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*159159* Bl CYCLI C 6- ALKYLI DENE- PENEMS AS

BETA- LACTAMASES | NHI BI TORS FIELD OF I NVENTION 5 Thi's
i nvention rel at n bicyclic 6-al kylidene
penens which a mmmmmm‘m@m spectrum f 3-1 act amase

i nhi bitors. R-Lactanggsgs hydrolyze (3-1actam

antibiotics, and as such serve as the primary cause
of bacterial resistance. The conmpounds of the present

e B, KSTE d LgE ET0 AfAEapos

t hreateni ng bacterial infections. BACKGROUND OF THE

| NVENTI ON Peni cilli ns_@&%}iﬁﬂ ns are the nost

frequently and wi dely 15 antibiotics

Ln the clinic, However t of i, St

e s 51 R SRR P 8" roaa

Bﬁébtﬂlndﬂmﬁﬁbﬁﬂséﬁﬁl'ﬁﬁﬁ:r@nﬁlmcﬁmﬁs@sz tolyee pelateat amibiotics, and -
I

b SHCh SRR OPIGED 3858 of PociF0s! rS(SaER, cine SoPOURS of the

Fhfs%ﬁ’@ InQBntfbﬂ%erQ@orﬁﬂheJ—%h Biticlam antibibtics Widrovide an effective
sig 1999, 839-845) The nost significant known

#éémﬂtéﬁﬁ'ﬂiill'éﬁ @Beqt%n'f'%éa‘%”%léﬂf%? Whfent of bacteri al
resistance to the 3-lactamantibiotics is the

producti on of
(3-1act amases.
antibiotics, resulting in the Ioss of anti bacter| al

%ﬁic"lirtskno%é}%ﬁo%p@ﬂ@’ BRSthePmREEfreqlidrty | ahdWide! e’ p—lactam
penicillins where as C ass-C | act amases have a

antideticst in ther slinic.e Haweysrndhe «fevalopmsst ioh e§igteprs fpsp-lactam
Qﬁhﬁ@hcsty d#%?&ﬁ%atlﬁgt%ns HRdedd Qsdan‘ﬁad?nd% 2FelNbh 'Hé%lgtﬁpnng the

Agent s Chenot her te over

effectivedrratmentaef bactarial "ﬁ%ﬁ?‘@"ﬁe@?%ef%br dekpertsapifelnvest. Drugs

Kods, 4, lBa3; wtaémanaakemloﬂ 1bb5 Ezsm) m rBushJ mve@t Pharm. Design
Drugs 2000, 247 and theels need for

jes r§t|%:?9%‘?5)br5é‘& "é,%éc%'i?’dlﬂ?a("'é KOgW, FRENANISAT HetatRd to  the

@@%IS{BM@M 6f%°dcf§r@f‘€e%ls§&1cbr189tﬁe @ﬂta'ciani)fahﬁtﬁo&%% @hdBroduction of
greatly reduced by adm nistering t (3-lactam

glesshi Alass-B and sissrlatsedne i- ltaﬁtaaﬁassa CEIRsBLANEYRE fearade the
PS%CEH SnfitiGRS, Eﬁ’lﬁ%% th-EhIS Bmfb%b@rlhya&‘(/ﬁ‘y | 2hls8-A enzymes

act anmase I n rs suc as clavulanic acid
prafergotialn rwddo'ma@a@ﬂlasnwﬁ\eee a5 |Class-Gactamaggahave a substrate
grcﬁﬁéfﬁopﬁ&%ﬁhél&dbﬁhh%%ls @'u@l’{ UkanJ'aﬁolﬁF'@A' ;SMedgiros, A.A.
I ni cal used I1n conb e} amoxi ¢ I T1n and
ﬁn@mqumf\gents 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 P-lactam antibiotic in combination with a

compound which inhibits these enzymes.

The commercially available p-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;
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1 *@00002* simlarly sul bactamw th anmpicillin and-
tazobactamw th piperacillin. However, these .
compounds are ineffective against class C producing
organi sms. The nmechani sm of inactivation of class-A
R-1 act amases (such as PClI and TEM 1) has been

el uci dated. (Bush, K. ; Antimcrob. Agents Chenother.

1388ilarlg Sulb8bthm Wah@ampiiliin did &iz8badfam viith! BiB&facillls: ' However, these
Hua ;. Rasnussen, B. A

F PR arSandifEctive 2qgiist Slagk Grirosieig opmmemS. The mechanism of

 20Gtablivation®? claskA B98dtambbes BasF B3 PR FTE{UI-z)S: h&$6&En elucidated.

) fonc I
DB o dniriecar | At Laamoten. $98%s 5 651 Wasm.p¥i oknota, K.
. A . . t .
gxaggﬁgéga%r{g%ggﬁe.&m; 10 1h. PPORESmuch: B andides, DM, .

ah’\o’i %’(’Féﬁeﬁg%ﬁ@ BRA-2888R).0r a C -, 0 hydrocarbon

group or nono 15 heterocyclic, and R3 represents a
hydrogen or an organi c group. Subsequently, the same
gid PP hithe Peecham giopp dirsipsed 6tdiiyligion mentmt of geherallstructure 1. as

R e e AL N A S

y &sbornehBus Rat. Applud! B01688.% 1patlents of the structure

1; wherein R is an optignally substituted six
menbered or five menberef nono ar o tic ring system
[N.F. 20 Gsborne, Eur.Rr; - ﬁlooszo. 7: Eur.
~Pat. Appl. 85100521.5; Euy- pl". 85300456- 2] .

Eur opean patent applicatPons No. 8689®%$85.1 di scl oses

the synthesis and the utility of
(2)-6-(1-nmethyl-1,2,3-triazol -A-yl methyl ene) - penem 3-c
arboxylate 2 as a class-A and cl ass-C [ 3-] actamase |

i i FndOR: aKe indegenderoly GOGFbgen or a C..4o hydrocarbon group or mono

heterocyclic, and R; 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.
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-B-carboxyléte 2
as a class-A and class-C p-lactamase inhibitor.
AN

p=al

COOH
) _
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.
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25 2 Eur. Pat. Appl. 86305584.4 disclosed the
preparation of conmpounds of general fornula 1,
wherein R, = non-aromatic heterocyclic group and a PCT
application [N.J. 2 Broon P.D. Edwards, N F. Gsborne
and S. Coulton PCT WD 87/00525] disclosing Rl = fused
bi cyclic hetero-aromatic group was published.

BroomaPlLy. waﬂts N# Usbormel @isS [ CoutonFPEP wo%7/cfé)5991<§isclosmg

to 88311786.3; N.J. Bro G
%100—k3us§1 pic Iilgrneéero%ﬁ'gma%tgrogapyvas gpuablished: 1)Slmllarly patent
mmrauba@l [mme Biomesarmw@n saraxbuu&e Biir. BRI Omquaes 3: N.J.
%ner al ucture 1, a substituted five

Pef%- Bifo nﬁlaﬂae r EH[:; "At pAeebs§831dr78?ﬁ b described the
thg;f]ﬁgtzdsdcﬁhbg%e g@&ﬂﬁcgﬁl?ﬂﬁés ef ger&?&l %Erﬁ@:tuf&%ju 'Urﬂe?eu]ljih %sa substituted
Hi{P BRgrakpred hetero- a(%’B@ﬂGrf@Qan%l ptgcewfw@ne Ergparafian of zgpaunds of
%ngﬁmﬁ'ﬁ% {1hat bekR ofe.gé‘rlﬂé@%gré&a%? %ﬁqgg%@@g}lﬁ;%rbndge

V. StachuTski and
ml Ep@skarne and G Walker Ewr. Bat. Ao 823e3198 M er al
formula 1, in which Rl= (Cl.6) alkyl and R2 = CH2X or
COY wherein X = hal ogen or CONR2. During the | ast
dadbeevean 1883 p Beeeham Ieisclosbd dA. V1. i SmdhlhiyklEhmicRamalker PCT WO

SPREIuL G prega Bt AT 42 o GERElERLRAS T berRre g, in whicn

RE(CN alkyl MRM@CD-EX%MY wKere@oXeriwlogeh dr.CORR}. e PCT

WO 95/17184] wherein Rl = hydrogen or an organic

group, and R4 and R5 may be both hydrogen or one or .
rRuringsties taist (dacade rtbreleapategtsh haven dean dfiledrebyi Beedtant idegcribing

%ﬁ@a%ﬂhdé@P%@he?ﬁ'fW@lﬁ% I3, BrdBhn: R ringlop BT sIB @10178;

3( DEGIQMBEDJ[EEMIPWW\@ B5#28088/BKIT OO nZn; THE NesieePET WO
gh]o\ﬁ}hééhﬁhes HyBrd3e¥ & san' Sr8arie lg?&l}fal 3hd \ﬁsla%latRs may be both

ect

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

shown below.
Ry
_\_Sé(O)P
' m=2or3;pis0,1 or2

Ry

K SR, (CHz)m\
T X we
o

N

Z

Q
8
5

X

&z

X

I

DETAILED DESCRIPTION O_F.THE INVENTION

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-factamase 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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[ 3-1actam conpounds, and in particular to a class of

bi cyclic heteroaryl substituted 6- al kylidene penens

whi ch have (3-1actanase inhibitory and anti bacteri al
properties. The conpounds are therefore useful in the
treatnment of antibacterial infections in humans or

animal s, either alone or in conbination wth other

aim adriordance . witOthd present (ricHtiore theté ke bRidel &afHounds of general

[ i pn_there are prqvided conpounds, of gener al
f%yﬁgfaaploroar P afﬁ'ﬂ%??Hﬁ?@&ﬁ%ﬁP‘P@%%%ﬁi 4b VO hydrolyzable, ester Rs
vihecedfiydr ol yzabl e ester R5 thereof: AX ONDY O RS

0 5 and preferred conpounds of the fornula: A B S N

O OOR5 wherein: One off A and B denotes hydrogen

and the other an option sub tuted fused
bi cyclic heteroaryl group. [The!exmression 'fused
bi cyclic heteroaryl groupy”1s Nsea~ O\Filso t he

specification and clainms to nmean: Apgroup conprising
two fused rings in which one has aromatic character
[i.e. Huckel's rule (4n+2)] an8l the other ring is
NaXitt PrefuFRdd dompbfidd BERE rrnfiNg! i ¢ heteroaryl group
contains one to six heteroatons selected from the
group 0, S, Nand NR ; ‘5 The fused bicyclic
heteroaryl group is bop remai nder of the
nol ecul e through a carbon_at the aromatic ring
as shown in the formula & The aro c ring of the
fused bicyclic heteroaryl group congains five or six
ring 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
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 heteroary! group contains one to six heteroatoms selected from

the group O, S, N and N-R;;

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 I;

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
selected from the group O, S, N and N-Ry; |

The non-aromatic ring of the fused bicyclic heteroaryl group contains five to eight
ring atoms (including bridgehead atoms) selected from CR,R,, N, N-Ri, 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-R4, O or S(O), wheren=0to0 2. |
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atons (including bridgehead atons) selected fromCR2 ,

N, O, Sor NR . The aromatic ring of the fused

bi cyclic heteroaryl group contains O to 3 heteroatons

20 selected fromthe group 0, S, N and NR,; The
non-aromatic ring of the fused bicyclic heteroaryl

group contains five to eight ring atons (including

b i eoeScbrafecandy Ssel ected from CRAR4, N, N-R, O,

S(O, where n= 0-2. The non-aromatic ring of the

fused bicyclic heteroaryl group contains 0 to 4

h&sds dhtamin vied dydmtyzblenesier sicR! as 01 0¥C$(a@)/n oheres Bycloalkyl,

PUkOSAseak Sal ety e Ik Bieteab b EPiga sats ™

C6 cycl oal kyl, CHR3000C1-C6 or salts such as Na, K

i i
opt | g:]l-gl cfp{/ i%@%lblsgﬁ%slt@ Oélﬁégg]gylkgptlor@&{ Isblﬁléaqtpt?d -aryl optionally
Sggl@,qtlituten! etetezoary| oopmoonabr ybicyalid séttinaterd hetb?béyclé@f ydptlonally

oS % R o Pl S ERBRIA Ei idilecsbtonay

&bsgtytg:ﬂ K&H {6, alkysyl wmlalthq/promsbsmattmmgqe R:HIB borhck 5ty the triple
t th_t
WbBl'?cli s'HS " Q! 5& rQ%é&‘nt R ﬁgegﬁpgrg%:ﬂ?rﬁ 3 le:ﬁ c‘fﬁeﬁ& linked to N;

bond s not

.apégﬁﬂﬁi\“{ éHbSt%UtGd 63106 per flkerd alkyl NS(Opdptionally substltuted alkyl or

SHR Whbld B Lo forky shibdfiils Bokbheteran) " oBRAAN Lubdtuted -

sb5Qant, mn@anal&ﬁ@betltutedacwo (CbbCB)oaihylj gptmbny substigted--C=0 (C3-
CE@PWéloallﬂﬂ)tddﬁBﬁéliyys g%gdt- = moggcgr(b?%/lc 6%%?&/@% heterocycles,

opt 1 onal 'subst i tut

opPicsARY sb}bs@t}m Cil Rt dlkylcry, npmalw sthbatlyﬂéd C1s@6 alkgitisteroaryl,

hSétﬁanWtEllthsﬁt t a@:ﬂggth‘hj‘hitk | 8@?&%@&& t%? %56595%%01 -C8 alkyl,
%ti'%‘ﬁgﬁ ‘Flﬂ}’sgt&’ PRl Mano@r biggclig sajirategiisternaydes, optionally

Sﬂhb?s&ltdtéd Q@Ia‘ﬂ@hﬂ 68 Yd 1@%2%@&5%5 -C ﬁ'l@nalé(%{\lRaRm optionally

| nono or bicyclic sat

| ky
h%‘??} ﬁ’i%ﬂtl %&'aﬂiwmﬁ?‘%l [optionaliy s suhstitiser - atigy-@talietaryl,ofoptionally
8subst|ﬂ.|€ed:aélhy1¥0-atl@Pﬁetem§5}NR6 HonatlpP(tbSRREd 9@5 )é?é\ b %ptlonally

| | k t |l
b‘iﬁv{“sﬁ Eﬁqrgaﬂa&?f‘y “g’);!(:%/? eRtiana 02@L§§$gF¥ t E;r&laxyaryl optionally
aibswutéu awloxyhdrabenw zvpubnaus? @ubgmea 15:13@@511&91 bHfié8aryl, optionally

bR 1l ol Rl Syekyrelatogyt  beanely cspbstiuted gt anyioxy

aalyylmmesyloptlopéllyomﬂdshwteoﬁdﬂkﬁi Eab8RY|, opt
ysubsts'ﬁx 0Pt :jonélly SUbStlt(Ut?d aryloxy

a t onaII

aé%t"g@ gRypha @p%/-\bEJWHF dyhet%rel 1Y GReRPNE - Rrsterraey R groups are H,
aoptiooaliphesubstitateyi| alkgbt otioAblly subbRitelubRl atk®tc1-Co)alkyl, C3-
EHAREN 3 -Céalkynyl, optionally substituted cycloalkyl, SO.alkyl, SOsaryl,

optionally substituted heterocycles, -CONRgR;, and optionally substituted heteroaryl.

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, N7R5R7, optionally substituted C1-C6 alkoxy, hydroxy;
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al kyl am nes, optionally substituted al koxy carbonyl,
optionally substituted aryloxy 25 carbonyl, optionally
substituted heteroaryl oxy carbonyl. Preferred R,
groups are H, optionally substituted al kyl,
optionally substituted aryl, -C=Q(Cl-C6)alkyl, C3-

Coal kenyl , C3-C6al kynyl, optionally substituted

® ﬁdr@ﬂi' KéUbstntSf&ﬁHfW pﬁéﬁamdybubstméd CHeaérosryg UCSOReytcﬁjﬂlonally
an (0]

"/ t | bst.i t
LShGHI ShRT s sy aaE) eSO SRk, cqoraly
edbsttuted kuéterawylbgnabtu orfalips bubistiteed (23.Cb akémm optionally

Sabeeited (G iCenomiion: tor-Co Ry BT Ss. Sk calipiene diow,

@bmny NsuBefitGtedo @WI@@EU:LEGS CL ahﬂﬂeedcﬁbe%eﬂlubm(wkyl S(0)q-

 SHAY bRy S5 ok Brmp bl SHbrityel apiwPpr ks, 1 or

al bﬁNwﬂl Wnﬁilﬁ@’bﬁﬁydle@uaﬁiﬂhboﬁﬁidn}éllyﬁ Bsdtitdted €9-C6 -alkylaryl,

Sptormilki sbee; el CSortsnaRi coneBieY St apliyheteroary,

@p@@tauy shisditad hél@rcairwwmmyl Gﬂm@&ngabkbdtnmmm@e &Ryl mono

B ke 2tSidhottien. ot shenlfid ehiafin oo 16

afo- atgrhs 0n80LNRg‘R4bprttdnbmd Stbstutexk y arylafiyidkgalkyl, optlonally

PR HIEAC TGS IS My

Substituted baﬂb@énﬂ?ﬁjpabtkalﬂy &ub*ktltuted itylenyakteyoziyl peptionallyeslibstituted

TN T WOV ITE S 0.0~ WIS -

lsabstitatad y G136 oau@lamdxyheqatoaom al, | pptiaratly i subssitltéd] - S§loxyalkyl,
nono 10

T I e

@iylzayioxyathylamisss NFI@féTcedoBblgmws yres Hh s optiamalkiyd substituted alkyl,
gﬁ{ugal)l(lgléé}.u%ﬁ@%g%im ﬂ%‘n%‘aﬂ& Pst?ﬁi?ﬁthb{e%ﬁgl halogen, CN, hydroxy,
twtl@'raunrgubgwmdkyetem@mle,orféﬂ)lNBGRm HRORs,ueptipnally substituted aryl,
r t ally substituted aryl oxyheteroaryl,
%;Sbb a?ﬁl éy{‘{dssu((ggfi :a'glﬂt ed heteroaryl oxyaryl, optionally
substituted Cl-C6al kyl aryl oxyaryl, opti onal | y 15
substituted Cl-C6 al kyI aryI oxyhet eroaryl , optionally
substituted aryl oxyal optionally substituted
%tl%hwpwm@amﬂkyl 6‘15%/1 ©h gy¢lqalisyientiopattyesyibstituted aryl, optionally
%hbé&]t&é&('h@i@f@é rofbLARead are H,
optionally sub’lg tut ed aii ?6 opt Plci%1g?6§é1§lﬁjbst i tuted
al koxy, optlonally substltuted het er oaryl, hal ogen,

.sw‘%?ﬁéaan sgeétit&’tea'dWc@ Hht i bﬁ%ﬁ‘ﬁ? E%ﬁf@f&f:%' %xy -5-C1-C8

94@ @%@Byl 'N%ﬂ'?d le)n%?pgr yor. %Sgﬂlgstl ﬁ@g%ﬂjla%rebﬁ =@10rcdR4R4 together
%Mhe cSfon t@wﬁm{mléfy bita@abi RARE 5 4hiRd Lstr O five to eight

ryl, optionally
members with or without the presence of heteroatoms selected N, O, S=(O)n (where

n =0 to 2), N-R,; preferred R, groups are H, C1-C6 alkyl, NR;R; or RsR; together
with the carbon to which they are attached may form a spiro system of five to eight
members with or without the presence of heteroatoms, eg one or two of oxygen,
nitrogen and sulfur;
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substituted heteroaryl; preferred R3 groups are H or
Cl-C6 alkyl; 25 R4 is H optionally substituted Cl-C6
al kyl, one of R4 is OH Cl-C6 al koxy, -S-Cl-C6 al kyl,
COOR6, -NR6R7, -CONR6R7 ; or RAR4A may together be =0
or RAR4 together w th the carbon to which they are
attached may forma Spiro systemof five to eight
menbers with or w thout the presence of het eroat ons

Yoo P i ke Tiepebabaive P orbonioly” shRSfiRefdir okt poptonally

tsQBstitited arW &;hlohamy gﬁfsbmfed hbtmﬁjn bbﬁohany @ulé’éthﬁéd!l@ﬂ cs alkyl

farm 0 ive to
TV petioBaly SRSt BT foRiBral S hETara Aty gationally
@ﬁbﬁxmecnm-oa bn@gﬁetemiyls Ref Hhd R, Ban a5y tddktiagreto form a 37

|nde opti.on bstltuted Cl- al k
SR ara setur%fa%gw RS0 crtonalneavinsr e o Bipentotoatasis such as
heRero as&y (0), apt 0-2natrefered Ry aridJR¢ drdubs @e #, I0/1-C6 alkyl, arylalkyl,

SRl oA Tl A foeel Foimita 4 sAmEGbarec styrpteliog system

Gptiéialig hlayihg pAé oF g NeteroBord R7 can be together to
forma 3-7 nenbered saturated ring systemoptionally

havi ng one or two heteroatons such as NR, 0, S=(O"
mherﬁicaloémﬁﬁenged R6 and R7 groups are H Cl1-C6

oo ey mets 28 SRS PSP ERsT BN A, ragiissnet 1-12

cuatbdmeagbﬁejerMybﬁg.eq;aﬁbdnratém@, het eroat ons. 10 Cheni cal
Definitions The term al kyl neans both strai ght and

branched chain al kyl noieties of 1-12 carbons,
prhef termaikengl méarts beth Btraight and brakfzhdd elkteﬁylmaaleifwuﬂ 2-8 carbon

RGNS P InGLAt et b Byl R e e Rt bohBelechbolg, alkeny

emoietychasm pr évdodoghle foedser Sbbly alideaylahkietisd mayxist jn thesE or Z

]coR anlhgﬁo \’I%g ﬁ&ﬂ%ﬁaq?’lfﬁlg u?v%ﬁggx CEEECI t%ééﬁ SWrﬂsﬁons In the

|craeemf |aﬂqenylnbetema atomshsuohnda O oo NsR¢ $houlcheot e presefit on the
hﬁ'ﬂy t.0 as 0, Sor NR should , not

iﬁa rélg%tnlpgéﬁ&%n@a%b% gh that is bonded to a

doubl e bond; The term al kynyl incl udes bot h straight

Ghal I y g

R S A EF e KA AT S o BT moetes

proataining 23/6 taagoon atoms contalmng at least one tnple bond, preferably the

alkynyl moiety has one or two triple bonds. In the case of alkynyl, hetero atoms such

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
saturated aliphatic hydrocarbon groups having at least one carbon atom and two or
more fluorine atoms. Examples include CF;, CH,CF3, CF,CF3; and CH(CF3),.

The term halogen is defined as C|, Br, F, and I. '
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al kynyl noiety has one or two triple bonds. In the

case of al kynyl, hetero atons such 25 as 0, Sor NR

shoul d not be present on the carbon that is bonded to

a double or triple bond; The termcycl oal kyl refers

to a alicyclic hydrocarbon group having 3-7 carbon

atons. The term perfluoroal kyl is used herein to

r & ey, tatkemyt, lalignylaiogieycloalkyl ibraptidnably etisstiuted) one or two of the

0 v

LRy B oot e R S B R Roan . RGBS akon,
Eﬁé\msy-ekyh. @Ryl PCZCI kgD CFByarer- 2iTaiggem d-h@ﬂp@:&)\ERsREh eCOOH,
@J’dﬁ) Qﬂég?%ﬂu?ﬁm@ﬁ&\ ned agifdoro ?)5' F@fb‘ﬁq}l, al y?a I ReR 7 N-alkyl-,

ynyl, or cyc

'slt! s¢1‘9§t3é|tv|- alixnéyaﬂfyl-t alisyle$-, t-|$@sz-%dR7oﬁnglHRse-002H CONRGRy,

pé}zlcs)c)b(b'h%te?b'&?f Lo!, uggt?)s-aQF M s ébﬂzgl I(Aﬂﬁ,ﬁ B-2RYMR:R,, -alkyl-aryl-

car bon -al k

tajyINaReRy, @4a¢¢@kyl @lkenybyaéiwoyl Cmaﬂg(hralkc;)dyyaikxb-@ ReR7N-alkyl-,

B0 GRS o it Sl . e

SaleCPndIF}’dPR‘Wl mclmi«ohglgg«wmtro arvdymet@oaryl somafﬁzBBDo-alkyl .

-Wr y‘f'ﬁﬁw' 'kyl %S’é{'l' %dmy% ‘ﬁ?]"ﬁilﬁbm

-al kyl -aryl - O al kyI N- R6R7 Cl CGaI kyl , al kenyl ,

al kynyA | BYGerned ¥l a yr] éﬂg\ﬁﬁ%&ﬁhh)‘ég%b% 5\5@&@%@'{ {gom the group:

and -S(O S heteroar ere
sehesyl, t enapbtyyk of-napithyl, Wﬂ‘@ﬁyl anthed, k fetsahydranephthyl, fluorenyl,

qxﬁérﬂﬁl ﬂ%ﬁﬁklu?&na?g{hgﬁgog S bg-r'q? ﬁ)rré(flerrﬁﬁ %b@ g?&fp¥. are phenyl

-%anbJR erwl-kyl , -cyano, hydroxy, and -N-R6R7. Aryl is
defined as an aromatl c hydrocarbon noi ety sel ected

fromthe group phenyl, a-naphthyl, R-naphthyl,
DigtRERp! is a?ftw’;ﬁs a pEimafisaterREYHE Hpo sywpmoenmﬂcychc or bicyclic)

i wask8 Yihe hé@?t%ﬂw Rekties a&sn@a&tb@%m Hitan, H}f‘phene indole,
prefer([ﬁc'ad ar 4?%3 are pheny 15 an b|

WEF ed 152x8z008y mwl?@mem¢m|m@nqthw@ndazole
Sﬁv&&ﬁmﬁl ( pprimiite! | py@kink) cyCdyhe)e Nlﬁéﬁ]yfpgﬁ'o'éet erQfile,  N-

tles re sg%gcte%from (Zt%ﬁt uran
|’H8 yraz%?al b fexadizzde) e 1.2 Hirizzeke, |'§‘8Q’é&blzé't"320'e 1H-
| teadvle Ziomethyitet a2k benzoXas®é fbériz&ﬂhiiﬁél@' Benzéfuran, benzisoxazole,

ﬁ‘r?lé&'%'{ Tﬁ/ﬁ? y@TrgetﬂlefmrﬁPéa; Ien%‘_ca %l?{ﬁcﬂ%ﬂeaz dndazole, quinazoline,

lqundlméxanhl wﬁxmohde 2|(2) tg lbib?@l‘icﬁaromatlc heterocycle where a phenyl,
triazale

BYPR, PYBinTars | Br HaNiEER e & (G5 s fox Ao amembered aromatic

hiengatiitateat) hétmzyaiomohmng AB ZittdgéAZatbR; (b) fused to a 5 or 6-
enzi enzi m dazo| e,. i ndazol e,

NOP RS Sramall, (et el AREM Bn i hevies Noyzogen atoms; (c)

" Husstto a:Smmbéred afsrhaticoQpSataraitéts IhetePodydRdIiihg having one nitrogen

atom together with either one oxygen or one sulfur atom; or (d) fused to a 5- -
membered aromatic (unsaturated) heterocyclic ring having one heteroatom selected
from O, N or 8. Preferred heteroaryl groups are furan, oxazole, thiazole, isoxazole,
isothiazole, imidazole, N-methylimidazole, pyridine, pyrimidine, pyrazine, pyrrole, N-
methylpyrrole, pyrazole, N-methylpyrazole, 1,3,4-oxadiazole, 1,2 4-triazole, 1-
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25 pyridine, pyrimdine or pyridizine ring is: (a)

fused to a 6-nmenbered aromati ¢ (unsaturat ed)
het erocyclic ring having one nitrogen atom (b) fused
to a 5 or 6- nenbered aromatic (unsaturated)
het erocyclic ring having two nitrogen atons; (c)
fused to a 5-nenbered aromati c (unsaturated
imeatey-ddi¢tiazole, ntH-tetrazalg, dnmethiylitetrapsie, auiosiineodgognispline, and
}Hiaéﬁ't ﬁ‘:&u‘f@r one oxygen or one sulfur atom or (d)
3 to a 5- 30 nmenbered aromatic (unsaturated)
het erocyclic ring having one heteroatom selected from

® a l OBr ﬁe’help g&gffsr e@gﬂﬁ{aﬁﬁ Q@b¥thtu@HO YR érr fwcf lé'f‘me folllowing are

oxa oxazol e, 1sofhiazole, inmidazo

mﬁ%blﬁwb#ltumtﬁl ritro,papyl, theteroanyr aliaycadonyly ralkone ~alkoxy-alky,
F%M{gi -6l CHangrOLYL d%»éh&o' FRaloBYf, 328 Foxy TR, PfifticRdrfiethyl, -

- |
oo aislio| é'ky|§B{1t8§§7é‘;@|kﬂ- HO-C1-Cé-alkyl-, alkoxyalkyl-

hyl | |
Jangﬁé yré@tl\{]gzl% @so‘r}NHRO Kolos HyPé lﬂe@&o?ryl -O-, -5(0)s-

t er oary t I Ona

Ry
amdwhergt e 0 vdle tﬁ'ky!-@oa@l NRwB.f @lhywh‘yh@ aikséN RsRy, C1-Cealkyl
yb'ﬁy%ypséyctdéﬂégf Salk&ytélﬂil c-afngth )?p&F €LAA" Y.5(0)s-heteroary!

oxXy-a

al koxycarbo
AR, D k) Rrsfered sikssumpts tohsandgund heteremndipclude: alkyl,

.
yyaagﬁw fzgm ﬁrtyfmgfd@ﬁgﬁ@knﬂubr&iéﬁ&ﬁosﬂmﬁ O alkylaryl

al koxyal kyl -, al kyl -S-, -SO2N-RrR7, - SOQNHRe COQH
s @éﬂﬁecpas V\‘?;L—Qﬁoéﬁédl%g Aryﬁﬁl@) moiefidd ifdMiRr Beszyl, 1-

al k
P&‘PRXJ‘P&‘HIF yrpm ekl N%@mylpmpybe?aplkgnylprwl Addhg|like. The term
aéﬁﬂbﬁéﬂ  sUbSRiueR] kfers Bl UrRybstbtky lor @ubstﬁﬁgg INIItﬁ' Ky 2 substituents

-SO heteroaryl _(where s = -2); Preferred
ﬁﬁ‘kfg?? ¥ t%y'%?'eﬂlﬂfldegﬂﬁd ARRvEr oaryl i ncl ude: al kyl,
hal ogen -N-R6R7 trifluoronmethyl, -trifl uoromst hoxy,

L ky s def | s
b gerPd & AL o AL o S Shipe rters t
hnsiltﬁstlp.h%y)l" substituted-withe ok & Sybstitugnizghen Hepag Pyt alkyl moiety as

éﬁﬁhqr¥ﬁfropyl and the like. The term 'optionally
refers to unsubstituted or substituted

wth 1 or 2 substituents on the al kyI or aryl noiety

def Al kK I def i . .
et BahEST-So Ry 408t i =fnerGnnl BieSier ot myiety wherein
rtbé alkgl ¢theain BO1 -lﬁrrsanlbmt atorisg(@traightseritsrhnheidi dAliyl thetetoaryl Moieties

(gkl/(% f-lgge{%ﬁr%l-(:éyl-f 1%-:[‘3 lthglrh!ég 1 Mes teglglf I%h%q{laaig sgt?sftlthQeeéj refers - to
heisebsjmtgdi os sinsstituted eih Al dey2l substiteepts winetheiatkyl orttesterbiryl moiety
éliéel%n% &o\% carbon atons (straight or branched).

y

eroaryl nnletles 25 include
Het eroaryl - (CH2),.6- and the like. The term

'@Pbboﬁﬁylll\é@e%émtét&éhﬁgd ar'meglﬁyl hta% of 1-6 carbon atoms (straight or
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 héteroaryl moiety
as defined above;



unsubstituted or substituted wth 1 or 2 substituents
on the alkyl or heteroaryl noiety as defined above;
Cl-C6 al kyl heteroaryl is defined an al kyl chain of 1-6

~car bon atons (straight or 30 branched) attached to a
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heteroaryl noiety, which is bonded to the rest of the
rml ecule. Ex. Cl-C6-al kyl-Heteroaryl--. The term
"optionally substituted refers to unsubstituted or

Ssbﬁ_ﬁatédltcﬁdpaméll? dat@atedl R&tBRICYEILS 'Hr&uﬁ%ngltehﬁefmehyés Oheterocyclic

het er oar egu ft as defined above; at ur at ed
paPeS aIﬁ%Y)ecé ur 5‘¥rBd ket empistiases wAirsling, araée’ﬁljbwl.ned adioxanyl,
hbémhgdmke;ﬂnylr plﬁéﬁzﬁ?ﬂ QIPeﬂ@mfllr BWréllaﬁ'nyF%&bh&ﬁlyl thiomorpholinyl,

di d
i'?rg‘#( n@?@%?ﬁty': | B?/perdé%qﬁ?ﬁe?‘égf%@m di nyl , dihydrobenzothienyl,

pyhydl’obmzm)daquﬂp rph GiHyﬂwfuragyl | ono ngltdgﬂiﬂ azolﬁ dihydroindolyl,

di robenzi m daz obenzo
df“ﬁi PISBRXAZOMhi e n@*‘ FOIa?thlgéQMb en g&ygmxgqilazolyl dihydrooxazolyl,
ddihydtopyreezinyy,| | ddlllmdﬂd pyrasoflifzol Ydlhydﬂbﬂb‘i@w ndo Id)Hydropyrlmldlnyl

d|h dr oi sot hi azol

di,. |
I Hi%{)@hﬁojﬁf Z;gpiﬁp/droawﬁ la]yboxazcgwwote%azolyl dihydrothiadiazolyl,
ddlhyd*othmmlyazmiwcirotdiehwdr ennyaremhwi diydrao iyl Wihydro-1,4-

dr opyrr ol

dj,.hydr
dﬁlﬂgﬂ]y th, fﬁréryil hydrtﬁfré yd&g@qﬁyl tetrahydroquinolinyl, and
dietryﬂydnolsmulmlmblyl Pretétreti Béddfa@édT oR Py saturated heterocycles are

thien rotr di hydr oazeti d
{’ﬁ%{n@ a?tl&w lox An‘%// iﬁg;%l?y(gmﬁzgﬁgﬂyl plperazm Y plpendxnyl
tmrrahﬂmﬂr otorpredtinyl, thtoatdrﬂﬁbﬁd?lowﬂhﬁyﬂrbﬁmhoh ?ﬁ%trahydrmsoqumollnyl '

t Pr ef d t
TPl A By oo B oo ar o azi i i myl
azetldlnyl 1, 4- dlpxanyl hexahydroazepinyl

PP @6%kﬂ¥+on§+rpg %3'/::? ﬁtu cﬁ’t%(gﬁ{ h%rltllra a/turaterg)hggl%lc)l/crl]es is defined

| onor pho
t%ﬁt am Aljuk grpgpdstramtuqngaranched» afi cnycscatmﬁaczw a/hetemgcles (which

e ! 9605391 o B X o QR 3 A o nd o

saturated or Yy sa ura

iyl ehgin #@C@ﬁd dp ke rept i phe mdleanj]itJ tTher tebrha rsptienallyasubstituted’
qafe@@ t@&ﬁé&@ﬁﬂﬁéooorastﬂgﬁtﬁfeg Gt £ 8¢ é\@ﬂb%:(q%edt% pr%l%fsbﬁncg{h@e alkyl or

bef ore) throu atom or' &
thelergeyedie peﬁ@ncqf thenveolpcule ds/defiod bafor;t ached to the

rest of the nolecule. The terns 'optionally

‘substi tut ed' refers to unsubstituted or substituted

vityialkylogyaliyl s e finad,an ey leG@aliyl€h Ci k@B alityk | Ther term ‘optionally
beb@ﬂ'th‘éMC}éfé“stQru St ec1t Jﬁgiltﬁféldl With ’?%rg%m:sﬂ?uents present on .

before;: Aryl al kyl oxyal k

Apg plkgandgy IWIPDGOGM@GQTIW beforghe term optional |y

25 substltuted refers to unsubstituted or substituted
or 2 substituents present on the al kyl and/or

aﬁ*“@{'o’%BWWI dhsdefined e ps e #-Ofe falliye©O-C1-CBalkyl---. The term ‘optionally
substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present at
the alkyl moiety as defined before;

10
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Al kyl oxyal kyl is defined as- Cl1-C6

al kyl - O C1- Ceal kyl ---. The term 'optionally
substituted refers to unsubstituted or substituted
with 1 or 2 substituents present at 30 the al kyl

noi ety as defi ned before; 10 Aryl oxyal kyl is def i ned

er opti onal |
35%?%9?'51/ dgﬁp@g % ANEQr Eg LJ‘%@ rgyb ed hgrtegy, b%l?tlol"al')b gubstituted’
Wieiférs Ito ®m$ﬁ’o§|ub§d bf Betituted AREML 038 stidBtudhteYpreSént a@'ﬂ')/é alkyl or

efore; 5 Heteroaryl al kyl oxyal kyl is
d%‘rYFWé??ya%S ﬁeﬁr&ﬁ%&?grﬁ Cl- Csal kyl - O C1- Csal kyl - - . The
term'optionally substituted refers to unsubst i t ut ed
0 ubsti uted wi t h stitu s _present on
CHe BRI B Aefiherh as \PaleroaBiBiepaer-or 6 !-Calkyl—The

Ateyrho)qpabnyéllyl sulsitifute drefsts Aoy un§abfitited or sUBSttLRYMWith 1 or 2
unsubsti t ut ed

oF s8Rl ATe eI o e S5 o5 hElsbaaA TRt @ HEBGR beloF  ne

aryl noiety as defined before Aryl oxyheteroaryl is

RS GF o bt 39 PhEORE s e PRI imdbstiued fefers o

henstbstitutedd oosusyitutshwitie @i'tzaﬁd’l‘tﬁs&ﬁtdeﬂtst Presentor SiEBAMI Rdiety as

p f the nolecule; The term'optionally
g%f&}e %&?éa' refers to unsubstituted or substituted

W|thI or 2 substituents present on the aryl npiety or

o iety, fined before
SRR 8 R L A PR R 6] hGholhebhomnt 1 e
Twlmt@n_rmlthqntthermyll %lonefwos tlil(ijlﬁhetemawl mg@fyegﬁn e attached to the
u t 0 stituted wt or spbst
CARHATDb 4 5 P T Y Cpfosl SbSHER rter
Ammqabamtyledwiwbsmmadyﬁlthn ordesubstitiens present on the aryl moiety or on

Fﬁwegggt,gd,q A{g\/ < & S63 Q&% The term 'optionally

substitu fers to unsubstituted or substituted
with 1 or 2 substltuents 25 present on the aryl

”leﬂt Y8R | t; é}ﬁ{eeoag VAW-EQMC%&%LD?C’ fQhe: ‘optionally

yI aryl &y am ne Is
EIER ur@uh;;tymtemowgbatyuted withThos 2 $ubstiients present at

mgtdrﬁm,étyagl&ﬁﬁégyéfgg refers to unsubstituted or
substituted with, 1 or 2 substituents present on the

al kyl or aryl noiety as defined before; R6 and R7 as
SRikAaRIdXgRetBRGAN € Adelﬁﬁéafcééb Tl b}
Cl- %6?&9 a%r . he termﬁaﬁé#Od (f?« Isubs kylteérhe term

kyl
r aptignally é”%%ﬁ%trﬁhﬁ E‘UU@U%UB?Q qrisubstitviied twith 1opr 2 substituents
SME§édttoHQﬁé anyP R br &{th%trﬁéJ@YEOIeiﬂas defined before;

Alkylaryloxyalkylamine is defined as ReR7N-C1-Céalkyl-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; Rg and R; as
defined before;

Alkoxycarbohyl is defined as C1-C6alkyl-O-C=0--; The term ‘optionally substituted’
refers to unsubstituted or substituted with 1 or 2 substituents present on the alkyl

11
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.C Fr portion of the al koxy noiety as defined before;
Aryl oxycarbonyl is defined as Aryl-O-C=0; The term _
"optionally substituted refers to unsubstituted or ok
substituted with 1 or 2 substituents present at the

aryl noiety as 5 defined before; Heteroaryl oxy

carbonyl is defined as Heteroaryl-OC=0; The term

p&ibh BNAk latkoxf Hisdty by tefited isdferes t o unsubstituted or
substituted wmth 1 or 2 substituents present at the

heteroaryl noiety as defined before; 10 Al koxy is
Agfldxpestbarsy) Gel dblirddkad ARI-O- Ehe-*, Fhe’ernd fuptionallyl $Ubst|tuted' refers
subst tute refers to 2 bg I_&or su tthﬁ q t
tn ppubstiited or sHERUHIEE MO PR SHPStIerys, BreseRt 3t the ALyl goiety as
a§fmgaqjgfdred before; 15 Aryloxy is defined as Aryl-0--;

The term'’ optlonally substituted' refers to

unsubstituted or substituted with 1 or 2 substltuents
Pre@@éﬁlloih} datsonyl ¢ dedined yasiHeteleryh@dCH@-prTte term ‘optionally

8 is d ed as Hetergarvl-O;; The term
coth e e i neuBatte of Subi g Vi g2 580 fresent
fHe l%!&%btyl hofetly 86 tiéfineddefatesubstituents present at the
heteroaryl noiety as defined before; Al kenyloxy is
defined as C3-C6 al kene-O-; Exanple ally)-0--,
PRy 3s alRfinéd |dske1-CBaligl-Oes ; ThEhterme r'optiaratly (snlaktltlyted' refers to

sub ref [S t nsu or_su
b r syl bftn 30 Subbiticii Plestifat el ARl motety as
ﬂeﬂmﬁ@m&nwedeflned before, with the proviso that no
hetero atom such as 0, S or NR is present on the
carbon atom which is attached to a doubl e bond;

ARYlExNYis OXlgfinesl chaf i ArgldOas T GBehkjoptiolly; sEkstitpted’ Gkfers to

trinpl ond ¢ =0 K - et r
S 5 StpRted ity 1 B8 s befBefiaiBent o b moiety s
slefined bafored with 1 or 2 substituents present at the

al kyne noi ety as defined before, with the proviso

that no hetero atomsuch as 0, S or NNR is present on
dleterobryloxpisdefined s Heseroant-gti dbie teyny 'ogtienslle sybstitytpgh refers to

E@E tlﬁ cg%kgtrt%ﬂ}nﬁ%awkﬁﬁgor ﬁt@@tﬁth@ﬁg \mésr ent aththe heteroaryl moiety

tasrdefiined befbkegyl group attached to the oxygen is
connected to the rest of the nol ecul e;

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
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 pfesen_t on the carbon atom, which is
attached to a double bond,;

Alkynyloxy is defined as C3-C6alkyne-O--; Example CH triple-bond C-CH,-O- , like
moieties; The term ‘optionally substituted’ refers to unsubstituted or substituted with
1 or 2 substituents present at the alkyne moiety as defined before, with the proviso
that no hetero atom such as O, S or N-R, is present on a carbon atom which is
attached to a double or triple bond; '
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The terms R6 and R7 are defined above; The term
"optionally substituted refers to 5 unsubstituted or .
substituted with 1 or 2 substituents present at the

al kyl noiety as defined before; Al kylenedioxy is
defined as -0-CH2-O or -0 (CH2)2-0--;
Awyloxyalkylanine is defined as

RBR7N-Cl1- C6- al kyl -O- Aryl --, where the aryl is

At foekften e Toby T CR e Rdi e oten wpere the

wbﬂiial hlkVI&ﬂ'oup thadhedrto Zhesotygent i ls eohsegied tethe redt df thee molecule;

or .ar befqr' | al kenyl,
o e, BaatY R Se-debndd sPRisiee B Raraly kAR refers to
tuhembsﬂmtétﬁbesubsaltmad with soch smbstﬁiuer&s qresenRat tree alkyl moiety as
t el t he carbon atom which is attached to a
d’SE c&: %8nd The term'optionally substituted refers
to unsubstituted or substituted with 1 or 2
HNitylsnetiosnissdgiined as +-Os@Hi-Re ont-Rer(EHa)—ed44; noi et y- as
defi ned before; Heteroaryl oxyal kyl is defined as
Het er oaryl - O C1- C6al kyl --; The term'optionally 20
sﬁn}dew‘aﬂwmﬂne rief éefmedoaanBeLRaBIEG*t;mGalk)MO-Aqd)e,t wheteedhe aryl is
| e t t Ly .
Sl 8 vfp BUSI00r TR NER ey Sy L8Rk refers to
amsmmxterbloylsu@smutph with 1whre2esublst;tuantﬁl pneeemitgrt tre alkyl or aryl

%6%?ongjl "Qecm%s [est of the nolecule; The term

ti'tuted refers to 25 unsubstituted
or substltut ed wwth | or 2 substituents present at the

e e
Lﬁ@%'%%éﬂ“i% Egﬁﬁe%‘ ¥? l@?& ézlf‘gaf’ilié( -{%&@aﬁgﬁggusé gﬁ%dno hetero atom
lukly las 9, C%DRN B«xg& msenmhém earbaheaternnwhieh is attaghed to a double
%ﬁfinrﬁesteﬁg o&i%hQW‘s@E%&d( Fetréré'té“d Bhs std?ﬁé’cﬂsrf@ﬁ;)smﬁted with 1 or

oXY, teroaryl oxy hi o and heteroarylt
3 Subgti aete pEcsEREPRENG 3 k@eaqrﬁryl apietyas slefiagd befgiesups
are as 30 herein before defined. A«ylalkyloxy,
heteroarylalkyloxy aryl al kylthig and

iateamiqyaliKyist féfed & HsteprROoiht-CEalivE e ThE yierm neptionally

heRibstitQRHYlefets Q&Dﬁs@sﬁtu@é‘d Sresudisttutdehitn ¢ el subttuamd present at
wherein the al chain is 1-6 carbons (straight or

gheReiRERpyY! mol%ty&sﬁeg&%pep@re het er oar yl oxyal kyl ,

aryl oxyal kyl oxy and heteroaryloxyalkyloxy are

sbstlt ntsvvherjnthe I rdicl is 1-6_ carb
W#‘ﬁ‘%artyér'?rs efingt oat k':;ill?t 6'%5 i VEre aWPnBW? moiety is

raen‘aeﬁed @? rtliﬁ@lréétl 65the hridlezdR; Ofhet Mrgaldpﬂbna;lyoémmuted' refers to

Ui Sc SN SR o1 7o Ra RSt ot % 1SHBS) moiny

ney s drglinaietyaddfined defbreti al Kyl am noal kyl refer to
nmonoal kyl am no and

Alkoxy, alkoxyalkyl, alkoxyalkyloxy and alkylthioalkyloxy are moieties wherein the
alkyl chain is 1-6 carbon atoms (straight or branched).  Aryloxy, heteroaryloxy,
arylthio and heteroarylthio are moieties wherein the aryl and heteroaryl groups are as
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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‘dial kyl amino noieties with one or two al kyl groups
‘(the sane or different) bonded to the nitrogen atom

which is attached to an al kyl group of 1-3 carbon
atons. Exanpl es of fused bicyclic heteroaryl groups
are optionally substituted ring 10 systens such as
one of the follow ng:

%rﬁlpt@atﬂey: egheﬁfryahylwyalleyho[a")?'laxydllmmdydlahd hetﬁmamak)}aykyloxy are
i e a uc
SRS lents et e, B, TS o iy PaR)  Bloress Ty terms

snmioaﬂeylamnm h;ﬂd dlbl,kylbm}r&r refery taintoidtiesUeith @Re or two alkyl groups

%ﬁ%b g’?;ee?%'m?‘@ Vi sl €¥8§P§ 655 ¥l£qjcgﬁu§§ %\réy%e the same or different.

pihei térms $nqdoaliqylammalkye agd dintkyddrkinb&kyl refee o a&)naelkymhuno and

JifarTiob TS W The B Bact oy o g B e bonded to

h&nithopgmnl amnBWhlcmlsda&m{héd io an glkyKdrbbp afZ‘l-Bezarbo?iQatoms

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

5, 6- D hydro-8H i m dazo[ 2, 1-c] [ 1, 4] oxazi ne

5, 6- DiExpdiptesst bf fuped ddlc:yE:Iig Retetqayy! agtonhpsdare optionally substituted ring
t 1,5-a ridine

éygt?g‘isgu%ﬁfgg’% ??]—P%{o r En dazo][ gyZ a] pyr azi ne,

optionally substitut ed e.g., by Cl- 25 C6al kyl such as

E ,g%t'ﬁfrgp{d:r@g%ﬁg;%é@ﬁégﬁ%ﬁoi:&;S:La%%hBit[t&ttaé”o& U 2L DSikyl such

7H- asrbenzyh by, dtkaxyayialybdush as#-methokybendyl; by C1-C6alkyl such as

' hy Hv{slﬂwf]‘gy Zﬁﬁgy{x%@g%?‘ﬁyséyééﬁg%ﬁ%%yl,?b?/ arylalkylCO- such as

6 7pmr‘ry1a§qetyl AirhetereatyC®- 2uch &b pwidin-8rylcarbonyl; e.g. by alkylCO-
6, 750 4H t hi eno[ 3, 2-c] pyridine, optionally
substltute hf) C2- C7al koxycar bonyl ; 14 6, 7,

& @h%@ﬂah%wm@ﬂh&-awtﬁzmezoatjca@éqosmt@tltuted e.g., by C1-C6alkyl

5, 6gdorBad ,%{h@,hydrm m dazo[ 1, 2- a] pyrazi ne, optionally
substituted Dy élalkyl such as benzyl; 5,

5, @ity eros8/- "B'd?ZQ[ {rdhylihinzine;
%ﬁﬂl@élﬁ& SHpyhofal 1, 2-afiniddzaii ne; 5
tetrahydrop 1yrazol o[ 1, 5-a] pyr azi ne;
56-D|hydro-8H-|m| azo[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-ox0-5,6,7,8-tetrahydro-imidazo[1,2-a]pyrazine, optionally substituted e.g., by C1-
-CGaIkyI 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;
6,7-Dihydro-4H-thieno[3,2-c]pyran;

6,7-Dihydro-4H-thieno[3,2-c]thiopyran;

8,7-dihydro-4H-thieno[3,2-c]pyridine, optionally substituted by C2-C7alkoxycarbonyl;

14



-Di hyd ro-4H cycl opent a[ b] furan;

- D hydro-6-thi a-1, 7a- di azai ndene;

-Di hydro-8-Himdazo[2, | -c][1,4]thiazine;
H 5-t hi a- 1, 6a-di azapent al ene; 10 2,

- D hydropyrazol o[ 5, 1-b] t hi azol e; 2,

3-Di hydropyrazol o[ 5, | -b]oxazol e;

6, ?S,Qitétyéi*{]yﬁaﬁﬁl-iwrdazqh QEéiaze’giine;] [ 1, 4] oxazi ne;

(= 5H Di ropyr 5 1-b] oxazi pe:. .an .
657 Breranrmier a3 o Sbuaeps SBRPBIF suRifites by gty such =
sulwsdnzyiit ed, .e.g, by 15 al koxyal kyl CO- such as
2- met hoxyacetyl| ;. O al kyl gxyal ky .such as
S By oy e arel S AR
ey, @ 7a8tr ayairsPyRsz o £5 &inegws: Zi WWe)t Z/
-fyl-'_W(V\Z)I)?t Z oﬁi[ }ﬁ}pf ~1W)t  ~, ~ Z2~~ 3 21()Y2 WB -

efzBinydRgptF-gyolorantalbiYag 11-c "20 In fornula 11=A Zz1,
45-B d@emig-ﬂ,mmg éié CR2,b Na 8, S OL N-R, ang
one_of Z1 -73 s nd_.is bonded to the remnai nder
&fs‘%dﬁﬁ'ém'gazgg%?ﬁg BA®or nul a 1. Wien one of
416552 GT8A-dibgapehntiidnet W0 Zs can be either two N or
any conbi nations with out

one N and O, S,_NR.in.

&*%ngf%rﬁzﬂ@%?'&ﬁﬁ'??@ﬁ y: when 25 two Z,s = CR2 the

Cﬂ,ilﬁﬁhyardb?s]szbﬁalsr}rbm-tbﬂmad)lé;y selhect eddfrom one N, ho, S or
R..in any combjnat, with out disrupting the

g&%ﬁﬁv&ﬁwywﬁﬁeﬂﬁ&%ﬂﬂ% i ndependent | y CR4R4, S,

F¥-580%hydropPabblo[53-Kloxadirid) ahlie  provi so that no S-S

0 -0 or, S-0 bon rmatian can occur, t. rm.t

&g Braelienvarongecin Brapatie BRbraE Yol 1 Shi AP, 1,

_B ZlkoxyakyiCO- sithaise2-inathegyacetyhtdrpy @GR joxpalk@COSsuach as

N-R nd one of Z1 -Z3 is carbon and is bonded to the
r'enmeﬂ"éf’éﬁya%ef?ylt he nol ecul e as shown in fornmula I.

W RO Ao
(o) &2 le)]

Further examples of bicyclic heteroarylgroups are as follows:

Wi W Z
Z4 (Wa) ZeY{ (Wo)y 27 W
22/\0 V(,a Z/ OYI _V\'I Zl |‘ (,W2)t
Z3 2\25 2= VW3 3\2‘.1 2~W;,
1-A ' 1-B 1-C

In formula 1-_& Z1, Z2 and Z3 are independently CR,, N, O, S or

N-R; and one of Z1 —=Z3 is carbon and is bonded to the remainder of the molecule és
shown in formula . When one of Z's is CR; the other two'Zs can be either two N or
one N and O, S, N-R; in any combinations with out disrupting the aromaticity; when
two Z,s = CR; the other Z can be optionally selected from one N, O, S or N-R, in any
combination with out disrupting the aromaticity;

W,, W, and W are independently CR4R4, S, SO, SO,, O, N-Ry, 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=1to 4. .

15



10

15

20

25

30

When one of Z's = CR2 , then the other two Z's can be

i ndependently CR2, N, 0, Sor NR in any

conmbi nations with out disrupting the aromaticity; 5

When two Z's =N, then the other carbon in the ring is
bonded to the penem portion of the nolecule as shown
infornula I. W, W2 and WB are independent!|y CRAR4,

(5 folula S, Z \ZR and Z3-aré indepéndently HRe, M20xSherdi-Reandpreof Z1

rof e andip Bopdc hf S BRBRhl g FREREXE ol in fognuia L

WHeamdlof Z& £ DR, thedgEda e’embr tm Zi’ercan Iba nﬁdnpenﬂmﬂy QR2ZN, O, Sor

Z3 and re i and one of
ézRL'ZE"V§°m§5‘Pﬁ?R? ‘?5' ath?CR?qrﬁ%t'c 'mai nder of
Wrentab e sN, thédd thevtﬁhamhrw larthe ringl psonded to the@rRas, portion
S, SO SCL%e, 0,, or N-R1; Iv\ﬁ!th the proviso 15 that no
st tge gnolecyie 85 Shows BIRT Y3 et i on can occur to formthe
9! W,andV; BRgndépenitiently CR4R,, §0S0, SB,, @N-R(2 are
n ecg)%ndently C or N The nore preferred enbodi nent of

rmula 11=A: 20 1. t=1to 3. 2. In formula 1-A
X1 ahg Y= NSor O With thie Fﬁoﬂsmlthanwherﬁ thé2aromafi@ héteracRde imnithidazole,

b sativaiad o AL Rt 8 SEIEHR e hpaskaA dafdbn, "®

In formula 1-A Z3 is N, S N-R or 0 and one of ZZ or

T2 L R A bRl S0 BBz

fcﬁfHdSH'a@ldhs bénde;drtofuwmniaﬁndlerefﬁ@ meledyleS, N'R or 0 and

B et PotaertiERitre . 8P Ssr RocEMRE Wit théproviso

THAWD S-8 dr @-OUbras-OlboridGofmation danroetlireto fdrmythe batusatst ring
N-R , ?_g ?and Z2 is N 0 or Sand Z3 is a carbon
SYHER T 419 fre penem portion of the nolecule as shown
i dndrfpdrainbdépéndently Cooriil a 11=A Z3 is N, NRI, 0 or S
and Z2 is N, O or Sand Z1 is a carbon bonded to the

- penem portion of the nolecule as shown in fornula 1.

TTthel moreqrefierrad embadifderit of e formmila 1fA'or S and Z3 is N,
0, of- p1f4d Z2 is a carbon

2. Informula4-A_ Z1is N, S, N-R, or O and 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 as shown in
formula L

3. Informula 1-A_Z3is N, S, N-R, or O and 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 as shown in
formula . '

4. In formula 1-A_Z2 s N, S, N-R; or O and one of Z1 or Z3 is CR; and the other of
71 or Z3 is carbon bonded to the remainder of the molecule as shown in formula
L

5. Informula1-AZ1is N,N-R;,OorSand Z2is N, O or S and Z3'is a carbon

bonded to the penem portion of the molecule as shown in formula .
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bonded to the penem portion of the nolecule as shown
in formula 1. 5 B. In formula 1-AZ1 is N, S, NNR, or
0 and Z2 or Z3 is CR2 and the other of Z2 or Z3 is
carbon and is bonded to the renmni nder of the npl ecul e;
Wi W2 and WB are independently CR4AR4. 9. In fornula
1-AZ3 is N S, NR or 0 and one of Z2 or ZI is CR2

t
?E(i]n 'FOPI%U& bﬁrZé}% l\{ %IZR eculaﬁd %@W gﬁd E?%Sjagkgn
[ ndbep&d:i’@rthéyneﬁmmmom@f tHenmbleculelas stnownqun@ulﬁ,l S,
d 1 3 t.

2 TPl SR 20BN WG 0% stz B, GF sl 288 ogfton
t h%oﬁﬁécemf hel,pehMm ﬁ'gﬁxonwﬁ the lnaleaﬂlé dsl’sﬂiemrhgmnmth!CR_Af R4. ,

1. In formu S. | , .0 a ]
& pfasmuz 18 21 55, BB o Goensbd 04 ZS IS Rr e BR Sther of 22 or
I00f23I i Bar®bnahg léTﬁér%HHSthe%ma%erB‘ﬁthéfﬁoléélﬂ’@nﬁﬂmdd/w3 are
CRAR 12. In formula 11=A Z3 is N, NNR1l, O or S; 72

|S"N’GPG"@)‘?”@C&B41 s a carbon bonded to the penem

Qorlﬁ I’o?ﬁ‘iuiH 1-‘Ah23r§3Ne§ WK, o¥\b arPond/ B @” r Z‘ﬂﬂmﬂﬂﬁﬂﬁé ¥ther of
formula 11=A 71 is

23 zzsorw i cafbos ‘anglds P%"%déa#tﬁfﬁ"tﬁﬂ?ﬂ%ef th@ m?'ﬂ@'?)é/Me |W2v and

porwgg,@,ﬁaegéhgemg}@mme W, W, WB are |ndependently
CRAR formJIallA23|sN N-RL, O or

76 INformitis 18 7238 NS cNioh Shansb el Lbor 248 Mthe other of

porﬂ &rzs% cta%nraﬂd% Hbded\d thé/\%mémearoemenﬂ&e&n@lem W,, and
In formula 1-A Z1 is N, S,

onéNearezdenenzsnﬁlssCm and the ot her of 22 or 23 i s
@flh%}nﬁ‘@ﬂﬁzmw EN’-Rt. Ooblﬂls afn@r@ IQ‘(NEVO of Sti‘ﬁs féf&a%dﬁ Kbnded

nn=0-2

an dpltr@r pwam 9or¢m Rﬁthemolwle |W1.fVMz, 3 Qre mAewqegtM\pR@
N-R1L or O; one of Z2 or Z1 is CR2 and the other of Z2
or ZI is carbon and is bonde to the renlﬁl nder of t

131 lptarmis S-A28 IENN-Ror 8 o 827 & Ny G or S523.5 SEespan Roned to

0- ah@BQnéPﬂ%hﬁJ’n ofBhetabretdie; W, ANV AN, bfe ih@spBakantly CRAZ.
is N S NR 0; one of Z1 or Z3 is and t he

ot her of ZI or Z3 is carbon and is bonded to the

HENRifdRIa QfA rhes Nﬂ\\l-ﬂ-}ud)%r st; Z3id N Bor 9”22% cér@oﬂa\lbﬁﬁded to
0 or S(Or; n =0-2 and another IS

[ o e PRMAT DR igRcRt the MOleRUISN IR, Wag P arangapeTsnty SRARS.
or S and Z3 = a

14. Informula 1-A Z3is N, N-R;, O or S; Z1is N, O or S; Z2 is a carbon bonded to
the penem portion of the molecule; W, W», W; are independently CR4R4.

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

16. In formula 1-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-Ry, O or S(0), n = 0-2 and another W, =CR4R4.
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carbon bonded to the penem portion of the nolecule

wheret =1 - 3 then one W = NR, O0or S(O,, n

0-2 and other W2 = CR4AR4. 10 19. In formula 1_A Z3

N, NR, Oor Sand Z2 = N, 0 or S and Z1 = a carbon

.bonded to the penem portion of the nolecule where t =

1- 3thenone W =NR, Oor S(Onn =20-2 and

other V2 = CR4R4. 20. In formula 1_A when Z1 = N,

t* ™ forful1 _[_#eﬂﬁ‘% N:3s, R, opd%P§of"2"P| of23Ts @Rgéﬁcpf?ﬁ otﬁeﬁ“ of Z1

onded t enem ortlon 0 [ ecul e where =

1 or Z3nmgarngm end/\g benpipdqto theaemaindeyf the malquﬂezt arid- 3; one W,
4 N, S NR or

oA G e ahd B oA, L S, N

carbon and is bonded to the remai nder of the nvol ecul e;

Iié‘equ eng'{]f'l-n henZ?QWROf%QfP%Jw HAOGNS oPB 473 = a

net hy age can be substituted to forma Spiro

sysathonbanded to thetpeoem noﬁmrmfdbe: melecoie whare t 5 1at then one W,
sel_egted~f NR to form
flv_gﬁtl:g (e)Jr%‘{bg’enbg;z(e cyc gheﬁ t =1- 3; one

= NR, O0or S(On n = O 2 and other W2 = CR4AR4. 25

ﬁd A TR R, Dl Sunlf= QY8 Sa By

t 0 honded mm:arpeeemcp‘ortidm@f the moldcole whese t W/ -ahiten®ne W, = N-Ry,
he W = NRL, 0 or S(On
é ﬁ@ﬁé‘ {’ﬁe"a\@héwm 180 23, In fornula 1-A

22 =N, S, NNR, or 0 and Z1 or Z3 = CR2 and the other

201 £ e 2200, Gy AP Sy € 872959 caoon
- 3:>oaned1 toothe panem mrlian of@he)mos(ogyawmeret 6-12 JithgnonAd¥:2 = N-R,,

1= A wh Z = N NR1L
O or Oéggﬂ)deﬁzzé% %fé thgr r—“ﬁhﬁR 3 = a e(r:]ar bon bonded r

to t he penem portion of the nolecule; then W and W8

% ulél“ﬂ-%( %ﬂ—r\r sl I\%R?’ortdj%'ﬁd%eor% -CRZB% tHe &ﬁer of Z2 or

~0-2 and Ot her W = CR I'n formul a
I8 eartnn andm bomdegito $hexrainaimder ofthegmelecute;tthem VWajand W, =
a C@ﬁb&rbomﬂg@rsseﬁsoort 8 rmnﬁgh@wabe %a%efshsstmb@w#oem a
hen hen one W
N- Fepiropystemsyith or, without tb!e:prwcsm E?tewate"@wmtedlfmnz@
I'n éQ(Ej}U{n% dw‘i)\/\ﬁﬁm t§dorm MVe treignt nfdnMered &Jeflc StemN = 9 3;

or S the
one W,_ = N R1, O or $(O), n =0-2 and other W, = CR4R4.

22. Informula 1-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; =
CR4RA4; where t=1-3then one Wz =N-Ry,Oor S(O)n n=0-2 and other W, ="
CR4RA4.

23. In formula 1-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, =
CR4RA4. '
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carbon bonded to the penem portion of the nol ecul e;

then W and WB =CR4R4 ; t =1 - 3; one W2 is NRli O

or S(O" n =0-2 and another W2 is CRAR4. 27. In

formula 11=A Z3 is N, NRL, Oor S; Z1is N, 0 or S;

Z2 is a carbon bonded to 15 the remminder of the

nol ecule; WL and WB are independently CR4R4 ; t =1 -
one W is R, 0 or S(O,, n = 0-2 and anot her W

?%»ﬁu%ﬁfqa_wazw 50 SR YR Bl 20+

f orc’a:ﬂ:cm Horiﬂeﬁlo mecbeﬁﬁrrapm'ﬂon ofthe maledule; théh V\S abd Mo ZR4R4,
D IJl -
m)I u?g ds K Hg\rj‘\lmon?% 6 FPS " I nglg ?@Q(EJWB =RAR4. |

and Z3 are NN Y1 is N Y2|s C and ZI is carbon andis

Pontaogfa 14625 BT NGO 8 o' 2% BE) dfiel A g sAoen

C hnmeledfto the paneﬁﬁ:orhomhemblednk théneW, ahd V5= ZR4BM, where t

o1 s LR BT iR BRIPY = 8 ohe el vl

Z1 is N, Y1|sC Y2 is N, oneonZorZS|sCR2and

PRardaiiadea vBBn1 NN L8R 3B g e 87 e 27 2

30 &bort boridedrtvi tte debebh Fdrtios oN;heYﬂoIemlésl théf2W1$nEBWp¢teR4R4 ;

ggr gﬁo;%éﬁeW%'g%eart%Fs@m = zr?@gr R?rh\és %@ﬁ?e

as shown in 19 formula I, W and WB are independently

B g a2 (R, 5o B R, % B b b Rbpea o
3,

Y1 the réinaivder of the molezulsl, VW.2aral WZ ard indégehdantty CReROt her1 —

rerr%r?ela\qprls |§$‘tﬁ ar%ﬁiﬂg gagg é?ﬂﬂ%ﬁ‘%‘? 2‘%%ﬁn al;

and WB are independently CR4R4; t = 1-3; one W is

FoE o pretehil epbRumehicdine R iROLEe) )T The o

28. rfoiula -BR3B. and t he ot her of Z, or Z2 is carbon

ZR6 1 RrmOBEE £ ahd'Zs B PR Nya 3% B0 26 5 Garh ancis

I S bbndéd to $heﬁ',eml!ir&ieobf t}Sk moleéiBe Bs sm mfgmidigl.ot her of

ZSrQe ’%E%'gtfiﬁlsje—aazgéﬂ% F\l Rﬂ ?\ld Y2 is (? gndr %‘rlr?sl cr:]a?'ggn grf1d is

bonded to the remainder of the molecule as shown in formula I.

31. In formula 1-BZ1is N, Y1is N, Y2is C, one of Z, or Z; 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 ].

32.Informula 1-B Z1is N, Y1is C, Y2is N, one of Z, or Z 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 |.

33. Informula 1-BZ1is N, Y1 is N, Y2is C, one of Z; or Z; 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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formula |I. 37. In formula 1-B Z1 and Z2 are N, Y1 is
N. Y2 is- C and Z3 is carbon and is bonded to the
remai nder of the nolecule as shown in formula |I. 15
38. In formula 1-B Z1, Z2 and Z3 are independently
CR2; Y1is C Y2 is N except one of Z1-Z3 is carbon
and is bonded to the renmni nder of the npl ecul e as

Sheghua, tm.ramd wa 'are mds&ndleﬁtlf ORAR4 & =1 18; dhe Wids FBRAI®,
N Y1l is N is carbon and i s bonded to

t hS(@hndp rrcﬂé?) @f‘d @ﬁ@thﬁbv\éd%pg B4 shown in formula I;
Qﬁ‘qntformuia 1'3-B 2@15_4@ Y‘l i3 ¢ oFd e oilae Bf ZZO@Z[QS Zﬁ(zﬂnﬁ ﬂ% ether of

,an 1|scar on and bonded
t he’-2rQ§rZ§| 'ﬁé@ﬂfhﬂﬂ arwes bandactfodhe ramepindar of the malecuip gs shown n

Foraad Ty an%% géﬁé‘ndé!ntl%(éRhmq a9, Xae v@%ﬁﬂﬁ%@b,

| S car e renal nd er
o 1SE€@Q)ndn &2}, aﬂdzmgthenwz ls 6R148|4rm| a 1-B zz and, Z3 are

S5y o 147 P2 9 0 v

i ndé gentdsis lcarbCHzindris bgmded tnyrm @g’eaman 1of thegmeoteciie Be aleown in
Ilqﬁzagﬁ fan be substituted to forma spiro system

or Wi thout the presence of hetero atons sel ected
BBollmf&:mxﬂ OB Zis Ok X1 iSINRY2 id O; drar ofi 21 \veZBds @Rghmd the other of

me er d. lic syste
& & 5 grianty 3 gk tofe jeindiRfen' e maldguig s Bnpwn in
N fé(]nulslN Y2 is C lesCRzand Zlethe carbon
om bonded_tg. th e e. 20 44. .
B T iPna LBpryand Z2xmars Vs VA% EPand 44 & pmgraria s
z2 Hoﬁdé&&tﬁéﬁbﬂﬁunﬂéﬁéﬂth@ﬁm&dldé& éHanflﬁlf@hﬂudﬂ of the
mol ecul e; and WB are | ndependentl\é1 CR4R4; =

§8tmf3rmutsj.@1ﬁ g2 and£31arg indgperdaqtly GRaj ¥1 g Cy$2 b @xcept

Z1 dr o(f:Fg't-Z:Z% éa?b&rhgnd: ﬁrmae@¥&ﬁé YehaiRdedbritRe hdfcule as
remai nder of the nolecule; W and WB are i ndependently

CR@Q@W”'%f%mHI?d of W2 is NR, O or S(OS, , and
QOFnr?SFmM\g_‘HE W_B Ere:N 1Y1'3rs P@G(Z lk@ fZ?ﬁQ’ls'ér‘Boﬂraﬁd %&Dhdnded to

he carbon atom

bo e BT andero! thaolet asshoNG st aelal -eancw Afd V2 are

SOOI B2 N T R b6y rtRare g

| s gREed tczmelrsmah@ecafrtb@ mceayie; and t = 1-3;

41, Informula 1-B_Z2 and Z3 are N, Y1 is C and Y2 =N and Z1 is carbon and is
bonded to the remainder of the molecule and t = 1-3;

42. Informula 1-B_Z2 and'Z3 are N, Y1isN; Y2is C; Z1 is carbon and is bonded
to the remainder of the molecule; W, and Wa' 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, S(O), n= 0-2, N-R;
to form five to eight membered cyclic system; t = 1-3 and W, is CH,, N-R;, O,
S(O), where n =0 -2.

43.Informula1-B_ Z3is N; Y1is N; Y2is C; Z1 is CR; and Z2 is the carbon atom
bonded to the remainder of the molecule.
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bonded to the remainder of the nolecule; W and WB are
i ndependently CR4AR4; W2 is NR, Oor S(O" ; and t =
1. 48. In formula 1-B Z2 is N, Y1 is, N Y2 is C Z3

i SCR2i Z1 is the carbon bonded to the renainder of
the nolecule; W and W2 is CH2 or both hydrogens on
the 15 nethyl ene |inkage can be substituted to forma

20 Ihqoﬁr)iﬂé e W28 Iis R Y WstNyore i ez 1 wmzemlsorﬁe b@'berﬁ atom
at ons

ted fromO0, S ,
fi w@nfieff tQ:h sﬁ?mﬁtgﬁ's@?féae% le: wsé’iaﬂ"%@ 3 g 'Rﬁ%eepd%ﬁﬂy
or @é@‘ﬁt,magt = 3. 49 In.formJIa 1-B Z2 is N, Y1
AheinfaRsR AL 35 i NoY i NeclA i8.Co 1 8 et the carton atom
| NdRipasd e inkrefrdhder oftfib fokdtulty SV.08RW, @fe nBEpendently CR4R4;

nmet hyl ene | i nkage can be substituted to forma. Spiro

sy argianegft Wads N RoRitS(Eire 3ndanothes Wy is (R4S t 5tlohs

26! pabRub S 28 i1 is YD, A} BCR, qu..e?m@ Jdrb(cﬁm it
e| ht nmemb&Ted cyclic system -and one IS

ondeg trithgrremadenef the motepule; Vinand W ar%mdemwﬂ@nﬂm@wm
Eig,Z% Bjs Nog,;LS(@) Nandig=i6 C, Z3 is CR2 ; Z1 is the
car nded to 2

5"the remai nder of the nol ecul e:

dlmigrramlg J;E.d@ée&h Nentlliy NCM2 inE: BbinCRnyé2 isghe sanppn ﬁf?é“
d@& % tI'L ﬁ&ﬁud‘éﬁ!ﬂf e d: Wt Sk AR aﬁ fn%&erﬁ@h{ CR4R4;
sys or Wt

out t preésehce of hetero ato
sel\é/atsetﬂ 'Rr,@rpos(@(x(}ﬂdh—b 2 NR ~to formfive to

[ d i W2, 4 R Yo
SR v IO 156 94 1 By b
Y2 the réipainder of tidRMholect®; V& andd/NVe isr Gidnordentirl bytirogenstdnghe

b PEhe ShiddiSodmePGtknetioBath ¥Bors Skt SRRRAGRR tne

| s @RegREe oifgtaro atagns sejedted from @, o‘i(@a ne 9-2BNA oo fiverto
t heéf?htﬁemse:@doe;énd sijsféﬁ? W, §3N1P§ bh& sz%b%dbwded to

enal nhder I'ecul e;

49 bplormuiati-B_ ZXRisrd; Y‘bﬁé‘l W2 is &, ZQ-I’R,CRz 0Zbis t8e@prbon bgnged to

7' B ypHiheRof g Fibledits Y. ans 3re inperdefly Grfor bkt
bonbistiogens a thaeetayienslinkrge can ke shHstiwed to foum apiro pgstem
?r iwiiﬁ‘grg\gw.ﬁ 'ﬂié ;Yre% fh%ré §tohks é%lect&i f?ém%ﬁ @(O)n n@@Q N-R,

or nu
i s toforg ﬂV%fQ:gﬁbtdﬁefahﬁfeﬁ§Y‘EiGr$d§*G"t- @ndtone WeiFaNn'aep @ffS(O)n

t hea,qg)J,ﬁ&Héquzwcﬁmm%dqg@ i ndependently CR4R4 ; one
5f0 Informula1-B_Z2is N; Y1is N; Y2is C; Z3 is CRz ; Z1 is the carbon bonded to

the remainder of the molecule; W, and-Wj are independently CH; or both
hydrogens on the methylene linkage can be substituted to form a spiro system
with or without the -presenée of hetero atoms selected from 0O, S(O), n=0-2, N-R,
to form five to eight membered cyclic system; W, is N-R;, O or S(O),;and t=
1.

'51. in formula 1-B Z2isN; Y1isN; Y2is C; Z1is CR;,; Z3 is the carbon bonded to
the remainder of the molecule; W, and W; are independently CR4R4; one of W,
is N-R;, O or S(O), and another W, is CR4R4; and t = 3.
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iIs NR, O or S(O" and another W is CR4AR4; and t =
3. 10 55. In fornmula 1-B Z1 and Z2 are N Y1 is N Y2
is C Z3 is carbon and is bonded to the remni nder of -
the nol ecule; W and WB are independently CR4R4; one
of W2 is NR, 0 or S(O,, and another W2 is CRAR4,
and t = 2. 56. In formula 1-B ZI and Z2 are N, Y1 is

bp. I?ﬂomﬁjléﬂ -B¥Jis N;amhoN; ¥ad CsZzbrtRd 2 is theearbon bonded to

N s A
(( ngrRLaol:r B(@}. aiwargo%arwz ismﬂb @aa&hyzcﬁz Y1is C

| S ; | S calr po 1.S
%8, lprramins iz S e R0 2l ¢ TS Bt o ah e e eagy Bonded to

Othé’f‘erNﬁnélér d\f"ﬂ% mo(éc@lé W Ghd W, %Qﬁd@én&%ﬂy&:mﬁwz is N-
58. formula 1-B Z1 and Z2 are

mtﬁlp@rﬂfeﬂg)y'm \11 is Cand Y2 is Nand Z3 is
sar mamﬁmg 1B PPEIEE bR NN91TERRYDUEE; 29 lstd%ﬂ)dﬁcérﬁqsl bénded to

are independently CRAR4; and one S
N— Rhe r@n@ndg(qﬁ)the L cviﬁe\/\btaﬁ!érwweulgdepemwlv %ﬁﬁR“t one of W

2. i9NR, ”OfdPSE@haanH isZ2RME dngdepgndent |y CR2
1|sC Y2 is Z3 1's carbon 25 'and i s bonded t

BhelnformiladeB &t anh&2 atst MYt is;N\W2 iskd Z3ds gargon and i '5 “bonded to
' n‘*@g?&ﬁ%ﬂ?éﬁ’of t@ﬁ?ﬂegu%Wﬁany\ﬁg are%@épeﬁﬁg)ﬂg GR4'1=§143l &ne‘of W,

ornmu and Z3  are | ndependent |

Y1 ip NG, 90riSHON, appanatheraVp isrCRARY aV‘é"b'oﬁded to the
ggf@ f%prﬁulaﬂvef 2%{1@%&% K v%@ %% N pid b&@%ﬁ%ﬂé%ﬁérﬁéed to

4" one anot
CR4the reraaigder of tge mmeoem W1ranﬂdNarateancien§nzqntb{r€éR¢2%4 a¥\e is N-

in isC Y2is N Z2 is carbon and
isdls ndedg{dtﬁ‘/ %ﬁ?

remai nder of the nolecule; W and W3
&7en miuladeBeZtiand £9 aGRafdperaedtho@GB. WY iis CNYRIS NDZBis

S( QzarPemg %E%&Hggiozﬁg réMain he %@Lcmet\gi’ anézwa a,ré

are 1 ndependent| C
Y2 indepegndently §R48&rm1°fa\/ﬁzils|"bRde9é§@)o ﬁh@h?feWal'Sn‘an’fR"f

of the¢ookecule; W and WB are 5 independently CRARA4;

W2 iI's N-RI 0 or é and t = 1. 63. In fornmula 1-B )
£8. imtormplag-B Zh @eé @Enindgparrizntly §R2i ¥1 ¢, Capd Y2 isyN gnd 23 is

ImS;I %%EFP?Hﬁanész@fggggmﬁﬁdgp@f th€ AR v fankR&, are
independently CR4R4; and one W, is N-R4, O or §(O), and the other W, is
CR4R4; andt= 2.

59. In formula 1-B_Z1 and Z2 are independently CR,; Y1is C; Y2 is N; Z3 is carbon
and is bonded to the remainder of the molecule; W, and W, are independently
CR4R4; W, is N-Ry, OorS(O)n;andt= 1.

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

61. In formula 1-B_Z1 and Z3 are iﬁdependently CRy; Y1isC; Y2isN; Z2is

carbo_n and is bonded to the remainder of the molecule; W, and W, are
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i ndependently CR4R4; one W is NNR1, 0 or S(O) n;
another W2 is CR4R4; and t= 3. 10 64. In fornmula 1-B
Z3 and Z2 are independently CR2 ; Y1is C Y2 is N Z1
is carbon and is bonded to the remai nder of the
nmol ecul e; WL and WB are independently CRAR4; one V2
is NRL, O or SO) ; the other W2 is CR4AR4; and t

2. ing@pendently GRARA; andonesWerig N7, & @r $(@e§%¢1ﬁ'@ﬂth?f \@Rﬁ

; BRARY- Gndt2 25 N Z1 is 15 carbon and is bonded to
the reméu nder of the nolecule; W and W8 are
621de frmudn1{B, ZCRRAZ3 ane indepepdently GRor; Yl i@ Y2 isdh 2 is =

5 f g%onlarr\dfﬁ“%eéﬁé R éﬁrﬁﬁdewoﬁtme m&eé\ﬁ:&e 1 'aﬁd WéRé?Qe

and
V2 indeperdemily CRR4 \(\ZHB NANRRDO @rrs(@)naafwit 11 67. In

98" IRforthuds Lt Zoighla e indBnaelfly 'GRaC Y PREG P2 Syl
C=@arbdh and is\b&tidediandhe rentaindss of the maoleckle; V1 apd Y6 are N
Y1.i I o n
ot tsferEheelfly'GRdRa; QB e iER-RG 65y FerBRY S BRaR4: and
t—t1=f369 In forrrula 1-BZ3is N Ylis N Y2 is. C
e Z 2 . ther. i
nYotiia T 5 ardgl 6 iifipehlificie Yok G xdb bz
Pr Qfaﬂ’lfdn%daﬁ”bodddmube rdmaihderfob theurheleddleCNaaad Warel n
or a Z3.an Lpde : .
o riBSesndety CRareE ot YOS NG, B B aREI5 g Bffeh W €8RaRs; and
rerta:u ader of the nolecule; Y, and Y2 are C, t =1 to .
: d W nd ar.e tl .S
8ot gyl 1,8 2 g2 o iRl RRER SRR Y € Ys iy A
Z4 ciison Ariteip ®oddad ioythélFé?naindbrmﬂ ¢heaholBbulEAW; and 3/ly dren
%5 nspegronsy GRaRM R P fopand s de ' & Y A
X =0 ar
?Bd%GﬂﬂlﬂatJj_ ZRAN; Y Bis NS(XZ iIS@ ,0né of & aNdlzzls TR, 2Ad thenother
or d i ! ePE Qttj;)f CR2;
El d% g@hﬂ 6\%2'3%%4% V%? '?’N/\ggangf%g are’
Pﬁdmﬁﬂatg% ZRAIBAN: YS, dlcz NOY2$2; or&a ofdd1 &hd¥Z2 is/GR, and the other
or N, 4 are
md'ggeSM‘e'ﬁ 4‘@“2'33‘? ﬁ& ﬂ?i\?gﬂ? dé =1 to 3; W,
‘&% m@rmaats ZB?@NGYT@H{* Y2 rzsf%e obz1 E@g 22333 CR}, agdlthe other
or nul_a a 3 and Z4
ar e'slcnﬂp'éndeh';hwvﬁ@c Op s i dﬁ%“zﬂ“‘? arbon and is
wgﬁarm%m ZeHBNNYels nfw; ReC:reveast T &ind 22 is ©RGand2he other
'S |sC W, is C=0; W, is N-R; ; W3 is CH,; and t=1.
The more preferred embodiments of the formula 1-C are:

70. Informula 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,.

71. In formula 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,=Cor N; t =
1 to 3; W,, W, and W are independently CR4R4, S, SO, SOy, O, or N-R;.
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to 3; and W, W2 and WB are independently CR4R4, S,

SO S, 0, or R . 75. In formula 1l C Z2 = N and

Z1, Z3 and Z4 are independently CR2; one of Z1 Z4 is
carbon and is bonded to the renmni nder of the nplecule;

Yl and Y2 are C, t 10 =1 to 3; and W, W and WB are

i ndependently CR4R4, S, SO, S02, 0, or N-RL. 76. In
T%rlnmrmma& 22, 22; 78 apd@4zare nmpsndeniw CR#Y:and Yare N; t =1

bon 100\? e S&Zarel e(ﬁp @Y gc%la€j§ 0%10 @l d&ﬁ
73 lhlformula:1-13 EZtisaN aaaa:zvza amzame Meae@danﬂm@ﬁhndeand Y2 are
A 1515300, 0 o b A AT, B,
Z4|. Eﬂformuladacmns dhahd 22, IZ8raieldZ4 aretihdependentlyd2R, m‘netdﬁ &1-24
d Y2 d. _
Ve 8RR AR BendR B kieyindinger predpgiec By b g 2 i8R = 1
_786toI3‘1 agdWT,INUg dndONZ are mdépendentil CRAR4p80SAASAs, @, or N-Ry.
e ent
fonaBtrorBuELe 22 N A o 2L A 74 s pfidherganCrs Sopp of 21-
_Y2dZ$|s|\¢artbon| ay 154!{)1}_\))2&611 ﬁxtg%rﬁfg%gder\m then cholaBuler ‘é17 and Y are C; t
I nae ent n
For e 35 gae e B g8 poekhuely GResd. 550, 50, Blor N,
1'k7)6ld eupgmhamﬁg ZEGS Nand 21f fZZiaF]é[l4 'airs utdfpbﬂ)dlenﬂm ¢R,sone of Z1- .
on to the t he , .
DOGEE oy TR o B ) G4 ol A8, P v
CR4RA4 to 3; alDW SO, and, We arelihdpendent80CR4R4,f$rSQ $02, O or N-
4 'Es N and Z1, Z2 and Z3 are independently CR2; one

t-Z4 is carbon and is bonded to the renmai nder of
Thelnveimgid 1eC Z8k%s NSZIN, Z2/and 24 Gre ihdepehdehtly GR, portk ofZ1-24 is

W2 and WB are ind dentl
N EBa o e b RS P ST e e e o gae Y3 e t =
ar etd :ndmpeNdevm ayd CR2re odepaidenfly ZR4R4s ScS@bS@Zaﬁdon N-Rs.

B L 2N 4, 5 T 22

CRABLartmn aitd is 808dedio the rémdndersst the mofe@uleu}(ajsﬁ Ei:\cZ]{z is.N: t

and ézto;’rz%pgl V@h%zé’%'\d% %Aé lﬂ énr&gﬁ@eaﬁﬁﬁhlé{ 5%223 2 %‘d?m N-

' and he'remaln
theRﬁrDIecuIe Y, is C Y2|s 24 N t =1to 3; and

081 WU 2 IEREHIP5 S M) R0 12
Z4 @y earbordanpeisdentéeytoGRe rernaiederfof e molecule; ¥ aamb, amd: t =1
IYg :Pog ;daen% \N? \}\/‘;Sn& W;aérg ‘ﬂ%rep%detnﬂ? C@!F&C %l, gb, §a')2i, 5, 8’ N-R;.
80. Informula 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, is N; Y,is C;t =1
to 3; and W;, V\_lz and W, are independently CR4R4, S, SO, SO2, O, or N-R;.
81. Informula 1-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 Yo are C; t =1
to 3; and W,, W, and W; are independently CR4R4, S, SO, SO2, O, or N-R,.
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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5N t =1to 3 and W, W2 and WB are independently

CR4R4, S, SO S02, 0, or NRl. 84. In formula 1._C Z1
and Z4 are N and Z2 or Z3 are independently CR2; one
of Z1-Z4 is carbon and is bonded to the remni nder of
the nolecule; Y1is N Y2is C t =1to 3 and W,
W2 and WB are independently CR4R4, S, SO

N- Nt R, tog and WV wzmmdalvs_a@@ngqpenzgnﬂyz%%% S‘N Sé?»oﬁ% O, or
|s N bon and is bonded to the renninder of the
moleclle; Y1is C Y2is N t =1to 3; and Wi W and
&B larfermulla deG 8/ dad Z3yareNaRg Z2 or Zé arssimdependestly GRgy one of

f.
194 |§éﬂbﬁgé% dsg)d;ﬂled éﬁth@r}gm%ﬁ‘ndéf dtﬁb ﬁ{bqjec%?e NSis C; Y, is

car on an remal n

nol NrtuFet to3r and #Viy WV eand W¥; ate indgpenglently GR&RWS S@ P O, or
B RIFE,. i ndependently CR4R4, S, SO, S02, O, or N- R1.

87. Tnformula 11=C 71, Z2 and Z4 are N and Z3 i

84r o foranuth 1-€ Zbant34 ate N aad Z?enraziha@rm@ﬁpenﬁenﬂy CRz- one of

25 e 81 B bt o v

N- Rl = P©® B&ndIVid, iz and s _areonzepemnﬂ)z@RéRé Y %%SQZ @gor N-

cargon and is bonded to the remainder of the
nol e€ule; Y1 and Y2 are Cand t =1 to 3; and W, W
85d Iiv\Bormantael iChé Zen dSmre N @Rl 24, is sarbgmangisbongled ¢y the

N- Rl ngerrgr?ﬁe EE&E]EI 2ds 2OMPOYRES OF td BerdNRS R and W, are

i nvents on
(5R|rﬁl2per$ie[n(150&4ﬁz’:yﬁr 80550270 et Ndhydr ot hi eno[ 3, 2- ¢] py

di I
6 IH;_ 1 IQZ % Eycﬁ%"flg g@éﬁ]l(\elpan_d Z% hsecaib%naarx%d is bonded to the

aC| demainder of the molecule; Y, and Y, are C; t =1 to 3; and V\X, W, and W; are

(gfgg%ﬁ%qeﬂllgé% Eélé 57505 é B.eNnghydr oi m dazo[ 1, 2- a]
8Xo-Informuia 1-GZ4-47 %ljﬂclze[ase N qo1dh &B s carkerpand sdrpesd o the

aci %gﬁl&(éﬁ’%ﬂti@h‘%lecag {PEd Y,areCandt =1 to 3 and W, W, and W,

(62) tetrahydroi m dazo[ 1, 2- a] pyr azi n-
2- ylareindgpendentiylCR4B4, S, SO, SO2, O, or N-Ry.

88 3 ﬂorﬁaaﬁaw_eﬁ, o374 e N 21 68arBort 8hPRBONEEd RCthe.

sodi um salt=—4.

( 5Rrempinder ¢fdhe mofasuleo Xy arch Xzlare § andg, 7 ite 8; arf Whofvajaed Ws
nol A

yl )]%rrrgelqghpééé}dcsﬂhgg%!?{?'h?% Slogng?rcrgl/cl o[ 3. 2. 0] hept - 2 e

ne- 2- carboxylic acid, sodiumsalt. 25 5. (5R),

(T%)m t%’i_’ rrg&i E&{rq[)&r%@‘o'f fHede8drd inveflidnlard] t hi azi n- 2- y|
fini (BB b pePYB 87 dpraipyiatbienal3 2-daviig v meliylene]-Toro-
s odjy i Si2h2abicyclo]3.2.0]hept-2-ene-2-carboxylic acid.
2. (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, sodium salt.
3. (5R), (62)-7-Oxo-6-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-ylmethylene)-4-
thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt.
4. (5R,6Z)-6-{[5-(4-methoxybenzyl)-4,5,8,7-tetrahydrothieno[3,2-c]pyridin-2-
_ yl)Imethylene}-7oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,
sodium salt.

25



10

15

20

25

30

6. (5R),

(62)-6-(6,7-D hydro-5H pyrrol o[ 1, 2-a]i m dazol -2-ylnmeth -
yl ene) - 7- oxo- 4-t hi a-

1-aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d,
sodiumsalt. 5 7. (5R),

(62)-6-(5, 6- D|hi¥,dro 8H i m dazo[ 2, 1-c] [ 1, 4] oxazi n-2-yl m

‘iat Iﬁ@ﬂ?)e @)—67(5@(@ wdro-8H-imidazo[2,1-c][1,4]thiazin-2-yimethylene)-7-0xo~4-

{ e 4: 2pll el o Rert Lo RER oo RIR: A BoBvIC aci o

§. 5r(z§Rx 633)-65(6; BDihydiong/hpyralal Tos-Alimidgral- 2 VIR langyi -oxow thia-
rmt1héQae(5]Fy)6[ ;3 g%eﬁt—bfén@-ﬂ-carboxyhc acid, sodium salt.

azabi ene- 2-car boxyl i c_aci d, sodi_um
E.al(PRp (62)-6-(5, 6-D|hydro-8H-|m|dazo[2 1-c][1 4]ova|n-2-ylmethylene)-?-oxo-4- 3

(5 % qugﬁaac%lgliﬁﬁz é]ée;gl ﬁeze-tZQJaF@JWﬁU 40 'sBaRhPEk S5- a] pyr

idin ene

&z e(éﬁhmﬁf(éﬁlebydfeﬁtH eyreqieﬁ ,?— lelavraéed;a-vlmeéhymerz SrPrthia-1-

l lo[3. 2 Olhe t2—ene—2-carbo lic acid, sodium salt
%‘g% [ ‘} i 0XO0 6, 7, 8-tetrahydro-im dazo

(QR){F@?-@@T@ (21 5 6 %—tetrahydropyrazolon 5-a)pyridin-2-yimethylene)- 4-th|a-
y' ”Ptébé'bggab o @Bﬁth“z E:'?é-@ c’art%&?ﬁcbé&d/ &baiush alt0] hept - 2-e

ne- 2-car Ic acid sodiumsalt
18RPREBD 6= % d\ﬂqth!h%W%ﬁﬂkﬁ'ﬁﬁﬁ'fa&%ﬂodwa@EH alpyIir4izi n

- 2- W&Eﬁ&lgﬁé)eﬂﬁio Z‘tl‘ﬂéﬁl é’za-ﬂiéyclof .2.0]hept-2-ene-2-carboxylic acid
hia- 1- azablcyc o[ 3 hept eneé- 2- car boxylic acid,

sooﬁqdmnsaﬂ 12.
ﬁ#’ﬂb é)zy é(@f!b.ﬁydr&hﬂrﬁpw&wo[é ACAM M RERRERY I tiyishey 708o-4-

- azab

Br -ezaéwclgl%%Pl@sa&?weeezzcwbowa?% sodjum gat
@éﬁbméb 6dx6t$ tzm sazieltlez2diekd Odyneawi -2 3 iétApehe)leme-1-7-

xo0-4-thia-1- azabjc [d% geneZCarboxyllc
aCI%Fab§¥aP[&rﬁ @HFQt-Qzae_[éc oxylic acid, sodium salt
F?Rj@ex(bﬂsquﬁdaeéﬁ @xc)thiezol-BiynyethyleddF pyxas-thia{ls, | - c]
yl) é@ﬁe% Olﬁe?th?l 3“%255%)(&?0?%? §°§""6'] shaétpt 2-ene-2-c
4RDb(BRYBZ)<7-dxd-6H(4-0x0-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-
12 SiriSneod i A oRiED ifeptb e L ehpdhIEARY ene)
Hi5Ce-(H, E{Bhsﬂir@%Hapend[aﬂqe]py"raniﬁf-yimﬂiyleneht-ioeto-4-thia-1 -aza-

h ) - C] -t hi - 2-yl net hyl

enefEveiopt st L8R doir €1 L1 opyran- -yl TeLhy
Hec§<s, E{EBhyZiro'}yHabbnd[aaadtrﬁepymrbaeyyméthylm)d -ox0-4-thia-1-aza-

é76'7§°?%%/?;¢1§%) wadi %ﬁ%f)gxsﬂ'cca]cpyri di n- 2-yl met hyl ene) -7

3% 6-(3-Méethyd4 B,6,7-tetrahydro-thieno[3,2-c]pyridin-2-ylImethylene)-7-oxo-4-thia-1-

16 2GRS P 2R BB 1Y T 7S 5 o) hept

- 2A8eB{B-OarhakyTesret s1ihia-1-Gza-bicyclo[3.2.0]hept-2-en-6-ylidenemethyl)-6,7-

ot nPV A RBRE-Bprfhe ¥ cbigiogiagfineec 28 4, ¢
H9 V-Qmor-6-(6, 3,8®-tetrahydpe-aH-isidazp[ i 2-a]azegm1ieylrn9ﬂ'ybg¢)-qrima-1-
aC| 8§azélcy&5[§ ZkU]ﬁé(p(f |04 s 2 RGP ie ne- 2- car boxylic

(Zﬂ?lﬁﬂ)ﬁm@fl -BeByhi P, 7,8-t8rahyeroiridezaiydralpyrada2ayimethyigne)-7-
gi2_3%6-?ﬁlﬁlgﬁé%%%%l?@?@ﬁ%ptﬁ-s?%%bcta rbf xglc a0éd car boxylic

aci d
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26 21.

(5R, 62) - 7- ox0- 6-{[ 5- (pyri di n- 3- ylnethyl) 4,5,6,7-tetra
hydr ot hi eno[ 3, 2-c] pyri di n- 2-

yl )] met hyl ene} - 7oxo0- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2-e
ne- 2- car boxylic acid 22. _

(5R, 62Z) - 7- 0x0-6-{[ 5- (pyri di n-3-yl carbonyl )-4,5,6, 7-t et

2'h(B5RIPA-FrioserSHER-Gyetibyd-yimethyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
2- % _ M ' [ eptia 2
eﬂn(rlg?nlz é}ﬁg %FM AR%01 égémégéro{ls S BHRbEY ShelBeto My e Ria

I C acCl

22; v@%ﬁ;)—? om@{{ﬁ-{qysdpp?-mlﬁgnbaaﬂw 5)6, ¢terabydrothignofhy-glnyridin-
i@iﬁﬁﬁ%yl )Q'J‘fh?a éhazablcy lo[3.2,0]hept- 2-eneé2-8]arﬁ>ox¥hc gmd

0XO0- azabi cycl o[ 3

en
@a)-%@xmer{& eV IRRe i el WA RT3 2P 2
?Bgﬁkﬁh Iér{é %&bﬁﬁhﬁa (SzAbi¢ lb'[?f@ﬂ\%p -Q@n?li-éﬁrﬁo@ﬂgamd
cterl propertles an are use t he
treat nment of infections in hunmans and 10 animals. It
t;
tﬂgg&r]rﬁ?%%dg\%@grdu@até t]ngepr 'ﬁlpﬁmg flﬁg:rqq{ﬁv%ﬂﬂgg aﬂf‘%@ inhibitory and
amtbabﬂedall mepertitd ancard thefuI fohthei treatreasteaf iafettidnadn duinahs and

activit syner |st|c ffect t ]

Bpinel! o s Y oBh et Tne FeMBoR o s HeBRisPin. apen uses
innedriisiRatidningth | BAdetant artibivtic€ wilk veduitaim fhepRicRistd ightibacterial
anmoxycillin, ticarcillin, benzylpenicillins,

agtjyity |($Mmfgl8t§u$ffﬁ9ﬁ) agamtncla@rheandkﬂ@smcp@rﬁﬂwmg oFganisms. . B-

%%cé%lg pm#%@gﬂh@ﬁdé Uﬁé?\l@lﬁn %I’(?Hlész 's[\@h e gb%}’ér:]l{élhrg o{\ﬁg)éycﬂhn, '

| ot azoln, exi n,

ticaveiliin c@pwlmhmmsammlhmoﬂammlﬂnl awtrmokmﬁwn_ penicillins and
é‘l’?@é@’lﬁﬁg’?’%\%‘nl‘ agﬁbcégartgilﬁé gcrg%nél%‘nﬁﬁém;gpﬂ hf?'f céﬁk&lin cephalexin,
ceniwading, | dthernknayn hephalosporas zpregmaru mndf Iatquef {Moxalactam).
ﬁ%@ﬂ Bl%?ergi')l?moﬁfbﬂuhﬂ%%f Ind JrER ifvRafdd ¥R Q@éch%ﬁ%eré’&lhn or

e conpounhd resent 1 nvention may
9F‘Q¥'F'&'@d""}ﬁh bas atkyoad isﬁ%ﬁt't'-’@h%%‘éﬂvﬁy agRingt G@m P°S'tlve and Gram
ﬁg&q@gggfm E&.a (3-lactam antl biotic

co-adm nistration"). By "provided", it is intended
to i ncl ude admi nistering the conpound directly or in

The @omPolndsPbOthal present iMfefion itay 5 BRAIHRASPrid. td émultaneously

present invention are co-adm nistered with a [3 | act am
with, erraubpeasisntto a Rdagtam antibiotie feoadpunistraliondh By “provided”, it is

ﬁ\?éﬂ%%H qg |ﬁ<9u<§$§d gqo{he%éogx{\{j 3:‘?%?1‘9( glaF\t viy dcgé pro-drugs.

y vary ina w e ran
thentthetdompbunds%f thet present inventivrbarecso-adiyinistargd Witbra B-lactam

1:1 to 100: 1. Preferably the ratio of the (3-1actam
an*m"eﬂc(athecratﬂs of[tbe|aarm%¥19§@q FHMBRUNG toj the |agaaunt ghthe B-lactam

%Rﬁblrot*c 98&99 %I \le? q’aﬁ’% t lﬂﬁe(l %%So(? rH ac&#gﬁtﬁb%{l It%\zlaptgmase

SU tab raveno S

irPiit A ag 8y Franh Mt 100100: ’BOPFBP@’aﬁlg FROb ioP fife Pfactdh® antibiotic to
invention may be in a formof tablets, capsules,

6rl_e<atamase s'wtups is iasstbasilH,. 3Ibe compositibnof #es present invention
?hua'yt t?ébl fgxrm smtaeb‘fé 'foq or8l (FLCSBf 'Th?xlaggnmfs) @V)eg%lp}éal Lg}ﬁlnlstratlon

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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27 conpounds of the present, invention are

co-admnistered with piperacillin intravenously or
anoxicillin intravenously or orally. A conpound's
structural formula includes any tautoners, any

stereoi somers (except 5 where stereochem stry is

clearly noted) and any crystalline fornms. |1C50

E¥hSgUMHS atof O fhef Obret;bm Revesitioh nlardi teadmitidteretiaithe piperacillin
jnhibitory acti t e i nhi bitors was
@g?@¥WFﬂ¥8r350x§55§983ﬁ“8P828 nh%lly as described by

Bush et al ., [Bush K., Macalintal, C, Rasnussen, B

EiromporaTS 5 Styucty sl i “8@%3': %Efragoén%rau%r Stﬁﬁgﬁgm&s (except

wheretehe beremisteyrs otear(y btetl) &nd ancrystalline fams. | mi - 1
from Ent erobacter cloacae, class 'B enzyne CcrA from
Bacteroides fragilis and class C enzyne AnpC from

G}, Detintihatiorcfordhe Penem IARibitoyed i n the assay. 15 The

enzynmne concentrati ons for TEM1, Im-1, CcrA and Aan
were 4.3, res ectlvel

ﬁéﬁ@@"@ﬁ% n‘ﬂh'BithMr %HWB’e n?fla'lhﬁon%e '}S’rbétﬁér eﬂa? n dg@rmrned
EPAdnAnotBetrically s Géédﬂﬂ)@dtlﬁse Bl%ﬁs bb|a$ I[§5sh/akuemacaTh&| C.,

substrate used to |n|t| r eac
Resmyssen: §- 4t p\é/ 3pd ﬁ} gﬁ&@ %‘%@’ e‘rgeg %emotherapy

ho83 7t 851). Hembgéhédus g%ri‘ﬂ@d)él‘éésgmﬁ IécﬂﬂrlnbsésoTEl(AmfrBrh E. coli
each) were preincubated for 10 m nutes_at .20

ead {mie! fae Ertgrebgetel gloagae, F8F8 Beenymgi ¢5rH drom IQactePOIdes fragilis

bR clas & éﬁ%ﬁné’ﬁn’(ﬁﬁjfr&hyéhtémbw&ﬁ clsBed WefeeembRiedin the assay.
m nut es at

nm usj n | e ces Spe

VAg epzyine gpRgenfratiens; fer ﬁr@f%r 1 o‘rgcrécﬁf\d@u f; 315?1 74,1.2and
Rep AN s phatient hR vﬁ@@%rf dYEPFhlBiEd? d@é@traﬁ&ﬁ@m%ﬂp@bdred in 50
transferredt % EF' 1= }?Q#e cent s&ﬁ d to initiat

AR FBRs, PO 8110 B PRSP B Ceotisn - 166 BPJiats ueed to initate
¢ed erdydies rhadtisre das mittdvefic @b 50 qlg/mhinythie saotel buffey .asThe inhibitor.

5.i.nhj bi tor congent.rati hat, .caused

i e ehsmE ABaanoPOT G0 o A3y R raBedrafed BA 0 hifles a
@52p pricatd the alitkmbofe160 hiGHlurte f nBoepfiundhit@l astes Af hydrolysis
%)egg’ %?%lt%?giérl' g nﬁlﬁ%g&@%@gﬁémﬁ@l&olegﬁﬁ%&ﬁcé @e%trg 'N?ax 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

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

was determined graphically.
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Exanple 3 5.4 28 320 6.2 Exanple 7 0.4 7.8 66 4.8
Exanple 8 1.2 50 14 1.5 Exanple 9 2.2 90 62 3.2
Exanpl e 10 10 65 140 3.0 Exanple 11 1.0 18 61 1.2
Exanple 12 1.4 56 110 1.5 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 [akledl e 19 4.8 2700 170 4.6
Exanple 20 1.4 9.6 18 3.1 Exanple 21 9.8 40 280 18 .
Exanple 22 .6.1 42 110 11 Exanple 23 4.6 40 140 7.8

Exanpl € 24 1T.T56 F I.5 I:xarrpl e.ggn(é 1237162 2.7
fxam | e 26 Q. .73 54892 Exanpte 5—5 7'2—(?[ &
Exanpl ZorBotd N NﬂR@LExanpl e 29 ND K88 \pClass C
fixanpl e 30 2.9 230D 7rEM4.5 Exampl €|31 dord 5p Aggcl- S
EXanpt e 32 ND ND ND ND _EXanpt € 99 1] 09 &Lf-10.
EXanpte 34 4. 2 34 p9 6.5 Efanmptre—S514—2230—3 ;
EERIE! 30 0. 3 413[ 1404375 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 8.2
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
Exampie 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
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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ND=Not Determ ned Anti m crobial susceptibility
testing. The in vitro activities of the antibiotics
were 5 determ ned by the mcrobroth dilution nethod
as recommended by the National Conmttee for Cdinica
Laboratory Standards (NCCLS). (NCCLS. 2000. Methods
for Dilution Antim crobial Susceptibility Tests for
b@d StattatdsoMWASe vobi1alNational2Qommittey &t Clinical Laboratory

SRR vy S L U, GBI L ormte, 01

WaeLisery forithi testind procedure.(MidRititer (pBBes Contaieing\G0 iiger WY of two-

was used for the testjn ocedure. Mcrotiter pla

{5 esieh iy o6e o PasERe e PerRBReq b 5 st it BBhey of a b-
idktatias@ nshibitorphéreriasduldted witanso pleck inbdutura tooyieid atng appropriate
amount (4ug/m ) of a B 5 |actamase inhibitor were

denstiy (HIREFWmb i 00Q P | §inal yriune.uFhe Rlatgs ayate ingaibated for 18 - 22
approprigte. density, (105 CFU in 100 | fipal

hers k. 35HCe inpimbiant \al 2 EVRL phior: gonceslsabit, ) for
@bla?e’%ot@ds?dénﬁ%d&raé tHfd -lo\Jelsslet d?éd&b?ﬁé{tidnnb'f tﬁrtéi&ffu}fobigl agent that
concentration or.. a isol ate i ned, as
ePePIEisheiehibis H&WPM plgthe Qroagizm ﬁFéPf?&Y%Sbyaﬁ‘srﬂnatdﬁateye- The
RO B! SBtiink @ By Mid sbovbB 8aldrpsvéduund arelemlistegamTatie 2s

detected by the unaided eye. The 10 M C data obtained

by the above said procedure are enlisted in Table 2.
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Vivo Antibacterial Protection MATERH ALS: 5 AN MALS:

Fenal|e de strailn|CD- 1, approximately 18 - 22 grans,
wer e ceilygd|flksim Charl es River Laboratories and
quar gl Ehs -égl@s prior to use. In addition, mce may
be rlepdzjedZnheut|r ppeni c usi ng cytoxan. 10 | NFECTI ONS:
d i nilcglt-Hsol ﬁ-bs—l hat have been adapted to cause
infegtijoh |{in mieg, [are used in the experinent,

i ncl uwggngh%ﬂ;gu ons yv!th strains of E. coli, K
pneunpii ag, ngrganii, E. cloacae, S. marcescens,

C. frleyndiii | $tjaphyl ococci, streptococci, P.

aer ugrmog amdr N gonor r hoeae.
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15 PREPARATION: Aninmals are housed five to a cage
with free access to food and water, in accordance
with NI H guidelines. 20 EXPERI MENTAL PROTOCOL: M ce
are challenged by injecting 0.5 m intraperitoneally
or 0.05 M intranasally of a predeterm ned bacteri al

i nocul um suspended in broth, saline or hog gastric
mucin (supplenented with dried bovi ne henogl obin for
N. gononfioeae). The bacterial inoculumis equivalent
to 10 - 100 LD50s IniVivsAntibaetetialPiotéation ng strai n and
will result 25 in death of the non-treated control
MATERIALS: t hin 7 days: "Bacterial Virulence in Mce".

t@@},ﬁ)l\i”g.?#,teri al doses (dose concentration prepared by
‘d serial dilutions of the antibiotic) are

HGemalzl mied strainsCB e appbxinmatély 18- 22ugrems, wgee regeived from Charles
th I hasph f sal | b

B GafrmiorBE AR Glefotsb Y BEE BhirB - B BN Hoe may be

reridesadaenitrepgnic nsingeytosén.owi ng manner: 30 a) Orally or

subcut aneousl y: Dose volunme of 0.5 ml admnistered 1/2

hr after infection. A second dose may be adm ni stered

INFECTIONS:r -i nfection for treatnment of infections
.1 | gl 4 ' - ) : :
Bl 1356k it 0% 2EHARURE o cBied AL SIS e i e
erparmentrincludiog infaetions exithnstrainsodf f.rdadicKi pneumeniae, mbrraorganii,
("1} r [ . y .
B R 5, 218407 St Sheploced) 2 ornos
a@od &t gedorrfroegeriod.) 5 ¢) Oral pretreatnent: Under
speci al circunmstances, the pH of the stomach needs to

be adjusted in order to increase the gastric stability
GFRERARAINONDI otic. For this purpose, 0.5 m of

PRGSRDAlEnQUELHGRE D 53hbERith HEE dBoedd 186084 4R wSIRE G bbordance
Wr oved adjuvant) is admnistered orally 1/2 hr after
[

AHgyidelipes.| owed 5 ninutes 10 later by 0.5m of
antibiotic (also orally) contained in phosphate '
buf f ered saline pH7. 8, 0.06M. AN MAL SPECI ES A

PERI is to the number of animals

NRedart Eilchd BRInfecihg @dts AMirdfaperitoneally or 0.05 ml 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 LD5ps of the specific infecting strain and will result
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: -

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

infection. A second dose may be administered 3 hr. after infection for treatment of
infections with more virulent organisms.
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15 in vivo efficacy follows: A) Novel antibiotics are
tested at 5 different dose levels with 5 m ce per dose
| evel at each of three routes of adm nistration
(oral, subcutaneous and intravenous). Initially the
three routes of adm nistration should be investigated.
so as to 20 determne if the drug is orally absorbed
and/ or. which is the m)s ef f

route.
r equi DenNBavaRously; R 12?*& ! gitecton.
Fér tAe G8atnikeit oNPTeitiofOWRIP Hidie vmtamcbrgﬁms andreioses; @p to 48 hr

Ak g sBIstarest {(EevonE EecBe kST TURIBtATR HhIRETgE)

conpared to that of a 25 standard, or antibiotic of

k ffecti . ) st
ant | bFICPI] Erangss olIngH SepsLEHRRTes, Y & gf (e stomach

?@édsd@&fé hdjusted hxy ofdefsim Hopeaseattit gyasfricastability of tret antibiotic. For
or a tota

|DH{Q9§F,C|Q %rpl OBé’ g@%&%%@%’%bé‘ﬂ%ﬁﬁ% 9@6M) 1(% specific

pr‘r@\)ed wu@ntmt écﬁﬁlhi%dalréd)bt'a‘ll?lﬁ.'fz +r aftee médttion, folmveab® \neinutes
est S, untr e S ar I N te
lifers B4 O B, cofioints (e SR RrEna in whbthd hrfsreq saie

(pHES emeMoncentration (30 nmice total in each and
every test). These untreated controls are used to
determ ne and maintain the infection |evel between 10
ANIMQLSP%ESM as required for test to test

'gS%EI iﬁg?r\éalﬁ%ﬁem_ nﬁﬁl\gﬂnm% é\eﬁtﬂa @Eﬁrevgé%matlon of

af Viecéfficady folvsant | bacterial agent(s) are measured by

the survival of 5 the infected untreated as conpared

to the treated animals. For this determ nation,

Api MHbwe! antibiotiscare dektéd at 5 diffeyent dbselevels méthrfemice par dose level
Censgtz%%fh o?%?éb\fpﬂtas lof a&rﬂﬁn@s@rgtlﬁﬂ\’k&ﬁl dabdu¥araBls 8hd fnlﬂ’a(/enous)

animal s are renoved
7 dbnjtiayrthe vhteer sautes of @#mlmssté@ogem&t betl@sﬁt%g@tﬁé SO as to

p°°' Sgefrﬁlﬁeei?ttw}dgofé Bfayfres dejﬁd?&twmeh WO figsPirective

I t anal
(CI emusdeFHs \muid 1enuge @qwqedsroutswm BMe%éanwt@for 75 mice

n_ﬁ?rt |’|8‘\'fe°r r&m(?%luﬁd I’t@stgn.t | e%d(wbrhd@épgg fiBIRRE Aill be tested per

ect | |ot|cs I'n Laboratory
|\/Ed| expasimeng (2 - €& micgdli t ed by Victor Lorian. WI I ans

zggd Yhé kit ete.'s, ”Efrﬁve NEW YdoiisbunB PmugtoBe - co?rﬁﬁ}ed 188hat of a
t est re

I's per e times on separate days to
pr ovB@édérdstcﬁtﬂ"é'bloéélqf)kn%[ﬂl effastivansss of Knoyn RaPEvigygly tested

;g dmtagﬂétgfbtfcg ?i(rg;téﬁteﬁ @ 5 doskaigtels AiHI S Mipér g% 1B@I BYa single
route of administration, for a total of 25 mice / antibiotic. Usually 3 - 6

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

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 untreated controls

are used to determine and maintain the infection level between 10 - 100 LD50s
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15

15 basis. TABLE 3 Exanpl e ED60 ng/ kg Rati o 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 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 agent(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 suNivors.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. Eval.uation 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 staﬁstically valid number of

animals and to minimize variation in test results on a day to day and test to test

basis.

TABLE 3
Example EDg, 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
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30 ND 31 20 32 46 33 >64 34 32 35 19 36 90
PROCESS OF INVENTION 5 This invention al so provides a
process for preparing a conpound of formula I which
conprises subjecting to reductive elimnation a
compound of fomula Il: PBr x I OQGAR O 1I1 10
wherein A is A or B as defined above, Xis Oor S P
S an egger leaving grgsp, e.g.], acetate, nesylate,
ritlategor tosyfaie, a1d R 1S ja protecting group,
ofTowe@a I neclessary 48y renovjal of the protecting
roup, tam give a conpoNil of formula | wherein RS 1S
hydr oger81 and ifl desiredf converfing to a

pharmaced?t i cal lyl accept®hle salt or to an ester
ereind® is dl-ca abByl 5 L 0B cycloalkyl —or

~—+

—h

R?OOOCSF 15 _Celal |(\I| h\lnni eht Ly caomaotinde of . t ha
Ty \J\JlIrJ\JUIIU\J \v A} LAY
g cah h neronarbhd hyvy A oo 1 a1l
L ) D IS4 \.,|uu| O oy o mTov<CT, T T u
a f at | e un\l by ecofdonci nal on oo o
L Ty COTTOCT ST Ty Al apgpPT Upt I cll CI y

substltut ed al dehyde 4 with a 6-brono-penem
derivative of structmﬁﬁwn t he presence
of 20 anhydrous MyBr ; e and a base
such as triethylam ne or DBU or DMAP, preferably at
-20C to -40C. The internedi ate al dol product 5 can be
functionalized with acid chlorides or anhydrides to an

acet atrgjs ifvdntib b oProvddds0s prozkss for pre@aﬁng lam:bn&)wad obt‘brmula i
snmoot hly converted to the desjre

AR AR A N L %ommua% o forpuia y:

activated zinc and phosphate buffer at

wherein A’ is A or B as defined above, Xis O or S, P is an ester leaving group, €.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 Rs is C1 —C6 alkyl, C5 — C6 cycloalkyl, or CHR;OCOC1-
Cé6alkyl.

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
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 § 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
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20Cto 35C at a pHof 6.5 to 8.0. If the protecting
group on the carboxylate oxygen is a para-nitrobenzyl
substitiuent then the reductive elimnation and
deprotection can be achieved by a single step.
However, if the protecting group is other than a para-
ni trobenzyl -substituent, a two step procedure can be

JPtlewett den 9%“65 thCB on Iﬂth@ pﬁotéh&hg rgeouyf o the. carboxylate oxygen
protectin sol.at ed

B et a5 BB g B ectn co

5 BéHiGRRADY él\/@ln‘gteeﬁe@r PlRREVEEIT &t platecting @r@.qb i wther tham® para-
step by carr out the entire

RGP - EhRsHeT coMRctIPa Lo OLp S0 P oW IS g up on the

ﬁﬁhl@t éf\’cﬁé br&é&ﬁigegrﬁﬂ;ﬁi Fhé lp%cﬁﬁt can be txblated bs atfegenacid br as an
rocedure can

Aisgimela eal | Sheabeve mEnEpRHINE Flep S aRrS T B furghodin one

Stel BY icfrying fouRtiéedntite procdés Wittt isokiting tieoinpomediate eaﬂThls is a
be hydrogenated at 40

ressure in the e
Y&y gepargiyel aﬂvelmw!?o@fgfﬁf iSRRI AGRALS [y tPEpS B{# é‘ﬁ@f‘ﬁ Bnomic
thsibfityd athi® pRsbeatire éﬁlﬁ%eﬁ'&m&ed%ﬂhig@rﬁiﬂleadyﬂﬂhsns and is amenable

condensation reaction is, ver ver

be
tpp VarRelY pf)agiﬁpyqﬁso rﬂﬁ@??é‘ﬁ?léfe qr@paqq tég gytiIrﬂgenated ar40 psi

&D sQL‘ﬂ'éMn %é’%?eéeﬁcé)bptl@d‘lbe(d 0%y i®treeT aﬁdWGIS phosphatebaffayto yield
Y | e of other protecting group include
PTOdB%Fr a- met hoxy benzyl derivative, benzyhydrol

t rit Wl'he abkyé maRforitd! atdiol 66:6déﬂ@hﬁldtﬁ%actldriqm&@rvers&ibrand it can
the protecting group is other than ni,t r obenz

P SR blodio @ Ao GBI, oL W6 AL BEp e Protected

SfHek i PhitroBéST mbléﬁy r®einedlé yEothér proteatimggroup include benzyl,
procerdure, The che

e DN Bt Sy el ben . 15T, AUBHFRS b deretivesy
$Howleh @t whsn tiaprotacting group@-bthEt thid 4Britr@enzil greupyipBreparate
Etegr%éctig;%e/p r%%gltté E? icﬁgé'g fc%gg%ﬂ%%e %natu;atrlvoe % 'Zé}iog]p%ce%ure.
(ThEZEnByanvolved in the deprotection step is well known to people who are
skilled in that art.
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CH3S2Cl or (CF3S?2)Oor Ts C APBr BSZn/
Phosphate Buffer AONp HpH6.5t0 80 0 NOGAR OO
16 P=-0w (Msylate), -OIf (Triflate); -OIs
(Tosylate) 5 The required al dehydes 4 for the above
menti oned transformations can be prepared fromtheir
respective al cohol derivatives by M02 oxidation or by
Swern oxidation. In sone cases the required al dehyde
functionality can be iggHeaguced directly in the
heterocyclic noiety by a Vilsm er Haack reactHon u3| ng

g, DMF/ PQCI 3. The al dehydesM £t e FuE PLcn he pre,éq
ﬁ ation npy Qene pz?.Eég_é‘s_depl_gt_ed| &chi §2|
. Tbe N-(ter but oxycaTZBoﬁ)?‘P)‘“’ Cie) t- qu
protecte -Rpiperidone is treated with DM/ POCI3 to
yield 4-chloro -3 -fornyl derivative. (Schene 2). Tru's
Rricixotecting aru? be conducted on =
Pitra BeRMr 0- 4H- pyr an- 4- one and the correspondi ng CHLCO0 or
t et mahydro- 4Kt hi opyran-4-one derivative to give |t 50,61 or
correspondi ng oxygen and the sul fur derivatives. |Tht&s0,)0 or
reaction can al so be conducted on five to eight Ts Cl
menbered cyclic 15 ketones derivatives. The chlor
fornyl internediate can be reacted with 2- mercaptwo
ethyl acetgfe to give the thieno derivative. ThPe?ester
can be converted go al cohol e co t ed
to the St%%m(§ ehyd Z"lﬁmégte%ﬁe'b er&% ]
i || ustrat egy7timé on gl Eb mdazolo o N N0
tetrahydro pyridine er ative and I'm dazolo pyrazine o
derivative. 2- aminopyridine or 2-am nopyrazine cansbe
reacted with ethyl 20 bronopyruvate in boi ling ethanol

o give the cyclized derivativ ne Reducti on
3?1@' MesWatsd -S4 (B @%@f‘?&ﬁ@t ® cooet 0 d S
DIVF/ P@13 CLXCHO HSCH, OOOEt C ~N N Et3N CH2Cl Z
TH rkg@rddcaldehydes 4 for the above mentioned transformations can be prepared

from their respective alcohol derivatives by MnO, oxidation or by Swern oxidation. In

some cases the required aldehyde functionality can be introduced directly in the
heterocyclic moiety by a Vilsmier Haack reaction using DMF/POCI;. The aldehydes
required for the present investigation may be prepared as depicted in Schemes 2 to
5. The N-(tert-butoxycarbonyl)- (ie) t-Boc protected —4-piperidone is treated with
DMF/POCI; to yield 4-chloro -3 —formyl 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
ketones derlvatlves The chloro formyl intermediate can be reacted with 2- mercapto
ethyl acetate to give the thleno 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- tétrahydro pyridine -derivative and imidazolo
pyrazine derivative. 2- aminopyridine or .2-aminopyrazine can be reacted with ethyl
bromopyruvate in boiling ethanol to give the cyclized derivative (Scheme 3).

Reduction of one ring can be achieved.
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Ris

LAH THF/ 0 C CHO CHO CH2OH S 1. Dioxane.HO S S 2,
R1I-X Y MiQ21 CH2CO2 NN N R, 0~0-k o ojc This above
nmenti oned sequence can be conducted starting from

t et rahydr o- 4H pyran-4-one and the correspondi ng
tetrahydro-4Ht hi opyran-4-one. The Vilsm er reaction
can be perforned on five to eight nenbered cyclic

ket ones. Schenme 3 NH2 Br CH2OOCOOEt/ , }-000Et 40
psi/HPd. C H anmi/ COOEt schéeme®R Et OH Reflux H2 X=Nor CH
[ fX=N R1-Q Q = leaving group R1l, N Rl X ~N LAPPEt
R1IDC. N N COOEt ~ i}- é\/}ﬂ](%ZCI-QOH . by hyd enatii
g ¥t over ik focipder re AR A P

appaj at us—Suobseguent y jt he e ﬁ&“@oé% cam_b

rediiced to al cohol an%aion erted By G2 5 allflehyde.
Igﬁtgs&ase of X =N o-fer nedi ate am nog er<can
be derivatized using an appropriate R1IQ (where Qis a
| eavi ng group or a condensing group). In the case of
Schenme 3, where R, = H can be synthesized by thewTHF/0°C
procedure outlined in Schene 4. 39 Schene 4 ~O~ H
PNz 0 1) EtOH/ RT/ 17 Hrs N C N Me30BF4/ CH2CI + 2)
NaOwve/ EtOH C. LO PNZCU i Pr2NEt ~NH2 Reflux/2.%5 H's H

CH2Cl 2, cioH O NH4CI CHO CH,OH
S \ 1. Dioxane.HCI S S \
X 2, R X N MO,/ CHoCl, X

N

21 oj\oJ< o)\oJ<

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

XIK:N NH, BrCH,COCOOEY/ G\N/)—COOB EtOH. HCI HXK//\r/\N/)—COOEt
o

40 psi/ Pd.C N
EtOH/ Reflux Ha
X=NorCH
HX=N
R4-Q
Q = leaving group
Ri~

< _N
w—CHO MOy " X(;lr:N/)—CHzOH i Cr!: \/)—COOEt
N

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
aldehyde. In the case of X = N the intermediate amino ester can be derivatized
using an appropriate R1Q (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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H2N USP 5, 629,322 2 Hrs Br HCHO PNZ N PNZ~N N 0. UP
CH .,r CNNH2 Additional al dehydes may be synt hesi zed
as outlined in Schenmes 5-7. Schene 5 1) 10% K2C(B.
Aq/CH2C|2 _ S 2) NHC (1.2 eq) Br COOw HS, CsSl --
IN" "SI-NEtOHreflux HJO H HOI H Br NNQi- (S
CHON + S N_J--CHQ HO CHO 1) NaOwe (1.0) N NH2 20%
10% EtOH, rt., 1 hr 2)gkLmady (1.0 eq) 5 CHCI 3, reflux/
2.5 Hs A dehydes required for exanples 24-32 and 34,
35 were prepared by the route indicated schenes 8 to
18. 40 Schenme 6 O C NaNQ2/HCI X (CF3COOC "0 H

' CN' C@\lOTHEN—ONORequxmaXCHZorS

cISONE m/ 140C
1) EtOH/RT/ 17 Hrs

0 2) NaOMe/ EtOH [ L PNZCV | Pr,NEt [ L MesOBF 4/ CH,Cl
NH Reflux/ 2.5 Hrs CH,Cl,, O° NHACI
HNT 2 Hrs
USP 5,629,322 o
H— ~CHO PNZ
PNZ. N U
N OiPr
Agore C A
NZ “NH,

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

1) 10% K,CO3, aq/CH,Cl;
2) NH,CI (1.2 eq)

S
Br” > COOMe S S [
(L —CO — LA
” o) H S N™ 7S EtOH, reflux

HS _~
TIHZ 1Hr

CHO 1) NaOMe (1.0)

20% 10% EtOH, rt., 1 hr
2) Et5N (1.0 eq)
CHCl,, 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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=0a LAHO NHb. MO02 ,-NNX X Schene 7 S Mel/
CHCI 3 Zn (5 nol eq) S- Lawesson's Reagent S-\NH Refl ux
S'N NH NH AcOEt ~ THE O Relux/ 14.5 hrs 0 reflux, 2
hrs S SMe 2. Br S~ i-Pro-OCHO N 1. NHMCI OH 41
Scheme 8 HO'"~ Br OH A NH2 NH2 HCl NH +Cl- Et3N
(3.0) HS~~CO2H 2 s5 C, 12 h 3 --~ S~~C02H
S'~CQ2Hreflux, 2.5 h NaNOz(1.35) + CO2Et ~NH 1 M
HCl (1.0) N, NO TFAA(1.0) rNNO (1.1) SJ 'CO 0.5 h 2HO
Sri/ '"0CO2H THE S 0o-~ 0 C, 3 h O reflux, 15 h r.t
17 h ~N N CO2Et ~N N ~N $gheme 6

X NaNOJHCI ©Fsco0 [ j\f
QG Q oo

COOH o° :
TH N-O Refluxin a
X = CH. or S solvent/ 140°C
= 2 OF
. 0 a. LAH- N O
/\__)N'-j/(H b. MnO, /\~/N\'_\7/1<O/\
X )= - X =
Scheme 7
Mel/ CHCI
SKNH Zn (5 mol eq) S\ Lawesson's Reagent s[\«NH Reflux S/>N
k\( ACOEt '\( THF I\<
o) Relux/ 14.5 hrs ol reflux, 2 hrs S SMe
2. " Br
S — .
ﬁ) i-Pro—0”_ CHO
—N -
Nf 1: NH,CI
o H
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OH G 8N NCHO 5 42 Schenme 9 1)CuC33 (0.6), H20
refulux, 10 mn 1) Pd-C (25w w9, H2 2) NaHCO3 (3.0),
1 MNaCHaq.(1.0) PNzCl (1.3), H20O Il Nr.t., 400 kPa,
2 h rNH diexanP,0 ¢' 15 h NH N2) 3M HCI HN 2HC 3)
EDTA2Na (0.5) ZNPN----~COH CO2H CO2H 1 M HCl (3.0) 2
.r.t., 2 h NaNO2(1.1+0.4) /~N~-NO TFAA(1.5+0.5 /~N, N -
COOEt r +0.5) | , 0 H20-AcOH (1:2)ZNPN-'-~-CO2H THE
ZNPN o-xylene r.t., 223 h 0 C 1.5 h\\"0 reflux, 16
h r.t., 25 h LiBH4(1.1+0.9) N\ MOH(1.1+0.9) N-N
ZNP N\ COREt +ZN N THE ZN@8¢hemidB CO2E 40 C, 4 h 50
C, 1 hI~CHO ZNPN L Schene 10 H2(300kPa) 1)
Ba(OH)3(1.1) .~H PC15(1.1) NH 10%°d-C(0. 15w/ w) NH
H,)0.150C. 6hr SO, C1,r3.0) e a . 2) (O3(4(1.1) O
CHC13, reflmg,/\thrCIomOAcOi r.t, #0mn O Cl

NH;
(S 95°C,12h g _ =

~"COH " COHrmfux, 2.5h
NaNO,(1.35) + N =—CO.Et

(\NH 1 M HCI(1.0) (\N’NO TFAA(1.0) (\N’ o (1) 2

IlCOzHo C.05h S ."ICO H THF ' o-xylene

: _ 2" 0°c,3h O reflux, 15 h

rt,17h

N N

N
o w—cm

O

N

N\
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NaNO2(1.5) (CF3CO) 20(3.0) OOEt AcOH H20 THF, OC, 6hr =
C%"Hr.t., 3% NO CN COCH COOH 0 o-xyl ene refl ux,
16hr NN NN ~X J NN CHO COOBt + COCEt 43 Schene 11 0
S2Ph pTs-N3 N2 SO 2Ph CHO I CO2Me CO2Me CO2Me
Rh2(Cct anoate)4 C, >-CHO Schene 12 HCHQ(6.6) HC1(0.3)
SO H20, r.t, 2days S NaNO2/ HCI S*N.NO TFgg S ' NN
NH2 COON L COOH O COCEt sghéindgC OOEt + j))-CHO " .
COCEt Schene 13 NH4C1(1.0) WMe F EXtOH, reflex, 2hr 4
(1.0) HO N O CH2Cl12i N Ove H N Nbbueod(ok)H0, 14hr H

Br HOCHO 4y pg.c (25wiw%), H,  2) NaHOos (3.0

1M NaOHaq.(1.0) PNZCl 1.3), HyO -
SN rt,400kPa, 2h 7 ONH O (\NH

l 2HCI .
3) EDTA-2Na (0.5) ZNPN
N\/\COZH 2) 3M HCI HN\)\CozH ) a (0.5) \)\COZH

1M HCI (3.0)
rt,2h
NaNOy(1.1+0.4) N’NO Tgpg;\u 540.5 ‘NﬁN\O =—CO,Et
- . +0.
H20-AcOH (112)ZNPN\/kC02H THF ZNPN\/!\( o-xylene
r.t., 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) (\N—N\
3 CopEt *+ZNARl L~ ZNPNM
ZNPN THE o
CO.Ef 40°C,4h
50°C,1h l

-

N’N

ZNPI\(\)\)_ CHO

Scheme 10

- H,(300kPa) 1) Ba(OH)3(1.1)
YNH RCsO-D NH 1 doipa-c(0.15wiw) NH _ 'H,0,150C, 6br
0 CHEI; refhwx, 1hr O AcONxZ7) o 2 MH)RS04(LY)

ClI” CI AcOH, r.t., 20min

cl
1.5 (CF3C0)0(3.0)
E:Igﬁfﬂzo) THF,0C, 6hr = COOEt
-xyl
COOH COOH fegyuzﬂfm

-N . N-N N-N
XN ycHo  —— " y—coogt + w

COOEt
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NN 3J-CHO + CHO 44 Schenme 14 S Lawson's S Mel/Et 3N
S NH'Cl CNNH2 C-ON SMBr OCS N CHO 45 Schene 15

c. HCl (1.0) NaNQ2(1.3) (CFgCO 20(1.0) H2O O C, 2hr NO
7, 0C, 5hr SNH/~N~S, O COOH COOH 0 o-xylene =
COOEt reflux, 19hr N/N, NNN S CHO S COCEt + S\ J
COCEt Schenme 16 c.HCI (1.0) NaN®2(1.3) (CF3CO 20(1.0)
NH H2O 0C 2hr N NO THF, 0C, 5hr N,Np S~COH
SCOOH 0 o0-xyl ene = COCEt schéthé ¢, 19hr ~L, -CHo

IN-~j, _coo + "~ CO Okt

= O

SO,Ph CHO

o ptes LT PO (T jcoue
COzMG
COzMe | Rhy(Octanoate),
o
Scheme 12
HCHO(6.6)
HC1(0.3)
(iz_éo H,O,rt,2days S NH NaNO,/HCI S N'NO TEAA S/\N,_N_o
NH, COOH COOH Y
l:——COOEt
~n-N S/\N_N
S(\/'.“j{)—CHo "'—S'\/L?—COOH + ~
= COOEt
Scheme 13
NH,CI(1.0)
Me;O'BF EtOH, reflux, 2hr
L ) HCl
N O CHyCh, N~ "OMe H NH
Ha r.t., 14br
H,:Br
HO CHO
=N =N
-0 + ST
CHO



46 Scheme 17 CH3000H CA "TFAA Cal N COOH N COOH NaNO
NH2 NON,0 ~=0O O Xylene COOEt/ Reflux COco N N
N CHO COCEt Schene 18 (CH2)n (CH2)n H HO N
K2CO3/ACNp Np N, | N~N ( 2)n Br COCEt CHO COOCEt
Br CH n= 2, 3 EXPERI MENTALS Exanple 1 5 Preparation
of

(5R, 6Z) - 6- 1(5- benzyl -Sctiem® 13- t et r ahydr ot hi enol 3. 2-cl py
ridin-2-

ylQ meth I-7o 4-thia-1- aza§| cycl A hepts2-en
E Scar boxylic aﬁ% Xé? M—E _%ﬁj&f__, i\‘l
b

zovI 4 5 6! 7- t rahvdr ot. 2 el pyridi
xyCDatP@age”Fo aNtisred dry (7Y% g, 100 nmol),

POCIS (12.25 g, 80 mmol) was slowy added 10 bet en
OCto 5 C. After the addition the solidifie rrrass
di ssolved in CH2Cl2 (20 m ) and stirxe
tenperature for 2 hrs. Again the tenpe ature
cooled to OC and 1-benzoyl -4-piperidone in CHZCI was
added slowy. After the addition the reaction méture
was stirred at roomtenperature for 2 hrs and p
over crushed ice and sodium acetate. It was sti i@m
for 30 mnutes at roomtenperature. 47 Ext r act edV
CH2Cl 2; washed well with -water; dired over anhyd
MySO4 and
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concentrated. The crude product was dissolved in
CH2Cl 2 and et hyl nercapt oacetae ( 9.6 g, 80 mmol) /

Et 3N (10.1 g, 100 mml) was added slowly at room
tenperature. The reaction mxture was refluxed for 2
hrs and quenched with water. CH2Cl 2 | ayer 5 was washed
well with water; dried over anhydrous MgSO4i filtered
and concentrated. The progitheimerss purified by SiO2
colum c Jﬁ&'ﬁt graphy by eluting it with 50%

et hyl acethgq ane. Yellow oil; Yield: 6.4 gns (25%;
MtH 316. (CF;€0),0(1.0)

@Z\ sz teJNQahydr ot hEh8iC5.- ¢| pyrud’rn—'i yl)
red suspensiomof—tAH (2 Q Qﬁ? a
of et hyI yl-4,5,6,7-

tetra y rothl enof 3, 2 C|pyridi ne-2-car boxyl ate (6. (Pg
19 mol) in THE was added slowy at 00 C. Afte
addition reaction nixture was stirred foex8®eni huFes COOEt
and quenched with saturated NH4C. It wEBwgl%wged

with CHCI 3 and f||tered The flt/ré\gke was washed W\tr\,lN
sat ur at ed br| | and dr 0 drous

MgSO4. It was @J&}Tgﬁgd‘mt kehﬁz—ngg)ta{step

out purifications. Yield: 4.5 g 91 % Yellow liquid. COOEt
Step 3: 2-Fornyl

(5-benzvl -4.5, 6. 7-t et rahydr ot hi enof 3. 2-ci pyri di ne: To

a stirred solutlon of Scheme 16

(5-benzyl - 4gay Py 7- t €t r ahydr ot hi eno[ 3, 2-c] pyri di n- 2- yl)

met hanol Z\él&; 15.4 mol) in CHZCIZ§300 m) active
I\/h02 (20 gHz@mresﬁ) was added aff#:CAPE) rred at room

ure for 18 hr,sNOAt the BHHOGAY reactigmN=N
% through cetTte—andwWashe 0
CB@ﬁptlon m t%w dgs washed wel | with ﬁbte %
dri ed and concentrate The product was found to be
pure and taken to next step without purifications,_
Yield: 3.0 g (76% (MeH: 257). 25 Step 49-Xylene T =—COOEt
4-Ni t r obenzy- 6- 1( acet yl oxy) (5- benzvl - 4, 5, BT %8 y ahydr
ot hi enof 3, 2-
cl pyri di n-2-yl ) AN | -Bipr ono- 7 Oj;%l-'@obel qzab(\y
l ol 3.2. A hept-2 carboxylats or
(5-benzy|-4,5,6,7-tetrahydroth|eno[3 2- c]pyrldlne (565 COOEt
ng, 2.2 mol) and the dry THE solution (20 nlL) of
(5R, 6S)-6-brono-7-o0xo-4-thia-1-aza- 30
bi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid
4-nitro-benzyl ester (772 ng, 2.0 nmol) were added
successively to the dry acetonitrile (15 nlL) solution
of anhydrous MgBr2: Q(Et)2 (390 ng, 1.5 mmol)under an
argon atnosphere at roomtenperature. After cooling
to -20 C, Et3N (2.0 nL) was added in one portion. The
reacti on vessel was 48 covered with foil to exclude
light. The reaction mxture was stirred for 2 h at -20
C
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and treated with acetic anhydride (1.04 m-) in one
portion. The reaction m xture was warned to 0 C and
stirred for 15 h at 0 C The m xture was diluted with
ethyl acetate and washed with 5%citric acid aqueous
sol ution, saturated sodium5 hydrogen carbonate, and
brine. The organic |ayer was dried (MgSO4) and
filtered through a pgHerpé 1felite. The pad was washed
with ethyl acetate. The filtrate was concentrated
under reduced pressure. The residue was applied to

sidd ca gel mat ogr apipaa.  t henOthe col umm
slgl ut gd—%’&éi‘&h I et ate:—he*a-&e»(l:(l\b.

sbes fr i ons WTeaaditent rated u fNEN r educed
priessure arf m xtyoe of 10 di aster egij\%@rs wer e
taken to next step. Pale yell ow anorphous solid;
Yield: 550 ng, 40% M+H 687. Step-5: (5R

3,2=cPBYFY i

n- 2- Reflux

6Z) - 6-f (5-benzyl -4.5. 6. 7-t et r ahydr @-Ryieeor

yl ) met hyl enel - 7- oxo- 4-t hi a- 1- azabi cycl of 3.72. A hept - 2-e

ne- 2- car boxylic aci g) 15 0

4-Ni trobenzy- 6-[ (acetyl oxy) (5- benzyl 4E 7-tetrahydr
2

ot hi eno[ 3, 2-c] pyri i
yl ) met hyl ] - 6- br omo- L o%o- 4- thid&=T=—azabi c{cNy[ 3. 2. 0] hep
450 ng, 0.65 nmo was

t - 2- ene- 2- car boxyl a

di ssolved in THE (20 o and acetonitril e dddetnl) .
Freshly activated Zn dust (5.2 g) was added rapidly
wth 0.5 M phosphate buffer (pH 6.5, 28 nL). The
reaction vessel was coR8heEed8in foil to exclude
light. The reaction mxture 20 was vigorously stirred
for 2 hours at roomtenperature. The reaction m xture

was }:}i | tered, cooled to 3 €Haand 0.1 M NaOH wé&Hadded

tm-gdiust pH 1 SEBhe fiPtydhe was uashed @righ
et hyil etate and the aqueous yer vvas—mrate\ /Iflhe
aqueous | ayeg n&di2bbogeent rat ed r high vacuum &t

35 C t §O§Ele yel | ow precipitate. e product was
purified by HP21ntasin reverse phase col um
chromat ography. Initially 25 the colum was el uted
wi th dei oni zed wat er (ZEk Eﬁ)M@ﬂ?A gtter with 10% CAN:
Water. The fractions product were
coll ected and concentrat edExampleduced pressure at

5 | OBanacanionof ez s XS 01 8.7 =§%S¥grf§§£%dggg-tcj‘g¥ridin-z-

3.210 E-Heﬂm-carbox lic acid

| .
%/e : 3 d 2. ~ 2.8 (bm 2H), 3.4 (m 2H),
3.8 (s, 2H), 6.3 30 (s, 1 H, 6.5 (s, 1 H, 7.1(s, 1

IStept:. BEHyS 5-benzbyl-4,64, %-tatr rothfk riline-2-carboxylate:
reparatlon

0
(157 Strees a5 SME (72 9y 108 menal). £QR (1225 S0maD ypes siowly added
10 Beh@Zdn0°C to 5° C. After the addition the solidified mass was dissolved in CH,Cl,

(20 mi) and stirred at room temperature for 2 hrs. Again the temperature was cooled
to 0°C and 1-benzoy!-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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5

yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl ol 3. 2. A hept - 2-e
ne- 2- carboxylic acid, sodiumsalt Step 1:

| m dazo[ 1, 2-a] pyrazi ne-2-carboxylic acid ethyl ester:
Et hyl bronopyruvate (62.9 g) was added to the DVE (258
m.) solution of 2- 10 am nopyrazine (24.8 g) at room

t Exiptet Witk GHULLS twashed wellrwith-water; difed b@ercantydrous MgSO, and

RS Bt G T e R B L ) b atcaceae

10

15

20

25

30

f { bleeg, B0 mnﬁl)mmachom 108 Athdi)ovas adicpadiewipa@vsbm temperature.

T eton Mgurs WaS ERtRET 8 2. tyarhd GEBhed i Walere b tayer

t wag wbehéd well wBl@bvhtérpdTiedebEéniﬁy@féU@Mg@Of Pilterddd, arldl®ncentrated.

ctio xture,._ concentrat ed under o
o B et s e by ik R oBivitestiiapi bl SliRG # win sox
I\bﬂﬂgmaqe Hexanel Velloweilyveield: Bl4t gme (R5%)r M43 6. pad of
Celite and .the separated organic |ayer was dried

(I\/gSO4) and filtered. The filtrate was concentrated
@ 2 gaaﬁmﬂ@;gmwmhyd?bﬂuémhmpvﬂdm@yhmqmatm:

I t I

ST STt SYFreneRs o hACHAGa=) & osauEn Ghatd BRwn 4567
; tﬁuﬁhymmn&ﬁ[mpyﬂ&nls?m?d@ﬁt?mierg,r 3l naadl) [ erstrwwes added

0 S i zatjon from
¢ BoPBISE ohoS /TS i b, e, Wa atiril oF o, Mtes and
Yoeérthed Qi shturaid) NH.,OIH HNIVE¥ GIigEed WithdCHCH Gint, filtdtdd. JThe fitrate
Py Fv?sb%q &/ilﬁ (s%tq_ﬁzteg bﬂni sg[u?gfn §?1Mlec? 8\(/%r6?réhydr?ur§ngSAO it was
ofi l?éédi and takendo rextt.skepHith outurifidatipns: Yield: 4.5 g 91%. Yellow liquid.

5,6, 7, 8- Tetrahydroi m dazo[ 1, 2- a] pyr azi ne- 2- car boxylic
aC| d et hyI ester Hydrochl ori de 0. 46 M HCI - EtC]—|

t 90 C?hsqlrﬁg_ﬁu(l? 4§f X nea)bhlc aéfﬁ 6é£ahydrothlenc?[3ét2 hcgﬁynggntzeyl)methanol

C acCl
( 143073 dp.4 fﬁml)'nm@ldf@z @09 mpcacogaewmoedzwmexcm) aas 4@ded and

5yl of SO EBEHT o B 2,00 oy TUSoRERG g o s

_ Ttmough Icehtataad\mesmwhtm-&@led Reattion meidtucse vasr washedewell with

T
c%&é&a ogr ap ny, cgﬁ@étbgheﬁég%%%&%ﬁassgg*‘ uch é@rﬁﬂ{%awgn to next
- step@thegl purifigations. Mﬁ!dti’tﬁgéﬁﬁ%bwwh%lf)/as obt ai ned as
brown crystals Yield: 10.4 g, 63% 50 'H NVR(CDCI3)S d
138(t 3H, J = 7.1 Hz), 3.90(t, 2H J-57Hz)

4: jtrobenzy-G-[{acpk J: A vuroﬂneno[32-

i0]3.2.0]he _t- _-ene-2-

r lca mElata:m d
2-Formyl (5-benzyl-4,5,6,7- tetrahydrothleno[3 2-c]pyridine (565 mg, 2.2 mmol) and

the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
‘bicycio[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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5 ethyl ester: Et3N (3.44 nL), 37% HCHO aq. (2.02 m-)
and NaBH3CN (1.78 g) were added successively to the
MeOH (75 m -) sol ution of

5,6,7,8-tetrahydroi m dazo[ 1, 2- a] pyrazi ne-2-carboxylic
acid ethyl ester, hydrochloride (5.2 g) at room
tenperature and stirred for 3.5 h under a nitrogen

%J@P&P@@r‘i ?on tEfb%(cﬁbéth hte Wredbdléﬂ mﬂdu%etvbasléﬁrﬁhﬁ&l Phand20 °C
washed with qh he or%tam c.la

RIS oty wih aels AENEES $hed L) T SHPYL™ £ iR Gl wifture was

ﬂ'ﬁéd Eoedu@egnarsq&w 6 15 heat’ ©3CAUBhd\VasixtuPWhs dflute® with ethyl
col um chr.omat ogr aphy, then the, col um

apeteied amﬂtwa%im vith. 53 &taﬁea%maque%? 250lutipRe saflipled sodium

‘ﬁgﬁf@&éﬂ‘ Qaﬁﬂaﬁat@bbﬁdj 'F)ﬁge gsl'glféférgﬁﬁc %)Jer v?éisedriéd @ng@w and filtered

ghrggqhsa p3p|)of Czel&( fhe @ﬁd was-washed \qum et%gl Qgg{@e Hé’}q)a filtrate was
4:0 Eratea 'ﬁndér reo@céd Passuré. 3fHe residle whs=applidd fdzsilica gel column

¢hma§rgaram6 tlzee tﬁewo&m rWAsreliet Witho sty arefaten exane, (1:1).
r&{ﬂé&@@]’r@&tlon]s Q&reM::éi%Hﬁét@B LﬁfdeDl'&l%edi présaurte BRd tHe3milture of

was added to the dr
é#as%ereo isomers were taken to ngxt step. Igale yello(w amorpl'?ous solldI Weld 550

?ngTElb%NMﬁi 687/, 8-t etrahydroi m dazo[ 1, 2- a] pyrazi ne- 2-ca
rboxylic acid ethyl ester (1.8 g) under a nitrogen

at nosphere at -78 C and stirred for 2 h. The mxture

\ﬁté BUER 6L\ 3-Bed2idd 6.7 BB ahRBtHioNoIS| 24 AidiNGS-
ere| " _}roug ] |te T e flltrate

%Nmeé&s} éﬁf(ééthZbérﬁgle@S %ahﬂ?@thfe%ta ﬁ@}éyndln-z

organi c [ayer was ‘dried % filtered. The
fw)mqtryu@-mmaﬁ&rﬁtth'at%eza!melpl?»f Blh‘éafdz'ﬁf‘%gs%@xy‘ﬂ% 450
rfg oles rﬁmsl) ) dissbiied Wi Tmnqz@edm)caﬂdumtomtnle (10 mL). Freshly

L0 2560 2 5B e B 5 Bl bl (i, 20

Q’ﬁL)alTh%deaalon%bﬁl mes soesngd withSoil t‘dl extitide Bgﬁt ﬁi@ne rd&pn mixture

gN%Ylgcgrngﬁly %}lqegé%r E Hngﬁ %'_Pobrjmztg tgdtl'l_i?) Th7e g@?ﬂ% E‘Qure was

Hltersd, 8adied tol3 e, dnd-01. M NdQH WSB capdéd to( &dRyst pH to 8.5. The filtrate
g\?% \gashgj ?h é%%eltacei/a(te alqg E ey aqueous ?aygr wg§ sglg]é/rg{egl "thaaﬁueous
PV canemkéta@mhyér] high bacuum 2t 35 &C 4o glveafelle\mpmlmtgte The

Iﬁélﬁ% M%MF e%gy z-ﬁﬁza orleg' trsfezéep ﬁ]ﬁﬂt u(fcoelkﬁ}%h %hromatography Initially

'7thb/E:bimyHn-\ﬁasﬁeIZ|t£i-wm deibyidedivated 42 lits)Lard eltpy witlx i1 0%- CAN:aWater.

B HRENE Sy B B b I B M o
pressure at room temperature. The yellow solld was washed with acetone and
filtered. Dried. Yield: 50 mg, 18%:; as yellow crystals; mp. 198°C; (M+H) 411", _

'H NMR (DMSO-de)s d 2.7 (m, 2H), 2.8 (bm, 2H), 3.4 (m, 2H), 3.8 (s, 2H), 6.3
(s, 1H), 6.5 (s, 1H), 7.1(s, 1H), 7.28(s, 1H), 7.4 (s, 5H).
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nitrogen atnosphere at roomtenperature. The dry THE
solution (97 nL) of (5R 5

6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2-en
e-2-carboxylic acid 4-nitro- benzyl ester (3.32 g) was
added to the m xture, cooled to -20 C, and Et3N (3.0
m.) was added in one portion. The reaction vessel was
covered with foil to exclude light. The reaction

m xture was stirred for 4Examplé2-20 C and treated
with acetic anhydride (1.36 nL) in one portion. The

NerssCALDOXN

brine. The ogni esm |'ted MySO4) and
filtered. The filtrate waS concentrated under reduced
pressure. The residue was applied to silica gel colum

- ith CHCl 3
S A -2 e e e s

obt ai ridi! dsomapyrdyaie (€2-2 6) wagagded e BME (258 gLy solution of 2-
iyt WA A g i 17 2945 T rescton
Jnigtprenyvag qpoled to P °C ancbg(rrm:l fng’)lg mEn Qom@qrdf pale prowm pregipitate.

s
@uspgnsiorg of ghe  prpcipitate §6(1s 9) dn 1=KRH ((f-29 Lo was heptes ‘at reflux
)@mg%nau}e 44 s 16 ielr Q&KtionkDAfte?-réﬂd)&g for 8A, thé rédction mixture was
7.60(d, 0.19x2H, J = 8.2 Hz), 7.62(d, 0.81x2H _J = 8.6
rgoncerdrated -urglep gediiceripressues, then mixed with CHCIl; and saturated

(RARCOEA) - Thk mikird YWasSfiered Bré @i aMpdr &f obiflézpldlthg-stbarated

pyrazi n- 2- .
VITEI6 |AYER ¥yas 7TdripdMaSQy 3ne fillsredy; TRACTIBRS, Wap PeRssPlrated under
Neddcediapreasyrti CTIRE rabiduedbass aphlieth te adilica debléplumn chromatography,

Sgg% tr%éo%JRr%u B@%g\ﬁ%g \&%h Eﬁtctﬂay-l MeSOﬁ’(ggﬁ & &4/5)?@)49 rcglilec{'t'eiddfractions

yW%rﬁfbbhyédtrsﬁedgunﬂélb-radmd pfesishliea‘oﬂombﬂwb ] Te;zrylstd]lﬁafébrOfrdsm ICHCl; -

t-2-ene-2-carboxylic acid .4- nitro Z t&r o

Rnd o TE8 roRRdurd wiedadeq it bREHIRANGER Fbid bobb, 2200

n). | L2 wﬂé](mmnm wathe@(t,am, dmwf.:{f Hiz}6l.49(qaHd, Aeded Hz), 7.96(d,

rapi dl it . sphat , 3 D, 48

. Sk eaeden! yBodah A Bl edae dH R 2B 1gP= 1.2 ).

exclude light. The -reaction m xture was vi gorously

stjrred t . 'roomt ature. .The reactio

Slepi o6 b e e Ry g e P alPR A 2 €A S a5t eyt ester,

t Rydroehlotie:1 M NaOH was added to adjust pH.to 7.5,

The filtrat hed with eth -

25" oo dr) R EE plh aha o R S s acen

CRRE EtOR (846 Wil eblubibg bf imidazo[1,2-a]pyrazine-2-carboxylic acid ethyl ester
(13.7 g). The mixture was hydrogenated under H, at 40 psi at room temperature for
15 h. The reaction mixture was filtered and Pd-C was washed with EtOH. The
filtrate was 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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vacuum at 35 C. The concentrate was applied to Di aion

HP-21 (20 nmL, M tsubishi Kasei Co. Ltd.) resin colum
chr omat ogr aphy. After adsorbing, the colum 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 conpound as a yell ow

anor phnwegimdga\él £, 3f111?/ =nn1 rfz?v% ga(p 2200 =C5 0¢&§)4 40(q, 2H,

1H NVR }—% S

AN 2)2‘1—§9(t§F95’(1 v 4.0 215 8205, B35 o 14
6.85(s, 1 , 6.87(s, 1 H, 7.26(s, 1 H. 10 Exanple
3 Prepar at i on

&ten 50 Taetra6d, B SR ahsire lpigarelt 3-SRV ERIne 2-SARORYliF ASid
%ﬂm3 e

'tﬁtﬁene -4-thia-1-azabicycl of 3. 2 t-2-ene-2-ca
rElﬁxbwiﬁ% rab)i B7 % dHfrHih acs {102 mi) zanFleN@%H 4%i7Reg) were added

Zub&ls me e't'@zthéelvfé@\q g% pﬁw@gaé&@hoace@rsieﬁ% {efrahydroimidazo[1,2-

procedurés in

@memnm&a@erbp}vl&(mreﬁwhﬁtez m@r@b\i%eea@ﬁn@ ghionptemperature
%ﬂgt’%i!rr%ﬁ 1of 39; H'Jr{depswégawgmﬁ&enaﬂe CHh®MidEird Was diluted with

oxane was a

&PM'@?W@W'@Q oL Os At Tom 0&9“@ 'mrd'tﬁsp‘é"ieéizmagos) and
(fﬁel%& g'h?e %ﬁl%téj Wa§ %H@éﬁr’a?éd“ﬁﬁd”é?‘ r(@ﬁuée@ BreBdure atTr%Creéﬂﬂle was

stirred was
tapphercbtofelg@tg% ﬁol#mtan@nataa@pbx,tth%tfeocq}wm'h Was efted with CHCI,

d'a%B{o%qmww? 11 HticHQRmoulil was BBGIRICA brang b Yida:2.68 g,
dried (MgSO4) and filtere The filtrate was

&ent r at ed under reduce pressure The resi due was

applle‘ﬁ chbm@? |37?p|3wﬂy wpmatzosrrgpém 245t o, =55
- ano and th t|t| e conpoun

vbé?s) 3§B@a2Hbd Qgét, @i ¢ & SsHHRY 4(3ﬁ(t12§ Jql]a'hHZ)v_’ iR

(d, CDCI3)8342345(m 2H), 3.74 (t, 2H, J = 5.4

Hz)

7—5-32—4( d- Mzihylji &rg "St'ﬂz)}dmt!“&’ézelﬁ-ﬂqyr@ne- -t‘@rlpél’igplyde

St ep 21 01 M solutlon of DIBAL in toluene (13 6 mL) was added to the d CH.CI,
t robenzyl oxycar bon tetra r

B0 Tk eiLtion gl LRI G S CHDRTdB7 b or AP Spiba Acarboxylc
3ac7d e%ymeﬁeua@d@ ) URddre nitfolgen 2EmedphateatomEs FaRad (stired for 2 h.

-)_solution
4-”1? mpEYrs B‘@ﬁﬂ}'ﬁﬂ%&l’l"wbw HG. i @?6?1?%'8? ixtHee w?stlltFregﬁ through a
Pad GODRIRE MTRE FtHhe wad Washed Wil 50% KICOhayr and fHeeaqueous layer

rvsgsCte;ct?arl]ctgc]i |tll‘|1r 8HV8 three times. The combined organic layer was dried
(K2COs3) 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
colorless crystals. Yield: 591 mg, 42%).

'H NMR(CDCls)s d 2.51(s, 3H), 2.87(t, 2H, J = 5.5 Hz), 3.70(s, 2H), 4.10(t,
2H, J = 5.5 Hz), 7.53(s, 1H), 9.82(d, 1H, J = 1.4 Hz).

Step 5: (5R, 6RS)-6-[(RS)-Acetoxy(7-methyl-5,6,7,8-tetrahydroimidazo[1,2-
alpyrazin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-
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toetda@Ry,dr. @7(51 d@m{rl)

treated with saturated sodi um hydrogen carbonat e
aqueous solution, and the organic |ayer was
separated. The aqueous | ayer was extracted with ethyl
acetate (3 x 100 5 nL), then the conbi ned organic
| ayer was washed with saturated sodi um hydrogen
carbonat e aqueous solution and brine. The organic
caykaxylia acitr 4-nitrgban8gigstan(tiasteteoonidureThe filt r at e

t e
L RSB e 4 Sy PRSI [0, " 0) was
gddedyto Be. @y atetonitfite (87 ndpSoBifien 3f eﬁhx(drpuszM)gBrze(ﬂJE sﬂ)m'nder a

flloget algigerd B yodn Hmbarprgt) mne'y P stiiof [ m) of (R

88¢H-Boma-7+priondrthia-f-azathicyooi:3. D]twpb&ebefzytarpomc aaq:ldu e 4-nitro-

BEaTRERY (2% Shee gt 7 e it 99929 190 &0y pd By 20 b
wagradded i ¢re portior). Anel rmhmmv&asebwas)cmmq Witls fajj)to exclude light.
Gl'rh)é rgééi@ﬁ %lxt(lﬂeo\pa%%tlr?rﬁdv\?ﬁ ng‘agte 90“& a{n%];théc%eci Rith élc(:]etlgbnhydnde
whaé mlg)dnl woe poptions sTheereagtiorn hmdwnmamwerqu)tya wc)anwas@rred for
"’\9 g ?j’ct e it é‘%v Qﬁuféﬁtvl}lﬁ'u‘:%tﬁﬂ aefdte WRY %aség’d ?&'th 2%, citric

en the conbl ned aqueous er was was
Rouenust $rlution, wra@quml Rygergena saipenatealand etanne The

AT GATAh MEREE1 Y4RcBps

¢exsied quresauganiThe| r&yldue wessappiiedite gttica Iggbcalymarghromatography,

Tihdr %%urﬂ'ﬁ‘ glaé 'éldté@hlﬁh\@ﬁﬁ:lcoﬁe Bhd gé/?‘i Q'Hﬂeﬁ'hé %ﬁé@@&npound

pressure he title co oun ed as

wrAstabtajesd %E twa diagiereg noixigre. @Fdzﬂ% Yield: 4R g.d, CDCI 3 6

5100 SPiNyrRitDeR 48 A0 0 a5k, 2248, m@ Z%Zgézsﬁf' 2.80 ~

"?_84(m 2H), 3.57 ~ 367(m 2:3 3.97 ~ 4.02(m, 2H), 5227(d, 1H, J = 13.6 Hz),

Mi*(& r 0ReRAY/ 9>£Y¢96h4£c?¥ '5455(@ d. e$x1thetj ahyslgaiizy d37R b fox1H),

yrazi ne- '2- carba

5. %ﬁm PEd i) 8- wyc&t%ﬂéb QSQZW ®19x1H), 7.02(s, 0.81x1H), 7.44(s,
250 ). fBipe U3 sqr hﬁ')' deewlen g1xbheJ =86

m xturée of 2-bromo- 3- hydroxypr openal
é‘lzt)oqa%ﬁ&%ﬁ(m@ﬁﬁb acid nonohydrate (33 rTg) and
2-propanol (3.5 nL) in cyclohexane (28 m-) was 30
azeotroged until the va er tenperature. rose_to

180 S 42R).G)Br{Z Methylie:S, v%‘@ﬂ%i?éwﬁr%m@?%ﬂmérﬂ?ﬂaa@e?

RidetHyiche) ﬁkﬁ(&-@-ﬁhﬂ“ﬁaiﬁﬁlc%@f@h Bfifepit2-&ie2-carboxylic acid,
acetonitrile (3 . The"dry acetonitrile (310°ni-)

sodigmsaltor 2- | m no- 4 p- ni t robenzyl oxycar bonyl

'REREERF)- @RR@?—A@e@y("?ﬁﬁetﬂﬂ@g 7%t-te{rQIWHr$lﬁ{HEBF‘lt 3 Eg?lrayﬁez

reactlon m X stifred roomtenp ure

fyHmethyi-6- brﬁm%hém-ﬂﬁ@arkmbmﬁogd Qﬂherethﬁa@,-Zr@mpmw igeid 4-
\itFdbRnzy! 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
(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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The residue was dissolved in ethyl acetate (170 m -)

and triethylamn (2.4 m-) was added, then the

reaction m xture was heated to reflux for 1.5 h. The

reaction mxture was cooled to roomtenperature, and

then water (170 ml-) was added to the reaction 5

m xture and separated. The aqueous |ayer was extracted

afudougi layrovasnseparated( 2 The apggoys javeriwasceangepieied under high

?5(?.@191 St 356! 'l*P@St:ongéritl%‘?eg gﬂﬂeﬂ&q}falohtl@ﬁ 04.(2d Rt Mitsubishi
trate was.concentrate er reduce pressure. The

Kesgide Mdso resipl eademp @mma@gragbv /éf&rumlﬁorbmg, the column was

EMWHP%@%@M jed %Iﬁh fﬁg:lcgmblrl&tf*ﬂé’cﬁi%s Wwefe coﬁc)entrated

ound vvas obtained as a brown solid

untles] high yacuum ab 858nd dypphilized kg pive the e compopr ak Gevellow

| 0 9

SRS 3R 47 9, o A ey Sl 220,
2H), 279 ~52.816m) 2HY 3BH(S, S2H) Zl-%(t 2H Y 5,6 tlzl) 639(5-4”@)61685(3

7 1H), 8.24 (d, 2H, J = 8.6
ﬁtﬁ,’e?sgg,,gg—%(?fz)a&s, > R(e;io iH)somsr 'H( NVR (d, CDCl 3) 8
3.95 (t, 2H J =5.4 Hz), 4.44 (t, 2H J = 5.4 15
Hz), 4.87 (s, 2H), 5.29 7.54 (d, 2H J = 8.7
Hz§ 7.78 §§ 1H)H), 8.24(?(5@%3 = ( 7 Hz), 9.71
(s, 1 H. Step 5:

ongn &ﬁ;_?lﬁaz ZI '%razm-z-

7- gmtmmmm-trﬁm -azablcvclo[3 .2.0]hept: -2-ene-2-carb ggllc acid, sodium
lazabi cycl o[ 3. 2. 0] hept 2- ene-_é-&car boxyl ic acid

p-ni trobenzyl ester: The dry etonitrile (25 m-)
sol ution of 7-p-nitrobenzyl oxycarbonyl-5,86,7, 8-
te&rah}/drm m dazo[ 1, 2- a] pyr azi ne- 2- car bal dehyde (1.6
€to the dry acetonitrile (55 ni-)
sol ut i2eetopipbipBing .(h2ay2 bgp) puepkeed aacceurdinggén EbcaskipEserie USP

%t er%o#? tenperature then the m xture was stirred for
06 The dry THE (80 m-) solution of 25 (5R

6S) - 6- br onD- 7- 0X0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2-en
&tén 1.8
R L A L o
tTheedtyloasolution( &f p-nittobpnzvirsxyeattienlyl i ahlavide ip ol 4-Dgoxand 1(€0.7 mL)
react esse | .
o e e TR B 10 b il fre REGbHE e (3.21 o
@ndrdiisopgropyléthglamirieh(44 mlilah@ihahdiaiimed foy 0i%h a0 (68 . ¥ater (300
and t]
TR P aESo S FReAS i it Siped il geRBroRRiErEds x 00
IbL)h aThe Oor@anic ll@gérCiwiasi driexti(MoSGuEcarsl dideretli orThe3fillrate was
t e

koo 808, 8.0 ok 18 btha s i got coumr
mfbmat))graiihye. Jutgd nith GH@ISF maﬂaanal/ds(hed) \andithentitieecqmpound was
SRl SWRRILYE (B Q@gR car bonate and brine, - dried

'H NMR (d, CDCl5)6 3.42-3.45 (m, 2H), 3.74 (t, 2H, J = 5.4 Hz), 4.19 (s, 2H),
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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55 (MgSM) and filtered. The filtrate was concentrated
under reduced pressure. The residue was applied to
silica gel colum chromatography, eluted with CH2Cl 2 -
acetone (20 : 1), and the title conpound was obt ai ned
as two diastereo mxture (81 19, brown foany

anor phous solid. Yield: 2.1 g, 59.9% 5 '"H NWR (d,

?mag%ﬁet%aﬂé dgﬁo ng_g4%5[ﬂtro§1 o 4- iﬂﬁrtro@er&éﬁiyca%o?@m;ﬁet%grperazme

(&7 @) # ropm=tepapegatypy and sgge(i gor 2H)h0U§ 4 hedeact@nmlnyre was
eét%d%rfﬂzd'%turgtéyso@ﬁ:m ﬂﬁﬁg@n c@rbg@até %E]u&n%]solﬂ)hon 6an'él]the organic

ayer wiag sepprated. 4§hq equepur‘dayer wa%ﬂ(afrtedowmeﬁyf acpt@ta (3 x 100
?rﬂ_) filen tHe co&bﬁred"é@;amg lager Wés v?déhed with Saftr&ted soglu%hydrogen

@emonatecx@e@ues eomtlvn gmtﬂ émn&h yﬁm% éraaza&zl@yqr was Afged AgH0O.) and

tered The fi Itrate was concentrated under reduce pressure and the title compound
I ene) t hi azabi c hept - 2- ene- 2-ca

M@@Maleeches aPalgch!P\MdeE’alYlePé 5. 7 g

é 5tR)et ?aLﬁ@ @ﬁtgfdgf’iﬂzet(rf%b%'é’/wﬁamoﬁvﬂo @; 8H), B.97 (s, 2H),

razin
.28 (s, ﬂtli Hy33 (d628r & Fd. 77 Hgk 8- ?&&dhﬂd 4= 8.7 Hz).

azabi cycl o[ 3. 2. O]hept 2 ene- 2-carboxylic acid p-
nitrobenzyl ester Enwuas di ssolved in THE (63
rﬁ_y_e_Fr?ekmny-%eﬂltmbwv gaghonyl pipgragingias added

ﬁ’%‘ rq#ﬁ.rr%r B n%tﬁo)ﬁmvﬁ lnrtmgﬁws@%/garbgwl 1195.3 %QF{rgny'éroo@?hzme (5.7 |

reacti o essel vere w'th

@) @nd @émmenjum . chipride r(éécgz) nmdm#ttaaram €10%5L) wagbeatad tg reflux for 4
HoluFd. €oTid rreg?tfdp afm ”EHSH 3cdn'c5nt da-[&f Jn‘a@Ftrédlfbeg pressure.

sol uti on was roug a pa
tDiehiprametkanend 90 éd-)vwamamcbio thegesidug angh@xtradied withwater (3 x

(5;b5|9Lmﬁen tFBQ:oﬁ{BmU&%de%Mﬂ gréasva%ewdhea evdtnadrdnrbﬁaﬁretﬁdre The

organi c | ayer was acte th water
o opuT Y RONeH AREAIZEY Wil 1 O ROtasHIE cBraals a%leoeasguﬂon and

Eﬁéh SRPAEH wWAtR dEahwr@:ﬂetHBnée%a k5D ALY S@hem;omblhéé wRdamiY layer was
asel

ronat o
e, (ORD B EBHR T ETalR, et CRat asCeinden gedycas, pressure
Sdahe GetoMpburd asiehigines as alwHite®dlid. Migldchglgl 0€d%.

and |y oBR@ CBEEH 34 e, 410 Boscbibatha 2 Cadis iihic. 24,
anaemqgs N&HIZH JY:I:3|6d-|§172 mg, 20.1% np 150 C

(dec); 1H N (d D20) 63.02 (t, 2H, J = 5.6 Hz),
3.82 (s, 2H), 3.89 (d, 2H J = 5.6 Hz), 6.38 (s, 1 H),

6st8f 4t S7-pN |beeﬁzﬁ3x3(c%rbdnylﬂ5.,6 7,8-tétrahydroitildazo R, 2-§fpytazine-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 mb) in cycl'ohexane (28 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 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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56 Exanple 4 Preparation of

(5R, 62)-6-f[5-(4- msthoxybenzyl) 4.5,6,7-tetrahydrothie
nof 3, 2- ci pyri di

n-2-yl) Il met hyl ene} - 7oxo0- 4- t hi a- 1- azabi cycl or 3. 2. d hept
-2-ene-2 5 carboxylic acid Step 1. 5-tert-butyl

2-ethyl 6, 7-di hydrot hi eno[ 3, 2-c] pyri di ne-2, 5(4H) -

akl c@crrbdmylberemre fort 2 hi afxithen the eédufibn solution was removed in vacuo.

W St s TR 6 s YErale 20 s by AR AT was

adted, rtbm the rEactiupl sixture WwSs dpatel to &iflax forrgd hf Mhmmreaction mixture

B e oA SR S 0 o B racon

chiktrevémd sgparatet e (Time giqateusiayer was ©xdcactadt withediblylbromethane (2 x

"B0°AE OFAE LRGeS sBoshic Mel VAR R uESE, od AL nate

Masvmcmceﬁtrateuelmiaereducbyrbrasmrae Tha eésnﬂUe wa¥ agplledlt'p s1I|ca gel

A : iabat >
%g)rlqmr\g\g:b 5@tb%éﬁ%x§l%ﬁ1y g’ %H§ *di h tha?%l no[ 31)2 an]i \he ftitle
rdothipoend (vablobtairada g lbsaven soligy (Yieldt 319 g, 51.6%) and its reglo isomer

alf'%ér 5OX 'F@‘%JMO}G @‘%gdd Qédﬁ%k}')%?é §g;%.ng11pyrl di ne-5(4 -

bared’ accor
pr ocedhlrl‘dMBu(tdl Ché&ds) BrQQEk.aZfﬁ).lué 5,4 gy ép142() 25t 1514n|g2) 4.85 (s,

OTe R ooty b B Wla6 oy, 7.57 (5. ). 824 () 24, = 86 Ha)

(9185)(991H)3 21 rmol) and LI AlH4 (500 ng , excess), 807

1 S0 g R0 S0 A 103

HA)f 6BTY$,)2H), F.26i(h2H) 0T Bt dehaTHg L= 8 =) TV aés, s(ruH; 24 (d,2H, J=
rt-butyl
?ﬂl&? ﬁ@ 1%Fd| hydr ot hi eno[ 3, 2-c] pyri di ne-5(4H)-carb

oxyl ate was prepared according to the procedure
P qu?-BJEE@ﬁ'R& 87 b-nitrobBRzyibxycarBriyI 3%, 7,80M

(uq;rehmmtda;pstzfamymm-m-me@nm S-brompyrexatirbizs  4H)
RO o oy £ APRIA D S Pl
vr hel dgryofacetonitrilal Rhyand) deoluticnt | ofe Twarpitiobenzylagicarbonyl-5,6,7,8-
S BBl ey el (40,9) s, ARt o the oy
sacetonitfiler (95 IML)@otutian (0§ MoBirh(2eh o] @@r @h-niogen-ghpesprtiens at room
VaihpRF R HEh fedhiduRPwhE Sffred for 10 min. The dry THF (80 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 (1.8 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
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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tert-butyl ’
2-(fornyl)-6, 7-di hydrot hi eno[ 3, 2-c] pyrldl ne-5(4H)-carb
oxylate (1.0 g 3.7 mol) .was dissolved in CH2CI 2 (20
m), MeOH (90% 20 m) and 1 N. HCl in dioxane (10

m ). The reaction mxture was stirred at room
tenperature for 48 hrs. At the end 5 reaction m xture

Wgscg)nmmt@rbddTh@ filtrate e%s condehtrdted undeneeduced @pessure. The

V&éﬂfu%"gﬁ ﬁl@'ed %&}—f"%%s g("sf?%mg E"nggﬁp%y Buked with CH,Cl, —
[aetode (20 ht)x rhe trytit)e- cbnipdtind wastobtdinyst! 2 twoediadteRonirfure (81 :

- 10 T
B4, beRTpame SnbitiryRsald gt . o ary - pyri di ne
(1 4 dH VR (dﬂ'GDCbI3)l8r\2®Ws(2.ZGH)‘[1 2.24 ($-0BYHR Y OB®IE (m, 2H),

BN b8 T Pl i P 300 128 B (AL 5 RG2S (82, 545 (@

MR < e3BeEHD! 6102. (s, TO.AOHR aC29 () 0.81HY! 6138 (¥/aG 8%$H), 15.800(s, 0.19H),

s Gr oo T B BAEG 1% i oo ops 886 Mupi2n v = 0

W27 8R(dz _HAUE 818 H2Y| 8024e(d, aRhy ergdiEizVuSO4. 15 It was
filtered and concentrated. The product was purified by
Si 02 columm chromat ography by eluting it with

Stby 6A¢SR 7Pob<a | 8,7,8-tetrhhydfo [A02-
_!FF?E;g )ggom Y rahydfofthidaz6[A02-byrazth-2

yimeihy, i eRREYFIBR3- YRt AesneckyBreylis agidssedipm
-gaitet r ahydr ot hi eno[ 3, 2- c]

.égrldln 2-yl)met hyl ] -6-brono-7-0x0-4-th is-1- 20

BLS HARete s POl ARSI PXSREbanYE Bk e erhudropmigtarat]R-alpyrazin- -
[ﬁylf fhiethyt JE%B%W—MJ@# Anid- 1@225@)/%10‘{?@)014@9{ blé?q@ﬂj Lé’rngy% Hcid p-

yridine solution

(Mteehenzy! eeﬁer 223&9) wey d@%‘l’ THFO@ rnL)t ﬁr%shw agfivated Zn dust
k(v ng) |m{s%d3ed Qa]d‘rﬂpwﬁﬂﬁmmom_ pladspaxtel BuEfeA(IHIB.5, 63 mL) The

TaRutlon Spoel o sorared i FEl B Burifes |'9'Iﬂof%%reﬁfﬂan Sifire wan

of Q@th foABh At rodim fehideratufe3 9Re rahctidn Bol0tiBH WakfilRird

IBbRa Refl of 5e e Anprd e hepeath e 199 Tphkand rbutano

[o50 'mnm Thﬁmueemlay@rrwmkatwand thenehie drgahichayepwast 0

P p G b Wk 2 KA TEE TP Bt sy Bl e contiptiated o

réi1)g amd applied ¢o Diaion HF42Y resin¢30 mh, Mitsubisht Kassi Cordtdlasblumn

* afratnatgBtePo Areh fscrBing B Zehun s il Ry tate Gand o o

Gcetanitrila andeagustuiionsTheitomivined fraatioas edrescshcentrated under high

DAL 8L N B ¥ R 5 A s

THotid.paeldWERR ma.s2e tninhi 180 MY (deal; éHNMR (dR,0)isst02at,@H, J= 5.6

B 38 CoPh 2hS 1y, ‘é@-@? £ ERH7 S (o258 6% (MM %Sé7d(‘s*e1H)

7.24 (s, 1H): IR (KBr)
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chr omat ogr aphy, then the colum was eluted with ethyl
acetate: hexane (1:1). Collected fractions were
concentrated under reduced pressure and the. mxture

of diastereo isonmers were taken to next step. Pale

yel | ow anor phous solid; Yield: 550 ngy, 40% MH 714

and 716. 5 Step-7:

(SR, 62) - 6-{[ 5- (4- net hoxybenzyl)-4,5,6, 7-tetrahydrothie
no[ 3, 2-c] pyri di n-

2-yl )] met hyl ene} - 70x0- 4- t hEXRRIe & i cycl o 3. 2. 0] hept - 2

- eReeparatiorbok (SR, 67)6:{[8:(4-ndethioxybenzyl)-4.5.6,7-tetrahydrothieno[3,2-

I7t[0 802 Ninos L hAS Sl ey b 2d F et N Y DR V2. 5 Briant Biene-2-

n-2-yl)nmethyl]-6- brorm 7carboxgli¢ htid 1- azabi cycl 0[3.2.0
] hept - 2-ene-2 10 car boxycl ate 2 300 ng, 0.42 mmol) was
di ssolved in THE (20 m -) and acetonitrile (10 nlL).
FSteE L)S-&?ibu 2cbt emath thidho[325c]pgidine 208]14H)-Y
M phg’gphalfzg buf fer (E)HOGE. 5, ]gg m_)e.zeﬁhe‘
r@a@’bi"&l‘a%ssel was covered with foil to exclude
'5 &Wb%leh 0-diifCt 6qulW%tHu@ﬁoﬁ?@c]by&ﬁﬁélﬁ%(M-I)ﬂnbérb&é}late was

oomte erat ur tlon m Xt ur e was
nrawe@@ccwétﬂgefe the psocsdu'@ners outlingd g drxample ddtftep dp Starting

%rH?ért-ﬂéyPHpr@n@inécarB—&@Iaﬁé k.6 @t 80 WaRolNasher (8's tgh40 mmol) and

eth ace he aqueous yer was separa ed
TIPMF affe 59 arye\obwé@ecemer@mwt é@em?tehwgﬁ reaglediwith ethyl

%er%gptga&é?ta&' ?30 g/ &40 ety nb pEfaﬂt qheTﬁ@d&’étQﬂé’é?bum by SiO,
purl resin reverse gﬂase col umm

lﬁ%t"h@’r"é&fﬁ?’aphhlbﬂﬁﬂ‘qr@ it réthe 8i1ubexangs etvlaceigey, Yigld: 8.7 g,
dggwmvz,@m,qum...@gdmt s) and latter with 10% CAN

Water. The fractions containing the product were
coll ected and 20 concentrated at reduced pressure at
r oRZ: eﬁﬁeﬁm?uz-‘ehyd?bﬁymetﬂyqu Mlh)dirWﬁendyaﬂhqﬁyMﬂhbéMH)-
acetone and Tiltered. Dried. Yield: 50 ng, 18% as
yearPBwlateystal s; np.  127C (M+H) 441. 1H NVR

g@%ﬁ@tﬂ eﬁ—?ﬁr&gﬁwe&ml) @mlhyaro%uéﬁcms 221D rudﬁ‘re%(@ﬂ)—céi‘bbxylate was

qufpar;d fgegpdmg tﬂ)th -proz:g?&r& o%lpbe ||7 Ei( ’Ie ? 5§;artmg from

Egéen-%& 1%2 -Ethyl §9- cﬂiyaléﬁhl_@ncﬁ3 Er@mgrd?{e-pfsm dtidi_FBoxylateZu .0g, 321
- 6- (5..6- di r o- i mda , 1- : azin-2- . .

yT“H%’i)rﬁﬂ%e‘ri&"ﬂ7?%®o’-"ﬂ--dﬁcﬁsﬁ% 47 Biaciphe, isich oBlracaspans gerivative

ew3zs isekEdad whitaljuitl. (M+Ep2itosm salt Step 1:

5.-Met hyl t hi o-3, 6-di hydro-2H-[1, 4] t hi azi ne hydr oi odi de

. 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
éccording to the proceduré 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)
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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di.ssol ved wi th di chl or onet hane

5- Met hyl t hi o- 3, 6-di hydro-2H-[ 1, 4]t hi azi ne hydr oi odi de

was prepared by the nethod as outlined in USP

5,629,322. 10 Step 2: 3-1mni nothi onorpholin

hydr ochl ori de

5 thhylthlo 3, 6-di hydro-2H-[ 1, 4] t hi azi ne hydr oi odi de
g) was dissolved wth 10% K2CO3 aqueous sol ution

&Gemm);G arflihydrethighelddoel-9(4 =pyridine was prepered staiting from
QERQu?yI (5 éf&rr%ﬁ)-%bldlh%?@thfémty ﬂ%ﬁoyﬁ&g@@¥4}2 %‘,ﬁtﬁfxy {109 37

dri ed ered and concentra

p‘F‘@@QlW%S d'ﬁ?ﬁ’&ﬁﬁ iDrr Qo0 da)),(Me@H(PO0%a20 mbcrng TN) *t'(ﬁlsm dloxane
1@0 Qﬁ; ay Héel‘éaEﬁo?i ﬁlli*ﬁ.lré RvadrsfirrBH 8 At tehdferitule RPA8HPE AGhe end

to reflux f . The reaction mxture was cool ed to
r’§aeHNe ﬁ%’épﬁ l!Maé qu}?énﬁf%fﬁét oo Angessitangntakas toe extestep nwithout

V) d eahlsgr i de was
e L g (S, b BR8N (o,

DVBO-d6) 53.15 (t, 2H J = 5.9 Hz), 374(t oH, J =
iSt%F!'EE é?-ggn%gl [544- rﬁémoﬁ@enz%S)WS 69 trahylibothidndfis & pyridine:

5, 6- Di hydr o- 8H- i mi dazo[2 1-c][1, 4] t hi azi ne- 2- car bar deh
Yﬁ&a%ﬂﬁeé S?.J fuB% %Y%@o% '6“7-dih d othlencﬂ ZSk5{aH)-pyridine (1.4 g, 5.2

dazo[ 2 | a2| ard

df\n'@l)uf\olaM Qanla,xy@meer(zyl chiorgiagjo 94 g, 6.2 mmol) and N,N-
pdl?é@bﬂéﬁﬂ@ﬁﬁlafnﬁﬁ‘é ﬂoﬂﬁ! gxce%g anaéy % 4{20'{15 agéattﬁg.d The reaction

propano exane

dpeBire m?@ostwwdu fpr 2h @ra/alp% Auenrghsd vithuwater. o She reactio mixture was
Téi@ra&%%ltrp&l%iﬂrhﬁr Wa¥sd weIPRie Wafez?taﬂq d‘&ﬁ@&' oler &'ﬁgfz‘heo Eé\dgso.,

pressure. The residue was di ssol ved
nit ywasT (fitesgdy ape eCQﬂce'ﬂtFﬂie@ryTéPhaWéPCt( was mr)ﬁedobm$l m column

Oéhr&nwam?g.Plb?@me{h ethyidedst! qfdléiﬁ‘eu%@oo%h%el%e“%ﬁg ' 35%:

net hanao ution of sodium nethylate
MEF35 roomtenperature. The reaction m xture was

S ﬂepref:d44nitr15Bamyte%[(aeé@rdxmsgtmétrbxbbeﬁiygri)# byt Qe
C Ol U n_Was .renove I N vacuo e residue
e ahydeneSRpale, PRI SrOMmEthy - romor go-4-thiad-
tiiaﬁd%i@[@%héﬁt—ﬁ-eﬁé—)z d’&?ﬁoﬂﬂﬂﬁd then the reaction

to reflux f . The reaction

Xt
4" §Pﬁ?¥! [Mé, "&%M’@BGWMQS ﬁ&dﬁ#f@@%@h@ﬂ@li@-&mrlwne {574 mg, 2.0
cmﬁ@grﬁﬁ@trﬁddﬁynﬂﬁr SoRMYA ezzm %Séff %R El?ﬁ sttﬁ-éhnguﬁom-thna 1-aza-

and washed

viiexeleiB e Qlhnt@-eNfaseareoxuig| agd érn't(czbﬁnzy estel \772rmg, 2.0 mmol)

oy érariddet 8ubéesvmelyds tHCr) Mﬁé‘t@ﬂﬁnléﬂﬂi L] $SatRA- ofgﬂﬁydrous MgBr.:
d under reduce pressure.

T D M M g T
C&Uoﬂﬁ@t@%l@my&taﬁ |(:_UD @fl) WdshaddeliPone p6BbRNEhE ﬂébctlorﬂ/essel was
acrclnglered wn% Po¥lc{o 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. Thé mixture. was diluted with e‘tﬁyl
acetate and washed with 5% citric acid aqueous squtfon, 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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i m dazo[ 2, 1-c][1, 4] t hi azi ne- 2- car bar dehyde (brown

solid, 445 ny, 10.3% and 5, 6--

Di hydro 8H i mi dazo[ 2, 1-c] [ 1, 4] t hi azi ne- 3- car bar dehyde
(brown solid, 872 ny, 20.2% were obtained. :
5, 6-Di hydro-8H-i mdazo[2 1- c][l 4]t hi azi ne- 2- car bar deh
yde: 1HNl\/R(d CDCI 3)8 10 3.07 (t,  2H, J =5.7 Hz),

- TnmitearaBhy, trbn3fhel boludhl wds ified W) et Soetate: Aedhe (1 -

10

15

20

25

§‘6‘eﬁi(eﬁ3ffﬁ°8 ViCFR &Sﬁ‘iﬁ["fa?dcﬂ"ﬂdfr 4?‘?%’?929@%5@3 @Rfgae. d‘@ﬁture of

- Ydissterebl iddMitrs Gveré ke to st $18p.( Pale%l'éllovJ amo'i_’pﬂo(dézsbhd I_\Igleld 550

SrePPEMA g and318 oo (s

(62)-6-(5,6-di hydro-8Him dazo[ 2, 1-c] [ 1, 4] t hi azi n-2-yl

D ($F S LA methonybenzyl)-h8 6 T-teteydrothianglagrolRyridin-

Yﬂm&ﬁﬂbH%?@*&A-ﬂm ﬂi%lé\?&&[@rﬁ GJHEEﬁZ-E%Q -Fltarboxylic acid:
ution of é_‘%ro 8H i m dazo

c‘r[\'ttroz?]eﬂvrvr%rk(a?@tylgxae wqmya@zyomé dgtrakysirathigael3:2
é}@rﬂi\’rﬁlz-?Qﬁhthﬁ}l]-%[&rbﬁlo(igxdm ARia- 1?&a§.ew$[e%lﬁéptw§5e22-

under "a ni trogen atnDs here at room
ErhRxyistalr 30Q men0-4R é“'ﬁ?')(WGF élSﬁdgeck'nuTHFeGZOf Bk) anyt getpnitrile (10

Trh@) OFr)éstWEct(vﬁQed’ﬁn ausmz b%s@&décﬁ% o@sdlitr@o@lwﬁﬁogphate
298

-4-thia-1-aza-bj cycl - éne- 2- car boxy :
aQHff&r BBy 33 Bdnzyhe é%ﬁc@P“ (’iSSG W@ﬁ CQMﬁﬁeda‘H@'éE’"é% Gx‘i'll'ﬂ? "th
MThet ﬂéé@tldhaﬁlxﬁﬁé’ Wad vigeroudy s@n%ﬂ%‘r Zt i heobiH BFpRAatlr: &he

n Qne he reaction v

HERSHaRTEIage Wat AraR; Coctpesod “guand Pl NaFid was added to adiust

reHed 8.0 Tﬁb)ﬁtt##t@ww&la*éﬁéd wittlethgiracdtare Bndifhe a@ne&:@ﬁ?ar was
treat ed th 4-di | am no erdlne

my) and..
Reeprated nFRrpquROUE vg Wa$ congentrated uae?rtms'hvaw at 35 °C to give
rmmylpmmprmm UThee pmasctwmsrmmiﬂé@prezarekusteverserrfasé cdldmn

rrmggdtpnh el e o RRE BN i omaeen bt s ane
| latperwithed0 % AN MW atdr. Tihe fnactiohy Icon:‘talalngttl@e pfbdmﬂWQe n:b[lected and

e 8Bt B Al oo BB R THP RO Fpetps
(W@@d)wnbratefqnletaadédtere‘ﬂh ®riefli Yieldabe mgad8¥onas galldvad:rgsials mp.

C pressure. The residue was roughly
pur|¢1 @@%kﬁqy lica gel colum chronat ography, el uted

wi th CH2NMR (DM86tda)ted @50(m, 2H), 2a@n(bm,@H)8.4 (m, 2H), 3.74 (s, 3H)

gﬁ--%‘{h ?ﬁé?ﬁ{ﬂ’} g()sge(%d’h%%r’ 91% 1% dﬁf‘ﬂ[ig QH ]7[4 (’541 IEI)h|7 59 (s,

btHyno- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car
boxylic acid p-nitrobenzyl ester was obtained as
sol i d. :
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The solid obtai ned above was purified by Si 02 colum
chromat ography by eluting it with 505 .

et hyl acet ae: hexane. The pale yellow solid 5 obtained
was di ssolved in THE (17 nL). Freshly activated Zn

“dust (2.2 g) was added rapidly with 0.5 nol/L
phosphate buffer (pH 6.5, 17 nmL). The reaction vessel

was covered with foil to exclude light. The reaction.

 nixture was Vi gorously stirred for 2 h at room
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tenperature. The reaction sofxampRre §as filterd thr'ough

a pad of Cellte and the pad vas vvashed vvlth wat er. (4Q
n) akdeparationof|(SK 5,6pdihvdrer8H.iE azn[2.1 4lthiazin-2-

%@@f@i&ﬂ%@%&&ﬂﬁ@géﬁ&zéﬂrﬁ%@ 5rgnggt-me%ms&£ré acid,

Bediumshltned aqueous | ayer was concentrated to 23 g,
| mol /L NaOH was added to adjust pHto 7.25 and applied
to Diaion HP-21 resin (30 nL, Mtsubishi Kasei Co.

Stelp Y: Sddethyithior3;6itygira2hiy[1,4ithiazine Bydrdiodige t he

acet onriPaHE YA AEL e line BRI, vs preparertby the

fmethod ameutlivedindddie §iB222d under hi gh vacuum at 35C

3%{%_69% I{?oté q?"%’?'goghﬁsd‘o}azoﬂe 1-c][1,4]t hi azi n-2- yl

nmet hy |SeMedhyRhioxdB-dihydro-2H-[1,4]thiazine hydroiodide (7.1 g) was dissolved

B ime Res B0t dprnh PRElny g shRAE i ol Sdfacted

2atheeHClngd X135 mC).(hecsombined\iviariid jJayeeoas @8edd(Md8Q,), fMered and

gt e gt s 1o

cobginddsresitiuglin dy.e8i3anof 6128 mik))gndheaged to, refluxdpr 1 -Fhe-reaction

(%é%ur%&?ggéaagt g’rocﬁ){g e?%tt#r%?'(l)‘f?% «%%f?n sol ’%lozno as removed in

wawe irpot Is@momnohn varoghlorids \@%p!ataleeé aebr@msozd@w.
[}:ar boxyl ic acid, sodi umsalt Step 1:
dr05 rrojo[1,2-alimdazol e- 2- car bal dehyde
30 280} sir)@ 155t 26y =8 %cﬁeﬂ’fﬁoz*ﬂh/e-égdi) 3.83

§5£’H)ma 7S(Bdé;HH§r9§’ésb43 5|Hr)d¢b§(56r9 A} pyrrol - 2-yl am ne

dro¢hl oom tenperature. After
stirring for 5 min at roomtenperature,

Zsep%os SR YA RhRRSHR! ' &ﬁ1 Zﬁﬁﬁaz S2-cafifirdertydet Bfd 5,6-

room t enper at hen t reaction m xt ur €
vrlamysltd-sﬂemmazo{m@2[1r4]ﬁuamwﬁwqaemebvds e. The
reacti r i ..
220" R EL et b 35 SRR A of A lfoic ace
tmomhy;draaaﬁﬂemg)Barai aﬂlprc)pamls(swdle)jin cytlehexane (43 mL) was

azedtroped 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

_ -added at room temperature The reaction mixture was stlrred at room temperature

'for 1 h and then the reaction solutron 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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m xture was heated to reflux for 3 hours. The reaction

m xture was cooled to room tenperature, washed with

50% K2CQO3, dried over anhydrous K2CO3, filtered, and 5
evapor at ed under reduced pressure. The residue was
applied with silicagel columm chromatography, el uted

W th CHCl 3-acetone (2:1), and

6rogm%ﬁ‘n¥gfa%r5 H‘nBYﬁén%&Eémt?ﬁte@Lhd@#@é@e%r@sé@é bFHed'@BMG@ was

) .was obtai ned as le yel'low solid
NN#@Oé\@d withcdicnlorgmethape £360 miy awasfzemﬂ@@% Kefrs mleous
4sdﬂ.7hoﬁt(2 x4ldo n4L)_Tl'?e rgaik layef wad dried (MgbD,) shdBftefedt. The filtrate

(%29 ccstceetrgte‘rb'un rrsdtm%%w ofhe residue wg appliedto glliga ofl

yédﬁﬂgﬁ clﬁromaiographyb elutedI with CHCI; ~ acetone (10 1% and 5 6- Dlhydro-8H-
i a-1-aza
dm@pzo%‘&pﬁ,},ﬁg@ﬁmea)::arbardehyde (brown SOlld 445 mg 10 3%) and 5,6-

Gmuﬂy@bl’al-ﬂrnﬁidéd[mfcg@ uphidzie 3l ddibalagde-(Broway seab otﬁlzyrﬂg 20.2%)

(1 g) was added to the 15 dry acetonitrile (15
rﬁl"e')e@éﬁ'ﬂﬁq on of anhydrous MgBr2 (5.64 g) under an

2% Fﬁql?%oﬁémmzs Zaf-c]{pgfﬁléﬁﬁ@%%l?wr@ehyd@ & HNMREECDCI,)s:

b$ Bt 2Ho~>((o 47 Hp), .95 (a-z%l'l)bﬂ@?dt A8 J= DY hizpt 795 EndHh-X:83 (s,
ylic acid 4-nitro-benzyl ester (3.86 Q) mas added

-tothe m xture, cooled to -20 C, and Et3N(

we§-DibysiedH-midazel2sbEl Biniazinrs3cathardeiydeie NMW\&; C?DCIa)
CEYE5 RU2rM J B 51703, E@a?é@mdﬁfeh @Bk, J E7 PO), IroAL(! P, 9.69 s,
mxture was stirred for 3 h at -20'C and treated wi

atidki ¢ anhydride (1.89 ni-) and DVAP (370 ng) in one
portion. The reaction mxture was warned to 0 C and
stirred for 14.5 h at 0 C. The m xture was dil uted

- wBtew &1(BR), (6Dh-th&-diydraibHmidazal2 -cilhithiazin2-gimethylene)-7-

a&*@-@uﬁlasﬂaﬂiﬂleibloﬁaé Oﬂh@f)ﬁﬁ -eheh- H&?b'%)(?f@gﬁﬂ §&§th|€

bri ne. organic |ayer was dried (MS

fi | t er &b dwrﬁ_ﬁe&@df"ﬁé%o Mk Altian e, S dinyereyB/-iaidazals 1-

TE]PI fl]'tHﬁin?é—Q—c‘éﬁiérd‘éh?G@FEg?ﬁ@?\MdB @Gaed t%QH@ 8[%/ éHeﬁﬁn%H{é 20 mL)
resid di Sso I'n THE

T Salutn of Nt (77 ohnder prnieagep SpePRTEra e PATdagPeratus then the
gﬁ'\l)&l\@’é v?é%dsQiF’reB #6H 1 HinVrhd di9)- 'ﬁ-lMMEHbﬂt%an(fSRr 6$PéIbromo-7-

I ONn Vves was covered

th
R4 KB RIG IOI R bt € enE 2oearbRI 260 AEHIBEnaY ester (1.0

ngéQé@deﬂ &id thé ﬂﬁxtﬁr@fwa% dboRdd tbO-UZU 't(?{llﬁég 'tr?éth';‘l@mm@ﬂ@ .8 mL) was
ool ed to

on m xt ur e_was |
OGRS (a8 PAHRBThe e aL AT PSSH] WS GSVOrBHEMIn ol o g diant. The
eszidesh midtdrd \Aﬁsfs}zihe@fcﬁ% ® aeug@b td Qtn%\ﬁéﬂ@él with al)l@fne’eh@ﬁammo
Se e ueou
SERS (Y o), A St Ay 44 8 e Wi, Te fastion mixture

cwas eatméd &0 °Cafe @tlrhécgfﬁr Vﬁﬁl#ﬂm°€i 16% CSitric HeRl aqueous solution

C?le%engllt_)rv?gseacﬁ%?i to eI rlegc jon ml u?tla grqd hz azq%JeSus layer wasGta?’xtracted

- with ethyl acetate (3 x 100 mL). The combined organic layer was washed with water,
saturated sodium hydrogen carbonate and brine, dried (MgSO.) and filtered. The
filtrate was concentrated under reduced press'ure. Thé residué 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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M t subi shi Kasei Co. Ltd.) resin colum

chromat ography. After adsorbing, the colum was
eluted with HO - McCN(1/0 - 9/1) to give the purified
active fractions of (5R),

(62)-6-(6, 7-Di hydro-5H pyrrol o[ 1, 2-a]i m dazol -2-yl nmeth
yl ene) - 7- oxo- 4-t hi a- 1- aza-

B kAo S G008 NGRS o flo S0 o

“lstgh wascahiained a880li@. and | yophilized to give the titled
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20

25
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: applle to si

507 { ooy e AP RHE BBy Bl oy h oty - P

ehrpmatograpliyipy @lkfing iBwiia 503 egwla(ca'qaemqy(anes 'ﬂh?e pale ygllqw sqlid

Apt s o ) By ol 2

(aatgly 4t 9. B mol/k phiesphBte: bUﬂedﬁﬂ'd)BﬁZ 11mﬂ){ Theiteagtion vesgel was
%ﬁverﬁﬁ with fms to_Fxclude A‘gr{th'll'%e rleagtzl%rbﬁnéx)’sucrfe (\)Algag vbgog]o%s%ftlrrzed for2 h

@t mqnatempeyatute dbe teactionddlutiorswas filgerd through a pad of Celite and

l\tﬁk{ ﬁ&?wb%‘ w%g@?ﬁw %&gﬁ gdh%&’@fré-gﬁ%nﬂf @OAMI§IThE abli¥ous layer

Massiepaiatediand ihemderorganie iayer whs ssirasties] with 8-Sonel/ phopphate
\%Jgfé{‘@ 4P g?]) ﬁ?g&ﬁﬁbnﬁ%@ﬁ&u% s'1ayef Wis th&rﬁ:%éed%)zs g

ate rreacti on

\ﬂapl/bd\!ﬂcéld wed arigeshio adiusb oHp 7r25 anhanniied teoBBHarOP-21 resin (30
Wt b?é’ﬁszéﬁ%i@Hqu BoM Ué?n'o BRgfphl %r‘%%r%ﬁ\gr H\ee glumn

I ca r OHBt O gr aphy and

wiastelderbwith watertang ean ’(03(9 aCEtPP"ﬂt"@ aGb?Qi—lSrﬁOQ}'Wél Tlegcombined
Sa‘&llvéjfra&%ﬁﬁ %F@J:ddcéﬁﬁét@@ uﬁaertm& %dtﬁqﬁ zﬂr:i@d@ %Bdg)f %llzed to

hexane- et acet ate ave
(5616 B {65 SRR F P a9128 -l eitazin 2 oimefhydems) g -oxo-4-

|T|i|):~1 éiza%ﬂcyf:[bﬁ ﬁb‘_lheﬂt Zebe-2-ddfoxylc &, (sddium’dAilt as38) ysHodd
di hydr o- 2H— 11. 41oxazi ne A miXture

@F“%*P%ﬁcf)f/qhﬂi‘sﬁatfﬂgo?@egé 7 g) and methyl iodide (13
m.) i fnglnys @k‘E’é&bZH(NMQ (HLDZG)G& cmqtrzmed/as YWWB so (AB, 2H, J

terrbperature for h. The reaction m x
7181Hz)419(t 2HJ 5.7 Hz), 6.44 (d, 1HJ 08Hz)689(s 1H), 6.93

(s, 1H), 7.29 (s, 1H); M+H = 322.

Example 6

'Preparation of (5R), (62)-6-(6,7-Dih dro-5H-pyrrolo[1,2- ]imidazol-2-
yimethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid,

. sodium salt

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

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
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filtered and the solid was washed with CH2Cl 2. The

obt ai ned solid was dissolved with 50% K2CO3 aqueous
solution (150 m-) and the aqueous |ayer was extracted
with CH2CI 2 (8 x 100 nlL). The conbi ned CH2CI 2 | ayer

~was dried (MgSO4) and filtered.  The filtrate was

concentrated under reduce pressure and the title was

PSR et SRR et dnfifen B pBikecid i e

mudmas dlﬁcd\pedéin CHGI5r{300ok)pnall triethylgmiinec(s| SomLHeashadded. The
St o hpted e Bt o 3 s, hfédefo Miptiee U i oom
eﬁtmperaiurq ]l%hadi w)th\ﬁﬁ% K2G08ddriedl avef anhydfaus KRGO3, Tiltered, and
I £
e85k unhfetlced oo Rl feRaliO AL SBERE! itk foapf (Sokmn
th)nwogianlm eh,tbedaw;ﬂaCHQﬁ-ewtoe@(Z B, &3d 6,7¢Rihgdro-B4-pyrrdib[1,2-

%I&?NE? %ﬁalé@d@ﬁg 1%Hb)5w§s g@(aﬁ‘kd ag'd pa?e yel%w?solld

B ONNIR K, CRCIGE: 262257 (b ZH) 219042, 91 (o, &2H) .02 (i; aHb A F deh t4z),

gﬁ%@r o'j%ggtsl%rﬁgd%@of 2, 1-cl f1. 41oxazi ne- 3- car bal dehvde

The m xture of 2-brono-3-hydroxypropenal (4.1 g),

Stb2 ot ST Gl Bimiero BEPUKRRH Zalipiofth 2 frethyiene)-7-
axe-thipd chzarbicyclbf3:2.0phept-2temerbearbokgli¢ acid, $edighGalt

The reaction m xture was 20 concentrated under reduce
pressure. The residue was dissolved in dry ethanol (50

mLJ)-Dnh&dm-m-wneoloﬁ 2- bhnidiaxoleizwnbéldwas ( r|136)g)smslslﬁddeﬂ to the

h hl 3,4
oy A TOIRES Al By o AP o oP Y Gitenat hoon
atiyjesbt'ﬁete atcoomttenmperatiirar The diye HFesahttion (155 wil ) b&(5Ra8S)-6-
BHU6 9L HGRNSEIRSEBIS B i st g
25tedi( 3861 ) ks added to thef roixtvre, Ice6ledito 3-2@1 7@, and Ets 4. 48imie was

(addad m or?e q@??rﬁjﬂgg?achﬁ S‘Ie%%iwraé g@f&é@@mﬂ‘rc{ﬂtﬂ réﬁclﬁ‘@éhght The

heated to lon m X
derstion migure wamstireaddor 3 huat 26,10 and matedivdthraoetic enhydrlde (1.89

U T 5 e TS o
z?@dé@ﬁgd fag it h 8h0 {Q. Thermixtyre was THeted withethy! pegtate apdavashed
%ﬂhefjlvl(é}{gos%b aﬁ[]gotfé éJhﬁfo‘ﬁdsatthé?edf éo'dﬁfn‘?‘ﬁfdrg r\’\@acfbonate and

concentrat ed under reduce pressure. he're

Sppei Ere ergarr layenwge dried GVig$a.) @nd ah@nedgmmmd wasjwashed with
il ekbtifet *Ph%’?e wa@&ﬁk@ﬁﬁat@& u%&ér ré&hdégt;ﬁ‘égéuf'é‘ &hb 'rééu?ue

(pal e orange_sol

,\Aﬁ,ﬁﬁsolvgg ) @HB,(&@@@L% gmsl gcetgr@glle g mlg)an_es%/ actlvatecgl Zn dust
(23.2 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 243 mL). The

reaction vessel was covered with foil to exclude light. The reaction mixture was
vigorously stirred for 2 h at room temperature. The reaction mixture was filtered,
cooled to 3 °C, and 1 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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65 Desired product: 1H NVR (CDClI 3) 8 4.08-4.15 (m
4H), 4.88 (s, 2H), 7.58 (s, 1 H), 9.85 (s, 1 H). The
unwanted regio isoner: 1H NWVR (CDCI3) 5 4.06 (t, 2H, J
= 5.2 Hz), 4.40 (t, 2H, J = 5.2 Hz), 4.90 (s, 2H),
7.75 (s, I H, 9.72 (s, | H. 5 Step 6: 5R).

(62)-6-(5, 6-D hydro-8Hi m dazof 2, 1-ci f 1. 41oxazi n-2-yim

ﬁt@&ﬁiﬁﬁ ﬁ)asgrlCo Ltd.) resin column chromatography After adsorblng, the column
X0-4-thi a-1-az

s atiasul G 2 MeGEIET 3115 A ths Priiegissive aciofs of (),
@mmom&d%&-@thdn@ ||dthifzzﬁbath]/tene)-7-oxo—4—th|a- -aza-

SN G e T

Weeeongentrdte® Gﬁﬂer&f gﬁ?ﬁdbh@m%t% °C04HY [y SphnReate!give tHectitled as a

. the mxture g% g Omn The dry THE(132
welloweamerphays 2o 'd,:i ey (%R
ﬁ@w@r"@@e@pe}qmﬁmc a;cbpsyi aaa 5s3(n4 ), Ma-za;@@d 2?4)% 94-

ol e hen 'trieth
@?%Wh@w 7 (ﬂidé‘d*’mo Z)h’é) ﬁo‘?‘k SoihH) P (Sedidh )9035 (Gelis (M+H)
pe$ covered with foil to exclude .light. The reaction
m xture was stirred for 4 h at -20 15 C and treated
wi th 4-dinet hyl am no pyridine (100 ng) and acetic
anhydride (1.5 nL) in one portion. The reaction

m xture was warnmed to O ngam@i;rred for 18 h at O

C. 10% CGitric acid aqueou§S solutron (1 L) was added to

t he reactlon mxture and the aqueous | ayer was
B Hsimmidazol2, 176k .4

dried (I\/gSO4) and flltereMn:_sj_tltrate vvas
concentrated under reduced pressure and crude

(5R) - 6-[ acet oxy- (5, 6-di hydro-8H-i m dazo[ 2, 1-c] [ 1, 4] oxa
Step ?: Morpholin-3-one

yl) met E/)Q?lho‘?in S’@sz gu’é?ar‘édtlmr% rhe@%@%if Fﬁéﬁ' Dhab, 3450] hep

t-2-ene-2-carbo - nitrobenzyl "est'er
obt ai ned as brovvn anor phous solid. Freshly actlvat ed
S dded rapidly with 0.5 nol/L
o sotnol pd pH 6.5, 72 nl) to the THE (72. ~
m) sél mixtue ob MofERjin-8-dnec &t bgyarecsLQNQﬁsnyerr@agent (10.3 g) in dry

S 0 dd & AAIBE] B LB Bl room

. demperptune and t:tmgyctmﬁoéfent mranm@ﬂulrovacume§besresmg was

%%}éﬁ‘édetg ek yel Aibmd e %&kd{;‘i’&pﬂg/ dé?{atelu%l?gv tﬁ%ﬁ%lg thethanol (50

ture was “vi gorous stirr
t1¢ ipebtain@ yellowrsslid. Recrystallizationief tha cluge nrpdqoéfrem hexane -ethyl

ta*&éf% \fé tl?iQ tlg?é‘ch @fgﬁ‘glz"’/ﬁgeas%?ow gSwB?rd was washed with

nol
HNMR(CDCIa)5345(t 2H, J=5.1 Hz), 3.91 {t, 2H, J= 5.1 Hz), 4.55 (s,

~ 2H).

Step 3: 5-Methylthio-3,6-dihydro-2H-
A mixture of morpholin-3-thione (4.7 g) and methy! 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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The aqueous | ayer was separated and then the organic

| ayer was extracted with 0.5 nol/L phosphate buffer

(pH 6.5, 2 x 50 nL). The conbi ned aqueous | ayer was
concentrated to 90 g, 1 nol/L NaOH was added to adj ust
pHto 7.5 and applied to 66 Diaion HP-21 resin (120

nm., M tsubishi Kasei Co. Ltd.) colum chronmat ography.
fidrEs 2B B Qhidas RNEQWATTEHNIRY, Fhe!bERinkksBid @ag bisdh)fed with

acetonitri ueous solution. The co
80%i Ke@qaramepumgolutm 5 (450 DuA end thaaaiagss lavpgay extrAstAcawith

| il
am%r ous1 bgm)dTﬁg‘%’m"% g:ﬁ £ %VH' iva dAgq @A@b &%Wd flltered
T ia0ee syncsnisag.ubdenegiee oWps. 04 e B o oo as

§al§$$@og%§‘g&ere%§ 3, 22.9 Hz), 6.40 (d, 1 H J =

6.95 (d, I H J = 0.6 Hz),
7.54 HNMRK&DCIaRS (mg«; 3H)13.7145724 (M, 1489)24. 149916 (ML,
cmXm" (H20) 304 nm 10 Exanple 8 Preparation of
(SR) (6Z) 6(56 Di hvdro- 4H-pyrrol orl . 2-bl pvrazol - 2-
4 g dtgchloride abi cycl ol 3. 2. d hept - 2-en

g é Eﬁﬁ%ﬁ}{.&g& i?,?értfr{gg h,f%géﬁg}éﬁvr Hyt o _?Q%gg.gxg)l and ammonium

abiotde (kg ) rerg ihaThE(156 mmwa@mepmmrtq reflux fprr EpaFhecreaction

g!g%%%§§@d%%{oﬁggﬂ?%ﬁﬂeag% e%gﬁtﬁ%ch\fern?wsl: Adh&Veddn

vBGi®> adidhihe title 2uds pptaingdoad a galbllqmm@ld(ars)g Pietmanol

of L Srun iR Tty Bctefe °2**>P$§§FF2§%§8§%§%’29"4"‘¢S°%

tenperature, and then 5, 6-di hydro 4H

2: iy drb-S#indlda o2, el dlcxazie-Ticamhaliatydet h 1 nol /L 25

Sol i o RS bt P nlHordordag (£08), pAERENE Ko agia

snenedydrate (B2xng)randidagropanal 4.2aol-)in cyclohe®ene (42heL) was

Fofifiried Ul e 486 b By b oni S, T feBbth midlFe was

a:bﬂ@erdratewbunder reduce prrsgHe. dbe esidue \uagl@;swl\@d(m daﬁetganol (50
i A NV Xy etbants fockfinl soldoftor - pigndbrbifln 2, 04

zmdroghlﬁnqte £8.44g) and128% r(t@tharzqqsolgltlen of spdiym methylade (48 g) was

'é)dded 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
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 poncentrated under reduce pressure. The residue was
dissolved in.dichloromethane (300 mL) and washed with 50% K,CO; aqueous
solution (2 x 100 mL). The organic layer was dried (MgSQO,) and filtered. The filtrate
was concentrated under reduce pressure. The residue was applied to silica gel
column chromatography and eluted with CHCI; — acetone (4 : 1) to obtain the titie
(pale orange solid, 1.4 g, 36.3%) and the other regio isomer. (pale orange solid, 609 |
mg, 16.1%).
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~Step 3:

5, 6-D hvdro-4H-pyrrol o[ |, 2- bl pvrazol e- 2- car bai dehyde
67 Mh02 (activated) (24.4 g) was added to the CHCI 3
(350 nm.) solution of (5,6- dihydro-4H pyrrolo[ 1,

2-b] pyrazol -2-yl') nethanol (4.87 g) and refluxed for 1

~h under a nitrogen at rmsphere The reaction m xture

.was f'lgéﬁif %r&gue 9“9“1 za%d-ﬁ Tﬁlﬁ)ﬁ déé(saélg), 7.58 (s,

was re uce r re ssure e re
dpbhl 9.88l(s,dHBilica 5 gel coI um chr omat.ogr aphy, then

172y Tt gel Tostint HBMFS IR S BR  B og e 440
(42855, 5.9 Hz34.90 (4, BNRT(EIE| ), 8.72 631H). 2. 71 (m 2H).

2.95 (t, 2H, J =7.4 Hz), 4.22 (t, 2H, J =7.4 Hz),
6.52 (s, 1 H, 9.89 (s, 1 H. 10 Step 4:

i B8R &(56-Di bGB-HI-i‘Ih zoj2l1et ImhetBylehe)-7-
met hyl.ene) - 7- oxo . . .
£Xca-thig-1-azapy 10} da | HEPA "l.‘ AIDAXYAIC ACIQ, SO n salt

aci d, TS-@CHryI Ebétahltnle (66 mL) solution of 5,6- dlhydro-BH-lmxdazo[Z 1-

i | , L
AT GG carbe s U A i RS B ey B6dnfie e oL
olutibh Oﬂ MaBraB6ygrunder d/piogder 5trﬁé’spgérelmd@aSm aempeﬂarun@mn the
?rﬁlgtgls 7% gtl;r??tdsm{gr 981 f&ﬁ rrlphe rcary "H-I?—‘ (1%—9 L? sglutlon ofS p—nftjrobenzyl (86R,
&ﬁ)-&ébrbmenéin@xmﬂeﬂyimt@(tﬂ gywhs agdddadridl tRe Ojiktard was eovded to

20T SR Ve Rudifibg €8 Mo v T Seciarii® e r3fetn vessel

amad; ﬁvamd(vmrﬂfan td ¢xchaie lightl Ftie iremctioe mixurtel vas stiffed for 4 h at —20

R SRR e BB RTe igle Bod Mok ahd afet afihfricesy s

Gnla)nd oné rpeabedT e telactimemixturamag dvarded ¢d.0 8G amd)stierad for 18 h at

I 3 S AT U Gy Gl
rth& egueousdayer tiak @xsactod with ethyyace&atet(&x ©08ml-)wikseambined
%I um?%,g} Whd fadfd |W&8P§aﬁﬁétlé& %9&(] srf%Hfg%}ﬁecgrbonate and

drogen car bonat e,

chf@sndftl,e @49&04\)\@@1 tilkared T(hegwy waa isan¢entratadenderrasiuced
Tarbdd éﬁé sn&@u%de Qm)eéltéc% - 1(& BQ?HIde&QH%%aEg[%SHJ f€4j0ddh-2-

reS| di ssol ved I n

abeedi I]l'@’PTOé"‘C{ T-oxerythiasisazahicygio]s. %@H"PP%@'Gde 2rcaiipaylic acid p-
(r%t?ob%ngg'l éé%? m%@%ﬁlﬁépéé%rﬁw\ﬁ“a%r&\o@s Mopdiosphat e buf f er

e reaction vessel was. covered

w. t h fﬁﬂeﬁhly acféf%gd&rbdwﬁt gt 9) warcadded apidly withi O molL whesphate
Vi B1RF RIS BY, B3 L ?djthEOIfHFlﬁﬁ rHL)aéouneﬁm Fs?f}@[a%&t‘é&ﬁ(s dfydro-

reaction mxture was filtered th roug

@-iridazof d-oflil [4exgria-Zdimethwhedreme#- qafpﬁy hia-3cet at e
apAblch@oBIUGALS - i—éﬂ@é-c‘éﬁﬁxﬂ%@lﬁms J;hgl SSHETHS rééafsrﬁ

was cool ed to to adj ust

s6e) RscrovaTRe WihplToeXplige ighic Ehe Fazetion miure was vigorously

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 (170 mL) and n-butano! (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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rhé%RB.2 -d15§o%|? BIHZ) £AQ (

under hi gh vacuumat 35 C. The concentrate was applied
to Diaion HP-21 (79 nL, Mtsubishi Kasei Co. Ltd.)
resin columm chromat ography. After adsorbing, the
colum was eluted with H20- MeCN (1/0 - 9/1). The
conbi ned fractions were 68 concentrated under high
vacuum at 35 C and lyophilized to give the title

C9iERAHF 21 aésua(ml ﬂ\QVMﬁEstﬁthéé‘el @al Ltd (c%ﬂ&mr@aroaa%grarﬁﬂy

2Aft;% a(:ig/grbmq the co?u;m&wpﬁ )alutqg \(ﬁh we{er agqi_lthej\ 5; ?cgrto;:_x&rjle aqueous
Gsdilioh SThel cdtbinéd d8tiveTracliotd wadcsHeenBated idhdebnifix d4auum at

(3 ferhiiRes ko give i a5t YRURY ATORSPPUEAUH {738 MO GRR 190

i di n- 2yp 130 °C (dec), 'H NMR (DMSO-dg) 5 3. 98-4 01 (m 2H2 404—4 07 (m 2H),
vi met h ene -t hi a- 1- azabi CdyC| oF3. %055 ene- 2-

1H. éFerB j_-lz) (s, 1H), 695 (d 1H, J
Teb! eal%dv 8L :jmw%zm@wzl 174 BL@rad]smok wﬂﬁowax (HD) 304

(1.96 were added to t %1

.nim. sol ut| on of DL-pipecolic acid (3.04 g) under a
nitrogen atnosphere at 0 C and stirred for 1 h. 15
The solution was extracted with CH2CI 2 and organic

| ayer was washed with brinExamnle 8i xture was dri ed
over Na2SO4 and concentrated under reduced pressure to
afford crude (2RS) 1 -nltrosop| perl di ne- 2- car boxylic

blpyrazol-2-

anh%@etﬁﬁ 1&_&; 79§68)4 éﬁﬁaﬂ %&8[& Eﬁ]hegr?e Hcatboxylic acid,

(2RS) - 1- ni trosopi peri di ne-sodiumisaityl i c aci d under a
nitrogen atnosphere at 0 20 C and stirred for 5 hat
0'C and for 2 hat roomtenperature. The solution was -

CtEpEenNis. G DIy drodid/-parrolofil 2 dlpyrarsiesp-carbbiglic £cit ditey| water

applie 0 r ) :

coP utm: T ol v hrdbital M AFRER e Ragdglathd anc

Tmmrmreanmmmo@mm\mmm 8] néd128). col orl ess crystal s

(1.10 g, 33%. "HNWR (CDCI3) S1.93 -1.99 (m 2H),

2.08- 2.15(m 2H), 2.65 (t, 2H, J = 25 6.5 Hz),
62Dbihydro=48-piridiof1.2sbipyrazoi-2-yl)methanol

aei 4 etwéﬁbs@%d*ﬁ%é‘%%% e JHE (B8 5 R Bt 11 o3

t onddrea onltrygemmtmﬂ:’éphdre )ats cdont itempefaturd) and then 5,6-dihydro-4H-

etr [1.2, xadi azol on 1.04
R B e St L o R T oD dhsndudipeto e
seligpension \sad stivad dort 2 ataidﬂ,m?merTlaa midureadagpqesrched with 1-mol/lL
HCI at pH 1 and stirred for 1 h at room temperature. Solid K,CO; was added to the

-solution to adjust pH to 8 and the mixture was extracted with AcOEt. The organic
layer was dried (MgSOy,) and filtered. The filtrate was concenfrated 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,
J=7.4Hz), 4.10 (t, 2H, J=7.2 Hz), 4.63 (d, 2H, J = 5.8 Hz), 5.96 (s, 1H).

Step 3: 5.6-Dihydro-4H$vrroIo[1,2-b|g¥razole-2-carbaldehvde
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The residue was applied to silica gel colum
chromat ogr aphy, then the colum was eluted with

n- hexane - AcOEt (2/1 - 1/1). The titled compound was
obtained as 69 yellow oil (871 ny, 65%, and
4,5,6,7-tetrahydropyrazol o[ 1, 5-a] pyri di ne-3-car boxylic
aC|d ethyl ester was obtained as. yellow oil (345 ng

25 o “{fb%‘@dﬁ‘ 4 by sl e ST a0 H%f-?'%% of (5.6-

iy depytH-yrtol{ Q-b]mqu-hyl)meghemp) (4.87 g9 ang refeied Jor=4 h under a
3

(res®) gmpspher; s, abhon, PHRB s g troyph 2, prd of, it

| Theeﬁumtemeggraduyemeamed @ressgrerHE he residue wae hpplied rto silica

éel chlﬁﬁﬁh c(h?&%tog al}r;]ﬂy ReA tr{el%%rﬂmvag %ﬂ)jé%@/gm}tr{e%’?é‘—moa (N

mosphere at enper at ur e,

telZhhyheditg camppand was a!ptpy\eid@swellw 96(4965(91 91%pci d

et hyl ept &ﬁ% S
sti ?/red f'g]P‘R( aq%zzo%\:fn tzgﬁg@q %@f% (ne(ds)‘lfi;ﬁ§ 4&% EgZ(t,’ZH,
The 7.4z} 6:52 @atH)g88adsetHwi th 1 ol /L HCl at pH 1 and

stirred for 1 h at room tenperature. Solid K2C03 was
added to the sol utlon to adj ust - tho 8 and the 15
4. ¢ WEN X3 D Joely '..' s i zFb , 200

conpourﬁiS—ihhm-éHywi‘ﬂoth B-lbﬂpy(’fﬁﬂe—ﬁ@:armydé lﬂ1 B6/8) was added

SR Bl degydihte (tagfy) Bt or drmiliois oz, (68 Gdhiogr 5

(nitrogen, atthospliere atirgom tengrétdre. 2Mhe dn=THF Solktign (188 ML) of (5R,

2 ol . .

23 Gorhdloiafiet srabioveiols 2 Olyept2ienpieastog b ar 4y

de’trmmyl(mn (centedl)%) 3.960)gyasnaddeddd ¢k mixturé,ecobld@lt8 —20 °C,
E"lj-ﬂl 'ﬁqet r%%grédﬁed frone ;fo]d . al The re%ptlon Eessﬂ was covered

opyrazo
| w'(?prB t%@)&l@ﬂﬁﬂlg’ﬂéf I Tiig geagtion mixture wadetnrreai far ¢ hajeR0 °C and

aﬁmé@hﬁﬁ Gce Mhﬂ/&ﬁﬁe (1D ML}4nY EMW@ﬁugs I .rﬁdndé BSA4IN The

iltrate was re

r @aefwdnmteg Ygsavarmpe tq %sﬁ@ﬂé ‘sliergd &5 he@t 0% Jheinggure was
g@iluté"d'-\hlmh?mc‘éfﬁié a5d ﬁiEgWed \R/Jﬂ'?ﬁ%tchtﬁc %Qlldlé'&'ﬂec‘!@sssoﬂtfdhe& urated

n- hexane - AcOEt (2/ he titled conpoun
wkeclsh Pygan garbpaste, water &0 b, ( 5he ofggnic Igypr wasdried MgSO,)
NI flifek¥el. 3)rn8 Lt Wwid c@ﬂ@entrgteanﬁﬂﬁ redliBed p?re&ﬁ:rét 2H,

g 926( st Th l)epbdue weés dgssolvgcli_| in 'IJHF (106 mllj)zzmd gcetomtgle (4:9L mI_LI.))
Freshly activated Zn dust (22.5 g) was added rapidly with 0.5 M phosphate buffer
(pH 6.5, 165 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 th;ough a pad of Celite. The filtrate was washed with ethyl
acetate and the aqueous layer was separated. The aqueous layer was cooled to 3
°C and 1 M NaOH was added to adjust pH to 8.0. The mixture was concentrated
under high vacuum at 35 °C. The concentrate was applied to Diaion HP-21 (79 mL,
Mitsubishi Kasei Co. Ltd.) resin .column chromatography. After adsorbing, the

column was eluted with H,O — MeCN (1/0 — 9/1). The combined fractions were

68



10

15

20

25

30

70 Step 5:

(5R)(62) 7- Oxo0-6-(4,5,6, 7- tetrahydropyrazol oFl , 5-al pyr
i din-2-

yl net hyl ene) - 4-t hi a- 1- azabi cycl of 3. 2. A hept - 2- ene- 2- ca
rboxylic acid, sodium salt -

4,5,6, 7- Tetrahydropyrazol o[ 1, 5-a] pyri di ne-2-car baI dehy

Q@néél'ﬁri%tétfgl)ndw;ﬁugh&ﬁaﬁiﬂﬂ @t 89 °C ragddydphrlr@@% Wgﬂ/é ihlegitlé 48mpound
utl on Or an Qus [ g under a
Tela o aorposeaad (4 e hetoy o o Tho dry THE

” Sol ut Im;mééScmaac)dH MrﬁR(Dzo)s 249 (m 2H) 278 t, 2H J=7.4 Hz), 4.02

- 1-azabi c c | hept - 2- ene

TR Db bR ST . AN QAo DY lcont A

(1.28 g): was added to the E’&,—gﬁt@@@ cool ed to -20 C,
and Et3N (1.35 nL) was added tn one portion. The

reaction vessel was covered 10 with foil to exclude

|| Q'PéFarZ{iSn W@)E%ZI -70D%b 81 86, ,?-té{rhﬁ) cﬁ*@g%ﬁ&o%[‘hﬁ?%*‘r?&nd-
C — rleae v acelcan T 1 )

eneZrcarbexvligsacid, sodium

vvarrredtoOCand stlrredfoa h at 0 C The mxture
was diluted with ethyl acetate and washed with 5%
citric acid aqueous sol ution, saturat ed sodium

0 - e organic |ayer

g

: e filtrate was
concentrat ed under reduced pressure The resi due was

0T, 8ol S N Uil g

viDit- hrp@cﬂrcl\dqm@wrg)tlmdbué hitnogel ptidspherebdt 00 andrstered for 1 h.

B o R a8 WA GH 2 e Dot lavb R Vet it brine.
f'k'j're rhixturé wats dried overdigpSOatnd eondéndratesiarideoreddBedipressure to
igRrd b#uh@%ﬁﬁSi W—hﬁ%@gprﬁem-ﬁ gﬁﬂﬁgﬁceacrd-rﬁ‘sepéle géﬁd’ﬂ %%E

was hed acetate an
separ at@tﬁluoméef&ﬁ!W@mel @33 g)weas adsisddal 1het'6‘1%(921nhh$pltltlon of

N DR R Jéér?rdﬁ@%é%}'gc lik Scid: @geﬁ SRt ﬁl_lr%géﬁ Yinfospfere at 0

concentrate um at

c&w%'%%tFEﬂdefOO\ﬁQ aéﬁppua@d fero2 hishranm tqmperaturen 5 Thersolution was
Ndne&ittat8d ukdsral reQGcedLﬁrE’ss\.rré esjing rEQHL%TWas a plied to silica gel

chrorrat ography. After ‘adsor bi ng, um was
efalirar) chomategraphy, Nr@erth% g9lgmn vee/qg?d wrth é"*&%?rb? nAgOEt (1/1 -

faraet Wﬁé‘%tlé@&&np&ﬁrﬁcﬁﬂé bithRdd %@%forl@ésg&yé‘tﬁféw r’nofgt 33%).C
and- Iyog”ﬂl i zed to |ve the title conpound

yel | ow MBH&P@'%@ i < 199 (WQZHMM8p2}1‘5 (m, ZHWQ‘@G 2, J=

(éjg@)z) szé\'Q{Rzr(rDﬁQb 15-!21) 67 1.71 (m 2H), 1.85 -1.89 (m
064 (T 12°6.3 H),--3.97 (t, 2H J = 6.1

Hz)597(s 1H) 6.25 (s, 1 H, 6.85 (s, .30 -1

Hte 62 4% é?-TetrlahW__pvrazoloH 5-alpyridine-2-carboxylic acid ethylester:

Ethyl propiolate (804 mg) was added to the o-xylene (15 mL) solution of
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 chromatograp'hy, then the column was
‘eluted with n-hexane - AcOEt (2/1 — 1/1). The titled .compound was obtained as
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71 Exanple 10 Preparatlon of

(5R) (6Z) 6- ( 7- Met hyl - 6- oxo-5, 6. 7, 8- tetrahvdro i mi dazo
fl.

alpyra2|n 2-yl met hyl ene) - 7- oxo- 4- Chi a- 1- aza- bi cycl of 3.
2.01lhept - 2-ene-2-carboxylic acid sodiumsalt Step 1:
5- Nethoxy 1- et hyl - 3, 6-di hvdro-1 H pvrazi n-2-one 10

ggEa ] apé W%ﬂdav anldoé ?Qréh’tr‘ﬂ'gﬁllo%ytta%loﬁlaé}g]p‘f)’g%iné’-%-cgrpoxync

FRisbethPEeier vasatanecsasysiiny-oll-(344 mgl 26%5- di hvdro- 1 - |
H pvraz tiurn e Q Xy _
ot g HRURGERCET 8438 [ M1 07 DRIR LY 101 m, 24, 2.02 - 2.00

) a(mnﬁhl)quBE It, @H, Je pAA2)NG 22 (h 2H, W eﬁt%Hl) 4(3192(q‘r12)-| J=7.1Hz),

ﬁﬁst ed at roomtenperature for 1 h and then
3 xed’for 2 h. The reaction nmixture was cool ed to
room tenperature and evaporated under reduced

filtered off and 20 dried in vacuo The

D éloﬁ‘;fe) Wag) glgg al ne asll;g H-)Lﬁ:aé'g (%?/\%glﬁ%c\’/\'bgf LiBH, (cont.

hydr ochl 0T a pal
(WY%) ¢7468%) undersalnittogen atmadspberenat-rbom temperature then 4,5,6,7-

it%@%op%rézo%éfﬁ%mdﬁf?%b%g a% 5%1 }lh@gglsng was added

darthe sespenaignendstiged dieri ‘bh ahrodd terapﬂiammaand;m&h ed40 oC. The
u r

4ig é{ﬂr@ dﬁézssggeneﬂga mtﬁ(fh%llﬂaﬁgi:%?&ggtlt ?Iﬁf%rtlapgjﬁr 1tn at room

dlah'tpezatmrem (&tﬂldtﬁz%dwaetaddemrto e stljtiorato adum pH to 8 and the

' gih
FRGE Bl e Bl ol PhE Byl g Wi o0 and
afllqgaﬁob bffdymﬂltsetedwas (®n5en’@tedq uuaden tesmpeda)pre$urer\|m afford titled

é@i@@u@lé)as a%l\%ﬁo&%u 39:%7( 2H), 4.42 (s, 2H).

30 Ste - 0X0- 5 8-tetrahvdro-inm dazo

|1, 2-al bWMBl(ﬁ?élCis 5c1a$Q)al1d-’e7h(>ﬂde?l'anu98 2.05 (m, 2H), 2.77 (t, 2H, J =
7 % 6 rahvee f alp
Gwﬁc%?ga%g%&dg@hg%ggﬁ&u?f]o‘ﬁ §f1 Fﬂ:)‘?ﬂ?d% & 212 -VSV@HZ)’ >-90
Asbiidho- 3- i sopropoxy-propenal (1.3 g) in dry

acetonitrile (60 nL) 72 was added to the solution of

5- am no- 1 7meth | -3; 6- d| hydro 1 H-pyra2|n 2 one (782

The reactlon m xture was Stll‘l‘ed at roomtenperature

for 20 h, added triethylamne (0.95 m-) and then
: MnO, (activated) (3.36 g) was added to the CHCI, (44 mL) solution. of

(4,5,6,7-tetrahydropyrazolo[1,5-a]pyridin-2-yl)methanol (673 mg) and refluxed for 1 h
under a nitrogen atmosphere. The reaction mixture was filtered through a pad of
Celite. The filtrate was reduced under reduced pressure. The residue was applied
to sillica gel column chromatdgraphy, then the column was eluted with n-hexane -
AcOEt (2/1 - 1/2). The titled compound was obtained as pale yellow oil (510 mg,
T7%). |

"H NMR (CDCly) 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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refluxed for 2 h. The reaction m xture was cooled to
roomtenperature and then 5 evaporated under reduce
pressure. The.residue was di ssolved in chloroform
(10m) and washed with 50% K2CO3 aqueous sol ution
(10nL). The aqueous layer was extracted wth

- chloroform The organic |ayer was dried (MySO4) and

ggﬁ 5) toobt ai n10thet | tI e’ corrpound
/- Meth*l 6- 0xo0-5, 6, 7, 8-tetrahydro-i-m dazo

[ 1, 2- af By Gl PHeDydroRsRacial hrrjRsidine-2rogrhride e (463 B19) V\@S

- G8ddd mhe 6§, deetBniffil(48 tnfL) rsem.t.@n bﬁ&r@amﬂs "Wrery (.81 g) under a

6- 0X0- 8-tetrahydro-im dazo] razi ne-
Aitr9anyy aféncasgharep%ﬁ reoryéemewatw .T@e(dﬂzE oltilgzn 648 mL) N er

-38}\1616%0-5- -5115-17anglbﬁ96[9|2)01ﬁébﬁ2%r@az-@arbo lic acid 4-

i ne-

‘ %ltrppelaglf)egeﬁ (cont. @g%@ §1 2@91) wagr ac}@ed(tg thg pbmure(yc%eng -20°C,

Bhd Et39l (a%s(rﬁL) \ﬂlae‘.‘%dded in one portlon The reaction vessel was covered

A e s e s S e
fredfedWith atbllic abh 5@@ j 62 h')L) and DREAR &0 rhg)fth one?)o?t%n( SThe
g

Togcbion s s Woimes 16,05 Cansl st 167k 501 hg.(piurg was

difute@ Gntmtemyl adtate and washed Wltz 5t%hC|tnc acid aqueous solutlon saturated
| -aza-

it RtaRen sarkafalh Voler and bioe. - The o8 e et wes i (MBSOl

EnMﬁtté‘rEH GthXﬁltréte@vaE o%n‘céﬁtlfat?éu’@fdéf retiudad Pressure.

e dr SRR o3 Fabisl 1t @B o Herioailp (Tl

Foiahy 4cligfted Ey)dushd’eﬁ @) wast adtpe mapitiywsthees &1 pHosphatebuffer
t

I T TR A R
¢edttionniddungl was vigorodsiy stirred for tbér’rzgtl roemttempéaiie njhewaaction
?@ﬂﬁ{éh& ﬁll%‘?e&%&% nP&fS’fJ Cdlid. O Thé Mitizne 8 \%QS'W shed with ethyl
aeetate zmd memebomgyﬁmraedaraNd; hThe ahuemiséaqcelr wae cooled-to 3
lo j J
el FBORGAL RAAR ER  THE il g
andercigh vacuanhgtds de Toe sanoelntr}lta wasoanpligd tqiatandiP-2TI{€05
(R e 1) BATEG 11 it K6 A8, e
salm@s elptedwithed aMeSiN (I/Qadh/t5) aYbee pomhleed frgctioma svere
c@H&rntr’é%% dndef ﬁ_@h%aﬂﬂrﬁ bt £4 kb’% E/mf)ﬁﬁzpego}ggﬁle%gﬁﬁe &anound

yers were conpl ne and was tric acl
aqee@uewemmphm sohd (427img 417hoHof.ghni c | ayer was 73

driedpf (d%gg N ngﬁ éﬁga) s %71 1|‘7'i The2MPS 85 —1.89 (m, 2H),

concentra e rre pressure
2.64 (t, 2H, J=6.3 Hz2),3.97 (t, 2H, J = 6.1 Hz), 597(s 1H), 6.25 (s, 1H), 6.85 (s,

1H), 6.88 (s, 1H).
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The residue was applied to silica gel colum

chromat ography, then eluted with chloroform The
title conpound was obtai ned as di astereo m xture
(yell ow anorphous solid ; 410 ng, 38%. 5 1H NWR (S,
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 2H), 4.66 (s, 0.3 x 2H), 4.67
(s, 0.7 x 2H), 5.28 (d, 1 H J = 13.5 Hz), 5.43 (d,
0.3 x1H J=13.5Hz), 545 (d, 0.7 x 1 H J=13.5
Hz), 6.07 (s, 0.3 x 1 H), Examples10 0.7 x 1 H), 6.32
(s, 0.7 x 1 H, 6.83 (s, 0.3 x 1 H, 6.86 (s, 0.3 x 1
H, 7.10 (s, 0.7 x 1 H), 7.44 (s, 0.3 x 1 H, 7.47

(s, Ryeparationtdf (SR) (6&)-6¢7-Matiiyh6-Bib-5J6,7 83efrahiydro-imifdzo[1,2- -

(I ﬁgxrgg ﬂ-;-;I@HethS]/Ieﬁe)-'} x§-46 thla-)l -azg-l%évélom 'Z Hhe&z-e%e(-iz-carboxvllc

(5R), (62)-6-(7-Met hyl - 6- Md%rﬁs&ﬂetrahvdro i mi dazo-
I'l,2-al pvrazin-2-

yl met hyl ene) - 7- oxo- 4-t hi a-| - aza- bi cycl or3. 2. d hept - 2-e
ISte @ 1 Co-MBth gky-¢-ntethl-3.6 iy drosiH-pyih-2-one

(5R), (6E)-6-(7- Met hyl -6-0x0-5.6, 7, 8-tetrahvdro-i m dazo
11,2 15

Jhp itled compBoyidTaab yrepasdd in 1o Sarfte Walyaf &:Raappd andcB d.Rdvani

2{@54?1% Fo_n 1675 % ?fggb?ﬁ%g' ¢ acid sodiumsalt (5R

[Acet oxy- (7- et hyI 6- oxo0-5, 6, 7, 8-tetrahydro-| m dazo[ 1, .
I

s9Re o[ 3. 2. 0] hept -

2-ene- 2- carboxyllc aC|d 4 nltro- benzyl ester (481 ny)

|
B R o AR o
eI hlovitié €936(md) i dby ethafol B2 InLWN2E stiRedl Qﬂrobﬁl teRPerature

The eactl S covere

B BB TN SRR, TR e GRS 58s $hoigs khtaop! ©

semperatliré and Evd‘poaated andertredqpedgiressare. TTae wmé Was triturated

e | t cet e and f | ter
3P i 34 gt et 8" 318 Sl Y e o ana
\tihiee in \acdot hEhesGraminos1-hreghent- 3;&9d;hgadfpan-lamedzm-’2hm1eawdmmnde

Y 5= BRI Batler (2 G, 580 orncont r af ed under

W sgiutioacd Sranino-3smethylind)64dihygio- 1 pyazinfhrene bydrdoidondes(662mg)

BP0, b SgPE B A S T S B 0

lod then gtimedfori40 minGHICN Fhe mixtdre wadcerideninated utier reduced

?)g%%[u%t ??hﬁﬁ%qu%otﬁgﬂ%tgg ’Wth chloroform (18mL) and methanol (2 mL)

- At pometempeyatute fonde min|[ The pdqiniteterwas fiteredmofflapd elried invacuo.

%@le cgmtpﬁund xlagd ggtabn agla ;Eaée Bro&jr}%ov%deﬁ (5e1 r?em% %uan |t(:)a;t(|\)/ﬁ)l c

aC| uwau(omscah%) 862188 (5 8¥), (36%9) (s, BHY, Z-.42(shgH).6- 0x0- 5, 6,

7

8- tetrahydro im dazo[ 1, 2- a] pyra2| n- 2- yI met hyl ene) - 7- 0X
=it i = B/C.Bdetd 1l '

\msbaldehyd
The solution of 2-bromo-3-isopropoxy-propenal (1.3 g) in dry acetonitrile (60 mL)
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74 concentrated under high vacuumat 35 C.  Each
concentrate was applied to Diaion HP-21 (60 niL,

M t subi shi Kasei Co. Ltd.) resin columm

chromat ogr aphy. After adsorbing, the colum was
eluted with water and then with 5% acetonitrile-water.
The conbined fractions were concentrated under high

\énga%p%gtto ?h% s%hﬁi%q o# g%hd—ﬁ Zrﬁé’t_h&l%;é—dmyd%-ﬁ Itf-%szH-f-one (782

- (nadR)in @679 cedor(itTileNBO myll) a6 rapoo teinBratuss. t dhe a¢pation mixtigaras

[
554 2 ogtameeratirs o129 Padded etpyming Q.95 2 ey
Z2efbixed for-2he n?hezeaettduanwur@ was icdoled taliagm tearlpteratsreaand then

yeggé%é(te%"(g{ogp Péd%lcé ﬁ@sguxel Zﬁ_’h%sm‘f’é vﬁas%lsémedlrﬁ cﬂld?of&m
(3L &E) Wﬁsf(eﬁth 50 KeCOx 8qdsdis BoBiior ( 1Qanh)dr The adqueais layer -

g,Vﬂansgﬁ’ﬁ'J)?P‘)én 3’@.“%@"{%@4“1 pine grganic lay YeLyas gf s%d QV'%?%@ and filtered.

nicneiltcate lwas\eviaporatsiddindedfegncs pressure. a'Ehg/Edsiduwwas apphed to

N Y I e

[the ﬁﬂ@?wpqman-Methyl -6-0x0-5,6,7 8—tetrahydro-|m|dazo [1,2-a]pyrazine-2-

yéa?@élé&ﬂygg)%él a‘Pé<§Peu§wtéE>'| ?‘&érﬁﬁé f%?kﬁﬁ Eeg‘?dDgg@Er ?ygethyl-
(GsoxB8IP, 7,8 tq;zahg@ro ipnigfazol4, %g]pygzmg@-carba@ghx@ asia pgle yellow

%oﬁéé{ﬁdné He%$ 90 (s 1 H , 7.30 (s, 1 H. 15
ST Sy p— aalaymampamb@dewgarbNMR'

r@tolil%)ha]gn é; - @-’ 2Q§-44e-/ét ﬁ'l’ a- ).[ 4a728a(s ? és é‘ H&]‘ ﬁ 83 (s 21 He) he
-Methyb60xbi5:6, 2 8itetrahydrasimidazel 1, 2. aﬂpwme( S—CaMthﬂd@AH NMR

| .((%E !(5')53 f‘agsﬁg' gfd‘% 2|4&5;ﬁgs(é 2@;)7 s@ié%l-és%%ég!)aw& .

20

25

30

11 Preparation of

(@@@R Cers)- é: Ré&&l{v‘?nﬂh'é

€ : |p=o‘)’<ézhi4gni BI& Isag'pmsalt 25 Step 1

( = 3" xylic acid The titled

co rrp ourdMetty-Brospai6d Sitetratydras inidazcey, 2edpBhzinei2weriaidehyde

S@19 W) g%ssadggh g@:o dﬁb@ét&r‘ﬁmboésﬁh O dfHon bF 3y dféus mgBr, (786

3ngkendea aditeadentatmpsphede ot r:olamztempar@reh i Bheldry A&iF/solétion (32

r}'nf}j/ & (Eél%%g% b@%ﬁ'ﬂ?ﬁ-ﬁ( a Qz}-bif,’g% BYGepi%-LAE 2 arboxylic
. acid 4-nitro-benzy! ester (687 mg) was added to the mixture, cooled to —20 °C, and
tnethylamme _(0.60 mL) was added in one portion. The reaction vessel was covered
with foil to exclude light. The reaction mixture was stirred for 3 h at =20 °C and
treated with 4-dimethylaminopyridine (44 mg) and acetic anhydride (0.35 mL) in one
portion. The 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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' é’l’??;PrP%‘?USPP“% 4

t hi onor phol i ne- 3-carboxylic acid (4.96 g) under a
nitrogen atnosphere at 0 C and stirred for 0.5 h. The
solution was extracted with CHCI3 (5 tines) and the
organic |ayer was washed with brine. The m xture was
dried over MgSH and concentrated 5 under reduced
pressure to afford crude

(dﬁea ﬂagsog)réiﬂqntmémofrﬁ@ mltrbféewé’s ScHcBRMAbH @Jnd@fcrbducﬁé%l pressure.
Il ow crystals, Trifluoroacetic anhydr 7.07

pa

J)he\md%wea aprel edie sﬂmﬁgelmymyh@@?mrmhy, B\en@ﬂ Rrbwith

(cBidtofdrmni tm&mb%myann@wbs BEraftca Asfaciéres nigiuft WBkbW 2

nitrogen atnosphere at 0 C and stirred for 3 h'at 0 C
i)o MYoRt¥enper ature. The sol ution 10 was

CO”T—mMRa(Ee@DeQﬁQbst foc—‘ﬂid%% Qf09?§ttf§x 3?!763 ﬁé%é %H? 4"@&4 62

l1ed to silica col unm chromat ogr a

d@'l» ahh %\%&(Sepété%ﬁmﬁﬁ (ﬁr%é%éﬂ'ﬁ 5.2, V17 13 5 I'W §43 (d 0.3

trd bty ai I
mt.}al gﬁé F&Z@@S‘@ oBs 1A y 1@@1—(1%561@? (§ @ﬁ%ﬂ)tezg(s 0.7 x

AH. 838 7x3H?ﬁ§%?Mx1w @@%«s,oamw mg(éomh)m

J(é (ﬁa&m—ﬁ 747(s 07x1H? 760(ld 0.7 x2H, J= 8.6 Hz), 7.61 (d, 0.3x 2H, J =
Di hvdr o-4 yrazo ol 5 [1.41thi azi ne- 2- car boxyl

8!:6 E’é)@?é*t(ﬁ‘y?"'eér@rﬁ HEY hy | prop| olate (2.33 g) was
added to the o-xylene (72 nL-)'solution of 3-
o>§to 3a 4 67 te7tra2 dr o- 3H—52 oxa- 5- t hi a- 1 aza- 7a azonl

Md regl 0 |somer6.- _
qERY6RSE %H[Aaéwmﬁén S5l 6 18- RBR A mid20R Dfblizin-2.)-

aci d
rrgethxlk@@romm?wm-t‘( tumn@ya-pmygg[ti(z 0lhepi-2-gne-27catbaylic acid 4-nitro-

?begﬁx_/ll(e%t rmﬂmg) \?ag d%%f)lvejd%n%%lﬁ (Eé Ej—%n%ﬁ %gm{r@a %ZHnL)]

§r@§hl)4actlvated Zn dust (1.92 g) and 0.5 M. phosphate buffer (pH 6.5, 9.9 mL) were

éaglg%d%fh‘éqﬁ&fuf’é'l‘ %4&9&@5 stgwh @gm@g@[ § ggm%ﬁ%m The

waactiopdeinture,was gugtp;qgsuyg%rre ar hs@)q rgemdameperature. The reaction
&olutigh b\lé@ranéd'th E%Péé&a'ie &nd ]’[t&e&lﬁr@ugﬂ?—é B8d of E8ftLOPHe pad

ic acid é‘t est er .13 g) under a nitrogen
awmiﬁli@ﬂem wateioRnd féﬁﬁaw%wrl@yeaﬁ\mﬁparra&ﬁ f b’he 8qyeous ayer was

cooled to 3 °C and 1 M NaOH was added to adjust pH to 8.0. The mixture was
concentrated under high vacuum at 35 °C and 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) : CHacN =93:.7,4.0 mL/min.). The separated fractions of
(5R),(62)-6-(7-Methyl-6-ox0-5,6,7,8-tetrahydro-imidazo[1,2-a]pyrazin-2-yimethylene)-7-
oxo-4-thia-1 -aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt and (5R),(6E)-
6—(7—Methyl-6—oxo-5,6,7,8-tefrahydro-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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at 40 C. The m xture was quenched with 1 nol/L HC at
pH 1 and stirred for I h at roomtenperature. Solid
K2C03 was added to the solution to adjust pHto 8 and
the mxture was extracted with AcOEt. The organic

| ayer was dried (K2CO3) and filtered. The filtrate
was concentrated under reduced pressure to afford

-tdgg%%ﬁéoféam%ﬁrﬂ% r?%gg‘iygl li%%%hoédncé ra?%m%;; gl?lledéﬁDlalon

R-2% (60 mk) Mltgutgshl Keseiflq Ltdy) regin qolumm ghromatographyHzAfter
Aaoégrb r% OIL‘}me was %H‘t_ga \gltrﬁwgt';ér GRd tﬂen"@nth 5% &Retdnitrile-water. The

yrazo
ngblr@dszP@ﬁzWﬁ@@n@mtrﬁé@dj ended dighl\acnumat 38 CEiandtyaphilized to

gé\i'e7tﬂg Itugé g&ﬁéoﬁ?ﬂ@% gs%? bftg Wl% &ﬁ?ﬁf’f‘ae,z-)etr%gwp-nﬂfaag@ 2-

rﬂipyrean-zﬂyl@?thmae ‘é1°k@rf&é jaf bazatbicyrleld @cdlheptr?ranesgearboxylic acid

P 5 o SR, B34 001 ) ar

Fompune b (EE5LGr(é-Methid-6raxer 56.¢ Brietrahwiregipidazel 1 2calpyrazin-2-
synhétﬁﬂessw-s%-urfn.amh&%&ﬁ%aé@quw g:heérhetil% rt%leJé)g%cM%%dlum salt

n- hexane -
casnstiom amparhaystsglich €@ g, Ga"e rqucawltryst als (1.78

Qbonﬁ?b@nd (5&3 wﬁ}S(-gmtﬁgl éio% §r§ éé-tet%'ﬁydr?) lmléz&1walgyra2|n-2-

. H)|metgngQe)(-goxq-ﬂ-.tb'ua-b@gagglgﬁ:lq§3 2. 0]hept-2—ene-2 carboxy(llc acid sodium

15

20
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30

(s%'R)‘HWR% (lﬁoé*z@dT(édéﬁy A P Yers 1219, b3k (€] 1H)! 885 s,
01)!'8 Q—99|6$é 1- §§QI§$ ¢y of 3. 2. A hept - 2- ene- 2- car boxyl i c

R R0 Belphb K ABARES fadesl 2 glpypei-2

tm@ﬁéleafﬁ)y?@é@ﬁdhratHzaeblew%@)ollgeﬂtmmww@arbmﬂty@pvdus@dlum
I\&Br'MMR 8 plefs, 8H), Rids at 8.231(s'

nper at u? @) % I—?E sol(g%lﬂg)n (5?%(%]0”{];?)" of ((SR‘FPWQ\WB(S
6@’) @%K%rﬂé‘”ﬂ@%sl hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene .
-2-carboxylic acid 4- nitrobenzyl ester (cont. 99.7%
(1.93 g) was added to the m xture, cooled to -20 C,
and Et3N (2.79 nL) was ad&@mpledhe portion. The
reacti on vessel was covered 30 with foil to exclude
l'ight. The_reaé:tlon mxtgre was stlrredlfor 3 1h at - 20

. L
was dlluted vvlth et hyl awd vvashed Wlth 5%
citric acid aqueous sol ution, saturated

Step 1: (3R)-Thiomorpholine-3-carboxylic adid

' The titled compound was prepared in the same way of Shiraiwa and co-
workers (Biosci. Biotechnol. Biochem. 1998, 62, 2382-2387).

Step 2: 3-Ox0-32a,4.6,7-tetrahydro-3 H-2-oxa-5-thia-1-aza-7a-azonioindenide
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77 sodi um hydrogen carbonate, water and brine. The
organic layer was dried (MgSO4) and filtered. The
filtrate was concentrated under reduced pressure. The
resi due was dissolved in THE (83 nL) and acetonitrile
(39 m.). Freshly activated Zn .dust (7.72 g) was added

-rapidly with 0.5 M phosphate buffer 5 (pH 6.5, 122

m) . TNaNogc'wﬂugmmeaa@éd tothe AaMELEICIBBIT rh) doldtion of (3R)-
ture

POl FatoRin o s, P pEP L cboen AENRBEE 59 °C and

Blirddifor 0VERls. fThetselutidn Was @Nﬁhctad wath GHCICE tintess) ahb éhe organic

i|ltrat h eth
Ipypt AL Seaes WIRB G p ha e e SiEis MRSk AR concentrated
oﬁ@érerddmcfecﬂore&mcb daffdw bAAd (8R4 aitetadthiomarphalie-PLarboxylic

g ? ture gas concentrated 10 under hi gh vacuum
Apid s nale Yellow YA r at e was applied to Diaion HP-21

(150 mhfludvbacstibiaphydridag207 Q) wastaddd teethie THFO(189ML) solution -

& bR R e iR catBents foid SR mlBaanatmosphere

fat acCiapdsstived €or Tioar®rC and fst 1t7ndetrrobmgbmmuum athe%hﬁon

i e

t8nd dhlematogidphii\MRer PROJoldnS was e(thed Rith nhexane/- AEQEL (1/1 -

_ éfﬁsgge;t,tle%@dqé%%g \A@(stggta%r?d 3s gﬂle bl:)omgb ryggls 2:? f_fé g, 611%

Exanpl éH NMRQCPCRp&3ats @reHyfJ = 5.5 Hz), 3.71 (s, 2H), 4.54 (t, 2H, J 5.5
) (6Z) - 7- Oxo- 6- (4H 5-t hi a- 1, 6a- di azapent al en- 2- y| net
‘ene) - 4- '

thi a-1-azabi cycl of 3.2. 0 hept 2-ene- 2-carboxylic acid,

-i Aro- -. azZoj} 11.4]1tH ine oxvli sid ethyl ester

Conc HCI (15 m ) and NaNO2 (16 6 g) wer e added to

Lﬂﬁeﬁzgf@ﬂ?’?%eﬁ%a@i?%s%ﬁ% afecic it r@%l ¢ frzftfy follon or >

loxo-Bagt,8,GHetratyaroadls-2eontar Srthiz-d-amat fa-RdBidirdenide g@1c g) under a

lrnggo%g\éﬁﬁpgéie‘j? gﬂ ‘f‘éﬂ ¥P r?% tﬂgdcr }%ﬁﬂioﬁ%{a%dco%grﬁhted under a

deduoedtpressimig.  ahg ed!slldlw was iagpliegiOtoTsilichl geb colaowt ¢hromatography,

g@%w E' c%ﬁ.nnglfwgs @I&ﬂe#@lﬁw ?ﬁgg&tﬁq OAéCSE?t (E)_'E QI%gO T“E)tltled compound

1 on cru |oroI|ne un
rwasr dg@ined asysiidve oib (213 @, Gﬁ%hoandt the romerfuowasteld regip igpmer 6,7-

%lh EFb%P/CH;A#.io Séi\-l@g1 gﬂﬂﬁ%ﬂé rﬁéaﬁﬂoﬁﬁ??&d Ea P&sqgre IWas obtained as |

ssure ue’ was 0 Sl
Uellwnlléﬁﬁﬁdnal‘tﬁj'ﬁ)aphy, t hen the colum was eluted with

N 78 1 NMR (CDCls) 51.31 (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]i1.4]thiazin-2-yl)methanol
' LiBI_-I., (cont. 90%) (536 mg) and MeOH (0.9 mL) was added to the THF (59

mL) soiution of 6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine-2-carboxylic acid ethy!
ester (3.13 g) under a nitrogen atmosphere at room temperature and stirred for 3 h

76



10

16

20

25

30

hexahe - AcCEt (1 : 1). The titled conpound was
obtai ned as a pale brown solid (4.0 g, 15.1 %. 1H
NVR (CDCl 3): 84.04 (t, 2H, J = 1.7 Hz), 5.40 (t, 2H, J

= 1.7 H). 5 Step 2:

4H 5- Thi a- 1, 6a- di azapent al en- 2- carboxylic acid
et hyl est er Et hyl propiolate (3.1 nL) was added to the

01281 RO i B R et 1 o

‘rochartempenature.o gRolid .G65 prasragdad do thefdolutied té adjuspthto 8 and the

ThS PO L P FRALEE: | S ORI Ha) SR Bl 7.6 anc fiterea.

concentra e under resi
él'ppl filvatetwas soricestiatgd lundet tﬁdmcem peEsauregogifoyd titlére nomh@md as

I th n-hexane - AcOet (4: 1). The
ﬁ#@oconﬂglﬂ alaémtdbt ained as a yellow solid (2.7 g,
49. 3% ,'H NMR (ﬂ:BOIa)tSFZ%erud)dlSafﬁa@ézﬂaleﬁ BHexr 3B (sl RH), 4.33

065 g F o AR FeBR Sl 0 (1 Sy S

7.1 Hz), 4.11 (d, 2H, J = 2.1 Hz), 4.40 (g, 2H J =
_ 2/ oH . 6. 6]

L| B.(cont 90% (459 ) vvas added tothet her (126
51 s e Tl 1t g9, et atEk R e Sk L3R L paption o

((8, 7=diyydrasddi-pyr&ddid[o, 1761[1m1thla21m21ql)mathanblr(agﬂang) and refluxed for 1

i LR o ARRRLhGE I o Pylthas fieq Yoy’ pac of
dbelitest | Thecfiltraterwal ¢onaentrajednundemgpesdated presstre. niTke vesidue was
Q@ % sﬁlgézg?g Icol %nsa]irﬂﬁﬁ{oggﬁgs ('tah%w @%déomﬁ] was, ?Iuted with n-

ona on and"s e aqueous' Tayer

vmaeat-mafémm t hThe tittddocamdundnwaé bbtained?ss pale. yellowe crystals
o(r1 Ggbgyer was dried (MySO4) and filtered. The _
trate was concentrated under reduced pressure. The

reS| dueH/\l&MRa@@Qlaé@Sttﬁ gi 2t chd=FeB Heb 13ehth(s, 2H), 4.48 (t, 2H, J=5.8
%o?g% rméhggz&gellp,l t-he colum was eluted with AcOEt.
itlhed

s obtained as a pale yellow
SO|Id (1.7 g, 87 999 . 30 'H NWMR (CDCI3) S 2.95 (t, 1H,

dry d| chloromst hane(8 n1 soI ut| on. of
di met hyl sul foxide (2.2 m-) was added dropw se to the
dry di @ miDinyimedNepyeazold] D, 1+d][1 4]thiakzine+2ecarbildeyaley(B41 mg) was

nga%rditg (ﬁ'\e(&'y%cetonitrile (39 mL) solution of anhydrous MgBr. (1.88 g) under a
nitrogen atmosphere at room temperature. The dry THF solution (39 mL) of (5R,
6S)-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4- |
nitrobénzyl 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

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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m-) at -78C. The reaction m xture was stirred for 15
mn at the sane tenperature. 5 The dry

di chl oronmet hane (40 m -) sol ution of

(4H5-thi a-1, 6a-di azapental en-2 yl)nethanol, (1.7 Q)
was added dropwi se to the reaction m xture at -78C,
and stirring was continued for an additional 15 mn.

Sy SR A 5 N 108 B v o0

an@mﬁﬁrgé arng filtrate w&w@ncﬁﬁraﬁwmeermedlpr@m@ to warm

Sol uri 31 [EERS USSR B TR GTF AL BcRB oL,

feqs@lyeac@uateﬂa duawea@ waspyaddedaapidly withdd- 2 &/ pliashhate baffer

{1 8.6 22 k). oA R Va&bel Had 2Blfred vili T e é@é&%e
seattion mlxt@rleews ww0ﬂ$lv stirrecfond S heatTeemttemperatyraderhe reaction
Wﬁﬂu&eﬁasoﬁl h?ougﬁfhepécﬁéf c,délﬁ‘e Wahe fnﬁ%@% vad waehed Mr?étgw

col urmcromato ra hy then th umm was
@F@tﬁtelimdﬁbﬁ aﬁ@eousAemt\mlsepa@}ed TihBe epueeus layamwasegoled to 3

‘A@san kitlﬁ'N%@i-l s %dM@t‘l {003%%‘? pH% @]0 7 Tﬂe mIS?tU?em/aQ con]ce rated

@lngg' high vacuum atg359@ Zl'ge cgnqqr;'ltratgoﬂaﬁ @qpllgd to Dlalon HP-21 (150
GﬁRMééhsr?. »@éer éo (144 Resiritdlarhn 8RrotHASGHEBRY. 2laRBr £dsbhiiRd, the

hyl' ene) -

SOWIBINCYRS eiutgd zﬂl@ et MeCMhE/S- 8% Hlox Y he sombingd fraglinng were
%éenﬁé@dqrn\deﬁﬁgh QBEdUrh 5?35 ¢t ami Iylapﬁlﬁ}.ég ﬂo%{\/eothe tltle compound

I aza enta en-2- carbald 7 Q)
e vellews amosehavs sghig (37d dvg. rﬁzt/? iAHE8-02 m ) soI ut| on of

MgBr 2 (1db °C§3?1 ééPdﬂerﬁRQDECD)%%rbsa(i BERNSES 1k ) 3, ?5’88 2H), 4.22

te erature then the m xture was stirred fo

i} gH, 3RS - aHp), B (s184), |$}27)(sSHﬂhﬁ@r{SoTHbBrﬁgt(ﬁoH'@nzy|
(5R, 6S)-6-bronopenem 3- carboxylate (4.3 g) was added
and the m xture was cooled to -20 C then
triethylamne (7.4 m-) w&X@mBlegl2 i n one portion. The
reacti on vessel was covered wth foil to exclude
I|ght The reactlonom xture was stlared fotr 3 h at - 20

h at 0 C The 1r_mI/L CltrIC ac:ld aqgueous solutlon

(S099: Slowo-¥8%-AJarb-8A, &

ag
400 nmL). The conbined organic |ayers were washed with

b e 1B 18 i N BT SRR 80BL AAE R9 100
(sohxtiermpf lxthiopralinte (24.2 dhurder a mtrogen atmosphere at 0 °C and stirred for
2 h. The solution was extracted with CHCl,, organic layer was dried over MgSO,
and concentrated under reduced pressure to afford the crude N-nitroso derivative as
a yellow solid.

Trifluoroacetic anhydride (5.0 mL) was added to the THF (350 mL) solution
of crude N-nitrosothioproline under a nitrogen atmosphere at 0 °C and stirred for 5 h
at 0 °C. The solution was concentrated under reduééd pressure. The residue was

applied to silica gel column chromatography, then the column was eluted with n-
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pressure and crude

(5R) - 6-[ acet oxy- (4H 5-thi a- 1, 6a- di azapent al en- 2-yl ) net
hyl]-6- bronp-7-o0xo0-4-thia-1-azabicyclo

[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid p-nitrobenzyl
ester was obtained as a brown anorphous solid. 5
Freshly activated Zn dust (19.3 g) was added rapidly
VMeBcéheD- AcOBE{ (1L; 1) phnethiebi @oRipblisd wé@ bbt@m'éd alsQaOpélé blowrsolid
h@ THE /%OO nm.) solution of crude

[(40& dRy )4 5-t hi a- 1, 6a- dlazapentalen 2- yI)nethyI] 6-
br ono- 7H<N1WR§CDEI3§1 511)43@@4 OMCY 9 Hz), 5.40 (t, 2H, J = 1.7 Hz).

[ 3. 2. 0] hept ene- 2-carboxylic aci d p-nitrobenzyl
ester. The reaction vessel was covered with foil to

QdEHlB-ﬁI’i‘ifad 4l8idz8BEhtakh-Slc k] tw__{gn.%é,g\/étﬂfa_@gte?' y 10

sol ution vvas filtered through a pad of Celite and the

pad \A@h%%}ﬁ&iaféﬂ&h MBS Bs AdAX tFHd o- ygn@(%trﬁﬂo%?nﬁ%ﬂ%f 3-

gueous | ayer was separate

cﬂxgr%a» '& d|lfa!9éq-3wexq&aaﬁ:m1ﬁzaﬁafazgnmrﬁﬂ-pe_ntqjﬁmd@ @ @) under
@ﬁlﬁ@den(é’cHOQpﬁere and réfﬂ:x%‘}or 18]’? q’ﬂ@%bfﬂlﬁﬁ? @Ay EQMéd to room

| ayers were concentrated
ata'ae%r ajuse an7l Gerceptates under @ﬁ’EC%FbBﬂeﬁé\ﬁet onweadae Mﬁs applied to
Hifrcd el &hifin (:ﬂar%@n raM}I %Hal?n' A8 bolﬁﬁﬁ%as@utehmh)n-ﬁéyaHgn

chromat o dsor bi ng, the colum was

AGRE ? p%t“%!?d a?mpw@ﬁﬂ/aﬁs%t%@d 8% pyeliquesoligdad i $9.3%),

HRld UfH-Suehia- i k- &Qiﬁﬁeﬂﬁperﬁ%hﬁb%xﬁlfc%td & Cﬁleé’i@f Was obtalned as pale
concentrat ed under gh vacuum at 'yophi |1 zed

16! ‘@4’9‘@5%1@9%‘ %é}rpound as a yel I ow anor phous
SO' l ?Dgﬁs"'Wm(coé(Ya) 6%4%0&*3?1 2P} 7. 1%93)* 1429 35 (ﬁe%rﬁlﬂ 4.40 (q,
(?'"Bd §1'Hp) 1524 6, 2H, {5151Hn)666(9,21!1)s 1 H; | R(KBr)
3381, 1752, 1683, 1600, 1558 cm1l; Xma" (H2O 292,

9 _ i3 I g 13 y 25 Piepar at | onf

E yl met hyl ene) - 7-
0XO0- 4- thla- 1- azab|cyclol3 2. Olhept 2-ene- 2- carboxyllc
1: Thiazol.i din-4-one

aci d, i, um sa
titl ed?-gfg?rd& oGl B0 pa Rt adfefite theptborgo FLIRRbom of 4H-
Ng-thent]6dldizza erEEalehlzzcéfaw@@hc 6&]@@@{!@&&@@ B-ah Taﬁa SMedeQér/? mL)
35, 6971- 697421 8l Ste 5) 2. Thiazolidine-4-th
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
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
chromatogréphy, then the column was eluted with AcOEt. The titled compound was
obtained as a pale yellow solid (1.7 g, 87.9%). '

'H NMR (CDCly) 6 2.95 (t, 1H, J = 5.6 Hz), 4.07 (s, 2H) 462 (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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Lawesson's reagents (33.5 g) added to the solution of
thiazolidin-4-one (14.2 g) in dry THE (690 nm-) 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 solution (65 nl-) at roomtenperature
for 30 rrin The precipitate was filtered off washed
Wi th - hexane=7:3 so] uti _) and dri ed

in vac uh& d’Wﬁ'E’“Hﬁ'E%‘BP"?i(%@LhSQ'Fﬁ% %@thww'&xnﬁﬂ@d%?smb) was
Fh’ﬂd@d ﬁ&iplmﬁ% feans! atg dnét@or&n@tha%"@ 10 EHP_) selubror(dxalyl dhlorfdle (2.0

tn{ﬁ *Gh F%**% resﬁcapwwwg%was&ﬁzmeé faftGpin atdls same semperature.
gDhe d@ﬁminémaﬁél @100AL) doNetiohf umisrthraﬁ) éélﬂ@é@;hé&én@ﬁﬂ

th| one In chl oroform
SDmet DR 103 s e Srpisgato s repotion fixidfe at HE-C, and
rsBifHinigividds EBntihtéEor aR agditlondl %%‘\m ”EFH@’Heabt%' rﬁ&}dré@a? afldwed to

was added in 5 portions at 30-60 mn interv

METMR -y G %ft!l'fﬁdtf%h By Trigthylamige (tha nld wasiaddad dropWIse and

VRS réeeBbie fhiitGre AR BILRER & Whith & 0°0eAftdPI0mnt §a°tg|‘a¥58 ammonium
car bonat e agueous sol ution m

o R aokon A 1 Vielon 100 T T oA pemaratad. The

SRPB6F laper Wik @&&%féd%ihﬂé(@m (B'?ﬂ%%‘@)o U?hé é‘drﬁbmlé@%rgamc
xtracted with

S b Aalted viln waiel RS000) s brine KAdl Bh, crie MGSO and

ffiltekedat Ehm&awa@é&maﬁteﬁed uﬁ@@rrea&séucpﬁé*ss%fés Smé @es?raué was
the title conpound

dri vac Afte
E%%S"&é a5 Bamma.CFr ebogs ay,&%{hwe)co'um W'EGBM'@’)
Eheﬁaﬁel— GeOE8K : 1)3. PHe flﬂed crhpoling wasbt#ined &5 2 elldw soﬁb"ﬂ 79,
3.5 Hz). 25 Step 4: Thiazolidin-4-ylideneam ne
rﬂ“?f‘h)re of 4-methyl t hi o- 2, 5-di hydrot hi azol e (10.7 g)
and amiEIMR) (COITIH BIAES (S5 28),0.26 (d,diHy, Lt hanak), 6490, 1H), 9.90
,? was refluxed for 27.5 h. The reaction 30 m xture
ool ed to room tenperature and evaporated under
reduced pressure. The residue was dissolved in
of 0 Iélq pot a33| ym cay bonalt‘e

razamgeme rz@mg-z éﬁé-ercar%@&%im,goarmahﬁ | % 8 rot he

aqueo er was_extracte X

535y The Y aFetShEe 12 ok o utomis ALLE ! Sa-daisBenipioara

fdattadetsde (he gﬁ Wa& Ral&d 1athe dROABEEARME gt Sttiohest W, (5.0
pressure n g hn vacuo to obtain crude

t% Iugagq a Bli rpgen atmosphere at room temperature then the mixture was stirred for
10 min. The dry THF (184 mL) solution of p-nitrobenzyl (5R, 6S)-6-bromopenem-3-

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 rhg) 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
organic layers were washed with water, saturated sodium hydrogen carbonate and
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4-ylideneam ne (5.5g) as a brown solid that included
by product, which is an ethoxy derivative and
4- et hyl t hi o- 2, 5-di hydrot hi azol e, which is the
starting material . The 5 ratio of these three
conpounds was determned. to be 61:34:5 respectively
by' H NVR. 1H NMR ( CDCl 3) 8375(t 2H, J = 2.8 Hz),

T Y PN [ A ———

SlDdBSﬂure)and)truQe I(ﬁla)n@{abetoxmldﬁebh;ap‘r emdiazhpgrBaldng)yimethyl]-6-

q%réfmf)w?gﬁg)& Ill*gé tl)leaI 9(}[0 a'ﬂ 8@@%5 ?n%ﬂg Q(t%ﬁ)%&&;? 381'1 étﬂlt?obenzyl

astar ovastobtdieed 398 bm_v)n amonphous salidper at ur e. The

t ' . f
160" st Eibbiad paget (1.5 g RS rapkRIEH S5 kdin O
fahosphate batfer (o8 6r 5, 400irol) taithe THE (1Rmtpsdlatibntaf cruser(bR)-6-
A?@%%W%@é“?s’sﬁﬁ%%%%ﬁ%@@?% FtRRs Gt
(azabicydlo |3.2Alheph2ene-2ntarboxyio acio otmenml@atetno'l’mi reaction

f

gieéggérig\%lsgﬁl/é’r%li Qﬂh(fg?toquch@yhgﬁt Tléé fe x% cgﬂrtngﬂﬂ @ was vigorously
cﬁtlfﬂad far@seh ek rapng mnna_atmrM) ThEFInantmrg aolution wag/filtesed\tiwraugh a
ol Eefhe ol (RE P o MacREd with Walr ¥800 titfand ribbBin| (986 mL).
aTmﬂ aqugouplayen wasmseparated aodthendhe oraenisdaygsiwasaaxttacted with 0.5

AR AL S
sonpentr & mplib NaQ@H wes added tﬂ%@%lpﬁ t.@&p am arplied to
f5igi8h HHCh B resi(1BBX%AN eles.'ubﬁl;\r Kaoégl So. L%? chlﬁ%nworﬁétogra y.

to give the required dy as pa rown cryst
(Aftesagsorking4thg, coWro/&las ngte hvikrateCa thipn g 5% asetgnitrile
?dd,uedus-sélutﬁ)nl't')'he BofiBinkd actR)é fral:tlons]wé’reldbhcerﬁra@é’d wrider high

St e 5R) (62) - 6- (7H 1 m dazoFl
oy f 357 20l bRl 18 g the BlescortRanis. ¢ &velow amorphous
aoHd (834ahg, B04%3 ;2702_6)ept 2-ene- 2-carboxylic acid,

sodlu salto 7H-Im dazo[ 1, 2-c]thi azol e- 2- car bal deh
(341 R 19 R ORI .31 5408160 2 .69 (o 20 S5l TH),

563361(51 QH) &9 PRNYHS, Bl {ﬁgﬁq?— IRZKES 39%1 U1'7@9f 1@83“*166(99398 em?

83,8 here at room tenperature.
Jol d{"p %ﬂ@ﬁﬁﬂ) of (5R 6S)-6-
br onp- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car
boxylic acid 4-nitrobenzyl
Example 13

Preparation of (5R)(6 Imethylene)-7-oxo-4-thia-

1-azabicyclo|3.2.0|hegt—2-ene-2-carboy_ lic acid, sodium salt

Step 1: Thiazolidin-4-one

The titled compound was prepared in the same way of Marvin M. and Allen
R. Harkness. (Tefrahedron Lefters. 1994, 35, 6971-6974).
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ester (cont. 99.7% (2.51 g) was added to the m xture,
cooled to -20 C, and Et3N (2.20 nL) was added in one
portion. The reaction vessel was covered with foil to
5 exclude light. The reaction mxture was stirred for
4 h at -20 C and treated with acetic anhydride (1.26
nm.) and DMAP (160 ng) in one portion. The reaction

%téﬁ%r?h“ﬂﬁéhéﬂﬂem@ﬁl&&o C and stirred for 15 h at 0 C
with ethyl acetate and washed

with 5%citric acid aqueous sol ution, saturated

sodi U QUL HEeRA g@g@?ﬁ@é? @%{fﬁ) f@é‘ golgﬂér{]ﬁftthfggg idin=4-one (14.2

organi c_layer wa
fa)lin eyt Td Owﬁceé\dtth%r@@thmme«uremeﬂumde‘grs% he. Thetixture

V58 B indhaahastn Ind byl bhodnboass Al iy
|cf ﬁ@@lpmwa%trﬁulﬁteéirWl(fp@HﬁlsMe%M‘ﬁOM@@ (65amb)eaf roemtteraperature
?M’nﬁw Thﬁ PF&?;S}tEteq}Vaé’fﬂfe?é‘d offRrashay SR MG A ﬁe?érie-t?%

excl ude

e reaction mxture was Vi gorous

s&olltmpwff Ly} ) anda,driedhin vagdm Teafhiazaliding-4- mewamﬂedﬁs a
fBa‘fé y{;’usw%ﬁ,dgf hfoef &cggo,{;)r ough a pad of Celite. The

was wash ethyl acetate and the
aqué‘bNMRI (@F&la)\ﬁeﬂsoas@paﬁht"@cﬁ (sTAHd).aqueous | ayer was
cooled to 3 Cand 1 M NaOH was added to adjust pHto
8. 0. The mxture was concentrated under high vacuum
Stef ; 2 6divdre-thiazoleppl i ed to Di ai on HP-21
(321 m., MtSUbIShI Kasei Co. Ltd.) resin colum
chr onat ography After 20 adsorbing, the colum was
eI ut ecl\llemylﬁocﬁﬁﬂzm wds @ddedd¢ e bdilirg sadutiminrod thiazolidine-4-

%ﬁ% % p JS{%%S%CK r%!.ﬁ %nH?ﬁ% eag{ (91#' mY)g&rgl"N'Qsargﬂu?f(gd ?br 1.5

ym I'l'g\AheampMmmsctts'el ardaqdltmhagneml I%ildp K66.89) wabladdetbinG
(ﬂfﬁans $ bb%ﬁ@ftgavaﬁ %fl%?r xm% i3 aﬁﬁ?ﬁaéﬁ%%ﬁ%&eacﬁoﬁ%lnum

Hyas q:gleg(tgmrg tqmpq:ra@pgﬁgi\gndﬁ%)potassmm carbonate aqueous solution
ﬁlﬁwgs @UQed aﬁé éﬂr@&ﬂ’bﬁ gmlﬂ'd?}‘égrﬁ téHibé}X 0 |A‘Pﬁt=:5?%oa£atlng

oxazli n- 2-yl ) net hyl enel - aza
Grﬁ%'ﬂ? layers the @qqggpg@)@[ was e’Q@CM \M'th @H@b (100 m $ly|Organic
]Ia)(c#s {vere combined, dried (M?SO ) and flltered The fi ltrate was concenirated
tert-butyl (di methyl) f'ox f%/ razol e- 3, 5-
cindisF mwépr@ssureﬁadéng cheﬁ ! edﬁ@tlmut e title compound was
%lﬁa@éﬂ@@@ﬂoﬂﬁh‘&l@ﬂb@@h@élﬂ)(z 17 g, 10 mmol) in

ace1t onitri
H NMR (CDCI3)8251 (s, 3H), 3.91 (t, 2H, J = 3.5 Hz), 5.21 (t, 2H, J = 3.5 Hz).

Step 4: Thiazolidin-4-ylideneamine

A mixfure 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
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
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(10 m), under nitrogen, was added potassi um carbonate
(2.07 g, 15 nmmmol), and 2-

br onoet hoxy-t-butyl di methyl silane (2.90 g, 12 mmol ).
The m xture was stirred at 5 reflux for 18 hr. It was
then cooled to roomtenperature, diluted with ethyl
acetate (20 m), and filtered through Nhgnesol. The

B Paart BydRiaegt 2Bk et (roRhpdlinerdh MYie firateryas

lcoAcahtratetande sexluicee pressure emdadnies! uanabmetes:hthm tnude: tHiazolidin-
e RBRen8 6 R5 2=F oM Eh el e prifyeh sty an ethony

aieavaive anammeﬁy&hloecfedlaydioeilazelv; wh&h\/lameestamng atatatial 0 The

3atiSorindss Bt soodt WS Rorinalte Besyas ipbactvely of -

N Y azoI e-3.5-di nethanol To a solution of diethyl

H SEAbTERO AT S B e

nmet hyl ene chloride (8 m), under nitrogen, was added

0 “'. utl ?n of di | sobut yl al um num

e e HE A e e carbaldehvde- af ¢ o stirring

at 0 Cfor O 5 hr, the mxture waas warnmed to room

t enperat ur [t was then quenched with .
e o s bS8 o e ezs
enll) e fdtiedito Eh@édmlonag etmehuaiﬁmmgmr@amﬁﬁg (8(3 gMagry
wash r e dr ous, sod

Seleaitue Yl B oPRHaGPeBERy Py ol of TRRAPTOT A WP e at room
geinpdraturp f&21BBh Gddel tN&thﬂ&ﬁln@M&k@)mL)ﬁWhQn refluxed for 2 h. The

o ST S AR o o

SwesHured N Tok residue was dlssolved in dichloromethane (300 mL) and washed with

ﬁo("/2 Pétggﬁﬁha&gééﬂglgedé anO%Qlﬁqér}l’{gbgﬁyﬁé?'}ﬁ’tgah&n and separatlon

rtbe Iague;ms laydr was@xtrécted with diohwosomeiiiede {60 mL x 4). The organic
4

TEJ< P8 Elbbae e ol oot R0 ovaperated

sirider eegiuged presatiree niiwr residue was @ppliedtiorsilicaige! Qcmmn

t

O{hﬁ&h&@g phg anli %Méh%ﬂ{’éhéfg'l%bém @86 “3?@'@%% (:ﬁlﬁié%ﬂ

ng was conti nued

rimldﬂ}plé CEMazn*q%-a@aahﬂldﬁthaﬁ\aé)r@m&@m rideatudenproduct was re-

| d% rydthi Hice J?én?@i—‘(? 40p! 'f‘ile}?ne ('lfhe3c;13 xgrdl ﬁhéb??t f) bbtt@gﬁ}g the

roug ica ge ‘and
vigguires| aldehydgiastpale krowp cmstaéa ﬁ(é?' TRégcthdilned el uent

msHmﬁ?éle?Eﬂong Ja“P'3*P-r Nog tdéﬂ d?'t ‘éeiﬁ%)élg_sﬁm),

anhydr ous ~sodf um su and vapo at e

P8t (w1 te solid; 85 n’p 63-64 C, MB me 283 (NH'").

Step 4:
4- oxo- 6, 7-di hydro AH pvrazol o[ 5, 1- c1[ 1, 41oxazi ne- 2- car
n -6-(7H-Imidazo[1.2-c]thiazol-2-ylmethylene)-7-oxo-4-thia-1-

azabicyclo _
3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

7H-Imidazo[1,2-c]thiazole-2-carbaldehyde (841 mg) was added to the dry
acetonitrile (116 mL) solution of anhydrous MgBr, (2.93 g) under a nitrogen
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5
1
e-
m

a sol ution of

-{[tert-butyl (di msthyl)sHyI]oxy}ethyI) 1H pyrazol
5- di carbal dehyde (1.02 g, 6.07 mmol) in THE (30
) was added 6.68 nl of a 1.0 M solution of

To
-(2
3,

tetrabutyl amonium fluoride in THE at 0 C. After
stirring for 1 hr, the mxture was treated with 10 m

ghl

W"eﬁ?dh‘*hea%ﬁ‘éséﬁgﬁéé*é@ﬁe JTHe @ THE SR (PR mL 78 (SRC BSfle-
\hrqmp%rqmé-tfm-waa@wio{a@ renes2-syPxmic agididpitrobenzyl
t T -

Ssioh 65, 07 R 5)RIRES Quodd o HURRALA, ESbied -4 HSi3nd EtN
-29&ly év.as| addﬁéﬂmweem’tlort h |T@e|ra@cti92 gesRe) wag 0vaTpd with foil to
%%nuaé ff@g?m) Arp&ﬁ!r@%ﬁ@ﬁﬁé@#dr Eﬁsé\P %§'°éear{d2tre%?e&w.th

ecul ar SiI eve

e mXxture

\ﬁﬁ%tl%@nhyﬂéde €29 @bhﬁﬁ%ﬁ%"aﬂﬁpéng)dm one portipn.  Hedeadtion

: H.ﬁﬁ?@ﬂfwméfkf@% QRY SR Y5hRe ubh e ﬁ"h)&@relz%as%luted

tirring was continued- for

wéthieine aeetata and wrshed Withi33p cifigsacid aaiaoys salubian, safigated
@bblHFrﬁ%rd% eh &?Mat@%ﬁ&tﬁld(ﬁiﬂem The c-fr B§m€\d§t§l"fm§s \flﬁtﬁd (MgS0,)

tere ro ca
falmi#I&?regadT%égéﬂema?opqnpwraze&uwrmd®pﬁpre3§éa ate.
The Coﬁdﬂériégduee\klh@aﬂssdf@e“d IWPfQ:BWhL)rhn@J éﬂe{ﬂﬁltnl@gﬂs mL).

brine, dried over an rous sodi um sul
Biasib atbate0 Enust 6. 40 4005 pHpPRatediar (RHS 5288 mbd were
Gddé@td%é nAi%tlrd. Mt rea%@oﬂré@seiswaéfcé\}etrédmﬁﬁ‘?d{ﬂto exclude light.

5R) - 6- 1(acet yl oxv) (4- oxo- 6, 7-di hydr o- 4H pyr azol oF5, I-
ihe reaction mixture was vigorously stlrred for 1.5 h at room temperature. The

ré‘édﬁlsﬁlmftu?e Whs fRLrEY throintd pAPof/CaNE - Ak Mitaitd was dakkeFwith

A hept - 2-ene- 2-carboxyl ate To_a sol ution of
I?ﬂ]yll Ecﬁtéteﬁ‘dg‘he aqusousidiey was sgearatsdh  Fiig aayepyisiayer was cooled
e deC andt T MOCAOMARS aElEe@d‘d@djust pH to 8.0. The mixture was

SRR e el vaChi AT ARLE) e FRRRNER gPhls 6 Diaion

\MR-R1- $321r anlgltsLmlsmKuseum bfd. )(@Rn&&ﬁnﬁrdbﬁdrﬁﬁto@ra@hgﬁ After.

Hah g R SR 8 Sl SR RRS SN o SR e Sepinsh

liﬂa):twmuerleemnaeidmbd antedr high vaicudm e 3586 and dyopdlllmd toZQIX/e the

i PESHY o8P Yol el B B B e T Bhe G

for 4 N 145 tC\(de):t' HEMMRI(PDESI3 8518, 2M)ed.88 (9120662 ¢s, 1H),

E12 g ) S ol TR &t 0 C for 16 hr. The

m xture was concentrated and the residue was dissol ved
in ethyl acetate. 86 The ethyl acetate solution was
washed with 5% citric aci E—aé@&f—gt ed sodi um

bi car bonat e sol ut| on and brine, dried over anhydrous

“sodium sul fate

Preparation T of (5R 2)-7-0x0-6-[(4-0x0-6,7-dihydro-4H-pyrazolo]5.1-

cll1.4]oxazin-2-yl)methylene}-4-thia-1 -agébicvcl0[3.2f.0]hegt-2-ene-2-carbox¥|ic
Acid.

Step 1: Diethyl 1-(2-{[tert-butyl(dimethyl)silylJoxy}ethyl)-1H-pyrazole-3,5-
dicarboxylate
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evapor ated. . The crude material was chromat ographed
wth silica gel (EtQAc- CH2ClI 2/1:5) to give 0.27 g of
an of f-white solid; np 107-110 C; MS me 595 (MH#). 5
Step 6:

(5R 6Z) - 7- ox0- 6- 1( 4- ox0- 6, 7- di hydr o- 4H pyrazol ol 5, 1-c1l
1. 41oxazi n- 2-

yl ) met hyl enel - 4-t hi a- 1- azabi cycl oF3. 2. 01lhept - 2- ene- 2-¢
arboxylic Acid To a solution of 4-nitrobenzyl

(T6R) scbutiohaf elietiyd B}ﬁ};ﬁytamkm@arﬁe)dldtg/(ﬂ 17 ¢ H Q)i a{:éiomtnle
18 5yt BB B80T 5 Y g, s

bmrﬂ@atmxyél-tﬁl'iyldmthylsnlanér @ESqa.51 mmmol)u'ﬁlui@ mixturerwaseastirred at

\g%ﬁjéqg?‘%j%rﬁg \n% tﬂén c?o {%@%@Qﬁé@mﬁgfa‘hﬁé Elkéeﬁt \lv?rpethﬁ a%Mate

Wnﬂ)gmdaﬁltededathra@ﬁ@agmsof dhe filtker, pagirwiast eblehedfwtihtﬂex ¢Qiml of

PP il fp e e Y apdRRil S v

a’n bexanes art paseed throughl aicstinvvefrsilica Ig:pbl("?@Lgé Aienraddting mnth

k&@s% 86‘91\) éff%pc%i}ﬁﬁl‘?@]as Hﬂﬂe @wgtg@l a]cgta\f%grt%e?@ gc%ferhluent

waseyaporateNNRgIV@mm @by co@“as%@k MSom/g BT1 ().
4.76-4.80 (m 2H), 6.50 (s, 1 H, 6.63 (s, 1 H, 7.58
(s, % H) 7 76 (s . 1 H) Exarrple 15 20 Preparat|on of

oxo‘4:
t hi a- 1-aza- bi cycl of 3. 2. A hept - 2- ene- 2- car boxylic acid

- Sioepsalutionrof giethu it dB-{pert-butyl(dimethyl)silylJoxy}ethyl)-1H-pyrazole-3,5-

- S B R R B e SR RAL B iEogen, was

ed dr

‘@dded 42 mpf & 3 Qslsﬂmplutlso nﬁdiispbutxelunmmmmdedannrmetbslene chloride

Q'ht:%c(,gﬁém&lr%@k&?%r Atht fh%or*?igﬁjfb nax c?fé: rgBRn

reacti on ia appeared t ereactlon
Vrsperatire far Ozfsbrcltfvms themguenched with |15 m\leo;f sghpated ampapivm

_ %Hﬁ‘)'nﬂ s@lbti rgp Crﬂra‘&fb% with &h 'chéme)orééhlé%macm% washed

ena ropw se Wlt m nut €S reaction

\maf@ hﬂ@stdﬂﬁd @scan'afd@srﬁo@um sdiate. @nd expRerated tegive 0.44eg of a

atepmsgh Mg extract with DCM
?2@538@ lﬁgﬁog_ﬁrﬁg gonbl n}s 8gp(ganfc | ayers were dried

over magnesiumsulfate. Filter off the drying agent

iep 9011gfg};&%@;ﬁ@ﬁm%@g&;ﬁtﬁﬁug@?zé%,gpgpggnnd |

MM 7-Di hydro- 4H 87

D b QuRby SRS AENSAST PR AR

whnsethard &t 18igt 4 mvaolém raeftilylené ebloridee(20rmalyveasi added 4-

' .?Eertﬁﬂ@%?hb m%ﬁap (2 égds LZ? rﬁlqol) SRE %&?&r%@v@ﬁﬂ (f4 lg?.s?he

reaction mlxture 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
hr. The methylene chloride solution was concentrated and diluted with ether (40 mli).
The mixture was filtered through a pad of silica gel (40 g) and the filter pad was
eluted with 2 x 20 ml ether. The combined eluent was washed with 1N HCI and brine,

dried over anhydrous sodium sulfate, and evaporated to give 0.79 g of a white solid;
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acetate in hexane. The collected material was

di ssolved in 100m THE and LAH 5 (150m , 0.5Min THF)
was injected and |eft at 230C for 10 minutes. Then it
was refluxed for 18 hrs. Quenched at 230C by adding -

wat er and eventually INHCI to clear up the m xture.

Extract with ethyl acetate (2x200nl) and conbi ned
%rfggé]b& ocl A%ehR ég3| (ﬁ;ﬁll over magnesi um sul fate. Filter
d

concenhtrate gave . 3gram product. The crude
material was di ssol ved in DCM (300nl) and manganese

OXI dant was added each haIf an hour | ater. The

TRLLY \on"@j &gftgrtfduieﬁ fn?é?hyﬂ%ﬁ@tégy}eﬁ}y gf’l@ijpggréz&&h 5 €

concen rate urm C
ticeasahydé (1.92 gy 667 dymol) In Trikd Gooml) wasmﬁe$69388m«zf a 110 M

sy pgehpudifmornd Subis B)hr, & O ity Hlpd 1 g e
PPnigtues was treatefi with 10 ml of saturated ammonium chioride solution and
S0 RO 0500 i <l YD T8 kb M bR g cver
anhydroés Seddim)sdifatedfiteréd thrm|gh, Magrigsy and-eapanateal. ﬂfbdﬂymde
PR BT 0o S8 B BRI b ere
ehtbide (2@mit o §1i eolationTivas addeidm-mevmnmphumem-axnde @89 g, 24

Irﬁrﬁ'ngﬁ %h n'go[’leD&?ér”s ev? Rz(g@hﬁhet ueﬁ éva s’urrec[lJ at roPm temgelaature for
A 0mmine andattnmyreamwh tetranepylamanamniyny pemtrmnate (DHE gp@s3 mmol).

S PR Loy PSRRI S U8 epongtes
tamlrdlluteplemtheeihxdndetatee(4mmdi Uihe raixiure wes filtere@ throughGa part of silica
tgu @fb dVahd tHE ferafzlivids hrBy olﬁth @ex ﬁ@mﬂaihh é/aeﬁaté Wh%%ﬁﬁ!)lned

he m xture was stirred

r@%ﬁﬂt WeR W‘T@BP%WﬂbﬁNtH@r?nélq”UFe@T 'Qﬁﬁ Q"ﬁr QMO@WIU”T sulfate and
SBBRARABINE 96 ol BIim i 46 1 st 4IIAD.

rate i um “bi carbonate, and 10 O rlne
organic layer was then dried over magnesium sulfate,

j aqueous phosphate buffer (pH:6 5) The
'%%Q I:L‘Ltsémt hen subjected to 45psi hydrogen for one
hour with 0.5gram 10% pal | adi um on carbon. Then it

wessa solutiern ofdVighre (Ugh ga2.6d imae!) incadetanitiled 13 oaunder aitregen was
¢ .
| LAYl D7 IRl §§raz egvtf ee]‘[1a &g&%{ %g-cggﬁléﬂgﬁ@% g,

was t hen cdole to z asl _
0.84 mmol) at room temperature with stirring. A solution of (5R,6S)-6-bromo-7-oxo-

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 ml) 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 —
2_0 °C in the dark for 4 hr. It was then treated with acetic anhydride (0.2 mil, 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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with 1 N sodi um hydroxide. Then it was purified via
reverse phase HPLC using 2 liter of water followed by

‘5% acetonitrile in water. Water was then renoved

through concentrate in vacuo and 100 ng (38% of
product was col |l ected; M >250 C 5 HNW 8 7.36 (s,
7.15(s; 1 H), 6.55(s, H, 6.44(s, 1 H), 4.61

(1‘7‘&?%5'@ aciglf 8%9@“@2@%29?% “&fz”éré plrieged: bahhteg Sbaipmo
chjcarbonatg solution, and brine, dried over anhydrous sodium su_lfate and
& %SOth'eQ' 48 eRiad ThdtDhd WAk SnmorthtbdaPRYd itk &iidd JE B0 ALe

43!-1126!2/1 15)aa givbiocarcg of ah &ff-Glhite pblid? nep 6721 uawmms hi/e 595 (MH").
aci d 15 St ep 1: Preparation of

||5@0|§E!:; %ga A "z_zgfg [_HE i-%i [3 ‘esé chazin-Z-

alZ z 4_ : 0:0, £
Maﬁﬂ%}ﬁ:ﬂh’amﬂzaﬁﬁmm 0¥hb§iﬂz-lén3-md}'bb$ic Asily!
(20m) was added and the bath was renove en the

reacti on nedi a appeared to be pasty. The reaction was

- Krepd selutich3er@- ﬁlﬁbbéthF(SR) GT(&Btyldxy)/(@-‘bx@-@@' @iﬁlydr@-@ﬁ razolo[5,1-

3 e B T b aR Z P bl e P AR 3 U Peire-2

Baebo"xglata {ocae gyatsakmmol)am TEFQ15Mly, uddér Mitroddn, W€ addéd15 ml of

Rteapes ubatrdhioadt il Bh dnu BB aidiof 1 P he mixture

ama;arydﬁogemytw alao-50rpsefbrd kg and dskirLiitetad thedugh Cdfitd. TRE filter pad

Stolret i S e BORESHRR PreBRls TV RESlR Tpa pesanic

Jex&agrm qrizdinavie) aiydrousahiagnesilinesulfatpandévaparat@d The residue

P s SRCTn, GBE YRSl el o LR L o
V@MS@HE)UE 8E5E057 (18, 2H)s4. 7TBRESD (rh, 2td)s6\5ags.etH)N6 BB (s, 1H), 7.58

ined over nmagnesiumsulfate. Filter,
’nc@h?ra’lét %dgHr?d flash chromat ograph with 20 et hyl

acetate in hexane produced 1.1 gram (11 %yield) of

duct 30"H- NVR 6 6. 68 73 2H), 3. 68(s,
pr oduc (S‘%";“‘Euﬁlé (s H) (s

2H), 3.04 (t, 2H, J=7.6 J=7.6Hz).
aratidi3of {ihydroetHithilie meth Iene -7-oxo-4-
6, 7-D hydrq( 4I—]|-t h|

acid 89 ety ‘ jner
LAH (40nm, 0.5Min DI\/G) was |nJ ected and the reaction

Vﬁeg|1eerQhrﬁm®ﬁWQﬁﬁlmmﬂﬁenoib,QEb|pﬁrahﬁmcarbaldehyde
rF%&:l% %d83mqr5&r§mgﬁ %\ias added dropwise to ice cooled DMF (3.85ml, 50mmol)

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. 4H-pyran-4-one (5 gram, 50mmol) in 10m! 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). |
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 (200mi) and was added 6.0 gram of ethyl 2-6,7-Dihydro-4H-
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-ﬂ-NMﬁqWéﬂ{snéHl TrAY(svld,: ¢7érsiAHfet:

Quenched at 230C with water (1 Or). The organic |ayer
decanted and the remaining was washed with 20nl DCM
The conbi ned organic | ayers dried over sodium5
sulfate. Filter, concentrate and flash col umm

chromat ograph with 10-20% et hyl acetate produced
940ng crude product. This crude material was dissol ved

LB <4fBhn 0 RUGGREE e f IR 980 mppre vas

saflued for T drsratheinal wasswashad With meaterdanchdoeg h>var prgnesium
|

gfg&égé 'étt\ﬁas @C@ dagﬁfi%enﬁT%%&m#grb&?%%@b%ﬂ%‘%ﬁ 20 ethyl

Acetate( i, helcam; hgs:o(lgptedz Ryatergal ms(cﬂssoﬂqd ip1poml Hir)F, and LAH

%Iréb'i_’nl( b SN I TH#)-%aZ ilfédted dMa 16F ak 2388F0P 4 0(Mhlites! SPheh it was

eparati on

@efb.le;eqrfcm ‘rg/blfso Quendhied /812308y adding wates-and eventually 1N HCI to
Y:'eQP'iJE Miktufe. O kraet \Wlitl‘? ety 2@stBleCbEOmME) 2nd EpRfined Brganic

oxy I C aci

| @quﬂm\@rmgnﬁs@mtsfa@ cFilter apsi eansentratarasye ddgjas product.

g%ﬁme rhatCAST A dIE%cﬁv 'ﬁer i f(ﬁ’odnmb;;?afﬂnaagsﬁéw <f §>&.é§gs gram

magnesi um brom
wﬁéracbﬁaddebM%actm mee at 2ReC rf?er @riy. whien 2x15 gram of

%&idéﬁte\ﬁasaéd@e%%cﬁ‘ﬁalf% ﬁou'f‘natelh O'FHe rfwgteélalow%s then 2flltered tgrough a

Br onp- 7- 0xo- -aza- bi cyc ept -
@aﬂ tszimlﬁeccmﬁatrate% tFr'%'ih B@HWI Ché@métpg Yrggve 1.206gram (14%
JylengfaT%addcﬂ 17nl THE was then injected all at once

20 m xture was i nmedi at el 5@?‘;08'@63% gy %%%@@H
n Z '

(JLS%FE?I\% 169 Rfa+H9r three hrs. Then acetic anhydride

|nJ ected and the m xture was stirred at
OoC for 18 hrs. The reaction nmedia was then dil uted

\ﬁtéé! 24W§barﬁflaﬁlof %ﬁ@}ﬁbﬁlyammﬁmﬁﬂ, Jcibﬁgﬂ ﬂlm@%ylene)—%
‘aCI _saur ed so | um bi car ponat €,

cle aeided 25 over

Hmﬁ %éﬁ’& §0- ({]&)))rér? Qer,%rh‘;ré‘ : Eﬁﬁnolﬁvé’ssﬁ‘issolved in

h t
ﬁ@ﬂ&ﬁ@téa&&%wn?ﬂmﬁ%@gdéts mghX@npsgﬁa;dhem\,a@ded under
tﬂ?&nﬂ)‘sﬁﬁéﬂav Qﬂe 'nﬂxtamas-r Slrrengd 2300 oA isou? r@%Ftnﬁ‘é-‘?-oxo-4-

buffer (pH=6 The m xture was then subjected
Avpsl- aﬁ%?ﬁﬁ%@r fod}?e%ﬂeeﬂ?o?ﬁarﬁﬁ&’"ﬁ arid 4\7\5“%"9‘%“6@ Pﬁﬁf (7]? Oma,

@%‘lrhé!?in%nﬂ "I‘I—MS’Q{I‘\enTﬁ]@&ed Bl %c@'dnﬁ%@%ﬁﬁ't’é@k&hnﬁedlatew
ad of celite and 30 concentrated irn vacuo to renpve

,rﬁ@@'@d ¢ —20RC/THiethyiamined[ t)iwas ther injastad asbihe gnixiyre stigeg at -

eh@acer& tmé UER rrhe.e dcét& APy &riced (olunkr) »%@ Piicksn Mshemﬁare was
it puri f via reverse gmase HPLC UM

ﬁt'fre? ab@o%tréﬁ hf%ﬂ*msactw megia was Handiluted with ethyl

\Rebeite thi}ﬁs‘a WitH POl S%rdFtHQ Ec@ OfUPARL datlratddsodRpH0

and 21 ng (8.6% of product

bicarbonate, and 100mi brlne The orgamc layer was then dried over magnesium

sulfate, filtered and concentrated. Flash column chromatography using 20% ethyl

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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was collected. M: >2500 CHNWVR 7.34 (s, 1 H),
7.18(s, 1 H, 6.59(s, 1 H), 6.44(s, 1 H), 3.71 (s,
2H), 2.93(s, 2H), 2.50 (s, 2H).; Ms: 338.0(|\/H—|) 5
Exanpl e 17 Prepar ation of

6- (5-Methyl -4,5,6, 7-tetrahvdro-thi eno[ 3, 2-cl pvri di n- 2-
yl met hyl ene) - 7 oxo 4-t hi a-1-aza-bicycl o[ 3. 2. A hept-2-e
ne- 2-carboxylic acid 10 Step 1: Preparation of

-ﬁﬁsmths' [THF. STHe sbidtishiveswhemeddidioaieBo Begrep\and basifid il pH=8

bt T3} R et e s P iReerse Aass HELG eina 2

fiier df Watet fojlowed be 5% ddetonitalg in whdmvidater was tl'dansremlove}ﬂthrough

S Sl e LA OO AT

IM-NMRT b .36 tt HR 17 . 181S, memsa(emw qugmH)maer(s,am, 3.88(m,

ed ver sylfate. Filter and
gg‘h@e@éjbﬁt?@ﬁ)éﬁ 3?"% % (160mmol , 98% crude
MB0BMHNVR 6. 55(s, 1 H), 4.70 (s, 2H), 3.41 (s,
2H), 2.86 (t, 2H, J56Hz) 2.73 (t, 2H, J=5.6 Hz),
2.38 (s, 3H); Ms: 184.0(MtH) 20 Step 2: Preparation of
5- Met hyl - 4.5, 6. 7- t et r ahvdERaiblest®|[ 3, 2- cl pyri di ne- 2-
carbal dehyde DMSO (1.7nl, 24mol) in 5m CH2Cl 2 vvas
cool ed to -50 GOoC O '

y
tetrahydro-thieno[ 3, 2- c] pyridin- 2 yI) methanol in 20m
DCM was added at 500C and the m xture was stirred for
anot her 15m nut es at7 SOoC Trltet hyI am nte (7n1 vvas

rﬁw@m %ﬂ oémi 4%%&3 aosy aadéosdrom&a &@icbxeowaa i gao34nq 43mmol)
was wash V\%F‘gr ﬁnd extrg‘%f 4
wmthm A=Y D@%@?Pn@a@s&ad@ed Tend Rechahhes rEmgyeH when the
|rax&ioh NV&Rii£aphd=ed QM% pa”awrrﬂ@ ﬂé&btlcﬁﬂJvés?lk@t aFQdeCEfor 2 hrs
Concentrate and fl ash g] r.Qmat o%_ g % I
R SAS SOOI Saa Jebay Er daeP TSR e AB T Aol in
Propél UM 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 200ml 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
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
H-NMR:5 6.68(s, 1H), 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 (4.8mmol) 8,7-Dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylic acid
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H- NVR 9.81(s, 1H), 7.42 (s, 1H), 3.56 (s, 2H), 3.00
(t, 2H, J=5.6 Hz), 2.91 (t, 2H, 91 J=5.6 Hz), 2.51
(s, 3H); Ms: 182.1(MtH) Step 3: Preparation of

.6-(5-Methyl-4,5,6, 7-tetrahydro-t hi enof 3, 2-cl pyri di n- 2-

yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl ol 3. 2. A hept-2-e
ne 2-carboxylic acid 5

?;%‘E@f'v&&e ﬁ&?l\@ﬂqh bkl rhiFenel @Aﬁwdrmyblsﬂn mqarﬁss Wabqaﬁected

C acl ester di ssol ve

ashiheaeackan whs je %tn%ﬁqs;a@ﬁgg furnUEﬁSorr)f he 'étﬂ'ﬁérfﬁfﬂ‘e‘e(’ fOé?a hrs.
gHé‘ﬁBheé -0 2580 |vs)|thVWa‘iert ('?Ql'ﬁl) a%@d)r%&ﬂ@ rayépdébbﬁféﬂmhﬁrtﬁe remaining

e mxture was stirred for "hal f an hour.

wapwasheq - \wﬁbmm! IAGM.1 - Tha -ggmbjnado prgapicolpkerst drigde Akerpsodium
élﬁfaff“ bt 'c%n@édtﬂté‘aﬁﬂtﬂa%hbt%hiﬁih aﬁbrﬁétopﬂapﬁ%mnno-zo% ethyl

in 40ml E was then injected at once
e¢atatai DKPQHC@dV%@mm@!ﬁ Rfagpgt. cﬂaﬁ Efidegnatgiglwas dissolved in DCM

@ohﬁ)t ard ﬁ%&@nes@%@dde@%r&ﬁ\%d Adieh. eq*hé‘?ééch&ewﬁ‘s &h#fe@ on at

tirred at - hrs. Then acetic anh

?@o%éﬁmmw |hﬁwectT@a 'Hﬁt?”?h&'aﬁ] theq (fiteyeds thee q?y gdpacq of -celite

8 d
\%}t@eﬁﬁétgg nﬂF‘iHestﬁ c)Z-F[ﬂfr‘rglccel'{r&? gbbﬁﬁ(})w%klé 326\@9 f(fEBPB) |§¥bH uét e

HrNMReS 282G, 15D 76 Gattdk 368dssdd). érﬁ% @&t Ho?rathtz) Za%% (t 2H,
5071‘%,.&2\ E,@, Eﬂwgwgé qupml et hyl acetate was used to
was a

gueous solutlon The conbi ned organic
| ayers were then dried over sodiumsulfate. Filter,

Q%%ﬂﬂ%@mtiéﬁ‘@fE'gé‘,?tblﬁﬁélMﬁl—l-tﬁiéh@@-@lﬁh%&r#ﬁﬂﬂg 20%
. Xane gave gram oyreld

yimethylene Fi:oxo- m-_. aza-bicycelel3.2i0hept-2rane-2canheo; cid

- %”}d?i%y(%i’r%ﬁ ﬁ.BBfPang‘ 22&r9 Eéﬁ;fde((ﬁifﬁﬁig 51)721%81) was

e was pSI hydrogen for two
dissolved im 17@nlwg¢mtrilg%1@magaaﬁlum kyamidereberateT(ted ma: 1yfggmol)

fWab tserealddar dahng aﬁﬁ&rphferéi etid Rix@ne was @s6d bt 280t ok Ralf an

Bew BEromo- L axe HaaT R ol PIOTRPL RS- BPONC S 4-niro-

AR aktavg goxidle. nmmoThﬁWhﬂ THESWARthih irﬁ?étted/alﬁatrcﬁt‘tébﬁathe
phase HPL

usi n 2 ljte follo
gagpfﬂq\(vgs |nprgeqi|ﬁ yfogled t@5 w {!’ng\t,gglgp plgﬁ%q;etéen injected

=R @h&mw@e@ﬁn&e at 2000 fopivse Arsd Théa aaanc( érﬂ%indé (0.4ml) was
product was collecte

pq)jectqd gw §he Tpﬁure was ﬂlr,brec!v;t,_gocz g) qg(gs fﬁ)reacgogf ﬂe@a Was then
Blilited with 3008 ethfs"l'ﬁcetale aRd waskéd witk? 160 fris 5%diflic abid; 100 ml
%gtsuratgygg%lum blcarggg)ate an% 100ml brine. The organic layer was then dried
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. 20m! THF and 20ml aqueous phosphate buffer (pH=6.5). The
mixture was then subjected to 40psi hydrogen for one hour and half with O. Sgram
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 tb 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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-(c%,baugh dleos (qhartet 2H, J 7’2Hz) 3. 68 (m 2H)

Preparation of

2- (2- Car boxy- 7-oxo0-4-thi a-1-aza-bicyclor3. 2.0 hept-2-¢
n- 6-

yl i denenet hyl ) - 6. 7- di hydr o- 4H-t hi enof 3, 2- cl pyri di ne- 5-
carboxylic acid ethyl ester 92

2- Fornyl -6, 7- di hydr o-4H-t hi eno[ 3, 2-c] pyri di ne-5- car box
Wht eoltetedl. et hyl ester (480ng, 2mol) was dissolved in
20mL aqgtonltrlle and magnesi um brom de etherate
N@ﬁ%ﬁa 2nnDI) was then added under N2 at nosphere.

ﬁttgmm m:%ur@ , WAy, 7S18(s, r?q 359%309) lfen?43(s rzmo)ﬁ an (ttguu 293(5 2H),
ro aza-bi cyclo ept ene- 2-
3&056@1“ ﬁéﬁ%’ fgn‘ztﬁ% tro-benzyl ester (770mg, 2mol)

in 20mM THE was then injected all at once and the

m xture was i medi ately cgoled tg -200C. Triethyl am ne
(1 m) was then injected Eﬁitmﬂlgn&rrixture stirred at
-200C for 3 hrs. Then acetic anhydride (0.4ml) was

i nj eom afdifbn d¥5-(BLMbHYVE 46, 7 Sbfrahitohicnof3. B filin-2-
hrs ereaC|onmS|avvas en uteW|t oml

citric acid, 10 50 m saturated sodluntblcarbonate -
and SOnﬁ brlne The organlc Iayer was then drled overI

] ograph usi ng 20% et hyl acet ate in hexanegave
0% vyield) product. A fraction of this
,ﬁr?oattwﬂroe%@h@otwmmdln)e 2uBrslicarhonylis apidh gyl esterdpgram,

5@@ f]b%é%‘?H go hﬂgﬁhfﬁaé <Bidfi érﬁtvaé ﬁt&@eQBQAH I’n\ﬁ THF)
was then su ct rogen
3menthats,2?mq hTt@nsgwmtm% ?3:%3P§0‘P'U113 b"ﬁ Jé\ﬁtﬁ@@tcﬂomwaﬁ quenched

VA Toni Wit hnkey Qﬂe@dyﬁﬁrgr Qﬁdlurﬁ%blféte ke Eﬁ’@ eoMiehfhed -

in vacuo to renove he sol ution was
tvirdged 23 DEIn { 150MERe), W) TRIBRPISSsi fied to pH=8 Wi th

- Nm@sa(swqrwwe 2HFh§a1 I(é 202,800 DIHI 8456 HR), 2.73 (t, 2H,
reverse phase usin liter of water followed by
5"?@%0213§r(15|?é"|w \7\%‘18@\” +Hiat er was then renoved

t hrough concentrate. in vacuo and 18 ngy (5% of 20
product was colla% 2d, 5 : 5

te : P eratl

2l |(g ™, iqr'@ragl) gé%r@lrplaiclz was aauidd to T20-6000 8§aV*t Rioride
11F% Or18rk&l) if 2Dnf DoM (vab WinCadied iwithihee Rlinkitels &t 586ED I The Znixture
was kept at —~500C for 5 minutes and then 1.67 gram (Smmol) of (5-Methyl-4,5,6,7-
tetrahydro-thieno[3,2-c]pyridin-2-yl)-methanol in 20ml 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'thé mixture is
naturally wa'rm.ed up to 230C. It was washed with 100ml water and extracted with
100ml ethy! 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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poré

yi met hvl ene) - 4-t hi a- 1- aza- bi cycl ol 3. 2. A hept - 2- ene-2-c

arboxylic acid 30 Step 1: Preparatl on of

6. 7.8,9-Tetrahydro-SH i m dazorl . 2- al azepi ne- 2-

car bal dehyde Thi ocaprol actam (6.45 gram 50mvl) was

di ssol ved in 400m CH2CI 2 and net hyl 93 iodide (16nt,

5eq) was.next added. The m xture was stirred under

mtrg&enfor 18 hrs. lenlt was treated with 100n
1Rt Boh R 1@0 . The organic |ayer was

then dried over magnesi um sul fate After filtration

and concentratl on 7 3 gr am of rmterl aI nas obt a| ned

nof6-(f

%ﬁfbﬂ%né‘ﬂ@bwﬁlﬁm Cthdﬂc%@[s@mé?t-ﬂéﬁem éiﬂbngﬁ@ﬁcld
reftl uxe or € SOl VEeENt was renove
vacuo. Half of the material was added 200m et hanol

Qﬁ&n{)ﬁler? él@}dr@&?ﬂth@\owapy@dln%g ér@lf@éﬁlﬁ T Eer (724mg,

sodi um net hoxi de and ram

Smpabrwvaslissahisddp AU AR andaagRsIum Rramide ftherate (1.2

- §fainf, r4®615n%ol? RaSthel addedinder N Qﬁnééhﬁel%mw}hxﬂﬁé & was Stlr:[ed at

fenoved and 200m chl or of orm was a 0
S AR AL AR e B S X AR
8arBokyie Bciohife- Heﬁzﬁ%@t@ mT % r'he%h'l Nn @OM *HPGSas then

partiti oned bet ween 2x150 potassi um

& onspapd then@mg.fr@ wﬁsdmp@g@;ely,\ﬁgo e tasr209Fe (T riethylamine

gﬂiﬁmﬂﬁé H‘I@nﬁhﬁb&t@ﬂ %nd fhd Bixturbistifredibi -‘-Z"(Do@'fér Q(Pn'?é: emanaédeﬁél
)?ram product was obt ai ne

hydyidg (0. ?@ml) j(qu)lnjegeg fnq g'\e rflprre wgs gg{rgd a&OqﬁU‘ for 4%3‘@ The
fé?actlé’ri'%ed% WaS théAdilutd® with 50@m9@tﬁﬂlac3ﬁle aid W3sidB with B0 ml 5%

rati on

ol 2% SD e Eaburatep oA BaRAtP ATRLELEM brive o ARgtogr 3005l ethy

 ytetateydsan@H-t4 walsh @adh aqwedik epktion. 3THe ESMBiRkd 3rgaRR-1ayets

b | i id ] .
et theg died Puet sarium sylfats. JEibY} Sonsenvale. ANt Lash GO de
biydenatdgradi2gsingrR0%Bratiy! hcetfte/in herarisyeveeidss orad(®l% yield)

BALEE s pogfSyes AR SRhIR LR OB TG PR B pyepmngsorate

TD'biEerrprFﬁ 5k Wies mibtturervess thén Sdéstédio 40pal hydrnogemafar two hrs with

BeBTpA il B ot ol %%@éez?éw%%ﬂ@@éré@ﬁ*‘%ﬁ?é

8omaeinjraied i QaduioTtbiiFemaee toetofiting EHF e Thalsbluéion was ¢henanodled to

N L LT R N v—

niayevaree phaser IélaL@anmg @diterfad wvaﬂerriolbwemﬂpsvrﬁ"/aeeetpmtnle in water.

B e tfoteg iy PeRca i A L E B8 plgronc

was collected.

-MP: >2500C

H-NMR: § 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)

Example 18
-0Xx0-4-thia-1-aza-bicyclof3.2.0lhe t-2 en-6-

ylidenemethyl)-6,7-dihydro-4H-thieno[3.2-c]pyridine-5-carboxylic acid ethyl
' ester

Preparation of 2-(2-Carboxy-7
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diluted with 500l et hyl acetate and washed with 100m
5%citric acid, 100 ml saturated sodi um bi carbonat e,
and 100m brine. The organic |ayer was then dried
over sodiumsulfate. Filter, concentrate, and fl ash
col um chromat ograph using 30 20% et hyl acetate in
hexane gave 800ng product. This product was then

di ssolved in 20m THE and 20m aqueous phosphate
buffer (pH=6.5). The m xture was then subjected to

w;mahylw'dumydm-ztmmendn z»u]wmdmeagcanom%apal atindiester (180mg,
SRR el A e il ke i s Tmg
IHE‘_lol)_'WEs theh a’ddeﬂlum N2Mmosmgdred The nﬁﬂtu_@ vdagsﬁmdan ?300 for
H= l. . . .
e b it byBle Pt Bl M BRI Rl e e hogvic acid
daniten-bdnzlyl esterd76dmg22rmmel) tm2ami THF MIaS\NMrﬁmectéﬂmrat vAce and
TRl rTaE tolnat Bt codi] BE2pBE: TaefuenThg Bt g hiected

Bnd thednikiire &tik§d at7Z-208C (for, 3 irsH)Thef .a@4tid anhyﬂ:lndié (0. 43ml3 vas

ﬁeéi%” e et it el R o8 B e bl fllaspes then

tiutedt witka 2BAMbethylfacetate and washed sequentially with 50 ml 5% citric acid,
%@ rﬁ)all ;%tﬁ%eés s&g unjl?ieonc.za\‘ﬂmn%te azd %OFn?BFu?@yd'f rggr% yer \%ag khen

dliecovey sediain sulfeteo- Hlt&rmmentwamnw&ﬂstl CBILﬁerGHreqnatanasphl

i 200 N cSiaf kORI (% 3P phost 3 ractop of
tHisomrpHuet (4%6ndg, G6Immok wiae thelt didsB:ddi 16t THPRBHAS5( a§@sous
Eh? phate | rtﬁxﬂ?p fjﬂ-g‘eséﬁc Gﬁ"l%%l%"é’ whg tt{elﬂesug egéd(tg ]40p§]1h%/drogen for

syaehre withtGbgramyt% paiagiuno pa carbahp yiheniitrveas filteeadtbropigh @ pad of
88itél akd Bé(rllcen?rﬁt'é@ lin er’tQ %We‘ rﬂSst(o? Y TAE, Ghe %Ql‘aﬂgrbwas then

t enperature and stirred for under a nitrogen

seoled iprrere degree anfikapifesitq m*iﬁwgiy 1\hhsodiem @ddnoaldﬁh dhen it was
peed Vi IréVerdelph@sé H@L@tdsfrfgeﬂhtef S waker Qiloﬂé@bﬁb%ﬁf&%&mﬁme in

was filtered throu te and dil

| Yat %fn\uaw&gn é%mwemﬁ%w @wt@éﬁ invReuQ ARk B Mg (5%) of

bryiaEt wescalletted. (K2CB) and filtered. The filtrate
ms concentrat ed under reduced pressure. The residue

Ged to silica gel colum chromat ography, then

HheMRoIMUI(s\A@H) elzutcedw BIB1¢EC r?v) 8. e42§>(5( b9 4.08
e A LT fﬁi:& 155y ms:
393.0(M+H)

Exémgle 19

Preparation of 7-Ox0-6-(6,7,8.9-tetrah dro-5H-imidazo 1,2-alazepin-2-

yimethylene)-4-thia-1-aza-bicyclof3.2.0]hept-2-ene-2-carboxylic acid

Step 1: Preparation of 6,7,8,9-Tetrahydro-5H-imidazo[1,2-alazepine-2-

_ carbaldehyde
Thiocaprolactam (6.45 gram, 50mmol) was dissolved in 400mi CH,Cl, and methyl
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pal e yellow crystals (4.16 g, 369%9. 'H NVR(CDCl 3) S
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, 1 H . 30 Step 2
7-Benzvl -5, 6, 7. 8-tetrahydroi m dazol I, 2- al pvrazi ne-2-ca
rbal dehyde 1.01 M solution of DIBAL in toluene (1 nL
+0.2nm +0.3mM-) was added to the dry CH2ClI 2 (5
'm‘did)e (siﬁmltﬁam wab next added. The mixture was stirred under nitrogen for 18

e e —.
fayér waethea dnied pbmmagﬂesru;r]‘lﬁiszawﬂAfltaﬂ‘ilﬁﬂohraﬁd doﬂcql_rﬁraﬁon 7.3

: t .
Braat opeof U R ofld TP Pl b irihet Aol gtnand ana 2.5
@eim bfeamiflopiuf ¢cHiorideevascaddeds e r?tb(lul'e ﬁtﬁi/aeﬂﬁiégliﬂar agl_v. Then
R B A P 8t ) B ano
@b then Ifoliomted byessidition o n135gtamal (zsmbaol) s@menbth&ade and 4.8gram
P 25rd S0 S50 o B o bR b Sor
hrsa cléneoiiee QtS]IIént wa&/r&momtdat@-mmnl chideéiornt Was Bided bieng with
?g@gﬁ&&%ﬁ@g”%wd%‘%ﬁm Fogla?trl eﬁfh%ﬁ%%%%dgo 230C.
g readtid frediadkps patitidhes beBiden 3N0HE QIGM 2kt 2x150pdiassium

E%)ogngte %%O%bqﬂ:r)’es&gbmé '_Qy'er Wag %Flgd over'_rl\)\agnes%% g’mfaile. '_/Q\fter

ﬁlﬂaylorﬁanq KBicepirationd/ {gtameof 2jl Ipradust Was obtatnedhydr oi mi daz

|
PR 962 (5, 1H), 7.00 (5, 1H) 6,81(5, 1H), 84505 1H) 458 (5, 2298 2m,
HOF BIW MOk pt. 72 (reri2)2MSc 468.8@yHHX  aci d 4- ni trobenzyl ,

ester (diastereo mxture)

5,6,7,8-tetrahydroi m dazo[ 1, 2-a] pyrazi ne- 2-ca
Prepara .-.um-u‘_;‘u..:-_sa Hydro-SHrimiglazo[1.2-aJazepin-2-

B erTatrahydro-phieimidazolii-alaakpine-@reafigaldenyde Y 1.3 t2grémRBmmol)
G5t Rsplau doribfatiniii %h&g?a@ggg.amreﬁuegt%@n%&ﬁam

- 2-car |c acl - nitr nzy
gavmnal) was thre adeied unrder N2atmesphese- Tbe Qyixturecva stikred () 234C for

RhiF in W esﬁi—sﬁ,omoms 1S étxiﬁar%%ﬂ;f&re %%ﬂ&%}hgrén}é% Loméac.d

covered with foil to 20 e reac
Aintrarpenaybester (1,168aram Bmenolh IneﬁOmI Fovasiiren nmmteoﬂ awatt dnce

: QﬁﬂHeCmﬁ{U?é/ Wak fBmeliately Soidd RN %Ow&rﬁﬁ\g%i# gtn@‘\gﬁsdthen

portlon he reaction 'mxture was war

gjqotedoang tbﬁ mixture gtirreg at-2Gpf@ fori4largr dhap gcefic anhydrids (1ml) was
ﬁijé!:Yéd aﬂﬁ%%n%u@ﬂa&@tﬁ@at‘@o&oﬁ% Rl e rBGtRnHIFLWSS then
sol ution, saturated sodi um

diluted with 500m| 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
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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hydr ogen carbonate, water and brine. The organic |ayer
was dried (MgSO4) and 25 filtered. The filtrate was
concentrat ed under reduced pressure. The residue was
.applied to silica gel colum chromat ography, then the
colum was eluted with n- hexane - AcOet.(3/1 - 1/1).
The titled conpound was obtained as two di astereo

1i“l-li‘t the s(:ﬁl%r? Rras BAENY oRI<TB r&@&@gr@@bhdba@@é’d t'@SEbHﬁﬂa%h 1N

VR( CDCl 3) _51.99(s, 0.8x3H), 2.23(s, é
sodzurg dyeoxige) Then vgasgg{ﬂged Zlﬁ reverse gh@pe}.\%’L }_leg(zﬁlter of
%Eger Ecﬁlo&%d by l‘!‘:‘%@’&éfbm@l@ in water! (\Watet whls thbn—rseir}%véd ngbugh
X

Sencenitate In gacssrand K1RG (E1%) 4F pradust wab cBlecds 6. 31( s,
Q}PB)Sé5dﬂ)G 6 790(8 0 2X| H), 6 793(s, 0. 2xl H),

5I-|25, 7. »—E; "2
H NM 57(78%%1“[1))'702(5,11@616 gél_qs 1) 63645 1 5H). 3 QZQQ(%'I) 50 (m.
%H}q)wé)@" %1h H;é)i(m 52!-9P1 %4(m y, 2H); MS: 318.2(0M+H).

Benzyl'- etrahydroim dazof 1. 2- al
pyrazin- 2-

yl met hyl ene) - 7- oxo- 4- t hi aE,},é,ﬂﬁﬁké(pvcl 0(3. 2.0 hept-2-en

e-2-carboxylic acid, 5 sodiumsalt (5R,

6RS) - 6 [ (RS) - Acet oxy(7 benzyl -5, 6, 7, 8-t etrahydroi m daz
6 Benzvl 56,7, 8-tetrahvdr0|m|dazo[1 2-a]pyrazin-2-

iclordsd g %%— -QLé-Z%aQ%Q_SQ# acid,

g) was di ssolved in THE (mgm_gihd acetonitrile (25
m.). Freshly activated Zn dust (5.08 g) was added
rapidly with 0.5 M phosphate buffer (pH 6.5, 80 nl).

N e28en et d o e azinetBcarbokylitbeacid -

gqt The reactl on mxture was vigorously stirred
roomtenperature. The reaction m xture 15

was f |Elt;1\e¢em by, BhGIMGCa (4092imbj weed added sibeedsivityriatie B (81

S PLth o s R BT Ty BT 2l B AR iy,

ldatar] hasochtbdidel (2.47-@)l plusbmptEmiperaur® andlsérred fard ke undes a nitrogen

@%ﬂ@sgt{rhegeg: ﬁ?ﬁ@g&ﬂ?“gg Qzﬁgﬁgr@d%c’_ﬁqagre(\%gn mixture and stirred

mnt i Stiie mikassewachifered thrpughes pad obCeliterand diluted with CHCl,

;&&%ﬁ&&* bR 'g‘g % t@fdg cﬁ@? J'gé Q:Ldb%c I%;Lég r#ﬂ%ﬂ ébg’f"éoa?Qnd filtered.

f'l'rhadiitratel wagsorcanbatesindar mucemgr@ssure@, hrhearesidhe amas 2pplied to
SR okt it @A g LAl g SARAHER iR CHol, - acctone
(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(CDCl3) & 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.‘i Hz), 7.25-7.34(m, 5H), 7.51(s, 1H) .

Step 2: 7-Benzyl-5,6,7,8-tetrahydroimidazof1,2-a]pyrazine-2-carbaldehyde
1.01 M solution of DIBAL in toluene (1 mL + 0.2 mL + 0.3 mL) was added to
the dry CH,Cl, (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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Mp 180 C (dec); 'H NVR(D20) 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, 1 H), 6.89(s, 1 H), 6.93(s, 1 H),
7.28 25 -7.37(m 6H). Exanple 21 Preparation of

(5R, 6Z) - 7-0x0-641. 5-(pvridin-3-ylnethyl)-4,5,6, 7-
t et rahydr ot hi enof 3, 2-cl pyri di n- 2- yI)Inetherne} 70x0-4

-thia-1- 30 azabi cycl of 3. 2. A hept - 2- ene- 2- car boxyl i c
atifretl fogd Sph. 1. Themirlyranyhs quenched with 1M HCI (5 mL). The reaction

sty sdﬁlfér%% S{:&dé‘f el 7‘r‘hétn'itFHi‘%( dae WALRPhitPs 6%

i rred sol

525%&%@ tee aqueoHsdayarmasrexiracted wliths3HQ).. pYie eprmrined organic
%re \?Ia%gn%dsg@ C?hT?%%cf ﬂfér%]v': T('\%Qltmté wgs %oﬁ‘[e?fljaﬁég under reduced
Kregsuie; s'Bfr!ﬁ mejduetwis anpliedtq s_l@arael celumwsatirornategragtis dneqt the
rcefam ﬁﬁﬁ%ﬁgﬁm Cﬁd‘}ﬁ gcé’@ﬁtﬁ fdrpR 471%:1%&; rms MROH (18#). The

uenc eactl on

ml%i c,nr@pwd WRS Pbtﬂr@é amowrleﬁ @?yéﬁa!ﬁ (148 g Ba%h)wel |

W th r

fil te\:‘gg\%n@ézb %cse%tg?(gt edJ-an'ﬂg% 8353%@9%3 %S %G)}t 2H,
iR 5 ), uh8 i 3nten 8Y). e?pﬁ%(S,bW)eQ 80(mdH)t with

et hyl acetate. Pale yellow sem -solid. Yield: 800 ng,

59% M-I-H 259 10 St ep 2:
f-:p i DG (O i\ R D6\

a:aatlmﬂc Ia;:id34-2ﬂ1®bbé_1ﬂ_ t eﬁee(t_h-'a;ﬂem;; My_' Q£ e'_ 15

2-F

(5. (RSO SRR roeeRely 2 i SereleB e 130 mo)

oygsyadded tethedng angfoniftild (8. i) Solatiah Ofrmhddmu's“NEBrz (325 mg)

z%)dglté ﬁﬂoé%r@ 7{111858%%@(%%0? t%rrzm%eraburec The déy ZHF solution (8.7 mL)

O Kp t6S)-Bebrome-caxdbdthinilcazabicyclal3m. ]h@pﬂo%nlzeyrz -caghoxylic acid 4-
I L4H &

Wt?c?béﬂl ] e?err (?E@ "%r%))""%?fﬂaﬂ?‘? WS?‘“ ﬁé@b&@h % i @%ne BN

acetoni { rous
ap2fynl) m@dﬁgd in 082 Berpn.Thereagtion vese! maﬁﬁgxm@ql wit foil to
reeiihé ﬁgmefﬁﬁélfe%cuo‘ﬁ tkuré Was Qﬁ}ré@ﬂ)r@}l arkoGc eﬁdgtl'\éand With

m.) was i n one portion. he react]on vessel

Ut WVW '@fh (Q ot mLy GHQPMAPdQ mgb'ﬁtone'ﬁ?é“qnea'@ﬁ@ Eﬂ@ctlon mixture

st wirfedas os’b éﬁoeéimfeerfor21 gh at0 °E0 The AREré mghmﬁewtn ethyl
acetic anhydride (1.04 -1 n one portion.

racgtate and W?%iqs#\wthm’éé c'%aﬁéaqv%m@ se'tawa %%tvr@teéoﬁwwm 15
thyafogBn GarbbRgtelwaidi aRd Wige. FhkWr@shivalér Waddred (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 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(CDCl,) & 1.99(s, 0.8x3H), 2.23(s, 0.2x3H), 2.83 ~ 2.89(m, 2H),
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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acetate and washed with 5% citric acid aqueous

sol ution, saturated sodium 25 hydrogen carbonate, and
brine. The organic |ayer was dried (MySO»4) 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

sigd g?_gel colum chromat ogr aphy, then the col um was
eluted with ethyl acetate: hexane (1:1). Collected
fractions were concentrated under reduced pressure and

OW_anor pnous_ SO :
(o-%thia-1<azah clo320he

YA A HES 7
gggiuﬁ,z; S fr5 (pyrldln 3-ylnethyl)-4,5,6,7-tetrahydrot
cl pyridin- 98

2-yl) I met hyl ene} - 7oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. A hept - 2

4Nt PO RRLAR ot bep80 T rtRrasrolmRgRY 2lpyrazin-

-y67tetrahy|droth|e|r1032 _ b .

s s kT B ORRr 7 pler ke oSty -
nérobenzysol ved in THE (20 nmL) and acetonitrile (10 5

B () Mf%mﬁs G EIeH A s e iR EALEG Frosply

Fetvatedadn dusi (.68 Qéwawagd%b‘wldédwm 015 M phosphetedxiffen (i 6.5, 80

#rIL? htThF]a rEBGidnSRACEd] Was Voyidrbll ?\nﬂﬁéll ¥ &%88 ﬁ%;lléft St I#e.r treggtlon

roomt enper at ur
mmur@r\r@f Vl@QfQP%M stirsed¥oC2 hai goam 1enw¢nam wdbe aeamm tmxture

@4k WRdred Wgh?ﬂ pad of B8Iitk! | FHeAhiat %&E"Wa%lﬂ@&l %ﬂ"lyﬁ%@gate and

acetate an aqueous | ayer was separate
Hqrayasus layer wamseramtednTingtasyeouslayerwashcopiasifard *& argb1 M

NabBi Way Qddé&b'a@jﬁspbﬁ% piot atee mT)H@reMéé%ﬁEeM@‘fed under high
gurl fied HP21 resin reverse

Hh?to'ﬁ} acbh)T hepﬁpqqngaFEyW@sn@ijlgp G%P'%H%Izl]t@% Mk Mifsubishi
#asé Moz eel. bR coluni é:Hrﬁh'naféJ@?’apHyat AfSr 285 6mingOfe@Olimn was

e fr ns ¢ n|n t. he roduct wer e
VE' ‘?G{e"&ltfbg eé’&ﬁ 14?1 oM RSk é@t'av%wgmt‘@na%mrated
ummg}nwuamm@s Mcwﬂdhﬂwe@&i ide WSttt Tonpshed adva yBllow

t ht A G A 1)
géw%r ersg@qéa'egrﬁr%%@?gwe%%c'e(ww 1 2% as”
LU el (acps ok oA o a1ag 7

E‘)")S%é 2("9 3?6@02"'7"3@7( HZ), G.48(s, 1l7|) $-89s, 15)#593(8 Wb, 7.28

(W32 8H). 8. 54 (s, 1 H). 20 Exanple 22
Example 21

PreRara@n of (5R_,§Z)-7-oxo-6-{l’5-( pyridin-3-ylmethyl)-4.5,6,7-
tetrahydrothieno[3,2-c ~70x0-4-thia-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid:

‘Step_ 1: - 2-Formvl_ [5-(pyridin-3-ylmethyl)-4,5.6.7-tetrahydrothieno][3,2-

clpyridine:
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Preparation of

(5R, 62) - 7- ox0- 6-{[ 5- (pvrldln 3-yl carbonyl)-4,5,6, 7-
tetrahyd rothieno[3,2-cl -

pyri di n-2-yl )| net hyl ene}-70xo0-4-thia-1- 25

azabi cycl o[ 3. 2. A hept - 2- ene- 2 carboxylic acid: Step 1:

2- For nyl

[ 5- (pvri di n-3-yi carbonyl)-4,5,6, 7-tetrahydrot hi enol r3,

2- clpyrldlne 30 To a stirred solution of

2o (af etiad solGtioh df hg-dfoarnil)-6/7- mhjﬁdrathtdnoﬁcm-b%(pylp-pymdme (1.05 g,

b TOTIoRan RV G2a ) Biephiar g Tybochlel (GRY2 6. 5.2 mmol) and

N mdﬁbdpsanyteﬂmyémmh)(hannln ex¢d<d) was aaddsdsa;t) roons teaofuezatucd.  The

U, RIS WA= Crirneian 2 B it BPEAHRE VIS uher, " Thg reacton

ml)ﬁtmer wasasxtraxted awitle d:hlurdifbrm;h Iwasnéd) wall witis lveadlernahd dried over

ArveenE B ives el encT eSO Balte, TRRbratict PR3 pupgrec ov

Sia2cohohnl shroatatagrapigosyaeliningd it vathusthylacetdte wiPale yellow semi-solid.

tr}é/_l met aggg%_Pﬂlgﬁgﬁsl | ow sem -solid. Yield: 600ng ,

4-Ni trobenzy-6-1(acetvl oxv)f5(pyr| di n- 3-yl car bonyi ) - 4,
hyd hi f

p eRLrg-6Ne-2-C2 = |) and the dry THE
soI utlgn (20 rrL) of4 t(ﬁR _ ol 3
6- br a aza- hicyc 2.
B sy, BB ANy . Gy SraeFoR lpyridias (516 mg, 2.0
mg) BBHd t&le giryTTgﬂF) solmgxleijzteldgheﬂ of SR, esst%a}dmd-w-o&ba-tﬁraw -aza-
et.onl
a8 4 BB Sre T it B Lol SR SHerdindre 3P mmo)
Wlatlﬁm‘pﬁ{joaéssi\e]y tafthe tlryt amdmlt_ll'l_@ (t1r5 mlﬁ@ioﬁtlorsbﬁéhi‘(yﬂrcﬁhs MgBr:
e ortio

k040 o Priind 4l Soa Mebfss R oo 38 beiie. ater
roalingrte —\MS’Cs_EtaNr(éd) by was hdded inZme@ortaomd Thegabetdbnwieskel was
35505 AT S5 B, "l RO mBRE  aFBS or 2 w20
landttre@ted. withhacetic atlbydrided t.0dim)tire dne\portiort lilyda _reaa:tjm aix&ure was
%\%{?ur aftggﬁ c‘f"'&%H s?.%"ﬁﬁ JBF Y& 5 § %q“?ﬁél?hlﬁg vk Qiluted with ethy

eén carbonate
acgtate carida)nashavhsmth i5&6l c(wgsamyi agqueols | salutionh, 2gaturated sodium

- €.1nEh S ' I
106R4ER Al apF bt GrgRAE 1T WESHRE hdeh Y tered
phresghiaepadTofcCelitai dbe padsvaspybshed with sthyl acetajel Thel filinate 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: 700
mg, 51%; M+H 685 and 687. '

. ‘Step-3: (5R,62)-6-{[5-(pyridin-3-yimethyl)-4,5,6.7-tetrahydrothieno[3,2-clpyridin-
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"M+H 701. Step-3:

chr omat ogr aphy, then the columm was eluted with ethyl
-acetate: hexane (1:1). Collected fractions were-

conicentrat ed under reduced pressure and the m xture of
di astereo isoners were taken to next step. Pale yell ow
anmor phous solid; Yield: 300 25 ng, 30% Mpt. 71C

b3 § FokBY-Aifl B-FaBicGRIFOD ek Befe rdathb AN Yeia:
44wmbmzm%a(gcbywlml[ﬁ@oymaas-wmmyn-qﬂusﬁ-tetrdwmtbryuo[afzs.

it DA

_ Eanﬁpiylatet( 686 yg, dtthinerad)| vBasdissolved in THF (20 mL) and acetonitrile (10

4 FLeShnyed 2h ! o B el il i 4 MESpRHS

tvafferdpld €05, \B@dnl.)n Thﬁeg@@nmpsdmsmyer@mwﬂhl fpibtq exglude light.

T T

r&a)ctlorT hixtureanasi fdhereﬂless@ied =8 °Coamst & IW\,Nlaﬁ)l'!‘ was added to adjust
EFICtlr) r%gsg J;A&ﬂgatﬁ J{%%és%%ﬁ{wétwbtml AE4ER RN 'ageéamsyer was
separaied. \The aieous leyer wasottcmemtcated @de&riiwmvapumnmcaﬁ °C to give

T
LT e
sbpmaAQg;aphyrHeltlawm@glunuy\eas ela@ddumrﬂ%ﬁde\uatah@ém) and
thQJP w\‘(ﬁcl BTEAN: W% tdr. tﬂte’a%ﬁoné’@dr{té?ﬁYnB Erﬁ,ﬁbrﬁbﬁétvfere EBRcted and
product was pur | resin reverse
©Qh¢ﬁﬁfat9@irﬁt(5¢d}t€§g rpsqzﬁsyre atrrpemawmyeiﬁnée csPaltgEold was
‘i\l@#}n@&jwﬂﬁ taEetQﬁé Qﬁ%ﬁl?é?e&"abﬁéd (VBelld! $F g2 Ja@%l%(/v M dtdls; mp.
fractions contail ning the’ product
\ﬂéﬁé3§(ﬂ" I(Md’!"é&@nd concentrated at reduced pressure
at room NMRRQWOIBQS die ér}ﬁehhpw @pwnd 20953, SQW\@S?@IBG (s, 2H),

W|th acet one and tere

B3 (RoliFob 61 Yo s 7. ris, THBE 28 (5 MhibyT-3o6m, EHETHT Gmoth), 848
8 1Rneaauas gy, of
}SR 6)2) 7q%x1?){)6 {f5-(phenyl acetyl)-4,5.6,7-tetrahydrot
hi enol 3, 2-
clpyridin-2-yl)l methyl enexdmphs 42 t hi a- 1- azabi cycl of 3.
2. 01hept - 2-ene-2- carboxyltc acrd: Step 1: 2-Fornyl
f5-(ahenyl acetyl)-4,5,6, 7-tetrahydrot hi enolP3. 2-cl ayri
di ne: i

( ’ - ) £lain
chl ori de (O Sa'izalggmdﬁg, dmpi[,_t)i_eﬂg.zl}!al}b an acid:

Step _1: 2-Formyl _[5-(pyridin-3-ylcarbonyl)-4.5,6,7-tetrahydrothieno][3,2-
clpyridine:

To a stirred solution of 2-(formyl)-6,7-dihydrothien_o[3,-2-(:]-5_(4__H)—pyr'idi'ne (606 mg,

3.0 mmol) in DMF ( 20 ml) , nicotinoyl chloride hydrochloride (531 mg, 3.0 mmol) and

_N,N-diisopr_opyle'thylémine ('10 ml,'exc'es's) was -added at room temperature; The

reaction mix'tur_e' was stirred for 24 hrs and quenched with water. The reaction
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di i sopropyl ethylamne (10 m, excess) was added at
roomtenperature. The reaction mxture was stirred

for 24 hrs and quenched with water. The reaction

m xture was 25 extracted with chloroform washed well

with water and dried over anhydrous MgSH4. It was
filtered and concentrated. The product was purified by
mixfdfe GRAd ERtratBd OB @BIoRIToYN; DasHead! e with Watdr and drled over

ethyl acetate. Wit lid.
M%rougdw]g@ ltz\luasefllteoreclj and concentra?eé) e prod%c? was purlf ied by

éd“'cbruﬁﬁﬁé}iﬁnﬁtégﬁ@&@tw &ﬁﬁﬁg‘ ib (h ehlizetity.| Pate, yellow demi-solid.
tetrah d rot ?’;
ﬁ'ﬂdrﬁq) '?%E’p'ﬂ{/ 736 brom) 7-0x0-4-thia-1-

azabi cycl of 3.2.01 hept-2-ene-2-carboxyl ate: 2-Fornyl
hen Iacetyl -4, 5,? 7- tetrah drothl enol [ 3, -c] pyri

.0 mmol) were added

§ ﬁﬁ;ﬂy@v@gﬁdu@gglgﬁbwgﬂ ,%tﬁ@trtahydrSth éa%][ﬁb dsﬁralngltr (400 mg,
B riqonol Bnd SpnaneTHi soldkan GO RPSIAR(SR LSS promosT-Sertitig1-aza-
Bnﬁ;gﬂ(ﬁg 2%]h t%r‘e@ Qafﬂox%hcv‘?&d atdr‘PIﬁS’-bezyﬂP ré%té?‘{‘??ﬂ Qﬁb 208mmol)

I on er ed to excl
we@mddeqths@cqa@;wlydn the simacetqna%legw mléaolpmn of #nhaﬁrouﬁMgBrz

GSE’? @1%@% 89 WhiohuRdettdrCargBh \ethbsheld a@ﬂodﬁh Bém é‘ra@&e After

e reaction mxture was warned

gmollne &—207C1BtN (30 mllwasradded;in one PORILS- di hpd?éfawwv??ﬁe' was
\f&‘uéd witly fiPloSer@Rde WB AT EFhatehbtiormbdudr ivfasaiined 36HER 48 —20 °C

tion, saturated Sodi um 10 hydrogen carbonate, and
Brd Heated withcgtimpehydEgR (1.0ASLY /N e PoVk@n TheyrRgction mixiure was

%trﬂ&i {tﬂo 40 aAd Girrad ﬁard1?fh| fied) i°Ce. THd enipask w?§ dintedi@gth ethyl
Wi e e pLtrate was concentra
e Pob wasas itn, S oitie' 28k FadBoua SRR ctfged sodium
f dlrb@? ﬁéﬂtbﬁﬁaﬂe;iﬁﬁd bﬁhdté O?I&feoar;]'gamhyayeﬂvms drize (BAYSORN and Siltered
Wi etate: hex
B Rl e L PR s WARIEE PIRLEDY AR < TE Tirate wes
t:bﬁl:emréte!drlmdéf relducdd pedssu@o Tlmcmsendae m&apphécbim dilicargek tolumn
g%@fn PaI et'h'g{? ggo or @E&u\%af)s oklt q[gw eﬁl'n:yl gge(}ate%exane (1:1).
njmﬁéntécamt:tycbr)s wele Gor%ehitatedhmde'otdrduee@fpﬁeszucd ad it mix@ure of
§iastereq i?ﬁl“&ﬁsere‘/eo%eﬁt% APXL S1EP, SP 4SS RBOPRA, Eplid: Yield: 300
ey, 30%aMptx YH1Q; MeHE0120
4-Ni trobenzy-6-[ (acetyl oxy)[5(phenyl acetyl)-4,5,6,7-te

trahydrot h| eno[ 3, 2- c] pyri di n-2-
. ‘ lcarhdnivi)-4.6 877 etahydrdtBichold, 2e p

|er| n Iﬁ lrt)h}%ne%t 'Fox(o g tha 1-azab|cvcloj3 2.0]hept-2-ene-2-

carboxylic acid sodium salt: _
4-Nitrobenzy-G-[(acetyloxy)[5(pyrid_ih-3-_y|carbonyl)-4,5,6,7-tetrahydrqthieno[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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ng, 0.4 mmol) was dissolved in THE (50 m-) and 0.5 M
phosphate buffer (pH 6.5, 28 nL). This was
hydrogenated at 40 psi pressure, in the presence of
10% Pd/C (80 ng) for 2 hrs. at the end, reaction

m xture was filtered through a pad of celite and 25
concentrated. The separated yell ow solid was dissol ved

blﬁ}‘fe‘?'t(m |6 £0RIALE BiededGRABssetlds dM/éﬂéd\Mth%ll told¥@lude light.

rgani ¢ | ayer was dried and concentrat ed.
§b® Eastien) mpduregyps deprpesinatimad fof gihaAt éaowﬁfﬂp%fﬁty(% yJhe
?éa'&ﬁén ﬁlﬂ@ul(e'\héseﬁlt@?ed E&ﬂed’ & 8 e & 0.4 Nﬂ/ﬁﬁo“‘ﬂﬁéheéfddéﬁhb adjust

dieth ether and it was found to be 95%

éﬁﬁ%&ﬁw dnetesie. WasauRSg Wit <yl aceipteANadBe AAUSHHS aver was

%gﬁa’r&éa CTh@ Mﬁ&o@ayer%s%c@ﬁm Bndet higraRR0ahi =850 to give

62) - 6- -Dioxo-4,5, 6, 7-t et r ahvdy o- 5X6- xrazol 0
gloxv_ prgclpltate The product was punf’ ed by HP21 resin reverseB ase column

‘éhr‘bha{‘egiablﬂfz i |ﬁmaﬂwﬂh€%bmﬂnané§ e|7mawm4désdhuzedhaare(el liesy @hd
ene- 2-_carboxylic acid, sodi urp
tattepwith 10% CAN Water The fractioris containing the produ were collected and

Rocdatraeer ,réd@ea 'p?ﬁs[u%mt%ém 5ém§enew"r@zmh@ yéilolw glitl wad 1

thi azi ne-2- carb m Chl or.oper ben

BB Wi spetpas 369 Hierh s DRIGoRl B, R IRw Ervsials: mp.
Mb5 PCSt+H)i 426, Of o
6, 7- di hydro- 4H pyrazol o[ 5, 1- ¢] [ 1, 4] t hi azi ne- 2- car bal de
hyde (1.86 g) at 0 C. The reaction m xture was
stirred for 0.5 h at the primplez®erature and stirred
for 18 h at roomtenperature. The reaction m xture was
concentrated under reduced pressure. The residue was

tpié#rﬁt%’o%ﬂéﬁ"ﬁi& BkoBH 5 [Fhetiythdet)1]-858]7 tétra &¥hitnol3,2-
cTy e ] rate nas c%rcen rate lun e(r) re gce )

THE and filtered to obt Qjaﬁb&)[iﬂﬁta%l.& The conbined
crystals were dried undér reduced pressure to give the
titled conmpound as colorless cryst als (1.96 g, 89%.

1 H. 20 Step 2: (5R
GI%S%/ rsﬁrréé @E‘%ﬁ@‘? oF OXMofyiys, flafhiRrdthiend]s 2-4 S{AdAitRe X341 mg,
A mmamtthMﬁ f-20-y) ). - pheniyacetyl -dhlasids - (9-36xm9 422nmadl) and N,N-
f'ﬂg@&?b b irfe @O%P&xc@sénﬁas Zided P Poorh imprhttre. The reaction

ni'troben
mixture was st|¥red for 24 hrs and quenched with water. The reaction mixture was

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. |

Step 2: 4-Nitrobenzy-6-[(acetyloxy)[5(phenylacetyl)-4,5.6,7-

tetrahydrothieno[3,2-c]pyridin-2-yl)methyl]-6-bromo-7-0xo-4-thia-1-

azabicyclof3. 2, Olhept-2-ene-2-carboxyiate:
2-Formyl [5- (phenylacetyl)-4 5,6,7-tetrahydrothienc][3,2-clpyridine (340 mg, 1.2
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5, 5-Dioxo-4,5,6,7-tetrahydro-52

6- pyrazaol o[ 5, 1-c] [ 1, 4] t hi azi ne- 2- car bal dehyde 25
(1.95 g) was added to the dry acetonitrile (112 m -)
solution of anhydrous MgBr2 (cont. 98% (5.48 g)
under a nitrogen atnosphere at roomtenperature. The
dry THE solution (112 nm) of (5R

ﬁﬁdl)g ahd WP d)ZX Fre éo‘l%tmnagé' ﬁ\Eg gﬁrf-?l 6’%)36 -Br J‘?J&o A-thia-1-aza-
ene-2-car boxyl i ¢ aci tro ter

bisydofp.2 Ghemt-pnevdsatherdic acd t%@troﬁenm ree‘»terc(aeoeag t b0 mmol)
v
Q8EY2 {39 0einel hidemmolHrder gneaigencAtmespharg atireomdemperature. After
%56!%3%1 -8 r°ggEQN6Kg 70(') /539) \g“aé"g&’décf lﬁ%S%om&lh 'l‘?’n%?%%&lon v8§ el was
e&vgyecirmth |fwl f@r@(cwpthgbh Thﬁw@ap@%rtmwrre wyastiifred iers2 h at —20 °C
WRd fredtel ifh ac@@@a%ﬁ.‘lﬂge ?‘F 04 b9 irf Sfe ﬂcﬁtnﬂ} afy hé)re%ctﬁpmme was

reaction m xture was acetic anh cont

wammed o §5°Grand aﬁtiﬂe@)IfMP"Q ds-oaitt 0 °Goofhg mur@gwas dilgee with ethyl
E@ét"ateo réndTh,ssﬁwtvmhe 5o4Vesitridll Adil eshudblid s%tnmbh aGRlraed sodium

and washed wth 5%citric acid aqueous sol uti on,

bydrogen earbepatey AN PEP® g dieceloBwAdaver aRe diedHMgSEhe and fitered

HrodgH § daRYSCaRS Bhé Bed was(WakspEdwith| &th |%9até>y The filtrate was
concentration under reduced pressure. e resi due was

SeRGaNiTaiPaHNaR EpduPRd PEESEE- diaRiden WgRBPBlRckiorfica gel column
chidratograpet RES the 1&iumn 4vas Elutdd witdl él‘tﬁylt Besthiet IHedane (1:1).

ound as a pal e brown anorphous solid
(39?%@@%,fr@gthﬂsxwgr,eecc(t@entraged unge@§d§cec§g%ssure|_prpMe mixture of
dfebtered lsgn%rQWeKeStlag&deé%@% giep Pde Xélﬁ)w é’?‘ﬁ'o?bh@u@%mhd*?wfgf’d 360
(7295$°/°H$V'+J"11 7.0 Hz), 4.65 - 4. 78 (m 2H) 5 28 (d 1

J:135Hz) 543(d 1 Hx 0.8, J =13.5 Hz),

(4d§ roaq_lpzyés ﬁacgty]{oxyﬂé@%e%ylﬁt)(l}# 5; ’ _

$hmpthyl}-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2. O]hept- -ene-2-carboxylate ( 300

S;P?)Of{ g%'?oi) %st scgﬂeﬁ lr? TﬁF5(5((J3 m7L) taﬁ&'b phosghate b8f¥er (pH I6 5,

Zsyimlmafhy g\mml)/dr?)geuatgdat 40 psibressaky, 1yibk PréseAc&bh €% PH/C (80
r i c aci

B e e e gt Bkt s e oionah g el and

Goncplgntraﬂanll d[Hé seibaratéi{)yellow solid was dissolved in ethyl acetate and washed
1. hy

%\%h Iv%\ﬁ aé?r ?’E eg grrflé\ig:tlgyfr (}élLd @88 BB?(%“ZF@%éc ITgme separailecf’jl yellow

4olid watriturateld vetht diethyl BiHRs ag)i fiteredd IThs geNmisdlid wWadbwdshed well

Wlt}u ﬁﬁgll ether and it was found to be 95% pure compound. Yield: 160 mg, 91%;

Yellow solid; mp. 166-1 69°C; (M+H) 439 .
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acetonitrile (9 nL). Freshly activated Zn dust (5.32 -
g) was added rapidly wwth 0.5 M phosphate buffer (pH

6.5, 27 nmL). The reaction vessel was covered with foil

to exclude light. The reaction m xture was vigorously
stirred for 1.5 h at room 25 tenperature. The

i nsoluble material was filtered off and was washed
with HO (27 nL). The filtrate was added H20O (27 ni)
and washed with ethyl acetate (27 nL) and the aqueous
| ayer was cooled to 3 Cand 1 MHCI was added to

adjust pHto 2.5. The mg s stirred for 1 d at
the sane terrperature and m%%@-@o (55 ni), then
Pregaratiy 8 sIaY; Z)16e( 5: LE d‘. :

hbﬁba)demégl n coI um chrormt ography After adsorbl ng
e colum was eluted with H2ZO - 104 MeCN (1/ .
The coftfPhiewpPerberEeisASidlens. RREME Brvwas rt° Fhegq;qumz (11
Wﬁ_q doInticH of éﬁdﬁﬁyafbdﬂiwﬁabllo[szﬁ@][i a]tmhziﬁelztt%r%laérgde (1.86 @)
8un yel | ow armr&_ ous sol §3
gt UyC ,\)g-nelrggct@n(ralég:fe wagstikes fopPPh at t eggm@ttemge{atup and
§t|r1ed'fb} 18 ﬁ a@?odrﬁ terﬂ;k@ratu?e 7Zhe 5ee{dt|on Aiikturb wa@co%cbﬁt}ated under

cﬁ'}:ecg ES?éﬁi!ﬂee 'Erge Tg,s g,mas,tg?qrq;ed with (IO mL ofH?'HF and fi lte(red to
658)n dr@ﬁillsj ThefifPate s ddndentRitécPiingd poucad preédslired- They

RSBl atad i 5.8 95 THE 209 iteied to oA gState iEhe- ¢
gbhﬁmbﬁd cBystuld ﬁereﬁ‘dﬂéuul{meﬂ-l@dgéﬁc{j pre?]su(;e to grg]llve thedtltled _Igﬁmpound
zi ne X acid, di rochl ori de: e
Flt[‘);f“(g ?:s‘o“f%%ﬁlﬁz{'%gb%ﬁ’epared in t%e same way of M T.
Wi andwmAmeeeye 360 @@aH).J Med.HAheay (34,2H), 4.89832H3/ = 6.1
%%Oé 139 é 1 Pi perazi ne- 1, 3-di carboxylic
1) 04 e ) ester cucOBCU(OH) 2- H2O (15. 8
g) was added to the H2O (275 m-) solution of
d di

ylic acic : |—|C(13(92209) and
1, 4 d '5035916%-(4252@ 7%ﬂah))6%35ﬁdd§/?éjzoﬁdfs b 811 dhlaziRk Yecarbaldehyde

solution. The m xture
(1.95 g) was added to the dry acetonltnle (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.
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

103



10

15

20

25

30

cooled to 0 C and NaHCO3 (18.5 g) and 50% sol uti on of
4-ni trobenzyl chloroformate in 1, 4-dioxane (61.7 Q)
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 H20 (140 ni), EtOH (100 ni),
acetone (200 m-) and Et20 (100 nmL), then it was

@d: laﬁwgﬁhéd)fo%ﬁedfa& d@eﬂ'orﬂ?éjkéé%ﬂonpﬁ\%&ﬁr@rvﬁh;gédgebhéétfé dritQdride |

ue cr al s ed to th
(ﬁﬂnﬂ @7%¢|(0@§30L)rﬁnd)0%'? &?qr%rﬁ%) @27 m iy, opeportory) Tfhsrm'xture

Was diidted Wi et la&ét&d dndfwahed w.thrm enﬁceém@a@séwe sollitiéh,
suspension was filtered and the filtered material was

grRturAtedisqdivm TEFGQGU cRpongte: 3"3’ b"S‘SO e yroania laver was deed

f(m?ség f5l16wed B coﬁ&aﬁaﬂ.&mrraemmeu@ﬁesfsuéet eTRsirdsiue was
ain the colorless crystals. The recrystallizatio

senfiqdd'mft ihé'"F?‘B?‘r%ﬂ@%ﬂ%’%ﬂ%’%‘d‘%&t’"% t3cRioper ! %Ht‘ai‘ a1 to
3fdithd fny cd;ﬁc}yoﬂnal & a pAIR LFEWP BRREbhotE ¥ekiddRastipe&nfiitieds : 2),

under reduced pressure to obtain the tltled compound
5932 d’ 77% as colorless crystals. "H NVR (D20) 5

g Séf ‘13q5nﬁ% (éfst: 515 Fé)m?(% §ﬁ x(c¢$2) 2223) (sJ3fo3b28)73 43-—43( 6% m, 2H),

#1399 (dp1He/ 'r'§|7 02'#5) 474449 ‘("bl J?W 0z, ‘866—142'9’8 (m 8’-"@45 ed (d, 1H,

%'413]51=|z§3 @4:54@ AHX @B, 2-—135H§ 544(d 1Hx02 J = 13.5 Hz), 6.05 (s,
5-(4-Ni trob enz | oxycar bon 6. 7-tetrahydro

A8kx 8586220/ ( 851 )a§@27(a-1dias@r2d4>n@é’»ﬁ (B-a“" ¥8-2\He33sp1H x
@32306 I?b)(s sm iéb'e?r'? @é (sl\laN% é):qnu (SO % 2), f@o@@ 3 Ma§7

he acetjc acid (864 m-) solution of
[ﬁzﬁ)eq‘%f‘z Ch@HlJ?%I?&'E) ‘boxyl | c aci d 1- (4- ni t robenzyl)
ester (26.72 g) under a nitrogen atnosphere at 0 C for
0. 5 h and stlrrfd f or 1 h. Itn add|t5| on, the HZO 132_

%@ﬁf&tﬁlﬂeﬂ%f Bﬁoaqhiu-uaaaa&y&o@ f@]h;e%iti éheaﬂeamdxw.@dc.d,

€ solUtlon was concenirated under reduce
odimmsaltand H20 (500 nl) was added to the residue.

The solggki OGRS)’\@-ﬁ(F@ﬂPLc@g:Fx\%Q? ‘#ci)&d%@@? fe'?rah&df@%bs-%?%zolo[s 1-

o%ganl l'ayer was was

éartmavém-Zm@smM pbremed -yt H@ﬁré@#ﬁblaﬂéﬂtﬁ arQi@pt-Z-ene-Z-

rarlex Béﬁsﬁiﬁftfobbﬁzyl sterrd. 35 @?GWas dlssolved in THF (19 mL) and
4- nltrosog perazi ne-"1 3-dicarb oxylic ac

Ropteniiile (B malnz y Freshly pgtivatag %@pest (§532t9)cm$ asidge FRRidy with 0.5 M
(p%zsﬁ?atéi b(JEéP%pﬂ 6. 525277%L9 (18 readdBn A dssel WD JdTErédl\Qlth foil to

sol ution trifl uoroacetic anhydride (24.0 ?%
ﬁ@‘é‘éet'l@htt heT"'H—|Ee'=I°§9'1 TRidure gyas VigRTQyslyc plifesd for h at room

4erﬁ’1bér€aﬁ§9p| Wﬁé ﬂ%bﬁhﬁle]mgteﬂél(?\ﬁésbﬂ@fédi off dpkddvab- v(lé‘shed with HZO (27
ni trobenz ester under_a nltrogen at nosphe

0 C
el 19 hgi fy Hirateyeassafdedi Ha® (g{smL) 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
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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stirred for 1.5 h at OC and for 1h at room
tenperature. The THE (5 nlL) solution of 20
trifluoroacetic anhydride (8.0 g) was added to the
solution for 5 min and stirred for 20 h at room
tenperature. To the solution was added trifluoroacetic
anhydride (8.0 g) for 5 mn and the solution was

IVIECNV(WJ B Qﬁ) ARrhe HathoHeRGHMibRS @eMPdontéhtiaéd dndef thigh vacuum at
ed w THE and Et 2Q. The fllmsrat

%ﬁar@aﬁrprlmwz% de @vedhn d GoMPONTA &s 2 " yelew arapraheus el (306
Elgg%aig}qdwth THF flltered and washed with Et20.
ese 25 material s and dri ed

T oMa 18DCCare: Tt NAIR (9 B a 5016 PHad SN ABes: 2H), 4.72
| 9 S

GoUR 785 HENannE dhls dot, B2 o5 MIBSERTR), 5

4.63 (s, 2H), 5.30 (s, 2H), 7. 54 (d 2H J=8.7 H),

8.25 (d, 2H, J = 8.7 Hz).E3fnSles 3:

6, 7- D|hydro 4H-pyrazo| oII -a DYT azi ne- 2, 5-di car boxyl i
P a0 F (3R i‘ R40% 4~ kant) _ DD ydhatdOnid "’.‘.Z.l razin-2-

5- (4-nitrobenzyl oxycar bonyl )sa&t oxo- 3a, 4, 6, 7- tetrahydro
PbARE ScaBpodf et Miudefisties nden Sa-ide (223

L i phere and refluxed for 16 h.
The soTie tithed mmtspomlodcmﬁ prepexedin ther saneiwaye of Mr Es\Wurand co-

PR b SRt TGP o D L O

vvas obt ai ned as pal e yel |l ow cryst als (16.78 g, 64%.

aCI d BCeCthuQSHﬁ,FHZB (15-8 @) stokdmza)tb )he&SJCB(Z?\ﬁaSL) solution of
Tt e i
Endi siﬂlzed fof 18 it , Thedhboluble-naiteriaHwas filtlerdd off @nd Mds washed with
50@1'8%10654%? §e fiffale Vﬂ% &bt régﬂn tefip&uds, ant N[%Hcos 92
tha] ¢@-dioxaheHR20 mk) was agddedstorthe idarkchive sohtiop: aod mlxture was

SBOBAR 85 5 84 arSuB M  roma

(nzﬁ,?&-dmgangdﬁu? igd was @tided to the mixture for 0.5 h. After stirring for

Qd&ﬁ%d!lgdsg{? ﬁf‘?“@ ytﬁ@?? %tes\%gg ¥eréd Eﬁc?wg?r'_%dthfrﬁé&r? ?‘%&) (140

C acl este nitrobenz ester

L) iR (‘EQOrmlt-)r aoripna (200 Ipieand EtO (Hrm )eﬁ’@@rth%ﬁ allowed to

Eb)dj_‘ﬁo%? %wﬁfé p&hsghlgéﬁgeg‘tanﬂi@ gdiOREt chisB¥ TR 3nalils &
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,0 (7 : 3, 550 mL) and refluxed for 10 min. The
reaction mixture was filiered to obtain the colorless crystals. The recrystallization
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) 8 2.54—2.61 (m, 1H), 2.89 (dt, 2H, J=12.7, 3.4 Hz), 2.97
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to the solution and stirred for 1 h at 40 C and 1 h at
50 C. The m xture was acidified with 3 nol/L HC to
pH 2 and stirred for 1 h at roomtenperature, then
solid K2C03 was added to the solution to adjust pHto
8. The insoluble material was 20 filtered off and the
flltrate was extracted with AcCEt. The organic |ayer

[ Nk Lat C
(L1620 o 2t G B PR F P AR A p e o
8dl4ddn2*dhf6ﬁ5ﬁ|d§)raphy (CHCI3 / MeOH 49/1 - 19/1) to
af ford t|t| ed conpound as pale yell ow crystal s (8.44
"H NVR (CDCI 3) 61.69 (br

pneglaxycarbanyl)-3-0xp

A 28 (s, 2H), 6. 08 (s 1H) 7.53
zacfy-debriidind a',ée824(d oH, J = 8.7 Hz). Step
5; The H.O (300 mL) solution of NaNO, (cont 98.5 %) (6.66 g) was added to

R B N S
ester 26572 glagnded aemrqg@ntamom@amt@#qr@s‘i h apd sfiged faryl h. In
30hn. s ko172 mLysoion o Nalion 6ont, 99,879 @ 41 g was adisd o
1% sduﬁmm@lol € fac D h andwsttrreﬂfehiw Thet s0lUt{cR. wigs @nce@tmed
eﬂ]eﬁﬁwaepr r& 8hd f?@gﬁt?rn%wgs HE&’&{ todhE kds The ﬁolutlon

ere e reac m xt Ure was Iltere
atvqgoaaxtrected:@ﬂthtﬁ@OE&(ﬂi timgs)nd orgaric (ayer was wash@bw@ubmmﬁ The

th&ubd Whs Bl ?w que.% Sfﬂ}éfsﬁsnaﬁ@énaeﬁ{ra\éa %nueﬁ%auéegﬂmesﬁre to

pressure to i ca-gel coatin cru
rafiged erude 4Tﬁiéoséb®6@z§iel-1 gdliqgehoxylipsacicy ifohenzyl) ester as pale

e col um wa
Hrbi BmdfthoRe (G 6 Ta0gn) pooBed b 2R O U MFed
conpourddeidd @Btrali)rrolytign of Hifluerasstipankydrides(24H @was added to
3I4€/‘)I'HFJ(B|7 M%é&‘%rﬁ&f PddDh nftfoso bbra:!me—ﬁ& Elcéﬂbbxyhﬂ: adidl 1-(4-

(rgtrobfn;pjl) esﬁewﬂéaa nﬁ;qgeg (atmgspf\ gt 0 & @i 1 pdfnlnzq hero%Jtlon was
%h?rehﬂdr 1.5 8298 *Cand¥oHih ath@oSttePpbrature. The THF (5 mL) solution of

. é oI?@gqug%i? |Eigf§§]plg,) Mgs ﬁE'QF%&&/tESFB'HH% for_min and stirred for 20

Q*Xéhﬂorfnhémpéra&#ébl'ﬁytﬁb @bfiitidn Wab apiiedtrifiiordaktic-aMBydiide} (8.0 g)
Gor 5l Bt BN B2 oL oLt FYE T RSats 525 RRE) b
2ndshedwith G HE shdI90 0- T filirate adsadohcént Bt gty tider Reduzed prdssure.
il oSS S BIETEY prsind facogriEo 2 et ©
anatedale werdbBnbinéd and driéBafidel feduéed pressdmerio afford the dited
acgorrrnnpsé%ng rag cgforléss 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).

Step 3: 6,7-Dihydro-4H-pyrazolof1,5-alpyrazine-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-oxo0-3a,4,6,7-tetrahydro-3H-2-oxa-1,5-
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tenperature. The dry THE solution (164nL) of (5R
6S) .- 6- br onp- 7- 0x0- 4-t hi a- 1- azabi cycl o[ 3.

2. 0] hept - 2- ene- 2-carboxylic acid 4-nitrobenzyl ester
(cont. 96.5% (3.27 g¢g) was added to the m xture,
cooled to -20 C, and Et3N (cont. 99% (9.24 nL) was
added in one portion. The reaction vessel was covered

Waiéﬂé-ﬁzdmlélﬁ?@KBda-udée(ZZLIgbI und aﬂ%&ogmaﬂh?phaw@nd @fluxed for
18R e eoitiangras cormspfiried Egar Pl BRpTe JbiveigByifea-cel
6al0d@n drmaromatogmhgosttrmes émfmexammwm =NRKt wr ¢/3pas The titled
war med ,t o and stirre or 1 t . A e ,

QQmWPdé"’a(%CE inedyas pale yeiqw cry a'?h‘égs?gl Bt Tg‘g‘%‘r5-ar?c?s"_’es' 6.7-
Ehydrbﬂ(ﬂ-l-;ﬁﬁézdﬁ[ﬂs &lpyfazite-3Hhdicatbokylice \aaﬂ d|3l-eihﬁd géteth  5-(4-

t h, 5% t
Slyplereall SSGh Sucothan o prieos o bo BB e aide.
wat er 'anRMR (CBCI,)[$1€.301(0 3N, U 2 afdiz)\aD1 c(f,lzenl J(HESMHE), 4.31 (t,

foll owed by conceptr Lio n requced pressuke. T
2By 830 HES 430 Bt PR T hHER A eda Ay B2sReralD. 684 (<. 1%, 7.54
SJIQQWBEC&EBIEP)BZW(@eHIUEE&GHB)hexane - AcCEt (1/1 to
, - acetone (29/1 to 19/1) and CHCI 3 -
acetone (29/1)). The titled conpound was obtained as

seé% £\2-ByBioXyRieshylh Adilidee-4H-pirdselof fi5-a] pyialine 3.cidbexylic
539 30 "H NWR CDCIS)SZOG(S 3H x 0.36), 2.26

agid &pitsobgnzvhester 95 " 4 04 (m  2H), 4.18 (s, 2H),

4 73 (QBH} 6#0 rﬁ?):aﬁkﬁM%OHZm 2ngL)Kﬁas(éBdea tblthe THF mﬁnu solution
PH 67Id|pyq(o§f-(;gyragolg[1@a]@yrﬁzy\e-@ gﬁa%?xylf pplQ g)egvg ester 5-(4-
ﬁltl@ﬁen%ﬁ ,ester (XOQ] Bdnder @ Afrogéen almbbphets 6 roon® té’rﬂpérﬁture and

gtlrgeg forg h7€t teg g ! A&cj{h@a&ém -ﬁggém@g aﬁ% I\é_qu-l é10 a AT)JL) was added

fo &k $clutich &h& sﬁ)'rétﬁ}or T h5at 400°C 2idd U h at &0 6CHz )The fnigtdre was
%gidiféa\mté SfmglllgHﬁi ;d p!?f §[2 %}g(glrreg for 1] hat §00§n 'fezrplper%u?ed' then solid
(20 (\A&Z) addelxo- the( dolbtidh, 1 tdjustaply doopyTiee disofubleSmatenipl was

e i asthe fiyate v, gmcisc i AFQEY Je.ppege taer yag dred
ﬂ@ﬁ@lamj mcelntreuedi under redlicedTpressuge. THENE @ldma)warwmled with

%ﬁ?{ Blubdh %ﬂ%@r@&é&‘kéﬁ&ﬁ MeOH =49/1 - 19/1) to afford titled
@otmpomﬂ aspalayellowbmtaﬁ BA€arIdolyl ) - 7- oxo- 4-t hi a- 1-az

abi cycl y 2 2EN=

11 et RO ICHCEPR 1 8038, A3 98 6y 2 554 o) 470 b 2 ¢ =58
HAoK§D (s 20D)] 475 (Eu 2 Btz (s, 2HY) 688 ¢, Ms?éddé,le-Zru 8 7 Hz),
%'T%f(d %)_7[ }5899 rapidly wwth 0.5 M phosphate buffer (pH

e reacti on vessel was covered with
foil to excl ude light. The reaction m xture was

\nm-hbdrrﬁ:ﬂ és&arm_) The filtrate was washed with

MnO; (activated) (84.2 g) was added to the CHCI;-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 ni'trogen
atmosphere. The reaction mixture was filtered through a pad of Celite. Silica-gel
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ethyl acetate (63 nL) and the aqueous | ayer was cool ed

to 3 Cand | MHC was 15 added to adjust pHto 2.5.

The m xture was stirred for 4 h at the sane

tenperature and added H20 (63 nmL) and 1 MHC to

adjust pHto 2.5, then stirred for 17 h at the sane

tenperature. To the m xture was added 1 M NaOH to

@mj g)stquHatIdECB to The flltra'te(tandethmsoloelmwas rratnededinmder reduced
geuum ent ate S [ d.to )

FieSfugk WA R} s gt oo B Efidek B, Th BRNE SilBgp! was

addonived BH sﬂtcacgehtcognmphyronﬁdsgraphgdsmd bthageolurive weasl eluted with

it G2k e SR, e by e ot & Veiervetas

@8R gl343phi | i zed to give the title conpound as a

160 RBPIGHETRE AL FF P st B2 2L <BR ) a1

3HR 5.29(s, 12H), 6B2=(s, 1H), 7.5 ]d, 2K, ZD—(&JI? Hg), Hli24](d=21-l7£~ 8.7 Hz)
%(s 2 (t, 2H, J = 5.6 Hz), 5.84 (s, 1 H, 6.03 (s,

65 (s, 1 H), 667(s 1 H. Exanple 26 30
Preparat|on of (I\/(64 6- (5 D|rn ethyl

oxa@-ﬂﬂg -SMahnwehl[z 25]@9t&hm6ﬂﬂhmattmlmv+M04H-

5-5- 2 h |-2- |

; I he met hod
------ AR pe¥o77)).
St ep 2-Fdin®h®l7€dﬁydr@45~p§raibm‘:‘t ﬁ%ﬂw?azﬁn@ﬁtaﬁenﬁlc'éﬁldm-

BBt chter 257 {65 as oo 30 ity agetopitila (1644nL) aiutipniof
ﬁhhylfroﬁl%bB'rzt(E@t&E(%V(Gﬂ 7%) uauaﬁa Wobemﬂnasgdglcé?atcr:omch
r at t ha n ede
RrtGTSIR 08 T RUNa P O G A5 R -7 0x0-4-thia-1-
aaﬂ:q:wlm@mmeplﬂ-enem-c@bec ptid @hhiobeteyl(@rgcant. B.9R8) (3.27
g)é‘r f e %Yn'ﬁﬁ%h go‘?‘%&ejtos gﬁ) utqnoaﬁg\% (?gﬁté gﬁ?’? g‘&?%%mL) was
@dded in omomtrw piTbe seaction rselwas chveradawiticiod ke exdlude ligbt.
it i St 18 s Bty i
mmt B7%) (Rel9 k) ant wgec(ngntaa&?/ b (208 &1 dn oEheortion. ¢ TAEgeaction
%ﬁufé%?seﬂfgﬁﬁ‘éoe@ (?”t‘,jSﬁd étﬁ%&qﬁm tht ﬁséurﬁceth% g ectgelg mL)
to silica-qge cO

was app hr ofat ogr ap
wasraddedh ¢o thel semtionasd ét'fmdsf@f b hrat Qﬁ@l 3The Dixtyrsovas)diluted with

o5 bédihebrioQMRARE Lith@%: citric acid aqueous solution, saturated sodium
hydrogen carbonate, water and brine. The organic layer was dried (MgSO,),
followed by concentration under reduced pressure. The residue was purified with
silica-gel column chromatography three times (n-hexane — AcOEt (1/1 to 2/3), CHCl,
- acetone- (29/1 to 19/1) and CHCI; — acetone (29/1)). The titied compound was
obtained as yellow amorphous (diastereo-mixture (64 : 36), 3.30 g, 53%).

'H NMR (CDCl;) § 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), 543 (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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obtained as a white solid (41.3 g, 88.8 %9. (J. Med.
Chem, 20, 1176 (1977)) "H NWR (CDCI3) 8 1.17 (s, 6H),
2.76 (s, 2H), 3.19 (d, 2H, J = 3.0 Hz), 6.82 15 (brs,
1 H. Step 2: 3-Chloro-5,5-dinethyl -2-piperidone To

.8 9 (0.21 nol) of
3, 3-di chl oro-5, 5-di net hyl - 2- pi peri done di ssolved in '
ﬁlﬁa&c{:‘é@é 56?91 H'R8. eagebe& &OYy ﬁ €4) 5Q4"(¥\B‘FH x@ 3%) %, sﬂbd 2H, J
fipef dgle ABO0Ld, 2, g’a@fk*ﬂ!é 38& (QOZHan— 813Hé2)p8 ééédj,r%l e/f“86HZ)
hydr ogen was adjusted at 300 kPa every 5 mn. The
catalyst vvas rem)ved by f||trat|on and t he f||trate

2B RY (6 K- azoloft-balpyraeingg
nYfBhE -4Qr?’90| QQQb. £ é‘% ¢ -éﬁbiz}?m?_ﬁr Wfic 3, SB8ium
galkt ure was separated and the aqueous | ayer was 25

T YA THE Sl dnthdrerbniete 20 Wl el b 2R S ABT R 6RS)-

mmo-lze(dmlteheeldyluxwarbonyﬂwm-@theswzmlcyT:quS e hehir2-en-6-

PR BRES iyl -Sleh R0 SRV B R 4 Fffobency

éster wias ladded @npriush (1286 g)otapidiyneidh 85 &/ pﬁuspbatedbuffdr (pH 6.5, 63

‘fﬁI?Nﬁ/ﬂg'Fdﬁg?%% @sls.eﬁ&a% SM%O%@?WW EQ!%?;)&%@I ?77)I'Z’|% igactlon

irfikturs-wasOvigoroasy 8tirkexd for 12, 126t odbddtentperyturd. =ThRe hsol@bl@, material

i o oyl s 551, o g o
_Ethy| aéet@e (68 msl,) dndHhe aqueGusSlager Bas cooled to 3 °C and 1 M HCI was

' égéezcgo?‘agllf% l(Bapplltg rér)réoi ;jl‘ Héfm RESEWRLILE 1% af theLaRRNE l‘n?)g rature

3nd akddech HEO 563 mi ahg 11-14 HE pe aidivetrH 4na.5, enstiged Gorl¥ h at the
€9|1n)3 tehpsiatit) %o Wﬂlx‘uﬂe%ﬁ% éﬂdeﬁ“ W%H%%c@%@bﬁ%'&n The

Parr a paratus at 150 C h. Th
nﬂ*tyreowaarﬁmraemirﬁtwum%rt blgwe\fa@uemaa*dé@l *CTheThe concentrate was

ResedPid apgioneHHE-21 t @28 dmf fmitsibfsht heastp! 061 Q. )"Brésm column
concentrated under reduced pressure to dryness. ude

ghipmatoarepiy. pyiteb pAsaried.theLoBxY Wae elitediwWita 410 — MeCN (110 -

0bf53l Mtk dsmBindd Frh&tiohs |We¢e Caricentréted Lfnber P@ﬂ va@hlﬁmat 35 °C and
20, 1176 (1977), EP 0 447 704 A

dylggbylzegj tp give t(xg tltlg mmpgu%ai 3 yelgqyf) amgrpggust anld @fip mg, 22%, pH
@ﬁ 13.2 Hz), 10 2.21 (dd, | H J = 9.2, 13.2 Hz),

.12 (dd, 2H, J = 11.5, 23.5 Hz), 4.22 (dd, 1H, J =

8.1, 8.9 Hz).

Mp 160 °C (dec); "H NMR (D,0) 8 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
Preparation of (5R)(6Z2)-6-{5.5-Dimethyl-4H-1,6a-diazapentalen-2-yimethylene)-
7-oxo0-4-thia-1-azabicyclo[3.2.0]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.
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Step 4: 5.5-D nethvl -3-o0xo0-3a. 4-di hvdro-3H

6H 2- oxa- 5- 1- aza- 6a- azoni 0- 3a- pental enide 15 To a

suspensi on of 37.5 g of the crude

4, 4-di met hyl pyrrolidine-2- carboxylic acid in 420 nL

of AcOH was added a solution of 13.3 g (0.19 nol) of :

NaNC2 in 210 nL of water over 15 min at room R
u Lywed for 3 h. The solution was

MEHEEh B 28, e QBT L

concen duced pressure. Acetone (250 ni)
Step B@RjBDichlord-Bb-diewthyle?-pipgridbae pr eci pi t at e was

under T8 S SSUERT sORicH b Mt LA R e 20, 0.24
#ol)-irtl 4 T trity of-CIH Bk, R &5 (7YY g,00. 26 mod)-veascaddeday buch acitel that the

. 4 e €
e R BRcBA2 8 | Antiin a8oh WAR cBpfle Sfmgo wes
2&tinmed édr 1@rminT HEulfarg chidride (36.6 b 0.32 oaapvas siawlyyaddedand the

(o fo g e Bty . 4 AR BB

camlucedh pregsae. UTicke residee wasccopledlds ineeand dilatedesithd2b® miasf ice-

PR ofhstofie VB i et i GHEE 6 RAEBR arlFs bitaiic

Hyer was tdeet (\MgS0y) add Wisredbt Bienfdtlatavas donoswtraded umbler reduced

%ée%s%ﬁ? Tﬁé&e}nd@ewaﬁ_ﬁgp%%@c&qgg—@ c&ur]nhgc%rcgrﬁatogr@phy,%ng %hen

fheccdimme vas leluigdswitlh RATHo-MEDH (B0 dll) of Thetitleld wpmppuhd -wisc

%Bé%?#gﬁ@ﬁnk scg@gﬂﬁg%sg@g 'ﬁ\/zg’ﬁo {A@eh‘."@:h%., 20, 1176 (1977))

- 6H 2- AR (CBEh) §4-1742BH)02 I8-(s,2H)t A1efd,EH, (/038 Hg), 6.82

2@0713'[60” and ethyl propiolate (10.8 ni, 0.11 nol) in
b -’xyl ene (350 m -) was refluxed under a nitrogen
at nosphere for 16 h. The solution was cooled to room

ﬁ_&ﬁiff.b!ﬁ'i@ioﬁg_d?,gggﬁ@&[ﬁbgﬁdwer reduced pressure.

» ca gel colum
chr ondod§&pli.21 ara) aftSsdhrdichlereed bidimethys2-pipetident vissbived in

QPR oM S bl 1k pdEladu ef p 2RTBRHRIOIR S0 (o7 40
,45-raolhranth he- 1BixBire wag dydrogengigd abB3Q] KP2for 20 min.  The pressure
g}sﬂg&%ﬁ ‘§3v§ ggj@%tgegbgg klg‘?’" 'egei_?ffhrﬁik}éesﬁ?é catGystUUsAeRtded by

fitmtion aed the filsate canesriratediumdey radored pregswepy@HELI(400mE) and
1100 P IO e S AL o
with 4ompl/L wa@gl. ( §he mixturg wasmeparaigd amgl the agyeous Igyer was
extracted with CHCI; (5 x 300 mL) and the organic layer was dried (MgSQO,) and
filtered. The filtrate 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 titléd compound was obtained as a white solid (20.4 g
59.9 %). (J. Med. Chem., 20, 1176 (1977))

H NMR _(CDCIa) 8 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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5, 5-di net hyl -5, 6-di hydro-4H-pyrrol o[ 1, 2- b] pyrazol e-3-c
arboxylic acid ethylester :"HNW (CDCI3) 5 1,32 (s,

6H), 1.33 (t, 3H, J =7.1 Hz), 2.89 (s, 2H), 3.90 (s,
2H), 4.26 (g, 2H, J = 7.1 Hz), 7.90 (s, 1 H. 15 Step
6: 5.5-D nethyl -5, 6-di hydro-4H pyrrol orl

2- bl pyrazol e- 2- car bal dehyde To 4.63 g (22.2 mml) of

; 8 ARIS ethy|ByHbIRtiAe 2-&ibB moéahl 2- b] pyrazol e-

of dry THE was

added ASUSPeRSIOM o829 4 (0.3 Z1olhefdi-Ghigiects b-dimathylropjgeridone and

%%@Zﬁf ﬁlogtof @aﬁDH)’%@-I 671 D58t 519\9?1%9%3% hgatga— hﬁa Parr

wat er

SPBREE 4B AEdor § he SFhen, ams&@wmgaaf aPmp0iLassUiphate were
aRded. ﬁ?@%ﬁ@t%ﬁ?ﬁﬁér@ﬂ bff, AR RE sBﬁﬂoﬁrg'a); cBentrited under

(150 was concentrated under reduce

;ﬁcé@g@ pessHirtordimestatGride 4@-dimefhylpysrolidior-d-cameylic acid was

sYRS3 t4yact;e )

e o‘ra;]%nél@xﬁélyer g%rﬁédﬂfwcﬁb; n3>11§7|%|(;f971‘/2855$447704

fi°11lpmﬁ137)vvas concentrated under reduced pressure and

crude p [fl,

o b pyl?glj%f?‘ B%W 1%%3%“?/%3% E@ ¥E§g&o°1H J=738,13.2 Ha),

vl (ddl ‘Ehle-‘dQ(Zﬂﬁg id3), 3.18 (dd, 2Hl, d =01 1.6h23. EHZ)M 22 (dd, 1H, J=

(85S 24 thyI -5, 6-di hydr o- 4H pyrrol o[ 1, 2- b] pyrazol - 2-
noI in 222 nL of CHCI3 was added acti vated

Vh02 (18 5 g) under -a nitrogen atnosphere at room

tﬁ@gf g%-%i?n’e_tﬁw O3 bR6Ra! £

weptajenident r at ed under reduced 30 pressure. The
resi due WaST Quég%ﬂsn%n‘? o?‘é'}‘tiﬁaofgr?% crﬁﬁgﬁwdig]eﬂ{yéngrroli(ii e-2-

chr omat ogr ap e CO
leasbamygicActbEn 428. mll pf AGDH wastddded asopdionof 028 g (0Sanaipdf

A B2 "ﬁsJ’ 5 ,2?41&13 1§ nﬁﬁg%%‘l %W%%&Pl% %ﬁtsgf'rﬁd for3 h. The

gpp)Jtlorswgg cpgceninq}ed undgpre yqu pressureH) Acegpngy (230 m )was added

_ (t§ ﬁ')e(r@@iué aha ttes FleBBAtY Wat FitdreB3570 bAd BRENYIRIR Wad cbh&&trated

ene
tq)r/iﬁar rfémr@wre tsdrynegsransk crodefd-dimethwhbaiitosepyaesiidine-2-

aFHoMcSHid v@sﬂb@axﬁéd’a@&%ﬁ/ﬁr&lt rile (16 m—) sol ution of
5, 5-di net hy 6d|éq%/ero 4H yrrolol

pyrazoil@ aZSQ!‘dtf%‘aqf& cfe"f'E’EnQI hj-nitrgsopy ir)e rgarogyylisdcid in
t2@2trﬁl§oﬂjdr¥ mfwwh&dédl tRflucPSacelit ahhy&‘cmdét(spﬁ 006,381 under a

under a pher e at

t
mwen@é'nﬁ%mr@ AkO )’%ﬁﬂd ghieas i%'ﬁér A0t o6 e The solstion wasy

fc@hcé‘ﬁraféd‘und'gr“?edﬁc&c'f s64@6 The resiitleWdstppfdd to snllca-gel column
-ni trobenzyl (5R, 6S)-6-bronopenem 3- car boxyl a
(cgrog@atagragg@y gaqqﬁquar) 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 (CDCly) & 1.38 (s, 6H), 2.71 (s, 2H), 4.12 (s, 2H).

Step 5: 5,5-Dimethyl-5,6-dihydro-4H-pyrrolo[1.2-b razolgg-cargoxvlic acid
ethylester '

A solution of 5,5-dirhethyl-3-oxo-3a, 4-dihydro-3H, 6H-2-oxa-5-1-aza-6a-
azonio-3a- pentalenide (10.8 g, 0.07 mol) and ethy! propiolate (10.8 mL, 0.11 mol) in
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10 was added and the m xture was cooled to -20 C, and
then triethylamne (4.6 nL, 33.0 mmpbl) was added in
one portion. The reaction vessel was covered with foil
to exclude light. The reaction m xture was stirred
for 3 hat -20 C and treated with 4- di nethyl am no
pyridine (172 nmg, 1.4 mmol) and acetic anhydride (2.6

- ByleRd (350 MNPhAs reflugitrurdier hirftfogehhmbsiteré o 18ihxt Thesolution

C and stirr

ST G e Syt Rt . o

REIHEE WasSappuéd Bsilicalfdl &dluthn chisimatogiaghy, @nt fieerm the ebliuaih was

Sl GRS S b S0ENIEFRTDROAY ViR PR FLes @ pale

BriowaitkoliVph64d )y, 3Nnd %), hiices SdimetHyb5/6-diliydrd-@-Mmsrolo[1,2-
BRFrRel Leapaie Sri SHeTal s obtaingd 888 y&fow Sold (4.73 9, 32.4
ght 1, 6a- di azapent al en-2-yl ) net hyl ] - 6- br ono- 7- oxo- 4- t hi

o OB SRR e e S e Tar S b i AT
El!h?lﬁbigf 1BHQI}/I}R<E(CB¢I;,ZB 1925{(@, 69&104(1;&, %Hﬁgl ?ﬂ.delrgt%r%m (ZH,EZH), 3.93
W , no er .9, - 0
ﬁé"‘%ﬁﬁg? i%@ﬂrr#-ﬁﬁ'@%i‘% @ﬁﬂé‘?-i | c(ap( 53 m-) sol u% ion .
Oy 5 Sy 6L dinRI oS erlrofol 2T kole-3-carboxyli acid
stuiestes: T SRR GG S Lot vtk 9 v TR 2 88 5. 2, 3.90

@Qb@,w_té; gq'qxpi'(;i:pr_mip_tz;,qun@sth)_est er. The_ reaction
vessel was covered with foil to exclude light. The

reaction mxture was vigorously stirred for 1.5 h at
SeH6: 5 8Nt S, 6-di dFeARL BV FoI 6P, 2Lb YRaz 162 -c2PBAlaEh e

. and then _the pH was_adj usted to 8.0, Ethy

acet atl @ 4859 423 MRl of pfrdinstayhS & diby et EPyriol1,2-blpyrazole-
bi bérﬁg%ﬁictabid@%@erﬁ?(tmfrrglﬁef artyerHFThles padbMAAIHG BB Y, 22.3
Wt wat . e ueo av.er S .
Bichel) st X iodeimomioss 86 . Ry denatired Bty iy g mixture
w'ﬁts |a1u@n&jdmdéiimabommll_)aamfh‘eqrreéipihhté |W5$ fikersd Btrongh aa pad of

co ne agueous er e 00 .
Ffie hg Rl B9 xRSy wh Fates 180 Frf g% g Rl adimfg, e fitrate

Q@B conterditatet traled Ruluged predstreeandiiheh ivetert(80 PiLhivas added. The

e 0 R R0 v e

\WAgSeL)arettitterddn o Bltraied8ss cdncentnated bpderaeduosdipressuees and

?ﬂ@ggéﬁﬁlﬁiﬁ%@)}lg %—éiﬂ&%&A%nﬁgﬁ ,2—2b3[g/)9cra20¥eq%§bé1[et6h5nol was

actlve Tracti’ons wer once under

lobtinedvascayetiont soBd (3.49gd). | yophi | i zed to give the titled

G pris 55 o e ok BERARAMES Safib Arl g ibife flfpdeor2
ehmetiar®r i 222 atl) of CHBE5was added) activated MnO, (18.5 g) under a
nitrbgen 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
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 (CDCl3) & 1.32 (s, 6H), 2.73 (s, 2H), 3.95 (s, 2H), 6.52 (s, 1H), 9.90
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' 6.15 (s, 1 H, 6.45 (s, 1 H), 6.96 (s, 1 H, 7.03 (s,

1 H; IR (KBr) 3422, 1752, 1683, 1598, 1557 cni;
%' (1-120) 296, 198 nm 10 Exanple 27 Preparation of
(5R); (6Z)

- 6- (5, 6-Di hvdro-4H-cvcl opent af bl f ur an- 2- yl net hyl ene) -

7- 0xo0-4-t hi a- 1- azabi cycl of 3. 2. 0l hept - 2- ene- 2- car boxyl i

gs aHP]d sodiumsalt Step 1,

hvdr o- 4H- cvcl opent af bl furan-2-carboxylic acid - B

' -.'_rret hyl ester 15 The titled conpound was prepared
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8t A5RY6 psws-mmaﬂwm %E-deiageAmerglﬁaﬁm¥uene).7.oxo4-
CO vvor Kers nl ett ZUUJ. ep .

it ke ) §Bﬁﬂé@% Saggnssasn o

ﬁvra)zolgra-wbaiﬂehyne L(|2 8@ 165 mmal)wagrsisied 4o the dry geetinitrile (90
d

aiLyReiBheH 6 MEBR (50'?‘% %Iéfl:?‘iﬁllgﬁ uﬁ{gr oa?nxf?\/\oﬁé’égr Qgﬁgpﬂg}s at room

m Xt ure was uériche C

tarmpeasaiaiee, ang dhem the mixturaywas stsreddar taméd  The dry TEE (te§omL)
esuaﬁ&%fpai&sbeﬂégﬁdﬁbsgira%%rﬁ&mHﬁs SRYI9R (95D %9 g, 13.8 mmal)
extracted wit he organi c ayer was

wes [rdged aed Hﬁdmmur%wa@v@qle%ed@ %nand ﬂnqrbﬁnewam@ (4 6 mL,

%B'dr’ﬁl%ﬁ wa@sadee@ fnecmerﬁﬁrl‘?& e tachbd Oéééet w&é e&bered with foil to

onpound yellow oil (1.86 g, quant.).
@w@legygrgl T@@ FF@CtIOE iixtyre-was stirpgd)for 3 h@g—zo QC@@d tigpted with 4-
3Hﬂeth arﬁP\o pyﬁdlﬁé (17(2%%21'“ m@ol?gnd at?eﬂ@%nﬁ%nd%"& 6 ML 2.6
mfeolunmn&r%’mﬂnr cwer @aemrhmmtwam wzar@aﬁ &Pd@w@éﬂsed for 16 h
Acbrgat Etﬁlyll\é&@t%te( @28 nﬂ)) aast ndel Qtrié Bcili RRuESTS sdItbAT210 mL)

mahfeggé ﬁatihgg%ao%a% m'ﬁf"@] angrseratatsd. ) Fae REgARic layergeasgyashed
aitl safeirated eddit@rhytirdgen _radfuonate ahdtbring edriezt (MySDLE bad filldred.
TREE A BB it B0 AL Bl Bl
5)6-dimsthglu Hvioka- dlpm;ieadalereZ-yll)&ﬁtrwl]Jsl-tﬁrame‘l-owhwmn-1 -

DRSO 995 bt o Ny Lk RSt i e
cbbdvm aradrphsug/el | ow crystals (1.51 g, 77%. 1H NMR

03 1oyl 303 o 7 el g g b,

@hosphat@ buf&renﬂ-l 85, GS'RmL) to the THF (114 mL) and acetonitrile (53 mL)
RBRtiorPof it (5% BEARy-5 SLalethil: A DL SRBEhBIN 2.5 Gny-
PLhrombivydto-E-hia-d razaliicyotal 3 2- 0] he -2 erez2riacyody lid-8ci@ p-@itiubenzy!
bster SN Te @R Ve fias 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

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 x50 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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acid 4-nitrobenzyl ester 10 The acetonitrile solution

50 :mL) of 5, 6-di hydro-4H cycl openta[ b] furan-2-

car bal dehyde (1.33 g) was added to the dry

acetonitrile (101 nL) solution of anhydrous MBr2

(cont. 98% (5.52 g) under a nitrogen atnosphere at
room tenperature. The dry THE solution (151 nL) of -
Wzﬁtggl o Z:bfa@ itE@rmIanﬁﬁanchH}hﬁoﬂfapgy After adsclarblng, the column

t-2- 2 _
o elash iy Wetcs Y L1 3rd theo gogiaitils aausas sglutipnd10%: 480
?rﬂ_% Qd%t ?26 Hﬁ_) m?ﬂéﬁo?nbuﬁébpé&ﬁe FracticHd Were 2BAcdritrabhd GBF high

nl) wa added in one portion. The reactlon
ve%@? at@’% Ccﬁi@évféfd‘"l%?# Fp giye the tiledcompound jasr# yellowamorphous
rsgmj:gzloybmzm%rgmp%stl rred for 2 h at -20 C and
treated With acetic anhydride &cont 97% (4.13 nl)
and DWF(%?Q](decDé%NMEZQzQ@H (%)rﬁé'l)p%ﬁ? i(®rZH)THES (s, 2H),

SRS, R eers 1D, U RRIART e 9 AR 2t 1752 1088

d5@8&lﬁé7&nd WA D)A9%Bh19mmqueous sol uti on of citric
acid, saturated sodium hydrogen carbonate and bri ne.
The organic |ayer was dried (MgSO4) then filtered.

The filtrate was concentrEKmt_p_lmZibr reduced pressure.

gi v'b-okhd i
(3.34 g, 61% 25 1H NI\/R(CDCIS) 6 2.21 (s, 3H), 2.40
el 48 L. 2H) , 2. 53 J 7.0 Hz 68 ‘! or

(1 H 1J'_I'1=1e ilgeciim&ourﬁi (aas bmparéd drd)corcﬁngStB tas pro“lbeégse 6f T
S =
éPbastndﬁq-wafk&s (§rlok2p01 688 5528 (sr . (62

6- (5, 6- Di hydro-4H-cycl opent arbl furan- 2-yi net hyl ene) - 7-

LG Clggtg’ bfuran ‘iptl rr?iet gg-IZ- carboxylic

6RS) - 6 5[6-BiBydmetHi-cyg¢enajblfirneaafbtxylic laoke metyb jebter 40.24 9)

s AL W sk TR (59 L), splbtion. of L5k 5L spe), nser 3 nitrogen

atiosphere ab@i°d ahdrstitneddentz hlat 0I'C5 dheenixiuBe @8s guenvhsd with 10

et T W Ap———
wthe lobGiredMagrieosp Isalution wfals exxtraptedBwith CHELs. nihe ditganic layer was
rv?aasﬁ\[ea %}H\fﬁﬁé eah ‘$igd ‘69é/rer§|§§o"‘%u‘ié1f I{e%é tﬁ‘leq‘fft?étg q}r%rs ecgncentrated

e reac ion re’was Vi gorously”s
ftolafordZEleti campoxhas m‘rbwrmit(mﬁé g, ﬁhmtr)eact ion mxture 5

vashed WITRERSR BB Al SHbER ot bl PH 280 - 250

qBp 2HAt 266 — PIVO (&thH)UGSnﬂ-(inH Wes5.8 biz), 80115 (s, 3H)3 and 1 M

Step 3: 5.6-Dihydro-4H-cyclopenta[blfuran-2-carbaldehyde
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

114



10

15

20

25

30

NaOH was added to adjust pHto 8.0. The m xture was
concentrated under high vacuumat 35 C The
concentrate was applied to Diaion HP-21 (181 ni,

M tsubi shi Kasei Co. Ltd.) resin columm

chromat ogr aphy. After adsorbing, the colum was 10
eluted with H20 - I\/ECN (1/0 - 85/15). The conbi ned

-ﬁsﬁl(@jt‘ftg'ep%ﬁlu Ia ﬁ&{, ﬁger% lfﬁ?%gld?ﬁrggva\éa&}i%@ \?fth %Enegane -

62@5#@9’1 T?m; V\B@b ¢oreremmyl Diagi ahtaing aayelmocnymals (151 g,
Wrésubi shi Kasei Co. -Ltd.) resin colum
chr omat ogr aphy. After adsorbing, the colum was eI ut ed

wi t h RVECRCLY 3 2@7-~ BST 18) 2H) 1268 (tnBHNée 6.8 bie}, i2ates(t, 2H,

3§ gh vacuum at 35 15 C and
\f’e{;ﬁ%??? sgtlgyve lfﬁ:{é tI ed conpound as a yel |l ow
am)rphous soI id (185 ng, 10% pH 7.2). I\/p 170 C

d- A SR B e it 30 | 2

1I—p. 2 a IIe 28 Preparation of =
C. hvdr o- 6- t hi a- 1, 7a- di azai nden- 2- yI net
hyI enthe Téeetomtnle solution (50 mL) of 5,6- d|hydro-4H-cyclopenta[b]furan-2-

aldeé%ciﬁag #%ablsz%ﬂgg trf cgy acgtomtnle (101 mL)asrotIJt?tl)é

ahhywusaMgszemt aaa%n) (azsmga -uhdena hrogkh @trdddpHere at room

TPl Pt SR i o BB s 2R
aedbicyd|ofS. 2 Dinsips 2 (ahe-2veatboxgiiie ieid 2AitroBéhzd! st (8dnt. 9638%) (3.91
5 e fdcan .t e cRsles 19305 AP ELMCADL %) (B3 was
Addsd ifona pedione nShereaofion vessel was covered with foil to exclude light.

e Aot A2 420 ML RB i ot e
mﬂb@n@ (¢.A8 nalg|amdi LWIABf(COnZEQ%)qwmmm imone parfiorha NIBE reaction
Wé&?ﬁ%w%éﬁ& ? Cf’é(rﬁ]stﬂ'@d%{ﬁ th %g&‘c gﬁ‘!cgélﬁ{xﬁ}rg (Ngs AMdted
Wi ety acpiate @ng wesbed with Aleaassus ssloiiombt c)ltrlwas;ldashierated
%ﬁbeiﬂrpﬁvﬁﬁ%bﬁ \bSrtoRdtel el tHneC! cﬁt @rfggm\e@éyef' b gﬁ g\ﬁ’ééog then

trate was concentrate er reduce
filkereg.y dedilteaie was geacentrated under reduced pressure. The residue was

Buﬁfrefai‘mﬁ{hla Slichia %brmﬁcrﬁorﬁafoai?%b%g - ﬁ&ka‘?\ Tdégrﬁd dﬂeds 1)

br own anor pnous sol utron o e
@ givq theditled csqnpﬁwa:t ahakewn @rapwmw p@id8i34 4, B1%30 L

'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).

Step 5: (5R),(62)- 6-(5,6-Dihydro-4H-c¥clogenta[b]furan-z-ylmethylene)-7-oxo-4-

thia-1-azabicyclo[3.2.0]hept-2-ene-2-carbo
(5R, 6RS)-6-[(RS)-Acetoxy(5,6-dihyd_ro-4H—cyclopenta[b]furan-2-yl)methyl]-
6-bromo-7-oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl
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of dry THE was added trifl uoroacetic anhydride (168.4

g, 0.80 nol) over 60 mn wunder a nitrogen atnosphere

at 0 Cand stirred for 5 h at 0 C The sol ution was
concentrated under reduced pressure. The residue was
applied to silicagel colum chromat ography, and then

the colum was eluted with n-hexane - AcCEt (1 : 2).
édterTh(3.28 B) Mscxbsthfeddn\lv&ﬁ:(ﬂﬁai exthdaagceonitvile (Iwaky. Freshly

%évapegg%\]g%t%%?g g} w_as§ {e%é& v&'@gq g 9\/1 %ﬁ!ﬁp%a§ élgfeg (pH 6.5,

@7 5nlDl hTte areﬁctbh ivesdel Msobwe-dmlm foil2e @xclnde Yightc déedeaction

v Tathalfl il 50125 h ghoem meeiatu,. The g micre

wde lﬁltertﬂ thrd8gl agpad(of Teliten| Tharfitrate ivas wasbed withiethy( 2cetate and

- o e PVt b8 seshtle” Thed Hhulhie 85 s EgRER # C'Bha 1 m

dlaOHewas @ddedio atjustoeil 4o B:@ afie oxicrerwasitereotrated under high

RS 50 0k ol By R BRI ERP L 1 i

WaseieCat ktd.)wetin columenx ahomatdgraghy. ( 3Aftdr) adsbﬁmng i the exblumn was

g@[@g\%@? %@S—aﬁgbﬂ @?(87 ﬁ?/ a rggl g[ﬁfo\gﬁbiﬁeeaeﬁgﬁi%ng %\?erel cncentrated

Uinder- tighzeaaudenat 35c A Emdy lyophitizeidd tee igivel thet ttledvasrude product

CHER R BB B/ a2y B b Rl cp, i s

edlapinedtramatograghiR (ABIBCh83orBing, B@ dolumrBias éluted?wiih Hzp — MeCN

rfmeen e
56 am;isyciﬁhniyém to Give triedtitled cPepoiiad as adehey amoarHous gbiid(185 mg,
36* ﬁtfwé(l ester :"HNWR (CDCI3) 8 1.34 (t, 3H, J =

£ BN%h 99 (t. 2H J = 6.1 Hz), 3.45 (t. 2H J =
6.1 HMP1704 czeie(:)q HMIRJID:D)?& 2.247) 2.36 (12 2.37H)},,2H; J556.5

W AN AT TR AR IS ISR B a0
To).a 22.1 gram (0. 10 nDI) of

4, 5-di hydr o- 6-t hi a- 1, 7a- di azai ndene- 2- carboxylic acid
ethylester in 520 nL of dry THE was added L1AI H4 (3.95

g, 0.10 nol) under a nltEngEnjaﬁhDSphere at 0 C, and

?ﬁ&h&lene)-?- |

wi th vvater(lOO m) and THE (250 m_) Theflltrate
was concentrated under reduced pressure, and then
wat er (300 nlL) was added. The aqueous |ayer was

- Stép acDEA ettahiydkd=? Sithiazfhex4-BAfboxy)ic adidchyairgetitotide ayer

r
was d dL?'Petrahydro-1,3-thiazine-4-carboxylic acid hydrochloride was prepared
according to the method of Lewis (J. Med. Chem., 21, 1070 (1978)).

Step 2: 4,5-Dihydro-3aH,7H-2-0xa-3-0x0-6-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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(MS™M) and filtered. The filtrate was concentrated
under reduced pressure and 5 crude was obtai ned as
pal e yellow crystals (17.2 g). To a 17.2 gram of the

- crude (4,5-di hydro-6-thia-1, 7a-di azai nden-2-yl)

met hanol in 520 nL of CHCI 3 was added activated M02
(88.0 g) under a nitrogen atnosphere at room

SRR TSt it B nhat! Scoin
WBE0 mbhwahaddeaddd tfuﬁn tesidueanddbei peGipjiatesyas fdteretheff. The fnltrate
gﬁé I dHGnRk uEﬁ El‘elsbﬁ@qg hrﬁ@géjgﬁd crude 3-

omat ogr ap e col'umm was eluted with
mésoanld, @tnapﬂ-@;boxvh@awldtwwobt@np@aﬁbrmammammwd

gs O>O/e_||§ ey s‘?ﬂdfﬁh %lf grL@é% ﬂtr&s&o[éé}ﬂ?aﬁﬁ%-ﬁ"&%& %{IP\ 580 mL
of dry (I-\I;I= wag pgldect;tnﬂlgorggcetlg arhydrisie26§.4 g, 0.8Q)mol) gvesBpmin

Pinder a nitrogen atmos re a stlrred for6hat0°C. The solutlon was
(5R) (622 % B|h?13/ g d 7a-di azai nden-2-yi met
[§pnesidrpter l@,dgt mduce pressure The re5|due was applied to snllcagel column

n:hmaifog%aﬁm She krsa’rﬁhacauhﬁmaz?ma v@thﬁrfﬁ%%%)é' -ipecrtif: ),

sodi um sa dr acetonitr sol uti on Of

a4 hsi'a%y@maolmdt n@anmtamdoﬁsdzra\rvh @ewéer (28.0ch 65 ) ehyde
1.70 dad etd Ri-tk |

( 1.70 ¢ ) 20 [Pﬁﬂ%%wggtéﬂlg é?HEg%&quz’%} §7|Ji£) £16 (s,

€r a nltrogen at nDsphere at room tenper at ure and

68) s.Absqwmpaﬁérﬁ @h)zdi’pta@k&'[:‘é-ﬂfoxe%@@-@-thl&‘l’zaznfﬁa—azonimmen
caol t

39688, 571 AP FoBRPBP.E 627 60y ORI ) s

pefiuxed pnderteenitregent atmespberedor 1l dbesoltionial choled ta wom

génSéﬁﬁ{dr@' @nd t&itentraied dnaacﬁéde&dﬁrééwr@ m ré$ibiié ®ds ERPlied to

at -20 C and treated with 4- dinethyl am no
;ﬂ}'P?Qﬁ' ﬁ@'“(’t!)‘ °i’1°r@at°9ra9hhfrﬁﬂd)th%[hﬂ‘eaf@mfbwaﬁ alpad with 7-hexane -

rneOEl%a 61)mmhé tmécnc upPg ibdsUbtairdtead &il@bfcﬂfh ﬁaea!elér(gz 14g,
stirred for 15

B8 0 e iV S 1 HlEindenecs P a6 iester was
m&aﬂem ;salégrdwﬁ]arymg (127¢ed3 o)t he react |don m xt ur e

and se e ni ¢ er was washe

sat ur é‘f%h%’gm QIFH'?]Q%PO% Q‘;&P%é)n%ﬂ”é‘”%(%a%? iemé"estﬂ"l "é(',NMR
(DBORFS 139, f3H, Uer B HZJ eos {ti b YAt 6, 1%@ S2AGERH! 9E961|1 LH2),
under reduced ﬁress ure and crude [acet oxy- (4

$48/@ 8El. J=7.1 Hz), 5.17 (s, 2H), 6.60 (s, 1 )

6 t hl a, ﬁ-dlﬁ?drdl-@m r’(dﬁ-‘dlazé{haéﬁ%tﬂ]&’érboﬁm@E&H‘é‘tl’?ﬁé@f& 1‘HNMR
zabi cycl - ene-

r box
(BRCE) BB Brh it 1 i 2059 & Ahey 56 11D, 5.4 L 2H y2%8.F Ha,
4.28 (q, 2H, J= 7_‘1 Hz), 56.11 (s, 2H), 7.85 (s, 1H).

Step 4: 4 5-Dihydro-6-thia-1,7a-diazaindene-2-carbaldehyde

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 LiAlH, (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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br own anor phous solid. Freshly activated Zn dust (21.4
g) was added rapidly with 0.5 nol/L phosphate buffer
(pH 6.5, 112 nL) to the THE (76 nlL) and
acetonitrile: (36 nmL) solution of crude

(5R) - 6-[ acet oxy- (4, 5-di hydr o-

6-thi a-1, 7a-di azai nden-2-yl )nethyl]-6 5

BB e o U B LS B 3P 8B o e was
wmeﬂratadyndw@de@edmrahsweu andttberewetm €00 mghwas Fuded. The
%glgér:%'i.l% geﬁlgr Waéte%rsctlﬁrﬁ%tﬁ '@P&Pgﬁkﬁop%ur Sfhd %aljnc %y]%r @53 dried

erature rea uti'on

(MgSOq madiiiftered: hEhefiltrakesvasdgonsenitated uadey. recmqe;up_ressure and
ﬂé%ﬁs 6B8in gh)afgvb%% yqu\g%ﬁysgaqg gllggazv\gyéxt ure and filtered

through a pa washed with 10
wat er T 8507 2g)jam phivegauiedd - qllgxﬂw-ﬁvtﬁia -+ épdiazaiadenrddl)

Rkl S204RE bF Cl 18 HesRiiga SEiVRE zﬂo""ﬁéé’o §) éhdB /rtrogen

atqrwcberel atyeors tm;peraWala@d then Eflaxeddon 2thhefhe mixtye Wass
B Pyt Badr it s ifalis TORERRIAR) B et
Bicseusi SThe Fesihie Ve, i b SisRaoh SO FIPBGISpARNY. and then
fﬁet @Jurﬁf %mﬂd with ﬁe&q{emlﬁtfiz Vg %atna&f ¥brhboMatveds

en acetonitril aqueous sol ution (5%

obfained as yfﬂ%/ costals({13.0g s fg%d m.). The conbi ned

activ cont hj 9 u
at 35 Nﬁﬂ(tﬁ@ﬁ F@ ?gl g. vde@!_ﬁg 3t%ﬂtq gidH cJorrgguﬁzg 5{2}3 (s,

3"&.@-5&)@ 1Hbﬂ[ﬂ%¢h(ﬁu§"‘§;ol id (1.28 g, 40.5 % pH 7.45).

Mp 200 C (dec);"H NWR (D20) 5 2.95 (t, 2H, J= 6.1 Hz),

312 (t 2H J 61 20 Hz) 5.08 (s, 2I-_|), 6.23 (s, 1
B (& 4 1173 Zingle imiethiylene) ¥ -0x0-4-

( 5R) ('GE) dr@e(cetoeltme rﬁa’t m&) scﬁut@n‘pf&ﬁ dlhv@mﬁithta i’ @sliezaindene-
ﬁl'ala cﬂa) (127'50 i 10,1 mﬁnog V\iasaazdggld (t:o E e 4% aget althle (60 ?—L%n

éolgthraawg§rzl(a 0&@. d1 0 rgmab under mltr@%rpatmosm@'g@ﬁ oM

Qetméergfu@ 'HﬂdrlMén %eﬂh&ﬁ‘;ﬁé #H908tjrred for 10 min. The dry THF (71 mL)

- 2- pl peradi none (1) prepared 1
ﬁ@lvh@mofotf nm&a%w\éﬁli $S)- Gémorneaene@rérﬁarbozslatel@ﬁ@ 9, 9 2 mmol)

%%%Ehéd al% AR Rixtire %@rc%llaelib -050 °C, and then tnethylamme (3.1 mL,
met hvl - 6- met hoxy- 2, 3 5-tet'rahydropyridi ne

B2 BIRY BRI PR paiio bR v ation VoSSR Wa coveged wih filto
ERBLde Nyt FlEeRatton Mifkturd Wi stimed 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. Ethy! acetate (280 rh‘L) and 1mol/L citric acid aqueous solution (140 mL) was

- added to the reaction mixture and separated. The organic layer was washed with

saturated sodium hydrogen c_arbonate 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-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
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dry dichl oronet hane (156 nlL) solution of

5, 5-di net hyl - 2- pi peridone (9.93 g, 78 mol) at room
tenperature and stirred for 14 h. The reaction m xture
was neutralized with 10% sodi um hydrogen car bonat e
aqueous sol ution, and the organic |ayer was
separated. The aqueous | ayer was extracted with ethyl

aﬁﬁhahﬁyrﬁ&ugsbﬁ@ 5 nm), then the conbined organic

o ORGSR FEINAIF n s T o N TREAFere wyi B RER. ©

shidspRateMuer \pHr6:8, 112 ML pioatde TFrm(mmu)ramueacmutnle (36 mL)

R A oo e AR S S A SR £ ymgthyi6-
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%mo-ﬂo%thﬁhiﬁbn@c]@[:ﬁzO}h&pt-ﬁldhe-zl céﬁbo@llc a’id, p-ditrabenzyl -

%s}tg@ Li%é reaﬁan véf%bwgé coverec? WQh fOIPto ex):IUde llglh% ('ﬁie re'é'?:tion

54)&1rﬁlmid$tu‘%ﬁrﬁu$)ﬁéﬂr$ﬁ”fer 54 atdemaéﬂnperature The reaction solution
nonohy i, xt ur e
yBsoe Ao gy o 428 Salitecia i A et (Formy) wes

8ddetto tlﬁéfﬁh)btur%rﬁi\d&iltﬁmlthmugh laqradds GeBted The 6dd waaW)aslned with

h d
Hetor FABUBEY | THE Anpaus et we XeBratest bR ing ranik e was
exteHoteRDWitH 8.SIHoIL. [ﬁmﬁphé‘te bufféed (@H‘I & 6 r 30 anbia STt aon biret

3uipup oy isrel cuoled) gt 0% 34 thefling ot ol Bibebel3 69, e
mixtGreSvaszoncentiled th 235y, ahdthéh appiie} to DEidt idB-24:resin (480 mL,
@ltg%lﬂﬁ?{%ﬁ{/ﬁ% Lgd Y%giw%ﬁ tch%rﬁ)(aqtr)é)rjaghgaﬁ?tfel' ags'o%iﬁg,rthg e&imn

wabelubéchwith Wafer 1960 mik) arahinan acetodirie shudduslsplutionl (5%; 360 mL,

57 GG s e LS 158 Bimeliclf 8% Tl HRER s TR Bptec
(o6derigh varuemat$isyC and lyRphitizgshtedive the tidedrcompamd asrslypliow
aﬂmo@h%'ug%f@ t uréo& 511,,0 églvx,a% azeotroped until the

over The reaction m xture
vvas chcm& TQitded); UHNMR (R«Rice2 95 (te 85 LY & 6. TTHE), 3r1@dt. @ik J = 6.1

) sofs"%ﬁg% i?(sd‘iﬁ) Bldes( 290 687 s, THE 7H 1Y ERHIR aéé}) 3382,

3752,di6841 15a7p11 554 crli' iEAHYD) 3G @RRT 1Y nm.

nmonohydrochl oride (9.9 g, 61 mol) and the dry EtCOH
(50 m-) solution of NaOwe (28% 11.7 g, 61 nmol) were
added at room tenperatur xaﬁipkzﬂbactl on mxture was

nezs yﬁhéﬁglﬁﬂ-d)(om-a gz’aﬁihmd[aa@]hégu-mbmgmrmylic acid,
(8.5 n., 61 mml) was added; uandalg hen the reaction

m xture was heated to ref#® h. The reaction
m xture was cooled to roomtenperature, and then the

'Steys i | Prepa@atidn 65 SaDimetf2epipeFidgAs U0. The

5-5-Dimethyl-2-piperadinone (1) was prepared in the method of Nagasawa (J.
Med. Chem., 23, 1176 (1977)).

Step 2: Preparation of 3,3-Dimeth I-6-methoi -2.3.4,5-tetrahydropyridine

Trimethyloxonium tetrafluoroborate (97%, 11.9 g, 78 mmol) was added to the
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120 residue was dissolved in CH2HI 2 (600 ml -) and
washed with 50% K2CO3 aqueous solution (2 x 200 niL).
The conbi ned aqueous solution was extracted with
CH2Cl2 (2 x 200 nL). The conbi ned organic |ayer was
dried (MgSH) and filtered. The filtrate was
concentrated under reduced pressure. The residue was .

AP B8 el iR oY Spuion I xR PP pRlcbhe, B o e

mrﬁeID'amabmytlenﬁeEatme&ndestlrrau yairidi i Taa oddctign ainnyrel whge-

: é gﬁ%& ‘%iﬁnﬁ%e %dcﬁfrg\p‘pdelt%g hgarbép%eglg%?&s ioﬁtlon and the organic |

dyeywas lsemaratedar T atplepds Igyer wag extsaxtediwitt ethylgaceldie & x 120

gt BEA R thiIRES ronic aver, wag wshedwith 19% sogjurg Pydipgen
2achanbtsl amlbydsssolutidn el bdvie. (TROb@pnis IayeIWae sineﬁ MgSO,) and

%lt%d( tTh%t‘e @s%g%gﬁ?ﬁei&ﬁ%@%@c%ypr SEBe and tlﬁz lltled

@O@pmjmﬁbtwaﬁl obfginedras pale yellow oil (9.0 g, 82.0 %).

8-tetn _(
o MR IEBAS Bl € AP o PN R ol
H29,73.12 (s, 2H), 363 (s63H).Hz), 4.05 (s, 2H), 7.74 (s, 1
H, 9.64 (s, 1 H. 15 Step 5:
(5R), (62)-6-(6.6-Di methyl -5.6.7.8-tetrahydroi m dazorl .
Bt 552[D|méh Ipiperidine-2- Ildeneamme monohydrochloride

| met f3..2.0 h - 2-
3 o c st st Faetlu -Gl ey e ey ama e Rt o4
(8olirang asmicmium) nhlmﬁdeﬁ(%df di &Etrh}dl)-lﬁ d@ éthSno’I@160 mL) was heated
38 PR 8% o TR e RS B GRS e P B
mres)sueeoarm theritied cwgﬁblihd( Elaﬁbb’@,meﬂ&smmh}e solid€®.9ay, 94.6 %).

t it -
1 0950 MARTBIROEIS pBlod (A08H] BR 1L o809 185 (0 -
&4 be), 3990, AHnd £2dodaizyl  (5R

6S) - 6- br onbpenem 3- carboxylate (8.94 g, 23 mmol) was
added and the m xture vvas cool ed to -20 C and t hen 25

h at -The rﬁlxtuaendf 2- bemtceal-hwuobtymoplenak(w ané7hmnm))r pdi ne
T ST T T e
tnomol) © epstdhexarier (1680 nfly was Gzhotsaped uBtil the haperdempertature over
t(aééﬁ [Te r’g?gtg)ﬁlﬂﬂﬁﬂjré Rab ESnée%ﬂsﬁbglﬁdE? ?éHPEeﬁdD? %gs%g £ e
aesiduenyasdigsolwes lmdry)EtOH (200 mL). The dry EtOH (350 mL) solutlon of
5,5-dimethyipiperidine-2-ylideneamine monohydrochloride -(9.9 g, 61 mmol) and the
dry EtOH (50 hL) 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
‘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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saturated sodi um hydr ogen carbohate and brine. The
organic layer was dried (MySO4) and filtered. The
filtrate was concentrated under reduced pressure and
crude

(5R) -6-[ acet oxy- (6, 6-di met hyl -5, 6,7, 8-tetrahydroi m daz
o[1,2-a]pyridin-2 121

JesdRNae &.s&wJéIaQH@H?Hm@odmmﬁa waam.wsé%[@cé ahfedus

-ene- Z-car Oﬁﬁ_lc acid p- nitrobenzyl "ester was

sammm@d( &0 Bb ha@smﬁ@dsaqyewsusoltpimms)/eﬁ@pte\sﬂamcszClz

Zz]x 986 mL).5 3 He BmbiR @rﬁgﬁé légepwgé Wiriddl fNig dﬁ@'fﬁtéfed The
phosphat e buffer (pH he THE (192

alﬁr@teawe% epncenirated wdermedslced :yeqssm orT r@freSIdue was apphed to silica

(géﬁ)ouﬁmli éﬁ’r%ﬁ%gréﬁ:ﬁ ettt EHBIL S rhefhiahbit (58P Y Ak Thdi@red

99%@%% Pt irb 577, ey dheireidazcgt ataleysing 2 carbeliayse

{bréwh RBHE 454, b4v<7 bd)@na®, GiDnnetH¥115 8 b@é&bhﬁ%uﬁﬁdazmez-
reacti on vessel was covered oll to exclude

BiRyFidine-Prearbaldehyde derangs selide 11ied W’g%) 5@ pbiainedr ed

for 1. ésflbuﬂbth‘yPS’6‘7t@fﬂ@n%hgdernﬁdaz-U["?zfa?é}fﬂHIn@fQ-céFbéIHé'ﬁﬁie
was cool ed ust ed

NAER (@565 5 A48 GH207B 14 BHny )b HE). 2RG, 2 4765 H2), 371 (5,

REGCE 4D tgg£(s ap¢l then the mxture was filtered
tﬁl?ough& W (SCeI ?jte and the pad was washed with

wat er § Q@)’“ﬁthy' 5 BB tﬁﬁ@éb‘df@'mlﬂ%ﬁ%‘r 2aipyriding=t-earbaldage: 'H

y extr 5 I
R 20,91 4901 49 e €01 e 10 2401 i gl 405
@bixbi . ire s, éhll)JeQ)%(S abbr was- adjusted to 8.1 and the
m xture was concentrated to 584 g. 1 m)I/L NaOH was 15

added to adJ ust pH to 8 26and applled to D|a| on HP 21

@d_tlm.ﬁalie) and 20 % acetonitrile aqueous sol ution.

The co-pfr,g f t under
gh vacu ﬁggﬁl@é%%ﬁnl%&tﬂﬂt??nv@’e% | SV@Ze crude

(tgpghyg@zyldgzq [; Zalpyridine-2- carbaldehyde (4. 55 g, 26 mmol) was added to

@'\é@l‘y%ﬁlﬁtr@e (?5@ rﬁlStsbﬁ}ﬂMﬁ’ EJPMB'BFJI 389b%, 283hMYH LR aitrogen

yl nmet'hyl ene

@iraeﬂ&w afroom teqnneia(curgr@wethgn the midyre wassdired fasd@imim The
(%WR?HP%@D BhE) LM BT ARMenz5IqER 66 )L6-bRorfdpenthes-CabaSRy late

(8:2%.9523 G1reolpvae adgad andihe mixtues wamganies tei-29,°§), andthenp

Xﬁétﬁ*lé‘rmn% (7.8 mL, 56 mmol) was added in one portion. The reactlon vessel was
ene? 7-'0x0-4-thia- 1-azabi cycl o 3. 2. 0] hept - 2-

@ozer@ﬁmaiv foexglbdg hg@,to dTnﬁﬁeasz@rsraP@rmesmm f@@ "b?/t I

ta]hg %@%g@a&égf 4 um]érlﬁ’;hré}nwpgha.ué . 2@50% ] nr?ﬁo(a ggﬁggetlc@m&&lde

ek, 47gnpel) 3y one perteny I hweactloemxtycﬁ Y83 Warngd tothi< and
RYFrbd Fd el A, sy desalet @95 By ) WadiaaBed R tRé ré&3ibA mixture,

(a%g then the organic layer was washed with 1mol/L Citric acid aqueous solution,
saturated sodium hydrogen carbonate and brine. The organic layer was dried
(MgS0Q,) and filtered. The filtrate was concentrated under reduced preesure and
crude (5R)-6-[acetoxy-(6,6-dimethyl-5,6,7,8—tetrahydroimidazb[1 ,2-a]pyridin-2-
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col uim chr omat ogr aphy and the title conpound was
obtained 230 ng (2.8 %9 as a yell ow anorphous solid.

30 Mp 210C (dec); '.H NWR (D20) 8; 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, 1 H, 6.90 (s, 1 H),

6.91 (s, 1 H, 7.19 (s, 1 H. 122 Exanple 30
Preparation of (5R),

(me)etml]-(GSbrerrlDrhyxb-é-tlaH -amaltieyot 2 2 Didpt-2-eHet hcavbbxyiid acid p-

mke)te H%yl & ﬁtgs “?Sooxbéalﬂe? it 8r°r’ “a%%rPEQ%ﬁ ?ﬂ"g 2. d hept - 2-en
e- 2- c&reshlyadtiyatediZa dust (835 gy wasiaddenimiapidlyl veith( @6 ndl)

‘??Eﬁﬁ”f?é?ﬁ%?a@?? B TR £ and acstonitle (@R mL)

tshistion of (REd-Briacetoky-6, Q-dmemnyl 6.6 EBFtetaMrmmlmﬁHZ é]ﬁyrﬁim-z-
S o925 AL SOUALRIE U SREE Aol i

n8mbengyl esteut The redctionvessebivas z:;nlrereﬁ Rijth foil to exgluc(ije light. The

?n%c;ugrr) E{D\g\t/a i C%%Yq%%opﬁi' g%éﬂl@‘ %5(% og?q t\éﬁ% ag & I’telre§ctlon

miytuewasientdet atd Yheanddhen the.pHiwas aé;aslbdcbm?@esﬁmwl avatate

|
SPAPERWAL Sdhiccl the uaBlén Hikyre, SR o ife RRANE BT figred
hroughia pad pfeeliy |aamthmp§q/wasjwas‘ae(oamtm¢team0anex i The aqueous

YRy s d8pdrSel a'ﬁhgh%ﬁ;th(?%gl&arﬁ@fag%mas %R %ﬁg }11(9 g

m xt ure was lrre
Pbosrbate bléfeaémld 6y dectmeb| Thie ehl Qfsn@cmpmaaaqmmmbyeowas

tahRste8ds 6l 1°£hd%étn5if(ﬁ%réa\ﬂgs %&E@at@g gﬁgé‘lﬁgl a‘Vrﬁél/Lvﬁac'OH was

extracted with eth acetate € organi

egged to agiust phdn 8P ﬂﬁ\d apnligd ¢ Diaiont ldPa?ﬂe‘dsne ¢4RQUmL, Mitsubishi

PO 0 B ey

%ol bEROIUMRY; 8% (Ripes vahinele d0 o (shed valurge) and 20 %
@eétumru@ B RBs %ameny ﬁl'éd:oHHfHe%dadeé fraltldtSwere cafcBhiPAtEd

{ bt
51888 '159]'{ RN 365 C@naﬂwawéecbngw B8 £61dE, (FRR(P2)-6-(6,6-
Dlrhéthﬂl}ﬁ B,7 BzickralydtbihiigdZop, i-aﬁ;yhf.ﬁmo P,mqéwe,ﬂg)xm)@, Frery

- carboxylic acid
sz e g’mépggteé‘ﬁz%garﬁowﬂlsmds%ﬂ Iym sgifhas 3 yeliey amorphous
obltcbmm@ob)above chr omat ogr aphy was d| ssolved in THE (11

rapl dl 5 r es .\/(éﬁg %%}@%ﬁwg@%é Béf’fP hy\é?%ﬂ%gg&? 24ajpyrizin- |

: ﬁylmemmmmmthmmeébnmwgwﬁmizvanbhz éé}bbxyh@amd sodium

The 25 re € was_ VI gor ous

S WHE Bunds®By e Blepratlye N cohugha R B G A Fricantd

SobmidabBowas., B5 IthSanMhO 08 ghal/a pepifte Geaffért(BHFM : OMCN = 70
pg&l 2t mL)Na min. Sledl'he punflg\@ pl'OdU((.t was desalted by Diaion HP-21 resin (50 mL)
column chromatography and the titie compound was obtained 230 mg (2.8 %) as a

yellow amorphous solid.
Mp 210°C (dec); 'H NMR (D20) & ; 0.91 (s, 3H), 0.93 (s, 3H), 1.63 (t, 2H, J =

6.8 Hz), 2.72 (1, 2H, J = 6.8 Hz), 3.60 (s, 2H), 6.4 (s, 1H), 6.90 (s, 1H), 6.91 (s, 1H),

7.19 (s, 1H).
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m.) and n-butanol (26 nlL). The aqueous | ayer was
separated and then the organic |ayer was extracted
with 0.5 nol/L phosphate buffer (pH 6.5, 2 x 5 nL).
The conbi ned aqueous | ayer was concentrated to 18 g, 1
nol /L NaOH was added to 30 adjust pHto 7.3 and
applied to Diaion HP-21 resin (20 nL, Mtsubishi Kase
Co. Ltd.) colum chromat @gbanhyagAfter adsorbing, the
colunn was el uted mnth wa hen 5@6aceton|trlle
Preparatipntof ¢HR), 16 ByDitadiraS ¢ 1

solid (81 ng) Mp 145C (ec) ' H NVR, (DZO) o
3 05 3!}1%8:{1{( nl:ﬁt%m}]qlé 84%9@&)( éoﬁut?npﬁ% 67d'531&rf’§ -lfug_éznh? 04
(c$[1 4]thi?a>|):|2el3§bdrl§ﬁld)ahydb]3(813 iﬂg’g) Was abidéd to fh@ldiiy acetinitfs1(40 mL)
anpl e [ epar a

ceiibe 3} MaB 220 SBL pikbach SBREBneZiordhem tameeralraien the
hyikteireewad stirred for 10 min. The dry THF (80 mL) solution of p-nitrobenzyl (5R,
R hoRRBAGHCL Sk ofiL PP 5of 3921 5 B Ha e 50t 0 20
ZdehérydtedaMmélfﬂ Z-nbY)avds-ddded irl ez porion. heneaction vessel was
BB 50 el oo feefoy i Rgpt 161 S Wt 20 -0
landiHreapacbiitné, 4(dirmeBiyinmpleridire (64 tma)ged aatianiydride (.9 mL) in

' T t o
BT e "t Mg s Wi 810 RIS B BAR RS g o0
cl®¥¢ Eittic atid aquacniasqltéldu ¢8Q0 pLpwasi aéddcbtoalﬁé madtierhmixture and
544558 B BBy 2 o e e
™S wahedvith)watel, lsaiumted sddiem Uydragen icarbogatetanddyine) drieel
UISIOParit FItPEETHRRRRS WAS SoRberttafediliftef b & o Lura. The

ut1on was concentrate
peeidug was applied e siliga sem@nzr@ciarsmatcmanm and|sluied wih CH:Cl, -
CRLtoRR (SO @mtdwélﬁehme (Shﬁé Jrémo)&quhy@é aﬁ..gaso%qom 4.h
n- hexane - 'ed conpoun
it aﬁ]ﬁh@alna%-yamsﬁwkl &f@%ﬁ-@@ﬂ-@thlq 4- a;a@lcyqqﬁ 2.0lyept-Rrene-2-
%&m@ﬁ p%ltrdbéﬁﬂyl @Etze_r 85la blown doli@. Hz) . 5.40 (t, 2H,

ah 5 Tinesdld ghiapesaipun caToaroarapmsES fipsoheeiia 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
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 moliL phosphate buffer (pH 6.5, 2 x 5 mL). The
combined aqueous layer was concentrated to 18 g, 1mol/L NaOH was added to
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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et hyl ester Ethyl propiolate (3.1 m-) was added to the

o-xylene (130 m-) solution of 3- oxo-3a,

4- di hydr o- 3H,

6H 2- oxa- 5-t hi a- 1- aza- 6a- azoni o- 3a- pental eni de (4.0 g)
.under a nitrogen atnosphere and refluxed for 19 h.

The sol ution was cooled to 30 roomtenperature and

ﬁﬁﬁ%g@%ﬁd qg r reduced pressure. The residue was
red to s "gel colunn chr omat ogr aphy, then the
coI um was Mg M@G (ded)h' hNMR(ER0) 5-3.05%8E8 (h4 1H), B)83 (BheH),

tihde %Wﬁﬁg’w@s 1B JNEHS 718! 11917 39 hhAr ()

887 5-17T0p167,2646 18 endpeit (B,ON384 amr boxyl i ¢ aci d
et hyl ester was obtained as pale yellow crystals (1.2
g, 21.7%. '"HNWR (CDCI3) 8 1.40 (t, 3H, J =17.1 Ft)

4.11 (d, 2H, J = 2.1 Hz), Ekarth Ie(lﬂ 2H J =7.1 Hz),
5.24 ; = . 5. Ste 3:
i 6 H-5-th|a- a-dlaza entalen-2-

(4H 5-tﬁm-a-a%aﬁegdbg.zm@@ﬂh@z%b)@hae.eid, bb#itin salt
(cont. ng) was, adde 0 e et ner -)

solution of 4H 5-thia-1, 6a-di azapental en-2-carboxylic

@:ﬁé[? 1 ?f’%@d(aﬁﬁ(ﬁ{ %1( 32-0'5_109%, ALfin! H.SH.S-J%a:5-thidlAS

3arpentalenideThe 10 ni xture-was quenched with | nol/L
HCl - (25 nl)sandyst dq rn‘ﬂTCi 4 J\legNd Qtur %eggg?ﬁg%éﬁ-ﬁo (166

The m xture was ne
mldrsolydian ohL-thieprokine @6I3lﬂ)llm¢eaﬁ ditrogpa atmespherenat 0 °C and stirred

Q&%RUSI;H %ﬂtnoﬂ%s%&@&& Gith W, b@gh@ﬁ@%@g&@;&ﬁgé &¥er

he organi c aver vvas .
NgSQ@rang ccnnentfated undes r ed@m‘ﬁﬁéfﬂ tosfiort hadaude Nanittasa

@oﬁ%uﬁ@asl%”&,@&ﬂue was appl i ed to silica geI coI um
15 chromat ography, then the col um was el uted

AcCEt . Tﬂﬂ@rpﬁ‘fqt'é@nbﬂfﬁﬁdﬁ@ 'Rb)swa%%qdzﬁdﬁéd‘ea'EH% (?ﬁﬂ 'EL) solution
)tﬁ'ch@\é’ Nlﬁitﬂogo (lﬂop?ol&e Lﬁﬂdelg%itrogbh Hhﬁ)s{p@@@ zﬁ)o ‘@ 3nc9§hr£efd for 5 h

ﬁéP °C5 '{@e FQlutloP)vyps gpmeqtrq;eﬁgydergewegéare%u% ng r@u@,}; was
Aaﬁpgéc_ﬂ}ﬁad‘ I%blg‘éﬂc&umn chromatographzy then the column was eluted with n-
|

zapent car bal dehyde The dr
desgher BEREHGR 49 RIS SamppTEA, Y56 QHARAARR 3 Al Gisold
((3.04, A6:1%)\as added dropMAse to the dry
i chl or,onet hane -) _solution of ox | chloride
(2.0 n'l“‘j R{(CD¢ )05 %(t,r%amaﬂ @) P-AP &t. \%ést-? FeH
for 15 mn at the sane tenperature. The dry

di chl or omet hane 40 m -) solution of
(Step2: Prena ' 3-5-thia+l Ha-diazapentalen-2-carboxylic acid

ethylester
Ethyl propiolate (3.1 mL) was added to the o-xylene (130 mL) solution of 3-

oxo0-3a, 4-dihydro-3H, 6H-2-oxa-5-thia-1-aza-6a-azonio-3a-pentalenide (4.0 g)
under a nitrogen atmosphere and refluxed for 19 h. The solution was cooled to
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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25 yl)nmethanol (1.7 g) was added dropwi se to the
reaction mxture at -78C, and stirring was continued
for an additional 15 mn. The reaction m xture was
allowed to warm to -45C and stirred for 1 h.
Triethylamne (11.3 nl-) was added dropw se and the
reaction mxture was allowed to warmto 0OC. After

2015%), aschHISMhRA1 BETBRYapSAtalelNEArB6xyHE hu’weﬂgrrés'é& rrbs bbtamed

AR aeTPU BRI A0 FLAGA i th ACEL (3 x 150 m).

The coffpiNMR @Dgr@ﬁsuol(ﬂw$/=V\¢r161-|136&h¢gdvzﬂ hJﬂNQtrqfrz) 4.40 (q,
brine drie

&f"l-t’er7e?j}"z)|'r5e2‘1‘(tt%*i'a§e1\ﬁd§2)c€§&éﬁt1ﬂ'§t ed under reduced

. pressure. The residue was applied to silica gel
: coI urmchrorrtat ograr’J_lh

t hen the coI um vvas eIuted W th
Thiay1,6 2 11 ~4 AL S

obt ai gﬁrérajc&tygﬁ%Pgsé %dg@véslad?ree to tlﬂa”étﬂér ()1 26| 'é'Mgr Qyof 4H-
%sfh'aﬂ %ﬁ d'agawtal?@,—Z-cfrWyhosa @rﬂrr@estwr@p‘aghendMqﬁH (0.77 mL)
hﬁ&ér( @Zr)trobe%n@séﬁ’érb fzattrbbn% tlem%@ré#uu@z ?rté%%ﬂhféb‘ for 1.5 h. The

yl ene)-4-thia-|-azabi cvcl of A hept - 2- ene-2-ca

Pﬂwsﬂ W@Sa%lr"%!‘c"%%d't"ih‘m1 BaVk H€He(2<§r wLac@tdoﬁt"rerd fer §dp at room

Bdmpesraturd. theQﬁlxl%ré Paé hb@trélrz@@b? 'séﬁr?él@@%@dr@r‘ﬂ h%rdrgdg;en carbonate
car hal deh é _ﬁz was added to the c){ acetinitrile

eglﬂt'?rt?n% rreﬁr \RHeoUS taYer Was exinerded with rdtch@gwthane (10

atzeFnher ahat or@ﬁﬁimléﬂmﬁésaﬂhé@ (M5S0, gtérm fkerbdr € ThBSiltrate was
st|rredfor (eﬁ'ce% The dry THE (184 L) solution of

Gonsan rategdmer RjESBUTSy oﬁ%@e@ueglyasc%qp&gq(tg silica gel column
(cHroawagraprsy atkade eardntrrwasnértﬂted WAthVRSDERO OT 1Rdkitle@ comfpofind was

en triethylan ne added in one portion.
-?

tainedas:3 e\)’@'@‘é@“ﬂéé 7c90\%r9e/§ 15 with foil to
excl ud&H NMR(CDTRES r@BAR,i161) S8 BB, 203 (§1H)! £82i@r2H J = 5.1

Pl ) B Lo bR 8 Ty oo

_portlon The reaction m xture was vvarmed to 0 C and

m xt uﬁﬁe&iﬂ;ddrchlbmnwm(s mla)ysﬂutibﬁ%f Gﬁﬁd‘tmﬂéwﬁx%t(im mL) was

lagtrcr P L NER R MR T M

Iyl rab ABIC € AT Horeat oramikturd wias atirred ford 5(nve S0he sHntk temperature.

f'l"hletd(r?yr &chlor%%etiﬁérlcet (r48tmel_)ve%ﬁ'1ti8r? gt: &'ﬁ é ?hrae q 6%[] azapre?rt% en—2-

yl)methanol (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 to 0°C. After 20min, saturated ammonium
chloride solution (50 mL) and water (100 mL) were added and separated. The
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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pressure and crude

(5R) - 6-[ acet oxy- (4H 5-thi a- 1, 6a- di azapent al en- 2-yl ) net
hyl]-6- bronp-7-o0xo0-4-thia-1-azabicyclo

[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid p-nitrobenzyl
ester was obtained as a brown anorphous. 25 Freshly
activated Zn dust (19.3 g) was added rapidly with 0.5

Ptarte  ROGEPLE B, "1pd el Brhuibuipe #8 obthinba 58 a'yefion SGiia (1.7 ¢,

[qaemit)oxy- (4H 5-t hi a- 1, 6a- di azapent al en-2-yl ) net hyl ] - 6-

'Frgorzmo] 'HMRQC@?&?Q A3 %oge )it8 0 FhT i BB y° (5. 1H), 9.80

¢stié). The reaction vessel was covered with foil to

exclude light. The reaction m xture was vigorously 30
sti'r‘red.for 2.5 h at roomtenperature. The reaction -
Stepi5i Prepaestidn bf (SR 2)-7:Okie}B-(AH-528a - [6alefih¥dfenddign b e
d\‘\{a shdvmt wat er 0. 0 L) and n-Dbutanol-

yine L...A_;_;L.: ':- e-v i Nppt-Z-ane 4-carboxyhe a i godium
ishr organlc | ayer was extracted with 0.5 nol/L

phosphat e buffer {] pH 6.5, 2 x 50 nL). The conbi ned
aqueoU§eidny asatoniifie (92 8L )sohsiontof 4H&ithiar1 6e-diazapentglent2-
Ua@dldéﬂild@gld'ﬁ g) was agdlétﬁtb tﬁ’é"dhﬁac%tﬁtrﬁé‘ EbzarﬁE’J éo%%gh%f Mg (5.0

ai on 1 resin (180 nL, Mtsubishi Kasel

SOHTRRT HiresRn digtosphsre at rare ferarasaiur thgn theheixue wes stlrred for

- Viesnig) urr@dmw (’i@ﬁ%L)%BQItleSf‘pJﬁﬁ%b@ﬁﬁll lgg) I690romopenem-3-
wer e

CohoRYIBteahh oh S ALY Beaisitmvas S@éga%%”% then
krietimtarhina gy, 4trﬁL)9Né(£addéG ih bhé Soﬁigﬁp OFHéQeﬂétlﬁ \bé@lsél Q\)Hs covered
ous soI 17. 4%
FB S SR g o fheseemgtion wixturmpvas:stied far 3 py~20e Crand
treated éh% 4E;diﬁqe'igag§rﬁm§$>ggﬂmi 218%1'“1 %ndladﬁlc aﬁhﬁ%d@s(z )1( L) in one
phiia " 5 Tehg i s vas e 12030 apgaiited orap n 0 C. The
(IB?)/L €Ayie Gc(da(ﬁeajs solution (1000 mL) was adclied to the reaction mixture and
0] net - (- )
CAAIRELE B ePlis it B etbigaatie 4 BEHAS . Fresoptined
acgatijc Iamis wers alashddbwist wpteit, samratedrsaﬂihmﬁydi‘qg%n(baﬁbo'i\ate and
énﬁjé W@B Mﬁgg)é)ts%ozﬁl%)r‘& 4T glf" grﬁa%e %ag cgr%e%tzratre"d %_nder reduced

a- rjent al 0O a suspe

- prasaurs| andi erade (FYrdiargtoke (4 Bdhlé&%agdlgzaﬁhnwen-ml)mmﬁyl] 6-

bR Eop Bt 2 n e gl B e
estenvas obtaingd asoohroworgmorpheuse and stirred for 5

hour s grddhf 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)methyl]-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
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-butano! (200 mL).
The aqueous layer was separated and then the organic layer was extracted with 0.5
mol/L. phosphate buffer (pH 6.5, 2x 50 mL). The combined aqueous layers were
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20 reaction sol ution was concentrated under reduced

pressure. Acetone (500 m) was added to the residue
and the precipitate was filtered through a pad of
Celite. The pad was'washed with acetone (500 m ). 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 sol ution

Qi §én1fé$ec3tdnd ORI/
6[;“ of dry étetrah%ﬁf%%?é@M?H@%b% afplied to
t

'PPPWrEbEPeW 89ply MitsybishhiKases Cg, Lid.) golumm ohrepatography.

Mfw#be%@m@efhe%dunﬁﬁ RIS BILRIIWBPRSIEE aRd tHen G 59N Scatbiifites d
for. 19 hours The . sol ution was concentrat ed

Aepas selihase She Sartbiaed Arive asoRAWaER oS HASeH Vg high
siaclgnag8b°c a:hduyapmrh"earmb%rtﬁ@hﬂfe caisbundess & ?SudeaMHrbhous

hexane 30 ethyl acetate
-ﬁ?ﬁdgqﬂ]f@g i%%goa'ﬂagﬁés obt ai ned as a pal e brovvn

crH yst alip ;Sdgczdéb) MNI@?/@D;OL&HO@"WZ‘-@:% §H§769§4g 1H),
zssqggseagp@t%@ 4H), 682 (s, 1HY; IR (KBr) 3381, 1752, 1683, 1600, 1558 cm”

&n@(%@y@bpﬁggﬁﬁpl 6r5,1-blthiazol -6-carboxylic acid
ethyl = ‘ester and 2, 3-

di hydropyrazol or5, 1- bl t hi azol - 7- carboxylic acid ethyl

ester Ethyl propiolate (2%)0%38.{&%3;2 20 nol) was added

to an o-xyl ene $6OO m ) of 3-oxo- 3a,
4gmgﬂg_n 'o|f-|(5R) 62)-6- (2,3-D|hydrogyrazolo|5,1-b|th|azol-6-¥lmeth¥lene)-7-

6H oxoxhthiaiikpzabicyclaf362,0 dreph2eenes2- d, sédium salt

Merﬂsleﬂide was appl | ed to a si I i ca gel coI um

R L s ae%cﬁés%ﬁa a&?%mo» i

ot,0G0 Bl OfI}dﬂlﬁd aoigwasadbed B solutioh pf 81.0 @201466nal pofosdidni itrite in
gfdhy Ir opyr az ? % b%t% régrgl tec?pgg'rc F|Stc':rr%dcfoa 5e*}°H§ﬁ
deactiongg tl@thaB @enlcwahedummreduced pnessure rAxettaneo500 mI) was
Z L PRI a tptdn s Bttt pra otcote. e
waSég@%led with aqeiRne (B8 ®)). SThestlitrate, WasH;onoerﬂra’ledLurhde)

B '?re&?ceﬁtpregs'dre t?) dTeres'é a'ﬁ‘E)crudder ggltl%goth%iz'%dh % Jaéﬂnéﬂjﬁg acid was

25

30

dﬁbﬁﬁi@ﬁ%ﬁﬁ/?ﬁ'&%{@dl b] t h| azoI 7-carboxylic acid ethyl
ester; 1o %lon(&%d@3 §ﬁtr$sg’(§|§,c_élldlrﬁgﬁaggoxyﬁgécigﬁgoo mi of dry

3.85 ( t,
4etgey1ygfofurgp| wa§ afidad glﬂHggoacetlcganw rlde1(1|a)3 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 —
ethyl acetate (1 : 1). The titled compound was obtained as a pale brown crystal
(19.2 g, 44.5 %).

_1H NMR (CDCl5) 8 3.98 (t, 2H, J= 7.7 Hz), 4.65 (t, 2H, J = 7.7 Hz).
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Step 3:

2. 3- D hydropyrazol or5, 1- bl t hi azol - 6- car bai dehyde and 2
3-di hydro- 20 pyrazol or5, 1- bl thiazol - 7-car bal dehyde To

the m xture [21.2 g (0.11 nol)] of

2, 3-di hydr opyrazol o[ 5, 1-b] t hi azol - 6- carboxylic acid

ethyl ester and 2, 3-di hydropyrazol o[ 5, 1

o thlazol 7_carboxyI|c acid ethyl ester in 540 m of

z \ithydE razol h]this 0 oxylic acid ethyl

'&ltér an‘dﬁﬂ,@f dﬁ\y a+6]d3g%io§,jl !ggﬂﬁggﬁ-%rb%xg!lc Qﬂﬂj élgi glnester

fn Ix{ LerEéhxhasomﬂlétﬁcf?@eB o, t0-20neoB was B8 ded Jo amd-xylese (600 ml)
%gﬁe\g gf @miggo ‘Qﬁ%—dfh‘ﬁh?‘o%ﬁ Cbl-?—?-(?gggﬂrﬁa nga 8- a56hib t3“3-penpa(:fen|de
t(éQ P&h 0 dBsnel unders0uitregen atmesplicre andrefluxed for 21 hours. -The
%@%W%QE@QIeHW?&orﬁ %ﬁfgfe?ﬁ ‘éentra%‘cﬁjuﬁ ‘?rﬂea@gg pressure.

a ueous ayer was ex

ﬁhwes'alﬂ%wé aem@dﬁaﬁéﬂwsekccn@nn nhrpmatm;apjmbnn ¢hen the column

QFBNIEd Withl PLiTexaRE & ditiy) Ss’etél'xg§%) to3p: ”d'rﬁé hi&hie b 2§“
filtrate was concentr at ed er red UC pressure an

iRxdiRRyragolol?.3- bith!ﬂzﬁb‘ifﬁéﬁbynd@@b@[%hﬂebqer BNG28* - 6- v )
mﬂ{yhﬂiw}azalb‘[i‘s (%%tﬁm%l@@ér@&%@éah vﬁ" éstflb}»}fg og?a%ed7aﬁy$ Brown

ai ned

R eyt 6 112 resRpolesly (o481 Y. 80.0 %).

(2, 3- dQ@dmz%bﬁgiglgtzégt g mﬁch-'e%ﬁx% ggg{ led Je)?fﬁyngg%tgﬁgﬁé NMR
|(ﬁD§§§bs 3%t 3 hFDr7 of bz obi= A Hz)at4eﬁ$ &h@H, J = 7.1 Hz),

@42 (. M, Jmﬁlngzg &b Qq@p at m)sphere at room

tenperature luxed for 3 hours. The
ni xt ur & i\ma@'hrdrpm@a&!otﬁHrﬁw@ioh?-ga@oxsdrc aoitii ethylarstet;hEH NMR

f(cbbgiiée 06E, ﬁ@nﬁeﬁt{ ﬁ&)e% WeiH red "}%eﬂzﬁ%%s(‘dr S, J0& 1 1),

resl to a silica gel co

i ed
étﬁgoﬁtra?t"bg{r‘aﬁﬁﬁz)a?\éuﬁaéh')the colum was eluted with
hexane-ethyl acetate (2: 1 to 1 : 1). The titled

pyrazol o[ 5 = bal dehyde was obt ai ned as
a pal o8 & Ity [?62(95(05'71 o138 28-gihgdyopyrazolo[5, 1-b]thiazol-6-

%aﬁrol@lih)é@foo&bm %%ﬂe'r drh 213J?1]Hymo%§l%%olg[5‘:?§)ﬁﬂagoj Eyt%?bm%ﬁ} acnd
\g;thyl éstgr i, 40 r@l q,fgiry getrafycﬂqpfurgm w3s addediLipH, (4.05 g, 0.11 moI)
Zmaerds rHW éh atﬁwsaﬁé}le(b& 6 °C1and°ﬂhTeH 'sﬁﬁ%& fof ﬁ%’ﬂ‘ﬁ&ﬁé gg@éﬁh -

éermpejatu d hﬁil)lXtUl‘F \gqs ggencmecﬂ.wth vates ({Smi)and)the peecipitete was

ﬁtterea &ﬂ@ug?ﬁ b 9Ad of Cehte The pad was washed with wat
g dr opyrpazol or 5a15h8 t vater. (800 ml) and

%ﬁ%[ﬁ'ﬁ?t@%&w IBIQ(O tfiitrate was concentrated under reduced pressure,
ar@ et ywdtor A58 nlNEPhddd® M"Pheagiol Xkl FadEkifhcted with

dichloromethane (15 x 250 ml). The combined organic layers were dried (MgSO.,)

and filtered. 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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sodiumsalt A dry acetonitrile (19 m) solution of

2, 3-di hydropyrazol o[ 5, 1-b] t hi azol - 6- car bal dehyde
(2.50 g, 16.2 mml) was added to a dry acetinitrile
(106 M) solution of 20 MgBr2 (3.67 g, 19.9 mmuol)
under 'a nitrogen atnosphere at room tenperature then
the m xture was stirred for 10 mnutes. A dry
tetrahydrofuran (125 m) solution of p- nitrobenzyl

(EthaneEang (B Balinymtommazlo] T, dwbijthiag blat-gl) (r@il’ib?:gg in 5@)2ral oé
] r S led to -

BfBtotortfiad S acdiVitebitindt cF24's) i § RGN fnashhors at room

tanepgrature, @nd themereflaxast food hoerss eTheAmsdmewse‘ﬁtertthroﬁgh la pad
cl d

pPoEHE Hd i e yseohaEnlBAE b (At Fertl: b 7he sy

wiasiagplies to Eodicarge! ¢ole@n chwinategraplag mdahernimydx)lm was dluted

t t
Uy 8t ot d (PP, S W S 4 51

Emyylropaca;pb;{@-@Bblazma-caﬁhddetwedvasmmémed aaatyenhw crystal (2.50

ol .°6) .2 S8Pyelel Brab 968 Copibeil T EnaiNEe S0

M@Wh%a%gmlmmmah@ﬁaﬁ?@b @3a.he. The orgam c I ayer

SO A BRI 55 s . .-

wﬂ)lz 445 4t 8Hou 77 aHzR BB aprEsd(el o)

| ]-6-bro hi
B B A G AR Y Bl ghE i R o) 5.6 ¢, 2w, =
ﬁ&irlz)r bz 2H, ést® Hap 9. Sspt e @.785(sa1H)L 29 br own
anor phous solid. Freshly activated Zn dust (37.4 Q)
was added rapidly with 0.5 nol/I phosphate buffer (pH

4:1®@patationoft emR 8 8.Di r6 thz6lo[5 3% thiazol-6-

Qleyclof2 ept-2-ene-2-carboxylic acid,

gsgmnbgahl azol 6 yl)mst hyI] 6- brom) 7-0x0-4 5

t hi a- zabi.c e car box |c aci d

p- Ni t%*o%%ﬁ%?}f”){' L@ &ﬁé‘ cg‘a%fzq %H%W@Qﬁﬁzo 1-61higsak-§-

carbbldébyde (RB0ay dISLEImrﬁdl)gha‘s adtiBe t¢ &6y acliniii {(106EmN88iution of
5 houys room t enperat ure,

d f
Y8 G an iicfrecEa gartatinsPhets ® ras restabirinen
frid miatradps stireet foo 18.nGhutés.hy drgeettatiyardfil:an (s m%ﬁlutlon of p-

iLon m t ure. The
PR Bou AP M Bou e s 0 Wi wp acces
and thednixiurdywas teoled 802MI0 theﬂ'ln&tmammus(&mﬁ‘ B8 \Waﬁmol) was
ic |la
SEE 150 A A Ao Bl 8 LS o
The reagtibrofmixtire wasrdiirned dorsSchmemsiat +20y% andiBeatdil withad t o
; i S onc ntrate to 42 The
BrfheRBob T LR 5o R e e m'z.a%%
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
sodium hydrogen carbonate and brine. The organic layer was dried (MgSO,) and
filtered. The filtrate was concentrated under reduced pressure and the crude (5R)-
8-[acetoxy-(2,3-dihydropyrazolo [5,1-b]thiazol-6-yl)methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzy! ester was obtained as a
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HP-21 resin (540 m, Mtsubishi Kasei Co. Ltd.) colum
chromat ography. After 15 adsorbing, the colum was

eluted with water (1 bed volune) and then 5 % (2 bed

vol une), 10 % (2 bed volune) and 20 % acetonitrile

aqueous sol ution. The conbined active fractions were
concentrated under high vacuum at 35C and | yophilized

0. qai ' ' compound as a orange anor phous solid
%’?V%gglﬁ?}pg‘gyég%pr 7.10). 20 . Mp 150 C (dec); ' H

NVR ( Bzeshlycagivited(dn dusH3714 g) Wasaditied rapidiyavitit 0.5 2mel/l phesphate

by (855740 3o s 6 gty Son
XBR)-6{342@y=a(3-dingBopyrazoRXiSnibithiazol-Boy Fmasil-Grbrasmo-gfoxo-4-
ftlzlgég-%lcg?(lééﬁ Pﬁ'ﬁgt_yﬁ{eﬂ@%-rc%?ﬂgx%csaéid Bl ssenlyl Gster MRiePeaction
apads! was lcovered witbHeibto-exclade lightc aT heseAction mixtute wasdiiganeusly
Ss.?hgfi £o$§e§h%ura%ﬁ T gr}p%?%le% bTP? r ion mi ure was cooled at 0 °C,

ropyraz oxazol e-6-
-dubeayihatpéi was) adjostetiéo 8.0 r Ethyl mg mw%ml)masaddw to the

ot assi um car
anashed with |waéerv(é§0 andhdl eEhe aguesRIsdaysr was Bepangtegranstthemthe

El o R NN 5 Bre RIS BTG B 40 m). e
tnlrbofstbe cdmbinsd\asisinews lwqrwasaﬁ@tséed tor§.0 @nd fheemigure wese
IRPEfARIL A0, hetinghracli B0l 80 gl 0IRE ian

Iciﬂlganiresirpxﬁmbmmtsubisrdd(a@m&o Ngsprolumpshearagiegraplyl dter
%gﬁ@ g?ee lérﬂnQ\fastehﬁecﬂﬁﬁﬁ o@ge gi gga‘%lu%?aﬁ@fr{éh'be% (2 bed

Preparation o
i velume)ple a(cz lRdovdime) 3N 9, % asenitdlepgrepusssolgionh e The

Sédn*ilfu% SAilve Friatiorfwere concentrated under high vacuum at 35°C and
et hyl 2, 3-di hy dro{ot razol o ] oxazol e- 6- car boxyl

dY%Ph"FSd !Pzglge thesli ")P°HL i3 ‘?L%'[@“H? apoTRAGHS Ry & 392 %,
3. 19? of 1ithium borohydri de and 1 54 g of nethanol.
he sol ution was heated at Th _
react i MR 1RAsC (G%‘ané'h@MRb(Pz@) §I3ﬁé (t 2é'hd aaﬁd'&)'e’ﬂgzg Py J=7.5
143, 8106 (§t1H)f6@4f\‘§ TH)OETBS QT 26, gn@s f161); IR (ngzﬂnm 1596,
reactlop mLXt ure was adJ usted pHto 8 Wt h k2C03
r B4 aron A AEePe2900 2938 Mext ract ed with et hyl acet at e
The organic layer was dried over MySO4i and _
concentrated to an.oil and colum chromatographyed to
give 2.68 g of the desired&xampledsd: (65%.
Preparation of (5R)(62)-6-(2,3-Dihydropyrazolof5,1-bloxazol-6-yimethylene)-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:

- %ggi%mgxtgg; A mgfa tfas ﬁ@r@@w&gdhg% ?é@faﬁé%g%arrﬁ)tr%?pad was

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 m! 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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Step 3: Preparation of 2.3-di hvdropvrazol of5 1 bil

3l oxazol e 6 carbal dehyde 15 To the stirred sol ution
of 2, 3-di hydropyrazol o[ 5, 1-b] [ 1, 3] oxazol e- 6- met hano
(2.60 g, 18.5 nmmol) in 60 M of CH3CI was added 12.9 g

- of Mh02. Th suspension was refluxed for 1.5 hour

un(;slr a nitrogen atnosphere. The reaction m xture was
f PiyEacstate end uigarted with wteroahetoeganTmafseMarsairxéd\war MgSO,

Cand evdporated td GryAbse &/8) h%‘f\’tr% &f}glr 8f° htglg%ﬁ(,: %tgalggd (48%).

purified by chromatograp
obtained 20 (84.3% . Step 4: 4-Ntrobenzv

oxazoPe-B-methanol

mqﬁ;qrqed@pwlgwgf gthyR@-dihydropyrhzalals 1 Llﬁ]MC&]Oﬁa?zofé @-b’é‘r‘%@iylate

2 (Sfﬁ 923% irglg(gfb'f% é}gg ; lga ﬁ%vaa% %9‘%%{ ghl cyolaﬁlade and
ﬁlé g(ﬂf\yneﬂp@oé ofhg sqjuthr@@asrheate@’at 4(Kﬂfor 2.5 hour. The reaction was
Elenehéd SWNﬁ@X&ddfa%mééa nﬁzl gl ric%sj %é%c@nln qmyga@re for 1

Zhene carboxhca ItI‘O
QI kBe yeagtipp naa@r@dwamnma pMeb y w.m K,0€,.0rHe reaction mixture

ags @frdctdd vt é'tﬁyl 'E’ce%t% GTIhH (1 §£h|c9 Iyer Wi sdcﬁr%gifpvg%’ M9§Hﬂe‘1"@

%"Et%ﬁ (t2 21 uhdé
"FerAted %itancﬁcolmm ehropwddgraphyied to glle 258 FobiNe desired
(;ﬂo&;meg%yvas added in one portion. The reaction _
vessel was covered with foil to exclude light. The
reaction mxture was stirred for 2 h at -20 C and

'Stepae PreyirbioR 6P2 SCIRNBAYLAIRIS,

pl?pot%glspr,rgqeaolptdﬂn qg :hd@ydr@pyrazalbis ‘nfb}[(t B}beamsdhétﬂélﬁﬁ

g P M TR A R34 s

Yxgd Torrha hgprnstes ainijtrgenatmoshticss] T@NgSﬁbtl))namﬂure was
filtered tiedugin e @aglar eead
Phid)cP P S pag0r BeRe] TP MRS s colldfniRd BReNRTON Sl The
Jeie ‘%"‘%’ BW?TCFQ&V;ﬁ%&%%fP@aPWeZﬂég of tlee prasuctpyas ettaihed
$848%a1 gel colum chromat ography, then the colum was

eluted with ethyl acetate: hexane (1:1). Collected
fractlons mere concentrated under reduced pressure

e J—66Hz) " 44(1H s), 6.34(1 H 10 s),
623(1H 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, ), 4.30(2H 1),

2,35Id]ﬁy'3irbpﬁézolo[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-oxo0-4-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
g, 8.5 mmoljunder an argon atmosphere at room temperature. After cooling to —20
°C, EtsN (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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Anal ..Cal cd. for C21H17BrNA(8S. C, 44.61, H 3.03, N
9.91 Found: C, 45.00, H 3.14, N, 9.53 15 Step-5:
(5R, 62)-6- (2. 3-di hvdropyrazol oF5 1-blf1 31loxazol 6
vl met hyl ene) 7oxo0-4 '

t hi a- 1- azabi cvcl of 3. 2. 0O1lhept - 2- ene- 2- car boxylic acid
sodi um sal t:

4-0NIG mob atizryd Gorl {B064t0 €Y Ve, AbelirE YelisCRNAGT Ao lethyl dcetate and

- | -6-yl) - t hyl ] .- 6-
bp%)a[rsré?%]-”gﬁ 3%319'{% %q:%_a ')igpeéﬁé'\;/%}ﬁep»ssazure]qdeqmitgn bydrogsrcaarbonate,
baxylbsine. THOOrgamic layst wasdried m@sc%) ﬁﬂﬁ@ﬁfgegg% 'tlﬂ'oJ—d[')rE? F’%‘? of Celite.

nitrile -) and 0. phat e
?:Sr ezgaC‘gS“%,s Washid ;"?tgn‘gl’ﬂy%‘f%ﬂénaﬂ' be fitrate wesccRHteDtrated under
40edised presssiy. e Thafresidud wasSagpliéd t6 e | '
{ihdrefedeciigeled tﬂﬁﬁ,%} and AENEd 16 SAi6e e cAlluth thforkBgraphy,
ad] us{ pﬂ_\?"ﬁ% wasseluted with el pestates hgxanee :0). t Solledtsd fractions
agera cencantratedeuradin roticeldapi@bs vh8 SandSMRAMBGHE - of Idisstereo isomers
ntrat ed under hi gh vacuum at

a S- nc
%ﬁ{ﬁ;@%eéf’%i& SoP1 Svalew AmamphousaliciYildu 4 axd%: M+H 566,
p REEDBY) 81P2(RH, Wps+ 6.611e2€7.66(2PDas s é.%i—&f“?.&gm ), 6.34(1H
Cc r ni ti.al t he colum was el'utfe V\ht)h' '
o eRAg S@EF’?@S*%@% ?’%@@Haauﬁ% gy SR A(RH109510.2Hz), 5.04(2H,
abetHa0@H my, 2Ma(3H,.s).The fracti ons contai ning the

oL leat and.concentrated at reduced
o B S G e P EBS LR 8515 ol v
wbewsl @i 4¢h00ddtdne Myals3iltered. Dried. Yield: 276

ng, 73% as yellow anorphous solid; (MH+Na)314.. 30
1 HNWR(D20); 8 6.97(1 H, s), 6.95(1 H, s), 6.46(1 H,

s$teps5:1BR6Z)6-(2)3-ihgd cirazbio[$:1 -BI B 31 dxkol-dhy BRétRIHent)-7oxo-d-
Ja e 34 Preparation 0O

cf'ﬁﬂ-itfc;b@nlb;-é-lﬂacﬁw{Oky)KZa&dihydvupylszbbt5#1-H[%ZB%&EEM@-W Jméthiy}-6-

| . i i d Z | -

e AR AL 20 i I e 100, 12 v
vagdipegivaghio MhiFe(20 1Y) 2acstmyiriled(10enLd) sparths MisHRAERatd Bufler (pH
Z@gd%é rQiQ) £4d ﬁh@%&‘eﬂ%} é&%ﬁ:’ogc(az '46 prsrﬁ?rlegsu%. After 4 hrs the

6, 7-tetrahyd
cPAFHNdNiNerewas filteredstoplia thadiCoahd ori INEOH Bas Btided to adjust

g sneh ' Ne_.at.m dr ondi ti ons,
V\I?z;’qs adgeghglﬂlct)%\% ‘ggs‘(‘fﬁ er V%'R? ?trﬁwr?ﬁe?.t%aﬁq_ﬁ’(éf%'e%ﬁ%?y%fwas
t¥ePaEARA. aherqueens Rypswas cantehivated Andérmhigh vARIUR at@B¢CAo give

' oRIR 0. . y f I
- R pRRicRbte] Thetbroffych wBEBurted w1841 (sl ierbminase column

ﬂmtog{@pm.| I@W@Hy the aobmuhwag eluted with deionized water (2 lits) and
latter with 10% acetonitrile: Water. The fractions containing -'the. product were i
collec_:te_d 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, .

'H-NMR(D,0); & 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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and stirred for 3 hours. Filtered trough.a celite pad,
filtrate washed with 3x 50 nL water, dried, ;
evaporated, gave 1.1g.(71.4 % of the title conmpoun .
vi scous oil, -(N%FD + 210.3. 15 Step 2: Preparatlgn 0
4-ni trobenzyl (5R)-6-r(acetyl oxy) (5 aceltyl-4'5 g .
tetra hydrotienor3 2-cl pvridin-2-yl)nmethyll 6 brono

1 Example 34
0xo0- 4 th| ; ‘ ~P_b__ to%<y|hate .

sol ution (20 nmi-) of =

6S) - 6- br ono- 7- oxo0- 4%@%%!_1
bi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxylic acid ded
4-nitro-benzyl ester (950 ng, 2.5 nmol) were adde

t trile (15 m-) solution
g : .'. . .s hge 'ql ationl ' lﬁe-IZmﬂr aldeRydein
aTgamohlt(UbG[D Bedpension ro@"?'@é gf fﬁ4 g’r?ef geéﬁﬂf‘v%ﬁh'ef%@ 2-

. @g%r{cf) Q%Cz \%gbbag Wgé)hmo%vaeea S@inalh nfemwenethJdeé Lsheler N, atm.,
| dryleondifldrs, Wes &kibied dethiélég &g\%ﬁ& Jﬁﬁ% 2’6 gg% ))of?qpt@ﬁgm|ne
o’}"?ﬁt'%ﬁé fofﬁit GSQ\%EOG&? %ﬁq gtsgfu@onvgfs 0. X/\g:(m drmoldl. De@s)&ﬁ écetyl
stthlcmdeah fi5 rnllﬁefhyﬂ!ne%h@nda_ hRs %@W%‘F ?érﬂ?e? %M %fog/&g & [F'saCh RT

r{?iyéttlrrgﬁ ?OFS%%I?HF Eevgaggggnwa }‘F?U? ®gdn fitiratdhwastted, with 8k 50 mL

miﬂe f;%;] ée(\)/a{)ﬂragﬂl?; ﬁh?/ gg ngﬁd’ g/fé): clﬁ’?heé h%%&gglﬂaﬂ\gscous oil,

h ethyl acetate. The filtrate was
under reduced pressure. The residue was
Concentrated chronatography Ithen t he
R); : 1 z 4

alixdrot
oners
SSaHESE 2p3hept-d'o ar teel | ow anor phous solid;

‘5|-a£1etyi-4£576)7-t9@hyaﬁﬁﬁlem 2-fyritffe. &M;Egd tﬁ%@ﬁgmﬂ , 257, mmo)

?%%D&% )TBEI) 2 15 3 @ 5"1!-9(96 @ ; 6SB&-bthmd-74dxko-4-thia-1-aza-
6icydi¢l8,210]hpte2- Sﬁé-ﬁrcﬁrﬁ'&go deid 74 ﬂ%%en&yi Rster (950 mg, 2.5 mmol)

QE%Oé ,d?dk %Ssﬁ’éiytkg’q“ Q?emtéller(éﬁ\'ﬁd-r)@Phtl@no%hadrous MgBr,:
fp‘ﬁ%r(%ﬁh g2 815 mendi)unesebn @t@orﬂamés?;héreaétamoﬁ%"fér{?é??%ture After

d (E+Z Isoners mx
%t@ —54's Etc ﬁr(g %XIXL)I \neasagclided in one portion. - The reaction vessél was

covena-dmw:?r?1 fotll 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 (MgSO0,) and filtered
through a pad of Celite. The pad was washed with ethyl acetate. The fi ltrate 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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10 A solution of 0.77g.(1.21 mmol,

4-ni trobenzyl (5R)-6-[ (acetyl oxy) (5-acetyl-4,5,6, 7-

t et rahydrotieno[ 3, 2-c]

pyri di n-2-yl) et hyl]-6-brono-7-o0xo-4-thia-1-

azabi cycl o[ 3. 2. 0. ] hept - 2- ene- 2car boxylate in 40 nL THE
and 40 nL phosphate buffer solution (pH=6.36) was

h@difemtpeh ftetibnatwel@ mbeﬁtﬁl{te@ uR@8H 2dlibed E%esgﬂrgs%ﬁf fheChixture of

O adi um o on 10% cat al yst Ct
rﬁ'é%SFeé’aiﬁ&’Ee'fsu‘f’?'Fg?'é‘ﬂ‘ ‘Prﬂ%&@ﬁplé’a&ﬁagféw qm@i'phtlbmé salidt Eield: 870
ampuéii%dntm%\t—wc@(mqqﬂgﬁntsr at eld in \(/a::rgo I rteS|)due
se-phase colum (anberlite usi n
CHINIBIERER 2 a5 BB o300 26P e o(m 2t 654 68(m 2 5.0-
6.4 fl
B(dd. 2H)5°85(ef Hy; B 11, 1#883 gﬂg}fﬁ”ﬁﬁé %sg@, ( 6§§1§dazlﬁj

?gﬁég%é ('m(wm ;4(m 2H) ; 3. 98- 4. 06(d, 2H) 6. 32-
R]62)-6-[£50a ct ik EbahQdriithibna s 22 10ur

Ay 2 ¢eln[3:2.6. Theptt Z-éneRadanbb li% acid (E+Z
kméhyirﬁﬂa)-e 5099@1 Qaﬁhl a-|- azabl cycl oF3 2 A hept
Ztl‘car I C_acl 25 Step 1:
R QI TiaBeN Pt 19101 3, darltmbe]ﬂzyl(ﬁl%)eﬁ-maEBWI@(y;(@Légewm 506 7.

st tdti l
***;j;gﬂ%@f@w R e T
@6%%' 32y hﬁ%?—@ew%arb@xmiem mmeF fa@di Ko vRdpHaéphate
$>0ﬁemltﬁtldn;(b§|te€|3 ?ré)e\gasgltﬂ d?g%éﬁsﬂid) aoto 1p5|l] &th ljﬁgﬂes prel-gr?ce of
? 'ﬁ‘cg ﬁﬁﬁa B N fraTRPN 8% watalyst. Remction BiktEe voasemtméd tHidugh
ﬂalﬁ bl I filest filt d. Th
Ltrate s a‘é”vdsf%’?‘g??b X bofkeihBRE if 08} fesi uédaumcﬁm .

efse %l? sfiqeluniy(aaheribe); wsine §%. 1A% mmme mixture as solvent,

~ peyre@18Tg \da%) chxisdtitd cohisbull, rEblsh gryg{a W3§é4 8 Q\[HH)

éb% gt yellow foam M (ESI) mz 15
D hvdr o- 4H F1, 2, 31oxadi azol oF4, 3-c1

1H4\Miazz 06 &, 32 80-0l08t(R, fHes, ﬁi(gﬂglg)l 3,96-4.06(d.2k1)6 3235, 42

§%°§P@(E3§{gp{}:§d zé?ﬁr?ﬁxil@g-@‘@dsﬂw and cooled to

O C A solution of trifluoroacetic anhydride (7.4 m,
52 mmol) in THE (20 m) was added with stirring over
10 min. Theresultlng mm& stirred at 0 C for

anhydrous pot assi um car bonate The m xture was

|Itere t hrough a pad of
ét 4-rg|trosomo% holmpe-3-carbox lic acid

Toa solutlon of morpholine-3-carboxylic acud (6.96 g, 52 mmol) in water (20mi), 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

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 ml
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10 silica gel and the filtrate evaporated. The residue
was washed with a m xture of ethyl acetate-ether to
give 3.80 g of a white solid; np 132-133 C, M5 (ESI)
mz 143.1 (M+H) Step 3: Ethyl
6, 7-di hvdr o- 4H pyrazol or5.1-cl1F1 :
4] oxazi ne- 2- car boxvl ate 15 To a parti al solution of

n- 8- |
e TP a1 B otlioh) SR 5, B tER e 1M e
added et hyl propi oI ate (2.7 m, 26 rmol) The mxture

\(’\@eﬁmgri)é,‘?ﬁ%hﬂ rolgﬂﬁ-[ﬁz, :fe%é%%iﬂolo@igéﬁjj‘hﬁxggﬁll I-8-I ?urg-gj%lﬁ%e
mIXe grusdevdpitrasomerphokne-3-carbaxylicacidi(@1.0rg) frohestepiineds dissolved
oS PR SRUR0604 LA B N A BBk PR . m 2

ammelbinarts (201m yas Fdded with stiming waer ‘mamim adhe Ineautg-ig rAixture was
pg ré atsd L(‘J ﬁﬁor ) der?cﬂ\galtnbed fo roérglrt rﬁ Sfoglt%)}rr The sct]vent was

met hyl ene ¢C exanes,
aevapdrated End thet nte;iduamasamleteelwmmsovmls;femaéah@ar@mﬁrred with

t %8 tgr A Hﬁou%&%@ﬁ%&a ?a‘é%la[f‘ﬁ ﬁ'i%?" fi ielm_pq_&rglggg\aa pad of

Sﬁ@pﬂ gel apdthefiltratér evapdrated vt ebiBué wabfWashed with a mixture of ethy!

o2 %%aagft%@pyra%f e S04 el bof I s cmphangnga.

t(d\/lflﬂl)57 g, 8.0 mmol) in nethylene chloride (30 m)
was added 24 m of a 1.0 Msol ution of
di i sobut yl al um num hydride in nethylene chloride at 0

ScFthyl 6.7 roMH-pyrazdicib 1ol oﬁ@im@&%&ﬂbo lae
erature

C’I'otalhpfea ﬂétgﬁ[lmﬁ% Fﬂlyggo-ﬁmh?fégs&xgplaa loj.3- gl[‘bfll%azm-s-lum-&

amatmqamm g, R4anindb) irs olxylehe SGunt), wis aadadeeihylwré;holatefml7 ml, 26

TG 3ne B! ARk Gl dtipdt e Belkeatials Bk g oo of
eetiybprapiotate wagthee atidad agd tife rmixtuot ouak etised il refildsidr B8t The

"*éalai')ﬁﬁ%ﬁ’ m&%bgpoorgég Qm?%r. vacuym, ind the residue was dissolved in a

razol o
AMostarei of enethylenehetiletisleyaiel Hexanes(16)! The solutivi was passed through a

(P08 IRl i bl BeRlelecab it

: af;d!ewe by ethybdcetate The ettlyrmmatgémeluent whsoavaﬂera&d arubtife residue

o [ The
{ gaRe orlﬂiﬁcﬁér%é teibd 4103 of E\G{E &kl o\ egp@ﬁa&%nem/zmm
fOM+HE hr. The final mxture vvasfllteredthrough a
colum of silica gel topped with celite. The filter

pad was el uted with methyl ene

Step 4: 6,7-Dihydro-4H-pyrazolo[5.1-c][1 .4loxazin-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 m! of a 1.0 M solution of |
diisobutylaluminum hydride in methylene chloride at 0 °C, under nitrogen. After
stirring for 0.5 hr at 0 °C, the mixture was warmed to room temperature for 2 hr. it
was then treated with 30 ml of saturated ammonium chloride solution and extracted
with ethyl acetate. The organic solution was washed with brine, dried over anhydrous
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10 chloride, followed by ethyl acetate. The et hyl
acetate eluent was evaporated and the residue
triturated with to give 0.81 g of a white solid; nmp 91
C M5 (ESI) mz 153.2 (MtH). Step 6: 4-N trobenzyl
(5R) - 6- F(acet vl oxv) (67-di hvdro-4H pvrazolol 5 1 15
clrl,4loxazin-2-yl)nethvl | -6-brono-7-o0xo0-4-thia-|-azab

I
i gug}g.%l gzuig% gliérggtaga e@ék?orat%dfiﬁbgg)eﬁ%dﬂ? t‘Bf“if BE@% i §/|%”(ES|) m/z
Aa M ogen was added

- 6, 7-di hydr o- 4H pyrazol o[ 5, 1-c] [ 1, 4] oxazi ne- 2- car bal deh

e 26 1.7 nmol at roomte erature with
y h H-p )I 4} rrp alde hy

20 azablcyclo[S 2. O]hept 2- ene- 2- cérbéxyllc‘ac;d
4m|at§cnhi©nz:yb ﬁdh%ro@-ﬁﬁaﬂolo[& 15c][li1”ﬁ3]b}aﬁ| E‘Tﬁhé@o’? g“bé g,7.0

was tﬂ ﬁ'g d-the m xture
Rt LA ieBloredihans (3P mwas AgG 5 Admoianivaied edganase
t BRxie gt Fidtn Yéripsrhiurd Rfih Qﬁmn_gel'hg thitdrd fva %Egted (tg %8 %for 1hr

It was then treated aceti c anhy

raﬁd e stirred @ rQP"thmped?tH@t ﬁ@y 1@ht. by tnlaUlrnncmre Wasiiitiered through
OazoltviH of.silRA %ekﬁibbeé‘twtﬂ célite Ofhelfiel Eac(i]I Wég oeﬂ]v X d\wﬂﬁ m%ﬁ'mylene

entrated and the residue wa

eFWdeo%g‘aioa/@Q by-gilayl éﬁﬁ?te 4be ethybacetaie gliuenhwas svapmsated and the

Wrdsiiue Hittirdtsd Gi tﬁ%

sol ut i or% and I bri g’é’e%?ﬂfgeg't%@@?@g‘ﬂﬁ% ous SW“%I) m/z153.2

stMtiEke, and evaporated. The crude material was

chromat ographed with silica gel (EtOAc-CH2CI2/1:5) to

g|veé) 77_tg of alvvnlte foam S (ESI) nl z 578 9
DEan 4 = {677 o h

aEJSé_EQMB a sol ut| on of 4-ni trobenzyl
(5R) - 6-[.(acetyl oxy) (6, 7-di hydro 4H pyrazol o[ 5, 1-

cTbd s@]dﬁ&ﬁ‘éf Mﬁ%rzvdo)gli‘?d @"i Jn 3 gg&P% ri& %"4@& baerd'utgogen was

t-2-ene-

| 3
nﬁ%qf X d'hMEfocé n&!fa)zolomab“é}ﬁ ,ﬁlwaag%ﬁ-cavmdasmdem 26gM.7 mmol)
oht @omﬂ@ﬁ%@fﬁﬁr@ vhtﬁfgtlﬁ{ngsﬂlsHMtIQﬁ‘ oﬁ\gﬁﬁéé) @E&o@nds}’o 8—3— hig-1-

10%-Pd/ C. The m xture ogena

46@?&%’5'9( 3.2.8lhgphe-engricarkrxylic agid éfm,tcpbtenzyi @gter (@58 get1.5 mmol)

Th d
V\;a gl' in{ZFgE? gﬁg hﬂ@?acﬁéﬁi?ﬁﬂtgg@?gaﬁﬁe@g@%% R:I cid g(:lalg@ylamme

- WAsT4m|, 6l Bnal) wahintrediised rangttbe imixtusvas stirreainat 20 °C in the dark

25

30

th
689 R G T W LKA
(glmqmm@n@pyr@w@ (04 ™y, Of2oumel)( &8l kept aBOBCAGHBhr. The Milture

(\Pﬁ@%ﬂéhtrﬁeé aRd 1k %%ndue 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). |

0X0-4-thia-1

-azabic clo.3.2.0 hept-2-ene-2

-carboxylic amd
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35

2H), 6.36 (s,

10 (t, 2H), 4.13-4.17 (t, 2H), 4.82 (s, ,

1 H§ 6.I5_|)5 (s, 1 H, 7.17 (s, 1 H),t_7.550f(s, 1 H),
.80 (bs, 1 . Exanpl e 36 Preparation _

(1éR;3(6(Z) -6-(6!_|)7-5I—|-- Di hvdr opyrazol or 51 bl oxazin 2 12

Yl met hvl enel 7-o0xo0-4-thia-1- azabicycl or3. 2 O hept .

ene 2 carboxylic acid sodiumsalt Step 1. Preparation

offo@tsojutiop 074diiti’bﬁh"n§ylQﬁpﬁ(@é&bf&;}{g&7%3#02%/9—@?%&%[5?1-

o B0 D Y A Porte--oxbdrbiant-a2aHicreIB. B Ot B6me. 2
n@argomme 38.363, 0.60hmpY irATAF 420 iy Bgﬂ%r&rﬁégﬁ\gg? 31%%% (20 mi of
grﬁi@%?g?{e%ye r %ﬁtiﬁmr;ﬁfe@h%me@@im@ of #9% R¥@. Tresmixture was
ahidsoasnatast aioffl-50 psifro i RRAER filkrgd HrBGth Sl oFiihiter pad was
] e th 25 acetonitrile. ~TI .

(Vs vith 1F, SB0S Binsle e xtiapies with st scetatel Bhevmganic
oree! wasldiied owsrhaphydre@s Mhgnediin ikaBCha %ﬁ%ﬁé’%tgﬁﬁf% tegidue
;I' ‘g&d\?é nes sﬁtrg&géretavbg‘f% (?{)1%8 g’ég?&ga@ﬂ’l\/gﬂ&ﬂ HRMSiwecslodiforai ned
(@18'9'@1§s@233 :305-‘0479;6'&11_60\@5&#); 385.034&%0‘4%@& {BMf‘QIdG) § 4.07-4.09

r tl' n { 3- di.hvdr o- SH pyr azol or
gf %%g’z?né'%' ;7|o b ﬁ@t ﬁ-gﬁéﬁ%:ZHfoﬁ-@ﬁ és.stH)r .58 (s dH)L T.0M (9 H), 7.55
ds,7tH)i h2.80¢bSHHyr azol o[ 5, |

[ : f in
- e-2-carboxylate: (4.0 g, 20 nmol) of
13]0[ ﬁ1 3]()?X$'IZ—|IEnwas added 0.71 g of |ithium borohydride

[ heat ed at
1. 03 g of nethanol. Ehgm*ﬁx g§i on was
Zgg fg,r .g.hour. he reactron 35 gquenched by IN

Zha

dtoXylate. ' ogr aphyed t o give 2.08 g o _

' duct 6%11# gwp y155_ 5 Step 3: Pr eparation of

@5 %e Cﬁ?tme %Jé%pp%% 7 Bthi S5hvdroxy-1 H3Ymzake-fearBoxylate (10.34 g,
0.86vad| e/ 8662 g of potassium carbonate in 500 ml 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
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.
44-48°C (M+H)* 197.1. '

methanol:

To the stirred solution of 6,7-dihydro-5H-pyrazoIo[5,1-b][1,3]oxazine-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
quenched by 1N HCI, and adjusted to pH 1.3 and stirred at room temperature for 1
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To the stirred sol ution of
2, 3-di hydro-5H pyrazol o[ 5, 1- b] [ 1, 3] oxazi n- 2-yl - net hano
| (2.08 g, 13.5 mol) in 60 mM of CH3CI was added

. 9.38 g of M02. Th suspension 10 was refluxed for 2

hour under a nitrogen atnosphere. The reaction mxture
was filtered through a pad of CeIite The filtrate was

c e . .gi ve d
o T Pt PG asfeted piso Vi BRES s ifRtonuminure
obasextettdd/ B8R ethylS‘stoetatéL ‘The organic layer was dried over MgSO4, and
g?%l{fgﬁtgﬁg? Iﬁi\/ grg ?ﬂ))&(\rgdz ?éﬁégt lro%)]( t&érabl‘?ye‘ﬂ tgvgcljvre 2. gg':g% he c?eswed
) protht (67%); {Mah) 135.0x0- 4- t hi a- 1- azabi cycl ol 3 2
A hept - 2-ene- 2-carboxyl at e:
6, 7- di hydr o- 5H pyrazol o[ 5, 1- b] [ 1, 3] oxazi ne- 2- car bal deh
ySttep(2B Rreparatidnrofsl 7-ditvgdro-5Hepytazol SE8E1 -bIIH 13 dxizir(e2):

df gR 6S) - 6- br onp- 7- ox0- 4-t hi a- 1- aza 20
g@éﬁ&?&—%— 0] hept - 2- ene- 2- car boxylic acid
4Tmtrtersmﬂbdrsawnoeetea dﬁr@dV&BHgnyra’&o%[mm][)l 3]&@&@-@ Q?é{hanol

2, tO ton| ution
S A iP5 e B S b 62 2 Tk, B sienson
aWammﬂhmcEfoge nr{womdee apﬂr@gemramoe;sﬁeaé neqleb&a:n rhittureWas
. n one ortlo

cteTeq Brodrca B drelbtte, ol Bisoh s acBRpriged el irseto oi. The
| prgtiuct wEsepuried by omomatdgraghywees15§ iof thecrédict wab obtained(78%).

C 25 and treated wth acetic anhydride (1.04 m-) in
one portlon The reaction m xture was war med to 0 C

ca-bbmate.and bri ne. The organl c Iayer was dried
(MS™) and filtered through a pad of Celite. The pad
was washed with ethyl acetate. The filtrate was 30

ct ﬂmytirmﬁldebymm&is 1o, Gwaﬂlhewrbaldé'ﬂ'ﬂe f(3‘30 FgE2 Yivgol) and

I h th th
BB P Pk SoRkioh & DL of BR-GP-aBB eoxdbi pae )
cmcycm{s ad]hem-Ctenericamboeylic tanrclemmtratbedzyl Bier (0. E31I§EX2 mmol)
L T S e
YilgBd: O(E3R (0.27Hunger eﬁfwchIrMnﬁ)%BherStae podm temperature. After cooling
((a\ttg E)zlbgtn%)é}ig I}I((g;(Oern E}i\'&?%cial'}é%ruq BXE %%R{og.r 1l T RERGL L Pide ™
acoaBresiwitholofl i extliudedight? - Birecreacticar minduyé ivas atiire fos @di atm20 °C

Séark.lf T %‘t) Lt r)‘/ g g%scaé\h ygrided 1yq4o’§‘<'§7)5 'p &N PARD G TS £RRHOP FYgre
o¥&s wainlgditod] Ekand stirzdyfor 15 h at 0 °C. The mlxture was diluted with ethyl

)é?euié! %]16 W thTP'tIJS‘? @gé aEJa'a%uéoﬁszgcﬁllJt a‘ﬂ[:rated sgcJah ueng)t

-ene- 2-car
hydrogen carbonate and bnne The orgamc 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

diastereo isomers were taken to next step. Pale yellow amorphous solid: Yield:
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0.6 mmol) was dissolved in THE (20 nL), acetonitrile
(10 mL) and 0.5 M phosphate buffer (pH 6.5, 28 nlL)
and hydrogenated over 10% Pd/ C at 40 psi pressure.
After 4 10 hrs.the reaction mxture was filtered,
cooled to 3 C, and 0.1 M NaOH was added to adjust pH
to 8. 5. The fiItrate was washed with ethyl acetate and
@ sygr was separated. The aqueous | ayer
oncantrated under hi gh vacuumat 35 Cto give
yeI | ow preC| p| tate. The product was purified by HP21

I FE i --nﬁ:‘_?)d_e B, ?P&S : Wz;%;éﬁéggpzi-é-oxo
‘*ﬂ&fé’h%#zg?i&@&@%ﬁ%?}@é@% fufio @ﬁ% DR P

Thnetty&ﬁl—lnmmos?bbxﬁ%s—1vmbxedcln[ﬁtzo]he;ﬂtmem-ammoxylate (350 mg,

_ ];(l)'réj g:L?tgasDé so ed\{hﬁ'};ﬁﬁgé%@ceﬁrﬁ&( dl_e)l %gﬁ.gy(ppﬁf,hate

duffels(peiR.5, 28 mt) andhytirédenatedsgver 0% dICHt 49)psi4p|ﬁ8§(ui¢i After 4
s thedachioh Migtlid Was fitetda, (cBbtelho 35E2BR 6,13 NaOH was added to

reparati
@8Rst P 1) 86- The(firatemas yashepwih gthyl dcebaté and theaqueous layer

%qrﬁggyr ted. nﬁ@ ac'ueot.l?]lﬂygrn %?s t}on(?)%gtrateg under hlgEgacuum at35°Cto
mtuediqwlpoédmltztec] 'Fh;:pprodu@ s qadrifienk lpy HE'Z:ha:esin thversei phase
%@lufm &ﬁoﬁgf5§ﬁdﬁ§ ni{'nﬁgw %{8{@9” méwgee;@ﬁringgl_zgy w%@? (2 lits)

rocedures
andﬂattmgwthrwﬂ{q acetonitrile: Water. The fractions containing the product were

}%@mé@ﬁd Boricantratel 4t tdlORE PRYL I KE YRR DRABRY. OFRE! Yellow

Golid wes washett witly acetonesind BtesddhyPried. Yield:y 109,23 els-yEllow

RRorond i @n& (WH+Na)327
qzabl cycl o - ene- 2-carboxylic acid sodi um

erNMB@eﬂ)n@)ﬁ %Yrdi"' $ly @l ﬁé@éhéi iBrry (1H, de@%@dﬂ € 4281, m),
?47 n%fZ(Z—H%I f (5R), (62)-6-[5-(3-

oxypropl onyl)-4, 5,6, 7-tetrahydropyrazol o[ 1,
5 a] pyrazi n- 2-yl met hyl ene] - 7- oxo- 4-

thi a-1-azabi cycl o[ 3. 2. O] hggg?é ﬁgﬁ car boxylic

aci d, di SOdI um saI t was is yel | ow anor phous
4 > an |

(s, 2H) azébﬁzcm 2:011_n_ggta - gargabxmc adid s gd;umlsdu)

6.53 (s, 1 H, 7.00 (s, 1 H, 7.09 (s, 1 H. Exanple
38 5 Preparation of
(THi8) ablobe) méntibhed Zompbinaixyas prephiedbyIné proceilires bMtingdpiirall the

%Zo%l/é’ Ea)%a'rgfales. 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-
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 (5R),(6Z)-6-[5-(3-
carboxypropion.yl)-4,5,6,7-tetrahydropyrazolo[1 ,5-a]pyrazin-2-ylmethylene]-7-oxo-4-
thia-i-azabicyclo[s.2.0]hept-2-ene-carboxylic acid,disodium salt was isolated as
yellow amorphous solid. Mp. 180°C (Dec); 'H NMR (D.0) 0 2.41 (t, 2H), 2.42 (t,

139



10

15

20

25

30

al pyrazi n- 2-yl met hyl enel - 7- oxo-4-t hi a- 1- azabi cycl or 3. 2
. 0 hept - 2-ene-carboxylic acid,sodiumsalt 10

(5R) (62)-7-0xo-6-(4,5,6, 7- tetrahydropyrazol o[ 1, 5-a] py
razi n-2-yl met hyl ene) - 4-thi a-1- aza-bicycl o[ 3. 2.

0] hept - 2- ene- 2-carboxylic acid, sodiumsalt (Exanple
25) To the T.HF (64 nlL) and H20(64 nm.) sol ution of

) wY/

TARDAR AR odtn A AR A AR A g
2tl)a"z§ | BB (] ltI))} ﬁ@ﬁt(sziH)lé SSrler tH) A00d=y1H)c7 Qel(sl 1H)
sodi um saIt (Exanple 25) (638 ng) was added 0.1 M NaCH
aq slowy to adjust pHto 12.5 at 0 C To the m xture
was added nethoxyacetyl Examplé3® (0.28. nl) over 5
mn. The m xture was stirred for 0.5 h at 0 C and
met hoxyacety| chI or| de (O 09 rrL) was added to the

: ot (SR) $ -[532-mbth 2

vacuum at 35 C. The conaeﬂ,s&@dla appl ied to D| ai on
HP-21 (78 nmL, M tsubishi Kasei Co. Ltd ) resin colum
chromat ogr aphy. After adsorbing, the colum was el uted

bR (618R \DOxd\wPls Bl7-trabydrBpykhzold[h %—ﬂ@?ﬂékuﬁ@ylﬁkﬂ@lén@ﬁ%—th|a-1 -
al €
I P PGEAO 8P e SR et et AoR S (Exagela 2

anor phous solid (509 ng, 65% pH 25 7.58). M 170 C

( i%} T'l'g %R(é'-?zo'?“l’ ?‘ 81@4 ( SL)5£§'U§EQ)1/0%)3(5§3'(§Z%37( So- gﬁ'ﬂ .5 6,7-

- 2dtrahydropyrazélopI95-alpyrain-3-yitethyldne)-Sthih- Haya-bibydié[3(2. 0]hdpi-2-

fPE)y ey Beid b Soft Eidrpeie 485 (538 i yistaspion 451 i aoH

(2, sldwiytaxadius? pH 16.1225 4t0 °A.  Hoxthd mNturetvad/added rﬁetllrd))oyacetyl
}1_(5@ e nfLé oy ﬁ‘b@{r 2the rftfife Whs sl foP 03%h (&0 Y¢ and
(rtmwoxyegetylehlpade( m@&mhbwaaeddsd fo-the Fiure. After stirring the mixture
[
L9 P S SEHE SO RPPIERAP. 7 1 NaH o wap e o gt .05
ﬂ@eprUEE wae -coneentsajed yndesdiigh vangiuomats3 tC.  The concentrate was

_ (gﬂ)pﬁ’eoG 14 E‘?‘aﬁér@hﬁﬂdrZQDXT@ZHLO:Mﬂngb@hPVI{%' nCt? \(_lta 5 FFEE RaRoiumn

Met han (150
’Ehfﬁf‘@ﬁt%(?ﬁ@t hﬁftes a¢sng|n9,dt|hg cohmmwnias eluted with HZO MeCN (1:0to

Ry{)az qh@k@)m@frﬁhﬁﬂcﬂé é"ﬁ/elq\; f@‘fcg%@ g%gggr‘ @gh vacuum at 35 °C and

4-n|trobenzy est er
lyophilized to give the title compou as aye

7.58).

low amorphous solid (509 mg, 65%, pH

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), 4.00 (t, 2H x 1/2, J = 5.4 Hz), 4.14 (t, 2H
112, 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
X 1/2), 6.19 (s, 1H x 1/2), 6.22 (s, 1H x 1/2), 6.37 (s, 1H x 1/2), 6.372 (s, 1H x 1/2),
6.87 (s, 1H), 6.93 (s, 1H) |
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and 10% Pd-C (50% wet, 1.19 g). The reaction m xture
was stirred for 2 hours wunder a hydrogen atnosphere.
The m xture was filtered and concentrated under
reduced pressure. The residue was applied to
silica-gel colum chromatography, 15 then the col um
was eluted with 50% net hanol in chloroform The titled
conmpound was obtained as a white solid (1.08 g, 98
% . 1H NWVR (400 MHz, CD3OD) 03.22 - 3.25 (m 2H), 3.99
(s, 2H), 4.03 - 4.06 (m m (s, 2H), 6.06 (s,
1H). 20 15-(4, 5-Di hydrothi azol -2-yl)-4.5

6, 7 tetrahydfro razol orl 5-al pvra2| n-2 yll nethanol
eR = L5 o 0y g _4 -

/] O - l eléj
2-yl) - et hanol (1 08 9) amdsodlumsalt
2- met hyl sul f anyl - 4, 5-di hydr ot hi azol e (1.03-g). The 25
reaction m xture was refluxed for 4 days. The m xture

mAM@M&ﬂ%t@ed pot assi um

car bon [ SO4). an ITtered. The

T be asthahgl (Ehalr RS pded Be Mot ¢-pHERa met g edinyro-
rédt due was applied to silica-gel columm

l . . t ed th 10%
iR B R b b A A o e st (e 25) (2.38 o
oand 08 chta@ (80%ivieite1.395).d The rdsction nfRuié waé39tlrﬂe|d fBWhours

(&%%dgp%ga?%os % 04 brs 13&%:@. fliergg %q corgqqntrgted under

7reBlueed predsité. (The r%bi,dué was 5p3héd2t)o silta&fel ESluma idhrondbt&Staphy,
( %'ES‘ ?}? cql@m% &va% eﬁtﬁq/ gatgéﬁf} al}lé&]aébk)p fhigraforg. 7 The ifledhgerppound

oygs abteinefl ks white solid (1.08 g, 98 %).

al pyr agj NM?(M' B |9 65)7[:1302‘2 444 nﬁ"‘r#rggﬁ? éﬁl),oi.8’334.06

Olhe ene- 2- carboxXyl 'c acrd sod
ﬂ'ﬁt‘éﬁzlﬁ%r?éﬁn@gé(f( I"A). oxi de (16.75 g) was added to

the m xture of 5 chloroform (180 m ) solution of

[5 4 5 dlhydrothlazol 2 yI) 4,5, 6 7-
4 vl Tyt oh rh

tion
ene-carbo

g,},eg{anbpomten'perature The reactl on m xture was
reftuxed for 1 hour. After refluxing, the m xture was

filtered tllydrogen ehlprice @mas) sdiuticarinl distreyl éthei (0t @)Wk
Cér}fb%@ "&IS %r%f/@gtagﬂgggo p@déb‘ﬁﬁ%aporf %23 l’é‘r"fatetrahhqero;r)ﬁgzlro%t"?, 5-a gyrazin-
2-ghrmethane) dilcithg)ansl 2-mefHy)sulfatyl-@, #dih@drothiazole (1.03.g). The
g@%g?ﬁgﬁ&gﬁg& e +fg{x%cé Eogql]so | g.z'l'r%eﬁ\&tucrg rw%%lqgjglq%e% With small
amount of saturated potassium carbonate solution, dried (MgSO,) and fittered. 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 %).
'H NMR (400 MHz, CDCls) 0 2.04 (brs, 1H), 3.39 (t, 2H, J = 7.5 Hz), 3.90 ¢,

2H, J=5.3 Hz), 4.06 (t, 2H,'J =7.5Hz), 4.21 (t, 2H, J = 5.3 Hz), 4.66 (s, 2H), 4.69
(s, 2H), 6.07 (s, 1H).
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The crude al dehyde thus obtained(2.56 g) was added to
a dry acetonitrile (200 m) solution of MyBr2 (7.36
g) under a nitrogen atnosphere at roomtenperature
then - the m xture was stirred for 10 mnutes. A dry
THE (200 m ) solution of WJ 20,014 (4.16 g) was
added and the m xture was cooled to -20 C. Then

treated with 4- dinethy am.nopyrl
hydride (4.2 m) in one portion.

The r eané activatédihaniganess (INVG.bRae (1677579)Qv§s”‘é’dcfetd tbrtﬁ‘éjmlxture of

e?rﬂoro éﬁ énqiﬁfg mg%(%#ﬂ'yd %ﬂdﬁql'lzd")[a‘g%(e? 7a\<lqmuteo us

steltmhyd]npyrafblﬁ[&l&ﬂi]ﬂi/@dlnSZDSd] HﬁtHﬁh@f(@%%%@Fd&?ﬁ‘ &rfperdQft. The

rjed
iRl S RLRR el 5L RO AR PG, e rancire s dered
pm’ghlraépadr bicCeliteandithe fipdte WaBldoRebritrated dridefretftlced pressure.

D B R R A e Skt ipurolhracphe-y)-4,5,6.7-
( t_éR,aB)RS)Jpﬁaidﬂ%arw‘agngfﬂc&rba(ld?@dﬁ wdas obtained alxsoa colorless solid.
_o. -4, 5 -tetra razo
g;ﬁ%g{uﬁé %\a%ﬁ?d?@%% @%5% pi)was ad Qrmlage'qonltnle (2&0 ml)
aslutionyafIMg B3, £7.88 ghmdeiamftmg%nmb@ﬂéi‘é &t rabtem erature then

A@E "@&a@?ee@%% P \ﬁlﬁﬁut?%bt ?\4 §THF (26& ) solut.on/c?f wil) 5,014

d64h]ﬁCU)ou¢a added- afbdyhe mixtreyas-cooled to —20 °C. Then tnethglamme (11.3
t@f)gl%%y%{d?ﬁ?ﬁg %eob&{ &n.s T%]e%ac?%h r\1/eézse¥ st covergd }Nlth foil to exclude

dighbi dynelreadion. rﬁi}(ﬂ:@t\/aé{smrrm fBr ¢ BrHoaryti-2o0aC aghd trea_T_edEwnh 4-
t e 1 N
COAASASES 55 1y by bl O 1B, e
oFG§Pt'0(f‘QfIJ'XBJrg)NaS Awemed 5: @BC/and stivepfor28 Houfsf a0 (G HTRe Mixture
o Tk t
\]/«éésss gﬂ&%\dﬂ‘gﬁ}g St?)gfja%%tétg ahd‘ ?/agbé%{ \gﬁfg;é( é’l dl}gc a{: 8%%{158%%olutxon
rediestsadium hydsogenscarhonpte.cungl tylnst i Theeatgémic Iaslehwas dried
E(Mzggbé) andfltéred. Th@lerfﬁ’t?éié W3l ¢ ust 2 d%%;? l%%]uggcri]é essure. The

C, and then the pH was a
degifye wagaprliadde silica oeheolyran shriomatognaphyuthenaited with n-hexane-

fAdd@tr(edz) &ha @Hlel‘bf&npﬁﬁhe@i‘anGﬁ(th) €. ThENERIBAS ed R§‘?§E§8‘xy-[5-

wat er an e _aqueous | ayer was se

yﬁ&edlﬁ“f"é@ﬁ"‘ﬁd@“béﬁ tetrahydsapyrazniol 1 ,ﬁra;jpu/ramafaﬂl}mamyl}-e-

Hﬁo@o-7tb>®6f-g}ﬂ?ﬂg Ei}i(a;ﬁlséeiflclﬁz @Eﬂbf—?—%né 9. tgr@d)&pc 5Bq %lnltgo’]begzyl

cq#%ﬁﬁéﬂ%‘g?‘%iﬁ?ﬂ/( ‘N‘ §ef- ﬁébor bi ng, g he coI urm was
__azablcyclo[3.2.0]hept-2—ene-2-carboxylic acid 4-nitrobenzyl ester (5.41 g) was
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

boxylic 36
(
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| yophilized to give the titled conpound as a crude

yel | ow anor phous solid (1.60 g). The crude conpound
was purified by preparative HPLC (M ghtysil RP 10

18GP, KANTO CHEM CAL CO., INC., 35 x 250 mm 0.05 _
nol /1 phosphate buffer (pH 7.1) : acetonitrile = 80 :
20, 25 mM/mn) followed by desaltation on Diaion HP-21

T €5 idhd tlﬁé@@ie'ﬁH w% Eéj%’l'ea '% 7 %asﬁfhy%etété QIaE agia %'tovt@etfé?ctlon
titled conPoun | ow anof phous soli
mlxMe gn%f ?}‘ﬂd ghrgggh amgdp@@e@e( d‘ghg paq-wmagrmqwltl‘owater and

gthégaq(xéouszlé}'erlnas7sé‘ba|’&éd &h@%qﬁéous l&)&r%s cbgcf;ﬁ@ dAder high

4va§>y|umsat 3§H§3 &he gonqegtraff qu;s aqp Igj_tqlglalorp hify-21 ({17707m( Mitsubishi
1k 8ei CB. Lt%&(résm %oid}nn d%&?@b)apﬁ S%fteilgégorbﬂ'ngo@ie%mumn was

(p;I rwct{é'n v&q{eroqnd then ?Nlth 5% to 15% acetorr'nr?rlle aqueous solution. The
( &ﬁ‘nbxﬁ&i&ctﬁe Fractichs Wadeon¢anatkd Underhidgh Vadugihi AB60Ea4"

aﬁyaeh"gfﬁ ﬁQ give tha:titad eampound g5 @ ciudenyeliow_asmaraheusssolid £1.80 g).
Ol hept -Bheediade aérhﬁwﬂd Was Birifidd 9 PrapRrfeHET (Mightysil RP-

2181(5 a'r o ﬁgﬁ'jﬁM@gL @Op ANFp-35 (3804, 0.05 mol/l phosphate buffer (pH
i 7. Pbﬁﬁﬁéﬂlt}l@&ybs aph ors/inkmifr) fewéd b uBsdit=A8A8h DIS6PFP-2A resin

1p ;"Pré‘?qh'wt?”béﬁh’f Kaf«*ﬂfd% bid.Yig19vedhe filse sompRUNG( 8%7.veliavb ox

ybmb@hoﬂ_§1§ol'ﬁl(ﬂ losdy, ?ogpgw?[)wg33prepared from 0. 669
grans of nethyl

di hydr of ur o8, @OCH{Q?? |H1@W@ﬂ9)@a$ﬂ)%f<ty?'dté drRiHa), @@9

gmms- af3 Hz)nBWGqf?QHZW 1.6Ry), 394 (t 2H, J = 5.3 Hz), 4.37 (s 2H), 6.01
1-azabi cyc t-2-en

[ t
a?sbz)ai;%a?t"e(sy &eﬁ (% &), Ggfrsa(ﬁ's“@f [PM@QJ%?S‘FQZ@? 1‘5\9ﬁ|°€h o™
WOl Seel 291y 228 hyr. f or t he next step. MS: 652. 2( M+H)
143 Preparation of
(5R 6Z) - 6-{f 6- (et hoxycarbonyl)-4,5, 6, 7-tetrahvdr of ur of
, 3- Examgle40
clpyrldln 2-yl | met hyl ene}- 7- oxo- 4-t hi a- 1- azabi cycl of 3.
2.0l hept-2-ene-2- carboxylic acid The title conmpound

wBreparatian o (5Rﬂﬂl-€§5g2-ﬁfetﬁbi3bglcegl)-4,5,6,7-tetrahyd ropyrazolo[1 ,5-

2- acet gxy. R) - 6- br o _2_ "~
{ AR oSl oxe dadhia-{-azal
I 0[3. 2. 0] hept - 2-en-6-yl )meaamsau

4, 7-di hydrof uro[ 2, 3-c] pyri di ne-6(51-1)-car boxyl at e,
ylelded 0. 386 grans of product (419@ NP deconposed

1H,

!meth 11-4,7-dih drofurq 2.3-clpyridine-6{5H)-carboxylate

The titled compound was prepared from 0.669 grams of methyl 2-formyl-4,7-
dihydrofuro[2,3-c]pyridine-6(5H)-carboxylate and 1.155 grams of 4-nitrobenzyl (5R)-
6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate yielded 1.65
grams of product (84%), which was used diréctly for the next step. MS: 652.2(M+H)
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2.42(b, 2H), 1.14 (t, 3H, J=5Hz), 10 15 20 25 30
144 CLAIMS: 1. A compound of formulal: A B\ X ON
ay OLR5 0 5 wherein: one of A and B is hydrogen and
the other is an optionally substituted fused bicyclic
het eroaryl group; XisOorS;, 10 R5is H Cl -C6 alkyl,
c - C6 cycloalkyl or CHR3000C1- C6a|ky| and R3 is

ARroRard -

15 2. A conmpound according to clai m erern
heteroaryl group is z W / 12)t Z2,0 W

3THe le &npdiupdaids ﬁ'éparéa front %39 of &hyI@REé@MQMd(NR)@Bromo-Z-
I\k[(4-riltrosnenzylw_xR]ca?bonyhdl oxo-4{1 ﬁua 1 azablcyc:fo[3 2.0]hept-2-en-6-yl)methyl]-
4,7-dihydrofuro[2, 3-c]pyridine-6(5H)-carboxylate, yielded 0.386 grams of 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),

therbeof.
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carbon and is bonded to the remainder of the nol ecul e;
WL, W and WB are independently CR4R4, S, SO, SQ2, O,
or NR; with the proviso that no S S or 0-0 or S-0
bond formation can occur to formthe saturated ring 25
system 145 t=1to 4; R is H, optionally substituted
Cl-C6 al kyl, optionally substituted aryl, optionally
substituted heteroaryl or nono or bicyclic saturated
het erocycl es, optionally substituted C5-C7

cGEABEB:kyl , optionally substituted C3-C6 al kenyl,
optionally 5 substituted C3-C6 al kynyl with the

provi so that neither the double bond nor the triple
bond sdroppundoaf fomedaeht at the carbon atomwhich is
directly linked to N, opthonally substituted Cl-C6
perfluoroal kyl, .-S(O P op{ionally subst ituted al kyl or
aryl where p is 0-2, opsi %X i

- C=Cheteroaryl, optionally Jsubétidlute

optionally substituted - @0 (C (
optionally substituted - C=Q(C5- CG) cpcl oal kyl ,
optionally substituted -C=0 nmono or bicyclic saturated
het er ocycl es, optionally substh tuted C1-C6 al kyl aryl ,
omHefmmlly substituted Cl1-C6 al kyI het er oaryl ,

CBis BB it o BckedryancEin oy o ooty byt fuded bicyoi

shitstoatylyripCl- C6 aI kyl mono or bicyclic saturated
hgteéoc cles, optionally substituted aryl al kenyl of 8
'carbon at ons, -CONR6R7, - SO2NR6R7, optionally

ststH tant erfd?( allkyl a:sk-yd:@xmdw,, or mmotrmtad:i-y:@mbls bhd ut ed
B &8 roBsoey 1% Dy = s by Seliohy oBkaely supstinted any, or

amgtlma%aédbﬁtltutem’ietmadyl y subst i t ut ed

Kk ubstitut ed
o5 TR BB NeconBle Snprbel o
aryl oxyhet eroaryl, optlonally substit ut ed

[ ed 20 Cl-

%, bt DI oo AL S HRTE e s
alkylaryloxyalkylan1nes optlonally substituted
al koxycar bonyl , optionally substit ut ed
aryloxyca optlonally substi tut ed
het er oar -tgzﬁgY onyl; R2 is hydrogen, optionally
substitu é Wes aIkyI optionally substituted C2-C6
25 al kenyl, optlonally substltuted C2-C6 al kynyl
hal ogen, cygnQ, N-R6R7, optionally substituted Cl-C6
al koxy, hydroxy; optionally substituted aryl,
optionally substituted heteroaryl, COOR6, optionally
substituted al kyl aryl oxy al kyl am nes, optionally

wherein
Z1, Z2 and Z3 are independently CR5, N, O, S or N-R, provided one of Z1 -Z3 is
carbon and is bonded to the remainder of the molecule;

Wi, W, and W; 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
system;
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substituted aryloxy, optionally substituted

het eroaryl oxy, optionally substituted C3-C6

al kenyl oxy, optionally substituted C3 -C6 al kynyl oxy,

Cl- C6 al kyl ami no-C1-C6 30 al koxy, al kyl ene di oxy,

optionally substituted aryl oxy-Cl-C6 al kyl am ne,

Cl-C6 perfluoro alkyl, S(Ogoptionally substituted

tC11 t@@ akyl S(O q opti onal Iy substituted aryI wher e
or 2, Clauam di no_or cyc|

0,
@ué?ml'blmonﬁlﬂ $lth$ﬁﬁuF%ﬂ Cé‘ 8 13yt @H'OQEUSCGUB?tMFQr%M optionally
Qﬂ:%ht‘&f&i InetSraSH 'druh?di"noaro‘x” BicWic sﬁ@ﬁrét@@ahéﬁérocycles optionally

ubstituted Cl- 146 yl het eroaryl, optional

%ﬁhumu%cﬁetcwl@%km QpllocﬁIValsuW'tutth Pérﬁ‘s@ | 9'keny¥ optionally
ﬁ)&ﬁ&té&é@@ﬂlkﬁu Witk He ﬁfﬁ{h@o at Plefdet! the d§é‘l§lé‘ lb@h@ Hor the triple

terocycles, optionally substituted ary

banc hasild be prepebiat thsc%wmbmcbd%\ldff?ctwwﬁﬁtt%{\lg@pﬂonally
ﬁfﬁéht@'té‘d’b@w&ﬂﬂoroélﬂfl' onal |y substituted

substituted 5

é br%g%/lal Kk opti ona
pgql&)gya stityited aliyl qr(ﬁqghwl'iprg RIS 6424 pptignally substituted

ﬂf%l@f&ﬁ%ﬁbﬂ %kh@l@éubétlﬁjt@hﬁt(ti(yé@ﬂ optlonally substituted -C=0O" (C1-
{onyhetero subst i

&Y lalaplene)arybstigRd rORalGY Calmsnkyl saticnaly edbstityed 0=0
%Mboéry%fc\ﬁbhc SRS HeYers s\tids! téﬂtleﬂalﬁls&&tltuted C1 -C6 alkylaryl,

‘g;lpti(gnlgﬁlyg, gtljt'?sﬁ/ hgc{)g‘%?cgaé%*(yv\%%ggqyr ?c{ﬁléaally sugstltuted aryl-C1-C6 alkyl,

B&idﬁbﬂ&%ﬁ’dsﬂﬁﬂ&l Hfétéroa@‘l CQFE6 §R9I| leonEWOﬁIUshthétdm -C6 alkyl mono
al kyl aryl oxyal égam ne: 7 , t| ona H
QubIY Pl fatyratad teapw!es, o Bt SubSliesgd anlalien of 8 to 16

%éllgg%htonﬁ CEOMR:RE! KySO,MIRIPRS, optibiiiy 7subm%?ylalkﬂ6xyalkyl,
nmay

t oget her =Q or R4 e
SRATaID § BURRAIERY { ey i PR Y (Pl (gky-O-ally
aytetaanylpf  foptianallp elglbbtitutmnbeawlqnyalhyl,or wptidrally t reabstituted
Fr esen ﬁxygaB(yp et%t%ﬁ%lﬁgsﬁﬁ ?&é\%d ! 8% ngll,mb t%or(a@ n sugjgtltuted
arwtecplaetématylyopﬂ,onaltyt sTuhsqutqd € iHESalkylarydakyariy, CdbtlahMWIaubstltuted
tionall ubst | op 'S ' .
s ot BRI bl ehbtled SRR iiamines,
opﬁdrmﬂal dupstitutest alkoxyedreonyl, adkiphallyopubstihdéd y aryloxycarbonyl, or
optional ly substituted
I"‘é# ﬁqlﬁﬁgiﬁ%tg'raoﬁé %%rﬁgd R7 can be together to
forma 3-7 nenbered saturated ring systemoptionally
or e I e : )
22 SOt (P8l S BSIRR E1,C6 )l Subigd c2-co
aikeny |ootl¢rmllersn@s§;mteglr 6a1°a @lkyzylr Yialogen,: cyamp, tN-RsR;, 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
alkoxy, alkylene dioxy, optionally substituted aryloxy-C1-C6 alkyl amine, C1-C6
perfluoro alkyl, S(O)q-optionally substituted C1-C6 akyl, S(O),- optionally substituted
aryl where q is 0, 1 or 2, CONRsR;, guanidino or cyclic guanidino, optionally
substituted C1-C6 alkylaryl, optionally substituted arylalkyl, optionally substituted C1-
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Z2NOy2 WB 3 1-B wherein 147 Z1, Z2 and Z3 are

i ndependently-CR2, N, 0, S or NNRL provided one of Z1
-Z3 is carbon and is bonded to the remai nder of the
nol ecul e; WL, W2 and WB are independently CR4AR4, S,
SO S, 0, or NFNRl;, t=1to 4;, 5Y, and Y2 are

i ndependently N or C, with the proviso that if the

E‘:"so’@Hlﬁetéﬂoﬁgf|,p°§6tioﬂ?w of dhfndy CK&ﬂek&arg%ﬁbearéﬂlyl optionally
group 1S I mdazole, nonar onat
Auhstitifeht G1-€6a atkyhdinaoener thicycliee s@tura@dh@ater@cambe,n optlona"y

%‘Gﬁ’st.’fﬂted 'é’?ylal vl P 20 1K Cafioh f? WﬁdR rbﬁ)‘ﬁbﬂéll?‘ Libstituted

according to c

Bnﬁqﬂswqwamlt erQPé\lpWHYQr @ubstittged z arzkoxyallayl,z optignally 1 1substituted

(4B 5, Wiy SIS b, i i

eanlmhetamryl.soptbomewhsbtut qi@rnawm;wrybf optipaally substituted C1-

BahK Iuéﬁioxyg I, tlaﬂgly%beﬁtg édné?ﬁﬁ"gﬁ%l’ﬂo Bfo optionally
SR iopyeny) e 2k P

r OVI SO
@ulmst@ﬂed; mbemﬂkylorcmnaiw @ahstmte@r hef@rqaﬁylﬁxnaml or optionally

t=1to 4;, 20 Y, and Y2 are
?ﬁ%ﬂ%@%‘gglﬁ IF%XygwlBﬁmaend Rl, R2, R4, Rs and R7 are as

defined in claim2. 5. A conpound accor di ng to claim?2

¥ 6E ®, Bp@Ie sukshitdidd 03 -8d8ikyl, &% of R, is OH, C1-C6 alkoxy, -S-C1-C6
alkyl, COORg, -NRgR;, -CONRGR; ; or RsR4 may.to'gether be =O or R4R, together
with the' carbon to which they are attached may form a spiro system of five to eight
members with or without the presence of heteroatoms selected from N, O, S=(O)n
(where n =0 to 2), and N-R;; and

Res 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,
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.

3. A compound according to claim 1 wherein the bicyclic heteroaryl group is

ZZbYJ (Wz) t
2\25 27 VW3
1-B

wherein
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6. A conpound according to claim2 or claim5 wherein
one of Z2 or Z3is N, 0, or S. 7. A conpound
according to any one of clainms 2, 5 and 6 wherein at

| east one of WL, W2 and WB is CR4AR4. 148 8. A
conmpound according to claim7 wherein WLi W2 and WB
are independently CR4R4. 5 9. A conpound accordi ng
tZ?aZD/arﬂ% #& u?deﬁbﬁ&er@l @’Ri ﬁ bOS7or\M]RI Sfd’\hdfedjehéof z10z; ié

oun accordin tOC wherein t=3
@emm ia bepded taghe @rea'mqﬁ%ﬂ@rmeleavlm 10 vvher e| n at

lW?SNz éﬂwmfar;}neggndenﬁ?C@R.‘ ¥lsagb,Yd, s8FR-AY; 12. A

onpound according to claimil wherein three of Z1,
Z?“Zé Y1, and Y2 are N 15 13. A conpound accor di ng

g aﬁ%zgﬂélrﬂ%\géﬁ&nﬂ? NZorat) ithGhé Qr&%oV’mStr lﬁhB atréﬂﬁalﬂf ring portion

are 1 ndep endent\lcé . onpound
é@&’tﬁ@?ﬁ'}c heteggarylgraup Repidazele el"§”?{°"2?(§'° fing PA"“°” may not

CRRREHAS a"%ﬁé‘déhﬂtd}ﬁe 'bﬁ a@R8rbth: ShARIER,SRA aHe Ft,%réﬁs

wherei n one of Y2 is Cand the other is N.
,Qeéﬁ?ﬁ)'ﬁlﬁlﬁjma%cordl ng to any one of clainms 3 and 10 to
15 wherein two of Z1, Z2, and Z3 are independently
CR2. 25 17. . A conpound according to claim4 wherein
three of Z1-7Z4 are independently CR2 and the other is

Q. A BomPoGriRetdRdineCaMih N@hérirtthaibibydlictetéloahyMyrblp is
wherein at | east one of Z1-Z4 is N 30 19. A conpound

according to claim 18 wherein Z1 is N. 20. A conmpound
according to claim18 wherein two of Z1-Z4 are N. 149
21. Ac E'Qn.eWaccordl ng to claim 18 wherein three of
Z,-7Z4 arg NY' ZZWz)(\ conpound accordi ng to any one of
clains 17%@;3MWwhi ch has the structure 5 A

1-C

wherein

Zy, Z,, Z3 and Z, 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 CR4Rs,.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;

Y; and Y, are independently C or N;

and Ry, Ry, Rs, Rg and Ry are as defined in claim 2.

5. A compound according to claim 2 wherein one of Z-Z; is CR;.
6. A compound according to claim 2 or claim 5 wherein one of Z, or Zz is N, O, or S.

7. A compound according to any one of claims 2, 5 and 6 wherein at least one of
Wi, W, and W is CR4R,.
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BS NO OQOR5 23. A conpound according to claim1l
sel ected fromthe group consisting of: 10

(5R, 62)-6-[(5-benzyl -4,5, 6, 7-t et rahydr ot hi eno[ 3, 2-c] py
ridi n-2-yl)nethyl ene] - 7oxo- 4-

t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d;
(5R), (62)-6-(7-Methyl-5,6, 7,8-tetrahydroi m dazo[1,
2-a] pyrazi n-2-yl net hyl ene) - 7- oxo-

4-t hi a- 1-aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c

agi dy camphunchasadrding(té Rlajm 7 wherein W;, W, and W; are independently
(6Z)C|i, Oxo-6- (5, 6,7,8-tetrahydroi m dazo[ 1, 2- a] pyr azi n-
2-yl rreFﬁ'yI ene)-4-thia-1- 15

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxylic acid, sodium
sgl t; 2 - (4- -4..5 o
271 o PR fecordina (5T pRE Y BERG2 5 17 wherein 1.3,
yl )] net hyl ene}- 70x0-4-t hi a- 1- azabi cycl o[ 3;

240] hept.-2- - CAk. i id, . diumsalt; (5R),
(g% i 6’?2“8ﬁ‘@sgﬁé%“r%gq'&%q&ré'ﬁ‘agg‘)f‘gfeﬂ %?[ 1, 4]t hi azi n- 2-yl
net hyl ene) - 7- oxo- 4-t hi a- 20
Lypzaby géﬁp_%%%éic%“iﬁé’{d daif'S oS REWNkLIeh AGLskt two of Z,, Z,,
(&L Y+.6endoYzar@MNaydr o- 5H- pyrrol o[ 1, 2-a] i m dazol - 2-yl net h
yl ene) - 7- oxo- 4-t hi a- 1-
aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxyl i c acid, sodium
stad-t; (\sm;npound according to claim 11 wherein three of Z;, Z,, Z3, Y4, and Y, are
(RZ) - 6- (5, 6-Di hydro-8H-imdazo[ 2, 1-c] [ 1, 4] oxazi n-2-yl m '
et hyl ene) - 7- oxo-4-t hi a-
1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid,
sofli u ' : . _
(B8 (5F i accgrding oy on, f g 99,175 2 iersi oo
nBhhk.cans) Wz aescipdependeatiy CRaFEabi cycl of 3. 2.
0] hept - 2- ene- 2- car boxyl i c -aci d, sodium salt;
(5R) (62)-7-Ox0: 6- (4, . o

145, 7.4 somRAYRf asprdingtogtaimst 3ypereindRais bl y | net hyl ene) -
4-thia-1 azabicycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c

a&it d, 'éodi um Scﬂil:t ; ,SRE , (62)-6-(7-Methyl -6-0x0-5,6,7,

81t et raffEPBURHRLERLBNG o Y AN &AM 3.apf 1/htedAyrhersiy one of Y,
3hd Y, is C -?]nd the otheris N. I . o |

7; -4-thia-1- - Di 3.2.0 t-2- - 2-

i é) )a(lgi % cg@lagmﬂ %cjﬂ%fq%giégan?/[one of c]aineéJ 3 and%geto 15(\::v%1rere?r)1( X:vo of Z,,
(BRaé Z) afe-ibdepenBittiydTRy. 4H- pyrazol o[ 5, 1

-c][1, 4] thiazin-2-yl nmethyl ene)-7-o0oxo0-4-thia-1 -

azabi cycl o] 3. 2. 0] hept - 2- ene- 2-carboxylic acid, sodium

std.t; A compound according to claim 4 wherein three of Z;-Z, are independently
( 5)%6 - 7~ Oxo-g- (4H 5-thi a- 1, 6a- di azapent al en- 2-yl net
hy e g QTS ¢-

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid, sodium
salt; . .

‘PA. " A compound according to claim 4 or claim 17 wherein at least one of Z,-Z, is
N.

19. A compound according to claim 18 wherein Zyis N.

20. A compound according to claim 18 wherein two of Z;-Z, are N.
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ne- 24 g sy lnk cI@FCJ ﬁO]h@ A -ene—2-carboxyh3 acid, sod|u$n salt:

5

(5R) (62)-6-(7H I m dazo[ 1, 2-c] t hi azol - 2-yl net hyl ene) - 7-

oxo0-4-this-1- azabicycl o[ 3. 2.

0] hept - 2- ene- 2-car boxylic acid, sodiumsalt;

(5R, 6Z) - 7- ox0- 6- [ (4- 0ox0- 6, 7-di hydr o- 4H pyrazol o[ 5, 1- c]

[1, 4] oxazi n-2-yl ) net hyl ene] -4

thla 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d;
36 7- D hydr o- 4H-t hi eno[ 3, 2- c] pyr an- 2-yl net hyl ene) - 7-

0X0d- 4- Agomppupd according to claim 18 wherein three of Z,-Z, are N.

bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxylic acid; 6-(6,

7- Di hydr o-4Ht hi enol 3,

22¢] t hiAcgeymayind agearging o anle pre obslaims-tt fo 21awhickahas the structure

bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d;

6- (5-Methyl -4,5,6, 7-tetrahydro-thi eno[ 3, 2-c] pyri di n- 2-

yl met hyl ene) - 7- oxo- 4-t hi @-

aza- bi cycl o[ 3. 2. 0] hept ~ boxylic acid; 15

2- ( 2- Car boxy- 7- oxo0- 4- tﬁla 1- az bdcyq#o[s 2.0] hept - 2- e
-6-ylidenenethyl)-6, 7- -4 enof 3,
-c] pyri di ne-5-carboxylic acid ethyg_ ester;

- Ox0-6-(6, 7, Rs
,9-tetrahydro-5kbinidazo[1,2-a]azepin-2-y|nethy|ene)-
-thia-1-aza- bicyclo[3. 2.0] hept-2-ene-2-carboxylic
aci d;

(98) ( @\Za o(xzd 5@{5@&% ?g@lan?n $ f%%%feal}yoqﬁ ﬂ'lergrgl% 8&1’]515% ns]of

pyra2|n

4- (ﬁRﬁﬁ?—)'ﬁ- b@nzdiré 5, B-tezrém}'@f@mefm{%ﬁﬁlm/rldmr'byimemylene] 70x0-4-
aci dm‘ S‘Flgié%ygf%i]ézqh(eéﬁz% yg é&é (pyri din-3-yl

rot |eno yrid in-2-

yl(‘-}ﬂ'?)ﬁ(é %(éN@}hWé%Z &1¢trﬁfe{dmuanziam[¢y’zea]pyrazm -20§limethylepe7-oxo-

-bCD\II\JS

G@dﬁq(é‘%%réxez é? éyv gﬁtr:grr}gg’royrklggzro[‘lo 2—a]pyrazm 2-ylmettl'§lzarrn=?)h -thia-1-
yl )]mbt&yélqe@}e]ﬁemcz-énetmcarbbxﬁmocxsalghﬁsa& 0] hept - 2-e

[
SR et 96 2eisrghydrthisner2-peyngr of
hi enﬂ)’]rﬁetﬁyl@hé}wmdmﬂ'ﬁ’a 1-azab|cyclo[3 2.0]hept-2-ene-2- carboxyllc aC|d
y|)] e}- 7oxo-4-thi a- 1-azabi cycl o[ 3. 2. O] hept -
51"%6%& ic acid. (5R), (62)-6-(5, 5-Dioxo-4,

5(ﬁ)?(@&(&@dhydr&%l—ﬁn’rﬂd’dz@@i-@I[’{SAIthléilﬁ—brﬂﬁ'nb %ﬁéﬁ7%xo-4-tma-
aza | of 3. pt-2-en

! e ebia s Bt Cie d cabaa(it scig sodi sa

( B5%), (6326~(B;7Bitry fro(BH-pyreolal tze&]rrﬁbyzvuzgmath kﬁéﬂ?-@x@hﬂwa-h

oo g e L e bl
g &Im)( m-ea(g(esommom hMHaz;Hg% 11Ccﬁal%xéilﬂ@ﬂﬁ%lf@l[én%)—ylmm-thla-
2 o] helosBBRA ahebPanny Ridremd e Sud sodm st
S(EQ)QBZPG{WB—mhyQDm—HHprdOIW 2-b]pyrazol-2-ylmethylene)-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-a]pyridin-2-ylmethylene)—4-thia-‘1 -
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
(5R),(6Z)-6-(7-Methyl-6-oxo—5,6,7,8-tetrahydro-imidazo[1 ,2-a]pyrazin-2-yimethylene)-
7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt;
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(5R),(6Z)-

6- (5, 6- D hydro-4H cycl opent a[ b] f ur an- 2-yl net hyl ene) - 7-
0xo0-4-thia-1- 5

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ acid, sodium
sal t;

(5R)(62) 6-(4,5-Di hydro-6-thia-1, 7a di azai nden- 2- yl net

2@%@ gz/ IZe ?éﬁaﬁﬁ) s ?)J'EZOR}{ 15cI[3, Ahisgin-?yimethyleng) Tpxps-thia-1-

sal azalfigR)o[3.2. 0]hept-2 ene-2 -carboxylic acid, sodium salt;
5@@@%@-@@[—%{Fﬁ-}‘;{%ﬁiﬁéﬁ@é}gﬁz?ﬁ&%léﬁBYﬂ%&hWeﬂézﬂri'raﬁi alp

ox 0-azahi¢yclold.2 Dihept-2yanieed-carboxylin @pid; Sediure-saltcar boxyl i ¢

(Bozr o8t i RoRab Aok 2 ymetbylene) T poaitig s, 5.

| meerhieyelol3. 2. 0thapt-2-anigi-2rcarboxylic acid, sodium salt;

@%ze?@.wm %((3'(%0 9@% ?y%zglg 52% én@aﬁé ‘iﬂl){neigrr%ene].d,_

hyI ém@)l -agabigyclo[8. 2 0]hept—2 ene—2—carboxyllc acid, . .
@?@Jgfc[ gH§ Qé&?? c]ayrgﬁ‘% %8%'%91@”7 og(oglct'h% 1 g?éj' um
3 way@iﬁ[ép%/ lagpit > pee-2-darhoylicradid,6- yI met hyl ene) - 7- oxo- 4

SR ohgt s o S MY 5,
1 b]cwsda[@ca Oleewzr@n togrhoxyiicanidi- 4-thia-1
Z@a-FélM‘é%gI@ ?t&ﬂa{h?gﬁ) tﬂleﬁ{))l@ 2 PRI WIhEthEhE)-7- 23R8 % Yik-1-
5, 6aza @W'M@]ﬁ@ﬁr%ﬁ@?-@ carlwpsupram n-2-yl ) net hyl ene] - o
X@(Z“tCanB Z@-ﬂox@@ﬁ’x’iéW %EQJbéﬂflgﬁsd gﬁ@hg 'Z-eﬁ %ﬁh&fz@%ﬁ&ﬂﬁb'?‘:

acid | soners
62) dti;w@r@ 4H-Hhierals. 8-Cloyrigipe Brearbpwylic agid[ethvi psterizi n- 2- yI m
-bxbxsn(e)'f 8,0Q¥@atydtdibR-ithidag[a Rk ﬂﬁﬁéﬁnﬁ-@ ylmethylene)-4-thia-1-aza-

2-ene- 2-car hoxyl i c_aci.
C S RPEoNiag BB RS iF 885 of 5. 1
(BR))(GZA)J«G%??BBHZS'BI: By, &f&r)ah?dr@?ﬁﬂdé]zd[h Q%Fp%/razm-z J'Imethylene) -7-oxo0-
aza tﬁ%%l ia%lcyclo}:;1 f thept ene caab h aclzlg s%(c:illuni saslto Ham

sal

( (5R)6206’26x066-[[5 (PyFidir By IMatBYIPR 5087 tatrathy Brothidnd[ 8 DLad¥idine-
pyr a

Py Sbnetilens Fokdu etk azabieyaiota 2 Olrepti-sne 2armpived
e(JSRaBZ)Gxgotd—&‘r{[aé(pﬁldﬂ'l sqcbawasnyusal,a 6,7t6fRhydrothieno[3,2-c]pyridin-2-

( 62&'}]“}%“]%}9}% g)igace%zfvaf cgcla!Sp%,pE\fphz-fne-Z carboxylic acid; and
y(ISREGZh—yI-@me@-{[B (pb{ényﬂacéhrl)al s,eﬁZtabanydebta{eao@ D¢ ppidin-2- en

oo B o) f%ﬂiﬁ'ace?iﬂb)%w@ S0 sl e

[(5R§(6ﬁ)-w05<’ﬂ lex8=4 5,6 7-tetrahydro-5x -pyrazolo[5,1-c][1,4]thiazin-2-
ne 7 0oX 4 th| ?zablc clo[3 0] hept - 2- en
)Wq a@go lg)éﬂ 3 2{0pept- ene 2- carboxyllc acid,

sodlum salt;
(5R),(62)-7-Oxo-6-(4,5,6,7-tetrahydropyrazolo[1 ,5-a]pyrazin-2-ylmethylene)-4-thia-1-
aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;
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5R), (62)-6-[5-(2-nethoxyacetyl) -4,

5,6, 7-tetrahydropyrazol o[ 1, 5-a]pyrazin-2-

yl met hyl ene] - 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- en
e-carboxylic acid,sodium salt. 5 24. A nethod for the
treatnment of bacterial infection or disease in a
patient in need thereof which conprises . providing to

S@Rj(G!ZTﬁSi-(elﬂ-Dmﬁbtﬁflmﬁ‘l',Ba—@ia%ﬁpellﬁtbleﬁfZ-?m_eﬂfym@)ﬂﬂ%xeh-thia-1-
o1, C

o Bl S e LAk

nmet Ipipbridongr di ng to claim 24 wherein t.he. coUpougg [ ,SA

: I . h . _
B RB b By oo Al BBy Bhe o84t 1-
P- 1 azhbinydm{BJZﬂ]néﬂtQ-érfe-I-?grbo%ﬂImmmS' ,goaiaAmi sratlta ::l ange

- c 1, ) 0 .
2@?&%&%‘%%%@&@3@6%&%@qd#a—%%ﬂgwe&y%\e?@xz**-th'a-1-
(3- Iaaalbiaynla{ﬁlz'.dqhéﬂti'zceﬁeaz-ch_ Xy Bediufm satSS t han
B et A sl Sl e
%@%ﬁ%&fé‘?@?ﬂ“ﬁmﬁﬁ oo ‘&t"‘f'”"”ﬁ?b’f?ﬁg?e?“ %"9 et
oS 2LEB P YO B HHD B2 Ul i e yenpial-gxar-hia-

t he 1.Imﬁ. Ic&clb@ﬁ.phapﬁ-b@en?—?ecdrﬁo)qiﬁ ?iﬂﬁ;leidnf r oimcé1 Pei lg:r i()ﬁp
SRR AR SO S BB bl
e 5,
ARG @ o B Se eRSia P i By BpfhyleBs TBr S ia-r-
whe razabicydiaf3 [2:0]la 2t - erme-2-aatbioky lintacid, isedipinaltaci | 1 n ?r
RSBt LA A Ry Sl
pi p@zakicydio[d. 2:iloept2-eneod-carbdxylis ackk sgdi_tuinesmt;
! . o
A e g i R L S e D R T
i s adhigxlyagabidyploBi0lhepbRened=darboxylin@ciddEi-éigomaral | v.

33. MixtbhassmaRWaltpal conposition which conprises a
phar maceutically '5 acceptable carrier and an

el @A) (8. tdib\yrto-Hr-ruragelafSolrali dloxazn-2uiimethylgse)a7-oxo-4-thia-1-
cl aigzBsicyclo]3.2.0]hept-2-ene-2-carboxylic acid;
(5R)(62)-6-(6,7-5H--Dihydropyrazolo[5, 1-bJoxazin-2-ylmethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt; _
(5R),(62)-6-[5-(3-carboXypropionyl)-4,5,6,7-tetrahydropyrazolo[1 ,5-alpyrazin-2-
yimethylene]-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
salt;

(5R),(62)-6-[5-(2-methoxyacetyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
ylmethylene]-7—0x0-4-thia-1—azabicyclo[3.2.O]hept-Z-éne-carboxylic acid,sodium
salt;
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in any one of clains 1 to 23, or a pharmaceutically

"acceptable salt thereof. 34. A conposition according

to claim33 further conprising a betal actam
antibiotic. 10 .35. A process for preparing a conpound
of formula | as claimed in claiml which conprises
subjecting to reductive elimnation a conpound of
forrula I[1: PBr x A1 NORO 15 !1 wherein A is

?{g r@?e%@ﬂngma% aﬂ:e&h)a% %%-te%?ahfdrgpﬁéz?'f?n B_&jpyrabin-2-

est
Cri Ylmethyianel Byt ibie-Tndsbieyoiola 2 Glapberaneceagbanyfic acid,sodium

follgyed if necessary by renoval of the protecting
group, to give a conpound of formula I wherein R5 is
hydrogen; and if desired converting to a

pBar Maoe kit for tAE GRBAEHtSof Hhctetal inféctibh @ru.@édserm a patient in
V\/nereln R5 is Cl -C6 alkyl, C5 - C6 cycloalkyl,
chrgd dbereot whigh Gemprisss providing to said patient an effectlve amount of a

compound of formula | as claimed in any one of claims 1 to 23 or a pharmaceutically

acceptable salt thereof.

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 B-lactam antibiotic to the

compound is in a range from about 1:1 to about 100:1.

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
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,
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 amoxyeciliin.

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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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 I as claimed in claim 1 which

comprises subjecting to reductive elimination a compound of fomula II:

v

O\ii
L

wherein A’ is A or B as defined in claim 1, 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 Rs is C1 —C6 alkyl, C5 — C6 cycloalkyl, or CHR;OCOC1-
C6alkyl.
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