MONOCARBAMS  Field of the Invention The present invention relates to
Monocar bam conpounds and their use as antibacterial agents in aninals,

i ncl udi ngvberangos23he i nvention also 5 rel ates to net ho#sTaB2009/e35844 ng
conpounds, internedi ates useful in preparing conpounds, and pharmaceuti cal
conpositions containing conpounds. The present invention further includes
nmet hods of treating disease, e.g., bacterial infections by adm nistering
conmpounds or conpositions to subjects in need of such treatnent.
10Background of the Invention Monocar bans are a class of synthetic
monocyclic beta-lactam antibacterigl., S Mhkch have as their salient
feature, a substituted sul fonylam MO EREAMS | vat i ng group at the N1
position. The early studies in thggipseaeWfseanduct ed by workers at the
Squi bb Institute for Medical 15 ReSearch, CGmarusti, C M & R B. Sykes:
Monocyclic 6-1actém amsebt pveokon Migtes Re lorRmarbam c@mmndﬁm thmrtmr bams

have al so been %(Eﬁwtousi di,scussed i.n EP,0 81%? ub hed rrEF

1988. These %&ng Arfctqddunentls & ?Elﬁnﬂﬁ’r 5?0711“ P 513'5)/3 HBY%'? Othelr
entiretysby repfed enaRtifRedLbNprepRAhl RugibuMak, Idtéﬁﬁ@d&eg Qskhe iPpessiting
invention, it is believed that nonocarbanms of the E)wgsent i nvention expl oi t

t he iron upteKkePGHRghadngnpharmreeuésalacempositipns Isen n@fcompounds The

R o hon nerteSARCh AR N T RIS SR BRTNY SERs, B cRfgERa;
Monocar bans ikfeatlomg by eddhifBEity &mpdedsnad c@ﬁpé@tm:ﬁn a sgcis;eml in nded &f No.

9: 1199-1203, 1990. Thus, at least Iin general terns the activity and
mechani sm ofSU&BLTESEPL monocar bans ar e general |y known, although the

present sjpnvention is not bo“”dE%E:kéﬂo”hﬁ%‘?t@ir%@)ﬂtzéﬁwory There is
a continuing need for new ant bans, in 30 response

to the |ncrea3| ngvienecagbawe Gfrer esi sihamt obr garthstis mﬁ:ﬂhct:pci;crmm&méatsaﬁrety
anong ot her sons. of, the Inv ntio ‘ pr ese
Mvent on 1 BRSS! AR n VBl dEe B TBF nafient featviel & BHBRIREES on
and useful iqierEBHIREIboRIACIRARUIA68) £ HERS] {)b:ﬂf‘éﬂ“ﬁ“ﬁé%ﬁ y sBifledTR{ hods
of treating and preventing bacterial infections therewith. In"many 5
enbodi nment s thﬁh@rea)mﬁrana@ncm@e@dw verseg et ftéetwemagmsﬁfsﬁe degaviedias! t hat
are reS| ta h s ant .bi rtic the b ent ntion
el at o5 B0 dXeIERnG BRSUuA Ky P Bivkeha eyt fPRERED aniPETEL |
ther eof ; whayeinRBARRG,S 4 CIF-00) biox] - Aot feh sl o Tido o srebRistyuent s
sel ected fromthe group consisting of halo, hy droxg é,gﬁB CG al koxy, -NR7R8,
7

_ C( =0) NR7R8, diggngsad 3nt 5P7 ORB#De9. e BublshedoSepicanbaih R7 Tawge RgNGradl
d dent | l 1
 dependent e Iy 0eR-0r LSk OB LAY oo BLELY B Q3P epaRal e

or nethyl; herein.
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20 Although not limiting to the present invention, it is believed that
monocarbams of the present invention exploit the iron uptake mechanism in
bacteria through the use of siderphore-monobactam and siderphore-
monocarbam conjugates. Barbachyn, M. R., Tuominen, T. C.; Synthesis And
Structure-Activity Relationships of Monocarbams Leading to U-78608.

25 Jounal of Antibiofics Vol XLIH No. 90 11991203, 1990, Thus, at least in
general terms, the activity and mechanism of action of monocarbams are
generally known, although the present invention is not bound or limited by any
theory,

There is a continuing need for new antibiotics, such as monocarbams, in

30 response to the increasing emergence of resistant organisms and to improve

safety, among other reasons.



R3 is hydrogen or nethyl; R4 is hydrogen, deuteriumor nethyl
optionally substituted with 1 to 3 substituents independently selected from
F or C; w02010/070523 R5 i s hydrogen, deuterium or methylPCopBRoosYasss
substituted with 1 to 3 20substituents independently selected fromF or O;
R6 is Hor -C(=0)0H, and Xis C(H, C(F), C(C), or N In one enbodi nent,

t he conpound of fornula | has the forrrur?i'(IA): WO

2010/ 070523PCT/ 1B2009/ 055544 (I'A) or pharmaceutically acceptable salt
thereof. In one enbodinment R4 is nethyl optionally substituted with 1 to 3
substituents selected fromF or (0. |n another nbodl ment R4 is hydrogen.

I n anot her enbodi nent R5 is nethy } ENHCR-ubstituted with 1 to 3
substituents sel egfe rés%ﬁmqﬁreﬁforgreiaiéé RNDEH c@ﬁ%@hﬂ@@f e (h}’ﬁféﬂgen
I n anot her enbodi nen is -C(=0)0H. In another enbodinent R6 i's hydrogen.

| n anot her a:rfbparaﬁemaodwe@(iﬁmermedaat@ﬁ hehammtznaint::omppsztz@(awthewa@f

anot her enbodi n i ). In another e odi.nent. Xi 10_anot her
obods ment k8 Bess T el and e RUBH IR pArRa MRBtod® eyt T i her
enbodi mest nbsdieat0aras colipounat hes @ﬂb@@n@ﬁéﬁe&i@ela?am ydanisms thad n yet
anot her enbodi ment, RO is hydr ogen; R3 is hydrogen, is nethyl; RS is

methyl : R6 idereps@nbie O’féﬁﬂa*?é BietiGY H). I n another enbodiment, additionally

e 5 b SE) 2 ¥ SR b ehfTaBEth %?%%ﬁ’?%ﬁ‘@ﬁ‘*&?“t*é g

menber ed heterocycle, wherein said rp@t erocycl e cont ai ns 1 to 3 heteroatons
i ndependently selected fromO0, N S..Alternative Hanot her

enbodi ment, Rl is (Cl-C6)al kyl d%stf‘t’ﬁt ed with 1 to Al ternatively,
in anot her enbodinment, RL is (G - Q&)Chl kyl substitute WI h 1 to 3 hydroxy.

Al ternatively, in U \«»NH
N.. - K} 3
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or pharmaceutically acceptable salt thereof, wherein
10 R’ is (C4-Cy)alkyl substituted with 1 o 3 substituents selected from the
group consisting of halo, hydroxy, (C1-Ce)atkoxy, -NR'R®, -C(=O)NR'R®, and a
3 o 7 membered heterocycle, wherein R” and R® are independently hydrogen
or (C+-Cslatkyl, wherein said heterocycle containg 1 to 3 heteroatoms
independently selected from O, N, or §;
15 R? is hydrogen or methyl;
R’ is hydrogen or methyl;
R* is hydrogen, deuterium, or methyl optionally substituted with 1 to 3
substituents independently selected from F or CI;
R® is hydrogen, deuterium or methyl optionally substituted with 1 to 3
20  substifuents independently selected from F or Ci;
R%is H or -C(=0)OH; and
Xis C{H), C(F), C{ChH, or N.

in one embodiment, the compound of formula (1) has the formula (JA):



20 anot her enbodinent, Rl is (Cl-C6)al kyl substituted with 1 to 3 NH2.
Alternatively, in another enbodinent, Rl is (Cl-C6)al kyl substituted with
- C(=0) NHayvoAbtoa7aeBi vel y, in anot her enbodi nent, Rl is &C3AB200¢nise44ed -4
het erocycl e, wherein said heterocycle contains 1 to 3 heteroatons

I ndependently selected fromO, N, or S. |n one particular enbodi ment, the
invention is: OH\ -NH CH 0" 5or a phariHceutically acceptable salt
thereof. In another particul ar enbodi nent, the invention is: OH or a
pharmaceutically acceptable salt thereof. In another particul ar enbodi nent,
the invention 10 or a pharnaceuti%%lly acceptabl e salt thereof.
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or pharmaceutically acceptable salt thereof. In one embadiment R* is methyl
optionally substituted with 1 {o 3 substituents selected from F or Cl. In another
embodiment R is hydrogen. In another embodiment R® is methy! optionally
5 substituted with 1 to 3 substituents selected from F or Cl.  In another
embodiment R® is hydrogen. In another embodiment R® is -C(=C)OH. In
another embodiment R® is hydrogen. In another embadiment X is C(F). In
another embodiment X is C{H).

in another embodiment X is C{Cl). In another embodiment X is N. In
10 another embodiment R? is hydrogen. In another embodiment R? is methyl. In

&mmaemmMMWmﬂgmhwm@am§nmmmaemmmmmmﬁaswmmw
In yet another embodiment, R? is hydrogen; R® is hydrogen; R is
mamtR%stMtRW&@FOKNﬁde$Cﬁﬂ1nmmMaemMMW&m
additionally R is (C-Ce)alky! substituted with 1 to 3 substituents selected from
15 the group consisting of halo, hydroxy, ~NH; ~C{=Q)NH;, and a 3 o 7
membered heterocycle, wherein said heterocycle contains 1 to 3 heteroatoms
independently selected from O, N, or 8. Alternatively, in ancther embodiment,
R' is (C-Cs)alkyl substituted with 1 to 3 halo. Alternatively, in another
embodiment, R’ is (C1-Cs)alky! substituted with 1 to 3 hydroxy. Alternatively, in
20 another embodiment, R' is {C+-Cpatkyt substituted with 1 to 3 NHy
Alternatively, in another embodiment, R' is (Cy-Celalkyl substituted with
-C{=0)NH,. Alternatively, in another embodiment, R' is a 3-7 membered



I n anot her particul ar enbodi nent, the inventionis: 5 - OHdOHNO NH
H2N---<" N, 0 G "NO O HO 5or a pharmaceutically acceptable salt thereof.
anot her ewbadiomgni23 t he conpound of formula | has the f@cwaBz0¢/08Bp44 OH
0 00O (IB) wherein RL s selected fromthe group consisting of: n 'OHand

\----"Ni---"0H 4.

In

heterocycle, wherein said helerocycle contains 1 to 3  heleroatoms

independently selected from O, N, or &.
in one particular embodiment, the invention is:
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5 or a pharmacsutically acceptable salf thereof.
in another particular embodiment, the invention is:
OH

A\/K{_} O OH
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or a pharmaceutically acceptable salt thereof.
in another particular embodiment, the invention is:
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10
or a pharmaceutically acceptable salt thereof.
in another particular embodiment, the invention is:



OH and pharnmaceutically acceptable salts thereof. I n one enbodi nent
the invention is a conpound of fornmula (1B) wherein RL is selected fromthe
group comspbiogox2B: OHOHOH OH and OH and phar maceut i eariB2agespiabl e

salts thereof. 7 I n anot her enbodi nent the invention is a conpound
of fornmula (1B) wherein IR is selected [jromthe group consisting of: NH
, \\ 0 YT
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HO
or a pharmaceutically acceptable salt thereof,

in another particular embodiment, the invention is:
OH
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5 ora pharmaceutically acceptable salt thereof.
in another embodiment, the compound of formula | has the formula (IB):
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wherein R’ is selected from the group consisting of



and pharmaceutically acceptable salts thereof, 5In another enbodi nent the
invention is a conpound of formula (1B) wherein RI is selected fromthe
group corsDWimgois: , and and pharmaceuti cal | y accepCahBmoyeissst
t her eof . I n anot her enbodi nent the invention is a conmpound of
formula (1B) 10 wherein R is selected féomthe group consi sting of: 8HOH
and pharmaceutically acceptable salts theéfeof. I n one enbodi nent, the
pharmaceutically acceptable salt of conpounds of the invention is a
pot assi um or sodium salt. 15l n one enbodi nent, the pharmaceutically
acceptabl e salt of conpounds of the invention is a bis-pot a;s\Lum or
bi s-sodi um sal t. In anot her errq%di\rre t he inventfon p S a
phar naceut i cal coﬁfp/o?l\ti on ¢gfpri-Sing the cpnpodtids, descriyped above, or
pharmaceutically acceptable salt thereof, amd a pha?%[raceflj’ti cally acceptabl e
carrier. | r,,\ ({\O
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and pharmaceutically acceptable salls thereof.
in one embodiment the invention is a compound of formula (1B} wherein
R is selected from the group consisting of:

WY on L N

OH

“0H "%{"Y” and TN
OH OH

and pharmaceutically acceptable salts thereof.



I n anot her enbodi nent, the invention is a nethod for the treatnment of a 5
bacterial infection in a mammal conprising adm nistering to said manmal an
amount ofwea 20mmpoeirzad of fornula (1) or pharmaceuti cal | ypPataBposhisesssal t
thereof that is effective in treating a bacterial infection. In one
particul ar enbodi nent the bacterial infegtion is resistant or susceptible.
I n anot her particul ar enbodi nent, the bacferial infection is MR
(multi-drug resistant). In 10 one enbodi nent, the bacterial infection is
selected fromthe group consisting of respiratory tract infections, |ung
infection in cystic filbrosi tients, .conplicated urinary jract ‘
|t ect i ons. " burn i1 @R4ten e REHAT ek iTeOReD Bl S TRTEL PHISTS M cat ed
skin and sofnhdrbgsuieisl i&abd 888 th@?grbub@:ﬁﬁ%!irﬁj‘éﬁ: ear infections,
i nfections caused from nedi caql} dewgcefséﬂé nfections caused froma catheter,
15 noscom al pneunoni a, +Pat or +as’s ated pneugmni a (VAP),
conmuni ty-acqui red pneunmﬂp) ,%f)a(nhg em aEQLi hot -t)Jb‘ rash (dermatitis),
and postoperative infection in radial keratotony sf]r*gery in humans. In
anot her enbodi nent, the bacterial infectign is selected fromthe group
consi sting of Nosocom*qu’\pﬁe ia, ventil atigy- as@acH@Ned pneunoni a ( VAP),
conplicated 20 UTI (urinary traét i nL‘L,jé‘é i\f) , conpl i cat 8 skin and skin
structure, and bacterem a. Dn anot her enmbodbnent, the Bacterial infection
is a buminfection. In another enbodi ment, the bacterial infectionis a
lung infection in cystic fibrgsis patients. The presenf invention also
relates to a method of t?{é@grngzi,nf Ctipn 25 f(aadlged Wwseudononas
aer ugi nosa, Escherichia coifh, a Klebsiel _aOspecies, ofan Aci netobacter
species, conprising adm nistering a therapeutically efflective anount of the
conmpound of rﬁﬁ?ﬁrﬁxa&bbﬁ%ﬁi g&ég%gg?gé;&%@é@ccept able salt thereof to a
{her eor . ;

manmmal i an subj ect 1 n nee n one particul ar enbodi nent, the
infecti o i s caudedaiyth@seodonionast Her dgientsa. is 3D Toepresient fémudat{iidn al so

relates to a method,of treating jnfection by Pseudononas aerugi nosa that is
resi stant tdw&%ﬁi”ﬂgn@ﬁes“ré?‘%ff@?fb{“e&m”@CQ“ﬁg’iﬁq atji |1in conprising

adm ni stering a therapeutically effective anmount of the conmpound of fornula
(1) or pharmaceutically acceptable sa%{,tf\EFereof t)b agjmm’ral ian subject in
need thereof. The present” Irvention akso“feal at e?gﬁ to-a ~eonposi ti on
conprising a 5 conpound of formula (1), or pharnaceutically acceptable
salt thereof, and an additional antibacterial agent selected fromthe group
consi sting of beta-Iecterns, i nogl ycosi desD pol ynyxi ns, penicillins, and
lincosani des. In one enbdgirent- t eadaddt onat-"anti bacterial agent is a
beta-l actam sel ected fromthe group consisting of cephal ospori ns,

car bapenens,aranphdretameliacdiigrarsepiable saity theteafs or

bet a- | act anf bet a- | act se i.nhjbitor conbinations. In another enhodi nent,
Che add: t onal . arld; Saher PaIbbaBRbt e TBREESRASTS SIS B IO EORR: W) g of

cl i ndamygi nwiBLI-0R! dagghdeq HEHPERSIFoLFREARSARILS dor | penem er t apenem

cefotetan, cefepime, and cefpirone,” or a third generati on cephal osporin. In
one particul ar enbodi n%g{\”t\k!ﬁ”&ddi t'J52 al~apti bact.er @loagent 15 is
cefepinme. In another e o%{m t, the%additibn artibac er} al agent is

mer openem | n anot her enb ment of theQE‘orrpositi on, t conmpound is: OH\
NH OH N,s, 000 0 HO

..~3O B |
‘li’ /\b\ 1 (?}?.«“ﬂ\\jo\ ' aﬂd e%ﬂ \\M/O\\
2, kS
and pharmaceutically acceptable salts thergof.
in one embodiment, the pharmaceutically accepiabile salt of compounds
of the invention is a potassium or sodium salt.
15 in one embodiment, the pharmaceutically acceplable salt of compounds

of the invention is a bis-potassium or bis-sodium salt.



| or a pharnmaceutically acceptable salt thereof. In another enbodi nent of

he conposi ti

sal t t herwof2o10ato®2a0t her enbodi ment of the conposition, PChaBmowpEsaad i s:

NH r 00

enbodi nent of the conposition, the corrpognd Is: OH or pharmaceutically
acceptabl e salt thereof. In another enbo

conmpound i s:

10

15

20

25

30

on, the conpound is: 20 - 10 - or pharmaceutically acceptable

OH

0 0 HO or pharnaceutically acceptable salt thereof. In another

i ment of the conposition, the
OH\ NH

in another embodiment, the invention is a pharmaceutical composition
comprising the compounds described above, or pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier.

in another embodiment, the invention is a method for the treatment of a
bacterial infection in a mammal comprising administering to said mammatl an
amount of a compound of formula (I} or pharmaceufically acceptable salt
thereaf that is effective in treating a bacterial infection. In one particular
embodiment the bacterial infection is resistant or susceptible. In another
particular embodiment, the bacterial infection is MDR {(multi-drug resistant). In
one embodiment, the bacterial infection is selected from the group consisting of
respiratory tract infections, lung infection in cystic fibrosis patients, complicated
urinary tract infections, bum infections, wound infections, blood infections,
complicated skin and soft tissue infections, nail infeclions, ear infections,
infections caused from medical devices, infections caused from a catheter,
noscomial pneumonia, ventifator-associated pneumonia (VAP}, community-
acquired pneumonia (CAP), bacteremia, hot-fub rash {dermatitis), and post
operative infection in radial keratotomy surgery in humans. In another
embodiment, the bacterial infection is selected from the group consisting of
Nosocomial pneumonia, ventilator-associated pneumonia {(VAP), complicated
UTH {urinary tract infection), complicated skin and skin structure, and
bacterernia. In another embodiment, the bacterial infection is a bum infection.
in another embodiment, the bacterial infection is a lung infection in cystic
fibrosis patients.

The present invention also relates to a method of treating infection
caused by Pseudomonas asruginosa, Escherichia coli, a Kiebsiglla species, or
an Acinefobacter species, comprising administering a therapeutically effective
amount of the compound of formula {I) or pharmaceutically acceptable salt
thereof to a mammalian subject in need thereof. In one particular embodiment,
the infection is caused by Pseudomonas aeruginosa.

The present invention also relates {0 a method of treating infection by

Pseudomonas aeruginosa that is resistant to doripenem, meropenem of



000 O Ho" 10or pharnmaceutically acceptable salt thereof. I n anot her
enbodi nent, the conposition is one of the specific conpounds shown above
and the awdi2pioomes23anti - bacterial agent is cefep nme, | nramaBey/oBIboOdi ment,
the conposition is one of the specific The present invention al so
relates to a conplex or chel ate conpri5|gg a conmpound of formula (1) or a
pharmaceutically acceptable salt thereof; as a ligand and an iron (+3)
cation, wherein the ratio of ligand to iron cation is fromabout 1:1 to
about 3:1, respectively. In one enbodi ment, the ratio is about 3:1. 5 The
pr esent |nvent|on lncludes ods, of trﬁgtnent uman or no

ani mal body, Féefém i BO'EHH%HQ *{‘fsé%ﬂ"‘g( B ﬁ{?@%@%ﬁ%@%{{g ""Brﬁmﬁlé'&tt

i nfections, &Wﬁﬁdn%l’ k9 BEAI 8t &yl Bﬁaﬁﬁaéﬁéﬂﬁbﬁﬁl %c@eb‘t@%fe‘“sa@rth%?écﬁcfd e
anount of a conpound of the invention, includi'ng a physiologically

accept abl e s*aamncaﬁagcﬁu@mwtrh@etbm;ewd i ncl udi ng corrp05| tions. 10The
conmpounds of the tqnventl on can ﬁ so_be gq‘o n{e er acti

i ngredi ents as de G %% tat' tVal O%o%? nat1.on Oh@r 6?8{71905 ‘%FS”W&W%&
condi ti og orcommbiegi SRforfrat:g e, o pharaiEetiSallyt Beccprame undtsthefedrhand mvent i on
can be conmbined with other anti-infectives, or agents that increase the

ef i cacy or sHemaprasepeiess cﬁgemes%@ﬁted fﬁ@@ctha/éim*ép gEonsestinpugfl beta-
i nhi bi tors. |15The e, B0RnSL beRERrS Shil i abi 6L | 19 dhe

patient suffering’ Fom Jgig}gﬁsord erl infection.

Bacterial i rtfmi@cbd ot atire nedlioriad st Bmteﬁaztaganm@ra)bmdamfn bolkentddaird) |
phar maceut i c n’BOSI tions, d Eg%ﬁods of the grr esent invention include
t hose causeot yg"R n@‘?%@ﬂ’ﬁe PPINACTHOPBBRYTEr 88FpPetedgeesiasiedes 20

fragilisg Oéﬁﬁ;EQ@r%t BF HYS &ﬁ@nlb@%ﬁ&%ﬁﬁ&? zﬁﬁzﬁH@d'cbp%)'r:ﬁEtﬁh bagh efnother
aer ogenes, Enterobacter c oacae ia co erno | | us 1 nfluenzae
i i -1 act amasesmipgritievie, thdaexiopionbusiniinédteesizagentl 8 Is&iﬁmias‘mmomep grceip

Dot 2 iR 8 RSO ISR, TSl RS B
pneunophi | a,eridpeass] | @efciatapat @éfébﬁﬂ\é S ahd- | aghismse- d}e%t %8, fRIn @

catarrhalis p-positive. Mrganell a norganii, Neisseria meningitidis,
Prevot el | a s@phaicgndri f’mehb@ﬂ% peftiqutas ambedilattthe |a§éé@éam@ttba@iqmé§gemsBLs

Cephal 68B0r Rsco Oy A Ao BEERReEay B8 SRR AduBiGRT g R ' ©

conbi nat i 0n&her@@ﬂéﬁuﬂﬂﬁ%&t&r'drﬁboﬁ%ﬁﬂ@i m@mp’&mﬂr Ug ReFound is:
Sal nonel | a/ Shi geo, and Senati a narcescens - The conpounds of

formula (1) may, in one enbodi ment Obe used to tre t.a variety of hospital
and community acquired infecti ons;\s*ég@ tract infections
(including lung infection in cystice fibrosis patfents), conplicated urinary

tract infections, burn infecti on‘s und i nfecti ” bl ood infections, 5
conplicated skin and soft ti ctions, naif and ear infections,

i nfections caused from redir<al | de %« Nfa heter, c.), noscori al
pneunoni a (i ncl udi ng ventil agor - ass At (V‘ ),

comuni ty-acqui red pneunoni a (CAP), Qbact hot— b rash”
(dermatitis), and post operative infecti Qn I‘adlﬁd_) kerat ot omy surgery in

humans (hereinafter "the infections").
or a pharmaceutically acceptable salt thereof. In another embodiment of the

composition, the compound is’
OH

%D o OH
N\
\-NH
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o N

20 O



10 I n one enbodinent, the infection is selected fromthe group consisting
of noscom al pneunoni a, ventil ator-associ ated pneunoni a, conplicated

uri nary twaabiwatbeati ons, conplicated skin 8( skin strueCinBonHzseid ons,
and bacterem a. I n one enbodi ment, the composition of the invention
conprises a therapeutically effective angunt of a conpound of fornula (1)
of the invention. 15 The invention alsorelates to conpositions of the

i nventi on which conprise any conbi nati on of one or nore conpounds of
formula (1) and at |east one additional ingredient (hereinafter "the
conposi tions_of, the invention"). n-1Jimting,.exanples. of the at
oot one. ad PHRRCS G baReiptahie: sale Mipt | 17 LI5S oS DAFG Hed e
present in thensdyiefd aedcsppBawpds of formula 20 (1)), active or
pharmaceuti cal agents as di scussed bel ow (e.g., another antibacteri al
agent), pharnmaceutical |y acceptabl é8xci pi ents, or one or nore solvents
(e.g., a pharnaceutically accepta arrier asQdi sPtlssed herein).
Conpositions of the invention that are suitable adm nistration to a
patient in need thereof (e.g., ﬁ«ﬁunan) are als \ e erred to herein as
25" phar naceut i cal conpositi?ys ff tiHe invention. "y—NH Admi ni stration of
t he conpounds of the pg ﬁQQ% TV I (herei er the "active

conpound(s)") can be effecte fby ny hoﬁqég?t enabl escgel i very of the
compounds to the site of action. T f ﬁ@c?ﬁggmgﬁal rout es,

i ntraduodenal routes, parenteral injectigndimclgdi ng intravenous,

subcut aneous, 30i ntranuscul ar, intravascul ar or inftfgi on), topical, and
rectal adm njs ' . (o] I.C di h 0

adm ni strat rggnﬁlﬁégﬁa%{%ygé@%ggge%%&i3ég-“ahﬁ?g&pﬂ%@%%@%ﬁb@&%@n%}&i tion
may, for sexamphosiths, ke sohpoaagigitable for oral admnistration as a

tabl et, capsule, pill, powder, sustained release formulation, solution,

suspension, for parenteral injecti n?is a sterile solution, suspensi on or
ry.

enul sion, for topical adm nistratig an oi nt nent creamor 5 for
rectal adm nistration as a supposit The phar tical conposition may

g

be in unit dosage forns suitable for  single adm nis }gtion of precise
dosages. The pharnmaceutical cenp itﬂén wi Il inclydé@¥ conventional
pharmaceutical carrier OH, 'p,ent a CQPON according to the
invention as an active ingredgent. dn it%

anﬁéﬁﬁ i ncl ude ot her
medi ci nal or 10pharnmaceuti cal agentsﬁjcarﬂ(em§ j uv , etc.

Exenpl ary parenteral adm nistration f or ms O nel 9dePs Ations or suspensions
of active conpounds in sterile aqueous sol utions, for” exanple, aqueous
propyl ene glyrcptharatacdentaliys acataibie oset tHBunedf. dds agotiiar embodimdre sfuthieabl y
buffered, if desired. 15Suitable pharnmaceutical carriers include inert

di luents or FOMRAKUON. R PTMRAWYEr i ous organic sol vents. The pharmaceutica
conpositions may, if desired, contai gpdditional ingredients such as
flavorings, binders, excipients ag%rgge i ke. ThHs for oral adm nistration,
t abl ets containing various excipi emt’s,Csuch as cirt{ri{c acid nmay be enpl oyed
together with various disintegrantg such as 20 starch, alginic acid and
certain conplex silicates and with b

iFndi ng agents as sucrose, gelatin
and acacia. Additionally, |ubpi §Pa ents such{as nmagnesi um st ear at e,
sodium |l aulyl sulfate anﬁﬁwaﬁz fgggiusafulf%gﬁ tabl eti ng purposes.
Solid conpositions of a sinil&fr type wayglSog nﬁ?qxgg in soft and hard
filled gelatin capsules. Preferred erig$sé“%h ef o€, include | actose 25

or milk sugar and high nol ecul ar wei ght pol yet hyl enei@l ycol s. Wien aqueous
suspensi%ns or elixirs are desired for, oral admnistration the active

conpound théFéWﬁ”ﬁﬁ?egﬁzﬁﬁﬁﬁ?ﬁ@ﬁbﬁi ‘ivﬁﬁﬁ%us sweet eni ng or flavoring
agents, col oring \Fahefer ObnthsRemand: md de8pdSthn SBUlRE! Wi NhA 9GSO
suspendi ng agents, together with diluents such as water, ethanol, propylene
gl ycol , gl ycangnurgls sepondiiavatdrehihetdusitiontl anti-bactenal agent is cefepime.

In ancther embodiment, the composition is one of the specific

compounds shown above and the additional anti-bacterial agent is meropenem.



- 14 - Met hods of preparing various pharnmaceutical conpositions with
a specific anount of active conpound are known, or wll be apparent, to

t hose skiwbDediova1032Bi s art. For exanpl es, see Renington'?cﬁhnumwmﬁﬂhical

Sci ences, Mack Publishing Conpany, Easter, Pa., 15th Edition (1975). 5The
m ni rum anount of the conpounds of fornu1a (I) to be admnistered is a
therapeutically effective amunt. The te "therapeutically effective
anount” neans the anount of conpound mhlch prevents the onset of,

al l eviates the synptons of , stops the progression of , and/ or elininates a

bacteri al f ect h T [l ffecti
Gosi nG schedul o o h@esea{l%aaﬁ%@ Se3irslefen 'E orited B SReiot e T BATH0S Sacur 1 <
i s about 50 d¥nAdurRPBLtorRAR (11thro% p?ma@:%@@@&&%li?facfc@b{% @ shbknbreot 54 ol e

dose; in another enbodi ment, ‘an effective single dose is about 100 ng t
about 2000 rfigand rargn@n iren éab@aﬁofemherafn tbefrate of Bganhiyl gonoston & &bout 800

day. 1’ one S| eSOl R sl ey IVG e BBl i P g Bobh Tt

cases, i& may be TiRCeRSRNY if@NUSe i9E588SMAHLSS @@tﬁe@ﬁﬁ@nﬂ bMHeShuman or The
corrpounds of formula (1) of the invention may be adm nistered in

conbi nat i on fWNtRUBAR asrMadiasivagdl tPEeabahediierhancleding as vaidieat bederiagent s
("the additi ﬁﬁ%&za%t@@g%ﬁ%%%&nﬁ%}éﬁﬁ%\’{?Eugfecttsﬁ UQQPPgPBﬁém% é@lﬁwn@f (1)

in 20conbi nat i'on- W’ tive or simultanéous,

separate or &mumnal olufwe ifventios, mmﬁﬁhgr@bhyéxbﬁgwéﬂytac@eaiaba@tsiaﬂeozagent
is an antibac er| ahﬁag I n one enbod| ment the antibacterial agent is a
P---1ac/am g @16“@*’%&%&@% CEMPP8LIPARt ans i ncl ude cephal ospori ns

(e.g., qgfepi ”E ﬂf‘ef&&% G of t%n'?:é zﬁ@%ﬁfoﬁ i g@fb@'écﬁ‘ﬁt?npe@'\a\)f%ther active

(Spectracefe), cef opera one, tazi Inir ot axi nme
cef podoxi ne mgrepirmitmtaa rﬂemeﬁatﬂ attaory  @ehbirae) | thempyahycinmye( thap ,one

bt o | act AECECRGR & TP H CaNa G 501 COD v CPBPURES Gl RN trLion can -

conbi nat i OnsbeSH%b%dswit@%@ﬁér@ntmn@é&;béﬁ' & aGdidls tﬁ@tziﬁ@%‘afsérihé’ﬁ*hcacy or
piperacillin in 30 combination wth tazobact amr& osyne), and sul opénum
i

15- hicthgopieeer testsd drarant-infectivan eighatfther inalibilggent is may be sel ected

et 11 m dene par ooty ePReeroR G Fha () Pk TRef) dor ERDRRIE RuePCRT G

apranycin, kg dig@ignextings,(€g J a. baetdiamnfedtidd. col istin),
quorqu|noIones norfloxacin, 5 C|grofloxa0|n | evof | axacin

(Levaquin(r)), noSa¢esakefestionyamseaple b reseeat bk conmanngs (of ferayia (9. |
icillin, |
oo 1 1) RAlAGH B}y R HOGEIRLBF 1 g £ LIAAOH

ant i - bact er ithbsaganked shys elaadiebadieoharetanan] dazelichacby sopeBademides 9. ,
R A e e Rl
i ncluding gygeul ek "E8adde, IEschrBREY EbE Bdemophilus influenzae P-lactamase
negative, Haemophilus influenzae p-lactamase positive, Klebsiella oxyloca,
Klebsiella pneurnoniae {including those encoding extended-spectrum -
lactamases (hereinafter "ESBLS"), Legionella pneumophila, Moraxella
25  catarrhalis P-lactamase-negative, Moraxella catarrhalis B-positive, Morganella
morganit, Neisseria meningitidis, Prevotelfla spp. (and members of the
Enterobacleriaceae that express ESBLs and AmpC-type beta-factamases that
confer resistance to currently available cephalosporins, cephamycins and beta-
lactamy/beta-lactamase inhibitor combinations), Profeus mirabilis, Pseudomonas
30 aeruginosa, Salmonella/Shigella, and Serralia marcescens.



O her non-limting exanples of additional antibacterial agents can be found
in WAl sh and Wight, Chem cal Reviews 105(2):391-394 (2005); and Bush et

al ., Currwot2o0@n7e526n in M crobiol ogy 7:466-476 (2004). BCm/iBreyesssedi nent ,
the additional antibacterial agent is used in conbination with conpounds or
pharmaceutically acceptable salts of the ml nvention to | ower the frequency
of resistance. Exanpl es include cefepine,® cefpirone, impenem nmeropenem
ertapenem dori penem sul openem ceftazidinme, piperacillinitazobactam

ci profl oxacin, |evofl oxacin, noxifl oxaci n, 20pol ynyxin B, and tigecycline.

I n anot her enbodl t he |on ant| bacteri a ent .y be a standard
anti - anaer obe dr ﬁ%ﬁ%p??ﬂ@%ﬂgp 0':{!1) WAy Hn &Fﬁp@ﬂ%ﬁ‘gﬁ?ﬂ&p@%&ﬁ%{%??@al ly
accept abl e Saabérﬁa@fuf h@@p:iéi‘&ﬁﬂﬁcbﬁﬁmﬁrﬂtfﬁc%@?re&rﬁf’é@n@f@ﬁfﬂh@é résﬁf@fb‘%# 988t
Exanpl es i ncl ude ¢l mcd}gm n, nmetroni'dazol e, im penem 25 neropenem

dori penem erfeghenterin duag, infrstiepi e Cy stist pibraesie, p@tmts)hmm;g@a@dati on
cephal osporl n not her enhodinent, th dj.tion nt cterial
agent may. berainsdeash o0t Bles THERIET Vel dE aREClRls ProfchirRfon

wi t h compounsgnlicaRiRPERBCa beR tskuaaerRBiEH gamadie caf IfB&idriRY effbbging or
enpiric therapy to treat P. 30 aerugi nosa and al | Enterobateriaceae.

Exanpl es i nciaysgedyvipdomedieal ﬂﬁWéﬁ%l(ﬁd} FEieiny cig,), dssalERc PREUMONIa
tel avancin, O(ﬁ'l%ﬂ.m‘?ﬁ e te]cﬁ mamé 9@5 errhady my a&%lﬁre ne or

nore additi i V€ agents, area Stere pri‘or

admi ni str 3& |mumc|;;ﬁa (:;Omurtﬁaccérem rfhbati(bl l)ashl’ r(id@mgitﬂtks]r m@@&ilf@;m@?atlﬁehe one
or nore a 1.t ona aCth ents amnlsﬂtere a,te
Sl ot e et i Gl BaRo B BiHaAN Tan S DErSDHEr esRRSIPREN .t he

one or ngre addity, 'erﬁﬁédh%%n@%?t}:%em%?ﬁ@ s fod ﬁgfﬁ Wtﬁlggﬁ A?Wtc&ﬁﬁgtn@gt g})ﬁgo‘“

the sane tinme as admnistration of a conpoun
addi ti onal a‘c:tsmmizﬂgmmumwab@eammmimec‘amdbpnawcnmtc@nu@'erbtﬂd uanary
i t he. one or

adm ni st er ai .addi tional actiye

ror e add ¢ difA eions: BgeRictey Sk R Skn ST O e R BRES B Bipos: 1§ on
of the i nvent| on. inAéﬁé’rQhB@Ba}hedt”ti@é‘%d?@éos%ﬁ?@@f”@z@t inveRBoh NMSRbHRI el at es
to a nethod of treating a patient with a pharmaceutical conposition of the

i nvention fUhetageutentpyrafisichiye smeoust Dﬁ@ﬁéﬁ@@an@mfmmt%&mV%th@g@mrélonlslt is

to be understood t.hat. _any. .se |on di headj. ng re for

t he con\r}gni ence of'% H@%’ﬁ'gﬁe% sgn&ezgfe% g?‘ﬁ?r&%‘f‘ﬁbs ‘1% b" ‘1%%’?*@ Wﬁ('é?%

subj ect mat t@imprivet iR SHBREYOPL! b ot ﬁm@bmmoha@s Bofoser] @ axd atleassol el y
as a result of its placement in that section. Unless otherw se indicated,

the | anguagengnandiéona mgsedienh(herrisaler ‘Hsccoreresitions eldhBanginiien it hei r
broadest reasonalyg, !;Hﬁtﬁ{doé%rﬁf)le%”otaﬁegéﬂ%ﬁtt8:99aBXiztz &i [?%trﬁd‘éﬂf @%ﬁ!d’ o ed

artisan. In addition, 1n-escriptions ect
matter (e.g,impaabes i(¢gt, nnmrmedmtgs veaseamd live the anraﬁmedtamnpoumisr@‘cxbtmdiaas

bei ng sel ect froma gr up of possibilities, the recitation is
speci fi ¢8I Iyl ﬁﬁjmagwé%oort ?ﬁ@ﬁﬁ%’@iﬁ%‘ﬂﬁ%e@s Fiseyrsere Pt §rduEnathen he

e o oaTHLFLRLS) WA AapaRiAdiogh, Soofiiel Pl ok B on of
solvents {e.g., @ pharmaceutically acceptable carrier as discussed herein).
Compositions of the invention that are suitable for administration to a
patient in need thereof {e.g., a8 human) are alsc referred to herein as
25  “pharmaceutical compositions of the invention.”
Administration of the compounds of the present invention (hereinafier
the “active compound(s)’) can be effected by any method that enables delivery
of the compounds to the site of action. These methods include oral routes,
intraduodenal routes, parenteral injection {including intravenous, subcutaneous,
30  intramuscular, intravascular or infusion), topical, and rectal administration. In

one parlicular embodiment, the method of administration is infravenous.



Unl ess otherwi se stated, the follow ng abbreviations have the foll ow ng

nmeaning: "12 neans "liter", "mf neans "mlliliter”, "nol" nmeans "nol es",
"mmol " nmeso0iwm7bizenol es”, "Ac" neans "acet yI ", ' Ph" nean*i/IBmowmslSZM "Bz"
means 30 "benzoyl", "DCM or "CH2Cl12" neans "di chl oronet hane" DI\/SO means
"di met hyl sul foxi de", 'MC'" nmeans "m ni myn i nhibitory concent rat| on", "M

- 17 - means "Mass Spectronetry" (all sanples herein were anal yzed elther
by LCVS-el ectrospray (gradient elution using acetonitrile, water, formc
acid m xtures) or probe APCI net hods) " LCIVS" means |iquid chromat ography

mass spectrometry. 'nucl ear n ti c resonance spect scopy"
(AT sanpl es her e BRRE1AHIGA OSBEPOREPrGHaTaloT ST HE Perem O i 8be

ot herwi se i ngj Qﬁéle%mm dition"BANS taéi@i T ddpsdiof {sﬁﬂa'&owde? p@ustazﬁ%é“z%iea%%ec' es”
and -cfu" neans "colony-formng unit used herein, the term

"(C1- C6) al ky‘i:vnﬂmietz@n ssaligtiarn, rreapensionr ﬁmaﬂ%@l’ttmﬂjn@em«mﬁg g etegle seietiog, |
ethyl, n-pr i.S0pro of ;.1 to.6 c rbo ong 10in le th.
Gl 55 or herdiepen REE G ofh tor bBice! ARFEPedioRogs 20 hmd i dienm @ 1,
refer tosnofoaredal ket ekaifrgboUPSUPRBEIRINNT NThO NEePinablBfifd &oRialiRis,
preferably fromone to four heteroatons, each ref erably selected from

oxygen, sul flORY d i b gerager Hermet Bheble Iff@}’alS je qdsnipstration mfspiagiEent i on
can al'so 15 jngclude ripg ﬁ%?ﬁﬁ%ﬁiﬁgal ot(ﬁﬁoesﬂ:ow L0y O Pe MRT B R ERLEL T €S-

Exanpl es of non¥aromati C erocyc groups are aziridinyl,

azeti di nyl, mwmbedmoaybarrmrmrsxdipmdt ,anazspompbunzwlape@MQw the mventzen
1,2,3,6- tetrahydro%{rl din oxi ranyl , oxetanyl, trah%'%?ofuran
t et r ahydr ot %@ actut r RARIKYBy r dAyPAdiigpr dhy lbt*ﬂ‘?iB%‘?r [, /MRE | $'ha,

t hi onor phol i Lg)ﬁ((%n y oltnyl, 2H pyranyl, 4H
20pyr angltgj dﬁ‘@%‘tﬁg{% ébﬁ?igx%érgﬁwﬁhbufrag%bglk&ny , di hydropyr anyI :

di hydr ot hi enyl , oE;twdwﬂan‘yuraagdn;erpyraﬁm;mskrm;dn fomrdaziotiudgl | solutions  or

ool Aot A S RS e, SR BYENGRS. & Lhspsem

1, 4- di oxaspig, cﬂ{eﬂvué];ﬂ@ﬁ%ﬂéﬂe 3 fca@'o@’ﬁ%&&bé@[sﬁl&:%%t %uci’ﬁ&%a e forms can be
Unl

1 4-di oxaspl ro[ 4 Eh% ess ot herw se indicated he term
' het er oaryl Swtﬁb’)’d@é@? redasireglefers to an aromatic ri ng cont ai ni ng one or

one. to fi8ur et erShEEIR PraiRA el B e AR L TRES: ol T 'O
pyridinyl, pyd d/@mnayl o fgamcd@@%y&ts PYhé npmrmécev,sﬂwzaé@mbsmbm am@}/ylzf
pyrazinyl, tetrazoly , thieny - 18 - isoxazolyl, thiazoly

oxazol yl, i s‘-’iﬁﬂfﬁéz@ﬁ?ﬂam agéf»f@n@h mgfadz%&ts rfpch s fiBVgIngso bilass opxipients
Lt adi 2201yl WA s for ora) BBl ShEERCUS e hriulE s Bfarar v
rrngs as we e rocycliic

and heterocy non-'ar omat I ngs’
cont ai ni ng mmb asrcnmnrm:zdimlylm dopliyed tdgdinéessh sahmmﬂzsm@gsaaﬁsemﬁ:hm

i ndi cat ed, the onpounds. of the invention and ter in the clalms
enbr ace£? anyS e ar RGEUE ACERNY calriB o lex § ‘P??So?”r&‘é’ffbﬁ)‘é‘gﬁg éﬁénﬁ*n’i%‘c

amor phous ory scrs)&)?zv'tic%'e f%i?fﬁur g taéé&:@”er@ddtﬁ\'ﬁ?énmrutﬂ%aﬁﬂg speakt ‘s&éﬂ

recited in conte y, a recitation is’open to any” nater
conposi ti on rosgrediunrgearnate, sediune thuryl rapdatedarictale area@ftm’nqmﬁu&footamim@al ni ng
10 a salt of a racenE% m xture. of c?r’gas t aut oner s,

st er eoi somer&PY¥H5y lid )gpmpgg iogp o %r type may alsd’'be gm%ﬁ{yséd in soft

and hard filled gelatin capsules. Preferred materials, therefore, include lactose
25  or milk sugar and high molecular weight polyethylene glycols. When agueous
suspensions or elixirs are desired for oral administration the active compound
therein may be combined with various sweetening or flavoring agents, coloring
matters or dyes and, if desired, emulsifying agents or suspending agents,
together with diluents such as water, ethanol, propylens glycol, glycerin, or

30  combinations thereof.



The conpounds of fornmula (I) may exist in unsol vated and sol vated forns.
Thus, it will be understood that the conpounds of the invention al so

i ncl ude hyonatoe7edzd sol vate forns as di scussed bel ow. 1BThaBroe/nisssol vent ™
as it relates to the conpositions of the invention includes organic
solvents (e.g., nethanol, ethanol, isop%apanol et hyl acetate, nethylene
chl oride, and tetrahydrofuran) and wat er’” The one or nore solvents may be
present in a non-stoichionetric anount, e.g., as a trace inpurity, or in
sufficient excess to dissolve the conpound of the invention.

Al ternatively, t&ﬁ %n% nore sol vent s ma% be sent |nast0|c orretrlc
anount, e.g. §tho Sl‘:’f dtrepe NG &S o P %%é@&%ﬁ@ﬁ%@sgmnw
CO”DOUHC' of éd&%xflcna’rﬁﬁ&htoﬁf active compSut®hid kaskMabe wip bl ekt e

descri be a noncoval ent or easily reversible conblnatlon tmeen solvent and
sol ute, or dikdiedrisi bis aﬁarﬁoraw@ﬁmQBSdﬁf% S 3 beutiche Seiemeest ood

that the solyat.e n.be the f rmof (e g., a suspension
or di spersi (M?Ck E‘Pglé%ﬁ”?ﬂ ¢8Wpalqgné?f’tﬁlrt §§t¥3a[%m' H%T}%%ol vents incl ude

et hanol , smet hanol Ther aparelm agRioni bflthe, cehipeiuhyl  ef hrmut ehe eleher,
tetrahydrofuran met hyl ene chloride, and water. The term' %drate (S

enpl oyed whesiraigisiered| i ehthargpeldicatly effectiee amount. Thetarme ﬁ&a%@?i@%ﬁyed

classificati g

oo or CehdtbsiVe SR meARE Heah Ao RRAMIR L B B RN TESD, «
R Morris (&clieviateﬁth@rswmmnm bar stebs Dekkprogrd99&) .of] sedadredlimintedhydr at es
are ones in whi wat er nol ecgl es are 5 isolated fromdirect contact

wi th each otkﬁ?&terlﬁb “{}ﬁ@t@r‘\/‘@rﬁ W BPYaRid% HOVBEN es. In channel hydrates, the
wat er ecul es | t S &ﬁ?&%‘ rywat er
nmol ecul eb Wib&i)ﬂh%hséff&g%%%rg " Stdg{r@}%Pg %flh@ t(fgn?%oun &?hgh{g%r )pl ex
will have a ofehé inehitine dos adilshiscatetrst yéOi mgepa&D@ehﬂ%ﬁ nhgmf di dompaiinehof

h 10 t | vat
Bnd hyar oscaBEURANS faSble Fisthit npEar stwbdiBReAD ditcive srais SRR “on
hum dity anqatf&ﬂ'?@g HEne é&&ﬂ%@d@”n@u%ﬁl FBHRY, erﬂi@cﬁb:ﬁx’eﬂt CdH @RBEE Whi le be
the norm Unl ess otherwi se indicated, the term' pharnaceutlca

y
accept abl e siise(is phout@0Qggdorahost AD0G Maes Eymealrtte @Sﬁ@@ﬁ awt @den ilieBudes

sal ts of,.aci .15 basi ‘r u h n..b res nt nds.
Conpounds -t HilvésPer 82 B RATREndN, S SRS AR A Rachr ety o
salts w th wm®ussdd)anganhe nebdsQrganiise actsifos dteidachsse fhag, can be used
to prepare pharmaceutically acceptable acid addition salts of such basic

conpounds are t hosée CREWPOLBEM NI rYRI B ddhg IRwntongnay die admirkedetashifounds
can form e. p ‘ es,
succi nat es, bspg{?oﬁ%tﬁwaé a es, I%gﬁé%%ﬁig%ﬁiﬁ %@%frﬁ%?%ﬂttcta?%égﬁfg saI ts
can be nono {dhechdmm:’cai acnverz@ept of QumduMOMerenm;amhdssﬁlfbrm:slaa(i) in
fumarat e, Unl. ess ot herw ggﬁl ndi cated, the terns eat "treatnment,

and "tr &8t i fPMPIGRLQE thePRi ACTHOPRI ACHHE eR9SBr TR n‘Z}et E'Bﬂﬂfﬁ?@ﬁag%f t he

present i nveé?atp'aﬁé}e or?sre hg@,sw%t herw se i ndi cated, neans reversing,
al l evi ating, bltlng e progress of one or nore synptons of such

di sorder or condilticog embodiment ths eddiional aﬁtwh@geet marpmnbenter:aﬁ afients to a

| h as, e.dq. h . _cat h the Like. |
one. enbodi rent. finbrig. SbrientRE arfRbeiehd Gens oS Bttart Moot o
term " phar W@@%@:@@Imcmﬁaémsl udeet:e;ﬁﬁa@@cﬁraasa(égve;e@aﬁﬁeur&ﬁe@ldaﬁa form

suitable for effective adm ni stratl on
25  cefpirome, ceiditoren pivoxil {Spectracef@ cefoperazone, ceflazidime, cefdinir,

cefotaxime, cefpodoxime, cephalothin, cefaclor or cefixime), cephamycins (e.g.,
cefotetan), carbapenems f{e.q., imipenem, meropenem, ertapenem,
doripenemy), beta-lactamase inhibitors and beta-actam/beta-lactamase inhibitor
combinations such as sulbactam, clavulanic acid, fazobactam and piperacillin in

30  combination with tazobactam (Zosyn®), and sulopenum.



- 20 - a subject, e.g., a mxture of the conpound and at |east one

phar maceutical ly acceptable carrier. Unl ess otherw se indicated, the
term "phavoeesut7io2al | y acceptable carrier” refers to a mawraBrmp/oishat can be
adm nistered to a subject together with a 5 conpound in a pharnaceuti cal
conposition. The carrier should not destyoy the pharmacol ogical activity of
t he conpound and shoul d be non-toxic whetf ‘adm ni stered in doses sufficient
to deliver a therapeutic anount of the conpound The term "excipient"” neans
an inert material that is conbined with the 10 conpounds of forrmula (I) to

P har macoub | onl T SRR BDRIE e St RS AR (5 TS SPBSECHeR be
conpati bl e v&rﬁihogweéésdé@gé,gdﬁieaﬁgﬁczaf gbRErAORPREHO8n, ABSPSh, Aelighan] ous

to the recipient thereof. harmaCeutical |y acceptabl e excipients are
chosen on t hsrp@eiycsf, hpdostrapaniydind stagenimim tobEoypouapianyfcint, e pr esent

i nvention hav symmetric centers. a t herefore, can exist _in,different
enanti onor | OB et & Coar VY REr 2. | SRSty hErBHT B e e PR ca

i somers and @refeiaonmersiodath Maladuem)l heneixaemh shleid:@), a8, eran@ctrg, al |
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pharmaceutically acceptable salts of the invention for empiric therapy o treat P.
30 aeruginosa and all Entercbaferiaceae. Examples include vancomycin,

linezolid, daptomycin, dalbavancin, telavancin, and oritivancin.



25 nature. Exanples of isotopes that can be incorporated into conpounds of
the invention include isotopes of hydrogen, carbon, nitrogen, oxygen, and
sul fur, swolm#70s2at not [imted to, 2H, 3H, 13C, 14C, PENIBABYP553#0, and
35S, respectively. The conpounds of fornula (1) of the invention containing
t he aforenentioned i sotopes and/ or other, i sotopes of these atons are within
the scope of this 30invention. Certain ¥ ot opi cal | y-1 abel ed conpounds of
formula (1), for exanple those into which radioactive isotopes such as 3H
and 14C are incorporated, are - 22 - useful in dr ug and/ or substrate

ti di stri but T 14 14C,
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groups referred to in G eene. he exanpl es and preparatlons provi ded
bel ow f urt henofd adtieral@chkd agraimpl i fy t he conpounds of the present

that t hdscope oflt e r WRTPRER BaatEs G304 nd S Red EH M,y Cne

scope of theyrbabt oW benwxRIcest trdrepriepandtdronn-imiting. Atdr @aihgibsthepat ent
applications, publications, test nmethods, literature, and other nmaterials

cited above SbtPBbaNGierHetae Susreaneeidhy Invardiopdian o SHesial slabis $cé$l@r9@nce in
their enti reé}é%m ofﬁé%é%%%dtﬁgtﬁ%éﬁéﬁ' on of the Invention

not ed above, i n one e resent invention relates to conpounds
of formula (1) ardhipbarstaesuiss cmkﬂ!mtat;cm dbhop gl tasidt bemreofyseds idelber | bed

above The c ounds of fornula are depicted structurally in 5 the
Sunmary %8 q??g%mﬁ%n?feonmarpeel%'é et*evhéva&#eaﬁofeawae%aﬁf &’%‘%‘f Fhe

reader _ Gen%@erﬁ&@@%ﬁ‘cﬁé"?ei%éﬁ‘togi@dized artisan.  In addition, in descriptions and
claims in which the subject matter {e.g., substiution at a given molecular
position) is recited as being selected from a group of possibilities, the recitation
is specifically intended fo include any subset of the recited group. In the case
25 of multiple variable positions or substituents, any combination of group or
variable subsets s also contemplated.

Unless otherwise stated, the following abbreviations have the following
meaning: "L” means “liter”, "mL” means “milliliter”, "mol” means “moles”, “mmol
means “‘millimoles”, "A¢” means “acetyl”, "Ph" means “phenyl”, "B2” means

30 “benzoyl’, “DCM” or “CH:ClL" means “dichloromethane”, “DMSO” means

“dimethyisulfoxide”, "MIC" means "minimum inhibifory concentration”, "MS”



The conpounds of the present invention nmay be prepared according to the
descriptions, schenes, and exanples herein, which are non-limting, in
10conbi nawoaniowvi70323t he knowl edge of the skilled arti sanPCBIRENR0ASORS HN,
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means "Mass Spectrometry” (all samples herein were analyzed either by
LCMG-electrospray (gradient elution using acetonirile, water, formic acid
mixtures) or probe APCH methods), "LCMS” means “liquid chromatography
mass specometry”, ‘NMR” means “"nuclear magnetic resonance

5  spectroscopy” {All samples herein were run at 400 MHz on Varian instruments,
unless otherwise indicated), "THF” means “telrahydrofuran”, “spp.” means
“species” and “cfu” means “colony-forming unit”.

As used herein, the term “(C-Calalkyl” refers to linear or branched
hydrocarbons {e.g., methyi, ethyl, n-propyl, isopropyl) of 1 to 6 carbon atoms

10 inlength.

Unless otherwise indicated, the term “heterocycloalkyl”, as used herein,
refer to non-gromatic cyclic groups containing one or more heteroatoms,
preferably from one o four heteroatoms, each preferably selected from oxygen,
sulfur and nitrogen. The heterocycloalkyl groups of this invention can also

16 include ring systems substituted with one or more oxo moieties. Examples of
non-aromatic heterocycloalkyl groups are aziridinyl, azetidinyl, pyrrolidiny,
piperidinyl, azepinyl, piperazinyl, 1,2,3 B-tetrahydropyridinyl, oxiranyl, oxetanyi,
fefrahydrofuranyl, {etrahydrothienyl, tetrahydropyranyl, tetrahydrothiopyranyl,
morpholino, thiomorpholino, thioxanyl, pyrralinyt, indolinyt, 2H-pyranyl, 4M-

20 pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazolinyl, dihydropyranyl, dihydrothienyl,
dihydrofurany, pyrazolidingl, imidazolinyt, imidazoliding, 3~
azabicyclof3.1.0lhexanyl, 3-azabicyclof4.1.0lheptanyd, quinoliziny, quinuchdiny,
1,4-dioxaspiro[4.51decyl, 1.4-dioxaspiroid.4inonyl, 1,4-dioxaspirold.3loctyl, and
1,4-dioxaspiroj4.2theptyl.

25 Unless otherwise indicated, the term “heteroaryl”, as used herein,
refers to an aromatic ring confaining one or more heteroatoms (preferably
oxygen, sulfur and nitrogen), preferably from one to four heteroatoms.
Examples of 5 to 6 membered helercaryls are pyridinyl, pyridazinyi,
imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
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isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, triazinyl,  puriny,

oxadiazolyl, thiadiazolyl, furazanyi.

The term "heterocycle” includes heteroary! and heterocycioalkyl rings as
well as non-aromatic heterocyclic rings containing zero or more double bonds.

Uniess otherwise apparent or indicated, the compounds of the invention
and term "compound” in the claims embraces any pharmaceutically acceptable
salts or solvates, and any amorphous or crystal forms, or tautomers, whether or
not specifically recited in context. Similarly, a recitation is open to any material
or composition containing the recited compound {e.g., a composition containing
a salt of a racemic mixture of compounds, tauiomers, epimers, stereoisomers,
impure mixtures, etc ).

The compounds of formula {I) may exist in unsolvated and solvated
forms. Thus, it will be undersiood that the compounds of the invention ailso
include hydrate and solvate forms as discussed below.

The term “solvent” as it relates to the compositions of the invention
ncludes organic solvents {e.g., methanol, ethanol, isopropanol, ethyl acetate,
methylene chioride, and tetrahydrofuran) and water. The one or more
solvents may be present in a non-stoichiometric amount, e.¢., as a frace
impurity, or in sufficient excess {o dissolve the compound of the invention.
Alternatively, the one or more solvents may be present in a stoichiometric
amount, e.g., 0.5:1, 1.1, or 2:1 molar ratio, based on the amount of compound
of the invention.

The term “solvate” is used herein to describe a noncovalent or easily
reversible combination belween solvent and solute, or dispersion means and
disperse phase. it will be understood that the sclvate can be in the form of a
solid, slurry (e.g., a8 suspension or dispersion}, or solution. Non-limiting
examples of solvents include ethanol, methancl, propanol, acetonifrile,
dimethyl ether, diethyl ether, tetrahydrofuran, methylene chioride, and water.

The term ‘hydrate’ is employed when said solvent is water.



|l R ONO ¢),,,--.._., 0-\<, 0 VIV The conpounds of the
present invention can be prepared as outlined in schenmes A through C
Conmpoundswof2otamgogzeneral forrmula | (Schene A), 15 preparet/Iamogesssd bed in
Yamawaki, K, et al., Bioorganic & Medicinal Chem, (2007), 15, 6716 and
Yamanoto, H., et al., Bioorganic and Medjcinal Chem, (2002), 10, 1535, can

be reacted with hydroxyl am nes of the dgerieral fornula Il (prepared as
described in WO 2007/ 065288, published June 14, 2007) in a solvent such as
met hanol at anbient tenperature for approximately 2 hours to - 24 - form

car boxylic aci dségf the formula Il.l. .@ctivate es*ters of. the formula IV can
be prepared by ro gyrrgatlwacggg%giﬁagsrqaq eS¥Br A Fgenigipirates s one
Nhydr oxysucohagedpeb Nidotel’ 63€N6e ShawRUPhid@tdLadeBe $UEIEDhism in

di cycl ohexyl carbodiim de or diisapropylcarbodiimde in a sdlvent such as 5
cl i chl or onetPhareapeutiodi Salids éypsr &. uerrisa{tdnpound BottafrorMarce! \Dekkeepar ed

o descr becdup MULLEY SR, sSbialesde Sob T M RS el i PR
Chem (2802)igolatbd #5@36dipstd cohbkalbiath &Rh o®ler al. intedverhg orgiedmdiafods., 67,
4017, can be generated by deprotection of the corresponding
N- benzy| oxydarabeRpe! t@@ﬁés, the water molecules lie in lattice channels where they are

next {o other water molecules.

When the solvent or water is lightly bound, the complex will have a
well-defined stoichiometry independent of humidity. When, however, the

10 solvent or waler is weakly bound, as in channel solvates and hygroscopic
compounds, the water/solvent content will be dependent on humidity and
drying conditions. In such cases, non-stoichiometry will be the norm,

Unless otherwise indicated, the term "pharmaceutically acceptable
salt(s)’, as used herein, uniess otherwise indicated, includes salts of acidic or

15 basic groups which can be present in the compounds. Compounds that are
basic in nature are capable of forming a wide variety of salls with various
inorganic and organic acids. The acids that can be used fo prepare
pharmaceutically accepiable acid addition salts of such basic compounds are
those that form non-toxic acid addition salts. The compounds can form, e.g.,

20 sulfates, phosphates, cifrates, acelates, tosylates, succinates, besylates,
mesylates, lactates, and hydrochiorides. Basic salls can be mono or dibasic. In
one preferred embodiment, the salt is a fumarate.

Unless otherwise indicated, the terms "treatl,” "freatment,” and "treating”,
as used herein in the context of using the compounds of the present invention,

25  unless otherwise indicated, means reversing, alleviating, inhibiting the progress
of one or more symptoms of such disorder or condition.

As used hergin the term “patient” refers to a mammal such as, e.g., a
human, dog, cat, horse, pig, cow, and the tke. In one embodiment, the patient
is @ human,

30 Unless otherwise indicated, the term "pharmaceutical composition”

refers to an active compound in any form suitable for effective administration to



10 protected conpound by hydrogenol ysis at anbient tenperature in the
presence of palladium on carbon, under approximately two to four

at nospherw® 20fo/t1gst8ogen gas, in a solvent such as net hamror/IBBONEFSGH,
tetrahydrofuran, toluene or acetic acid sonetines requiring a binary

conbi nation thereof. If the hydrogenati I's done in the presence of acetic
acid, the internediate 15 am noazeti di ndrie can be isolated as the acetate
salt and subsequently reacted with conpounds of the formula IV in solvents
such as nethanol, ethanol or acetonitrile in the presence of a base such as
triethylamne to formam des of the general fornula VI. Wen acetic acid is
not used 1 n & RESIRGREOGoRATOHE PHbeattTousst PR e snsidead s amtice Bhe
catal yst is Jeapw@fk Bkt tration, can be 20 reacted il7 situ with
conpounds of the formula IV to generate am des of the formula VI. - 25 -
o - - -Unipss -gtherwise - indjcated, Hie e “pharmacegicaliyf acregable
Scheme B HN

carrier” refers to a material that can be administered to a subject together with a

5 compound in a pharmaceutical composition. The carrer should not destroy the
pharmacological activity of the compound and should be non-toxic when
administered in doses sufficient to deliver a therapeufic amount of the
compound.

The term "excipient” means an inert material that is combined with the

10 compounds of formula (1) to produce a pharmaceutical composition or oral drug
dosage form. The term "pharmaceutically acceptable excipient” means that the
excipient must be compatible with other ingredients of the composition, and not
deleterious {o the recipient thereof. The pharmaceutically acceptable
excipients are chosen on the basis of the intended dosage form.

16 Compounds of the present invention have asymmetric centers and
therefore can exist in different enantiomeric and diastereomeric forms. The
invention includes all optical isomers and stereoisomers, and mixtures thereof
in alf ratios, and {o all pharmaceutical compositions and methods of treatment
that can employ or contain them. Although specific compounds exemplified in

20 this application can be depicted in a particular stereochemical configuration,
compounds having either the opposite sterecchemistry at any chiral centers or
mixtures thereof are also envisioned. The foregoing can be present as
mixiures or enriched in any component {0 any degree. Where stereochemistry
at a position s not specified, such 18 intended to encompass either

25  configuration or a mixture of any ratio.

Compounds of this invention include pharmaceutically acceptable
derivatives or prodrugs thereof. A "pharmacseutically acceptable derivative or
prodrug” means any pharmaceutically acceptabile salt, ester, salt of an ester or
cother denvative of a compound that, upon adminisiration to a recipient, is

30  capable of providing (directly or indirectly) a compound of this invention or a

metabolite or residue thereof. Particularly favored derivatives and prodrugs of



Tnazol ones of the fornmula Xl can be prepared as outlined in Schene B.
Starting fromcommercially avail able Kojic acid (CAS nunber. 501-30-4),
conmpound WOI2002070328 prepared in five steps as descri bed PCH/IERIQRHELE9,
publ i shed February 19, 1988. Reaction of VII with phosgene or a phosgene
equi val ent such as carbonyl dli m dazole iy a solvent such as dichl oronet hane
or tetrahydrofuran at anbient tenperatur® produces conmpound VIII. Reaction
of conpound VI I
tetrahydrofuran at el evated tenperature such as between 40C and 60C wil |
unds

with a primary amine of formula I X in a solvent such as 10
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rate of excretion.

The compounds of formula {1} may exhibit polymorphism. Polymorphic
compounds of formula (1) may be prepared by crystallization of a compound of
the present invention under various conditions. For example, there may be
employed various solvents {including water) or different solvent mixtures for
recrysiallization; crystallization at different temperatures; varicus modes of
cooling ranging from very fast to very slow cooling during corystallization.
Polymorphs may also be obtained by heating or melting a compound of the
present invention followed by gradual or fast cooling. The presence of
polymorphs may be determined by solid probe NMR sgpectroscopy, IR
spectroscopy, differential scanning calorimetry, powder X-ray diffraction or
other such techniques.

The present invention includes compounds wherein one or more
hydrogen, carbon or other atoms are replaced by different isotopes thereof.
Such compounds can be useful as research and diagnostic fools in metabolism
pharmacokinetic studies and in binding assays. These isotopicaliy-labeled
compounds are identical to those compounds of formula (1), but for the fact that
one or more atoms are replaced by an atom having an atomic mass or mass
number different from the atomic mass or mass number predominantly found in
nature. Examples of isotopes that can be incorporated into compounds of the
invention include isotopes of hydrogen, carbon, nitrogen, oxygen, and sulfur,
such as, but not fimited to, *H, °H, *C, **C, N, 0, 0, and *°S, respectively.
The compounds of formula (1} of the invention containing the aforementioned
isotopes andior other isotopes of these aloms are within the scope of this
invention. Certain isotopically-labeled compounds of formula (1), for example

those inta which radioactive isotopes such as *H and "C are incorporated, are

I zatl oh reaction can
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useful in drug and/or substrate tissue distribution assays. Tritiated, i.e., °H, and
carbon-14, ie.. "0, isotopes are particularly preferred for their ease of
preparation and detectability. Further, substitution with isotopes such as
deuterium, e, “H, can afford certain therapeutic advantages resulting from
5 greater metabolic stability, for example increased in vive halife or reduced
dosage reguirements and, hence, may be preferred in some circumstances.
isotopically-labeled compounds of the invention can generally be prepared by
carrying out the procedures disclosed in the Schemes and/or in the Examples
and described below, by substituling a readily available isotopicaliy-labeled
10 reagent for a non-isolopicaliy-fabeled reagent.

The term “protecting group” refers 1o a suitable chemical group that can
be attached {0 a functional group and removed at a later stage o reveal the
intact functional group. Examples of suitable protecting groups for various
functional groups are described in T. W. Greene and P. G. M. Wuts, Protective

15 Groups in Organic Synthesis, 2nd Ed., John Wiley and Sons (1891 and later
editions); L. Fieser and M. Fieser, Fieser and Fieser's Reagents for Organic
Synthesis, John Wiley and Sons (1994); and L. Paquette, ed. Encyclopedia of
Reagents for Organic Synthesis, John Wiley and Sons (1985). The ferm
"hydroxy protecting group", as used herein, uniess otherwise mndicated,

20 includes Ac, Bz, and various hydroxy protecting groups familiar to those skilled
in the art, including the groups referred to in Greene.

The examples and preparations provided below further dlusirate and
exemplify the compounds of the present invention and methods of preparing
such compounds. it is {o be understood that the scope of the present invention

25 is not fimited in any way by the scope of the following examples and
preparations.

All patents, patent apphications, publications, fest methods, literature,
and other matenals cited above and below herein are hereby incorporated

herein by reference in their entireties.



xul The coupling of compounds VI and Xl and the final construction of
t he conpounds of the present invention can be acconplished as outlined in 5
Schenme C.wohetloooog2Bi ng of VI and Xl to generate conpoun@#sTaB20ofressgener al
formula Xl can be acconplished by first reacting conpounds of the formula
XI with excess MSTFA in tetrahydrofuran  at approximtely 40C for one to two
hours foll owed by renoval of the tetrahydrofuran, excess MSTFA and
byproducts under vacuum Separately, conpounds of the formula VI can be
10reacted with chlorosul fonylisocyanate (CS!') in dichloronmethane at 0C for
approximately 45 mnutes. The aod' ] ‘o‘pouno of formula XI can then
- 27 - be re-dissolved in ted : Slnmi xture added the
adduct from reactA9pqofiy hB@veQQFip&%‘@nﬁﬁucf ;ﬁéﬁ%"tﬁe\ﬂreé‘;\érﬁmn@@l\t&oﬁ?élé{ésnﬁz of

t hese two conponents at OC for approximately two hours followed by stirring
at anbi ent taswfgeoudsr of fcmmuﬁa(!t)oafmph@rmm@cqam@aucagcemisbteoaﬁtmme@ﬁ ashe
general fornula. 5.XIl ernativel rea
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W th excess hexanethyldisilizide (HVDS) in the presence of a catalytic
anount of trEABEhyIsilylchliride (TMS-Cl) at approxi mately 140C. After
cooling to . , aty his material can 10 be dissolved in a

sol vent Suc%ﬁ%%é?”””,‘ ~~W'%§¥w%nd m xed the CSI adduct generating the
conmpound of for mufae ¥bmpoBad®vikheoohrdshat bwamwn m@tmprewr@m @umdfﬂgnm
conmpounds of th fornula Xl 1 can be, acco action wth between
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consi st i4ig %onﬁﬁhét%?ysg&ﬁftﬁg 89%1@%?&& @Eddarﬁ%ar @nbi ent tenperature 15
and in the presence o catal yst such as pal |l adi um bl ack.

Fol | owi ng renmoval of the cat aI yst ando@wimedt , treatnent of the crude
material with an acid such as trifluoroacetic acid in a sol vent5 such as

di chl oronet hane at anbi ent tenperature renoves the

tertiary-butyl oxycarbonyl protecti ng gr oup and the terti aryRBerester
contained within R6, The éf )))))) % of the present 20 ig¥ention (X I)
can then be purifiedg;. y*fev@-ph é} %romato raphy rL? aiC gyresin with
a gradi ent nobi| &l as§ Xonsi sting,g acetonl tr| |l e BT, \rbuffer ed with
formc acid. Thessadiumsalts with'the gener al XlvXca® t hen be
generated fromthe conpounds of fornula X I by tfeat%nt w th sodi um

bi carbonate in water followed by |yophilization. If a seddnd jacidic site is
25 present within R6 such as a carboxylic acid, the bis-sodiumsalts of the
formula XIV can be produced follow ng the sane procedure, butf adding a
second equi val ent of sodi um bicarbonate prior to |yophilizat iFg;n. W t hout

further elaboration, it |sd§eljeved th@z}jgz’%% sSkilled in the.a fzscan, usi ng

t he preceding descri pti onR pri&ctice t ent invention t ts fullest 30
extent. The follow ng detqq,pe‘_gl xanpl es ri be howto pr eriare the various

conpounds and/or perf orMnt the Ms proce&sses of theHl nmenm 0@@»1@ are to
be - 28 - construed-as mer@ﬂ Sta-ati-ve—and not., ‘*ﬁl 4 tlc?ns of/ the
precedi ng di schostine i 8- ényQNa t soever. Thos sk || ed art will

pronptly recogni Ze Qppropriate’variations fromthe pr ocedur es both as to
reactants and as to reactYlon conditions and techni ques. S5Exanpl es
The compounds of the present invention can be prepared as outlined in
schemes A through C. Compounds of the general formula | (Scheme A),
15  prepared as described in Yamawaki, K., st al., Bicorganic & Medicinal Chem.,
{2007}, 15, 6716 and Yamamolo, H., et al., Bicorganic and Medicinat Chem.,
{2002), 10, 1535, can be reacted with hydroxylamines of the general formula i
{prepared as described in WO 2007/065288, published June 14, 2007} in a
solvent such as methanol at ambient temperature for approximately 2 hours {o



The Exanpl es bel ow were generally carried out under inert atnosphere
(nitrogen or argon), particularly in cases where oxygen or
noi st ur e-wWeneii7vR3r eagent s or i nternedi ates were enpl opet/IBRownEssEi al
sol vents and reagents were generally used without further purification. All
products were dried before 10 character'4zation or use in subsequent
chemi stry. Chenmical shifts for nucl ear Agneti c resonance (NVR) data are
expressed in parts per mllion (ppm 8) referenced to residual peaks from
t he deuterated sol vents enployed. Exanple 1 Preparationof2-(f f(1 E)-
1-(2-amno-1, 3-thi,azol-4-vl)-241(3S)-1-(414-
Tset hyl - 5 SO0 RO GREIOGN RY BB divated Pejers. b tbe Somaudp Y . 11+ 1,
2 triazol - ]béllé)«%;blaf‘egﬁvbbc%i’(ﬁﬁﬁv@f‘ P QAFR! HN1Re VERADO) 12~ with  N-
oxoet hyl i denel am no} oxv) - 2- net hyl propanoic acid (1 20Compound 1 was
prepared by hyseopsscedamide depi died presechenels couping afedgent | isnel ias
detail bel O%icyc@ahzgy?ca%a%i%dé or diigoglnrlaplygzgm%d%n'gg’e in a solvent such as
5 dichioromethane at ambient temperature. A compound of formula V, prepared
as described by Waulte, S.R. et al. J. Org. Chem (1986}, 51, 3133; Paloma, C.,
et al,, J. Org. Chem. {1897}, 62, 2070; Lall, M.S, et al., J. Org. Chem. (2002),
67, 1536 and Chhabra, S.R,, et al., J. Qrg. Chem. (2002), 687, 4017, can be
genegrated by deprotection of the corresponding N-benzyloxycarbonyl {(Chz)
10 protected compound by hydrogenolysis at ambient temperature in the presence
of palladium on carbon, under approximately two o four almospheres of
hydrogen gas, in a solvent such as methanol, ethanol, tetrahydrofuran, toluene
or acetic acid somefimes requinng a binary combination thersof. i the
hydrogenation is done in the presence of acetic acid, the intermediate
16 aminoazetidinone can be isolated as the acetate salt and subsequently reacted
with compounds of the formula 1V in solvents such as methanol, ethanol or
acetonitrile in the presence of a base such as tniethylamine fo form amides of
the general formula VI When acetic acid is not used in the hydrogenation, the
aminoazetidinones produced, once the catalyst is removed by filtration, can be
20 reacted /n sifu with compounds of the formula IV fo generate amides of the

formuila Vi



Step 1. Preparation of benzyl 4,5-bis(benzyl oxy)pyridine-2-carboxylate (C4)
5A. Preparation of 5-(benzyl oxy)-2-(hydroxynet hyl)-4H pyran-4-one (d).
5- Hydr oxyw@-20tiydoz2synet hyl ) - 4H pyran- 4-one (300 g, 2. 11prooliB20myes55désssol ved
in nmethanol (9 L) and treated with potassium carbonate (439 g, 3.18 nol),
foll owed by slow addition of benzyl chl 0185| de (433 g, 3.42 nol). The
reaction mxture was stirred at 65C for “8 hours. After cooling to room 10
tenperature, it was stirred for an additional 16 hours, then concentrated
in vacua to a thick paste. This residue was cooled to 10C and diluted with
ice water, resulting in a preci pitateét!hat glas gathered by filtration to
provide O as a solid. Yield: 325 g, & , 66% H NMR (400 WMHz,
DVSO-d6) 6' 4.29 (s, 2H), 4.94 (s, 2H), 6.32 (s, 1H), 7+83-7.42 (m 5H),
8.17 (s, 1H). 1513. Preparation of ,,j
5- (benzyl oxy) - 4- oxo- 4H pyrbn i2-carboxylic acid (C2). A sol ution of
chrom um( V1) oxide (64.6 g‘”O 646 nol) in water (90 mP~was ¢dal ed to -5C
and treated drop-w se V\/lth;'conceﬁt ated sulfuric aC| d \563(11;} thi s was
diluted with additional wateo.(4Q.#L), and then a fop wi se to a cold
(-5C) solution of d mloﬁ) g; 0.43 nol)—n-.acetopg ;4 SNL) The reaction
20m xture was stirwad at ®OC for 3 hours, then filptered through a pad of
Celite. Concentration €f thesfiltrate provided aQesidue, yhich was washed
with hexane 0 - to provide C2. Yield: 80 g, 0.325 nol, 76% 1H NWR (400
Mz, DMSO-d) 3 4.97 (s, 2H), 6.93 (s, 1H), 7.34-7.42.{m 5H), 8.37 (s, 1H.
C. Preparation of 5-(benzyl oxy)-4-oxo0-1, 4-di hydr oY i dlm%s- 2-carboxylic acid
(C3). Amxture of C2 (106,9g, 0.406 nol) and aqueoysg a nium 5 hydroxide
solution (25% 1 L) was stlrred in an autoclave for 1 houw, and then heated
at 83C for 7 hours at at spherlc pressure. After cooli ,,}slovay over about
18 hours, the reaction mxtur Mﬁs acidified to pH 3 with concentrated
hydrochl ori ¢ acid. The I’Qg(lﬂ tJﬁg precipitate was col |l eced by"*fl Jtration,
washed wi th water, ndldl _Ssolved in saturated agyeous sadi@m-biearbonate
sol ution. 10 The g¢Muti'on was washed with di &hl Q\or}ﬁs Hang, then acidified
Wi th concentrated hyd!rqchl oride acid. The resultiMNg “§olWd was col | ect ed by
filtration, vvashed::\vm th wateX! and dried at 50C‘to pr@vi de; C3. Yield: 85 g,
0.347 nol, 85% 1H NVR (400 MHz, DMBO-d6) 6 5.17 (s, 2H), 7.17 (br s, 1H),

7.33-7.49 (m 7H)TriskoRnRsepanatami@iXi Gan k@egsré)ahreﬂlé@buﬂiﬂeﬁhﬁ)sfzﬁemla
0.918 nol) was added to a solution of

di met hy! f or rreiAitee ("Pn??q_”)‘memibls@ﬂ@ﬁam%r’g%lﬁ?at%‘-fc{ J@ﬁ\% “&’m*@?@@?n%@’ﬁ)w\/as
added, apd the M uiR Was 1Bl hF%‘?e@tm &8/% Et\%@t s 10 RAUES el %VP ‘6?5%'1 bag to

room tenperature, the reactio h™1ce water,
resul ting sc;iul:éjsm %hka&gtﬁ}i 'taaaf iRéactitn oot ‘aihdwﬁuphﬁswhdowa bh@@e&‘*@ gel
chromat ogr a

ff [z 426
sy T8 M tiaeh Seveidbyobhisagad 2 Shpnl Sudxis ksl T ATEIRIE o7 76
(s, 1H), 8. :i@tréﬁydréﬁn’an 26 hphBer: temperature produces compound VIl Reaction of

compound VIt with a primary amine of formula IX in a solvent such as

10 tetrahydrofuran at elevated temperature such as between 40°C and 60°C will
produce compounds of the general formula X. Compounds of the formula X can
be cyclized to form compounds of the formula Xi by reaction in water at reflux in
the presence of a base such as sodium hydroxide or potassium hydroxide.
Alternatively, in some cases, a similar cyclization reaction can be accomplished

15 by reaction of compounds of the fomula X in  N-rimethylsilyl-N-
methyltrifiuorogcetamide (MSTFA) at approximately 150°C resulting from

microwave irradiation.



- 31 - Step 2. Preparation of 5- 4,5-bis(benzyloxy)pyridin-2-y1)-1, 3, 4-

oxadi azol -2(3H) -one (C6). A. Preparation of

4, 5- bi s( beozgioawyy2pyri di ne- 2- car bohydrazi de (C5). HydrarcCmaBmowodsydr at e
(47.5 L, 978 mmol) was added drop-wi se over 10 5 minutes to a suspension
of C4 (20 g, 47.0 mmol) in nethanol (10Q,nlL). The resulting m xture was
heated to 65C for 2 hours, then cool ed 10 roomtenperature and filtered
under vacuum The collected solids were washed with nmethanol to provide C5
as a white solid. Yield: 15.4 g, 44.1 mmol, 94% LCVS ailz 350.1 (M+1l). 1H
NVR (400 MHz, DMSO-d5) 6 4.47 (d, J=4S Hz, 2H), 5.30 10(s, 2H), 5.32 (s,
2H), 7.31-7.48 (m 10H), 7.67 (s, 1|—|)—,-‘§§%§{s, 1H), 9.65 (t, J=4.5 Hz,
1H). B. Preparation of e

544, 5- bi s(benzyl oxy) pyri di m2-y11-1, 3, 4- oxadi ézq‘j - 2(3f1)-one (Co).

Car bonyl dlim dazole (97%*-2r87 g, 17.2 mmol) Was added to a suspension of
C5 (5.00 g, 14.3 mmol) in Ketrahydrofuran (7%,l). #he reaction 15 mxture
was stirred at roomte e%‘iat ir & fror 3 hours, _qurd.ng<whi ch time the white
suspensi on becange, ap ﬂg’g‘*ehieo stsol ution a:}d\‘g hen a white suspension. The
solid was col | ecteq bys®i |t atd oW and »g‘h;ﬁ”wﬁ'th tetrahydrofuran (3 x 5
m.) to provide & a white Solid. Yie @nN4.92 g, 13.1 mol, 92% LCMS 'z
376.1 (Mrl). 1H NVR (400vMHz, DVBO-d5) @ 5.31 (s, x202H), 5.33 (s, 2H),
7.32-7.48 (m 10H), 7.56 (s, 1H), 8.38 (s, ~1H), 12.64 (br s, 1H). Schene 3
2 - A. Preparation of = N

1- (3, 4- bi s(benzyl oxy) pi col i noyl ) - 4- et hyl sem carbazi dg ({0 ). “Jo/a sol ution
of C5 (0.75 gi0.215 nol) in 5 rnL N, N-di et hyl f or mam "e*\;,at 5C was added
slowy a solution of 229 ng (3.22 mml) of @thylisocyamate”in 5 i of
tetrahydrofuran and the resulting m xturegstigsed at roo}ﬁ’r"%errper ature for

5 2 hours, at which point, the reaction m xture was trari‘ﬁ,grred to a
solution containing 0.161 g (0.0032 m)lx%A f&drl‘azﬁﬁ@amnohxdrate in 10 nL of
tetrahydrofuran at a rate such to rrannpf M a_r-"rf'e-~ ver at uhe hess than 15C
Once added, the resulting m xt unr\ﬁ*‘sﬁjl rigd ab roo gvé‘rgg'éﬁ"ature for 1 hour,
at which point the mxture was pouré&d into 50 ®t _ @fdi@elvater forming a
precipitate, 10 which was coll ected by fiItrat:\ﬁg and dried in vacuo
affording C7 as a white solid. LCMS ailz 421 ( ). {1H NVR (400 MHz.
CDCL3-d6) 6 1.25 (t, J =6.2 Hz, 3H), 4.25 (br. d, JH), 5.24 (br. s, 4H),
7.31 -7.46 (m 10H), 7.55 (br. s, 1H), 8.18 (s, 1H), B. Preparation
of 5-(4, 5-bis(benzyl oxg) pyri di n- 2-y|%ﬁ- ethyl-2H1,2,4- 15 OM
triazol-3(4H) -one (CBR°(Cyclizatitqn Method 1). To afBtirred sol Htion of
0.42 g (0.999 nmol ) ROF-&E ~ was added% equi val ent s RO;"Ri8 g17.99 mot) of
pot assi um hydr oxi de ‘@ﬁ)sso%:yed in ZKX\?HNH of water an@»@&egﬁesul ti n&y»rﬁ&t ure
heated to refl ux fofrj‘\Z%ﬂh JURS  at N\Adqi ch pornt the rdach A,.Rﬁ Xt UG\ Was
concent r at edi-tz@u«d\rj”:‘ne% hvaiBo g TH&'cr uderpradubt Wast tiherd pugi NBd by
20 col urm chr onatéodr aphy, Q’(si\ﬁ_"l @,934 3 to 5% ngtharfdl 4n @t h§lacetate
produci ng 0.683 g (46% df cdidIUnd C8. LCVB rniz 403.3 (MP19) ° 1R NVR (400
MHz, CDCL3-d6) 1.26 (t, J =¢ 3 Hz, 3H), 4.26 (ch J = 6.6 Hz, 2H), 5.24 (s,
4H), 7 29 - 7.47 (m 10H), 7.57 (s, 1H), 8.16 (s, 1H), 986 (O. s, 1H).

The coupling of compounds VI and X! and the final construction of the
compounds of the present invention can be accomplished as outlined in

5 S8Scheme C. The coupling of Vi and X1 to generate compounds of the general
formuta Xt can be accomplished by first reacting compounds of the formula Xl

with excess MSTFA in tetrahydrofuran at approximately 40°C for one to two
hours followed by removal of the letrahydrofuran, excess MSTFA and
byproducts under vacuum. Separately, compounds of the formula VI can be

10 reacted with chiorosulfonylisocyanate (CS1) in dichioromethane at 0°C for

approximately 45 minutes. The adduct of the compound of formuta Xl can then



Schene 4 Step 4. Preparation of (3S)-3-am noazetidin-2-one (C10), - 33
- Benzyl [(3S)-2-oxoazetidin-3-yl]carbamte (C9, 13.37 g, 607 nmol)
was n xedweaibtv/desrassed et hanol (500 nli) and tol uene ( 1PBTABI009/BEHS544
synthesis of C9, see MJ. MIler et al_ Tetrahedron, 1983, 39, 2571-2575,
and MS. Lail et al., Journal of Organic,Chem stry 2002, 67, 1536-1547. The
reaction mxture 5 was sonicated until “dl’l the solids dissolved, then
purged with nitrogen. Pall adiumon carbon (10% 4.45 g) was added, and the
reaction m xture was hydrogenated on a Parr shaker for 1 hour at 15 psi.

The pal | adi d by filtration th it t d
Fimsed w th TR iaaEsaverHararaneeh et Ehd: © NORPE AQCEdd e AMCUERRPTed

directly intiaabdith epupkl BSmpdlnd eFC Al hwith 20 SBt eBuftg ¥k ahfse agpuned
guantitative. Materi al from a simlar experinment was concentrat ed to

dryness to mmwawmaﬁa‘f@formmmm@@ tweihjouDhRaioue) By stz’ﬂmg a(ttwisemzH)
2.78 (dd, J

7.69 (br s, tﬁ%oer%&?eﬁ% ugltodS t&qrﬁ f&oéju%fgégbmpounds of gh@ generai fo"n%i

St ep5. Pr gpanat i apetigivenbubigl cbhuplibg €actibr{ 2ul @e&édmmpilshed as follows: the
but oxycar bon $2 am nol -1, 3-t hi azol - 4- 01- 2- oxo0- 2- {[ (3S) - 2- oxoazeti di n- 3-

yl ] am no} et adrurtanTersresas Zeppilid ghepansateedCd. the compound of
formula X1, which can be silyiated by reaction with excess hexamethyldisilizide

(HMDS) in the presence of a catalytic amount of frimethylsilylchliride (TMS-Ch

at approximately 140°C. After cooling to ambient temperature, this material can

10 be dissolved in a solvent such as dichloromethane and mixed the CSi adduct

generating the compound of formula XH. Removal of the benzyl protecting

groups from compounds of the formula Xil can be accomplished by reaction

with between fwo and four atmospheres of hydrogen gas i a binary solvent

system consisting of tetrahydrofuran and acetic acid at ambient temperature

16 and in the presence of a palladium catalyst such as palladium black. Following

removal of the catalyst and solvent, treatment of the crude material with an acid

such as trifluoroacetic acid in a solvent such as dichloromethane at ambient

femperature removes the {ertiary-butyloxycarbonyl protecting group and the

tertiary-butylester if contained within R®. The crude material of the present

20  invention {Xlil} can then be purified by reverse-phase chromatography using a

C18 resin with a gradient mobile phase consisting of acetonitrile and water,

buffered with formic acid. The sodium salis with the general formula XIV can

then be generated from the compounds of formula Xl by treatment with

sodium bicarbonate in water followed by rophilization. I a second acidic site is

25  present within R® such as a carboxylic acid, the bis-sodium salts of the formula

XIV can be produced following the same procedure, but adding a second
equivalent of sodium bicarbonate prior 1o lyophilization.

Without further elaboration, i 1s believed that one skilled in the art can,

using the preceding description, practice the present invention {o its fullest

30 extent. The following detailed examples describe how to prepare the various

compounds and/or perform the various processes of the invention and are to be



A. Preparation of fed-butyl 24({(12)-1-124(tert-butoxycarbonyl)am noy

1, 3-thiazol-4-y11-2-[(2, 5-di oxopyrrolidin-1-yl)oxy]-2-oxoethylidene}am no)o
xyl - 2- mewbybpvoopaoat e( C12) . 1- Hydr oxypyrrol i di ne- 2, 5- diPCmaB2009/055544

hydr oxysucci nim de, 8.84 g, 76.8 nmmpl) was added to a suspensi on of
(22).-{2.- 5

[ (tert-butoxycarbonyl)am no]-1, 3-thi azo'lzf-'yl) 1(2-tert-butoxy-1, 1-di net hyl -2
- axoet hoxy)i m nojacetic acid (Cl1, 30 g, 70 nmol) in dichl oronethane (400
m.). For synthesis of Cl |, see K Yamawaki et al., Biaorganic and

Medi ci nal Chet n'kst y 2007, 15 6,716-6732. .Thte m xt¥r§ was coolgd zto 0C,
RAPdi cycl aheyFEdF AR H§W%VG‘1§F‘%‘ Pt BPRERORROF IR CEGSdISERE Ehe 10
reacti on wasySghy 188y abn&Sob @ty 3thddenukifsd apdid e il I QMG MR EE for
3 hours. The mxture was filtered through Celite and concentrated” n vacua
to afford CEppsgprgtanvar@tionsiftim vihel grocsduie® §othe8s Zontasiclargggnd evBont z
527.2 (M1l ). 1H NWVR (400 13) 6 1.43 (s, 9H), 1.54 (s, 9H), 1.61
(s, 6H), 2.9?8%169” %‘?“OSVEBYES%‘@C%@,%”E#), 8.31 (br s, 1H). 15B. Preparation
of C13. A solution of CIO (5.23 g, 60sya; k) in ethanol/toluene (900 ni,
solution obtained in _Step 4) was treated with conpound C12 (26.6 g, 50.6
mml ), and the red Esampiest kplewwerregasmrsilyceited v tadeinggratnegnoed
pressure, oy, e, o0 | e 1 - 1 hi ! j Qi ol ume.
Theresal i i egeiatorishfoca by BRYn (e liord SBoBh on Ml IR 1T

hours. Renowahgefisswlivenhetatasgur afrpineed Qommigeiapsoidint, anahiezlenas
dri ed under vacuumfo[ 30 m s. The resul.ti [ i were partitioned

nut es. ; .ting solids }

bet ween 1: 1 'eydenssabaizad Withah UrBPLREIICEION ) M RIOG s Nrse shigriparore

bi car bonat e i 0 - kLA I I i d i ve
solids ggserc\?%&é%ﬁ?ilhrﬁﬁgjﬁt %egi%?)na'régtg‘f%i. ﬁé‘%ﬁ@oﬂ?ﬂeﬁg‘?‘* %{rggs g@ @f(??éa*]ct ed
with 1:1 et hypbgretet ssehbete dNYR oflateanme( @xxweS88] ml partamkrt tigicro (ipimed)
organic layers were filtered and concentrated i,n vacua. The crude solid was
r S at ed VEEEPRESH DS EUELef e RE e He Rt e ol R Bl ec, and t he
solids were collected by filtration, gidfshgg W th heptane, to provide CL3
as a white solid. Yield: 22.08 g, 44. 72 mmol, 88% LCVS nfz 498.6 (Mtl). 1H
NVR (400 30Mz, GEROMat®nl- 4f (9.8 1425%ih8.1 Sdinzd-B4nCar(R1-(§4-39
(dd, J=5.7, 2.5 HZ,"IH, 3765 (dd, J=5.5, 5.5 Hz, IH), 5.10 (dd, J=53,
Hz, 1H),157. 3hyls3-(GHydroxy-86xe-1.4-dBykeomyrgirgl-w)-9-0x0-4 BRIthdro- 1¢

frigzol-1-vlisulfonvlilcarbamavi)-2-oxoazetidin-3-yvilaminol-2-

2.5

axoethvlidenslaminoloxy)-2-methvipropanoic acid (1)

20 Compound 1 was prepared by the procedures depicted in schemes 1
to 6 and outlined in detail below.
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Step 1. Preparation of benzyl 4 5-bis{benzyioxy)pyridine-2-carboxylate
(C4)
A Preparation of 5-(benzvioxy)-2-(hydroxymethyl-4dH-pyran-4-one

{C1). 5-Hydroxy-2-(hydroxymethyi}-4H-pyran-4-one (300 g, 2.11 mol} was
dissolvad in methanol (9 L) and treated with potassium carbonate (439 g, 3.18
mol}, followed by slow addition of benzyl chloride (433 g, 342 mol}. The
reaction mixture was stirred at 65°C for 8 hours. After cooling to room
temperature, it was stired for an additional 16 hours, then concentrated in
vacuo to a thick paste. This residue was cooled to 10°C and diluted with ice
water, resulting in a precipitate that was gathered by filtration to provide Ct as a
solid. Yield: 325 g, 1.40 mol, 66%. 'H NMR (400 MHz, DMSO-ds § 4.29 (s,
2H}, 4.94 (s, 2H), 6.32 (s, 1H), 7.33-7.42 {m, b5H), 8.17 {s, 1H}.

B. Preparation of 5-(benzyloxy}-4-oxo-4H-pyran-2-carboxylic acid {(C2).
A solution of chromium(Vl) oxide (64.6 g, 0.646 mol) in water (30 mL) was
cocled to -5°C and treated drop-wise with concentrated sulfuric acid {56 mlb).
This was diluted with additional water {40 mL), and then added drop-wise 1o a
cold {-5°C) solution of C1 (100 g, 0.43 mol) in acetone (4.5 L). The reaction
mixture was stirred at 20°C for 3 hours, then filtered through a pad of Celite.
Concentration of the filtrate provided a residue, which was washed with hexane



- 000O0Bn OBn HN'" N 1\1 0<" C14 Step 6. Preparation of
Preparation of 2-({[(1E)-1-(2-am no-1

, 3-t hi azowo2eylgre23{[ ( 3S) - 1- (f[ 4- et hyl - 3- ( 5- hydr oxy- 4- oCTABMOYDIPFHr opyri di
n-2-yl)-5- oxo-

54, 5-di hydro-1H 1, 2, 4-triazol - 1-yl ] sul fgﬁll } car banoyl) - 2- oxoazet i di n- 3-

yl ] am no} - 2- oxoet hyl i dene] am nol oxy) - 2 ‘hyl propanoic acid (1). A
Preparation of Cl4 (Coupling Method 1). To a stirred solution of CS (180
ngl0.45 mml) in 3 rnL of tetrahydrofuran was added 6.0 equival ents of

Forming & 1opRe Gl s s BPULIDAES ailcriet i 1t IR (0 b TR & 1 or

45 mnutes. 4lopy¢ gngg}ug@gvggsm%nmqn@e@ﬁ raq)eg Jmder s educed pressure and
heat ed under vacuum’({high vac) at 45C for 1 hour. Separately, to 0.223 g

(0.45 mol ) of CI3 dPeparates bh54batzidbstiieeximé thdihgdropiridiveltarbexgc was
added 0. 082 abid (C3). A mixture of C2 (100 g, 0406 mol) and aqueous ammonium
5 hydroxide solution {25%, 1 L) was stirred in an autoclave for 1 hour, and then
heated at 83°C for 7 hours at atmospheric pressure. After cooling slowly over
about 18 hours, the reaction mixture was acidified t©o pH 3 with concentrated
hydrochloric acid. The resulting precipitate was collected by filtration, washed
with water, and dissolved in saturated aqueous sodium bicarbonate solution.

10 The solufion was washed with dichioromethane, then acidified with
concentrated hydrochioride acid. The resulting solid was collected by filtration,
washed with water and dried at 50°C to provide C3. Yield: 85 g, 0.347 mol,
85%. "H NMR (400 MHz, DMSO-ds) 8 5.17 (s, 2H), 7.17 (br s, 1H), 7.33-7 49
{rm, 7H).

16 D. Preparation of C4. Benzyt chioride (105.8 mbL, 0.918 mol} was added
to a solution of C3 (80 g, 0.367 mal) in dimethylformamide (1.25 L), Potassium
carbonate (124.8 g, 0.803 mol) was added, and the mixture was stirred at 80°C
for 16 howrs. After cooling {o room temperature, the reaction was treated with
ice water, and the resuiting solid was coliected by filtration and punfied by silica

20 gel chromatography to afford C4. Yield: 50 g, 0.118 mol, 32%. MS m/iz 426
(M+1). "H NMR (400 MHz, DMSO-ds) 8 5.32 (s, 6H), 7.33-7.46 (m, 15H), 7.76
{3, 1H), 8.37 (s, 1H).
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5 (0.58 mmol 10. 051 nlL) of chlorosul fonylisocyanate and the resulting
solution stirred at OC for 30 mnutes. At this point, tetrahydrofuran (3
m.) was awloedinwoi2Be adduct of CS and the resulting sol eCirariomdsseduced to
the CSI reaction via cannula. The resulting solution stirred at 0OC for 1
hour then brought to roomtenperature agﬂ concentrated under reduced
pressure. The crude 10 material was cl eahed up by col um chr omat ogr aphy
(silica-gel, 45 to 60% ethyl acetated in heptane) affording 332 ng of Cl4 in
a mxture that was carried forward w thout additional purification. LCVS
mz 1003.2 (M1). B. .Preparation of ound 1. In a Parr bottle was
placed 0.190 g (O°'%8 nrol )F’ﬁpa&%@hi ol Gl TR W*%?%Fﬁ%rﬁb\f'%ﬁd&*t he
sol ution degagsmdol 2L bndiegpgen gas. Palladi um bl ack (0.063 g) was then
added and m xture agitated under an atnosphere of 13 psi hydrogen at room
tenperature for m i ; - ] W}.@ w1 i el ur e
was then fil tere?iQthrpgﬁg%@ﬂcgfli?g4g%g%l@%§g%¥ ated ﬁeoiﬁfg%@?%%g?f% The
mat eri al wadHydvranneanpheitydsatec (47de rbly, 878 seinei)ngas rdded dropfwise over 10

di chl oropet hane, To this solutig was. t.hen added 10 ‘

SETT1 vor Bacdnigten it HiiegTush B84 A, b R heh ol (B0 mdndbeat ur e
for 2 hOUfS,re@ifﬂitiM‘@i @;ﬁkt&r@nﬁzésh%eéw% BB e h%%,cmﬁeﬁbﬁiéﬂetb irBoMAcuUo.

The crude product™ (1) was then purified by preparative HPLC (Syrrmatr%é C8, 3

t 0 23% acet dRMPEraterg andviteredwindsr gaawemoriecolieriedmetids werg wasbpd swinat el y

5 f 1 | - v adil t S ol ) :
COVB i 2 660" AR P EF IR FA00 GO Epacy a0 6.4yt il 8y LGRS, o
(Ix, s, 5H),m& 0.¢dM+ )= -HONBIRRZAOR MHzZ, HBBOLEN .5 £47 LH) J=6681z, (), 5.3 7. 32
(s 1H), 7.99 (s.1 9.05&1,J\=4.2Hz 1H., .7 - Example 2

Pr epar at'Pon (&f 2@3;%13@1@) 250 3.-3ni A8- . 310}, 2267 {(a- illdl,zﬁ% (&sdHi ¢ 522

(di met hyl amjgg)_@myl,mﬁ- (5- hydr oxy- 4- oxo-1, 4-di hydropyri di n-2-v1)-5-0x0-4,5
- di hydro-1 '

H 1I, ZZ- '[ ?i azol - 1-%I | sbtdpanatichc asfb drisvd-bis?eencyéoghpdidin-2-Wiph idnm)adiazol-

Soxoet hyl | denel an nob @ 2o R IHRLRE NS, B5r%, (22 mrlon) Ve Bece oo M
suspension of €5 {5.00 g, 14.3 mmol} in tetrahydrofuran (75 mL). The reaction
15 mixture was stirred at room temperature for 3 hours, during which time the
white suspension became a homogeneous solution, and then a white
suspension.  The solid was collected by filtration and washed with
tetrahydrofuran (3 x 5 mb) to provide €6 as a white solid. Yield: 4.92 g, 13.1
mmol, 92%. LCMS m/z 376.1 (M+1). 'H NMR (400 MHz, DMSO-dg) 5 5.31 (s,
20 2H), 5.33 (s, 2H), 7.32-7.48 (m, 10H), 7.56 (s, 1H), 8.38 (s, 1H), 12.64 {br s,

1H}.
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Step 3. Preparation of 5-(4,5-bis(benzyloxy)pyridin-2-yl}-4-ethyl-2H-
25  1,24-triazol-3{4H)-one (C8).



Compound 2 was prepared by the procedures depicted in schene 7 and outli ned
in detail below 10Schene 7 Step |I. Preparation of

2- ({[ (12 wo-20B/@Em280- 1, 3-t hi azol -4-yl1)-2-WBS) - 1- PCT/IB2009/055544

[ ({4] 2- (di met hyl am no) et hy11- 3- (5- hydr oxy- 4- oxo- 1, 4- di hydr opyri di n-2-y1) - 5-
0X0-4, 5-di hydro-1 5

H1,2,4-triazol-1-yllsul fonyl)carbanoyl’ %5_oxci azetidin-3- 8-

yfl am no) - 2- oxoet hyl i cl enel am nol oxy) - 2- et hyl pr opanoi caci d(2) and

di asteriomeric diol mxture (Exanple 10). A. Preparation of Cl16.

coupl 1 ng mechod. L ERBATHIGT 8118 F g RRD O AR RIR b e ERRGZEE) 6
1.33- 1.39 (@30).9#“&5sﬂeﬂ&ibmfleéhc’@ggm@ns%&lz o5 3L N,ﬁad%%e&g]faﬂrﬁ&mic% &7 (t,
J = 8.2 Hz, 1HJ, 4.67&2} 1H), '4.85 - 4.92 (m 1H), '4.98 (d, J = 5.8 Hz,
1H), 5.26 (d&°Cowas adgegizlovdyp saitid of Z2BEa((th220Mmol yoathylispeggngts in H0H) |

Soluti on of "Bagrasfthan dndihe fasuling, Mutts Grrel Yrabd BB adaea
0.138 g 61. 18 haoed, ) atNeiRihh pbir plaotddtgioht oxige (MVQradigbdrenad §Ysdluiithd 9

(0.09 mol) of osmumtetroxide and the resulting m xture stirredl6 hours

at room t enp&niaining. Oatoh her (B34 | BellohyiimaingndnesamRiteti® odPdéinwe®le t hen

added and m j Wi io i i

et i on- wactrBad 8 pAiPe e kO ABINAR I WthSerRlire MR (B Bfee,
concent r at echddady e oeduitny pxtufe etrby at ebomtepipantodompoursel iwbich 30 to
100% et hyl acetate in _heptane then switched to 3 to 7% nethanol in.

di chi or omet HEHE B8 PWkia 36, BRFeY B0 E9MLL ehvBerwaten (IR AVPISCIPIALE AVR

by, 340 -GG e oq|gted vy iRald, ghiarieh e xaGp Wby Ch 2T ST, g

- 4.58 (m ladid. UCBES bk 429, (M), 4. N0MR( €08, MBiz= (DAL 9 12510, I =H8.2 1H)

(i 2 57 S 250 8. ARch i ors e 3ol Bp et B 56 G dbbus

nmanner to thayg@esgyy bed for Cl4 for preparing conpound 1 in exanple 1 in
order to prepare exanple 10. 25B. Preparation of Cl7. In a flane dry flask

was placed C15 (%4&%93;‘&@%80’?‘“9%33,@ﬁi?;ﬁﬁin%?ﬁzxyg;y%dmaa;?*v)@téi%ﬂi‘yl@i!@{,@'}ﬁ/ wat er
and to this mxture was then added sodi um périodate (0.311 g,” 1.43 mmmol)
and osnitém tltdardx3d{de -eoeq2S) ¢Cyolisadombitthodnt). tTlhea stsed sohgiom oftlufte g

stirred for ours at to, t enper.at ur reaction, | et. y L ) ., The
Tenct i on i PGS vhEo of %68 BEFT Bt ATREERRD GO, Sl eR T of
bi car bonat e gy hpgekifee distbRed9m 2r8RNGICwWhdeind\aBe WashgdgWnhiure
saturated brine, dried over sodiumsulfate, filtered and concentrated to

dryness in Vialed tpheslpuder podwers vitis WHEh point fhedepglion| e was
wi tched 1 o DeEibaleERid Bhets ihovdo I ERREPRicl ¥ et Bufified oy
20 column chromatography (silica-gel, 3 to 5% methanol in ethylacetate
producing 0.683 g (46%) of compound C8. LCMS m/z 403.3 (M+1). '"H NMR
(400 MHz, CDCL3-d) 8 1.26 (1, J = 7.3 Mz, 3H), 4.26 (g, J = 6.6 Hz, 2H), 5.24

(s, 4H), 7.29 ~ 7.47 (m, 10H), 7.57 (s, 1H), 8.16 {s, 1H), 9.86 (br. s, 1H)}.
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Step 4. Preparation of (3S)-3-aminoazetidin-2-one {(C10}).



5 0,230 g of Cl7, which appears by 1H NVR to exist as a hydrate. LCVS m z
1019.9 (M+1l). 1H NWR (400 MHz, Ca30D) 6 1.38 - 1.56 (m 24 H, 3.72 (t, J =
4.7 Hz, Wp,208/8d526t, J = 4.1 Hz, 1H), 3.89- 3.56 (m 1PCT/IB200%055544 22 (m
,2H), 4.45 (t, J = 5.3 Hz, 1H), 4.72- 4.78 (m 1H), 5.00- 5.09 (m 1H),
5.19 - 5.29 (m 4H), 7.19 - 7.49 (m 10H),, 7.77 (s, 1H), 8.11 (s, 1H), 8.22
(d J =9.4 10Hz, 1H), C. Preparatitn of C18 and conpound 2. To a
stirred solution of Cl7 (1.22 g, 1.20 nmol) in 10 rnL tetrahydrofuran was
added dinet hyl am ne (0,098 g, 1.2 nmmol) and 3 equivalents of glacial acetic

id (0.215 m, 59 1 d th |
?glrrpeﬁature for pg&kggg{;@ﬁ??@”%éﬂkﬁﬁ%?%%’ 33# %Qé‘m‘? g‘%rgmml)
was then addagleanst ieydselldhAITEO0 WIS i iRAeA1259AM tRmShaldEof or 18

hours. The reaction mXture was partitioned between sat urated sodi um

bi car bonat e Ghdsast Mﬂ dédieaee o/t Retrahernnc 1983679, VilsHelb Rl temdshdt ur lalee!

brine, dried,ov sulf f.il ted t.o dryness in
vacua. The c‘?fjudgJ (ﬁ)l’j IS %e’?i’(ﬁf’ﬁ’f #@?Wr}%ﬁgn@?ﬂr%ﬁ% %%gt%\h@/x%re
(silica-gel , w3 smidBSI0 sthy hRcekalelidd dieRiigne tHgn Mgé@h@@wtﬁmﬁ%é@. 10%
met hanol in dichloronmethane) collecting O. 340cg of C18. LCMS inlz 1048.9

(M+1) H NvRFllagairnvign, carbgods 0%, 148 gl veis aggepand the MC‘('@H mipjpre wvegs (s,
by & “ory MhairGaprptba iy &' pagreel Tor 1 hoypaf 48 i 5 i bt s 490
(d, J :d7f 0 rlémgv%ﬁ%by gftrﬁﬁo;ﬁ shroligh, C@g@ﬁnfm nitﬁd)g%encan@crméd&wwmegf@%&
repare rom rotectlon an uri I.Nn an anal ogous
anner ot fRaRlsor BN CORBIACCIO o aRERRPS drecloiBonne Fasod M)
1H NWVR 00 3
(4 rMB'@tam {82, §tel]3 ﬁeak?re@"‘)agsén{ég O&t:?ant@éﬂve —l%%teét?‘ﬂ?mﬁmﬁ_b

assunmed 3H, obsc by wat
6 70 (s 1|—|)szm¥ar3&x;(&§mmt 29 paﬁeeﬂrﬁra(ted tcwlyynaSs(iO@btam{)NMR @Ba( 4 NMR7, 0

(Tl L o0 M2 ot o s S st prd e adR 0 05 2 FR2IAY 3% aa,
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t 2R) - 2, 3- djyglrox vl qﬁglglgﬁ-(,(,ﬁ-gpqdf 8% Ybds, 009 1, 4- di hydr opyr| di n- 2- 0- 5- oxo
4, 5-di hydro 11-f-1 ,2,4-triazol - 1-yl }sul fonyl )car banmpyl11l- 2- oxoazeti di n- 3-
}

| } am no) - 2- oxoet hyl i dene] am nol oxy) -2¢hgse@@l propanoi ¢ aci d, di sodi um sal t
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Step 5. Preparation of  fert-butyl  2-({{{1Z2)-1-{2-{{tert-
butoxycarbonyaminol-1,3-thiazol-4-yi}-2-ox0-2-{[{35)-2-oxoazetidin-3-
yiiaminolethylidenelamincloxy}-2-methyipropanoate (C13).



0066 0ON 103 Compound 3 was prepared by the procedures depicted in
Schenes 8 to 10 and described in detail below Schenme 8 - 41 - Step

1. Prepar awOan10af70844, 5- bi s(benzyl oxy) pyri di n-2-y1] - 4- ( 2RCTABBII/055544

cli hydroxypropyli-2,4-di hydro-3H1, 2, 4-triazol - 3-one (C20). A
Preparation of 2-{[4,5-bis(benzyl oxy) pyes;Adl n-2-yl]carbonyl |l -N-[(2R)-

2, 3-di hydr oxypropyl ] hydrazi necar boxam de™”("C19). (2R)-3-Am nopropane-1,2- 5
cliol (0.291 g, 3.19 mmol) was added to a suspension of C6 (1.0 g, 2.66
mmol ) in tetrahydrofuran (50 nL), and the m xture was heated to 60C for 20

I e L
(4'036 MS_E o %J@%%Q%u#yg@ 92, 52d 8%W dzn%gv h%idétéﬂd@ﬁé}a%mﬁ%d%zlg (N%R

1H), 4.53 (tmetm@@raaamata_m 4LW)(d J %Hsdmymwi;dr@%:wngne4H) gy31 (t,

J=5.5 Hz, 169 1 01 (b 8
1H . 10, 04 ( PF%XYSTPB‘“ imi ge(éng"' B&P%*ﬁ SIS "g%)d g 4 i\‘g%‘%rﬁr% {9% %P(g;‘?é s
(3.00 g, 56. 4@errmhdxyichr chnmt m&am@wﬂtpmmﬁumya Mdird&hgi-pl, 64. 3

mmol ) was heated at 15 100C for 13 hours ter which it was cooled to 0C,

diluted wit rpwf@m!m]ﬁwlca%d §11i30 07 e 7 diFtiaraesibane (4R%aL).
Py oct! o) SR SnBRR GE AL 9 0 VA LS R A
product 405 C#&?fﬂ(sb§nzwbxy}3p}ﬁ7ﬁmm22 cand oxixtire msdcoeﬂﬁeltrz]b CQCFG\S!;@{S <5.93
product<§92/0I-‘FFNQ‘@HI{@(%@E‘)r‘la 44%]35%%(@%%) gg% 336;(%13( NH? g{""?t@ %‘i‘wg‘gro 45 (dd,
gi'l‘; (Y)f 1@8 Q&ﬁ%as%né%ﬁ (%Cofo Fﬁ\@u&@&“ﬁﬁ% tﬁéﬁiat F%r?\ tgﬁgg@&&a@h)%r ”;5 -
(a, 2H), 7.3Durs48HenmidOld) wag. Bigrdd throblh Riis2 a(“tst cobidenira2do® daniosto 1H)
solected peaks d Wi YELUNR! S PV S5 175288 5hiol e Eeme 2 5071

(M+1}. 'H NMR (400 MHz, CDCls) 8 1.43 (s, 8H), 1.54 (s, 8H), 161 (s, 8H),

2.91 (brs, 4H), 7.50 {s, 1H), 8.31 {(brs, 1H).

15 B. Preparation of C13. A solution of C10 (5.23 g, 80.7 mmol) in
ethanoltoluene (900 mi., solution obtained in Step 4) was ireated with
compound C12 (266 g, 5068 mmol}, and the reaction mixture was slowly
concentrated under reduced pressure, over the course of an hour, {0 one-third
of its original volume. The resulting suspension was stirred at 35°C under

20 nitrogen for about 18 hours. Removal of solvent in vacuo afforded a crude
product, which was dried under vacuum for 30 minutes. The resulting solids
were partitioned between 1:1 sthyl acetatefetrahydrofuran (1 L) and aqueous
sodium bicarbonate solution (500 mb).  Additional water was reguired to
dissolve solids observed during the separation. The aqueous layer was

25  extracted with 1.1 ethy! acetateftetrahydrofuran (2 x 300 mi), and the combined
organic layers were filtered and concentrated in vacwo. The crude solid was
friturated with 3.2 ethyl acetate/heptane (60 ml) for 30 minutes, and the solids
were collected by filtration, rinsing with heplane, o provide €13 as a white
solid. Yield: 22.08 g, 44.4 mmol, 88%. LCMS nvz 4986 (M+1). "H NMR (400

30 MHz, CD;0D) 5 1.47 (s, 9H), 1.52 (s, 6H), 1.54 (s, 9H), 3.32 (dd, J=5.7, 2.5 Hz,
1H3, 3.65 (dd, J=5.5, 55 Hz, 1H), 510 {(dd, J=5.3, 2.5 Hz, 1H), 7.34 (s, 1H).



N, HN O C22 Step2.Preparationoftett-butyl2-({[(12)-1 -{2-[(tert-
but oxycar bonyl )am no]-1 , 3-thi azol -4-y1}-2-(1(3S)-1 -[({4-[(2R) - 23-
5di hydr oxwyprzomyd70523- ( 5- hydr oxy- 4- oxo- 1 PCT/IB2009/055544
, 4-di hydr opyri di n-2-y1)-5-0x0-4,5-di hydro- 1 H1
,2,4-triazol-1-yl }sul fonyl)car harmyl ]- Zﬁoazetl di n- 3- Aam no) - 2-
oxoet hyl i denel am nol oxy) - 2- et hyl pr opan
A. Preparationoftert-butyl 2411(1 2)-2-({(3,9)-1 [({3-[4, 5-
bi s(benzyl oxy) pyri di n-2- A-4-[ (2R) - 2, 3-di hydr oxypr opyl i - 5- oxo- 4, 5-di hydro-1
H - 43 -

1,2,4-triazol -1-yl }sul fonyl)car bamylmgazeti din-3-yl)am no)-1-12-[(ter
t but oxycar bonyl ) am no] - 1, 3-t hi azol - 1) - 2- oxoet hyl i denel am no} oxy) - 2-

met hyl propanoate (C21). Amxture\qt (4 00 g, 8. Q& ymol) in
tetrahydrofuran (35 nL) was trea,twed Wt ,2,2-triflup ro rrethyl 5

(trimethylsilyl)acetam de (MSTFA. .098% 10 2 ni, 53. fv\Zgﬁ After 45

m nutes of stirring, thedl ght ygel ltow mi | ky m xtyre concentrated in
vacuo at 60C for 1 ho er (.placidium%/ 8bC for—1*5 hours. In a
separate flask, a ée%el o? g, 9. )B'iNanI ) in dichloronethane
(32 nL) was cool ed eat ed d@ WI se wW@'h i socyanat osul furyl

chl oride (chlorosul fonyl 10i socyanate, 95% 0.929 n_, 10.7 mmmol) and
allowed to stir for 30 mnute§ #Jnder i ce-cooling. The material derived from
C20 was dissolved in tetrahyd &t ur an (8 n), coolecffto 0C. The ice-cool ed
Cl3-containing reaction m xture was then transferred into this solution via

cannula. After stirring at 0OC for Ilghour, then at roomtenperature for 1.5
hours, the reaction m xture was 1 ji]\ue ehed wi th nethanol (5 nlL), stirred
for 10 m nutes and concentr at ed # vdua The residue was purified by silica
gel chronmatography (G adi ent 00% et hyl acetate i 8Iﬁeptane then 0-12%
nmet hanol in ethyl acet at orel C21 as a solid gh 3.85 g, 3.66
mmol, 41% LCMS frifz 10 ﬁmk NaLEL NI\/R(400 %DI\/BOde) 8 1.38 (s,
9H), 139 (s, 6H), g.ég 33 Zd%( bs ur byf signal), 3.66 (m
1H), 370 (dd, J=6. 6. 30 0 , 4.56 (m 1H), 4.93 (m
2H), 5.29 (s, 2H), 5.30 (s, 2H) 125 (s, 01 ‘|7 50 (m 10H) 7.57 (s,
1H), 8.35 (s, 1H), 9,02 (d, J=8.5 Hz, 1H), 1 br s,
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Step 6. Preparation of Preparation of 2-({[{1E)-1-(2-amino-1,3-thiazol-
4-y11-2-{[{35}-1-({{4-ethyl-3-(5-hydroxy-4-ox0-1 4-dihydropyridin-2-yi)-5-oxo-
5  4,5-dihydro-1H-1,2 4-triazol-1-yilsulfonyl}carbamoyl)-2-oxoazetidin-3-
yilamino}-2-oxoethylidenelaminoloxy)-2-methylpropanoic acid {1).
A. Preparation of C14 (Coupling Method 1). To a stirred solution of C8
{180 mg/0.45 mmol) in 3 mbL of tetrahydrofuran was added 6.0 equivalents of
N-trimethylsiivi-N-methyitriflucrocacetamide (MSTFA, Aldrich ampoule) forming



B. Preparation of C22. A solution of C21 (0.460 g, 0.438 nmml) in 25
tetrahydrofuran (10 nL) and acetic acid (0.1 nm..) was degassed and fl ushed
wi th nitrwoemo@s23and treated with Pd black (134 ny). TPha/1B2009/0556440aS

hydr ogenat ed using a Parr shaker under 36 psi hydrogen at roomtenperature
for 4 hours (reaction conplete by LCM5)._.The sanple was filtered through
aci d washed cel | ul ose powder and vvashed?iﬁith THF to give a pale red
filtrate, which 30 was concentrated to dryness in vacuo affording 0.382 g
(100% as a red solid. LCVM5 mz 871.8 (Mtl). 1H NWR (500 MHz, DWVSO-d5) 5

1.39 9 1. 40 6 1.4 9H), 3.29 2H)., 390. d, =6. 3,
33 10y 4 Bberikabspliy Btk Sred Aapl CambaratiE for A5 J0nbies AP 3 04
(m012|(_ld egt gﬂﬁiﬁz@weé tﬂ%n(éﬂnc%hﬂratez:} %ﬁél_li)ér réd!ﬂcuegzrg?e%s(@ a%H) he&e@zu&&ar 1H)

,OH NN H omcuun"o(h;gh Gec:} gat %"C fczr‘i hogH Separately, to 0. 223 g (D 45 mmo ) of
C13 dissolved in 4 mL dichloromethane and cocled to 0°C was added 0.082 g
5 {0.58 mmol/0.051 mL) of chiorosulfonylisocyanate and the resulting solution
stirred at 0°C for 30 minutes. At this point, tetrahydrofuran {3 mL) was added
to the adduct of C8 and the resulting solution introduced to the CS} reaction
via cannula. The resulting solution stirred at 0°C for 1 hour then brought to
room {emperature and concentrated under reduced pressure. The crude
10 material was cleaned up by column chromatography (silica-gel, 45 to 80%
athylacetated in heptane) affording 332 mg of C14 in a mixture that was
carried forward without additional purification. LCMS m/z 1003.2 (M-1).

B. Preparation of compound 1. In a Parr boitle was placed 0.180 g
{0.19 mmol} of C14 dissolved in 20 mi of methanol and the solution degassed
15 with nitrogen gas. Palladium-black (0.063 g} was then added and mixture
agitated under an atmosphere of 13 psi hydrogen at room temperature for 40
min (reaction complete by LCMS). The reaction mixture was then filfered
through Celite and concentrated to dryness in vacuo. The material was then
carried on crude by dissolving in 10 mb of dichioromethane. To this solution
20 was then added 10 mbL of trifluoroacetic acid and the resulting mixture stirred
at room temperature for 2 hours, at which time the reaction mixiure was
concentrated in vacuo. The crude product {1} was then purified by preparative
HPLC (Symmetry C8, 3 fo 23% acetonitrile in water with 0.1% formic acid
modifier). Approximately 5 mg of 1 were collected following concentration 1o
25  dryness in vacuo. LCMS my/z 669.4 (M+1). 'H NMR (400 MHz, CD,0D) §
10-12{m, 6H), 1.3 - 1.5 {br. s, 5H), 3.97 {d, J = 6.8 Hz, 2H), 488 (br. s,

1H), 6.81 {s, 1H), 7.32 {s, 1H), 7.99 {s, 1H), 8.05 (d, J = 4.2 Hz, 1H).



C22 0 ONa J1 Step 3, Preparation of 2--({[(1,2)--1-(2-am no--1

, 34hi azol -411)-2-({(3S)--1-

[ ({4-] (2Ryvo20B8/ddirgdr oxypr opyl ] - 3- (5- hydr oxy- 4- oxo- 1, 4- @ChygszopyFssdi n- 2- 0) -
5- oxo-4,5-di hydro-11-1-1

,2,4-triazol-111} sul fonyl ) car banoy11- 2- gxoazeti di n- 3-

10yl } am no) - 2- oxoet hyl i denei am nol oxy) -2~met hyl pr opanoi ¢ add, di sodi um salt
(3)- A. Preparation of conmpound 3. Tr|fI uoroacetic add (13 nL) was
added to a cooled (VC) solution of C22 (2.54 g, 2.91 nmol) in 13 nt.. of

di chl oronet hane. The reaction m xtur eEwas Is:: rred at roomtenperature for 2
15 hours and then transferred slowy fl on cannuia to anot her round

bottom fl ask cont ai _ Eg hgl % Eutyl
Aok Fhedted by

ether (MIBE) resul-
filtration, g : agye.fferdi ng
: as’a rose colored

1.82 g -45-
solid. A pordiiygdroel e 4-riatadri-g 4Pca ayied LA )
phase chr.omat g Ny Usi ng ; . (i;hroma orhy system errpl oy| ng a
Redi Sep Rf & P LS R PR *i fl uoroacetic acid salt
as a sol utlon inb5 cllrrethylsquOX| e (1.5 rrL) in two batches. The
gradient was 5%to 30% water (0.1% Rormc acid)/acetonitrile (0.1% Form c
acid). The product cane off the yHat 15-18% acetonitrile. The
fractions were pooled and the solvent was renoved ufdder reduced pressure
affording 0,847 g (35% of erlh,hl **as a white sol L«é\ Dhe solid was
soni cated in nethanol (4 Hi \fa?rg oI yent rﬁ/vasi rém)ved (done to renove
formc acid). The 1H NWR conf$x he NeeNf 054 rorjuct with a mninal
amount of formic acid. LCMS nfz 715.0 (Mhl J)HNN (500 MHz, DWVBO-d6) 6
1.42 (s, 3H), 1.43 (s, 3H), 3.28 (m 2H)© @8 (dd, J=6.3, 3. 4 Hz, 1H),
3.65 (m 1H), 3.70 (m 1H), 3.95 (br d, J=6.5 Hz, \Z~IH) 4.91 (m 1H), 6.79
(s. 1H). 7.36 (s, 1H), 8.01 (s, 1H), 9.03 (d, J=8.3 Hz, 1H). To a slurry of
1.20 g (1.65 mmol) of the free-formacidsin 30 nL of deionized water at 0C
was slowy added 0.277 g (3.30 mml) of sodi um bi carbonate dissolved in 6
m . of deionized Vi i the
sodi um bi car bonat%ﬁgg{)%??nk&%ﬁ%grgtﬁ%&ltﬂg @%P%gﬁgﬁp%s&tgﬁ i %hozen 7gnd
| yophi | i zed afd outtined) inlddiail gpetfw t he di sodium salt as a |ight pink 20
| yophile. LCVMS mz 715.6 (M+1l). 1H NWMR (500 MHz, D20) 6 1.31 (s, 3H), 1.32
(s, 3H),103.44 (dd, % ABX, J = 12.1 HzgcherBe Az, 1H), 3.48 (dd, 1/2ABX, J =
11.8 Hz, 4.0 Hz, 1H), 3.65 (dd, J = 7.3 Hz, 3.3 Hz, 1H), 3.73 - 3.92 (m
3H), 4.90 (dd, J = 3.2 rg;go_.,ks\«;z Hz, 1H), 6.79 (s, 1FQ§ 6},{97 (s, 1H, 7.72
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Step 1. Preparation of 2-({[{12)-1-(2-amina-1,3-thiazol-4-y})-2-({{38)-1-
[({4-[2-{dimethylamino)ethyl]-3-(5-hydroxy-4-oxo-1 4-dihydropyridin-2-y1}-5-
axo-4, 5-dihydro-1H-1,2 4-tniazol-1-ylisulfonylcarbamoyi]-2-oxoazetidin-3-



- 46 - Exanple 4

Preparationof 2- ({f(12)-2-{1(3S)-1-({14-(2-am no-2-oxoet hyl)-3-(5-
hvi dr oxv-woarw/@9323di hydr opyr di n- 2- 0- 5- oxo0- 4, 5- di hydr o- PCTAB3009/055544
yi | sul fonyl } carbanoyl) - 2- oxoazeti di n-3-yl | am no} - 1- (2- am no- 1, 3-t hi azol -

) - 2- 5o0xoet
0 402 NH2
Schenes 11

hyl i denelam nol oxy) - 2- met hyl g{ opanoi ¢ acid, disodiumsalt (4).
Conmpound 4 was prepare y t he procedures depicted in
to 13 and described in detail below Schene 11 C6C23 CN

4-0

10C24 Step 1.Preparation of {344, 5-bi s(benzyl oxy) pyridin-2-y11-5-o0xo0-1, 5-

di hydr a- 4H
2--([4, 5-bi

(cyanonet hylagﬁgﬁgﬁeﬁg%;bﬁpﬁ%q@@%@ 1g)Am noacetonitrile (0.11 g, 1.
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A. Preparation of C18. Compound €15 was prepared in an analogous
manner to C14 in example 1 using coupling method 1. LCMS m/z 8918
(M+1). 'H NMR (400 MHz, DMSO-de) § 1.33 — 1.38 {m, 9H), 1.41 ~ 1.45 (br.
s, 6H), 3.32 ~ 3.38 (m, 1H), 6.67 {1, J = 8.2 Hz, 1H}, 4.67 {m, 1H), 4.85 ~ 4.92
(m, 1TH), 4.98 (d, J = 58 Hz, 1H), 526 {d, J = 8.3 Hz, 2H), 5.73 ~ 586 (m,
1H), 7.27 — 7.49 {m, 10H), 7.58 (5, 1H), 8.31 (s, 1H), 8.99 (d, J = 8.34 Hz,
1H). To a stired solution of C15 {(0.30 g/0.3 mmol) in & mb of 91
acetone/water was added 0.138 g (1.18 mmol) N-methyimorpholine-N-oxide
(NMO) followed by 0.746 g (0.08 mmot) of osmium tetroxide and the resulting
mixture stired16 howrs at room temperature. Ancther addition of NMO and
osmium tetroxide were then added and mixture stirred an additional 24 hours,
at which time the reaction was complete by LOMS. The reaction was filtered
through Celite, concentrated in vacuo then purified by column
chraomatagraphy (silica; 30 to 100% sthylacetate in heptane then swilched {o
3 to 7% methanol in dichioromethane collecting 0.302 g of C16. LOMS m/z
1051.3 (M+1). 'H NMR (400 MHz, DMSO-ds) § 1.33 — 1.38 {m, 9H), 1.42 (s,
BH), 3.20 — 3.26 {m, 2H), 3.31 - 3.37 {m, 1H), 3.58 — 3.69 (m, 2H)}, 3.94 -
4.11 (m, 2H), 449 -~ 4.58 {m, 1H), 489 (br. s, 1H), 494 (dd, J =54 Hz, J =
10.1 Hz, 1H), 5.24 - 529 (m, 4H), 7.27 — 7.48 {m, 10H), 7.52 (s, 1H), 8.31 (s,
1H), 8.98 {d, J = 8.7 Hz, 1H). This material was then deprotected in an
analogous manner to that described for €14 for preparing compound 1 in
exampie 1 in order to prepare example 10.

B. Preparation of C17. In a flame dry flask was placed C15 {0.486 g,
0.48 mmol) dissolved in 8 mbL of 3:1 dioxane/water and to this mixiure was
then added sodium periodate (0.311 g, 1.43 mmol} and osmium tefroxide
(0.025 g, 0.003 mmol} and the resulting mixture stirred for 16 hours at room
femperature (reaction complete by LOCMS). The reaction mixture was then

partitioned between saturated sodium bicarbonate and ethylacetate. The

92



- 47 - mmol ) and triethylamne (0.162 g, 1.60 mmol) were added drop-w se
over one mnute to a suspension of C6 (0.60 g, 1,6 mml) in tetrahydrofuran
(5 md andwoOhelom7a32are was heated to 55C for 20 hours. AsdiriBmosDs5544

am noacetonitrile (0.108 g, 1.92 mvol) and triethylamne (0.162 g, 1.60
mmol ) were added and 5 heating was contipued at 55C for 20 hours. After
being cooled to OC with an ice-bath, the*suspension was filtered, and the
solid was washed with tetrahydrofuran, and dried under vacuumto afford C23
as a solid. Yield: 0.550 g, 1.27 mol, 79% LCMsS trtz 430.3 (Ml) 1H NWVR
(400 MHz, DMBO-d6), 5 4.00 5. 33

7,30-7, 48 (rﬁ‘g‘i@’ﬁ)’ay?f 7 g'asﬁéquﬁ’ §3§Va{%f by dg&@@% S%d* us‘fai%f 18

(br 5, 1H). fitered aBd EIRBAKAHPOR afyriedd K\%%hbzaf hed B VR E%Hu%‘l was then
2,2,2-Trifluoro-Nrethyl-N(trinmethyl si IyI )acetam de ( 8% 8 ni,

rrrml) and Casu{ied3hy Qg)iumnm"afﬁma@mrapwr(éz icargsil.néd ﬁon’iaﬂ% ethylgossateube and
heated to 150C.for 15 m n ted six timgs .for a
combi ned 15 TS 7o Sutthe; o5 oy cRGaNeh i BRER Shetdhet SBfrtisth e
and concgnt f@ﬂ@@gﬁf Edvuﬁht@ﬂﬁpgﬁé&sr Mwm @uﬂ%ﬂ &d athlra®l ipasgslz

chr omat ogr aphy (G adi enéﬁs 30-50% et hyI acetate in heptane) to afford C24 as

a solid, Yieldt2.4 M+ SBVIRMB00 19l CLEUD) @/& P4 ’Q5§WH¥!L)24 it BIVR {¢400

b, DISO 478 Py *% 384a, In] 1B 8 890 SBuah Mk B 4 (g

St ep2. Prepar, @Hf) Qﬂ@’ét(BUt B H&Z‘iHF [4.322) 4 1?6{(37 [1(}-1}66@0 5.09 {m, 1H), 518 -
but oxycar bon %am no 3-thiazol-4-01- 2 4- cyanorret hyl ) - 3- (5-
e bt

5hydroxy 4- 1mg 4 n?d@op?ﬁ%imrﬁm@)-%z 11822 (8, 4 Pidazol -

yI i sul fonyl }carﬁ)Ha)rmyl ) - 2- oxoazet i di n- 3-yl j am no) - 2- oxoet hyl i dene] am no} oxy)
- 2- et hyl propandat €*e6af3tion of €18 and compound 2. To a stlrred solution of C17

e o 1l ohdishae S ot .
zol - {0.098 g, 1.2 mmotl) and 3 equivalents of glacial acetic acid (0.215 mi, 3.59
mmol) and the resulting solution stirred at room temperature for 2 hours.
15 Sodium triacetoxyborohydride (0.532 g, 2.51 mmol) was then added and the
resulting mixture stirred at room temperature for 18 hours. The reaction
mixture was partitioned between salurated sodium bicarbonate and
ethylacetate, the organic layer washed with saturated brine, dried over sodium
sulfate, filtered and concentrated to dryness in vacuo. The crude product was
20  purfied by column chromatography (silica-gel, 30 to 100% ethylacetaie in
heptane then switched to 5 to 10% methanol in dichloromethane) collecting
0.340 g of C18. LCMS m/z 1048.9 (M+1). 'H NMR (400 MHz, CDi0D) §
1,38 - 1.54 {m, 24H), 2.44 (s, 1H), 2.85 (s, 6H), 3.40 (br. s, 1H), 3.71 -~ 3.77
{m, 1H}, 3.90 {t, J = 6.0 Hz, 1H), 4.46 (br. s, 2H)}, 5.03 (s, 2H), 5.18 - 5.26 (m,
25  4H), 7.20 -~ 7.35 {m, 9H), 7.40 (d, J = 7.0 Hz, 2H), 7.65 {s, 1H), 8.21 (s, 1H).
Compound 2 was then prepared from C18 by deprotection and HPLC
purification in an analogous manner {o that described for compound 1 of
Example 1. LCMS m/z 712.5 (M+1). 'H NMR {400 MHz, DMSO-ds) § 1.39 (s,
6H), 2.50 (s, 6H), 3.30-3.45 (m, assumed 3H, obscured by waler peak), 3.68



101-yl } sul fonyl ) car banoyi | - 2- oxoazeti di n-3-yi }am no)-1-{2-[(tert- - 49 -
but oxycar bonyl ) am no] -1, 3-t hi azol - 4-y1} - 2- oxoet hyl i dene] am no) oxy) - 2-

met hyl pr oparosk©Eo2€25) . Conpound C25 was prepared accor ¢CmgBr009/03t644gener al
procedure for the synthesis of C21 in Exanple 3, except that C24 was used
in place of C20. The crude material was p‘@rlfled by silica gel 5

chromat ography (G adient: 35-75% et hyl etate in heptane) to afford C25.

Yield: 1.64 g, 1.61 maid, 21% This naterial was used in the next step

wi t hout further purcation. LCVS ntz 1016.5 (Mtl). B. Corrpound C26.

Synthosi s of MEadth A B Al ASeHt 7ol (5% Ak 727 Goakl ORI (ScdPr co1,

and the reaqj ggr@dwy@ygﬁogqp@t@gj(}ﬁts aﬁ)[)q;@ Sﬁibré fihours to afford Cl9 as
a brown solid, Yield 635 LCVMS nilz 836.3 (M+1). -

50 - Schene 13 0\ Step 3. Prepmmﬁﬁof 4. A Preparation of 2-({[(1
Z)-2-{[(3S)-1-(0-(2-arnino-2-oxoet hyl)-3-(5-

5hydr oxy- 4- 0xo- 1 Rre@fafﬁ}mnop\uﬁ d2r({21 1]~ B-amine, H@&W&“M{@m
4tr|az§I- = %u f onyl "&' -2002e|d| II i \noy 1-(2-a
ni no-1 LN GfOSYRIODYH YCroxy-2-0x0 ‘_a Uig sl e

(C27). Corrpwadizr%?owwzwﬁéﬁﬂ 1aﬁw@h9mémah1w @eaﬁds@en@mgedure for the
synthesis of 37 Th EXanple 3, except that CZ6 Was used i1 n _place of 022

Al so, the criigninel-2iaxeetintdenelegineioxg;-danethyforepanaic arid, disediencsiadt ed by
evapor ati on the trifluoroacetic - 51 - acididichloronethane solutlon as
opposed to +ng t he precipitation technique enployed in exanple 3. The
crude product was dissolved in dine yI sul foxide to a concentration of 100
ng/mL, filtered, and purified by pr arative HPLC (colum: Waters Symetry
C8, 51.1.m 30 x 50 nm Sol vent A%ggam&baqueous
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Compound 3 was prepared by the procedures depicted in Schemes 8 to
10 and described in detaill below,
Scheme 8

QBn HO Y N, OBn




5 formc acid; Solvent B: 0.1%formc acid in acetonitrile. Gadient: 3%to
22% B). The fractions that pertained to the desired product were conbined,
cool ed t owo280/@nm23| yophilized to provide C27 as a pi nkPsoliBzho9/v§ses«d: 0. 078
g, 0.11 mmol, 12% LCMS mz 698.9 (M+1l). H NVR (400 MHz, DVSO-d5) ei 1.38
(br s, 6H, 3.33 (m 1H), 3.65 (m 1H), 4.61 (s, 2H), 4.88 (m 1H), 6.74
(br S. 1H), 107.03 (br s, 1H), 7.30(s, IH), 7.89 (s, 1H, 8.99(d, J=7.42
Hz, 1H). B. Preparation of 4. A solution of C7 (78 ng, 0.11 muol) in
a mxture of acetonitrile (5 nL) and water (45 nL) was cooled to OC and

sodi um bi car bonat 18. 8 . .0.224 ‘ added. . The.  m.xture

vi gorously sti rreﬁ?%o?‘ tecg'%ﬁfﬂFﬁj‘P@s Dﬁ%ﬁ@%i%ﬁ@'%%#ﬁ@%‘?@% ed to
-78C (using cﬁhﬁrﬁﬁgﬁ@pﬂs@ﬂe@iﬁ?@mbﬁqmQ,QQHaid{%pJ%é 8@2’@5_“) afford 4 as a pink
solid. Yield: 0.0 .~ 0.106 nmol, 95% 1H NVR (400 MHz, DVBO-cfe) 1.42 (s,

351) , J}.1204(5, 3H)A. 3%3@7;553@@@%@%&?%IZ@iaﬁ?‘enwtw}%@@m«z@J}tz@'bgngg-ﬂ-ﬂ(v?ﬁk 57
600 (b s ZaigasodpontifryartzhicialSantil - 1y tR) S mioSorpiahey 210

1H. - 82 -d;@&@(gg‘ie%,%T ErepanatdPad®dd to a suspension of €6 (1.0 g, 2.66 mmol)

2- ({f(14-1-(2-am no-1, 3-thi azol 4-y1) - 24{(3S)-1-1(4-(2S)-
2, 3- di hydr ox¥§ petaweroRrars (3 mox and Tax soixiune avasypapg i BOSC Aoy 2P-migso- 4, 5-

OO o R AP ey T O, M SRRt Gl haral e ke o
Na N N. , GYabWashbl® with tetratyamgarard (S xwesnipy epaffed Oy 9tde apwhitedoli¢s
qepioted 1N peReTEr &2 mindlr 86 > EEMS T he?® e sd P R 080 Rz, ™ ™
10 DMBO-0g) § 2.83 {m, 1H), 3.19 {m, 1H), 3.27 (m, 2H), 3.44 (m, 1H), 453 (,
J=5.8 Hz, 1H}, 4.77 (d, /=4.8 Hz, 1H), 533 {5, 4H), 6.31 (1, J=5.5 Hz, 1H), 7.31-
7.48 {m, 10H), 7.69 (s, 1H}, 8.01 (brs, 1H}, 8.28 (s, 1H), 10.04 {brs, 1H).
B. Preparation of C20. A solution of €19 (3.00 g, 643 mmol) in
aqueous potassium hydroxide (1.6 M, 402 miL, 643 mmol) was heated at
15 100°C for 13 hours, after which it was cooled fo 0°C, diluted with water {100
mi) and acidified to pH 7 with concentrated hydrochioric acid. The resuiting
solid was filtered and washed with water (3 x 10 ml) to afford €20,
contaminated with about 30% of the hydrolysis product 45-
bis(benzyloxy)pyridine-2-carboxylic acid. Yield: 2.66 g, <5.93 mmol, <892%.
20 LCMS m/z 4492 (M+1) and 336.1 (M+1 for the hydrolysis product). 'H NMR
(400 MHz, DMSO-ts) 5 3.28 (m, 2H), 3.70 (m, 1H), 4.05 {dd, half of ABX
pattern, J=13.7, 5.0 Hz, 1H), 4.12 (dd, half of ABX pattern, J=13.7, 8.0 Hz, 1H),
4.61 (v brs, TH), 5.01 (br s, 1H), 5.28 (s, 2H), 5.31 (s, 2H), 7.32-7 48 {m, 10H),
7.58 {s, 1H), 8.32 {5, 1H), 12.03 (br s, 1H). Selected peaks for hydrolysis
25 product: 529 (s), 7.70 (s}, 8.28 (s).
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Step 1. Preparation of 514 ,5-bis(benzyl oxy)pyridin-2-01-4-

di hydr oxywoapwlg7e234- di hydro-3H 1, 2, 4-tri azol
i n-2-ygoar bonyl | - N- PS) -

Preparati on of 2-0, 5-bis(benzyl oxy) pyri di
2, 3-di hydr oxypropyl i hydr azi necar boxam de

N NNNHHHO C28 OBn 1 OBn HN ci ;>

HOOH 10C29
(25)-2, 3-
- 3-one ( C29LT/1B2009/055844

(C28) .

Compound C28 was 15prepared

accordl ng to the general

procedure for t

€ synthesis of Cl9 in Exanple 3,
was used in place of

except that (2S)-3-am nopropane-1 2-di ol
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Step 2. Preparation of  fert-butyl  2-{{{112-1-{2-{{tert-

butaxycarbonyl)amino]-1,3-thiazol-4-yl}-2-({(3S)-1-[({4-[(2R)-2,3-

dihydroxypropyi]-3-{5-hydroxy-4-oxo-1,4-dihydropyridin-2-y}-5-0x0-4, 5-dihydro-

1H-1,2 4-triazol-1-ylisulfonyl)carbamoyl]-2-oxoazetidin-3-yi}amino)-2-

oxoethylidenejaminoloxy)-2-methyipropanocate (C22).

A of

bis(benzytoxy)pyndin-2-yi]

Preparation

tert-butyt
-4-{(2R)-2,3-dihydroxypropyi]-5-oxo-4,5-dihydro-1H-

2-({[(12)-2-{{(3S)-1-[{{3-4.5-



- 53 - (2R)-3-am nopropane-1, 2-diol. Conpound C28 was obtained as a yell ow
solid. Additional product was obtained by renoving the solvent fromthe
filtrate wo2omoes280 afford a yellow solid (8,58 g), whiPCh/IB2®9/835844 i ed in
tetrahydrofuran (50 nL), heated to reflux and then filtered to afford a
second crop of C28 The 5 conbined yield for C28 was 16.73 g, 35.88 nmol,
90% LCVS mlz 467.2 (11/1+1). 1H NWR (500 M4z, DMBO-de) 2.91 (rn, 1H),
3.20(m 1H), 3.28 (m 2H), 3.44 (m 1H), 5.31 (s, 2H), 5.32 (s, 2H), 6.49
(m 1H), 7.31-7.48 (m 10H), 7.69 (s, 1H), 8.25 (s, 1H), B. Preparation of

the synt hesi b2dred0: I M ENGRNEA S Jene- erataezy JREsgdatt feeet ace of
C19. “The cr s ey MR ERS Ly TEA DRIy kAABR ol g2hot m xture

was filtered, andtheflltrate concentratedto . The resulting solid
was col | ect euemyipwfamamea ofCERH). aff OWU@EQ Olefé?%l (418@ , BERB3mmmipl In 22%

Lo 2 g gt (10 . (B0 S0P 52 o By L0, ("
(s, 2H), 57. 3 Metﬁ?is(l aobw:dem@rm 98%010@ o2, 437 rdhbl). bReP3s(hhulms 1H) .
WO 2010/ 070523PCT/ | B200Q9/ 055544 54 ' Schene 15 0 \ 00Bn OBn ON, 06
C30HOOH of stirring, the light yellow milky mixture was concentrated in vacuo at 60°C for
1 hour, then dried under vacuum at 80°C for 1.5 hours. In a separate flask, a
suspension of €13 (4.88 g, 9.81 mmol) in dichicromsthane (32 mL) was cooled
to Q°C, treated drop-wise with isocyanatosulfuryl chioride (chiorosulfonyl
10 isocyanate, 95%, 0.829 mbL, 10.7 mmol) and allowed to stir for 30 minutes
under ice-cooling. The material derived from C20 was dissolved in
tetrahydrofuran (8 mL), cooled to 0°C. The ice-cooled C13-containing reaction
mixture was then transferred into this solution via cannula. After stirring at 0°C
for 1 hour, then at room temperature for 1.5 hours, the reaction mixture was
16 quenched with methanol (& mbL), stirred for 10 minutes and concentrated in
vacuo. The residue was purified by silica gel chromatography (Gradient. 40-
100% ethyl acetate in heptane, then 0-12% methano! in ethyt acetate) to afford
C21 as a solid. Yield: 3.85 g, 3.66 mmol, 41%. LCMS nmv/z 10514 (M+1). 'H
NMR {400 MHz, DMSO-ds) 8§ 1.38 (s, 8H), 1.39 (s, 6H), 148 (s, 8H), 3.3
20  (cbscured by HOD signal), 3.66 {m, 1H), 3.70 (dd, J=6.3, 6.3 Hz, 1H), 4.00-4.13
{m, 2H), 4.56 (m, 1H), 4.93 {m, 2H), 5.29 {s, 2H), 5.30 (s, 2H), 7.25 (s, 1H),
7.31-7.50 {m, 10H}, 7.57 (s, 1H), 8.35 {s, 1H), 9.02 {d, J=8.5 Hz, 1H), 11.84 (br
s, 1H).
B. Preparation of C22. A solution of C21 (0460 g, 0.438 mmol} in
25  tetrahydrofuran (10 mb) and acetic acid (G.1 ml) was degassed and flushed
with nitrogen (3x}) and treated with Pd black {134 mg). The mixture was
hydrogenated using a Parr shaker under 36 psi hydrogen at room temperature
for 4 hours {reaction compiete by LCMS). The sample was filtered through acid
washed celiulose powder and washed with THF o give a pale red fillrate, which
30 was concentrated to dryness in vacuo affording 0.382 g (100%) as a red solid.
LCMS myz 871.8 (M+1). 'H NMR (500 MHz, DMSO-ds) 5 1.39 (s, 9H), 140 (s,



St ep2. Preparationoftert-butyi24{1(12)-1 -{24(tert- butoxycarbonyl)am no]-1
, 3-thiazol-4-y1}-24{(3 S)-1-[({4-[(2 9)-2, 3-

5di hydr oxyyprzoyazas23- ( 5- hydr oxy- 4- oxo- 1, 4- di hydr opyr i di nP2TyRI00Y035%6+- 4, 5- di h
ydro- 11-1-1,2,4-triazokl

-yl I sui fonyi ) car banoyi | - 2- oxoazeti di n- 3-yi | am no) - 2-

oxoet hyl i dene] am no} oxy) - 2- et hyl propanodate (C31).

A Preparationoftert-butyi2-({[(12)-2-({(3S)-1-[ ({344, 5-

bi s(benzyl oxy) pyriciin-2-A-4-[(2S)-2, 3-di hydroxypropyl ] - 5- oxo-4, 5-di hydro-1
101

.2, 4-tri azol8Hh JASH F5Hy PO Rratfd) 3% W oiet i 1P 415 WhinP ) (HOP U Wer ¢ -

- 55 - obscures signal), 3?’1 {m, 1H estzmated) 3.94 {m, 2H, estlmate)? 492 m,
but oxycar bonyl ) am no?

t hi azo 1) - 2- 6xoet hyl'i denﬁ_laam no
met hyl pr oparit émﬂH)@ﬂﬁé&nﬂ‘im&&\@s?b‘he%ﬁﬁ dd. &0, gt o1 6H€(bgener al
procedure fo @ the synthesis of C21 in Exanple 3, except that C29 was used
in place of After the reaction was quenched with nethanol and 5
concentrgted in vactio: the residue @ asepdridi ed by silica gel
chromat ogr aphy (Gradi ent: 25-100% et hyl acetate in heptane, then 0-7%
met hanol in ethyl acetate) to affor as a solid. Yield: 5.41 g, 5.14
mmol, 53% LCMS ntz 1051.7 (M+l). .} (400 MHz, DWVSO-d6) 1.38 (s, 9H),
1.40 (s, 3H), 1.40 (s, 3H), 1.46 (s, 9H), 3.28 (m 2#), 3.39 (dd, J=6.1,
3.2 Hz, 1H), 3.68 (m 2H), 104. (m 1H), 4.11 (m WUHau4.92 (m 1H), 5,28
(s, 2H), 5.30 (s, 2H)7 \/gﬁs\, wN731750(W’758(S 1H), 8.35
(s, 1H), 9.00 (d, J= \g Rr epat n-of €31> Conpound C31
was prepared accordl t th% gené% d}J B he synthesis of C22 in

Exanpl e 3, except that C30 was used 1n placesof” v, and the reaction was
hydrogenated at 25 psi for 1,5 hour to afford "C31l. as @Hred solid. Yield:
3.49 g, 4.00 mol, 95% LCMB nfz 87l.6 (M1). M Step 3. Preparation

of 2-({[(12)-1-(2-amino-1,3-thiazol-4-y1)-2-({(3S)-1- [({4-](2
S) - 2, 3-di hydr oxypr opyl i -3-(5- hydr oxg-4- 0x0-1, 4-di hydropyri di n-2-y1)-5-
50x0-4, 5-di hydro-1 H 1

,2,4-triazol-1-yl }sul fonyl)carban \]GNg oxoazeti di n- 3-
yI }arri no) - 2- oxoet hyl i denej am noI o y) - 2- et hyl propangj ¢ aci d, disodium salt
(5), A. Preparation of 2- ( L ou

Z)-1-(2-am no-1, 3-thi az gl - QS) 1-[({4- /Q\T/
[ (2S) -2, 3-di hydr oxypr opyF = (/5 h dr 4NBXO N, :

4- di hydr opyri di n- 2-y1) - 5- oxc¥ N
104, 5-di hydro-1H 1, 2, 4-tri azol - 1-yl ?sul fgngﬂd(%}ér% noyl ] - 2- oxoazeti di n- 3-y1}
am no) -

O \\/CSH

Step 3. Preparation of 2-({[{12)-1-(2-amino-1,3-thiazol-4-y)-2-{{{38)-1-
[{{4-[(2R)-2,3-dihydroxypropyll-3-(5-hydroxy-4-oxo- 1 4-dihydropyridin-2-yi)-5-
oxo-4 5-dihydro-1H-1,2 4-triazol-1-yiisulfonyhcarbamovi}-2-oxoazetidin-3-

10 yllamino)-2-oxoethylidenelamino}oxy}-2-methylpropanoic acid, disodium salt
{3}

A. Preparation of compound 3. Trifluoroacetic acid {13 mi) was added
to a cooled (0°C)solution of €22 (254 g, 291 mmol) in 13 mbL of
dichloromethane. The reaction mixiure was stirred at room temperature for 2

18 hours and then transferred slowly via a tfeflon cannula 1o another round
bottom flask containing 186 mb of a 2:1 mixture of heplane/methyl-t-butyl
ether (MTBE) resulting in a fine precipitate. The solids were collected by

filtration, washed with heptane/MTBE (2:1) and dried in vacuo affording 1.82 ¢



- 57 - 2-oxoet hylidenej am no) oxy) - 2- net hyl propanoi ¢ acid C32. Conpound C32
was prepared according to the general procedure for the synthesis of 3 in
Exanpl e woerngptszBhat C31 was used in place of C22. TheCrnpue/pFeduct was
di ssolved in dinethyl sulfaxide to a concentration of 100 ng/nL, filtered,
and purified by 5 preparative HPLC (columm: Waters Symmetry C8, 5 pm 30 Xx
50 nm Solvent A: 0.1% aqueous form c aci*d; Solvent B: 0.1%formc acid in
acetonitrile. Gadient: 3%to 23%B). The fractions that pertained to the
desired product were concentrated in vacua keeping the water bath <30C, to

LS and wat aBEfIeD e R CaES At T SRS 2R INe s Sdo A POUIdiOEaD s
a pi nk sol i dyisYhekéekiai 02180 3 whs 3hdn PRKied 90 rbidBel Piastl enrkdblla hng NVR
g8 1 a7 § 3H). 1.43 (s, BH), 3,27 ( 3957 Pdd,

(500 MHz, DMSO- d6) , m 2H§,
J=6,1, 3.1 HsingHn ISeRI( hramptomamiyy @ystepM)emglogiy( ® RediSep RO 1H) ,

6.81 (s, 1H , .,7. 37 , . 01,.(s, 1 ..9.04 J=8.3 Hz, 1 HPLC

anal ysi s: Heq}ai‘“érpf' g§§k%ﬂ§%§§m§1 ;EF&SP%W?OM%?‘E @ﬁrﬁﬁltr 93&@0%’@!\/(" 4.6 x
50 mm FE‘OWQiMﬁS@fdﬁdem{'ﬂE @'}VﬁﬂWcAb‘aQ,hé% agHeogradfeon mvgs &k db wg_/@vent

B: 0.1%formc acid in acetonitrile; Gadient: 5%to 100% B over 6 m nutes;
| nj ection vovaige{0-15 fermpededlpeptonitna (Bnt % Rareng asis )t i e pdast game B.

P ti W i ,
Creharatt o0 AR A (OO, MERTRE AR A 1 |
usefl i 87'“}' acL@i\zI\s/a‘gtCiais 7rtlagm§iteﬂotz?d@- &&meﬁ:\ﬁmﬁg%@ @ffo?ﬂig@; 80_8@7 1%33(@%}0%%)4 .
mol |, % Li MS Mz s ( , 0.1.4 , ,
42 (s, 3H), @?%‘3%%@, WH&W%{& é‘i‘)e@gp‘é(% §§Hl¢a‘ 2 51 @?@@*%ﬂ}'”ﬁﬁj,%@. 57
(1H), 5248 ?nsi@%f %@@%@(%ﬁﬁﬁ% fe’g?g%k%@&%ﬁ)‘ ﬂ%z%f"ﬁgmm ?ﬁ?%%ﬁzn s,
il—% HEI(SC ar’fs&alf&:irs‘t pF@MféMit%PaCMimalmxirmxbfuﬁm 13&/\acieirsL83M®mLf‘ ; .zy?@..,ﬂdSpM
. X , W, I e . m n. Ql Veni " . 1% us r acl d,
Sotvant b Mt o Mrn ol T v b st 8858, SPAOsdea by er 6
i nutes; | nj-|et OR: » 1et iQN: ; \eAtd I NBx =3. 44
st g AN R U0, B M RSB IRR > 78T AR CBI90br o, DB 5
2) - 1- ( 2- ani ride, 214G ¢in; 44,16 79-(6{ (BS) 7. B6US{ 3H(58.01 (s, 1H), 9.03 (d, J=8.3
o o 8% ¢ PR LoB g p A el & Y H IR RY i %P & =

) car bamoy 11-gi@xead af4tdt it lw%§: g added 0277 g {(3.30 mmol)lt‘%’f scdéum

50xoet hyl i denel am nol oxy) - 2- met hyl propanoi ¢ acid, disodiumsalt. ( ? 0\

-1 ,00 H bicarbonate dissolved in 6 mb of deionized water (solids completely dissolve
upon addition of the sodium bicarbonate solution). The resulting solution was
then frozen and lyophilized affording 1.12 g of the disodium salt as a light pink

20 lyophile. LCMS m/z 7156 (M+1). 'H NMR (500 MHz, D:0) § 1.31 (s, 3H),
1.32 {s, 3H), 3.44 {dd, ¥z ABX, J = 12.1 Hz, 4.8 Mz, 1H}, 348 (dd, "% ABX, J =
11.8 Hz, 4.0 Hz, 1H), 3.65 (dd, J = 7.3 Hz, 3.3 Hz, 1H), 3.73 ~ 3.92 {m, 3H),
490 (dd, J=3.2 Hz 3.2 Hz, 1H), 6.78 (s, 1H), 6.97 (s, 1H), 7.72 (s, 1H).



; Na,NN ONNHO O 0 0 6HO Compound 6 was prepared by the procedures
depicted in Schenmes 17 to 19 and described in detail below Schenme 17 OBn

, OBn 9 H wWOHH@00233 HO 10C34 Step 1. Preparation of PCT/IB2009/055544
544, 5- bi s(benzyl oxy) pyridin-2-yi] -R2R)-2-
hydr oxypropyl j -2, 4-di hydro-3H 1, 2, 4-tr i_%ql -3-one (C34).

Example 4
Preparation of 2-({{(12)-2-{[{3S)-1-{{l4-{2-amino-2-oxoethy}-3-(5-
hydroxy-4-oxo-1 4-dihydropyridin-2-yi)-5-oxe-4, S-dihvdro-1H-1.2 4-triazol-1-
yviisulfonylicarbamovl}-2-oxoazetidin-3-yvllamino}- 1-{2-aming-1,3-thiazol-4-yi)-2-

5  oxoethylidenelaminoloxy -Z~methvipropanoic acid, disodium sait {(4).

i
.#l(‘\ ONa
.0 o
Ny K oH
N N
Hal~ | Na N /E ]
s~ O 4N NN N

Compound 4 was prepared by the procedures depicted in Schemes 11

to 13 and described in detail below.
Scheme 11
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Step 1. Preparation of {3-[4 5-bis{benzyioxyipyridin-2-vi}-5-ox0-1,5~

dihydro-4H-1,2 4-triazol-4-yilacetonitrite {C24).
A. Preparation of 2-{[4,5-bis{benzyioxy)pyridin-2-yllcarbonyl}-N-
{cyanomethyhhydrazinecarboxamide {C23). Aminoacetonitiiie (0.11 g, 1.82



A. Preparation of 2-([4,5-bis(benzyloxy)pyridin-2-yl]carbonyl}-N(2R)-2-
hydr oxypr opyl Thydr azi necar boxam de (C. 33). Conpound C33 was prepared 15
accor di ngvoaotomsogzener al procedure for the synthesis of PCIAB2009/B3684pl e 3,
except that (2R)-1-am nopropan-2-ol was used in place of (2R)-3- - 59 -
am nopropane-1, 2-diol, and the reaction S heated for 60 hours, to provide
C33 as a white solid. Yield: 4.54 g, 10.T nmol, 84% LCVS mz 451.2 (M1).
1H NWVR (400 MHz, DMSO-d6) 6 1.00 (d. J= 6 2 Hz, 3H), 2.91 (m 1H), 3.01 (in,
1H),361(m1H) 4,64 (d, J=4.7 Hz, 533(brs 4H) , 628(dd J=5.8

, 3 93 (b 28
6 57 (b s el ane biltnytaiphie dr 865 65 ‘*@?ﬁ%ﬁ TR BUR e Sshieed
accor di ng tqﬂme‘e @F AL MIATBHEBI0IE g LE Bl e SRl dRr & FXamice 3.

except that C33 was used in place of ter the solid was filtered, it
was recryst dheimedurer oas lieated Hand$ Q25028 d”!Q'.Mﬁ ali m@mn@ioammemﬁ@ of

C34. Yield 400

Vi DVEO o) Buah S igans Ebaite Qies 1 Mifoblerg AdRE 4ndor o
ABX pattern, hebﬁﬂag Was @@rﬁ;n‘déd al@&*’(}%ﬂﬁﬁ(r@ﬁirs hatér BéingtoblRd @a@‘@wnh ah=13. 3,
7.4 Hz, 1H), =5.1 Hz, 1H), 5.28 (s, 2H), 5.31 (s, 2H), 7.32-7.49

(m 10H), 7.ig&bath, m Stg%psQS!pg wae) filtererh | gad (e ssolidHyvas -Wewed sdifere 18
\ NO HN. tétrﬁ@é%o&f@ngr%ogned under vacuum 1o afford C23 as a solid. Yield: 0.550
g, 1.27 mmol, 79%. LCMS m/z 430.3 (M-1). 'H NMR (400 MHz, DMSO-ds) &
4,00 (d, J=5.5 Hz, 2H}, 533 (s, 2H), 5.34 (s, 2H), 7.30-7.48 (m, 10H), 7.70 (s,
10 1H), 8.27 (s, 1H), 8.38 (br s, 1H), 10.18 {br s, 1H).
B. Preparation of €24 {Cyclization Method 2). 2,2 2-Triflucro-N-
methyl-N-{trimethyisiiyhacetamide {(MSTFA, 88%, 8 mi, 37 mmol) and C23
{0.310 g, 0.728 mmol}, were combined in a microwave tube and heated o
150°C for 15 minutes. This process was repeated six fimes for 8 combined
16 total of 220 g of C23 employed. The reactions were combined and
concentrated in vacuo, and the residue was purified by silica gel
chromatography {(Gradient: 30-50% ethyi acetate in heptane} to afford C24 as
a solid. Yield: 1.1 g, 2.66 mmol, 52%. LCMS my/z 414.2 (M+1). 'H NMR (400
MHz, DMSO-ds) 8 5.17 (s, 2H), 5.32 (s, 2H), 5.34 (s, 2H), 7.29-7.50 (m, 10H),
20 7.64 (s, 1H), 8.36 (s, 1H}, 12.34 (s, 1H).
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Step2. Preparationoftert-butyl 2-({[(12)-1 -{2-[(tert-

but oxycarworgioyeni2ao] -1 , 3-t hi a PCT/IB2009/055544

zol -4-y1}-2-({(3S)-1-[({3-(5- hydroxy- 4-oxo-1, 4-

5di hydropyridin-2-y1)-4-[(2R) - 2- hydr oxypJ.opyi j - 5- oxo- 4, 5-di hydro- 1H 1, 2, 4-
triazol -1-yil suifonyi)carbanoyll-2-oxoazetidin-3-yl}am no)-2-

oxoet hyl i dene] am nol oxy) - 2- net hyl pr opanoat e (C36).

A. Preparationoftert-butyl 2- ({[(12) 2- ({(3S)-14({344, 5-

libs(benzyl oxy) pyri di n-2- A- 4- R2R) - h)é%gg%p{fpyll 5- 0x0- 425-di hydro-1 H
,2,4-triazol -1-yl}sul fonyl)carbanoys ] - 2- oxoazeti di n- 3-%/1} amno)-1-{2-[(tert
- butoxyca rbonyl)amn o]-1, 3-thia ;&QI -¥<y1} - 2- oxoet hy¥tdenel am noi oxy) - 2-

nmet hyl propanoate (C35). A suspenst on®f>C34 (1 g, 2,3 M in
hexanet hyl di si |l azane (2,54 ni, %’106 nmoi ) es tr‘@at id th trimethylsilyl
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Step 2. Preparation of  fert-butyl  2-({{(1Z-1-{2-{{tert-

butoxycarbonylaminol-1,3-thiazol-4~-yi-2-{{{3 S)-1-{{[4-(cyanomethyi)-3-(5-

5  hydroxy-4-ox0o-1 4-dihydropyridin-2-vi)-5-ox0-4 5-dihydro-1H-1,2 4-triazol-1-
yilsulfonylicarbamoyl}-2-oxoazetidin-3-yllamino}-2-oxoethylidenelaminojoxy)-2-
methylpropanoate (C26).

A Preparation of  fert-butyl  2-({[(12)-2-({{38)}-1-{{({3-{4,5-
bis{benzyloxypyridin-2-yi-4-(cyanomethyl}-5-oxo-4 S-cihydro-1H-1,2 4-triazol-
10 1-vliisulfonylicarbamoyi]-2-oxoazetidin-3-yiyamino}-1-{2-[{tert-



chloride (0.002 nm., 0.012 mml), and the m xture was heated at 140C for 2
hours. The yell ow sol ution was then cooled to roomtenperature and

concentr aveaoion79®a) to afford a yell ow gum |In a separ @Ce/1B2@YRI5584
suspension of C13 (1.15 g, 2_.31 mmol) in dichloronethane (2 nL) under 5
nitrogen at 0C was treated with carbonyl sul famyl chloride (0.211 nL, 2.31
nmml ) and stirred for 1.5 hours at OC € m xture becane a honngenous
solution_ The material derived from C34 was treated wi th dichl oronet hane (2
m.), and the resul ting yeIIOM/sqution was cooled to -40C and stirred under

Mt 230" ¢ hiSHeBaT DAy prigezo b SR D RS PRy ke - 40C T or 30
mi nut es, wanfBghytH Tgﬁ&ﬂ:@té e(umateﬁrﬁ ORY d2donss ANpaidd HReEofftg Johgw at

room t enper ature he m xt ure was quenched by the addition of rret hanol (5
m), the solgmmmvmem@fe\ieﬁthersw&ms:enﬂcﬁhen @@d’@plwﬁt extet thalsCadmasi ed by

| | ch t h % th t
Sffora a5 et B HBPY (CREN e e mBihA et "Gt RS s beb3s. 7
(Mr1) 1H HVR c(m*@ﬂat‘ddl p a@tﬁémB @53’5%( (éxhyi heluklin ﬁﬂ}:i)(ané) t3)3aﬁaré3(}ﬁm
15H), 1.46 (s, ﬁﬁ 1H) (m 1H). 3.77 (m &n] 1H),
4 06 (m 1HYiel; ghb4 @, ?ﬁ_45mml|zi1%H?“ hisgnatgrig waemedmg“e etmwﬁ ool (s,

.31-7. 1 9.02(d, J=8.3 Hz, :
11 85 (br S fé&iér%%é%m%e &glﬁklé%%o 6(Efggfﬁfsl(a:orrpo:j)nd C36 \(Nas pr epar ed o

according to the Egen@aaipcpnoolemr €ofpouhlieCag nvae gireparbd @ ordingxiantlee 3,
except that C35

din ace of C2 nd the reaction r ogenat ed
at 25 psi fcgenf%'a RotecTe o e EasEs ALCABNEEaaIIe 5. SKERi-hat B45 oty 46

ol , 88% )

Pr epar at| on o ﬁnm‘%% %OM( %(] %j t??n‘%%&%%wﬁl azopéiate?)at g > Fﬁ g)g)«;sg hours

[ ({3- (5- hydrioxaffodd @d&asé whohwdsadipy rYididn 08301y - @ 7pe2RN0Y-387dr wGMEBopsd | - 5- o
X0- 54, 5- d| 3% f'L

,2,4-triazol g&l% fonyl ) car banoy11- 2- oxoneti di n- 3-yl1}am no) -

2 oxoet hyl i denel am nol oxy) - 2- net hyl propanoi ¢ acid, disodiumsalt (6). A
Preparation of 2-({[(1 2)-1-(2-am no-1 , 3-thi azol -4-y1)-24{(3S)-14({3-(5-
hydr oxy- 4- oxo- 1, 4- di hydropyri di n-2-y1)-4-[ (2R) - 2- hydr oxypr opy9- 5- oxo-4 5-

di hydro-11-1-1,2,4-triazol -1-yl I sul fonyl)carbanoyl] - 2- oxoazeti di n-311}am no
) - 2- oxoet hyl i denel am nol oxy) - 2- met hyl propanoi ¢ acid C37. Conpound C37 was
- 63 - prepared according to the general procedure for the synthesis of 3
in Exanple 3, except that C36 was used in place of C22. The crude product
was di ssolved in dinmethyl sulfoxide to a concentration of 100 ng/nmi,
filtered, and purified by preparative HPLC (colum: Waters Symretry C8, 5
pm 30 x 50 mm Solvent 5 A: 0.1% aqueous formc acid; Solvent B: 0.1%
formc acid in acetonitrile; Gadient: 6%to 26% 8). The fractions that
pertained to the desired product were concentrated in vacua to provide a
solid, which was dissolved in a mxture of acetonitrile (10 nL) and water
(100 m..), cooled to -78C and |yophilized to provide C37 as a pink solid.
Yield: 0.130 g, 0.186 mml, 15% LCMS miz 10 699.0 (Mtl). 1H NWR (500 MHz,
DMSO-d6) 6 0.97 (d, J=6.1 Hz, 3H), 1.43 (s, 3H), 1.43 (s, 3H), 3.38 (dd,
J=6.3, 3.2 Hz, 1H), 3.69 (dd, J=6.1, 6.1 Hz, 1H), 3.78 (m 1H), 3.86 (m
1H, 4.91 (m 1H), 6.83 (s, 1H, 7.39 (s, 1H, 8.02 (s, 1H), 9.08 (d, J=8.3
Hz, 1H). B. Preparation of 6. Conpound 6 was prepared according to

t he general procedure for the synthesis of 4 in Exanple 4, except that C37
was used in place of C27, and that the starting material C37 was di ssol ved
in methanol (20 nlL), sonicated for five mnutes, and concentrated in vacua.
This process was repeated three tines before the reaction was run. Conpound
6 was obtained as a pink solid. Yield: 0.150 g, 0.202 nmol, 96% 20 LCV5
nmz 699.8 (M+l). 1H NWR (400 MHz, DMSO-d6) 6 0.95 (d, J=5.3 Hz, 3H), 1.41
(s, 3H), 1.49 (5, 3H), 3.30-3.40 (m 1H, assuned; obscured by water peak)
3.82 (m 1H), 3.97 (m 3H), 5.11 (m 1H), 6.78 (s, 1H), 7.19 (br s, 1H),
7.36 (s, 1H, 7.88 (s, 1H).



Example 7 Preparation of 2-(ff(

17)-1-(2-am no-1, 3-thiazol-4-vi)-2-({(3S)-1-1({3-(5-

hydr oxy- 4W0x0t010745281 i hydr opyri di n- 2- 0- 4- 1( 2S) - 2- hydr oxy pCcogBi009/8556%i0- 4, 5-

di hydro-1H1, 2, 4-triazol - 1-yl } sul f onyl

) car banpby11l- 2- oxoazeti di n-3-yl | am no) - 2-

50xo0et hyl i denel am nol oxy) - 2- net hyl propa'r‘ﬁ’?i'c acid, disodiumsalt (7). 0 ONa

HNN Na N 6 08 eV-W1 7 Conmpound 7 was prepared by the procedures
depicted in Schenes 20 to 22 and described in detail bel ow. HN , N, c(/
HU 10C39
Scheme 13
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Step 3. Preparation of 4.
A, Preparation of 2-({{(1Z2)-2-{{{(3S)-1-{{{4-(2-amino-2-oxoethy!}-3-(5-
5  hydroxy-4-oxa-1,4-dihydropyridin-2-yi)-5-oxa-4,5-dihydro-1H-1,2 4-triazol-1-
yiisulfonylicarbamoyl)-2-oxoazetidin-3-yllamino}-1-{ 2-amino-1,3-thiazol-4-y)-2-
axoethylidenejaminoloxy)-2-methylpropanoic acid {€G27). Compound C27 was
prepared according o the general procedure for the synthesis of 3 in Example
3, except that €26 was used in place of C22. Also, the crude trifluoroacetic acid

10 salt of compound 4 was generated by evaporation of the tifluoroacetic



Step 1. Preparation of 5-[4,5-bis(benzyl oxy)pyridin-2-A-4-(2S)-2-

hydr oxypr opyl i - 2A-di hydro-3H 1, 2, 4-tri azol -3-one (C39). A Preparation of
2-{[ 4, 5- bWebmnmy326xy) pyri di n- 2-yl ] car bonyl | - N- E( 2S) - 2- PCT/IB2009/055544

hydr oxypr opyl | hydr azi necar boxam de (C38). Conpound C38 was prepared 15
according to the general procedure for the synthesis of Cl19 in Exanple 3,
except that (2S)-1-am nopropan-2-ol was ‘Used in place of (2R)-3- - 65 -
am nopropane-1, 2-di ol and the reaction was heated for 12 hours, to provide
C38 as a white solid. Yield: 12.56 g, 27.88 mmol, 87% LCMS niz 451.6

(ML) 1 A CARRMEG  ERE o8 chodled o 20 PetFrastibto sty LH0
5J=5.8 Hz, ]éfr%pio%@%‘r 5xﬁrﬁp@@ D rudé H8dl&: Wéé‘QitvSS@hf@@ itk E(méth I irox@e?8 (s,

1H), 9.99 (br s, B. Preparation of Conpoun repared
according tdotm@ogemtmonpafoé@@u*rx@/nﬂarf iteied, swﬂ hwsf %déw mam’tw&xﬁﬁg

oD B s P B, A0 T st ST Ry Sl o 22
rniz 43353 (sMdk-acldd %%ﬁt@%%ior%@c@% &:e%rﬁ@zié dGré&@n@ ki, t@@% 3 85
(m 1H), 398(|n 1H) 1H) 8 (s 2H), 7.31-7.49
(m 11H), 7.8B0 Tke fra&gqnsst 132 pega;nm{)tg txmgma@pmmmm @@5@4& 66
- Scheme thc _?§° ndWyaphalztzed to provide €27 as a pink solid. Yield: 0.078 g, 0.11
mmol, 12%. LCMS m/z 698.9 (M+1). 'H NMR (400 MHz, DMSO-ds) 8 1.38 (br
g, BH), 3.33 {(m, 1H), 3.65 {m, 1H), 4.61 (s, 2H)}, 4.88 (m, 1H), .74 (br ¢, 1H),
10 7.03{brs, 1H), 7.30 (s, 1H), 7.88 {s, 1H)}, 8.99 (d, J=7 42 Hz, 1H).
B. Preparation of 4. A solution of C27 (78 mg, 0.11 mmol) in a mixture
of acetonitrile (5 mb) and water (45 mb) was cooled to 0°C and sodium
bicarbonate {18.8 mg, 0.224 mmol) was added. The mixture was vigorously
stirred for ten minutes at 0°C. The suspension was then cooled to -78°C
15 {using a dry ive / acetone bath) and lyophilized to afford 4 as a pink solid. Yield:
0.078 g, 0.106 mmol, 95%. *H NMR (400 MHz, DMSO-dk) & 1.42 (s, 3H), 1.50
(s, 3H), 3-3.5 ppm obscured by water peak, 3.78 (m, 1H), 4.57 (d, J=16.4 Hz,
1HY, 4.72 {d, J=16.4 Hz, 1H), 515 {m, 1H)}, 6.78 (5, 1H), 6.99 (br. 5, 1H), 7.18
{brs, 3H), 7.38 (brs, TH), 7.41 {s, 1H), 7.81 (s, 1H}.
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Example 5

Preparation of 2-({{12)-1-(2-amino-1.3-thiazol-4-vl)-2-{{38}-1-[{{4- {2 S)-
2. 3-gdihvdroxypropyil-3-{5-hydroxy-4-oxo-1. 4-dihvdropyridin-2-v{}-5-oxo-4 5-

dihvdro-1H-1.2 4-tniazol-1-yiisulfonyhcarbamovyll-2-oxoazetidin-3-yllaming)-2-

5  oxoethylidenelaminoloxyi-Z~methyipropanoic acid, disodium sait {5).
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Compound 5 was prepared by the procedures depicted in Schemes 14

1o 16 and described in detaill below.

Scheme 14
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Step 1. Preparation of 5-[45-bis(benzyloxyipyridin-2-yl}-4-[{25)-2 3-
dihydroxypropyi}-2 4-dihydro-3H-1,2,4-triazol-3-one {€C29).

A.  Preparation of 2-{{4,56-bis{benzyloxy)pyridin-2-yijcarbonyl-N-[(23)-

2,3-dihydroxypropyilhydrazinecarboxamide (C28). Compound €28 was

15  prepared according to the general procedure for the synthesis of C19 in

Example 3, except that (25)-3-aminopropane-1,2-diol was used in place of



SSONNN NO-S , r,N100/ O/ ' 0- H, , C41H6

St ep2. Preparationoftert-butyl2-({[(1 2)-1-{2-[(tert-

but oxycarworylo@Eni2ao] - 1, 3- t hi azok4-y1}-2- ({(3S) - 14({ 3- ( PCmyBL00%9558440x0- 1, 4-

di hydropyridi n-2-y1)-4-[(2S)-2-hydroxypropyi]-5-0xo-4,5-di hydro-1H1
,2,4-triazol-

1 yI | sul fonyl ) car banpbyl) - 2- oxoazeti di n- 35%I } am no) - 2- oxoet hyl i dene] am no} ox

y)- 2-net hyl propanoate (C41).

A Preparationoftert-butyl2-(([(12)-2-({(3S)-14({3-[4, 5-

tol o et PSRN b aarenl P i CoB R phiaitass d el emid. ol

tert- -67- aAgditional product was obta ned b removmg the solvent from the filfrate in
but oxycar bonyl ) am no] -1, 3-t hi azol % oxpét hyl i dene] am no} oxy) - 2-

met hyl pr opan@a:ue t¢ affoyd a gelipw satid @168\mswlp«r:§pw8e&:lmatedon detrahvdeofuran @dner al
procedure fo )tam Eﬁ%‘gwes 45 of 8%315 :Kﬂ Ex g)lﬁ 6, .exce Ei t hat fﬁg%wa@ used
" pl ace of 15 TRPAne Jhen llerss{Bhafied 8,75ChRY ok

met hanol (3 dﬁn)mnéquwﬁlwmaamgmse@ 2R sgammandothe Lomdenmygrizal  was
purified by silica %h‘iﬂ chr omat ogr a géhﬂ@adl ent: 0-3% nethanol in ethyl

acet ate) to {(Ahflgr d DIIRASOR Mélzl b @l.6 ¥Pdlin. i B.4) (0. 688, mad (m,44%

1561 47 (P adctndl YIRS TGt 2 4 6 30 4g a7t %ﬂéimc 10y

318 (m 1H)7§g%1(;—m81:3lﬁ)(gzﬂ-;—§7(m 1H), 4.83 (d, J=5.5 Hz, 491(|n
1H), 5.29 (s, 2H) (s, 2H), 7.25 (s, 5%29731751(rn 10,760

(s, 1H), 8.36 (s, Bl@rep@a@n@tﬁ'&zﬁ@mpﬁum was grepased @ccandjng fo the g,

Pr epar at,i,on Qof IN ! I

pr ocedurﬂéJ fo(;g'3 @%%9% g:@ﬂ%@?ﬁ%;@éﬁg%ﬁﬂ x%gpg x%%nattﬁ%dg%vzgvsa%used
in place of (S2H,inanshe h@CﬂQad”them:mxﬂesarMMmiaéﬁdda&:ﬁﬁ@eﬁmnoi oro0Lmhour
Additionally, in this case filtrati was_carried out roughal bed of

1 O
ron-Tree CAhetot Botie: Wags" e oA en RIS KORGUBERIEI P J0cer | (Peag d.
then with d |‘é%ﬂa e e mnd A1
was obt ai ne g@hé@‘r@eﬁﬁt\/@{s 8& C}NH& IT(%@%%% afé@r@dc.‘!@ nﬁ%‘(r%% TB% mz 855.1
(M 201). mmol, 22%. LOMS m/z 449.2 (M+1). '+ NMR (400 MHz, DMSO-ds) & 3.28 {(m,
15 2H), 3.70 {m, 1H)}, 4.08 {1, &= 5.8 Hz, TH), 501 {d, J=54 Hz, 1H), 5.27 (5, 2ZH),
5.31 (s, 2H), 7.32-7.49 (m. 10H}, 7.58 (s, 1H), 8.32 (s, 1H), 12.03 (br s, 1H)



WO 2010/ 070523PCT/ | B2009/ 055544 - 68 - Step 3. Preparation 2-({[(1
Z)-1-(2-amno-1 ,3-thiazol-4-y1)-2-({(3S)-14({3-

(5- hydr oxwyo4emmoesk34- di hydr opyri di n-2-y1)-4-[(2S) - 2- hydPOXJPL00PYISp445- 0X0- 4,
5- 5di hydro-11-1-1,2,4-triazol -

- Asul f onyl ) car banoy1] - 2- oxoazeti di n- 3-yg4am' no) - 2-

oxoet hyl i denel am no}oxy) - 2- net hyl propanoi’™c acid, disodiumsalt (7). A
solution of C41 (0.630 g, 0.76 mmol) in dichioromethane (0.5 m..) was
cooled to OC and treated with trifluoroacetic acid (3.4 nL). The m xture
was warmed to roomtenperature and sggg Br‘ed {ﬁr 18 hours: the reaction

m xture was then slowy 10 added dro a stirring solution of

met hyl -tett-butyl ether (10 nlL) ancbh ptane (20 m.). The resulting solid
was filtered, dried in vacua, dis e\;si/lnto di met hyl gul foxide (1 and
purified via reverse phase chro ogrchphy (Redi Sep RF %ﬁ | um, 65 g;

Sol vent A: 0. 1% aqueous form c ac®Gd; Solvent B: 0.1 T acid in
acetonitrile; G adient: ﬁto 2 /B)H The fracthpsﬁlaj; 15 pertained to the
desired product were con \La]cua,.toHisr oVi deNa sotie»The solid
was sonicated in rre \%a”t he sol was ved (this was carried out
4 times) to give f fcojm terlal s'a whiteosolid. Yield: 0.103 g, 0.147
mmoi, 19% LCVS ni z 699 0 (M), 11- 1 NMR (500 M—jzﬁ)"DNB@"dG) 6 0.95 (d,
J=6.1 Hz, 3H), 1,43 (s, 3H), £%94 (s, 3H), 3.38 (dd, .456.5 3,3 Hz, 1H),
69 - 3.70 (dd, J=6.1, 6.1 Hz, 1H),.3.77 (m 1H), 3. (m 2H), 4.91( m

1H), 6.82 (s, 1H), 7,38 (s, 1H), 2@&\,,, 9.06 (d, J=8.8 Hz, 1H).
0.92 rrm)l) were pl aced round bottom

Conbi ned batches of free form (0.
flask with 10 nlL. of deionized wafer. The suspensiongmgs cooled to 0OC in an
ice bath and to this 5 mxturer«h d d (dropwi se) a sdl uthjqn of 0154 g of
sodi um bi carbonate in 1. rTLN 9 ’ gs‘ The suspensfonyWas stirred until
all the solids were dp d{! solutiom vvasNT\h f¢rﬂozen and | yophilized
affording 0,680 g Of{ congoufd-7 a@ a/ritght Npj Ak Splid LOMB tri/z 699. 6
(Mr1). 1H NWVR (500 ., D20-d6) 5 1°01(d, SNz, 3H), 1.32 (d, J = 6.0
Hz, 6H), 3.61 -3.70 (m 2.5H), 3.77 (dd, C’l/Z#‘&BXCBj‘Z 0185HZ 40Hz
0.5H), 3.88 (t, J = 8.0 Hz, 1H), 4.905%dd, J = “HZ”'QLSHZ 1H), 6.80
(s, 1H), 6.93 (s, 1H, 7.71 (s, 1H. ExaIle 8 Preparationof

(

2-({1(12)-1-(2-am no-1, 3-thi azol -4-y1)-2-{({(3S)-14(f4- f(

1, 5-di net hvl- 1H pyrazol - 3-vl) net hyli - 3- (5 hydr oxy- 4- oxo- 1, 4- di hydr opyri di n-
152-y1) - 5- oxo- 4, 5-di hydro-1H1, 2, 4-triazol - 1-yl | sul f onvl) car bamov11l- 2-
axoazeti di n-3-yl | am no) - 2- oxoet hvl | d% )fl nol oxv) - 2- met hyl or ocanoi ¢ aci d
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Step 2. Preparation of  tert-butyl  2-({{{(1Z3-1-{2-{{tert-

butoxycarbonyllamino}-1,3-thiazob-4-y3-2-{{{38)-1-{{{4-[(285}-2 3~
5  dihydroxypropyt]-3-(5-hydroxy-4-oxa-1 4-dihydropyridin-2-yl)-5-oxo-4, 5-dihydro-
1H-1,2 4-triazol-1-ylisulfonylicarbamovi}-2-oxoazetidin-3-yilamino}-2-
oxoethylidenelaminoloxy}-2-methyipropanoate (C31).
Al Preparation of  fertbutyl  2-{({J{12»-2-{{{35)-1-[({3-]4,5-
bis(benzyloxy)pyridin-2-yi]-4-{{2 5)-2, 3-dthydroxypropvi]-5-oxo-4,5-dihydro-1H-
10 1,2 4-trazol-1-yisulfonylicarbamoyl}-2-oxoazetidin-3-yilamino)-1-{2-{{tert-
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butoxycarbonyllamino}-1, 3-thiazob-4-yil-2-oxoethylidenelaminoloxy -2«
methylpropanoate (C30). Compound €30 was prepared according to the
general procedure for the synthesis of C21 in Example 3, except that C29 was
used in place of C20. After the reaction was guenched with methanol and
concentrated in vacwo, the residue was purified by silica gel chromatography
{Gradient: 25-100% ethyt acetate in heptane, then 0-7% methanol in ethyl
acetate) to afford €30 as a solid. Yield: 541 g, 5.14 mmol, 83%. LCMS m/z
1051.7 (M+1). "H NMR (400 MHz, DMSO-ds) & 1.38 {s, 9H), 1.40 (s, 3H), 1.40
{s, 3H}, 1.46 (s, 9H), 3.28 (m, 2H), 3.38 {dd, J=6.1, 3.2 Hz, 1H), 3.68 (m, 2H),
4.03 (m, 1H), 411 {m, 1H), 4.92 (m, 1H), 5.28 (s, 2H), 530 (s, 2H), 7.25 (s,
1H), 7.31-7.50 {m, 10H), 7.58 (s, 1H), 8.35 (5, 1H)}, .00 (d, J=8.3 Mz, 1H).

B. Preparation of C31. Compound C31 was prepared according o the
general procedure for the synthesis of C22 in Example 3, except that C30 was
used in place of C21, and the reaction was hydrogenated at 25 psi for 1.5 howr
to afford €31 as a red solid. Yield: 3.49 g, 4.00 mmol, 85%. LCMS m/z 871.6
{(M+1}



N,NN-NH "60 N/----MN A. Preparation of 43 (Coupling Method 2).
Conmpound C42 was prepared in an anal ogous manner to that described for the
pr epar at iwo 20fo/0Z8528n Exanple 1 5 affording 0.67 g (0, 72prewaBloowhHs5544 azal one
C42 as a white solid. LCMS ntz 483.4 (M+l). A suspension of C42 (0 100 g,
0.207 nmmoi ) in hexanethyl disilazide (0227 nL, 1,04 mol) under nitrogen at
23C was treated with thnethylsilylchlorittte (one drop, OA3 ulL, 0.001 mmoi).
The m xture was heated at 140C for 2 hours; upon heating - 71 - the
reacti on becane a clear brown solution. The m xture was cooled to room
tenperature and hel d under high vacuymfor hour producing a brown
glass-like material, Separately, a SM of C13 (0.103 g, 0.207 mmol)
i n dichloronmethane (0,1 nL) under m}tr en at 0OC was treated with

chl orosul fonylisocyanate (0.019 n, k¢ k5 207 mmol) and stirred until the

m xture becanme honbgeneous (appr-oXi imiely 5 nminutes). The solution was
stirred for 1.5 hours at OC. The.Silyiated triazolinne (0.207 mvi) was
treated with DCM (0.2 ni) the owa sol ution was cosl.ediio -40C and
stirred under nitrogen. 'ﬁ1 B e’d-\sul fanmoyl chl ofi d@ solution (0.1 nmi,
0.207 mmol ) was th Pra\nsf r_p’fed i a E.ii’l nge t‘@N he~gonhpl ex prepared from

C42 and the m xtur Osf.‘)lrred at 4 OSmnlfl\;es,H warmed to room
tenperature over 1 hour and stirred for Koar, room tenperature The
m xture was quenched by the additi®4 of methanol 5Sor), the solvent was

renoved in vacuo and the crude material purifi eamoy col utm chr omat ogr aphy
(silica-gel, 5% nethanol in dichloronmethane) to give 0.050 g (22% of C43.
LOVS rrriz 1085. 1 (Mr1). 1H NVR (400-MHz, DVMSO-de) 5 1.34- 1.48 (m 24H),
15 10H), 7.58 (5, 1H), 8.33 (s, 1K), 9.01 (br. s, 2H. B.
Preparatlon of 2-(([(12)- 1 (2 amn -1 3 t hi azoi - 4-yi ji- 2-{{(
S)-1-1({4-{(1,5- dinet yQOret h s [T/

y11- 3- (5- hydr oxy- 4- oxo- ZP‘/éh gdl n-Q- yl)mﬁ/@\%

204, 5-di hydro-1H1, 2, 4- tr| azc 1 @I {).&ar an‘o&l] 2- oxoazetidirt-3-yl
}am no) - 2- oxoet hy||d€l’l€] ani no} oxy)* 2 rre{ijhgggl‘* r, H ic acid (8). Compound
C43 was deprotected and HPLC purified in~an aﬁal oggusar‘[pnner to that

descri bed for conpound 1 in Exanple 1egagfordi ngH@¥015 g (9% of conpound 8
as a pink solid. LCVM5 mz 748.9 (Mtl),11H NVR (500 MHz, DVMBO-de) 6 1.41 (s,
3H), 1.41 (s, 3H), 25 2.39 (a, 1H), 3.%5 (s, 3H. 3.67 (m 1H, 3.91 (dd,
J=6.3, 6.3 Hz, 1H), 5.05 (m 1H), 5,58¥(s, 2H), 6.73 (s, 1H), 7.26(s, 1H),
7,34 (br s, 1H), 7.80(s, 1H), 9.10(%¢, J=8.0 Hz, 1H), 11.85 (s, 1H),

Addi ti onal Exanples 9-30 are sho )b%hgaw in TabI e A and were prepared

anal ogously to the Exanples above iusi ng either cycligation nethod 1 30
(described in Exanple 1, step 36@ or cyclization net h&(\)d (described in
Exanple 4, step 16), in conbgnat,kon?,;}vmth ei t her cog[gJ thod 1

(described in Exanple 1f ?Wp}ﬁ/A)\ﬁ)r upl NQQ rrgt h described in
Exanpl e 4, step 16). /ﬁo T/ s

O Qéz J
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Step 3. Preparation of 2-{{[{12)-1<2-amino~1,3-thiazol-4-y}-2-{{{38}-1-
[{{4-{(25}-2,3-dihydroxypropyi]-3-(5-hydroxy-4-oxo-1,4-dihydropyridin-2-yl)-5-
5  oxo-4,5-dihydro-1H-1 2 4-triazol-1-yiisulfonylicarbamoyi]-2-oxoazetidin-3-
yilamino}-2-oxoethylidenelaminojoxy)-2-methylpropanoic acid, disodium salt
(5).
A, Preparation of 2-({[{(1Z£)>1-{2-amino-1,3-thiazol-4-y))-2-({{35)-1-{({4~
[(28)-2,3-dihydroxypropyl}-3-(5-hydroxy-4-oxo-1 4-dihydropyridin-2-y)-5-0xo-
10 4,5-dihydro-1H-1,2 4-triazol-1-ylisulfonylcarbamoyl]-2-oxoazetidin-3-yllamino}-



72 v e (. \ND" 77,4 0T -5-€---- -6-70 ,¢ 3 ..-2(11) 07
-5,- ,',.Et-Emal,cl.-3 a....., ,..... R T - T A ST \
-NI 71: 0 wO.2010/070523. >: " "' - . ) 12 4)-..-c.'" || - . 1. OPCTABMI0OF055544 ,c O m
(f) )9(L) .-5h:ooE, ONt7,1pg.3....c.. ONrz ks ..E-- (4

- &7 -

2-oxoethylidenelaminoloxy-2-methyipropanoic acid €32. Compound €32 was
prepared according to the general procedure for the synthesis of 3 in Example
3, except that C31 was used in place of C22. The crude product was dissolved
in dimethy! sulfoxide to a concentration of 100 mg/mL, filtered, and purified by
5 preparative HPLC (column: Waters Symmetry C8, & um, 30 x 50 mm; Solvent
A 0.1% agueous formic acid;, Solvent B: 0.1% formic acid in acetonitrile.
Gradient: 3% to 23% B). The fractions that pertained fo the desired product
were concentrated in vacuo, keeping the water bath <30°C, to provide a solid.
This solid was dissolved in a mixture of acetfonitrile (10 mbL) and water {100
10 mb), cooled to -78°C and lyophilized to provide €32 as a pink solid. Yield:
0.155 g, 0.217 mmol, 8%. LCMS m/z 7152 (M+1). "H NMR (500 MHz,
DMSO-dg) 6 142 (s, 3H), 1.43 (s, 3H), 3.27 (m, 2H), 3.37 {dd, J=6.1, 3.1 Hz,
1H), 3.65 {(m, 1H), 3.70 {m, 1H), 3.95 {m, 2H), 4.91 (m, 1H), 6.81 (s, 1H), 7.37
(s, 1H), 8.01 (s, 1H), 8.04 (d, J=8.3 Hz, 1H). HPLC analysis: Hewlett Packard
15 1108; Column: Waters Symmelry C8, 5uM, 4.6 x 50 mm; Flow rate 1.2
mi/min; Solvent A: 0.1% aqueous formic acid; Solvent B: 0.1% formic acid in
acetonitrile; Gradient: 5% to 100% B over 6 minutes; Injection volume: 15 ul;
Detection: 254 nm; Retention time: 3.46 min.

B. Preparation of compound §. Compound 5 was prepared according to
20  the general procedure for the synthesis of 4 in Example 4, except that C32 was
used in place of €27, to afford § as a pink solid. Yield: 0.185 g, 0.204 mmaol,
97%. LCMS myz 715.2 (M+1). "H NMR (500 MHz, D:0) 8 1.40 (s, 3H), 1.42 (s,
3H), 3.49 (dd, half of an ABX pattern, J=12.2, 4.8 Hz, 1H), 3.57 {(dd, half of an
ABX pattern J=12.2, 3.7 Hz, 1H), 3.74 (m, 1H), 3.88 (m, 1H), 3.8 (m, 3H),
25 503 (m, 1H), 6.90 (s, 1H), 7.02 (s, 1H), 7.80 (s, 1H). HPLC analysis: Hewlett
Packard 1100; Column: Waters Symmetry C8, 5uM, 4.6 x 50 mm; Flow rate
1.2 mb/min; Solvent A: 0.1% aqueous formic acid; Solvent B: 0.1% formic acid
in acetonitrile; Gradient: 5% to 100% B over 6 minutes; injection volume: 15

ul.; Detection: 254 nm; Retention fime: 3.44 min.
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Example 6

Preparation of 2-({[{12)-1-{2-amino-1.3-thiazol-4-yH-2-{{{38)-1-{{{3-({5-
hvdroxy-4-gxo-1.4-dihvdropvridin-2-yi)-4-{{ 2R)-2-hydroxvpropyil-5-oxo-4 5~

dihydro-1H-1.2 4-triszol-1-ylisulfonyhcarbamovil-2-oxoaretidin-3-yllamino}-2-

5  oxoethvlidenelaminotoxy)-Z-methyipropanoic acid, disodium salt. (6).

O
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Compound 6 was prepared by the procedures depicted in Schemes 17

to 19 and described in detail baelow.

Scheme 17
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Step 1. Preparation of 54 5-bis{benzyloxy)pyridin-2-yi]-4-§(2R)-2-
hydroxypropyl}-2 4-dihydro-3H-1,2 4-triazol-3-one {C34).

A. Preparation of 2-{[4,5-bis(benzyloxy)pyridin-2-ylicarbonyl}-N-{{(2R)-2~

hydroxypropylihydrazinecarboxamide (€33). Compound C33 was prepared

15 according o the general procedure for the synthesis of C19 in Example 3,

except that (2R}-1-aminopropan-2-ol was used in place of (2R}-3-



WO 2010/ 070523PCT/ 1B2009/ 055544 73 2-(([(1Z2)-1-(2-arnino-1, 3- Selected
peaks; 1.38 thiazol-4-y1)-2-{1(3S)-1-(0- (s. 3H). 1.39 (s, 3H.

(5- hydr oxyodemmoes34- 1,78 (m 2H), 1,89 (m dihydropyr iPpdTnB20YeHs6IX0- 4-
2H), 3.15-3 36 (m (2-pyrrolidiri-l-ylethyl)-4,5- assunmed 7H,

di hydro-1H 1, 2, 4- Mazol - 1- obscured by er yilsul fonyl}carbanoyl) - 2-
peak), 3.58 (m 2H), oxoazetidin-3-yljam®o)-2- 4.13 (m 1H), 5.68 (br
oxoet hyl i deneJam noi oxy) - 2- s 1H), 6.06 (hr a, 1H), nethyl propanoic acid
6,86 (s, 1H), 7.30 (hr s, 8.85 (br s. 1H): 7361(M1

petks: 1 27- %%%D%ﬂ%ﬁ?ﬁé@%% BRirRaS G YR ated 19283 T o provids
€33 as a white solid. Yield: 4.54 g, 10.1 mmol, 84%. LOMS mvz 451.2 (M+1).
'H NMR (400 MHz, DMSO-ds) $ 1.00 (d, J=8.2 Hz, 3H), 2.91 {m, 1H), 3.01 {m,
1H), 3.81 (m, 1H), 4.64 {d, J=4.7 Hz, 1H), 533 (brs, 4H), 6.28 (dd, /=58 Hz,
5 1H), 7.31-7.49 (m, 10H), 7.69 (s, 1H), 7.93 (br s, 1H), 8.28 (s, 1H), 9.97 (br s,
H).

B. Preparation of C34. Compound C34 was prepared according to the
general procedure for the synthesis of C20 in Example 3, except that C33 was
used in place of €C19. Afer the solid was filtered, it was recrystallized from

10 methanol {250 ml) to obtain two combined crops of €34, Yield: 365 g, 84.4
mmol, 74%. LCMS m/z 433.6 (M+1). "H NMR (400 MHz, DMSO-ds) & 0.98 {d,
J=6.3 Hz, 3H}, 3.81 {m, 1H), 3.96 {dd, half of an ABX pattern, J=13.3, 53 Hz,
1H), 4.05 (dd, half of an ABX pattern, J=13.3, 7.4 Hz, 1H), 4.84 (d, J=5.1 Hz,
1H), 5.28 (s, 2H), 5.31 (s, 2H), 7.32-7.49 {m, 10H), 7.59 (s, 1H), 8.32 (s, 1H),

15 11.86 (brs, 1H).



hydr oxy-4-ox0-1,4- 3H). 1,56 (s, 3H), 3.39 dihydropyridin-2-0-5-0xo0- (in,
4H), 3.59 (dd, 4,5-dihydro-1H1,2,4-triazol- J=6.6, 6,6 Hz, 1H),

1-yl } sul fwoybjoaoizanoyl ] -2- 3.66 (t, J5.4 Hz, 2H), oxoaPewiiBong/@35p443. 92( dd.
J=6.6, 6.6 Hz, 1H), 4.51 (t, J=5.4 oxoethylidenejam no}oxy)-2- Hz, 2H),
5.34 (m nmethyl propanoic acid 1H), 6.89 (s, 1H), 7.50 (a, 1H), 8.05 (s,
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Step 2. Preparation of fert-butyl 2-({{{1.2»1-{2-[{tert-
butoxycarbonylamino}-1,3-thiazol-4-yl}-2-({(38)-1-{({3-(5-hydroxy-4-oxo-1 4~
5  dihydropyridin-2-y})-4-[(2R)-2-hydraxypropyil-5-oxo-4,5-dihydro-1H-1,2 4-
triazol-1-yhisulfonylcarbamoyll-2-oxoazetidin-3-yllamino)}-2-
oxoethylidenelaminoloxy)-2-methyipropanoate (€36).
A, Preparation  of  fert-butyl  2-({{(1Z2»-2-({(3S}-1-{{{3-14,5-
bis{benzyloxypyndin-2-yi}-4-{{2R}-2-hydroxypropyi}-5-oxo-4,5-dihydro-1H-

10 1,2 4-riazol-1-ylisulfonyl)carbamoyi]-2-oxoazetidin-3-ylyamino - 1-{2-[{tert-
butoxycarbonyllamino}-1,3-thiazot-4-yi}-2-oxoethylidenslaminoloxy)-2-
methylpropanoate (C35). A suspension of C34 (1 g, 2.31 mmol} in 1,1,1.3,3,3-
hexamethyldisilazane {2.54 mbL, 11.6 mmol) was treated with trimethylsilyl
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-(([(12)-1-(2-arnino-1,3-- 1.41 (s, 3H, 1.41 (s,

hi azol - 4wWQ2pr0A79263S) - 1- (0- 3H). 3.36 (cid, J=6.2, (5-RrgunBip9/dsssxo- 1, 4-
,2 Hz, 1H), 3,69 (dd, dihydropyridin-2-0)-5--0x0-4- J6.2, 6.2 Hz, 1H),
2.2,2-trifluoroethyl)-4.5- 4.91 (in, Ifgﬂ 5.11 (in,

di hydro-1H 1, 2, 4-thazot-1- 2H), 6.76 (s, , 7,37 yilsul fonyl}carbanoyl) - 2-
(s. 1H). 8.00 (s, 1H). oxoazetidin-3-yljamnol-2- 9.01 (d, J=8,3Hz. 1H):
oxoet hyl i deneJami nol oxy) 2- 723.1 (m+l) nethyl procancic acid

t2 h,( Q%Z) i 411 ( Oﬂjpe{ {b? @(qé% ?Q ?iQ g@ﬁy%%nﬁ%@ gmgtg:ﬁ; wag heated at 140°C for 2

(3. 3-di met hydik ¥ 1)rHd- ¢ Tlaxﬂxssuiﬁ’(ﬁm @a§7th@zﬁdco@é€r%M’Oﬂﬂp%émbefjamrb—%rﬁ 3.1
Hz. 1H), dihydropyridin-2-0-5-o0xo-

4, 5- di hydr o-Coceniatedt frazsicuoHo aﬁayéi a mo&\mgtmm) o a separate flask, a
1-yi | sul fonyi } car bano 1
oxnazetidi n- %}sgfzp%m{l n%fj bﬂ% ﬂ_ﬂg g‘g;‘? qulibm dlgﬁloramethane {2 mbL) under

5 nitrogen at 0°C was treated with carbonylsuffamoyl chioride {0.211 mbL, 2.31

2
t
3
(

mmot} and stired for 1.5 hours at 0°C. The mixture became a homogenous
solution. The material derived from C34 was treated with dichloromethane (2
mi), and the resulting yellow solution was cooled to -40°C and stirred under
nitrogen. The ice-cooled C13-containing reaction mixture was transferred into

10 this solution via syringe. The mixture was stirred at -40°C for 30 minutes,
warmed to room temperature over 1 hour and stirred for 2 hour at room
temperature. The mixture was quenched by the addition of methanol (5 mL),
the solvent was removed in vacuo, and the crude matenal was purified by silica
gel chromatography {Gradient:  0-3% methanol in ethyl acetate) to afford C35

15 as a solid. Yield: 1.42 g, 1.37 mmol, 59%. LCMS mvz 1035.7 (M+1) 'H NMR
{400 MHz, DMSO-~dg) & 0.95 (d, J=85.8 Hz, 3H), 1.33-1.43 {m, 16H), 146 (s,
OH), 3.40 {m,1H), 3.71 (m, 1H), 3.77 {m, 1H), 3.95 (m, 1H), 4.06 {m, 1H), 4.84
(d, J=5.1 Hz, 1H), 5.29 (s, 2H), 5.31 (s, 2H), 7.25 (5, 1H), 7.31-7.51 (m, 10H),
7.60 {s, 1H), 8.36 (5, 1H}, 9.02 (d, /=83 Hz, 1H), 11.85 {(brs, 1H).

20 B. Preparation of €36. Compound €36 was prepared according to the
general procedure for the synthesis of C22 in Example 3, except that C35 was
used in place of C21, and the reaction was hydrogenated at 25 psi for 1.5 hour,
to afford €36 as a red solid. Yield: 3.84 g, 449 mmaol, 88%. LCMS m/z 8530
{(M-1).



oxoet hyl i denel am no}oxy)-2- 9,05 (br d, J=8,8 Hz, nethyl propanoic acid 1H):
725.2 (M) 2-({[(12)-1-(2-arnino-1,3- 1.42 (s,

t hi azot - 4WQQoR/((70423S) - 1- (([ 3- 3H),

3.16 (5, 3H),

(HOD, obscures di hydropyridin-2-0-4-(2-

regi on),

3H), 1.50 (s,
3. 32 ( BChmyBz00%Y554440X0- 1, 4-
3.48 (rn, 2H),

met hoxyet hyl ) - 5- oxo-4,5- 3.78 (dd, 3=6.

6.3 di hydro-1H 1.2, 4-tri azol -

Hz, 1H), 4,18 (rn, 2H), ylisul fonyi}carbdnoyi)-2- 5.14 (in, 1H), 6.79 (s,
oxoazetidin-3-yi]Jamno)-2- 1H), 7.19 (br s, 2H), oxoethyl denej am no}oxy) - 2-
7,40 (5, 1H), 7,88 (s, nethyl propanoic acid, 1H: 699.2 (MI) disodiumsalt
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Step 3. Preparation of 2-{{[{14)-1-(2-amino-1,3-thiazol-4-yl}-2-{{{38)-1-
[{({3-(5-hydroxy-4-oxo-1.4-dihydropyridin-2-yl}-4-{(ZR}-2-hydroxypropyi]-5-oxo-

4 5-dihydro-1H-1,2 4-triazol-1-yiisulfonylicarbamoyi]-2-oxoazetidin-3-ylilamino)
2-oxoethylidenelaminoloxy -2-methyipropanoic acid, disodium salt ().

A. Preparation of 2-({{(1.2)-1-(2-amino-1,3-thiazol-4-y)-2- ({38 1-{{{3-(5-
hydroxy-4-oxo-1 4-dihydropyridin-2-yi}-4-[{2R)-2-hydroxypropyi}-5-ox0-4,5~
dihydro-1H-1,2 4-triazol-1-ylisulfonyl)carbamoyl]-2-oxoazetidin-3-yllamino)-2-
oxoethylidenelamincloxy)-2-methylpropanoic acid C37. Compound G37 was
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prepared according o the general procedure for the synthesis of 3 in Example
3, except that C36 was used in place of C22. The crude product was dissolved
in dirnethyl sulfoxide to a concentration of 100 mg/mi, filtered, and purified by
preparative HPLC (column: Waters Symmetry C8, 5 um, 30 x 50 mm; Solvent
5 A (.1% aqueous formic acid; Solvent B: 0.1% formic acid in acetonitrile;
Gradient. 6% to 26% B). The fractions that pertained fo the desired product
were concentrated in vacuo to provide a solid, which was dissolved in a mixture
of acetonitrite (10 mL} and water {100 mL), cooled o -78°C and lyophilized to
provide €37 as a pink sofid. Yield: 0.130 g, 0.186 mmol, 15%. LCMS m~
10 699.0 (M+1). 'H NMR (500 MHz, DMSO-ds) 8 0.97 (d, J=6.1 Hz, 3H), 1.43 (s,
3H), 1.43 (s, 3H), 3.38 {dd, J=6.3, 3.2 Hz, 1H), 3.69 {dd, J=6.1, 6.1 Hz, 1H),
3.78 (m, 1H), 3.86 {m, 1H), 4.81 {m, 1H), 6.83 (s, 1H), 7.39 (s, 1H), 8.02 {s,

1H), 9.08 (d, J=8.3 Hz, 1H).
B. Preparation of 6. Compound 6 was prepared according to the
15  general procedure for the synthesis of 4 in Example 4, except that C37 was
used in place of €27, and that the slarting material €37 was dissolved in
methanol (20 mL}, sonicated for five minutes, and concentrated in vacuo.
This process was repeated three times before the reaction was run.
Compound 6 was obtained as a pink solid. Yield: 0.150 g, 0.202 mmol, 96%.
20 LCMS nyz 699.8 (M+1). "H NMR (400 MHz, DMSO-ds) § 0.95 (d, J=5.3 Hz,
3H), 1.41 {3, 3H), 1.49 (s, 3H), 3.30-3.40 {m, 1H, assumed; obscured by water
peak) 3.82 {m, 1H}, 3.97 (m, 3H), 5.11 (m, 1H), 6.78 (s, 1H), 7.19 {br s, 1H),

7.36 (s, 1H), 7.88 (s, 1H).
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1.42 thiazol-4-0)-2-({(3S)-1-[({3- (br s. 6H), 3.38 (m 1

(5- hydr oxywodemmoes34- H). 3,48 (t. "i=5.1, 2 dthydropyripdrnBR0YYP355440X0- 4-
H, 3.70 (dd. Jz---6.2, [(2S)4etrabydrofuran-2- 6.2, 2H). 3.97 (m 2H),
yirnethyil-4.5-di hydro-1H 4,13 (Fri, lég), 4.92 1,2.44riazol-1- (m 1 H),
6.82 (s, 1 H), yi}sillfonyi)carbarnoyi)-2--7.35 (s, 1 H), 8.01 (s,
oxoazetidin-3-yllamno)-2- 1H), 9.04 (d, oxoethylidenejan no)oxy)-2- Hz,
1H); 725.2 (M+1l) nethyl propail G C acid 2-({R12)-1-(2-am no-1, 3- (500 MHz)

1.44 (s, Example 7
Preparation of 2-({[{12)-1-{2-amino-1.3-thiazol-4-yH-2-{{{38)-1-{{{3-({5-
hvdroxy~-4-oxo-1.4-dihvdropyridin-2-yi)-4-{{2 §)-2-hydroxypropvll-5-oxo-4 . 5-

dihydro-1H-1.2 4-triszol-1-ylisulfonyhcarbamovil-2-oxoaretidin-3-yllamino}-2-

5 oxoethvlidenelaminotloxy)-Z-methyipropanoic acid, disodium salt (7).
O
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Compound 7 was prepared by the procedures depicted in Schemes 20
t0 22 and described in detail below.
Scheme 20

TN,

10 C39
Step 1. Preparation of 5-[4,5-bis(benzyioxy)pyridin-2-yl}-4-[{25}-2-
hydroxypropyl}-2 4-dihydro-3H-1,2 4-triazol-3-one {C38).
A. Preparation of 2-{{4 5-bis(benzyioxyipyridin-2-yljcarbonyl}-N-{{(285}-2-
hydroxypropylihydrazinecarboxamide {C38). Compound C38 was prepared
15 according to the general procedure for the synthesis of €19 in Example 3,
except that (2S5)1-aminopropan-2-0f was used in place of (2ZR}-3-



3H),

1.44 (s, 3H), 1.67 (5-hydroxy-4-ox0-1,4- (rn, 2H). 3.35 (t, J=6
di hydropyridin-2-yl)-4-(3- Hz, 2H), 3.38 (dd, hydroxypropyl)-5-o0xo0-4,

.. 12z6. 5.w8,281070523H) , di hydro-1H 1. 2. 4-triazol -1- 3. 70 PCudB20d9/655444 6.
yr)sul fonyi }car banoyi )-2- Hz, 11-1), 4.01 (m 2H),

oxoazetl din-3-yilarnino)-2- 4.92 (m 1H)

6.84 (a,

, 3
5-

4
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amincpropa/né}’g ,%:d_idi,c LEMne reaction was heated for 12 hours, to provide
C38 as a white solid. Yield: 12.56 g, 27.88 mmol, 87%. LCMS8 m/z 451.6
(M+1). "H NMR (400 MHz, DMSO-dy) § 1.00 (d, J=6.2 Hz, 3H), 2.81 (m, 1H),
3.01 {m, 1H), 3.61 (m, 1H), 465 (d, J~4.7 Hz, 1H), 533 (s, 4H), 6.28 (dd,
J=5.8 Hz, 1H}, 7.31-7.49 (m, 10H), 7.69 {s, 1H), 7.93 (br s, 1H), 8.28 (s, 1H),
8.99 (brs, 1H).

B. Preparation of C39. Compound C39 was prepared according to the
general procedure for the synthesis of C20 in Example 3, except that €38 was
used in place of C19 and the reaction was heated for 18 hours to afford C39 as
a red solid. Yield: 4.25 g, 9.82 mmol, 95%. LCMS nvz 433.3 (M+1). "H NMR
{400 MHz, DMSQO-ds) 8 0.98 (d, J=8.3 Hz, 3H), 2.85 (m, 1H), 3.98 (m, 1H}, 4.07
{m, 1H}, 5.28 {s, 2H), 5.31(s, 2H), 7.31-7.49 {m, 11H), 7.60 (s, 1H), 8.32 (s,
1H).
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Step 2. Preparation of ferf-butyt 2-({[{12}-1-{2-[{tert-

10

butoxycarbonyllaminol-1,3-thiazob-4-yl}-2-{{{3S)-1-[{{3-{5-hydroxy-4-ox0-1,4~

dihydropyridin-2-yh-4-[(2 S)-2-hydroxypropyi]-5-oxo-4 5-dihydro-1H-1,2 4-triazol-

1-yiisulfonyl)carbamoyi]-2-oxoazetidin-3-yi}amino)-2-oxcethylidenelamino}oxy}-

Z2-methyipropancate (C41).
A fert-butyt
bis{benzyloxypyridin-2-yi}-4-{(25)-2-hydroxypropyl-5-oxo-4 5-dihydro-1H-

Preparation  of

1,2, 4-triazol-1-yl}sulfonyl)carbamoyi]-2-oxoazetidin-3-yijamino}-1-{2-[{fert-

2-({[(12)-2-({(38)-1-[{{3-4.5-
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butoxycarbonyllamino}-1, 3-thiazob-4-yil-2-oxoethylidenelaminoloxy -2«
methylpropanoate (€C40). Compound €40 was prepared according fo the
general procedure for the synthesis of C35 in Example 6, except that C39 was
used in place of C34. Afer the mixture was guenched by the addition of
methanol (3 mL}, the solvent was removed in vacuo and the crude material was
purified by silica gel chromatography {Gradient: 0-3% methanol in ethyl
acetate) to afford C40 as a yellow solid. Yield: 0.71 g, 0.685 mmol, 44%.
LCMS m/z 1035.8 (M+1). 'H NMR (400 MHz, DMSO-dg) § 0.96 (d, J=6.2 Hz,
3H), 1.38-1.47 {m, assumed 24H), 340 {dd, J= 6.2, 3.1 Hz, 1H), 3.71 (m, 1H),
3.78 (m, 1H), 3.95 {m, 1H), 4.07 (m, 1H), 4.83 (d, J=5.5 Hz, 1H), 4.91 (m, 1H),
5.28 (s, 2H), 5.31 (s, 2H), 7.25 {s, 1H), 7.31-7.51 {m, 10H)}, 7.60 (s, 1H), 8.36
(s, 1H), 9.01 (d, /=8.6 Hz, 1H}, 11.82 (br g, 1H).

B. Preparation of C41. Compound C41 was prepared according 1o the
general procedure for the synthesis of C22 in Example 3, except that C40 was
used in place of €21, and the reaction was hydrogenated at 30 psi for 1 hour,
Additionally, in this case filiration was carried out through a 1 cm bed of wron-
free Celite (Celite was pre-washed with 1N agueous hydrochloric acid, then
with deionized water, then with acetone, and then dried). Compound C41 was
obtained as a red solid. Yield: 0.630 g, 0.7 mmol, 100%. LCMS mvz 855.1 (M-

1)

0
Co
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Step 3. Preparation 2-{{{{12)-1-(Z-amino-1,3-thiazol-4-y)-2-({{38)»1-{{{3~
{5-hydroxy-4-oxo-1,4-dihydropyridin-2-yi)-4-{{2 S)-2-hydroxypropyl]-5-oxo-4,5-

5  dihydro-1H-1,2 4-triazob-1-yliisulfonylicarbamoyl}-2-oxoazetidin-3-yllamino -2~
oxoethylidenejaminoloxy-2-methyipropancic acid, disodium salt {7}, A solution
of C41 (0.630 g, 0.76 mmol) in dichioromethane {0.5 mL) was cocled to 0°C
and treated with trifluoroacetic acid {3.4 mL). The mixture was warmed to room
temperature and stirred for 18 hours; the reaction mixiure was then slowly

10 added drop-wise to a stirring solution of methyl-tert-butyl ether (10 mlL) and
heptane (20 mL). The resulting solid was filtered, dried in vacuo, dissolved into
dimethyl sulfoxide (1 ml) and purified via reverse phase chromatography
{RediSep RF C Column, 65 g; Solvent A: 0.1% aqueous formic acid; Solvent
B: 0.1% formic acid in acetonitrile; Gradient. 5% to 25%B). The fractions that

15 perfained to the desired product were concentrated in vacuo to provide a solid.
The solid was sonicated in methano! and the solvent was removed (this was
carried out 4 times) to give free form material as a white solid. Yield: 0.103 g,
0.147 mmol, 19%. LCMS m/z 699.0 (M+1). 'H NMR (500 MHz, DMSO-ds) 3
0.95 (d, J=6.1 Hz, 3H), 143 (s, 3H), 1.44 (s, 3H), 3.38 (dd, J=6.5, 3.3 Hz, 1H),
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C.0 (NI

t hi azol- awW0)20R/070%23S) - 14({3- 3H). 3.38 (m 1H), (5-hydrorgTABIN®OL44

3A2-3.74(m assune di hydropyridin-2-0)-44(5- 1 H, obscured by
met hyl i soxazoi -3-yi)nmethyl |- water peak)
H1 2,4- 1H), 5.35 (s, 2H), triazoi- 660'5(5 1H), 618 (s,
yi }sU fonyi) car barnoyi 1-2- 1H). 7,35 (s 1H), 7,93
oxoazetidi n-3-yl}amno)-2- (s, 1H), 9.01 (d, J=8.0

4.92 (m 5-0x0-4,5-clihydro-1

et iy SSTESTROL )5 iy 2y A A O 1385, ¢

1H), 7.38 (s, 1H), 8.02 {5, 1H), 9.06 (d, 4=8.8 Hz, 1H). Combined batches of
free form (0.676 g, 0.92 mmol) were placed round bottom flask with 10 mb of
deionized water. The suspension was cooled to 0°C in an ice bath and to this
5  mixture added {dropwise) a solution of 0.154 g of sodium bicarbonate in 1.0 mL
of water. The suspension was stirred until all the solids were dissolved. The
solution was then frozen and lyophilized affording 0.680 g of compound 7 as a
light pink sofid. LCMS m/z 899.6 (M+1). 'H NMR {500 MHz, D.0-ds) 5 1.01(d, J
= 8.5 Hz, 3H), 1.32 (d, d = 6.0 Hz, 6H), 3.61 - 3.70 {m, 2.5H), 3.77 (dd, 2 ABX,
10 J=185Hz,40Hz 05H), 388 (1, J=80Hz, 1H), 490 (dd, J=7.5Hz, 45 Hz,
1H), 6.80 (5, 1H)}, 6.93 (s, 1H), 7.71 {s, 1H).
Example 8
Preparation__of  2-({l{(12)-1-(2-aming-1,3-thiazol-4-y1)-2-({{38)-1-{({4-
[{1.5-dimethyl-1H-pyrazol-3-viimethy-3-{5-hydroxy-4-oxo-1 4-dihydropyridin-
15 2-yi)-5-oxe-4 5-dihydro-1H-1.2 4-triazol-1-yiisulfonviicarbamoyii-2-

oxoazetidin-3-yllamino)-2-oxoethvlidenelamincloxy)-2-methvipropanoic  acid

(8).

20 Compound 8 was prepared by the procedures depicted in scheme 23

and outlined in detail below.



thiazel-4-yi)-2-{R3S)-1-({14- 3H). 1,44 (s, 3H), 2,97 (3-hydroxy-2,2- (s,
2H). 3.38 (dd: dinethyloropyi)-3-(5-hydroxy- J=6 3, 3.2 Hz, 1H),

4- oxo- 1, awaizbydrregzgri di n-2- 3.70 (dd, J=6.3, 6.3 yl)-5- ex0AB2009/085844dr o- 1H-
Hz, 1H), 4.05 (s, 2H), 4,92 (m 1H), 6.83 (s.
Asul fonyl | car banoyl)-2- 1H), 7,28 (S. lﬁg 8. 02 oxpazeti di n- 3- Aar ni nc} - 2-
(s, 1H), 9.05 (d. J=8.4 oxoethylidenel ani‘-nol oxy)-2- Hz, 1H); 726.9 (Ml)

met hyl propanoic acid , , \ 2.",----- 0 10 /1 09 14,---""" -'"(-) R
IO--_1)11111111 " I\VpOhOO' HO/ \),, ----- \--,--4.I O H90
Scheme 23
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A. Preparation of €43 (Coupling Method 2). Compound €42 was prepared in

an analogous manner fo that described for the preparation of C8 in Example 1

5 affording 0.67 g (0.72 mmol} of triazalone €42 as a white solid. LCMS m/iz 4834
{M+1). A suspension of C42 {0.100 g, 0.207 mmol} in hexamethyldisitazide (0.227 mL,
1.04 mmol} under nitrogen at 23°C was treated with timethylsilylchioride (one drop,

0.13 ul, 0.001 mmol). The mixture was heated at 140°C for 2 hours; upon heating



P',c-1,, HN--"N'n Hfi IIf- ---NH6\ g. HO,,. WO

2010/ 070523PCT/ 1B2009/ 055544 81 Sel ect ed peaks- 1.40

t hi azol - awW0)20R2/070%23S) - 14({3- (s. 9H). 2.74 (t. J = 7.5 @6EThpZhOYAISS4H OXO-1t 4-
Hz, 2H), 4.13 (t. J dihydropyridin-2-0)-442-(3- 8.1 Hz. 2H), 486 -

met hyl phenyl) et hyl | - 5-oxo- 4.92 (n, 1H) 7 6.78

-4.5-di hydro-1H 1, 2, 4-triazol- 6.95 (m~ éH), 7.07 (t, J

1-y1)-sul fonyl)c, arbanoyl11-2- = 7.8 HzZ, 1H), 7.12 (s.

the reaction became a clear brown solution. The mixiure was cooled o room
temperature and held under high vacuum for 1 hour producing a brown glass-like
material. Separately, a suspension of C13 (8.103 g, 0.207 mmal) in dichioromethane
(0.1 mL) under nitrogen at 0°C was treated with chiorosulfonylisocyanate {0.019 mi.,
5  0.2087 mmol) and stired until the mixture became homogeneous {(approximately 5
minutes). The solution was stired for 1.5 hours at 0°C. The silylated triazolinone (0.207
mmol} was treated with DCM (0.2 mL), the brown solution was cooled to ~40°C and
stirred under nitrogen. The prepared sulfamoyl chioride solution (8.1 mb, 8.207 mmol}
was then transferred via syringe to the complex prepared from C42 and the mixture

10 stirred at -40°C for 30 minutes, warmed o room temperature over 1 hour and stirred for
2 hours at room temperature. The mixture was quenched by the addition of methanol
{0.5 mi), the solvent was removed in vacuo and the crude material purified by column
chromatography (silica-gel, 5% methanol in dichloromethane) to give 0.050 g (22%) of
C43. LCMS mv/z 1085.1 (M+1). "H NMR (400 MHz, DMSO-ds) 5 1.34 ~ 1.48 (m, 24H),

15 2.008-~210(m, 1H), 225~ 228 {m, 1H), 3.40 ~ 3.44 {m, 1H), 3.55 (s, 1H), 4.92 (br. s,
1H), 520 ~5.63 {m, 4H), 556 ~ 563 {m, 1H), 725 (d, J =4 8 Hz 1H), 728 - 7.50 (m,
TOH}, 7.88 {s, 1H), 8.33 (s, 1H), 9.01 {br. s, 2H).

B. Preparation of 2-({[{(12)-1-(2-amino-1 3-thiazol-4-y})-2-({(3S)-1-{({4-[{1.5-
dimethyl-1H-pyrazol-3-yhmethyi]-3-(5-hydroxy-4-oxo- 1, 4-dihydropyridin-2-y1)-5-axo-

20 4 5-dihydro-1H-1,2 4-triazol-1-yllsulfonylicarbamoyl]-2-oxoazetidin-3-yilamino)- 2~
oxoethylidenelaminoloxy}-2-methyipropanoic  acid  (8). Compound €43  was
deprotected and HPLC puified in an analogous manner fo that described for
compound 1 in Example 1 affording 0.015 g {8%) of compound 8 as a pink solid.
LCMS myz 748.8 (M+1). "H NMR (500 MMz, DMSO-ds) § 141 {s, 3H), 1.41 (s, 3H),

25 238 (s, 1H), 3.55 (s, 3H), 3.67 (m, 1H), 3.91 {dd, J=6.3, 6.3 Hz, 1H), 5.05 (m, 1H),
5.58 (s, 2H), 8.73 (s, 1H), 7.26 (s, 1H)}, 7.34 {br s, 1H), 7.80 {s, 1H), 8.10 (d, J=8.0 Hz,
1H), 11.85 (s, 1H).

Additional Examples 9-30 are shown below in Table A and were
prepared analogously to the Examples above using aither cyclization method 1

30 (described in Example 1, step 3B) or cyclization method 2 (described in
Exampie 4, step 18B), in combination with either coupling method 1 {described
in Example 1, step 6A) or coupling method 2 (described in Example 4, step 18).
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29 30 2 0.5 0.6 8 >64 1 NT. NNT. NT. = Not Tested 1Val ue represents
average 2 M C determ nations Tabl e 2 bel ow shows several conpounds of
t he i nverwODaniooongzared to cefipine (a cephal ospori n ant iPbiraB2oo9/isdsscat ed to
treat bacterial infections caused from Pseudonbnas aerugi nosa), im penem (a
car bapenem antibiotic used to treat infections caused by P. aeruginosa) and
Conparative Exanple A (exanple 23 in EP 0281289, published Septenber 7,
1988). WD 2010/ 070523PCT/ 1 B2009/ 055544 - 84 - Table 2: In vitro and In

Vi vo Conparison Against P. aeruglnosa ,.g¥."----" ", HzN--:</r..:

Biclogical Properiies

In some embodiments, compounds of the invention exhibit a targeted and
effective activity against bacteria. Compounds of the invention can therefore be
used, &g, for trealing and/or preventing a variety of diseases caused by

8 pathogenic bacteria in human beings and animals.

Table 1 below shows in vifro MIC data for specified strains of
Pseudomonas aeruginosa, Kiebsielfa pneumornia, and Acinetobacter baumanii.
Culture collection strain 1045-06 is resistant to several classes of known
antimicrobial  agents  including  carbapenems, aminoglycosides  and

10 fluoroguinolones, while strains 1000-02 and 3167 are resistant {o cephalosporins.
Strain PAQ200C is a derivative of faboratory strain PAO1 that lacks a functional
MexAB-oprM efilux pump. The compounds listed are highly active against all
three of these screening strains demonstrating their broad aclivity against gram-

negative bacterial pathogens.

15 Table 1: MIC of Examples 1-30
MIC
MIC MiC
! MIC Pseudomonas
Ex. Pizfgggggjs ngj;ffgze Acinetobacter | aeruginosa
No. 1045.06 1000.02 baumanii PAO200 Mex
(mgimL) (mgimL) 3167 (mgiml) | AB-oprM KO
{mgimb)
1 N.T. N.T. N.T. <(.0625
2 N.T. N.T. N.T. 0.188"
3 0.5 8.5 8.5 N.T.
4 0.5 1 k N.T.
5 8.25 8.5 8.5 N.T.
6 8.25 85 1 N.T.
7 8.25 0.25 1 N.T.
5] 32 5] =84 () N.T.
9 N.T. N.T. NT. <(3.0825
10 N.T. N.T. N.T. g.25"
11 N.T. N.T. N.T. 18
12 2 2 16 N.T.
13 .25 0.25 18 N.T.




's----'6 H'kO H., NHOpH% i1 / .,,. N" / 000 '11 , N Conpound
Structure (R1) Pa 1091-05 MC (ng/nL) RTI PIDr.) vs. Pa 1091-05
WO 2010/070523 PCT/IB2009/055544
~R3.
14 0.5 0.06 2 N.T.
15 0.5 0.5 4 N.T.
16 0.5 8.5 2 N.T.
17 0.25 0.25 1 N.T.
18 2 1 8 N.T.
19 0.5 0.25 2 N.T.
20 0.5 0.25 2 N.T.
21 4 32 >64 N.T.
22 0.5 0.5 2 N.T.
23 0.5 0.25 1 N.T.
24 0.5 0.25 2 N.T.
25 0.5 0.5 4 N.T.
26 0.5 0.125 2 N.T.
27 1 1 2 N.T.
28 0.5 4 N.T.
28 2 0.5 =64 N.T.
30 0.5 3 1 N.T.

N.T. = Not Tested

Value represents average 2 MIC determinations

Table 2 below shows several compounds of the invention compared to

cefipime (& cephalasporin antibiotic indicaled to treat bacterial infections caused

5 from Pseudomonas aeruginosa), imipenem {(a carbapenem antibiotic used to treat

infections caused by P. aeruginosa} and Comparative Example A (example 23 in
EP 0281289, published September 7, 1888).



(my/ kg) (95% confidence interval) Pa M C902
Exanple A --- -
6 --0,,,,W0.2010/070323- , . . .., ..... S S

-CH, : .,

~B4 .

2 0.50,5 22 1.04 >150

efe me | m penem Conparative
64 >64 1 Exanple 15 Exanpl e
PCT/IB2009/055544

Table 2: In vitro and In Vivo Compatison Against P. aeruginosa

OH
vk OH
A Nl
,O ; \\\‘}
| Nenist
N Al N I
HN~Z Y , N
5 o Pld\ . N AR
o] i \,;5: \%
\’fo ¢ o \‘0
RTI PDq, vs.
Fa Pa 1091-05
1091-05 (mygikg)
MHC {895% confidence Pa
Compound Structure (R'} | (mag/mL} intervat) MICQ0°
Cefapime 2 22 64
imipenem -—- 0.5 1.04 >G4
Comparative CHs 0.5 ~150" 1
Example A
Example 15 QO 05 >70.8 1
(q\“,/""\ L
Example & h ;‘)H 0.125 327 {237 ~42.0) 1
WZ’{"’A‘\\:,/’
Example 7 £ 0.125 15.7 (8.45 - 22.96) 1
OH
G N
Example 3 FO AN B PY 20.6 (8.7 - 32.52) 1
OH
‘-1\,/"\‘ W
Example 5 - {1;{ OH 0.125 18.6 (8.94 ~ 28.29) 1
- NHg
Example 4 g 0.125 25.0 {24.8 - 25.2) 1
]

Data are from a previous experiment
b} . .
*31 clinical isclate

Table 2 shows the results for compounds of the invention which were

evaluated for efficacy in the murine respiratory tract infection model against £

aeruginosa 1091-05. For this model, C3H/HeN mice were immunosuppressed

with cyclophosphamide given orally at 150 mg/kg and 100 mg/kg on days -4 and



7.H050125>708327(237-420)11Exarrp|e’>- ......... ---'" " 6H
0,125 15.7 (8.45 - 22,96) 1 Exanple 3 cll.OH ----- ..,. 6H 0.125 20.6
(8.7 - 32wH2p10/070523 PCT/IB2009/055544

~ B85 .

10

15

20

-1 relative 10 challenge, respectively. Mice were anestheatized with isoflurane (5%
in oxygen) and the bacterial inoculum was given 1o each mouse via intranasal
instilfation in a 40 pb volume (~2.8 x 107 cfu per mouse). Mice were dosed with
compound administered via subcutaneous injection beginning at four hours post-
challenge, and continuing for two days of BID therapy. Lethalities were followed
over ten days and the 50% protective doses (PDsyss) were determined. include
interpretative comment on The known monocarbam prototype Comparative
Example A (example 23b in EP 0281288, published September 7, 1988) typically
has a PDsp of 2 100 mg/fkg in this model. However, the exemplified monocarbams
of the present invention were evaluated in this model and many demonstrated
better efficacy than Comparative Example A, for example, Exampie 4 {250
mg/kg), Example & (32.7 mg/kg), Example 5 (18.6 mg/ky), Example 3 (2086
mg/kg), and Example 7 {15.7 mg/kg).

PDsqy is @ measure of the ability of & compound 1o protect mice from a lethal
infection. Hence, a lower value in this study is indicalive of improved efficacy.
Since the 95% confidence intervals (the range that predicts where the actual value
will e with 95% confidence) caleulated for the compounds Example 3, Example 6
Example 4, Example 7 and Example 5 do not overlap with the PDy value
determined for Comparative Example A, & can be concluded that these
compounds are significantly more efficacious relative {o Comparative Example A
This result was unexpected given the similar MICs against the pathogen used {F.
agruginosa 1091-05). Importantly, performance in these pre-clinical in vivo models

is predictive of outcomes of clinical efficacy against these types of infections.



Exanple 5 Exanple 4 '-OH OH NH2 0,125 0.125 18,6 (8.94 - 28.29) 25.0 (24.8
- 25.2) 1 Data are froma previous experinment 291 clinical isolate
Tabl e 2 swowsidies2sesul ts for compounds of the inventi oRCRIBZIOI/OESSE!
5eval uated for efficacy in the murine respiratory tract infection nodel
agai nst P. aeruginosa 1091-05. For this nodel, C3H HeN mce were

i mmunosuppressed wi th cycl ophospham de given orally at 150 ng/ kg and 100
ng/ kg on days -4 and WO 2010/ 070523PCT/ 1B2009/ 055544 -1 relative to
chal | enge, respectively. Mce were anestdaeti zed with isoflurane 5%in
oxygen) and the bacterial inoculumwas given to each nouse via intranasal
instillation in a 40 pl., volunme (-2.8 x 103 cfu per nouse). Mce were
dosed with conpound admi ni stered via subcut aneous injection beginning at
four hours post- 5 challenge, and contgmuheg for two days of BID therapy.
Lethalities were foll owed over ten days and the 50% protective doses
(PD50s) were det ér mi n@&OMARePd@biarmpd Bk et ati ve comment on The known
nonocar bam pr ot ot ype Conparative EX le A (exanple 23b in EP 0281289,
publ i shed Septenber 7, 1988) typically has a PD50 10@+Hg/ kg in this
model , However, the exenplified nﬁﬁEE:RBans 10 of tRhe_pfesent invention
were evaluated in this nodel and ”%ﬂ? denonstrat ed tt efficacy than

Conpar ative Exanple A for exanpl ¥, Eﬁanpl e 4 (25.0 /[g‘g), Exanple 6 (32_7
ny/ kg), Exanple 5 (18.6 ng/kgy, 1@@ e 3/20. 6 ny/kg), 'and Exanple 7 (15.7
Q

{ @3
my/ kg) . HAN—C [ T R z;t::’\ 1
8"#}( N e N e g N‘« NMMR

Q /“S\ "&
g do o

{t)
or pharmaceutically acceptable salt thereof, wherein
5 R' is {Cy-Cylalkyl substituted with 1 to 3 substituents selected from the
group consisting of halo, hydroxy, {Cs-Ce)atkoxy, -NR'R?, -C{=OINR'R®, and a 3 1o
7 membered heterocycle, wherein R’ and R® are independently hydrogen or {Cs-
Celalkyl, whersin said heterocycle contains 1 to 3 hetercatoms independently
selected from O, N, or S;
10 R%is hydrogen or methvt;
R*is hydrogen or methyl;
R is hydrogen, deuterium, or methyl optionally substituted with 1 {0 3
substituents independently selected from F or Ci;
R® is hydrogen, deuterium or methyl optionally substituted with 1 to 3
15 substituents independently selected from F or Ci;
R%is H or -C(=0)OH; and
X is C{Hy, CF), C{Cl), or N
2 The compound of claim 1 having the formulda (1A}



PD50 is a nmeasure of the ability of a conpound to protect mce froma
|l ethal 15 infection_ Hence, a |lower value in this study is indicative of
i mproved wOR20a09323Si nce the 95% confi dence interval s (PoE/IBzOYeSSSHAt
predi cts where the actual value will lie with 95% confidence) cal cul ated
for the conpounds Exanple 3, Exanple 6, Exanple 4, Exanple 7 and Exanple 5
do not overlap with the PD50 val ue determ ned for Conparative Exanple A it
can be concl uded that these 20 conmpounds are significantly nore efficacious
relative to Conparative Exanple A This gyesult was unexpected given the
simlar MCs against the pathogen used (F), aerugi nosa 1091-05).
| nportantly, performance in these pre-clinical in vivo nodels is predictive
of outcones of clinical efficacy against these types of infections.
Clainms A conpound of formula (1), 1) or pharmaceutically acceptable
salt thereof: wherein 5R1 is (Cl-Cb)alkyl substitutgd wiltth 1 to 3
substituents selected fromthe grBupicBnsi sting of h .o, hydroxy,
(Cl1- C6) al koxy, -NR7R8, -C(=0)NR7R8,-@nd a 3 to 7 nenbered heterocycle,
wherein R7 and R6 are independent Y hydrogen or (Cl-&g@ ‘al kyl , wherein said
heterocycle contains 1 to 3 hetereator i@fependently selected fromO. N,
or S; 10R2 is hydrogen @&gN- hy}"; K{ i Rogen or=et hyl ; R4 is
hydr ogen, deuterium or methygl-optigonal subgtitgte with 1 to 3
substituents independently selected f mE r (‘21:3( ““‘ R5 is
hydr ogen, deuterium or nethyl optionally sagstd'ﬂ{‘@te W th 1 to 3
15substituents i ndependently selected fromF or C; R6 is H or -C(=0)0H,
and Xis C(H, CF), ¢(C), or N 2.The cggpound of claim1l having the
formula (1A):

or pharmaceutically acceptable salt thereof.

3. The compound of claim 1 or 2, or pharmaceutically acceptable sait
thereof, wherein
5 R? is hydrogen;
R* is hydrogen;
R* is methyl;
R® is methyl;
R is ~C(=0)OH; and
10 Xis C(H).
4. The compound of any of claims 1-3, or pharmaceutically acceptable
salt thereof, wherein R is {(C1-Ce)alkyl substituted with 1 1o 3 substituents selected
from the group consisting of halo, hydroxy, -NH,, -C(=O)NH,, and a 3 fo 7
membered heterocycle, wherein said heterocycle contains 1 to 3 hetercatoms
15  independently selected from O, N, or 5.
3. The compound of claim 1 that is



WO 2010/ 070523PCT/ 1B2009/ 055544 R5 CH -,\ \\) R2-NH R3 H,S 000 (l1A) or
phar maceutical ly acceptable salt thereof 3. The conpound of claim1 or 2,

phar macewoDcaldorozzécept abl e salt thereof,
hydrogen; R4 is nmethyl: R5 is nethyl; R6 i
4, The conpound of any of clains 1-3, or ph

~ B8 -~

wherein R2 i sPRYABYNSSSA3 i S
s -C(=0)0H, and 10X is C(H).
armaceutically acceptabl e

OH
OH
J,/&D 0 {
.0
b ; N\ NH
W T g
s O jeN_ NN N oH
O \"/ e'f‘s\\, \ﬂ( \\.”’_/
o 0 O &
HQ
or a pharmaceutically acceptable sall thereof.
8. The compound of claim 1 thatl is
OH
0
'/O
{ H
N
HN—C | H
s— O N N._.
S
g O
5 7. The compound of claim 1 thatis
OH
9]
0
Non
NW)\WN
] j: y
S NN
g Y
a O

or a phamaceutically acceptable salt thereof.

8. The compound of claim 1 thatis

or



salt thereof, wherein RL is (Cl-C6)al kyl substituted with 1 to 3
substituents selected fromthe group consisting of halo, hydroxy, -NH2,

- C(=0) NH2voanu/|g03t o 7 nmenbered heterocycl e, wherei n s&CU/TRBOYNTHSYC] e
contains 1 to 3 heteroatons 15i ndependently selected fromO, N, or S. 5. The
conpound of claiml1l that is OH or a pharmaceutically acceptable salt

t hereof. 6. The conpound of claiml1 that is CH 57, The conmpound of claim1l
that is or a pharnaceutically acceptable salt thereof. 8. The conpound of
claim1 that is or a pharnaceutically agceptable salt hereof. 9. The
conpound of claiml1 that is OH O

N NH
N J)\W Pl e
N
T \\ W{ 3’.
or a pharmaceutically acceptable salt thereof.
9. The compound of claim 1 that is

OH

OH
%,k@ 0 %

0
w AM ™

A

o 0 O §
HO

5 or a pharmaceutically accepiable sall thereof.
10, The compound of claim 1 that is formula (IB):
OH

wherein R' is selected from the group consisting of:



wherein Ris selected fromthe group consisting of: WO

2010/ 070523PCT/ 1 B2009/ 055544 and pha naceutically acceptabl e salts thereof,
11. A phaworeosut7d®2al conposition conprising the conpoun@&CofiBzmyo0iss44c| ai s
1-10, or pharnaceutically acceptable salt thereof, and a pharmaceutically
5acceptabl e carrier, 12. Use of a conpound of any of clains 1-10, or
a pharmaceutically acceptable salt, in the manufacture of an anti bacteri al
medi canent .

~ 90 -
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and pharmaceutically acceptable salis thereof.
11. A pharmaceutical composition comprising the compound of any of
claims 1-10, or pharmaceutically accepiable salt thereof, and a pharmaceutically
5  acceptable carrier.
12. Use of a compound of any of claims 1-10, or a pharmaceutically
acceplabile salt, in the manufacture of an antibacterial medicament.



