WO 03/ 093277 PCT/ US03/ 13429 PROCESS FOR PREPARI NG 6- ALKYLI DENE PENEM

DERI VATI VES 5 FIELD OF THE | NVENTION This invention relates to a novel
process fwpo 0Biog32pT oducti on of 6-al kyli dene penem deri vat iPcggiSohai42¢an be

i nportant as broad spectrum (3-1actamase inhibitors and anti-bacteri al
agents. 10 BACKGROUND OF THE | NVENTI ON R-Lact amases are enzynes produced by
the bacteria, that hydrolyze (3- 15 lactam antibiotics and as such serve as
the primary cause of bacterial resistance. Penicillins and cephal osporins
are the nost frequentl used 3- Iactam ant|b| otics in the
clinic. However, CESS ING-G-AL KX ; AIMESyi ot i cs by
di fferent pat hogens has had a damagl ng effect on maintaining the effective
treatrment of bacterial infections. (Coleman, K Expert Opin. Invest. Drugs
20 1995, 5, 693; Sutherland, R HIELBOF BHEINYENTION (4) 191; Bush, K, Cur.
Pharm Design 1999, 5, 839-845) The nobst significant known nmechani sm
related to the dédhislioyantion reldted foca aovellpracess fr drecprovuctionef B-dllsyditiame

751 act anasebsnah SefVEES el Cortle st Rt S el SPac A B BRRETRIGE g
in the | oss ahdanti-bbetetisiragahtsacti vity. C ass-A enzymes 25 preferentially

hydr ol yZg penicillins where as C ass-C | actanases have a substrate profile
favoring Q:ephal osporin hydrolysis. (Bush, K ; Jacoby, G A ; Mdeiros, A A

Antim crob. Agents Chenot her & ]I.M&nover 250 different

R- | actamases have been repo —D- d Bateson, J.H Exp.
Opin. Invest. Drugs 2000, 247.) and there is new generati on

of broad 30 spectlf3 CK%nasgétaa?rﬁ%y@qum%meerby th%ﬁ%‘ftﬁrr'? é‘l‘atmgﬁoﬁzﬁrﬁce to

these anysbi pictfs afibiitsd a@rﬁaﬁ %é!rvé%@lfﬁégrnﬁé{ry%éﬁbé‘ bﬁltaézftériw rdsh@arlcd: | act am
antibiotics in conbination with a conpound which inhibits these enzynes.

The commer ci Benigilingsnd gepkalpsparigs eemike éngst freaguendly and yideln ysed Brladtami ¢ aci d,

35 | bact d

pat nogens. - oA G BRSIEE. Bl Y Al et rE ORteSRtare B Badteth UL
of class-A (antikiclicarbysiifferéstpsthagenbhs hadia TEMaging dftest tresaintioiog dt ed.
(Bush, K.; AQFfégﬂvgrtr%théAﬂ%?Bgctg?ﬁ %&&%'hs. (%.%?e%nan?’?(’. E§Bé7‘t Opin. Invest. Drugs

20 1995, 4, 693; Sutherland, R. Infection 1995, 23 (4) 191; Bush, K, Cur. Pharm. Design
1999, 5, 839-845) The most significant known mechanism related to the

development of bacterial resistance to the 3-lactam antibiotics is the production of
class-A, class-B and class-C serine B-lactamases. These enzymes degrade the 3-
lactam antibiotics, resulting in the loss of antibacterial activity. Class-A enzymes

25  preferentially hydrolyze penicillins where as Class-C lactamases have a substrate
profile favoring cephalosporin hydrolysis. (Bush, K.; Jacoby, G.A.; Medeiros, A A.
Antimicrob. Agents Chemother. 1995, 39, 1211). To date over 250 different -
lactamases have been reported (Payne, D.J,: Du, W and Bateson, J.H. Exp. Opin.
Invest. Drugs 2000, 247.) and there is a need for a new generation of broad

30 spectrum B-lactamases inhibitors. Bacterial resistance to these antibiotics could be
greatly reduced by administering the B-lactam antibiotics in combination with a

compound which inhibits these enzymes.

The commercially available B-lactamase inhibitors such as clavulanic acid,

35 sulbactam and tazobactam are all effective against class-A producing pathogens.



Yang, Y.; Janota, K. ; Tabei, K ; Huang, N.; Seigal, MM; Lin, Y.I.;
Rasnussen, B.A. and Shalaes, DM J. Biol. Chem 2000, 35, 26674-26682)
However, wbas®IBz7conpounds are ineffective agai nst cl ass- €Cprusdsci4ny

organi snms. Clavulanic acid is wused in conbination with anoxicillin and
ticarcillin;, simlarly sul bactamw th ampicillin and tazobactamw th
piperacillin. EP O 041 768A, EP 0 120 613 A, EP 0 150 781, EP 0210065, WO
87/ 00525, EP 0O 003 960 Bl, GB 2 042 514 A, GB 2 042 515 A, EP 0 087 792 A
EP 0115 308, The meghanigm2f magtvedien ofrlass-Afblagtamases(sugb @y Rl ang FEDA-15308, EP

81 301683.9, 5 %ﬂ%@;} P. 5585. 1,
EP 86 305584h%§e§]8é9éﬁ§%6(%§ﬁ$ %@g}éﬁ%f\g%ﬁt éé’oigg}? 3‘}3%993/ 03042,
WO 94/ 10178, Yeuiy, YO5J1@88 K. ;arabei\i. qsuanmm Stigat| Mok, En(‘éuth’asmussm B.A.
nmet hyl ene) - p n? é) 25 | scl oses a
process for %ﬁ%g@??ﬁ%%mg [%' su S?I t B{UQQ %gtzﬁwgﬁg 8 i_?og\?r?glg hei r
i nt er medi&t esompacisdiraipeffectiveiagajpat eads-C provucingnpganisias.oClayealaaicalcid ier mul a
| were prepared, .by four step process starting. from .
b- et howybendg Boey s Hf BB S e Thpasioma iR APBIEY, ¢ ne
presence of pyad tazbbadtam mdtagrperaciinch as n. butyl it hi un.di phenyl ami ne or
lithium bis t ] a7 C i S of
this pr ocessgﬂéioéfI %4 ﬁiﬁ%ﬂiﬁl %‘8 %ﬁﬁéﬁa?ﬁ;@@b%ﬁ;@@ﬁ@%ﬁdéé%
conpounds i sOD®860 B1,61(BB 2042514 AsGB 2t04a 515 A :EP 0 08pF02 iAvEPM)HS%Om GB
03/ 09327 /
- 78C Li N{cll-’h)cég %8%%5%%8&ﬁ£§@%53§8 Fg:gﬁé 6% %ﬁh ybenzyl
(CH3CO) 20/ Byrass$i€EP 85100520.7, EP 85100521.5, EP 86305585.1, EP 86 305584, EP 88

311786.3, EP 88 311787.1, EP 87 300193.7, WO 93/03042, wo 94/10178, WO

95/28935 and WO 95/17184 disclose 6-(substituted methylene)-penem as p-

lactamase inhibitors. EP 0 232 966 B1 discloses a process for preparing 6-

15  (substituted methylene)-penems and their intermediates. According to this patent,

the compounds of general formula | were prepared by a four step process starting

from p-methoxybenzyl(5R,6S) 6-bromopenem-3-carboxylate A and an aldehyde in

the presence of pyrophoric reagents such as n.butyllithium/diphenyl amine or lithium

bis(trimethylsilyl)amide at —=78°C (Scheme 1). The third step of this process,

20 namely the reductive elimination step gave E and Z compounds isomers D and FE in

the ratio of 5:1 respecitively.



Ar QAc 5 Br A S 0N ON~/ COOH COOPMB G C Zn/CH3000H Ar SAr S NN
00~ COOPMB COOPMB 5 1 F D SUMVARY OF THE | NVENTI ON The present

i nventi orwpaeBadxr37to a process for the preparati on of compomn$odiz42b
formula A BS NI O O0. RS -3 WD 03/093277 PCT/US03/ 13429 wherein:
one of A and B denotes hydroggp.anid the other is an aryl optionally
substituted with one or two™RZ, heteroaryl optionally substituted with one
or two R2, fused bicyclic 5 heteroaryl optionally substituted with one or

two R2, fused tricyclic heteroaryl optionall substltuted with one or two
R2, cycl oal kylBraptiongl |y substituted with ‘or _éwo R2, alkyl optionally
substituted vm'th!onf_al op two Rearcabkenyl oﬁ‘fionall bstituted with one or
two R2, al kynyly 1y subsgidyt th @gfie of~<Xwo R2, saturated or

parti aIIy sat ur at ed hetcaopaBy | orq_RNDgH@LIy substi t ut e«:bcwwlm one or tw R2;

and wherein
A B

PMB = p-Methoxybenzyl

(CH3CO)20/
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S S Br
S
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SUMMARY OF THE INVENTION

The present invention relates to a process for the preparation of compound of

5 formula]
A
B” Y 5 |
N 0
o



10 any of said heteroaryl npieties containing a NH ring atom nmay be
optionally substituted on said nitrogen by Rl; RS is H Cl -C6 alkyl, C5 -
C6 cycl oawkyB/09xar7 CHR3000CL- Coal kyl or a salt thereof; 1PCRUSOZ1329
optionally substituted alkyl, optionally substituted aryl, optionally
substituted heteroaryl or nono or bicyclic saturated heterocycles,
optionally substituted cycloalkyl, optionally substituted al kenyl,
optionally substituted al kynyl with the proviso that neither the double
bond nor the triple bond should be preserdt at the carbon atomwhich is
directly |inkg&eino N; optionally substituted perfluoroalkyl, -S(OP 20
optionally substituted alkyl or aryl where p is 0-2, 5ﬁgfnally substituted

- C=Chet er oa®ng of /bgnd &@@nm%m@@quﬂrwthe@ﬂ@ﬂwn agfhoptionally 9uisa§|b§ecﬂ withed
-C=Cal kyl,  gptbp ﬁ&é@?&a@% Bnal ﬁﬂufé%i ¥ith on@ Rt fela sfus%abs.t:y%.et ed

-C=0 nono or bicyc ‘satura het optionally Stbstituted Cl-C6
al kyl aryl5  opgteioap I th@nblb'[ istibatibuted OﬂlﬂC@f@l PyltWét Be.oftsgH, trigpelicoheteraaryl

substit ut ed ﬁt@aﬁs@mum wmﬁ)Pﬁé BP@\L K, %zggﬂk%l&:%a%? substituted with one or

het er oaryl - opt1 ona SstTt Kyl nmono or bicyclic
sat ur at ed h@tOeRn@}lfw eptlor@ﬂy subﬁiltutw vith snetarttwd Rar ylkamﬂ@nwnaﬂv sgbstiuted

carbon at ons,, t

aryl al kyl oxya'l k %@Pona%@ﬁm%’: éelgﬁﬂﬂg}%yﬁlmg% # tﬁgarﬂllsatué?}teldoorqal |y
substi t ut ed p@rtwdgm saturatadyheteroaet oatignally spbstibutad wjthsaneser twet R4l and wherein

aryl oxy yl I Qnal d aL yjgx Lo

substi tﬁ'itdéd %@p?rfy 6xyH§¥e§?#9qul%{Frle§I %}ﬁéslﬁl t{atﬂ@epc(ﬁda %x@%&t%rqg) |é{nally
optional | y ssiistilutas estisaiil nittogah kyIRar yl oxyaryl, opti onal |y substi tut ed Cl-Co
al kyl aryl oxyheteroaryl , optionally substituted al kyl aryl oxyal kyl am nes,
optionally substituted aryoxycarbonyl, optionally substituted

aryl oxycar boRyis,H,d&31 op6 atkyka Coy- €6 loytidali,cat GrRAIGRE {HC6rkyberransalythereoft WO
03/ 093277 PCT/ US03/13429 R2 is hydrogen, optionally substituted Cl-C6

al kyl, optionally substituted C2-C6 al kenyl, optionally substituted C2-C6
al kynyl ,1%hal Bgisntl, epgtionelly sutRéRTgd albylj optEinally sehstitted atyb dpianallg sabstiuted
hydr ox opt I b u ; nI tif L 5 raaryl,
Chro, ot P PR B bh? b Bl stBalsa Beletocihs, 'dpbfidly siphiitied ¥
substit ut ed eycidatiyy;, opt[m*naﬂmeslubytitetebsalkem,e@ptmtaﬂy osubgtitoied, atkyhylowith | the
bstituted | - )
SAPeLl Lt e rbuEB i SEIY BY 0o LORE ok R4 G BT Loty B, BeKV Y
aryl oxy- Cl- Géarbbik gtonawhich,is dItedﬂSj Ilnlsmﬂol Nuow@oaéllyﬁubsiﬁ(x@)icpedmdrmﬂqﬂ,l-§S(O)p

st A S b 3P OB, R B ARl dbSifk = O
C=Oheteroaryl, optionally substituted -C=0aryl, optionally substituted -C=0alkyl,
optionally substituted -C=Ocycloalkyl, optionally substituted -C=0 mono or bicyclic
saturated heterocycles, optionally substituted C1-C6 alkylaryl, optionally substituted
C1-C6 alkylheteroaryl, optionally substituted aryl-C1-C6alkyl, optionally substituted

25  heteroaryl-C1-CBalkyl, optionally substituted C1-C6 alkyl mono or bicyclic saturated
heterocycles, optionally substituted arylalkenyl of 8 to 16 carbon atoms, -CONRgRy,
-SO.NRgR7, optionally substituted arylalkyloxyalkyl, optionally substituted -alkyl-O-
alkyl-aryl, optionally substituted -alkyl-O-alkyl-heteroaryl, optionally substituted
aryloxyalkyl, optionally substituted heteroaryloxyalkyl, optibnally substituted

30 aryloxyaryl, optionally substituted aryloxyheteroaryl, optionally substituted C1-
Cé6alkylaryloxyaryl, optionally substituted C1-C6 alkylaryloxyheteroaryl , optionally
substituted alkylaryloxyalkylamines, optionally substituted alkoxycarbonyl, optionally
substituted aryloxycarbonyl, or optionally substituted heteroaryloxy carbonyl;



substituted al kylaryl, optionally substituted arylal kyl, optionally
substituted Cl-C6 al kyl heteroaryl, optionally substituted heteroaryl-Cl-C6
al kyl , opwpena@bd2g7 substituted Cl-C6 al kyl nono or bicycl iPCcTaSIuIRLEd

het er ocycl es, optionally substituted arylalkenyl of 8 to 16 carbon atons,
SO2NR6R7, optionally substituted 15 aryl al kyl oxyal kyl, optionally
substituted aryl oxyal kyl, optionally substituted heteroaryl oxyal kyl,
optionally substituted aryloxyaryl, optionally substituted

aryl oxyheteroaryl, optionally substituted heteroaryloxyaryl, optionally
substi tuted fg) 4 %anlo@éh Sty ki@ ST ok Wrbhalh @@bs@mt@ C2-C6

al kyl aryl oxyhet er 0ary é/ substituted aryl oxyal %d\‘ optionally
substit ut ed HkeWho tgﬂnaﬁbyéuwltute@r b alhm',yhalmerslﬁygﬂp,tur 7, optionally

al kyl aryl oxyglpstussd @‘P—vcﬁlkb)@ @o?ﬁedbtloﬁ‘é{ly%b@ﬁtméd rggopn&fhll?)éﬁbﬁﬁutgul

optional |y substituted aryl I onal B%‘MSU bstituted t er oar
[

R7 are i fdepstedaty ¢0 uea@mavy s §uRgtityted e@lwyalkukammq&pt ogtenally

substituted élfb‘éhtsuté?ioér%/BQy?" dpi oﬁéli?%ub&tﬂ&t%é h'é?ér@é@l%fqy | opt@uﬁ‘éll&%ﬁétttutea skt ut ed
Cl-C6 al kyl ar I onal substituted ar , _optionally substituted

met o oars] bl albetviday | danaly syasgvueaup@dce:laﬁssnww ChiGiteraaiiaminom-68d R7
can et get iRt cal e brtBRIRCERSRAY AL L1 S0} L iongh!

havi ng one or €t er oat ons = 0-2

pr ocess c onpker8ugTg:alkyh)S(Ednertipartgsuhstitufsast 6ﬂnq6a@|@i yS( §Ptl@mﬁ"¥éub$tﬂ'étﬁ9de 17

A - 7 93277 1PGTHU 29 i as
above Wnen B%Wﬁ%?g 526/ 1 %@a?ﬁﬁﬁ:ﬁﬁédgg o@ég < &c“é ﬁué‘nﬁﬁgrgﬁh&’?ﬂl
6- br ono- penestbgtiuieth@ \y@n&f osiucmaﬂy pubstiteted parylalkgl, cmtlemly @t@@tut C1-C6

alkylheteroaryl, optionally substituted heteroaryl-C1-C6 alkyl, optionally substituted
C1-C6 alkyl mono or bicyclic saturated heterocycles, optionally substituted
arylalkenyl of 8 to 16 carbon atoms, SO;NRgR;, optionally substituted
15 arylalkyloxyalkyl, optionally substituted aryloxyalkyl, optionally substituted
heteroaryloxyalkyl, optionally substituted aryloxyaryl, optionally substituted
aryloxyheteroaryl, optionally substituted heteroaryloxyaryl, optionally substituted C1-
C6alkyl aryloxyaryl, optionally substituted C1-C6 alkylaryloxyheteroaryl , optionally
substituted aryloxyalkyl, optionally substituted heteroaryloxyalkyl, or optionally
20  substituted alkylaryloxyalkylamine;

R3 is hydrogen, C1-C6 alkyl, C5 — C6 cycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl;

25 Rgs and R; are independently H, optionally substituted C1-C6 alkyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted C1-C6 alkyl
aryl, optionally substituted arylalkyl, optionally substituted heteroarylalkyl, optionally
substituted C1-C6 alkyl heteroaryl, R¢ and R; can be together to form a 3-7
membered saturated ring system optionally having one or two heteroatoms such as

30 N-Ry, O, S=(0), n =0-2;
said process comprising:

(a) condensing an appropriately substituted aldehyde 17

A'-CHO
17



wherein Ris p-nitrobenzyl, in the presence of a Lews acid and a mld
base, at low tenperature to forman internedi ate al dol product 18 HO Br S
N O1R Oweoam2nherein A and R are as defined above; (bPCTaso3/i3ag
internediate 18 with an acid chloride or anhydride of formula: (R8)Cl or
(R8)20, or with tetrahal onet hane of fornula: C(X1)4, and tri phenyl
phosphine, wherein R8 is al kyl SO2, aryl SQ2i al kyl CO, or arylCO, X1 is Br,
I, or A; to form15 internediate compound 19 ROBr S As N OAR O 19
wherein RO is X1 or ORBwherein R8, X1, A and R are as defined above; and
(c) convertigrbRoy oA 85 tRmhat & QUTBUHA BLR HyBrdgBR. e bé aeire Bova |
conpound -6 WO 03/093277 PCT/ US03/ 13429 whérein R5 is hydrogen by a
reductive elWhanfaisitodrqiie®dess; and if desired converting to a

h ti ] ; t wh in RBis Cl -C6 alkyl,
E:Sat rrac(éegyglq@gi %5%&@%8@8%&6%%?@;‘/ .QigsTﬁirs iﬁ\r/glntni on Iaisso provi gesy

the 6-brono-penem derivative of structure 16 Brane O AR O 16 wherein R
is p-nitrobenzyl used in step (a) attve. T invention further provides a
process for the preparation of the 4- [0 pitdjobenzyl

(5R, 6S) - 6- br onopenem 3- car boxyl at e off”T or ful a~460wki ch conprises the

foll ow ng steps: 0

16

wherein R is p-nitrobenzyl, in the presence of a Lewis acid and a mild base, at low

temperature to form an intermediate aldol product 18

Br S
AT 1]
04——N o\R
o}
18

10  wherein A’ and R are as defined above;

(b) reacting intermediate 18 with an acid chloride or anhydride of formula: (Rs)Cl or
(Re)20, or with tetrahalomethane of formula: C(X,)4, and triphenyl phosphine,
wherein Rg is alkylSO,, arylSO,, alkylCO, or arylCO; X, is Br, I, or CI; to form
15 intermediate compound 19

A
)

A

, ,S
A Nj\rr
_ o

wherein Ry is X4 or ORgwherein Rg, X4, A’ and R are as defined above; and

(c) converting the intermediate compound 19 to the desired formula ] compound

-6-



(A) (i) reacting 6-amnopenicillanic acid with hydrobromc ack in an

organi c solvent and water to formthe 6-brono derivative 21 15 Br/~~~~ N
0 't OOH 2W0an@9x2ir1) converting the 6-bronopenicillani c aciPdTABodeHeyat i ve
to the p-nitrobenzyl 6- bronpenicillanate 22 20 -7 WD 03/ 093277

PCT/ US03/ 13429 B\ S N O OOCR 22 whrein Ris p-nitrobenzyl, using
4-nitrobenzyl bromde in the presence of base in an organic solvent; 5 (B)
oxi di zing the 4-nitrobenzyl 6-bronopenicillanate 22 to form 4-nitrobenzyl

6- br omopeni WheleihRs is hydwgien by ageductive glimination process; @ppifdesired canvertisgl uxi ng
the 4-ni t 1 obgyyYharkraREQHERREBECEptdiédiforts QY ledfer %;]}wemm Rs #&C1-C6 alkyl, C5 —

mer capt obenzot hi azole 1n_an aromatic solvent to form

4- ni t r obenzyFPzRgloalkyl L HRYOCOCT-Coalkyl.

4- (benzot hi azol - 2-yl di t hi 0) - 3- br onp- 2- oxoazeti di ne- 1-yl ] - 3- net hyl but - 3- enoa
te 24 ; 15 (D) dissolving the

4- ni t r obenzyl ( 2R) This[if\@BliaRalsd p(dvidesdid bdrarno-pepeniidehivative df istractore 16

2- oxoazeti di ne-1-yl]-3-nethyl but-3-enoate 24 in an organi c sol vent and
reacting with an organic tertipgy basg to form

4-ni trobenzyl -2-[(3S, 4R) - 4- (benzo ol 2-yl di t hio)-
3- brono- 2- oxoazeti di ne-1-yl ] - 3- ghoate 25 20 (E) converting the
4-nitrobenzyl -2-[(3S, 4R) - 4- (benzot hi azol - 2t yl & t hi 0) - 3- br ono- 2-

oxoazetidine-1 -yl]-3-nethyl but-2-enoate &5 to 4-nitrobenzyl
2-[(3S, 4R) - 3- br ono- 4- 16

wherein R is p-nitrobenzyl used in step (a) above.

This invention further provides a process for the preparation of the 4-
10  nitrobenzyl (6R,6S)-6-bromopenem-3-carboxylate of formula 16 which comprises the

following steps:

(A) (i) reacting 6-aminopenicillanic acid with hydrobromic acic’ in an organic solvent
and water to form the 6-bromo derivative 21

15
Br/,," s
o/ ’,//’COOH
21
and (ii) converting the 6-bromopenicillanic acid 21 derivative to the p-nitrobenzy! 6-
brompenicillanate 22
20



fornyl t hi o- 2- oxoazeti di n-1-
aromatic
of an or gaoios/oex2it, acetic anhydr
or triaryl phosphine at from about
4-ni trobenzyl
nmet hyl but - 2- enoate 26 bei ng taken
and ozoni zed oxygen bei ng passed
i ntranol ecul ar cyclization usi
(5R, 6S) - 6- br onopenem  3- carboxylat
carried out using the follow ng st
6-am nopenicillanic acid 20 in a
THF) and water to formthe 6- broﬁg
w w hydrobromc acid at -10 Cto -
sol ution. The 6-bronopenicillanic
or insitu converted to the p-Nitr
4-ni trobenzy, e
(preferably%ﬁrﬁn% Pg fﬂfr%ﬁ‘ C
(preferably &gl’aﬁlosommt) .
6- bronopenicill anate 22 obtained b
isolated or be transforned to 4-n

2-[(3S, 4R) - 3- br ono- 4-

g, a phos
E‘tﬁ“¥%0
eps: $tep 1

20 Step 2:

yl]-3-net hyl but-2-enocate 26 by reacting in an
-8 WD 03/093277 PCT/ US03/ 13429

organi c solvent in the presence
de/ organic tertiary basa/znsi134ed al kyl
-10 Cto about -30 C, (F) said
fornylthio-2-oxoazetidin-1-yl]-3 5

up in an organic solvent at -70Cto -90 C
through it for 3 to 4 his followed by
agent to form 4-nitrobenzyl
Cofweni ently the process nmay be

ssol vi ng
UTgaﬁﬂ £t (preferably nethanol or
derivative ifodd the presence of 48%

30C and sodiumor potassiumnitrite 15
aci d derivative either can be isol ated

obenz 6- bronpenici || anate 22 using
oﬁg gﬁﬂhgupﬁ§3§e§§wéQfﬁ&ﬁﬂh%nbases
a I'n-an organi c sol vent

The product 4-ni trobenzyl
y the process outlined in step 1 can be
trobenzyl 6- bronopenicillanate 1-oxide

23 in thé& s} opidizing the 48[itecpbehzyl§ehmmnpémibilldrtatagg tofoymidynitrobérdylG-ng 22 to

e
(0]

4-ni trobenzyl 6-bra

agents such %EWQP%WEﬁ enlﬁ ggé

1-oxide 23 using any known oxidizing

ic acid (nctpba) or hydrogen peroxide. 25

Step 3: The product fronlstep 2, nanely 4-nitrobenzyl 6-bronopenicillanate

1-oxide 23 can be converted to o

4-nitrobenzy|(2R)-2-[(3S,4R) 4-( benzot hi az@l - 2- yl di t hi 0) - 3-

br ono- 2- oxoazeti di ne-1-yl ] - ‘%ylbut 3- 24 by refl uxing

4-ni trobenzyl 6- bronnpen|C|IIanate T-0X1 de 2 ,Mnth 2- mer capt obenzot hi azol e
in an aromatic solvent 30 (preferjbly tiol uen ot xyl ene). -9 WO 03/093277

PCT/ US03/ 13429 Step 4: The prodgﬁ Troﬂlstep %, namnel y

4-ni trobenzyl (2R) - 2-[(3S, 4R) - 4- “coor

(benzot hi azol - 2-yl di t hi 0) - 3- br onp- 2- oxoazet i di ne- 1-yl ] - 3- et hyl but - 3- enoat e

24 can

10

23

(C) refluxing the 4-nitrobenzyl 6-bromopenicillanate 1-oxide 23 with 2-

mercaptobenzothiazole in an aromatic solvent to form 4-nitrobenzyl(2R)-2-[(3S,4R)-

4-(benzothiazol-2-yldithio)-3-bromo-2-oxoazetidine-1-yl]-3-methylbut-3-enoate 24 ;

15

(D) dissolving the 4-nitrobenzyl(2R)-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-bromo-

2-oxoazetidine-1-yl]-3-methylbut-3-enoate 24 in an organic solvent and reacting with

an organic tertiary base to form 4-nitrobenzyl-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-

3-bromo-2-oxoazetidine-1-yl]-3-methylbut-2-enoate 25

20 (E) converting the 4-nitrobenzyl

-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-bromo-2-

oxoazetidine-1-yl]-3-methylbut-2-enoate 25 to 4-nitrobenzyl 2-[(3S,4R)-3-bromo-4-

formylthio-2-oxoazetidin-1-yl]-3-methylbut-2-enoate 26 by reacting in an aromatic



be di ssolved in an organic solvent (preferably Tol uene or Xylene) and upon
reaction wth an organic tertiary base (preferably triethylamne) at

anbi ent twopefnet2or e gave 5 PCT/US03/13429

4-ni trobenzyl -2-[(3S, 4R) - 4- (benzot hi azol - 2-yl di t hi 0) - 3- br onp- 2- oxoazeti di ne
-1-yl]1-3- nethyl but-2-enocate 25. Step 5: The product fromstep 4, nanely
4-ni trobenzyl -2-[(3S, 4R) - 4- (benzot hi azol -

2-yl di t hi 0) - 3- br.ono- 2- gxgazeti di ne-1-yl ] - 3-met hyl but - 2- enoat e 25 can be
converted 109aRic sglventdn thegiesnge of an organic acid, acetic anhydrlde/ organic tertiary

2- [ (3S, 4R) - Jrd3 QM8 -trialky? b pRosphineCA 7RI Sbdut L1899 ¢ tSap&ithgbbgl 2-enoate by

carrying out the reaction in an aromatic organic solvent (preferably
toluene) in the presence of an organic acid (preferably formc acid) ,

acetic anhyghy kalgls- rﬂfr&?éﬂz?l A R8S URS-3- bbaﬁs-mﬁﬁ;tw@moxo@z&luwﬂﬂ -3and trialkyl
or triaryl phos hine (preferably triphenyl phosphine) o -30 C

(preferally @%M@Ut 2-snpafe 28 hejng takien upinan @Sﬁ%.'f‘lS?Ue@trﬁSO‘ap rﬁeWt G and
present i nveg| QQd wq%tneo%.ﬁ 4380 FROUGH fR's toqcmy%u%wea b9ﬂntﬁa9rm@¢uru# 23 to

26 without iso atl n er nedi ates: Product from Ste nanel
4-ni trobenzyqycl@;zabmnslagérph0§phlte rragrt éo fordyd-airobenzrhip )szromé)&@ﬂem wi th

nmer capt obenzpphiazeks 1'6” refluxing aromatic organic solvent (preferably
Tol uene) prec?rérag)@P ? to 3 hrs and treated with triethylamne at 0 to

-20 Cfor 3 to 4 hrs. After this treatnent, reaction mxture is charged

WL, A" et R BERE A Gl SoRTlsh, MOt de (acet ¢

anhydr i an organic tertiary ‘base prefer pyri and a trial kyl
or triaryl phosphat e sequentially at -10 Cto -40 25 C. Step 6: The

D1 75 et hyl $isB" BitsaR oz arichentc it Bad 20 W ok coieBE Sl | -

conver si on wasthahallazTHI) and waterdo fami the Sebromotde(ipateban 2 theaprieyereeinf|

3 Fo 4 hre P SUBBYITOITRE BB R0 o 16 couE Teseoh el R g o "

reagent {Epr edohitil )Thbre beopenipiiate acitl @1 . defivtivereitdecéan belifoldBd@3/ikAa277

Crystal |1 zocaweiied lahs PUERREY honRenHRBa LG FAVRRERIPraTES Bol at es

to the CO”DQH@%ré&HE@é?é\’gQﬁlc%sé§1& ih&ghRdibases é)réf@feﬂﬁw @wd(uha 60 potBssitimNO2
carbonate) in an organic solvent (preferably THF or DMF).

20 Step 2: The product 4-nitrobenzyl 6-bromopenicillanate 22 obtained by the process
outlined in step 1 can be isolated or be transformed to 4-nitrobenzyl 6-
bromopenicillanate 1-oxide 23 in the same pot (i.e Step 1; sequential formation) by
oxidizing 22 to 4-nitrobenzyl 6-bromopenicillanate 1-oxide 23 using any known
oxidizing agents such as_3-chloroperoxybenzoic acid (mcpba) or hydrogen peroxide.

25
Step 3: The product from step 2, namely 4-nitrobenzyl 6-bromopenicillanate 1-oxide
23 can be converted to 4-nitrobenzyl(2R)-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-
bromo-2-oxoazetidine-1-yl}-3-methylbut-3-enoate 24 by refluxing 4-nitrobenzyl 6-
bromopenicillanate 1-oxide 23 with 2-mercaptobenzothiazole in an aromatic solvent

30 (preferably toluene or xylene).



NO~ OO 6 An above nentioned process (Step 1 to Step 6) for the
preparation of the conmpound represented by the formula 16 is an

i nt er rediwoa3geful for the preparation of 6- (substitute@CraiShyiaee) penens
of general fornmula I. 10 The conpound represented by the fornula 16 is a
crystalline derivative (X-ray powder diffraction paraneters are given in
the Table 2) The crystalline nature of this internediate inparts stability
and thereby increases the shelf-life tinme. The stabilit data of the

conpound of BB 4:JhpAradud from ER Brnamelir 4iteobensyIZR)SH3 4R)-keact i on of
4 I L1 obenzych SnES) - p ASEPERAE.FoSBiARHE AL 3ot DenotPBE eB 2t !y

substituted al dehydes (defind as before) to effect the al condensati on
step can be l@adlﬁssré\ded)lmanu qrganie splvery dpreerajly 4 olueng or z{wede)(amdeupanetbaqtlozo

anhydr ous
fertiary bastar crkpRuerable (bl ity Ak PEATEEN EPipeits g"igkmp),
or diisopr opﬁné'tomnaﬂrﬂr{é%/& 4R)a4-kfgﬁraﬁthma:q>l 2~Mldahi0h§-rhmm@-2pmqoazettdrrgah

sol vent (s) ( b nd/ or acetonitrile) at tenperature -10 Cto
-40C. The - @%ﬁﬁ'%@gﬁﬁgg%ﬁ PCT/ US03/ 13429 internedi ate al dol products of
general formula 18 are functionalized to give an ester | eaving group,

e.g., Wwth r 1ol te d

anhydr| de tagte Cé dT'ﬁé;t’ '(e%dggteffogéﬁ%@ rhlyorl g@‘f@trgb%{&!fa?é@ Aﬁ:@ ‘g@eb%tﬁlfg&

t he sane pot 2-yldihip)- bercbmombmzétﬂmm-WGLraethylbut-z-eneatelzs oaneaohesttedd a
phosphi nib at A HBHBERAC B 4R} Boielie A EVIEP Gafee- S sl prek BEdb! y
cH2C 2. St ep243no§’tbfbyfdaﬁ§ing$ﬁ.leme readtivhyin b ardnestiecirgadc lelléﬁtgp\’éfé?éblﬁt ep to
yield the coppound ral faornul ?)e carrie

e gen | .ca
di ssol ving t egﬁhl&tﬁ% PEﬁ?ﬁE‘?e  ary Qrpanie Ie?mdazpreferagly ormic acid) , ace%J IC
anhydride/ organic tertiary base (preferably pyridine) and trialky! or triaryl phosphine

(preferably triphenylphosphine) at —10° C to —30° C (preferably about —15 to 20° C).
15
An alternative embodiment of the present invention relates to the sequential

conversion of compound 23 to 26 without isolating the interme.iates:

Product from Step 2 namely 4-nitrobenzyl 6-bromopenicillanate 1-oxide 23 may be
20 reacted with mercaptobenzothiazole in refluxing aromatic organic solvent (preferably

Toluene) preferably for 1 to 3 hrs and treated with triethylamine at 0 to —20° C for 3

to 4 hrs. After this treatment, reaction mixture is charged with. an organic acid

(preferably formic acid) and an anhydride (acetic anhydride), an organic tertiary base

(preferably pyridine) and a trialkyl or triaryl phosphate sequentially at —10° C to -40°
25 C.

Step 6: The product 4-nitrobenzyl 2-[(3S,4R)-3-bromo-4-formyithio-2-oxoazetidin-1-
yl]-3-methylbut-2-enoate 26 from either step 5 or from the sequential conversion was
taken up in an organic solvent (preferentially ethyl acetate) at —70°C to —90° C and
30  ozonized oxygen was passed through it for 3 to 4 hrs followed by intramolecular
cyclization using a phosphite reagent (preferably trimethyl phosphite). The product

-10-



10 an organic solvent (preferably THF/ acetonitrile) and at a pH range of
6.0 - 8.5, preferably 6.5 to 7, pH phosphate buffer and activated netal
such as zwp®3/0932m7 or al umi num at anbi ent tenperature (pr@Censbs/y342¢ 20 C
to 35C). The product as a alkalie nmetal salt can be purified by a reverse
phase resin colum chromatography. 15 Alternatively Step 7 and Step 8 can
be carried out sequentially in the sane pot wthout isolating the aldol

intermedi ate, The final_ ste nanely the redyctive elinmnation step can be
carried out 4)'9'“8&%‘%%)1' &%Rw@é)"g‘h@"é‘?% Myt-GarberYlats Wﬁ%ﬁ@z@ﬁ%nt (such as
THE or acet ogthfladdiae:RRENE- 5- 7. 0 20 phosphate buffer and hydrogenating over
Pd/C at 10 to 100 psi (preferably at 40 psi) pressure. A representative
exanple is shown in Schenme A which illustrates the present invention. In

Scheme A suitiabbi@séiftaficntth 5180 fikic S tHR! RnitRNE reftO¥aNE by MeiSilowdy T €act i on
conditions may be used wi thout departing fromthe scope of the invention.

For exam® e 6fBviaéd6)6r | onger reaction times may be enployed; generally the
| onger the reaction time the gpre conplete the reaction. -12 WD 03/093277

PCT/US03/ 13429 mZcp awZz O |-0ar X N®2CD 32 2 EIln U E N
ZzZ N~ w OON O mOO ma ovOO
o]

16
An above mentioned process (Step 1 to Step 6) for the preparation of the compound

represented by the formula 16 is an intermediate useful for the preparation of 6-

(substituted methylene)penems of general formula .

10  The compound represented by the formula 16 is a crystalline derivative (X-ray
powder diffraction parameters are given in the Table 2)

The crystalline nature of this intermediate imparts stability and thereby increases the
shelf-life time. The stability data of the compound of the formula 16 is given in Table
15 1.

Step 7: Reaction of 4-nitrobenzyl (5R,6S)-6-bromopenem-3-carboxylate 16 with the
appropriately substituted aldehydes (defind as before) to effect the aldol
condensation step can be carried out in the presence of a Lewis acid (preferably

20 anhydrous MgBr, or MgBr.:

I
O

O\i i
£

18

etherate) and a organic tertiary base (preferably EtsN, pyridine, dimethylamino
pyridine (DMAP), or diisopropylethylamine trialkylamine) in an aprotic polar organic
solvent(s) (preferably THF and/or acetonitrile) at temperature —10° C to —40°C. The

-1 -
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Y D"~ z wbhoao9327% O UC OZ: 0OM 0G5 = PCT/US03/13429

intermediate aldol products of general formula 18 are functionalized to give an ester
leaving group, e.g., with an acid chloride or anhydride to give an acetate, triflic
anhydride to a triflate or tosylchloride to a tosylate at 0°C to — 10° C in the same pot;
or, if formulae 18 is isolated, it can be converted to a halogen derivative by reacting

5 18 with tetrahalomethane and triphenyl phosphine at room temperature in a suitable
organic solvent preferably CH.Cl..

Step 8: The final step, namely the reductive elimination step to yield the compound
of the general formula | can be carried out by dissolving the aldol product mixture in
10  an organic solvent (preferably THF/ acetonitrile) and at a pH range of 6.0 — 8.5,
preferably 6.5 to 7, pH phosphate buffer and activated metal such as zinc, tin or
aluminum at ambient temperature (preferably at 20° C to 35°C). The product as a

alkalie metal salt can be purified by a reverse phase resin column chromatography.

15  Alternatively Step 7 and Step 8 can be carried out sequentially in the same pot
without isolating the aldol intermediate.

The final step, namely the reductive elimination step can be carried out by dissolving
the aldol product in an organic solvent {such as THF or acetonitrile) and 6.5-7.0

20 phosphate buffer and hydrogenating over Pd/C at 10 to 100 psi (preferably at 40 psi)
pressure.

A representative example is shown in Scheme A which illustrates the present
invention. In Scheme A suitable reaction conditions are shown, however, other

25 reaction conditions may be used without departing from the scope of the invention.
For example shorter or longer reaction times may be employed; generally the longer
the reaction time the more complete the reaction.

-12 -
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OR5 i wherein: 10 One of A and B denotes hydrogen and the other is an
aryl optionally substituted with one or two R2, heteroaryl optionally
substi t utwo oaioe327one or two R2, fused tricyclic heteroaryCTasod/oaag |y
substituted with one or two R2, cycloal kyl optionally substituted wth one
or two R2, alkyl optionally substituted with one or two R2, al kenyl
optionally substituted with one or two R2, al kynyl optionally substituted
with one or two R2, 15 saturated or partially saturated heteroaryl
optionally substituted with one or two R2. R5 is H, an in vivo
hydr ol yzabl e ester such as Ci C6 al kyl, G5 - C6 cycloal kyl, CHR3000C1-C5
or salts such as Na, .-t|onall substituted -Cl-C6

al kyl, optionally sub 7 SRRED ' e - heteroaryl or
nono or bi CyThé presaritunvaingen bﬁivwree@yﬁdvesmo@égslf@mbl Yepa‘iattbﬁtdftatﬁdﬂcbcuﬁanﬁ
cycl oal kyl , ptlonally substituted -C3-C6 al kenyl, optionally substituted
-C3-C6 alﬁ<yn R fmue b he provi so that both the doubl e bond and the triple
bond shoul d not be present at the carbon atomwhich is directly linked to
N, 25 optionally substituted -Cl- er flyoro alkyl, -S(Op optionally
substituted alkyl or aryl where B Ny optjonally substituted
-C=Cheteroaryl, optionally substitut —NC= Q optionally substituted
-C=0 (C1-Co) aIkyI optionally sub39ltuted (C3- C6) cycl oal kyl,
optionally substltuted C=0 nono or bhicyclic §ét rated heterocycles,
optionally substituted Cl1-C6 al kyl aryl, optionally substituted Cl1-C6 al kyl
heteroaryl, 30 optionally substituted aryI-Cl-CB al kyl, optionally
substituted heteroaryl-Cl-C6 al kyl, -14 WD 03/093277 PCT/ US03/ 13429
optionally substituted Cl1-C6 al kyl nmono or bicyclic saturated heterocycles,
optionally suiestim:t uted aryl al kenyl of 8 to 16 carbon atons, - CONR6R?,

SR, Bt Bt 3RS i SEad Sy B S ey bt v

- al kyl - O al kgnte betwes &ar yétﬁroauyllthahély subbtitutedulvithd one \dr dwy aR X Ylisedofpityaiival | y

5t OBl Yok O e SR RN e

Cl- Coal kyl awijth omg ar Wo Repdlkyd matidbnally substltmtedumd dfig-dedwalRey lkenyl optionally

opti ondl 1y sttt BRb.RCn Yk Pecalirlt Sphali s P BR webiold SHPCR;

16 saturated or partially saturated heteroaryl optionally substituted with one or two R..

Rs is H, an in vivo hydrolyzable ester such as C1 —-C6 alkyl, C5 — C6 cycloalkyl,
CHR3000C1-Cé or salts such as Na, K, or Ca.

20 R; is H, optionally substituted -C1-C6 alky!l, optionally substituted -aryl, optionally
substituted -heteroaryl or mono or bicyclic saturated heterocycles, optionally
substituted —C3-C7 cycloalkyl, optionally substituted -C3-C6 alkenyl, optionally
substituted -C3-C6 alkynyl with the proviso that both the double bond and the triple
bond should not be present at the carbon atom which is directly linked to N;

25  optionally substituted -C1-C6 per fluoro alkyl, -S(O), optionally substituted alkyl or
aryl where p is 2, optionally substituted -C=Oheteroaryl, optionally substituted -
C=O0Oaryl, optionally substituted -C=0 (C1-C6) alkyl, optionally substituted -C=0 (C3-
C6) cycloalkyl, optionally substituted -C=O mono or bicyclic saturated heterocycles,
optionally substituted C1-C6 alkyl aryl, optionally substituted C1-C6 alkyl heteroaryl,

30 optionally substituted aryl-C1-C6 alkyl, optionally substituted heteroaryl-C1-C6 alkyl,

-14 -



carbonyl, optionally substituted heteroaryl oxy carbonyl. Preferred Rl
groups are H, 10 optionally substituted al kyl, optionally substituted aryl,
- C=Q( C1- GspaBkyd277 C3- C6al kenyl , C3-C6al kynyl, optional | y pemhsbs/14eed

cycl oal kyl, SQal kyl, SQaryl, optionally substituted heterocycles,

- CONR6R7, and optionally substituted heteroaryl. R2 is hydrogen,
optionally substituted Cl1-C6 al kyl, optionally substituted C2-C6 15 al kenyl

having 1 to 2 doubl e bonds, |onaIIy substituted C2-C6 al kynyl having 1
to 2 tripl oRsGRAY subslitytpgC1 E&@H@l mRNRERPicYgistsabiiale netaneyclesyurationally " 1- cs

al koxy, hydrél?&ﬁtltutéapér;y&ﬂéh}d%fseﬂbﬂ6 eHieH a%m& , -cmumsmal B RRERL oty

het er oaryl substitute al kyl am nes,
optionally sitpstituiag eaﬂylalkylpwyl opPlienzdy | ?Ubsé‘ﬂ%%q E&Vleg W'@Wbar"?ﬁ'%@u}’
optionally s%%ﬁmfelat e&lk;% Qfﬁyﬁhéf%xmxwpudhany %naétttuteaoar@l&?élkw%sﬁbmy

al kynyl o l'am no- C1- ene di oxy opti ona

subst | tu[%d Wt'@i@sﬁ %3@0%}"@93{3“@[!11 n@f'OGEHYCG sBé{“ﬂ!"%r @%PKX?W' SP@'Q{'ang’/
optionally SéUEr'éﬁﬁﬁédité‘nglog}h Brod! d'opt&(a@}gub&ﬂhé@@ﬂ'—(‘:@al@ﬂEﬁﬁd)?/é‘lty?@r)%ﬁg”ymere

gis 0, 1 or , ino or cyclic guanl di no I Ona

substitut ed substigted I1- Gﬁyalkyl GDﬂQWh%flef%aﬂdub Imﬁludsabatlrtaeqkyalkyl ow|°e5vsa| ly

bstituted k
RO B Attt SO S s g
e1o

b| cycI i c sat wmrya crmrp@allyowﬁt@tyte aeiaxy cathesyi. tBlteé%fr%@ B qu{J@ﬁ)ﬂre & 8 to
car lbli?f' allys%ygﬁﬁ‘%d AR, OE@IO'n)SIOyS%Eﬁth He‘g&ﬁ” ¥b§-‘bw @)SYa%NfWOS-

opt I ona t I't ut ed argyoxya t1onal

heteroaryl ox%alkgnyl spr-Coallynys  optierallyt §U|@Q!'tl§¢‘§'l @WKM' %alkb!hasgzafy'
substi tuted 1%&%@%}%&% Heteroaytisy LEGNRER3 n@%&ﬁ% ¥l d’heter%WlO”a”y

substituted oxyar optlonally tute
alkylaryloxyheteroaryl , optionally substituted aryloxyalkyl optlonally

substituted petery gaf RXY@ &?Qll}l rﬁ@%ﬁg@ﬁ' EY- (fBUlé It ISF,aIIy s%!ﬁtltuted C2-C6

al kyl aryl oxyaf kyl r oups on substituted
al kyl, 15815 mmnawagﬂﬁommwrmmmomﬁr suhsatutgd §atﬁ~ﬁ ammyéba\ﬂmxéﬂg

opt 102l | S84 LIS A3 B URr NG OBl

S(0) gal kyl, wt@nS(yO)sq:bamyﬂed BWBOP@Wﬂr%@eW_uteglheEr@ﬁrklylCO@BG,- ogaonally
orerony) | SRR o Ol L, BEbOANT L gl

Cl- C6 al koxysubstitu Osetemiakydxy, OntiRbally NRERItUtedCOIRGR7 ajkenyloRa Roptienally

toget herzd)e S:L%sﬂtruté% '@3 t—@%e&mﬁ{yloxy, C1-C6 alkylamino-C1-C6 alkoxy, alkylene dioxy,

optionally substituted aryloxy-C1-C6 alkyl amine, C1-C6 perfluoro alkyl, S(O),-

optionally substituted C1-C6 akyl, S(O)q- optionally substituted aryl where q is 0, 1 or

2, CONRgR;, guanidino or cyclic guanidino, optionally substituted C1-C6 alkylaryl,

optionally substituted arylalkyl, optionally substituted C1-C6 alkylheteroaryl,

25  optionally substituted heteroaryl-C1-C6 alkyl, optionally substituted C1-C6 alkyl mono

or bicyclic saturated heterocycles, optionally substituted arylalkenyl of 8 to 16

carbon atoms, SO;NRgR;, optionally substituted arylalkyloxyalkyl, optionally

substituted aryloxyalkyl, optionally substituted heteroaryloxyalkyl, optionally

substituted aryloxyaryl, optionally substituted aryloxyheteroaryl, substituted

30 heteroaryloxyaryi, optionally substituted C1-CBalkyl aryloxyaryl, optionally

substituted C1-C6 alkylaryloxyheteroaryl , optionally substituted aryloxyalkyl,

optionally substituted heteroaryloxyalkyl, optionally substituted

alkylaryloxyalkylamines. Preferred R, groups are H, optionally substituted alkyl,

-15 -



10 with the carbon to which they are attached may forma Spiro system of
five to eight nenbers with or without the presence of heteroatons sel ected
N, 0, S=(wWpn3fpsizere n =0 to 2), NR; R6 and R7 are indepemdsns/i3s2H,
optionally substituted C1-C6 al kyl, optionally 15 substituted aryl,
optionally substituted heteroaryl, optionally substituted Cl-C6 al kyl

aryl, optionally .:. ubsti tuted arylal kyl, optionally substituted,

het eroaryl al kyl , optionally substituted C1- het er oar R6 and R7
Can be- t bgeoREPialy SHBRES Hkexs RABRAIN USSR FetF oATHl DSpETo Ao URENA |y
havi ng one @th.@My@nogr%don&ewaeascoNRm SooRs ( )M nally sbHituted em cal
Definitions The term al k neans both strai ght and branched chain al

noi eti es of S(Olcalk ﬂaﬁ"’lﬁﬁé))q B&ferably of 1-6 carbon atonms. 25 The term

al kenyl neans both straight and branched al kenyl noieties of 2-8 carbon
atons cont ai n| ng at | east one double bond, and no triple bond, preferably
the al kefyl R i Pedrogem £ 11CE @lkyluG 5o 6B Icciealkvdsoptignally gortityiad 3%y @FftIO@é"&fray
exist in th%ugstqutegheféa@g@r mati ons; the conpounds of this invention include
both conformations. In the case of al kenyl, hetero atoms such as 0, S or
N-R, shoul d not be present on the 30 car bon that is bonded to a double

bond; The t¢{nsd, ‘@bﬂb‘ﬁall&%bé&ﬁ@t@d Zot e SikyRoaE bf Rlﬂ%‘ @Haoqid@' aKsdyes-ehlogy!

noi eti es COI’]t ai ni ng carbon atons cont ai ni ng | east one tri | e bond,

preferably @y, CQORAONIBRooSINRAT QISBQ?&@@!QOQ@PERVW@F%r Befyu tﬁﬁ@'fhérne or
two tripbe k@mdfe cafbdn¥® WSSt z Hal, =fé l’éﬁé’&ﬂed r’ﬂ@;‘ farfh é‘%ﬁ?@ s?é%&)ﬁ of?i@e & eighPr

N R, should not be present on the carb I's bonded to a doubl e or
tripl e bond:memiers witbranhvitheubie lpygsepee efr te,ette@aépna?f selgated Bl Ry @rélky (bsreyr oup
having 3-7 prdRmajges. The term perfluoroal kyl is used herein to refer
to both straight- and 'branched-chain saturated ali phati c hydrocarbon
groups having at | east one carbon atomand two or nore fluorine atons.

Exanpl es i nq;{ Udg Cﬁiiarg:l-jﬁﬁgﬁen ?;Elﬂ') n&lik Qﬁﬁétﬁ?te-drh@ﬂ(% BIGR! OSRMal?

defined as : 10711 ¥ g or ¢ cIoaIkyI
is "opt |15nalsupstguﬁﬁdtaryluplé@na"bﬁ@bS@tth%et@rowe optionally substituted C1-C6 alkyl

aryl, optionally wubstituted arylalkyl, optionally substituted heteroarylalkyl, optionally
substituted C1-C6 alkyl heteroaryl, Rs and R; can be together to form a 3-7
membered saturated ring system optionally having one or two heteroatoms such as
N-R;, O, S$=(0), n = 0-2.

20
Chemical Definitions

The term alkyl means both straight and branched chain alkyl moieties of 1-12

carbons, preferably of 1-6 carbon atoms.

25 The term alkenyl means both straight and branched alkenyl moieties of 2-8 carbon
atoms containing at least one double bond, and no triple bond, preferably the alkenyl
moiety has 1 or two double bonds. Such alkenyl moieties may exist in the E or Z
conformations; the compounds of this invention include both conformations. In the
case of alkenyl, hetero atoms such as O, S or N-R, should not be present on the

30 carbon that is bonded to a double bond;

The term alkynyl includes both straight chain and branched alkynyl moieties
containing 2-6 carbon atoms containing at least one triple bond, preferably the
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followi ng are possible substituents: nitro, -aryl, -heteroaryl,

al koxycar bonyl -, -al koxy, -al koxy-al kyl, alkyl-0O C2-C4al kyl -O-, -cyano,

- hal ogen,wolgdsnzxy, -N R6R7, - trifluoronethyl, -trifl uor @cEtusoxy3429

aryl al kyl, al kylaryl, R6R7N-al kyl-, HO 15 Cl1-C6-al kyl -, al koxyal kyl -,

al kyl -S-, -S2N R6R7, - SO2NHR6, -CO2H, CONR6R7, aryl- O, het eroaryl -0,
-S(O),-aryl (where s 0 -2), -alkyl-0Oalkyl-NR6R7, -alkyl-aryl -

al kyl N- R6R7, Cl1- C6al k , al kenyl, al ky cycl oal k |, al koxy- al kyI -

R6R7N- al kyl -8 kyn&HHO@!Y('@SSH'@c @rtwaltrgnle PO\H*FX‘* dndhe-case. oj)alkypylelp%tpqoeajoms SUCh
subst i t ut entay HOE GH N, snBLIaTY be préddhy B the BA80A Y30 blided B HBHIo o

hal ogen, nitro, aryl, heteroaryl, 20 al koxycarbonyl al koxy, -al koxy-al kyl,
- cyano, hydrtBR9 bopfd - N- R6RY. AryI is defined as an aromatic hydrocarbon
noi ety selected fromthe group: phenyl, a-naphthyl, (3-naphthyl, biphenyl,
ant hryl , tetrahydrona ht hyl , fluorenyl, indanyl blphenylenyl

acenapht Renylh et@f'ﬂ&h@“'hﬂ r?féﬁe"P@aﬁ"?W"Pé"Y@@F?r@@ﬂ gERUPNaYINgRY icarbestasermsy ¢l i c
ring syst em‘(H@l@ﬂﬁy?éﬁIEm‘&%lk |' @xaeéa ﬁéreﬂ%%?ertts'%oh%tﬁ% i ¥hd Bryneﬁéﬁéha% e

sel ected from uran ophene, 1ndole azal n oxazol e, thiazole,

| soxazol e, SRbaIoHAIPAIG RidioaEBan TIRUPS ARG A [ssbpRS carpyy jagarmand two or
pyri mdi ne. ffafioRfe s, WlmbdTRENYE BT IGHOF LE ATy dMERLAY | Py azol e,

30 1, 3, 4- oxadi azol 4-tri1 azol 4tr|az , ilz-l-tetrazole
1- net hyl t etthederma hal@éﬁﬁdﬁ(@ﬁ@ﬁ@as ci tﬁ'nEo%ﬂﬂ zoI e, benzofuran,

benzi soxazol e, benzi m dazole, N-m et hyI ben2| m dazol e, azabenzi m dazol e,

I ndazol e, qui nazoli ne, ui noline, and isoquinoline; (2) a bicyclic

aromatic hetléﬁwyall@wh@l Ny, ph@)’@loalkyl -ig 7opy elbl/@tm PCrne)go 3ve 1 tbe
ridine, | [
Py PYbiIdRi af eg§392%é sgl')szt*t <. 'nfitfb érwh/gcﬁételfdéﬁygdarl§<§3(lygagr§%ﬁsﬁ QRE%b)

aromatic (unsatu terocy |c rlhg vin
fused to a 5alfexialkye nblkye@-Ga-6Aalkyl©~( urtyaner aﬁé@pehetéwdr@w,l i®N-RiRvg havi ng

two nit roger}nﬂa&gﬁ.ﬁthg,p) fused totnﬁuéo@%fﬁ[&giheﬁ%@fk?l”a%lﬁryg YRA LG eﬂb

het erocyclic rin avi'ng one nitrogen 'h el the

oxygen db orﬁ1-§§+alkw- atkoxyalienl-, aligyl- s-ussazwe& SSOaNHBer-ﬁ@zldr @@me&, aryl-
(unsaturate L Q t e 0, N

S. |If ard(? til%Eﬁ(i;{)@groar S0 %gylgﬁhlé%gsal rt;;/ gﬁb"%”ut&]&ﬁ%ﬁﬁ %Iky[ \A@mgf t he
foI | owi ng araikylfiiReBo£1-@Iﬁelkylutﬂﬂtenvh@lkygyl wyclpalkyl, atkpiky-alkiile®erRdd-Mtalkyl-,

al koxycar bonyly , [ S @Jsjﬁ%_i%%ﬁﬂmh%ﬁ Flajubyb tF‘%I{éYrjed%uggft%ﬂ{sk%lr 2Ryl Ao

- hal ogen, -hy oro
alkynyl, and cycloalkyl include: halogen, nltro aryl, heteroaryl,

20 alkoxycarbonyl- alkoxy, -alkoxy-alkyl, -cyano, hydroxy, and -N-RgR;.

Aryl is defined as an aromatic hydrocarbon moiety selected from the group: phenyl,
a-naphthyl, B-naphthyl, biphenyl, anthryl, tetrahydronaphthyl, fluorenyl, indanyl,
biphenylenyl, acanaphthenyl, groups.
25
Heteroaryl is defined as a aromatic heterocyclic ring system (monocyclic or bicyclic)
where the heteroaryl moieties are selected from: (1) furan, thiophene, indole,
azaindole, oxazole, thiazole, isoxazole, isothiazole, imidazole, N-methylimidazole,
pyridine, pyrimidine, pyrazine, pyrrole, N-methylpyrrole, pyrazole, N-methylpyrazole,
30 1,3,4-oxadiazole, 1,2,4-triazole, 1-methyl-1,2,4-triazole, 1H-tetrazole, 1-
methyltetrazole, benzoxazole, benzothiazole, benzofuran, benzisoxazole,
benzimidazole, N-methylbenzimidazole, azabenzimidazole, indazole, quinazoline,
quinoline, and isoquinoline; (2) a bicyclic aromatic heterocycle where a phenyl,
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trifluoronmethoxy, arylalkyl, alkylaryl, R6R7N-al kyl-, HO Cl-C6-al kyl -

al koxyal kyl -, alkyl-S-, -SO2N R6R7, -SO2NHR6, -CO2H, CONR6R7, aryl -
het er oar yWo03/09328( O) S aryl (where s = 0 -2), -alkyl-0O al pgirruUSREEAR9

-al kyl -aryl - O al kyl N-R6R7, Cl1-C6al kyl, 15 al kenyl, al kynyl, cycl oal kyl,
al koxy-al kyl -G, R6R7N-al kyl -, and -S(O) Sheteroaryl (where s =0 -2);
Preferred substituents for aryl and heteroaryl include: alkyl, halogen,
-N-R6R7, trifluoromethyl, -trifluoronethoxy, arylalkyl, and al kyl aryl
Aryl al kyI §YG€mPn@M“@§1'U@r yPL @ytdighe Kiing is: ; (anfysed fg/ja W%F'P%ﬁdlaf@méﬂ‘é

benzyl , %Qné&?@ﬁ)ﬂo‘?tH&éroc&h@hﬁPW\ﬂ@gbne :?ﬂtFHb%WétBﬁ‘PRM’ fusédPidenys Br epy!

andthellke The term 'optiona stituted' refers to unsubstituted or
substituted wmherfdoaroma%&lﬁsattw@tﬁ% hetgrpcyelic Endcpavieg twe pitrogen etgmeis(c)

def i ned abo‘fﬁsedaﬂoké’é-%éﬁbéréd Q?gmﬁﬁquﬁssat&pate(a@%&@f&cy%ﬁd’ ting hu\mq b Atrogen

"optionally substituted refers to 25 unsubstituted or s Ituted™wi th
or 2 sub$ti talemt iogeifer wathaeither saneg pxygenn®i epg saifur gtom;neid(dblyged to a 5-

Het er oaryl - QﬂerﬁEere@'e{fbfrlnaflé(ﬂ@gfupﬁgd)%té}'obf‘&h@rriﬂérhﬂnnﬁlgﬁ%tﬁett rangﬂééé%@te@m ety

wherein the a chain 1s 1-6 carbon atons (Strai ght or

het eroaryl ,80r 80 i ncl ude Heteroaryl - (CHZ)l 6-- and the like. The
term’ optionally substituted refers to unsubstituted or substituted with 1
or 2 substituents on the al kyl or heteroaryl noiety as defined above;, -18

WD 03/ 093274 RO/ Ws0mtareand is Ceptinally ksubrttiteds aene O dwelef i the doligwing laye
chai n_ ofyol- 6, RONRIRERS( irb Bl nBlorod?iARIELBN}ACHREXY, O.alkoRREROAT V!

noi ety, mhlc I's bo e rest
Cl1- C6- al ky! -alet-8&-6arGAalkyl-Otheckasom Jha\@gemnahycvombstFith,edﬂﬂwweﬂwyto-

unsubsti t ut %Hﬂﬁror‘ﬁ@@ﬁ&fé Eéféiwdfagﬁﬂaoﬁf QWQ - RIS é‘é‘akpfy%h& allgi-

het eroaryl noiety urated or partia sat t ed
het er ocycl esallgﬁi@upss@nl‘éﬁd@fl B&NHRs, h@DeHo@QNRsRn aryh§s, Raiergatyt-- n‘ﬁﬂ@bst- he

noi eti es; azet bdi
pi per azi nyI r% g’grglydl’sn IZde tyr F%'hi' ?alﬂﬂ%ﬁ%{}‘ Alkyl Bﬁf?‘%lﬁﬂf\l%%@ﬁ%fﬂsﬂkyl
di hydr olfiénz@ik&l‘dkoalwf)yl dcvv}Qa"Wbealkmthh@ m&lt&lbbe@dt ht+&(@)+heteroaryl
di hydr obenzoya I d i nd
di hydr oi soo azo@% ddj h%r%’%&% é%%ﬁtlg{ew Fcﬁ %ﬂlggﬁg(ﬁé e’°?'lyr¥r%@b Qlkw
di hydr ooxazd1e3kbgen €N'R¢Bf, d)mfmormethw -trlfmorgrdetbpw anyalkyl, aold aWarypyru di nyl,
di hydropyrim di nyl, dihydropyrrolyl, dihydroquinolinyl, dihydrotet razol yl,
di hydr ot hi adi azol yl ,
Arylalkyl is defined as Aryl-C1-C6alkyl---; Arylalkyl moieties include benzyl, 1-

20 phenylethyl, 2-phenylethyl, 3-phenylpropyl, 2-phenylpropyl and the like. The term
‘optionally substituted’ refers to unsubstituted or substituted with 1 or 2 substituents
on the alkyl or aryl moiety as defined above.

Alkylaryl is defined as C1-C6alkyl-aryl-. The term ‘optionally substituted’ refers to
25  unsubstituted or substituted with 1 or 2 substituents on the aryl or alkyl moiety as
defined above.

Heteroaryl-C1-C6- alkyl is defined as a heteroaryl substituted alkyl moiety wherein
the alkyl chain 1s 1-6 carbon atoms (straight or branched). Alkyl heteroaryl moieties

30 include Heteroaryl-(CH.)+.s—- and the like. The term ‘optionally substituted’ refers to
unsubstituted or substituted with 1 or 2 substituents on the alkyl or heteroaryl moiety
as defined above;
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15 di hydrot hi azol yl, di hydrothi enyl, dihydrotriazolyl, dihydroaMtidinyl,

di hydro-1, 4- di oxanyl, tetrahydrofuranyl, tetrahydrothienyl,

t et r ahydrwousned2inyl , and tetrahydroi soqui nolinyl Cl-C6 @CiyuiSosroaae9 or
bicyclic saturated or partially saturated heterocycles is defined 20 as an
al kyl group (straight or branched) of Cl-C6 attached to a heterocycles
(which is defined before) through a carbon atomor a nitrogen atom and the
ot her end of the alkyl chain attached to the rest of the nolecule. The

terms 'opti &hpﬁyawh@tﬁqaat' d¥'defiped @nsalky s irg &?@@"o?mmﬁb@ﬂ pight @8 wi t h

1 or 2 substhrhn@iddf a8 to Cbﬂ hbfé?oa?&rlkﬁ'loré?f whigh 8§ Osonakd Cto pt‘hét ﬂe@ﬂ offthé he
nol ecul e, as defined before; yl al kyl_oxyal kyl is def

Aryl - C1- Coal RYIECe CEX. Cﬁ&c’?@??'ky' Hetw@a{y[;r mTh@ptteF’B nartr%a"xs ﬁlé%?t'ﬂtt%ﬂ dgfers v er s

to unsubsti tuﬁsasstﬁutea WP stibdtiited with hork QUbstitusHiRSr ﬂqeemyrs oPh&ERaFyI Ridiety Ne
al kyl and/or ary portions as defined before; 30 Al kyl oxyal kyl i's defined

as Cl- Co9al K38 defined abe¥siky| ---. The term ' optionally substituted refers
to unsubstituted or substituted with 1 or 2 substituents present at the
al kyl noiety as defined before; -19 W 03/093277 PCT/ US03/ 13429

Aryl oxyal kyiSatdratrs pheartiady Aptrated chetergeylasy groups arp defiapdnaso fetesaaydiy

substi tut ed'ringsef Qbfcled URIMPSIthe Ut RdichEs:S URSHidinyi edai’étﬂdrhyi O‘i A4dioxanyl
substituents present at the alkyl or aryl noiety as defined before; 5

Het er oar y| al hgxpbydraazepinyl. Pirpsazipddeiggridinyl, pyrrolidinyl, morphollnyl thiomorpholinyl,
Het er oarqy - C&hﬁ%éﬁ%lmrﬁé Soly1Coal ky!l dThdeJB%nzéfGrram/l Opt I Onaduhyer@dsﬁ%&ﬂhtéh&ﬁd

refers to unsubstituted or substitutéd substituents present on

the al kyl rdﬂm@tfeb%pwm%r et yd'axd@@'ﬁ'@ﬂyed beﬁ"b)’@'o'”md%ﬂolykyar yflihydyoindelyhed as
Aryi-O Aryl drhydrogg'&(aESI?Im ley'dFH'@tljuéfzoZ}IbSt bihydreExadidoRi,S t(ﬂhydr@oxazolzl Ly

unsubstituted or substituted with substituents resent on th
noi ety as dénydiepyrisgingl e;  Aiydeopyrazelt oar ﬂ'hYﬂ@m@'ﬂWed adihydropyrimidinyl,

Aryl - OHeterdrﬁrdrﬁ rﬁflyl Ar y&rhf& Eﬁ?rﬁélfﬁ?lrw ditydkdié 20 P “'c?}hﬁ?otﬁiaﬁfé%lyf he

aryl nmoiety or't et er oar can be attac remar ni ng

portion 16f tmbymazelwb dhydrqtl@rerml ofﬂihwmﬁllawyls ud@b’dﬂ@a%@tﬁflnyr efdirysire-g,4-
unsubsti t ut u hI uent he I
eﬂoﬂ!ﬁrgp bl%iréﬁy‘b‘r@fqré%/l, ot nggglay%‘rﬂ&ﬁfegfrl Stetpélﬁlﬁﬁdﬁhm%ﬁn afdy

noi ety or on het er oar ef I ne before ‘oxyaryl is
defined as Aﬁﬁrah)@fmﬁmwmmmal kyl ----; The term'optionally

C1-C6 alkyl mono or bicyclic saturated or partially saturated heterocycles is defined
20 as an alkyl group (straight or branched) of C1-C6 attached to a heterocycles (which
is defined before) through a carbon atom or a nitrogen atom and the other end of the
alkyl chain attached to the rest of the molecule. The terms ‘optionally substituted’
refers to unsubstituted or substituted with 1 or 2 substituents present on the alkyl or
heterocyclic portion of the molecule, as defined before;
25
Arylalkyloxyalkyl is defined as Aryl-C1-C6alkyl-O-C1-C6alkyl---.-The term ‘optionally
substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present on
the alkyl and/or aryl portions as defined before;

30 Alkyloxyalkyl is defined as C1-C6 aIkyI-O-C1-C6aIkyI-;-. The term ‘optionally

substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present at
the alkyl moiety as defined before;
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20 substituted' refers to unsubstituted or substituted withl or 2
substituents present at the aryl noiety as defined before;

Al kyl ar ylwoyhoeteroaryl is defined as Heteroaryl - O Aryl - CLPCoaiSkyi3429 The
term 'optionally substituted refers to unsubstituted or substituted with
1 or 2 substituents 25 present on the aryl noiety or on the hetroaryl

noi ety as defined before; Al kylaryl oxyal kyI am ne is defined as

R6R7N- C1- C6al kyl - O Aryl - C1 C6al kyl - --: optional |y substituted
refers to urﬁ'ﬁ(&lfﬁlkﬂtlécﬁe@ﬂe@ﬁsﬁm Qt‘%l‘% Pllkyli" oTh? ter%b%'Pf‘@lén%‘ébsﬁ%nt on

the al kyl orrepdryko Uﬁé@sﬁtu?e"d sredupadicalie] @or@ﬁsﬁgfﬁuazts%?ese?@ afiftle AR or
before Al koxycar bonyl defined as Cl-C6al kyl-O- C=0--; The term

‘optionally WWP'PW@%“'"W@P@F% to unsubstituted or substituted with I or
2 substituents present on the alkyl -20 WD 03/093277 PCT/ US03/ 13429
portion of the al koxy noi etg as defined before; Aryloxycar bon\é is defined

p

as Aryl-& Czldﬁte"anié'K!'@Wﬁky §i gefinedy asu bieferoay@ qs@f'dl‘@ Ct-65akylubdhet ut ed
or substi tuteﬁnwﬂgrbrﬂauw Lﬁasﬁfdié?ﬁ rEfé‘?é‘tté msgrsgﬂateat of hs‘abartwedmnﬁw &82 5

defi ned before t eroaryl oxy carbon as Heteroaryl-0O C0O -;
The term' opiumh’%ilemﬁ present on the alyl of éﬂéf@l’ﬂ@‘%ﬁ%@%‘?f'mﬁ'&fo@r substl tuted
wth 1 or 2 substituents present at the heteroaryl noi ety as defi ned
before; 10 Al koxy is defined as Cl-Cbalkyl-O-; The ternms "optionally
subst i t ut ed' Arykiigaryl isodefinad LassAii-GrAdi-or. Eneblsrm ‘gptianally sHbstitwed'orefers to

Subst [ { RN SRk BSliea iy SbRuald bty iRl HBREIDIE: arPrbliod 9ty 15

P
defi ned as term ' optionally su stltutecI9 ers
unsubsti t ut edﬁfmﬁdbﬁfﬁe,ltut ed with 1 or 2 substituents present at the aryl
noi ety as defined before; Heteroaryloxy is defined as Heteroaryl-O-; The

term'optionally substituted refers to 20 unsubstituted or substituted
with 1 or 2 Autxyhetewarnd iprdsfioad ag AryiO-hietaseantk yar mdiveOyHetarands Imdlis

before; Al ke&%ﬂn&?&ﬁ élﬁlef'%é %ﬂfﬂéle&gopﬁwé“ SRS mmeE;?< 2 Qt'te{é‘)’\Edcl)P the

but e- 2-ene-0O nol eti e pt1 onal titute ers to
unsubst 18  etemainisg heartionutadthai melecais; 1Tlcfr terr@ubamqnanrﬂtbswu@gerrefesﬁ tohe

al kene i et ¥, A8 ATt SuBEHEE withh td} Z AbsBiu@MsSHesent on the aryl moiety or on

the heteroaryl moiety as defined before;

Alkyl aryloxyaryl is defined as Aryl-O-Aryl-C1-C6alkyl----; The term ‘optionally
20 substituted’ refers to unsubstituted or substituted with1 or 2 substituents present at
the aryl moiety as defined before;

Alkylaryloxyheteroaryl is defined as Heteroaryl-O-Aryl-C1-C6alkyl--; The term
‘optionally substituted’ refers to unsubstituted or substituted with 1 or 2 substituents
25 present on the aryl moiety or on the hetroaryl moiety as defined before;

Alkylaryloxyalkylamine is defined as RgsR;N-C1-C6alkyl-O-Aryl-C1C6alkyl---; The

terms ‘optionally substituted’ refers to unsubstituted or substituted with 1 or 2

substituents present on the alkyl or aryli moiety as defined before; Rs and R; as
30 defined before;

Alkoxycarbony! is defined as C1-C8alkyl-O-C=0--; The term ‘optionally substituted’
refers to unsubstituted or substituted with 1 or 2 substituents present on the alkyl
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that no hetero atomsuch as 0, Sor NR is present on the carbon atom
which is attached to a double bond; Al kynyloxy is defined as

C3- Coal kywe-0®09327Exanple CH triple bond CCH2-O , |ike POTMmsS0#1d4es; The
term'optionally substituted refers to unsubstituted or substituted with

1 or 2 substituents present at the al kyne noiety as defined before, with
the proviso that no hetero atom such as O, S or NNR is present on a
carbon at om whj ch ttached to ble or triple bond; -21 WD 03/093277
ST US03! 53 Bgoretiebe alkproRPRGS FTEEHRHE as

R6R7N- C1- C6- al kyl - O C1- C6- al kyl ---, where the term naI al kyI group
attached to the oxygen |[s con ected terns

é?] the rest of th r]D
R6 and R7 ar®V&ys yht?o%fme 18 PRI Hrtery §’BB‘§1"’| &Pgﬂ'tUtPer@f"‘s’St 05

unsubsti t ut ed upkulsstiastbd v basktititéd with ar or22 §&&$|¥Uei1tb9pl’e§erﬂra€2$l$é’lb|3rﬁho¥étﬁa§| kyl
noi ety as def] ned before; Al kylenedioxy is defined as - ---0---

Aryl oxyaloky| REPEORlef i ned as R6R7N- Cl- C6- al kyl - O Aryl--, Wnere t he aryl
is 10 attached to the rest of the nolecule; The term' optronally
substituted' refers to unsubstituted or substituted wth

subst i t uent sHeteEaBeXYacatqBYlalsk fefingd &8y HeterpardQ-CGrlO- dthﬁet&rrBePBP@a"y

Aryl al kenyl stmsﬁtﬁtédn%ier@&o%rnshbs@an@at ketituted With N driTBsiistilichfs Hradéntne
hetero atom 15 such , 1S present on the carbon atom which

is attached 18 3%&5‘I’B°'eﬁcﬂ$cijefmﬂ‘éb?féf% optionally substituted refers to
unsubstifgut ed or substituted with 1 or 2 substituents present on the
al kene or acgusqm)r ety as defined before;, Heteroaryl ox is defined as

| Ky
Het er oar yI XyOsaPRfned as GhebalkylrP--opbe dpmNs wptlzoalgrﬁwst'tqt%de ferefters to
unsubsti t ut emqs%stﬁeﬁlaatdrtétrbemuwmhl1 Yr ﬁs@délaﬁrehtsuer%éntpertqrﬁ@ '&ikyﬁFnorét)hﬁs

heteroaryl noiety as defined before; Heteroaryloxyaryl is defined

Het er oar yI - @ﬁWﬂbeforeanere the aryl moiety is attached to the rest of the
nol ecul e; The term'optionally substituted refers to 25 unsubstituted or
substituted with 1 or 2 substituents present at the heteroaryl noiety or

the aryl15moi Atipxusisdedafined Bef APE-O-A ﬁ@ﬁy,term KeRYenaly | SU@M&MaFeﬁ?WSo%? and
al kyl thi oal ky s%é’trtﬁt"e@ dFDé 1rt%dvmt Qi & 3 Rpstlditd prdsahaf ﬁwela@I fidfdapas at oms

(straight or branc yl'oxy, heteroaryloxy, arylthio and
het er oarylth@Qflnﬁﬁéefﬁﬁ?etr es wherein the aryl and heteroaryl groups are as

Heteroaryloxy is defined as Heteroaryl-O--; The term ‘optionally substituted’ refers to
20 unsubstituted or substituted with 1 or 2 substituents present at the heteroaryl moiety
as defined before;

Alkenyloxy is defined as C3-C6 alkene-O--; Example allyl-O--, bute-2-ene-O like
moieties; The t«rm ‘optionally substituted’ refers to unsubstit’:ted or substituted with

25 1 or 2 substituents present at the alkene moiety as defined before, with the proviso
that no hetero atom such as O, S or N-R; is present on the carbon atom, which is
attached to a double bond;

Alkynyloxy is defined as C3-C6alkyne-O--; Example CH triple bond C-CH,-O- , like

30 moieties; The term ‘optionally substituted’ refers to unsubstituted or substituted with
1 or 2 substituents present at the alkyne moiety as defined before, with the proviso
that no hetero atom such as O, S or N-R; is present on a carbon atom which is
attached to a double or triple bond;
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30 herein before defined. Arylal kyl oxy, heteroaryl al kyl oxy, arylal kylthio
and heteroarylalkylthio are noieties wherein the aryl and heteroaryl
groups arwoag/operein before defined and wherein the al kylPCEhesn313439 1- 6
carbons (straight or branched). -22 WO 03/093277 PCT/US03/ 13429

Aryl oxyal kyl , heteroaryl oxyal kyl, aryl oxyal kyl oxy and het er oaryl oxyal kyl oxy
are substituents wherein the alkyl radical is 1-6 carbon atons. The terns
nonoal kyl am no and di al kylam no refer to noieties with one or two al kyl
groups wherein the alkyl chain is 1-6 carbons and the groups may be the
same or di ffm@awno'éjkwf e b8P Re ARk NG Tkl @AdCElafyKY! RROHKY!
refer to nonoal kyl am no” and di al kyl amno noieties with oné or two al kyl
groups (the ‘egniabalkyiorews attached imthepxygen tisheonectedde theatesheithe mpleale;
attached to R #drindl RIBAYR, Ure H‘eﬁnﬁ?é@&@' Fhet8rm “Hb‘ﬁoﬁéﬁgrs%&g%fg%ﬁg%

tricyclic heteroaryl group” iIs used in the specification an claims to
nmean: a d oussbRiBiies orgsubstitted wited origubstituents present atcths ralkyhaoigtygshas
aromati ¢  chgmelPeidrk- € nmeets Huckel's rule (4n+2)). The fused tricyclic
heteroaryl group contains 1-6 heteroatons selected fromthe group

consisting of 0, S Nand NR . The fused tricyclic heteroaryl nust be
bonded t hr oufjlyignediewos dgfirgdeastPy-(CH2err©-utf 15 the at | east one aromatic

rings to the renmainder of the fornula | nolecule. The fused tricyclic
heteroaryl group may contain 1-3 aromatic ri n&; and 0-2 non-aromatic rings.
Each ar ormat i 8ViPkyaming i glefinad s MeBNHGCCoratiyur @iyl gvirrp gy abbnisai n 5
to 7 ring abdBhelitBCIndicRE of e hbidaabienle AbRTBAptRALMRE Saktted (SRgs 1B S,
N, and NR, . Each of the aromatic ring(s) of the fused tricyclic

het eroaryl gvRswestidipdcemsubstituled gith D orresubgiivenis psesent @édhe el Or asyl N or

N-R1. The nopopkPia&Hea ekdtg(s) . if any, of the fused tricyclic
heteroaryl group may contain 5-8 ring atons (including bridgehead atomns)

and contain 0-4 heteroatons selected fromN, NR, 0 or S(0)n, wherein nis

0-2. In eac hﬁ@@iﬁ%ﬁ&ﬁ@&éﬁe&id(}gA@f-Célt%a‘ilééﬁé-d, lnfith G4 :ﬁ’.* iddhaf A3 néterd R4, One

or two of 't ridgehead carbon atons may each be optionally
substi t ut®ed sWahhasoRe Soer Nk is pEesRAt onihg eaibon REPNMEhigeis) atieepethticadoyblehe

sae o111 GO BATObS LRl GBS BB ke 40
J 2 substitue?'\ts preseht on the alkene or aryl moiety as defined before;

Heteroaryloxyalkyl is defined as Heteroaryl-O-C1-C8alkyl---; The term ‘optionally
20 substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present at
the heteroaryl moiety as defined before;

Heteroaryloxyaryl is defined as Heteroaryl-O-aryl---, where the aryl moiety is
attached to the rest of the molecule; The term ‘optionally substituted’ refers to

25 unsubstituted or substituted with 1 or 2 substituents present at the heteroaryl moiety
or the aryl moiety as defined before;

Alkoxy, alkoxyalkyl, alkoxyalkyloxy and alkylthioalkyloxy are moieties wherein the
alkyl chain is 1-6 carbon atoms (straight or branched). Aryloxy, heteroaryloxy,
arylthio and heteroarylthio are moieties wherein the aryl and heteroaryl groups are as
30 herein before defined. Arylalkyloxy, heteroarylalkyloxy, arylalkylthio and
heteroarylalkylthio are moieties wherein the aryl and heteroaryl groups are as herein
before defined and wherein the alkyl chain is 1-6 carbons (straight or branched).
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I \(r)/ z5 1 Jo\Q N2ZzZ2 2z, Z 74 3 \zZ \Z2 -23 WO 03/093277 PCT/ US03/ 13429
1-A 1-13 In both fornula 11=A and 11=B Z1 , Z2, Z3, Z4, 7Z5 , Z6 and Z7 are
i ndependewolog/ogeiected fromCR2, N, 0, S or NNR and as memttsosiexd2above
one of Z, - Z7 is a carbon atom to which the penem portion of the nolecule
Is attached. Y,, Y2, Y3 and Y4 may 5 independently be C or N. R ng size
and arrangenent: (5-5-6) 2-A2-B Z Z8 7\zZ6 4\Z5 Y3 Zz71 0 Z Z,- YIS N Y4/ 5
Y2 724 7/ O, 1o\ Ol \/ 2 74 71\zY Z3. 2 In both fornula 22=A and 22=B Z

. 72, 73, zahwieyalkyl, heterogpdoxyglkyly eafylve%ﬂbsﬂ%ntw hﬁB"-"@éWEW%EW"PWorﬁFERz

N 0, S or NsRstiRftsaswhesi Otned afyPVRadRe Rf 1-b€ céroon Zéioﬂns aThé:afel?ﬁaa atom
to which the penems_grtlon of the nolecule is attached. , Y3 and Y4

may be i ndep®RBeAkylsmMisg %f‘q)rd'%ykﬂ"ﬂ% refies do Jnejetigsy wHE!,é?r?@nw h’(‘?)-aﬂwh roEps g

\1(0\ 2685 §82/ - YwReréif the alld/l ciain isY1-8 chrdnéand the/ §rokipd nfdyYide thé sdmé orQilﬁéreanZ\ O
5 The terms monoalkylaminoalkyl and dialkylaminoalky! refer to monoalkylamino and

dialkylamino moieties with one or two alkyl groups (the same or different) bonded to

the nitrogen atom which is attached to an alkyl group of 1-3 carbon atoms.

The expression "Fused tricyclic heteroaryl group" is used in the specification and
10 claims to mean:
a group comprising three fused rings in which at least one ring has aromatic
character (i.e meets Huckel's rule (4n+2)). The fused tricyclic heteroaryl group
contains 1-6 heteroatoms selected from the group consisting of O, S, N and N-R;.
The fused tricyclic heteroaryl must be bonded through a carbon preferably in one of
15  the at least one aromatic rings to the remainder of the formula | molecule. The fused
tricyclic heteroaryl group may contain 1-3 aromatic rings and 0-2 non-aromatic rings.
Each aromatic ring(s) in the fused tricyclic heteroaryl group may contain 5 to 7 ring
atoms (including the bridgehead atoms) selected from CR;, O, S, N, and N-R,. Each
of the aromatic ring(s) of the fused tricyclic heteroaryl group may contain 0 to 3
20 heteroatoms seiected from O, S, N or N-R;. The non-aronatic ring(s), if any, of the
fused tricyclic heteroaryl group may contain 5-8 ring atoms (including bridgehead
atoms) and contain 0-4 heteroatoms selected from N, N-R;, O or S(0),, wherein n is
0-2. In each non-aromatic ring of the fused tricyclic heteroaryl group, one or two of
the non-bridgehead carbon atoms may each be optionally substituted with one or two
25 Ry and each R4 may be independently the same or different.
Examples of fused tricyclic heteroaryl groups include:
Ring size and arrangements: (5-5-5)

27—26

P OEESN
ool [
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Z 74 Z3 3 3-A 3-B 15 In both formula 3-A and 33=B Z, ,
, Z7 and Z8 are independently selected fromCR2, N, 0, S or
ment i onedwalwewes2one of Z, - Z8 is a

of the nolecule is attached. Y1, Y2 , Y3 and Y4 nmay be C or

Z2, 73, Z4, 75 ,

N-R and as

N -24 WO

Z6

carbon atomto whi chPChaSp&nae? porti on

03/093277 PCT/ US03/ 13429 R ng size and arrangenents: (

Z7-~Z 79 0 26 z8 0 79---Y /ZazZ7 IYA~Y | Y |~~ 75 Z, -
~015Z0~~"4 0220 12-Z Z2\ Yj\ZA\ Z \~ ~74
4-13 4-C In formula 4-A, ¥M3 and 4 Cz, , z2, 73,1

5-6-6) ~Zs \ 17

Y4 302 Y23291/0
Z3 4 72 Z3 5 4-A

, Z5 , Z6, Z7 and Z8

are | ”depe”QﬁrHonon%@iaeﬁh%dff-B%C@%,Z3, » 25, 2 ahd I2'7|3re mBEpéichisdlensd

above one of the Z Z870s carbon atomto which the
t he nol ecul €98 %Bz aNH@dS °"(1N Ryzndas ragdionsdiabeve enegefife

Ring size ang \ﬁﬁlé@’ﬂ%‘%@ﬁérﬁ po1=t'1:{5n561( fieNmdleenilit Githered. V\Z’()I
Y,Z Y3 2 (W)t zI ,

penem portion of
n@e#ﬁ??ar@oﬁﬁtqm 10

tYZ3YZ4nl Y, Ythaf -

5 independently be C or N
Ring size and arrangement: (5-5-6)
2-A 2:B
Z
ZB/ \Zﬁ /26\25
| O ! Z7
Ys O
2 Ny
1 1 4 Y2 Z4
/0\O/ /0 \O/
\ / 4 1\ /Y1—Z3

In both formula 2-A and 2-B Z, , Z; Z5, 24, Zs , Zs, Z7 and

Zg are independently

10 selected from CR3, N, O, S or N-R; and as mentioned above one of the Z, —Zg is a
carbon atom to which the penem portion of the molecule is attached. Y4 Y., Y3 and
Y, may be independently be C or N.
Ring size and arrangement: (5-6-5)
Z7
Zg/ \
| O %
Z7 Y4\
/ZB\YS/ \Z 7y ST
Zi—Y \ O / 6 /1 g O \
/ O \ O Yo 2/ 0 \ Zs
NGO % N~
23/ Zy Z3
3-A 3-B
15  In both formula 3-A and 3-B Z, , Z, Z;, Z4, Zs , Zs , Z7 and Zg are independently

selected from CRy, N, O, S or N-R; and as mentioned above one of Z; — Zg is a
carbon atom to which the penem portion of the molecule is attached. Y, Y., Yz and
Y, may be C or N.
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\ /| 2724 Z3 2 5-A5-B 1In both formula 5-A and 5 13 Z, , Z2, Z3 and Z4 are
i ndpendently selected fromCR2, 15 N, O, S or NR and as nentioned above
one of thwW0A23/0932Z24 is a carbon atomto which the penem porCirarsodissehe
nol ecule is attached; Y1, Y2 , Y3 and Y4 are independently Cor N W, W
and WB are independently selected from CR4AR4, S(Or ( r =0 -2) , 0, and
NR, wth the proviso that no S-S, S O or 0-0 bond formation can occur to
forma saturated ring; and t =1 to 3. -25 WD 03/093277 PCT/ US03/ 13429
Ring size and arrangenent: [5-6-(non-aromatic)] W (W)t /Z4.Z 3 WZ5 Z1--
Z5 W OZl\YF&i@’\srzé/an% a?r\angeMehtso(éW@)” Z\ O\ I O1I YW 2 e(M)t Z3 Z WB Z3
4~ [Z5 Z (r) W 4 74 Z2 11-1 6-A'6-B 6-C 5 In fornulae 6-A 6_B and
6-C Z1 , 72, Z3, Z4 and Z5 are independently selected from CR2, N, 0, S or
N-Rl and as nentioned above one of the Z1 - Z5 |;§ a carbon atomto which
the penem portion of the nolecule is attached/Yl %ngZ areZ|, %endently
C or N W, W and WB are independently sel & g)fr m CRA4.
0-2, 0, and NVR1 vvlth tfle provi so that no\S- ZeO or
formation can occur tx_fopm *~1@,a saturat ed/‘(ﬁg, = NAto 3 si ze
and arrangerrerttJYS/( non’ 3arey'at\c) 5] B-Z5Ys Z \/\1\Y ~Z i AOYB - Y1
0 Z5 Z1- Y2 7 \ Zg \ , O Z
Y /YZ\Z/ Zz\O Vi /" I nd
\zs/ 1\24 5 Z3/ Zs Z; 3

5 4-A 4B 4c
in formula 4-A, 4-B and 4-C Z, |, Z, Z;, Z4, Zs , Zs, Z7 and Zg are independently
selected from CR,, N, O, S or N-R; and as mentioned above one of the Z, - Zz is a
carbon atom to which the penem portion of the molecule is attached. Y4 Y, Y; and
Y, are independently C or N. '

10

Ring size and arrangements: [5-5-(hon-aromatic

Wa——(Wo)t %
RPN

i (W)t
% O \(2_2{ - \(Z)/“_"“
2
5-A 5-B

In both formula 5-A_and §5-B Z, , Z, Z; and Z, are indpendently selected from CR,,

15 N, O, S or N-R; and as mentioned above one of the Z, - Z, is a carbon atom to
which the penem portion of the molecule is attached; ¥y Y> , Yz and Y, are
independently C or N. W;, W, and W, are independently selected from CR4R,,
S(O) (r=0-2), O, and N-R; with the proviso that no S-S, S-O or O-O bond
formation can occur to form a saturated ring; and t = 1 to 3.

-95.



4 ~/ OY2 z/ Zz2 0\ 1 (W)t W 2~Zj 1--(RANZ~\ S3) 7-A7-B 15 1In
formulae 7_A and 7-13 Z1 , Z2, Z3, Z4, Z5 and Z6 are independently sel ected
from CR2WOOBI09R77S or NNRL and as nenti oned above one of PZI/US0ZB42% a
carbon atomto which the penem portion of the nolecule is attached.
Y1l,,Y2, Y3 and Y4 are independently C or NN WL and W2 are independently
selected fromCR4R4 , S(Or (r =0-2) , 0, and NRL with the proviso
that no S-S, S—O or 0-0 bond formtion can 20 occur to forma saturated
ring; and t Ringsig aB‘d arepoeTEs Do 4orarmatigha) 13429 R ng size and
arrangenment: [5-(non-aromatic)-6] /z6 5 Z7 @ -Z4-wWW_, Y/, Z7zZ6 [Y4~Y Z1- Y
/[ ; 0, 7----Y2 1\Zz01 S (W)t Z2\0 /"' Yy 4 W\~ / ~1A~)'73 F8-A 8-B In
formul ae 8_A an 88= 8221 , 22 Z3, Zg{ Z5, Y 6 angnZ7 are 5n@)e dently

~

selected 5 f/r/oﬁr Wis or nti oned ahove of the Z,
- Z7is a cazzb o V\:hl c hezzp pm n of the ecdl e i sWot
attached. Y1,\ YY3 d Y4 m\lede y,C or N \V\2 aye

i ndependent | y ZERZ =0 Qs o\ R wt 1\he/p’roviV§10 t hat
no S—S S-0 or 0-0 boﬁd formatlon can occur to forma satufated ring; and
t =0to 3. 10 6-A 6-B 6-C

5 Informulae 6-A, 6-B and 6-C Z, , Z, Z3, Z, and Z5 are independently selected from
CRy, N, O, S or N-R; and as mentioned above one of the Z; - Zs is a carbon atom to
which the penem portion of the molecule is attached. Y, andY; are independently C
or N. Wy, W, and W; are independently selected from CR4sR,; , S(O)r (r=0-2) , O,
and N-R; with the proviso that no S-S, S-O or O-O bond formation can occur to form

10 asaturatedring; andt=1to 3.

Ring size and arrangement: [5-(non-aromatic)-5]

Zs
Ze
[ 0 =
Wi~ Ze\ /Y4\Y3/
Z1\Y4/ Y§ O Zs Y7 \
L0\ YZ\Z( 4 O 3/1 e
2\2 Y1\(3,‘,2/)t \Z 3/ ~Ww
3
A -B

15  In formulae 7-A and 7-B 2, Z, Z3, Z4, Z5s and Z; are independently selected from
CR., N, O, S or N-R; and as mentioned above one of Z, — Z; is a carbon atom to
which the penem portion of the molecule is attached. Y,,Y,, Y; and Y, are
independently C or N. W; and W, are independently selected from CR4R,, S(O)r (r
=0 -2), O, and N-R; with the proviso that no S-S, S-O or O-O bond formation can

20  occur to form a saturated ring; and t =1 to 3.
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Ri ng size and arrangenent [5-(non-aromatic)-(non-aromatic)] (1 4)u Wo WB
W_ YZ ---(W)u /Y4, -y Zi Y Z1- Y2 Y2~W Z |/ (r) ~ (W)t Z2 OYl ~( \ 7
W ~Z/ 2w043/0829* A 9-B In fornmulae 9 _A and 99=B Z, , Z2pramd/SE313He%E

i ndependently selected fromCR2 N, 0, 15 S and NNR, and as nenti oned above
one of the Z1 - Z3 is a carbon atomto which the penem portion of the

nol ecul e is attached. Y1 and Y4 are independently Cor N, Y2 and Y3 are
independentll)‘( CHor NN W, W W, W and W are independently CR4R4, S(Or
( r = 0 -2),Ripg sige andﬁrrang@meﬂhe[%nws@nah@)rﬁlno S-S, SO or 0-0 bond
formati on can occur to forma saturated ring; t 0to 2 du=1to 3. 20
-27 WD 03/093277 PCT/ US03/ 13429 Ring size and arranger;efﬁt 7‘6255- 6) z Z8 -Z7
111 :ix1 :'r (r) 112101 (r)l Z5 2 /2/ Z3 Z4 10-A 187B An flormula 10-A
and 10-B z1 , Z2, Z3, ZzZ4, Z5 , Z6, Z7, Z8 and Z9 are inde de4tly 5 CR2,
N, O, Sor NRL and as nentigned pne of the Z1- ¥9 is carbon atom
to which the penem portlon/e}& nolecyle is gtta ,e'ﬂ Y1Y5Y2 , Y3 and Y4
are independently CZe~N{ Ri ng ﬁl z@an arran;bman2 (6- 6-é\) /29~ | Z8~ Zg

Z7 Z11 (r) 18 (W)t
Zz/\O/Y1 \sz\zf 22\9/ e
3

Z3
8-A 8-B

In formulae 8-A and 8-B Z,, Z, Z;, Z4, Z5, Zs and Z; are independently selected
5 from CR;, N, O, S or N-R; and as mentioned above one of the Z; — Z7 is a carbon

atom to which the penem portion of the molecule is attached. Y,,Y,, Ys; and Y, are

independently C or N. W, and W, are independently CR4;R;s, S(O)r (r=0-2), O, or

N-R; with the proviso that no S-S, S-O or O-O bond formation can occur to form a

saturated ring; and t=0to 3.

10
Ring size and arrangement [5-(non-aromatic)-(non-aromatic)]
(Wa)u
Ws\/\
W
3 Y,
w1\Y/ W s~y
1—Y3
ol L Jol
22/ O \Y YZ/ 5 ZZ\O Y1\ /(Wz)t
\Z/ 1\(~W2/)t Zs/ W,
3
9-A 9-B

In formulae 9-A and 9-B Z,, Z, and Z; are independently selected from CR, N, O,
15 S and N-R; and as mentioned above one of the Z, — Z; is a carbon atom to which the
penem portion of the molecule is attached. Y, and Y, are independently C or N; Y,
and Y; are independently CH or N; W;, W, W;, W, and W5 are independently
CR4R4, S(O)r (r =0 -2), O, or N-R; with the proviso that no S-S, S-O or O-O bond
formation can occur to form a saturated ring; t=0to2andu=1to 3.
20
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/z1 | 710" [Z9~ | Z1- /4\ [/Z7 1010 1011 $ zZI OYl O Yl 10101 16 = Z3\ 2\
IY3\ [zZ7 Z3\ Y2\ /26 Z2. /Y2\ /Z5 10 Z4 Z5 76 Z4 7Z5 Z3 Z4 11-A 11-B 11-C
I n fornmulwob3ogs277 11-B and 11-C Z1 , Z2, Z3, Z4, Z5 , Z6, PZT/USEB]134Z9 and
Z10 are independently CR2 , N, 0, S or NNRL and as nenti oned above one of
Z1 - Z10 is a 15 carbon atomto which the penem portion of the nolecule is
attached. Y1, Y2 , Y3 and Y4 are i ndependently C or N. Ring size and
arrangenent 6- 5- (non-aromati c L -28 WO 03/093277 PCT/US03/ 13429 WB--, Z~
4 (W)t nwzysmdwangwem 8 v wa z1 vif (M)t Z1 0 Yl (r)/3 O-~Z/
z5 72~ /Y3 Z3 W 12-A 12-B In fo/m.lk 12-A and _12-B z1_, Z2, Z3, Z4 and
Z5 are independently CR2 , N, O, or N-RL wit K8The prf%i so that one of

Z1 - Z5 is a carbon atomzto whi c pezyem port|| he nol ecule is
attached. Y1, Y2, Y3 g,nd ,e'i’rnd en ently C ofs N W, WB are

i ndepdent |y 0 N-Rl ?or { - wi t hzthe pr so}h no S-S, S0
or OObondformatlo oc uétng orma sat \?\ﬂ {) T}’[t =1-4. 10

Ri ng size and arrangbﬁgD n- aromat i c) Q )W (V\2)t Z1N,
/W8 Z1~ ~Y4~ [ Y4~ |3 Z OY45("2)t Z1 Q XI/'I\O)PI’ 16 Z3 /Y2 1Y

W 73 /Y2 | Z6 722 |Y2 | Z5 Z4 z5 Z4 z5 z3 z4 13- 13-B #8-C In formula
13-A, 13-B and 13-C Z1 , 72, 73,444 Z5 and Z6 are indgpgndently CRZ,

In formula 10-A and 10-B Z,, Z, Z5, Z4, Z5 , Z5, Z7, Zg and Zy are independently

5 CRy N, O, S or N-R; and as mentioned above one of the Z; — Zy is a carbon atom to
which the penem portion of the molecule is attached. Y, Y, , Y; and Y, are
independently C or N.

Ring size and arrangement (6-6-6)

A
" 9\2 2
z z z Zy 4 )\ )\
2 "~ NN, T Y /
fololol JToJol I o
3 2 3 7 3 2 6 2
10 \24/ \25/ \zs/ \24/ \25/ z3 \24/

In formula 11-A, 11-B and 11-C Z, , 2, Z;, Z4, Z5 , Zs, Z7, Zg, Zy and Zy, are
independently CR; , N, O, S or N-R; and as mentioned above one of Z; — Zy is a

15  carbon atom to which the penem portion of the molecule is attached. Y, Y., Y; and
Y, are independently C or N.

Ring size and arrangement [6-5-(non-aromatic)]
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15 N, O, Sor NRL and as nenti oned above one of the Z1 - Z6 is a carbon
atomto which the penemportion of the nolecule is attached. Y1, Y2 , Y3
and Y4 arwo osnoeependently C or N, WL, W2 and WB are i ndep@caarsps/y348RARA,
S(Or (r =0-2), 0, or NRL with the proviso that no S-S, S-0 or 0-0
bond formation can occur to forma saturated ring; andt =1 to 3. 20 Ring
size and arrangenent [6-(non-aromatic)-6] -29 WO 03/093277 PCT/ US03/ 13429
Z7 Z Z6 WL (W)t 0 Z1 )t Z8 Z1 \ ) 15Y) YI ZZZ?ZZYlYSZlYl/ Zs |
(r)y T (r)y BIL (r) 'l 2010 )!IZ\/YBZS =2y W, (W)t Zz z3Y
Za Z W5 2~ 1., a\\ ~14A14 %Vz n formula A,i 14-B and 14-C Z1 ,
72, 73, z4, 75, Z6, ;Va?rd ﬁrelnd endentIsz NsO, S or NNRl and
as mentioned above &h Z\SJ,S/ 1car bozlI atom '{(p/é mwzghe penem
portion of the nol ecul éd Y1, Y2 nd Y4 ar |ndependently
Cor NN W, W and are }{fld.Qp dently CR4R%; Q% =0-2), 0, or
N R1 vmththe provi so no 8, SO or O- ng/@\qalon can occur to
forma saturated ring; and t =1 to 2. 10 Ring sfze and%irrangenent

[ 6-(non-aromatic)-(non-aromatic)] WA-\3)U W i 2)t f Z1\ Wb Z, Ya oW Y4\
3 zZi Yi Yi \ f Z1--, YI~W O (MWa)u Z2 Y1 Y3 z3 ~Y, ~.3~/ 1(r) 112710
YI | ayu\Z4d WL WB Z3\ ~Y2 (W) t12-A 12-B

In formula 12-A and 12-B Z,, Z, Z;, Z, and Z; are independently CR, , N, O, S or

5 N-R; with the proviso that one of Z; — Zs is a carbon atom to which the penem
portion of the molecule is attached. Y4, Y2, Y; and Y, are independently C or N; W,,
W,, W3 are indepdently O, N-R;, or S=(0), (r = 0-2) with the proviso that no S-S, S-O
or O-O bond formation can occur to form a saturated ring; and t =1-4.

10  Ring size and arrangement [6-6-(non-aromatic)]

wy— (Wat W, (W)t

Z g Z4 Y4/ \W" Y! Yl
zz/ \Y1/ \Y4/W3\ zz/ ~ \Y3/ 27" \Y1/ \ze
|O|O|<w2>tIOIOI | O | O |
\ N /3\ LN % L AN o5

Wi z; z Z3 z

13-A 13-B . 13-C

In formula 13-A, 13-B and 13-C Z,, Z, Z3, Z4, Z; and Zs are independently CR; ,
15 N, O, S or N-R; and as mentioned above one of the Z; — Z; is a carbon atom to
which the penem portion of the molecule is attached. Y; Y., Y; and Y, are
independently C or N; W,, W, and W3 are independently CRsR; , S(O)r (r=0-2),
O, or N-R; with the proviso that no S-S, S-O or O-O bond formation can occur to
form a saturated ring; and t=1to 3.
20
Ring size and arrangement [6-(non-aromatic)-6]
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Z4 15-A 15-B 15-C In fornula 15-A, 15-B and 15-C Z1 , Z2, Z3 and Z4 are

i ndependently CR2, N, 0, S 15 or NNRL and as nentioned above one of Z1 -
Z4 is a capenaromto which the penem portion of the nol @culusos/s3424 t ached.
Y1, Y2, Y3 and Y4 are independently Cor N W, W , WB and W are

i ndependently CR4AR4 , S(Or (r =0 -2) , 0, or NRL with the proviso that
no S-S, S-0 or 0-0 bond formation can occur to forma saturated ring; t= I
to 3 and u =1 to 3. 20 The expression 'fused bi czycllc heteroaryl group' is
used in the specification and clains to nmean; p co rising two fused

rings in which one has aromatic character [i (S ure (4f¥2)] and
the other ring is non- matl c; -30 V\D 3/ 09 77 ﬁ USO3/ 13429 t he fused
bi cyclic het erpalzghL BaL ns o at onﬁxsm e,ctféd\f rom t he

group 0, S, MNan tﬁ’e f s bi yc 1heter aryl o j band

t he remai nder |of hel ol ecul rou h rbon tomin]|t r(gl r| ng
as shown in tfef grfia L35 _t he? 6ar V\@ﬁe fZ@'SQd/B(I“WCl,I/LZ

het eroaryl groupZontaiis fiv& or six r| ﬁg at (1 ncl udi ﬁg bri dgehead

atons) selected f{ppn CR2 , N, 0, S or NR 4q4.Bhe aromatic ring pfcthe fused

bi cyclic heteroar group contains O to 3 NMereroatons sel ected Trom the
group O, S, IN imnurat R4-A. t HeBrand H-Enét | &, Zi, da, &f Zt,.e andsedrdingdgpendently

o1 Ggenead arohn) Qopal: Sty I ERnffied R I A TEA INF R0 15

non- ar ongx i cwlnlchnghefpmlem podied d&fi thecinotechlet isr attaohed.gr YypYcotbantds Yo are 4

het er oat ons 0 N- r | es of
t he fused b|'§§é |(\ﬁt(c:Jl ﬂle){ {e:rc{)pal\?I W1’ an&)V\? ?r§ @éﬂ)ﬁﬂ@%ﬁ@/ %‘ﬁ“\l\g@)ﬁl 5? W (W)
t ZI ZT'1 WO2tor NAR, ZAthGiia- Wli’@lﬂmj W S-S 33024 G-OLbond flopmBtiarecan ogdr to

form a saturated ring; and t=1 to 2.

10  Ring size and arrangement [6-(non-aromatic)-(non-aromatic)]

V\;4—-"'(‘/\V3)U Wy iwz)f
Z
e 1 t _—Ws Z Y4\ W, g /Ya\
Z| O Y| Yi (Wau ZIZ/ gl YT/ Zl o | |
Y. O y
3\24/ 2\W1/ 3~ 3 ZS\ZAI/Yz (Wit 2\23/ 2 (Wau
15-A 15-8 15-C

In formula 15-A, 15-B and 15-C Z,, Z, Z; and Z,4 are independently CR,, N, O, S
15 or N-R, and as mentioned above one of Z; — Z, is a carbon atom to which the
penem portion of the molecule is attached. Y4 Y2, Y; and Y, are independently C or
N; W,, W, , W3 and W, are independently CR,R, , S(O)r (r =0-2), O, or N-R; with
the proviso that no S-S, S-O or O-O bond formation can occur to form a saturated
ring; t=1to3andu=1to3.
20
The expression ‘fused bicyclic heteroaryl group’ is used in the specification and
claims to mean:
A group comprising two fused rings in which one has aromatic character [i.e.
Huckel’s rule (4n+2)] and the other ring is non-aromatic;
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In fornmula 16-A Z1, Z2 and Z3 are independently CR2, N, O, S or NR and
one of Z1 -Z3 is carbon and is bonded to the remainder of the nol ecule as
shown i n wormaidx71. When one of Z's is CR2 the other two BETamnd/b2%i t her
two Nor one Nand O, S, N—R, in any conbinations with out disrupting the
aromaticity; when 20 two Z,s = CR2 the other Z can be optionally sel ected
fromone N, 0, S or I n any conbi nation with out disrupting the

aromaticity; are |ndependentl CR4R4, S, SO 02, O NR,
o i th th*@wfb?e\é\a?'%y&g‘f Pl oy STRLROTGAES e 1 S BIRIPAI P T e ur
to formthe @aypmtsemaﬁdm1system t— 1 to 4 25 I n forrrula 16-B Z1, Z2
and Z3 are independently and one Z3 1S carbon
and i s bondefiet 5?‘1’1@"'ry§'t*ﬁa|hﬁt?é?arﬂf grtoH@ 'ﬁlﬁ%‘é’ﬁﬁéoa@esrﬁmqeﬁ °fftB‘? fiPlgcyle when
one of Z's %h%haédi@éh hifdth |ﬁttlli@éroh’V5¥ich§ a83RoRA in hdependept |y CR2, N 0, S
or 30 NR in any conbinations with out disrupting the aromaticity; -31
WO 03/ 09§277thpewmﬂmar/rmqf2tbe fused biqyaks heteroany! gravereoptainsgivear SINGGHOMA t he
ring i s bon | I e n la I.
UL Ve and Vg DA E R ki LoRERD (36 0P, IR HenaloRle: A
Y. and Y2 = nogef the fmdwblpwéwﬁetﬁww draR comains Pﬂe%eéﬁra@homswe{eémcfme i s
i m dazole, @B r&ﬁ;grgtﬁgnalmg .may not contain a S adjacent to the

bri dgehead car bon I'n formula 16-C z1, Z2, Z3 and Z4 are independently CR2
or N and onethgmoptaromatiG Bng etihp dusesriicyclic hetatrasyl geoupHroNtainflivede eight ring e

ol ecul e 10athhs (1Y MRicRREad BRARY BERRILMERIR, T, NR,, BDB(OR wiRtie NV RL:
with the proviso that "no formation’ can occur to
form t he satiiF 8t2dThe Agn- agr@qt@rﬁngtqf tl1e f'@ed bIOVE"Ca'BﬁieWrYéQ@LEPr@éMm fiy C
or N 15 PROfdfsiea &&?&@&/FBFHWg&rmv%?é)nwhewﬁ—%ﬁeza' formila | can be
prepared in acl condensi ng an appropriately

substi t ut ed léxamiw@ftbe fvﬁthblwcb‘?bﬁﬁfqgéﬂéfﬁtt@émhéﬁlve of structure 16.
(Schene 2) in the presencewgf a Lew s acw pr ef er abl yzanhydrous

(WZ)t Z1 Y1 (Wz) t Z 1
W
Zz\o W, 22\9;(2—W3 2‘3\2 A"a‘V\(Ig, 2kt
1 6-A 16-B 16-C

15
In formula 16-A Z1, Z2 and Z3 are independently CR;, N, O, S or
N-R, and one of Z1 -Z3 is carbon and is bonded to the remainder of the molecule as
shown in formula . When one of Z’s is CR; the other two Zs can be either two N or
one N and O, S, N-R, in any combinations with out disrupting the aromaticity; when
20 two Z,s = CR; the other Z can be optionally selected from one N, O, S or N-R; in any
combination with out disrupting the aromaticity;
W,, W, and W; are independently CR4R4, S, SO, SO,, O, N-R;, C=0; with the
proviso that no S-S or O-O or S-O bond formation can occur to form the saturated
ring system; t= 1 to 4.
25
In formula 16-B Z1, Z2 and Z3 are independently CR,, N, O, S or N-R; and one of
Z1 —-Z3 is carbon and is bonded to the remainder of the molecule as shown in
formula |
When one of Z's = CR;, then the other two Z's can be independently CR,, N, O, S or
30 N-R;in any combinations with out disrupting the aromaticity;
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20 magnesi um hal i de nore preferably anhydrous MgBr2 or MygBr2: etherate and
a mld base such as triethylam ne, DVAP, or diisopropyl ethyl am ne, at

| ow t enpeweatoanegs27pr ef erably at about -20C to -40C. The i ntremrusds/at4es al dol
product 18 can be functionalized with acid chlorides or anhydrides
preferably to an acetate, triflate or a tosylate 19; or, if fornulae 18 is
I solated, it can be converted to a hal ogen derivative 25 by reacting 18

wi th tetrahal omet hane and tri phenyl phosphine at roomtenperature in a

sui t abl e or J¥RPEMAL S SR thendhe ptsT garepp i) the ringds BenfsgUR dhelreneImPYEoR npot hi y

converted t gsiliemarehieed sRhRAUFforMYiad. reductive el im nation process using a
nmetal such as activated zinc and phdsphate buffer at mld tenperatures

preferably d¥oW:amb@stase pglependeatly, ARgR., $HSR SO60( ¥R, 0 or hydrogenati ng
over a catalysgt,preferably 30 palladiumon charcoal. It should be noted
that the reéuctlvé el imnation step could be conducted st ich that

depr ot echi on'1@dithe Nar BoXth the prapise dalwhien the anemale beteceayalg is titidegelon t he
car boxyl at e L Bri Sl ; | ; ductive

i1 m mat | on e RGeS ATy Rol CARER LIS ATt e g d P ever i
the -32 WD 03/093277 PCT/ US03/ 13429 protecting group is other than

para-nitrob S , I PIesy ;
dependi ng ugnﬁhu%eﬁﬁ% g?gﬂdfz 3%@"% %‘%2’5‘@%8@%&@%%‘?8@%@1 can4 l)se
i sol at ed as carlfaneandds bdndad taghereredikddriof theemnalecdlal t . The above nenti oned

two ste prRcegdu | i e oA L he
entire pPocols i Bkl i S kPl By 3, SO ST0B, o aFR e Bidhide
rel atively ghatploeSHrad@quorsS-Shibbreiforneatisinycaneictirtodorm the saturatedoingyi el d and
econoni c fe%%tlg”it__t){tgvgi ch can be used to nake a wide variety of
conpounds. 'S procedure is anenable to a | arge scale synthesis and

appl i cabl e t¥ amdwarareindepénddntigyatdd. - 33 WO 03/ 093277 PCT/ US03/ 13429 _ O o
UOU OOL. 0 o :ryawin co K rl x co Z Cnl

15 PROCESS OF THE INVENTION

Compounds of the general formula | can be prepared in a mild and facile way by
condensing an appropriately substituted aldehyde 17 with 6-bromo-penem derivative
of structure 16. (Scheme 2) in the presence of a Lewis acid, preferably anhydrous
20 magnesium halide more preferably anhydrous MgBr, or MgBr.: etherate and a mild
base such as triethylamine, DMAP, or diisopropyl ethyl amine, at low temperature
preferably at about —20°C to —40°C. The intermediate aldol product 18 can be
functionalized with acid chlorides or anhydrides preferably to an acetate, triflate or a
tosylate 19; or, if formulae 18 is isolated, it can be converted to a halogen derivative
25 by reacting 18 with tetrahalomethane and triphenyl phosphine at room temperature
in a suitable organic solvent preferably CH,Cl,. The compound 19 can be smoothly
converted to the desired product by a reductive elimination process using a metal
such as activated zinc and phosphate buffer at mild temperatures preferably about
20°C to 35°C at a pH of about 6.5 to 8.0 or hydrogenating over a catalyst preferably
30 palladium on charcoal. It should be noted that the reductive elimination step could
be conducted st:ch that deprotection of the carboxyl group occurs. If the protecting
group on the carboxylate oxygen is para-nitrobenzyl substituent then the reductive
elimination and deprotection can be achieved by a single step. However if the

-32-



DOOOOmMw =QO0O0 QG(DCDLL100 Ocu _Q ZoWNCLQ N C
WmwOO VTI O U +ZinoO oCDc z Gr Lo umO 34 W 03/093277
PCT/ US03/WB420932Cne i nportant aspect of the present i nvenPCRrUSKEIARES tO

t he use of stable bronopeneminternediate 16. The stability of the
internediate is relevant to the aldol condensation step where the .
deconposition is mnimzed [as well as to the shelf life 5 stability]. In
this invention the key internediate 16, where R = para-N trobenzyl group is

a stabl e andratectinggroupiisethenihan paea- %.'irebenzw Mét'tﬁ%tseﬁwo SiaPdeGesire ¢an has
been found thafollowd®dépErRingad & the Haturs of’ﬂfeq:r%é‘tliﬂgegrbbﬁnﬁ@ﬁrdd%ﬁéd?ﬁ% ate

Q The conparative thermal Stabl|lti‘{ data for_the internediates 16 and Q
are given bdpdiaied@pires agid phas ap alialiastad salkt Bipg pbqup raentioned iwealelt e 16

enhances t heprgb&lure bar Be thiied BUt intheCRPPB BTy ¥Rtlthe 8ftirk Pocess without
5 isolating the intermediate 19. This is a relatively simple procedure and extremely
efficient in terms of yield and economic feasibility which can be used to make a wide
variety of compounds. This procedure is amenable to a large scale synthesis and

applicable to a variety of aldehydes.
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10 scale-up feasibility. As nentioned above, protection of carboxyl group
with para N trobenzyl group reduces the nunber of steps in the present
process owvopsepaeri ng the final conpound of structure 1. TPag/usoysisad | ine
nature of the intermedi ate was established by X-ray diffraction studies.
Tabl e 2 shows the X-ray powder paraneters of the fornula 16. Brs, S NO2
Brse SOQOCH3 /~"" O ONOOO 15 16 Q Table I Residual Ratio(% Day
Formula 16 Fornula Q O 100.0 100.0 1 100.0 99.7 2 100.0 95.3 4 100.0
72.9 7 98.7 69.8 14 98.4 Not tested 1) Checked by HPLC anal ysis. Tenp.
40Cin a solid state. 20 HPLC conditions: -35 WD 03/093277 PCT/ US03/ 13429
Colum: Inertsil SIL 100-5 4.6X150 mm (G. Science Inc.) Mbile phase;

Et hyl acet ae: n-hexane (10:35 vv) Wave length: 312 nM Flowrate: 1.0 m/mn
@ Room tenperature. 5 Table 2 Peak # 20 d value (Q intensity (cps)

Rel ative intensity 1 9.540 9.2631 1575 28 10 2 13.560 6.5246 1225 22 3
15.460 5.7268 3913 70 4 18.680 4.7462 2509 45
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5 19.180 4.6236 820 15 6 19.940 4.4491 1366 25 15 7 21.060 4.2149 699 13
8 22.360 3.9727 1652 30 9 23.740 3.7448 5560 100 10 24.260 3.6657 3560 64
11 24. 940WB.0387271958 35 20 12 25.180 3.5338 1799 32 13 PETAB03/B424529 878
16 14 26.540 3.3558 1514 27 15 26.900 3.3117 1136 20 16 28.900 3.0869
2206 40 25 17 29.220 3.0538 1507 27 18. 29.720 3.0035 1473 26 19 30.560
2.9229 906 16 20 31.200 2.8644 815 15 21 31.480 2.8395 888 16 30 22
34.700 2.5830 906 16 23 36.700 2.4467 785 14 24 37.780 2.3792 862 16 25
38.980 2.3087 762 14 -36 WO 03/093277 PCT/US03/ 13429 26 40.180 2.2425 728
13 27 41.220 2008#3poriant aspech ey hisragwast vpnticnuelaRs orke Heripkyipkie
el imnati Q%nﬁp%ﬁem ifteFrREi RIeOBE Mthe! SRASHIY bPIRliMBrmRedifs id Rfbvaki to'tﬁé’aﬂbl 'S
formed extrenmely preferentially (about” 50:1) 45-55:1. Formation of the "E"
i somer i sconstensatiosrsieriwherethe dpearerasienrs minimized fagswelbaitartho helf iifgi nat i on
ste an b e | er 10%
P st%l)ﬁgq f c}ﬁi@ |ﬁ\}e‘ilg0|‘?¥hte C#%IY/ |ﬁ1¥ﬁﬁé&3§c@"‘lh \Wﬂeﬁeh@ Féaf\lﬁf'%@b@iﬁgﬂo% pqY

Pd/ C. I Nt | ate use present i nvention may repar ed
fromt he astableand actygtadingiimtatnedigeatn theprseseant Inventian, Hbiag been g tzeg.

but 1 ned {1s shed=e 128s ricte SOBKL e fchitBardle 3 AR AR e skl PEECYG°
t he br onostabiiityciata fornthesinte2thediatesal 6 and Q are given below. (Table 1) This remarkable
stability of intermediate 16 enhances the shelf-life time of the compound as well as the
10  scale-up feasibility. As mentioned above, protection of carboxyl group with para-
Nitrobenzyl group reduces the number of steps in the present process of preparing the
final compound of structure I. The crystalline nature of the intermediate was established
by X-ray diffraction studies. Table 2 shows the X-ray powder parameters of the formula

16.
Br, s NO, Br-. 8 OCHjs
OJ:'L’ Jﬁﬁk/@ O/J/—:r\'l’ j\”/O\/Q/
o] o]
15 1 Q
Table 1
Residual Ratio(%)’

Day Formula 16 Formula Q
0 100.0 100.0
1 100.0 99.7
2 100.0 95.3
4 100.0 72.9
7 98.7 69.8
14 98.4 Not tested

1) Checked by HPLC analysis.
Temp. 40°C in a solid state.
20 HPLC conditions:
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one pot procedure. This was oxidized to sul foxide 23 which under went a
ring opening reaction to yield 24. Conpound 24 was converted to 16 by the
procedur ewouwsiodazer in Schene 3. Advantageously, in the pPe3arsn3/iagenti on,
conversion of conpound 23 to 26 15 can be carried out in one pot, wthout
isolating the intermedi ates 24 and 25. The bronopenem 16 thus obtai ned was
reacted wth the al dehyde 17 (Ref. Schene 2) in the presence of anhydrous
MyBr2 or conmercially avail abl e Br2:. O ,Et)2. The aldol product was

trapped as drelupwy: inertsil3ili100-%, 4 1§9é¥'§t(@l-l§°'€'é‘?f* Be-)conveni ent Iy

converted t québife phavd; E{)ﬁ)qgéahe-lnmx&%ﬁlﬁ oi3w)t With activated zinc (e.g.
freshly activated 20 w and phosphate buffer (6.5 pH) at room

t enper at ur e. Wmleplﬂvd’dtz llMthlbw raéeﬁv%mllewm@ Ream teragerafulenowns neans such
as di anion HP-21 colum chromatography. Initially the colum can be el uted
with water to renove any inorganic inpurity and latter wth 10% MeCN,
wat er .5 The product obtai ned through tXabde Brocess is 98% pure and it can be
further purified by crystallization. The al dol condensation reaction using
Et 3N 25 and MgBr2 is extrenely efficient and general. The present

i nventi onpgay#be exended to davahdd (@t Y intensityi@psiies t Refatbledintdmsityi nal
product of general structure |I. -37 WO 03/093277 PCT/ US03/ 13429 The
present invention relates to a process for the preparation of conpound of
formula 14 ABS Nglsgq@ O O Bygawherei ngpsone of A an@gB denot es hydrogen
and the other is aryl optionall substituted with one or two R2,

het er Yr yB opti onal I1§5§ bstit8%d6with dA&or two R2, #2f used bicyclic
heteroaryl optionahkwuggubsti guisgd Wi t hagne or two R2, 7pused tricyclic
heteroaryl optionally substituted wth one or two R2, cycl oal kyl

optionall ¢ substituf é@sﬂn th oAd46? two REO9al kyl optiod&lly substituted
wth one gr two R2, 18lqlggnyl optgomgal |y sgg@stltut ed withgone or two R2,

al kynyl 10 opti onallé substituted with one or two R2, saturated or

partial | yBsat ur at ed 1R@48r oar y¥#-4483t i onallB§6substitutedZRith one or two R2:
R5 isq4l, an in vivoogy@pol yzahlmssgster ggbected fromthg group k'1 -C6

alkyl, C - G cycloal kyl, CHR3000Cl-Co or a salt selected fromthe group
consi stin§ of Na, K228 3.9727 1652 30

9 23.740 3.7448 5560 100
10 24.260 3.6657 3560 64
11 24.940 3.5673 1958 35
20 12 25.180 3.56338 1799 32
13 25.780 3.4529 878 16
14 26.540 3.3558 1514 27
15 26.900 3.3117 1136 20
16 28.900 3.0869 2206 40
25 17 29.220 3.0538 1507 27
18. 29.720 3.0035 1473 26
19 30.560 2.9229 906 16
20 31.200 2.8644 815 15
21 31.480 2.8395 888 16
30 22 34.700 2.5830 906 16
23 36.700 2.4467 785 14
24 37.780 2.3792 862 16
25 38.980 2.3087 762 14
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15 Ca; R2 is hydrogen, optionally substituted C1-C6 al kyl, optionally
substituted C2-C6 al kenyl having 1 to 2 double bonds, optionally
substi t utwo 0893267 al kynyl having 1 to 2 triple bonds, halPegarsp3/csano,
N R6R7, optionally substituted Cl-C6 al koxy, hydroxy; optionally 20
substituted aryl, optionally substituted heteroaryl, COORG, optionally
substituted al kyl aryloxy al kyl am nes, optionally substituted aryl oxy,
optionally substituted heteroaryl oxy, Qptionally substjtuted C3-C6

al kenyl oxé, opti onal410y189ubsti t (% 8al kynyl oxy, ¢ co

al kyl am neyCl- C6 al kg»opo al kylgemg?,dl oxy,71@ptional |y subgfituted

aryl oxy-Cl1-C6 al kyl amne, Cl-C6 perfluoro alkyl, S(Oq optionally
substituted Cl1-C6 akyl, S(Oq- optionally 25 substituted aryl where q is O,

1 or 2, CONRR&ant Dél?'d‘lﬂm@fthé?béfdhbﬁvegé!mﬁloﬂ%teﬁ)mﬂh@rﬁésléﬁt ind&RIn! the/t ed
Cl- 6 al kyl aryl — op tlona substituted optionally substituted

G- R 5L Morran 'z Senmar 1s e aRSmE BT BIb el (Reats GO viba1L. (EmraRon of

opi onal |y ysaStiddnd ag nalobsgﬁ,eahmﬂe raaafan%.xmr&yﬁhé Feo%aﬁwam#at#aﬁts%&cycl es,
optional Iy substituted arylal kenyl car bon at ons

opt i onal | ¥aB alsetbiet garides @ﬁt;hmyrdsqgémmgktbe Int@rmeid@iarlﬂ;wver M RY®3/ 093277
PCT/ US03/ 13429 Th@qm@%%di%tﬁgﬁﬂs%h ¥l ﬂfé{%ent WEhﬁh[?&ox Vbe p%%% & the

het er oar yl oxyal Kyl stl tu yary 1onally
substi t ut @dnmqrclaﬂwamleble@rqmlnomnwllaniaawﬂ(aaélt’é) 24 @mgmra)l Thlsorpay baal |y

ZFE;T gb ??g%%&egq@ %Pmﬁ’ Sﬁé%ﬁ@lyqu)}h%gtoggaﬁr:fl%y%éaﬂ §§$}jea{ﬁ?<§ ) opt ionally
substit ut eshifopeaiciianiaracid ey Ky20 waptarvered }b helonbFNBIderivative 22by a

al kyl aryl oxyal kyl am nes, Preferred R2 u eH optional |y substituted
Al Kyl - opOnBRal BroCEse: Thistias oxicless jo suiaids2a Wi Ui e 8dmna peBPar yi

hal ogen, @bcﬂbﬁ@d ?iébd Zﬁmérﬁﬁé\ldob&ﬁw&bsédﬁvéﬁéﬂitm%gﬂféyp%&dur&gmmﬂn COCRG,
optionally substi 2d aryl, S(Oq al kyl, and

hydr ogen, Schewg 3| Advantaggouslydn Hmrggﬁntmvenm Comrsign 9Ummumﬂé§ ta&ﬁl
optional | o)

OB'[I oﬁgl I &agﬁgl&tﬁ fr{ég'{l%a ngé(gs ta@%”ﬁt |s§f5ét| ﬁﬁtye@@g gfté:gt'm e —ar

optional | pr@nmnemmzmus@mim\yas raapteclcmml thy al@l&bysde 1U(Raf. theﬁﬁe %)hh}ﬂhe aryl,

pot er oar y PITRYPS CEAMEH RO oR bt nersiithe PRI WBRRR Bl A afpiaideks and re
can be t alpmdm:bges trappedbad am acetaté andrieerbeneulacetatariftoad bel cogverdgrtyem
opL T onel | SR8l S SR SO BB o e g,
20  with 0.1 N HCI) and phosphate buffer (6 5 pH) at room temperature. The product can be
conveniently purified by knowns means such as dianion HP-21 column chromatography.
Initially the column can be eluted with water to remove any inorganic impurity and latter
with 10% MeCN; water. The product obtained through this process is 98% pure and it
can be further purified by crystallization. The aldol condensation reaction using Et;N/
25 and MgBr; is extremely efficient and general. The present invention may be extended to

a variety of aldehydes to yield the final product of general structure |.
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Step 1; 6-am nopenicillanic acid 20 dissolved in an organic sol vent
(preferably nethanol or THF) and water was converted to the 6-brono

deri vat i weoiop/0932e7 presence of 48% w w hydrobrom ¢ aci d aPCTABGL134e9 - 30C
and sodium or potassiumnitrite solution. The 6-bronopenicillanic acid 21
derivative either can be isolated or insitu converted to 25 the

p-Ni trobenzyl 6-bronpenicillanate 22 using 4-nitrobenzyl bromde in the
presence $E ﬁﬁ%amc bases or .i nor anl bases gFreferabI SOdI m or

pot assi um! B PISREL BYention plates e 3 e§6| Udhie prep %PBP&B‘P']? Siomal step
2: The product 4-nitrobenzyl 6-bronopenicillanate 22 obtai ned by the
process 30 outlined in step 1 can be isolated or be transforned to

4-ni trobenzyl 6- bronopenicildl anate 1-oxide 23 in the sane pot (i.e Step 1;

sequential formation) by oxidi zin to 4-nitrobenzyl
6- br onopeni ci | | anate 1-oxi d& 2 usi ng |oxi di zi ng agents such
as_3-chl or oper oxybenzoic acid I) fAydr ogen peroxide. -39 WO

03/ 093277 PCT/ US03/ 13429 Ste% 3: The product fromstep 2, nanely

4-ni trobenzyl 6-bronopenicillanate 1-oxiItrs; 23 can be converted to

4-ni trobenzyl (2R) - 2-[ (3S, 4R) - 4- (bepzot hi azol - 2-yl di t hi 0) - 3- br onp- 2-
oxoazetidi ne-1-yl]-3-methyl but - 3- enoate 24 by refluxing 4- ni trobenzyl 6 5
br onopeni Wheteihat e 1- oxi de 23 with 2- mer capt obenzot hi azol e (HSBT) in an

ar omats ¢ oFOLY Atind B Bér‘?&t@é A rM%JrPJar‘tH?i?\%)othéﬁ@Bryﬂ opﬂ&f*all@éﬁ’&gﬁﬁkecf WRAOREBP 3,

nanmely 4-nitrobenzyl (2R)- R) - 4- (benzot hi azol -

2-yl di t hi Bye Baphetgieany] R Ylsélbﬁ@ﬁ%d With-anenert el Buta fised bisyelicetergarhe
di ssol vedopfibriafly scihtit8@ With one! or g R(g,pfugg@ kfebive ﬂ&é%@ﬂﬁbpﬁ’&f&llﬁ’@%ﬂﬁﬁ@&t Ion

with an organic’ tertiary base (preferably triethylam ne) nbi ent
t enper at ubvéh gaecr4wai Ry seagiyl optionally syhstituted with one or two Rz, alkyl optionally

(Denzot i gaginded bith ohe ) wol#0Rerdn QAAEAY lbdtinda Wik cherBpialy Ry g noat e

25. Step uct from step
4-ni tﬂ@beﬁgt}qnaﬂy [sygsltulﬁyi with 19an zet MQ;_B@J saturatexl or partially saturated heteroaryl

yl dithio)g &Mfgm%ilﬂﬁg@@ﬁﬁbq%gpf% ,;(I] 3- et hyl but - 2-enoate 25 can be
enz

converted ntro
2-[(3S, 4R) - 3- br ono- 4- forrrylthlo 2- oxoazetidin-1-yl]-3-nethyl but-2- enoate

Y cartyT RO, iR ASIdaedls BlePLALBE froff BRLOURTMSLE AT ST

Tol uene) resence of ‘an organic aci orm’c acid
acetic anhydealigd/ UR@Q@O@%@@ or arsalt selested fsergftee gpoup wlslsdzlnmoj NanH, and al kyl
or triarylsgphosphine (preferably 20 triphenyl phosphine) at -10 Cto -30 C
Sequenti al (‘:onver sion of conpound 23 to 26 with out isolating the
internedi ates: Product from Step 2 nanely 4-nitrobenzyl

6- bromopegy 6 h{ABGEE oiBKaRCsubtitiRy ERRG! AR, optionally substituted C2-C6 alkenyl
having 1 to 2 double bonds, optionally substituted C2-C6 alkynyl having 1 to 2 triple
bonds, halogen, cyano, N-RgR7, optionally substituted C1-C6 alkoxy, hydroxy; optionally

20 substituted aryl, optionally substituted heteroaryl, COOR;, optionally substituted alkyl
aryloxy alkylamines, optionally substituted aryloxy, optionally substituted heteroaryloxy,
optionally substituted C3-C6 alkenyloxy, optionally substituted C3 —C6 alkynyloxy, C1-C6
alkylamino-C1-C6 alkoxy, alkylene dioxy, optionally substituted aryloxy-C1-C6 alkyl
amine, C1-C6 perfluoro alkyl, S(O)q-optionally substituted C1-C6 akyl, S(O)4- optionally

25  substituted aryl where q is 0, 1 or 2, CONRsR;, guanidino or cyclic guanidino, optionally
substituted C1-C6 alkylaryl, optionally substituted arylalkyl, optionally substituted C1-C6
alkylheteroaryl, opt.>nally substituted heteroaryl-C1-C6 alkyl, optionally substituted C1-
C6 alkyl mono or bicyclic saturated heterocycles, optionally substituted arylalkenyl of 8
to 16 carbon atoms, SO.NRsR;, optionally substituted arylalkyloxyalkyl, optionally
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25 wi th nercapt obenzothiazole in refluxing aromati c organi c sol vent
(preferably Toluene) for 1 to 3 hrs and treated with triethylamne at 0 to
-20 C forwB mBo9xt7hrs. After this treatnent, reaction m xParaseasi4ehar ged
with organic acid (preferably formc acid) and an anhydride (acetic
anhydride), an organic tertiary base (preferably pyridine) and a trialkyl
or triaryl phosphate sequentially at -10 Cto -40 C 30 Step 6: The pr oduct
4- nltrobenzyl 3- brono- 4-fornylthio-2-oxoazetidj n-1-

3- et hy| be# et g BT em'@ailhévb%ttﬂgﬁd elsrony ARG tnab Flél?s’“tuted

conver si og Rk ept dém | BuBhtUREd Ay foxFiRdt¥RA Mrsrsému@at inetdrifa |
acetate) at arg Blo y lrj1d ozoni z'}gg)(?40 Fy D 93277 PCT/ LrJSOrg/ 134%

oxygen vva@Pﬁ!?&ﬂ,\éd SLLWFWHW Clripalleyl ¢ oawloPﬂ@'ylﬁ ol ‘PRWOBa"Yoy suRstitaieg e@&l‘%ﬁ
cyclizatigmy |H@ld3<?hetardahﬂsphl Eﬁoﬁaﬂ@g%%sﬂ&%@f QAR HIKYIr | BBﬁthy p&mmté&)

The product "4 robenz br onopenem: 3-carb 5}/ ate
i

crysta | i B%’G"W@iﬁ?ﬂ%&l%%@%‘é Sh'éﬁtﬁHf@d %kyh‘féb&ﬁ*'ﬁﬂﬁm'ﬁe? e @?é’ﬁ@'eﬁ# Qf?UPf’ne
foliwi ng gy ﬁ”'oﬁtlérﬂafﬁ%/ subﬁ‘tut’edsal opﬂ\dngll Subdttited Ja@(oﬁij' éﬁﬂb\ﬁﬁll;ﬂ?urﬁsltlﬁﬂé‘dj

process (Step 1 to ep 6) for t preparatlon of npound _ r epresent ed

by the foh@igraarye haéosm i NerWS’ﬂ%{t eORfiopaiy srlléﬁtltvh‘fé ﬁ‘?@ﬁ%ﬁyaler ot @GR,
(substitu s tﬁwdn%nyglp&rﬁ&ﬁ@ 81, SRORLMy fREmBIbR -4yl 10 The conpound
e

represente formula 16 15 a crystalline dqerlvatlve (X-ray powder
diffraction paraneters are given in the Table 2) The crystalline nature of

this ypt egrgrd B?(?r%géﬁ%{ be%uﬁ;?hest_ycer@croa%?retoﬁuomg IR BStRStel Ny, §Bl?dnfaw ife

time. The $ta conpound o e formula 16 is ' given in

Tabl e 1. S‘l@"'@tt%%hqterqaé}éctlon of 4-nitrobenzyl

(5R, 6S) - 6- br omopenem 3-carboxylate 16 with the appropriately substituted
al dehydes (defind as before) to effect the aldol condensation step can be

carri ed OBb apd Rrifse fndependantlyH, griiendlly sdlstituted Cr@f aliyly oplimnally sulstitiest 2 or
MgBr 2: Ef 1, o%tlonally substituted heteroaryl, optionally substituted C1-C6 alkyl aryl, optionally

156  substituted arylalkyl, optionally substituted heteroarylalkyl, optionally substituted C1-C6
alkyl heteroaryl, Rs and R; can be taken together to form a 3-7 membered saturated ring
system optionally having one or two heteroatoms such as N-R4, O, $=(0), n = 0-2;

the process for the preparation of compound of formula | comprises
20
Step 1; 6-aminopenicillanic acid 20 dissolved in an organic solvent (preferably
methanol or THF) and water was converted to the 6-bromo derivative in the presence of
48% wiw hydrobromic acid at —10° C to —30°C and sodium or potassium nitrite solution.
The 6-bromopenicillanic acid 21 derivative either can be isolated or insitu converted to
25 the p-Nitrobenzyl 6-brompenicillanate 22 using 4-nitrobenzylbromide in the presence of
organic bases or inorganic bases (preferably sodium or potassium carbonate) in an
organic solvent. (Preferably THF or DMF).

Step 2: The product 4-nitrobenzyl 6-bromopenicillanate 22 obtained by the process
30 outlined in step 1 can be isolated or be transformed to 4-nitrobenzyl 6-

bromopenicillanate 1-oxide 23 in the same pot (i.e Step 1; sequential formation) by

oxidizing 22 to 4-nitrobenzyl 6-bromopenicillanate 1-oxide 23 using oxidizing agents

such as_3-chloroperoxybenzoic acid (mcpba) or hydrogen peroxide.
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ANR O 20 18 etherate) and a organic tertiary base (preferably
triethylamne, DVAP or diisopropyl ethylamne) in an aprotic polar organic
sol vent s wprgfenabl y THF and acetonitrile) at tenperatur@CTABG0E1340 - 40C.
The internedi ate al dol products of general fornmula 18 can be
functionalized with an acid chloride or anhydride to an acetate, triflic
anhydride to -41 WO 03/093277 PCT/ US03/ 13429 a triflate or tosylchloride to
a tosylate at 0OCto -10 Cin the sanme pot; or, if fornmulae 18 is isolated,
it can be converted to a hal ogen derivative by reacting 18 with

t et r ahal oggd 8 help@dhié: 'f%?@ﬁéchZOH%BQ'ﬁﬁtr%eﬁz?%fbﬁoﬂmﬁﬁﬂl‘dﬁ@te'1Do>@dé2'3t abl e

organi c Sorvent preferabl final ste namel ¥t he

reduct i vecan baicARxartsH ta ﬁétbtr‘?h?@}"@'ﬂ -&-[2S, &gbrﬁdtawoﬂﬂazoﬂ ﬂé/k{j@ﬁ’éﬁahmmrzml al.
can be Ca%&%{z@;u%fe %ﬁjyﬁﬂl%t @geﬁolé fri Qﬂeﬂla&ﬂgu%tr&éﬁ'z&ir@ in an organic

sol vent ( ce tonltrl pH phosphate buffer and
act i va® ed bramenenisil nafazs1 -oXige 23 with Zdnemamwﬁmtlaazmﬂﬂ%ﬁiﬁ) in @n@eonatio e.

(preferab%glv @Qefépa t& g'%) The product as a alkalie nmetal salt can be
purified verse ase resin colum chromatography. Al ternatively

Step 7 and Step 8 can be carried out sequentially in the sane pot with out

i sol at i ”Qsﬁé@?tﬁeogrod[]#teﬁo'ﬁ?g{e@%e naﬂmglym‘?tr%bél%gl(fﬁ) %@ M(brgﬁgogfug%i‘“ ve

elimnati n-also be ¢carried’out | sso product
in an or gaFyloﬁthsx)JaJmmoamdxcfazﬁhd?in@‘lfyﬂ@mbmyﬁ)m#mateaaﬂcadwmsgwm|nrag over

Pd/ C 10 to.10 refe at 40 pressure. -42 WD 03/ 093277

PCT/ u@gs/ Pripdls s ‘%‘%‘? (%%'p %J{'@H%X%%E’JUPP r?%“@%w an organic tertiary base
(preferably triethylamine) at ambient temperature gave 4-nitrobenzyl-2-[(3S,4R)-4-
(benzothiazol-2-yldiihio)-3-bromo-2-oxoazetidine-1-yl]-3-methylbui-2-enoate 25.

Step 5: The product from step 4, namely 4-nitrobenzyl-2-[(3S,4R)-4-(benzothiazol-2-
15  yldithio)-3-bromo-2-oxoazetidine-1-yl]-3-methylbut-2-enoate 25 can be converted to 26
4-nitrobenzyl 2-[(3S,4R)-3-bromo-4-formylthio-2-oxoazetidin-1-yl]-3-methylbut-2-enoate
by carrying out the reaction in an aromatic organic solvent (Preferably Toluene) in the
presence of an organic acid (Preferably formic acid) , acetic anhydride/ organic tertiary
base (preferably Pyridine) and trialky! or triaryl phosphine (preferably
20 triphenylphosphine) at —10° C to -30°C.

Sequential conversion of compound 23 to 26 with out isolating the intermediates:

Product from Step 2 namely 4-nitrobenzyl 6-bromopenicillanate 1-oxide 23 was reacted
25 with mercaptobenzothiazole in refluxing aromatic organic solvent (preferably Toluene)
for 1 to 3 hrs and treated with triethylamine at 0 to —20° C for 3 to 4 hrs. After this
treatment, reaction mixture was charged with organic acid (preferably formic acid) and
an anhydride (acetic anhydride), an organic tertiary base (preferably pyridine) and a
trialkyl or triaryl phosphate sequentially at —10° C to -40° C.
30
Step 6: The product 4-nitrobenzyl 2-[(3S,4R)-3-bromo-4-formylthio-2-oxoazetidin-1-yl}-
3-methylbut-2-enoate 26 from either step 5 or from the sequential conversion was taken

up in an organic solvent (preferentially ethyl acetate) at —70°C to —90° C and ozonized
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oxygen was passed through it for 3 to 4 hrs followed by intramolecular cyclization using

a phosphite reagent (preferably trimethyl phosphite). The product 4-nitrobenzyl (5R,6S)-

6-bromopenem-3-carboxylate 16 was crystallized from ethylacetae:hexane.

The compound represented by the follwing formula (16) :

B l"/,'

16
An above mentioned process (Step 1 to Step 6) for the preparation of the compound

represented by the formula 16 is an intermediate useful for the preparation of 6-

(substituted methylene)penems of general formuia |.

The compound represented by the formula 16 is a crystalline derivative (X-ray powder

diffraction parameters are given in the Table 2)

The crystalline nature of this intermediate impart stability and there by increases the
shelf-life time. The stability data of the compound of the formula 16 is given in Table 1.

Step 7: Reaction of 4-nitrobenzyl (5R,6S8)-6-bromopenem-3-carboxylate 16 with the
appropriately substituted aldehydes (defind as before) to effect the aldol condensation

step can be carried out in the presence of a Lewis acid (preferably anhydrous MgBr, or
MgBr,:

L
O

>
A
L
ol
2
Py

etherate) and a organic tertiary base (preferably triethylamine, DMAP or diisopropyl
ethylamine) in an aprotic polar organic solvents (preferably THF and acetonitrile) at

temperature —20° C to —40°C. The intermediate aldo! products of general formula 18

m'" W0 VOImOOOE (r) G Z
~ 0O COz9N U ZzCE O
O r

can be functionalized with an acid chloride or anhydride to an acetate, triflic anhydride to
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a triflate or tosylchloride to a tosylate at 0°C to — 10° C in the same pot; or, if formulae 18
is isolated, it can be converted to a halogen derivative by reacting 18 with
tetrahalomethane and triphenyl phosphine at room temperature in a suitable organic
solvent preferably CH,Cl..

Step 8: The final step, namely the reductive elimination step to yield the compound of
the general formula |. can be carried out by dissolving the aldol product mixture in an
organic solvent (preferably THF/ acetonitrile) and 6.5 —7.0 pH phosphate buffer and
activated metal such as zinc, tin or aluminum at ambient temperature. (preferably at 20°
C to 35°C) The product as a alkalie metal salt can be purified by a reverse phase resin
column chromatography.

Alternatively Step 7 and Step 8 can be carried out sequentially in the same pot with out
isolating the aldol intermediate.

The final step, namely the reductive elimination step can also be carried out by

dissolving the aldol product in an organic solvent and 6.5-7.0 phosphate buffer and
hydrogenating over Pd/C at 10 to 100 psi (preferably at 40 psi) pressure.
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0 tO2PNB 5 Exanple 1: Preparation of Sodium

(5R)-(2)-6-(2,3-D hydro-imdazo[ 2, 1- bl t hi azol - 6-

yl met hyl ewe)mpepent 3- car boxyl ate Step 1: p-Nitrobenzyl 6-bromasesizee | anate
10 6- Ami nopenicill @‘n c aci L i g) wast added to the cool ed sol ution of

met hanol (44 ,\u/vate;;\( X and %%w/w hyo[fo@ro ic acid (14 m-) at
+e9%sol

-10 C. After t addlti:on Q/@%anrrpl%t@ mxt-gre cooled to -15 C
Sodi um ni t rPFe utlg @l-ndls | v .6 BL of ter) was added

over 5 min, andE—Ee r‘é tr—m;—so#utl %as S’!l rrEdluvmthout cooling for a

further 30 mn. |Spdiumchloride (2.4 |g)| was di ssqghved ilh the 15 reaction
solution. The [on mxture was extrycted w thsdichljoronmethane (2 x 36
m.). The conbidmed (9rgan| c layers weme wd3hed wi t iEb®ing (36 nL), dried
(MgS™), and condentrated to 20 nL undger reduced“pcessure at 25 C. The
residual solutioa|contains 6-bronopgnicillan ic gckd gnd used to next
reaction as it is.| Anhydrous potassigmn|carbonate £2g9 d), dinethylfornmam de
(40 nmL), and 4- N t'robenzyl 20 bromie (5.0 9 vveY‘e-°suc essively added to
the residual rsotutignand the m xturg was stlrrg - 40 Cfor 1 h.
The reaction soluti®n was poured into m xture wat (33 mM-) and
di chl or onet hane (4Jon1 -) and the organig® Iayer @eparated. The organic
| ayer was wash d\W|8h water (40 m-) arfy brine (4R 8L),| dried (MyS™), and
evapor at ed. Th%&n due was appli ed o Qilica gel=cg u chr omat ogr aphy,
eluted with 25e¢et hyl etate - hexar@ ( , and -Phg | e conpound was
obtained as a ¢ | e solid (7.2
3H), 1.62 (s, 3 4.61 (s, 1 H, 4.8 =
(AB, 2H, J = 13, ), 5.41 (d, 1 H, 1.5 Hz) ,N7956 (d, 2H, J = 8.7
Hz), 8.26 (d, 3H 8.7 Hz). 0 Bry, S 30 (EC@ZP B -44 WO 03/093277
PCT/ US03/ 13429—St—e*pﬁ—' p- Nltrobenz§q 6-Br onm mopeni §i £l anat e 1-oxi de
p- Ni t robenzyl @5‘5’rormpen| cillanate (1. T g) was ddsSol vied in

as]

P4

.

o)

)

5

i
. HEMB (Y CDA3): 1.41 (s,
d, 1% J=21.5 Hz), 5.25 and 5.34

=

di chl or onet han&g (120 m.) and cooled to C. 3-Ch|.9'r§per bezoic acid (0.56 Q)
was added o tr?essolgtfon

Scheme 3
DMF-CH,
35-40°

PNB-Br (1.0
K,COj; (0.9

“COOH

. S
)
21

PNB= para-Nitrobenzyl. a: mcpba (0,89 eq)/ DMF-CH,CI,/ 0° C, 20 m

Pyridine (1.03 mol eq)/ MeCN, -15°C, 5 min; (2) Ph3P (1.02 mol eq) -1
1.75 hrs; (2) P(OMe); (4.8 mol eq), Reflux, 45 min; (3) Crystallization

fg‘ o)
| —
? A
@ (4]
0 ~
Eg =
-'a' - m
TE | Q¢ Z
m © TS Ie)
T2 | &% Q
3~ O
S| 2% N
RZ =z ¢
ez
\‘c
5 @ O
3

43



and stirred for 10 mn. The reaction solution was washed wi th saturated
sodi um 5 hydrogen carbonate, water and brine, dried (MgSO4), and evapor at ed
under redwoad/odppressure. The residue was applied to silicaCcgalSoyod4eam
chromat ogr aphy, eluted with ethyl acetate - hexane (1/1), and the title
conmpound was obtained as a colorless solid (1.4 g, quantitative). 'H NWR
(8, COC13): 1.17 (s, 3H), 1.69 (s, 3H), 4.60 (s, 1 H, 504 (d, 1 H J =

1.5 10 Hz), 5.10 (d, 1 H J = 1.5 Hz), 5.30 and 5.37 (AB, 2H, J = 12.9
Hz). 7.56 (d, 2H, J = 8.7 Hz) 8. ELE&H,_QEEEJ 8.7 Hz). Sequenti al
Preparation of p-Ntrobenzyl 6-br ormpenl cillanate 1-oxide:

nmet hanol 15 (3.5 L), water (1.36 L 48% w w hydrobrom c acid (1.36 L)
at -10 C. After the addition was ¢ "the m xture was cooled to -15 C
Sodiumnitrite solution (235 g diSsol ve’@o pNgP60 nL of water) was added

over 30 min, and the resulting solution vvas stirred wi thout cooling for a

6- Ami nopenicillanic acid (500 g) Ws added to the cool ed sol ution of
)| ﬁ

furthe 3 mn o TOPr S Ior| 48 (240:9) Z{3S (1| oI ved Jdn c act gn
sol uti S elne pomico 32 % 3 20
L). The cd ". e -..‘-"" 1-31carbox, R € washed W|th br| ne (3 L) drled

(MgSHM), and concentrated to 1. 6 L under reduced pressure at 25 C. The
resi dual S&RA5 RAiEebenavh8-bromapghisitanats | | ani c acid and used to next
reaction as it is. Anhydrous potassium carbonate (288 g di net hyl f or mam de
(2.8 1§, and 4- Gﬂmlnemg%m%a%{@@ 9 we@agsled/@rteega@e%@lpm of rﬁ@%@ﬂ"'to t he

residual ¢ Bih ténd4hhs, ar?oﬁ48%WWtﬁd%?on§uE'abia9@4%L)%@ 'ro“é)) ﬁftEP{hel h. The

reaction soluti'on was %oure into a mxture of

di chl or onedeitiprwas camplete, e W?@Ufér"\g?érﬁo@'eldé9eﬂ5v\ﬁs S@f&tﬁar@tﬂt@cﬁolume (@A gani c
| ayer was guRsiedin'g.5 et \ehted) a3 édhe@'aderl?f Fn'fhe ahd tite re@ﬂlfln& eaufshwh® -2 C.

The organic layer contains p-nitrobenzy br omopeni ci | 1'anate and used to

next reacsiied wiihqut cpalinggor a furthes B mik. ! g sllpeiy (P65 hyaselisselvrtia the t he
organig | "f‘é(é%ﬁloﬁgﬁﬁtlé"ﬁ g r@%lﬁiion %l%(t[lfee\ﬂaé é‘)ftr%': rWlfh Eﬁ]@rohf'e?ﬁédg jexture was

diluted with ethyl acetate saturate Ium

hydr ogen &3)boMseonbingd erganiciayess ware \tasmgé\ﬂthM@e (8@ e dried ( Ms&Otm@nd

aqueous | r e

oo 008277 R iRbs S ZTanL aﬁ%ﬁgﬁw%ﬁff %‘%\} T ng s T\(Rgrr% dhal %gﬁtw#é%"\%s
(3.9 L) affcbromppenigitianic agid agd jused tq ngyS@Actiomagiitésapor at ed under reduced
pressure ahnifols pdiBSsilihtabttate@ 9 §), Witethylformamide (40 mL), and 4-Nitrobenzyl

20 bromide (5.0 g) were successively added to the residual solution and the mixture was
stirred at 35 - 40 °C for 1 h. The reaction solution was poured into a mixture of water
(33 mL) and dichloromethane (41 mL) and the organic layer was separated. The
organic layer was washed with water (40 mL) and brine (40 mL), dried (MgSO,), and
evaporated. The residue was applied to silica gel column chromatography, eluted with

25  ethyl acetate - hexane (4/1), and the title compound was obtained as a colorless solid
(7.2 9, 75%).

"H-NMR (8, CDCI3): 1.41 (s, 3H), 1.62 (s, 3H), 4.61 (s, 1H), 4.83 (d, 1H, J=1.5

Hz), 5.25 and 5.34 (AB, 2H, J=13.0 Hz), 5.41 (d, 1H, J=1.5Hz), 7.56 (d, 2H, /= 8.7
Hz), 8.26 (d, 2H, J = 8.7 Hz).

O
By, _d
O =
30 CO,PNB
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triturated with ethyl acetate (1.8 L) for 30 mn and hexane (5.4 L) was
added dropwise to this mxture over 1 h. The solid was filtered off and
the filtewomakes2oams washed with 5 ethyl acetate - hexane @UTAIS0®1824). The
solid was air-dried for 1 h and dried in vacuo overnight at room
tenperature. The title conmpound was obtained as a pale-yellow crystalline
solid (768 g, 77% Bra, SSBT O CO2PNB 10 Step 3: p-Ntrobenzyl
(2R)-2-[(3S, 4R) - 4- (benzot hi azol - 2-y| di t hi o) - 3- br ono- 2-

oxoazet i dSHRPI2:yR-Nitsohanzy| s-bremepenisillapalr koxidshenzy! 6- br onopeni ci | | anat e

1-oxide (4.31 gy W&o n{l@ﬂ‘oﬁ%@ﬁi@ﬂl&ﬁaﬁé?{ 86 gf\Jd&@@ls%lv&?fn%h&lﬁ‘&t')ﬁ@maﬂe

refl uxi ng tol uene grow sion t he azeotropic renoval of

wat er (Defd9 gl H%W%ﬁﬁp@r%‘f@sﬁ UPTOPeWeZﬂPtaéHd (@é@lg) N@ﬁ%@@ﬁ?ﬁ@é‘ﬁb@@ﬁt ure,

15 the reggd éﬂFbcﬁ%I- 4 InfiR. vmrexamﬂrsamen W&g‘%\FasﬁééjWﬁﬁgaﬂ&Fﬁéé%cﬁumThe residue
was agglle to silica gel colum chromat g eluted wth ethyl acetate

- hexahe pwiregen earhonate, watpk ard brinep glied( db@"&i eMaporateupsiar sedusedow sol i d

|(_|;5 6; g, ?%é@ure '"'I'I‘l\@@sfdﬁe \Agg(%pﬂledtjcs?l%a(g%i g@h&m cﬂrcﬁr?atéénaplﬂy @utec?wﬂﬁ (5) 1

7 41 ; 7 stblyl(aﬁet%ﬂ) he)?aﬂ?l("(ﬁ-, and the tifje EOIBPQUfl&WaS olztelmedg@ 3(?9'°”PS$1$°|JJ| = 8.0
, 8.20 1(519 %u"éntn]at .8 Hz). Bra. SSBT O CO2PNB Step-4: p-Ntrobenzyl

2 [(38 4R enzot %zol - 2- yl di t hi 0) - 3- br ono- 2-

oxoazeti di n- 1 y I-]—NBARr(ﬁ IGD@IAY: -12+7e(s 03t 189 (p; M), #EOgmz1H), 5.04 (d, 1H, J= 1.5

1230116 e o e ST S HEE 2ot fne? S e TR R TRRET YRS T ool eo

to 0 C, apg), si27e@t 2H, w=td7 He).et hyl amine (0.12 nlL). After being stirred at 0
Cfor 2 h, the reaction -46 WD 03/093277 PCT/ USOB/ 13429 sol ution was
washed with 1 MHC, water, saturated sodi um hydrogen carbonate, and

brine, drse ué:hﬁh‘i@f}bpauaﬂdn@f@mnmdzylradmmmmadamtemsume The residue
was applie to S|I|ca colu hr omat ogr aph ted Wt cetate
- hexane (1/3), 5-"4AiRoR ortolartq 24 GiA0s rFvesed p e coaleaSoutlen dpetbacto | ¢
(4.1619, &89, M@r (THEEL)PEM A8 Y% wiw hydrobromlc acid (1.36 L) at -10 °C. After the
addition was complete, the mixture was cooled to —15 °C. Sodium nitrite solution (235 g
dissolved in 660 mL of water) was added over 30 min, and the resulting solution was
stirred without cooling for a further 30 min. Sodium chloride (240 g) was dissolved in
the reaction solution. The reaction mixture was extracted with dichloromethane (2 x 3
20 L). The combined organic layers were washed with brine (3 L), dried (MgSO,), and
concentrated to 1.6 L under reduced pressure at 25 °C. The residual solution contains
6-bromopenicillanic acid and used to next reaction as it is.
Anhydrous potassium carbonate (288 g), dimethylformamide (2.8 L), and 4-
Nitrobenzyl bromide (500 g) were successively added to the residual solution and the
25 mixture was stirred at 35 - 40 °C for 1 h. The reaction solution was poured into a
mixture of water (2.8 L) and dichloromethane (3.4 L) and the organic layer was
separated. The organic layer was washed with water (2.8 L) and brine (3 L) and cooled
to =2 °C. The organic layer contains p-nitrobenzyl 6-bromopenicillanate and used to
next reaction as it is.
30 3-Chloroperbezoic acid (355 g) was added to the organic layer over 15 min and
stirred for 10 min. The reaction mixture was diluted with ethyl acetate (4.8 L) and
washed with saturated sodium hydrogen carbonate (7.6 L). The organic layer was
separated and the aqueous layer was re-extracted with ethyl acetate (3.9 L). The
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5 fraction contains the sycmmetric disulfide as a colorless solid (0.68 g,
199%9. 1HNWMR (8, CDCI3): 2.01 (s, 3H), 2.24 (s, 3H), 5.01 (d, 1 H J =17
Hz), 5.24wend0%230 (AB, 2H, J = 13.1 Hz), 5.35 (d, 1 H, »PCEUBITIHZ),
7.34-7.42 (m 1 H), 7.48 -7.57 (m 1 H), 7.80(d, 1 H J=28.0Hz), 7.90
(d, 1 H J =8.0 Hz), 8.14 (d, 3H, J = 8.7 Hz). Symmetric disulfide ;
1H-N|\/R(8 CDCl 3) : 2 01 (s 6H), 2.29 (s, 6H), 4.73 (d, 10 2H J=1.7

5. 06 gd 2H, = , 5.32 (s, 4H), 7.54% 44, J = 8.6 Hz), 8.24

4H, §ombigeq’ OF&%)"'C 'BWS V&f@“hﬁ%@ﬂﬂ@”&? Lnend Biie 59 ). ﬁm US03/ 13429

St ep S: p WbS@?ﬁBﬁdbv&:&rét@&under reduced pressure at 30 °C The reS|duaI solid was
4R) - 3-bronp-4 - 2-oxoazetid -enoat e

p-Nitro bef#tated \Pn(rggthxq:gc_e@te 35 i.b{qr|39i@p_agd>hpmqe1(5 4 IY) was added dropwise to
I 0) - 3- br Ofs A AURAAEE | rl trhl NThe s@thhdef?rteF&I mbmmeﬂmteﬂeﬂeewés&ma&]ea)wms

suspended in tol uene l) Formc acid (1.10 g),
acet i coan®iut peRtate b@‘aﬁ? (1 énQ}BHr |Tdﬁer§@|"§ Waﬂé'rw'eﬂé?re" aaaeéne%@q@@k\?. al ly.
The mi xt Ub@er%@éﬁt ﬁﬂ%bﬁﬂehfbera'mrec THe r.tmwdd@hes\dsldb@a.ﬁéd 49a phieRfiowadded in

portions ove mn. After__being stirred at -15 - -10 C for further | h,

t he resuICfMSFﬂﬂ"@@b‘éﬁqucﬂr Me®- cooled to -30 C then filtered. The residual
solid was rinsed 10 with cold (-30Bg) toé e (15 nL). The conbi ned
filtrate was washed successively w tf xture of ice-water (8 nL) and
ice-cold brine (1 nL), a m xture of N er (7 m.) and ice-cold brine (3
m.), cold saturated sodi um hydrogerPcarhdnate (2 x 11 nL), and cold brine
(11 mL). The organic layer was dried (M&NBand evaporated. The residue
was applied to silica gel colum chronmatography, eluted with ethyl acetate
- hexane 15 (1/2), and the title conmpound was crystallized froma cold

i sopr Q@a”@te;‘ 103m-)p-NTi?8ben$ﬂ|| | d(2r82-f(33,uR)-abehZoth RS NESAHHIE)-PbFsthE-2-

i sopropanol (6 ni), and dried in vacuo at room tenperature overnight. The
title conﬂéﬂ%@ﬁ%@"‘oﬂ] gimethylbut3-erwage | ess crystalline solid (1.87 g, 77%

3 P20 219 ) PSS pOchiiiingld 0uacty g pigadbhendbifed. 1T

Hz), 7.61(1.87 g2merelheatedingrefinying ®iughe (4 mHwith provisian fey Jhe azgoiopi¢s, 1 H).
Sequent i alo REGRAF GhicP IDn B ik BPSARN) for1lH. 3 Retef Boling b RIGH: fnigdrdld i 0- 2-
156  the reaction solution was evaporated under reduced pressure. The residue was applied

to silica gel column chromatography, eluted with ethyl acetate — hexane (2/5), and the
title compound was obtained as a pale yellow solid (5.67 g, 98%).
"H-NMR (8, CDCI3): 1.92 (s, 3H), 4.87 (s, 1H), 5.05 (s, 1H), 5.10 (d, 1H, J= 1.7
Hz), 5.21 (s, 4H), 7.39 (t, 1H, J=7.1 Hz), 7.41 — 7.50 (m, 3H), 7.81 (d, 1H, J = 8.0 Hz),
20 7.90(d, 1H, J=8.0 Hz), 8.20 (d, 2H, J = 8.8 Hz).
Bry,

’, SSBT
;N\%\

o}
CO,PNB

Step—4: p-Nitrobenzyl 2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-bromo-2-
oxoazetidin-1-yl]-3-methylbut-2-enoate

25 p-Nitrobenzyl (2R)-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-bromo-2-oxoazetidin-
1-yl]-3-methylbut-3-enoate (5.1 g) was dissolved in toluene (50 mL), cooled to 0 °C, and
treated with triethylamine (0.12 mL). After being stirred at 0 °C for 2 h, the reaction
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oxoazetidi n-1-yl]-3-nethyl but-2-enoate from p-Ni trobenzyl

6- bronopeni cil lanate 1- 25 oxide p-N trobenzyl 6-bronopenicillanate 1-oxide
(766 g) awo oaexaApt obenzot hi azole (294 g) were heated i nPcafusoxiyagoe t ol uene
(2.4 L) wth provision for the azeotropic renoval of water (Dean & Stark
apparatus) for 1 h. The reaction m xture was cooled to O C and treated
with triethylamne (25 ). After being stirred at 0 Cfor 2 h, the
resulting 30 suspension was cooled to -20 C. Form c acid (360 acetic
anhydr i desqlgtirn was washed Wiy IMH, wates sgiurated éoﬁuméwdg%an@ﬁfhogﬁ%y and

Mai Nt ai ni penhd Bfed Ewl?@b%t HfPoRitofited dfkidrredulted PRSI S THE SR sk L0 - 20 C
Tri phenyl phosphi ne was ad In portions -48 WD 03/093277

PCT/ US03/ appiied to silieg gal®o "Fﬂ@fﬁpm?@igfﬁnﬁlg @lnt@dt%w;fémdtagﬁeteoehmﬁ (8% c and
-10 C. AfLgy tHéGHtIBQ:orr@Bhﬁ& ﬁﬂs%ﬁtalnla@ as a?&or@s&%ﬁhé ﬁig 'té‘§r81|%)h TEQ%OW@EHEF' ng

suspen5| on was cool e residual solid

ri nsed wi frﬁct@m@ntwmh@ﬁymmwmsqlmmyolow sqﬂéﬁ%ﬁﬁsaﬁ%) trate was

washed sue I 2 L i brine
(0.26 L), (gr%D i ce ?l %‘Ptﬁbﬁf and' T ég c6%1d r?gf‘f(%%§ﬁ§ cold
sat ur at ed(AB‘,(mH ura de-tzg],emw(ﬁ Heipdtel . T Bz 73467142, (nanm)cbhsl—msumm (2),6 Q

2ppl 1 ed t 620i B JEBo @ ot iy = BRTER ISR v B0 etnyl
acetate - hexangy rﬁﬂde?r)o difufige Hel-tMR @, coamund1 \(@%chz zgtsalelH)wm td om a
col d i sopropanol " (800 niL The solid was filtered o washed with a 10

cold 1%0p28p~éndl7t‘|4D@Qﬁ_ 26 =dr7 ), B@2 (3. 4H), %4 (Br#d o) DBE HPRBB4i(? vacuo
at room hﬁ %H&f overnight. The title conpound was obtai ned as a
reddi sh yellow ¢rystalline solid (553 g, 70% B: S ;rN O CO2PNB 15 Step
6: p-Nitrobenzyl (5R, 6S)-6-bronop€nem boxyl ate The p-N trobenzyl
2-1(3S, 4R)-3-brono-4-fornylthio-2-okoazet|idin-1-yl]-3- nethyl but-2-enoate
(300 g) was dissolved in ethyl ace N7 L) and cooled to -70 C.

Qzoni zed oxygen was passed through 1he \@@PNgusly stirred solution for ca.
1.5 h until a blue color persisted. The solution was purged with nitrogen
for 2.5 h, and treated with
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20 trinmethyl phosphite (384 nL) at -70 C. The m xture was warned slowy and
stirred at anbient tenperature for 17 h. The solution was then heated to
refl ux gewoOlog/odxar7 45 min. After cooling to roomtenperat RCE/USHIIES429 Xt ur e
was diluted with ethyl acetate (1.25 L) and washed with water (2 x 2.5 L)
and brine (2.5 Q The organic layer was dried (MSO) and evaporated under
reduced pressure at 25 C. The residual solid was 25 triturated with et hyl
acetate (0.6 Q Hexane (0.45 L) was added dropwise to this m xture over 50
mn. The solid was filtered off and the filter cake was washed wi th ethyl

tate - _h 1/1 2 acet ate h ne (1/2,
300, ). b SEeMteptineiA KT, 4R pime ot -2 dBreaiun LR i gint - a
roomtenpm@h“bat-zlgﬁba{étle corrpound (109 6 g, 429% was obtained as a

col orl ess crystalllne sol | " H NWVR ( CDCl 3): 5.20 (d,
| H, J= 0.9 Hz) P-Ntrokenzyi2- B3§éR)-44(geW9ﬂt934Q#§32¢*h'@@rbfem?-ﬂ?mﬂd'('75(: 2H, J

zH13J 55; Hz 3"] 35n§t3ayl6dt—2-?enbbte\13 A6 b3 5va§|%hs7pe?1d§a i f&lue?ae lrho éth aﬂd aoa@a to 12630 ( d,

CC2PNB 5 @t e'f@“?ﬂ'c @G"Nﬂ %Ebﬁt‘?‘l‘c i { Qbﬁpd PZ”@IJ%I(Q%%W?WM%[ 2;

L-b] t hi azgbgfenithly, THE Mitlretndy qiReRBenDICeaY %riﬁﬁ@sdmhel{?l'%%gﬁl’&b%'\"—' and
MyBr 2 et herate MyBr2 etherate (335 ng) was added to the dr 812 m)

sol uti on @fded ijRarins¥pr S minR Aftesbeipg stiedpentdnr 310 3¢ mﬁynﬂeﬁré h38% ny)

under an GRMgEUEPERBH @a@&ocﬂé@i@—ﬁo@mﬁéﬁhlﬂér@d ﬁ"rﬁer@smhélfs%hd\@ésﬁﬁ%oed to
-78 C. The reactlon vessel was covered with 10 foil to excl ude i

Li t hi 46 diheald 3R e, tolypes E1oemLby Thelgpmbinad filitale was washed suscessivaly w1tf1. 5
mol /L in B rh&wsé lcé-Wa?erQBYnIJ'éﬁdf’rQ &did BFind 1 mty )a riiktufe BIREM AP (701220 D)

at -20 C, was ded to the vigorously stirred suspension in one portion.

After 15-2pdice- Q%bmﬁ @’d?"b).dfrplﬁ satyrated goetiumy Wd@gﬁé‘sca!'b%%@ X thmbhéngdor t i on,

wth a dr I f
2 3-di hyd)régleucb?r:hggﬂzf)f"IIL _@]g o lar wS dricdf o gRnph a0q SypRorated. The residue 1 15

m xt ur e wagsapplisdie ilisa gel eplamn chgpnwtegraphy, @Meswaﬂn eﬂhylaa@tat% bexeper i de (133
o a0 B B b D AL i cn
vvat er and spkd was filigred gif gaiaghed with a cold isopropanol (6 mL), and dried in vacuo at room
temperature overnight. The title compound was obtained as a colorless crystalline solid
(1.87 g, 77%)
m.p. 104-106 °C; "H-NMR (8, CDCI3): 2.00 (s, 3H), 2.30 (s, 3H), 4.82 (d, 1H, J
20 =1.9Hz),5.32and 5.38 (AB, 2H, J=13.3 Hz), 5.81 (d, 1H, J=1.9 Hz), 7.61 (d, 2H, J =

8.6 Hz), 8.25 (d, 2H, J = 8.6 Hz), 10.09 (s, 1H).

Sequential Preparation of p-Nitrobenzyl 2-[(3S, 4R)-3-bromo-4-formylithio-2-
oxoazetidin-1-yl]-3-methylbut-2-enoate from p-Nitrobenzyl 6-bromopenicillanate 1-
25 oxide
p-Nitrobenzyl 6-bromopenicillanate 1-oxide (766 g) and mercaptobenzothiazole
(294 g) were heated in refluxing toluene (2.4 L) with provision for the azeotropic removal
of water (Dean & Stark apparatus) for 1 h. The reaction mixture was cooled to 0 °C and
treated with triethylamine (25 mL). After being stirred at 0 °C for 2 h, the resulting
30 suspension was cooled to —20 °C. Formic acid (360 g), acetic anhydride (798 g), and
pyridine (145 g) were added sequentially maintaining the temperature below —10 °C.
The mixture was cooled to —20 °C. Triphenylphosphine (473 g) was added in portions
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| ayer was dried (MgSO4) and concentrated under reduced pressure. The
residue was applied to silica gel columm chromatography, eluted wth ethyl
acetate -wbegame711/2 20 1/1), and the title conpound was Poelbtisoled2as two
di astereo m xture (3/1, a colorless anorphous solid, 447 ny, 77%. Mai n

di astereonmer:'H NWR (8, CDCI3): 2.00 (s, 3H), 3.76-3.86 (m 2H) .10- 4.21

(m 2H), 527and545(AB 2H, J = 13.6 Hz), 623(s 1 H, 30(s 1 H,
7.15 (s, 1 H 7 48 (s H, 7.59-7.65 (m (CZHJ: .6 Hz).
25 M nor @QVelstmisgnaint ammgﬂthqv\vﬁﬂpsrat@@@pyyeenﬂ@C(%nd 31% 3AfiBTSiRg (m 2H) |

g %8 (g 21 rl(f_D 12-H)5 2@ 7C fturthet I'('ﬁ%re%h‘:tmd susﬂe?nsfén'ﬂ@s co@le@gb(—go é

oH, J = 8“’@“I—ﬁﬂt)9re¢’r Eb%f@ﬂqlgis‘ﬂ'ﬂ V}basl\liﬁsﬁéty‘étgbﬁld ('30 °C) t°|U¢f(1€ (500'—7?“-) The
(5R) - 6- [ a%@hﬁ?ﬁl‘ed fibrate AbOWEERed §ﬂd3@§é?\[e?y Jdltlp]atrﬁ]ktﬁFé)J)f' iGs-water (2 L) and ice-cold

yl)-met hyl | - 6- br onopenem 3- car boxyl at e by usi ng drous MBr2

20t 50" bl 28 bR AmOrS DGBMEEAG 721 INE Keccold brine (0,61, cold saturated
2, 3-di hydgg, a.um@a@e% ca)nmnbpu@%pi 6194 R Se@ |£)88Tmrg\é% iAilGdst 0 the

dry acetonitril ion of anhydrous Br2 (1 under an

argon at ﬁﬂ@%ﬂ\é@% étandtﬁyﬁwrétﬂﬁier"é'ﬁ%@'du@dﬁﬁa% rQQh& ﬁl)e@diﬂm ed over
30 m na ThEromdls G Itﬁ’@thé/l‘lad@t té Ozgﬁi't% 6
6S) - 6- bronorpener'rqlraa-car E@x ate ar;'%:&\s\ﬁ’sem;{ﬂ cgtlt)l Iég BoandowaCS, and
tri et hyl agrystallized femae cs»ld\mrmeb(i%pﬂ e Btﬁ%qhdrwas fﬂfﬁ@dr%@@isb?ﬁ vitkgel was
coverg R idetrbodrl GH0B!rHACat-URLA for HIE ShB ALY BB, rred for 3
go (c:BIgr%d&qur)%ate nl\{‘é glcetlgioz;n y(?r gﬁ ? ? S?H%dr%%?}]g&;&rtl on. The
r eact i on fﬁemwawrmv,ermhheahe gt canperndswas @iéame@ as aeeﬂdl%h yellog crystalling xt ur e
was 10 dily % 0Zhyl acetate and washed with 5%citric acid aqueous
sol ution, sat r odi um hydrogen carbonate, and brine. The organic

| ayer was dried (MgS™4) and filt ed tJgough a pad of Celite. The pad was
tr
s’}'

A

washed with ethyl acetate. The fil s concentrated under reduced
pressure. The residue was applied ca gel colum chromat ography,
eluted with ethyl acetate - hexane (1/2 colpdB, and the title 15 conpound
was obtained as two diastereo m xture (10/1, a colorless anorphous solid,
286 ng, 90% . Preparation of p-Nitrobenzyl

§/I5$) mi? Lsfeé'gxgl’é‘mf nggé‘%’adsd@gaz%’{ P R‘LéTcﬂ?OI 2 et herate and Et 3N 20
MyBr2 et herate wWag pUS@EbERyI QJ[(@S[mFBJb%}ana%fh%dthibf-Z-@%%f‘ @HS-Wh&r 2 and the
methylbut-2-enoate (300 g) was dissolved in ethyl acetate (7.5 L) and cooled to =70 °C.
Ozonized oxygen was passed through the vigorously stirred solution for ca. 1.5 h until a
blue color persisted. The solution was purged with nitrogen for 2.5 h, and treated with
20 trimethyl phosphite (384 mL) at =70 °C. The mixture was warmed slowly and stirred at
ambient temperature for 17 h. The solution was then heated to reflux gently for 45 min.
After cooling to room temperature, the mixiure was diluted with ethyl acetate (1.25 L)
and washed with water (2 x 2.5 L) and brine (2.5 L). The organic layer was dried
(MgSQ4) and evaporated under reduced pressure at 25 °C. The residual solid was
25  ftriturated with ethyl acetate (0.6 L). Hexane (0.45 L) was added dropwise to this
mixture over 50 min. The solid was filtered off and the filter cake was washed with ethyl
acetate — hexane (1/1, 2 x 200 mL) and with ethyl acetate — hexane (1/2, 300 mL). The
solid was air-dried for 1 h and dried in vacuo overnight at room temperature. The title
compound (109.6 g, 42%) was obtained as a colorless crystalline solid.
30 m.p. 148-151°C; "H-NMR (00, CDCI3): 5.20 (d, 1H, J = 0.9 Hz), 5.29 and 5.43
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product was isolated in 84%yields. Ar Ar =-( N fl O N~ S CO2Na Step

8: Sodi um (5R)-(2)-6-(2, 3-D hydro-i mdazo[ 2, 1- b] t hi azol - 6-yl net hyl ene) penem
25 3- car bawyBatx7p- Ni t r obenzyl PCT/US03/13429

(5R) - 6-[ acet oxy- (2, 3-di hydro-i m dazo[ 2, 1-b] t hi azol - 6-yl ) -met hyl ] - 6-

br onopenem 3- car boxyl ate (500 ng) was di ssolved with THE (7.0 nL) and
acetonitrile (3.2 nmL). Freshly activated Zn dust (2.0 g) was added rapidly
with 0.5 Mghos phate buffer The reaction vessel was

cover ed widR 2R = 13531 B8E (Cs,u"é‘htf ‘irﬁé"zéd %Q&ﬂrw-mme? e, ¢Hgdrous! y

stirred faor7 @183k (oA jeagpeyat ure. The mixture was  -51 WO 03/ 093277

PCT/ US03/ 13429 di l u‘t ed with water, cooled to 3 C, and 1 M NaOH was added
to adjust pHto 8. The readfPo @rsol ution was mxed with ethyl acetate and
filtered through a pad of e  pad was paghed wWith water and the
aqueous | ayer was separated. Th ous Iei’yer—,f’a ongains 224 ng (79% of
the title conpound from HPLC afsay,\ was concent Nat €8 under 5 high vacuum at
35 C. The concentrate was applied t GOpgBNRI on HP-21 (20 nL, M tsubi shi
Kasei Co. Ltd.) resin colum chromatography. After absorbing, the col um
was eluted wth water and then with 10% acetonitrile-water to give the
purifigd Stépver: fp-Nitroberszydf (SRPanédtexpmmthyﬂroTllﬁmm[ﬂnmléioMtylpns

was concentr under h cuu 35.C Yo ive the

FEl o ComPRtUT R mRRaNsi SrsrARIIRLe by e BRN SR MaBERIE L oror phous
solid of tyBrpefdrse (3@5 nfb)Sﬁé%l é(dﬂédWottheW ﬂ’HF((ﬁngﬂﬂ—éolutlo?\C@ﬁﬁlN&rdb%nﬂ}l) was
added to the sol ution IX)(,{gfg @éroomterrperature and cooled to 3 C

then stir(ed @%)’6@5’%?9?“3%%1“6@8 A 09) Wdeh @NnRRBPR AMPSPhEre @t 5eRTi ons
every 30 téﬁ‘lﬁer@w?é z1’h§1 nﬂﬁwé)\da@&oo?eﬁo( -7-13 ﬁi iﬁe Fdaclbn Qéﬁepﬂrﬁs \é@ﬁer@dj Wﬂﬁ)

After stlrrlng lid was filtered a

filtedOcalel %CKH% H%'&F Jm'tPW"h@B?W@“E'Qe'lﬁelPﬁf?d bYﬁQd'é‘SI“rWtMH“LﬁT‘ rr(lo af mid

under excluslifyyLlin atfexbg) tb HdgeHEl %bl@ﬂod 84 MR§ BPd?Héﬁ)ﬂétﬁiﬁb (2@0 n{g%m-zo
tenperature to give the title conpound as

crystalli ne. Wagiadged iwtwge@usl_my’reé %@P?’%P'O"Elq one EO'?'OQ %r 12- 2943 4heo (m
2H), 6.42 v{g%ro&lﬁtlrre@ Rkture was treated, in one portion, with a dry acetonitrile solution (5
mL) of 2,3-dihydro-imidazo[2,1-b]thiazole-6-carbaldehyde (170 mg). The reaction
15  mixture was stirred for 1 h at —78 °C and treated with acetic anhydride (133 mg) in one
portion. The reaction mixture was warmed to 0 °C and stirred for 1 h at 0 °C. The
mixture was diluted with ethyl acetate and washed with water and brine. The organic
layer was dried (MgSO,) and concentrated under reduced pressure. The residue was
applied to silica gel column chromatography, eluted with ethyl acetate - hexane (1/2 ~
20 1/1), and the title compound was obtained as two diastereo mixture (3/1, a colorless
amorphous solid, 447 mg, 77%).
Main diastereomer; 'H NMR (8, CDCls): 2.00 (s, 3H), 3.76-3.86 (m, 2H), 4.10-
4.21 (m, 2H), 5.27 and 5.45 (AB, 2H, J = 13.6 Hz), 6.23 (s, 1H), 6.30 (s, 1H), 7.15 (s,
1H), 7.48 (s, 1H), 7.59-7.65 (m, 2H), 8.24 (d, 2H, J = 8.6 Hz).
25 Minor diastereomer: 'H NMR (8, CDCly): 2.24 (s, 3H), 3.76-3.86 (m, 2H), 4.10-
4.21 (m, 2H), 5.27 and 5.45 (AB, 2H, J = 13.6 Hz), 6.08 (s, 1H), 6.79 (s, 1H), 6.91 (s,
1H), 7.44 (s, 1H), 7.59-7.65 (m, 2H), 8.24 (d, 2H, J = 8.6 Hz).

Preparation of p-Nitrobenzyl (5R)-6-[acetoxy-(2,3-dihydro-imidazo[2,1-b]thiazol-6-
30 yl)-methyl]-6-bromopenem-3-carboxylate by using by using anhydrous MgBr, and
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(s, 1 H, 6.96 (s, 1 H, 7.42 (s, 1 H. 20 Sequential Preparation of Sodium
(5R)-(2)-6-(2,3-D hydro-imdazo[ 2, 1- b] t hi azol - 6-

yl met hyl ewe)opesemt 3- car boxyl ate from p-Nitrobenzyl PCT/US03/13429

(5R) - 6-[ acet oxy- (2, 3-di hydr o-

i mdazo[ 2, 1-b] thi azol -6-yl)-net hyl]-6-bronmopenem 3-car boxyl ate The

p- Ni t robenzyl (5R)-6-[acetoxy-(2,3-di hydro-imdazo[2,1-b]Jthiazol-6-yl)- 25
nmet hyl ] - 6- br onopenem 3- car boxylate (110.1 g) was added to the dry
acetonitrEkN (5 L) solution of anhydrous MyBr2 (143.4 g) under an argon

at nosphere at r t%ﬁﬁr@}rﬁiﬁg o2 %gmfdzsfése anﬁéhymséwws%deu% 30

mn. The dry THE sol ution trob enzel br onopeni ci | | anat e
1- oxi de ( theQiry pcetenitrie ehotkseleliontef anhydreussMeRE (AH0 mgauadewgt)rmbe under

posi tive erng%'ﬂggireea?? rﬁt Srathfe. mdyi’c;rfé?;s p&fv&&guéé”@eﬂo@?é\é owdp 3ﬂ1n’ﬁhur'lehe30 was

cooled to - amne (217 nL I'n one portion,
react i®on dyeBfesolulien (é(mb)erdD WFWEITZM‘l ® t@S)e&@rqr@@qnpmﬂ-carbﬁéylatéd%QQ on

m Xt ure V%?)Wak raEl& chBIe t6-36 °c;fy tﬁetﬂgﬂnﬁﬁée(@t RfmEY Whs Q&&‘éd |F| oﬁ@ % fidnde

(133 g) he reaction mxture ' was war ned C and stirred
for 16 h ahe oea@tlomsm wasicevereswih failtte exclidenlight-hyll he-rsﬂctmrmswﬁaw??

PCT/ US03/ Litferor 3R 208 *C2hdltle gfébﬂ]n‘ﬂ’ﬂé%?é a%%}lo@%@btrﬁu% %ﬁé oftidf. Lﬁhe

aqueous sO sat urated sodi u ogen’ car bonat e , and brine
(10 Q Theea@tlgammuma@aawmddoﬂe nvésmyi fomtd h et 0 f@r ¢ i[gWag pad of

Col 11 fy T0RBAGiRAYENAE b \WhshL Witn 890t eldladticblis E&Fu%r safufdib Was

concen pressure at esid own oi
cont ai ns sadium I'(yéﬁagém’()cam‘onatﬁeaacﬂ dane. pTbd weganiq layerascirngsMgSOrhand esi dual

brown oi l tril
(25 o Fs SRR EHAL Y SR, S bt bttt phoBE TREFRAD () ©
phosphat emdaafcbmen@rptedalrﬁipr eddce prEssuree abthe r@mduemwpn}a@ @(ﬁﬂ@ﬁ@@l W th f0| I
to exclud 2.5 h
i nt ai i RO aiep P SR8 i S Eodt® MU L 17 Silie e B 2 ¢
and am5i ceompbuhdiwas ditgided @a twd dBStentd mixiwre (4QIdcal colorlessj amserpheys solid, at

bel ow 3C. zggmggpﬁ;égre was diluted with ethyl acetate (4 L) and filtered

t hrough a lite. The pad was washed with water (2.5 L) and the
aqueous | ayer was separated. The aqueous | ayer, contains 137 g (64% of

fromHPLC_ assa ) necentr [P 91" acuum
2t 35 o PeSharation §E BARIRRERGA T L s featon Al glng dmdaifA 8¢

M t subi shiyl)4asthyl]@brombpsenent-3ssanboxylaterbyaksingWMgBy; efieyateAfrtdiEt;Mbsor bi ng,
the cg(l) um was Hg%trze <-§ith\<’a\'}atteh w\é\lgbseerd for the reaction instead of anhydrous MgBr, and the

product was isolated in 84% yields.
Ar

2
et
° COoNa

Step 8:Sodium (5R)-(Z)-6-(2,3-Dihydro-imidazo[2,1-b]thiazol-6-ylmethylene)penem-
25  3-carboxylate
p-Nitrobenzyl (5R)-6-[acetoxy-(2,3-dihydro-imidazo[2, 1-b]thiazol-6-yl)-methyl]-6-
bromopenem-3-carboxylate (500 mg) was dissolved with THF (7.0 mL) and acetonitrile
(3.2 mL). Freshly activated Zn dust (2.0 g) was added rapidly with 0.5 M phosphate
buffer (pH 6.5, 10.2 mL). The reaction vessel was covered with foil to exclude light. The

30 reaction mixture was vigorously stirred for 2 h at room temperature. The mixture was
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(14 L) and then with 20% acetonitrile-water to give the purified active
fractions of sodium

(5R) - (2) -woO(02/082a1 hydr o-i m dazo[ 2, 1- b] t hi azol - 6-yl et hyl ele€rpsn&m439 car boxy
| ate. The conbined fractions was concentrated to 1.25 Kg (ca. | L, contains
130 g 20 (61% of sodium

(5R)-(2)-6-(2, 3-di hydr o- im'dazo[2 1- b]thi azol - 6-yl net hyl ene) penem 3-

carboxyl ate from HPLC ass Ci/\} unde vacuum at 35C.  Acet one (2 5 L) was
added ~ t o diyied Wi watgry gededia 3’ %,tandﬂ %FPHI"‘(?érﬂdfj%ﬁir{%?ddFﬂrp@ tofhelhf xt ur e

was cool egedcfion séiutiort WEE mbtdd iftfethflacd@tdTam filkFed Psughes padl8ecklk® The

m xture in 625 nL Bortlons every 30 mn over 4 h period at 3 C (total 5 L
of acet on®2as\pgbey withwater %W'P? PAPUSIayver Was sepgrates. The aquReusBYed was

filtered @Bﬁtaﬁﬁ@@zhhﬁg t?d%)ewf tﬁ@m a&ﬁpdma h@ﬁh WPLb a%§@} %@ cfoﬁ@éhtr'é‘téd undehe

solid was air-dried under _excluding |ight dried in vacuo
over ni ght high vasuym at daper gt"‘ﬁr“@n?%“t@"‘%/waﬁ HBp'teﬁttP @a(ai‘?L"QHB'mE@@’J‘?'—r om

p-Ni t rObe'ﬂﬂféhbl(sﬁ@as@réé‘q_% 2¥é/sir( Eoldmn EhFbeht kﬁh)ﬂaﬂﬁér?absorbmg, the column
1- b] t hi azol - ronopenem 3- car boxyl ate) as a yello
crystalli M@sgbqtqs W|tt3@y il;g(fqngﬁhen W|th 10% acetonitrile-water to give the purified actlve

(5R) - (2) - Grabtfond- dﬂtﬁwﬁreocdnﬁadiﬁaoFr%e%ombmaua.?a%hor%wémrméh@ma RRGG Righ

carboxylate from4-Nitrob enza/
( 5R) - 6- f avaewiy at 35 X and yepbilized tgis the fitle cempayns as a yellow amorphous solid

I t -
6-y1) 102 11d 1 PSR ITORGNGRY 1636 RO ML iRl B AVUIERBRAUNSIRPHTTRIYT &

-53 V\D 03 29 4-Nit

(5R) - 6- [ adseiong (3 ml3 wasiadded 19 wﬁcﬁ@wbaﬁh%}éwg@w%mwﬁ@fq}m @Jed

br onbpeneng g- @Eiﬁé}ﬁ)m}eﬁf%r ééilrﬁn ”ﬂ@et@ﬁ@wé@%l&’ého@ tﬁéﬁ%&t%tm 25§L MEEFery
addedto a m xture phosphat e buf er (pH6 5 4

m). The 0einro¥eR Peﬁ9@ﬂb§;eﬁé éaﬂ@mié@f a@t%@wn; dpyr Aftenstigingtfor Hom
tenperatu h%g[f A3k gg JRBwE SR PO énmnét%?cméimé{e%nrpwm @ 3 C

and 1 M NaCH was a to adjust the pH e mxture was filtered
agai n1and mlhe The SQlldt\@Svml’sdlmsmF ekalidieg kght ferclelh and drigthia vaguerbyeraightiqueous

| ayer was %‘ﬁ‘?{é A e trh‘éqJﬂE%Qm %)Qsad%llﬁﬂ%s?ﬂmet 0
% asel &20 H?Ef_

Di ai on HP- 1 resi tsubl shi col um chr'omat ogr aphy.
After adsolidi ng the col um was el uted with water and then 10%

Feduced pressur o MR &S ek ST By Qééft%f 3%1 SR ahTe BRI HINE R
yel | ow angs piM)us.96@s,i1H), 142fxample 2 Ar '):-r S
20
Sequential Preparation of Sodium (5R)-(Z)-6-(2,3-Dihydro-imidazo[2,1-b]thiazol-6-
ylmethylene)penem-3-carboxylate from p-Nitrobenzyl (5R)-6-[acetoxy-(2,3-dihydro-
imidazo[2,1-b]thiazol-6-yl)-methyl]-6-bromopenem-3-carboxylate
The p-Nitrobenzyl (5R)-6-[acetoxy-(2,3-dihydro-imidazo[2, 1-b]thiazol-6-yl)-
25  methyl]-6-bromopenem-3-carboxylate (110.1 g) was added to the dry acetonitrile (5 L)
solution of anhydrous MgBr, (143.4 g) under an argon atmosphere at room temperature.
Colorless powder was deposited over 30 min. The dry THF solution (5 L) of p-
nitrobenzyl 6-bromopenicillanate 1-oxide (250 g) was transferred to the suspension via a
PTFE tube under positive argon pressure over 12 minutes. After the reaction mixture
30 was cooled to —20 °C, triethylamine (217 mL) was added in one portion. The reaction
vessel was covered with foil to exclude light. The reaction mixture was stirred for 3 h at
—20 °C and treated with acetic anhydride (133 g) in one portion. The reaction mixture
was warmed to 0°C and stirred for 16 h at 0 °C. The mixture was diluted with ethyl
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N CO2Na NN Ar f NNwve M Step 1:

3,1'-Dinmethyl-3H,1'"H[2,4"]biimdazol yl -4-carbal dehyde Pot assi um

tert - but owDde/09R723 g) was added to the m xture of dry DMPCTA®S03/mi4}R9
solution of 1 H 1'H[2,4" ]Biimdazolyl-4-carbal dehyde (1.95 g) and
18-crown-6 (634 ng) 20 at OC. The reaction m xture was stirred for 10 mn
and treated with nethyl iodide (1.85 nL). After stirring for 30 at C and
then 17 h at roomtenperature, The reaction mxture was concentrated under

rT ﬁduced paeaaw(eo LYy aad msh@w?ltw\a% ?"{,'a%eidv(@d ]!_y\'aéuh‘ed_lljﬁ Goltioh ?satuﬁtlaléd%%mﬁat ed.
e aqueo ayer e cteq. W C rororm e organi c | ayer

dri edq( Ngéﬂf?g aafga t@?i@ RE bfipe (‘rﬂaﬁ OrgRNIG BT Was drireeM éed
pressur e. figdredfitero hld(pa%f erental T%@%a@Walstd%ﬁe&\Mﬁ_l’gﬁ efiyl afaa@qh 499! 31%887
ng/(;) ng;ggrlﬁgp%\gég {;‘?@%g{r‘a’q% MRder rfggn% @pﬁg{rﬁ# 3Q °C. The res?du%?tgr%(\?v%noﬂ ( o

H 1" H$ 2, donthink82da(86Y% ébfwaablqﬁm&efré%%maséaw) were obtained as a
pal e pink soli -54 LE/g{j)b 3/ 093277 PCT/ US03/ 13429

5717 Bi et ny! - 30 TS84 bl o GOy ns AN UEF (34 MY, oo 3

I?:|.z)78 (7576§b‘3tonlﬂ’ﬂ§72 2.5%). ﬁﬂébhly%cﬁsﬂatéden &uéﬂ (1 5 I€gl) v@s'%}jed fagidy Withols i J = 1.0
, s

H1 H[2 B ?%ﬂh?Fﬁl_%%{%l(W 645( Za9rlaa| a@r{%@onvm@l (N@s c@meéwts fojl tP@XG%‘deSH)
4 10 (s, t, The4dadtidn rixtidre v]las-wgor%ugﬁ)stlrrgd Bof 2(5h m]alﬂ'fﬁunlna tRétetherdiufd J =
6RS) ésa [ ( R@Uf&@epoxve(k%miure (‘fﬁ%é‘?ﬁ‘?ﬂi%ﬁ ¢ and[an ige pejdl 1A MakdT (pa. 4789 mL)

met hyl ] - Gwaé Qd8ed t&éﬂ}us”rp‘l—htb%ét I $1C: Y EhDInikite WadQbited vRiRCstiRyl GBERRMI i C

acid 10 4-nitro-benzy

3,1 -Di me#hwd Hifgrad m@gm pﬁqi phieliooilhe pad was masbrshyille water {2.A4) aRdéheadded
to the dajussRlgyriwas!sRphrtedn TI')e &fledlid wept:oﬁamq@?l&(e bf?fr&mfibu@)

under a nitrogen atnosphere at room temperature. r3y E solution (20
m-) of (9FEAYeWRS gomqglﬁfgted to 8.85 Kg (ca. 8 L) under high vacuum at 5°C

7- oxo4g-t hi a- 11‘%%09(':&1‘!1%@\5/53 3p&b9%§é§ét§é&@$ %PC@WO@W |M|f§uﬁi§hlckasel Co.

4-nitro-benzyl ester (34 ng) was ad he m xture, cooled to -20 C,

and triet kg )dﬁﬁlﬁéomw@yowat%rm Adten elasqrbin@ntbe seliMnoras afiied véthawaten
vessel wa@L£OVA{RAeN MR 209 dcdiéhiticahatdetd dishe plifified active fractions of sodium
(5R)-(2)-6-(2,3-dihydro-imidazo[2,1-b]thiazol-6-yImethylene)penem-3-carboxylate.
The combined fractions was concentrated to 1.25 Kg (ca. 1 L, contains 130 g
20  (61%) of sodium (5R)-(Z)-6-(2,3-dihydro-imidazo[2,1-b]thiazol-6-ylmethylene)penem-3-
carboxylate from HPLC assay) under high vacuum at 35°C. Acetone (2.5 L) was added
to the concentrate with stirring at room temperature. The mixture was cooled to 3 °C,
then stirred for 30 min. Acetone was added to the mixture in 625 mL portions every 30
min over 4 h period at 3 °C (total 5 L of acetone was added). After stirring for 1 hour at
25 3 °C, the solid was filtered off and the filter cake was washed with acetone (800 mL).
The solid was air-dried under excluding light for 1 h and dried in vacuo overnight at room
temperature to give the title (112 g, 50% from p-Nitrobenzyl (5R)-6-[acetoxy-(2,3-
dihydro-imidazo[2, 1-b]thiazol-6-yl)-methyl]-6-bromopenem-3-carboxylate ) as a yellow
crystalline solid.
30

6-yl)-methyl]-6-bremopenem-3-carboxylate using hydrogenolysis procedure:
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reaction m xture was stirred for 2 h at -20 C and treated with

4-di met hyl am nopyridine (22 ng) and acetic anhydride (0.17 nlL) in one
portion. Wbhe3pgxetion m xture was warned to 0 C and sti r Pe€W/tfSos/13479 h at
0C. The m xture was diluted with ethyl acetate 20 and washed with 5%citric
aci d aqueous sol ution, saturated sodi um hydrogen carbonate, and brine. The
organic |layer was dried (MgSO4) and filtered. The fiItrate was

concentrated under reduced pressure. The residue was applied to silica gel

col um  cHriiaReYHSR)-6-[apripxe(2.3-diBydictimidegeigr obldragal- Srbrmai- 6¢9/1). The

o |
g IH; , 6‘30;’5 F&iﬁé’péﬁ%& 3%9.%5@51@ (ﬁﬁ% 6 aRE.109%P496 (5obt*w1§l\/%s(rﬁ%) @@,a%)geitg]agd( 51

H J - ngftp@ clJ_fD T@ﬁ)@ rpg aiq O mo glgps(pgate(lbuﬁ)er (pH 63, 4 ). Tlhq.qplxtuye #@s(d, 1
( m 2 yé%bena?eéﬁn&& 'Hylat 0 p%l pregs@'e B doont’ teﬁ%e?at@rje foFY hBHthe Radifor- 26

(62) - g?i ( 3 mlxtul Was WSﬁfe@ 1goplepitp 8° @ ang iMNaQ¥oras addegl taadivgt ba@H tp-&%o- 30

4-t hi a- 1- gpanhkienhad ﬁlt&e@h@&ﬁ%n&ﬂ%‘ﬁf@te%s%@hbﬂQvntﬁ(éﬂgi/l %8&5&”‘1%” (SR,
6RS) - 6- [ (RS) - Acet oxy- i meth rrm

azo ) - met hyl ]
- 6-br ononvn@mdmvﬁ%ﬁlay%rz@smomwtﬁ@ antﬁflﬁ@i}t’&egpéﬁﬁéu@@iaﬁ%&%ﬂg Pél@qid
4-ni t10- bedpKion Hﬁ@ﬂ@@sﬂﬁ%/ﬂ%ﬁﬁﬁt&g’gﬁw@%#(;%@%ollﬁrﬁi&{ro&é%

di ssolved 1n THE (8 acetonitri ) reshlry actl vat ed Zn

dust (2. 3sd§9rb@9dh@c®umnmfa§sqiwgd@ntbmaf@rar\dﬁhersm% apgtopitiie; Waiger Bheadded t o
the myyt urgmpHag pru?@ﬁéét%s‘é\l%?é%n ated ViR Gt 308! dtfe 11 ght.

Zérﬁésuré

The reaction mxture was vigorously stirre room t enper at ure.
The react ilyophiizad o give theditls cmewdmayeliquma@épus golighd filtered through a
pad of Celite. The pad was washed with water and the aqueous |ayer was
separated. The aqueous | ayer was concentrated under high vacuumat 35 C
The concentrate was applied to Diaion HP-21 (60 nm., Mtsubishi Kasei Co.
Ltd.) resin colum chromatography. After adsorbing, the colum was el uted
with water and then with 5% - 10% acetonitrile-water. The conbi ned 10

fractiygns was concentrated under higgcMpgewm at 35 C and |yophilized to
give the title conpound as a yeIIovV'?irf‘gg'b'hbus solid (66.3 ng, 19%. M 113

C (dec);'H NVR (8, D20) 3481 (s, 3H), 3.52 (s, 3H), 5.74 (s, 1 H), 6.43
(s, 2H), 6.70 (s, 1 H, 7. sl H, 7.46 (s 1H) 15 Exanple 3 HN 1 ~ ~
e

o
CO,Na

Ar /E >—§,NMe

Step 1: 3,1'-Dimethyl-3H,1'H-[2,4']biimidazolyl-4-carbaldehyde
Potassium tert-butoxide (3.23 g) was added to the mixture of dry DMF (140 mL)
solution of 1H,1'H-[2,4']Biimidazolyl-4-carbaldehyde (1.95 g) and 18-crown-6 (634 mg)
20 at0°C. The reaction mixture was stirred for 10 min and treated with methyl iodide (1.85
mL). After stirring for 30 at °C and then 17 h at room temperature, The reaction mixture
was concentrated under reduced pressure. The residue was dissolved with H,O-CHCl;
and separated. The aqueous layer was extracted with chloroform. The organic layer
was dried (MgSO,) and filtered. The filtrate was evaporated under reduced pressure.
25 The crude material was purified with silica gel column chromatography (chloroform -
methanol =9/ 1). The title compound (887 mg, 39%) and its positional isomer 1,1'-
Dimethyl-1H,1'H-[2,4']biimidazolyl-4-carbaldehyde (296 mg, 13%) were obtained as a
pale pink solid.
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SN' om O CX®2Na Step 1: 2-Benzyl-1H i m dazol e- 4-car bal dehyde 20

2- Phenyl -acetoam dine (2 g) was added to the solution of 2-brono-3-

i sopr opoxiyyopsopenal (2.88 g) in CHCI3 (30 nl). The reacti ®OTIHSRI/1A429 Was
stirred for 1 h at roomtenperature. Then triethylamne (2.09 nlL) was
added to the m xture and heated to reflux for 6 h. The m xture was cool ed
to roomtenperature, diluted with CHCl 3i and washed with 10% pot assi um

hydrogen carbonate. The organic |ayer was 25 dried I\/gSO4 and concentrated
under reduced pr%%&lm@thwmlgm'éba ‘&llbémmgdab‘bbar@aldﬁby & IHiNMR ¢&ICRCIL)MTS

o oar QBRI 48798, Sh 8 ot Bl LS ROHACEBRE . Y EBTA M1 N 9 71V
title corfpolid (1.10 g, 0%7 1H vago (8, 34?38 3) 4. 171(5 2I—% 7.24-7. 36
10 28 Thre. 21 o VBRIt BB R A CarhbiaaBistee. H NMRISSOEE) act i

4-ni tre- bemmys, sa;eﬂo(%—sﬁgzryzlr(a FrHI.mEMHkﬁ#b?C@ ), ¢efayde1i Y =00, 9%@
sodi um hy%n@ {enﬂ%ar bonat e (1 13 g were dissolved in dioxane (30 nf-) and
wat er (30 #s b 48.7%sol ution of p- nitrobenzyl chi oroforrrate (PNZCI)

I n dioxane (2.62 g) was added to the solution at 0 C and stirred for 2.5
h. The reaction mxture was diluted with ethyl acetate and washed wth

sat g rozlt ed Step 2¢/(AR \6iRS) (RS pADetoxy «3,4 idinethyl3H, Tﬂbf}u'yﬁmiuatdymwas I dr ide'?
n e residue was ied to
g:\/%gl ca) 18'},% 9@%&@'&%@&?’%? p%cﬁgwgﬁ@?kj hepty "?'W' lgoh"d‘?’ﬁﬁ|"‘?1c%ogcetone
(9/1) 10Thd hitrto-leenzybepierind was obt ai ned as pale brown oil (1.97 g, 122%} .
"H NWR (8, CDCI 4 T
(m 2H)( 8. 06 (3)1 111'43‘ “’&E%@%@ 'd?%f?'y' £ ggféi'dﬁéyd%(@?mgiﬁ"aégé’ﬂe@ to(5R,
6RSZj 6- l{(m@dﬁmwnww%o%xsbmﬁmg éf arihyaoub aayBl womag)cbmanél O Ir)mitrgltjﬁept - one
i mi dazo -
- car boxﬁt%el%ﬁaﬁr*mq&ﬁ‘pﬁ yaiq ﬁlﬁtéwtlhﬂfas%]’%t!%“ta@g '-éfOf (éR 65)-6-

bromo-
2 benzyl - 4-éer4atiarizdane)cR{.2 OfERe RN @-Etbkyfic BLIHYMiBEBEMEyl eiBF §“46( 1.9 9)
indr %ac entng rulatsraldded(to gwe mlxkure coo?e% tgd—zb QCt Qr?d gl[e%/hy?%%geo ?d %8‘ ||11E)
added in one portion. The reaction vessel was covered with foil to exclude light. The
reaction mixture was stirred for 2 h at =20 °C and treated with 4-dimethylaminopyridine
(22 mg) and acetic anhydride (0.17 mL) in one portion. The reaction mixture was
warmed to 0 °C and stirred for 17 h at 0°C. The mixture was diluted with ethyl acetate
20  and washed with 5% citric acid aqueous solution, saturated sodium hydrogen carbonate,
and brine. The organic layer was dried (MgSO,) and filtered. The filtrate was
concentrated under reduced pressure. The residue was applied to silica gel column
chromatography, then eluted with chloroform - methanol (9/1). The title compound was
obtained (507.6 mg, 91.4%). 'H NMR (8, CDCls) 2.19 (s, 3H), 3.75 (s, 3H), 4.03 (s,
25 3H),5.29(d, 1H, J=13.5 Hz), 5.42 (d, 1H, J = 13.5 Hz), 6.03 (s, 1H), 6.65 (s, 1H), 7.34
(s, 1H), 7.48 (d, 1H, J=1.2Hz), 7.55 (d, 1H, J = 1.2 Hz), 7.59-7.61 (m, 3H), 8.23-8.26
(m, 2H).

Step 3: (5R), (62)-6-(3,1'-Dimethyl-3H,1'H-[2,4"]biimidazolyl-4-yImethylene)-7-oxo-
30 -4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt
(5R, 8RS)-56-[(RS)-Acetoxy-(3,1'-dimethyl-3H,1'H-[2,4']biimidazolyl-4-yl)-methyl]-
6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl
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20 solution of anhydrous MyBr2 (2.41 g) under a nitrogen atnosphere at room
tenperature. The dry THE solution (60 m-) of (5R,

6S) - 6- br oWD-03/028207 4- t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- PCTArSh® X349 ¢ aci d
4-nitro-benzyl ester (2 g) was added to the mixture, cooled to - 20 C, and
triethyla nine (1.8 m-) was added in one portion. The reaction vessel was
covered with foil to exclude light. The reaction m xture was stirred for 2
h at -20 C and 25 treated with 4-di net% am nopyr|d| ne (127 ngg and acetic
anhydr i deester. §¥6mg) wandiserivedyirtHFo(: 3 mhe ap@ aeqtpaiiiled 3 e J&eShar med to 0
C and sti éétﬁgteﬁ% &d%t (2.8 gPartd 0.5 ph&dpraty @Jfﬁ%%@ﬂz@ ML WerEldankd &eet at e
and washed wt O saturated sodi um hydr onate, and brine. The
organic Iﬂi\?éﬁlxﬁ%% JPPé@Iaf{tlngS@%e‘ was CPYQW%W«E fQ'HP(%@'Hd%"%d Therregghion e, The
pad was vashed Mst\}{% by stﬁ'Fe%ltf%FEhaTP@orﬁ térﬁﬁé&t@ré"’a%é‘?é‘&‘ﬁ%rsalhﬁ% wager 30

reduced pressure e residue was applied to silica

chr oneft ogmixgdywithtailyl acelate and filiered rovuah amead eft Eelite. hé—%ﬁrﬂ)@d (m@s;.yvashggi WMth The
title conp Fgaa"ﬂ% %?k%b@fagelaﬁlaé Mar&%éStme%%d@bﬁ légér Wad é’oncénﬁélblg_i) yel | O‘éV

annrphous SO
(s, 0.4 xumier high muwn:at 3(5np 2Fye cwcgatr@em%aﬂpllmo Dlelooz*li—§1 @l - 57 VO

(6)3£3 ggg’(zj??%‘lﬁgdlé@%%ééw%id % e@?rgcoﬁm?@ci(r%ma% aﬁhyl ther &ls%?blr(% th@ccﬁumnlmm

Step 4: (WReluted with water and then with 5% - 10% ace onltrlle-water The comblned

(62) - ﬁ) ( 2fr§él@fﬁk~aé% eneﬁagéﬁcaﬁ’%eﬁb@t\)a}sb&ﬂ%} 3% *’@)é‘ad‘iyotphln(éédlt&@@e the title

bi cyc ept l'ic acid sodi um sal
6RS) - 6- {(aﬁhpd\nmitas@y@bmmnm}ohe@s(omdr@@ Bondh d9%6)| oMp 48 30rigeq)r *H NMR (3,

> car boxyPrd) 83010 Ford B2 A4 TA B 487 P R0 OB G e R 58"

m.) and agetnitrile (16.3 nlL). Freshly activated Zn dust (10 g) and 0.5 M
phosphate buffer (pH 6.4, 51.3 nL) 10 were added to the m xture. The

reacti on vessel was covered with foil to exclude light. The reaction

m Xt uyg was vigorously stirred for 2 h at roomtenperature. The m xture

was cooled to 9 C, and 1 M NaCH aqueous sol ution was added to adjust pHto
7.5. The reaction solution was ni xceXamRig 3ot hyl acetate and filtered
through a pad of Celite. The pad was wa with water and the aqueous

| ayer was separated. The aqueous 15 | s concentrated under high
vacuum at 35 C. The concentrate ppl i to Diaion HP-21 (250 ni,

M t subi shi Kasei Co. Ltd.) resin C chromat ography. After adsorbing,
the colum was eluted with water angl then with 5-10% acetonitrile-water.
The conbi ned fractions was concentra der high vacuumat 35 C and

| yophilized to

Step 1: 2-Benzyl-1H-imidazole-4-carbaldehyde

20 2-Phenyl-acetoamidine (2 g) was added to the solution of 2-bromo-3-
isopropoxy-propenal (2.88 g) in CHCI; (30 mL). The reaction mixture was stirred for 1 h
at room temperature. Then triethylamine (2.09 mL) was added to the mixture and
heated to reflux for 6 h. The mixture was cooled to room temperature, diluted with
CHCI;, and washed with 10% potassium hydrogen carbonate. The organic layer was

25  dried (MgSQ.) and concentrated under reduced pressure. The residue was applied to
silica gel column chromatography, then eluted with ethyl acetate - hexane (3/1). The
crude compound wés crystallized from ethyl acetate and n-hexang to give the title

compound (1.10 g, 40%). 'H NMR (8, CDCls) 4.17 (s, 2H), 7.24-7.36 (m, 5H), 7.72
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give the title conpound as a yell ow anorphous solid (780 ng, 67%. M 146 C
(dec); 20 1H NWR (S, D20) 3.92 (s, 2H), 6.39 (d, | H J= 0.8 Hz), 6.74 (s,
1H), 6.8wW093/043ky7 7.13- 7.16 (m 3H), 7.21-7.25 (m 3H). PETArsps/e3449 NI ~
HN-S \ NS N OCO®2Na 25 Step 1: 4-Fornyl

2-thi azol - 2-yl -i m dazol - 1-carboxylic acid 4-nitro-benzyl ester

2-Thi azol -2-yl -1 Hi m dazol - 4- car bal dehyde (570 ng) was dissolved in dry
-58 WD 03/093277 PCT/US03/ 13429 CH2ClI 2 (35 nL). N, N-Diisopropyl et hyl am ne
and 48. 794%| 1) 880dbrspI). 10A8<REsy 1H).chl or of ormate (PNZC1) in di oxane (1.69
m.) were added successively to the solution at 0 C and stirred for 2 h.
The reaction mxture was diluted with CHCI 3 and washed with saturated

sodi um hy8telZin 2&amyhifernyldmidazele-1tarbopylisacid 4-xjtse-beazgylesterd (MysH4) 5
nd n trated, T4 4. _pI T ' hZzed f

ot hyl acot at o oA EUEREC BlaTalchyae TF of SR SUfMRyofgla LarghsRc || o

NVR (5 COc13Y) weredissolved ipplioxames(30(ral-) and watee(39 nal)Hz The 48.8% galution afip-J =

g-g % én.gge@a c@oﬂgl)for%fge gl\eilzpdlgi}vdz%%?é?z.@g) Wwabhdddd ®4né Butidiht ¢ 8- 8,

(62) - 6- ( 2andBtirzes fop 2,8 h.1 fihereartion mixture wes diluteshwith gthybasetnte Andwashed -

bi | o[ 3 Y T- i ' di - -

o For ryl -yt SRR SO AR o GteP e R Sijehic laverwas dred . .,

(940 ng) WAeSOaduddoneentratedivydencedusatl prassure; 3hergsiduelwas anplied toesilipadr ous

%Er gz_) § ﬁi ﬁgln&%%@?g@;on% od(?g@fg\%ﬂeg}t%mh‘%&o%m{ OLBb RPN A SitleThe ATy

br onp- 7- oxompotrd sas-chizindd aspdle bR, @l (168Ftg, 2089 JHNMBAEYCDElREAE (s,

4-nitro-b t t ) -20 C,

andI triet 29?’?&%@5 ?g),gg@-&%ﬁ%gﬁigg@ggql‘/rg%o%g?péo@%{sgﬁ]ﬁ),.ﬁ}cé;%ggér%n?%ﬁ 'vessel

was cover @®1wpsttH) oil to exclude light. The reaction m xture was stirred
for 2.8 h at -20 C and treated wi th 4ndi net hyl am nopyri di ne

15 Step 3: (5R, 6RS)-6-{(RS)-Acetoxy-[2-benzyl-1-(4-nitro-benzyloxycarbonyl)-1H-
imidazol-4-yl]-methyl}-6-bromo-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester

The solution of 2-benzyl-4-formyl-imidazole-1-carboxylic acid 4-nitro-benzyl
ester (1.9 g) in dry acetonitrile (10 mL) was added to the dry acetonitrile (50 mL)

20 solution of anhydrous MgBr, (2.41 g) under a nitrogen atmosphere at room temperature.
The dry THF solution (60 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-
2-ene-2-carboxylic acid 4-nitro-benzyl ester (2 g) was added to the mixture, cooled to —
20 °C, and triethylainine (1.8 mL) was added in one portion. The reaction vessel was
covered with foil to exclude light. The reaction mixture was stirred for 2 h at —20 °C and

25 treated with 4-dimethylaminopyridine (127 mg) and acetic anhydride (0.98 mL) in one
portion. The reaction mixture was warmed to 0 °C and stirred for 16 h at 0 °C. The
mixture was diluted with ethyl acetate and washed with H,O, saturated sodium hydrogen
carbonate, and brine. The organic layer was dried (MgSQO,) and filtered through a pad
of Celite. The pad was washed with ethyl acetate. The filtrate was concentrated under

30 reduced pressure. The residue was applied to silica gel column chromatography, then
eluted with ethyl acetate - hexane (2/3 ~ 1/1). The title compound was obtained as two
diastereo mixture (3/2, a pale yellow amorphous solid, 2.8 g, 70%). 'H NMR (8, CDCly)
2.00 (s, 0.6 x 3H), 2.26 (s, 0.4 x 3H), 4.34-4.37 (m, 2H), 5.25-5.47 (m, 4H), 6.02 (s, 0.4 x
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(64 nmg) and acetic anhydride (0.495 nlL) in one portion. The reaction

m xture was 20 warned to O C and stirred for 20 h at 0 C The m xture was
di | uted vwoh3e9dryt acetate and washed with 0.1 M phosphatreThishs/ex24 pH 7),
saturated sodi um hydrogen carbonate, and brine. The organic |ayer was
dried (MgSX) and filtered through a pad of Celite. The pad was washed
with ethyl acetate. The . filtrate was concentrated under reduced pressure.

The residue was roughly purified by silica gel columm chromat ography (ethyl
25 acet at éH), 6:@k(En8.6x illﬂ)1625d§,k®6 XAkt BBa (d)ﬂl-‘w 1hnd =t 'he He), (atd- (SR (m,

6RS) - 6- { ( Rﬁ)lf RCALHBY |{114H)( 4-ni tro-benzyl oxycarbonyl ) -2-thiazol-2-yl-1
Hi mi dazol - 4-’ylc2]q- met Eyl }-6- br ono- 7- oxo- 4-
t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid 4-nitro-benzyl ester

860. . [ i :
RS - 61 ( H418RE (624-(# R Fimitbieot Yhiethiine) 7-pxopt thinjt-azg- |
H i m dazobicyeld[3.2103héptt2-eve-Broanbexiicazidisodium dalhiza- bi cycl o[ 3. 2. 0] hept - 2-en
-2- b | i -Nj A i din THF (12
72y and acet onfd ersh el ESEASABRN L AL Olo BB ELRRIAE" ) "and 0 5
M phos phatmsidied-#et]-meth9l}-HDroB o TR F-HRET/d28080yERIRD.0]Hept-2-@nd-2-darbdxyiit.) wer e
dded to th i Th tian, | d,with foi
xc! ude. | PERERRERELEreE (5 5 WS ik ad n, A EFHEL Bl Motk beid oy (oo
t enper at umd). Hreshly adtivatedigrsdust KH0g)vanid 0. & vhphosphatediuéfeniptt 6.4] 58 ed.)t hr ough
d,of Celite.,.T hed with wat t.h l,.
2 P20 SR S el B S B O B SRR o2
Thg )conce_n‘he aéeleztimmixtamphésadgcbroueﬂ)y aiiirzt:lt folP2 héat(r&gn mémp?fﬁunsmb:ﬁnbimim@i I C;) .
Ltd.) resin _colu ro , er sorbin e .co s elute
i £ vt olBs OB R0 o A1 PN PRl o e ek e Wl BB ATRASS  acti ons
was concefThe aéaetion sdetionwad mixedwith ethyl adbtate anttifilteyexpthrdughexipddofglelice.t he
C (dec) . MRePRymiap dra$B it Siger 3 the alosts Ieyer wilpedagatd( LA Hhgpus "t 5o
(s, 114, lageswad Soncknirhited (indér Kigh \_/écddm dt 35 . 1 Tha condentrate Was dpptieddo = 3. 3
He). 15 ?al r|1 ﬁP§§1 é%o m%., [Rﬁtsﬁbi'sa}r\i K_:;sei‘ e‘,cx L?d.S\IreNsin c%?&nl}l% chromatography. After

adsorbing, the column was eluted with water and then with 5-10% acetonitrile-water.
The combined fractions was concentrated under high vacuum at 35 °C and lyophilized to
give the title compound as a yellow amorphous solid (780 mg, 67%). Mp 146 °C (dec);

20 "HNMR (8, D,0) 3.92 (s, 2H), 6.39 (d, 1H, J = 0.8 Hz), 6.74 (s, 1H), 6.89 (s, 1H), 7.13-
7.16 (m, 3H), 7.21-7.25 (m, 3H).

Example 4

NN
N S
N\/e
© COzNa

25
Step 1: 4-Formyl-2-thiazol-2-yl-imidazol-1-carboxylic acid 4-nitro-benzyl ester
2-Thiazol-2-yl-1H-imidazol-4-carbaldehyde (570 mg) was dissolved in dry
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Step 1: 1-Methyl-2-thiazol-2-yl-1 Himdazol-4-carbal dehyde Potassi um
tert-butoxide (494 ng) was added to the dry THE (30 nL) and dry 20 DwvF (10
m.) m xedweaBM9izon of 2-thiazol-2-yl-1 Himdazol - 4-car balPdehssd& 134747 ng)
and 18-crown-6 (106 ng) at roomtenperature. The reaction m xture was
stirred for 10 mn and treated with nethyl iodide (0.274 nL). After
stirring for 17.5 h at roomtenperature, it was concentrated under reduced

ressure. resi due i ssolyed with ethyl_ ~acetate and filtered. The
1P iltrate \'BB;EWS%B&XT éﬁ%ﬁ'ﬁg@rpr?@’ @Wﬁ?@é&%&% pelution ofsnifigberaybr i al  was
purified vhlohfeindts aPNEC!) odioxameqhI60MRL)AEra Ridded Slidtebsiddf tthe solulerang = 1
[ 1). The title cgg;:)o%ndﬁqﬂo rrlg 5_30/% and its positional isoner
1- met hyl - 2°@RASIBRd Brg h. - Theyreagting mixtute was diterbwi SH AN Washed With \wer e
obt ai ned gstufat¥ddsdBumMydfbgen carbonate and brine. The or anicllaﬁelr\I was dged &I\EI)%SOA;)

1- Met hyl - 2-t hi azol - 2-yl - 1H-i m dazol - 4- car bal dehyde: \ 13) 4.21
(s, 3%, and &&"‘(etﬂ',tra?dm"d?r Eedﬂ?%‘? pEEpsure. gEne residye pas CWSSQJ“ZFH,(WOI” gthvly = 3.2

Hz), 9.91 - - 5 | -2 pyTi | dehyde:
R (3?&?:%]5?@" Qﬁg’%é’b(tg‘,a@-{h%af\'/\%p%'3"9‘50”532‘7%6%%’;,’613%%%’ %@57. 51 (d.
1 H J = 340 (siz3H), 7.992d( 8, 4=18)8 HZ), 8.65((d, 1H, H: 33 Hz)37.89Kd)1H,9/82.1(Hz), 1 H).
Step 2: ' =

SRS - 6. ( E ag)g-(&c%'?)ogyz-"‘((fgh%"t"h"yT 85 2R HDuP- 221 "Mt i i dazol - 4-y1) -

met hyl ] - 6- br onp- 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c

id 4- i -b |
T et 191 - Slem 20 ISR T2y e- i Prarol2 iy Himidaashddmpstylenel -auo-4rihia-Adaed ¢ o

the dry af&icfi]si2i01h8ptZ-8ndlz-darbekylic d Sbamrmh¥aious MyBr2 (1.03 g) under a

nitrogen atnosphere at room tenperature. Colorless powder was deposited
over 10 nitrfFormy -truagpl-ﬁ.’ﬂ@rglga{gl-ﬂ(ﬁart(ogghmgld dfnitreslenzy! ester (940 mg) was

6S) - 6- br oBBAdY Re lﬂw &Hacrﬁm%@s%@%mm gﬁaergwtag&{sh@gé@mﬁ@g?uﬁ&rraogy' i C

acid 4-nitro-benzyl “ester ( was a m Xt ur cooled to -20

C, and tr NérogSN aiMefPhe atagomitemparatiredddg drv Thiresobitioni(dh mLYRE(5R 88)-Bon
vesse i i Lih&bt - IR-5e S
feseel, 1ARSYESE ol AcEahs bt SRR B RLES
and acet i ¢1-8heywps addgdtodha mixtune, cepledive—280iC, iand tricthbamingdPi%4a mh)wasr e was

othyl acelaE Ao IAtis  Thefesfofyfisebuts ekl Tiaf Y SRR, HHET Fed”
sodi um hy éeasgjem Mbduisorait dirredrier BBihral ~2913€ anddeeatas witty«wlinetbylaminegyriding SO4)
acetate. (ol adhid fRfulle O3cs it i8R BEMONETTRARASAMIENAE. | oo e
was apdl i sarmed tash C @ad gtitred far 2 aty ‘ChaiTbgmixthine washdilvted witle ethyi adetade hy |
acetate - ;Q&¥alfed Wit 0.1 MPRosphate buffer (oH 7), saturated sodium hydrogen carbonate,

and brine. The organic layer was dried (MgSQ,) and filtered through a pad of Celite.

The pad was washed with ethyl acetate. The filtrate was concentrated under reduced

pressure. The residue was roughly purified by silica gel column chromatography (ethyl

25 acetate - hexane = 1/1 ~ ethyl acetate only) and the crude (5R, 6RS)-6-{(RS)-acetoxy-[1-

(4-nitro-benzyloxycarbonyl)-2-thiazol-2-yl-1H-imidazol-4-yl]-methyl}-6-bromo-7-oxo-4-

thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (860 mg) was

obtained.

30 Step 3: The crude (5R, 6RS)-6-{(RS)-acetoxy-[1-(4-nitro-benzyloxycarbonyl)-2-thiazol-
2-yl-1H-imidazol-4-yl]-methyl}-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester (860 mg) was dissolved in THF (12 mL) and
acetonitrile (5.6 mL). Freshly activated Zn dust (3.44 g) and 0.5 M phosphate buffer
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20 title conpound was obtained as two diastereo m xture (1/1, a pale yellow
anor phous solid, 673.4 ng, 52%9. "H NWR (8, CDCI3) 2.00 (s, 0.5 x 3H),

2.28 (s, WOR39RM) , 4.12 (s, 3H), 5.28 (d, 0.5 x 1 H, J PCIAISB/HAY 5.29
(d, 0.5 x 1 H J = 13.5 Hz), 5.44 (d, 0.5 x 1 H, J = 13.5 Hz), 5.47 (d,
0.5 x 1 H, J:135Hz)616(s 0.5x 1 H, 6.30 (s, 0.5 x 1 H), 6.42
(s, 0.5 x 1 H), 6.87 (d, 05x1HJ:08Hz)692(d,0.5x1H,J:
0.8 Hz)

| 7.47 (s, 0.5 x 1 H),
7.50 (s, é’%g 4( iﬁ%mm aﬁ'%’e!iq? the S?H)“on 76@% regglg:@ \/(eﬁ?el W%C?V%regﬂ'%.f?%l—% m
(16;2 GSE (i‘ltb QXCIL(déEﬁ)ght The reaction mixture was VIgoroust stirred for 2 h at room

I azol IH | met hyl e 0XO0- 4-
Chih 3. S ievpetbie; The ToRwispds e i alf) ceoiele S IPreb roHaharad 80 (5R
6RS) - 6- [ ( BY)iteACThepad Was Wabhed wﬁ?h ivaterand the aduebb’si EaEs bephrited- MY ] - 6-
br ono- 7- oxo- 4-tg| a-| -aza- bi gghept 2- ngsgb _aqrboqﬁll ic acid
o e DaRusgus it el CEpae e tden Mgk o o6 &conCentratR as
acet oni t r iapglidd3o Didibn HPFz'ecyml ML aMitdubRhERlageh Co: B, )\P&ﬁ%bﬂ&?nﬂ?

PCT/ US03/ 13429 dust ho t ffer 4, 23.6 nL
P 2 oty AretadlegSnd s BocRnosPhaLe BuLLer (RhG i 5.6 M)

excl ude | Bghacetdrigild-Raet. qrheraozﬁbﬁﬁe@ Wﬁ;ﬁoné/ngééhb‘éhMat%HUnﬂétdruéﬁ)f/acﬂju%Q{t room
t enperature. The re ﬁ“@? soI tion was mxed with ethyl acetate and
Igppgn igeg o

filtered BArGAM eet'ﬂe'ﬂ‘?g‘PBHBd\ﬁésaV%@W&“WFWW'@K”&@QB t he
aqueo I S e hi gh
Tacuute at a0 e R e e (5L

M t subi sh#. 89|‘(aSﬁT|) T@8 (st tH)) 7r48ddn1id.of md idi)y d7dt(dgtihphy 3.34fliz)er adsor bi ng,
the colum was eluted wth water and then with 5% acetonitril e-water and
10% acetonitrile-water. The conbined fractions was concentrated under high
vacuum at 35 C and |l yophilized to 10 give the title conpound as a yell ow
anor phous solid (231 ng, 64%. M 214 C (dec); ' H NWR (8, D20) 3.91 (s,
3H), 6.44 (s, 1 H, 6.84 (s, 1 H, 6.91 (s, 1 H, 7.43 (s, 1 H, 7.60 (d,
1H 45=3.3 Hz), 7.84 (d, 1 H J = Bxampie)s 15 Exanple 6 HNNS NO
CO2Na

Ar

N—pS N s
o~ I |

OJ;N'Q 7

COgNa

Step 1: 1-Methyl-2-thiazol-2-yl-1 H-imidazol-4-carbaldehyde
Potassium tert-butoxide (494 mg) was added to the dry THF (30 mL) and dry
20 DMF (10 mL) mixed solution of 2-thiazol-2-yl-1H-imidazol-4-carbaidehyde (717 mg) and
18-crown-6 (106 mg) at room temperature. The reaction mixture was stirred for 10 min
and treated with methyl iodide (0.274 mL). After stirring for 17.5 h at room temperature,
it was concentrated under reduced pressure. The residue was dissolved with ethyl
acetate and filtered. The filirate was evaporated under reduced pressure. The crude
25 material was purified with silica gel column chromatography (ethyl acetate - hexane = 1/
1). The title compound (410 mg, 53%) and its positional isomer 1-methyl-2-thiazol-2-yl-
1H-imidazol-5-carbaldehyde (240 mg, 31%) were obtained as a white solid.
1-Methyl-2-thiazol-2-yl-1H-imidazol-4-carbaldehyde: 'H NMR (5, CDCl3) 4.21 (s,
3H), 7.44 (d, 1H, J = 3.2 Hz), 7.68 (s, 1H), 7.89 (d, 1H, J = 3.2 Hz), 9.91 (s, 1H).
30 1-methyl-2-thiazol-2-yl-1H-imidazol-5-carbaldehyde: "H NMR (8, CDCl;) 4.48 (s,
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Step 1: 4-Fornyl-2-phenyl -i m dazol e-1-carboxylic acid 4-nitro-benzyl ester
20 4-Fornyl - 2- phenyl i m dazol e (624 ng) and sodi um hydrogen carbonate (791
ng) wer e wosozed i n di oxane (3.6 nL), THE (3.6 nlL) and waTArS0§/73429 ni) .
The 48.7% solution of p-nitrobenzyl chloroformate (PNzZCl) in dioxane (2.08
m.) was added to the mxture at roomtenperature and stirred for 2.5 h.
The m xture was d||uted with ethyl 25 acetate and washed with brine. The
organi c Iaéer was éNgB 7) and concentrat ed _under reduced pressure.
The resi dd&)va2! @95"& dl‘l 1 E@).f %Seﬂ'ﬁ Y17-HcEs Aeled 5! Hzh @848 b give the
title conpound (956 ng, 75%. 'H NWR (8, CDCI3) 5.41 (s, 2H), 7.32 (d, -62
WO 03/ 093277 PCT/US03/ 13429 2H, J = 8.6 Hz), 7.40-7.51 (m 3H), 7.56-7.58
(m 2H), Sitdpr235R)6RS)- GZ&BS)-Bcétlxj-(;l-mbtlﬂ)hz-tl'@az@ﬂ-zm 1Htinkiglazdtdepl)2: (5R,

6RS) - 6-{ (RS 0 - benzyl

O Hmool - BRI o T ot - By o AR ED e RSB il . one-
2- car@oxmitr@.baﬁzyieétérltro benzyl ester

4- For nyl - 2- hen ol e- r i.c acj -nit benzyl ester (568
A e 2 PR A i ) it i SilslachB 280 7 s AkRf fo v Th
bi cycl of 3d#; ﬂdftﬂﬁthleQ(ZSmﬂ_)%omblbﬁf(é(H\Hyarcﬁ@lMlngm 03 )mhlmwg}eﬂr (587 ng)
wer e added, successively to the dr etonltrlleg rp qut onT
anhy dr ous 2WRPAPBSIE3ITOAM emPeratiife, GoIRHass PauHer AR Sasited Gyerigonin

t enper at ugg: TAF bemu&o@si ) $fIBRNBINLBLbROMP7-0%8-4Ghia-1-BzLbidyBI2BhEE-2494 )

was added in _one The reaction vessel was covered . with f
excl ugg | BRFEC Y["é%al“dﬂtr%?'ﬁy estgh §78 ) was # edl“%“%”‘éﬁt“rez?}’"(??‘JaWd 15

treated wiph °@Ce§ﬁd teleamayrdﬁé WdﬂnZY\Zag‘added iR oﬂé%oﬂ@ht | i re'Ebt%rf\%%ﬁéll on
m Xture was tII‘I‘ d for 27 at m Xt ure was

di l uted W CQY?W “ﬁ‘&'é?'bioee Q'Hl?' Waﬁ‘P’B%X@fr?r"‘faé %ﬁ@ﬁ%ﬁ@h@o ¢

sol uti on, aﬁé‘h‘ééﬁéﬂ@ﬂthsﬁdim&h fn@ﬁﬁlalrféaﬁb%ﬁ)taﬁd acéﬂ@aﬂﬂ‘iykiﬂ@e (drﬁﬁ RALPRNI C
| tered rou The pad was

| ayer was dried Ng@'& 20
washed wi ©Re 8PRIPD @96“0“#%""4’? WEe AEMRR Qoﬁ@@ﬁﬁ‘ﬁ?@fpr%db@"qe&iuced 20

pressyse. Tﬁb%lktﬁﬁé WHEdiNASd AP btlﬁﬂade@até 'ahd %sﬁ@d witl® Smr@%@rﬁu%u@p hy, then
eluted with ethyl acetate - hexane (2/ .. The_title conpound was

obt ai ned &slutien, ééturﬁpﬁﬁ@ﬂﬁﬂ‘wg&e@rcé‘”{%atﬁ f“ﬁ rige.p dine afeanie Ry anuas s

solid, 98@5904)8551@ﬂlteréﬁ %Mﬁgﬁ% zpaoq?@l&)e ZTQé b8 waQ v@@l(wéd with eth?/l é&tel(_ti)c% g %‘;’

3
E(s H% 13 Jhe Tifijate wag9010f‘sentretegsmféenrqdycecbpr@ssqrg Hﬂeyes%quef apellemm(s

silica gel column chromatography, then eluted with ethyl acetate - hexane (3/2). The

20 title compound was obtained as two diastereo mixture (1/1, a pale yellow amorphous
solid, 673.4 mg, 52%). 'H NMR (8, CDCl,) 2.00 (s, 0.5 x 3H), 2.28 (s, 0.5 x 3H), 4.12
(s, 3H), 5.28 (d, 0.5 x 1H, J=13.5 Hz), 5.29 (d, 0.5 x 1H, J = 13.5 Hz), 5.44 (d, 0.5 x 1H,
J=13.5Hz), 5.47 (d, 0.5 x 1H, J= 13.5 Hz), 6.16 (s, 0.5 x 1H), 6.30 (s, 0.5 x 1H), 6.42
(s, 0.5x 1H), 6.87 (d, 0.5 x 1H, J=0.8 Hz), 6.92 (d, 0.5 x 1H, J= 0.8 Hz), 7.19 (s, 0.5 x

25  1H), 7.34-7.36 (m, 1H), 7.47 (s, 0.5 x 1H), 7.50 (s, 0.5 x 1H), 7.60-7.64 (m, 2H), 7.83-
7.85 (m, 1H), 8.23-8.26 (m, 1H).

Step 3: (5R), (62)-6-(1-Methyl-2-thiazol-2-yl-1H-imidazol-4-ylmethylene)-7-oxo-4-
thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salit

30 (5R, 6RS)-6-[(RS)-Acetoxy-(1-methyl-2-thiazol-2-yl-1H-imidazol-4-yl)-methyl]-6-
bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester
(604 mg) was dissolved in THF (8.5 mL) and acetonitrile (3.9 mL). Freshly activated Zn
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25 0.13 x 1 H, 6.92 (d, 0.52 x 1 H J =1.4 H), 7.31-7.76 (m 11 H),
8.17-8.25 (m 4H). Step 3:(5R),

(62) - 6- (2wptvam9d27AH- i m dazol - 4-yl met hyl ene) - 7- of f - 4- t hi a- PCaA®03/13429

bi cycl o[ 3. 2. 0] hept-2-ene-2-carboxylic acid 30 (5R

6RS) - 6- { (RS) - Acet oxy-[ 1- (4-ni tro- benzyl oxycar bonyl ) - 2- phenyl -

i m dazol -4-yl]-methyl}-6-brono-7-0x0-4-thia-1-aza-bicycl o[ 3. 2. 0] hept - 2- ene-

e e P oS o Ttk o A P B S TRt £
and 0.5 Mrpdpsehat eedeef Was cdverédwith fol 3o Exclide ght.0 FheI8acfion B%%Sﬂaé 13429

m.) were added to the mxture. The reacti vessel s cover ed (yvlth foil to

excl ude YipgRusly pligeq ix & h atyopmdiemperafiye. \ingeaetians t'PPP"@d PiXA Wit at room

t enper at Ugyl adaeate éﬁ@ﬁ&ér@a tisreligh & pAd wsaﬁbxennevpddwé WidhedGAthAl e
filtered through a ga of Oellt(i The pad was washed wi th water and the

aqueow’s | HIPAURAS \@¥pravag separath 5-(5\9@&%0‘}‘%'%?" was gancerfrrted LRdgreeunder
hi gh vacuygguin &53500 Thie GBRERIrafedl s Histied BP Diafsh Hp-zm (eom MitBuidhi( 100 ni,

M t subi shj Kasei . Ltd. iﬂ’ resin colum chronat og After adsor bing,
t he col unﬁa§%§°e|-ﬁ’t)é@3%q0 mpgsematogranién Aftariadsorbig, fiectobimn was eluied er

The conbi ffel watet@ht @hsn ws%%whitf.@t\@aemﬂﬂo%lag&oﬁmmat e C and
| yophilized to ive the title cownd as a yel |l ow_anor phous_sol | d (322

ny, 63% . Capb |Qgcig'€ct(qg1§dqas copgentyat des highygpligmgp 3p SC apdilyophilizeditq s 1 H)

6. 79 . o 64 V\D
1305 Al iSoind th dkaioffolsaota o 800, Wi Sl

(5R, 6S) - B4 BMEX (S, B:0] 8)91((8, 33-1)d6 g ds.otH)nB g4 toFH)1 6.6 (hilih ol 48 (11D 480 oxv-
met hyl | - - 4- VgL A hept - 2- ene- 2-carboxylic acid
4-nitro- %ﬁg'y?’ ?E'F}fégﬁbﬂﬁd?oqgn“%%lzo[z,1-b]thi azol e- 6- car bal dehyde
(2.63 g) was added to the

15
Example 6

Step 1: 4-Formyl-2-phenyl-imidazole-1-carboxylic acid 4-nitro-benzyl ester
20
4-Formyl-2-phenylimidazole (624 mg) and sodium hydrogen carbonate (791
mg) were dissolved in dioxane (3.6 mL), THF (3.6 mL) and water (7.2 mL). The 48.7%
solution of p-nitrobenzyl chloroformate (PNZCI) in dioxane (2.08 mL) was added to the
mixture at room temperature and stirred for 2.5 h. The mixture was diluted with ethyl
25 acetate and washed with brine. The organic layer was dried (MgSO,) and concentrated
under reduced pressure. The residue was crystallized from ethyl acetate and n-hexane

to give the title compound (956 mg, 75%). 'H NMR (5, CDCls) 5.41 (s, 2H), 7.32 (d,
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10 dry acetonitrile (124 nL) solution of anhydrous MyBr2 (3.8 g) under a
nitrogen atnosphere at roomtenperature. Col orl ess powder was deposited
over 30 mwvP.03/08277 dry THE solution (124 nL) of (5R, PCT/US03/13429

6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene-2-carboxylic acid
4-nitro-benzyl este (6.2 g) was added to the m xture. After cooling the
mxture to -20 C, triethylam ne (5 21 rrL) was added in one portion. The
reaction 15 vessel was covere foil to exclude Ilqg The reaction

2Hi

m xture vild LT BE A, 74P-75%5(m, 3|‘é)t 75@5 28 (M Bl 4P Patdd Wt h et hyl

acetate agig7yasgpgd with 5%citric acid aqueous solution, saturated sodium
hydr ogen carbonate, and brine. The organic |ayer was dr| ed (MgS™¥) and
filtered through a pad of Celite. The pad was washed with ethyl acetate.

The il trgg _D_Er%f’a(%R:%R@?—%t{]mkﬁﬂcét'aﬂ?fn-(@-HHF&Beﬁiﬁé@é%ﬂaoﬁEhFZ-ﬁ:ﬁ&hﬂUﬂ#WaS 20
applied t iC umm chr onat o , then eluted wth ethyl acetate
- hexdne inBdazold-yijmethw}-Gthromn-yoxo @lm‘lxqzarlucmlﬂ%olhept-a endround 3 and

its diast W Q{Zg (10/1, a pale brown anorphous solid,
6. 63 g, /?8)6(1% ?ﬁé‘ltltloe co gﬁ%‘d (3.20 g, 38% was separated fromthe

m xture by silica gel colum chromatography. 1H NWR (8, CDCl 3) 3.80-3.89
2H), 4.15- 4 5 Hz
S5 (4, 1 LSRR Ridolelt-oqriphyic uof-pfto-ngy ester 308 maF? 1)
Z) C%z U( d3/ ?gﬂ thé dry TBF&okitipn (6 @12) & (BR, 68)-6:DF)Mo-7EXOWEtEBN 383277
6S) - 61 ( oYt 2 bt Zserenp sap gy pcl RIS RZ 5518y T mEKySraadl - 7.
g)é ;) g }3 ? IO ?Dctgasa\zelybtoctge ldaf &gom&llae(ﬂﬁrﬂ)mhmﬁn gaamimdydusd\ngﬁrlz BI2ZARMQ)
| s,
met hyl ] - 7 undey a ﬁt{%ﬁ & qt%gg%h%?g?rqom %%%%%H%eptk Qﬂec?\oéﬁ carrh%)(;u};e%(l%(r:ozaq %
4- ni t r o- beiethylamies (@494 RLYPwWg$ added dlmcﬂovtmm i Mhe HBcti@8vedsp! wasicavesgdni tril e
13 nL F | tivated Z d ff H
a4 n T BRI T eRiR hfhe s B D 1 R R RS S erea'”
¥VI t h2‘f5h>I I ’;réatedmlih wdetid éntgﬂyblndél' t(EZT?emt% inamerpoxtian; e The seactiom ovixdurelwasst i r (r) eﬂla o
or at _roo ure
aqueous s\“]?h”t‘?dg]‘i?q(/eva 8@564%’" QZJhL?étyo EEITA ?@aw)@&%ﬁ%#@g%{\ﬁ%&g@l%g #\45% was
mi XﬁddWi ttbrrl]cﬂ‘:vbyltedanm g%?:rl]tﬁadmﬂldqt:emﬁisdldﬂrouugtuntqmsbdnfm Ggdriogen cé’rbenqitlad was
washed wi wat et an ou ayer
was conceftd BiRgy Erﬂﬁ(?éqan}'ﬁ ghe \)’éﬁffnﬁdg(p@%“d?ﬁg (gﬁ' %Lfﬁhr%ﬁ%dagvxrl/ajgag%pl i gd to
Di ai on HPTﬂépééi?G@s Washedits uthysﬁneteh(as eTheGiltratetwhs)conesritratecblinden reduced
chro ogr ap ter adsorbin

Chen 2 ¢ RPESEYRacBrsieeicle vias akled (ol 5T e SFrortaperpln!'hdh it 2n
with ethyl acetate - hexane (2/3 ~ 1/1). The title compound was obtained as three
diastereo mixture (6/4/1.5, a pale yellow amorphous solid, 986 mg, 86%). 'H NMR (5,
CDCls) 2.04 (s, 0.35 x 3H), 2.10 (s, 0.13 x 3H), 2.30 (s, 0.52 x 3H), 5.25-5.43 (m, 4H),
6.09 (s, 0.52 x 1H), 6.22 (s, 0.13 x 1H), 6.31 (s, 0.35 x 1H), 6.33 (s, 0.35 x 1H), 6.87 (s,

25 0.13x 1H), 6.92 (d, 0.52 x 1H, J = 1.4 Hz), 7.31-7.76 (m, 11H), 8.17-8.25 (m, 4H).

Step 3:(5R), (62)-6-(2-phenyl-1H-imidazol-4-ylmethylene)-7-0x5-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid

30 (5R, 6RS)-6-{(RS)-Acetoxy-[1-(4-nitro-benzyloxycarbonyl)-2-phenyl-1H-
imidazol-4-yl}-methyl}-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic
acid 4-nitro-benzyl ester (4) (1.15 g) was dissolved in THF (16.1 mL) and acetonitrile
(7.5 mL). Freshly activated Zn dust (4.6 g) and 0.5 M phosphate buffer (pH 6.4, 23.6
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wer e concentrated under high vacuumat 35 C and |yophilized to give the
title conpound as a pale yell ow anorphous solid (171 ng, 13%. M 152 C
1H NVR (6wo oBa®278.91 (t, 2H, J = 7.4 Hz), 4.23 (t, 2H, JPETUSA3/HaYY
4.33-4.35 (m 1 H, 507 (d, 1 H J= 55H), 570 (d, 1 H J =16 Hz),
7.05 (d, 1 H J=1.0Hz), 7.24 (s, 1 H. 20 Exanple 8 Preparation of

(5R, 62) -6-f(5-benzyl -4,5, 6, 7-t et rahydr ot hi enoF3, 2-cl pyri di n- 2-

yl ) met hyl enel - 7oxo0- 4-t hi a-| - azabhi cycl ol 3. 2. A hept - 2- ene- 2- carboxylic acid
25 St epl : ME) were added to the mixture. The reaction vessel was covered with foil to exclude

5-benzoy! nght5 ‘Ifiwe7re5@tidn6}ﬁb(ﬂfré’waé 9@8[031 C%’éﬂr@b(%rcﬂ et r%bﬁﬂrehﬁié)’ét%e TH® 2

stirred dry DWVF was sl owy

added betepetlon wtm wsomXAfitV@th ectlmé aa%tatetarwmltﬁrﬁéig tbfﬂtligalar wﬁpf%'&e wé(ﬁe
di ssol vedpidwsEREsKed with waler aﬁa%ééqaelbaé Ia%r wa&aréﬁaea@ar atny @qdeans fayBF s.

Agai n the tenperature was cool ed 1- benzoyl - 4- pi peri done ' in
CH2Cl D waWas gengentypied updephigh rva@w aﬁ%ﬁ tCF orT h@rﬁ@"?@ﬁ(@ﬁ‘? was gprligdie Liziomas

stirred aﬂptﬂomb%m%@wgﬁ‘ Réye. BoNt§.) A&k e&u&ﬁéh@ﬁ%tograaﬁpes&fﬂese and
sodi um acet at e. was stirred for 30"m nutes at room erature

Ext r act edagdgarbing cheeplgmn&m@latedermh waterangihep withior tQje GG@P”QHWFQSUS My SO4
and concefhg gbRbined ctld?'fs% ﬁn@%ﬁted‘@ﬁd&'hﬁma‘éﬁd Etl @"’%an%i I?dkﬁhlllzed to

et hyl mer capt oacet ae -66 WO 03/0932

PCT/ US03/ giva free tlttelqpmpogmd 0@ Yﬂlie\rV)anmeh%@@ud §323\ing: %&%)r oMMBénﬁe(ﬂa@hr e.

The rgacti d d t

aoa B e MRE 8832 o1 PR fh: 679G A LR ns e B
filtered aBO-eM(m2H)at ed. The product was purified by Si02 colum
chromat ography by elting it with 50% et hyl acet ae; hexane. Yellow oil;
Yield: 5 6.4 gns (25%; MH 316. Step: 2

(5-benzyl -4,5,6, 7-tetrahydrot hi eno[ 3, 2-c] pyri di n-2-yl ) nmethanol: To stirred
suspensi on of LAH (2.0 gns) a solution of ethyl 5-benzoyl-4,5,6,7-

t et r ahydr ot hi eno[ 3, 2-c] pyri di ne- 2-car boxyl ate (6.0 g, 19 mml) in THE was
added slowy 10 at 00 C. After addition reaction mxture was stirred for
30 m nutes and quenched with saturated NH4Cl. It was diluted with CHCl 3 and
filtered. The fitrate was washed with saturated brine solution and dried
over anhydrous MgSO4. It was filtered and taken to next step with out
purifications. Yield: 4.5 9 91 % Yellowliquid. 15 Step 3: 2-Fornyl
(5-benzyl -4,5,6, 7-tetrahydrot hieno[ 3, 2-c] pyridine: To a stirred solution of
(5-benzyl -4,5, 6, 7-t et rahydr ot hi eno[ 3, 2-c] pyri di n- 2-yl ) met hanol
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(4.0 g, 154 mol) in CH2C 2 (300 m ) active Mi02 (20 g, excess) was added
and stirred at roomtenperature for 18 hrs. At the end, the reaction

m xt ure WO oBiop2er ed t hrough celite and washed wi th CHCl BCTRSag1i4em

m xture was washed well with water; dried and 20 concentrated. The product
was found to be pure and taken to next step with oiut purifications.
Yield: 3.0 g (769 ; (MH 257). Step 4:

4-Ni trobenzy-6-[ (acetyl oxy) (5-benzyl -4,5, 6, 7-tetrahydrothieno[ 3,2 c] pyrid
i n-2-yl)nmethyl]-6-brono-7-o0x0-4-thia-1 -azabicyclo[3.2.0] hept-2-ene-2- 25
car boxyl ate: 2-Fornyl (5-benzyl-4,5, ExampRi7 ahydr ot hi eno[ 3, 2-c] pyri di ne
(565 ng, 2.2 mmol ) and the dry THE solution (20 m-) of (5R

6S) - 6- br onp- 7- 0xo- 4-t hi a- 1- aza- bi cyedp[ 3. 2. 0] hept - 2- ene-2-carboxylic acid
4-nitro-benzyl ester (772 ny, 2.0 mmBY were added successively to the dry
acetonitrile (15 m-) sol ution of Adnhyf 8 MyBr2: Q(Et)2 (390 ng, 1.5 30
nmol ) under an argon at nosphere at rog Ne%%erature. After cooling to -20 C,
Et3N (2.0 m-) was added in one por®ion. c‘ﬁﬁﬁreacti on vessel was cove, ed
with foil to exclude 1light. The reaction mM%ture was stirred for 2 h at
-20 C and treated with acetic anhydride (1.04 m -)~jp~one portion. The
reaction mxture was warmed to 0 C and -67 WBre 9327, PCT/ US03/ 13429
stirred for 15 h at 0 C. The mixture was diluted wh &t hyl acetate and
washed with 5% citric acid aqueous solution, saturated sodi um hydrogen
carbonate, and brine. The organic |layer was dried (MgSO4) and filtered

t hr oug ad 0 ald t.e, The pad was washed with ethyl acetate. The
filtrale wa N : dazof2.1 iazol< A -
to silica
acet at e:
pressure
yel | ow anorphous solid; Yield: 550 ng, 40% M+H 687. 10 Step-5:

(5R, 627)-6-[(5-benzyl-4,5,6, 7-tetrahydrot hi eno[ 3, 2-c] pyri di n-2-yl ) met hyl ene]
- 7- 0x0- 4- t hi a- B-33Riydreyiaidsze[221-b]tiazsie-0-carteidshyde 063 b) wasiaddid to the

4- N t y@be i ; - .

5. 6. 7 ot | oo RE 2 S SRR roye MaBr (1 ) under a nitrogen

6- br onp- 7 2BReEPheteRtIoam demperalure.o[CRlares poptierdwandepdsitad busndoania( T Ny,

et oo T S0l B 33 o PO bbb o
(pH 6.5, g2BeRtoArboRliic aciddtnittmbenzybesdte (MR g) was adest toi thé nfixtite. Atterssdlingle
light. Thgd Rikfilré B30 *¢ YidnyBming (g.%%lf)l WasddehG9ohd Eor%on. The reaction
15 vessel was covered with foil to exclude light. The reaction mixture was stirred for 2.5 h
at—20 °C. The mixture was diluted with ethyl acetate and washed with 5% citric acid
aqueous solution, saturated sodium hydrogen carbonate, and brine. The organic layer
was dried (MgS0,) and filtered through a pad of Celite. The pad was washed with ethyl
acetate. The filtrate was concentrated under reduced pressure. The residue was
20  applied to silica gel column chromatography, then eluted with ethyl acetate - hexane (3/1
~ ethyl acetate only). The mixture of the title compound 3 and its diastereo isomer was
obtained (10/1, a pale brown amorphous solid, 6.63 g, 79%) and the title compound
(3.20 g, 38%) was separated from the mixture by silica gel column chromatography. 'H
NMR (&, CDCl;) 3.80-3.89 (m, 2H), 4.15-4.25 (m, 2H), 5.22 (s, 1H), 5.31 (d, 1H, J=13.5
25 Hz),5.45(d, 1H, J= 13.5 Hz), 6.12 (s, 1H), 7.12 (s, 1H), 7.42 (s,1H), 7.62 (d, 2H, J =
8.6 Hz), 8.22-8.25 (m, 2H).
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at roomtenperature. The reaction m xture was filtered, cooed to 3 C, and
0.1 M NaCOH was added to adjust pHto 8. 5. The filtrate was washed with
et hyl acewetog/osmd’ t he aqueous | ayer was separated. The aquedlss3/iamyer was
concentrated under high vacuum 20 at 35 Cto give yellow precipitate. The
product was purified by HP21 resin reverse phase colum chromatography.

Initially the colum1 was eluted with deionized water (2 lits) and latter
with 10% CAN: Wate The fractions caontaini %t he product were collected
and conceﬁf&&le(éRaﬁs}’@'tﬁ(ﬁi'é&?’ﬂ?'BX@EH"'@“Q?Z‘P[SG RigzRlresylhydreptyamethwls(y sol i d

was Washeeixmtth.aam&mﬁc 3{2, %hsbﬁﬂenaztﬁr'b%)l\\()gﬁiébud50 ng, 18% as yellow
crystals; np. (M Od6é) d 2.7 (m 2H), 2.8

(bm 2H), 34(m2H) 38(5 2H), 6.3 (s, 1 H), 6.5 (s, 1 H, 7.1(s, 1

. 7.28(s, 1 !
(5R) | (62)-b- (7-NEy oY oLgmis R Sge '“3?'?. I B A gy

yl et Hyl eﬁ@}h)’ﬂjo&)& &ihlﬁfiaazﬂawlqﬁ e e@t—?, eped-prrpoxylic éﬁlé AonitrenbeBad | i ¢ aci d,
sodi um SéjstEr 526@?)\/%93{39&3&17 lé 'ﬁﬁr ﬁ%@%@gat?c%tonﬁFlﬁRﬁmL Freshly activated

| m dazo[ 1, azl ne-2-car I Tc aci ester t hyl bronopyruvate

(62.9 g) Ka@lua dédg)and: ha Mopirosp %Mffr%'@ﬂi Hhmb) were agreddp Jheamixige( 24. 8
g) at rOO"rgé d%égs%i @g@' S\Fe'réd fiih fAA'to %x?rl & lighte fr\%%% oA Mikitkdes S was
C an ? ?orog a pa

cooled to stirre mnto a rown preC|p|tate
The preci pigeepugly\siiged fort2:h ébroaﬁdemgwé@rew The lEtXBGe wasgiopledga Be Copmhih M

crystggs. Ngbﬁ @E%H?Qélhﬁ&h fhs biGedPloHat bﬁ%@?@BThgéach&w E@I%r\(\ka 9 L) was

heat ed at erature to turnto clear solution UXIng
for 2h, tmixadautetby aﬂesatem@d filkased Beuain a packef Celitkle Thed@daeas washed wits, t hen

m xed w tWafé”Qhﬁ t@%%ﬁgra}’eﬁﬂe%mg Fﬁbea@ééhg[agenl‘ga%&ng rEt%Eied

t hrough a pad o sépar at ed organi c Qeé rie
and hlteu&dierHIQ#evaauuw%ttfié °@asTb©n@@entrateer@aﬂnmadt @@@d-IIﬁTZés(aQQ@ The

resi due ol umm
has. el ut s KaBH.C k) s @timf Shiosdha? At SatiBbrpind s LATL 17
conceh® r awad elutetbwith water @dd therswithr 2.5% adetaniigie- \wer edhg spabinegddractionst r om
CHCl 3 - crystals.
Yi el d: 10&%% CJ;@ %étégﬁﬂgﬁﬁ%%u o4 bﬁmgﬂﬂﬁ'feﬁc’i B@’ﬁl}%’*“@i 49(q, 2H, J
= 7.2 Hz) corﬁp&fﬁ{dﬁi as h pale yellew amorphous solid (171 mg, 13%). Mp 152 °C; 'H NMR (5,

D,0) 3.91 (t, 2H, J =7.4 Hz), 4.23 (t, 2H, J = 7.4 Hz), 4.33-4.35 (m, 1H), 5.07 (d, 1H, J=

5.5 Hz), 5.70 (d, 1H, J=1.6 Hz), 7.05 (d, 1H, J= 1.0 Hz), 7.24 (s, 1H).

20
Example 8

Preparation of (5R,62)-6-[(5-benzyl-4.5,6,7-tetrahydrothieno[3.2-c]pyridin-2-
ylimethylene]-7oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

25 Stepi: Ethyl 5-benzoyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxylate:
To a stirred dry DMF (7.3 g, 100 mmol), POCl; (12.25 g, 80 mmol) was slowly added
between 0°C to 5° C. After the addition the solidified mass was dissolved in CH,Cl, (20
ml) and stirred at room temperature for 2 hrs. Again the temperature was cooled to 0°C
and 1-benzoyl-4-piperidone in CH,Cl, was added slowly. After the addition the reaction

30 mixture was stirred at room temperature for 2 hrs and poured over crushed ice and
sodium acetate. It was stirred for 30 minutes at room temperature. Extracted with
CH.Cl,; washed well with water; dired over anhydrous MgSO, and concentrated. The
crude product was dissolved in CH,Cl, and ethylmercaptoacetae ( 9.6 g, 80 mmol) / EtsN
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4.7 Hz), 8.08(dd, 1 H J =1.2, 4.7 H), 8.26(s, 1 H, 9.21(d, 1 H J =12
Hz). Step 2: 5,6,7,8-Tetrahydroi m dazo[ 1, 2-a] pyrazi ne-2-carboxylic acid

et hyl estwp,03/0227Hydr ochl oride: 0.46 MHCI EtOH (169 niL) @cod/uB0%aRe C (50%
wet) (1.37 g) were added to the EtOH (546 nl) solution of

I m dazo[ 1, 2-a] pyrazi ne-2-carboxylic acid ethyl ester (13.7 g). The m xture
was hydrogenated under H2 at 40 psi at roomterrperature for 15 h. The

reaction mxture was filtered d- C was vvashef\ The filtrate
was 25 col@engr HRA&Emmpywas P@ﬁ%@é‘&w rdJopmdempREAtyigs; r%& lon, ptire e

silica gelleﬂﬁﬁ-id%FZ ﬁ@r@iaa&meWW;thtm Uﬂﬁcgoéyamwasaﬁagiedtw@h With vatrCl 3 -
MeCOH (9/1 - 2/1). The titled n;pound was

bt al ne_IEjh r own cr
Yiel d: 1odr@dgove6?%hyifﬂumwm%%cﬁ'§? ed i"ds‘ef(ftce“@ﬂe% e7pp H&t)wassp te% bHr, g

5 20(7 Hz) SlO% cé%ﬂw cl%binatbgraph? by ditfng it WitfP849%, etifthcelaer hexand¥ellowt ofONisld: 2H) ,
s

H)
7- Met Wl -@469”15 @5?@1 ﬁﬁﬁy?drem m dazo[ 1, 2- a] pyr azi ne- 2-carboxylic acid ethyl
ester: Et3N (3.44 nmL), 37% HCHO ag. (2.02 nL) and NaBH3CN (1.78 g) were
added -69 WD 03/093277 PCT/ US03/ 13429 successively to the. MeOH (75 i)
sol ution Stens Z(5thenaykashydetsahydrathiencld.2qlpyridin-2¥methanaloxy| i ¢ aci d

ethyl ested. il QuSbadIdiC o SLAHOL 01 98P LRIBhALH AnAndtehbgat 6ot 3.5

h under a nitrogen atnosphere. m Xture was dil uted 2 and

washed wietrahBiothienois2-g yr@ﬁ@'%%ﬁﬁl’s‘tq 60, dRsmel EUTI('Rz*@Gaaddsﬁ&lOW'y
filteygd. tTﬁpeCf 'Af{ éaato‘alt?ﬂﬁsregcﬂbﬂr\ﬁﬁ‘(ﬂfré %@CLUH’QQQBF B@WE@cgs l&h&%’il@ﬁ&ed-r\k)%

resi due was l'ica [ colum chromat Oﬂ{aF’f&# en the col um
e

was el ut e@lafWiatGPﬁ @H@@B It Véﬁ?e@'b#@ with CHCIg ang filtqned.

Eb'[?a'lnag) %5%%1%@%Iutl% glj\c? dngd @@Erghnh%r&ls Mgiém Wg@@!sfﬁt)srzég) éndzt.%((%n t’to,"’)H2 HJ

= 5.5 Hagxt steraeth outpurifigations. ‘_{lelqk)4599$%( Yellow figuid.10 Step 4:
Met hyl -5, 6, 7, 8-t et rahydroi m dazo[ 1, 2- a] pyr azi ne- 2- car bai dehyde: 1.01 M

J
7-
solution of DIBAL in toluene (13.6 nL) was added to the dry CH2Cl 2 (86
m -) $®! uStem3:oR-Formyl (5-benzyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine:

estor (1,300 SRR 00 (B odeRs AR bRRACLEA LRI Sy PR Vo,
m xture 1B, ngsmaemmhk)m GHL@I, (ID0HE!) .acfl'\t%Mn@aé}lG Drexeesa; uvas added and stirred)
through aap %%moien%érgttu?e for 18 hrs. At the end, the reaction mixture was filtered through
celite and washed with CHCl;. Reaction mixture was washed well with water; dried and
20 concentrated. The product was found to be pure and taken to next step with oiut
purifications. Yield: 3.0 g (76%); (M+H: 257).

Step 4: 4-Nitrobenzy-6-[(acetyloxy)(5-benzyl-4,5,6,7-tetrahydrothieno|[3,2-
c]pyridin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-
25 carboxylate:
2-Formy! (5-benzyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (565 mg, 2.2 mmol) and the
dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-
ene-2-carboxylic acid 4-nitro-benzyl ester (772 mg, 2.0 mmol) were added successively
to the dry acetonitrile (15 mL) solution of anhydrous MgBr;: O(Et). (390 mg, 1.5
30 mmol)under an argon atmosphere at room temperature. After cooling to =20 °C, Et;N
(2.0 mL) was added in one portion. The reaction vessel was coveied with foil to exclude
light. The reaction mixture was stirred for 2 h at =20 °C and treated with acetic

anhydride (1.04 mL) in one portion. The reaction mixture was warmed to 0 °C and
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The filtrate was washed with 50% K2CO3 ag. and the aqueous | ayer was

extracted wwth CH2CI2 three tinmes. The conbi ned organic |ayer was dried

(K2C03) awo oBiopr2eTred. The filtrate was concentrated undePCratoyed29

pressure. The residue was applied to silica gel columm chromatography,

then the colum was eluted with CHCI3 - MeCH (19/1 - 9/1). 20 The titled
ound 5 was obt ai ned as colorless crystals. Yield: 591 ng, 429%.

conp

‘I;INR( ca 3%155&12 fﬁ? %é?‘gat C|‘L.|) %hg ng)gtll& was dﬂuteﬂs w%tl F&%{‘_@%’ta?t%%gg \A@.‘g%%%wlt%%(’}

6?5) 6 [ ( BYic é@iétaﬁ?\ébas rselufigh,- &t&a?e&sé?bm&wégéﬁngD?été and Zﬁlrr]le Tge ,

a] pyrazin zabi ept - 2- ene-

- car boxyPTQ@XQ&?}ﬂeM‘X’ﬁ; FF'S%E‘%F)‘% &fﬁ? @Ba@foé'lgg %/Cg r%mo’e The pald w

7- Met Qél dﬁltaﬁhezjt ﬁnﬁ Stﬁyﬁ@é&?t@l ﬂl{lﬁeflitfété M%saioauémﬂa:téwuﬁdaaédnaied@wmré 1THB@29)

was added to e dry acetonitrile S0 rous

(408 % " rasive e APPSR SIEees ALY sirorataaranti Biear e SLKHL S

sol ution (fH eyl hcéthtel 58xar§§ 1-ﬁ) beéligeted fedttions were concentrated under reduced

0X0-4-thi a- 1-aza-bjcy c{]@é $|he t-2-ene- 2- carng lLic aC|d 4-nitro-benzyl
ure of; ¢

ester (3. Bresgyre apesthey astpriept igemaerscyeliesigken to sgxicstenn ate IRIIQYS. o

m-) was agdashdud sBE Yidl@r850qAg, 4098 M-aaeBy.on vessel was covered with foil
to exclude light. The reaction m xture was stirred for 4.5 h at -20 C and

treated with acetic anhydride (1.36 m-) in one -70 WO 03/093277
PCT/ Ug93/ & _%Q (mez) B)(5-Jéveyl-2 306 Y%réﬁyﬂrﬂﬂﬂeﬂﬁsﬁl@]bﬁ&nﬁﬂy@m@t%qil rred

for 17 h mxture was diluted with et acet ate and washed

with 5% cVtQﬁM-tméThaW%?@Q]D?P%e“eé’eﬁﬂlpaﬂétP %‘661 um hydr ogen
car bonat e 4. \pgodt; g @%@ngyl '@aé,v-t@ﬁéhmatﬁfén&msgﬁ%dm |)FrickAyRL ed
ent rared un e

The f||trate was reduced "pressur resi ue was

applied t6- lsompdaow-tmwmmb@mldﬁ&@b@@tpﬂme 2isarboxpated ¢60rma. &85 éwnt)léd
i th CHC i

i ab oy ol FSPRECTL A byl B 00 AT g oo
0. 81x3%) , waszawsd replgilgmkh) 0. 52M48(0§pha391)buffer gl 65, 28(mi). 2 e rwosqn vegseh7(m

29, 8 oGy ook e e e goeg et
0. 81x2H) , a6 ra@g demperadure. Hlhe Geadtion migtuted wasHjltered, cppked 9. 31%1 apgl 0.7 . M4( s,
0 3958, b4 g Oy e oS il e
(5R), ( 6Z) afu¢ausNeydrywasepamted.t The atyadusilavied was concerditadr undenhigh vacuum
20 at 35 °C to give yellow precipitate. The product was purified by HP21 resin reverse
phase column chromatography. Initially the column was eluted with deionized water (2~
lits) and latter with 10% CAN: Water. The fractions containihg the product were
collected and concentrated at reduced pressure at room temperature. The yellow solid
was washed with acetone and filtered. Dried. Yield: 50 mg, 18%; as yellow crystals; mp.
25 198°C; (M+H) 411 .
'"H NMR (DMSO-ds) d 2.7 (m, 2H), 2.8 (bm, 2H), 3.4 (m, 2H), 3.8 (s, 2H), 6.3 (s,
1H), 6.5 (s, 1H), 7.1(s, 1H), 7.28(s, 1H), 7.4 (s, 5H).

Example 9
30

salt
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yl met hyl ene) - 7-oxt:, f-4-this-1-aza-bicycl o[ 3. 2. 0] hept - 2-ene-2-c; tr,, boxylic
acid, sodium salt. (5R,

6RS) - 6- [ (WRB)03MeRIDXY( 7- met hyl -5, 6, 7, 8-t et rahydr oi m dazo[ 1P2TA]Spy 1329 n- 2-

yl ) met hyl ] - 6- br onp- 7- oxo- 4-t hi s- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c
acid 4- 20 nitrobenzyl ester (1.11 g) was dissolved in THE (32 nL) and
acetonitrile (32 nL). Freshly activated Zn dust (4.46 g) was added rapidly
with 0.5 M phosphate buffer (pH 6.5, 48 nL). The reaction vessel was
covered with foil to exclude light. The reaction mxture was vigorously

stirred f T L r ture was filtered
t hr ough a%%“ lrﬁida"zgf’lnﬂacooé‘iéﬁé-‘z é’arb&}ﬁm aﬁ"%thuﬁ,nNz‘;%i—ﬁ)ﬁvvas added to adjust pH

25 to 7.5. TheEthyl tbr@m@pm\@twé%ﬁcg)vw@ma@demo thee PMEe (2b§amiheolytiore 6fi2- | ayer
was_separ ghfithp raEiH’e (@Q%eg)“a? rbéﬁé%m‘ﬂ@l%‘ttﬁ@%%@ﬂ%&qgr Q'BQ?VTh'é' rQQ%%ﬂQHHfUr@t 35

C. The concent ate was I shi Kasei
Co. Ltd.) wasssoglegiofufn'C @ndcﬂﬁtﬂeégjméﬁyﬂmm @fﬁord@@alﬁ h@wnt precipiiatem Thes

| ut ed
golrjlcgnt \rMa eﬁgfewll%rggcauﬁn@%h%%gh gg@bweq#@ ngg 38&@0\,&3{ vest hgh? tle
conpound agsmenyenlcxﬁ\th%lﬂ@pm@tes(t‘»@,élg)m Et@R (- 9 )Lwanigeafsgfai refux 2eopetatyrelec) ;
L1 N 20y S b 4005 By A bbbl
03/ 093277 UPdST BSIBIFasDIre Rhamlixed ot PE G Arand saturefed (NRJGOsaq. The mixture

6Z X
(I rrzet i?/l eﬁ’é%g fﬁ{émﬁ tﬁr gaza%@;gﬁaﬁghgégyhéeﬁ% r%égéé iﬂafegowa dried (é\/lgd's Lodi um
sal t 5 Zal’(étfﬂtpﬂeger'ﬁm figrateowae congeptrated urslensgdysed puessgre. nThmsemuehwas of
Mer ck
Ver ek gr Oﬁgglileldstp s:ﬂlcg %ﬁ;@mn chQr‘Bﬁ'tho{;r ep‘ﬁil fl‘l?ﬂ thﬁ é:olyd}g s eluted wth CHCI; -

I trobenzy carbonyl = et opl perazrn o on
p-ni trobe m@m@warwm agth k:@llectml fractionstwereosangentrated Ende;r) revlmed Rreesude t o

i sopr op IGNES e itdizdton £6ih LHER . T doftpollig wes Tdhedidt
(300 %) wake plrdddastalsoYtenEm@ag:tZQ%) m xture, and extracted with

di chl or omet hane (R cI%, T aedhay, L 998 havGL s 07 b o) MBS 2

filtered. The fil S con ‘ent’r’at el uce ssure
resi due was/ Hp)pBlO@(ﬂd; dHsVIH ©t2 42Hz); &.26(% ﬂ'ﬁr&ﬁﬁ(ObGHa¢hy1,2 bllznt ed with CHC 3
- nmethanol (30 : 1), and the title conpound was obtained as white solid
(7.1

Step 2: 5,6,7,8-Tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic acid ethyl ester,

20  Hydrochloride:
0.46 M HCI - EtOH (169 mL) and 10% Pd-C (50% wet) (1.37 g) were added to
the EtOH (546 mL) solution of imidazo[1,2-a]pyrazine-2-carboxylic acid ethyl ester (13.7
g). The mixture was hydrogenated under H, at 40 psi at room temperature for 15 h.
The reaction mixture was filtered and Pd-C was washed with EtOH. The filtrate was
25 concentrated under reduced pressure. The residue was applied to silica gel column
chromatography, then the column was eluted with CHCI; - MeOH (9/1 ~ 2/1). The titled
compound was obtained as brown crystals Yield: 10.4 g, 63%.
'H NMR(CDCl,) d 1.38(t, 3H, J = 7.1 Hz), 3.90(t, 2H, J = 5.7 Hz), 4.40(q, 2H, J =
7.1 Hz), 4.59(t, 2H, J = 5.7 Hz), 4.80(s, 2H), 8.20(s, 1H).
30
Step 3: 7-Methyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic acid ethy!
ester:
EtsN (3.44 mL), 37% HCHO aq. (2.02 mL) and NaBH;CN (1.78 g) were added
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uant.). "H NWR (d, CDCI3) 3.42-3.45 (m 2H), 3.74 (t, 2H, J = 5.4 Hz),
?118 (s, )2H), 5.26 ((s, 2H), 6.39 (brs, 1 H), 7.52 (d, 2H, J = 8.6 Hz),
8.24 (d, WH,03993278.6 Hz). 20 Step 2: 5-Methoxy-4 ~ PCT/US03/13429
p- ni trobenzyl oxycar bonyl -1, 2, 3, 6-t et rahydropyrazi ne:  Trinet hyl oxoni um
tetrafluoroborate (97% 3.7 g) was added to the dry dichloronethane (120
m.) sol ution of 4-p-nitrobenzyl oxycarbonyl -2-ketopi perazine (6.7 g) at room

ot L ot ed SSoRRBl Dy Mtk ¥ L) ROBSTRED sivie RtdW i Sl Sasieen o
| ayer was sephpalieacid athy estrrebydrothigride (G2 gpat ram @nﬁr&ﬂr@bhﬁ({?ﬁiﬁggﬁl e (3
x 100 m),3 4 hethdePg Iﬁf?a%lnnﬁq'losgﬁ%n' elt Lrlre\évv?% @ﬁﬁ?%\gvltﬁl-méﬂgigﬁ\q, wagheger
sodi um hydr ogen carbonat e aqueous “sol Ut X educe
was dri ed Wit K-6Rd afli ITherasgania fayef iwas :dggﬁ (P;g&ﬂ%) Sgﬁlﬂﬁﬁérggﬁg?g m@gﬁa&
E/lr :Fz%g %Bgcéﬂgr‘gtég hgﬁﬁ%@%‘gﬁﬁ 685 9He gﬁ,apgﬁeﬁtq sficagel cajump’ (s,
3H), 3. 97 chEmaiegraphy,then she colkgnn WaS%Imetijg wﬁhiiCIgCE_-i?acEtdﬁé) ¢1/B8~2F2( dithgH J
o AR R P 2w o
5- et hoxy- 4- p- nHtNMRB G)labdxﬂcﬁf(b@gyl$4i721, Bizh-2 80(sABHY QUBERY 1RE NS S(OHE) O)
?g? 2mhmm3'llgt?é§?g2(r:%|6§ﬁ(2r1lnﬂ%%%gl%g?ﬁ@é@dﬁ%gﬁg}%t Zléﬁ(ﬁ\rﬁ@}- reduce pressure.
Di chl 8P omet hane 5 (100 nl-) was adggd t8 t hg {:S;({ju&agn\?\agﬁgaa&; teﬂ wth
\(Ijvfizz ﬁ Ir oE g nﬁ%‘n)st 424?)“4%@92'8 @%%E&F%@? owggﬂﬁié{ 31py [azine-gicarbaldehydst assi um
carbonat e aqued®d Mcoiitionof AMBAL ﬁretbltwrnibgggleaﬁlé)&lb@ gﬂ%@&ﬁ t;PltEg:fri‘gyF%q‘ﬁ éé@ x 50
T ors ST B PR S BB S e i e s 10
was obt ai petar 458 @) windera sittogén éfhﬁgﬂieré-?a@ 5—%8(°é%1an;d|ﬁ%tirgéd:fwg Iédﬁg)g%@%g’( 3‘9
(Zar Sfé;'_?gwgé ﬁ??h&‘%{de ithim HCT, “Fhd reat?idn mixture was filtered through a pad o_’f Celite.
7- p- Ni t r obee filpiatecwas washed wt&h Go%nﬁfc{cgi éegfabrfgigtﬁs lraqgé%@{? léﬁgr?g%s?gﬁ%térbg\pﬁ]ﬁ 15
icg;tzjgl[ g,egiba l%)%rggﬁﬂ%eéz g'ffgelapérﬁ iﬁgﬁ%\a@ ic layer was dried (K,CO;) and filtered. The

filtrate was concentrated under reduced pressure. The residue was applied to silica gel

column chromatography, then the column was eluted with CHClI; - MeOH (19/1 ~ 9/1).

20  The titled compound 5 was obtained as colorless crystals. Yield: 591 mg, 42%).
'H NMR(CDCl,) d 2.51(s, 3H), 2.87(t, 2H, J = 5.5 Hz), 3.70(s, 2H), 4.10(t, 2H, J=
5.5 Hz), 7.53(s, 1H), 9.82(d, 1H, J = 1.4 Hz).

Step 5: (5R, 6RS)-6-[(RS)-Acetoxy(7-methyl-5,6,7,8-tetrahydroimidazo[1,2-

25 a]pyrazin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitrobenzyl ester (diastereo mixture):
7-Methyl-5,6,7,8-tetrahydroimidazol[ 1 ,2-a]pyrazine-2-carbaldehyde (1.19 g) was added to
the dry acetonitrile (97 mL) solution of anhydrous MgBr, (4.05 g) under a nitrogen
atmosphere at room temperature. The dry THF solution (97 mL) of (5R, 6S)-6-bromo-7-

30 oxo-4-thia-1-aza-bicyclo[3.2.0]hept—2-ene-2-carboxylic acid 4-nitro-benzyl ester (3.32 g)
was added to the mixture, cooled to —20 °C, and Et;N (3.0 mL) was added in one
portion. The reaction vessel was covered with foil to exclude light. The reaction mixture
was stirred for 4.5 h at —20 °C and treated with acetic anhydride (1.36 mL) in one
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The m xture of 2-brono-3-hydroxypropenal (2.8 g), p-toluenesulfonic acid
nonohydrate (33 ng) and 2-propanol (3.5 nL) in cycl ohexane (28 nmL) was
azeot r opeaown9d27t he vaper tenperature rose to 80C. The PeaatSoym4rd Xt ure
was concentrated under reduce 20 pressure. The residue was dissolved in dry
acetonitrile (30 nmL.). The dry acetonitrile (310 nlL) solution of

2-1m no-4-p-nitrobenzyl oxycar bonyl piperazine (4.7 g) was added at room

t enper at urgrtiol e ThE &4 dtigR n’ﬂ(tﬁf’éj{}v‘és‘Wa?mliﬁ'tBéF%%gcsﬁom tenbe tECL?CINg;eS "

and then the reaction solution was renove

di ssol ved MitUEs Wap diute aith etoyl Zoetate ammsmeobwm BeTitri. (,&;dflaméous@auasﬁied

t hen the reaaghiegly ux far react’i on
m xture was cool egHE[u?gI %ogorﬁ ca{}‘ﬁ&]&a}?%r%‘& o rg%qné}aye;( ‘.‘L’??) dﬁﬁ; (M8=2Cddded
to the reddffiiered. ﬂtf@rfétr%tﬁdN@meQnﬁdtedTMeaqemmsd dr@ssare Wahe r@éﬁnﬂﬁ@%a%d

with dgchl d organic er was_dried
(MySO™4) ar?(g ﬁ?ﬁﬂ?gj‘a éai’h%"@?t %at%dﬁ?gp@oﬁeéhﬁpaﬁo uH’@ére?%%Mﬂt@ GHeksure.
The resi df&® Oﬂﬁsfglégppﬁéd Tihe tiieticompgend ewis .obtaindtt asble giasRido mpttiree ReWi t h
CHCI 3 - rr@nh\a,ggla,(@% 30 and the title conpound was obtained as a
brown solid, (Yield: , 51.6% and its regio isoner (orange anorphous
solid, Yield: oHsNyR(@EC@ d \le2@(s,00tS1ixaH) . 22I¢KSNI\(R19)(3H)CDQ83§ QH 92(35 2H J

- 54 o) odhidaky 3@:’&3]67("&)2%;5% <02k ey 4 a6 >ss4z<qﬂ)
- 73 WP 03P09x3M7 JPETI B0H21 3198(d, ReBIXIH| sbren3 BHHNYRS O¥(s, @@x?m)s
(o ony 50012, 8766, (G 1o, Baye fiddm, 75! D athy, Bdtts, 919% :

H. 5 Step4(s, (%Mmeb[l\@@@bmg(xz'rlpdm Brz)blenmzwyoanmyy =58.6,Hz)88,22 ~
tetrahydrglzlg*( dgq)o[l -a] pyrazi n-2-yl)-methyl]-6-brono-7-oxo-4-thia- |
azabi cycl o[ 3. 2. 0]'hept - 2- ene- 2-carboxylic acid p-nitrobenzyl ester: The dry
acetonitrile (25 m-) solution of 7-p-nitrobenzyl oxycarbonyl-5,6, 7, 8-

e S Bt BN F R b2 s | o
at nos pher Winathyleoe)-T-expet-titiau eazalisioy 1613, 210]Hept-2-oie2-84 Iok§fic h&, 0qitky- The

dry THE (gg,tm ) solution of (5R
6S) - 6- br onD-"7- 0x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxylic acid

4-nitro- (564 BRS)E(RS)-AdetSxyq)- m@@p@%ﬁd,teﬁg}g,dm.mrdgg@\Qagjmzrggh_ i to -20 C

I n one port reacti on vessel

th t
vvagncocleri:g'xﬁ\ﬁmg%émo‘?&@%hﬁﬁ -azaljRyclo[3.2. Ofrpt2eenst 2-0arbokylicur eacitas @t i rred
for 2h atitrelénz(l asidr t(1 @at gk tdissbiviaidin™PHRY{BMHLP and acetonitrile (32 mL).

Freshly activated Zn dust (4.46 g) was added rapidly with 0.5 M phosphate buffer (pH
6.5, 48 mL). The reaction vessel was covered with foil to exclude light. The reaction
mixture was vigorously stirred for 2 h at room temperature. The reaction mixture was
filtered through a pad of Celite, cooled to 3 °C, and 1 M NaOH was added to adjust pH

25 to 7.5. The filtrate was washed with ethyl acetate and the aqueous layer was separated.
The aqueous layer was concentrated under high vacuum at 35 °C. The concentrate was
applied to Diaion HP-21 (20 mlL, Mitsubishi Kasei Co. Ltd.) resin column
chromatography. After adsorbing, the column was eluted with H2O — MeCN(1/0 ~ 95/5).
The combined fractions were concentrated under high vacuum at 35°C and Iyophilized

30 to give the title compound as a yellow amorphous solid. Yield: 417 mg, 65%: mp 200 °C
(dec); 'H NMR(D-0) d 2.32(s, 3H), 2.79 ~ 2.81(m, 2H), 3.54(s, 2H), 3.95(t, 2H, J = 5.6
Hz), 6.39(s, 1H), 6.85(s, 1H), 6.87(s, 1H), 7.26(s, 1H).
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pyridine (58.3 ng) ~7,nd acetic anhydride (0.89 m-) in one portion The
reaction mxture was warnmed to O C and stirred for 15 h at 0 C 10% G tric
aci d aquewo3med2ati on (320 m-) was added to the reacti oRCEiUSO3EE2aNd t he
aqueous | ayer was extracted with ethyl acetate (3 x 160 nL). The organic
| ayer was washed with water, saturated sodi um 20 hydrogen carbonate and
brine, dried (MgSO4) and filtered. The filtrate was concentrated under
reduced pressure. The residue was a%pl ied to silica gel columm
chr omat ogr aphy, eluted with CH2Cl 2 e (20 : 1), and the title
conpound was obtained as two diastereo mxture (81 : 19, brown foany
anor phous SO|Id Y| el df I2?16 59 9&% éLH NI\/I;{ dd CDCl 3) 2.01 (s 2. 43H),

me L8 ) ) 0 1) 0 21l [ [ |

(s, 0.89H, 7. 08 (s 0.81 H, 7. 43 (s, 0. 19H) 7. 46 (s 0. 81 H) 7.54 (d,
éH JG-? éi%ie?a\z(?ljfe(d 2H, J =8.8 Hz), 8.24 (d, 4H J = 8.3 Hz). 30
t ep

(62) - 7- Ox0- 6- ( B;Ketdpiferazine atag grepanédimtbé Me2had gfMeralz group-(WSiet, 638, 82)) -

4-t hi a- 1-azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid, sodiumsalt:

(5R) - 6- [ Acet oxy- (7-p-ni trobenzyl oxycar bonyl -5, 6, 7, 8-tetrahydroi m dazol 1,
2-a] pyr az Stte24 : 4-p)Nitrobekylolydarbomyl2-ketopiberirine 1

bi 03/
peT/ U5 Toa 48 ThiseRbnE o8 proGeiiBn i I aoRie b1 SDIRR R (b s
FLGS hlhy a@gd?t?tt@dhérdldﬂ&bn{e%a‘hegﬁ 10\(1\&&) euddﬂlt on rafpt{lkle}?pmarhzuﬁb F2.201 g)and )
osphate buffer e reacti.o ssel, C ed, wit
1? oi | Ioto eggﬁq%%oyﬂq(ﬂg\ﬂ@mm?ﬁé%rrg %t {?rrar'ﬁd Ufagf?/{;;@gsi%& gu%t%%ﬁ@g) 1'8F 2 n
g’é | l'?om t gﬂ?ﬁi & thecreadiivh mbaae] amd Sitfatﬁetd)WItmhfdr?Teihdné (K] gU’U}ﬁ) mll_paa‘hgf )
ite an e er and n-but ano .
The aqueoQEaNG gqygws @fé%ﬁf'\gegﬁvya iﬁ% TP Was, gapeel §tegx'§'?%5t ed
Wi t hdﬁ\@t eFecﬁ%e&@%uP&) Thi E&liwwbs. applnealguesﬁma aeay@lubmwﬁ:hrﬂmtogmphﬁtmwo 61
and appl i ai on resi t subi asei
gol um EEP"@E&%@P adﬂ?t angl (39 : éh?ﬁfjgﬁ‘%bge EPRPSId WP °%‘§eglaat“@(5te\ﬁ°{$;t( ter
and then % 3@@7& Honi tr| | e aqueous solution. The conbined 10 fractions were

Compound as. a.yGINR GrebEhbidzats i Aepdh 7 (508 )8 g, b eb°

(dec); 1H(sl‘ﬂ}4Mdg (MO)H)?WQSQ GtZHZH; 8.5 Hz)58Q4|'Ca)2H31886(Hz) 2H), 3.89 (d,
2H, J = Hz) |—% 4 (s, 1 H), 7 (s, 1 H, 7.24 (s, 1
H ; Iﬂo(KBr) 15 Exarrple 11

Step 2: 5-Methoxy-4-p-nitrobenzyloxycarbonyl-1,2,3,6-tetrahydropyrazine:

Trimethyloxonium tetrafluoroborate (97%, 3.7 g) was added to the dry dichloromethane
(120 mL) solution of 4-p-nitrobenzyloxycarbonyl-2-ketopiperazine (6.7 g) at room
temperature and stirred for 17 h. The reaction mixture was treated with saturated
25 sodium hydrogen carbonate aqueous solution, and the organic layer was separated.
The aqueous layer was extracted with ethyl acetate (3 x 100 mL), then the combined
organic layer was washed with saturated sodium hydrogen carbonate aqueous solution
and brine. The organic layer was dried (MgSO,) and filtered. The filtrate was
concentrated under reduce pressure and the title compound was obtained as a pale
30 brown solid. Yield; 5.7 g, 80.6.
'H NMR (d, CDCls) 3.48 (m, 2H), 3.57 (m, 2H), 3.70 (s, 3H), 3.97 (s, 2H), 5.26 (s,
2H), 7.52 (d, 2H, J = 8.7 Hz), 8.23 (d, 2H, J = 8.7 Hz).
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Preparation of (5R 6Z)-6-{f5-(4-methoxvbenzvl)-4,5 6 7-tetrahvdrothienof3
2- cl pyridin-2-vl)Il nmethyl enel - 7o0xo- 4-t hi a- 1- azabi cycl of 3. 2

A hept - 2-woe3@9xaT boxylic acid 20 Step 1. 5-tert-butyl 2Perhish3/13429

6, 7- di hydr ot hi eno[ 3, 2-c] pyri di ne- 2, 5(4H) - di car boxyl ate: 5-tert-butyl
2-ethyl 6, 7-di hydrot hi eno[ 3, 2-c] pyri di ne-2, 5(4H) - di car boxyl at e was prepared
according to the procedure as outlined in Exanple 5 (Step 1). Starting
fromtert- butg 1- pi peri di necar boxylate (9.9 g, 50 nmol), POCI3 (6.3 g, 40
mol ) and SERES{ 3: 'm'@0-450n'trﬁhﬂn7y'°1=u%aréﬁnwrmp¢@zm i nt er medi ate was react ed

with ethy h’h@‘?ﬁ&l@l% Qﬁg-%éfﬁ&(y(-cﬁp%t%beﬁgylg)@cﬁi‘%hgl -29d &EﬁH]ydT&@/_rﬁl‘i@ KLY gyas

purified by Si 02 colum chronat ogra n -1 hexane;
et hyl acet aad amréwuma:htoree BHe) vwirt)/eethare;ﬂu(aoo mtﬁwassllezatedst%fﬁﬂzx fore th. but v
2- (hydr OXYHBtrQé{&tubn Gnikirl WadtREA boitehitaltuQlndéf FeHuds préstite. BRhRPSVEMRBRe 30

1 t - but
5 by O o 10t M) Y, ackdch i st FRsishiG] nchoxrasied Withavalen G X80 By han dhams

prepared asmerngu %uﬁeug E}‘??p Was %&h@d Qi diBREronEtfRRTPBe 2quéstiRyé) was

Starting fromb5- tert- hyl
6, 7- di hydn@wﬁleﬁ@[\fethzw%opmta%ﬁm -carimnaty aguequshinlytionr and thep extragtezh withmp| )

and Li Al )80 (’rﬁ:?n@dy t tive
oaa oL iR Sane REACH0 mL) ) ThEtonibite bigafit Byer Wes %'hg"""‘”’bsgﬁnm PR

Step 3: t @quegut'me flltrate was concentrated under reduce pressure and the title compound

2- (folgyl )Nag, ;ﬁag.‘ ltggaPS;{%w:hpyg &k p2- 5(4H) - carboxyl ate: tert-butyl

2-(fornyl) | eno i di ne-5(4H) - car boxyl ate was prepar ed
5 according to th Wé@:e@aﬂa) %d@l(bfﬁeﬁH) @@(@fﬁ)l )55.26 & e}l 37,52 $d.adHi-hg from

tert buty Hz), 8.23(d, = 8.6 Hz
(hydroxyrretq% f)) g 7( dzh dr ot hi e2no[3, 2-c] pyridine-5(4H)-carboxylate (1.0 g
3.7 mol) in nethylene chloride (100 mM) and active M02 (5 g, excess),

(i 205 b Rirbbiy RAE RS g7 Bl ibam R Xapreis. 50, C
f2 (fordbyl ):afba]elmydpc(ebam Exmhitrabeonkylokyiedrbonylis6, A8 was prepared starting
romtert

2- (fornyl )tebtéaﬁ/@da?wgfﬁq[ﬂ‘zeﬂgygz? ?69??%?‘?’3’%(4%{) carboxylate (1.0
mol )  waTheirmisture efl 2ibrorkbiBHydrd:@Propenal (MG, pROeRésuifonic aiaid ri]ohbhyklﬁltel n

di h t d at t f
T8 nrec % e an2aatb i S iiderit RhitDRraSteatobe iR Vet '
taken to Il’émrberétu&p rWsé htooB80° G)UTI'hélr@abtidim mixfued tvas EoitentratedClindat! teduce

[Qéa? El&f)rg @%B@nwﬁy? )reSAdu; ‘Gagdlﬁﬁce'Yeéﬁpdl{fT%??ﬁtgwts e @0l B¢ At gestonitrile (310

mL) solution of 2-imino-4-p-nitrobenzyloxycarbonyl piperazine (4.7 g) was added at room -
temperature. The reaction mixture was stirred at room temperature for 3 h, and then the
reaction solution was removed in vacuo. The residue was dissolved in ethyl acetate
(170 mL) and triethylamin (2.4 mL) was added, then the reaction mixture was heated to
25 reflux for 1.5 h. The reaction mixture was cooled to room temperature, and then water
(170 mL) was added to the reaction mixture and separated. The aqueous layer was
extracted with dichloromethane (2 x 100 mL). The combined organic layer was dried
(MgSO,) and filtered. The filtrate was concentrated under reduce pressure. The residue
was applied to silica gel column chromatography, eluted with CHCI; — methanol (50 : 1),
30 and the title compound was obtained as a brown solid, (Yield: 2.9 g, 51.6%) and its regio
isomer (orange amorphous solid, Yield; 0.8 g, 14.9%) were obtained.
'H NMR (d, CDCl3) 3.99 (t, 2H, J = 5.4 Hz), 4.14 (t, 2H, J = 5.4 Hz), 4.85 (s, 2H),
5.29 (s, 2H), 7.54 (d, 2H, J = 8.6 Hz), 7.57 (s, 1H), 8.24 (d, 2H, J = 8.6 Hz), 9.85 (s, 1H).
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20 To a stirred solution of
2-(formyl)-6, 7-di hydrot hieno[ 3,2-c]-5(4H)-pyridine (1.4 g, 5.2 mmol) in
DMF (20 wD)o3/0927met hoxybenzyl chloride (0.94 g, 6.2 mmol PCArubod 9

di i sopropyl ethylami ne (10 m, excess) was added at room tenperature. The
reaction mxture was stirred for 24 hrs and quenched wth water. The
reacti on m xture was extracted mﬁth chloroforn1 washed well with water and
dri ed over anhydrous | t | tered and concentr at ed.

The
product was pu Pﬁ'Pé‘iP"Eﬁ)‘ lsll WRdél GPﬁ"s) @ﬁ?dﬁ@%dra‘%ﬁ?‘zbﬁ 44 G 2thg/ T 6. 4\/!v|‘|¥)h

et hyl acet 31gg- s%)6529|(j* 02H)07|54 Z{XlﬂiidJ 4 707 ,7835%H6) Mthi (88£H Bt 87 182),
4-Ni trobenz 6’ acet yl oxy) [ 5(4- net'’hoxybenzyl )

t et r ahydr 8¢Ri(®n})3, 2- c] pyri di n- 2-yl ) met hyl | - 6- br ono- 7- oxo 4-tlcia-1- azab
i cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxyl ate: 2-Fornyl

[ 5- (4- met hoxyben 5,6, 7-tetrahydrothieno][3
mol ) &ndSteps: dfﬁ#@@mﬂoprn(wenzy;oxwaqbslﬂgﬂ 56,7

6S) - 6- br Q9 13429
bi cycl of g[%r%]yﬁi‘&{nﬁ%ﬁﬁ?ﬂza]@géém zgf)%@ﬁgﬁgﬁﬁ? z%nzgﬁéest er (772 ny,
2. ? nmol ) 1mmydniamb]hapbaene*ﬂeegrbpnylimecld rpymuweuzultestere (15 nl-)
sol ution an r
at m)spheriﬁeolt rﬁ%@’ﬁﬁ@?at@? e. tesPﬁ]gf%gl %g t %'t%h%éw%? %ﬁ%%g)@?ﬂ% ) was
addled i N tet@hpdroimidazo[ T, Bfa]pwamme-mu:ameydava(;l 8ogpr wds wiadtled foi thet alry
t h t f
exclugl | asliboiglfed FRYoRoRLsH08, 152 5 i Bl aPhosdrCaf iy
gi i(t urg wesnperatedthien the @lxmmjmmsmrred férot0 frfin. hThH d@ THF 3@ mb) >sblult|en w&s
iluted wi t d
ol ut  on. & SR PR A A DR B b B e A REHET S o
| ayer was bdnzyedstéMIEDg) wanddded, ther mikturb mas gooladiad20 C Gwn triethylBindng €ld6 was
10 washed wiith et acet at

filtrat t d
10 ashed 43 SLBNA 5L 5o, 8 b e e AL AR AL
]E hen the Thé uweactionsnigiuve wég siwrgb fert Béﬁ ata€2® 4 and hnemtadegltmzt;u)-dlm@mylmned
ractions entrated unde ressure an t

di ast er eoP yécﬁ%f‘s% pg;?é?ﬁy? 8”'595{@ gﬁgg mllB NETRT % @ﬁﬁ’??ﬁ)@ag&‘@%r‘?d
EK:SER | gz) 520/(a[€gvanﬁ9&’0tct> biig iridflst&ll‘adi féfigs glﬁ (ISTGtapH)? Citric ﬁCId Iaqueous solution (330 .

oxybenzy etra t i el r n-
yl )] met hymé’ﬁ(s dg )éﬁ aﬂ%&%’ﬁﬂ?c?'?ﬂ @ezacb:]e aysr WA e%?%é?%%ﬁ'ﬂ@}l aci d:
4- Ni tr obeagstae (I aCmQ/hQXY)Thé(digéYﬂé huyeybmzwb&he@l itk ,water, saturated sodium
-tet r81 hyg]ygr%gleﬁ Qgrloongteca]n%ybrlne drled (MgS0,) and filtered. The filtrate was concentrated

under reduced pressure. The residue was applied to silica gel column chromatography,

c;pyrldl ne (574 nmg, 2.0

eluted with CH,Cl, — acetone (20 : 1), and the title compound was obtained as two
diastereo mixture (81 : 19, brown foamy amorphous solid. Yield: 2.1 g, 59.9%.
"H NMR (d, CDCls) 2.01 (s, 2.43H), 2.24 (s, 0.57H), 3.93-,3.96 (m, 2H), 4.02-4.05
25 (m, 2H), 4.74-4.76 (m, 2H), 5.28 (d, 1H, J = 13.5 Hz), 5.28 (s, 2H), 5.45 (d, 1H, J=13.5
Hz), 6.07 (s, 0.19H), 6.29 (s, 0.81H), 6.31 (s, 0.81H), 6.80 (s, 0.19H), 6.83 (s, 0.19H),
7.08 (s, 0.81H), 7.43 (s, 0.19H), 7.46 (s, 0.81H), 7.54 (d, 2H, J = 8.6 Hz), 7.61 (d, 2H, J
= 8.8 Hz), 8.24 (d, 4H, J = 8.3 Hz).

30 Step6: (5R), (62)-7-Ox0-6-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-ylmethylene)-
4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt:
(5R)-6-[Acetoxy-(7-p-nitrobenzyloxycarbonyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-
yh)-methyl}-6-bromo-7-oxo-4-thia-1azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-
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yl) met hyl ] - 6- br ono- 7- oxo- 4- t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl at e
( 300 nmg, 20 0.42 nml) was dissolved in THE (20 nL) and acetonitrile (10
nm). Freswbywsagpivated Zn dust (5.2 g) was added rapidl yPeirtuso§182M _
phosphate buffer (pH 6.1 28 nL). The reaction vessel was covered with foil
to exclude light. The reaction m xture was vigorously stirred for 2 h at
roomtenperature. The reaction mxture was filtered, cooled to 3 C, and

. ; de t H . iltrate wa she th 25
0 M MOl 2 RS A e G b SR AR b
concent r atwas adegd rapidiyiwitha®5 omal/htph8spiate bufgér\(ﬁl-l)ﬁeﬁ Ise\mu:)r The pedcﬂb@verzs'géﬁ

se col um chro
Pt a1y s Sbted ath B« B deRE The XSG Rn PR Gy BGrotel e Y o
with 10% @hKporidgnaperatline Theaeactionsolutioninas fitterd thivagh aqHdT Oéﬂl_’??mhlélec'[ ed
m ature e yell ow
ol B Rl e S P ER D o S Tk AT TR calBons Iager W s
yel | ow cr\sepatated anpl thed 7@ orgihic)iaybs tvas eiﬂrhdt&&u(tlﬁ)h@@r(dﬁ)( 50 rHL)7T(1@1 2H), 2.8

oy 7 1S adinbys fydfudfpontbhyaod o 1 andpogtpdle Sigonp2y e 1

03/ 093277 (mwmumsmm%marmu 93cdlamﬁrohnﬁn@tbgmphy)fAfféiBhsorbmg, the column

4l t hi a
it byt oyl W e BRSE Boe srtpete Aol foidich, b compbesty i ¢ aci d,
sodi urt0 sdtactiGisepers: coﬁeéﬁitsh@d um‘devhibhafaduﬁm@t @5%3Hahd ly8philieazb @Wehbi@' hbeé Odlhde
10 met hod S0PBUE F Yl oo solb3ieig, U5 e, B4 ptt redi et
hydr ochl oNMR (d, DXBt3BA (¢ 2H)-Bs sedﬂi)yslsa(grzu-[ﬂ? ébi(d]ll(zji-]ébﬁ’hrerf Bgdw)g%g?hgea%eéus

i on a

?Ziy\é\?svvglss@ﬁ’téflgg{ &%?%9{%%%?2% gwﬁ%%b[ The conbi ned organic |ayer
was dried (MgSO™4), filtered and concentrated under reduce pressure.

Ammonigm chl oride (1.7 g) was added to the _obtained residue in dry ethanol
(128 r:hg ) and heated to reflux for éﬁ—%&ireaction m xture was cooled to

room t enper an%raﬂ'm of % ' @Eé@h%éﬁaxmi@@,§,€,¢-ie@ra¥|i9@hlgﬂﬁ?,i-he

| m not hi onor phol 1 n rochloride was obtained as Dr own sof | '

quant . ) 28 jdin-2-y HMenWene s 0 i : lof3.2.0jhepty2-ene-24ca g J =
5.9 HZ), 3.83 (S, aci

)

20 Step 1: 5-tert-butyl 2-ethyl 6,7-dihydrothieno[3,2-c]pyridine-2,5(4H)-dicarboxylate:
S-tert-butyl 2-ethyl 8,7-dihydrothieno[3,2-c]pyridine-2,5(4H)-dicarboxylate was prepared
according to the procedure as outlined in Example 5, (Step 1). Starting from tert-butyl-
1-piperidinecarboxylate (9.9 g, 50 mmol), POCI; (6.3 g, 40 mmol) and DMF (3.8 g, 50
mmol). The chloro formyl intermediate was reacted with ethyl mercaptoacetate (6.0 g, 50

25 mmol) and Et;N. The product was purified by SiO, column chroniatography by eluting it
with 3:1 hexane; ethylacetae. Yield: 8.7 g, 56%; White liquid. (M+H) 312.

Step 2: tert-butyl 2-(hydroxymethyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-
carboxylate:

30 tert-butyl 2-(hydroxymethyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-carboxylate ~ was
prepared according to the procedure outlined in Example 5, (Step 2). Starting from 5-
tert-butyl 2-ethyl 6,7-dihydrothieno[3,2-c]pyridine-2,5(4H)-dicarboxylate (1.0 g, 3.21
mmol) and LiAlHs (500 mg , excess), 807 mg (92% yield) of the alcohol derivative was
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2H), 8.97 (brs, 1 H, 9.38 (brs, 1 H, 9.99 (brs, 1 H. Step 3:

5, 6- D hydro-8H i m dazo[ 2, 1-c][ 1, 4] t hi azi ne- 2- car bar dehyde and 5, 6-

Di hydr o- 8Moiogioelezp[ 2, 1-c] [ 1, 4] t hi azi ne- 3- car bar dehyde 25PThaisnd/xasee e of
2- br ono- 3- hydr oxypropenal (7, 4.3 g), p-toluenesul fonic acid nonohydrate
(52 mg) and 2-propanol (5.3 m-) in cyclohexane (43 m-) was azeotroped
until the vaper terrperature rose to 80C. The reaction m xture was
concentrate r duge, pr The residue was dissolved in dry

et hanol ?rﬁﬁq Wlﬂéteﬁi’% u@\g "&257#5 dry ethanol (143 nml-) solution of
3-im not h| onor pholin hydrochloride (4.3 g) and 28% 30 nmet hanol sol ution of

di t | at .0 - [ . t at . Th ti
it ure wStnd; ety 3Gy ORH I draihieso a2 TP ine HAH) RSP BUER: on
sol ution  t¥@Butye MR\REM! r)lswa&aHyurotﬁréﬂopezsb]pyﬁmrr@s(m)%a%dr?ﬁté Ny Srephegm

(128 m-) and _trjethyl amne (3 he reaction mxture

was hedt edcrerding: othefRspoesliee SviinedEraaeie 2 (Bte $)sStariing Fiom fert-bey 2-
reaction f(h?ﬂr&iﬁhé&ﬁ)ﬂ) sqodlwarétﬂlehepm &]syrmr@s«m caruéxyraenrrc@acer?t rnm@gmunder

reduce pressure Ti 1.e residue was dissolved wt | or onet hane

and washednetfiylene shigsite ¢H0 A ailiactys NwPo o 929&093?913 8@9)9! (&ite Ydﬁ'@aﬁf el ayer

was dried aqmgghenmdewagtwﬁgd agbﬁ,ﬁﬂg(ﬂlammgconcentrat ed under reduce
pressure. The residue was 5 applied to silica gel colum chromatography,

eluted with CHCI3 - acetone (10 : 1), and
5 6- D1bydr3?teaéi-'2nfd -%;7ldﬁ\khﬂotﬂiehB[ﬁaZchLSrm)ﬁs?rmﬁé’ehyde (brown solid, 445

H 1 m dazo| 4] t hi azi ne- 3-car bardehyde
(br own sol -ﬁormy@ﬁ?@ydmhlg%B@eq]@({j-@rwnﬁm was prepared starting from

5, 6- D hyd ]
550! g Bl %h'ryr Q‘J(ﬂﬁﬁwg[)% ﬂdgabér%trﬁéﬁog Q%%dlae%g&lhbaéﬂﬁ ZH%‘?eJ (’[bg!\’gﬁ(qﬁzl\ ogDC )
(s, 1 H) vgasggssgcgvedlmr@HzCIZ (20 ml), MeOH (90% 20 mi) and N. HC! in dioxane (10 ml)

5, 6-Di hyd = 3z
cDal 3) 3. 0" (Eabmiﬂ?rﬁ’gb'% @agk%&hg%’@% és‘ﬁ"%ﬁ&‘% 2 G%WS?QM‘@?H&B?&Q'%),
7.73 (15 Inipq)ure was goesntratad) to d;yr@q;sand(tglpgn to next step with out purification. Yield:
62 1,4]thi 2-yl nmet hyl 7- 15
(()xo) 4- th| aﬁ? @gg?%ya?l ot’lghgg%%l[zuept - jbéne ]2 c:a(riélo;]yl i Z ggl dy gggl) um sal t:
The dry aceiunitrile (20 nL) solution of 5,6-dihydro-8Him dazo[2, 1-
1, 4]t hi
acet | ni 1 1 e ZEEVE G ool B p AR AN holR Blobraine: e o

at roomterrperature t hen t he mxture was stlrred for 10 mn. The dry THE
(40

o 420ns oo sl e sy 87 23ioRb B 7 iRrothienpia ol S@HkRYE (18,9 52nzy)

ester (1. 0ngpl) in DMF ( 20 ml) , 4methoxybenzy| chloride (0.94 g, 6.2 mmol) and N,N-
diisopropylethylamine (10 ml, excess) was added at room temperature. The reaction
mixture was stirred for 24 hrs and quenched with water. The reaction mixture was
extracted with chloroform; washed well with water and dried over anhydrous MgSOQO,. |t

25 was filtered and concentrated. The product was purified by SiO, column
chromatography by eluting it with ethylacetate. Pale yellow oil. Yield: 470 mg , 35%;
M+H 288.

Step 6: 4-Nitrobenzy-6-[(acetyloxy)[5(4-methoxybenzyl)-4,5,6,7-

30 tetrahydrothieno[3,2-c]pyridin-2-yl)methyl]-6-bromo-7-oxo-4-tiia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylate:
2-Formyl [5-(4-methoxybenzyl)-4,5,6,7-tetrahydrothieno][3,2-c]pyridine (574 mg, 2.0
mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-

-76 -



was added and the m xture was cooled to -20 C then triethylamne (0.8 nl)
was added in one portion. The reaction vessel was covered with foil to
excl ude IwQhB/093Ehe reaction m xture was stirred for 3.5 RCAUSOZB4®D and
treated with 4-dinethylam no pyridine (30 ng) and acetic anhydride (0. 44
mL) in one portion. The reaction m xture 25 was warnmed to O C and stirred
for 14 h at 0 C 10% Ctric acid aqueous solution (240 nl) was added to

i ) | t i t hyl

heet at e (DR et 3iere £ RRER Bpist firortiial S (G2 ity 20 Firdflvere
saturated aokdedlauncés;sdretygherthe&lnbac%bmtrwmmHJml&neoluﬂldsn GﬂaréHWﬁSD@MQ%ﬂJ Oieh.er ed.
The filtr oncent r.at ed _under, uce ressure e resi

hl 9\9@ imén‘f Upgder & agon &ing eé%PBEPél"bSﬁ“&?ﬂﬁ?ﬁ reeﬁﬁ%&ﬁih"ﬂk@ CH2Cl 2
E Ogget gng 206TC,: EtIN (2. andL)cwasieddéﬂ)w dhe portion. The reaction vessel was covered with
oo 4° Bl 10115 S BT orhS rSRE Ftuce b tbteil BF o A4 0L o kit gty |
ester was amletlmanbycblrmle (slcﬂzuﬁnhL) ‘Fhenesg%ng?r;ogtgr?} @gﬁﬁ?w?mgowlgm@éﬁb o%»CSi ?ﬁ
col um chromato eluti it Wi
505 et hyl LR HZ&aﬁ%h a; e Ure;wes giytg i ac%aé '%le"' hi n
THE (17 H‘S% ﬁﬁﬂ@aguﬁqaeb%};m:\%nzsamwnﬁ éaq;amgiyd\f@@t naééﬂstshat@fyndlbnnw t'rhheoa5
nol /L phosphat uf f er e reacti ssel was covere
with foil "tg y&&é{"aslﬁj (Mg$Qe) rang ey B%Q%&SWPOU@T%/P%‘? iWased
for 210 atwashetwitargieylaicstate. Thefilrateonss tme&@éﬂéﬂllmﬂeﬂ\@'ﬂuééd b@é%xrbhmmlkéghgg
ey The. dapiausSae ApBid e S5 HRL e ArrRRRSTERRY. dhefh e colmy cyas muted
ext ract ed wiiht &h@. acetmé/ hexaho (PHpt eobétfté@fraétlﬁrisﬁiv&e o%néferﬁﬁété&hmdeTh@d&%bl ned
aqueous I?E%er was égﬁcentrat eﬂdto 23 1 nol/L NaCOH was added to adlj ust pH

to 7.25 e PN dNe JniguLy g digptesao g}eﬁs ("@ff' fakenyp Rexbistan  Ralecyelley

Ltd.) col umorpRoussclidayieldr 85Ming, 40%EK+RIG™A dhd 6. t he col um was el ut ed with
water ,and then 10% acetonitrile aqueous solution. The combined active
fractildns were concentrated under hi gh vacuum at 35C and | yophilized to

gi ve (5SR),stepZ) (ﬁi 62)-6-{[b- Wﬂéﬂt&%éﬁ& 91621 ﬂe‘trahydrothleno 3, %-c&) ridin-2-

cl[1,4]thiazin- yI nmet hyl ene) - 7- oxo- 4-t hi a- 1- azabi cycl o ept - 2- ene- 2-

car boxyl i dl')l@@F*tv'e%et}ﬂqmr%-ﬁr'e-1a%za§lcy§lq[%«04hwtpzwgug-2szﬂr exylica®idy, 20. 9%
}5:”131%3? @}gﬁﬁéﬁzyg ['('aw(giof(ﬁ 5’(Q§@h&y9%9§44£€7-t%trihﬁ(<z}hlgﬁé[ﬁ 235]§81 d
6.89 (s, Ymethy§-Gerome-7- ozoﬂ)thlaﬂ -azpbjayclof3. 29 |heni-Rtens 2acarbaxviate( 300G\,
20  0.42 mmol) was dissolved in THF (20 mL) and acetonitrile (10 mL). Freshly activated Zn
dust (5.2 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The
reaction vessel was covered with foil to exclude light. The reaction mixture was
vigorously stirred for 2 h at room temperature. The reaction mixture was filtered, cooled
to 3 °C, and 0.1 M NaOH was added to adjust pH to 8.5. The filtrate was washed with
25  ethyl acetate and the aqueous layer was separated. The aqueous layer was
concentrated under high vacuum at 35 °C to give yellow precipitate. The product was
purified by HP21 resin reverse phase column chromatography. Initially the column was
eluted with deionized water (2 lits) and latter with 10% CAN: Water. The fractions
containing the product were collected and concentrated at reduced pressure at room
30 temperature. The yellow solid was washed with acetone and filtered. Dried. Yield: 50
mg, 18%; as yellow crystals; mp. 127°C; (M+H) 441 .
'H NMR (DMSO-dg) d 2.7 (m, 2H), 2.8 (bm, 2H), 3.4 (m, 2H), 3.74 (s, 3H) 3.8 (s,
2H), 6.6 (s, 1H), 6.88 (dd, 2H), 7.14(s, 1H), 7.24(dd, 2H), 7.4 (s, 1H), 7.59 (s, 1H).
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20 Preparation of (5R),

(62)-6-(6, 7- D hydro-5H pyrrol of 1, 2-al i m dazol - 2-yl net hyl ene) -

7- 0x0- 4- tWpa3/9xza- bi cycl ol 3. 2. A hept - 2- ene- 2- car boxyl i ¢ &ciraiSoyodezum sal t

Step 1. 6, 7-Di hydro-5H pyrrol o[ 1, 2-a]i m dazol e- 2- car bal dehyde 25 28% Sodi um

met hoxi de (5.26g) was added to the EtOH (250 nL) solution of 4,5-

di hydro- 3Hpyrrol - 2-yl am ne hydrochl oride (3.27g) at roomtenperature.

After stirring for 5 mn at roomtenperature, 2-brono-3-propoxy-propenal

(5.799) was added to the mxture at roomtenperature, then the reaction

m xture was stirred for 1 h at room t g 12e. The reaction mxture was

taken to dryness in vacuo. The residue was 30 dissolved in CHCO 3 (300 ni)

and triethyl am ne (3.8 nl-) was added The m xture was heated to refl ux

for 3 hours. RES R {8Z)e6-(56 Hhideip-2. Washed

w th 50% K; i

reduced pre : = S AGH

chr omat ogrsagthy, - 80 V\D 03/ 093277 PCT/ USOS/ 13429 eI ut ed vvlth CHCI 3-acet one

(2:1), and 6, 7-Di hydro-5H pyrrol o[ 1, 2-a]i mi dazol e-2- carbal dehyde (41%

1.51g) was obtained as a pale yellow solid. 1H NWR (d, CDCI3): 2.62-2.7 (m

iH)H) 259(%:5&@2 SJMetBWthlg‘B dilydro2A[1/4]thidzire Hfdroidaiad (S 1 M. 9.80 (s,
ep

-6- (6, 7- Di hydr o5ﬁﬁ®|ﬁm%ﬁ@[cﬂhwm1wdﬁrazw@mmm aves)préparad by the

t hi a- 16 az mdthéy/ad Slitidehhsgp 5%2 922 carboxylic acid, sodiumsalt

6, 7- Di hydr o-5H pyrrol o[ 1, 2-a] i m dazol e- 2- car bal dehyde ( 1.36 g) was added

to the dry acetonitrile (155 nlL) solution of anhydrous MgBr2 (5.64 Q)

under an ,ﬁm erature. The dry THE solution (155

m) of (5§!!E%ﬁ§)@'t g%rém T

1- aza- bi cycl o[§Metb}'lﬂ‘ﬁfpﬁrezdlbyctfoel-b[ar%h)aginemydmlddldb r(Wﬂ(?)Wé@'d?ééblv@émh (

3. 86 o { dt 4,18 L) was
addedgi) nV\/g%q@@ﬁi Bo 90"5?!3@61@@?3}#?%@@?@ a%ﬁé’”ﬁ@yﬁﬁé{as Wﬁﬁftch‘f‘"lth to excl ude
light15 Th@Hz@gé’é K@A mii)xThe combises brganiedayédravasdiriedqhMgSey), Gitered ahgeat ed with
acetic an 370. ort| on. The
reaction E]éfﬁehﬁgte%g %%@H%%gpgs% %’5?8105'{"1%?%@8""?%&%1&) wWag,agdedjothe The
mi xt ur e waktainer uesiduanintdny ethapbl (42 i) endhdated b adiunidrit A, HeGbhdtion aci d
oot | bitires oot Hat R le e e ioh SR E0R e g ovasinaaove 1 1
ethyl aceged the Imirethibinorpioln hpdroctdoniteniaséistdined e brown solid (4.3 g, quant.).

20 'HNMR (d, DMSO-d% 8.15 (t, 2H, J = 5.9 Hz), 3.74 (t, 2H, J = 5.9 Hz), 3.83 (s,

2H), 8.97 (brs, 1H), 9.38 (brs, 1H), 9.99 (brs, 1H).

Step 3: 5,6-Dihydro-8H-imidazo[2,1-c][1,4]thiazine-2-carbardehyde and 5,6-
Dihydro-8H-imidazo[2,1-c][1 ,4]thiazine-3-carbardehyde

25 The mixture of 2-bromo-3-hydroxypropenal (7, 4.3 ), p-toluenesulfonic acid
monohydrate (52 mg) and 2-propanol (5.3 mL) in cyclohexane (43 mL) was azeotroped
until the vaper temperature rose to 80°C. The reaction mixture was concentrated under
reduce pressure. The residue was dissolved in dry ethanol (28 mL). The mixture of the
dry ethanol (143 mL) solution of 3-iminothiomorpholin hydrochloride ( 4.3 g) and 28%

30  methanol solution of sodium methylate (5.0 mL) were added at room temperature. The
reaction mixture was stirred at room temperature for 1 h, and then the reaction solution
was removed in vacuo. The residue was dissolved in chloroform (128 mL) and

triethylamine (3.6 mL) was added, then the reaction mixture was heated to reflux for 2.5
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reduced pressure. The residue was dissolved in THE (166 m -) and
acetonitrile (77 nm.). 20 Freshly activated Zn dust (23.2 g) was added

rapi dl y woh30987M phosphate buffer (pH 6.5, 243 nlL). ThecCTam:oes/133m vessel
was covered with foil to exclude light. The reaction mxture was
vigorously stirred for 2 h at roomtenperature. The reaction m xture was
filtered, cooled to 3 C, and I M NaOH was added to adjust pHto 8. The
filtrate vvas washed with ethyl acetate and the aqueous |a

separ at edN- ThaeRskin Midurg Y& $olsdite raan terpppsatyee and ep ca@%qyntrakeéi Welst pH

to 8. Thedfmgy lpFéis@hremTKé %@du@aﬁawwmwcm%ﬂ@théﬁmoumy WA AlasBéd C.
The concentrate was applied to D aion HP-2 M t subi shi Kasei Co.

Ltd.) reswﬁhée?/q}ﬁ&%rﬁwea%gqlaw2 wqoéwtbagsmw laygrevasotrigdiMaRsy) el ut ed
‘(’V' tZ? H20- o fik¥rdd Orhe frdtd e con¥éntidh thder rédRiEe Ppddsums. frnacédiqswad (5R),

6- (6, 7 Di RpRlied-tesiligy gelsaokimn chramatadirphy) elsted Wity GHICL mecetang(d0 414 @nd- 1- aza
30 bi cycl g[s3piRy %Whlaaﬁ[@‘l%][Q@ﬂthf&é%b@ca’%ﬁér@eh%kﬁ%rﬁ?dhﬂ wmﬁconbl ned

fractions were” concentrated undéer hi vac 5 C and Ilized to
gi ve the t’ipt3f’/@@n§s‘3 &Djhydre8--imidazelR dosl 1sBthiazinesg carbgrdepyds (qsvw"rsel) np 190

C (dec); h‘@%dz@%&) oBtaftd- 56 (M 2H), 274279(m 2H) 394399
(m -81 V\oo 7 PCT/US03/ 13429 2H), 6. 47 6. 94

(s, 1 H), 56-Dibydre-8H-imiazoi2, 361l d]thiezing-2-¢arhpideh *EMN%KC& oty Fefsar ot on
of (5h 6Zbg6J<=len’rfie;cs[é’s§ bmiha?e](@ezmmsqw) ?wl(mmyé 3@@ m%oxo 4-

t hi a- 1- azabi cycl o ene- 2-'car boxyl'i ¢ acid

i F?zo[zs@d@%y@r@r&w iz chnaatatbwpa}@arbe@ﬁwde@rwwr(avapglszw G 50
mTo was el I &I tian th I
(75 o a8 i P e BP A  (8 H  B 2 0t ¢ o
the reaction m xture was heated to reflux for 6 h The reaction m xture was

Cayer was SR (SRINGZEGS S AR ARG Harblz Llfi A ipdin PRAREy IR Z0007 Y,
was WS heoxod-thiavl tazabigyckol3. aMthtrkme-Imrmwe qﬂdadml!umlsaw ned was taken
t228.r]e>r<r;[) S;eg %g%@ a&%"ﬂ%"zeo@ @5 ﬁon‘%'enz ;@‘;cél@ﬂré% H Azg[)% 1}_0_'% asit :yor r ZZH
sl urry of cl[1Althidzict@-20caphardetneeqd, 392 rygywashddezt thythe dry acetinitrile (20 mL)
added |- Feiton SGRAgRR (5% Bpasr BlrpGe e Sghais it oo eriaetud BN I m Xt ur e
was stirr egixtate waostirteafoe1 @i, hitary THR (40 ¢hL) solatibredi (@R,16S)-6-bromo-7-
20  oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester ( 1.0 g)
was added and the mixture was cooled to —20 °C then triethylamine (0.8 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light. The
reaction mixture was stirred for 3.5 h at —20 °C and treated with 4-dimethylamino
pyridine (30 mg) and acetic anhydride (0.44 mL) in one portion. The reaction mixture
25  was warmed to 0 °C and stirred for 14 h at 0 °C. 10% Citric acid aqueous solution (240
mL) was added to the reaction mixture and the aqueous layer was extracted with ethyl
acetate (3 x 100 mL). The combined organic layer was washed with water, saturated
sodium hydrogen carbonate and brine, dried (MgSO,) and filtered. The filtrate was
concentrated under reduced pressure. The residue was roughly purified by silica gel
30  column chromatography, eluted with CH,Cl, — acetone (50 : 1), and crude (5R)-6-
[acetoxy-(5,6-dihydro-8H-imidazo[2,1-c][1,4]thiazin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester was obtained as solid.
The solid obtained above was purified by SiO, column chromatography
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saturated NH4CI/ NHAOH. The separated solid was diluted with Chloroform
MeCOH (3:1), and filtered through a pad of celite. The organic | ayer was
washed orwe osfopd27sat urated NaC and dried over anhydrous PEESESM3/13429 was
filtered and concentrated. The brown solid obtained was taken to next step
wWith out purification. Yield: 3.8 g, 93% MH 205; 25 np 131 C. Step 3:

2- Fornyl -1 m dazo[ 2, 1- b] - benzt hi azol e: To a sti rred sol ution of

i m dazo[ 2, 1- b! benzt hi azol e- 2- met hanol _(2.04 g nmet hy|] ene

chl ori de pyelating if with 605 efviasetonthexans Fhe B@J%é‘@'&‘ﬁw %@@ @6%%%9 weRdissaleti on

30 m xturg MES(FhEY Rreshly d0dTed SARREERY §) WA aditdtagil With 6. 8halLt hrough a
pad of celite. The reaction m xture was concentrated and _the product was

purifi ed PResphateduifge(pHt®puhhmbyniheraadipnyease! Mﬂ?‘séﬂoﬁ?rﬁﬁd‘"ﬁ‘tf°'{/\ﬁ°t9¥°'7’§% et hyl
acetat e; RKafie: BRI }nﬁﬁﬂré s Vi g‘%}dﬂjﬁ%&@ﬂed H& 2 ﬁQF/ﬁooM"t’én%@?atureB’?hé/\o
03/ 093277 /USOS 13429 Ste trobenzyl - 6-[ (acetyl oxy)
(i m ddz o[ reactias) solutpniveasfiterd ’gljnfqyghza pad elerelife ?ncbthe pad was Wwashed with water
br ono- 7- 0{% rﬂ[.)té’f'tdan EU%EQIQBQM) ofre é’ql@ohﬁ’@yerzwﬁé‘g Z&T%H%&%éﬂtﬁe organic
m dazo

2- For nyl - benzt hi azol e (444 nd_a dry THE
sol uti on lager wasgxtiacted withe0.5 mol/L. phosphate buffer (pH 8.5,2x 1 mL). The comblned

6S) - 6- br Oﬁ'ﬁjzeéﬁ)f@eflwta 'c@nélenﬂ%féd%‘%‘% %‘%I/@N&UFP\WES 8@ ZoRAt PRy i7i2s acid

4-nitro-b nmol”) were succe55|vely to a dry

cet ot 1 enGARESd tePigion Pl rAndRD mkn PGS KGBRCS LI BalaT610 g 2 4
e 'E% %”dgﬁfgﬁ%{@;r% Aﬂ%‘&%‘alfb%e ik cOIARAWRBRRERWith Watehan@lthéiPRI%Ng tO -20

portion. The reaction vessel was
cover ed wacdionitrile aqusods eplutien. |Thgmombmé' aobive fradtions were genfestralgd usder red for

2 hat - 2989\,3&% 5?@5%#& Im@&% &&gﬁefw@r (18- d.ésélémvafb BI-Vllnﬂﬂé’zo[:EC)@“ i | on.

The react1 0n m xture i'rred f

m xt ure well dithiaziead- wwcuhylenﬁ)ﬂ -oxe-étthipe! @Zﬁh’%ﬁ'@ﬁe@omi’ﬂﬁ%'@r@m@w%l d
aqueous sgLiytd ofim aé@&gs?%@‘bﬁ@gmﬁ%g¥g ﬁgggﬁg@@@@t e, and brine. The

organi c | ayer was

rou ad of Celite. The
pad Wi washedmm 135 °& (dgr); ald dIVR &d, DeRd 3QQ) (. r24t, e"l@ﬂ?ﬁ-’é %g%é%ﬁrt%ﬂé'd under
reduced prl@%S'l%?Hthfﬁ ﬂslzllq”f—‘WHE)pB|44E(g 19, ﬁ—@'%lllf)%@@ ?‘@Q (s,then the

col um was el acet at’é: hexane (1.1 ColTecte ract’i ons
wer e concéh),ria2%®e, tHydd+H Edﬁéed pressure and the mxture of diastereo

I somers were taken to the next step. Pale yell ow anorphous solid; Yield:
850 ng, 67% np 69C, M+H 630 20

Example 13
20

Preparation of (5R), (62)-6-(6,7-Dihydro-5H-
7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

rrolof1.2-alimidazol-2-

Step 1: 6,7-Dihydro-5H-pyrrolo[1,2-alimidazole-2-carbaldehyde

25  28% Sodium methoxide (5.26g) was added to the EtOH (250 mL) solution of 4,5-
dihydro-3H-pyrrol-2-ylamine hydrochloride ( 3.27g) at room temperature. After stirring for
5 min at room temperature, 2-bromo-3-propoxy-propenal (5.79g) was added to the
mixture at room temperature, then the reaction mixture was stirred for 1 h at room
temperature. The reaction mixture was taken to dryness in vacuo. The residue was

30 dissolved in CHCl; {300 mL) and triethylamine (3.8 mL) was added. The mixture was
heated to reflux for 3 hours. The reaction mixture was cooled to room temperature,
washed with 50% K2CO3, dried over anhydrous K2CO3, filtered, and evaporated under
reduced pressure. The residue was applied with silicagel column chromatography,
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Step-5: (5R), (62)-6-(1mdazo[1, 2-b][1, 3] benzot hi azol - 2-yl met hy=. , | ene)
-7-0x0-4-thia-1- azabicyclo [3.2.0] hept-2-ene-2-carboxylic acid:

4- Ni t r obewpyBAB32[1 acet yl oxy) PCT/US03/13429

(i mdazo[ 2, 1-b] [ 1, 3] benzot hi azol - 2-yl ) net hyl ] - 6- br ono- 7-

0X0-4-thi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl ate ( 500 ng, 0.79 mmuol)
was 25 dissolved in THE (17 m-) and acetonitrile (36 m). Freshly

acti vated Zn dust L2 was added. rapidly with 0.5 hosphat e buffer H
6.5, 28 rRlyted qu'je@étﬁcgz?"%%ééla 7%@33@/% PXFPPW%‘M'?‘%Z Q@ ude Ilght(p
The reaCtdéPlS‘al&éﬁyHér(ﬁ%/aﬁ5Yg)90és%t§téihe§bs% éﬁ{b iéﬂbw%ol‘d at room tenperature.
The reactjon mn x | tered, coole

nd added to
adj ust théi BMRt(S $D§'3) -ﬁ=,@2 ?17I(f'}§f"é %\%@'Zxﬁés(ﬁbam4ﬂ?gtﬂ§'lJ ?g'a%'ﬁéﬁd t he 30
aqueous |@yeH) oap §epdy ated. The aqueous |ayer was concentrated under high
vacuum at 35 C to give a yellow precipitate. The precipitate was dissol ved
in ac®onitrile and |oaded on a HP-21 reverse phase colum. It was el uted

wi th dei ogj t eb-7idx@-pat er .
Vi el d 1075% L S o e 1 5420
233C, MrHhE -azamlwﬂip[@MOenﬁ;-ene@ arpgxyllc agid, sodjgpssalty ) 7. 09(s, 1 H),

7 47“5 @'ﬂonﬂyd'ﬁ@?yer 1 2Jaifddzolelo Barbdidehyae 1138 o) HalBklied t the an- 62(s,

aatl

( 5R 62) - &Qe@mmbt(hﬁﬁmhhsgbm@ﬁ of anhyprous gk Eefhgaunsier an argon atmosphere
yl met fyl e&eré?l% t?ﬁﬂger‘éh{ %' Prielar ggl;ﬂ ﬁ&lfﬂ[@s% é'aﬁ{?sfﬂz 3528%reme AL B g aci d.

10 Step oxy| ol e-2-carboxyl ate: Ethyl
7- met ony‘l —mzai-am@lg[ﬁlZ @.Tebbhznﬁﬁec@w%y@w Haotra- b@@ymerdr%%gb\daﬁaéﬁdﬁdjl ng
to the om
o et hoxy 3 E " Bodle 14 PAE°G, AnfFERRPLEC S war Hadelyn e oHEH THET ¢
(39.9 g, @aztlom\re)sseIZMasg:qve@d,wm foll &) exsludetlight. The reaction mlxture was stirred

7- et hoxyj, maﬁiﬁg g;#htg%%} Qhﬁg@étﬁtﬁhg&wﬁ%wg%s ARFOMAR! G EFhgfh She 15

brown solid
i m datdo[ 2pdriitn. T[b'eneaﬁloazrolkmrawaewaanedi to W°Chan<ﬂ|awyed for14.5h at 0 °C. The

9220 b bR A28 BB RPN PR 0 Bl

7- met hoxysatunzbisarbs_{@lmn bydroaéh barhenate sang kyirng- The btga;nlcaiaseer(\nm dsied (Mg80z) mmol )
and LAl M@ Alertd el viad lasifbo wifk! i dbb@id. 'rhe Hfale wé gmeﬁgg:éwnaém of

t he al coh Was |so at'ed
reduced pressure The residue was dissolved in THF (166 mL) and acetonltrlle (77 mL).

20  Freshly activated Zn dust (23.2 g) was added rapidly with 0.5 M phosphate buffer (pH
6.5, 243 mL). The reaction vessel was covered with foil to excluda light. The reaction
mixture was vigorously stirred for 2 h at room temperature. The reaction mixture was
filtered, cooled to 3 °C, and 1 M NaOH was added to adjust pH to 8. The filtrate was
washed with ethyl acetate and the aqueous layer was separated. 1 M NaOH was added

25  to the aqueous lay=: again to adjust pH to 8. The resultant mixture was concentrated
under high vacuum at 35 °C. The concentrate was applied to Diaion HP-21 (20 mL,
Mitsubishi Kasei Co. Ltd.) resin column chromatography. After adsorbing, the column
was eluted with H,O — MeCN(1/0 ~ 9/1) to give the purified active fractions of (5R), (62)-
6-(6,7-Dihydro-5H-pyrrolo[1,2-a]limidazol-2-yimethylene)-7-oxo-4-thia-1-aza-

30 bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt . The combined fractions were
concentrated under high vacuum at 35 °C and lyophilized to give the titled as a yellow
amorphous solid (681 mg, 24%, pH 7.8).
mp 190 °C (dec); 'H NMR(d, D,0): 2.48-2.56 (m, 2H), 2.74-2.79 (m, 2H), 3.94-3.99 (m,
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Step 3: 2-Fornyl -7-nmet hoxyi m dazo[ 2, 1- b] - benzt hi azol e: 25

2- For nyl - 7- met hoxyi m dazo[ 2, 1- b] - benzt hi azol e was prepared according to the
pr ocedur evouwslopazen in Exanple 1, (Step 3). Starting from PCRAISO®K3A29

i mdazo[ 2, 1-b] - benzt hi azol e-2-net hanol (4.0 g 17 mmol) in methyl ene
chloride/ DVF(300 nL: 50 nL) and active M102 (12 g, excess), 822 ng (21%
Yield) of the al dehyde derivative was isolated as brown solid. (MH 233.
30 Step 4. 4-N trobenz (acet Xy )

(7- met hoxdnPd&48 1, 11=bP[71H% %@ﬁi%tw)aé-%i%ﬂ”% 7.36 (s, 1H); (M+H) 291.

yl ) met hyl ] - 6- br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl ate
. -84 WD 03/093277 PCT/ US03/ 13429

2- For ny!l - 7- net hoxyi mi dazo[ 2, 1- b] - beXampleAd e (822 ng, 3.5 mmol) and the
dry THE solution (40 nL) of (5R, 6S)-6-brono-7-o0xo0-4-thia-1-aza-bicyc

o[ 3. % 0] % ROV L I | .43- 54
nmol )%wer gﬁ géacégggg)gi%%’s%?@gﬁw'? (%E ?@g 9]&43135?2?343%6?-:2 %Iﬁfett@fleﬁ fgﬁﬂ{‘ i on of
anhydr ous MyBr 2: et hethia-el-a(zabB:yglo[&Mhépttmam-ZmrBO)aﬂlg@cl@;t mosphere at room
tenperature. After cooling to -20 C, Et3N (2.0 nL) was added in one
portion. The reaction vessel was covered with foil to exclude light. The

reacti on giept1ir EthyRimithzéf2ebf-bénzthiazale-2-2drboxglate:t reated with acetic
anhydri de

e pqrtion. The cLion. mxtur rmegd,to O C
and stirrggy WP"‘PQV'%H‘VQEG @% géHBmﬂ{) a5 %gq%g ‘5f8PY"EFeF8 W&rﬁgg?ﬂvforbgej?ét e
ﬁng Vﬁﬁheﬁnmgbéhz@%@zdaé (1:5@<;|5d rﬁmugwwm(mlol mt)lammoorﬁgémpgna&ule.swcgz;:me .
ydrogen carbonate, and brin ni c.l ayer rie an

(71t ored g reamon et wes Tedledda enut it Hoa s tercirh JPAge Ayt e.
TheI fi th r@dcﬂedlmlosmn@mmnr@obndra@ﬁcnaﬂﬁm¢beloascmswuree T’lﬁb@qgesmsilagewwas
applied to a silica t hen the .colu ut e

aggt ate: Peutralieeq W'“l)"ﬂ'?‘@kf P@@ﬁ%ser?%@f’ﬁ?.‘i@ n@er(‘? 'gWa‘Q’%ﬁg’A l}/}bduced
pressure ﬁaférhh@dﬁédt‘ﬂlﬁ@cﬂaﬁe@rcﬂmtc%tﬁgma@msmaomktesté;aWRmom@unrmatlo.step
Pal e yel | ow anor phous solid; Yield: 95% M+H 660. Step-5:

(5R), 1%2) BG’M["(SPJ'ﬁeY'ﬁlSIXW& @IE@OMIHZM@] ["Pgtzggenzot hi azol - 2-yl et hyl ene)] -7-

0x0-4-thi a-1- azablcyclo [ 3. 2. 0] hept - 2- ene- 2-carboxylic acid: 20
4-Ni trobenzyl -6-[ (acety

( 7- met hox$tem %lalmpzzq;Zﬂ] gﬁg)@}%ﬁzelerﬁ -methanoly | ) et hyl | - 6-
bromo- 7- 0xg a‘lstlFrQJj @ruilw%? ‘Emllq)/ (? @b3e>§:e9§)hﬁ lahr '?Hle nehy? 1|ﬁ@é£5{2)1 Ltgtbénﬁthﬁé&eng,

1.0 mmol) di ssol'ved acetonitri Freshly

acti vat ed2 zarthdete( .9 99)'20 m&‘@')d’ﬁﬁﬁeﬂowapﬁ’weﬁ i kHF 6109 !W)pﬁo% p(l:la 47 er
(PH 636, 2&4ifidn, thelRACGAMIUAE WARSIfrkd at room temperature for 1 h and quenched with

saturated NH,Cl/ NH,OH. The separated solid was diluted with Chloroform/ MeOH (3:1)-

and filtered through a pad of celite. The organic layer was washed once with saturated

NaCl and dried over anhydrous MgSO,. It was filtered and concentrated. The brown

solid obtained was taken to next step with out purification. Yield: 3.8 g, 93%; M+H 205;
25 mp 131°C.

Step 3: 2-Formyl-Imidazo[2,1-b]-benzthiazole:

To a stirred solution of imidazo[2,1-b}-benzthiazole-2-methanol (2.04 g, 10 mmol) in

methylene chloride (200 ml), activated MnO, ( 15 g, excess) was added. The reaction
30 mixture was stirred at room temperature for 24 h and filtered through a pad of celite.

The reaction mixture was concentrated and the product was purified by silica gel column

chromatography by eluting it with 75% ethyl acetate; hexane. Brown solid; Yield: 800

mg, 40%; M+H 203.
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was covered with foil to exclude light. The reaction mxture was vigorously
stirred for 2 h 25 at roomtenperature. The reaction mxture was filtered,
cooled towBo®m9amt | N HCI was added to adjust pH to 7.5PCThiS03/13429 at e was
washed with ethyl acetate and the aqueous |ayer was separated. The aqueous
| ayer was concentrated under high vacuum at 35 C to give yellow
precipitate. The precipitate was filtered and washed with H2O  MCN,
acetone to give the titIe conpound. Yield: 68 ng, 23% as yellow crystal S;
np 30 284; M+H 386. 'H NWVR (DVMBO-d6) ~ 3.89 (s, 3H), 6.58(s, 1 , 6. 64(s
1 H), 7.14&tep 41 4iNjtroBerzytia: [(a]:etyloxy):fmﬁdﬁzdr[z)bblp ,Sitetzothiddol-$- o@/ 1to 258)

85 WD 03/093277 PCT/ US
Engn()ﬁe iébrﬁmpg‘r%éP J(;%'%'f -azaglcyc&)[y)z 0]hept-2-ene-2-carboxylate:

(5R, 62) - 6-2- Eamojnlmndazm daijﬂ.{eazthrahblbjmah hegzob! mﬁqbﬁ}ZéHd &dW "l‘ﬁché/déL‘?tW (0

ene- 2-carboxylic acid

Eriyt - o) B FERa5S1E bioris sk Ines sopa-bisyelark Apbet &ensimarbonyiv: aci
7- chl or oi m-niambazﬂebierbmh@ QZrﬁrlne? %e@@éb@é@’é@cssé’i@b‘?y By §B§[ ?‘&té\'ﬁﬁ:@ disng to

the proce tlined in Startin

6- chl or o- 20 msﬂ@'%'be‘?fz@f‘mdﬂ‘b? é\”QEﬁ Qtfﬁratso<ﬁﬁﬁomg & Bme)l ubdesapy aigeat e
(11.6 g, GlnoEPHere aBrdondtdnfitiatund. eAfde\,r &olifd 120 °C, Et;N (2.0 mb) was added in

d 2, 1- benzt hi azol e- 2- car boxyl at e was i sol at’ed
Zolclhlolor (()I s o3 jori. g E%‘) reaction Vsl avasi %IQ;’?E)i{de%h QIL ioeenclusiediobt.e The readi@nol

7-chl apo Inﬁiktdﬂﬂb@ strréd fhrow bhizy et Qn@tr@'ﬁfelafmm ad@.@é aﬂﬁ)ﬁﬂ@?qq Oﬂ%@r ﬂ ond to
t he procedﬁre o_gﬁllned I n Exanple 1, rc%)g tarti

7- chl or oi FPHR o[ elr?ﬂc’“O&Sﬂ'HéF?zW% &@Hlnéd 20 @a Re Istitred (fQT % b, at®2°(l el )
and Li Al Hénikttreédwes dﬁﬁté@&ﬁth ethyl 50&8{6&% vly#él?éd%tfpé"/ é’@caicﬁoéweogg%mﬁéﬂ ve

sol ate s br olid
\Q'aio'r myl - gﬁ' &Pﬁw%&wfzgen%‘?bmtamépmpe The organic layer was dried (MgSO,)

F | - e (o]t t he
FZJF Ogregé :\{ng glltgrlfje?:tl:?ﬁr?ggﬁlng%ngo; lletitas Wﬁb@a@%s@gm%d Rith Fégﬁgﬁgc@tgfé e Whrdt8
oi

7-chl agaRb\contiatag lwéﬁ&m%@él%eszsur@t hTahweS(dmeowgs appiimdnte 3 silica gel

2
7o by e g 3t i 10 o i)

(M+H) 236 Webs caeghtratedunger K@%@ﬁdmrem[q asethe migyre of diastereo isomers were

3 0
§/I7) (r:rg!t g;?ijngﬁgréghé n;exgygﬂaél %ﬁlga %\p a‘ﬁﬁd? oToéld Ylﬁqﬁ 85tO 'EQEn?/"Z "Pa?%gs(yl ate

10

20
Step-5: (5R),(62)-6-(imidazo[1,2-b][1,3]benzothiazol-2-y|m6t|‘ijy.§ene) -7-ox0-4-thia-1- -
azabicyclo [3.2.0]hept-2-ene-2-carboxylic acid:
4-Nitrobenzyl-6-[(acetyloxy) (imidazo[2,1-b][1,3]benzothiazol-2-yl)methyl]-6-bromo-7-
oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate ( 500 mg, 0.79 mmol) was

25  dissolved in THF (17 mL) and acetonitrile (36 mL). Freshly activated Zn dust (5.2 g) was
added rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The reaction vessel was
covered with foil to exclude light. The reaction mixture was vigorously stirred for 2 h at
room temperature. The reaction mixture was filtered, cooled to 3 °C, and 1 N HCI was
added to adjust the pH to 7.5. The filtrate was washed with ethyl acetate and the

30 aqueous layer was separated. The aqueous layer was concentrated under high vacuum
at 35 °C to give a yellow precipitate. The precipitate was dissolved in acetonitrile and
loaded on a HP-21 reverse phase column. It was eluted with deionized water (2 L) and
latter eluted with 10% acetonitrile:water. Yield: 105 mg, 35%,; as yellow crystals; mp
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2- Fornyl - 7- chl or oi m dazo[ 2, 1- b] - benzt hi azole (270 ng, 1.14 mmol) and the
dry THE solution (20 nL) of (5R,

6S) - 6- br owD-034093207 4- t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2PCEArSOHK3IMHLY ¢ aci d
4-nitro-benzyl ester (500 ng, 1.14 mmol) were added successively to the 30
dry acetonitrile (15 "n) solution of anhydrous MyBr2: Q(Et)2 (390 ng, 1.5
mmol ) under an argon atnosphere at roomtenperature. After cooling to -20
C, Et3N (2.Q ni) was added in one portion. The reaction vessel was covered
with foi | 23%5CeMEHRRS. 1ight. The reaction nixture was stirred for 2 h at

-20 C and treatWNmR MS@tdl ma@by r ijdg a(53(94H); BDOWD 19/ PABRTIH, y=7.5
PCT/ US03/ 13429 kb 69 @ Tﬁe re(actl)on mw;()t g\?e Wg(g warmed to 0 C

and stirrBd, 7or 1$HhJat7 @szeeﬁﬁte1ﬁ'? B@4® Whs diluted with ethyl acetate

and washed with 5%citric acid aqueous solution, saturated sodi um hydrogen
carbonate, and brine. The organic | ayer was_ dri ed (MS™) and filtered
through a pad of Celite. The pad vwaExampleth with et hyl acetate. 5 The
filtrate was concentrated under reduced pressure. The residue was applied
to silica gel columm chromatography, then the colum was eluted with ethyl
acetate: hexarRrepdration of (5RI6Z}-6d(F-metharyimidazel2:1-bHAHbenzethigzeldter reduced

ressure and t S t ste
bal o yel | ow ABFNISTE TGt 1 3TN, 2l et 25 iR 2 GhrbOfyicg ™ °F
(5R), (6Z,-6-[(7-chl oroi mdazo[l 2-b][1, 3] benzot hi azol - 2-yl rret hyl ene)] -7-
0X0-4-t hi z clo 2.0 ne car lic
4-Ni t 1®be Eegﬂ'? E?Wi%éf‘?ﬂ%’ﬁﬁ"@?]a@ﬁ&ﬂré ﬁ‘?'&é’%&f% %Oﬁ%lf’fx']% nzot hi azol - 2- yI)m
if; gyI] 6-E ypmnzmafygmédarzblza‘r-&} t?aagnm ZFliIEé"r&xﬂ&tbewtas %reme? am?hmgll lt@& 8

: wa ssol ved i cetonitpile
1) B el PRERIUS BoRngR dt Braple). Gigh 15 cberibe o $apRRxb2s S
phosphat eb&#ﬂ&t}ﬁézcﬂ@k‘hﬁg50 188moil- and Bgy| rbﬁﬂﬁépy&m/awmg g, mrrmvengd(zms h
foil to exclude |Iigh ere ctlg xtu"l S, Vi stl %jdfor 2 h
at room t &iejsBr &t eth¥! 711\@“?’@’&8% Hﬂﬁ% bgpethipaele %pqrg qt 8@ and
0.1 MaNaOglowtpsoliadgipH)tzyzadj ust the pH to 8.5. The fi I trate was washed with
ethyl acetate and the 20 aqueous |ayer was separated. The aqueous |ayer was

concentrated under high vacuum at 35 Cto give a fellow precipitate. The

product w@&r@ﬂwfd\@mo&y nHFa%]zo[?f-bjleﬁi’tﬁfa%ﬁle PhfitRakell UMM chromat ogr aphy.
Initially the colum was eluted with deionized water (2 L) and latter with

10% acet omiraethpx vimidazol2Thbl- b&r‘a&vm}eswaﬂihaﬂom Was tprergeddaeqordipg eto the

;g: | ect ed ,rRdaGRYiRMNETH BlaMBRCT, (SRE)C SRl Rt Lt 7 AERbLARRAEGD LS. The
20  benzthiazole-2-carboxylate (12.5 g, 43.5 mmol) and LiAlH, solution (43.5 ml, 0.5 M
solution in THF), 4.0 g (40% yield) of the alcohol derivative was isolated as a brown

solid. (M+H) 235.

Step 3: 2-Formyl-7-methoxyimidazo[2,1-b]-benzthiazole:

25  2-Formyl-7-methoxyimidazo[2,1-b]-benzthiazole was preparea according to the
procedure outlined in Example 1, (Step 3). Starting from 7-methoxy imidazo[2,1-b]-
benzthiazole-2-methanol (4.0 g 17 mmol) in methylene chloride/ DMF(300 mL: 50 mL)
and active MnO, (12 g, excess), 822 mg (21% Yield) of the aldehyde derivative was
isolated as brown solid. (M+H) 233.

30
Step 4: 4-Nitrobenzyl-6-[(acetyloxy) (7-methoxyimidazo[2,1-b][1,3]benzothiazol-2-
yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate:
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25 solid was washed with acetone, filtered and dried. Yield: 80 ng, 18% as
yel low crystals; np 240C, (MtH+Na) 412. 'H NVR (DVsO-d6) ™ 6.6 (s, 2H),
7.1 (s, IWp,03M9%27 (dd, 1H), 8.11 (d, 1H), 8.2 (s, 1 H), &ce/ss31324). 30
Exanpl e 17 Preparation of

(5R), (62)-6-1m dazo[ 1, 2-a] qui nol i n-2-yl net hyl ene- 7- oxo- 4-t hi a- 1-

azabi cycl o[ 3. 2. 0] hept 2-ene-2-carboxylic acid -87 WD 03/093277

' ool 125 diyT AR gzat, dihr b HbRRSIE (BEE Sa S Punme) Ak theeGEHES

V\gsét wch)g sgmdorcRcSmmongsz (sla,dwsyielﬁihaw -8 lthlﬁivazéﬂﬁﬁtlb!ﬁib]h t-Dlepp-21:
(0] - ol 1 -

o 4t ) GoTPORARIAc S bef et 536 A Bundl ot shded eassseNoBhsy |

ester: | Imndaé'étbliltrﬁ’e (inlaqmm@blumr &F iy MBI ethérddd (U8 @nSmmolrohdEHEn

| uti
o) . Br o on aRisshsie a ook tegperstura Aftes opligte 728G, B BBTH Wasci o
4- nittrot 1inb@d1%bl‘%@pbﬂlbn(a'h%%eg&tldheﬁééséldﬁ@h cOUPEE ith \f6il 16 &xtiRiedight. The
acetonitrii e S r an ar gon
2t nospher &3 b Sur pe et 55T A - S el drebied it ot Bipiam € e ©

was added L) i®dAe POFtidnO theTﬂé@ctrcﬁlambdtlﬁé we%Sﬁéﬁ'né&@tﬁ o E@éﬁﬂ Qfirrad fdt 1f5q+| lat bo
excl ude | |€eré1@The reacti gn was stirred at -20
h

and
treated wi éP'iXE"‘ar‘Nﬁcﬂ“P’&E "(@ %thyl Acelpte ﬁ“%WéS%’r W!”b ﬁ% qiftie %@qqe@HS
m xtung Wesufién V@Eumfédt@d(@m%?d?dg&{ tdrb6shté Odndlbrira. arheOo@anﬁEh@em% \rigdWas

diluted with eth acetate and washed with 5%citric acid aque

sol uti on, (Mgs{) 'Ehf"g%ﬁﬁi gP¥atR Bge Pt Celitson B pad Wsa Washae W'tﬂ?éhﬂraﬁﬁw%
| ayer was THeiffehté Wﬂno@ﬁﬂat@&|Jnﬂéﬁ?’edubé@%§é‘ssareoa¢h@fre§&!lé was ap-'p_hﬂi wd was

washed with Ethé‘sq acetate. The filtrate was concentrated under reduced

pressur e. St IPLRaWER thar themelyraywas elyted with-ethyacetate: hexang Heh- tGrllestst um
was el ut egradfonsl W@r@d@hé)ent@%ﬁ %H@érllrébuce@%réésuré:oéﬂdeﬂ'fee%litﬁﬁbf Qisstdyeb e

concentrat ed under reduced pressure fol recr¥stal lization from

CHCI 318t 2d5omerg ngEe taken to pexd S&mﬂ’oajﬂuelépyv @ﬁ@rphp%ﬁ@id [eihi12e24/@1 9556 M+H
crystals, ggpeld: 1.3 g, 38%. "H NWR (CDCI3) ~ 2.37(s, 3H), 5.29(d, 1 H J
= 13.5 Hz), 5.45(d, 1 H J :13.5 Hz), 6.22(s, 1 H), 7.14(5, 1 H, 7.46 -
7.52(m 3H), 7.56(d, 1 H J 9.6 Hz), 7.62(d, 2H, J 8.6 25 Hz), 7.64. -

4 ggg m 1 gilp-57- @Y 6l)- cs’l-[(*ﬂ-me]thrsx;}.nﬂia:laio[i9 2tips, 3]%eﬁ§<§tﬂ:az$l Slyirhethyfond)f 2.

oxo-4-thia-1-azabicyclo [3.2.0]hept-2-ene-2-carboxylic acid:
20  4-Nitrobenzyl-6-[(acetyloxy) (7-methoxyimidazo[2,1-b][1,3]benzothiazol-2-yl)methyl]-6-
bromo-7-o0x0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate ( 659 mg, 1.0 mmol)
was dissolved in THF (17 mL) and acetonitrile (36 mL). Freshly activated Zn dust (5.2 g)
was added rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The reaction vessel
was covered with foil to exclude light. The reaction mixture was vigorously stirred for 2 h
25 at room temperature. The reaction mixture was filtered, cooled to 3 °C, and 1 N HCI
was added to adjust pH to 7.5. The filtrate was washed with ethyl acetate and the
aqueous layer was separated. The aqueous layer was concentrated under high vacuum
at 35 °C to give yellow precipitate. The precipitate was filtered and washed with H,O,
MeCN, acetone to give the title compound. Yield: 68 mg, 23%; as yellow crystals; mp
30 284; M+H 386.
'H NMR (DMSO-ds) O 3.89 (s, 3H), 6.58(s, 1H), 6.64(s, 1H), 7.14(s, 1H),
7.2(dd, 1H, J=6.0 Hz), 7.75(d, 1H, J = 3.0 Hz), 8,03(d, J= 6.0 Hz 1H), 8.62(s, 1H).
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1 H, 8.25(d, 2H, J =8.6 Hz). Step 2:

(5R), (62)-6-1m dazo[ 1, 2- a] qui nol i n- 2-yl met hyl ene- 7- oxo-4-t hi a- 1-

azabi cyclwp33892)hept - 2- ene- 2- carboxylic acid: 30 PCT/US03/13429

(5R, 6RS) - 6-[ (RS) - Acet oxyi m dazo[ 1, 2- a] qui nol i n- 2-yl net hyl ] - 6- br onp- 7- oxo- 4-

thi a-1- azabicycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid 4-nitrobenzyl ester

(1.3 g) was dissolved in THE (17 ml-) and acetonitrile (36 nmL). Freshly

activated Zn dust (5.2 g) was added_ rapidly with 0.5 M phosphate buffer
pH 6.5, 28 nL). The reaction vesseﬁ_iﬁ.ﬂﬁﬂﬁjx ered -88 WD 03/093277

(
PCT/ US03/ ﬂ?{b%?at.aﬂ B? Eﬁlédz})]-%éa’[gﬁéﬁio%ﬁnhé q}pﬁsr AE bk IIRYitefhylEite)-

vi gorously Irred room tenp At The reaction mxture was
filtered, 7-ox0tdethia-d-azabjcystad3.R.0jheti2-ene-2aadeekylicacidij ust the pH to 7.5.
The filtrate was washed with ethyl acetate and the aqueous |ayer was
separated. The aqueous | ayer was concentrated under high vacuumat 35 C5
to gi & aStepl1:0Bthyl emmmmazm -bl-benzthiaxble-Wearbaxylate=d and vvashed vm'th

H2O, ace . a title conpoun i Id2

569 aq yEbGronieriielfb bRl Vel gpitppte el BERBHN apddrind 1 e ™

|7'|),336 87 frdcedurt)) as Golinddd in 1Exdmple =1,9 (Stepiz)).  Btadtihg diromd 64,chld)ro=2-%nﬁnd-|z)
(s, S Preparation o

(5R), (62) b%"lg)eﬁ"ar“!ﬁ (%Pdpogérﬁh%F%?)sﬁﬂefhlfram"ﬁvwaats[@ B % 1m§‘]°)h%-32%16-°/°

2-yl met hyYierg)of étryx g- dﬂdrblnﬁdézofz;‘a-b] barcdttoabi2QhtepylaR was idiated bodydwre aci d

15 St 1. Pr a\ﬁa%é on of ethyl 6, 7-di hydro-SH cyclopenta[d]imdazo[2,1- b]

[1, 3 hsc?“da )%%_carboxyl ate; A mixture of 2-chlorocycl opentanone (

11.8 g, 100 mmol) and thiourea (8.0 g 101 nmol) was refluxed in ethanol:

THE (1:2) for_ 16 hrs. The reactlon%znéxture was, cool ed to room 20

t enper at u§?%d7ﬁh@rgﬁb&aé?[?eﬂ%w Beete-zomethanqlay e, (9.0 g separat ed)

This was gichRed vMdeib[@nrm%ﬁztﬁ.a%@@n%th(aﬁao Ve @@Ear‘é@d'déﬁbrﬂlﬁghqw dre (1.9
g 2.7 g, 51 nmol). this ronopyr uyvat e dded and

stirred aPrOIC@Q'}#Pt%Nﬁ'@ﬂdBLﬁ@"WJﬁ 12(Stwq> 2)- Piarting 1fr°Wa§th?/'e?‘P B@%mudézotaé Brs. At
the epd rgackhigrbldXdanicky %(@@g]%é 1t ﬁmmpahdt ;ﬁ(@@ g %xeéya) csvsc‘ge(vtz%t ed.

The residue was extracted with | or of orm and th water.
The pr odu¥ieldhakthg@eanokderiyptivg wagigolgtad asdrrawn sevﬁ o'i‘?ﬁt’@@rce(M’l‘W @§9el uting it
with 50% et hyl acetae: hexane. Red semi-solid; Yield: 3.0 g; MtH 237.
Step 3: 2-Formyl-7-chloroimidazo[2,1-b]-benzthiazole:
2-Formyl-7-chloroimidazo[2,1-b]-benzthiazole was prepared according to the procedure
20 outlined in Example 1, (Step 3). Starting from 7-chloroimidazo[2,1-b]-benzthiazole-2-
methanol (4.0 g 16.8mmol) in methylene chloride/ MeOH (300 mL: 50 mL) and active
MnO; (20 g, excess), 2.2 g (55% yield) of the aldehyde derivative was isolated as brown

solid. (M+H) 236.

25 Step 4: 4-Nitrobenzyl-6-[(acetyloxy) (7-chloroimidazo[2,1-b][1,3]benzothiazol-2-
yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate:
2-Formyl-7-chloroimidazo[2,1-b]-benzthiazole (270 mg, 1.14 mmol) and the dry THF
solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester (500 mg, 1.14 mmol) were added successively to the

30 dry acetonitrile (15 mL) solution of anhydrous MgBr,: O(Et), (390 mg, 1.5 mmol)under
an argon atmosphere at room temperature. After cooling to —20 °C, Et;N (2.0 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light. The
reaction mixture was stirred for 2 h at =20 °C and treated with acetic anhydride (1.04
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The ester was reduced with Li AlH4 and the resul tant al cohol was oxidi zed
with active WMO02. The al dehyde obtai ned was taken to next step. 30 Step:3
Pr epar at iwo 08/09327ni t r obenzyl (5R)-6-[ (acetyl oxy) (6, 7-di hy#CoABbB/13429

cycl openta[d] imdazo[2,1-b][1,3]thiazol-2-yl)-6-brono-7-o0xo0-4-this-1-

azabi cycl o[ 3. 2. 0] hept-2-ene-2-carboxylate: -89 WO 03/093277 PCT/ US03/ 13429
2- Fornyl -6, 7-di hydr o- 5H cycl openta[d]imdazo[2,1-b][1,3]thiazole (600 ng,
3.1 rrm)l) nd he sol.ution, (20 m -) of R, .

55)- b br o3 11 836 Pattpl; he. E3uon RS ofed wATEHIBR S 8RR ioE B A0 aci
4-ni t r o- bedz Wheeanikieike (vhs dilged Withrathyl asetate amddashelwite 5% olgic\acidoaduaeudr y
acetonitrile n,of anh Br 2:

Et)2 5 (1.2 g, 3.0
Y ndepoldiorh Bgbkathe REU L ey G A e, ThRraraNiE P RgY 554 20
C, Et 3N (avgsol)-anawieredithesughna pae op Qeliied Mhel pad WagMashed With syl waatéover ed
with f excl ude cti nmxtutlﬁewas stirred for

il

o 0.8 hndhe A S Conclibten ihdgt e BreRiiiby The Tosinle wht SHRlCiiBATIoR ne
reatctlon gwwumnvmom?ﬁ@mbt WOtlﬁnQparkfblurﬁlg Istediuge@lerﬂﬁ égg}ﬂifiac@ta@[ heXane g
m Xt ure e ace nd washed wi ) citric aci
nueous So ot | Gllece Aot et TP RIAIPS P BRASLRTESS A AR 1 R
organic | aweferwﬁerdrmeé ta(ldé@%)ﬂ')e ¥ sfepl tFedle gellotr sMidBheuddsslidOoYielde 4os g, The
pad was @Eg\&%& ethyl acetate. The filtrate was concentrated un er
reduced p%gés residue was applied to silica gel colum

chr ompg ogr aphy, then the colum was eluted wth ethyl acet ate: hexane
(1:1). Collected fractions_were concentrated under reduy 15 pressure and

the ni xt uPteRsP: di GEHEHE ST -chigreimidazeld, %@[f’ﬁg’%?th'ﬁ‘éﬁ‘ylmﬁ“&"?'é? I oW

anor phous o§814|-ﬂ|ﬂa >(1a959rcy5 &3%]%5%@%& &ﬁ'goxycﬁce&’clé Preparation of
(5R), (62) (6, 7-di ro-5 coentaqﬁilm azo[
b][1, 3]t hﬂd‘ﬂtsobwylrﬁréewwmé; ~ghlgrgimidaz ébﬂ1a'ﬁ|%ﬁﬂ29§/'ldﬁ2©[%ﬂ2m©']hu51§r 2- ene- 2-

(SR - [ ( B Pl SOAGERHIS 2 Olhept-2.ene:2 caporyiate (450 g, 0.7 el ., )
2-yl)1%- bwaar@hS’solwdanHﬁu(%O mléaa%acgtgmlbﬂ@(@ bk dpestly ectefatbdcmmw awge (850
Fresii y abE it ?SoBhOTH BEEM phoiblote Hirel (ph 83 ABIRLETThG byl
buf f er (pwWaé coyereg wnth)foll mrm(cwacbglnto nl eFeaetonaghixivee was vigoeuslyi stifretl dori2 b o
e pocs: upEior TABA0R, A% SR kRS Wb LU0 g1 sy oo
was added to adjust the pH to 8.5. The filtrate was washed with ethyl acetate and the
20 aqueous layer was separated. The aqueous layer was concentrated under high vacuum
at 35 °C to give a yellow precipitate. The product was purified by HP21 resin reverse = -
phase column chromatography. Initially the column was eluted with deionized water (2 L)
and latter with 10% acetonitrile:water. The fractions containing the product were
collected and concentrated under reduced pressure at room temperature. The yellow
25  solid was washed with acetone, filtered and dried. Yield: 80 mg, 18%; as yellow crystals;
mp 240°C; (M+H+Na) 412 .
'H NMR (DMSO-dg) 0 6.6 (s, 2H), 7.1 (s, 1H), 7.62 (dd, 1H), 8.11 (d, 1H), 8.2 (s,
1H), 8.6 (s, 1H).

30 - Example 17

Preparation of (5R),(6Z)-6-Imidazo[1,2-a]Jquinolin-2-ylmethylene-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
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N NaOH was added to adjust the pHto 8.5. The filtrate was washed with
ethyl acetate and the aqueous |ayer was separated. The aqueous |ayer was
concent r awed3ster high vacuumat 35 Cto give a yell ow pceaisps/imee. The
product was purified by HP21 resin 30 reverse phase col utm chronat ography.
Initially the colum was eluted with deionized water (2 L) and latter with
10% acetonitrile:water. The fractions containing the product were
collected and concentrated under reduced pressure at roomtenperature. The
yel l ow solid was washed with acetone, filtered and dried. Yield: 138 ng,
29% as émldwon,gea]mrmnammmydsoy 13429 crystals; np 1920C

6.4 (5. £ a1 P2 Gragiodhyoeldl wasiepdret 8 hesotagiraesiviosn
(5R), (6Z) -ahd(donivariers (V. Ped| GhemobasB 8£-1298/1rmesNy| ene) - 7- oxo- 4-t hi a-

1- azabigcycl ol 3. 2. 01 hept o- 2- ene- 2- car boxyl i ¢ acid, sodium salt
| m dazo[ 1, 2- a] qui noxal i ne- 2- car boxal dehyde 10

| m dazo[ 1,StepHquBROGRE)-64(RS)etoryimitRiiif |ﬁ6m3ﬁﬁ¥ miw &sg%@%l‘y%fi ?;R

Ch 1998, 31, 10 .
\é\% “‘é"?( FS%‘)r‘]’d @Bﬁgoﬁﬁimyﬁi%[é{%geaﬁ-&gpﬂﬁmrbﬁmwya%ﬁﬂytrpbenzw ester7- 15
0X0- 4- t h| dmidazoptE-a)aineline32 2aflaltRRlde - 8N gy saa 0%y 19 6hublo 174 5 W55y !
ester: ({eé nitriJe (33 .m-) solutlon
i m dazo[ 1, r?' ?&3—?—%&9@9. ﬁ%x°z4 izl Farhieyeipli2. lest 21908-2reasbexyiie dicido4anitrlr-y
acet onptr IHeﬂz;(I 28tei (.25 @) Wer®Bdd Q&@éé’snﬁé‘y th Qba}’é&s nitftid (9’5:? I?g)eébildflolqi of

at nospher e oo terrperature and the m xtur stirre
Afterpaddﬁ"ﬁwfw%f 98fe (@5 griaden gnnargpn wimasphsie Gt 1OBM, temperature.  After

|
i G ) WS AR T AT,
triethyl ar‘FPH%reg(W'% fﬂ'ﬁ‘b e’W&?eal'tSBbd hehregationpmiture was Miged derc? hah—2086 satl was

d witieateddoimth t e t r ed for 4
ROt O g0 ikt ol eryiids §110a ribCint SAC HoRibr” Thi febfiSh Hinistiator ; ¢

an hydf‘? de Waimad to §°C) an%stm@ fabﬁ |ho'=ﬁ 0 "ﬁﬁeTheamtur@nNaa chwtercbwmaethymoweuet o0
C and sti mhadvdsAbd WihBoatir 23 Qque%gs/%%ﬁ@ %aﬁﬁétgd §8&i8.°+‘rﬁ:d§%dreH 0 &%Fer ) ed

m-) was added to the reaction m xture ueou
with et hyPNgd¥ings eT*(esoseam@daYﬁ_r)wasrﬂreeobﬂ\@@ﬁm@ andyfdteraubmroumsa@ddwft(khtmt er,

sat ur at ed The Py daSMWRIREBRN 8L &aRN I filftgte Wad BShdMIRRY urd? reduced
pressure. The residue was applied to a silica gel column, then the column was eluted
20 with CHCI; -acetone(1/0 ~ 95/5). Collected fractions were concentrated under reduced
pressure followed by recrystallization from CHCI;-Et,0 to give the title compound as one
isomer. (pale yellow crystals, yield: 1.3 g, 38%).
'H NMR (CDCly) O 2.37(s, 3H), 5.29(d, 1H, J = 13.5 Hz), 5.45(d, 1H, J = 13.5 Hz),
6.22(s, 1H), 7.14(s, 1H), 7.46 ~ 7.52(m, 3H), 7.56(d, 1H, J = 9.6 Hz), 7.62(d, 2H, J=8.6
25 Hz), 7.64 ~ 7.69(m, 1H), 7.83(dd, 1H, J = 1.1, 7.9 Hz), 7.93(d, 1H, J = 8.3 Hz), 7.99¢(s,
1H), 8.25(d, 2H, J = 8.6 Hz).

Step 2: (5R),(62)-6-Imidazo[1,2-a]quinolin-2-yimethylene-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid:

30  (5R,6RS)-6-[(RS)-Acetoxyimidazo[1 ,2-ajquinolin-2-ylmethyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (1.3 g) was dissolved in
THF (17 mL) and acetonitrile (36 mL). Freshly activated Zn dust (5.2 g) was added
rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The reaction vessel was covered
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filtered. The filtrate was concentrated under reduced pressure. The residue
was purified by silica gel colum chronmatography, eluted with CH2Cl 2 -
acetone (W0:03)p932and 30 the title compound was obtai ned asPaTdiSayta@eeoNericC
m xture (78 22, pale brown foamy anorphous, 1.0 g, 68.9%. 1H NVR (CDCl 3)
N 2.07 (s, 0.66H), 2.38 (s, 2.34H), 5.30 (d, 1H, J = 13.5 Hz), 5.45 (d,
0.78H, J = 13.5 Hz), 5.48 (d, 0.22H, J:135Hz), 624(s 0.78H), 6.46

-91 WD Q3/093277 PCT/ US03/ 13429 ;R, 6. 63 % ngl'P 8
>3y 7B IQIbto Sichile lanh. Fbe Sackommire s, Wgg ousy issfied 1o 2 rgaiansy
.63 (d Oteﬂt’dératt]re- 'ﬂ'\egre'déﬂon ﬁnx@.ﬂ'e?va@flltéféd eockﬁd to/ 3@@7a'?él31(NTH01wb§ added

.92-7. 8H) , é , 1.56H, J

8.7 Hz)to edm%t fba ptbt%Zﬁ The f"f@t%"\ﬁf)waS@eéwtts thyl @%tgte @do@e(aélueeusisH)
.09 (s, a%t@@ Zhe aqueous Iayer was concentrated under hlgh vacuum at 35 °C

(5R) (62) g Imdazo[l 2- a] qui noxal 1 ne- 2- ¥ ene) - 7-0xo-4-thja- 1-

azabi &cl ¥ give. 8] vellem @er;JRiztﬁt? 2-the l@fﬁ@ﬂ'?{e é[‘@sd 't%rﬁ‘éh%ﬂﬂ yigsped Wiy H:O,

6RS) - 6- ( ( FdtoririRd, a4 acetone to glve the title compound, yield 297 mg, 38%, as yellow

i m dazo[ 1, 2- alqw noxal i n-2-yl met hyl ) - 6- br ono- 7- oxo- 4-t hi a- 1- azabi cycl o

[ 3. 2. 0] hepySRISIAR285ar boxyl i ¢ aci d p-nitrobenzyl ester (951 my) and 10%

10 Pd-C (50%V‘ﬂ-'iNNﬂ'\7zD{®)d Mgg qngeaisée 3;H'5”8<87“(§ 10), 866 (4,41, = b.5am8), 0. 5

nol / L phosphate buffe Iéz m xture was hydrogenated at 400

kPa at roé®2 (tiethbefraﬁtﬁr ) 63348, h1H)TFré4f‘e7a€t MefHol uti on was filtered and

Pd- C y@s washed with water and n-butanol. The aqueous |ayer was separated

and then the organic |layer was extracted with water. The conbi ned aqueous

| ayer was concentrated to 57 g and Example1&d to Diaion HP-21 resin (60 mi,

M t subi shi Kasei Co. Ltd.) colum chromat ography. After adsorbing, the

colum was eluted with w~i;ter and then 5, 10, 15 and 20%

acet oni t r iRreparation of ¢5R)(6&)6((6 Jedihpdro-iH-cyqlepentaldlimistazpiZt-bild #ithirzct-

trated titl
compound as. 2 YISy MRTABMNEN Seapte Bl D QB2 806 2 Qubkic Ay 1 ©
(7 dclacl:) 15 ggstép VR ( (P@parationd? dfs, eJthyl) ] ?-%K&g-sgo%lomlﬂﬂmeéd?3d?, .
= . s, . 8. s,
H) : |R(|<Bjﬁ]3§‘i'b%i°'ﬁ£§"g‘i’§’éa]}e’ 1553 cm: Imax (H2O) 340, 293, 237, 218 nm
Exanple 20 25 Preparatlon of (5R).

(62)-6- (5A6m||>:()tur { 8 cﬁhecryclgggrﬁer%one ( ‘tL1 g‘ 94% 68( mmor5 ) and thiourea (8.0 g 101 mmol)

was refluxed in ethanol: THF ( 1:2) for 16 hrs. The reaction mixture was cooled to room

O Il NNO«
U)

20 temperature and the separated white solid was filtered. ( 9.0 g separated) This was
dissolved in anhydrous ethanol (100 ml) and sodium methoxide (1.9 g 2.7 g, 51 mmol).
To this ethyl bromopyruvate (10 .0 g) was added and stirred at room temperature for 2
hrs. Then it was refluxed for 48 hrs. At the end reaction mixture was cooled to room
temperature and concentrated. The residue was extracted with chloroform and washed

25  well with water. The product was purified by silica-gel column chromatography by eluting
it with 50% ethyl acetae: hexane. Red semi-solid; Yield: 3.0 g; M+H 237.

The ester was reduced with LiAlH, and the resultant alcohol was oxidized with active
MnO.. The aldehyde obtained was taken to next step.

30
Step:3 Preparation of 4-nitrobenzyl (5R)-6-[(acetyloxy)(6,7-dihydro-5H-
cyclopenta[d]imidazo[2,1-b][1,3]thiazol-2-yl)-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylate:
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yl met hyl ene) - 7- oxo- 4-t hi a- 1- azabi cycl oi 3. 2. 01lhept - 2- ene- 2- car boxyl i ¢ aci d,
sodium salt 30 Step 1: Morpholin-3-one Mrpholin-3-one may be prepared in
t he met hoo®B/OUBE 5, 349, 045. -92 WD 03/ 093277 PCT/ USO3/ p84AB03/Bi4ep 2:

Mor phol i n-3-thi one A m xture of norpholin-3-one (4.7 g) and Lawesson's
reagent (10.3 g) indry THE (94 ml-) was heated to reflux for 1.5 h. The
reaction mxture was cooled to room tenperature and the reaction sol vent

was renoved in vacuo. The residue s, applie olunn

chr omat ogfABAPYI frdikvdeassh W‘E'ﬂpﬁtﬁiﬁﬁ“'dagﬁgﬁaﬂmﬁ el)(&fcbq'%t iTammol o | ow
solid. Reghystw |dir§'at'ITHF1 gblufidie @oudaLpr eduGR, fssyrermsma&@tdwthumeazate
gave the title eIIowPowde 3.45 (t,

| 3
2H J = 5b lfy%?ZCgh%%(gne %ﬂa{?byxygl%agld I—ﬁ'}‘ ro4bq;gyl( gstegm;z g1 Nuere

5- Met hyl t Béided3 &cesww%& FSORAAE 15 MLl s6lutibs opf Bh® MgBr3 O(Et)pne
(4.7 g) and rre?h | i i ry CITZCIZ 128ﬁ}0dr 4 2:s}’tl(r r)gd at

room tenp€rafupd mB}O)EBdEH a”ﬁ’fSO? @%f@?ﬁ%‘ﬁrerﬁ%oemet rgtyire éﬁérdco ﬂgi 3ng9solid
was washee Vi ( wm(;zvasm%em anepstis®! Tk ve@&w vesebMRsh vdvieRedbit folf2603

aqueous sol ution m-) and the aqueous | ayer was_ extracted W|th CH2Cl 2

(8 x 15 18¥lydelightndhe seastin aniveecyes sifird foRdd at 140" Riktagted mithiagetier ed.

The filtrghRdige (192NeeNiH eh@ oﬁmﬁerrﬁ@cimloﬁrrﬁ&m ava%nwartnm {o bl°c ¥AS
obt ai ned as ‘pal e yel |l ow oi | 1H NWVR CDCI3 S 2.32 (50/ 3H),
(+]

S B S tor S Rt BiG, The pitubiyas d|w@5w@bet11yl StalE GORMSHeH P
hydr oghl ogitfieadd nédﬁe%@ s%futlén ”?étbbétéd’b@dlﬁm% éH @al%b’nété; 4h@xipeneThe 3 9)

and ammoni um chl ori de N‘g dry et hano -)_was heated to
refl ux foPrganig, |3Wewﬁ%a?é'?¢d 93@4)@0? diltgred *&‘ERH c?tpéerf(fFﬁ"E%nﬂ-@Paqa&’r Was The

reaction %El’{é'd"'\ywtl’{‘@ﬁlgr sed 'I'h'e".l ﬂﬂ?été'%as%ﬂcéﬁiﬁétéd &h&r%&ud&@é@éé’ﬁ% agha pale
br own SO|Id (3.6 79 . VR ( DVB 8 3 3. 86 ét

2H, J = 5regs|qL@)was1anpllegsto szllqp gel gp@mmchrgmatography, then the column was elute
6-Di hydromﬁ#elt I Sagiadk?- héx{fﬂecg Hloxaieeher f?a&.aﬁweeteeaﬁt%nfraf)edmeﬁr&uced

di hydr o- 8H 1 m azoF2, ioxazi ne- 3-carbal dehvde The m xture of

2- br oh®- 3preparExgnst 3}§eﬁ'ﬁ1tur€4°fld'§9tef99”le€ﬁ werk taken daithe Aextsten. ntple glewat e
(52 o) aghofsHLORBRE Vidid-e50hg Jasep MMgehexane (42 m-) was azeotroped

Step 4: Preparation of (5R),(62)-6-(6,7-dihydro-5H-cyclopenta[d]imidazo[2,1-
b][1,3]thiazol-2-ylmethylene)-7-0x0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-

20 carboxylic acid
4-nitrobenzyl (5R)-8-[(acetyloxy)(6,7-dihydro-5H-cyclopenta[d]irnidazo[2,1-b][1,3]thiazol-
2-yl)-6—bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept—2-ene-2-cai'boxylate (850 mg, 1.37
mmol) was dissolved in THF (20 mL) and acetonitrile (10 mL). Freshly activated Zn dust
(5.2 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The reaction

25 vessel was covered with foil to exclude light. The reaction mixture was vigorously stirred
for 2 h at room temperature. The reaction mixture was filtered, cooled to 3 °C, and 0.1
N NaOH was added to adjust the pH to 8.5. The filtrate was washed with ethyl acetate
and the aqueous layer was separated. The aqueous layer was concentrated under high
vacuum at 35 °C to give a yellow precipitate. The product was purified by HP21 resin

30 reverse phase column chromatography. Initially the column was eluted with deionized
water (2 L) and latter with 10% acetonitrile:water. The fractions containing the product
were collected and concentrated under reduced pressure at room temperature. The
yellow solid was washed with acetone, filtered and dried. Yield: 138 mg, 29%; as yellow
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until the vapor tenperature rose to 80C. The reaction m xture was
concentrated under reduce pressure. The residue was dissolved in dry

et hanol (WO 03iY327A m xture of the dry ethanol (200 m -) ®cratsSoym4ed

3-i m nonor pholin hydrochloride (3.4 g) and 28% net hanol -93 WO 03/093277
PCT/ US03/ 13429 sol ution of sodiumnethylate (4.8 g) was added at room
tenperature. The reaction m'xture was stirred at roomtenperature for 2 h,

and then the rear on,sol vent fempved in v The, resi due S

o S5 0l vodomStalsnmer TGS HINTRENGN 16, 1 N COMSO 2B 2(8. Yt et

then the {sCaMS, |51¢1(sm1x|1)Lg@1 wasz2Hneasedmt aHy.ef lux for 2 h. The reaction 5

m xture was cooled to room tenperature and then concentrated under reduce
pressure. The residue was dissolved in dichloromethane (300 nL) and washed
W th 50% K2CO8 aqueous sol ution (2gxarhgfe 18-) . The organic |ayer was dried

(MSH) and filtered. The filtrate™was concentrated under reduce pressure.
The resi due was applied to silica gel colum chromat ography and el uted

with CHOl ropanel }.5-((Ricab Al Rad (Afdethyiené tﬁBQ8-4$mEdd 1.4

Desi red product ‘ D2.0 4-208n642-C8 : id, $06€ 758(5
1 H, 9.8 (s, 1 H). The unvvanted reglo i soner : 1H NI\/R (CDCI 3) 6 4.06 (t,
2H, J = 5.2 Hz), 4.40 (t, 15 2H, J 5.2 Hz), 4.90 (s, 2H), 7.75 (s, 1 H),
9.72 (s, &nﬂhzoﬁtzaa]qﬁlindi&)ine-2-carboxaldehyde

(62)-6-(5, 6-D hydro-8Himdazol 2, 1-cl [ 1, 41oxazi n- 2-yl net hyl ene) - 7- oxo-

4-thi 2 1- azabi cycl of 3. 2. A hept - 2- ene-2-carboxylic acid, sodiumsalt The dry
af[eaozi t r irhigazdi®, ZIE-}dum?)laHhé-QIba((ﬂfioxEI,d@hyCHdwdﬁ pr@?réd‘rbyiﬁmﬁgathbdm Wes_twopoll (66
c oxazi ne- 2-car to the dry acetonitrile

m.) sol ut ?%CO'&PW%%E‘E"%%J%% iﬂi%%a)‘\&ﬁsetfﬂ‘%’gn at nrosphere at room
tenperature then the mxture was stirred for 10 mn. The dry THE (132 nl)
sol ution of p ni t robenz Vé ‘%SR 6S) - 6- bromopenem 3-car bOXé{ abe é3.4 9) was
added andStep11{5R. ARS)HHR bb\Pe@XVdWWOE 2algnexalin-gylmethyb-§-bromon’y \as
addedq4 n BR6- -1 QBabi penor[@%]heﬁt-z@ﬁé@tcmaxﬂm/ﬁ.sg, .%ao%hizyofeetdr to

excl ude lig e reacfion mxXture was stirred C and

t reat ed W t'drM apemnﬁﬂler@ﬁammolptm ofi imidqzelig2-alguingxalingcecareoxaldighydp d&0% 1. 5
in 0“%85)9% ?%ged td 'aedrg%gét’oa e G%Eé FoMﬁ’an &mgﬁé (ﬁ 9 9(9 uﬁdéﬂ&h ﬁﬁﬁoﬁéﬁ!d for

18hat 0 tric uss ution
reaction mmamhereaatdoomdemawurg, ang,/the mixtire wRs ﬁﬁif@@fpf\/@iotrhlnetﬂﬁelr agddifente (3

x 500 ) o Thes carbi fRE qpganho | Sifones BRI Gs)elbtomo-7-oxo-4-thia-1-aza-
20  bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (931 mg), the mixture was

cooled to —20 °C then triethylamine (0.8 mL) was added in one portion. The reaction

vessel was covered with foil to exclude light. The reaction mixture was stirred for 4 h at

—20 °C and treated with 4,4-dimethylamino pyridine (58 mg) and acetic anhydride (0.44

mL) in one portion. The reaction mixture was warmed to 0 °C and stirred for 16 h at 0

25  °C. 10% Citric acid aqueous solution (200 mL) was added to the reaction mixture and

the aqueous layer was extracted with ethyl acetate (3 x 100 mL). The organic layer was

washed with water, saturated sodium hydrogen carbonate and brine, dried (MgSO,) and

filtered. The filtrate was concentrated under reduced pressure. The residue was

purified by silica gel column chromatography, eluted with CH,Cl, — acetone (50:1), and

30 the title compound was obtained as a diastereomeric mixture (78 : 22, pale brown foamy
amorphous, 1.0 g, 68.9%).

'H NMR (CDCl) O 2.07 (s, 0.66H), 2.38 (s, 2.34H), 5.30 (d, 1H, J = 13.5 Hz),

5.45 (d, 0.78H, J = 13.5 Hz), 548 (d, 0.22H, J = 13.5 Hz), 6.24 (s, 0.78H), 6.46 (s,
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30 water, saturated sodi um hydrogen carbonate and brine, dried (MJSOX) and
filtered. The filtrate was concentrated under reduced pressure and crude
(5R) - 6- [ awet0dxny32(H6, 6- di hydro-8Hi m dazo[2, 1 PCT/US03/13429

-c][1, 4] oxazi n-2-yl ) net hyl ] - 6- brono- 7- oxo-4-thia-1 -

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid p-nitrobenzyl ester was

obt ai ned as brown -94 WD 03/093277 PCT/ US03/ 13429 anor phous solid. Freshly

A A ISP o PP

(5sz 6- %g&t?taoxﬁﬁz]zé&@! byﬂng&lt 8tHz),764767 (m, 1H), 768’7tsh(m 1H), 792795I .
i m dazo C oxazin met hy i.a ycl o

2. 0] hept - _n.51Hng.o8 (E:QBW&ISr% %x&ﬁ&m 1%" targ‘g&:oyﬁ%"gsfte 7"'??@%32@??6% Hyessel
was covergd g Hh), %QJ?J(st@ZZH{i@OBj@ d)vsh) 9.06h@, 0@aHh.i on m xture was
vigorously stirred for 2.5 h at roomtenperature. The reaction solution

was fidtered through a pad of Celite and the pad was washed with water

(170 ) grp - B 6DLs (M@ai&ﬁ z-aTaeineﬁmz yhﬁ&ﬂﬂléﬁ@a-ﬁﬁw-mlﬁd-and t hen

t he orgal ayer was extracted with 0.5 nol/L phosphate buffer (pH 6.5, 2

X 50 mL). azabacypmo[a@nﬂulmoacﬁmoz@atmhcm@, éeﬁts@hﬁalat ed to 90 g, 1 mol /L
NaQH was gﬂg%ﬁast)% @ﬁs)gg&etﬁmrﬁ.aaz% ﬁzaam rﬁﬂﬁild -S89 irh&nil an%}naﬂ? &b-4-8%4-1- (120

m., Mtsu onat ogr a After adsor bi ng, t he
col um waazaebiaycled&ﬂ @lhepia- @me-amrtzomw aoid paitrelrnzy eﬁ@r a@Gddne) aet 10on.

The cpyrbi B! g@%%etf u%%tﬂﬁgmev?%d&m@@ W,g&% Hm*ﬁr: (48 mh_? %ewmrﬁemg%

and Iyoph| e as a ye W anor phous so ny,

29.1 9%. Npospbatecbu(fﬂeréw 6.5 48NNR. ( DvsDiXliere %a%hmoger@fte%ﬁ“rm at pomy. 07
( m 2H) te‘é‘lpééat%@'?for 3:[1 T}ﬂe re&tg't o? ﬁj%ﬁroﬁ A)A‘%)fﬂt Féd‘%l%ﬂi C]wééK\Aéar?sheg%\ilt% W%t);z 16 55

1672 1592nd 1Sagangk 1They aqugwsztayee@vasmpawemcipthenztme mrearaf: deyesrwag
(5R), (62)
oo 4.1 1l Al WS TeRYORET koot IayBr WasPodtBRIM DG E 200 1 o5
Step 15 5a|6|c->linh\1¢zIr 61184@9 piAPE olteIS;nZ (BDpynlazd\ﬂlésublear%@ﬁﬁyl Ce- akldd élohwn ester
The title a
wor kers ( | an %%&fgg?bﬁ%&% &%ﬁ%)m@ %th%@@&%ﬂﬂ@ﬂs 1, 8-
(5,6-Di hvdnd) -20% meetariitdletwateh lsphatiory deach 60) mis. haﬂ'be Gﬁnm—lﬁ(azthf& Weye was
added to : '
2t mospher E0keNgsi g ribn P 80t ¢ ahFfSphileaiio e MRS cdimBdaes

yellow amorphous solid, yield 148 mg (26.1%), mp 300 °C (dec).

20 'HNMR (D;0) O 5.92 (s, 1H), 6.23 (s, 1H), 6.66 (s, 1H), 7.11-7.22 (m, 3H), 7.25 (d, 1H,
J = 7.9 Hz), 7.50 (s, 1H), 8.03 (s, 1H); IR (KBr) 3413, 1748, 1592, 1553 cm™; "™ (H,0)
340, 293, 237, 218 nm.

Example 20
25

Preparation of (5R), (67)-6-(5,6-Dihydro-8H-imidazo[2,1-c][1.4]oxazin-2-

-7-ox0-4-thia-1-azabicyclo[3.2.0lThept-2-ene-2-carboxylic acid, sodium

salt

30 Step 1: Morpholin-3-one
Morpholin-3-one may be prepared in the method of USF 5,349,045.
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b] pyrazol e-2-carboxylic acid ethyl ester (8.11 g) was added to the
suspension and stirred for 2 h at 40 C The m xture was quenched with 1
nol / L HCIweato3fp$3217 and stirred for 1 h -95 WO 03/093277 PETTUS0813u39129 at
roomtenperature. Solid K2CO8 was added to the solution to adjust pHto 8
and the mxture was extracted with AcOEt. The organic |ayer was dried
(MgSH) and filtered. The filtrate was concentrated under reduced pressure
to afford the title conpound as brown crystals (4.87 g, 78%. 5 "H NWR
(cpcl 3) $Btep2s Marpheling3-thiones g ;) 2.54° - 2.62 (m 2H), 2.87 (t, 2H J =

7.4 Hz 4.10 , 1
[ 4,8): 520 Al iasioh S5l 70 sl st esipble i, 1 1)

(acti vat ejF (k) was ﬂﬁ%te‘ééﬂj@tﬂu’é Frilee d-ITG rgagtignymixjure wap &PP g 0 6. 10
di hydr O- 4EhB¥FatiHe Andi the F&a@ﬂé@gé?ber@mls)rgmbmfmlvaééo &Eegésuaurwwéeﬁbmmdof or 1

h under a nltrgf)‘aen at nosphere. The reaction m xtu ter%? through a

pad of Ceilicagel !émnfchrquﬁt)@raﬁﬁ)éa?‘éﬂ'ﬂt?@’d”‘ﬁh@@fmar'e’ﬂﬁ@éﬂd55%5%

residue 2l b lfdél Buct rof Fd@aé 2 dthe Vé@h@ol umm
was el ut ‘é%’ﬂo@%@hd %g@neiﬂ-agsc%%ﬂﬁ 1] Fsll1/ 2) The tltp{gygc(z)rrpo?r?d was

obt ai ned tile (A0 Dol¥-870) ap yelipyv pow -%. 15 'H NVR (CDCI3) 3 2.63 - 2.71 (m

S_Héé (2'5?51(;5 ‘?-Eft\u\e/rgz (}ﬂm.ﬁ sHds (14242 £15.1 BE), 3D17t, 20, 4 28 HE-£35 (sSoHs. H)

(5R), (62) - 6- (5, 6-D hvdro-4H-pyrrol orl. 2-bl pyrazol - 2-yl met hyl ene) - 7- oxo- 4-

th|a az NG p- lic acid, sodiumsalt 20
dth Sk h Q Ihgdro H. 2 XQQ aldehyde(l 36 g) was added to

t he dry acet onA tiktliee oﬁflﬂ@ph&l}n -3thiend ¢h7 @b aaﬂmetﬂmbwdldegﬂﬁznl()ﬂh gy Ghl=Glnder a

t h
1L O9%0 (RTINS o AR LHRSRIE 15 e ighid gl dp ) o
aci d 4- ni andothersolid was ashédwith CHZQIZ%hq@t@ﬁe@;olmmmwlth’@% xture,

" aact on ieeai:gRlS sgUEMLCISg Ty s E Bacen @B Rl cRPE Rt el 188

m'lxt8 g %R0 mto_l) rrmecbofniu;ngea CHY, lager vasarigdt(MgSQaliand fiteract dtedilteateyasi de
vy med { GSB e voporPaiPR nrpe B And Mo war BB ERC A0 Db RSN, |

et hyl acegas®%)and washed with 5% citric aci d aqueous sol ution, saturated

(Vson) ana 11 M BHERER & 4 F B el Al B A ced -

pressure.

20 Step 4: 3-Iminomorpholin hydrochloride

A mixture of 5-methylthio-3,6-dihydro-2H-[1,4]oxazine ( 3.6 g) and ammonium
chloride (1.5 g) in dry ethanol (136 mL) was heated to reflux for 1 h. The reaction
mixture was cooled to room temperature. The reaction solvent was removed in vacuo
and the title was obtained as a pale brown solid (3.6 g, 97.7%).

25 'H NMR (DMSO-d®) 5 3.34 (m, 2H), 3.86 (t, 2H, J = 5.2 Hzj, 4.47 (s, 2H).

Step 5: 5.6-Dihydro-8H-imidazo[2,1-c][1.4]oxazine-2-carbaldehyde (9) and 5,6-
dihydro-8H-imidazo[2.1-c][1.4]oxazine-3-carbaldehyde

The mixture of 2-bromo-3-hydroxypropenal (4.1 g), p-toluenesulfonic acid

30 monohydrate (52 mg) and 2-propanol (5.2 mL) in cyclohexane (42 mL) was azeotroped
until the vapor temperature rose to 80°C. The reaction mixture was concentrated under
reduce pressure. The residue was dissolved in dry ethanol (50 mL). A mixture of the dry
ethanol (200 mL) solution of 3-iminomorpholin hydrochloride (3.4 g) and 28% methanol
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The residue was dissolved in THE (106 nL) and acetonitrile (49 nL). Freshly
activated Zn dust (22.5 g) was added rapidly with 0.5 M phosphate buffer
(pH 6.5, WB®3/098267 WO 03/ 093277 PCT/ US03/ 13429 mnl). The r@attisodiessel was
covered with foil to exclude light. The reaction mxture was vigorously
stirred for 1.5 h at roomtenperature. The reaction mxture was filtered
through a pad of Celite. The filtrate was vvashed with ethyl acetate and the

RaO vas aalien 7 SgRh Tisdn a4 8 o MG SqHen A oot BT Rae g Lo e under
hi gh vacuwuiixiate W&s §irreting ro@rﬁwﬁﬁéréﬁﬁ@fmm aaalthadthé@e@l ioh eblveiit-veds (79 i,
the: col unFETREdn JRatp e Hesigs was esplyas 5 thiogslon (LA HElRraeE | ons
wer e concens hilt)ehsityded, bl hevi@ation rﬁtxtﬁém@sﬂh@éted'td%ﬂ&k'fbr@ﬂ The @h¥ori he

c Ehgc‘ﬁg o ghsles t5 TRam R PaRfre snd ditn conspnirajed Undey Thisice predie.
2H, J = 7Tfe Wéldueﬁwgédlé%lvéd ifdichoréfefhane 1300 mLParPwhsheddtlih 5088 }pbs 22 15

Pr epar at i on
(5R) (62) - ?QWS@%%‘% (B xA0p gl aFRRiPTgBYiIcAaNSr Wes died (MgPPei andSiltered. The

yl met hyl eﬂm)atélwh:hbémobn&éﬁblméﬂ @Hﬁc@pr@s&ﬂét'fﬁe %@@ugv&‘a%ré%hé’d toCsnﬂﬁlgél SOdi um
salt Step 1: Tet rah%/)dro érl dinoll,2-clll, 2, 3loxadi azol

(1.96 ni) calpnmeRepatograp ?“%W%W%G%Tﬁ@t%% pil) t%ﬂ?tawhﬁt“ﬂ%r{%lﬁ DL-
Pi pecehi C onigd sofid,04 ) 36!8%9 and tHY Sthege loﬂédmwgﬁle?o@hg@s&cﬁmg #id,rred for
1 h. The solution was extracted with 2CI 2 and organic |ayer was washed
with brind® e nixture was dried over Na2SO4 and concentrated under
reduced pr essur@eén‘éd%fr&&fc@ 1?15«9@(@90@5 Balosla. as%oanp'm csdzn)e7%ec@r hgyylic
acid as pale ow crystals Trifluoroacetic anhydride (1. was added
to the THE. sol ution of crude

(2RS)-1-nitros tya ere at
0°C and st] ‘*@bf‘“ﬁWa (eifegiofna ) NIREnCiiiet . 21 1 28ehal Mang
sol ut 19n RHs J =cH2 tizht4.20 €sd 2bhFer5 ¢s, ﬂHMtQCTaZj(spﬂH)ssure. The resi due was
applied to silica gel colum 30 chromatography, then the colum was el uted

Wi th n-hexane - AcOet (1/1 - 0/1). The titled conpound was obtained as
col or | ess Stely 81 R -6k i -8H-imidazo[2,1-c][1.,4]oxazin-2-yimethylene)-7-oxo0-

4-thia-1-azabicyclo[3.2.0l1hept-2-ene-2-carboxylic acid, sodium salt

The dry acetonitrile (66 mL) solution of 5,6-dihydro-8H-imidazo[2,1-

20 c][1,4]oxazine-2-carbaldehyde (1.2 g) was added to the dry acetonitrile (66 mL) solution
of MgBr, (3.6 g) under a nitrogen atmosphere at room temperature then the mixture was
stirred for 10 min. The dry THF (132 mL) solution of p-nitrobenzyl (6R, 6S)-6-
bromopenem-3-carboxylate (3.4 g) was added and the mixture was cooled to —20 °C
then triethylamine (2.8 mL) was added in one portion. The reaction vessel was covered

25  with foil to exclude light. The reaction mixture was stirred for 4 h at —20 °C and treated
with 4-dimethylamino pyridine (100 mg) and acetic anhydride (1.5 mL) in one portion.
The reaction mixture was warmed to 0 °C and stirred for 18 h at 0 °C. 10% Citric acid
aqueous solution (1 L) was added to the reaction mixture and the aqueous layer was
extracted with ethyl acetate (3 x 500 mL). The combined organic layer was washed with

30 water, saturated sodium hydrogen carbonate and brine, dried (MgSO4) and filtered. The
filtrate was concentrated under reduced pressure and crude (5R)-6-[acetoxy-(5,6-
dihydro-8H-imidazo[2,1-c][1,4]oxazin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester was obtained as brown
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"H NWMR (CDCI3) 51.93 -1.99 (m 2H), 2.08 - 2.15 (m 2H), 2.65 (t, 2H, J =
6.5 Hz), 4.26 (t, 2H, J = 6.1 Hz). -97 WD 03/093277 PCT/ US03/ 13429 Step
2: 4,5, 6,wonhabsxahydr opyrazol o[ 1 ,5-al pyridine-2-carboxyl PCTASO313429
ethylester: Ethyl propiolate (804 ng) was added to the o-xylene (15 i)
solution of 5 tetrahydropyridino[1l,2-c][1,2,3]oxadiazolone (1.04 g) under
a nitrogen atnosphere and refluxed for 16 h. The solution was concentrated
under a reduced pressure. The residue was applied to silica gel colum

chr onat og?8pWoUs 8- t he col utm was eluted with n-hexane - AcOEt (2/1 -

1/1). The titleshQ AR PARIUS wgmds agddeBlabily with 0.68HdIL pRbsph&e) , and

4,5,6,7-tetrahyd ) |
was obt ai &g&?aé#%“’%%ﬁ.m P 2 b oplion, RS- Rasei (B Ordag e oy 5 =
LZ )1 Hi)’z ﬂn@é'zoLZ i-cﬁhid?aazuﬁ@ )rﬁetﬂy’d]ge b?orﬁ)&7(dazb-4-t2ﬂé)1 azalﬁayc(d[sz epil-Zr 6 4 .

Step P (qn%ﬁﬁawﬁ%ﬂm PRz ERIEl- q‘@%ﬁ%PPdP?ﬁ%“&ﬁFﬁﬂWﬁi% Sf%*@% (0. 29
n) was agdfgietight. hﬁeT@EctHﬁmﬂ@u}e wad Mbb@ﬂsl?fstulréﬂd‘} 2(5*9@% rooﬂpf@npefétﬁlé ng)

under a nitrogen atnosphere at room temperature,
t et r ahydr 6§ m@waqum\yﬁ?ltem@r%@aa Bkol QQ!"‘%\E“QJI”’@WIW%%W%?MF%@ ng)

was addedyh r?ﬁiotnm?) Wﬁ%ﬂ&h@ﬂﬂ@%@ﬁﬁé%eﬁa@é léyehuaé séﬂ#@bﬂ%ﬁ&%eﬁtﬁée and
1.5 h at 4OC he 'm xture p(t}_?ence mol /L _HCL at

stirred f@ﬁgamlcﬂam Waé(ﬁ?ﬁf?@%é’i'ta @OI/EBhQ@hamrﬁﬁ% é-’daé‘cpot"g'-)( H-@esol ution
to adjgst ccﬂﬁblhé’d §q@’eﬂﬁlstl$%r Wa%%hééﬁf@?eoﬁbtgrofg?H%IlWNdOH feSatded Readpigani c

| ayer was dried ( ) "and filtered. The f cancentrated under

reduced pPld 4@ 16 RPl"?@)FQthalqnll’é%"?&dﬁ%%&W 'H% M'&?L@'%héﬁ(?%ﬁ)vc@r Hd)gumns g,
959 . ' H W@%@y ﬁﬁeﬁéﬁsorﬁn%?hé Héluw%h')NasjeILﬂgd wﬂﬁm@%r(&iﬁﬂ tlﬁ’éﬂ 5%2. 77 (t,

2H, J 2.81 - 1 H, 9 (t, 2H J Hz). 4.62 (d,
2H, J 5ac35tpﬂ|§rlle gupgus solution)The ogmp@e,q;l actlve fractions was concentrated under

4,5, 6, B

(ot i vat P (Ao S STER ol Ve e PR AP TR 38 6, 7.

t et r ah§dr B8y Qﬂ&fd)o[ 1, 5-a]pyridin-2-yl)methanol (673 ng) and refluxed for

1 nh d { t I th h
a pagnofrcgme ﬁe@%@ggpsmmmm@@ 65 8% 4620 oML YIS 484 bl dhesRyl throug

4.74 (AB, 2H, J = 15.3, 22.9 Hz), 6.40 (d, 1H, J= 0.8 Hz), 6.55 (s, 1H), 6.95 (d, 1H, J =
0.6 Hz), 7.54 (s, 1H); IR (KBr) 3412, 1741, 1672, 1592, 1549 cm™; A" (H,0) 304 nm.

20 Example 21

Preparation of (5R).(62)-6-(5,6-Dihydro-4H-pyrrolo[1,2-b]pyrazol-2-ylmethylene)-7-
oxo-4-thia-1-azabic élo 3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

25  Step 1: 5.6-Dihydro-4H-pyrrolo[1,2-blpyrazole-2-carboxylic acid ethyl ester

The titled compound was prepared in the same way of Ranganathan and co-
workers (Indian J. Chem. 1991, 30 B, 169-175).

Step 2: (5.6-Dihydro-4H-pyrrolof1,2-b]pyrazol-2-yl)methanol

30 MeOH (2.73 mL) was added to the THF (180 mL) sclution of LiBH, (1.63 g)
under a nitrogen atmosphere at room temperature, and then 5,6-dihydro-4H-pyrrolo[1,2-
b]pyrazole-2-carboxylic acid ethyl ester (8.11 g) was added to the suspension and stirred
for 2 h at 40 °C. The mixture was quenched with 1 mol/L HCI at pH 1 and stirred for 1 h
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WO 03/ 093277 PCT/US03/13429 filtrate was reduced under reduced pressure.
The residue was applied to silica gel colum chronatography, then the
col um wawoeB9xd’ with n-hexane - AcOEt (2/1 - 1/2). ThePCirtusesi1imenpound
was obtai ned as pale yellow oil (510 rrg, 77% . 1H NMR (CDCl 3) 81. 90 (m
2H),210(m2H) 284(t 2HJ:6. Hz), 4.23 (t, 5 2H, J = 6.2 Hz),
6.52 (s, , 9.92 (s, 1 . Step 5:

S th o LS@?@S%‘P@?%@B %&4*@%@5’%5%%&%;9? BBl fp St} (P e )
4,5, 6, 7hTemv<wn§'d4ae|@<traz’taHo{nm , AcQE{py Mhdi argarie dz;ayeba/ﬁeleinpde(Mgsgi)zamlﬂlgﬁéd added
10 )

10,50 L1, e/ pBEE AR e 8, ok b Bl 50 W Smb
r7rL) o (SE)I'O\B?)SFYSEHB’WQ, s e o] C |.d. 4-nitrobenzyl
ceter ot TR EEY S%a% BoBen? 2 KD, St e rs? G ofber 7 U 36042 20
Et 3N (1. 357.4H), WetD (tazidietE 712 l92)e4801(E, 2H) J TH8 HA .06 8) 1¥gssel was covered

with foil to exclude light. The 15 reaction m xture was stirred for 2 h at
-20 C and treated with acetic anhydride (0.61 nlL) and DVAP (40 ng) in one

portihon. Tstegmeaﬁbmd ldﬁib-ﬁal-ﬂ_-_ﬁﬁrdlaﬂ,Mj’gﬁélzdlél-tha@biﬂﬂéhy&éi ”edhf gcry 16 h at O
C. The m xture s diluyte th et acet ate and washed t citric
aci d aqueous so\?@i k?‘:%l ?@r\,\?@f‘é‘ﬁ %%F&‘F\dﬁ?/é? e fPHChy G5RaNk) sqluias of -

bri ne.10 TWhJ@i’@aHL;ﬁjrﬂo&i[ﬂZ bmﬁai_auz%n{emmgﬂ)m aﬂcb)féﬂd ?éfﬁ&ed Fbteﬁhldnaéﬁ 8 n'gs

concentrated under re uced E;)ress he resi due was dissol ved

(35 nL) artfrogssAmosphee. Ct'O'P:FBgH'Ieywa%E'ﬁr?‘élﬂ'ﬁﬂu%adl?ﬁitOf(CP"fﬁs é')hevvas
added r aplfmkate\wéshrteUEeMuﬁBé}Si@alﬁ&éd PFHSE% (pfﬁeﬁrer%idu@lwaénab liel'® SifdFfbon
|

vessel was covered with foil to exc e reactlon m Xxture ~was

vi gor ous| yFoHmMR Fgmatagraphy, thegithe SQJHWﬂé’Y%egl&?ﬁMéth nipgxape aoAGQRH (Mixt 12d was
filtered %éthl@%%oﬁn@iﬂés%ﬁ)ta@%d' dsSyelldW il (4. hs @aQ%)NaS washed with ethyl

acetate and the,aqueous |ayer was separ afed The aqueous | ayer was cool ed

to 3 #%and 1 ™ I\H 5’»6(9%@@ 63{0237011 2H2.05 (828, JFrb4 Mkt 4iz2 (e, J =

concent r ategen@gass i 94 \gag‘glqé 35 C. The concentrate was applied to
D ai on HP-21 (105 n§ l\/? sub Shl ‘Kasei Co. Ltd.) resin colum

chr omat ogr aphy. After adsorbing, the colum was eluted with H2O - MeCN 30
(11 0-85/ 13100 Koy BQE- 8961611500 oVRlforF U080 4201 8B S b0
sol i d (42%hiag]-azabiey - : kubie hcid]l sbdibR $4lPO) 8 1.67 -1.71
(m ZIZQ) 1.85 - J5 @ Bm@ﬂ}o ZﬁDpyrrgloFIAZ-b]pyrazole 2-carbaldehyde (1.36 g) was added to
the dry acetonitrile (148 mL) solution of anhydrous MgBr, (5.52 ¢) under a nitrogen
atmosphere at room temperature. The dry THF solution (148 mL) of (5R, 6S)-6-bromo-
7-ox0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (cont.
97%) (3.97 g) was added to the mixture, cooled to —20 °C, and Et;N (4.18 mL) was
25 added in one portioil. The reaction vessel was covered with foil to exclude light. The
reaction mixture was stirred for 4 h at —20 °C and treated with acetic anhydride (1.89
mL) and DMAP (123 mg) in one portion. The reaction mixture was warmed to 0 °C and
stirred for 14 h at 0 °C. The mixture was diluted with ethyl acetate and washed with 5%
citric acid aqueous solution, saturated sodium hydrogen carbonate, water and brine.
30  The organic layer was dried (MgSO,) and filtered. The filtrate was concentrated under
reduced pressure.
The residue was dissolved in THF (106 mL) and acetonitrile (49 mL). Freshly
activated Zn dust (22.5 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 155
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-99 WD 03/093277 PCT/ US03/13429 (t, 2H, J = 6.3 Hz), 3.97 (t, 2H, J = 6.1
Hz), 5.97 (s, 1 H, 6.25 (s, 1 H, 6.8 (s, 1 H, 6.88 (s, 1 H. Exanple
23 5 Prepeariandnan of PCT/US03/13429

(5R), (62)-6-(7-Met hyl - 6-0x0-5, 6, 7, 8-tetrahvdro-im dazol |, 2-al pyrazi n- 2-

yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl ol 3. 2. 0lhept - 2- ene- 2- car boxylic acid
sodium salt 10 Step 1: 5-Methoxy-I-nethyl-3, 6-di hydro 1H pyrazi n 2-one
The titled conpound was prepared in the same way Iﬂg ep

B. G Advanmb).( Tidergaeipnoigssel o/as com%t*ﬂb@ﬁ@@'“%@@ ep é’ %t‘%'i“%“rf

-net hyl - 3w§s QFgBVdél%Rrthlrr@d F?cyrr ﬁg hrht ?od?ﬁ‘ %nﬁ:éﬁt&?éﬂ T h@freactlorf mlxture was filtered
5- et hoxy- 1- net hyl - I N-2-0 anmoni um

chlori de (@@(Q%Pa(ﬂ ﬁf 9?'93 etTH‘erWF atg 3’2‘3 masjlequgh §fhy£ ‘é‘ﬂatgta“fjélﬂﬁr??"éer?ﬂér ature
for | [fer \R/Eé?éleoda?étleélx ethd éh’ue%u@ |ayafma§ &%Iéd @B G ¥hdN M NABH RS 8dHddd room

terrperature and evapor at ed under "reduced pressure. The resi due_was

trituratetp agivs P@fh‘locﬁ%f o naixture W@ﬁp?'&?ﬂgﬁt&@&n@eﬁ kjgh yacyumat 31 e&C.p T8I pi t at e

was fil teE@rﬂ;eﬁfrEteeWQs erih@&'td DlaYd'!‘ﬂ*P-21-fJ?'@mL5i\/ﬁt§hlﬂ§1lkas€ﬁ¢$'M_td $reirdi hydro-1
H pyrazi n-2-one hydrochl ori de was obtained as a pale brown ovvder (1.7 g,

66% . A s 5olummhrmatggraa9hv}o After gdsqibing ghe BGIUHVW%i alptegywith i
hydrochl og4,ge dlﬁGZﬁHé coMbiné® fraBidMaNRire Eé&emrhte‘ﬂ@eﬁdéﬂﬁ'igﬁ vé@.?(?nﬁ)ai 50 WY

car bonate aqueous solution at 00 and then stirred for 40 mn at 0" The
m xt ur e wiePbitFrsdAtgive tha titln gempewnliaea YsHen §m°a°h°uwe"ql €48due 3R PH

tritu @teq ith chloroform (18nL) and nethanol (2 nl) at room terrperature
for 3 The preci pltat was filtered off and dried in vacuo.

ound vvas oMpal e E G@C)a HaN"éRlﬁDzQ)nS BT, 28,1578}, 2duanit’i4 HE) 6&2 (t 30 'H

NI\/R(DI\/S 6) = 2 (s, 2H). Step 3:
7- Met hyl 089&08‘%25&? 6(6;‘% Sat' rah e?r ﬁ)dggdct)p(fl,é‘a)f}al pvrazi ne- 2- car bal dehvde
and 7- Met hyl - 6- oxo-5, 6, 7, 8- tetrahvdro I m dazoll, 2-al pvrazi ne- 3- car bal dehvde

-100 WO 03/093277 PCT/ US03/ 13429 Tgaﬁﬁhg&ﬁon of

2- br ono- 3-i sopropoxy- propenal (1.3 acetonitrile (60 m-) was
added150 the solution of 5-am no-1 -nethyl -3, 6-di hydro-I|H pyrazin-2-one

(782 mg) in eré’ aration ot (5R)(62Z)-7-Ox0-6-(4.5,6,7-tetrahydropyrazoi>[1,5-alpyridin-2-

-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

yimethylene)-4

Step 1: Tetrahydropyridino[1,2-c][1,2,3]loxadiazolone

20
Conc. HCI (1.96 mL) and NaNO; (2.2 g) were added to the H,O (21 mL) solution of DL-
pipecolic acid (3.04 g) under a nitrogen atmosphere at 0 °C and stirred for 1 h. The
solution was extracted with CH,Cl, and organic layer was washed with brine. The
mixture was dried over Na,SQ,4 and concentrated under reduced pressure to afford

25  crude (2RS)-1-nitrosopiperidine-2-carboxylic acid as pale yellow crystals.

Trifluoroacetic anhydride (1.93 g) was added to the THF (92 mL) solution of
crude (2RS)-1-nitrosopiperidine-2-carboxylic acid under a nitrogen atmosphere at 0 °C
and stirred for 5 h at 0 °C and for 2 h at room temperature. The solution was
concentrated under a reduced pressure. The residue was applied to silica gel column

30 chromatography, then the column was eluted with n-hexane - AcOEt (1/1 - 0/1). The
titled compound was obtained as colorless crystals (1.10 g, 33%).

'H NMR (CDCly) & 1.93 — 1.99 (m, 2H), 2.08 — 2.15 (m, 2H), 2.65 (t, 2H, J=6.5

Hz), 4.26 (t, 2H, J = 6.1 Hz).
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acetonitrile (60 m-) at roomtenperature. The reaction m xture was stirred
at room tenperature for 20 h, added triethylamne (0.95 m-) and then

refl uxed woro3@93277 The 5 reaction m xture was cool ed to roecTitsopedad ure and
t hen evaporated under reduce pressure. The residue was dissolved in

chl orof orm (10nm) and washed with 50% K2CO3 aqueous solution (10m). The
aqueous | ayer was extracted with chloroform The organic |ayer was dried
(MgS™) and filtered. The filtrate was evaporated under reduce pressure.
The residue was applied to silica gel colum chromatography and 10 el uted
wi t h CHCl Btep 2 a@i§.6.3T etrabydtapywitodofn , S-dlpytidinec2-carboxylicl acid ethylester:

7- Met hyl - 6- oxo0-5, 6,7, 8- tetrahydro-imdazo [1, 2-a] pyrazi ne-2-car bal dehyde
as a pale yellow solid (541 ng, 49.1 %9 and its regi o isomner

7- Met hyl - 6- oxo- Etiyl 7prBpiokite 4BY4imag)i Waslaaddled, - tHepyharneeHd- miardealidahyde as

| L] lid.(1 69 . .
O Not g S aetdhydBonyfigngn B Shadbeolons (1.4 o undes  itresen atmesehara dide: 1+
SN8RBl? ( CIiBéIILB()edSFOB A87h.( s Th8Hplutién Gihs( Soncéhtrated .unBef 8. redibed prés&fte(S.The H
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al pyr ani n-zasydbtained Byyélbﬁr&]rgﬂbﬂg, 08%)4- t hi a- 1- aza- bi cycl ol 3. 2. A hept - 2- ene
-2- carboxylic agcid 4-nitro-benzyl ester

75 Net hyl - 6- oxo- SHAMRACDG 33l 6. b ?dl 1), 4.8 pf04AMh 2t 208 b2 Weliyde
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TH F sol utifBn (32 m-) of 25 (5R

6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxylic acid
4-nitro- benzyl ester (687 ng) was added to the m xture, cooled to -20 C,
and t riPet 13teRS; (5.6(7aTetmahydropyrazols « 2-ylimethanol The reaction vessel
was covered with foil to exclude light. The reaction m xture was stirred
for 3 hat -20 C and treated with 4- dinethylam nopyridine (44 ng) and
acetic anhydri d&Mg@H36.28iml) was addeddiorthe dilF (MRemBDseletinnt ¢fdriBlti fcont. ©0E)s
warnmed to j i e mxt digl Ut e 4 h
et hyl acet@?g g@g EQ%&I 2&? t él?ngergaé'tgﬁs Hg&gr ggn{@lﬁa%@?gyﬁﬁg’aalté(g‘oug5;ga-})/'er
was ext r adetezhyarapyrazole)1,5airyridine-2-aarboxylig sacidc ethyly ester (@62emg) miais naxttied ntd
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filtrate was quanceed with danaifdbE! atgphl d enndpstiered fore] hEteooedérdperatuas.  Solid
K.CO; was added to the solution to adjust pH to 8 and the mixture was extracted with

LIS A1

AcOEt. The organic layer was dried (MgSO,) and filtered. The filtrate was
concentrated under reduced pressure to afford titled compound as pale yellow oil (691
25 mg, 95%).
"H NMR (CDCl5) & 1.80 — 1.87 (m, 2H), 1.98 — 2.05 (m, 2H), 2.77 (t, 2H, J = 6.4
Hz), 2.81 -2.84 (br, 1H), 4.09 (t, 2H, J = 6.1 Hz), 4.62 (d, 2H, J = 5.3 Hz), 5.96 (s, 1H).

Step 4: 4,5.6,7-Tetrahydropyrazolo[1,5-a]lpyridine-2-carbaldehyde

30
MnO; (activated) (3.36 g) was added to the CHCI; (44 mL) solution of (4,5,6,7-
tetrahydropyrazolo[1,5-a]pyridin-2-yl)methanol (673 mg) and refluxed for 1 h under a
nitrogen atmosphere. The reaction mixture was filtered through a pad of Celite. The
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applied to silica gel colum chromat ography, then eluted wth chloroform
The title conpound was obtained as diastereo m xture (yell ow anor phous
solid ; 4WO0o0a93238%). 1H NWR (8, CDCI3) 2.03 (s, 0.7 x 3 HCI/WB®B4s, 0.3 X
3H), 3.15 (s, 3H), 4.59-4.62 (m 5 2H), 4.66 (s, 0.3 x 2H), 4.67 (s, 0.7 x
2H), 5.28 (d, 1 H J = 13.5 Hz), 5.43 (d, 0.3 x 1 H J = 13.5 Hz), 5.45
(d,O?leJ:135Hz)607(s 0.3 x 1 H, 6.28 (s, 07x1H),632
(s, O. H)y, 6.83 7 x 1
H, 7. a4 fclgateowes peckicegl indt a@dstgd ‘Resplie.| ﬁe roéides (vaS'%plfedﬁw'C% oel g

Hz), 7. 6lcc(lﬁﬂ'nn(?:h%rﬁfat8§}apﬁy, Trh& ffhe"éb)umﬁwaé eluted wiiin-kbxand - BcBiE) (2/10 1&)ep 5

(5R), (62) - (7 Met hyl - 6-0 8-tetrahvdr md 2-al pvrazin-2-

yl met hy!| ehie8 “P—ddSPHJQP-Uf‘Hl‘Ha? QQEQQQ?E?@PM“Q 062%@119%7':% 2-carboxylic acid
sodium salt angy K\lﬁiﬁ (CRCH) 8,180 (m, 2H), 2.10 (m, 2H), 2.84 (t, 2H, J = 6.4 Hz), 4.23 (t,
(6E)-6-(7-Methyl - 6- 0x0-5 t et rahvdro-i m dazol | , 2- al pvrazi n- 2-

yi et Byl edid)J 7 B6kidz) 6157 (&- ﬁH)aQe?zdﬁch of 3. 2. O hept - 2- ene- 2- car boxyl i ¢ aci d
sodium 15 salt (5R, 6RS)- 6-
[ Acet oxy- (7- rrethyl 6- 0X0- 5, 6 7, 8- tetrahydro |mdazo 1,2-a p a2|n 2-yl) -

. 7 g n 4 B/ RPTFS 2 V) £

rrethyl] 6Sten B ROl é din: giev| i ¢
acid 4- mIl 6. 7 rrL) and
acetonitr and 0.5 M

phosphat e buff ed 5(qQHT§tr5hyd90;9/raz|o)o[1/\émpwddmee2 Carballdehym (4B @) was Edded

ol R SRR B Mol b iRl i (| 8 Tbupd S MRG0T o
ég: |UE ieon amsospshmedat\mdsm terepémturacé‘ﬂwatohey aHAE sEldtlbel(tthmLhofdﬁgnGS) Pdcborod- od
The aqueol@ 2R fatiderdzoihelfe s kP e AR bRl e flr DT
Pyophi 11 200 e ?’Z‘Z?ﬁﬁ"e@ms”iim‘f";'{'g?°é“ ety foar at vo. mh””% tsil
DS 2, aag%?ﬂ 8,908 PPAEN. Yerselp CWST%W'W@%%)?CN?@P qﬁ%HS; 1)

; CH3{B\| =re2igtiony mbdure waﬁdtinried f<)r 2 Alae-2kitand rdated avithiawatic arfihydride (0.61

(5R), (62) 05678t tra
i m dazo| 1"@) %P%WHA‘ ' ﬁﬁogl%') @%ﬂor{ foéur? We?fd"%?’@?é?& g af'dO] hept -
(25%16( éE) §ﬁfé(tbﬂoy|16¢;1 A0 °¢ SThé wixta@l vt/assdihited with ethyl acetate and washed with 5%

7 X
i mi dazo[ 1° %ﬂcﬂ)@/e%‘k‘ﬁy%sfo@ft' stq?;{rgtﬁg)so iu a‘ayd?m% cgrijonzts, wWater Ao iges o) hept -
2- ene- 2- traélam@mid layravab driedi (MgSSR) anditeped: 0Thedilttate RascamenirateNm@et was
added 0 adj Hto 8.0 respectively. Each solution was concentrated
under 2% gFf 8 Aifi®8¥™®35 C. Each concentrate was applied to Diaion HP-21

(60 nL, M tsubi shé rdskiR) wadissdvbd)in MeHF (35 ll) wimd acefbBriie (16 mL). Freshly
activated Zn dust (7.43 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 51
mL). The reaction vessel was covered with foil to exclude light. The reaction mixture
was vigorously stirred for 1.5 h at room temperature. The reaction mixture was filtered
25  through a pad of Ceiite. The filtrate was washed with ethyl acetate and the aqueous
layer was separated. The aqueous layer was cooled to 3 °C and 1 M NaOH was added
to adjust pH to 8.0. The mixture was concentrated under high vacuum at 35 °C. The
concentrate was applied to Diaion HP-21 (105 mL, Mitsubishi Kasei Co. Ltd.) resin
column chromatography. After adsorbing, the column was eluted with H,O —MeCN
30 (1/0-85/15). The combined fractions were concentrated under high vacuum at 35 °C
and lyophilized to give the title compound as a yellow amorphous solid (427 mg, 41%,
pH 7.7).
Mp 190 °C (dec); 'H NMR (D,0) 8 1.67 —1.71 (m, 2H), 1.85 — 1.89 (m, 2H), 2.64
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WO 03/ 093277 PCT/ US03/ 13429 chromatography. After adsorbing, the colum
was eluted with water and then with 5% acetonitrile-water. The conbi ned
fracti onswaas@Ixoncent rat ed under hi gh vacuum at 35 C anacCiryusphid4ezed to
give the title conmpound(5R), (6Z)-6-(7-Methyl -6-0x0-5,6,7,8 tetrahydro-im

I dazo[ 1, 2- a] pyr azi n- 2-yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2-
5 ene-2-carboxylic acid sodiumsalt as a yell ow anorphous solid (125 ng,
44. 4 % 115- 117 C and ¢

(5R), (GE;V&JGZ"{T/ TE3HA). é%k’%&!s‘ 2 gﬁg)e%r%%?d?'d)-’ 6rﬁ5o(§zH[')162‘55 (s, 1H), 6.88

a] pyr azi ns2qMj.net hyl ene) - 7- oxo- 4- th| a- 1-aza- bi cycl o[ 3. 2. 0] hept - 2- ene-2-carb
oxylic acid sodiumsalt as yellow anorphous solid (19 ng, 6.7 %
respectively. Conpound

(5R), (62)-6-(7- Met hyI - 6- 0x0- 5, 6, 7, 8-gxinmEie)d 0- 1 m dazo[ 1, 2- a] pyrazin-2 10
yl met hyl ene) - 7- oxo- 4- t hi a- 1- aza- bi cyT:'I'Brg_Z'.' 0] hept - 2- ene- 2-car boxyl ic acid
sodiumsalt 'H NWR (5, D20) 2.99 (s 3H), 4.54 (s, 2H) 4.66 (s, 2H) 6. 38
(S 1 H),P O e o . 04

(5R), (6E) =0~
YIrretherne'th gppe7-opal-thiard sazlrhigys BptrérenesZ-eajinon bid Sy
sodiumsalt 15 'H NI\/R(5 D20) 2. 94 (s t3I—|) 4, 45 (s, 2H), 4 56 (s 2H) ,
6.22 (s, 1 H, 6.48 (s, 1 H, 6.94 —a{- H, 7.69 (s 1 H. Exanple 24 20
Preparation of (5R)(6Z)-6-(6.7- D|hydro 4H—pyrazo| ol 5, 1- lel 41t hi azi n- 2-

yl rret{ﬁ/I ene) - 7- 0xo- 4- : b ) 3 . : 5xy| I c acid,
sodi salt: Step 1: SHOT-PHo - Aoyme e 0 Thetltled
conmpound was prepared in the same vvay of Shl rai wa and co- vvorkers (Bi osci .
Bi ot echno hem 1998, 62, 2382.2387

3- Oxo- 3a, ih% %’[’?Pﬂr&'ﬁa Wasprepaisdin 16 54 ewawﬁS%warﬂn&%ﬁmva@ 30 NaNCR
(3.14 9) (lmraﬁd&eﬂ 1973, g, 1ogoi30R2).HCl (33.7 nl-) solution of (3R)-

t hi onor phol i ne- 3- car boxyl ic acid (4.96 g) under a nitrogen atnosphere at 0
Cand - 103 WD 03/093277 PCT/US03/13429 stirred for 0.5 h. The solution

vas exs r agidgfz:V8-Athirdid :Aethy1-BistdRy R H phPazihn-2adHec | ayer was washed with
brine. The m xture was dried over MgJSO4 and concentrated under

A mixture of 5-methoxy-1-methyl-3,6-dihydro-1H-pyrazin-2-one (2.3 g) and ammonium
chloride (936 mg) in dry ethanol (32 mL) was stirred at room temperature for 1 h and
then refluxed for 2 h. The reaction mixture was cooled to room temperature and

20 evaporated under reduced pressure. The residue was triturated with chloroform at
room temperature for 30 min. The precipitate was filtered off and dried in vacuo. The
5-amino-1-methyl-3,6-dihydro-1H-pyrazin-2-one hydrochloride was obtained as a pale
brown powder (1.7 g, 66%).
A solution of 5-amino-1-methyl-3,6-dihydro-1H-pyrazin-2-one hydrochloride (662mg) in

25  methanol (10 mL) was added 10% potassium carbonate aqueous solution at 0O and
then stirred for 40 min at 00. The mixture was concentrated under reduced pressure.
The residue was triturated with chloroform (18mL) and methanol (2 mL) at room
temperature for 30 min. The precipitate was filtered off and dried in vacuo. The
compound was obtained as a pale brown powder (615 mg, quantitative).

30 'H NMR (DMSO-d°) § 2.88 (s, 3H), 3.94 (s, 2H), 4.42 (s, 2H).

Step 3: 7-Methyl-6-0x0-5.6,7,8-tetrahydro-imidazo [1,2-alpyrazine-2-carbaldehyde

and 7-Methyl-6-0x0-5,6,7,8-tetrahydro-imidazo[1.2-a]pyrazine-3-carbaldehyde
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reduced pressure to afford crude (3R)-4-nitrosothi onorpholine-3-carboxylic
acid as pale vyellowcrystals. 5 Trifluoroacetic anhydride (7.07 g) was
added to wbe3$E71169 nL) solution of crude PCT/US03/13429
(3R) - 4-ni t rosot hi onor phol i ne- 3-carboxylic acid under a nitrogen atnosphere
at 0 Cand stirred for 3 h at 0 Cand for 17 h at roomtenperature. The
solution was concentrated under a reduced pressure The residue was

appl i ed to SI|I col um h t hy, .th th | ut ed
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Et hyl pr Owncﬁe?étare(far Q@hQAdd@a&naﬁytaﬁhlﬁéxotdanyam tB8e réfiiedrigr 230! Theon of
3-oxo-_3a, 4,6, 7-tetrahydro- 34 2- oxa-5-t hi a- ldalza 7a-azoni,oi ndeni de (3.41 Q)

under % n\’e(aﬁwb'ﬁ"x'“ﬁ? W58 neeled ta e Eﬁ‘WQF)@W"? #hd then igvapqrated Ynger EUGR:s

concent r abRdsiBdeTheresRIAE WRM dlééb%élrﬁ&IorBftﬁmr(Qamdrﬁnd\@ésthrﬁsb%O silica
gel colum chromat ography, then the col unpagwas el yte ane -

AcOEt (2/ KzCO@%eOUﬁQIUEm {(10mld oS LARYCRRS laver Wk Xt ge"d'%' @{i’?fagar@n (3.13
g, 68% ., fRdoiaRicahiteiwadraneal(dsOsand ﬁl@?éEFrTﬁe?rt@téWQé @vap‘&'bté&ﬁﬁé@ o[ 5,

1-c][1, 4] thi azi ne-3-carboxylic acid eth ester was obtained a eIIow oi |
(556 ng, "EHupe prassHoR T legprgsiiuegvas applied & %/0 gfliga gpl colymp thamatggmﬁb(% 2H J =

g E4H¥ds, SlufeH Wigh cAL)— Méoﬁ?(gsq 5) #Hébtdin Thetitle ddfpoutid ¥0MéthyI-&bko-8,6:7,8- 7 HZ)

(6, 7- Di hvtﬁtr';iﬂnqlmaw@m[b?@]wf%ﬁ"ﬁ'zM{h@id&'ﬂbﬂi’ﬁQS?IP?MQWGP"Q(%WQ cont. 90%

(536 nm) nidaz
6, 7- di hydr Oq% i |t§2ece§o @oﬁermeim:f%gq@%&t%y al?)%yl [ cogﬁ?gwg{é%;hleojést er

(3.13 30cypalds %%\P@'Ed@ﬂﬁWé@' 8% 136%)oom t enperat ure and stirred
for 3 h at iy ﬁe A5 B‘?Xé-t&r%hm-nﬁh%%gﬁé-a\g]wr&lﬁe-mbr‘daldéﬁyd@ﬂHmMﬂ and

stlrredfor room t enper at ur e was added to the solution

to adjst (@P‘_Ctabﬁ 8 1&@ IHhed AB e D, M8 (B2 adi@8ds, Wik .19-B& G1H)-The or gani ¢
| ayer was zg%tgﬂ A5 B8l & @BM&@qh?d%zgﬁ a]‘pzllatzfn@tsecéﬁ@élde?yd%o NYfR 03/ 093277

PCT/ US03/ concéentra ressure to ford titled

cormpound &BDEk) &3y161(5,BH)0#I70((€, 2H), 593 (5 Rkt 7)82 (sHIHMF.TEECB). S 2. 58 (br,
1H), 3.07 (t, 2H, J = 5.7 Hz), 3.84 (s, 2H), 4.33 (t,

Step 4: (5R, 6RS)- 6- 7-methyl-6-0x0-5.6,7,8-tetrahydro-imidazo[1,2-
20 a]pyrazin-2-yl)-methyl]-6-bromo
carboxylic acid 4-nitro-benzyl ester
7-Methyl-6-ox0-5,6,7,8-tetrahydro-imidazo [1,2-a]pyrazine-2-carbaldehyde (319
mg) was added to the dry acetonitrile (32 mL) solution of anhydrous MgBr; (786 mg)

Acetox

-7-0x0-4-thia-1-aza-bicyclo[3.2.0lhept-2-ene-2-

under a nitrogen atmosphere at room temperature. The dry THF solution (32 mL) of

25 (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-
benzyl ester (687 mg) was added to the mixture, cooled to —20 °C, and triethylamine
(0.60 mL) was added in one portion. The reaction vessel was covered with foil to
exclude light. The reaction mixture was stirred for 3 h at —20 °C and treated with 4-
dimethylaminopyridine (44 mg) and acetic anhydride (0.35 mL) in one portion. The

30 reaction mixture was warmed to 0 °C and stirred for 20 h at 0°C. The mixture was
diluted with ethyl acetate and H,O. After separating organic layer, the aqueous layer
was extracted with ethyl acetate. The organic layers were combined and washed with

5% citric acid aqueous solution and brine. The organic layer was dried (MgSO.) and
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2H, J = 5.7 Hz), 4.63 (d, 2H, J = 3.9 Hz), 6.05 (s, 1 H. 5 Step 5:

6, 7- D hvdr o- 4H pyrazolo 5,1-cl1 |1, 41t hi azi ne- 2-car bal dehyde M02

(activat ewp o346 g) was added to the CHCI 3 (135 nl) sol wCirasoyi34¢s, 7-

di hydr o- 4H pyrazol o[ 5, 1-c] [ 1, 4] t hi azi n-2-yl ) met hanol (2.31 g) and refl uxed
for 1 h under 10 a nitrogen atnosphere. The reaction mxture was filtered
t hrough a pad of Celite. The fiItrate was concentrated under a reduced

re Th i ed, t | h h
Phen the Wrehm Thadlgteias copeentaearanbroddsedessife ) The HAUE hBfL 3P
conpound dﬁfﬁe@lﬂi gligregel 35Iup mmbﬂogvapmmﬁénbmte(onwmecmmoﬁﬂﬁﬁ ThétitdVR (CDCI 3)

g §81(55( tqonppoung Wgs C(bgalnqd glagtle rglx%ul_r% (yeéhow arrgorphous soﬂd 411:’ 0 mgHéé%

(5R) (62)-6-( r f .
0x0-4-thi a- @%blﬁggﬂ 1%29{@H$ezrllee§§ gat%%%@ 3|Z11:5r(§(2::|3|-‘§ ppAlh

sodi um salt 20

6 Dithy o, Ataedpr GBo1 B 8749 (07 X PP b b Tl O b Eiehis (B % il s
added to-4hg ﬁig}’s%%&%‘t%t—l g« 895 SS@HétO@fk o), erﬁsy(srwsmwBsaz((sl 88 @)
under a nltro‘g49 at nosphere at room nper ature._ The rI THE sol|_pt|on (39
m-) of (BRX )sgzgs&gxm) 6.86 (s, 0.3 x 1H), 7.10 (s, 0.7 x 1H), 7.44 (s, 0.3 x 1
/- 0X0- 4- t?h? -7 RS YEQ LB 027 RDACHE-T6 FRE 7TH1C@I DWW & AsieHA; Bi2ur@benzy!
ester (cont { '99. 7%|_|§y-p g g) was added tg thg@m xture, cool lg to -(2’0 C,
and Et3N 24, -3798rﬁJ|Z)Nas 25 added in one portion. The reaction vessel was
cover with foil to exclude Iight. The reaction mxture was stirred for 3
h at -20 C and treated vmth acetlc anhydrlde 0. 94 m - ) and DVAP (61 np)
in one pof -om 5R1 (6 7)< 0X0r 5675 tefrahid dazof1:2-al pyeazi d for 17
h at 0 C | 1S 0] |
citric acfe
and brine aﬁsanawg MF(U Mﬂ
filtrate w
di ssol ved : = - aCt
(ilgzt % (7)%%%) was added rap| dIy W|th 0. 5 M phosphate buffer (pH 6.5, 122 -

93277 PCT/US03/ 13429 nl). eaction ve was .C red with
foll 10 elaR @RS SyREoIoRl-TEdol B oI o Brieranito TgEr AL SryPREr T o0t or 1. 5
h at roomeynes-Blor7- oI&La-theaphzaaeucyaw[etzrdhm éné- teémxyltctucmmhm pad of
Celite. The filtrate was washed w et h acetate ltfh aqueo ayer
was separ 8ee#y! eqtﬁ'é@%lﬁ‘éﬂ)d’%aslfﬁwveﬂd%TE'gd%g blansl gselgipfri (& l\'lgé‘t g&éh dded

activated Zn dust (1.92 g) and 0.5 M phosphate buffer (pH 6.5, 9.9 mL) were added to the
20 mixture. The reaction vessel was covered with foil to exclude light. The reaction mixture

er-sme-
er

was vigorously stirred for 2 h at room temperature. The reaction solution was mixed with
ethyl acetate and filtered through a pad of Celite. The pad was washed with water and the
aqueous layer was separated. The aqueous layer was cooled to 3 °C and 1 M NaOH was
added to adjust pH to 8.0. The mixture was concentrated under high vacuum at 35 °C and

25 lyophilized. The residue was separated by the preparative HPLC (Inertsil ODS-2, GL
Science Inc., 10 x 250 mm, 0.05 mol/L phosphate buffer (pH 7.1) : CH;CN =93 : 7, 4.0
mL/min.). The separated fractions of (5R),(62)-6~(7-Methyl-6-ox0-5,6,7,8-tetrahydro-
imidazo[1,2-a]pyrazin-2-ylmethylene)-7-oxo-4-thia-1-aza-bicyclo[3. 2.0]hept-2-ene-2-
carboxylic acid sodium salt and (5R),(6E)-6-(7-Methyl-6-oxo-5,6,7,8-tetrahydro-

30  imidazo[1,2-a]pyrazin-2-ylmethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid sodium salt were cooled to 3 °C and 1 M NaOH was added to adjust pH to
8.0 respectively. Each solution was concentrated under high vacuum at 35 °C. Each
concentrate was applied to Diaion HP-21 (60 mL, Mitsubishi Kasei Co. Ltd.) resin column
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5 to adjust pHto 8.0. The m xture was concentrated under high vacuum at 35
C. The concentrate was applied to Diaion HP-21 (150 nm., M tsubishi Kasei
Co. Ltd.)wpasiogs27Tol unm chr omat ogr aphy. After adsorbi ng, ®Pog/usos/ I was
eluted with HO - MeCN (1/0 - 85/15). The conbi ned fractions were
concentrated under high vacuumat 35 C and |lyophilized to give the title
conpound as a yel | ow anor phous soI id (371 ng, 22% 10 pH 8.0). M 190 C
(dec) 1H NWR (D20) S 3.03 (t J = 5.
-5 7 F@yomgtogr,a ¥ Piftqq)adsqb@g thbeco}mpq) wa%e%ygad(vg]h vigtﬁg an%‘?hgg VYI@ZS%_ H) .
EX&”D' e 2a'i: tohtriBLvpaar. at‘lh@'&oﬁhblned fractions were concentrated under h|gh vacuum at 35
(5R) (62) - 7- Ox0-6- (4H5-thi a adlazapentif)r %Mg{ag e&?-é—
t hi a- 1- azﬁ)?féﬂ/'deeﬂ t@]gh’@ﬂ'ﬂe HtlerRmBaungBs GO 6 (GMeth V- e PG L8t Step 1:
go Oxo- ﬁg teﬂaﬁsww ﬁﬁi@a%ﬁ z%ﬁaﬂﬁ&ﬁmbﬂw@n& Mﬁo-ﬁ&hi@z‘péia brc@@o[aermaémm de 20
nc.

g) were adde otag HZOélaﬁ
sol ut i%n me—%cawhp&quccﬁqwd(mselt 8 adﬁﬁﬂé’\‘ argory I“%@%W Aéfe’a pd1é' and
stirred fpf7 g g%c))gﬁ@ copeling (ENRSEFS-EYWWI’-GWXHB,@H%Qb&ahﬁr@ﬁﬁiﬁﬁzd ager was

dried over concentrated er reduced pressure to afford the

crude N na}PYr@E'O Zdeimethenge 7zpx04-{hia-1-gga-bisyclels 2. Qﬂhenfrz PPerSrSRBYVIGaChhydr i de
(5.0 n) ﬂ@glfgs SIQIIJVJ‘&‘ma_I'ﬁﬁo&§§&1dr(‘19}ngS 3'7“%9 %&p@f:tlveiyr ude

N-ni t rosot hi oprol I née under nitrogen atnosp C and stirred for 5 h

at 0 C ThmPeec 450 165%(7CUﬁHUh§1°é?'§d5 Zjﬁd%tfahyéfﬂl'c%@?zﬁ%%@ﬂﬁyéaz'ﬁ'ﬁe resi due
was a ?ﬁie’c ned-71d8- sﬂﬂa-F %Eé”%)_(&lb[’S@@]h%ﬁ(E@Eﬁ'é' 2-dalsyxyid Eeid S sBRS

el ute exane - e titled co ound vvas obt al ned

as a paI e H)NMEh(Sst@HZ ea (@ 3@*) 4.§4 {s42H), 4%%“()@3@ A8 IH.HP0 5 =

1.7 Hz), ﬁ_g gs = 1.7 H). Step 2:
4H 5-Thi a*'1 dd3 apefit al en- 2- carboxylic acid ethylester - 106
03/ 09327 7CPOPHWHD FBRBAEY-6-(EtMsthylr-oxs- 6a?u%te(t@h1drmlm)dam[4 ?aalﬂ&rezmo? t he

o-xyl ene glh%ﬁa fa 75X UAr1 1 Qs %ﬂélg By ’2%8 xylic aC|d sodium salt

6H 2- oxa- aza- 6a- azoni o- |de ? under a nitrogen
at nosther & NMR (Se DLOQx294f(sr3H)94 45 (F, rBH)sﬁEGt(s @h)v@&g2 éﬁ)dl‘lénﬁ #3 (3, dbn G94
tenperatu e@?d]%@mﬁ%trat ed under reduced pressure. The residue was
applied t col um chr omat ogr aphy, then the col unm was el uted
Wi t h n-hexane - AcOEt (4

Example 24

20 Preparation of (5R)(62)-6-(6,7-Dihydro-4H-pyrazolo[5.1-c][1.4]thiazin-2-
ylmethylene)-7-oxo-4-thia-1-azabicyclo[3.2. 0]hept-2-ene-2-carboxylic acid, sodium

salt:

Step 1: (3R)-Thiomorpholine-3-carboxylic acid

25
The titled compound was prepared in the same way of Shiraiwa and co-workers
(Biosci. Biotechnol. Biochem. 1998, 62, 2382-2387).
Step 2: 3-Oxo0-3a,4,6,7-tetrahydro-3H-2-oxa-5-thia-1-aza-7a-azonioindenide
30

NaNO, (3.14 g) was added to the 1 mol/L HCI (33.7 mL) solution of (3R)-
thiomorpholine-3-carboxylic acid (4.96 g) under a nitrogen atmosphere at 0 °C and
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1). The titled conmpound was obtained as a yellow solid (2.7 g, 49.3%,
and 4H 5-thi a- 1, 6a-di azapent al en-3-carboxylic acid ethyl ester was obtai ned
as pal e ywbloemwxrystals (1.2 g, 21.7%. 10 1H NVR (CDCl 3pCH/usoa4¢4, 3H, J
=7.1 H), 4.11 (d, 2H, .' = 2.1 Hz), 4.40 (q, 2H, J = 7.1 Hz), 5.24 (t,
2H, J = 1.6 Hz), 6.61 (s, 1 H). Step 3:

(4H5-Thi a- 1, 6a-di azapent al en-2-yl ) nmet hanol 15 Li BH4 (cont. 90% (459 ny)
was added to the ether (126 m sol ution. o - .

T ac 1, CATPASRITLR Dol Ehe BNy PECIRE NGk LS fraps) ancking pragie RS (0. 77
m-) undﬁwas Washel vBastinal MIsDRBt e Has/dviedlovenMMgsal ine cordedtratedfundeed f or

1.5 h. Th t d st d f

I ai 1 COMGeEHEr RO 6o G DRSNS P In Ao RO BF AP 501 Lim

hydr ogen(fe‘%‘p% dgaqashisol Utl;)ﬂ and(ig separated. The aqueous | ayer was i ed
t t t i chl or onet han c |la was drie

(VyS09) “and 1 1 IGhBHACHRATAREN T sl Tt E Hst L Skob

pressure. chéf@(m&Ld%sMﬁqsn@ﬂmdlﬁélsic@rtﬁ»(yuc%ug@kde@@I itfGY encatmosptierg abphy,
then the colum was el The titled co was obt ai ned as

d
a pal e ye°|q@WStEWlfGr'\ima?oﬁcwfgb/ﬁh?srmﬁ‘ fQURef e 3 %s'g'”@@l" Yés 1H, J =
5.6 Hz), ébn@gntfa‘ied ah'aer ﬂe@gcéﬁregéﬁreJ TheTedidudls aEpIiba tbTsilicd gél, coﬂumn 1.6
Hz), 6.04 (s, 1 H). hi a- 6a- di az (S#e@% @ﬂ | dehyde 30
The dry dfF*’thB‘iOéthMathén the galumin &f@ﬁ@iﬂt%wm nzhemeﬁyg% td4ta é n-) was
adde‘jmdrQﬁ?@d%@ﬂp@uﬁd‘ﬁ/agbbtaﬂiédrﬁs%aqg%mr&ysfté@@s4‘1 g)ezmb utlon of oxalyl

chloride (2.0 -) reaction irred for 15 mn at
the same tenperhltNMB (Cﬂﬁ:és) 5d395d"| éHi 6r(§n%l‘|ﬁ)aﬁe71((§02|'rﬂ 4543(6I2u"{ iGho-8rHz)-
(4H5-thia-1, 6a-d iazapental en-2-yl) nethanol, -107 V\D 03/ 093277

PCT/ US03/ 13429 (1.7 g) was added drovm se to the reactlon mxture at -78C,
and stirrStep 3ub zolof 1 Al : Ii : 2

was al | owed to vvarmto -450 and stlrred for 1 h. Trlethyl am ne (11 3 m-)
was added dropw se and the reaction mxture was allowed to warmto OC.

Af t er120mi n, séEthylatrepioktarhddig) wab added te teue-xygang $72 miL) solstiemeafl d@xer (100
m-) were t c OEt
) SRR A ARPRLALS s e AMPOU AHEE BT Y ARLEP e
and bri neat(rﬁﬁﬁherb)ancﬁreﬂedec{ m;smcm aﬁdtefsdlut@nems Forceniratedaynslenasreduced

concentrated under d e e_resi | | ki ca gel
col umm  chPEREYS; gr a‘[ﬂﬁ/?gs?ﬁ%nw% asp%Héde to Eﬁ.‘éa gee? cg%%ﬁroﬂ&%drﬁgn% Qher Iﬂ’\é:
column was eluted with n-hexane - AcOEt (2/1 — 1/1). The titled compound was
20 obtained as yellow oil (3.13 g, 68%), and the other unwanted regio isomer 6,7-dihydro-

4H-pyrazolo[5,1-c][1,4]thiazine-3-carboxylic acid ethyl ester was obtained as yellow oil
(556 mg, 12%).
'H NMR (CDCls) 8 1.31 (t, 3H, J = 7.1 Hz), 3.04 (t, 2H J = 5.7 Hz), 3.81 (s, 2H),
4.32 (q, 2H, J=7.1 Hz), 4.40 (t, 2H, J= 5.7 Hz), 6.54 (s, 1H).
25
Step 4: (6.7-Dihydro-4H-pyrazolo[5,1-c][1.4]thiazin-2-yl)methanol

LiBH, (cont. 90%) (536 mg) and MeOH (0.9 mL) was added to the THF (59 mL)

solution of 8,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine-2-carboxylic acid ethyl ester (3.13

30 g) under a nitrogen atmosphere at room temperature and stirred for 3 h at 40 °C. The
mixture was quenched with 1 mol/L HCI at pH 1 and stirred for 1 h at room temperature.

Solid K,CO; was added to the solution to adjust pH to 8 and the mixture was extracted

with AcOEt. The organic layer was dried (K,CO;) and filtered. The filtrate was
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the colum was eluted with hexane - AcOeEt (1 : 1). The titled conpound was
obtained 10 as a yellow solid (1.7 g, quant.). "H NWR (CDCI3) 5 4.13 (s,
2H), 5.26w0d3/024477J = 1.4 Hz), 6.59 (s, 1 H), 9.90 (s, 1PHI/USBI/ep25H

(5R) (62) - 7- Ox0- 6- (4H-5-t hi a- 1, 6a- di azapent al en- 2-yl net hyl ene)-4-thia-1- 15
azabi cycl o 3. 2. d hept-2-ene-2-carboxylic acid, sodiumsalt The dry
acetonitrile (92 m-) solution of 4H 5-thia-1, 6a-di azapent al en- 2-

car bal dehyde (1. was added to the dgr t|n|tr|Ie i on of
VOB 2 (5 Bnggnieri R TRpESUIRe SR pe e CPHE’HF‘E‘%%SE’P%W'B‘?‘& Ja8he
mxturebvgaﬁulgﬁtl()rred for 10 mn. The dry THE (184 m -) solution of

p- ni t robenzy 5R, 6S romopenem 3 20 car boxyl at 4 d and
the m xture wasHJ%M QQJs) 55¢ (B dH), t?f‘i%{thgﬁa%’néjei'dé ﬁ%m%)mé%%‘d ed in
one portifgn.; I8 1iHagEEE He3eh oWy, gos adywi th foil to exclude light.
The reaction mxture was stirred for 3 h'at -20 C and treated with 4-

di met Byl ami no pyridine (138 ng) and acetic anhydride (2.1 m-) in one

portion. §t’3§5 rs?.smyg%gﬁép%sou% M m@.éﬂ&zseamdsﬁw ed for 15 hat 0
C. The 1 ueous sol ution was added to the

reaction mxture and the aqueous |layer was extracted with ethyl acetate (3

x 400 ni). The l\‘ﬁr%bgé&ﬂgat% 93'4% 4)%& S0d8 & thlé"'@lli@lg (ms &L%bmhen %agrawat ed

sodi um hydr ogen caf bonat e ried ( tered

filtrate diggredhermazaeled Q]Hd”dﬂ'"&zmléme%‘lﬂé@' r% @n@d:l‘%'éléec{ Q)1 lgunder
[acetoxy- a(()ﬁ@%afrgggﬁ‘%ﬁbﬁ Pet d;‘ﬂ %Bﬁ‘lﬁﬂu% 49 ﬂ?etr@d' Hro@grpé BQE’U?CQMQ 4riehi a- 1-

azabi cycl carboxylic acid p-nitrobenzyl ester was
obt ai ned fiisate Vmsownceaimtrsémdgr g seduged presshrey  Ade; f@&'ﬂé@l% de taglica q)

dded
L A S e R

PCT/ US03/ Tistited compound was obtalne as pale yellow crys%;ls (1.78 g, 78%).

thia-1, 6a-di aza hI] l/ o} z

13, 2. 0f hept - 2. EHuvE EBCR 2 Tl i 25 AR lr o WS e s B
vessel5 was.58 ¢y el do.aR (4 )i I to exclude light. The reaction m xture was
vigorously stirred for 2.5 h at roomtenperature. The reaction sol ution was
filtered through a pad of Celite and the pad was 5 washed with water (200
n) and ngip&nsR)(626-(617)Dihjive-4Hpgeizold[6 er][iithiasiaghymettylend)-Then t he
organic Iayer Vas extracte with 0.5 nol/L phosphate buyffer (pH 6.5, 2 x

50 m_) d-ihia-1a2 3_-:3_:"1'."_l-‘v 2-carhoxylic acid. sodium salt 1 nmol /L

20 6,7-Dihydro-4H-pyrazolo[5,1-c][1,4]thiazine-2-carbaldehyde (841 mg) was added
to the dry acetonitrile (39 mL) solution of anhydrous MgBr; (1.88 g) under a nitrogen
atmosphere at room temperature. The dry THF solution (39 mL) of (5R, 6S)-6-bromo-
7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (cont.
99.7%) (1.93 g) was added to the mixture, cooled to —20 °C, and EtsN (2.79 mL) was

25 added in one portion. The reaction vessel was covered with foil to exclude light. The
reaction mixture was stirred for 3 h at —20 °C and treated with acetic anhydride (0.94
mL) and DMAP (61 mg) in one portion. The reaction mixture was warmed to 0 °C and
stirred for 17 h at 0 °C. The mixture was diluted with ethyl acetate: and washed with 5%
citric acid aqueous solution, saturated sodium hydrogen carbonate, water and brine.

30 The organic layer was dried (MgSO,) and filtered. The filtrate was concentrated under
reduced pressure.

The residue was dissolved in THF (83 mL) and acetonitrile (39 mL). Freshly
activated Zn dust (7.72 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 122
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NaOH was added to adjust pHto 8.0 and applied to D aion HP-21 resin (180
m., Mtsubishi Kasei Co. Ltd.) column chromatography. After adsorbing, the
col um wawolg/oei2ated with water and then 15% acetonitril e PEAGUSON$343D] Ut i on.
The conbi ned active fractions were concentrated under high vacuum at 35C
and | yophilized to give the title conpound as a yell ow anorphous solid
(634 my, 17.4% pH 7.25). M 150 C (dec); 1H NWR (D20) 84.00 (s, 2H), 5.09
(s, 2H), 6.14 , 1. H, 6.36 (s, 1 , . 6.91 (s H) ,..6.92 (s, .1 ;

(KBr) 33¢mL). ﬁé? reagan vessghyyas ﬁ%ée%m”lfmb@ e{‘é“‘iez%ﬂht fé"eigﬁ‘:t&f%‘x%ﬁ

Exanpl e %@asﬁﬁ%&@ﬂﬁ& bﬁ’r’ﬂe@for(‘lﬂ éﬁébnﬁehﬁbi'dttm’edm feaction mixture was filtered

.2-cl thiazol | met 4-t hi

azabi cycltBrosgh @%ta/ei‘t )erh? f'@éFeo‘HﬁlY"Pg"chW'H‘ ethy Acainte and theagyequs

Thi azol i difsrdvRRpaRfed.i tThe GqaesuRabysH wikscoBle@RaBed drtl 1 hENS@HEvasided
Marvin M and Allen R _25 Harkness. 0{’ﬂr(’Tetrahedro etters. 23353,?3 %gé
6971- §974p adiystpH o 8 Zhe MiKHcVas ¢ S'Pféatﬁda\‘d}é%%f V%‘&a@e%% 3'8% g)

added to 6&h%eﬁt9eitéIWa%p9fedt*alma@hu-nh Pt (PrsmnﬁL (MifsuBisth) Kaskd ConLdiyesiE (690 ni)
and the reaction m xture was refluxed for oled to

r oom t enpRAlERR FRrogAegraRNG r AfteadRoHIg, F'@%E@B’H“%ﬁ@?ég‘”ﬁ% e’é{'?g e was

triturated oM §4115HCrBe Viabinéd ?raémiristwa@ cbfdentraledaindePRigh vasmer af 36 ec f or 30
mn. The precipitate was filtei~ of f, washed with CHCI@Q_Q
9 Pﬁacuo

sol uti on qnEhyetyiizeddo givedte ﬂthwan@gm@HQW?W%@g}

The t{y az‘gql d¢jyne- 4- th| one was obt a| ned as a pal e yel I ow povvder (10.7 g,
65% . ' H NVR (CDCl 3) ﬁ-ﬂ& ’:‘&é

4- Met hyl t hi o- 2M9-1@Dh§2c(plgc)c Ntﬁ@@é@h@@%%&i*dé‘(@é“é) &)7 s2HHdeR Eo the
boiling s L O} Hyd (495 hl or of orm (400 ni),
and the rée)'élc‘{l gnr]] |£r¥1£)xt%gjr7g(§\/\/allsl) rbg?l(éx{eﬂg ?% (S.ﬁ-l) 6@%#{}1@ reaction m xture
an additional nethyl iodide (56.8 g) was added in 5 portions at 30-60 '10
mn intervals. After-refluxing for gg&}gyml 1 h, the reaction m xture was
cooled to room tenperature. Then 1 i um car bonat e aqueous sol ution
(200 18) was added and stirred for 15mn at roomterrperature After
separati ng oran S | @ 18 e . (1% 3 (100

thia-1-azabicyclo[3. 2 Olhe t-2-ene-2-carbox lic acid, sodium salt

Step 1: 3-Oxo-3a, 4-dihydro-3H, 6H-2-oxa-5-thia-1-aza-6a-azoriio-3a-pentalenide

20
Conc. HCI (15 mL) and NaNO, (16.6 g) were added to the H,O (166 mL)
solution of L-thioproline (24.3 g) under a nitrogen atmosphere at 0 °C and stirred for 2
h. The solution was extracted with CH,Cl,, organic layer was dried over MgSO, and
concentrated under reduced pressure to afford the crude N-nitroso derivative as a yellow
25 solid.

Trifluoroacetic anhydride (5.0 mL) was added to the THF (350 mL) solution of
crude N-nitrosothioproline under a nitrogen atmosphere at 0 °C and stirred for 5 h at 0
°C. The solution was concentrated under reduced pressure. The residue was applied
to silica gel column chromatography, then the column was eluted with n-hexane - AcOEt
30 (1:1). The titled compound was obtained as a pale brown solid (4.0 g, 156.1%).
'H NMR (CDCls): 54.04 (t, 2H, J = 1.7 Hz), 5.40 (t, 2H, J= 1.7 H2).

Step 2: 4H-5-Thia-1.6a-diazapentalen-2-carboxylic acid ethylester
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(MS™) and filtered. The filtrate was concentrated under reduced pressure
and dried 15 in vacuo. After drying, the title conpound was obtai ned as
brown oi IWQDbYo®2g7 quant.). 1H NVR (CDCI3) S 2.51 (s, 3HpCTAISOd1xe9 2H, J
= 3.5 Hz), 5.21 (t, 2H, J = 3.5 Hz). Step 4: Thiazolidin-4-ylideneam ne 20
A m xture of 4-nethylthio-2,5-di hydrothiazole (10.7 g) and amoni um
chloride (6.4 g) in dry ethanol (400 nL.) was refluxed for 27.5 h. The
reaction m xture was cooled to roomtenperature and evaporated under
reduced pressure. The residue was dissolved in chloroform (300 m-) and

10% pot assi um gthybsraplotat (BI€ LY wae ladbiéd o tﬁgQﬂ(yléﬁe)(:B@ ey selutiér 6(B-bxg- 20 mi n
at roomtenperature. After separating_ or anr ﬁak he és)vw%ueous | ayer
was ext r addeadiydra-3Hh 66 &P ﬁTt'@'EUhaﬁegfag‘}“'°' § “r'dts;ﬂé g @conbi ned,
dried (MiitdgernBfhdsphérrAd. reﬂih)@dffbﬂ 19 mt ernéea%m@nmetdbareado twl@r reduced
pressure and dried in vacuo to obtain crude thi azol idin-4-yli 8gam ne

(5. 5g)° asiemRsFire andysangentraied ST fadiired Pressytfict Ne Fpgidys W It\‘bxy
derivati Vﬁlr@‘ﬁ%l‘ébﬂﬁiﬁ‘bﬂr&ﬂﬂh@g?ﬁrpﬁx tﬂéﬁwmmhﬁmrs%lutwwmnﬂféxéﬁ@- Aé@Ett “ng
re

material . The ratio of these q(i[;?‘)ﬁrgounds was ter.m p{f to be

61: 34: 5 reYpethe jigd,cogpound war obtaine yelsey %’9""5(237 97§9(3tﬁ>) apd 45-5thig-g 1) |
4.97 (t, ?'da-diaza;;@nt%leﬁzé carb&gﬁ@a@rd e?ﬂ?lésl@rdﬁé@ddtarﬁed?bé bhie3Rli®w erysisialdehyde
-110 WD 037093277 PCT/ US03/ 13429 The sol ution of

2- br onp- 39i bprdpoxypropenal (6.9 g) in dry acetonitrile (326 m-) was
addedsg o the SOWNMW(LOﬁCI g0 (DBAZGLI TN Pief-a/4d deDRam-ne () .40 DHATY

acetonitrile (326 nl- roomtenperature. The reaction m Xture was '
stirred at=robhz), &rﬂfeﬂa@'ﬂrrx/e-?bﬁf%?) 8.61%s,HH)added triethylamne (4.9 m-) and
then refluxed for 2 h. The reaction m xture was cooled to roomtenperature
and then evaporat ed under reduce pressure The residue was dissolved in

di chl or onBtem3id4HBDhiar1.6a-digrapaniaten-2; AN ot assi um car bonat e agueous
sol ution (20 g). After f||trat| on and separation, the aqueous |ayer was
extracted with dichloronethane (50 nL x 4). The organi c layers were

conbi tied, 10 dr Ligtls (6dayEC0)%pEAGOfm)t wasdddethio the letheat(626nand) evlutin eft 4dt-Sunder

duced _ ) 1
educed STl lE 1l Ao R EP (25 ) S ORI e
7H- | mi daza[nitr&yen)] dthiospiure 2 ramm mmam then sefloxedvforsioh hd. Tha hmxturamles

d - I h
50760 at 20°1cheg Wit 3 TRETRC RS DAL o Ch'E BN tetileraly o TG o
1.84 g, l1hikthre Was HellvilizETDBY 3$atbrade009‘oo(:ltum 2ihydrdgen kagoadrale S@llmen(and 2H, J

= 1. 256%) oo darfRa( Sthe allieoud 18kr was extracted with dichloromethane (10 x 25 mL). The
organic layer was dried (MgSQ,) and filtered.  The filtrate was concentrated under

reduced pressure. The residue was applied to silica gel column chromatography, then
the column was eluted with AcOEt. The titled compound was obtained as a pale yellow
solid (1.7 g, 87.9%).

25 'H NMR (CDCly) § 2.95 (t, 1H, J = 5.6 Hz), 4.07 (s, 2H), 4.62 (d, 2H, J = 5.1
Hz), 5.13 (t, 1H, J = 1.6 Hz), 6.04 (s, 1H).

Step 4: 4H-5-Thia-1,6a-diazapentalen-2-carbaldehyde

30 The dry dichloromethane (8 mL) solution of dimethylsulfoxide (2.2 mL) was
added dropwise to the dry dichloromethane (110 mL) solution of oxalyl chloride (2.0 mL)
at -78°C. The reaction mixture was stirred for 15 min at the same temperature. The
dry dichloromethane (40 mL) solution of (4H-5-thia-1,6a-diazapentalen-2-yl)methanol,
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(s, 1 H. Step 6:

(5R)(62)-6-(7H I m dazof 1, 2-cl t hi azol - 2-yl net hyl ene) - 7- oxo- 4-t hi a- 1-

azabi cyclwo026/0$272. 01hept - 2- ene- 2- car boxyl i ¢ aci d, sodi umPEaltS03/13429

7H I mi dazo[ 1, 2-c] t hi azol e- 2- car bal dehyde (841 ng) was added to the dry
acetonitrile (116 m-) solution of anhydrous MyBr2 (2.93 g) under a
nitrogen atnosphere at roomterrperature The dry THE solution (116 m-) of
(5R, 6S)-6-brono-7-o0x0-4-thia 2

- azabi cydlld[®.waxadeegdr QPV@ﬁ%tOZthE zﬁ?%‘@fé? mirtueeaty 78" G iapd StiEiRg yasgoptipueds ont |

99 N ( 2fo5§n a8diticRe 19ﬂqﬁd 'IfHé rbAioRInikiurEwas BMvRSH toQvardCo C45°@éhdRstididd( 2. 20

-) was added I n one i on. The reaction vessel was covered with foil

t o excl uder l‘ ing hT”etl'M%mF‘@e(&i Bdnb) wasadded digrwise ARG &g reaction mxie Way ¢ and
treated WbRedtsvhfm 803IT ingdRr £3mAS saturate®BMAmoRMrcHId Gl §E]0t|dnr(50hﬂ_ portion.

The reaction m xture was warned to 0 C and stirred 30.for 15 at C. The

mi xt uBe vensl waten (198 rliwere edged apdsepasatedd TReIBIGOHR {%He%“}@%?wqc@d with g
agueous SR&GE*J% 159PAHLY, 2R cBABET L RIEIERSTs SRIPABMEY witpiater @b Ly ne. The

organi c | ayer ltered. The filtrate was concentrated

under r e@nsvbl@rmed%% M»&r'(edJ(MBSm any] Titpsed: 7 Thefiltiate) wag sanegntraied YWel due was
di ssol VedreHGS gés‘iﬁe mTt‘)e B8due Rk QB?Iierd' tb%lllﬁg ef@eﬂu;gr'f&%ﬁ‘lalbgﬁ*ﬁé 35(; fHepd Zn

dust (15.1 M phosphat e wer e added to t he
mi xt ure. fhh@ohmwa%ﬁlutﬂéé@@ heyage c ARG |1 wﬂl h The ifleq 60"65{9}4“%'&391 ¢Rj@iped The

reactjgn aé’%?&lw\nﬁsdﬁ@% Yigeuansl y stirred for 1.5 h at roomtenperature. The

reaction mxtu |Iteredthroug pad of Celite. The filtrate was
washed with et h{l NMEe(GRE:)ahé 18 e 2Hg é’@u@ PHyér WaHBHEP4s.ctH). 9199 Gqueous
| ayer was Igool ed to 3 Cand 1 MNaOH was added to adjust pHto 8.0. The
m xture was concentrated under high vacuumat 35 C. The concentrate was
aﬁplled to Diaion HP-21 (321 n1_ Mt subi shi Kasei Co. Ltd.) resin colum
chromat og Y. . ] 1.1 2 MeCN
(1/0 - 9f ep FHE-COfbr et s rs—mere G 2tﬂa1_cuumat
35I éﬂﬁ(igdaimw@@ bgt-g;lewe~2t-d5m'bbxyli®acidMum saeat a yel | ow anor phous
sol i H 7..5) 145 C D20 85 (s, 2H),
4.88 (s, 2H), Tghggry(abcetqpltp;f (Qg!r\rfg.ésolegon %td &?)S-tglagggl%@a aleq—%m (s, 1H.
15 carbaldehyde (1.7 g) was added to the dry acetinitrile (92 mL) solution of MgBr (5.0 g)

under a nitrogen atmosphere at room temperature then the mixture was stirred for 10

min. The dry THF (184 mL) solution of p-nitrobenzyl (5R, 6S)-6-bromopenem-3-

20 carboxylate (4.3 g) was added and the mixture was cooled to —20 °C then triethylamine

(7.4 mL) was added in one portion. The reaction vessel was covered with foil fo
exclude light. The reaction mixture was stirred for 3 h at —20 °C and treated with 4-
dimethylamino pyridine (138 mg) and acetic anhydride (2.1 mL) in one portion. The
reaction mixture was warmed to 0 °C and stirred for 15 h at 0 °C. The 1mol/L Citric acid
25  aqueous solution (1000 mL) was added to the reaction mixture and the aqueous layer
was extracted with ethyl acetate (3 x 400 mL). The combined organic layers were
washed with water, saturated sodium hydrogen carbonate and brine, dried (MgSO,) and
filtered. The filirate was concentrated under reduced pressure and crude (5R)-6-
[acetoxy-(4H-5-thia-1,6a-diazapentalen-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo
30 [3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester was obtained as a brown
amorphous solid.
Freshly activated Zn dust (19.3 g) was added rapidly with 0.5 mol/L phosphate
buffer (pH 6.5, 100 mL) to the THF (100 mL) solution of crude (5R)-6-[acetoxy-(4H-5-
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Exanpl e 27 Preparation of

(5R, 62Z) - 7- ox0- 6- [ (4- ox0- 6, 7-di hydr o- 4H pyrazol o[ 5, 1-c] [ 1, 4] oxazi n- 2-

yl ) met hyl woapags2rhi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car bexylusos/fsaed. 20
Step 1: Diethyl 1-(2-{ftert-butyl (dinmethyl)silylloxy}ethyl)-1

H pyrazol e- 3, 5- dicarboxylate To a solution of diethyl

3, 5-pyrazol edi carboxyl ate (2.17 g, 10 nml) in acetonitrile (10 25 m),

under nitrogen, was added potassium carbgnate (2.07 g, 1 nd 2-
br omoet hdia-t.6&:diegaranialenrgrdmeting-g-brogp- 6°X‘i‘2"tﬁi?o1'?zaq’ﬁ¥8%r{gg?dle’%ot%é
stirred %ne‘lﬁﬁélﬁéxyhﬁ QkidlBniftobenzyl ¥46r. The Feeaon eéss‘eDwé@emdr@dTwmﬁ adildo e,
diluted wth l%\/ acetate (20 m), and fllte%“&& ? %u%h I\/agnesol The
filter pa@‘CWQ§ "9 tut Eop Wﬁ°H°'2mJ?d‘1rG Was \igoreysiy stireeddpne 2 Mt he conbi ned

fil ”atet ePa\f@reofﬁ%eeféactTé?ﬁsdh%h% m@ﬁecpth h\eqshddﬁdwmtharpddmsed 30
t hrou a colum of | i ca % wi th hexanes (100 ml),

t
the c&l un\fﬂashﬁdy"'@l"lﬁt@d@\ﬂpt’m{- @Pﬁﬁ'blﬁé’@ﬂ' é%QQ m*FheTE? Iﬁgge%é?ﬁré!"aél uent was
t | 2 WO
8‘9’)7‘88537‘;&8%%} %ds%@? tzlﬁgﬁ:'ég@ o@{amc@azfé? sl eRraeted With ' moRL rdsphitaduffer (9H
1- (2-{[ t 8- Er%ts159|nqld| n‘émmsqry@nwawﬁwéqm were qangentrated 10 90 ¢ 1Mot hanol To

a sol utiog, {-)I %dgl ¥4 to adjust pH t080and I|ed to Diaion HP-21 resin (180 mL,
1-(2- {[tert utyl |rreth ] oxy}e -1H-pyrazo|e 3, di carboxyl ate

(0.74 g, Mitsrkigh) Kawﬁ@ch )ewéJremaPWPméo @hw) AftefrRAsPraing, '?fg%‘ﬂ“mﬂd@sadded 5
12 myepf gutESQNéM \ﬁ@é#‘éﬁ(ﬂﬂeﬁﬁ 56 éc%%ﬂﬁhbé' ﬁueawswmﬂ'ahdr ﬂ'ﬂ@ cbrﬂbiﬁ'@él Aydivene

chl ori de ter stirrin ture waas war ned

t o room t kaglienawgrecansentatsd Hnger h'gh Vﬁé‘“ﬂﬂ@%@@ﬁé iﬂ\&H’hW?qltolQS"?ﬁhedlﬂe
sat ur at edg &Hﬁ&lﬁh‘ﬁ%‘%@ﬁ &lﬁoraﬁéwédna (@mngxw@%t BM 7.20)t h et hyl acet ate. The

organi c extract was brine, drred over anhydro

sul fate, and eM&d@ﬂéCe(de@)o FQNMR (D24 54.081(s 2P 108 (8 AH)dS. 1141(3:8121)8@3@(5 M5 W
10 287 | t bwyek
o A o WSS S e o

1- (2-14 t ep92,196YI(.di met hyl ) si | yl ] oxy} et hyl) - 1H— pyr azol e- 3, 5- di net hanol
(1.18 g, 4 mol) in nethylene chloride (20 m), was added 4- 15

met hyl nor phol i ne-N-oxi de (2.89 g, 24 nmol) and nol ecul ar sieve 4A (4 Q).
The reaction m xture was stirred at Examplg28perature for 10 mn. and then
treated with tetrapropyl amoni um peruthenate (0.15 g, 0.4 mml). Stirring
was continued for 2 hr. The nmethylene chloride solution was concentrated

and di | ut gsrephidlion! SFEERI(6 I H-IrhitRazo[1,2-clthiazol -7-0x0-4-thia-1-
20 azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

Step 1: Thiazolidin-4-one

The titled compound was prepared in the same way of Marvin M. and Allen R.
25  Harkness. (Tetrahedron Letters. 1994, 35, 6971-6974).

Step 2: Thiazolidine-4-thione

Lawesson’s reagents (33.5 g) added to the solution of thiazolidin-4-one (14.2 g)
30 indry THF (690 mL) and the reaction mixture was refluxed for 2 h. The mixture was
cooled to room temperature and evaporated under reduced pressure. The residue was
triturated with CHCl;:MeOH=7:3 solution (65 mL) at room temperature for 30 min. The
precipitate was filtei'2d off, washed with CHCls:n-hexane=7:3 solution (15 mL) and dried
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m xture was filtered through a pad of silica gel (40 g) and the filter pad
was eluted with 2 20 x 20 ml ether. The conbi ned el uent was washed wth 1N
HCl and bwora/09xtri ed over anhydrous sodi um sul fate, and ecafspataEMto give
0.79 g of a white solid; np 63-64 C, M5 nle 283 (MH). Step 4

4- 0x0- 6, 7-di hydr o- 4H- pyrazol o[ 5, 1-c] [ 1, 4] oxazi ne- 2-car bal dehyde 25 To a
sol ution of

1-(2-{[tert-butyl (dimethyl)sil I]o } et razol e- 3 rbaldehyde
(1.02 g, 'BVBW%TB'F'? thigzofifiedsh W)W%a%b é%%asap% x@ﬁo%poydgrﬁb %ol ution of
t et r abut ygsagyroni umfluorlde |n THE at 0 C. After stirring for I hr, the
mxture was, ' treated wt of _saturated anmoni um chl ori de sol ut| on and
extracted wH NMR (ﬁ@m.@(ﬁ%@éﬁ%t?é") %ﬁ@(%ﬁbam c solution was washed with
brine, dried over anhydrous sodium sulfate, filtered through Magnesol and
evaporated. The crude gum was washed with hexanes, dried in vacuo, and
then d& ss&lepéjﬁMeﬂMthw-aﬁedlme&IhmoﬂQo m). To this solution was added
4- et hyl nor phol i ne- N-oxi de (2.89 g, 24 nmol) and nol ecul ar sieve -113 WO

03/ 093277 PCT! igfhs{ibdiae 28.44) Was Biged RindinBitG Soitich Sfthiakaifindla tifcH

tenperature for then reate tetrapropyl anmoni um
per ut henat9e ¢)in thloggfodn MQﬁmL) anéthe reaptipnmixture wap mefed dor 125 hr . To thee

t hyl t t t
(20 1) SRR RS e Ad e BANGRRE (50,85) RaG ollisd irpdtioly & dpgso ReZ 31 @
t he fi0 t emimiattrvas Aftertrefiuxngiior bdditionzaR 0 hdheateagtlonanmttm was th@e@momd

I t
cLient Yegplaslid shih oo bdbatfCabhdg aaudbi kR O Ay guagl v
We 167 ( Mahg stirféidefor $5mif-atirooro bempsrhture.  After separating organic layer, the aqueous

5R) - 6- tyl H-
((:] [)1, 4] E)i%ge %?Oﬁga%%etd%ﬂ] éEéBﬂ%%%&é (%&%rﬂ?:% si\g%r |c(1:)8]c n 3dréed0] hept - 2-e
ne- 2- car (MgSO2taed Titlereds oTha filvateofasiMpBrent(zediandsr reduszd m.mﬂsyra and dried
acetopnitril 13 d
4- oxo- I"d’eaﬁé%rr émfhd%ggiﬁ @Ff%ﬁmﬂs gogggg'?er?ea rg‘évp t%’éh‘?féﬂﬁd%”?’&"m g,
0.84 rmol ) 'AINMRQCDCRPLI5At (8 IHWBOH (52H; Ui=rgy5 HE), S Lt 2Hy bf 3.5 Hz).
(5R, 6S) - 6- br onp- 7- 0x0-4-thia-1 15 azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c
acid 4-nitrobenzyl ester (0.32 g, 0.84 mole) in THE (13 nl) was then

added, angtdpgw TRi¥dlidin idefehmthd 0 -20 C. Triethylamne (0.35 m, 2.52
nmmol ) was introduced, and the m xture was stirred at -20 Cin the dark for

j_ N1h r|\20 't was }Ahnﬁ}&tutré gfa t%—er"ndetmlthl%-f‘ g hydroah Zo(iler |(1%e7 g)oéﬁzd ymi‘nor%iu(r)n éﬂf&'ﬁe’ and
(6.4 @) in dry ethanol (400 mL) was refluxed for 27.5 h. The reaction mixture was
cooled to room temperature and evaporated under reduced pressure. The residue was
dissolved in chloroform (300 mL) and 10% potassium carbonate aqueous solution (200
mL), then stirred for 20 min at room temperature. After separating organic layer, the

25  aqueous layer was extracted with chloroform (100 mL x 5). Organic layers were
combined, dried (MgSOQ,) and filtered. The filtrate was concentrated under reduced
pressure and dried in vacuo to obtain crude thiazolidin-4-ylideneamine (5.5g) as a brown
solid that included by product, which is an ethoxy derivative and 4-methyithio-2,5-
dihydrothiazole, which is the starting material . The ratio of these three compounds was

30 determined to be 61:34:5 respectively by 'H-NMR.

'"H NMR (CDCl,) & 3.75 (t, 2H, J = 2.8 Hz), 4.97 (t, 2H, J = 2.9 Hz).

Step 5: 7H-Imidazo[1,2-c]thiazole-2-carbaldehyde
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di met hyl am nopyridine (12 ng, 0.1 nmol), and kept at O C for 18 hr. The

m xture was 20 concentrated and the residue was dissolved in ethyl acetate.
The et hylwamewgt2e7 sol uti on was washed with 5%citric aci @CTasvutaELEd

sodi um bi carbonate solution, and brine, dried over anhydrous sodium

sul fate, and evaporated. The crude material was chromatographed wth
silica gel (EtOAc-CH2CI2/1:5) to give 0.27 g of an off-white solid; np
107-110 C; M5 W 595 (MH). 25 Step 6:

(5R, 62) - 7- ox0- 6- [ (4- ox0- 6, 7-di hydr o- 4H pyrazol o[ 5, 1-c] [ 1, 4] oxazi n- 2-

yl I) rrft hyl e ][le] #hé Bblatidn ezRbiot=3-oBroboRYpiepsnal (9 6) RA-drpabetsiitrile (336irdL)To a
solutiron o

(5R) - 6- [ (Weeagd n%L Fqsgﬁjgorboffrgﬁl%@%zal|d4|p+4wp%n3r[1%(5&3 g) in dry acetonitrile
c][1, 4] oxgpemidr ét'rdém‘télﬁbéraﬁrr@r qme réa@ia rdixtukd @aést&i@b&t&ﬁ@h@énﬁp&aﬁ]@ept 2-e

ne-2- 30 car bo te HE under. nitro

was adiedferd® rﬁ Gddgd Eﬂ%@ﬂﬁfgﬁ’@?%éﬁ@m"gdh?ﬂ T%Hx?‘%f%%ﬁh pENgreRc { L Pt ng of
?%45% g WIQe?abeétdﬁfo@wv@?%eﬁat&bfeqdmrﬁwmwuﬁg{ré&w 84621% tmﬁdr oggnat ed
a si for r, and then filte | er pad was
washed wi EQ‘F'dF'ﬂlwasagﬁFO!“l?g IR p|°h é‘lnéeélﬂ &Qbr"é@tag’g ‘Mﬁspﬁdé‘ftﬁga@%ﬁ%t?ﬁﬁ“émpme
organi ¢ eximbafate a‘éyﬁéodyédhﬂloﬁ\(% ﬁnh\ﬁdrmuatlmmpamtﬁnlmtamm |eyaporat ed.
The residue was washed E er to rs'(r)r_l; IyeIIows% M5 nife
106 { Nok) Was Akasted iegichlsrornstbans ol x A5, Jnesuan syaleaverg Conpng 6. o

(s, 11¢9, dﬁecﬁ?\/lé%,,) hnkf¥ilteréd S 8THeSfiltrdte Was elapbrated under Mducx pregkere28The

E r (egagato: (r)ﬁr%wﬁ@ was anplied i glica ggl solkaw-cpromategiaphi ARY ehutesdyity CHHs 4= MeOlly

aza- bi cyctﬂio?»33téjomrhtcrad@wer-l%Toraab[bczzﬁmtm@zoeecmaﬁamh eEEQIb?dvﬁfscﬂlﬂ of 6
7- Di hvdr o-4H-t hi enol 3, 2-cl pvran- 2- car bal deh POCI 83m 5,erer|) was

added dr opif SBIdeProdust was ecrrysiiized tyief rongéhl,%-) ”‘hﬁi‘?ﬂﬁ @ 30Prit-es.
(20m) Wa%o%@gﬁlcb Qf'fb élbeetijféafhauh‘&ﬁalﬂ ged pafetrobvie (Yl@lﬂ i§4$5¢5 %).

appeared to, be The reaction was kept at 230C for hen it was
cool et o Oi‘U‘J ( Cld)+¢1>99étn2lzi Sid- QHZ)gﬁe%(t%hﬁo‘l i 2|H¥),170ﬁ$ (W81 t hen
added dr H5.€ wthin 3 mnutes. The reaction was kept at OGC for 2 hrs.

Pour the xt Ure onto ice and sodium acetate solution and extract with DCM
(2x200) . The combined organic |ayers were dried over magnesi um sul f at e.
Filter of .l ) ? .pf product.
The conpot v it - - O gram-of et hyl
2- 6, 7- Di hpda lﬁc@thl eno[3 2-c]thi opyran 2-

20  [3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

7H-imidazo[1,2-c]thiazole-2-carbaldehyde (841 mg) was added to the dry
acetonitrile (116 mL) solution of anhydrous MgBr, (2.93 g) under a nitrogen atmosphere
at room temperature. The dry THF solution (116 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-
25  1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (cont. 99.7%) (2.51
g) was added to the mixture, cooled to —20 °C, and Et;N (2.20 mL) was added in one
portion. The reaction vessel was covered with foil to exclude light. The reaction
mixture was stirred for 4 h at =20 °C and treated with acetic anhydride (1.26 mL) and
DMAP (160 mg) in one portion. The reaction mixture was warmed to 0 °C and stirred
30 for15hat0°C. The mixture was diluted with ethyl acetate and washed with 5% citric
acid aqueous solution, saturated sodium hydrogen carbonate, water and brine. The
organic layer was dried (MgSO,) and filtered. The filtrate was concentrated under

reduced pressure.
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car bal dehyde-acetate and 10 mM TEA. The m xture was refluxed for 18 hrs.
Then it was washed with water and dried over magnesiumsulfate. It was
then fil twoadiosroncentrated and flash chronmat ographed w PRTAGIE 13399
acetate in hexane. The collected material was 25 dissolved in 100m THF and
LAH (150m, 0.5Min THF) was injected and |left at 230C for 10 m nutes.
Then it was refluxed for 18 hrs. Quenched at 230C by addi ng water and

tually 1IN HO tq.cl t he. i _ - Ext i | t
Coxp00mt) and TGeseRRvep gERphed i i ARt leleB b, REHE O 1 (o
?)?;,(34 ?gggﬁﬂwaéﬁzgwet (18..13@gagmdqoas Hiphats ; pl'iégb&)uﬂ’eu(qbtl mﬁgzsigap weasadtiesdol ved in
an anes | OXI de I a S I ONn wWas
carried dhe HT'XtQ@chC? I%%Feaﬁﬁ%” W?s.sel?‘ﬁﬁ%co"%%‘%ﬂ} @%‘@Fx‘gﬁeﬁ@% \-/lig'g ré%g@h each
hal f atn hfb&léjrégflbﬂ/iﬁom.?ély@?r@ﬁif@*1.?/hsattdhﬁmténhﬂérmlmjoThélrennybriTi/na@ \?vzs) cel : te
concentrat ed. as col u nro r ave .. r.am 0 | © Ol
produét . f”te'_’PP&*hrW@S‘?M t%gﬁ@%@@%ﬁ‘ﬁ%& as %%ﬂy%ﬁtage andye 7. 41(s,

1H), 4. T4dusougidyer WadSedarated H ThidruBoli¥ layen@Scddled 1B °C drd1 GHXROHVE:
169. 1( MtH) Stcgf : P_regarati%n f d . t 35

6- (6, 7- Di W3RAdslegHo Adiushiitio 8.0¢| 'B'gﬁ mhdyre WassCRGPUIASd Yndsy fighgracuum a

g- ;hi[]ah 16@' azﬂi_e %ﬁﬁdéhltr'[a% \gaaadﬂﬁiaa tegm IgPlnmr(Em(pHLi, glggalbishi Kasei ())o. Ltd.)

, 7- ydr o- t hi eno - c] pyr an- 2- car bal ¢ehyde mo| ) AWas

di ssol vedepiA colmA CWE@?W%A‘M ﬁgﬁ{&dﬁ%’ﬁ&w %’&W&&%‘g‘”%!ﬂ%ﬁml) was
t heE ﬁﬂdelge@BNC{% -2921). aTIZ@éﬂhBhéd frihﬁ)rigiwéruibend?;mga%ﬂih urrdedrzngh vaamz bbitS)S ha: f
an hour. 6-Brono-7-0x0-4-thja-1- aza-bicyclo[3.2. ept - 2-.ene; 2- oxylic
aci d 4- ni 1G 8rdblpphjizedde givethe B\}Fg?“zl?ﬁHS‘F)%i %YJI'BW?@?AWH‘EE %ﬁ&g ?fﬁéngi‘f"ect ed
all at onggyapd the m xture was imeldiately cooled to - 2000 Triethylam ne
(1 mM) was then injected and the m xture stirred at - for thr hrs.
Then acetic anMpd¥bde (@%)A%N%@zphjs@&%@’ 2N ﬁ%(sn?é%%‘; %%Hkﬁﬁ%r ed at
QoC for 8 .arlle i QN dia was then diluted with 400m et hyl
acetate a d@é?ﬁ%sd@wﬂ?ﬁ%l-ﬁo 'Eﬂm?S% citric acid, 100 m saturated sodi um

bi cartionat e, and 100m brine. The 15 organic |ayer was then dried over

magnesi um sul fate, filtered and conggnt,ht#6. Flash colum chronat ography
usi ng 20% et hyl acetate in hexane gHV'e—a'%—rrg (41 9% product. This product
was then dissolved in 15m THE and 15m aqueous phosphate buffer (pH=6.5).

The mi xt .th jected  to. 45psi 41005
1006 pal | aBTRRATROL S (RHEDTHRRC a4 2R8R 7 HDRBAR R er AR DM Al iPa® 0l A
concentrat ed 2QQhﬁtNﬁGhlq-tt-ﬂ'liéﬂmbidwm[&QfO]hé;ﬁ-ZFEFe-ziﬁmbexylictAaid. was t hen
cool egloto zero degree and

dicarboxylate

To a solution of diethyl 3,5-pyrazoledicarboxylate (2.17 g, 10 mmol) in acetonitrile (10

25  ml), under nitrogen, was added potassium carbonate (2.07 g, 15 mmol), and 2-
bromoethoxy-t-butyldimethylsilane (2.90 g, 12 mmol). The mixture was stirred at reflux
for 18 hr. It was then cooled to room temperature, diluted with ethyl acetate (20 ml), and
filtered through Magnesol. The filter pad was eluted wtih 2 x 10 ml of ethy! acetate, and
the combined filtrate was evaporated. The residue was dissolved in hexanes and passed

30 through a column of silica ge! (70 g). After eluting with hexanes (100 ml), the column
was eluted with ethy! acetate. The ethyl acetate eluent was evaporated to give 3.71 g of
a colorless oil; MS m/e 371 (MH").
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basified to pH=8 with 1 N sodi um hydroxide. Then it was purified via
reverse phase HPLC using 2 liter of water followed by 5% acetonitrile in
wat er. Wawero3mex7t hen renoved through concentrate in vac®ROTARSA3/1139 ny
(38% of product was collected; MP: >250 C 25 HNWR S 7.36 (s, 1 H),
7.15(s, 1 H, 6.55(s, 1 H, 6.44(s, 1 H, 4.61 (s, 2H, 3.88(m 2H), 2.86
I(:.m 2|—|)t 2.27 (m 2H), 1.43 (t, 3H Ms: 320.3(MH) Exanple 29 30
reparation of

6- (6, 7- Di $ipRrd 14#{{ﬂ$r*ehl8p'§dwn%fpvwl¥&?9%}?tb¥'§rﬂHﬁ%ﬁ‘éﬁe’fﬁ dimsthanol

t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid -116 WO 03/ 093277
PCT/ US03/ 13429 Ste _1: Preparatio

6, 7- Di hydf®aspiution eadﬁw -é?q{[tﬁﬁowwweth&%"%%ﬂw@w!ﬁ)e1 hbPyiagolez. o, 43mol )
was addedg idaBBNYISE (6. ?4?09 nﬁﬁ&%ﬁﬂn%eﬁ@ c%ﬂae (84|%I)1Tm&er nittolgBh 'was dddedt es.

DCM (20nml) was ‘added was renmoved when the reaction 5 nedia

appearfed t2mbef 45N sotptien Pé@@@b@tﬁlamn%ﬂ)‘b’d%ﬁe '236@"&"6’?3 ohigride atfhilh it was
cool ed t OA%)I‘%tlgrg"@e% 0 Lt BN fie %Rrgé( Wa5s ﬂla 5rogﬁ16c€h1 &R lior 0.5 hiom

DCM was ‘théen dropw se W m nute e react on was kept at OoC
for 2 hrslt \nBsIthﬁrequemched W(ﬂ'\/ﬂ(SIﬁJ@f satyrﬁedjamnmmumslrdovde solution angl extracted

sat ur at ed sd d
over sodi{l @V{%%%gaﬁéﬁ% e@gﬁﬁ % Qﬁ%(g%éré ;)".’a%'geiy}g&gh Icegnd(\:%%?éh te an(rjI 1? | ash
coI um ¢ hgouih @glf@tpj‘nayndJe\'rapgra‘téWboegiWO.4écgeifamhliemdhd><mp62-&3’:‘61‘\@& MS &/gr am
31 Zéﬁ?{ ct. The conpound was di ssolved in DCM (100m ) and was

mmol ) of ethyl 2-nmercapto-acetate and | m TEA The m xture
refluxed for 18 hrs. Then it was washed with water and dried over

Ct byl noeBiR i Ertterk b eI O SR RSt BB RRel AL *°
HNVR S 67680, stikrdd) , sdutich (8 2+{[teit- Eﬁﬁlﬁdlm%l'lﬂyl)s@l]%}éthyl)-ﬁH-pyjazble63 Bz) ,

2.91 (t, 2H, 185. 1 4.8
6, 7- Di hyd?@leimﬂohlgﬂﬁ 39,2%]%0 wawe%w&?bd?k?r@% 5?39 %&mﬁéﬂ a%Dgst“er was
di ssojy edMeEhyirﬂ&%olﬂéEr\l@idel(é\lsg@Qﬂnma) B mldaura)r siens 4ArH el The earttiome

reaction was left at 230C for 10 m nut }' H was ref%uxed f or hrs.
e ‘@’a

Quenched B¥xturgzy@syistifedadbrropTortfyre "T“Byeﬁnddé Tht ERREH W '?Ih
remal ni ngtéﬁ%%rd@%ﬂﬁﬁonium peruthenate (0.15 g, 0.4 mmol). Stirring was continued for 2 hr.

The methylene chloride solution was concentrated and diluted with ether (40 ml). The

added
was

mixture was filtered through a pad of silica gel (40 g) and the filter pad was eluted with 2

20 x 20 ml ether. The combined eluent was washed with 1N HCI and brine, dried over
anhydrous sodium sulfate, and evaporated to give 0.79 g of a white solid; mp 63-64 °C;
MS m/e 283 (MH").

Step 4: 4-0x0-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazine-2-carbaldehyde
25
To a solution of 1-(2-{[tert-butyl(dimethyl)silyljoxy}ethyl)-1H-pyrazole-3,5-dicarbaldehyde
(1.02 g, 6.07 mmol) in THF (30 ml) was added 6.68 ml of a 1.0 M solution of
tetrabutylammonium fluoride in THF at 0 °C. After stirring for 1 hr, the mixture was
treated with 10 ml of saturated ammonium chloride solution and extracted with ethyl
30 acetate. The organic solution was washed with brine, dried over anhydrous sodium
sulfate, filtered through Magnesol and evaporated. The crude gum was washed with
hexanes, dried in vacuo, and then dissolved in methylene chloride (20 ml). To this

solution was added 4-methylmorpholine-N-oxide (2.89 g, 24 mmol) and molecular sieve
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with 20m DCM The conbi ned organic |layers dried over sodiumsulfate.
Filter, concentrate and flash colum chronmatograph with 10-20% et hyl

acet at e pwodaoegxt725 940ng crude product. This crude materipall/usay1dessol ved
in DCM (40m) and manganese di oxide (2 gram was added). The reaction was
carried on at 230C for half an hour. The material was then filtered

t hrough a pad of celite concentrated. Flash colum chronat ography gave

320 369 d HNVWVR S 9.8 1
37080 SR oThe e Waegiirrad Aopem tegbyarirs ot 70 minahpafier Badiga yah 1,

Step 2: Rél@ﬁﬁbé\}lé@ﬂloﬁfum eruthenate (0 11 g, 0.3 mmol) Stirring was continued for 2 hr.
6- (6, 7- Di_hydr o- 4H- t hi

0X0- 4- t tha{‘-elmﬁt?&'EB? eylorige so! E’“‘U} ‘H@%P E@teg %QEK}HB%QM'@)%{EY' GeetaipA4Qg.

03/ 09327 ArHRCrhixkipO Wak3Itefed through a pad of silica gel (40 g) and the filter pad was eluted
6, 7- Di_hydr o- 4H-t hi eno

thi op al deh 0 ) was
di ssoPvedViim2 xAfmhe bﬂ?qt?‘]ﬁ @h%ﬁémﬁ'ﬂﬁﬁ E\ sggd g"ﬂtﬁ @Hg}fﬂé%
%BWCW}TDI )dﬁle}ﬂ’%ﬁleF Bﬂ@d?&lﬁ%dﬂihd@ﬂlfd‘t@ atideapbete toﬁm 03B igusfen white sdlidr mpd at
oC for half an
6- Br onp- 7135xB64LG; M%ndeéﬁé('%”dycl o[ 3. 2. 0] hept - 2- ene- 2- carboxyl i ¢ acid
4-nitro 5 benzyl ester (660ngy, 1.72nmmol) in 17mL THF was then injected all
at once and the mxture was imediately cooled to -200C/ Triethylamne (1

M) was t$tep i B ecéaitrabenzyl he(SR)-Sllacetwioxy&exad, I-dihydre-dH-ryrazRlolft-  Then
t t GC
? g(ra I gw%lﬁgg‘vflégzcmhr 0 'gmv'\gg ‘%‘ ggllaut eﬁigwé*ﬂé 952? %&Fchaget ate

and vvashemhrhoxyiatboo m 5%citric acid, 100 m saturated SOdI um ' 10
bi carbonate, and 100m brine. The organic |ayer was then dried over

magnesi u oe$§ |Lﬁ3r§8f I{Ag@ Ak ‘38 Q%z‘%%‘éﬁ’ﬂé%&&ﬁrglemg@gb Er%é#mro@%%t ogr aphy

usi ng 20% exane gave duc hi's product
was t hen aﬂdesldl—mexaﬁ 7 rditAQing-4HyFazatolb, 2@l 4dazioe<2- qﬂﬁbﬁi@ﬁ’@lde (BdfigeP.8dpH=6. 5) .

Th t ' . 40psiy qhal f

w th'o sqral ZesE Rrditefife ity tgnd b bSR R E R ARB A MR EE L o
of I c;—:1!5i t eazabd:yclobdbﬂ]heplfj Etdné-ﬁ omatnm«yllct acid éﬂgt;fennxgpstef éQ B2 g, CBfF mrmvie) in

sol ution cool e egree an asi.fie ]

sodi um hyﬁglgﬁ ﬂ'@'ﬂ Wﬁf‘ethen gd th r%gﬁ.urg“wgs C@Q%Féé—g%agepﬁ%'%&gﬁ&sg liter
of water mf Q'dzqml)blvaﬁ%@dlﬁ:b@ruﬁdmé@mkturéh@és?étlrrédbéteQO\ﬂeSn tieadark fore ed

t hrough concentrate in vacuo and (8. 9 AS coll ected. 20
MP: >250 & lhwasherytraated with pcefic a"rhyﬂf;? (03_"'&{) O 6.44(s, 1 H),
3.71 (s, aﬁoethy‘l?an%ﬁéﬁyrldmé)(m mg, 0.1 mmol), and kept at 0 °C for 18 hr The mlxture was

20 concentrated and the residue was dissolved in ethyl acetate. The ethyl acetate solution

was washed with 5% citric acid, saturated sodium bicarbonate solution, and brine, dried
over anhydrous sodium sulfate, and evaporated. The crude material was
chromatographed with silica gel (EtOAc-CH2CI2/1:5) to give 0.27 g of an off-white solid;
mp 107-110 °C; MS m/e 595 (MH").

25 Step 6: (5R,6Z)-7-0x0-6-[(4-0x0-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-
yl)methylene]-4-thia-1-azabicyclo[3.2.0Jhept-2-ene-2-carboxylic Acid

To a solution of 4-nitrobenzyl (5R)-6-[(acetyloxy)(4-oxo-8,7-dihydro-4H-pyrazolo[5,1-
c][1,4]oxazin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-

30 carboxylate (0.22 g, 0.37 mmol) in THF (15 ml), under nitrogen, was added 15 ml of a
phosphate buffer sciution (0.5M, pH 6.5), and 80 mg of 10% Pd/C. The mixture was
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2.50 (s, 2H).; Ms: 338.0(M+tH) Exanple 30 25 Preparation of

6- (5-Met hyl -4,5,6, 7-tetrahydro-t hi eno[ 3, 2-c] pyri di n-2-yl net hyl ene) - 7-

0x0- 4-t hiwolosagabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aciPdTStSep13429
Preparation of (5-Methyl-4,5,6,7-tetrahydro-thieno[3,2-c]pyridin-2-yl)-

met hanol 6, 7- Di hydr o-4H-t hi eno[ 3, 2-c] pyri di ne- 2, 5-di carboxylic acid diethyl
ester (46 gram 163mmol) was dissolved in 200n. THF. The sol uti on was

injected LAH (1 THF)  300mi oC.. Th

s The DEREETERY A4 A SRLRELAG er fitgrealpicyah 6oyEr Tholi edy 5420
10m  wat Wasﬁ@@i\nﬁ{ﬁ"r‘?ﬂb dhd ﬂfetﬁlﬁr‘at@"ﬂﬁs é(ﬁdbtﬁmvﬁthb"tmll acethiel The oﬁgadrooeaanaeht rate
yi el ded 29. ram ( 160mmol /% crude 4.70
(s, 2H), vgs;dpeggavegaq)hydptggnagnes m squa@ \ﬁaporéatedg% reszdpe agwgs%)

2.38 (s, w?rtFI) théffo gh%. 6 b uo$t§dtd2ms%m T, 'OfNMR (DMSO-de) &
5- Met hyl - 5e otgetra %/lbo t'hi eno[ I ]|{9| rlogléaney}Z car b(al dehy e DVSO

(1. 7n15 244557&57 (ma 2B - @piwﬁﬁ)cﬁﬁﬂ@d 6.65(se 7 W& V). Ch%Si de (1
m, mgly) in 20m DCM was then added within 5 minutes at 500C. The
mxture vvag kept 10 at -500C for 5 minutes and then 1.67 gram (9mmol) of
(5-Methyl-4,5,6,7-tetrahydro- thieno[3,2-c]pyridin-2-yl)-nmethanol in 20mn
DCM was added at 500C and the m xt ysg, jn%%[%SZBSt' rred for another 15m nutes at
500C. Tri et hyI aCrE n(emé /m ) was the 500C and after 5 m nut es the

atl-\was

wash wrth 100n1 water y N Y. cet ate . The 15
conb ed organic Iayer Bib13.3 01 tvﬁ Eneaqg%o i}E m&le. Filtef.
Concentrate and flash col urm chromat ogr aph usi ng 0-15% et hanol in ethyl
acetate yiel ged o siradH ahiendf AR pyaB-Rlcarbdldehydg. 42 (s, 1

2 ey A s %8@%3@5 S59B1 arapYiss tgice holed" DM =8 Bm BomnfndL (S
6- ( 5- Met hyithid 3 mifutést SO INEHIPwabiadded and ted imth waismeRoved when the reaction
15  media appeared to be pasty. The reaction was kept at 230C for 2 hrs. Then it was

cooled to 0oC again. 4H-pyran-4-one (5 gram, 50mmol) in 10ml DCM was then added
dropwise within 3 minutes. The reaction was kept at 00C for 2 hrs. Pour the mixture
onto ice and sodium acetate solution and extract with DCM (2x200). The combined
organic layers were dried over magnesium sulfate. Filter off the drying agent and

20 concentrate gave 5.0 gram of product. The compound was dissolved in DCM (200ml)
and was added 6.0 gram of ethyl 2-6,7-Dihydro-4H-thieno[3,2-c]thiopyran-2-
carbaldehyde-acetate and 10 ml TEA. The mixture was refluxed for 18 hrs. Then it was
washed with water and dried over magnesium sulfate. It was then filtered, concentrated
and flash chromatographed with 20 ethyl acetate in hexane. The collected material was

25  dissolved in 100ml THF and LAH (150ml, 0.5M in THF) was injected and left at 230C for
10 minutes. Then it was refluxed for 18 hrs. Quenched at 230C by adding water and
eventually 1N HCI to clear up the mixture. Extract with ethyl acetate (2x200ml) and
combined organic layers dried over magnesium sulfate. Filter and concentrate gave
2.3gram product. The crude material was dissolved in DCM (300ml) and manganese

30 dioxide (15 gram was added). The reaction was carried on at 230C for 0.5 hr. Then
2x15 gram of oxidant was added each half an hour later. The material was then filtered
through a pad of celite concentrated. Flash column chromatography gave 1.206gram
(14% yield) oil product.
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yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxylic acid
2-fornyl -6, 7-di hydro-4H-t hi eno[ 3, 2-c] pyri di ne-5-carboxylic acid ethyl ester
(724ngy, 28504amed2y7 was di ssol ved in 40nl acetonitrile and ®agnesss/wadrom de
etherate (1.2 gram 4.65mmpl) was then added under N2 at nosphere. The

m xture was stirred at 23o0C for half an hour.

6- Br ono- 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid 4-
nitro-benzyl ester (1.54gram 4mmol) in 40nl THE was_ then injected all at
once and HHNMR: %84 eW\hg-"r"rﬁréd'l)a‘%-@‘Ns:&'iﬁl 480 {to2H 56 HehiZe¥h 2 ne (2mi)

was then U%.GH%}?W@H@Q}%@ALH? m xture stirred at -200C for 3 hrs. Then
acetic anhydride (0.66nml) was injected and the m xture was stirred at OoC

for 48 hrs. The reaction nedia was then diluted with 500mL ethyl acetate

and washegyd 5/ tion bf Bl 7D ‘g#:‘hﬁ%f&h%&i@[é_gﬁ’-zéﬂ- fetlief)orehenat e |

03/ 093277 4Rhip-14888-bicy¢ RiI3. 201 hepi-@rene2tgarboxylitiacid onbi ned organic | ayers

L S e G I L Y

product . Z0mbaqetardiite anbimagimesiun beswaile ¢l 6 mg 22mholf MRsdheh added urelgubaus

hosphat ff 6 T ] ' t i,
byar bgon PEPOSPEreh P inpure WA stk B 2aotby b B B0k 8RB RoiERTa0.
filtered atdnbimygb[32.plhepted-eneRicachboxylit axichd-mitto-bereyl esten(@¢ogt2mmelyive

Lo pri weom! TP wesinerf Aaka gl 4tahet 8 i hdle Wi SRR E50@08 25° rate

HPLC usi n@0&Ci iTtiethylamineatienl) wad thendrgectey abddrecaixtune stiirédbat +20adt for thratt er

v L1eN BETNES ABICUNFARGER NS L el IR 8

7.21(s, 118bhrs. The@éactioh nhddia \’o’laéﬂl'(esl,dillﬂté)i,wiﬂl LBl ethy? betate22nd8(ashea Mjth

2.37(s, 3H)L: o, 330. 0 5 .31 P ti .

2 O3 Car b miBog Gt st b i 3t REY G BGRRAS SR Pog brine. The

yli demsrzrgbzgdglclﬁyel?r-v%ﬁs;thgm ﬁriﬁd—b\téninﬁa‘gmt _bgi,uﬁrallfgger, 'fihiéra_dda_ﬁd (cand:mmgtge'dc F?@sird et gyl
est er - For - - r o- i eno -clpyridine-5-¢ xyli c_ aci

et hyl est Epluﬁ‘ﬁﬁgﬁﬂ?a@my XWHQ Zﬁfué%fEY‘\FéS{ﬁ%%'“z‘t?%gxaea‘{%ﬁ?{’r?ﬁﬁ ﬁg @r%o%cé'nesi um
broni de etrhirgrbéuct g:h@;mmzn?)di?sﬁmc ! d)i?lwla?ll THEranddded agoetrrs gidspiiatespfiar e. The

m Xt ure stirr a oC for | n hour,. .

o Bt o v TR BT [T Mhds s adn s Bjestest B 4Rt ivsramen for ang eyt 0 Serey

4-nitro- 10% palladium on carbon. Then it was filtered through a pad of celite and concentrated

20 in vacuo to remove most of the THF. The solution was then cooled to zero degree and
basified to pH=8 with 1 N sodium hydroxide. Then it was purified via reverse phase
HPLC using 2 liter of water followed by 5% acetonitrile in water. Water was then
removed through concentrate in vacuo and 100 mg (38%) of product was collected; MP:
>250° C;

25 H-NMR: 58 7.36 (s, 1H), 7.15(s, 1H), 6.55(s, 1H), 6.44(s, 1H), 4.61 (s, 2H), 3.88(m, 2H),
2.86 (m, 2H), 2.27 (m, 2H), 1.43 (t, 3H)

MS: 320.3(M-H)

Example 29
30

Preparation of 6-(6,7-Dihydr6-4H-thieno[3,2-c]thiopyran-2-ylmethylene)-7-oxo-4-
thia-1-aza-bicycio[3.2.0]hept-2-ene-2-carboxylic acid
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benzyl ester (770mg, 2mmol) in 20mM THF was then injected all at once and
the mxture 25 was imediately cooled to -200C. Triethylamne (1 m) was
then i nj ewoOad/oga2@d7 t he m xture stirred at -200C for 3 hrs. PCRAIS03 ALY C
anhydride (0.4m) was injected and the mxture was stirred at OoC for 48
hrs. The reaction nedia was then diluted with 200nlL ethyl acetate and
washed sequentially with 50 M 5%citric acid, 50 m saturated sodi um
bi carbonate, and 50m brine. The organic |layer was then dried over sodium
sulfate. 30 Filter, concentrate, and flash colum chronat ograph usi ng 20%

et hyl acet agpp 11 PRpARSiIoNSNE.7 A Pdrot 4P hieh b3, 2 k] thiopgtari-2-cAriaidetividen of
this produc

en di ssol F and 15n
aqueous pRe §M°@g&ﬁ%@m°wﬁ§@dd7d dfﬂﬁé"%tﬂﬂ‘iﬁ@oﬂﬁgw}ﬁéﬁm%b B to 40psi
hydrogen {igHin B\WRni¥es. WON (FdnfipWashdd¥d 4 the Bathivasremolidd wh‘é@tlere%ﬁm?

PCT/ US03/ 13429 car bon, §1en It was filtered through ad_of .celite and
conce® r anediajappreared o bs PAstrpBe regrdien éﬂ“lastkﬁB #ﬁgog%ﬂ%gggﬁ dple('?rit 2% then

cool ed toc@o?éd%o%@fé‘@ﬁﬁ@t@ﬁ?drﬁltﬁa rAnAkéré (Bigrdim, 43an8 i vomipOMosdsde. Then
it was purified via reverse phase HPLC usi n 2 |t waigr fal }'%wed by
5% acet orfihenapded dropissywithigsé s¥inyies Thrreach ‘O’@%ik?mraé ﬁf%r fcdiiEat e in

\{aﬁl;m ‘;ng\ﬁrh?D@A &@%mlgﬁn@ﬂﬁﬂ%h\wfﬁm |§é)l:6I§Qb©ﬂl satMated%iﬂﬂﬂﬁ:abéth? 7 35 (s,
(quart et , agyequs gelpt lquZ"j'he grg@glcdaﬁermqf drlgé gy?rrﬁodm sulfft%o t§r ggme dﬁgqg 2Hz) :
VB! 3&)3 0 Wc&@eﬁmhé fldsh E’dl@ﬁﬁrcﬁﬁdn%ogéphy using 10% ethyl acetate in hexane

7- Oxo- 9tetrahydro 5H i m_dazo[ 1

4-thi a- 1 g@@-‘bﬁ@g@n&%"@l of Reqsiuch %%RO&PB&&?;? %OB{EFﬁ“ 5%‘@’1 §m§)a"d

Prepar at i T ard AREIEA TR mlhralv%hyde
Thi ocaproﬂgc?g?n& Lo ?rg1 ﬁHoBW@f@r?éréa&?ﬁ%tﬂed I n 400mL. CH2Cl

met hyl i ottifleed ioléﬁdhrs SERpN itwas waghedwifewateraad iigd oyes niggnesuny ?"ﬁf& Sinder
ni trogen ff&écr%énébfn%ate ldsh ch¥é&Hath '%h Qﬁkh\@déﬁhﬂ%@éﬂatdqamémélp?oaaé&pnat e

(50% aq he organi c | ayer was t dried over magnesium sul fate. After
filtrdi oih 1grain €Y eéﬁid)&fpmuqt 3 gram of mat eri al 20 was obtai ned. This

mat eri al WM%S@%%@H@%@%WM Bié’ ) %_ﬁ‘;glr gﬁ\ Fqury S, Al ori de was

added. The m xture vent was renoved in
vacuo. Hal#$7.6Hz);HdS ifel)et8599 (M9 added 200rrfL et hanol and then fol | oned by
addition of 1.35gram (25nmmol) sodi um et hoxi de and 4. 8gram (25mmol )

2- Brono- 3-i sopropoxy- propenal and the m xture was stirred at 230C for 2
hrs. ThenThael.$gramant4.8vamol) éPiydro-4H-thieno[3,2-clthiopyran-2-carboxylic acid ethyl

20 ester was dissolved in 100mi THF and LAH (40ml, 0.5M in DMG) was injected and the
reaction was left at 230C for 10 minutes. Then it was refluxed for 18 hrs. Quenched at
230C with water (10ml). The organic layer decanted and the remaining was washed
with 20ml DCM. The combined organic layers dried over sodium sulfate. Fiiter,
concentrate and flash column chromatograph with 10-20% ethyl acetate produced

25 940mg crude product. This crude material was dissolved in DCM (40ml) and

manganese dioxide (2 gram was added). The reaction was carried on at 230C for half
an hour. The material was then filtered through a pad of celite concentrated. Flash
column chromatography gave 320mg (36%) product.
H-NMR:5 9.82(s, 1H), 7.46 (s, 1H), 3.56 (s, 2H), 3.15 (t, 2H, J=7.2 Hz), 2.95 (t, 2H,

30 J=7.2 Hz).; MS (El): 228.02 (M+)

Step 2: Preparation of 6-(6,7-Dihydro-4H-thieno[3,2-c]thiopyran-2-ylmethylene)-7-
oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid
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25 and 200mL chl orof orm was added along with 10m triethyl am ne. The

m xture was refluxed for 2 hrs and then cooled to 230C. The reaction nedi a
was partiwoeaees2bet ween 300nt DCM and 2x150 pot assi um caPoernesvs13429%) . The
organic |l ayer was dried over nmagnesiumsulfate. After filtration and
concentration 2.1 gram of oi |l product was obtained. 30 HNWR 9.62 (s, 1
H, 7.60 (s, 1 H, 6.61 (s, 1 H, 6.45(s, 1 H, 4.58 (s, 2H), 2.96 (2m H),
1.90(m 2 r at i.on_ of

7- Oxo- 6- (Gg9 blfaldglff'éttP'SH&?%Poclﬁll@HyFﬁrﬁzigﬁngpdﬁﬁé‘%g@éBm . 573mimedWas 03/ 093277
P|CT/ :Jﬁol?’/d]s%?)%%d t|nh17mllaceton|t{)|le andlmagnesmm Bron;lde2 etherate (450 mg, 1. 74mmol) g

yl met hyl ene i a-1-aza-bicyc ene aci

6,7,8, W@Srtaﬁ?éﬁ‘éﬁdswq%%@f’ip@['%] ig%iﬂ ﬁ@’%"’%ﬁﬁ 5@%@3%8@% gr am

gmol ) V""”lﬁ)ur - Bﬁﬁ“d@-@xbﬂ R0 -aQ&Bk%I%[BVZ (b]ﬁeﬁ@erﬁ@cglmeﬁbobtmdﬁddm-dmoet her at e
(2. 94gram 8mmol ) was then added un ere xdttHre was

stirr&d dienzgdsster 664mga.f1. Z2mma in 14l Fwas ?hen m;g ed all at once an

Brono- 7- %&nﬁl WAk fnedkBenPEsolsd @[—&oacph‘rmemytazmﬂ@M) was twnyhjected @nd
4-nitro- benz ester ,a&_\l 155 ram 3mmo)] HJ—{IE:’ \(g@amt]hen in F ted all
at once ahe mlﬁérerﬁtbf'ted rr?'i‘l"éﬁlhéﬁ el rb%ﬁ?l'%&n'i‘ reg e e’Pﬁjff ni ne
(4”{1) was ﬁd(} .ﬁ RA SRR JtBCYOXISINR. THRE rddcioh Alediadfadnbauditelingh Then
acetic a

was i njected and the m x sti.rred at GoC
for 20 hr Onlfﬁ?@'\)'i é@&tﬁte(ﬁ'i‘dr\'é%ﬁhﬁj d et 1PHM%PW°&F“§MU'P§ r@@@ﬁ{at@FlW o acetate

and é(i’b&lfaté 1001 Brihé ?hé‘%fg&nlc]IQﬁérmas&ﬁémdﬁécﬁ@l@Qd;ginaslbmcar bonat e,
and 1 0n1 r| ne. e organic layer was then dried over . so | fate.
Filter, s;dfat%mmrad@ndaﬁﬂcwra&qﬁ ddashygelemn 6 %ﬁ“ ea@] hyl

acetate i &egﬁggﬂm?e)%\épgav@ggm Qﬁmyﬁfodu&h 'T$1|§3dr@dl!|&KNa‘é@ﬁeﬁ dissohidsin Qbmied i n

20mL. THE an aquéous hosphat e buffer

: m xt ur s then
subj ect edTiib andggml h?‘dﬁ%ﬁeﬂhoﬁmatq byffer (BHF7H-Ph ﬁ"‘%’@l"‘a‘ff? %ﬂ ?%de‘?ﬁ?‘?#\@n
car bon. Tlritgdr%m hiardéeh Fo(i‘)#)ﬁé’h@tﬂ‘ 4ri 1R, Q@anio%%uécﬁurﬁ@a caﬂdehCﬂTNehatt ed in

vacuo to ve e THF. The solution was then cooled to zero
degr et andabfitared through »pag ofiglite and\ransaniieR Yaskp de remevemest purified

via reversge RAB38IHfal Hdioodidd th dbroiedféd 8fid badfic bR il ARet onl tri | e

i n wat er em)ve hr ough concentrate in vacuo an 131 ny
(31 % of squiwrdinydroxige. J@en@o&aaopurlﬁgdwre\iez%p@qerw uging 27erof waeryy 7 g2

! 1.78
g rsn 5 H)H) Tﬁ%@?d wggblaé%orgtﬁi(e‘?lﬁ v‘% j\Naﬂsr w§s %%m@@d E’g(hgonp edoggent%tﬁ in
vacuo and 21 mg (8.6%) of product was collected

20 MP:>250°C
H-NMR: 7.34 (s, 1H), 7.18(s, 1H), 6.59(s, 1H), 6.44(s, 1H), 3.71 (s, 2H), 2.93(s, 2H),
2.50 (s, 2H).; MS: 338.0(M-+H)

Example 30
25

Preparation of 6-(5-Methyl-4,5,6,7-tetrahydro-thieno[3,2-c]pyridin-2-y|methy|ene)-7-
oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid

Step 1: Preparation of (5-Methyi-4,5,6,7-tetrahydro-thieno[3,2-c]pyridin-2-yl)-
30 methanol

6,7-Dihydro-4H-thieno[3,2-c]pyridine-2,5-dicarboxylic acid diethyl ester (46 gram,

163mmol) was dissolved in 200ml THF. The solution was injected LAH (1M, THF)

300ml at 230C. Then it was stirred at 230C for 18 hrs. The reaction was quenched with
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25 (5R) (62)-6-(7-Benzvl-5,6 7

8-t etrahydroi m dazol |, 2- al pyrazi n-2-yl net hyl ene) - 7- oxo- .

4-1 hi a- 1-wpabiogspet of 3. 2. A hept - 2- ene- 2-carboxylic acid, sedrusoya4es Step 1:
7-Benzvl -5, 6,7, 8-tetrahydroi m dazo[ 1, 2- al pyrazi ne-2-carboxylic acid ethyl
30 ester Et3N (6.27 nmL), PhCHO (4.92 nL) were added successively to the
EtOH (81 m-) solution of

5,6,7, 8- ' " er,

v ochi or) “gﬁf%?“‘fﬁ‘@&%‘féct§ré“%e£¥5°2€"2{%§¥f%eana@???‘é bt ioen a2n

nitrogen -912m ( mpb%%nrmmws@s/ 13429 at nosphere. Then _II\_laBHSCI\I (2 97
d t S kg€ m e vvas

P tored { R aeid e, A0C8 70T 20 48 ERMLEBIERH B0 2 Cadie

50% K2CO3 Hzj. Zg&és 6?@dWSc18469(M+H/)/as dried (K203) and filtered. The

filtrage was concentrated under reduced pressure. The residue was applied

to silica gel 5 columm chromat ography, then the colum was eluted with
CHCI 3 - addepne:( 1/ (Prepayatipn cofd Bﬂléltﬁyl-t‘&,&{ém-tetmaydro-tlﬁéﬁdp ZT&]pyﬂdmbGﬂi

conpound ed as pale yellow crystals (4.16 9 36%
NNR(CDCIS\)%gbeﬁaé‘)@ 3H, J = 7.1 Hz), 2.87(t, 2H, J = 5.2 Hz), 3.71(s, 2H),

3.75(s, 2MMS@.(0If242Hol) i SAICH,ClWaslcoolel th -lﬂn)GOot xalyl ShloFtle P,
7.51(s

LS, L oot BB v BEDHER i s vt 105 o migtEsmaekeRt of

DI BAL 1Dn tab-6@u @ fof 5 minutes@nd thén ‘Ir6®gﬁam1(9r)1m‘6ﬁ$>fgﬁiﬂléﬂw gstém-tetriahydIGHgCl 2 (5

m -) sol ut,.on f benzyl -5 7,8-tetr roi mda a razi ne- 2-

car %)oxyl i 3“'8'&?[3 %Wp'nééiyg?hgagﬁf?g?&rﬂﬂ%ﬂ“@ SAde g’*L: 0o ﬁ%& ye -78 C

and sti rr%skﬁrrédn‘orlanﬁ}rfelr13immutés>r<]étl5060\ﬂﬂ$leﬂigﬁﬂﬁﬁ€og7lnwt tvhasTJtRéﬁ fk&lleto(é:ttm) SThe
t te rou ad o ite e filtrate wa

\r/v:gﬁeljo\r/]mt Xé@?‘e’éaéfﬁ "aé.uteaﬁzf%ahﬁwaa oYRd ngltae midureds natikalyvagmed ueH2 Cl 2.

The conbi m@rasam gltwias Wasyied wias 00mi Kelter él{as%ctémﬂutﬁ HOORS &Ay! afBRtd. i THd at e

under reduced ssure. The residue was applied to sil | ca

bor OB oI A T CiaHSS ate ATEs Bet T AEe WS WRIR. A0 CanEatiea s -
acet one ( %éh colémﬂ;)chafmlat@i@bﬁ usiny®CH% AtHanol | 'ﬁhﬂwl 'abéﬁ%%@lﬂ@@?@&ng’a( -

35l sk e ptsdusty Y 8 o Yok 4 06(1, 2H D = .5 o). 7,28 -
7.35(m 5I|-D-NMR 9H1%s, 1H)H.42 95,804 53.58 (,1H), 3.00 (t, 2H, J=5.6 Hz), 2.91 (t, 2H, J=5.6
Hz), 2.51 (s, 3H); MS: 182.1(M+H)
20
Step 3: Preparation of 6-(5-Methyl-4,5,6,7-tetrahydro-thieno[3,2-c]pyridin-2-
ylmethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid

2-formyl-6,7-dihydr6-4H-thieno[3,2-c]pyridine-5-carboxylic acid ethyl ester (724mg,

25  4mmol) was dissolved in 40ml acetonitrile and magnesium bromide etherate (1.2 gram,
4.65mmol) was then added under N2 atmosphere. The mixture was stirred at 230C for
haif an hour. 6-Bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-
nitro-benzyl ester (1.54gram, 4mmol) in 40ml THF was then injected all at once and the
mixture was immediately cooled to —200C. Triethylamine (2ml) was then injected and

30  the mixture stirred at —200C for 3 hrs. Then acetic anhydride (0.66ml) was injected and
the mixture was stirred at 00C for 48 hrs. The reaction media was then diluted with
500ml ethyl acetate and washed with 50 ml 5% citric acid, 50 ml saturated sodium
bicarbonate, and 50ml brine. Another 300m| ethyl acetate was used to wash each
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25 Step 3: (5R, 6RS)-6-F(RS)-Acetoxy(7-benzyl-5,6,7,8-tetrahydroi m dazoll
al pyrazin-2-yl)nethyll-6-brono-7-o0xo0-4-thia-|

- azabi cycwof03/0232¢t hept - 2- ene- 2- carboxylic acid 4-nitrobemrgylUusey1ae9

(di astereo m xture)

7-Benzyl -5, 6,7, 8-tetrahydroi m dazo[ 1, 2- a] pyrazi ne- 2- car bal dehyde (139 ng)
was added to the dry acetonitrile (8.7 m-) solution of anhydrous MyBr 2
(322 ) et seistopy TromB b R AMS e wd MR GIAHA Yidium Ui Y THE

3 br ?rm Z)—'ﬂt@ﬁoﬁoﬁ‘\céﬁt{aﬁe Jarmzmh@mhﬁ{ éhrgrgaﬂgbm ?rgrmf?emr @mtgrémheuanézo c
nitro-benzyl es e ure

and Et 3N9eye 2p6gram (\%é’ y'éaﬁ)ﬂd‘r‘ﬁ gﬁﬁ RSBquq?WﬁS%’ﬁ%&(?%oé&dl'B%B'r?gggglan\%as
covered Wkl af@édustphosyiedty @affén ght:e 5Th$he M&ur‘é&ré‘s’%@ﬂ3aﬁjé’c@ﬂd LHR3/ 13429
reaction mxture was stirr ah - 20 CaB ﬁ i & cetic
anhydPi ddvgipgen fordwp hgwit r?"? 13{)") PalladiyRLon, G PPY Thef, w[agg $8n mixture
Wats hwa{ Lfferﬁlrob th ptGdaﬁ@entébhﬁ rcgﬁbé‘n?ﬁtegoﬁ/n aco 10 r&novérmom oftthe eeriasrtrer | ut ed
Wi ethyl acetate and washed w 0 a agu ol uti on,

sat ur at ecoLHan wias KRl erped ozeR fcares ang @?"E'%‘ﬁt? '%'r' dEh‘@f%"' E%P@S‘B? gani ¢ | ayer
was dri edybidxet)THRAG Wad petied viaegerke Iphé@é HPM@SJSIH@YEIRGI dsfarm@r foluvesd
reduced pressure The, resi due was apﬁlle

chr omat odWasRpRcetRibile in water oY\ ata! wasdnen [ﬁr%w%%rﬁuaﬁﬁgwﬂﬁa e "Aé’ BRo g 1

1/ 1) 4oTheqbirh @%W@W&t%§col@&éﬂ ned as two diastereo m xture (80/ 20,

pur pl e anor phous solid, 233 ng, 61 %9. "H NVR(CDCI 3) S 1 99(s, 0.8x3H),

2 23(s MB524900C2 83 - 2.89(m 2H), 3.68(d, 10 2H, J = 4.9 Hz), 3. 71(s
3. 944-Nwﬁ2183ﬂs(s2'1)4) 3?(%( ) ¥ (s A 711@@ rﬁ)eﬂrém,zse(@ww J =

13 6 Hz), 5. 45( 13.6 Hz), s, , 28('s. 0. 8xl

H, 6. 311@8(802r$)x23741s 3@)7M§(§35@0V12>H) H) , 6 793(s o 2x| H), 7.01(s, 0.8x1

Hy, 7.27 - 7.36(m 5H), 7.42(s, 0.2xI H, 7.46(s, 0.8xI H), 7.61(d, 2H, J

= 8.6 Hz), 8.22(d, 2H, J = 8.6 Hz). 15 Ste

(5R) .1662) - 6- (7-Benzyl -5, 6. 7. 8-tetr edldazol | . 2- al pyrazi n- 2-
yl nmet hyl ene) - 7- oxo 4-t hi a- 1-azabi cycl or 3. 2. A hept - 2- ene- 2- car boxyl i ¢ aci d,
sodi um salt _4-thia-

, 2

6RS) - 6- [ ( RS) - ASB?’S%'?(‘Pfﬁeﬁzy?’ng’é”f’? e BN 2PN G S Pazi n- 2-y1 )

20 et hyl ]ylﬁlehémlémy'l)nﬁ,fledlﬁydﬁml-ﬁ-l-ihlalapl,z:ﬂ[iyuﬂme%-@]armmyliﬁaeiﬂbethyb@’tbbxyI iC
acid 4- nitrobenzyl ester (1.27 g) was dissolved in THE (55 nL) and

acetonitrile (25 m.). Freshly activated Zn dust (5.08 g) was added rapidly

with 5 Mah@mhzaamymtdretmérwrs B-clpyridbers-garbdlytic acid atityl estev@86mg, was

covered w I'E*rrrr]\o{)cr)nllals c}‘ sso‘a ed in g&ml ac%tonltrrl-el;, aendrr%ggl%els?u% g}omrale SthefiRe (516mg,
2mmol) was then added under N2 atmosphere. The mixture was stirred at 230C for half
an hour. 6-Bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-
benzyl ester (770mg, 2mmol) in 20ml THF was then injected all at once and the mixture

25  was immediately cooled to —200C. Triethylamine (1ml) was then injected and the
mixture stirred at —200C for 3 hrs. Then acetic anhydride (0.4ml) was injected and the
mixture was stirred at 0oC for 48 hrs. The reaction media was then diluted with 200m|
ethyl acetate and washed sequentially with 50 ml 5% citric acid, 50 ml saturated sodium
bicarbonate, and 50m! brine.  The organic layer was then dried over sodium sulfate.

30 Filter, concentrate, and flash column chromatograph using 20% ethyl acetate in hexane
gave 690mg (50%, yield) product. A fraction of this product (456mg, 0.69mmol) was
then dissolved in 15ml THF and 15ml aqueous phosphate buffer (pH=6.5). The mixture
was then subjected to 40psi hydrogen for two hrs with 0.5gram 10% palladium on
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25 vigorously stirred for 2 h at roomtenperature. The reaction m xture was
filtered through a pad of Celite. The filtrate was washed with et hyl

acet at e awo oslgs2atjueous | ayer was separated. The aqueous PCagsn3/wag9 cool ed
to 3 Cand 1 M NaOH was added to adjust pHto 8.0. The m xture was
concentrated under high vacuumat 35 C. The concentrate was applied to
Diaion HP-21 (79 nL, Mtsubishi Kasei Co. Ltd.) resin 30 colum

h hy. _Af t 4 i h ._
a1y e W R AR tHEres 8ot ehente dar criseremegi besloThre b ¢ °
and | yophiokt df&lﬁb THFQiTHe solutioh wak ¢hersgoledtd zas degreé bndvbasm)eqyﬂocm@m,th d

(390 ny, 4 % 24 \\D 03 3277 PCT/,USO 4 c dec
1H NVR( D2b)' 9 Hydm%'d%sir N B was pyri ‘?ﬂa r%ﬁrs%phas?%ys'“%y@ ( )
3.96(t, 2wateafoﬂo\5ea b¥i5Ye a@etéxﬂ(me inlvdidr. \Wa®(vas tHenhemobed B{rsughl H), 7 28

(SR 68| 7SHEBERe MRBI A 130 P PhgBie vgseeolected

t et r ahydr giPhbes@8, 2- ¢l pvri di n-2-yl) | nmet hyl ene} - 7oxo- 4-t hi a- 1-

azabi cycl Q hept - 2-ene- 2- carboxyl | cjd: “n2: Eor iyl

16- (pvri dHrN“zR 7%‘{]%%'5'%1 ?ﬁ &aéyhﬁb?t@g%c?}ﬁsfég%éy"pl‘}jgﬁéq%”ﬂ) a
stirred SQIHulﬁMHi)fBBB((ﬁOQHWZ)S?Qm?ZH) hy2l @t 3H, 30223 -$ - 330y r i di ne
(1.05 g, 5.2 nmol) in DMF (20 , 3-picolyl chloride hydrochloride
(0.852 g, 5.2 mmol) and N,N '15 d| i sopropyl ethylam ne (10 nm, excess) was
addedi@t room tenperature. The reacgkampig3xture was stirred for 24 hrs and
quenched with water. The reaction m xture was extract ed wi th chl orof orm
washed well with water and dried over anhydrous It was filtered and

concent r aPeeparatien pf F1Axa-6+&:<,8tatrahydropHdmidazaf arﬂlazemw»ﬁmsgwéwﬁ)- by

eluting it th eth 5 g 800 20
5906 M‘;ZH 5 5‘3" A yd MR bIERIS[E0]HRPt-2 W Ne-ALAINdxyIT¢ Sl ng

4- Nltrobenzy 6- 1(acety| oxy)ti 5(pvr| din-3-ylnmethyl)-4,5,6,7- tetrahydroth
i enor _ I

hept -
[5 (pyr| dTh}oeagrblaetahy(Gﬂﬂg@rrﬁ S(Dnnmly\aag/dsmlmcblndppmj CHeClpand tiethyl (08ike ny,

(16ml, 5eq) was next added. The mixture was stirred under nitrogen for 18 hrs. Then it

was treated with 100ml potassium carbonate (50%, aq.). The organic layer was then
dried over magnesium sulfate. After filtration and concentration 7.3 gram of material

20 was obtained. This material was dissolved 300ml ethanol and 2.283 gram of ammonium
chloride was added. The mixture was refluxed for 1 hr. Then the solvent was removed
in vacuo. Half of the material was added 200ml ethanol and then followed by addition of
1.35gram (25mmol) sodium methoxide and 4.8gram (25mmol) 2-Bromo-3-isopropoxy-
propenal and the mixture was stirred at 230C for 2 hrs. Then the solvent was removed

25  and 200ml chloroform was added along with 10mi triethyl amine. The mixture was
refluxed for 2 hrs and then cooled to 230C. The reaction media was partitioned between
300mi DCM and 2x150 potassium carbonate (50%). The organic layer was dried over
magnesium sulfate. After filtration and concentration 2.1gram of oil product was
obtained.

30 H-NMR: 9.62 (s, 1H), 7.60 (s, 1H), 6.61 (s, 1H), 6.45(s, 1H), 4.58 (s, 2H), 2.96 (2m, H),
1.90(m, 2H), 1.72 (m, 2H); MS: 164.9(M+H)

Step 2: Preparation of 7-Oxo-6-(6,7,8,9-tetrahydro-5H-imidazo[1,2-aJazepin-2-
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mml ) and the dry THE solution (20 nL) of (5R

6S) - 6- br ono- 7- oxo- 4-t hi a- 1-aza- bicycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid
4-ni tro- bwoaglosrster (772 ny, 2.0 nmmol) were added succe®SEShy11409 t he dry
acetonitrile (15 nL) solution of anhydrous MgBr2: Q(Et)2 30 (390 ng, 1.5
mmol ) under an argon atnosphere at roomtenperature. After cooling to - 20
C, Et3N (2.0 nL) was added in one portion. The reaction vessel was covered
with foil to exclude_light. m xtur e was, stlrred for 2 h at

a
-20 C and/Imethyiene)w-thia-1 af?ﬂ"% 26@% ﬁﬂ?ﬂl&?f??ﬁ!ﬁ@ acetic anhydride
(1.04 m)s78 goﬁ&ré?@EIFd smmma@[n Qa@ézmm%émmem memrzgcbm Brim6l) wasd
stirred for he m xture was d|| %Fwtkbega%% get te and
washed V\AC’&'%OIVS‘)’H'E:WW @%'W'%ﬂlﬁ’e’ﬁﬁ%ﬂess&”ﬂpf%ﬂ (ftef it HEyen
car bonat Qheﬁggdéy hridfer Nf@mo@ﬁl’&@é“ ‘Fhé ﬁ'bb@ureVWé‘s slired it Qmm)ha&ﬁﬁh Holut. tﬁar ed
t hrou a Celite. wth eth acet at e.

h
filtr eaﬁvgmoc%ﬁ&ﬂtth‘aﬂeﬂzaﬂ?i@&h[? 3&3&%‘2rﬁr@§%ﬁ?r§°"y’*ﬁ@° r"ég' fa&éna)élés pI i ed

to silicyqgek Fa% wmn&brr%mﬁlqm@waythehmectbb@u gDbrbEBNndaRe elixtliedvash t h et hyl
acet at e: hexarg1 | ected fractions were congcent atdgtﬂﬁun er reduced

pressur e lﬁmﬁohai@lY@PQ dﬂ‘é‘%@O%Eﬁqthlf'%'ﬁ'"?s(ﬁ%r"%asv@?%'"! YR ep. Pale

yel | ow u i diRe mra 58 @Gdar@&ﬁ mbAuigt ep- 3.
(5R 6Z) - %@@?p%??@?dﬁ%hgh;hén az&?;fi%y j tetr ahy frégt h| e 2 l(J:I pyridin-2

-yl ) | netwas i at996-far 2 ﬂwamtwdmﬁ'%WQS@ jutes! Wi &F*B’&xyl i
acid:qqg 4- ertét Qﬁ&g\%ésﬁeci Wﬁl‘?%ﬂhpﬁ%)&tﬁ& BYA] fbdhﬁsdiurﬁﬁd%)wﬁblcérb@nate

7-tetrahydrothien I n-2-
yI ) et hyl ands1Q0m dasing- o*be nrqam%lanerér@&tihwem%ﬂ aves sefippRulfates flte5. car boxyl at e
686 mg, ?#éeﬂtréle”m s‘ﬁ'@:%ldi‘hr?élﬂb?ﬁ@%gkébhﬂ%g( éﬁ% iskhyl aébiat%Q@h@iurkrgdve (10

Fres actlvate (5.2°9) wa dedrald with 0.5 M
phosphat eBQQmﬂQ prodygtH T@'%PTOQBCtrYLE)S th%é'ssql\é%t‘ﬂﬁgﬁ" JEE, AgHE™¥Sed wit h
foil to bﬁ%g S’ttelﬂtﬁgf r%ﬁtn‘ni?tﬁrémvéé tHefl sY)BEcteWtQQDQéI%WroQéh l‘o’relchrfor 2 h
at room tenperature actlon m xture was filtered, coole C, and

0.1 M3NaOMtmaSgeaialda% nalladpmsqn eabery Bhen it Wﬁ%f'ﬁt‘?rﬁﬁ' F*HP@%%MEFFA'&P am h 20
ethyl ac e%cﬂ*&%nﬁé}gd tuﬂ d46 ?é{ﬁodeaMGét df‘"?r?e ‘ﬁﬁpa"rﬁé §9Iutﬂﬁ‘ﬁa§ﬂ1é‘ﬁ%§leh% gBronas

concentra vacuum at Ive I'eCI EI tate. The

pr oduct w&wre@and basﬁechP nhmwltlkélesqdé%hsﬁ o;slﬁas‘efh%ltw RUFFeAR SeNessfhy .
Initiall ye&%% %é’ U’Qianlt?redf Wt f&“ow&dcbiy'@/@ 'aé@cgnl‘lﬁ@é Wwe(tgr [\Water waddnérmt t er
3 er. The on

with 10% racti ons al ni ng product were collected
and conceremaeveddhraugh eonrestraisria yaeHosanst 13100250} @frﬁser#te&twaécoﬂqféed/m | ow
sol i dzd"asl\/fﬁﬁ§9§€bd"' th acetone and filtered. Dried. Yield: 50

H-NMR: § 7.78 (s, 1H), 7.02 (s, 1H), 6.94 (s, 1H), 6.36 (s, 1H), 3.92(m, 2H), 2.80 (m,
2H), 1.78 (m, 2H), 1.61(m, 2H), 1.54(m, 2H); MS: 318.2(M+H).

Example 33
25

7-Benzyl-5.6.7,8-tetrahydroimidazof1,2-a
4-thia-1 -azabicyclol3.2.0|hept-z-ene-z-carboxylic acid, sodium salt

Step 1: 7-Benzyl-5,6,7,8-tetrahydroimidazol1,2-a]pyrazine-2-carboxylic acid ethyl

30 ester
Et;N (6.27 mL), PhACHO (4.92 mL) were added successively to the EtOH (81 mL)

solution of 5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic acid ethyl ester,
hydrochloride (9.47 g) at room temperature and stirred for 3 h under a nitrogen
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ng, 12% as yellow crystals; np. 134-136C, (MtH) 412. 1H NWMR (DVSO-d6) S d
2.8 (m 2H), 2.92 (bm 2H), 3.6 (m 2H), 3.86 (s, 2H), 6.3 (s, 1 H, 6.41
(s, 1 H ,wo.o3p93287 1 H), 7.29 (s, 1 H), 7.35 (m 1 H), 7.PcCrgsod13p9 8.48
(d,1 H), 8.54 (s, 1 H. 30 Exanple 35 Preparation of (5R 6Z)-7-0x0-6-
f5-(pvridin-3-vlcarbonvl)-4,5,6,7- - 126 WD 03/093277 PCT/ US03/ 13429

t et rahydr ot hi enoF3. 2-cl pvri di n- 2- yI)I net hyl ene) - 7oxo-4-this 1

azabi cycl oF3 .01h lic d;, St

r5- (pyri GA'ROFR r%aﬁﬁ’&ﬂi\’a%'ﬁcé (%agr7 qsaﬁ%‘?g&l(tﬁ i‘.ﬁeéﬁgﬁP ”ﬁ'%('f‘F ep)%'ﬁgl%tl"red ors 10 a

rsT; I rg eg sn@lmt rma nﬂf(tu?e\ﬁlé@fltﬁféd tHhoughta badibméilteamﬂ aulaed:]mts(alrwz;apdu di ne (606
nmol ni cot I d

3.0 mol )Washed W'tRI-5D(I\{/F§(%€(8? Hby ITBERY Ma{m‘; lﬁg r("ﬁ'f Oerdl (&%Qé mg'%igéjdih 531r ggm

t enper at Yflifate Wae coREsHtiabl uritiek tedueed\pressiinel r Tk n‘esrdué&vdsrappaedjtocmlmatg%d W th

W L h Bt PSP GIPRERRY: DR BruyBRry W LeRe: rrendis oo v

concent r afrRACHER© MYCMI PE1 W1 )pUThE m@ doynpSuf@ vea ebtained bs paletyetiomphy by
eluting it wth ethyl etate Pal e yeIIow sem -solid. Yield: 600my , 73%

M+H 273. qﬁtﬁﬁé‘ﬂ)@g 42t r obenzy- 6-t' (acet vl oxv)r5(pvri di n-3-vi carbonvl) 4

56 7 tetrah i di - b L 4 thia 1
Szabi cyclo Fsy‘gmmtiﬂ 229!353§ g;}aggtgiytgahfngﬁw)l )ztsa(t ma,yJ 562 HE)) BT e, @K, i a

[5 (pyri d3.75(8: )k 4rIdmy2hi). 4, %(%zﬁt‘je‘t?éﬁi?d’r%?%%ﬂﬁ]“[ §H)2-7cﬁ1|§§fr1ll'al ne (400 ny,
r@ml) and the dry THE solution (20 nL) of (5R

68) br ono- 7- oxo- 4-thi a- 1-aza- 20 b| cycl o] 3 2 0]_het 2- ene 2- carboxyl I C

aC|d4n|$ JriBenzyg-616:7.8tetrahydroimidazegiyd apbaldelydesi vely to the

dry acet oni ”'L 19\}50@% 3 ﬂ:géﬁ\mftoﬂfen@r{‘iiwpﬁ MR F@gﬁa)szaddééic?th'ég 2.4

mol ) under an gon a room-tenperature. r cooling to -
C, Et3N (&@yCHCl)(5wmaly satﬂ,tﬂed of Yrbenali-ﬁcﬁr? Bﬁetrahvﬁ@lm@aé@H@na]pﬁgélée z\7\/as covered

wth foil %%’gﬁéééﬂ%w é%g Sﬁc@r'a eég t%ﬁx@f#\?ﬁe 8t L7d &8lah@Stirfed! at

-20 C and{" nh dri I'n one portion. The
reactison for ti5un.e Thasnivarewes qwelﬁ:he):l \Aathd MHCH (5L ). oif he 5eastign nuxtare wafe

mxture was di {hroug% a péc;' ofFCONL. F5EkFSfe 338 WARRAPHitHEHH K.CO; ag. and the

aqueous layer was extracted with CH,Cl,. The combined organic layer was dried

(KoCO3) and filtered. The filtrate was concentrated under reduced pressure. The
residue was applied to silica gel column chromatography, then the column was eluted
20  with CHCI, - acetone (9/1 ~ 4/1) and CHCI; - MeOH (19/1). The titled compound was
obtained as colorless crystals (148 mg, 61%).
'H NMR(CDCl,) & 2.90(t, 2H, J = 5.5 Hz), 3.74(s, 2H), 3.76(s, 2H), 4.06(t, 2H, J =
5.5 Hz), 7.28 ~ 7.35(m, 5H), 7.53(s, 1H), 9.80(s, 1H).

25 Step 3: (5R, 6RS)-6-|(RS)-Acetoxy(?-benzyl-5,6,7,8-tetrahydroimidazo[1,2-

-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-

carboxylic acid 4-nitrobenzyl ester (diastereo mixture)
7-Benzyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carbaldehyde (139 mg) was

added to the dry acetonitrile (8.7 mL) solution of anhydrous MgBr, (325 mg) under a
30 nitrogen atmospheré at room temperature. The dry THF solution (8.7 mL) of (5R, 6S)-
6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl
ester (223 mg) was added to the mixture, cooled to ~20 °C, and Et;N (0.24 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light. The
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5% citric acid aqueous solution, saturated sodi um hydrogen carbonate, and
brine. The organic |layer was dried (MgSO4) and filtered through a pad of
Celite. TWoopags2nms washed with ethyl acetate. The filtr @Ce/usa13429
concentrated under reduced pressure. The 30 residue was applied to silica
gel colum chromat ography, then the colum was eluted wth ethyl acetate:
hexane (1:1). Collect ed fractions were concentrated under reduced pressure

amor phous P by i Sl558 PO Rk SRS Enk S5ERA\ I Ekke ShBaR .31 Cono77

PCT/ US03/ 184 26d DMMB(Bmg) in one portion The reaction mixture was warmed to 0 °C and

o vy el R HAe G, TR dag'aact ot SHCSRERS SR RBSbe R T ¢

aci d sodi eitnic aradi aquépus solution, saturated sodlum hydrogen carbonate water and brine.

4- Nt g b ej‘ﬁx 8?914'1 cal(é%rm%(gr e[ds(ﬁl%)érdyéﬁ'd ?ﬂtééé& ar‘llﬂgqpftrgte Wad cghcenttr%{ rdauh af ot hi en

o[ 3, 2-T]
2-yl ) met hyéducéd prassore’ - Dho rebiduei vead applied tocsilidaajed c@lutnhohpdmatograph -them boxyl a

) reshiycoulof haB Eon Wi pdengle SAEOEGl T R riEhoghag  © (70

phosphat e obtzirfeeiras(tpil diasiere@ dnixtlije. (80/20, parpiet anorphiessssdlid) 263 mgye’r%)j with foil

" oom t enpor at orENMRBHGHR | 8erb Bidticadll bASUIAY ekl 265 368, oo ™

0.1 MidNaOghwas aagldleyi 3018 RHISB.9aH 4.93@, DH), THe7(d HHS 2t WaEHz\Wasedl Wit h

et SRS LR A QL S PR SRR B BT e

product was1($)Ww.8x1Hyb.0(ERE2x 1195 6/798@Y 028 eH) TaRIes, 0dx1ry, THT orredaigy, aphy.

Initially | u S el ug ] dei opi lits nd latter
with 10% ék&d%-%&?e&"%e7#%&%9&5‘38)'%%“?’&%%‘&:9% éga@é% eg‘é #l-ect ed

and concentrated at reduced pressure at room terrperature The yel |l ow solid
was vvashed Wlhh acetone and f| I5t er ed Dried, Ylel d 50 212% as yel |l ow

cryst

(5R, 62) - 7@%@&1@%7“9&&1‘%@%&25&6@@3Q.Qihé&i-@m-@t&lrbbﬂ!ﬂ{ avid; sodium
cl pvridin2Z2-y nmet Nyl ene

-70x0- 4- t BBH- 1- azabi cycl o[ 3. 2. A hept - 2-ene-2-carboxylic acid: 25 Step 1:
2- Fornyl [5-(phenyl acetyl)-4,5,6,7-tetrahydrothienol[3,2-clpyridine: To a
stirred solution of 2-(forrry| ) -6, 7-di hydr ot hi eno[ 3, 2-c] -5(4H) - pyri di ne
(0.41 ng, 2 (8R, BRS)-6-[(RS)-Acetoxy(7-benzyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-yi)

20  methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-

nitrobenzyl
ester (1.27 g) was dissolved in THF (55 mL) and acetonitrile (25 mL). Freshly activated
Zn dust (5.08 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 80 mL). The
reaction vessel was covered with foil to exclude light. The reaction mixture was

25  vigorously stirred for 2 h at room temperature. The reaction mixture was filtered
through a pad of Celite. The filtrate was washed with ethyl acetate and the aqueous
layer was separated. The aqueous layer was cooled to 3 °C and 1 M NaOH was added
to adjust pH to 8.0. The mixture was concentrated under high vacuum at 35 °C. The
concentrate was applied to Diaion HP-21 (79 mL, Mitsubishi Kasei Co. Ltd.) resin

30 column chromatography. After adsorbing, the column was eluted with H,O — MeCN(1/0
~ 4/1). The combined fractions were concentrated under high vacuum at 35 °C and
lyophilized to give the title compound as a yellow amorphous solid (390 mg, 49%, pH
7.7).
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mml) in DM ( 20 m) , phenyl acetyl chloride (0.35 ng, 2.2 nmol) and N, N
30 diisopropylethylamne (10 mM, excess) was added at roomtenperature. The
reacti on woxsMer7vas stirred for 24 hrs and quenched w t hPaattEsn3/13lbe
reaction m xture was extracted with chloroform washed well wth water and
dried over anhydrous MgSO4. It was filtered and concentrated. The product
was purified by Si02 colum -128 WO 03/093277 PCT/ US03/ 13429

chr omat ogr aphy, by _el.uti.ng i i e . i l4d., Yield, 510 ny
., 89% MrH 28¥P 1§§e§ @?%-"&lf“mbéﬁ%%@fz 2?@?’91 %?gij)t’%ﬁ& 2y 1 84y,

5( phenyl aggt (sl 2H} 3506k, zHg grmnyHLY, @ 48(8 M) 36.89(s5 1H), 6.93(s, 1H), 7.28 ~7.37(m,

cl pyridin: Ii)tyl ) met hyl | - 6- br onp- 7- ox0- 4-t hi a- 1- azabi cycl oF3. 2. A hept - 2- ene- 2
- car boxyq5 2- For nyl

[ 5- (phenyl acetyl)-4,5,6, 7-tetrahydrot hi eno] [ 3, 2-c] pyridine (340 ng, 1.2

mml) and the dry THE sol ution (20 m-i 02 (5R
6S) - 6-r omo- 7- 0x0- 4- t hi a- 1- aza- bic % 0] hept - 2- ene- 2-carboxylic acid

4-nitro-benzyl ester (390 ng, 1.0 nmol) were 10 added successively to the
dry acetonitrile m - ) soI ut | on of anh drous I\/g||3r2 O(Et 2 (310 ng, 1.2

nmml ) under an ar Jiiepa BR.64)-7r o0 -{[Bnki) yimethwBrd.3.8dri ng to - 20
C, Et3N (2.0 n- )ﬁeg%ﬁyﬁigﬁﬂnb%ﬂ@;gg%ﬁ.hﬁagmxpﬁqé@%xwmﬁaeI was cover ed
with foil to ex 1 Was SstIrre for 2 h at

-20 C and treated w th azabieyclo| BpitcPacnet2 tark ACitie portion. The
react d)n mxture was warmed to 0 C 15 and stlrred for 15 h at 0 C. The

m xture was diluted wth ethyl acetate and washed with 5%citric acid
aqueous sgtap 1 ‘ dhed+ 617 -tetimhydedtbienatid,. 2clpyddinehe
organic layer was dried (MgSO4) and filtered through a pad of Celite. The
pad was washed with ethyl acetate. The filtrate was concentrated under

reduced p1r6$es §freed §b|at|oﬁ 9B Q—leﬁ)rmlﬁl%apcﬁhyd?ﬁthte@oﬁli bp@(4ﬂ9‘-byMMeJ (Mo5 g, 5.2

o Oy o oW acd GG SobieRvl sedd hiradoniactd- B a8 e God AERENG
the mxt uawsogfoé%ﬂﬁna@ﬁ:ﬁe (H@QﬁlE"eQSO 0} SWRY Wak aldRBd t ra@mtte&tpemtu@alﬁme/eédcﬁm

ph Yiel d: 360 St ep- 3: .
??F)zr 62? ugnrsﬁwﬂ( Wﬂ%lﬁsrfa@ dex 24 nfgs g, quqn@??%mthr%%fﬁﬁeﬁfwsfe?%%wwﬁenw 25

yl) I et hYEﬂPﬁteJﬂ?ﬁl@bﬂbF&bﬁm lwashaliveNnGlitl Watdr Bhilapéd véernenhddeas Mysd,. cit aci d:
4- Ni trobenzy-6-[ (acetyl oxy) [ 5(phenyl acet

5 6, 7-t et W&ﬁy@k@'@ﬁl eﬁﬁ‘g[ yogcqﬂt@qq di nthe grloziﬁé’ was purified by SiO, column

yl ) rret hyl Lhr%nra&émpﬂy sy<etufing RivathletRviaditans C IFlis3yalioW depmisolid e Vi 808Xy | at e
(3 was di ssolved 1n THE (50 rrL) and 0.5 M phosphate
buffe20(pﬁ9%, M*h%ﬁ ).

Step 2: 4-Nitrobenzy-6-J(acetyloxy)[5(pyridin-3-yimethy!)-4.5.6.7-
tetrahydrothienol3,2-c]pyridin-2-yl)methyl

azabicyclo[3.2.0lhept-2-ene-2-carboxylate:

-6-bromo-7-0xo0-4-thia-1-

25
2-Formyl [5-(pyridin-3-ylmethyl)-4,5,6,7-tetrahydrothieno][3,2-c]pyridine (516 mg, 2.0
mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (772 mg, 2.0 mmol) were
added successively to the dry acetonitrile (15 mL) solution of arhydrous MgBr,: O(Et),

30 (390 mg, 1.5 mmol)under an argon atmosphere at room temperature. After cooling to —
20 °C, Et;N (2.0 mL) was added in one portion. The reaction vessel was covered with
foil to exclude light. The reaction mixture was stirred for 2 h at =20 °C and treated with
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Thi s was hydrogenated at 40 psi pressure, in the presence of 10% Pd/ C (80
nmg) for 2 30 hrs. at the end, reaction mxture was filtered through a pad
of celitewandogantentrated. The separated yell ow solid waEeTdiSsyod4eed i n

et hyl acetate and washed well with water. The organic |ayer was dried and
concentrated. The separated yellow solid was triturated wth diethyl ether
and filtered. The yellow solid was washed well with diethyl ether and it

-129 WO O%Q@C?am dﬁ@{{/(%@g«&ﬁﬂ%e ggrh@ r%/ﬁ_ﬁﬁ%‘ﬁ 4@‘5%@%% ﬁ&@l@% o1 el d:

160 ng, 91 % ow sol |
Pr epar at i Cﬁmd(ﬂtlrl‘ed for 15 h at 0 °C. The mlxture was dlluted with ethyl acetate and washed with

(5R, 62) - 6-gof ¢ Z‘tr’@éaglahﬂ%ﬂﬁzégl& Eit[njatézg ene&@trﬁkhﬂ%@b ﬁ%rﬁ'dn'gfet %ﬁg%'ﬁﬁé ThEt hyl

7- 0xo0-4-thi a-1-azabic I C acl

7-met hyl i rﬁrm!ayeump df@ﬁlz(Mﬂ dla@dzﬂl’@a&dﬁkwgh 8: pagt ofyCelite. The pad was

7- et hyl t
[ 5 hgelin b Seoi, ke A RS s REERR Bloligobno 1o
6- met hyl - Zegidienwas (appliest ta ailica gel(@lummy chrzxmaiwaphsamerethmolmmmyelumm e
(4.0 9, 2Quidh &H] ﬁlecEt%T qb&aﬁéﬁ )ZYFE'I%heoofr &loRy! were concentrated under reduced

7-met hyl i m dazo] enzt car oxy e was 1S
solid. (Mprgsspesland shesmixure obdisterad ispmers Wpre teikeno[rext step- bBalet yellawol e:

To a stirr t E 0
7-methylim a@(&{% éfﬂg’j\q%w ﬂ%'lngto % lg+i(—3Ia6r8[§Oa)?9|th76 (4.0 g, 15.38 mmol) in
dry THEB at -78C, DIBAL (1M solution in toluene) (16.0 m, 16 mmol) was

added. Thaset GAC [4r Bz {16 XfeliriliRRa irhéthGH. 08 ,si‘z?éﬁgﬂﬂéiro%%%égﬂ% figl 0 foom
tenperatu 30

m nut es aryl)jmmét W@dovd-tma-slaazab (HOJEY epthene-2aarboxyliciacidir € was

s ari od DBoER TRt R Bn B F ViR f b oo REeR o oﬁﬂﬁaﬁwa@n%e was

purified yt)mstHyy- &:hﬂomm?-oho-dﬁhiladgazabmyclbw 2.6lhepi-DgnéR2-osirbdxylakd O63E MM

T 8L e BT D Bl T b R

yl) rret hy | Jduét (Brogowas a)ddbd4'aplhlyamftrm5arbpms<ph9l[eibuﬁe9]rﬂ$65 28 AiLg- Zhear bOXY' ate

é he dr y Tl_ﬁac%gBlvG?%/e(l)waf feverég wﬁp ?% lstg e%ltuge ?Zh(% Ei‘hg reactlnﬁ ml)%ture was iol) and
6S) - 6- br omtgoToustastiretioes haeraunbiseyha . 21 feastion’nlfe s ARérR8 ool aci d

4-nitro- b%‘ éy’b Sha 6 I&Na%)Hngfas %dgeﬂgo ald}us\{\%mo %%qeﬂwesﬂtcrgteesv?a{svvsal ed Wit he

20  ethyl acetate and the aqueous layer was separated. The aqueous layer was

concentrated under high vacuum at 35 °C to give yellow precipitate. The product was
purified by HP21 resin reverse phase column chromatography. Initially the column was
eluted with deionized water (2 lits) and latter with 10% CAN: Water. The fractions
containing the product were collected and concentrated at reduced pressure at room

25 temperature. The yellow solid was washed with acetone and filtered. Dried. Yield: 50
mg, 12%; as yellow crystals; mp. 134-136°C; (M+H) 412 .

'H NMR (DMSO-ds)5 d 2.8 (m, 2H), 2.92 (bm, 2H), 3.6 (m, 2H), 3.86 (s, 2H), 6.3

(s, 1H), 6.41 (s, 1H), 7.17 (s, 1H), 7.29 (s, 1H), 7.35 (m, 1H), 7.7 (m, 1H), 8.48 (d,1H ),
8.54 (s, 1H).

30

Exampie 35

Preparation of (5R.6Z2)-7-0x0-6-{[5-(pyridin-3-ylcarbonyl)-4,5,6.7-

-126 -



etonitrile (15 nL) solution of anhydrous MyBr2: Q(Et)2 (566 ny,
g?od:]%/m?;: under an girgon Zit nosphere at roomtenperature. After cooling to
-20 C, Et8Nog@07TL) was added in one portion. The reactiPOm/USess&PLI Was
covered with foil to exclude light. The reaction mxture was stirred for 2
h at -20 C and treated with acetic anhydride (1.04 -130 WO 03/093277
PCT/US03/13429 nL) in one portion. The reaction mxture was warmed to 0 C
and stirred for 15 h at 0 C The mxture was diluted with ethyl acetate
and washed with 5%citric acid aqueous sol ution, saturated sodi um hydrogen

carbonate, and br o nel-FS A ihR0LL fi5l Erﬁ(raed

Al 2acidsi due was appl i ed
then t he colunn was eluted with ethyl
reduced

filtrate was concentr at€t—f °
to silica gel col urm chr orrat ogr aphy,
" |1ect3ed fract| ons wetrie concentrat ed under

< g3

FI;;FZSEQFI am)r phousI sol i d Ylle|2d 400 ngeg%%) ag/l;:—l g4§| rré?h?f gﬁe)df] .
éicl?) 4( ? ﬁu) 56 4 gtgféﬁrﬁe %‘?J 'l'%’mP%aZg(%]wapﬁ ;-dﬂyd@tmemia Ben}-)’ﬁl(4f¢) wmdnhe (606 mg, 3.0 |
4-Ni trobefiydly fr DMEQ 20/ HBXM’)léozlngﬁtdmb'rb@hg%%glgﬂ%%24%1 nréo%’) ,ﬁﬁéng yl)m

-7-0x0-4-t'hi a- 1- azabi cycl
gggylrr]g, GOd%[i’%nmPPd e}ﬁy)f%“mﬁs("amls@xm) Was Bidded 20 robm fememtwbonThé ré@néﬁro

d w th.
ITHZ)S p;crg'?zmtl))ﬁu??g\tr‘/éy%ﬁgd $or gy%ni(aﬁd% g%@?\fltgﬁﬂgtgssel (ﬁégt'% 'ér& YXP? h

foi l eS¥rasiRd wi @ﬁhlorOfW@ rwsa-,seeqi el rWIbhtmter Mdnecgoverlmihyd@tjs ngebJ gt ZHQ
t roomt e e h n m ur | tere , a
8 1N Nad?lggwggérggdgd’at ?og ] ustéat he p ﬁc’@@% e H“ffj?qa \ﬁé’ W th

et hyl acetPRatagsanrhyeby eluting i wil etlax}metabas Rete gellovesemsotid A (ie10US00nay €7 Was
concentr aysqg: Mafies7shi gh vacuum at 35 Cto give a yellow precipitate. The
product was purified by HP21 resin reverse phase col um chronatography.
Initially the colum was eI uted with deionized water (2 L) and latter wth

duct were
10% anet 08tey 9.| £NIRLEL &
col | egaed'_ek%g‘m'rr o

S ortree = P8R t enperature. The
yel | ow 25tetrahydrothienaf: 2efoysidi fn -640?&’6165? aﬂﬁ-ﬂihiaeﬂ- N;' (eI d: 110 ng,

--H), 7.38 (d, 1 H), 7.07
2- Formyl [5- (pyrldln-3-ylcarbonyl)-4 5,6 7-tetrahydroth|eno][3 2-C]pyridine (400 mg, 1.4
mmol) and the dry THF solution (20 mL) of (5R, 68)-6-bromo-7-oxo0-4-thia-1-aza-
20 bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (772 mg, 2.0 mmol) were
added successively to the dry acetonitrile (15 mL) solution of anhydrous MgBr,: O(Et),
(619 mg, 2.4 mmol)under an argon atmosphere at room temperature. After cooling to —

20 °C, Et3N (2.0 mL) was added in one portion. The reaction vessel was covered with
foil to exclude light. The reaction mixture was stirred for 2 h at —20 °C and treated with

25  acetic anhydride (1.04 mL) in one portion. The reaction mixture was warmed to 0 °C
and stirred for 15 h at 0 °C. The mixture was diluted with ethyl acetate and washed with
5% citric acid aqueous solution, saturated sodium hydrogen carbonate, and brine. The
organic layer was dried (MgSQ,) and filtered through a pad of Celite. The pad was
washed with ethyl acetate. The filtrate was concentrated under reduced pressure. The

30 residue was applied to silica gel column chromatography, then the column was eluted
with ethyl acetate: hexane (1:1). Collected fractions were concentrated under reduced
pressure and the mixture of diastereo isomers were taken to next step. Pale yellow
amorphous solid; Yield: 300 mg, 30%; M.pt. 71°C; M+H 701.
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(s, 1 H, 6.51 (s, 2H), 2.42 (s, 3H). 30 Step-4:

(5R), (62)-6-[(7-methylim dazo[ 1, 2-b] [ 1, 3] benzot hi azol - 2-yl net hyl ene)] -7-
0X0- 4-t hiwol3agahi cycl o [ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aciPdT/UsPs/caedur e B)
4-Ni trobenzyl - 6-[ (acetyl oxy) (7-nmet hyl i m dazo[ 2, 1-b] [ 1, 3] benzot hi azol -2-yl ) m
et hyl ]1-6- brono-7-o0xo-4-thia-1-azabicycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl ate (
350 ng, 0.54 nmmol) - 131 WD 03/093277 PCT/ US03/ 13429 was dissolved in THE
(40 m-) and 6.5 pH phosphate buffer (40 m) and hydrogenated over Pd/C
(10%, 200 ng) at 40 psi pressure for 3 hrs at roomtenperature. At the end
, reacti gppgla. -85, BJtetiahg@fdthidna[B2- iedingi t h
acetonitr

00 C and pHimeinyieng 4 ayclalif arhoxylic 3

di rectly &ﬁded over HP21 resin reverse phase coI um chromat ography
Initially colum was eluted with deionized water (2 L) and latter with

10;3/0 Scﬁat oAiNitrobenzywdt[Gacetyie)[5 (pyrddinGrdcareonyl)cbh.Senteirahydrathigndl3 Zrelpyddinow
solid was c . I |

Soll ow SOg‘VQﬁI&?@:I]&BI&fe P98 rtglfaglr é.fa’b‘f‘cg(c@w% g%eﬁsz ~eNb Sl b atdB8oPRY as
(62) - 6- (4]1346nmel) maswhgsdIved in ’BHFm eL) end agetanitrile (10 mL). Freshly activated Zn

cycl t I
- azaogsgygl"%l(éré%gg%ﬁza‘%égg‘%ﬁ' bg\[}ﬁcarf)@%ﬁﬁétggﬁg& (85’|6u?ﬁ258aﬂ') 1-gh Step 1: 5
6f 7 H?: Tet rexiction vedsé| Ras! tovered wittofdil, tGeac}Iq:mjer llgil'(/nTIZe yeashiommixtire was. 7% s onut ion
0 [0)
bl ai Ul o b e ) M

Q or
d t I d und
educed pPULHFIRE il e aqrchlis MyEt Has sifdalely THEERS BRINARE (21 7, 1"
gar bgnat e comdentratad wnadr Bigh vacuuml atgd 1C tacdive yelfow precibitaie o ﬂ'garprQﬂUIchww was

rie Na2S . '

was bt af UG BRI BleBEsHRG St PAE e i iR dlfypg ™o
?(,:DSISSE? 81 gﬁ&dlwﬂﬂdémmz@dl-&vatélel (()gmsparﬁtﬁla(tan wittH) 0% ENN? Water.2Fhe fractiops2 Hz) ,
7-Tetr ahv&P'BtaT'@atﬁ% ] rc%ﬂ%‘f"??aczogégyi PB%F% elﬁ r?' réldugegg ssure at {%%ci d
et hyl est wmﬁéraﬁtéIyThé)yeﬂmpgdhdmseve(sﬂ:éd 2&h g):e’mae and fiketed.o DlrlIaé Ylebdt S0 e of
56,7 8 tetf ‘%9 129 Vellow crystals; mp. 195 °C; (M+H) 426.

20 Example 36

Preparation of (5R,62)-7-0x0-6-{[5-(phenylacetyl)-4.5.6,7-tetrahydrothieno[3,2-

-70x0-4-thia-1-azabicyclo[3.2.0lhept-2-ene-2-carboxylic

acid:
25
Step 1: 2-Formyl [5-(phenylacetyl)-4,5.6.7-tetrahydrothieno][3,2-c]pyridine:

To a stirred solution of 2-(formyl)-6,7-dihydrothieno[3,2-c]-5(4H)-pyridine (0.41 mg, 2
mmol) in DMF ( 20 ml) , phenyl acetyl chloride (0.35 mg, 2.2 mmol) and N,N-
30 diisopropylethylamine (10 ml, excess) was added at room temperature. The reaction
mixture was stirred for 24 hrs and quenched with water. The reaction mixture was
extracted with chloroform; washed well with water and dried over anhydrous MgSO,. It
was filtered and concentrated. @ The product was purified by SiO; column

- 128 -



[1,2,4]triazolo[1,5-a]pyridin-2-ylamne (5.8 g) in 1,2-dinmethoxyetl, ane
(320 nm.). The reaction mxture was stirred for 5 hours at roomtenperature
and concewOrlabegit7to 100 nlL under reduced pressure. The pPETIYSLY/ a9 Was
obtai ned by an addition of diethyl ether -132 WO 03/093277 PCT/ US03/ 13429
(200 m.), followed by filtration. The precipitate was dissol ved in ethanol
(175 m-) and stirred for 20 hours at 110 Cin shield tube. The reaction
m xture was cooled to room .tenperature. a oncentyat e nder d d

pr essur e. chieaatogeaprhy gy\ﬁi\‘g'“ﬂ r'%‘ﬁﬁga W(htaf’?\tat% a%&ﬁ%t%@? pg'f"kggﬂ ﬁ e a?%%n'g‘?g'

sol ution #gpd extracted with chloroform The organic 5 | ayer was dried

(Na2S™4) and concentrated under reduced pressure. The residue was applied
to silica gel columm chromat ography, then eluted with ethyl acetate -

et hanol st/ 7t) 4-NithehdrizylersEeB U5 thenglabatyas 8 Bty drgthienols. 2ol | d

(7.56 g, . FF NVR 200 VHZ, ) .42 , = 7.1 Hz),

2. 14- 3. 25clowxidin-R-yl)methyll-6-bromo-7;oxo4-thia-f-pzabigyelo[3. .0 ept-2-ene-2- 7 Hz) ,
4.41 (q, bosviatel - 1 Hz), 7.57 (s, 1 H. 10 Step 3:

4,5,6, 7- I@-a%’ﬁm‘- 1. 3a, 3b, 8-tetraaza-cycl opent al al i ndene- 2- car bal dehyde

1. 01 M Di 2-FotmylyiBdphenylasatyhytid Bdetetrahydsothisne][3,2-calmyridine) (3tBsmaddedmmadbwi se
to the solutjon : .7-ox0-4-thia-1-aza-
4,5,6, 7- t%Q¢jah€?dré§§1,T§|§, 3%?'%%“& 2g{azn(}llf)cy%fl osght gﬁe{ -ibrr]o e?lg-OZ)(P c4atr lao>1<yalziac

aci d et hybicyrki[8.2.q]Hex-2rer)e-2-namboyyliTHEId 4-nittor-benzyl eager3@A dreg, 50 Ammelbyere

at nosphere 5 The r i ) . LR, Jor ' t C and
t reat@; V\?qq?%eﬁ%gﬁ%ﬁ“%%% {P'% %&@ﬁ%@?%&? g@&géﬁ%?ﬂ% r{[ﬁ%ét @ag%ar%gg% irred
for | h a310 My, Thenmelpotdeoan asgdruatimmsphare alirpem éempgraturetAfiar caelingatoe- (20
m.), treated-w : t ' j ' i

soni cat ed&?o?y\%g“ (g"g?“gti”%g a?é%@ WOW@%'&?‘%{} é&wgg% ég%g‘?dtsg%veenouftm) .
The m xt ufolt tovescldde tight( N2 S&ddtioamixiure wes stirred fas2oim ah—2AC @nd tieptadewiththe 20
filtrate was. concentrat nder d : : | °

cryst al 1 SN CHPbrUNAT o0k ORGP st pdfird 34 Ushmp%e 0,0,
conpotgid 4Hd stirerpfor 38%at 0 16. NMie mpdle wadziluteoarith) etbylacemteand washedimth 3. 14

|(_|§ g? S:[] g‘g c?tt:ri%:(a?@ aql.fle'o%g s(:futior%'éat&rat%d%oéid#}wdroaeégar{aﬁnaté, 5lqd br’h%. Oi’thé s, 1

6RS) - 6- S( Rghnibclayexyad. 4ribd GMESOs) aadvitered 1thBnigBle pad aff Cealitea- Tbg diadpwas al al

I ndene- 2-yl | - | }-6-b I ) -

2 eno. 2 HRBER VY el arRy e TS el e e kS r e L RERY " e

3a, 3b, 8- t pisicirzmas wpplizdetot sica] get dolenretramatdgiaghydthen(tbe Splug)n was ehdedd t o
the d£g a&% Oert“yﬁ ralcclatgte(. %%Qanng'b :'F)(.)l ectylle%{édof{'ac%rqy We?euéo%ﬁ{rgtegdunﬂgr @duced

pressure and the mixture of diastereo isomers were taken to next step. Pale yellow

amorphous solid; Yield: 360 mg, 50%; M+H 713.

25
4-Nitrobenzy-8-[(acetyloxy)[5(phenylacetyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (300 mg,
0.4 mmol) was dissolved in THF (50 mL) and 0.5 M phosphate buffer (pH 6.5, 28 mL).
This was hydrogenated at 40 psi pressure, in the presence of 10% Pd/C (80 mg) for 2

30 hrs. atthe end, reaction mixture was filtered through a pad of celite and concentrated.
The separated yellow solid was dissolved in ethyl acetate and washed well with water.
The organic layer was dried and concentrated. The separated yellow solid was triturated
with diethyl ether and filtered. The yellow solid was washed well with diethyl ether and it
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30 under a nitrogen atnosphere at roomtenperature. The dry THE sol ution
(110 m.) of (5R

6S) - 6- br owD-034093207 4- t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2Pcarusoxyd4ex aci d
4-nitro- benzyl ester (2.97 g) was added to the reaction m xture, cooled to
-20 C, and triethylam ne (6.45 nL) was added in one portion. The reaction
vessel was covered -133 WO 03/093277 PCT/US03/ 13429 wth foil to exclude

light. After .the m was_ St i etl anhydride
(25" ) B et AR ptRScP Ry el o oo i YRpw ool Rl "t o0
and stirredotmrMiB)83®.at 0 C. The mixture was diluted with et hyI acetate
and washed with H20 and brine. The organic | ayer was dried (MgSO™4) and

filtered through 5 a pad of Celite. The pad was washed with ethyl acetate.
The filtrate was concentrated undeExaathledd pressure. The residue was

" hexafc. (P1pRgaian GiHER R Lrrgireizbti e cfbenzolhiasaid VimetRVienel-c

conpound w&(&hitﬁ-hnﬁdzaaﬁc |bpwheg§2mg@cmbkg.&§éa 6 m:J, 13%9. 'H NWR
(400 MHz, CDCI3) 8 2.10- 3.04-3.07 (m 2H),

42843210(m 2H), 5.27 (d, 1 H, J =13.7 Hz), 5.43 (d, 1 H J = 13.7

6.19 v 1 7.59-7.62
( m 245 84«%1 E'%'%yl ﬁm%Mﬁmg&z%&g -b]L %eztﬁuazolé ZBarbbxfidtd:s: 1 H),

(62) - 6- (4,Bhy 77m$tbwhraud9m[ar11b]3@n3ﬂ3;£0bez-cabewlai9mra@pnmp@nedlacn@r@mg to-the
{g”gggptﬁq’bgaﬁeéu%%s obifthéd %naéﬁarhbl‘éyql C(ét%p 191h§9§rt" r?g %Rt 26 %tm)ﬁyédﬁoac' d
6RS) - 6- { ( mspzoﬂblaz@e;@ R4, 208nmob) end gkhyiibremiopgeuvate, @-G e,tz%m;miy@i Qo déht%[ a]

2" one- 2. oAl Bk N el Repeld Pt Beple P Fa N, % (a6 roun |

THE (9 ml)sobichdMatig@6hitrile (4.2 nl). Freshly activated Zn dust (2.57 g)
and 0.5 M phosphate buffer (pH 6.4, 13.2 nmL.) 20 were added to the reaction
m xture. The reaction vessel was covered with foil to exclude light. The
m xt uré W&Step'zgdr-mmw-hmiethyeimiﬂazo[znkb]abenzdtiazélerrperature The m xture

tas 001 ! 2 efesa s3bled o EIAL ALMIPR L 1 BB S n ikt £
t hr ough a 1588 wimol)Gel dry THFTAle—T80, mt\wv{iﬂ\m&iblmhhn \wmme) (TGe raljuéaumol)ayer
s COnCe st e rebeugt pATRL Bk MR T 8 ol SRS SR, o
oyt o g e peagons o e o
Under 2R gtfisadira vl sabraied I opHa FEREEPT Bgibaven Sxraced B bR
and washed well with water. The organic layer was dried over anhydrous MgSO;;
filtered and concentrated. The residue was purified bt SiO, column chromatography by
eluting it with chloroform: metrhanol (20:1). Brown solid; (M+H) 217; Yield: 800 mg
(24%)

25 Step 3: 4-Nitrobenzyl-6-[(acetyloxy) (7-methylimidazo[2,1-b][1,3]benzothiazol-2-
yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate:
2-Formyl-7-methylimidazo[2,1-b]-benzthiazole (432 mg, 2.0 mmol) and the dry THF
solution (20 mL) of (5R, 68)-8-bromo-7-0xo0-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester (772 mg, 2.0 mmol) were added successively to the

30  dry acetonitrile (15 mL) solution of anhydrous MgBr,: O(Et), (566 mg, 2.0 mmol) under
an argon atmosphere at room temperature. After cooling to =20 °C, Ei;N (2.0 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light. The
reaction mixture was stirred for 2 h at =20 °C and treated with acetic anhydride (1.04
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as a yell ow anorphous solid (68 ng, 18% pH 7.4). M 175 C (dec); ' H NWR
(400 30 MHz, D20) 81.85-2.03 (m 4H), 2.85-2.99 (m 2H), 4.07-4.14 (m 2H),
6.34 (s, WoWp/09®r774 (s, 1 H, 6.76 (s, 1 H, 7.28 (s, 1 FCIT/US43MB4N0O
03/093277 PCT/ US03/ 13429 Exanple 39 Preparation of
(5R, 6E)-6-[(10-benzyl -1l - oxo-10, 11 d i hydrod
ibeBzo[bifI[l 41oxazepi n- 8- yl)nethylenel 7-0x0-4-thia-1- 5
azabi cycl o A hept - 2- ene- 2-carb ox Aci d R ration qf
oy oI e TBem» 30 Feadtion AMgALe Wes wamned & 5 grand STRAPLAS R 48 num
?)}(’dr '189 1(1 Jdd }I;fhea nﬂﬁt&r’éh WAL HIUES with @zﬂ]y}’ aéslate hridavadhed saihle % Qitn@bgl&i Jaqué&le

o- i hydro-di benzq oxaze carhoxylic.a net ester
(1346 g, SARFEyaieR THROTIYEIOSD SOt Prd FHGE i OF SrOone BV eEs i
mn?t :Jr e sml) rahedlltél%rd thﬂodgﬁlér p@wdf éBiits] Mieasadt wanwasieRCRE ethiyt cetdieof HCI
unt i he val ue reaches

d all the THE.
and e>5c rayﬁ%ﬂtr?"f?é’vﬁ‘%%tcﬁﬁtﬁatﬁ? )Uf‘ﬁ‘?re" eaﬁvq% %’??ﬁHre ib%f%ﬁ ef"érﬂ?ost ?a‘%'ggﬁlgﬁr prion

dried E he%é]r&ﬁﬂhﬁ? chdRatodabhy, Staeh R elubdd &aensluted | it eﬂhyaadeté’é hexane
concentr

d. bt dt d d whi t lid 46% |
S enD: | e RiP e GRcanswee Rona e WS BiesS AR 2] DRI el 5.
car bal dehyideterédmchy dereiakBh by thedidkestepl Paled ﬁeﬁoﬂ]éﬂi@?mlsr’soﬁd(\ﬁém 400mg( 0. 241

g, 1 nmol el in 20 acetonitrile was added to the nol ecul ar sieves (1 Q)
under N2 &t%;MéMhG4nperature then 4-net hyl norphol i ne N-oxide (0.175 g, 1.5
mol ejg was al so added into the reaction mxture. After stirring the

m xture for 10 m nutes, tetrapropylanmoni um perruthenate 0. 0176 0. 05

mol e) waSteRdéed (BRM6ZHE-I7-methlimidazeld 2epilh jlhengothiazgl2qyl M‘F@) -T-
Dilute thgys ﬂatflfd ?Qzéﬂlégélﬁgti‘ﬁ'dgn?ﬂt %e-@fca%@w icHctdat € and flashed it

through a smal I'i ca | l'ected all the ethyl acetate that
cont ai ns ddédiroketzyte- [éamﬁyloxyé(itma’thvleﬂldamZ 1dlg Albenzothjaziol-AiyDmethiéel  and

0o s Bt Bt el RIS WY cp i WSl e
83% yi1%| dwaSdisSvleqd B THHF ¢3fhmb} amchacstonitrile (10 mL). Freshly actlvated Zn dust (5.2 g)
R e AR MR A RSP oh S8, e FegstaLaR e
g, 1.2 was covered with foil to exclude light. The reaction mixture was vigorously stirred for 2 h
at room temperature. The reaction mixture was filtered, cooled to 3 °C, and 0.1 N NaOH
was added to adjust the pH to 8.5. The filtrate was washed with ethyl acetate and the
20 aqueous layer was separated. The aqueous layer was concentrated under high vacuum
at 35 °C to give a yellow precipitate. The product was purified by HP21 resin reverse
phase column chromatography. Initially the column was eluted with deionized water (2 L)
and latter with 10% acetonitrile:water. The fractions containing the product were
collected and concentrated under reduced pressure at room temperature. The yellow
25 solid was washed with acetone, filtered and dried. Yield: 110 mg, 55%; as yellow
crystals; mp 178°C (Dec); (M+H+Na) 392 .
'H NMR (D#4iSO-dg) & 8.56 (s, 1H), 7.93 (d, 1H), 7.83 (s, tH), 7.38 (d, 1H), 7.07
(s, 1H), 6.51 (s, 2H), 2.42 (s, 3H).

30 Step-4: (5R),(6Z)-6-[(7-methylimidazo[1,2-b][1,3]benzothiazol-2-ylmethylene)] -7-
oxo-4-thia-1-azabivyclo [3.2.0]hept-2-ene-2-carboxylic acid: (Procedure B)
4-Nitrobenzyl-6-[(acetyloxy)(7-methylimidazo[2,1-b][1,3]benzothiazol-2-yl)methyl]-6-
bromo-7-oxo-4-thia-1-azabicyclo[3.2.0Jhept-2-ene-2-carboxylate ( 350 mg, 0.54 mmol)
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mol e) were added to a solution of the

11- oxo-10, | I di hydr odi benzo[ b, f][ 1, 4] oxazepi ne- -135 WD 03/093277

PCT/ US03/WB42093287 car bal dehyde (0.240 g, | mmol e) in acet @airtusos/es4sender N2
at roomtenperature. The reaction mxture then was refluxed for 4 hours,
and cooled to roomtenperature. Diluted the reaction mxture with ethyl
acetate and fi I tered through a magnesol pad and concentrat ed. Purified

with silica col u 5 cet at e. i ned _th
desi red d/@%p% gﬂﬂ 3%1:1&8 F‘% ﬁ@!ﬁ%’%‘@ld‘ Sif4mh. 2 rﬁ‘hvﬁd P%ﬁ’eof
6- [ acet 0Xy(ef ﬂ’@ld)ﬁﬂﬂ%l |2ddm@)<@t4@p§ﬁbre§bshb&fbﬁ3 hrs at room temperature. At the end ,

di benzo[ b, f][ oxazep no-, 70 x

b
bi cycl o[ FeactypHapsure “é‘rflafnfreégp%%&l? 53%8?86'@9@? MESHE ‘ﬁNF aepgt%éme}nle one
(18 b§82y|reéétro?|xrﬁrxt19e limbsCBothlitQatt@u MP’H and ]cbalgé]tc(ﬁjm?ceqmdﬁﬁl‘l &faswdhﬂtb ebbfgyde
, mmol e) iin acetonitrile ed, t,0 ma i um brom de
(0.419 g 8.5 bysadding)IN Gﬁ%"‘ ?ﬁgeﬂroé%ﬁﬂﬁs % Qpded Wéqﬁ RS BBP[RS on of
(5R 69) - Gprrala.é%manﬁf ERFOmMAt Pé;ihglmltlall)aihb(bbﬁlnﬁ‘[ was elufdheitit déletinet Ratea Do)yl i ¢
acid 4-nitrobenzyl ester

75 t hen s, add to the
it ur e G ot acetarieienEAEs | Uie GROICGS et eotigpliaaies g 1as oW ang
triethyl aggigeyds ashéd with.acetodd, filleRdEand\@fedaibhil 110 Ay, 56%CAS yellolsalik was
covered with foil to exclude Ilght After 4 hours at -20C, treated with
acetic anhydride (0.358 nL, 3.795 mmvole) and DVAP (0.00927 g, 0.0759
ol e)g Warned up the reaction m Xgiampled®C and placed it in freezer
overni ght. Reaction solution was concentrat ed and di ssolved with ethyl
acetate and washed with 5% of citric acid aqueous 20 solution, saturated
NaHC3i water angl aH’t ntq '@Po-ﬂ%am%ﬁihf ate and
filtered and co co um_an 1 15 et hyl
acet at e/ Cicl Al jimethyiene : : -. . 2,01he :
yield. Step 5: Prepar ation of S!‘ ﬁg!lgggﬁz! dji&m .S%ﬁ‘_‘{) 10, 11 di hydro- 25
di benzo[ b, f][ 1, 4] oxazepi n-8-y =t hi a- 1- aza- bi cycl o[ 3.2.0] h
ept - 2¢5 ene- 2-carboxylic acid, sodiumsalt; A 0.5M phosphate buffer solution
(pH 6. 5) vvas added to a solu ,

benzyl - ol 536, {.B-Igtrahydro-il.c.4 =y aming yl)-nmet hyl]-6-brono
- 70X0- 4 thla 1- aza bi cycl of 3. 2 O]hept 2- ene 2 carboxyllc acid

4-nitro-benzyl ester 273 30 Le) .in THE 0% Pd-C
(0. 0546 g) TheTheA2{ 14 b %P'W#%ﬁ#@'t‘%@%amgggﬁi@)@@éﬁﬁfﬁﬁd% 5%6%'?8%% t hr ee
hours. g} ﬁér%%ddaa%l% RixfRe of B, DA i2B[7, ﬁdmtznﬁamﬂéE(z)s gr mteilﬁahol

evapor at i extracted the mxture wWith e h %S%P eﬂ_?r} g‘@

20 (72 mL). The reaction mixture was hydrogenate ao or 3 days a room
temperature. The mixture was filtered and concentrated under reduced pressure. The
residue was treated with saturated potassium carbonate solution and extracted with
chloroform. The organic layer was dried (Na,SO,) and concentrated under reduced
pressure. The title compound was obtained as a pale yellow solid (2.31 g, 90%). 'H-

25 NMR (400 MHz, CDCl;) & 1.88-1.94 (m, 2H), 1.98-2.05 (m, 2H), 2.77 (t, 2H, J= 6.2 Hz),

3.95 (t, 2H, J = 6.2 Hz), 4.09 (brs, 2H).

Step 2: 4,5,6,7-Tetrahydro-1,3a,3b,8-tetraaza-cycIopenta|a|indene-2-carboxylic

acid ethyl ester
30 Ethyl bromopyruvate (10.23 g) was added to the mixture of 5,6,7,8-tetrahydro-

[1,2,4]triazolo[1,5-&jpyridin-2-ylamine (5.8 g) in 1,2-dimethoxyethane (320 mL). The
reaction mixture was stirred for 5 hours at room temperature and concentrated to 100
mL under reduced pressure. The precipitate was obtained by an addition of diethyl ether
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water and brine. Dried the organic layer with sodiumsulfate and filtered
and - 136 WD 03/093277 PCT/US03/ 13429 concentrated. D ssolved the NaHCO3
wi t h m niwalodaszont of distal water and added it to the PexASOHMB4Re Xt ur e
along with a small amount of ethyl acetate until the pH value reaches 7-8,
evaporated the ethyl acetate. Purified with reverse phase colum (MJ GCel
CHP20P) with varying anounts of acetonitri le (0% 0% I n water. Renpbved the
5 acetoni {444 e and water I ot evaporati on r -drded th
conpound. AQEHR EIoWBH B aleb8 AR EYRER fos AksoRBtin ERERT (Dl &

179C. 1H bivfred fiovBMhobirslat 196- °C1n 8iiBld(tabe. 1He reactkdh/mixiurd vasaool2tito room

5. 243-5. 434 T 2el_gr’ld gon%%gtrgtegﬁgdér%d&c@d’ prgs's%:r)’eg- T?fe?rgszldlge was %fle_gted WIthExam:)I €
40 Preparati i

6- ( M et hoxatuiatéd gotayslum-datbohate fhutioni amdaextracted tdth ehloofginme tThgl cegemie
7-0x0-4-thia-1-aza-bj 3.2.0]h -2-ene-2- carboxylic i1d 15 Step 1

b opar it | BNELYaS B85 RS DAt orpbe i Pted RO SRR SORSEHIS A fedin i

( SM Ross, applied.to siioa detesvlunhn chidmatograghy, Ren Blutédrwitketiyi acatate - hi¥iSanoB 1,

3108) 5.1,gra 4-chl oro-6, 7- ro-5H-cycl ope

108 LB o e S PR PRSI PRAG L, SRy 1o

fTﬁr Sf’ﬂ' umalﬂtmzlugc;epm @andideek aneizj, mm%gsﬂtqmmmsa ’r*e(tlyﬁgdzsqméhhours
en the sqlven ved in _yacuo er was added to the

residue. B3tk t]'b 't‘hé1 é‘bl@ﬁl %?\kgégrm @5“@& The solid was further

vacuupgd to dry for several hours. The desired product wei ghed 5.3 gram

(98% vyield). M: 133.8-134.9 oC H NVR: (300 M—|z CDCl 3) 8 6, 23(s NH2) ,

4. 28( quar 848 3:562—Tt iro-1,3a,3b.8rfetraaz ntafalindene haldehyd

J=6.9 Hz); 1]OglqwQ)u@%ﬂﬂlaﬁlﬁgm%yd%@Pﬁlb%bhé’(‘1 @émL) was added dropwise to

5- Et hoxy- 78d|hydro- 374,8b-tri aza- as-1 ndacene-2- carboxylic acid ethyl
ester 30 @egsc@.ptmqfﬂ%rtytrahydro—1 3a,3b,8-tetraaza- cyclopenta[a]lndene -carboxylic

4- et hoxy Qc.a éfhﬁ&&@@ ﬁerﬁg)qh @?ﬁﬂﬁwmmﬂ%% Mh@éﬂd}ﬁtra@&, atﬁ'ﬂo§§ﬁ14r¥ed in 100

m dry THF. rormpyruvae % hen add dropwi se with in five

m nut é8. 'T’h@ reackipn fixtieeswas $trrreéicf0h 0 piyutes #r-78ne ansUreatw withisthenel{ca.i1 t er ed

and  washeq )W e Bixilfe wad vilinvied o d °gra<'?16139ﬁe§ fl'lr'1q1 atl*G, el dadiRf then
di ssolved 1n 50m -137 WD 03/093277 PCT/ US03/13429 ethanol and refl uxed

for two héalkton wagdided with ethy acalate (JRmLedmaéry with @ §dm- saturated ammonium

chloride solution, and sonicated for ca. 5 minutes (until a precipitate was deposited

enough). The mixture was dried (Na,SQO,) and filtered through a pad of Celite. The

20 filtrate was concentrated under reduced pressure. The residue was crystallized from
dichloromethane and diethyl ether to give the title compound (47.4 mg, 58%). 'H-NMR
(400 MHz, CDCls) § 2.16-2.27 (m, 4H), 3.14 (t, 2H, J = 6.1 Hz), 4.39 (t, 2H, J = 5.7 Hz),
7.53 (s, 1H), 10.01 (s, 1H).

25 Step 4: (5R, 6RS)-6-{(RS)-Acetoxy-[4,5.6,7-tetrahydro-1,3a,3b,8-tetraaza-
cyclopentala] indene-2-yl]-methyl}-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-
2-ene-2-carboxylic acid 4-nitro-benzyl ester

45,6,7-Tetrahydro-1,3a,3b,8-tetraaza-cyclopentajalindene-2-carbaldehyde
(2.97 g) was added to the dry acetonitrile (110 mL) solution of anhydrous MgBr, (4.45 g)
30 under a nitrogen atmosphere at room temperature. The dry THF solution (110 mL) of

(5R, 6S)-6-bromo-7-ox0-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-
benzyl ester (2.97 g) was added to the reaction mixture, cooled to =20 °C, and
triethylamine (6.45 mL) was added in one portion. The reaction vessel was covered
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tenperature and partitioned between 350nil chl orof orm and 200 ml saturated

sodi um bi carbonate. The organic | ayer was separated and dried over

magnesi urweuwsgx2er Filter off the drying agent and concemCraiSe3/132gi ve 6.5

gram of product. 5 MP: 168.6-168.7 oC. HNWR (300 MHz, CDCI3) 8. 7.69(s, 1

H, 4.50 (qartet, 2H, J=7.2 Hz), 4.40 (qgartet, 2H, J=7.2 Hz), 3.11 (t, 2H,

&;9622)2( 2H)88(t 2H, J=9.6 Hz), 288(m 2H), 1.43 (t, 2H, J=7.2 Hz).;
: i+ 10 Step, Prepar at |

5 et oy BB UADIaRS, Afep fie e Hes sHist (d.2 2?0 d5RYte 1. 025

grams 5- eérlwandé(z @nfll)mé@ra@d&h*wﬁorfb;ﬁimrrl FRa réctibn daarevas wamsdipld ¢ aci d

et hyl te di d hl d h | ed
SU85C. DI 5aEnq i for 8659 #H0 "Gy 2He yTINAE VHEATARINEh BRVHAGHAS 28 nut o5,
The 1 eact ygshedB@treHIBEnd Bfre. qq’ﬁé@)?@i’n n*é‘r v?d‘éﬂdrl%ﬂﬂmgsbmmﬂ fiteréd throuwtd

bet ween 350ml di chl th d
ayer ase RS REGOUE L e RAOHEEFS HEUIAE I S SR RIe. e TRE BRD A R o

layer wasygtidreskiR¥8 ordRURE S THEYSsitueal s agpiled td SiRsergbi aﬁldmnfdhi’dmatbgﬁpﬁsﬂ to
gi ve the corres ond| ng al cohal. The gl cohol is

di chl or ongttesyathatayl PGe@t%mﬁ’ herang, R Branddhen with &Q"VF@%S%?\I %ﬁ@@ﬂ‘g (%’ﬁg

m xture Wage tiffd é:drﬁ;%iln@t w3§o§l€ufe@rastdﬂ§>roﬂﬁléhﬁ)rplﬂl@ §oﬁ@€651®m@1 X:B%} e'Mas then
fllteredthrou h a pad celite and concentrated to qi am (68%

e MU ORI BRIV, 16248 A AoaR). 1 8b8. Shen, 28 152

9 94( 1 S & (-1 % 3.2
CE»Z) (r'a“ %—?ﬁ»?(g &2433721-&% ;Z;é@ 16-99 1§Hz¥%19]§ 1ﬁﬁ69 §Z)|H) (m
iy 2Hz) ; T8 (s Mwwrgtageﬂts (PN o 288 25 (M, 2
6- [ acet oxy- ( 5- et hoxy- 7, 8-di hydro-6H 3, 4, 8b-tri aza-as- |

ndacen- 2-yl ) - nethyl] 6- bronD 7 0Xo0- 4 thi a- 1 aza- blcyclo[3 2 O]hept 2-ene-2
30 car box$te S 82196 ghydro-4,3a8bftetraazar ppe : ;

5- et hoxy- 7 i vy H- § [:273 j ) : de (693 ,
3mmol ) wa 2o ue J;.M'xgure V\ngs
stirresl atsoé!&n{.‘sélt)r half an hour. Then a 30n1 dry THE sol ution of the 6

-138 WO 03/ 093277 S 429
-aza- bicycl o[ 3. ;57%]6%6% gﬁ ig‘ %O%Ebgggftfeg&y %hﬁtégetrggﬁazgycl%osetngar[a]
(1. 15ﬁ gr sidend-2e4]- r)weﬂ\ﬁl:}-GLbrpmotkokoM-tH‘ian aiarblcycto@&a@maphé-aneea:carbwwﬁt xture
was then acid 4-nitro-benzyi ester (643.6 mg) was dissolved in THF (9 mL) and acetonitrile (4.2
mL). Freshly activated Zn dust (2.57 g) and 0.5 M phosphate buffer (pH 6.4, 13.2 mL)

20 were added to the reaction mixture. The reaction vessel was covered with foil to

exclude light. The mixture was vigorously stirred for 2 h at room temperature. The
mixture was cooled to 9 °C, and 1 M NaOH aqueous solution was added to adjust pH to
7.5. The reaction solution was mixed with ethyl acetate and filtered through a pad of
Celite. The pad was washed with water. The aqueous layer was concentrated to 20

25 mL under high vacuum at 35 °C. The concentrate was applied to Diaion HP-21 (60 mL,
Mitsubishi Kasei Co. Ltd.) resin column chromatography. After adsorbing, the column
was eluted with water and then with 2.5-10% acetonitrile-water. The combined fractions
was concentrated under high vacuum at 35 °C and lyophilized to give the title compound
as a yellow amorphous solid (68 mg, 18%, pH 7.4). Mp 175 °C (dec); "H-NMR (400

30 MHz D,O) & 1.85-2.03 (m, 4H), 2.85-2.99 (m, 2H), 4.07-4.14 (m, 2H), 6.34 (s, 1H), 6.74
(s, 1H), 6.76 (s, 1H), 7.28 (s, 1H).
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cooled to -200C. Triethylamne (0.7 m, eq.) was then injected and the
reaction mxture was stirred for five hours at -200C. Then acetic

anhydri dewQ®387327M , eq.) was injected 5 and the reacti onPairAtSos/e34oms | ef t
at zero degree for 18 hours. The reaction nmedia was then diluted with
400m. et hyl acetate and washed with 100 mM 5%citric acid, 100 m

saturated sodi um bi carbonate, and 100m brine. The organic | ayer was then
dried over nagnesiumsulfate, fil Eered aE concentrated. Flash colum

chr omat ogr aphy using 20% ethyl ac ' hexane gave 1.1 gram product. 10
MP: 118.7-119.1 C H N\VR %H J=11 Hz), 7.63 (m
2H), 7.41 (d, 1 H, J= (s 1 H, 5.55
(4H CH2), 4.54 §; - 7-Reddthign-2H) . 1. 41
(t, J=9.6Hz); MS ©bbO. ]
6- ( 5- eﬁhoxy78d|hydro- 4 ' '

yl nmet hyl ene) - 7- oxo- 4-t hi a- 1- aza- b| cycl &I 2. 0] hept 2 ene- 2-carboxylic acid
6- [ acet oxy- (5- et hoxy-7, 8-d ihydro-6H , 8b-triaza-as-i

ndacen- 2-yl ) - net hyl ] - 6- br ono- 7-

A L

pH=6. 5 aq Uittdurs qhhnmphd’ayelndé)(rff ik, 1Timmale)wrasr dowlyaddedtorths st]uttm efdlt-0 45psi

v o8 8 SBP H AE c 5,

cool ed t onmesle) id ddiFeenden i, Bbsiom tEthpecatpid=8Thai rehctbnNnixtuté was stilyeﬁ’ tm de. Then

150 DU 16 ARG M 0 Syt >

concent r aReniaved ak theoTldR thy tdt@ryrayapbrafiom cindtextrasted dihd eabmh mRIre mﬂﬁ @thy!

H NVR (300 13) 6. 7.52 .9 4 1 H, 4.73
(m 2H), get%@z fm %m%& dgﬁd I?ﬁoré'gﬁnc}ayHé\ylt aérﬂ)su?fit@&ndq It%re%lf_ﬁnd VS 383 2
(M+H) 1530 c&«ﬁﬁﬁb&%@b(ﬁféc&ﬁ&ﬂhsﬂe&om;ﬁxhé Kwhite Stidpinr4626Viejd, 1- c]

[ 1, 4] benzoxazepi n- 2-yl net hyl ene)-4- - 139 WD 03/093277 PCT/ US03/ 13429

t hi a-1 -azabi cycl o] 3. 2. 0] hept - 2- ene- 2-carboxylic acid, sodiumsalt Step 1:

Prepar ati ggepf 4:- ( @kbammhen@fl ) 1Ldﬂomwaih9daocﬁbdtmbmmjo&heepme 8-
2-fl uorobenzyl brom de (2.0 , 16.58 nmmol) was added to a m xture of
di et hyl 3¢8t baldehyde;

8-(hydroxymethyl)dibenzo[b,f][1,4]oxazepin-11(10H)-one (0.241 g, 1 mmole) in
20 acetonitrile was added to the molecular sieves (1 g) under N, at room temperature then

4-methylmorpholine N-oxide (0.175 g, 1.5 mmole) was also added into the reaction
mixture. After stirring the mixture for 10 minutes, tetrapropylammonium perruthenate
(0.0176 g, 0.05 mmole) was added and the reaction followed by t.l.c. until complete.
Dilute the reaction mixture with 10ml of ethyl acetate and flashed it through a small silica

25 gel column. Collected all the ethyl acetate that contains desired material, extracted the
organic layer with 1N HCI and also washed it with brine. Dried the organic layer over
sodium sulfate and filtered and concentrated. Obtained the desired compound (white
solid) in 83% vyield.

30 Step 3: Preparation of 10-benzyl-11-0x0-10,11-dihydro-dibenzo[b,f][1,4]Joxazepine-
8-carbaldehyde;
Potassium carbonate anhydrous (0.207g, 1.5 mmole) and benzyl bromide (0.205 g, 1.2
mmole) were added to a solution of the 11-oxo-10,11dihydrodibenzo[b,f][1,4]oxazepine-
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5 pyrazol edi carboxyl ate (3.01 g, 14.18 mmol), Cs2C33 (5.57 g, 17.1 mmol),
and acetonitrile (140 m ) under N2. Heated to 60C for two hours and then
cool ed t owpmomv32tenperature. Filtered and concentrated theCrasos/13an9
solution. Added water (-200nmL) to the resulting residue and extracted with
Et OAc. Washed organics with water and brine. Dried organics over sodium
sulfate and filtered and concentrated. Cbtained diethyl 1-(2- 10

;Lgﬁ[ ?P 2{132%/% p@mdf) y@ta?é(élg Sp‘fr@ %)f ug[qbc%ﬁngfle un(cJer 2 at¥oom(%empera2ure The

1-(2-fl uq&e&%nw.kﬁné tﬁrelﬁ\Wa%Z@fI@xeﬂ for aebhdNand 6boldd fU\ﬂosm tBMperatmé DIiiB®d- H i n
THE (90 ml, 90 mmol) was ad '

, | et h
(2- f | uor dBenepstion "}WHW Vs %t?"gl gc%lgts’egﬁﬁé;f@{ééq% ”Erﬂu%y mweg@ RaHI13"Y
CH2Cl 2 (9%QnMntratd® aPufiffedt AGAT siléh ftdblurﬁw\farhoﬂo% emyndaetzhta\m MeXa€l (aq)

and suspensmn was fornmed. Fil w th Et OA d hed
with Bri rfebtained e @s'réﬁlce@r)swaé 8‘95@(‘% 0353 %ﬁéy'ﬁ“i‘d fil tereg ng rashe
gncent &ageg Pu][| f |heddvv| ][ h silica gel colum and 5% MeOH in CH2C 2.

tai ne g of the diol conmpound (clear oil) i (V el St e
Pr epar at i ¥##8Pof A 10&'?—’99?’&2'800F5°I clﬁl[aﬁ‘ﬂ?éﬂi&b r?oéyl ﬂ%ﬁﬁﬁa’ﬂ{/@- The
diol comayasdiiid, Horeblo athyg Wa%&-%x&)thi’@'ﬁ-aﬂﬁded to a

suspensi on in toluene (330 m) under N2.
Rapi dl y haieyeld[a. bomt-%me-zmwmberagwbﬂmltwbewlteéterr bom t enper at ur e.

ana 50, netO-belE EbyaR0 B B Blenait bRz HE B ERARC (SO0 Yt et
concent r a0.289 nifoole} lredc&tpmltmlas Wk adldged lto ceagneRiuBmbropvdak@H 9 g, 2idBmmeole)
ot al ned e ﬁNOa‘BPeg){%%;ﬁugﬁg THe) dry i QARG EHES)-8-KmamI RN Wi t €

sol i d)
OH pyr az odzza{bﬁ:yd:loES}Z thépﬂabﬁne-ﬁaHanhQa@d rhenitreheniey! ster 10892 9, R&58mngle) 4-

met hyl morg agfcgkf%wﬁ &ﬁﬁt&%%mér%zﬁdﬁ?%é %u; rgaét%%% uré WR¥ HoleRyder |

30 angstr acetonitri wer e ace t oget her under
N2. T&t ram°apyahannethylanw¢013hénnhezeb mmelegwae seided. nidie) repetionaitRskdvamd

f h -
concent r ardare it o ERRe B PRudt 4 FOUYRE -2bc, e POy und
Cbt ai ned (@-3580Mpya. 205 hwiide)l and AMAD (0300238 27 0.0X5H wSGHE)13¥¥med up the

% P opar RERORT SRR, 5o, B G SRS LI Aot bt ety ot Vi =1 €0

c] [ 1, 4] becormentratpt madSlisgblvedwith etHyl 8cdiaterand #asbed with |5% of citria-abidagticolss. 2. 0]
hept- %5 535 ‘lao_n 'sat%raq(e)&‘ Wai—l%(ﬁ?\ilvgtef}é% tbFiRé.b @?&é’rlic Fa%lﬁ\ﬁlés dried in sodium sulfate
and filtered and concentrated. Purified with silica gel column and 1:15 ethyl
acetate/CH,Cl,. Obtained the desired compound (light yellow oil) in 41% yield.

Step 5: Preparation of 6-(10-benzyl-11-0x0-10,11-dihydro-
25 dibenzo[b,f][1,4]oxazepin-8-yimethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-
ene-2-carboxylic acid, sodium salt;
A 0.5M phosphate buffer solution (pH 6.5) was added to a solution of 6-[acetoxy-(10-
benzyl-11-0x0-10,11-dihydro-dibenzo[b,f][1,4]oxazepin-8-yl)-methyl]-6-bromo-7 oxo-4-
thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (0.210 g, 0.273
30 mmole) in THF, followed by 10% Pd-C (0.0546 g). The reaction mixture then was
hydrogenated at 40psi for three hours. Filtered through a celite pad and removed the
THF by rotary evaporation, extracted the mixture with ethyl acetate and washed with
water and brine. Dried the organic layer with sodium sulfate and filtered and
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4H, | OHpyrazolo[5, 1 -c][1, 4] benzoxazepi ne-2-carbal dehyde (0.19 g, 0.887
nmmol) in acetonitrile (14 mM) was added to MgBr2 (0.49g, 2.66 nmol) under
N2. AfterwdP93m093201 es PCT/US03/13429

6- Br onp- 7- 0x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid
4-nitro-benzyl 10 ester (0.342g, 0.888 mml.) in THE (14 m) was added.
After 15 mnutes the reaction was cooled to -20C. Ten mnutes | ater added

Et 3N (3eq) and pl aced reaction the dark. Afte .2 _hours add Ac20
(0. 42 ni concenra P'Sﬁﬂ&emﬂ\%e@w&h 'W“W%@m%{)i")%‘s‘ﬁg ﬁ’{%l a{‘g a@@é%ﬁ
placed ifg ftﬁ@‘?@&‘iloﬁ\fﬁ&*@w@bngRﬁﬂﬁblsﬁﬁhllsé}humntctﬁ emﬁ ammermhﬂatheobmndlue

resulting residue was taken u %citric

(aq) and reaghesdr® eVRRMElSS t{‘ﬁ&?hyl ﬁ?ﬁt‘l‘tﬁe%%‘/ﬁﬁi\éﬁhvﬁ aoéF CQﬁHB"fbﬁ@dGe‘Dr i ed

or gan' cs clzrwz?dp)swﬁh Wargikg f@ﬁ@rﬁ@%ffade&@mﬁ@ - m%)centAraaéred Refhwvielii the Wi t h
i1;ca ge

{) | ates and 1:2 Et OAg /Hex%nfe ed the co Qtsatl on
pr odubt (%‘Fé "BW@JW%?FW rotgfy §vaporgtian, r'@fig L@'BPSS hed
(5R 6E&Z)ps deslj%&ﬁm@tériﬁH e%bv%ﬁ@&ﬁ'ﬂ%ié@ﬂnb117ﬂd°ben":{rpnwemms®) & 1.755-

yl met hyl ene) - azabi cyc lic amg sodi um
salt: St‘leipﬂfs(s AHo} gmgar%@%é@ 3243 §6|4L(m, 8hl).( BI116-:517Q nlfi) wa83%dded
to a sol #zt i-@a condensati on product (5) (0.300g, 0.468mmpl) in THE
(18nl). h rbon (0.102g) was added and the reaction m xture was
hydr ogenat ed at 40pS| for two hours. 25 Filtered through celite and renoved
THE rotary evaporation. Extract t OAc. Dried organics over

sodi 3%51 sulfate and filtered and coe&em‘ g4 Iéd NaHCO3 (0.08g, 0.952nmmuvl)
was dissolved in a mniml anobunt of water and added to the concentrated
organi cs g| ithea s |, SR ekt gy 5. c by
otary. cCiabafatirt g St oo BiHyoRb ok 4w acd S RiudRR A TRRARIREE )
and varyi ng 30 anDoxosi-thia-deazadieyalof3e2. Q}h@fpt-ﬁ-eh@%—canbomh@acidl?em)ved t he
acetonitrile and nost of the water fromthe collected fractions by rotary
evapor ati on. Freeze dried the rest to obt ain 41 ng of

(SR, 6iE) - 73ex afiShiof wrethokwb T -dihgdici5Hichelopentapyrimidih-2-yiamihg| ene) - 4-

t hi a- 1-azabl cyc ' alt (6) .
(yel | ow sGM: BPS?E- %léé 47@9’8%/(%@% #IBC%@EO%}'T@A d'z?éb@?ﬁg% HPLC f ound
the purity to be 77% and the E/Z isoner ratio to be 3:2."HNWRR (S
DVBO- d6) 366 ( 649 4 326, 6. 444 2H), 6.551
(s, 2H), 5 3&4@% 33" %'M"%H C?F&PG'%“‘B H‘gﬂ%fgéb‘"“e?”%@gﬂwe . 7.355
(m 2H). Zd@nIGMéh%%ﬂQ 30 mi%bsolute ethanol. Then 6.8 gram for sodium ethoxide was

20 added and the mixture was refluxed for 3 hours. Then the solvent was removed in

vacuo and 100m! water was added to the residue. Filter and wash the cake with water

(50ml). The solid was further vacuumed to dry for several hours. The desired product

weighed 5.3 gram (98% yield). Mp: 133.8~134.9 oC.

H-NMR: (300 MHz, CDCls) 8. 6.23(s, NH2), 4.28(quartet, 2H, J= 6.9 Hz), 2.6 (m, 2H),
25  1.93 (m, 2H), 1.27 (t, CH3, J=6.9 Hz); MS: 180.0 (M+H)

Step 2: Preparation of 5-Ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacene-2-

carboxylic acid ethyl ester

30 5.2 gram (29mmol) 4-ethoxy-8,7-dihydro-5H-cyclopentapyrimidin-2-ylamine was
dissolved in 100 ml dry THF. Bromopyruvate (5.4mi, ) was then added dropwise with in
five minutes. The mixture was stirred at 230C for one hour. It was then filtered and
washed with ether to give 8.7 gram of solid. This solid was then dissolved in 50ml
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Exampl e 42 (5R), (62Z)-6-(5H I mdazo

2, 1-al i soi ndol - 2-yl net hyl ene) - 7- oxo- 4-t hi a- 1- aza-

bi cycl ol 3wD.o@lopapt - 2- ene- 2- car boxyl i ¢ acid sodi um salt 10PETAS03/13429
Preparati on of 5H I m dazof 2, 1-al i soi ndol e- 2- car bal dehyde The sol uti on of

2- brono- 3-1 sopropoxy-propenal (4.97 g) in dry acetonitrile (3 m-) was
added to the m'xture of 3-am no-1 Hisoindole (3 4 g) in dry acetonitrile
(100 m). reaction mxture was stirred for room t enper at ure.

Then t r |@h4‘f}ﬂ' and rrfluxed for fwo hoyrss ThE degetied “?'ﬁérerr‘f"iﬁ ?Roée‘g'i‘? doR®at ed to refl ux

for t@ﬁ@eﬂa’i’ur@‘dﬁﬁlﬂaﬁltwﬁéd BENeEA 350mI EBRoFRHNATRL0N 18l safirbtédasdditint h et hy
acet ate and washed with _20% pot assi um hydro en car bonat.e. Ifter

filtrati ovicarhpraigh Ihe peapnisrlayssWassepprtechngadiied ovehfaanGeiumauifalg- Filtpsos)

and conceg fratdyl g%lagéﬂt dnA GURGShtIRIERSINEE.5 YremicBpradiuet. Was  applied to silica

gel colum chroma y, then eluted with ethyl acetate - hexane (3/1

4/ 1) . STheMBr 1Rf6% o d was crystallized fromethyl acetate and n-hexane

toglve n AHA04MRgaRDY) 8
Cs) F@%}}fﬁe(gb 39% @é@%soﬁﬁl)i-fwa%q@rtet #INM? 14@ ﬁf{ 5 ,)92 ‘s

: H). Stepfmrip)@pur@.ta aﬁwzams(t Py a20.6 Hz), 2,68 (m, 205, 1195 (@ 2H 3=7 2

6RS) - 6- 1 ( ﬂ;l—lmdazolz 1-al i soindol-2-yl)-

met hyl | - 6- rom) o>§o 4-t hi a- 1- aza- bi cycl of 3. 2. A hept - 2- ene- 2- car boxyl i ¢

acid 4- 25 nitro-benzyl ester : 5HImdazo[2, 1-a]isoi ndol e-2- carbal dehyde

gZﬁs d@ozgé : 2@%&@ df I%%tﬂ&%ez-?fﬁct?ihgmg 6141354 859ridBa-ds-fifladdbh@. Of

The dry Te¢éirbaklehyden (50 m -) of (5R, 6S)-6-bronp-7- oxo-4-thia-1-

aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid 4-nitro-benzyl ester (1.55

g) was added 30 to the reaction m xture, cooled to -20 C, and triethylam ne

(1.34 m-]. Qmagraﬁkislétﬁdxydne-dmdrd-sldm4 Bbvriazesstindacene2sarbovytic addettytl wi t h

foil t | de |, t d f

{Pent g vesie s isbhad 1035, Wb S eiione Shiy tditodoidy 7688, DREACLRR

\T\DXBE’EBSQ\Q%‘;;\I\EB whg’/cﬂiénﬁdaed (\j/\&ilhinrfh/edmﬁmes 1%hé redction ﬁhed‘ﬁwzsrihknur e was -142

e

H2O, sat uﬁlé?r@g(gﬁ’hjﬁ w7 W%ﬁtggﬁgpgmeeg%bﬁ% b'amm%R ?él\%rﬁ]i&f ﬁ/er was

dri It ﬁd E hl\/g;S@éoo?n?l hw%leéfeurré qutst Iayema\dasﬁﬁatsﬁe? w(ajta anoffibe1 $md| ahisofesnhed

Wi e a e filtrate oncentrated u uce ressure.

The resi éﬁ%‘? H&Hﬁdeftfg?fac Vwaagg%?f%‘ﬁfmﬁQ“Sﬁ'Pwr}g%r%fﬁﬁ@ er ‘ﬂ@'ﬁpel uted 5

}[Ni th et hy{:or&,%ﬂ{ré‘tbé to gheXRNeorfedpondind altdhol TTae taldohel is tHapaisedivedsn 050l ned. as
WO

20 dichloromethane and 10 grams of manganese dioxide is then added. The mixture was
stirred at 23 oC for two hours. The reaction mixture was then filtesed through a pad of
celite and concentrated to give 1.1 gram (68%) of the desired aldehyde.

MP: 237.2~237.3°C
H-NMR: (300 MHz, CDCl5) 8. 9.94(s, 1H, CHO), 8.39 (s, 1H), 4.46 (quartet, 2H, J=

25 7.2Hz), 3.2 (m, 2H, CH2), 2.85 (m, 2H, CH2), 2.24 (m, 2H, CH2), 1.38 (t, 3H, CH3,

J=7.2Hz); MS: 232.1(M+H)

Step 4: Preparation of 6-[acetoxy-(5-ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-
indacen-2-yl)-methyl]-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-

30 carboxylic acid 4-nitro-benzyl ester
A 30 ml acetonitrile solution of 5-ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacene-2-
carbaldehyde (693 mg, 3mmol) was added 1.03 gram of magnesium bromide etherate.
The mixture was stirred at 230C for half an hour. Then a 30mi dry THF solution of the 6~
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di astereo m xture (5/1, a pale yellow anorphous solid, 1.8 g, 73%. 'H NWR
(400 MHz, CDCI3) 8 2.02 (s, 0.84 x 3H), 2.27 (s, 0.16 x 3H), 4.89-4.94 (m
2H), 5.29wW0d3/0w2H J = 13.6 Hz), 5.47 (d, 1 H J = 13.6 IBReX/US63/1B2{s, O0.16

x 1 H, 6.40 (s, 0.84 x 1 H), 6.42 (s, 0.84 x 1 H), 6.94 (d, 0.16 x 1 H, J
=0.9 Hz), 7.18 (d, 0.16 x 1 H J =0.7 Hz), 7.35-7.48 (m 3H), 10 7.51

(s, 0.84 x 1 H, 7.60-7.64 (m 2H), 7.79-7.83 (m 1 H), 8.23-8.27 (m 2H).
Step 3:

(5R). : . . o .
(62) - 6- ( 5310%'\?%18&‘61*’2'?'i‘-%?%%‘?i%?&‘%{?-?é’lfgﬁﬂif&%%ﬁ%r)b@ﬂ"8>?8'-dﬁ’{‘WPé'ief?-%{?s’Eer
giq g/CIGmE i?(I1§ %55]3@&9“-9’&.%5 Emjsbg#dmwh ia(miﬁlgité@_ndglﬁkt wgbﬁﬁﬂ Mxﬁﬁ'ﬁl,mllas tréenb

- 6- - Acet Qxy- | az - al.l sol ndol - 2- - et - 6- -7- 15

0X0- 4- t hi ‘%9—0%‘@2 a‘Ezﬁ?%yé- f'g%‘fé{gm"ﬂﬁ ﬁ’g%@ifabﬁé@%ﬂﬁ%\}%‘%ﬁﬁ% %%Jrg‘gi réa'%'-oﬁir?'fr‘t@-rr%enzyl
Ef;g;ﬂ (1-\5?5_Jétin£e‘dg§rz Weﬂ'&ﬁid trsl(Elg—ZObCTHEIdeh%bgﬁd-énl%ﬂddﬁ@BWBin:,;éql)&ve(sﬂnj&cﬂeti) :

actjvated, Zn dus an . t 6.4 30.8
m -) \%.r eAngthe feachon mixtHENaY 'g%{ W;rplﬂ%g_reel}?ﬁ&g?ugggt ﬁ'gﬁur fgr'gglw Wadver ed
with foilthb® dRuted wile 400@héthyiEretaie shdhashiEbwith 900 muSYeycitrie tackiy €00 br 2 h at
roomtenperature. The m xture vva(f agueous

. r ooled tq. 9 C_and 1 M NaOH 20
sol uti on YdaEdRdIuT biggitaastenan 6807".’@”“%g.hfeé’é@r\'co'ﬁy%‘d’f'?ﬁl\t%ﬂ diEd O v ed
with et hyhg@afinibaif8 dilterdd sHdesbrichiittated FlapidoloinnGhtdrhagtogrbiphy psing 26%
washed with water and the aqﬁgous | ayer, was separated. The aqueous | ayer

was concefthylacetats i hexang gayg fdgrankpigiuttacuum at 35 C. The concentrate was
aﬁpl iﬁ{j tMp_Dig]eg_p.cA}}ﬂgPr Etjd(log m., Mhtsubi shi Kasei Co. Ltd.) resin colum
chromat ogr a . ter adsorbing, the col 25 | ut it d
Chen i ¢ P80 Mg LG, Atbich 2Frig! AN ARy SHhe? A, There SHs, "
concent r aj g (YNAE =494, swggmts.&é@@ b)) 4/.9@@,! pHpd doqngi2kg, .08 (hi tl e
conpound as a yell ow anor phous sol i d g527 nﬁ 8% . M 170 C (dec); ' H
NVR (400 Rk 2.320poRHY, U464, §<9.61g) MS668.1(M+H)y 1) " 6.56 (s, 1 H), 6.78 (s,
1 H, 7.22-7.31 (m 4H), 7.52 (d, 1 H J = 6.7 Hz). 30 -143 WO 03/093277

PCT/ US03/ 13429 CLAIMS: 1. A process for the J)re aration of conpounds of
t he f4r nuStep A5: FPreparationD of R6-(5-ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacen-2-

ylmethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid-

6-[acetoxy-(5-ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacen-2-yl)-methyl]-6-bromo-7-
oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (1.03
20 gram, 1.565 mmol) was suspended in 20 ml THF and 20 ml pH=6.5 aqueous phosphate
buffer. The mixture was then subjected to 45psi hydrogen for twe hours. Then it was
filtered through a pad of celite and concentrated in vacuo to remove most of the THF.
The solution was then cooled to zero degree and basified to pH=8 with 1 N sodium
hydroxide. Then it was purified via reverse phase HPLC using 1 liter of water followed
25 by 5% ~25% acetcvitrile and water. Water was then removed through concentrate in
vacuo and 100 mg of product was collected. '
MP: >250° C
H-NMR: (300 MHz, CDCly) 8. 7.52 (s, 1H), 6.95(s, 1H), 6.54(s, 1H), 4.73 (m, 2H),
3.06(m, 2H), 2.84 (m, 2H), 2.27 (m, 2H), 1.43 (t, 3H); MS: 383.2 (M+H).
30
Example 41

(5R,6E8&2)-7-0x0-6-(4H,10H-pyrazolo[5,1-c][1,4]benzoxazepin-2-ylmethylene)-4-
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55 1 wherein: one of A and B denotes hydrogen and the other is an aryl
optionally substituted with one or two R2, heteroaryl optionally

substi t utwo osioed27one or two R2, fused bicyclic heteroaryl PCO/uspt/izeal | y
substituted with one or two R2, fused tricyclic heteroaryl optionally
substituted wth one or two R2, cycloal kyl optionally substituted with one
or two R2, alkyl optionally substituted with one or two R2, al kenyl
optlonally substituted with one or two R2 yn optlonall substituted
with one or two thia-1-azahieyaiels. %91“&8?‘?19&&%7“%’5’96)’%‘{ feid h%?@PHh?%}(I optionally
substituted with one or two R2; and wherein any of said heteroaryl noieties
15 containing a NH ri ng atom may be optionally substituted on said nitrogen

by R ; R5Step 1iPré A2-fluogobernzyi el H-pyrazelg-3,.5rdicanhpxplata-] - Coal kyl or a
sal t ther I bt I bstituted
aryl | opt?ﬁwﬁgﬂig %"*P@I’@IMIII‘ B5ERY it a%ﬁsah%%méﬂ B SN it o

het er &cy cpyeazolefitaromalaty (3Ubgt 14. 18 Emd)y&Sdéﬂ)k@l 97 g,oﬂt'l owel), gndubst i t ut ed

| kenyl | t th
aleony AR o PR N e MU e PaY e gy aifer | the
is di recuempelratmeelnltmdmndoqmcerneateq/treueacntnonwpwo'pe&ddeddvam (r¥OOMLEPO) P

opt i onal | e SLUREl ML As 2Bh M@k Y EORE Radheityares W hBRRLRY brine.

substi t ut onal Iy subs ute optionally
substit ut Bried Gig@aick pver smuliuno salfdte asdifikared an@don@mtpdl Ohtaingd, dle’tb¥it1|-@nal |y

subst!d it Lﬂora%n%'ﬁﬁ%yﬁé@‘?%-g%9&’%%"*8@#% O e P R Y R RSP oA e o y1
optionally substituted aryl-C -C6al kyl, optionally substitut ed
A ed, C

het er oary -CI 1 / no or bicyclic
sat ur at ed=¥ T ' of 8 to 16

carbon at armg solGiQNRﬁIRYIBAL-“ﬁD&I\'FEGRQO mpBD tmnabl) was abded toui salutiohdf diathyd 3+ 093277
PCT/ USOS/ 3429 ar | ox y
Cal Kyl - 0. Grirona- T rale e S uonBBMETE a4 o84 1 RoMaF iy Pricde 90umby
gpt ' 01@' | ldt (&"Cﬂlﬁidbt M5, 9teR b ﬁam@ldwhchedmltmmolyq) audbsmsneusled was formed.
et er oarylox tion t|t
substit ut Eg}eyegriﬁ/ Wﬁgtteg %ﬁréﬁs ﬁ?c‘f wt@&ﬁgc—e ﬁ Cff“ amgs O\Per?%oJ:IIYJm
Cl- Coal kyk@rayd meﬁltetéd aﬁ@bbmtrbwdsawmtmmloabeﬁcaﬁmn and 5% MeOH in
al kyl aryl ox het er oar substitute I ar | oxyal kyl am nes,
optional | 9 2la bt ?I"Gﬁé”cﬁ SI°EM‘3 F?géﬂ??roﬂgquyﬁé ‘i tut ed
aryl oxycarbonyl, or optionally substituted heteroaryl oxy carbonyl;
20 Step 3: Preparation of 4H,10H-pyrazolo[5.1-c][1.4]benzoxazepine-2-carbaldehyde

The diol compound (3.83 g, 16.21 mmol) in HMPA (24 ml) was added to a suspension

of NaH (60%, 1.34 g, 33.5 mmol) in toluene (330 ml) under N». Rapidly heated to 95°C

for three hours and cooled to room temperature. Quenched with water and extracted

with EtOAc. Washed organics with water and brine. Dried organics over sodium sulfate
25  and filtered and concentrated. Purified with silica gel column and 2% MeOH in CH.Cl,.
Obtained 4H,10H-pyrazolo[5,1-c][1,4]benzoxazepin-2-yimethanol (white solid). Yield:
0.71 g 20%.
4H,10H-pyrazolo[5,1-c][1,4]benzoxazepin-2-ylmethanol (0.71 g, 3.28 mmol), 4-
methylmorpholine N-oxide (1/198g, 10.23 mmol), molecular sieves (powder, 4
30 angstroms) (3.32 g), and acetonitrile (0.07M) were placed together under No.
Tetrapropylammoniumperruthenate (0.113 g, 0.322 mmol) was added and after three
hours the reaction solution was filtered through celite and concentrated. Purified with
silica gel column and 1:1 EtOAc/Hexane. Obtained 4H,10H-pyrazolo[5,1-
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R2 is hydrogen, optionally substituted Cl1-C6 al kyl, optionally substituted
C2- C6 al kenyl, 10 optionally substituted C2-C6 al kynyl, hal ogen, cyano,
N-R6R7, opoioamed2ly substituted Cl- C6 al koxy, hydroxy; opPCEnEss/y3429
substituted aryl, optionally substituted heteroaryl, COOR6, optionally
substituted al kyl aryl oxyal kyl am nes, optionally substituted aryl oxy,
optionally substituted heteroaryl oxy, optionally substituted C3-C6

al kenyl oxy, optionally substituted - Co al Y, : -C6

al kyl ani & 1,abe@°>@2ﬁ@9$2-%fk§}¢%w§ai(8@ %‘H?iﬁ%@l‘}-g{élﬁg"tﬁ tuted 15

ar%I ?x%/-tCl;jcglalcgyl ﬁml ne, (Cl- C6 perfluoro alkyl, S(O goptionally
substitute - akyl, S(Oqg-, optionally substifuted | where iIs 0, 1
or 2, COStem#: Praparatinmef B'ie_PaE%ﬁtﬂ'ﬁ@Qg[ﬁ&ﬁ?‘éﬁ“ﬁﬁ@ﬁ'?’ﬂﬁﬁ?wghbst i tu'? ed

al kyl ar y'cﬂ[g0@B{eﬂ}ﬁ('aké(piﬁutaﬁﬁl)-Hatﬁ;ﬁ]-arwbﬁu'okz/dxo-4-mhi105ﬁ-bmyempﬁ2.i01h&ma- Cl- C6
al kyl het efoaryrl, optional 'y substituted heteroaryl-Cl-C6 alkyl, optionally
subst Bt utend-23tardexulic g¢idbhitroobenzyt g8leric sat urated heterocycl es, 20
optionally substituted arylal kenyl of 8 to 16 carbon atons, SO2NR6R7,
optionally substituted arylal kyl oxyal kyl, optionally substituted

ar %I ?x%/alttlk-?OH-mmazolnw,1-9][télb§nm>@12€dne-ﬂ@? o0 dPig, 0,887 gemghin | y

substi tuted.. i t bigat

opt onal 1ctper 14 fhas, ARed0 o, GLLE) oielirito) Sty b EZERiles

C6al kyl a8-Blamosaioyb-4-thiat1-erabicyciegl3islnentt2eeneca-carboxylieyacid 4nieghrnedr oar yl |

optiqgnally, 2 td ' ' i
et erar YIS ARHes. 0088 Bdt i T i ybadarhnh 3 Acs hEfonction o o
i s hydr ogeas cooledds -20YG. Tenabinutesdateryaddsdl BN (3egp andplgceq reaghen intheed aryl ,

oo L R ARS cakgag o 8 i Serune s eon

optional | _ T, optional substituted ™ ar
opt i onal |pmsl)bdkimed &d0iteanst placed in frepzéravarmightsieration geltiorwass al kyl aryl ,

bt 1 onal 1SRt o FRultint o e DRI G Tastist P 9 Eadrycn 1 1o
get ter1<5ar y(tbg) aﬁ:: fatwﬁt%'d NaldCBe (aopJatrther washedowith water andvbritee D¥igd 958aNGH ed ri ng
yst em opti onal. Vi n . . =(Q)" =
072 “oni et Satud LRGeS AL R g WA oS Boifrep fleteszrd 7o
al dehyde 1:Z Et®Ac/Hdand Dhthieedihe odindessatiompratisti fysliowguaienlid). Wield B31 s
hydrogen,gog4(%y?e§d.defi ned above when A

20 Step 5: (5R,6E&Z)-7-0x0-6-(4H,10H-pyrazolo[5,1-c][1,4]benzoxazepin-2-
yimethylene)-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt:
Step 6: A 0.5M phosphate buffer solution (pH 6.5) (18mL) was added to a solution of the
condensation product (5) (0.300g, 0.468mmol) in THF (18mL). The Pd on Carbon
(0.102g) was added and the reaction mixture was hydrogenated at 40psi for two hours.

25  Filtered through celite and removed THF by rotary evaporation. Extracted with EtOAc.
Dried organics over sodium sulfate and filtered and concentrated. NaHCO; (0.08g,
0.952mmol) was dissolved in a minimal amount of water and added to the concentrated
organics along with a small amount of EtOAc. Filtered and removed EtOAc by rotary
evaporation. Purified with reverse phase column (MCI Gel CHP20P) and varying

30 amounts of acetonitrile (0% to 15%) in water. Removed the acetoriitrile and most of the
water from the collected fractions by rotary evaporation. Freeze-dried the rest to obtain
41mg of (5R,B6E)-7-ox0-6-(4H,10H-pyrazolo[5,1-c][1 ,4]benzoxazepin-2-yimethylene)-4-
thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt (8) (yellow solid) in
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I s hydrogen, with 6-brono-penemderivative of structure 16 ra, 010 RO
16 10 wherein R is p-nitrobenzyl, in the presence of a Lewis acid and a

m | d basewoas/opx2zer t enperature to forman internedi ate al e#ar/ysopdgets 18 HO
Br S A NOR 018 15 wherein A and R are as defined above; (d)
reacting internediate 18 with an acid chloride or anhydride of formnula:
(R8)Cl or (R5)20, or with tetrahal onmet hane of forrrula C(Xl)4, and

i phenyl
' Py 228 Vel HPE ol e e v el A e o 68 SiBLL T
PCT/ US03/ (%361‘&%0 &Y 5|?zf66$nrA4HN 5364 m, @H) %6. 32@@;1% 69914I (8, 26), 81550 2M)er ei n

R8, X1, A d d ' ' '
Compound GOR 6, Db SR (ot %?%maw"%ﬁwﬁ?&% o 2o SPh MEPRE T2 Dy ogen. by

a reductiypHgbodipnation process; and if desired converting to a

Example 42
5H-Imidazo]2,1-alisoindol-2-yImethylene

bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt

-7-0x0-4-thia-1-aza-

10  Step 1: Preparation of 5H-Imidazo[2,1-alisoindole-2-carbaldehyde
The solution of 2-bromo-3-isopropoxy-propenal (4.97 g) in dry acetonitrile (3

mL) was added to the mixture of 3-amino-1H-isoindole (3.4 g) in dry acetonitrile (100
mL). The reaction mixture was stirred for 3.25 h at room temperature. Then
triethylamine (3.6 mL) was added to the mixture and heated to reflux for 2h. The

15  mixture was cooled to room temperature, diluted with ethyl acetate, and washed with
20% potassium hydrogen carbonate. After filtration through a pad of Celite, the organic
layer was dried (MgSO.) and concentrated under reduced pressure. The residue was
applied to silica gel column chromatography, then eluted with ethyl acetate - hexane (31
~ 4/1). The crude compound was crystallized from ethyl acetate and n-hexane to give

20 the title compound {1.04 g, 22%). 'H NMR (400 MHz, CDCl;) & £ 01 (s, 2H), 7.28-7.52
(m, 3H), 7.90 (s, 1H), 7.91-7.93 (m, 1H), 9.92 (s, 1H).

Step 2: Preparation of (5R, 6RS
-6-bromo-7-oxo-4-thia-1-aza-
25 nitro-benzyl ester :
5H-Imidazo[2,1-aliscindole-2-carbaldehyde (736.8 mg) was added to the dry
acetonitrile (50 mL) solution of anhydrous MgBr. (1.8 g) under a nitrogen atmosphere at
room temperature. The dry THF solution (50 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-
aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (1.55 g) was added

5H-imidazo[2,1-alisoindol
bicyclo[3.2.0]1hept-2-ene

-Acetox

-2-carboxylic acid 4-

30 to the reaction mixture, cooled to —20 °C, and triethylamine (1.34 mL) was added in one
portion. The reaction vessel was covered with foil to exclude light. The mixture was
stirred for 2 h at —20 °C and treated with acetic anhydride (0.76 mL) in one portion. The
reaction mixture was warmed to 0 °C and stirred for 18 hat 0 °C. The mixture was
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pharmaceutically acceptable salt or to an ester wherein R5 is Cl1 -C6 al kyl,
C5 - G cycloal kyl, or CHR3000C1-Co6al kyl. 10 2. A process according to

cl ai m1 werogiogsethe Lewi s acid i s anhydrous magnesi um halPCaaiSo813429 pr ocess
according to claim2 wherein the Lewws acid is anhydrous MgBr2. 15 4. A
process according to any one of clains 1 to 3 wherein the mld base is
triethylam ne, DVAP or diisopropyl ethyl amne. 5. A process accordi ng to

any one of claims 1 to 4 wherein e lo ture is fr -20C t
about - 4ctiutesgnitn etk\y'rﬁcét?é% E"%W@Bl?ﬁr‘i‘ﬁ'ﬁ“ %‘\z% aﬁ?g‘Pr 6{? sofliug %a\{%gge_p ?36 erein 0
i nternmedi é{oeorﬁféﬁpvhlélerglaﬂlc lé}ser%sfw?l@& @Mgsog)rarfd fﬂfefbdlhr@gh@p‘dd%f@eh?e A
process according to an Pe |ntermed|%

conpound Thespadywag waghe ‘g'éﬂ gtpgldace@te A TBP&@@% wag @8?‘6’1"’?@ qdindsy reghge

claims 1 drassfiréhenpi r@s@h@ﬁmé%pl‘ieﬁi te &flich el @Iﬁmﬁbhroﬁldﬁdrﬂpﬁy@tﬁéﬁreﬂwde 147
WO 03/ 09 277 PCT/ US03/ 13429

, di 8. wh h
i1 d B ey eopRan Barenede s 1155 G hedle SOMROMG AESOHRIGH & M o any one
of cl ai megihstbRomidhies @5/11 4 Bﬁe &snhw&m@s@hehs gbiRRt Iaagﬂ 73%)00‘WNMRS(493MHzed out

using activated zinc and hosiiate buffer at 51to 8.0 or

hydrogena@pﬁb) dedR (& Qﬁﬂél 2.2 {s, 0AlGo% %"d)a§539a‘é86|('6| %'d) t5c?9c(lda1'ﬁ1 48 Wtfer ei n
the catalyst '4? (Bamaﬁ*w 36@%@@1“49? 362406 D/82GERY, qu%cbstho any

one of clalms tricy clic heteroar)y
A or

group. 131 H)A6pﬂ4dde@§6dc1d'br~/d? 89 Ha), &g (@)rﬁ)eﬁ))l( 1HI aris’ MZ)L 43617 4R épedi
13wl or 51 e PREXTHT ST RPN SR P e M I AR @ERL e ormu 2‘
Z1 W' (W)t Z2: W8
Step 3: (5R), (62)-6-(5H-Imidazo[2,1-a]isoindol-2-yimethylene)-7-oxo0-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt
(5R, BRS)-6-[(RS)-Acetoxy-(5H-imidazo[2,1-alisoindol-2-yl)-methyl]-6-bromo-7-
15  oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (1.5 g)
was dissolved in THF (21 mL) and acetonitrile (9.8 mL). Freshly activated Zn dust (6 g)
and 0.5 M phosphate buffer (pH 6.4, 30.8 mL) were added to the reaction mixture. The
reaction vessel was covered with foil to exclude light. The mixture was vigorously

stirred for 2 h at room temperature. The mixture was cooled to 9 °C, and 1 M NaOH

20 aqueous solution was added to adjust pH to 7.5. The reaction solution was mixed with
ethyl acetate and filtered through a pad of Celite. The pad was washed with water and
the aqueous layer was separated. The aqueous layer was concentrated to 25 mL under
high vacuum at 35 °C. The concentrate was applied to Diaion HP-21 (100 mL,
Mitsubishi Kasei Co. Ltd.) resin column chromatography. After adsorbing, the column

25 was eluted with water and then with 5-15% acetonitrile-water. The combined fractions
was concentrated under high vacuum at 35 °C and lyophilized to give the title compound
as a yellow amorphous solid (527 mg, 58%). Mp 170 °C (dec); 'H NMR (400 MHz,
D,0) 6 4.62 (s, 2H), 6.27 (s, 1H), 6.56 (s, 1H), 6.78 (s, 1H), 7.22-7.31 (m, 4H), 7.52 (d,
1H, J = 6.7 Hz).

30
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Z3 ZQ 16- A wherein Z1, Z2, and Z3 are independently CR2, N, O, S or NRL
provi ded one of Z1, Z2, or Z3 is carbon and is bonded to the renai nder of
t he nol ecwbasass2shown in fornmula 1; 25 W, W2 and WB ar e PChdspendent | y
CRAR4, S, SO SA2, 0, NRL, CO with the proviso that no S-S or 0-0 or
S-O bond formation can occur to formthe saturated ring system t= 1 to 4;
Rl, R2, R6 and R7 are as defined in claim1l; and 30 R4 is H optionally 1
substituted Cl-C6 al kyl, one of R4 is OH Cl-C6 al koxy, -S-Cl-C6 al kyl
COOR6, -NR6R7, -CONR6R7 ; or RARA may together be =0 or R4AR4 toget her i48
WO 03/ Ogéahgﬂl US03/ 13429 wth the carbon to which they are attached may
forma SpII’O systemof five to eight nenbers with or without the presence
of heteroatons selected N, 0, S=(O" (where n =0 to 2), NRL. 5 15 A
process BEs clic h

has theqst'&r‘)h%tcuraoq)}orrrupér]ag% Y1l o?ﬁﬁbuhﬁ@o{%@%n@zlé?g@ 16- Bet\iﬁrwg?gln %{)O;E
Z2 and Z3 are independently CR2, 0, S or N-Rl1 provided one of Z1 -Z3 i,s
carbon and is bonded to the r $<t he nol ecule; W, W2 and WB are

i ndependently CRAR4, S, SO S N-Hl;, t=11to 4; Y1l and Y2 are

I ndependently N or C wth the pr isoNthat P the aromatlc ring portion of
15 the bicyclic heteroaryl group 1s imdazolge, the nonaromatic ring portion

may ngt contain a S adjacent to the bri dgehe&d carbon; Rl and R2 are as
defined in claima1, |

wherein:
one of A and B denotes hydrogen and the other is an aryl optionally substituted with one
or two R,, heteroaryl optionally substituted with one or two Ry, fused bicyclic heteroaryl
10  optionally substituted with one or two R,, fused tricyclic heteroaryl optionally substituted
with one or two R,, cycloalkyl optionally substituted with one or two R, alky! optionally
substituted with one or two R,, alkenyl optionally substituted with one or two R, alkyny!
optionally substituted with one or two Ry, saturated or partially saturated heteroaryl
optionally substituted with one or two Ry; and wherein any of said heteroaryl moieties

15  containing a NH ring atom may be optionally substituted on said nitrogen by Rj;

Rs is H, C1 —C6 alkyl, C5 — C6 cycloalkyl, or CHR,OCOC1-C6alkyl or a salt thereof,

R, is H, optionally substituted alkyl, optionally substituted aryl, optionally substituted
20 heteroaryl or mono or bicyclic saturated heterocycles, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted alkynyl with the proviso that neither
the double bond nor the triple bond should be present at the carbon atom which is
directly linked to N; optionally substituted perfluoroalkyl, -S(O), optionally substituted
alkyl or aryl where p is 0-2, optionally substituted -C=Oheteroaryl, optionally substituted
25 -C=Oaryl, optionally substituted -C=Oalkyl, optionally substituted -C=Ocycloalkyl,
optionally substituted -C=O mono or bicyclic saturated heterocycles, optionally
substituted C1-C6 alkylaryl, optionally substituted C1-C6 alkylheteroaryl, optionally
substituted aryl-C+-C8alkyl, optionally substituted heteroary!-C1-C6alkyl, optionally
substituted C1-C6 alkyl mono or bicyclic saturated heterocycles, optionally substituted
30 arylalkeny! of 8 to 16 carbon atoms, -CONRgR;, -SO,NRgR;, optionally substituted
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R4 is H optionally substituted C1-C6 al kyl, one of R4 is OH Cl-C6 al koxy,
-S-Cl-C6 al kyl, COOR6, -NR6R7, -CONR6R7 ; or RAR4 may together be =0 or
RARA t ogewbews/osi2th 20 the carbon to which they are attaclhed/usay13ee m a
Spiro systemof five to eight nmenbers with or without the presence of

het eroatons selected fromN, 0, S=(On (where n =0 to 2), and NNR; and R6
and R7 are independently H optionally substituted C1-C6 al kyI opt lonally
substituted aryl, optionally substituted heteroar opti onal

substit :Jltamlatkylowllwl Japtignslly, subptitiiedaplkyl-O-zikykanyb th{Qﬂaé'M S&Wlﬂaﬁﬁyqilky' -O-

opti ona t ed ar o] S te

al kyl het egrio)gr betrbéryl gﬁw C§H tgé(t%a gge{%{dgre%?)ﬂy¥ortn§bgbhélg %L@étr‘tg%d

sat ur at edwetemgrquxyelkyim oprtiopally | ysubstitutey orsylexyario hertionaliit ongbstituiss: ed

fromN, O 6 Padshtugecordi n

to clai m T @F‘%&é&\r@@%"ggagﬁ%ﬁ otleige o oo R RO T -

ICR(Z WA 5 t C@lylarglpgyheteroaryt, emiiopaliyn sgbsmute%zalkyi@vlan@"ﬂlanan% nRRtigeRent I y
or ar, [ de

of the no ecuquge%dmérbg%yl %g?:iallﬁ egéelﬁgtgﬁtlf/a %g%%gwsgheos%gmf or

N-RL; wi twushwtqﬁrmtergerwqwtcarmoyls-s or 0-0 or SO bond formation can occur

to formthe saturated ring system t=11to 4; 10 Y1 and Y2 are

i ndependently Cor N, Rl, R2, R4, R6, and R7 are as defined in claim13.

17. The pRpiscysiregenooptionglly substitited C1-Gthakeli aptianally suksiityted ©2:G6 alkenyl,

RIEt €T RATY bt atPs ifitutekPch b IR Haicgén) cyanb, KRR, MobtRnal¥Asilistited’cor | -

C6 alkoxy, hydroxy; optionally substituted aryl, optionally substituted heteroaryl, COORs,
optionally substituted alkylaryloxyalkylamines, optionally substituted aryloxy, optionally
substituted heteroaryloxy, optionally substituted C3-C6 alkenyloxy, optionally substituted
C3-C6 alkynyloxy, C1-C6 alkylamino-C1-C6 alkoxy, alkylenedioxy, optionally substituted

15  aryloxy-C1-C6 alkyl amine, C1-C6 perfluoro alkyl, S(O)q-optionally substituted C1-C6
akyl, S(0),~ optionally substituted aryl where q is 0, 1 or 2, CONRGR;, guanidino or
cyclic guanidino, optionally substituted alkylaryl, optionally substituted arylalkyl,
optionally substituted C1-C6 alkylheteroaryl, optionally substituted heteroaryl-C1-C6
alkyl, optionally substituted C1-C6 alkyl mono or bicyclic saturated heterocycles,

20 optionally substituted arylalkenyl of 8 to 16 carbon atoms, SO:NReR; optionally
substituted arylalkyloxyalkyl, optionally substituted aryloxyalkyl, optionally substituted
heteroaryloxyalkyl, optionally  substituted aryloxyaryl, optionally  substituted
aryloxyheteroaryl, optionally substituted heteroaryloxyaryl, optionally substituted C1-
Cé6alky! aryloxyaryl, optionally substituted C1-C6 alkylaryloxyheteroaryl , optionally

25  substituted aryloxyalkyl, optionally substituted heteroaryloxyalkyl, or optionally
substituted alkylaryloxyalkylamine;

R; is hydrogen, C1-C6 alkyl, C5 — C6 cycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl;

30
Rs and Ry are independently H, optionally substituted C1-C6 alkyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted C1-C6 alky! aryl, optionally
substituted arylalkyl, optionally substituted heteroarylalkyl, optionally substituted C1-C6
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1 /0l\O/3 /1 4 Z2N Y2 z4 z1 \ Z3 1'll Z3 Z2 1 Al -B wherein Z1 , Z2, Z3,
Z4, Z5 , Z6 and Z7 are independently CR2, N, O, S or NNRl provided one of
Z1 - Z7 iwoaspsbon atomto which the renai nder of the nolPetmise3/ix29
attached; 20 Rli R2, R6 and R7 are as defined in claim1; and Y1, Y2, Y3
and Y4 may i ndependently be C or N. 150 WD 03/093277 PCT/US03/13429 18. A
process according to claim 12 wherein the tricyclic heteroaryl group IS 7
Z8 Z\26 [/726-, Z5 Yl O 1 Z7 Z1 Yz 1° 4 7Z5 or ~~ X Z4 Z2\\ Ot o é

v /4 1-alkyl hewroaryizRe1a Re c28 be fogatheedo fapR@ep mpmbeyed Sztyfat%h nngs" , z6
, Z7 and ﬁﬂ%ﬂ%{ﬁ ) D, B qi\edoqne of the
Z1 - Z8 is§§teﬁf§pt@ atomto %h'? eoﬁgﬁlsgg%% §%R1t’ he ﬁé‘cm eis
attached; Rl, R2, R6 and R7 are as defined in claim1l1;, and Y1, Y2,Y3 and

Y4 are i 10 19. A process according to claim 12
{E% |cyc‘% cpqnetger oary

wher ein group is 7z~ 78 Oz6 zZ Y4/ zZ8-Y [ 7\ |
\Y3 Z5 Y (© Zmdénshﬂl ah appropriately substltuted aldehyde 17
A’-CHO
17

wherein A’ is A as defined as above when B is hydrogen, or B as defined above when A
is hydrogen,
with 6-bromo-penem derivative of structure 16

BI"/,I S
A
O N O\R
O
16
10
wherein R is p-nitrobenzyl,
in the presence of a Lewis acid and a mild base, at low temperature to form an
intermediate aidol product 18
HO Br .
A ——rN |
o7 O‘R
o)
18
15

wherein A’ and R are as defined above;

(d) reacting intermediate 18 with an acid chloride or anhydride of formula: (Rg)C! or
(Re)20, or with tetrahalomethane of formula: C(X.)s, and triphenyl phosphine,

wherein Rg is alkylSO,, arylSO,, alkylCO, or arylCO; X, is Br, |, or CI; to form

20 intermediate compound 19
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/[ 1 QY2- z/ O1 OzZ5 ZzZ2\OY1l~/ 5\ Ze Z 11-1 z4 Z3 3 3_A 33=B wherein
Z1 , 72, 73, ZA, Z5, Z6 , Z7 and Z8 are independently CR2, N, 0, Sor NR1
provi ded Wo®30932Z1 - Z8 is a carbon atomto which the remecmasn3/of24 he

nol ecule is 15 attached; Rl, R2, R6 and R7 are as defined in claiml1; and
Y1, Y2, Y3 and Y4 may be C or N. 151 WO 03/093277 PCT/ US03/ 13429 20. A
process according to claim 12 wherein the tricyclic heteroaryl group is
/8\z17 Zz | Z7 726 z8 Z8-~ Y4 26 O Z9, Z7 ~Y | Y Z5 3/ - ) Z- Y2  or 1
Z,- Y4 ;, O~40 02Z(r) f Y2\ [ zZz201/25 2, \02zz4 2\ 1-11 ,\ Z5\z \zZ4
Z2 3 Z3 Z4 3 4_A 4vB 44C 5 wh @E;n Z1, 72, Z3, Z4, Z5 , Z6 , Z7, Z8 and Z9
are independently CR2, N, 0, S 'NR,S provi ded one of the Z, - Z9 is a
carbon atomto which the remd¥ndef off the nolecule is attached; R, R2, R6
and R7 are as defined in claimdzani W, Y3 and Y4 are independently
Cor N 10 21. A process according to cl aidﬂ 18 wherein the tricyclic
heteroaryl group is W8 (W)t Z3 19

wherein Rg is X, or ORgwherein Rg, X;, A’ and R are as defined above; and

(c) converting the intermediate compound 19 to the desired formula | compound wherein

5 Rsis hydrogen by a reductive elimination process; and if desired converting to a
pharmaceutically acceptable salt or to an ester wherein Rs is C1 -C6 alkyl, C5 - C6
cycloalkyl, or CHR;OCOC1-C6alkyl.

10 2. A process according to claim 1 wherein the Lewis acid is anhydrous magnesium
halide.
3. A process according to claim 2 wherein the Lewis acid is anhydrous MgBr.

15 4. A process according to any one of claims 1 to 3 wherein the mild base is
tristhylamine, DMAP or diisopropyl ethyl amine.

5. A process according to any one of claims 1 to 4 wherein the low temperature is from
about —20°C to about —40°C.

20
6. A process according to any one of ciaims 1 to 5 wherein intermediate compound 19
is an acetate, triflate or a tosylate.
7. A process according to any one of claims 1 to 6 wherein the intermediate compound
25 19 is not isolated.
8. A process according to any one of claims 1 to 7 wherein step (c) is carried out at

a mild temperature.
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Z4 0 Y4 W Z1- Y\1 Y3 or Yz (W)t /~~2Q0/ Z 0~ 2\ ~2 2724 ~Z. 23 2
55=A 5=B 15 wherein Z,, Z2, Z3 and Z4 are independently CR2, N, 0, S or
N-R, prowoedomer of Z, - Z4 is a carbon atomto which tReTrEsnsiasder of
the nolecule is attached; Y,, Y2, Y3 and Y4 are independently Cor N W,
W2 and WB are independently CRAR4, S(Or (r =0-2) , 0, or NR wth the
proviso that no S-S, S-0 or 0-0 bond formation can occur to forma
saturated ring; 20 Rl, R2, R6 and R7 are as defined in claim1; 152 WO
03/ 093277 PCT/US03/13429 R4 is H, optionally substituted C1-C6 al kyl, OH

(provi deg bot AL ARt iSith $Rngl mildSefmbefeiuralidabout 56@%. - NR6R7,
- CONR6RY 7 or%(ﬁ%& nsg?/ todd@(yecr%e :Oegﬂhgp@ teoggt herr Ié\;\,i tcﬁtthe carbon to

whi ch thé}ﬁ@ue attached may forma spiro systemof five to eight nenbers
with or without the presence of heteroatons 5 selected N, 0, S(On (where
n =0to 2), NRLi andt =1 to 3. 22. A process according to claim 12

wher ebn t10e t rA prpcesscadrerdingterdly anpesslaims 14a 9 whepgin the reductivg elimingtjony 71 -

Z5 Z1~ Y2 Y ~. ~ ; . : 3\Z3
YAN', Z,, 25 0Pbets G PR 9 tfg_'hﬁécé‘)_éf\édes%'&%é%%g?"%@%ﬁ@ﬁ i @?2&%3??5@54 and
Z5 are i ndepértd@f byhydrogenatingoves aggatalysRl provi ded one of Z1' - Z5 is a
carbon atomto which the remai nder of the nolecule is attached;

11. A process according to claim 10 wherein the catalyst is palladium on charcoal.

10
12. A process according to any one of claims 1 to 11 wherein A or B is a fused

tricyclic heteroaryl group.

13. A process according to any one of claims 1to 11 wherein AorBis a fused

15  bicyclic heteroaryi group.

14. A process according to claim 13 wherein the fused bicyclic heteroaryl group has

the structural formula

Wiy
%1 j (Wa)t
22\0 W3
Z3

20 16-A

wherein Z;, Z,, and Z; are independently CR,, N, O, S or N-R, provided one of Z;, Zy, or
Z, is carbon and is bonded to the remainder of the molecule as shown in formula

I;
25  W,, W, and W are independently CR4Rg, S, SO, SO, O, N-R;, C=0; with the proviso
that no S-S or O-O or S-O bond formation can occur to form the saturated ring
system;
t=1to4,;
R4, Ry, Rs and Ry are as defined in claim 1; and
30 R, is H, optionally substituted C1-C6 alkyl, one of R, is OH, C1-C6 alkoxy, -S-C1-C6

alkyl, COORs, -NR¢R7, -CONR;R; ; or R4R4 may together be =O or RsR4together
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Y1, and Y2 are independently Cor N, 15 W, W2 and WB are independently
CRAR4 , S(Or (r =0-2) , 0, or NRL with the proviso that no S-S, S-0
or 0-0 bowo oBosazati on can occur to forma saturated ring; PRIJUSRRI34R6 and R7
are as defined in claiml1; R4 is H optionally substituted C1-C6 al kyl, OH
(provided both R4 are not OH), Cl1-C6 al koxy, -S-Cl1-C6 al kyl, COORGI

-NR6R7, -CONR6R7 ; or RAR4 may together be 20 =0 or R4R4 together with the

carbon to which they are attached may forma spiro systemof five to eight
menbers with owitwihehearbon ke whichdbey areattaghedrmay v a seire systamnef five 9 o) n

(where n =0 1 Guighe mihiBbls JAA! GiLRout A8, FréserePbORERRAGHRO i B, bal M 12
wherein the trityclic heteroar roup i's 153 WD 03/ 093277 PCT/ US03/'13429

Z5 zr, 1 0 Z4 S\ (whesg N30 to@L N*R«.Y4 Y (r) Z5 Z1 Y2 0 Y2- or z (r) (W)t
24Y2)t \Z3W 3 7-A77B wherein Z1i 72, Z3, Z4, Z5 and Zr, are
I ndependently CR2, N, 0, S, and N-Rl; provided one of Z1 - Z6 is a carbon
%fom t5o.vx/nich the remai nder of the nolecule is attached; Y1,,Y2, Y3 5 and
are ingepen : Q4 r
T 3y TGP BlScaks ol e e Ao iR thGHERA TG Moyt et e on
can occur to fibestracturalforamied ring; R1, R2, R6 and R7 are as defined in
claiml; R4 is H optionally substituted Cl1-C6 al kyl, OH (provided both R4
are not OH), Cl-C6 10 al koxy, -S-Cl1-C6 al kyl, COOR6, -NR6R7, -CONR6R7 ; or
RAR4A may together be =0 or RAR4A together with the carbon to which they are

attached may for may,éfyﬂm)t
ZZ/\Ole_V(,:;

16-B
wherein

10  Zi, Z» and Z; are independently CRy, N, O, S or N-R, provided one of Z; —Z; is carbon
and is bonded to the remainder of the moiecule;
W,, W, and W; are independently CR4R4, S, SO, SO,, O, or N-Ry;
t=11to 4,
Y, and Y, are independently N or C; with the proviso that if the aromatic ring portion of
15  the bicyclic heteroaryi group is imidazole, the nonaromatic ring portion may not contain a
S adjacent to the bridgehead carbon;
R and R, are as defined in claim 1;
R, is H, optionally substituted C1-C6 alkyl, one of R4 is OH, C1-C6 alkoxy, -S-C1-C6
alkyl, COORs, -NRgR7, -CONR¢R; ; or R4Rs may together be =O or R4R, together with
20 the carbon to which they are attached may form a spiro system of five to eight members
with or without the presence of heteroatoms selected from N, O, S=(O)n (where n =0 to
2), and N-R4; and
Rs and Ry are independently H, optionally substituted C1-C6 alkyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted C1-C6 alkylaryl, optionally
25  substituted arylalkyl, optionally substituted heteroaryialkyl, optionally substituted C1-C6
alkylheteroaryl, or R and R; can be together to form a 3-7 membered saturated ring
system optionally having one or two heteroatoms selected from N, O, or S.
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systemof five to eight nenbers with or without the presence of heteroatons
selected N, 0, S(On (wheren =01to 2), NRL;, andt =1 to 3. 15 24. The
process awomsmdarg7to claim 12 wherein the tricyclic heter@ampsogytaep is 2Z5
[ Z6\ Z7 ~ 014 WLl Y7Z7\z6 /Y4~Y3/ Z1-Y /[ ; O1 Z1 Y2 1Y Z5 or Z O (W)t
Z2\\ 2\ 2\ YIW ZY1 4 23t Z4 Z3 1 3 8-A 8=B 20 wherein Z1, Z2, Z3, Z4,
Z5, Z6 and Z7 are indepdently CR2 , N, O, Sor NRL provi ded one of the
Z1- Z7 is a carbon atomto which_the remalpder 0 ule is attached;
154 WO 03B083TgcesSErcerding to sy 13whepsin thes ﬁ@lbwc'%@“?rﬂ%g%f AHRM 1y Ccor N
WL and W2 are independently CRAR4 , S(Or ( r 0-2), 0, or NRL With the
proviso that no S-S, S-O or 0-0 bond formation can occur to forma
saturated ring; Rl, Rﬁv R6 and R7 are as defined in claiml; 5 R4 is H,
optionally substzg_fu?ff \H -C6 al kyl, OH (provided both R4 are not OH), Cl-C6
al koxy, -5 CL- CazaDichl, édome _NR6R7, -CONRGR7 ; or R4R4 mmy together be
=0 or R4R4 toget heF4vmt‘"h the carbon to which they are attached nay forma
spiro system of fi to eight nmenbers with or without the presence of

het er oat ons  sel ecﬂéel'g N, O, S(On (where n =0to 2), NRli 10 andt=0-3. 25.
A process according to claim 12 wherein the tricyclic heteroaryl group is
("4)u  WEvhéBein

5  Z1,Z2, Z3 and Z4 are independently CR; or N provided one of Z1 —Z4 is carbon and is
bonded to the remainder of the molecule;
W, W, and W; are independently CR4Rs, S, SO, SO,, O, or N-R¢; with the proviso that
no S-S or 0-O or S-O bond formation can occur to form the saturated ring system;
t=1 to 4,
10 Y, and Y, are independently C or N;
R4, Ry, Ry, Rs, and Ry are as defined in claim 13.

17. The process according to claim 12 wherein the fused tricyclic heteroaryl group has

15 the formula

wherein Z, , Z, Zs, Z4, Zs , Zs and Z; are independently CR:, N, O, S or N-R; provided
one of Z, - Z7 is a carbon atom to which the remainder of the molecule is attached;

20 Ry, Ry, Rsand R; are as defined in claim 1;
and Y4, Y2, Yz and Y, may independently be C or N.
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WL, , ~WB---(WA)u /Y4--, Y3~ Y 31 2Z1- Z1-Y4 1 Wor 20 Y2572 0, (W)t

Z2 Y1 /YIW Z | ~(J~dA Z3 1 3 15 99=A 99_13 wherein Z1 , Z 2 and Z3 are

i ndependewOlog/o@R227 N, 0, S or N-RLl provided one of Z1 - ZPRCraiSoxidaas bon
atomto which the remai nder of the nolecule is attached; Y1 and Y4 are

i ndependently C or N, Y2 and Y3 are independently CH or N, 20 W, W2, W3,
W and Wb are independently CRAR4, S(Or (r =0 -2), 0, or NRL with the
proviso that no S-S, S-0 or 0-0 bond formation can occur to forma

sat ur at ed!8. rA Rtpcesd acqupdingrp glain 17 whekeinibeddsgyclicbeteroapyl grawPis R4 is H,
optionally substituted C1-C6 alLkyl, OH (provided both R4 are not OH), Cl-C6
25 al koxy, -S-Cl-C6 al kyl,  COORB, -NR6R7, - CONRBR7 ; or RAR4 may toget her
be =0 or RAR4 toget her wifh the Gar bon to whi gh ?Wsare attached may form
a Spiro 155 WO 03/093277 BPCTRUBS03/ 13429 sysngﬁ five to eight nmenbers
with or without the preseh(ego hét er oat ons  sel ed)N;, 0, S(On (where n

=0 to 2), N-Rii t:m‘,-e-z;yq'fﬂ:l ua%? 592. Ap % ac idingto claim12
wherein the tricycli he\t a/yl group is 29 /(/$ Z@Z Y/ (r) \zZ7 1 0 |
YL Z 4 y4~3 Z \obz%- 7, 2 O Y\ 1
P 1 3
Z3 \22/
2-A 2-B

wherein Z; , Zy Zs, Zs, Zs , Zs , Z; and Zg are independently CR,, N, O, S or N-R,
5 provided one of the Z; — Z3 is a carbon atom to which the remainder of the molecule is

attached;

R4, Rz, Rs and R; are as defined in claim 1;

and Y, Y2 ,Y3; and Y, are independently C or N.

10
19. A process according to claim 12 wherein the tricyclic heteroaryl group is

Z7
Ze \
), 0~
ZB\Y /27\ 4\Y3
20— i O 7 Z—Y; \
4 O ¥ O YZ\Z{ Zz/ O §/1 0/25
2\23/ 1\24 \23/ \24
3-A 3-B

wherein Z, , Z, Zs, Zs, Zs , Zs, Z7 and Z; are independently CR,, N, O, S or N-Rq

provided one of Z; — Zg is a carbon atom to which the remainder of the molecule is
15  attached,;

Ri, Rz, R and Ry are as defined in claim 1;

and Y4 Ys, Yz and Y, may be C or N.
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1YL26 ~~1 0Y10 Y3 ~1 (r)lI (r) \zZ4 zZ5 z2\ ~Y2\ , 5 4 1.11 Z3 Z4 10-A
10-B 10 wherein Z1 , Z2, Z3, Z4, Z5 , Z6, Z7, Z8 and Z9 are independently
CR2, N, OwOoS3w932if R1 provi ded one of the Z1 - Z9 is a carborusayoaee o whi ch
the remai nder of the nolecule is attached; Rli R2, R6 and R7 are as
defined in claim1; and Yli ~ Y2, Y3 and Y4 are independently C or N 15
27. A process according to claim 12 wherein the tricyclic heteroaryl group
is Z9 Z8 Zlo \zZ6 zo Z1 0 1 1lol7 71 /Z10O\ z|Zl~ Y4~ |77 72 Y1 Y4 Z6 Z2 Y1
Y3 z1 ", 20. ~Apiocess acgording teclgim 13 wheggin th@rtﬂqy IG BEtoraaryT gEouRYg\ /21 23\ / y2\
/26 z2\ Y2\ |Z5 Z4 25 Z6 Z4 Z5 Z3 z 4 11-A 11-B 11-C wherein Zla Z2,
Z3, Z4, Z5, Z6, Z7, Z6, Z9 and Z10 are independently CR2, N, 0, Sor NRL
20 provided one of Z1 - Z10 is a carbon ato i ch thezremsu nder of the
nmol ecule is attached; RlL, R2, R6 and R7 efined #n' cT4 m1; and
Yl, Y2, Y3 and Y4 are independently C or % léi 03/ @932 CT/ US03/ 13429
|

28. A process accordin &se\%I aim 12 where the/frl cycl t | group
s o SR i e gl
/10 \1 O xz\ /Z6 Z;_/ O §( 0/25 Z‘\O)\ /IZ4
ZZ\Z:B/Y1\Z4/ Zs \23/ 1\24 z5 Z3
4-A 4-B 4-C

5 wherein Zy, Zy, Zs, Zs, Z5 , Zs, Z7, Zg and Zo are independently CR,, N, O, S or N-Ry
provided one of the Z; — Zs is a carbon atom to which the remainder of the molecule is
attached;

R4, Ry, Rs and Ry are as defined in claim 1; and
Y4 Yz, Yz and Y, are independently C or N.
10

21. A process according to claim 12 wherein the tricyclic heteroaryl group is

(Wz)t

/
Y O
20— Dy / >\ (Wz)t
/ \O/ O

5-A 5-B

15  wherein Z;, Zy, Zs and Z, are independently CR,, N, O, S or N-Rq provided one of Z; - Z4
is a carbon atom to which the remainder of the molecule is attached;
Y: Yz, Yaand Y, are independently C or N;
W,, W, and W; are independently CRsRs, S(O)r (1 =0-2), O, or N-R; with the proviso
that no S-S, S-O or 0-O bond formation can occur to form a saturated ring;

20 R4, Ry, Rg and Ry are as defined in claim 1;
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Z1 /-Y4 Y2 \ Y4 22 YI Y, | i Zlo Y, (W)t Z31 0YI003 or | (r) | \~/ Z5 Z2\
/Y3 4 Z3 W 12-A 12-B wherein Z1, Z2, Z3, Z4 and Z5 are independently
CR2, N, Owo33m932¢ R provided that one 5 of Z, - Z5 is aPcarusesisedm to
whi ch the remainder of the nolecule is attached; Y,, Y2, Y3 and Y4 are
mdependently Cor NN W, W, WB are independently CRAR4A 0, NR,, or S=(Or
(r 0-2) with the provisothat no S-S S-Oor 0-0 bond formation can
occur to forma saturated rin R, R, R6 and R7 are_as defined in claim

1; tlgH) R4 RC? isHH, omql?eﬂnasulgﬁtlﬂﬁ EiltGA alryicOHotprayigsd bottr R4 grevetdel). ol RORs ar e
no - ,@OCB@ RO

may toget her Ikd%& C§,<_¥;,1 I-"gﬁgiﬁg’é et(E'ge’yN h" Nc%?t?ﬁr@t%‘ whi chBt-ér(?EahyeegreeR4R4
attached may f=€Q or Rd@;ipgeihesytth the aarban ﬁ@é"h'@h tiey e Atagheddnay form & SRt hout
the presence Osfyﬁgﬂji Ef QP W Right Eﬁh@rﬁ%&g ith O Yvﬁu@tr{hé WrdehicB of thetdtodtbmsN- R,

15 and t =1-4 rocess accor to C m 12 wherein the tricyclic
heter@aryl grcnqheqt@ N\BO S&@pt(wwre(n/ath)mziw Z6~, /W8 Z' W1", o ~Y4\ oY3\
223%@({ {3 (M2)t Z~ QYI O Yl or ZI OYl 016 Z3\Z~ Y2\ 75 3~W
23\ Z~ Y2\ ?2 Z3 Z4 20 13-A 13-B 13-C wherein Z, , Z2, Z3, Z4, Z5 and

Z6 are mdependently CR2, N, O, Sor NR provided one of Z1 - Z6 is a

car bon at [ RotbUC OJE {J %%@dlrﬂld& igji'elhme iRl G Weterbaryrdrbgs Red: Y1, Y2, Y3

and Y4 ar epéende

W (W)t /24\23
z T 0

/ “~ / ) W1 / ~Y; 2\Y/
7 Z ﬁ ! or Yz (W)t
e, l o] mm AO | o) [/

Z5 2\ W, i 4\ / Zs 21\ /Y1_W1

Z;
10 6-A 6-B 6-C

wherein Z;, Z, Zs, Z4 and Zs are independently CRz, N, O, S or iN-R, provided one of Z; -
Zs is a carbon atom to which the remainder of the molecule is attached;
Y, and Y; are independently C or N;
15  W,, W, and W, are independently CRsR; , S(O)r (r =0-2) , O, or N-R, with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
R4, Rz, Rs and Ry are as defined in claim 1;
R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COORs, -NRsR7, -CONRgR; ; or RsR, may together be
20 =0 or R4R4 together with the carbon to which they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-Ry;
andt=1to 3.

25  23. A process according to claim 12 wherein the tricyclic heteroaryl group is
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WO 03/ 093277 PCT/ US03/ 13429 WL, W2 and WB are independently CR4R4, S(Or (
rr =0-2) , 0, or NRL with the proviso that no S-S, SO or 0-0 bond
formati orwoan/ogcur to forma saturated ring; Rl, R2, R6rPemdSRY1xe® as
defined in claiml;, R4 is H optionally substituted C1-C6 al kyl, OH
(provided both R4 are not OH), C1-C6 5 al koxy, -S-Cl1-C6 al kyl, COORG6,
-NR6R7, -CONR6R7 ; or RAR4 may together be =0 or R4R4 together with the
carbon to which they are attached nay forma spiro syst of five to eight
menbers with or without the presence of heteroatons se%’ ted N, 0, S(On
(where n =0 to 2), N-R; andt=1to3. 10 30. Aprocess ing to claim12
wherein the tricyclic. heteroaryl group is z, Z8 \ZGE @ t Zr 0 )t zZ

1 Y4\ 5 Y31 Y2 722 Y1 Yr z7\w2 Y1 Zsor"- Y7~ 76 1 \0/)14$9 10123 Y2Y3
76 73 Y2\ V@)t zI I5\K3 %\yz/ 24 Mlezlyy2l 4% 53 4 14.A14-B
14-C 15 V\,her ei nz 1‘2@ Z3, are independently CR2,
N, 0, Sor Qﬂ one Z ZSlsz n at op@@twhi ch the

r emai nder of the ulyg ttachéd Y1, )8 and\w4 are i ndependently
Cor N W, and W |ndep ently CRAR4 , S(&r (r =0 -2) , 0, or NRL

with the proviso 20 that no S-S, S-O or 0-0 bond formation can occur to
forma saturatedrlng Rl, R2T-AR6 and R7 are as define#Bn claiml1l; R4 is

Cr- b i L2k 4 T 2 b bendgth e MR e d N B ER o)
t oget her df@, 2 iot dadivh atomediwhichvihe nernhiederzofiion moteculei is Attadhed; ¥r &»af¢ ached
B?)e/sl; 0 Mﬁr grl 2 Sﬁéérﬁlry(?for I(I;l ve to eight nmenbers with or without the
W, and W, are independently CR,R, , S(O)r (r = 0-2) , O, N-R with the proviso that
no S-S, S-0 or O-0O bond formation can occur to form a saturated ring;
R4, R, Rs and Ry are as defined in claim 1;
R4 is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH) C1-C6
10 alkoxy, -S-C1-C6 alkyl, COORs, -NRsR7, -CONRG6R; ; or R4R4 may together be
=0 or RsR, together with the carbon to which they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-Ry;
andt=1to 3.
15

24. The process according to claim 12 wherein the tricyclic heteroaryl group is

Zg—_
TN
7 L9
4 W1\ \Ze 4~ s
v \ O \z or /‘“Y/ Y
/ o s wy

\ /Y1\(~V/) 20 ~~w;

8-A 8B
20  wherein Zy, Zy Zs, Zs, Zs, Zs and Z; are indepdently CR; , N, O, S or N-R4 provided one
of the Z; — Z7 is a carbon atom to which the remainder of the molecule is attached;
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selected N, 0, S(On (wheren =0to 2), NRLi andt =1 to 2. 158 WO
03/093277 PCT/ US03/ 13429 31. A process according to claim12 wherein the
tricycli cwbaBeesxaryl group is WI-\3)UW ( 2)t ~Z1~t ~- VWETABOY¥134292 Z2 o
YivYyi / \ /] zZ1YLWwW zZ23 | (WHU 2 YLY3or 101 | Z3\ "-,Y2W 3\WB Z3
(r) YI (W)t z2 /Y2 (WHU 2z4 1 Z4e Zg 15-A 15-B 15-C 5 wherein Z1i Zz2, Z3
and Z4 are independently CR2, N, O, S or NRl provided one of Z1- Z4 is a
carbon atomto which the remai nder of the nolecule is attached; Y1, Y2, Y3
and Y4 ar¥%,YnYepoddeare independently @or N0, W8, WA and Wb are independentl|y

CrARA W%no(w aTe [hdepandefily @Rﬁ" %@m’ gp ohe) @)OPNQ‘W With t‘h@%‘o\}% tﬁatS 5‘ O

or 0-0 bond Mat 1 on can occur saturated ri ng R2,
R7are as defi neelSi$ SPx0r@-0 bargl fpanﬂlonm@nmﬁwWor§w§eﬁumt%an9:1 C6 aI kyI

OH (provi %G\I%B%Qnm aﬁeﬁ]@éﬂn%” CI%@G al koxy, -S-Cl-C6 al kyl, COORe6,

- NR6R?7, be =0 or RAR4 together with the
car borb t oRwhis th Oph@}a"wselb%tﬁtlf&d r€é1d freajky, cQIrh(aroyMeacboistéﬁ@m H) £3£8 o

£ 5L Tarier Skl 254 bSO FAIES, Kofiye o R repLogi b ©

6- br onp- penem d@ranRyR: tagetiter with fiea oarson & WB'ICB thqy @e@&RCh@ map fRe? 8PIFP R i s
p-ni trobenzyl. system of five to eight members with or without the presence of heteroatoms

selected N, O, S(O)n (where n =0 to 2), N-Ry;
10 andt=0-3.

25. A process according to claim 12 wherein the tricyclic heteroaryl group is

15 9-A 9-B
wherein Z, , Z, and Z; are independently CR, N, O, S or N-R, provided one of Z, — Z3 is
a carbon atom to which the remainder of the molecule is attached,
Y, and Y, are independently C or N;
Y, and Y; are independently CH or N;

20 W, W,, W5, W, and Ws are independently CRsR4, S(O)r (r = 0-2), O, or N-R; with the
proviso that no S-S, S-O or O-O bond formation can occur to form a saturated
ring;

R4, Ry, Rs and Ry are as defined in claim 1;
R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6

25 alkoxy, -S-C1-C6 alkyl, COORs, -NRsR7, -CONR¢R; ; or RsRs may together be
=0 or R4R, together with the carbon to which they are attached may form a spiro
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159 WD 03/093277 PCT/ US03/ 13429 33. A process for the preparation of

4-ni trobenzyl (5R, 6S)-6-bronmopenem 3- carboxylate as clainmed in claim32
whi ch compoioses32the fol | owi ng steps: (A) (i) reacting 6-amcmasesiaed | ani c
acid with hydrobromc acid in an organic solvent and 5 water to formthe
6- bronmo derivative 21 Br/,, s 0 COOH 21 and (ii) converting the

6- bronopenicillanic acid 21 derivative to the p-nitrobenzyl 6- 10
bronpenicillanate 22 BS N O'*/COOR 22 whrein Ris p-nitrobenzyl, using
4-ni trobenzyl bgrEns &f ifite tth Light ah&mBErsOkit 8 ithbutahe pregsnet Cof IRitareBiomslS ( B)
oxi dizing the 4-nitrobenzyl 6-bronmopenicillanate 22 to form 4-nitrobenzyl
6- bronopeni ci $8legted ¥, 9. §b)ae(wﬁ?,feﬂso° Wedr893277 PCT/ US03/ 13429 O BS "N
0 "COOR 23 (¢d 27 &{d uxi ng the 4-nitrobenzyl 6-bronopenicillanate 1-oxide 23
wi th 2- nercaptobenzothiazole in an aromatic solvent to form

4-ni trobehZVIPER) - 2-[(3S, 4R) -4- 5

(benzaf hi azol -2-yl di t hi 0) - 3-brono-2- oxoazeti di ne-1-yl]-3-nmethyl but - 3-enoate
24; (D) dissolving the

4-ni trobenzyl (2R)-2-[(3S, 4R) - 4- (benzot hi azol - 2-yl di t hi 0) - 3- br onp- 2-

oxoazet i dp1gy grovéds stcBRiNY RIim32aReaER t%trlc?cl?me%rgﬁm grogplsvent and

reacting wwth an 10 organic tertiary base to form
4-ni trobenzyl - 2-[ (3S, 4R) - 4- (benzptti<qzol - 2-yl di zf+-r—3-7;

2 v |
7—2/ 1\Y /Y4\ 9 / 1/Y4\Y /Y3\

3 Yo~
Z Y Z
\24/ Z5 2\2/ 2\2/ 5
3 4

10-A 10-B
10 wherein Z;, Zy Zs, Zs, Zs , Zs, Z7, Zs and Z, are independently CR;, N, O, S or N-Ry
provided one of the Z, — Zg is a carbon atom to which the remainder of the molecule is
attached; Ry, Ry, Rs and R; are as defined in claim 1; and Y4, Y, Ys; and Y, are
independently C or N.

15
27. A process according to claim 12 wherein the tricyclic heteroaryl group is

Zy Z
Z10/ \28 Zg/ 8\27
Z Z z 4 Y| O l /l\o/k
1 4 7

2 s 1\Y1 P 10\Y 4/ 9\28 2 ~ \Y1 s \Y3 e 2. Y, 2,
ojojol JoJo] «jojoO|
NN, NN NN

4 5 6 4 5 Z3 Zy

11-A 1B 11-c

wherein Z,, Zy Zs, Z4, Zs, Zes, Z7, Zs, Zg and Z;, are independently CR;, N, O, S or N-R;
20 provided one of Z; — Zy, is a carbon atom to which the remainder of the molecule is

attached,;

R4, Ry, Rs and Ry are as defined in claim 1; and

Y4, Y2, Y; and Y, are independently C or N.
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br ono- 2- oxoazeti di ne- 1-yl ] - 3-net hyl but-2-enoate 25 (E) converting the
4-ni trobenzyl -2-[(3S, 4R) - 4- (benzot hi azol - 2-yl di t hi 0) - 3- br ono- 2-
oxoazet i dwo@3/@93291 | - 3- met hyl but - 2- enoat e 25 to 4-nit r obenPgIr/US03/13429
2-[(3S, 4R) - 3- brono-4- 15
formyl t hi o-2-oxoazetidin-1-yl]-3-nethyl but-2-enoate 26 by reacting in an
aromati c organic solvent in the presence of an organic acid, acetic
anhydride/ organic tertiary base and trialkyl or triaryl phosphine at from
about - 128CA groédseuiccordihgCo cldim 12aitrdin the irloim‘hbihyteroaryi group is
2-[(3S, 4R) - 3- br ono- 4- forrrylthlo 2 oxoazetidin-Jl-yl]-3-Jrethyl but- 20
2-enoate 26 being taken up |nf OFQAD) C solvﬁ‘( at - Cto -90 C and

hr ou to

ozoni zed oxygen bei NG, passed h™it for foI | owed by

i ntranol ecul ar cy I){ati\Y 4 g a lphosphit \fzqu or m 4- ni t r obenzyl
(5R, 6S) - 6- br onope i) ﬁb Le~19. 25 .‘2 A er WQ)tdl ng to claim
1 for the preparat|on of forrrulra ]Q V\D 03/ 093277

PCT/ US03/ 13429 AZg B | Yz\ I OO0l Ry as efY| ned yn claim1 in which
the 4-nitrobenzyl (5 ﬁg) 6- bf®nopenem 3- ca gg/a used in step (a)
is prepared according to claim33. 5 35. A proC8ss according to claim33 or

claim 34 wherein the 6-am nopgsaci |l anic acid isqgligssol ved in methanol or
THF. 36. A process according TO any one of clainsT33 to 35 wherein step

(A) (i) iswheejneki 83 Fadsiamdtdycarg insicpandenty CAUNQy $9d NbFs erevidegdthat ened

sodi ump or te r t to any one
of cl g ne f% ?%ﬁggrp\?ﬁe&rne%téﬁst?Z@kdz\,&b%%m%@e@éﬁ%@ﬁ%ﬁmg% gﬁ%g%gerat ure from
about -10Y{;Y1onaaetmdl)f4ase)tudem@1c&mtlyE gNicess according to any one of clains

gﬁdt?hgow]am %fef’g"“%t@@ %(N% or 8 @gdgg{bg Corgﬁ%y%og%pgzgte
of clains 33 two SES \ﬂa@m@rq bmob‘ponﬁtqn@ascﬂcwrrtp form a saturated ring;
R4, Ry, Rs and R; are as defined in claim 1;
10 Ry is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COORs, -NRgR7, -CONRGR; ; or RsRs may together be
=0 or R4R,4 together with the carbon to which they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-Ry;

15 andt=1-4.

29. A process according to claim 12 wherein the tricyclic heteroaryl group is

w—— (Wot W, (Wa)t
Z4 Z4 Y4/ \W1 Y!, Y:I,
NN M TN >N 2NN,
Z|3OYLOY| (Wt ZlOYIOLOY ZlOYIOL
. \25/ T~ w, ’ 3\24/ "’\Zs/ ® 2\23/ 2\24/
20 13-A 13-B i3-C

wherein Z;, Z, Zs, Z4, Zs and Z; are independently CR;, N, O, S or N-R; provided one
of Z, — Zs is a carbon atom to which the remainder of the molecule is attached,;

Y1 Y2, Yz and Y, are independently C or N;
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20 in step (C is toluene or xylene. 40. A process according to any one of
clains 33 to 39 conprising the sequential conversion of conpound 23 to 26
wher ei n twerod/09x7no i sol ation of the internediates. 25 41PCAUSODCHEIS
according to claim40 wherein the 4-nitrobenzyl 6-bronopenicillanate
1l-oxide 23 is reacted with nercaptobenzothiazole in refluxing aromatic
organic solvent and is treated with triethylamne at about 0 to -20 Cto
forma reaction mxture; said reaction mxture is charged with an organic

aci d and VAh, Whlapdi\Welere indepangienihc CRaR4, SEOY ( rra8e2hn@, ar NrRiawithAhegarowisa ar y |
phosphat e seq ugat ﬁ@bl-él, &b &}‘@-‘5 béﬂaofo&ét%n'cég decurlt8dorm a saturated ring;
R1, Ry, Rs and R; are as defined in claim 1;
R; is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
5 alkoxy, -S-C1-C6 alkyl, COOR;, -NRgR7, -CONRgR; ; or RsRs may together be
=0 or R4R,together with the carbon to which they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-Ry;
andt=1to 3.
10

30. A process according to claim 12 wherein the tricyclic heteroaryl group is

Z7
zi,/ O\Ts W, iwz)t
Z it Z Z Y. Z Y. Y.
27" Dy, vi© Nz, oz Sy 4\Y3/0r5 27 N N,
z| O YI Y| O l Z| O Y| !W )i z| O Y| O l
3 2 3 6 3 2 2
g \W1/ \25/ ’ \24/ \W1/ 2\23/ 4\24/ °

15  wherein Z;, Zy Zs, Z4, Zs, Zs, Z; and Zg are independently CR,, N, O, S or N-R;
provided one of Z; — Z3 is a carbon atom to which the remainder of the molecule is
attached;

Y1, Yo, Yz and Y, are independently C or N;

W,, and W, are independently CR4R; , S(O)r (r = 0-2), O, or N-R with the proviso

20 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;

R1, Ry, R and Ry are as defined in claim 1;

R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COORs, -NRsR7, -CONRgR; ; or RsR4 may together be
=0 or R4R4 together with the carbon to which they are attached may form a spiro

25 system of five to eight members with or without the presence of heteroatoms

selected N, O, S(O)n (where n =0 to 2), N-Ry;

andt=1to 2.
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31. A process according to claim 12 wherein the tricyclic heterbaryl group is

W4—""(V\V3)U Wy iwz)t
4
Zz/ 1\Y1/()J&L22 tY4/W5 2 e Z1\Y /Y4\Y /W2 Z1/Y“\Y1 /Ys\W3
I O YI I (Wyu Ez O i :|3 or | O l I
3\24/ 2\W1/ 3\W3 23\ /YZ'_"_(\N1)t ZZ\Z/Y:Z (Wu
9 Z4 s
15-A 15-B 15-C

wherein Zy, Z», Z; and Z, are independently CR,, N, O, S or N-R; provided one of Z; - Z4

is a carbon atom to which the remainder of the molecule is attached,

Y1, Yz, Y3 and Y, are independently C or N;

W,, Wy, W3, W, and W; are independently CRsRs , S(O)r (r=0-2), O, or N-R, with the

proviso that no S-S, S-O or O-O bond formation can occur to form a saturated ring;

R4, Ry, Rs and Ry are as defined in claim 1;

R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COOR¢, -NRsRy7, -CONR¢R; ; or RRy may together be
=0 or R4R, together with the carbon to which they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-Ry;

t=1to 3; and

u=1to 3.

32.  The 6-bromo-penem derivative of structure 16

wherein R is p-nitrobenzyl.
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33. A process for the preparation of 4-nitrobenzyl (5R,6S)-6-bromopenem-3-
carboxylate as claimed in claim 32 which comprises the following steps:

(A) (i) reacting 6-aminopenicillanic acid with hydrobromic acid in an organic solvent and
5  water to form the 6-bromo derivative 21

and (i) converting the 6-bromopenicillanic acid 21 derivative to the p-nitrobenzyl 6-
10  brompenicillanate 22

B%
l,‘

22

whrein R is p-nitrobenzyl, using 4-nitrobenzylbromide in the presence of base in an
organic solvent;
15

(B) oxidizing the 4-nitrobenzyl 6-bromopenicillanate 22 to form 4-nitrobenzyl 6-
bromopenicillanate 1-oxide 23
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(C) refluxing the 4-nitrobenzyl 6-bromopenicillanate 1-oxide 23 with 2-
mercaptobenzothiazole in an aromatic solvent to form 4-nitrobenzyl(2R)-2-{(3S,4R)-4-

(benzothiazol-2-yldithio)-3-bromo-2-oxoazetidine-1-yl]-3-methylbut-3-enoate 24 ;

(D) dissolving the 4-nitrobenzyl(2R)-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-bromo-2-
oxoazetidine-1-yl]-3-methylbut-3-enoate 24 in an organic solvent and reacting with an
organic tertiary base to form 4-nitrobenzyl-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-

bromo-2-oxoazetidine-1-yl]-3-methylbut-2-enoate 25

(E) converting the 4-nitrobenzyl-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-bromo-2-
oxoazetidine-1-yl]-3-methylbut-2-enoate 25 to 4-nitrobenzyl 2-[(3S,4R)-3-bromo-4-
formylthio-2-oxoazetidin-1-yl]-3-methylbut-2-enoate 26 by reacting in an aromatic
organic solvent in the presence of an organic acid, acetic anhydride/ organic tertiary
base and trialky! or triaryl phosphine at from about —10° C to about —30° C;

(F) said 4-nitrobenzyl 2-[(3S,4R)-3-bromo-4-formylthio-2-oxoazetidin-1-yl]-3-methyibut-

2-enoate 26 being taken up in an organic solvent at —~70°C to —90° C and ozonized

oxygen being passed through it for 3 to 4 hrs followed by intramolecular cyclization using

a phosphite reagent to form 4-nitrobenzyl (5R,6S)-6-bromopenem-3-carboxylate 16.

34. A process according to claim 1 for the preparation of compound of formula |
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as defined in claim 1 in which the 4-nitrobenzyl (5R,6S)-6-bromopenem-3-carboxylate 16

used in step (a) is prepared according to claim 33.

35. A process according to claim 33 or claim 34 wherein the 6-aminopenicillanic acid
is dissolved in methanol or THF.

36. A process according to any one of claims 33 to 35 wherein step (A)(i) is
performed in the presence of 48% w/w hydrobromic acid and sodium or potassium nitrite
solution.

37. A process according to any one of claims 33 to 36 wherein step (A)(i) is
performed at a temperature from about —10° C to about-30°C.

38. A process according to any one of claims 33 to 37 wherein the base in step (A)(ii)
is sodium or potassium carbonate and the organic solvent is THF or DMF.

39. A process according to any one of claims 33 to 38 wherein the aromatic solvent
in step (C) is toluene or xylene.

40. A process according to any one of claims 33 to 39 comprising the sequential

conversion of compound 23 to 26 wherein there is no isolation of the intermediates.

41. A process according to claim 40 wherein the 4-nitrobenzyl 6-bromopenicillanate
1-oxide 23 is reacted with mercaptobenzothiazole in refluxing aromatic organic solvent
and is treated with triethylamine at about 0 to —20° C to form a reaction mixture; said
reaction mixture is charged with an organic acid and an anhydride, an organic tertiary
base and a trialkyl or triaryl phosphate sequentially at about —10° C to -40° C.
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