WO 2009/091856PCT/US2009/031047 TITLE OF THE INVENTION BETA-LACTAMASE INHIBITORS
CROSS-REFERENCE TO RELATED APPLICATIONS This application claims the benefit of
U.S. Provisional Application No. 61/011,533 (filed January 18, 2008), the disclosure of which is hereby
incorporatedy ¥fAEEEE in its entirety. FIELD OF THE INVENTION 10THig/iszenmtioria«dlates to novel
beta-lactamase inhibitors and their use against bacterial antibiotic resistance. More particularly, the
invention relates to compositions and methods for overcoming bacterial antibiotic resistance.
BACKG%%?E%&% ON 15Bacterial antibiotic resistance has become one of the most
serious threats re. Cohen, Science 1992, 257: 1051-1055 discloses that infections
caused Byresrdtantlifdd il RddEEABR&sult in longer hospital slays, higher mortality and increased
cost of treatment. Neu, Science 1992. 257: 1064-1073 discloses that the need for new antibiotics will
continue ¢R essalateIeeRUSeAREl A hamesd pemarkabiesability to develop resistance to new 20

agenys rendering therpuiclindARJIeGlyg, ARIRIAN, MW AMSTICR 1350 il 149 refers (o the
owmg public health

spread of E) tic resistance as a emic, ant asserts that a 0 ut

threat Wlﬁjla]n é 5) SR I ?g%p\l@a@ﬁc losure of W%Fé%@&rﬁ%@%@%ﬁﬁ?@%ﬁmﬁous efforts
to elucid@atsatiraishanisms responsible for bacterial resistance, Coulton et al., Progress in Medicinal

Chemistry 1994, 31: 25297-349 teaches that the widespread use of penicillins and cephalosporins has

resulted mgﬁgwqrggmﬁ%ﬁ@ﬁtamases a family of bacterial enzymes that catalyze the hydrolysis
of the 13-lactam ring common to numerous presently used antibiotics. More recently, Dudley,

Phdtmacotherapy 199315 BV Elaies 8o daifniareersrinbibiostmb ey Pragantses is a
critical adpeletiak anebtvie resitende Vélop peetitwidn dterial anitiviotietre sistangesiBitasuladic acid,

30which #sethsaetabelitecombisapiasucestiavidligerus,and two semi-synthetic inhibitors, sulbactam
and tazobactam are presently available semi-synthetic or natural product -lactamase inhibitors.

U85698?é77 gﬁ%ﬁ@%ﬁ@ US6472406 and Hubschwerlen et at, J Med. Chem. 1998, 41: 3961 and
Livermo ‘%‘P T @ﬁéﬁﬁ%@b‘ﬁ% N5 343, disclose certain synthetic P-lactamase inhibitors.
350ther references obavieradeabiotic resistins: 2008¢01:0954¢ Kl tistosasrertalincazabicyclic

compournelsiing bieling eesaiohén Xoiéxeianabiowrialds 2. Lsstanercarhexanigss anddhsy use as
anti- bacrl%ggmigggggén %Q Qgga P %Lg% %a (81{’%194]71 me ﬂ%ﬁ 20%4/0153@ 6 Al (%Jscloses

certain heteroblcy IC compoun Inciu ertal 1Zze |he oxam| e an(flg%zeplne carboxylate

derlvatlvggagﬁanfhene 588 ac%é@al}se tid Bigdisienss v Pﬁlﬁf&‘%‘j for new antieyiosowidl039420 A2
disclose s ismn T csedalx badrazabrsyots] Ba 0T optinbicalsE jlfocikgrderatixamidesand their use of

betzelactgrase ighibitershem quickBoRlgrCele. MOldee S ol %QQ%ﬁ@zlzﬁ%Wgzﬂ‘pﬁ%g%@i@wew of
the resisiance. bbb Rllogens 8 Edasiam AnIbloles and phiaches or overcomg

resstani)g curr‘gﬁg available P-lactamase inhibitors are |nsu icien to co ter constantly

increasi QS 43 SRS R SRS a need for new -lactamase inhibitors,
SUMMARY The pres@h@ tisetvs arsiishdirevtegts ceriain cimzalicyiokodesr foxamideiand 15caboxylate

compoungpmibisl frchhetariaetamase. idaiitarst ﬁh@%@%%ﬁ@ﬂ:&h@ﬁ&hﬁwwmaﬂy
aceaptable;spltsy. AlESRIHHOG @Q&"&E‘e‘&* Lfl% cep%fi és;t}&r% for. the ”‘faéme%t of bacterial
I‘Ia ecC (0]

|nfect|ons artlcuI%{sg %ﬂtl bIOtIC re ISt thﬂS rep ICU ari"y, e present disclosure

includes® Bt ﬁﬁ%fﬁ A Wé ?K&G@ﬁ@ﬂ@%’éﬁs@%%of wherein:

B-lactam ring common 1o numemus presentiy used antibiotics. More recently, Dudley,
Pharmacotherapy 1995, 135: 95-148 has disclosed that resistance mediated by B-lactamases is a
critical aspect at the core of the development of bacterial antibiotic resistance. Clavulanic acid,
30 which is a metabolite of Streptomyces clavuligerus, and two semi-synthetic inhibitors, sulbactam
and tazobactam are presently available semi-synthetic or natural product p-lactamase inhibitors.
US5698577, US5510343, US6472406 and Hubschwerlen et al., J. Med Chem. 1998, 41: 3961
and Livermore et al.,, J. Med. Chem. 1997, 40: 335-343, disclose certain synthetic B-lactamase
inthibitors.
35 Other references of interest are:
US 2003/0199541 Al discloses certain azabicyclic compounds including certain
7-ox0-6-diazabicyclic[3.2.1 Joctane-2-carboxamides and their use as anti-bacterial agents.
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the bond identified as "a" is a single bond or a double bond; when boon)d a iscans2ingle bond, X is: 25
(2) CH2CH2, (3) CH2CH2CH?7, (4) CH=CH, (5) CH2-0-1=-CH, or 30(6)CH=CH-C1-19; when bond a is
a double bond. X is: WO 2009/091856PCT/US2009/031047 (1) CH, (2) CH-CH2, or (3) CH-CH=CH;
Rl is: (1) C(OYNYRS9RU3ES) C(0)OR3, or (3) C(0)ORS5; 10 R2 is SO3M, OSTHSMIUSGRNEILPO3M,
OPO3M, CH7CO2M, CF2CO2M, Or CF3; M is H or a pharmaceutically acceptable cation; R3 is:
15(1)C _g alkyl substituted with a total of from 1 to 4 substituents selected from the group consisting of

(i) zero to 2 N(RA)RB ( ||) zero to 1 of Ar A 1-fetA, or HetB, (2) CycA, (3) HetA,
20(4)AryA, (5) HetB or%@)ég éﬁ(’cﬁj VFBpHERY Cé’ﬁB%ﬁﬁiPé'a’Wﬁﬁi KHYRB; 25 or

alternativeiyARNERRING §§F€’2¥ #@@ﬁwwb@@ﬁﬁ@rdfmwm@wammmmmey are both
attached tﬁ@a:tﬂral&md Bimemberéd;isatusated monocyclic ring optionally containing 1 heteroatom in

ddition to the nit I tionall
e T A S RIS

a 4- fo 7-membered ura ed ro M0 3 heteroatoms independently

selected from N, 0 andSlanvhere tfd Sifs S@tlgﬁ%lﬁéxﬂlﬁéoﬁ?@ﬁ(@mrc@é@%\tmmﬁﬂm bicyclic ring
system, whesteitd € monttyelitogagses hiadieylicibiogsysieBbproaches for overcoming

resistance,
The currently available i-lactamase inhibitors are insufficient to counter the
10 constantly increasing diversity of i-lactamases. There is, therefore, a need for new pB-lactamase
inhibitors,

SUMMARY
The present disclosure is directed to certain diazabicyclic carboxamide and
15 caboxylate compounds which are beta-lactamase inhibitors. The compounds and their
pharmaceutically acceptable salts, are useful in combination with beta-lactam anfibiotics for the
treatment of bacterial infections, particularly anti-biotic resistant bacierial infections. More

particularly, the present disclosure includes compounds of Formula I:

R”T

\[?x
=
P
o R m,

20 and pharmaceutically acceptable salts thereof, wherein:

>

the bond identified as "a" is a single bond or a double bond:

when bond a 1s a single bond, X is:

25 {1y  CHz,
(2y  CHCHz,
(3)  CHzCH»CHz,
(4)  CH=CH,
{5y CH»-CH=CH, or
30 {6y  CH=CH-CHpn;

when bond a 1s a double bond, X is:



so formed is optionally substituted with 1 or 2 substituents each of which is independently: (1) C1_6
alkyl, (2) C1-6 fluoroalkyl, (3) (CH2)1-2G wherein G is OH, 0-C1_6 alkyl, 0-C1-6 35 fluoroallcyl,
N(RA)RB, C(0)N(RA)RB, C(0)RA, CO2RA, or SO2RA, (4) 0-C1-6 alkyl, (5) 0-C1-6 fluoroalkyl, (6) OH,
(7) oxo, (8) fdHENHRIWI(RA)RB, (10) C(0O)N(RA)R13, (11) C(0)RA, (12)&D):Cisediuweroalicyl, (13)
C(0)ORA, or (14) S(0)2RA; WO 2009/091856PCT/US2009/031047 R5 is Ci_g alkyl substituted with 1
OT 2 substituents each of which is independently N(RA)C(0)-AryA; CycA is C4-9 cycloalkyl which is
optionally substituted with a total of from | to 4 substituents selected from zero to 2 (CH2)nN(RA)RB
and zero to 2 (@IJIZ)nﬁgf HetA is a 4- to 9-membered saturated or mono-unsaturated heterocyclic ring
containing fronf? to CHBEEtemsatoms independently selected from N, 0 and S, wherein any ring S is
optionally oxidized 10tg:5¢(@=-@115(0)2 and either 1 or 2 ring carbons are optionally oxidized to C(0);
wherein the ring is optionally fused with a C3_7 cycloallcyl; and wherein the optionally fused, saturated
Oor mono- llmsaturated heterocyclic ring is optionally substituted with a total of from 1 to 4 substituents
seletted¥roi¥ zero to 2 (CH2)nN(RA)RB and zero to 2 (CH2)nRC; 15AryA is phenyl which is optionally
substituted witha totaFEPIORT IR 4 substituents selected from zero to 2 (CH2)nN(RA)RB and zero to
2 (CH2)nRC; Hetl3 ixachorBbomembered heteroaromatic ring containing from 1 to 4 heteroatoms
selected from ](SI? 3 rt@g‘)) s.zero or 1 0 atom, and zero or 1 S atom; wherein the heteroaromati
20optionally fused with*a’s- to’ 7-membered, saturated heterocyclic ring containing 1 or 2 heteroatoms
independently selected from N, 0 and S, wherein any ring S is optionally oxidized to S(0) or 5(0)2 and
eith8r 1 BrasiishsOS AR CRraolLaRO3 MR W Qe (BT 2410 Mherdi the optionally fused

heteroaromatic ring is optionally substituted with a total of from 1 to 4 substituents selected from zero

to 2 (CHZINNGRA) é}‘ge%‘%%ﬂg ﬁé%ﬁ%}ggﬁ%&S AryB is a bicyclic ring system which is phenyl fused
c

with a 5- to 7-membered saturat é? erocyclic rihg containing from 1 to 3 heteroatoms independently
selected from N, 0 and 5, wherein any ring S is optionally oxidized to S(0) or S(0)2, and wherein the
bicyclic rﬁ?@iSystem is optionally substituted with a total of from 1 to 4 substituents selected from
zerosto 2 30 (CH2)NN(RA)RB/ bndbapeestovBiiGHEM G omacty A isiindependeniyamixager which is 0,

1,2,0or3;eachRAIs| I l : ch.RB.is.in ndently H or.C alkyl;
each RC is independﬁgﬁ@D (%%ilﬁ%%g IMC%%fcf%%ﬁﬁ%%@f@féga?%&g@ﬂ Kﬁ]—:?é? }Tﬁ
NH-C(=NH)NH2, haldyefs BREACPSRAS-C(0)ORA, 0(0)N(RA)RB, SO2RA, SO2N(RA)RB, pyridyl,
pyrrolidinyl, pip&ridinyt:ypilaerazinyl, morpholinyl, or thiomorpholinyl; and provided that: (A) when Rl is
C(0)OR3 and R3js Amgé.athen AryA is not (i) unsubstituted phenyl, (ii) phenyl substituted with NH2, (iii)
phegyl substitu@d with, OH, (iii) phenyl substituted with O-C1_6 alkyl, (iv) phenyl substituted with one
or more haloge& , orﬁ/@_ﬁgenyl substituted with C3 -6 alkyl; (B) when Rl is C(0)0R3 and R3is C1_6

alkyl substitutettwith ’B%then HetB is not pyridyl;
(6)  AwyB;

R4 is H or C1.-g alkyl optionally substifuted with N(RAIRB,;

25
or alternatively, when R1 is C(OIN(R3)R4, R3 and R# together with the N atom to which they
are both attached form a 4~ to S-membered, saturated monocyclic ring optionally containing 1
heteroatom in addition to the nitrogen attached to R3 and R4 selected from N, O, and S, where
the S is optionally oxidized to S(O} or 8(0)2; wherein the monocyclic ring is optionally fused to,

30 bridged with, or spiro fo a 4- to 7-membered, saturated heterocyclic ring containing from 1 to 3
heteroatoms independently selected from N, O and S, where the $ is optionally oxidized to $(O)
or 5(0)2, to form a bicyclic ring system, wherein the monecyclic ring or the bicyclic ring system
so formed is optionally substituted with 1 or 2 substituents each of which is independently: (1)
C1-¢ alkyl, (2) C1.6 fluoroalkyl, (3) (CH2)1-2G wherein G is OH, O-C1.¢ alkyl, 0-C1.6

35 fluoroalkyl, NRARB, C(OINRAIRE, CLORA, CO2RA, or SO2RA, (4) 0-C1.¢ alkyl, (5)
0-C1-6 fluorcalkyl, (6) OH, (7) oxo, (8) halogen, (9} N(RAJRB, (10) C(OIN(RARDB, (11)
COYRA, (12) C(0)-C1.-6 fluoroalkyl, (13) C(OYORA, or (14) S(O2RA;
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(C) when RI- is C(0)0OR3 and R3 is CH2-AryA or CH2CH2-AryA, then AryA is not (i) unsubstituted
phenyl, (i) phenyl substituted with NH2, OH, 0-01-6 alkyl, or C1_6 alkyl, or (iii) phenyl substituted with
one or more halogens; (D) when Rl is C(0O)N(R3)R4, R3 is AryA, CH2-AryA or CH2CH2-AryA, and R4
is H or 01-6 SRIMHERFEFYA is not unsubstituted phenyl, phenyl substituted witk2bE@bt3)2, or phenyl
substituted with C(O)NH2; (E) when Rl is C(0O)N(R3)R4. R3 is 01_6 alkyl substituted with lietB, and R4
is H or Ci _6 alkyl, then HetB is not pyridyl; and (F) when RI. is C(0)0OR3 and R3 is 01_6 alkyl
substituted with RC, then RC is not C(0)NH2- In one aspect, there is provided a compound of Formula
I: or a pharmaceutically acceptable salt thereof, wherein: X is: (1) CH2, (2) CH2CH2, or (3)
CH2CH2BA 251 & ) mtREyred, Wi s SO 3NSUSOBMESODNME ROBRHORMEM, CH2CO2M,
CF2CO2MponCh3;- Mg H or a pharmaceutically acceptable cation; R3 is HetA; R4 is H; or
alternatively R3 and R4 together with the N atom to which they are both attached form a heterocyclyl

selected from the,grou of: 7-1-7// *-N*-NNNHNH OT/ substituted with CH2NH2 or
2 RN G SRS R LA AORES RGhB TR FATBd Ff PO EHe g

contalnln‘%jﬂf‘?%iﬁﬁ1 fresr3aPatohiS HnMEBA RE Ardy7eroptid(EH21uBEY with a C3_7 cycloalkyl; and

wherein the optionally fused, saturated or mono-unsaturated heterocyclic ring is optionally substituted
with a tot tQ 4 stit elected from Zero to Cl-17 nN RB.and zero o 2
(CH2)nR e%{acﬁr%?g % egp%%e e"ﬁ% aﬁ%lét%r er W mﬁaswﬁi? % 55y ééc gﬁﬁ)(fgiﬁllﬁlg‘p’ (ﬁ’ér]: 1 H or
C1_8 alky PRt indsprsenie il W%ﬁ@@é Quepd Saﬁﬁm@%aé%ﬁa@nﬂmﬂy@mﬁdw
0-CI0 8 D e BID? agdsierc @NHIN SR IR @t Ml2 okislizgd o CIO)COIRG(T)OR
C(0)N(RA5) RBio&4DIR mgec&awegxmzpyn@yl mmﬁh&%@t@ﬂﬁdmﬂ fRiperazinyedurpbalinyl, or

thlomorp q7unds of F la | inhjbit f3-lactainases y-nergize the
antibactel f&‘l’ “of deté%ishg emf cac 13} ona M3 % tfh g Ota ?11 p% Pﬁe%%tsagalnst

penern ESRE i
mlcroorganlsms RO II%% rﬁ’éirﬁ%?&ﬁ(?s %)Il‘*gsult Of the presence of the
p-lactamases. The compounds of the present disclosure are effective against class A and class C
P-lagtamasgs angdhaiceamboptionwit.ashaladactan anikiolensueh A5 IReIeM.£eftazidine or
piperacillif, £38:pig\ideras, slirativeiteatmuent.of hagigriatinfections caused by class A and class C

fl-lactamases producing microorganisms. Accordingly; the present disclosure includes combinations of
a compound of Formula | with a p-lactam antibiotic suitable for use against against class C
p-lactarnHst3pscdiicin g-bautbriadsiattrais Rseuwdimonasisiy dncthagaiddictassdnt 3clactamases
producinﬁ@iqtmiaﬁ%@sﬁ@@@iﬁﬁaﬁ&a a_ilillpz@}%p?l%lﬁt@éﬁouiﬁsﬂbﬁ%ﬁ%&?&%iﬁg%%@F?s“Si”Sl a
conpoury ceuti table salt.and a rmaceutically acceptable

I% d:aﬁgg% %}8{]}{? P Q@ ? 1%%%}% %a%%?& getero ch T CBPG aping Lor

carrier. The disc er inclu es met or treatlng acteri inhibiting bacterial

growth b?%@g%fr*a%a pokBrErRbRRaIE BN A 6 WRBRIbIRITEREST EORiTskn AXSedining the
compouri®l HHLERIO)2 andheithgs doviP aspetsahans refhovideeatsmalinasslitishicGiposition which

comprisesharepapsibasdefise dabovanmir Bhammvaaiosasseptabiesalt theeeland a
pharmacguficallyiaeaeniable Faig e to 2 (CH2)pN(RARB and zero t0 2 (CH2)LRE;

25
AryB is a bicyclic ring systermn which is phenyl] fused with a 5- to 7-membered saturated
heterocyclie ring containing from 1 to 3 heteroatoms independently selected from N, O and S,
wherein any ring S is optionally oxidized to S(O) or S(0)7, and wherein the bicyclic ring system

is optionally substituted with a fotal of from 1 to 4 substituents selected from zero to 2
30 {CH2)NNRAIRB and zero to 2 (CH2RE;

each n is independently an integer which is 0, 1, 2, or 3;

each RA is independently H or C1.g alkyl;

35
each RB is independently H or C1-g alkyl;



In a third aspect, there is provided a therapeutically effective amount of a compound as defined above,
or a pharmaceutically acceptable salt thereof, optionally in combination with a betalactam antibiotic for
treating a bacterial infection. In a fourth aspect, there is provided a pharmaceutical composition as
defined above for treating a bacterial infection. In a fifth aspect, there is provided the use of a
compound as defined above, or a pharmaceutically acceptable salt thereof; optionally in combination
with a beta lactam antibiotic, in the manufacture of a medicament for treating a bacterial infection. In a
sixth aspecR theredspprovidbuCy prabss Oidr Prépayiming C¥RIPOGNdso RrMENENE20 N TsR4AN
BOC(P-}\Tm@(h&qmw@wﬁeﬁm@m@jﬂ@;&d@m@mmmmmmle@ﬁmmm iridum;
rhodium, or rutheniy Cf;ltallggsti}o qbtain Comgound Pill, ﬁ/herﬁg: pGgs an.amine protective group
selectel T TRE IO cORSRIRY of CAAM RS RAA BEhATAFRES RIS CHa or phenyl; RV is CH3
or phenyl; R4 is H or C1_4 alkyl; Tiis H, Cl, Br, F, C1_3 alkyl, 0-C1-3 alkyl, OH, NH2, N(H)-C1 -3 alkyl,
or N(-GhBpadkydhd |ds zero, 1 or 2; q is zero, 1, or 2; and p g = zero, 1, 2, or 3. In a seventh aspect,
there s provided a compaund eRREIRY QTR SEONPHRARSIING Gt FRRAINIAGRE RANBoC BoC
OCH2Ph (P-V),"and;Q TR& HNyNH.4 with NEy, (iit) pheny! substituted with OH, (iii) phenyl
substituted with O-C1.¢ alkyl, (iv) phenyl substituted with one or more halogens,
or (v} pheny! substituted with C1.¢ alkyl;
(BY  whenR! is C(OYOR3 and R3 is C1.g alkyl substituted with HetB, then HetB is
not pyridyl;
(C)  when R1 is C{OYOR3 and R3 is CHp-AryA or CHpCH)-AryA, then ArvA is not
{1} unsubstituted phenyl, (if) phenyl substituted with NH7, OH, O-C1.g alkvl, or
C1-6 alkyl, or (iii} phenyl substituted with one or more halogens;
(D) when Rl is C{ONR3IRS, R3 is AryA, CHp-AryA or CH2CH2-AryA, and R4 is
H or C1.6 alkyl, then AryA is nol unsubstituted phenyl, phenyl substituted with
N(CH3)72, or phenyl substituted with C{O)NH?>;
(E)  when R is C{OWN(R3IRA, R3 is C1-6 alkyl substituted with HetB, and R4 is H or
C1.6 alkyl, then HetB is not pyridyl; and
(Fy  when R is C(OYOR3 and R3 is C1.¢ alky! substitted with RC, then RC is not
C{O)NH.



OCHZ2Rh (Pwl); wherein: pG is an amine protective group selected from the group consisting of
carbamates and benzylamines; RU is CH3 or phenyl; RV is CH3 or phenyl; R4 is H or C1..4 alkyl; T is
H, CI, Br, F, CI -3 alkyl, 0-C1_3 alkyl, OH, NH2, N(H)-C _3 alkyl, or N(-C1-3 alky1)2) p is zero, 1 or 2;
gis zero, 1,0r 2; p q=zero, 1, 2, or 3; and R"is: (1) phenyl optionally substituted with from 1 to 3
substituents each of which is independently C1-4 alkyl, C1_4 haloalkyl, 0-C1-4 alkyl, 0-C14 haloalkyl,
Cl, Br, F, or NO2; (2) Ci _4 alkyl; or (3) C1_4 haloalkyl. WO 2009/091856PCT/US2009/031047
Embodiments, sub-enibotknents flaspe pisdid featupesidbiiierpnésént disclosure are either further
described in or will be apparent from the ensuing description, examples and appended claims. 5
BRIEF DESCRIPTION OF THE DRAWINGSR' Figure 1 is the X-ray powder diffraction pattern for
the crystalline monohydrate described in Exam Figure 2 is the DSC curve for the crystalline
monohydrate described in Example 1D. 10 DE'NAILE DESCRIPTION OF THE INVENTION

As noted above the present invention includes hcrpcljxunds of Formula 1, wherein the compounds are
beta-lactamase inhibitors suitable for use in cﬁi&aﬁon with beta-lactarn antibiotics for the treatment
of bacterial infections. 15The term "3-lactamas¥ inhibite2 rﬁgers to a compound which is capable of
inhibiting 13-lactamase activity. Inhibiting J3-lactarnase activity means inhibiting the activity of a class
A, C, or D p-lactamase, | 10%%@%%%9% arggfligﬁ%ggs inhibition at a 50% inhibitory concentration is
pr'eferabgll\;a leved at or helow abou m@rograﬁﬁls/mL, or at or below about 50 micrograms/mL, or
at or belewSabout 25 micrograms/mL. The terms "class A", "class C", and 20"class D" p-lactamases
arc understood{by thos#igkilled in the art and are described in Waley, The Chemistry of R-lactamase, -
Page Ed., Chapman @Q@gzggplon, (1992) 198-228. The term "P-lactamase.” denotes a
protein capable, of inact] aé%% a P-lactam antibiotic. The (3-lactarnase can be an enzyme which
catalyzes the h d)rolys%% Célil’actam ring of a B-lactam antibiotic. Of particular interest herein are
microbiaRfSHagayNaRER 4T he 25 13-lactamase can be, for example, a serine P-lactarnase.
P-Lactamases@iint in ' C@Q%Mn . isin, of Plactamase, Page
Ed., Chapman(?‘;j Héﬁ%ﬁ?ﬂ%&%ﬁ%@zg& P-L%g?rg%%ﬂg%ég%%g@fﬁérest herein include a
class C PLiscthaBBEPBeBtitiineaRiat G8i98sa or of Enterobacter cloacae P99 (hereinafter P99
3-lactamdé) Beid class A beta-lactamase of Klebsiella s-pp. 30The term "antibiotic" refers to a
compourd @rgomposition which decreases the viability of a microorganism, or which inhibits the
growth or prolife'ration %f a migroorganism. The phrase "inhibits the growth or proliferation” means
increasin HEHENerfR AN FEMHaEs StfitedFarish havtasibrbartaehai faenor esenracly!
populatisatgddubleibyratieassatiogio2-fold. Preferred antibiotics are those which can increase the
generation time by at least about 3510-fold or more (e.g., at least about 100-fold or even indefinitely,
as in total cell death). As used in this.disclosure, an antibiotic is further intended to include an

antimicrobial, bacteriostatic, or
e
w1 - N NH *MNINH
: or substituted with CHoNH2 or NH», s , , and

HetA is a 4- to 9-membered saturated or mono-unsaturated heterocyclic ring containing from 1 to 3N
atoms ; wherein the ring is optionally fused with a C3.7 cycloalkyl; and wherein the optionally
fused, saturated or mono-unsaturated heterocyclic ring is optionally substituted with a total of
from 1 to 4 substituents selected from zero to 2 (CH2),N(RAIRB and zero to 2 (CH2)uRC;

| each n is independently an integer whichis 0, 1, 2, or 3;

each RA is independently H or C1.g alkyl;

each RB is independently H or C}.g alkyl;

each RC is independently C).4 alkyl, OH, O-C1.g alkyl, OC(O)-Cj_g alkyl, C(=NH)NHz,
NH-C(=NH)NHp, halogen, CN, C(O)RA, C(OYORA, C(OINRAIRB, SOsRA, SOIN(RARB,
pyridyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, or thiomorpholinyl.

Sa



WO 2009/091856PCT/US20091031047 bactericidal agent. Examples of antibiotics suitable for use
with respect to the present invention include penicillins, cephalosporins and carbapenems. The term
"13-lactam antibiotic" refers to a compound with antibiotic properties that contains a p-lactam
functionality. Non-lirGitimgassdesi&sorda! inbehih fatribionsss et gl withiBr dspasitar hiéinvention
includedppiciliRSceRNAlOBRAIED S P NAIPS@Ar BaPeNEmSs anbiReaaNactarmsst A first
embodiment of t | ation (alte | : Qi " | El)isa
compo&ﬁ&r% an%lr%%rag CI? atégxgﬁ\%@ %@%%&%50 hgr%ti%{éa%g%o%é%{?r% Iﬁ)%g%;g%g%% 3% defined (i.e., as
definedrPtRESEmMary BIMHE AVERRETAbTVETSBF A1 tpHEeaTEaT SBd&titie salt thereof; and
providefttsmpadsahé thRt {:CH0oRS withn RadassrtapibiBlowheh RIsISEOR3fitasinR3 is not
Cl.38 ?Uf)ﬂiﬁ&ﬁéﬂiﬁqh&%ﬂﬂb«mt%k @@sam@@&kﬁﬁ(@@%&ﬁ%%ﬁ&i&@@&&ﬁ&&@ﬁh&é@ﬁiituted with |
AryA; (D) w RIisCON§3R4R IS ArVA I I4s substituted with AryA, and 15R4 is Il or C
O aly b RSP e Bt & A Re, o pheny
substit REBNFRHCRGP 2 CUBMURAFRECTEYIvhEHRY RS Te(OTNGRE) RUTHI Rl S €2 alkyl, then R3
is not Ciz8nalkytsub§tintecheitpidi@nahec{F)avhen %27 $eis/0(0)8R JranehRE4s1€ tidalky| substituted
\('\/Eitth _Jb&%n%% ﬁdﬁ%iﬁ@%@éiﬁa@ﬁ%&%ﬂebsiﬁﬁa sph %s@@“@@g&?abggmemsﬁfmﬁpmﬁstg@tllinventior: "
mbodiment E2) Is a compo of Formula rigi lefined, .or a pharmaceutically acceptable
salt thefeof and 1;‘?0‘%9.*888“{?1861?? A yvlﬂeanf ﬁﬁ ﬁ% %&%&%&%&%ﬁg %ﬁ%’?ﬁ%\aﬁ fB)When Rl is C(0)OR3,
then RPIEABECI B RSPttt d Witdleti® THEA RIS EReJo RE AU R3 is not C1-8 alkyl
substituiedeviafh feydqnDhd ki Rihis B¢EIN{RBRE, thercRS isoopArpd difGin8ialkyt sukstituted with

AYA; () Mg Rk 6O INRAIRE: hiemRBistotGigalkyl subsiited with HetB; and 30(F)when Rl is
C(0)OR3, then R3 is not C1-8 alkyl substituted with RC. A third embodiment of the present

invention (Emiposlisaent E3)«s, atleampaunddef ophrutadsoical phanmadeutidadly @aogeptable salt thereof;
Wherei@én@oﬁfd@&&%@%&%& ’o?ra%ga%@t)@(g% &%éﬁﬁhle sailt thereof, and a pharmaceutically
acceptable carrier. _
In a third aspect, there is provided a therapeutically effective amount of a compound as
defined above, or a pharmaceutically dcceptable salt thereof, optionally in combination with a beta-
lactam antibiotic for treating a bacterial infection.
In a fourth aspect, there is provided a pharmaceutical composition as defined above for
treating & bacterial infection.
In a fifth aspect, there is provided the use of a compound as defined above, or a
pharmaceutically acceptable salt thereof, optionally in combination with a beta lactam antibiofic, in

the manufacture of a medicament for treating a bacterial infection.
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WO 2009/091856PCT/US2009/031047 (1) Ci_g alkyl substituted with a total of from Ito 4 substituents
selected from the group consisting of (i) zero to 2 N(RA)RB, (ii) zero to 2 RC, and (iii) zero to 1 of
AryA, HetA, or HetB, (2) CycA, 5(3)HetA, (4) AryA, or (5) HetB; R4 is H or Ci_g alkyl optionally
substituted with N(RA)RB; HetA is a 4- to 9-membered saturated heterocyclic ring containing from 1 to
3 heteroatoms 10independentiy selgetednbien Metdans peocadieseiieaarsatusatefieiereesyaleang is
optionally substituted with a total of from 1 to 4 substituents selected from zero to 2 (CH2)nN(RA)RB
and zero to 2 (CH2)nRC; each RC is mdepengﬁntlyf 1-6 alkyl, OH, 0-C1-8C(=NH)NH2,
NH-C(=NH)NH2, halogen, CN, pyridyl, pyrrolidinyi{ ‘or’piperiding; and 15all other variables are as
originally defined; and provided that: (A)when Rl(l C(0 R3 ang R3 is AryA then AryA is not (i)
unsubstituted phenyl, (ii) phenyl substituted with il stituted with OH, (iii) phenyl
substituted with 0-C1_6 alkyl, (iv) phenyl substituted-with cme or mgre halogens; or (v) phenyl
substituted with C1-6 allcyl; 20(B)when RI is C(0)OR3 and RBEg%gl Ik csubstltuted with HetB, then
HetB is not pyridyl; (C) when Rl is C(0)0OR3 and R3 is CI-12-AryA or CH2CH?2- B\r%\ then AryA is not
() unsubstituted phenyl, (ii) phenyl substituted with NH2, OH, 0-C1.6 alkyl, or C1_6 alkyl, or (iii) phenyl
substituted with one"8idhepEFASYens; 25(D) when Rl is C(0)N(R3)R4, R3 is AryA, CH2-AryA or
CH2CH2-AryA, and R4 is H or C1%) alkyoibetndsykeisstgiherddisulasidreduahenyl nor phenyl
substituted with N(CH3)2; and (E)when Rl is C(O)N(R3)R4 R3is C1_6 alkyl substituted with HetB,

and R4 is H or C1.6 alkyl, then HetB is not @¥¥idyl. 30A fourth %’Bpodlment of the present invention
(Embodiment E4) is a compound of Formt%a\ gd fined in, EMbodiment E3, or a pharmaceutically
acceptable salt thereof; and provided that: (A) when Rl is &' OR3,'then R3 is not AryA; (B) when RI is
C(0)OR3, then R3 is not C1_6 alkyl substituted w i C§O)OR3, then R3 is not
C1_6 alkyl substituted with AryA; (I))when Rl is C(O)N(R3)R4, t is not ‘AryA or C1-6 alkyl
substituted with AryA; and WO 2009/091856PCT/U$2009/031647 N\PG. '

‘ (P-I)

with an iridum, rhodium, or ruthenium catalyst to obtain Compound P-II;
wherein:

PG is an amine protective group selected from the group consisting of carbamates and benzylamines:
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(E) when RI is C(O)N(R3)R4, then R3 is not C1-6 alkyl substituted with HetB. A fifth embodiment of the
present invention (Embodiment ES) is a compound of Formula | as defined in Embodiment E3, or a
pharmaceutically acceptable salt thereof; and provided that: 5(A)when Rl is C(0)OR3, then R3 is not
AryA; (B} Whe@HR laspE0)DR3, then R3 is not Ci_6 alkyl substituted with HetB; (C) when Rl is C(0)0R3,
- then R3jismotgl-§ @q&bﬁubstituted with AryA; (D) when Rl is C(0)N(R3)R4, then R3 is not AryA or ClI
-6 alkyl sqps ituted with AryA; and 10(E)when Rl is C(O)N(R3)R4, then R3 is not C1_6 alkyl substituted
with HetB. 5 71" Cx4 e mbodiment of the present invention (Embodiment E6) is a compound of
Formulall,ieHa@hBrnfaCeutidaity BeCeptaliid, <2t thdreof(Nhereinond, '&{-S;a:simgle bond; X is
-01-12- qr.- 5 Il other.variables are as.originally defined or as defined in any of the
foregoin% Eé%%%i%%ﬁt@&l Ag’gé\%rzlﬂwanerﬁlﬁﬁii‘m%rﬁf &t & present invention (Embodiment E7) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein bond "a" is a single
bond; X is -CH2-; apd allaihetvariables ais asrianalydelipadioraselingdlin any fhe foregoing
embodi ts. An eighth embodiment of the present invention (Embodiment E8) is a compound 200f
Formula ,br\a,pbarmaceu}ﬁ:@@ly acceptable salt therepf, wherein bond "a" is a single bond; X is
-CH2CH2L-afd all otherwariabRes arg@ as originally defing s defined in any of the foregoing
embodiments invenption (Embodiment E9) is a compound of

H(OP® A tenth embodime sent invention |
(Embodiment E10) is a compound of Formula (Pdi-a pharmaceuticaf?@cceptable séftihereof; wherein

R2 is O& : all ott&sar variables are as originally defined or as defined in any of the preceding
embodiments; 30An elevénth embodiment of the predent |
of Formula I.( [ i acceptable salt thereof;
variables are a8 priginally defined pr as defined in any/gfithe pkeceding embodiments. A
twelfth embodimBnt ofthe inyention (Embodimesit E12} is a Gompgund $56f Formula |, or a

pharmaceutically accepBaisle salt thereofmigrein R3 is: (1) 01Béelky'stbstinited withatetal of from |

to 4 substituents-selected from the group consisting of (i) zero to 2 N(RA)RB, (ii) zero to 2 RC, and (i)
zero to 1 of etA, & HetB, (2) CycA, (3) Het& W@p2009/091856PCT/US2009/031047 (4) AryA,
or (5) HetB; therariables are as originally defined in any of the preceding
embodiments.’q f}‘\ thirfeenthiembodiment of the preseiti ' diment E13) is a

compound of Formulaq# or aypharrhaceigally acceptable salt t reiniR3is 5
(CH2)2-3N(RA)RB, (CHRL3-ATYA, (BH2)1-3-HetA, (CF17)1.-3- HAryA or HetB; and
all other variables are as originally defipedrar ?ﬁ efingd in any of the preceding Qﬁr@@xp@jments. A
fourteenth embodiment of the present invention nibodiment E14) is a compound of %orr{ﬁ]}g]z ora
pharmq,%euggglly acceptable salt thereof, wherein R3 is HetA, 10 CH2-1-letA, CH2C1-17-HetA,

CH(CI-1 3’-‘HetA, or CH(CH20H)-HetA; and all other variables are
- PU'is an amine protective group selected from the group consisting of carbamates and benzylamines;

RUis CH3 or phenyl;
RV is CH3 or phenyl;
R4 is H or Cy.4 alky};
T'is H, CL Br, F, C1.3 alkyl, O-C1.3 alkyl, OH, NHp, N(H)-C] 3 alkyl, or N(-C1.3 alkyl)2;
pis zero, 1 or 2; q is zero, 1, or 2; p+ q'= zero, 1, 2, or 3: and
R™is:
(1) phenyl optionally substituted with from 1 to 3 substituents each of which is
independently C1-4 alkyl, C1.4 haloalkyl, O-C1.4 alkyl, O-C7.4 haloalkyl, Cl, Br, F, or
NO2;
(2) C1-4 alkyi; or
(3) C1-4 haloalkyl.
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as originally defined or as defined in any of the preceding embodiments, A first sub-embodiment of
Embodiment E14 is a compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein
Rlis C(O)N(R3 R40 R3 is as defined above in Embodiment E14; and all other variables are as defined
above in EmBOUERt ET4. 15A fifteenth embodiment of the present invertiGHY{E{86dIHENt E15) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R3 is R3 is HetA,
CH2-HetA, or CH2CI-12-HetA; and all other variables are as originally defined or as defmed in any of
the preceding embo%n%%g%en Sfigﬂt_su aglrpnlgotgimen'% ofﬁg{nbodiment EIS is a compound of Formula 1,
or a pharmaceutically acceptable salt thereor, Wherein I 1 et I NIR BB B%ISYH4E defined above
in EmbodiifenfEds! degriirdiner vitidisleprarena§ eflhe dratiogel incEmbbadinenplEdiand A
sixteenthappedednmiiiof the present invention (Embodiment E16) is a compound of Formula |, or a
pharmaceutically acceptable salt thereof, wherein R3 is R3 is HetA or CH2-HelA; and all other
variaples Tl ined defined in any of the 25 preceding embodiments. A first
sub-gmbm%%gﬁg&% é%gé%‘éb%%%and of Formula I, or a pharmaceutically acceptable
salt thereof, wherein REg9ClGINURB)Ra rREder alif trefiedpabioneon tEmbpdidiientitohandall other
variablesdaseritedlafineshaove in Embodiment E16. A seventeenth embodiment of the present
invention (Embodiment:E1/)hi f Foimula |, or a pharmaceuti agy. acceptable salt
thereof, %erein R3 isn}£ ﬁ%&;ﬁ?‘ﬁ%ﬁ?ﬁ%ﬁﬁé{%ﬁ%@ no?i@i%%ﬂ%?%%ée %}"‘%ae Hle%ﬁ B any of the
precedin\g embodiments. A first sub-embodiment of Embodiment EI? is a compound of Formula 1, or a
phatfhaceutically acceptable salt thereof, wherein R1 is C(0)N(R3)R4; R3 is as defined above in

Embodinept EllERn:st Ribervar@bleg ae agdefingd above in Embodiment E17. 35An eighteenth

embodiment of the pre ' | iment E| 8) is a compound.,of Formula 1, or a .
pharmaceutically ac%e‘gtga%%lgﬁbt%ggo% %v%eflel?ne IEE I}s&ﬁﬁe%? et ?%néi %ggﬁ%?gﬂ%ltt‘é%ﬁ’éwlic
selected %PBr%"fﬁ%"@?{}ﬁ 66 SREAE A PAERERT S PipRa diyise W orpdiuroon SE6PeTias@009/031047
azepanylaidcsizo sl wistreint tidsatmmted-etasocyclic is optionally substituted with N(RA)RB and
(c):ptioNﬂHally substituted wﬁ@lslrf;géﬂ%ﬁﬁgﬁgég@%}ﬁc%?% 'ﬁd@%gﬂﬁ‘?ﬂﬁyv@&c@@ a@é—hﬁ-Clhﬁ alkyl,
ariables o B e B e B S BB e o1
nineteenfHe&boditdn ORI rEserf HUBRHOR tERRBIRAFsR 1T} 08 aleniffiolmibsbHormula 1, or a
pharmacemnisaiy sorépaiteabbitaicrest avirereimRBistH 605nideaiss (IS QO otRe)ow Toir N--,
(N(RA)RBQQﬂiGMGMﬁ@}%(B?%mR‘%&E% WiBREMBRMR Yhe terms "class A", "class C*, and
26 "class D" P-lactamases are understood by those skilled in the art and are described in Waley, The
Chemisiry of B-lactamase, Pape Ed., Chapman & Hall, London, (1992} 198-228.
The term "B-lactamass" denotes & protein capable of inactivating a B-lactam
antibjotic. The p-lactamase can be an enzyme which catalyzes the hydrolysis of the B-lactam ring
of a B-lactam antibiotic. Of particular interest herein are microbial B-lactamases. The
25 P-lactamase can be, for example, a serine f-lactamase. B-Lactamases of interest include those
disclosed in, e.g., Waley, The Chemistrv of B-lactamase, Page Ed., Chapman & Hall, Londoxn,
(1992) 198-228. P-Lactameses of particular interest herein include a class C P-lactamase of
Pseudomonas aeruginosa or of Enterobacter cloacae P99 (hereinafter POY p-lactamase) and
class A beta-lactamase of Kiebsiella spp.

30 The term "antibiotic" refers to a compound or composition which decreases the
viability of a microorganism, or which inhibits the growth or proliferation of & MICrOOTZANISL.
The phrase "inbibits the growth or proliferation” means increasing the generation time {i.e., the
time required for the bacterial cell to divide or for the population fo double) by at ieast about
2-fold. Preferred antibiotics are those which can increase the generation time by at least about

35 10-fold or more (e.g., at least about 100-fold or even indefinitely, as in total cell death}. As used
in this disclosure, an antibiotic is further intended to include an antimicrobial, bacteriostatic, or



wherein the asterisk denotes the point of attactunent of HetA to the rest of the compound; T is H or
RC; RC is C1-6 alkyl, OH, O-C1-g alkyl, C(=NI-)NH2, NH-C(=NH)NH2, halogen, CN, pyridy-1,
pyrrolidinyl, or piperidinyl; and all other variables are as originally defined or as defined in any of the
preceding e BOEBHESS15A twentieth embodiment of the present invenREH/TEHGEIHENt E20) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R3 is HetA; HetA is:
wherein the asterisk denotes the point of attachment of HetA to the rest of the compound; T is H 20 or
RC; RC js C1-6 alkyl, OH, 0-C1.43 alkyl, C(NH)N112, NH-C(=NH)NH2, halogen, CN, pyridyl,
pyrrolidifF SRS AeRAy KGRI Rie U aMasR @ 4rhle LB HER SRy GarRTe i SRARTERSABR TSRy of the
preceding@wibodiicafits. haphalaspensehthistbapboetiment, T is H. A twenty-first embodiment of the
present invention (Enmfpdisenp E21is:aiesseowie olhotsmsdn Ohahamacepipaliy-agagptable

salt ther erein q;%ﬁ tignadh rateslh cyche 1 legted.from the group
consistin%g8 %tf%%eét%llny, pyrro I%@%ﬁ%gﬁ?&%ﬁﬁ@%%%@%{e%% opﬁ%%l%%i%é%p‘%%ﬁﬁng, E)iperazinyl,
tetrahy diSIRAEAYIfetRy fﬁ@&ﬁ%ﬁ?ﬂﬂ&%ﬁ@@?ﬁ?wmtfaﬁﬁ%%qﬁ%sp%y|, WO
2009/091888PEBIIE2009/031047 azepanyl, oxazepanyl, azocanyl, and azabicyclo[3.1.01cyclohexyl,
wherein the heterocycligis: epiiodaty:f W stityiedon thvk D62 ((GERNRABE:anseptianally

substitut 110 , I ' X To]] ineck fined in any
of the prggg‘{(’g’ié% hé%fggﬁﬂ?ﬂﬁ%pﬁ%%%& tﬁ%?n%méﬁr@gﬁﬁo?gg ga%%gggéﬁ%% I%l{sj%dc%{%%p%%%é of Formula
o 5 oL R R e Qi Bt SRR PR R ARETAA Al all ofhor

varidbledbrorasaysfinboagtamedin Blirbodirtemdardavidedditnd sub-embodiment of Embodiment E21 is

a compound of Bormuiadn Grlagah@osce wisally acceptable salt thereof, wherein Rl is C(0)N(R3)R4;
R3 is HetA; anqijetAging all pthetyeiablgsnare aseefinathaloveinfmbosimenatE21. In an aspect of

this embodiment.and jts suhiembodi ts, Hetd\.is optionally 1.0 0-substityted with
(CH2)nN(RA)R gnd ‘8% |0#1If35/ Q@s%é@?ﬁf&ogq&ﬁf’ixﬁéem%%e&%t}\}v%ﬁ%%‘-’second
embodiment of #& pr@&ﬁtﬁi&%%@%d SRt EDD 0k doftlipd sHRF ok it ryér and
phariaceutically acc@gtablé sdlt tyedept, thiveteinHetAt israubatimnte dhsetdrpoycficuingitsaécted from

the group consisting rolidinyk Riperid A7ERA C : rein e heterocyclic is
optionally substi tedq‘%ﬁ%?gr@%% %@@f %% @007 &n‘yb&ﬂjﬁiﬁ )EQE
in

A)RB and optionally subsiiuted with 1 ar 2 (CH2)nRC;

and all other variables are as %)Srlg é @#ﬁe@%@isﬁﬁﬁgﬁ%gﬁvﬁ ?ﬁg gﬁgé}ggﬁ]b'%?hﬂggdiments. A
first sub-embodiment 8ftEifsed it EB2ada compound of Formula |, or a pharmaceutically
acceptable salt@ereofmhBlein(R3)QRIerAk] BAdsHletaand albstherd aitités tre & defined above in
Emppdiment E22. A sgm&té@pl gmbodiment of Embodiment E22 is a compound of Formula I, or a
20pharmaceutically a%:e table’salt thereof }\ff\\/herein 11.1 is_C(@N%R%%IF?; %%)is FletA; and HetA and
all other variables are’ A& 8@ ERIBIEAT PE BRI FR R o4 GRS A S S RBBEMRt and its
sub-emb@disrents HemiEneBridabnydnBricBubutee i trratidy iRt RayrRB adPopiddally
substitutegdwith 1 or 2 (CH2)nRC, A twenty-third embodiment of the present invention (Embodiment

E23)isa 2500}%9””%9%@%%5@@ MWMWAacceptable salt thereof, wherein HetA is as

defined in eithepEmbodiment E rE22: each:RC |s indepandently: 0-CL. 4.alkyl, C(=NH)NH2,
NH-C(-NI-I)N1-12, ClI, rff ’f‘“@%@ﬁfé}f‘% %IS nb%%égé‘rﬁéygg%f%{é%%ﬁfé%flné;?’m as defined in any

I other variab
of the precedin§-émbdiffdntds S (e smgb’ﬁdﬁ?ﬁgﬁtﬁélﬁg EHRATERY W Bt A4S defined above in
Embodiment E2R) In avberBAdssUEdRiBStRrhehtnP is not AryA or C1-g alkyl substituted with

AryAr
() when R is C(OIN(RIR4, then R3 is not 1.8 alkyl substituted with HetB; and
30 (F)  whenR! is C(O)OR3, then R3 is not C1.g alkyl substituted with RC.

A third embodiment of the present invention (Embodiment E3) is a2 compound of
Formula I, or a pharmaceutically acceptable salt thereof; wherein:
R is:
(1y  C(ONRIHRE, or
3s (2)  C(OOR3;
R3 is:



30 C(0)N(R3)R4; R3 is HetA; and 1-letA is as defined above in Embodiment E22. In an aspect of this
embodiment and its sub-embodiments, FletA is optionally mono-substituted with (CH2)nN(RA)RB and
optionally substituted with | or 2 (CH2)DRC. A twenty-fourth embodiment of the present
invention (EMBIAEHEE24) is a compound of Formula |, or a pharmace 8635260 tdble salt
thereof, wherein HetA is a 35 heterocyclic ring as defined in either Embodiment E21 or E22; the
heterocyclic ring in HetA is optionally substituted with halogen, CI -3 alkyl, 0-C1-3 alkyl, NH2,

N(H)-C1-3 alkyl+N(-C 2aC (HzC1.3 alkyl, CH2N(-C1 3 alky1)2, or piperidinyl;
and all other 6%00%/%@@%%8%@5%8}62@159\%?%&g%%?%g %t%?{é?ﬁgﬁ?'ﬁé(fﬁfgﬂ P as defined
in any of the precedin§r8HRFCEFSERE ittt NEADBEINEmeRBLis2HR Aaran@if et is asflefined
above in Embodiment4&g4, Hegisechiacisub-embodiment, Rl is C(0)N(R3)R4; R3 is HetA; and HetA is
as defined aboygjin Emhodiment E24. 5A twenty-fifth embodiment of the present invention
(Emlgodiment ) is %é&mpound of Formula 1, or a pharmaceutically acceptable salt thereof,
wherein FletA is a heterocyclic ring as defined in either Embodiment E21 or E22; the heterocyclic ring
in HetA is optioh‘QIIy stpEfiuted with F, CH3, OCH3, NH2, N(H)CH3, N(CH3)2, CH2N1-12,
CH2N(H)CH3, CH2N(@4#3)2, or piperidinyl; and all other variables are as originally defined or 10as
defined iﬁ‘éhy}bﬁmamem@dbwi@mmﬂmgm@dlw@ﬁ%ksqgﬁmbodiment R3is T-letA; and HetA is as
defined e.in Embgdiment E25. In a second sub-embodiment, R1 is C(0)N(R3)R4; R3 is HetA; and
HetA is g?%éﬁ%%g al o%%ielﬁl %errﬁe S %z(%?%ggr_ocy&w e ﬁﬁ&ﬁ@g&ﬁ?@rﬁ%ézﬁ%‘ﬁf’ﬁﬁ% present
invéfltion (EmbBYiFREMEDS j5keeiesdipoling ertSribiarin Sresphzmebinseticatiicadoeptable salt
thereof, whereinpietalis mitShetdrotyclictingelected fomihngraupsansisingabagetidinyl,

pyrrolidinyl, pyreZatishidyB pipérighaverpiperazingh, @epanyl, oxazepanyl, oxazolidinyl, isoxazolidinyl,

morpholi ; [ reipithe racyclic ring.i | / ifuted with 1 or 2
substituc%&hﬁigﬁw ﬁ@@“ﬁ%ﬁ&ﬁ&?&i&@@%@%ﬁ@  CH2111(C1-3
alky1/2, O-C1- P> G BRFEINPIZ? Ot ety @Bh-3 alky02, C(0)NH2, 20 C(O)N(H)-C1_3
alkyl; C(@INEe1 vBridile 2C(8) «Tigindlbl kfita(0 i CiroBiadythaD C(0)-01-3 alkyl, S(0)2-C1-3 alkyl,
S(0)2NH2, S(OIN(H):fh3rlkdlcon BRIZNGRY 13 tky 12, and:ell aiher Yariables ase as originally
defined or as defined i) 30 tie:RIREA%Ad RN éﬁ‘ﬁ%?-l’ég@t&%ég'e)iﬁ%8§ﬁ%? ?}%23?’?3';”:&

E26 is a compound of Formuila |, qr armaceu acceptable sa .t‘ﬁ]ere

CH2-HetA, CH2CH2- 1B 1&1@%#%%‘kal\‘ZH}’i‘aﬁg“él%dawébWaﬁméiai@@mwiment
E26. A second sub-efibddrheit spiEtiibisdimdntEaaikyk compound of Formula |, or a
phatmaceuticallp)acceytabiel salt(DEDe0f andrBeiNR 4% GIOIRF R ISt ke HaW\s
CH2ClI2-HetA; and I—h%tfﬁg%idfgll other variables are as defined above in Embodiment E26. In an
aspect of this (—)@abodirrr}? @g’ g -emb ,d'gnents, R2 is OSO3H. 30A twenty-seventh embodiment
of the present invention (EMbbdi fﬁf a8 Sgotid: oF ESTAtHa YA bia sariatdaneally
acceptable salt there® WisEbaH s s, idtatsoytlicitigisdlsitetNFionvthe gtup atkyisiating of
azetidinyl, pyrrolidinyICpwalz@ii,diﬂyilﬁpmeﬁydimsma@w{wb@@mlhg@gﬁganyl, oxazolidinyl,
isoxazolidinyl, marphqlinylra ﬁ{ﬂé{@' ranyl, rein:the heterocyclic.ring is, optionall

substituted Witrrlmla or 3%2%)& RERJ%%% 5e %%o%w)%é\%pélﬁgqe&pgﬁd%ﬁﬁg%@%fgy ’-%Q?E%%N(H)CH&
CH2N(CH3)2, 0c113 "¢, BroF ,"ﬁ?FW&%?%%H%%@(BW%(@W%W&@@(WCH3)2,
C(0)ClI3, C(0)OCH3, B&DVEH3)2S10¥7CH3, S(0)2NH2, S(0)2N(H)CH3, or S(0)2N(CH3)2; and all other
variables WO 2009/08856PET/0S2009L 03104/ (arg aprivinalvdelingdiomns defineddn,any of the
preceding embodime@tﬁ_@glf(iﬁttﬁ&&p}%@gq{m%% I!Embodiment E27 is a compound of Formula I, or a
ph 5maceutically acceptable salt thereof, wherein R3 is HetA, CH2-HetA, CH2CH2-HetA; and HetA
ang all other variable& P8 HscabRHEReabBl RSP ERMBUaIiEEmrEoesh B4 b armibpdiment of
Embodiffenridizisiafiseddnipobodintiditnute blarapbaiaigavtigal acaepiablea: salf thereof,
whereingRbifsl€()AR3; R3 is HetA, CFI2-HetA, CH2CH2-HetA; and HetA and all other variables are as

defined above ip.Embadiman H,an. aspget.of this embodiment and its sub-embodiments, R2 is
0S0311. (R% tw%%%%%ﬁt 6 %’lrﬁglgggﬁﬁ%ﬂ fielge t invention (Embodiment E28) is a
compound of Eotmuly T3 Ra bh aticHil abgc%‘ﬁﬁg%fé hlrrdisrisdrmatRiHeByA is phenyl 10which
is dptionally sdbstitutt@eRib 16K RSHisarRS ekt 61vaibiylisudipeddentiugA:3 CH2NH2,
CH2N(H)-C1-3Rlky!, /Hei2 R G CRAIRE) o CHeid Rl n & ABIA Ror W2, g B i ialikbaN(-C 1-3
alky1)2, C(O)NH2, C H);¢i_3 alkyl, C(0O)N(-C1-3 alkY1)2, C(0)-C1_3 alkyl, C(0)0-C1_3 alkyl,
OC(0)-C1_3 alkyl, S(0)2-C1-3 alkyl, S(0)2NH2, S(0)2N(H)-C1-3 alkyl, S(0)7N(-C1-3 alky1)2,
pyrrolidinyl, piperidinyl, morpholinyl, 15C112-pyrrolidinyl, CH2-piperidinyl, or CH2-morpholinyl; and all
other variables are as originally defined or as defified in any of the preceding embodiments. A first
sub-embodiment of )



Embodiment E28 is a compound of Formula 1, or a pharmaceutically acceptable salt thereof, wherein
R3is AryA; and AryA and all other variables are as defined above in Embodiment E28, A second
sub-embodiment of Embodiment E28 is a compound of Formula |, or a 20 pharmaceutically
acceptable sAP &8t ¥herein Rl is C(0)0R3; R3 is AryA; and AryA andPsIrdisrepvegiaties are as
defined above in Embodiment E28. In an aspect of this embodiment and its sub-embodiments, R2 is
OSO3H. A twenty-ninth embodiment of the present invention (Embodiment E29) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein AryA is phenyl 25which
is optionally sthEﬂltute‘ﬂhﬁﬁ?tRﬁl@ﬂ@MBﬁﬁ@énté@d%E ighoiHichaslind epesitetet ywEMBeBH2NI-12,

Sﬂ)iﬁé“)c”s C(HZN@Hﬁ%%I%@%@%%Bﬁhe%agﬁ xgzgﬂ%@& tﬂs&%@%%@ (OMNs é'aga)(t)}t(H)CH&
r
S(O)2N(g:ll9|§5’£%1038 é% h% gl%en r%togrgpﬁo?n)yl Eﬁﬁ g p%é? r%/lzt%33

yrroli
C1-12-mBipFié ﬁ‘ig atind all other vanables are as onglnally 30 deflned or as defined in any of the
precéding emb@ﬂbment&emmifst SliireRbatim&dt ishEntspdiment E29 is a compound of Formula |, or a
pharmaceuticaligaccegiabielsalCioncsod, w&ﬂéﬁﬁs&&ibﬁﬁ@/ﬁkﬂ@b@mﬁa@ﬂﬁwmr variables are as

defined above i@mb&ﬂgpg@tlgé&aﬁ)ﬁgc%g ﬁgqsemt@{jl 1%5@%%}&%% Q.is a compound of
Formula I, or a @l%arma eu%@g&&iﬁﬁ% % eof whe gllér%Rl IS él)s R3;'R3 is AryA; and AryA
and all 350ther Variabléd™§ vé BARREROESS Inf ?5‘(15’3 IB‘F‘?ﬁlg”@tnbodlment
and its sub-embodimeftsAR2ids OSO3I-1. WO 2009/091856PCT/US2009/031047 A thirtieth
embodiment of gip pr@ﬁ&l&tﬁﬁ\,ieWWMWMEW@WHM%EWMMQ@ a

pharmaceutically acce(gtabrtes It t eregf hereln 3|s I—{etB l?m% z(aill oth anables are as riginally

defined or as defined in any of the %Fn}%%e m “’E}df%’e@ﬁ S suIE)1 em cilmenfné)tog?n bodiment
E30 is a EBHPpSuhaTG BBFRHIEHS 8 JeRert eealﬁé%ﬁrﬁ@a%fﬁedre@alﬁ e evraiothertinRs is
C(O)N(R3§Ri- r3-{g S Hifired abeteivERidemenoEEDaHn dfineiiners drbidsareyas tsfined
above in fzrhadineenbE3Rnts. A thirty-first embodiment of the present invention (Embodiment
E31).is a compound oLFg\;n;lHlal or.a h{ar ceutlca I}ﬁvcce{?tg le,s lt tgftrﬁ% .wherein R3.is HetB;

t
Hal3'is a heteroaromatic nng se ec?e ro F%suen consistin IPbyrr a%c%li/ mrlr:’toalé%olyl
aifeepduith

10pyridyR FI T Ahief R Wﬁ@?@tﬁ*fﬂgyt?é‘f‘ém ng%ttlﬂl?iﬁ@ b tﬁi’ﬁéﬂ?%én%ﬂﬁiﬁ

(CH2)nNIRARE ardadniberatryisbissatarsdrignalpddiretio) arE rolipsayiir@isdndependently
C16 alkyk#d4i9ked8 alkyl, C( NH)IN -H2, NH-C(=NII)NII2, halogen, CN, pyridyl, pyn-olidinyl, or

piperidinyl; and all othgglv 2,85 p(g nal de mm%%l%ons(e ngd in ?’Jg of the greceglng

embodiments. 15A thlrtys con Sodimen otpt et present inv IS a

conBourfd BFESHMbIE £ B?@W&H?ﬁ’g@@ﬁﬁﬁtﬁl&%é%fﬁﬁ%@a‘ﬁhﬁét%Bfm\?@/h% réfrit Iséf}%’ bt FdetB is

midyl whiehGElapHarimd albibst batrbleschiies MigrREfirdpriohdnsdtistmied With 1 or 2 RC

groups; gahdiiz insiepragently C1-5 alkyl, OH, 0-C1..8 alkyl, C( NI)NH2, NH- C( NH)NFI7

halogen, CN, pyridyl, ﬁyﬁgg%dé n%bgrlﬂ%laerﬁl%ypre%n%%l gﬁ%er@ % %}?ﬂg@imo u}/ (Pletflned or as
od

defined in any of the preceding emb resent

inventiont (ETHHBdi ﬁt&ﬁ@@@?‘i‘?‘&%ﬁﬁ&ﬁﬁ&b& sl therier ‘Bl?eéeﬁh% e Edtiedt) cé?ﬁﬁyle salt
the@of, whereinPBasatatBoipsBlIN A2 isd ¢ 4s HINGRIAVRB cor RGHREedatepehddintin€1-6 alkyl,

OH, 0-ClnGiaeykdedr MM 4dMNEnC ENFINGIRHiRibgen, CN, pyridyl, pyrrolidinyl or piperidinyl; and

22 ;;2?; zsva“abllaesd?rﬁ&%htoj{%g?t gtggtﬂ% {e IIpleflnejglﬂln %n of the dlnd? embodlmcerlts4 In an
alkyl), N n%u i 1y acasy %{8 nt‘soéﬁﬁ e%%‘?nt‘ tion

(Embod|W@E84¥|s@nenmmﬁﬁmdﬁumdﬁineénm@haﬁlﬁmmmm actedialigssalt thereof, wherein
Hetgis a 30heteroaromatieeateeias.iamdhsr HovRGADSISURERT Py TR #4alyls imidazolyl, pyridyl,
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R2 is OSO3H;
and all other variables are as originally defined or as defined in any of the preceding
embodiments.
A twelfth embodiment of the present invention (Embodiment E12) is a compound
35  of Formula [, or a pharmaceutically acceptable salt thereof, wherein R3 is: (1) C1.4 alkyl
substituted with a total of from 1 to 4 substituents selected from the group consisting of (i) zero
to 2 N(RARB, (if) zero to 2 RC, and (iii) zero to 1 of ArvA, HetA, or HetB, (2) CycA, (3) HetA,
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pyriraidinyl, thiazolyl, piperidothiazolyl, pyrrolidothiazolyl, piperidopyridyl, and pyrrolidopyridyl, wherein
the heteroaromatic ring is optionally substituted with 1 or 2 (CH2)nN(RA)RB and optionally substituted
with.]. or 2 (CH2)nRC groups; and all other variables are as originally defined or as defined in any of
the precedin @l89@M#EMts. A first 35 sub-embodiment of Embodiment E@drisse@ompound of
Formula I, or a pharmaceutically acceptable salt thereof, wherein R3 is HetB; and HetB and all other
variables are as defined WO 2009/091856PCT/US2009/031047 above in Embodiment E34. A second
sub-embodiment of Embodiment E34 is a compound of Formula |, or a pharmaceutically acceptable
salt therddt, Ailéréein R Hidks @R eyra vRB e HetBsanidingiB daficieal cotetefaxia esare @s defined
above infabiigieeibbBEadnts, an aspect of this embodiment and its sub-embodiments, the
heteroaromatic in Het optionally
substltuted W|th or. Qgﬁﬁ%l%%%yﬁlﬁbgﬁg%%r@%%%%%\%%# g?n%r%’?ﬁn %Eﬂﬂoqepmbodlments the
heteroar i RiBPAm AR Blfsfﬁﬁﬁ'é W@?% dikyl, N(-C1-3 alkyl),
CH2RHZ. t‘—‘%’éﬂ @:ﬁ@r@( &Hg)éfﬁﬁ%é%iamﬁém@s%@w@mmwz
substltuetiwaah af whwha&ah&epﬁmﬁbirﬁﬁxae@&d dysigin :piparidiny. Ripedagl 10morpholinyl,
or thiomeiphaliny,4n still another aspect of this embodiment and its sub- embodiments, the
heteroaromatic ring in HetB is optio monaosubstituted with NH2, N(H)CH3, N(C113)2, CH2NHZ2,
CH2N(H)CH3, or CH7N{EHS53YS % BRoA RIGSHLIREDR (Egpbp éﬂtféﬁtgb Mt éach of which is
independ&rtipex sl Forranaihyir p@qutzcagmm@tmmmw@mmmﬁmﬁmyl In still
another &sfiztiephtiispatiptictenCEndHy- e sulbeGiicimeHisHR2 j$S0 3ter variabledathirty-fifth
emboding ¥ ghihg REsRANERUANEMROUMETL RS %ﬁ@é@ﬁ!&%@? A R nen

pharmacey}g %0){3 acc%%tﬁple salt there 6? vp%hereln 3ISA other variables are as orlglnally
defined or 48 defined in any’ 3f°ﬁtgpﬁf‘5] i 8%?[48 ﬁ%ﬁ?@“ﬁaﬁ?gfl%%}ﬁ arfipahisenat shasAbodiment
E35 is a PoREBRdDEEIRHBRR bR priavaiced sbatlyinFatedbtapididdltanbrbafhahensihlR] is
C(0)N(R3)et; RBristAbyAe anBrivydiaad Bll4ther variables are as defined above in Embodiment E35.

In ayx aspect of this embegime ﬁH&HS} g@g@ Athlrty -sixth
emag%:)dlment oft e Pgelse @%Tvg%%ggﬁt%%%dmen%E%%ﬂlig%%céo ou(]ddgi11 Flll—io}‘:r

? ora
ittt A RO GP LI B, ol e B YRS "?éﬁgﬁy%ﬁsgtt ted with

D e e S AbIL AT Yiriehss akgs @@&ww@e@mm; o Aeveia

CH2N(-Giy3Atky R:c0dGik-SnethaiinehitB rAl-TtrNHﬁ? Bitit)diherd alltaN(Haied By, LNRRd

CONHGirmalke L r@teﬁz@ta Gl GO0 Cz%t%a&gd NGl 2l
S(0)R-C1.3 0)21 Cl-3a 0 Ipperdnl
morﬁéholl ﬁ% i e &EW; rﬁﬁ/ %:%—T‘z"arsﬁ]&“‘p?ﬁ%ﬁﬁ Béfér)\//arlfl;tblels Iar):e as
orlglnall H%‘F gédeflned in any of the preceding embodiments. A flrst sub-embodiment of

Embodiment E36 is axeimperthdmobidinmiai formapbarimastisicaiiircseptapessaltthereof, wherein
R3is Ar%ﬁ@%&%ﬁﬂ%ﬁ'k%h%%%@%m& %@&Qﬁ%&é@ﬁﬂ%@%@ et k3G, £ aﬁ%ﬁcond

sub-em [ t o) m arm utlc

acce ta%%gb;% trit%te%ﬁr&(elzcz)%3 Qvggegraéglér% RI |§j§fa?%é£§fﬁ§ 9I!EP yé,itgraalﬁ mg anﬁ.‘% fer variables are
as agtmétaea%%qurﬁmeﬁtf@eubrﬁmb%m @fﬁﬂ@@ﬁtﬂ@%ﬁﬁbﬁtﬁmm@meﬁtbodlments R2
is 0803H:vMi@a20 00409 bBLEIR MRS 20RPIOTL QAT thereof, whékiityRIeenthenpioRiNRAL Ofhe present
inventiondfsmbodimentibadnanempouadrbRruaY0LA RhamAesical) Asiepiahls sal

thereof, ﬂ)ereln AryA is phenyl which is optionally substituted with 1 or 2 substituents each of which is
mdependently CH3, CH2NH2, CH2N(1-1)CH3, CH2N(CH3)2, OCH3, ClI, Br, F, NH2, N(H)CH3,
N(CH3)2, 5 C(0)NH, SRR HE)he oroyoHEY a0 s GaeicH ) 5(0)2CH3,
S(CR2NH2rH@2N(FHGHR] a0k &(8)AN(GH3B)Ac gy relidiyhlpiarritiredf, maephald/ts Gkk-pyrrolidinyl,

CH2-piparidifuflerabitizmarmalin, ass.Al aiervanablas s Anauiolaall dafinathalpe defined in
any of tt};sgr%%eeqﬁrg}%c?mqulpg gd@ngr b -embod |me Em ,Io iment E37 I1s a compound of

Formula 1. or & pharmaceuticany accepta ?t%?é’gfl ¥ IRARASEHERIVA and all
other vaPsBRieDl salidhsathie Bevdin EEE{SBI‘MR%)R‘E% iAsetbdsesrenib SeidimoftE mbodiment
E37 is aEtdrmpdaiidtbéFemables kromadetiac aiceuticdly sedieptale Balt thereof, wherein Rl is

C(@N(R3)R4; R3 is megawt;ﬁﬁ%]%&a&m% @Qt@ﬁt%ﬁt%gﬁgms Bave g Erpbodiment E37.

In an aspect of thi bodiment and its s ments, R2 is O 15A thirty-eighth embodlment
of the pr%se}r)ﬁm@en I-?bod %mp@g@%oa Vacceptabtle sai dme" erein ng 9 HetA, HetA

is a saturated heterocychc selected from the group consisting of pyrrolidinyl, piperidinyi,

10 -



compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein AryA is phenyl which is
optionally substituted with 1 or 2 substituents each of which is independently CH3, CH2NH2,
CH2N(H)CH3, CH2N(CH32, OCH3, ClI, Br, F, NH2, N(H)CH3, N(CH3)2, C(0)NH2, C(O)N(H)CH3,
C(O)N(CH3)¥ TXWHE5C(0)0CH3, OC(0)CH3, S(0)2CH3, 5(0)2NH2, 5(EY2X(S200RiIB0H(0)2N(CH3)2,
pyrrolidinyl, piperidinyl, morpholinyl, CFI2-piperidinyl, or CH2-morpholinyl; and all other variables are
as originally defined or as defined in any of the preceding embodiments. A first sub-embodiment of
Embodiment E38 is a compound of Formula 1, or a pharmaceutically acceptable salt thereof, wherein

R3 is ArgAcranylAnfezasaah stheeinthssrieard hedandl osiom bmastiventiss. 25 A second
sub-emBSdHHNE ehd pntotihe BRIk avibr Podr B BB mareh, Rir i prtensrdsetii kg acceptable

salt theraafynvherain® 1zisHGOINERBIRE I R S5 AERERE Abdoand aliophad vapablesiase, as defined
above in Emb di?j;en %?7 In an aspect of this em oggpe&}l and i sﬁsnuela-embod%entg FRé is 0503H. A
n

thirty-nin?f‘P%rhrg e o?tgﬁeé E%%eﬁ% hvéntioh (Embodiment £3 3 Isa gb%%rrﬁ}pbl?r?ébg ormula [, or
a ph%rmﬁ@@@ﬂé&ﬂ?ﬁ%cceptable salt thereof, wherein R1 is C(0)N(R3)R4; R3 and R4 together with the
N atom to which they Argszothréitteched donrh o thetpraeytipivsatect SthitomitatditRipconsisting of: / V

\ "-N*-N*cl}{hﬂdén&@ﬁl}l%ﬁ%%%? MM&uﬁéﬂl?'ﬂ&pﬁbls salt thereof, wherein R3 is HetA; HetA :

wherein %h_e ring is optionally substituted with 1 or 2 substitutents each of 35 which is independently

C1-3 alkﬁ', CF3, CH20H, 0-120-Ci_3 alkyl, CH20CF3, CH2NH2, WO

2009/091856PCT/1152009/031047 g,;gd’\% H)-C1_3 alkyl, CH2N(-C1_3 alki;ch?l-B alkyl, OCF3,
T

(
oxo, Cl, Br, F, NEYiN(H)-C1 -3 alky}, - 1-3 alkyl), C(0 ,p(O)N](H)- alkyl, C(O)N(-C1-3
allcY1)2, C@)7%1-3 alkyl, C(QQQ-,SZT_?;/ alkyl, or S(0)2-C1«3 alkyl; and all'ot rigbles are as
originally J&. or as defined imany/of the preced bodiments. In éQa/ ect of this 5

A

embodiment, RZ%F&J%BH, e @mbodimerﬁ{”lﬁﬁ t)ﬁ?e)bre,sent inventﬁ%ﬁ(gﬁbbdiment E40)
is a compaund of Formula I, or a ph ﬂnﬁ_]qeutically acce%g@?le smit thereof, ’f?vherein Rlis
ith t

C(O)N(R3)R4; 5%md R4 togeth e N atofn tow ichﬂ‘ﬁhey are both Nahcp_efﬂi%xm a heterocyclyl

selected from.the group consisting”ofy / \\ *-N*-N*-gﬁN *NO0 *-NS(0)0,2 (:IN 0V\V, and NH ;

wherein the ring is optionally sybstituted with 1 or 2 substitutents each of\whiclyis independently CH3,
12

HyGRERGHS, CH2OCFgy @ H2, cﬁzm?rga@ﬁg@%um CH3Z QMR QCF3, oxo; Cl,

CF3, CI-
Br, E) NH2, N(H)CHS3, N'(CH3)2, C(O)NIII C(Oj?\l(H)CI13, C(O)N(CHS)"Z(,’ C(0)CH3, C(0)OCHS3, or
S(0)2CH3; and all other, variables are 15as originally defined or as defined in any of th‘espreceding

embodinTEHS THRs PR EEc i1t RABaHiR GHECRBSL Bfdskhio the Test alghs coarupth ddfkent of the
present iPRBTES (= MbodiHeEnEs Pl 8 ceth SurtldMEdRaliA CENEBHAR 8 acceptable
salt therggtisyhereiolRans, AryBi-aiachall ther vaniablas:are as: ex gnalyidefied Osas definer in any of

the precedi i ' b-embodiment of Embodiment F41 is a compound of Formula
SHing 6Rho %E%él&f% ér?%%éif&&ﬁb‘

[, or a pharmaceutic e salt tﬁere f, wherein Rl is C(0)N(R3)R4; R3 is AryB; and AryB and
all dther variables are%é“f?@ﬁﬁfgoeﬁ’gﬁ@qw}i‘?ﬁgl?ﬁfﬁﬂ Eﬁ’f’.“i’r‘?’é@g’s%é?ﬁ’ﬁttﬁ%%fﬁgodiment and its
sub- emisotipesnd B Zas@B@3H 2 pharmaceutically acceptable salt thereof, wherein R3 is HetA; HetA

18]
T™. Ty -
O O O
k/ v s , OF .

wherein the asterisk denotes the point of attachment of HetA to the rest of the compound; Tis H
20 or RC; RC is Cp.¢ alkyl, OH, O-C1.g alkyl, C(=NH)NH7, NH-C(=NH)NH?3, halogen, CN,
pyridyl, pyrrolidinyl, or piperidinyl;and ali other variables are as originally defined or as defined
in any of the preceding embodiments. In an aspect of this embodiment, T is H.
A twenty-first embodiment of the present invention (Embodiment E21) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein HetA is an
25 optionally fused, saturated heterocyclic ring selected from the group consisting of azetidinyl,
pyrrolidinyl, oxopyrrolidinyt (e.g., 2~oxopyrrolidinyl}, piperidinyl, piperazinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, morphelinyl, 1,1-dioxidotetrahydrothiopyranyl,

-11-



A forty-second embodiment of the present invention (Embodiment E42) is a 25compound of Formula
1, or a pharmaceutically acceptable salt thereof, wherein R3 is AryB; AsyB is a bicyclic ring selected
from the group consisting of 1,2,3,4-tetrahydroquinolinyl, 1,2,3,4-tetrahydroisoquinolinyl,
2,3-dihydro-H3-28$Ma51 and 2,3-dihydro-1H-indolyl, wherein the bicycliBGRIESRGIEEMAllY substituted
with 1 or 2 substituents each of which is independently C1_3 alkyl, CH2N142, CH2N(H)-C1-3 alkyl,
CH2N(-C1-3 alkyl1)2, 0-C1-3 alkyl, ClI, Br, F, NH2, 30 N(H)-C1_3 alkyl, N(C1-3 allcy1)2, C(0O)NH2,
C(0)N(H)-C1-3 alkyl, C(0O)N(-C13 alkyl), C(0)-C1-3 alkyl, ngg-CLB alkyl, OC(0)-C1_3 alkyl,
8(0)2-C 5 RARYE: SRerarayb azqeprendardsipisioyinvelebexy hndiergs psidnsyeisiberidinyl,
morpholieiicailiz spetsnt yite o seHam i R B R 2ed sty sabié aledthih Vatiables are as
originally ciafing-ores diefthedviniallysafrths pretedindefimbnst mealdtndl fitshswdwmpeditignt of

35Embodiment E42 is mpound of. For | ora eutically acceptable.salt thereof, WO
2000/00 TEEBET 0 RS e nOﬁ%f%%dﬁﬁiﬁ@i‘%y%%%a@ﬁ%ﬁé%la e e o
defifed #BBvRARF YRR s igeohd bemte Rbbdifén st Exfbomfrhe B &iabsmpound of
FormuladreosalgivadnacruticBihbadreptabld sdltsthend ofiwdmareiinRhiCER)INEBIRUER 348 AryB; and
Aryl3 angwaibetharoratiables aee asiefinedabonednbahodiment &4 2 H28m gapect of this 5

embOdi’:‘t‘@% o3?1%%%%’E?e‘%ﬂi%%‘ﬁe&%é%o%ﬁ&%'ﬁ- i bles'aa‘r%%g%étgggé%% ggjment of the present

inventio ment E43) 1S & comgtoun -ormula I, or a_ pharmaceutically acceptable salt

thereof, FHERSHIRES 1< Liy a1 AmRs i AilgeieHimg i eret e o rminslgnerly Eomisittmigiepally
1,218 A-terpanyisgonesImih CH NS AR rorb epionaily yuiztEviyis- 1 pr  fitdnitand
2,3-dihydro-1H-incloly4, whgreinLathentieysicHing s optienaihsubsiitatesowitted: an2) supstituents

each of which is | endently C - H I-13, Cl, Br, F, NH2,
e SRAREING Aol B bt occus
S(0)2CBEERHS Retppo Sorredoraspdhsarein S7E YR RAME N BRI bholinyl,
CH2-pyrealiginyl, @i 2zpipayidinitrorn Gid hatsorgbliny lortnohall otietitasibblids lave s originally
15define(CbhagdrinRE imanytaftiy prbetdind wittbbaiméais; AHirst:ad aibotibo disebit o mbodiment

E43is a com nd.of Formul rmpaceutically ac le salt,t W in R3 is AryB,
and Aryéﬁg 1(1% gﬁ'ot é?if/SFia %é%%%%%g deeﬁgl%g g}tg)g%}%%a%%rﬁg%r%é%nt%Zgga%fge%%%&s% 3[-1:?(;(r)r§bodiment
of EmbodiRaERsRs fa 8 aFpinbrid rEE AU OF & hrErrssebGatafyosredtapidetrthereof,
wherein Rieisi€ ) MESyR4nR BtV ayBalhnthexryBidtlermicals deforedatiables BrebadiefinBelabove in
Embodimegicb48sUp- anranssiftbisipmbedinentiancbitspsubienbacinents: R2 is OSO3H. A

for%fouré% ik Q%m%tagéffgtggﬁé‘%iﬁ%é?%%”@%’é&éﬁ’ﬁ@%@%@?&hl_4 %ﬂﬁ %%@%%M?&g&é%mu'a l, ora

pharmac %/acce ta t thereof, wherein R4 is kyl option substituted with
g

N(RA)RE?4AY '

PR R GhEYS AR BRRAERSSH 5% S8R SR AhlHist the preceding
embodinseritsdineahaadpboubfemisodintsotiniisht, Rapgoauby Gbap-alkgtituted with forty-fifth embodiment
of the préSeiiN@AYER @EhiilindiytsEdfiisd wompoudd@PgRhula |, or a pharmaceutically

acceptable salt thereo/{, Mé&%&ﬂﬂﬁ%ﬁ%ﬁa&&% r@?ésé%ﬁ&@ﬁﬁ%%@&fﬁ%@ﬁ %Qﬁt@ei( variables are

it
as originally defined. or as defined in any 300f t@e preceding embodiments. In an aspect of this
emBddinfERPBAISH B2 5 g pharmaceuticyy deoen %ﬁﬁ&%&hﬁfgﬂmﬁﬁri regéhbifvention

(Embodiftémet seyitiea uhndbumet 6PESHHRA ?,aeﬁ% BdndrpsedeebP Heliptatiielsdit thereof, wherein
R4 is H di{metii Hand A gead dialléstard as Ohginally dethnedzopaschetine drigiaally of the preceding

compoun T b B B RS ) all other
variab|e§*§?é~zaa§1%h{5ﬁ¢awa§ﬁﬁ%%#n§%ed%%%@m%%%h&ﬁés%%f{a%fﬁw&ammﬁm
2008/09 THEUREPIBE Do/ Bletomnd HetA ia fodsiiangribosnibdiihedimshti prdsentimeeaion

(Embodimgrini4d)is:d sampoubdabhamaula Harndanhaimmaceulicallydecepiamaisalt thereof, wherein
each RAdsHhslenerdeBly-H 9 dhdinlkybeastuRBis ipdependgmly, H or 01-4 alkyl; and all other

variables

A twenty-fourth embodiment of the present invention (Embodiment E24) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein HetA isa
35  heterocyclic ring as defined in either Embodiment E21 or E22; the heterocyclic ring in HetA is
optionally substituted with halogen, C1.3 alkyl, 0-Cy.3 alkyl, NH2, N{H}-C1-3 alkyl, N(-C1-3
alkylyz, CHaNH2, CHoN(H)-C 1.3 alkyl, CHaN(-C1.3 alkyl)2, or piperidinyl; and all other
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are as originally defined or as defined in any of the preceding embodiments. 5A forty-ninth
embodiment of the present invention (Embodiment E49) is a compound of Formula I, or a
pharmaceutically acceptable salt thereof, wherein each RA is independently H or C1..3 alkyl; each RB
is independehBy M@ 1363 alkyl; and all other variables are as originally @€fivigrtass/asiaesfined in any of
the preceding embodiments. A fiftieth embodiment of the present invention (Embodiment E50) is a
compound 10 of Formula |, or a pharmaceutically acceptable salt thereof, wherein each RA is
independently H or CH3; each RB is independently H or OH3; and all other variables are as originally

defined drAViRstAsRasiAriEREBY dréind codanyiamd summentshopmepding anhpdmssntoefitiresent
inventiorsEebosiment Eb k)l con joundsofskafimedatioor m piadradaaenticadly lacceptaldle salt

thereof, wiergigaasl RIS K5 deRSTERNLY Cird alkla D00 ek GIENEDNI-12,
NH-C(:I%!—IHQ‘}I\J)HZ Ql%hggfn CN, pyridyl, pyrrolidinyl, or piperidinyl; and all other variables are as
efi

originally r?é’geor as defined in any of the preceding embodiments. A fifty-second embodiment of the

present invention (Enb&srmisriitambediragrhpbis dstebiavantiendFampedimsatBatitisll acceptable
salt thereofphedeifi leachlR T is 2fhmdepeniteiiily i€ ialdiadkadf, G M2, NE-C(=NH)NH2,
Cl, Br, Fh&%@%ﬁ@ﬁﬁ&f%n\é@ﬂ@@i&é%@&ﬁ}%@ ahy definedor gsLlefingd mgﬂm&m preceding
embodingitafiyUbiite nbedpent eldhe NieseRlineaoq IbodmaNE=3) s a compound of
t thereof, wherein e

Formula |, or t acceptable s reof, ach RCis Ifidependently C 1_3
alkyl, oéf%@ﬁ%ﬁ@?%%@%@%&ﬂ@% ‘)?&%i iK1 FHEB) RFE A TR FETER82Ti-3 alky),
C(0)D-CiaBdaikydd 00 (D) & 1h3 mlicpllify @)ALGI B B0 AN 25t S¢B)2hb)kGdnCRal ky ES0Q)20(-C 13 alky02,
Pt\;rrolidigmpip@gi@éﬁx&maaplmgﬁag;bggi@&yﬁgﬁghﬁ%&ﬂé-ﬁi{ﬁﬂfﬂ@&ﬁ@ﬁ&k‘ﬁiyfﬁholir;é' ;:nd all
other var igi efi r.as ed in an e prece embodimen
fifty-fourt@@ﬁi@(ggﬁnﬁsﬁ %%%%’%”easnﬁ ?rtf\g/felﬁﬁ‘(g)%% g‘gr%%%g .‘r’h%ﬁ?éﬁg’&%? & “cgdmpounql of Formula I, or
a pharmaceutically actdpEabestdh srersnsiherdin BstaReyi&inad BERegisnckER) 6oa-13, CI, Br, F,
C(O)NHZ;:B@yd(dH) i 48n @ 60) N @ B En CDCHT, L)L 1 O HdeBAAE N 3 5(0)2N}12,
S(Oi)gf\_'(m_@é!’b%yéﬁcs(@gl%é!é@k@%’n{:"éﬁé@@?szﬁi@%@ﬁﬁhc@&fﬁlﬂcﬂﬁ‘}mi@ -pyrolidiayl,
Criz-piperidiny, or cHig:momholingl ad all oiher variables are A qriginally defingd or a5 defined in
any of t %receﬁlh%%% e‘n%b%ﬁrﬁerﬁs‘. p' _h?ess i ~|s'e>€pres&éfy S a%g?l e trary or otherwise
is clear fIEIFRH UBFIER:, Wb SR YRS ains P I el et Bitest ebbboiUhersi e S ummary
of the Invasitioh™ikb PoudyPOTREGPCIFAMRBISIDR e iy tHeaprbeb diblp¥hd sabsequent
embodinaéintyherehn. Jls i€ B MESOMEXC {05 SXaNIeCihakihn angpiieof Embodiments E17
apies E@ﬁ%‘?%‘?*% %ﬁflﬁi'%%ﬁﬁﬁgﬂéﬁ@%k O e D iment E1 or
Embodirﬁgér‘{ ’ééegg?rﬁ%ﬁ]a qﬁég %s%% tforth ré’ﬁ@?@%ﬁe@{&&?ﬁ R applies. It is
further untherstood et ths degmiibnd=0hed naliesimdh e provisoseqancheinyistamiiad:ita.réflect the
definitiong-afariaiiesiinthemmbediments being inspmarpteddherein, For samplawhen

Embodiment, =90 & RESE INERRB4 _ﬁem%rﬂgrﬁ@g,ietgz%ﬁ?@me%ﬂ»zébﬁ DIPYIBG N be
adjusted to read as follows (Whereln provisos A, B C and F do no %)&y) - and provided that:

10@)wh¥sRAes A gAdsFEad PG ISR RRirerivit Ay AScaRd - rénbogireent el direhpdiaiaryA is
neither tid6 bstiteedophénffoonphdnyt spbstitatedtivilly boeeRdRA)RBereri (E)wheR R4 is |- or CI
_ 6 alkyl. tionR3:i8 hot B AOCGHy b stittet vithetAethd HetA and all other variables are as
defined above in Embodiment E26. In an aspect of this embodiment and its sub-embodiments,
R2 is OSO3H.
30 A twenty-seventh embodiment of the present invention (Embodiment E27) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein HetA is a
heterocyclic ring selected from the group consisting of azetidiny!, pyrrolidinyl, pyrazolidinyl,
piperidinyl, piperazinyl, azepanyl, oxazepanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, and
tetrahydropyranyl, wherein the heterocyclic ring is optionally substituted with 1 or 2 substituents
35  each of which is independently CH3, CHoNHy, CHoN(H)YCH3, CHaN(CH3)2, OCH3, CL Bz, F,
NH2, N(H)CH3, N(CH3)2, C{OINH2, CCON{H)CH3, CION(CH3)2, C(OXCH3, C(OYOCH3,
OC(OYCH3, S(0OyCH3, S(O)NH2, S{OnN(E)CH3, or S(OYN(CH3)2; and all other variables
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As still another example, when the compound is as defined in the second sub- 15embodiment of
Embodiment E36 (Le., Rl is C(0O)N(R3)R4; R3 is AryA: and .AryA and all other variables are as defined
above in Embodiment E36), then it is understood that the following applies: and provided that AryA is
not unsubstitfe@PHEFIS phenyl substituted with N(CH3)2, or phenyl subBgitisdmits G(O)NH2. It is
further understood that the optional provisos set forth in Embodiments El and E2, suitably customized,
can alternatively be applied. The proviso 20 based on Embodiment El, for example, is: and provided
that AryA is not unsubstituted phenyl, phenyl substituted with 1 Or 2 of NH2, N(H)-C1-3 alkyl and
N(-C1; 3%@199&@?%@?9}%&&3@@%% anpPBibs preosdim cboRimenie 12 Sisigatand C(0)N(-Ci..3
alkyl). embodifaéirst Liasbodimeampdii s ohiheupresEfirinuiriton aliennatwely-idferediblberein as
"Class Gshit)iineduflesheanoindsof W&Aaaﬂy@amauaﬁaltm@@ﬁta@ lsisalteithereof,

wherein RI Iaﬁ:%%%%‘?‘e m%% !? etA ?9 ajk other v i?Lre a5 ?@?%o%fj{;eﬂ In an aspect

DIl
of this class ass o?et |rs c ass altérnativ F\e ein as

"Sub-clasyraerephgmada %h@e&%amaglﬁf- ?ﬁ%ﬂ’éﬂl’lﬁnalbﬁl?ﬁ??ﬁ&é&ﬁféﬁ!@ &@5&&@1@ salts
thereof, WhérdlatRl GFoioyMECHRAHR S A el Beid metallothaatenatdes hetesolsfolrd dhgvselected

30from tnefgmummﬁsmmgloizpysmhduiyhlpmﬂmwﬁyknaz@@amyhbaadzﬁmaam mmgﬁesot_ne saturated
heterocyclic is optlonﬂl¥ mc%|y éh t| wth Nﬁ%A)RBseandnggn onfg tltut th 1 or 2

(CH2)nRC; and all other var Share. as gﬂﬁ?ﬁé{ han a8 Iass R4isH. A

second SGHREY of Fnsf%tle%{ﬁpé@asaerﬁ y @%ﬂﬁéﬁ@d@% %%ﬁrﬂﬁ@ﬁmaé\&@%ﬁﬂﬂa | and
phadfmacebiskanyritembrapibsiaiadimere dfonvhereiit ughivadgh isvdreheidetyrasdestliiéd ih Subclass

Cl-(S:&I, fmammmaa@mm@i&m peatleDTHIN;-0:Ci - aﬂ@lkylﬁgcwréﬁtwmlﬂ&(mNHZCk E:]hd':,
or thir
sub- clas @}S Iﬁe ?t%%las Cé%lﬂn(}.] es %Lpg}%lsgﬁﬁs f orqn?ucl)?}%éellected from the
group co% Qt %cﬁ ‘:J; éé@ﬂ”a @: ralst a&géﬁ% a\}gﬁ t%@}? ror (CH2)2_3RC;
and RC 5@)@%&@3@%%%&&&@9@}%@%@%@&»@%@@%@ @P@l@dﬁéﬂn@@fiﬁlahwé)f the preceding

em deinﬂfélIT;Sp)}ﬂtﬁiaﬁ}@I&mEﬁpﬁﬁﬁﬂﬁybml a3%;-hisolndnetteflaspactafiis stinelasg s OSO3H

or SO3H, | 5H|L,aQSOH1$ necto %s sub Iass 'anHand H%t%l%os SO H In still another
aspect o?t IS SU class s Ffand Zps?f n s]tni another aspec |s & 1OCIass each RC

is indepéraenirent E Fé%}ﬁfﬂCmﬁenéP@ﬁ}ﬁ%%ﬁﬂ%ﬂ%ﬂ%ﬁl@wﬁﬂw@b FHEFERPECN, pyridyl,
pyrrolidinyheoripReridiryl; g feathirmdbthithaspettbRqs @SB above in Ksbodinekoiass of
compou@dge@ﬁﬁh@ﬁ@t%%@ggﬁl\gﬁn@pgn@ﬁﬁﬁ%mqw mgj {iﬁqrryyga land pharmaceutlcally
accgpta t reof, w N R other v
on;ﬁ;r)?a”?’g ?@ o {i %a %%8 ct of ki |s %%)as‘éﬁég Z&ﬁﬂ §&ng3§[ % as% fl%l‘é sgé!\rﬁd c?i%ss (Sub -class
c2-s1) if %%%’ﬁtf B BFOUHUS DB @#m%ﬁn%céaﬁ%&ﬂg%%%n@%%ﬁ@?ﬁm%f wherein
R1 is C(BMNERITRpGRERsHRIESs 85@1HetB is a heteroaromatic ring selected from the group consisting
of pyrrolyl, pyrazolyl, Wtd@ggtﬂnﬂyéwb@n@x@m@myéemhﬁmdh@E}ﬁs@m@m EH"Q is optionally
20 monoéolf&;&%{%f PR TN §z§ RCOAMSUH! %%‘i* Wi e 4 el oroups
%ﬁll other.varia esa Su%s org| I Sn aré as)ge% w ass 1
second st (}ﬂassp fh secon c ass 555 RS TR G g” 3 ]érmula J and
pharmadetablig: AeEdpEiieiaaltsighe, 5)%@?@33» Sl &Hﬂgbwﬁ?aﬁé@%i@t b@%ﬂi@d in Subclass
C2-S |, ex@PiiACCaRNBICIErelepBinEnih; Ofd) 0] HANRYHBS@IENEINEROBERENH)NH, Cl,
Br. F, or Gy, A0r8) SEpRSIcaihis RIASR B Hy WIRIRID PO BR0P GTAISRARI031047
CHo-pyrrolidinyl, CHa-piperidinyl, or CH2-morpholinyl; and all other variables are as originally
30  defined or as defined in any of the preceding embodiments. A first sub-embodiment of
Embediment E29 is a compound of Formula I, or a pharmaceutically acceptable salt thereof,
wherein R3 is ArvA; and ArvA and all other variables are as defined above in Embodiment E29,
A second sub-embodiment of Embodiment E29 is a compound of Formulal, ora
pharmaceutically acceptable salt thereof, wherein R1 is C(O)OR3; R3 is AryA; and AryA and all
35  other variables are as defined above in Embodiment E29. In an aspect of this embodiment and
its sub-embodiments, R2 is OSO3H.
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A third sub-class of the second class (Sub-class C2-S3) includes the compounds of Formula | and
pharmaceutically acceptable salts thereof, wherein Rl is C(0)N(R3)R4; R3 is HetB; and HetB is pyridyl
which is optionally monosubstituted with N(RA)RB and optionally substituted with 1 or 2 RC groups. In
an aspect ofYRis¥8B2E#46s, R4 is H. 5A fourth sub-class of the second clZ§5(EUHHIEE$IT2-54)
includes the compounds of Formula | and pharmaceutically acceptable salts thereof, wherein all
variables are exactly as defined in Subclass C2-53, except that each RC is independently OH, 0-C1-4
alkyl, C(NH)N1-12, NH-C(=NH)NH2, CI, Br, F, or CN. In an aspect of this sub-class, R4 is H. In still

another aspect of this'st g embarimRe ¢ %B’iﬁé‘?ﬂé’ﬁtfiﬂ@ll EEmmkpaieypnt 31291 iBRalkyl,
10C (=N led)ibiZ N FCENE N 2 phatmgeruticillymericlyiady salt libkndf. ovpirséni8ihid HetB; and A fifth
sub-clasgafithe werend &lass (Subaalagsinddp Rindades ﬁhﬁ@m@ 8hF @ﬁmy@ﬁ&@éeﬁted from

the group consisti f: N al IONFRIB [/ lc 15and
pharmac%u?cgiﬂ@c%):%% gl)glys%rﬂjg%mm%féa Eiwer;e?()zﬁ% a{myfz% pé) (C] tf NH)NI12
NH-C(= mwmﬁ@ ﬁ%@@&ﬁhﬁm M@P&f@%& eﬁdWFﬁ@ﬁa ﬁgvm ERUESR each
independéhtlyasibagisatiyidelinet: aindafnadpboroitiisbobntas $3N(RA)RB is NH(C1_4 alkyl) or

N(CI-4 alkyl) 2 and R& iﬁlﬁgcﬁ}saﬂeﬁlmgk&mmrm@hﬁ%&hﬁ@ﬂ&@@@ﬁ;ﬁ?ﬂs z@&@@H or 50314. In

still another t a -class,
(R R L A e des el AR e 5&3‘?&%&8 SR tner
aspects ﬁ%ﬁ@f@?ﬂf‘)@%@ ﬁ‘f@lfﬁ’é"ﬁ ﬁ%%%‘?%lﬁ?@l‘“é*ﬁ% %MH HEEH %}anceutically
accéptalpleisalisnd hereirRE, mrmmueﬂaamagmzngiepehmnwwdmmwmm}of the
preceding BmghidinieR B phi gpeiachl ynidsaoambination D tiése Rarables; cans®itas a different

aspect. Zafihikd 01ass;0f eRMpoHNdsef NenpreseninyeRUORL fTijm lHges.compounds of

Formula | selected rom the rﬁroup conésll{s%nglggf i‘\a)vo 20097()9185 PC US '009/031047 N- -ONOH
1 Or piperidimyi; and ail 0uner variables areasongm Y aelmea of as Qg ined

1/4R2 (W%Rﬂm Nyi dinyl; and all oth bl ally defined defi

in any of the preceding embodiments.
15 A thirty-second embodiment of the present invention (Embodiment E32) is a
compound of Formula L, or a pharmaceutically acceptable salt thereof, wherein R3 is HetB; HetB
is pyridyl which is optionally monosubstituied with N(RA)RB and optionally substituted with 1
or 2 RC groups; each RC is independently C1.4 alkyl, OH, O0-C1.g alkyl, C(=NH}NH3,
NH-C(=NH)NH2, halogen, CN, pyridyl, pyrrolidinyl, or piperidinyl; and all other variables are as
20 originally defined or as defined in any of the preceding embodiments.
A thirty-third embodiment of the present invention (Embodiment E33) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R3 is HetB; HetB
s
N *
"/ : Uis H, N(RARB, or RC; RC is independently C1.6 alkyl, OH, 0-C1.g alkyl,
CENIDNH2, NH-C{(=NH)NH?, halogen, CN, pyridyl, pyrrolidinyl, or piperidinyl; and all other
25 variables are as originally defined or as defined in any of the preceding embodimenis. Inan
aspect of this embodiment, U is ortho 1o the pyridinyl N. In a feature of this aspect U is H,
NH{Ci-4 alkyl), N(C1-4 alkyD)2, or O-Cj-4 alkyl
A thirty-fourth embodiment of the present mvention (Embodiment E34) is a
compound of Formula I, or a pharmaceufically acceptable salt thereof, wherein HetB is a
30 heteroaromatic selected from the group consisting of pyrrolyl, pyrazolyl, imidazolyl, pyridyl,
pyrimidinyl, thiazolyl, piperidothiazolyl, pyrrolidothiazolyl, piperidopyridyl, and
pyrrolidopyridy!, wherein the heteroaromatic ring is optionally substituted with 1 or 2
(CH2 ImNRA)RB and optionally substituted with 1 or 2 (CH2)nRC groups; and all other
variables are as originally defined or as defined in any of the preceding embodiments, A first
35  sub-embodiment of Embodiment E34 is a compound of Formula I, or a pharmaceutically
acceptable salt thereof, wherein R3 is HetB; and HetB and all other variables are as defined
-15 -



'Ft2 (A14) ,0R2 (A15), WO 2009/091856PCT/US2009/031047 N, R2 (A18), N, OR2 (A19), and 14,
OR2 (A20); and pharmaceutically acceptable salts thereof ; wherein T is H, C1-3 alkyl, pyrrolidin-3-yl,
piperidiri-4-yl, (CH2)2-3-0-C1-3 alkyl, 5(CH2)2_30H, (CH2)2-3F, (CH2)2-3-Piperidinyl,
(012)2-3-pyPdidMyRIARS T' is H, CI, Br, F, C1_3 alkyl, 0-C1-3 alkyl, OH, RFFAURPHI6143 alkyl, or
N(-C1-3 alky1)2; and R2 is as originally defined. A first sub-class of the third class (Sub-class
C3-S1) includes the compounds of of formula (Al) to (A20) and their pharmaceutically acceptable salts;
wherein R2 is OSO3H; and 10all other variables are as or%glnally defined in Class CI. A second

sub-clas&8VEHE FRCHime|(Bih-dasscnd wb)embrbiRstthel Smbpoimem BF 156 ATIROERA % (A20) and
their phaforacéaiicallypheoaptetfedaltwontareing isetedf, @HSsin R1 is C(PIPERIRA:-R? (€H2)2-30CH3,
(CH2)2-304.(Gid zaazsgnégmga&ﬁmemmmm Boveraliciabairisnti 5. OnCil 3plisyhOH, NH2,
N(H)CH%1 N(QC 3 21 "'1[9 1S or§ '11?”% eflned In an of of thls b class R2is
OSOSH é@w et Ir (Jg 5% mp unds of of
formiula ("’KBS% u&ﬁ%&ﬁlt{a}ﬁ@ ac 1R S@%@‘b%ﬁ%%i Salté: 8f—jl “OCHS3, or

OH; andaR&:¢s @Sﬁmbodlment mﬁimmmhgézmmb@bﬁdmmbmetpmsg 13 Etw&mon (Class C4)
includes @i conitp erndsubbfoted wath séfectadiiram thakgtonpeansititng ot YWD,
2009/0918o6 574 SLORAOFIOAV-MN O UrksR2; ARZ:{B 14632y substituted with 1 or 2

substituents each of which is independently C1-3 alkyl, pyrrolidinyl, piperidinyl, piperazinyl,

10 morpholinyl, or thiomorpholinyl. In still another aspect of this embodiment and its sub-
embodiments, the heteroaromatic ring in HetB is optionally monosubstituted with NH?,
N(H)CH3, N(CH3)2, CHaoNH2, CHZN(F)HCH3, or CH2N(CH3)7; and is optionally substituted
with 1 or 2 substituents each of which is independently CH3, pyrrolidingl, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl. In stili another aspect of this embodiment and its

15 sub-embodiments, R2 is OSO3H.

A thirty-fifth embodiment of the present invention (Embodiment ¥35)is a
compound of Formula [, or a pharmaceutically acceptable salt thereof, wherein R3 is AryA; and
all other variables are as originally defined or as defined in any of the preceding embodiments. A
first sub-embodiment of Embodiment E35 is a compound of Formula I, or a pharmaceutically

20  acceptable salt thereof, wherein R1 is C(OIN(R3R4; R3 is AryA; and ArvA and all other
variables are as defined above in Embodimeni E35. In an aspect of this embodiment and its sub-
embodiment, R2 is OSO3H.

A thirty-sixth embodiment of the present invention (Embodiment E36) is a

compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein ArvA is phenyl
25  which is opticnally substituted with 1 or 2 substituents each of which is independently C1.3

alkyl, CHpNH7, CHaN(H)-C1.3 alkyl, CHaN(-C1-3 alkyl)), O-Cq.3 alkyl, Cl, Br, F, NH2,
N(H)-C1-3 alkyl, N(-C1-3 alkyl)z, COONH2, CIOIN(H)-C1-3 alkyl, C(OIN(-C1-3 alkyl)2,
C(O)-C1-3 alkyl, C{O)0-C1.3 alkyl, OC(0)-C1-3 alkyl, 8(0)2-Cy.3 alkyl, S(O)NH),
S(ON(H)-C1.3 alkyl, S(OpN(-C1-3 alkyl)2, pyrrolidinyl, piperidinyl, morpholinyl,

30 CHz-pyrrolidinyl, CH2-piperidinyl, or CH2-morpholinyl; and all other variables are as originally
defined or as defined in any of the preceding embodiments. A first sub-embodiment of
Embodiment E36 is a compound of Formula I, or a pharmaceutically acceptable salt thereof,
wherein R3 is AryA; and AryA and all other variables are as defined above in Embodiment E36.
A second sub-embodiment of Embodiment E36 is a compound of Formulal, ora

35 pharmaceutically acceptable salt thereof, wherein R1 is C(ON(R3R4; R3 is AryA; and AryA
and all other variables are as defined above in Embodiment E36. In an aspect of this
embodiment and iis sub-embodiments, R2 is OSO3H.
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50R2 (B9), and pharmaceutically acceptable salts thereof ; wherein V. V, V", Y, Y' and Z are each
independently selected from the group consisting of H, CH3, pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, CH2-pyrrolidinyl, CH2-piperidinyl, CH7-piperazinyl, CH2-morpholinyl,
CH2-thiomotPA8iRA 1R 7, N(H)CH3, N(CI-13)2, CH2NH2, CH2N(H)CHE G BMAIEBH3)2; with the
proviso that: 10(i)at least one of V, V and V" is H; and (ii)at least one of Y and Y'is H. WO
2009/091856PCT/US2009/031047 A first sub-class of the fourth class (Sub-class C4-S1)
includes the compounds of of formula (B1) to (139) and their pharmaceutically acceptable salts;

wherein at least two of Ny SaveNth sReopiimsat ROt rsoal inveniet{&Endidiaumh ERT bithe present
inventiordsnacaxhpHBaehstidoted fiemthe Higihypeenaisiingloftifedi} eleoapaudssqhexdmples Ito
117 (or, aitemalivefynelpremeidasd Wikl paneuphaimacesticallwreaapiablgesalisithensf. Another

embodlrr&%@ﬁ B éz\g W@ﬁ%ﬁ%@d(ﬁe tgq\fwrg%@@#&ﬁ@ﬁ% tlng of the title
com ounds of EXa to ie.. Co unds | “and pfarmaceu table salts
theréor. SEARIReL & £g.w B e R e B oo
conssﬂn‘g‘;(@?ﬁéﬁm@ﬁﬁmﬂicﬁ?a@d YO 2Ntz racwiviary ripesptalienonplwiiteof. Another

em bodmm@g@fyﬁmmgsemmmmﬁnﬁ @pompmmﬂﬁﬁingeﬂ&ramﬁm ﬁiﬁh&ﬂ&ﬂﬁél@i%@gﬁfaﬁ? S
,5R)-7-0 -pipe 1-6-(su -diaz b| [3 1] octa .15carhoxamide;
(2S,5R)-N- i?gnéno%ﬁ%ﬂ?x “%Iu I{%‘i%fg? glﬁ?cl)%xy a%z‘lé Tglcf%c oﬁfg }1 gc?an e-2-carbox am i
de: (25, Srobedisasny mwwmwﬂ@wﬁm Fowan @%ﬁﬂ&#ﬂ@y@m@ﬁ%ﬁ%ﬁ%amoxamde
20(25, 5 R)hZ=an@® 8 isitfota)dN (28 atbtiatry dntibbguiralind6aybd ke ve in Embodiment E37.
diazabicyclal3w %M@ﬂ%@rﬁ@{p&)@%g@mem E37 is a compound of Formula I, oz a

szugzilzu)céc%(f% gcﬁ 4Per'd'” it @éﬁ %” o¥13»her(e ORI R3)R4; B3 is AryA: and ArgA
piperidinZad/#he meﬁﬁﬁo@ﬁ%@f %@(‘g)lf Brehadaprey a3, i Foespst &by late; and
pharmacwutiediiycataepttiviebsynbodigant, R- is OS€8Hanother embodiment of the present invention is
(25;3R)-7-0x0-N- IO'peﬁddﬁﬂﬂés@1‘&?%'['&@9&&51&1&?’@@%?&%‘9[3c§tx%%Qﬁ%BSdﬁlﬁ%E@8§’@'Qe (i.e., the
compound of Ex mPie 1 915? ternati1 vel und 15@%% h rmi%geut 5‘}«!3}’,1%},%“313’{6 salxlt thereof.

ill anothier o |m nve
So(mn SRS Yfl&%&rﬁﬁég{ﬁﬂbk LR S sghis st o

30(amin

com pounﬁ*@%ﬁﬁ@@ﬂﬁaﬁeﬂi&w@ﬁ@lﬁ&ﬁm@bﬁé{% ﬁﬁﬁ%ﬁé@f@aﬂﬁ@b@é@tame salt thereof.
Still anOtﬂﬁbmﬁmdﬁﬂﬁﬁ(P@fﬂH@ ESRIITHSHIOIOIC (25 SRY)PaRe-N(BR)H3, S(0)2CH3,
pyrrgliding; h@?l%@%@(@ﬂ@fﬂﬁ%}m 2p Q&ﬁ@ﬂ%ﬁh&nghe compound 350f
Example 14 or aticall ptapl t ere Anot
embodint gﬁﬁimﬁ‘?’gf TR G TP E FBR ALY e VAR SFTAIE, The
CryStaI||n@ﬁlwd@hyldK&t@lhéﬂlth@)é%@ppﬁﬁéﬂggmdwélmﬁiguféiﬁsl\/bi@»embomment of
2009/09 1850RIHVSA0QY 03100 nd of Formula §, or & pharmaceutically acceptabie salt thereof,
wherein R3 is ArvA; and AryA and all other variables are as defined above in Embodiment E38.
25 A second sub-embodiment of Embodiment E38 is a compound of Formula I, or a
pharmaceutically acceptable salt thereof, wherein R1 is C{OIN(RIR4; R3 is AryA; and ArvA
and all other variables are as defined above in Embodiment E37. In an aspect of this
embodiment and its sub-embodiments, R2 is OSO3H.
A thirty-ninth embodiment of the present invention (Embodiment E39) is a
30 compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R1 is
C(ON(RHR4; R3 and R4 together with the N atom to which they are both attached form a
heterocyclyl selected from the group consisting of:

* N/J * o * NH *—N \O *—N S(0) * N/%HT,/\NH
! <> (A A N A s

OC ; wherein the ring is optionally substituted with 1 or 2 substitutents each of
35  which is independently C1.3 alkyl, CF3, CH2OH, CH20-C1.3 alkyl, CHpOCF3, CHoNHo,

17 -



and the DSC curve shown in Figure 2. The crystalline monohydrate can be prepared as described in
Part A in Example ID. In one embodiment, the crystalline monohydrate is characterized by an X-ray
powder diffraction pattern obtained using copper Ka radiation (i.e., the radiation source is a
combination*b? &K &itd Ka2 radiation) which comprises 20 values (i.eRGEMSEHNMSH@H20 Svalues) in
degrees of about 15.6, 17.4 and 20.4. In this embodiment, and any analogous embodiments which
follow, the term "about" is understood to modify each of the 29 values. In another embodiment, the
crystalline monghydrate is characterized by an X-ray powder diffraction pattern obtained using copper
Ka radiafibRWHIA-eonmiBidesBNdtdes gy dds o? abshidste; o ?Q@E,FZA\.]&QQGS and 29.3. In
still anothéHefibadilnd ke icpyaiallineGionShydrate N pEhay abteti 2@ By -4 X-séiyhpwder diffraction
pattern abteined. vsing copper-Ka tagiation wWoishcpmpises20valies ingagreas af about 13.5, 15.5,
15.6,17.4, 18.7, é9f7,e§0.4, Zﬁle(']tj .6, 24'91' 24.3, 25.9, 2653, 26.6 Zé.%o, 27.5, t29 3,.30.0, 31.3, 32.4,
32.9, 33 FBWY afiped greis fefinglgn any oF e Beedie REPRIBSHN LA EAAPER StdlitRe monohy-drate
of CBmpﬁBﬁ@ﬁ%&%&ﬁ@ﬁ?@&lby the PDF trace derived from its X-ray diffraction pattern shown in
Figure 1. The 15PDF & dceigtosittesi@nfingseifinntrefthénntetiai ghubdistanc €2 dhid defingothel
crystalling- MPRRIYEIEE phRRENACAIS B:Bo. AR aNed i the mannet HascrbRI i VO ROQRI082050.
In one a tct Qt%thls %1 o%ment,tth c:ﬁéallln% gll%go%%%ad? IS Chf‘é?Cte“ieF b%/ tth arts of the PDF
trace cortespBRUmg to the 20 VALIRS N tegred&ct abtt 156 “17.4 Kitd 20 2 I the ! In another

.

aspect ofhE s pefistERgothe crystalline monohydrate is characterized by the parts of 20the POE
trace corggingi&ihe §C)*ngew§ﬁ of ouL@&bZO@ 4. g-pnd 29.3 in the
XRPP. In stilkarother t of this_ emibodiment, thé crystalii ondﬂydra i ractefiged by the
parts of the PRF corresponding to the 20 values in degrees of about 13.5, 15.5, 15.6, 17.4, 18.7,
19.7, 20.2,791.74.22.6N84.0, 24,3, 25.9, 26.3, 26.6, 27.0, 27.5, 29.3, 30,0, 31.3, 32.4, 32.9, 33.1, 34.0,
34.7, 35.5 and 38-9in the WISt s e tamiont U biitRd et pig bR &l ofkg. L, or
equivalemigrbisindipsndsedordantgosition Bl thil valde & pRSical blopbay CoiNeNalla of a
parameteruiNiEitonzZIgHs pPrITesHste UL RY. FiHe MgHNaH:e MIGHYEH e(inpiess step is conducted),
or the IikesiRrsrienariafiopie e nemsriaal corniiy thabeanscedss fan example JiyayalLpypical

measuring, handling an mpling procedures involved in the preparation, characterization 30and/or
usel of thie’ SHBERICEGred ATEIFRE AR STy R FhicRrsrestRerBP e Jroderinres fitbbugh
differencestpdimerhuiaGtiRsBource, or purity of the ingredients employed to make or use the
gompositions or CafnyQ%ﬂ@?gJ*ﬁﬁﬁgé&%hd@@@ﬂ%ﬁi@%ﬁi%@&iﬁfﬁ[@ﬁl@é&%ﬁ%@@ﬁ?@ values in
egrees In an XRPD.descti erein, the term "about” typically means, the. valge 0.1.,Mother
embodnBHES RS o S e A B AP ccceptable

salt therd8roBETorERARY e fh eterAY dehprdrrrafyirtha %@%W@P@?ﬁ%gmrﬁ@#@imm- A
sulRémbbdimdntsylasimects, «f|Bssesimrst b4l assespwherdinfthemompoundbarimssaltisliy a
substantiaiiypine el EISakRer @'_El i@@}ﬂ@%ﬂ@!&@%@e@%ﬁﬁ/&y}a and all other

2009/ 09%%%%@%%%’ 200908 404¢ %%:%‘%l}’df%éﬁb?éh ﬁb%uél?%%%%tyé%&wg%%b’oé%l'%ﬁn‘%gﬁ’é% 0 WL.%,
preferabglﬁ%t;ast? i \esgo , more preferably at least about 90 wt% (e.g., from about 90 wt.% to
about 99 .go}fng@é mor Spré rably at least about 95 wt.% (e.g., from about 95 wt.% to about 99
wt.%, or from about 98 WiBtsa:dBDawhed)mantiofitbs pprefer ablgntivtedstbisbue80RAZ s @.g., 100 wt.%)
Of_@PVOUé#%ﬁ&ﬁf@_ iﬁiwe@mmmumﬁﬁﬁ@émm& %&dﬁ&%@ é@l@the%@i?ﬁﬂ%l Thhigidlaé@g}fml ; ,m_@ﬁiaﬁtion
mixture & Ing.the co Une or salt) consists. | [salt, . vel of purity of the
com pourll%gigﬁy s’“‘éﬁé%%%%%%ﬂ%ﬁ%? n d%%glﬁgg}%%té%%tacfg ?ﬁ%ﬁ%ﬂ o%‘%%ﬁ?sql%}f&’ch as thin layer
chromatdgraphif igar dishasnaratls? Aigihplndimisndntib e rromiistieahyrdelakor brmsde
spectrontetriicyiflinorg thaptomelinethotatdnalydisis enbplityadsandithewhisihods demvidiely
10experitentallyl sigificapt aifereHpes) ip ahe/leVELOH plyity dietbomined, shénythel rieffoNkroviding the
.*"9667? G it@!ﬁfrd%@ﬁ‘!@@‘ﬁa%ﬁgﬂlg@%@m ,@gkﬁfﬁ@@%}gf{%‘ﬁ @fG;}tth@?—ksaﬂ%%f d]?tf“ab'e
impuritie ermin: an analysi ith.respec ipound of the
invention&\@ﬁ)fc 1%@&?&?@‘9@6@%&%&% é!gg e(gk?sﬁ%%%c& %%ICUP gg(#fi%t@?@)&étereoisomers, a
substanty P deinp st BN R itharadkslipspratifopl rnendard sromaoissiereoisomers or a
;ubstant@l{y@mmiyidcﬁgiﬁpm&m@r m@mt@m;rmmggﬁmmmmm presedlyinvention
include thedollowinga@Yanharpasaitisalcompasilian.comprising anelisplive.amapnt of a

35  Embodiment E42 is a compound of Formula 1, or a pharmaceutically acceptable salt thereof,
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compound of Formula | as defined above, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. 20(b)The pharmaceutical composition of (a), further comprising
an effective amount of a p-lactam antibiotic. (c) The pharmaceutical composition of (b),
wherein the B&3YE&&F antibiotic is selected from the group consisting oP§ifipENeHsErapenem,
meropenem, doripenem, biapenem, panipenem, ticarcillin, ampicillin, amoxicillin, carbenicillin,
piperacillin, azlocillin, 25mezlocillin, ticarcillin, cefoperazone, cefotaxime, ceftriaxone, and cettazidirne.

(d) The pharmaceutical composition of (b), wherein the f3-lactam antibiotic is imipenem. (e)
The phamhexsirBddk contbosiidvsdt Y, alieshelvariebies erstaneinitsiobevs odfmblimensB@The
pharmaceytiesdcampasitioneh(b) Paedkineh € 43as tampnini oficisrpiterasillin. The

'phafmaﬁ@ﬂ%ﬁk&ﬂi&ﬁ%@%&%@ﬁ%&%&ﬁ%{}Haféﬁl'}@ SlieriR AR LAl Hlagamagtibiotc and a

DHP inhibitor, aceutical.c )t ),.whérein the héta-lactam antibiotic
35is |m|ﬁ@ﬁ&]ﬁ°ﬁﬁ6@%?ﬁg?rﬁ?l (ﬁ%’i’%i% ég Jﬂ@&l@?%ec‘%é’ e salt thereof.

(i) A%oﬁ?&?ﬁ%ﬁ’éﬁ*ﬁ%‘f%ﬁé@ﬁﬁ@ﬁfﬁ%f@eﬁ% B of Formula | as defined above, or a
pharmaceutically accepiaipeisall sheadhaanofaht Irastann-antioiotiomB@Gment E43) is a
celected R T e biapinem,
panipendh?. BEYE Tif? 'ﬁfﬁ 8&5 Hpégpﬁgﬁf&’lﬁ é%e‘%&%ﬁ YUORERR QH’P?E zlocillin, ticarcillin,
cefoperakzdiet- @@t@m&ﬂm@@@fﬁiﬁﬁoﬁé @hﬁﬂé&ﬁﬁzﬁ@m@lmééﬁﬁiﬁhﬁwﬁﬂwdwmﬁéﬁfﬁ% p-lactam
antifiotiatis bieipsinery i§hewambinatameédiviwheseinstivetiklelnieurianfibiatn is ineéiezidims. The
combinatien affineheEin theritiaetanantiielie ispiperatitin, ¥\ xembination ofeffagye amounts of

B e R e Y 2R betaactar
antibioticMRINE RO HRE T & S GE R imdtarldiny R et RaIRaEREptable salt thereof,
(p) A me&i@ﬁwﬂ&&hﬂﬂg%ﬁaﬂm&!@eeﬂ@ﬁwmwlwmﬁn%é atinministerialgtoasesybjdeinadineed of

sucfy tre@éﬁﬁgﬁ @r%‘%{&ﬂ%ﬂ%@ﬂ% %ﬁﬁfét%%éﬁ?ﬁé’%%@zﬁ&%o% @Hs?gdbigﬁﬂ&ﬂlﬁémq{fa

pharma E)c %Qtable salt the y In comblnatjoniwnh an % unt of a

beta lnc U ARIBLELS & 2 comE ALt CatH G R FEAR tises
administehag i debiehinndeahradel ?@%ﬁ%ﬁﬁb@%ﬁ@%é@ﬁ%ﬁl?@ﬁééﬁ%ﬁ%@ﬁﬁb@@ compound
of FormulastcondspbamadaticaliFaceeiitahiersalithereapoindofinatin with effective amounts 200f

a beta- %&%ﬁg&} 9 Q&g B’E‘Eaim@g@ “wherein Rqr ﬁgf@ﬁﬁ@@jﬁﬁ%@ﬁ@g@ﬁ)%@@@fectlon
which com es admln% enn % %8”’1 need of uch t&eﬁ% nlgnt a thera&eﬁgtlcally effective

méint 3F c?(glilﬁ Yiisiskoin aE) %% an asp 8thod for treating a
bacterlaﬁ’i’i‘m% FREH R SHRETR %dgﬂ?fﬁﬁlgt -a subject in need of such treatment a

therapeutically effectivefanyoisntibictheodanshinatibnidsdiy, toerlio(Brmbuydimen{dd4) is {t) The method
of treatingsaRasietaFHeckanas seidartiadaly (efibR salt thereof, wherein R4 is H or C1-4

alkyl optionally substituted with N(RA)RB; and all other variables are as originally defined or as
25  defined in any of the preceding embodiments. I an aspect of this embodiment, R4 is H or C1.4

alkyl.

A forty-fifih embodiment of the present invention (Embodiment E45) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R4isH, C1.3

alkyl, or (CH2)2.3N(RAIRB; and all other variables are as originally defined or as defined in any
30  of the preceding embodiments. In an aspect of this embodiment, R4 is H or C1-3 alkyl.

A forty-sixth embodiment of the present invention (Embodiment E46) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R4 is H or
methyl; and all other variables are as originally defined or as defined in any of the preceding
ermbodiments.

35 A forty-seventh embodiment of the present invention (Embodiment E47) isa
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R4 is H; and all
other variables are as originally defined or as defined in any of the preceding embodiments.

- 19 .



(s), wherein the bacterial infection is due to Pseudomonas spp. or Klebsiella spp. The present
invention also includes a compound of Fonnula I, or a 30pharmaceutically acceptable salt thereof, (i)
for use in, (ii) for use as a medicament for, or (iii) for use in the preparation (or manufacture) of a
medicamentf& 14 tME bacterial infection. In these uses, the compound$SF#fEYPasemtTinvention can
optionally be employed in combination with one or more 13-lectern antibiotics and/or one or more DHP
inhibitors. Additional embodiments of the invention include the pharmaceutical 35compositions,
combinations and methods set forth in (a)-(t) above and the uses set forth in the precedlng paragraph,

wherein the compoundl &rireightsenb Hopf dinpresad inesriand Erisiissmn Y ohe of the
embodinemisysupEfobodinients, tassesvisliy-alagseld dedcribesh Abdvecivé@h RA is
20001001 RpEGHLIEZG0OVNI AT Ehe GTBaUIM TR PHONDY BRILSEAD o Rsm afis

pharmaceutlcalry Ie salt | t? emboql% @dgltlonal embodiments of the
maf%% ehined pr qr% 1 € 0i3cedin B
present VENton hctude eac t arma Ceutica CcOMpOosit fions, combinations, methods and uses

set forth in the preceﬁ@%ﬁ%@ﬁh@%@?@ﬁf}fﬁEréﬁﬁ%‘@ﬁ?f%il@? ﬁﬁé“ﬁ?é’é’é‘ﬁ’fﬂiﬁ\fé’hfr“o% or its salt
employecbthprein i §ubstdmiiaity: phremivithiirelpectdptab phalmboeoficehaempaditivh somprising a

compournsiepdndentiyiatlop Cifsssaltydyeheh mfafmaa@m&aimyam&mquw@mmmﬂmam@me or

more exci |en}% it |ﬁiuradﬁr1% OI,d %hda1 %tgrm EPﬁSta{Egtc'% CE ebog }Q %eiference to a compound of

FormulaTor s sgaﬁ per se F§url ty O the activ Ingre AtIn the coné?osmon 10As used herein,

the term "alkyl" referstdt glﬁ%ﬁ@\?ﬁ P&f&ﬁﬁﬁefﬁ’gﬁﬁﬁgﬁ%ﬁgﬁngﬁm bl aromparedarbon
radidal hat/fgrautwimberpbhcashoricabynsdpthbispdtiied rigerdihescict Axambipet@ndydikyl" (or "C

1-C8 alkylt'Trefeesctordhis mmmwmmﬁwmﬂqﬂmwmgmmmmlmmm sec-
and t-but I, Y0z 2 iﬁsa% FQH I r%é@é(l Iand @eél;% As another example, "C1-6 alkyl" (or "C1 -C6 alkyl")
refers to any of the he&y ﬁé} %inl 16isomers as well as n-, iso-, sec- and t-butyl, n- and iso-

propyl, ethyl and metdyF{s éﬁﬁ P@%’:\‘?ﬂb‘i’é t Eﬁreﬁfi%‘]l?(?/}‘e?é‘ﬁé}éﬁ@h‘)di%@t K&t 33d t-butyl, n- and
isopropykosthytmahef irethyle I, or a phhederindiatoatiybieselsteorart.albgrgroemiaB defined above in

whith onadmpmaasﬁmf(tlﬂm hildio@éh atams laﬁaylb%ﬁ[\rﬁpﬂaégdmm(&mm@e@, ﬁsﬁ;g&; CiBr and/or ).
s, fos SRS PaloRlMior. G P dRloalitia Slele SRR e AR NS chrgched el
OWith o1 f ha

group a OVG one or mor ogen SU stlmen eterm UOI’O& S an

analogou ?ﬁfé% h@%&?@ﬁ&ﬁﬁ%ﬁ%‘a}@gen substituents are restricted to fluor. Suitable fluoroalkyls
include the series (CHRiTt4€CHS i senbtrifluond nfatieyirds@Xvifiono Stmbo8iB@utiifidpioan-propyl, etc.).

The tenn:chalegencieshalol) dedens i iumisaichiesg bramineand-ediog @leratyely referred to
as Hyoroy Rl RO, @@foﬂaky?@@@mf%@%@;hﬁﬁiﬁiﬁ fejagy mepevalenl mpengeyclic ring

of an allcane having a number of carbon atoms in the specified range Thus, for example "C4. 9
cycloallcyf* ‘&15116@&6é@eémpkﬁi?@‘?%‘}é}%%dﬁjﬁﬁﬁlﬁﬁﬂy@fémﬁﬂ&% QQW%Ioheptyl cyclooetyl,
and cyclononyl, and "G 4i{F-thetbaikytdnstetfdheyaisbutytveytitopimpodyatohB§}l,iand cycloheptyl.
30The tesgmpot0)’ dﬂ@fﬁﬁ%qaébg@:}ﬁhﬂﬁﬁetawﬁﬁy RiQMaAn e ISQdr-encepdar dapwionyl. The term

"5(0)" reﬁg@ﬁgﬂggﬁfﬂ@wm aﬂg sympﬁl ¢, gt thee | Jf@ el gl@ypomt of attacrment of
L R AL O DO s e rﬁx% St bl 6 e
substltue‘i{%ﬁ?&e%@ﬁ@gﬂ&%m@@%ﬁ@@%éﬁﬁﬁ%rﬁ é&ﬂﬁb ?Fﬂﬂﬂ%!@’éubstltutlon at the
same sitejoipldieviicaly ajawidiniinE3s-piteressly, stafEth tortinphotintiamdsiibstittiandhjea named
substituent iz RREMIIRSRAMY% OB A HNGh{EBmEBHONEY embodiments.
A fifty-fourth embodiment of the present invention {Embodiment E54) 15 a
30 compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein each RC is
independently CH3, OCH3, CI, Br, F, C(ONH2, C(ONCH)CH3, C(OIN(CH3 )2, C(O)CH3,
C(OYOCH3, OC(OYCH3, S(O)CH3, S(O)2NH2, S(O)2N(HICH3, or S(ON(CH3)2,
pyrrolidinyl, piperidinyl, morpholinyl, CH2-pyrrolidinyl, CH2-piperidinyl, or CH2-morpholinyl;
and all other variables are as originally defined or as defined in any of the preceding
35 embodiments.
Unless it is expressly stated fo the contrary or otherwise is clear from the context,
the provisos A to F set forth in the definition of Compound I in the Sumunary of the Invention
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WO 2009/091856PCT/US2009/031047 phenyl, a heteroaromatic ring, or a saturated heterocyclic ring)
provided such ring substitution is chemically allowed and results in a stable compound. It is
understood, however, that the degree of substitution can be qualified. For example, the expression
"optionally sUsHtERHifth a total of from 1 to 4 substituents selected froRCZSF820§2NRA)RB and
zero to 2 RC" means that there 5 can optionally be 4 substituents in total with a maximum of 2
N(RA)RB substituents and a maximum of 2 RC groups. As another example, the expression "AryA is
neither unsubstituted phenyl nor phenyl substituted with 1 or 2 N(RA)RB" means AryA is not phenyl,
phenyl nfBRB-KUBs e s R SRSSRES I GrERdiyraR deBdntutd shitd ReRAYREPIERE Btherwise AryA
is as elsevangrie, dedindecnk@fFietA ¢§ Betinduneeiell iobB 18 Yistn@mpentbé e Satdedbatiorof

mono- urﬁﬂttﬂatﬁéimtanfgﬁté@ Fdéﬁﬁe%?ﬂ@a‘@ﬁ“fgﬂé%ﬂis& aﬂaﬁteroatgﬁ&ﬂt@enem@atw;@agcted from N,
Oand S, wtgedeln the |n s 0 tlon(allxmusgdt\évnlﬁn%cg 7 C%’Ef’o I33 ura rlo%c .rings
suitable <For usemf';i::s1 |nc gea?or exaﬁt 5 e, Sazetl pipcti |@é? morp |omorp oI|nyI
th.aéa.dmywleétﬁ.azBﬁatr@tﬂbstaﬁendtﬁﬁhqgasa%mj hﬁﬁ?%ﬁﬁ?ﬁyl |}§1@5%‘0T|6W3?5’6|8€fa2myl
tetrahydtbfubelinili desraliwatrgthiemihpyrazietidiva bhexsthydropywimfticyix¢kiszitang pthiazepanyl,

azepanylafisdePanyb S25aMdHE ReAH %erﬁﬁom%%k&mﬁﬁtabﬂm%aﬁ&ﬂﬂﬂb
tetrahydy Qy',ii‘i‘}" N}f@% %%m ar%eg %'t%)i?rﬁt{odug&%bé‘? HANQ. s %éétt%na%%d i d%ggychc rings

include, or exam Ings espon o the saturate S’set e preceding sentence
except tAEAtAEP %B’fé‘”ﬂﬁ?ﬁﬂ AL APE G%Hﬁtelﬁ%@?%aturated heterocycli
rind8 fused with& cchﬂﬁFPcW s&ﬁa&f@%ﬁ@@%@’%@b@tl%ﬂ@d@ﬁw&mﬁ@ is H or fpgmaiMdefined

herein to be an optionadly ﬁ%b@&%f&ﬂa&%ﬁ@@é@ﬂt@&l%ﬁﬁﬁ%@ﬂ%@iﬂg dipmrlita dipetespatoms selected
from | to 3 N atoms, z ‘ZE;% at m and zero or 1 S atom, wherein the heteroaromatic ring is

optionally fuse |tha red %ur te%g?ﬁ]hgég(%% &l%’,ﬁ:gﬁb aa‘%‘n %%%:reé%%ﬂ;%s

independently ecte
either 1 or 2 non- fusedsrﬁtzjieadﬂmsm@pﬂ@haﬂﬂwmmnd B (B )lddeteroaiivmatiodings suitable for
usegs %@m@%ﬁgeéﬂgamfm T, é:.lse f{%ﬁﬁmmﬁi‘é RWiQMW)ﬁ.M&O‘Mé@DMﬁ?HM%hEMimiIdiI nyl,
pyridazin tIEf:\ZIn n%e A, Gpjgr}a}z? %{5 HHiazoj -0xazo %/ s Ifi‘%% igz0 % xatriazoly
thiazolyl, 3Qisothi use u ftab ample,
*NH gIlé’il‘.a?tleag B)? Vr‘es‘g staqt%'d {5 198 86 ra{:{gﬁeng mﬁtl 1en}cor¥tes>§tma% o%tulg C‘vaﬁi?us cyclic
rings an@ﬁﬁt@@ﬁ}ﬁé‘tﬁ@ﬂ@%w@e@@%ﬁﬁ nikip E@B%déﬁé@%@%gﬁcﬂpﬂi@@d?w&%f@ﬁy ring atom

(i.e., anyie@rhesiaiRmsqr a0y meleraaiamierided thatasiable:BormRepREIEBMis WO
2003/091956PC TISZ000BI0T e UDESS A UESIAAEE 3 e el jages e
heréein are inclusive. xi%r?p ?ﬁI—F | as  fontaini

heteroat8nie” rrst%a"nls evr"]n can contan% g}xr)’ﬂ dr2 4alﬂ|§tero IS a B% “fderstood that any
range citBiFirEsn m&dﬁwﬁﬁ@l@%ﬁé@tﬂ&ﬁh@ ﬁjﬁl‘?ﬂﬁﬁé&ﬁ&mﬁ frad r"ﬁh’g\& ‘Thus, for example,
a Sheterocyclic ring deseribedascomapingstme biahfialemriomBmisinaderiednslude as

aspects eredl, RefeIoeydi ] ngaeeﬂtgt UG &P RIS RRIONAA LA IPIoRlOnS, o 3

heteroatoms ete atoms roatoms ete oatom heteroato S, 3 heteroatoms
and he'tw@atom?rwh% la&t%ﬁgb aﬂ%wesi Bk uTaNisR AT AR AR HYany constituent

100r in Fisimeda lleﬁ%ﬁ@ﬂTbbfdﬁ%u%%@ﬁictmg and describing compounds of the present invention,
its definition on each epﬁt&ram:elassleﬂm@mﬁ@t&&sﬂﬁmﬁmﬁ:@y@t@ﬁ@@ﬁ:@@&tﬂ;t@rmeswso

Comb'”aﬁﬁ \ é%‘é&%%&ﬁ@%%&@ ﬁ%ﬁﬁ’%ﬁ‘%@lﬁﬁﬁ%ﬁ%ﬂ%ﬁt?&% bilf 2050 ,Sﬁ%%?%fesu" in stable

compounds. IS.a compound w can be prepare nd 15 whose

e co
structure‘%‘?ﬁeﬁ’rgpé?tfe@%%ga? &ﬁ%@@éu%%@éﬁtﬁﬁ?@%@ﬁﬁﬁfﬁ?%E]rﬂ‘aﬁﬂﬁaem?tgtdperlod of time
suffigientiomilovgve oftistioswiinurdifontheipengosbsawsssbeddeeinid. yherwrdbeutic
administsatipnde rerhieat. i berieampatnsis el sie:piesen NRATRB AT @ Jo etk tastabie compounds
embraceg; By Rprmiia b, R0ecampotRdsRiANerresertinvaniiaphaye aldeashdwompwametric

centers and
class, R4 is H.

A second sub-class of the first class (Sub-class C1-82) includes the compounds of

35  Formula I and pharmaceutically acceptable salts thereof, wherein all variables are exactly as
defined in Subclass C1-S1, except that each RC is independently OH, 0-C1.4 alkyl,
C(=NH)NH2, NH-C(=NH)NH>, C}, Br, F, or CN. In an aspect of this sub-class, R4 is FL.
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20can have one or more additional centers as a result of the presence of certain substituents and/or
substituent patterns. Accordingly, compounds of the invention can occur as mixtures of stereoisorners,
or as individual diastereomers, or enantiomers. All isomeric forms of these compounds, whether
individually SYGrFiHES, are within the scope of the present invention. P& HAEROYHEOUNd" refers to
the free compound and, to the extent they are 25stable, any hydrate or solvate thereof. A hydrate is
the compound complexed with water, and a solvate is the compound complexed with an organic
solvent. As |nd|cat above, the co the nfion can be e ed in the
form of pharmaceuticAllfSESBp "t%lﬁ?é A lf%‘ﬁis‘éhgﬁ# @i%@é HE %?aﬂ@%%q%?qurs to a salt
which pdssessies sHectfettvathe ssoobtbrnpaiisattompound and which is not biologically 300r
otherwise undesirable (e.g., is neither toxic nor otherwise deleterigus to the recipient thereof). A

suitable pharmaceutically acceptablTe salt is a salt footled by treating_the compound of the invention
(e.g.,ac ouné of Formula I) with dwhe oIarQaquwaIent of a mil bas (egQ., sodium carbonate,

sodium b na&e assium bicarb 'QIJLSO acetate). Inthi -M.s.a cation, such as
Na+ in the evelm of @ent with a sodium bbase 35 hen Mis H (e.g., is DSO HQ and the
compound of the invéntion "2ontains an internal ba hich is capable of being nated (e.g., RI

contains a basic nitrggeh) 2Jt is understood that t o’ﬁ%&ound might exist in Ay which the
internal base is cor%pletely V(/@Qb09/091856P 163347 protonate by I\IF Hstfen that R2
possesses a hegative charge (e.g., R2 = QS03-) and the internal base has a positive charge, or is
partially protonated such that R2 possessg artial negative charg#;-ar is not protonated. Similarly,
when M is H1an ompound of the mve%rtlonicontalns two or m%mal bases which are
capable of belri%\prot nated (e.g., RI contai 0 5@r more basic n n§2,4 it is understood that the
compound mig n which one or e{]hofh f the internal b%eéﬂ' ompletely protonated
by M = H or that two orhinorg“c-)l:"\l e;l_lnternal bases ar@h sufficiently proto@ such that R2
possesses a negative charge,© that one or more of%h_ ases is partially pr% ted such that R2

possesses a partial negatl ch rge, o S\:;t none o ?‘ﬁg protonateq3 65 r}tTlnventlon
includes all such forms of the compo hile these compo ¥can be in the fonn internal salt

(i.e., a zwitte conS| inc ound ion aceytically
accéptakﬁ’é ‘%Eﬁ%‘?‘éb‘fa y aceep 1‘E")tttg @‘%CP% ?1%% |n\’/en$|or§31 W c?%Econtams an
internal baseath. pdReodmitins wmﬁ}nm&geahwamwmwaﬂ%@mwsﬁbmmu formed
by treatme pheohibeconipownsadth T suifalie.ambemnispianiabid febg:lasyBFbHIE R 8lid,
t1h5t“f'ugr§ét %Ca&gaﬁitéﬂsﬁ%%g%é{gt@m%-aa&ber's%qi mb\m@@@eg%@%mﬁﬂmton(ated by

e acid wi e positive, charge.o negative nterion (e.g
chloride, RIS e?h%%éﬁéguﬁ%aﬁ%te I§)§r8&)% i ?]15%??% %Cr%t?o?]#co l’%unlng two

intetfhal B&@éseeélgR (Risdoirpsndeivs Eés‘ﬁcamfﬂeﬁ’ghé? %h@t ﬁérﬁ%@@ﬁﬁz%ﬁﬁff%f%@zsalt is a
salt formpsldpeireatmeridef, therotdipdumdpipith drslitabiefzmeiof hiceipesy &P thadBdtbf 20the

internal bases is protog%g%g I%g]sg gglé é%a%? £W| ﬁi%ﬁ”’%%ﬁ?ﬂwéﬁ%% f@‘i’i%?ﬁl?) h@iudgg has a negative

charge) and the other is protonated the protonated base

ositive
ba|ancecfwmmﬁafbﬁé%@ﬁ%b@@&m%ﬁu@ﬁﬁ%ﬁm&ﬁ%%%ﬁ AfijEeeptdble sail for
compourd©BF R Rhtiontsdhtaining tieiteinbiebarsess caigibalyidelined Uy areamine tféhdompound
with suffigignt reig (e.9., sulfuric acid. HC1, methanesolufonic acid, or TFA) such that 25the sulfonic

acid group present in thg Mol %ﬁ'%sr%ﬂ AingRIRkaN %ge {bSaaM T8 r?ﬂ' &H‘ﬁ’?er%ln ey

protonated and have associate ereW|t a swta egative count1 rion a1e) As is clear

e,
from the ¥&raRtINGhRhBracRa i e SRS S YRR YA CEIHRAIR, 26 gﬁf&%ﬁt iidh can be
obtainedHvitBdepéHetBion bhenatoraaf thng splecifit @@mﬁ@%@%@f@%ﬁﬁ gurphyihe presence or

absence Rfbasie, Riiagend, ipyRHyanddhetrertmentEaediipn sl mRIeNRY: 8 s dbtillatiepend upon
the ghoicg aid Aepaust ohdhare % Rase Mﬁﬁwﬁq@hgﬂpﬁs@ggﬁgﬁg@%ﬁq%@%%mm the treating
0}

media, the amount and choice er (if any), andépe like. It is understood

resent invention
encompaZeuss; Ma%gﬁ&ﬁwawh%frﬁﬁaﬁﬁ&e&émﬂ atcEpBARIPSAIRY Br e aﬁso%nass f the
present invention. As detctont aibesiessthé thesserndriasatiBnbinbisies-phninnhden it wppapoditions

35compriging:seRMpatpchehkeniidy ot hemnasan tionalion:eplianaiHne akmnokeloter
defined in Subelass C2-81, except that each RC is independently OH, O-C1-4 alkyl,
25 C(=NH)NH2, NH-C(=NH)NH3, Ci, Br, F, or CN. In an aspect of this sub-class, R* is H.

-
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active components (e.g., a 13-lactam antibiotic), and a pharmaceutically acceptable carrier. The
characteristics of the carrier will depend on the route of administration. By "pharmaceutically WO
2009/0918.56PCT/US2009/031047 acceptable" is meant that the ingredients of the pharmaceutical
composition ¥{ti$tB&EEMpatible with each other, do not interfere with thePEFEEAIHERS4GT the active
ingredient(s), and are not deleterious (e.g., toxic) to the recipient thereof. Thus, compositions
according to the invention may, in addition to the inhibitor, contain diluents, fillers, salts, buffers,

stabilizers, solubiIizerrT?b[%(sr%j %(}?th r materials W?i nown JRSHE e art. Also as set forth above, the present

invention includes a f@%ﬂ FRRART SRR %ﬁ%% glfrﬁﬂﬁ%t‘é’ﬂﬁé to a
subject infi@serdr dush pheammaeritisalforeprpinidalp/bifbewed aﬁm@m%’f B %@@Hﬁﬁéﬂﬁ Bnmula J, or a

pharmaceeiizaiiyl aaBpialyiedsailther eofpopsiahalivinestinationiiiRa eladacipiantbiotic and/or
a DHP inhibitor: JJhe 3 Oterrm I"{@‘ S N (cTap- %e{yus patienty) asa ysgd herein refers to an animal,

preferably a mammal, most prefer uma nt ect of treatment observation or
experiment. The term” ?amﬁét a %ﬁy gﬁ%e F‘ﬁ%qﬁﬁéé%ﬁ(gajs i&%g% r‘ﬁ’ét]é‘ﬁﬁﬁt ‘8%@8&#@ in
referencéftboaredmpeihehemmseriinelly srespighievidia drarectorhemimell ordeblranrvaativaly
acceptatiefivalt ihSrdofato GRS hdivideiahin sebR bfitreskmentewh &ia@dinpoaikylor a salt 15thereof is

prO_vi_dedd(b@qmptﬂgttoawmw%nmrepme@rmvw&gﬁe@cg‘ﬂﬁseaﬂaaaanﬁm@mittﬁ?tiﬁipr aDI-LP
inhibitor %&gépg?%gmﬁérﬁboa 2angdL IS k'@“ e% c?en?]% w{;}_ gegg%ﬁpg}tg e 8e \;&i}wsmn of the

comﬁoun or Its e other agents att me ti rent time fh the agents of a

corBinalibia ddn S B H@%ﬁ%@tﬁé’?@éﬁ%@‘ﬂ%rﬁé%ﬁt her in a single

composition or they canfiié anlihisterehk:separatehys (Sisb20ederstopmihakatfeambinatide sof active
agents cpgngglgpégg@eg%gpﬁg%@g@@é@gfgfof the active agents or multiple compositions each
containin or more of the active age nthe case of two active agents a combination can be
either a smgle composition comprising b th agentsior two separate compositions each comprising one
of the age ec f three actiye agents g covglf Etlon can be either a single composition
comprising aII thFee ents, three 25separate cdmpogitio s.gach comprising one of the agents, or two
compositions one of which comprises two of the age;}_s,a\l d the other comprises the third agent; and
so forth. The compogﬁons mqr}?%fpbmatlons of the eser}ﬁan\(ﬁ%gn are suitably administered in
effective amounis..The term "effective amount” as used herein‘means that amount of active compound
or pharmaceu Iiﬁgent‘?hat elicits the biological or medicinal 30response in a tissue, system, animal
or humar® y a researcher, veterinarian, medical doctor or other clinician. In one
embodlmenhgthe effedtlve mo ntjis a "therapeutically effective amount” for the alleviation of the
.symptoms of the disease o copdition being treated (e.g., the healing of conditions associated with
bacterial infection, and/or gacterjal rgJ%kll%resstance) In another embodiment, the effective amount is a
"prophylactjcally effective. 35 amou rophylaxis of the symptoms of the disease or condition
beify préTeRIEITHFRIEMTY ARS5RREIGdaSHET AL EN brateAebriodtt suirabsht to inhibit
P- Iactanﬁ@@%ﬂﬁtlmﬁﬁﬁy@ﬁﬁfm&%ém tfehhg»}smb@mxnreltdawhlnhmnm@mﬁemdéianib%nt ". When

the active, Y@ M&%@@@%&t{g@g@%@aﬁp@ﬁm@9%@&@&%& ingredieny ﬁ@tawmstered as
the salt, f\%ﬁfﬁnf‘?tﬁ{ mmstra On \éﬁé@ngglgnt f{xﬂ#'%tﬂleag&%e?% &r%f{geglgasg m of the

compo a Comp thI’] (0] e pre nt invention Is SUIt y parenteral

oral, sub?tndﬁlgsgé ert: tOpied) ﬁﬁ#&ﬁéé%‘?ct Sisemsgesr i ﬂér%%%ﬂmﬁ’éﬁé% L omposition
is s%ﬂtab@smmﬁlﬁtedwmmmﬁéﬁgmwﬁéMle&nébmoﬂt@ugm@cyamﬁféma»ﬁem@mstma known in
tt;]e art, inclyeingOio e%emgte cﬂmemepla@@et@ttprfaaaﬂm ﬁﬂﬂlmmpﬁﬁiﬂg%f?]m%@% descorllbed in
chapter 41 44 in Remjngton - T cience Rhar, 21st edition
2006. Ins%%n%c’é embﬁo%(g‘ méﬁ a%%ar? 58 10%%51 Ve on are a r&e)’r%?’&\?@dgﬁféw% ospital
setting. w%ﬁ?@ﬂﬁ‘ew@ﬁﬂﬁ@aﬁﬁ%tn msﬁthﬁaﬁ&ﬁémsea@dﬁ%smﬁn &Il vainee ePBRpwiiRe the like.
When adhemeistergdes ystemical v, diffherapentic. composition is suitably administered at a sufficient

dosage to attain a blogdygyehak mat%aetatct%ﬁ% S0 HUGEeITRINE PIRIRARlY about 10

lnglcrograms/mllm& %g}ooﬂréeuareg%ct% abou %Sgr r{]j”lllz(;;l’((;) rggré%{gng For localized administration, much
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concentrations than this may be effective, and much higher concentrations may be tolerated.
15Intravenous administration of a compound of the invention can be conducted by reconstituting a
powdered form of the compound with an acceptable solvent. Suitable solvents include, for example,
saline solutidh® {886 Sodium Chloride Injection) and sterile water (BGF/USEepH@MaTer for
Injection, Bacteriostatic Water for Injection with methylparaben and propylparaben, or Bacteriostatic
Water for Injection with 0.9% benzyl alcohol). The powdered 20 form of the compound can be obtained
by gamma-irradiation of the compound or by lyophilization of a solution of the compound, after which
the powder can be stored (e.g., in @ sealed vial) at or below roors tempegature until it is reconstituted.
The concéhtratiodof the compoundintheyrecanstituted IV solutipn cayl bepfor example, in a range of

K i . .1
from about O- Iin about 20 mgl@zr\?jhe > _present inventign inGlu a method for
inhibiting hactenal q\xovvtln which comprises admipistering to a bacterial @EII culture, or to a bacterially
infected cell culture tissfie or organisn, an inhibtier effective amount of a uHd of Formula |.
Additional embodi f.the invention include Ba(z‘terial growth inhibiti thod just described,
wherein the compocand ofFihe(ﬁﬂésent invention%mplo%d@h%}ein isa comp%und df orfd&¥ the 30
embodiments, sub-embodiments or classes described above. Tﬁ@ compound may optionally be used
in the form of a pharmaceutically accep?m’?gp salt in these embog ts. The method can involve
administrat] a compound of Formulgl;o n experimental cell culture in vitro to prevent the growth
of plactam resistant b&cteria. The metho th/Ernatively involve-afimirfiStration of a compound of
Formula Ito"an animat,-inctuding a human, to Qre\“/ent the 35growth of ffi-lactam resistant bacteria in
vivo. In these casedithe ;gom ound of Formula | i ffypl ally co-administergd with a f3-lactarn antibiotic.
WO 20091091856PCT/ 09/031047 ao ounds of the inventy an be employed for the
treatment, prophylaxis rin ition of bacterial grgwihqr.infections due t ad“ﬂ(?{;;a that are resistant to
p-lactam antibiotics. More particufé‘f’@: the bacteria can be P-tkctamase positive stkAifs that are highly
resistant to P-lactam antibiotics. The Terms _'slightly resistant" an&_ "highly resistant" are well-
5underst69g thoge of ordinary skilﬁe aff (see, e.g., Payne'et al., Antimicrobial Agents and

Chemother 8:767-772 (1994); Hanaki et BJ., Antimicrobial Agents ahd Chemotherapy
30:11.20-11.26(1&}95)’. For the purposes oﬂthis'ﬁl%ption, bacterial sﬂ{ain' whith are highly resistant
to imipenem are thos ingt which the MIC o mjpﬁh*ém is >16 ug/mL, ddterial strains which
are slightly resistant tgzimigenem are those agai hich the MIC of imip@aem\is 10 >4 ttg/mL.
Compounds of the inYentiofcatatie used in cofbinatfén WA.antibiotic aents fBF tRadeatment of
infectiong gawsedpy Ciass C-P-lactamase producing sjrains, in addition to those infections which are
subsumed within the a}htjlb terial spectrum f r}eantllﬂ,i,pti gent. Examples of class CJ3-lactamase
producing bacteria aﬂe Pseudbmonas aerugjnoSa, Bijterdbacter 15cloacae, Klebsiella pneumoniae,
Escherichia colt and Aci 2dEbr baumannii It is gene dantageous to use a compound of
Formula I in admixture or, unction with a carbapeneaneNjcylin, cephalosporin, or other P-lactam
antibiotic, or a prodrug tRereof St i¢/sfantageous to us€ a corfipotmblbf Formula | in combination with
one or more f3-lactarn ﬁlt(i)biotics because ofthe cleiC P-lactarnase inhibitory properties of the 20
re

compounds. g the compo (0] | nd the p-lactam antibiotic can be
administéredd se aratély (at th Sgme time or ag di times) or in the form of a single composition
containing both active ingr ts. rbapenems, ni(if’lllins, cephalosporins and other

P-lactam antibiotics suita 6*#2% in the present inve ;b'n N@ude both those known to show
instébility to or to be 25otherwise s&é&@ﬁ)tible to class C-P-lactam&é¥and also known to have a
degree of resistance to ¢lass C p-lactamase. en the compounds of Formula | are combined
with a carbapenem antﬁiotic, a dehydropeptidase (DHP) iphibitor can also be combined. Many
carbapenemi$ are suaceptitiletp attack by a rgn/a z nrré[L wh,as DHP. This attack or degradation
may reduceythe ffica%y of30thegarbapenery anti actétial agent. lghibitors of DHP and their use with
carbaperfems are discloseq inye.g., US4539208. US461603%LJ 4880793 and US5071843. A
preferred DHP inhibitor is3 Rr? Al4) o ‘R? (A15)
7-(1,2-amino-2-carboxyethylthio)-2-((2,2-dimethyleyclopropanecarboxam|de’)-2- heptenoic acid or a
pharmaceutically acceptable salt thereof. Carbapenems suitable for co-administration with compounds
of the present 35invention include imipenem, meropenern, biapenem, (4R, 5S, 6S)-343S, 5S)-5-(3-

-
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carboxyphenyl-carbamoyl)pyrrolidin-3-ylthio)-6-(1R)-1-hydroxyethyl]-4-methy1-7-oxo-lazabicyclo[3.2.0
Thept-2-ene-2-carboxylic acid, (1S, 5R, 6S)-2-(4-(2-(((carbamoylmethyl)-1,4- WO
2009/091856PCT/US2009/031047 diazoniabicyclo[" 2
2]oet-1-y1)-SHRFPBHEMithosultam)methyl)-641(R)-hydroxyethyl]-1-  PCT/US2009/031047
methylcarbapen-2-em-3-carboxylate chloride, BMS181139 ([4R-[4alpha,5beta,6beta(R*)]]-442-
kaniinoiminomethypaminolethyl]-3-[(2-cyanoethy1)thio]-6-(1-hydroxyethyl)-7-oxo-1azabicyclo[3.2.0]he
pt-2-ene-2-carboxylic acid), B02727 ([4R-3[3S*,55*(R*)],

54a|pha,gbﬁt@@peta(R*)1]36-(1-hydroxyethy -34{5-[1-hydrgxy-3-(methylamino)pmpy1}-3-

pyrrolidinyl]Wylﬂ;ox -1-azabicycl[3.2)9] hept-24ene-2-carboxylic acid monohycirochloride),
EI 010 ((IR, 55, 6S)-6- [N(R)-Jiydroxyrnethyl]-2 2(S§fﬁligp-hyg rox?-l- [pyrrolidin-3(R)-yl]
methyl]pyrrolidin-4(S)-ylsulfak sethyl-l-carba-2-penem-3 oxylic acid hydrochloride) and
S4661 ( (1 1c5S,6S)-2-[(3S, -(sulfamoylaminomethyl) pygrolidin-3-
10y|]thio-6-[(1R)-l-hydroxyéihyl]-ﬁgm@fth\,zbearbapen-2-em-3Q:arbo>E§Iiqggiﬂ), (1S,5R,6S)-1-
methyl-271 %(ﬁlminocarbonylmethyl)-l,4-diazoniabicyclo(2.2.2)octan-lylkmethyl-fluoren-9-
on-3-y1}-6-q\a§;) droxyethyl)-carbapen-2-em:3 carboxylatégschloride. Penicillins suitable for
co-administration with tempoeunds of the preseHt i i

phenoxymethylpenicillin} carheni illin, azidocilin, pr
cyclacillin, pirbenicillin, azlo)%ﬂgﬂnezlocillin, s icillin, pipetacillin, and other known penicillins. The
penicillins may be used in t fornpnf@?ggrugs thereof; for Q;%Tnplgza?éqlégivo Elydrolysable esters, for
examplethe acetoxymethyl, pivaloyloxymethyl, u-ethoxycarbonyloxy-ethy h%nphthalidyl esters of
ampicillin,\b‘én Ipeniglin and amoxicillin, as aldehyde or ketone adducts of penicillins containing a

6-a- 20 ami tam/it;!p side chain (for example hetacillin, metampicillin and analogous derivatives of
amoxicillin); and as @sters of tarbenicillin and ticarcillin, for example the phenyl and indanyl a-esters.
Cephalosporins suitable “#dministration with compound of the present invention include

cefatrizine, cephaloridine halothin, cefazolin, cephalexin, eephacetrile, 25cephapirin,
cephamandole nafate, ébphraBi?ne{é&&)y%ﬁﬂmﬁ@d&ﬁ&ﬂﬂg%&@m@y@mm&@ﬁmzone, cefsulodin,
ceftazidime, cefuroxime, cefmetazole, cefotaxime, ccftriaxone, and other known cephalosporins, all of
which mapdreinSed i (e Fatkylofprotdingsitheipaidin-4-vi, (ZHagiavOattibjeficd other than penicillins
antd §epk@t@@g@g@ﬁ}@@;}@xm@gﬁg%v{l{%ﬁ%wm@?@q%%mfnlleagtseﬁqmg%égtrﬂm,'nﬁ'ude
aztreonam), latamoxe, o) -tr rk), and other known [l-laeta ibiotics such as
et T AR A e a0 e anen it

6S)-3-[(35 85 delisatboxyphenylcarbamoyl)pyrrolidin-3-
ylthio]-6-(1R)-1-hydroxy®ihisjidcmeatbyiné-oxat trazabicyelels 2303 heptiddenar?cearhamdicoacid, all of
which maybeksechin e foun.af Bierdmgsiosreeinineng enbegiment: the rntibielicge-administered
with a co und of the 35 present invenfjon.is selected from the group consisting of imipenem,
me}gpeﬁﬁﬁﬁéﬁdf @ ,I?S'i,l%%3%3%(52&@3,’53%954@@?5%&3@henylcarbamoyepyrroli din-3-y Ithio]-6-(1R)-1
-hydroxyethy1]-4- mefh§eamésebslass abisydloBes] Rebtce S S Lty ibacitipWwels
2009/093866kR@Td §2000/08204%d their phdmapathes srabmginbdnsatiseventibioficicH-ddfinistered with

a com p.lowféH’&ﬁb@fﬂfﬁﬁsaﬁdﬂ#@fﬂmmzﬁﬂﬁomir@rﬂn_ﬁﬁgm,r{@tﬂagg@! epssipaaiampiciing
amoxicilli enicillin,.piperaci iljn ilin, and, ilin _penicillins,ean optionally
o S e s R e S s e
sApicifih BER oG Eme-c I@Pﬁ%ﬁé@%‘éﬁ%ﬁ%ﬁ%%QHQ?rgrm of fine particles of the zwitterionic
form (generally as ampigiihstriyidsate te amadriinsubytiaie)issyse inanisjesiaiends wfusable
suspensign. a0 ARG R HisReAdmEnt-tie ARDIGIIN.CRradminiziered, wilh 4. gemppynd of the

present | tion 45 @moxieill ally in the formi of its sodium salt or the trihydrate. TOhi another
embodir?gfl‘q?ti,}frgé anﬁﬁ%%ccg?ggggr%gtered with a compound of the present invention is selected from

the group of cephaloshrinthehssiefipgroveaforakihvarewst invsntar§leestedidinabidahich are optionally
used in therfanmdidhedispiadndesed Gally ecepiplismsaiisg for: example their sodium salts. When
co-administered with a P-lactam antibiotic, the combination of the
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15compound of the invention and the antibiotic can provide a a synergistic effect. The terms
"synergistic effect” and "synergy" indicate that the effect produced when two or more drugs are
co-administered is greater than would be predicted based on the effect produced when the
compounds ¥feZaMHMfSered individually. While not wishing to be bound ByREESHP/#81845elieved that
the compounds of the present invention are 13-lactamase inhibitors that act to 20prevent degradation
of P-lactarri antibiotics, thereby enhancing their efficacy and producing a synergistic effect
Abbreviations employed herein include the following: acac = acetylacetonate; AIBN =
2,2-azobisisobl.tyronitrile; BLI = beta-lactamase inhibitor; Bn = benzyl; BOC (or Boc) =

t-butyloxyc l; B%C -ON = 2-(tert-b¥i gpon)goxyamino) -2-phenyl acetonitrile; BOC- 250SN =
N-tert-butox car onyﬁxy)sucelnlmlde BOP =0 nzq;rlazol -1- yloxy)tris(dimethylamino)phosphonium
hexaﬂuomﬁvﬁ;ﬁ%te BSA = bovine servim atbu 7. €BZ Tor Cbz) = carbobenzoxy (alternatively,
benzyIoxycarbonyl)ﬁcomcﬂooctadleneyl; DBU ¥,8-diazabicyclo[5.4.0)undec-7-ene; DCC =

dicyclohexyl carbodiimide; E = 1,2- dichloroethane; dichloromethane; DIPEA =
dlisopropylethylamine (of Huriig"”s(lpgge); 30 DMAC = ,N-difﬁetmg@getamide; DMAP =
4-dimethylaminopyridine N,Ndimethylaminopyridine; DME = 1,2-dimethoxyethane; DMF =
N,N-dimgthyllognamide; DMSO = dimethyl sy foxige; EDC = 1-ethyl-3-(3-dimethylarninopropyl)

carbodiimidé? T DS, /ﬁlfferentlal scannlng"?:alo |me Et = ethyl; EtOAc = ethyl acetate; HMDS =
hexamet 1-hydro Jalevk;e‘w PO 2-hydroxypyridine-N-oxide; 351-IPLC
= high- perform nce iquig chror atogra IPA nsopr pyl a hoI IPAC = isopropyl acetate; i-Pr =

isopropyl; LC/IMS = liquidh¢ matography/mass spectr ry, Me methyl; MHBII = Mueller Hinton
Broth type II; MIC = mi %“rﬁ’ !:[{'H“Ilbltory concentration: KISA. O 2009/091856 PCT/US2009/031047
methanesulfonle acid, R]'JM N-rb8th vl pyrrolidinone; QDG prote%f’ﬂre group; Ph = phenyl; TEA =
triethylanyine; TFA Vtrlfluoroacetlc acid; IFE\=2,2,2-nifluoroethaonol; THF = tetrahydrofuran; TLC =
thin layer ch dm ography; TSB = trypticase/soy broth; TsOH = ptoluenesulfonic acid; XRPD = X-ray
powder d\f)‘ : Ei] e ounds of fhe )(hvenﬂ n can be readily prepared according to the
following reactlon S enﬁd examples, Qy mo icaf] @hereof using readily available starting
materials, reagents and nﬁonal synthe5|s proce mHudlng for example, procedures
described in US711259?45T‘ e reactions, it is also(gf)”‘s'ib e to make use of variants which are
themselves known to thBse of ord@éﬁy Skl|| in this art, but are notfientioned 10in greater detail,
Furthermor&) other methods for preparln ounds of the invention will be readily apparent to the
person of or y skdll in the art in Ilgh% he ngcreactlon schemes and examples. Unless
otherwis€ in a}fe\d ,ﬁ.u ables are as define ﬁam Carboxamide compounds of the
present mven%on |&jwhlg&n\|s a single bond and Xis CH%ﬁ\ can be prepared as depicted in
Scheme 1. HO2C,R -t. \/Z{ I—Fg R3'lhydrogen ga NN co g r['eagent catalyst, solvent

4, \NsolventaNI, N friflo BQOO BnOOH 3’*

(B7), o R (B,
X
)’ /{/\
.
=
5 0 R? (B9}, and pharmaceutically acceptable salts thereof ;

wherein V, V', V", Y, Y' and Z are each independently selected from the group consisting of H,
CH3s, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, CH2-pyrrolidinyl,
CHp-piperidinyl, CHy-piperazinyl, CHz-morpholinyl, CH2-thiomorpholmyl, NHz, N(H)CH3,
N(CHz)p, CHpNHp, CHoN(H)CH3 and CH2N(CH3)2; with the proviso that:
10 ) at leastone of V, V' and V" is H; and
(ii) atleastoneof Y and Y'is H.
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CD X = (CH2)1_3 Bn = benzyl R3t = optionally protected R3 15 R4, ? sulfation reagent R3,l/ solvent
R3'",h1 N,N, OSO3HOOSO3H The bicyclic intermediate A can be obtained as described in US
7112592 or via routine modifications thereof. The side chain can be attached by the reaction of acid A
with amine BYVHEPEIM #Ehecessary the amine incorporates a protective gratmysmaresstandard amide
20 formation conditions known in the art. For example, a solution of acid A and amine B (1-2 molar
equivalents) in solvent (e.g., a haloalkane such as thy dicWoromethane or chloroform) can be stirred
at room temperature while sequentially adding triethylamine (1-2 equivalents), HORT (1-2
equivalents), and ED¢ firsp 8oiask @%@%@%’rﬁ@éﬁﬁéﬁ%&lﬂ% Gichel) inebgentiererosuritefWo
2009/09 t8 58 PETH /B3 2R0WI3E R die abtionaneixivsbscandhahlid ealiliy retkalion ke mpesa e until the
reaction is€dthplete; (adRINaDOOEB T0 24 hours), and then the reaction mixture can be concentrated

under vacuum and the, residue purified using column .chromatography on silica ge] or HPLC to afford
the amide C. Depr‘ot’e%fli&al] %’f?ﬁ%’ %Wz%?é’@ﬁ?&%?%?%‘é‘ffﬁa f%){?atc(’)g 8?&%&%?&%‘% & Wiroxylactam
D cah SHERBESRBIEHER, BF il ejanctisls of Errasise Lisel? mrddigresiianndermparaigaisicor
example} p3lkadiphaomcarhohf0@5x:bles)sanceiidded to a solution of the benzylic ether in a
suitﬁble iﬂ\éent (g-%,%ﬂlspaﬁ_ bé&lﬁﬁhm%Tihﬁ@9%&5:1%?@39!&&1%%‘9?;@?&59&&9%;@3@%’ or an ether
such as nd.the resulting mixture stirred under hydrogen. (1-3. atmospheres) until reaction is
completegr (%ug .?Gggléﬁi%%?o E‘rt %)eu?%ngg%lé§e()r$nIiﬁae18pt5)E§/Sal é%ﬁgg’rém%ﬁﬁ‘é?ﬁﬁ% eiﬁ%%gé”?uch as 10 TLC
or HPLCPHpB edifiéferenssRifosa) f4Be4#ATD can be isolated using conventional techniques. For
exarfple, the reaction‘motherexdndiadilterdatcamdstheifiteatesdncentnatedd egiravitiganoiwde

hydroxylagsam wiehdodnapysases Sanke enpleyed-diresticinihe dexmtepwithout further
~ purification. If further %rigigeatlo%§dpec swr de§ired he crude Ig]ﬁdmﬁysle cta can be purified by

column chromatographyoon Slica ge or l:?y & %e; fgﬁﬁ?ecﬂy Pé:‘)r(ly SR DT Pﬁtion of

intermedBIEPI TSR Pthe sulfate E can be accomplished using a sulfating reagent in an appropriate

solvent. Thus, sulfur tiiSxide-pyridiné-cpempliexd(2H0 ediivaieriis)dambeatidad (Gaeatdtion of
hydroxylagtasnufaiie.an aprotic solvent (e.g., a tertiary amide such as pyridine, DMF, or DMAC) at

MOM temperature. T Iting, mixture can be stirred at room temperature until the reaction is
complete (e.g., about?g%rbg %iliﬁ]nc%;ga)l%gorﬁlgm g?r%&?(gf k?ycl}—{l%I(_}Qés‘ér?ﬁ%g@fgig,&dditional sulfur trioxide
pyridine é@?ﬁ%fa&cm%éi%a%%%m‘&@ to drive the reaction to completion. A purified reaction
product can be obtainéd.t8ing-comveftitnaltechdinies)suchubisday filtéring the reaction mixture,
concentrgiinghiR ity ate WMaeUR carboxamide;

20 (25,5R)-T-ox0-6-(sulfooxy)-N-(1,2,3 4-tetrahydroisoquinolin-6-yi)-1,6-

diazabicyclo[3.2.1]octane-2-carboxamide;

(28,5R)-7-0x0-N-(5-piperidin-4-ylpyridin-2-yl)-6-(sulfooxy)-1,6-
diazabicyclo{3.2.1Joctane-2-carboxamide;

piperidin-4-ylmethyl(2S,5R - 7-ox0-6-(sulfooxy)-1,6-diazabicyclo]3.2.1Joctane-2-

25 carboxylate; and pharmaceutically acceptable salts thereof |

Still another embodiment of the present invention is (28,5R)-7-oxo-N-piperidin-
4-yl-6-(sulfooxy)-1,6-diazabicyciof3.2.1Joctane-2-carboxamide (i.e., the compound of Example
1 or alternatively Compound 1) or a pharmaceutically acceptable salt thereof,

sStill another embodiment of the present invention is (28,5R)-N-[4-

30 (aminomethyl)phenyl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1]octane-2-carboxamide (i.c., the
compound of Example 9, or alternatively Compound 9) or a pharmaceutically acceptable salt
thereof. _‘

Still another embodiment of the present invention is (28,5R)-7-0xo-N-{(3R)-
pyrrolidin-3-yl}-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxamide (i.e., the compound

35  of Example 14, or Compound 14) or a pharmaceutically acceptable salt thereof.

Another embodiment of the present invention is Compound 1 in the form of a
crystalline monohydrate. The crystalline monohydrate has the XRPD pattern shown in Figure |
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suspending the concentrate in a saturated aqueous potassium dthydrogenphosphate solution,
washing the aqueous solution with a suitable organic solvent (e.g., EtOAc), adding excess
25tetrabutylammonium hydrogen sulfate to the aqueous layer, extracting the mixture with organic
solvent(e.g. VEXGAE/434§5eombining the organic layers, drying the combin@§ BgaMes:6%&r sodium
sulfate, and concentrating in vans. to afford the tetrabutylammonium salt of intermediate E. In cases
where there is no protective group in the side chain, the product of the sulfation reaction is a
compound of Formula | of the present invention. When a protective group is 30incorporated in the
amide sithé Salttte GTVa BERRIFaE or diferrstiBngmirechydste s Ahnseyattieg fsspieat be
removedwuBingaitdetamigirelKholamie théadinterafibedthaationpoumndaf-forisuistadvoe phyticularly, in
compoudisphbedeidiitctviapatrgresbamiio:giup iRdhE Sidaiehaini(e,shRAdzaminraabed, the
amino oL ARAETAProlpalRrido Aaldndeslia sl sasioua i 100 tasythessgP otection

can suitably be accomplished through the use of BOC, 35CEIZ, or a similar protective group. WO

2008/007856P EIeFEss0 /83 T0kT70- 17-4 and@vholy iiteepbriioit<af #h pralsgatsnvention in which
a is a singlédiondnsneixcisioli 2k Broafnberprspadedasdepictediyresbheite 20 Gahd-Bn X =
(CH)13 Ra3Fehsteniicaiipn ARaasnt Rohvelrhi: [ MayeRaNY HheK 2o ialirn Brerprptect if
necessay, B 5 DL A0 MIEEISH R o v HLORORH. 1D SGHBIRG 2 oter G i

obtained by reacting bicyclic urea intwinediate A with side chain alcohol F (Wherein if necessary the
alcohol i%&r&grﬁtg‘g% B%ogté‘éﬁ\?eq droti}ih arRisresebrdinard il rmapeniiaty’s 1-2 equivalents
of DEC shEIEHmdhs sresanterviiscifingioeryitonosianesy sgnaetents ot DNiaIpinRiabaprotic
solvent (@R Etherauchasgistbyrather ot 7115 0n a haloalkene sych asdichioromethage) at a
temperayre ranging {rom Aoyl ¢ 0,35CRilNe HeACONSCOmPISYesie0;2bal 53 hours) as

Yy TLC or'PLC. Intefmediate G carl

monitored

In still another embodiment, the crystaliine monchydrate of Compound 1 is
characterized by the PDF trace derived from its X-ray diffraction pattern shown in Figure I. The

15 PDF frace provides 2 fingerprint of the inter-atomic distances that define the crystalline
monohydrate. A PDF trace can be obtained in the manner described in WO 2005/082050. In
one aspect of this embodiment, the crystalline monohydrate is characierized by the parts of the
PDF trace corresponding to the 28 values in degrees of about 15.6, 17.4 and 20.4 in the XRPD,
In another aspect of this embodiment, the erystalline monohydrate is characterized by the paris of

20 the PDF trace corresponding to the 2@ values in degrees of about 15.6, 17.4, 20.4, 24.0, 26.3 and
28.3 in the XRPD. In still another aspect of this embodiment, the crystalline monchydrate is
characterized by the parts of the PDF trace corresponding to the 2 values in degrees of about
13.5,15.5,15.6,17.4,18.7,19.7,20.4, 21.7, 22.6, 24.0, 24.3, 25.9, 26.3, 26.6, 27.0, 27.5, 29.3,
30.0,31.3,32.4,32.9,33.1, 34.0, 34.7, 35.5 and 38.9 in the XRPD.

25 The term "about”, when modifying the quantity (e.g., kg, L, or equivalents) of a -
substance or composition, or the value of a physical property, or the value of a parameter
characterizing a process step (e.g., the temperature at which a process step is conducted), or the
like refers to variation in the numerical quantity that can oceur, for example, through typical
measuring, handling and sampling procedures involved in the preparation, characterization

30  and/or use of the substance or composition; through inadvertent error in these procedures;
through differences in the manufacture, source, or purity of the ingredients employed to make or
use the compositions or carry out the procedures; and the like. In the particular case of the 20
values in degrees in an XRPD described herein, the term "about" typically means the value + 0.1.

Another embodiment of the present invention is a compound of Formula 1, or a

35  pharmaceutically acceptable salt thereof, as originally defined or as defined in any of the
foregoing embodiments, sub-embodiments, aspects, classes or sub-classes, wherein the
compound or its salf is in a substantially pure form. As used herein "substantially pure” means
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10 then be converted to a compound of the present invention by a synthetic sequence (debenzylation,
sulfation, and side chain deprotection (if necessary)) analogous to the one outlined in Scheme 1 for
the synthesis of amide analogs. Carboxamide compounds of the present invention in which a
is a single bdhe BHERISCTH=CH (see T below) and those in which a is aroubkedensiand X is Cl12
(see W below) 15can be prepared as depicted in Scheme 3: WO 2009/091856PCT/US2009/031047
1. olefin metathesisRI 2. remove PG 3. sulfation hN4. deprotect if necessary O\OPG (See Scheme 1)
As shown in Scheme 3, protected amino acid J can be coupled with amine 13(1-2 molar equivalents)

in solvert&ly & %%é%ﬁ%a@%%@l%hﬁéﬂ%ﬁ@ Ot thipidtsrhly sWigststheiid @t room
temperatutéavinite: secfuehintyleddibgutiethyldniag. (Fdheshivalents)y HORSLIR ey alents), and
tEDC (1- %1%%‘@'*&%‘?} Hndak Q%QQW?F{; beesuling a[&?itﬁ%%t‘cﬁ SR 4(??# be E?tt%?g att roomd
emperatyre Ugi complete u urs |n e iate amide
recoveregJ ust?r% nown?echnlg’ X3 mﬂs{c%rr?%eeiﬁ 01 % Egg‘z %M& \g/ riﬁ%?’n purifying
the residbreSinty eoiting CHIBRmd HV’BH%H%&%@?L@ 8 F’PPP@}quhﬁfB@@ Broacietigioup can
then be rembwedilisifigeriietbodsovad dcnovyrinsike af tito affgrduad arsie Mkdbvensrfpeartsdifctively
am:natedml?lﬂkemﬁlth &éﬁﬁsretaptgeaeeé%%@éeqaﬁmg @z%ﬁ%oﬂfﬁ'tfhéé @Q%HM%%@@}?%Q(%@I/C’“?G (1t -3 )
molar equivalents) qr the like mperatur m 0 room temperature in an alcghol solvent suc
as methe{é oe %t %a)}]%?gmrptlﬁé %81 5 %e reaction %( &‘Féc e[i[s] wr‘g@ﬁ?ﬁﬂﬁ%@ ?&é R Ei?ﬁ‘?plete

(e.g., in éBWFf‘G“ZJ&WBW&"}“ﬂWHWF@E@Véﬁﬁ@W@ﬁ%%@@m@%ﬁ@@&m@%ﬁﬁlques (e.g.,
conidentratirgtheidycign mixtuldfendersvacoilrreined perifyifgcthenesidize siambiamatography).
Amine Kﬁ@ﬁdﬁ@neqaggmtedewﬂ‘p%tp g@%eseser&ﬁn%e@tmgmsﬁ)é 3, Bl dseqnivalent) or
the like (lj@r n Eoegn& ngr%z% 1rbon % Ié’n%% s&gh ai % %enefhtcguene or, to afford-an
intermediate ureaw ch isecovere using hOWN tac aﬁlqﬁgs X wasﬂlng f‘] FEREELIS Aixture with

20 aquebHS R 83??2?9%‘???’3%9@'[‘?{ I der caninane Gﬁﬁ%‘m%ﬁfﬁieﬁr?@fb%ﬁ%ﬁﬁe%ﬁ@@é via
chromatogrégptyisoTiees acatateupisipgtive groppuodnthén ditheemabedniiitig puedlkihxowe dédlniques and

theresuliing Reimary &wéﬂgemm@ gaR hﬂﬁﬁh@%%@&%&tmﬁﬂﬁhoﬂq@ 1.5 equivalents of tosy!|
chloride, triflie anhydr&i% ortbo ike In a n- nucleo hlllc%solv%ﬁé hloromethane ether,

benzene, etc.) at low temperature e]ms “trom écéetr(l) The |vatEdf oxyl can then be treated
with a non-nucleophilfé@ baseﬁ‘éﬁ}@%%@ Mﬁ%ﬁ%ﬁﬁiﬂ%%%ﬁ?ﬁ%ﬁl%% ffié like at low
temperatgrep@eyd, ffdiordad 25€Hireddtond: -48a-pMu@ R009¢610Y 856PEHIAISP0RS/B8 104 £ cy-clized

intermeqbﬂtgngcwh@p;ya&gﬁa@g@y@{@d and purified using standard work-up procedures Olefin
metathesis technique ell e skilled in. he a e used to.c cllze d| olefin
intermediate Qb Thus rexlfanr%?[[11 £8£g§§ Cae%trea’f)éja’l wi a %itzﬂn?’ & amotint fg 55’ equivalents)
of a GruBBs8t ﬁﬂ%ﬁéﬁ‘i%@éﬁ%bé%ﬁéiyst in a suitable solvent (e.g., benzene, tquene tetrahydrofinan,

or the like) at about 26¢ to dffersharoyciohiexbmenprodisot péfter winickinthie: prosdativengiaiioRE on the
hydroxylpetamicands tenevgrusing vell kKApuRie chnigtiRg,: and dpsEasultingAysroxylactam sulfated
to aﬁordgﬁ e%lég,ﬁﬁ%n H%nglzéﬂ IQM%%% A%ﬁgg#%e a%%@?é (jactan n la:fimtp;%)t Ic salve vent (e ﬁoc%i’ a tertiary

amlde suc trea a-sult e pyrl ne corrrl'fplex (2-10
aleﬁ’t% %ﬁl Hf:gg{l;lm cefoperazone, cefotaxime, cefmaxone and cefiazidime.

{d)  The pharmaceutical composition of (b), wherein the f-lactam antibiotic is
imipenem.
(e The pharmaceutical composition of (b), wherein the B-lactam antibiotic is
ceftazidime.
30 ) The pharmaceutical composition of (b), wherein the B-lactam antibiotic is
piperacillin.
{g)  The pharmaceutical composition of (a), further comprising effective
amounts of a f-lactam antibiotic and a DHP inhibitor.
(h)  The phannacentical composition of (g), wherein the beta-lactam antibiotic
35  isimipenem, and the DHP inhibitor is cilastatin or a pharmaceutically acceptable salt thereof.
1 A combination of effective amounts of a compound of Formula T as
defined above, or a pharmaceutically acceptable salt thereof, and a fi-lactam antibiotic.
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10to afford the desired product which can be recovered and purified using standard techniques to
afford T. In cases where there is no protective group in the side chain, the product of the sulfation
reaction is a compound of Formula 1 of the present invention. When a protective group is incorporated
in the arnide¥fao8tiiFie.g., a benzyl amine or ether, BOC amine, or a GB8Z/tfaine)3thergroup can be
removed using a technique known in the art to afford the compound of 15Formula I. The beta-gamma
olefin in compound T can be isomerized into conjugation with the side chain amide carbonyl by
treating T with a non-nueleophilie base (e.g., potassium t-butoxide, sodium hydride, or the like) in a
non-nucleophilic solvéiit (e.d-ht-SsumaietieawhRydrdriein hahele-ettia irBMetoGsteesEd Avernatively,
the olefintegndee isometizad inipepemjugationun desaaidiecandiinmUsing i pagdreuch as

trifluororpethanesulioniaacid-andaalike.aranaaHic Ao eXChaRaRFesID RaRRRHEERPhilic solvent
(e.q., t-butfmol tetra grofuran, e%;er, or the |Ik§i§£ 0C to 25C. The résulting olefin isomef W can be

recovered SR TEOISEd DaHg Star é%e\?/%@lﬁ ( es. Generally speaking, when a
cherhical group in a cEhpoutit rereheigtantefiBratheasinphstbdestmorig katis 6 imivamsmate a
"protec_:tive group”, thiS}meaﬁhdhatxﬂbiaad@ﬁr_maL gﬂwﬁﬂsﬂ%@@pﬂm@ﬁmatmmﬁﬁ:ﬁﬁd@hﬁmo prec_lude
undesired side reactiqps at tg REJBHIAHSILE (F AIRCUYE R QURS SHILARIS SAE YSh, B iRgpreparation of
compounds of the precz?nt invention a%nd tefctyf‘uqtues for acigolrég and rem wgg sucifgﬂrotectlve groups
are well known in the &t and'iR udga s SeEEF%Se%‘}H“ﬁ tec é“@%ﬁ%g i W i&Chemistry, ed.
J.F.W. MsOmsrealenss ar phagsaceytiseli gorentahie ey divecelr & lnrtam aatimesieese BiSups in
Organic Sjitthesis, John Wiley 30& Sons, 31-d edition, 1999, and 2"d edition, 1991, the disclosures of
which are herein incofprated byalrignse Ml SRR eu crl UEISSELRYRAIAN %0
includes a proc alternatively referred to.as Proces: or preparing.a compound of Foluiula P-II:
WO 2008100 B RSB0 SHAST0H 7 BT (ORI Bt tbeuoxoniurm yiide of
Formula P-1: 5with anBlidund: B&ndier icrtittenhisiceisldn/setonpling conmpemelminEtsiRgrein: PG
is an amine pibjisc iivegioviysdectacdromtteengratipitoagisting ahoanbafmaiespnadenzylamines; RU

is GKI3 GLphanyl, i3 i3 0 RBEALR AR HLLSE LsdkiBlianty Tn SRlbfabidh Finkds 3 alkyl, 0-C 1-3
alkyl, OHt{%élcl"-tljz\F?%:I;Il(ﬂlz}l?_]éil %}%glg(#%n{% C;[ =3taIkY1)2; p is zero, 1 or 2; g is zero, 1, or 2; and p q zero,
' omp -

1,2, or c oun i$"an Intermediate useful in the synthesis of certain compounds

of 15the present inveffibn. ThExghawhEptorbine Wderrpalsairserhichaomnatespdninipesettive
ROC(0)- grobjzoffarsad i\ schviniehidnissahtiapaliycslip stifetieck akkghaltyl a@ptignaty AFCH2-N
substitutegrbenzyleRs the-ikelararhenzyamine.l teddpralectivia sraupaifarmatiadawhish Ar is
opt%nallxgug&g%é%%{)%%gﬁ {:Sa%(lgaa nate and benzylarnine protective groups and methods for
| eavag
(r)

g DRI imbior. .
their formation and cleavage are described In Protective Groups in ] L
r A method for treating a bacterial infection which comprises administering

to a subject in need of such treatment a therapeutically effective amount of the composition of
(@), (b}, (¢}, (d), (&), (), (g) and ().
{s) A method for treating a bacterial infection which comprises administering
25 1o a subject in need of such treatment a therapeutically effective amount of the combination (i),
(), (K, (1), (m), (n) and (o).
{t) The method of treating a bacterial infection as set forth in (v}, (4}, (1), or
(s), wherein the bacterial infection is due to Pseudomonas spp. or Klebsiella spp.
The present invention also includes a compound of Formuial, ora
30 pharmaceutically acceptable salt thereof, () for use in, (1) for use as a medicament for, or (iii) for
use i the preparation {or manufacture) of a medicament for treating bacterial infection. In these
uses, the compounds of the present invention can optionally be employed in combination with
one or more B-lactam antibiotics and/or one or more DEHP inhibitors.
Additional embodiments of the invention include the pharmaceutical
35 compositions, combinations and methods set forth in (a)-(t) above and the uses set forth in the
preceding paragraph, wherein the compound of the present invention employed therein is a
compound of one of the embodiments, sub-embodiments, classes or sub-classes described above.
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20 Organic Chemist , ed. J.F.W. McOmie, Plenum Press, 1973 and in T.W. Greene & P.G.M. Wins,
Protective Groups in Organic Synthesis, John Wiley & Sons, 3'd edition, 1999, and 2fi'd edition, 1991.
In one embodiment, PG is (1) C(=0)-0-(CH2)0-1-CH=CH2- (2) C(0)-0-CH2-phenyl in which the phenyl
is optionally ¥@M#fi&§With from 1 to 3 substituents each of which is indBpEAEEAKOBEKT, -NO2, -CIA
alkyl, or -0-C14 alkyl, 25(3) C(---0)-0-C14 alkyl, or (4) CH2-phenyl in which the phenyl is optionally
substituted with WO 2009/091856PCT/US2009/031047 from Ito 3 substituents each of which is
independently halo, -NO2, -C1.4 alkyl, or -0-C1-4 alkyl. In another embodiment, PG is
t-butyloxyEa BBREE SR3Y ARARAIEARE SRS ARSI OB AL BRTERtORR R oyeptable salt in these
p-methoxwmbestizytoieycarbonyl, p-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl,
p-chlorobenzyloxycarhamylomsAecgishigrehenatoxyeashomyle@ioahesait dacstikanother embodiment,
PGisC . ' fG 1% lowj .) RU and RV are
both C %%rrr%%:ﬁ%l %%%%%%?%g%&%%a%%%iﬂﬁd%% @%ﬁgﬁf{gf&éﬁ Igl@(lgi%ce%)lg H. One or
more of RESEBRSDBRMTENRS T8 8 Lah P oAb aThiRR A EPRRID AT cmbodiments
describesttmsisrPe, Wikreitpeddh snbirveriiisationisaiteparmpremBadipneritud of Compound
P-11.  Formuiteq Asinuehras thiedniamalanylacnssstionefdNiddsitgrakepswionenitun ylide to form

a cyclic gge%wg%&é{pwﬁ%r%m emplovedin.SteRARevides asafebensfit-with igspect to

alternati s.that employ,diaﬁzgomethan Féan explosion hazar t(c)i_g%}enerate a diazoketone which

can therf BERERHAR S W@:ﬁf&ﬁ%ﬁ}% IR PAIEE Wb‘&d@%eﬂfw {eits . PPESAmple, the yield of
Stel® A using a catalytié aspdbectt [Re(COD YD teiprdto @595 Blghiaitraight or benshed ¢hadanducted
in an organiesalvRi.GUiAbIR-GbbeRGdICdR il wend.tishiemmetbanen DE kneblvtd, ik,
chiorobepgane,: LZsdlichlotopenzene (gyetqpepimetkatheraacetanitile | Pasnikeneihane,
trifluoromelhylbenzene, methyl ethyl ketone, DM%, %-MeT F.I%{prefierr d, solvent, is toluene.
20The cYERPARLH ]ihsgﬂffﬂsigv %ﬁﬁlﬂbtgﬂ“fﬁ"tﬁbﬁ eté it FoRH, LRy Qe EYtabie catalysts
include AHEGEEIERRE: Hocd olPHYS Ri(D MISBIAtsirs 19860 25 1Ry MENERT PRI 2{EYimene))2,
(cYdloPeqsagdiedy N R RN 3)2,, Grdene )Rl (PR3 )I20-RiefOr el RAR AR, AC QDI BF4,
IrCI(CO) REhZ str CY G3: HEQRMAGES), JCHZ (asag), imethideyepncatadianyiaD)Ir, or
((cyclohexyl 3P)3(COD)Ir(py"ridina(igéﬁ\ class of suitable 25catalysts consists of [1r(COD)C1]7,
RuC12(PPh3)3, Ru( , &di%%(&iﬁ?&%‘l%?‘fﬂﬁﬁ%%é%ﬁﬁf which one or mole o
(cyclopefrediénsTRITPHIRS J2etirabRe RiCHPrKre) 2 R {0 AN AHEH A TENs s oApreRiFrel catalyst is
[Jr(COD)@I2:ktie etélySt isatygicdlydawtoy €d in Gnlaeaouriirindabaye obiom dfoet €28 to 5 mole
pergent baged on the monnt ol GAMRoYAD 5l and i mevsVRically smnioved a0 Amount in a
range of R 08U Qe S EBOULANOR AP RISENL nuorcaial SIEAHINISIERS SR StilablY be
conducte as’tempera ure in a range of from about HOC 10 about 1 and’is @) ically coriducted at a
temperatifedreasthrigaei-fridhalstiut, 2660 hisout p1ed; etc.). An embodiment of Process P
comprises Step Aas ;'ﬂ:lﬁ ﬁﬁgcmbbge@bw‘m&lenaiﬁf&‘é B@'@@hzcﬁmﬁb&am&ﬁmmdmﬁﬁwa (=
Compoui%ﬂé?ﬁ&i%)@j@&%ﬁh%@%&%@ﬁ?@i%%,%Rﬁ)m%}%fw&t}ﬁf comprises: WO _
2009/091856PCT/ Sigso9/03,104? S-E%g’%’%ll% tCom ound I?I-h%l withar du.cm%faa%e%gg obtain a
COI'%?)OUI’]CI Of Formul _?ﬁ}'ﬁbﬁ%(’} G ; 4 O g3ny monoval Q‘I}. mMONOCYCLIC NN al <
having a number of carbon atoms in the specified range. Thus, for example, “C4.9 cycloalkyl”
(or “Cq-Co cycloalkyl™) refers to cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
and cyclononyl, and “C4.7 cycloalky!” refers to eyclobutyl, cyclopentyl, cyclohexyl, and
cycloheptyl.
30 The term "C{O)" refers to carbonyl. The terms "S(O)2" and "SO2" each refer to
sulfonyl. The term "S(O)" refers to sulfinyl.
The symbol "*" at the end of a bond refers 1o the point of attachment of 2
functional group or other chemical moiety to the rest of the molecule of which it is a part.
Unless expressly limited, the term "substituted” refers to single and multiple
35 substitution by a named substituent to the extent such single and multiple substitution (including
multiple substitution at the same site) is chemically aliowed. Unless expressly stated to the

contrary, substitution by a named substituent is permitted on any atom in a ring {(e.g., cvcloalkyl,
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Boc(P-HI); and (C)contacting Compound P-11l with a sulfonyl halide of formula RA-SO02W in 5 the
presence of a tertiary amine base to obtain a compound of Formula P-IV: 0 n, Boc0,S RA (P-IV);
wherein W is halogen; and RA is (1) phenyl optionally substituted with from 1 to 3 substituents each of
which is ind&PAHIERIBFC 14 alkyl, Cl 4 haloalkyl, 0-C1-4 alkyl, 0-C14 haR&ki§2@R/&uoF, or NO2, (2)
C ..4 alkyl; or (3) C1_4 haloallcyl. 0Step B is conducted in an organic solvent. Suitable solvents include
toluene, dichloromethane, THF, isopropyl alcohol, and acetonitrile. Preferred solvents are toluene and
THF. Suitable reducing agents in Step B include LiBH4, NaBH4.1(BI-14, (Me4MBH4,
LiAIlI(0-PBRI; £ MEHREEnSt QR RDE sPHITRd AeikrerssiOiael s detirsh GBI iEsingidts 15 of
LiBFI4, N3B¥ich!aradldBid 4ndrefelined zsthihbingagemtsd. incls dedeiibitl dinosiadd Hid: Tivadeeshecing agent
is typically sinpeyRs iR 3RaHMIN R aRGRNE fere.ghaidich o ahal? sesivalsntsi el gayivalent of
Compoupdand i5PIERIEl LAIYEA D, 3 AMAYALIN AT ange.of flomsaaoul 1 10, 2boul 1S
equivalents. The reaction in, tepT% can suitably be conducted at a temperature’in a range of
20 from SBtRUBE NS LH S BenE i Ria) pidamyrrsitaed 2 FRRSHEURNE #8Ade of from about
-15C to apoun0s of 2 RC gBreps CAs sonbrctehipiaiherggmicso/biy Sistatibes ohsehssuetiide
dichloromgihane: pidhylettaastpiamans: MTBEA R Brefeiadisolventis slichiorpipsiharacExemplary

sulfonyl %gﬁ?i%@‘ﬁlﬁ@ﬁ@ inmsréﬁgn %{qgggs%nnﬂgéh}gﬁgwgah r{ggf;gcig{j}o“or’ggtshaasnesulfonyl
chloride, dichloromethanesuifonyl chloride, benzenesufonyl chlofi e,’Szltriﬁuorome{igﬁbenzenesuIfonyl

chloride SF3BRfEHEEMhyI chloride, p-bromobenzenesulfonyl chioride, p-fluorobenzenesulfonyl
chldfide, and WO 2008160 $66~d Tity$2 608634 04 7-prendihos yhenzed es ulfonylotdoriged A class of

suitable peferythalivlesepnsisis pbahiarometbrnesyifomdehiprde sodsifyaramethylagngenesulfonyl

chloride ghdRsrrBAbenzeRGRIHONY SRIRRIdR: A RrRiBHIRe) SWARHNAlIHE ISy clic rings suitable _
p-trifluorgmethylbenzenesulfonyl chloride. The ,sulfor,ly_l hga#g]g IS tyﬁlcally employed in an 5 amount in a

range of foficaSot4 f3AISutY EXIPLTe AeHSEIARTA] pbtratBomosRgligvhore typically
employedinzatiimyioisntinelidingd okfrotialybisdktecdidoyt InSreddivaleintsdedidmpbut 1.3

eq Lli5/a|eﬁif§éxazinyi% teﬁdl@éﬁfﬁﬁéﬁﬁﬂ%ﬂ@ﬂiﬁ%@lb@liﬁp%ﬂﬁhbi@ﬁh@alﬂf@lﬁ%@?ﬁm%ybﬁ Classhof Suigable
amines j E i ISORr mine. DIREA is a prefen-ed base. The 10base is
typically%éﬁrgﬁgﬁ)ﬁé% %%%%%%U%ﬁ%ﬁaﬁé%ﬁ%%g g %crf '%ﬁogtaé%t@‘ aézay}% ér?izéz rf)%ary gg_uivalent of
Compou?ﬁiag‘E O RN o T e R B e T A R R v, ARHGROsFRBnSHRakle mener about 2
equivalemsafergsddirdenctyglisquigalents]e, for examfilhamactioreipcSten @ chnsstitalsly ecenducted at
a tempet&aﬂmﬂm@y%agﬁ@ fearmabeu-pGHe aReubAG améd@zwmﬁaltﬁ.ggg@uﬁi@@@?&?mperature in
a rapge t 5C. ARnot im Proc comprises
Steap?s Agé%g%aé@s%g&[& gte%cgrfggg ﬁ%%%‘%%r%%?ﬁ%%ﬁ?%@%ﬁjg ]ftgiﬁég%rrﬁ%oﬁ%rﬁe&\rv, and further
comprises: (D) contdctirig|Cortipound P-1V with N-Boc-O-benzylhydroxylamine in the presence
of a bas&foPEtEih E¥RPound of Formula P-V:

HetB is defined herein to be an optionally substituted heterocaromatic ring

containing from 1 to 4 hetercatoms selected from 1 to 3 N atoms, zero or 1 O atom, and zero or |
S atom, wherein the hetercaromatic ring is optionally fused with a 5- to 7-membered, saturated
25 heterocyclic ring containing 1 or 2 heteroatoms independently selected from N, O and S, wherein
any ring S is optionally oxidized to S{O) or $(0)2 and either 1 or 2 non-fused ring carbons are
optionally oxidized to C(0Q). Heteroaromatic rings suitable for use as HetB include, for example,
pyridyl (also referred to as pyridinyl), pyrrolyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyi
imidazolyl, pyrazolyl, triazolyl, oxazolyl, iscoxazolyl, oxadiazolyl, oxatriazolyl, thiazolyl,

30 isothiazolyl, and thiadiazolyl. Fused rings suitable for use as HetB include, for example,
N =
— IO L wm
s N g =N .

Unless expressly stated to the contrary in a particular context, any of the various
cyclic rings and ring systems described herein may be attached to the rest of the compound at any
ring atom (i.e., any carbon atom or any heteroatom) provided that a stable compound results.
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20 Cbz, NO TIR4NNr. Bac BoC OCH2Ph (P-V); and (E) treating Compound P-V with an acid
to obtain a compound of Formula P-VI: Cbz, NpO r R4 OCH2Ph (P-VI). Step D is conducted
in an organic solvent. Suitable solvents include DM.AC, 25 DMF, NMP, THF and DME. A preferred
solvent is NV 289 28%9/091856 PCT/US2009/031047 SuitablePoasesino®semD include Li
t-butoxide, Na t-butoxide, K t-butoxide, cesium carbonate, KHMDS, and NaHMDS. A class of suitable
bases consists of Li t-butoxide, Na t-butoxide and K t-butoxide. A preferred base is K t-butoxide. The
base is typically employed in an aerunt in a range of from about 1 to about 2 equivalents per
equivalent of Com ouﬁ% PaFPARS ?szﬁfgf%(ﬂ} FeIR B0 aReRs Sied MEmtar rgeE of flom about i
to about T EUiGAEATeYarEatia BogiEssrihgdivatontalniTh & NnB 6 dG-henmpiloya oxptamiherisgypically
employeckincBaepnll jf,dnoambtatonanangs ekl amnabeut-ddorhain eauaients-Reh equivalent of

cauyalepts o e A e S T I S R e be conucied

equiyalepts (e.q...about 101.3 equivalents). .« Jhe rea X !

ata %Iem[{)%%;eag 4 géz e nge o ga%c%%ﬂ?%@ofg ALt Beerosioms tifRisRgeadAdTRIRSS & a
temperaftiRESH Bekivdhe e EboESRCiascLI4b B LS Bssourfduttechinnm brganic solvent.
Suitable lssbveritsrinclude BEdVitand 15acdieniviRms, | hetdhshiahle asidnifoRien E include sulfonic
acids. Syitablassids:iy 2ien-fipgiide methanesulfonic acid, trifluoromethane sulfonic acid,

chloromethanesulfoni%gxild berjzeggzsglfo cAaci Eg-toluenesuh‘onic acid, p-bromobenzertesulfonic
acid, p-methoxybenzenesuﬁno%i‘éd%%l , eﬁﬁi’%triﬂﬁ rorASTHE RS RS R AR BEACERSELIE s itable
20aids BoRToEIH DL @ ieresoiRsh eyl dppi fiegrad dsatidbieasiiippupde el thelracidnis
methanesuthuiie. asidefiie acio imtypically-arapidueehinamesn ot atindsange effrgnarabout |. to about
6 equivalgpis-aaie R lntahSRmMROUNG PR AN dh MaeRIcaly smilaved.in 4P gmount in a
range of Jr?n L I@Q%ﬂg %egoiggo&gﬁeea uivalents. The reaction in Step E can suitab y be
conductéd a aatemperzfture Inara 5‘@% & from about 25C to about 60C and is typically conducted at
a temperature in a radyeBPRORTEBOTMEHE torapBMisDteh can be Ippatrdrapthisoldindentdof Process P
comprisesiStegsuaiuR;, @ Pramtleasduaiteseriiedabaiedvbemin R&isiGhndeahiaim:Gompound
P-V1, angdfuther 16aapisesn{ k) GaptaeingrGepunchE 7Y eﬂétr? 8&9%@&@'&!‘8&%&% gr triphosgene
a acl

in 30the@resengg E(l)Jgitertlar mine Jggg, zmg then ad mgf?h ueous solution o d*to obtain a

i) yeis i imi
compou d*: Apic adill H%Igﬁak{) asu COMPOUnds ¢ present invention are limited io
stable compounds embraced by Formula L.

The compounds of the present invention have at least two asymmetric centers and
20 can have one or more additional centers as a result of the presence of certain substituents and/or
substituent patterns. Accordingly, compounds of the invention can oocur as mixtures of
stereoisomers, or as individual diastereomers, or enantiomers. All isomeric forms of these
compounds, whether individually or in mixtures, are within the scope of the present invention.

The term "compound” refers to the free compound and, 1o the extent they are

25 stable, any hydrate or solvate thereof. A hydrate is the compound complexed with water, and a
solvate is the compound complexed with an organic solvent.

As indicated above, the compounds of the present invention can be employed in
the form of pharmaceutically acceptable salts. The term "pharmaceutically acceptable salt" refers
to a salt which possesses the effectiveness of the parent compound and which is not biologically

30 orotherwise undesirable (e.g., is neither toxic nor otherwise deleterious to the recipient thereof).
A suitable pharmaceutically acceptable salt is a salt formed by treating the compound of the
invention (e.g.. a compound of Formula I) with one molar equivalent of a mild base {e.g., sodium
carbonate, sodium bicarbonate, potassium bicarbonate, or sodium acetate}. In this case, Misa
cation, such as Na™ in the event of treatment with a sodium base.

35 When M is H (e.g., R2 is OSO3H) and the compound of the invention contains an
internal base which is capable of being protonated (e.g., R1 contains a basic nitrogen), it is
undersiood that the compound might exist in a form in which the internal base is completely
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DCH2Ph (P-VII); and - 49 - WO 2009/091856PCT/US2009/031047 (0)contacting Compound P-VII
with a source of hydrogen in the presence of a hydrogenolysis catalyst and in the presence of a
Boc-producing agent to obtain a compound of Formula P-VIIli Step F is conducted in an
organic solv&it, 28UaktE%solvents include DCM and ace. A preferred soVREE/ESBIENI31047  Suitable
acids include in Step F include hydrochloric acid, sulfuric acid, trifluoroacetic acid, and phosphoric
acid. A preferred acid is phosphoric acid. The acid is typically employed in an amount in a range of
from about 1 to about 6 equivalents per equivalent 10 of Compound P-VI, and is more typically
employepritoartanp M Eifisventieidtdomsetsout Scutabotitte doyalehts@8 Qs abuuhs.2 equivalents).

¥Eite[§f'§f£é§%'n%§%?ﬁ%%51*%%&%%% O et Inong hh 58 ) e e W"Q&'Sfé edin
an amoUkEH & r%% HOHT u?nftg % 89 3\?& ?@%@qﬁﬁ%@ﬁ?&?@% §p- Vlyand
is more SATEAIE/ B pIoYeE iﬁtawﬁmﬁﬁh@ ﬁéﬁ@@@%@ﬁb@@@@@%@d@% wivEiERtdYe.g., about

3.2 squivabentsbasic nitrogds tripkasgeneodiiho seeren prypidosipn existtipichiy: émpayedin Step Fin

an amowntaﬁbals@a%@fﬁ{%@ewﬂ éo;epiefe%\f@é&%@s& RAUYAIe R GOmRRMEAARYT, and is
more typlc plo ed in,an our}t in aﬁ ra %F of fr mg bout 0.7 to aboutt 1 eﬁuwalen e.g., 20about
0.8 equiva@ BFQ% %gén‘é ?én O gé H aﬁasﬁﬁ%%“b%ﬁ%ga tve ClagRLE oittacting of

CompoufRf Prwxﬁtﬁfﬁhpﬁagﬁéﬁeaﬁiﬁ}%e@éﬂ"@i@rﬁy Srs R iposysser Tan il insBNivechetigucted at a
temperatur@inmaranitobiesiaiotmnidaC I&a@a@rﬂ@mﬂz@ﬁmiuaﬂyeﬁmﬂh@teﬂmbﬁmemperature ina

range of frain-akeutaatc iR-abaihAnimad b sERsaqueRLadditionand @@@pnam@}?oﬁf'&l
suitably be cond&lee%dhat atem erat # na 25 ran nge of of from about ge % ?Lﬁ Step Gis
conductédf i an organic solva Fo%é: S SOVERES The ud?g?g?ﬂa?eu SR ATSTRRR SRR NS %nd THF. A
preferred solvent is THE the other hand;tis & eBRprabotiy %@@ﬁt@ﬂi W@f@;ﬁ@‘iﬁéﬁﬁ@%ﬂﬁﬁ@bwl
carbonatesse-bugyl &l arafaimatee BOEQM ARG BOL:OENR pretprsblt ageitdsadt fhuiyd barbonate.
por. WO SpaB0 e zﬁﬁfﬂé%‘%b%“%ggﬂﬁ%mﬁf L pically mloved
per equiv and.is mare typica mp oyed in
on oS %%rgfa &igggggsgﬁ%a@n %gejgw el ves Pﬁfmﬁ
equivaleRigReid with g g6 q S i RSIEBHENEI-in
admixturehiwithicatdéinieidg anttiansdiemicathyliaditiinBer theyseaction donditiomnsemplalain 5Step G
(e.9., mtmqmaﬁe Rpklegas ﬁu%@eﬂﬁm&@m@m@%Im&é%%&mea@c&n%@éeﬁmt in Step U.
although altI pheflc an(pbs Eatm srpﬁenc ress tend. %obpe e>§)p ?%1 ssure typically is
'%%g ‘E’Bﬂ? g2 C0O 0{11’3 Vv‘l 4 Suilpie 1Y T).C g%

at least a%oustaz p8|g apout ogen source can alternativ oélen ransfer

motdculdhsairaal dansronprviartaaly Bo ﬁ@é@if?%ltl@ﬁ%éﬁéhenmﬁ@ l(l’pﬁal?@é‘ﬁﬁ?drogen is
not a critieghipvocbsspanaimbterhattquglbratdé astibestait ot ipoamautitaafdyfitegentgas«dr other
hyd fogeﬁﬁ@%%&é}{ﬂ'%ﬁtmgﬁﬂfﬁa&hﬁ%ﬁgSﬂﬁlh{ﬁ!ﬁl&?ﬁ%){ﬁh&&m{réﬁ%&m%s@ or

unsuppo ted Grou ?8 tal.or a su orte .or unsupported compaun complex ofaGroup8
metal. The ca?laﬁyg{) Sp:ic% I%YS%IOIPQ % |sl§€maig?e o'Fgl]JOR%H t’a(l:)’nre P é’l%l orasupported

or compound W:zth sufficient aCIc%/ {e.g., suiiimc acid, H metllanemlufomc acid, or TFA) such that
25 the suifonic acid group present in the molecule remains protonated (i.e., M = H) and the internal
bases are protenated and have assoclated therewith a suitable negative counterion {e.g.,
sulfonate). As is clear from the foregoing, the precise nature and type of pharmaceutically
acceptable salt which can be obtained will depend upon the nature of the specific compound
being treated (e.g., the presence or absence of basic nitrogens in R1) and the freatment conditions
30 emploved; e.g., it will depend upon the choice and amount of the acid or base with which the
compound is treated, the pH of the treating media, the amount and choice of buffer (if any), and
the like. It is understood that the present invention encompasses all types and forms of
pharmaceutically acceptable salts of the compounds of the present invention.
As set forth above, the present invention includes pharmaceutical compositions
35  comprising a compound of Formula I of the present invention, opiionally one or more other
active components (e.g., a B-lactam antibiotic), and a pharmaceutically acceptable carrier. The
characteristics of the carrier will depend on the route of administration. By “pharmaceuticaily
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15unsupported Pd compound, salt or complex. Suitable catalyst supports include carbon, silica,
alumina, silicon carbide, aluminum fluoride, and calcium fluoride. A class of suitable catalysts consists
of Pd black (i.e., fine metallic palladium particles), Pd(OH)2, and Pd/C (i.e., palladium on a carbon
support). Pd¥OI3E¥efsfred hydrogcnolysis catalyst. The catalyst is typidally/esmokssokin an amount
in a range of from about 5 to about 20 wt.% relative to the amount of 20 Compound VI, and is more
typically employed in an amount in a range of from about 5 to about 15 wt.% (e.g., about 10 wt.%).
The reaction in Step G can suitably be conducted at a temperature in a range of from about 10C to

about 50CCaREE Typ eyt i deictegraiiantem per sharamsarisHpooPRgHeRBBSt isempalifiat 30C. 25A
sub-embweiiineetit athil doass RiedenpristsiBteficAtiasntistddakebed: wherdient, aadnpornd of Formula

R G i et e g oo,
ylide p-1; WO 200 . with a catalyst selected.from raup consisting o
o cERGRBHIINE LB 0 B B A TS LRyl R, AR A PRI Dot
Conipoufiif giber materials we s ibiEnmbodiment of Process P comprises Step A as just described
in the 5 preceding subembadinietit tbosbidhn Eerapiunthper iacidduytherdohfinseatitld ktreating

Compoupg Rz iR ade dGIRGAABALselesiad LR the dioue: sonsising:Afii-berabydride, Na

borofyaiide and K porolivdride, 0 btain Compourde.2, Of 050 Chalp s and (C) canacting _
Compouhd pE3"Wi _suei onylaﬁacﬁﬁ]g ofaformB?a RSO i alfhgeppresence 0 g r-Cl1,4 allcylamine
base to sRidhrEtomRHoUHY & FURNORIp VIR R e eBRisAy WHarer PR bibahe ThRd RA is
metioyl, chtortsuigtioy] (phehyingibrbripptieny] o4 dsiflionemetifipteny bnbm 4k metbydplyenyl. Another
sub-emhgdiment ahRINERSHR comARsas S RRDANBRMCAssihadeswibedipbe preceding
sub-embodinen o pbtain, Compaund b, and furher comprises'. . D) SoniaCting Gompound
p-4 with REBOE T enzy ﬁ%roxy amine in the presence of a abase éheTPec &d'from %ﬁe%roua consisting
of Li t-bubiGHasNg (R BIERRISDR Affigianie] saneravide de eropeindcompdampestionliy
2009/09 :85HRETE HIS20O) 31 04 Andividual in need of treatment. When a compound or a salt
15 thereof is provided in combination with one or more other active agents (e.g., a carbapenem
antibiotic or a DHP inhibitor or both), "administration” and its variants are each understood o
include provision of the compound or its salt and the other agents at the same time or at different
times. When the agents of a combination are administered at the same time, they can be
administered together in a single composition or they can be administered separately. It is
20  understood that 8 "combination” of active agents can be a single compesition containing all of
the active agents or.multiple compositions each confaining one or more of the active agents. In
the case of two active agents a combination can be either a single composition comprising both
agenls or two separate compositions each comprising one of the agents; in the case of three
active agents a combination can be either a single composition comprising all three agents, three
25 separate compositions each comprising one of the agents, or two compositions one of which
comprises two of the agents and the other comprises the third agent; and so forth.
The compositions and combinations of the present invention are suitably
administered in effective amounts. The term "effective amount” as used herein means that
ameount of active compound or pharmaceutical agent that elicits the biological or medicinal
30 response In a tissue, system, animal or human that is being sought by a researcher, veterinarian,
medical doctor or other clinician. In one embodiment, the effective amount is a "therapeutically
effective amount” for the alleviation of the symptoms of the disease or condition being treated
{e.g., the healing of conditions associated with bacterial infection, and/or bacterial drug
resistance). In another embodiment, the effective amount i3 a "prophylactically effective
35  amount" for prophylaxis of the symptoms of the disease or condition being prevented. The term
also includes herein the amount of active compound sufficient to inhibit B-lactamase and thereby
elicit the response being sought (i.¢., an "inhibition effective amount™). When the active
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(E) treating Compound p-5 with an acid selected from the group consisting of rnethanesulfonic acid,
chloromethanesulfonic acid, p-toluenesulfonic acid and bervenesulfonic acid to obtain a compound of
Formula p-6: 5Cbz0(p-6). Another sub-embodiment of Process P comprises Steps A, B, C, D and E
as just descHiEH i tHEBreceding sub-embodiment to obtain Compound BATER#AHE Comprises.
(F) contacting Compound p4 with triphosgene in the presence of a tri-Ci _4  alkylamine base, and
then adding an aqueous solution of phosphoric acid to obtain Compound 10p-7: 0 00BN (p_7); and
(G) contacting Compound p-7 with hydrogen in the presence of a Pd catalyst and a Boc-producing
agent sETSBROMEATHF S ETo S Esify tiﬁ@%Wﬁ%ﬁﬂ)ﬂ%%%ﬁf@%ﬁ@ﬁ@%ﬁ%&fﬁ%ﬁ]pound p-8:
Boo_0 Nyt &e): the free aditherstednts, fagentheatalysisndeaction amounts, reaction
temperatures, etc. deggsiReginabevefer iR isifoh i BeqeessmPiioasiing toswamRpound P-VILt and its
embodimens - 53, WQ, 200010018500 G 1S2009/03A047; 206 ARRlerle B.5leRE Qg et foth in
the rec%élng su“n;enﬁfyo m%enfs eading tg Compound p-8, except where express [imitations are
plac%d UBBFOBIS BHoR T e Biehe Srpainieslder ARE SHBUSM Bb difntiRS o 5P Uk At Ot ation
sub-emhodhudntel Rrocess Baesdnbindthdpreparpliothoh@trpolmgrepariramndompound p-|
restricts fgicataiial RMRIRYREJIASIERA 18 ehapesifio arup Sof dhds and ptipatalystee Accordingly,
the broager discioppie Loy iable s AR da fotin BLasassi an (iRl AR daIn above does
not appl ) -emDog Nt. t IS to'be understood that the Solvents, agents, catalysts,
reaction BFRB ST HIBHsER Rt Fa by dnddashiEFitigge Wi?ﬂ‘?’é’gbg’@thﬁﬁiﬁﬁgess P and its
embdodiménisisimisub-erbodimbnts ofe st dedsosiie tor ithedikete Wisrlisdinithdcsabpe of the process.
F‘;]f 1hO examplealth e Oreapi e kenb emploxadiaanyelinieas Aule @mﬁe&&g@@aﬂiﬁrﬁyb?ame ”
which under the reacti yed i ?gg}g&o phaseyis chemically
inert, an%?(\)/si pivsescg}af[\%é],ﬁ gﬁg%%‘%?%%ﬁ%%é&l{sgg}g%& e reaqfi#%%‘ﬁjﬁ a%%ggggﬁ%@sgo as toLt’)ring the

S )
reactant@“ﬁﬁ’a"f?@é’é@ﬁ@?ﬁﬁgﬂmgﬁﬁmﬂlﬁ%iﬁ?ﬁwgﬁ@H%F@Bﬁ??é?ﬁﬁ‘h‘”@’&ﬁsiderations apply
to the chocewfiinse hoatalysiy bodistiorreadenshdngbloyoddentridipns seshbe selepiedrurthermore,
eagh of the steps canhe:cenRdyates ataniesRBIsEa whichthenteactiontossingtepdesired
product gan deicaianiLRiaceat NG reRcianin. SRIaR'E ANIRAENSOne SR RICA afL0e

employed in any amounts w result in the ormation of af least some of the desired product. Of
course, @ﬂ%?ﬁ@ﬁ%ﬁﬁ’(@@ ¢ SPIRURSHS Surt % B SRS RGRERP LRSI REBrials in
combinatiian, Witkila Wglenyier dnestora Beastetiein B0 dolprstarabiiookighesraedesited products
is-typicajiyihe,ehiestive Msachsiepvand theishoins ofisolveniseagealsodialystspsedetian amounts,
temperajuiaSy it ARGANIRIAMACIEIANGY ond.conversians-aoaids.Al Brguct are preferred.

a C maore p

nd the choices that can provide gptimal conversjons and yields are referred. The particular
solventsYagBibEE R afystalyienab 1%%3?%?@%3\4?{ & PATTRSE SRR B&d aBve with
respect tsdtrbridsaPoanddte RBotivertirentsiatfldise remBidiede Ntbecerrersvatiengddlieto optimum
ConVerSi&ﬂﬁp@BﬂM@M§ reconstituted TV solution can be, for example, in a range of from about 0.1
mg/ml. to about 20 mg/mi..
25 The present invention also includes a method for inbibiting bacterial growth

which comprises administering to a bacterial cell culture, or to a bacterially infected cell culture,
tissue, or organism, an inhibition effective amount of a compound of Formula 1. Additional
embodiments of the invention include the bacterial growth inhibiting method just described,
wherein the compound of the present invention employed therein is a compound of one of the

30  embodiments, sub-embodiments or classes described sbove. The compound may optionally be
used in the form of a pharmaceutically acceptable salt in these embodiments. The method can
involve administration of a compound of Formula I to an experimental cell culture in vitro to
prevent the growth of B-lactam resistant bacteria. The method can alternatively involve
administration of a compound of Formula I to an amimal, including a human, fo prevent the

35  growth of f-lactam resistant bacteria in vivo. In these cases the compound of Formula I s
typically co-administered with a B-lactam antibiotic.
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The present invention also includes a compound selected from the group consisting of: wherein: PG is
an amine protective group selected from the group consisting of carbamates and benzylamines; RT-7
is CH3 or phenyl; RV is CH3 or phenyl; R4 is H or 01-4 alkyl; 10V is H, Cl, Br, F, 01-3 alkyl, 0-01-3
allcyl, 01-1, NR 2808413363 alkyl, or N(-01-3 alkY1)2; p is zero, 1 or 2; q iBZRISd0saBR4p g zero, 1, 2,
or 3; and R" is: (1) phenyl optionally substituted with from Ito 3 substituents each of which is
independently C1..4 alkyl, C1-4 haloalkyl, 0-01-4 allcyl, 0-C1-4 haloalkyl, CI, 15Br, F, or NO2; (2) 01_4
alkyl; or (3) 01_4 haloalkyl. The present invention also includes a compound selected from the group
consisting of: WO 200908188600 F520119/08 bo4mBhzd aodhs ebraiCpisniiayiBoc \R" 1 0

(0).Boc Bghitioh Y factetiat- g @B ROBRedibikdue to bacteria that are resistant to B-lactam
antibiotics. More particularly, the bacteria can be B-lactamase positive strains that are highly
resistant to B-lactam antibiotics. The terms "slightly resistant" and "highly resistant” are well-

5 understood by those of ordinary skill in the art (see, e.g., Payne et al., Antimicrobial Agents and
Chemotherapy 38:767-772 {1994); Hanaki et al., Antimicrobial Agents and Chemotherapy
30:11.20-11.26 (1995)). For the purposes of this invention, bacterial strains which are highly
resistant {o imipenem are those against which the MIC of imipenem is >16 pg/mL, and bacterial
strains which are slightly resistant to imipenem are those against which the MIC of imipenem is

10 >4 pg/ml.

Compounds of the invention can be used in combination with antibiotic agents for
the treatment of infections caused by Class C-f-lactamase producing strains, in addition to those
infections which are subsumed within the antibacterial spectrum of the antibiotic agent.
Examples of class C-f-lactamase producing bacteria are Pseudomonas aeruginosci, Enterobacter

15 cloacae, Klebsiella preumoniae, Escherichia coli and Acinetobacter baumannii,

H is generally advantageous to use a compound of Formula I in admixture or
conjunction with a carbapenem, penicillin, cephalosporin, or other B-lactam antibiotic, or a
prodrug thereof, It is advantageous to use a compound of Formula I in combination with one or
more [I-lactam antibiotics because of the class C B-lactamase inhibitory properties of the

20 compounds. As aiready noted, the compound of Formula 1 and the B-lactam antibiotic can be
administered separately (at the same time or as different times) or in the form of a single
composition containing both active ingredients.

Carbapenems, penicillins, cephalosporing and other B-lactam antibiotics suitable
for use in the present invention include both those known to show instability to or to be

25  otherwise susceptible to class C-P-lactamases and also known to have a degree of resistance to
class C B-lactamase.

When the compounds of Formula [ are combined with a carbapenem antibiotic, a
dehydropeptidase (DHP) inhibitor can also be combined. Many carbapenems are susceptible to
attack by a renal enzyme known as DHP. This attack or degradation may reduce the efficacy of

30 the carbapenem antibacterial agent. Inhibitors of DHP and their use with carbapenems are
disclosed in, e.g., US4539208, US4616038, US4880793 and US5071843. A preferred DHP
inhibitor is 7-(1-2-amino-2-carboxyethylthio)-2-(2,2-dimethyicyclopropanecarboxamide)-2-
heptenoic acid or a pharmaceutically acceptable salt thereof.

Carbapenems suitable for co-administration with compounds of the present

35  invention include imipenem, meropenem, biapenem, (4R, 58, 68)-3-[38, 58)-5-(3-
carboxyphenyl-carbamoyl)pyrrolidin-3-ylthic]-6-{1R)-1-hvdroxyethyl}-4-methyl-7-0x0-1~
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, (18, 5R, 68)2-(4-(2-(((carbamoyimethyl)-1,4-
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1..1,1," 117 0 Boo  wherein R is methyl, chloromethyl, phenyl, 4-bromophenyl,

4-trifluoroznethylphenyi, or 54-methylphenyl. The following examples serve only to iIIustrat.e_ the
invention and its practice. The examples are not to be construed as limitations on the scope or spirit of
the inventionVPREMARIRTIVE EXAMPLE 1 PCT/US2009/031047

10(4R,6S)-3-(Benzyloxy)-2-o0xo-1,3-diazabicyclo[2.2.1Jheptane-6-carboxylic acid 0 HO-41,0-4 HCI -;
(1)(2) ",, /(3) HNC:4.--NHN '101-1'0OH' 'OH Cc___ t\' WO 2009/091856PCT/US2009/031047 Step
I:2-Allyl 1-tert-butyl (2S,4S)-4-hydroxypyrrolidine-1.2-dicarboxylate Di-tert-butyl dicarbonate
(0.532 riliazpmebietivhel R Wil dddwd-ethal Sotutiaphibboibérhyoetmy Ho-pt iRy @65yethy!2-02 inmol) in
DMF (5 mkihafid:apeanussodiaBdytio e fdoBMA mmgli[@gmﬁj%@%ﬁw%@htﬁed att .
room te - ' as.a nd the resulting mixtur
R e S R S LR

i i with ethyl acetate and
a::hsélérg\%}%t&g’nﬁff’g%%?ﬁé@%@ﬁ'%%%&é%%iﬁﬁ?@@=§%{a%7317tq€§1’3&1%ﬁé%*rfggimine, Srie%l over
maghesititriufhess. fiteped "l cbddroenrarstzlindiéiSvE ety ty-aHoret ihltiilepompduhd as a clear oil.
10 Step aymd:yi{ﬁ@mihydr@myrrmeﬁ@at%zabwml.grm%lalm?ﬁs«mbﬂ%@ﬁ@i&%-2 NI solution in

ioxan t ~Aylter ;
s 45 e T B S T B M B0 tnimeti . o
resultlng[ﬂwg f ST SRR SR SR SR s s ehsrT BercReF Rt cargEy ¥acuum to
afford thectdiEsssasplogidd) SwépBEIK1 RS- AW EGESBXarifudlioacdariptamblifigterrolidin-3THF (18
mL) avas;éisiecstq By 1 (AEIrdx B0 -faatiolinatepe Rpdachlosdexsal 449118, kGG puNOl). The
resulingSyspROSion4as GARICHHIR A AN HEIAMIRR (3G 41k 60212 MR Added followed
by t”ﬂ“c’é?é%‘i%ﬁ&?ﬁ gﬂ%gefﬂb)»%gr afpﬂ@g;%léﬁlg%é}%%l;l{;jg% chioride.
Peniciilips suitable for co-administration with compounds of the present invention
include benzylpenicillin, phenoxymethylpenicillin, carbenicillin, azidocillin, propicilin,
15 ampicillin, amoxicillin, epicillin, ticarcillin, cyclacillin, pirbenicillin, azlocillin, mezlociliin,
sulbeniciliin, piperacillin, and other known penicillins. The penicillins may be used in the form
of pro-drugs thereof; for example as in vivo hydrolysable esters, for example the acetoxymethyl,
pivaloyloxymethyl, a-ethoxycarbonyloxy-ethyl and phthalidyl esters of ampicillin,
benzylpenicillin and amoxicillin; as aldehyde or ketone adducts of penicillins containing a 6-a-
20 amincacetamido side chain (for example hetacillin, metampiciilin and analogous derivatives of
amoxicillin}; and as esters of carbenicillin and ticareillin, for example the pheny! and indanyl o~
esters.
Cephalosporins suitable for co-administration with compound of the present
invention include cefatrizine, cephaloridine, cephalothin, cefazolin, cephalexin, cephacetrile,
25 cephapirin, cephamandole nafate, cephradine, 4-hydroxycephalexin, cephaloglyein,
cefoperazone, cefsulodin, cefiazidime, cefuroxime, cefmetazole, cefotagime, ceftriaxone, and
other known cephalosporins, all of which may be used in the form of pro-drugs thereof.
p-Lactam antibiotics other than penicillins and cephalosporins that may be co-
administered with compounds of the present invention include aztreonam, latamoxef
30 (Moxalactam-trade mark), and other known B-lactam antibiotics such as carbapenems like
imipenem, meropenem or (4R, 58, 68)-3-[(38,58)-5-(3-carboxyphenylcarbamoyl)pyrrolidin-2-
ylthio}-6-(1R)-1-hydroxyethyl}-4-methyl-7-ox0-1-azabicyclo[3.2.0Thept-2-ene-2-carboxylic acid,
all of which may be used in the form of pro-drugs thereof.
In one embodiment, the antibiotic co-administered with a compound of the
35  present invention is selected from the group consisting of imipenem, meropenem and (4R, 58,
6S)-3-[(35,58)-5-(3~carboxyphenylcarbamoyljpyrrolidin-3-yithio]-6-(1R)-1-hydroxyethyl]-4-
methyl-7-ox0-1-azabicyclo[3.2.0Thept-2-ene-2-carboxylic acid.
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mixture was stirred at OC for 30 minutes then water was added. The resulting solution was stirred at
room temperature for 30 minutes then diluted with ethyl acetate and washed with IN HCI solution,
water, dilute sodium bicarbonate solution, dried over magnesium sulfate, filtered and concentrated
under vacuuf¥P BB hydrolyze any trifluoroacetate ester that may hBGEPSRSdlAs a
by-product, the residue was taken up in tetrahydrofuran (11.5 mL) and water (11.5 rriL). The resulting
cloudy solution was stirred at room temperature for 7 hours. The resulting clear solution was diluted
with ethyl acetate and washed with 5% sodium bicarbonate solution and brine, then dried over

magnesium sulfate, fikeABatbeREabrAsEL AveriRiisromdmeiserddeith s somponad efiere product
was purifieddoy isvicsige [ chioonat dgraphy soaffof gahieititte 8Qcistippufisngsdl ipalertanidillistep 4:Allyl
gR)ft-_[(@ﬁ%@MEQzliYa, '4Eﬁcﬁfi&&[%&l@&?ﬁ#@ﬁé&)dﬁ%ﬂ?'?@%cﬁﬁ@iﬁ%@%&%&%@&%ﬁJ 6%&%8;99%3 rlo_ﬂ a6

solution of allyl (4S)-4-hydroxy-1-(trifluoroa -L-prolinate m mmol) in acetonitrile
) was R e b YEIERY ph Res N %ﬁ%ﬂg@%ﬁﬁ%@% by
trifludromERREHLE AtGHRO Sk saR Atrastnelyde srninyrt B ﬁﬁ’a’iﬁélﬁ}’ﬁl@ﬁf@ﬁﬁ?&gﬁe was allowed
to warm terdi€ridthe keactpnaniiinecawps dinrethade€ dontbdocitithenb50:uae)ikylbychoxylarnine (1 ml..
8I |67 trg HQJEWQ%JMQW@%@M&HH%@%&% ﬁ?tﬂi&-e@%&ﬁﬁﬁ&%l)th@%xﬁ%ﬁﬁﬂgﬁmiXth_e Waﬁ I
allowed tg war r temperature. gvernight..The reaction mixture was then diluted with.ethy
cetate S B Rl R T A IS M TRl e,
filtered aiftSEONER MFLRE G S8R & Euum. The tan oil residue (2.57 g) was chromatographed on silica
gel @uted initially withi®56tliédictiodonesthaneretbiptzcetatbramcidndiyivitte @0120nd of the
?i(;?) ITE @g%ﬂ&ﬁﬂﬁ&@ﬁ%@?%ﬁt%@ ﬁéﬁ@a@%&ﬁiﬁ&%}ﬁ@%ﬁ&ﬁ@c@ﬁ&%ﬁ@@ arcsRligkintep 5:Ally]

-4- 4 Inal-L-prolingte A solution of . . .

gL 4RT Ry B e R VALY wsed e fum 5 MRS Alrethanol 0.5
ml.) wasEEREPESHE- o eRRIGAEE SBHMh Bbfohydride (312 mg, 8.25 mmol) in methanol (9.5 mL)
at -10C. The reaction Wik re-absiaitredd-idhediiacon Creivntic tHercetiriadtat0g for 3 hours.
Add@;onabﬁegm%mm 2 Mdéiﬁ?ﬁ%ﬁ%?tﬂa anﬁﬁi&lméd}xbﬁﬁ%iagﬁ%%ﬁ{g@&ﬁ@d@%&f. r%ﬁti@ﬁﬂa\ixturehW;lS
stirred at, ¢ thr urs then silica. re- the ¢r roduct for chromatography) was
added an%%g%s% {\3/%%% %%rﬁ%e%?@%élgﬁsggu%}ﬁ%hgﬁgg éﬁé“?&&i‘%ﬁ%%%?é&%%he %rigf Silica gel
eluted whfr AERERISERER By 8TeRER LI St deatrdisindihaie o BrsHe ther e ed MpBURE as a colorless
oil. Step @2apdiyids aesraduiyis@@HiR i obinz Wby yerniniclpyzrolidireh@ lgidanyxitiate A solution of
ally] (AR}4rRkenzt e daminaklspralioaiesthiddeAids marlhitasichigramethane(@d mL) was
addgd 6 iert QUi diEreRale b Ll 434 0mR)ang e ey RIS WS slied at room

temperature overmight. reaction mixture was concentrated under vacuum and the residue was
chrormatSHrIEHES gg&gﬂica gel eluted with hexane then with 4:1 hexane:ethyl acetate to afford the title
compound as a clear ¢bhie888epemphaiy hdrtirixisitge (28 liPwdng: acac = acetylacetonate;
{(benzyloupi(tsichtosarmribsuneashany iminerprcelidinenhidicashoxylaigl; BoC (Riphosgene (0.1

mL, 0.804 d lowly t9 a solution of 2- . UL 1 acetoniinile: 3

(28 4R)%%BE%P%E}%%%%i%g)]%%)(id?ng?%%%g%%%%%ﬁgﬁ%éﬁ%y tgﬂﬁg r&%ﬁ rfo% 1arzl% tBri((}e%ylamine

(0.23 inlV%! §§rﬁ?ﬁé§’}4ﬁ%ﬁﬁﬁ’8f§’ﬁq§m§ﬁ8"ﬁm§ BOBE heheaEiagtloh mixture 35was stirred at 0C for 4
hours théhﬁW@%ﬂl&@W@M@r&@ﬁﬁW@pﬁ@pﬁaﬁa@S@aﬁﬂmﬁnﬁxm\m&@nﬁﬁ;
C_f;romatmmésr@om s&m@@hﬁlﬁﬁdﬁﬁﬁhmmybemﬂmwﬁ% @:@weﬁéﬁsma@a@ﬁal,e to afford the
title compyr ~ [ Al

i o e ) VG AP TS W ot -

chlorogthane; DCM = dlchloremcthane;o [PEA = diisopropylethylamine (or Hunig's base);

30 DMAC = N,N-dimethylacetamide; DMAP = 4-dimethylaminopyridine N.N-
dimethylaminopyridine; DME = 1,2-dimethoxyethane; DMF = N,N-dimethylformamide; DMSO
= dimethy! sulfoxide; EDC = 1-ethyl-3-3-dimethylaminopropyl} carbodiimide; DSC =
differential scanning calorimetry; Et = ethyl; EtOAc = ethy! acetate; HMDS =
hexamethyldisilazide; HOBT = 1-hydroxy benzotriazole; HOPO = 2-hydroxypyridine-N-oxide;

35  HPLC = high-performance liquid chromatography; IPA = iscpropy! aleohol; IPAc = isopropyl
acetate; i-Pr = isopropyl; LC/MS = liquid chromatography/mass spectrometry; Me = methyl;
MHEII = Mueller Hinton Broth type II; MIC = minimum inhibitory concentration; MSA =
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Hydrochloric acid (4.2 M solution in dioxane, 16 raL, 70.4 rnmol) was added to 2- ally] 1-tert-butyl
(2S,4R)-4- Rbenzyloxy)Rtrichloromethoxy)carbonyliaminol -pyrrolidine-1,2- Sdicarboxylate (80 mg,
1.49 nano. The resulting mixture was stirred at room temperature overnight then the solvent was
removed unde® PedmgSOichloromethane (82 mL) was added to the resigae/fedtouwadibyrtriethylamine
(0.62 mL, 4,45 mmol). The resulting mixture was stirred at room temperature overnight then the
solvent was removed under vacuum. The residue was chromatographed on silica gel (ISCO
chromatography system) using a gradient from hexane for 10 2 minutes to 7:3 hexane:ethyl acetate
over 6 nririheschdionio gt s ahogorieoBooidimon d Grerdisitrasderaibrd rhenitd Edmpound
as a dear ailetBemitd RIOS)-Bi{Benayles\i-d;0XeE k3 Zlinzaicystaidedol] reptane-6-carboxylic acid
Sodium 2 ' Q. | L 1)) ded-k5t0.a solution of allyl
(4R,68)-%§%)%%§%?(%§%§(03h %ggly%tg%ll@%%%&f% ﬁg%gné%égggﬁiﬁre%w mg, 1}.?52 minol),
1,1t-bis(6qi}ﬁ§ﬁ§)f-£9%‘"sﬁﬁﬁiw ge?ﬁ”é%é’f?gf% LAESHE Rolide dichloromethane complex (116 mg,
0.145nunol) in tetrahydisfueazp el jhapresad nominix tarcbyeeadiliyregrarsd opsaehingdeethire for 2
hours (prentpiiaterfasia)cReRtonesl cXimplasWwasmddRd i dhehesitingifaixtued Wwasisiiked at room
temperatiifdfrglioie andde mixtuisanaCrRKlluget.dhesalidyas elRaladipnd washed with
acetone and ether and dri der um to afford the'title ca?mpound as a tan solid, LC-MS (positive
ionizati 0H5 u%éﬁimgifﬁé&ﬁkﬁ,}_gﬁij n these reactions, 11 1s also possible fo make use of
(2S,5R)-Va0seiNvbipe A thampeleeg duome e 2abirye ok31dn fuistamncpt etrbokaniitened

OBQE, Nirr grehibtldd2hl., FihdrtQe, o) KiidNsHEH fepata tiRhOQEKZRR-BAeH NG 1L 210 H(4)N
eH (3).HARH0303: 0 AR WG SQNMIUBPERI LY §A0GR/0RA0 44 aRLdestgity! 4-(1
[(ZS,SR)-G-S%){%Q% lQxy)-7- XO_IJJ’:S_dIa bicyclo[3,2.1 a&-z-a%alf’%arbongl }_agn mo?)pl g eridi ne-l-carbo xyl
ate sch X Iﬁ%‘gﬂp §s- ess otherwise indicated, all vatiabies are as defined above,
(2S,5R)-6-(phenylmethasbprassocemapdiadalbiciel sfese joreatien isarbishylicsacingl: bendgrg. 509
mmol) (nSte:({hikp inte reae deapeeisdibeiabedimi WSSEHEER, 592 Example 32b) in dry dichloromethane (3
inL) was added 4-amino-1-BOC-piperidine (0.1532 g, 0.765 mmol), triethylamine (0.16 mL, 1.148

mmol), HOBT (0.1145 g, 0.748 mmol), and ERE€ © pe O
HO,C, RiN'*‘gé = “fr\s//é <
N[—*“X Heg R3,f ;\{“X hydrogen e f\i%
| H coupling reagent 4 H catalysi, solvent H
N, solvent 2N, 7N,
O a OBn O c C-8n O b OH
X={CHz}1.a _]
Bn = benhzyl
R¥ = optionally |
protected R® J
15
rR* P rR¢ P
N*"// deprotect side =4
sulfation reagent R3'/ X chain i¥ necessary Ré fmrst
solvent N\%”"H N f i
%N\ N,
O . OS0sH O y 0S0O4H

The bicyclic infermediate A can be obtained as described in US 7112592 or via
routine modifications thereof. The side chain can be attached by the reaction of acid A with -
amine B (wherein if necessary the amine incorporates a protective group) under standard amide

20 formation conditions known in the art. For example, a solution of acid A and amine B (1-2
molar equivalents) in solvent (e.g., a haloalkane such as dry dichloromethane or chioroform) can
be stirred at room iemperatuxe while sequentially adding triethylamine (1-2 equivalents), HOBT
(1-2 equivalents), and EDC (1-2 equivalents) at room temperature under nitrogen. The resulting

W



(0.1455 g, 0.759 nurtol) sequentially at room temperature under nitrogen. The reaction was stirred at
room temperature overnight. The reaction mixture was concentrated under vacuum and the residue
was purified by HPLC (30X100 mm Waters Sunfire column; 5 micron; 35 10 mL/minute: 210 nM; 15%
to 100% C1WSCRI¥818%00 TFA/water + 0.05% 1- A over 15 minutes; deSIfEAUSPOBRE I8 ites at 50%
CH3CN + 0.05% TFA/water + 0.05% TFA) to afford the title compound. Step 2:tert-Butyl
4-({[(2S,5R)-6-hydroxy-7-oxo0-1,6-diazabityclo[3.2.1joet-2- 15yl]carbonyl)
amino)piperidine-I-carboxylate Palladium on carbon (30.5 mg; 10% Pd/C) was added to a
solution 1eATEPR BT (f [1RS BRYIGIhaEpEg I PeEuBre Brd sbarmesiasis. oomBliXSEedbonyl)
amino)piperidine 14 %@Wﬂﬂﬁz&h&&mﬂo&&ﬁmﬁm rhstetbacmit(ﬁm Lpdandativermesutig mixture was

stirred updg,b Mﬁ%ﬁ%‘&%%h%%&@a; oAnalvsisshpweddng gﬁ%s&'%%ﬁzs@ﬂplete The

20reaction mixture w red thr h a microfilter and efl.ltrate %cc%] ent Lfgder vacuum to

afford tHe BESEEHHSUAG % ?ng"éﬁ RS B%v‘fr\?‘#é’ -4 Iiﬁit)% m:'lfr‘i'n

(2S 5R) br-ases2rfiphpd hervdrogrngtiAng)e ARFETHY £3395.620 %ﬁ%\}ﬁzﬁﬁi faydralvsis- 6:91 PB&ulfony]
OXIdanIQﬁQﬁftﬁrﬁoﬁQﬂ{b@ﬁ (O 06+0-5 eyl chr( 2RISR 6-tndioxyed doxbetzflic ether in a smtab}e
diazabicyglo ¢ 1106 é%ﬂ%@ggamémmm%@hn&'ﬁ@b@%@é%@a@r@mﬂa% megiddn pyridine

(0.5mL) w s trlo |de ine co 40 mmol), The mix ias stirred at
room teaR Eﬁa% R OL DU T e R e remction
‘was filtePeBIRIAE (he-seiRig \}v@ré"&/\}ﬁ%ﬁﬁd‘%\ﬂ?ﬁﬁmﬁﬁd |ﬁé*ﬁﬁ818®m€ﬁ%%%ﬁ%?h%}ﬁée & fiftrate was
collected badcHRTENtiated cogdetiactydroThpresidieavds iedigsbiwairodmepisidine (0.75 mL) and
sulfur t“%ﬂﬁcﬁxydm &%@t@&ﬁé%e@aabﬂvamgg%%fegwg@mthﬁ%%mw sieves. The

reaction was stirred for 4, hou ut ere was little change by ction was fi tered and the
sieves wWefe aasﬁrélg%/é%’ﬁraﬂl rometﬁ%{g Whea?ﬁrgfgsv%ggbgbﬁlggnwagg ey cuo anc gasegended in
saturatet¥idnwe Sugspsthsaiion dﬂ%@é%ﬁ%@%ﬁ@%ﬁ%@%mtu re was washed

W|th ethy‘;‘yaﬁﬁiﬁt&xéﬁhﬁ aemeepariﬁyéﬁawasmaﬂemmamgmmuwwmgmd)m-m HpEfogerfouifate (0.034
Th W%%f@‘f% is Adpsd siiedabduigwas sl e o g miruastbenextasiesnythietOAc (4X).
e

856PCT/ S2009/031047 organ ers combined,.dried over m sulfate,
and conB&lﬁﬁgt%gﬂﬁl%{:%g SRR oM po o%unkgx‘ em n%b P’ndme Compiex ??%’

4:(25,5RATLORER N BRsIRRdA0 P %S(éwﬁ%s&moeﬁé%@%% 1 %ﬂ@‘frfo%?tléeﬁt B iEAde:
To a solutifde@fith, A, MNetiibaety iR eA DRMIGhsiroom temperature. The resulting mixture can be
[U((é2545%ér¥e&>é9r30££l% &gﬂﬂ‘eﬁéﬁm%@X%@%EQPY:Q%}@p@%@%ﬁ%@éﬁ@t&?ﬁﬁ@?@@%ﬁ@ﬂﬁ&%ﬁgOé('dan'd
e ro hlorome e (2mlL)a n itro, e
trlflaoroaceﬁ%jgcﬁf%@ﬁ/} EJL ‘%gfhg m%rlno ropw%%mir e teadt ne %ﬁ%ur%av%étisﬁsf&tslrgg%%oﬁi Tl%our then
10concedfivatths ERRGEPT ECERIARI TP VBT HIRddEREs e RS PR kA PhEiRsd NG FATRTES S8 hitate was
collecteddointgntrifugatiohy ThersglilavasivashedundthettamiXgchaffdmtte titencompound
Contam'@?é Behuiib éf@e%mf%%%@r&gﬁg@ﬂm%ﬁ?g @Mﬁ@i&@@%ﬂ@ﬁ%@ waﬁlaﬂuratecé with
acetonitrile nd the white solid was collecte rifugatio t mpound as a
RS e S SRS oAl e Tk

white solid. ative jonizatl f)osmve ioniZation) tnie 349
(M+41), @Himima?ﬂiwmmm@”ﬁﬁi?zwl@ﬁ%eﬁﬁﬁ%ﬁ&gaﬁf@g BisyAns Vi BRI = 2.5 Hz),
3.98-4.060(Rdul(cin), BAA(2M),othhinmg Sublz)g BB Taskks, Hrdng e kRhln)ed. 02 4@iek tvadd, .T = 13,3
H2), 3.084Hkn dudite %ﬁ"@&nge%%l%]xrﬁ%c&b% &fﬁ)?dlﬂ%&éﬂ%u@)ar%rﬂ@nﬁz@?sﬂﬂﬂ@iﬂﬁerﬁ%ﬁ%&|V|PLE IA

(2S,5R) éoﬂxo N- %%%d -4- %ylnz é)m]fc()}goxol 6- dlaéabua\éclﬁ Zé'ilnf g % Cgo%«&%rgﬂ;%@lde Step

1:tert-bu diazabicyclo
y|]Carb0ﬁWﬂﬁ%W%ﬁaﬂ§lé p;E fm@g atel the present mvenmm thn a protective group is
30 incorporated in the amide side chain (e.g., a benzyl amine or ether, BOC amine, or 2 CBZ

amine), the group can be removed using a technigue known in the art to afford the compourd of
formula 1. More particularly, in compounds of Formula I containing an amino group in the side
chain (e.g. R3 is aminoalkyl), the amino group is generally protected to avoid undesired side
reactions during the synthesis. Protection can suitably be accomplished through the use of BOC,

35  CBZ, or a similar protective group.
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25To a solution of (2S,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabicyclo[3.2.1]octane- 2-carboxylic acid
(1.484 g, 5.37 mmol) in dry dichloromethane (60 ml) was added triethylamine (1.88 ml, 13.49 mmol),
2-chloro-I-methylpyridinium iodide (1.60 g, 6.26 mmol), and 4-amino-I- BOC-piperidine (1.30 g, 6.49
mmol) sequéfliaiRPAP186m temperature under nitrogen. The reaction wag¢Hgiseatsdus 50C for 1
hour. The reaction mixture was concentrated under -61 - WO 2009/091856PCT/US2009/031047
vacuum and purified by silica gel chromatography on an lwo Combifiash (40 g silica gel, 40 mL/rnin,
254 mM, 15% to 1000@?& tOA%ihexane ov&r ]F4 colunmn volumes then 100% EtOAc for 4 colunm
volumes: title compuoHd Sl SPEBO: AR If DRI ID BAF i tiA SR POMHPLs a pale
orange <ot 2 (R BURFRAE] @SieBiRYS IAREEEE Zoxo-1,6-diazabicyclo [3 .2.1] oct-2- yl)
carbonyl } amino)piperidine- | -carboxy late: Palladium on carbon (394 mg; 10% Pd/C) was
added to a solutign.@f the product of step 1 (1.81 g, 3.95'mmol) in neanene @ eHier and the
resulting mixture was ‘stirgd under m@k@ﬂrpgen (Balféor) ovirnighé'lggéﬁﬁ?”qﬁggi% indicated the
reaction was not comglet Ageti&aeid%&dmps}.and adlgﬁ?) al ca_t__a'_ly_s_&g% mg o?j@% Pd/C) were
added to the reaction and the resatisgifiadtrre was stirre dét hyslsegensthaligon)for an additional
90 minutes. Additiong?%a%%@.%'&@ﬂ’@% Pd/C) was¥dded to the reaction.énd stirring under
hydrogen was continued for an zildditional 2.5 hours at wr@h tEhe reaction was judged complete by
LC-MS ISanalysis.(¥He reaction \was filtered through a celite pad and the collécted solid was washed
well wtih Me Fﬁﬁ‘ﬁf@ﬁﬁ}fhte was concentrated under vacuum togafford the-title compound as a
colorless oil wHicH#&41884 without purification in the ne@@pﬁ{ Step 3:tert-butyl-4-(
{1(25,5R)-7-dxo-6-(SRRHG 1 6-dia2abi cyclo [3.2.1] oct-2- 20yiteadbonyl | am
ino)piperidine-I-carboxylate: To a solution of the product 8. step.2,(1.455 g, 3.95 mmol;
theoretical yield of step 2) in dry pyridine (30 mL) was added sulfyr trfpxide pyridine complex (3.2 g,
20.11 mrnol) at room temperature under nitrogen. The resultingdhick rgigtuye was stirred over the
weekend. The reaction was filtered and the white insoluble solids wdre washed well with
dichloromethane. 25The filtrate was concentrated in vacua. The residue was further azeotroped with
toluene o Pehroeel escterse paypibirinetbbafforck itiebiitie hompoime mdich: wasitlssdewithimutlptdfication in
;hoe met;(tfs(%eﬁtﬁMﬂd@@sé@%@%@ﬂ&ﬂi@&@@}@t&&%t@ﬁ% J %iﬁ%@gﬁ%‘s’wﬁ:ﬁw@lm ]_00}30%2- f
carbo : : .3(1. .95 mmal. theoretical yield o
step 3) |%@d£%/@(§10%1 %a} %ﬁe—{ﬁg?]g] 3%%@2%%?&%%5&?&%%&%&% pérl%s\gv f}ajao &e‘é‘ﬁﬁég?ﬁ%t@tgl g“acid (6.1
ml, 79 midIF TSR HE Ta i AB AR srsBdich Khrstchaidistehihaarfitbsaeetic acid
(8 ml) whaicedichad tucthesdaktivpmTheng at idenpasistierea Zt9 Caumntibjud 680 85CcMptetetsy LC-MS
analysi&&b&fbﬁ@@@@ﬂmte(big.yﬁﬁw 1 e Ersi ﬁ;@tr)ﬁmggl%g n%qig%/@p 1@%1@1_*. (%r}g?[gggg?gec%a(.ceds.s TFA
ang,org | solid was collected via centrifugation, dried in
vaggo, t%% %@uﬁé}lé%%éf I@eg p@#\%{é}%% ?%%%éié%‘%rﬁ%‘%%%sgé%%}ﬁ§i%*§8ﬁ>ecwu S2009/031047
phenon{seﬁr%%?@fﬁmi% PR BB SRAM I RE IFRERSIHISBSRESHRN, A2 2R, 10 0B%6750%
methan@iliaes iavehasamifuds; stshesimpoundesinadezat 10% methanol/water). Fractions containing

the title compound wexstesakinecoandiyapbil e grevarighiisoafiordibe 4itle.copRAuMmE asa white

solid. LGeM2knagaiive PHizationmaniel misBAF AW Edouble bond and X is CHp (sEAMELE 1€
(28,5R)-7-0x0-N-pip rldln-4-y1-6_-(§$g%)%< -1,6-diazabicyclo[3.2.1]octane-2-Carboxamide StepBenzyl

4-[Htert-STRBGAEHER RSB :ficarboxylate
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4-(N-BOC amino) piperidine (17 kg, 84.88 mol) was dissolved in DCM (90 kg), triethylarnine (10.14 kg,
100.16 mol) was added, and the resulting solution was cooled to 0-5C. Benzyl chloroformate (16.51
kg, 96.76 mol) was added over 45 minutes while keeping the temperature at < 25C, after which the
solution was"déH 6P B¢minutes at 20C. 2 M HO (61 15 kg, 118.13 mol)Rvadtersasided over 10
minutes while keeping the temperature at <25C. The mixture was agitated for 10 minutes and then the
agitation was stopped and the phases were allowed to separate.. The phases were then separated
from each other, and the organic phase was distilled in vacuo to a volume of 35 L. Isopropyl acetate
(89 kg) was then added, and the batch was concentrated by vacuum dlstlllatlon at less than 35Ctoa
volume of'- 50 L to crystalllzg‘theﬁfo title product. Heptane (47 kg) was the ﬁﬁﬁﬁ WE PrE minutes,
and the resulti lurry cooled #o Bnd aged at 20C ®r 20 minutes, after which\thé q;,gé‘ﬂ slurry was
filtered,, ed with hefuieq IsRsey% gHcrtriedd Sweep on the filter tobgéeestitestitle product as a
white solid (2MF7EKY; 87 %M@ AMR,(003) 7. .33 (Sé‘glﬂ)\l °4 47 (1H, m), 4. 11(2 H, m), 161
(2 H, m), 2.93 (2H, m), %9@%1 45 (9H, s) andd.30 (21-1. m) 25 Stéug group
4-amittopiperidine-I- carboxylatei. 4-( Boc amino)-CBz piperidine (24A kgc?&zﬁhﬁdmol) TiF (65 kg)
and 5 M HCI (23.0 kg, 11F444/f#aig"combined and heated to 30-35 C for -2 hours, and then at 30
55C overnight. After cooling the reaction mixture to 10C, dichloromethane (97 kg) and 10M NaOH
(7.97 kg, 14512 mol) were added, while keeping the temperature at < 25C. The phases were
separated arjd the€ organic phisie ma&ﬂ«e@hed wilt 2 aCl solution (25 L e WO
2009/09'58516P /US200940820E ganic phase was dlSﬂﬁEﬂ&ﬁlmd\é hefic gressure to a

volume of 7@ L. %%&f@% kgg Was ther‘%ad nd the mixture w§s Eg* trated by

orom
distillation to a yflurmg, % & product ution in DCM (17.2 kg IY0A.). 1H NMR
(CDCI3) 7.33 (5H,c;m) 5 14 (2H, s), 4 14( H hrs), 2.87 (?ﬂ-l Ry 83 (2H, m), 1.66 (ZH, A9 ekt 1.28
(21-1, in). Step 3:Benzyl 4- { [1-(tert-butoxycarbony1)-5-0 xo-L-prolyl] amino Ipiperidine-1- carboxylate
NH Bn00 Bn0O0OBNOO 102- Hydroxg pyridine-N-oxide (811 g, 7.3 mol), L-pyroglutamic acid (9.43 kg, 73
mot), benzyl 4-aminofiihERdTHa %%@l%%%@lwm%Immmemwm mol) and
dichlommetivzammi@d:hig) iwerdvarix@cktogktheiiand aghdﬁi@%fﬁﬂfr&ﬁdmmﬂaﬁdﬁléﬂrmﬁhmk slurry.
1- (%Dlmatmé@mm&%@wa%&&'aﬂ@@m%' egaq@mﬂmm %%(ﬁﬁé&ge %638&%)@ §,added in
portlonsé% |lir ﬁg ‘r\ﬂffmkf)e%% Sratu Valat <g he slurry g%as th §n age 25C for 30
minutes, after hIC LY, o) iorlc |d OFKG B ul%oeﬁ W88 Bﬂ%‘é@w&e left to settle
overnig ﬁ?’éﬁﬁqﬁ@htgé‘bg?éféaedaﬁd‘tﬂ@ BRI BR A8E e eRetiow isstreieit( 284, spahert 8arbonate
(109 kg argthe msohetswitdired doideatomitnbe, final kolume-bhhiqlalepe d8fakgiwas.added and
the batchgomieshiod CuliieRiy bARSIRONIR A2 Ko c%%génregﬂmméagmm Aigpyridine
(223 9, 1, }Erﬂ%) \q@ﬁe%}%ﬁdel%t%)c Qeth atch Qd the S{g,'y ﬁpn was w Sﬁ_) C and aged
overnight. The batch was then concen e?te%nb BioRTSESN S’\’?&IH}% KRRIRiBHAF Bluene (882
kg) wasta&é@adﬁ&ﬁ%é%‘é{?&??ﬁﬁﬁ%&reé%éﬁﬂé’m@mﬁl%ﬁswé?lla’em@ét(@@‘k@l) was added and
the resultiiyisip rgendascigedddutOcaimbeshiteitatiey Hdlg Lurdsadben)addediticapithse to the slurry
over 30 wiifpuiefrandiNeclwnyatageshion 30Minkigs henfitaiad.washedwith iseprgpy!
the like. The reaction mixture can be stirred until the reaction is complete (e.g., in about 1 to 24
15 hours}, followed by recovering of amine K using known techniques (e.z., concentrating the
reaction mixture under vactuum and purifying the residue via chromatography). Amine K can
then be acylated with M in the presence of a strong base such as DBU (~ 1 equivalent) or the like
in an aromatic hydrocarbon solvent such as benzene, toluene, or the like to afford an intermediate
urea which is recovered using known techniques (e.g., washing the reaction mixture with
20 aqueous acid, concentrating the washed mixture under vacuum, and purifying the residue via
chromatography). The acetate protective group can then be removed using well known
techniques and the resulting primary hydroxy group can be activated by reaction with ~1 to 1.5
equivalents of tosyl chloride, triflic anhydride, or the like in a non-nucleophilic solvent (e.g.,
dichloromethane, ether, benzene, etc.) at low temperature (e.g., from 0°C to0 25°C). The
25 activated hydroxyl can then be treated with a non-nucleophilic base such as DBU, potassium t-
butoxide, t-butyllithium, or the like at low temperature (e.g., from 0°C to 25°C) to afford
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25aceiate/heptane (22.5 kg/17.4 kg), and then dried in vacua at 55C to afford the title product as a
white solid (27.5 kg, 95.5 wt %, 82%). 11- NMR (CDC13) 7.33 (5H, m), 6.19 (1H, m), 5.13 (2H, s),
4.48 (1H, dd), 4.15 (214, m), 3.97 (IH, m), 2.95 (211, m), 2.73 (HI, d tr), 4.65 (lll, in), 2.61 (IN, m), 2.18
(2H, m), 1.43@124P 46 1 30 (2H. m). WO 2009/091856PCT/US2009/08104ZiBtepidiBenzyl
4-QN-(tert-butoxycarbony1)-6-[dimethylioxidol-2,4-sulfanylidene]-5-oxo-
L-norieucyliamino)piperidine-1-carboxylate Cbz, KO-t-Bu, (CH3)3S01 Bocz Potassium
tert-butoxide (9,58 kg, 85.38 mal) was added in three portions to a solution of trimethyl sulfoxonium
iodide (1834764 Bimedin G AR cet datravarsdsse rynied jsgsndmdarheada at 20-25C for one
hour, follpwedtiyyaddickommoftiie: statdiginvateriall bemaylio those skilled in the arts can be used to
4-{[1_-(teféﬁﬁﬁ@wwﬁbﬂéﬂbiﬁt&i&&i&wﬁyggm@@&ﬁi&%ﬂé@é}%@%&&@g%ﬂ% é@ga@@e%?nmﬁ:r)(ilg fO;Jr
portions gy, ut ﬁ e utes, at Water nd.seed materia g
were ad(ﬁég %f%)otﬂerg %ﬁr gt% |§I§t%)§9v%i lE)S(l:r)(]:jar":) ﬁﬁ%‘éﬂ '%hﬁ%%fd’f\%?egé? %gﬁ%%ﬁ g}&‘éeé}o s€ed is preferred
as ittypiEETEPFotAtHELS Fshy UohTete it BrolkiEhAbP retkry iy d iy tirbasap erdsfiwas aged at
20 C for 3tttk do: p0UCNaGrsah RiGeSusgyovpsdatdedrovercinhout winitewadispingithe
tim perﬁ_ﬁ@éﬁrﬂ&lﬂ%!@%ﬂﬁe@gsﬂﬂﬁlgMM@W}%&@%&@Q@%@@&@M@@&%. aéféﬂf%ﬁ g},f%migyt_ a; 30&
after whi S ilter t es with.water (: J dried under
vacuum g{?g@% %gﬁg%%?%é%%ﬁ% p%%%?c?tggg %R%g%/%lgwas{oﬂ?%?éﬁ?g%a %f@éﬁh@qgé ISTCI:B) 7.49
(1H, br sYMAPE@PLIIFACE Y1 BHE MoK RrSiacasple (31 hosivslemns e (31% m), 3.45
(3H0s), 3ot(@d Besiedrod@uiBeimhzdag b ren)y @r@la(tiipdrine] ds®g (Giddan)<Li88y(6L % s) and 1.44
(2102H, s)-aften *5;Tmr@d@wlilé&%h%:ﬁﬁég{ﬂaﬁ%&m%@@m%m&wigig%%)@Wﬁ@rb0r|1y1]-5-d _
oxopi -|- ; ( T/U. K ridium cyclooctadiene
R N e e S TR
vacuum Hegerrseisd s ds S sdartHee s gArginY TirnitsHeh BYSEHute2 GHér which the
solution waineyaiaethty LO6HE rapsuhdtiving fattrehylides Staetimg mibtewiaio( 27 0adkih ¢ 50v22mdyin DMF
(%85@%&@1@34@%@@@%@% : ey bregassia qr E%Jélgb% i@ﬁ%ﬁﬁ@%ﬁ@%&ﬁﬁ%ﬁéﬁ'@ﬂﬁ@d ; é)yh )
subsurfage sparqing.with Ritr r 30 mi | solution was then ed.to the hot
catalyst gga'g&(%q@o%%iﬁggi}% él@'?e%g \{’v%ualfzgﬁrge%?r{%%g{rﬁj&?gt%%ﬁoggﬁ%%?efg’dgff% ﬁ%’ﬁ?e%ﬁ%%%’%& The

reaction TXHREVHEE Qge et FOEEABPUBUARNRELS Spl T EoblutaRe b (R R E URgHhitgaction
mixture wathevalshed iteddith Suesatitsitnhehiblidegohstiom@lzeddi Ry thejugatiomatder(81 L). The
organic asiditQagiesuuphasnsese separaieduanthinendalusnr Was demovrd framathgorganic
ohase busfsilpian yagedoayelumeel i6dand e dlied s Alriedigligpaicd then used
directly in the n géste ~=tep 6:tert-hutyl (2S,5S)-2-{({'| , .

-[(benzyl% Neay ﬁ?/rﬁ%iéseriﬁﬂ?iﬁ%%?ﬁiﬁ‘ﬁ ERHSEIRIIYE S4B Ry Brebroendine  Med b pgadard

Lithium berdhyal tiidgangtion (22.2 kg of 4.1 M solution in TI-IF, 101.9 mol) was diluted with THF (290
ko), after which methanek(iRGkaknpsvaddecrimRel antlihe selutionrurddr30 miruesbhefore

cooling te,:4( ..AsQlui ] indoluer gdn .- N lution iny tol , 101.9 mol)
was addg%étg tg%i ,a%%%%&fgii%ri e sg? uz?i é%é\}vg%%g@ﬁ&’ il -;ﬁe%%’}kég e H&E‘?ﬁ(’l& Eﬁé‘{ﬁﬂ?
25 employved ina madified Torm to preciude undesired side reactions at the protected site.

Protective groups suitable for use in the preparation of compounds of the present invention and
techniques for adding and removing such protective groups are well known in the art and include
those described in Protective Groups in Qrganic Chemigtry, ed. J.F.W. McOmie, Plerum Press,
1973 and in T.W. Greene & P.G.M. Wuts, Protective Groups in Orpanic Synthesis, John Wiley

36 & Sons, 3™ edition, 1999, and ond edition, 1991, the disclosures of which are herein incorporated
by reference in their entireties.

The present invention also includes a process (alternatively referred to as Process
P) for preparing a compound of Formula P-TI:
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maintaining the reaction temperature at < 0 C. The reaction was quenched with a solution of acetic
acid (30.6 kg, 509,5 mol, dissolved in 183 kg methanol), while keeping the temperature at < 20C. The
guenched reaction mixture was then aged at 20C for 1 hour, after which it was concentrated in vacuo
to a volume BfAZHYI9#EEthanol (203 kg) was added, and the batch 25distieltiszoeume a volume of
184 L. Jsopropanol (294 kg) was added and the batch was distilled in vacua to a volume of 184 L,
keeping the internal temperature at -30 C. Seed (5 g) was added (note: crystallization will occur
without the use of seed, but the use of seed is preferred as it typically provides a more consistent
product and a better yield), and i Lwas aged for 1 hour to form a seedbed. Water (560 kg) was
then added over -60 minutes, followed by Othe agldition of isopropanol (111 kg). The slurry was
filtered, washed three times with M'I( ), and then dried in vacuo at 55C to provide
the title product (26.74 kg, 57 % yield from ylige). IH NMR (CDC13) 7.33 (5H, m), 6.17 (I H, brs), 5.13
(2H, s), 4.61 (1H, m), WO 2009/091855PCT%J8209“9#Q3&§»4% 4.11 (31-1, m), 3.94 (1H, m), 164 (1H,
in), 2.98 (2H, m), 2.59 (1H, dd), 2.33 (1H, m), 1§2W4H,,17 (TR1a), 1.63 (2H, m), 1.48 (9H, s) and
1.35 (2H, m). Step 7:Tert-butyl (2S,58)-2-[({1-[(benzyloxy)carbonyl]piperidin-4-y1) amino)carbonyl] -
55-(f [4-(wifidoromptisys) phenyl]sulfonyl)oxy)piperidine-l-carboxylate The alcohol starting
material (26.6 kg, 57.7anol) wasdissalveshin flichrrarmethane {A2@ kp)iand passed through a
cartridge of activated carbon. N, Ndimethylaminopyridine (1.06 kg, 8.66 mol) and TEA (11.1 kg,109.63
rnol) were added to the 10alco solutlon foIIo by the addition of 4-trifluoromethythenzenesulfonyl
chloride (18.0 kg, 73.6 mol) a Iy%l nin di Yororﬁ@tha e (30 kg) over.20 minutes at a temperature
of < 25'C. The batch was then ged ifor 3 hours, after;which water (110 kg) was added, while keeping
temperature <25 C. The phases wemjepalaxeﬂ\?aud{ r)ic phase was washed twice with water
(80 kg x 2), then with aqueous HCI (15/L of 37wt% con entra ell,FICI in water (80 kg)). 15The organic
layer was diluted with dlchloromethané)(75 kg) arfd disti vaeuo to 72 L. MTBE (157 kg) was then
added and the batch was distilled in vacuo to 170 L to crystdllize thgpipduct. The slurry was aged for |
hour and then heptane (58 kg) was added over a period of -20 minutes and the slurry was aged at 20C
for 18 havitk. a]ihﬁcﬂgedfﬁldﬁﬁtmmmemﬁﬁﬁemﬁiywa@heﬁiwmzlﬂgsﬁaﬂ@(ﬂo kg) and MTBE (40 kg) and
dried on ¢he filter using a stream of nltrogen for 24 20hours to give the title product (38.3 kg, 98%). 1H
NMR (Cp§ ) 8. ZOHgZH d), 7 85 2H g in), 6.09 (1H, br sg 5.13 (2H. s), 4.59 (114, m), 4.46
(114, m) ‘(’ﬁ#‘rf Ry - ‘ig l;'ﬁ’%%f%"(lii‘f’ﬁmﬁtﬁ‘gf SPRIDFT 88 (1H, in), 1.48
(9H, s) 5?]?" ’(IEH m) WO 2009/091856PCT/U82009/031047 Step 8:Benzyl

41(((25. @%JS%EHZWammoThlpe d yll carbonyl Jamino]piperidine-I-carboxylate Cbz0 Boc

OBrOBRMBAH3-br@BERE Chz
R4 is H or C1-4 alkyl;
T'is H, Cl, Br, F, C1-3 alkyl, O-C1.3 alkyl, OH, NHg, N{H)-C1.3 alkyl, or N{-C1.3 alkyl)z;
pis zero, 1 or2; g is zero, 1, or 2; and p +q = zero, 1, 2, or 3.

Compound P-I1 is an intermediate useful in the synthesis of certain compounds of
15 the present invention. The amine protective group PU can be a carbamate (i.e., a proteciive

/
ROC(0)—N
group of formula N in which R is optionally substituted alkyl, allyl, optionally

ArCHg—"N’;

substituted benzyl, or the like) or a benzylamine (i.e., a protective group of formula A
in which Ar is optionally substituted phenyl). Suitable carbamate and benzylamine protective
groups and methods for their formation and cleavage are described in Protective Groups in

20 Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973 and in T.W. Greene & P.G.M.
Wuts, Protective _Groups in Organic Svnthesis, John Wiley & Sons, 3™ edition, 1999, and 2™
edition, 1991. In one embodiment, PG is (1) C(=0)-0-(CH2)g-1-CH=CH?,
(2) C(=0)-O-CHy-pheny! in which the phenyl is optionally substituted with from 1 to 3
substituents each of which is independently hale, -NOg, -C1.4 alkyl, or -0-Cj.4 alkyl,

25 (3) C{=0)-0-C1-4 alkyl, or (4) CHp-phenyl in which the phenyl is optionally substituted with
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N-Boc-0-benzylhydroxylamine (8.65 g, 38.7 mmol, as a solution in DMAC volume 38 mL) was added
to a solution of potassium tert-butoxide (4.35 g, 38.7 =lop in DMAC (80 inL), while maintaining the
temperature between 18C and 25C. The solution was aged for 30 minutes after which time it became
a slurry. TheVsQ 8t tarting material (20 g, 29.9 mmol) dissolved in DMA&GUambiwmas added to
the slurry over 15 minutes at 20C, and the resulting mixture was heated to 40C for 3.5 hours and then
left at 20C overnight. Water 10 (350 mL) was added to the mixture while maintaining the temperature
at < 30C DC S and.the eparated. The grganic phase was washed
three timeg W?fﬁévax%t%g "g%'e%s Yiw's :?)F “@1‘8(;\&%@}?38@ 3 ?’c D QW Hehalry rlferd‘i?f‘@bﬁatmosphenc
pressureatisvh \Ielefmél@;‘feeﬂammattei’%méwmmnmwﬁmmqmmmia(MM)and the solution
heated t@@ﬁﬂ&@éﬂfoﬁﬁ@@&) ThasmbipnwasiRansralad: iR RG A0 AN NAOH (200 mL) added,

15fo||ow he phases we parated, and the organic phase was
washed y q%#%@g CL[Q%&;A_@P _egﬁks){agﬂ s(\)/f/{g t19 %%(%b ?g%%i%ﬁ?é Whbhitrile, volume
501°hL p ?gﬁﬁv &ﬁ%“&

ﬁmie’é‘qg 1h55%d on product assay) was added as a solution in
acetonitrile (40m L) atQber @?@mmﬁ@mm MIBE(dsthelfpivasitherl pRiteth&@RY the slurry was
cooled 20€h &fEdoab20Henyl,; I(ﬁx)r’,["amﬁ{tdﬁ@x filteredidcigive)the ;gtle &O@}gd % PR Monoresylate

crystaling salt{ 8@ 8.0 SN (SO0 L &g ﬁ(‘%’ rWs.g;L %eg e gﬁshH m), 7.20 (31-1,

m), 7.14 H, d ¥ §61(2H m),
3.23 (2H ("’E‘f%‘@% ?Lgég OHB 1"%’?{5%6%5‘3&?&11% RS emﬁe%@ﬁéynem -
4-(fit2s, Sf—@fﬁﬁm@ﬁﬂﬁdiy) 7-ox0-1,6-diazabicyclo[3.2.1]oct-2-
ylicarbonyllamino)pip&tiginerearbomd at@amolecular %@%Y&n of NH using a ketosulfoxomum vlide

4-[({(2S, loxaami r icar end ne 1 te in the form of
a tosylati?e}%:)zé{%1 ﬂ %V%zgv?/gsﬁ s{%gf}r?é% in-di B rome i?)é \?ﬁﬁ% %
NaHCO?fEﬁC %%ﬁ’ staberEinnG Wé%gm%(mgfél?ﬁlkﬁ%ﬂwwﬁé@ gigorously for

30 mmuf@%zoﬁﬁ‘é’%ﬁ’ée@ werteeparatddn andhetegaicphase wias mwashed Wwith waterfé0.5 kg). The
orgénic prrsplwvésthield distitpdatsaterospiigtic pressucd [RC2DICTplewed Bysthe adgition of DCM
(108 kg). DIPEA (5.2 en.added an tch Q0 edt Triphosgene
(3.01 kg .’L 14 mo é%géﬁf §%§1&9 gd:{g%rltttlor‘s?% \J/\(fhs?evﬁ%tg g|1u‘lmtt}% 8r‘rf1€nesré u?'égg Zﬁ‘ﬁt@ After 30
minutes & 1 GETIES gf) & id gg Wiiloed E@?aﬁﬁ M@?‘B’HB%B?@&@RPW@MW&H) was
added, %ﬁh@%ﬁ’ﬁé‘ﬁlﬁggﬂ’s&{ Po@rstkaright!Teeophtisdbonane septrdteilydhdtthe, OEHE)isphase was
washed wikte BHI % Mafde€a3(Rerkey andwwater (25 kg). The organic phase was then distilled at

atragspheric pressurerip 30, Fthanalf 7»&89 ?ﬁéﬂ: :g‘{'? ed. Jollowed ition 9f seed (10 g).
f SRAEY
e N e T

typically prqvi ore cons zg? e
volume B%%‘@ (EYRRER) Re Staransiag @W%“M%W‘Fﬁ@&fﬁﬁﬁﬂ Vg iHés)dooled to OC, filtered,

washed Bt 34 eitand B thdn ol (3000 (BRbiridd H(Chs fitteT Chslacailyageo sieany, to give the title
product @mkgc%afm&wy@@%m%a%&g Qk@%?:%yrﬁaﬁ% b a8 e 07 O )

?1?% (;I_n?ag) et (]%Igls-{s)g})fgi@(%ﬁ(lj m& ? 31-1, In?2’2 .65 (1H d), 2.38

mene
[(2S,5R

PB”‘W%W %3?%93?%?%9&6@??31@0@? WMHBB&}B}%HE@M@@H dine-I-carboxylate
wo 20091bId36RCAIER009/08164 % Qir(COD)CI)2 BEnzyhdikt is typically employed in an

(R sSubampdosis o Selirabpell adios Sulesrs nxm}am P beiden parboxtate

starting mgterlal %1 9 e 97 wt % and Boc20, were c e ‘and the

solids ware dissolven 1A ﬁ’grtlfgef_i) W@@QBRHBR Wﬁgetﬁ ﬁcﬂﬂé}ﬁ’e‘ﬂ é g’ﬁﬁ?ﬂl“‘éﬁéﬁ%}ﬁon reactor along
withf Pd@1a§2t(184.3 g) and another

The reaction in Step A can suitably be conducted at a temperature in a range of
from about 50°C to about 130°C and is typically conducted at a temperature in 2 range of from
about 70°C to about 110°C,

An embodiment of Process P comprises Step A as just described above wherein

35 PG is Cbz, to obtain Compound P-Ta (= Compound P-II in which PG is replaced with Chz), and
further comprises:
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portion of THF (10.8 L). The reaction was carried out at 45 psig li2, 23 C for 5 hours. After the reaction
was complete as determined by HPLC analysis, the solution was filtered through solka flok to remove
the catalyst and the filter cake was washed with THE The filtrate and washes were then solvent
switched byW&ct# g llation to EtOAc to a volume of 10 L. 10 ApproxirReRUsBOYBIBAC was used
during the solvent switch and the THE level after a constant volume distillation (10 L at a maximum
temperature of 20C) was determined by proton NMR to he 4 mol % THF:EtOAc. The resulting EtOAC
slurry was aged at ro temﬁperatuEe for 1 = afte hexanes (4 L%zﬁ’{hs adde £ 1 hour at
room temperature. The sIurry FVas aé’e oran a&ﬁlonal ‘Illélﬁﬁ e &ht
concentFiBR I Bd Heasured 15(target: - 6 mg/g). The solids were then filtered and washed with 60 %
EtOAcklexanes solution (3 x 3 L) and dried under vacuum and N2 at room temperature to afford the
title product (80% isolated yiefd: 0 MKz, CDCI3 ): 8.60 (hr s, 1H), 6.67 (d, J= 8.2 Hz, 1H),
4.12 - 4.00 (m, 2H), 4.00 -3.91 (m .89 (, J =7.8 Hz, 1H), 3.81 -3.76 (m, 1H), 3.19 (dt, J=11.2,
2.9 Hz, 1 TI), 2.90(t, J = 11.9 Hz, 2{ 827(q; J— 3Kz, 1H), 2.45 (dd, J = 15.0, 6.7 Hz, 20114),
2.21-2.11 (m, 1H), 2.02-1.85 (m, 3H) .80- , 1H), 1.48 (s, 911), 1.44-1.30 (m, 211) Step
11:The sulfate tetrabutylammonium salt 01 037 @tpicoline, THF N ,H 2. K2HPO4,
BUNHSO4,NIH DCM 0OH00303-BuN4+ tertcé\‘?yl (P-I1I); and
4-({[(25.5R)-6-hydroxy-7-oxo-1,6- d|azab|cyclo[3 2.1loct-2- 25 yllearbonyllamlno p erldlne 1
-carboxylate , (3.0 kgg/q'HF aﬁsmg JoreBRAEEE GIfIIf)’lgh%l Q%’l‘ﬁ?@fé(% G} iere
chargedibe préaskeustdarenittyganndlinexntbbrimwasopseed FEhﬁulleEemgeneous mixture was
allowed to stir overnight (-15 h). DCM (8 L) was WO 2009/091856PCT/US2009/031047 then added
and the mixture was concentfted byvacuum distillation, removing -30 1., of THDDCM. Additional
DCM (28 L) was added, followed By thé hdditBn of water (20 L). The flask was placed in all ice bath
and K2I1P0O4 (2.20 kg) was adde(j m ~fellowed by a water rinse (1 L). Bu4UNHSO4 (2.90
kg) was then added over 10 minutes ollowed by add|t| nal »@ter (4 L). The biphasic mixture was
stirred for 30 minutes, after which the'botto A $h vﬁtﬁ gred to a 100-L extractor via an
in-line filter. The aqueous layer remaining in the flask was rinsed Eldmonal DCM (2x 4 L), and

then also transf the ext torgA&(nall amour;!)lof agueous Ia;ggr (-2'L) had alsp been

transferratt Shd h‘é 83%8/&% 8 SR P PRRB RS Ret STt e P e B SR ctor and
washed SHfh S Xieepisdwirdrispdentinat4 8the bﬁd@r]ﬁ@]@egvgds%@ﬁhka?e@bﬁ%ﬁ%@éﬂo a new
flask viaBanfinelifeOfi€2) Thet ikt rer @as soivehtadkyitched to 2,2,2-trifluoroethanol by vacuum

disffation (34 L final g% am%eﬂead%lgms ORRteg, AL Rale TNyl Elgher tivation

was 190 smaller ment us ame procedure evaporat|on of the
Sohvent GBS i PPN o 2 GHE GBI Or AT CAO0 WP 5 B ). 156,65 (0

J- 8.4 HzFHH), 4.37-4.32 (m, 1H), 4.18- 4.00 (m, 2H), 4.00-3.89 (m,1H), 3.87(d, J=7.7 Hz, IlI),
3.36-3.27 (m, 9H), 2.95i2b10 gk 24 p@eiS (d, Hteil B.2obludd LGP, A0 I ERBA (B1QNIBH14)
2.24-2. 1 (mp2bl} Ha99 E}QQ@E@"%& ARAOP(GMPAL-1), diehd (% Blkable Jd@-A BEDs LA,
2H) . O ﬁ%}ﬁ
12: (28 éo %Y o-I\%%lp r% In- -yf GP( %egxlile)dlicgl% B‘l(i:rflcc]lld[%Iﬁ%ﬁ%c%gne-@}%rboxamlde 1.
HBF4-0Egucing agent is typically employed in an amount in a range of from about 1 to about 2
equivalenis per equivalent of Compound P-Ila, and is more typically employed in an amount in a
range of from about 1 to about 1.3 equivalents,

The reaction in Step B can suitably be conducted at a temperature in a range of
20 from about -20°C to about 40°C and is typically conducted at a temperature in a range of from
about -15°C to about §°C,
Step C is conducied in an organic solvent, SuHable solvents include
dichloromethane, THF, ethyl acetate, and MTBE. A preferred solvent is dichloromethane.
Exemplary sulfonyl halides suitable for use in Step C include methanesulfonyl
25 chloride, chicromethanesulfony] chloride, dichloromethanesulfonyl chioride, benzenesufonyl
chloride, p-trifluoromethyibenzenesulfonyl chloride, p-toluenesulfonyl chioride,
p-bromobenzenesulfonyl chloride, p-fluorobenzenesulfonyl chioride, and
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TFEH2N---")0 2. NaHCO3 ' 3. crystallization H N 0 0503- The solution of Bu4N+DSO03 salt in
TFE (34 L) was used as received from the prior step with an assumed yield of 100%. The reaction
mixture was cooled in an ice bath, and 25 HBF4-Et20 (1.57 L) was added via addition funnel over I
minutes betWdeHAB@1&#d 22C. The resulting white slurry was allowed torstir/ovmmighingt 2 hours). 1}1E
(-15 L) was removed by vacuum distillation. DCM (15 L) was then added. To a 100-L extractor was
charged pyrogen-free water (35 L) and NaHCO3 (274 g), and the solution was cooled to I3C. The
reaction mixture was transferre vacuum jnto the extractor, with temperature of 11-13C. The 30
reaction ﬂ%ﬁﬂwg\ﬁﬁﬁﬁ%%n Wi ﬁngﬁ(ij%%%%gﬁ‘ D@?\fﬁi?%q_)s‘éﬁ iﬁé@ﬁ%ﬁt‘ﬁég‘f?ﬁg@g%ﬁgferred to the
extractorctiefeFEHERsH Hrtl & wadenriribwionegis beeacacsalfoyd ghlvaideandier (12 L) was added to
solubilize-&iicinetsalidsesTitfe:fihahid dvas 4nbfetied arifemit Haliét was separated, and the WO

2009/091,356R6: M RABOUARLANS A0URGHT.[2YEE WARWRRIESWINREM (Bl InAfsay of the
aqu ousaII%X&rltsipl%wed Zﬁr%%(c%%l%%éa - “Th.eﬁgjlégous layer Wa5£: a{rfgqed toa %Ieandflask. The
solu%on was conceﬁ?&fze y vacuum |s%ﬁ%ftlon°?ouﬁ6v\? Wra 6‘{%?%0 SRTRERWIATFRI At this
time, 1HRVREHRIGANR SopiReiPn I smeaibTeate @t HeBraze deorhsial LS shwsanind 24.6 L of
IPA. IPA(£22, Bpawa s .addetvalEns)white crystalline solid was filtered and washed with 7:1
IPA:de-pyrogenated Wdietethitrl hanst ciisgrodesratinmuanth Nitingendtd 0ansismpaalsg to afford
the title product in the fo f a.crystalline,channel hydrate, 1. %, water. (Yield = 1.715 kg, 57,4%
over Stemgiﬁsa?r? .S?LS% .QﬁrW é‘%ﬁ{%ﬁ&%g@r%&a@gibﬁ)ﬁg gﬁ)?é‘.ﬁf?ﬁ?%s%% ©1H), 4.01(s,
10149), 36 B EPEAN pPloyEl (@ apagepniin apnsod(Hamabept 1o Fexs 3Rqyizdee DS(m, 41-1),
2.08-1.9¢¢mydikt), & Oostipp@fmh PAH) add25:10B0{rpicd ) EXAME] &1 202moGinysialtiaganodehydrate of
(25,5R)'Zb@ﬁ@iN‘ﬁJ@%HQ@Q‘éqMﬁrﬁeﬁyUQ?.Z‘X%‘&@L@%%MQ@’)@'O[&2-1)00tane'2'Cafb0X3mide Part
A:Preparation EXAMR, %rloct' C%r §tal ' g rlyon%)ag ‘ggtg o_fmt ; fure i
(2S,5R)-7-0x0-N- icgeri m-ejl-ylf%c’g;utﬁ%oxy%;f}g- d|az§)B‘|éych[§.f.%gféﬁgﬁfgﬁrmﬁde Part
A:Prepaf&iBifbout 0°C Ralpihlis @8 srypicaikocregnsEndhadspne @ik ggnesee! from
diazabicybtof3l 2°Cloe et 25°atboxamide (1 g) and deionized water (5 int) were added to a glass
_zzv_ial, andhthe reSU|ti@&&h&ﬁﬂ?&?ﬁﬁ@ﬁf%@r&%@@ﬁ%ﬁﬁf@&ﬁ%tﬁ?ﬁ; BR @%‘ﬁ‘iﬂ%gﬁé%gdian BO>| )
indicated that cenversign.t ifferent form was ete crystalline solid was then collected by
gravity f?ﬁ?gﬁ%r‘?}%eﬁa%sﬁp %c\)g%bg{r}] ?gtam g%ﬁﬁ%%%@y%%ﬁ%é%fu r(r)f/Il Egﬁeﬁlternatively be isolated by

mper
evaporative removal Wiich, conﬁé@ﬁ%é%@?ﬁéﬂﬁ@%rﬁf@i@@@%@ﬂﬁwﬂm@b%Suih% gimL at
room terppecatara)adase to obtain a compound of Formula P-V:

Chz .

N\@ O
RNy
™ R* N _Boc
/ [
Boc

f

()  treating Compound P-V with an acid to obtain a compound of Formula
P-VI:

Step D is conducted in an organic solvent. Suitable solvents include DMAC,
25  DMF, NMP, THF and DME. A preferred solvent is NMP.
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30result in a higher yield. Drying can dehydrate the crystals, and thus drying methods _
employing vacuums and/or high temperatures should generally not be used. Controlling the relative
humidity of the drying environment can minimize or avoid dehydration. For example, the crystals can

be dried usig&2aitregacsteam with a controlled moisture content (e.g., in@re@esekfrgm about 40%
to 35about 70% relative humidity) to avoid dehydration. WO 2009/091856PCT/US2009/031047

The crystalline hydrate can also be obtained by slurrying in a mixture of isopropyl alcohol and water
and using any of the |§olat|on procedures set forth above. The ratio of isopropyl alcohol to water is

suitably about 7:1 by VSHARE 1Bt B-tiFRa R EERssdd i o P Dp beterikake fystanide monohydrate
preparedéiiaBcsrioriie. WEMRS rmedideHd@asrive diassRiliahiadb genecattds @ bi RhilipsiRanalytical

X'Pert PigaX-bay pidwsler diffagtameter w@ﬁ&&%@ﬁ%@%ﬁ@@ %@&%QQW scan fromT‘L to
40 degr e APRPLKSAIP W%és%%'éf‘ﬁ HolRNag,{Ka?) adiaty %Q%Vﬁ%s é‘ﬁ% > fhe source. The

e sam e at room temperature an osphere. The

10 expe was.conducte
S H;n R %ﬁ)dm ?m:ﬁﬁmﬁwﬁfﬁ}&lﬁg?ﬁﬁdtﬁé@cﬂ%%éﬁﬂm RY@@I‘%%E@(RPD pattern
|nclude tﬁ@ﬁélbﬁl\ﬁﬁgﬁ’m@t@@ 2-XRPD b enpérallineimonoh drate Peak No. d-spacing (A) 2 Theta 6.5

13.52 5.7 15.5 3 5.6 Taed VA R0d-O/bénbythydlskyl firfine Lyhically employed in Step D in an amount
in a range of from about 1 o about 2 equivalents per equivalent of Compound P-IV, and is more
typically employed in an amount in a range of from about 1 1o about 1.5 equivalents (e.g., about

10 1.3 equivalents).

The reaction in Step I can suitably be conducted at a temperature in a ran ge of
from about 30°C to about 60°C and is typically conducted at a temperature in a range of from
about 35°C to about 45°C.

Step I is conducted in an organic solvent. Suitable solvents include DOM and

15 acetonitrile.

Suitable acids in Step E include sulfonic acids. Suitable acids in Step E include
methanesulfonic acid, triffuoromethane sulfonic acid, chloromethanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, p-bromobenzenesulfonic acid,
p-methoxybenzenesulfonic acid, and p-trifluoromethylbenzenesulfonic acid. A class of suitable

20 acids consisis of p-toluenesulfonic acid and methanesulfonic acid. A preferred acid is
methanesulfonic acid. The acid is typically employed in an amount in a range of from about 1 10
about 6 equivalents per equivalent of Compound P-V, and is more typically employed in an
amount in a range of from about 3 to about 3 equivalents,

The reaction in Step E can suitably be conducted &t a temperature in a range of

25 from about 25°C to about 60°C and is typically conducted at a temperature in a range of from
about 30°C to about 40°C.,

Another embodiment of Process P comprises Steps A, B, C, D and E as just
described above wherein PO is Chz, to obtain Compound P-V], and further com prises:

(¥}  contacting Compound P-VI with phosgene, diphosgene or triphosgene in

30 the presence of a tertiary amine base, and then adding an agueons solution of acid to obtain a
compound of Formula P-VIIL:

Chz ~N

v

DCHZPh (P-VID); and
-4 .



442048421.793.822.603.724.0113.624.3123.425.9 3.326.3143.326.6153.227.0163.2
27.517 3.0

10

iz

20

25

30

WO 2008/091856 PCT/US2009/031047

((G)  contacting Compound P-VH with a source of hydrogen in the presence of a
hydrogenolysis catalyst and in the presence of a Boc-producing agent to obtain a compound of
Formula P-VIIL

Boc._

~
O OH  ¢(p-viIm).

Step F 1s conducted in an organic sclvent. Suitable solvents include DCM and
acetonitrile. A preferred solvent is DCM.

Suitable acids include in Step F include hydrochlorie acid, sulfuric acid,
trifluoroacetic acid, and phosphoric acid. A preferred acid is phosphoric acid. The acid is
typically employed in an amount in a range of from about 1 to about 6 equivalents per equivalent
of Compound P-VI, and is more typically employed in an amount in a range of from about 3 to
about 5 equivalents (e.g., about 3.2 equivalents).

The tertiary amine in Step F is suitably a tri-C}.4 alkylamine. A class of suitable
amines consists of TEA, DIPEA, and diethylisopropylamine. DIPEA is a preferred base. The
base is typically employed in an amount in a range of from about 1 to about 6 equivalents per
equivalent of Compound P-V], and is more typically emploved in an amount in a range of from
about 3 to about 5 equivalents (e.g., about 3.2 equivalents).

The triphosgene, diphosgene, or phosgene is typically employed in Step I in an
amount in a range of from about 0.5 to 1 eguivalents per equivalent of Compound P-VI, and is
more typically employed in an amount in a range of from about 0.7 to about 1 equivalent (e.g.,
about 0.8 equivalent). Triphosgene is preferred over diphosgene and phosgene,

The contacting of Compound P-VI with triphosgene, diphosgene, or phosgene in
Step F can suitably be conducted at a temperature in a range of from about -15°C to about (°C
and is typically conducted at a temperature in a range of from about 35°C to about 45°C. The
subsequent addition and reaction with the acid can suitably be conducted at a temperature in a
range of from about 0°C to gbout 25°C,

Step G is conducted in an organic solvent. Suitable solvents include ethyl acetate,
DMAC, t-butanol, and THF. A preferred solvent is THF.

Suitable Boc-producing agents in Step G include di-t-butyl carbonate,
{-butyichloroformate, BOC-ON and BOC-OSN. A preferred agent is d-t-butyl carbonate. The
agent is typically employed in an amount in a range of from about 0.9 to about 3 equivalents per
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29.38 2.9 30.09 2.8 31.3 WO 2009/091856PCT/US2009/031047 20 2.7 32.4 21 2.7 32.9 22 2.6 33.1

732.634.0242534.7252.535.5262.338.9 Crystalline monohydrate prepared in
accordance with the method described in Part A was analyzed with a TA Instruments DSC Q 1000
differential sEEAAPYEBETTIimeter (DSC) PCT/US2009/031047

equivalent of Compound P-VII, and is more typically employed in an amount in a range of from
about 0.9 to 1.5 equivalents (e.g., from about 0.95 1o about 1.1 equivalents).

The source of hydrogen in Step G is fypically hydrogen gas, optionally in
admixture with a carrier gas that is chemically inert under the reaction conditions employved in

5 Step G (e.g., nitrogen or a noble gas such as helium or argon). The pressure is not a critical
aspect in Step G, although atmospheric and superatmospheric pressures tend to be expedient.
The pressure typically is at least about 2 psig (about 115 kPa). The hydrogen source can
alternatively be a hydrogen-transfer molecule such as ammonium formate, cyclohexene, or
cyclohexadiene.
10 The uptake of hydrogen is not a critical process parameter, although at least a
stoichiometric amount of hydrogen gas or other hydrogen source is typically employed.

The hydrogenolysis catalyst comprises a supported or unsupported Group 8 metal
or a supported or unsupported compound, salt or complex of a Group 8 metal. The catalyst
typically emploved in Step G is supported or unsupported Pd metal or a supported or

15 unsupporied Pd compound, salt or complex. Suitable catalyst supports include carbon, silica,
alumina, silicon carbide, aluminum fluoride, and caleium fluoride. A class of suitable catalysts
consists of Pd black (i.e., fine metallic palladium particles), PA(OH)7, and Pd/C (i.e., palladium
on a carbon support). Pd/C is a preferred hydrogenolysis catalyst. The catalyst is typically
employed in an amount in a range of from about 3 to about 20 wt.% relative to the amount of

26 Compound V1, and is more fypically employed in an amount in a range of from about 5 to about
15 wt.% (e.g., about 10 wt.%).

The reaction in Step G can suitably be conducted at a temperature in a range of
from about 10°C to about 50°C and is typically conducted at a temperature in a range of from
about 15°C to about 30°C.

25 A sub-embodiment of Process P comprises Step A as just described wherein the
compound of Formula P-II is Compound p-2:

Cbz\N/\g O

P

Boc ° (2,

wherein Step A comprises:
(A)  contacting ketosulfoxonium ylide p-1:
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at a heating rate of 10C/minute from 25C to 350C in an open aluminum pan in a nitrogen atmosphere.
The DSC curve (see Figure 2) exhibited an endotherm due to water loss with an 5onset temperature of
22.5C and enthalpy change of 186 Jig. Decomposition is observed above 270C. A
thermograviMBtHOUERSIs (TGA) of crystalline monohydrate prepared in Ecvotdarsas with the method
described in Part A was performed with a TA Instruments TGA Q 500 under nitrogen at a heating rate
of 10C/minute from 25C to 300C. The TGA showed a 10 weight loss of 4.9 wt.% up to 100C followed
by decomposition above 270C. The 4.9 wt.% loss corresponds to the loss of 1 mole of water per mole

of the compound which is c&R8is ith a onohydra@. EXAMPLE 2
15(28,5R)-N1(48)-Azepan-4-yl]§j\>§)ﬁ-(s fooxy)-1,6¢diazabicyclo13.2.11-octane-2- carboxamide
WO 2009/091856PCT/US2009/0 Qiep Lutert=RButy~~ S\;“CHB

(45)-4-(([(25,5R)-6-(benzyloxy)-7-oxo-1,aﬂdiaﬁébicyclo[s.z.1]om%-
yllcarbonyl}amino)azepane-1-carboxylate To a Sog#ion of (p-1),
(2S,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabicyclo[3.2.1loctane- 52-carboxylic acid (51.7 mg, 0.187

) il UEGRRIES Tk %i%%%%ﬁé%‘%%ﬁ jﬁﬁﬁ%@%@ o6 895 mmo, HOEBT
mg<0. C

525)54m2ﬁ1%@?§§1%&(§§%@§ : ihd %asigquen?%lﬁﬁ/ foom temperature under

nitrogen. The reactiorweibsstitredmbedontepfPeretsn & ovemigt STiperenntiddawithareinthe
congentrgteddidanvaguemand:hebtgsi disenpam@yrified DRk coafasdd) 30X100 trim Waters
Sunfire column elutegwith 15%: i 0.059 [+ P 15 minutes to
afford the title com ?%%gd s]% %ﬁ%ﬁ%}%%ﬁgﬁ%&plﬁ}l%ﬁggf tep ?%gaﬁgégéyoéé%%}%%p

(25, SREBTHER . B0 B o AIBJITLCE T b TSRyt AP RSB E-E: carborylate
15Palladium on carbon (11.8 mg; 10% Pd/C) was added to-g,solution of tert-butyl
(4S)-44{[(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabi¢yclof 12 Toct-2-
yl)carbonyl[amino)azepane-I-carboxylate (4%7 mg, 0.33 mmol) in methanol (1.5 InL) and the resulting
mixture was stirred under hydrogen((gal\llbﬁn) r3 halirs. TLC analysis showed the reaction was
complete. The reaction mixture wagyfiltered thrgugh éd'aicrofilter and the filtrate 20 was concentrated
under vacuum to afford the imibi¥e titlé"compound as a white fogns(4¢h8 mg) which was used without
purification in the next step. Step 3:N,N,N-Tributylbutan-l-aminium { [((2S,5R)-2-{ [(4S)-azepan-4-
ylaminoicarbony1}-7-¢&p- 1, 6«itazahicyolofdhd pdtséiposuifsuifomiidexiftfunicid 28 TS @88l ution of
impure teé-predn(4 x4 1HIK2S, SRy Brhivdr 0x3 fo @%@k 8 vompound of Formula p-4:
diazabicyclo[3.2.1loct-2-yl]carbonyl}amino)azepane-1-carboxylate (40.2 mg, 0.105 nunol) in pyridine (1
mL) was added sulfur trioxide pyridine complex (42.1 mg, 0.266 mmol). The mixture was stirred at
room temperature under nitrogen overnight. LC/M ys%\%m%ed incomplete reaction. ). Additional
pyridine was added followed by additional sHifur ttioxide 30 pyt‘igjne complex (40 mg). The resulting
mixture was stirred at room temperz«;rjr”i \Hoi:: The reaction was filtered and the solids were
washed with dichloromethane. The,filtrat wa:@oncéggated in vacuo and suspended in saturated
aqueous potassium dihydrogergitosphate - 75™ (p-4),;

wherein W is chlorine; and
R” is methyl, chloromethyi, phenyl, 4-bromophenyl, 4-trifluoromethyiphenyl, or 4-methylphenyl.
Another sub-embodiment of Process P comprises Steps A, B and C as just
15 described in the preceding sub-embodiment to obtain Compound p-4, and further comprises:
(D)  contacting Compound p-4 with N-Boc-O-benzythydroxylamine in the
presence of a a base selected from the group consisting of Li t-butoxide, Na t-butoxide, K
t-butoxide and K amyloxide to obtain Compound p-5:
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WO 2009/091856PCT/1JS2009/031047 solution. The resulting mixture was extracted with ethyl
acetate. The aqueous layer was collected and tetrabutylammonium hydrogen sulfate (0.036 mg, 0.105
mrnol) was added. The mixture was stirred for 10 minutes then extracted with EtOAc (4X). The organic
layers were ¥dp§iéd1&fied over sodium sulfate, and concentrated in vaeurtosafions the title
compound as a 5colorless oil. Step
4:(2S,5R)-N-R4S)-Azepan-4-y1]-7-0x0-6-(sidfooxy)-1,64iazabicyclop .2.1loctane- 2-carboxamide: To a
solution of N.N,N-tributylbutan-l-ammitun { [((23,5R)-2-{[(4S)-azepan-4-
10y|aminoIcarbonyl}-?-oxo-1.6-diaz_abicyc|o[3.2.1]oct-6%PP)oxy]suIfonyl}oxidanide (30.9 mg, 0.067
mmol) in anhydrous dichloromethane (7 mL) a&f@d}m@trogen was added trifluoroacetic acid (0.5

mL, 6.5 mmol) dropwise. The reaction mixture was stifred f&?%o hours then concentrated under
vacuum. Ether was added to the residue and th resdlting white precipitate was collected by
centrifugation. The precipitate waﬁﬂgm HPL% on a 15Phenomenex Synergy Polar-RP 80A
column and lyophilized to affgrd.the. title comBoundtes a white solid. LC-MS (negative ionization) m/e
361 (M-H); LC-MS (positive |orﬁzation) m/e 385 (M+Na); 1H NMR(E(@WZ, D20; unreferenced) (6,..
ppm) 4.17 (1H, br d, J = 3 Hz), 3.96-4.03 (211, m), 3.27-3.38 SSH, m), 315-3.22 (2H, m), 3.02 (1I-1, d,
J =12 Hz), 1.62-2. 18@, 12%1:@@@@%@35 with an acid selected from the group consisting of
(25,5R)-NefthRysplzepancddydijiF-axctt:{sulftoxy kd b rdiakahicytialid 2idend-sarhoxaiisec WO
2009/09&(&5@EQ)HH%%Q’%M@OE}IIU{& pay substituting tgrt-butyl .
(4R)-4-arninoazepane-1-carboxylat for tert-butyl (4S)- 4-aminoazepane-1 -carboxylate in the
procedure of Example 2, the title compound can be preparéd. SEXAMPLE 4
(25,5R)-7-0x0-N-[(3R)-pyrrolidin-3-y1]-6-(sulfooxy)-1,6-g igyclo[3.2.1]-octanc-2- carboxamide
10Step 1:tcrt-Butyl (3R)-3-({[(28,5R)-6-(ben%ylox -7-0x0-1,6-diazabicyclo[3.2.1]oct-2-

ylicarbonyl}amino)pyrrolidine-1-carbexy ' o a solution of
(ZS,5R)-6-(phenylmethoxy)-?-oxo-:]NG-di zabi;%clo[ﬁz lioctane2-carboxylic acid (53 mg, 0.192 mmol)
in dry dichloromethane (2 mL)ogas adet€d a solution of tert-butyl (3R)z3-aminopyrrolidine-1-carboxylate
(55 mg, 0.288 mmol), triethylamine (0.061 nil-, 1 5 0.441 mmol), HOBT (44.1 mg, 0 288 mmol), and

EDC (55.2 mg, 0.288 ' 19em itr .J he;rgaction was stirred
at room E%ngggégtur f%ﬁrl'lgs}g(& %%%gﬂlgﬁgi?e}gtion mﬁ&qﬁ %%ég‘g@r#%%é?ﬁdgr%gg%gﬁgﬁnd the

residue Wa§ purf8d By E‘%Ws"% B WHE SRS dofand St FPPEE%Y to 100%
CH3CN + 0.05% TFARater*® (76698 Fepreverd Ptk teshesatns i the MrssspfisURdC 2E Step

2:tert-Buiidy{3Rn8 {2 SraR) 6 -Midinpar Zqoxend HidinzakfipyelpidAcddaat 2 vitsateaybind
amj@o)p}g[rplidine-l-carboxylate Palladium on carbon (9.18 mg; 10% Pd/C) was added to a

solution of tert-butyl (3R)-3-({ [(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo [32. floct-2- 25
yIicarbonyl}amino)pyrrolidine-l-camaxml (38 cr)ng, 0.085 =op in methanol (2 rnL) and the
[i

N~
H N ' fH

/=N
O OBn (p-7); and

(G)  contacting Compound p-7 with hydrogen in the presence of a Pd catalyst
and a Boc-producing agent selected from the group consisting of di-t-butylcarbonate and
BOC-ON to obtain Compound p-8:

BOC\U j}
NTT
H N 'IH

N,
15 G  OH (p8.

The solvents, agents, catalysts, reaction amounts, reaction temperatures, etc.
described above for Steps A to F in Process P leading to Compound P-VIII and its embodiments
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WO 2009/091856PCT/US2009/031047 resulting mixture was stirred under hydrogen (balloon) for 3
hours. TLC analysis showed the reaction was complete. The reaction mixture was filtered through a
microfilter and the filtrate was concentrated under vacuum to afford the impure title compound as an
oil. 5Step 3:NYR-BBEBRIGtan-l-aminium ({ [(2S,5R)-2-({ [(3R)-1-(tert- PCT/US2009/031047
butoxycarbonyl)pyrrolidin-3-yllarninol carbonyl)-7-oxo-1,6- diazabicyclo[3.2.1joct-6-yl]oxy}
sulfonyl)oxidanidc To a solution of tert-butyl (3R)-3-(C[(28,5R)-6-hydroxy-7-0xo-1,6-
diazabicyclo[3.2.1joct-2-yljearbonyllamino)pyrrolidine-1-earboxylate (30 mg, 0.085 ramol) in 10
pyridine prerpplinetd sadeeps difir riskfdelpiridinpreadiplesiib8dadgn&83eadinaat) anshwbAwmolecular
sieves. T8, recstpresvas stiffed BieoPntampsiaba 8jéadek RitkagR PHRMRIGHLLIMSIRNANSIS
showed ipsamplgifJerelioRTle racion e asfliereciapd e lifale was cancgntiated under

vacuum, he re sg chromatographe to recover unrea eoeé’traﬁlng fiaterial which

was resubjecte c(t’%lﬁpc%’rtf RohEsFits (repiARE FRPRTaddr fiae Susrermsedinesanrated
aquéousoéjé’tagmé’?ﬁ Bingaledrién phespiiays dhetiopadeh disckuiting feiktalve was ywashed duitioethy|
acetate. FragueDus mrm&cmmmma@mbw@mg@ umdserien sulate was added. The

mitare was stived o0 s ERSHIRE NI FIQAR (4 Lhe Qigec lycrp were combined,

dried over s%%n?m sulfate, and c&nce trated in vacuo to e compound as & colorless oil. 20

Step 4:(235 SRS ﬁf‘ﬁy ORI REh rEEEEH 19 Péf’&?éﬁgkﬁﬁ%%‘{@@i]mﬁms and
octane-2SeRnaRedrngE tS are intentes! prfg|tetidhustane, adiboty butarspanfiticmdgess. For

[(28{5R)@%ﬁ&RM£i@&humvmr&ﬁﬁW&h@lﬂf%&gammps@x@ et hfidliggabicyclo[3.2.1]
oet6- 2Sarisulon/raiianidada i AR PR Insaudieus dwh&?f? IGane- (9> L) at 0

under nltrg en was a ed trlf etic aC|d 0.52 mmo opW| e ereéctlon mixture

was stirréd 101 two Nourat Fﬁ? Htr SEEECH e éﬂﬁﬁﬁrsﬁfh%ﬁﬁféénﬁiﬂ@o“% {ReeFEGd0Esand the
resuIt|ng‘&?\/"“l‘it@ﬁ?’@(ﬁ?‘ﬁt%i't’é\tsi/\?é}sI wsitsate iy ceatnifugbiiarer T hourfisiib o R dnSirihenomenex

Synergy deotiteRRB0 Appblumhaniyophilized derafiasdaiedile %9@%@@ asia whitg,sqld. LC-MS
(negativenaniZation iV 333 M-H) s'\éa% @%%H%ﬁg&% éagh%):ﬁg!% 5‘6@2(’1" Er‘e{c}i@ 600 MHz,

D20; unr, ferenc%%i)d% r&gm 450-4.54 m). 4.2 =7 Flz),
3.54 (I SR w98 ﬂa‘?ﬁj peogsed sk [gagionts, %%ﬂéiﬁs el tragenty Az 3.07
(11-1, clgl’mfﬁfﬂ%}n ?esﬁn@isyeém—@m@m “plAch(tehlmy, Re0DDADERH atidad 88:E OBHAI-1, in),
1.76-1.8ds6hkd prodiuBb Of course, a high convelsXANMIRL BtScast about 60% and prefcrabiy higher) of

(28 5R)-MNeiag C 1 9 ide WO .
L?/Ogil é%Pg:gi?f?]Sé{g %96/2%?{?:?%3@%%&; ﬂT@li%@%%r%?[%rgtt ifigéﬁ éamallﬁl%g zoca%]g 1-carboxylate
for

amie T8 |per|8|nemf1 tf’i“‘éqﬁ%%%% g’f’e@%ﬁfﬁ@aﬁ Pt hssifsP T sathrepared.
EXAMPEE%“{Z@ Stz SRS INL By SA B EsuRes oxy) thag wiapabidyaid piR chex@edoxamide

conversions and yields of product are preferred, and the choices that can provide optimal
conversions and yields are more preferred. The particular solvents, agents, catalysts, reaction
amounts, reaction temperatures, etc. described above with respect to Process P and its

25  embodiments and sub-embodiments can provide good to optimum conversions and yields.

The present invention also includes a componnd selected from the group
consisiing of:

-« 54 -



(2) NN 0 'OCH2Ph0 OCH2Ph Ntc>----0 Kj- H N 0 OH r(pi OSO3H 10Step
1:(2S,5R)-6-(Benzyloxy)-7-oxo-N-p d -4-y1-1,6-diazabicyclo[3.2.1]octane-2- carboxamide To a
solution of (28,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabicyclo[3.2.1)octane2-carboxylic acid (51.5 mg,
0.186 minol)WPdspHeedFomethane (5 mL) was added triethylamine (0.06% Tad's£h&baz raynol),
2-chloro-1-methylpyridinium iodide (63.4 mg, 0.248 15mrnol), and 4-aminopyridine (19.2 mg, 0.204
mmol) sequentially at room temperature under nitrogen. The reaction was then heated to 50C for 1.5
hours. LC/MS showed reaction WO 2009/091856PCTfUS2009/031047 complete. The reaction
mixture Wﬁconrtgntrated apdpurified by HPLC on a 30 x 100 mm Waters Sunfire column to afford
the title md as aWangg{solidrafter Iyophilizaﬁol(g p
2:(2S,5R)-6-hydrroxy-7-oxa-N-pyridin-#-y1-1,6-diazabicyclo[3,2. 1]ocfdne-2- Scarboxamidc

Palladium on ca . ~ 109 was addedt i 2S:5R)-6-
(benzyloxy)-7-oxa:-N-pyridin-4-y1- ,6-di§z bicyclo[3.2.1]5 tane-g-carbgxamide (517 mg, 0.15 mmol;
combined product of two runs) in m nok@A.5 mL) and the redt ting ji¥ixt i
hydrogen (balloon) for 5 hours. TLC antl HPLGPakialysis showed aB#fRall amoun aPd0starting material
remainingbaddittopal catalyst (5.6 mg) was addggzand the resulting mixture was stirred under
hydrogen (bal on)pf r anzadditional 1 hour. The reaation/mixturgywas filtered through a microfiller and
the filtrate w Ré

3:(2S,5R)-7-0x0* l-pyri in-4-§/1-6- sulfooxy)-1,6-diaza 2.
a solution of (28,§R)-65F1ydr;5‘3< <F<OxgsPl-pyridin-4-y1-1, diaFhbic
(9.2 mg, 0.035 nunol) inBRY pyridine (0.5PHl)was added drie&
pyridine mp;lqe% mg 8138 mmol) at

Cbz.
q?- ] 5 ??f)h
T R4 HN
R NH

etane-2rarpoxamide To
lo[3 .1]9%t’§ne-2-carboxamide
mofeculd¥ sieve’s gngysulfur trioxide

R N . _Boc
Boé \//\;?E ;
OCH,Ph (P-V), and OCH,Ph (P-VI);

- wherein:
5 PG is an amine protective group selected from the group consisting of carbamates and
~ benzylamines;
RU is CH3 or phenyl;
RV is CH3 or phenyl;
R4 is H or C1.4 alkyl;
10 TisH, Cl Br, F, C1.3 alkyl, 0-Cy.3 alkyl, OH, NH2, N(H)-C1-3 alkyl, or N(-C1.3 alkyl)2;
piszero, I or 2; qis zero, 1, or 2; p + q = zero, 1, 2, or 3; and
R* s
(1)  phenyl optionally substituted with from 1 to 3 substituents each of which is
independently C1.4 alkyl, Ci.4 haloalkyl, 0-C1-4 alkyl, O-C1.4 haloalkyl, Cl,
15 Br, F, or NO7;
(2) Ci.4 alkyl; or
3y  Ci1-4 haloalkyl.
The present invention also includes a compound selected from the group
consisting of:
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20 room temperature under nitrogen. The mixture was stirred for four hours. The reaction mixture was
filtered and the solids washed with dichloromethane, acetonitrile, and methanol. The filtrate was
concentrated under vacuum and the residue was triturated with ethyl acetate. The residue was dried
under vacuut¥f} 818%8RIEY in saturated sodium dihydrogen phosphate andstiriigasdsipHPIC on a
Phenomenex Synergi Polar-RP 80A column to afford the title compound as a white 25solid after
lyophilization. LC-MS (negative ionization) m/e 341 (M-H); LC-MS (positive ionization) mle 343 (M+H);
11-1 NMR (600 MHz, D20; tureferenced) (5, ppm) 8.57 (2H brs), 8.15 (2H, hrs), 4.27 (1H, brd,J=7
1-12), 42%bﬁHN F $), 3.33iH, d, J = 42 Hz), 3.10 (1H, d& 2.28;2.32 (1H, m), 2.08-2.11 (1H,
na), 1.93-1.98|(1H, in), 1.83-1.88 (1H, in). @OEXAMPLE 7 (Z@%
0idin-4-y1)-7-0X0-6-(SWfooxy)-1,B-diazabicyeldls.2. 1]octane-2>edrb mld
2009/091856PCT/U82'(509¢9§1047 N, OCE#PhOCI-12Ph Step H
1:(2S,5R)-6-(Benzyloxy)-N-(2- med:hoxypyrldln -4-yI)-130%0-1,6- dlazablﬁzycfo [32.1T°0 (p-2).
octane-2-carboxami d e 5To a solution of

(2S,5R)-6-(phenylmethoxy)- -1\,6951azabicyclo[3.2.1loctane- Z-iarquyﬁ)o id (38.9 mg, 0.141
mmol) in dry dichloromethan@}u was added triethylaming (0.049 mL, 0.352:;ymol),
2-ch|oro-l-me$ylbyﬁd' hi m'iogijde (53.3 rug, 0.209 rE:ﬁaH . Xy-4-arninopyridine (20.2 mg,
0.163 mind) s Mg?lallngt roog1 temperature under nitrogen i\ge re%ctlon was then heated to 50C for

1.5 hourgyC 0 showed réaction co pietepEHe reaCtion mixture Was concentrate and purified
by HPLC on a 30 x 100 mm Waters §ﬁ,mf|re column to afford the title compound as an orange solid
after lyophilization. Step 2:(2S,5R)- qQHydroxy N-(2-methoxypyridin-4 yl) 7 oxo 1,

15diazabicyclo[3.2. l]oetanqé‘f-baa‘b’oxmde Palladium on carbor(T3: 0089 Pd/C) was

added to a solution ofy2S,5R) 6-% N.
(benzyloxy)- N@hoﬁypynqm -4-y1)-7-0x0-1,6-diazabicyclo[ ﬁita -2-carboxamide (43.6 mg,
0.114 mmol) iN anotX1 rrizgeand the resulting mixture Mias stirredounder hydrogen (balloon)
overnlghf:tﬁPLC analysis showed reaction ke, “Bfe reaction mixture was 20filteredmflough a
microfilteriznd;iive: idtnadehviach boneeniyRigtundebratosiond, afferthiheditéiprepeyuad as an impure
cologless Qjl. M@hﬁs ,5R)-N-(2-Methoxypyridin-4-y1)-7-ox0-6-(sulfooxy)- 1,6- d iazabi

cyclo[3.2.1]octane-2- rb? mide 25T0 a solution, of
(28,5R)-6-hydroxy-N- Wﬁ%yﬁ%‘fﬁ) is);ﬁ’v? %13(18 ‘tf glusﬁ'a‘ze the invention and its practice. The

examples are not to be construed as Hmitations on the scope or spirit of the invention,

PREPARATIVE EXAMPLE |
i0 (4R,68)-3-(Benzyloxy)-2-oxo-1,3-diazabicyelo[2.2.1 |heptane-6-carboxylic acid

N
0 \.\ 2 \? o

HNO"OH YNO = D‘fm o }Ngrf
K TEF

O



diazabicyclo[3.2.1)octane-2-carboxamide (33 mg, 0.114 mmol) in dry pyridine (1 mL) was added sulfur
trioxide pyridine complex (111 mg, 0.696 mind) at room temperature under nitrogen. The - 81 - WO
2009/091856PCT/US2009/031047 mixture was stirred for four hours. The reaction mixture was filtered
and the solid¥tha8He 8a4th dichlorornethane, acetonitrile, and methanol. #fteditaersiasrconcentrated
under vacuum and the residue was triturated with ethyl acetate then dried under vacuum, dissolved in
saturated sodium dihydrogen phosphate and purified by HPLC on a Phenomenex Synergi Polar-RP
80A 5column to give a white solid which was further purified on a Waters Sunfire column to give a
white solid which Was further purified by HPLE on a Phenomenex Snergi Polar-RP 80A column to
afford the title compousd as a 0I|d aftet ly ﬁhlllzanon LC-MS (neg@tlve ionization) Ink 371
(M-H); LC-MS (posfive ionizatiehjihk 373 (M+#);*1H NMR 600 MHz®2ZD unrefcrenced) (8, ppm)

8.10 (AH, hrd, J =® H 59 fLH, s), 741 (1, d, 26 19(1H, br - Nz), 4.23 (1H, br
s), 4.07 (3H, s), %’(ﬁl N'12 Hz), 3TZ(1H, d 1 , 279-2.33 0-2.14 (1H, m).
1.93-1.99 (1H, n’}:@% 1. 9Q)(?&idcmp el EXAMPLE
(2S,5R)-N42-(Dimethylamino)pyridin-4-y11-7- oxo -6-(sulfooxy)-1,6-diaza |cycl 3.2.11octanel52-carb

oxamide_ Step 1:(2S,5R)-6-(Benzyloxy)-N42-(dimethylamino)pyridin-4-y1]-7-oxo-1,6-
oz abiCRE 2. oo ). ORI S S A SRRt 1 2 eatooyiae
(2S,5R)-6-(phenylmelhioky vk didadaiate (AHIEY olb]3 2] otarie w2scaidmoixylic abiti¢3 6f3img, 0 135
mmol) Imd@ﬁwﬁwgt@mb@m (@& EYUQ)M&%!?GQBMF'@IM%%&%&%@&J s, %@m@@ 2-chloro-1
sl dipdlas s il St i Satsa ittt ot S R U e

mmol) sequentla at room temperature Under nitrogen. The reaction wa a}iegil 0 50C for 1.5

hours. LE/MSs <ABMEFHResianies s de reml ‘P&éﬁfﬁ?ﬁﬁ&’&%?@%ﬁ§fc’6’r‘i‘%mﬁéﬁd purified by

HPLC orarigl. 20B9108:1856RCT 82058/68 104y BOX 208akrmi\iatehsSuitiub el aquadces afford the
title compourwhas, anef-wkissliscafieniophiizaion siend RSRRMN-RRRimethylamino)pyridin-4
yI] 6 hydro er7 oxa 31193 i k%y%% %}ggg: gﬁ’?%%%g%%g% " Palladium on carbon (10.4

g; 10% was ad to a solution
(belrﬁ]zyloxy) N -[2-(dimethylamino)pyridin-4-y1]-7-oxo-1,6-diazabicyclo[3.2.1]octane-2- carboxamide
(47.8 m@t£21 mmaohlin ﬁ%§bh@hw@:mhmmm-mmgomm was stiml under hydrogen
(balloon) overnight. HRldeanalysisighowed ssraian-canpieies The reastion 4Asabdiye.was filtered

through & mictefier. 00 e liie as 9 gsg,ﬁgr Fﬂw’i%&%%}?éf@erdd%%t't'swmpound asa

colorless oil which was used in the next tep wit er pdrlflcatlo

3:(2S, 5P it wmmlg) pytdin:a APREess %n(%’%’o‘%% stigedat oot emperatare for 4
5dibzablesusiols:2 destirred watboxsmiteto afford tot#lsslnipauofl.
(2S,5R)-N-[2- (dimethylamino)pyridin -4- yI] -6-hydroxy-7-oxo1l,6-diazabicyclo[3.2.1]octane-2-carboxamid

e (37 mgy 1321 mmo})ljé;r} ggg%p 15 mh}lwgg ﬁgfjnq-g_ I%llfggglomde pyridine complex (92 mg,
0.578 mmol) at room} erature u troz%? ixture was stirred for seven hours, NMR
analysis of an allquot S.? 3} dni } was a de vl (48)-4-hydroxy-L-profinate - hydrochloride salt
(1.011 g, 4.87 mmol). The resulting suspension was cooled to 0°C and triethylamine (3.0 mL,
20 21.5 mmol) was added followed by trifluoroacetic anhydride (2 mL, 14.2 mmol). The resulting

mixture was stirred at 0°C for 30 minutes then water was added. The resulting solution was

stirred at room temperature for 30 minutes then dilated with ethyl acetate and washed with 1N
HCI solution, water, dilute sodium bicarbonate solution, dried over magnesium sulfaie, filiered
and concentrated under vacuum. In order to hydrolyze any trifluoroacetate ester that may have

25 formed as a by-product, the residue was taken up in tetrahydrofuran (11.5 mL) and water (1 1.5
mL). The resulting cloudy solution was stirred at room temperature for 7 hours. The resulting
clear solution was dituted with ethyl acetate and washed with 5% sodium bicarbonate solution
and brine, then dried over magnesium sulfate, filtered concentrated under vacuum to afford crude
product. The crude product was purified by silica gel chromategraphy to afford the title

30 compound as a pale tan oil.

Step 4: Allyl (4R)}-4-[(benzyloxy)amino]- 1 -(trifluoroacetyl)-L-prolinate
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20incomplete reaction. Additional pyridine (2 mL) and sulfur trioxide pyridine complex (60 mg) were
added and the resulting mixture was stirred at room temperature under nitrogen. The reaction mixture
was concentrated under vacuum and the residue was purified by HPLC on a Phenomenex Synergi
Polar-RP 80X @& 5give impure product which was further purified orcxN4atesa Buerfire column to
afford the title compound as a white solid after lyophilization. 25 LC-MS (negative ionization) mite 384
(M-H); LC-MS (positive ionization) m/e 386 (M+H), | H NMR (600 MHz, 1)20; unreferenced) (6, ppm)
7.77 (1H, brd, J =6 Hz), 7.41 (1H, s). 6.94 (1H, d, J = 6 Hz), 4.23 (21-1, br s), 3.36 (1H, d, J = 12 Hz),
3.18 (6H, s), 3.11 (1HA doBtickPoialjyR(29)-PIRRl(E; )i idezetdy (it pralnatoP4490 B f), 1.84-1.90
(I H, m). 306X MBS Brile (16 mL) was cooled to ~10°C and 2,6-tutidine (0.62 mL, 5.32 mmol) was

wo 2@%%%%%‘%@%%@3%@%%%@@%% HasiEO AR Iaae o

114-(([(PSH2BY B RAS IR A0 RET R o did 7 ﬁﬁeyea%@ﬁﬁﬁemﬂfw?&&ﬁﬁ)ﬂama&wm
carbamatelETay hshiuinmone 2 518R)86 [phenyimetadssd-folbvued, Bydid-htidpel (]2 mlo dtdhe-
2-carboxylie-acid e S Qg 08 mal i ey ickarematharetdrmk) wasagded bietaylamine

(0.038 mi. 0.2 7%@‘!%8%@&@%?&%%%@%%@%@ 9&\9&&%%&&1&%&&9'&%&

4-(N- Boglamlnome line 138 namo sequentl at room tem ature nder

nitrogen 2FhB 1 SSH WS THRERITERREY Eﬁg“f}t‘fﬁ\ﬁ’é e 18 e‘i?ﬂr?é material
remaln|rigsﬂﬁh@(Pe&%ﬂbﬁ’mmmn@@nwét@ﬁg&hdmlfm@&ﬂy i PAE on a Waters Sunfire
colygnn T&@ﬂ&%ﬁrﬁtﬂa&iﬂ%@@m&aﬂﬂhﬁﬂmﬁimﬁh%%ﬁl&ﬂ&%ﬁﬁﬂ&%ﬂh@}@c@m@ﬂﬁ@ﬂ iazabicyclo

[3.0ct-2- YL GR% r}? ?}ﬁ Jabenzyll carbamate 15Palladium on carbon (7.8 mg; 10% Pd/C) was
added to a so on of the product of step 1 (35 rug, 0.073 mmol) in methanol (2 mL), and the resulting

mixture was stirred under hydrogen (balloon) overnight. LC-MS analysis showed the reaction was
complet&tah reactiohlinixflenlsbefineed Mrough-arpiisrsfilter and the filtrate was concentrated

under vacuum which waslageetogied fram4gluens e afemhdha J{iﬁﬁlﬁamm@n}ilagraimbﬁi&e solid. 20

O B U g o o
dry pyridhieane Sae yRn g dugia e ey f?a%w g&ﬁﬁ?@%&”@éﬁ“ﬁ‘?ﬁ%"*@%ﬂ%@‘ﬁ?ﬁﬁﬂ)

temperataré® Qslmdérﬂmn@fg@@ﬂ FHEGribadreowas Sdfddral roommdsbidiide Gvistaight7LC- MS
analysis po1 2002{884 85 GRCIRI 52002108 HidishowednedciorCapp rmdatataly thésitiemplete.

Additio”%% ?H YLrRXIRE Ryriding Aﬁ%ﬂlf&'ﬁ’é&% ﬁﬂﬁﬁg %@Q&&%H‘&a&%ﬁ&ﬂ%éﬁ%&%&%@d stirring
continue room temperatyre. After 7 hours, L IyS|s \%Eowée ﬁ%‘ﬁﬁl product. The reaction
mixtlre \Hﬂ%eﬁ%ﬂ%% PEHESHSS TRTS UG a%hsé THeR i dtlaane. The filtrate was

concentréigdomrethanestud arent thethad trealiers xebtiopransipdtetucsdtodrsembye excess

pyridine. The crude title compound thus obtained was used without further purification in the next
reaction.gafep 4:(2S, 8RN [AHAMMROMe WP Wl 2o BB ldiRs 1 2-dicarboxylate
A solution of allyl (4R)-4-f(benzyloxy)amino}-L-prolinate (1.2 g, 4.34 mmol) in
25  dichloromethane (29 mL) was added to di-tert-butyl dicarbonate (1.1 mL, 4.34 mmol) and the
resulting mixture was stirred at room temperature overnight.  The reaction mixture was
concentrated under vacuum and the residue was chromatographed on silica gel eluted with
hexane then with 4:1 hexane;ethyl acetate to afford the title compound as a clear gum.

30 StepT: 2-Allvl 1-tert-butyl (28,4R)-4- {(benzyloxy)[(trichloromethoxy)carbonyllamino}-
pyrrolidine-1,2-dicarboxylate
Diphosgene (0.1 ml., 0.804 mmol) was added slowly to a solution of 2-allyl 1-
tert-butyl (28,4R)-4-[(benzyloxy)amino]pyrrolidine-1,2-dicarboxylate (261 mg, 0.745 mmol) and
triethylamine (0.13 mL, 0.933 mmol} in dichloromethane (4 mL) at 0°C. The reaction mixture
35  was stirred at 0°C for 4 hours then allowed to stand at room temperature overnight. The reaction
mixiure was chromatographed on silica gel eluted first with hexane then with 4:1 hexane:ethyl
acetate to afford the title compound as a clear gum.
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diazabi cycl o [3.2.11 octane-2-carboxamide 10To a mixture of the product of step 3 (34.8 mg, 0.074
mmol) in dry dichloromethane (3 mL) at OC under nitrogen was added trifluoroacetic acid (1.0 mL, 13
rrunol) All solids dissolved immediately upon addition of trilluoroacetic acid, the solution was stirred for
1.5 ours at WHiIEROit&IEEE-MS analysis showed reaction complete. The rezclimis2n@gzoatentrated
under vacuum and the residue was triturated with ether to remove excess 15trifluoroacetic acid and
organic impurities. The resulting sticky solid was dried under vacuum and stored in the freezer
overnight. The crude product was purified by HPLC on a Phenomenex Synergi Polar-P.? 80A column
to afford the impure title compound as a white solid after lyophilization. The solid was triturated with
acetonitfie3X) to affédértiéretie tifesoaripoiicoas-b iwiteabitidio[CM Sépanativesibnizaiion) m/e
369 (MH); LC-MS (posjiueiasieaiian o 28 886 M atb- N3N IR {509 Mﬂ@@@@m 2.

urveferegedh (G, 3A) ESHEK (el BE145.EH, SR8 N S LR bre) .11 21

s), 3,39 1.90-2.00
(1H,’m), sty ﬁﬁﬁa ié%m@i £ 2 S EE Ry ﬁmsézarwm remperam
-4-ylamiEyEaiEs e hesseleeraiey ctoigvadiyodtaneceusu fdnidacite B S Nd. { y4d skl 1b1, 0 H

0-Ph 0 "lthd\reSi&0 3RSBEY M A0091081.856R CT 492008/ Q’%@Qé‘szﬂgi%%ﬁx@ﬁ% R tirred at
4-[({(2S, %7t&?n [@Wﬁ§¥ﬁ?ﬁ%r’tﬂg‘§%%1as]?p %@3%%{? (Clo13:2-Tho el-2ey %I carbo

e-l-carboxylate SO utlon orothionocarbonate (1.5 eq ) in

nyeamin

dlchloronc”ﬂa%% i@%‘;sa%lbe ed 3%%%5@&8?&/??&%%9% WS- HiRe et iHopRdiRe o %q.) and
tertlButyPAniie © SR)bexayerdyl- oot ov6rdianabliasy bid 302 3ljoEy indarb ani0% EtOAc
amino)pipetidinadcathoxiiaie (eeeikxanypient, sstepied} iidichloromethane. The resulting mixture is
stirred at room temperature overnight then cooled in an ice bath and quenched by addition of water.

The layers are separ s layer is extracted with dichloromethane The combined
organic Ié’lygrsse are dr%ggo% é}aﬁ’fé’ geGﬁﬂéréf‘%ﬁ?&%bﬂ@%él@ﬂ”lﬂ‘?ﬁ’éﬁ%ﬁ%s %€ 10residue

is purified by silica geﬁ@%ﬁ%&i@ﬁﬁﬁ%@ﬁ@r@%@tﬁ@bmﬁcﬁ ml, 1.25 mmol) was added

15 to asolution of allyl (4R,68)-3-(benzyloxy)-2-0x0-1,3-diazabicyclo[2.2. 11heptane-6-carboxyiate
(459 mg, 1.52 mmol), 1,1-bis(diphenyl-phosphino)ferrocene-palladium(Idichloride
dichloromethane complex (116 mg, 0.14 mmol) in tetraliydrofuran (7,6 mL). The reaction
mixture was stirred at room temperature for 2 hours (precipitate formed). Acetone (37 mL) was
added. The resulting mixture was stirred at room temperature for 2 hours and the mixture was

20 centrifuged. The solid was collected and washed with acetone and ether and dried under vacunm
to afford the title compound as a tan solid. LC-MS (positive ioﬁization) m/e 363 (M+H)

EXAMPLE 1
(28,5R)-7-Oxo-N-piperidin-4-yi-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 Joctane-2-carboxamide

BOC.
O Q BOC\;Q ?
NH5 : N/[ )
H

Aoy o T
N CIp 1 N ;i

25 ¢ OCH,Ph ©  OQCH.Ph

TS s "N o
N (” . (/\L
H N(\‘ @ B @ N
~71H N iy H
N )"‘N N I

o o O8Oy O%N‘oso H
3
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Step 2:tert-Butyl 4-({[(2S,5R)-7-0x0-1,6-diazabicyclo[3.2.1]oct-2-yl]carbonyliamino)-
piperidine-I-carboxylate AIBN (0.1 eq.) is added to a solution of tert-butyl 4-[({(23,5R)-7-0x0-6-
15[(phenoxycarbonothioyeoxy]-1,6-diazabicyclo [3 .2.1joct-2-yll carbonyl)aminoThiperi di ne-1 -
earboxylate WQ@#HBEAREEMe and the resulting mixture is heated to reflux. Acpiusimmsabinbutyltin hydride
(1.25 eq.) in benzene is added over a period of one hour and the resulting mixture is refluxed for an
additional 3 hours. The reaction mixture is concentrated under vacuum and the residue is purified by

silica ge matogr f O Step
3:(25, SR%%?(}[l (tert cfg‘r éfﬁf%e%ﬂé%ﬁﬁﬂ% i Sea P bAAN IR 6 1 oet-2-
diazabicyclo[3.2. 1]oeﬁé{}?éfbc§ﬁif6ﬁi@%}ﬁwemhm I‘Hﬂﬂ"%‘ﬁﬁmﬁn of step 2 is sulfated according to the
procedure of Step 3 of ExashplenlofqXHfIRY- th@liitie BantpayPThoR5- St&mézé&%;@@&}@}b@a&m[
(gg)egd(lam&m!ﬁmge@{g@ quﬂg b @od hﬁﬁd APIGYE: %E%%%@&f&@%ﬁ@%&@@@%@ 2,59 |(2[ 35 -

r Xyca eri di.n-4-yllami car o 0X Q- iazabicyclo
]octgne am%%gn%cﬁo mdall é[é{’[?]rj:())% H%H 28 or'@ir?/ %Stﬁge%%}oc@a %PQ@@T%T% AMpie®e to afford
the title CotApBtRe! Sxsthtemng {0 (h@amés ?45@11103)3 HOBT (0.1145 g, 0.748 mmol), and EDC
0-N-pipdfdifsd-g10 I 3 utfookypdudsdidizahicyetofeihdhepianer GiaatRaxarnideadisd was
2009/094 88D 1M %Qé%m ht The ?@M&%ﬁmﬂﬂs was concentrated under vacuum and
(4R,6S)- (P%ﬂﬁ)@%é@ 2 1p ne 6 c rboxyélc acid for
(ZﬁéR) é y é%éé % |aza gyé}f‘o 11% Wy Wﬁ%é@ in the procedure of
Exampl 8%‘8 E L]J e ores. %d“r 505 TF Alwater + 0. OB ARp e LS minutes;
(4R, 63)M@&Nﬁ[@ag)ehﬁ@qom%@}ﬂaqmmﬂ“%édmxabmwa{@‘m«“ﬂmneﬁmaasuﬂarboxamude
Printed: &ln%ug@'lODESCPAMDPCT/US 2009/031 CEP 09 701 487) MRL-IFD-22398 BOC

By substituting (412,6S)-3-(benzyloxy)-2-o0xo-1,3-diazabicyclo[2.2.1jheptane-6- carboxylic acid for
(28,5R)-6-(phenylmethoxy)-7-oxo-1,6- dlazab|0éclo[3.2.1 joctane-2- carboxylic acid in the procedure of

Exampleg%"t%e title cER ﬂo”'c(éf{%qe%bé oxy-7-0x0-1,6-diazabicycl X ANPHE 13
(48,5S)-2-0x0-N-pyrigifedeyindsulfospippdddtidzabieycini@. 2. 1jheptane-6-carboxamide
Palladium on carbon (30.5 mg; 10% Pd/C) was added to a solution of tert-butyl 4-
{1[(28,5R)-6-(benzyloxy)-7-oxe-1,6-diazabicyclo[3.2.1 Joct-2-yljcarbonyl} amino)piperidine-1-
carboxylate (151 mg, 0.33 mmol) in methanol (3 mL}), and the resulting mixtare was stirred
under hydrogen (balloon) for 3 hours. TLC analysis showed the reaction was complete, The
20 reaction mixture was filtered through a microfilter and the filtrate was concenirated under

vacuum to afford the fitle compound as a yellow oil.

Step 3: N.N,N-Tributylbutan-1-aminium [({(28,5R)-7-ox0-2-{(piperidin-4-
ylaminejcarbonyl}-1,6-diazabicyclof3.2.1Joct-6-y1 }oxyisulfonyl joxidanide

25 To a solution of tert-butyl 4-({[(28,5R)-6-hydroxy-7-0x0-1,6-
diazabicyclo[3.2.1]oct-2-yl]carbonyl }amino)piperidine-1 -carboxylate (36 mg, 0.098 mmol} in
pyridine (0.5 mL) wes added sulfur trioxide pyridine complex (70 mg, 0.440 mmol). The
mixture was stirred at room temperature under nitrogen overnight. LC/MS analysis showed
incomplete reaction. The reaction was filtered and the solids were washed with dry pyridine and

30 dichloromethane. The filtrate was collected and concentrated under vacuum. The residue was
redissolved in dry pyridine (0.75 mL) and sulfur trioxide pyridine complex (31 mg) was added
followed by activated 4A molecular sieves. The reaction was stirred for 4 hours but there was
little change by LC/MS. The reaction was filtered and the sieves were washed with
dichloromethane. The filtrate was concentrated in vacuo and suspended in saturated aqueous

35 potassium dihydrogen phosphate solution. The resulting mixture was washed with ethy! acetate.
The aqueous layer was collected and fetrabutylammonium hydrogen sulfate (0.034 mg, 0.098
mimol) was added. The mixture was stirred for 10 minutes then extracted with EtOAc (4X). The
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9 (3)H(4) tq 00803-098031-1 Bu4N+ IDBYy substituting (4R,65)-3-(berizyloxy).2-oxo-1,3-diazabicycio
[2.2.1]heptane-6- carboxylic acid for (25,5R)-64henylmethoxy)-7-oxo-1,6-diazabicyclo[32.11octane-2-
carboxylic acid in the procedure of Example 6, the title compound can be prepared. EXAMPLE 14
15(23,510- 7R354y rrolidin-3-y11-6-(sulfooxy)-1,6-diazabicyclo(3. 2ch)astanes2i i@arboxamide -
88 - 1/3AMENDED SHEET18-12-2009 WO 2009/091856PCT/US2009/031047 SOC. Step 1:tert-butyl
(3S)-3-({[(2S,5R)-6-(benzyloxy)-7-ox0-1,6-diazabicyclo[3.2.1loct-2- yllcarbonyl/ am
ino)pyrrolidine-I-carbo xyl ate To a solution of
(28,5R)-eLgpmeAirie sy mianelidesd araniedisi s fate aehememtborylin widyfogi®@2hamol) in
dry dichlgtlernsthaned@0amiomasiadded dimethylaminopyridine (884 mgL, 7.24 mmol), EDC (1.388 g,
7.24 mmol), and tert-butyl (3S)-3- aminopyrrolidine-l-carboxylate (742 mg, 3.98 inrnol) sequentially at

room te per ture un e.reagtion mixture was s irred at room temperature over the
weeken reactlo(aﬁf%ﬁg%ggﬁwré (:%'Prﬁré’tébs{ﬁ%é’? HiRYet ‘?e.ﬁﬁff@%’gré purified by
HPLC on a 30x100 104rapeders Sunfire column eluted with 15% to 100% CH3CN + 0.05% TEA /
water + 0.05% 11.A. Guer sbiutiiniofas sonaffosddiieutitel coniphmn {{ A3 RhiRselith[Sipprert-butyl (3
S)5-( (2. RYAcliBi b @g&%@g Pjsy@m; kSR aRbenuamdnalpyrol idi e-1
-carbo x ? Tsz%lg]glumdori\ carbo 3 was added t Fféﬁ? of the product of
Step 1(IHY3 i Fﬁélﬁfgﬂlg Ff ftf?'} TRrE \%ﬁfifﬁ’ ey drogen
(balloony$i @ A g0k Eé @a@ﬂé@@@@%ﬁa&m@cﬁmeﬁaﬁ%wm@@mwmé}mm mixture was
filtered ansdhedithtedeasconacitaiedanddedactitreidationd thertilatompoungaihamoil which

was useg.w 'E@ﬁk‘&@&'ﬂ;’%@ﬂﬁﬁd the next §$%8 ik RIERA ek UMLKo afford the title
[(25,5R)-7-0x0

(sulfo zahicyclo[3.2.1]o llcar [} rrolidine-I-carboxylate
To a solGtioh oq‘nt% Bro&f‘% df‘%‘%ﬂ i fé%%”v%ébﬁl&%&a{%w%%?ep lb%/ﬁ’dﬁwe (10
mL) wastadadadseith @fﬁiﬁb@ﬁ%l?)@r?@ ﬁédd@mﬁhé%@15@‘@51®3®W6I§ﬁmﬁéuggm%mﬁwé§l§tlrred at
room teripleatupewmidaranithiig eol dvertighs. (Righloromethane) was addad-Hnd theviiggosriveas filtered.
The collesieasalidwasmashed with dishNasometome (4X vaned thasembiord /it W

concentr er vacu The [es S t purific th step.
2009/09%@&llv'ifg’gjl?{f‘ézogsrisn o ARSI B B TR N IP R 1D
Hz), 3.12 (2H, brdd, I = 13, 3 Hz), 3.06 (1}, d, } = 12 Hz), 2.04-2.21 (m, 4H), 1.87-1.95 (1H,

m}, 1.72-1.83 (m, 3H).

20 ‘ EXAMPLE 1A
(28,5R)-7-Ox0-N-pipendin-4-yl-6-(sulfooxy)-1,6-diazabicycio[3.2.1 Joctane-2-carboxamide

BOG.
o U BOC\N o Bc‘}c
,JJ«,_ NH, J

p
" QH (D - d N(\H 4
N N
o}_ OCH.Ph o}_ OCH,Ph o)f“N‘OH

050,H ¢ osoH

Step 1: tert-butyl 4-({{(28,5R)})-6-(benzyloxy)-7-oxo~1,6-diazabicyclo[3.2.1 Joct-2-
yljcarbonyl} amtine)piperidine-1-carboxylate:

25 To a solution of (28,5R)-6-{phenylmethoxy)-7-oxo-1,6-diazabicyclo[3.2.1 Joctane-
2-carboxylic acid (1.484 g, 5.37 mmol) in dry dichloromethane (60 ml) was added triethylamine
(1.88 ml, 13.49 mmol), 2-chloro-1-methylpyridinium iodide (1.60 g, 6.26 mmol), and 4-amino-1-
BOC-piperidine (1.30 g, 6.49 mmol) sequentially at room temperature under nitrogen. The
reaction was then heated to 50°C for 1 hour. The reaction mixture was concentrated under
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Step 4:(28,5R)-7-0x0-N-K3S)-pyrrolidin-3-y1]-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]-
octane-2-carboxamide: To a solution of the product of Step 3 (1.37g. 3.15 mmol, theoretical yield of
step 5 3) in anhydrous dichloromethane (5 mL) at OC under nitrogen was added TFA (2 mL, 26 mmol)
dropwise. THEQ@HERIASAtiIxture was stirred for two hours then concentrat@g THidaevasudm. Ether was
added to the residue and the resulting white precipitate was collected by centrifugation (ether
trituration repeated two more times). The resulting solid was purified by HPLC on a Phenomenex
Synergy Polar-RP 80A column eluted with methanoUwater and lyophilized to 10afford the title
compouNeFRE A A pEtisbY slivrsthaganaeBaRatBhembae emrdEEsh (M0-g siicamst. (fositive
ionizatiomLinten 33 (W) H%367 (M4 REpALh N MR (660 Midbri)2asiunee fibrent®d) @Oppni)4i51 (1H,
M), 4.16 Gk G2 Dm0 d bk & 4550t adebAcfildtaid) 1d Fifrddtte3.40-3.50 (1H, m),
3.30-3.400 1Hh§§%as'20'}3'30 ZH’m , 3.02 (1H, d, J 12 Hz), 2.30-2.40 (1H, m), 2.10-2.20 (IH, m),
2.00-2.18° (20 ) 1 BT SFEHTINY, 1.72-1.80 15(1H, m). EXAMPLE 15 (2 S ,5R)-N-[(3R4
S)-35-Fluoropip eri di n-4-yl] -7-oxo0-6-(sulfooxy)-1,6-diazabi cycl op.2.1)octane2-carbo xami de Step
1:tert-budyti(3R, 4S)-4¢HH{REy BRI BB ed2ylelxyg:FupxbekB-diadmbibyaiold 2 21 st =arbonyl}
(25 5R) G- (phemy e g e a7 carbosic acid (2,108 1. 763 mmal)
,5R)-6-(phenylme -7-0Xx0-1,6- ic octanc2-carboxylic. acid.(2.108 g, 7.63 mmo
in anhydrqus dimethyﬁg%f%nlglr%f} ecﬂ%mrln@)é?vglég@gf %Jg}Pw(%’ 6%?18%%0 f5s %ﬁqur%% %éﬁetﬁléu?gghlting
mixture Waletitdd®robm RRPETRIFLNMGE hrsbe Andis miMites MhRspIGHIEEI Mafshe (2.66
mLi05 26dmgal)ivdiednenvacdgd. fboEd:inl wisohdiicredftbertebuifyh was not complete. Acetic
(3RAS)-4eamingrssiiuproninarisineslasarhosyate (& 665 B/ ¢ piRmelinfdnktaefidichiergmethane,
The resyling.soluicn, was St 8l 09, 0, 2009091 850P G LIS 20091031047 temperapure under
nitrogen for urs then c_oncentrate&_ der vacuum nd the resléue partfﬁone& between ethyl
acetate SHAAIEZB e 84U EEURYSy SvaR addrhinibg Tncirn Andatvingcamdes hydie sty R layer was
washed withirbirdporiegidivensodiumseiateiahtivonivertratiod wasliprdgad gomplFledyadicMe was
puriied vigisiisa gel flashehramategephontve erapifiash appaiaissd 240 o-allicaeel &9 mUrnin,
254 nM, 4 %e%%%"/gr éét%g;gﬁg%g& 19:E MG volumes el 10000 FIIAC for 21 galumn volumes;

. v UG A3 8
title compound elute . Fractions contalnlngﬁfure title compour%’ were collected and

concentCYSHGF vECIBIES e st dond PriticaERR BoRERRG  Apure product were also collected and

repurified by HPLC (30X100 nun Sunfire column, 5 microns, 35 mL/min, 10% to 100% CH3CN + 0.1%

TEA / wakep 3:0.1% 1QREA:Quey é{@mm-ﬁt@@mém@mﬁjmgdd@&%ﬁ%@ﬁmﬁ%:@zl%lTEA)-

Fragtions containing pwre. pr. .combined a necentrated in vacuo. The resulting aqueous
il B

aise .
residue was then ext c layer was collected and dried over

i € orga
magnesium sulfate. C%h%éﬂﬁ‘é‘ﬁ%ﬁfiﬁ‘?@%ﬁé\f@ﬁ?\%{e‘léaIﬁﬂ WAk §fthe material
isolated $temisificinyetrtfirsridtography adiedfontfithaintislc pmistumeh S StER et - bLtyiH@R, 4S)-44(
[(25,5R) 6 by sl exirpérane: Lnbrdiazaliay cinls R2+blaak Sick mixture was stirred over the weekend.

yllcarboryllaming) 3:flugrapipers g drrataedaie 1o Selutoneline pradusl of SleRd(3.0175 o
t I(ég%p L) and Ffw gm l%ge f(g‘go%aﬁ

6.33 mmgl) in methano mL) and ethyl acetate (20 mL), was a adium on carbon (0.73
g, 686 ntifol it e SOTEHEN TR WaS SHitRE TRvET AR AReRISHErHr Wik (balloon)
overnighe@iveScasraysidishioveddrichetivle wesreonpiditiTims msadtdhovixurdivatisdiiteted through a
microfilteengeihe collected solid was washed well with methanol. The filtrate was concentrated under
vacuum and azeotroped with toluene to afford the title compound as a yellow foam which was used
directly in the next step without purification 25 Step 3:tert-butyl-(3R,4S)-4-( [(2 S,5R)-7-0x0-6-(sul
fooxy)-18%Bidzabicycl6T87) | Tort-D-RIpEA A rﬁﬁwé%ﬁabéoﬁﬁfm@#%ar &

30 carboxamide:

To a mixture of the product of step 3 (1.772 g, 3.95 mmol; theoretical vield of
step 3) in dry dichloromethane (30 ml) at 0°C under nitrogen was slowly added trifluorcacetic
acid (6.1 ml, 79 mmol). Immediately the reaction became a solution. After 1 hour, additional
triffuoroacetic acid (8 ml) was added to the reaction. The reaction was stirred at 0°C until judged

35  complete by LC-MS analysis then concentrated in vacuo. The residue was triturated with ether
(3X) to remove excess TFA and organic impurities. The resulting white insoluble solid was
collected via centrifugation, dried in vacuo, then purified by preparative HPLC (250X21.2 mm
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To a solution of the product of Step 2(2.59 g, 6.7 mmol, theoretical yield of Step 2) in pyridine (30 mL)
was added sulfur trioxide pyridine complex (5.40 g, 34 mmol). The 30mixture was stirred at room
temperature under nitrogen for 3 hours then additional sulfur trioxide pyridine complex (5.40 g, 34
mmol) was 2d8dudifditize reaction mixture was stirred at room temperatuse OVesmeNE1 047
Dichloromethane was then added and the mixture was filtered. The collected solid was washed
thoroughly with dichloromethane and the combined filtrates were concentrated under vacuum to afford
the crude title compound. The residue was used without 35purification in the next step. WO

2009/09 P8swweerry Syousidoiasr Sep column; 10 micron; 35 mL/min.; 210 nM; 0% to 30%
4:(2S,SR¢BHBR WS D bitard pipetiginide\binpaxer 6riad 1400090 nlebreiapdater). Fractions
bicyclo[3erliagiaNa: a8 MGy ere combiRPARAHIRRALING RIQUSL O Siep 23,13 9. 6.7 rrunol,
theoreticg{g xi{ieclgi%} Ste%ﬁ in 0?@8%1% g%chllo,romethkgr?e 1(5(“) mL) at % §n éf ?\I r%éte}ﬁ was added
trifluoroacetic acid 5 (10 TL: 150 trr BRI RBURL RS G dr WA Hilowed to warm to room
tem|r§erature then stirred for two hours. Additional trifluoroacetic acid (6 mL, 78 rnmol) was added and
the reaction mixture was stirred at room temparampd. for@n additional 3 hours then concentrated under
vacuum.Eshariwas.adstes o residue.and e 1esulting whits-prepipitalie was goliected by
centrifugation Zether trm}t;ion repe”atedg two m%ﬁe times). '?'\ééegﬁesultlﬁng so%d“ w%f C%(url |}§8 by 10 HPLC
on a Phenomenex Synergy Polar-RP 80A column eluted with methanol/water and lyophilized to afford

the title BFRPound asBeersEfn Cotobetrswrbrribiaineipinet 49y psaiboratsy NMR. This impure

product was triturated sonicatcd twicesé/vit§ cetonitrile (solid isolated by centrifugation) to afford
the title compound gi@ white sglid. LC-MS'(h Saé‘{%%/%’ ionization m%(@e Eesg(M-H). 15 EXAMPLE

16 (2S,5R)-7-0x0-6-(stlfoaxy)-N-0 ,2,3,4-tetr rmsoquinolintﬁ*-’y <1,6-¥azabicyc 1o p .2.1
octafie-2- carboxami d e Soc BoB2HO (+LI1}(1)=R bCH2Ph@IEH2PH~20Step @88rt-buty1-64
[(2S,5R)-6-(benzyl oxy)-7-0x0-1,6-d iazabicyc lo [3.2.1] oct-2- yl]carbonyl } amino)-3,4-dihydroi so
quinolin e-2(1H)-carb %@@@C amino) Nigeai e fibhkes 54.88 mol) was dissolved in DCM (90 kg),
(2S 5R)-Bi¢pivemytned ol .- bXb1E Srdjarabidyetn[@2 toaianeds calbiguylieocid 63 30myc0. 193
mmol) ingdsy lichloronnetianss (@ ek owas Adfeduictivianing Q087 Mkx:R-482, 1Ry
2-chloros1- gt%%@)érlq?ﬁg@ ﬁ%lde %%&léngl .230 ZSrEéBg(%I% %gd . o
6-amino-2-N-BOC1 2. 3 4-t8tfa yarosisogUInoima (52 83500 22T RS IF.-A92% WGHC! (61
2008/09k85688 T s swrsgisypgdyd over 10 minutes while keeping the temperature at <25°C. The
mixture was agitated for 10 minutes and then the agitation was stopped and the phases were
allowed to separate.. The phases were then separated from each other, and the organic phase was
distilled in vacuo to a velume of 35 L. Isopropy! acetate (89 kg) was then added, and the batch
was concentrated by vacuum distillation at less than 35°C to a volume of ~ 50 L 1o crystallize the
20 title product. Heptane (47 kg) was then added over 10 minutes, and the resulting slurry cooled to
and aged at 20°C for 20 minutes, after which the aged sharry was filtered, washed with heptane
(17 kg), and dried by N7 sweep on the filter to give the title product as a white solid (24.7 kg, 87
%) TH NMR (CDC13) 7.33 (5H, m), 5.13 (2H, ), 4.47 (1H, m), 4.11 (2 H, m), 3.61 {1 H, m),
2.93 (2H, m), 1.4 (2H, m), 1.45 (9H, s) and 1.30 (ZH. m).
25

Step 2: Benzyl 4-aminopiperidine-1-carboxyvlate

G 0
—_ < HCI, THF
Boc OBn

4-(N-BOC amino)-CBz piperidine (24.4 kg 73.42 mol), THF (65 kg) and 5 M
HCI (23.0 kg, 110.13 mol} were combined and heated to 30 -35 °C for ~2 hours, and then at
30 55°C overnight. After cooling the reaction mixture to 10°C, dichloromethane (97 kg) and 10M
NaOH (7.97 kg, 145.12 mol) were added, while keeping the temperature at < 25°C. The phases
were separated and the organic phase was washed with 25 wt % NaCl solution (27.5 kg). The
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sequentially at room temperature under nitrogen. The reaction mixture was then heated to 50C for 45
minutes then the reaction product was concentrated in vacuo. Attempts to dissolve the reaction
product in eluant (2:1:1 CH3CN/DMSO/water) for HPLC were unsuccessful, so it was partitioned
between aqieustEyEesnd dichloromethane. The organic layer was collecteaseriegdaver sodium
sulfate, concentrated in vacuo and set aside for separate purfication. The aqueous layer was also
collected and purified by I-PLC (30X100 mm Waters Sunfire column; 5 micron; 35 inUmin.; 210 nM,;
15% to 100% EHSCN +.0. OSOﬁﬁgA‘{%livater + 03395% 11-A over 15 minutes; the title compound eluted
at 80% (fﬁ?% OFESTEEPhasE X SRl 4 s RS EPSUHGS SENERIRY R-title compound were
IyopthéB%@ﬂW%%@f@?d@hé@ﬁ@%@ﬁé@b sadibasnixivinitestiokycetiieted he dsginibtaper from
partitioningithe eflideIprodint tvasthusiiddcbysprepanativie Do®(“000micoomsilicg gelplate elated with
50% ethytawmipte/fesmeahiosafforsiths, it ompernd: Boty haiohes ot ine file cpaupg were
com |ned z%q%m hout further purification in the next step. 15Step

2:ter bum gd& ; Ry-6- -hy-droxy-7-oxo-1,6-diazabicyclo[3.2.1Joct-2-
ylicarbonyl}amino)-3,4-dihydroisoquinoline-2(11-0-carboxylate To a solution of the product of
Step 1 (%3¢ Bng, 0.15Bammiod) {fil methamok{dambnyhrsleibyl-peatalad2aai)em@as-atded 10%
palladium on carbon (L& 2apd the reaction mixture was stirred under an atmosphere of hydrogen
(balloon) overnight. LC/MS analysis shoped the 20 reaetion was not quite complete so an additional
10% paIIadlum on carbon (10 mg) was adde the reaction mixture was-stirred under an
atmosphere o rogen a on) for an adglitional 6 hours. The reaction mixture was filtered through
a microfilter the ¢ Ws washeghwell with metiaatiol. Theditrat S concentrated
under vacu m an azeotro ed with tolugne to dfford theititl@¥8¥pound as a light brown oil which was

used directl eaet—ﬁ%p—zéwﬁheaﬁ)unﬁtatloﬁﬁtep 3:tert-butyl-6-([[(2S NH
7-0X0-6- sulfoo y-1,6 &Tgfa |&%?o}f§12 1)oct Z-C\EKEJ i

ylicarbonyll -3,4-dihydroisoquinoline-2(1H)-carboxylate To a solution of thep uct of Step 2
(64.6 mg, O. 155 trunol) in pyridine (1.5 mL) 30was added sulfur trioxide pyridind com blex (129.5 mgq,
0.814 mmol). The mixture was stirred at room temperature under nitrogen over theitveekend.
Dichloromethane was then added and the mjxt s filtered. The collected solidiywas washed
thoroughly with dichloromethane and thecombined filtrates were concentratéh@ndeiGvacuum to afford

theierude title compourtydreyesidue-Wasidsad Witho punficatiesdnthsnextstems B $tep

4:(28,5 ( 3 i

diazahiogohs Wf"é‘ﬁ%- s S0 0, DB et gl 12017
solution %’fo%e pro CRUES 66‘%?@?% ' IR IS HBIL ARt e ried @}l?ﬁg%ﬁy@%hs
dichloro mémgﬁ@{effﬁ L()’%d?@@ibﬁa@mmn@@mwg@séa@éqdm@a@@nhlaw (1608521 8 Temol)
dropwisendheaeadfiehimixttireavashstiited faninehplitheneaneentratedundgryasywas Ether was
added t%&?é&%‘%@s@%@@dﬁﬁ%’é@ éﬁ@f‘i@}%ﬁc}'ﬂ&t waa&%d's&tg@é?x sengalan ler

PL'C on & Phenomenex

trituratio g ated two 1@}{) e gtel \R% olid er% ﬁ%LA
Synergy P BOK Soluiin eFu?eﬁm 593\?5% a p‘ﬁﬁ%ﬂﬁ PSR5Fd tR&title compound
as a whitegsitvite %Qﬁé@éﬁ@@@@ﬁ&&%ﬁ&@@é)thﬁw@mwmo@mmmnﬁlmﬁnax
(2S,5R)-woxe-Mi5Tniperidi¥2ylpyvidin2dyd w6} (Buferkydcbleddingabicysleld-8uge e-2- carboxamide
O [O1I1 (4hMnkee @HB? kg, 83.95 mol) and 4-dimethylaminopyridine (223 ¢, 1.83 mol) were added to
20 the batch and the solution was warmed to 25 °C and aged overnight. The batch was then
concentrated by distillation to 2 volume of 80 L. Additional toluene (88.2 kg) was added and the
batch further concentrated to 50 L. Isopropy! acetate (30 kg) was added and the resulting slurry
was aged for 10 minutes. Heptane (70 kg) was then added dropwise to the shurry over 30
minutes, and the slurry was aged for 30 minutes then filtered, washed with isopropyl
25 acetaterheptane (22.5 kg/17.4 kg), and then dried in vacuo at 35°C to afford the title product as a
white solid (27.5 kg, 95.5 wt %, 82 %). IH NMR (CDCl3) 7.33 (5H, m), 6.19 (1H, m), 5.13
(2H, 5), 4.48 (1H, dd), 4.15 (2H, m), 3.97 (1H, m), 2.95 (2H, m), 2.73 (1H, d 1), 4.65 (1H, m),
2.61 (1H, m), 2.18 (2H, m), 1.45 (9H, s) and 1.30 (2H. m).
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H"H ,,,,../, /H, tH FN.N 0 0303HO OSO3H Step 1:(2S,5R)-6-(benzyloxy)-N-(
5-bromopyridin-2-y1)-7-o0x0-1,6- 15diazabicyclo[3.2.1]octane-2-carboxamide To a solution of
(25,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabicyclo[3.2.1]octane2-carboxylic acid (0.400 g, 1.448
mmol) in dry‘dftBietEmethane (17.66 mL) was added triethylamine (0.504a¥/&H68ovoaned),
2-chloro-1-methylpyridinium iodide (0.433 g, 1.694 mmol), and 2-arnino-5-bromopyridine (0.311 g,
1.795 mmol) sequentially at room temperature 20 under nitrogen. The reaction mixture was heated to
50C for 1 hour then purified on the mass - 94 - WO 2009/091856PCT/US2009/031047 directed HPLC
(30x100 i Waters SRRFEOINMETIPHivesR st Rt nridelvatenferridersd-Foacover 15
min). Fractions contaibingrthetiflenconpparidineereabogeteated under vacuum then lyophilized
overnight to_afford the title compound as a yellow solid. 5Step 2:6-(

[(2S,5R)-6-{Ronzy -7-0xg-1,6-diazaRisyain]3.2%oct, o o
yllcarbonyl}aminé)-31,61-dihydro-3,41-pipyidsae-1'(2'H)-carbpxyla I
tert-Buty1-4-(4,4,5;5-tet <} 3,2=dioxaborctan-2-y1)-3; hjﬁmpyﬁd inéLl{'Z- =cafboxylate

(215 mg, 0.696 mmol) was added tg@ the product of Step 1 (150 hg, 0:348 mmol) in ageaction vial then
bis(triphenylphosphine)pafiggiium(i}) dichloride (24 mg, 0 035 10 nurﬁ%\gg@ added followed by IM
aqueous sodium carbonate (0.869 &L, 0.869 nunol) and acetonitrile (0.899 mL). The reaction mixture
was degassed then placed briefly in a preheated 70C oil bath then cooled to room temperature and

filtered. The filtrate wastassinentnatesonideaky BT reaidoe-waspesiisdibysgalymn

chromatg sliga; i € ~-500% : 50-100%
over 750 A AL g%?i%ﬁ?@% T DTS 1P PR

(125 5RIE LRI B30 88 Thadely b PR B S BRI Pt he ys meisberidin- |
-carbox Y@’\F/&”éi#nﬁ&ﬁr@@f?tﬁ@lfﬁ%@cﬁ'@ﬁsfe'@@%@nig?h?ﬂq@ﬁdiﬂ%éf)}@tbeﬂywaéé’fa&é ¥6.ml) 20 was
added 160@patiaiflimnfoenpoaiband@LTomiuithalieagsianfmixiurenvas stimed Uwdesk asuaipposphere of
hydrogepballapm.iainial b {ienUinkedadie diale:as on Splip SHNRLRRYTLIG Bffrd the

title, compound as a colorless ojl which .vvei _used without pUI‘I]JIQa'[IOH in the next step. 25Step 4:4-[6-({
(285108 B TS G R o AL I SR AR 9 oSS SRSERGAP R Rt e Shipiperid
ine-l-carBskiigspension papageh At OF the Hioeoetess SR5p Na@hseiutian 6543 hpholsnadiisd pyridine (1.5
ml) was acdléchpyrieiik Sedingribxide fetfiing, RIZ722mraoliat seemvemperavedin the:dark, under
nitrogenoTha IRAFAN MideHan e oer s naRkanden sl (olleciad spli. 50 was
washed w%l ‘\I/‘ylgh igl%lgr%gl tk@r}?‘? Tg%ﬁlt ate, was concenfrated ut%%?r vacuum to a ord the title
compound as %e’% iorle oiﬁwﬂlc I}ﬁg SR DR atorrifs FHOTESE S PRt as a
5 ST PO 18 T By TR A5 ltod R 8 755 (. m). 83 (IE. br 5,
diazabic§dIb[3i2. tjottting2-egrhoRadbbide 33P0 alBokbianaof tie prosluct o Step.d3(881me),0.067 mmol;
theoretical yigld, ohstepA) 13, dry, dichloigmethage 63ml-hyues added tifluoroacetic acid (0.00513 nit,

0.067 mmol) at 0C under nitrogen. The reaction mixture was stirred for 30 minutes the)) concentrated

under
Step 5: Tert-butyl (28)-2-[({1-[(benzyloxy)carbonyllpiperidin-4-yi} amino)carbonyl]-5-

20 oxopiperidine-1-carboxylate

Chz. N o o o Ir cyclooctadiens
/U\/\)]\/ ii chioride dimer
ZS=CHy

N
oy CHs

=

Y

Boc

Chz..
N O
L3
N o
L
Boc” 0
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WO 2009/091856PCT/US2009/031047 vacuum. The residue was triturated with ether to remove
excess trifluoroacetic acid and organic-soluble impurities. The resulting solid was dried, dissolved in
water, and purified by prep HPLC on a Phenomenex Synergy Polar-RP 80A column eluted with
methanol/wa¥&t Hitgr98pnilized to afford the title compound. LC-MS (negatisetismizatiomsmode) ink 424
(M-H). 5 EXAMPLE 18
Piperidin-4-ylmethyl(2S,5R)-7-0x0-6-(sulfooxy)-1,6-diazabicyclo [3.2. octane-2-carboxylate 0 Step
1:[1-(tert-butoxycarbon;3%piperidin-4-AmethyI(ZS,5R)-6- benzyloxy-)-7-0x0-1,6-
10diazabicyclo[3.2.1]55HB I Larsiaatshionde dipes(ditata farfnmelbi omnethifdsbodiimide
hydrochl&aglécera9ensé:d0hB Aegapmiiganthd ety depin opylidifodl ¢68Bbmen B bR mal:ngre added
sequentiaii idteos@dUtiOR0Ghinutes, afier which the solution was warmed to 105 °C. A solution of the

(29.5%) sghendmelin 91 Saialioiois Uofiane 2 cabonfie sad (038 mma

in dry dichloromethane at room temperature. te roxymet| ¥1-carboxylate
(123 mg BB 7 Mo A Btﬁ‘élﬁna‘éﬁ%ﬂcﬁﬁﬁstﬁ@i%ﬁﬁ%s%%%@?ﬁfﬁgéﬁ‘gt%ﬁmﬁé}atu re
overnightiangsthéheclsaeenat atdeiondes Vemualiedindhebidueisias pintfieddvyrpepanatase HPLC to
gfl{ir? thammbemmﬁgnm@e_ﬁtﬁ@ of the reaction mixture abo%e ﬁ 05‘*(?. T%l@ reactfon mixture was aged

[1-(terts XY ) rigdin-4- -6-hydroxy-7-0x0-1,6-
20diaza%ﬁ%%%%ﬁ%&g-%%%¥§§é&&%Sc?ol?gerr? |r aﬁ?é: gf%gn 7o ﬁgf 5?%’[%%?}18?100 mg,
0.211 mMaT iR MetRArS PSRt GobHan48 o ﬁ&fb‘é’ﬁl(@?@fr&d)ﬁ@?éﬁéﬁ%iﬁ #fkture was
stirfd uAGICER BRI SBITE RS Hdr ok ingh dtloom) weereighitethGarfiltbeedy dbherfilisateywas
concentwditeitianioglen vaouLm 4o aifiadbihes tite.comp aung shihvas:teed:ystheut pufificagion in the
next ste[airgéﬁ}wrg}%qgg{g%g%PCT/U82009/031047 Step
3:[1-(tert-butoxycarbonyl)piperidin-4-y1]rnethyl(28,5R)-7-0x0-6-(sulfooxy)-1,6- diazabicyclo [3.2.1]
octane -2-carboxylate To a solution of the product of Step 2 (50 mg, 0.13 rnrnol) in dry pyridine (I mL)
was add@@ipyridine sigfobuiibkideS B4t bl (hesRimmiolreamddriptediperalineinoder irdysn. The
reaction mixture was kfttred - piyeriigst tharfitgree (collected solid was washed well with
dichloromethane). The filtrate was concentrated under vacuum to afford the title compound which was
used without iificatieq in the next step. Step wOH
ﬁIyI(Z ,5R)- -oxo-6-(suIf_@axwhguﬁmﬁazabicyclo[&2gloctﬁe-\2§ 10carboxylate
TFA was added to Qtl@,f, 3 affbiE, L(D’td:‘l;e:rmitroger:r‘Phe\Leu tionnjxtdre was stirred for 1
hour then concentrated undgr va¢uum. The residue was trituriated y ithcéﬂher t§ remove excess

trifluoroacetic acid and orga&%-sﬂl urities. The r@ggkiﬂg\ser% was drieB¢dissolved in water,
and purified by preparative HPLC on a Phenomenex Synergy 15Polar-RP 80A column eluted with

362 (VL1-1) EXAMPL L E S RS SNt R I AR BIOPA DY Bl A e
following"2HEbREB At AR Brs A re Thisk sedanslifb S kaprradada I8 sussiir setifon
4-aminoadOEC 3 piperidinddfoSteplingEianffleA solution of the ketone in toluene (46.8 kg in ~ 4
20 mlL/g solution in toluene, 101.9 mol) was added to the aged borohydride solution while
maintaining the reaction temperature at < 0 °C. The reaction was quenched with a solution of
acetic acid (30.6 kg, 509.5 mol, dissolved in 183 kg methanol), while keeping the temperature at
<20°C. The quenched reaction mixture was then aged at 20°C for 1 hour, after which it was
coneentrated in vacuo to a volume of 184 L. Methanol (203 kg) was added, and the batch
25 distilled in vacuo to a volume of 184 L. Isopropanol (294 kg) was added and the batch was
distilied in vacuo to a volume of 184 L, keeping the internal temperature at ~30 °C. Seed (5 g)
was added (note: crystallization will occur without the use of seed, but the use of seed is
preferred as it typically provides a more consistent product and a better yield), and the batch was
aged for 1 hour fo form a seedbed. Water (560 kg) was then added over ~60 minutes, followed by
30 the addition of isopropanol (111 kg). The slurry was filtered, washed three times with MTRE

(30 kg, 35 kg, 5 kg), and then dried in vacuo at 55°C to provide the title product (26.74 kg, 57 %
yield from ylide). 1H NMR (CDCl3) 7.33 (5H, m), 6.17 (1H, br s), 5.13 (2H, s), 4.61 (1H, m),

4:piperidin-4-ylmet

w B85 -



Amine Product Isoated diastereomers (Diastereomer 1 and Diastereomer 2) of: 0
H,N,,,--?NAT/"--., ljiN.,,..4 .,,H H--11 O\OSO3H 19A & ",.....,, N [The diastereomers elated from an
HPLC column (Phenomenex Synergi Polar RP80A 250x21 2 rnm 19B BOG.","----..NI-12 ' 10micron
column gradift2803f8d836 mL/min with 0% to (racemic) 40% methanol/wedtariszeesit minutes;
detecting at 210 ruM). The first diastereomer (Diastereomer 1) elated at

411 (3H, m), 3.94 (1H, m}), 3.64 (1H, m), 2.98 (ZH, o), 2.59 (1H, dd), 2.33 (I1H, m), 1.94 (4H,
m), 1.71 (1H, m), 1.63 (ZH, m), 1.48 (8H, s) and 1.35 (2H. m).

Step 7: Tert-butyl (28,58)-2-[({ 1-[(benzyloxy)carbonyllpiperidin-4-yl} amino)carbonyli-
5 5-({[4-(trifluoromethylphenyljsulfonyl } oxy)piperidine-1-carboxylate

SO,CI
\\\\OH /©/
(T ke

N \\*.‘
ﬁ! N" N N-dimethylamino pyridine, TEA
b N O Boc
Z

The alcohol starting material (26.6 kg, 57.7 mol) was dissolved in
dichloromethane {120 kg) and passed through a cartridge of activated carbon. N, N-
dimethylaminopyridine {1.06 kg, 8.66 mol} and TEA {11.1 kg,109.63 mol) were added to the

10 alcohol solution, followed by the addition of 4-trifluoromethyibenzenesulfonyl chioride (18.0 kg,
73.6 mol) as a solution in dichloromethane (30 kg) over 20 minutes at a temperature of < 25°C,
The batch was then aged for 3 hours, after which water (110 kg) was added, while keeping
temperature <25 °C. The phases were separated and the organic phase was washed twice with
water (80 kg x 2), then with aquecus HCI (15 L of 37wt% concentrated HCl in water (80 kg)).

13 The organic layer was diluted with dichloromethane (75 kg) and distilled in vacuo to 72 L.
MTBE (157 kg) was then added and the batch was distilled in vacuo to 170 L to crystailize the
product. The shury was aged for 1 hour and then heptane (58 kg) was added over a period of ~20
minutes and the slurry was aged at 20°C for 18 hours. The aged slurry was then filtered, washed
with heptane (20 kg) and MTBE (40 kg) and dried on the filter using a stream of nitrogen for 24

20 hours to give the title product (38.3 kg, 98%). 1H NMR (CDCI3) 8.20 (2H, d), 7.85 (2H, d), 7.33
(5H, m), 6.09 (1H, brs), 5.13 (ZH. ), 4.59 (1H, m), 4.46 (1H, m}, 4.10 (3H, m}, 3.91 (1H, m),
2.96 (2H, m), 2.75 (1H, m), 2.33 (1H, m), 1.58 (1H, m), 1.48 (94, s) and 1.35 (ZH, m).
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15% methanoUwater, and the second diastereomer (Diastereomer 2) elated at 18% methanol/water.
The absolute stereochemistry of the two diastereomers has not been determined. One of the
diastereomers is (25,5R)-7-0x0-N-[(3R)-piperidin-3-y1]-6-(sulfooxy)-1,6-

diaza-bicycld¥® 20388idMe-2-carboxamide and the other is the correspond*ing/(}Sﬂ)ei;&mmfe’r.] WO
2009/091856PCT/US2009/031047 20 BOC, NH2 'H N 0\ 0303H (25,5R)-7-0x0-N-azeti
din-3-y1-6-(sulfooxy)-1,6-diazab. relo13.2.1 octane-2-carboxamide 21 BOC-N NH2 i0 H-N r'- N,,,etesH
2,?N O\Oé%%i (2S, 5%)67 %%@{gg,lgﬁ)ogr ]é{%!y OX%JéI]m%o(ﬁn%efggg)) 1,6-diaza-bicyclo[3.2.11

octane-2-cdrboxami de
yl}carbonyl)ammo]plpendme- -carboxylate

K(}i—Bu +
o O ,800

Nege: @

H !
M

N_
Yo PN Tor
N ot MSA N \.‘\"
ShN T
Coz Y © bz N oc

N-Boc-O-benzylhydroxylamine (8.65 g, 38.7 mumol, as a solution in DMAC
5 volume 38 mL) was added to a solution of potassium teri-butoxide (4.35 g, 38.7 mmol) in
DMAC (80 mL), while maintaining the temperature between 18°C and 25°C. The solution was
aged for 30 minutes afier which time it became a slurry. The sulfonate starting material (20 g,
29.9 mumol) dissolved in DMAC (40 mL}) was added to the shurry over 15 minutes at 20°C, and
the resulting mixture was heated to 40°C for 3.5 hours and then left at 20°C overnight. Water
10 (350 mL) was added to the mixture while maintaining the temperature at < 30°C. DCM (350
mkb,) was then added, and the phases separated. The organic phase was washed three times with

water (350 mL x 3). The washed organic phase was then distilled under atmospheric pressure to a
volume of 90 mL, after which methanesulfonic acid (10 mL) was added and the sclution heated
to 35-40 °C for 8 hours. The solution was then cooled to 20°C and 2N NaOH (200 mL) added,

15 followed by addition of DCM (90 mL). The phases were separated, and the organic phase was
washed with water (90 mL), and then solvent switched at atmospheric pressure to acetonitrile,
volume 50mL. p-Toluenesulfonic acid {4 g, 1 equiv. based on product assay) was added as a
solution in acetonitrile (40mL) at 40°C to crystallize the product. MTBE (45 mL) was then
added and the slury was cooled 20°C, aged at 20°C for 1 hour, and then filtered to give the title

20 product as a mono-tosylate crystalline sait (9.8 g, 53 %). 1H NMR (CDCI3) 7.75 (1H, br 5), 7.59
(2H, d), 7.36 (5H, m), 7.20 (3H, m), 7.14 (2H, d), 6.98 (2H, d), 5.30 (1H, m), 5.10 (2H, m), 4.37
(2H, 5), 5.88 (3H, m), 3.61 (2H. m), 3.23 (2H, m), 2.22 (3H, s}, 1.65 (1H, m), 1.26 (5H, m) and
1.21 (3H, m).

25  Step9: Benzyl 4-({[(28,5R)~6-(benzyloxy}-7-ox0-1,6-diazabicyelo[3.2.1joct-2-
yllcarbonyl} amino)piperidine-1-carboxylate
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Th #112 H, N-NO )1/ HN ,,,,,1 , J H N O\OSO3H (2S,5R)-7-0x0-N-[(4R)-azepan-4-y11-6-(sul fooxy)-1,6-
d iaza-bicyclo [ 3 .2.1j octane-2-carbox amide 'N'r'"'-O N, )/N\ 0OSO3H .
(2S,5R)-7-0x0-N-[1-methylpiperidin-4-y1]-6-(sulfooxy)- 1,6-diaza-bicyclo p .2, lloctane-2-carboxamide

23 L--...

----- N $120024%183¢ (raccinic) O Nyil', 1s' HH ),N\ 0OSO3H Mixturegaf{R &R yii4#x0-N-[(3

S,4S)-3-fluoropip eridin4-y1]-6-(sulfooxy)-1,6-diaza-bicyclo [3 ,2.1]octane-2- carboxamide and its
3R.4R diastereomer 25

10

15

H
TeOH salt of: N

H O/ OBN 4 NeHCO, salt break
N-\ \\l." N
T H 2. iriphosgene, DIPEA
Ch N ©
z

il
Bno~ N 0
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Benzyl 4-[( {(ZS,SR)¥5»f(benzyioxy}amino}piperidinwz-
yljcarbonyl)amino]piperidine-1-carboxylate in the form of a tosylate salt (8.1 kg, 12.68 mol) was
slurried in dichloromethane (108 kg), after which 5 wt % NaHCO3 (42 kg, 25.36 mol) was added
and the resulting biphasic mixture was stirred vigorously for 30 minutes. The phases were
separated, and the organic phase was washed with water (40.5 kg). The organic phase was then
distilled at atmospheric pressure to ~ 20 L, followed by the addition of DCM (108 kg). DIPEA
(5.25 kg, 40.58 mol) was then added and the batch cooled to 0-5°C. Triphosgene (3.01 kg, 10.14
mol) was added in four portions, while keeping the temperature at <10°C, Afier 30 minutes, a
dilute phospheric acid solution (4.97 kg 85 wt % phosphoric acid in 32 kg water) was added, and
the batch aged at 20°C overnight. The phases were separated and the organic phase was washed
with 5 wt % NaHCO3 (26 kg) and water (25 kg). The organic phase was then distilled at
atmospheric pressure to 30 L. Ethanol (77 kg) was then added, followed by the addition of seed
(10 g). (Note: Crystallization will occur without the use of seed, but the use of seed is preferred
as it typically provides a more consistent product and a better vield.) The shury was distilled in
vacuo to a volume of 33 L, then heptane (55 kg) was added dropwise. The slurry was then
cooled to 0°C, filtered, washed with 3:1 heptane:ethanol (30 L), and dried on the filter under
nitrogen stream to give the title product (5.90 kg, 94 %). LH NMR (CDCI3) 7.35¢(10 H, m}, 6.37
(1H, d), 5.14 (2H, s), 5.07 (1H, d), 4.92 (1H, d), 4.13 ( 2H, m), 3.95 (1H, m), 3.89 (1H, d), 3.31
(1H, s}, 2.99 (3H, m), 2.65 (1H, d), 2.38 (1H, m), 1.94 (4H, m), 1.62 ( 2H, m) and 1,34 (2H, m).

Step 10: tert-Butyl 4-({[(28,5R}-6-hydroxy-7-0x0-1,6~diazabicyclof3.2.1]oct-2-
yl]carbonyl} amino)piperidine-1-carboxylate
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BOC.N L NH2 H,NO N)1, H N\\OSO3H (2 S,5R)-7-0x0-N4(35,4R)-3-fluoropiperidin-4-y1]-6-
(sulfo_oxy)-1,6-diaza-bicyclo 3.2, 1Joetane-2- Printed: 21-05-2010 MRL-WD-22398
DESCPAMDPCT/US 2009/031 04;EP 09 '701 487)  carboxarnide 26 BOC- H2 OMe NHo Me HN N\
00SO3H (2SR AP/BXBM-[(35,4R)-3-metboxypiperictin-4-y1)-6- PCT/US2009/031047
(stdfooxy)-1,6-diaza-bicyclo(3.2.1)octane-2- casboxarnide 27

O
Bne/lL N 0 Boc,O + Boc-y 0
N/Hf’ Ho/Pd catalyst M,
. N L
/N /N
O OBn o OH
Benzyl 4-({[(2R,58)-6-(benzyloxy)7-0x0~-1,6-diazabicyclo[3.2.1]oct-2-
yljcarbonyl} amino)piperidine-1-carboxylate starting material (1.9 kg @ 97 wt %) and Boc20
(0.776 kg) were charged to a glass botile, and the solids were dissolved in THF (15 L). The
5 solution was then charged to 2 hydrogenation reactor along with PA(OH)7 (184.3 g) and another

portion of THF (10.8 L). The reaction was carried out at 45 psig Hp, 23 °C for 5 hours. Afier

the reaction was complete as determined by HPLC analysis, the solution was filtered through
solka flok to remove the catalyst and the filter cake was washed with THF, The filtrate and
washes were then solvent switched by vacuum distillation to EtOAc to a volume of 16 L.

10 Approximately 30 L EtOAc was used during the solvent switch and the THF level after a
constant volume distillation (10 L at a maximum temperature of 20°C) was determined by proton
NMR to be ~ 4 mol % THF:EtOAc. The resulting EtOAc slurry was aged at room temperature
for 1 hour, affer which hexanes {4 1) was added over 1 hour at room terperature. The slurry
was aged for an additional 1 hour after which the supernatant concentration was measured

15 (target: ~ 6 mg/g). The solids were then filtered and washed with 60 % EtOAc/bexanes solution
(3 x 3 L) and dried under vacuum and N7 at room temperature to afford the title product (80%
isolated vield). 'H NMR (400 MHz, CDCls ): 8.60 (brs, 1H), 6.67 (d, J= 8.2 Hz, 1H), 4.12 -
4.00 (m, 2H), 4.00-391 (m, 1H), 3.89(d, J=7.8 Hz, IH), 3.8]1 -3.76 {m, 1H), 3.19(dt, /=
11.2, 2.9 Hz, 1 H), 2.90(1, J= 11.9 Hz, 2H) 2.82 (d, J=11.3 Hz, 1H), 2.45 {dd, /= 15.0, 6.7 Hz,

20 1H), 2.21-2.11 {m, 1H), 2.02-1.85 ( m, 3H), 1.80-1.69 (m, 1H), 1.48 (s, 9H), 1.44-1.30 (m, 2H)

Step 11: The sulfate tetrabutylammonium salt

Boc. Boc.
N/{/" 2-picoling, THF N/[/"
H rO g 2. KHPO,, BUNHSO,, H Q "

7N, DCM N,
O  ©OH o)“ 080, BuN,*

tert-Butyl 4-({[(28,5R}-6-hydroxy-7-oxo-1,6-diazabicycio[3.2.1Joct-2-
25  yljcarbonyl lamino)piperidine-1-carboxylate , (3.0 kg}, THF (30 L), 2-picoline (1.61 L) and
pyridine-SO; complex (4.54 kg) were charged to a flask under nitrogen. No exotherm was
observed. The heterogeneous mixture was allowed to stir overnight (~15 h). DCM (8 L) was
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, 0=S NH2 NH --N 0\0S03H (29,5R)-N-(1,1-dioxidotetrahydro-2H-thiopyran-4-y1)-7- oxo-6-(sulfooxy)-
1,6-diarabicyclo[3.2.1joctane-2- carboxamide 28 NH 2 BOC-61 N HH2 0 H-N,),,, N 0SO3H
(28,5R)-N4(3R,4R)-4-arninopyrrolidin-3-y11-7-0x0-6-
(sullooxy)-1, 8“4 idHaieyesof3.2,1)octane-2-carboxamide 0 -14 H' 11-1NH N-OhS0D&H)31047
(28,5R)-N1(3R,4R)-4-hydroxypyrrolidin-3-y11-7-0x0-6-
(sulfooxy)-1,6-diazabicyclor32.11octane-2-carboxamide H-N -r--- S--N 00S02H
(2S,5R)-N-R3R,4S)-4-hydroxypyrrolidin-3-y1)-7-0x0-6- (suifooxy)-1,6-diazabicyclol 12.
lloctanc-Rssnibdshmi o i e aqyneenirated by vacuum distillation, removing ~30 L of

THF/DCM. Additiona] DCM (28 L) was added, followed by the addition of water (20 L), The

flask was placed in an ice bath and KoHPO4 (2.20 kg) was added over 4 minutes, followed by a

water rinse {1 L), BugNHS04 (2.90 kg) was then added over 10 minutes followed by additional

5  water (4 L}. The biphasic mixture was stirred for 30 minutes, after which the bottom organic

layer was transferred to a 100-L extractor via an in-line filter. The agueous layer remaining in
the flask was rinsed with additional DCM (2 x 4 L)), and then aiso transferred to the extractor. A
small amount of aqueous layer (~2 1) had also been transferred, and the two layers were
separated. The organic layer was refirned 1o the exiractor and washed with water (1 x 6 L); pH

10 was 4.5, The organic layer was separated and charged to a new flask via an in-line filter. The
mixture was solvent-switched to 2,2,2-trifluoroethanol by vacuum distillation (34 L final
volume) and used as is in the next step. Water content by Karl-Fisher titration was 1900 ppm.

In a smaller-scale expsriment using the same procedure, evaporation of the

solvent gave a solid from which 1H NMR data were collected. "H NMR (400 MHz, CDCl; ):

15 6.65{d,J=8.4 Hz, 1)}, 437-4.32 {m, 1H}, 4.18-4.00 (m, 2H}, 4.00-3.8% (m,1H), 3.87(d, /= 7.7
Hz, 1H), 3.36-3.27 {m, 9H), 2.95-2.79 (m, 2H), 2.75(d, J= 11.4 Hz, 1H), 2.42(dd, /= 15.0, 6.9
Hz, 1H} 2.24-2.11(m, 2H), 1.96-1.81 (m, 3H), 1.74-1.60 {m, 8H), 1.47(s, 9H), 1.46 (m, 8H), 1.39
(m, 2H},1.01 (t, J=7.3, 12H}

20 Step 12 (28,5R)-7-Oxo-N-piperidin-4-yl-6-(sulfooxy)-1,6-diazabicyclof3.2. 1 Joctane-2-
carboxamide
Boc. 1. HBF -0k,
N o TFE NS O
N)E". 2. NaHCO:; K/l\ /Li,’
H Q 3. crystaliization % m
I;_N B No 7"
| N
0  OSOyBUN. & Noso,

The solution of BugN™ (0803 salt in TFE (34 L) was used as received from the

prior step with an assumed yield of 100%. The reaction mixture was cooled in an ice bath, and
25 HBF4-Et20 (1.57 L) was added via addition fimnel over 11 minutes between 18°C and 22°C.
The resulting white shurry was allowed to stir overnight (12 hours). TFE (~15 L) was removed
by vacuum distillation. DCM (15 L) was then added. To a 100-L extractor was charged
pyrogen-free water (35 L) and NaHCO3 (274 g}, and the solution was cooled to 13°C. The
reaction mixture was transferred by vacuum into the extractor with temperature of 11-13°C. The
30 reaction flask was rinsed with additional BCM (35 L) and the suspension also transferred to the
extractor. The reaction mixture was warmed to 18.5 °C and de-pyrogenated water (12 L) was
added to solubilize all the solids. The final pH was 4.5. The organic layer was separated, and the
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NH2 30 OH eoc-N NH2 WO 2009/091856PCT/US2009/031047 31 BOG- iINH2BOC-NN20H N
0\OSO3H (2S ,5R)-N4(3R,4S)-4-fluoropyrrolidin-3-yl]-7-oxo0-6- u oox 1,6-diazabicyclO [3
.2.1loctane-2-carboxamide 0 H- N)1/, IliH N ObSO3H
(23,5R)-N-[(382m0pm9#ikioropyrrolidin-3-y1]-7-0x0-6- PCT/US2009/031047
(sulfooxy)-1,6-cliazabicyclo[3.2.11ociane-2-carboxamide 32 33

aqueous layer was washed with DCM (2 x 16 L). Assay of the agueous layer showed 2.38 kg
(83.8 %)
The aquecus layer was charged to a clean flask. The solution was concentrated by
vacuum distillation followed by azeotropic distillation with IPA. At this time, 1H NMR analysis
5  of the IPA:H2O ratio indicated the presence of 13.4 L of water and 24.6 L of IPA. IPA (22 L)
was added. The white crystalline solid was filtered and washed with 7:1 IPA:de-pyrogenated
water (16 L) and dried under vacuum and nitrogen at room temperature to afford the title product
in the form of a crystalline channel hydrate, 1.5 wt% water, (Yield = 1.715 kg, 57.4% over Steps
11 and 12). "H NMR (400 MHz, DMSO-d; ) 83 (brs, 2H), 8.21(d, J= 7.8 Hz, 1H), 4.01(s,
10 1H), 3.97-3.85 {m, 1H}, 3.75 (d, J= 6.5 Hz, 1H) 3.28(dd, /= 12.9, 2.5 Hz, 2H) 3.05-2.93(m,
4H), 2.08-1.97(m, 1H), 1.95-1.79(m, 3H), 1.75-1.59(m, 4H)

EXAMPLE 1D
Crystalline monohydrate of (28,5R)-7-0x0-N-piperidin-4-yl-6-(sulfooxy)-1,6-
15 diazabicyelo{3.2.1}octane-2-carboxamide

Part A: Preparation

EXAMPLE 1D
Crystalline monohydrate of ( 28,5R)-T-0x0-N-piperidin-4-yi-6-(sulfooxy)-1,6-
20 diazabicyclo[3.2.1 Joctane-2-carboxamide

Part A Preparation

Amorphous (28,5R)-7-0x0-N-pipetidin-4-yl-6-(sulfooxy)-1,6-

diazabicyclo[3.2.1]octane-2-carboxamide (1 g) and deionized water (5 mL) were added to a glass

25 vial, and the resulting slurry was stirred at room temperature until XRPD monitoring (see Part B)
indicated that conversion to a different form was complete. The crystalline solid was then
collected by gravity filtration and dried at room temperature.

The crystaliine slurry can alternatively be isolated by evaporative removal which,
because the crystalline hydrate is soluble in water (about 55 g/mL at room temperature}, can

30 result in a higher yield.

Drying can dehydrate the crystals, and thus drying methods employving vacgums
and/or high temperatures should generally not be used. Controlling the relative humidity of the
drying environment can minimize or avoid dehydration. For example, the crystals can be dried
using a nitrogen steam with a controlled moisture content (e.g., in a range of from about 40% fo

35 about 70% relative humidity) to avoid dehydration.
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BOc-N "NH2 0 HN N 0°OSO3H (2S,5R)-7-0x0-N-[(3 S)-1-piperidin-4-y1-2- oxopyrrol idin-3-yl]-6-(sul
fooxy)-1,6- di azabicycl o [3.2.11 octane-2-carboxam i d e 0 NA HNd.,tH 34 BOO--NN  4),N, 0OSO3H
(2S,5R)-7-0x0-N-[(3R)-1-piperidin-42- yl oxopyrrol i din-3-y1]-6-(sulfo oxy)-1,6- diazabi cyclo 13.2.1)
octane-2-catbB A II&E®C-N NH2 /----- HN1) FHH N PCT/US2009/031047

The crystaliine hydrate can also be obtained by slurrving in 2 mixture of isopropyl
alcohol and water and using any of the isolation procedures set forth above. The ratio of
isopropyl alcohol to water is suitably about 7:1 by volume.

5  PartB; Characterization

An XRPD pattern of a crystaliine monohydrate prepared in accordance with the
method described in Part A was generated on a Philips Panalytical X’ Pert Pro X-ray powder
diffractometer with a PW3040/60 console using a continuous scan from 4 to 40 degrees 20,
Copper K-Alpha 1 (Kal) and K-Alpha 2 (Ko2) radiation was used as the source. The

10 experiment was conducted with the sample at room temperature and open to the atmosphere.
The XRPD pattern is shown in Figure 1. 28 values and the corresponding d-spacings in the
XRPD pattern include the following:

Table 1 - XRPD of crvstalline monohydrate

Peak No. | d-spacing (A} 2 Theta
1 6.5 13.5
2 57 15.5
3 5.6 15.6
4 5.1 17.4
5 4.7 18.7
6 4.5 19.7
7 4.4 204
8 4.1 21.7
9 3.8 22.6
10 3.7 24.0
11 36 24.3
12 34 259
13 33 26.3
14 33 26.6
15 3.2 27.0
16 3.2 27.5
17 3.0 29.3
18 2.9 30.0
19 2.8 31.3
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0b503H (28,5R)-N-[(3S,4R)-3-fluoroazepan-4-y1]-7-oxo-6- (sulfooxy)-1 ,6-diazabicyclo [3 .2.1 i
ociane-2-carboxamide 36 BOC-N \ ----/ 1' NH2 "F iThO HN111 F N ObSO3H
(23,5R)-N-[(3R,4S)-3-fluoroazepan-4-y1]-7-oxo-6- WO 2009/091856PCT/US2009/031047
(sulfooxy)-1,B24BaF%0[3.2. 1loctane-2-carboxamide 0 F 7 | H HH MQEUBOBBP/031047
(2S,5R)-N-[(3-fluoroazetidin-3-yl)methy11-7-0x0-6-
(sulfooxv)-1,6-diazabicyclo[3.2.11octane-2-carboxanaide 0 ;N"------ C--IT: HhN 0'0SO3H

16

is5

20 2.7 324
21 2.7 32.9
22 2.6 33.1
23 2.6 34.0
24 2.5 347
25 2.5 35.5
26 23 38.9

Crystalline monohydrate prepared in accordance with the method described in
Part A was analyzed with a TA Instruments DSC Q 1000 differential scanning calorimeter (DSC)
at a heating rate of 10°C/minute from 25°C to 350°C in an open aluminum pan in a nifrogen
atmosphere. The DSC curve (see Figure 2) exhibited an endotherm due 1o water loss with an
onset temperature of 22.5°C and enthalpy change of 186 J/g. Decomposition is observed above
270°C.

A thermogravimetric analysis (TGA) of crystalline monohydrate prepared in
accordance with the method described in Part A was performed with a TA Instruments TGA Q
500 under nitrogen at a heating rate of 10°C/minute from 25°C fo 300°C. The TGA showed a
weight loss of 4.9 wt.% up to 100°C followed by decomposition above 270°C. The 4.9 wt.%
loss corresponds to the loss of 1 mole of water per mole of the compound which is consistent
with a monohydrate.

EXAMPLE 2

(28,5R)-N-[(45)-Azepan-4-y1]-7-0x0-6-(sulfooxy)-1,6-diazabicyclo3.2. 1 -octane-2 -
carboxamide

o} N o
J i
HO O NHz N @
N1 M : f@m

oo
—

. N
O OCH.Ph o \OCHQPh
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(2S,5R)-7-0x0-N-(pyn-o0lidin-2-y1methyl)-6-(sulfooxy)- 1,6-diazabicyclo[3.2.11octane-2-carboxamide
NH2 BOC 38 N,NH2 BOC 39 ,Boc 0-"1---N.), N 0'0S0311
(2S,5R)-7-0x0-N-(piperidin-2-ylmethyl)-6-(sulfooxy)- 1 6-diazabic do 3. 2.1)octane-2-carboxamide 0)I"
1l HN,,..."--HRP, 20908839 0bSO3H (2S,5R)-7-0x0-N-(piperidin-4-ylimethy 833141 6-diazabic
do 3 2.1octane-2-carboxamide 40 ---------- "N H2 C,N," ", BO 41 TBDMSO...,, ---="--r- NH2

Step 1: tert-Butyl (48)-4-({[(28,5R}-6-(benzyloxy)-7-ox0-1,6-diazabicyclo[3.2.1Joct-2-
yllcarbonyl } amino)azepane-1-carboxylate
To a solution of (28,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabicyclo[3.2. Joctane-
5 2-carboxylic acid (51.7 mg, 0.187 mmol) in dry dichloromethane (2 mL) was added a solution of
tert-butyl (4S)-4-aminoazepane-1-carboxylate (69 mg, 0.275 mmol), triethylamine (0.090 mL,
0.646 mmol), HOBT (42.5 mg, 0.278 mimol), and EDC (54.7 mg, 0.285 mmol) sequentially at
room ternperature under nitrogen. The reaction was stirred at room ternperature overnight. The
reaction mixture was concentrated under vacuum and the residue was purified by HPL.C on a
10 30X100 mm Waters Sunfire column eluted with 15% to 100% CH3CN + 0.05% TFA/water +

0.05% TFA over 15 minutes to afford the title compound as & white solid after Iyophilization.

Step 2: tert-Butyl (45)-4-({[(2S,5R)-6-hydroxy-7-oxo~1,6-diazabicyclo[3.2.1 Joct-2-
ylicarbonylamino)azepane-1-carboxylate

15 Palladium on carbon (11.8 mg; 109 PA/C) was added to a solution of tert-butyl
(48)-4-{{[{(28,5R)-6-(benzyloxy)-7-ox0-1,6-diazabicyclof3.2. 1 Joct-2 -
ylcarbonyl}amine)azepane-1-carboxylate (49.7 mg, 0.33 mmol} in methano] (1.5 mL) and the
resulting mixture was stirred under hydrogen (balloon) for 3 hours. TLC analysis showed the
reaction was complete. The reaction mixture was filtered through a microfilter and the filtrate

20 was concentrated under vacuum to afford the impure title compound as & white foam (44.8 mg)
which was used without purification in the next step.

Step 3: NN N-Tributylbutan-1-aminium. {[((2S,5R)-2-{[{48)-azepan-4-
ylamino]carbonyl}-7-ox0-1,6-diazabicyclo[3.2.1]oct-6-yDoxylsulfonyl} oxidanide
25 To a solution of impure tert-butyl (45)-4-({[(28,5R)-6-hydroxy-7-oxo-1,6-
diazabicycloi3.2.1]oct-2-yl}jcarbonyl }amino)azepane-1-carboxylate (40.2 mg, 0.105 mmol) in
pyridine (1 mL)} was added sulfur trioxide pyridine complex (42.1 mg, 0.265 mmol), The
mixture was stirred at room temperature under nitrogen overnight. LC/MS analysis showed
incomplete reaction. ). Additional pyridine was added followed by additional sulfur frioxide
30 pyridine complex {40 mg). The resulting mixfure was stirred at room temperature for five hours.
The reaction was filtered and the solids were washed with dichloromethane. The filirate was
concentrated in vacuo and suspended in saturated agueous potassium dihydrogenphosphate
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HO '--,0 -A <--N-----Nf' _",.--H N 0'0303H (2S,510-N-(2-hydroxy-1-piperidin-4-ylethyl)-7-ox0-6-
(sulfooxy)-1.6-diazabicyclo[3.2.1]octane-2-carboxamide 0 OH hN O\OSO3H 2
,5R)-N-[(2S)-1,4-0xazepan-2-ylrnethy11-7-0x0-6- fooxy)-1,6-diazabicyclo[3.2.1joctane-2-carboxamide
42 BOC, N-- 99—%%"%#%%0 2009/091856PCT/US2009/031047 43 BO FR(N#?Q"EY‘){‘WN-"\ ------ N,
-1 6HN-....4H hN 00S031-1 (28,5R)-N-[(2R)-1,4-0xazepan-2-ylrnethy11-7-0x0-6- sulfoox1
6-diazabicyclo [3 2.110 etane-2-carboxam ide 0

solution. The resulting mixture was extracted with ethyl acetate, The aqueous layer was

collecied and tetrabutylammonium hydrogen sulfate (0.036 mg, 0.105 mmol) was added. The

mixture was stirred for 10 minutes then extracted with EtOAc (4X). The organic layers were

combined, dried over sodium sulfate, and concentrated in vacuo to afford the title compound as a
5  coloriess oil.

Step 4: (28,5R)-N-[{45)-Azepan-4-y1}-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 joctane-
2-carboxamide: -
To a solution of NN, N-tributylbutan-1-aminium {[((25,5R)-2-{[{4S)-azepan-4-
16 ylaminolcarbonyl}-7-oxo-1.6-diazabicyclo[3.2.1Joct-6-yloxylsulfonyl }oxidanide (30,9 mg,
0.067 mmol) in anhydrous dichloromethane {7 mL) at 0°C under nitrogen was added
trifluorcacetic acid (0.5 mL, 6.5 mmol) dropwise. The reaction mixture was stirred for two hours
then concentrated under vacuum. Ether was added {o the residue and the resulting white
precipitate was collected by centrifugation. The precipitate was purified by HPLC oen a

15 Phenomenex Synergy Polar-RP 80A column snd lyophilized to afford the title compound as a
white solid. LC-MS (negative ionization) m/e 361 (M-H); LC-MS (positive ionization) m/e 385
(M+Na); TH NMR (600 MHz, D20; unreferenced) (8, ppm) 4.17 (1H, br d, J = 3 Hz), 3.96-4.03
(2H, m}, 3.27-3.38 3H, m}, 3.15-3.22 (2H, m), 3.02 (1H, d, T = 12 Hz), 1.62-2.18 (m, 12H).

20 EXAMPLE 3

(28,5R)-N-[(4R }-Azepan-4-y1]-7-ox0-6-(sulfooxy)-1,6-diazabicyclof3.2.1 |octane-2-carboxamide

BOC, BOC

Oy (1
'NH, U»N)?,.
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[liN,H NH 2 ,,,?,,,N 0'0$03H (28,5R)- 7 -0X 0-N- (2 piperidin-4-ylethyl)-6-(sulfooxy)- 1,6-di azabicycl o

[3.2.1] octane-2-carb oxamide 0 11, N".",---..N,--,,, HNO.IH N 0\OS031-1
(28,5R)-7- oxo (é2§lpel‘ldln -1-ylethyl)-6- (sulfooxy) 1,6-diazabi cyclo (3.2.1loctane-2-carboxam i de
Y1 J— AP BEBUEN,--,, HN'..-"-0 111, --N."..,"--.N,-#. 1111H  PCT/US2009/031047

(28,5R)- 7 -0x0-N-(2-piperazin-1-yletby1)-6- (sulfooxy) 1,6-diazabi cycl o [3.2.11octane-2-carboxami de
HNO ii
By substituting tert-butyl (4R)-4-aminoazepane-1-carboxylate for tert-butyl (4S)-
4-aminoazepane-1-carboxylate in the procedure of Example 2, the title compound can be
prepared.

5 EXAMPLE 4
(28,5R)-7-Ox0-N-[ (3R }-pyrrolidin-3-yl]-6-(sulfooxy)-1,6~-diazabicyelo]3.2.1}-octane-2-
carboxamide

e i
HO ki Uﬁ Q @)
SN ‘ N

¢ OCH.Ph OCHPh

NGNS S e I 'y
T N N7 H
N N N

¢ OH o 0Soy O 080,
Bu,N* H

10 Step I tert-Butyl (3R)-3-({[(28,5R-6-(benzyloxy)-7-0x0-1,6-diazabicycio[3.2.1]oct-2-
yl]earbonyl} amino)pyrrolidine-1-carboxylate
To a solution of (28,5R)-6-(phenylmethoxy)-7-0x0-1,6-diazabicyelo[3.2.  Joctane-
2-carboxylic acid (53 mg, 0.192 mmol) in dry dichioromethane (2 mL) was added a solution of
tert-butyl (3R)-3-aminopyrrolidine-1-carboxylate (55 mg, 0.288 mmol), triethylamine (0.061 mL,
15 (.441 mmol), HOBT (44.1 mg, 0.288 mmol), and EDC (55.2 mg, 0.288 mmol) sequentially at
room temperature under nitrogen. The reaction was stirred at room iemperature for six hours.
The reaction mixture was concentrated under vacuum and the residue was purified by HPLC ona
30 x 160 mm Waters Sunfire column eluted with 15% to 100% CH3CN + 0.05% TRA/water +
.05% TFA over 15 minutes to afford the titie compound.
20
Step 2: tert-Butyl (3R)-3-({[(28,5R)-6-hydroxy-7-ox0-1,6-diazabicyclo[3.2.1]oct-2-
yljcarbony! jamino)pyrrolidine-1-carboxylate
Palladiom on carbon (9.18 mg; 10% Pd/C) was added to a solution of tert-butyl
{3R)-3-({[(28,5R)-6-(benzyloxy)-7-0x0~-1,6-diazabicyclo[3.2.1]oct-2-
25 yl]earbonyl}amino)pyrrolidine-i-carboxvlate (38 mg, 0.085 mmol} in methanol (2 mL) and the
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47 BOC, N.---",, FIHN NH2 0'0603H (28,5R)-N-3-azabicyclo[3.1.0]bex-6-y1-7-0x0-6-
(sulfooxy)-1,6-diazabicyclollalloctane-2-carboxamide H,N...-..",0 1" CH3 NH N 0°0503H

(28,5R)-N-methy1-7-oxo-N-piperidin-4-y1-6-(sulfooxy)- 1.6-diazabi cyclo[3.2.1)octane-2-carboxami de
48 BOC, N WO 200RO%E13 WO 2009/091856PCT/US2009/031047 49 PEBOR2MMN/13142NO | H
00803H (2S,5R)-2- [ [2-(am ino methyl)p iperi din-1-y1J ear onyll -6- (sulfooxy)-1,6-diazabi cyclo [3

.2.110 ctan-7-one

16

15

20

25

30

35

resulting mixture was stirred under hydrogen (balloon) for 3 hours. TLC analysis showed the
reaction was complete, The reaction mixture was filtered through a microfilter and the filirate
was concenirated under vacuum to afford the impure title compound as an oil.

Step 3: NN-Dibutylbutan-1-aminium ({[(25,5R)-2-({[(3R)-1-{tert-
butoxycarbonylpyrrolidin-3-yllamine} carbonyi)-7-0xo-1,6-
diazabicyclo[3.2.1]oct-6-yl joxy }sulfonyloxidanide
To a solution of tert-butyl (3R)-3-({[(28,5R )-6-hydroxy-7-0x0-1,6-

diazabicyclof3.2,1]oct-2-yl]carbonyl}amino)pyrrolidine-1-carboxyiate (30 mg, 0.085 mmol) in

pyridine (1 mL) was added sulfur trioxide pyridine complex (53.9 mg, 0.339 mmol) and 4A
molecular sieves. The mixture was stirred at room temperature under nitrogen overnight.

LC/MS analysis showed incomplete reaction. The reaction mixture was filtered and the filtrate

was concenfrated under vacoum. The residue was chromatographed on HPLC to recover

unreacted starting material which was resubjected to the reaction conditions. The combined
product was suspended in saturated aqueous potassium dihydrogenphosphate solution. The
resulting mixture was washed with ethyl acetate. The aqueous layer was collecied and
tetrabutylammonium hydrogen sulfate was added. The mixture was stirred for 10 minutes then
extracted with EtOAc (4X). The organic layers were combined, dried over sodium sulfate, and
concentrated in vacuo to afford the title compound as a colorless oil.

Step 4: (25,5R)-7-Oxo-n-[(3R)-pyrrolidin-3-y1}-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]-
octane-2-carboxamide:

To a solution of N,N-dibutylbutan-1-aminium ({[(2S,5R)-2-({[(3R)-1 -(tert-
butoxycarbonypyrrolidin-3-yljamino} carbonyl)-7-ox0-1,6-diazabicyclof3.2.1 joct-6-
vljoxy}sulfonyhoxidanide (2 mg. 0.046 mmol} in anhydrous dichloromethane (0.5 mL) at 0°C
undér nifrogen was added trifluproacetic acid (0.525 mL, 0.046 mmol} dropwise. The reaction
mixture was stirred for two hours then concentrated under vacuum. FEther was added to the
residue and the resulting white precipitate was collected by centrifugation. The purified by
HPLC on a Phenomenex Synergy Polar-RP 80A column and Ivophilized to afford the tifle
compound as a white solid. LC-MS (negative ionization) m/e 333 (M-H); LC-MS (positive
ionization) m/e 336 (M+H); 1H NMR (600 MHz, D20; unreferenced) (5, ppm) 4.50-4.54 (1H,
m), 4.20 (1H,dd, J=3,6Hz),4.03 (1H, brd, H=7Hz), 3.54 (1H, dd, = 7, 13 Hz), 3.40-3.48
(1H, m), 3.30-3.35 CH, m), 3.24 (1H, dd, I =35, 13 Hz), 3.07 (1H, d, J = 12 Hz), 2.31-2.37 (14,
m), 2.15-2.20 (1H, m), 2.06-2.16 (2H, m), 1.88-1.98 {1H, m), 1.76-1.84 (11, m).

EXAMPLE 5
(28,5R)-N-Azocan-5-yl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 joctane-2-carboxamide
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50 .."----.N,H BCC. N.-----.N...."-- 1 H 0 N)11 H2N/?, ,) N 0'OSO3H
(2S,5R)-2-[(4-aminopiperidin-lI-yOcarbony1}-6- (sulfooxy-)-1,6-diazabicycloOlAoctan-7-one 51 ----" NH
, N1.) BOG 0 E HIN1..,,,,21H N 0'0503H (2S ,5R)-2-(piperazin-l-ylcarbony1)-6-(sulfooxy)-1,6-
diazabicycloY 3 ¥¥P¥SEN-7-0ne 0 1----""-=-—-/N \ =--1 "H HN,-.,N 0'OSOIH T/US2009/031047
(25,5R)-2-(2,7-diazaspiro[3.5]non-2-ylcarbony1)-6- (sulfooxy)-1,6-diazabicyclo[3.2.11octan-7-one 52 ,

H ,N."..., BOC 53
@]
% |
NH, LA A, ©)

O
g ,
HO™ ™
?\Oer () B U iy
/N

N N
O)_NbH o}“ 0S80y o’}- 0S0H
BU4N+

By substituting tert-buty}! 5-aminoazocane-1-carboxylate for 4-amino-1-BOC-
piperidine in the procedure of Exampie 1, the title compound can be prepared.

5
EXAMPLE 6
(28,5R)})-7-Ox0-N-pyridin-4-yl-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 joctane-2-carboxamide
NTT
> N N7 0
M, SSNH, '\/\ A, 2
HO Q m )
- H ! |
oy ~~7"H
N, SN,
OCH,Ph O OCH.Ph
e
Q5 PO
g ﬁj/\’ ©) N O
N\/le
N )‘Noso H
O OH 3
0 Step L (28,5R)-6-(Benzyloxy)-7-oxo-N-pyridin-4-yl-1,6-diazabicyclo[3.2.1Joctane-2-

carboxamide
To a solution of (28,5R)}-6~(phenylmethoxy)-7-ox0-1,6-diazabicyclo{3.2.1]octane-
2-carboxylic acid (51.5 mg, 0.186 mmol) in dry dichloromethane (5 mL} was added
triethylamine (0.065 mL, 0.466 mmol), 2-chioro-1-methyipyridinium fodide (63.4 mg, 0.248
15 mumol), and 4-aminopyridine {19.2 mg, 0.204 mmol) sequentially at room temperature under
nifrogen. The reaction was then heated to 50°C for 1.5 hours, LC/MS showed reaction
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BOC' 0 ; HHNN 0bSO3H (2S,5R)-2-(hexabydropyrrol o [3,4 -c] pyrrol-2(1H)- ylcarbony1)-6-(sulfooxy)
-1.6-diazabicyclo[3.2.1loctan7-one 54 11 N BOO 0)1' H2N ObSO3H (2S,5R)-2-
{[(3R)-3-aminopyrrolidin-1-y1Jcarbonyl } -6- (sulfooxy)-1,6-diaz_abi cyclo [3.2.1Joctan-7-one WO
2009/0918588108369/031047 11 tnth 11 BOC H2N" N 0bSO3H (PSTHHERMI/031047
([(3S)-3-aminopyrrolidin-1-yljcarbony11-6- (sulfooxy)-1,6-diazabicyclo[3.2.11octan-7-one 56 O N

10

25

30

complete. The reaction mixture was concentrated and purified by HPLC on 2 30 x 100 mm
Waters Sunfire column to afford the title compound as an orange solid after lyophilization.

Step 2: (28,5R)-6-hydroxy-7-oxo-N-pyridin-4-v1-1,6-diazabicyclof3.2. 1 loctane-2-

carboxamide

Palladium on carbon (13.2 mg; 10% PA/C) was added to a solution of (28,5R)-6-
(benzyloxy)-7-oxo-N-pyridim-4-yl-1,6-diazabicyclo[3.2.1 Joctane-2-carboxamide (52.7 mg, 0.15
mmol; combined product of two runs) in methano! (1.5 mL) and the resulting mixture was stirred
under hydrogen (balloon) for 5 hours. TLC and HPLC analysis showed a small amount of
starting material remaining. Additional catalyst (5.6 mg) was added and the resulting mixture
was stirred under hydrogen (balioon) for an additional 1 hour. Ths reaction mixture was filtered
through a microfilier and the filirate was concentrated under vacuum to afford the title compound
as a colorless oil.

Step 3: (25.5R)-7-Oxo-N-pyridin-4-yl-6-(sulfooxy)-1,6-diazabicyclo[ 3.2.1 Joctane-2-

carboxamide

To a solution of (28,5R}-6-hydroxy-7-oxo-N-pyridin-4-yl-1,6-
diazabicyclo[3.2.1}octane-2-carboxamide (9.2 mg, 0.035 mmol) in dry pyridine (0.5 mL) was
added dried 4A molecular sieves and sulfur trioxide pyridine complex (22 mg, 0.138 mmol) at
room temperature under nitrogen. The mixture was stirred for four hours, The reaction mixture
was filtered and the solids washed with dichloromethane, acetonitrile, and methanol. The filtrate
was concentrated under vacuum and the residue was friturated with ethyl acetate. The residue
was dried under vacuum, dissolved in saturated sodium dikiydrogen phosphate and purified by
HPLC on a Phenomenex Synergi Polar-RP 80A column to afford the title compound as a white
solid after lyophilization. LC-MS (negative ionization) m/e 341 (M-F); LC-MS {positive
jonization) m/e 343 (M+H); 1H NMR (600 MHz, D20O; unreferenced) (8, ppm) 8.57 (2H, br s),
8.15(2H, brs), 427 (1H, brd, J =7 Hz), 420 (1H, brs), 3.33 (IH,d. =12 Hz), 3.10 (1H, 4, J
= 12 Hz), 2.28-2.32 (18, m), 2.08-2.11 (1H, m}, 1.93-1.98 {1H, m), 1.83-1.88 (1H, m).

EXAMPLE 7

{28,5R)}-N-(2-Methoxypyridin-4-yl}-7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1 joctane-2-
carboxamide
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ObSO3H (2S,5R)-2-1[3-(dimethylamino)pyrrolidin-1-y1]-carbonyl6-
sulfoox6-dibicyclo[3.2.1loctan-7-one EXAMPLES 57 -90 The procedure set forth in Example 6
was used to prepare the compounds of Examples 57-77 and 80-90, wherein the indicated amine
starting mat&tfar{fa9¥afstituted for 4- 5 aminopyridine in Step |. The proéedureeedantiyin Example
17 was used to prepare the compounds of Examples 78 and 79, wherein the indicated pyridine starting
material was substituted for 2-amino-5-bromopyridine in Step 1. Example Amine Product 57 BOC,

N"""ri H,rA, NH2 R2N H2N FI2N--" 0 ]iLH N., ,...i.feH N
(28,5R)-N44-(arninornethyl)phenle-?-dflo-G- (sulfooxy)=3s6-diazabicyclo[3.2.1joctane-2-carboxamide
'0S0al-1 0 N"H. N,,..".../,,H 58 14IP N7 /\
2 . 9
. S NH, N @
HO Q N N S
’j}'hg”ﬁ W MH
O OCH,Ph O  OCH,Ph
T T
C]) ﬁ r,_m 3) ? ‘ E{J "O
¢ OH 0  0OSOsH
Step 1: (28,5R}-6-{ Benzyloxy)}-N-{2-methoxypyridin-4-yl}-7-0x0-1,6-
diazabicyclo[3.2.1Joctane-2-carboxamide
5 To a solution of (25,5R}-6-(phenylmethoxy)-7-0x0-1,6-diazabicyclof3.2. 1 Joctane-

2-carboxylic acid (38.9 mg, (.141 mmol) in dry dichloromethane (2 mL) was added
triethylamine (6.049 mL, 0.352 mmol), 2-chloro-1-methylpyridinium iodide (53.3 mg, 0.209
nunol), and 2-methoxy-4-aminopyridine (20.2 mg, 0.163 mmol) sequentially at room
temperature under nitrogen. The reaction was then heated to 50°C for 1.5 howrs. LC/MS

10 showed reaction complete. The reaction mixture was concentrated and purified by HPLC ona
30 x 100 mm Waters Sunfire column to afford the title compound as an orange solid after
lyophilization.

Step 2: (28,5R)-6-Hydroxy-N-{2-methoxypyridin-4-y1}-7-ox0- 1,6~

15 diazabicyelof3.2.1loctane-2-carboxamide

Palladium on carbon (13.4 mg; 10% Pd/C) was added to a solution of (28,5R)-6-

(benzyloxy)-N-(2-methoxypyridin-4-yl)-7-0x0-1,6-diazabicyclol3.2.1 Joctane-2-carboxamide
(43.6 mg, 0.114 mmol) in methano! (1 mL) and the resulting mixture was stirred under hydrogen
(balloon) overnight. HPLC analysis showed reaction complete. The reaction mixture was

20 filtered through a microfilter and the fiitrate was concentrated umder vacuum to afford the iitle
compound as an impure colorless oil,

Step 3: (28, 5R}-N-(2-Methoxypyridin-4-y1}-7-0x0-6-(sulfooxy)-1,6-
diazabicyclof3.2.1]octane-2-carboxamide
25 To a solution of (28,5R)}-6-hydroxy-N-(2-methoxypyridin-4-y1)-7-0x0-1,6-
diazabicyelo[3.2. 1joctane-2-carboxamide (33 mg, 0.114 mmol)} in dry pyridine (1 mL) was added
sulfur trioxide pyridine complex (111 mg, 0.696 mmel) at room temperature under nitrogen. The
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BOG'NH2  (28,5R)-N-[3-(aminomethyl)pheny1]-7-0x0-6-
(sulfooxy)-1,6-diazabicyclo[3.2.1loctane-2-carboxamide 140 N ObSO3H 0)1,, NM H\"H 59 IP NH2
BOC.NH 2S,5R)-N-[2-(aminomethyl)phenyll-7-oxo-6- ":',",N 00803H WO

2009/09185 PRIEI8§9/031047 (sulfooxy)- ,6-diazabicyclol3.2. 1 JocREBIBaHOKEMIde

mixture was stirred for four hours. The reaction mixture was filtered and the solids washed with
dichloromethane, acetonitrile, and methanol. The filtrate was concentrated under vacuum and
the residue was triturated with ethvl acetate then dried under vacnum, dissolved in saturated
sodium dihydrogen phosphate and purified by HPLC on a Phenomenex Synergi Polar-RP 80A
5 column to give a white solid which was further purified on a Waters Sunfire column to give a

white solid which was further purified by HPLC on a2 Phenomenex Synergi Polar-RP 80A
column to afford the title compound as a white solid after Iyophilization. LC-MS (negative
tonization) m/e 371 (M-H); LC-MS (positive ionization) m/e 373 (M+H); 1H NMR (600 MHz,
D7 O; unreferenced) (6, ppm) 8.10 (1H, br d, J =6 Hz), 7.59 (1H, s), 7.41 (11, d, J = 6 Hz), 4.26

10 (IH,brd, J=7Hz),4.23(1H, brs), 4.07 (3H,5), 336 (IH, 4 =12 Hz), 3.12 (1H, 4, T =12
Hz), 2.29-2.33 (1H, m), 2.16-2.14 (1H, m), 1.93-1.9%9 {1H, m), 1.84-1.90 (1H, m).

EXAMPLE 8
(28,5R)-N-{2-( Dimethylaminojpyridin-4-y1}-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-
15 2-carboxamide

\[?!/
@ gl
.
HO Q NH, P 2)
N
OCHZPh or OCH,Ph
N O
SN )~N
¢ ©H 0SO,H
Step 1: (28, 5R)}-6~(Benzyloxy)-N-[2-(dimethylamino)pyridin-4-y1]-7-ox0-1,6-
diazabicyclo[3.2.1 Joctane-2-carboxamide
20 To a solution of (28,5R)-6-(phenylmethoxy)-7-0x0-1,6-diazabicyclo[3.2.] Joctane-

2-carboxylic acid (37.3 mg, 0.135 mmol) in dry dichloromethane (2.5 mL) was added
triethylamine (0.047 mL, 0.338 mmol), 2-chloro-1-methylpyridinium iodide (38.3 mg, 0.15
mmel}, and 2-dimethylamino-4-aminopyridine (21.7 mg, 0.158 mmol) sequentially at room
temperature under nitrogen. The reaction was then heated to 50°C for 1.5 hours. LC/MS

25  showed reaction complete. The reaction mixture was concentrated and purified by HPLC on a

-8



60 BOC.. NH2 .Th".1lp0O H"...-*-. N 0'OSO3H (2S,5R)-N-{4-Rinethylamino)methyllphenyll -7-oxo-6-
(sulfaoxy)-1,6-diazabicyclo [12.1 octane-2-carboxamide H "H N 61 1001 , BOGNNH2 0'OSO3H
(2S.5R)-N- {3-{(methylamino)m ethyl jphenyl } -7-0x0-6-

(sulfooxy)-1 B44rR424B§7%01.3.2. 110ctane-2-carboxamide '++1.140N)1 O PCA/RB2009/53194762
721"\, 1 NH2

30X 100 mm Waters Sunfire column to afford the title compound as an off-white solid after
lyophilization.

Step 2: (28,5R)-N-[2-{Dimethylamino)pyridin-4-y1}-6-hydroxy-7-oxo0-1,6-
5 diazabicyclo[3.2.1]octane~2-carboxamide
Palladium on carbon {10.4 mg; 10% Pd/C) was added to a solution of (28,5R)-6-
{benzyloxy)-N-{2-(dimethylamino)pyridin-4-yi}-7-ox0-1,6-diazabicyclof{3.2.1 Joctane-2-
carboxamide (47.8 mg, 0.121 mmol) in methanol (2 mL) and the resulting mixture was stirred
under hydrogen {balloon) overnight. HPLC analysis showed reaction complete. The reaction
10 mixture was filtered through a microfilter and the filtrate was coneentrated under vacuum to
afford the title compound as a colorless oil which was used in the next step without further
purification.

Step 3: (28,5R)-N-[2-(Dimethylamino)pyridin-4-y1}-7-oxo0-6-(sulfooxy)-1,6-
15 diazabicyclo[3.2.1]octane-2~carboxamide
To a solution of (28,5R)-N-[2-(dimethytamino)pyridin-4-yI}-6-hydroxy-7-ox0-
1,6-diazabicyclo]3.2.1]Joctane-2-carboxamide (37 mg, 0.121 mmel) in dry pyridine (1.5 mL) was
added sulfur trioxide pyridine complex (92 mg, 0.578 mmol) at room temperature under
nitrogen. The mixture was stirred for seven hours. NMR analysis of an aliguot showed

20  incomplete reaction. Additional pyridine (2 mL) and sulfur trioxide pyridine complex (60 mg)
were aidded and the resulting mixiure was stirred af room femperafore under nitrogen. The
reaction mixture was concentrated under vacuum and the residoe was purified by HPLC ona
Phenomenex Synergi Polar-RP 80A column 1o give impure product which was further purified
on a Waters Sunfire column {o afford the title compound as a white solid after lyophilization.

25 LC-MS (negative ionization) m/e 384 (M-H); LC-MS (positive ionization) m/e 386 (M+H); 1H
NMR (600 MHz, D20; unreferenced) (8, ppm) 7.77 (1H, br d, J = 6 Hz), 7.41 (1H, 5), 6.94 (1H,
d,J=0Hz),423 (2, brs), 3.36 (1H,d, J=12 Hz), 3.18 (6H, s}, 3.11 (1H, d, T = 12 Hz), 2.29-
2.32 (1H, m), 2.10-2.14 (1K, m), 1.93-1.99 (1H, m), 1.84-1.90 {1H, m}.

30 EXAMPLE ¢

(28,5R)-N-{4-(AminomethyDphenyl]-7-oxo-6-(suifooxy)-1.6-diazabicyclo{3.2. 1 joctane-2-
carboxamide '
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N ONOSO3H
(2S,5R)-N-{4-41(dirnethylannno)methyl]phenyl)-7-0x06-(sulfooxy)-1,6-diazabicyclo[3,2.1)octane-2-
carboxarnide 63 N-r"----"-". 1 ., 1'-"---"r' NH2 ,,ip0 )1 1 /> N ObSO3H (2S,5R)-N-
(4-[(pynolidifyPATtHYESRShenyll -7-0x0-6- (sulfooxy)-1,6-diazabicyclo [3.2 B BEEA/tHDoxamide 64
BOC,0 H2 HNniti0 41111117. H1 N ObSO3H (2S,5R)-7-0x0-6-(sulfooxy)-N-(1,2,3,4-
tetrahydroisoquinolin-6-y1)-1,6-diazabicycloa_2.1)octane-2-carboxamide 65  P-------- , BOC-N,1_11
"----"--ze 1"- NH2 0 HNIllifi, HI NHBOC

NHBOC

R ) AW
HO’J‘J"Q NHE - NJEJ,O (2)
o H mrrr——-
N N‘rH (}) N “IH

N
O  OCH,Ph Q  OCH.Ph

NH,

2 O k/‘ﬁ O
; :
k@*NJE’“ L///\Nj”' L@ jj
H Q,,H G, H ?‘Om @ N O
N SN Nt H

O OH | N,
d  OSOH o)/_ .
Step 1: tert-butyt [4-({[(28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo[3.2.1Joct-2-

yi]carbonyl}amino)benzyljcarbamate
5 To a solution of (25,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabicyelo]3.2, 1 Joctane-

2-carboxylic acid (29.9 mg, 0.108 mmol) in dry dichloromethane (3 mL) was added
triethylamine (0.038 mL, 0.271 mmol), 2-chloro-1-methylpyridinium iodide (41.0 mg, 0.160
mmoi), and 4-(N-BOC-aminomethyDaniline (30.6 mg, 0.138 mmol) sequentially at room
temperature under nitrogen. The reaction was then heated to 60°C for 2 hours. LC/MS showed

10 no starting material remaining. The reaction mixture was concentrated and purified by HPLC on
a Waters Sunfire column fo afford the title compound.

Step 2 tert-butyl [4-({[(28,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-
yllcarbonyl} aminoYbenzyllcarbamate
15 Palladium on carbon (7.8 mg; 10% Pd/C) was added to a solution of the product
of step 1 (35 mg, 0.073 mmol) in methanol (2 mL), and the resulting mixture was stirred under
hydrogen (balloon} overnight. LC-MS analysis showed the reaction was complete. The reaction
mixture was filtered through a microfilter and the filtrate was concentrated under vacuum which
was azeotroped from toluene to afford the title compound as a white solid.
20
Step 3: tert-butyl {4-( {[(28,5R)-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]oct-2-
vl]carbonyl}amino)benzyljcarbamate
To a solution of the product of step 2 (28.9 mg, 0.074 mmol) in dry pyridine (1
mL) was added sulfur trioxide pyridine complex (60.3 mg, 0.379 mmol) at room temperature
25 under nifrogen. The mixture was stirred at room temperature overnight. LC-MS analysis
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N ObSO3H (2S,5R)-N-(2,3-dihydro-1H-isoindo1-5-y1)-7-oxo0-6- WO
2009/091856PCT/US2009/031047 (sulfoox - -6- 'bic re 0 3.2.1 octane-2-carboxarnjde 66 BOC | N
NH2 H N------- ;'O HN 0°0S031-1 (2S,5R)-N-(2,3-dihydro-1H-indo 5-y1)-7-ox0-6- (sulfoox
)-1,6-diazabl¥ Y&"¥ 2’18t ane-2-carboxarnid 67 0 NH2 0 H. H N,../,H N OD@DZBR009/031047
4-({[(28,5R)-7-0x0-6-(sulfooxy)-1,6-diazabicyclof3.2.11oct-2-y1 carbon | amino benzoic acid 68
corrmy==y H2N"--- 1_..1 -"-:2--N-NH2 H2NINO
showed reaction approximately 50% complete. Additional sulfur trioxide pyridine complex
{64.4 mg) was added to the reaction mixture and stirring continued at room temperature. After 7
hours, LC-MS analysis showed mostly product. The reaction mixture was filtered and the
insoluble solids were washed well with dichloromethane. The filirate was concentrated under
5  vacuum and the residue was azeotroped with toluene to remove excess pyridine. The crude title

compound thus obtained was used without further purification in the next reaction.

 Step 4: (28,5R)-N-[4-(aminomethyljphenyl}-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1 Joctane-2-carboxamide

10 To a mixture of the product of step 3 (34.8 mg, 0.074 mmol} in dry
dichloromethane (3 mL) at 0°C under nitrogen was added trifluoroacetic acid (1.0 mL, 13 mmol).
All solids dissolved immediately upon addition of trifluoroacetic acid. the solution was stirred
for 1.5 ours at which time LC-MS analysis showed reaction complete. The reaction was
concenirated under vacuum and the residue was triturated with ether o remove excess

15 trnifluoroacetic acid and organic impurities. The resulting sticky solid was dried under vacuum
and stored in the freezer overnight. The crude product was purified by HPLC on a Phenomenex
Synergi Polar-RP §0A column to afford the impure title compound as a white solid afier
lyophilization. The solid was triturated with acetonitrile (3X) to afford the pure title compound
as a white solid. LC-MS (pegative ionization) m/e 369 (M-H); LC-MS (pesitive ionization) m/e

20 354 (M+H-NH;}; THNMR (604G MHz, D20O; unreferenced) (8, ppm) 7.53 (2H, d, J = 8.5 Hz),
7.46(2H, d, J=8.5Hz), 423 (2H, brs), 411 (2H, §),3.39 (11,4, = 12 Hz), 3.18 (1H, 4, T =12
Hz), 2.27-2.31 (1H, m), 2.09-2.14 (1H, m), 1.90-2.00 {1H, m), 1.813-1.89 (1H, m).

EXAMPLE 10
25 (28,5R}-7-Oxo-2-[(piperidin-4-ylamino)carbonyl}-1,6~diazabicyclo[3.2.1]octane-6-sulfonic acid

BOC. ~ 4 BOC. 9 BOC. o
N o N0 O
H e N Ry T H i .
N H H N YH
N N N
d  OoH Os ;<0 o H
0-Ph
BOC. -~ Hey o



01.1.71"H N 0'OSO3H (25,5R)-N[4-(aminocarbonyl)pheny1]-7-ox0-6- (sulfoox1 6-diazabic clo 3.2.1
octane-2-carboxamid 69 0"0 i H2N1, NH2 H 00 _?'4/ H2N/100 N)i N ObSO3F1
(2S,5R)-N44-(aminosulfonyl)phenyl]-7-o0x0-6- ( ulfoox )-1,6-diazabic clo[3.2.1lloctane-2-carboxamide
0 H2N10 A Wz?@/’@lfﬁ.é iR2N'70 PCT/US2009/031047
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Step 1: tert-Butyl 4-{({{25,5R)}-7-ox0-6-{{phenoxycarbonothioylyoxyl-1,6-

diazabicyclo[3.2.1]oct-2-y1} carbonylaminojpiperidine- 1-carboxyvlate

A solution phenyl chlorothionocarbonate (1.25 eq.) in dichloromethane is added
to a solution of pyridine (1.25 eq.), 4-dimethylaminopyridine (0.1 eq.) and tert-buty] 4-
({[(28,5R )-6-hydroxy-7-ox0-1,6-diazabicyclo[3.2.1]oct-2-yl]carbonyl } amino)piperidine-1-
carboxylate (see Example 1, Step 2) in dichloromethane. The resulting mixture is stirred at
room temperature overnight then cooled in an ice bath and quenched by addition of water. The
layers are separated and the aqueous layer is extracted with dichloromethane, The combined
organic layers are dried over sodium sulfate, filtered, and concentrated under vacuum. The
residue is purified by silica gel chromatography to afford the title compound.

Step 2: tert-Butyl 4-({[(28,5R)-7-ox0-1 ,6-diazabicyclo{3.2. 1]oct-2-vl]carbonyl }amino)-

piperidine-1-carboxylate

AIBN (0.1 eq.) is added to a sclution of tert-butyl 4-[({(28,5R)}-7-0%0-6-
[{phenoxycarbonothioyhoxy}-1,6-diazabicyclo[3.2.1joct-2-y1} carbonyilaminc]piperidine-1-
carboxylate in dry benzene and the resulting mixture is heated to reflux. A solution of tributyltin
hvdside (1.25 eq.) in benzene is added over a period of one hour and the resulting mixture is
refiuxed for an additional 2 hours. The reaction mixture 1s concenirated under vacuom and the
residue is purified by silica gel chromatography to afford the title compound.

Step 3: (28,5R)-2-({[{1-(tert-Butoxycarbonyl)piperidin-4-yl jamino }carbonyl}-7-0x0-1,6-
diazabicyclo[3.2.1]octane-6-sulfonic acid
The product of step 2 is sulfated according to the procedure of Step 3 of Example
1 1o afford the title compound.

Step 4: {28,5R)-7-0x0-2-[(piperidin-4-ylamino)carbonyl]-1,6-diazabicyclo[3.2.1]octane-
6-sulfonic acid
(28,5R)-2-({]1-(tert-Butoxycarbonyhpiperidin-4-yljamino }carbonyl)-7-ox0-1,6-
diazabicyclo[3.2.1]octane-6-sulfonic acid is deprotected according to the procedure of Step 4 of
Exampie 1 to afford the title compound.

EXAMPLE 11
(4R, 68 )-2-Oxo-N-piperidin-4-yl-3-(sulfooxy)-1,3-diazabicycio[2.2.]1 Jheptane-6-carboxamide
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00SO03H (2S,5R)-N-P-(aminocarbonyl)pheny11-7-oxo04- suifoox1,6-diazabic do 3.2.1
octane-2-carbox'de WO 2009/091856PCT/US2009/031047 71 '--., 1 2 ----- S--0IN.."..2.-—--"N,i" H
H N 00OSOS3H (25,5R)-7-oxo-N-pyridin-311-6-(sulfooxy)-1,6- diazabicycl o p .2.1 loctane-2-carboxami
de 72 -,--s-WO2043/021856 _0 1)1, Hki ",>N 00SO3H (2S,5R)-7-0x 0-N-pyriR§ifipsgaceesstdfooxy)-1 ,6-
diazabi cycloi3.2 .1 joctane-2-carboxamide 73 N-"L- NNH2 N) JI v9,

BOC BOC,
\N "N
BOC., -~ (;:2 K::? o
N O
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__9_2__*_ HN 3 _ﬁ}_,, HN”‘Jé
N
1] . N
J—N_ a:}
o 0SCy 7N
BH4N+ O OSOgH

By substituting {4R,68)-3-(benzyloxy)-2-ox0-1,3~diazabicyclof2.2.1 Theptane-6-
carboxylic acid for (28,5R)-6-{phenylmethoxy)-7-0x0-1,6-diazabicyclo[3.2. 1 Joctane-2-
5 carboxylic acid in the procedure of Example 1, the title compound can be prepared.

EXAMPLE 12
(4R,68)-2-Ox0-N-{{4S)-azepan-4-vi]-3-(sulfooxy)-1,3-diazabicvclo[2.2. 1 Theptane-6-
carboxamide

BOC BOG

N } N } N: g
)' (n %N
" d  OCH,Ph d  OCH,Ph O OH

N N
. 0, 0
0 0 O
) Q A HN—
HO™=, NH, HN @)

-87-



H 2/ N 00SO03' (2 S,5R)-N-(2,6-dipynol i di n-I-ylpyri d in-4-y1)-7-0 x0-6- (sul fooxy)-1,6-diazabicyclo
[3id]octane-2-carbox ami de 74 NH2 N NH2 NH2 NO \;)?1 HNQ "H N ObSO3H (2
S,5R)-N-(6-aminopyridin-2-y1)-7-ox0-6-(sulfooxy)- 1,6-d iazabicycl o [3 .21) o ctane-2-carbox am i de

"K'Ni...----:-0 IN 11tIH N ObSO3H (2 S,%Fé)i-al\‘hl;gliggagglgirgsethylamino)apa;(zﬁidin;gg _2%%-7-oxo;f625-a
(sulf(Toﬁﬁ/ﬁgf‘%azatﬁ?&%?cl 0 [3.2. | Joctane:B:&arhoxamide -----No
| Printed: 21-05-2010 DESCPAMD PCT/US 2009/031 043P 0g 701 487
| MRL-IFD-72398
BGC
M

Q804 [
Bug* 0}- 0S04H

By substituting (4R ,68)-3-(benzyloxy)-2-oxo-1,3-diazabicyclo[2.2. 1 Theptane-6-
carboxylic acid for (28,5R)-6-(phenylmethoxy)~7-oro-1,6-diazabicyclof3.2.1}octane.2-
carboxylic acid in the procedure of Example 2, the title compound can be prepared.

‘ EXAMPLE 13
(4R,68)-2-Oxo-N-pyridin-d-yl-3-(sulfocxy)-1,3-diazabicyclof2.2. 1 Theptane-6-carboxamide
N= Nz
0 N N{ o "/ o
Ho—, N A, Hi
”q m NQ T Nq
N )‘N\ N
O OCH,Ph 0 OCH,Ph o oM
M= S

v o Q 0
@ At @ A

M,

¢ osoy O DSOH
BU&;N*
i0 By substituting (4R,65)-3-(benzyloxy)-2-oxo-1,3-diazabicyclof2.2.] Jheptane-6-

carboxylic acid for (25,5R)-6-(phenylmethoxy)-7-oxo0-1,6-diazabicycio[3.2.1 Joctane-2-
carboxylic acid in the procedure of Example 6, the title compound can be prepared.

EXAMPLE 14
15 {28,5R)-7-Oxe-N-[{38)-pyrrolidin-3-yI}-6-(svifooxy)-1 ,6-diazabicyclof3.2. 1 Joctane-2-
carhoxamide :
-8&-
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H2N ,AA )1/ H ,./),,N 0'OSO3H (2S ,5R)-N 4-(aminomethyl)pridin-2-y117-0x0-6- 76 BOC ----kHN
FIN),-- , NH2 WO 2009/091856PCT/US2009/031047 (sulfooxy)-1,6-diambicyclo
3.2.1Joctane-2-carboxamide H2IN\C"--'-'1\MI0 C?Njti," H H 77 HI\r"-----""N BOC NH 2 N 0'0803H
(2S,5R)-N-[5XQdatstedsy ppyridin-2-y1]-7-0x0-6- PCT/US2009/031047
(sulfooxy)-1,6-diazabicyclo[3.2.11octane-2-carboxamide O Hm 'N.....-7 '41H 78 Sr

o
A, N BGC’NOV-, . )
HO (\ : i E O e

N (0 N

Step 1: tert-butyl (38)-3~({{(28,5R)-6-(benzyloxy)-7-0x0-1,6-diazabicyclo[3.2.1 Joci-2-
ylicarbonyl}amino)pyrrolidine-1-carboxylate
To a solution of (28,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabicyclo[3.2. ] Joctane-
5 Z-carboxylic acid (1 g, 3.62 mmol) in dry dichloromethane (30 mL) was added
dimethylaminopyridine (884 mgL, 7.24 mmol), EDC (1.388 g, 7.24 mmol), and tert-butyl (38)-3-
aminopyrrolidine-1-carboxylate (742 mg, 3.98 mmol) sequentially at room temperature under
nitrogen. The reaction mixture was stirred at room temperature over the weekend. The reaction
mixture was then concentrated under vacuum and the residue was purified by HPLC on a 30x100
10 mm Waters Sunfire column eluted with 15% to 100% CH3CN + 0.05% TFA / water + 0.05%

TFA over 15 minutes to afford the title compound as a white solid.

Step 2: tert-butyl (38)-3-({{(28,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1 Joct-2-
vilcarbonyl} aminoypyrrolidine-1-carboxylate
15 Palladium on carbon (335 myg; 10% PJd/C) was added to a solution of the product
of Step 1 (1.4 g, 3.15 mmol) in methanol (30 mL) and the resulting mixture was stirred under
hydrogen (balloon} for 1 hour. LC-MS analysis showed the reaction was complete. The reaction
mixture was f{iltered and the filtrate was concentrated under vacuum to afford the title compound
as an 0il which was used without purification in the next step.
208
Step 3: tert-butyl3-({{(28,5R)-7-ox0-6-(sulfooxy)-1,6-diazabicyciof3.2.1 Joot-2-
yljcarbonyl}amino)pyrrolidine-1 -carboxylate
To a solution of the product of Step 2 (1.11 g, 3.15 mmol, theoretical yield of Step
2} in pyridine (10 mL) was added sulfur trioxide pyridine complex (2.51 g, 15.75 mrmol). The
25 mixture was stirred at room temperature under nitrogen overnight. Dichloromethane was added
and the mixture was filtered. The collected solid was washed with dichloromethane (4X) and the
combined filtrates were concentrated under vacuum. The residue was used without purification
in the next step.
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NH2 N 0'0S031-1 (28,5R)-N-(4-piperidin-4-ylpridin-2-y1)-7-ox0-6-- (sulfooxy)-1,6-diaz_abicyclo [3.
2.1]octane-2- carboxamide 79 ----- , I BrNH2 '---0i HNH N 0'OS02H
(2S,5R)-N-(6-pipdin-4-ylpyridin-2-y1)-7-0x0-6- (sulfo oxy)-1,6-diazabi cyclo [3. 2.1]ociane-2-
carboxamid& OstIYRLLENE - NNH2HNOH PCT/US2009/031047

Step 4: (25,5R}-7-0x0-N-[(35)-pyrrolidin-3-yl]-6-(sulfooxy)-1,6-diazabicyelo[3.2.1]-
octane-2-carboxamide:
To a solution of the product of Step 3 (1.37 g, 3.15 mmol, theoretical vield of step
5 3)in anhydrous dichloromethane (5 mL) at 0°C under nitrogen was added TFA (2 ml., 26 mmol)
dropwise. The reaction mixture was stirred for two hours then concentrated under vacuum.
Ether was added to the residue and the resulting white precipitate was collected by centrifugation
{ether trituration repeated two more times). The resulting solid wag purified by HPLC on a
Phenomenex Synergy Polar-RP 80A column eluted with methanol/water and lyophilized 1o
10 afford the title compound as a whiie solid. LC-MS (negative ionization mede) /e 333 (M-H).
LC-MS (positive ionization) m/e 335 (M+H), 357 (M+Na); 1H NMR (600 MHz, D20;
unreferenced) (8, ppm) 4.51 (1H, m), 4.16 (1H, br d, J = 2.6 Hz), 3.99 (1H, d, 1= 7 Hz), 3.54
(13, dd, T =7, 13 Hz), 3.40-3.50 (1H, m), 3.30-3.40 (1H, m), 3.20-3.30 2H, m), 3.02 (1H. d,J =
12 Hz), 2.30-2.40 (1H, m), 2.10-2.20 (1H, m), 2.06-2.10 (ZH, m), 1.83-1.93 (1H, m), 1.72-1.80
15 (1M, m).

EXAMPLE 15
(28,5R)-N-[(3R,48)-3-Fluoropiperidin-4-yl]-7-0x0-6-(sulfooxy)-1,6-diazabicyelo] 3.2.1 Joctane-
2~-carboxamide

: ; N
— . b b — i H .
P y
70 (8] O8O;H o QS0;H
Step 1: tert-butyl-{(3R,45)-4-({{{28,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo]3.2. Tjoct-

2-yljcarbonyl} amine)-3-fluoropiperidine- 1 -carboxylate
To a solution of (25,5R)-6-{phenylmethoxy)-7-ox0-1,6-diazabicyclof3.2.1]Joctane-
2-carboxylic acid (2.108 g, 7.63 mmol) in anhydrous dimethyiformamide (15 mL) was added
25 BOP (4.05 g, 9.15 mmol)} and the resulting mbxture was stirred at room temperature under
nifrogen for 5 minutes. Diisopropyl ethyl amine (2.66 ml,, 15.26 mmol) was then added
followed by a solution of tert-butyl (3R 48)-4-amino-3-fluoropiperidine-1-carboxylate (1.665 g,
7.63 mmol) in 20 mL of dichloromethane, The resulting solution was stirred at room
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N 0IDSO3H (2S,5R)-N-(5-piperazin-I-y Ipyridin-2-y1)-7-0x0-6- (sulfooxy)-1,6-diazabicyc lo [3.
2.1]octane-2- carboxmilde 81 -- NN Ff2 O-Th -..".N...".--.k.."0 1)1, N ObSO3F1 (2 S,5R)-N-(5
-morpholin-4-ylpyridi n-2-y1)-7-0x0-6- (sulfooxy)-1,6-diazabicyclo [3. 2,1] octane-2- carboxamide WO
20091091858PEHATEHH091031047 8 C2N.,,,...._1ssrs 1i -"N™"--NH2 H REFOEROSI31047
(28,5R)-N-(5-pyrrolidin- 1 -yl-pyridin-2-y1)-7-0 x0-6- (sulfooxy)-1,6-diazabicyclo[3, 2.1 Joctane-2-
earboxamide 83r, N 1,,.NH2 01111 HH N 0'OSO3H
temperature under nitrogen for 2 howrs then concentrated under vacuum and the residue
partitioned between ethyl acetate and water. The agqueous layer was washed twice with ethyl
acetate. The organic layer was washed with brine, dried over sodium sulfate, and concentrated
under vacummn. The residue was purified via silica get flash chromatography (Isco Combiflash
5 apparatus - 120 g silica gel, 80 mL/min, 254 nM, 0% to 1060% EtOAc/hexane over 6 columm
volames then 100% EtOAc for 9 column volumes; title compound eluted at 100% EtOAc).
Fractions containing pure title compound were collected and concentrated in vacuo to give a tan
solid. Fractions containing impure product were also collected and repurified by HPLC (30X100
mm Sunfire column, 5 microns, 35 mL/min, 10% to 100% CH3ICN + 0.1% TFA / water + 0.1%
10 TFA over 15 min.; title compound eluted at 70% CH3CN + 0.1% TFA). Fractions containing
pure product were combined and concentrated in vacuo. The resulting agueous residue was then
extracted with ethyl acetate. The organic layer was collected and dried over magnesium sulfate.
Concentration in vacuo gave a white solid which was combined with the material isolated from
gilica gel chromalography to afford the title compound.
5
Step 2: tert-butyl-(3R,451-4-{ { {(25,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1Joct-2-
yilcarbonyl} amino)-3-fluoropiperidine- 1 -carboxylate
To a solution of the product of Step 1 (3.0175 g, 6.33 mumol) in methanol (80 mL)
and ethyl acetate (20 ml), was added 10% palladium on carbon (0.73 g, 6.86 mmol) and the
20 reaction mixture was stirred under an atmosphere of hydrogen (balloon) overnight. LC/MS
anaiysis showed reaction was complete. The reaction mixture was filtered through a microfilter
and the collected solid was washed well with methanol. The filtrate was concentrated under
vacuum and azeotroped with toluene to afford the title compound as a yellow foam which was
used directly in the next step without purification
25
Step 3: tert-butyl-(3R,48)-4-({ [{25,5R)-7-0x0-6-(sulfooxy)-1,6-diazabicyclof3.2. 1 Joct-2-
yljcarbonyl}amine)-3-fluoropiperidine- 1 -carboxylate
To a solution of the product of Step 2 (2.59 ¢, 6.7 mmol, theoretical vield of Step
2} in pyridine (30 mL) was added sulfur trioxide pyridine complex (5.40 g, 34 mmol). The
30 mixture was stirred at room temperature under nitrogen for 3 hours then additional sulfur trioxide
pyridine complex (5.40 g, 34 mmol) was added and the resction mixture was stirred at room
temperature overnight. Dichloromethane was then added and the mixture was filtered. The
collected selid was washed thoroughly with dichloromethane and the combined filtrates were
concentrated under vacuum to afford the crude title compound. The residue was used without
35  purification in the next step.
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(2S,5R)-7-0x0-N-pyrazin-2-y1-6-(sulfooxy)-1,6- diazabieyclo [3.2, 1 Joctane-2-carboxamide
NI----z""----0 NN1 H' 84 N---s-"-" u Q. N.---NH2 N 0'0803H
(2S,5R)-7-0x0-N-pyrimidin-4-y1-6-(sulfooxy)-1,6- diazabicyclo[3.2.1]octane-2-carboxamide N"-->-""--0
H, HN..-i N 88 RPEROXHINH2 HN)  0'OSO3H (2S,5R)-7-0x0-N-(2-pipera2REmspiogiiaviiei n-4-y1)-6-
(sulfo oxy)- 1,6-diazabicyclo[3,2.1 Joetane-2-earboxamide 86 N ell, NNH2 /i NO

Step 4; (28,5R)-N-[(3R,48)-3-fluoropiperidin-4-yl]-7-oxo-6-{sulfooxy)-1,6-diaza
bicyclof3.2.1Joctane-2-carboxamide
To a solution of the product of Step 3 (3.13 g, 6.7 mmol, theoretical vield of Step
3) in anhydrous dichloromethane (50 mL) at 0°C under nitrogen was added trifluoroacetic acid
5 (10 mk, 130 mmol) dropwise, The reaction mixture was allowed to warm to room temperature
then stirred for two hours. Additional triflnoroacetic acid (6 mL, 78 mmol) was added and the
reaction mixture was stirred at room temperature for an additional 3 hours then concentrated
under vacuum. Ether was added to the residue and the resuliing white precipitate was collected
by centrifugation (ether frituration repeated two more times). The resulting solid was purified by
10 HPLC on a Phenomenex Synergy Polar-RP 80A column sluted with methanol/water and
Iyophilized to afford the title compound as a cream colored solid which contained ~6% pyridine
by NMR. This impure product was triturated and sonicated twice with acetonitrile (solid isolated
by centrifugation) to afford the title compound as a white solid. LC-MS (negative ionization
mode) m/e 365 (M-H).
15
EXAMPLE 16
(28,5R)-7-Oxo-6-{sulfooxy)-N-(],2,3,4-tetrahydroisoguinolin-6-yI)-1,6-
diazabicyclo{3.2.1loctane-2-carboxamide

R o]

QH
"
@ N
¢ 0SOH

20 Step 1: tert-butyl-6-({[(28,5R)-6-(benzyloxy)-7-0x0-1,6-diazabicyclo[3.2.1]oct-2-
yijcarbonyl}amino)-3,4-dikydroisoquinoline-2(1H}-carboxylate
To a solution of (25,5R}-6-(phenylmethoxy)-7-ox0-1,6-diazabicyclof3.2.1 Joctane-
Z-carboxylic acid (53.3 mg, 0.193 sumol) in dry dichloromethane (2 ml) was added
triethylamine (0.067 mL, 0.482 mmol), 2-chloro-1-methylpyridinium iodide {58.7 mg, 0.230
25 mmol), and 6-amino-2-N-BOC-1,2,3 4-tetrahydro-isoquinoline (54.8 mg, 0.221 mmol)
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'L N'N /HI N Ob503H (2S,5R)-N-(1-methy1-1H-imidazo1-2-y1)-7-0x0-6-
(sulfooxy)-1,6-diazabieyelo[3.2.1)octane-2-earboxamide NO /H N-----1""H N 00503H (2S,5R)-N-(1
-methyl-4,5-dihydro-1 H-imidazol-2-y1)-7- oxo-6-(sulfooxy)-1, 6-diazabicyclo[3.2.1]octane-2-
carboxamid 2RI WO 2009/091856PCT/US2009/031047 88 (IN iPSNER2MNM3Nerhi 0bSO3H
(28,5R)-7-0x0-6-(sul fooxy)-N- 1,3-th iazol-2-y1-1,6- diazabicyclo[3.2.1Joctane-2-carboxamide 89 /
HN H
sequentially at room temperature under nitrogen. The reaction mixture was then heated to 50°C
for 45 minutes then the reaction product was concentrated in vacuo. Attempts to dissolve the
reaction product in eluant (2:1:1 CH3CN/DMSO/water) for HPLC were unsuccessful, so it was
partitioned between aqueous layer and dichioromethane. The organic Iayer was collected, dried
5 over sodium sulfate, concentrated in vacuo and set aside for separate purfication. The aqueous
layer was also collected and purified by HPLC (30X 100 mm Waters Sunfire column: 5 micron;
35 mL/ming 210 nM; 15% to 100% CH3CN + 0.05% TFA / water + 0.05% TFA over 15
minutes; the title compound eluted at 80% CH2CN + 0.05% TFA / water + 0.05% TEA).
Fractions containing the title compound were lyophilized overnight to afford the title compound
10 asa white sticky solid. The organic layer from partitioning the crude product was purified by
preparative TLC {1000 micron silica gel plate eluted with 50% ethyl aceiate/hexane) to afford
the title compound. Both batches of the title compeund were combined and used without further
purification in the next step.

i5  Step2: tert-butyl-6-({[(28,5R)-6-hydroxy-7-ox0-~1,6-diazabicyclof3.2.1 Joct-2-
yijcarbonyl}amino)-3,4-dihydroisoquinoline-2( 1 H)-carboxylate
To a solution of the product of Step 1 (79.6 mg, 0.157 mmol) in methano! (4 mL)
and ethy} acetate (2 mL), was added 10% palladium on carbon (18 mg) and the reaction mixture
was stirred under an atmosphere of hydrogen (balloon) overnight. LC/MS analysis showed the
20 reaction was not quite complete so an additional 10% palladium on carbon (10 mg) was added
and the reaction mixture was stirred under an atmosphere of hydrogen {balloon) for an additional
6 hours. The reaction mixture was filtered through a microfilter and the collected solid was
washed well with methanol. The filtrate was concentrated under vacuum and azeotroped with
toluene to afford the title compound as a light brown oil which was used directly in the next step
25 without purification

Step 3: tert-butyl-6-({[(28,5R}- 7-ox0-6-sulfooxy-1,6-diazabicyclo|3 2. 1oct-2-
ylJearbonyl }amine)-3,4-dihydroisoquineline-2(1H)-carboxylate
To a solution of the product of Step 2 (64.6 mg, 0.155 mmol) in pyridine (1.5 mL)
30 was added sulfur trioxide pyridine complex (129.5 mg, 0.814 mmol). The mixture was stirred at
room temperature under nitrogen over the weekend. Dichloromethane was then added and the
mixture was filtered. The collected solid was washed thoroughly with dichloromethane and the
combined filtrates were concentrated under vacuum to afford the crude title compound. The
residue was used without purification in the next step.
35
Step 4: {25,5R)-7-0x0-6-(sulfooxy)-N-(1,2,3,4-tetrahydroisoquinolin-6-yl)-1,6~
diazabicyelo{3.2.1]octane-2~carboxamide
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H -N/ BOCV NH2 N ObSO3H (2S.5R)-7-0x0-6-(sulfooxy)-N-(4,5,6,7-
etrahydro[1,31thiazolo[5,4-c]pyridin-2-y1)-1,6- diazablc do 3.2.1oc2-carboxamide 90 BOC-NU1il

\----,N-NH2 ¢------- .t RN1II \----.e' Hto' N 0'0503H
(2S.5R)-N- (82 aMY/8P&E8H-pyrrolo[3,4-b]pyridin-2-y1)- PCT/US2009/031047
7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- carboxamide EXAMPLES 91 - 117 The

procedure set forth in Example 18 was used to prepare the following compounds, wherein the
indicated alcohol starting material was substituted for tert-butyL 4-

5(hydroxymethyl)pipefrifngiutiar bl areducsed $tep WY 26091061 888 Citusiadsiddxda7 92 BOO!
N ", C.3tep-3Qknhydrous dichloromethane (3 mL) at 0°C under nitrogen was added trifiuoroacetic

acid (1 mL, 13 mmol) dropwise. The reaction mixture was stirred for one hour then concentrated
under vacuun. Ether was added to the residue and the resulting white precipitate was collected

5 by centrifugation (ether trituration repeated two more times). The resulting solid was purified by
HPLC on a Phenomenex Synergy Polar-RP 80A column eluted with methanol/water and
Iyophilized to afford the title commpound as a white solid. LC-MS (negative ionization mode) m/e
395 (M-H).

10 EXAMPLE 17
(28,5R)-7-Ox0-N-(5-piperidin-4-ylpyridin-2-yh)-6-(sulfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-2-
carboxamide

Step 1: (28,5R}~6~G)enzyioxy)—3\l~( 5-bromopyridin-2-yl}-7-0x0-1,6-
15 diazabicyelo[3.2.1]octane-2-carboxamide
To a solution of (28,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabicyclo]3.2.1]octane-
2-carboxylic acid (0.400 g, 1.448 mmol} in dry dichioromethane (17.66 mL) was added
triethylamine (0.504 mi, 3.62 mmol}, 2-chloro-1-methylpyridinium iodide (0.433 g, 1.694
mmol), and 2-amino-5-bromopyridine (0.311 g, 1.795 mmol) sequentially at room temperature
20 under nitrogen. The reaction mixture was heated to 50°C for I hour then purified on the mass
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PThO 11 ite" ! N.."./.,,H \ 0OSO3H (4R)-azepan-4-y1(2S,5R)-7 -0x0-6-(sulfooxy)-1,6- diazabicyclo
[3.2.1]octane-2-carboxylate 93 BOC,Ny--",, (-----"OH HNI"---0 0"n \ 0OSO3H
piperidin-4-y1(2S,5R)-7-0x0-6-(sulfooxy)-1 ,6- diazabicycloi3 .2jjoctane-2-carboxyl ate 94 BOC-N OH 0
)L, 0"n N.,, WhPeRR8THS03H (3R)-pyrro-y1(2 S.5R)-7-0x0-6-(sulfooxy)-RC8/ERaaNIH €163.2.1
octane-2 -carboxylate O H N

directed HPLC (30x100 mm Waters Sunfire column; 5 micron; 50 ml/min; acetonitrile/water
with 0.1% TFA over 15 min). Fractions containing the title compound were concentrated under
vacuum then lyophilized overnight o afford the title compound as a vellow solid.

5 Step2: 6-({[(28,5R -6-(benzyloxy)-7-oxo-1,6~diazabicyclof3.2.1 joct-2-
yi]carbonyl amino)-3',6'-dihydro-3,4'-bipyridine-1'(2'H)-carboxylate
tert-Butyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6~dihydropyridine-
1(2H)-carboxylate (215 mg, 0.696 mmol} was added to the product of Step 1 (150 mg, (.348
mmol) in a reaction vial then bis(triphenylphosphine)palladium(Il} dichloride (24 mg, 0.035
10 mmol) was added followed by 1M aqueous sodium carbonate (0.869 ml., 0.869 mmol) and
acetonitrile {0.899 mL). The reaction mixture was degassed then placed briefly in a preheated
70°C il bath then cooled to room temperature and filtered. The filtrate was concentrated under
vacuum and the residue was purified by column chromatography on silica gel eluted with ethyl
acetate/hexane {0-50% over 1500 mL then 50-100% over 750 mL) to afford the title compound
15 asavyellowoil.

Step 3: 4-[6-({[(28,5R -6-hydroxy-7-ox0-1,6-diazabicyclof3.2.1 Joct-2~
ylcarbonyl } amino)pyridin-3-yl]piperidine-1-carboxylate
To a mixture of the product of Step 2 (50 mg, $.094 mmotl) in ethyl acetate (6 ml}
20 was added 10% palladium on carbon (9.97 mg). The reaction mixture was stirred under an
atmosphere of hydrogen (balloon) overnight then filtered. The filtrate was concentrated under
vacuum to afford the title compound as a coloriess oil which was used without purification in the
next step.

25 Step 4: 4.16-({[{28,5R)-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 joct-2-
yljcarbonyl fanuno)pyridin-3-yljpiperidine-1-carboxylate
To a solution of the product of Step 3 (30 mg, 0.067 mmol) in dry pyridine (1.5
ml) was added pyridine sulfur trioxide (53.6 mg, 0.337 mmol) at room temperature, in the dark,
under nitrogen. The reaction mixture was stirred over the weekend then filtered (collected solid
3¢ was washed well with dichloromethane). The filirate was concentrated under vacuum to afferd
the title compound as a colorless oil which was used without purification in the next step.

Step 5: (28,5R)-7-0x0-N-(5-piperidin-4-ylpyridin-2-y1)-6-(sulfooxy)-1,6-
diazabicycio]3.2.1 Joctane-2-carboxamide
35 To a solution of the product of Step 4 (35 mg, 0.067 mmol; theoretical yield of
step 4) in dry dichloromethane (3 mL) was added trifluoroacetic acid (0.00513 mL, 0.067 mmol)
at 0°C under nitrogen. The reaction mixture was stirred for 30 minutes then concentrated under
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0\OSO3H (3 S)-pyrrolidin-3 -y1(2S,5R)-7-0x0-6-(sulfooxy)-1,6- diazabicyclo r3 _
.2.11octane-2-carbo&late 95 BOC -N :10H 96 BOC, OH 0 HNr\, 11 \---"-10/ N ,\ LIOSO3H
azetidin-3-y1(2S,5R)-7-ox0-6-(sulfooxy)-1,6- diazabicyclor3 .2.11octane-2-carboxvlate H,NO ; 0" H
FN \ 00SO3PEBMRII8-fluoropiperidin-4-y1(2S,5R)-7-0x0-6- (sulfooxy RCBUSgabic)clo [3 )
.2.11octane-2-carboxylate 97 BOC, OH - WO 2009/091856PCT/US2009/031047 98 BOCN,,--,.,. jOH

vacuum. The residue was triturated with ether to remove excess trifluoroacetic acid and organic-
soluble impurities. The resulting solid was dried, dissolved in water, and purified by prep HPLC
on a Phenomenex Synergy Polar-RP 80A column eluted with methanol/water and lyophilized to
afford the title compound. LC-MS (negative ionization mode) m/e 424 (M-H).

5
EXAMPLE 18
Piperidin-4-ylmethyl(2S,5R)-7-0x0-6-{sulfooxy)-1 -6-diazabicyclo[3.2.1]octane-2-carboxylate
OH
i = b
HC?/L”’K\ BOC . O’/\O i, "‘Mmﬁ'wﬁw}
N pg (’ I} 80 C,N M 'H
N N
o)— OCH,Ph or OCH,Ph
0 o
T p E
cageiE ionge
soc™ j}\_{j"‘*‘* Boc™ N)~N i
o oH O DSOH
b
N ase
e HN ;N}v T
N
¢"  osoH
Step 1: [ 1-(tert-butoxycarbonyl)piperidin-4-yl methyl(28,5 R)-6-(benzyloxy)-7-ox0-1,6-
10 diazabicyclo[3.2.1]octane-2-carboxylate

N-(3-dimethylaminopropyl}-N'-ethylcarbodiimide hydrochloride (109 mg, 0.57
mmol) and 4-dimethylaminopyridine (69.6 mg, 0.57 mmol) were added sequentially fo a solution
of (25,5R)-6~{phenylmethoxy)-7-oxo-1,6-diazabicyclof3.2. 1 Joctane-2-carboxylic acid {105 mg,
0.38 mmol) in dry dichloromethane at room temperature. tert-Butyl 4-

15 (hydroxymethyl)piperidine-1-carboxylate (123 mg, 0.57 minol) was then added and the reaction
mixture was stirred at room temperature overnight, and then concentrated under vacuum. The
residue was purified by preparative HPLC to afford the title compound.

Step 2: [1 ~(teri:~butoxycarbonyi)piperidin~4-yi]methyifzS,SR}«é«hydroxy-’?»oxo— 1.6~
20 diazabicyclof3.2.1]octane-2-carboxylate
To a mixture of the product of Step 1 (100 mg, 0.211 mmol) in methanol was
added 10% palladium on carbon (6.74 mg). The reaction mixture was stirred under an
atmosphere of hydrogen (balloon) overnight then filtered. The filirate was concentraied under
vacuum to afford the title compound which was used without purification in the next step.
25
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0 F, NOWOSO3H (3R,4 S)-3-fluoropiperidin-4-y1(2S,5K)-7-0x0-6- (sul fooxy)-1,6-diazabicycl 013
2.1]loctane-2-carboxylate 99 BOC. N LI ---.0H 0 7111,, 'H N O\OSO3H
(3R,4R)-3-fluoropiperidin-4-y1(2S,5R )-7-o0x0-6- (sulfo oxy)-1,6-diazabicyclo [3.2.110
ctane-2-carbBAAMEHEFBOC,N "OH H.NO i N 0\OSO3H (3 S,4S)-3-fluor&sipeneipedsyi(2
S,5R)-7-0x0-6- sulfooxy)-1,6-diazabi cyclo[3.2.1 | octane-2-carboxylate 10] BOCNOH "F 0 No.il

Step 3: [1-(tert-butoxycarbonylpiperidin-4-¥ljmethyl(28,5R)-7-oxo0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxylate
To a solution of the product of Step 2 (50 mg, 0.13 mmol) in dry pyridine (1 mL)
was added pyridine sulfur trioxide (104 mg, 0.652 mmol) at room temperature under nitrogen.
5  The reaction mixture was stirred overnight then filtered (collected solid was washed well with
dichioromethane). The filirate was concentrated under vacuum to afford the title compound
which was used without purification in the next step.

Step 4: piperidin-4-yimethyl(28,5R }-7-0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2~
10 carboxylate _

TFA was added to the product of Step 3 at (°C under nitrogen. The reaction
mixture was stirred for 1 hour then concentrated under vacuum. The residue was triturated with
sther to remove excess trifluoroacetic acid and organic-soluble impurities. The resulting solid
was dried, dissolved in water, and purified by preparative HPLC on a Phenomenex Synergy

15 Polar-RP 80A column eluted with methanol/water and lyophilized to afford the title compound.
LC-MS (negative ionization mode) m/e 362 (M-H).

EXAMPLES 19 - 56
The procedare set forth in Example 1A was used to prepare the following
20 compounds, wherein the indicated amine starting material was substituted for 4-amino-1-BOC-
piperidine in Step 1.

Example 1 Amine Product

Isoated diastereomers (Diastereomer 1 and Diastereomer
2) of:

o]

oW
H N
H N\A"

"M
Vel
O OSO,H
[The diastereomers ehuted from an HPLC column
194 & Q (Phenomenex Synergi Polar RP8CA 250x21.2 mm
19B BOG” NH; 10micron column gradient eluted 35 mL/min with 0% to

(racenic} 40% methanol/water over 15 minutes; detecting at 210
ni). The first diastereomer (Diastereomer 1) eluted at
15% methanol/water, and the second diastereomer
(Diastereomer 2} eluted at 18% methanol/water. The
absolute stereochemistry of the two diastereomers has
not been determined. One of the diastereomers is
(28,5R)-7-0x0-N-[(3R)-piperidin-3-y1}-6-(sulfooxy)-1,6-
diaza-bicyclo[3.2.1]octane-2-carboxamide and the other
is the corrgsponding (33)-isomer.]
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"H N\ 00SO3H (38,4S)-4-fluoropiperidin-3-y1(2S,5R)-7-0x0-6- (sul fooxy)-1,6-di azabicyclo [3 .2.11
octane-2-earboxylate 102 BOC"OH F 0 oA N \"H 0#9-N Nos03F1 (35,4R)-4-flu oropiperidin -3
-y1(2S,5R)-7-0x0-6- (sulfooxy)-1.6-d iazabicyclo [3 2.1] octane-2-carb oxylate f d, ), 103 Boc-N OH N
'OSO3H (3RME34HEESpyrrolidin-3-y1(2S,5R)-7-0x0-6- PCT/US2009/031047
(sulfooxy)-1,6-diazabicyclo132.1]octane-2-carboxylate WO 2009/091856PCT/US2009/031047 0 104

H BOC-N

HN Q
\lm)iurg
BOC. N iy
20 iﬁl N
NH O oSO
(28,5R)-7-ox0-N-azetidin-3-yl-6-(sulfooxy)-1,6-diaza-
bicyclo[3.2.1]octane-2-carboxamide
S
wN_ I,
N T
o eooL Sy~
N
Ha 0" “0SOH
(28,5R)-7-ox0-N-[(3R}-pyrrolidin-3-y1]-6-(sulfooxy)-
1,6-diaza-bicyclo[3.2.1joctane-2-carboxamide
H
F:
BOC, & ",N/”"-.O
N i
22 Q H N4y
V"f N
NF; ¢ “osoH
(25,5R)-7-0x0-N-[(4R)-azepan-4-y1]-6-(sulfooxy)-1,6-
diaza-bicyclof3.2.17octane-2-carboxamide
.
P
Pl
s L =
Nz ¢ 0so.H
(28,5R)-7-ox0-N-[1-methylpiperidin-4-yl]-6-(sulfooxy)-
1,6-diaza-bicyclo[3.2 1 joctane-2-carboxamide
pOWN:
BOC. N
Nﬁ' F Ili Q"’H
24 H/ NH I
F 0SO,H
(racemic) Mixture of (28,5R)-7-0x0-N-[{35,45)-3-fluoropiperidin-
4-yl]-6-(sulfooxy)-1,6-diaza-bicyclo{3.2.1 joctane-2-
carboxamide and its 3R, 4R diastereomer
AOW:
25 7
NH2 )_N\
F O OS0:H
(28,5R)-T-ox0o-N-[(38,4R)-3-fluoropiperidin-4-y1}-6-
(sulfooxy)-1,6-diaza-bicyclo]3.2.1 loctane-2-
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OH 003031-1 (38,4R)-4-fluoropyrrolidin-3-y1(28,5R)-7-0x0-6- (sulfooxy)-1,6-diazabicyclo
[3.2.11octane-2-carboxylate F 0 H 105 "H BOC-N.,'OH N 00503H

+48 &8 23954485 pCR83 EPGC MU (3115 +48 8BS 238094468 10:52:231 14-06-2010 B 28

Printed: 21-05-2010 DESCPAMD PCT/US 2009/031 04;EP 08 701 487)
T MRL-IED.22358

carboxamide

Heon o

BOC ”/u"'
-~ t
N OMe K No_juy
26 NH? N\
Cte G osoum

(28,5R)-7-0x0-N-I(38,4R }-3-methoxypiperidin-4-yl}-6-
(sutfeaxy)-1,6-diaza-bicyclof3.2. 1 joctane-2-
carboxamide

D\
by
gos:
o N ".
8 .
27 =3 ety
N\
NH, o 080K

(28,3R)-N-{1,1-dioxidotetrahydro-2H-thiopyran-4-y1)-7-
oxo-6-(suifooxy)- 1,6-diazabicyclo[3.2. 1Joctane-2-
carboxamide :

3P

D
NHZ H‘N : "JN)L-.Q
. 1
28 H N ‘e
Bcc.:“'“d., e

N ¢ osom
(28,5R)}-N-[(3R,4R)-4-aminopyrrolidin-3-yi]-7-ox0-6-
(sutfonxy)-1,6-diazabicyciof3.2. 1 Joctane-2-carboxamide

OH -
o
OH N ‘»N)lr._g
i
g N o
29 B, o H e H
M ¢ osoum

(28,5R)-N-{(3R, 4R )-4-hydroxypyrolidin-3-y1}-7-ox0-6~
{sulfooxy)-1,6-dinzabicyclo[3.2. 1 Joctane-2 -carboxamide

n‘\OH
D‘ o
pH H-‘N ";N)Lr.g
B i
N i
30 BOG‘“O-‘,N H ja H
He - : & osogH

(28,5R)-N-{(3R,48)-4-hydroxypyrrolidin-3-yl}-7-ox0-6-
{sulfooxy}-1,6-cdiazabicvelef3.2. 1 octane-2 -carboxamide

.09
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(3R,4R)-4-fluoropyrroliclin-3-y1(2S,5R)-7-0x0-6-
(sulfooxy)-1,6-diazabicyclor3.2.11octane-2-carboxylate ,F 0 106 BOC-N H-0)1, HN OH 0'0503H
(38,48)-4-fluoropyrrolidin-3-y1(2S,5R)-7-0x0-6- (sulfooxy)-1,6-diazabicycl o [3
.2.1)octane-28aMEYWI& p0 107 BOC-N OH PCT/US2009/031047

\\F:

.3

H-N_ 2.,

F r@ X
5

o N oy
.')1 BOC‘"NO-,I N H

o 0sO.H
(28,5R)-N-[(3R,48)-4~-fluoropyrrolidin-3-yi}-7-0x0-6-
{sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxamide

F
{7
H-N ,
| a0
32 Ho N7
Bocff\{i
N
D}—_

NHz 0SO,H

(28,5R)-N-[(38,4R)-4-fluoropyrrolidin-3-yi]-7-0x0-6-
{sulfooxy)-1,6-diazabicyelo[3.2.1 joctane-2-carboxamide

o
-N_ 1,
HNQ {? "/?I:i) i;(\'
33 BOCfNQ’N;D- M -

- NH; 0 OSO4H

O

(28,5R)-7-0x0-N-{(38)-1-piperidin-4-yi-2-
oxopyrrolidin-3-yi}-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

N /1?
o 0N, e
0] H N v
34 BOC’NGNP\NH N
2 g osogH

0

(28,5R)-7-0x0-N-[(3R)- 1 -piperidin-4-yl-2-
oxopyrrolidin-3-yl}-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide

w ) f

o
NH, N
E o 0s0H
{258,5R)-N-{(35,4R)-3-fluoroazepan-4-y1]-7-0x0-6-
{(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carhoxamide
TN

O
HN % J
36 BOC—NQ \\/ b O
‘qNﬁz F R N H

: )—N\
o 0SOH
(28,5R)-N-{(3R,48)-3-fluorcazepan-4-¥1}-7-0x0-6-

NH,

BOC—N
35
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0'0SO3H (4 S)-isoxazol idin-4-y1(28,5R)-7-0x0-6-(sulfooxy)-1,6- diazabic ole 3.2.1 oce-2-carboxylate
0 11"A 108 BOC-N N ObSO3H OH (4R)-isoxazolidin-4-y1(28,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclor3.2.1]Joctane-2-carboxylate [-1, NJ-,0 109 BOC, N soc-Ni H-N,,,))C

WO 2009/091856 PCT/US2009/031047

(sulfooxy)-1, 6 diazabicyclo[3.2. 1octane-2-carboxamide

| )L
| 37 'ﬂFANHE Hf“j/\ Q
N

BOC DSC}3H
(ZS,SR)-N-{{3—ﬂuoroazetldln~ -yDmethyl]-7-0x0~6-
(sulfooxy)-1,6-diazabicyciof3.2.1}octane-2-carboxamide

b
.
R

38 N
o OSO.H

(25, 5R)-7-0x0-N-(pyrrolidin-2-ylmethyl)-6-(sulfooxy)-

1,6-diazabicyelof3.2.1]octane-2-carboxamide

.
’ Ry
NH H “y
39 Q\J/\ 2 H
“BOC

¢ 0SO4H
(28,5R)-7-ox0-N-(piperidin-2-ylmethyl }-6-(sulfooxy)-
1 16~diaza§:>ic:yclo 3, 2.1]octane-2-carboxamide

fll” /“‘\
NH, HPQ/\ﬁ

)/wN

OS04H
(28,5R)-7~0xo-N~(p1pendm 4-ylmethyl}-6-(sulfooxy)-
1,6-diazabicyclof3. 2.1]octane-2-carboxamide

HO

40

TBOMSC /u’fm

| N
HN H
41
N
Ol }' 0OS0,H

(28,5R)~N-(2~hydmxy» -piperidin-4-ylethyl}-7-0x0-6-
(sulfooxy)-1,6-diazabicyclo{3.2.1]octane-2-carboxamide
0

),
BOC, HN/\(\’?]) T
42 NN, Lo H N
LO o  0sOH
(25,5R)-N-[(28)-1 4-oxazepan-2-yimethyl]-7-0x0-6-
{sulfooxy)-1,6~-diazabicyclof3.2.1 joctane-2-carboxamide
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",, OHN ObSO3H pyrazolidin-4-y1(28,5R)-7-0x0-6-(sulfooxy)-1,6- WO
2009/091856PCT/US2009/031047 d iambi cycl o [3.2.110etane-2-earboxyl ate H O

H2N,"...---...0.-11r, H 110 BOC'N'-7-'0H N

'OSO3H 0 2-aminoethyl(28,5R)-7-0x0-6-(sulfooxy)-1,6-

diazabicyclof8® WeteaHE2-carboxylate "...--..."0 111 PCT/US2009/031047
0
BOC HN/\/’\N) g
' e |
43 N”‘\Z—/’“"\NHZ @] H N\ﬁ”fﬁ
O g 0sOH
(28,5R)-N-[{2R}-1,4-oxazepan-2-ylmethyl-7-0x0-6~
{(sulfooxy)-1.6-diazabicyclof3.2.1joctane-2-carboxamide
OO
)"'1.
BOC.. N l/\s
NH; ¢ 0s0.H
(28,5R)-7-ox0-N-(2-piperidin-4-ylethyl}-6-{ sulfooxy)-
1,6-diazabicyclol3.2. 1 Joctane-2~carboxamide
™~ O
N\’/\N) E"—.Q
!
/ﬁ H N A“H
2 ¢ OSOH
(28,53R)-T-oxo-N-{2-piperidin-1-ylethyl}-6-(sulfooxy)-
1,6-diazabicyclof3.2.1]octane-2-carboxamide
]
" Ji
. A e
At i
~NH, & osoH
(28,5R)-7-0x0-N-(2-piperazin-1-ylethyl)-6-(sulfooxy)-
1,6-diazabicyclof3.2. 1 joctane-2-carboxamide
HN P
.
BOC. N O
! H "'H
47 :ﬁ\ e
NH; O 0SO.H
(28,5R}-N-3-azabicyclo[3.1.0Thex-6-vi-7-0%0~6~
(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxamide
AOW:
BOG\N/\’ [?z I"O
48 K/'\N,H CHy N}_N'”H
CHs & oso.H
(28,5R)-N-methyl-7-oxo-N-piperidin-4-yi-6-(sulfooxy)-
1,6-diazabicyclof3.2.1Joctane-2-carboxamide
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N 0'0803H 2-piperidin-l-yl ethyl(2S .5R)-7-0x0-6-(sulfooxy)-1,6- diazabicyclo [3.2.11 octane-2-carbo

xylate HNI----'0 L---.."---\------ 0-ji"? ----1 ROC. 112 iy--"N 00303H 'WoH
2-piperidin-4-ylethy1(2S,5R)-7-0x0-6-(sulfooxy)-1,6- diazabicyclo[3.2.11octane-2-carboxylate
WO 2009/091856 PCT/US2609/031047
N o

o ;N g
BOC” \“} . Q
49 i H U N M

ON’ O}*NDS%H

(25,5R)-2-{{2-(aminomethyl)piperidin-1 ~y1]carb(}nyf} -6-
{sulfooxy)-1,6~ d1azabicyclo{3 2. 1joctan-7-one -

I e Q
50 ROC. 1 HaN

N 03031—!
(ZS,SR)~2~[(4-amin0piperidin»1 -ylycarbonyl}-6-
(sulfooxy)-1,6-diazabicyclof3.2.1joctan-7-one

' O

l
| (\?}/ ’:.m
51 T(\NH HN._~ N\ﬁ"%
o S o To W
(28,5R)-2-{piperazin-i-ylcarbony!}-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1] octan-7-one

.
N i
N z O
52 HN N

Boc” 0S0.H
(28,5R)—2-(2,7~dmzasp3ro[3.§]n<>n-2-yicarbimy1}m6—
(sulfooxy)-1,6-diazabicvelo[3.2.1]octan-7-one

3 :

)L.
N
~H
N

OSQ3H
(ES,SR)»E-(hethy‘dmpyrro}o{3,4--0] pyrrol-2{1H)-
ylcarbonyl)-6-(sulfooxy} -1,6-diazabicyclof3.2.1}octan-
7-one

o
M.

HEN’{}‘E (\

\ ~H 3 g

54 ,N-—CJN N
BOC \

g 0s04H
(28,5R)-2-{[(3R)-3-aminopyrrolidin-1-yl|carbonyl}-6-
(sulfooxy)-1.6-diazabicyclo]3.2.1]octan-7-one
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0o..--11,, ------ . OHHN 113,N--N BOC 0bSOS3H (4-rnethylpiperidin4-y1l)methyl(25,5R)-7-0x0-6-
OW fooxy)-1.6-d i azabi cyclo [3 .2.1] octane-2-carboxylat 0)1'114 BOC, W-NrOHoCN'1H O

WO 2609/091856

PCT/US2009/031047

i

M.

N

HzN’ t @I
o 0SOH

(28,5R)-2-{[(38)-3-aminopyrrolidin-1-yijcarbonyl }-6-
(sulfooxy)-1,6-diazabicyciol3.2.1]octan-7-one

56

0
L,
;N@) N

No /M
N
¢ OSOH
(28,5R}-2-{[3~-(dimethylamino)pyrrolidin- 1 -y1}-carb-
onyl}-6-(sulfooxy)-1,6-diazabicyelo[3.2.11octan-7-one

EXAMPLES 57 - 90

The procedure set forth in Example 6 was used to prepare the compounds of

Examples 57-77 and 80-90, wherein the indicated amine starting material was substituted for 4-

5  aminopyridine in Step 1. The procedure set forth 1 Example 17 was used to prepare the

compounds of Examples 78 and 79, wherein the indicated pyridine starting material was

substituted for 2-amino-5-bromopyridine in Step 1.

Example

Amine

Product

37

BOC.

T

NH,

HN Yy, 0
RSN
H N\ﬁ

g
N

¢ OSOH
(28,5R }-N-[4-(aminomethyDphenyl]-7-0x0-6-
{sulfooxy)-1,6-diazabicyclof3.2.1 Joctane-2-carboxamide

e
=
T

BOC” .

SO
HEN ﬁ ’r.,O
N i

0" 0SO4H
(25,5R)-N-[3~(aminomethylyphenyl ]~ 7-0x0-6-
{sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxamide

38

NH,
BOGC.

I=

i
g
l)H
N\
Qo OBO,H
(28,5R)-N-[2-{aminomethylyphenyl]-7-0x0-6-

HoN
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0bSO3H  1,4-oxazepan-2-ylmethyl(2S,5R)-7-0x0-6-(sulfooxy)-
1,6-diazabicyclo[3.2.1]octane-2-carboxylate 0 |iA 115 H BOC, N4AO N OH 01/40S03H
4-(aminomethyl)pheny1(2S,5R)-7-0x0-6-(sulfooxy)- 1,6-diazabicyclo[3.2.1]Joctane-2-carboxylate WO

2009/091858HIC9¢/%28%9/031047 116 AcO "r""TH AcO >-ii- NOH

PCTAUS2009/031047

(sulfooxy)-1.6-diazabicyclo[3.2. 1 joctane-2-carboxamide

60

p4

T,
N/“’#.O
H

N »
P

g OSOH
(28,5R)-N-{4-[(methylaminoymethyliphenyl }-7-0x0-6-
(sulfooxy)-1,6-diazabicyclo[3.2. 1 joctane-2-carboxamide

61

| \/©\
BOC” N MH.

QO
H\/©\
N NJIQ
8
N7t

J—N

0 OSOzH
(28,5R)-N-{3-|{methylamino ymethyl jphenyl }-7-ox0-6-
(sulfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-2-carboxamide

62

—Z
N\

NH.

N o)
| .
Ny

o 0S0;H
(28,5R)-N-{4-[{dimethylaminoymethyljphenyl }-7-oxo-
6-(sulfooxy)-1,6-diazabicyclo[3.2.1loctane-2-
carboxamide

63

& J
E\E\/j "rH
o OSCH
(25,5R}-N-{4-[(pyrrolidinylymethyl]lphenyl } - 7-0x0-6-
{sulfooxy)-1,6-diazabicyelo[3.2. 1 joctane-2-carboxamide

64

(28,5R)-7-0x0-6-(sulfooxy)N-{1,2,3.4-
tetrahydroisogquinolin-6-y1)-1,6-diazabicyclo-
[3.2.1Joctane-2-carboxamide

65

BOC-N |l

&

NH,

,: I j ]
HN EJLQIH

¢ OSOH
(28,5R)-N-(2,3-dihvdro-1H-isoindo}-5-y1)-7-050-6-
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0 AcO 0 AcOFC---Thi----- 0 N O0'0503H 2- f [3 ,4-bis(acetylo xy)b enzoyllamino } ethyl(2S,5R)-7-
0X0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- carboxylate 117 Aca,--..., 10 AcO SiHHN...,
AcON----1"----OH 0 Ac0 00 Ac0O AceHN.,.,a N--...,-----0)",..--"Th 40H AcO 0" H N 00503H 2- (
[3,4-bis(acet&3AERFBWliamino (-1- { ([3,4- bis(acetyloxy)benzoyllaminohtrethsiethsi(25,5R)-7-
0Xx0-6-(sul fooxy)-1,6-diazabicycl o [3.2.1 joctane-2- carboxylate EXAMPLE 118 e
Activity: Determination of IC5() The Class C enzyme actlvmes were measured in the presence

of the testinhibitgr-5ir-spectrophotometric assafyaga
H The vme-AmpCLR ﬁnrllglhr‘ }}4

n|troce 1 | e-ef ZYTTie l_\IIIIJU - | c Ad, Y
K1-12P04 bufferi(pH 7). The buffer also con 005% BSA. The test |nh|b|tor was dissolved in
DMSO @and diluted 1;2@ in the assay, resulting i la fi aI?pncentratlon range of 50 tiM to 0.0002 uM. In
a 96-well microplatej the test inhibitor was mcubﬁteﬁ\vﬁ h e beta-lactarnase enzyme for 40 minutes
at 10amisient temp rethe substrate splution was add dithe incubation continued for;another

N,
o
NHp 0SO,H

(ZS SR)-N-(2,3- dlhvdro-1H~1nd01- Seyh-T-0%0-6-
(sulfooxy} 1,6-diazabicyclo]3.2. 1 joctane-2-carboxamide

A k@)

d OSO3H |
4-({[(28,5R}-7-ox0-6-(sulfooxy1,6~diazabicycio-
[3.2.1]oct-2-vljcarbonyl} amino)benzoic acid

18]

N
i ¢
68 ) 2N f E N /’*fH

= N

0 0SOH
(28,3R)-N-{4-(aminocarbonyl)phenyl]-7-0x0-6-
{(sulfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-2-carboxamide

N

0 0 . M.
69 NS i Q

2 N,

OSO3H
(28,5R)-N~{4»(aﬁnnosulf0ny1}phenyl}-7~ox0-6-
{sutfooxy)-1,6-diazabicyclo[3.2.1loctane-2-carboxamide

}
HQNT(QP%) (\;

1 0
HsN
70 2 NH, )/~7N
3 0SO3H
(2S,5R}N-[3 —(mnocarbonyi}phenyl}—7-0xo—6—
{sutfooxy)-1,6-diazabicyclo[3.2. 1 Joctane-2-carboxamide

\_ 7
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40 minutes. The spectrophotometric reaction was quenched by the addition of 2.5N acetic acid and the
absorbance at 492 nm was measured. The 105() value was determined from semi logarithmic plots of
enzyme inhibition versus inhibitor concentration, with a curve generated using a 4-parameter fit. isThe
Class A enz¥fHe¥éfRAE%s were measured using the same test protocol SeETefpovEs4dr Class C

enzymes except that the enzyme ICPC-2 (K pneumoniae) replaced AmpC

Representative

compounds of We present invention exhibit inhibition of Class C and Class A [3-lactamases in this

assay. Eor example, the compounds of Ex

mples 1 2 4 and 6- 209 were tested in this assay

nd

were fJund to ha

exemplllfled comy;
say determi

The as

(3-lactg

strains
BL1 in
dilution
allowin

differen
of any ¢
aerugin
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Oxa40)
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mlantibiol

a serial di
down the

of bacteris

ve the IC50 values shown i
younds. - 115 - WO 2009
n e concentration o
tigyo e-half, one-quarte
31 normalW"?esstant to the
ution across a microtiter |
microtiter plate and then

E iile Table 3 contains assay data for other
09/031047 Synergy Assay Proto
[ a P-lactarn

2r, one-eighth
antibiotic i
g, Irite-aldhe saioe- e ditkalifog the lagtibiotic in

0
@Qibitor required to reduce the M1
“$Ixteenth and 50ne-thirty-second
uestenThis is accomplished by titrat

Idfetaksiting diie2pl adetanit? thetoaaieidal strain in ques

col:
Cofa
against
ng the
a serial
tion and

J the bact

ella przeu

t combina
synergy be

og8; Pa A

Imipenen
oniae; ICF

bria to grow up overnight.
tion of concentrations of t
ot n the two. Bacterial
pC){hnipenem MB 264(
momae;MsiE IV-5)/Cefiazid
n CL 6569 (Klebsiella pne
C-3)/ Imipenem CLB 2164

welbin this microplate checkerboard contains
hiitor
Strgin/Aﬁh
5 (Enteroba OHcae; P99)/Ceflazidirne CL 5513
me 15 CL §188 thginetobacter baumanii;

A AN TN

e

d the antibiotic allowing a full deter
tibiotic Combinations: CL 5701 (Pseudom

e Sl |

a
Mmination
onas

seneral

Check
MUSH
MI-1BII
25MIC

of the N

100 pi,
inhibito

microtit
9. 100§

rboardw

er plates.

+ 1% DM
+ 2% DM
2000 plate
1IC 2000 |
i’ femove
[ concentr

0..L is rem

sthod: 201 AlFwetls T 1o
50. 2. All wellsinrow A o
50. 3. 1007L of 4X the fir
8s. 4. 1 of 2X the fin

100 ML |s serlally
oved from each well in cg

N
blates. 5. 100 ML is serialf
d from &ac WeII in row G
at'@ MI IBIl +1

5@?@%’99
SB-H

IL, 2000m
f MIC 2

crotier plates are tied witn

plat:

ks

@ch MIC
o DMSO) is a

diluted from colu

| ALk 28 el RO00.PIgt8idin-4-y1)-7-0x0-6-

{sulfooxy)-1,6-diazabicyelol3.2.1 joctane-2-carboxamide

dll wells in column 1 of the

icrotiter plates are filled with 100 'IL of
1al antibiotic concentration wanted is added to well 4
Al antibigfi tratlon wanted is added to wells 4

eié: 3«3 row G of each MIC 2000 pla
307.100 ML of 2X the fina

d
rrﬁo ‘eelomn 11 of each MIC 2004

00 gL of
2X

A\l of the
N2-Al2
te. 6.

) plate.

74

NH,

Q)Q

N,
0SOH

{2S,SR}~N~{6—am:1mpyndm-2—yl)»’;’—oxa-é—(suifooxy)~
1,6- diazabicyc]o{3 2. 1octane~2-carboxamide

75

Q 1, Q

N,
OSOSH
(28,5R}—N~[#(dimethyiammo)pyridin—z—y]]~7»0X0—6-
(sulfooxy)-1,6-diazabicyclo[3.2.1 octane-2-carboxamide

76

P o

L.
\/[;lf H
g 0SoH

{25.5R)-N-~{4-(aminomethyhpyridin-2-y1}-7-0%0-6-
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10. Plates are then inoculated with an overnight growth (in TSB) of the strain to be 35tested using an

MIC 2000 inoculator.

11. Plates are left at 37C for about 20 hours and scored for growth by eye.

Media (all are sterilized by autoclaving prior to any addition of DM50): WO
2009/09185882AP8H509/031047 MHBII + 1% DMSO MHBL1 cation adjGstes2(BBL)44 g DMSO2.0
mL Distilled water198.0 mL 5 2X MHBII + 2%. DMSO MHBJI cation adjusted (BBL)8.8 g DMS04.0

mL Distilled water196.0 mL 1.02X MHBII 10MI-TBII cation adjusted (BBLT")4.4 g
water198.0.mL-1.1.X.MHBIl + 1% DMSQO MHBI
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le, the compdunds of Examples 1

gy effect may be expressed as a factd

antibiotic. Thus, if the MIC of the an

Nﬁ.C t@g/ml" the synergy effect i
ive compoun thé present invention disp
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r, again,
ibiotic is
S four
lay a

b have

s for

efitrations in a’range of frp saE’;Qf
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es 1, 2, 4.and 6-9 against P. aerugi sOLﬁ?o
) are shown in Table 2, '

i : 8 :
A glees, ] I st
o ,Qjam maygg)g .ﬁ% cg netimoniae str:

syar

carboxamide
N “y H
N,

o 0SOH
(28,5R)-N-(6-piperidin-4-ylpyridin-2-yD-7-ox0-6-
(sulfooxy)-1,6-diazabicyciof3. 2.1joctane-2-
carboxamide

Examp
CL656¢

=

HN
79

O
W

NN
i

7N
0 0SOM
(28,5R)-N-(S-piperazin-1-yipyridin-2-y1}-7-0x0-6-
(sulfooxy)-1,6-diazabicyclo[3. 2.1]octane-2-
carboxamide

o™
'\/N\@ O
. |
”’)\}f"f\.
N iy
D R

(28,5R)-N-(5-morpholin-4-yipyridin-2-y1)-7-0xo-6-
{sulfooxy}-1,6-diazabicyclof3. 2.1 octane-2-
carboxamide

80

81
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WO 2009/091856PCT/US2009/031047 Table 2. Biological Data -N OSO3H Example R (* indicates

point of attachment) L-------- et P.a.2X/4X18X ArnpCSynergy IC50 (nM) CL5701 (pM)I 4650.2/3.12/

6.25 K.p. KPC-2 IC50 (nM) 208 16X /32X /64X Synergy CL6569 @K2 6.25/12.5/1251

693.12 / 6.280e8/91856.25 / 12.5/ 25 H

PCT/USZ009/631047

|
N N)L"‘
o NSy
/N

d  0S0H
(28,5R)-N-{5-pyrrolidin-1-yl-pyridin-2-y1)-7-ox0-6-
(sulfooxy)-1,6-diazabicyclof3, 2.1]Joctane-2-
carboxamide

83

N0
e
/N

& 0SoH
(28,5R)-7-0x0-N-pyrazin-2-yl-6-{sulfooxy)-1.6-
diazabicyclol3.2, Hoctane-2-carboxamide

84

N° NH;

N 0

L]

kNﬂNJJ,_g
RN oy
/N,

0 OSOH
(28,5R)-7-0ox0-N-pyrimidin-4-yl-6-{sulfooxy)-1,6-
diazabicyclo{3.2.1joctane-2-carboxamide

85

2]
I/\N/j\;\{/ N
HN. H r;/_ -
N
O OSOzH
{28,5R)-7-0x0-N-(2-piperazin-1-ylpyrimidin-4-y1)-6-
(sulfooxy)-1,6~-diazabicyclo]3.2. 1 ]octane-2~carboxamide

86

X3
N
~~7"H

N\
o 0soH
(28,5R)-N-(1-methyl-1H-imidazol-2-y1)-7-0x0-6~
(sulfooxy)-1,6-diazabicyclof3.2.1]octane-2-carboxamide

&7

a4
RS
i Hooy oy
N
O 0O80H
(28,5R)-N-(1-methyl-4,5-dihydro-1H-imidazol-2-y1)-7-
oxo-0-(sulfooxy}-1, 6-diazabicyclof3.2.1]octane-2-
carboxamide
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N 4 29,000 100/100/>1004,40050/100/100 N'1 6 Lk-..."),, 612.5 /2500 54 50 /50 />100 7
N--N ..--L....,),...,. Me0 1.150 /100 /=-100 8 25/501>100

WO 2009/091856 PCT/US2009/031047

7 N Q
iaee
38 : )fq\ N7 h

d  0SO.H
(28,5R)-T-ox0-6-(sulfooxy)-N-1,3-thiazol-2-yl-1,6-
diazabicvelo[3.2.1]octane-2-carboxamide

HNQ\N o

7o |

S/l\ﬁ/l"h.g
BOC-N N o

| N
S/\\mz o}' 0SO,H
(28,53R)-7-oxo-6-{sulfooxy)-N-(4,5,6,7-
tetrahydro[1,3Jthiazolo[5,4-clpyridin-2-y1-1,6-
diazabicyclof3.2.1}octane-2-carboxamide
=2 0
HN J 0
Pt N gt
BOC~-N [ ! N
" \/J\“N’%\NHz o}’ 0SOzH

(28,5R)-N-(6,7-dihydro-5H-pyrrolo[3,4-bjpyridin-2-yI)-
7-oxo-6-(sulfooxy)-1,6-diazabicyclof3.2.1 Joctane-2-
carboxamide

EXAMPLES 91 - 117
The procedure set forth in Example 18 was used to prepare the following
compounds, wherein the indicated alcohol starting material was substituted for tert-butyl 4-
(hydroxymethylpiperidine-1-carboxylate in Step 1.

wh

Example | Amine | Product
H
N
; O
BOC, N o/u"”g
N
a1 N iy
O =
O OS8O+
(48}-azepan-4-y1(28,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo]3.2.1Joctans-2-carboxylate
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NI":C:

Example_1 redu

Me2N 1.612.5/1001>1001.625/25/50 NH2 9 200.78/3.12/6.2572 6.256.25/12.5
Sulbactam 17,000l 54 / >150 / >300 33,000 >500/>500/>500 1. These are the concentrations for 2X,
4X and 8X with imipenem against P. aeruginosa strain CL5701. For example, a 6.25 RM concentration
of the compB(h& e E%&hple 51 reduces the MIC of irnipenem versus P. B&fugitesaxstrsin CL5701 by
a factor of 8 (8X synergy). 2. These are the concentrations for 16X, 32X and 64X with imipenem
against K. pneumoniae strain CL6569. For example, a 12.5 p.M concentration of the compound of

es the MIC of imipenem v

rsus K pnewnoniae strain CL.6569 10versus by a factor of

64 (64

92

K synergy).

H\
N

)
b"'o)l"'-(\

|
N"\/Jlfi "H
N\
O 0S0:H

(4R )-azepan-4-yH2S,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1Joctane-2-carboxylate

93

HN O
|
s
N "!H

et

O 0S04H
piperidin-4-yl(2S,5R)-7-ox0-6-(sulfooxy)-1,6-
diazabicyclof3.2.1}octane-2-carboxylate

64

| (3R)-pyrrolidin-3-y(28,5R)-7-0x0-6-(sulfooxy)-1,6-

O
H’NC:L L
.
N\/%WH
C}%N\
OS0,H

diazabicyclo[3.2.1]octane-2-carboxylate

95

H~ b,
"no) ‘.
N "f“

N,
G OSO4H
{38 ypyrrolidin-3-y1{28,5R}-7-ox0-6-{sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxylate

96

. BOC.

OH

HNQ\ j
o

N\
O 080O,H
azetidin-3-yl{28,5R)-7-oxo-6-(sulfooxy)-1,6-
drazabicyelo] 3.2.17octane-2-carboxylate

97

BOC.
N
OH
=4

H
|
e )
= N ey
P

0 “oso.H
(38,4R)-3-fluoropiperidin-4-yl(25,5R)-7-0x0~6-
(sulfooxy)-1,6-diazabicyclo[3.2. 1 joctane-2-carboxylate

- 111 -



Printed: 21-05-2010DESCPAMDPCT/US 2009/031 04;EP 09 701 487) MRIAFD-22398
noted that the data in Table 3 appears to be generated in the same manner using the same enzymes
as in Table 2. Examples 2, 6, 7 and S in Table 3 duplicate the data shown for these examples in
Table?, excé® 4/ #ErripC 1050 values in Table 3 for Examples 7 and®STA/820maA1e4d 16 nM
versus 1.1 nitn and 1.6 nM respectively for the corresponding 5 examples in Table?, and the KPC-2
IC50 value in Table 3 for Example 8 is 16 n114 versus 1.6 nM in Table 2. It is further noted that the

Itis

compound._of Example_ l.in. Table 2 and the compound of Example IA in Table 3 are the same
compound. The KPG-21C50 values for Exaﬁnﬁ’){ﬁ in @Table? and IA in Table 3 are 208 nM and
210 nM respectiverg. These two values may have 1 be/éh erated in separate runs or may
represent data fro ame run. Table 3 } BiologicaPDatd Ex mple No. h4-H on/01 K.p. KPC-2 ICso
(nM) Pa gempC ICse (nM) | %1"7‘1 210 465 2 361 24% 69 6 NA}”H’ 3718
B ¢ 0S0.H
(3R,45)-3-fluoropiperidin-4-y1(28,5R)-7-0x0-6~
(sulfooxy)-1,6-diazabicyclo[3.2.1 Joctane-2-carboxvlate
H. /\\
N O
Py
Boc‘rg”\; : 0 Q
i ] ".'H
99 Kﬁ/ﬁ‘DH Q}WN\
E ¢ 0sO;H
{3R,4R)-3-fluoropiperidin-4-yl(28,5R)-7-0x0-6-
"+ (sulfooxy)-1,6-diazabicyclo[3.2.1Joctane-2-carboxylate
H.
P
BOC. 0 p
100 . F ~7MH
‘OH N\
F O 0OSO;H
(38,48})-3-fluoropiperidin-4-yl(28,5R)-7-0x0-6~
{sulfooxy)-1,6-diazabicyclo[3.2.1 joctane-2-carboxylate
oF o
HN )E’
)
F Q‘u
101 Q g
BOC OH J osoH
(35,48)-4-fluoropiperidin-3-yl(28,5R }-7-0x0-6~
(sulfooxy)-1,6-diazabicyclo[3.2.1Joctane-2-carboxylate
F 9]
HN .
O
102 g 7
BOC OH J  oso.n
(35,4R}-4-fluoropiperidin-3-y}2S,5R)-7-0x0-6-
(sulfooxy)-1,6-diazabicyclof3.2.1]octane-2-carboxylate
F
2.0
- . :
F H "’0)%0
103 \ Neo v
BOC”ND-,,, N
OH & osOH
(3R, 48)-4-fluoropyrrolidin-3-y1{28,5R)-7-0x0-6-
{sulfooxy)-1,6-diazabicyclol3.2.1}octane-2-carboxylate
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F
i
H-N L,
F c:v/E O
104
BOC’Nj\ N,
OH 0SO.H
(38,4R)~4—ﬂu0r0pyrmhdm 3-y}(28,5R}-7-0x0-6-
(sulfooxy)-1,6-diazabicyclo[3.2.1 octane-2-carboxylate
F
g
F "f,zo f'f‘,_Q
105
aoc:*N/j,, N
OH 0S0.H
(3R, 4R)-4- ﬂuompyrmhdm— -¥1(28,.5R)-7-0%0-6-
{sulfooxy} 1,6-diazabicyclo[3.2.1]octane-2-carboxylate
- !
\\F H /J\ ) Q
106 '
BOC’N/D\ N,
OH OSO,H

(35,48} 4»ﬁuoropyrr{}hdm -3-yl{28,5R)-7-0x0-6~
(sulfooxy)-1,6-diazabicyclo{3.2.1 loctane-2~carboxylate

197

@
BOC“‘N\)\

OH

o o
LN
g el

N,
OS0,H

(48)~isoxazehdm~4-yi(2S,SR}»?—GXO-G—(sulfooxy)-1,6-
diazabicyclc{% 2.1}octane-2-carboxvlate

108

o
BOC"NJ«.,,

OH

e Q

N,
050,H

(4R)-isoxazoizdm—4—yl(2S,SR) -7-0x0-6-(sulfooxy)-1,6-

109

BOC

BOC"NJ-.,/

OM

2

diazabicyclo[3.2.1 loctane-2-carboxylate
H
N— o
H~ N\) b,
s

¢ 0SOsH
pyrazolidin-4-vi(28,5R)-7-0x0-6-{ sulfooxy)-1,6-
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diazabicyclo[3.2.1)octane-2-carboxylate

110

N
soc” ™~ “OH

o
S

N o
P

O 0SOH
2-aminoethyl(28,5R)-7-0ox0-6-(sulfooxy)-1,6-
diazabicvelo[3.2.1joctane-2-carboxylate

ill

C' i
N\/\O){,,h
EQ“"H

=

¢ OS0.H

2-piperidin-1-ylethyl(28,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1}octane-2-carboxylate

112

HN Cl)
.
M

N

@ Os0M
2-piperidin-4-ylethyl(28,5R)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.] Joctane-2-carboxylate

113

0
.,
HU\O ‘O"’H

=

¢ OSOH
(4-methylpiperidin-4-yDmethyl{28,5R)-7-0x0-6-
{sulfooxy)-1,6-diazabicvele[3.2.1octane-2-carboxylate

114

O

!
HN/\/\O) ‘.
X

=

o 0SOH
1,4-oxazepan-2-ylmethyl(2S,5R)-7-0x0-6-(sulfooxy)-

1,6-diazabicyclof3.2.1 Joctane-2-carboxylate

115

IZ

BOC.. /\@\
Ok

HaN = 0]

i T i! O)L*-,O
N ey
FN

o DSOsH
4-(aminomethyl)phenyl(28,5R)-7-0x0-6-{sulfooxy}-
1,6-diazabicyclo[3.2.1 loctane-2-carboxylate
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i
AcO ’ j :
O N
AcO AcO ~o
“ 1 © N i
116 S N~ N,
AcO 1 OH 0 DSOH

2-{[3,4-bis(acetyloxy)benzoyi jamino tethyl(28,5R)-7-
oxo-6-(sulfooxy)-1,6-diazabicycio]3.2.1Joctane-2-

carboxylate
AcQ
O
AO ACO@Y
c
& AcO *’T’J\ 0
O 3
ACO™ S N A -
HN AcC
117 AcO & N o
P 4
AcO N OH O 0OSOH
o 2-{[3,4-bis(acetyloxy)benzoyljamino }-1-{ {[3,4-

bis(acetyloxybenzoyl]amino}methyl)ethyl(2S,5R)-7-
oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 Joctane-2-
carboxylate

EXAMPLE 118
Enzyme Activity: Determination of ICsp
The Class C enzyme activities were measured in the presence of the test inhibitor
5  in spectrophotometric assay against the commercially available subsirate, nitrocefin. The enzyme

AmpC (P. aeruginosa.), and the substrate, were dissolved in 100mM KH2PO4 buffer (pH 7).
The buffer also contains 0.005% BSA. The test inhibitor was dissolved in DMSO and diluted
1:20 in the assay. resulting in a final concentration range of 50 uM to ¢.0002 uM. In a 96-well
microplate, the test inhibitor was incubated with the beta-lactamase enzyme for 40 minutes at

10 ambient temperature, the substrate solution was added, and the incubation continued for another
40 minutes. The spectrophotometric reaction was quenched by the addition of 2.5N acetic acid
and the absorbance at 492 nm was measured. The IC5p value was determined from semi
logarithmic plots of enzyme inhibition versus inhibitor concentration, with a curve generated
using a 4-parameter fit, ,

15 The Class A enzyme acitivities were measured using the same test protocol set
forth above for Class C enzymes except that the enzyme KPC-2 (K. pnewmoniae) replaced
AmpC.

Representative compounds of the present invention exhibit inhibition of Class C
and Class A f-lactamases in this assay. For example, the compounds of Examples 1, 2, 4 and 6-

20 9 were tested in this assay and were found to have the IC5¢ values shown in Table 2. Table 3

contains assay data for other exemplified compounds.
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Svnergv Assav Protocol:

The assay determines the concentration of a B-lactamase inhibitor required to

reduce the MIC of a B-lactam antibiotic by one-half, one-quarter, one-eighth, one-sixteenth and

one-thirty-second against strains of bacteria normally resistant to the antibiotic in question. This

is accomplished by titrating the BLI in a serial dilution across a microtiter plate while at the same

time titrating the antibiotic in a serial dilution down the microtiter plate and then inoculating the

plate with the bacterial strain in question and allowing the bacteria to grow up overnight. Each

well in this microplate checkerboard contains a different combination of concentrations of the

inhibitor and the antibiotic allowing a full determination of any synetgy between the two.
Bacterial Strain/Antibiotic Combinations;

CL 5701 (Pseudomonas aeruginosa; Pa AmpC)/Imipenem
MB 2646 (Enterobacter cloacae; P9%)/Ceftazidime

CL 5513 (Kiebsiella pneumoniae; SHV-5)/Ceftazidime

CL 6188 (Acinefobacter baumanii; Oxa40)Tmipenem

CL 6569 (Klebsiella prewmoniae; KPC-2)/ ITmipenem

CL 5761 (Klebsiella preumoniae; KPC-3) Imipenem

CLB 21648 (Acinetobacter baumanii; Ab AmpC)/Imipenem

General Checkerboard Method:

1.

8.
G,

10.

1.

All wells in rows B-H of MIC 2000 microtiter plates are filled with 100 uL. of
MHBII + 1% DMSO.

All wells in row A of MIC 2000 microtiter plates are filled with 100 pL of 2X
MHBII + 2% DMSO.

100 pL of 4X the final antibiotic concentration wanted is added to well Al of the
MIC 2000 plates.

100 pL of 2X the final antibiotic concentration wanted is added to wells A2-A12
of the MIC 2000 plates.

106 pL is serially diluted from row A to row G of each MIC 2000 plate,

100 pL is removed from each well in row G of each MIC 2000 plate.

100 pL of 2X the final inhibitor concentration wanted (in MHBII + 1% DMSO) is
added to all wells in column 1 of the microtiter plates.

100 pL is serially diluted from column 1 to column 11 of each MIC 2000 plate.
100 pL is removed from each well in column 11 of each MIC 2000 plate.

Plates are then inoculated with an overnight growth (in TSB) of the strain to be
tested vsing an MIC 2000 inoculator.

Plates are left at 37°C for about 20 hours and scored for growth by eye.

Media (all are sterilized by auteclaving prior to anv addition of DMSO):
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MHBI + 1% DMSO

MHBII cation adjusted (BBL™) 44 ¢
DMSO 2.0 mL
Distilled water 198.0 mL
52X MHBI + 2% DMSO
MHBRBII cation adjusted (BBL™™;) 38¢g
DMSO 4.0 mL
Distilied water 196.0 mL
1.02X MHBH
10 MHBII cation adiusted {(BBL™) 44 ¢
Distilled water 198.0mL
1.1 X MHBI + 1% DMSO
MHBII cation adjusted (BBL™) 4.4¢
DMSO 2.0 mL
15 Distilled water 178.0 mL

-
w3
v

Trypticase soy roth (BBL™) was prepared as directed on the bottle.
Synergy may be expressed as a ratio of the minimum inhibitory concentration
(MIC) of an antibiotic tested in the absence of a B-lactamase inhibitor to the MIC of the same
20  antibiotic tested in the presence of the B-lactamase inhibitor. A ratio of one (1) indicates that the
B-tactamase inhibitor has no effect on antibiotic potency. A ratio greater than one (1} indicates
that the B-lactamase inhibitor produces a synergistic effect when co-administered with the
antibiotic agent. The preferred B-lactamase inhibitors of the present invention exhibit a synergy
ratio of at least about 2, more preferred compounds exhibit a ratio of at least about 4, still more
25  preferably at least about 8, and most preferred at least about 16. Alternatively, the synergy effect
may be expressed as a factor, again, utilizing a concentration of the BLI to lower the MIC of the
antibiotic, Thus, if the MIC of the antibiotic is 20 pg/mL and a 1.5 uM conceniration of BLI
Jowers the MIC to 5 pg/mlL, the synergy effect is four fold or “4X synergy” at 1.5 uM of BLL
Representative compounds of the present invention display a synergy effect. For
30 example, the compounds of Examples 1, 2, 4 and 6-9 were determined to have 2X synergy
concendrations in a range of from about 100 uM or less. The synergy concenirations for
Examples 1, 2, 4 and 6-9 against P. aeruginosa strain CL5701 and Klebsiella pneumoniae strain
CL6569 are shown in Table 2.
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Table 2. Biological Data

O
Rey
T

N \4?”0!"1
FN,
¢ DOSOsH
R {* indicates Pa 2X /74X /8X K.p. 16X /32X /64X
Example point of AmpC Synergy KPC-2 | Synergy CL6569
attachment) | ICsq (oM) | CL5701 (uM)' | ICso (M) (uM)*
! Y 465 1 02/3.12/625 | 208 | 625/125/12.5
H
N 3
2 &j\ 69 3.12/6.25/6.25 245 6.25/12.5/25
H
4 <N\\ 29,000 | 100/100/>100 | 4,400 507100/ 100
\/"-‘1*
M\[ |
6 v* 6 1257257160 54 50/30/>100
N7 |
7 S 1.1 50/100/>100 8§ 25750/>100
MeO ¥
N a
§ S I 1.6 12.5/100/>100 1.6 25/25/50
MeoN *
NH,
9 @ 20 0.78/3.12/6.25 72 6.25/625/12.5
Sulbactam — 17,000 | 54/>150/>300 | 33,000 | >500/>500/>500
1. These are the concentrations for 2X, 4X and 8X with imipenem against P. aeruginosa
strain CL5701. For example, a 6.25 uM concentration of the compound of Example
5 1 reduces the MIC of imipenem versus P. aeruginosa strain CL5701 by a factor of §

(8X synergy).

2. These are the concentrations for 16X, 32X and 64X with imipenem against £
preumoniae strain CL6569. For example, a 12.5 uM concentration of the compound
of Example 1 reduces the MIC of imipenem versus K. preumonice strain CL6569

10 versus by a factor of 64 (64X synergy).
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It is noted that the data in Table 3 appears to be generated in the same manner
using the same enzymes as in Table 2, Examples 2,6, 7 and & in Table 3 duplicate the data
shown for these examples in Table 2, except that the AmpC ICs0 values in Table 3 for Examples
7and & are 11 nhd and 16 M versus 1.1 aM and 1.6 oM respectively for the corresponding
S examples in Table 2, and the KPC-2 IC5( value in Table 3 for Example 8 is 16 1M versus 1.8
oM in Table 2. | :
It is further noted that the compound of Example 1 in Table 2 and the compound
of Example 1A in Table 3 are the same compound. The KPG-2 1350 vatues for Examples [ in
Table 2 and 1A in Table 3 are 208 nM and 210 nM respectively. These two values may have
10 been generated in separate runs or may represent data from the same run.
Table 3 — Biological Data
Example M-H (mfe)! K.p . P.a, AmpC
Ne. KPC-2 HCop (nVD)
ICs (M)
14 347 218 485
2 3a1 248 &9
& 341 54 6
371 § |3
384 16 18
14 333 355 119
15 365 130 49
16 395 19 14
17 424 28 &
ig 362 114 180
1%a 347 480 64
-119.
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WO 2009/091856
19b 347 240 480
20 319 17 1,000
21 333 4,300 29,100
22 361 225 5240
23 361 240 00
24 365 90 L
29 365 270 26
26 377 290 120
27 396 150 9.5
28 348 660 740
29 349 256 2,500
30 349 526 2,250
31 351 190 150
32 351 710 19
33 430 2} 620
34 430 280 45
35 379 150 13
36 379 130 ig
37 351 120 40
38 347 120 250
39 361 190 530
40 361 77 34
41 391 320 700
42 375 110 100
43 378 100 13
44 375 45 1§
45 375 150 180
46 376 96 42
47 345 10,000 720
A8 361 2,500 280
49 361 780 7,500
50 347 g 820
51 333 520 2,200
32 373 1,000 390
53 359 33 1,000
54 333 3,260 §40
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55 333 1,500 1,400
56 361 1,600 270
57 369 72 20
58 369 104 34
59 369 109 292
60 383 56 18
61 383 78 22
62 397 54 18
63 423 85 22
64 393 19 ' 14
65 381 60 16
66 381 41 56
67 384 10 11
68 383 30 7
69 418 22
70 383 26
71 341 42 37
72 341 30 1.2
73 478 130 515
74 356 11 8
75 384 410 3
76 370 1,300 2
77 370 42 3
78 424 470 0.8
79 424 24 270
80 425 15 2
g 427 17 5
82 410 10 4
83 342 58 6
84 342 55 0.8
85 426 20 260
86 344 135 240
87 346 840 200
BE 347 36 1.8
89 402 39 10
oh 382 NA NA

- 121 -



20 260 86 344 135 240 87 346 840 200 88 347 36 1.8 89 402 39 10 90 382 NA NA WO
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9] 362 6 83
92 362 6,400 33,000
93 348 9 170
94 334 40 3,000
95 334 21 210
96 320 8 600
97 366 26 49
98 366 9 46
99 366 8 40
100 366 4 33
101 366 15 81
102 366 4 76
103 352 3 39
104 352 24 38
105 352 13 200
106 352 10 200
107 336 11 39
108 336 1 62
109 335 62 700
110 308 3¢ 610
111 376 20 1,200
112 376 13 165
113 376 8 36
114 378 1 340
115 370 2. 24
116 528 70 440
117 777 12 61

1. Values obtained via LC-MS (negative ion mode).

While the foregoing specification teaches the principles of the present invention,
with examples provided for the purpose of illustration, the practice of the invention encompasses
5  ali of the usual variations, adaptations and/or modifications that come within the scope of the
| following claims. All publications, patents and patent applications cited herein are incorporated
by reference in their entireties into the disclosure, wherein in the case of any inconsistencies, the
present disclosure will prevail.
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WHAT IS CLAIMED IS:

1. A compound of Formula :

R (m,

5 or a pharmaceutically acceptable salt thereof, wherein:
X is:
(1)  CHa,
(2) CH2CH3, or
3) CH2CH2CH?
10 Rlis CIONRIRE,
R2 is SO3M, 0SO3M, SO2NH», PO3M, OPO3M, CH2CO2M, CF2CO2M, or CF3;
M is H or a pharmaceutically acceptable cation;
R3 is HetA;
Réis H;
15 oralternatively R3 and R4 together with the N atom to which they are both attached form a heterocyclyl

selected from the group consisting of:



101 366 15 81 102 366 4 76 103 352 3 39 104 352 24 38 105 352 13 200 106 352 10 200 107 336 ii
39 108 336 11 62

*~N/\] . *N NH *WNmNH
" or C substituted with CHoNH» or NHy, ' , and

HetA is a 4- to 9-membered saturated or mono-unsaturated heterocyclic ring containing from 1 to 3 N
5 atoms ; wherein the ring is optionally fused with a C3-7 cycloalkyl; and wherein the optionally

fused, saturated or mono-unsaturated heterocyclic ring is optionally substituted with a total of
from 1 to 4 substituents selected from zero to 2 (CH2)nN(RARE and zero to 2 (CH2)nRC;

each n is independently an integer which s 0, 1, 2, or 3;

each RA is independently H or C1.§ alkyl;

10 each RB is independently H or C1_g alkyl;

each RC is independently C1.¢ alkyl, OH, O-C] .8 alkyl, OC(0)-C1.g alkyl, C(=NH)NH2,

NH-C(=NH)NHp, halogen, CN, C(O)RA, C(O)ORA, C(OIN(RAIRB, SO2RA, SON(RAIRE,

pyridyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, or thiomorpholinyk

15
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2. The compound according to claim 1, or a pharmaceutically acceptable salt thereof,
wherein X is -CHz- or -CH2CH»-

3. The compound according to claim I or claim 2, or a pharmaceutically acceptable
salt thereof, wherein R2 is OSO3M.

4. The com?ound according to claim 3, or a pharmaceutically acceptable salt
thereof, wherein R2 is OSO3H.

5. The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, wherein HetA is an optionally fused, saturated heterocvclic ring selected from the group
consisting of azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, azepanyl, azocanyl, and
azabicyclo[3.1.0]cyclohexyl, wherein the heterocyclic is optionally substituted with 1 or 2
(CH2)nN(RAIRB and optionally substituted with 1 or 2 (CH2)RC.

6. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof, which is a compound selected from the group consisting of:
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117 777 12 61 1. Values obtained via LC-MS (negative ion mode). While the foregoing
specification teaches the principles of the present invention, with examples provided for the purpose of
illustration, the practice of the invention encompasses all of the usual variations, adaptations and/or
modifications that come within the scope of the following claims. All publications, patents and patent
applicatipns cited herein are incorporated by reference in their emtireties into the disclosure, wherein in

the case gf any igconsistencies, thé\R!resg‘nt digclosure will prevaily ﬁ"és CLAIMED IS: 1.A
hergof, wherein: Xis: (1) CH2,

compou d of Forjnula I: 0°'Do2 5or a phatrmacgutically acceptable salt/ther

(2) CHZC%'Z),\Q!I’(%)' H2CH2 10RTH Q%\’l’( R4, R2 is SO3M; 112, PO3M,
OPO3My HZ@OZM CH2[HO2M, or CR31 Mis Hyor apharmaceutically dtcepjabl cation; R3 is HetA,;
R4 is H; 150r altern%tiv y R3 and R4 together with the N atom to which they a%e th attached form a

heterocyclyl selec frorﬁzth{a %Soup consisting g‘f’_\ -*H;NI—Z *%\INH I'\\---> or\gubstiied with CH2NH2
or NH2,\, and NH HetA is a 4-At ‘9-membered saturated or fe\h hoTunsaturated heterocy&‘ﬁg)ring

containing from | to 3 N 5atoms ; Wherelin the ring is optionally fused with a C3_7 cycloalkyl; and

wherein the optionally N N
T 4

N 0 Q 0 \) o

/uf N////, N//,//

e H ‘. .

N

-126 -



" fused, saturated or mono-unsaturated heterocyclic ring is optionally substituted with a total of from 1 to
4 substituents selected from zero to 2 (CH7)nN(RA)RB and zero to 2 (CH2)nRC; each n is
independently an integer which is 0, 1, 2, or 3; each RA is independently H or Ci_8 alkyl; 10each RB is

independently H.or C1_8 alkyl; each RC is independently Ci..6 alkyl, OH, 0-C1-8 alkyl, OC(0)-C] _8
alkyl, C(= NH)NHZZNH CGNH)NH2, halogen, CN, C(0)RA, C(0)0RA, C(0)N(RA)RB, SO2RA,

SO2N(RA)R1 I p}yp -olidinyl, piperidinyl, piperazinyl, morpholinyl, or thiomorpholinyl. 15 2.The
compound according t(ﬂ claif 1, dr a pharmaceutically acceptable salt thereof, wherein X is -Cl-12- Or
-CH20-17-. 3. The olrhd according to claim 1 or claim 2, or a pharmaceutically

acceptable 5salt thereof, w N R2 is OSO3M. 4. The compound according to claim 3, or a

pharmaggutically acceptable salt fk?ergmoyvhereln R2 is OSO3H. 105.The compound according to
claim 1, or a pharmaceutically acceptable salt thereof, wherein HetA is an optionally fused, saturated

heterocyﬁsﬁamg@ﬁl@fﬁdat@m;ﬁﬁeogﬂwwppﬁ!&lmg @fm@m}awh Py PRGN, mﬂpjjgwiﬁlplperbazmyl ;
azepa oc azabic cyclohe ocyclic is y_substitute
with 1 oéréﬁ%ﬁg)wg A 13pt 31%/%%3“ fng{ WI?h %f}gﬁé)n %Lgi%efrﬁ] (,lo?npound
accordifie TaimHe; b’ﬁ%)&iaﬁrﬁ%édﬁéﬁhﬂ}]a&@@@’ﬂéble salt thereof which is a compound selected
from the group consisting of: 1?1 0'R2 (A20); wherein T is H, C1_3 alkyl, pyrrolidin-3-yl,
piperidin-4-yl, (012)2 3-0-C 3 alkyl, (CH2)2.30H, (CH CH2)7-3- P er|d|n

(CH2)2-3- pyrrolldlnyl ‘and T IS ﬂ)%losél % %i%ga?k “&?é éﬁ(ar ﬁmﬁﬁ 12N 5&& J%talkyl or
N(-CL- 3R OB PRSP IEAY %’éeoparffﬁliialda}f eae&dalﬁrﬂrﬁ%éatﬁé%myéé tareHalt thereof,

whereiri@¥hgrein, TUE bh-Ghibaripysiolicide Bryhppipe idiyidayt TGHE)E, 80CHB:I(@HA)L N30H,

(CHZ)ZN%E& %)(z%ﬁ gépendmyl (CH2)2-3-Pyrolidinyl; and 17 is H, F, 0-C1-3 alkyl, OH, NH2,
N(H)CH3, N(0-13 5R)-7-0x0-2-[(pipe din-4- ylamlno)carbonyll 1,6-d abicyclo[3.2. 1]octane -6-

(4R,6S)-2-0x0-N-piperidin-4-y1-3 -(sulfooxy)-1,3 -diazabicyclo[2.2. 1 1-heptane-6-
(4R,6S)-2-0x0-N-[(4S)-azepan-4-y1]-3 -(sulfooxy)- 1,3 -diazabicyclo[2.2.1]-heptane-6- and
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pharmaceutically acceptable salts thereof 9.A compound according to claim 1, which is a compound
selected from the group
(2S,5R)-7-0x0-N-[(3R)-pyrrolidin-3-y1]-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- carboxamide;
(2 S ,5R)-N-[(3 R,4S)-3 -fluoropiperidin-4-y1]-7-oxo-6-(sulfooxy)- 1 ,6- diazatncycloP .2.1
Joctane-2-carboxam ide; Diastereomer 1 of

(2S,5R¥%-7-0x0-N- [(3)49%@1@@@9@:@(3@#9@@)11vﬁlﬁlaizamgwm{®zeiq@ethﬂ1@mﬁe@gbmmm|de;
Dlasterg(gmgql% ef (2S, 5R) -7-0x0-N-[(3)- plperldln -3- y]] 6 (sulfooxy) 1 6- dlazablcyclo[3 2.1
Joctane-2- carboxaml %ﬁ @g‘i oxo N ;aze! |g| ¥ siué c’i % ézlﬁlop 2.1
[octane-2- (25,5R)-7-0X0- f )- p?trrr?oﬂ ﬁsg (OSlj(ﬁ{ oky O 1]octane-2-
(28, SR}‘ﬂTbQX@JIM@4R) -azepan-4-y11-6- (sulfooxy) -1.6-d iaza- blcyclo [3. 2 1 joctane -2-
(2S,5R)-7-0x0-N-H -msthyipiperidinafyshls6(sniiae) stifrainzadicyaios « bl Drlaiare-2-
2-carboxamide; (}5(28 5R)-7-0x0-N-[(3S,4S)-3-fluoropiperidin-4-y1]-6-(sulfooxy)-1,6-diaza-
blcyclo[::f:!l f]abctaﬁe 2-carboxamide or its 312.,4R diastereomer or a mixture thereof;
(2S,5R)-7-0x0-N-[(3S ARES MR biserdin: Hlﬂ]oéc’('éﬂ%]&%}’i bﬁd‘i]ét"i%ﬁ%%f&%é]l?ﬁ@ﬂ?%ﬁ% 2-carboxa
mide; (25tRRinfidaxo-N-[(3 S,4R)-3-methoxypiperidin-4-y1]-6-(sulfooxy)-1,6-diaza-

ZQQ'Cydo[B 2. 1]0Cta 5%@8359 }jt@R) pyrrolidin-3- 1}6 (suifooxy% 1,6~diazabicvclo[3.2.1]-octane-2-
(2S,5R)-N-(1,1-djoxi otetrahydro -2H-thiopyran-4- yl)y- -0X0-6-(sulfooxy)- 1,6- dlazablcyclo [3.2.1
Joctane= ?Wﬁmlde (2S,5R)-N-[(3R,4R)-4-aminopyrrolidin-3-y1]-7-oxo0-6-(sulfooxy)-1,6-
diazabicyclo[3.2. 1]oe{&&é%@-@@pﬂe}){a{{ﬁE{)a?yrrolidin—?: -yI1-6-(sulfooxy)-1.6-diazabicyclof3.2.1}-octane-2-
25(2S,3R:NHAfRAR)-4-hydroxypyrrolidin-3-y1]-7-oxo-6-(sulfooxy)-1,6-

diazabicyclo[3.2. 1]0 -2- rboxa |de

(2S,5R)-N-R3R 43)- o‘gé 62??8‘? 3R S G SR B A 2 bSO 2.1
]doianeCQﬂGmMMamlde (2S,5R)-N- [(3R 4S) -4-fluoropyn-olidin-3-y1]-7-oxo0-6-(sulfooxy)-1,6-
30diazabicyclo[3.2.1]octane-2-carboxamide;

éﬁaszgg)c)ll\cl:l[o(sfzmés élﬁjg @%rrroclilg' gl&‘&“‘%y%ﬂ} Sfé!é%g : ]|1p§ér(|i S Eifooxy)-
1,6- duazaﬁ“my@: ». 2.1 loctane-2- carboxamlde
15(2S,5R)-7-0xo0- N -(preaslinT-4xyimeatiyldir(sulfcaxy)fobg digzabiaytlof B[ 221 jdetpage 4~ carboxa ide
20  carboxamide;
(4R,68)-2-ox0-N-[(48)-azepan-4-v[i-3-(sulfooxy)-1,3-diazabicvcio[2.2.1}-heptane-6-
carboxamide;
and
pharfnaceuticaliy acceptable salts thereof.
25
9. A compound according to claim 1, which is a compound selected from the group
consisting of:
(25,5R)-7-0x0-N-[(3R)-pyrrolidin-3-yl]-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 Joctane-2-
carboxamide;

30



(2S,5R)-N-[(2S)- 1,4-0xazepan-2-ylmethy1]-7-oxo-6-(sulfooxy)- 1 ,6-
diazabicyclo[3.2.1]octane-2-carboxamide; (2S,5R)-N-[(2R)-
1,4-oxazepan-2-ylmethy1]-7-oxo-6-(sulfooxy)- 1,6- 20diazabicyclo [3 .2.1 Joctane-2-carboxamide;
(2S,5R)-7-0x0-N-(2-piperidin-4-ylethyl)-6-(sulfooxy)-1.6- dlazablc 3.2. 1]octane -2- 25 carboxamide;
carboxamide; carbox&mite: ]&%% g%ﬁﬂ’@"ﬁﬁbﬁéf i 71°X§’r ‘6”(%11 oxy)- 1
.6-diazaliresioln|[831)ddtanee2-{@8o5R)ide0x0-N-(2-piperazin-1 -ylethyl)-6-(sulfooxy)-1,6-diazab

cyclo[3.2 .1 ] octaneg;,4 aAaiC ; Y/ Sl f 5.1,6-
dlazablgyclogt 3 é} jogtgan@.goqugo%%ﬁde (2 %%qéﬁh%nﬁﬁﬁyéllﬁ?ﬂggoﬁﬁﬁe |n1 %0(;/%(26 -(su

ooxy)- LN 7 atsidg R 3 FPPERRNG-2- 30carboxamide; (2S,5R)-2- { [2-(aminomethyDpiperidin-
1- y:l]carbonyl -6-(sulfdoryipreverdiaz 8GRI NI tampFridmel (23S RIHR 4 -d minepiperidin- 1
-yfIcarbg@y&@g(guljggg,ye)gJogbg@z@@gcyclo [3 .2.1]octan- 7-one; 35

(2S,5R)-2-(piperazin [foox iaz tan-7-one:
(2S,5R)-2-(2,7- dlazagrzm’sc@g fon-2- %c%r gﬁ){ 'f)—](%u aé)xy%ﬁiaé[‘ Cﬁlo tafi '3“] GREe 2(2

S,5R)-Z4ffexamydiropyrrolo[3,4- c]pyrrol 2(1H)- ylcarbonyl) -6-(sulfooxy) -1,6- .2.1]Joctan-7-one;

(2s 5R)-2- [(3R)-3-amsamyrrabidin=Hgik carhomith-6-Euwioaxyindpt. Rddacteydoone; (38:hR)-2- {
[(3§)-3-2 b(Foa@xdrolldm -1-yl] carbonyl -6-(sulfooxy)-1,6- .2.1]octan-7-one; (2S,5R)-2- {
%lme?h amino pyrrolldln 1 -yl]-carb-onyl -6-(sulfooxy)-1,6- .2.1]Joctan-7-one;

(zs 5R)-N-[4-(aminoret g Ry @%&%@f(&tﬂf&’és&zﬂl@%@zh idjfcropacrelbtaestane-2-
2-carboxaboide;d&2-carboxamide;

(28,5R)-7-0x0-N-[1-methylpiperidin-4-y1]-6-(sulfooxy)-1,6-diaza-bicyclo{3.2. 1]octane-
2-carboxamide;
15 (25,5R)-7-0x0-N-[(38,4S8)-3-fluoropiperidin-4-yl]|-6-(sulfooxy)-1,6-diaza-
bicyclo[3.2.1]octane-2-carboxamide or its 3R, 4R diastereomer or a mixture thereof;
{28,5R)-7-0x0-N-[(3§,4R)-3-fluoropiperidin-4-y1}-6-(sulfooxy)-1,6-diaza-
bicyelo{3.2.1]octane-2-carboxamide;
(28,5R)-7-0x0-N-[(35,4R)-3~methoxypiperidin-4-y1]-6- (sulfooxv) 1,6-diaza-
20 bicyclo[3.2.1]octane-2-carboxamide;
(28,5R)-N-(1,1-dioxidotetrabydro-2H-thiopyran-4-y1)-7-ox0-6~(sulfooxy)- 1,6-
diazabicyclo[3.2. D lectane-2-carboxamide; _
(28,5R}-N-[(3R,4R}-4-aminopyrrolidin-3-y1}-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1 Joctane-2-carboxamide;
25 (28,5R}-N-{(3R., 4R }-4-hydroxypyrrolidin-3-yl]-7-ox0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]Joctane-2-carboxamide;
(28,5R}-N-[{3R.48)-4-hydroxypyrrolidin-3-yi}-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1 Joctane-2-carboxamide; _
(28,5R)-N-I(3R 4S8 }-4-fluoropyrrolidin-3-yi]-7-0x0-6~(sulfooxy)-1,6-
30  diazabicyclol3.2.1]octane-2-carboxamide:; -
(28,5R)-N-[(38,4R)-4-fluoropyrrolidin-3-y1]-7-0xo-6-(sulfooxy)-1,6-

diazabicyclof3.2.1joctane-2-carboxamide;
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2-carboxamide; (2S,5R)-N-[3-(aminomethyl)pheny1]-7-o0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-
(2S,5R)-N-[2-(a nomethyl)pheny1]-7-o0x0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane- (2S,5R)-N-{
4-[(methylamino)methyl]phenyl -7-o0x0-6-(sulfooxy)-1,6- diazabicycl o [3.2.1]octane-2-carboxamide;

20(2S,5R)-N- B'“Wi@)@ﬁ%”f%?{ me M‘;@h%wék_&a@(@é%%w ORYh82y11-6-(sulfooxy)-1,6-

diazabicyclo[3.2.1]octane-2-carboxamide;
{4-[(dindEEapraNSIAG) M BRSATIS e RS A45XE6 - (sulfooxy)-1,6- diazabicyclo[3.2.1]octane-2-carboxamide; (2
S,5R)-N-14-[(pyrrolidirsySmetbsdphighiy 1 1-Fiexidit4suboxy)ytr@idin-3-yI}-6-(sulfooxy)-1,6-

25diaz P;J%%%%(éle%taal?g.%:@mgmméde: _
(2S,5R)- 7-0x0-6- gblcyclo[3.2.1]octane-2-carb

sulfooxy)-N-(1.2,3 4-tetrahydroisoqujnglin-6-y1)-1,6-di
oxamide: (2é%§ég{5®(é§é%&r%gi’ﬁ§?§8ﬁﬁ‘d ¥{E9y(1’5076 %%%9@/1511 ooxy)-1,6-
diazabidiyelbf3y2ldfoLtinaaRechrathanmds;
30(2S,5R)-N-(2,3-diyydrar{.K-ipdo1sSy Bl (S ionaisk. Bl fooxy)-1,6-
diazabicyclo[3.2 i%g]nog:;{e;ne-2-cialrbcg<amidé%;_
(ZS,SRffRF[Bz’-‘(:é’ﬁE OeArBBRYPIERY 17 0%0-6-(sulfooxy)-1,6- dia
zabicyclo[3.2.1]octarl@S%Barbdiafhierensidanit piharddduticafly adeepratié-salts thereof 5
copsisting,ofisarioxamises Ocatsmxamige; 10.A compound according to claim 1, which is a compound
selected from the gro R)-7-0xo-N-piperidin-4-y.1-6- -1.6-di | Dctane-2-
(ZS,5R)-7-oxo-N-[(3F§%¥g’p§/§%ﬁ fg\°§3ﬁyér?§§igc%>%§ﬁ%%§§a§‘b %%%gﬁééz&ﬁ%@%g - ein%j&auof
pharmaeeritiéaligeacceptable salts thereof 11. A compound according to claim 1, which is
(2S.5R)-7-0x0-N-piperik] iR A 7ydx6-NLG(petfomay)Inbddibzabicyclald- 2. dloctareydafarbdjamidel or a
pharmaceutically acceptable salt thereof 12. A compound according to claim 1, which is

C
(2S,5R)- -oxo-N-T(:B?ég) rrolidin-3- y1]-6-(sulfooxy)-1.6-diazabicyclo[3,2.1]actane-2-carboxamide or a
pharmaceutically ac té%}(g S‘ﬁ‘lﬁﬂé’éﬁﬁ’gm“&ylmeﬂlyl)'cl'ég.ugoé’éﬂplo TileRat &ypﬁ% %C(Jii(f&‘i‘?ﬁe" “which is
(2S,5R eattoxentiipiperidin-4-y1-6-
(28,5R)-N-{(2S)-1,4-oxazepan-2-ylmethyl}-7-ox0-6-(sulfooxy)-1 ,6—

diazabicyclo[3.2.1]octane-2-carboxamide;
(25,5R)-N-[(ZR}-1,4-oxazepan-2-ylmethyl]-7-0x0-6-(sulfooxy}-1,6-
20  diazabicyclo[3.2.1]octane-2-carboxamide;
(28,5R)-7-0x0-N-(2-piperidin-4-ylethyl)-6-{sulfooxy)-1.6-diazabicyclo{3.2. 1 joctane-2-
carboxamide;
a ' (ZS,5R}—7—0x0~N-(2-piperidin— 1-vlethyl)-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 ]octane¥2-
carboxamide;
25 (28.,5R)-7-0x0-N-(2-piperazin-1-ylethyl)-6-(sulfooxy)-1,6-diazabicyclof{3.2.1 joctane-2-
carboxamide;
(2S,5R)}-N-3-azabicyclo[3.1.0]hex-6-yl-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide;
(28,5R)-N-methyl-7-oxo-N-piperidin-4-yi-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
30  carboxamide;
(25,5R)-2-{[2-(aminomethyl)piperidin-1-yi]carbonyl} -6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]Joctan-7-one; ‘
(ZS,SR)—Z;[(4-a,minopiperidin«1 -ylcarbonyl1]-6-(sulfooxy)-1,6-diazabicyclo[3.2.1 Joctan-

7-one;

35
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(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxamide in the form of a crystalline monohydrate. 14.A
pharmaceutical composition which comprises a compound acccording to any one of claims 1 to 13, or
a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier. 515.A

pharmaceutical compgsition,according to claim 14 . which further comprises a beta-lactam antibiotic.
16. A therapeutically @ gﬁr\?ea(cgl 3cl;fiz’r}ftg (l)f'actazlbrﬁllﬁuén léc%%}l%aln’ to any c?ne [(?f c'ﬁims 1to 13, ora

pharmaceutically acéépélbre $Ait-tharsarbbibRaty W ¥ERBINLISH MR & bta-lactam 10antibiotic for
treatingia-hecteridbinfgetan-7-one;  17. A pharmaceutical composition according to claim 14 or claim

15 for treating a baCt&@%ﬁﬁ‘fﬁ%ﬁi%hgrmng&%[9f4§c &%g&%%@g}q)ﬁg_@g%&g )Qj ?%I_aims 1to 13, or

a pharmaceutically acceptable salt thereof, optionally, in combination with a beta lactam antibiotic, in
the mafFabitre B8 2 a5t for treating a bacterial infection. 19.A process for preparing a
compound of Formul@ R5R:2N\ORR4:2DBoc(Biin-hi thatomprisdsul{ddcontdeting a ketosulfoxonium
ylide of fLormulaiials 1 ith,2ndpdum, rhodium, or ruthenium catalyst to obtain Compound P-IT;

penzyiamines; RU 1 CH o Phevgi- RNCI S0k SHARTIoR G B CTA At 18 . Ol B .
C1-3 alitipkadiGdoB dlkydc@H/ M2, N(F-).-C1_3 alkyl, or N(-C1.3 alky1)2; 5p is zero, | or 2; q is zero,
119r 2; and p + g = zeKs )2 A I RRTRPERApESAREANdITDdRCHI ksuhekgin RG is Cbz and
Compogij;(zjzi i%gﬁgggﬂgctcag—%-one;
(28,5R)-N-[4-(aminomethy)pheny!]-7-oxo-6-(sulfooxy)-1,6-diazabicycio[3.2. 1 Joctane-
2-carboxamide;
(28,5R)-N-[3-(aminomethyl)phenyl]-7-oxo-6-(sulfooxy)-1,6-diazabicyclo{3.2.1]octane-
15 2-carboxamide;
(2S,5R)-N-[2-(aminomethyl)phenyl]-7-ox0-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-
2-carboxamide;
(28,SR}-N-{4—[(methylamino)metﬁyi]phen.yi}—7~oxo~6«(sulfooxy)-—1,6»
diazabicyclo[3.2.1]octane-2-carboxamide;
20 (28,5R)-N-{3-[{methylamino)methyl]pheny!}-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide;
(28,5R)-N-{ 4-[(dimethy}amino)methyl]phenyl'_} -7-0x0-6-(sulfooxy)-1,6-
diazabicvelo[3.2.1]joctane-2-carboxamide; ' |
(2S,5R)-N-{4-[(pyrrolidinyl)methyi]phenyl}-7-oxo-6-(sulfooxy)-1,6-
25 diazabicyclo[3.2.1]octane-2-carboxamide;
(28,5R)-7-ox0-6-(sulfooxy)-N-(1,2,3 4-tetrahydroisoquinolin-6-yl)-1,6-diazabicyclo-
[3.2.17octane-2~carboxamide;
(28,5R)-N-(2,3-dihydro-1H-isoindol-5-y1)-7-0x0-6-(sulfooxy)-1,6-
diazabicyclo[3.2.1]octane-2-carboxamide;
30 (28,5R)-N~(2,3-dihvdro-1H-indol-5-y1}-7-0x0-6-(sulfooxy)-1,6-
| diazabicyclo[3.2.1]octane-2-carboxamide;
(28,5R)-N-[4-(aminocarbonyl)phenyl]-7-oxo0-6-(sulfooxy)-1,6-

diazabicyclo{3.2.1]octane-2-carboxamide;

35
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N noINO T'R4/NI BooO (P-11a); 10and wherein the process further comprises: (B) treating Compound
P-Ha with a reducing agent to obtain a compound of Formula Cbz, N irf-0 R4 Boo"OH (P-IIl); and (C)
contacting Compound P-Ill with a sulfonyl halide of formula R*-S02W in the 15presence of a tertiary
amine base to obtain a compound of Formula P-TV: Cbz,Nh\f 0 O (-) OIRA (P-1V); Boc wherein: W is
halogen; and 12/" is: 20(1)phenyl optionally substituted with from Ito 3 substituents each of which is
indepdendently C14 QPR‘yI, C14 haloalkyl, 0-C1..4 alkyl, 0-C1_4 haloalkyl, Cl, Br, F. or N 02; (2) Cl _4
alkyl; or (3) Chaloalkyha2hatheipribcessaddordingheaalaim 20, which further comprises: 5(D)contacting
Compound P-IV with N-Boc-O-benzylhydroxylamine in the presence of a base to obtain a compound
of Eormula P-V: 0 RA{OBoo OCH2Ph (P-V); and

3 compound accordimg to claim 1, which is a compound selected from the group
consisting of: _
(28,5R)-7-ox0-N-piperidin-4-yl-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-
carboxamide; _
' (28,5R)-7-0x0-N-[(3R)}-pyrrolidin-3-y1]-6~(sulfooxy)-1,6-diazabicyclo[3.2.] joctane-2-
10 carboxamide;
and

pharmaceutically acceptable salts thereof.

il. A compound according to claim i, which is (28,5R)-7-oxo-N-piperidin-4-yl-6-

15  (sulfooxy)-1.6-diazabicyclo[3.2.1]octane-2-carboxamide or a pharmaceutically acceptable salt thereof.

i2. A compound according to claim 1, which is (25,5R)-7-0x0-N-{(38)-pyrrolidin-3-
yE.]-én(sulfooxy}l,6;diazabicycloi3 .2.1]Joctane-2-carboxamide or a pharmaceutically acceptable salt
thereof.
20
13. A compound according to claim 1, which is (25,5R)-7-oxo-N-piperidin-4-yl-6-

(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxamide in the form of a crystalline monohydrate.

25



(E)treating Compound P-V with an acid to obtain a. compound of Formula P-VT: Cbz,N,(---0 T'R4 HN
NH OCH2Ph (P-VT). 10 22.The process according to claim 21, which further comprises: (F)contacting
Compound P-VT with phosgene, diphosgene or triphosgene in the presence of a tertiary amine, and

then adding an aquepus s wg]ﬁﬁﬁ;c%ﬁ{%ﬁpcggﬁdﬂt%ﬁwwld&ng SESOJM%CEI,MIACCC&&% PP CH2Ph

(P-VII); and (0)contacting Compound P-VII with a source of hydr aen int epresenceo a

hydrog@ﬁdﬁgfél@atbwsksa%a.H%@%ﬁ@&éﬂ&%ﬂ&?@g%e Prodegug e isBtsaiica ¥arisbaHa of
Formulafieylll: N R4 OH (P-V111) 23. A process according to claim 19, wherein the
compound of Formula P-1 s Compound p-2: Cbz, N' 0 )1 Boc' 0 (p-2), which comprises: (A)contacting

kegosulfoxonium ylidesp-1: 8 Safatdceutical composition according to claim 14, which further comprises a

beta-lactam antibiotic.

16. A therapeutically effective amount of a compound according to any one of
claims 1 to 13, or a pharmaceutically acceptable salt thereof, optionally in combination with a beta-lactam

10 antibiotic for treating a bacterial infection.

17. A pharmaceutical composition according to claim 14 or claim 15 for treating a

bacterial infection.

15 18, Use of a compound according to any one of claims 1 to 13, or a pharmaceutically
acceptable salt thereof, optionally in combination with a beta lactam antibiotic, in the manufacture of a

medicament for treating a bacterial infection.

19, A process for preparing a compound of Formula P-II:

P&
N> p '®)
(% N
™ R N
/

20 | Boc O pm,

which comprises:

(A) contacting a ketosulfoxonium ylide of Formula P-I:

RS/M @

with an iridum, rhodium, or rotheniom catalyst to obtain Compound P-II;
25  wherein:

PG is an amine protective group selected from the group consisting of carbamates and benzylamines;

(P-I)



\3 CH3 (3-1), with a catalyst selected from the group consisting of iridium cyclooctadiene chloride
dimer, 10 RuC12(PPh3), Ru(DMS0)4C12, and Rh2(TFA)4, to obtain Compound p-2. 24. The
process according to claim 23, which further comprises: (B) treating Compound p-2 with a reducing
agent sélbtetéﬂjrmmlm}group consisting of Li borohydride, Na borohydride and K borohydride, to
obtain goqy@%‘u QH 0 Boc 15Cbz(p-3); and (C) contacting Compound p-3 with a
sulfonyl halide of formula RA-S02W in the presence of a tri-C1.4 alkylamine base to obtain a
compofindsdf Borint&534: 0 RA N 0Boc Cbz(p-4): wherein W is chiorine: and ~ RA is methyl,
chlororiiethil, (Eith)H, Aty eindphenyl; 4Hrifl (otoNtethiphetyl; elkdtmetiylphealky525. The process
ordi lai further Rrise cgntacting Compound p-4 with

% ggb%ngzar% r Wa%rﬁne #\t?hae%%?;sénczeé?% a9 ngge selected from the group consisting of Li
t-butoxide, Na t-butoxide, K t-butoxide and K amyloxide to obtain Compound p-5: 0 Boc N, OBn
Cbz(p-5); and 1.0(E)xeating i enupeisradcprdingith @miadiel sél&eteﬂ@rﬁr@lﬁhe@r@mm%'&ﬁhg of
metha%&@gﬁgg, chloromethanesulfonic acid, p-toluenesulfonic acid and benzenesulfonic acid to
obtain a compound of Formula p-6: N O

Cbz .
N

© (P-1a);

10 and wherein the process further comprises:

(B) treating Compound P-Ila with a reducing agent to obtain a compound of Formula

o

(C) contacting Compound P-1II with a sulfonyl halide of formula R*-SO2W in the

P-11I:

Chz .

(P—IH); and

15 presence of a tertiary amine base to obtain a compound of Formuia P-TV:

R 5

Chz ..

(P-IVY;
wherein:
W is halogen; and
R s
20 (1) pheny! optionally substituted with from 1 to 3 substituents each of which is
indepdendently C1.4 alkyl, C1.4 baloalkyl, O-C1.4 alkyl, O-Cj.4 haloalkyi, Cl, Br, F, or

NOz;
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(p-6). 1526.The process according to claim 25, which further comprises: (F)contacting Compound p-6
with triphosgene in the presence of a tri-Cp.4 allcylamine base, and then adding an aqueous solution
of phosphoric acid to obtain Compound p-7: CbzO N H m IH N 00Bn (p-7): and (G)contacting
Compound p-?zyvith @{dmg(?}] in the presence of a Pd catalyst and a Boc-producing agent selected
from the group consisting of di-t-butylcarbonate and Boc-ON to obtain Compound p-8: HH N 0OH
(1)-8). OH (PAID. Q%B%*éieaﬂ‘é’é 0 RA (P-IV),

21 The process according to claim 20, which further comprises:
5 (D) contacting Compound P-IV with N-Boc-O-benzylhydroxylamine in the presence

of a base to obtain a compound of Formula P-V:

Chz..

N p ]
By
T R* N _Boc
/ N

Boc |

(E) treating Compound P-V with an acid to obtain a compound of Formula P-VI:

Cbz._
N p O
( q N '
T R* HN
NH

!
OCH,Ph

(P-VI).
10

22, The process according to claim 21, which further comprises:

(F) contacting Compound P-VI with phosgene, diphosgene or triphosgene in the
presence of a tertiary amine, and then adding an aqueous solution of acid to obtain a compound of
Formula P-VIIL:

Cbz .
N p O
LN N
T Rr* N H
N\
15 0 OCHPh - b y11). and

(G)  contacting Compound P-VII with a source of hydrogen in the presence of a
hydrogenolysis catalyst and in the presence of a Boc-producing agent to obtain a compound of Formula
P-VIil:



N T'R4 Boo 100CH2Ph (w), and wherein: PG is an amine protective group selected from the group
consisting of carbamates and benzylamines; RU is CH3 or phenyl; RV is CH3 or phenyl; 5R4 is H or
C1l 4 alkyl; T"is H, CI, Br, F, Ci..3 alkyl, 0-C1-3 alkyl, OH, NH2, N(H)-C1_3 alkyl, or N(-C1_3 alky1)2; p
is zero, 1 or 2; g is zero, 1, or 2; p + q = zero. 1.2, or 3; and RA is: (1) phenyl optionally substituted
with from Ito 3 substituents eaclBaf whieh.is 10independently C1_4 alkyl, C1_4 haloalkyl, 0-C1_4 alkyl,
0-C1_4 haloalkyl, Cl, Br, F, or NO2; () C1 4 alky!; or (3) Ci _4 haloalkyl. 1528.A compound according
to claim 27, which is selected from t isti 20wherein RA is methyl, chloromethyl,

phenyl, 4-bromophenyl, 4-trifluoromethylphen methylphenyl.
T H
/; N\
O OH  (p.vin,
23. A process according to claim 19, wherein the compound of Formuta P-II is

Compound p-2:

which comprises:
(A)  contacting ketosulfoxonium ylide p-1:

Chz ..
PP
H HNL CHg
Boc - (p-1),

Zons

with a catalyst selected from the group consisting of iridium cyclooctadiene chloride dmmer,
10 RuCl(PPh3), Ru(DMS0)4Cly, and Rhp(TFA)4, to obtain Compound p-2.

24. The process according to claim 23, which further comprises:

(B) treating Compound p-2 with a reducing agent selected from the group consisting

of Li borohydride, Na borohydride and K borohydride, to obtain Compound p-3:

\\\\OH
H O
N Wt
T
N O Boc
Chz (p-3); and

{C) contacting Compound p-3 with a sulfonyl halide of formula R*-SO2W 1n the

15

presence of a tri-C1.4 alkylamine base to obtain a compound of Formula p-4:
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O
\\“\O\§¢O
AN
H . W RA
n N
D
b N O Boc
2

R” is methyl, chloromethyl, phenyl, 4-bromophenyl, 4-trifiuoromethylphenyl, or 4-methylphenyl.

(p-4);

wherein W is chlorine; and

5 25, The process according to claim 24, which further comprises:
(D) contacting Compound p-4 with N-Boc-O-benzylthydroxylamine in the presence
of a a base selected from the group consisting of Li t-butoxide, Na t-butoxide, K t-butoxide and K
amyloxide to obtain Compound p-5:

?oc

N.
(j/ OBn
H
N \\\‘ N
o0
_N O Boc
Chz

10 (E) treating Compound p-3 with an acid selected from the group consisting of

{p-5); and

methanesulfonic acid, chloromethanesulfonic acid, p-toluenesulfonic acid and benzenesulfonic acid to

H
N v

obtain a compound of Formula p-6:

(p-6). -
15 _ 26. The process according to claim 25, which further comprises:
£ contacting Compound p-6 with triphosgene in the presence of a tri-Cj-4

alkylamine base, and then adding an aqueous solution of phosphoric acid to obtain Compound p-7:



O OBn (p-7): and

(G) contacting Compound p-7 with hydrogen in the presence of a Pd catalyst and a
Boc-producing agent selected from the group consisting of di-t-butylcarbonate and Boc-ON to obtain

Compound p-8:

27. A compound selected from the group consisting of:

H
(P-IID),
CbZ\N P O
L
_Boc J 4
N TR HN A
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wherein:

PG is an amine protective group selected from the group consisting of carbamates and benzylamines;
RU is CH3 or phenyl;

RV is CH3 or phenyl;
5 RéisHor Cy4 alkyl;
T is M, Cl, Br, F, C1.3 alkyl, O-C1.3 alkyl, OH, NH2, N(H}-C_3 alkyl, or N(-C1_3 alkvl)7:
piszero, 1 or2; qis zero, 1,0t 2;p+q=2zero, 1,2, or3; and
R™is:
(1) pheny! optionally substituted with from 1 to 3 substituents each of which is
10 independently C1_4 alkyl, C1-4 haloalkyl, O-C1.4 alkyl, O-C1_4 haloalkyl, Cl1, Br, F, or
| NO2;
{2) C1.4 alkyl; or
(3)  C1.4 haloalkyl.

15 28, A compound according to claim 27, which is selected from the group consisting

Cbz\ Chz .
PP PP
WS‘CH3 ' N/L’f, '
HN TN
“Boc " Boc”
O

(p']-)a

ﬁ
o T N
_N O Boc _N O
(p-5), and Cbz” _ _ (p-6);

20 wherein R” is methyl, chloromethyl, phenyl, 4-bromophenyl, 4- trlﬂuoromethylphenyl or
4-methylphenyl.



