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20 development of bacterial resistance to the p-lactam antibiotics is the production of
class-A, class-B and class-C serine B-lactamases. These enzymes degrade the
B-lactam antibiotics, resulting in the loss of antibacterial activity. Class-A enzymes
preferentia‘lly hydrolyze penicillins where as Class-C lactamases have a substrate
profile favoring cephalosporin hydrolysis. (Bush, K.; Jacoby, G.A.; Medeiros, A.A.

25  Antimicrob. Agents Chemother. 1995, 39, 1211). To date over 250 different
Olactamases 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
spectrum B-lactamase inhibitors. Bacterial resistance to these antibiotics could be
greatly reduced by administering the B-lactam antibiotic in combination with a

30 compound which inhibits these enzymes.

The commercially available B-lactamase inhibitors such as clavulanic acid,
sulbactam and tazobactam are all effective against class-A producing pathogens.
Clavulanic acid is clinically used in combination with amoxicilin and ticarcillin;



simlarly sulbactamw th ampicillin and tazobactamwi th piperacillin.
However, these conpounds are ineffective against class C producing
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formula 1, wherein R, = non-aromati €& heterocyclic group and a PCT
application [N.J. 2 WD 03/093279 Ig
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Ri and R; are independently hydrogen or a Ci.4, hydrocarbon group or mono

15 heterocyclic, and Rs represents a hydrogen or an organic group. Subsequently, the
same group disclosed compounds of the general formula 1, wherein R, comprises a
1,2,3-triazole moiety. [N.F. Osborne, Eur. Pat. Appl. 84301255.0]. The following
year, the same group filed 3 patents of the structure 1, wherein R, is an optionally
substituted six membered or five membered mono aromatic ring system. [N.F.

20  Osborne, Eur. Pat. Appl. 85100520.7; Eur. Pat. Appl. 85100521.5; Eur. Pat. Appl.
85300456-2]. European patent applications No. 86305585.1 discloses the synthesis
and the utility of (Z)-6-(1 -methyl-1,2,3—triazol-4-ylmethylene)-penem-3-carboxyla{te 2
as a class-A and class-C B-lactamase inhibitor.
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Eur. Pat. Appl. 86305584.4 disclosed the preparation of compounds of general

formula 1, wherein R, = non-aromatic heterocyclic group and a PCT application [N.J.



Broom P.D. Edwards, N. F. OGsborne and S. Coulton PCT WD 87/ 00525]
disclosing Rl = fused bicyclic hetero-aromatic group was published.

Sim | ar| ywpasesi279 appl i cati ons [N.J. Broom G Brooks; S. PComisv@ms42&Eur. Pat .
Appl . 88311786.3; N.J. Broom G Brooks; B.P. Carke, Eur. Pat. Appl.
88311787.1) described the 5 preparation and use of conmpounds of general
structure 1, wherein R is a substituted five nenbered hetero-aronmatic
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During the last decade three patents have been filed by Beecham describing

15  compounds of general formula 3. [N.J. Broom; F.P. Harrington, PCT WO 94/10178;

K. Coleman; J.E. Neale PCT WO 95/28935; K. Coleman; J.E. Neale PCT WO

95/17184] wherein R, = hydrogen or an organic group, and R, and Rs may be both

hydrogen or one or more substituents replacing hydrogen atoms in the ring system

shown below.
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DETAILED DESCRIPTION OF THE INVENTION

25 The present invention relates to novel, low molecular weight broad spectrum
B-lactam compounds, and in pérticular to a class of bicyclic heteroaryl substituted 6-
alkylidene penems which have B-lactamase inhibitory and antibacterial properties.
The compounds are therefore useful in the treatment of antibacterial infections in
humans or animals, either alone or in combination with other antibiotics.
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WO 03/ 093279 PCT/ US03/ 13428 In accordance with the present invention there
are provi ded conpounds of general fornula |I or a pharmaceutically

accept ablwogalo932e¢ in vivo hydrol yzable ester R5 thereof PCAUSIMI4B N OR 5
O 5 and preferred conpounds of the formula: A BSN--1 O OO RS
wherein: One of A and B denotes hydrogen and the other an optionally
substituted fused bicyclic heteroaryl group. The expression " fused

bi cyclic hetgy Qé’éﬁbarﬂ{e%ﬂl tHeS?rlﬁ n'\\féntlarq tﬁé?g a?@ﬁ%vfdeﬁ%dn%%uﬂ@g of é@ﬁé@l to
mean: A group conprising used rin one has "aronmat’

character [i fcarmulﬂ:c;kea marIMQEU(idailyzaqceahadlet salt ot firevivoi Ingprolgzabten esteor®y i C;
The fused b| (%]c het eroaryl group contains one to six heteroatons

sel ect ed from e group 0, S, Nand NR,; 15 The fused bicyclic heteroaryl
group is bonded to the remai nder of thhe nolecule through a carbon atomin
the aromatic ring as shown in the f la 1x_The aromatic ring of the fused
bi cyclic heteroaryl group cont ai ns & SI rlng atons (i ncl uding

bri dgehead atons) selected from CR(e r N-R(err). The

aromatic ring of the fused bicyclic eteroar contai ns 0 to 3
het eroatons 20 selected fromthe group O, S and N-R1; The non-aromatic
ring of the fused bicyclic heteroaryl group contains flve to eight ring
atons (i ngcl udi n% tgrld ehead sel ected fromCR(err)R4, N, NR1, O,
S(On whre2RdPioTe éro fegnylding of the fused bicyclic heteroaryl
group contains A
BTN S |
0
o\Rs
wherein:

One of A and B denotes hydrogen and the other an optionally substituted fused
bicyclic heteroaryl group. The expression ‘fused bicyclic heteroaryl group’ is used in
10  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;
The fused bicyclic heteroaryl group contains one to six heteroatoms selected from
the group O, S, N and N-R;
15 The fused bicyclic heteroaryl group is bonded to the remainder of the molecule
through a carbon atom in the aromatic ring as shown in the formula |;
The aromatic ring of the fused bicyclic heteroaryl group contains five or six ring
atoms (including bridgehead atoms) selected from CR, , N, O, S or N-R,. The
aromatic ring of the fused bicyclic heteroaryl group contains 0 to 3 heteroatoms
20 selected from the group O, S, N and N-R;;
The non-aromatic ring of the fused bicyclic heteroaryl group contains five to eight
ring atoms (including bridgehead atoms) selected from CR4R4, N, N-R;, O, S(0),
where n= 0-2. The non-aromatic ring of the fused bicyclic heteroaryl group contains
0 to 4 heteroatoms selected from N, N-R;, O or S(O), wheren=0t0 2.
25



O to 4 heteroatons selected fromN, NR(err), 0 or S(On where n =0 to 2.
25 4 WD 03/093279 PCT/US03/13428 X is O or S, preferably S; RS is H an in
vi vo hydrwbyszad2es ester such as Cl -C6 alkyl, C5 - C6 cyclpoalusys/13428
CHR(err) OCOC1- C6 or salts such as Na, K, Ca; preferably RS is Hor a salt;
SR is H optionally substituted -Cl-C6 al kyl, optionally substituted
-aryl, optionally substituted -heteroaryl or nono or bicyclic saturated

heterocycl es X i8I0 biogrkderastyest i t uted - C3-C7 cycl oal kyl, optionally
substituted -C3-C6 aa‘ien)ﬁ yjoptlonally substituted -C3-C6 al kynyl with the

provi so that both the double bond and the triple 10 bond shoul d not be
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substituted AR MERIRPYE 2 opplicnady |sybst§tat9§rcf=@h@@rww owhemailwcﬂlbyﬂltuted -
optional I'y sghgidniubRnStly &%H&Yéd {20 @ @%zél’kyl Eﬁd?’%ﬂ)L %l{bﬁtlﬁwgétélén(ég

Cl- 06 al kyl aryl oxyheteroaryl, optlona aryl oxy
al kyl ami nes, C8 PY@%{WLyO@@BéUM $ubstiyted #&n@/ nmomrrlwych@pawmw hetesedysiest ut ed

aryl oxy 25 Cabmil sulS’sRFtdt@di‘@ﬂ-ds% gﬁryf ghﬁ@ﬁﬂ?%ﬁ%ﬂﬁ’&fééﬁ‘ﬂcé% @Pﬁé(thoaryl

Preferred R, groups are H, op I on rona
substituted apignally edegtittedaydiQdyEe altksl, optienatiy sybstitgted @ewrmw C@palkxbnal ly

substituted gygd COf\l*ng(EstltL% enloakik |mor§%?¢chc sﬁ 'té?{‘l’?%té%ci&l'%s;@t @ﬂ/ 30

het er ocycl es, err err? and optionally su
subsfitute arylalkenyl of 8 to 16 carbon atoms, -CONRgR7, -SO,NR;R;, optlonally

substituted  arylalkyloxyalkyl, optionally substituted -alkyl-O-alkyl-aryl, optionally
20  substituted -alkyl-O-alkyl-heteroaryl, optionally substituted aryloxyalkyl, optionally
substituted heteroaryloxyalkyl, optionally substituted aryloxyaryl, optionally
substituted aryloxyheteroaryl, optionally substituted C1-C8alkyl aryloxyaryl, optionally
substituted C1-C6 alkyl aryloxyheteroaryl, optionally substituted alkyl aryloxy
alkylamines, optionally substituted alkoxy carbonyl, optionally substituted aryloxy
25  carbonyl, optionally substituted heteroaryloxy carbonyl. Preferred R; groups are H,
optionally substituted alkyl, optionally substituted aryl, -C=O(C1-C6)alkyl, C3-
CBalkenyl, C3-C6alkynyl, optionally substituted cycloalkyl, SOalkyl, SO.aryl,
optionally substituted heterocycles, -CONR;R;, and optionally substituted heteroaryl.

30
Rz is hydrogen, optionally substituted C1-C6 alkyl, 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-RgR;, optionally substituted C1-C6 alkoxy, hydroxy;



R2 is hydrogen, optionally substituted Cl1-C6 al kyl, optionally substituted
C2-C6 alkenyl having 1 to 2 double bonds, optionally substituted C2-C6

al kynyl mhaoiong97¢o 2 triple bonds, hal ogen, cyano, N R( @CT)UR(&1I428
optionally substituted Cl1-C6 al koxy, hydroxy; 5 WD 03/093279
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heteroaryl, COOR6, optionally substituted al kyl aryloxy al kyl am nes,
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20  S(O)q-alkyl, and S(O)q-aryl.

R is hydrogen, C1-C86 alkyl, C5 — C6 cycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl; preferred R; groups are H or C1-C6 alkyl;
25
R, is H, optionally substituted C1-C8 alkyl, one of R, is OH, C1-C6 alkoxy, -S-C1-C6
alkyl, COORs, -NRgR;, -CONRGR; ; or RsRs may together be =O or R;R, 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
30 n =0 to2), N-Ry; preferred Ry groups are H, C1-C6 alkyl, NRsR7 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, eg one or two of oxygen,

nitrogen and sulfur;



30 n =0 to 2), N-R(err); preferred R4 groups are H, Cl-C6 al kyl, NR6R7 or
RAR4 together wth the carbon to which they are attached may forma Spiro
syst em ofwDios@92@ ei ght nenbers with or wi thout the pres@eqtaso$/13428

het er oat ons, eg one or two of oxygen, nitrogen and sulfur; 6 WD 03/093279
PCT/ US03/ 13428 R6 and R7 are independently H, optionally substituted Cl-C6
al kyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted Cl1-C6 al kyl aryl, optionally substituted arylal kyl,
optionally substituted heteroaryl al kyl, optionally 5 substituted Cl-C6

al kyl het er Rr whd RS eaedmaepmanﬂqeﬁogmtdmeny tsub$titated aC3-Cb mmbeptemny
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The term cycl oal kyl refers to a ali cycl i ¢ hydrocarbon group having 3-7
car bon atoms The term perfl uoroal k is used HEI‘EI nto refe

to both
strai ght'5 antheniesncalenyt Rigrns bsth stk ét“gobr%n‘?hﬁ a%"fe@yhmreaeapﬁaf? Q?rgﬁ'ibs
having at | efginsBAtaffid MNeddt @Rt ¥dblEWan&! 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
20 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
alkynyl moiety has one or two triple bonds. In the case of alkynyl, hetero atoms such
25 as O, S or N-R; should not be present on the carbon that is bonded to a double or

triple bond;

The term cycloalkyl refers to a alicyclic hydrocarbon group having 3-7 carbon atoms.

The term perfluoroalkyl is used herein to refer to both straight- and branched-chain
30 saturated aliphatic hydrocarbon groups having at least one carbon atom and two or

more fluorine atoms. Examples include CF3;, CH.CF;, CF.CF; and CH(CF3),.

The term halogen is defined as Cl, Br, F, and I.



nore fluorine atons. Exanples include CF(err), CH2CF3, CF2CF3 and CH( CF3) 2.
The term hal ogen is defined as d, Br, F, and I. 7 WO 03/093279

PCT/ USO3/WwBe428932f9 al kyl , al kenyl, al kynyl, or cycl oal kyl iPET/UsSpY/izapsal |y
substituted”, one or two of the follow ng are possible substituents:
nitro, -aryl, -heteroaryl, al koxycarbonyl-, -alkoxy, -alkoxy-alkyl,

al kyl - & C2- 4al kyl -O, -cyano, -halogen, -hydroxy, -N R6R7, -COCH,

S TR r SIS A e

- SO2NHRS, cf@cpwmg:@mepzss'bleéuwm@nts mﬂr@r-aml yhef@oarylsel@y@cafbpnyl( wakew.s = 0
-2), -alkyl- %{%'kyl“"%@ﬁ:?o cé'c@é'ky%y | oyddc! K?(lb%@ﬁ?drog} HoR C%Fky'co@#eny'

al kynyl , cycloa oxy- al het eroar

(where s = GCQQ-a"M eﬁflﬂwr@meﬂ%stltuﬂr@‘m@m@hom awlalksé,latlmml oReNegillylt., ~ and
cycl oal ky 0 r I teroar I
y f%ﬁ ahr%)l g&pxygw Qlkylgny SORLRIFD Stkchﬁ S Mﬁﬁgé

10 alkoxycarbony - cyano,

Aryl is defi wbloasmﬁfoawbﬁat S&O}amﬂ Mla&rb(ﬁrr— ﬁmZét w'@é@e'k)éd‘lﬁa%malw*salykoup

phenyl, a-n J 0 .
fl uorenyl a@ é’%’“ RGB @E@\g?{e’nﬁéﬂﬁwﬁh g‘g‘}rs\%/lwl alk&{},}r:)s ?’jheﬁggg QIX#I
aryl groups %ﬂicb -ﬁﬁ@hshe’fel@&yg(\mem e fy+2); Heetarwgr substilitands faieikyhsalisenyl,
aromati ¢ het r [ t
het er oar yl n%k@ﬁlygsnldgcyyoggy@}c‘agg fronggfﬁh## Carﬂ h&bﬁ&éﬁ%h?r%th%éﬁ? IR,
azai ndol 8 oxlkooicerbonyi, slisixg, -alkowkakyl @yamcgdwﬁn‘oesma@d -N-RsBazol e,

N- et hyl i m dazol e, 20 pyridine, pyrimdine, pyrazine, pyrrole,

N- et hyl pyrrole, pyrazole, N nmethylpyrazole, 1,3, 4-oxadiazole,
1,2,4-triazol e 1Arvb1sr19¢fm§dzas4an arcmmlp@yquarhoetma@m %elecledrﬁpmwhearamol e,
benzoxazol e, o] r n a

N- et hyl benzf gz%mea%% Pﬁﬂﬁgz@ﬁhéaﬁné gff %&qﬁ{yﬁg}z?lgp n@j qﬂéﬁ‘%rﬁdl I ne,
and i soqui noﬂndanw,l, hélﬁl)erulehwbyacémaphmenylag'raupbetT@eqmrgtehed\amrgaeowpsmrerp}'llenyIZS

pyr|d|n pyridizine ring is: (a) fused to a 6-nenbered
aromatlc %@%ghgﬁéd) het erocyclic ring having one nitrogen atom (b)

fused to a 5 or 6- nenbered aromatic (unsaturated) heterocyclic ring having
b S0 BRRR Bk 528 o ol EERR B SR ol B UG e
or one sul f uwhareoihe betefoBrylf uwiatiescara Sel8Ctedefntrer €tl) duranathicphenas andalet ed)
heterocycli Cazra{mo%l hac\Qar%gle?QI%anﬁé,efs8%z%@, Slg&ﬁi%E&g, imidazole, N-methylimidazole,

20 pyridine, pyrimidine, pyrazine, pyrrole, N-methylpyrrole, pyrazole, N-
methylpyrazole, 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,

25 pyridine, pyrimidine or pyridizine ring is: (a) fused to a 6-membered aromatic
(unsaturated) heterocyclic ring having one nitrogen atom; (b) fused to a 5 or 6-
membered aromatic (unsaturated) heterocyclic ring having two nitrogen atoms; (c)
fused to a 5-membered aromatic (unsaturated) heterocyclic ring having one nitrogen
atom together with either one oxygen or one sulfur atom; or (d) fused to a 5-

30 membered aromatic (unsaturated) heterocyclic ring having one heteroatom selected
from O, Nor S. Preferred heteroaryl groups are furan, oxazole, thiazole, isoxazole,
isothiazole, imidazole, N-methylimidazole, pyridine, pyrimidine, pyrazine, pyrroie, N-
methylpyrrole, pyrazole, N-methylpyrazole, 1,3,4-oxadiazole, 1,24-triazole, 1-



fromO, Nor S. Preferred heteroaryl groups are furan, oxazole, thiazole,
i soxazol e, isothiazole, imdazole, N-nethylimdazole, pyridine,

pyri m di &0 oppexze ne, pyrrole, N nethyl pyrrole, pyrazol ePCT/US03/13428

N net hyl pyrazol e, 1, 3, 4-oxadi azole, 1,2,4-triazole, 1- 8 WD 03/093279
PCT/ US03/ 13428 nethyl-1,2,4-triazole, 1Htetrazole, 1l-nethyltetrazole,
qui nol i ne, isoquinoline, and naphthyridine. If aryl or heteroaryl is

"optionally su jtuted .. O f Wi e . L bl
substituents: eﬁﬁ'i’%’%tﬁ%’?}?’, Q_ﬁﬁtg{r%%o ar g_ln,]étggﬁﬁ?gr%fgclg’r ggﬁgﬁﬁe ° g ‘E’g‘i@b afid

- al koxy- al kyhgphthatridine- O C2- C4al kyl - O, -cyano, -hal ogen, -hydroxy, -N R6R7,
-trifluoronmethyl, - trifluoronethoxy, arylalkyl, alkylaryl, R6R7N-al kyl -,
HO C1- C6- al kyl -, al koxyal kyl -, al kyl-S-, -S2N R6R7, -SO2NHR6, - CO2H,
CONR6R7, ar yif -dyl, drehetemarytlis O‘gptio4lIp) Sibstituged’,( oM roe teo-ofCthe2fpllowing are

-al kyl - Ol kyl - NR6RT, .- al kyl = | - O 7 - I : |,
 kynyl - oy R postBRY i v Rl PRy setor i Tl SR
(where s = OalkghQ-CRr@iatkyl-€H, supato, t thafdgenf ohydoyy, aN&R:Ret efrifiaorpineting| ude:
St ol Usp PR arbl MR, eGSR R, g
r2mi ﬁti els i ncél:ayies-ge?ﬁ)gNiRekRz -B_Kll)zplh{my-lmzlhiylcci)Rg??myylé)-hpd;terdérw&t it nﬁ(@)@p%ﬂ ,

- phen ro e_ r i o r 0
neubst i {ut cAbiMERS el anrr By -RBn SRR RN GHGRE oy
Irmi te_t y a‘ltol deélkegwtu_ talkgmg,l. cﬁd:l?glk;&,r ylkokﬁaﬁgﬁ@ﬂgﬁi&m-fnyl{:%dwI-S(a)_)yhitero‘ﬁnﬁt L elr m

opti ona stitu r rs taq unsuybs | e
or 2 sunst ] t QRS Sof € h@)aPltoded Segucis S0t ol dreirodhaiades =Gt
Het er oar y| - (Hal&fien, aNIRsR,,i taflubedmetbgl, aeafl@romethory rayylalkyib end kikyldylal kyl noi ety
wherein the alkyl chain is 1-6 carbon atons (straight or branched). Al kyl

heteroaryl noieties 25 include Heteroaryl-(CH2)1 6-- and the |like. The
term ' opti onahakys ubsdefinetieds Argk@t-Conlkybrs Wogalkylutmeikties iacibdé ibamzgld i th 1

or 2 substituents on the alkyl of heteroary i a fined ove:

C1- o a8y hTWBLR) 2 PBeBity o RRERMROR AT propy e s &S BRctefn
(strai ght or‘opfiéhaly anbdtitutpd’atfers e dndubstituteet @ adostitutetionit ¥ or Bhsublstituentsonded
to the rest of m)lef al kyl -Heteroaryl--. The term

t h | Ex. Cl-,Co-
“optionally %%B?tﬁ?‘fy&%a"y '%8*%@?%3 ‘ij%"neﬂ%%%ti tuted or substituted with 1 or

2 substituents on the al kyl or heteroaryl noiety
Alkylaryl is defined as C1-CBalkyl-aryl-. The term ‘optionally substituted’ refers to
20 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 is 1-6 carbon atoms (straight or branched). Alkyl heteroaryl moieties

25 include Heteroaryl-(CH.)1s—- 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;

C1-C6 alkylheteroaryl is defined an alkyl chain of 1-6 carbon atoms (straight or

30 branched) attached to a heteroaryl moiety, which is bonded to the rest of the
molecule. Ex. C1-C6-alkyl-Heteroaryl--. The term ‘optionally substituted’ refers to
unsubstituted or substituted with 1 or 2 substituents on the alkyl or heteroaryl moiety
as defined above;



as defined above; 9 WD 03/093279 PCT/US03/ 13428 Saturated or partially
saturated heterocycles groups are defined as heterocyclic rings selected
fromthe woioe9®rs9 aziridinyl, azetidinyl, 1,4-dioxanyl, PCT/US03/13428
hexahydr oazepi nyl, piperazinyl, piperidinyl, pyrrolidinyl, norpholinyl,

t hi onor phol i nyl, 5 di hydrobenzi m dazol yl, di hydrobenzof uranyl,

di hydr obenzot hi enyl, di hydrobenzoxazol yl, di hydrof uranyl,

di hydr oi m dazol yl, di hydroi ndol yl, di hydroi sooxazol yl ,

di hydr oi sot hi_azol P/ hydr ooxadi azol di hydr ooxazol y

di hydr opyr r aS3Hf edd?rh9@¥'alby?%tt‘@t‘§ﬂ heér?ﬁvekeépqmweﬁ AR deﬂﬂﬂﬁ&/% opgiereaydiqy|

di hydropyrr 0|rMbs didiwete@quiral | md , @biBY&Y: ot gilﬁéiﬁﬂl y'aze auﬁwdr of Ry ﬁﬂO' yi,
10 di hydr ot hi az%ééfﬂﬂ di hydr ot hi en I . di hydrotriazol droazet

di hydro-1, 4- zepingh PRRIRFNYT RiRgRginyl, tpéfrp%ﬁ%rrapwh@ thlomorpholmyl

tetrahydreqwdrrqbudb)éhzmﬁduiolyt etrahydalﬁy&eséﬂz'aﬁlréﬁwl Pr ef %Mﬁﬁbb%ﬁidfﬁéh@d or
d heterocycl es are ~aziridinyl, azetidi dJ ,

partially sat
hexahydroazeﬁ%(aT eprPxeralyh ny | ditydpefiiaayny | | diygdroimidaaeivly| | reivereindaiyll |

t hi onor phol | laI}Hydrdisﬁoﬁ(aiB! r OQHIhV&bistﬂlazoFy?t r %?Nﬁr&x%gf&%l?lol | iy drackazqlyl,
di hydroi m daz&é{%mp&and h dr ol sooxazol yl hono ory ’bl cyc CH

saturated or W%‘”ﬂatur@f‘wolﬁlé?é?‘ﬂcycl@QYQ’@PHEMYhed ciydsepysamiginylgr oup
(strai ght or dimyarpheelyl, of %@ﬁ) idoaied t GinddrBRiaLagY ! e%u@\%rﬁ la%o‘w

defi ned ora throu h a carbon atomor a nitrogen atom and the ot
of the 2 | R{yd Bdtt%mafht%’yt hé"hyé@”%ﬂo% hedlmr@azetl@nywhdlhwpffs4-

"optionally au,lszgﬁ 1t ulté’tqa to d or t or.
2 substituen %@%y}' sent (g‘r){dlltroﬁfergﬁ)ﬁ Rgr{o’teﬁrl%liﬁc |Cte§gﬁ?d ﬂ“ﬁf‘“%/w dhd

mol ecul e, Qisogeingliny!- Rrr?fﬁaﬁwﬁwytsﬂ g1 par%a"deeratufet@dd@terocycles are
Aryl - Cl- C661| leitidinyICL a&btadingy | T4—d-55t§nytlerﬁ3xa99&rb5i@|ﬂﬂ téﬁéréﬂ tig Bér%n

refers to unsubstltuted or substituted 2 "substitue resent on
the al kyl an8Y/&? 'dé{wb|m<gf8'ﬁ?'mhﬁ*l%{@or@épll%aetf?éwérrOeUInAhnw|t@tr<a}l*andkoﬁoqumouresfl,| ned

as Cl- Ce1gl kmlhy@n%d%wkadddmyerQso)Ea%lm optionally substituted refers
to unsubstituted or substituted wth or 2 substituents present at 30 the

al kyl noiety as defined before; 10 V\D 03/ 093279 PCT/ US03/ 13428
élrj %L_ '?IX%/ﬁ![ Eé! chscalakiyneender AlcybicQafckatel G darially satufed heferdeyliel i@Bakley
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
20  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;

Arylalkyloxyalkyl is defined as Aryl-C1-C6alkyl-O-C1-C6alkyl---.The term ‘optionally
25  substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present on
the alkyl and/or aryl portions as defined before;

Alkyloxyalkyl is defined as C1-C6 alkyl-O-C1-C6alkyl-—-. The term ‘optionally

substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present at
30 the alkyl moiety as defined before;

10



refers to unsubstituted or substituted wwth | or 2 substituents present at
the alkyl or aryl noiety as defined before; 5 Heteroaryl al kyl oxyal kyl is
defi ned awolawexearyl - Cl - Céal kyl - O C1l- C6al kyl ---. The ter ®mCTasvd/o3328 | y
substituted' refers to unsubstituted or substituted with 1 or 2
substituents present on the al kyl or heteroaryl noi ety as defined before;

Aryloxyaryl is defined as Aryl-O-Aryl---.. The term'optionally
substi tut ed Argbhgakyl @ défﬂnédnéslbﬁwlcbme@e %kyﬁub%btféhﬁdowucmiy QUbstituted’
substituents resent on defi ned befo

Aryl oxyhet er BfI |‘§“SHE?"FLH§‘EI °§1§”9§“§‘~Fte‘b"‘1'1|€t1e?ro%F?Wﬁt't‘tﬁ“tﬁﬂpwe@EFIéh%laB%(P9‘1 I'n

this defini bmmo@tyagaeﬁ,{g@ wefore; noi ety or the heteroaryl noiety can be
attached to the 15 remaining portlon of the nolecule; The term'optionally

substituted' refers to unsubstituted or substituted withl or 2 substituents

present o th@t@barylamoaya«kwr |soruef.héua et @teraWL- mvc@élwymﬁcdﬁfean@/ﬂ Dfeor e;
AIkyI aryl ox eflne F%e O Aryl -Cl1-C6 term

‘optionally Ye![‘iy s‘?P;S'Qf’ [yu{s'élEPt'tht%ql e r?ot%HEﬁH?E'W?ﬂ @(ﬂ %fbsﬁft':ifﬁﬂ “t'tbt édoniZ h1

or 2 substit yepHtitudmtpreséntd thé BRyPdHetdBagt Moty eddfifgd bBRIOT €
Al kyl ar yl oxyheteroaryl is defined as Heteroaryl-O Aryl-CI-Céal kyl --; The

term ‘"optionally substituted refers to unsubstituted or substituted with

1 or 2 substiy byl |¥51em{é%§§§tArWD-IAﬂﬂ; ar Yhe Wto‘btlgﬁa"?nsdbgﬁufé‘at r&¥eFYio
noi ety aiqdeflne bef ore yl oxyal kyl am ne is i ned as

R(err)R(&Yr) NP%PS@%%%% S@%{thad (’Yl"béaﬂrl%IﬁUbSI'tueFFPeprqséFtr‘rﬁn thh arvbmgiety as
substituted' defieRrserdr@: unsubstituted or substituted with 1 or 2
substituents present on the alkyl or aryl noiety as defined before; R6 and
R7 as 30 defined before; Al koxycarbonyl is defined as Cl-C6al kyl -0 C=0 -;

The term ' opArdiFhbtersarsisi berrd’ |6®£Hété>r HRYREUES UAl yﬂcﬁﬁ RioatbShi thist €d
wth 1 or 2 substltugﬁﬁg pr esent gsn ﬁe al ky ° IIL%i-l WO 03/ 09%25(‘396\%l Th! tid

PCT/ US03/ 134 88finitigsy githar the antlemeiekp ey t%ﬁl@te;m%l aefathean e gitached to the

Aryl oxyces bordthaihing dgbrtiBe dofe thenydle did:=Fhe ; teﬂ_rhe‘obﬁéﬁglly OQEHsﬂﬂLﬁéd yrefers to
substituted refers to unsubstituted or substituted Wi th

subst i t uent sUpsubstityteder substitaten withi @t%sﬁl%s“t@n@?eﬁ”ieﬁ@@i %‘eﬂ‘@raé!ﬂ W@Wr%zﬂnyl oXy
carbonyl is gRfAi6GaAFmoRlPEPaEHedBefore -; The term ' optionally

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 RsR;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 aryl moiety as defined before; R and R; as
30 defined before;

Alkoxycarbonyi 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

11



substituted' refers to unsubstituted or substituted with 1 or 2
substituents present at the heteroaryl noiety as defined before; 10 Al koxy
i s defi neaoag/ogesCo6al kyl -O-; The ternms 'optionally substiPCotusd3/13ef ers to
unsubstituted or substituted with 1 or 2 substituents present at the al kyl
rmi ety as defined before; 15 Aryloxy is defined as Aryl-0--; The term
‘optionally substituted' refers to unsubstituted or substituted with I or
2 substituents present at the aryl noiety as defined before; Heteroaryl oxy
i s defined mrtn@toéﬁmalwxy@o'etwq'@ﬁweéﬁ:. onal |y substituted refers to
20 unsubstituted or substituted with 1 or 2 substituents present at the

heteroaryl noiety as defined before; nyl oxy is def
al kene- O - . Apylawtseepogyl is|defined ap Arg-9- (:e'r%-’dth & |'3é§9b5?'ﬁ5%3é%

“opt i onal | y 15 whsitistitk@flor sistited \Qlthlﬂsdﬁmséuﬂsﬂﬁl@dtscﬁre&ﬂt)%t tHeudrgdmuietyhas 25 1
or 2 substituents present at the al kene noiety as defined before, with the
provi so Phatdefisechieefer® at om such as 0, S or NRL is present on the carbon
atom which is attached to a double bond; Al kynyl oxy |s defined as

C3- Coal k O - nple CH t le b 30 t Th
term aop%lln gr\'ﬁt?@?a%ﬂﬁt F@e@?@d 'rslr g?fg'l%'oﬁé ﬁﬁ@[ﬂ%’ﬁq G‘f‘ Qi 'oTh% JB"réer: gﬁtﬁogl%nh tﬁ

1 or 2 substdbLiftifed RE&S 88 unibstitfecbKyitRtiRhith asordedubiedeheigresant wt t h
the proviso that no hetero atomsuch as 0, S or NNRL is present on a

carbon at omth@helgroasyl maiety @ssiefined Befaibl e or triple bond; 12 WO 03/ 093279
PCT/ US03H13428 Al kyl am noal koxy i's def| ned as

R6R7N- C1- C6- al kyl - O- C1- C6- a ere the term Iﬁ&lﬁél (grof%%]
attached toﬂlk@(}’ob‘éyé%fﬁ‘eﬂsa%&ﬂn@@?“éﬂ Q‘o -t”PFé tera °(5’F'°'P suita terms
R6 and R7 arﬁmsgﬁgﬂtuﬂ@&i o@QﬂB@ututEBQMﬂ'\e’{ Br 208idsatiehisypreséritdt tihe amkyl mefety 8sto 5
unsubstituted or substituted with 1 or 2 substituents present at the al kyl

nmoi ety as dEfinp@BeflgeFiore; Al kyl enedi oxy is defined as -O CH2-O or

-0 (CH2)2---0---; Aryloxyal kylamne is defi ned as
R6R7N- C1- C6- al kyI-QAdg#I--, where the_aryl is 10 attached Eo the rest of
t he nol d8ul Aryipke iserdelingght & nAMHp- 'SUB-Q?I lt?IfT\ed°pt|‘°é‘?g¥ sSykgtitu refers 1o

unsubstituted or substituted with 1 or 2 substituents present at the aryl moiety as

defined before;

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 term ‘optionally substituted’ refers to unsubstituted 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-CHx-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;

12



unsubstituted or substituted with 1 or 2 substituents present at the al kyl
or aryl noiety as defined before; Arylal kenyl is defined as

Aryl - C2- G8alokes79, with the proviso that no hetero atom PCI/GSO®IB428 0, S
or NNR, is present on the carbon atom which is attached to a double bond;
The term "optionally substituted refers to unsubstituted or substituted
with 1 or 2 substituents present on the al kene or aryl noiety as defined
bef ore; Heteroaryl oxyal kyl is defined as Heteroaryl - O Cl- C6al kyl ---; The
term optionally 20 substituted refers to unsubstituted or substituted
with 1 or 2 Alkterhinbalkotys ipraefioat as RiTb-CreCérala4p-Cinditealisylas wheien dlae
before; Heteroaryvl gx | efd e he
aryl noi et y%?'gnm%t%ﬁre%'ptaggg ﬁeedc {ro gg? ogfgetﬁﬁﬁes Jr?@ﬁé%:%?g wrlgﬁtoefrtﬁ%g%? H%hal |y
subst i t ut ed' Theeteems Rsaand2B; aresdéfitedtaiione; The tartwsoptianadyl substituted gefezs to

et i ned Bot oPBUCTbY T hPRRISHTORT ¥t ARSlleo® pbseE Xis SRYFERSS oy

are noi et i edlefihed beford;he al kyl chain is 1-6 carbon atons (straight or
branched). Aryloxy, heteroaryloxy, arylthio and heteroarylthio are

noi eti es wheg,ei Q. .t . het er pat y 0 arg.as 30 herein before
defined. Ar y'Ll(ig*l%y d@’%ﬁg ﬁ%af{n%rggagrﬁglﬁ-gy o%@fﬂ a&ﬁ%ﬁ k?l t’hi o and

het eroaryl al kylthi o are noieties wherein the aryl and heteroaryl groups are
as herein b pned. ande rei > -3l RS s gb ;
(straight Orﬁr&@&ﬁa&lﬂ&%ﬁnﬂg TSQ%{%@F%Q%%%?B%S@(‘?? I8’ V%‘?@?g@ya?@illf

het er oartgl oxateacked to ahg | resty af iy onojecuie] Tt éeronraptiongllyl syhsyiujedsrefers’ to
substituents in.the heal, . e That 8F BR
nonoal kyl am unn\ogﬂggntgmgg a&k?@gﬁ?ﬁl}%{ ?@b ef o 025 rsr%? Sg'%llf\e@ié)\%l%ts%hg%gt%er Ialﬁ( \X/o a:gﬁyyl
groups Wwhermoietytdsededinkglbefongii n is 1-6 carbons and the groups may be the
sane or different. 5 The terns nonoal kyl am noal kyl and di al kyl am noal kyl

refer to nonoal kyl ami no and dial kyl ami no noieties with one or two alkyl
groups (the Amglakeoyl ididefioed mis)Algbba€Batkene+hwitmithe prpyisozthahneviietetio jatom

attachedto | k¥l ~3niC %pgmn@\(ﬁm’g&- | i agyclic
het er oar g ”%ﬂgasskér g%(’)rg}?{?{éﬁgafnl%fggtu sﬁ‘%[bua?% ring i Igééttgé%&%ﬁ%ﬁgas one
of the foll ovémigThd t&n6 optianally atiyadifusediirefiets] 18, unsubsijuted oneubsditedwii Myr
substituted €..0. I yl ylal kyl such as
4- et hoxybe n%‘ﬁ@"'ﬁ‘f“&%éﬁd‘@ﬁhé é@(ﬁn% gﬁa@ﬂ%&y aderREE BXNRE:
Heteroaryloxyalkyl is defined as Heteroaryl-O-C1-C6alkyl-—-; 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 heteroaryithio are moieties wherein the aryl and heteroaryl groups are as
30 herein before definéd. 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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met hyl ; by heteroaryl al kyl such as pyridin-3-ylnethyl; by arylal kyl CO- such
as 15 phenyl acetyl; or heteroaryl CO- such as pyridin-3-ylcarbonyl; e.g. by
al kyl CO woobose7acetyl; 5,6,7,8-tetrahydroi m dazo[ 1, 2- a] pgTABS0ONE3428
optionally substituted e.g., by Cl-C6al kyl such as nethyl; 5,

6- di hydro-8Himidazo[2,1-c][1,4]thiazine; 20

6, 7-Di hydro-5H-pyrrol o[ 1, 2-a] i m dazol e

, 6- Di hydr o- 0

' 6-Di hydr o- %ﬁo& AIKYL, q‘[e% %a@]&x&al@l X%I'o?falkyloxy and heteroaryloxyalkyloxy are

,5,6,7-tet ral’wyt]tuemgsr avferein 1 the a]atb(ylrmadnel is 1-6 carbon atoms. The terms
o-

56,7, @W%Oa ”'h‘aﬁgf;hﬂmﬁ-?fb% Wdidks R IcABAS Huo® UIRFI biotibsd

5
5
4
6- 0X

e.g., by Cl-

6, 7-Di hydr 0 w}h(brprylrtae @Ika éhaln ts][ -6 ca]hons and ilee groups may be the same or different.
4

4-

6

6

H5-1 h' IiZ)H' a'nd thodlk ]rfeﬁ'-;l 6 Hhénoalkylamino and
0X0 d| d H- pyrai’ P%a oxazl §
, ; D| hydr o- dia{kylammomaleﬂes:yvmyloaa or tV@Q kg QT9U@3)@hﬂ-iS@mE@nd[ff9@ﬁ)c?Qﬂﬁedr§9r an;

0,71 o B8 LB S DR oS 5 gty

etrahydro-5Him dazo[ 1 2- a] azepi ne;

t

6, 7, 8-tetrahydr

vl al kyl such A" Ekdthd] hfEe D ?qas%d?l @eﬁ@%@%?oqgﬂg@e@r aﬁ%ﬁsﬁ%gmmt@a ring

pyr azolOo[ Ssybtanig dych asmrmzofrtlee follswing:

5,6, 7-tetrahydropyrazol o[ 1, 5-a] pyrazine; 5, 6-D

ydro- 4H cycl opent a[ b] furan; 4, 5-Di hydro-6-thi a-1, 7a-di azai ndene;

6- Di hydr o-85/8,7-tetckhydrothienb{3; P{clny4iiingi eptionally substituted by e.g., arylalkyl such

5 th| a-1, 6a- e;
D e e aag a%ﬁ@e@} Qkfi{e}ﬁgla%& Such 42 PYALRRYEETRI. Bl D1lcedkyi Rlarad

methyl; by heteroarylalkyl such as pyridin-3-ylmethyl; by arylalkylCO- such as

9-
5,
ar
6-
4,
h
5
4H
2,

15 phenylacetyl; or heteroarylCO- such as pyridin-3-ylcarbonyl; e.g. by alkylCO-
such as acetyl;
5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine, optionally substituted e.g., by C1-C6alkyl
such as methyi;
5,6-dihydro-8H-imidazo[2,1-c][1,4]thiazine;
20  6,7-Dihydro-5H-pyrrolo[1,2-a]imidazole
5,6-Dihydro-8H-imidazo[2, 1-c][1,4]oxazine
5,6-Dihydro-4H-pyrrolo[1,2-b]pyrazole
4,5,6,7-tetrahydropyrazolo[1,5-a]pyridine
6-0x0-5,6,7,8-tetrahydro-imidazo[1,2-a]pyrazine, optionally substituted e.g., by C1-
25 Cé6alkyl such as methyl;
6,7-Dihydro-4H-pyrazolo[5,1-c][1,4]thiazine;
4H-5-thia-1,6a-diazapentalene;
7H-Imidazo[1,2-c]thiazole;
4-0x0-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazine;
30 6,7-Dihydro-4H-thieno[3,2-c]pyran;
6,7-Dihydro-4H-thieno[3,2-c]thiopyran;
6,7-dihydro-4H-thieno[3,2-c]pyridine, optionally substituted by C2-C7alkoxycarbonyl;

14



6, 7- di hydr o-4H pyrazol o[ 5, 1 -c][1, 4] oxazi ne;

6, 7- 5H Di hydr opyrazol o[ 5, 1- b] oxazi ne; and

4,5, 6, 7- tworoalyxtropyr azol o[ 1, 5-a] pyrazi ne optional | y substcratsesi1342&. g, by
15 al koxyal kyl CO- such as 2-net hoxyacetyl; or by al kyl oxyal kyl CO- such as
met hoxyacetyl . Further exanples of bicyclic heteroaryl groups are as
follows: ?21WW2)t ?1 YIW~(W2)t ZI 2ZVI W Z2,Q 3 Z2. 2-WB Z3'0Y Z3 Z3 Z4

3 1-A 1-13 1- 0 ln fo | = 22 .and Z3 are independently CR2, N,
0, S or N_R?e,gﬁ,g%gm%hygfo-ﬁ%m%%ﬁg%églﬁen dnd is bonded to the remainder of
t he nol ecul & &%,8-tsinatvydroimidaaoih-alpyrazinke optionally sulstituted bgrRarylaky $toheds t wo
Zs can be eithgr tlwo Nor one Nand O, S, NNR in any conbinations with
out disrupting ‘?rﬁ'é’aronaticity; when 25 two Z,s = CR2 the other Z can be
optional |y s4-Bidxedt $6drtetrakydb-505-pyBazalo[B1R][ 1 4ithiamine; conbi nat i on wi t h out
di srupting th romaticity; and \WB are independently CR(err)R(err),
S, SO Soerh ,Ss,a/d?%;ﬁ,r?pyéz@ﬁn[w%%py{%ne,provi so that no S-S or O- 0) o$ S-)O
bond f or mat ismDIydresRwyclbperitapblfutahe saturated ring system t= 1 to 4. 30
15 WO 03/ 09327 'Pch{\#JﬁgB/ ?4&8 'Ii'é] formula 1 B Z1, Z2 and Z3 are
i ndependent 14°-BiYdraP-tya-1gasdiaggindens, 4 one of 71 -z3 is carbon and is
bonded to t hEs-Daiyad 8 -inGiflaidiz 14elfl @fthigeinas shown in fornula |I. Wen one of
Z's = CR2, t‘@'@ﬁﬁt'he é)taer t lZ' s can be independently CR2, N, 0, S or
N-R in any 46nthiadifHe20eRNR di srupting the aromaticity; 5 Wen two
Z's =N, 1pherp 3inyatdisrazor]Homlthiazblee ring i s bonded to the penem portion
of the nol ecul e _as shown ig f?rmjlla_ . W, W and WB are independently
CRIRY, S, SG3EWOrQpITagolelS. 1-HBO, 4. Y and Y2 = Nor C wth the
provi so t hate, nagydidueH-plyezelo(s;1-6j1 eloxaslede i s im dazol e,

6,7-5H-Dihydropyrazolo[5,1-b]oxazine; and

4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazine optionally substituted, .e.g, by

15 alkoxyalkylCO- such as 2-methoxyacetyl; or by alkyloxyalkylCO- such as

methoxyacetyl.

Further examples of bicyclic heteroarylgroups are as follows:

Wy, W Z
Z1 (Wa) ZeY{ Wy 75 Wi
ZZ\O W3 22/ ()YI _V\'I ZI - (,VVZ)t
Z3 \Zé 2 3 3\24 2 W3
1-A 1-B 1-C

20
In formula 1-A Z1, Z2 and Z3 are independently CRz, 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 I. 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
25 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 CR4Ry, S, SO, SOz, 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.
30
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10 the saturated ring may not contain a S adjacent to the bridgehead
carbon. In formula 1_C Z1, Z2, Z3 and Z4 are independently CR2 or N and one
of Z1 -Zzawpg3garboon and is bonded to the remai nder of thecmalsedui4es WL, W2
and WB are independently CR4AR4, S, SQ S, 0, or NNR; with the proviso

15 that no S-S or 0-0 or S-O bond formation can occur to formthe saturated
ring system t=1to 4. Y, and Y2 are independently C or N. The nore

A 21 Ts NP R EAE et PanEEteTnde B hentg LRy .2, 5 iR, aha oh8ol 8 M7 2
?r 23I | sI caLZ@Irs @:?ﬁbn srlmdlsrbdmdedtombeennemdemfdhe ofolechie aspshovinlie famuisbwn i n
ormul a n for al-A 73 1s 's i's
CR2 and t he Y¥annes SZSCJZ%'6r?enzt&fei°§1eéivy%g-ﬁ%§n8{% @d%{é‘ﬁg&(ﬁ} %ﬁdr)enéjl nder
of B he gol eN-'Rfm%(Ty%bﬁWﬂ\dtans o nruwsmptmgthlerarcbmatmuya 1-A 22 is N S NR
or and_one o r_ s ,CR2 and r bonded
to the r%nai\’WEfé\'tWBfZQ? ﬁé %Pé’&%?@e'é%ab Wf% ﬁngiﬁ,%@d%ﬂé@é nénﬂ?&%&grnul a
éLhQ Z1l is Nof{ﬁelﬁolegﬂfﬁsshé\imdm&?rmwam O or Sand Z3 is a carbon bonded to
penem portion o e ecul e o] for 16 WO 03/093279
PCT/ US03/ 13496 Wagnd W @ ppenpienty é@s'g gnNSbN-SQf BU'L‘S?“S and Z2 is N, 0 or
S a][]d le | staw@all)onf bonded to the penem portion of the nolecule as shown
in formula |, 7. In or R(err N, O

or S and Z2 |1§nﬁY@aT'}58ﬁ hﬁ&Pf%S‘e ﬁ@ﬁ@mep%’#’ﬁ%ﬁ%%?%%% iy ré%% °ie as
shown i Rof orpaItRutatedring mbp‘nf)ﬂl,‘dmdlﬂaB Adjddernit $o (e tBidgehdatl aarbdh. and Z2 or Z3
is CR2 and the other of Z2 or Z3 is carbon and is bonded to the remai nder

of the nolecule; WL, W2 and WB are independently CR4AR4A. 9. In formula 1-A

Z3 is N S, |NdRhur1-8 2007273 difd ZRarerinddpendetyZCR6H N bed ohdief Z0FZ4 B2 or Z1
is carbon and is bonded to the renainder of e nolecule; WL, W, and 10

WB are i ndeg@mp@rﬁqdys banded to the remainder of the molrcl,cule
W,, W, and W are independently CR4Rq, S, SO, SO, O, or N-Ry; with the proviso

15  that no S-S or O-O or S-O bond formation can occur to form the saturated ring
system; t= 1 to 4.
Y, and Y, are independently C or N.

The more preferred embodiment of the formula 1-A:
20 1. t=1to3.
2. Informula 1-A_Z1is N, S, N-R, or O and one of Z2 or Z3 is CR; and the other of
72 or Z3 is carbon and is bonded to the remainder of the molecule as shown in
formula 1.
3. Informula 1-A_ Z3is N, S, N-R; or O and one of Z2 or Z1 is CR; and the other of
25 Z2 or Z1 is carbon and is bonded to the remainder of the molecule as shown in
formula ].
4. Informula1-A_Z2is N, S, N-R, or O and one of Z1 or Z3 is CR; and the other of
Z1 or Z3 is carbon bonded to the remainder of the molecule as shown in formula
I

30 5. Informula1-AZ1isN,N-R;,OorSand Z2is N, Oor S and Z3 is a carbon

bonded to the penem portion of the molecule as shown in formula |.
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10. In formula 1-A Z2 is N, S, NNR1L or 0 and one of Z1 or Z3 is CR2 and the
other of Z1 or Z3 is carbon and is bonded to the renai nder of the

nol ecul e;wob3/09®279 and WB are independently CRARA. 11. | nPCorusod/s428 A Z1 is
N, NNRI, Oor Sand Z2 is N, O or S; Z3 is a carbon bonded 15 to the penem
portion of the nolecule; W, W2, WB are independently CR4AR4. 12. In
formula 11=A Z3 is N, NNRl, O or S; Z2 is N 0 or S Z1 is a carbon bonded

to the penem portion of the nol ecul e; i nggpendent |y CRARA.
20 13. In f6r hfamuia=tsAZ3 s, i-Rinv-Ger S@ﬂSrZZSsN 2’3,05 aRgl 242 c@bons g 5

bon bonded ; . VB
ndepondent |y Eish R PRRIRRICH] o ol B B o s o

or S 72 is7a Ina:rbmlha bandads NoN-R:h6 gsehand ;@r&lﬂbﬂa 068 aWZABlAANE W, Ve,

WB are |ndepe Ra. 25 1 =1sl'@ Ia |S N-Rl or O;

one of Z2 or éﬁngr?HeWrPert@hgrtﬂ%En%%m wﬂm'(f:o;rr on and i s bonded

to the r&amiBnQﬁlfonﬁfulém e NuBeN- R16r-(1and 22 00@8 iS/2R, asd theRther®f@2 @( O) n n
= 0-2 and anot her

one of 72 or ZA3 'P§af§é‘saéWCdR§Eﬂ’éde€ttﬂé? o erg;f hflmP‘ACL@r\h@n éngd g- %nded /

tothe r emai Ndgdepeh ndéﬁ%R oRJrecul e, t 3; one W is N—Rl 0 or S(ON n
0-2 and anot her W AR4. 17 03/ 093 79 P Usgﬁl tb - e'? Eorrml a
1-A 72 is N9 9 fompila dA @3 i Ne Sol- I%10'%9 oNg oS oL, % PoiieT Al or

I's carbon and Z?orbﬂf'gedirﬁdh dridBis bBAGdIEake ﬁm@h&r@kh@mb%oul’e Wi IWo, dhid one W2
is NR, 0 or S(On 0-2 and another W2 is CRAR4A. 5 18. In fornula 11=A

when z11& N, NARare odgpergeamcﬁﬁt N, Oor Sand Z3 = a carbon bonded to

t he penem pqgtl'nqgrnﬂfl b0 Zﬁ%ﬁp'@ N W@ ahd oné of Z3 of 18’5 ORgaMPtheotierif, 0 or
S(On % 10 In fornula n‘N 4?
or S and 72 = X onZdis @rbanemniis boad%daﬁoﬁbﬁ remajpeiefet ”i'%mf’ﬁéuéeWé B9 on of

t he nol ecul e one W = NR, Oor S(Onn=0-2 and
other W = CR4 a?%fgde?énc% ﬁybh%ﬂ

rmila i1=A when_Z1 = N a{rﬁj 3 =N,
0 or S and le hafarrnldatic&ﬂ isNbNiRe® ar® Wsz%@rf&r@ﬁbﬁt Z%l‘? %FarLﬂ‘éb ul e
where t 15 ) t% tﬁgﬁgngrﬂepo}%n “of %(—ﬁ'nolecule, W,, W,, W; are independently CR4Rs.

12. In formula 1-A Z3 is N, N-R;, O or S; Z2 is N, O or S; Z1 is a carbon bonded to
the penem portion of the molecule; W1, W, W; are independently CRsRs,

20 13.Informula1-AZ1isN,N-R;, OorS;Z3is N, OorS; Z2is a carbon bonded to
the penem portion of the molecule; W1, Wy, W; are independently CR4R4.

14. In formula 1-A Z3is N, N-R(, O or S; Z1is N, O or S; Z2is a carbon bonded to
the penem portion of the molecule; W;, W, W, are independently CR4R4.

25
15. In formula 1-A_Z1is N, S, N-R; or O; one of Z2 or Z3 is CR; and the other of Z2

or Z3 is carbon and is bonded to the remainder of the molecule, t =1 — 3; one W,
is N-R4, O or S(O), n = 0-2 and another W, is CR4R4.

30 16.Informula1-A_Z3is N, S, N-R; or O; one of Z2 or Z1 is CR; and the other of Z2

or Z1 is carbon and is bonded to the remainder of the molecule, t=1 - 3; one
W, is N-R;, O or S(O), n = 0-2 and another W, =CR4RA4.
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Oor S(On n =0-2 and other W2 = CR4AR4. 21. In fornmula 1-A ZI =N, S, NR
or 0 and Z2 or Z3 = CR2 and the other of Z2 or Z3 is carbon and is bonded
to the rewaiongden7df the nol ecule; then W and WB = 20 CHPCoruSod13328

hydr ogens on the net hyl ene |inkage can be substituted to forma spiro
systemwi th or without the presence of hetero atons selected fromO,

S=(On (n=0to 2), NR to formfive to eight nenbered cyclic system t =
1-3, oneW=NR, 0or S(On n = 0-2 and other W = CR4R4. 25 22. In
formula 1-A Z3 =N, S, NR or 0 and 22 or ZI = and the other of_Z2 or
Z1 i's car bof7adndomuilddd@a is N, Shi-Rearkd; mnerof &1 qrﬂélﬁﬁRe@mi the ethe P! and W8
= CR4R4; wher 042 ot her
e s R 4B .SC%WPO%PPTUF%E&'@%%%’& rew@dergff,% "%@Lg%g e ogé]s% CR2
and the ot her isN-R|, ®or SEB, hs &2rabdranotheriW: s6#RA-t o t he remai nder of the
rmlecule then W and WB = CR4R4, wheret =1 - 3 then one W = NR, O or
S(On n=0-2 and other V2. = CR4R4. 18 WD 03/093279 PCT/ US03/ 13428 24. I n
formula 11=Aswhdorniiia £-AlwheniZ1, = B, NrRSCaerdS amd Z23 NoOgyr Sanchéh=23 =

car bon bonded to th 0 n CRAR4,
where t o1 SenbRoBRATYRbeR nilol BREHGEHI T, 1 SHRT %W%
CR4AR4. 5 25. =I=N ROt (A5 A=AB2 andl|, otherRV, =CRARS and 72 = N, 0 or S then
Z1 = a carbon bonded to the penem portion of the nolecule; then W and W3
= CRAR4, wheret =1 - 3 then one W2 = NR, 0 or S(On n = 0-2 and ot her

VW2 = CR4R4. 190Ind6rmula 1EAZ8= Ny N-RA QloeS aZid 2 AN RS and gl =eatbdorr3 = N, 0

or Sthen Z2 = a rhon bonded..t o e c t hen
W and W8 CR4l?8Pde%§? &e”e"hp°"8?{?s°§/@ L@‘QR‘%{% %tﬁep‘ "3@ 2*5%
another W2 is WMO)nZ‘VFOLmaﬁdDOtthwgi?_@RMIS N, N-R,, 0 or S Z1is N O
or S; Z2 is a carbon bonded to 15 the remainder of the nolecule; W and W8
are independently CRAR4 ; t =1 - 3; one W2 is NNR, 0 or S(On n = 0-2
and anot her 202|n forritd R4A \Jm zm:eu PER], © o8 andZ6d Ne@tos Scdndi 2= haanhdna
11=13: 1%8' Inbgr?drerdr%%e penem portlon of the molecule where t = 1 - 3 then one W, = N-Ry,

O or S(0), n=0-2 and other W, = CR4R4.

21. In formula 1-A_Z1 =N, S, N-R; or O and Z2 or Z3 = CR; and the other of Z2 or
Z3 is carbon and is bonded to the remainder of the molecule; then W4 and W3 =
20 CH, or both hydrogens on the methylene linkage can be substituted to form a
spiro system with or without the presence of hetero atoms selected from O,
S=(0), (n= 0 to 2), N-R, to form five to eight membered cyclic system; t=1-3;
one W, = N-R,, O or S(0), n =0-2 and other W, = CR4R4.

25 22.Informula1-A Z3 =N, S, N-R; or O and Z2 or Z1 = CR; and the other of Z2 or
Z1 is carbon and is bonded to the remainder of the molecule; then W, and W; =
CR4R4: where t = 1 - 3 then one W, = N-R, O or §(O), n = 0-2 and other W, =
CR4R4.

30 23.Informula1-A Z2 =N, S, N-R; or O and Z1 or Z3 = CR; and the other of Z1 or
Z3 is carbon and is bonded to the remainder of the molecule; then W, and W; =
CR4R4, where t = 1 - 3 then one W, = N-R;, O or S(O), n = 0-2 and other W, =
CR4R4.
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20 29. In fornmula 1-B Z1 and Z3 are N Y1 is N: Y2 is Cand Z2 is carbon

and is bonded to the remai nder of the nol ecule as shown in fornmula |I. 30.
In fornmulwob3BoZ2 and Z3 are N Y1 is N Y2 is C and Z1 i ecearsbdm4ahd i s
bonded to the remai nder of the nol ecule as shown in fornmula I. 31. In

formula 1. BZ1is N Ylis N Y2 is C, one of Z2 or Z3 is CR2 and the ot her
of 25 Z2 or Z3 is a carbon and is bonded to the renmai nder of the nol ecul e
as shown in formula I. 32. In fornula 1 B Z1 is N, Y1is C Y2 is N, one

of Z2 or Z3 is CR2 and the other of Z2 or Z3 is a carbon and is bonded to
t he remai nde. laffoinda A steneZ lasNsNeRn O or S pod ZBIFNIO BB BN ZBF Fornul a 1-B

Z1 is N Y1 is on %ﬁi 2 or
Z3 is a carbon®® @5@%&%{5&6 ‘?en%hé&‘rngrﬁrg}zﬁgerd ﬁ@g}n\:’)\}lﬁ' %&E}w dﬁde(ﬁm in
19 WO 03/ 0932 7Wh&ETEUSO3 thedvde Wh sMN¥Rh,cO lor SYQ). arri0-2ngr @themﬂ\épeﬁaéﬁfﬂ y
CRARM4; = 1-3; one Wis AR, O, S=(On (n =0-2), and another W2 is
CRARA4. 3§f In formula 11=B Z1 is N, Y1 is C, Y2 is N, one of Z2 or Z3 is
CR2 and t he 26t Indorndidla 1R Z81= EN-Rs, @ o &rdarZandl, iQsorbS)ﬂ@BcZﬁ%atoﬁéDQﬂenai nder

of the nolecule a i I

CRAR4; t = 1-39%° ’Uf?QSfQ\g“ﬁ %er}&”ﬁ??’{' ngth 63‘?4"’%%3 %%‘&Ba% her’%'le)lt
CRAR4. 35. In £aqr-rathan bn8VE3= NSRND ;IS (O, A= 0¥2 and c[therdNe (ﬁR‘BA or Z2 is CR2
and the other of Z, or Z2 is carbon and is bonded to the renmni nder of the
nmol ecule as shown in fornmula |I. 10 36. In formula 1-B Z2 is N Yl is N Y2

is C ong of2eZfh formdia 1A MZmdMINsRtherSahdzz Ny OzB8 SthecZRlFom and i s

bonded to the repmi nder he nol ec mn PRy In
formula 1-B Z1°3REN E?n%ﬁdem e pgneL p 'OQQ eﬁ%ﬁqggn%%dqgéncgﬁ 4
bonded to the fenui mdﬁfewpstmhnmloe@(ﬂ)ﬁ xS O0<chans ahoth&oWid GRARA15 38. In
formula 1-B Z1, Z2 and Z3 are independently CR2; Y1 is C Y2 is N, except
one of Z1-Z3 is carbon and is bonded to the remai nder of the nol ecul e as

shown in f Orzwlrafokmulaa;glzc i§ N LR 2 OlorBs: Z4 ieN] OZ8r SrZ2 ibla Cétborsbdvided20i s C
Z2 is carbon and is bonded
15 the remainder of the molecule W, and W; are independently CR4R4 ; t=1-3;

one W, is N-R¢, O or S(0), n = 0-2 and another W, is CR4R4.

The more preferred embodiments of the formula 1-B:
28. In formula 1-B t=3.
20 29. Informula1-B_Z1and Z3 are N; Y1is N;Y2is C and Z2 is carbon and is
bonded to the remainder of the molecule as shown in formula l.
30. In formula 1-B_Z2 and Z3 are N; Y1is N; Y2is C and Z1 is carbon and is
bonded to the remainder of the molecule as shown in formula ].
31. In formula 1-B Z1is N, Y1 is N, Y2 is C, one of Z, or Z3 is CRz and the other of
25 Z2 or Z3 is a carbon and is bonded to the remainder of the molecule as shown in
formula |.
32. Informula 1-B Z1 is N, Y1 is C, Y2 is N, one of Z, or Z3 is CR; and the other of
Z2 or Z3 is a carbon and is bonded to the remainder of the molecule as shown in
formula |.
30 33.Informula1-BZ1isN, Y1is N, Y2is C, one of Z; or Z3 is CR; and the other of
Z2 or Z3 is a carbon and is bonded to the remainder of the molecule as shown in
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t he remai nder of the nolecule as shown in formula I; and t = 1-3. 20 40. In
formula 1-B Z2 and Z3 are N: Y1 is N Y2 is C and Z1 is carbon and is
bonded t owbhag/smai nder of the nolecule; and t = 1-3; 41. pCa/dSos/m4be 1-B Z2
and Z3 are N, Yl is Cand Y2 =N and Z1 is carbon and is bonded to the
remai nder of the nolecule and t = 1-3; 42. In fornula 1-B Z2 and Z3 are N,
YLis N Y2 is C Z1 is carbon and is bonded 25 to the renmminder of the

nmol ecul e; pen ntI h h
met hyl ene |.n3 h?((’b%ni]ﬂ@ % ngﬁRgofspl‘lr%%qé E%QSN ? o
\tM t][lout ]Ehe p{ﬁ@ﬂQﬁﬂZh%hdrahomeﬂm is CRaged from O, S(O)n n— 0-2, NR
o formfive oelgtme clig, system = 1-3 d j N R
0, S(On whtrle fermulg1-BZ @ﬁ-%%lé Yo Rl 0o et g 2&21 '3%]2%?%4%3?{1‘;%%& is C
ol ccul o 20 VD ST 083350 Bet LRl Loon et ml e 1 R 23 45 N

I N, Y1 i
N, Y2 |s5C Zfoméu@hé’v and Y\ are ind EB?Wﬁ&pMOﬂaég %'S?{aéﬁ d?fzer of tIhZ
nmol ecul e; 'ﬁq%ﬁrae,dldp,@g@en@qummcmm t =1to 3. 45 1In
formula 1- B 23 i'S is N Y2is C 71 is CR2; Z2 is the c%bo%atomS

bonded to t BE. IndamnuiadrB o3 ish; Ybisdbulr2 is Oy ongef 41p0r4%isi et BB AN CRaR4:
and one of V\zsdf%éu'f\‘%§c%rk%n M Bon@éﬁo"%ﬁé’?&?ﬁém&'& dfﬁweQRGBéuleTas-sh&wﬁ in46. In

formula 1-B Z Y21s C Z1 1s CR2 ; is the carbon atom
bonded to t he fomnwa hder of the nol ecul e W and W2 are i ndependent |y CRARA4;

is K I Yl is N
Y2 is C1 3%5%6%&8%3—%3??%@5 egr'%oh atom h {i%gr’gtﬂg%t%gﬁr éﬁ%:tiﬁedgﬂpeg?f t he
mol ecul e; W anycbr\B isacarbomedeg Erimbaded jo BR4MaindeRof the Mofgcule@soshoynd@pn ; and
t = 1. 48. Intfor la 1-B Z2 is N Y1is N Y2is C Z3 is CR2; Z1 is the
car bon bonded Ige remai nder of the nolecule; W and W2 is CH2 or both
hydr ogens om7t he fkmureei By ZenmdlZonkrgh; Yhais Ne YRb <Y, iandZ8ds tarbboand & spiro

oL " R Tueed i revarestEp O bl sve g AR L 'R 0"
or S(ORs: @addfofindla 1-B_Z1, Z2 and Z3 are independently CRy; Y1 is C; Y2 is N; except
one of Z1-Z3 is carbon and is bonded to the remainder of the molecule as
shown in formula 1.
39. In formula 1-B_Z1 and Z3 are N; Y1 is N; Y2 is C; Z2 is carbon and is bonded to
the remainder of the molecule as shown in formula ; and t = 1-3.
20 40.Informula1-B_Z2 andZ3are N; Y1is N; Y2is C; and Z1 is carbon and is
bonded to the remainder of the molecule; and t = 1-3;
41. Informula1-B_Z2 and Z3 are N, Y1is C and Y2 =N and Z1 is carbon and is
bonded to the remainder of the molecule and t = 1-3;
42 Informula1-B_Z2 and Z3 are N, Y1isN; Y2is C, Z1 is carbon and is bonded
25 to the remainder of the molecule; W, and W, are independently CH, or both
hydrogens on the methylene linkage can be substituted to form a spiro system
with or without the presence of hetero atoms selected from O, §(O), n= 0-2, N-R,
to form five to eight membered cyclic system; t = 1-3 and W, is CHy, N-Ry, O,
S(0), where n =0 -2.
30 43.Informula1-B Z3isN; Y1isN; Y2isC;Z1is CR2 and Z2 is the carbon atom

bonded to the remainder of the molecule.
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49. In formula 1-B Z2 is N, Y1 is N Y2 is C Z3 is CR2; Z1 is the carbon
bonded to the remai nder of the nolecule; W and WB are independently CH2
or both 28otwdsngens on the nmethyl ene |inkage can be substcrutsesiizes f orm a
spiro system wth or without the presence of hetero atons selected fromO,
S(On n=0-2, NR to formfive to eight nenbered cyclic system and one
W is NR, O0or S(O" and another W2 is CR4R4; and t=2. 50. In forrrula

tl hg rzgrr:a?nyéf}%‘fflc’%l’l éﬂ:eéeggl'sg“ %\f'sarifd% %% 'Sn(’g:{&pend ?QQBE@QWb th

hydrogens on tdwdegtdineasmalndekeitae ortedts; MbwzlmdthalteoncﬂQpenﬂantblpl ro
system wth or m hou1t ge presence of hetero atons selected from0O, S(On
n= 0-2, NR, GR hrilit%e to ei ght nmenbered cyclic systemm W is NR, O

or §( O) n; ﬂBdIntfonmJJa 1-80753s NI w1 fson;myd i8 C;-B |ZER25 ZRis Wik ¢esbdgatytd i s C  Z1

is CR2: Z3 is the carbon bonded d f t

W8 are iPdeperkrsded o mzmmaw@ﬁéo{)tﬁe\y@owequieewl 4 %Fe @P?ﬁ’?{’dgﬁ@]éﬁnﬁ E\érand

:2 ﬁR4$§l Ignﬁl én@m% onWZ\MNQ@/ @&ﬁ@)ﬁ@ﬁd@wams CRR4; tm £&rmul a 1-B Z2
i S

: . Z3 h
of the nol eé@lb’*fOWUIQdd_\/\Z3a$El Yhéﬁe’ﬂeﬁ%@ré@ '%%A%ﬁzgg dﬁ?%"#"g“ ttfgﬁh,r?ngl gtrjer
S(On, and an%%@d%tHée%ﬂﬁ@r ofiAE riolecute; Vi3and W, faes indeperideBtly SRUR4N, Y1

is N Y2 is he carbon bonded to 5 the remai nder of
t he mol ecul e; wleathmpara(@)ndé@%a&uy CRARA; W2 is N- R, 0or S(On ;

?g(rjbf)n_aéd ?fg}’ brl fad%gl Wﬁa%égpg%ﬁﬁwe?% lé‘bezh",ls Rk, | 22 ¥ th&aibdnGtord3 1S

he nol ecule; W and WB are

i ndependent | y iR4igd;to ﬁ'meremalr\l@r of @emcﬂecul@ VMr a'ﬂb&@rﬁmeaﬂﬂﬁ%@ CW'RIA’S

CR4AR4; and t =W?’|sw %o;g gﬂ&g_l,rm Z1 and Z2 are N, Y1 is N Y2 is C
Z3 is carbon an remai nder of the nolecule; W and WB are
i ndependent 148. @F%Mulam3 32 |s/m Y1 s MR is @ 83 is§RY ihﬂﬁﬁhéﬁ@fhﬁ’@rbomﬂeqiﬂo

o o V6 ke PO 1, A W5 SRt diboegy S o, 7
i ndependent | y fastHyisne\ibkage éan isbsibtitupedoio FONMORspiro aygiem V\ﬂthlor WIthout the
presence of hetero atoms selected from O, $(O), n=0-2, N-R, to form five to
eight membered cyclic system; W3 is N-R;, O or $(0),; and t = 3.
49. Informula1-B Z2is N; Y1is N; Y2 is C, Z3is CRz; Z1 is the carbon bonded to
the remainder of the molecule; W; and W; are independently CH; or both
20 hydrogens on the methylene linkage can be substituted to form a spiro system
with or without the presence of hetero atoms selected from O, §(O), n= 0-2, N-R4
to form five to eight membered cyclic system; and one W is N-R;, O or S(O),
and another W, is CR4R4; and t=2.
50. Informula1-B_Z2is N; Y1is N; Y2is C; Z3 is CRz; Z1 is the carbon bonded to
25 the remainder of the molecule; W; and W; are independently CH, or both
hydrogens on the methylene linkage can be substituted to form a spiro system
with or without the presence of hetero atoms selected from O, §(O), n=0-2, N-R,
to form five to eight membered cyclic system; W, is N-R;, O or S(O)n ; andt=
1.
30 51.Informula1-B_Z2isN; Y1isN; Y2is C; Z1is CR;; Z3 is the carbon bonded to
the remainder of the moiecule; W, and W; are independently CR4R4; one of W,
is N-R;, O or S(0), and another W, is CR4R4; and t = 3.
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S57. In fornula 1-13 Z1 and Z2 are independently CR2; Yl is C Y2 is N Z3
is carbon and is bonded to the remainder of the molecule; W and WB are

i ndependewOlog/oCR4R4; one of W2 is NNR,, 0 or S(On ; anot IRer/OAB3/1828CRARS;

and t = 3. 20 58. In fornula 1-B Z1 and Z2 are independently CR2; Y1 is C
and Y2 is Nand Z3 is carbon and is bonded to the remai nder of the

nol ecule; W and WB are independently CR4R4; and one W2 is NR,, O or

e | ndependéntl prtwis 18522 £ 1Y vig N d2yp Cr 1 28Ry, 3, SR dhedh PorkbaRC 7

t he remai nder @k réﬂnamaeﬂ 6faHé Bioldblilea i, AAB \&; ard indeeaddrtit CRARCRHBAN, W2 i s

NR,, O or S(On' n to Z1 and Z3 are
i ndependent | y dﬁ(é))rcanqlgn?tger,\yvz éﬁgh‘gaﬂgﬁ and i s bonded to the

remai nder 01‘53t hﬁfowmh@wbezz WNandis\WB Yerie O; 'Eieie RIS 16 thERAM6N bonded® i S
NR , O or c?&? ; another W2 is CRAR4: 1-B 71
R

an f
and Z3 abe in éWﬁPSIOfGFQmOWUi%Vﬁa"i’élvpé‘rqqnd%pf’\d@t?ycgﬁﬂgﬁ \&;ﬁ{f II\E bonded
to the renai ndgr ®br &t hgesl £, W and VB are 22 WD 03/ 093279

PCT/ US03/ 13428 |ndegenaentl CRAR4; and one W2 is (OO)n nd the
other W i s 54cterfamularliBt Z4and Z3are Ni ¥ide NaYa 19 CpZ3 is %ﬁ’fEO'Zénda'rsi ftied 0

| ndependent |y : i 6RARAdG pw,he
remai nder of t %&ghfc’ﬁhe%léﬁﬂé\lwﬁgWslafrﬁgggél%e%ﬁl%/ ?ZER ARA; ﬁle\a/\EZ) [ 52 NR

0 or S(On ; atsttRwOlOF ). and epethar W2is BRAB4 t72 3ar e i ndependent |y CR2;
YLis C’10Y\2N55S iMfarlid £ 52" H8'12 N 1 ggd?ﬁ' 46, 24 daRIBY e behadde

nmol ecul nt [y one NR O) n;
another W is tﬂaérm;almdndof uhe:l:ntBeCLthE) V$14and W farg meeﬁl‘[deBﬂ)ZQRéﬁd Zﬂe é?f

i ndependent | y %epﬁn%‘Yb &SS(B)W\%%da o |§ €R4§er£’ﬁbﬂta i's bonded to th_e

remai nder of t I ecul pendentTy CR4R4; one W2 is
NR, 0 or Fgimfortoia HBHEN avd 22$r€N4R4 is NnY2 ist €; 23 isaBrbanaridgs bahdeditoR 73

and 22 are | ndﬁ'PeergpnealndleY otq:% mg{ cuile V& ancZW Saré\lindé&er{d%ntly CR4R4; W,is N-

15 Ry, Oor S(O),;andt= 1

57. In formula 1-B_Z1 and Z2 are independently CR; ; Y1is C; Y2is N; Z3is
carbon and is bonded to the remainder of the molecule; W, and W; are
independently CR4R4; one of W, is N-R4, O or $(QO); ; another W, is CR4R4;
and t= 3.

20 58. In formula 1-B_Z1 and Z2 are independently CR,; Y1is Cand Y2is Nand Z3is
carbon and is bonded to the remainder of the molecule; W, and W; are
independently CR4R4; and one W, is N-R;, O or S(0), and the other W; is
CR4R4; andt= 2.

59. In formula 1-B_Z1 and Z2 are independently CRz; Y1is C; Y2is N; Z3 is carbon

25 and is bonded to the remainder of the molecule; W, and W; are independently
CR4R4; W, is N-R;, O or S(O),;and t = 1.

60. In formula 1-B_Z1 and Z3 are independently CR,; Y1 is C; Y2 is N; Z2 is carbon
and is bonded to the remainder of the molecule; W; and Wj; are independently
CR4R4; one W, is N-R;, O or S(O), ; another W, is CR4R4; and t= 3.

30 61.Informula 1-B_Z1 and Z3 are independently CR,; Y1is C; Y2isN; Z2is

carbon and is bonded to the remainder of the molecule; W; and W; are
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15 carbon and is bonded to the remai nder of the nolecule; W and WB are

i ndependently CR4AR4; W2 is NR, O or S(On ; andt = 1. 66. In fornula 1-B
Z3 is N wWoomIa9 Y2 is C one of Z1 and Z2 is CR2 and t h@caotuses/1342 C, W
is CRAR4; W2 is CR4AR4; WB is CH2, NNR or 0; and t= 1. 67. In fornula 1-B
Z3is N YLis N Y2is C one of Z1 and Z2 is CR2 and the other 20 is C
W is CRAR4;: W is CO W is NR; and t=1. 68. In fornula 1-B Z3 is N

S V2 el Ry SRl ROl B i bbef 15 VL

V\2|SC—OV\B|S IS N Ylis N Y2
is C one of AR4Rw afdti==2CR2 and the other is C W is CGO W is R ;

W8 is CH d t=1 r Sr@,gd rmul a 11=C
are: 70. Inggolprfﬁméu'i—éﬁe arggifi% |ﬁc§e§$re%§gnt %’dgggéngég% < n%% one of
Z1-Z4 is car baarbowahd is bondetbtd the rérhainderrd ithveckapleotilet Yia amdlvécarlee Y, and Y2
are C t_=1to,3; ep nyCR4R4SSOSOZ
0, or NR . 3d“dFPe“3ﬁ“ yo%ﬁ%\z\i\? i\}l/\g“%g'é@é gﬂ‘gg are i ndependently CR2
and one of &3: motrﬁmaqembzmamm b ihdeytadently CRe; YarmCni@is Nf Zt fse ol ecul e;
Y, and Y2 = C or, N, e en IyCR4R4 S,
SO, 502, 0, or°ae a“dz'é w&m%mw\%‘m@&m@ Je: W; “%q& Sriula 11=C

Z1, 72, Z3 andndébentiéntydrprmdend W, ERER,, X2 oa8O)2aratieerNV, is CR4R4;ta0d3; WL,
W2 and WB are |n ependently CRAR4, S, SO S02, 0, or NR. 73. In formula
1-C Z1 is N arld 22, z3 and Z4 are mdependently CR2 ; Yl and Y2 are C, t =

1 to 3;44\, eu\?lrﬁeﬂm\{ha 168923 aﬁ&zzafbemaépeneeﬂtmm; Ysca; cSe2, lsrs» zms NRL. 5

74. In formula 1-C ZI Ts and Z4 ar E’hg\PrﬂS% Iy : one of
Z1-74 is car bwar%ﬁman%lswﬁewtquef%a'f‘é%ﬁ AR mo & Y1 is C Y2
is N t =1 nﬁde?pen%eHuW@mN\E aﬁéi Wlsan-ﬂ1,lo@e5@®membloyhéﬁmﬂé CFRAR£@nd S02,

0, or NRIL. In formula 1 = N and Z1, Z3 and Z4 are independently

CR2: one of thZZ?— is carbon and |s bonded to the remai nder of the nol ecul e;

Yl and Y2 a dBRipor, VB as €: yadeNepdant |y CRAR4,
S, SO SOz, @g FI:”cOPrRll-JléOI B 235%%2?@??&3%” y';\@ |zs N and Z1, Z3 and Z4 are

i ndepend®nt | y @Roon angisdonded Kllth%el@amﬂ@frﬁféh@moée%'@n%oﬁﬂdowﬁ AE r emmi nder of
D ermhcout £, Moo EgiRgile N5 4 SORTERE- 4 ana VB are
66. In formula 1-B_ Z3is N; Y1 |s N; Y2 is C one of Z1 and Z2 is CR; and the other
is C; W, is CR4R4; W, is CR4R4; W, is CH,, N-R, or O; and t= 1.
67. In formula 1-B_ Z3 is N; Y1 is N; Y2 is C; one of Z1 and Z2 is CR; and the other
20 is C; W, is CR4R4 ; W, is C=0; W3 is N-Ry; and t= 1.
68. In formula 1-B_ Z3is N; Y1 is N; Y2is C; one of Z1 and Z2 is CR; and the other
is C; W, is N-Rq; W, is C=0; Ws is CR4R4; and t= 1.
69. In formula 1-B_ Z3is N; Y1 is N; Y2 is C; one of Z1 and Z2 is CR; and the other
is C; W, is C=0; W, is N-R; ; W; is CHp; and t=1.

25  The more preferred embodiments of the formula 1-C are:

70. In formula 1-C Z1, Z2, Z3 and Z4 are independently CR; ;one of Z1-Z4 is carbon
and is bonded to the remainder of the molecule; Y, and Y, are C; t =1 to 3; and
W;, W, and W; are independently CR4R4, S, SO, SO,, O, or N-R;.
30 71. Informula 1-C Z1, Z2, Z3 and Z4 are independently CR, and one of Z1-Z4 is
carbon and is bonded to the remainder of the molecule; Y;and Y,=C orN; { =
1 to 3; W, W, and W; are independently CR4R4, S, SO, SO, O, or N-R;.
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R1. 15 77. In formula 1_C Z3 is N, Z1, Z2 and Z4 are independently CR2; one
of Z1-Z4 is carbon and is bonded to the remai nder of the nolecule; Y1 and
Y2 are CwD 03/04327¢ 0 3; and WL, W2 and WB are independent | PCTRARI134% SO,
_802, 0, or R1L. 78. In fornula 11=C Z3 is N and Z1, Z2 and Z4 are

I ndependently CR2 ; one of ZI-Z4 is car bon and is bonded to the remainder
of the nolecule; Yl is Cand Y2 is N t =1to 3; and W, W and WB are

i ndependent AR4, 44s N
T ey g S8, A £
S\inds\g todt he toe3Tan de; araf W faee imdependeetly QR4RI4dSYSOa8@z,® arN=-R1. to 3; and
, an re | I ARB4, S, SO, . I I
formil a1l Gl 3R A ¥ biaha 22" 23-andz4 3k iiandond o Frand¥sihs . 7,
|t S c?r b;)n gnd czt \%ﬂm wq Wbmdm'renmaepMdehﬂpCRARchJ%O §0.,iQ, aWN-R2 is C
= 0 an , . a inde entl
N-RL. 812 |A4dR fﬂEF‘ér"a\lA'F—'éa%'s?@aNE Zﬁoég?’?"e% a%ﬁn'&' ;]def“f ﬁﬁégé%nedé%l'zg
223 $f2 Z1- chl itsScae@drbﬁm ismandesd ﬂaqndminémdérhgthseemleodlervprsah\éz N éculle; Y1
are a re Lpdependent.d v, CR4AR4, S,
SO, S02, 0, ortogRnd W, Wr o ufuie eeeencsptiy cifisd’ §, BERBBEIOA R 7, 0,
gpd?ﬁ:ng&nt Iml C'ﬁ@f\?lmﬂllt@%ngZ Zkﬁﬁzisvéagg?ggawmmpm/ tiylICRp ; bheeof Ztrai nder
ecul e IS I 3 uso3/ 13 =1
to 3; and W, @é'sa?ﬁfb%aﬁﬁ’@QWEﬁ%Wéﬁ?mﬁ'@?&éﬁe el F?Ofnégﬁ aﬁerl\b'ti\l- R .
83. In {@rmla= ]1t@g%na'wh@aﬂfdﬂWafﬂdde?er@éntMCRﬂRM&tmaﬁﬁgm |oyr\cn,2 one
of Z1-Z4 is carbon and is bonded to_the remnin of t | ecul ,
C Y2 is 57f lpfermula 3-G3Z24s N and ZA£3a0d f&r‘%ﬁfqpﬁ %%B&m qy\eafziﬂm s
SO, S02, 0, or z4hk Barbol%md ldbdrREdd ﬂqe]reﬁaﬂeﬁﬂﬂhgﬁo?é&ulé\w@mz&w NA3 are
mdependently CR2; one of Z1-Z4 is carbon and i on eg g mai nder
of the nol ecul &1 te 3;jand\Vs, ¥, and \Ws arq independgnty C%ﬁg"’vg Qe 9%'08\/@3%
i ndependent |y ﬁ?4R4 S, SO S02, 0, or N 10 RL. 85. In fornula 1=C Z1, Z2,

Z3 are Nand Z4 is carbon and is bonded to the
15  77. Informula 1-C Z3is N; Z1, Z2 and Z4 are |ndependent|y CR,;oneof Z1-Z4 is

carbon and is bonded to the remainder of the molecule; Y; and Y are C; t =1
to 3; and W, W, and W; are independently CR4R4, S, SO, 802, O, or N-R;.
78. In formula 1-C Z3 is N and Z1, Z2 and Z4 are independently CR; ; one of Z1-Z4
is carbon and is bonded to the remainder of the molecule; Y, is C and Yzis N;
20 =1 to 3; and W4, W, and W5 are independently CR4R4, S, SO, SO2, O, or N-
Rs.
79. In formula 1-C Z4 is N and Z1, Z2 and Z3 are independently CR; ; one of Z1-Z4
is carbon and is bonded to the remainder of the molecule; Y, and Y are C; t =1
to 3; and W, W, and W; are independently CR4R4, S, SO, SO2, O, or N-R;.
25 80. Informula1-C Z4is N and Z1, Z2 and Z3 are independently CR,; one of Z1-Z4
is carbon and is bonded to the remainder of the molecule; Y1is N; Y,is C; t =1
to 3; and W, W, and W; are independently CR4R4, S, SO, 802, O, or N-R;.
81. Informula1-C Z1is N and Z2, Z3 and Z4 are independently CRy; one of Z1-Z4
is carbon and is bonded to the remainder of the molecule; Y;and Y, are C; t =1
30 to 3; and W,, W, and W; are independently CR4R4, 8, SO, 802, O, or N-Rs.
82. In formula 1-C Z1 and Z2 are N and Z3 or Z4 are independently CR; ; one of

Z1-Z4 is carbon and is bonded to the remainder of the molecule; Y, is C; Y, is
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remai nder of the nmolecule; Y, is C Y2is N t =1to 3; and W, W and W
are independently CRAR4, S, SO, S02, 0, or NR, . 86. In formula 11=C Z1,
Z3 and Zawerwa/od2and Z2 is carbon and is bonded to the 15 Pemdisnsiex2of t he
nol ecule; Y, and Y2 are C t = 1to 3; and W, W2 and WB are independently
CRAR4, S, SO S02, 0, or NR . 87. In formula 1_C Z1, Z2 and Z4 are N and
Z3 is carbon and is bonded to the renninder of the nplecule; Y, and Y2 are

Cand t =1 ton3i =angh Pand'WW®,, 30 aﬁeﬁw %f@mues@ma CRURACBASY, SS2, SQor SO2,
0, or AR . 20 8;3 In fornul & 19 : Z3, 74 areqFI;I and Z1 is carbon andls

bonded to the Neral nder of the rml ecule Y, and Y2 are Candt =1 to 3;

and W, W2 gad Inv\%rmﬂlrael -C%%W%'Wa@@%r A, ar§@ade§@3derﬁly GRZ MnRof The

nost pref erred conpou resent invention are:
(5R 62) - 6 [ ( 5- BanAyis caroon@nd ig b@ndgﬁy@mﬁn@n@*nﬂesowerm}??w r¥12$ G Y hyl ene]

- 70X0- this za [ 0 P ERARAC d
(62) - 6- ( - Met h)i;{’ 1?15, gkﬁygnge\??ﬁygﬁfw&aﬁgggﬁgg@flpyr azi ﬁsgsgf ?reo'?h()?l( gﬁ?&) 7-

0x0- 4- t hi a- 1- aMaRbi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ acid, sodiumsalt.

3. (5R),
4. 1n formula 1-C Z1 nd Z4 are N and_ Z2 or Z3 are independently CR,; one of
(62)-7-0xo- g (§ é J}m& tetra ydr0|m azo[ 1, 2-a pyra2|‘?1-2-yy th Iene) 4- 30

this-1- azabi c;zmz;{nscamprwpus gomedtgimeawemﬁt ar of thei raoleadeli Yuris YalVeis G,

(5R 62) - 6-{[5- (4 ye K 0 2-
yl )] net hyl ene} q7oxoc;§ W’ @I cyc?oﬂ%ﬁgﬁﬁmg&ﬁjgﬁﬁebé g(ﬁ]bgi)[;lr Ft:nam d,
sodium galt. 2RO 03/093279 PCT/ US03/ 13428 5. (5R),

(62)-6- (5, Ol ISl iy ozl 7o el o 44 RicBRich g BEhMRA G -7 004

t hi a- 1- azabi ene-2-car boxyl 1 c aci sodiumsalt 6. (5R),
(62) - 6- (6, 7- Di hymiaindSit-bfiiye molesils; ¥1 ] CnYdisbit- 210 Aeand War\Wh and YWeoal®- t hi a-

oo e e Y bR R ST R kg 0, soeum sl O (SR
t hi a- 1- azabissy cindp@nul? 163 E¢pZ3 and Xd-te <Naarirb>22||$ caraon and soetindad ¢athe 8.
(3R (O G SIS e 20l o g Sl o
(5R) (62) - 7- Oxo-iffidepénBerflly CR4R4, & B, 802, & oF dFR:.5- a] pyri di n- 2-yl met hyl ene) - 4
“thia- 87. Informula1-C Z1,Z2 and Z4 are N and Z3 is carbon and is bonded to the

remainder of the molecule; Y; and Y, are Candt =1 to 3; and Wy, W, and W,

are independently CR4R4, S, SO, S0O2, O, or N-R;.

20 88. Informula 1-C Z2, Z3, Z4 are N and Z1 is carbon and is bonded to the
remainder of the molecule; Y; and Y;are Candt =1 to 3; and W;, Wz and W,
are independently CR4R4, S, SO, S02, O, or N-R;.

The most preferred compounds of the present invention are:
25 1. (5R,6Z)-6-[(5-benzyl—4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl)methylene]—?oxo-
4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
2. (5R),(62)—6-(7-Methy|-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-ylmethylene)-7-
oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt.
3. (5R), (62)-7-Ox0-6-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-ylmethylene)-4-
30 thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt.
4. (5R,6Z)-6-{[5-(4-methoxybenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)Imethylene}-7oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,

sodium salt.
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10 1- azabicycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid, sodiumsalt 10.
(5R), (62) - 6- (7- Met hyl - 6- 0x0-5, 6, 7, 8-tetrahydro-im dazo[ 1, 2- a] pyr azi n- 2-
yl gpt hyl a:we)oﬂmnxm- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- PCrarsbdx34k8 ¢ aci d
sodi um sal t .
(5R) (62)-6-(6, 7- Di hydro- 4H pyrazol o[ 5, 1-c] [ 1, 4] t hi azi n- 2-yl et hyl ene) - 7- oxo
1421 (12R§ ?IGS 1-7azab| cygl o[ % 2. 0] hﬂefpr'%- 2- ene- 2- ca&foxyl I c acid, sodiumsalt
c - WX o 28 A Zafipnd -Z-yith d)emelo-4- t hi a- 1-
azabi cycl of é 55%(3%& - gé—'%n'eﬁ-y tdé‘%r l'oo@;???[g' g@ﬁc’j,] éa%m utyn ségﬁ{laall%. 7
( SR%) (62) |_ 6E é 7thaffi]-mygl,om%pﬂﬁph%@neﬁgarh@wh@a@ﬁeaodmﬁﬂt 4-thi a-1-
azabi cycl of 3. Dk 7 7 BB -@W'- i InkEth 72 ia-
(5R, 62)-7- oxb-‘éf??((g_g’g%@%@ﬁyﬁ%% - 4&[%532@16%02?%9?! c] Sﬁéﬁ)gx%(zﬂ]ﬁthéa
31/|5 ) geE 2y| $n§] -nazaablayclo?zaﬂih@gﬁfa-@j%z-za(qomma% SAdUM.SHr boxyl i ¢ Acid
N - B-(5' 6 B .t S - ha- 1-aza
bi cycl o[%. 2. O]h(ég?iﬁagrékeb %ﬂ@%}? %%@W&ggﬁcqgaﬁkﬁh QFW%etwal@h@f Hokbu
3-5( g_, 7- D: h%/dr (zihmH-amva[Oﬁi-ZfolﬂephiZ@p?f?a(PﬁrQOW"%t?'ﬁyﬁf@W salt oxo- 4- t hi a- 1- aza-
i cyclof 3. 2, te & & PRvAFE AL 11C2-BfdyFhzol-2-yimeth -7-ox0-4-thia-1-
1. 6 (5 et By roR BRSSP BRG] Co By RezoL2 yimptinerT o tia s - oo
. g- t2 h |( 521 éa ?% a-aziabwclopafggpueipne-2=o§r@><2h%§%gfasliunbsaibi d
. 2-(2- ox X9-Gxd-64 25,6, AfetraRydrd - in-3-yitfetAyl¥hé)deararet hyl
-6, 7- di hydr o-%ﬁz@%?(chg)[ 3, g’ig] pyri Kt %de\f @rgar%[qkyllpgﬂgci e? h§l/l e)st er 30 19?
Z- o]<o- 6106, 7, 1-8aza)JlTyeb{fhh@meot-zﬁneﬂ-@ﬁb@[th,aCId, sodium salt
-a) azepi n- 2y | eperaflfinds k- _ imi - in-2-
aza- bi cycl o[%gi @'@%%p&f?gﬂﬂgng@o g%gst%i’? lt?t(r:ah g Irod|m21%a?zo[1,2 a]pyrazm' 2 .
§ 5 5) , (62) AGE g 7ylmeﬂwsd§§57@xr;d?tgtaei-a]mr9w@pﬁ$iZigﬂh@rptiz-en%r]zwmmlm 2-y| syl ene
-7- 0xo0-4- |%-ﬂ;-ﬁl I cycl o 3. 2. 0] hept - 2- ene- 2-carboxylic acid 26 WO
03/ 093279 PCT/ /% 28 21.
( 3R, 6%) - 7- 0Xd- GR)(6D)-BHPT-Rinydre-4H-nweigiplp. lclbl dithfazinRryinsthyiene) eR¥-4; 2- c] pyr
i di n-2- : . o :
yl )] met ﬂ?/l ene} th]fd;('c?-z iQ'?mﬁloa‘?'flog}eﬁ]zéeynce I-z_o- %r.bﬁf‘%'fr?é’ﬁt §%qllémn(§-a E carboxylic acid
22. 12. (5R)(62)-7-Ox9—6-.(4H—5-th|a—1 ,6a-dlazapentalen-z-ylmethylene)-4-th|a-1.-
)(/‘;B:Qd?ﬁz - /- oxo- gia{bﬁc@blﬁ)ﬁﬁ.bﬂfeﬂf—g’-’e}ﬁg-(’z%é?ﬁ&&‘ié ald Jdiufn 58 rahydrot hi eno[ 3, 2-c] p
2-y :j ) ]5 m;g hy 11@n 68R) -6 @ HrIniidazol a2-elhiszal2ayipethyBnak proxe-4dhig=1- car boxyl i ¢
aci . . o .
(5R, 62) - 7- oxo0- gg%b[n%/_c I()[J%zer%r\eg&%teynfe-)z_ Eﬁrg?)%l,"c??%lgtsroghu%?%l% hi eno[ 3, 2-c] pyridin-2
- yl)] medhy | tein 3R, 6D Doxe-BH{4aexo-6.7 alfiysye Hofrarazomhdwild #laxgein®-car boxyl i c
acid yl)methylene]-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic Acid
15. 6-(6,7-Dihydro-4H-thieno[3,2-c]pyran-2-ylmethylene)-7-oxo-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid
16. 6-(6,7-Dihydro-4H-thieno[3,2-c]thiopyran-2-ylmethylene)-7-oxo-4-thia-1-aza-
25 bicyclo[3.2.0]hept-2-ene-2-carboxylic acid
17. 6-(5-Methyl-4,5,8,7-tetrahydro-thieno[3,2-c]pyridin-2-ylmethylene)-7-oxo-4-thia-1-
aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid
18. 2-(2-Carboxy-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-en-6-ylidenemethyl)-6,7-
dihydro-4H-thieno[3,2-c]pyridine-5-carboxylic acid ethyl ester
30  19. 7-Ox0-6-(6,7,8,9-tetrahydro-5H-imidazo[1,2-a]azepin-2-ylmethylene)-4-thia-1-
aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid
20. (5R),(62)-6-(7-Benzyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-ylmethylene)-7-

oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
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The conpounds according to the present, invention have (3-1actanase
inhibitory and antibacterial properties and are useful for the treatnent

of i nfectwonsg/opxn27humans and 10 animals. It shoul d be not edTtusat/134bse
conpounds of the present invention, when used in conbination with (3-1actam
antibiotics will result in the increased antibacterial activity
(synergistic effect) against class-A and class-C producing organi sns. 3-

Lactam anti b q{;l ) flﬂo%ﬁ‘sgﬁﬂfdﬁvi égln‘fbt b B'Gﬁ-téh%h%l%fhléﬁo[@mégfyﬁailnli in,

anoxyci |l lin] enz nicillins I Cil en|C|II|n

ot her known panhimethvlem} 'énxa-%na:wnabl@m3 Q@h%@rﬁr@#&@%&ﬂlpﬁ We,
cepha  of | di 55 (5RENH A Ns-(EFIRES chboﬁ?l}?/Jg% @’fltétrahy@ﬁﬂﬁléﬁ&{B Peglp@idier known

cephalosporln reona Most preferably

conpounds  of tZayl}impﬂyl&mi 7Dxnré1ﬂnladr37@b@yq§@€? Wh?nt %PB%‘?*OF@WQXV'FP d
anoxi cildin, % >, pa O@g@?&@ga‘?&@ﬁm 96 7%Erhwydr&h@aan3rna&]p9moﬁﬁnzpomtlve

and Gram ng npounds present invention may
be provi ded pryl)dmemwlens}l-?nNOtdaﬂtﬁJﬂJﬁWlCW'Q[ﬁ2 Qi'f‘el:g@ﬁ@q%réﬁrtboi‘ﬂ'cé’cld | actarn
antibiotic ("co-admnistration"). By "provided", it is intended to include

adm ni stering the conpound directly or in vivo, e. g. pro-drugs. Wen the
conpounds  offrhé feempbasdsnacdordienta the rareserctm\@nmm hateepdattanase ihibBoryandam 25

antibiotic, the ratjio of the gmount 0 he
P-lactarn &Rthast %5'[3, RropgYies AN 4R “33&1 fer hheaﬁ"é%%el\&ﬂgf %ge[c& Qﬁs r‘?}eﬁﬁgr} % é’f:t am
anti bi o4 Cc LA r )t shédt d@sadeed thahihbicompoomys ofahy pfesent mJVantloo wioen gsed
Preferably the ratio of the (3-1actam antliﬁl oti%:.t Serr | act.amase |

i nhi bitor i& Icegdingtigm with B- 'aqtﬁ@ apRiRyics { Wil regy! t"hgh‘?) ed ﬁr\’/@ﬁﬁ%gﬁ may
be in a formgsuitab a 0, -
adni ni strat & Sﬁuut ﬁyﬁ%'sﬁ%ﬁgégtb talggfrﬁ?)sSt 81@@% ﬁ‘eé{ﬁ@n\?gﬁts {do}?oc‘%' ge%ﬁﬁgm? or[?n of
tabl ets, capabtafs anqmemm;nclw,er pps|clllmuapM1r$tlcsnsuc$\t esmlpergollllut iaprexyeilint abl e

for injectign or.infusion.. Pre erabl 3428
conpounds ofiC¥GdNpr Renzyipeni ﬁﬁ'@ﬁt |a(5'P1°'%{ E’SB@'H‘. s?tgg'[e%%g%ﬁ pgggbgcéf

i nt raveﬁ@:JS:ccﬁ Iﬁ)élclas'pmns gutH amcefatrizm\eempmloﬂdme oemialoyhmpcecfaqumme@hslexm
structural formula in an ut oner s t S 5
wher e st er e GERUAABEY 9&% %P\Q{Qr%/e?h%@f’%%nsaﬁﬁtre%%crg'ﬁ?% g%f QV{O%EE{&'T&(

Det er m nat i qost ereftem;lfempmrrdsl &fi thisr pfésénicineerdioa ara rusbdtwutfy pipetaciliirt pr of
the penem | r;\rr]rllolg(llctlll?nr \?vhwﬁsha% Eroad sp%ctrum of activity against Gram positive and Gram

negative pathogens.
20
The compounds of the present invention may be provided prior to, simuitaneously

with, or subsequent to a B-lactam antibiotic (“co-administration”). By “provided”, it is
intended to include administering the compound directly or in vivo, e.g. pro-drugs.
When the compounds of the present invention are co-administered with a -lactam
25  antibiotic, the ratio of the amount of the compound to the amount of the B-lactam
antibiotic may vary in a wide range. The ratio of B-lactam antibiotic to -lactamase
inhibitor may vary from 1:1 to 100:1. Preferably the ratio of the B-lactam antibiotic to
B-lactamase inhibitor is less than 10:1. The composition of the present invention
may be in a form suitable for oral (PO), intravenous (IV) or topical administration.

30 The compositions of the invention may be in a form of tablets, capsules, creams,

syrups, suspension, sterile solutions suitable for injection or infusion. Preferably, the
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10 spectrophotonetrically as described by Bush et al., [Bush, K,

Macalintal, C., Rasnussen, B. A, Lee, V. and Yang, Y. Antim crobi al
Agent s amwo@hesrher apy 1993, 37, 851]. Honobgeneously pulPCiusd/ci4ass A
[3-lactamases TEM1 fromE. coli and Im-1 from Enterobacter cl oacae,

class B enzynme CcrA fromBacteroides fragilis and class C enzyme AnpC from
Ent er obact er cl ](c)aca wer e enpl oyed I n the assay. 15 The enzyne
concentrations for TE , Im-1 Al 2.1
nM respect FYBPOUNIR \§ éh? aRERseBt 'P}‘ﬁﬂt'ﬂpt &rgpg%%gh%'%F%gnsW'\g\herép%rragpar ed in
50 M P04, iriEveéndustycorisnedxitiliin intraveresisiylor erdlif50 val ues. The substrate used
toinitiate the enzyne reaction was nitrocefin at 50 pg/m in the sane
buffer as the inhibitor. Initially the enzyne and inhibitor (20 (err)l
each) were wwmpwhars@&u&mrarI&mmrmummearange@auﬂmqsr any stecedisomensi(Bxceph of

160 pi volu of nitrocefin. lni at of wer e ni

for 5 m fut g/?easta@gchwﬁtry f‘ng%ar é%c{] &[@gaﬁ"rn%gé@{'s?a Max 2r5r8 \tMO'[ ﬁd

ki netic protocol of SoftMax Program Readl ngs fromthe Spectra Max 250 were
exported and transferred el . The percent of inhibition of
each i nhi bl FRygAuon : M ed based on the control enzyne
activi Ey The 25 |nh| bi t or concentratlon that caused a 50% reduction in the
enzymatic agt S rgfn &ifidmh C 8 Eratitd

PCT/ US03/ 13 288%lt Tabsl(ejeClﬁmblto%‘a adtiohp mogﬁadgp athéMtorQ o ggts JTEM 1

| ni  Ccr 1Bnp&pesaphpiametricplly 28 Pezer@eﬂzbyé'é%rez 3., 4! Ha“zz rzﬁaéa'é‘ta £Xanpl e 3
5.4 28 320 G 2mUs¥éHB A7 LBev./afd ¥8nd. B AntipiiipblialBAderits Eﬂdmeﬂno%erﬁogarrpl e
9 2.2 90 62 3.2 Exanple 10 10 65 140 3.0 Exanp Ie111(€_ﬁ3§ EZ

Exanpl e 12 19935%7,1863].1 Homogeneously purified class A B-lactamases TEM-1 from E. coli

and Imi-1 from Enterobacter cloacae, class B enzyme CcrA from Bacteroides fragilis

and class C enzyme AmpC from Enterobacter cloaca were employed in the assay.
15  The enzyme concentrations for TEM-1, Imi-1, CcrA and AmpC were 4.3, 7.1, 1.2and
2.1 nM, respectively. A wide range of inhibitor concentrations were prepared in 50
mM PO,, pH 7.0 to include the possible I1Cs, values. The substrate used to initiate
the enzyme reaction was nitrocefin at 50 pg/ml in the same buffer as the inhibitor.
Initially the enzyme and inhibitor (20 ul each) were preincubated for 10 minutes at
20 25°C prior to the addition of 160 pi volume of nitrocefin. Initial rates of hydrolysis
were monitored for 5 minutes at 495 nm using a Molecular Devices Spectra Max 250
with kinetic protocol of SoftMax Program. Readings from the Spectra Max 250 were
exported and transferred to Microsoft Excel. The percent of inhibition of each
inhibitor concentration was calculated based on the control enzyme activity. The

25  inhibitor concentration that caused a 50% reduction in the enzymatic activity (IC50)

was determined graphically.
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Exanple 13 2.9 16 160 3.1 Exanple 14 2.5 68 26 3.8 Exanple 15 1.2 8.6 14
3.8 Exanple 16 3.1 25 12 4.2 Exanple 17 12 24 28 26 Exanple 18 2.8 50
120 9.2 Woanpi)xe749 4.8 2700 170 4.6 Exanple 20 1.4 9.6 P8TAISMI/1E:@mnpl e 21
9.8 40 280 18 Exanple 22 6.1 42 110 11 Exanple 23 4.6 40 140 7.8 Exanple
24 1.1 56 4 1.5 Exanple 25 1.1 123 162 2.7 Exanple 26 0.73 54 89 2.3
Exanple 27 2 5.5 73 2 Exanple 28 ND ND ND ND Exanple 29 ND ND ND ND
Exanple 30 2.9 2300 7.8 2.5 Exanple 3$§%kﬁ156 110 1.5 Exanple 32 ND ND ND
ND Exanple 33 1.1 59 41 0.85 Exanple 72 34 99 6.5 Exanple 35 4.2 230
30 6.1 Exanple 36 6.3 413 140 4.5 ND=Not Determ ned Anti m crobi al

suscepti bi |l i, ' | | v bl otics were 5

ty testing—Fhe invitro activities of the antibioti
determ ned Hy the mcrobroth ¢ilution met hod28(WMcomended by tlhe Nationa
Committee fqgr C i compburdhbor afCrags 3 andar ds ( NCCL Rlass(BNCCLGas2Q00. Met hods
for Dilutign Antim crobial Susg‘?_ghiﬂbi lity Testg fop Bacteria That G ow
Aer obi cal | y;L_29 wp 037003279 | pctF¥dna) 1 34 58 Ar&gaﬁ'é'bél&&ﬂgd& M7- A5,
vol. 19. Natlional Committee for Cinical |aboratlory

Example 1 4.2 2.1 260 12

Example 2 4.4 22 120 5.8

Example 3 5.4 28 320 6.2

Example 7 0.4 7.8 66 4.8

Example 8 1.2 50 14 1.5

Example 9 2.2 90 62 3.2

Example 10 10 65 140 3.0

Example 11 1.0 18 61 1.2

Example 12 1.4 56 110 1.5

Example 13 2.9 16 160 3.1

Example 14 2.5 68 26 3.8

Example 15 1.2 8.6 14 3.8

Example 16 3.1 25 12 4.2

Example 17 12 24 28 26

Example 18 2.8 50 120 9.2

Example 19 4.8 2700 170 4.6

Example 20 1.4 9.6 18 3.1

Example 21 9.8 40 280 18

Example 22 6.1 42 110 11

Example 23 4.6 40 140 7.8

Example 24 1.1 56 4 1.5

Example 25 1.1 123 162 2.7

Example 26 0.73 54 89 2.3

Example 27 2 5.5 73 2

Example 28 ND ND ND ND

Example 29 ND ND ND ND

Example 30 2.9 2300 7.8 2.5

Example 31 1.4 56 110 1.5

Example 32 ND ND ND ND

Example 33 1.1 59 41 0.85

Example 34 4.2 34 99 6.5

Example 35 4.2 230 30 6.1

Example 36 6.3 413 140 4.5

ND=Not Determined

Antimicrobial susceptibility testing. The in vitro activities of the antibiotics were
5 determined by the microbroth dilution method as recommended by the National
Committee for Clinical Laboratory Standards (NCCLS). (NCCLS. 2000. Methods for
Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically;
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Standards, Villanova, PA). Mieller-Hnton Il broth (MHBII) (BBL
Cockeysville, MD), was used for the testing procedure. Mcrotiter plates
cont ai ni yo3B/0932rr )| per well of two- fold serial dilutiorsTafSopiyesacillin
conbined with a constant anmount (4ug/m) of a B 5 |lactamase inhibitor were
i nocul ated with 50 (err)l of inoculumto yield the appropriate densi ty
(105 CFU M) in 100 fi naI vol unme. The plates were incubated for 18 -

hours at 35C in anb en i nh t for
all i sol at AEPHRyEd oo Bt NadsiaL Sohiite 8¢ €A | foradhyS
agent that seqHaBkd! G‘Jilbénbvé]lFM)t sMudlergiton hl bttt tMHln)gaaLﬂuchsyaweeMDéd by

enl 1 5t od | nwRLEd B g et s s du oMl ek et FonBR e R Bl ferdi g ages *
OCf | 0000( O €1 < RuINiLGdHEE? dibafacillii cofbindOith & cOndlarft dindun® (Atg/iT) LoD adB) oNNr

LO LO (Go 000000(r)06C=: 6 60006 6 77 7 Nr.r N
N N § p ﬁloa%tamésr%fnhlbl@f\lwﬁfwww@fﬁg|“t"ti%§ N°P|W°)Z"“Eibél)fﬁe'§ th§ ﬁ(_Bprrr“ag Nr N
‘

r
rrr O N N t~
LCD O d Fp& yN195 %ﬂmﬂn.n\pr' N dlli}hwvsl’um@ Y thQ MéreclﬁcdbatégDB(rgﬂgfaagococo~

00 CON 00 hBurs Hﬂ-235°C in ambient air. The minimal lnhlbltory concentration (MIC) for all

isolates was defined as the lowest concentration of antimicrobial agent that
completely inhibits the growth of the organism as detected by the unaided eye. The
10  MIC data obtained by the above said procedure are enlisted in Table 2.
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MATERI ALS: MAL-S—Femal e mice strain CD-1, approximately 18 - 22
grans, wer ¢ ed frlom Charles River Laboratories and quarantined 7

days prior lgiddi tion, mce may be rendered neutropenic using
cytoxan. 10 BENSI| ¢ i nical isolates that have been adapted to cause
infection i Zare lused in the experinent, including infections with
strains of TR jpmpeunoni ae, M norganii, E. cloacae, S. marcescens,
C. freundii yllogacgi, streptococci, P. aeruginosa and N.

gonor r hoeae|n|«|a|<r|o|ed|<

0.5
32
1
1

16
32
16
16
>64
64
16

ND=Not Determined

30
31
32

33
34
35
36




15 PREPARATION:  Aninmals are housed five to a cage with free access to food
and water, in accordance wth N H guidelines. 20 EXPERI MENTAL PROTOCOL:

M ce are wbaBlegazged by injecting 0.5 nm intraperitoneallyPer/ G948
intranasally of a predeterm ned bacterial inoculum suspended in broth,
saline or hog gastric mucin (supplenented with dried bovi ne henogl obin for
N. gonorrhoeae). The bacterial inoculumis equivalent to 10 - 100 LD50s of
the specific infecting strain and will result 25 in death of the
non-treated control animals within 7 days: "Bacterial Virulence in Mce".
Anti bacterial doses (dose cong®md Ahtipactefi otsbtion two fold serial
dilutions of the antibiotic) are dissolved or suspended in 0.2% agueous
agar or net pog@ipiaLghosphate buffered saline or an adjuvant are

adm ni st er e@gm'g'l'y-, subcut aneously or intravenously in the follow ng
manner: B0 ANIMALS1y or subcut aneously: Dose volume of 0.5 nml administered
1/ 2 hraf t ool Gtbisflin CDSEaBAxHRAY TBY doyrarle] RbAL REGUsPIrb. ClRdee!
infection for treatnent of infections with nore virulent organisns, 33 WO
03/ 093279 PRINeUSaBoreMies ans) quarentingd o days, Prigshi@eliso IRy ﬁéd'BP“:d%*Eenﬁ"?y be

adm ni ster e%ﬂe@ne%@ﬁich%@&%@&éﬁ For the treatment of infections with
nt org ,

nore virule ani's nor e ses, up to 48 hr may be adm ni stered.
(I'ntravenous dosing will not exceed 3 doses/24 hr period.) 5 c) Oal

pretreawrenm,:é@ﬁ n$peci al circunstances, the pH of the stomach needs to
be adjusted In"order to increase the gastric stability of the antibjotic.
For this p@iipicglgsolates that heve fiees meapiedyarcpEse Mfedion e MigkAre Usel BE¥F (or

specific a LYUAR tintetfond WWAtEiRY SOE08GH KY phéidndtiiadiimemolgagCct i on,
foll owed 5 %Qéléjﬁ%t%gblpgﬁgrl Sy (@g’m of antibiotic fal so qral g%ﬁéqc,ont ai ned
i n phosphat &. Ivldatee,c8 maldeaeens( GHregndip steplylocogd. iertgopegieS’ 0% d
expl anat i on _a§ I\;.%o;)gl‘f‘h&-;l'é@ber of animal s needed for the determ nation of
15
PREPARATION:
Animals are housed five to a cage with free access to food and water, in accordance

with NIH guidelines.

20 EXPERIMENTAL PROTOCOL:
Mice are challenged by injecting 0.5 ml intraperitoneally or 0.05 mil intranasally of a

predetermined bacterial inoculum suspended in broth, saline or hog gastric mucin
(supplemented with dried bovine hemoglobin for N. gonorrhoeae). The bacterial
inoculum is equivalent to 10 - 100 LD5gs of the specific infecting strain and will result

25 in death of the non-treated control animals within 7 days: “Bacterial Virulence in
Mice”. Antibacterial doses (dose concentration prepared by two fold serial dilutions
of the antibiotic) are dissolved or suspended in 0.2% aqueous agar or methocel,
phosphate buffered saline or an adjuvant are administered orally, subcutaneously or
intravenously in the following manner:

30
a) Orally or subcutaneously: Dose volume of 0.5 mi administered 1/2 hr after

infection. A second dose may be administered 3 hr. after infection for treatment of

infections with more virulent organisms.

33



15 in vivo efficacy follows: A) Novel antibiotics are tested at 5 different
dose levels with 5 mce per dose |level at each of three routes of

adm ni st reDI0aM9207 al , subcut aneous and i ntravenous). | ni Pcalusy3/idaes t hree
routes of adm nistration should be investigated so as to 20 determne if
the drug is orally absorbed and/or which is the nost effective route. This
would require 25 mce / route with 3 routes / antibiotic or 75 mce per
novel compound tested. One to two novel antibiotics will be tested per
experinment (75 - pjlh@raténa)lyB)Dddeevohirheof D\2emb ssmidistetesl H2v. eGepiofestiomust be

conpared to_that of a 25 standar or _antibi of | f I A8qess.
Known or prEQTﬁﬁéﬁeﬁtr{‘@gt"gHﬁe&m’? k’)"lc'{Btni"Hg ngs&éé%lgﬁgg‘t%g%%ssgg’l@\C/%I S Wth 5
nice per dogfylRvRimikigtetedi (Wgtaenswsdasingf wildoi ewceed Stdoses/24 br periadot al  of 25
mce / antibiotic. Usually 3 - 6 antibiotics will be tested per

experi met . (75 - 150 mce). 30 C Untreated controls - In each of the

above tests, untgpargicoratédtaient: aladenémeniat dircmnstan@sdittief pHenftthe stomach

concentrations,of bacterjal. inoculumwth,10 e . 1AL 30
nice total Pﬁe‘ésa?nb%ﬁalué{‘?grv q‘gegﬁ?.'ncfﬁ%%eethﬁrﬁar%gct Setgﬁcr%ncﬁ?@%gﬂﬁ%@ed 8@%@ to
det ermi ne amgs MRrpdsal, 0.5 hal iohfphospleate | miffered eblivee ipHD.8; O1TEM)L BBOspecHic WO
03/ 093279 PCT/ US03/ 13428 .as required for st . c I $:00:

Val idity. DEPRRUPURTILANS PROTRAP b ue T o i HanchiRfhy SIE 11
protecthye eftéesyso.6il tdfeartibiotibaalser orally)ageitaitad imrphosptetermdiersd shline
survival of 5 the ilg;ect ed untreated as conpared to the treated ani mal s.
For this det@ffPnXPP , animals are observed for 7 days after treatnent. A
census of survivors is taken tw ce daily and at that tine dead as well as
nori bund ani mal s are ved. The 7 day survival ratio fromthree separate
tests are pM'Mﬁ‘Lf rE(\g'ggiDmti on of nedian effective dose (ED50) by

conput eri zedh gétamEREXdiATatiph @Bitb ttn Alimbeérsof(«Diraals aredd& faride doteEningtien oks.
1991. Evaluation of New Antimicrobials in Vitro and in Experinmental Aninal
| nf ecti dAs. H'VQ\F‘I&HCBF\() IQ¥S'i ' | aboratory Medicine", 3rd. ed., edited by
Victor Lorian. Wllans and WIlkins Baltinore, Maryland. pp. 752 - 783).

The test is perfornmed fhree ti arate da . i
statistical I8 vAovel anikigles g teg{%aﬁggs“%%ﬁ%mt Sﬁlﬁj%vlgfﬁ\&@] @éﬁ%/éa i od’r%’sle VLt
resul ts on a dawt bactiéihpdedroustof tadnirtisttation (oral, subcutaneous and intravenous).
Initially the three routes of administration should be investigated so as to
20 determine if the drug is orally absorbed and/or which is the most effective

route. This would require 25 mice / route with 3 routes / antibiotic or 75 mice

per novel compound tested. One to two novel antibiotics will be tested per
experiment (75 - 150 mice)

B) The effectiveness of the new compound must be compared to that of a

25 standard, or antibiotic of known effectiveness. Known or previously tested

antibiotics are tested at 5 dose levels with 5 mice per dose level by a single

route of administration, for a total of 25 mice / antibiotic. Usually 3 - 6

antibiotics will be tested per experiment. (75 - 150 mice).

30 C) Untreated controls - In each of the above tests, untreated animals are infected
with 3 different concentrations of bacterial inoculum with 10 mice per
concentration (30 mice total in each and every test). These unireated controls
are used to determine and maintain the infection level between 10 - 100 LD50s

34



15 basi s.
32-64 2:1

03/ 093279

10

15

TABLE 3 Exanpl e ED50 ng/kg Ratio of Piperacillin vs. Inhibitor
2 >64 2:1 3 16-32 4:1 4 32-64 4:1 7 22.8 4:1 8 18.9 4:1 9
31.3 4:1 wo®3043218. 9 4:1 12 20.0 4:1 13 18.0 14 15 16PCINUSB¥1R28i:1 18
19 59.2 4:1 20 21 22 128 4:1 23 128 4:1 24 64 25 30 26 30 35 W

PCT/ US03/ 13428 27 28 28 31 29 46

as required for test to test comparison and validity.

DETERMINATION OF PROTECTIVE EFFECTS OF ANTIBACTERIAL AGENTS:

The protective effects of the antibacterial ageni(s) are measured by the survival of
the infected untreated as compared to the treated animals. For this determination,
animals are observed for 7 days after treatment. A census of survivors is taken
twice daily and at that time dead as well as moribund animals are removed. The 7
day survival ratio from three separate tests are pooled for estimation of median
effective dose (ED50) by computerized program for probit analysis (Cleeland,R. and
E. Squires. 1991. Evaluation of New Antimicrobials in Vitro and in Experimental
Animal Infections. In Antibiotics in Laboratory Medicine", 3rd. ed., edited by Victor
Lorian. Willams and Wilkins Baltimore, Maryland. pp. 752 - 783). The test is
performed three times on separate days to provide a statistically valid number of
animals and to minimize variation in test results on a day to day and test to test

basis.

TABLE 3

Example EDs, mg/kg Ratio of Piperacillin vs. Inhibitor
1 32-64 2:1
2 >64 2:1
3 16-32 4.1
4 32-64 4:1
7 22.8 4:1
8 18.9 4:1
9 31.3 4:1
10
11 13.9 4:1
12 20.0 4:1
13 18.0
14
15
16
17 37.9 4:1
18
19 59.2 4:1
20
21
22 128 4:1
23 128 4:1
24 64
25 30
26 30

35
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30 ND 31 20 32 46 33 >64 34 32 35 19 36 90 PROCESS OF | NVENTION 5
This invention also provides a process for preparing a conmpound of formla
| which worppdres subjecting to reductive elimnation a ecwusosiB4e$ fomul a
[1: PBr x (r) NOAR 11 10 wherein A" is A or B as defined above, X is O
or S, Pis an ester leaving group, e.g., acetate, nesylate, triflate or

tosylate, and Ris a protecting group, followed if necessary by renoval of
the protecting group to give a conpouhd—of—foerm : -

] AA
uuuuu A\ Horth—a— \

hydrogen; and-if—desired—copvertingto—a p".ar racetticatty abbcpt abte salt
or to an estepwheigc A—Rs—5—Cl—Ch-alkyl-€—C6cyctoat kyt—or

CHR(err) OCOG+—415 \3E°I Kyt-—fofrvent ‘Iy coppounds of the generat forpul a |
can be prepared by & rovet—mtd zgnu a fagite way, by condensing an
appropri at el uu>L32 uted = uenyue4§ W tThia 6-bronp- penem derivative of

structure 1. \abneng3l) rmm yhe preggnce of [20 anhydrous MyBr2 or MyBr(err):
et herate andia basezpucit as[triethydam ne ¢r DBU or DVAP, preferablly at
-20C to -40C The ipgernedi ate alded produ¢t 5 can be functionalized with
acid chlorides or aphiydride$ to an9mcetate)] triflate or a tosylate 6
Compound 6 can be snoothly converted to the desired product by a reductive
elimnation process using a netal such as activated zinc and phosphate
buffer at 36 WO 03/093279 PCT/ PROSESHIQAB INVENTION 35C at a pH of 6.5 to
8.0. If the protecting group on the carboxylate oxygen 1is a

par a- ni trobenzyl substitiuent then the reductive elimnation and
depr ot ecgi on can

This invention also provides a process for preparing a compound of formula I

which comprises subjecting to reductive elimination a compound of fomula ll:

P

/KBr X
A ——rN l
04'__ O\R

o)
|

10  wherein A’ is A or B as defined above, X is O or S, P is an ester leaving group, e.g.,
acetate, mesylate, triflate or tosylate, and R is a protecting group, followed if
necessary by removal of the protecting group, to give a compound of formula |
wherein Rs is hydrogen; and if desired converting to a pharmaceutically acceptable
salt or to an ester wherein R; is C1 —C8 alkyl, C5 — C6 cycloalkyl, or CHR;OCOC1-

15  C6alkyl.

Conveniently compounds of the general formula | can be prepared by a

novel, mild and a facile way, by condensing an appropriately substituted aldehyde 4

with a 6-bromo-penem derivative of structure 1. (Scheme 1) in the presence of

20 anhydrous MgBr, or MgBr,: etherate and a base such as triethylamine or DBU or
DMAP, preferably at —20°C to —40°C. The intermediate aldol product 5 can be
functionalized with acid chlorides or anhydrides to an acetate, triflate or a tosylate 6.
Compound 6 can be smoothly converted to the desired product by a reductive

elimination process using a metal such as activated zinc and phosphate buffer at

36



be achieved by a single step. However, if the protecting group is other
than a para- nitrobenzyl substituent, a two step procedure can be followed
dependi ngvop3egs2the 5 nature of the protecting group. Thepprasogissean be
isolated as a free acid or as an alkali netal salt. The above nenti oned
two step procedure can be carried out in one step by carrying out the
entire process without isolating the internediate 6. This is a very

Sconom ¢ | £ ea 15 T oPbP et it MR R E S B i s faBoGiand bfden™
zg% gﬁﬁ :j s Gagan bg,éaaﬂﬁéhriégizﬂnéh?zgtmeat té?gnitlee_t sedottivel eliefipaten. and deprotactionedap,
(1% i THES BeReKod bY AadHa ePouEe] P eraetR Py BBt aRaT by ™ ©
ggo\égplrr:s 2; i ?g@gﬁ@ydr@gtﬁmi&gf g/t/d _Qnep{pra@aduom cars be dolioweerdepentling ampdon thecan
pr ot ect e 1945'(?1%? #lel‘l%{ﬂpe&ﬁ'?ﬁ g?oﬁhia\rﬁ?: ;yrﬁ%qcﬁégr'r\ %Ebg%%gragg( %?%égug){ :?*? &cti ng
g oup, 1 ncl udkapaisigleat, o 200Rs hevorettuplstaiepoomiure eon beuaywautl gne
ot her { han $1em bt caRing Lt ghe e braissamapant iRl ErRLRLEE, Bt B00 '
Icz;\r/ (r) : Sgdo:r;] V?fﬁ,tegyé]gtfér!,glere&éi?iélgtsinvfe ahd ﬁfi&&}n]{ pr[?cedurem thnme .of yi€liearchenonsinioy
i 11 ed i n PRHOIAY. TS Propsebs Bubes Sumeey tassae shrd Sriten AN i enebits
'\P/QB: 2 { 15t 3Rb 4 vEREy of Afddridss. AltendtivelyDcompbundd can béytrdyehater at RO psO R +
T;OC?C ‘e %rrc(a)susﬂreGinpt-hglSreregen%gno%‘yl’d/lc 51%991%-% and 6%§%ﬁgte%uffe§' %:;;.,,%%2) O or

the final product.

The above mentioned aldol condensation reaction is very versatile and it can
be applied to any bromopenem derivative, where the carboxy group is protected
15  other than 4-nitrobenzyl moiety. Example of other protecting group include benzyl,

para-methoxy benzyl derivative, benzyhydrol , trityl, alkyl and allyl derivatives.

However, when the protecting group is other than 4-nitrobenzyl group, a separate

deprotection step need to be carried out after the reductive elimination procerdure.

The chemistry involved in the deprotection step is well known to people who are

20 skilled in that art.
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B ABr S Zn / Phosphate Buffer ASOR HpH6.5t080C0CA N::"r O NOSG
P=-0O (Mesylate), -OTf (Triflate); -OIs (Tosylate) 5 The required
al dehydeswo oBog32the above mentioned transformations can becprisparaes from
their respective al cohol derivatives by MhQ(err) oxidation or by Swern
oxidation. In some cases the required al dehyde functionality can be
introduced directly in the heterocyclic moiety by a Vilsmer Haack
reaction using DMF/ POCl (err). The %Icggggges required for the present
i nvestigation may be prepared as d in Scherres 2 to 30 5. The
N-(tert-butoxycarbonyl)- (ie) t-Boc protected -4-piperidonel\ii treated with
DVF/ POCI 3 t B™yi el #S4- chl oro - -forrryNgﬁ'?e!F\?'&fT"\'fe’A Schenga 2 —ﬂﬁs]l

he R

reaction can |be ducted dn tAé?'f'%hyHro 4bb Py t@e°4 one and kFe—N
correspondi g t etrahy Berat t hi®pyran-4-one derivative to give t
correspondi ng oxygen &nd the sulfur derivatives. This reaction can a’so be
conduct ed ongfip/Qedtggidapt nNenbered cyclic 15 ketones derivatives. The
chloro fornyEnitn,tuahiye iate can be reacted with 2- nmercapto ethyl acetate
to give the thiego derivative. The ester can be converted to al c(Ha€0),0 or
whi ch can be converted to the starting al dehyde functionality. | SEH&S@Cl3or
illustrates the preparation of the imdazolo- tetrahydro pyri di 3502)0 or
derivative and imdazolo pyrazine derivative. 2- amnopyridin

2-am nopyrazine can be reacted with ethyl 20 bronopyruvate in poiling

et hanol to give the cyclized derivative (Schene 3). Reduct ! on of one ring

can/ be achi eved. 38 WO &3/ 093279 PCT/ US03/ 13428 Schenme 2 t 0 d S
DVF/ POCl13 CL5CHO HSCI—é&JE S C ~N N EtZBNPhésidAgEk Buffer LAH/ A _Qp‘
o7 “H pH 6.5 to 8.0 R
o o)
1 [:]

P = -OMs (Mesylate), -OTf (Triflate); -OTs (Tosylate)

5  The required aldehydes 4 for the above mentioned transformations can be prepared
from their respective alcohol derivatives by MnO oxidation or by Swemn oxidation. In
some cases the required aldehyde functionality can be introduced directly in the
heterocyclic moiety by a Vilsmier Haack reaction using DMF/POCl,. The aldehydes
required for the present investigation may be prepared as depicted in Schemes 2 to

10 5. The N-(tert-butoxycarbonyl)- (ie) t-Boc protected —4-piperidone is treated with
DMF/POCI; to yield 4-chloro —3 —formy! derivative. (Scheme 2). This reaction can
be conducted on tetrahydro-4H-pyran-4-one and the corresponding tetrahydro-4H-
thiopyran-4-one derivative to give the corresponding oxygen and the sulfur
derivatives. This reaction can also be conducted on five to eight membered cyclic

15 ketones derivatives. The chioro formyl intermediate can be reacted with 2- mercapto
ethyl acetate to give the thieno derivative. The ester can be converted to alcohol,
which can be converted to the starting aldehyde functionality. Scheme 3 illustrates
the preparation of the imidazolo- tetrahydro pyridine derivative and imidazolo
pyrazine derivative. 2- aminopyridine or 2-aminopyrazine can be reacted with ethyl

20 bromopyruvate in boiling ethanol to give the cyclized derivative (Scheme 3).

Reduction of one ring can be achieved.
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CHO CHO CH2OH S 1. Dioxane.HCl S S 2, R-X M2/ CH2CO2 NN R, p~0 O-O-
Thi s above nentioned sequence can be conducted starting from

t et r ahydrwodblomeran- 4- one and the correspondi ng PCT/US03/13428

t etrahydro-4Ht hi opyran-4-one. The Vilsm er reaction can be perfornmed on
five to eight nenbered cyclic ketones. Schenme 3 N -12 Br CH200000OX COOEt

EtOH HC HXN OOOEt Et/ T- - ~" I i NN40 psi/ Pd.C N EtOH Reflux H2 X
=Nor CHIf X=N R-Q Q= leavinggdsp R . X N CHO M02 R,, X - NJCH2CH
Ni} LAHR ,X N /- i-- O000Et by hj/T']‘r‘(ﬁenating it over Pd/ Gogpder 40 psi

pressure in a pg apparatus. Subseqgently the ester groupgcén be reduced

to al cohol and vertedMl'gg Ege 5 al dehyde. | n the case of Q(\— N t he
est derfvafi zed _HEGHAH0BN appfoffiate R(err)Q

internedi ate a
(where Qis a l ing group or a co nsing grQWpen,chn t case of Schene

n
3, where R, = H)ian e synt hesi zed b)\tﬂ%:procedure outli %/I(%/ Scheme 4.
39 WD 03/ 093279°PCTIHS03/ 13428 ScHENEP4CI~O- HPNZ 0 D RT/ 17 Hrs
N C N Me30BF4/ CH2Cl2 + 2) NaOwe/ EtOH ' PNzClI/ i Pr2NEt

LAH/ THF/ 0° C
CHO CHO CH,OH
S \ 1. Dioxane.HCI S \ S |\
X 2 Ry X X MnOy/ CH,Cly X

E‘ o)\oJ< O)\o/l<

This above mentioned sequence can be conducted starting from tetrahydro-4H-pyran-4-one and thg
corresponding tetrahydro-4H-thiopyran-4-one. The Vilsmier reaction can be performed on five to eight

membered cyclic ketones.

Scheme 3
NH; =N EtOH. HCI N
XN BrCH,COCOOEY XW—COOEt H’m—cooa
I\éN > K/N 40 psi/ Pd.C N
EtOH/ Reflux H,
X =N or CH .
IFX =
R-Q
Q = leaving group
Ri~ Ris Rix

GI’/)_CHO MnO, XK/er/\N/)—CHZOH s L X()f \N/)—cooa

by hydrogenating it over Pd/C under 40 psi pressure in a par apparatus.
Subsequently the ester group can be reduced to alcohol and converted to the
5 aldehyde. In the case of X = N the intermediate amino ester can be derivatized
using an appropriate R«Q (where Q is a leaving group or a condensing group). In
the case of Scheme 3, where R, = H can be synthesized by the procedure outlined in

Scheme 4.
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~iNH2 Reflux/2.5 Hrs HO CH2CI 2, 0 HO NH4CI H2N USP 5,629,322 2 H's Br
HCHOPNZ PNZ N/}-CH OGPr NNH2 Additional al dehydes may be synt hesi zed
as outli rwo BoBechenes 5-7. Schene 5 1) 10% K2CO3 Ag/ CH2CPRT/URD3/NHAL! (1. 2
eq) HSrCOOMe SCCSCCS VH2 HON S EtOH, reflux 1 1 H Br NO)--CHO (S
+ ~~-CHO jHC CHO 1) NaOwve (1.0) N NH2 20% 10% EtCH, rt., 1 hr 2) Et3N
(1.0 eq) 5 CHCI 3, reflux/ 2.5 Hs Al dehydes required for exanples 24-32
and 34, 35 were prepared by the rougheMeddi cated schenes 8 to 18. 40 WO
03/093279 PCT/ US03/ 13428 Scheme 6 O X NaNO2/HCI X 3 ) (CF COO N 'COON O
CN'COON "N+ OO HNOTHE NO Reflux in a X CH2 or S solvent/ 140C =

o)
oY 1) EtOH/RT/ 17 H § H.C
o s MezOBF4/ CH,Cl,
2) NaOMe/ EtOH [ L PNZCIIlPerEt [ L
—_
N
NH Reflux/ 2.5 Hrs H CHZCIZ, NHLC)
HN/\/ ? 2 Hrs
2 USP 5,629,322 .
H—# —~CHO PNZ
PNZ. N N

NK/N// CHOL OiPr []\

Additional aldehydes may be synthesized as outlined in Schemes 5-7.
Scheme §

1) 10% KoCOg, oq/CHoCla
2) NH,CI (1.2 eq)

P EL —{L — (),

HS o~ H EtOH, reflux
Eq 2 1Hr
Y Br
N N P—cHo
HCI
X e oL

CHO 1) NaOMe (1.0)
20% 10% EtOH, rt., 1 hr
2) EtsN (1.0 eq)

5 CHCIg, reflux/ 2.5 Hrs

Aldehydes required for examples 24-32 and 34, 35 were prepared by the route

indicated schemes 8 to 18.
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Oa. LAHO ~~-NNHDb. M2 I|-NN O-~\

nol

Et3ty (3.0) ~\CO2H S"'

S

NNO (1.1) 2Et

X - X Schenme 7 S Mel/ CHC3 S Zn (5
eq) Lawesson's Reagent S~~(NH Reflux S \N NH NH AcOEt NH THE Rel ux/

14.5 hrs YWoreppazzy 2 hrs S SMe 2. Br _
03/093279 PCT/ US03/ 13428 Schenme 8 HOOH G HS NH2 NH2 c.

~\CO2H 5 C 12 h S'~C02Hr ef | ux,
+ NH 1 MHC (1.0) AN, TFAA(1.0) r

i-Pro-O CHO N PCTNIS4E3403 H 41 WO

HO - ? NH3+Cl -
2.5 h NaNO2(1.35) NO
J %C02Ho C, 0.5 h S-")

"% COH THE o-xylene 0 C, 3 h O reflux, 15 h r.t., 17 h NN ( N
------------- S NCREt NS N CHO OH |
Scheme 6
51 NaNO,/HCI [ ~/\ (CF4CO)0 <j\f
N~ “COOH 0°cC “COOH
H N--O Refluxin a
solvent/ 140°C
X=CH,or$S
" 0 a. LAH N o
/\‘)N‘_?JLH b. MnO, /:)N'_\?JQO/\
X = X A=
Scheme 7
S Zn (5 mol eq) Mel/ CHCl4
s a Lawesson's Reagent S/\NH Reflux s
NH NH - _— - /N
AcOEt THF
o) Relux/ 14.5 hrs o) reflux, 2 hrs S SMe
2 Br
S —
. -Pro—0’  'CHO
J N
1. NH,Cl

Nf
H
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N Oz NCHO 5 42 WO 03/093279 PCT/ US03/ 13428 Schenme 9 1) CuC33 (0.6), H20
refulux, 10 mn 1) Pd-C (25w w¥, H2 2) NaHCO3 (3.0), 1 M NaOHag. (1.0)
PNzCl (1.8p,0362279r /I Nr.t., 400 kPa, 2 h 'NH di oxnnP, POT@S23/534k8 NH N
HCIl FiN CO2H 2HCI 3) M EDTA-2Na (0 HC (3.0) 'S) ZNPN~-CO2H CO2H 2) 3Mr.t.,
2 h FAA NaNO2(1.1+0.4) njNO TO 5) (1.5+0.5 N:' 9% % COCEt H20- AcOH

(1: 2) ZNPNCO2H THE ZNPNI \ ~( o-xylene r.t., 223 h 0 C 1.5 h O reflux, 16
h r.t., 25 h N LiBH4(1.1+0.9) N N~\ MeOH(1.1+0.9) N-N ZNP N\ COOEt +ZN N
THE ZNPN CH CRE 40 C, 4 h 50 C, 1 h N ZNP J \ CHO Schene 10 PC15(1.1)
NH H2(300kPa) 1) Ba(O3(1. 1) ',\/~ HSOCI (3 0) 10%d-2.2) .15ww) z - O

CHCL13, reflux, 1hr (r) NH AcOHar.t. (NH4)2SO4(1.1) O d C
NaNC2( 1. 5) (CF3C0) 20(3.0) AcOH H20 TH r + N - COOEt
" Ho BT on o]
w2
HS\/:\ H NH, c. HCI NH+Cl- Et3N (3.0)
CO.H SaAnn $B°C 120§ A
OzH COzHreflux, 2.5 h
NaN02(1 35) + =—CO.Et
(\ NH  1mHcI1.0) N TFAA(1.0) (\N’N‘O (1.1) 2
S\/,""co HO°C,05h 3\) "o, THF SV!\\< oxylene
2" 0°c,3h O reflux, 15 h
rt,17h

-N ~N ,N
N N N
\ A\
-N
N
\
g::J§v>_CHO

\\II
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r.t., 3hr NON' >(\~lv o-xylene COOH COOH O reflux, 16hr N N N CHO N N
COCED + COOEt 43 WD 03/093279 PCT/ US03/ 13428 Schene 11 O SO2Ph pTs-N3
N2~ SO2PhwWGOH®0932G0ZMe 30 CO2Me CO2Me Rh2( Cct anoat €) 4 00- CIHOT/USodrexses 12
HCHOQ(6.6) HC1(0.3) OH20, r.t., 2days S"' NH NaNO2/HClI SN, NO TFAA SN. N
NH2 COOH ~~COOH 0 COCEt N SNN S NNCHO S j,.CQOEt + ~,% COOEt Schene
13 NH4C1(1.0) Me3O+BF EtOH, reflux, 2hr 40-0) HCI N O CH2C12, N Ow HN
NHHI1Tr.t., 14hr H Br HOCHONJ)CH(%N +

cheme 9

1)CuCO3 (p-¢). H20
refulux, 10 min

1) Pd-C (25w/w%), H> 2) NaHCOj3 (3.0),
1M NaOHaq.(1.0)

p N rt, 400 kPa, 2h NH2HCI PI.NZC' “ Q'SZ’Cszos'h @
HN 3) EDTA-2Na (0.5) ZNPN
N\ACOZH 2) 3M HCI \)\COQH M HCI (3.0) CO,H
rt,2h
=—CO,Et
NaNO2(1.1+0.4) N»NO TFAA(1.5+0.5 NﬁN\ CO,
- +0.5) ZNPN O
H,0-AcOH (1 :Z)ZNPN\)\COZH THF - o-xylene
rt., 23 h 0°C,15h 0 reflux, 16 h
rt,25h
LiBH4(1.1+0.9)
N-N (\N N MeOH(1.1+0.9) (\NfN\
(N D)oo 2NN s TTHE ZNPNN_\
ZNPN = THF oH
CO.Ef 40°C,4h
50°C,1h l
~N
o
2
ZNPNN cHO
Scheme 10

H,(300kPa) 1) Ba(OH)5(1.1)
NH PC15(}.1) 0 NH 13%Pd-C(o.15w/w) NH H,0, 150C, 6hr
S0,CL(3. o AONaZ2 2) (NH),S04(1.1)
O CHCL, reflux, lhr O

c1”cl~  AcOH, rt, 20min

Cli
. (CF5C0),0(3.0) .
o0 THF,0C, 6hr .  ==—COOEt
NH r.t., 3hr NNO : @\_(O
><\/|\ i o-xylene
COOH COOH o) reflux, 16hr

- -N N-N
><:LN}—CHO P Ny—coogt + m

-~ COOEt
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CHO 44 WD 03/093279 PCT/ US03/ 13428 Schene 14 (S~ Lawson's S Mel /Et3N S
NH4Cl CN NH2 Hp Reagent HIS CN SMe /BBrr Ov "CHOCS NN CHO 45 WO
03/ 093279WB@30308/ 13428 Schene 15 c. HCI (1.0) NaNQ2( 1. 3pCcraR8LOu29( 1. 0)
H2O0, O C, 2hr NO THF, 0OC, 5hr NN - S, O COOH COOH 0 o-xylene - COCEt
reflux, 19hr NN N N S SAN COCEt + CHO\ COOEt Schene 16 c.HC (1.0)
NaNO2(1.3) (CF3CO) 20(1.0) NH H2O, 0C, 2hr N,NO THF, 0C, 5hr NN S~COCH
S~COCH 0 o-xyl ene - COCEt Scheme 11

SO,Ph \ 0
SOPh  pTsN 2 CHO
{ 2 PTsMs | Np=( S— | )—co.Me

COzMe

COMe | Rh,(Octanoate),
o}
Scheme 12
HCHO(6.6)
S HCI(0.3)
(_\(/O H,0, rt,2days S NH NaNO./HCI S/\N'NO TFAA SAN‘-N-O
NH, COOH COOH Y
J =-COOEt
AN
“~N-N S~ °N
== COOEt
Scheme 13
NH,CI(1.0)
Me3O+BF EtOH, reflux, 2hr
<(1.0) ) HCI
N0 CHyCh, N~ ~OMe H NH
H1 r.t., 14hr
H:‘Br
HO CHO
_N =N
QIS 8%,

CHO
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reflux, 19hr NON CN-NN ~L_-CHo ¢ COO+ S \~ COCEt 46 W) 03/093279

PCT/ US03/ 13428 Schene 17 O CH3COOH Q01 TFAA O CL N COOH N COOH N H
NaNO2 NO WO oBk9379) O Xyl ene COOEt/ Reflux 0 /0 C N N N PCHODSCOCHRS Schene
18 H(CH2)n (CH2)n K2CO3/ACN p 1 N, HONNI /N Br~(CH2)n, Br COOEt COOEt
CHO n= 2,3 EXPERI MENTALS Exanple 1 5 Preparation of

(5R, 62) - 6- P(5-benzyl -4,5, 6, 7-t et rahydr ot hi eno[ 3, 2-c] pyri di n- 2-

yl ) met hyl ene] - 7oxo- 4-t hi a- 1- azablsgy&;,é){,{s 2. 0] hept - 2- ene- 2-carboxylic acid
Stepl Ethyl 5-benzoyl-4,5 6

7- tetrahydroth| eno[ 3, 2- c]pyrldl ne- 2- carbox late: To a stirrgd dry DMF (7.3

g, 100 mmol )E OCl (Lewson's( 12[ ig N&QEt@N‘mK T sLthJL_adde{ ]\
N

N Reagent
H (9] g

Br

YO%CHO
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10 between 0OCto 5 C After the addition the solidified mass was dissol ved
in CH(err)Cl(err) (20 m) and stirred at roomtenperature for 2 hrs. Again
t he t enpewetoangs2ams cooled to OC and 1-benzoyl - 4- pi peri deca/usn3/CH2Cl 2 was
added slowy. After the addition the reaction mxture was stirred at room
tenperature for 2 hrs and poured over crushed ice and sodium acetate. It
was stirred for 30 mnutes at roomtenperature. 47 W 03/093279

PCT/ US03/ 13428 Extracted with CH2C 25 ymashpd well with water; dired over
anhydrous MgSO4 and concentrated. The crude product was dissolved in
CH2Cl 2 and et hyl mer ca€6bbetae ( 9.6 g, 80 mml) / Et(err)N (10.1 g, 100
mmol ) was added sl owN§N 1?\oomterrper at ure@r,coltripeacti on m xture was
refluxed for 2 hrs ane>{feRthed yith wat eTHF, G262 | ayer ~oguRs washed wel |
with water; driNdl over anhydfons SO filtered gnd c6ncentpated. The
product was smgﬂi\fi ed by Si Murm chr omat ogr aphy by el 0t- it with 50%
et hyl acet ae; hex&%€H Yel | ow oi | (COQRI d: 6.4 gns (25%: MrH 318. Step: 2
(5-benzvl -4,5, 6, 7-t et rahydr ot hi eno[ 3, 2-c] pyri di n-2-yl ) net hanol : 10 To
stirred suspension of LAH (2.0 gns) a solution of e[,_;gb){gne& exzoytodED, 6, 7-
t et rahydrot hi eno[ 3, 2-c] pyri di ne-2-carboxyl ate (6.0 gfuxl® ) in THE was
added slowy at 00 C. After addition reaction mxture was'stirr for 30
mnutes and quenched with-gahurated NHAC . iy-Nas dil uted vg/t\rN Cl 3 and
filtered. The fitrate wss was Hﬂtﬁ-sat%a/tlg?‘oﬁqﬂi@*sd{ut Land dried
over anhydrous MgSO4. |t S ¥5 filtered and taken to next step
purifications. Yield: 4.5 g 91 % Yellowliquid. Step 3: 2-Forny
(5-benzvl -4,5,6, 7-tetrahydrot hieno[ 3, 2-c] pyridine: To a stirred solution of
(5-benzyl -4,5,6, 7-tetrahydrot hi eno[ 3, 2-gcheMehgi n- 2-yl ) met hanol (4.0 g,
15.4 mmol ) in CH2CI 2 (300 m) active MIOZ (20 g, excess) was added and 20
stirred at room tenperHECL® for 18 hrs. At the end, the reaction mxture
was filtered through &eNPfkdand washed wit ppChiSl e ofeaction mixture was
washed well with wat &9 %dr2¥d and. concent Tgﬁ,@i,@;}he prodyct: was found to

be pure and t to next stepnwthout purifications. Yield: ®»0 g (76%;
(MHH:  257). 2§35kep a4 <ep/k

4- Ni t robenzy- 62 ($88H/| oxy) (55ber2gDH4, 5, 6, 7- t et r ahydr ot hi eno[&, 2-
c] pyridin-2-yl)nmethyl]-6-brono-7-o0x0-4-thia-1-azabicycl or3. 7 A hept - 2- ene- 2

/%

- carboxylate: 2-Fornyl (5-benzyl-4,5,6,7-tetrahydr 0%-%18{30[ , 2Z=CleyoEdi ne
(565 ng, 2.2 mmol) and reflux, 19hr

N\ -— COOEt
o0 - Ccoom + (I

COOEt
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the dry THE solution (20 m-) of (5R, 6S)-6-brono-7-o0xo-4-thia-1-aza- 30

bi cycl o] 3. 2. 0] hept - 2- ene- 2-carboxylic acid 4-nitro-benzyl ester (772 ny,
2.0 mol )weeserdded successively to the dry acetonitril ePCITASI3/)348%l ution
of anhydrous MgBr2: Q(Et)2 (390 ng, 1.5 nmol)under an argon atnosphere at
roomtenperature. After cooling to -20 C, Et3N (2.0 nL) was added in one
portion. The reaction vessel was 48 WO 03/093279 PCT/ US03/ 13428 covered
with foil to exclude Iight. The reactign m xture was stirred for 2 h at -20
C and treated with acetic anhy®¥8ReA! 04 ni-) in one portion. The
reaction mxture was warmed to O C and stirred for 15 h at 0 C. The

m xture was diluted with ethyl @cetate and_washed th 5%citric acid

aqueous sol Pop, sat u@léﬁm)hliod um 5 hydro eﬁ‘f‘carb na and brine. The
organi c | ayar s drie ed (MgS™4) dgb ered thro apad of Celite. The

pad was washe' wadPhet Rynogcet at iltrate was ge}:mnantrat ed under
reduced pressu The residue vvaé“odppl ied to silicd¥ col um

chr omat ogr aphy, then the columm was eluted with ethyl acetate: hexane
(1:1). Collected fractions were concentrated under reduce¢gomssure and
the mixture of 10 diastereo isomers were takenR%%eﬂ%x s’t’ep Pal e yel | ow

anor phous solid; Yield: 550 ngy, 40% M+H 687
(5R 62)-6-[(5-benzvl-4.5 6.7- tet rahydr ot hi eno[ 3, 2- c] pyri di n- 2-

yl ) met hyl ene] - 7- oxo- 4-t hi a- 1- i cyclol 3. 2. A hept - ne- 2- car boxyl i c acid:
15
4- Ni trobenzy-6-[ (acetyl oxy) ( 5- -4,5, 6,_Lt_e1_ra \thleno[3 2-c]pyridin
-2

yl ) met hyl ] - 6- br ono- 7- oxo- 4-t hi a- azabi cycl o 3. 2. 0] hep - 2- ene- 2- car boxyl at e
( 450 ng, 0.65 mmol) was dissol veé#l n THE (20 nml-) an8ORE&tonitrile (10
m.). Freshly activated Zn dust (5.2 g) was added rapidly with 0.5 M
phosphate buffer (pH 6.5, 28 nl). gdjsnd fAction vessel was covered with
foil to exclude light. The reaction mxture 20 was vigorously stirred for 2
hours at roomtenperature. The reaction mxture was filtered, cooled to 3
C, and 0.1 M NaCH was addedto adj ust 0 85. The filtr ) Was washed
with ethyl acetat and the UGN Iaygﬁ%s separated. T 4Queous | ayer
was concentrﬁ@eﬁ%gder h N giwve—yel | ow pTECIpi tate. The
product was pur itf ied by HPZJ( HﬁSI n rever phase colum chro ogr aphy.
Initially 25 the qurm @'t with dei@pbged water (2 litghcand latter
with 10% CAN: V\até} tThe fractions containing the product were coll ected
and concentrated at reduced =23

EXPERIMENTALS

Example 1
5-benzyi-4,5,6,7-tetrahydrothienoj3,2-c

2-ene-2-carboxylic acid

5

Step1: 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
10 between 0°C to 5° C. After the addition the solidified mass was dissolved in CHxCl,
(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 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.
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pressure at roomtenperature. The yell ow solid was washed with acetone and
filtered. Dried. Yield: 50 ng, 18% as yellow crystals; np. 198C, (MtH) 411
. "HNWRWONB®RE) 6 d 2.7 (m 2H), 2.8 (bm 2H), 3.4 (m 2PHQUSB/B4s, 2H),

6.3 30 (s, 1 H, 6.5(s, 1 H, 7.1(s, 1 H, 7.28(s, 1 H, 7.4 (s, 5H. 49
WO 03/ 093279 PCT/ US03/ 13428 Exanple 2 Preparation of

(5R), (62)-6-(7-Methyl -5,6,7, 8-tetrahydroi m dazof 1, 2-al pyrazin-2- 5

yl et hyl ene) & Nh@-cd- ' I 1 -2 - r ic .acid,
Lodi um salt) Sl yihitdicts Jearebual st BB oo BfhRrdR B, bl

Et hyl br onopyenoeatratefc I he gidevadaddeas dissalves iDGEH.CR5MdnéthyImendaptdacetaef 2-

10 am nopyr agi ( ), @t t | he
reaction m f(? lrigra% %@ﬁ"c o/I %ﬁ‘l ﬁ)&g]gc?gﬁrzg{nﬁl)ﬂ&%egéﬁjegfélg\&&%qrrl&?{l) t%’?‘?%rg%”% pal e
br own pr eci pirhatreaction msxtipreewiapiréfhixed fiers2 hid ard ggermhdd wathheateniGHyClt [aPert o

gi ve pal e br : S ' eGi.pit in
20 (1. 3o L] SouBeled el Watorr WIRFRR) Bithode Mg BOF TRl irt ey, O,
After refl uxirhg produckiwast pigifieddayt Sith enlurhinircbramatodrapby iy eslttirat i dvitn8@%Yo
reduced pres en.J AcH . ﬁ]ﬂ I HCCBag. The

m xture was ?ﬁ&@g?%g }El#rghé'g el@“{)@dq&lﬁé’e %%%éﬁ@’%gpgk%gr ated organic
layer was dried (MySO4) and filtered. The filtrate was concentrated under
reduced P eSSHLE » MIBel AR e 7B AARLITENS SLIbL BRI b Rk
chr ormat ogr apny = 99/ 1 -

97/ 3), atdl cdbl sivteeld sispeosionnsf RAHWR.@ gros)c ensaolationd ofiretieyl 5-behrogld,pi6essur e

obt ai ned a5 SAPDVEPETR erlitg2caboxisie Ty 8%, 3y oy RapFoBRR e
1.46(t, 3H, §lowaZa12 ok, theﬂr%atﬂiticﬂiz-lread:tien TniﬂuHZé)N,asktEl@?dfor %m?idutgs 4nd Hz)25
Step 25, 6, uenched v, a6 Ras Sk ite G b erse o In e

ester, Hydr aabiwashed with.s4furdieti@rine sblu@bh ahd Ariad ovemahhleeuRdMES @.H ORonsst )
(1.37 9)

i dazol 1 2. B0 408 k8 e e Rstgh Wi Bt acHiott o 2P 43 0 9% Yptoutwivh vt ur e
was hydrogenated under H2 at 40 psi at roomtenperature for 30 15 h. The
reaction m ngerp%:wi-%gnirllv‘ g-ggnzayrll-q,{g,_?-(tjet\"\%?y%aqgrgoﬂztcipyE;[‘ig;l"e: The
To a stirred solution of (5-benzyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl)methanol
(4.0 g, 15.4 mmol) in CH,Cl, (300 ml) active MnO, (20 g, excess) was added and
20  stirred at room temperature 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 concentrated. The product was found to be pure and taken to next
step without purifications. Yield: 3.0 g (76%); (M+H: 257).

25  Step 4: 4-Nitrobenzy-6-[(acetyloxy)(5-benzyi-4.5,6,7-tetrahydrothieno[3,2-
clpyridin-2-yl)methyl}-6-bromo-7-oxo-4-thia-1-azabicycio[3.2.0]hept-2-ene-2-
carboxylate:
2-Formyl (5-benzyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (565 mg, 2.2 mmol) and
the dry THF solution (20 mL) of (6R, 68S)-6-bromo-7-oxo-4-thia-1-aza-

30  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 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
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filtrate was concentrated under reduced pressure. The residue was applied
to silica gel colum chronmatography, then the colum was eluted with CHCl 3
- MeOH (WO o03@g3eye The titled conpound was obtained as br @am/useysi4as s
Yield: 10.4 g, 63% 50 WO 03/093279 PCT/US03/13428 'H NVMR(CDCI3)S d
1.38(t, 3H, J =7.1 Hz), 3.90(t, 2H, J = 5.7 Hz), 4.40(qgq, 2H, J = 7.1 Hz),
4.59(t, 2H, J = 5.7 Hz), 4.80(s, 2H), 8.20(s, 1 H). Step 3:

iyl ot orcoveteshisioh sl B s AR ABLAE S TRAT KA B 005

were added ar$dJﬁ§ﬁ§di Wwith lagetioarityaridde OHD4 ﬁﬁ) inl onje pootiart. | e rection mixture was

ycr ochl or i e © B)CA% sted Bepl D Confiiiined bAEL Wb SRCT

ni trogen atgRsMBerRd Whshed Withr 6%nadtricli ddid ejuebts sbutiGhR Galtirated seditied wit h

50% K2C03 ag. , The organi.c i d d
filtrate wabYdPIRILRR" 88'?%8 69%55'“%?{&82‘2{5%?@&%&)35%e regsgfiiaqu fl-lc-grgdpl
to silica gfrosgh ng?jadcbﬂarcgmw; oUhe phy washﬂashbb@wthoéthymaoaMe elToediirate MraSCHCI 3

- t 1/ Th d
1o 5 aotuensdleg inge vk Seseyrg, 1 5450 Ak PR By RBollh,
2“% . (t2 8~2|(4 t crjraﬁlatobraplﬁl Fhetrizhe GHILGRA Slva52bbuied4 V\ﬁtﬁ(emylzabetéte.- Hexand}:1).

7-Met hyl -5, @Oﬁe%ecl é’??‘é‘?ﬁd‘?’ﬁ?n&ﬁ‘&?é‘{{%‘% ”&f’ﬁ{;Fea?'i'c?]% Piesgure and, the mixiure of)

rsT1 ol ;Jt IS g:ﬂo ?f dlats@éof isBrmieRy weRetakdrdtdonent sjepneRalagelmtv smotpheusl sglld:HiHIIﬂ 255020 (86
ution Q

7- met hyl - 5, 5197 48%; MJ’t"thrm m dazo[ 1, 2- a] pyr azi ne- 2-carboxylic acid ethyl

ester (1.8 g) under a nitrogen atnosphere at -78 C and stirred for 2 h.

The m xture was quenched with 1 : as filtered

through a pPAeR-gi (WIR0L)-B-I19rbel < S S e 55902 C08 aq. and

L?Saﬁ?gefgi iﬁi\kg’é Ier 27 8%614%1:#11-@%&5 QU B -Q%ﬁd—lﬁearbo tic aoidbi ned
[ trat
concent &t ed- MHI@”ZV&IKMIW&@MY' 4T$r§ 7 "ngh%%th\ﬁgg 3%35150?5@ ‘ﬁgssi lica gel

colum chro L -Bhé-
o) Thenp P‘fgg-@rﬁ(romtohﬁaxé -Asniga é\ﬂ%lcvaéw pb]ué@dz éhé h-cardxPlate(Me GHBQ( 19/ 1

was obtained as colorles I |eId
501 ny, 42%M9, 1¢6mw(lgigma§)®a9l\@d5'm(EHF 329 mb) ape ?Cet%ﬁf'%J o’ '@Lg HEGBSn
3.70(s, 2H) acthvatll #n 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

20 was vigorously stirred for 2 hours 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 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

25  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 temperature. The yellow solid was washed with acetone and
filtered. Dried. Yield: 50 mg, 18%; as yellow crystals; mp. 198°C; (M+H) 411 .

"H NMR (DMSO-d)s d 2.7 (m, 2H), 2.8 (bm, 2H), 3.4 (m, 2H), 3.8 (s, 2H), 6.3

30 (s, 1H), 8.5 (s, 1H), 7.1(s, 1H), 7.28(s, 1H), 7.4 (s, 5H).
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30 2H, J = 5.5 Hz), 7.53(s, 1 H), 9.82(d, 1 H J=1.4 Hz). Step 5. (5R
6RS) - 6- ((RS) - Acet oxy(7-net hyl -5, 6, 7, 8-tetrahydr oi m dazo[ 1, 2- a]

pyr azi n- 2wolopwet2hy/| | - 6- br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. PC@Jusep13428 ene- 2-
51 WD 03/093279 PCT/ US03/ 13428 carboxylic acid 4-nitrobenzyl ester

(di astereo m xturel:

7- Met hyl -5, 6, 7, 8-tetrahydroi m dazo[ 1, 2- a] pyr azi ne- 2- car bal dehyde (1.19 @)
was added to the dry acetonitrile (97 nL) solution of anhydrous MyBr2
(4.05 g) under a nitrogen atnospher %xgxnp(lggmterrper ature. The dry THE
solution (97 nm.) of (5R 5

6S) - 6- br ono- 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxylic acid

and £1oN (5 Eoparitiolof GRfsAleEReRifSE 1 Bl lrbiniigzofioRabidhh 220 ©

covered §i th figidthylenexTiondat-thiahiaza-bityeloid2:0hent-LientR-carkoxyli acided f or
4.5 h at -20 C and treated with acetic!.anhﬁgide (1.36 nL) in one portion.
The reaction m xture was warned to . irred for 10 17 h at 0 C. The
m xture was diluted with ethyl acetate and washed with 5% citric acid

aqueous sol uti on, saturat ed_sodi um_h n carbgnate, and brine. The
organi c | ay Stemds Imidazall, glRyrazing $- %lqrfxp)gﬁgzoacle}ﬁg'nyﬁ eflaat e was concentrated

under reduced pww&qowﬁﬁ/a&@(ﬁm@ was aaa&l tcemetun\nsl(twmmebluam oh-
chr omat oaraphy, then the colum was eluted wt é: %%e:#')? %(
2/1). t@mlwya;m@okﬁfds 915“\/\?89%&"%9%@&"%?”9@5‘"8 dor & { TGPEHONRe
(23| |48( Yi e|3|C_ID n%)étén%o\gas éb‘bl% 6B€! ahldstitred {81086 mid to3dffettila, pale B#k(m precipiatdH) ,

: s, \

2 2
5.27(d, 1 HThg pfeq@ta@e M@f f"teﬁ?dzmddwaﬁf'efgwﬁ‘% 6J"°£"’P3P%e |Q£‘3W“ @S'ina?ksd H}*E? 81 x1
H J =13.6 h@ﬁens@nog{ 92?(1e %ré@ﬁiﬂatéﬂ)(GG 169)3@r( Etobt fL2EH), whs Hated @t I8flix H) ,

6.80(s, O. 19X1 0.81
x1 H, 7. eocwp@ammurn t@C‘Sarqul&t)O" ff@z(%fguxtﬁ‘géﬁ&g‘ﬁ]tﬁ‘ﬁ rea'%%"’”éfiée Was oo .
8.26(m 18H) .comterafed under reduced pressure, then mixed with CHCI3 and saturated
(5R), (62)-6-(7-Methyl-5,6,7,8-tetrah dr0|m az&% Zfzééﬁ

yl met hyl ene aﬂQﬁs@ﬂ4 irh? én‘ituéez&’-aﬁlfﬂt? dofheougho éto é ctg?tﬁ?)‘??ﬁt%d acid,
25 sodi um sgldanid Bfer was dned (M S0,) and filtered. The filtrate was concentrated under
6RS) - 6- [(RS) cet oxy(7-nmeth 8

8-tetrah dr0| mqﬂazo[1121 é?{a*‘l ra2| n- 2-
yl) met hyl | - GeBicSHRIFsBkD- zifhehreatdyea&aa?o?w'éﬂa Filsa geh Sl 8 5 O9LFRMxy 1 i ¢
acid 4- nit fﬁé?ﬂ'héwolm fhs Eilitcklwin CWes, Q\né@m(g@qugwfa’)HEn& 3alletted fravtions

acetonitrile (32
20 were concentrated under reduced pressure followed by recrystallization from CHClI; -

Et,0. The titled compound was obtained as pale pink crystals. Yield: 10.9 g, 22%).
'H NMR(CDCly)5 d 1.46(t, 3H, J = 7.2 Hz), 4.49(q, 2H, J = 7.2 Hz), 7.96(d,
1H, J = 4.7 Hz), 8.08(dd, 1H, J = 1.2, 4.7 Hz), 8.26(s, 1H), 9.21(d, 1H, J= 1.2 Hz).

25 Step 2: 5,6,7,8-Tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic acid ethyl ester,

Hydrochioride:
0.46 M HCI - EtOH (169 mL) and 10% Pd-C (50% wet) (1.37 @) 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

30 15 h. The reaction mixture was filtered and Pd-C was washed with EtOH. The
filtrate was 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%.
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Freshly activated Zn dust (4.46 g) was added rapidly with 0.5 M phosphate
buffer 30 (pH 6.5, 48 nL). The reaction vessel was covered with foil to
excl ude IwQhB/093Ehe reaction m xture was vigorously stirr®@dTfuso3/B34k8 at room
tenperature. The reaction mxture was filtered through a pad of Celite,
cooled to 3 C, and 1 M NaOH was added to adjust pHto 7.5. The filtrate
was washed with ethyl acetate and the 52 WD 03/093279 PCT/ US03/ 13428

aqueous | ayer wasg T ous, | y ncentrnat e dgr, high .
vacuum at 35 C THAMRSIep &t LRGeS T AR o BNE BR R s SRR, 1 O
Mt subi shi JKkapeiHA 584,0H, S£57H-04.800, 2H), s gHphy. After adsorbing,
the columm was eluted with H2O - MeCN(1/0 - 95/5). The conbi ned fractions
were concentrated 5 under high vacuum at 35C and |yophilized to give the

title conpogieh 8s mﬁﬂyl-'s\s7Bff@rrﬂlisiw&irﬁidb'zﬂﬂ,ZYb]@yfhzilﬂéLZ-cEy)o@ﬁ%acm) 200 C
(dec); 1H N 0)5 d 2.32(s, 3H), 2.79 - 2.81(m 2H), 3.54(s, 2H),
3.95(t, 2H, eshﬂ_%% Hz), 6.39(s, 1H) 6.85(s, 1H), 6.87(s, 1H), 7.26(s,

11-1). 10 BRpls43 RLEPHOAHOMOOAq. @2 '} and NaBH.CN (1.78 20!
(62) - 7- Oxo- b- 5(678)?etra (2. m an aBH,CN (1.78 g) were adde

d -
yl net hyl ene)SUﬂCQSﬁlValylichztBBl %d"gl[én Zﬁ?hgﬂ't't'c’% ; eg§ f%f%@JveP@“a%%O@ 250di um

salt 15 2- t
or ocedur es :ég;é;ﬁ%ﬁﬂéié%é%&gn@a&@wgl Bsreamywomldbewm gpar Rdragreetatige t 0

| trobenzyl oﬁﬁdaﬁ*'ﬁr@ﬁyfbf 2- i@t%’]ﬂeb@r %!E’Pgﬁé‘ WSEQeFP% IB¢ rixtyre yes diluted with

- Ni trohlgnzydoey, Cﬁ@ﬂ@%ecﬁbﬁ@%%ﬂ(}d@ﬁa ﬂ'né’b?g%(ﬁldll\@eﬂwéé died W@sOaMsletl to
the di chl’or onet hane (1 m.) solution o - Ket o&droeram ne (2.21 (@e and

di i sopr opy! ditegedant i ﬂttmteawaé)coaﬁerﬁ@t%an%fan feARePck BreSBUrE. nThe resiqEe Vgs er

(300 ) ﬁé@%dsnﬁda %%olhﬁﬁq%ﬁr&ﬁat@b?aphy Gthe@ B GoilrhANMaeGIvted With CHCI3
di chl oronet h ne

|
filtered. Th@cﬁﬁqn?r(é/ﬂé‘ Was Tb%i‘wﬁq%é%aa%@,b? 'gﬂjggrﬁpééghr\éé\{gﬁoég |geS| due

was applied 57%)S| lica gel columm chromatography, eluted with CHCI 3 -

met hanol (30 : 1), and the title corgp ound was obtai ned as_ white SO|Id (7.1
g, quantlb). "H NMR(CDCl5)s d 1.37(t, 3H, J = 7.1 Hz), 2.50(s, 3H), 2.85(t, 2H, J = 5.5

Hz), 3.69(s, 2H), 4.06(t, 2H, J = 5.5 Hz), 4.36(t, 2H, J = 7.1 Hz), 7.52(s, 1H).

Step 4: 7-Methyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carbaldehyde:
1.01 M solution of DIBAL in toluene (13.6 mL) was added to the dry CH,Cl,
20 (86 mlL) solution of 7-methyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic
acid ethyl ester (1.8 g) under a nitrogen atmosphere at =78 °C and stirred for 2 h.
The mixture was quenched with 1M HCI. The reaction mixture was filtered through a
pad of Celite. The filtrate was washed with 50% K,COs aq. and the aqueous layer
was extracted with CH.CI, three times. The combined organic layer was dried
25 (K,COs) and filtered. The filtrate was concentrated under reduced pressure. The
residue was applied to silica gel column chromatography, then the column was
eluted with CHCl; - MeOH (19/1 ~ 9/1). The titled compound 5 was obtained as
coloriess crystals. Yield: 591 mg, 42%).
'H NMR(CDCls)8 d 2.51(s, 3H), 2.87(t, 2H, J = 5.5 Hz), 3.70(s, 2H), 4.10(t,
30 2H, J=5.5Hz), 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-
a]pyrazin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-
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1H NVR (d, CDCI3)S 3.42-3.45 (m 2H), 3.74 (t, 2H, J = 5.4 Hz), 4.19 (s,
2H), 30 5.26 (s, 2H), 6.39 (brs, 1 H, 7.52 (d, 2H, J = 8.6 Hz), 8.24 (d,
2H, J = 8W6 0BIMIz276t ep 2: PCT/US03/13428

5- Met hoxy- 4- p- ni t robenzyl oxycar bonyl -1, 2, 3, 6-t et rahydr opyr azi ne:

Trimet hyl oxonium tetrafl uoroborate (97% 3.7 g) was added to the dry 53 WO
03/ 093279 PCT/ US03/ 13428 di chl oronet hane (120 nl) sol ution of

4- p- i t T obezpl GyNEARPRHiG ok By PALBR (kdiFeo kel a1 TOOm temper atur e

and stirred hour s. action mxture was™ treated with saturated
sodi um hydr deMethyled. 6 Fritetrabydromidazofi, 2alryrazing - carbaldehydmi €1.19 ay®Br Wess
separ at ed. usg.,| . I | t 5
m.), then t-k%gagcg%ﬁ%e O%%qﬁ)é@f(%?ﬁbﬁlﬁi&gﬁ?@hﬁ@#S uf g%déggg?%%o

hydr ogen caittogentaimagphere st sopmttemperatite brTheedryThF eobytion €97 mperof BB, dri ed
(MgSH4) and g igl ot ik 4t t.iwﬂ,z YRS ic' aFdCe R ESSUre
and the tTit I6esf) gol;&g@ggrdoqé]\gstﬁ%gtéaﬁ%ntgc a 3%'% a%gbbe?’%\%cijrg%? %iglgl 34'9&87 g,
80. 6. 1H NMVRefzyl esBCI3.82 19) WMas radyed tojibe(mixtupacooeddg -2t Coand EBN7ZB.0(mL) 3H) ,
3.97 (s, 2 ; 2H) ; : = : 2 J =
5.7 by, & Wpofpdiitng Barteh) Thd rouktbflvecsl wls Tolbrdd Wik fofto Sholte G 0 e
of 5- met hoxyhé-rpactionrmoilstne wae sijreed fooAyd h at 2203 Geandetreated with poetieantydide 7 )

and anmmoni u .%B'rﬂiﬁi}iﬂ%n%lp@i&?. e féééti&ﬁ haRole WAORafhed W8R8 g 3 infe@ fgref' ux

for 4 15 hours. e reaction mxture was then concentrated under reduced
pressur é0 Dilghh et 9176t hEheemixtiwe wes)diltes withdeliyh acetate and syashed afith Sk citiet ed

w th water : ] | d wiih
di chl or onet (ﬁglr{lfe(.a qﬁg%@ga|3%s§$§$§@"§g@&ﬂeﬁﬁ#§§ﬁgg%‘ﬁ% ﬁy\ﬁ%(%v%@ﬁssmém
car bonat e aguganic layer waisodriean@gShe and iterast dheiiltrate Washeancenisatad mndes x 50

m.). The conpi | C I 0l r [ . The
filtrate vvagp %@%@eﬁ% ra %‘d tr%érgers 'd\rﬁgmj%e%ﬁgpl)lrbggg &E{g§g§ﬁ85%|hwga§lﬂ?rﬁ1g{o§gé£@und
was obt ai nedhersthe edhime wesl élated Witb| GHCl - acgtong 19/494 24 kR tifled compound

CDCl (err)) (er ; : { ; 5. (s, 2H), 7,52 (d, 2H,
3= b Py g oplaifch a3ho gabieotniyd B off Ylig 1. 2Pg
i t r obenzyl oxycar BBNNMRECBCE)Bdt620(shg.81x8H)i 8244, 10. 29x3Hy2.48(sn8H)- 2.80 ~
car bal dehyd -2 ni enzyl car | -2,6 -
t et r ahydr oi %‘%@@0[ , 237361 pyr%é'lp(ﬁ’e- - C§T al cfg%é‘e:ﬁ)’rﬁ%’xlmr‘é 033'6 Hz),
2- br ono- 3- hysd4zdy prioptinal { 238 Hi), 545(d) 0Snleddl § enil8.6aldz)l 6.07(s, 0.19x1H),
6.30(s. 0.81x2H), 6.79(s, 0.19x1H), 6.80(s, 0.19x1H), 7.02(s, 0.81x1H), 7.44(s,
20  0.19x1H), 7.47(s, 0.81x1H), 7.60(d, 0.19x2H, J = 8.2 Hz), 7.62(d, 0.81x2H, J = 8.6

Hz), 8.22 ~ 8.26(m, 2H).

Step 6: (5R),(62)-6-(7-Methyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-
ylmethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
25 sodium salt:
(5R, 6RS)-6-[(RS)-Acetoxy(7-methyl-5,6,7,8-tetrahydroimidazo[1,2-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 (1.11 g) was dissolved in THF (32 mL) and acetonitrile (32 mL).
Freshly activated Zn dust (4.46 g) was added rapidly with 0.5 M phosphate buffer
30 (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 to 7.5. The filtrate was washed with ethyl acetate and the
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nonohydrate (33 ng) and 2-propanol (3.5 nL) in cycl ohexane (28 m-) was 30
azeotroped until the vaper tenperature rose to 80C. The reaction m xture
was concwotsared under reduce pressure. The residue was @#CTashyed2s n dry
acetonitrile (30 nmL). The dry acetonitrile (310 nL) solution of

2-1 m no-4-p-ni trobenzyl oxycarbonyl piperazine (4.7 g) was added at room
tenperature. The reaction m xture was stirred 54 WO 03/093279

PCT/ US03/ 13428e\ls fa?@%@%é%ﬁé& e Theracgicdus aéyért\b@c@ﬁt%nfrﬁt%ﬁtmrmér gt i on

was renoved i n vacuo. resi due was di ssol ve cet
and tri et hyvagdum gb3a Fﬁ Fh%\%{’é‘ce%@d"ast%ﬂe‘t% 'tﬁtgd% (@ﬁ q@?%&?zheat ed

to reflux f@gsd; éohLthiﬂ?estreeemmancﬁrbmtaw@aaphvaSAﬁémbeébrbnﬂgrmaumanﬁ ure,
and then water m-) wa to the reacth#;ﬁ m xture and ra?ele[]ated

The aqueous efuf W'thdézcext Ma@N@dOw. 9'15/5H| dRP FOBIRIRgafTRaCteBS werg gneRNy
combi nedsor %Hérchlbﬁ%(::umﬁsat@?@%nﬁwwkeaﬂg (?‘ ivd therteie. co'ﬁﬁbbuhd |aTsr@§Iéllovw\/aS
he

concentrated under reduce pressure resiraue was qpp to silica ge

col um chr orﬁﬂt%@}?%t‘@ﬂhdeT{ kd1fing e rep 200 °Cn@?FDanHINM8@20)§ﬁ 2.34& t he
title conp S. n b [ i _ . §8§(sand
RN e R LN R P 5 e
obt ai ned. HI'N\RS'((@,“@D@LZ@[SSH'DQ (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, 1 H. Regio isoner' HNW (d, CDClI3)S
3.95 (tj02H, J 5.4 Hz), 4.44 (t, 2HExample® 4 15 Hz), 4.87 (s, 2H), 5.29
(s, 2H), 7.54 (d, 2H, J =8.7 Hz), 7.78 (s, 1 H, 8.24 (d, 2H, J = 8.7
Hz), 9.71 (s, 1 H). Step 5:

(5R) - 6- [ Acet ORge; of §5¢
tetrahydroi m
| azabi cycl o] 3 ‘ Fre—2—car bt <

acetonitrile (25 m-) solution of 7-p- nshltobenzyl oxycar bonyl - 5 6, 7 8-

t etrahydroi m dazo[ 1, 2- a] pyr azi ne- 2- car bal dehyde (1 6 g) was added to the
dry acdPonitrile (55 m-) solution of MgBr2 (2.2 g) under an nitrogen

at nosphere ake eragimger at ur e then the m xture was stirred for 10 mn.
The dry THE (80 % ) sol ution of 25

6S) - 6- br ono- 7- ox & KetoRiPgraging; /Ny C%IWFBarde]aﬁ%?ﬂij dnePocedyrgdx i iYShci d
4- nitro-bemnggiggster (1.8 g) was added, the mixture was cooled to -20 C
t hen

20  Step 1: 4-p-Nitrobenzyloxycarbonyi-2-ketopiperazine
The 48.7% solution of p-nitrobenzyloxycarbonyl chloride in 1,4-Dioxane (10.7 mL)
was added to the dichloromethane (110 mL) solution of 2-Ketopiperazine (2.21 g)
and diisopropylethylamine (4.6 mL) at 0°C and stirred for 0.5 h at 0 °C. Water (300
mL) was added to the reaction mixture, and extracted with dichloromethane (3 x 100
25 mL). The 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 CHCl; — methanol (30 : 1), and the title compound was
obtained as white solid (7.1 g, quant.).
'H NMR (d, CDCI5)8 3.42-3.45 (m, 2H), 3.74 (t, 2H, J = 5.4 Hz), 4.19 (s, 2H),
30 5.26 (s, 2H), 6.39 (brs, 1H), 7.52 (d, 2H, J = 8.6 Hz), 8.24 (d, 2H, J = 8.6 Hz).

Step 2: 5-Methoxy-4-p-nitrobenzyloxycarbonyl-1,2,3.6-tetrahydropyrazine:
Trimethyloxonium tetrafluoroborate (97%, 3.7 g) was added to the dry
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triethylamne (1.6 m-) was added in one portion. The reaction vessel was
covered wth foil to exclude light. The reaction m xture was stirred for 3
h at -20 Wwoana932ty eated with 4, 4-di net hyl am no pyri di ne (P8TAIng)34ahd
acetic anhydride (0.89 m-) in 30 one portion. The reaction m xture was
warnmed to O C and stirred for 15 h at 0 C. 10%Citric acid aqueous
solution (320 nl-) was added to the reaction mxture and the aqueous |ayer

was extracted with ethyl t at 60 ni Th
washed it h dibloEmeBane (4L Mot 9 G f BB BN R E2 bR i ed 55

WO 03/ 0932725 C%/ 1S3l ratuMD 86 )stired bt ¥ eloes. The rehtiionamixtureswas

concentrate reduced pressure. The  residue was gﬂigki%an% tbo silica gel
b

col um chr oﬁ@? r"!ﬁB’tﬁ?turé %%’H'W hypregenceabonate apeRysSs R title

conmpound Wagayapidkniefarted. Whéilagﬁécﬂfselﬁ &F wdgléRractst wm9etri§,vr aoetatb qany100
anor phous solid. Yield: 2, 9. 9% )é

3),8 ..
324" (5. 50 o hed, e continecipaifaver Hap 1SS W ssBipise soTHINEORH o1y

53280(29 1 'éarbbnate@q@ogﬁ)sollﬁoﬂ&nﬁsorlngH)Th&on‘b@n(djlayerl\lvlas dried {MgSO0kizand 6. 07
(s

0.19H), 7. ogllt?@d 8’ hg]qu;ate wa,g;g:opgentr@teﬁqubder Qd&l@e (pgesséreeaq% t%eﬂlg &orpaou%(_{ J=

8.6 Hz), 7Rk c(b‘ilalné)d'bsd aleSréwhigolid. Syidd; 649, '$b|;6 J =28.3 HZ) 10 Step 6:
(5R), (62)-7-Oxo- 6

aé‘ 8-tetrah drmmdaz{r@ ag razin
yl met hyl ene) - 4- t AH MRa@aSHQSS}dﬁ S48, n.03te gta720nd )2 c%/ @o?b‘ ’|?t:9%1é"r EHsodi um
salt: (3f) - %ie“@ag@Tﬁéi(dp H'H"—%’?H%y's@s&’(aaéhowlsfﬁH@ 7,

8-tetrahydroim 2-a] pyrazi n- -yl )-met hyl ] - 6 bronD 7-0Xx0-4-thia-1
azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxyllc aC|d p- nitrobenzyl ester (2.0 Q)

was di ssol v 3.4l t 7.9 dded
rapidly w tﬁ‘ﬂ%b@ Bﬁﬁ@%osp oﬁénﬁgm&gﬁ%nwgrﬁérég%éiﬁi gI'he ?)ea\(l:vfllsoﬁl1 ©

vessel was dieenisturevof 5rn1ezsmxyt%p@mb@uylcpxygmbonwfﬂé 3@816?@'&%"%&@4!?%%5

vi gorousl y a%%r‘qm%%u@ & cﬁiéer(?%gﬂ)gﬁgﬂﬁﬁﬁéwl 100TRE) {)vﬁﬁ%ét‘éa t& PliicirGng Was

filterd 20 tthrou was washed wth water (150
m -) and5n- lhsvuamoIThe( Isactnn) mixfire was ctber ¢cumz@mtrata% welghrradecedaREESEWEn t he

organi c | ayel Masm eagbsng Wik %@(ﬁe@f o(t% )?eée éﬁa?\d emﬁcté@mh'%@era@%o“s

| ayer was CONCentrat e al on HP-21 resin
M t subi shi @sel) Gen Thecno)nhmﬂdjmueous layer was washed with dichloromethane. The

aqueous layer was neutralized with 10% potassium carbonate aqueous solution and
then extracted with dichloromethane (8 x 50 mL). The combined organic layer was
20 dried (MgSO,) and filtered. The filtrate was concentrated under reduced pressure
and the title compound was obtained as a white solid. Yield: 4.9 g, 91.2%.
'H NMR (d, CDCl3)8 3.49 (brs, 4H), 3.98 (brs, 2H), 5.26 (s, 2H), 7,52 (d, 2H,
J=8.6 Hz), 8.23 (d, 2H, J = 8.6 Hz).

25 Step 4: 7-p-Nitrobenzyloxycarbony!-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-
carbaldehyde (9) and 7-p-nitrobenzyloxycarbonyl-5,6,7,8
tetrahydroimidazo[1,2-a]pyrazine-3-carbaldehyde:

The mixture of 2-bromo-3-hydroxypropenal (2.8 g), p-toluenesulfonic acid
monohydrate (33 mg) and 2-propanol (3.5 mL) in cyclohexane (28 mlL) was

30 azeotroped until the vaper temperature rose to 80°C. The reaction mixture was
concentrated under reduce pressure. The residue was dissolved in dry acetonitrile
(30 mL). The dry acetonitrile (310 mL) solution of 2-imino-4-p-nitrobenzyloxycarbonyl
piperazine (4.7 g) was added at room temperature. The reaction mixture was stirred
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chromat ography. After adsorbing, the colum was eluted with water and then
5% 25 acetonitril e aqueous solution. The conbi ned fractions were

concent r awed3yater hi gh vacuum at 35C and | yophilized toPgirusos/ima2gitl e
conpound as a yel |l ow anorphous solid. Yi eld: 172 mg, 20.1 % np 150 C
(dec); " H NWR (d, D20) 83. 02 (t, 2H J 5 6 Hz), 3.82 (s, 2H), 3.89 (d,
2HJ = 5.6 Hz), 6.38 (s, H), 6.84 (s, H, 6.87 (s, 1 H, 7.24 (s, 1

| R (KBr %@? ﬁ@arﬁé 9?&2% 5@(@%@% Jréé’c%é Er&ﬁaﬂ?msﬂreﬁgwlmdﬁag of

(5i? 6Z) - 6- enzy tetrahy rot hi eno
n-2-yl ) | met Ayeoreifug wsas- dqssph/eplan ﬁﬂwtamta,secmpsnlz ety &4 r@-) was

carboxylic {gﬁugd %P%Pgn% rfzgct |XQ|H§ Wé fe Hg& reflux for 1.5 h. The reaction mlxture

6, 7- di hydr ot'hi eno | car ?—l ate: 5-tert-b %{
2-ethyl 6, 7wsmmbdtth|r@¢mfmgerequ®randuth@n\z/at@(m)ma ot a%@d@ﬂdépéh%@@c lelfy)

re d
G CPEL 0" T el RSt iRl e

(6.3 g, 40 rM@BImLandhe wnb(r@d@rgam@@yﬁﬁwaf drrvﬁe(ngﬁﬁa} a'ﬁ%iflﬁwm Ht\%ifl ate
was reacted t% Hﬁf%ted gfggﬁ?&&%@ﬁ%@&%rées theéd res'f’c@he”ﬁﬁé )apﬁﬂéﬁ B 3ca Hoe

product was pur r omat ogr &hy by eluting it with 3:1
hexane; et hydohumt a:bromategraphB glutpd with 6% whmethanelg(ity: ‘()Mﬁqjj theotitlest ep

2: tert-but yclopﬁ)oﬁn%q;ag)%@ﬁéw 49 a Brduds o (R 89, 31%9%) M ikicRs B6AED -

car boxyl at e:

go( hydrdﬁygﬂomg?amomfmuhysahd)t\fﬁlérbeE; 24.8Yp werelphieined4H) - car boxyl ate was
prepared accor t 2 Utz | e

Sary| har ol acedr Flel{r?thR bp%égs’sﬁge(flﬁﬁﬁ 54 pef 4l 14 EATR) € 514 HESUSE }) -

6, 7- di hydr ot2H)ef@PIs220), r7y54 i, ridH, 2/ 5 @42 Gaf bbxiH)aB@4((d, 8HgJ =3881HZ)mol )

and Li AlH4 ( ( excess), 807 ng (92%yield) of the al cohol derivative

was i sol ated as Wm?e liquid (MH 270. 25 Step 3: tert-buty

2-(fornyl)-6, 7- diRsgiv lsbmeeﬁd[l\m/,l&(d:]@@h)ﬁﬁrﬂﬁ(ﬁ(zﬂ-w 5dr|'b'6x‘§/i4é(te2Htér-t5~4)utyl

2 (1 or myk) - Qe gl N S5 398 U oo AL BB ( A€ 8 8k (@' WP

prepar
8.7 Hz), 9.71 (s, 1H).

Step 5: (5R)-6-[Acetoxy-(7-p-nitrobenzyloxycarbonyl-5,6,7,8-
tetrahydroimidazo[1,2-a]Jpyrazin-2-yl)-methyl]-6-bromo-7-oxo-4-thia-

20 1azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester:
The dry acetonitriie (25 mL) solution of 7-p-nitrobenzyloxycarbonyl-5,6,7,8-
tetrahydroimidazo[1,2-a]pyrazine-2-carbaldehyde (1.6 g) was added to the dry
acetonitrile (55 mL) solution of MgBr; (2.2 g) under an nitrogen atmosphere at room
temperature then the mixture was stirred for 10 min. The dry THF (80 mL) solution of

25 (56R, 6S)-6-bromo-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-
nitro-benzyl ester (1.8 g) was added, the mixture was cooled to —20 °C then
triethylamine (1.6 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 4,4-dimethylamino pyridine (58.3 mg) and acetic anhydride (0.89 mL) in

30 one portion. The reaction mixture was warmed to 0 °C and stirred for 15 h at 0 °C.
10% Citric acid aqueous solution (320 mL) was added to the reaction mixture and
the aqueous layer was extracted with ethyl acetate (3 x 160 mL). The organic layer
was washed with water, saturated sodium hydrogen carbonate and brine, dried
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according to the procedure outlined in Exanple 1, (Step 3). Starting from
tert-butyl 2-

(hydr oxy m&0hgl033269 7- di hydr ot hi eno[ 3, 2- c] pyri di ne-5(4H) - carbdAysha1a28 1. 0 g
3.7 mol) 30 in nethylene chloride (100 m) and active M02 (5 g, excess),
800 g (81% Yield) of the al dehyde derivative was isolated as brown solid.
(M+H) 268. Step 4: 2-(fornyl)-6,7-di hydrothieno[3,2-c]-5(4H)-pyridine: 57

VO 03/ 093272M5§@#§Qd§/flftﬁr‘éa8w§ f%tratf \qﬁs ncentra d under reduced 6{)rr%sasure The

2-(fornyl) ieno -pyri |ne was ?redp starting
from tert- redigle was applled to silica gel column chromatography, eluted with CH,Cl, —

e L e R

di oxane ( 1(]9nbr)own'ﬁbmye\amtrpfmmsm0kd Ofigddvas gsb9.8Med at room t enper at ur e for

Co next Step wi tnOuIVRGRE 0L 2016, FRRT36RG Bty Se8t YR 3R 2,1 TeST

MrH 168. St ep054.08{FoRHY,4.74-4.76 (m, 2H), 528 (d, 1H, J = 13.5 Hz), 5.28 (s, 2H), 5.45 (d,

LT et sor R SRESpE ey gt BBl a0 L ERL B 6] B¥ILT A0 o HhelB 2 )

g, d5 2 mgol@g?. (s, DNBH(, 208 (8,)0.81H); MBNQ)Q/Mz?MGc(hIQJgidId)g?(H} @421d, J 8.8 mol )
N, N- ,
Fommper at ur e LT A i R 8 B E R ahaley 54 hes and quenched i th

wat er. Tibe reaction mxture was extracted with chloroform washed wel |

wi th water d qri nhy. . .15 | filtered and
concentr at eM (g&bg ?9&‘9 %Eﬁ?{#’? J’@?@Vﬁ%‘?'%\ﬁﬁﬁ% h@ﬁ?ﬁ' #t ogr aphy by
eluting it Wlhﬁtlﬁtléhé)ﬂﬁﬁﬁ@-il%zaﬁ’ﬁlyao!:ehl pid-enerR&aeboxylic aetl, sodhtih M+-H

288. Step 6: 4-Ntrobenzy-6-[(acetyl oxy)[5(4-nethoxybenzyl)-4,5,6, 7-
t et r ahydr ot Hialao[ 3, 2- c] pyri di n- 2- yl ) met hyl ] - 6- br ono- 7- 0x0- 4-t hi a-1 - 20

bi I - -
Pz, e, o o B Ao b < ottt 2 e

mol ) alé t HeYlimg hmu,@ é@pm?—@ﬁo-(‘.gblarﬂ_a)za@pyqqﬁ OJhept- -erx-:‘ 2-carboxyl|c acndrr;?-

6S) - 6- br ono- r?’tréa&ﬂzﬂ e%turgzég}ms di’sls%b(/%ﬂ{'BHﬁ(Gé)MIl?FFreQrﬂ)eé@wateﬁaln@jéY' ic acid
4-nitro- bené\7/ ester ng successwelé to the dry

acetonitril @J@Wﬁ&e)dd@élfﬁ? ly yithfO. %mvyépbwhe&awferéw SECPMY3be ny, 1.5

nmol ) under %a&foﬂ%s?él%’%%@ér‘%d%thﬁ@iﬁ@éx%f@@'h%ﬁlu‘me ré¥fcti®h mia@elayg to - 20
C Et3N (2.0 m-) was added in one portion reaction vessel was

covered wi t Wigaspusly gfiresefordd atirepin tempriatugs dthedaactionsglulionyas dtterdr ed for 2
h at -2GoC through a pad of Celite and the pad was washed with water (150 mL) and n-butanol

(150 mL). The aqueous layer was separated and then the organic layer was

2.0

extracted with water (2 x 50 mL). The combined aqueous layer was concentrated to
61 g and applied to Diaion HP-21 resin (80 mL, Mitsubishi Kasei Co. Ltd.) column
chromatography. After adsorbing, the column was eluted with water and then 5%

25  acetonitrile aqueous solution. The combined fractions were concentrated under high
vacuum at 35°C and lyophilized to give the title compound as a yellow amorphous
solid. Yield: 172 mg, 20.1%: mp 150 °C (dec); 'H NMR (d, D,0) §3.02 (t, 2H, J= 5.6
Hz), 3.82 (s, 2H), 3.89 (d, 2H, J = 5.6 Hz), 6.38 (s, 1H), 6.84 (s, 1H), 6.87 (s, 1H),
7.24 (s, 1H); IR (KBr)

30
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and treated with acetic anhydride (1.04 nL) in one portion. The reaction

m xture was warned to O C and stirred for .15 h at 0 C. The m xture was

di | uted wohi3eeizgd 30 acetate and washed with 5% citric a®CH/5qseans

sol ution, saturated sodium hydrogen carbonate, and brine. The organic

| ayer was dried (MgSO4) and filtered through a pad of Celite. The pad was
washed with ethyl acetate. The filtrate was concentrated under reduced
pressure. The residue was applied to silica gel colum 58 WO 03/093279
PCT/ US03/ 13428 chromat ography, then the colum was eluted with ethyl
acetate: hexane (1:1). Collected fraélﬂmnb_‘l/\ere concentrat ed under reduced
pressure and L £p.

Pal e yel | ow af, %ﬁ‘éﬁ‘&?éﬂ{ - 20 oighbISS

Step-7: r|d|n-2- 1 meth Iene -7oxo-4 hla-1-azab|cvclo[320]hept-2-ene-2-

(5R, 62) - -{[5-(4- met hoxybenzyl )-4,5, 6,7- I&ydr ot hi eno[ 3, 2-c] pyri di n-
2-yl )] methyl ene} - 7oxo0- 4-t hi a- 1- azab%‘%] hept - 2- ene- 2- car boxyl i c
acid: 4-Nitrobenzy-6-[ (acetyl oxy)[5(4-nethoxybenzyl)-4,5, 6,
7-tetrahydrothi en

c] pyri di n- 2-Stepde Jhﬁﬂ"} bB%?Cﬁ’EBY'ﬁJB?HW&"?W%"QF’32“38)”6?’5'?3[%‘45) 0] hept - 2- ene- 2
10 car boxyl a&,ea,qw;"@gtéﬂrg 0.42 mmol) was di ssol ved in THE (20 m-) and

acetonitrile (10 . Freshly activated Zn dus d dl
M th 0.5 M pHissiis’ 2eaiier OIS NERBI S Py s B FapRORE e

covered 4y rbrfeﬁérkadta‘%c@ﬁélﬁ'k;ul@)ethb';iiiJSkEc—:—duré'h@ o[lﬂiﬁéd irprE)@rﬁﬁlé”‘Ie(%ﬁ 1\)(I SadiHg | y
stlrredfor room tenperature ction m xtur §mni}ﬂlgangd

cool ed to 3 fom ém’erbmyhﬁmnqadnew@wam%&ﬁ 9(9 égjmd'ﬁf") 1%09\31@ 3 B4

filtrate waspypsped gV 50 @hid) BREEALRIGRYI iBrmAsHIfBURaL A¥attedaRith ethyl
separated. The aq ueous Iabyer was concentrated_under hi gh vacutgqrgn% §'§ Cto
PUg Yevieks

give vyell ovmﬁﬁCéBﬁOﬁFQtat%( G B someh andsEllr iThe crogyct s

phase col u QURFIrRSLbGr2RN nél&ﬂ lt Ywif 8: 1ICRéX4MB; BBylRbideedYiad: 8.7 g,
dei oni zed \T/;%ér 2 it )&rl% Y Hy Ien’?jvvltlh 10% CAN: %V\g]t%,er The fracti ogns

cont ai nithy tHEA; bﬂﬁqu'Mﬁ’b“l'Bcﬂmect ed and 20 concentrated at reduced
pressure at roomterrperature The yell ow solid was washed vm'th acetone and
filtered. Dried. Yield: 50 18% as yell ow crystal ( MtH)
441 . 'H NN@&%@MWW?“W”@W'“EWU %mwmptmwo[sa'i ‘alpélHF'“?Fﬁ(“Hk 74 (s,
3H 3.8 (S’°£§Q’§’§|§ (s, 1 H, 6.88 (dd, 2H), 7.14(s, 1 H), 7.24(dd, 2H),
7.

4 (s, 1 H)
tert-buty! 2 (hydroxymethyl) -6,7-dihydrothieno[3,2-c]pyridine-5(4H)-carboxylate was

20 prepared according to the procedure outlined in Example 1, (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 LiAIH, (500 mg , excess), 807 mg (92% yield) of the alcohol derivative
was isolated as white liquid. (M+H) 270.

25 Step 3: tert-butyl 2-(formyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-
carboxylate:
tert-butyl 2-(formyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-carboxylate was prepared
according to the procedure outlined in Example 1, (Step 3). Starting from tert-butyl 2-
(hydroxymethyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-carboxylate (1.0 g 3.7 mmol)
30 in methylene chloride (100 ml) and active MnO, (5 g, excess), 800 g (81% Yield) of
the aldehyde derivative was isolated as brown solid. (M+H) 268.

Step 4: 2-(formyl)-6,7-dihydrothieno[3,2-c]-5(4H)-pyridine:
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25 1 H. 59 WO 03/093279 PCT/ US03/ 13428 Exanple 5 Preparation of (5R),
(62)-6-(5, 6-di hydro-8Him dazo[ 2, 1-c][1, 4] t hi azi n- 2-

yl met hyl ewe)03/f9xx®o- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2Pcarisoxyd4eg aci d,
5 sodiumsalt Step 1. 5-Methylthio-3,6-dihydro-2H[1, 4]thiazine hydroi odi de
5- Met hyl t hi o- 3, 6-di hydro-2H-[ 1, 4] t hi azi ne hydroi odi de was prepared by the
nmet hod as outlined in USP 5,629,322, 10 Step 2: 3-1m nothi onorpholin

hydr ochl d de (7.1
5 e oo o and e sucous

layer was exiefitdd 2-(grewl)EGLeihydrothignoid2-¢lpyridmgeS( rh@ﬁ’ a9 gbf c9 1 &

was dried (Mg waé Uis&&ﬁ&ﬂlnaﬁFlzCIﬂmcrﬁDtMéb?—ﬂ(gb%j% M|)9M¢NPH€F§ILHI@X3I‘IG
Anmoni um chl ori was a he bt ai ned residue in

et hanol (128(1@m}. jﬁfaﬁjr%ﬁ%a"wervga %IBErefjcﬂ* "Q°rﬂ tenrﬁ%ra%%&nwrs%were@dmas

cooled tg ro%bﬁmmﬁé”v@as 'EBﬁcernﬁ‘a@d' R dffleds | Y Ya&nT BITRRd ste'i& \AMﬁ&HO and
the I m nothi om)rphol I N @/aroc oride was obtained as brown solid (4.3

quant.). 1H Rwiticatien.peld 489 mg3HE salt, Quantitatve); M+4l1 188y 3. 74 (t, 2H, J =
5.9 Hz), 3.83 20(s 2H), 8.97 (brs, 1 H), 938(brs 1 H, 9.99 (brs, 1
H. Step 3: 5 Di hydro-8H i m dazo[ 2, 1- c“" 63{thl azi ne- 2- car bar dehyde and
5, 6- Di hydro_m n?fazwbtsxc%mpmwbﬁnw 5,65 tatrahydmethianel 3% eloyriding: e of

2- br ono- 3- hydr oxypropenal (7, 4.3 g), p-toluenesulfonic acid 25 nonohydrate
(52 ng) and 2-propanol (5.3 nl-) in cyclohexane (43 nl-) was azeotroped
until tht vapena stisiegeckition of r ¢fernayd)-8Fcinyprethienelst2-elrb (A pyridineist g, 5.2

tratedy
chanol | (26 MU DAL S0Df S SuhfutnoNiBer P b IE o % ol tard My
3-i m not hi onﬂlﬁ@hfﬂnyl&thwlﬂmin@ém o, |eei@e~°(sawasgyid@mat @g%tmpheaitme ddeueaaionof
sodi um net hylnﬂ&@re(vgasostmed) on‘@ElEhrg’gn@&@%ﬁcl‘%&ir\ﬁﬁpﬁk{eﬁﬂ’gﬁéﬂ%ﬁ&ﬁh n mixErs GRAst 1 on

m xture was stirr roomterrperat . I e reaction
sol uti on wasexteaetatewith phlogpfero; weished well with water andl dried| avetanhydedsdvigPOs.m

(128 m "?5 anﬁl \;véé eﬁll}é}’éoargneecér%eﬁtrgéea.) Wi ﬁ%‘:ﬁlg’c vH%eBurtiﬁb%l 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-
tetrahydrothieno[3,2-c]pyridin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-

20 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-
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,:

25 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 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

30 acetate and washed with 5% citric acid aqueous solution, saturated sodium
hydrogen carbonate, and brine. The organic layer was dried (MgSO,) and filtered
through a pad of Celite. The pad was washed with ethyl acetate. The filtrate was
concentrated under reduced pressure. The residue was applied to silica gel column
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reaction m xture was heated to reflux for 2.5 h. The reaction m xture was
cooled to 60 WD 03/093279 PCT/ US03/ 13428 room tenperature and then
concent r awed3mier reduce pressure. The residue was di SS@®CTABONAI4DS

di chl oronet hane (300 m -) and washed with 50% K2CO3 aqueous solution (2 X
100 nL). The organic |ayer was dried (MgSH) and filtered. The filtrate
was concentrated under reduce pressure. The residue was applied to silica

3°5- D nyclr o B GBI B, Ey e nas 03 ity BEFL Al hoale (307

445 ny, 10. SB@IeaBd fﬁa,cﬁens were concentrated under reduced pressure and the mixture of

Di hydro- 8k | éjm a(§gar§$ #@@er& LJe:rLé fg %R & %'e estg’p Caglg%)’eﬁcﬁp%%%ré% g%h@%élg 51?07 2 ng,

20. 29

5, 6- Ig? hy\c/i\/re(r)mom,mwvm andJ7fig., 4] t hi azi ne- 2- car bar dehyde: 1H NWVR (d,
CDCI 3) (egr) 10 3.07 (t, 2H J =5.7 Hz), 3.95 (s, 2H), 4.33 (t, 2H J =
5.7 Hz),°7.55 (s, 1 H), 9.83 (s, 1 H.

5, 6- Di hydr o-agb4mmsz[ e-{[5-@Hhétholxybenzil)4,6.8; T tetizduy dedthibaro[3, ﬂcmmuc(m-
(7].3;:'3325 62 Q,q?yl 191 eééﬁege}-ﬂixq#'tﬁz'f)s" g%aé,dcyfﬁo?@ept-z-ene-ic'ar%o)(yl‘]c aclé
(62)4 tg} S5, Gﬂngéﬁky%ﬂ{(bﬁétﬁlaiiE:% et dxdbdilzyi4ce 6 -tatrathyaiedthighelBe2) - 7- »
0XO0- | a- azapl C Cl Sodl um sal t:
The dry acet%‘?ﬁ”fjfni'? {Bﬂyﬁn%la gr u?’f%%ﬂlﬂ?%§28E"8Y?>%%1200]§?9t92rﬁ% o[ 2, 1-
?]2([)1m4] §1bl gédaglgxg[[afef\;{lﬂg sghyde nﬁma?&asrgbjrs]%md mdld*ﬂdm (zoqmmonhsqetcamm: (git)t ; :) 1) %
t enper at ur e Phlerd rEFIRY ﬁ?tyﬁff{%g%‘i&é%?%} E’Bsﬁaﬁe‘ﬁ@pfﬂﬁ ﬁh’ﬁ@a}{qw %r}@ 240 nb)

sol ution of lc(u5f8r (65 5628 FLYD THe reactlon vessel was covered W|th f0|I to exclude light.
Tm tro- benzyl

0Xx0-4-thi a-1-aza-bhicyclo 2- en 2-car i.d 4-
ester (1.0 r\ﬁ/ﬁ?"’@d’ﬂ@ﬂj{%W@st"}Q@ SSYtsﬁ'Fr@ a2 ha r°8§1 tlegme U
triethylam rrea&tlbnéinlsduré wa@wtereddmledrto@rr@ aAd O 10M. Naﬂmemea@ue@to a«ﬁsﬁel was
covered vvith foil to exclude IHg W@'ﬂ 5 re%gtlon m xt ure gas stirred for
3.5 h at!- 2PtHoRE Thediteade wes washesl with aihylacetie ?x*led"i‘q‘r'&%'% Y&DY2%nd

aceti c anhydehdmtéd)- THle B4udous ﬂh)@ﬁﬂ/aﬁ%ﬁdefhﬂateﬂhﬁhdéemgh vacuum At 36 ¥ to\gise

warned to O C and stirred_for 14 at g'é&%rt“ c acid aagueotds sol ution

(240 m -) waSIQYPERFRIG hENG Bfgév?tdvﬁsrﬁ%f'ﬁ‘i' By FRIN SRYGERGURN G PRI M
extracted Vuﬁrdsmstbbbdphs’;\cmlﬁéw the3cofurh WaBleluted With ee.abizé@watasrrgartspamdayer was
washed with wate
latter WIfh 10% CAN: Water. The fractions containing the product were collected and
20 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.
127°C; (M+H) 441 .
'H NMR (DMSO-dg)s 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,

25  1H).
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30 saturated sodi um hydrogen carbonate and brine, dried (MJSQH) and
filtered. The filtrate was concentrated under reduced pressure. The

resi due wao sy purified by silica gel colum chronatrogrizsplyis2el ut ed
with CH2ClI 2 - acetone (50: 1), and crude

(5R) - 6-[ acet oxy- (5, 6-di hydro-8Him dazo[ 2,1-c][1,4]thiazin-2-yl)nmethyl]-6
61 WO 03/093279 PCT/ US03/ 13428

br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ acid

p- ni trobenzyl ester was obtained as solid. The solid obtained above was

purified by Si02 colum chromat ographyEQg_ngeﬁyéJgi ng it with 505
et hyl acet ae: hexane. The pal e yeI | ow sol oDt ali ned was d| ss?I ved i n THE

(17 mL). Freshly Rre  (16:£)-6-(5 IRZIR-2y 5
nol / L phosph dcovered
with foil t i H’ée Scl irred for

2 h at poorsddiumesaitt ur e. The reaction solution was filterd through a pad
of Celite and the pad was washed with water (40 nL) and n-butanol (30 nL).
The aqueous | ayer 10 was separated and then the organic | ayer was extracted

with 0.5 rm'étbgﬁhSEM’éﬁWﬂh|ob3lﬁ-fcﬁ|ﬁydrﬁkil-ﬁ[154]tlﬁamnéQlydh)lod'Hee conbi ned aqueous

| trated d d H
735 and appli o MBI S pabycroel . AUEETA AeRpPLE vt PREER PR L. )

col um chr orméped agbutinéd ircuspasPoldRg, the colum was eluted with water
and then 10% acetonitrile aqueous saol ution. The conbined 15 active

fracti od§ wetep2 Adevnethiamorphelip hydpechioride m at 35C and | yophi i zed to
give (5R), 5- Methylthlo -3,6- d|h dro-2HJ[1 4]th|azme hydroiodide (7.1 g) was dissolved

62) - 6- (5, 6-di hydro-8Hi m d th 2-yl met h 7- 4-
S o b Gh -6 Co s Hofiin $130n LAY e dupors 18y AR SapFeds o

yel | ow amrvﬁh@@ﬁﬁ?{;& #76 ilrﬁ_g THb cotfbifsd orgaﬁic r@aé deed (Mé$’0£)"\ﬁte¢éhl ahi0)
53. 00 (t 2H, J = 80 (AB, 2H, 19 (t

2H, J = 5.7 qqz\):ent@tadw(‘@?r redyge erss%e @W?"'U@ %@PFF@ (ZZ jSl)wasé%gd tethe

7.29 (5’151 Hbtaifdresidddn d%ﬁﬂ%cﬂ’& SzrﬁLFém@éa?éd Rtefilix 1oP Mh. The reaction
(62)-6-(6,7-Di hydro-5Hpyrrolo[ 1 ali mdazol - 2-

yl met hyl ene)mwltﬁﬁwﬁpﬁlﬁdiqf%temwgl-‘(ﬁ 3he regahiap solutinwas remevediiny | i ¢ aci d,
sodi um sal t 60 ahd ti ifiRbtAsHoRoRIN BydroehiBlide wadbbtairdaze!rown selldyal3ighy de

quant.).
'H NMR (d, DMSO-d®) 83.15 (t, 2H, J = 5.9 Hz), 3.74 (t, 2H, J = 5.9 Hz), 3.83
20 (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
The mixture of 2-bromo-3-hydroxypropenal (7, 4.3 g), p-toluenesulfonic acid
25  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% methanol solution of sodium methylate (5.0 mL) were
30 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 h. The reaction mixture was cooled to
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30 28% Sodi um net hoxi de (5.26g) was added to the EtOH (250 nmlL) sol ution of
4,5- di hydro-3H pyrrol-2-ylam ne hydrochl oride (3.27g) at room tenperature.
After stworodmge2for 5 mn at roomtenperature, 2-bronop-3- pPCoskyiyaeopenal
(5.799) was added to the m xture at roomtenperature, then the reaction

m xture was stirred for 1 62 WO 03/093279 PCT/US03/ 13428 h at room
tenperature. The reaction m xture was taken to dryness in vacuo. The

ndded. The RPRREMES RAYS ABENsh coBPuFied uplst il Al Mol dafiuBliat, T
vvars] gool ed Ktzmssmval?neir@mramtmnewmmﬂ) and vasiterd WHCED KiCOs @queris

rous ) r
Fost due was SBer 48 BD Ly, THE or8afit AR Ao S s O eI TR Hfrard 1
CHCI _3dg§et ongas((: ﬂ:rnbkntratedl uﬁdér;{@gwqeobresm p'ISherre’o‘ld[l&)A@S applled to silica gel "
o1 . (2 1) QMR ERrp Pllec it BCL a5 15 %R SEDRVERLOAY,
46%7 (t ¥ 62? ,imidazo[2, Q—c][-izat],thlaz'/lné'yg-oemardehwig (l9ro® spliq, 445Hhg, mgi"&@pi 2.6- (5R) :
oo 41 hi a- 10BYASEHE YN ST bRt i BAden s WM"& RGO
:3 7t rIZ])leml/gr3r\/&?xeln’femlotautr\])eltcb[ 1, 2-a] |5m dazol §O|2ucar bal dehyde 1.36 g) was ggde;:l
nderan-ar goR BB pHEVERE ol tnius zeedarer e ARG, 2
m -) of 105R, 3.68)t 8H, J = 5.7 Hz), 3.95 (s, 2H), 4.33 (1, 2H J=5.7 Hz), 755(s 1H), 983(s
br ono- 7- oxo- thla 1-aza-bicycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid

4-ni tro-benz ester ( 3.86 g) was added to the m xture, cooled to -20 C,
and Et 3N (4. 518-[)111 c)ro-‘aaﬂmldaidm;ﬁ -c)i Q]tmazim-moarbard'é‘rwdeeéldwm(d/eﬁB@Il;) was

cover e gt o Bt A P88 SRRl 2 RS HERAD ?é*%ﬁ DS 570
ng) in one pgyyion. The reaction mxture was warned to O and stirred for

14.5 h at. 0 C. The mxture was diluted with ethyl acetate and washed wth
1 Mcitri® acid aqueous sol ution, saturated sodi um hydrogen carbonate, and

brine. The og@ay Qshfimﬁ) me-@mﬁio!smhchnd -1, 4pRiagin-Zhendtaglenep7vashed

with 25 ethyT acetate he filtrate was concentrated under_reduced

pressure. Thexe-ddhitntazakisydlpBsdPlhept-2renerizcarhosylic agidapadibpbediki trile (77
m). Freshly acti ﬁ%ﬁ% a%@to‘iilﬂﬁlfe (2(§ %ﬁ;_}_golg?loﬂ‘@% 8%idrd-anlididazeptb 0.5 M
phosphat e buffer
cl1 4]th|a2|ne -2- carbardehyde ( 392 mg) was added to the dry acetinitrile (20 mL)
20  solution of MgBr, (1.1 g) under a nitrogen atmosphere at room temperature then the
mixture was stirred for 10 min. The dry THF (40 mL) solution 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 ( 1.0
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
25  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
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,
30 saturated sodium hydrogen carbonate and brine, dried (MgSQO,) and filtered. The
filtrate was concentrated under reduced pressure. The residue was roughly purified
by silica gel 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-
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reaction vessel was covered with foil to exclude |ight. The reaction

m xture was vigorously stirred for 2 h at roomtenperature. The reaction
m xt ure \Wa© oBiop2eq ed, 30 cooled to 3 C, and 1 M NaCH was adaabos/m4a8lj ust pH
to 8. The filtrate was washed w th ethyl acetate and the aqueous |ayer was
separated. 1 M NaOH was added to the aqueous |ayer again to adjust pHto
8. The resultant m xture was concentrated under high vacuumat 35 C. The
concentrate was applied. to D aion HP-21 20 nm_ 3 WO 03/ 09

PCT/ US03/ 134p@mo(+axeutihidnl-azakigyclets.2-Qlaep )2 nes? ﬁa'% KYJi¢e ﬁ@g%yéphy

After adsor Rispg, Wégwgbtgmbg@gson@s eI ut ed with H20 - MeCN(1/0 - 9/1) to give
the purified active fractigns of

(62) - 6- (6, 7- Di hydr o- 5#WOJ'6PBPPGE‘%§’PVW83£’HFf'e£W%W\”@Wé) 7- ox0-4-thia-1
-aza- bi cyclglomato§laBRPby 3ruﬂﬁ§1t3\ntﬁ%‘05@ﬂ§9léo%ta%0héian§Ollfhe'mal‘éqletlowRil&:l conbi ned

fractions 5 we trated i d
G ve t noSt | tobinerh wEs dspNBRI R SHoT FSPse PR Riean SUAL 3 ) Yos, dfﬂ%f 158
g (QSGE:)m %E{)r%%th@@)nolﬁ_ phasﬂ&t@bﬁffér((ﬁﬂ-l 6%")1,7 rRL)74h8r€é2:t|6Mes%HDwas'3 94-

(s, 1 H; ( Mpygredggt&: fmltp %@&ﬁlﬁﬂlgh’q Tp? é%%:,lla@ My @fwiss\:g_f\gorously stw‘ed for Zw

§/|6§23 t ﬁyl( gng)e@'r&fﬁ' 'Eé?z&%?‘ﬁidﬂé (fﬁ‘\éQ[e%etibnf‘slb[ulloﬂhQK qigérd-tBroud® a pad of Cgllte alnd 0
0XO- i a- 1- azabi cycl o e- 2- car box

2 0at um sal £ U 80 Was Wbt w315 (40 T B MEMTIOL D s THP SRUFGS BYETt o

met hod qp UShsssepAihtfd and thét thQé BRyadic IM&’rW&@'éxﬂa&eél kit 1e5 Mol shosphatd

nor phol i n- 3- one Lawesson' s rea ent i n dr THE (94 nL
was heated tkyffee "L&ﬁét’”f rBLhTh?I‘f@mPE‘SEIaﬂ BOYS 'éYGt‘fr"@Sv(%@%@Eﬂtéﬁtot '(()om :

tenperature ﬁﬁ&/Ltr{v@oH%tédaedwb&a&tpHﬂw 2§BﬁdQSplieﬂ 1y Bodi6n HPHE rreeml(due was
25 applied to silica gel | um c romatog and | ut

met hanol ( 50Nk, M|1§ub[s@| Bﬁﬁ%ﬁﬁ’ hidyeqousp <y 4iter 3 S?ER'“%H"%@ WRR crude
B(r)agg?t f r omyheaiaRa vithWater atkthah QO%aé’c‘étdrhﬂletécfukeSU;( $olCtidh. ThE cabined yel | ow
15  active fractions were concentrated under high vacuum at 35°C and lyophilized to
give (5R), (62)-6-(5,6-dihydro-8H-imidazo[2, 1-c][1,4]thiazin-2-yimethylene)-7-oxo-4-
thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt as a yellow
amorphous solid (168 mg, 20.9%).
mp 135 °C (dec); "H NMR (d, D;0) §3.00 (t, 2H, J = 5.7 Hz), 3.80 (AB, 2H, J
20 =16.7, 18.1 Hz), 4.19 (t, 2H, J = 5.7 Hz), 6.44 (d, 1H, J = 0.8 Hz), 6.89 (s, 1H), 6.93
(s, 1H), 7.29 (s, 1H); M+H = 322.

Example 6

25 Preparation of (5R), (62)-6-(6,7-Dihydro-5H-pyrroio[1.2-alimidazol-2-

-7-0x0-4-thia-1-aza-bicyclo]3.2.0]Thept-2-ene-2-carboxyiic acid

sodium salt

Step 1: 6,7-Dihydro-5H-pyrrolo[1,2-alimidazole-2-carbaldehyde

30 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

62



1IH NWR (CDCI3) 5 3.45 (t, 2H, J = 5.1 Hz), 3.91 (t, 2H, J = 5.1 Hz), 4.55
(s, 2H). 30 Step 3: 5-Methylthio-3, 6-di hydro-2H 11, 41oxazi ne A m xture of
nor phol i rwe-oshdx2ne (4.7 g) and nethyl iodide (13 nL) in dPgT/USHRA428 (140
m.) was stirred at roomtenperature for 15 h. The reaction m xture was 64
WO 03/ 093279 PCT/ US03/ 13428 filtered and the solid was washed wth CH2Cl 2.
The obtai ned solid was dissolved with 50% K2C03 aqueous sol ution (150 ni)
and the aqueous | ayer was extracted with CH2Cl2 (8 100,%. T_B%Cconbi ned
CH2Cl 2 | ayerh adgomte@geratyyeoe reagtiqn Mg yas glgn tPidTW'}eéﬁé‘ Yochiftent rat ed

under reducge QEI@@WAE@IS@BI%& hﬁcmgl(gomm& alsmten%nﬂﬁe MLweeldda@u Ol'He (3.6
g, 67.8%. 1H NVR (CDCl 3 71°3.74 4.15 (m

2H). Step 4Mixture wag @F?B‘ieﬂ ﬁ% rerfwx ﬁ?fd?r 'a%% oTFhedéa?i'% m %WBF § cboled td room
5-met hyl t hi qy%p@rd%r@)’ﬂé%e@'ﬂvl{hbw% mwﬂﬂrlé@o@r%h?dfduémmumeré@ amal ori de
ux

(1.5 9) in dry ethanol (136 m-) was heated to re The reaction

m xture Was Vgbrated wwqewﬁqceﬁﬁ@saw@r ghe qué%ﬁﬁ?%egmtbéWPa%§°lP%ved in

d t 7 1H
K&; U(() Dﬁ/g 3 dgtjﬁr%lh&ﬂogré%‘j éhh’cbé'mﬂﬁ‘tﬁl’@l?»aacéﬁiné (12}r1 P\Mﬁd?@? Dihytro- §H@grr8|69 194 .

A N N Y O TSI T M e M € I AT
5, 6- d i hydrgr G @ cw?lé% ew'r(.lnlzuéi% DGEH BE(3: 9AY, Redde iy The wEyxture of

2- br ono- 3- hydroxypropena ol uenesul foni'c aci d nDnohydrate (52
mg) and 2- pfbﬁ&ﬂ%ﬂFQSBQOﬁLﬂFDn cyclohexane (42 m) was azeotroped until
the vapqgp tenperature rose to 80C. The reaction m xture was 20 concentrated
under reduce pressure. The residue was dissolved in dry ethanol (50 nL). A

m xture of tStepd: y(5&8)H&Ap6-(8.Z7dRihpdro-5H-pyrnoleli, 2-alinidagp efhyleng)-7-
hydrochl or | a@&ﬁtﬁag?-aﬂ'ﬁ FRIG S22 SR 4ldaPPofic SR, Wullh Bgleat © (4.8 )

was added roomt enper a eaction m xture wds stirred at room
tenperature for and then the reaction solvent was renobved in vacuo.

rhe" 651G i Shaghl g iRl RO A (3,
react i oram xdryaectoaitrile ¢ti5emiL) solution of anhydrous MgBr, (5.64 g) under an argon
atmosphere at room temperature. The dry THF solution (155 mL) of (6R, 6S)-6-
bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl
ester ( 3.86 g) was added to the mixture, cooled to =20 °C, and Et;N (4.18 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light. The

20 reaction mixture was stirred for 3 h at —20 °C and treated with acetic anhydride (1.89
mL) and DMAP (370 mg) in one portion. The reaction mixture was warmed to 0 °C
and stirred for 14.5 h at 0 °C. The mixture was diluted with ethyl acetate and washed
with 1 M citric acid aqueous solution, saturated sodium hydrogen carbonate, and
brine. The organic layer was dried (MgSO,) and filtered. The pad was washed with

25  ethyl acetate. The filtrate was concentrated under reduced pressure. The residue
was dissolved in THF (166 mL) and acetonitrile (77 mL). 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 o exclude light. The reaction mixture was
vigorously stirred for 2 h at room temperature. The reaction mixture was filtered,

30 cooledto 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 to
the aqueous layer 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,
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room tenperature and then concentrated under reduce pressure. The residue
was di ssolved in dichloronmethane (300 nL) and washed with 50% K2CO3
aqueous woloawdxzm (2 x 100 nL). The organic |ayer was dri @dT(USg80G428 and
filtered. The filtrate 30 was concentrated under reduce pressure. The
residue was applied to silica gel colum chromatography and eluted with
CHCI 3 - acetone (4 : 1) to obtain the title (pale orange solid, 1.4 g

90 03] 00327 POKaspEEh I R cotgRB cEisRidiodtEp ey &@%?83‘5%3%3%’““4‘ 15

(m 4H), 4 @s(elyte@ith HZOSSMEEN(1/0 ~19Y1) 1 g% the purified) actiVe &ractionsref ¢6R) egi o

o 4 WA el o ol e Solgton - >

(62) 6- ( 5, 6-bdiybigiB 20Blpi-2rede2edaPbyltit 4dd Abdiarsalt ZThe carobigédiadtions

oo e S PedrFPs  TAle fas o

c]l[1,4] oxaziyatkav@amarﬁhmhslebl;dj(GBQ g 2¢%0, whis7.@dded to the dry acetonitrile (66

emerat ur o TR (hIech HMRRSLT P B po R0 2 P o hrad® 1o m )

sol ution of 3wANfn, rzH;eﬂZlYI(d (BRJ = 6.3)HD oo (@ eNBO3(s; dHH Ok §b &, aH);IVEH)) was
added and tg% m xture was cooled to -20 Cthen triethylamne (2.8 nml-) was
added in on |5orti on. The reaction vessel was covered with foil to exclude
light. Tbe reaction mxture was stirred for 4 h at -20 15 C and treated
with 4-di nethylam no pyridine (100 ng) and acetic anhydride (1.5 nml-) in
one portion. The reaction m xture was vvarried,to O Cand stirred for 18 h at
0 C 10%Citric acid agueous solutio s added to the reaction

m xture and the aqueous |ayer was extracted with ethyl acetate (3 x 500

m.). The conbi Wga%t%%gshgxeg-%@s%ﬁl“ @-gM-trilideRbRX1 -c Ry 2S 0di um
hydr ogen car bonate an rine T ed IV@

and Ti11tered Iltrate
was condént r atwimethylene)r7-0xp-4-thiasl-azabieyclajd §

e
apt-2-ene-2-carboxylic acid

(5R) - 6-[ acet oxy- (5, 6-di hydro-8H-im dg gﬂiu?n% ¥][1 4] oxazi n- 2-

yl ) met hyl ] - 6- br ono- 7- oxo- 4-t hi a- 1- az 3. 2. 0] hept - 2- ene- 2-car boxylic
acid p- nitrobenzyl ester was obtained as brown anorphous solid.

Step 1: Morpholin-3-one
Morpholin-3-one was prepared in the method of USP 5,349,045.
20
Step 2: Morpholin-3-thione

A mixture of morpholin-3-one (4.7 g) and Lawesson’s reagent (10.3 g) in dry
THF (94 mL) was heated to reflux for 1.5 h. The reaction mixture was cooled to room
temperature and the reaction solvent was removed in vacuo. The residue was
25 applied to silica gel column chro‘matography and eluted with CHCI; — methanol (50 :
1) to obtain a yellow solid. Recrystallization of the crude product from hexane-ethyl
acetate gave the title (4.0 g, 72.2%) as yellow powder.
'H NMR (CDCl,) 6 3.45 (t, 2H, J = 5.1 Hz), 3.91 (t, 2H, J = 5.1 Hz), 4.55 (s,
2H).
30
Step 3: 5-Methylthio-3,6-dihydro-2H-[1.4]oxazine
A mixture of morpholin-3-thione (4.7 g) and methyl iodide (13 mL) in dry
CH,Cl, (140 mL) was stirred at room temperature for 15 h. The reaction mixture was
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Freshly activated Zn dust (14 g) was added rapidly with 0.5 nol/L phosphate
25 buffer (pH 6.5, 72 mM-) to the THE (72 m -) solution of

(5R) - 6- [ 2w e6t004932(%, 6- di hydr o- PCT/US03/13428

8H i mi dazo[ 2, 1-c][ 1, 4] oxazi n-2-yl ) net hyl ] - 6- br onp- 7- oxo0-4-thia-1

azabi cycl o[ 3. 2. 0] hept - 2-ene-2-carboxylic acid p-nitrobenzyl ester. The
reaction vessel was covered with foil to exclude light. The reaction

S0l Ut on' vadPHAERARE SAFbERmaSS WELCH e Rbae TiE WA st
with wat Sr (%)WIﬁmO;} %@Muﬁsbml@ﬂﬂbo(rﬂm%mhe aqﬂ'étﬁlsaémﬂ‘m dxarseted With
Shosphat e bUTHack: (B0 8L 3 camblnen CHRw TRisrianatred qYesty s e
concent r at edrieSGiitfdle guasleon@ér{tﬁaté‘da@demu@d@ﬁétsnfe &l tha title ak @biirfedeayd
applied to 66 WD 03/093279 P /USOS/ 13428 Diaion HP-21 resin (120 ni,
M t subi sRi reRigyelley ol(B& 9 km chr omat ogr aphy. After adsor bi ng, t he
col um was el ut edyiR ca@kfrg) 5L SheR), Es%1as¢h§m uF), l4e18898Qkis 2HR Ol Ut i on.
The conbined active fracti ons was concentrated under hi gh vacuum at 35C
and |lyophilized to give the title as a yell ow anorphous solid (756 ng, 29.1
;/()H) 5 P 713% QdQthnéHg?ﬂ%lﬁméﬁbnae?’ 98-4.01 (m 2H), g %)4 (6)75(5m(

: : = 9 Hz), © S,
1 H, 6 95 (d, 1 Admigure=of@- reeilhybthloﬁﬁswhwo-zﬁ §J|)4loxazlrxel<s?r§gkar1qzamwmwm 1672,
1592, orrdeé‘in?:i% Q etiR&ibI (1@@ m@)%@‘ﬁéﬁ?éc?to&eﬁ’uwr’lﬂ A8 ré&ction
(5R), (6 6 5,6 H pyrrol orl.2-bl pvrazol - 2-
yl met hyl ene)mrxtttawaacoﬁlﬁém rogpmismngatyies The (eacipn solventavas remoMeskifl i ¢ aci d,
sodi um sal t \La,,SLAR e ml% \?agﬂié{lﬁé@aé'é"d&lérﬁrebvﬁrsbh@(@é ngﬁi%be 2- carboxylic

acid ethyl ester The t onpound prepared in the Sane way of
Ranganat han and l:bNMBr(IDM%O(d o824 (o, 2idh 3R6 g@i,J?,@ZB'JZ)MiQYiSZ ). 20 Step
2: (5,6-Di hvdro-4Hpyrrolorl, 2-bl pvrazol - 2-yl ) met hanol MeOH (2. 73 m_) was
added to the THE (180 rrL) soI utlon of LiBH4 (1.63 g) under a nitrogen

at nosphdibe g8tepdo |, 4logazinkyPdearbaldehyde (9) and 5.6-

pyrrolof[1,2- cﬂ&é{roag -|r(ra| azofﬂp?ﬁ)‘ d]gxa%?ﬂe-:i%taplﬂldgﬂa%r (8.11 g) was added to

t he

The mixture of 2-bromo-3-hydroxypropenal (4.1 g), p-toluenesulfonic acid
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

20 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 solution of sodium methylate (4.8 g) was
added at room temperature. The reaction mixture was stirred at room temperature
for 2 h, and then the reaction solvent was removed in vacuo. The residue was

25 dissolved in chloroform (125 mL) and triethylamine (3.5 mL) was added, then the
reaction mixture was heated to reflux for 2 h. The reaction mixture was cooled to
room temperature and then concentrated under reduce pressure. The residue was
dissolved in dichloromethane (300 mL) and washed with 50% K,COj; aqueous
solution (2 x 100 mL). The organic layer was dried (MgSQO,) and filtered. The filtrate

30 was concentrated under reduce pressure. The residue was applied to silica gel
column chromatography and eluted with CHCI; — acetone (4 : 1) to obtain the title
(pale orange solid, 1.4 g, 36.3%) and the other regio isomer. (pale orange solid, 609
mg, 16.1%).
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suspension and stirred for 2 h at 40 C. The m xture was quenched with 1

nmol /L 25 HO at pH 1 and stirred for 1 h at roomtenperature. Solid K2CC3
was addedwOD®3wp$e79 sol ution to adjust pH to 8 and the m xt eca/usay1328 r act ed
with AcOEt. The organic layer was dried (MgSO4) and filtered. The filtrate
was concentrated under reduced pressure to afford the title conpound as
brown crystals (4.87 g, 78%. 'HNI\/R(CDCI3) 8244(t 1 H J 58Hz)
2.54 - 2.62 (m 2 = 7.2
oy 4,63 (a2, Desiscpraaes) W BMg(ERCk) 5 496455, 410,488 15,31, 758

5, 6- Di hvdr o-dht g5 (911¢p! . 2- bI pvrazol e- 2- car bal dehyde 67 WO 03/093279

PCT/ US03/ 1342 VhOZ (actlvat ed) (24,4 was added to the CHClI 3 (350 nml)
soldutlon of (5 6 Therynvapter-egiprisemert H (lPelzlot 486\, Phet TandHzl 4407 o)

and refl uxe L r r The reacti on m xture was
filtered th gll'ﬁ‘la %%d eig@sl talél5 70%{«-} ?H?T@f'é?g &/as reduced under reduced
pressured The resi due was appl I ed to silicab gel col um chr omat ogr aphy,
then the colgjgy | % . hiLl e

conpound was-obt: : OW .63 -
2.71 (m 2H)gx024-ﬂﬁaﬂ-§zMg!o|3 g@m &g-eng-gzg ngylm;gcld,]sadlgmgﬂz) 6. 52 (s,

1 H, 9.89 (s,

(5R) . (62) - 6- (5, 5. ehd'% g3t ”'e (68 nL) solutian of 5,6.dinydrg-8H-midazaia b ) o

4-t hi ahl azajn eym&azm zc@balelphydb—(ém@)wva:mdd@m the @rmadetowde (66 mb) t

5, 6-Di nyr 1.2 ed to

the dry gcet g)mtl% ioF gg%%@%n@ %ﬁéﬁ |ho % ﬁéﬁﬁlh%fé&%@%g}ééﬁ%@ﬁ%}tg%rﬁﬂ%der a

?i t rogen at noispinewas atirred fom10enip Tl dny SHFTH82adnly) sPltios of pniteaveizv SHRY)  of
5R,

6S) - 6- br ono- 67?’) %roancipﬁn e %azrg |y(|:at?: ofg) E’aﬁfﬁde‘! ar}d tgr?em' ”5%¥"83 co?'?%toam d 4

ni t robenzyl -28t°€théodidthyl@viite (2.3. rﬁl?) wBs aoirted dinl deel portion hﬁamenctmneleseeiol ed to

-20 G, and v|s7:' { %\cﬁ\/(e ql\?ltrﬁb]l ég\gfcll%%qﬁﬂt 'Tri\eq’ ti%ﬂw:ll @FE w;_g'gtu{'&afém(ﬂrbtv?ﬁsel

was covered e reaction m X was stirred
for 4 h18t -°Blard teewted tnn‘tbatcbluhemytalmlmpyndmea(ﬁBng)md(ateﬁmamhy)indmdl PVAP (123

0 L5 o, PBLEh S b PSR Bl G Rl e B A
with 5% citro tC.ad% Citriciacid aqsedust satuiiong bl ywas addedsmdhel redoiidn oudurecandbonat e,
r e e RSt A P Bl RSN B LBl The
organic layer was washed with water, saturated sodium hydrogen carbonate and
20  brine, dried (MgSOQ,) 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 amorphous solid.
Freshly activated Zn dust (14 g) was added rapidly with 0.5 mol/L phosphate
25  buffer (pH 6.5, 72 mL) to the THF (72 mL) solution of (5R)-6-[acetoxy-(5,6-dihydro-
8H-imidazo[2,1-c][1,4]oxazin-2-yl)methyl]-6-bromo-7-oxo0-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester. The reaction
vessel was covered with foil to exclude light. The reaction mixture was vigorously
stirred for 2.5 h at room temperature. The reaction solution was filtered through a
30 pad of Celite and the pad was washed with water (170 mL) and n-butanol (170 mL).
The aqueous layer was separated and then the organic layer was extracted with 0.5
mol/L phosphate buffer (pH 6.5, 2 x 50 mL). The combined aqueous layer was

concentrated to 90 g, 1mol/L NaOH was added to adjust pH to 7.5 and applied to
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The residue was dissolved in THE (106 nL) and acetonitrile (49 nL). 25
Freshly activated Zn dust (22.5 g) was added rapidly wwth 0.5 M phosphate
buffer (WH08/0%27455 ). The reaction vessel was cover edP@irtuso$/oi4bs t o
exclude light. The reaction m xture was vigorously stirred for 1.5 h at
roomtenperature. The reaction mxture was filtered through a pad of
Celite. The filtrate was washed with ethyl acetate and the aqueous |ayer

was separ at - The, en rNas: was
added to adje[ﬂ%'to Irl)ﬁ ?@p%(ﬁﬁ?‘z'?ﬁﬁr'r\” 'ﬁg?'élrsgﬂe\/\%a%gg%gggzt% ?gjtﬁ e@mﬂrﬁaﬂgbp%%‘h vacuum
at 35 C. TheAftewadsorbingt theveatunapyhs elttedowith waten argtien 5% gcetonitrildvhaurobis s hi

Kasei Co. Lt : i : A i I
s el ut ed VioPoBe REBRHET Ve AU G Yonsehirfiba BHASK i Mbculibtar EE1 I
03/ 093279 PGH C308/lyphitiged toogive thertiiecs auyeleow amayphausalie (266 88, 29. 1hi

| yophilized to gi e~L Lt | e i 1 PRAY: ' 848
mu, " 29% SoH 7.1) .Mﬁ/égqgﬁ @%)ué'g@wi@ﬁ%%'}sgé'%%% EQED%@J@%% 2H,
J= 7.4 Hz), 4749PAB,(2H, J2H15.3, 22.9 H¥),1823Q (d6 1B LJ €0.8 Hz})B,555(s2 9H), 6,951(dHIH; 6. 90
(s, 2H. 5 Ex I Pr epar.aty 0 -1, o max

(3R (60) - 7- G0.0a R S ATDIR BRrEIIR, 1 74L11673, 1553, 1548 i ™ (H:0) 304

yl met hyl ene)nd-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid, sodium
salt 10 Step 1. Tetrahydropyridino[1l,2-c][1, 2, 3]oxadi azol one Conc. HC
(1.96 m-) and NaNOQ2 (2.2 g) were added to the H20 (21 m -) solution of

DL- pi pecigli c acid (3.04 g) under a niExfaigple &t nosphere at 0 C and stirred
for 1 h. 15 The solution was extracted wth CH2Cl 2 and organi c | ayer was
washed with brine. The m xture was dried over Na2SO4 and concentrated under

reduced pressure prapaftion of (SRY(EZ).62BR-Dihydf-UHISRRIIBE 2 BidiRazblgar boxyl i
acid as pale yellow crystarls. T111UOroa

roaceflc_anhy .93 g) |
to the THE (92imethyleng)-#-pxerdrthia-j-agabicyclo[3.2.0Thept-2-ene-2-carboxylic acid,

(2RS) - 1-ni trosopi peri di ne- 2- car boxyl igg4fshdafinder a nitrogen atnosphere at
0O 20 Cand stirred for 5 hat 0 C ar‘ls%—%h at roomtenperature. The

sol uti oMdyvas concentrated under a reduced pressure. The residue was
app! i ed, 10 Skteb gdbinyfb Yo iRORTRS A e 7B Boklifc Sk Wiy Yfer' U o
The titled compound was prepared in the same way of Ranganathan and
co-workers (Indian J. Chem. 1991, 30 B, 169-175).

20 Step 2: (5,6-Dihydro-4H-pyrrolof1,2-b]pyrazol-2-yl)methanol
MeOH (2.73 mL) was added to the THF (180 mL) solution 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
25 HCl 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 (MgSO,) and filtered. The filtrate was concentrated under reduced
pressure to afford the title compound as brown crystals (4.87 g, 78%).
'H NMR (CDCls) §2.44 (t, 1H, J = 5.8 Hz), 2.54 — 2.62 (m, 2H), 2.87 (t, 2H,
30 J=7.4Hz),4.10 ( 2H, J=7.2 Hz), 4.63 (d, 2H, J = 5.8 Hz), 5.96 (s, 1H).

Step 3: 5,6-Dihydro-4H-pyrrolo[1,2-b]pyrazole-2-carbaldehyde
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0/1). The titled conmpound was obtained as colorless crystals (1.10 g, 33%.
IH NVMR (CDCI3) 81.93 -1.99 (m 2H), 2.08 - 2.15 (m 2H), 2.65 (t, 2H, J =
25 6.5 Hzwp 0d02B7¢t, 2H, J = 6.1 Hz). Step 2: PCT/US03/13428

4,5, 6, 7- Tet rahydr opyrazol ol 1, 5-al pyri di ne-2-carboxylic acid ethylester:

Et hyl propiolate (804 ng) was added to the o-xylene (15 m-) solution of
30 tetrahydropyridino[l,2-c][1, 2, 3] oxadi azol one (1.04 g) under a nitrogen

at nosphere and reflue .. [he soJutio ntrated u

reduced pressure. g\"& %‘3} ﬁésg-gdﬁﬁlqégﬁdﬁ%n‘ﬁ 5'.'85?3@9’“@5)?%!%1? f}d(g 6-

chr omat ogr apdiyydré-a fofo] €.+ 20 2-yI et (4.8 ghahé xeflured fACCRtungey 4 -

1/1). The tltrlyye(; cgﬁ%Ir [ b]mgatal y)@d Wf nglo 327e PCT/ U ) 3428
ST teRCBSH miture Was At th S L

yel | ow oi | (rgtyci er?g r;&ﬁ?{g‘}ere he reaction mixture was ltered through a pad of Celi

4,5, 6b7 tet :jﬁfé/ﬁfr@l{é?ﬂﬂdszl@dﬁééd?)%ﬁ}myduﬁdIib@es%ufear tTos yrésigue wgs dggtehytb s&u&éer
was obt ai_ne e W Ol 1

7.1 Hz), 91, g3l col ”!)‘10 ﬂ'?‘atfﬂéaphé tgg"'t %% ghexgne 5 ﬁgbﬁt Eﬁ% 4
gZ), g- 2(24(1525 1@94 Tﬁe%ltlﬁ camlpiwndwals”se?t(fmgdélayeﬂo\goﬁ(%sfrlg)91%5 6. 53 (s 10H)2 .
t ep et rahydro yrazo 0 al pyridin t

) was added to t ROVMRACOE S S 012t sk B itk 2o 74 D) 8635 tra )
under a nitrogemn ﬁi)rrgml'(]grm)ab .8oqemienperature, then 4,5,6, 7-

t et rahydropyrazol o[ 1,5 pyri di ne-2-carboxylic acid ethyl ester (862 ng)

was added to the suspension and stirred for 1 h at roomtenperature and
1.5 h atypd0 éiegﬂ?gsRm@-Br(s,s\t@myaHﬁm@rd%pfQF é}@i&ﬁ%eﬁw%w-éﬁ&
stirred for _a errpera are. Soll was a € solution
to adj ust pH RPthe-8Ng 2 ¥ . The organic

| ayer was dri ed (l\égﬁa@f‘ﬁ%yd%‘QH-ﬂyﬂoha‘FfQ%pounQlcfan%foeeh‘{)@f (?@e@ty%%%aédunder

reduced pressure ord |'ow oOf |

95% . 'H NNROG@Q)IYC-BCEEWI’IB@ (148 mby sqlhtlorm)anhyd@gs M@m@' %9 ynderaz. 77 (t,
2H,J |F§Qerkgt8§$pger% (a@flocfnpﬁmﬂeéﬁhre 4788 dby THP Boiutlorr (R8It (54 62 (d,

2H, J
4,5,6,7- ’rﬁet r@ﬁy@bmﬂwaﬂiptﬂ-’tﬁl%i-aZWMC@I£&DEB@h2ﬂB&eWb@<M@Q'd(4act i vat ed)

3. 36 was, | 90 °
E4 5, 69)7 tetraﬁpﬁ&%yraﬂgg?@_?@ %yﬁﬁss déh ?nﬁhe%)@%%? 006(3)176133I o 20aﬁd

refl uxed forand EtsN (4.18 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 (1.89 mL) and DMAP (123 mg) in one portion. The

20  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. 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).

25  Freshly activated Zn dust (22.5 g) was added rapidly with 0.5 M phosphate buffer
(pH 6.5, 155 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 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

30 °Cand 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 column chromatography. After adsorbing, the
column was eluted with H,O — MeCN (1/0 - 9/1). The combined fractions were
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under a nitrogen atnosphere. The reaction m xture was filtered through a
pad of Celite. The filtrate was reduced under reduced pressure. The

resi due wae oafpopd2red to silica gel colum chronat ography, PCRarsod/s28€ 0l um
was eluted with n-hexane - AcOEt (2/1 - 1/2). The titled conpound was
obt ained as pale yellow oil (510 nmg, 30 77%. '"H NVR (CDCI3) 81.90 (m
2H),2.10(m2H) 2.84 (t, 2H, J =6.4 Hz), 4.23 (t, 2H, J = 6.2 Hz),

o 5. B R R e

yl met hyl ene)assa yéliow-amerphouscsatitl 6848 mg(R9eppH Z-8ne- 2- car boxyl i ¢ aci d, sodi um

salt 4,5,6,7-Tetr QRY L az ol rd g Ne- 21 Car

5 added to the dr@aégétgﬁaﬁi I@h%lﬁ@?gs%?%p‘iﬁb%q)og'@a(h%gr?gjg?fl%/g 2 81
g) under a (hi2H, dgen4dz)ypdaphés, dHut6.29EM1HRHE0 & @He. The dry THE sol ution
(48 nlL) af (5R

68)-6-br§m) 7- 0X0-4-thi a- 1- azabi cycl o%ﬂ%p-ﬁ-gnept 2-ene-2-carboxylic acid 4
ni trobenzyl ester (cont. 97% (1.28 g) was added to the mxture, cooI ed to
-20 C, and E 3N .

was cover ed = g e . ;

stirred for 2 iﬂne’:th reae -E-tniadl-aiam z hepBRichedn bkﬂﬁ: é__ﬁéo m and
DVAP (40 ng) 1 n one portion. The reactlop m xture was warned to 0 C and
stirred for 16 h at 0 C. The mixture wasdltdi| uted with et hyl acetate and
washed wigth 5%citric acid agueous solution, saturated sodium hydrogen
carbonate, water and br| ne. The organl C Iayer was dried (MgSO™4) 15 and
filtered. Thitepil:iTetnabyd) Fh2rcllle2i3loxadiazplongced pressure. The residue
was di ssolved in THE (35 m.) and acetonl trile (16 nL). Freshly activated
Zn dust (7.43 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 51
m.). The rea@@nmmméteémlwasdwmzda 29)were atided to tag £LQd@1 mlyBelutigmef

reaction m § ﬁ'@ﬁ e. The

reaction 20 %H?ﬁg?@%m%?é@g?’f@r%ng‘% hnﬁﬁ%ﬁﬁgﬁnﬁaﬁ Fb%teq |('t§)gmj%' f? ;h;t e was

washed vi& h mdwgdlutlomomsamraated witheCllsftleanssonganiedayen was wgahed with bt  aqueous

| ayer was c e ngﬁé ﬁhd% iiiﬂmc The

m xture vvasoﬁrl(')n@g% eg\{asg rféa N%ﬁ \I/‘]\gg%ﬂﬁ]ggﬁq%% & =8 E:éesﬁ%"r%e;(tg e was

appl i ed to Caffarderude-(28S§- 1@tﬁrosop|pend|ne-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

20 °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 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 (CDCl5) & 1.93 = 1.99 (m, 2H), 2.08 — 2.15 (m, 2H), 2.65 (t, 2H, J =

25 6.5Hz),4.26 (1, 2H, J= 6.1 Hz).

Step 2: 4,5,6,7-Tetrahydropyrazolo[1,5-a]pyridine-2-carboxylic acid ethylester:

Ethyl propiolate (804 mg) was added to the o-xylene (15 mL) solution of

30 tetrahydropyridino[1,2-c][1,2,3]oxadiazolone (1.04 g) under a nitrogen atmosphere
and refluxed for 16 h. The solution was concentrated under a reduced pressure.

The residue was applied to silica gel column chromatography, then the column was
eluted with n-hexane - AcOEt (2/1 — 1/1). The titled compound was obtained as
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m., Mtsubishi Kasei Co. Ltd.) resin colum chromat ography. After
adsorbing, the 25 colum was eluted with H20- MeCN (1/0 - 85/15). The
conbi ned wpasidxams were concentrated under hi gh vacuum aPCIAISE/anas

| yophilized to give the title conmpound as a yell ow anorphous solid (427
ng, 41 % pH 7.7). M 190 C (dec); 1H NWR (D20) 51.67 -1.71 (m 2H), 1.85
-189(m2H) 2.64 (t, 2H, J =6.3 Hz), 3.97 (t, 2H, J = 6.1 Hz), 5.97

I(DEZT/ 6803 / 13 o&,gga(ﬁﬁ')@qgl@s@ %g(ﬁ étqs gﬁ ]tgt:r_gﬁydropyrazgﬁa’ﬁ % a']_rgyrrdrne carBoxy ol

(iSR) (62) - ga(c|7d é{h%lfeslterﬁrva@@btﬁnédf’s ﬁelb&ldrﬂb#ﬂh@; Qe%t)lftzo[ 10|2 5 )
a] pyrazi n-2-yl met hyl ene 0XQ-4-t hi c .2 t-2-ene-2-car
oxylic acid sodi u f%(cgféﬁ &11.3% (t hﬁx?&% %%@?%ﬁr%%?rzeog

H pvrazi n- 2-( ﬁﬂ@r%fz’ébqt taH, | e 6CPARP WD WasH R e[2 eR),i4139 e 8= way HeY,

S. Raj appa and B. G Advani (Tetrahedron. 1973, 29, 1299-1 2) Step 2:

5- Am no- I-mﬁﬁ%%é"% di hvdro-1 H pyrazin-2-one 15 A m xture of

5-met hoxy- 1- net hyl - 3, 6- di hydr o- 1H pyrazin-2-one (2.3 g) and anmoni um

chl oride (936 et hanol (32 ni.) was st| rred at roomtenperature
for 1 h and St%E dgtraydr d1 YRIIEIANGS s cool ed to room

t enperature and evaporat ed under reduced pressure The resi due was
triturated wth chloroformat roomtenperature f m n. The precipitate

was filtered of f dAEOHOORY Bd) was\added totthe T#Fa(ﬁﬁthi SﬁMlﬂ@uOfé'deu(%p ro-1

H pyr aziqgy 2- I g | pakdg M@g?jerpﬁ RErest ohfhdmperaiie, %@H%Séb 79,
669 . A1s®el uﬂb@nw 5- gnL‘{PlEo- b -@%65%'}1 dro-1H pyéégzr n-2- 0

hydr ochl or i detraeseryyazgle{1 ﬁeﬁ]ﬁﬁlﬁ’me 'E@rbﬁ&)"cvﬁ%d sthykast Ebﬁ%ma}sg’laﬁrﬁdded

car bonat e a%%ﬁé‘%u%défdn%daéﬂng@ foPN@ dth66m Ibhpéatlird @hd4G% Riah 48t.cODTRdhe
m xture was concentrated under reduced 25 pressure. The residue was

triturated vinbdrenvas slusReied1Biin) 1 anelLnbiChatorH (2 apt)stingd fopolm™t ekt ure
for 30 min. ¢ eFHt@r%' pi sérfdeK;/@e‘s fubs tRHed t9ftr°1e ABfiSH ltcsi‘@ouu@t ACHe08 anlihﬁeH

conpound was obtal ned as pa brown powder (515 , quantitative
(D|VBO. delo 8 mixgge (was 3p<y'actgd gv;th(écOlgH) The sgrggric Iquar wag) dge@dMgSQ and
- Met hyl - 6- opiredy. 6. FHé- fighfcA4dr QmicBhtAAE® uhlerl rédURel afe8find to afford titled
compound as pale yellow oil (691 mg, 95%).
'H NMR (CDCl3) & 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

20 (s, 1H).

Step 4: 4,5,6,7-Tetrahydropyrazoloj1,5-alpyridine-2-carbaldehyde

MnO, (activated) (3.36 g) was added to the CHCI; (44 mL) solution of
25 (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 filtrate was reduced under reduced pressure. The residue was applied
to silica gel column chromatography, then the column was eluted with n-hexane -
AcOEt (2/1 - 1/2). The titled compound was obtained as pale yellow oil (510 mg,
30 77%).
'"H NMR (CDCl;) 5 1.90 (m, 2H), 2.10 (m, 2H), 2.84 (t, 2H, J = 6.4 Hz), 4.23
(t, 2H, J = 6.2 Hz), 6.52 (s, 1H), 9.92 (s, 1H).
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car bal dehyde and

7- Met hyl - 6- oxo-5, 6, 7, 8-tetrahvdro-i m dazo[ 1, 2- a] pyrazi ne- 3- car bal dehyde
The sol utworns©$322% br ono- 3-i sopr opoxy-propenal (1.3 g) in acy/soxinemtrile
(60 mL) 72 WO 03/093279 PCT/US03/13428 was added to the solution of

5-am no- 1- net hyl - 3, 6-di hydro- 1H pyrazin-2-one (782 ng) in dry acetonitrile
(60 m-) at roomtenperature. The reaction mxture was stirred at room

Lemper at ure dygy ¢ ggg;ﬁ%ﬂ KLl 4o Rfuc BBty b Apthdhon, v or uxed for
2 h. The re hen 5

evapor at ed ; i bi s pdi2eenca2-cd ylic @gid, sodivinyr of or m
(10nL) and washed vmth 50% K2CO3 aqueous sol utlon (10rrL) The aqueous | ayer
was extract ith chloroform The organic |ayer was dried (MJSO4) and
filtered. The filatg @rer enms]ympyrazeib[elcB-a]ngMine-EdJadﬂlqnlwdem&s.mg‘h&as esi due

vl\\//g&az)ggljeg) tdggd goo{hlg cﬁy %ﬁFtPW |l§ {E@l rgt')rséﬂg g)(rg%ﬁ)lb drgJ]deSIIBI"ét(Fr‘.%Vg\;'i)hﬂdquCI 3 -

7- Met hy: 6- ommg@n&trlﬂoﬁpneeé atlopdr emiperalazo THe &yélll-ﬂi'scauuamemamma:fbﬁﬂedlehyde
as a pale sol i 5 | SO Met

6- oxop5 6, )7/%84)%\,\{?@5\%%?% ﬂrjﬁ" ﬁa%cﬁdﬁ/%ap?&g?m%e%e %%QSXME{?/C 43s aypal e
yel |l ow sol iritrdbbABylnsgter 160@%7%)7(4 mtg)WasEaddmtcStrﬁ niix@rd, e:bokebyolFBG P@j dazo
[2&0 2 2] gﬁr ?ZI %%19%“ aa%é) gdﬁdgﬂ in on@ %)gtctrg i’_ﬁsgctlon vessel \ﬂ/as cov'éq'éd 4.68 (s,

7- Met hyl196- cwamfauﬁ;axoafdeebhahsrdemaaﬁommgrb\ﬁawqtmpdaanmbas-mrcbahdehyde: 1H
NMR ( CDCl 3)

9.73 (s, %eat@{@& écétl(:%léq\ycglgg@ Gé mL) a'?"?d DIaAB?Mé nig) |n|_p>né port|§nz. ﬁ%e 1H
FAcet oxy- ( 7- ré&&tby&|m|ﬁtuﬁé<Wa5Mﬁrrﬁechd @tC ahy dtirved iﬂsr da:hQitD 2. ZBe mixture was
?IZE)yr azi n- 2- cf[ iy egéqnﬁm %Ly{laﬂegt o] \&?%%tvg‘htg% C|tr|c aclgl aque s so]iu?t‘o% soatlﬁlr% % 2-ene

car boxyl
7- Met hyl - 6- axodium hydfoderi @trbediatel,rwatemniamme[ 1TRe adgayicaayenewad-deiad fdy8ehly de

319 dt h [ t t | ut f hyd
B 2 (286 ) BiRgbr The RirEI e CeADepra FRO s T of ure. “The dry
-Els_g)E ZOlbut ion (32 Z?e{fbs@iu?ffvaé Qissolved i in THF 5350mlr_]) and z;cetonltnle (16 mL). »
rono 0 cl o[ 3. rbo aci
ah tro bendyPR peelesiEn 1 (s Shias atod BREPHIGT 0BT pBatRel Bierso &
and triethyprars. 5l,€51(rﬁL)50Thb Tgactios vestdbwas bovened with fdilao exdibée lighictThen vessel

:cNgf goxe;s d rg%\ét@na{wggulre ;[Ngs ?,fé%rolfgﬁ, Stll’l’gg tfor 1-%1 ﬁ ?o%% emperatunteur ?‘he reac?t Lrred

20  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 (105
mL, Mitsubishi Kasei Co. Ltd.) resin column chromatography. After adsorbing, the
25  column was eluted with H,O — MeCN (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 (t, 2H, J=6.3 Hz), 3.97 (t, 2H, J=6.1 Hz), 5.97 (s, 1H), 6.25 (s, 1H), 6.85 (s,
30 1H), 6.88 (s, 1H).
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treated with 4-di net hyl am nopyridine (44 ng) and acetic anhydride (0.35
m-) in one 30 portion. The reaction mxture was warnmed to O C and stirred
for 20 h WD 00B@32The m xture was diluted with ethyl acetateTarsd3/Hag After
separating organic |layer, the aqueous |ayer was extracted with ethyl
acetate. The organic | ayers were conbined and washed with 5%citric acid
aqueous solution and brine. The organic |ayer was 73 WO 03/093279

PCT/ US03/ 13428 dried (MJSX) and filtered. The filtrate was concentrated
under reduced pressure. The residue was applied to silica gel colum
chromat ography, then eluted with chl gkghple0 The titl e conpound was

obt ai ned as diastereo m xture (yellow anorphous solid ; 410 ng, 38%. 5 1H
NVR (8, CDCI3) 2.03 (s, 0.7 x 3 H, 2.09 (s, 0.3 x 3H), 3.15 (s, 3H),

4.59-4.62 (m ﬂsfb?(o(§6 7% t%tﬁah ai}o-uﬁndaﬁo 1dz 1H J

= 13.5 Hz), ) :

13.5 Hz) P 6. g]mg_m;a-vlmeimvlenew axopfithia-1- . -Glle-thaqua(yilckD
6.83 (s, 0.3 x 1 H), 6.86 (s, 03X|J'Qd| s, 0.7 x 1 H, 7.44 (s,
0.3 x 1 H, 7.47 (s, 0.7 x | H, 2H, J = 8.6 Hz), 7.61 (d,

03x2HJ:1086Hz)824(d 2HJ 86Hz) Step 5:

(5R), (62) - 6§t il ,dazol |, 2-al pvrazi n- 2-

yl met hyl ene)= 3 ne- 2- carboxylic acid
SOdI um salt and (5R) (6E)-6-(7- I\/bt hyl - 6- oxo 5,6, 7, 8-tetrahvdro-im dazoFl, 2

aI pvr azi1|q- z-U]e&E‘FH;?Pm%)JE“’z- O%?&Fﬁl?ﬁrﬁ‘ﬂ PR y%flsolézgagp%aﬂcéth 5‘ dg?]ré' 2-carb
oxylic aci dTetrshednors 973, ZR128R3p02)6-

[ Acet oxy- ( 7- net hyl - 6- oxo-5, 6, 7, 8-t et rahydro-i m dazo[ 1, 2- a] pyrazi n-2-yl) -

met hyl ] - 6- br onp- 7- 0xo0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c

aci d 4-ni t r cstep @0 5YAmBRI-SndthPii3 6uiihwire-1ti-pprakirePlone THE (6.7 nl-) and
acetonitrile (3.1 n). 20 Freshly activated Zn dust (1.92 g) and 0.5 M
phosphate buffer (pH 6.5, 9.9 m-) were added to the m xture. The reaction
vessel wiss qmm&@fg %ﬁ/i&rhetﬂ'\@i()hﬂr@emw&ﬁ wfdmydiriog'm pyr’é;brng -2- mea(z:is gpard xlt ure was
vigorously stirre r omte AL ion .solutjion was
i sed i ¢ AR Eedsd o) T ERARP LT YRR SRR e
was hgg wi t Ih fgm frandnAert F&Iuﬁé&%@gg I w@redaw? Bﬁ@@gaﬁefscboo'ﬁdetoaqmrﬁous | ayer
was cooled to was a to a

m xture was e@@ﬁ@é‘r‘f@@@%@r}faﬂ?ﬁgﬁ Lrndshr%eﬁﬂﬁeafufgsj% fﬁggﬂﬁa‘mt”tﬁ?l%"e The
resi due was §igPgHidroffim at room temperature for 30 min. The precipitate was filtered off and

20 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-methyi-3,6-dihydro-1H-pyrazin-2-one hydrochloride (662mg)
in methanol (10 mL) was added 10% potassium carbonate aqueous solution at 00
and then stirred for 40 min at 00. The mixture was concentrated under reduced

25 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 (515 mg, quantitative).

'H NMR (DMSO-d°) 5 2.88 (s, 3H), 3.94 (s, 2H), 4.42 (s, 2H).

30 Step 3: 7-Methyl-6-0x0-5,6,7,8-tetrahydro-imidazo [1,2-a]pyrazine-2-
carbaldehyde and 7-Methyi-6-0x0-5,6,7,8-tetrahydro-imidazo[1.2-a

carbaldehyde
The solution of 2-bromo-3-isopropoxy-propenal (1.3 g) in dry acetonitrile (60 mL)

razine-3-

72



by the preparative HPLC (Inertsil ODS-2, G Science Inc., 10 x 250 mm 0. 05
nol /L phosphate buffer (pH 7.1) : CH3CN =93 : 7, 4.0 nL/mn.). The

separ at edwbriaotizans of (5R), (6Z)-6-(7-Met hyl - 6- 0xo-5, 6, PCT/US03/13428
7,8-tetrahydro-i m dazo[ 1, 2-a]pyrazin-2-ylnethylene)-7 30

0X0-4-thi a- 1-aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid sodiumsalt and
(5R), (6E)- 6-(7-Methyl -6-0x0-5,6, 7,

8-tetrahydro- | m dazo

t hi a- 1- aza- Byasyadd 1 & qt}h'ﬁ%ragléarr'}@“% dﬁ?thgggg?ygﬁﬁéﬂfﬂzlﬂﬁ "00% {"8&%r e

cool ed to 3 ng) naael/ éce%rh{ﬁ (e _}éatﬂekﬁﬁhtemp'éﬂatu@ phbtr@ao%oﬂnﬂﬁams vely.
Each sol utlon vvas 74 WO 03/ 093279_PCT/ US03/

d hi gh
vacuum at 35tired hroentismnertiia far 4R 8. agssdi '?é“(‘l)‘ﬁ ammea( h;arﬁtﬂ un er ig

l\/lht Sub: shi Kéﬁﬁ.ﬁ(kald@?rzd hi dﬁ? r@atﬁtidh rﬁi&tjdﬂéfﬂ/aQbb@éﬁtd;gfoﬁplbmpeﬁéthl%rand&démr bi n%,
e COo urm was el ute W wat er an en t acC nit wat er The
combi ned®f r &YEPYAted e [ESINER RIGSSHE t ﬁ?ﬁ’ﬁ%é? c@ r°2°

| yophi | hfg% ﬁ?rgﬁ Qig/\?a;éﬂl\}égtv&tl'f 5% K2CO3 a%ueous stoluttlon (10mL) The aqueous Iayer
conmpoun - 6- etra
a] pyr azi n- 2 WasRrAGtes it chl 9f8"ﬁ t 1e0rgans —VSTE’?%B\E; ?"ég%%’ﬁéﬁa["ﬁéf&ﬂe 2-carb
oxylic acid Th%qﬂkkawmletvap@rattmdbmdae@pmem SThe ebs{dldwasappidd b % M
115-117 C (dec)) and conp

(6E) - 6- ( 7- w@alwgebcqiwan@h@mtsgréew A e iithEEGh T, MeQii§97P a3} tg-obtain
yl met hyligne)tnd tlﬂg@orﬂ?édﬁﬁ—%ﬂijﬁswxém wBQeﬂa&hhﬁpﬁndazoemez-a]pyﬁthewl ic acid

sodiumsalt 10 as | ow anorphous solid (1 r
Conpound carbaldehyde as a pale yg llow solid (541 mé 499 1n;9 ) and |ts r@glo Somer T7 II\Xe?hyX

(5R), (62) - 6-¢- axd\@tsfws teﬁrahy&nﬁnﬁdaéoﬂ 1-8Jp @szrmcaraaldaﬁydelasza pAIBWERAN N- 2-

yl met hyl ene) - 7- oxo- -thla aza- blcyclo 2. 0] hept - 2-ene- 2-carboxylic acid
sodi um saltSOhmmRﬂga @%@)) 2.99 (s, 3H), 4.54 (s, 2H) 4.66 (s, 2H), 6.38

(s, 1H), 6. 875M(e’éhyl 6—’bxb’)5 6 689c@trél$yd10 h‘hldazo7 @a]b?razihe@car&ﬁd@ﬁymounNMR
( 5R) ( 6E) - 6- tetr

I\/Eth:)t/ 0X0- ro-imdazo razin-2- vyl
oty o) - ACE 8 1 . S ACHIs 261 48 B, Siihorb8 b8 3k LI P17 o
?gd' lig Sg' ZSWWN&O&)% @?@tegsl%ﬂjr&-ﬁmdé’i@n 2%36;5&.% 3?dd}baldleh‘§§e (“ﬂ Nl@kl) 6. 22
Prepar ati on (@1DQI:5I§)3( Bgs, 6HY.64.70 (5 ﬂb‘bﬁdﬁmﬁv BN} aZ-82 &8 SHJ) @I7T’31(S41_L|’t|)h| a2| n- 2-

yl (rjrgt hyl elnte) ZSOXO -t hi a-1-azabi cycl ol 3. 2. A hept - 2- ene- 2- car boxyl i ¢ aci d,
sodi um sal t:

20

carboxylic acid 4-nitro-benzyl ester

7-Methyl-6-0x0-5,6,7,8-tetrahydro-imidazo [1,2-a]pyrazine-2-carbaldehyde
(319 mg) was added to the dry acetonitrile (32 mL) solution of anhydrous MgBr, (786
mg) under a nitrogen atmosphere at room temperature. The dry THF solution (32
25 mL) of (5R, 6S)-6-bromo-7-oxo0-4-thia-1-aza-bicyclo[3.2.0jhept-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
30 portion. The 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
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Step 1: (3R)-Thi onorpholi ne-3-carboxylic acid The titled conpound was
prepared in the sanme way of Shiraiwa and co- workers (Biosci. Biotechnol.

Bi ochem w098/098329 2382-2387). 30 Step 2: PCT/US03/13428

3- Oxo0-3a, 4,6, 7-tetrahydro- 3H 2-oxa-5-thi a-1 -aza-7a-azoni oi ndenide 75 WD
03/ 093279 PCT/ US03/13428 NaNO2 (3.14 g) was added to the 1 nol/L HC (33.7
m.) solution of (3R) thi om)rphol i ne-3-carboxylic acid (4.96 g) under a
nitrogen at T

extracted vﬁﬁggﬁéﬁéﬁ f %'9? 5@3‘3 f't agéj‘(')vfragacr’ﬁ%e%t ?ded&%ﬁgg%écﬁgr&%? h

bri ne. The nihd nesidueasasdpphzd Mmamsmumndhmmmmpm dhierbelutad avithr educed

bl o yel | ow SSES e Ghpublg oAl QA Sma ERRIBK 0 (51 he™

THE (169 nl -gmaphots solid ; @f10angiB8%)3R) - 4- ni t r osot hi onor phol i ne- 3- car boxylic

17 h at Foom 1 EhpBPERPECHRIG, of kot ia e aandi pdeds MakP 450 0cea

pressure. Then,2eR) 4166 ($)@s3 ARPl),i 467 (soOS?b& 2dn 5@8 (d, tid) LaT 3chEUB gd,cply,

o otnd vt B3 HeE 4B DR 01014 5 BE0E 0 6, 0 5 B B2 G etpa 3)

5 3.15 (t, 24#), 8.32 (5, &7 Kz)H), 883 1s,(0s3 xZH),,68'6(340(3tx1El)-|71D(s 675(1H-)Iz7 4415

cstor eyl Cphag Bar @G D Rl ateel, PESEHR TR YR R4S bt o
of 3- oxi@ 3a8.6 Hz),B.24(d, @kl dr=08.81Hz}- oxa- 5-t hi a- 1- aza- 7a- azoni Oi ndem de (3.41

g) under a 20 nitrogen atnosphere and refluxed for 15 h. The sol uti on was
concentrated under a reduced pressure. The residue was applied to silica

gel colum C@Ieﬁ@{(@ﬂ[,%'%ﬂ -Méa1-6-0R0BH, PIBVRR @.ldamﬁdazu ' - AcCEt
(2/1 -1/1). e titlhe corrpound was _obt al ned 68%) ,
and the ot heyimethyene)7-pxa;dsthia-daga-bicvelo[3.2.01h

di hydr o- 4H pg(;@gm Y LN Afdrd-iffidido[£31 er was
obt ai ned as . H X 3H, J =
7.1 Hz) ,183. calpyrazi ylene 4-ghia¢kcaza-bic clo320]he&2-ene-2-carboxvllc

acid sodium salt
(5R, 6RS)- 6- [Acetoxy-(7-methyl-6-ox0-5,6,7,8-tetrahydro-imidazo[1,2-a]pyrazin-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 (481 mg) was dissolved in THF (6.7 mL) and acetonitrile (3.1 mL).

20  Freshly activated Zn dust (1.92 g) and 0.5 M phosphate buffer (pH 6.5, 9.9 mL) were
added to the mixture. The reaction vessel was covered with foil to exclude light. The
reaction mixture 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

25 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 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-6-0x0-5,6,7,8-tetrahydro-imidazo[ 1,2-a]pyrazin-2-ylmethylene)-7-

30 oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt and (5R),(6E)-
6-(7-Methyl-6-o0x0-5,6,7,8-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 were cooled to 3 °C
and 1 M NaOH was added to adjust pH to 8.0 respectively. Each solution was
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2H), 4.32 (q, 2H, J = 7.1 Hz), 4.40 (t, 2H, J =5.7 Hz), 6.54 (s, 1 H).
Step 4. (6, 7-D hvdro-4H pyrazol oF5, 1-cl Fl , 41t hi azi n- 2-yl ) met hanol 30 Li BH4
(cont. 90W® 03832 7Mg) and MeOH (0.9 m -) was added to the PHEUSBD13408 )

sol ution of 6, 7-di hydro-4H pyrazol o[ 5, 1-c] [ 1, 4] t hi azi ne- 2-car boxylic acid
ethyl ester (3.13 g) under a nitrogen atnosphere at roomtenperature and
stirred for 3 h 76 WO 03/ 093279 PCT/ US03/ 13428 at 40 C. The m xture was

quenched with 1 H SLir for at _ro t erat ure.
dorra kocos e Eri BidnEseE LErueRpetee Bas ApRRRLO BIRER o
was extract aqPpi (60 At OMitsubibiel Kas@iaTn. ¢td. presin suhamel cheehatd(RajB) Afier fil tered.
The filtrate .co centrated under reduce ressure rd title
conpound as 2950[Rild, tRAFQIYMN Yas e?@?é‘i"”@,waﬁeu Wi R I@F??éﬂ%"@)waéer gge( br,
zl1 E% (g OZH(domb?rkéd f-ﬂac‘ﬁoﬁs Wel&zdancantfated Slndé/l'Hi)gh \Aacﬁam 4tt35 *ZHandlyepHiizéd k)

6 7- D b o-aiVe B9 U9 GPEPRUTICRH 2 e Sl P RtiApuro- iRl 2

( gct7 I \ﬁ] egz Oe( 49ra£ﬁ-m;2rglwgmead;imxmihhe1 -6HChidy &ld[s)& .Ofhdp ;@émﬁ-ﬂ&arbmkyhc acid

ﬁefl uxedyf orsof'”“ﬁgﬂ aRef y %ﬁﬁuéﬁﬁgé?@m 341_41“% @qulﬁ 154% %i@gﬁ)’)é Wg

fi ljb gre gd ﬁ ggwggjmuagr ﬁild)rqezg) e@lMétByl 6lhvd-5, Bjﬁs-tﬁtnehysr?ls lmwaze[ntz a]pgndzmﬁier a
Chr onat ogr apiFeTRER- {1960 ddn i armgoutiBa M-S A BuRyic Rk iy po4

The titled cgmyyuuw@nvmph@jgt@mem mg ®.a1%) reepdativelgr ystals (1.78 g, 78%. 'H

HZN$ (GCDgg?’%S O@péfnd((g%%é (71Mgﬂ1yl %&%@é 7gg te(,trdhyg@ lhldaZOF'l -a]pyrazinﬂ =58
(5R) (62) - 6- (ﬁmémehéﬂvw&#tpwaazd bubﬁcld[sd O1hdptéLéte-2sarboRylic vt sodime) - 7-

0 7- Dt hylr o-Sel PYVHEGPApeD) 5% (5 ) 4y Ehea 2h d O (onPHE CnGut ik £ () was

25 added to ﬂhr)ee@by(sqp@t ¢ryot(§|1|4; (39 m.) sol ution of anhydrous MyBr2 (1.88

under a nitrogen atnp roomtenperature. The HE sol ution
??39 L) 1 (@mpognd (5R), (6E§) 6- (7 Methyl -6-0x0-5,6 r7rp8-tetrahydro |m|dazo[1)§ a)pyrazin-2-

ylmethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium
salt '"H NMR (8, D,O) 2.94 (s, 3H), 4.45 (s, 2H), 4.56 (s, 2H), 6.22 (s, 1H), 6.48 (s,
1H), 6.94 (s, 1H), 7.69 (s 1H).

20 Example 11

Preparation of (5R)(62)-6-(6,7-Dihydro-4H-pyrazolo[5.1-c][1.4]thiazin-2-
ylmethylene)-7-oxo-4-thia-1-azabicycio[3.2.0]hept-2-ene-2-carboxylic acid,
sodium salt:

25
Step 1: (3R)-Thiomorpholine-3-carboxylic acid

The titled compound was prepared in the same way of Shiraiwa and co-
workers (Biosci. Biotechnol. Biochem. 1998, 62, 2382-2387).
30
Step 2: 3-Oxo0-3a.4.6,7-tetrahydro-3H-2-oxa-5-thia-1-aza-7a-azonioindenide
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6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid 4-
ni trobenzyl ester (cont. 99.79% (1.93 g) was added to the m xture, cooled
to -20 C,wOoanm9Br8N (2.79 m-) was added in one portion. Poag/usexcieoHnN
vessel was covered 30 with foil to exclude light. The reaction m xture was
stirred for 3 h at -20 C and treated with acetic anhydride (0.94 nL) and
DVAP (61 ng) in one portion The reaction mxture was warned to 0 C and

stirred for 17 h 15@2\,\}&)&135& 2.1 rﬁb||/|9f-léij(3\91'ingécﬁ]Mﬂionacﬁ?@Rf-e and
ricC -aci

washed with 5% ci ueous so t| on, saturated 3/ 093279

PCT/ US03/ 13memomllmma+e9thoes mqph@tﬁﬁm)t@demaméfoggn@tm@snh@re " GrARANI ¢
llayer was dr; :JY?)%% ldHidt & Was Cemaqﬁélbf hed under
reduced pressure he Tesli ethv?/Qs fés;(ggg H\Iﬂh E&; S) -) o

acet oni tri | dayeBWamiwashedwisk hrige.adheveixeiee was dn%d oyer. %a)anﬁa@naeai@ie<ﬂ api dl y
with 0.55M Hi&RorpRBfiid-2RapesaR! Was
cover ed \?\A tﬁm %ﬂ%ﬁ%gedééfe%%e tnf’af(‘cﬂbic %e:s?%écmsr?tm x?lﬂﬁe was ?/l gg}?ousl y
stirred for atidGaspale yellwmrvﬁﬁlperature The reaction mixture was filtered

t hrough a pad of ae%iae hrigt Mo mcRlidog and

t he aqueous | ayer mgérggcit&ganégérF#a&%7\c’]@eous age(\rj\mv?/as cgﬁc? emgto 3 Cand 1
M NaOH was addadet(8RrdinitssothioraerpBoline-3rprrbaiylic @cld ungsr 2 siegnt AlPePhe® under
hi gh vacuu 3 t RN s diufickp0 i,
M t subi shi Iéqalse a(?gjsnl-{'%g fwﬁgpér)l %o Swrrﬁ%cﬂ?grrgo?gqg{?gqp%ﬁh tere adgor bi ng,
the collOm wesscoscenteatedvinder areducedmREUIE-0 TheS'S%'QlEG way ﬁépltﬁﬁﬁﬁﬁﬂiéﬂ gel
fractions xahél - Mggh 44 zed to
i ve the ti rreamuEERRgRE, e Bidn R it o ierdne AKOBLIN Se 0).
15 Mp 190 CQ/tedhe tutiwl wvnpc(tmm)aseomalogi 3 palerbrovsn efysta (13124)1 9@4%9 (s 2H) ,
4.22 (t, 2H, J =4 7

5 50 (s 11 Exaﬁ r{mﬁ@ngg) graeég a%HH) 563 A9, 651 &, M), 48486 25y =15 5 -

(5R) (62) - 7- BkD)- 6- (4H—5 thia-1, 6a-di azapent aI en- 2-yl met hyl ene) - 4-

thia-| -g%abi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid, sodiumsalt Step 1:

3- Oxo- 3a,” 4-di hydro 3H 6H 2- oxa- 5-thia-1-aza- 6a azom o- 3a- pent al en| de 25
Conc. HC G 43iinab RINEoXY

solution of L-thioproline (24.3 g) under a nltrogen at m)sphere at 0 C and
stirred for 2 h. The solution was extracted with CH2CI 2, organic |ayer was
dried over MySO4 Ethyi propiolate (2.33 g) was added to the o-xylene (72 mL) solution of 3-

oxo-3a,4,6,7-tetrahydro-3H-2-oxa-5-thia-1-aza-7a-azonioindenide (3.41 g) under a
20 nitrogen atmosphere and refluxed for 15 h. The solution was concentrated under a

reduced pressure. The residue was applied to silica gel column chromatography,
then the column was eluted with n-hexane - AcOEt (2/1 — 1/1). The titled compound
was 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
25  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).

Step 4: (6,7-Dihydro-4H-pyrazolo[5.1-c][1.41thiazin-2-yl)methanol

30
LiBH, (cont. 90%) (536 mg) and MeOH (0.9 mL) was added to the THF (59
mL) solution of 6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine-2-carboxylic acid ethyl
ester (3.13 g) under a nitrogen atmosphere at room temperature and stirred for 3 h
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and concentrated under reduced pressure to afford the crude N-nitroso
derivative as a yellow solid. 30 Trifluoroacetic anhydride (5.0 nL) was
added to wbhe39E7¢ 350 nL) solution of crude N-nitrosothi epraisesies4esder a
ni trogen atnosphere 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
col um chr omat ogr aphy, then the colum was eluted with n 78 WO 03/ 093279

PCT/ US03/ 13428 hexane - AcCEt : The t| ound was .obt ai ed as
a pal e browdt481°Cd Tpe mixtyre was QU%Che& W'tmﬂﬁn?%ﬁg?t 8’3”3 gsf'fregi‘?—ri fﬁ af

Hz), 5.40 (trporiemperature.’ $8HIM- Kgc@sﬁa%nao%led to the solutlon to adjust pH t08and the

4H 5- Thi a- 1, 6a- di azapent al en- 2-car OX\é c acid eth g&é;} grltorpl ol ate

(3.1 m) wadniXrRWas §xirariedwith AsQEL (T eommcs'at/%rtvv ( ng Al

4- di hydr o- 3HhebfittrAe0Nas &ﬁ&h@at%dqmeﬁae@a@all Eés@arepl@rﬁfﬁir@ﬁtlétﬁcérﬁp&l@) asinder

a nitrogen atnosphere and refluxed for 19 h. The solution was cooled to

room 10 f5en‘pR§|lea¥§5|P¥é’°<Hr(a5a(9nSHﬁ'? Nat ed under reduced pressure. The residue
was applied to si'HigaRIEDCS 54158 @JHMPW?W ,J EEnHE 8 80{su oA) was3
eluted with n-hexane - AcOEt d(4 titl'ed conpound was obtained as a
yel | ow sol i dt.@H, ¥ 5.7 4%).38§3 (d. 2 h'szﬁ-?l 8 Hzhi 804 ( éHbll azapent al en- 3- car boxyl i ¢
acid ethylester was obtained as pale vyellowcrystals (1.2 g, 21.7%. 15 'H
NI\/R(CDCI3) 5140(t 3H, J:71Hz) 411(d 2H J:21Hz) 4.40 (q,
2H, J = 7. ep 5: §,7>Dihvdro-4H-pyrazolo[5:1-cl{1.41thiazine balglehys p

(4H-5-Th ga 1 6a- di azapent al en- 2-yl ) net hanol 20 Li BH4 (cont. 90% (459 ny)
was added to the ether (126 niL) solution of 4H

5-t hi a- 1, 6a- di azapén@alastivatedatcibyn) waa@addedtp the GHGL (185mY) salwonobH
(0.77 nli) i xed
for ‘1.5 b, 1Be iDL pHasia AP gl a2y hRslRor) %’ﬁg g ‘fé“ﬁ‘éﬁ“é“t?’”ed
for 1 h at rlounderteeniyegen aiifreosmlrer@ mTRe ueactign snixuie was filkergd Eivogeh arad o
sodi um hydr qggpe Ifeoﬂﬁgt%t\ﬁé %Bﬂr@c@d %ﬂgers§9&fl.%é§§res§hﬁe AGHEESdLSWBE Was

extracted w d| chl orone anic layer was dried
(MySQO(ert5) ) anpdied ito tsiicadyel mb:mri plnrpmaéogm@hy, darc thet elurag Wﬁﬁdé‘#tqdewlli*&é”d

pressure. T | p

then the copﬁenxéﬁévas 9%’33@? p#‘lh@ﬂtéé&g{:&h#%e ?‘% %l%gaﬁgfeﬁ&ﬂgﬁﬁgy
(1.78 g, 78%).

"H NMR (CDCls) 5 3.15 (t, 2H, J = 5.8 Hz), 3.90 (s, 2H), 4.48 (t, 2H, J = 5.8

Hz), 6.58 (s, 1H), 9.92 (s, 1H).

20

Step 6: (5R)(62)-6-(6,7-Dihydro-4H-pyrazolo[5.1-c][1.4]thiazin-2-yimethylene)-7-
oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium sait

6,7-Dihydro-4H-pyrazolo[5,1-c][1,4]thiazine-2-carbaldehyde (841 mg) was

25 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 (SR,
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 Et;N (2.79 mL) was added in one portion. The reaction vessel was covered

30  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
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obtained as a pale yellow solid (1.7 g, 87.9%. 30 ' H NWR (CDCI3) 3 2.95
(t, 1 H J =56 Hz), 4.07 (s, 2H), 4.62 (d, 2H, J =5.1 Hz), 5. 13 (t, 1
H J = 1.WoHMap93282 04 (s, 1 H). Step 4: PCT/US03/13428

4H 5- Thi a- 1, 6a- di azapent al en- 2- car bal dehyde 79 WD 03/ 093279 PCT/ US03/ 13428
The dry dichl oromethane (8 m-) solution, of dinethylsulfoxide (2.2 nml-)
was added dropwi se to the dry dichloronmethane (110 m-) solution of oxalyl
chloride (2.0

.m - t -78C. Th t,i 0l 1%t ' ' t

Che same. { o UHE B Bereeatirnale. el T Dot i OraD e ok fed flgsgp™ "
(ﬁH- S5-thia- bnﬁf'ﬁﬁéi"eazammﬁlt;gtgm% qdn):@fﬁ_td\@omder(rédtmeg)p_rmsgeadded drog\é\@ se toI
the reaction mxtyre at - an L s _contjnue r ,an additiona
15 nmin. The react %ﬁ regidye was 9\5&§g\é€qu'8v\-'gﬁ:l {égm %°8{°-“ﬂ%'&(§§8‘@ti rred for 1
h. Tr : Iet hygan‘ﬁésm éctisl;at%d(r)zlrrdug\@snaggw& elddzaivia piellyalgitlh 0.5 Mplnmhaiedsurf]fe'r xt gr e
was al | oped t rm.t ter mn, saturate ni i de
sol ut i on®( Sépﬁp\:’?"%&”ﬂﬂa&ne f(efe%f’“rﬂ%%ggk)&éﬁse°°é{8f&8d”'ﬁh8" Oe%MeéﬁhgThgé aqueous
| ayer vvaﬁ Sxéa_i@iﬁh @tixturd \Jvas‘kgiglriﬁtouélgz snréé&fb_rms h Sfrrfwnc‘mnipigrqiufeor'glamtaactidaraéer S
were washed with wat -) _an rine ri an
filtered. THAXYHrS W?%ﬁ'éeré\fig"er%ﬂ?q gt Qa"tﬁ-ndﬁ\ﬂqﬁféag%&"@a V‘fﬂﬁﬁg%g}’}l\ﬁé%?]e resi due
vvi'as Spp! It ﬁ(écgﬂtéélhd e @gbaﬁg)lbmwmmte@r a{hrﬁguehmayérguasodammd tovds .
eluted w e - Ac ; : e compoun S i ned as
a yel | ow sol"FEoP"kglf(W‘za,OHei‘@érﬁdﬁ%& t%a#‘f\w‘k@ © |§?’eé“%{‘7‘?%wf‘§ F%&Q{?%za (d,
(Zgi?)‘(]6§)1@.74 &r{aén hiQZ&QCSL(mhaﬂ:SB?C. Q'SQQ:on(:éntrakT Whas gﬁ;ﬁlileﬁtteﬁ)i]ﬁon HP-21 (150 .

-7- Ox0-.6- -t hia- 1, Ga-di.azapent al en-2- t ene) - A-1 -1-
azabi cycl 01@1-2.'\8@1'859'-iﬁa-":@hngLtggrr%%Qﬁ&ﬁ@nfﬁwa@%@pﬁfﬂ ?ﬁﬁe{ a%%ogé‘lagcthg
ac e; olnijt L i g%o(u&l%aw?whs plusd wngi H%O gMétF\N 5*50 hsans)._esa‘hdi@:mp@ugadc&msmerle _ f
car bal dehyde : wa ed to t etinit e -). S ion o
MyBr 2 (5.% C%@g%d%n f%fgg‘d'@ﬁ”‘&?ﬁégﬁhéyaé‘giifw ez fo éeﬁ“&ttﬁﬁéz’ﬂﬁ’gHH‘i he
m xt urebvvas a;‘std( YSéngWGJSnerB&Js]éblim(W1 mg;ezz%ypﬁelm).( 184 m -) sol uti ondof .
-ni trobenz , - 8- br ol - te S an
Ito he m xt1§reywas d‘é%ﬂ%é Sé‘?eogolﬁwgg(bzo?g%&ﬁ??&%ﬁég?’ﬁ@g%ﬁﬁsﬁ ‘g'gaed in
one portion. Bre J=LREHAB.UEES aH), v8s7 ga;m;,@se W, 1R),fasd (sf oHpxcl ude |ight.
The reaction mxture was stirred for h at -20 C and

Example 12

20 Preparation of (5R)(62)-7-Ox0-6-(4H-5-thia-1,6a-diazapentalen-2-yimethyiene)-4-
thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

Step 1: 3-Oxo0-3a, 4-dihydro-3H, 6H-2-oxa-5-thia-1-aza-6a-azonio-3a-pentalenide

25 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 solid.

30 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-
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treated with 4-di nethylam no pyridine (138 ng) and acetic anhydride (2.1
m-) in one 30 portion. The reaction mxture was warnmed to O C and stirred
for 15 h wD030@279he 1 nol/L Citric acid aqueous sol uti oRCTAG0D13¥LE ) was
added to the reaction mxture and the aqueous |ayer was extracted with
ethyl acetate (3 x 400 nL). The conbined organic |layers were washed with
wat er, saturated sodi um hydrogen carbonate and 80 WO 03/ 093279

PCT/ US03/ 13 araé) rAé@ @r' ‘?d 'I(ngﬁgé)coﬁﬁgurﬁd \LV%&BS@“’]GE%% af bélé brdvin Y&a
concentrate pressure and crude

(5R) - 6- [ acet(4Xyg, (15H-/6>)-th| a- 1, 6a-di azapent al en-2-yl ) et hyl ] - 6-

D e AR ICHEE A PR By s e e O

activated Zn dust (19.3 g) was added rapidly with 0.5 nol/L phosphate
buffer ( e = f.crude (5R)-6-
[acetoxyg(4 ple -t y Qﬁgkg 7-0x0-4-thia-1-
azabicyclo [3. 2. O]hept 2- ene- 2- carboxyllc aC|d nltrobenzyl ester. The
reaction vessel covere foil Iude | i he .r.eac |on

i xture vas v gor%ﬁ?mwpi%atsﬂ?r bl W aaded 455 Sxens PLmPLRIER Srr

reaction soldxbizammdfo BHe®82-dar B tHd 1 @ zaBachzohio-pérealanide (4ho g[))addewas
washed with wa

but 2 |
separ at ed adiHeEs RHDSBIYRANG PIEH Molo i hacpblion e B Rgor <" S
phosphatie buéinpéralurélafd Zonckentratedl urider rebneed pressured H@HJI@GIdSIeN\wﬁ@'p@hgdafce

concentrated.to 9 dde to adj,u 0 and
applied to 1%%%?%@“%%”?%%@%&@%@“ UFEU%?SS%‘,W% ﬂ”’ amEtd ) col um
chr omat ogr apkgOEt (Af tipr Thd&lﬂé@b@ﬁpoﬁﬁwwd)btﬁiﬁed\las agjelibve dolisl (27 9\@4%3%pnd t hen

15% t tril t f t

concent  at e e HPgh & S BEARRTIAET 3E eatil SR TPt et BRI R AN ¢ | o

cgnp;)un(iHaSNN%Hng w02 §hdus%).sol i d (634 ng, 17.4% pH 7.25). 20 g/g (150 g:
ec s

I(-i), Cofd(s, 1 H)Q')'ld‘lMB (PQ%@ Sﬁ)% tR“%) )% 13@5?14&7(%’22'&’1‘68% Wﬂébé 40,858

le 2max A2 73%9%), é%(tn!zH .E&air@HQ) 3%1 @51iFy epar ati on of
(5R) (62)-6-(7H I m dazof 1, 2-clt hi azol - | met hyl ene) - 7- oxo-4-t hi a-

Step 3: (4H-5-Thia-1,6a-diazapentalen-2-yl)methanol

20 LiBH, (cont. 90%) (459 mg) was added to the ether (126 mL) solution of 4H-
5-thia-1,6a-diazapentalen-2-carboxylic acid ethylester (2.5 g) and MeOH (0.77 mL)
under a nitrogen atmosphere at room temperature, then refluxed for 1.5 h. The
mixture was quenched with 1 mol/L HCI (25 mL) and stirred for 1 h at room
temperature. The mixture was neutralized by saturated sodium hydrogen carbonate

25 solution and separated. The aqueous layer was extracted with dichloromethane (10
x 25 mL). 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 the column was eluted with AcOEt. The titled compound was
obtained as a pale yellow solid (1.7 g, 87.9%).

30 '"H NMR (CDCls) 6 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
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1- azabi cycl of 3. 2. A hept - 2- ene- 2-carboxylic acid, sodiumsalt Step 1:

Thi azolidin-4-one 30 The titled conpound was prepared in the sane way of
Marvi n Mwend/ogd2ren R Harkness. (Tetrahedron Letters. 1984/US8%13428
6971-6974). 81 WD 03/093279 PCT/ US03/ 13428 Step 2: Thiazolidi ne-4-thione
Lawesson's reagents (33.5 g) added to the solution of thiazolidin-4-one
(14.2 g) indry THE (690 m-) and the reaction m xture was refluxed for 2
h. The m xture 5 was cooled to roomtenperature and evaporat ed under
reduced pressure. The residue was triturated with CHCl 3: MeOH=7: 3 sol ution

(65 m-) at roomThergiedighleremethane Gomhy W'Uhﬂﬁ'é’fﬁﬂ@%thﬂﬁ‘t"ﬁitx@ev@@ mh)Was ed of f,
washed w th 95@1 ﬁr%bﬁ@%'}ﬁe'ary%lclﬁﬂ%%k%e(@'ﬁo L) %oléﬂ% Sl dx%@l ERlorRCE® The

t hi azoI i di ne- ne was obt'al ned as a yel | ow powd glo 7 g, 65%.
10 'H NWVR ( oDQia)y7&C4. Bhe (qactlgmlxtwew@qglrregﬁgrw ginegy the same emperafure.

4- Met hyl shi eng. By g cmbgdrﬂeth?h@(t@ rﬁLi\@lJfﬁbh df ?ﬂ#—@ﬁhi@z‘%éd&kaﬁmaléﬁ-@Ed to the

boi l'i ng soI ution I'azol i di ne- hi one .5 g) in chloroform (400
n), and t hell)rr@élmnlobm Hig wasaddad droeowna@dedher EﬁaCELOTBm'NﬁUfe'Pé -f&he. ardhct i on

m xture, %gﬁ'n'\g \*Q@CJRFIF&éCh%II’ %ﬁbﬂgnélg B g)T%aﬁ%erﬂlx{dt?e Was RGPS at

30-60 m n i Nt UXI ng d| tiona he reaction
m xture wasvarodbed5iCoanddinaddapéhat Tﬂ%hwé!l'h'@ﬁ (108eotveassadded deonvismard

aqueous sol %éﬁécﬂ&?%&d%wﬁ(@?@gg%’m@mt bid ! Wltef]%mﬂﬁgétﬁra%d HARHEnium

t enper at ur e er separatin organi c a er e aqueous [ayer was
extract ¢@ w@hrl@H(SbBltl()ll(ED lrmL) andsyvateo(wnhb) ww&wéidgd ﬂé@' gepayatsdnethe dri ed

(MgS™) and NCRNY ng}ﬁ’éj
and dried i ng#géﬁ%ggi&@%fe)g}écwﬁlﬂl he ttc(tgl e co'{r]rg)f)ﬁerill HBMB{%H?& ned ggeﬁfg\rmﬁ
oi | (11.0 g,laypiawerd washedNmith wetec(zgp raL)argbring, (2¢HnL), 3ired (MgSOzrand) = 3.5

Hz), 5.21 (tllte?ﬁ'ah %p%fllﬁ'aga \&ggc nc%ﬁtré §Rind rr@?ii@e%garb dré‘ 4rnéleSigheqas ne A

m xt ure of rot hi azo anmoni um chl ori de
(6.4 g) in dpplied twsnhﬂa qaooiurﬂn-wmmtogr@phmben therco .rswas elptasl wihct i on
15  hexane — AcOEt (1:1). The titled compound was obtained as a yellow solid (1.7 g,
quant.).
"H NMR (CDCls) 8 4.13 (s, 2H), 5.26 (d, 2H, J = 1.4 Hz), 6.59 (s, 1H), 9.90

(s, TH).

20 Step 5; (5R)(62)-7-Ox0-6-(4H-5-thia-1,6a-diazapentalen-2-ylmethylene)-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt
The dry acetonitrile (92 mL) solution of 4H-5-thia-1,6a-diazapentalen-2-
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
25 10 min. The dry THF (184 mL) solution of p-nitrobenzyl (5R, 6S)-6-bromopenem-3-
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 to 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
30 portion. The reaction mixture was warmed to 0 °C and stirred for 15 hat 0 °C. The
1mol/L Citric acid 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
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30 m xture was cooled to roomtenperature and evaporated under reduced
pressure. The residue was dissolved in chloroform (300 m-) and 10%

pot assi urwoasihmat e aqueous solution (200 nmL), then stirPed/ S0/ 1328 m n at
roomtenperature. After separating organic |layer, the aqueous |ayer was
extracted with chloroform (100 nL x 82 WO 03/093279 PCT/ US03/ 13428 5).
Organi ¢ Iayers were conbi ned, dried (MgSO4) and filtered. The filtrate was

concentrate e-and. dried i t rude
O o e REAEE Rl 781 TR e o AR P
product, Whip@é’ssUEe and eLbeX3R)- Giﬁrcetoay4(4/l$5ethld-1 6a-diazapentalen-2-yl)methyl]- 6-
4- met hyl t hi S-di hy i azpl e t he st iLal The 5
ratio of t hg’é%m ‘g{h‘ﬁ)g %%%@E’Fﬂf%gae tzo aﬁ%&’ﬁqgﬁg&ﬁt@ﬁé‘%ﬂ vel y
a)z/) H- g{\/R ?té?ﬁs(o@%@ﬂaﬁgbrﬁi&hémorpﬂbm solid. 2. 8 Hz), 4.97 (t, 2:—I t J = 2f 9
) - i solution o
2- br omo- 3-i sopro &Vﬁf% WRtgd %"6‘5‘{?@9 # ) \Hﬁ/g%(i c{ %ﬁw hl&??é@”‘ ) was
added to t he‘phsgbhdte bnff@‘f(pHrGJSlGI Othle)ztoltheJT HF 4100 mipswationms cfBled5§)-6i n dry
acetonltrll t o o was stirred
room ﬁ%‘g u(Té)? g]’ i% %&'%’YI 'B?tﬁylﬂ'é%??ﬁ'éooino ‘ﬁ_lﬁ gnd t hen
;ﬁL' then 28223?%"3%ngbsa@e%mw“ﬁfﬂm?hme roc due ““"‘e““"*’” od'in
di chl or onet Wgﬁ%eq(“@é(foﬁir)ed%@qﬁg@n%%ﬂ\af? ght. s fag be@gﬁggmiﬁ?rﬁag r@ﬁ“ queous
sol ut i ono( 2Qtigpd fokf2. Bh at rddni &mmeratare]  The seatibosolutidheasi fitered thrbughea was
ext st e 1 U0 OB RS S o o o DTS eoklBLE
conbi ned, d i ate “under
r ﬁdUCEd pr eﬂ?er&ueﬁwlalyémﬁkleepwaedppd theth the oigodglazlaygevasomdtmuhed with 0.5
chr omat ogr ap
| mi dazo[ 1, 2 'E%/qu’é’fB{’ uﬁﬁ? {?5‘ %5%6305’260154 OW%‘B%? é&ue@é%&sd\&g%r oduct
was re- crysjopténtrest tovwmg, Ffrnaiio NEEIH Jvas anidbetcamguétlﬁt to 80 2abd aﬁpltézd t80: 60) at
O6Con® 95'° SRR BHRL iRuBR RS O SR b ighilSan® * ©
Hz), 7. 6_3 ( Aftet addorbing, 8113 c(d&;mriwbb eIu&toBﬂtfﬁWat(eBRM thén-16% Zebtomitritaz o
1, 2-clthiaz Oelqueozs gqutrl] ?‘ﬁ% com |ned actlve fa actions were concentrated under high
vacuum at 35°C and lyophilized to give the title compound as a yellow amorphous
solid (634 mg, 17.4%, pH 7.25).
20 Mp 150 °C (dec); 'H NMR (D,0) 64.00 (s, 2H), 5.09 (s, 2H), 6.14 (s, 1H),
6.36 (s, 1H), 6.91 (s, 1H), 6.92 (s, 1H); IR (KBr) 3381, 1752, 1683, 1600, 1558 cm™;
AT (H,0) 292, 196 nm.

Example 13
25
Preparation of (6R)(62)-6-(7 H-Imidazo[1,2-c]thiazol-2- -7-0x0-4-thia-

1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium sait

Step 1: Thiazolidin-4-one
30
The titled compound was prepared in the same way of Marvin M. and Allen

R. Harkness. (Tetrahedron Letters. 1994, 35, 6971-6974).
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azabi cycl o 30 13. 2. 0lhept-2-ene-2-carboxylic acid, sodiumsalt

7H 1 m dazo[ 1, 2-c] t hi azol e- 2- car bal dehyde (841 ngy) was added to the dry

acet oni t rwbe34328 nlL) sol uti on of anhydrous MyBr2 (2.93 gpcuns$es/1:28i trogen
83 WD 03/093279 PCT/ US03/ 13428 atnosphere at roomtenperature. The dry THE
solution (116 nL) of (5R, 6S)-6-

br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid
4-nitrobenzyl (i_siﬁr iﬁg 139 799 (2.51 g) was added to the m xture,

cool ed to - 2pER=: Z m.) was added in one portion. The reaction
vessel was covered with foil to 5 exclude light. The reaction mxture was
stirred for 4 h gt -20 C and tr etic .anhydride and
DVAP (160 mg) in ﬁ?i‘r?r“tﬁqe“‘f*ﬁgﬁ-s@é@?ia%#°at selgpen &gtg qlﬂ(sé (g}é and
stirred for gh%n BryatHmPO (@80 nMibieard thé %&timmiﬂhdeuﬁaﬂeﬂwddfoez hlelm:mbdure and
washed wi_ith 5%citrjc acid a saturated . sodi um q.fdrogen

car bonat 8, WASHOOGIHOEPPR em%ﬁ@%&? gane Xaqoéégfi upder rgeviess RIResrs) 16 and
filtered. Thasifiid Wagtrtutdsd WIENCHOLIME@H=Tt8delutioe (BEml) prressitemperBinger esi due
was di ssol ved THE_(53 ni_ nd acetonitril Freshl tivated Zn
dust (15.1 d‘?r By, ghgy ?Fé%‘&?ﬁa Sﬁ'?ﬁ'?‘éf’%f ‘%ﬁ?ﬁg thgeé')‘% mhexay DL dded 1o
the m xt ur e.solltien [ €RA/IL) @Ad YASS Bl vasas. CTneahiezolidiriehd-frisrie was ebtainedes ki ght .
The reaction m xture ro stirred for 1.5 h at room tenperature.
The 15 reactﬁ%y?ilio)%’t‘iﬂ”@se\l\lysoq?ﬂ@id through a pad of Celite. The filtrate
was washgd w tty Nm:h(;d[)@qg,)@,ﬁog(@gdi)tmm @.;qgelg)us | ayer was separated. The
aqueous | ayer was cooled to 3 Cand 1 M NaOH was added to adjust pHto

8.0. The mi xture was concentrated under high vacuumat 35 C. The

concentrate g\@ﬁ ﬁﬂ%#@glth%-ﬁjsadi%mroﬂﬁla%le( 321 nL, Mtsubishi Kasei Co.
Ltd.) resin pny 0 adsorbing, the col um was
eluted wwth H2O - MeCN (1/0 - 9/1). The conbined fractions were
concentrated und hgtdﬁgnrenﬁ title
ﬁfnewﬂbdlﬁéﬁi’d"us Sofag’ad%oa@%é E&ﬁﬁ% Eél%ﬁd?'n (SfQ)I Npl

conmpound as a ye anor 5 C (dec);
1 H NWVR 1(502(1)‘noae39 55)4rschlqr|qjorm4(49@n(Lé ar@H}We rﬁcygn yxture wps reﬂweﬁﬁowﬁ 1 H,
6.85 (s, 1 "Iq TZ> tﬁg réa%hoﬂrn‘@ture,zgn g&ﬁﬁ&%a@n‘ﬂe@nyl iodide (56.8 g) was added in 5

portions at 30-60 min intervals. After refluxing for additional 1 h, the reaction mixture

was cooled to room temperature. Then 10% potassium carbonate aqueous solution

(200 mL) was added and stirred for 15min at room temperature. After separating
20 organic layer, the aqueous layer was extracted with CHCl; (100 mL x 3). Organic

layers were combined, dried (MgSO,) and filtered. The filtrate was concentrated

under reduced pressure and dried in vacuo. After drying, the title compound was

obtained as brown oil (11.0 g, quant.).

'H NMR (CDCls) 8 2.51 (s, 3H), 3.91 (t, 2H, J = 3.5 Hz), 5.21 (t, 2H, J = 3.5 Hz).

25

Step 4: Thiazolidin-4-ylideneamine

A mixture of 4-methylthio-2,5-dihydrothiazole (10.7 g) and ammonium
chloride (6.4 g) in dry ethanol (400 mL) was refluxed for 27.5 h. The reaction
30 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 aqueous layer was extracted with chloroform (100 mL x

82



Preparation of (5R, 6Z)-7-0x0-6-[(4-0x0-6, 7-di hydro-4H pyrazol o[ 5,1

c][1, 4] oxazi n-2-yl ) met hyl enel - 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car box
ylic 30 woiodo9328t ep 1: Di et hyl PCT/US03/13428
1-(2-{[tert-butyl (dinethyl)silyl]oxy}ethyl)-1 H pyrazole-3,5- dicarboxyl ate
84 WD 03/093279 PCT/ US03/ 13428 To a solution of diethyl

3, 5-pyrazol edi carboxyl ate (2.17 g, 10 nml) in acetonitrile (10 m), under

nitrogen, was added potassium carbgnate (2.07 5 2- brom
oet hoxy-t - b@yp&ﬁn'%@b’?ﬁ?l"ﬁqm cameined, digd d‘\/'9§94)7%ﬂ %tereﬁv Tﬂ?ﬁfﬂ[??%w\ﬁés stirred
at 5 reflux ct)ﬁéen%%téd undeﬁ‘ rédited BRRsGRYUNMed ir O@dﬂott@@l@%r rﬁ&Md@thléhdlluhEd W t h
ethyl acetate and filtered through I\/ag)nesol fi Iterlé(g)ad was

eluted wi h@'%eﬂ@rﬁ‘f‘e@ 59)3@9(1§1Pr°&‘61e§°39éhaté{”ﬁ’d~'qeﬁ ycﬂﬁ?ﬂﬂcﬁ "F'T Pangt

evapor at ed. dzh@atrve%neuﬁm@@@nmb&%ﬂwwotm&oréemms mobmai afhtdria ouThe a
After eluting wt exanes (100 the

col um of 5|I|cag ‘%‘ ) rgy
col utm was é&gtip efghese r@mp%@?&@édeﬁﬁ@lr@émmﬁéﬁﬁ EeSRPCHVAY
evaporated t\gggive 3.71 g of a colorless oil; Ms W 371 (M#). Step 2.
1-(2-{1tert-butyl (di methyl)silylloxy}ethyl) razol e- 3, 5-di net hanol To
2 Sol tti on of I NVRACDCIY 2318 br 28t BIEHANEBRA. PO V1304 et hyl ) - 1

H pyrazol e-3,5- 15 dicarboxylate (0.74 g, 2 mmol) in nmethylene chloride (8
m), under nitrogen, was added 12 m of a 1.0 Msolution of

di i sobut yl alatg ; 2 2Qi¢-arcArbpenyad gt 0 C. After stirring at
0O Cfor 8.5 hr, the mxture waas warrred to room tenperature for 0.5 hr. It
was t hen quenched wth 15 m of saturated ammonium chloride solution and
extracted with etThg schdionaf 8-brame-3oiseprapexyesanesat 6\ indsrraegtanirilgi 8BRS br i ne,

S\IL: teg g\cl)ler d%l%\ﬂ%soé’t&fﬁgg'tlk%%%‘ofﬁna#%rﬁﬂﬁlaE%EWﬁgﬁ@éﬁe ﬁ‘nr%H (683 Q) iddng of a
rtert-butyl (atetosithiel (326 ML) ablsop}retemyatqreHBw mh@ Bixgire gasHtipad abrppae 25
To a sti rre%@%%&drgq%rofg %h(%do%@ttﬁéthﬂghﬂn@ (ﬁ(y th)néh |réﬂu]x Yc}r Cﬁ‘ylﬂwe

H-pyrazol e- I'ene c or| éZO m),
was adddd 4-reasttohyrhitreives ca@ed\ﬂmmodetemewurg anﬂzthmve)pomtad Hoderdaduge si eve
4A (4 9). ct b (ﬁj'iﬁ% \wsﬁéar @rp m”
and t hen trgﬁ?sgd&\?ﬁm tfﬁgng{’erféa‘lé’?gS&/ \r’ﬁé’r%hlc{ljm 62&3% é& 85 g@dj ,S "
Stirring wass@ potassiso dappor@ate aqueous solution (20 g). After filtration and separatlon

the aqueous layer was extracted with dichloromethane (50 mL x 4). The organic

layers were combined, dried (MgSO,) and filtered. The filtrate was evaporated

20 under reduced pressure. The residue was applied to silica gel column
chromatography and eluted with CHCIl; — MeOH (100 : 3) to obtain crude 7H-
Imidazo[1,2-c]thiazole-2-carbaldehyde as a brown solid. The crude product was re-
crystallized twice from CHCI; — n-hexane (1% 30:5, 2" 30:60) at 0 °C to give the
required aldehyde as pale brown crystals (Yield: 1.84 g, 15 %).

25 'H NMR (CDCls) 8 4.09 (t, 2H, J = 1.3 Hz), 5.08 (t, 2H, J = 1.2 Hz), 7.63 (s, 1H),
9.81 (s, 1H).

Step 6: (5R)(67)-6-(7H-Imidazo[1,2-c]thiazol-2-yimethylene)-7-oxo-4-thia-1-

azabicyclo
30 [3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

7 H-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
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30 hr. The nethyl ene chloride solution was concentrated and diluted with
ether (40 mM). The mxture was filtered through a pad of silica gel (40 Q)
and t he fwbtostopad was eluted with 2 x 20 ml ether. The ecwhiSaz4es uent
was washed with 1 N HCl and brine, dried over anhydrous sodi um sul f ate,
and evaporated to give 0.79 g of a white solid; 85 WO 03/093279

PCT/ US03/ 13428 np 63-64 C, M5 nfe 283 (MH). Step 4:

4- oxo- 6, 7-di_hvdr o- 4H- | Qi 5, 1-cli,i, 41 i he- 2- T
ol ut1 on of Aosseis elBOReyRedter e YT RB AT L) PR Bonfe s 2.
(ill gaR/I balsg?amoiﬁtg?]cﬁ-g;d&ta-zgthiem&Zahsinymlcs[g.izm]ﬁél‘ﬂEZ(e}‘{g-marb?_mica:ﬁdle@ni&oiéhzyi of a
: ammoni_ym [ in f
stirring f oPSIEr h(f:?ntt ﬁ%]}%ﬁ]@%p%ﬁ??@gﬁggmﬁyﬁ E%&% ?OOT&S%’ g é:Egﬁ\l
arr}mni um chiaeo dﬁ.)s@smdﬁegiramb partion. adhedeadtibh vesdey vaa cevared with el tor gani ¢
sol uti on_was i i.ne, dried hy.d I ,
11 Ler acBt nFHOTE TAlnel SariPruyiles ed stived ©r N2, T ARRSREH "\ 1
_kll_ex?ﬂes, dlr ia?did amhydﬂdkggl.mnhu bmdlthlWIPS%@BOepb)iimonepplyibe.ngThea‘abctioinde (20I m).
o this solution was added. 4- et mor phol i ne- N .
and nol ecul §PXUIeWes Wﬂme%éjt&)% Eﬁ@yﬁt}rﬁ(ﬁ?ghé\,ﬁgt@ ﬁ’(lr gﬁe «E:{}'Xt'?%ov%ﬁastcﬁ@‘f)eg[n;? uz e
1(‘)0; ml'rgl ;n nivfi)tars‘??}? ?eﬁawmﬁfmhfw'thﬁ’ cmmémmeh lsisu{m;t]ip?,rsatmehedt e (0.11 g,
: : . conti nue r. : e . ,
sol ution vva§°9'8ﬁ‘c®’r‘ift' ?%tne‘i?rbcﬁﬁge'd‘fall{ﬂtaé’&o%n?hhtﬂ%vpa'é'giﬁygi(gg?gﬂgﬂl\?ééaﬁe
m xt ulr et1 wgs ajhit:l Entgfeeldz'(rjﬂmﬁmgt{aﬁspmmaﬁtraﬁédl ueder rg@n{;ed@e@);reand the filt ﬁr dpad
was el uted w m e cet.a e o .
wih 1N HO and DPPiees VendisedieLRnf GoinCORR ARl s @ hifas "ene
%ag;); gt gd T_De?lwﬁctﬁe)ﬁfgalam difst @1 8vhg) ancs@biMd phogpha®SeulRe (] 61857 8nL) everg MH+) .
(SR~ 601 ( ac SEGPOI REATHER 6 The geaRyap yeshel oF S9vsTs] it follfg eyolude liht.
4] oxazi n- 2- yihpreadtiphlmigtuby wae vigoxiely 4titréd for i-5i abrovyctem@ratu@. hepe - 2- ene-
2SS Y A backRn FuRtre aS it MiRidh 4 Bad B Geid Fhe'MiRhid Wl WARRLSRHA" ! ©
61- gzohﬁh |7) d;dtﬂwrﬂégeg]éitéamrt?é t@hoédchs;?ye]r M?séhpamtémeTﬁe eterqlémjsd?yeydes(cﬁolbd g,
: A ure sti.rring. sal.utiop o
(5R, 6S) - 6- bﬁ%ﬁogﬁ%ﬁ%ﬁ@@ﬂi@-sla\g&?‘sb‘? %?)E?to‘{'gtp - -of'lﬁ‘@d{“-x W8S 2 car boxyl i c
aci d 4-ni t r gopeentiatebilirtier high3dacgum ab 384C MiHecgoricentfade wab3ppligd teciaibhen
added, and tu-ﬂve-zW (ﬁ1urﬁnﬁ, l\\l)ﬁssub?s%?kggeitc%. i_?d% rce:'sin column chromatography. After

20 adsorbing, the column was eluted with H,O — MeCN (1/0 - 9/1). The combined
fractions were concentrated under high vacuum at 35 °C and lyophilized to give the

titte compound as a yellow amorphous solid (1.1 g, 51%, pH 7.5).
Mp 145 °C (dec); 'H NMR (D,0) & 3.85 (s, 2H), 4.88 (s, 2H), 6.32 (s, 1H),
6.78 (s, 1H), 6.85 (s, 1H), 7.27 (s, 1H).

25
Example 14
Preparation of (5R,62)-7-0x0-6-[(4-0x0-6,7-dihydro-4H-pyrazolof5.1-
cl[1.4]oxazin-2-yl)methylene]-4-thia-1-azabicyclo[3.2.0Jhept-2-ene-2-carboxylic
30 Acid.

Step 1: Diethyl 1-(2-{[tert-butyl(dimethyl)silylJoxy}ethyl)-1H-pyrazole-3,5-
dicarboxylate
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Triethylamne (0.35 m, 2.52 nmol) was introduced, and the m xture was
stirred at 30 20 Cin the dark for 4 hr. It was then treated with acetic
anhydri dewQ®3@93z79 2.0 mmol), and 4- N, N-di net hyl am nopyr iPdirsoy/13281gy, 0. 1
mmol ), and kept at O C for 18 hr. The m xture was concentrated and the
resi due was dissolved in ethyl acetate. 86 WO 03/093279 PCT/US03/ 13428 The
ethyl acetate solution was washed with 5%citric acid, saturated sodium

bi carbonat e sol ution, and brine, dried over anhydrous sodium sul fate, and
evaporated. The crude material was chromatographed with silica gel (EtQAc-

CH2Cl 2/ 1: 5) Tlot shlitnbf &ietigyl Gf5- gy?aiﬂlédummmlaﬁ@tz a7 gmno Aoo1)lit @célonitdle T e 595

(1M:J1rz)x agl Et ZP 0 mi), t(.lnge’r%@ogenov)s(a)s adde(d o(%assmm car?)on (8 04 rmar%ok 01%,2}- cl

yl) met hyl emblrorﬂoéthbthbLﬂ}rla;hteﬂwﬂaE@(229@1;hwtnna:l)erraeamarebne@éurmd/ml d To a
solution_of 4-nitr

(5R) - 6- [Pacé® dec?"yﬁ W J)ty%?thh?n gpelgdiiurosm iy s RS dilufed with pthyl acptatg, o,
n-2-yl) m etadnl) hnd fitdred thrmugh Magieasofl-The filtespad wasieldted watiic2 xd0[nd.o2. 0] h e

t-2- 2 10 b | a d
Pt rogen, - with aeaies 3 ne eGR4 S aporalics Sha frsgie b difeliach. 5)
and 80 ng ofinh 4ERAnBE/akd plﬁbéédlth?ﬁugh% coh@fin bi/shicagsen arceg). Afted@utny with for 3 hr,

and then filtered thro ter h THF, and
fhe Fitr at exges10h b the cah bem e wh b SortBr pRER Soblald e el
dried ovgr aHRylapostdtLRRE 3T gWi habrriessot M arased(MANe resi due 15 was
washed with ether to give 0.07 g of a yellow solid; Ms W 320 (M#H); 1H NWR
(DVBO-d6) S 4.55-4.57 (m 2H), 4.76-4.80 (m 2H), 650(5 1 H, 6.63 (s, 1
H, 7.58 (Step 2Hi-(2-{[téR-Hutyl(dinfdkhyl k H @Bj5adinithanol
6- (6, 7- D hvdro- -cl pvran-2-y yl ene) - 7- oxo- 4-

t hi a- 1-aza-bicyclor3.2.d hept 2-ene-2-carboxylic acid Step 1. Preparation
of 6, 7- D hvdrys dbufidi SadtRyl2- L{ﬁéft%ty&dﬁﬁétﬁ@sd)ﬂfbxﬂféthyﬁﬂl@g§yré2c)l813rﬁ- 50mol )

was added dropwi se to ice cool ed within 3 m nutes.

DCM ( 201R) wﬁ@rm@@ het Qh%mé&mn\m@hw%%‘er idGHE N HBdPERIFPIRTh WAEdi a
appear ed t o0 DReRasiM-of AED Wﬁﬁ&tloﬂ'bf‘&ﬁ&ﬂ@%luﬂfnu%ﬁ%@nﬁ@in ethyne chidgtei t was

cooled to OoC again. 4H-pyran-4-one (5 gram 50mmwl) in 10mM DCM was then
added dr opwia$® . AfphstBring atl ‘&for%hmé%ﬁzm%ﬂemsweﬁ@ 9 for 2 hrs.

E’gufz Og)he M AL MEErATE Forl 636 hA WSO H GueREHaARthSE Wi bt aBRd@nimhéstmw th DCM

chloride solution and extracted with ethyl acetate. The organic extract was washed
20  with brine, dried over anhydrous sodium sulfate, and evaporated to give 0.44 g of a
white solid; mp 82-83 °C; MS m/e 287 (MH").

Step 3: 1-(2-{[tert-butyl(dimethyl)silylloxy}ethyl)-1H-pyrazole-3,5-

dicarbaldehyde ‘
25 To a stirred solution of 1-(2-{[tert-butyl(dimethyl)silyljoxy}ethyl)-1H-pyrazole-3,5-
dimethanol (1.18 g, 4 mmol) in methylene chloride (20 ml), was added 4-

methylmorpholine-N-oxide (2.89 g, 24 mmol) and molecular sieve 4A (4 g). The
reaction mixture was stirred at room temperature for 10 min. and then treated with
tetrapropylammonium peruthenate (0.15 g, 0.4 mmol). Stirring was continued for 2
30  hr. The methylene chloride solution was concentrated and diluted with ether (40 ml).
The mixture was filtered through a pad of silica gel (40 g) and the filter pad was
eluted with 2 x 20 mi 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;
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30 The conbi ned organic |layers were dried over magnesium sul fate. Filter
off the drying agent and concentrate gave 5.0 gram of product. The
conmpound wa3/0ei23sol ved in DCM (200nml) and was added 6.0 @camsos/1xaehyl

2-6, 7-Di hydro-4H 87 WD 03/093279 PCT/ US03/ 13428

t hi eno[ 3, 2-c] t hi opyr an- 2- car bal dehyde-acetate and 10 m TEA. The m xture
was refluxed for 18 hrs. Then it was washed wth water and dried over
magnesi um sul | tered, concentrated and fl ash

chr omat ogr aﬁ?Pe?&ngtﬁ@ }t%hé)ﬁ}' (R’"J tate i n hexane. The collected materi al
was di ssol ved in 100m THE and LAH 5 (150ntl, 0.5Min THF) was i njected and
left at 230 ;l&éh fauenched at

‘ v . ' . re.
Extract with et hyI acet ate (2x200rrfL) and conbl ned orgam c layers dried

over esi | f at at.e roduct. The
crude mager |T<'L§I %ﬁ‘ét'o('ﬂ Cgs5&7&3‘837%‘%@%'%g@}?ﬂﬂo’%}ﬁﬂgﬂﬁﬁbgﬂgg‘gggng| dg (15 gram
10 was addedjicarddigeHyda¢t. 02, 843 nuaol) ireTHB (BGat!) 22e@dded 60&Mhof.a TA&M 2x15
gram of  oxi dant S ded each h Th rial .was then
filtered thrs8 ﬁn\g?teﬁgglﬂéﬂa%?f]l%%ygf 'H[]'ﬁ'g:r %tooagcglpé(?ﬁ f6‘P8&&r T8 Bi%at ogr aphy
gave 1. 2069rrﬁ4511!u€e1ﬂ8(s trithtebi ithoid miPsfedtrsted nh&Ridm Shdfide sollitioh and’. 41(s, 1
;%9 if( K/Iil—é >, gxgactgd V\{ﬂh@ﬂé}%& a?qztg‘ﬁ iﬁg br69a|r_1li7'c) s’olu%ib%%vagtWasﬁgd wit%%rii%e_ 5dr%|a|zc)vér VB

6- (6. 7- Bohy dinfydrbus Bb&ﬂ@%ﬁlfatec:futyé@ﬂw&:gﬁ Magﬂfesbemj)ev‘éporated The crude
0x0-4-thi a-1- aza bi cycl oF3. (% -.ene- car&ox%%gag |

6, 7- Di hydr o-G4M RS waa*pesﬂ ‘Q't'b]‘%?Sﬁ"Sﬁ ied4p M%‘H?eﬁ% Ll ed InmstyisNgs

di ssol ved i rehididd @20 mC ¥ s bélutich @a@lammmeumrhmnbm N-okidenR.892E0! ) was

th dded und N2 at ph t 230C f hal f
an hour . 6. EMGR 70 GIRGHATBIRVE 40 (LS. THA-GE 328 SIRAAE oL RTPRIatAIBg | | o

aci d 4-nitrorh@mz dhd %QFea(eBﬂQﬁthetranﬂﬂi?lb)nrﬁdhl@QE&ru'fﬂﬁuaw& 1h¢0.8 njnesiy.ed al |
at once and the m xture, was i nedj at el

cool 0oC/ Trieth mne (1
m) was BherSlirijewasaoninyed X T i? melhyieney %Pe it ?M&SPB?C%“H%@ hrs. (
Then acetic eﬂiawldfédctﬂtr(&hﬂra&tammmu) emeadux&mdwabaltéreuttmegw\aspad@f sificed at
OoC for 18 hrs. The react] on vvast gbffﬁ% V\neék40ml t.h
acetate and 9109 andithe fites Rﬂd"ﬁ%"é?ﬂﬂjl"‘&t §EVhacetaie Hhg cuniig
bi car bonat e, g|gdl whSWHshBé Witk 1NTHE! é?fogﬁmiegdﬂlﬁt’@fer‘éﬁﬁydr&ﬁﬁbdﬂiumdulfate,rand
ragnestum evaporated to give 0.30 g of a white solid; mp 135-136 °C; MS m/e 167 (MH™).

20
Step 5: 4-nitrobenzyl (5R)-6-[(acetyloxy)(4-0x0-6,7-dihydro-4H-pyrazolo[5,1-
c][1.4]oxazin-2-yl)methyl]-6-bromo-7-ox0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-
2-carboxyiate

To a solution of MgBr; (0.46 g, 2.52 mmol) in acetonitrile (13 ml) under nitrogen was
25  added 4-ox0-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazine-2-carbaldehyde (0.14 g,
0.84 mmol) at room temperature with stirring. A solution of (5R,6S)-6-bromo-7-o0xo-
4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (0.32 g,
0.84 mmole) in THF (13 mi) was then added, and the mixture was cooled to —20 °C.
Triethylamine (0.35 ml, 2.52 mmol) was introduced, and the mixture was stirred at —
30 20 °Cin the dark for 4 hr. It was then treated with acetic anhydride (0.2 mi, 2.0
mmol), and 4-N,N-dimethylaminopyridine (12 mg, 0.1 mmol), and kept at 0 °C for 18

hr. The mixture was concentrated and the residue was dissolved in ethyl acetate.
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sulfate, filtered and concentrated. Flash columm chromatography using 20%
ethyl 30 acetate in hexane gave 491 ng (41 % product. This product was

t hen di sswbwadoizmo 15n THE and 15mlL aqueous phosphat e bufPCeruspirsaes 5). The
m xture was then subjected to 45psi hydrogen for one hour with 0.5gram 10%
pal | adi um on carbon. Then it was filtered through a pad of celite and
concentrated in vacuo to renove 88 WD 03/093279 PCT/ US03/ 13428 nost of
the THF. The sol uti on was then cool dto deqr si.fied to pH=8
W th TN sodhemthy ardaiedoL e arssiad v 8% Pile S Spl0ded BoHCE 1oLl

Ursll ng 2 i tgﬁ:farrlwna’t/@é@tldcnobh@mfib We@%@@h?ﬂghi s%«ﬁummu%ate&38% and Wt e(r:I was

t hen renoved t hrou concent r.at acuq an . 0. roduct was
col | ected; GaPHdE[oT @C@dﬁ“mﬁ'ﬁg'a‘?% %ogr‘la &W'fhﬁg'g%asgelegéACDG 55(s, 1
H, 6.44(S, chadia/1: 3@%?&&0 of ah Srﬁwmmsalkb mp21 &6110nC; P m/@ 585 (\AT). 2H) ,

1.43 (t, 3H Ms: 32 anple 16 10 Preparation of

6- (6. 7- D|hvdro 4H—th| enol 3, 2-c¢l t hi gpvran-2-y| meth I
4-1 hi a- 15az SteR 8(8R,02)-0%xp160(4-0%0-8.Lcdihvdro-gHopyre

Prepar ati on @i‘mﬁh)\(_/lepégl-@ﬁlﬁ ﬂkﬁéﬂ’%ﬂjﬂ?@: Qhébi—@eﬁ@#@d?baxgﬁf haudehyde POCI 3
(4.02m, 43 rOpwW Se (0 fce coole , 43mmmol )
within 3 mnutes. DCM (20m ) was added and the bath was renoved when the
reaction e, aRmH (f*fdl ﬁlﬁol?&\z@la@‘?)/ﬁ [@&@ty‘cﬁ@ﬁﬁiﬁaﬁm&hi@'BMI-ﬁbyraﬁ&@Sf‘lOr 2

hrs. Then it was coo ain. Tetrahydro-th ran-4-one (5 gram

43mmol ) in z:dimdnnazm@wlomgthvlﬂr@rbr@maﬂdowﬁsmm §@ZaJP'9YﬁkP{3 GheriZeane-ghe
reaction gkb“og Irarfé 09, 0.97 méndY i THR (181h9), WnbEr Aedbdr? WasEdde@nd nillden wash

W th |ce coI aturated sodi um acetat'e aqueous sol ution. The organic

|l ayer was drd phpsehate buifar satvtian @M PH &F), @ad 88an9 eh0% R Grgl hegaisture
concentrat e \and, H @ {éfa'éffm wwfmé ﬂaraaefﬂwemtevéu HSGghat iy, TREaHtaE Bad N

hexane gave 1.3 °gram (8mmuol) product. The conpound was 25 _di ssol ved in
DCM (100n ) wasdvasedaitheldHR,. a21ﬁl1th€e filiraterwas e%ﬁC&G@wth ethyfaceiain. Jhe fFeqnig e and
1 m TEA  Thgg gb?%éér &rietPovel EMW&Q‘: $Qéne]sﬁmh§§|fatér Qﬁtﬂ‘e#épo\“ﬁédmgld%t h

wat er and dried over gnesi um sul f ate. |ter, concentrate 8+

chr omat dgr aprvea/washegow@temr ta@ive @7 9 9f ﬁdﬁMS%WON@dB@ 3201(MVg émH(I‘iMR%
yield) of  pusO-de) 54.55-4.57 (m, 2H), 4.76-4.80 (m, 2H), 6.50 (s, 1H), 6.63 (s, 1H), 7.58

(s, 1H), 7.76 (s, 1H).

Example 15
6,7-Dihydro-4H-thieno[3.2-c

thia-1-aza-bicyclo[3.2.01hept-2-ene-2-carboxylic acid

20 Preparation of 6-

Step 1: Preparation of 6,7-Dihydro-4H-thieno[3,2-c]pyran-2-carbaldehyde
POCI3 (3.83ml, 50mmol) was added dropwise to ice cooled DMF (3.85mi, 50mmol)
25  within 3 minutes. DCM (20ml) was added and the bath was removed when the

reaction media appeared to be pasty. The reaction was kept at 230C for 2 hrs.
Then it was cooled fo 0oC again. 4H-pyran-4-one (5 gram, 50mmol) in 10ml DCM
was then added dropwise within 3 minutes. The reaction was kept at 0oC for 2 hrs.
Pour the mixture onto ice and sodium acetate solution and extract with DCM (2x200).
30 The combined organic layers were dried over magnesium sulfate. Filter off the
drying agent and 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-
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product 30 HNVR' S 6.68(s, 1 H), 4.73 (s, 2H), 3.68(s, 2H), 3.04 (t, 2H,
J=7.6 Hz), 2.91 (t, 2H, J=7.6Hz).; Ms (El): 185.99 (M+) The 1.1 gram

(4. 8mol )w6,030%i2hy/dr o- 4H-t hi eno[ 3, 2-c] t hi opyr an- 2- car boxy IPCE/tz03/t34289 WO
03/ 093279 PCT/ US03/ 13428 ethyl ester was dissolved in 100m THE and LAH
(40nLl, 0.5Min DM5 was injected and the reaction was left at 230C for 10
m nutes. Then it was refluxed for 18 hrs. Quenched at 230C with water

10m ). Th ' d and th L Qi i
boM The | colr g2 R e £oapeRapteostts 400 M TETT THE AR et 20T
concent r at e reflistedl | fars 8 dok.unTherhit omast egsizaxh with twaté0 afd driet! hover neagreaius

(aomt) and AUandCeRIEN flered haiiii SRl HogreraRiciaien it a0 el

on at 23oCatemtéhiml hexamneholihe chilectatineaterddl wassdissudved inl 16Ond dTHMaoddiAHa pad

ot oduct . 510 FRRRD b T HE) e iRc Tt R G PRI AR P il

J=7.2 Hz), Zefiixedtior 28hrs.]Qlelchdr) at;23d6 BERJIdInG 2datdr2and\VeyenBiadip 1Bt HCI to

Preparati on pf 6- 7-Di hydro-4H t hi 3, 2 ' =2 : ;
yl met hyl ene)“’?e?-r &gt?’ﬁ-mﬁﬁg'l-%grgﬁ?”ﬂb%%?}{l fcﬁt.agﬁ] &%&? B%E)g%héjz EQ%I%'P%%Q WIE aci d
15 6, 7- Di hyddyerstttiéchowrahagrizsiui bulfats.r Ritte? and ctradedirbiedgave328grgm @drodacinol )

1 Zammot ). vie v atsaananderond ARUTRRTA Sk aieeiGCuRgRelL e ot 20

230C f onohalfasaaddeipuiThe reaction was carried on at 230C for 0.5 hr. Then 2x15 gram of

6- Brono- 7- 0x0-4-f hi a- 1-aza- bi cycl o] 3. 2..0] hept - 2- - 2- b, | '
4-nitro- beﬁf@?né@?%?&ce%%ﬁ?%ﬂ h%f%h?%ﬁ?te}'nﬁ%iﬂ%te%ﬁg V\Bg@%%@%}%dnﬁﬁéc le1 al |
at once and pabeof2ddlitd xonoeatrates. | Fastdicalueiny choomktegraphy- $0eCl.208dremh{li4éa ne
(1 mM) was t?ﬁiﬁ LH%@ d and the mxture stirred at -200C for three hrs.
Then aceti c ¥ fd‘ r C'0.4n1) was injected and the m xture was stirred at
OoCt for 18dh1-NMr§':be.a_r4e@qll4),on4n(edi 1), Werst (shzm), gd)iol (utze{rjﬂ Jwb BH2100e6 (te2Hy |
acetate and washe t 5%citric acid, 100 sat urated sodi um
bi car boﬂéte,‘héﬁtﬁ*zg'd\ﬁ%d r@%&g@nhhe organic |l ayer was then dried 25 over
magnesi um sul fate, filtered and concentrated. Flash col um chronmat ography
yl acetate in hex pr oduct
e 2;, - 6=46.Z: 1 sthignal3. 2rlpwran-2-yimethyle 6.5).

v dfeparat

6,7-Dihydro-4H-thieno[3,2-c]pyran-2-carbaldehyde (336mg, 2mmol) was dissolved in
20  20ml acetonitrile and magnesium bromide (516 mg, 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 20mi THF was then injected all at once and the mixture was immediately
cooled to —200C/ Triethylamine (1ml) was then injected and the mixture stirred at —
25  200C for three hrs. Then acetic anhydride (0.4ml) was injected and the mixture was
stirred at 0oC for 18 hrs. The reaction media was then diluted with 400ml ethyl
acetate and washed with 100 ml 5% citric acid, 100 ml saturated sodium
bicarbonate, and 100mi brine. The organic layer was then dried over magnesium
sulfate, filtered and concentrated. Flash column chromatography using 20% ethyl
30 acetate in hexane gave 491mg (41%) product. This product was then dissolved in
15ml THF and 15ml aqueous phosphate buffer (pH=6.5). The mixture was then
subjected to 45psi hydrogen for one hour with 0.5gram 10% palladium on carbon.
Then it was filtered through a pad of celite and concentrated in vacuo to remove
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m xture was then subjected to 40psi hydrogen for one hour and half wth
0.5gram 10% pal | adi um on carbon. Then it was filtered through a pad of
celite amio3B/0gnmcentrated in vacuo to renove nost of thePCHEUSOFIMI2%0! ution
was then cooled to zero degree and basified to pH=8 with 1 N sodium
hydroxi de. Then it was purified via reverse phase HPLC using 2 liter of
wat er followed by 5% acetonitrile in water. Water was then renoved through
concentrate in vacuo and 21 ng (8.6% of product 90 WO 03/093279 |

PCT/ USO3/ 13ﬂ~?&t ol THE. |'ﬁ?é§§iuhd?ﬁvas’tﬂé@@o§eé“td% d@gl%é dndl, bai‘;lfleal to EH-1~§( s, 1
H, 6.59(s, 1 H), 6.44(s, 1 H), 2H) , I-g 50 (s, H)
MS: 338. O(qupw EggHm rydlopqqq e'BE“dEW@ﬁ]P'dfff'ed V|a reverse ‘phas HPLC using 2

6- (5- Met hyl ity Bf Ratbr tibaR B 15% éﬁt@rﬂﬁlie?m%véierpmhfe'r Wag then removed through

yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-car 9>(<:yllc aci d
10 Step 1: Ppagatraty ipryagpo and 100 mg( 8%) of product was collected; MP: >250

5-Meth 4 t
g 7-Di hggroﬁﬁ-ﬁ%;&gﬁﬁ%hwq (}Mg&eﬂm§5ggscgﬁ)é?r%o(§yﬁ)gh§g|(§fre%jﬁ)gt®ﬁ$1 ‘est er

pyri di
(46 gram 2Bt3rﬁ7§$1mm%l§) 6}2513(01\2!#@ 1.3 @08 THF. The sol ution was injected
LAH (1 M Thig ,@qqym at 230C. Then it was stirred at 230C for 18 hrs.
The reactlon vvas qLSenched with 1 Ol water and dried directly over sodium
sulfate. Filter and concentrate vyielded 29.3 gram (160mvl, 98% crude
product. HNVR 6.55(s, 1 H), 4.70 (g e16- 41 (s, 2H), 2.86 (t, 2H,
J=5.6 Hzy, 2.73 (t, 2H,  J=5.6 Hz), Z. 3H); MS: 184.0(MtH) 20 Step 2:
Preparatron of 5- Methyl 4,5, 6 7 tetrahvdro th| enol3 2-cl pyr|d| ne 2-
car bal dehydeP s Z ] RiolyrANE2y
Oxal yl chloride (1 rri ggm
at 500C. The mi xture & Cx ara- t hen 1. 67 gram
(9mmol ) of (5-Methyl-4,5, 6 7-

15 Step 1: Preparation of 6.7-Dihydro-4H-thieno[3,2-c]thiopyran-2-carbaldehyde
POCI3 (4.02ml, 43mmol) was added dropwise to ice cooled DMF (3.34mi, 43mmol)

within 3 minutes. DCM (20ml) was added and the bath was removed when the

reaction media appeared to be pasty. The reaction was kept at 230C for 2 hrs.
Then it was cooled to 0oC again. Tetrahydro-thiopyran-4-one (5 gram, 43mmol) in

20 10mi DCM was then added dropwise within 3 minutes. The reaction was kept at 0oC
for 2 hrs. Dilute with DCM (250 ml) and then wash with ice cold 200m| saturated
sodium acetate aqueous solution. The organic layer was dried over sodium sulfate.
Filter off the drying agent, concentrate and flash column chromatography using 10%
ethyl acetate in hexane gave 1.3 gram (8mmol) of product. The compound was

25 dissolved in DCM (100ml) and was added 1.2ml (11 mmol) of ethyl 2-mercapto-
acetate and 1ml TEA. The mixture was refluxed for 18 hrs. Then it was washed with
water and dried over magnesium sulfate. Filter, concentrate and flash
chromatograph with 20 ethyl acetate in hexane produced 1.1gram (11% yield) of
product

30 H-NMR:8 6.68(s, 1H), 4.73 (s, 2H), 3.68(s, 2H), 3.04 (t, 2H, J=7.6 Hz), 2.91 (1, 2H,
J=7.6Hz).; MS (El): 185.99 (M+)

The 1.1 gram (4.8mmol) 6,7-Dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylic acid
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tetrahydro-thieno[ 3, 2-c]pyridin-2-yl)-methanol in 20mM DCM was added at
500C and the m xture was stirred for another 15m nutes at 500C.

Tri et hyl awDrg/0932md) was then added at -500C and after 5 mCmOiSe¥134k%e bat h
was renoved and the mxture is naturally warnmed up to 230C. It was washed
with 100m water and extracted with 30 100m ethyl acetate. The conbi ned
organic |l ayers were dried over magnesium sulfate. Filter. Concentrate and

flash col um ch t h I h ded
ey (4596 gitel Bstorman Giesoved favEoory T ana LARagr D S W DARS RS fiskted OF)
az ;30 (2 t 512|('|gné=ﬂ5e Feddlidn whs9att Gt 238E!for P MALEs/ @ﬂteaﬁgumwmﬁfota@z&s J

. repara
6- (5- Met hyl %%C‘@Wﬂ%\ﬂ%&%@%%h[B‘GZOF@FB@ He%a”?ed and the remaining
yl net hyl ene)nraz, \Qéshe%r iwhth 20iaBempi ael edrdbired |oigdric 2ayens dAed aveoxptium aci d

5 2-for dro-4H-t hi eno i di ne-5 arb

est er %4ij|fatﬂmr%|“Fr werncanisalg) %f@hﬁ??cﬂ &é‘Hﬁ!‘“aE'éerﬁ W?H%@‘hd@éé‘?fesﬁwﬁ\

br omi de et heealfe ér%dacecﬂgm 4l prediuct. V\ﬂ'ﬁlstdwdb At wadaissdidedimDEpher e.
The m xture was stirre for half a

6- Br ono- 7- oX#mb eRg anapgaaﬁseo@'eyg%%sra@ Wfﬁaﬁﬁefﬁ Jhe-rsagtien wasetied @ ati o
jt HBLLO begzztﬁhce@tr Q{alf( an mfam'he‘lmﬁt!érl)al lwas4|ﬂfén fitdredvasrougie ra paﬁj cffcmda al |

e an e m xXxture was | me at e CcOol e
(o) was. 't RERCATARS dietingP B iogRdraER YEF2Dme GBRPISSh T o Then
acetic 1@“h¥-ﬂNwﬁf65 0G5 ), M@(é RiHG.CS. 86l (2 nH) 135 [ 208 W=g. 1\S), 21d5r(f, @, at (oC

for 48 hrs. The reaction nedia was then d|?uted with 500m ethyl acetate
and washed W7 140..MS §8H:22802(M* acid, 50 m saturated sodi um
bi carbonat e, and 50nil brine. Anot her 300rr1 ethyl acetate was used to wash
each aqueous solutlon The conblned organlc | ayers ver e then dried over

ap 2FiRreparationof8+6: 74D diend thienol3 2414 af:Zlikl? tograph us|ng
20% et hyl acgg 3 :.4-. ' oelietacid Ni S
product was S ved i queous ate 20 buffer
(() pI;:6 5)1foI/iﬁe?-ra;hyum-eHvtlansno[B@ac]mym%danbald@bmﬁ( ﬁngobgamm) Waf hrs with

gram 0

celite and dc?sgsr?h'gﬁt"rﬁrﬂpa&%@gléuagﬁhﬁqueéﬁy\e@&%ﬁ ¢ sgh‘éghé kQEEI'EEI)[I#E'& y}?olout i on
was then coovasdhemwaddest ondm@ﬁeaimaalcl'!dﬁas The stixture waestingdtah 230 ferdwlfian

hydr oxi de. E%%P é—éro%?%% 14 t‘nFad1 -aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-
benzyl ester (660mg, 1.72mmol) in 17ml THF was then injected all at once and the

20  mixture was immediately cooled to —200C/ Triethylamine (1ml) was then injected
and the mixture stirred at —200C for three hrs. Then acetic anhydride (0.4ml) was
injected and the mixture was stirred at 0oC for 18 hrs. The reaction media was then
diluted with 400ml ethyl acetate and washed with 100 ml 5% citric acid, 100 mi
saturated sodium bicarbonate, and 100ml brine. The organic layer was then dried

25  over magnesium sulfate, filtered and concentrated. Flash column chromatography
using 20% ethyl acetate in hexane gave 461mg (44%) product. This product was
then dissolved in 20ml THF and 20ml aqueous phosphate buffer (pH=6.5). The
mixture was then subjected to 40psi hydrogen for one hour and half with 0.5gram
10% palladium on carbon. Then it was filtered through a pad of celite and

30 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 2 liter of water followed by 5% acetonitrile in water.
Water was then removed through concentrate in vacuo and 21 mg (8.6%) of product
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via reverse phase HPLC using 2 liter of water followed by 5% acetonitrile
in water. 25 Water was then renoved through concentrate in vacuo and 112 ny
(13% of wowmdier79 was col | ected. MP: >2500C HNVR. 6 7. 48PCT/USh3/Hu28 7. 37( s,
1 H, 7.21(s, 1 H, 7.10(s, 1 H), 3.41(s, 2H, 2.88 (s, 2H), 2.68(s, 2H),
2.37(s, 3H); Ms: 335.0(M+H) 30 Exanple 18 Preparation of

2-(2-Car boxy 7 0X0-4-thi a- 1-aza- bi cycl o[ 3. 2. 0] hept - 2- en- 6-

yl i denenet h -6, 7-di hydr o- 4Ht hi eno[ 3, 2-c] pyri di ne-5-car boxylic acid ethyl
Lt o0 WONBS/SUS h Usbal 13408

2- For nyl - 6, famistagd? @- 4H-t hi eno[ 3, 2-c] pyri di ne-5-car boxyl ic acid ethyl ester

ciherate (STER. BaRGR) Flat tol aRdst-drin 46 TRadEras: s dfirc

was stirred2®s0 @329).fms: 33mo@+) hour.

6- Br ono- 7- 0X0- 4- t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxylic acid 5
4-nitro- 'Benzyl ester (770ng, 2mmol) in 20mM THE was then injected all at
once and the mxture was inmmedi at el Exampletizt o -200C. Triethylamine (1 m)
was then injected and the mxture stirred at -20C for 3 hrs. Then acetic
anhydride (0.4ml) was |nj ected and t he . 0. for 48
hrs. The reacti oRrepasation,af6- ethyl4,9.¢ SR a PR AR

washed sequentyabingeh bé&ﬂhﬁff’-&ié—ﬁk c 3dn 5001182 SAEBEHANIE GoRDi um
bi car bonat e, T € organi c Tayer was over sodium
sul fatelOFilter, concentrate and flash colum chromat ograph using 20%
ethyl acet ats‘t%ggz Bsgﬁst!g@%?@ﬁ@ |ﬁ5§)§/‘7-t¥ir§|’\ ronhmm 3:2-E:ﬁ_)l¥ricﬂﬁlz'-ﬁ§rl of

t his produc I SSOlve an m
aqueous phcmgmgn_g buffer (pH=6.5). The mxture was then subj ected to 40psi
hydr ogen fo % it was
filtered thrOu ﬁy‘QPo H'E]Sthlgm[azlc]?‘g dégﬁ%zﬂ%‘% e@t@ggﬁgn 48-5;'%@0% nost
of the THF. TBanmj) was dissairad mﬁa@ﬁml [s15]] érdtetsoluzlemwaeerm@ed bAY (bMsTHFRd to
pH=8 wi 1 y f = se
FpLC usig 20T 8 2RO G e daollier 181, Trtplbir REERRGER
was t hen remmﬂetomlrwatugdlndcd)‘tedemectm@/arﬁoxhamlfam Filger apd cangentBte20 pr oduct

was col | ect edelded 29.3 gram (160mmol, 98%) crude product.
H-NMR: 6.55(s, 1H), 4.70 (s, 2H), 3.41 (s, 2H), 2.86 (t, 2H, J=5.6 Hz), 2.73 (t, 2H,
J=5.6 Hz), 2.38 (s, 3H); MS: 184.0(M+H)

20

Step 2: Preparation of 5-Methyi-4,5.6,7-tetrahydro-thieno[3,2-c]pyridine-2-

carbaldehyde

DMSO (1.7ml, 24mmol) in 5ml CH,Cl, was cooled to —50-600C. Oxalyl chloride

(1ml, 11mmol) in 20ml DCM was then added within 5 minutes at 500C. The mixture
25  was kept 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)-methanol in 20m! DCM was added at 500C and

the mixture was stirred for another 15minutes at 500C. Triethylamine (7ml ) was

then added at —500C and after 5 minutes the bath was removed and the mixture is

naturally warmed up to 230C. It was washed with 100ml water and extracted with
30 100ml ethyl acetate. The combined organic layers were dried over magnesium

sulfate. Filter. Concentrate and flash column chromatograph using 0-15% methanol

in ethyl acetate yielded 736mg (45% yield) product.

H-NMR: 9.81(s, 1H), 7.42 (s, 1H), 3.56 (s, 2H), 3.00 (t, 2H, J=5.6 Hz), 2.91 (t, 2H,
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MP: >2500C HNWR 7.35 (s, 1 H), 7.24 (s, 1 H, 6.61 (s, 1 H, 6.45(s, 1
H, 4.48 (s, 2H), 4.08 (quartet, 2H, J=7.2Hz), 3.68 (m 2H), 2.87(m 2H),
1.20 (t, 8B,03093279Hz) ; MS: 393.0(MtH) 25 Exanpl e 19 Prep&cattisosi1iabs

7- xo0-6-(6,7,8,9-tetrahydro- SH i m dazof |, 2-al azepi n- 2-

yl met hyl ene) -4-thi a-1-aza-bicyclo 3.2.0 hept-2-ene-2-carboxylic acid 30
Step 1. Preparation of 6,7,8,9-Tetrahydro-5H i m dazof 1, 2- al azepi ne- 2-

car bal dehyde Thi ocaprol actam (6.45 gram 50muol) was di ssolved in 400m
CH2ClI 2 and p=6.BHz) IB5WE, BB AS2782. RUMHYS03/ 13428 i odi de (16mil, 5eq) was
next added. The m xture was stirred under nitrogen for 18 hrs. Then it was
treated with 100m potassium carbonate (50% ag.). The organic |ayer was

then dried gy 3nP@paRitIon 6L6-{5AMethyN4(5:6, 7ttetrhhmnoonmam!3czm1miumea-| on 7.3

gr am of rraterla wasotalne_ T|s rratell wa . £t hanol
yimethyleng)nizo ePt-2-ene;e-CAROXVIB AC{ | uxed

for 1 hrg Then the sol vent was rem)ved I n vacuo. Half of the materlal vvas

added 200mL et hanol_ and then foll owed -b“Y, additio i a é

sodi um met h8XPaey-SndihydigratirthignobdAsinyridingrasasbay, %aﬁf’&HH 8 tﬁm?é ve] and

the m Xture4¥iﬁﬁol)5\hé§ 8i8Solidd %%ﬁl%@étoﬂntnlé‘éﬁd B?ﬁesuﬁﬂnaarsmldé@mermﬂzermved
and 200mL chl orof orm was add along with

t h
m xt ure was 9FER|4QeEMPpwas "H?%a‘éﬁﬁﬂj lf’]ﬁ’@ﬁ"‘@@é’l“@%f"’teée 2§£3e ’?{"l"ﬁ qse%érlep@g medi a
was partitiongd rhetaiesihotl Osbrdpddr 2x8-Linta- Mz@ibto@aagmmépttiaeﬁ@ae (509 .

The organic layer was dried over nesi um sul f at e. filtration and
“qDINFR

concent 1@t i §ﬁrb2xl'°gﬁ%ﬁ'6ftr°0h’qnzﬂr®5ﬁigﬂ Sggramy Yimanolbin 4 ween(s, 1 H),

7.60 (s, 1 |i'r’ﬁect@d Qllat(eﬁ'ncelanﬁ)the ﬁm&%ﬁmasﬁrﬂﬁiedlé’teﬁ%oéléd t@ 0o ﬁlﬁietﬁy'ﬂaﬂnme15 H .
1.90(m 2H), &_ 2: aratjon

7- Oxo- 6- (6. 72ral)9ta§ h?@!ﬁﬁhﬂmthm&% ert'rr?data%%?ﬁ Fprép e aSetic

yl met hyl enehnfydridedo %eﬁﬂ)anés # ieara%dahélmme WastiiPred ot 960 a¥Y48 lersathsl

6,7,8,9-Tetrahydro-5H i m dazo i ne- 2- car bal deh 2qr
8mmol ) reactlon media was then ailu ted Wlt]h 500Fr)nl ethyl acetate and wa%ﬂed &/?’th %2‘5 ngl 5%}n

15  citric acid, 50 ml saturated sodium bicarbonate, and 50ml brine. Another 300ml ethyl

acetate was used to wash each aqueous solution. The combined organic layers
were then dried over sodium sulfate. Filter, concentrate, and flash column
chromatograph using 20% ethyl acetate in hexane gave 1.56 gram (64% yield)
product. This product was then dissolved in 20ml THF and 20ml aqueous phosphate
20 buffer (pH=6.5). The mixture was then subjected to 40psi hydrogen for two hrs with
0.5gram 10% palladium on carbon. 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 2 liter of water followed by 5% acetonitrile in water.
25  Water was then removed through concentrate in vacuo and 112 mg (13%) of product
was collected.
MP: >2500C
H-NMR: 6 7.48 (s, 1H), 7.37(s, 1H), 7.21(s, 1H), 7.10(s, 1H), 3.41(s, 2H), 2.88 (s,
2H), 2.68(s, 2H), 2.37(s, 3H); MS: 335.0(M+H)

30 Example 18
Preparation of 2-(2-Carboxy-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]hept-2-en-6-

ylidenemethyl)-6,7-dihydro-4H-thieno[3.2-c]pyridine-5-carboxylic acid ethy!

ester
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20 was dissolved in 80m acetonitrile and nagnesi um brom de etherate
(2.94gram 8mmol ) was then added under N2 atnosphere. The m xture was
stirred awo230®2for half an hour. PCT/US03/13428
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 ester (1.155gram 3mmol) in 60mM THE was then injected all
at once and the mxture was imedi ately cooled to -200C. Triethyl am ne
(4ml) was then 25 injected and the m xture stirred at -20oC for 4 hrs. Then
?cetic ﬁnhydride (1 M) was injected and the m xture was stirred at QoC
or 20 hrs. 5] ea6l i TRAL L ool 4 it etate
and washed %%m%%%dﬂ@@gciﬂrﬂﬁ‘igﬁ\g{g%&?ﬁq&r@rﬁ %@gi"% g&gg& %ﬁﬁ?ﬁ%ﬁéﬁ bonat e,
and 100nm b2immenl) Waedissejvad io 20ay eretanitile Arthmagnesium dyemids ethasatedbifag.e.
Fliver, ConsamdiAkes 1R haliod BRad N SPhEERIAQ AR ke ShirAll APoetrby |
gave ng pr

acetate in hexane oduct. This product was then dissolved in
20g_& THE antial?@nthour Geyomophoxphdiie-thararkieydqid2Elmpt-2Tne-2oabaxdic el t hen
subj ected tgqg 40D r Ay 0 | bon.
Then 1t Suna ey et EHRPET R 2hmith oD P A Lo To
r ﬁrmve rrIDSE:I thef mixtuge Yps\IONESI0E B 2Tee o083/ Trigtngamimeit miy nas dhgn iniesiedwas

t hen cool e : 10 I | t MM ; ' hyd I de.
Then 1t was “Da Ry fiE Rt BTHAR SR et Rér‘aé'“\fd.“td%r@%?@'%% ot
fol | owed by irjected andthietmixiuse was wiired at Qust for 4@dis. tieneadienveasia was then
52500 C i+ Npltet IBH 2088 othyfagBle 3ig Wachia BQRHEAIAG SAYI 5 Rfle 90"
H, 3.920m 521l saiirged sediurphigarbenats, and 5amibring. 6T enoraanic layersvesifienH) :  Ms:
318. 2( MtH) . e '

(62) -6 (7 BEEq Py gt Ml CPRER chkenRbtel A fagh colun chrgmatograph

yl (rjrpt hyl elne)usmgc%&(e athylacstate ivhexaog gavd 890ma[HB8p: vieldepreductc Afraskion ot aci d,
sodi um sal t .} o -5 6 7 . .

Bt et r anycr d1PIRRES: 450t S Hivich Rasfihen discolyed in tem| THE anq 16ml aquepys,
(6.27 nlL), mh@sﬁha@ab@fierr('phlyaﬁbrﬁwama@uemdgm$wcyedt§>4cm§i mdepgender i -)

Zg'h;} 1 0050f 4o firs'with bBGFANY B Pahdlam BnleatbH. PYHEA WS findrad RASYGH & pad bf

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 2 liter of water followed by 5% acetonitrile in

water. Water was then removed through concentrate in vacuo and 18 mg (5%) of
20  product was collected.

MP: >2500C

H-NMR: 7.35 (s, 1H), 7.24 (s, 1H), 6.61 (s, 1H), 6.45(s, 1H), 4.48 (s, 2H), 4.08

(quartet, 2H, J=7.2Hz), 3.68 (m, 2H), 2.87(m, 2H), 1.20 (t, 3H, J=7.2Hz), MS:

393.0(M+H)
25
Example 19
Preparation of 7-Ox0-6-(6,7,8,9-tetrahydro-5H-imidazo[1,2-alazepin-2-
yimethylene)-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid
30

Step 1: Preparation of 6,7,8,9-Tetrahydro-5H-imidazo[1,2-alazepine-2-

carbaldehyde
Thiocaprolactam (6.45 gram, 50mmol) was dissolved in 400ml CH.CI, and methyl
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ester, hydrochloride (9.47 g) at roomtenperature and stirred for 3 h under
a nitrogen 20 atnosphere. Then NaBH3CN (2.97 g) was added to the reaction
m xture awoosppred for 19 h. The mixture was filtered tRrCoUph3/34pad of
Celite and diluted with CH2ClI 2 and washed with 50% K2CO3 ag. The organic

| ayer was dried (K2CO3) and filtered. The filtrate was concentrated under
reduced pressure. The residue was applied to silica gel colum

chromat ography, then the colum was eluted with CHCI3 - acetone 25 (1/0 -

pal & yoi | ow s (AL ped ek sendedien. (IR DGEEIpS PR U TREh IRy 00, )

§H87S t, %Hl hds. =Trendt wag tre@ed With,100#) potaSsiqis (carbobigle (58%0 adm Thelprgania4( q,

\ = 7. - . G - Z-Bopzy| -5 6,7
8-tetrahydr Jﬁlg'%} WS%B’%?’.‘%‘-%]A‘%’% ré'% n(':'es-"‘g-[1 gé‘? g’l é&%"&l‘é"“?"% %Efec&nﬁ(e)rlﬂﬁatt'iggg'%f Dl BAL
in tol uene (@lambof materal was ebfin@dniThls materialdvhscisswlved 30 gthapplEng .83 i - )
sol uti on.of 7-be - -t e -1 - | N6 rboxylic
coid e QERETESioR Rl VaR dde AR uas RRAEA R, TER! S0
03/ 093279 PEE s4Dasn w@é 28mowad invadud. o Half of the. maledalnias added@@omyathaobled wi t h

1 M HC 5nL).. T i o xt i . i )
The 1111+ ar SR IBUAEETS) Rt e it Tashib spiuh1ngt8a8 ARAY, efareel | ©
]?X][ { act Sd yézﬁr?nﬁlb?QL&om'bh@isoprdpbmeurooegarand thé mjoémrem;ﬁmed@t 23@@38)h2 and

I ered. e r a1
resi due was hlﬁ)pTri‘e dt%%%oig?ﬁtl @%&%@{L&%@%ﬁ&%&i@ﬂf@%{é %g’g‘g’gi?y?&qeﬁ?ﬁd‘l{gﬁ“éth cgl um
was el utted wiotrh trigdGl @aminea cBrteomixtur® ivas refidixedl ferichrelaat shen oasfad to230€) . The

titled d ' ” 0 .
NVR( ol 3) 413 retpn Pndie BB pRuGiRed e, Bckhipim dpdiZh Bpgsdiy F
% Rg) Eséisl (Hé)s 3c_aﬂAaogtato<-;;((5m%35(rma ofgdnjc layes3(as, driedidyer Baggsiym llsltllfgzte. Aflestep 3: OR
al pyrazi n- 2_fw%fi%taﬁé%g%ﬁ?@?}é%égSga&_gizéifé{:bgyhcﬁWag'o@tﬁﬁgc{’ o
E g_zabit cycl olFBNRR 196D (s, 2HB N6 (s, dat) R Y (3, dHAH.45(8- THl), H@Bcmz3H), 896dRm,

i astere

7- Benzyl1- g, gj')él'?E’f’%ﬁ'ﬁhﬂ%wh‘&%‘f1165955"'599 azi ne- 2- car bal dehyde (139 ny)

15 was added to the dry acetonitrile (8.7 ml-) solution of anhydrous MyBr2
(325 ny)  under HApnl {1 Q48N of r BRETE 7 8.1t AVt SBRAGHTEGAYF1,2.F THE

sol ution (8.
yimethylene)-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid

8,7,8,9-Tetrahydro-5H-imidazo[1,2-alazepine-2-carbaldehyde (1.312gram, 8mmol)

20 was dissolved in 80ml acetonitrile and magnesium bromide etherate (2.94gram,
8mmol) 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 (1.155gram, 3mmol) in 60ml THF was then injected all at once
and the mixture was immediately cooled to —200C. Triethylamine (4ml) was then

25 injected and the mixture stirred at —200C for 4 hrs. Then acetic anhydride (1ml) was
injected and the mixture was stirred at 0oC for 20 hrs. The reaction media was then
diluted with 500ml ethyl acetate and washed with 100mi 5% citric acid, 100 ml
saturated sodium bicarbonate, and 100ml brine. The organic layer was then dried
over sodium sulfate. Filter, concentrate, and flash column chromatograph using

30 20% ethyl acetate in hexane gave 800mg product. This product was then dissolved
in 20ml THF and 20ml aqueous phosphate buffer (pH=6.5). The mixture was then
subjected to 40psi hydrogen for 1 hr with 0.5gram 10% palladium on carbon. Then it
was filtered through a pad of celite and concentrated in vacuo to remove most of the
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of (5R, 6S)-6-brono-7-0x0-4-thia-1-azabicycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c
acid 4- nitro-benzyl ester (223 ng) was added to the m xture, cooled to -20
C, and EtlsNo03®229 nl) was added in one portion. The reacPCoUSIRsEes was
covered with foil to 20 exclude light. The reaction mxture was stirred for
5 h at -20 C and treated with acetic anhydride (0.11 nml-) and DVAP (7 nm)
I n one portion. The reaction mxture was warned to O C and stirred for 15

h at 0 C The mxture was di| uted ac th 5%

citric acidT 5@ueﬂl?§°§5!°ﬂtwat§ﬁl‘e%ﬁ?%¥ga{°&fr%Héﬁ’rﬁﬁnaﬂgé’ ﬁgﬁp Bowgl? é% wat er0

and brine. TheusY AR, aBtRin iveas purified v(d\@ﬁéi%)s phase HPECfusirige kitdr ofThe

filtrate was concentrated, under. reduced p, sure... The resi qﬁfoga applied
t

to silica g&@ "t‘f(fP'!P?N?d&Yr AECBGPiTIR{N W?tﬁé vas them rempeved with n-
hexane - Ac@Bhcdndafle n vhédd and 81 tigt(Be%) epppductdvasalledtedi ned as two

di astereo m'x_tureO&BO/ 20, purpl e anorphous solid, 233 ng, 61 %9. 'H
NIVR( CDCI §) ) 0.8x3H), 2.23(s, 0.2x3H), 2.83 - 2.89(m 2H), 30
3.68(d, 2H, HlNMR459/ Jr#és 1|3|) 771623(s ZHI) ,6934(%411-1)463163(5[7111—125)92(5 2/, @.80L(nk), J =
13.6 Hz), %ljgﬂ (1g 3<IHJ=136H2)
6. 05(s, 0. 2>aH)H) 786“2@'0)3151@’“8%'1) |1|)54(f6 rs:® AMH?' 6.790(s, 0.2x1 H),
6.793(s, 0.2x1 H), 7.01(s, O.8x1 H), 7 27 7.36(m 5H), 7.42(s, 0.2x1 H),
7.46(s, 0.8x1 H), 7.61(d, 2H, J = 8.6 Hz), 8.22(d, 2H, J 96 WD 03/093279
PCT/ US03/ 13428 = 8.6 Hz). Step 4: w

(5R), (629-6-(7-Benzyl -5, 6,7, 8-t etrahydroi m dazo[ 1, 2- a] pyr azi n- 2-

g' gggr‘ﬁ'meggl) trg?g(%&é‘n BF{sﬂaﬂ(ng@-E-ﬁzﬁiﬂIé%, ,?,8%%[%&6%Tﬁi‘t?az%[ﬁ%m&xbhez-ac' d,

6RS) - 6- [ ( RS) - Atmethyiénd)ieonxo-A-thiag! -azabicyalof3iR,OihephP enec2-carnox acigl; -
2-yl)

nmet hyl ] - 6- br ono- 7- oxo- 4-t hi a- 1- azabi g?'dc‘yc')'f-é—lé 0] hept - 2- ene- 2- car boxyl i c
acid 4- 10 nitrobenzyl ester (1.27 g) was dissolved in THE (55 nL) and
acetonitrile _ : \ v . add rapidly
With 0 95V St 36} droimidazoll,2-alpyrazine-2-¢g 'ﬁps

covered wt *'étfﬂ |ést§,o excl ude I | ght The react fon m xt ure was vigorously
stlrredforTE at om t enper at ure, 'Ir;a; act|%1 m xt ur ﬁtm%?%hiered
t hrough a pad of M i(q &7 MPHGHO (42 g wvar aAdef siacrsRysly fo the HQHd

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

20 atmosphere. Then NaBH:CN (2.97 g) was added to the reaction mixture and stirred
for 19 h. The mixture was filtered through a pad of Celite and diluted with CH,Cl,
and washed with 50% K.COs; aq. The organic layer was dried (K,CO3) and filtered.

The filtrate was concentrated under reduced pressure. The residue was applied to

silica gel column chromatography, then the column was eluted with CHCI; - acetone
25  (1/0 ~ 9/1) and CHCI; - MeOH (19/1 ~ 9/1). The titled compound was obtained as
pale yellow crystals (4.16 g, 36%).
*H NMR(CDCl5) & 1.36(t, 3H, J = 7.1 Hz), 2.87(t, 2H, J= 5.2 Hz), 3.71(s, 2H),
3.75(s, 2H), 4.01(m, 2H), 4.34(q, 2H, J = 7.1 Hz), 7.25-7.34(m, 5H), 7.51(s, 1H) .

30 Step 2: 7-Benzyl-5.6,7,8-tetrahydroimidazo[1,2-alpyrazine-2-carbaldehyde
1.01 M solution of DIBAL in toluene (1 mL + 0.2 mL + 0.3 mL) was added to

the dry CH.CI, (5 mL) solution of 7-benzyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-
2-carboxylic acid ethyl ester (283 mg) under a nitrogen atmosphere at —78 °C and
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t he aqueous | ayer was separated. The aqueous |ayer was cooled to 3 C and 1
M NaCH was added to adjust pHto 8. 0. The m xture was concentrated under

hi gh vacwormsa323d C. The concentrate was applied to D ai ®THRBOZ134¢¥9 ni,

M tsubi shi Kasei Co. Ltd.) resin colum chromat ography. After adsorbing,
the colum was 20 eluted with H20 - MeCN(1/0 - 4/1). The conbined fractions
were concentrated under high vacuumat 35 C and |yophilized to give the
title conpound as a yell ow anorphous solid (390 ng, 49% pH 7.7). I\/p 180 C

(dec); 1H NMRERR 1% B- Sthe-miZiuPSKvas qdéhiched vﬁth(‘IM HZiH(5 Ly Tha redttipn 3 67( s,

%H)zg 3226( t7 ny)%tgpﬁ v‘\]/@q:_ﬁlter@( gﬁéqlgg @Ea(é?fegéF%t iThe f@fa(te Wwas w@sheé3 w%h (58% '

(5R, 62) - 7- oxge6s éé%d&ﬁé'a@h@o&l&&éﬁd&%)&m&bﬂ MHhCH,Cl,. The combined organic
t et rahydr ot hi enoJ

azabi cycl o[ 1yl wps&ped b%é%) Qn‘égﬁF%%iy Iqr‘?‘@%@? m}agégl)égqﬂra%%ﬁg‘dﬁi,reduced

[5-(pyrigin t 7 WO
Ny 08%2 78 Pg%s\éhf& mié restdie \ﬁagaﬂrﬁiba adyifidengé) lcemﬁir{ chrématohraphiy thee tH

US03/ 13428 t d |
o foviul) | GORI s R WG aCh - are@ra g/t s/ TRRLCHEhoMeOH (1978, | The | |

DMF (20 m) t|t|e§c&h§&ind wablogfamba atsycfbl&rebé@fysfws (1@8815@ 63%)5. 2 mol ) and
N, N-di i sopropyl et hyl a

The 5 react ion i %tW@(%@s)sft? PP@C?H o’r §5 'T'ﬁf)s3 Zlﬂ@ aﬁbﬁc@%%t%%%r eThe
reaction ﬁ@%i)}l&ﬁz@)ﬂf@@(ﬁﬁ@m\nﬁm(@ {19y, ofgprgnipashed wel | with water and

dried over ydr ous 't Was filtered and concentrated. The product
was purilPied by Si 02 coI um chromat ography by eluting it wth

et hyl acet at | ; i 1209. 10 Ste
2: 4- Nltrob%te _% 8, P
t et r ahydr ot ldlpyragit
azabi cycl o]

[5- (pyri di 4" ] pyridine (516 ny,
2.0 mmol) and t reBelmayl- EJGH Gdaéttmydmlmlzezq‘rL)Z ajpyrazre- -2- carbaldehyde (139 mg)

6S) - 6-br grm was & )ﬁ%eé t(g meadrgl a@éfdnitrile (8.7 mL) solution of anhydrous MgBr, (325 mg)
under a nitrogen atmosphere at room temperature. The dry THF solution (8.7 mL)
of (5R, 6S)-6-bromo-7-oxo0-4-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

20 exclude light. The reaction mixture was stirred for 5 h at —20 °C and treated with
acetic anhydride (0.11 mL) and DMAP (7 mg) in one portion. The reaction mixture
was warmed to 0 °C and stirred for 15 hat 0 °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

25 filtered. The filtrate was concentrated under reduced pressure. The residue was
applied to silica gel column chromatography, then the column was eluted with n-
hexane - AcOEt (3/1 ~ 1/1). The titled compound was obtained as two diastereo
mixture (80/20, purple amorphous solid, 233 mg, 61%).

"H NMR(CDCls) & 1.99(s, 0.8x3H), 2.23(s, 0.2x3H), 2.83 ~ 2.89(m, 2H),

30 3.68(d, 2H, J = 4.9 Hz), 3.71(s, 2H), 3.94 ~ 4.13(m, 2H), 5.27(d, 1H, J = 13.6 Hz),
5.41(d, 0.2x1H, J = 13.6 Hz), 5.45(d, 0.8x1H, J = 13.6 Hz), 6.05(s, 0.2x1H), 6.28(s.
0.8x1H), 6.31(s, 0.8x1H), 6.790(s, 0.2x1H), 6.793(s, 0.2x1H), 7.01(s, 0.8x1H), 7.27 ~
7.36(m, 5H), 7.42(s, 0.2x1H), 7.46(s, 0.8x1H), 7.61(d, 2H, J = 8.6 Hz), 8.22(d, 2H, J
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bi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxylic acid 4-nitro-benzyl ester (772 ny,
2.0 mol) were added successively to the dry acetonitrile (15 nL) solution
of anhydrwoosmpBdre: O(Et)(err) (390 ng, 1.5 nmol)under amcarugonixEesosphere
at roomtenperature. After 20 cooling to -20 C, Et(err)N (2.0 nL) 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 treated with
acetic anhydrdéi )(1 04 nmL) in one portion. The reaction m xture was warned
to 0 C and stlrr €d for 15 h at 0 C. The m xture was diluted with ethyl
acetate and washed with 5%citric acid aqueous solution, saturated sodium

25 hydr ogen rﬁlrﬁi@éﬁ équql (MS™) and

_I_ acet at e.

flltered

applied to siljca gﬁ colum chromat ogr aphy, “ hen t he col urm was el uted
with ethyl Sgdiumsalt, . -ne (1:1). Collected fractions were concentrated
under reduced pressure and the m xture of 30 diastereo isoners were taken

0,
PRL e;t oP- Pl e B RRRARA (7 D2kl s 67 B eSrarydfoimidhzof 2 2o} Ecn® 8> and

(5R, 62)-6-{@?,1/)(pyr|d|n 3-ylnmethyl)-4,5,6,7-tetrahydrot hi eno[ 3, 2-cl pyri di n-

2 y1 )1 ot ny ARG BSaERor o 4o AERAISHEELA 3 gl P 2R e B oy ¢

acid: 4o N hirBeray- 6- [ (acetyl oxy) [5(pyridin-3-ylnethyl)-4,
5,6, 7-tetrahydrot hi eno

c] pyri di n- 281€f ket h§) Y"L%dﬁﬁ?hﬁ)d i T80 (52- ) %{‘dla“ﬁ%f'@ﬁ?g[% Zcrﬁfm)épt 2-ene-2
- carboxyl abetn(at&ﬁﬁn st (3.08 gmb)adua@ racblcsmitwem Mrphbsiihate Buffdr)(ple 65, 80
acetonitrile m). Fres actlv n dusiudl(eg 6 gi. was dded rapi dly
with 0.5 M sp-H};ﬁ r@adﬂﬁﬁ‘feé:’?e( cé)vgre 98t i She v 8“ was
covered wt fmli‘(tgrel wéé)v@ﬁ%hﬁlsl%tlﬂréd}fﬁr 2h é&heomeambemmrm XTHe reagtivs muxgm ously

stirred for roomte ratur actlon r ltere
cool ed {® 3"‘@5 fﬁﬁ'i?ddhrfu Iﬁg‘%q "?ddi@e f"Ha ‘P’asrl?ﬁ"i’@ %hﬁa }ee?nc{trate

was was hfd \he Bqurlony hayee ?ib§%@r()jzﬂaiégt h'ﬁweaét!ﬂmus ldyaywtas vosled B sapananeml | The
aqueous ayer was concentrate cuuma e ow
pr eci pi t at e Naf&wap gaded t uﬁSlEF'r}PeeeQ:l lﬂg Yre was ﬁor}cgoté?tgg ﬁﬂ%( ol um

chr omat ogr aphyuurh Bt 85 a¢] YrHd woneahtrte wae aippligdt te Misibh MPAZi (i mkedvivatbishi ( 2
[its) and latter with 1

were col | ect@ge{rey Lt‘ébFﬁ?@h?Q"é‘P@Gh'&tE“eﬁrt"éQ{g@%df g'ts!%‘%togb'Coqﬁgéﬂ?@"gﬁ&%ﬁaﬂj?gum
The yel bgw RltedwhR$H,0 — 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).

Mp 180 °C (dec); "H NMR(D,0) 5 2.84 ~ 2.95(m, 2H), 3.61(d, 2H, J=7.2
Hz), 3.67(s, 2H), 3.96(t, 2H, J = 5.7 Hz), 6.43(s, 1H), 6.89(s, 1H), 6.93(s, 1H), 7.28
25 ~7.37(m, 6H).
Example 21

Preparation of (56R,82Z)-7-0x0-6-{[5-(pyridin-3-ylmethyl})-4.5,6.7-
tetrahydrothieno[3,2-c]pyridin-2-yl)Imethyiene}-7oxo-4-thia-1-

30 azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid:
Step__ 1: 2-Formyl  [5-(pyridin-3-ylmethyl)-4,5,6.7-tetrahydrothieno]{3,2-
clpyridine:
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15 washed with acetone and filtered. Dried. Yield: 50 ng, 12% as yellow
crystals; nmp. 134-136C, (MtH) 412. 1H NWR (DMBO-d6)3 d 2.8 (m 2H), 2.92
(bm 2H),w8.08/0¢3ty9 2H), 3.86 (s, 2H), 6.3 (s, 1 H), 6.41 PST/WBM342%. 17 (s,
1H, 7.29 (s, 1 H, 735 (m 1 H, 7.7 (m 1 H, 848 (d,1 H), 8.54 (s,
1 H. 20 Exanple 22 Preparation of
(5R, 6Z) - 7- ox0- 6- { F5- (pvri di n- 3-yl carbonyl )-4,5, 6, 7- tetrahydrothi enof 3
2-cl pyridin-2-yl)I nethyl ene}-70x0-4-thia-1- 25
?éal(oi cycljol 3. 2. thept 2-ene-2-carboxylic acid: Step 1: 2-Fornyl
pvridin 5 g30 To

a stirred sg?u% Sgﬁégggy % %f 26( o?gﬁ/@terdﬁEﬁﬁg&g@ﬁﬁ@%%ﬁs%ﬁdgﬁm%Ctg'@)‘;?al di ne
(6063ng, 35Q2 mmmﬂ))mDMlDMzo(nﬂD #pjcolyl ml@rdﬂq Wcmmldér(f)@é rs,«g mOX)rﬁft&’e (531

: no yi et adgrd at
roomterrpere*i%I?IJ%g&pf#ﬁtqyléaﬁgoﬂemhgt%}%%\ggsstgla&r)erd;gt %ﬁﬁ%%rgﬁg%d guenched
with Wat%r réotion eaisture wasostinO B/ 230 Brs7 andbaPESiEy) with Jgatery Thareagkes
extracte h o e Wi V. dr ous
Vgsor. Tt wiRpf V88 g Rile AR ctElom o ) BRI el B B e S 02
col um chromahmowqoMgSlQA dt wasfifeted and noraensrat@detﬁteepromtéﬂf%wrﬁwd by

sem -solid.

(acet yl oxy) bgél% %toiéé%%wgl@@ it vﬁt}ﬁétjﬁ g? ?ee{ t%dwlr,%% %&gﬂéé’%rﬁrsolld
pyri din-2- yIY)&idrS@@nygL58%bthb259~oxo 4-thia-1- azabicyclo F3.2.01
hept - 2- - 2- car boxyl ate: 2-For nyl

[ 5- (pyri |n 3- ylcarbonyl) 4,5,6,7- tetrahydrothleno][3 2- c]pyrldlne (400 ng,
10 1.4 a : 5-[6adety ¢ 3-y 4.5.6.7

6S) - 6- br ono- .hi o] , carboxylic acid
4-nitro-benzs 18 p}'ogc’ﬁqﬁ'azi ely to the dry
acetonitril Qzéﬁﬁxaﬂgl;’, a@]n&gtmeﬁ-zmm; I\/gBrZ O(Et)2 (619 ng, 2.4

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

15  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 anhydrous MgBrs:
O(Et), (390 mg, 1.5 mmol)under an argon atmosphere at room temperature. After

20 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 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

25 hydrogen carbonate, and brine. The organic layer was dried (MgSO,) and filtered
through a pad of Celite. The pad was washed with ethyl acetate. The filtrate was
concentrated under reduced pressure. The 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

30 diastereo isomers were taken to next step. Pale yellow amorphous solid; Yield: 700
mg, 51%; M+H 685 and 687. '

Step-3: (5R,62)-6-{[5-(pyridin-3-vlmethyl)-4,5,6,7-tetrahydrothieno|3,2-c]pyridin-
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15 covered with foil to exclude light. The reaction m xture was stirred for
2 hat -20 C and treated with acetic anhydride (1.04 nL) in one portion.
The reactwonsfderure was warned to O C and stirred for 1PCH/USD3/B4¢8 The

m xture was diluted with ethyl acetate and washed with 5%citric acid
aqueous sol ution, saturated sodium hydrogen carbonate, and brine. The
organic |layer was dried (MgSO4) and filtered 20 through a pad of Celite.
The pad was vvashed W|th et hyI acet ate The f||trate vvas2 conc ntrat ed under
reduced pr e2ximethylenel-Zoxod-thi A :atboxylic acid:

chromat ogr aﬂwltroﬁé]féy F&&ﬂb%(%ém% Mh@@lwut b 6t arbhyrethang]a hexane

(1:1). Coll ons were concentrated under reduced ressure and

the m xt ur e chityridigi 228ireetbiy]-BdoemeJ-auer&thiart @gakisy (IR 2 Qhe-2- " yel | ow

anor phous s rM(?‘én%Déo tSriitde- 30

(5R, EZ) 6- %Eb@ I\%{r(':‘letdélbr(\5 0] carb Onwaé”@ é%olbéd)in 'l;l-glil?g ot hi enofl3mr@ cl

pvri di n-8- yln)lL) ¢ghlsewé9/atp§>&5tdust %ghwaiaﬁqu@PtS’iyeN 1o Me ?Spé‘a&%e 2-

car boxylic %GEQ ? t §f‘h| Tl:f'@reactlon vessel was covered W|th foil to exclude light.
ace

4-Ni trobenz [ 5( I di n-3-yl carbonyl)-4,5, -t eﬁ_'r ahydr ot hi en
o[ 3, 2- The reactlon mlxture was wgorously stirred for 2 h at room temperature

c] pyridin-2- Tt to ZiaN e Wak Addedidapiist2- ene- 2
- carboxyl atréé ngggmlth}e ‘?a?ﬁﬁn@% G)ogﬁg-stégl ?sg?(\;/gg Iiﬁn THE %O n?.&aand

acetonitril @H®®.5. rﬁ[he leTia&Wﬁ?WaéhQQ/\&'i'b@Fhﬂrﬁcétﬁ‘i apa;the [d¥2F r api dl y
Wi th 0.34M %%95@% erﬂ&%dé@u&’ﬁ.( @Pwad gofcgﬁfréﬁg%a&“fﬂgh vstfuhest 353+¢ ﬁ) e 28

m.). The're ron vessel "was covered wth foil to exclude |i
reaction ni swellow preeipitatey oFhrurpgue wasisdfigdby HPR1 sgsin Wﬁfslee‘?ﬁi'g? &P'HF‘E‘ The
reaction m )gh\’cg'ﬁ%t\‘}@%ﬁwl rf?tfa‘ﬂ?thec&ﬂﬁrﬁﬁi\nfag efitde wﬁﬁ‘delgnliecﬂ\/bvbﬁ@(tm aﬁtﬂdEd to

adjust pHtoO trate was washed with ethyl acetate

aqueous | aydattakaths! 0% GAN: Viater. THie tefiliens sontaipig tﬂﬁngb'ﬁk‘fé‘?f@ ‘iﬂ%r
hi gh vacuum af,-dardied &t @HM@ed H@Lé&é“’af)l"o‘%ﬁi @Hp%?é?ureTh%eWeﬂdM%hd/ﬁés purified

by HP21 resin reverse phase col um hr ormat o%rah |nltla||yth§CO|UI’m
was el utléd wiashedavitbreicetane\aadditereg. [Drteg) Yiglek 50 g, 112%; @s Rl SHyelRis: MRat er .
The fractions.c i 4 product were collected and concentrated at
reduced pregisurfe%g {M-nﬁ]tenperature The %/el | ow solid was 10 washed with

acet one and fi |t eHeNMRODMIO-d¥Ioed 3:8 (50 2D, 2.92¢9mazH) 316 G 2y 3t881(§; 2ip.
195 G (MrH); 428 115¥ 8| €, 48), 7.17 (s, 1H), 7.29 (s, 1H), 7.35 (m, 1H), 7.7 (m, 1H), 8.48

(d,1H), 8.54 (s, 1H).

20
Example 22
Preparation of (5R,6Z)-7-0x0-6-{[5-(pyridin-3-ylcarbonyl)-4,5.6,7-
tetrahydrothienof3,2-c]pyridin-2-yl)imethylene}-7oxo-4-thia-1-
25 azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid:
Step 1: 2-Formyi _[5-(pyridin-3-ylcarbonyl)-4.5.6.7-tetrahydrothieno][3,2-
clpyridine:

30 To a stirred solution of 2-(formyl)-6,7-dihydrothieno[3,2-c]-5(4H)-pyridine (606 mg,
3.0 mmol) in DMF ( 20 ml) , nicotinoyl chloride hydrochloride (531 mg, 3.0 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
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15 Preparation of

(5R, 6Z) - 7- oxo0- 6-{[ 5- (phenyl acetyl )-4,5, 6, 7-t et rahydr ot hi enof 3, 2-

cl pyri di rwb-0gi0y32net hyl enel - 70x0- 4-t hi a- 1- azabi cycl o[ 3. 2. OpheaiSeR1Boe- 2-
carboxylic acid: Step 1: 2-Fornyl[5-(phenyl acetyl)-

5,6, 7-tetrahydrot hi eno] [ 3, 2-c] pyri dine: 20 To a stirred solution of
2-(fornyl)-6, 7-di hydrothi eno[ 3, 2-c]-5(4H)-pyridine (0.41 ng, 2 mml) in

i 1 sopt opy! EVHYRaNERe b et Wil s EEri wignd® e Gnfier 20 4yt grer

reaction rrgp(myur@s\/\mgsaj fit aels ffﬂIereﬂ4amf som:adtratadnc‘l'rkedpmdluﬁ wast ewr!fle?ﬂHU
reaction m re Was tracte rq it howat er
and dried o ‘é"r'l‘ﬂ?ﬁrc )% gesarny gY H"\%@%q 'ﬁ @éggtagaconc wa?ég@.-&ﬂl%g

product was Yjid:is00R mB%SlMXieam colum chromat ography by eluting it with
et hyl acetate. Wiite solid. Yield: 510 ng , 89% M+H 286. 30 Step 2:
4- N|trob%nzy 6-[ (acetyl oxy) [ 5(phenyl acetyl)-4,5,6, 7- tetrahydrothl eno[ 3

8 A i 3

2-c] pyri di nsgepyb) aENifiviben
hept - 2- ene- .

[ 5- (pheny| ad&Hds,

101 VO 03/ 0 : o ; == d
(5R. 6S)- 6_%32!?1%8 :ﬁJ zm&x&ﬂélt e dry THE soI ution (20 m-) of

aoid 4ot r@mmw&é@t@m Sgaitgy . 20h STt el o @%¥%€%§§§€$§X¥LI :
the dry sgceloniid shdtha i THFSBIusbh 20 ML) BBRIBEYE-bhHE T:-0x00fid 2-ea L0 Ny,

1.2 mml er an ar on atnosphere at roomtenperature. After gcoollng to

-20 C, Et 3Nb(CXC|9[3rﬂ_p k2anedrarbohe agigr #nitre-benzy etel {7 78nMPe 20 MRl

covered wi t @ bliadPs ket td Bblury J6RonERLHEIALYBoRitieh f eARydFbls TgBrf Of 2
h at -20 C treat acetic anhyd e I n one portlon The

reacti on mi QEbDe (6\7695 mawar4retmeiyindercan, j ool ?WOéHhWSrater‘)"W igmpgragures
mi xture was dhiadt @A i 4 RINW.0 nk§ Ha8leRided th HRSHiHor Tie Rfctbr VéseePRag]

aqueous sol utio sat urated sodium 10 hydr ogen car bonat e, br i The
organi ¢ 16ay @oversd withi fetl tq sxee) lighkd The reastiel mixtHFe g Sy Teshter gfh @eTn%%t € The
pad was washeg t?@a{éﬂ]\ﬁﬁm%et %ﬁ?&rﬁie (-Wﬂ ﬁjlhbﬁé%o%ﬁ T‘h@fiéé’dl'bhaﬁlﬂdrel\né@r

reduced pressure ue Wwas to silica gel col

chr omat ogr apyaymedrer? fGeangostiirad fﬁaé 5e|1‘ @i 8d"Gui tThedpiire yast %ﬁ”&ed with gHy!

(1:1). acetate and washed with 5% citric acid aqueous solution, saturated sodium

hydrogen carbonate, and brine. The organic layer was dried (MgSOx) and filtered
20 through a pad of Celite. The pad was washed with ethyl acetate. The filtrate was

concentrated under reduced pressure. The 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
25  mg, 30%; M.pt. 71°C; M+H 701.

carboxylic acid sodium salt:

30  4-Nitrobenzy-6-[(acetyloxy)[5(pyridin-3-ylcarbonyl)-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 ( 800 mg, 1.14 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
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Col l ected fractions were concentrated under reduced pressure and the

m xture of 15 diastereo isoners were taken to next step. Pale yellow

anor phousweaBiogi27%i el d: 360 ng, 50% MtH 713. Step-3: PCT/US03/13428

(5R, 62)-6-([5-(phenyl acetyl)-4 5 6, 7-tetrahydrot hi eno[ 3, 2-cl pyri di n-2-

vl ) I met hyl ene}- 70xo0-4-thi a- 1- azabi cycl o[ 3. 2. A hept - 2- ene- 2- car boxyl i ¢ aci d:
20

g;/rN: Ehr gP SE] Zﬁﬁf?ér[(éﬁ%eé y2|80n)§z)? [.ﬁ](ep eac Jne}/%gg lvs)a_s4do§ér%d7vﬁtrhef5ﬁ ?ohé%[u%*ﬂbﬁf?o[ 3,2-¢]
yl ) net hyl ] - Ghé réxBEor nixtareAwddWigordusiy efitey/fol B [hdat 206t hepper2tueaeTe car boxyl at e

but for (pH Gagton DRy vesTHEE, a0 Ry i doerarten T4 NaBPuds BudielRORer S, o

presence of plQgeh/ ﬂwe( fiftateigs Washed withsthylbcétate amidhe mgaedusdayarivasur e Was

f||teredthro gh a of celjte and 25 co ntra Al ello
solid wad dﬁ%E%Pngqahﬁ YIRS Iléxgt‘%ﬁs cogﬁant{;égﬁgladermqw iﬁnﬁw a‘?%? Etg%ﬁ)é "
organi c Iay9é||d¢a§rednpit@td ang preducenhs plidfibd b'WePz‘Emm'eed'syephhm\colmhl d was

triturated with dieth et.her and filtered el l.o shed

wel | with &h@mmgréf’%(er'"s'ﬁ@’ the CRMET e Gue ES @‘%%9 zpe@r"g&%&pw%%é‘\éaw el d:
160/ ny, ?1 Yiter Weth I1o% SANt Watéfp Thbafacﬂu@%omawnh@ tHE3SrodGE Wiede colBcESY HRi3279
PCT/ US03/ 13428 Exanpl e arati,on

(5R), (62) - 6.cpBCesief 3‘5338 %Sélfer%ir{%ﬂ"&e'ﬁ&%raw? a3 BF ypiow solig was

cl[1, 4l 4bi azja_hed W|tlmébé&$h@aﬁd filfered 0 Dfied.WVield15Gmabi 2%¢ ho y&lod. @y sialpt m@- ene- 2-
carboxylic aciq sodiumsalt Step 1:

5, 5- Di 0x0- 4,1896¢ CrMeix 428 dr o- 5a, 6- pyrazol o[ 5, 1-cl 11, 41t hi azi ne- 2-

car bal dehyde n}ChIoroperben20|c acid (cont. 69% (6.36 g) was added to the
CH2Cl 2 (111 10 nlL) solution of

6, 7- di hydr o- 4H pyr azol o[ 5, 1-c] [ 1, 4] t FXamplg23_ 4 hal dehyde (1.86 g) at O
C. The reaction m xture was stirred for 0.5 h at the sane tenperature and
stirred for 18 h at roon1tenperature The reactlon nlxture ent r at ed
under réducfPreparatia 5R OXPrHAIS-fR ) te HEE and

filtered to Obggyndm.%.g )@éémﬂﬁ%% fybks%amamaaw.e@sgz ejﬂtQWZJ educed
pressure. The I an tered to
obtain crystals. The conbined crystarbexylieracidy i ed under reduced pressure
to give the titled conpound

Step 1: 2-Formyl [5-(phenylacetyl)-4,5,6,7-tetrahydrothieno][3.2-clpyridine:
20
To a stirred solution of 2-(formyl)-8,7-dihydrothieno[3,2-c]-5(4H)-pyridine (0.41 mg,
2 mmol) in DMF ('20 mi) , phenyl acetyl chioride (0.35 mg, 2.2 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
25  extracted with chloroform; washed well with water and dried over anhydrous MgSQO,.
It was filtered and concentrated. The product was purified by SiO, column
chromatography by eluting it with ethylacetate. White solid. Yield: 510 mg , 89%;
M+H 286.

30 Step 2: 4-Nitrobenzy-6-|(aceﬂloxy)lS(ghenylacegl)-4,5,6,7-

tetrahydrothieno[3,2-c -6-bromo-7-oxo-4-thia-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylate:
2-Formyl [5-(phenylacetyl)-4,5,6,7-tetrahydrothieno][3,2-Clpyridine (340 mg, 1.2
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as colorless crystals (1.96 g, 89%. "HNWR (CDCI3) 8 3.60 (t, 2H, J =6.1
Hz), 4.47 (s, 2H), 4.87 (t, 2H J =6.1 Hz), 6.71 (s, 1 H, 9.94 (s, 1 H.
20 Step 2W03R093279 _ PCT/US03/13428

6RS) - 6- ((RS) - Acet oxy- (5, 5-di oxo-4, 5, 6, 7-tetrahvdro- 526- pyrazol o[ 5, 1- cl
[1,41th iazi n-2-vl)-nethyll-6-brono-7-o0xo0-4-th ia-1-azabicyclo[3.2.01
hept - 2-ene- 2- carboxylic acid 4-nitrobenzyl ester 5,

50 010 ) ST S R BOHEL Bt AT ey ah oy

anhydr ous NbByao[3(z;m]hépt-238ﬁe -2{carbbRyli) amdldbmtra-henZylc&yéer @efosghé&Pematol)r oom

t enperat ure. HE. sol utio ;
6S) - 6- br omp¥ ?r%ﬁ%ddﬁjy N 14 e ztSB%‘%gEyf%%g’.“g}%]( n{L%?olugcﬁneoEanha/rd SOXY!Y 9= ci d
4-ni t r obenzPEHSIH0 Hhgpn2. metwl)Ghger(dh sxaog)atmsprmel@d ro@m ttepenature uAﬁer

ggoll'ﬁg ﬁéacf?‘ﬂﬁ' \}%sggF&MEENC@%'% 39@ ?&g’%doﬁl WFC?) gy@?uﬁ% gc’ti?’?‘.\%% %IR/%;L? |non

m xture was co@éred with foibto cludatlighR0THe eeadticn matwe wast ﬂlrl@déoli 2 haihlrtde

Feacti on m #0EArAL AT [E0A i b asta Rty B A, 1 0°

stirred for whfmbd a 00°CC.andcstitred foedSth ain0 fCxt Tihe misisreavde dilatedtwith ety dri de

xture wneoGeIRABE WRERPCONN i ol EBR ol e SRl 3Bt

aqueous 160! hydregen cardonat @dd wwideuheychgagieraysnasndies AMgS®4) iand. filteresi

o sosure. - THEOPEL AR G Gege ar ved i RSV E SRGERAAR: helfibEe AL MO0
(CHCI 3 acebmtratebeundbrfedﬂaced byessore. gTh/aeresidueMetsl amplied tpsilisadgel sokinmpul e

(0001 3) 5 5 eptprsarapy 1583 ReSSadnt S hfied vith ey seefe e )M

4 39 (d, 1 |¢ollécted Iﬁ‘acﬂoméZ)veredfcd#beﬁﬂlatedi unded redutéd (presure 4né3he nifxtnge Ofn

20 538 ety g RS i Fed s el soshetg iy Yl oo
6.22 (s, 1 Ithg 509%2MI+HB188 (s, 1 Hx 0.2), 6.39 (s, 1 Hx 0.2), 6.79 (s, 1

Hx 0.8), 7.42 (s, 1 Hx 0.8), 7.44 (s, 1 Hx 0.2), 7.60 (d, 2H, J = 8.7
Hz), 8.24 (d, 2H, J = 8.7 Hz).

20  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 hrs. at the end, reaction mixture was filtered through a pad of celite and

25 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 was found to be 95% pure compound. Yield: 160 mg, 91%;
Yellow solid; mp. 166-169°C; (M+H) 439 .

30
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15 Step 3: (5R), (62)-6-(5, 5-Di oxo-4

5,6, 7-tetrahvdro-5X6- pyrazol oi 5, -cl f 1, 41t hi azi n-

2-yl met hyWerwa)9sz7dxo- 4-t hi a- 1- azabi cycl ol 3. 2. A hept - 2- ene PRTABOH 0498 i C
acid, sodiumsalt (5R

6RS) - 6- [ (RS) - Acet oxy- (5, 5-di ox0-4, 5, 6, 7-t et rahydr o- 506- pyrazol o[ 5, 1- 20

c][1,4]-thiazin-2-yl)-nmethyl]-6-brono-7-o0xo0-4-thia-1-azabicycl o[ 3. 2. 0] hept -
2-ene-2- carboxylic acid 4-nitrobenzyl ester (1.33 g) was dissolved in THE
(19 nmL) and acetonitrile (9 nL). Freshly activated Zn dust (5.32 g) was
added rapidly with 0.5 M phosphate buffer (pH 6.5, 27 nL). The reaction

vessel was covered with foil to exclLude |ight. The reaction m xture was
vigorously stirred for 1.5 h at roomb—ﬁﬂgl?ﬂ%grature. The insol uble materi al
was filtered opfepaistionsr R 162615 8016348/, 7 Mttahytire-50f-byfaabR[sas added
H2O (27 nlL) and washed w ethyl acefate and the aqueous | ayer
was cool 2d t o ciidthiazin-2vyimethylpne)Jiaxerdrthiadagabicyelof,2.0thept-21ene-24 vt yr e
was stirred for 1d at the sangaltb% ﬁéQ&Ur ot ggged H2O (55 nL), then
stirred for 4dat the sane was stlrredfor 10 h
30 at room Stepér$ ptraby olofds :

NaCH was addidlaﬁ E ust pH to 8. The mxture was concentrat ed under hi gh
vacuum at 3 oncentrate was treated to Diaion HP-21 (80 ni,

M t subi shi Kasei %Chlotc_ﬁbe)benze?siaaicb(obnlrrm%m(Gamgbgaapdn}ed tAftln@CHa@ls()‘r’ljli ng,
the o YAD Y85 el oR L s D0 R R RORAR P (1
and | yophi | iaz@dCt OTlge reactidremixturk evasatipred fut (65 hat jred daove anmepeﬂme&arsiol id (306
94572 Dbl byt 05 LR i Sabonippbi 1)
6.95 (s, 1 lr&ducéd%es(sare 1 Thi redidienpdsetrilFated eyihr ) mbof FHF @Rfiltered to
O iy ame bl ek 5he BRSEE OBy OBl P bRty e o
sodi um 140 $@é|6u£w§§erfw-\thﬂmmeHI%ambﬁlltéredjiombﬂalocmstais d@heThe titl ed
compound wag R’urb?r%%rcrystélrs] vs;[epee drsl aJre nal\a ¥ed9.|ce(|¥l pressure to glve tﬁe titled compound
as colorless crystals (1.96 g, 89%).
'H NMR (CDCls) 8 3.60 (t, 2H, J = 6.1 Hz), 4.47 (s, 2H), 4.87 (t, 2H, J= 6.1
Hz), 6.71 (s, 1H), 9.94 (s, 1H).
20

-Acetoxy-(5,5-dioxo-4,5,6,7-tetrahydro-5)°-pyrazolo[5,1-

c][1.4]1thiazin-2-yl)-methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-

2-carboxylic acid 4-nitrobenzyl ester

5,5-Dioxo-4,5,6,7-tetranydro-51"-pyrazolo[5,1-c][1,4]thiazine-2-carbaldehyde

25  (1.95 g) was added to the dry acetonitrile (112 mL) solution of anhydrous MgBr;

(cont. 98%) (5.48 g) under a nitrogen atmosphere at room temperature. The dry

THF solution (112 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. 96.5%) (3.88 g) was added to the

mixture, cooled to =20 °C, and Et;N (cont. 99%) (3.79 mL) was added in one portion.
30 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 (cont. 97%) (3.79 mL) and

DMAP (cont. 99%) (120 mg) in one portion. The reaction mixture was warmed to 0
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workers (Bioorg. Med. Chem Lett. 1993, 3, 2023-2028). 15 Step 1

Pi perazine-1, 3-di carboxylic acid 1-(4-nitrobenzyl) ester CuCO3Cu(OH) 2H20

(15.8 g) wessmeded to the H20 (275 L) solution of piper@zirsoeR1328 boxyl i ¢
acid, dihydrochloride (22.3 g), then the m xture was refluxed and stirred
for 10 mn. The insoluble material was filtered off and was washed wth

hot H20 (165 nmlL). The filtrate was cooled to roomterrperature and NaHCO3

The mxt ot e ot sy BB o E G gotEBATIOR ke i AR sRotiFaraie O
4-ni t r obenzydont. m7%)c(t)(95rrat)eandi DMAP4catito32%e(126 1ng) l@pnevagrtladd eldhetroixtuie

or eci pi t at ¢ a2 er i i ale bl Misnef Wty 418 R8s 1 st SO 100 ot

?233 823 (?g@amate?sddlﬁmmd(du&ﬁ cathonatehand brinewaheibiganisdayes w2s ddeg under
u

o the 1 Bronnestier RBTHR L bUGRIGH Mgtk Rl Rrseyl e Ths WSt 7 TT0E
fs;t : '[reregdf Oltzrg?gfrrecahllth e siica-gepeiutm cleronBtagrapyp@iiGloracstaners 19 dred Ahtp ][ he .
o 3o o A R R e i e
;:rysta![s. 'g?a&gczzyﬁ)tal lization 30 frorr?the filtrate was carried out 3

imes to obtain
under reduced prosunB EBoKEE IS 2 TREd oo P Pou s S8 ol
clzgl grl 233 ﬁgysg @l sH, J =H7NVRz), Dmé(dgya b4 17. 024?14165]—41.78-ﬂm, 2H)38.28d4, 1I2H J =
2 3 6 Para e, SRR IE B SR S Msh 2 gk ysds g (o
éd’(fﬁ-’ tJ ;1&%0&)62@(@%&08) 6.22 (s, 1H x 0.2H), 6.38 (s, 1H x 0.2), 639(s 1H x

-(4-Nitroben ca
di aza- 7a- az y#%éﬁ ﬁ-go%(#é)ﬁ%%?%gg)(gébafn% eg{-ld{}?(giﬂ GTB%RIa (c%o-iﬁt ° .5
% (6.66 g) MBss.M¢EPH, U =8MeiAcetic acid (864 nl) solution of
pi perazi ne-1, 3-di carboxylic acid 1-(4-nitrobenzyl) ester (26.72 Q) under a

nitrogeﬂ5atrmsphere at 0 Cfor 0.5 h and stlrred for 1 h. In addition, the

H20 (132 m.)gtes thia@int0 t he
solution at T©

concent r at ede-Yungin E
residue. ThegRliidafn
(5R, 6RS)-6-[(RS)-Acetoxy~(5,5-dioxo-4,5,6,7-tetrahydro-5 0°-pyrazolo[5,1-

20  ¢][1,4]-thiazin-2-yl)-methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitrobenzyl ester (1.33 g) was dissolved in THF (19 mL) and
acetonitrile (9 mL). Freshly activated Zn dust (5.32 g) was added rapidly with 0.5 M
phosphate buffer (pH 6.5, 27 mL). The reaction vessel was covered with foil to

exclude light. The reaction mixture was vigorously stirred for 1.5 h at room
25 temperature. The insoluble material was filtered off and was washed with H,O (27
mL). The filtrate was added H,O (27 mL) and washed with ethyl acetate (27 mL)
and the aqueous layer was cooled to 3 °C and 1 M HCI was added to adjust pH to
2.5. The mixture was stirred for 1 d at the same temperature and added H;O (55
mL), then stirred for 4 d at the same temperature. The mixture was stirred for 10 h
30 at room temperature. The resultant mixture was cooled to 3 °C and 1 M NaOH was
added to adjust pH to 8. The mixture was concentrated under high vacuum at 35
°C. The concentrate was treated to Diaion HP-21 (80 mL, Mitsubishi Kasei Co. Ltd.)
resin column chromatography. After adsorbing, the column was eluted with H,O —
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was extracted with AcOEt (5 times) and organic |ayer was washed with brine.
The mxture was dried over MgJSO4, filtered and concentrated under reduced
pressure WO 03a¢f20¢ d crude 4-nitrosopi perazi ne-1, 3-di car borgriusozci4as

1- (4-nitrobenzyl) ester as pale 15 brown anorphous (27.83 g (gross), 25.77
g (net), 88.2% . The THE (10 nmL) solution of trifluoroacetic anhydride
(24.0 g) was added to the THE (371 nL) solution of crude

4-ni trosopi perazine- 1,3- di i ' - (4-_nj .
i trogen. at MBGHREAE-RrTo R bptiiieq fiatiehf ks foncBhfra@UTRaY o ik R e, 0
at O C and Bsrclimdlyophilieedt tergher tieutitie. cofieunitiEas( 3 yellow smiorrhious sofid (806

trifluoroaceti nh jde (8.0 g) was added to the solution for 5 mn and
stirred for %%82"814% om tenperature. To the solution was added

]E rif I4Eor _(I)_ﬁcet i c apnel ici@lecR. "B NNIR (D) & 3ra3nt, &kt Ji=h@ 14H)14.6® (5, BER, 6721 1 ed
or . e precipitate Il tere n d, T d Et20. Th
filtratedwadh éﬁnﬁ%rﬁf&?éﬁn ejllH}' gd@c@dﬂ'& 52‘%[}5’& IW Ela%g (ry’gsl-i%gue was ©

triturated with THF, filtered and washed with Et20. These 25 materials were

conbi ned and dried under reduced pressure . to afford the titled conpound as
colorless crystals (22.3 g, 91 9. 1%@%&3& 3) 34.06 (t, 2H, J = 5.4
Hz), 4.37 (t,prébaration &t (8RIHZ)-740%£5-6((4.5,6, 2tbtraliydiOpyrazoldfd,5-alpyrdzineR- 2H, J
= 8.7 Hz), 8. d, 2, J =87 Hz). 30 Step 3: 6
7- Di hydr o- 4HYiinethyigne)-f-thias] aza-DICYe0l9.201RLR e S
5-(4-ni t]?obenzyl ) ester Ethyl propiolatgggcont.
the o-xylene (348 nlL) solution of -
335 ggglz';rgot;gn#%ggmehcmwc acigxdihydroghdoride:et r ahydr o- 3H 2- oxa- 1, 5- 106 WO
4R fAs j 4 aadal 3 r a
nitrogen at rmspheﬁ@ézﬁ%@%’ﬂt}uxedaég?@%gﬁlmﬁ'ﬁggﬁgl u iogy\xég\g%%ﬁr?;gﬁt rated
under reducevbrkare¢Bioory, Meol CoemdLefl 1998, & 208842028 urm chr omat ogr aphy 3
times (n-hexane /AcOEt = 2/1 - 1/3). The titled conmpound was obtai ned as
pal e yellow crystals (16.78 g, 64% . Besides, 6,7 5
di hydr 0413H 8tepa0PijetatinediB-dicar acitl t-i4-i ' r3-et hyl ester

g
Sty "M bl A ULED Bis R YR RO G Sl O )
4.31 (t, 2hpipstaziné2Tatixylictacid) ditydrazhloride 2273 §), Htzgn the migtu(eswa rfluxéd 29 (s,
2H) . 6.64 (55 Ltitka for 18 mint AT idsoriblie riatSrididas fitersd dfandlbs Wadhed it ) -
hot H,O (165 mL). The filtrate was cooled to room temperature, and NaHCO; (9.2
20 @) and 1,4-dioxane (220 mL) was added to the dark blue solution. The mixture was
cooled to 0 °C and NaHCO; (18.5 g) and 50% solution of 4-nitrobenzyl chloroformate
in 1,4-dioxane (61.7 g) was added to the mixture for 0.5 h. After stirring for
additional 1.5 h at 0 °C, the precipitate was filtered and washed with cold H,O (140
mL), EtOH (100 mL), acetone (200 mL) and Et,O (100 mL), then it was allowed to
25  dry under reduced pressure to obtain the pale biue crystals. The crystals were
added to the 1 mol/L HCI (330 mL) solution of EDTA-2Na (20.5 g) for 30 min, and
stirred for 2 h at room temperature. The suspension was filtered and the filtered
material was diluted with EtOH — H,O (7 : 3, 550 mL) and refluxed for 10 min. The
reaction mixture was filtered to obtain the colorless crystals. The recrystallization

O - n.- 0 '_, -!'.'.

¢hm

2 e est er
999% (8.28 g) was added to

30 from the filtrate was carried out 3 times to obtain additional crystals. The combined
crystals were dried under reduced pressure to obtain the titled compound (26.25 g,
77%) as colorless crystals.
"H NMR (D,0) & 2.54 —2.61 (m, 1H), 2.89 (dt, 2H, J=12.7, 3.4 Hz), 2.97
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10 Step 4: 2-Hydroxynethyl -6

7-di hydr o- 4H pyrazol ol | , 5-al pyrazi ne-5-carboxylic acid 4-nitrobenzyl ester
Li BH4 (6480mgpoxmmd MeOH (1.2nl) was added to the THE (267 Peirjusepiues on  of
6, 7- di hydr o- 4H pyrazol o[ 1, 5- a] pyrazi ne- 2, 5-di carboxylic acid 2-ethyl ester
5-(4- 15 nitrobenzyl) ester (10 g) under a nitrogen atnosphere at room
tenperature and stirred for 3 h at 40 C Additional LiBH4 (523 ng) and MeCH

(1.0 nL) was added to the solution and stirre 0 0 d1h at
50 C. The nibyt Uik 3ulds(or.dlé) ad-H7 et-Od (M %‘i)wéﬂﬁl_(s%) %6%&1@54@8&&%% for 1
h at room tgme(gaiyrje,_ gtgigy).solid K2C03 was added to the solution to
adjust pHto 8.  The insoluble material was 20 filtered off and the filtrate
was extracted with AcOEt. The organic |l ayer was dried (K2C33), and

ggpcgg} Lﬁ;egt ook mﬂv&m g EabRnylEox 630 di6T Y67 trb@l-ﬁﬂ-oghﬂ_fs-l Sij lica
] - o afford title
(io%pougd%gs?_fwﬂ_ﬂﬁgmmw (8.44 g, 95%. ' H NWR (CDCI3) 8 1.69 (br,
: 2
275 (5 2H) 5 b h% |-ro§g§o H@ S%Iﬂtéﬁof(NaN@%'tcoHt 385 %?4(6266 §$Z\):as édcf«'efl t6S, H)
(d, 2H, J =tig: Fcetiepcidipepny;) solutlon of plperazme-1 3- dlcarboxyllc acid 1- (4 -nitrob nzyl)

2- Fornyl - 6, h 4
ni t robenzyl Eg%'trz?’ éjg%gmk%o%\l% gﬁtﬁg@ata&@o%ﬂé}‘é §ee ;@f&@gh%@g%klgé? ﬁSeMgIIIC?% MeOH

(95 : 5, 252dditipn, theHiOi(de2 o) solution of I&aNOz (cont. 98.5 %) (2.41 g) was added to
2-hydr oxy m&mgolglo% % 09'0% QH& FHQOI{)H P a']'lﬁ%’é,ﬁﬁﬂld?ﬁﬂés §cHcBAatklc aci d

4-ni trobéenzyl , e m xture was refluxed for 1 h under a
ni trogen atundsipleduesd nrh@sureaad Ha@ (ﬁ@@(t‘l@ wagadded for e &pidys: o lBR SAVieR of
Celite. Siliga %%ﬁteaw h‘ﬁ@d@’(&?%%%ﬁa#ﬁ/ghﬁ@%y@?%@ wa@lg&l @ith vAse.adged to
the filtrate an vent was renhoved under reduced pressure to give
the silica- gmktucﬂ)wass ddedwyer MgSQie fikerad aad concanratedindesigdueed ressyigdo

adsor bed tgﬁw %d?ﬂlnitg%f}ﬁmﬁ%}{ <0f8t, r@@&wcsewﬂ(hﬁm%buma@m@w@d with

CHCI 3 - ti'tle ound was obt ai ned as yel |l ow
crystal 45 5b(r@~iaan~grpr®ms@(27 QWKWRS@CE)@VZ)Q (mle 852%)., 2H, J = 5.5 Hz), 4.32

(2 '|t_| ?H_ é ; v Hé_)"f Aﬁ-z diof Jo?d'ﬁ)og o'?trﬁl%ofo%cet%‘gnhy@n@@(ﬂso g)]W&s addeetto( d,

the THE (371 mL) solution of crude 4 nltrosoplperazme—1 3-dicarboxylic acid 1-(4-

nitrobenzyl) ester under a nitrogen atmosphere at 0 °C for 15 min. The solution was
stirred for 1.5 h at 0 °C and for 1h at room temperature. The THF (5 mL) solution of
20 trifluoroacetic anhydride (8.0 g) was added to the solution for 5 min and stirred for 20
h at room temperature. To the solution was added trifluoroacetic anhydride (8.0 g)
for 5 min and the solution was stirred for 4h. The precipitate was filtered and
washed with THF and Et,O. The filtrate was concentrated under reduced pressure.
The residue was triturated with THF, filtered and washed with E{;O0. These
25  materials were combined and dried under reduced pressure to afford the titled
compound as colorless crystals (22.3 g, 91%).
'"H NMR (CDCl,) 8 4.06 (t, 2H, J = 5.4 Hz), 4.37 (t, 2H, J = 5.4 Hz), 4.63 (s,
2H), 5.30 (s, 2H), 7.54 (d, 2H, J = 8.7 Hz), 8.25 (d, 2H, J = 8.7 Hz).

30 Step 3: 6,7-Dihydro-4H-pyrazolo[1,5-a]lpyrazine-2,5-dicarboxylic acid 2-ethyl

ester 5-(4-nitrobenzyl) ester
Ethyl propiolate (cont. 99%)(8.28 g) was added to the o-xylene (348 mL)

solution of 5-(4-nitrobenzyloxycarbonyl)-3-oxo-3a,4,6,7-tetrahydro-3H-2-oxa-1,5-
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9.93 (s, 1 H. 10 Step 6; 2-((RS)-Acetoxy-U 5R

6RS) - 6- br ono- 2- (4- ni tr obenzyl oxycar bonyl ) - 7-

0x0- 4-t hiwol3agzam cycl ol 3. 2. A hept - 2-en-6-yl | - et hyl } - 6. 7Pdirhusds/ 3424+
pyrazol ol 1. 5-a] pyrazi ne-5-carboxylic acid 4-nitrobenzyl ester

2- Fornyl - 6, 7- di hydr o-4H pyr azol o[ 1, 5- a] pyrazi ne-5-carboxylic acid 4-

ni trobenzyl ester (2.71 g) was added to the dry acetonitrile (164 niL)

sol ution of ggg%ggr%ﬂﬂgn ?f'é?%@(%@ BE’ una’%@Enﬁr% e a%oéﬂh@% afd Péffu&@@?&

at nosphere g‘?Z enpera ut ion ((164mL) '&
6S) - 6- br onp16 hoxThelsolbiien Was aqmntryteldc&[r@er @dOP%p@Swrénf@”QW%blbé a-gel aci d

4-nitrobenz est 6 ad to e
cooled to ézlﬂu gﬁa&éf%a@o h%sé%r%%,éagé ! Efi %d]a dgdﬁl nﬁgﬁgug%ﬂ i on.
The react i onompesel was obtairededs wiatehyéliow cweta§x61|aj7c8egl B4im). Bepidase G Eacti on
m xture thrr t t et nhyds i de
Ccont . o dpuirbipydzali Sliftazinks SeBRbAaRS ' id"l Fei® et
reﬁc'él i 03 Emmbemzyib/astewawasadbtamed aspalecvediowrcn@tals (ﬁr‘lslg R4h).0 C. Acetic
anhydride (3.19 spl yt,i t4 r pd gf t 0 C
The mixture was di [}Iﬂ\)@%%ﬁpgﬂfgétaﬁé%é}t)a?é : \'/\/as(tﬁe%-ﬁv‘\fth %E/Izéltl’l "acid
_zli_ﬂueous sol aHj g&,5.5 bkz) 44, QBIdUerm Qﬁlzhyidifa)(geaH):éBrZQO(Baﬁld) Gt (@r 1RNd. 34 i ne.
e organic r, \ Li o ~fpll owed by concentrati d
reduced pr eé‘i% ‘\IIQE "Fzé’sqeg%é )' #%d W th ysi i cangref1 Lglnuurrg °
chr omat pgr aphy three times (n hexane - AcCEt (1/1 to 2/3), CHO3 - acetone
CH . .

(29/1 to 19
obt ai ned as 2% 30

%::IDNI\/E ggo(chad.ﬁnara@.ﬁ Ledibt x 0.36) 2. 26 (s 3H x 0.64), 3.95 . 4. (?4'(m
S, 4.

5.28 (d, 1 H J LiBfh (643;%) agd Q@Q%&%ﬁ) i%d?dgtg “&glﬁé (gé%ﬁ"-) ﬁg‘m'% 5

Hz), 5.44 (@f d 7 Hi dr% 4’3‘5? ra@ol@ﬁ 5-(aﬁoyrakldé 2@5%&460xylﬁ: Q&ld( 9-ethyl Hester0564)

6.24 (s, | 6 22 41 (s, 03/.093279

PCT/ US03? 134!2@*3@"44'&9%6@690 ) '?@detf sa “Emﬂe gmgskhers’ a&i°?’§ PPEFaRITE HH) |

573 ‘2121 EZ %H@tl%e@fo?’@h a?453c( dAdattbna] LiBH,5583 Ivg) .and. MEOK d1.02hl.) Was-a8ddi Hz) ,

(5R), (62) - 7i0ke BO'ETAOFBaBd ﬁt'Ef@@ rférhyd} 'a_‘pﬁ} aQO?Qﬂe f rgagpgybamﬁ]ezmg(ture was
yl met hyl ene)ggiifleRiviithls Avodt a6 bRl Bard Stirhsifor 2-estaodmaemperaytire cthar isdlid

sodium salt
K,CO; was added to the solution to adjust pH to 8. The insoluble material was
20 filtered off and the filtrate was extracted with AcCOEt. The organic layer was dried
(K.COs), and concentrated under reduced pressure. The residue was purified with
silica gel column chromatography (CHCl; / MeOH =49/1 - 19/1) to afford titled
compound as pale yellow crystals (8.44 g, 95%).
"H NMR (CDCls) & 1.69 (br, 1H), 3.98 (t, 2H, J = 5.5 Hz), 4.19 (t, 2H, J= 5.5
25 Hz), 4.65 (s, 2H), 4.75 (s, 2H), 5.28 (s, 2H), 6.08 (s, 1H), 7.53 (d, 2H, J = 8.7 Hz),
8.24 (d, 2H, J= 8.7 Hz).

Step 5; 2-Formyl-6.7-dihydro-4H-pyrazolo[1,5-a]pyrazine-5-carboxylic acid 4-

nitrobenzyl ester

30 MnO, (activated) (84.2 g) was added to the CHCl;-MeOH (95 : 5, 253 mL)
solution of 2-hydroxymethyl-6,7-dihydro-4H-pyrazolo[1,5-a]pyrazine-5-carboxylic acid
4-nitrobenzyl ester (8.42 g), and the mixture was refluxed for 1 h under a nitrogen

atmosphere. The reaction mixture was filtered through a pad of Celite. ~Silica-gel
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o the THE (43 nL) and acetonitrile (20 nL) solution of
(RS) - acet oxy-[ (5R, 6RS) -
r ono- 2W0A3092robenzyl oxycar bonyl ) - 7- oxo- 4- t hi a- 1- azabi egtlusp3133290] hept - 2
6- yl]-nethyl}-6,7-di hydro-4H pyrazol o[ 1, 5- a] pyrazi ne- 5-carboxylic acid
ni trobenzyl 10 ester was added Zn dust (12.36 g) rapidly with 0.5 M
]E)holsphate bijffer (prl;| 6.5, 63 nL). The reaction vessel was covered with
oil to exc i ght_. r ' r r r 1.5
h at roomt @ agsr 3qd%§°itﬁ§o Iitﬂ%laeaﬁrpxaliﬂ%e%J gV %ﬁ/a“}é's?'% ter géurgfe# r%ﬁgcécdo
mn/ﬁ)s heddwl L h ptéa€ureas gine) the Biieadgel caating W@h@rmmda‘m t e @bRye siliersgeliwas( 63

and the u I to
2d) ot pH t 0965 I MBS gl RIGHE Bforhelograby M rk) Sfmias Y D,
and added HPEIQIH3MEOH (aedl to 19/ HICI Theotitiedj compoyRd t waolsiaingtl @s ysiaw ﬁlyatastr 17
h at the s%‘rg te %p,&gature To the m xture was added 1 M NaCH to adj ust pH
to 8. Th“fé %8 s concentrated under high vacuumat 35 C. The
concentrate was {H dMMRCDCLDOAISN(! HM, 2i1= 6 52Az)nt, 32N, 12k 3 RS s 4i81ds.

Ltd.) resin I 20, o f4gr a Ngo4tea1g0l
eluted wt hzﬁgé]ggl\(/@d’\ﬁ%( fofi?a g%ﬁ@?& élﬁ:}onbldig I’%gﬁl ?)n%'qvﬁlar(ra@7%
concentr at e®.93@etHhi gh vacuum at 35 C and |yophilized to give the title
conmpound as a yel |l ow anorphous solid (288 ng, 22% pH 8.8). 25 M 160 C
(dec); 1HNI\/R(D20) 8294(t 2H, J 5.6 Hz), 367(d 1H J = 17.2
Hz), 3.70 (& by-[(58, SEREE6-by st bpnzyloxyqabon
6.03 (s, 1
(5R) (62) - 6- &
7- 0x0-4-thi éster aci d SOdI um sal t

5,5- D nethy er| e 5- t hyl - d d h
met hod of Nagasa\ﬁa ryl- 8%ﬁh@%§%’ﬂgéﬁ$ﬁé@§é$ ﬁﬁa%r a(ra(rz |n t ©
1176 (1977) )mtr%ﬂmksteB(:S?Dgyhb@taad&jﬁttk aRt duetonirilei (184 mlyselufian of col d (o
C) stirred solution of 5 one mol) in 475

ot D s nbidrous MoBrisont 5B (5 ALdR At oS bR HEPm 0t hat "t e

5 tenper at unempérdire EXIREEGAHF dolutibht(e84rhineof #5R 63)Bbneo-T-orpHUdhias1-stirring
was

T
2-{
6-b
-en-
4-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (cont. 96.5%) (3.27
g) was added to the mixture, cooled to —20 °C, and Et;N (cont. 99%) (9.24 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light.

20 The reaction mixture was stirred for 1.5 h at =20 °C and treated with acetic anhydride
(cont. 97%) (3.19 mL) and DMAP (cont. 99%) (203 mg) in one portion. The reaction
mixture was warmed to 0 °C and stirred for 1 h at 0 °C. Acetic anhydride (3.19 mL)
was added to the solution and stirred for 15 hat 0 °C. The mixture was diluted with
ethyl acetate and washed with 5% citric acid aqueous solution, saturated sodium

25 hydrogen carbonate, water and brine. The organic layer was dried (MgSO,),
followed by concentration under reduced pressure. The residue was purified with
silica-ge! column chromatography three times (n-hexane — AcOEt (1/1 to 2/3), CHCls
— acetone (29/1 to 19/1) and CHCI; — acetone (29/1)). The titled compound was
obtained as yellow amorphous (diastereo-mixture (64 : 36), 3.30 g, 53%).

30 'H NMR (CDCls) 6 2.06 (s, 3H x 0.36), 2.26 (s, 3H x 0.64), 3.95 — 4.04 (m,
2H), 4.18 (s, 2H), 4.73 (d, 1H, J = 18.2 Hz), 4.78 (d, 1H, J=18.2 Hz), 5.28 (d, 1H, J
=13.5 Hz), 5.28 (s, 2H), 5.43 (d, 1H x 0.64, J = 13.5 Hz), 5.44 (d, 1H x 0.36), 6.06
(s, 1H x 0.64), 6.08 (s, 1H x 0.64), 6.24 (s, 1H x 0.36), 6.27 (s, 1H x 0.36), 6.41 (s,
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continued for 10 mn. Sulfuryl chloride (96.6 g, 0.72 nol) was slowy added
and the m xture was heated under reflux for 1 h. The sol ution was
concent r awed3yter reduced pressure. The residue was coolPed/tisn3/13es and
diluted with 250 nmL of ice- water. The product was then extracted with
CHCI3 (6 x 250 nL) and the organic 10 | ayer was dried (MgSO4) and filtered.
The filtrate was concentrated under reduced pressure. The residue was

lied t | | h hy d
oD e i £h H OWBER (ot X0 a2 (5 1IFoUs Bagh . T O S s 48 %
white solid(g4d 13 ,608@ QH%J s(slejV@Cm (@hElmJ %Qa Hi)1§Q4((&19’ZH’)-) 8id PR

(CDCI3)8117(s 9 (d, J =3.0 H), 6.82 15
(brs, 1 H. Step 2: 3Ch|or055d|rrethvl 2p|per|done To 40.8 g (0.21 nol)

of 3, 3-di chle@k 0% 57 ¢l . | ] pl of AcCOH was
added 10% Pd7 < o : ) na-_NaCy fafdps ql A‘ﬁh.m_

t he m xtr eylns hedddhin- i2:0]he, nencrcaryexyiie acdd, §O!

hydr ogen mfég@dj usted at 300 kPa every 5 mn. The cat aI yst was renoved by
filtration the filtrate concentrated under reduced pressure. CHCl 3 (400
m.) and waflerthé JOIF @B)miyeare aa;kﬂ@dtriteo(ZDh”eL)rs;ﬂliltmneofaihﬂRS cetexeld®=.6R)yer was

I d h .4
aver vas 28 SRrPA R aPeiR Bty S e 2R ANS3 Gnchien B N0
dried (NQS%?] nm‘tﬂyl}d -6 7I-d||wdaoi-4HTrtwazfoid[1 ﬁa]pyrame -6adwxylicat e@ldurﬂd@ltro eyt ed
ressur e residu
then L Piocoﬁ% wasﬁeﬁdﬁ%i‘if gﬁgi?’?ﬁ&;%“%fj {1 Bﬁiﬁfgﬁfﬁ;?ﬁ?%%ou%d
was obt ai nednlgs &aThehrdaetismive 2asdcayered5@it to e3clu Ch reaguon 176
105, 136 FUFR Has Bpioky dyited oy y Bhoortefnegiyrel Irne g igrehial, -
;0273HZ ;, 9, wh. fiterdn) off 2ind2vdsdwashed, with H,Q 263 nik)) | TAnezmtrqtadNaﬂwashesi withg . 8
S /
4, 4,01 met hy i PoTE 2k and B RBRuR et el sboletd S ey kARt
gf Sazghher ggdréﬁl_db ?zﬂguktypH & pbBpeThalmidurarvs stifred for 4 0.at thengane temiatorg
in
Fre g r%ﬁ(%‘bsfr)(@ SRl @ eﬁjémf Fbl 10 20 Yirdtirol PP nGelR 6 1

Then, 18.6
same temperature. To the mixture was added 1 M NaOH to adjust pH to 8. The

mixture was concentrated under high vacuum at 35 °C. The concentrate was
treated to Diaion HP-21 (124 mL, Mitsubishi Kasei Co. Lid.) resin column
20 chromatography. After adsorbing, the column was eluted with H,O — MeCN (1/0 -
95/5). The combined fractions were concentrated under high vacuum at 35 °C and

lyophilized to give the title compound as a yellow amorphous solid (288 mg, 22%, pH
8.8).

25 Mp 160 °C (dec); 'H NMR (D,0) & 2.94(t, 2H, J = 5.6 Hz), 3.67 (d, 1H, J =
17.2 Hz), 3.70 (d, 1H, J = 17.2 Hz), 3.82 (t, 2H, J = 5.6 Hz), 5.84 (s, 1H), 6.03 (s,
1H), 6.65 (s, 1H), 6.67 (s, 1H).

Example 26
-6-(5,5-Dimethyl-4H-1,6a-diazapentalen

Preparation of (5R)(6
7-oxo0-4-thia-1-azabicyclof3.2.0]hept-2-ene-2-carboxylic acid, sodium salt 5,5-

Dimethyl-2-piperidone
5-5-Dimethyl-2-piperadinone was prepared in the method of Nagasawa (J.

30
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5 added. The precipitate was filtered off, and the solution was
concentrated under reduced pressure to dryness. Crude

4, 4- di metwoloppened i di ne- 2- carboxylic acid was obtai ned a®Ca/ushs/1a2%o0lid
(37.5 g). (J. Med. Chem, 20, 1176 (1977), EP 0 447 704 A, page 17) 1H
NVR (D20) 8 1.10 (s, 3H), 1.11 (s, 3H), 1.88 (dd, | H, J = 7.8, 13.2 Hz),
10 2.21 (dd, 1H, J = 9.2, 13.2 Hz), 3.12 (dd, 2H, J = 11.5, 23.5 Hz), 4.22
(dd, I H J = 8.1, 8.9 Hz). Step 4: 5,5-Di nethvl-3-o0xo0-3a, 4-di hvdro-3H,
6H- 2- oxa- 5- Maifzé?hema&%ﬁ”liﬁﬁe‘@wbent al enide 15 To a suspension of 37.5 g of
the crude 4 lic acid in 420 nL of AcOH was
added a sol in 210 nL of water over 15
mi 3 at rgom t enpdioed cole (@PQ) stiried selitibo pf 35+dlm¢1ﬂwl -2oipetidene Wwk2 gohédnt r at ed
under reduc nd the
precipitat e%iv%)oh?ﬁ ter 8]&6@? Bélﬁ&g 75&3 E@%\ﬁggmg&side(%ﬁggﬁff ﬁ%&ﬂé&%@u der
redlt;cedI pr eseuperature dewmseedad 7CTGJdé~ft$r meeadqlmonwasmmrﬂet@ssslprmws di ne- 2
carboxylic e T

4 di et by o ERTaC R iR AR HAeRb 0 o 72 R0h Wk Gyl addedipa e 1
was added trrnlkﬂJta)waabeated uadevy'dﬂwdfer(l&l Bh@$olotlc89~amcgnoentneted@nd¢r trogen
at nosphere at 0

concentr at ecfe gg,ﬁ? uce ggee%cﬂfeﬁa§%cﬂéleo0|n%ed%ﬁg?%ﬁ@éd;\sviﬂ??g%‘ﬁf_o&?ﬁ i ca- gel
colum chr memgrh@bquuavmasmenekﬂtmted)wmhrrﬁ)H%(ﬁex 26mLnandcthe-diganidie -

oot % 70" | Hher B8 chiph U0 B e ST AP RE RS ot R el yifler gl 3 0
St _eg 5: tﬁ |5 piBessatehvrrhE résldluehwds appllleldrbqslhcﬂ-gélrom mem%amcamd)thﬁyl | c

acl et hy u H,

ot 2- o 5. ThegauBa e YRH vl CHeR e - B OFhe Sea fufibcli] Ras)

pr op: ol at ((asgo(])&hrlr%dms amh]t?: sofid 041|3ng 8B18. YN0 (0364 32/7an.PRa/ US@&‘?'Q_UZ)PS

o- Xyl ene 1 r f . Th
solution was coo Bo(adcggﬁ)')(n% e%éeé'ﬁgrzn} {?ggﬁgr‘?’gfedhr@sgge&gun@grz ucede
pressurgg Thers, 1Ay due was applied to silica gel colum chronat ography, and

then the col um was

Step 2: 3-Chloro-5,5-dimethyl-2-piperidone
To 40.8 g (0.21 mol) of 3,3-dichloro-5,5-dimethyl-2-piperidone dissolved in

410 mL of AcOH was added 10% Pd/C (50% wet, 6.2 g) and NaOAc-3H,0 (62.4g,

20  0.46 mol) and the mixture was hydrogenated at 300 kPa for 20 min. The pressure
of hydrogen was adjusted at 300 kPa every 5 min. The catalyst was removed by
filtration and the filtrate concentrated under reduced pressure. CHCI; (400 mL) and
water (300 mL) were added to the residue and the aqueous layer was neutralized
with 4 mol/L NaOH. The mixture was separated and the aqueous layer was

25  extracted with CHCI; (5 x 300 mL) and the organic layer was dried (MgSQO,) and
filtered. The filirate was concentrated under reduced pressure. The residue was
applied to silica-gel column chromatography, and then the column was eluted with
hexane—-AcOEt (1 : 1). The titled compound was obtained as a white solid (20.4 g,
59.9 %). (J. Med. Chem., 20, 1176 (1977))

30 "H NMR (CDCl3) & 1.10 (s, 3H), 1.12 (s, 3H), 2.02 (dd, 1H, J = 10.8, 13.6 Hz),
2.20 (ddd, 1H, J=2.2, 6.7, 13.6 Hz), 2.97 (ddd, 1H, J = 2.3, 3.9, 12.1 Hz), 3.22 (d,
1H, J = 12.1 Hz), 4.44 (dd, 1H, J = 6.8, 10.7 Hz), 6.66 (brs, 1H).
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eluted with n-hexane - AcOEt (3: 1). The titled conpound was obtained as a
pale 5 brown solid (4.63 g, 31.7 %, and

5, 5- di netwglo369R37di hydr o- 4H pyrrol o[ 1, 2- b] pyrazol e- 3- car lrerusos13es d

et hyl ester was obtained as a yellow solid (4.73 g, 32.4 9.

5, 5-Di net hyl - 5, 6-di hydr o- 4H pyrrol o[ 1, 2- b] pyrazol e- 2-carboxylic acid
ethylester: 1H NVR (CDClI3) 8 1,29 (s, 6H) 1.40 (t, 3H J =7.1 Hz), 2. 71
(s, 2H, 3.93 10 ) Hz), 6.54 (s, 1 H).
55d|rrethyt 3. 4tlymet I8aC{0| e- 3- car boxyl ic acid

ethyl ester :'H NM%LEE‘?%&) oﬁ2014§%o(1§ mcﬁﬁ%f,s éhl@r% 55-,dlrﬁéihyl-72— pé’ndlorHZéndZ 89
(s, 2H), 3.90 (s éﬁ H%r 15 Step 6:
5. 5- Di met hy#52, 93(%1419\9?)&3‘%(%}3@1'293!1 2§26Flp9?‘é{%f8rwa%h€§ N aERYde To 4.63 g
(22.2 mol ) o9 {>ar§tu’é éi'ﬁ@bb)fbréhfi ﬂiér?{qige&Mthb@bﬂérhw%nhhwmlpmémré
carboxylic acid hyl ester in 222 f¥] THE was added Li Al H4d%0 85 g,
22.3 mdl) adﬂ%r Té"erﬂr?@@i@éﬁhwa? fitargd aff cang thg selutign wag gaRceIraigdd .
The mixture rec%%d %@‘s@ﬁ&% dﬁ%ﬁé&swaér%e 42 &n‘f@tﬁyl%@r@h&h@&ﬂi’aﬁﬁ‘d)@hd @é.@waes
filtered through a pad of Celite and s washed er (50

mL) and THEopmdrﬁS)a White solid B7 519). aldedonlatimis Pl L BIASER FBM
pressure, b%} ter (50 nL) was added. The aqueous |ayer was
extracted W|th Cl 3 (5 x 100 nL). The organic |layer was dried ;ﬂ; S™4) and
filtered. The fi |HrMMB (Re) T bA0dnt3HDt bd1 (h @D, 188 Rbd Hhress8r 3.2 crude

obt ai ned oy 2 YA HEECEA PR N o LUK 168 2 R ) M Reh, yas =9

obt ai ne ‘of e Crude

(5, 5-di rret h>8I1EBSBHd] hydr o- 4H pyrrol o[ 1, 2- b] pyrazol 2- yl) nmethanol in 222
m. of CHCI 3 was added activated M102 (18.5 g) under a nitrogen atnosphere
at room tenperature, and then refluxed for 1 h. The mxture was f||tered
t hrough a p&tep#: 58§ i K libydrosd v a5 hrazatbanageniordaiyced 30
pressure. The Eﬁ @ue Was appl [ ed to silica- geI coI um chrorrat ography, and
then the cd® eluted with hexane-AcOEt (3: 1). The titled conpound
was obtgi ned as a br ovona sadpetsipd ofi87.8,9 @ahe® chiderdotrdintathydpytreslijine+2H NVR

3 8 AR ind2oiL })i?\céﬁ)ﬁya\_s?’ao%%d(a%OILﬁH}rof%.%29 (19 b of 8- 90 112

NaNO, in 210 mL of water over 15 min at room temperature and stirred for 3h. The

solution was concentrated under reduced pressure. Acetone (250 mL) was added
to the residue and the precipitate was filtered off, and the solution was concentrated
20 under reduced pressure to dryness and crude 4,4-dimethyl-1-nitrosopyrrolidine-2-
carboxylic acid was obtained as brown oil.
To a solution of crude 4,4-dimethyl-1-nitrosopyrrolidine-2-carboxylic acid in
252 mL of dry THF was added trifluoroacetic anhydride (81.3 g, 0.39 mol) under a
nitrogen atmosphere at 0 °C and stirred for 6 h at 0 °C. The solution was
25  concentrated under reduced pressure. The residue was applied to silica-gel column
chromatography, and then the column was eluted with n-hexane - AcOEt (2 : 1).
The titled compound was obtained as a brown solid (12.0 g, 61.7 %).
'"H NMR (CDCl3) & 1.38 (s, 6H), 2.71 (s, 2H), 4.12 (s, 2H).

30 Step 5: 5,5-Dimethyl-5.6-dihydro-4H-pyrrolo[1,2-b]pyrazole-2-carboxylic acid

ethylester
A solution of 5,5-dimethyl-3-ox0-3a, 4-dihydro-3H, 6H-2-oxa-5-1-aza-6a-
azonio-3a- pentalenide (10.8 g, 0.07 mol) and ethyl propiolate (10.8 mL, 0.11 mol) in
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Step 7:

(5R)(62)-6-(5,5-D nmet hyl -4H- 1, 6a- di azapent al en- 2-yl net hyl ene) - 7- oxo- 4-

t hi a- 1- azabiosyed2m 3. 2. A hept - 2- ene- 2-car boxyl i ¢ aci d, sodipemtsas/13438 The dry
acetonitrile (16 m-) solution of

5, 5-di net hyl -5, 6-di hydro-4H-pyrrol o[ 1, 2-b] pyrazol e- 2-car bal dehyde (2. 48
g, 15.1 mmol) was added to the dry acetinitrile (90 m-) solution of MBr2

hen'the m evalaeiaas BT eSS dadke R TRa Py ThacrB 10 o1E) Re Sl of

p- ni t r obenzyas cobled €)oo @hﬂmelwncﬁemaérhmatgdi ahder(r&did@dgressare8 fhel ) 10

was added and the m x ed to e (4.6
n., 33.0 rrfﬁﬂm;uevri&%s %‘?)#Egtc?ﬁ ﬁB‘Hfﬂ“ Wro'ﬁ‘ﬂt@gragﬁ&?ngﬁﬁ(\a/%gjseclor]’\}bé\swggvered
with foil telutwwitwdmekam/-\cdﬂe@r aacrnhemtlarunbmpeumwasbbuamed asapde h at

-20 C and treated th 0 ri mol ) and
acetic a@rhyHFqVHes‘{"gl(ﬁlgﬁ@’ 3%7%) aﬁﬂ%r% Q‘m%dgcgp‘dﬁﬁ 4%1 %ﬁeo@l[eéct i on) m xt ure
was war ned iipyPacleaBdamiokyliceid sthylddewdSolsthingd @s aE;lelﬂg\lv salicb{4at3eg, (3220 n -)
and 1 mol/L citric acid aqueous solution (210 m-) was added to the
reaction mi XPure and separated. The organic | ayer was washed wth

saturated sodi UmSE/OMgAY-SeahgaRLeH-pptlolinsloyieoled-¢MbEOI addd 1| ter ed.
(TSE) 6- E;gtet% Wipst {ré“@ﬁ&%&q@@ NSE & SENCESo B S3SILG. A9, 5HYE, 21, 3.93

4H 1, 6a-gli aﬁgrﬁgt@bg@qzzwl‘j)mtmﬂ)]e B4 apy- 7- oxo-4-thia-1 20
azabi cycl o]

hept - 2- ene- boxyl i c I trobenz ter was

obt ai ned as br0\§n5 dimstde s dinygradar- 9yréfﬂ?[1%a)f]8}ﬂp2‘ﬂemb?’?¥§°6 é) was added
rapidly W”érgd droly NMRDWI);)%%@@ e, 1(934«63r5 J 267 Fby, p.goqsie, 3196 (114
m-) and acetonitrile sol uti on of crude
(5R) - 6- [acet(%@‘l)($2§-(@|,|2ﬂat~hy7—1 Hay 19848 dtzapent al en-2-yl ) net hyl ] 25
6- br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene-2- carboxylic acid
p- ni tr obenzyl ester The reactlon vessel was covered with forl t o excl ude
light. The rStap6tE athyir5:614 S gr2-garbaldehyde
tenperature. The H was

'Iréat Aﬁ@{! 5Q92. §%MB? g5 5V&ﬁ1§e€1\gpé 8%i Iﬁfdrdhﬁ pyﬁ‘@@[f @-%]byré't%leo

adj usted to 8.0. acetate m xture and
f i | tered t hrzetggrboaylpeﬁd:mbﬂhﬂeﬂﬁt én 2221@Lp>éarw@l§ﬁm§weded\d-wrm@ 8Re8: &2 120
The aq thﬁ; Gt I
ext ract ed WH':FHU@ Eaé(re{ nr}'_l@%%r‘? S?E&%uéﬁp & %tﬁ&?stﬁ%f@h a-g}% r'llﬁr%gﬁgonbr ned
aqueous | ayevas quenchesbwltewater (@O@L)@ﬁd thm@recmﬁ@temewrd@r%cﬂqﬂmee RS . 5. The

Enzﬁ)u;rﬁ 2&?? éfé? S Sid trh@tp%q W wshed wrtﬁ%térh(%ﬂ nﬁ.@@ndeﬁ-lﬁ Q5B A oNThEFIRdter €SI N

was concentrated under reduced pressure, and then water (50 mL) was added. The

aqueous layer was extracted with CHCI; (5 x 100 mL). The organic layer was dried
(MgSO,) and filtered. The filtrate was concentrated under reduced pressure and
crude _5,5-Dimethyl-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole-2-yl)methanol was
25  obtained as a yellow solid (3.19 g).
To 3.19 g of the crude (5,5-dimethyl-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-2-
yl) methanol in 222 mL of CHCI; was added activated MnO, (18.5 g) under a
nitrogen atmosphere at room temperature, and then refluxed for 1 h. The mixture
was filtered through a pad of Celite and the filtrate was concentrated under reduced
30 pressure. The residue was applied to silica-gel column chromatography, and then
the column was eluted with hexane-AcOEt (3 : 1). The titled compound was
obtained as a brown solid (2.48 g, 68.0 % from the ester).
'H NMR (CDCl,) & 1.32 (s, 6H), 2.73 (s, 2H), 3.95 (s, 2H), 6.52 (s, 1H), 9.90
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WO 03/ 093279 PCT/ US03/ 13428 M tsubishi Kasei Co. Ltd.) colum

chromat ography. After adsorbing, the colum was eluted with water (480 nlL)
and t hen woeBos2tri |l e aqueous solution (10% 480 nlL, 20%PCTABG0IL3N28 The
conbi ned active fractions were concentrated under high vacuumat 35C and

| yophilized to give the titled conpound as a yell ow anorphous 5 solid
(2.00 g, 42.8 % pH 7.16). M 150 C (dec); 1H NWR (D20) 6 1.19 (s, 6H),
2.67 (s, 2H), 3 85 (s, 2H), 6.15 (s, 1 H, 6.45 (s, 1 H), 6.96 (s, 1 H,
7.03 (s, 1 I(*‘B HR (KBr) 3422, 1752, 1683, 1598, 1557 cm1; Xmax (H2O 296,
198 nm 10 Exanple 27 Preparation of (5R) (62)-

6- (5, 6-D hvdro-4H-c clopentafblfuran 2- Irrethyl ene

7- oxo- 4-t hi Stap 27(HR)EL-6{bH-Dimeth HA,6a-di

Step 1, 5, Gyhbivel g 3l GRe @Jehbfzu(sﬁa& If@ééi&xyédlﬁnﬁé?dlﬂ methyl ester 15
The ti tled oC e of Tim Johnson

and co- wor kdhe dnGyesteniirilex6mL)solutiag of 5@n methssbéﬁ ogfrlyd(%"rﬁ =pyyrolo[1,2-b]
hvdr o- 4H cy tAa

561 B hydr o PAFRER RbbabRer ks 8016 iithol yas added o the diy acetiirle (50 )
20 was addetmh)@oluhen wg@&q )9, 4614unmeh L@demqwtmerc stMosphsre A deem a
nitrogen at ?ﬁﬁ@%ﬁ(ﬁ%ﬁh&w i %%1‘(% ﬁ/ﬁg siir?éd f'br "is %m 0 1the dHPEHI D& RE) WasS

guenched w wat er tered Iltrate was concentrated

under r educedluier sprnirolanky {46 G@b@ahrﬁ@epmﬁf@r@cr@r%wlﬂq Em3Q@sT Sk e ed

with CHE3. Hﬂ%%}dﬂé?%ﬁa the A%EIre WRS co&\@aff@dzd\bé harm' th@ﬁtﬁ%’fﬂllé’ﬁh@@ vl 'VQSO4
and flltere trate was concentrated ford titled compound
as yel | ow 0i3B3.Q b wgs agldgdtn pne portiomnvA r@@@@t@p vsiseésvaetcovqremwﬁhl fell 9 9 Hz),
2.38 - 2.46 2. -(d,
2H J = 5.9 %Zgl%idgggrbszﬁioreja_cﬁnsrﬁ%t&ér\/vggIéQwre@fo@%hat 2000 4Rd tédted dit4- (

5, 6- Ddgvgrodaheﬂaylammwuml(ﬂm‘mZ%ampaméqu@ athyAdde (%8 B RAG2 (9.3 @)
was added t °

di hydr o-4H cycP@p% Ff%rf' ur an- %ea?{HBHwﬁgrneg{/aé(@a%edg‘so Oar?darr]de?tirhegggr?%P 1nh
ungerfa15n| tat 6J€n Ethirbagstate 420 )a@hwpldnc'trﬁCM@uﬁﬁgs selutiar @40MMrough a
pad of Celi -3

resi due was ‘appi dEQ§ %*” %ﬁ%gg’f@%@‘g%ﬂ t%(;i Us03/ 1§§§g%pwgé fasige. The

with saturated sodium hydrogen carbonate and brine, dried (MgSO,) and filtered.

The filtrate was concentrated under reduced pressure and crude (5R)-6-[acetoxy-
(5,5-dimethyl- 4H-1,6a-diazapentalen-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-

20 azabicyclo[3.2.0]hept-2-ene-2- carboxylic acid p-nitrobenzyl ester was obtained as
brown amorphous.

Freshly activated Zn dust (32.0 g) was added rapidly with 0.5 mol/L

phosphate buffer (pH 6.5, 167 mL) to the THF (114 mL) and acetonitrile (53 mL)
solution of crude (5R)-6-[acetoxy-(5,5-dimethyl- 4H-1,6a-diazapentalen-2-yl)methyl]-

25  6-bromo-7-oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2- carboxylic acid p-nitrobenzyl
ester. 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 solution
was cooled at 0 °C, and then the pH was adjusted to 8.0. Ethyl acetate (85 mL) was
added to the mixture and filtered through a pad of Celite. The pad was washed with

30 water (120 mL). The aqueous layer was separated and then the organic layer was
extracted with 0.5 mol/L phosphate buffer (pH 6.5, 2 x 50 mL). The combined
aqueous layers were cooled at 0 °C, and then the pH was adjusted to 8.5. The
mixture was concentrated to 325 g, and then applied to Diaion HP-21 resin (240 mL,
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silica gel colum chromat ography, then the colum was eluted w th n-hexane
- AcOet (9/1 - 7/1). The titled conpound was obtained as yell ow crystals
(1.51 g, woosp9e3a21H NVR (CDCI3) S 2.47 - 2.57 (m 2H), 2.6®CftuysoRri428) = 6.8
Hz), 2.78 (t, 2H, 5J =7.3 Hz), 7.06 (s, 1 H), 9.44 (s, 1 H. Step 4:
(5R, 6RS)-6-F(RS)-Acet oxy(5, 6-di hvdro-4H-cycl opent a[ bl f ur an- 2-

yl) met hyl | - 6- br omp- 7- oxo- 4- t hi a- 1- azabi cycl of 3. 2. 01 hept - 2- ene- 2- car boxylic
acid 4-nitrobenzyl ester 10 The acetonitrile solution (50 nl) of

5, 6- di hydr o-Mitsubighi Kaseh€a] W9 gplymmehrenaiograpbhy diiter adsarbing, W&smwabd to the
dry acetoni t\nfdsleq’uté&%h%?ters(QéG‘HL‘?En@thenad%@%ﬁftﬁlﬁsaq%&lszscﬂ&% I510‘%8%0(5 52 g)

under a nitrogen atnosphere at room erature. The d THE sol ution (151

n) of (5R ngs)208; Hﬁami-ﬁ B%chrnb'n%aqﬂveai@&tj?w?fs[@ncentrated under high

2. 0] hept - 2- D REEYonfsu wdm 91 15

g) was adde?geul%t1 %géﬁ@(xatdrgoag%%d% @Itv% ﬂ?éz)o ,&oand E?S%\%?%%t g@/%mlgsg 28

) I Wgs fadﬁ@hﬁ (208458 %,inbh7 - 18he reaction vessel was covered with foil to

excl ude Iight 1 r d

treated with acetic aﬁﬁé&d&zem%ﬂm@ @852151@(5,@? E%‘?(g iH)aQ 85%49 ﬁR?n 99%

(121 ng) f i n Gotfe(spdi),i6odh (STHH), B (s d)H) 7R &Suﬂlé) \thﬁK r3|4'3%I: 17$201€83nd

stirre or Cm 8 d||uted 20 th ethyl t at d
o BByl th oA Gl Mo e O ied 20 W D ethyl acetate an

washed with ous soI acid, saturated sodium hydrogen

carbonate and brine. The organic Iayer was dried (MgSH4) then filtered.

The filtrate was concentrated under ressure The residue was
Eg(q %iz{? y (n - hexane : AcCEt =4 :1
9 y :~ : 2ylmeit

purlfleaovmth a silica-gel coI umm ch

0, 2oy ia-g-arabicytlorl AhsnsLar _
H J = 13.5 Hz), 6.00(3, 1 H, 6.37 (s, 1 H, 671(s 1 H, 741(s 1
H, 7.60 (d,spH; it

0X0- 4-

(5R), (62) - 6- opent a 2 ﬁ%
t hi a- 1- dBabi cycl o[T@eZ'ﬂGFWEWPDQD%rY@Sﬂ%%ﬁf %ﬁwqf‘é'na H‘epg %ﬁ‘{‘} §£l M (sR,
6RS) - 6- [(RS)Jaﬁﬁ%rﬁéa/c(éo @roﬁdePy(HmeélmwcbcmnI@iéalfuran 2-yl)methyl ] -

6- br ono- 7- oxo- 4 azabi cycl o[ 3. 2. 0] hept - 2- éne- 2-carboxylic acid
4-ni trobenzyl 115

Step 2: (5,6-Dihydro-4H-cyclopentafblfuran-2-yimethanol

5,6-Dihydro-4H-cyclopenta[b]furan-2-carboxylic acid methyl ester (2.24 g)
20 was added to the THF (59 mL) solution of LiAlH, (511 mg) under a nitrogen
atmosphere at 0 °C and stirred for 1 h at 0 °C. The mixture was quenched with 10
mL of water and filtered. The filtrate was concentrated under reduced pressure and
' the obtained aqueous solution was extracted with CHCl;. The organic layer was
washed with brine and dried over MgSQ, and filtered. The filtrate was concentrated
25 to afford titled compound as yellow oil (1.86 g, quant.).

'"H NMR (CDCl;) & 1.66 (t, 1H, J = 5.9 Hz), 2.38 — 2.46 (m, 2H), 2.50 — 2.55

(m, 2H), 2.65 — 2.70 (m, 2H), 4.54 (d, 2H, J = 5.9 Hz), 6.15 (s, 1H).

Step 3: 5,6-Dihydro-4H-cyclopenta[b]furan-2-carbaldehyde
30 Activated MnO,, (9.3 g) was added to the CHCI; (135 mL) solution of (5,6-

dihydro-4H-cyclopenta[b]furan-2-yl)methanol (1.86 g) and refluxed for 1 h under a
nitrogen atmosphere. The reaction mixture was filtered through a pad of Celite.
The filtrate was concentrated under reduced pressure. The residue was applied to
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WD 03/ 093279 PCT/ US03/ 13428 ester (3.28 g) was dissolved in THE (46 nlL)
and acetonitrile (21 nL). Freshly activated Zn dust (13.12 g) was added
rapi dl y woh30987M phosphate buffer (pH 6.5, 67 nlL). ThePCcgasvy/mI28/essel
was covered with foil to exclude light. The reaction mxture was
vigorously stirred for 1.25 h at roomtenperature. The reaction m xture 5
was filtered through a pad of Celite. The filtrate was vvashed wi th ethyl

acetate and _the a ous r was, se ed. The aqueo gyer, vas cool ed
to 3 C and iR 9@5 CEH%%%@P%J‘B é ?O@"@M%T% klar(h 0 TEnegiehe

concentr at eokc@m%gmm@h . VEksluRdtompoad Wae chtdinents qemowmqsmtqo(m.eugx 0
Di ai on HP-21_(181 ni, t subi shi Kasei Co. Ltd.) resin colum

chr omat ograﬁhy/") After adsorbing, the colum was 10 eluted with H2O - MeCN
(1/0 - 85/15). Th&{emmRicpd!f 5ax7 onS7vaT, 2HyONES I DA} g6 6.8MHER2.78 gh2Macuum
at 35 C and |yophilized totg ve the titled crude product (288ng). This was
puri fi eddby Ji &BdR) HPOO {s. (HBP-At (5. MY subi shi Kasei Co. Ltd.) resin col um
chromat ography. After adsorbing, the colum was eluted with H2O - MeCN
(1/0 - 85/15). The conbl ned fractlons vvere cogcentrat ed under hi gh vacuum

at 35 15 C e ! ow
amor phous s cljo 92@!‘ @ené-h'—dy%%)( g0 5 2.24
- 2.30 (m = 7.1 H),

6.32 (s, 1 Igp;d&nﬁiohgzyles_fg[ 6. 73 (s, 1 H) 6. 86 (s 1 H) 20 Exarrpl e 28
E r eD|pﬁ\r/g£ g '? ]h S@e(?agc%g?ngg%%r? tlon q Wrr)e? y? Sin )dro74H-c))(ch0ﬁent%[]b£urf naz abi cycl o
3. 2. A hept - Dachaidehydabd g) was addeﬂ tosbel dtymaemrutnlzﬁﬂe;t e‘p) solution of
oL~ Tet r anycreiricrdie foi; Gt 082 RE8 bl Gndtt e atroom, ooy
accor di ng t demperature hotheodry Ok s:olt(tlbn (MetmLEhe(R, 63¢6-bromo-7t2e7Bia-130 St ep
suspensi on' FPAREIUP R Ao St tabehlicuck A obn A BOePIAE RO TR 01 | 4
(48. 6 ¢,150. 2f) wmsladded tcsme mituné, caoled toe20 ddant Ef@Nt(mt §:9%ot(6@$ o) was7. 4 g
(0.40 mol) of, NaNEnd por?' e QL adidh Sesd Ras toverLd with f5iPRBXLGHBRYRL Ur € and

The reaction mixture was stirred for 2 h at —20 °C and treated with acetic anhydride

(cont. 97%) (4.13 mL) and DMAP (cont. 99%) (121 mg) in one portion. The reaction

mixture was warmed to 0 °C and stirred for 16 h at 0 °C. The mixture was diluted

20  with ethyl acetate and washed with 5% aqueous solution of citric acid, saturated

sodium hydrogen carbonate and brine. The organic layer was dried (MgSO,4) then

filtered. The filtrate was concentrated under reduced pressure. The residue was

purified with a silica-gel column chromatography (n - hexane : ACOEt =4 :1-3: 1)

to give the titled compound as a brown amorphous solid (3.34 g, 61%).

25 'H NMR (CDCls) § 2.21 (s, 3H), 2.40 — 2.48 (m, 2H), 2.53 (t, 2H, J = 7.0 Hz),

2.69 (t, 2H, J=7.0 Hz), 5.28 (d, 1H, J=13.5 Hz), 5.43 (d, 1H, J = 13.5 Hz), 6.00 (s,

1H), 6.37 (s, 1H), 6.71 (s, 1H), 7.41 (s, 1H), 7.60 (d, 2H, J= 8.1 Hz), 8.24 (d, 2H, J =

8.1 Hz).

30 Step 5: (5R).(62)- 6-(5,6-Dihydro-4H-cyciopenta[blfuran-2-yimethylene)-7-oxo-4-

thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt
(5R, BRS)-6-[(RS)-Acetoxy(5,6-dihydro-4H-cyclopenta[b]furan-2-yl)methyl]-
6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl
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116 WO 03/093279 PCT/ US03/ 13428 stirred for 3 h. The solution was
concentrated under reduced pressure. Acetone (300 nL) was added to the
resi due awo osles2py ecipitate was filtered of f. The filtrat @CTWes93/13428
concentrated under reduced pressure to dryness and crude 3

ni troso[ 1, 3] t hi azi nane- 4-carboxylic acid was obtained as brown anor phous
solid. 5 To a solution of crude 3-nitroso[ 1, 3]thiazinane-4-carboxylic acid

in 530 nL of, dr t.pi-f td géél;%ﬁlﬁd ( 4 . 80
nol ) over 66Stﬁ?n&'ét?:§b\r0@§ dﬁ%ﬁ%&e‘h faﬁlﬁgés%ﬁg'ﬁedngt 0 a'lned&s?t'ﬂl'rﬁgedlz%gp 95 h at
0 C. The sohctiviated ZvagustodBderg) veascatided dapidly dic®8 M ipbasphete buffes (PHS-Yue was
applied to siljcag t %QFM- ad .t hiC Ol el uted
wi t h n-hexa ZWBAC&?C%&mz‘Se%ﬁ@h@% I't el(tJ1 ﬁdgﬁgo%ﬁ@d%vamghtgbtﬂgi@r}gg@@g br own
powder (28. fhixjureBrasOvighrouslistiug {oC@A53) abrognogmperatang,  Jheregciionixturg, 07
(t, 2H, =5 7 : ( wa S : :

4,5-Di hv“gir oyvg§ E'H%gjf?%ggj@iaa%gi or{ en'g"-' Zfﬁégrfﬁga@mag ngp?jd ‘év'ét eIth Is?%ertatg asn(()jl ution
of 4, 5-di hytreca@meus lay2r nea-sepanateds- The aqueeusalayel-waoerdehitpeh °C BRd(I2H 0 ¢,
0.18 nol) a h r,QRi. Ol Y/ : [ )5d : o -)
was refl UXEI%OE'L}%% agdgﬁtt(?c?g@%t éltar%%p 'er-(gq ﬁﬁthi% ‘ﬁ?é ?%@égg%%teﬁjor{r?@ag?ﬁcool ed
to room tempauaiaris dd Themvenentaiewas ageliedrte Rigjen HEr2s€8A anl, Mitsubisbi due

was applied to. sili . C ph € was
el ut od wi £ nKAeFlGenEEI RS ROER HuREBaREheP AnelRB IR, bisCuknhiiegos
pal e broown ekést with (2Q.-1MgCN(1/G8 83/1%)., Ehedcamigined fraetions svareicgncentrated

128 OB o AT S O R o

4, 5- Di hydr o{#Banig)aTHis hasdiusified byl BraiorPHR #1089 hle Mitsukishi tdageidsq. did. 1 rIgsVR
(ebcl3) 6 1.39 (6, 3d,. .3 = 7.1, Hz) = 2 2H,
J = 6.1 Hg) ooM .("4?5‘r?'3?t°§ﬁ?,ph¥ A .fdﬁéﬁb?‘%s{'%c“?&gf’“ %’ﬁ?eﬁgg’%gﬁ% s"jzél N, ¢
4, 5- di hydr o{f0t-t85415)1, The dombimed deactors-warehorypéntated undeasthigh wacugm at' 38 NVR
(CDCl 3) 1.34 (¢t, = 7. 9 o aH = el , 2H,
52 6. 118y € aptiofifzed g oife Ind e Gyibtubly po Elbeidyiantlringif coid 4 by C0
4: 4, 5-Di hvdoers, @HhRRa- 1, 7a- di azai ndene- 2- car bal dehyde 30 To a 22.1 gram
(0.10 not) of 4, 5-dihydro-6-thia-1, Za=di i n - 25 yhi; C; aei
ethylester in 523""?111_1;I fégq‘%?)fﬁé@Mééag(a&% 76\?%@?@25;8%9?6 51'6’ Jrr'ﬁl%)sd

Hz), 2.562 — 2.57 (t, 2H, J = 7.1 Hz), 6.32 (s, 1H), 6.55 (s, 1H), 6.73 (s, 1H), 6.86 (s,

1H).

20
Example 28
Preparation of (5R)(62)-6-(4,5-Dihydro-6-thia-1,7a-diazainden-2-ylmethylene)-7-

oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

25

Step 1; DL-Tetrahydro-1,3-thiazine-4-carboxylic acid hydrochloride
DL-Tetrahydro-1,3-thiazine-4-carboxylic acid hydrochloride was prepared

according to the method of Lewis (J. Med. Chem., 21, 1070 (1978)).

30 Step 2: 4,5-Dihydro-3aH,7H-2-oxa-3-ox0-6-thia-1-aza-7a-azonioinden

To a suspension of DL-tetrahydro-1,3-thiazine-4-carboxylic acid
hydrochloride (48.6 g, 0.26 mol) in 666 mL of AcOH was added to the solution of
27.4 g (0.40 mol) of NaNO, in 333 mL of water over 16 min at room temperature and
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under a nitrogen atnosphere at 0 C, and then stirred for 45 mn. The

m xture was quenched with water (20 nmL) and the precipitate was filtered

t hrough awpadoef27€Cel ite 117 WD 03/093279 PCT/ US03/ 13428 premdishhiesspd was

washed with water (100 m-) and THE (250 nL). The filtrate was

concentrated under reduced pressure, and then water (300 m-) was added.

The aqueous Iayer was extracted with CH2ClI 2 (6 x 500 nL). The organic

| ayer was dried NgwsT and filtered. The filtrate s concentrat ed under
5

reduced pr e §tnedios ¢ SAltioRwas sengentated Unds redieqd BIRPEHSstAgeone1 7. 2 q) .
To a 17.2 gysdp @l \h’é'@a&ﬁééﬂl@ thé réaidiieindrthe ﬁrefclutatelwe?saﬁnérai@ff ndge-fikraté )
nmet hanol in 520 nL of CHClI 3 was added activated VhQ2 .0 g) under a

nitrogen atASSpReANatRd ‘H%‘rﬁ‘%’ﬁﬁ‘e%ﬁsﬁw&to&%‘e’?ﬁ@ﬂ P F xed for 2 h. The

m xture was nltfdsb[tﬁi]%zﬁérneug&rﬁo@%ia@l& \% d)tStQm@d'ds tobswrl ahbrphbés Béli.
concentrat ed under 'reduced pressure.

re e was appl
silicaged col um dREIRME @Qr‘%ﬁﬁwe 3awH°§9{éﬁlfh'?HBaf&% '&ﬁﬂ’%g’p ‘L‘P%&b\m't h
hexane- ACCEbf gy THR wad BBdéd triﬂadoaeéﬂé@ﬁwdrvm16@htgalorwdna5 oy@lgoowincr yst al s
(13.0 g, 74.5 %) 1H NVR (ODCI 3) (f % ] ﬂ? 323ét 2H, J
6.0 Hz), ynsﬂerialtrogmtm%pbere(@ Pfﬂ)dweé or gt aioH? ity
(5R) (62) - 6- Q:Gnéen@'atéﬁqirid'egrédmbéd ére?sgul@' aped Fé@ﬁlﬂe%dé'd@hé‘d’io@i&hgél domnrﬂ-

thia-1-azabicycl ol 3. 2. O hept - 2- ene- 2- car boxyli ¢ The dr
acetonitril @h(%at%ra?hlé(ﬂ”dtth?fhthﬁicOW”B" ‘H?sh?'l:l?/e tqfh}-ngxape-,}«%ii %Bene- 2}/
car bal d@byderh(ejnt@@cem é@adlwa%wb)aw@sasaddﬁﬁ pbﬁldéh@SCUg' ero@)nitrile (60 m-)

20 sol ution of ? der a nitrogen _at g?re at
room terrperature H l(@l@ﬁ ﬁéoﬁl(ktzh'ré‘v@@ Hg),i 3066 ?%r*/'lé_"n'\qg? %ésdry THE
(71 m-) ?lﬂmon of p-nitrobenzyl (5R, 6S)-6-bronmopenem 3-carboxyl ate
(3.55 g, 9. was added and the mxture was cool ed to -20 C, and then
triethyl am rgtep 3: 4.5¢ po6 thiarh 7 3-diaze nerR-carbe; agidiethylesteE [ cact i on
vessel was cover I y £R1L. re was
stirred for 3 h zgs%tyhéf?héddt %@%e%&”?g&asg@ng tﬂ-gg‘aén no é%‘ﬂ?dr?em 0.11
g, 0.9 rhol (28.0¢, Adétmel) anthpthyl prepiptates(2#10 mig0. 87mﬁi)|lp o-xyﬁer@r{\é%m Wgs. The
reaction m 3&@8}: 8#@5%%& Qtrfossh@fos {6 h! Sfhd &ﬂutfbﬁ vbhsaéooféd tQ rocﬁﬁ hy'

acetate (28 citric acid agueous sol ution
temperature and concentrated under reduced pressure. The reS|due was applled to

silicage! column chromatography, and then the column was eluted with n-hexane -
AcOEt (3: 1). The titled compound was obtained as pale brown needles (22.1 g,

20 58.7 %), and 4,5-dihydro-6-thia- 1,7a-diazaindene-3-carboxylic acid ethylester was
obtained as pale brown crystals (12.7 g, 33.9 %).

4,5-Dihydro-6-thia-1,7a-diazaindene-2-carboxylic acid ethylester 'H NMR

(CDCls) 8 1.39 (t, 3H, J = 7.1 Hz), 2.98 (t, 2H, J = 6.1 Hz), 3.21 (t, 2H, J = 6.1 Hz),
4.40 (q, 2H, J=7.1 Hz), 5.17 (s, 2H), 6.60 (s, 1H).

25 4,5-dihydro-6-thia- 1,7a-diazaindene-3-carboxylic acid ethylester ‘"TH NMR
(CDCls) 8 1.34 (t, 3H, J= 7.1 Hz), 2.99 (t, 2H, J = 6.1 Hz), 3.45 (t, 2H, J = 6.1 Hz),
4.28 (g, 2H, J=7.1 Hz), 5.11 (s, 2H), 7.85 (s, 1H).

Step 4: 4,5-Dihydro-6-thia-1,7a-diazaindene-2-carbaldehyde

30 To a 22.1 gram (0.10 mol) of 4,5-dihydro-6-thia-1,7a-diazaindene-2-
carboxylic acid ethylester in 520 mL of dry THF was added LiAlH4 (3.95 g, 0.10 mol)
under a nitrogen atmosphere at 0 °C, and then stirred for 45 min. The mixture was
quenched with water (20 mL) and the precipitate was filtered through a pad of Celite
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added to the reaction m xture and separated. The organic |ayer was washed
with 30 saturated sodi um hydrogen carbonate and brine, dried (MgSO4) and
filtered.wOhe/0R2rdtrate was concentrated under reduced pr®@ssarses/sqes cr ude
(5R) - 6-[ acet oxy- (4, 5- di hydro-

6-t hi a- 1, 7a- di azai nden- 2-yl ) net hyl ] - 6- br ono- 7- oxo- 4-t hi a- 1-

azabi cycl o[ 3. 2. O] hept - 2- ene- 2- carboxylic acid p- nitrobenzyl ester was
obtained as 118 WD 03/093279 PCT/ US03/ 13428 hrown anorphgus_solid. Freshly
activat ed zandthePadwasiwgshegawitweter (10Qpnlel andal i (4905Mkyp | ﬁ’_e flRispast e
buffer (pH @o#oenﬂrét%d'ﬂn)delé Redub&d Eﬂé@sﬁr@ﬁaﬁ’d—%eﬁ%té‘qstb@ﬁm wak@died mhe

sol ution of crude (5R)- 6[acetoxy 5-di_hydr

6-thia-1, 7aa§il%92)§||%¥%r¥‘la§-e})¢r?ﬁ% Wh]c"b% (6x500 mL) The organic layer was dried
br ono- 7- OXOyIﬁ 6l)3nk fﬁté?&:l CYRé Qltrdte?wsd &ﬁ%n@at@ﬂ%naer eaheIPreésur@ahdl

p- ni tr obenz edter. The reaction vessel was covered with foil to exclude

light. The F@&@tW@ﬁObi@iﬂadlﬁsé’%erW@Y%ﬂV Z4@irred for 1.5 h at room
tenperature. Theleeaac-; Q‘Q%rﬁ%\"d{e'&i]d Fdﬁ?@ﬂo@tfﬁ’é—1 QaldiaiHdiehizey) t he pH was

adj usted to 8.0. Eth acetate was added to the m xture and

filtered thmsignohi 51 otﬁHCtlséNa edastivated WSl d88-Qi% Hnde anpitregen 150

m). The aqg 'é?rﬁb%)hb?é’ Qﬁ' ro%stel“h%@?arttﬂfteeﬂwc%ﬁgn FétRied RS 2069 ahkGnikyewagas
extracted osphate buffer (p x .30 The conbi ned

agueous Iayéﬂ%redé‘?réuﬁ@él%‘d o&pebte@ndéhefﬂtrﬁ%wamowmedaaji%rs%-e%% 8.0. The

m xt ur e @as t Golth
(480 rerva tpge%élﬁgl "I'ﬁ%gegﬁl&l% @@a%he@'&%ﬁ&%@thro n%%ﬁroﬁﬁt@rébl?é‘ fgg’ﬂge’é]sgsz: zg

the col umm 1% opléme waseiutg W‘fh\hﬁi(@?e -Aefght @L)ﬂan-'a"ettﬁ'éﬁ CoRRPHRT YA¥ | e aqueous
sol ution (5YhAR% é@yello@v%@stﬁ@@%g ?Ap%/d% 960 nL). The conbined active

fractions were concentrate under “hi gh vacuum at 35C and leophl lized to

g7g| Zg)the titled cUrPﬂi?Br(@%)é%QQ%cﬂhé Jg‘n%gd'ﬂ?u%gi& ﬁH_{E?%Hg) 541(§ ' % pH
I N S adi I A S 1T ( 5 b, Serer (.

, 6.23 (s, 1 H, 6.46 (s, 1 H, 6.97 (s, 1
H, 7.015(s, 1 H); IR(KBr) 3382, 1752, 1684, 1597, 1554 cnfl; X max (H20)
366, 292, 1 ¥

6- Di met hvl -
yi met hyl ene)th‘b-bazalﬁeyélb&zom ml—bbﬂrbbx@hagld—, segnmatar boxylic acid,

sodi um sal t The dry acetonitrile (11 mL) solution of 4,5-dihydro-6-thia-1,7a-diazaindene-
'2- carbaldehyde (1.70 g, 10.1 mmol) was added to the dry acetinitrile (60 mL)
20 solution of MgBr, (2.03 g, 11.0 mmol) under a nitrogen atmosphere at room

temperature, and then the mixture was stirred for 10 min. The dry THF (71 mL)
solution of p-nitrobenzyl (5R, 6S)-6-bromopenem-3-carboxylate (3.55 g, 9.2 mmol)
was added and the mixture was cooled to —20 °C, and then triethylamine (3.1 mL,
22.2 mmol) was added in one portion. The reaction vessel was covered with foil to
25  exclude light. The reaction mixture was stirred for 3 h at —20 °C and treated with 4-
dimethylamino pyridine (0.11 g, 0.9 mmol) and acetic anhydride (1.8 mL, 18.6 mmol)
in one portion. The reaction mixture was warmed to 0 °C and stirred for 15 h at 0
°C. Ethyl acetate (280 mL) and 1mol/L citric acid aqueous solution (140 mL) was
added to the reaction mixture and separated. The organic layer was washed with
30 saturated sodium hydrogen carbonate and brine, dried (MgSO,) and filtered. The
filtrate was concentrated under reduced pressure and crude (5R)-6-[acetoxy-(4,5-
dihydro- 6-thia-1,7a-diazainden-2-yi)methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2- carboxylic acid p-nitrobenzyl ester was obtained as
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Step 1: Preparation of 5,5-Di nethyl-2-piperidone

5-5-Di net hyl - 2- pi peradi none (1) was prepared in the nmethod of Nagasawa (J.
30 Med. GNOreB/09239 1176 (1977)). Step 2: Preparation of PCT/US03/13428

3, 3-Di net hvl - 6- et hoxy- 2, 3, 4, 5-tetrahydropyri dine Trinmethyl oxoni um

tetrafl uoroborate (97% 11.9 g, 78 mmol) was added to the 119 WD 03/093279
PCT/ US03/ 13428 dry dichl oronet hane (156 nL) sol ution of

5, 5-di et hyk- 2-rﬁirﬁer| done (9.93 g, 78 mol) at roomtenperature and
stirred for POWHEAMIREOPRERAE: on mixture was neutralized with 10% sodi um
hydr ogen car bonatFeeshijugstivated Tnudusb(R1.4g)dvasaddadgapidly withe.8molhs separ at ed.

Th h et then th
Conbi ned_or amRRarSGarer (0 Bz, dHaifite fertior EthElfre shlo it GeMnac o
?q :J teo us B S o[rﬁbm]?@h taﬂc};.bé (3R)-6- [Elaetoay-gcamdmybleog@athma7ai-|d|azd|nda@-8@ﬂ))nwmmt Gr;
| ere e 1l ra conce er e
el ed Bonpoumer e Bt s arna ST et e g A ag BB L R
|(42 C;DCI g) 13 0 e8Rr.(The REbtionlvedSel(as cdvered withotd&dcjud?. light. ( The Bdction = 7.0 10
S
5, 5. Di net hylnw’fﬂg‘f"a? H'8°f£’{‘§'b/ shka s 3 AbeSM EReRate: o The reactisnselutions
3, 3- di et hy w=@-dsBlcdait 0-°2, and tHentthé pHlwad apystedlio:0.( Etbylgicetate (5|67m|l.))wamd

anmoni um chl oride (3.4 g, 64 |1)..in dr h ). Was
to refl ux f@F'd?‘?FP tq"‘?ﬁ%""?’éea 4@&‘9%4 gg‘ %B% ?fa(g%'t%oﬁ’gﬂaé”{aéd”%fﬂgg&‘ﬁtr educed
%essuraoandva&éwms% Hled THeamesds érwdirI@apMeaSnathmmthe osgzinlodajéi véasg, 94.6
9 1H NVR ( DMGO- Hz 55 (t
oH, J = ifE?ted *2"%59 ] 6‘03'2 Hfm%f’hal%b%é@'?%" %562§t'3@p H"%?E‘Fﬁ
g 8-tet L aPY%Qémﬁla?@élNeﬁe abglvd atld Frefé‘maémaiwtﬂ-lhwde a&;usfed to I8d0 The )
D net hv tetra I m.dazo The
m xture of Zn'lStruEﬁT‘Ha%Cﬂnﬁ?Pﬁ?{?artBﬁgagl a"(dlée’l’ agp'r%ﬁ %P?wgﬁe(?ﬁh(\éggg% 'f oni ¢
aci F Lronohy¢n|tlygg|s(1ﬂ)(és%| Co. df cmmwck&ﬂda?gtﬁ#hpan@fter(aﬂ%nﬁm@the]@&mmmI2) in
cycl ohexane yas az rqpe ti vaper tenperatuge r, 25
80C. Thd® reéﬂgﬂsi f‘gwghwmaéefvégé Eﬁ'ﬁ@@ﬂﬁ? Ecﬁﬁﬂ"«?r Qe Utbopegggéh ° gd%ll‘he
resi due was 1@os980veid 20%;d60 rElL)Q‘ﬂ'lﬁéB&ln!ﬁihéd adtive fehctions kte(cdhbenttatedsol ut i on
(r)r:cml ;3 gngl {m Ht@hgll_ ﬁlgﬁ%gcl:lﬁjdn'rll gt 55 ¥3| andeiyogmlzeg to”B.Ug me t|t e%hclo(r)nrﬂoﬂﬁd (a% agyeqflbw61
amorphous solid (1.28 g, 40.5 %, pH 7.45).
Mp 200 °C (dec); "H NMR (D;0) & 2.95 (t, 2H, J = 6.1 Hz), 3.12 (t, 2H, J = 6.1
20 Hz), 5.08 (s, 2H), 6.23 (s, 1H), 6.46 (s, 1H), 6.97 (s, 1H), 7.01 (s, 1H); IR (KBr) 3382,
1752, 1684, 1597, 1554 cm™; A" (H,0) 366, 292, 197 nm.

Example 29
Preparation of (5R).(6 6.6-Dimethyl-5,6,7,8-tetrahydroimidazof1,2-a

-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2

sodium salt

25 -ene-2-carboxylic acid

Step 1: Preparation of 5,5-Dimethvi-2-piperidone
5-5-Dimethyl-2-piperadinone (1) was prepared in the method of Nagasawa (J.

30 Med. Chem., 23, 1176 (1977)).

Step 2: Preparation of 3,3-Dimethyl-6-methoxy-2,3.4,5-tetrahydropyridine

Trimethyloxonium tetrafluoroborate (97%, 11.9 g, 78 mmol) was added to the
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dry EtOH (50 nL) solution of NaOwe (28% 11.7 g, 61 nmmol) were added at
room tenperature. The reaction m xture was stirred at roomtenperature for
2 h, and W80 oBlex27¢ he reacti on sol ution was renoved in vac®RoT/USag1xesi due
was dissolved in CHCI3 (300 nL) and triethylamne (8.5 nL, 61 nmol) was
added, and then the reaction mxture was heated to reflux for 2 h. The
reaction mxture was cooled to roomterrperature and then the reaction

O SR A R, 1o

sol ution (2mmelP& robm.terhberatreiang etirréd)foe ddh. smhelteamnomamdmetwasct ed with

fcl*ftc'e?ed(ZTﬁeutrﬁlz?%Mw% i Biope Beto G el et g Oidar

resi due was|zBplhedeppatet! | T aqugels ybwas eXtramtsat Wit emhlyacetdtejtaaximm h
CHCl 3 - et han

the ti
6, 6- Di me? hyf“'-@o% 'glg'? ?%%@‘%#WPBP'%‘%Y&MF&“?Sﬁ%vllf'? g? T, PYPIRILy de
(brown soli darb@néte&qué@ugsc%tlo@%d brlne The organic layer was dried (MgSO,) and
0. 6 Dl et Ny e - g B fiff e rapetonpons aiiPle? rodtloBY blels ahid AL ks ey de

(orange sol Iﬂ[gere

Elvg ?ng} gybg&lsurgd &rabeibtaﬂiewlas;pmglelm[du @aaﬁ;mzm gé)ne- 2- car bal dehyde: 'H 10
), 371 (s, 2R AGDEL) Su b apmatiapds 21y Thh 2 R dm P g = O
6, 6- D mg, hyIHZ§ ;;5197(582Hyt3@¢1§gd39) m dazo[ 1, 2- a] pyr| di ne- 3- car bal dehyde: 'H

NI\/R(CDCI3) (s, 1.74 (t, 2H, J = 6.8 Hz), 2.97 (t, 2H, J = 6.8

Hz) 405(s, 2H) 774(s 1 H, 9.64 (s, 1 H. 15 Step 5: (5R

(62)-6- (6, 6gbpBLH LDlﬁ'lthl ﬂm@ na@ﬁéa':ﬁﬁnéqﬂoﬂo dbehloriden- 2-
yl met hyl eneJ-7-0X0-

- | i
sodi um salt The dihg f@!é’éﬁ)ﬁf 3 }3—,d||rgetbglg3 Pﬂeﬂ)°x¥8l?lﬁ gﬁﬁtr@?yd@pé”g‘f‘?re(g% I6§ gc;d,s
20 tetr ahydrn%m dad Qmﬂﬁlon%nﬁ]c%ﬁdéig:Mg 264 Ak ﬁ@lhyétﬂaﬁd’f (560 BL) Whs ﬁa@tles‘u was

added to the dry acetinitril -) solution of Brzéé , 28
mol ) ufber tarefiukfergeh Taherfégﬁeiwarf@ﬂa*re Was Hensiepesiialieeunash Cﬁw&ﬁ t he
mxture was p?éésﬁFéaéhdc g% t11€d EbMpoure wad lo¥talida a(s@@hi@%olﬂqbl@g (M %).

p- ni trobenzyl (5R br onbpenem 3- car boxyl at e

added and the m xt UrWRA@MﬁQJdé@ Q96 (s26HE1.2hG %"I’me‘ng 6.9 HZ)92 55 (’f 2H, J
6.9 Hz), 2.99 (d, 2H, J = 2.1 Hz).

I)vvas

20 Step 4: 6.6-Dimethyi-5.6,7,8-tetrahydroimidazo[1,2-a

6,6-Dimethyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyridine-3-carbaldehyde
The mixture of 2-bromo-3-hydroxypropenal (10.1 g, 67 mmol), p-

ridine-2-carbaldehyde &

toluenesulfonic acid monohydrate (0.13 g, 0.6 mmol) and 2-propanol (12.6 mL, 165
mmol) in cyclohexane (100 mL) was azeotroped until the vaper temperature over
25 80°C. The reaction mixture was concentrated under reduced pressure. The
residue was dissolved in dry EtOH (200 mL). The dry EtOH (350 mL) solution of
5,5-dimethylpiperidine-2-ylideneamine monohydrochloride (9.9 g, 61 mmol) and the
dry EtOH (50 mL) solution of NaOMe (28%, 11.7 g, 61 mmol) were added at room
temperature. The reaction mixture was stirred at room temperature for 2 h, and
30 then the reaction solution was removed in vacuo. The residue was dissolved in
CHCI; (300 mL) and triethylamine (8.5 mL, 61 mmol) was added, and then the
reaction mixture was heated to reflux for 2 h. The reaction mixture was cooled to
room temperature, and then the reaction solution was removed in vacuo. The
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25 triethylamne (7.8 nL, 56 mmol) was added in one portion. The reaction
vessel was covered with foil to exclude |ight. The reaction m xture was
stirred fwpo3ops2ae -20 C and treated with 4-di net hyl am necpyusosiizes (0. 29
g, 2.4 mmmol) and acetic anhydride (4.4 nmL, 47 mmol) in one portion. The
reaction mxture was warnmed to O C and stirred for 16 h at 0 C. Ethyl
acetate (715 nm-) was added to the reaction mxture, 30 and then the

Sfurated SEAdBIRATSTRER AR RO B ReSteu At ER et alle s ar i e
g m 802 ug gd sblutisreed200 he).f IMhercahbinsaaquecesdlutdnedasedectededtho@id,Gis essur e

(5R) - 6- [ acel®% 700 g118- dThssamhines @raanis laver wap Jied (MR &nd oo,y 1h%i n-2 121
WD 03/ 093279It@@hb§@&%c§34§&d under reduced pressure. The residue was applied to silica

I t hy| /- 4-1 ' 3. 2. 0] hept - 2- -2-. b i
el d p- Bt Bebgh coRraoER, LR G RrtaRbl oIt REGHRE eanyy °
activat ed Zl&oﬁh SElnc( 68- [ﬁn@)hWﬁ% Agaerhhyaiirpidyzofi Rha]Pyriims-chrbajlkebggehat e
buff er (pH (brown SO|Id 4/-1 4?017% an'dFB é 11Z)|metW'l)5 89% fmt:rahs(l) rBFn{ldalz%[‘i(go m) 5

sol ution of
(5R) - 6- [ acetapyiding-BeAbamémde-(brahgd s8lid, atT gmeis %)rwarlabbl[aiheﬂ- a] pyri di n- 2-

2l a bl 1 obendyPAOEIH S L Rt R el iRk fRick oF) To

excl udeqpi Q*NMRdenClar@aqbl(@remm AI781(E 2MRT =\6.9 PIZD Y (t52H, S 26.F la2), 3.73 (&, at
roomt enperat ure. action mxture was cooled at 0 C, and then the pH
was adj uste@"'t)o74’6§ 1E't)+§/133éﬁzéf"éte 10 (140 nL) was added to the reaction

m xture, and theﬂetstmnfétﬁyl%er d@e&ra‘hyaﬁoﬁﬁladzo[i hraqumure 3ladrb@fdeﬁ?ﬁid fie and the
pad was washed with water (200

C7) q%eous zler was se a}ogg

then the or MHARECPE{skP 1\0&s(se§<'ﬂ)ré 14482“ YIT ©851Z)nd- W_t HhobpRd Z)bﬁ il (pH
6.5 2 x 50 Z’H?)7.7ZZ§ pﬁ ®&a Q onbi ned aqueous | ayer was adjusted to 8.1
and the m xt co entrat to 584 g. 1 nol/L NaCH was 15 added to
adj ust ;351 to 8.2 and applled to D aion HP-21 re5|n (420 nL, M tsubishi
Kasei . Ltd, i b ITE . A L h : was

el ut ed Wi ttéi. 5 2 3 T Etg]d vol une)
and 20 % actmettiviend o Aendabi 2.0 2 enerp-canbowglic acid

concentr at ed ﬂlnger Ith| gh vacuum at 35C and Iyoph| i zed to give the crude
(5R), (62) - 625 Di met hyl -5, 6, 7, 8-tetrahydroi m dazo[ 1, 2-a] pyri zi n- 2-

yl met hyl ene) - 7- oxOhd dtynacatdhitrileZ 28 imly sblofién &f §Pidipeth@l-%6.&:8- car boxyl i ¢ aci d,

sodi um %8' t tgt?ah%ld}!oei\rlnld%\évo W-ra?pr}%ar%e-z-carbaldehyde (4.55 g, 26 mmol) was added to
the dry acetinitrile (152 mL) solution of MgBr (5.22 g, 28 mmol) under a nitrogen

atmosphere at room temperature, and then the mixture was stirred for 10 min. The
dry THF (180 mL) solution of p-nitrobenzyl (5R, 6S)-6-bromopenem-3-carboxylate
(8.94 g, 23 mmol) was added and the mixture was cooled to —20 °C, and then

25  triethylamine (7.8 mL, 56 mmol) 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-dimethylamino pyridine (0.29 g, 2.4 mmol) and acetic anhydride
(4.4 mL, 47 mmol) in one portion. The reaction mixture was warmed to 0 °C and
stirred for 16 h at 0 °C. Ethyl acetate (715 mL) was added to the reaction mixture,

30 and then the organic layer was washed with 1mol/L Citric acid aqueous solution,
saturated sodium hydrogen carbonate and brine. The organic layer was dried
(MgS0,) and filtered. The filtrate was concentrated under reduced pressure and
crude (5R)-6-[acetoxy-(6,6-dimethyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyridin-2-
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solid (1.19 g). The crude

(5R), (62)-6-(6,6-D nethyl -5,6,7,8-tetrahydroi m dazo[ 1, 2-a] pyri zi n- 2-

yl met hyl ewe)03/f9xx®o- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2Pcarisoxyd4eg aci d,

sodium 25 salt was purified by the preparative HPLC (M ghtysil RP-18 GP (5
Am, Kanto Chemical Co. Inc., 35 x 250 nm O0.05 nol/L phosphate buffer (pH
7.2) : CH3CN =70 : 30, 20 nL/mn.). The purified product was desal ted by

Diaion HP-21 resin (50 nL) colum chromat ography and the title conpound

was obt ai neg Eﬁaﬂhg NEB-Krdmd- P xd8-tifia- Y-akasvych®.R 0ieps-2smet TicarBOxylib a2itige ( dec) ;
1H NVR ( D20) = 6.8 Hz), 2.72

t 2H, J
(t, 2H J _ngroge est rg@sl(_&btalﬁ_ﬂgas éro}w %r_%drp%oq%so lg 90 (s, | H), 6.91 (s, 1
H, 7.19 (s, 1 H}es hiy2ZctiVile@ I3 3. @@Wéﬁ@&deﬂ&éﬁlalyvﬁtmmlnmlmo Prepar at i on

of (5R), (62 ro 3

yl net hyl ene)o Rﬁ‘%ge Q”fgr'iqél'd'f %gﬁg‘_@;}k? g]egﬁ%: %19%67%&)'@ ?ﬁ? éﬁl'@?r(ggﬁﬁ)l c acid

5 The dry aegefufion bf w/;g-cac[ésetm?(aswhmtmscd78rt6trmymwlm¢ua&bmmmmm-

(a0 ) s onDmEBIer bR HoYe ) TaraNr oA R R e e ROAEE B om

t enper at ur e nitkspBnyi@stefl Xtheréasdd vessdl nad cbadred Withifeil toBxelude YightHETHeB0 i)

2dded. the. FEBAIGR ETHAE VeoyaaousY SHESA BT &3 RaHCPF BIRGTEne (ISR wag

?ddﬁd in 0n%lfd@l‘éWé)@codfétﬁatf@@talﬂrthé@ﬂﬁqm was adjustedted.en Ethyf addtatbo excl ude

wl Oh 2, 40 AR e BOqgH e deqedan HEurEnand tentes PE TR ne) fn

8”2‘: porltol/ogtrgrEEth é%&g'fdf CRitel atiduhe p?@ﬁ/aWaﬂgéH rr?_mh Qaferg2ab miL).r mad aﬁoeouls4 h at
% ric acid a ueous so ution t

mi xture and 'A¥6T MR8 SERYE Rﬁa@gg?éi(‘ %é(@f \é{ag WV\?W‘%CE‘H@’ Ogdﬁ?lgfer (egcxI (2)80

m-)b Thf OFQJSB%&étéibﬁﬂfer (wsm a\mhs@l trrhfeeqrebfths@bglngﬁmeedzqaemsjayérwsogen

carbonate and_ brine i r

concent r at e@djusifgkto B ‘gg“ed'é’l\/&g%?")@s c%ntr@@lt %@4 e1'538{5‘|‘ f\lééﬁt\%assl lica gel

col um QBromHe@f@@dﬂwst toed. 2bAd applidd t&IH74i0R HP-ZC Rk PN@20 AL, Mitddbislsi obt ai n
crude (5R)-6-[acet Oxiiéf:ﬂlyts di h dro-8H-im azo

cl[1,4]thi agﬂaﬁegC%ljt aipgraphyy 06‘ ter la[:ﬁ%{%li\g, the column was eluted
- azabi cycl O[ﬁth&.gbmepﬁec?v&unﬁeﬁs % (2 bed volume), 10 % (1 bed volume) and 20 %

acetonitrile aqueous solution. The combined active fractions were concentrated
under high vacuum at 35°C and lyophilized to give the crude (6R),(62)-6-(6,6-
20  Dimethyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrizin-2- yimethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt as a yellow amorphous
solid (1.19 g).
The crude (5R),(62)-6-(6,6-Dimethyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrizin-
2- ylmethylene)-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium
25  salt was purified by the preparative HPLC (Mightysil RP-18 GP (56 Om), Kanto
Chemical Co. Inc., 35 x 250 mm, 0.05 mol/L phosphate buffer (pH 7.2) : CH;CN = 70
: 30, 20 mL/min.). The purified product was desalted by Diaion HP-21 resin (60 mL)
column chromatography and the title compound was obtained 230 mg (2.8 %) as a

yellow amorphous solid.

30 Mp 210°C (dec); 'H NMR (D,0) & ; 0.91 (s, 3H), 0.93 (s, 3H), 1.63 (t, 2H, J =
6.8 Hz), 2.72 (t, 2H, J = 6.8 Hz), 3.60 (s, 2H), 6.44 (s, 1H), 6.90 (s, 1H), 6.91 (s, 1H),
7.19 (s, 1H).
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carboxylic acid p-nitrobenzyl ester as a brown solid. The solid obtained
above chromat ography was dissolved in THE (11 nL). Freshly activated Zn
dust (1.4wg@)3mex7added rapidly with 0.5 nol/L phosphat e betfrarso3/(3aks 6.5, 11
mL). The reaction vessel was covered with foil to exclude light. The 25
reaction m xture was vigorously stirred for 2 h at roomtenperature. The
reaction solution was filterd through a pad of Celite and the pad was
washed with water (26 nL) and n-butigol QZg The aqueous | ayer was
separated and then the organic |aye racted with 0.5 nol/L

phosphat e buf f ﬁreé%t.@nf'bf (QRF (%%—%5,6-%&6@%4%&@%1)@ L%tf';_ﬁziﬁ\ﬁs
concentrated to : no 2 vvas_ a to adjust pHto 7.3 and
appl i ed to Di ayimethylene)-7-pxo.4-thisyl-agabicyele Q. ~ lig

chr omat ogr aphy. After adsor bi ng, the coI urmwas eluted with vvat er and t hen
5% acetonitril e aqueous solution. The conbi ned active fractions was

concentrted un dry ghetpnitile (4 mLBsutiandof Sy dioAitimidazplZd- the titl e

d ’ d (81
cr:rg;rpo:\J/B 12; i h{agmf 32%%%&%@@%%@%&%%6 mﬂ%%qaeamhez{ao fqhid (
4.13-4.16 (raolumom)of MgBr7(2(Z9) undeyy a ngrogen @gmosphiie atroom temperatynge | theﬂ 2 (s, 1

H: | R (KBrr)u]g(tu?é)’ms strfdPror 46 Hin. 'ﬂl@el&yel'rﬂFl(SO’zrﬁrW%o(dﬂgﬁ))of BhitrdbEhzy? (fkanmpl e 31

Preparation

(5R) ( 62) - 7- G&)-6ebromiapsnemiacarbexlale &4 gk weakdded the mitturgwasepoled to —20
thia-1- aiﬁab'@tﬁlaﬁlt%‘t%(gn@@% 76 %ﬁ&gebﬁge& E&m@ﬁ'ﬁwe RadidiVessbilvak0 Step

1: Preparation o oxa-5-thi a-1-aza- 6a-azoni o-
3a- pent al eniatyer@gdiwith feitto exctudel Itg)wt The reagtion nixtereavay stikaddondBdtr@0rFe H2O

(166 m-) dtﬂéagéh @%Mﬂh@%ﬁ@ﬁﬂ%@ aq)m%b%rac%tl@bﬁﬁﬁﬂﬁé (@bms,mhere

at 0 C and stirr S I on Wwas tract
organi ¢ | ayemevrestialy. iToe readtion DExtNEESEES warnesbiod: i ard stirragdfeei4 F‘@ﬁ@c@d

pressure to r |
Trifl uoroace /fﬁgﬂﬁgga ag]w?% %&Lﬂ oh (§§0mL§%’B§HB§H %ﬁgé{%%hzgméﬁ%ﬂe-% sol ution
of crudé5N-rthe aqgepqsﬁamrww& m@adﬁdwth'&twl aedigier(3at2aIphed eafgamwdamfd
stirred for v@aé\uashed with water, saturated sodium hydrogen carbonate and brine, dried

(MgSQ,) and filtered. The filtrate was concentrated under reduced pressure. The
residue was applied to silica gel column chromatography and eluted with CH,Cl, —
acetone (20 : 1) to obtain crude (5R)-6-[acetoxy-(5,6-dihydro-8H-imidazo[2,1-

20  c][1,4]thiazin-3-yl)methyl]-6-bromo-7-oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid p-nitrobenzyl ester as a brown solid.

The solid obtained above chromatography was dissolved in THF (11 mL).

Freshly activated Zn dust (1.4 g) was added rapidly with 0.5 mol/L phosphate buffer
(pH 6.5, 11 mL). The reaction vessel was covered with foil to exclude light. The

25  reaction mixture was vigorously stirred for 2 h at room temperature. The reaction
solution was filterd through a pad of Celite and the pad was washed with water (26
mL) and n-butanol (26 mL). The aqueous layer was separated and then the organic
layer was extracted with 0.5 mol/L phosphate buffer (pH 6.5, 2 x 5 mL). The
combined aqueous layer was concentrated to 18 g, 1mol/L. NaOH was added to

30 adjust pH to 7.3 and applied to Diaion HP-21 resin (20 mL, Mitsubishi Kasei Co. Ltd.)
column chromatography. After adsorbing, the column was eluted with water and then
5% acetonitrile aqueous solution. The combined active fractions was concentrated
under high vacuum at 35°C and lyophilized to give the title compound as a yellow
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at 0 C. The solution was concentrated under reduced pressure. The residue
was 20 applied to silica gel columm chromatography, then the colum was

el uted wiwb mpa9zexane - AcCeEt (1 : 1). The titled conpounadCrasOdIR428 ned as
a pale brown solid (4.0 g, 15.1%. 1H NWR (CDCI3) 6: 4.04 (t, 2H, J = 1.7
Hz), 5.40 (t, 2H, J = 1.7 Hz). 25 Step 2: Preparation of

4H 5- Thi a- 1, 6a- di azapent al en-2-carboxylic acid ethylester Ethyl propiolate
(3.1 mM-) was added to g}e o- Xyl ene (130 nml-) solution of 3- oxo-3a,

4- di hydr o- 3AMogRRops SQUd B1Mak- 1- aza- 6a- azoni o- 3a- pent al eni de (4.0 g) under
a nitrogen atnospher e pgflgeefbiseeth NMR E20) 5 3TdB3.961(wt 1tA)) 3@ss(s¢ol),ed to 30
roomtenperature and concentrated under reduced ressure.u_'& s| due was
applied to 413416 gBl b Bifr(scHido A#1dgr HPhy-01tBet AO4dS ! T8 ut ed

w th n- hex - : 1T vex &y mpound was obtai ned as a yell ow
solid (2.7 3’,@?11’211%\/\%7325 6}8133;)7:@ Pﬁcﬁl(ﬂégg/g%éﬁl@B 49.3%, and

4H 5-t hia- 1, 6a- di azapent al en- 3-carboxylic acid et hyl ester was obtained as
pal e yellow crystals (1.2 g, 21.79 . gkkin {CDCI 3) 81.40 (t, 3H J =7.1
Hz), 4.11 (d, 2H, J = 2.1 Hz), 4.40 Fq—‘% —J = 7.1 Hz), 5.24 (t, 2H, J =
1.6 Hz), 6. ®reparatidn idf (5R)6 0-6FébL5thini1gsa-diazapentalen-2-yimethylene)-4-

(4H 5-Thi a- 1, 6a- di, azapent al en-.2- 0 i . . 0 59 ng) was
added to the et h l = a c [ % rr%' =, "CE"%"@I{ so&m sgﬁ

5-t hi a- 1, 6a- di azapent al en- 2-carboxylic acid ethylester (2.5 g) and MeCH
(0.77 nL _ t hen_refl| uxed
for 1.578. 0 e eSS reHe-HeT ¥ I~ a2 I i rred
for 1 h at rmaqiEnthieRRRr at ure. The m xture was neutralized by saturated

sodi um hydr 6gen car bonate solution and separated. The a@%le@uzhloaégé was
extracted with di chl oGafgr HEh€5ml and NaNGy §16.6rgiweye gdAee tq e dri ed

(MySO4) and HfiiyldoRfiBA of Thiioprolitd BUS Y¥ashdef AMRRIYEH 2trREsphaALst 0 Tlup@stirred

pressure. The residue was applied to silica gel colum 15 chromat ography,
then the colfeimhwakheszalidtion wastaxtragtegwithfHdGly proagicdayrs s AR OYeiobt ai ned as

a pal e ygl | qyys®) il dohcéniated in@Sfredueeld Prid3utédd@fdrd theZor@de NinitrdsoH, J = 5.6
Hz), 4.07 (s,” 2H), 4.62 ﬁd, 2H J =5.1
compound as a yellow solid.

Trifluoroacetic anhydride (5.0 mL) was added to the THF (350 mL) solution
of crude N-nitroso thioproline under a nitrogen atmosphere at 0 °C and stirred for 5 h

0
Q

2
e

- M

at 0 °C. The solution was concentrated under reduced pressure. The residue was
20 applied to silica gel column chromatography, then the column was eluted with n-
hexane - AcOEt (1: 1). The titled compound was obtained as a pale brown solid
(4.0 g, 15.1%).
'H NMR (CDCl,) 8: 4.04 (t, 2H, J = 1.7 Hz), 5.40 (t, 2H, J = 1.7 Hz).

25 Step 2: Preparation of 4H-5-Thia-1,6a-diazapentalen-2-carboxylic acid

ethylester
Ethyl propiolate (3.1 mL) was added to the o-xylene (130 mL) solution of 3-

oxo-3a, 4-dihydro-3H, 6H-2-oxa-5-thia-1-aza-6a-azonio-3a-pentalenide (4.0 g)
under a nitrogen atmosphere and refiuxed for 19 h. The solution was cooled to

30 room temperature and concentrated under reduced pressure. The residue was
applied to silica gel column chromatography, then the column was eluted with n-
hexane - AcOEt (4 : 1). The titled compound was obtained as a yellow solid (2.7 g,
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Hz), 5.13 (t, 1 H J =1.6 Hz), 6.04 (s, 1 H. 20 Step 4: Preparation of
4H 5- Thi a- 1. 6a- di azapent al en- 2- car bal dehyde The dry di chl oronet hane (8 ni)
sol uti on wb odioprhyl sul foxi de (2.2 nmL) was added dropw sS@CTaISOe34els y

di chl oronet hane (110 nlL) solution of oxalyl chloride (2.0 nL) at -78C. The
reaction mxture was stirred for 15 mn at the sane tenperature. The dry
di chl oronet hane (40 nlL) solution of (4H 5-thia-1, 6a-di azapental en-2 25

yl)methanol jolaof, ghoiess 406405 QMEREd 03 LB oL ARGH ALY (B dlC, and

stirring was continued r an addrtiona on mxture was
al | owed to wesrpale yelowdsgstaedl.2tg, 2Ag8)f or 1 h. Triethylam ne (11.3 L) was

20m n, saturated aRAR(EEE pdudl e e on Bs g 2072 L At &) <
wer e added a@M] Jseparkad)ed24 heH30=agd Ee) $.61agetHwas extracted with AcCEt (3

x 150 m_%. The conbi ned organic |ayers were washed with water (200 nmL) and
brine (200 nm.), dried (MgSO4) and filtered. The filtrate was concentrated

uEder r educ estep13e Peeiaratidh of (msauﬁa-wlasg-dia_mi_dmﬂiga-g)métg/aggggl ;ol um
chromat ogr aphy, then .the c s elute t 7
PCT/ US03/ 13428 hﬁ 09"%5%5?"@%6 mg) yas ?&%eﬂ @Bh%a%sg\@&%dn@ ogf 4ffhed as
zziHye!JI owlszlBGthia(-i,gzécgaz(ap%t?l%h-z-cagrbg%yw (F&c(dfﬁﬁl Vidstep (Zéflg3 e(Srﬁi, I\g@ﬂ)-l, (057 726nLf d],c

, = 1. , 6. S, , 9. \ : e . ,Preparati o]
(5R) (62) - 7- (2 _a(w‘rp%e_q ﬁ‘n&Q%B@- ab @?gbgem%ﬁrggffﬁﬁhen ré}luxed for. P % h.. ?ﬂe |
yl met hy l1@ne)miturdiveasl qagadhedywito[ 8 .mblL] HEPt22-reineadd Giifre@ Xl i1C haai dbonsodi um

It The d t itrpl 2 nm i f ]
Aot a1 tERPRA R TS TS WG AT lACG Y ARLEtEd ogiim BT agRL G R e i y

acetinitril esoftidnrEn s‘é@bﬁaté'r?)nTﬁé ayb&sd |é§faransgéxtm?1@erwmlaodiém@regemaagrme %Er e
at roomterrper ture then the, Xt ure S .S rre r.. ma. e r
Claa ) SonurBaner B oteRismlst wes ke SMasf and fnen: 5. The.Bgie, ae o
E 471. 3 ?rl)_ ) was cfuﬁg?ﬁaaw uhdier r%@rwey%?.cmbedsiam w2a$ afplicdias siiica gtaMdhagi% ne )
. was adde N, _on rtl on. e act]on S S covere W t
Lo 1o B chenpiogrphy ek Mesanirim wis Slis LS acSEr . The 1Sy EaMRoEa wap
and obtained as a pale yellow solid (1.7 g, 87.9%).
'H NMR (CDCls):5 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).

20 Step 4: Preparation of 4H-5-Thia-1,6a-diazapentalen-2-carbaldehyde
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-

25 ylmethanol (1.7 g) was added dropwise to the reaction mixture at -78°C, and stirring
was continued for an additional 15 min. The reaction mixture was allowed to warm
to -45°C and stirred for 1 h. Triethylamine (11.3 mL) was added dropwise and the
reaction mixture was allowed to warm o 0°C. After 20min, saturated ammonium
chloride solution (50 mL) and water (100 mL) were added and separated. The

30 aqueous layer was extracted with AcOEt (3 x 150 mL). The combined organic
layers were washed with water (200 mL) and brine (200 mL), dried (MgSO,) and
filtered. The filtrate was concentrated under reduced pressure. The residue was
applied to silica gel column chromatography, then the column was eluted with
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treated with 4-di nethylam no pyridine (138 ng) and acetic anhydride (2.1
m.) in one portion. The reaction mxture was warnmed to O C and stirred for
15 h at OWG.03M$279 1 nol /L Citric acid aqueous sol ution (1000/ushy/13a%s added
to the reaction mxture and the aqueous |ayer was extracted with ethyl
acetate (3 x 400 nmL.). The conbi ned 20 organic |layers were washed with

wat er, saturated sodi um hydrogen carbonate and brine, dried (MgSO4) and
filtered. The filtrate was concentrated under reduwg pressure _and_crude
(5R) - 6- [ acethsX@0g 2IAKRRT 3% éraeat'%%%mumdewaéowa) 1353 yellgw solid (1.7 g,

br onp- 7- oxo-dirahfj.a- 1- azabi cycl o [3.2.0] hept 2- ene- car boxyl ic acid

p- ni t robenzy ester was obtained as a brown anor p

activated zn dust HNMB @PGRS h#dié 2Hippabydweiin/ 8. 154 I'TB} /q_59 bgnéé'%h%?%

buf fer (pHg_ )100 m-) to the THE (100 nL) solution of crude (5R) 6-

[ acet oxy- (4H5-thi a- 1, 6a- di azapent al en- 2- yl ) met hyl ] - 6- br ono- 7- oxo- 4-t hi a- 1-
azabi cycl5o [3.2.0] hept 2-ene-2-carboxylic acid p-nitrobenzyl ester. The
reaction vegag! Jﬂgbrn%_ct i on

m xt ure was - _The
reacti on solylme , aArboxylicratid,sodiun

washed with er (200 m) and n- but anoI (200 rrL) The aqueous Iayer was
separated a hen the organic |ayer was extracted with 0.5 nol/L
phosphat e buffer Thdty.doetoditeile38R mlL) sollitien cfotihbidd-1c@pidianspdntaten-2- were 126

o ad sl pRAGER 43 ascieg © BRG] abelatde Yo B Spiler MR Re Bl i

Kasei Co. Ltg).undeph ulm)geh ratmad phg reapthrgom tédnperaturd steerbtha gnixtureewaobtirred foas

active fract oo wane b THE A AERdiskroRORS ok bt o BRmoieRiS™ "

| yophi li zed ¢abb@dyleme t(48 d)ividseaddedaad titk mixture wees| cownled o —p0 6Q shers ol | d (634

5 10 40 by 0 G o A G Gy ) o,

3381, 17432, JilBRil tdeLdudellighd Ciine' reactionmigtare WastirdXfor 3HGatr20 *CGndxanpl e 32
Prepar ati on of

hydr opyr azol %aaé&i%f| ?Qn@ggﬁ(jé@ﬁ@?w{d}lﬂﬁ gﬁg)m_g)_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 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

20 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 [3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl
ester was obtained as a brown amorphous.

25 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-thia-1,6a-diazapentalen-2-yl)methyi]-6-bromo-7-oxo-4-thia-1-
azabicyclo [3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester. The reaction
vessel was covered with foil to exclude light. The reaction mixture was vigorously

30 stirred for 2.5 h at room temperature. The reaction solution was filtered through a
pad of Celite and the pad was washed with water (200 mL) and n-butanol (200 mL).
The aqueous layer was separated and then the organic layer was extracted with 0.5
mol/L phosphate buffer (pH 6.5, 2 x 50 mL). The combined aqueous layers were
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0x0-4-thi a-1- azabicycl oF3. 2. A hept - 2- ene- 2-carboxylic acid, sodiumsalt 15
Step 1. Preparation of 3-Oxo-3a, 4-dihydro-3H,

6H 2- oxa-wWotohiog32ls aza- 6a- azoni o- 3a- pental eni de To a susp@agiusn/of428

t hi azol i di ne-2-carboxylic acid (39.9 g, 0.30 nol) in 1,000 mM of acetic
acid was added a solution of 31.0 g (0.45 nol) of sodiumnitrite in 500 m
of water over 13 mnutes at roomtenperature and stirred for 5 hours. The
20 reaction solution was concentrated under reduced pressure. Acetone (500

m) was added t h i due e fjLtered through a
pazzl of Celit®n Cﬁ’ﬁ@tt ‘gté’agqa%z PM@D@%&GAV‘(% %8&91 éjk‘%%ﬁﬁl%& aiil ap 'P'lelléttPat e was
gonpentrat ﬁcbnabflei; -21 whuceldiopﬁlelsl\ﬁlwublshn(ateyceSlf)tdgr&dlugrrmhi‘omatogjraphy id 25
- ni trosot hi gzol i di car boxylic obt e ow sol i

Toa sor ot e s hing. weHaRTwen PR il WetsP St HBRRE alA 1 800 i of
dry tetrahyairuebwemuwm THd e6mbinhed bUWedmzﬂbmswaanerﬁtmtéd&%& high 0. 90

nol ove 20 mnu nd itro here t 0O C and stirred for 19
o st 5o cractiyd At 3514 ARG loRu e 85 he T Bheirc: ana JelvhrRobibEe Tho
resi due was sejig(63dnmy01@4%s pHi7cz6)gel col utm chr orrat ogr aphy, and then the

colum was el uted w et h | ed
conpound was obt gY"ﬁé;ég g(%e‘aal"ENM%b 6%@/963‘7 2%'1@&% ($ 2]1'&!46&% 1“ H NVR
(CDCl 3) 8 3.6986 (& 1HR.99 (sT 1), B.9% s, 171);R (KBr) 3%311 1752, 1683, HBDO, 1558 cnV
03/ 093279 PCT/ U 03/ 13428 ' St ep 2: Preparation of

2, 3- Di hydr opyr dZePb?92. 198 azol - 6- carboxylic acid ethyl ester and 2, 3-
di hydr opgrazol o[ 5, 1- b] t hi azol - 7-carboxylic acid ethyl ester Ethyl
propiolate (20.3 m, 0.20 nol) was added to _an o-xylene (600 m) solution
of 3-oxo-3a, 4-dihydro-3H, 6H- 2- oxa-@ﬁamﬂiaza 6a azoni o- 3a- pent al eni de

‘?’ht(algolzu'?l, ng@ 'éz‘%fl lst “%"1 éﬁegﬁg{az
yil cid, sgdid lgéltraphy,

pressure. The e W Z19]8 O
and then the colum was eluted W|th n- hexane - ethyl acetate '(2 :21 to 1

: 1). THé mSteprie Poépdtafion iof B rdxdiblyd >3 H116 Hi2l o xa-dthia-BGazabdaxghioe aci d
et hyl ester gnd ﬁie lg di hydropyrazol o[ 5, 1-b] thi azol -7-carboxylic acid
et hyl ester pRe d as a brown oil inthe ratio of 1:1.5

respectively. (21.2 g,To'aelsben8Rn®df Wiazolidine-2-carboxylic acid (39.9 g, 0.30 mol) in
1,000 ml of acetic acid was added a solution of 31.0 g (0.45 mol) of sodium nitrite in
500 mi of water over 13 minutes at room temperature and stirred for 5 hours. The

20 reaction solution was concentrated under reduced pressure. Acetone (500 ml) was
added to the residue and the precipitate was filtered through a pad of Celite. The
pad was washed with acetone (500 ml). The filtrate was concentrated under
reduced pressure to dryness and crude 3-nitrosothiazolidin-2- carboxylic acid was
obtained as a yellow solid.

25 To a solution of crude 3-nitrosothiazolidin-2- carboxylic acid in 600 mi of dry
tetrahydrofuran was added trifluoroacetic anhydride (189.6 g, 0.90 mol) over 20
minutes under a nitrogen atmosphere at 0 °C and stirred for 19 hours at 0 °C. The
solution was concentrated under reduced pressure. The residue was applied to a
silica-gel column chromatography, and then the column was eluted with n-hexane —

30 ethyl acetate (1: 1). The titled compound was obtained as a pale brown crystal
(19.2 g, 44.5 %). ‘

'H NMR (CDCls) 8 3.98 (t, 2H, J = 7.7 Hz), 4.65 (t, 2H, J = 7.7 Hz).
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3- Di hydr opyrazol o[ 5, 1-b] t hi azol -6-carboxylic acid ethyl ester; 'H NWR
CDCI3) 61.39 (t, 3H, J = 7.1 Hz), 3.82 (t, 2H, J =7.5 Hz), 4.39 (q, 2H, J
7.1 Hz)wO 0d/09227¢t, 2H, J = 7.5 Hz), 6.52 (s, 1 H. 15 2Pp8T/US03/13428
I hydr opyrazol o[ 5, 1-b] t hi azol - 7- carboxylic acid ethyl ester; 'H NWR

CbCl3) 5 1.34 (t, 3H J =7.1 Hz), 3.85 (t, 2H, J = 7.8 Hz), 4.28 (g, 2H
= 7.1 H), 4.39 (t, 2H, J =7.8 Hz), 7.87 (s, 1 H. Step 3:
3- Di hydr opyrazol o[ 5, 1-b] t hi azol - 6- car bal dehyde and 2, 3-di hydro- 20
yrazol o[ 5, 1Sﬂebt2hIPele@raﬁona:lfh@-DM@y’F@zdlb@,Trb]ghwzel-ﬁ%brl?oglléﬁcidle@ )] of
3-di hydropyrazol o :b hlazol-.- box ic acid ethvl ester and
2, 3- di hydr op585% razlolS;1-blthiaz( gid.eth in 540 n

of dry tetrahydr oEmqudroma&t@qims nhld\ttb‘i('rﬁ)l)rv)as(éhoga t@an @—xWen@Qb()O miynder a

ni trogen atrm her nd then stirre %or hour s at room 25

t enperature.S @”rﬂ fW@%ﬁs‘ﬂa’ﬁ’é eHe® A PR-trtia a(zgfﬁanqz)onm-pwa enide
preci |oi(t1 (?to e ngn@sz g.f0.13 mbt)@naara)umh émambspﬁereednutreﬂuxléaeomﬂhmg Wehehed Wi th
wat er

and tet dr of iltrate was concentrated
under r educefBOBINE5 GO0 e%gﬁdoq'ﬂ %“é‘Fe ?'%%O'Tﬂe?tr%ég URgegduessPrasiiER s
llayer was exmeau@tﬂdewdsrappnbcctbl @élmﬁéﬁaﬁl@m%réﬁn%graﬁh)fanPhﬁeﬁﬂf@hoﬂﬁ%
concent rat SOV U EER A esENECHRE (& 1 I8 b d)-off e mixturs & 53
(2,3-di hydr opiydrapyrakSiofb; bbmmamelcaﬁodxyl)c 461 bmymslte%rmd 2, %- | |
l(3r2 oa/nd glh @X)gja é;?ylrgipgo[%ﬁetaﬁggp aibz?gylg ag[g(eqj E%CS)'F%Y@;S &tglﬁleg gs aatasrov}i/)riJl ©
(2, 3-di hyerﬂMhm@.}aﬂb!@fiqtﬂ tdgpg@mle}yG(mlj viaa: m@@y 093279 PCT/ US03/ 13428
met hanol and (2, 3-dj raz? ’]t bllthl ar%o Z Y] nmet hanolr, i,n 500 m of
chl orof orm was adde {328 2" b'?? ) B’%@r ¢ netfvb ssterat HodMRr e at
room t ermer@Dma? 3 ﬁ@@ (tt bﬂnJr—ef hlm?ds 89\t, 3HhOW 85 HE)&4. 39%& wie ey { Ky er ed
t hrough a pad and the |trate was concentrated under reduced
pressure. Th%"@é%?'dué 575/\55) §r§3l(ﬁeﬂ‘|)t o a silica gel colum chronatogr aphy,

and thenst he col U@3V"@¥hy8}d;bg@§olo i-@]tﬁﬁ%&-ﬁ%aﬁﬁ&&hc% %tt | (ster; l'Ht ‘i"lll\ﬁ'«(‘a

The titled co r azol 5, b]'t hi azol - car bal deh

T O A Ba t aimy o m B B O3y J) L aeone G cat DAl delyes

pyr azol 0[5 413?@[] Q,hlﬁqusﬁz)cqrst?a(gdﬂlwde was obtai ned as a pale brown solid
(5.57 g,

2,
J
di
(
J
2,
Py
2,

Step 3: 2,3-Dihydropyrazolof5.1-b]thiazol-6-carbaldehyde and 2,3-dihydro-
20 pyrazoio[5,1-b]thiazol-7-carbaldehyde
To the mixture [21.2 g (0.11 mol)] of 2,3-dihydropyrazolo[5,1-b]thiazol-6-
carboxylic acid ethyl ester and 2,3-dihydropyrazolo[5, 1-blthiazol-7-carboxylic acid
ethyl ester in 540 ml of dry tetrahydrofuran was added LiAlH, (4.05 g, 0.11 mol)
under a nitrogen atmosphere at 0 °C, and then stirred for 2.5 hours at room

25 temperature. The mixture was quenched with water (15 ml) and the precipitate was
filtered through a pad of Celite. The pad was washed with water (100 ml) and
tetrahydrofuran (500 ml). The filtrate was concentrated under reduced pressure,
and then water (150 ml) was added. The aqueous layer was extracted with
dichloromethane (15 x 250 ml). The combined organic layers were dried (MgSO,)

30 andfiltered. The filtrate was concentrated under reduced pressure and a mixture of
(2,3-dihydropyrazolo[5, 1-b]thiazol-6-yl) methanol and (2,3-dihydropyrazolo[5,1-
blthiazol-7-yl) methanol was obtained as pale brown oil (15.5 g).

To the mixture [15.5 g (0.10 mol)] of (2,3-dihydropyrazolo[5,1-b]thiazol-6-yl)
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10 2, 3-Di hydropyrazol o[ 5, 1-b] t hi azol - 6- car bal dehyde; 1H NVR (CDCI3) 8 3. 86
(t, 2H J = 7.5 Hz), 4.45 (t, 2H, J =7.5 Hz), 6.50 (s, 1 H, 9.83 (s, 1
H) . 2, 3- awbydnes27pyr azol o[ 5, 1- b] t hi azol - 7- car bal dehyde_; PHATNSB3/(3E2CI 3) 8
3.92 (t, 2H, J = 7.9 Hz), 4.40 (t, 2H, J = 7.9 Hz), 7.91 (s, 1 H, 9.76
(s, 1 H. 15 Step 4: Preparation of

(5R) (62)-6-(2, 3-Di hydropyrazol o[ 5, 1- b] t hi azol - 6-

yl met hyl ene) - 7- oxo- 4-t hi a- 1- azabi cycl ol 3. 2. A hept - 2- ene- 2- car boxyl i c acid,

Zogl gwhflglrgp')@ér géo laﬁq@ @rgbﬁi hﬁé %%%Q (!;Tl‘—"zgabrt1 8!5%1)'92'2?5?% ia,sogg?lff mol ) was

added to a ahlpreforn mstaddé@a@th@fbdrM&OgGl?ﬂgmndafanﬁfbglafg&ttﬁosﬂmeﬁe?atgpoﬂcg 9

o) e gL ARS RIS Tt AT, SRR OSSR © e

ni t robenzyl of SRliteGRy-tbe bhratampememnc@ntraiad boden reteceddoréssuge.  TheZesidud ) was

mol) g AP s G, R drotobrphT P e SRR el i o1

t o excl ude IWi@MexaQ@eﬁyéacewet(Eomtomxtl)Jr é’haﬂiﬂe&bompmddeJB-B hours at -20 C

and treated );le rﬁ/r LI h opgcg%r e 9§ e .62 erma g etlc
anhydri de ( n? A oone ¥ t]I FI caW$

war ned to OgC15,|2(%s)tandrE,6 cﬁrwdrci-(i)yrézolw[$1-aﬂthﬁz@=7 Ee@rbalblelaum ate (500 rﬂ)_vvas
added to the g,ngg alglgégalllé |on Hgé;Wba? g)ganl c layer was washed with 1

mol /1 citric" ac aqueou 30 sodi um hydrogen carbonate
and brine. PI:B}DMygmply-zbe&sn b\]ﬂmz@lm mibélﬂ@ﬁ@é) HINWR {CDCRY 88.86 TheH, it rate

t d 5R) - 6- t 2,
5ot ydr opy T P L8 AT T E oD & S I Pt 1E BHime. ko o thi o 2
af) abi cygl o[ 3, ?dmgge%yrngg[&ﬂbmmwag%}mages _pirENMquaozys % esite QHY\@S
t ai ned as rown anor phous soli
Igr eghl y act |7€%H%)d421f9® J('B%Z’?“ qﬁﬁ? H'i*e%ﬁéﬁo"ﬂ@y with 0.5 nol /I
phosphate buffer (pH 6.5, 196 rr1) to tetrahydrofuran (134 rr1) and

acetonitrile 62n1 solutlon of 5R 6 acetox 2, 3-di hydr opyrazol o
[5, 1- b] fIRi a ~e»'v °'.‘ o) ’ng § : [ yl(5’-bth|a>éol-6-py

thlalazabl 1 dQRE ester.
The reacti or’nﬂsi‘éi“;! alid agid

; - gt e T eaction
m xture msﬂdﬁﬂl@ﬂﬂly stirred for 1.5 hours at roomterrperature The

reaction mxture A\g$ £0RhkEHe o fi)Solution of 2,3-dinydropyrazolo[5, 1-bjthiazol-6-
carbaldehyde (2.50 g, 16.2 mmol) was added to a dry acetinitrile (106 ml) solution of

\I

20  MgBr; (3.67 g, 19.9 mmol) under a nitrogen atmosphere at room temperature then
the mixture was stirred for 10 minutes. A dry tetrahydrofuran (125 ml) solution of p-
nitrobenzyl (5R, 6S)-6-bromopenem-3- carboxylate (6.23 g, 16.2 mmol) was added
and the mixture was cooled to —20 °C then triethylamine (5.4 ml, 38.7 mmol) was
added in one portion. The reaction vessel was covered with foil to exclude light.

25  The reaction mixture was stirred for 3 hours at —20 °C and treated with 4-
dimethylamino pyridine (198 mg, 1.62 mmol) and acetic anhydride (3.1 ml, 32.9
mmol) in one portion. The reaction mixture was warmed to 0 °C and stirred for 16
hours at 0 °C. Ethyl acetate (500 ml) was added to the reaction mixture and then
the organic layer was washed with 1mol/l citric acid aqueous solution, saturated

30  sodium hydrogen carbonate and brine. The organic layer was dried (MgSO,) and
filtered. The filtrate was concentrated under reduced pressure and the crude (5R)-
6-[acetoxy-(2,3-dihydropyrazolo [5,1-b]thiazol-6-yl)methyl]-6-bromo-7-o0xo0-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester was obtained as a
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and then the pH was adjusted to 8.0. Ethyl acetate (100 ml) was added to
the reaction mxture. The m xture was filtered through a pad of Celite and
t he pad vae 0309322shed with water (300 ml). The aqueous | apemr/usay1Bepar at ed
and then the organic |layer was extracted with 0.5 nmol/| phosphate buffer
(pH 6.5 2 x 50 m). The pH of the conbi ned aqueous | ayer was adjusted to
8.0 and the m xture was concentrated to 426 g. The concentrate was adj ust
pH to 8.0 and applied to Diaion HP-21 resin (540 m, Mtsubishi Kasei Co.
Ltd.) col umbrewn anambgeapeif. After 15 adsorbing, the colum was el uted with

water (1 bed vol W@thﬁ&@ﬁv&t&@&n’i—d&é (3'57 $§ﬂ~aé’§$d§%ﬁhpldm~|%(§ 8 miliphesphete) and
20 % acetonitril e aqueous solu ctiv
concent r at e®uffatieH %5g19%9&®tﬁt@hy@9@r%@34I’?‘5)ﬁﬂ€ F‘?Fﬁt tr{fe) {7} 'U'i s?lHﬁor{ ?{ | e

d _ g o
E:ggrg;)uanasN I\(/gRRp%ng& r(Qrapalﬁyb&o%@ézdlb 1521 @gmgzol%%)?n%ylpﬁb%ni&)’ ox3@-Mp 150 C

6.00 (s,51 rtl)la-16a2§@10(>'§|0[312 ep%2~85612§aff1°%° a%d ta"t(%beg‘iy'ﬁfgrlﬂﬁr(eﬁﬁt")“ 3392,

1755, 1596, g&ﬁa@%vere&vﬁﬁﬁm(t’d@)slu@@@ htzzﬁhémacﬁﬁﬂm&lﬂe%s%d?@lﬂ&ar ation
of (5R)(62)-6-(2,3-D hydropyrazol of 5, 1- %

| | |
0X0- 4- t hi a- Istirgd &5 1C§IBP‘<!T[5:?t poq) fesper @tl‘@ﬂe%gzé%oﬂo % Ere ?Sgcnoole&oqt&m% al t
Step 1. Pr G%G%érpt?\eCHH FhE¥bdsRa ¥ B)Odrewrﬁde@ét@f(ﬁoolmblvtds aﬂ;l@éi&iﬂﬂee 6-

carboxylate: 30 To the stirred suspension of e %
oyt Ayl . 3eadionaRyRER o THeanguravas Diesed HEPyonAmEEB Gt a0H UBAAAY m
carbonayg i QN%QQd WlthQ\faté\C(@b@ﬂtl)t ”rh@a?@éou@dw wad 3epdraedidnd then the

1, 2-di bronpet | uxed f hour's The ea ture S
al | oned to cganie lay%wm" feétrﬁ%frdaw'th @5 rgld phesnhats gt eft(FH‘i 6%? Xo&t/vra@ vﬂ%ted

with acet Ogigi bt th@ conTt'Bﬁtet:t'dqhé@&sel V&S d &t &0 aha timidture whiise resi due
was di ssol v 03/ 093279 PCT/ US03/ 13428 et h?s nacet
lleda’(ﬁg'?alon

extracted wqoncmttaé?d toﬁ?@ &r Jhgiconeaniate Was adksiadl iR &P a

evapor ated figp. Qﬁ%@éiﬁ%s4cﬁnf3@m&u&§hutmeﬂ®§lL&argc&n@ﬂtw\tomaag@bhﬁl meebr (48%) .
Step 2: Preparation of 3-di hydropyrazol ol 5 1-b1] 1 3l oxa}qzolse rEet hanol : 5
To the <6i r rasisoding, theeelgmn was eluted W|th water (1 bed volume) and t % (2 be

ethyl 2, 3-di %g{;ﬁ%yﬁ@?@tlﬂe% vollthéYlandll 2@Zatetorftrieddaesyd sdlgtion( STHe 9, 35
nmol ) of inT HE was added 1.05 g of Iit |umboroh%/%r|de and
combined active fractions were concentrated under high vacuum at 3

lyophilized to give the title compound as a orange amorphous solid (2.09 g, 39.2 %,
pH 7.10).

20 Mp 150 °C (dec); "H NMR (D;0) & 3.75 (t, 2H, J = 7.5 Hz), 4.27 (t, 2H, J=7.5
Hz), 6.00 (s, 1H), 6.34 (s, 1H), 6.85 (s, 1H), 6.94 (s, 1H); IR (KBr) 3392, 1755, 1596,
1554 cm™; A" (H,0) 290, 223 nm.

Example 33

25 Preparation of (5R)(62)-6-(2,3-Dihydropyrazolo[5.1-b]oxazol-6-ylmethylene)-7-
oxo-4-thia-1- azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt
Step 1: Preparation of ethyl2,3-dihydropyrazolo[5.1-b][1.3]oxazole-6-
carboxylate:

30 To the stirred suspension of ethyl 5-hydroxy-1H-pyrazole-3-carboxylate (10.34 g,
0.66 mol) and 36.62 g of potassium carbonate in 500 ml of acetonitrile was added
13.68 g of 1,2-dibromoethane, and refluxed for 16 hours. The reaction mixture was
allowed to cool to room temperature, then filtered, the solid was washed with
acetonitrile. The filtrate was concentrated to an oil. The residue was dissolved in
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1.54 g of nmethanol. The solution was heated at 40C for 2.5 hour. The
reaction was quenched by 1 N HC, and adjusted to pH 1.3 and stirred at
room t enpwoasier7d or 1 hour. The reaction m xture was adjpa3tusd3/pH28 o 8
with k2C03. The reaction m xture 10 was extracted with ethyl acetate. The
organic |l ayer was dried over MgSH, and concentrated to an oil and col um
chromat ogr aphyed to give 2.68 g of the desired product (65%. Step 3:

Preparation @ihyBaﬁetdﬂemhdrémﬁétéa%tﬁfm%tér ﬁﬂe%réérﬁégﬁ%fqﬁ%ﬁ%{z O%}ﬁ@@#&ghaﬁ To

the stirred solution of 2 di hydropyrazo o} nol
(2.60 g, 18.5" %%?Bmﬁfﬁdé@dmn 8%~ ThB g of hed %mr@d@rqcmcgwgs obtalvied Z48%}
suspension was refluxed for 1.5 hour under a nitrogen atnosphere. The
reaction m x re,w fllterfed through a pad of Cellte _The f||trate was

concentrated X AL :
Z“L."??EBE?SS’“*%?St”?@sa“’éﬁ't°“f“§§“§y@d3‘9*‘d. héﬁopy W%e&% %%@fam%%ilﬁ?ii
6-vl) -)net h%fﬁ“ @SF 0'79 iaéﬂ ft"mfél'HF-\MQSaqudd @5 8 oplitbiuepdroRydride ZAd

car boxyl at e: 123 g%ﬁ’méihbb(&r qﬁ&%@l&%ﬂv@s he%’%g]at gd)?f@rzé)% gﬁ TR Pe%c?eh%de (607

ng, 4.3 mol ) and the quHEso ution
6S) - 6- br om- FYKHe Y ANAIEL avdagiuipditepl. 123 endelited &-reore t@mperahes Ydritc aci d

4-nitro- benzubure%@rreécﬂtloﬁ‘imﬁturé'wgs Hﬁﬁé%d?ﬁrt‘é@gﬂg@ C@Eﬂ)‘ easiyel X]?»%J()St he dr y

acet oni tL sol uti on of

mol ) und ﬁtfﬁ? %ﬂ i plhuk acetate. rﬁtﬂﬁrgérmpdayat wae drigd bver l\dgm])4| Bgdto - 20

C, Et3N (2. Ocdﬁcehtréﬂﬁd t@éﬁiemah@c&% RAF was covered
with foil to xclggﬂg |ight. The rgact%ngﬁg%aEFﬁeJt%%&e%)?? rg el‘qﬁs' r6dp at
-20 C and tr%rg {'h acetic anhydride (1.04 mi-) in one portion. The
reaction mxture was warned to 131 WD 03/093279 PCT/ US03/13428 0 C and

stirred for _tO C_ The mxtu(rje was d||uted vmth ethyl acetate and

washed with 384 - 5 % Joed i
car bonat+s, P@ﬂhe@hrree ﬂ]hé‘n SF p) Tter ed
through a pag of Celte. 35 @gml??% 5y S b T
filtrate was %@918(3?13 P Mrael) ll?rﬁi)eml o GhiQllved agded $210¢) of TEOJ. Thisdsgensrsm appl i ed
to silica gelasehitkey B 8HUPERER Whitrogen atmosphere. The reaction mixture was
filtered through a pad of Celite. The filtrate was concentrated to give yellow oil. The

product was purified by chromatography. 2.15 g of the product was obtained
20 (84.3%).

Step 4: 4-N itrobenzy (5R)—6-[(acetyloxy)(2,3-dihydropyrazolo[5,1 -b][1,3]oxazol-

6-vl) -)meth [1-6-bromo-7-ox0-4-thia-1-azabicyclo[3.2.0 hept-2-ene-2-
carboxylate:

25

2,3-dihydropyrazolo[5,1-b][1,3]oxazole-6-carbaldehyde (607 mg, 4.3 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 (1.54 g, 4.6 mmol) were added
successively to the dry acetonitrile (15 mL) solution of anhydrous MgBr.,; O(Et), (2.21
30 g, 8.5 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 acetic anhydride (1.04 mL) in one portion. The reaction mixture was warmed to
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then the colum was eluted with ethyl acetate: hexane (1:1). Collected
fractions were concentrated under reduced pressure and the m xture of _
di ast ereowpDIoneEN39 were taken to next step. Pale yell ow aroraisoys34edl i d;
Yield: 1.9 g, 81% MrH 566. H NVR(CDCl3) 8.24(2H, d, J= 6.6 Hz), 7.60(2H,
d, J= 6.6Hz), 7.44(1 H, s), 6.34(1 H 10 s), 6.23(1 H, s), 5.56(1 H s),
5.44(1 H, d, J=10.2 Hz), 5.27(1 H, d J=10.2Hz), 5.04(2H, g)o 4. %0(3H§lrr),
2. 1083H’c o ogfoté"aﬂ@%gﬁ%ﬂ B g%BdﬂéBrg‘t%ecﬁgqure wab difted With ST acolate and
oun

(5R, 62) - 6- (2@6?%%%&99&1@3@ BCIUGduSIsSbILﬁlbnxmmiateﬁ}sddimﬁ hydneg@ﬁ cdiDsAatd,

di t
/N 17 obenzybe [{acet gy (o IR AT G ) §rd e oL 3 3abr 5=y

-)net hyl ] - 6- tblneowl Wasx waghachiwith 1ethylabéatgtel o[TBe 2fildhteewhs Zonbenttsdupasy ! at e

gam;le I acetonitrile -) and
(()7g0Mngho§pﬁz;te bﬁf {%{g 1135 éggL'é 9\?1:?5’%' g‘gﬁ% ﬁ%@& 88'&9@&*15%%09@%%/ C
at 40 psi pr é@%’uﬂ@ CQNﬂmErWQS alutedt with ethyhetetate: rfiexans €1:Was dc#lléélét?d Effbctl@r%ﬂ ed

iltrate was
\t/vgsﬁeg vmatn ﬂ et hy%%&e an thg&%aﬁg%%ﬁrfaag@ ?"ggrg & dipstareomisemsiieous
| ayer was coMeEntakan éineristap. lﬂ%y&lbmmmho%scﬂidible@i 1D g,\59b4: onv-H 566.

prect pi Lat . HINRRASOBICH M08y RITL Blcade by A1 o SSEMESVPL RS Psae ol U 25
fuh{ g;m ;(r)\ 6aloa B3 (Wit 9. ﬁcﬁﬁfﬂda)oﬁmmH d; JAML2HZ), 13—197(ﬂHadU=m@2Hzp|5tw(m ng
t he product y}?{é%gﬂ hﬁ}ctze%q(?igds concentrated at reduced pressure at room

t enper at ur e. s washed with acetone and filtered. Dried.
Yiel d: 276 n@nab@l@d é@@thBvN&Sn@;a%ﬁ&) Hoguog(s(r\(l MIQ1+H N?) 3;456.( 13& N

1H NVR( D20 ; 9 ) S S \

5. 07(2|(—| d) \ll:%”% SE( I%%do 51 892@56%3 J=6.3 Hz). 132 WD 03/093279

PCT/ US03/ 13428 Exanple 34 Prepar ation of (5R, 62) 6- F(5-acetyl-4 5,6
7-tetrahygr ogm 3 : | Y] v 4-t hia 1- az7ab| cycl o[ 3
2 0] hept 2 ene ‘

4-N|trobenzy-6-[(acetyloxy)(2,3-d|hydropyrazolo[5, 1-b][1,3]oxazol-6-yl) -)methyl]-6-
bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-z-ene-2-carboxylate (700 mg, 1.2 mmol)
was dissolved in THF (20 mL), acetonitrile (10 mL) and 0.5 M phosphate buffer (pH
20 6.5, 28 mL) and hydrogenated over 10% Pd/C at 40 psi pressure. After 4 hrs 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 ethyi 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

25  chromatography. Initially the column was eluted with deionized water (2 lits) and
latter with 10% acetonitrile: Water. The fractions containing the product were
collected and concentrated at reduced pressure at room temperature. The yellow
solid was washed with acetone and filtered. Dried. Yield: 276 mg, 73%,; as yellow
amorphous solid; (M+H+Na)314. .

30 1H-NMR(D20); & 6.97(1H, s), 6.95(1H, s), 6.46(1H, s), 5.56(1H, s) 5.07(2H, d, J=6.3
Hz), 4.30(2H, t, J=6.3 Hz).
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Step 1: 5-acetyl-4,5,6 7-tetrahydrothienof3 2-clpyridine 2 carbal dehyde To
00 C) suspension of 1.5 g.(7.4 nmmol) of . .

Z gogd7gtw0r0;/loynn£t hi eno[ 3, 2- c] pyri di ne- 2- car bal dehyde hydmarshs/oxegle in 50
n1’_ rret hyl ene chloride, under N2 atm, dry conditions, was added dropw se
under stirring 2.6 mL (2.5 eqs) of triethylanmne. 10 RMstirred for 30 mn
at 0 C and a solution of 0.7 g.(8.1 mmol, 1.1 eqs) of acetyl chloride hn
15 nL nmethyl ene chloride was dropw seggg 9%35'\/' allowed to reaCE OIRT ?E 2
stirred for 3 hours. Filtered trough aceltte pad, filtrate washed w

50 mL  water, &FeRayatia paacetyll-415,6 7TAbtrahYdrathich b3, 2 cidwidsapound,

, : P§ |

vi scous oil, | |e'h_Q icGelof3.2 0 hgpt 2 eng
gyp: Eilr (r)]bgn\zllyl) met h;/l I 6 bromo 7 Isame mibtarelS éiu,m salt)
gzgglﬁflgg é g!tg'??;hsd?g'?hlzgﬁ(r)?gxgl 2} Syr imdi ne-f2- ((:geraI dehyde (540 ng,
65) 6. b oo Sl scemt . ashiohnibl2 byadie  EpBaRHE S e dry
4-ni tro-benzy

0 0 . 2. I wer e added_suc _

acetonitrile %f?’?ﬁe(% @%Ffﬁr%l?"cf? 1%&%?Bueolh@fsﬂé,6,7@talwgroamerzq[3g,- 8. 520
mmol ) under  alPaidjn2aarnmEgEhyde hadrot KoM AHERAHE MEHYlerh ér%rideg 9;9#&%@ attr§5‘
C, Et3N (2. Odrydo%dip’g?s %i%ed iegdon%vié)ort | on.. iThe reacti Onss//\,g%t?ieth' ian;mbfor ,
covered wi t hoPSiTE d s Wefs Rtided dippw Sriiier SHEing &rP mi-X2 Grasishaktristhy .
h at -201CC BNstimeddoraD mirt it (dcRtang sestiitdhiofe 1 §.(84 rmnbp,1.g%ﬁ9ﬂ?fag:8{¥ﬁ'_?_ﬂé
The reaction_ i YhSs rlnedcé@g.o C and stirred for 1 at’ -Td
m xture was %Jﬂrﬁeeh Wﬁﬁn@;{%ne {5 wasrepvise RededyiRM atimyed tD_rreacfaI?_he

Ly oo bri
aqueous sol vandstiresiEoud aberd. Elﬁdneumou?[yi@rdg?%godggrf{&ﬁdr?%&gﬁhﬂgg% ?8&"1 he

[ dri ed S a | t ) _ _
The pad wae SRl FRebiEr SReEl dedr 1 47 ihe fite eompmincowcwm it ed under
reduced pres®intd’ 2TBS. resi due was appli ed to silica gel col urrp
chromat g aphy, then the colum was eluted with ethyl acetate: hexane
(1:1). 33 WO 03/093279 PCT/ US03/ 13428 Collected fractions were

concent r at ecStends Prepatation omuaﬁ&ubenm&hﬁ(d@&&;%ﬁ&@&ggﬁ'-fi‘r%t,@-ec° 'rrgomggos/o
al e yel | ow anor phous , : ,
wer e taken ttg rn " r ?it 5 ~C] le)lldin-z-yl)methy?]-G-bromo-7-oxo-4-thia-1-

mp. 46- 48C,—E'M%L -

azabicyclo|3.2.0.|hegt-2-ene-2carboxylate

5-acetyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine—2-carbaIdehyde (540 mg, 2.57 mmol)
20 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 (950 mg, 2.5 mmol)
were added successively to the dry acetonitrile (15 mL) solution of anhydrous MgBr,:
O(Et), (2.21 g, 8.5 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
25  covered 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 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 (MgSQO,) and filtered
30 through a pad of Celite. The pad was washed with ethyl acetate. The filtrate was
concentrated under reduced pressure. The residue was applied to silica gel column
chromatography, then the column was eluted with ethyl acetate: hexane (1:1).
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: ; - ; - ;4.58-4.68(m 2H);
1 HNVR(CDCI 3): 6 2.15(t,6H);2.8-3.0(m2H);3.7-3.9(m 2H); :
5. 30- (5 5.45%dd, 2H);5.85(d, | H);6.71(s,1 H);6.95(s, | H);7.35-7.45(d, |
H); 7.60(w0,02693279 8. 25(dd, 2H). Step 3: (5R 62)-6-[(5- acet PICTAISH3/€3428 ol 3
7-t et rahvdr ot hi eno[3 2 clpyridin 2 yl)methvlenel-oxo-4-thia-|-azabicyclof
2 Olhept 2 ene 2 carboxylic acid (E+tZ |Isonmers mxture, Sodiumsalt) 10 A
solution of 0.77g.(1.21 mol,

- drotieno[ 3, 2-¢c

4- i Eir Obgnzly)k%ﬁ@the? -f'[a%ﬁéi% WL%;X%&gnﬁ&gﬁngdﬁf réd%ced p}reests[l?eh%né ?he mlxtLre of ]

met
g)zlglbl lzgcl 0)[/3 @St?rqmgsptnegs vyﬁ@@kem bongpit step. | Pald Qelidw Ainbrphdds 40lidTigdasphat e

for 3 hours in the
buffer sol ut 8 ted at 40 psi
presence of '3 %L_HS?I adl um’ (Sn %21 on"10% cat al yst. Reaction m xture was

filtrated thﬂUu (COCEY! b el 5t:AH); X 8-B10(rat2) 230l - astmdzH)q szﬂf%seh ﬁg?%@ﬂts Irﬁ'; ed
506 - 10 AN g LR A SO@ALR o B oD DT St s b R Bk 1 | e

08
b, 2h stal's, mp.362.4 C, (MH+ 409.5. 1H NVR 5 2.
?2”‘3&3‘“‘3 ageg )y i (98- 4. 06(d, 2H%6 32-6.42 20 (5,1 H);

6. 50-6. 60(s, I 2 othe -
- - J1CE 4 i d
4-thi g-1-azabjcyclo aci
gISrn;'; Qél inGZEMMar boxylic acid To a sol uti on “of

Preparati on ylimé léi.ﬁe-o&o.ﬁtriia-di. v
nor phol i t0e- 3A salubiox gt 0.274.¢1.21 ffnd)64- Bltroﬁé’nzrmc%]?(g@c&@foﬁ*l)&é% etﬂ%g‘, 6, I ovved

C')

ncent r at ed Ic ac

oy ot s SEL P ERNGREEA B o rompor ot it e v
stirred at Caz@bfopelo3®2.0. ]Hypt-zeéﬁté z%gdbxg@tégﬁ Qg[:r@% gﬂgtﬁg‘égz{ofr%ﬁw{fse@&% orhe
fC i | IP:t (rae\?\/lagbuiﬁ%ﬁélpg?ré{?'ﬁ%@@ M@s hydioggeated ab4@ pef foil 3 hows imtheqdr 63_95:13156 and
concentr at ed.4g. %Iladnﬁﬂﬁscmnr1??33§é7t§lgstV‘RE%l?t|§ﬁmxmﬁ \;vg’s |lY@ne]d%{-\|;§ éSI ) nz
Egg l2J S?‘?‘l/ 1342%[9&?% gtetﬁ(l) Elﬁ%(gmﬁ:f.ﬁ_ @;pogcgﬁ@tqﬂjuna@outmlresl@ue: ﬁzurlfled ona
1, 41oxazi n- Geverse-phaset¢®umn (amberlite), using 5%..10% ACN/water mixture as solvent,

gave 0.1079.(23%) of the title compound, reddish crystals, m.p.362.4° C, (M+H)"*

409.5.

1H NMR:3 2.08 (s,3H);2.80-2.95 (m, 1H);3.74(m,2H); 3.98-4.06(d,2H)6.32-6.42
20 (s,1H); 6.50-6.60(s, 1H);6.98-7.20 (s, 1H);7.30-7.40 (s, 1H).

Example 35

Preparation of (5R.67)-6-(6,7-d ihyd ro-4H-pyrazolo[5,1 -c][1.4]oxazin-2-

Imethyiene)-7-oxo-4-thia-1-azabicyclo 3.2.0]hept-2-ene-2-carboxyvlic acid

25

Step 1: 4-Nitrosomorgholine-3-carboxylic acid

To a solution of morpholine-3-carboxylic acid (6.96 g, 52 mmol) in water (20 mi), at 0
°C under nitrogen, was added concentrated hydrochloric acid (4 ml), followed by
sodium nitrite (5.0 g, 72 mmol) in small portions. The mixture was stirred at 0 °C for

30 1 hr, and then concentrated under vacuum at 30 to 35 °C. The residue was stirred
with 200 ml of acetone and filtered. The filtrate was evaporated and the residue

treated with 50 ml of THF and concentrated. The process was repeated with 2x50 m|
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The crude 4-nitrosonorpholine-3-carboxylic acid (11.0 g) fromstep 1 was
dissolved 5 in THE (250 m) and cooled to O C. A solution of .
trifluorosoasiogs2anhydride (7.4 m, 52 nmol) in THE (20 niPCTEse3/adeed with
stirring over 10 min. The resulting m xture was stirred at 0 C for 5 hr,
and warmed to roomtenperature for 16 hr. The solvent was evaporated and
the residue was diluted with 250 m of ethyl acetate and stirred with 30 g

T0 o111 ca ool SH B {TeT Aok iy aplims Bt e e FEavadie A hachod wih a

m xture of ethyl acetate-ether to glve 3.80 g of a white solid; np 132-133

C. MS (ESI)
6, 7-di Elydro- AR : 3-rglafe parti al
sol ution of erhé-aamde/mnnroébinbﬂphanﬁd e%addoamlabiw?f@d(}[fﬂonﬁlk@batlzw& &3?%Y%°fe

|
(277 85 T B8 b ancatoied GRSy & sohiseh af Tiaroecels angRce (it m, 52
addi tional 2.kmef in( H9F [PM) s ad%l%t]%th%ﬁlﬁmﬁ(ﬂvﬁl; f0 Wﬁ’t? 'I{hlgef@slﬁfﬂﬁbeﬂlﬂ?g wade

m xture was stirred at reflux f final solution was evaporated
under vacuumStiEadat feC s bruanduarmsed teulooedempetatare for 1a i #he solventiwdsene

chl ori de and igxaars e(na 13 resldiR &Y difu  dik é&:}m&’ﬁifsh@ éfeéilin}l '&E%Ee]hor | s&ﬁ’.%ﬁ vih

silica gel and the filter pad was ene C exanes,
foll oned by &0rg9f %@é@'r&uéPotﬁﬁélumwbor@é%tweméﬂuc&awas filtared thipugtoa pad ahd t he

E E% II ?U% ;D’i‘; '%ﬁi@a \Qéiéhchﬁé @lﬂ!%?e teQaSér%Fed“Tﬂ@r&ld&fe vias W@ Sith| FmisiRe GP ety VB

6. 7- Di hvdr o- @Pﬁtﬁsa-atb@r@r@veﬁ §Q|glofza1m@25qhd,zny|1ﬁ%ﬂaaﬁ61 MSJESI)golzuiBdn of

et hyl 6, 7- dlfe MAH 2 4H pyrazol o[ 5, 1-c] [ 1, 4] oxazi ne- 2- carboxyl ate (1.57 g,
8.0 mml ) in methylene chloride (30 nl) was added 24 m of a 1.0 Msolution
of diisobutylalum num hydride in nmethylene chloride at 0 C, under

nitrogen. Af ts‘ft'ég §OE$£,|! B @mi @RJAQ' E EE g? 1Q°]E“ §]t. he i § ure vas vvar med to
room tenpera turated
ammoni umi&hl dici aeartiall setution cb6,d-dittdrad tHeld, 2, 3jbxauliazbloi, 3@$[$t4aﬁxezm'ﬂﬂnan‘93-gam c
peri Usos/ 1345 Coat ALl o-plarBlpllm A RYead ey isees 6 M B g of a
col orl ess oi Immalp TheShixtune was stivedBat( MOHLC for 3 hr. An additional 2.0 ml (19 mmol) of
ethyl propiolate was then added and the mixture was stirred at reflux for 18 hr. The
final solution was evaporated under vacuum, and the residue was dissolved in a
20 mixture of methylene chloride and hexanes (1:5). The solution was passed through a
pad of silica gel and the filter pad was eluted with methylene chloride-hexanes,
followed by ethyl acetate. The ethyl acetate eluent was evaporated and the residue
washed with hexanes to give 4.10 g of a white solid; mp 63 °C; MS (ESI) m/z 197.1
(M+H).
25

Step 4: 6,7-Dihydro-4H-pyrazolo[5.1-c][1,4]oxazin-2-yimethanol
To a solution of ethyl 6,7-dihydro-4H-pyrazolo[5, 1-c][1,4]oxazine-2-carboxylate (1.57

g, 8.0 mmol) in methylene chloride (30 ml) was added 24 ml of a 1.0 M solution of
diisobutylaluminum hydride in methylene chloride at 0 °C, under nitrogen. After

30  stirring for 0.5 hr at 0 °C, the mixture was warmed to room temperature for 2 hr. It
was then treated with 30 mi of saturated ammonium chloride solution and extracted
with ethyl acetate. The organic solution was washed with brine, dried over anhydrous
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Step 5: 6, 7-Di hydro-4H pyrazol of 5, 1-cl f 1, 41oxazi ne- 2- car bal dehyde 5 To a
sol ution of 6,7-di hydro-4H pyrazol o[ 5, 1-c][1, 4] oxazi n-2-yl met hanol (1.08 g,
7.0 nmolwoion/043229 di chl or oet hane (30 m ) was added 5.4 g @eCTasvd/vaEeed
manganese di oxide at roomtenperature with stirring. The m xture was
heated to 60 C for 1 hr and then stirred at roomtenperature for 16 hr.
The final mxture was filtered through a colum of silica gel topped with

celite. The fj r | uted wth th ol 1 owed by
ethyl acet ateoml“ﬁ' SLgft%ﬂ%I %5@ gfjgvﬁf?‘if@ﬁ?qugﬁyéé\/&g%Pg?éﬂb "ﬁ%??"iﬂyf S (&) mlre
triturated wibh.3tM+dg)ve 0.81 g of a white solid; np 91 C MS (ESI) nmz
153.2 (MtH). Step 6: 4-Nitrobenzyl

(5R)-6-f (acetyl oxy)(6 7-di hvdr o- 4H— pyrazol of 5,1 15

clfl,4loxazi 1$t8p §i §,Tedih ink=
A hept - 2-ene- 2-car boxyl ate To a sol ution of IvgBr2 .1 mmol) in

TTL 1. 4] o e Slon e e P B tEors gﬁﬁw%gz'q étﬁer?@ﬁ%éé%fﬁlog[fm h
stirring. A swhol) |n0112<dicmc55étﬁé?|)e @Dbnlpwas adod5 4-d bf #ctitated manganese

S e ) O ot Baorh s e FEuR g, T adne wae eares g0 oder b Lo 20
C. Triethyl aamdmer(éhrr‘éa aﬁoorﬁtelnnsamﬂu)e mselhﬁtvmﬁﬁhixt@e@véshﬁiefe&%w hWﬁS
stirred at -20 ﬁ:{ he dar TOPP&&MM%C was then treated with ace

anhydri de (03¢%HM %"%ﬁﬁ' 't&TQﬁWﬁfmﬂwr%ﬁWwahﬁ@tmw%g “0.2
mol ), anel kehlbndtt fOlldweldasy étByHaE:eta@erhmeiﬁyué@e@té i@t Wa8 €9Rbdrale8tnangk t he
resi due was di ssolved . Lé acetate, The ethyl acetate 'solution was
tmshed w th SO LCats g K 41 0 Caloba B ineBik Mot e S 2ok o 153Ad
brine, dried(gvRy. anhydrous sodium sul fate, and evaporated. The crude

mat eri al was chronatographed with silica gel (EtOAc-CH2CI2/1:5) to give
0.77 g of avvhltefoam M5 (ESI) mz 578.9 (M+H). 30 Step? ‘

(5R, 62) - 6- ( 6gfgys Y (8. RhGet] i byl ene) - 7-
0X0-4-thia- 1- azaolcyc . 2. ULNEf e- £ 1
PCT/ US0314 34 gH1.4foxazin-diviinethyiy6-bronio-7-oxerzthia-1 -azablcvclo[3 2. Olhept- -ene-

(5R) - 6- [(ace?yéa@%))lggte%di hydr o- 4H pyrazol o[ 5,1 c][ 1, 4] oxazi

n-2-yl ) nmet - 7- 0X0- 4-t hi s- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-
carboxylate (0.35 g, 0.6 nmmol) in THE (20 m ), under nitrogen, was added 20
m of a o a solution of MgBr; (0.94 g, 5.1 mmol) in acetonitrile (25 ml) under nitrogen was

added 6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazine-2-carbaldehyde (0.26 g, 1.7 mmol)
at room temperature with stirring. A solution of (5R,6S)-6-bromo-7-ox0-4-thia-1-
20  azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (0.58 g, 1.5 mmol)

in THF (25 ml) was then added, and the mixture was cooled to —20 °C. Triethylamine

(0.71 ml, 5.1 mmol) was introduced, and the mixture was stirred at —20 °C in the dark
for 5 hr. It was then treated with acetic anhydride (0.6 ml, 6.0 mmol), and 4-N,N-
dimethylaminopyridine (24 mg, 0.2 mmol), and kept at 0 °C for 18 hr. The mixture

25  was 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 0.77 g of a white foam:
MS (ESI) m/z 578.9 (M+H).

30 StepT7: (5R,62)-6-(6,7-dihydro-4H-pyrazolo[5.1-c][1.4]oxazin-2-ylmethylene)-7-
oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
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r solution (0.5M pH 6.5), and 120 ng of 10% Pd/ C. The
%hgtsgrgt \i/aSUfo ﬁydrogenat ed(at 40-50 psi for3 hr, and then fil terei&?;ggggd
Celite. TweoBibrer pad was washed with THF, and the fi IttPG?ITgUSﬂﬁss racted
with ethyl acetate. The organic extract was dried over anhydrous msg09
sul fate and evaporated. The residue was washed wth et he_r ]Eo gljveESi A g
of a yellow solid; HRMS: calcd for CL3HL1N304S, 305.40411;0,4 1(7)unt (2H) 4 -
100 0015 MNP ety bl Mg it £ 15
(s, 2H), 6.36. (s, 1 H), 6 555 L@agetylpxy)(e ro-4 ,

j ' azol oF5
(bs, 1 H. ESK I°éa€B'Zﬂrlbfﬂﬁhsd}?-bmn?ﬂﬂ(o&%tﬁ_@1—6;%&?%%2%'!2:@2&%?{?3%5_2 ol o5
cabonyt1 6 aos oW B0 85 Bl BN THE Gl R MirctenhyRs addeck ot oo

carboxylic acid

pyrazol or 5 1PHpSPDatebyfies selation (OCFd\ﬂ,mﬂﬁlwta:w 1%8 n'rfg)1 of ngidé%rﬂn% @&gﬁg I“%Igo 2 205
cLl o T Pttt SCAPTSTEAIRONN B bt e OS5

(f 3P gut glenggq‘ﬁ’%%?:iﬁﬁ’é'yiﬂhﬂdﬂ@ﬂ the (ﬁlﬂrat&)waiéxtmmchwitﬁ'bmyr&%fété.OIl%ie&Br%éa@& aa \sNﬁZ |

N Uh 25 acet anrey ps GRER bRIRERMULE mebRESn shiRa 0 vaseratas, The meisbees: due
vaats hdizgs gf\e/fa‘ggslr WLIS*&%\Wh elbet tatgivea® 09 @)df maetiew sviid; MRMS &dalcdBe OF gani ¢ phase

[ he desired
2 5 AN R LS iyl s o
s , ; : |
Ig; gp;(r:aﬂ\iggn 2H), 418i4U1(t 02194 182r(822M)06.38 (4, H)f 6.581(9xARi P 17 & 11jey Bgnol = To

[ d go [ . _
gh;a_ 3;[ L;gfo-(gd%gg!zégﬁgf’gwl b] [ 1, 3] oxazi ne- 2-carboxylate: (4.0 g, 20 mm:c)
of in 100 mM of THE was added 0.71 g of lithium bﬁrohyd;hdergggtiého\aﬂg 35

[ 2.5 hour. e
e haﬂolj. bTh(la iIO:—E} | Ogn\é\aZdrﬁgt gg ?E) '—%%Cj@éréﬁnd stirred at roomtenperature
uenche : . . .

for 1 137 WO 03ISA@SoRGT(ERNG 6B 5HLDIMy droBGrab 6 RS 1 HoRi )41 © Was
adj ust edSpH t ylraeth -

sodium salt

Step 1: Preparation of ethyl 6,7-dihydro-5H-gyrazolo|5,1-b][1,3|oxazine-2-
carboxylate:

To the stirred suspension of ethyl 5-hydroxy-1 H-pyrazole-3-carboxylate (10.34 g,
0.66 mol) and 36.62 g of potassium carbonate in 500 mi of acetonitrile was added
14.7 g of 1,3-dibromopropane, and refluxed for 16 hours. The reaction mixture was
allowed to cool to room temperature, then filtered, the solid was washed with

25  acetonitrile. The filtrate was concentrated to an oil. The residue was dissolved in
ethyl acetate and extracted with water. The organic phase was dried over MgSO,

and evaporated to dryness. 8.80 g of the desired product was obtained (68%), m.p.
44-46°C (M+H)* 197.1.

20

30

methanol:

To the stirred solution of 6,7-dihydro-5H-pyrazoIo[5,1-b][1 ,3loxazine-2-carboxylate:

(4.0 g, 20 mmol) of in 100 ml of THF was added 0.71 g of lithium borohydride and

1.03 g of methanol. The solution was heated at 40C for 2.5 hour. The reaction was
35  quenched by 1N HCI, and adjusted to pH 1.3 and stirred at room temperature for 1
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was extracted wth ethyl acetate. The organic | ayer was dried over MgSOHi
and concentrated to an oil and col um chronat ographyed to give 2.08 g of

t he desirwo o3penduct (67%; (M-H) 155. 5 Step 3: Prepar at iPOm/UsD3/13428

6, 7- di hvdr o- 5H pyrazol or5, 1-bl |, 31oxazi ne-2- carbal dehyde: To the stirred
solution of 2,3-dihydro-5H pyrazol o[ 5, 1-b][1, 3] oxazi n-2-yl -net hanol (2.08
g, 13.5 mol) in 60 mM of CH3CI was added 9.38 g of M102. Th suspension 10
was refluxed for _2 hour under a nitrogen atnosphere. The reaction mxture
was filtered'®Hr dhgHeactipadniyiurecuns adiusted @Hrtp 8 witlt leCilas The Frastian mixidret o gi ve

yellow oil. WQ@extPJdPéHJﬁlfth )é@‘r?l Mété"ﬁ% Qﬁaﬁ@‘é@t@?&v@gﬁﬁ@@&er%ﬂ&ébﬁaﬁé the

product was obtai ned

i t r obenzy( SR§UEEniraied ?PBWPO@ cqlummmhmr@atgs;aﬁpy@zm gives2.08 gopf the desired

birl, 31loxazi ﬂ'bal'.léf 67%) (M+H) 155.
) met hyI | - 6- br onp- 7- 0x0-4-thi a-1-azabi cycl or3. 2. d hept - 2- ene- 2-car boxyl at e:
6, 7- di hydt o- 5H pyr azol o[ 5, 1-b] [1, 3] oxazi ne- 2- car bal dehyde (330 ng, 2 mmol )

and the dry31— e 5.9- th| a-1l-aza 20
bi cycl o[ 3. 2 ept - Z- ene- Y (0.794 g,
2.2 mol) \A&L&ﬂmﬂ“ esuccessively to the dry acetonitrile(15m )

7 oom t enper a SuE SRR solhicr 2 Sditofo s SRIR aABERE, THAERARE © C
portion. The(Z@hgtioh mre@)sIGIGO\mlsof Gihcbwaesl adflech.88igl ofMn@x Thgdspdnisight .  The
et o X R oty sl NETLSRH kiR o
and stirred filtpred roughta padCof Gelike. rﬁl' ke fillratenwas chricensatedita dive yeliow oicHteat e

and washed w %l & e i dr ogen
car bonat e, ‘gfﬁré@g'c:tﬂa% 6%‘%(1 g? 5@?@@5@?’5%&% g%thde @kﬁ%‘%&@q %’%Wg

through a pad of Celite. The pad was washed with ethyl acetate. The
filtrate was | . [y due was
applied to o? £ Tihed: ) Rﬂ H HSolcfs! was el ut ed
with et abi1.dloxazine2yhméthyl]6-brotad7 endooditiiiacdcaz 82.0]hepieened ed
under reduce ressure and the mxture of diastereo isoners were taken to
next step. P&f—%—%"éﬂﬂa&% anor phous solid; Yield: 138 WD 03/093279

PCT/ US03/ 13428

6,7-dihydro-5H-pyrazolo[5,1-b][1,3]oxazine-2-carbaldehyde (330 mg, 2 mmol) and
the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
20  bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (0.794 g, 2.2 mmol)

were added successively to the dry acetonitrile (15 mL) solution of anhydrous
MgBr;: O(Et). (1.2 g)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
25  and treated with 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 (MgSO,) and filtered
through a pad of Celite. The pad was washed with ethyl acetate. The filtrate was
30  concentrated under reduced pressure. The 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:
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0.76 g, 65% M+H 579. Step-5:

(5R)(62)-6-(6, 7-5H - Di hydr opyr azol or 5, 1- bl oxazi n- 2-yl net hyl ene) - 7- oxo-

4-t hi a- 1-wezaldxryx! or 3. 2. A hept - 2- ene- 2-carboxylic acid, ®odruses/sakgs 5

4-Ni trobenzy(5R)-6-[ (acetyl oxy) (6, 7-di hydr o- 5H pyrazol o[ 5, 1

-b] [ 1, 3] oxazi n- 2-yl

) met hyl ] - 6- br onb- 7- ox0- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl at e

(350 ng, 0.6 %_)mavvas dissolved in THE (20 nmL), acetonitrile (10 nL) and

0.5 M phospPat&g, @aiMrHEA® 6.5, 28 nl-) and hydrogenated over 10% Pd/ C at

40 psi pressure. After 4 10 hrs the reaction m xture was filtered, cool ed

to 3 C and 0.1 MNaO—| vvas added_to adJ ust H to 8 5 The f||trate was

washed wi t h Stepyf I 2 hy ] azolofR, 3y ' hyla !

Iayer was c dnthiarfr aza D hiNBP-2~8NRATLESH ' B QUM S

preci pitate. The product was purified by HP21 resin reverse phase colum

chr omat ogr apﬂhrylrtrobamzm(%ﬁt)rﬁjr[(tarﬁylom)(@rﬁTdM@roémfpy@zwm -blt1 . dloxazitt2wht er (2

10S) 13 anguiefhiRL oy 6056 aRBHL iy biBis NBihEt-2-ERE ol G ARSBAMA! NI N
r ecte ed at

t he pr oduct concen uced sure at Toom
t enper at ur e.0.6 rmmqr)ewa@olrssdmd i TWH’S(ZQHEHeGCQiPmW%@@thea 5 phaspeate Dri ed.

Yi el d: 103 | 20) S
el L h S;&ffgﬁégr(?@ﬁﬁé' fﬂr_ e Hgﬁ{;ﬂﬁ?&fo\?@ 1'02( Pé/M* Riaas?é.% surbt , 4D )
4. 10( 2H1ﬁ-) hes the r@aﬂrq@mrxtg@wps fitged Fq@r}gglrtgta En aad 0.1 M NaOH was added to
(5R), (62) - 64 s@ FQ!HCt@rB tQWQs) a%i!;réd Quith e&l@@%&@tgﬁédern‘dﬁﬁé g s layer

, 5-al pyrazi n met hyl ene - 0XO0- AYV i
azabi cycl or was, SﬁphEﬁ:Bed ZTWEQMUD@WT was geneenirpteddindat Righ vagquien abyeC to
mentioned ¢ ngﬁécrﬂfa?@afﬁéiprl&ﬂu&hﬁaspd@ﬁ@&iB{/ eP2AYbdih Pakrid sk the

above exarrpl es tart
(5R), (62)-6 G{OMrBCmemathmﬁ‘ryzymltbadgvdm peluyn)\asolited with deipnized water (2 lits)

gngrc;c 0[?@”%‘%&'@%@%%‘@& carboxyFl-gh%trrggfow %}m%mé?rc{&&m e 30

hydr ogenat i rgliéctedand cmectremcw rederzed n@saﬂre(amt%m tasmparRiure.c e B% BI- ( 3-

car boxypr Qpl | Wasl\li\f]asﬁ witH : E&Bﬁ@g%@ﬁ@éﬁé&aéﬂgd’.[ﬂeld. 103 mg, 52%; as yellow

5-a] pyrazi n- yI nmet ] N ERo: 4

t hi a- 1- azabiam@bops aahd] Ghb'ditl\ﬂa)@iﬁe carboxylic acid, di sodium salt was

'(tso' gtH)ed as @rﬁ‘r\nh‘@@@ré’&f’(‘fﬁ §PbigH(1HRY, 615’9(%4(8‘38)65(W YRR~ 2 41
20 4.10(2H,m), 2.21 (2H,m).

Example 37
Preparation of (5R),(6Z)-6-[5-(3-carboxypropionyl)-4,5.,6,7-
tetrahydropyrazolo[1,5-a]pyrazin-2-yimethylene]-7-oxo-4-thia-1-

25 azabicyclo[3.2.0]hept-2-ene-carboxylic acid,disodium sait

The above mentioned compound was prepared by the procedures outlined in all the
above examples. Starting from (5R),(62)-6-{5-[3-(4-itrobenzyloxycarbonyl)propionyl]-
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-ylmethylene}-7-oxo-4-thia-1-

30 azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt (467 mg) and
hydrogenating it over Pd/C (10%), 276 mg of (74%) of (6R),(62)-6-[5-(3-
carboxypropionyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-ylmethylene]-7-oxo-4-
thia-1-azabicyclo[3.2.0]hept-2-ene-carboxylic acid,disodium salt was isolated as
yellow amorphous solid. Mp. 180°C (Dec); 'H NMR (D;0) 0O 2.41 (t, 2H), 2.42 (t,
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WO 03/ 093279 PCT/ US03/ 13428 2H), 2.67 (t, 2H), 2.72 (t, 2H), 3.95-4.09 (m
2H), 4.18 (t, 2H), 4.28 (t, 2H), 4.75 (s, 2H), 4.87 (s, 2H), 6.33 (s,1 H),
6.34 (s, WOMB/H09R7H3 (s, 1 H, 7.00 (s, 1 H), 7.09 (s, 1 HpCT/USR3nmpbe 38 5
Preparation of

(5R), (62)-6-[5-(2-net hoxyacetyl)-4,5,6, 7-tetrahydropyrazol o[ 1, 5-

al pyrazi n- 2-yl net hyl enel - 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2.  hept - 2- ene- car boxy
lic acid, sqgiju

(5R), (62 70287 Qe 260 72 (teRn 40 A 18Kt 2y 420 (2L ATy | ene) -
4-thia-1- azabigyes,dH, 8.30]($\eH), 62346 1R), GEDEXYH), 7.Gc{sd1HE goious) $i). t
(Exanple 25) To the THE (64 nL) and H20O (64 nl) sol ution of

(5R), (62)-7-Oxo0-6-(4,5,6, 7-

t et rahydropyrazol o[ 1, 5- a] pyr azi n- 2- ylEshipié 88€) - 4- t hi a- 1- aza- bi cycl o[ 3. 2. 0]
hept-2- 15 ene-2-carboxylic acid, sodiumsalt (Exanple 25) (638 ng) was
added 0. # M NaOH ag slowy to adjust pHto 12.5 at 0 C. To the m xture was

added met hox rétion of rsﬂ e[S ZihethdxyA¢BHyI menz- eth ¥H¥%ﬁé£bl§ﬂ?5-

stirred for O. _a me oxyaceyc or | (0. 1 was added to
the mixture. alraz ethder pXQ -1-pzabi b 2 I ture,
0.1 M NaOH ag was added to adj ust %lggo%u%saﬁo The m xt ure was

concentrat ed under high vacuum at centrate was applied to
D aion HP-21 (78 mL, M tsubishi Kasei Co. Ltd.) resin colum

chr omat ggr a t 7 (1:0
fo o 1)1® THERERTRCPAeS DRI P PRt e et e R, (5
C and | yophazarbieyt!a]®2 @ijhept-2ranet2-carboxylimpoidnsodism saly ¢Examwpla@ddy phous sol i d
(509 ny, 65% pH 25 7.58). Mp 170 C (dec); 1H NMR (D20) ci 3.28 (s, 3H x
1/2), 3.29 (s, 3Hx 1/2), 3.78 (t, 2Hx 1/2, J =5.4 Hz), 3.89 - 3.93 (m
2H x 1/2), 410%he tTHR2KB4 LR and H.G.(64Hn)) solutidn (of, (8, (R2)-1/x0-63(45,6,74 Hz)

1) 6.2Téétféﬁ@t’eﬁaxz%%@fal@@"'?ﬁithﬁreﬁéﬁ%iéﬁ %Zé#%@dl#ﬂ?‘%p&?-’a o

PCT/ US03/ 134 i.an
(58, (62) - o Teopld RHEs I P8 oRb=CF H4 Stf?'a AR BH S AT LT g scety!

-chloride (0.28 mL) over 5 min. The mixture was stirred for 0.5 h at 0 °C and

methoxyacetylchloride (0.09 mL) was added to the mixture. After stirring the mixture

for 0.5 h at the same temperature, 0.1 M NaOH aq was added to adjust pH to 8.05.
20 The mixture was concentrated under high vacuum at 35 °C. The concentrate was

applied to Diaion HP-21 (78 mL, Mitsubishi Kasei Co. Ltd.) resin column

chromatography. After adsorbing, the column was eluted with H,O — MeCN (1:0 to

9:1). The combined fractions were concentrated under high vacuum at 35 °C and

lyophilized to give the title compound as a yellow amorphous solid (509 mg, 65%, pH
25 7.58).

Mp 170 °C (dec); "H NMR (D,0) 0 3.28 (s, 3H x 1/2), 3.29 (s, 3H x 1/2), 3.78 (t, 2H x
1/2, J = 5.4 Hz), 3.89 — 3.93 (m, 2H x 1/2), 4.09 (t, 2H x 1/2, J = 5.4 Hz), 4.14 (t, 2H x
1/2, J = 5.4 Hz), 4.20 (s, 2H x 1/2), 4.25 (s, 2H x 1/2), 4.61 (s, 2H x 1/2), 4.66 (s, 2H

30 x1/2),6.19 (s, 1H x 1/2), 6.22 (s, 1H x 1/2), .37 (s, 1H x 1/2), 6.372 (s, 1H x 1/2),
6.87 (s, 1H), 6.93 (s, 1H)

140



5

al pvrazi n-2-yl net hyl enel - 7- oxo- 4-t hi a- | - azabi cycl o[ 3. 2. A hept - 2- ene- car boxy
lic acioweadiogazrsal t PCT/US03/13428

(4,5, 6, 7-Tetrahvdropyrazol o[ 1, 5-al pvrazi n-2-vi)-nmethanol Methanol (150 m)
was added to the m xture of 2-hydroxynethyl -6, 7-di hydro- 10 4H

pyrazol o[ 1, 5- a] pyrazi ne-5-carboxylic acid 4-nitrobenzyl ester (Exanple 25)
(2.38 g) and 10% Pd-C (50% wet, 1.19 g). The reaction m xture was stirred
for 2 hours under a hydrogen atnosphere. The m xture was filtered and
concentrated under reduced pressure. Example39 due was applied to silica-gel
col um chr omat ogr aphy, 15 then the colum was eluted with 50% net hanol in
chl orof orm The t|tled conpound was obtained as a white solid (1.08 g, 98
%. 'H NVR (4P $.5. 4.06
(m 2H, 4.52 . 2 : |
[ 5- (4, 5- P hy BV nethylehe]-2-axozd-thiar.azabicyslol? sarbonyiic2- y| |
- met hanol Hydrogen chI ori de (2 m)l /ab)ds%ﬂnuﬁ-n'é%{i't in d| et hyI et her (0 7 m)
was added to the methanol (20 m) Sorutton of

(4,5,6, 7- tetrahydropyrazol 0[1 5- a] pyrazin- 2-yl)-methanol (1.08 g) and

2- met hyl sul f anyle £ _ agglreactlon m xt ure was
refl uxed for ' al | amount  of

sat urat ed pot assi Iyl tl@mowﬁ»@trd) wes addemto the neﬁu(el\@‘ﬂ(—]@drm(yme‘thyl-ﬁmmdydrbfhe
filtrateqyasygoncentrated under reduced pressure. The residue was applied
to silica-gel colum chronmatography, then the colum was eluted with 10%
met hanol | n Priarelpldfalpyrazine- ﬁ-carbexyllcemﬂ(mmttobmybéntm (Eraimple 25) 38 @) sol i d

1.49 g, 9 0 39 (t, 2H,
37 8 vy, 0 (RGN 155, I b il RS suted T a5y ()
2H, J 5.3 quer athygieogen, atesphete.6 T he(mlxth-vaasﬁltéréd(aad chnddntrafedilunder
03/ 093279 P
(62)-6-[5- (?‘45"“%9%'%%%@. azo@ei'd”F)""ai appliedito silica-gR) golump chrynaipgraghy.
al pyrazith 2thenribe WUl@ne!VaSFIlatEdwhtHQP/amHMabn(chbkofbrfm 2 Thkhitipd c8mpond-
carboxyl i ¢ agh oﬁameurassaa\lv@te a3t 106\ bgYpmanganese (1V) oxide (16.75 g)

'H NMR (400 MHz, CD;0D) [03.22 — 3.25 (m, 2H), 3.99 (s, 2H), 4.03 — 4.06
(m, 2H), 4.52 (s, 2H), 6.06 (s, 1H).

methanol

Hydrogen chloride (2 mol/l) solution in diethyl ether (0.7 ml) was
added to the methanol (20 ml) solution of (4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-
2-yl)-methanol (1.08 g) and 2-methylsulfanyl-4,5-dihydrothiazole (1.03 g). The

25  reaction mixture was refluxed for 4 days. The mixture was quenched with small
amount of saturated potassium carbonate solution, dried (MgSO,) and filtered. The
filtrate was concentrated under reduced pressure. The residue was applied to
silica-gel column chromatography, then the column was eluted with 10% methanol in
chloroform. The titled compound was obtained as a white solid (1.49 g, 89 %).

30 'H NMR (400 MHz, CDCly) [0 2.04 (brs, 1H), 3.39 (t, 2H, J = 7.5 Hz), 3.90 (t,
2H, J=5.3 Hz), 4.06 (t, 2H, J = 7.5 Hz), 4.21 (t, 2H, J = 5.3 Hz), 4.66 (s, 2H), 4.69
(s, 2H), 6.07 (s, 1H).
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5 chloroform (180 m ) solution of [5-(4,5-dihydrothiazol-2-yl)-4,5,6,7-

t et rahydr opyrazol o[ 1, 5- a] pyrazi n-2-yl]-nethanol (3.35 g) at room

t enper at We.03092279 r eacti on m xture was refluxed for 1 houPCTAfSI®13428
refluxing, the mxture was filtered through a pad of Celite and the _
filtrate was concentrated under reduced pressure. The residue was dried in
vacuo and the crude 5-(4,5-dihydrothiazol-2-yl)-4,5,6,7 10

t et r ahydropyrazol o 1 5-a]o ra2|ne 2 carbaldeh de was obtained as a

col orl ess sofeR). (64 (A R:Bihydie Z2]] 81§ LieteahydropyrazolgHsS-added to a
dry acetonit ajéﬁaiuﬁoﬁ y'iPnLth 7L<% P-ftm%Béz%bG 3B)0]HBPES oDt F 0gEN

at nosphere af” room t enper at ur e 10

m nutes. A dE&JEEEH&E&M&ﬂSﬂE&EﬂElon of W.J 20,014 (4.16 g) was added and

the mxture was coghed fitedhakr arqégm ok‘aég?l'é %'Wﬁlﬁé % %1 @%hexc)ftu oradded

in one portion. The reaction ve cov
light. The r ehlerafein (fi8Qtral eolidkien th[51(14 SdlitfygirothiaBoltoyl)y-4,54,7~ 20 C and treat ed

porti on. - The “FLRGIRPRKELH St Sl e 4 o e b e D PR o
at 0 C. The reaction eixturgova neﬂuwm/rﬂhowt hfterredtxing thenthixtaretvess filletdd 5%

citric acid gadamis pagbitbRgan a%éfﬂ{r %&8&3@@@9&&9&%@ ppsdale, and

brine. The or ayer was dried ered was
concentratedT gﬁmdueeweﬁ:érmeqome@sm énd theecrudecs4)Gralihydeotizipnli2ed)-4,6,657- | ca gel

chl of of oren - A aBrar BES Sl Ehel)-LalliaBft B dfiliiba b pobioPRs soli
di hydr ot hi azdhe zrtgde)aldlefwde thust altaingn(8.56 ) M@:.s@ldd{sd_t(Ba diygaetariitrile2200 et hy| }
;8 25 br omo- £ ek dringha (%gegﬁamé&éa Qég?br?at%gﬁlﬁ%re % f e RBIheR 2c! @

4-ni trobenzyl ester
(5R, 6RS) - 6- { {rRInixtuwre werstifred fof 19-migltesdrAthi HiE)(Z-OD-ryII) )seluu@) 6f \WLJ 20,014

hyd
hzabi oycl of 3(F8 pf s BadiEHiP e ik WALBI b St MIndn BN 153, )
was 30 dissombedas adc%el&n ene pnﬂbonanﬂweamectmi \tesséleve(sa*@veme)i wﬁhrfen%td gxcholei vat ed

Zn dust (21 o) TiORaRoh MDAk WRIQERAOATSE (BIARE of DAY & Bng hballlhin iR ©

added to the covere 0 excl ude
| i ght. The r dimsathydamimoryndire (132 mgblay\dra@am gnfmdrlde &2 frdy indnk@ort®nat TS to 35

g n dTP ﬁe :1 e? ﬁfa P%tlﬁﬁg#u@%d‘;g gabE%hdlﬁz%ﬁ 5C e?%lg(gwgé Zlg%g d/tﬂgo'ﬁ{zféu?%éz ° e

reacti on was diluted with ethyl acetate and washed with 5% citric acid aqueous solution,

20  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 n-hexane-
AcOEt (1:2) and chloroform - methanol (9:1). The (5R,6RS)-6-{(RS)-acetoxy-[5-
(4,5- dihydrothiazol-2-yl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yl}-methyl}-6-

25  bromo-7-oxo-4-thia-1- azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl
ester was obtained (5.41 g, 75.4%).

The (5R,6RS)-6-{(RS)-acetoxy-[5-(4,5- dihydrothiazol-2-yl)-4,5,6,7-
tetrahydropyrazolo[1,5-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 (5.41 g) was

30 dissolved in THF (76 ml) and acetonitrile (35 ml). Freshly activated Zn dust (21.6 g)
and 0.5 mol/l phosphate buffer (pH 6.5, 111 ml) were added to the mixture. The
reaction vessel was covered with foil to exclude light. The reaction mixture was

vigorously stirred for 2 hours at 30 to 35 °C. The reaction mixture was cooled at 0
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m xture and filtered through a pad of Celite. The pad was washed wi th water
and the aqueous | ayer was separated. The aqueous | ayer was concentrated
under hi gWo csagizam at 35 C. The concentrate was applied t ®@CDEsOdMB4RE- 21
(170 M, Mtsubishi 5 Kasei Co. Ltd.) resin colum chromat ography. After
adsorbing, the colum was eluted with water and then with 5%to 15%
acetonitrile aqueous solution. The conbined active fractions was

trated,und hi gh t ilized t ' t titled
compound s Ccridacy B s SRl £6F iRty e el ke TeaBund vas
purified by pﬂﬁmrmditherddﬁltu/@luthagﬁdwh ideliit;in ']!Zﬂe &?&ﬁas gﬂ?ﬂ'@l ﬁlﬂEb\ff@Na{\@Ol :
lNC"35Xﬁfh0 0.05 nmo S e buffer . :a%c onitrile =
80: 20, 25 mFANEORS Frelier B Aron  Reiiienl By dies saobanratad pRder gy
M t subi shi szﬁgas_m. )I'hé@ogd:emratdmaéé émﬂ?l)ied t@DIaixfruﬂoo g-zas(mo yee| %wgﬁ/ghl( 020)
h Ld.(1. Y. 31.5 % . : ec);
?ng.rESOl(JtS? Sghl?s‘?]%’- ggde?gfﬁi'il',“ .nabcfzr%mg“@gap%# ‘3&\@ aé.sgfbm§ %%QOWQW?SZH, J =
7.6 Hz), 3. 94lufdd, wittHvatdr andBtHénHziﬂw,5%tcBTS%%ceﬂ:H)tr,ileQaqOéous(ghlutian)'Th&;\21 (s, 1
ook 21 ohibas S iy Sas A Sl G 4 s
(5R), (62) - 64FopRilizmitb givpahetived eamBound asteedruad yelloapsmaphbed sdlid1.60 g).
I i n-2-yl met hyl |- 7- -4-thia-l. . . .
e Abreyel o 3. 5. o HapPuse SEPRURD Ry Pitied Ry RICRASANGHELE (Mistyel BB at i on of
Et hyl b2- 1q FtceBGer&%TOEﬂlR)IEmMIDG?,ZﬁQE@i&x 250 rtr;_m, 0.(}5 mgl/l 2rahoirj)1hate buffer (plél
t yl}-7-axo-4-thia-l| -azabigcyclqr3. 2. ept - 2: en- 6-
D1y ety | - 4731 GPeRIRBIRE 30 2502 YR v BE SR oo R e HR 2] g
g_ogpgu n ]9 vva[s (21;5§eplamdpl2ils_;lﬂ rNageig:&Q Lgdl.)‘altta)isgiiél thewitlby go?pﬁlggmb a@,eﬁovaO
rofuro - ri - -car e and 1. rams o
4|- niyt robgnzyﬁmeggfggéglﬁir@?R?—é?-yg)x’&%%ﬁt‘ﬂ%féL?’%’S' ] o6 g
- bi | o[ 3. 2. 0] hept Mp- 002 : R ieBdedt, 2HET = 6 #xp, 360 @ oduct
O e o ras Tyt e s oo
03/ 063275 PCHIVBDS 3 5808 4 S5hr/ T B2 504 (2HIY =B3 ) 297 ) 8.
(5R, 62) - 6- f  5; (1B, le0x (san Bp /1Y) (418), 6. 78 (set HRhR GKBH) Beel 21 752¢ Heomyermtt 0™
i n-2-yll met h?’l—'lﬁ}%%é,?éé)ﬁ%é_nm | a- 1- azabi cycl o[ 3. 2. A hept - 2- ene- 2-

Example 40
20

Preparation of (5R),(6Z)-6-[5-(2-methoxyacetyl)-4,5.6,7-tetrahydropyrazolo[1,5-

-7-0x0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-carboxylic

acid,sodium salt

25  Preparation of Ethyl 2-[(acetyloxy)({5R)-6-bromo-2-{[(4-

nitrobenzyl)oxy]carbonyl}-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-en-6-
yl)methyl]-4,7-dihydrofurof2,3-c]pyridine-6(5H)-carboxylate

The titled compound was prepared from 0.669 grams of methyl 2-formyl-4,7-

30  dihydrofuro[2,3-c]pyridine-6(5H)-carboxylate and 1.155 grams of 4-nitrobenzyl (5R)-
6-bromo-7-oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate yielded 1.65
grams of product (84%), which was used directly for the next step. MS: 652.2(M+H)
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carboxylic acid The title conpound was prepared froml. 65 g of ethyl

2-[ (acetyl oxy) ((5R) - 6- bronp-2- 5

{[ (4-nitrwbanmyi2yoxy] car bonyl } - 7- oxo- 4-t hi a- 1- azabi cycl o[ 2C2ABPHeRLS 2- en- 6-
yl)nmethyl]- 4, 7-di hydrofuro[ 2, 3-c] pyridine-6(5H)-carboxyl ate, yielded 0.386
grans of product (41 %9. MP: deconposed at 175C. Ms: 375.0 (MH).

H NVR(D20): ~ 6.91 (s, 1 H), 6.84(5, 1 H) 6. 62(s 1 H) 6. 39(s 1H,
4.41(b, 2H), 4 H .52 ‘ 42

J=5Hz), 10

conmpound of &@rﬁgﬁuh.azlym]rrféthﬁehe%ﬂaxbtﬂﬂﬁaﬁ-azabéem_ltﬂz Q'Q]hel%tfménél _Aand B is
hydr ogen and er 1s an optronalTy substriute use Ircyclic

het eroaryl geaiibexylicaeido or S: 10 R5 is H, Cl -C6 alkyl, C5 - C6

cycl oal kyl, ‘Pﬁew &ﬂ'\d% srébar a%nﬁ%d §oh¥lﬂ§/l°3Rcht§l"&x 5R)-K¥romb2-- C6

cycl oal kyl , i ona stituted

o an i GiaipbRrAnoB ey - b azabartoB lben 2-areaDmelsdnpound
accor di ng t o4&l ahylrdrudie By ridiR-85AY.CArbExyisk e YR RfY! 0. S8y HBmsSf product
(41%). MP: decomposed at 175°C. MS: 375.0 (M-H). H-NMR(D20): 0 6.91 (s, 1H),
6.84(s, 1H), 6.62(s, 1H), 6.39(s, 1H), 4.41(b, 2H), 4.04 (q, 2H, J=5Hz), 3.52(b, 2H),
2.42(b, 2H), 1.14 (t, 3H, J=5Hz),

10

15

20

25

30
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ZIl. W ~W2)t Z2'0 WB 3 1-A 20 wherein Z1, Z2 and Z3 are independently CR2,
N, O, Sor NR provided one of Z1 -Z3 is carbon and is bonded to the

r emai nderwofo3ppe79ol ecul e; WL, W2 and WB are independent| yCTRER31348% SO,
S2, 0, or NFRLi with the proviso that no S-S or 0-0 or S-O bond fornmation
can occur to formthe saturated ring 25 system 145 WO 03/093279

PCT/ US03/ 13428 t=1to 4, R is H optionally substituted Cl-C6 al kyl,
optionally substituted aryl, optionally substituted heteroaryl or nono or
bi cyclic saturated heterocycles, optionally substituted C5-C7 cycl oal kyl,
optional ly suibgmstuted C3-C6 al kenyl, optionally 5 substituted C3-C6

al kynyl with the proviso that neither the double bond nor the triple bond
shoul d be present at the carbon atomwhich is directly linked to N,
optionally guhsddnpsutd offorfalaier f | uoroal kyl, -S(O P optionally substituted
al kyl or aryl where p is 0-2, opti on/gl |y substituted -C=Cheteroaryl,
optionally substituted -C=QCaryl, optfonally substituted -C=0 (Cl- 10 C6)

al kyl, optionally substituted -C=Cf oal kyl, optionally substituted
-C=0 nono or bicyclic saturated heterqgcycl es|| optionally substituted Cl-C6
al kylaryl, optionally substituted ) y roaryl, optionally
substituted aryl-Cl-C6 al kyl, optionally subsfituted heteroaryl -Cl-C6

al kyl, optionally substituted Cl1-C6 al kyl nmono or bicyclic saturated

het erocy®l es, optionally substituted aryllal kenyl of 8 to 16 15 carbon
atons, -CON - SO2NR6R7, optionally substituted aryl al kyl oxyal kyl ,
optionally su Tuted -al kyl - 0-al kyl -aryl, optionally substituted

- al kyl - O al korle-ofhetaed dhisytydregeni andathe yotarbs an toptierally rspbetityted Kysed bipydlional | y
substituted h%@r’bgfy? oglboxyal kyl, optionally substituted aryl oxyaryl,
optionally substrtuted ' aryl oxyheteroaryl, optionally substituted

Cl- Coal kyl ar¥isoQwalyl , optionally substituted 20 Cl-C6

al kyl ar yiioxYREE § 4" Ve afRiil £8NAES Yyt dr i RS -Bbuikgryah ky! am nes,

Rs is hydrogen, C1-C6 alkyl, C5 — C6 cycloalkyl, optionally substituted aryl, or

i

optionally substituted heteroaryl,;
or a pharmaceutically acceptable salt thereof.

15 2. A compound according to claim 1 wherein the bicyclic heteroaryl group is

Wy
2%10 (Wa
2\ Z3 W3

1-A

20 wherein
Z1,Z2 and Z3 are independently CR;, N, O, S or N-R, provided one of Z1 -Z3 is
carbon and is bonded to the remainder of the molecule;
W,, W, and W3 are independently CR4R;, S, SO, SO, O, or N-R1; with the proviso
that no S-S or O-O or S-O bond formation can occur to form the saturated ring

25 system;
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optionally substituted al koxycarbonyl, optionally substituted

aryl oxycarbonyl, or optionally substituted heteroaryloxy carbonyl; R2 is
hydr ogen,wopBiogazad | y substituted Cl1-C6 al kyl, optionally ®abaisSos/utesl C2- C6
25 al kenyl, optionally substituted C2-C6 al kynyl, hal ogen, cyano, N R6R7,
optionally substituted Cl-C6 al koxy, hydroxy; optionally substituted aryl,
optionally substituted heteroaryl, COOR6, optionally substituted al kyl
aryl oxy alkylan1nes optionally substit ut ed aryl oxy, optionally
subst i t ut edhkiotoaryl oxy, optionally substituted C3-C6 al kenyl oxy,

gﬂ(;f’gﬁg' Y §§§§tH0|to ?ﬁt?ﬂaﬁsu@%@%&i%@?t}gx@lkw Coptihaty lswbetmlimd 424 ©ptidAallyl koxy,
nally substituted,arylo

perfluoro apyBatitutest dyeiemgii o?lralm?/nc’suﬂfstbﬁ’tyétc (fé&{%teéﬁ QE{ﬂ’gcyga go%’u8|%1 Yonal | y

Sﬂgﬁf :j.t gEEdg%ﬁ%dﬁ%d\h@mm dyf:lotglkyll @}Stloaallﬂ@NB@ﬂRﬁtedglﬂqudl atkellm,n @yptibhally

OroTal ko ousibed Co-GEpkvM itharearovisa dhae s Rr s sSUb e B R | o

al kyl het er 086&/& sh&ﬂ& 'b@rtﬁéééht St 5 brbbe Atdne indiahais \direEily ﬁiﬂ(edlthy‘l,,optupnaltynal ly
substituted C1-C6 al kyl mono or bicyclic saturated heterocycles, optionally

substi t ut edSla*?S}'FLE‘PCI’(Qﬂ;FFs perflgorealkyls carbon atons, SCRNR6R7, optional |y
substi t ut ed.g@) Y iohéflaﬁ@%@iltméd au@n)bw éwahhefewbstz taﬁtedal@rgdbsmmukw

optionally su s Itute het er oar pt I

aryl oxyar yl ;Cophetarearyly sptirnaly ﬁFéﬁ'?‘ﬁé‘gyéyb9Wgt@'§ga[b' s}ﬁbgﬁty egng*s?m-

A A e St i e
substitute a

optional |y Mamesey t"lﬁyé"gc é?%@ﬁ?a'l‘%?mcy%?ﬁ Bﬂﬁ%ﬁ@ é‘ﬂﬁéﬁ&ga? égﬂsylalkylaryl

Peit Ie g Oﬁr ylogiépgé{{;aw SuBStit@BY icNes la¥kyl Betbsakyl, Lﬁmrdnauy@dbaﬁmtmwukymmm, 10

bst d 1
-S-Cl- 6 apiawna"l:@%ltlieéh%k%aw TG RV oBioTR) hﬁ“ﬁ%@‘i&%%%ﬂc%@ o’
RAR4 toget her pidchid sbhﬁat@érlm&ob?clé@”“ Ccdptibhglly w&tuaﬁéoa@healkerw df 8 o alGspiro

systemof five to t th
het er oafl®ns 09640@0?&913 rt?rﬁ’NRsF@err SSW%‘IRSRZL;%‘%{%&% SHESIE enc%"g[%yillfﬁ

oo Conal BT ST, - ampro oL bty s@*’hﬁ“@ Ao
subst i t ut ed heferemyl, a k‘%ﬂt'a?a}”y’ og‘ﬂt?SBWéq’cl y %@85 I wlt gd %ﬁé E;?/su%ﬁ{?ﬁtt%cﬁgﬂ Ly

substi t ut ed fagl &4 9RKYAIRNKY bptionally  substituted  aryloxyaryl, optionally  substituted

aryloxyheteroaryl, optionally substituted C1-C6alkylaryloxyaryl, optionally substituted

20 C1-C6 alkylaryloxyheteroaryl, optionally substituted alkylaryloxyalkylamines,

optionally substituted alkoxycarbonyl, optionally substituted aryloxycarbonyl, or

optionally substituted heteroaryloxy carbonyl;

R, is hydrogen, optionally substituted C1-C6 alkyl, optionally substituted C2-C6
25 alkenyl, optionally substituted C2-C6 alkynyl, halogen, cyano, N-RsRy7, optionally
substituted c1-C6 alkoxy, hydroxy; optionally 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
30 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, CONR¢R;, guanidino or cyclic guanidino, optionally
substituted C1-C6 alkylaryl, optionally substituted arylalkyl, optionally substituted C1-

146



20 optionally substituted C1-C6 al kyl heteroaryl, or R6 and R7 can be
together to forma 3-7 nenbered saturated ring systemoptionally having
one or twohaweneat ons selected fromN, 0, or S. 25 3. APCOMSoyNd28
according to claim1 wherein the bicyclic heteroaryl group is Z1-Y1l. W (W)
t Z20- Y2-WB 3 1-B wherein 147 WD 03/093279 PCT/ US03/ 13428 Zz1, Z2 and Z3
are independently CR2, N, 0, S or NNRL provided one of Z1 -Z3 is carbon

and is bonded to the remainder of the nplecule: W nd ar e.
i ndependent (4P cﬂhﬂE?te?;,a% O@W?ﬁb s@?s“ teg) - e@@%ﬁ"{%ﬁg 5all\§/yﬁ, a?r’%'o‘?ﬁnyare
I Pdeﬁengent |s|hdbé‘ﬁtlﬂéd Cc1vad lhalk)herrﬂbhevbﬁcbi(tﬁﬁct ddturateel detsradyiciesr i ngptpaaly on
of the bicycljc hetero ro ILs 1. mdazol e, nar Qmat | c_ri rtion
may not cofH ?%“%‘_’@WQ%%@@%: éjg’ t1§e°aﬁt?qrﬁafé)ﬁ'ésa(§t@§ll’%gﬁ;°p 'HHa'Rl?“qig?ﬁ%Z, R6
\fmd R7 arﬁ %Eylalﬁﬁ{»_ty@ﬂ@l,l no;ﬁio@ia:m 2. subflitdted A aghppalkg, aopicrtlipg $ubstitubédn 1
erein the bicycljic heteroar roup i.s,_,z2 ZVl b t 3. Z. 2" B
4 1-C %e#‘&!ﬂ%g%'%ia?k&z, 05@/”3}198 fﬂg%itft%tefind%'%@ﬁ%%\{ﬂlt I fp&é&vg%fr sznps;%%?dded
S\ge S\fz Z, d- \%ym»gfh@@f%wm, agubnialay snhé%ﬂdméu heteitdaeyl6>@ani, ndptionafly sitstitaedCdd e;
, an re i ndependent R4, . S S r. NRL: with the
provi so t h_&6 ! g[ygo&ygry -?P“BPX@ ?)UA[’ﬁBW&edf gﬁ%ﬁ ia%{la@g??(yglgtgmar%]d ?Q;cf’or[ﬁa[%e
sat urat ed risppstiteteat anflodyalkyl, t éptidnally substituted heteroaryloxyalkyl, or optionally
substituted alkylaryloxyalkylamine;
10
R, is H, optionally substituted C1-C6 alkyl, one of R, is OH, C1-C6 alkoxy, -S-C1-C6
alkyl, COORg, -NRgR7, -CONRGR; ; or RsR, may together be =O 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 from N, O, S=(O)n
15  (where n =0 to 2), and N-R;; and

Rs and R; are independently H, optionally substituted C1-C6 alkyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted C1-C6
alkylaryl, optionally substituted arylalkyl, optionally substituted heteroarylalkyl,
20 optionally substituted C1-C6 alkylheteroaryl, or Rs 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.

25 3. A compound according to claim 1 wherein the bicyclic heteroaryl group is

Y
ZoY{ 1;(Wz) t
ZZ \O.YZ_W3
Z3

1-B

wherein
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20 Y1 and Y2 are independently Cor N, and Rl, R2, R4, R6 and R7 are as
defined in claim?2. 5. A conpound according to claim2 wherein one of Z1-Z3
is CR2. Wb 8/09xx7conpound according to claim2 or clai mb5Pamarses/m4eme of Z2
or Z3is N 0, or S. 7. A conpound according to any one of clains 2, 5 and
6 wherein at |east one of W, W2 and WB is CR4AR4. 148 WD 03/093279

PCT/ US03/ 13428 8. A conpound according to claim7 wherein W, W2 and WB

are independentl 4R4. 5 9. und.ac ding. & e of. clainms 2
and 5 to 7 %e‘%?e%ﬁj fs:Rf’I?é‘?depiﬁ‘?e“ﬁy%@uﬁdsa%i‘gf‘al"wg'd{eg%@%é’?% §£§/\'ﬁer ein t=3.
11. A conpouwatboncserid bogdddtoth@remandsr of ke molkOuleher ei n at | east two of Z,,
Z2, 10 z3, y1,.and are N 12 A _cO ordin 0 claim1l1l wherein
three of Z, ,Wzé’,"zﬁ“of!‘x%ﬁreéﬂfﬂap e&F‘%CW%%%%’ @oﬂ{)gﬁd according to any
one of clains13odnd 10 to 12 wherein two of W, W2, and WB are

i ndependent | 4. 14 A ¢cO nd..accaording.tq, cl.aim1 er e 4 is H
20 15. Agco cﬂ%‘ﬁd 2£%Wﬁ©§%n3?§ﬁvd%ﬁg&%egrcgﬁlsr?§h§t 'gﬁtﬂ& a{%n\é\@c ﬁ'lé'a% i n one
of Y, and & thebi€ydiotetdneargitgreup issmiazdls, thd nonagmatid riag ortdinmgay motany one
of claims 3 and.10 _to.15 erein.t f z1, 7 d Z3, are 4n ndent |y
CR2. 25 17. CR”%W%@@@%FHB%%%@B&%WE' ﬁﬂ‘iﬁéﬁa@?' Bﬁﬁﬁaea%qugg‘g are

i ndependent |definédRih @gich 2.he other is C. 18. A conpound according to claim4
or claim 17 wherein at |east one of Z,-Z4 is N 30 19. A conpound

according to claim 18 wherein Z, is N. 20. A conpound according to claim18
wherei n1pwo of Z1-Z4 are N. 149

4. A compound according to claim 1 wherein the bicyclic heteroaryl group is

Z
z5 Vr"‘(\}v
71 Oyl (Wak
3‘2"42 Wy

1-C

wherein

15 74, Z,, Z5 and Z4 are independently CR;, or N provided one of Z; =Z, is carbon and is
bonded to the remainder of the molecule;
W,, W, and W; are independently CR4R,, S, SO, SO,, O, or N-R;; 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;

20 Y;andY; are independently C or N;
and R;, Ry, Rs, Rs and Ry are as defined in claim 2.

5. A compound according to claim 2 wherein one of Z;-Z; is CR..
25
6. A compound according to claim 2 or claim 5 wherein one of Z; or Zzis N, O, or S.

7. A compound according to any one of claims 2, 5 and 6 wherein at least one of
W1, Wz and W3 is CR4R4.
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WD 03/ 093279 PCT/ US03/ 13428 21. A conpound according to claim18 wherein
three of Z1-Z4 are N. 22. A conpound according to any one of clains 1 to 21
whi ch haswohg/oszraicture 5 A BS N O OOR5 23. A compamrusozciaes ding to
claim1l selected fromthe group consisting of: 10

(5R, 62)-6-[(5-benzyl -4,5, 6, 7-tetrahydrot hi eno[ 3, 2-c] pyri di n- 2-yl ) net hyl ene]
-70x0-4- thia-1-azabicycl o[ 3. 2. 0] hept-2-ene-2-carboxylic acid; (5R),
(62)-6-(7-Methyl-5,6, 7, 8-tetrahydroi m dazo[1,

2-a] pyrazin-2-yl net hyl ene) - 7- oxo-

4-thia-1- azagblppy@ﬁ lfnd?ac%mgfto%laﬁ}ﬂ@“@hé‘réhm YW, Bnd @, Gre fedberberay t; (SR),
(62)-7-Oxo0-6-(5 7, 8-tetrahydroi m dazo[ 1, 2-a] pyrazi n-2-yl net hyl ene) - 4-thi a

-1- 15 azabi cy(,q'%éﬁs 2. 0] hept - 2- ene- 2-carboxylic acid, sodiumsalt;
(5R, 62)-6-{[ 5- (4- met hoxybenzyl )-4, 5, 6,7- tetrahydrothi eno[ 3, 2-c] pyridin 2

yI)]netherne} 70Xx0-4-thia-1- azablcyclo[3 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d,
sodi um sa#t ( 5R)/ A compound according toany one of claims 2 and 5 to 7 wherein t=1-3;

(62)-6-(5, 6- di hydro- 8H i mi dazo[ 2, 1-c] [ 1, 4] t hi azi n-2-yl met hyl ene) - 7- oxo0-4-th
ia- 20 1-azabicyclo[3.2.0] hept-2-ene-2-carboxylic acid, sodiumsalt; (5R),
(62)-6-(6, 7- I‘EPhydA&DmnDHW?mqsﬁlmsioinm@a&lfﬁﬁmtf% met hyl ene) - 7- 0xo- 4- t hi a- 1
- aza-bicycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl ic acid, sodiumsalt; (5R),
(62)-6-(5, 6-Di hydro-8Hi m dazo[ 2, 1- 4]oxa2|n yl met h Iene) 7- 0x0-4-thi
a- 1-azabi cydl-o] 3AZOPPRERE a0cas egzoela&rrbéﬁypa@* aewﬂler%ai 'G?ﬁté‘é(Ptof Z9%o,

(5R), (6240 6- £p ¥o- dAYH4aMH pyrrol o[ 1, 2- b] pyrazol - 2-yl met hyl ene) - 7- oxo-4-th
i a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene-2-carboxylic acid, sodiumsalt;

(5R) (62) - 7- Ox0-6-(4,5,6, 7-tetrahydropyrazol o[ 1, 5- a] pyr|d|n 2-yl rrethyl ene) -4

-thia-1 azabigycl alc3mpéufd Qé‘é&rduﬁ?%‘é!a%r eauReNeN ih?e@@f'zi,; zs 94 vmasdl) ard SKR)
(62)-6-(7-Met hyl -6-0x0-5,6 et rahydro-im dazo[ 1

2- a] pyr azi n- B, yl met hyl ene) - 30
7-0x0-4-thia-1-aza-bicycl o] 3. 2. 0] hept - 2- ene- 2-carboxylic acid sodiumsalt;

150
15 13 A compound according to any one of claims 3 and 10 to 12 wherein two of

W;, W,, and W; are independently CR4R,.
14. A compound according to claim 13 wherein Ry is H.

20 15. A compound according to any one of claims 3 and 10 to 14 wherein one of Y,
and Y, is C and the other is N.
16. A compound according to any one of claims 3 and 10 to 15 wherein two of Z;,
Z,, and Z; are independently CR,.

25 17. A compound according to claim 4 wherein three of Z,-Z, are independently
CR, and the other is C.

18. A compound according to claim 4 or claim 17 wherein at least one of Z-Z, is
N.
30

19. A compound according to claim 18 wherein Z, is N.

20. A compound according to claim 18 wherein two of Z;-Z, are N.
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WD 03/ 093279 PCT/ US03/ 13428 (5R)(62)-6-(6, 7-Di hydro-4H pyrazol o[ 5,1
-c][1,4]thiazin-2-ylnethylene)-7-o0xo0-4-thia-1

azabi cyclwp338902)hept - 2- ene- 2- carboxyl i ¢ aci d, sodi um sal PCT/US03/13428

(5R) (62) - 7- Ox0- 6- (4H-5-t hi a- 1, 6a- di azapent al en- 2-yl net hyl ene) - 4-t hi a- 1-
azabi cycl o[ 3. 2. 0] hept - 2-ene-2-carboxylic acid, sodiumsalt; 5
(5R)(62)-6-(7H I m dazo[ 1, 2-c] t hi azol - 2-yl net hyl ene) - 7- oxo- 4-t hi a- 1-

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid, sodiumsalt;

(5R 62) - 7- oxo0- 6- [ (4- ox0- 6, 7-di hydr o-4H pyrazol o[ 5, 1-c] [ 1, 4] oxazi n-2-yl ) et h

ylene] -4 thiaql- amn%wha[a%c&d%h@erawaﬂsme?e.ﬁﬁfr@@zsm-a &eiNd;
6- (6, 7- D hydro-4H-t hi eno[ 3, 2-c]pyran-2-yl nethyl ene)-7-o0xo-4-thia-1-aza- 10

bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c acid; 6-(6,

7- Di hydr 0- 4Habhi eﬂ\oéo%p%tﬁhta'&b&ah(\baﬂaﬁy}éhé@iéwhﬁnﬁﬁo 2 Wigh flad thedstrloRfd-
bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ acid

6- (5- N@th?l-4 5,6, 7- tetrahydro t hi enof[ 3, 2- c]pyrldln 2-yl met hyl ene) - 7- oxo- 4-
thia-1 aza-bicyclo[3. 2.0]hept-2-eng-2-carboxylic acid; 15

2- (2- Car boxy- 7- oxo-4-t hi a- 1- aza- bi cycl o[ 3. & 0] hept - 2- en- 6-yl i denenet hyl ) - 6,
7- di hydro-4H-thieno[3, 2-c]pyridBne-p- ojylic acid ethyl ester;

7- Oxo-6-(6, 7, 8, N o)

9-tetrahydro- 5H—|n1dazo[1 2-a] azepi - 2-yl met hyllene) - 4-t hi a- 1- aza-

bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d; (5ﬂhg (62)-6-(7-Benzyl -5, 6,

7, 8-tetrahydroi m dazo[1, 2-a]pyrazin-2- ylnethylene) 7- oxo- 20

4-t hi a- 1-azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid, sodiumsalt;

(5R, 62)-7-0x0-6-{[5-(pyridin-3-yl nmethyl)-4, 5,

6, 7-tetrahydr ot hi eno[ 3, 2-c] pyri di n-2

yl )] met hyI enép- 7oﬁd=mnﬂnqmdascqﬂmmt@yelr0[i:§ezectﬁdrfsmi@@rnupgomtbgwl ic acid;

g}%? 7- oxo 6- {(fg 6(Z 3 -Pﬁnzgll ¥ 506az teotF?yhP’S’mﬁh %noé3; péltnrOl Q-yélgme hy Igpl%] 7°X3 c] pyrid
in-2- yl)] et hyh @n‘é z 2RIhept2enatd- @grbomleagdo] hept - 2- ene- 2 car boxylic
?gleGZ?n(; o>2<25%) (({3 5)56((7 Neergh &0 t§treﬂ1ygr0ém|§,iazo[t1 Yza%]l? azin-yim fl‘glef ek _0)3(9 idin-2
yl )] met hyl ene} - 4&@Jﬂ?ml@3b{%%ﬁme§§r&leoﬁg @rmﬂh@aClQ,—Wmsdbr boxyl i ¢ aci d.

(75{?)et r gﬁiér g'(éSI% gr 232&863( @-’t t a{nyi oimidazol1,2-alpyrazin-2-yimethylens)-4-thia-1-

yl met hyl ébe) - 7- @@blc&d@[ﬁt%o eatz%rbn@?rﬂad:[oe&ylzs @ihespdium sale- 2- car boxyl i ¢ aci d,
(5R) - (62)- 7. (0B AEAnehp eIt SO T straydrgtenaiag cloynge oyt oney
4-thi a- 1- aza- bilidpethglenel-2oghiia- :_azebaeyczo[aér%hﬁgﬂz-@w@zwcarboxmlaspml sal t;
sodium salt;
(5R), (62)-6-(5,6-dihydro-8H-imidazo[2,1-c][1,4]thiazin-2-yimethylene)-7-oxo0-4-thia-
20 1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
(5R), (62)-6-(6,7-Dihydro-5H-pyrrolo[1,2-a]imidazol-2-yImethylene)-7-oxo-4-thia-1-
aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
(5R), (62)-6-(5,6-Dihydro-8H-imidazo[2,1-c][1,4]oxazin-2-ylmethylene)-7-oxo-4-thia-
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
25 (5R),(62)-6-(5,6-Dihydro-4H-pyrrolo[1,2-b]pyrazol-2-yimethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium sélt;
(5R)(62)-7-Ox0-6-(4,5,6,7-tetrahydropyrazolo[1,5-alpyridin-2-ylmethylene)-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
(5R),(62)-6-(7-Methyl-6-0x0-5,6,7,8-tetrahydro-imidazo[1,2-a]pyrazin-2-yimethylene)-
30 7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt;
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(5R)(62)-6-(5,5-D nethyl -4H- 1, 6a- di azapent al en- 2-yl net hyl ene) - 7- oxo- 4-t hi a-
1 azabi cywbDop/®893222 0] hept - 2- ene- 2- car boxyl i ¢ aci d, sodi um PartUS03/13428

5, 5-Di net hyl - 2- pi peri done; (5R), (62)-

6- (5, 6- D hydro-4H cycl opent a[ b] furan-2-yl net hyl ene) - 7- oxo-4-thia-1- 5

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid, sodiumsalt;

5R) (6Z7)-6-(4, 2- vl net t hi a-
El aizé?. )c)ym &f@)@zz;?ﬁgafmg érné%pwam;%é?rﬂb e LS o Ve 1 2
SR), (62)-6 6a§al§%3}ﬂﬁ[®2'01l’%&2kr%-2-@éﬂb@k§bfdra@id%@t&am[sélt2 a] pyri zin- 2-

ZLSF bfr:]ylsgln? )(5!75’-@(6%%Oxc} g I(4(;37-1 5-tﬁla- %l%lzg;genta%er? ]Zby?rﬁethylenés 4 ﬁqlcqr boxylic acid,
6Z)-6-(5,6-D | met hyl 7- 4-
ﬁ\ | a2 o g > &L ??iﬂzk;l oﬁ’owhl‘;%éﬁ@@l%(gﬁ-c@bg%yhgbbm a@’;{mﬂ&ay met hyl ene) - 7- oxo- 4- t

(5R) (62) 57- 3G/ Bl °[11 %&%%ﬁéﬁ'@ﬂ?‘&%&ﬂeb 9¥?rétth'9ﬂene) 4-thia-1
?é%ﬂ( g%cl g[ ?22 ??Q&E)‘mh dc;[QQQJr]IZeZpg—QC@TéD@%éfﬂbbzyha(alcdi sedigiwaltsal t;
-b] t hi azol - 51/?‘ 8fat hg’F%ai C;.ig[diwpm -4H-pyrazglg[s,1-c][1 ,4]oxazin-2-yl)methylene]-4-
gz?mb'h%ftﬁ[yf’agé'ﬁ%h% OXEZ%W““”%‘?;%%'Q‘“W"‘°”¥L“T Thip1 oo o
azabi cycl o[ 6‘]41’%%0% ©eng 3@%?%@55?9T$% B]’%F”eggtﬂxﬁrﬁé‘ aza-
g 57R ?3 rgj;] g/((j ?o?ﬁ?gﬁtsgolh@pt-z ene-2—carboxyllc acid; i
i ene i

1- azabi cycl of$:2; %hﬁﬁ%ﬁﬁ'@egﬁb @?@%@&E‘%ﬂ%}bwa"% 2"9’3’5 1873y
?15;(?'[ grz)e goggu? R EIBB .2.0]hept-2-ene-2-carboxylic acid; (e , .

I - - - -
-thia-1- az a@'i(ﬁylﬂﬂéﬁ'ﬁ’ 3 @76%%@02%@&25 %&WB@L% ﬁ &WF “oxoH-thia-1- 1 010

(5R) (62) - 6- (6, 721251Ehcyaot13’2i DfHRYL- Q-éﬁéfﬂ-@arﬂoxyhc acid;

- b] oxa2|n 2-yl met hyl ene 0x0-4-thi a

azabi cycld[ 3242-6p V'722’)§’n‘é rﬁa&éﬂzﬁch&ylcpp 2 0ihgrt-258rRiHidenpmethyB-6,7-
(5R), (62)-6-[5 oﬁlﬁ:d?@ﬂhqméﬁé[efz é]ﬁWcDine‘lﬁ-'éal@o%T:;%tcr@éftMWe@wﬂ azol o[ 1, 5- a] pyr azi

e o oie-{6.7 baeiranyshy Sht sl vasakaaa LR e S8 Y | ©
yl met hyl ene] - 7- 0xo-

5,6, 7-tetr ahydnpiy ogm bp{ebt-z-%na]zoddraaxync gcid; _
aci d, sodi um (55%).(84) 8- -(7 Beniyl -S%Z%g—ltg e(l:l"nlygl[mmi%azclﬁ % a]pyraZIR %-ﬁ i(ewei-%oxo-
20 4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
(5R,62)-7-0x0-6-{[5-(pyridin-3-ylmethyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)Jmethylene}-7oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R,6Z)-7-0x0-6-{[5-(pyridin-3-ylcarbonyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)Imethylene}-7oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid; and
25 (5R,62)-7-oxo0-6-{[5-(phenylacetyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)Imethylene}-7oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
(5R),(62)—6—(5,5-Dioxo-4,5,6,7-tetrahydro—5k6-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;
30 (5R),(62)-7-Ox0-6-(4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yimethylene)-4-thia-1-
aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
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(5R), (6Z2)-6-[5-(2-nmethoxyacetyl)-4, 5,6, 7-tetrahydropyrazol o[ 1,
5-a] pyr azi n- 2-
yl met hyl ewe]o3/f9xxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- cRCivASYS/13328
acid,sodium salt; 152 WO 03/093279 PCT/ US03/ 13428 5R),
(62)-6-[5-(2-met hoxyacetyl)-4, 5,6,7-tetrahydropyrazol o[1, 5-a]pyrazin-2
yl nmet hyl ene] - 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- car boxyl i c
aci d, sodi um =2 t ct.er nfection
or disease i @k%%tqsgﬁ%qrﬁétﬂﬁe‘{e}g%%%aéa? SV\%fe%aé gmtthﬁénezé}pé)@v‘il%! ngj to said
patient an eff eazabiggclad.Olhepif2-ane-2wapmuxykt adid, fsodivnl salt 5,aPimethyh@2d i n any
one of clains 3}’ éi%ﬁ or a pharmaceutically acceptable salt thereof. 10
25. A met hod acco to claim24 wherein the conpound is co-adni ni stered
with a betal éﬁﬂ)e(ﬁihr&@tﬁ Bihiydro-4¢-cydlopantaibliurac-Ceyinietiglens)-¢cxo#r thi- 1f/\7her ei B
the ratiogof (3; 1 n a range from about
1:1 to about 10 a?ﬁ:&%\@hé‘#b]hgbﬁ %ﬁe g%gttg%ylcf %;a)%gafcap" éar%fl 26 wherein the ratio
of the (3-1 a(ﬁ%)(ﬁ@ﬁ-(%-@ihydrm&-thlaﬁéaediawudm 2-yImetindeneldroxbod-thia-28. A
antibiot o1 CErRRydae20ReRiahEomRnk i ad HABRFL T TT) P anti bi ot c
and a cephal3Z)H67)-6-(&htDimetyi-6, 6I Q&tetfamgdmik:lezb[a@ea}pwuzm'gz-twmam?leoa)yﬁf
claims 25 to 27, mh bhL ot | 6. i romthe
group consisting of{h% i aﬁzg@ﬁ?‘ﬁﬂg[ﬁzﬁﬁr%(nféﬁlﬁt—?%b%%@gr%'qs ?L&ﬁ&‘f‘s%g
benzyl pef@ ci K5R)né62)@ﬁﬁ5L63DIHydlro -8-shimidaziof?, 1] h4]thisZinSryimethglene e ploxbd-drthidi ne,
cophal ouhin, SEbAb b SN SFREACHRR, o2Lreonam and [ atamxel,
antibiotic i ﬁ@@)@ﬁaem-l&(lwdi-tmnwydlazlapanta[m Zimethyiarehdehiaeleor di ng to any
one of clains N, ic is piperacillin
and is provi degaliz[aéﬁyﬁéwggﬁjﬁ '{b ?%\%‘é@ggﬁﬁtm fggﬁjhpéa%
(5R)(62)-6-(2,3-Dihydropyrazolo[5 1-b]thiazol- 6-ylmethylene) 7-oxo-4-thia-1-

15 azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
(5R)(62)-6-(2,3-Dihydropyrazolo[5,1-bJoxazol-6-ylmethylene)-7-oxo0-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
(6R,62)-6-[(5-acetyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl)methylene]-oxo-4-
thia-1-azabicyclo[3.2.0.]hept-2-ene-2-carboxylic acid (E+Z Isomers

20 mixture,Sodium sait);
(5R,62)-6-(6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-yImethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R)(62)-6-(6,7-5H--Dihydropyrazolo[5,1-b]Joxazin-2-yImethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;

25 (5R),(62)-6-[5-(3-carboxypropionyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
ylmethylene]-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-carboxylic acid,disodium
salt;

(5R),(62)-6-[5-(2-methoxyacetyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
ylmethylene]-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-carboxylic acid,sodium

30 salt;

(6R),(62)-6-[5-(2-methoxyacetyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
ylmethylene]-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-carboxylic acid,sodium
salt;
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WO 03/ 093279 PCT/ US03/ 13428 32. A nethod according to any one of clains 25
to 27 wherein the betalactam antibiotic is anmoxycillin and is provided to
t he pati ewDoongd2ry. 33. A pharmaceutical conposition whicirCrarsps/ises a
pharmaceutically 5 acceptable carrier and an effective anmount of a
conpound of forrmula | as a claimed in any one of clains 1 to 23, or a
phar maceutical |y acceptable salt thereof. 34. A conposition according to

claim 33 fur C nt.i biotic 035 process for
preparing a %@,@g&ﬁﬁ% %X?%e Yl?ﬁg éc?é?"ﬁi‘admﬁyﬁza'm% A?COITDI‘I ses

subj ecting to rymethylend-Bbxovl-tithi1cazabiceclojB@.01He st 2- émruéraokyllc aidrsodiuh | OAR
O 15 111 V\/nerelg A |s Aor B as defined inclaiml, Xis Oor S, Pis an
ester |eaving §Pbup acetate, nmesylate, triflate or tosylate, and R
is a protecting group, foI I owed if necessary by renoval of the protecting

group, taq gi a l er ei, 5 1S dr ogen d.if
deot Ped Gomvate | b BRI droinedCeafiteBi bt a0t st Sodlaree Bt 2 wBUen Bt e
wherein R5 Iﬁeéalthe@ofahl’rﬁyh cofdprisesChravidingd & ki, patienCaiR(effecieCaribuntConbky| .
154 compound of formula | as claimed in any one of claims 1 to 23 or a pharmaceutically

acceptable salt thereof.

10 25. A method according to claim 24 wherein the compound is co-administered
with a betalactam antibiotic.

26. A method according to claim 25 wherein the ratio of f-lactam antibiotic to the
compound is in a range from about 1:1 to about 100:1.

15
27. A method according to claim 26 wherein the ratio of the p-lactam antibiotic to

the compound is less than 10:1.

28. A method according to any one of claims 25 to 27 wherein the betalactam
20 antibiotic is selected from the group consisting of a penicillin antibiotic and a
cephalosporin antibiotic.

29. The method according to any one of claims 25 to 27 wherein the betalactam
antibiotic is selected from the group consisting of piperacillin, amoxycillin, ticarcillin,

25  benzylpenicillins, ampicillin, sulbenicillin, cefatrizine, cephaloridine, cephalothin,
cefazolin, cephalexin, cephradine, aztreonam, and latamoxef.

30. A method according to any one of claims 25 to 27 wherein the betalactam
antibiotic is piperacillin or amoxycillin.

30
31. A method according to any one of claims 25 to 27 wherein the betalactam
antibiotic is piperacillin and is provided to the patient intravenously.
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10

15

20

32. A method according to any one of claims 25 to 27 wherein the betalactam
antibiotic is amoxycillin and is provided to the patient orally.

33. A pharmaceutical composition which comprises a pharmaceutically
acceptable carrier and an effective amount of a compound of formula | as a claimed
in any one of claims 1 to 23, or a pharmaceutically acceptable salt thereof.

34. A composition according to claim 33 further comprising a betalactam

antibiotic.

35. A process for preparing a compound of formula | as claimed in claim 1 which

comprises subjecting to reductive elimination a compound of fomula II:

A —-—rN ]I
S O\R

wherein A’ is A or B as defined in claim 1, Xis O or S, P is an ester leaving group,

v

A

e.g., acetate, mesylate, triflate or tosylate, and R is a protecting group, followed if
necessary by removal of the protecting group, to give a compound of formula |
wherein R; is hydrogen; 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.
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