was
washed with brine (SO ml), drmd over NaoSOs, Iiltered and
conccnlratcd in vacuo, ailhrihng a viscous oil (10.0 g). To a
solution of this oil (10.0 g. 3S.9 mmol) in THF (100 ml)
were added lioc-anhydride (23 5 g, 108 minol), triethylani-
ine (15.0 ml, 108 mniol) and DMAP (4.38 8„35.9 mniol).

Stop 3: tert-Butyl (2S.SR)-S-((benzyloxy)(tert-bu-
toxycarbonyl)amino)-2-(quinolin-8-ylcarbamoyl)

piperidine-I -carboxylate

[0401] To a soluuon of (2S.SR)-5-((bcuzyloxy)(tert-bu-
toxycarbonyl)mnino)-I-(tert-butoxycarbonyl)piperidine-2-
carboxylic acid ((& 010 g, 13 34 mmol) in D('M (100 ml.) at
O' was added quinolin-8-amine (2116 mg. 14.67 mmol)
followed by DIPEA (4.66 mL. 26.7 mmol) and HATU
(6.087 g, 16.01 nuuol). Aficr surring under argon at rt for 2.5
h, the nuxturc w as pourixi into water (I SO mL) aud extra etosl
with DCM (100 mL). Thc orgtuuc layer was dnosI over
MESOw filtered and concentrated in vacuo. Hhe crude
residue was purified via silica gel chroniatography (EtOAc-
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Heptane. 10-40%), aff'ording the title compound ((i.60
86%) as a soft sohd. LCMS: R,=1.22 nun, ariz=577 3

(M+I). Merited 2m acidic.

0

0
H

N (m i

ll

super-hydride (1.0 M in THE. 18.50 mL. 18 5 mmol). After
stirring at 0" C. for 5 h, AcOH (50%c aq, 10 ml) was addcxl
follow cd by aalu rat cxl NHcCI (30 mL) aud EtOAc (I SO mL).
1'he layers were separated and the organic layer was washed
with brine (50 ml,), dried over NazSOc. filtered and con-
centrated in vacuo. The crude residue was purified via silica
gel cluomatography (EtOAc-Heptane. 10-60%) to afford the
title compound (680 mg. 3Pic). LCMS: R,=1.16 min,
nkz=621.1 (81+I), Method 2m aculic.

H ~OX(

Step 4 tert-I)utyl (28.38,5R)-5-((benzyloxy)(tert-
butoxycarbonyl)amino)-3-(2-methoxy-2-oxoethyl)-
2-(quinofin-8-ylcarbamoyI)piperidine-I -carboxylate

[0402] To a solutiou ol'ert-butyl (2S,SR)-5-((benzyloxy)
(leu-buloxycarbouyl)amino)-2-(quutolin-8-yicarbtunoyl)pi-
peridine-I-carboxylate (5.580 o. 9.68 nunol) in 2-methyl-2-
butanol (95 ml ) were added dibenzyl hydrogen phosphate
(538 mu. I.c)4 mmol), silver carbonate (5 336 mg, 19 35
nunol), Pd(11) acetate (434 mg, 1.94 mmol) and methyl
2-bromoacetate (2 83 mL. 290 mmol). The mixture was
purged with argon, scaled mtd healed lo 110'. I'or 20 h.
Addutonal Pd(H) acetate (217 mg. 0.97 nunol) and methyl
2-bromoacetate (I 88 ml . 19 36 mmol) were added and the
reaction mixture was stirred at 110" ( forauother 20 h. 1he
nlixture was cooled to mom temperature, diluted with I)CM
(100 ml), hltered and concentrated in vacuo. The crude
residue was purified via silica el chromatography (EtOAc-
Hcpt;mc. 0-3S%) to alford the utle compound (2.170 g,
35%) as a viscous otl. LCMS: R,=1.26 nun, m/x=649 3

(M+I). Method 2nl acidic

0

OBs
Bcc

Bcc

Step 6: tert-13utyl (28,38.510-5-((benzyloxy)(tert-
butoxycarbonyljamino)-3-(2-((methylsulfonyl)oxyj
ethyl)-2-(quinolin-8-ylcarbamoyl)piperidine-I-car-

boxylate

[0404] To a soluuon of tert-butyl (2S,3S,SR)-S-((bcnzy-
loxyj(tert-butoxycarbonyl)amino)-3-(2-hydroxyethyl)-2-
(quinolin-8-ylcarbamoyl)piperidule-I-carboxylate (680 mg,
1.10 mmol) in dichloromethane (20 mL) at 0" C. were added
tnethylamine (0.30 mL, 2.19 nuuol) and methylsulfonyl
chloudc (0.17 mL, 2.19 mmol). Aficr stirnug I'or 20 h ai rl
the nuxturc was diluted with water (20 mL) and EtOAc (100
mL) and stirred for an additional IS mtn, whcrcupon lhe
layers were sepamted 'I he organic layer was washed ivith
NalisPOc (1.0 M, 2x40 ml ). brine (30 ml ). dried over
NaaSOc, filtered and concentrated in vacuo, affitrding the
title compound (quantitative yield) as a soft solid. LCMS;
R,=1.22 min. m'z=699.4 (M+I). Method Zm acidic.

0 ~OH
0

H
N OBs

Bcc ~One

Step 5: tert-13utyl (2).3S,SR)-5-((benzyloxy)(tert-
butoxycarbonyl)amino)-3-(2-hydroxyethyl)-2-(qui-

nolin-8-ylcarbamoyl)plperidine-I-carboxylate

[0403] To a solution of tert-butyl (2S 3S,SR)-5-((bcnzy-
loxy)((crt-butoxycarbonyl)tunuto)-3-(2-methoxy-2-oxo-
ethyl)-2-(quinohn-8-ylcarbamoyl)piperidine-]-carboxylate
(2 40 g, 3.70 mmol) in 111li (60 ml.) at 0'' as added

Step 7: tert-13utyl (3R.4ag.gaS)-3-((benzyloxy)(tert-
butoxycarbonyl)amino)-8-oxo-7-(quinolin-8-yl)octa-

hydro-I. 7-naphthyridine-1(2H)-carboxylate

[0405] To a soluuon of lerl-butyl (2S,3S,SR)-5-((benzy-
loxy)(tert-butoxycarbonyl)anlitm)-3-(2-((ntethylsul fonyl)
oxy)ethyl)-2-(quinolin-8-ylcarbantoyI)pipertdine-I -car-



US 20[8/0086762 A]
40

Mar. 29, 2018

boxy)ate (690 mg, 0.99 mmnl) in THF (16 mL) at 0" C. was
added LDA (1.0 M in THF(hexane. 1.97 mL). Aficr stirring
at O'. Ii&r 2.5 h, it was wanued to ri m&d st&rrcil ovem& hi.
Saturated NIIs('I (20 ml,) solution was added and the
n&ixture v as extracted with EtOAc (80 ml,) 'I'he organic
layer was washed with brine (20 mL). dried over Na&SOs,
filtered and concentmsted in vacuo. The crude residue was
purified via sihca gel cluomatography (EtOAc-Heptane,
30-80%) to alford ihc t&tlc compound (680 mg. 45%) as a
sof& solid. LCMS: R,=l 03 nun, nffz=603.4 (M+I). Method
2m acidic.

3 h at 0" C, then rt fi&r I h, it was u as concentrated in vacuo
(bath &amp &30'.). Thc residue was tnkcn up in DCM.
E&OH (5:I, 30 mL) nnd Na&CO, (2 M, 10 mL) was adikd.
1'he layers were separated and the aqueous layer was
extracted v;ith DCM I lt01 I (5: I, 2x30 n&I.) The combined
organic layers &vere dried over Na,SOw filtered and con-
centrated in vacuo. The crude residue was purified via silica
gel cluomatography (MeOH-DCM, 10-25%) to afford the
title compound (60 mg, 86%v) as a sohd. LCMS R,=O.SS
m&n, nffz=276.1 (M+I ). Method 2m ac&d&c.

0

OBa

Bnc

N

OBa

Step 8: tert-Hutyl (3R,4aR,Sa))-3-((benzyloxy)(tert-
butoxycarbonyl)an&inn)-g-oxooctahydn&-l, 7-naph-

thyridine-l(2H)-carboxylate

[0406J A solution of tert-butyl (31L4aR.SaS)-3-((benzy-
loxy)(tert-butoxycarbonyl)amino)-8-oxo-7-(quinolin-8-yl)
octahydro-1,7-naphthyridine-l(2H)-carboxylate (270 mg,
0.448 nm&ol) in dry DCM (15 mL) at -78" C. was sparged
with 0, until a blue color persisted, whereupon tlm spar ing
lu&e was rmuovcd. Af&cr st&rring ai —78'. Ibr 4S min. thc
blue color disappeared and it was again sparged v ith 0,
until the blue color persisted. After 15 min of stirring, the
system was sparged with 0, until it remained colorless. To
the solution was added dnnethyl sulfide (100 HL. 1.36
nunol). After stirring at ronm temperature for I h, the
nnxiurc was conccutraicd u& vacuo. The residue was rub&-
solved u& THF (5 mL) and NHsOH (25% aq, 5 mL) was
added After stirring for 16 h, the mixture was diluted v ith
litOAc (50 ml.) and the o& anic layer v;as washed v ith
stater (20 ml). brine (20 ml), dried over Na,SOw filtered and
concentrated to in vacuo. The crude residue was purified via
silica gel ciuomatography (EtOAc-Heptane. 70-100%) to
afibrd the title compound (96 mg. 45%) as a solid. LCMS
R,=I.OO mui, n&(a=476.2 (M+I ), Method 2m ac&&lie.

S&cq& 10. (4R,suR,9aS)-3-(benzyloxy)hcxahydro-l 4-
methanopyrido[3. )-dJ[1,3Jd&azepine-2.9(311,611)-

dione

[0408J To a solution of (3IL4aILSaS)-3-((benzytoxy)
amino)octahydro-l.7-naphthyrichn-g(2H)-one (56 m . 0.20
mmol) in ACN (21 mL) at 0" C. under N, was added DIPEA
(140 BL. 0.81 mmol). A solution of tnphos ene (24 mg, 0.08
nuuol) in ACN (3 mL) was added vui synngc pump (0.1
n&L/min). Aficr surnng at O'. for 6 h &t was part&ally
concentrated (-10 ml ) in vacuo, diluted with 0('M (40
ml.), washed with ivater (20 n&I.). brine (20 ml ). dried over
Na&SOw filtered and concentrated in vacuo. The crude
res&due was purified via silica gel cluomatography (MeOH-
DCM. 0-5%) to afford the title compound (50 mg, 82%) as
an olltu lute solid. LCMS. RICO 65 m&n, n&(x=302.0 (M+I),
Method 2m acidic.

N

OH

~OBa

H

Step 11. (4R,5aR,9aS)-3-hydroxyhcxahydm-1.4-
methmiopyrido[3. 4-dJ[1 SJdiazepine-2.9(311,611)-

diane

Step 9 (3R,4aR,8aS)-3-((benzyloxy)amino)ocm-
hydro-l, 7-uaphthyndin-8(2H)-onc

[0407] To a solut&ou of ter&-bu&yl (3R,4aR,SaS)-3-((bm&-
zyloxy)(ter&-butoxycnrbouyl)tmuno)-8-oxoortahydro-1,7-
naphthyridine-1(211)-carboxylate (120 mg. 0.252 nunol) in
0( M (3 ml ) at 0" ('as slowly added'I'I'A (1.5 ml,) After

[0409J A slurry of (41L5aR.9aS)-3-(benzyloxy)hexa-
hydro-1.4-methanopyrido[3,4-d] [1,3]diazepine-2.9(3H.
6H)-d&one (50 mg, 0.17 tmnol) at&d Pd C(10% Degussa
type 101, 50% wa&cr, 27 mg) u& MeOH:DCM (3.1. 4 mL)
was cvacuatcd aud back(iliad w&th H&. Alter 2 h ol vigorous
st&rring, it was lilu:rcd tluuugh a plu ol'ccl&ic, we&lung w&ih

MeOH, and concentrated in vacuo I,('MS R, 020 min,
nv'z 212.0 (M+I) Method 2m acidic
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0

I H). 3.55 (td. 1=12.8, 4.3 Hz„ IH), 3.26-334 (m, 2H), 2.87

(d, .I 12.3 I lz. III), 2.55-2.64 (m. 111), 2 21-2 30 (m, ll I),

1.99-2.09 (m. IH), 1.80-1.88 (m, IH) 1.72-1.79 (m. IH).

0

Step 12 'I'etnabutylmnmonium (48,5aR,9aS)-2,
9-dioxooctahydm-l.4-methanopyrido [3,4-d] [I B]

diazepin-3(2H)-yi sulfate

[0410] To a slurry of crude (4R,GBR,9aS)-3-hydroxyhexa-
hydro-I 4-mcthanopyrtdo[3,4-d][1,3]dldzcpinc-2.9(3H,
6H)-drone (35 mg, 0.17 rlumll) in pyndmc (3 ml) at O'.
wds added SOS.Py (132 mg, 0.83 mmol). After vigorous
surring at rt for 20 h, the slurry was Iiitered and the sohd was
washed lvith cold I)('M (5 m),) 'the filtrate was concen-
trated in vacuo (bath tenlp (30" (' and the the cnlde residue
was dissolved in NaIISPOB (I M, 10 ml,), whereupon
tetrabutyiammoniunl hydmgen sulfate (84 mg, 0 25 nunol)
was added After 30 min lt was extnacted lvith Cli('ll IPA

(4:I, 3x30 mL). The combined organic layers were dried
over NasSOB. filtered and concentrated in vacuo. The crude
residue was purified via silica ei chromatography (MeOH-
DCM, 5-20%v) to afibrd the title compound as a white foam.
LCMS: R,=0.15 min, nt/z=292.0 (M+I ), Method 2m acidic.

0 OSOSN.

Exmnplc 8. Sodium (4R,GBS,GR,8BS)-6-(mcthoxym-
ethyi)-2,8-dioxohexahydro-211-1.4-methanopyrrolo

[3,4-d][1,3]dtazcTtut-3(4H)-yl hydrogml sulfate

Step 1. Methyl (5R)-6-(bcnzyloxy)-3-(I-((tert-bu-
toxycarbonyl)amino)-2-methoxyethyl)-7-oxo-l,

6-dlazabicyclo[3.2.1]octane-2-carboxylate (mixture
of diastereoisomers

[0412]

HBC.

0
N

OBS

0 OSO;Ns

Step 13 Sodiunl (4R,5ag.9ag)-2, 9-dioxoocta-
hydro-1.4-ntethanopyrido[3,4-d] [13]diazepin-3

(2H)-yl hydrogen sulfate

[0411] DOWEX 50Wxg hydrogen foun 200-400 mesh
was conditioned by stirring with NBOH (2 N) for 2 h The
Icsat md s loaded onto d gldss cohunn Bnd w Bshed with water
(until pH=6) followed by water acctonc (I.l). Tctrabutyiam-
moluum (4R,SaR,9aS)-2.9-dioxoocudlydro-1,4-methano-
pyndo[3,4-d][1,3]dlazcpin-3(2H)-yl sulfate (228 m, 0.408
nano)) hl acetone:vvatcr (I:I) wds bladed onto Bnd pBsscd

tluough 1bc co1unut. elu ting with w ster (20 ml) then acetone
water (I 4, 30 ml) 'I'he sanlple was lyophilized to atford the
title compound (28 mg, 52%) as a white solid [,CMS

8, 0 29 min. m/z 2'I I 8 (M+I) Method 'I'3 3m polar: 'I I

N MR (500 MHz, l)SO) 6 4 31 (m, I I I). 4 09 (d..i 7.1 I lz„

[0413] Intermediate C (1.10 g, 3.82 nmlol). Boc-L-Ser

(OMc)-OH (1.04 g, 4.58 nunol) and Ir[df(CF 1)ppyl(dtbPy)]
Pili (43 mg, 0 04 mmol) lvere dissolved in l)M I'16 ml ) 'ill

the solution was addcdI Iincly ground potassium phosplrate
dibasic (0.62 o, 4.58 mnlol) and the resulting suspension was
stirred and irradiated for 12 days with a Kesst) H150-Blue

lamp from a distance ol'2 cm. Al'tcr 3 and al'tcr 9 dhys

Ir[df(('I's)ppyl(dtbpy)]PI'i (43 mg, 0.04 mnlol) was added

(total of 3 mol % catalyst). To the reaction mixture was
added water (15 mL) followed by saturated NaHCOS (acu 15

ml.), which was then extracted with 'I l3MI I (Sx60 ml )
'I he

combuled organic phases were washed v ith brine (10 mL),
dned over NBCSOk imd concmltcdtcd in vacuo, resulting in
the title compound (I 85 g) as yellow oil consisting of 4

diastereoisomers (ratio 39 16 11:34) I.('MS R, I 02 inin,
I 05 nnn, I 08 min, 1.12 min all with nl/z464 (M+I),
I CMS 2 MIN Rl 1A("I'ION MON) I'OR IN(r
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Step 2: (4R.5aS.(iR,8aS)-3-(benzyloxy)-6-
(methoxymethyl)hexahydro-211-1. 4-methanopyr-

rolo[3.4-d] [1,3]dtazepine-2.8(3H)-dione

[(1414[

0 8

0

st

Otts

[t)415] 1o a solution of methyl (5R)-6-(benzyloxv)-3-(1-
((tert-butoxycarbonyl)amino)-2-methoxyethyl)-7-oxo-l.6-
dkazabkcyclo[3.2.1] octane-2-carboxylate (1.85, 4.0 nmtol)
in DCM (/iO mL) at O', was added TEA (15.4 mL. 200
nuuol), tlrop-wksc. The rcacuon nuxture was surrcd at rt for
I 5 h. then concentrated in vacuo. 'I'he crude residue was
dkssoh cd ut DCM (60 mL) then tricthylanunc (11.1 mL, 80
mmol) was added, drop-wise I'he reaction mixture stirred at
rt ovemkght, whcrcupon kt was concentrated to lurmsh a

reddish oil (6 8 g) Water (20 ml ) kvas added and the ntixture
extracted kvith TBME (3x80 ml ). The combined organic
phases were dried over Na, SOk and concentrated in vacuo to
yield a yellow otl (1.13 g) The aqueous phase was satumted
with NaCI (s) and further cxtractcd w kth DCM (3x80 mL).
The combined organic phases were dried over NasSOs and
concentrated in vacuo to yield addktkonal crude product
(0 95 g). I'he combined cntde product was purified by I I PI.C
chromatography (Sunlirc-CIN, 5 um, 50x250 nmt, water/
A('N+0 1% 1 lkA, 100 ntl/min, 18 38 i over 21 min. total 35

min) where the pH of the fractions was adjusted to 6 9 via
addition of saturated Nal I('Ok (aq) and lyophilized to afford
a light brokvn residue (0.59 g). This residue was dissolved in
ACN/water and puulicd over a C, s canndgc (ACN-w ster),
whereupon the lyophihzed material atTorded the title cont-
pound (/k2 mg, 4 1% 3-steps) I,('MS: Itk 0 70 min,
m/z=332 (M+I). LCMS 2 MIN REACTION MONITOR-
INCI.

Step 4: tetrabutylammonium (4105ay,6R.Nag)-6-
(methoxymethyl)-2,8-dioxohexahydro-2H-1.4-

methanopyrrolo[3,4-d][1,31diazepin-3(4H)-yl sulfate

[0417] To a solution of (4R,GaS.6R,NaS)-3-hydroxy-G-
(methoxymethyl) hexahydro-214-1.4-methanopykrolo[3.4-d]
[1,3]diazcpine-2,8(8nH)-dhonc (42 mg, 0.174 mmol) in pyri-
dkne (1.85 mL) was added SO,.pyndutc (139 mg, 0.870
nunol). Tltc nuxutrc was surrcd for 18 h. then fiitercdt
through a membrane biter and concentmted in vacuo (bath
temp &30" (' 1'he crude residue was dissolved in saturated
NaHsPOs and washed with EtOAc. The layers were sepa-
rated and to the aqueous phase was added tetmbutylammo-
nkum hydrogen sull'atc (89 mg, 0 261 nmtol). The mkxturc
was stirred for 30 minutes. then cxtractkxl wkth DCM. dnod
over sodmm sulfate,;md conccntratcd in vacuo. Thc crude
reskdue was purified via silica gel chrontatography (MeOI I-

I)('M, 0-30%) affording the title compound (57 mg, 58%) as
a colorless film. L('/MS; R,=0 12 min: ntkz=322.0 (M+I)
Method Zm acidic.

0

Okb k

Step 3: (4R,5a),6R.NaS)-3-hydroxy-6-(methoxym-
ethyl) hexahydnk-2H-),4-methanopyrrolo[3.4-d] [l.

3]diazepine-2,8(gaH)-dione

[0416] (4R.5aS,6R,NaS)-3-(bcnzyloxy)-6-(methoxym-
cthyl)hexahydro-2H-1.4-mcthanopyrrolo[3.4-d][1,3]dkaz-
epine-2,N(gal I)-dione (59 mg. 0 178 mmol) was dissolved in
MeOI I D('M (I I, 1.7N ml,) 'I he mixture was purged v ith
nitrogen. Pd C(10% Degussa type. 101. 50% water, 37 9

m, 0.018 nunol) kkas added. then left under an H, atmo-
sphcrc at for 90 muk. Thc mkxturc was liltcrctl tluougt cclkte,
clututg w kth DCM:McOH (I I) and conccntratcxt ut vacuo to
afiord thc tktlc compound (49 mg. quantktatkvc) as a colorless
solid I.(NMS It, 0 12 mkn: m/z 242.0 (M+I) Method
2m acidic.

Step 5: Sodium (4R.5aS.6R,NaS)-6-(methoxym-
cthyl)-2.8nlioxohcxahydro-2H-1,4-mcthanopyrrolo

[3,4-d][1,3]dkazc7kut-3(4H)-yl hydrogmt sulfate

[0418] DOWEX 50Wxg hydrogen Ibnu 200-400 mesh
v as stkrred with NaOI I (2 N) for 3 h then loaded onto a
cohunn mtd washed with kvater until the pi I of the eluant was
-6, followed by waslung with water-acetone (I: I) Tetrabu-
tylanunonium (4R,5aS,(iR,NaS)-6-(methoxymethyl)-2.8-di-
exohexahydro-2 H-1. 4-mcthanopyrrolo [3,4-d] [1,3]diazeput-
3(4H)-yl sulfate (57 mg. 0.101 nmtol) was dissolved in
acctonc-water (1.1) mtd passed through the column. clututg
with I I acetone/kvater 1 he fmctions were concentrated in
vacuo and Iyophilized to atford the desired pnkduct (27 mg„
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70%v) as a colorless pov der. LC/MS: R,=0.41 min,
nt)x=321.9 (M+I) Method T3 3m polar. 'H NMR (500
MHz. D,O) 6=430 (d, J=8.0 Hz. IH), 4.24 (br 1, IH),
3 60-3.561 (m. 111). 3 56-3 45 (m. 311). 3 39 (s. 311), 3.38-3.
34 (m. 111). 2.97 (6, J 12.3 I lz, I I I). 2 67 (q„.l 8 4 I Iz. 111),
2.64-2.5(i (m„ IH). 1.72 (dd, J=14.7. 8.4 Hz, IH).

)usceptibility 'I eating

[0419] MICs were detcnnlned by die broth microdllution
method in accordance with Clinical and Laboratories Inst&-

tutc (CLSI) guidcllncs. In bnel; fresh ovcmlght bactcnal
cultures were suspended in sterile saline, and adjusted to a
0 5 Mcl larland turbidity standard. 13acterial suspensions
lvere then diluted in cation adjusted Mueller-Hinton Broth
(MHB II; BBL) to yield a final inoculum of approximately
Sx10 colony-forming units (CFU)smL. A master plate of
aniibiotics vvas prepared at a concentration equnalcnl to
hundred-fold the lughest dcsircd final concentration ui 100%
dimethyl sulfoxide (I)MSO). The master antibiotic plate was
then diluted by serial twofold dilution with a multichannel
pipette. The resulting dilution series of compounds were
diluted I:10 with sterile water or a solution of beta-lacta-
masc uilubitor prepared at a conccntrallon equivalent lo
clcven-fold the dlsred final concentration m delomzed water
lcailuig to a 10% DMSO Iina1 concentration. A volume of 10
ni, of the dru dilution series ives transferred to 96-well
assay plates Assay plates were inoculated v ith 90 pl, of
bacterial suspensions and incubated at 35'. for 20 lu s. The
assay plates lvere read using a microtiter piste reader (Mo-
lecular Devices) at (i00 nm as well as by visual observation
with a reading mirror. Thc lowesl concentralion of thc
compound Ilia t prevent lxl vmiblc grow dr was recorded as thc
Mi('erforntance of the assay was monitored by testing
'lzr leo a'1nl;18 al ns t 1 abut'story i)nulli)'o fltnl1 s tin 1a 1 ill

accord'-

ancee with guidelines of the CLSI.

[04ZOJ 'the following beta-lactamase inhibitors and beta-
lactam antibiotics are nientioned in the follolving tables

[0421] Beta-Lactamasc Inhibitor I: Avibactam

0 OH

]04Z4] Beta-Lactam I: Aztreonam

]0425] Beta-Lactam 2: Ceftazidime

8

N Qj

[0426] Beta-Lectern 3. Mcropcnem

[0422] Beta-Lactamase Inhibitor 2: Relcbacttmi

01t

0

[04Z3J 1ieta-l.actamase Inhibitor 3: 'I'azobactam [t)427J 13eta-l,actmn 4 Viperacillin
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gc agccc caaccgctgga) (SEQ ID NO:3) and E204
(sate(IAA'I'I'Cttaacgct ccagtgctcaatc) (SI(Q ID NO:4) and
E226 (cgctCTCGACiagcgtccc ctgtac cacaaac ) (SEQ ID
NO.5) and E203. (aatcGAATTCuacagaccgtcggtgacaetc)
(SEQ ID NO:6). respectively. The codon optimized nucleo-
tide sequences mid relet ant pumcr rccoguitlon infonnatlon
15 Sholvn

belotv'PC

— 2

(SEQ ID No
ATGGGCCATCATCATC TCATC CAGCAGCGGCCTGGlV(GTTCTGTTCCA

GGGGCCCGCGACTGCGCTGA

0~OH
CGAATTTGGTGGCCGAGCCGTTCGCGAlulTTGGAGCAAGATTTTGGTGGT

TCGATCGGTGTCTACGCGAT

[0420] 1ieta-l.actam 5 (I.YS220). GGPCACCGGTAGCGGTGCCACCGTG GCTACCGTGCCGAAGAGCGTTTTC

CGCTGTGTAGCTCTTTCAAG

GGTTTTCTGGCCGCAGccGTGCTGCCAcGCAGCcAACAGcAAGCGGGCCT

GCTGGACACCCCGATCCGTT

ACGGCAAAAATGCGCTGGTTCCGTGGAGCCCGATTAGCGAAAAGTACCTG

ACCACCGGCATGACGGTGGC

GGAGTTGAGCGCTGCGGcGGTTCAGTATTCCGATAACGcTGCGGcAAATC

TGCTGCTGmlAGAACTGGGC

0 OH
GGTCCAGCGGGTCTGACGGCTTTCATGCGTTCTATTGGCGACACCACCTT

TCGCTTGGlCCGCTGGGAGC

Synergy lvith Iieta-lactams thnlugh inhibition of 13eta-lacta-
mases
[0429] Synergy or potcntiauon of bc(a-lacuun mltlbiotlcs
tluough udubitlon of Q-lactamascs was assessed 0 auls( an
isogenic panel of I co/i strains, each expressing a unn)ue
beta-lactamase, and against clinical strains.
[0430] Construct!on of E. Co/i lsogeluc strains NB27273-
CDY0026 (permit), NB27273-CDY0033 (KPC-2),
NB27273-CDY0030 (SHYA I 2). NB27273-CDY0034
(('1'X-M-15) and N1327273-('DY0036 (Amp(')
[0431] Strain NB27273 (BW25113 pspBCKm') was
obiauuxt from thc Kclo trausposon msertion collccuon. The
strain has thc pspB gcnc rcplaccd by a kmlamycm res!stance
marker (BW25113 pspB. Km). Tlus strmn was cured of the
transposon in pspl3 via I'I.P recombinase using pubbshed
nlethodology. I'he resulting strain, 13W25113 pspB, was
used as a host for nullticopy vectors expressing key beta-
lactantases. Multicopy plasmids directing consritutive
cxprcsslon of beta-lactamascs werc cslablished as Ibllows
Synthetic, codon optnnlzcd gcncs cncodmg E co/i KPC-2,
SHY-32 and CTX-M-15 bc(a-lac(amuses werc made by
I)NA2.0 (Palo Alto. ('alif ). I(Tch of the synthetic fnsgnlents
were designed to contain Notl and Neo) restriction sites at
their temtini. allowing ligation into a Notl/Ncol digested
PETZSE(+) derivative for protein expression. The inserts in
thcsc vectors scrvcd as tmnplate DNA Iilr PCR lmlplllication
ol'he gcncs cncodlng KPC-2, SHY-12 and CTX-M-15
using prinu:r pa!ra E225 (tcgcCTCGAGgcgactgcgc(gac-

aatttg ) (Sl Q II) NO I) and E202 (sate(iAA'I'I'('ttactgac-
cattaacgcccaagc) (SI (Q II& NO 2) and I (227 (tcucC1'CCIACi-

TGGAGCTGAACAGCGCGATTCCGGGCGACGCACGTGATACGAGCAGCCCG

CGTGCAGTGACCGAGAGCCT

GCAGAAGCTGACCCTGGGCAGCGCACTGGCCGCACCGCAGCGCC!'O'CAGT

TCGTCGATTGGCTGAAGGGT

AGTTGGTGACA .GACTGGTA

CGTGCGGCGTTTATGGTACGGCGAATGACTACGCGGTTGTTTGGCCTACG

GGTCGTGCGCCGATCGTCCT

GGCGGTGT!TACCCGTGCTCCGAACAAAGACGATAAACACTCCGAAGCGG

TCATCGCCGCAGCAGCGCGT

CTGGCCCTGGAAGGCTTGGGCGTTAATGGTCAGTAACGCCGGCG

E225

TCGCCTCGAGGCGACTGCGCTGACGAATTTGG
(sEQ ID No si

E2 02

AATCGAATTCTTACTGAcCATTAACGCccAAGC
(SEQ ID NO Sj

REV COMP E202

GCTTGGGCGTTAATGGTCAGTAAGAATTCGATT

ONDERLINED = DNA ENCODNIG EL

(sEQ ID No. 101

AACACCACCGGT CCATCGT TTCGCGCAGCGGTCCCGGCTGATTGGGC
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-continued

GGGGCCCGCGAGCCCGCAACCGCTGGAGC!'GATCALGCAGTCTGAGAGCC

AGCTGAGCGGCCGTGTGGGTATGATCGAGATGGATCTGGCTTCCGGCCGT

'GCTG'GGC'GGCGTGCCG! CGAACGTTTCCCGATGATGTCGACCTT

TAAAGTTGTTCTGTGTGGTGCGGTCTTGGCACGTGTAGACGCGGGTGACG

AAcAACTGGAGCGcAAGATcCPTTAcCGCcAACPGGACTTGGTCG!\CTAC

AGCCCGGTTAGCGAAAAGCACCTGGCGGATGGCATGACCGTGGGTGAATT

GTGCGCCGCTGCGATTACCATGAGCGACAPTAGCGCGGCTAATCTGCTGT

TGGCGACCGTTGGTGGCCCAGCGGGCTTGACCGCATTTCTGCGTCAAATC

GGCGATAATGTTACGCGTCTGGATCGCTGGGAPACGGAGCTGAACGAGGC

ACTGCCGGG GATGcCCGTGPTACcACGPCTCCTGcTAGCATGGLPGCGA

CCCTGCGTAAACTGcTGAcCAGCCAGCGTCTGAGCGcACGTAGCCPACGC

CAGCTGCTGCAP,TGGATcuTGGATGACCGCGTGGCGGGTCCGCTGATCCG

CTCCGTCCTGCCAGCAGGCTGGTTCATTGCGGACAAAACTGGTGCCTCTA

AGCGTGGTGCGCGTGGTATCGTCGCGCTGCTGGGTCCGAACAACAAAGCC

GAACGTATTGTGGTTATCT!TCTGcGCGAcACCCCGGCAAGcATGGCCGA

GCGCPACCAGCAAATTGCGGGCATTGGTGcGGCPCTGATTGAGCACTGGC

AGCGTTPACGCCGGCG

E22.

TCGCCTCGAGGCGAGCCCGCAACCGCTGGA
!SEQ ID No 12!

TCGAATTC TAAcGCTGcCPGTGcTCPATC
!SEQ ID NO 13!

REV COMP E206
ISEQ ZD No 16!

GATTGPGCACTGGCAGCGTTAAGAl'TTCG!'TT

CTX-M-15
ATGGGCC TCATCATCATCATCACAGCAGCGGCCTGGPAGTTCTGTTCCA

GGGGCCC!IGCGTCCCGCTGTACGCACAA! CGGCCGPCGTGCA'AGAAAC

TGGCGGAGTTGGAACGTCAGAGCGGTGGCCGTTTGGGTGTAGCCCTGATC

TACCGCGGACAATAGCCAAATTCTGTPTCGTGCGuACGAACGCTTCGC

GATGTGCAGCACGAGCAAGGTGATGGCCGCTGCGGCCGTTCTGAAGAAAT

CCGAGAGCGAGCCGAACTTGCTGAPTCAGCGCGTTGAGATCPAGAAGTCG

GATCTGGTGAACTATA!CCCTATCGCG~CATGTQAACGGCACCAT

GTCCCTGGCAGAGCTGAGCGCGGCTGCGTTGCAGTACTCTGATAACGTCG

CAATGINITAAACTGATCGCACPCGTCGGTGGCCCPGCAAGL'GTG'ICCGCC

TTTGCGCGTCAACTGGGCGATGAAACTTTTCGTCTGGATCGTACCGAACC

GACCCTGAATACGGC!OITTCCGGGTGATCCGCGCGACACGACGAGCCCGC

GTGCAPTGGCACAGACCCTGCGCAACCTGPCCCTGGGTPAAGCGCTGGGC

GATAGCCAACGTGCGCAGCTGGTTl'CGTGGLTGAAGGGT!u&CACCACCGG

suv-12
ISEQ ZD No 11!

ATGGGCCATCATCATCATCATCACl'GCAGCGGCCTGGAAGTTCTGTTCCA

-continued
TGCGGCCAGCATTCAAGCGGGCCTGCCGGCCAGCTGGGTTGTTGGTGATA

AAACTGGCTCCGGTGGTTATGGT!CCAcGAATG!GATCGcGGTTATTTGG

CCGAAGGLCCGTGCGCCGTTGATCCTGGTGACCTACTTCACCCAGCCGCA

GCCGAAAGCTGAGTCTCGCCGTGACGTGCTGGCGAGCGCAGCTPAGATTG

TCACCGACGGTCTGTAACGCCGGCG

E226

cgctCTCGAGagcgtcccgctgtacgcacaaacg
!SEQ ZD I'io 15!

E203,
!SEQ ID NO 16!

t GAATTCtt g gt ggtg t

[04321 The gene encoding AmpC v, as PCR amplifie from
the gcnomc of straul P. aeragi Rasa PAD I (NBS2019) (Gen-
Bank ID USR279) using primer pair E2S2 (gccCTC-
GAGggcgaggccctggcggatcgc) (SEQ ID NO 17) and E253
(tga(iAA'I' ('tcagcgcttcagcugcacct) (SEQ ID NO 18)

(04331 '[lie PCR pmducts &vere then digested with Xhol
and Ecogl mid ligated into sin»larly digested plasmid
pAH63-pstS(BiaP). Plasmid pAH63-pstS(BlaP) is a deriva-
tive of plasmid pAH(i3 (7 Bactenai! I83(21): 6384-6393)
made by cloning die TEM-I (bla) promoter and signai
PLS&tide encodulg region from plasm»I pBAD (J J)ac!aria(.
1995 .Iuly 177(14) 4121-30) into plasniid pAI 163 'Iliis
fragment was P('R amplified from pI3AD using primer pair
E192 (ttcaC1'(iCA(itgaac ttgcuaagcaacgg(') (Sl iQ ID
NO:19) and E194 (TCCiAggatcctc agagcaaaaaca-
gaaggcaaaatgccg) (SEQ ID NO:20). digested v ith Pstl and
BamHI and inscntxi ulto similarly dlgcstcd plasm»1 pAH63.
Therefore, expression ol'bc(a-lactamascs from pAH63-pstS
(BlaP) based constructs is constltuuve and the signal
sequence is provided to direct these protems to the peri-
plasm Plasinid pAI 163 based vectors are used for insertion
into the enome in single copy. ho&sever„ to provide higher
expression levels to allo&v more sensitive detection of the
susceptibility ol compounils lo the expressed beta-lac!amu-
ses, thc expression inserm contained ln these vectors werc
moved to the rcplicative mull!copy vector pBAD-Kan (J
l3actenol 1995 July 177(14):4121-30) 1O accomplish this,
the inserts encompassing the beta-lect»nese genes, with the
associated TEM pu&n»&ter and sigtal sequences, were PCR
amplified from their correspondin vectors usmg primer
E268 (ccgTCTAGAcggatggccutttgcgutc) (SEQ ID NO.21)
and E202 (mitcGAATTC!tactgaccattaacgcccaagc) (SEQ ID
NO.22) Ibr thc KPC2 construct. E204 (aatcGAATTC(-
taacgctgccagtgctcaatc) (SIRQ ID NO 23) fi&r the SI IV-12
cmistnlct and 11203 (sate(IAAT'I'('ttacagaccgtcggtgacaatc)
(SEQ ID NO:24) for the CTX-M-15 constnlct. These ibag-
ments were then di ested &vith Xbal and Ed&RI, and each
was inserted into pBAD18-I ml tluit had been dlgcstcd with
tile saulc cucyulcs to gent:late ulultli:opv vcctois cxpressulg
KPC-2, SHV-12 and CTX-M-15, rcspectivcly. These victors
v ere transfi&rmed into iiy925113 pspl3 to generate strains
NI327273-CDY0033 (expressing KP('-2). NB27273-
CDY0030 (expressin SHV-12), NB27273-CDY0034 (ex-
pressln CTX-M-15) and NB27273-CDY0036 (expressin
AmpC). The pBAD18-I mi &tutor also contains thc TEIvi
promoter region and signal sequence. (but lacks any intact
bc!a-lactamasc gcncs) and was trauslbmicd ulto BVV25113

pspl3 using standard pmtocols to generate the control strain
NI327273-Cl)Y0026 iixpression of the beta-lactarnases was
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confimied by venfying decreased susceptibility to exainple
test antibiotics that arc known subslratcs of KPC-2. SH&f2 12,
CTX-M-15 or AmpC.
[0434J Constmction of g coii isogenic strains, NI327273-
('DY0105 (OXA-18) and NI327273-('l)Y0048 ('I'IIM-10).
'I'he plasmid vector for expression of OXA-18, xvas cnn-
structed as fnllows 'lite genes encoding (IIM-I ((ietfllaink

ID Q704VI) and (OXA-18 ((ienl3ank ID 007293) v ere
synthesized by Life Technnlogies with 5mt ccttcctguttt-
gctctcgag and gaattc ctagcccaaaaaaac -3'SEQ ID
NO:25) flanking sequences. The CIIM-I encoding fragment
xvas digested with Xhoi and EcoRI and inserted into the
KP( L2 expression constnict described above from which the
KPC-2 micodin gene was rcmovcd by digest&on w ith Xhoi
und EcoRI. Conlirmntory nucleoudc scqucncuig rcvealui a

Xhol sile in Ihc vtx &or backbone wiuch was then remox cd by
sile dircctcxt mulogeuests usuig primer pair E396 (cgtctl-
gclccaggccgcgauaaattcc) (SEQ ID NO.26) mid E397 (tc cg-
gcctg agcaagac tttc) (Sl!Q Il) NO 27) 'I'he gene encoding
OXA-18 v as then digested w:ith Xhol and I:col(I and
inserted intn this vector, fron& w:hich the gene tbr (iIM-I had
been removed with Xhol and llcoRI
[I)435] 1o generate a vector expressing 'I'IIM-10. plasmid
pl3AD18 (I 13acteriol. 1995 July 177(14) 4121-30). which
contains the gene encodin TEM-I, was used ns template for
P('R based site directed nuita enesis to convert the ene
encoding TEM-I to one encoding TEM-10. From this tem-

plate DNA. tluee fmsgments were genemsted by PCR using
the folio&sing primer pairs,
B124 ((cacgtagcgotagcggag) (SEQ ID NO.28) and E387

(lggagccgglaagcgtggglctcgcggl) (SEQ ID NO:28) lo gener-
ate fragment A encoding im E237K subsulution
I B89 (c cgagacccacgcttaccggctccaga) (SEQ Il) NO 29) and
I B91 (ctcgcctt atagttgggaaccgga) (SI IQ ID NO 30) to gen-
erate fragment 13 encoding I!237K and 1(t i)28 substitutions
E393 (cggtlcccaactatcoaggcgagt) (SEQ ID NO.31) and
E289 (gocaltgccgtcoctgcgtcl) SEQ ID NO:32) to eneratc
fragment C. also &ntroducnig an R162 substituuon.
[0436J I'rag&Beats A, 13 and ('ere then used as template
to enerate a complete gene encoding '11!M-10 as follows

Fragments A and B were used as template for PCR using
pumcrs B124 (tcocgtngcgalagcgga ) (SEQ ID NO.33) and
E390 (glaimtcgccugatagugggaaccggagclgaatgaagc) (SEQ
ID NO:34) to combine fragments A and B into Ibagmcnt D

ltragnients 13 and ('ere used as template for PCR using
primers I!290 (gcgggaccaaagccatgaca) (SEQ Il) NO 35) and

TABLE A

nunal Inlub tot (on en(cat ona MIC u» mL or&ale ted BLI&

BLI
E colt K pfuumoutae

ATCC '22 ATC( 43316
P oecugmoaa
ATCC 7t(63

'I I to.ut
Relebactam
E& unple I

Ea.unpl
E& unple 3

Example 4
Exalt&pie b

Example 6
Exalt&pie 7I'l tpl 8

16

a64

a64
e64
a 64
e64
a 64'4

:.64
:.64
:.64
:.64
- 64
'-64
- 64
'-64
'- 64

64
o64
a64
o64
a64

64
'-64

64
'-64

64

[0439] Table I about: felix)i&stra&ca lhiu while some beta-
laclamasc u&hibilors such as avibactam cxh&bit direct anti-
bacterial activity. the compounds oi'Founula (A) show la&le
direct activity
[0440J I he followina data demons&mute the potentiation
efl'ect or syner istic activity of compounds of the invention,
as illustrated by the compound of Example l. when used in
combination wuh venous bc&a-lect;un anubiot&cs. Since the
compound of Example I docs uot cxhibu much d&rect

anlib&otic activity (stm Table I), synergy or potentiation is
dehned herein as a four-thld nr greater reduction In the MIC
of the beta-lactmn antibiotic caused by the presence of the
compound of formula (A). compared to the beta-lectern
antibiotic alone. Prefemsbly, combinations of the invention
cxlubit at least an 8-fold reduction in MIC when compared
to thc beta-lac&am tmubiouc alone
Potmit&ation of Aclnity (MIC in pgimL) oi'Aztreoimm by
13eta-I actamase Inhibitors in Isogenic Strams of I . co(i
Expressing Individual 13eta-l.actamases

E388 (accgcgagacccacgcttaccooctccagatttatcagcaataaacc)
(SEQ ID NO:36) to combine fragnents B and ('nto
fragment li

[0437J ltinally, Frag&ments D and I: were used as template
for PCR using primers E395 ( taaCIAATTCttaccaatgct-
taatcagtgaggc) (SEQ ID NO 37) E2(ig (ccgTCTAGAcggat-
gcctttttgc tttc) (SEQ ID NO:38) to combine fragunents D
and E uito thc intact TEM-10 cncodu&g product. Tlus frag-
ment was then digested w&lh Xbal and EcoRI and tnscucxt
into pl3AI)-kan which xvas also cut with the same enzymes
[0438] '(hase final vectors for expression of OXA-18 and
TEM-10 were transft&oned into B(Y25113 pspB to generate
strains NB27273-CDY0105 (expressing OXA-18) and
NB27273-CDY0048 (expressin TEM-10) Beta-lactamase
cxprcssion was conlirmcd by vcufying dccrcascd suscc)ni-
hility to cxamplc test anubiolicb tlrot arc known subbtratcs of
OXA-18 or 'I'l(M-10

AZTREOVAVI

!Al)

E colt E colt F. co!t E colt E cob E oit

(XPC 2't (i) bl l(t) (SIIV I I i('IX M I ) (amp(') (OX& Igi

AZ ala&le

xi+I I! )p')
AZ + Av bactatn ( 9 ~ mL)

Al+ R Ieb. 1am (2 la m))

0 24 1 t) I I (If) 6 I

I 2 ft I t64

64 64 e64

f)12 ft.l 3 n2 st)f)6 t)I I
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Potentiation ofActivity /MIC in (togmL) of Cefmzidime by
Beta-Lactamase Inhibitors in Iso enic Strains of E. coh
I:xpressing, Individual l3eta-l.actmnases.

CFFTAZIDIME

(('n
E colt E olr E colr E cvlt E oli E cofi

(KP(') tll ul ill fgn( 121 fC'IX M 151 ( 1 p( t (OX» 18)

Cenazidmtc Alone

c 0 + I' (2 us,'

etl + Re)ebs tun ( ugrmL)

4 e64: 64 16 4 '-64

t)127 r) (t ti 7 02 0

tt 2 I 01. Ll

0. 5 8 8 tl i) 125 s64

Potentiation of Act(vity 1MIC in pg/mLi of Meropeneln by
Beta-Lactantase Inhibitors Isogenic Strains of E coh
l(xpressing Individual l3eta-I actamase(.

MEROPEVEM

(Mrm I

E colt E co)i E oli E colt E cvli E colt

(KP(. 2i (ll''vl 10) (KH( 12) (('IX M 17) m ) ( ) (OXA 18)

Mero a)otto I 006 il 06 D 06 tl i)6 D i)6

»1 + F I (2 I gr I ) st) 16 sr) 06 si)i 6 stttl6 stl(16 sttit6

Mero+Avl.stun( pgmL)
I;lero+ Relebact.un l2 n mL)

it f16

L\ i)6

i) (IG

(i 06

A AG

i)I!6

ft CI6

Li 06

Di)G A 06

Ll ff6 L 06

Potentiation of Activity 1MIC in gg/mL) of Piperacilhn by
l3ela-I actmnase Inhibitors in isogenic Strains of / rrr(i
I:xpressing, Individual l3eta-l.actmnases.

Pipers )nut

(I'l
E colt E olr E colr E cvlt E oli E cofi

(KP(') tll ul lttl fgn( 121 fC'IX M 151 ( 1 p( t (OX» 18)

Pip Alone

Prp + Titzo( actutl (4 Irgr)ALI

I'ip + ( ib..t:u (2 i 8' )

I'ip + )tel 6: lam m ug,'p+

E» I tz Iu')AL)

P p + E» 2 !2 )m. mLI

Pip + Ex 3 Iz usia)L)
Pip + F» 4 (4 )mrtnLI

I'ip+ I tais m) 1
I'ip+I 6(ann I)
P p + E» 7 !2 )m. mLI

Pp+ E» 814 Iu')AL)

'-32

37
2 '-32 o32

4 32 4 8 8

4 4
"2 16 4 2

2 8

4 4 4 4

4 2 4 8 4

4 4 4 VD

2 16;un
4 4 4 ,'4 1)

4 4 8

4 2 VD

Potentiation ofAct(vity 0(opmL) of Beta-Lactam 5 by Beta-
Lactantase Inlubitors in Isogenic Strains of E coh Express-
ing Individual )3eta-l.actamases

Bet( -La t:un 7 E colt E colt E vli E olt E colt E olt
(KPC. t ITEM-lu) t(HV-1st (CTX-M-15) LrunpC) iOXA-lt!)

Bere Lacrun (A! Ae

+ Ex I lz p ra)L)

(+Ac La tarn I (@GAL)

( + Relebactam (2 i@mL)

0 7( A (I 12( ft

025 01 02. 0 . D2. L)25

0125 Ltl ( I!I 02( Lil itl2(
A 1 7 5 LI 7 Li I » ri 2 ( Li ( 0 5
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AZTREOVANI

I( pr()m anfl)* L)v Yasnmrr clan *a

NB29)23 V B2. 044
ICTX-4(-15. tCTX-M-12.

OXA-4t), VEB-I I ACT. KPC-

Potentiation of Activity [pg/ml ) of Aztreonam by Beta-
Laclanulse Inlubuors ln Beta-Lac(am Resistant Climcal Iso-
h)ICS.

-confinluxl

g
'o

N)3 9062 ~ )I I) 6 ~ )30)43

PIPLIO(CH,I ug IKI'(' (('MY ) (nl (+)

AZ + E» I (2 )N mLI
AZ + Av lflal'flnl (2 Pg))nLI
AZ + Reltbrmt.)m (2 ugmL)

'- 64
(I

+I I

(2)g II

g

KB290tl bd)»0 ) NB01437
PIPERA( ILLIN (KP( ) (CVIY 2) (BLA+)

P)p racgnn
P)p + Tflzob:)ctnn
l4 ug))nL)

64
I

Potentiation of Activity (pg/ml.) of Piperacillin by l3eta-
I actmnase-Inhibitors in l3etn-i,actam Resistant ('linical Iso-
lates.

[0441) This data demonstrates that potentiation by the
con)pounds t)f thc nlvcnllon ls sun)la) to ol sUpcllol lo thai

of some bets-lactamase inhibitors used in the clinic when it

is used in combination with commercial beta-lactam anti-

blotlcs to treat Infections caused by baclcna that are remstanl
to some known beta-lectern antibiotics.

[0442] Those a)Ulled ul Ihc art will recogluzc, or be able lo

,')sccrnun nsulg no morc thBB I'out)Bc cxpcnnlcntatlon, BIBBV

equivalents to the specific embodiments and methods
described herein. Such cqun slants arc ulteuded lo be
encompassed by the scope of the following clainls

SEQUENCE LISTING

160 NUMBER OF SEQ ID NOS 41

210 SEQ ID No I
211 LEtlGTH 32
212 TYPE DNA

213 ORGANISM Artrficial Sequence
220 PEATURE
223 OTHER INFORMATION /note="Description of Artrf»eral Sequence

Sy tb t po ly I ot d

n400r SEQUENCE I

tcgcctcgag gcgactgcgc tgacgaattt gg 32

210 SEQ ID No 2

211 LENGTH 33
212 TYPE DNA

213 ORGANISM aztrficial aequente
220 PEATURE
223 OTHER INFORMATION ) ot ="D pt o of A t f I S q

Sy tb t po ly I ot d

n400r SEQUENCE 2

aatcgaattc tt.actgacca ttaacgccca agc 33

210 SEQ ID No 3
211 LENGTH 30
212 TYPE DNA

,213 ORGANISM A t f I 6 q
n220r PR.TURE

223 OTHER INFORMATION ) ot ="D pt o of A t f I S q
Sy tb t po ly I ot d

400 SEQUENCE 3

tcgcctcgag gcgagcccgc aaccgctgga 30

210 SEQ ID No 4
211 LENGTH 32
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continued
212 TYPE DNA
213 ORGANISM Artrfr.eral Sequence
220 PEATURE
223 OTHER INPORMATION. /note="Deecrrption

Sy th t po ly I ot d
of Artrfrcral Sequence

400 SEQUENCE 4

aatcgaattc ttaacgctgc cagtgctcaa tc 32

210 SEQ ID NO 5

211 LENGTH 34
212 TYPE DNA
213 ORGANISM Artrfr.eral Sequence
220 PEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS 9

400 SEQUENCE 5

cgctctcgag agcgt.cccgc tgtacgcaca aacg 34

210 SEQ ID NO 6
211 LENGTH 32
212 TYPE DNA
213 ORGANISM A t f I 5 q
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS 9

400 SEQUENCE 6

aatcgaattc ttacagaccg tcggtgacaa tc 32

210 SEQ ID NO 7

211 LENGTH 884
212 TYPE DNA
213 ORGANISM A t f I 5 q
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Synthetrc polynucleotide"
of At f IS 9

400 SEQUENCE 7

atgggccatc atcatcatca tcacagcagc ggcctggaag ttctgttcca ggggcccgcg 60

actgcgctga cgaatttggt ggccgagccg ttcgcgaaat tggagcaaga ttttggtggt 120

t 9 t ggtg t t g 9 t 99 ggt 9 ggtg gtg 9 t gtg 9 180

g g gtttt g tgtgt g t ttt g ggtttt tgg g g gt 9 tgg g 240

agccaacagc aagcgggcct. gcrggacacc ccgatccgtt acggcaaaaa tgcgctggtt 300

ccgtggagcc cgattagcga aaagtacctg accaccggca tgacggtggc ggagttgagc 360

gctgcggcgg ttcagtattc cgataacgct gcggcaaatc tgctgctgaa agaactgggc

ggtccagcgg gtctgacggc tttcatgcgt tctattggcg acaccacctt tcgcttggac

420

480

cgctgggagc tggagctgaa cagcgcgatt ccgggcgacg cacgtgatac gagcagcccg 540

gtg gtg 9 g g t 9 9 9 tg tggg 9 g tgg 9 9 g 00

cgccaacagt tcgtcgattg gctgaagggt aacaccaccg gtaaccatcg tattcgcgca 660

g ggt gg tg ttggg gttggtg 9 tggt gtg gg gt tt tggt g 720

gcgaatgact acgcggttgt ttggcctacg ggtcgtgcgc cgatcgtcct ggcggtgtat 780

gtg t g 9 9 t t g 9 gg t t g g 9 9 9 gt 840

ctggccctgg aaggcttggg cgttaatggt cagtaacgcc ggcg 884
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210 SEQ ID NO 8
211 LENGTH 32
212 TYPE DNA
213 ORGANIstl A t f I 6 q
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Syntnetrc polynucleotide"
of At f IS 9

400 SEQUEttCE 8

tcgcctcgag gcgactgcgc tgacgaattt gg 32

210 SEQ ID NO 8
211 LENGTH 33
212 TYPE DNA
213 ORGANIstl A t f I 6 q
220 FEATURE
223 OTHEP. INFORMATION. /note="Descrrptron

Syntnetrc polynucleotide"
of Artrf feral Sequence

400 SEQUEttCE 8

aatcgaattc ttactgacca ttaacgccca agc 33

210 SEQ ID NO 10
211 LENGTH 33
212 TYPE DNA

213 ORGAttISM Artrficral Sequence
220 FEATURE
223 OTHEP. INFORMATION. /note="Descrrptron

Syntnetrc polynucleotide"
of Artrf feral Sequence

400 SEQUEttCE 10

gcttgggcgt taatggtcag taagaattcg att 33

210 SEQ ID NO 11
211 LENGTH 866
212 TYPE DNA
213 ORGAttISM Artrficral Sequence
220 FEATURE
223 OTHEP. INFORMATION. /note="Descrrptron

Syntnetrc polynucleotide"
of Artrf feral Sequence

400 SEQUEttCE 11

tggg t t t t t g 9 99 tgg g tt tgtt gggg 9 g 60

g g g tgg 9 9 t 9 g t tg g 9 9 tg 9 gg gtgtgggt 120

atgatcgaga tggatctggc ttccggccgt acgctgacgg catggcgtgc cgacgaacgt 180

ttcccgatga tgtcgacctt. taaagttgtt ctgtgtggtg cggtcttggc acgtgtagac 240

gcgggtgacg aacaactgga gcgcaagatc cattaccgcc aacaggactt ggtcgactac

agcccggtta gcgaaaagca cctggcggat ggcatgaccg tgggtgaatt gtgcgccgct

300

3 0

gcgattacca tgagcgacaa tagcgcggct aatctgctgt tggcgaccgt tggtggccca 420

g ggg ttg 9 ttt t 9 gt t 99 g t tg tt g gt t 99 t 9 tgg

gaaacggagc tgaacgaggc actgccgggt gatgcccgtg ataccacgac tcctgctagc 640

tgg g 9 tg gt tg tg 9 g gt tg g g g t g g 600

cagctgctgc aatggatggt ggatgaccgc gtggcgggtc cgctgatccg ctccgtcctg

g gg t ggtt ttg 99 t ggtg t t 9 gtggtg 9 gtggt t 720

gtcgcgctgc tgggtccgaa caacaaagcc gaacgtattg tggttatcta tctgcgcgac 780
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continued

accccggcaa gcatggccga gcgcaaccag caaattgcgg gcattggtgc ggcactgatt 840

gagcactggc agcg'ttaacg ccggcg 866

210 SEQ ID NO 12
211 LENGTH 30
212 TYPE DNA
213 ORGANISM Arttficral Sequence
220 FEATURE
223 OTHEP. INFORMATION. /note="Descrtptron

Synthettc polynucleotide"
of Artrfrctal Sequence

400 SEQUEIICE 12

t 9 t 9 g g 9 g 9 g tgg 30

210 SEQ ID NO 13
211 LENGTH 32
212 TYPE DNA
213 ORGANISM Arttficral Sequence
220 PEATURE
223 OTHER INFORMATION. /note="De crtptron

Synthettc polynucleotide"
of Artrfrctal Sequence

400 SEQUENCE 13

t g tt tt g tg gtg t t 32

210 SEQ ID NO 14
211 LENGTH 32
212 TYPE DNA

213 ORGANISM Arttfictal Sequence
220 PEATURE
223 OTHER INFORMATION. /note="De crtptron

Synthettc polynucleotide"
of Artrfrctal Sequence

400 SEQUENCE 14

g ttg g tgg g gtt 9 tt 9 tt 32

210 SEQ ID NO 15
211 LENGTH 34
212 TYPE DNA

213 ORGANISM Arttfictal Sequence
220 PEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS q

400 SEQUENCE 15

cgctctcgag agcgtcccgc tgr.acgcaca aacg

210 SEQ ID NO 16
211 LENGTH 32
212 TYPE DNA

213 ORGANISM Arttfictal Sequence
220 PEATURE
223 OTHEP. INFORMATION. /note="Descrtptron

Sy th t po ly I ot d
of Artrfrctal Sequence

400 SEQUEIICE 16

aatcgaattc ttacagaccg tcggtgacaa tc 32

210 SEQ ID NO 17
211 LENGTH 30
212 TYPE DNA

213 ORGANISM A t f I 5 q
220 PEATURE
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continued
223 OTHER INFORMATION. /note="De crrptron of Artrfrcral Sequence

Synthetrc polynucleotide"

400 SEQUENCE 17

g t g gg g 9 gg 99 gg t 9 30

210 SEQ ID NO 18
211 LENGTH 28
212 TYPE DNA
213 ORGANISM Arttficral Sequence
220 PEATURE
223 OTHER INFORMATION. /note="De crrptron

Synthetrc polynucleotide"
of Artrfrcral Sequence

400 SEQUENCE 18

tg g tt t 9 g tt 9 99 t 28

210 SEQ ID NO 18
211 LENGTH 31
212 TYPE DNA

213 ORGANISM Artrficral Sequence
220 PEATURE
223 OTHER INFORMATION. /note="De crrptron

Sy th t po ly I ot d
of Artrfrcral Sequence

400 SEQUENCE 19

ttcactgcag tgaacgttgc gaagcaacgg c 31

210 SEQ ID NO 20
211 LENGTH 41
212 TYPE DNA

213 ORGANISM Artrficral Sequence
220 PEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS q

400 SEQUENCE 20

tcgaggatcc tcgagagcaa aaacaggaag gcaaaatgcc g

210 SEQ ID NO 21
211 LENGTH 30
212 TYPE DNA

213 ORGANISM A t f I 8 q
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS q

400 SEQUENCE 21

ccgtctagac ggatggcctt. tttgcgtttc 30

210 SEQ ID NO 22
211 LENGTH 33
212 TYPE DNA

213 ORGANISM Arttficral Sequence
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Synthetrc polynucleotide"
of At f IS 9

400 SEQUENCE 22

aatcgaattc ttactgacca ttaacgctta agc 33

210 SEQ ID NO 23
211 LEHGTH 32
212 TYPE DNA
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continued
213 ORGANISM Artrficral Sequence
220 PEATURE
223 OTHER INFORMATION. /note="De crrptron of Artrfrcral Sequence

Synthetrc polynucleotide"

400 SEQUENCE 23

t g tt tt g tg gtg t t 32

210 SEQ ID NO 24
211 LENGTH 32
212 TYPE DNA

213 ORGANISM Artrficral Sequence
220 PEATURE
223 OTHER INFORMATION. /note="De crrptron

Sy th t po ly I ot d
of Artrfrcral Sequence

400 SEQUENCE 24

aatcgaattc ttacagaccg tcggtgacaa tc 32

210 SEQ ZD NO 25
211 LENGTH 24
212 TYPE DNA

213 ORGANISM Artrficral Sequence
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS q

400 SEQUENCE 25

gaattcgcta gcccaaaaaa acgg

210 SEQ ZD NO 26
211 LENGTH 29
212 TYPE DNA

213 ORGANISM A t f I 5 q
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS q

400 SEQUENCE 2

cgtcttgctc caggccgcga ttaaattcc

210 SEQ ZD NO 27
211 LE14GTH 24
212 TYPE DNA
213 ORGANISM A t f I 5 q
220 FEATURE
223 OTHEP. INFORMATION. /note="Descrrption

Synt.laetrc polynucleot.ide"
of Artrfrcral Sequence

400 SEQUENCE 27

tcgcggcctg gagcaagacg tttc

210 SEQ ZD NO 28
211 LENGTH 19
212 TYPE DNA

213 ORGANISM A t f I 5 q
220 PEATURE
223 OTHEP. INFORMATION. /note="Descrrption

Synthetrc polynucleotide"
of Artrfrcral Sequence

400 SEQUENCE 28

tcacgtagcg atagcggag

210 SEQ ZD NO 29
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211 LENGTH 28
212 TYPE DNA

213 ORGANISM Artrficral Sequence
220 PEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS q

400 SEQUENCE 29

cgcgagaccc acgcttaccg gcr.ccaga 28

210 SEQ ID NO 30
211 LENGTH 25
212 TYPE DNA

213 ORGANISM Artrficral Sequence
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS q

400 SEQUENCE 30

ctcgccttga tagttgggaa ceggs 25

210 SEQ ID NO 31
211 LENGTH 24
212 TYPE DNA
213 ORGANISM A t f I 8 q
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Synthetrc polynucleot.ide"
of At f IS q

400 SEQUENCE 31

cggttcccaa ctatcaaggc gagt

210 SEQ ID NO 32
211 LEIIGTH 21
212 TYPE DNA
213 ORGANISM A t f I 8 q
220 FEATURE
223 OTHEP. INFORMATION. /note="Descrrption

Synthetrc polynucleot.ide"
of Artrfrcral Sequence

400 SEQUENCE 32

gaea't /geog teat'tgcgrc 21

210 SEQ ID NO 33
211 LEIIGTH 18
212 TYPE DNA

213 ORGANISM Artrfrcral Sequence
220 PEATURE
223 OTHEP. INFORMATION. /note="Descrrption

Synthetrc polynucleot.ide"
of Artrfrcral Sequence

400 SEQUENCE 33

tcacgtagcg atagcggag 19

210 SEQ ID NO 34
211 LEHGTH 41
212 TYPE DNA

213 ORGANISM Artrfrcral Sequence
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Synthetrc polynucleotrde"
of At f IS q

400 SEQUENCE 34

gt t 9 ttg t gttg 99 99 g tg tg g 41
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210 SEQ ID NO 35
211 LENGTH 20
212 TYPE DNA

213 ORGANISM A t f I 5 q
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Sy th t po ly I ot d
of At f IS q

400 SEQUENCE 35

gcgggaccaa agccatgaca 20

210 SEQ ID NO 36
211 LENGTH 47
212 TYPE DNA
213 ORGANISM A t f I 5 q
220 FEATURE
223 OTHER INFORMATION: / ot ="D Pt

Synt.laetrc polynucleot.ide"
of At f IS q

400 SEQUENCE 3

accgcgagac ccacgcttac cggctccaga tttatcagca ataaacc

210 SEQ ID NO 37
211 LEIIGTH 34
212 TYPE DNA
213 ORGANISM A t f I 5 q
220 PEATURE
223 OTHEP. INFORMATION. /note="Descrrption

Synt.laetrc polynucleot.ide"
of Artrfrcral Sequence

400 SEQUENCE 37

gtaagaattc ttaccaatgc ttaatcagtg aggc

210 SEQ ID NO 38
211 LEIIGTH 30
212 TYPE DNA

213 ORGANISM Artrfrcral Sequence
220 PEATURE
223 OTHEP. INFORMATION. /note="Descrrption

Synt.laetrc polynucleot.ide"
of Artrfrcral Sequence

400 SEQUENCE 38

gt t 9 gg tgg tt tttg gttt

210 SEQ ID NO 35
211 LENGTH 875
212 TYPE DNA
213 ORGANISM Artrfrcral Sequence
220 PEATURE
223 OTHER INPORMATION. /note="Descrrption

Syntnetrc polynucleotade"
of Artrfrcral Sequence

400 SEQUENCE 38

atgggccatc atcatcatca tcacagcagc ggcctggaag ttctgttcca ggggcccagc 60

gt g tgt 9 99 g gtg g tgg gg gtt 99 gt g 120

agcggtggcc gtttgggtgt agccctgatc aataccgcgg acaatagcca aattctgtat 180

gtg gg g 9 tt 9 9 tgtg g 9 g gg tg tgg g tg gg gtt 240

ctgaagaaat ccgagagcga gccgaacttg ctgaatcagc gcgttgagat caagaagtcg 300

g t tggtg t t t t g 99 tgt gg t gt tgg 360

gagctgagcg cggctgcgtt gcagtactct gataacgtcg caatgaataa actgatcgca 420
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cacgtcggtg gcccagcaag cgtgaccgcc tttgcgcgtc aactgggcga tgaaactttt 400

cgtctggatc gtaccgaacc gaccctgaat acggcaattc cgggtgatcc gcgcgacacg 540

9 g 9 gtg tgg 9 tg 9 tg tgggt 9 g tggg 00

g t g gtg g 9 t ggtt gtgg tg gggt gg tg gg g 60

attcaagcgg gcctgccggc cagctgggtt gttggtgata aaactggctc cggtggttat 20

ggtaccacga atgacatcgc ggttatttgg ccgaaggacc gtgcgccgtt gat.cctggtg SO

acc't acct ca cccagc csea gccgaaagc"t gagtctcgcc gtgacgrgc't ggcgagcgca 540

gctaagattg tcaccgacgg tc'tgtaac'gc cggcg 575

210 SEQ ID No 40
211 LE14GTH 24
212 TYPE DNA
213 ORGANISM Artrfrcfal Sequence
220 PEATURE
223 OTHER INPORMATION. (note="Deecrrption

Syntnetrc polynucleottde"
of Artrfrcral Sequence

400 SEQUEttCE 40

tg tt tg tttttg t t 9 9 24

210 SEQ ID No 41
211 LENGTH 25
212 TYPE DNA
213 ORGANISM Artrfrcfal Sequence
220 PEATURE
223 OTHER INPORMATION. (note="Deecrrption

Syntnetrc polynucleottde"
of Artrfrcral Sequence

400 SEQUENCE 41

tgg g ggt 9 gtgggt t 9 ggt 22

I A cotnpound ot I onnula (A) / is NR'r N~)R'I
R's independently selected at each occurrence from H,

Cy, and C,-C alkyl opttonally substituted with up to
three groups selected front Cy. halo. CN, OR, and

NRRh

Cy ls a Cs-C, cycloalkyl ring or 4-G membered hetero-
cychc ring conlaming one or lwo hcleroaloms select txt

from N, 0 and g as ring members, and ('y is optionally
subsntultxl wnh up lo llucc groups sclcctcd fmm oxo.
halo, C,-(.'2 alkyl. ('N, ~)R, and NRRQ and

R and R're intttqtendently scltmted from H mtd C,-C4
alkyl optionally substituted with one or two gmups
selected from halo, OH, CN, 0 (C,-C4 alkyl),
oxo, NII, NI I((',-('4 alkyl). and N((

1
(

alkyl),,

whcrcin p is I or 2,

R'nd R are Independently selected from I I anti ( I (

alkyl opttonally substituted with up to three groups
selected front halo, ('N. OR. oxo, and NRRQ

or R and R'aken together with the nitrogen atom to
which both are attached can form a ring selected
front ptpcnthntt nlorphoihlc, p)'1Toltthnt:, anti BLt:lt-

dine, tvherein the ring is optionally substituted with
onc or two groups sclecttxl from halo, Ct ( 2 Blk)1.

OI I, ~ N, ~) ((',-Ca alkyl), oxo. NIIS,
NH(Ct Cu dlkvi) anti N(Ct Ca Blk)l)2:

or a salt or rtvitterionic ti1rnt thereof
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RO

(CH ) o

(4 2sl

~Q
NRR'('Hs)

(4-2al

2. The compound of claim k which a compound of one
ol Ihe fi11)owut'oruudas.

Cy is a C,-C, cycloalkyl ring„or 4-6 membered hetero-
cychc ring con(aming one or Iwo hc(eros(orna selcclcxt
from N, 0 and S as rutg mmubers, und Cy Is optionally
substituted with up to three groups selected fmm oxo,
halo, C,-(.'s alkyl. ('N, ~)R, and NRRL and

R and R're indc7(endently selected from H mtd CHCa
alkyl optionally substituted with one or two gmups
selected fmm halo. W)I I, i CN, W) 1('r-('s alkyl),
oxo. NHs. NH(Cs (H alkyl). and N(Cr Cs
alkyl)„
or R and R'aken together with the nitrogen atom to

which both are attached can form a ring selected
from piperidine, ntorpholine. pyrrolidine. and azeti-
dtnc, ((herein Ihc rutg Is opt(oually subst(tutcd wtth
onc or t((o groups sclecuxl from halo, Cl ( s alk)l.

OH, ~N. ~ (CHCs alkyl), oxo. NHs,
Nl I(( r ( s alk) I) lnd N(( r ( s alkyl)z.'

is a cauoruc group,
n is 0 or I: and
when n is 0 thc compound oi'Formulu I ts ut a zwtttenotuc

fbnn.
4 Thc compound of claim 1, whcretn Z (s NR',
and R's H or C,-C alkyl opttonally substi(u(cd wtth

~)R or NRR'. or a salt or zw(tterion(c form thereof
5 (he compound of claim 4, (vherein Rs is (',-('s alkyl

optionally substituted with ~)R or NRR', or a salt or
zw(tterionic form thereof.

6 The compound of cLaim 4, wherein R" is H. or a salt or
zw (tIcnotuc litrm Ihcrcx(f.

7 Thc compound ol'clmm 1, wheretn R'nd R arc boat
H, or a sall or zwu(cnoruc form Ihcreof.

8 Thc compound of claim L ah(eh has thc structure.

or
ot a std( or zwtuctloutc feral (he(col(
3 'I he con)pound of clain( I, which is a compound of

Fomu(la 1I):

X

(OH i

N

(H)

(0

0 OSOi (Y

whcrcin X is ~R or NRR',

as a sall or zwilu:rionic form Ihcrcol(
9 Thc compound of claim L ah(eh is selcc(cd from:

wherein
R'nd R are Independently selected thorn H and C, Cx

alkyl opuonally substuutcd with up to tlucc roups
selected from halo, CN. ~R, oxo, and NRRL

Z is NR'r N OR':
Rs Is indc7(codon(ly sclectcd at each occurrence from H,

Cy. and CHCx alkyl opt(onally subs(itu(ed wi(h up to
three groups selected from ( y, halo. ('N, OR, and

NRRR

0

H

0 osota (Ye)
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H;.I
8

s
8

-continued Colttlltluxl

H

0

H

Nn~ ~nsn,o
0 nsn,e (Y8)„

~
1T

and thc salt or zv (ttcrioruc fonna Ihcrcof

10. A compound ol'ortnula (Y'I).

I VI(

Nn~ ~ns0,8
TIN

N0~ ~oso,o (Yo(„.
v llerctil:

0

H

N

R'nd R arc itulcpmttimttly selcctcd 1'rom H and C(-Ca
alkyl opttonally subsututed wtth up to duce gmups
selected from halo. ('N. ~)R, oxo, and NRI(h

y is NR or N~)tts(
R's independently selected at each occurrence from H,

Cy. and C(-Cs alkyl optionally substituted v ith up to
tlucc groups sclccted from Cy, halo, CN, ~R, and

NRRY

('y is a (CH(.'s cycloalkyl ring or 4-(& membered hetero-
cycltc liltg corltmlllng ol(L'l'wo llctcmatollls sclcctcd
from N. 0 and S as ring members, and Cy ic optionally
substituted with up to three groups selected from oxo,
italo, C,-Cc alkyl. CN, ~R, and NRRS and

0

n~ -nsoO,Y8(

OSO(e (YO) ula

R and R're indcY(endently sclcuted from H mtd C(-Ca
alkyl optionally substituted with one or two gmups
selected from halo, (,-('s alkyl, ~)t i. ('N, 0
(C( Ca a)ky)) oxo, NHC NH(C( Cs Ilkvl) alttl

N(C(-CT alkyl)„

or R and R'aken togcthcr with thc nttrogcn atom to
wluch both are auached cau foun a ring selected
from ptpcudute. morpholine, pyrrohdinc. (md azcti-
dine, tvherein the ring is optionally substituted with
one or ttvo gmuPs selected fmm halo, (,-Cs alkyl,

OH, ('N. 0 1C,-C alkyl), oxo. NH„
NH/0 ( ( T a11& 1) alttl N(C( Cs dkyl),:

A ts H or ~Hs-ph, whcrc Ph rcprcscnts phenyl
optionally substttutcd w(th ouc or Two gmups
selected from halo. 0,-( a alkyl, ('(-('a alkoxy;

or a salt thereof
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11. The compound of claim 1 having the formula (VII):

)IN

accordin to claim 3:
wherein the process comprises contacting a compound of
l)orniula (III)

0~ oaoug)s

12. The compound of claim 11 in crystalline form
13. The compound of clean 12, wluch exlnbits mi endo-

thenn on ditferential scanning calorimetry between 253" (L
and 350" (

14. The compound of clann 12. characterized by XRPD
peal s at ilill'ractiou angles (2Thcta) of 8.3 anil 16.6 dcgrccs.

15. i)& process to make a compound of FormuL& (I).

wherein Z, R'nd R and R're as defined in claim 3.
v ith a sulfonylating agent in the presence of a base.

16. h pharmaceutical composition composing a com-
pound of claim 1 and at least one pharmaceutically accept-
able cxcipicnt.

17. ZL method to u cat a Gram negative bacterui1 uifi et)on.
v hich comprises arhninistering to a subject In need of such
treatment a compound of c)aim 1 and a beta-lectern antibi-
otic

lg. I'he compound according to claim I fi&ruse in therapy
19. A pharmaceutical combuiation, compnsing a com-

pound according to claim I and a beta-lactmn antibiotic
2(l A method to treat a subject having a tiram-negative

bacterial infection, wlfich contpnses adnunistering to the
subject an effective anu&unt of a beta-lactam antibiotic and
a compound of Fomtu)a (ZL) accordin to claim 1.
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