10

15

20

25

30

35

*159159* PROCESS FOR PREPARI NG 6- ALKYLI DENE PENEM
DERI VATIVES 5 FIELD OF THE | NVENTI ON Thi s i nvention

relates to a for the production of
6- al kyl i dene %ﬂ@mﬂmmtlves that can be inportant
as broad spec actamase inhibitors and

anti - bacteri al age‘r‘i?% 10 BACKGROUND OF THE | NVENTI ON

13- Lact amases are enzynes produced by the bacteri a,
that hﬂﬁbeg‘ééq:&z P’R‘E#ﬁﬁhﬁ‘%ﬁ”%‘;ﬁéh&% ﬂﬂiggﬁﬁgéﬂvss

Pen|C|II|ns and cephal osporins are the nost frequently
and wi dely used R—IaMt' n the clinic.
However, the devel op f l-’-g-&ip—'go (3-lactam
antibl bl CS b di ff.er at hogens

o't ect TR Mo 9otRG A aBVeL PREGES (oe O B RRHGIeD S0 akylidene

bpehem idelivatinéettiat oarsbe (pdrenasas bisad Ep@@tfdm @Qécﬂamase inhibitors
20 1995, 4, 693; Sutherl and,

I nvest. Drug

|ﬁ'f‘§éf‘ﬁ"8ﬁ°ti'gﬁiége§f§ (4) 191; Bush, K, Cur. Pharm
Design 1999, 5, 839-845) The nobst significant known
mechanismrelated to the devel opnent of bacteri al

resi stance to theBACKGROUNDOF FHEtINVENTIONNE
production of class-A class-B and class-C serine

(3- Iacbqrm%seIae@en%rﬁéd&@Srb9% Bélﬁer(%’thdt‘f\ pke B-

anthIOtICS resutlnglnt e OSS of anti acte
alactam ertibigtics 28 As &gk Ferye 26 the Riraary eause pgfbae;aﬁnabneylztance

PeRheililnk iaRd c@ﬂ%l@sp%ﬁnpal%stﬁe ?nds?ﬁ @g@gﬁlg%na %@e d)?%sreﬂ f-lactam

substrate profile tfavoring cepha ren
( Bnﬁmotlcmn theplinicy Homerer, thmelopmentﬂomesismt:é td Rastam

AR BT Nl eligRos b g aemepBa SR A Bhihitng he
Deﬁectlve)ltreawm of Bagteral infectiohs. (ErlemabpKnExpdrh®@eit Invest. Drugs
Drygs, 42869, Stﬁl@la}wdaﬁdlnﬁb%ﬁwé% %?g%lefbf Blush, K lr. Pharm. Design

generation broad 30 spectrurm act anas'e
i ARDDHIS 83%-84@61&1@1"?@ sigri§tant known m&ctlamsm ralatadljo el cs

c niste
( B8}l 3F Baotan EGMERSS Xuf R FHoRes < Bsmpaedon o
Whlash-Al olhsHBtandtdiesseC eem;erm%ta'ﬁimes orrhﬁe:emﬂyhues degrade the B-
act nh bi.t ors VU n| C
aC| GA "égé@mlffbrgéwg °§§(9632tfb eé'PE ‘gil%\ty 9&1a Thispgymes
agedferentially hgdrozp Ipedlad:IInB gvheat &oQkss-C lattaniaeBdRAiE a substrate
profile favoring cephalosporin hydrolysis. (Bush, K.; Jacoby, G.A.; Medeiros, A.A.
Antimicrob. Agents Chemother. 1995, 39, 1211). To date over 250 different B-
lactamases have been reported (Payne, D.J,: Du, W and Bateson, J.H. Exp. Opin.

Invest. Drugs 2000, 247.) and there is a need for a new generation of broad
spectrum f-lactamases inhibitors. Bacterial resistance to these antibiotics could be

greatly reduced by administering the B-lactam antibiotics in combination with a

compound which inhibits these enzymes.

The commercially available -lactamase inhibitors such as clavulanic acid,

sulbactam and tazobactam are all effective against class-A producing pathogens.
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The nechani sm of inactivation of class-A p-I|actanmases
(such as PCl and TEM 1) has been el ucidated. (Bush,
K.; Antimcrob. Agents Chenother. 1993, 37, 851,

Yang, Y.; Janota, K.; Tabei, K.; Huang, N.; Seigal,
MM:; Lin, Y.l.; Rasmussen, B.A and Shal aes, DM J.
Bi ol . Chem 2000, 35 26674-26682) However, these 5

C oun sarelne Ctl i nst . cl ass-C uci n

o R e B ofyckvaton el FrS0d e aes (i Gl ad TEM-1)

wihias bemélueﬁdbietin (Bugh, Ki; Gaitinidrob. Mge&wchémbbheﬁ beﬁlcﬁﬁ g51;
nd t azobactam w t h pi peraci | | EP

Ll
W@Ma\gpé%wtﬁwﬂa KsnHuang, pa %G'QQOMMﬂmEW@Bfeme@en B.A.

V\en8 ehaidee 0.M:R. Biol, Qﬂ%nf’%dal% %634%38%%%%%3%
042 515 A, EP Q 087 792 A, EP 01

1 5ampagndscase inefisgiiupAgainstelassn S progducingrorganises Clavplagic acid is

3R
851?)% glzé%rréﬂﬁ%é%ﬂ g\grtgéa%gog%cﬂhn Er?dpﬁ%é&%@%%gﬁarly@lbactam with ampicillin

3 fN¢ &robactep with pRaragiing  Ep 87 300193. 7, WD 93/ 03042,

VWRr 640 Ea8, BAD 1Q§GZ§R3EP@%G%19@P16211%69"W@ @ﬁébszs EPO
substituted nethyl ene) - penem ad?_sé: | act amas

> R3 HB3 b Ce ol S LA GRS koS A G5 087 T8 AR 0146 308, A, GE

pmemsnm EP 85505840A £ ubsﬁgzetéwbef@bspéﬁ%ﬁ%o%@& 9 EP 84

g ir_internmedi ates. According t at ent,
(1o BB %) EP ERIN 5.k b3t o 59 305504 EP 65

staerww DS 88 3 e NEP §7 @mmnﬁtvb@mmw' W@tbzﬁﬁ)m WO
enem 3- carboxlateAand an al ?/eln t he
en

plgéé?@ﬁég apd VW9 881 684 élSﬁle%Fgéﬁﬁlsb%t}m ragthy e)-penem as -
N jReEnAde lhhbﬁ% Cﬁpb%ilgﬁﬁﬁfmsc%sé id ;El"ol:’égs f§>r pr%ﬂanntgh -

blStI‘IﬁEt ylsilyl)amde at -

SBwfqdrmgthwﬁa@)e@@emr\déh@r VTthﬁ@dl’aéQﬁu Adeoagling to this patent,
ekh@&dh%d&ﬂs%? Sé]wéi‘é‘!‘f@rnﬁ:l@f‘ﬂen% &ea&ea %9% fbérfm&r sroPeg’msqamng

n the ratio of 5:1 respectlve

BToB} PSP BPTUER 85) SHErDPRGNER)-3- O@rt@wma& a7d 2n aldehyde in
LitdMBre6dide SFQBIrdfhorit réhgeRtdBsiichRsBb RQItYREId¥henyl amine or lithium

bis(trimethylsilyl)amide at —78°C (Scheme 1). The third step of this process,
namely the reductive elimination step gave E and Z compounds isomers D and F in

the ratio of 5:1 respectively.



(CH3CO) 20/ Pyridine Ar QAc Br Ar S ON O N COOH
cooPMB G C Zn/CH3000H Ar \ SAA \' S OO r- ~f
COOPMB COOPMB 5 : 1 F D SUMVARY OF THE | NVENTI ON The
present invention relates to a process for the
preparation of congeswch of 5 formula A BS NI O O
O RS -3 wherein: one of A and B denotes hydrogen
and the other is an aryl optionalll%/ substituted with
one_or two R2, heteroaryl optionafTgy substituted with

Br, . !
one "6t 2, fused bicyclic S
! P ArCHO Ar NI p
. .
0 = -78°C/LiN(Ph), 0~
COOPMB | iiMDS/THF COOPMB
A B
PMB = p-Methoxybenzyl
(CH3C0),0/
Pyridine
Ar OA(B:
13
N S S
Ar
p=v IS v
9) o)
COOH COOPMB
G
- c
Zn/CH3COOH
Ar
ﬁ;fs )
/ + N
) NQ )
COOPMB COOPMB
5 : 1
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SUMMARY OF THE INVENTION

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

5 formulal
A
B” Y S |
N (¢
0
O.
Rs



10

16

20

25

30

5 heteroaryl optionally substituted with one or two
R2, fused tricyclic heteroaryl optionally substituted
with one or two R2, cycloal kyl optionally substituted
with one or two R2, alkyl optionally substituted with
one or two R2, al kenyl optionally substituted wth
one or two R2, alkynyl optionally substituted with one
or two R2, saturated or partially saturated
heteroaryl optionally substituted with one or two R2;
anwhenrdinr ein 10 any of said heteroaryl nvieties

S et P8P sivatee ATRoRD g0 sSSP s 3 dptioply.aepstiated with
aldngl or 1@ R, Geterpatybapiiofally @ubsHiR30 MG lorftat d Rgrfuged bicyclic

Wrggrg()t Ip&?ﬂjﬁll S%Bgch{l Mtggga(? Cﬁarl l‘%"pt zgfff%qtc{j tricyclic heteroaryi

S ldmmbmdllytsﬁdstlthteti avithaong! or(Nvo IR3Nycivalkyi @mhawy Sidstituidemth one or

I tituted
3*" :fﬁam' Fjpue V't%i%g ﬁi?f"e gbﬁ%ﬁaﬁ Lwﬁtoﬂe'm Wpstituted
alwithnne w two Haealkmyowpmatmatmgmwcw'thtdm dptmi R [D&fdrated or

nor_ .t he | nd sho Jd t the on
o ol sehirRed gefRgtaril SatoRRBCe BT ateer e Ko and wherein
sdngt oft Baldghetlerdakﬂomoetlw |c\mta$ﬂr@ R Bwiotmggl aton |n’}éy| Ibe optionally
fitute or_.ar ere pis , optionally
t%@g’ﬁ't’t'tﬁf’eo& Sa'@@ﬁﬁne? o%i‘y optionally substituted
- C—Oaryl optionally substi t uted - C=Cal kyl,

T8 G LRl G4 L2 SRR bPRHRCRILGRIRN Yo s rere

het erocycl es, optionally substi t uted C1-C6 al kyl aryl,

R e A A S FS——

Slﬂﬁ&roanyt emt 2forioetoer biayalic - €atufaied kiydterooydliésonaptiohally substituted

ﬁ gé&glﬁaialk@ b ﬁgﬁl%lﬁsgﬁﬁﬁﬁt ?Lr tcﬁ:{tlgﬁﬂg ; yy%%.@%@ fa‘?lgrpyls with the

t Pradse e meitherolivs, dw@ta\lmﬁmor theaapRaRNd shpliidobalptesent at the

AR RRACY STICHPIED RNy o et deBdmictbaik, -s o)

- amtlynalm autkgiltutﬁttaalkxbawlarylopher@nal lisy BRAbstaptionadly substituted -
ard"‘(%%f@f‘o%%yl {b&kh&l}%uﬁéﬂ&&iﬁstéiéﬁﬁ opti ?naély Fjbstituted -C=Oalkyl,

het er oaryl opt1 on y su
ar%ﬂ"'@&%}%(r%}-lbs tymdl Siraygloalsys phtianatyl sebsfidey h@?@rmemcy br bicyclic

ggsta:ttgﬁlglb:ri/éte;rg%éélst 'dF)ﬁ’tg'n @15%6 ﬁ.I éc}/ b”}rdé Qf%ﬁy optlonal‘y substituted

eroa

offt1-6Raalkyheteioped, |QR§@B@!|Ya$UQStlfatqdy @;Léﬂ%(ﬂa&m m@@pnally substituted
O et &IBaYy -8 1 BERRY, toﬁ:ﬁu&‘fgbl lsh?%ﬁﬁ?cr@é RATYS allﬂo fbROR ! tb}f:'ycl c saturated

substltut ed ary ox ca pt1ona subs
rgWsoggtlm}lbgugﬂtltute amﬁalkegnylrgfc& @gtﬁhparbpn iaponad, [-QONRgR,

SHQ@ZNFQH eGpfidr S;Hbéﬁ&gtedo %8'%%?{‘2% %ﬁkhéw §Sbstritsd -alkyi-o-

al kenyl | optl ona stit
haleanl. optionslly Nsmwtedaptall@h@rallwl heighearylt uominally: GBibstituted

opz{??qg%ygllkpgd;%b’ﬁénalf?ptéﬁ%ﬁ'ﬂukéﬂ SHORHahESEIKG Y loptionally  substituted
aryloxyaryl, optionally substituted aryloxyheteroaryl, optionally substituted C1-
C6alkylaryloxyaryl, optionally substituted C1-C6 alkylaryloxyheteroary! , optionally
substituted alkylaryloxyalkylamines, optionally substituted alkoxycarbonyl, optionally

substituted aryloxycarbonyl, or optionally substituted heteroaryloxy carbonyl;
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5 heteroaryl, COOR6, optionally substituted

al kyl aryl oxyal kyl am nes, optionally substituted

aryl oxy, optionally substituted heteroaryl oxy,

optionally substituted C3-C6 al kenyl oxy, optionally
substituted C3-C6 al kynyl oxy, Cl1-C6 al kyl am no- Cl1- C6

al koxy, al kyl enedi oxy, optionally substituted

aryl oxy-Cl-C6 al kyl am ne, Cl1-C6 perfluoro alkyl,
S(O,-optionally substituted C1-C6 akyl, S(O) qg-

oRt ii&)riutitogeeu loptiortally essibsifuteedy C 14@6aékyl) optiofallylsupstitited C2-C6

SUEStil 't R t%lﬁgg %P%lrty dcdfk:' 6onam H@B%?'? t 2 onﬁl IJ#G optionally

asulistitulad C14636 alsoxy, Ideuhsmptmualbjdsmtnmd aryl optlonally substituted

R T T AT -

aSWtutuMarybv(y knp(tlpnallycsubaﬁtutedthebbrhmtybmcgpmbaaiLy substituted C3-C6

5N g b BBl 5. Mo

aaltbxy, kglkyiar}e]moyl opmlpnalkynadlbsjlttsed)s!rylbxu-ed C6 alkyl amine, C1-C6

aé%(rjgfr?&gé?%l/ A (93€5¢t%3wt¥ bnigﬂ?éd éﬂﬁ?'ﬁht%g)q optionally substituted

aalyl wbheer vl is Gpt‘ll onadl ICONRERt | guamdino or cyclic guanidino, optionally

SLHSAELI Y b MELD BT, loeat eaigpo 1
aaiyylb&t?mayﬂ'l,, ogﬂinrlaﬁy]ahbgtltlﬂeldbé'letetruar&HCCMKyl optionally substituted

ab‘fﬂbaréf% %ﬁg e{)ro %éJc ic s%%rja% aI l yeroc%%@ét ! tébtﬁ%gally substituted

aryl oxyal’kyl, t Of
hatyaikeayly | Qfxy&l Ittyl 160rcadmn| oatatrisy SmNRbe;st iopticreatly  substituted

%&Hl@@ﬁ&& oaﬁé o] Jp ?@3 d"Y Ug8 R 1'%ioﬁglk(yyl substituted

omtemwlmgyalkwbsmtlpualtvd mnw y laryl@yanG anntlolﬁﬁll)ar substituted

0 E’ﬁl onal | q%ta'-%, udl?tsl? Iﬁ?tg{ég]B&g{]%d%ﬁbérg%&%lc%p%ﬂ% %Mbﬁ't”wd C1-

0]
alkyaaryioxyasy petienally sytaﬁé@teﬂ LFE%@B@!"W’@WEFOWM optionally

0 Y u I
SS%%S?F%({ eaar?l%?ﬁlﬁ% aﬁo%ﬂo@em% ?uﬂc%tﬂt%d;gﬁét%awl%yalk){l or optlonally

iUt@Gt“ﬁq@'kylﬁ'é’ioé‘V@JbY'W'“e% and R7 can be toget her to
forma 3-7 nenbered saturated ring systemoptionally
havi ng one or two heteroatons such as 30 NR1, O,

SBs i Nvaragen, 616 aliylaChreeislaabivh optionsly syksftited aryl, optionaly

cglr,}ggqﬁﬁédwgetgfbaﬁpproprl ately substituted al dehyde 17
17 -5 wherein A is A as defined as above when

B IS hydrogen, or B as defined above when Ais
hrdr f@EW, are independently H, optionally substituted C1-C6 alkyl, optionally

substituted aryl, optionally substituted heteroaryl, optionally substituted C1-C86 alky!
aryl, optionally substituted arylalkyl, optionally substituted heieroarylalkyl, optionally
substituted C1-C6 alkyl heteroaryl, Rs and R; can be together to form a 3-7
membered saturated ring system optionally having one or two heteroatoms such as
N-Ry, O, S=(0O), n =0-2;

said process comprising:

(a) condensing an appropriately substituted aldehyde 17

A'-CHO
17
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wi th 6-brono-penem derivative of structure 16 Br.. S
OR O 16 5 wherein Ris p-nitrobenzyl, in the
presence of a Lewis acid and a mld base, at |ow
tenperature to forman internedi ate al dol product 18
HOBr S A NOR O18 10 wherein A and R are as
defi ned above; (b) reacting internediate 18 with an
acid chloride or anhydride of formula: (R8)Cl or
(R8)20, or with tetrahal onet hane of formula: C(X1)4i
awthr’gihizip memlflsl definsghs al@ovleCOwHiE&fXBiis_rhﬁgodeﬁs\i ol B b g@ﬁri\ed above
ar a ) or ary Y X, is Br, I, or ; to
f%ﬁf?ﬂgééwér%%ﬁdoi ate conpound 19 RO Br S AN O N O-R
QuitH 6-brdrrs-penemiYerigatife opstredtrevderein R, X1, A" and R
are as defined above; and (c) converting the

i nternedi ate compound 19 go the desired formla I
compound -6 wherein R5 is™ a by a reductive

el imnation process; and if, ' converting to a
pharmaceutical ly acceptabDé’saIt or 6LRn ester
wherein R5 is C1 -C6 alkyl, C5 - C6cycloal kyl, or
CHR3000C1- Ceal kyl . 5 This inv%gtion al so provides the
6- br ono- penem derivative of stfucture 16

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

temperature to form an intermediate aldo! product 18

H

. »S
A Njﬁr
- o

(@]

A

wherein A’ and R are as defined above;

(b) reacting intermediate 18 with an acid chloride or anhydride of formula: (Rg)ClI or

(Re)20, or with tetrahalomethane of formula: C(X,)s, and triphenyl phosphine,
wherein Rg is alkylSO,, arylSO,, alkylCO, or arylCO; X, is Br, |, or Cl; to form
intermediate compound 19

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

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

-6-
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Br.. O OR O 16 wherein Ris p-nitrobenzyl used in

step (a) above. This invention further provides a

process for the preparation of the 4- 10 nitrobenzyl

(5R, 6S) - 6- br onopenem 3- car boxyl ate of forrmula 16 which

conprises the followi ng steps: (A) (i) reacting

6 am nopeni ci |l ani ¢ aci d vvith hydrobrom c acir, in an
ani.c _sol vent formthe 6-

A Re & nyr%gn%ry/a g ”6""’5/ ti9R PIRLGSS: Iqnjinlpdeswed converting
C don el @hhmﬁnj:enhcausi abteptanle salt ot toaini exter@iréreld RIS CY at;eww C5-

obeaeeEnd SRR R ORI Cbenzy - using

4-ni trobenzyl bromi de in the presence of base in an

or gani ¢_ saol vent (B) .oxi di zi the 4-nitrobenzyl
6. br omIBENMATPA Ak 90%a5 he BrTSmorRN PO SeGH Hructure 16
bronopeni cillanate 1-oxide 23 0 Br/S N O'~"000R

Br., S

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

This invention further provides a process for the preparation of the 4-
nitrobenzyl (5R,6S)-6-bromopenem-3-carboxylate of formula 16 which comprises the
following steps:

(A) (i) reacting 6-aminopenicillanic acid with hydrobromic acic* in an organic solvent

and water to form the 6-bromo derivative 21

Bry,
%,

S
’ *uy, /I//

S

“,
“Zc00H

21

and (ii) converting the 6-bromopenicillanic acid 21 derivative to the p-nitrobenzy! 6-

brompenicillanate 22
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23 10 (C) refluxing the 4-nitrobenzyl

6- bronopeni cill anate 1-oxide 23 with 2-

nmer capt obenzot hi azole in an aromatic solvent to form

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

4- (benzot hi azol - 2-yl di t hi 0) - 3- br ono- 2- oxoazeti di ne- 1-y

']-3-nmethyl but-3-enocate 24 ; 15 (D) dissolving the

4-ni trobenzyl (2R) - 2-§£ 3S, 4R) - 4- (benzgt hi azol - 2-yl di t hi

0) - 3- bronp- 2- oxoazet i ne- 1- t hyI but - 3- enoat e

24 in an organic solvenf an i an organic

tertiary base to form

4-ni trobenzyl - 2-[ (3S, 4/4? -4- (benzot hb,;zol 2-yl dithio)-

3- br onp- 2- oxoazet i di fe- 1-yl ] - 3- net hyrQQQB 2-enoate 25

20 (E) converting the

4-ni trobenzyl -2-[(3S, 4R) - 4-( zot hi azol -2-yldithio)-3

- brono- 2- oxoazeti di ne-1-yl ] =S=net hyl but - 2- enoat e 25

t whreimRtis pinitrobghzy? - UsirgSs-ARbbEnAyIbedmidd in the presence of base in an
oxoazeti di n-1-yl]-3-nmethyl but-2-enoate 26

forrnglt I t2
b§}g|a 'zgcslovﬁa in an aromatic -8 organic solvent in the
presence of an organi c acid, acetic anhydride/ or gani c

d agfb%zﬁ nt?ﬁz&i@b&o%ogﬁme Igrleq%_é ég é‘? E:%%pﬂrlﬂ?rgbéintzyl 6-
4bmrﬁdp@h@mélyéte 1-oxide 23
2-[(3S, 4R) - 3- br ono- 47orrrylth|020xoazet|d|n 1-yl]-3
5 net hyl but - 2 enoate 26 being taken up in an organic

solvent at -70C to -90 C and omoni zed oxygen being
passed through it foBr/,3 to 4 h|£ f ol powed by

| ntranol ecul ar cycliza ¥ phosphi te reagent
to form 4-nitrobenzyl (pR 6S)}- 6-br pitepenem
j .he process may be

3-carboxylate 16. 10 9
carried out using th Aol | owi ng step% gtep 1

Di ssol ving 6-am nopenicillanic acid G°n an or gani c
sol vent (preferably nethanol gr THF) and water to
formthe 6-brono derivative i_21__21 the presence of 48%
w w hydrobromc acid at -10 C to -30C and sodi um or
potassiumnitrite 15 solution. The 6-bronopenicillanic
a(ﬂ:)de&]xmbembwamiru@enwlmblronﬁfpambmaﬂ\ai@|1&Ix&ﬁ; Zywithsd tu

converted t N trob .nz 6-.bro

Ol nt b Sie b7 B SHPee shvers FTLE Bleb b SR 23S 4R
baqesnzoth.azroow&nhm)iaaﬁemo(zpcmfa@étmmey1 -?IF-Geré\fhﬂbut-B -enoate 24 ;
pot assi um carbonate) in an organic sol vent

(preferably THF or DMF). 20 Step 2: The product
4-nitrobenzy| 6- br onopeni ci | |l anate 22 obt ai ned by t he

pr ined in_s can_be isol ated or

P ISR omradhe S o DR 2SS AR heeRIo R aldtie)-3-bromo-
1Zwbék%tlaiﬁemnyl}@-%&mt@éndate 2 ﬁtaﬁbréanlé Q&U&ﬂt arid reacting with
formati on) oxi di zi -ni trobenzy

648 PEﬂ?BEéﬁT“éM baggdp dorm %mfreeerzzy' %i(?’§g4%rﬁ7(q€ﬁ%ﬁﬂh'az°"2')"d'th'0)-

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

(E) converting the 4-nitrobenzyl-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-bromo-2-
oxoazetidine-1-yl}-3-methylbut-2-enoate 25 to 4-nitrobenzyl 2-[(3S,4R)-3-bromo-4-

formylthio-2-oxoazetidin-1-yl]-3-methylbut-2-enoate 26 by reacting in an aromatic
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oxi di zi ng agents such as 3-chl oroperoxybenzoi c acid
(ncpba) or hydrogen peroxide. 25 Step 3: The product
fromstep 2, nanely 4-nitrobenzyl 6-bronopenicillanate
1-oxide 23 can be converted to

~ 4-nitrobenzyl (2R)-2-[(3S, 4R) - 4- (benzot hi azol - 2-yl di t hi

0) - 3- brono- 2- oxoazeti di ne-1-yl]- 3 nmet hyl but - 3- enoat e

g‘rgg%a rsgl&éﬁ%h rﬂ% é'egér{cfe%k? obe%an@ g@ Qhﬂdhh@/%?é%}lc Eertlary

nerca I'n-an aro
sleAsgeand trigyl (op trisfrg rpabmhnteoatdmm ab:putx-y PtEdy abe@ -30%@; 4:
The product fromstep 3, nanely
4-ni trobenzyl (2R) - 2-[(3S, 4R) - 4-
(tEéﬁaldt%mlt{QanxL 3*[(68ﬂﬁ)—@)h@mbfﬁeiwnﬂtmaﬂ(eaz‘aﬂdimel—vl}-94 ]

St AN 8y BB % "
upEnmized axygeambeing passad tiwoggnit fort3stot4i tmsyollmwad by intramolecular

( WCﬁéa%oﬁ Quls%gtar ﬂmotsBM&e%@aBéﬂt tgtfor%@h‘?r'%eﬁz?/m @é)tg Erognopenem-

43-natbm&iaﬁezl§ 2-[(83S, 4R) - 4- (benzot hi azol -2-yl dithio)-3
- br ono- 2- oxoazeti di ne- 1-yl ] -3- nethyl but - 2- enoat e 25.
Step 5: The product fromstep 4, nanely

AConven@Endn the pracggsItaylhd) eatri¢d entaediny thz dbllowing steps:

2-yl dithio)-3-brono-2-oxoazetidi ne-1-yl]-3-nethyl but-2
-enoate 25 can be converted 10 to 26 4-nitrobenzyl

2 _f_g@& zﬂiéso&idy@-amribpémmﬂaﬁlt ltid- m-inmn@zgﬁrilcdidi\reht Wréfeﬁably

ar r out e reac in
PO HIS e Ve i e B Pl denVetyRr b fH8 irSediive of
pm%enwmyafobwmmmmm 10t ¢o (poef @fdaehiajmﬁ OF potassiin Hitrite
{Jtﬁﬂ%ne—@'l %grro:n?q%%m%{} r%g Iflglf.‘l r Inﬁ}g%ﬁ&é &f %rtg lgglgtbeld or insitu
( &Srﬁéﬂé@m thetp- Nmﬁﬁﬂymmdﬁﬁllaabte'zwuﬁé Jﬂ-nltl%geﬁylbromlde in

r ef er abl ternative
P Gfirine o5 Pl toPes bnoRADE e eh (rePERULS LR pebotassium
Searbemdtepih ancogaret Solent (refePaPTAE o2 BMM). 26 Wi t hout
isolating the internedi ates: Product from Step 2
nanely 4-nitrobenzyl 6-bronopenicillanate 1-oxide 23

wsfjg@ Thiz(proehaat Uerdtrotienby! Mrompbedﬁamé‘l?aabﬂglﬁheﬂ by the process

re mat i c. or.ga sol v refe

" viaStL A P B b e o e P iftoef o % Pleertih«

t btoertdpﬁh&manaeat-oﬁhdm inZkk §arhepof(. etsr?];ﬂd fﬁ’eg;uerﬁfa?]fbl‘rmatlon) by
eactlon mxture is charged wt an

o Pyt B (G pirebP s L Ppriasemaloe dy o E S e e

( aMeking agBAMGLCH a3 _3- ohlbrw%ybénicﬁé Adi@ (et er h){drogen peroxide.

(preferably pyridine) and a'trialkyl or triar

phosphate sequentially at -10 Cto -40 25 C
Step 3: The product from step 2, namely 4-nitrobenzyl 6-bromopenicillanate 1-oxide

23 can be converted to 4-nitrobenzyl(2R)-2-[(3S,4R)-4-(benzothiazol-2-yldithio)-3-
bromo-2-oxoazetidine-1-yl}-3-methylbut-3-enoate 24 by refluxing 4-nitrobenzyl 6-
bromopenicillanate 1-oxide 23 with 2-mercaptobenzothiazole in an aromatic soivent
(preferably toluene or xylene).
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Step 6: The product 4-nitrobenzyl

2-[(83S, 4R) - 3- bronp- 4-f ornyl t hi o- 2- oxoazeti di n- 1-
yl']-3-net hyl but-2-enocate 26 fromeither step 5 or from
t he sequential conversion was taken up in an organic
solvent (preferentially ethyl acetate) at -70C to -90
C and 30 ozoni zed oxygen was passed through it for 3

tQ. 4 foll d by int I lar ¢ [ L.Q si ng

- Stsh 2The ForiFam Hep BLraPan iy esrel gD Bhes AR Te)

Tiisenzobiéizok2-ylditRiof3-brdmeRexaizetidine-1-yl]-3-methylbut-3-enoate 24 can
brormlgenem r bax was crystallized

(5R, 6Sé- 6- 3- C | ate 16 ]

[ PoRtes VR IMATLI9RRS SRR {RrefarmBly Tokisanor Xylpar) artursnggaction
I QlitAtafDrg4hid feetiHp BRE(PELfERBIYRESIRYIathNRY at bt letM¥eRfure gave
5 for I% 1 afm):: SNOquOO?r, rJ%\»{16 Anab?%. 9
TSR s 8- paoltigeg Sy bihiey ttsome gionoazetiine- -y
PhRBIRIH2hdate 25e conpound represented by the

formila 16 is an internediate useful for the

preparation of 6- (substituted nethyl ene)penens of

g & Thepreduat rom 5pd)Pa H%bé%—?&@@ﬁtﬁ@-@}b\ﬁ&?&hiazol-
formul'a 16 is a crystalline derivative (X-ray powder

d 2Aidithio3domarapragetiding- ¢-yliSvaathylput-Rengats| 25 can beteenverted

c Lk . iR Lat ot e I ]
1026 it bEF IS B4 Bl B EiTRAHO% B BRI 3 i Somethyout
TReenoatemY ¢aryingaauh thef reaeliondo @p @erdatisf organic Solvent! (arefedably

4IRS oS b gt dropik it pre BN BC ki) ocptc
wianhydride/ orgppic sgiHanbese (nrefiesatily pyrisiinel Ao Hiadys o tdedyl pribsphine
. . dal yRtelp) o
SRR on R 9 301 Bho 307 82 1680
(preferably 20 anhydrous MgBr2 or MgBr2: HOBr S A O

NAQeJﬁerthivé'gmbodiment of the present invention relates to the sequential

conversion of compound 23 to 26 without isolating the intermediates:

Product from Step 2 namely 4-nitrobenzyl 6-bromopenicilianate 1-oxide 23 may be
reacted with mercaptobenzothiazole in refluxing aromatic organic solvent (preferably
Toluene) preferably for 1 to 3 hrs and treated with triethylamine at 0 to —20° C for 3
to 4 hrs. After this treatment, reaction mixture is charged with.an organic acid
(preferably formic acid) and an anhydride (acetic anhydride), an organic tertiary base
(preferably pyridine) and a trialkyl or triaryl phosphate sequentially at —10° C to 40°
C.

Step 6: The product 4-nitrobenzyl 2-{(3S,4R)-3-bromo-4-formylthio-2-oxoazetidin-1-
yl]-3-methyibut-2-enoate 26 from either step 5 or from the sequential conversion was
taken up in an organic solvent (preferentially ethyl acetate) at —=70°C to —90° C and
ozonized oxygen was passed through it for 3 to 4 hrs followed by intramolecular

cyclization using a phosphite reagent (preferably trimethyl phosphite). The product

-10 -
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etherate) and a organic tertiary base (preferably

Et 3N, pyridine, dinmethylamno pyridine (DVAP), or

di i sopropyl ethylamine trialkylamne) in an aprotic

pol ar organic solvent(s) (preferably THE and/ or
acetonitrile) at tenperature -10 Cto -40C. The - 11
i nternedi ate al dol products of general fornula 18 are

f [ V) e g,
RSB ERER B bt Epdn s hon SR e ot UhBeEy B

t eihylacetateslmxade.i de to a trlfl ate or tosylchloride to a
tosylate at 0OCto - 10 Cin the sanme pot; or, if
fornulae 18 is isolated, it can be converted to a

hdhe gesediinvendivn atsobglatesdo thencprbpdlBidwepresented by the following

t?otrﬁ'nﬁ,;a(t_ufm hane and tri phenyl phosphine at room

enpera e in a suitable organic solvent preferably
CH2Cl1 2. Step 8: TheBtj nal ep, nanely t oS eductive
elimnation step to yu;‘;d% compou %2 he general
formula | can be carr el s ng the al dol

product mixture in @0 an orgaflic ol Vent (preferably
THF/ acetonitrile) and at a pHOrange of 6.0 - 8.5,
preferably 6.5 to 7, pH phospggate buffer and activated

i | r
TRh o 68 e S TSPl S5 ot o s
atepiesentachly tvedermula ﬁiqamlatermedlptqarusené fortiige are.pemms of 6-

R R e P T S BRI cCcuent ol 1y |

the sane pot wt hout i sol ati ng the al dol

[ y h uct

er e RBEEb R PrepEiBntel B g o g AR e e el oy
apawtierpiiffreclicn panaraetecs gergienso theeTidblé 8uch as THE or
acetonitrile) and 6.5-7.0 20 phosphate buffer and
hydrogenating over Pd/C at 10 to 100 psi (preferably
%haorypallbne natue olithés infkrmegintesmpars stabiliyandthereby increases the
S C . . .
e e PR BB ol tnp SBipBl of HE IORRELR fs given in Tabe
afle shown, however, other 25 reaction conditions may

be used w thout departing fromthe scope of the

invention. For exanple shorter or |onger reaction

t Stens7:nRpaptioneafgtuityelknzyd B 68 Bybromepenamyrcartidxyliate 16 with the

L}gﬂgﬂohﬁftegisﬁsstﬁﬁgd Weﬁy&é%%gﬁ{oeaé lgleefofe? ?océijfe%? the z';llgol m z
condensation step can be carried out in the presence of a Lewis acid (preferably
anhydrous MgBr; or MgBr:

HO
Br S
AT
v N N
o
18

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

-11 -
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intermediate aldol products of general formula 18 are functionalized to give an ester
leaving group, e.g., with an acid chloride or anhydride to give an acetate, triflic
anhydride to a triflate or tosylchioride to a tosylate at 0°C to — 10° C in the same pot;
or, if formulae 18 is isolated, it can be converted to a halogen derivative by reacting
48 with tetrahalomethane and tripheny! phosphine at room temperature in a suitable

organic solvent preferably CH,Cl,.

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

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

Alternatively Step 7 and Step 8 can be carried out sequentially in the same pot

without isolating the aldol intermediate.

The final step, namely the reductive elimination step can be carried out by dissolving
the aldol product in an organic solvent (such as THF or acetonitrile) and 6.5-7.0
phosphate buffer and hydrogenating over Pd/C at 10 to 100 psi (preferably at 40 psi)
pressure.

A representative example is shown in Scheme A which illustrates the present
invention. In Scheme A suitable reaction conditions are shown, however, other
reaction conditions may be used without departing from the scope of the invention.
For example shorter or longer reaction times may be employed; generally the longer

the reaction time the more complete the reaction.

-12 -
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Ooa 3= 00roNr NNLOOCLaAa) Cis Zrl m:QS
Zab5ti <mO C41 CD 13 DESCRI PTION OF THE
PREFERRED EMBODI MENTS The present invention provides a
novel process for the preparation of a conmpound of 5
the forrulal. A BS ITTI O OOR5 wherein: 10
One of A and B denotes hydrogen and the other is an
aryl optionally substituted with one or two R2,

het eroaryl optionally substituted with one or two RZ,
fused tricyclic heteroaryl optionally substituted ;
wi th one or Z Ltut e

wi th one orD S T,I ‘:oﬁﬂé kE%&%@m%th

oibe presenbinRehtion [pkavidds somaviebpakéss fos thegireéparatash ofist dompound of
0 R2, al kynyl optionally substituted with one
o?h%t@[)m%? 15 saturated or partially saturated

stituted with one or tw R2.
yzablg ester such as Cl -C6
0p0C1- C6 or salts such

Qy substituted

-aryl, optionally
iRgyclic saturated

het eroaryl optionally s
R5 is H an in vivo hyd
al kyl, C5 - ©6 cycloal Ryl
as Na, K, or Ca. 20 R i )
-Cl-C6 al kyl, optionally~substitute
substituted -heteroaryl or nono or
het er ocycl es, optionally

wherein:

One of A and B denotes hydrogen and the other is an aryl optionally substituted with
one or two Ry, heteroaryl optionally substituted with one or two R,, fused tricyclic
heteroaryl optionally substituted with one or two R,, cycloalky! optionally substituted

with one or two R, alkyl optionally substituted with one or two R, alkeny! optionally
substituted with one or two R,, alkynyl optionally substituted with one or two R,,

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

Rs is H, an in vivo hydrolyzable ester such as C1 —C6 alkyl, C5 — C6 cycloalkyl,
CHR300001-CE or salts such as Na, K, or Ca.

Ry is H, optionally substituted -C1-C6 alkyl, optionally substituted -aryl, optionally
substituted -heteroaryl or mono or bicyclic saturated heterocycles, optionally
substituted —C3-C7 cycloalkyl, optionally substituted -C3-C6 alkenyl, optionally
substituted -C3-C6 alkynyl with the proviso that both the double bond and the triple
bond should not be present at the carbon atom which is directly linked to N:
optionally substituted -C1-C6 per fluoro alkyl, -S(O), optionally substituted alkyl or
aryl where p is 2, optionally substituted -C=Oheteroaryl, optionally substituted -
C=Caryl, optionally substituted -C=O (C1-C6) alkyl, optionally substituted -C=0 (C3-
C6) cycloalkyl, optionally substituted -C=O mono or bicyclic saturated heterocycles,
optionally substituted C1-C6 alky! aryl, optionally substituted C1-C6 alkyl heteroaryl,
optionally substituted aryl-C1-C6 alkyl, optionally substituted heteroaryl-C1-C8 alkyl,

-14 -
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substituted -C3-C7 cycloal kyl, optionally substituted
-C3-C6 al kenyl, optionally substituted -C3-C6 al kynyl
with the proviso that both the double bond and the
triple bond should not be present at the carbon atom
which is directly linked to N, 25 optionally
substituted -Cl1-C6 per fluoro alkyl, -S(OP optionally

S4Bt sl 25 5] Hord 355l B PBSY, ooty

Gaubstitpted apytallengll ofy8 mJbSk:athoheuiomﬁ}—-OC(NEg%) smIzNRJsR7 optionally

CBHREAR RIS R Sl L5 St gy gty

hslbstltutgdzl alkyl-O-alkyktweterioby|, suMeﬂthsedstﬁntedJBarglokyélkyl optionally

S| SRR BHRR  BAydth SRR oty

ssipstiiutast aglokgeteroanyl loptdinal salbsknja.ited CACBathyl ayfoxlyary!, optionally

4 L5 S B, AT, B Lt s

t alkkyléminesp omptmhaliyssubsmmoxmhptmpbﬂpQMSJtlguted aryloxy

U A SRR Eb o  | BR &Bhe are ,

mtmbupaibkytuteueauwbaogtlonamptswamuﬂeg anfystC+O(EHCE)alkyl, C3-

nal S td t.ut ed
?er 0 y@/)éxcg%g%y? ao ix%aﬁl(yll #?/gsg'{tj"g%‘i i ﬂﬂo&ryl, SOzalkyl,  SOaryl,
a@gtlomw,asl;ustnutqm hefbﬂabywas, SLONRER BRd optionally substituted heteroaryl.
aryl oxyheteroaryl, optionally substituted Cl-C6al kyl
aryl oxyaryl, optionally substituted Cl1-C6 al kyl
aRyIlsywumgeno@pmna,lly cqmlbsiniumldl €160 stk anednallykwbstltuted C2-C6

aél)(%@?ﬂ’]ﬁwﬁélﬁytb?r% ﬁoltng%y sc‘é#b?ﬁti.ﬁe Eﬁ%ltfxnyyhavmg 1to
o%tﬂmmmqs salbsem tCNam:I NwBEl%;r optigniabx subséitubeshy 1 -C6 alkoxy, hydroxy;
PB&fo%Ef)ﬁ%uBstltgfeQUB%l aE) |dﬂall}%tﬁ9ﬁt}.lféﬂah_ﬁ&%ﬁi %é%ﬁu optionally

i onal substitute
CEeEﬂW a mdkwymmes (ﬂPth'ﬁﬁilal sybsiituied i anflow optionally

Cé’@dsﬂﬁké‘d’ | het%%% 7&% | substtBfeh Oy b%sﬁh@ﬁ%lb&“t SBtionally

het er ocycl es optionally titu

h%lfktﬁt't%ﬁq/l% -R8 alsynyRxY 0 §Arce c?dhwétﬁmm 09 -G dtoxy.ukkylene dioxy,
Céptfé@naﬁv i@obstxteﬂéhl %@x%bﬁ@@sélkﬁ WrRtle %1(2,6%1&@&83%@1 S(0)¢-

oA TGI8 B9 SO DPcInt S5bskstod iy efare a s 0, 1 or
CS( aogNHéRRS Bhanigpbi d?rt@l:ilicv%@m&d tapki Sﬁ’any sbbéiﬁuébk@?(m alkylaryl,

r oX optionally substituted a

pt
SQFE;Q”?E{MH siepshistied oaalkyl coptignally ptsﬂlgﬁ&llltgi’/ IC%E%@t iatiythetgroaryl,
abﬂfﬁdnaw yhnted Hféfér%ﬂ?yﬂ@f’hc@ﬂk)'ﬂ Ocskﬁi'ohémyséd@%thkklt@ﬂos alkyl mono

yl oxy, optiona Substituted heteroary Iy
ojart PiHEa ?até't?é%‘i he{ﬁr@wc@a cep%ma&msuawute@pwaﬂssnylyofz@ to 16
Sedrbb t didies, CHONRRL KYoprbRAtY sQQSt@ﬁeé‘l %Wlaﬂl@l&ga@ Bptionally

al kyl ene di oxy optiona subst’i t ut

| k
2? %)é;@etlﬁcéowwt &ﬁil@f@"y Cﬁ“@@'tbéﬁf | Rederoamylaxyalkyl, optionally
SEDstitutPt iRy SU@&Fo'nEIWt e@u&%n&& a'éYy’loxyﬁétQ}c%ryl substituted

optionally substituted aryl where q
eteroaryloxyaryl optionally substltuted C1- C6a|ky| dryloxyaryl optionally

substituted C1-C6 alkylaryloxyheteroaryl , optionally substituted aryloxyalkyl,
optionally substituted heteroaryloxyalkyl, optionally substituted
alkylaryloxyalkylamines. Preferred R, groups are H, optionally substituted alkyl,

-15-



10

15

20

25

30

2, CONR6R7, guanidino or cyclic guanidino, optionally
substituted Cl1-C6 al kylaryl, optionally substituted
aryl al kyl, optionally substituted Cl-C6

al kyl heteroaryl, 25 optionally substituted

het eroaryl - C1-C6 al kyl, optionally substituted Cl-C6
aIkyI nmono or bicyclic saturated heterocycles,

15951@&%&@2%?%&&% oﬂ)t%ﬁ%li}yaslu%gﬂﬁe{j?{e&egogryl %lalogerzf1 a@,r}\ydroxy,

amtlbadlllyyﬂilmsyatdcyheteoqnyclenefDOMRsBﬂtS@Dﬂdt epfiLnally substituted aryl,

ptipnal Iy substituted
he(t ?é’ggyﬁdﬁ@k%m optionally substituted
ar yI oxyaryl, optionally subst ituted aryl oxyheteroaryl,

S b CECRRI S Y bERIEE ) AMELEIH bt am epsonsty

Mshtutedtmr@arym al kyl aryl oxyheteroaryl , optionally
substituted aryl oxyal kyl, optionally substituted

het er oaryl oxyal kyl, optionally substituted

Rk il Froptiongliyl sabstitutied €1-CPaldke one df R2isgDid uP$-Ch alkdry, -S-C1-C6

it | kyl
S8 MR 186K ALY k15, BRI L0 1 sy
hwithrotpe rearkem, tohyhicho shey are)pttad‘mﬂ gy fuinss spind eystem of five to eight

r}ﬁérﬁBQ&é\?gor WIWB?%F%@ hé)tg oa?r%ﬁ%éﬁe&e?y " 0§ gg)n (where

2 ARy, C5 - C6 cycl oal kyI optional l'y
subst ituted aryl, optionally subst ituted heteroaryl.
R4 is H opti onal Iy substituted C1-C6 al kyl, one of R4
il%s erd Ri-ams iatkrengentiSHolom®naly leyubstitGEIRE,1-GANRBRY , optionally

Eaﬁ%l% t%gxgﬂy gﬁ\ys\;\}ﬁ&ﬁh%\ﬁka i éagtlﬁall?%gést}t&gg ?.qu%? alkyl

aarsﬁpppttpr@jlm uipstitted iandalkyd, m’t@hallmrti§§h1§ed/mtﬂaraarylalkyl optionally
V!LI(bQﬁleedt bngEGB' %‘ﬁ@/‘n _'%té?&ar?letlﬁ_f Qﬁ&oﬂs cﬁﬁl t?ecgggetl%r B form a 37
| REBpeied sturgten), f'"@;ﬁﬁ@ﬁhﬂﬁ@@bbb@‘ﬂmm%@ oCtwadaetardaiams such as
OfR, 00264 (0), A& gpbstituted aryl, optionally

substituted heteroar yl, opti onal | y substituted Cl-C6

al kyl aryl, optionally :-ubstituted aryl al kyl,

oPhdrAieal bgf,,s,ggﬁgi tuted. heteroarylal kyl, opti onal 'y
substituted CI-C6 al kyl heteroaryl, R6 and R7 can be

tUgeettErfm atkbs' M§ARS Loth Ftraightised deranehedr ahaipl alkyhgnejstissenf 1-12
Ohfﬁrb&i%abﬂderﬁﬁ;/'oﬂg-m%&fatbﬁﬁ het er oat ons such as

-2. 20 Chem cal Definitions The
term al kyl neans both straight and branched chain

af eV terfiRiligdny Esefhs bothtraight and branched alkenyl moieties of 2-8 carbon

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

The term alkynyl includes both straight chain and branched alkynyl moieties

containing 2-6 carbon atoms containing at least one triple bond, preferably the
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carbons, preferably of 1-6 carbon atons. 25 The term
al kenyl neans both strai ght and branched al kenyl

noi eties of 2-8 carbon atons containing at |east one
doubl e bond, and no triple bond, preferably the

al kenyl noiety has | or two doubl e bonds. Such

al kenyl noieties may exist inthe E or Z

AR ARG oG (R TR BORas0lin s Sade kYA netBptAO s such
=005 S sardi-Ra should Sod be [grésens b dhel carbbn lieatps 86sded 1©ra double or
ttI:Iﬁe b |(,;ﬂcar bon that is bonded to a doubl e bond; The

m a

ynyl i ncl udes both strai ght chain and branched
al kynyl noieties containing 2-6 carbon atons

R Ao kiSRS 5 TR dBon @ et eafbon stoms

CHmeteoh pérfiyondalkyhistused hettemrmr'] mtegho baﬁw ﬁrai@t%ndabrgnched-chain
resent on the carbon that is bon to
el Ry A R ERor BrobBE saEhG 8 nash b, Sarboh Siogh e two or
troom flubring atants. Iﬁo(hmnbeyf I ibdudeg(k:ﬁig,lrl;mbmﬂ'3,r%Fﬁ:-FZ agddtWOFa)z.
a is used herein to
?’Iélfé;?rr{\ QEE‘@? II %gﬁgrfg'lgé il légaI% d I:b%/'bdnlched- chain saturated
al i phatic hydrocarbon groups having at |east one
t fl ' t . wEX I
RS MR, Mol Sl R AN SR o ot v
Hallaydeg ares pokesible sdbstifuebts: nBro, -&ryl, alnntedoaryl,Mkc{Wcﬁb&Wl-, -alkoxy,
I I , loal kyl is "opti I

SR Py E IR C BRI and? oraBeRg o, N-RiRs, -
poBgiranethylibst i t uent s :rifiidromethoay,ydrylalkple tikeylat, WsR,N-alkyl-, HO-

b - il y oAl - alk
A L PR SR P oA RERY - 0 HRe QS GONRARy, ary-
-, ReRTaryl-Or,i SKQrraoyidwhere, s =t i-2), uelkyirOLaioHINRSR;, -alkyl-aryl-O-

: I = 1O
BRI O ey BOR pond sbgny, Rnvaton
-ane NPEY)s-heterpdiyl @HRR6RT, 0 an2)il Prejerred substiiatents-for alkyl, alkenyl,

-atkyfRYL, » arfl ¥Yclb¥RAT BciSde Ohal -al kylL-0-al kyl - NR6R7
- aII@/II -aryl IICO IIIIgIrIklyI:I\I- R5R7a,1 ik C%IaII§k3I:7IIW al kenyl , heteroaryl,

AlkiGarbory) aleKk y alkoxytallesy-cyaney hydoxy, RERZ-N-BiRey | - |

and -S(O) Sheteroaryl (where s =0 -2); Preferred

substitutents for al kyl, alkenyl, alkynyl, and

Al isAefiped pp@nATematighydjesarben moisty selested fiometheaarguin: phenyl,
) X = al = = CY :

FRgBRA) ARSI Al P SO By, e,

HiefesyenWoacenAPEthgnyedrour®ed from t he group: phenyl,

a- napht hyl , $3-napht hyl, bi phenyl, anthryl,

t etrahydronapht hyl, fluorenyl, indanyl,

Heteroaryl is defined as a aromatic heterocyclic ring system (monocyclic or bicyclic)

where the heteroaryl moieties are selected from: (1) furan, thiophene, indole,
azaindole, oxazole, thiazole, isoxazole, isothiazole, imidazole, N-methylimidazole,
pyridine, pyrimidine, pyrazine, pyrrole, N-methylpyrrole, pyrazole, N-methylpyrazole,
1,3,4-oxadiazole, 1,2,4-triazole, 1-methyl-1,2,4-triazole, 1H-tetrazole, 1-
methyltetrazole, benzoxazole, benzothiazole, benzofuran, benzisoxazole,
benzimidazole, N-methylbenzimidazole, azabenzimidazole, indazole, quinazoline,

quinoline, and isoquinoline; (2) a bicyclic aromatic heterocycle where a phenyl,
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bi phenyl enyl , acenapht henyl, groups. 25 Heteroaryl is
defined as a aromatic heterocyclic ring system
(rmonocyclic or bicyclic) where the heteroaryl

noi eties are selected from (1) furan, thiophene,

i ndol e, azaindole, oxazole, thiazole, isoxazole,

i sot hi azol e, i m dazol e, N-nethylinidazole pyridine

BSPATR 0aL, P oIS oY Y5 Baftres aomane

](uﬁsaiurtatecazrtdtapcwlcrehbyﬂlavin@pﬁe trﬂtrogeol aom;t (b) fused to a 5 or 6-
0 zol e,.. benz Z0

sBheRtcyBnate (TRp G PEERTHIEOTREBER Mo nivogen atoms; (o

Hesed toi a2l 80dreberbd aTabdticl (bas’atunaieﬂi)heteeocychc ring having one nitrogen

AR QEREP Eond 2R BRI oD o =

\Mlemberadpdmmytlc; (unsafrgbend)i rdaterec;qu ringihdving one heteroatom selected
nyorrﬁgjﬂ ring is: (a) fused to a 6-nenbered aromatic
(unsat ur at gd) heterocyclic ring having one nitrogen

atom (b) fused to a 5 or 6- nenbered aromatic

gt‘%ﬁ;@t qﬁquq)p Bf?gs %Bg&iallﬁe 8&8%% cg'%afawgu otf rtign)é]"afgllowing are
(pnssihteusm&m;nﬂsemﬁop@ym-hetemang alavxycgrbong-, nalkome—alkﬁxy—alkyl

gz{llg{f]ﬁd E‘c;%‘ﬁ{y }?’Ség the al%ﬁE ﬁ)gcggg?grpgg -thuoromethyI -

(ttiﬂnmometitoeyt) ahylied, oa;kglland; RsRgN-alkyk N 0d- cr&ahlaylaablamalkyl-,

By ke sPER? -chh " HoMGR o PV ERE Helpreali Ry SO

ATy (wt@rmssuaoi—é) S@M-Q—dkﬁtmeml talky}-aryaOyalkyIN-RsR; C1-Calkyl,

4’“%’]?’[ @%%@W&?&Q Ir% O-?Li'gsﬁxl% g&yﬁ.t%?)é %j&lslheteroaryl
“NNRGRE = @ r2):| BrefeTet Snydstltuentsr fdrl amlr et thetExgaryl include:  alkyl,
TR NARY “*“@L"‘{‘G@RG ARt WE@&E&W‘&%

CONR6R7, aryl -0, heteroaryl O, -S(O,- aryl (where s
rPIa1k% is dﬂﬁh% & "N'@)& @E@Eﬂla-- Yylallfyl %letlcTs |ncIL]|de benzyl, 1-

-aryl-0Oa
aﬂh@wlﬂhyl c&@h%ﬂ'%%' 3@hﬁwwoavlk;rp@nylpmm7ﬂpca|tm§/|hke The term
apstionally s it REP @éﬁé}s to(m%[)?cltt?ted o sugétvtutg& GhRT ?d%/ lsubstltuents

substituents for ary het eroaryl 1 ncl ude:
A thgeaky! Q'I\FWR‘?'ethqsqu'Uéqi 8R®Mehy| , -trifl uor onet hoxy,
aryl al kyI and al kyl aryl AryI al kyI is defined as

Xl -Cl- Co nmoi eties include benzyl
Al lﬁ@rth;eH?ﬂ"'@ldh@ﬁ C1ZCE‘F5=|¥@/ ﬂ'yp temm pm;lﬁyaltyr Yiiptitute refers to

%&h@ﬂb@ﬂ%l@ub@tﬂ&eﬁ Reatr! %@ 2 JIRHHRHID on ML ANE EI)()(IJ moiety as

substituted' refers to unsubstituted or sub I?Itu
WefiRed aBpve» substituents on the alkyl or aryl moiety
as defi ned above.

Heteroaryl-C1-C6- alkyl is defined as a heteroaryl substituted alkyl moiety wherein
the alkyl chain 1s 1-6 carbon atoms (straight or branched). Alkyl heteroaryl moieties
include Heteroaryl-(CH,)1s-—- and the like. The term ‘optionally substituted’ refers to
unsubstituted or substituted with 1 or 2 substituents on the alkyl or heteroaryl moiety

as defined above;
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Al kylaryl is defined as Cl-C6al kyl -aryl-. The term
"optionally substituted refers to 25 unsubstituted
or substituted with 1 or 2 substituents on the aryl or
al kyl noiety as defined above. Heteroaryl -Cl-C6-

al kyl is defined as a heteroaryl substituted al kyl

noi ety wherein the al kyl chain is 1-6 carbon atons

(418 Al W Ot lho 81 9804 (R, g, i o
" lphcledh| dttacbedb 3o ia lktetajbarwlefrmletytwhvahsnsltminldbdttedther rest of the

ﬁtﬁ?getrcgltg?y d%ﬁ’:%@aﬂ(yl%etéro% St "It © fgr% 8[ri]tg)ne§y 3l k |tutgc§ refers to
aumwbhﬁtumdams%db?tlttﬁed eha{ith nleci' Zgautzdtltﬁrﬁg’;som?tthe alg{yé du; leeteroaryl moiety
c straig or ranche attache 0 a
hg{g%aer% lg?r%l ety, which is bonded to the rest of the

m)l ecul e. Ex. Cl-C6-al kyl - Heter oaryl --. The term

gﬁ: (E‘lto(g cPa\?mﬁ%ﬂitsija_mg%t%g' hert%fogytﬁ ﬁ{oglﬁgf#i!% a‘gﬂ g{eterocyclic
hmg oaaeydctami dioyn  Sthas dwieatiesed azidinyl, Saaza*tldtngbl ot,4-dioxanyl,
ﬁ@%}a'h J(i: f?é %W?;ﬁ%eggzxs 1 éi@?@%ﬁ#lfé}fﬂiﬁﬂﬂﬁg%@ gefll {ﬁlomorpholmyl
a¢ihydrdbmzllmldazréylj di nyl, d]hydrqﬁeoxdm;dnyl dihydrobenzothienyl,

B@ﬁ?&?ﬁg%%%?ﬂil or p ho‘h?ﬁ%ﬁféﬂ% orrg!rjlgﬁér : ny#olyio dihydroindolyl,

ddihydtoisbexazolyl, d aZChJ‘hyyirleajhlhy@ylo bedingdrepzadjdzolyl, dihydrooxazolyl

SHNSERRIRN T W ML OOCTRRI ) ppomimi

ddlhydj'ppylmiyix azotlipygrodiingliybi s otdiliyaraétydzolyl, dlhydrothladlazolyl
d yd , . .

YR BRIERL oyl UAMBERE dvgspeiinvl joron e
déinyahybpy tetnahytirofaranyl, di hyt&trep}}dwtbleylyl tetrahydroquinolinyl, and
dieﬂﬁﬂ%j&@i@b@.ﬁhélm}ﬂ' di hydrotetrazol yl,

di hydr ot hi adi azol yl, 15 di hydr ot hi azol yl ,

di hydr ot hi enyl, di hydrotriazolyl, dihydroa-,:etidinyl,
dehysly Qlky]{ rﬂmdjbroﬁﬁé\m‘ £ safu?été@'&y EE’EW ?frlated raeterocycles is defined

t et rahydr ot hi enyl ,” t et rahydr oqui no

t 8% PRI} BToNB deiTaiaNt o pra eg%ofawgéﬁ aﬁ%ﬁbecbto dhefpeacyeles (which

s@idefi ﬁé@ge@Fe) M%hgrala |c¥rb%ﬁtdt'<5rﬁto?§ n"l?‘&g%ﬁ Qe Iaﬁ& theSother end of the
def i ned as an al h‘%toup (strai_ght or branch edr
t

oftlkghichain aﬁ%%h@ﬁéa the rast be degjesuis; (henteems ‘ortiogalyi ﬁ@étntuted’

befersad uhblikittfecPorCaibiftcdt Wi Plor 2 éﬂb&tft&’&ﬁ’i‘ ?és@m SHhe alkyl or
the other end of the alkyl chain attached Po the rest

oPEEFRSY FHs ROFtipneof ”ﬁw'é’ole%lﬁsas gefinedbafarg: substi t ut ed’
refers to unsubstituted or substituted with 1 or 2
bstituents present on the al k%w or_ heterocyclic

oBPIAIEIOXSAIKYIHE colnesh ap e e -GERIHES Ot oalgH— The term optionally

substituted' refers to unsubstituted or substituted with 1 or 2 substituents present on

the alkyl and/or aryl portioné as defined before;
Alkyloxyalkyl is defined as C1-C6 aIkyI-O-C1-C6alkyl-;-. The term ‘optionally

substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present at

the alkyl moiety as defined before;
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25 Aryl al kyl oxyal kyl is defined as

Aryl - Cl1- Coal kyl - O C1- C6al kyl ---.The term ' optionally
substituted refers to unsubstituted or substituted
with 1 or 2 substituents present on the al kyl and/or
aryl portions as defined before; 30 Al kyl oxyal kyl is
defined as Cl-C6 al kyl -O Cl1-C6al kyl ---. The term

' ional I. ubstituyted ers to sybstituted or ,
BBLPRRVY JFTRY P ANPOGhE Pl TS deahromfpRalyubstiuted
atefgrs tomhaubstiitedef substiubeef witie 1 or R9subisyituerntsadrésdnt abthe alkyl or
def | ned, as 1-C6 alkyl--. The term'optionally

Ar.yl -
sBl ?’PFE}'taesodef%Fggg %€t 0 unsubstituted or substituted

with 1 or 2 substituents present at the alkyl or aryl

et s, defined before: 5 roar | Kyl o '
Bl Sl SRl 8 Hefcbi s BB CBERAGI S L fibalkh— The
t trmm ‘opmnaﬂmaéddbﬁ_timhtdﬂstrétaus ad’ unki)se:b_eﬁtetemourwukt&mbﬂ uyigtl 1 or 2
or supstituted w r substityents present on
C R St Bh ok P o BpteTaar nciely o g et e
Aryl oxyaryl is defined as Aryl-O Aryl---.. The term
' ional ly bstituted ,referg t 10 unsybstjtute
oRRGHRS| (2ot 4G50 Errocthe Bom: oiTele Subasibied geters to
aundubstitufedyorasubstititadeith bef ar substitughtiexprséreramaingl arfismoiety as
dﬁf% ngg) 1S Aryl-O Heteroaryl- or -Aryi-0O Heteroaryl;
| AEHNGP LS ®f i nition either the aryl noiety or the
het eroaryl npiety can be attached to the 15 remaining

pQLti O f the lecule; T m ' opt i onal i .
sggiq)?'ﬁﬂ%éjawlr'g?g?@e oa%ﬁgﬂg%'ﬁ%{eﬁ?%" o §'§‘E/L rigieregnyl; In this
widéfiritionr eithes ubes tarylumniety pr &we hétecoaryl haoiatyy tanmbeestiached to the
0 . het er oar.y | ety as.defined befare; |,

Perdfia ST OL UL e Rt S GhARF pBRrBIE bsieg reters to
Thesubestitotiedaptsubstitbiey withd @ Phsitbstitutetd’ pressfntioa the aryl moiety or on

u%%érbéwrﬁtgﬁgr%sf%ﬁgmb%?g withl or 2 substituents

present a noi ety 'as defined before;
Al kyl aryl oxyheteroaryl is defined as

z Y Hafinex | KM} o ArviLRE. opii am
SRS A hygh DY tefbat 88 AL OAn DS CeBIL OFhe 1By Yptionaly
whtbstitutest refess tosunaubetituied op Supstiseled withii artesidisiiuents present at

Wg-iee;ryl ie@%stdéﬁpé‘@ﬁéfeﬁéﬁyl noi ety as defined before;

Al kyl aryl oxyal kylamne I's defined as
R6R, N- C1- C6al kyl - O Aryl - Céal kyl --; The terms

" ARYlaRIBlhdterdaPAt id WdkHed ' 85 Chstet SariS WA IGLEEAIOT The term
substituted with 1 or 2 substituents present on the
aloplienadly sglpstitutadi refeys ie unsibstitetedirefsybatituirg withd! R72 ggbstituents

present on the aryl moiety or on the hetroaryl moiety as defined before;

Alkylaryloxyalkylamine is defined as RsR;N-C1-C6alkyl-O-Aryl-C1C8alkyl-—: The
terms ‘optionally substituted’ refers to unsubstituted or substituted with 1 or 2
substituents present on the alkyl or aryl moiety as defined before; Rs and R; as
defined before;

Alkoxycarbonyl 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
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30 defined before; Al koxycarbonyl is defined as
Cl-Coal kyl -O-C=0O--; The term 'optionally substituted
refers to unsubstituted or substituted with I or 2
substituents present on the alkyl -20 portion of the
al koxy noiety as defined before; Aryloxycarbonyl is
defined as Aryl-OC=0-; The term optionally
SbigHis stthe dikokehislely gefmatb%%r futed or substituted

th 1 or uen S present’ at the aryl noiety as
5 defined before; Heteroaryloxy carbonyl is defined as

DI ,
EYERQRon e ined SROAVEDTRSQR) TRERITY opfofild shbyfited refers
st@bgtsubsjéxuteé op sebsditutechwith tTher heubstitienid presénitay thesaryl moiety as
.ore; 10 Al koxy is defined as
qéﬂegﬁgﬁﬂféc} -; The terns 'optionally substituted
refers to unsubstituted or substituted with 1 or 2

Zg?%?dg?ﬁqg i?ﬁoﬁilel}ht d@ﬁn%cp “:‘asahgﬂrwl 1G0=C'S Tﬁgftbnﬁ d‘op’tionally

I ned as
" gyfbistitgtest rqfe;w»tpsmsumﬂé.ded pesehsdituted Wllh§lﬂ]'$2 subﬁltuentsrpresent at

SR Heldrbd S ;yrhds c%e%egb%’fdf%t ituents present at the

aryl norety as ef1 ned Fbteroaryloxy IS
defined as Heteroaryl -0 -; The term optionally

2 %ﬁh} §5“Td§ﬂwevﬁdf t@%%ﬁgﬁig%yl?@-—uﬁ‘ﬁ@%ﬁﬁé W ﬂn&h/ substituted refers to

stitute substituents prese
henssibstiivied arpsubstjtutegdswithef |q1ie’i:|swzsfumeets pleremydt dlkg alkgl moiety as
d&éﬂn‘ég%eﬁﬁe@ C6 al kene-O--; Exanple allyl-0 -,
bute ene-0O |like rmletles The term ' optionally
subst ituted refers to unsubstit-A ed or substituted

I et)%Z% lddé?{nl negybgbn'dJentﬁepﬁéﬁgngP%na‘l?etLﬂdsﬁﬁ%’ refers to

ore, with OVI SO
henssbstituled rerseubstitytedowitts 10pr 3spbstityenss emeent ahthenaryl moiety as
Ca&fenl matpe) Which is attached to a double bond;
kynyl oxy is defined as C3-C6al kyne-O -; Exanple CH
trlple bond CGCH2-O , like 30 noieties; The term

HBIeh‘dH?ﬁbJ(Wls%éhﬁéd ééJH@téroafrﬂf@r STﬁéJte'ﬁﬂséﬁl%hhltyl&E}gtltgfed’ refers to

substituted with or. 2 substituents present at
avwwétltmﬁdé%rfuagﬂt%f’ ied oef av%stlt%nt%p&eﬁ@w 8 %%eroary' moiety

t BatefedRf®e0 atom such as 0, S or NR is present on
a carbon atomwhich is attached to a double or triple
bond;

Alkenyloxy is defined as C3-C6 alkene-O--; Example allyl-O--, bute-2-ene-O like
moieties; The t<rm ‘optionally substituted’ refers to unsubstit:.ted or substituted with
1 or 2 substituents present at the alkene moiety as defined before, with the proviso
that no hetero atom such as O, S or N-R, is present on the carbon atom, which is
attached to a double bond;

Alkynyloxy is defined as C3-C6alkyne-O--; Example CH tripie 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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-21 Al kyl am noal koxy is defined as

R6R, N- C1- C6- al kyl - O C1- C6- al kyl --, where the term nal

al kyl group attached to the oxygen is connected to the

rest of the nolecule; The terns R6 and R7 are defined
above; The term'optionally substituted refers to 5
unsubstituted or substituted with 1 or 2 substituents
present at the alkyl noiety as defined before;

Al kyl enedi oxy is defined as -O(CH2)2---O - -;

AnKylamred kisoxamisn defirtedd ek RgH;NvE 1-C6-alkyl-O-C1-C8-alkyl-—, where the

R N Cl1-C6-al kyl -O Aryl.--, where the aryl is 0
T RREA G B Haspa i s oS e spaneoRiaiodhs st of the molecule
' mgé itermal Ry afd b‘?‘]téré definéd ragé\@g ThieGerrtl N6pibRllyt SUBRURIY refers to
substituted wi.th.1 o ubstituents present at the )
SR sttt on St i Yo7 subiiianet Besa atihe ctlgh motety as
i defthetiibeeateps Aryl - C2- C8al kene-, with the proviso that
no hetero atom 15 such as 0, S or NNR, is present on

T BRI SRl N I BBt erors to

unsubstituted or substituted with 1 or 2 substituents

PARRPRb RS AEBE e, P RRL FRAISEQ YA nere the aryt e

Hettaohedripl the- fekt @6 athé ytheleeule;TMhe ttemm ‘optphalynalibstituted refers to

S i_f 'or o.unsubstituted or substi ed
P SRR G5 % R0 R e or
nologty asdefiteldi bedatepef or e; Het er oaryl oxyaryl is defined

as Heteroaryl-Oaryl---, where the aryl noiety is

attached to the rest of the nolecule; The term

" Aptialieryl isydefinedtast AtyeG2-Ca=liens~ with 2be preidasthiat no ddtero atom

5y R, SR Bl of B8 YA S0RGER lagfle 1 vt
bberst: dhe Aptn soptionslll substitited! referk toxynsikstitatest oamdbstituted with 1 or

ablybitfias Ebésemyorﬁhs a@h@%@t‘é‘% ﬁ%ﬁf&&d%ﬁ%d b%’fcl%(;'_

chain 1s 1-6 carbon atons or branched
Aryl oxy, heteroaryloxy, arylthio and heteroarylthio

a i -Gt I g et vl 0 I
TN ol 8 AEADGIACH B O optonaly
hé@@tlg{;ﬂ,|rgﬁeks},toow,ubgftyq:ag|q(>spb$ﬂt@te@md;h 1 or 2 substituents present at

heeHRetbulyRioly 24 Qefftel DRIrEL i s wherein the aryl and
heteroaryl” groups are as herein before defined and

wherein the al kyl chain is 1-6 carbons (straight or

brgfsb@fibxyaryl2d MeihdR! KideroAGLEIRALY! QXYR! K saryl moiety is
ar onyalkyloxy and het er oaryl oxyal kyl oxy are

satasneduenthe @9k radithe tReleeiriy The deiine aprtiosally. subsditutesh refers to
alRdtbstithR drédubBtituted with 1 or 2 substituents present at the heteroaryl moiety

or the aryl moiety as defined before;

Alkoxy, alkoxyalky!, 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 defined. Arylalkyloxy, heteroarylalkyloxy, arylalkylthio and
heteroarylalkylthio are moieties wherein the aryl and heteroaryl groups are as herein

before defined and wherein the alkyl chain is 1-6 carbons (straight or branched).
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nonoal kyl am no and di al kylam no refer to noieties wth
one or two al kyl groups wherein the alkyl chain is
1-6 carbons and the groups may be the sane or
different. 5 The terns nonoal kyl am noal kyl and

di al kyl am noal kyl refer to nonoal kyl am no and

di al kyl am no noieties with one or two al kyl groups

t [ b th t to
AR5 el LS. BRIl ood M BERD s e
atsobstituerite whereas sthen allilis eatlidal | sy c16C dagb®@T oatops. The terms

|cat| on,and..10 c

OB o B e, BB Wi Sr S 1 e
| adosteinthe alkyighhiads afeamlﬁmrtsf archthe aroeds roay be tesame OT different.
H ' T t .
MBS Bk Ay B R R aBE6: BB EHolmine anc
gd@lkylaine mxtietieg vith dhe &, twhl a’ﬁgﬂigfdugi (tﬂe'ﬁbmef cuftﬁﬂﬂergnt) bonded to
t ed thr casr bon
b ABH R K BURle B SR b 2 S e Y

rings to the renai nder of the fornmula | nol ecule The
AR sl e AR AR B 598 o ecinaton ame
alctalmstocmearmg(s) in the fused tricyclic heteroaryl
SRR e e 1B UATF o BB s aromat
I\LCMraciEadhe rodets H'@czkelﬂmalle d4n+2)g( shheofustt etriéyttie theteroaryl group
L Pﬁ%ﬂs'ﬁSth%Ee‘?fa {rﬁé dse?é B%éhg Cént a0 O mq.l%% S, N and N-R;.

eroat ons se
ndhe dusadelricyclic |ha§ga(rsa)ryl mﬁstebeybomléd t}ireuglf as:atbdnrprefﬁfdblyCln one of

B?ﬁegétqg %lﬁ)ng Yn@%q g | %rq?m%eﬁ'oﬂ@gzp%qﬁi@o?ecu% 'rlllge fused
s@ilcgclicelubténoaml gl;ouN-rﬁ%hy cdhtain 1§ Q)oma.tlcwhgﬁ &hd OF2 hcéh-ardmatic rings.

L;Etaglﬁlo%gorrﬁ%}fb ﬂ{ogggqh'tﬁe rfdsrég t%cﬁ?ﬁet&@ﬁﬂ gr déﬁﬁ%g cﬁgtglg 5 to 7 ring
c@iqmm(l@ctlm tm;br@a@meaﬁeat@ps)i setedtéd/fremiB3R4 Outel, and R-R;. Each

0 2 t
o '6?3 ttgéa rarféd’l“gartlc dﬁ?gﬁ‘?)r gﬁ{h@ E@:&@ tr%g/ Fet? digﬁ“ Csﬁﬂ ¢ohtain 0 to 3
h@p@r@gpyp sglestegdSram &), il or INa,th Thezwneardmatic ring(s), if any, of the

e:f(ﬁ/éﬂﬁ%gfégg%zeéérggéra@ogﬁ r\%(gy %é%t;a nz%o@ géaat%%szancllyd‘lh[ugl%&dgehead
atoms) and contain 0-4 heteroatoms selected from N, N-R;, O or S(O),, wherein n is
0-2. In each non-aromatic ring of the fused tricyclic heteroaryl group, one or two of
the non-bridgehead carbon atoms may each be optionally substituted with one or two
R4, and each R4 may be independently the same or different.
Examples of fused tricyclic heteroaryl groups include:
Ring size and arrangements: (5-5-5)

e
/Y4\O/ % | >\
Z4—Y; Y3 N——-nN \ Z
Joto] I
N N\, A
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-23 1-A 1-B In both fornula 11=A and 11=B Z1 , Z2,
Z3, Z4, Z5 , Z6 and Z7 are independently sel ected
fromCR2, N, O, Sor NRL and as nentioned above one
of Z1 - Z7 is a carbon atom to which the penem
portion of the nolecule is attached. Y1, Y2 , Y3 and
Y4 may 5 independently be Cor N Ring size and
arrangenent: (5-5-6) 2-A2-B Z Z8 7\ Z6 ;qg,z 5Y31
Z7 0 Z1- Y1/ \ Y&~2Z5 YZ Za Z~0 0/ 010/ \=~=Y2 -z4 71

\ Intioth EBmulE31-A and D8t Dy fRraxra 22+ & aind 22274 hdépendefifly selected
ependen

Z3, Z4_ Z 6 , and Z8 are in y .10
STpcERa: Ry O cSﬁzN-Z%,a asdne mﬁseefgamma%%m%nmaarbon atom
aEJowaicbm@e (pfenétlmep&ﬁ?n oﬁﬂwé mloaaculleaie-.Mmcaé@mngy\b ¢ hanczi Y, may
t en rtion,of the nolecule is attached. Y1, Y
,'n%g%ﬂﬁ%mlﬁﬁehagf%e i ndependently be C or N. Ring size
aRthgavizecar@iearedtigenent: §5-5)6)z6 Z7 1 0 Z8 --Y Z7\ | 4~Y3

Z1- Y1 0 Z6 Z1- Y2 0 0 Y2- Z5 Z2\,\ 0 O Z5 Z2\ 1\ZzZ

z/ 1~z4 73 3 3-A%-B 15 In both fornul a28 A and 33=B
Z1 , Z2, Z3, Z4, Z5 , , Z7 and Z8 are independently

sel ected from CR2, Z¢” 0, \Szg)r N-R1 and }slaxanésl oned
Z7 O

above one of Z1 - Zp i@a I
21\\,1/ YS\Y4/Zs v; )\Z
/0\O/ 010/

Yo—7, z Y
\23/ \Z/ 1 Z3
2

In both formula 2-A and 2-B Z, , Z, Z3, Z,, Zs , Zg, Z7 and Zg are independently
selected from CR;, N, O, S or N-R; and as mentioned above one of the Z, - Zg is a
carbon atom to which the penem portion of the molecule is attached. Y; Y, , Y; and
Y, may be independently be C or N.

Ring size and arrangement: (5-6-5)

Z;
ZB/ \
Zsy Y|4\OY/ -
Z1\Y4/ \Yi O\ZG 21—""Y2/ i
/ \ O Y2\/ O\ O Zs
Zs O Y, J Zs 22\ /Y1\ /
\23/ \24_ ZS Z4
3-A 3B

In both formula 3-A and 3-B 2, , Z, Z3, Z4, Zs , Zs , Z; and Zg are independently
selected from CR,, N, O, S or N-R; and as mentioned above one of Z; — Zg is a
carbon atom to which the penem portion of the molecule is attached. Y, Y., Ys; and

Y. may be C or N.
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carbon atomto which the penem portion of the nolecule
is attached. Y1, Y2, Y3 and Y4 may be Cor N -24

Ri ng size and arrangenents: (5-6-6) /Z8 -, Z Z7 Z7-4 9
Oz8 276 729---Y ~Z8---7Z7 IY4--~Y | Y Z5 Z - Y ; O2Z]
Y2 0Y102z22z202z4 2~0"!', | 2~2( ZzZ\O Y1~/ I\ \ -
Z4 74 72 5 4-A 4-B 4-C In formula 44=A, 4_13 and
44=C 2z, , Z2, Z3, Z4, Z5 , Z6, Z7 and Z8 are

i ndependently selected fromCR2, N, 0, S or NR and
aRingRMd Aitedlrangeren@ngseie)t he Z, - Z8 is a carbon
atomto which the penem portion of the nolecule is
attached. Y1, Y2, Y3 and Y4 are independently C or N
10 Ring size and arrangements: |5-5-(non-aromatic)l WB

(\2)t Z3 74 YA W O Z1- Ylz Y3 --~%\W) t zzh_Lzs
O,/ ~2Z2I 22724 ~Z~5-A5-B In th or Ia > and
55=13 Zz, , Z2, Qeand Z4 are |ndpe Zsel e
from CR2, 7515 N/ 0, or NR and t| oned a ov zs
onezo.f_\t*@ \ i a car o o to \Nhl ch th e O
/t(gn\of@]erme els t ce 5 ,
4 3 2
4-A 48 4-C

In formula 4-A, 4-B and 4-C Z, , Z, Z3, Z4, Zs , Zs, Z7 and Z; are independently
selected from CR; , N, O, S or N-R; and as mentioned above one of the Z; - Zs is a
carbon atom to which the penem portion of the molecule is attached. Y, Y,, Y; and
Y, are independently C or N.

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

Wy=——(W,)t /Za
S\ KO )\
Z1\Y/ AN / Y.

2 (W)t
2— 1 Yi—W,
3 Y Z4 \Zz/ W
5-A 5-B

In both formula 5-A- and 5-B Z, , Z, Z; and Z, are indpendently selected from CR,,
N, O, S or N-R; and as mentioned above one of the Z, - Z, is a carbon atom to
which the penem portion of the molecule is attached; ¥; Y, , Y; and Y, are
independently C or N. Wy, W, and W; are independently selected from CR4R.,
SO)y (r=0-2), O, and N-R; with the proviso that no S-S, S-O or O-O bond
formation can occur to form a saturated ring; and t = 1 to 3.
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i ndependently C or NN W, W2 and WB are independently
selected fromCR4R4, S(Or (r =0 -2) , 0, and N-R
with the proviso that no S-S, S-0 or 0-0 bond
formati on can occur to forma saturated ring; and t =
1to 3. -25 Ring size and arrangenent:
[56(non aromatic)] W \2)t /7-4---Z3 WZS 0 /ZI-- Y
\/\1/Z~Y3/Y2Y(§%2010%. nz2 0101 Y2
siz8 gid aprangpment: [>-8-Hqpsematicl vi \w z2  6-A 6-B
6C 5 1n fornmul ae 6-A, 66Bandvx6—€—(2\llz)t 22 Z3 m
and Z5 are independently selecte Yg/fro S r
N-Rz and zsrrent ned aboge one ;WYJ - Z525 O

ca onY |chth,e/pem mp on of the
attachwz)n Y ’1 |ndependen I \s (Wz)t
d WB are tk%_ sel ect
(rW3—O 2)3 o, RL with t\he Y1—W1
prow S0 that no S-S, S0 or 0-0 bond formation c%m
occur A form 10 a saturated rBfy; andt =1 to 3. 6C
Ri ng size and arrangenent: [5-(non-aromatic)-5] 6 Z5

Z10 ~W 76 Y4\ Y3 Y3 74 Z1---YO\Z5Z ,Y/ 011
Wi formglae @-A, 8B agl -8\ Zy17Z; Zz, 4. antpZ4 arg-indgpengerttlyselected from

1 r

L6509 U, 36, o Bl s g g, £ Pt

awdichdherpendro pedioniof the mlecde igattachzd. iYs and¥aatsoindenendently C

U8 N. W, W, and W, are independently selected from CRsR4, S(O)r (r=0-2), O,
and N-R, with the proviso that no S-S, §-O or O-O bond formation can occur to form

a saturated ring; andt= 1 to 3.

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

Z5
ze
[ O
Zg Ya /
Wi ~ Y.
Z—Y; \Y§ O\Zs Z—Y; \
z/ O Yr—7, Zz/ O \1 e
2\ i 2)t \Z3 — 1
Z3
A -B

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

occur to form a saturated ring; and t = 1 to 3.
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whi ch the penem portion of the nolecule is attached.
Y1l,,Y2, Y3 and Y4 are independently Cor N W and W
are independently selected fromCR4AR4 , S(Or (r =20
-2) , 0, and R, with the proviso that no S-S, S-0 or
0-0 bond formation can 20 occur to form a saturated
ring; and t =1 to 3. -26 Ring size and arrangenent:
[ ~ Z7-- We~y~ 7~
Ring 89 o gahgshart g GenapdmateiBl. ", %5 V- /55 2/ o
(M)t z2/ O21t z4\zZ] W Z3 8-A 8- B In forrmu ae
8-A and 8 B 71 , Z2, Z3, Z4, Z5, Z6 and Z7 a/e Zs

i ndependently selected 5 fromCR2, N, O, §7or€§LRi\
and as nentioned above anpe of the Z1- Z7 is\a karban
atom to whi ch thgypenept mZeon of the ol mu.ua ys,/

attached._Y1, Y2/ Yand Y4 i ngl e.L nt | y N.
W and \/\222?‘(5'Y ndepengen 4R4 Or &(r = O 2)

0, or h the ovi sgr hat @é \ -0 or(WHt0
bond fo?—' nY%ur form £ % i ng;
and t = g size and arraﬁgement

[ 5- (non- arorf"atlc) (non-aromatic)] 49)u W VW8 WB WL~yZ
(W) u /Y4~y Z-YI 1 &A Y2 8-B

In formulae 8-A and 8-B Z,, Z, Z3, Z4, Zs, Zs and Z; are independently selected
from CR;, N, O, S or N-R, and as mentioned above one of the Z; — Z; is a carbon
atom to which the penem portion of the molecule is attached. Y,,Y,, Y; and Y, are
independently C or N. W, and W, are independently CR4R4, S(O)r (r=0-2), O, or
N-R; with the proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; and t=0to 3.

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

Ws/(\\N4)u
M~ "
W1 (\N4)U 4\Y
/21\Y\4 / \Yi §N Z1\Y</ \3
O v— 24 Oy, W
ZZ\Z Y1\M \23 1\ /
3

9-A 9B

in formulae 9-A and 8-B Z,, Z, and Z, are independently selected from CR, N, O,
S and N-R; and as mentioned above one of the Z, — Z, is a carbon atom to which the
penem portion of the molecule is attached. Y, and Y, are independently C or N; Y,
and Y, are independently CH or N; Wi, W, W,;, W, and W5 are independently
CR4Rs, S(O)r (r =0 -2), O, or N-R; with the proviso that no S-S, S-O or O-O bond
formation can occur to form a saturated ring; t=0to2andu=1to 3.

-27-



5

10

15

/11'Wz 01 (Wt zZ2\0Y2 YL\ YI W Z) Z3
9-A 9-B In fornulae 9-A and 9 13 Z1 , Z2 and Z3 are
i ndependently selected fromCR2 N, 0, 15 S and NRL
and as nentioned above one of the Z1- Z3 is a carbon
atomto which the penemportion of the nolecule is
attached. Y1 and Y4 are independently Cor N Y2 and
are i ndependent | or N; V\l W W8, WI and Wb are
R8N SORPHE Ry r (1 = 0 -2). 0 o NR1
with the proviso that fgp&@ S-0 or 0 bond
formati on can occur to 9form\q saturat% ring; #=0to

2 and u = 1/9t/ g, 3. 20 27 ngZﬁl ze and larr Yrrent
(6-5-6) Z Z\Zs/ /Y407 3Z2 Y1\
ZJKEX';L"Z%

/11 v3 z8v1 *
‘f (chézz3_

Z3 7Z4 10- 1658 II (a)é,n'ula 10- A an

z4, 75 , Z 29 arelndE

N, 0, S orﬁ\m/and aS°nmentioned a Vﬁ cmé Y

Z9 is a carbon atomto which the pener%”portl of the
mol ecul e is attached. q9/h, Y2 , Y3 and Y4 arqqg.p

|ndependentl C or N"Rng size and arrangefent
(b dargplaz 10A garel A8-B 217 &, B, Za,(&s » Zs . Zr, Zs and Z, are independently

CRgz, N, O, S or N-R; and as mentioned above one of the Z, — Z, is a carbon atom to

which the penem portion of the molecule is attached. Y, Y, , Ys; and Y, are
independently C or N.

Ring size and arrangement (6-6-6)

Z4 Z, 4 Z; /]\
~ ~ TN ~ ™~
22/ Y 1/ Y4 25 ZZ/ Y1/ Y3/ Z1 Y1

11-A 11-B 11-C
In formula 11-A, 11-B and 11-C 2, , Z, Z3, Z4, Zs , Zs, Z;, Zs, Zy and Z,, are
independently CR, , N, O, S or N-R4 and as mentioned above one of Z; — Z, is a
carbon atom to which the penem portion of the molecule is attached. Y; Y., Y; and
Y, are independently C or N.

Ring size and arrangement [6-5-(non-aromatic)]
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Z1~ Zlo~ ""Zs, Z1~ Y4~ Z7 Z2 Y, Y4 Z8 Z2 Y, Y3 Z1 Y1
Zg10101o0of 1o0o1o01, z3\ /Y2 /Y3 [Z7 Z9~
,-y2-_,, /16 Z oYl OI15 10 z4 \zZ5 726 74 75 \Z3 ~Z/
11-A 11-B 11-C In fornmula 11-A, 11-B and 11-C Z, ,
Z2, 73, Z4, 7Z5 , 76 , Z7, Z8, 79 and Z10 are

i ndependently CR2 , N, O, S or NRL and as nenti oned

above one of Z, - Z10 |s a 15 carbon atomto V\,hl ch t he
penem portion of the % is att%hed Y , Y3
and Y4 are i depen Iy r s@ nd
arrange fn -aro tlc)] -2 2 ,z‘(\M VA

YT 426 Y@ )ty 1W9to
/13 \ Z4 Z /13 12A12 IMfof nul a Y2- A
and 12- BZZ\ Z4 and Zr, are dg[nende tly CR2
., N, 0, Sor N-R Gith the prow%‘a\tba't one/of Z, -
Z5 is a carbon atomto which the pene@i3 portv\bn of the
nol ecule is attached. Y,, Y2, Y3 and Y4 are

i ndependently Cor Ny W, W, WB are indepdently O,
NR, or S=5(O. (r =3A) wth the provis#2®Bhat no

Sl'nsforﬁgug 19'A gng J%de f %r t%gﬁ%na%cﬁwpehgeét&r(ﬁg , N, O, Sor

Sl zZe 'an

aNf&ngéhrrém p['CﬁA@ mabnnamcbrﬁat-r @) Jis \ABcErbuf? )atomito (WAAQH the penem

Sborfio of the el i dhaddoa, ¥, %2 Vi gy X7 sfipenshiboflt € orny w,

W,, W; are indepdently O, N-R,, or S=(0), (r = 0-2) with the proviso that no S-S, S-O

or O-O bond formation can occur to form a saturated ring; and t =1-4.

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

V73"'__(V\V2)t W|1 (Wo)t
Z =z Z Y
22/ 1\Y1/ G\Y4/W3\ Zz/ 1\ / 4\ / \ZG
ToTo0f s T0f0] Tolol
NN T, Za\z/Yz\z/ZG AN
4 5 4 5 Z3 Z4

In formula 13-A, 13-B and 13-C Z,, Z, Z;, Z4, Zs and Z; are independently CR, ,
N, O, S or N-Rs and as mentioned above one of the Z, — Zs is a carbon atom to

which the penem portion of the molecule is attached. Y; Y» , Y3 and Y, are

independently C or N; W,, W, and W; are independently CR4R, , S(O)r (r =

0-2),

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

form a saturated ring; and t=1to 3.

Ring size and arrangement [6-(non-aromatic)-6]
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13-A 13-B 13-C In fornmula 13-A, 13-B and 13-C Z1 Z2,
Z3i Z4, Z5 and Z6 are independently CR2 , 15 N, 0, S
or NR and as nentioned above one of the Z, - Z6 is a
carbon atomto which the penem portion of the nolecule
Is attached. Y1, Y2 , Y3 and Y4 are independently C
or Ny, W,, W2 and WB are independently CR4AR4 , S(Or (
r=0-2), 0, or NR wth the prowzso that no S-S,
S-0 or 0-0 bond formation can occ Xo’\f rma

saturated ring; andt =1to 3. 20‘ Egslze aW (Walt

arran n)t(a&g -aromati c),- 6] 29 VA

2)5 /z% £7 72 ~Yax 3~Yz5/Z Y3\ ylyz\ z" 2\
Ol |

Iﬁ01OI6 DW|§|_6A|

)t
vgl 2 y4\ z4 4-% B 4- )[m
i ndmentl Zgz 425, z\zﬁl/é 7 and?2g a*é\ -~ 5

N 0, S &6 NR 'and as nent Foned %

above ppp of Z, - 28 is a carbogg.gtomto 5 whi ch the14_c

penem port| on of the nplecul e |s attached ¥,

Y3
alfid formulgr 44-A, (MBANIA-Ly ZC & ZnZe\ils, L7 2R ‘dygreingependently
i @ﬁg n\?r@egtdryN%“aRf'd as %Qlénéd éboveQJnea)f Z1 Qa i cobh atom to

proviso t hat no S-

f‘dh'ﬁ%tth%rpe@ﬁﬁ‘ oedign efother mplﬂcales'at @ta&he@ rYnng aNd and=Y, are
linkiSpehdedly B PN; SW% aNRBAd &V a?regﬁd@ﬁhden vx% CR.\E\{"; S(O; (r= o -2),

[ 6- (non-aromatic)-(non-aromatic

L& iR Wi ron 9o it p 554 5.9t O-D P formstin san oocur to

Yf’orr%as\énYr\Eted(r\A%) ¥nd t@& 1td2.~ 4)u Z3\Z~ W 3 -w3 Z3 /yl
(W)t 22 "A4)U0 ~z4 Z3

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

W —Wau Wf in)t
Z 2
PN /(XQt W, 7 PPN
| O | e 7 Y 4 ] Yi/ I
3\ - 2\ e 3™~ I O Y| (\N )t 2\0 YZ (VV4)u
3 \ 2 1 Z;,/
15-A 15-B 15-C

In formula 15-A, 15-B and 15-C Z, , Z, Z; and Z, are independently CR,, N, O, S

or N-R; and as mentioned above one of Z, — Z, is a carbon atom to which the

penem portion of the molecule is attached. Y, Y,, Y3 and Y, are independently C or
N; W;, W, , W, and W, are independently CR4R4 , S(O)r (r=0-2), O, or N-R; with
the proviso that no S-S, S-O or O-O bond formation can occur to form a saturated

ring; t=1to3andu=1to 3.

The expression ‘fused bicyclic heteroaryl group’ is used in the specification and

claims to mean:

A group comprising two fused rings in which one has aromatic character [i.e.

Huckel's rule (4n+2)] and the other ring is non-aromatic;
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15-A 15-B 15-C In formula 15-A, 15-B and 15-C Z, ,

Z2, Z3 and Z4 are independently CR2, N, 0, S 15 or
N-R, and as nentioned above one of Z, - Z4 is a carbon
atomto which the penem portion of the nolecule is
attached. Y1, Y2, Y3 and Y4 are independently C or N;
W, W, W and Wl are independently CRAR4, S(Or r

e R R a%'sged from the

rgmg;p@%l,twmuﬁl to3. 20 The expreSS| on 'fused
in th

L
t WOlﬁngzEdarbblﬁl @fonh h thbla?mﬁﬂ’dﬂlr@aﬁ ?Ewna? Itqhé felmdiiag! er
n+ an e 0 er .rin
s arpls 1158 o Tkl L hesbRoh Biouetibiayia P 4 Pixipg atoms

cntlading bﬁa@eﬁeadsatumb)ekaéaaa Fitn sﬂzecm ed, BremMNiRIe The aromatic
N R1i e fused b I c heteroaryl

. ., N cI
SFB0Y ke Firribvels heteomyliPHREBNS OHo Hexdgaioa selected from
t iHeOgtgtip @, SaNEmd MR i n t he arormu;: rlhngfas (sjhovvn in
t f I | t he fuse

I A brBrc g o) e et Pibistic b tba deoh caliging fiyego eight ring
atitus (.r(clmth dndfg]ahbad @gmh@zyéle@teanﬁam mezqt ﬁdeFE om %)n where

o Pet TR SPBRBAPaNC Wit e e o peeroRl ortpeoptains O to 4
s abtetdatohns selettet RMONONIR,00 dB.S d})nambréhal Otdhe

of .the fused bic |c het er oar yl
%53'5""%81‘?%&\%@5%?98”' p'g eéorﬂrﬁlgi“?@' G89et ons (| ncI udi ng
br| dgehead 1.selected fr CR4AR4, N, I\QRl
S(O'S, wher. 1 = W2 The ZI‘DYMQ’X}'(WEMI c rifkg \%{]
fused bi cyéRi n¥ker oaryl ZggwﬂNgont ai ns zQ w 2k
het er oat ons selectedfromN3l\l-R1| 0 or fere n

=0to 2. @-&rpl es of thelB&ed bi cycllc h oaryl
group include: Z1 W ; (W)t Z1'Yl W' (W) t Zz ZZV1'W

1@1 %rmtilg%% 9 YZ1 \ég % 2’3 ére u?dtependen:tgly %Athﬁ 66S%r 16-8
N-R; and one of Z1 ~Z3 is carbon and is bonded to the remainder of the molecule as
shown in formula l. When one of Z's is CR; the other two Zs can be either two N or
one Nand 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 CR4Ry, S, SO, SO,, O, N-R,, C=0:; with the
proviso that no S-S or O-O or S-O bond formation can occur to form the saturated

ring system; t= 1 to 4.

In formula 16-B 21, Z2 and Z3 are independently CR,, N, O, S or N-R; and one of
Z1 =Z3 is carbon and is bonded to the remainder of the molecule as shown in
formula L.

When one of Z's = CR;, then the other two Z's can be independently CR,, N, O, S or
N-R, in any combinations with out disrupting the aromaticity;
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In formula 16-A Z1, Z2 and Z3 are independently CR2,

N, Ob Sor NRL and one of Z1 -Z3 is carbon and is

bonded to the renmni nder of the nolecule as shown in

formula I. When one of Z's is CR2 the other two Zs can

be either two Nor one Nand O, S, NNRL in any

conbi nations with out disrupting the aromaticity; when
ther Z can be optional

2‘8’!‘8%{%2& d\‘nﬂ?ﬁbtthﬁl Ot*z?r carhop 'me"n%é)ﬁyde%faﬁ%? Ry Rortion

Véfithe MalectiesdsgHowndn fdimuRrjomaticity; W, W2 and WB are
|nde\RlendentIy CR4R4, S, SO _S02i_ 0, N-Rl C=0 wth

t We WpaBd Wagtre indeppdastiy GisRe 9 S5, 890 BB f or mat i on

can gacur to formthe saturated ring system t=1to

4. 25 I n forrrula 16-B Z1, Z2 and Z3 are jndependently
CRAENAN 2 DN a5 G withy the Praigo Sl witen the aromatichetatpeysie i fraidazole,
| the Bafuetaed he%h{a@ B BEtaHeS S aﬁjat:ém tIEHitlgRes &deym 1 n

formula I. en one of Z's = CR2, then the other two
Z's can be independently CR2, N, 0, Sor 30 NRL in

ARYoredl 68 ZaN22 Vitd Shd 24 arg |ﬁdéHHnHBIStI)1@R2 & IQERA bAé bYz1 -z4 is
-31 When'two Z s =N, then the other carbon in the ring

|%a”BQﬂﬂf@d'5tbG“€'%t°dBﬂé¢ﬂ1?J6¢QrQ§ﬁhe wplecHie. nol ecul e as
S\W}’VWZ bRd ﬁ/\% é’fé'uﬂieben%{t\z %4@‘1’:‘ \gb 6‘55(92, U‘d@rﬁ\ﬁﬁ?'%fhl the erowso

tnhab‘w §\7IS[ o PR °'|'o$&/ paw ftoﬁﬁ?t'%ﬁarﬁ‘ qu @rfefmthec,saturated ring
h@ts%rnpqultg‘;l s imdazole, the saturated ring may not
contain a S adjacent to the bridgehead carbon. In

f Hr3Ad Ye A6 "@eZ’f“ ently Gy Mind z4 are i ndependently CR2
or N and one of Z1 -Z4 is carbon and |s bonded to the
remai nder of the nolecule are

i ndependent | y CRARER %CE%O%WV\& 'UVE&T'(RNRl with the
proviso that no S-S or 0-0 or S-0 bond formation can
cur to m t he tur drin SYS,
VS hetngs I oetteed) Bl Fopridd rendbaa’ Breleiead fesbe piay by
| Mbﬂ’él@laﬁ:@ﬁp@pﬂéiély%fubﬁhﬁteﬂ %R:ié'h?de ﬁ P WitH l63rbm6392nB@ derivative
prepared in and facile wa condensi ng a

n
a?fpﬁtrdﬁtt“feaf—@l (§°§"t‘fﬂ§ 12} indbe Areseoes CﬁELqW'S RFidhpreferably anhydrous
EmBgResmP BERTE [6fd prafekaty anhydrous MgBr, or MgBr,: etherate and a mild

base such as triethylamine, DMAP, or diisopropyl ethyl amine, at low temperature
preferably at about —20°C to —40°C. The intermediate aldol product 18 can be
functionalized with acid chlorides or anhydrides preferably to an acetate, triflate or a
tosylate 19; or, if formulae 18 is isolated, it can be converted to a halogen derivative
by reacting 18 with tetrahalomethane and triphenyl phosphine at room temperature
in a suitable organic solvent preferably CH,Cl,. The compound 19 can be smoothly
converted to the desired product by a reductive elimination process using a metal
such as activated zinc and phosphate buffer at mild temperatures preferably about
20°C to 35°C at a pH of about 6.5 to 8.0 or hydrogenating over a catalyst preferabiy
palladium on charcoal. It should be noted that the reductive elimination step could
be conducted stich that deprotection of the carboxyl group occurs. If the protecting
group on the carboxylate oxygen is para-nitrobenzyl substituent then the reductive

elimination and deprotection can be achieved by a single step. However if the
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of structure 16. (Schenme 2) in the presence of a Lews
acid, preferably anhydrous 20 magnesi um hal i de nore
preferably anhydrous MgBr2 or MyBr2: etherate and a
mld base such as triethylam ne, DVAP, or diisopropyl
ethyl amne, at |ow tenperature preferably at about
-ZOC to -40C. The internedi ate al dol product 18 can be

tionalized ﬁ\q 5}& cid chlorides or anhydrides
@?’é‘i"&glgym{%'sé’ e tanpaka-ntrqbenzyl substituent, @d&’yl%%wfgedure can
Obe féllowka depkadnd 8p o th&@étﬂifeecﬂ’ the bro@@ﬁn@grcﬁ.@nvﬁfetpﬁgdlk@ can be

| o erivative 25 reacting
SO PLRERD A SoR AR or78 A 2IKAe Ty b THe ABoYR megtioned two step
t prmea@tewaa be dﬁarr@bcﬁwtﬁrﬁ&h@sﬁg%@%bﬁylﬁﬁ bueht eRfirf ;ﬁb@é&lsxmthout
e snoot converted

e CO can
t ﬁ@'aaeg 'ate;smgglatet;w his i éda'@f'Yﬁihés'mPi%rﬁﬁ?q%ﬁ apd s@&eggely

Uéﬁlﬁﬂnﬁlnﬁ@ﬁﬁ‘é of yiel§ Bn@ Scétdnhi AR5l \WﬁlcﬁGQn B8 %Q@t%t rﬁake a wide
buffer at mld tegﬁeratures preferably about

3x¥eriely obeqmpeyindsy dhis REossduEe i§ amenableyia adaen aﬁalﬁ@y@ﬂmls and
aaplicabletb alafbg ABldéhpéespal | adi um on charcoal . It
shoul d be noted that the reductive elimnation step
could be conducted si ich that deprotection of the
car boxyl group occurs. If the protecting group on the
carboxyl ate oxygen is para-nitrobenzyl substituent
then the reductive elimnation and deprotection can
be achi eved by a single step. However if the -32
protecting group is other than para-nitrobenzyl
substituent, a two step procedure can be followed
dependi ng up on the nature of the protecting group.
The product can be isolated as a free acid or as an
al kalie netal salt. The above nentioned two step
procedure can be carried out in one step by carrying
out the entire process without 5 isolating the
internediate 19. This is a relatively sinple procedure
and extrenely efficient in ternms of yield and
econom c feasibility which can be used to nmake a w de
vari ety of conpounds. This procedure is anenable to a
| arge scal e synthesis and applicable to a variety of
al dehydes. -33 O~ ~v 0 OtNJ 0o Oo0 a,~"z',z~ 0O
“we o0 co co co Xco ZV,
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20

condensation step where the deconposition is mnimnzed
[as well as to the shelf |life 5 stability]. In this
invention the key internediate 16, where R =
para- Ni trobenzyl group is a stable and a crystalline
intermediate. In the present invention, it has been
found that the internmediate 16 is nore stable than
the intermediate Q The conparative thernal stability

datag far t elnte i ate nd ven bel ow,
Crans et aSp e thepresentmision trkies e seal dhpe
brclrﬁo;ﬁ?ﬂb:‘Jfﬂlﬁt‘é‘ﬁmIe.diiﬁtt—:s‘fmI Thd étéﬁht&rloﬂﬂle%te?rh@dlﬁt@ﬂ@ %l@iénﬂﬁ: the aldol

{as t he scal e-up feasi bi As nment ed
cog%gq;@ orh3tel y@g;eo e SeCmPRRININ |sg}|@m@;qg,[@shw5gp§to the shelf life
staNiliy) O REMEYhvedtieH bhel leéijuﬁ@ﬁnémmewnﬁéreqi -S;ta%mulrdbehm group is

present process of preparing the i nal onmpound o
2 Sakleapd PéfMSta"Tn?é""@FfV%‘i'aﬂel |“hg"erﬁ[?§ﬁﬂé inyeniians t has been found that

the iﬁi@h@&ﬂt@’fﬁs‘fﬁ&e%ﬁtﬁ’@ﬁaﬁtﬂﬁéjlnté?bhe&af@ﬁ q"hfefcfaﬁfgtafé?ioet ermal

studi es. Tabl e hows the X-ray powde€r paraneters o
stability ¢aa fentae mi%mesrateSajxmd Srare given gequy (Table ©) This nenarkable

o P T il P, KA v

scalg-up feasiighy 7Acmegtioned pve, potectiarstfedrbokyl gther Withl phry-

B s
flne@nslﬂuedl obstruoturk |. TMsbirystallinepaturemfiihe intermediatewheastablished

by(él%g?ﬂ'i_’ﬁr%ﬂt on cﬁeé GFQSIQZ sﬁa\%s ﬂM X- $yoﬁﬁswoae'i' %araq'neQer@o/f mer\‘ormula

enper a
"J/:‘,S | NO, B”'J:(S | OCH;
)= s U< il = < Ws
o] o]
Q
Table 1
Residual Ratio(%)’
Day Formula 16 Formula Q
0 100.0 100.0
1 100.0 99.7
2 100.0 95.3
4 100.0 72.9
7 08.7 69.8
14 98.4 Not tested

1) Checked by HPLC analysis.
Temp. 40°C in a solid state.
HPLC conditions:
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5 Table 2 Peak # 20 d value (Q intensity (cps)

Rel ative intensity 1 9.540 9.2631 1575 28 10 2 13. 560
6. 5246 1225 22 3 15.460 5.7268 3913 70 4 18.680
4.7462 2509 45 5 19.180 4.6236 820 15 6 19.940
4.4491 1366 25 15 7 21.060 4.2149 699 13 8 22.360
3.9727 1652 30 9 23.740 3.7448 5560 100 10 24.260

sostan:lregsisiL 155 480D mELisls Barerss 19a) 56 a0
3Mobiié phadd; Ethy lab@ta%@n‘-’rfé&aﬁegﬂolﬁW?G 20 16 28.900
3. 0869 2206 40 25 17 29.220 3. 0538 1507 27 18. 29.720

3Waysdenathy 31NV floyy rafgni.9 nlimin @Rogm temperatupeyo
2.8644 815 15 21 31.480 2.8395 888 16 30 22 34.700
2.5830 906 16 23 36.700 2.4467 785 14 24 37.780
2.3792 862 16 25 38.980 2Iable? 762 14 -36 26 40.180
2.2425 728 13 27 41.220 2.1883 718 13

Advant ageousl y, during the reductive elimnation step,

Peak # he pra8ent i nvahvalue(@he intensity (cps) Relative intensity
1 9.540 9.2631 1575 28
2 13.560 6.5246 1225 22
3 15.460 5.7268 3913 70
4 18.680 4.7462 2509 45
5 19.180 4.6236 820 15
6 19.940 4.4491 1366 25
7 21.060 4.2149 699 13
8 22.360 3.9727 1652 30
9 23.740 3.7448 5560 100
10 24.260 3.6657 3560 64
11 24.940 3.5673 1958 35
12 25.180 3.5338 1799 32
13 25.780 3.4529 878 16
14 26.540 3.3558 1514 27
15 26.900 3.3117 1136 20
16 28.900 3.0869 2206 40
17 29.220 3.0538 1507 27
18. 29.720 3.0035 1473 26
19 30.560 2.9229 906 16
20 31.200 2.8644 815 15
21 31.480 2.8395 888 16
22 34.700 2.5830 906 16
23 36.700 2.4467 785 14
24 37.780 2.3792 862 16
25 38.980 2.3087 762 14
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5 desired "Z" isonmer is fornmed extrenely
preferentially (about 50:1) 45-55:1. Formation of the
"E" isomer is not observed in the reaction m xture.
The reductive elimnation step can also be carried
out by hydrogenating the internediate 19 over 10%
Pd/ C. The internedi ate 16 used in the present

i nventi on be pr d f he comerciglly
26ava| | abl e ng%/lm nopefrglg‘gqel ani gﬁaécl d (6-APA) 2 (Schene
273) . Thi s 4te32e 1(2.¢888/erted71® the brormpemem 16 by
the procedure outlined in Schene 3. 6

am nopenicillanic acid (6-APA) 20 was converted to the
bAdvantéddudiyr durarig the réfictive aliminakonpsiép, v theqstesent inlvehion the

de\é\ﬁéq]%‘ dsorﬁ%ﬁg&qrgﬁ:ﬁ ggﬁér:ngﬁ/@%gf p@%%l%égder@wﬁ%égs:q.i Egrmation of
the tEi\isorhewis tnot dlﬁsldmyed ih ei:eﬁreacmi‘unh&ttmat h’hé e@ﬂu'cﬂve Sitiaatkon step
t n esen i on
ol S PR P st S e aR e e Talev Bt 0% By
i N One ipimetfated MBIlisddgo s prﬁgertthmehﬂcsrema?%qir@&aré’dlframdhe

b 16 t bt ai ned was reacted with
coPpieb AR AR e 965 T A £5° Sl iy e

coRVSNEY toURe WEURR eﬂénﬁﬂ"ﬂgﬂhélp’!‘éééﬂu?é/éﬁtﬁrféahﬁ SWHENRE 3. B-

Q(Et) 2. The al s)ro uct was trapped as an acetate
anjhepanirdiapicorrid £-APA1 20 wes sapvesiedde PeatiyB derivative 22 by a

RPN Bl ThiG i 58 bl BHGRSHLAR it tylpening
regftion tgy@lmsgp@pgumjmﬁ was (;gn\&r‘cpm)to 46 by dwnprocedure outlined in
S%S n %Q\Faﬁ'% -Q?ﬁslg lﬁ S;t)rglg%ﬁn]tllg\ﬁen'_@? ;}éﬁ&‘ér‘gﬁhﬁ)’ cngEMnd% to 26
canlhecaawu@:gmaplmWe potn withcajtllgolatmg tbeirlt&rmed@testm ﬁhdJZfEd‘ he

0 ur | latter, .
brW’n%)E 'ﬁﬁ/ﬁ'k/b%ﬁ b%gmggwg eac ecr\g é_t(l%l-; S&Iheme l’2) in the
presance of eobssiromsMQB%qo lgomrrmnciallytavadatne N@Biwﬂtﬁé{ The aldol

| .LJ ' 0 nsation

oM oo d 55 Sk Bl B e FLAGNSBI Bery
copférited torthe final pyediet hby reBltingpit etk mttivatadezine @0g. rfm,shly@ctnvated

ri.e hydes ieldt
o AL RED g oGl € bich 6 6P X550 WPl e prodict can be
canverdentlyopurified &y &sowns meamsmﬂslsasfdmnmmHmecnﬁurﬂm clanatography.
ln?QﬁVOtﬂé' r&glu%n éa%r guélﬁted wnfa‘ v?atgr to’\r|er910vg ar(1)y |ﬁgrga|n|cvf'fn]1punty and latter
with 10% MeCN; water. The product obtained through this process is 98% pure and it
can be further purified by crystallization. The aldol condensation reaction using Et;N/
and MgBr; is extremely efficient and general. The present invention may be extended to

a variety of aldehydes to yield the final product of general structure 1.
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5 one of A and B denotes hydrogen and the other is
aryl optionally substituted with one or two R2,

het eroaryl optionally substituted with one or two R2,
a fused bicyclic heteroaryl optionally substituted
with one or two R2, fused tricyclic heteroaryl
optionally substituted Wi th one or two R2 cycloalkyl

TR ERE v Blebos ot BF e Bisr Sy Bipblg r formua

optionally substltuted with one or two R2, al kynyl 10
optionally substituted with one or two R2, saturated
or partially saturfated heteroaryl optionally
substituted wt @Lﬁ@ or_Ja R2; R is H an in vivo ,
ydrol yzabl e ester sglectled fromthe group 1 -C6 al kyl,
C5 - C6 cycloal kyb/ CHR300 Oc6 or a salt selected
fromthe group consisting of Na, K, and 15 Ca; R2 is
hydr ogen, optionally substitut®&f Cl-C6 al kyl,
optionally substituted @-C6 al kenyl having 1 to 2
W',%gu | e bonds, optionally substituted C2-C6 al kynyl
ng 1 to 2 triple bonds, hal ogen, cyano, N R6R7,
oneutf ifoaral B ydesotes thydnogenl aﬁdtt@ombksml ob;tdtaﬂy)substltuted with one or

B PRI B S B MR Y BRI sy

opﬁor}dllgwbdﬁtktyebamﬁhrma orctpoi &némdeﬁ tacyatid hetetandylaipyibmntly Substituted

T R T T

subgitutes vethkgneydromwp, R{Zhlk@ﬁyl cz):itlbydalamubsm(ﬁ]zd C\Ethadm@mytwo R3, alkyny!

e ptlon ubs it.uted ar
ool UM iR RO MY 55 Biybls X8 A it Goteroary
opﬁorhniuylsubt;tente@]mtﬁ@)naloyltwo Be;O g- optionally 25
substituted aryl where gis 0, 1 or 2, CONRGRY,
guani di no or cyclic guanidino, optionally substituted
Rs(s -Fbanainkyivanyarolysahle ester Isglestagsiror de graupyl’ 4IHOPI alkyl, C5 — C6
NaHRL oSS t
°y895'rﬁy@§‘u‘%st G & s e LBt P oM blsieief Na. K, and
Caubstituted Cl- C6 al kyl mono or bicyclic saturated
het erocycl es, optionally substituted aryl al kenyl of 8
to 16 carbon atonms, SO2NR6R7, optionally substituted
Rzaﬁylyarqunoswtwn@w suksgitutesh&tG6 alkggoptionelly substituted C2-C6 alkenyl

|
haﬁ@ efgdé? Hdglxbl% Qi?diiasorb?tb?(aollggﬁqu%h fuéEE@Z -C6 aléynyl having 1 to 2 triple

boggs *tﬁl%ﬂnypyar‘@p o pg“%@lﬁtssubsutté@ aaﬁ%wyw Bydraxyy loptionally
sussthateutéﬁ/pctapt\staa%oarbx}.@t@aaﬁateroappgb%g 'opt.éﬁagwgf%&@d alkyl

kyl aryl oxyaryl, optiona
argpRy piylaminesh eptignglly gubstitiied iapeuyi gpitanely isubatidded heteroaryloxy,

op%;yél%ma&thwed Pts %W@H(Mxys Bpﬁédaww&nﬁned C3 -C6 alkynyloxy, C1-C6
het er oar yl oxyal kyl i ona substi tut ed

allgiagyinenSA-6& yalkexy aatfw?é@ dioxpf eptuzf@llmsueﬁtiut@é agyjoxy4¢1-C6 alkyl
anﬂﬁé i @1’@.6' b(erﬁwﬁtdll@ywﬁd)) a&&%lnalapﬁﬂs%@dl &1W§$§I tS{b‘?q optionally

pti onal tute het er oar yl

Sueﬂltuwmwer%atﬁ énbpra GANReR Lguamiding @rrfeyégwcg@amdmo optionally
subStiehiRaRY1-ce alkylaryl, optionally substituted arylalkyl, optionally substituted C1-C6

alkylheteroaryl, optionally substituted heteroaryl-C1-C6 alkyl, optionally substituted C1-

C6 alkyl mono or bicyclic saturated heterocycles, optionally substituted arylalkeny! of 8
to 16 carbon atoms, SO.NRgR;, optionally substituted arylalkyioxyalkyl, optionally
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COOR6, optionally substituted aryl, S(O) qg-al kyl, and
S(Og-aryl. 10 R3 is hydrogen, Cl1-C6 alkyl, C3 - C6
cycl oal kyl, optionally substituted aryl, optionally
substituted heteroaryl; R6 and R7 are independently H,
optionally substituted Cl1-C6 al kyl, optionally
substituted aryl, optionally substituted heteroaryl,
onal ly substituted Cl-C6 al |, optiona

opt i | ! kyl ary 1al |y )
subBtituted aryiprialiy! RHoRaIl, sUbsHivstREeraTdoiyalky, pptionally substituted
arﬂ@iﬁhﬂ,afdﬂti@hiﬂ | ,su@@ﬁth@aaldr%o@hegrééryﬁ egutielittdd ahdt¥foaryloxyaryl,

_et%&gar%$,_ aqs R7 &ﬂn e taken together to faorma
opgonallye nBUbsttHied | KGRIV n@MIeyankm GRIoTAIY | SubsiiMedy C1-Co
alwmz |akyr:ie1woéwt er O@t@ﬁ?llr;lts Lmjbsﬁt%teb: !%rylo%]ﬁall@f( Qpﬂoﬁhwf substituted

-2; e process for e epar ati on_ of conpound O

hq?%fpﬁwfom"%é-oﬂmné(%SU%tL@& aﬁxl,aWéMﬁ%kwangi 'f’wegﬁfre@ Rz groups
ar@qii,ﬂo;a@ndli;sggr&ﬁgﬁﬁed glkgnto@tiamy%@eiim&:ﬂ:t g|k?xyf,s{oﬁﬁ@wauy substituted

met hapo| or and water was converte 0 e
h%@fﬁ?wﬂoka'em- iczﬂg HAroRe - SPENAlY eSidstituled,, higtarocycle, -CONRGRy,
COpe; adptionally sasstutdt aryl 15(0){-8lkyl38d sgy}q%eﬁ.i umor

potassiumnitrite solution. %he 6- bronopenicill anic

acid 21 derivative either can be isolated or insitu

RERMRIFSRA, 0A-CH alkye 0B Nida epasni, SptiohampsidstiutdLad!, ®ptionally
Ug%_u& gl% 4-ni trobenzyl brom de in the presence of
SUBSHIRANSRICRY or i nor gani ¢ bases (preferably sodi um or

pot assi um carbonate) in an organic sol vent.

P bly THE o . Step. 2:. The praodyct . .
Ressi Ry BBOSgTe BB al St Eeda T Gl hapiagalyisubstiuted
arpl Gﬁﬁ?ﬁllly 3@0?th§¢ H_@t@rddﬂylﬁtcﬁb{ﬂo%alwgﬁhbbﬁuieﬂ_@ﬂﬁsdall@rl aRE optionally

r ansf or me 0 4-nitropenz - bro nicillanate.
sups i fedcaratyh, dpfiarul Obetey neieratraay T SogaRAl bksituted C1-Co
alk@ heRfda0y1) RD¥nd RX bfﬂ Bdi we_agogegrééw ?fdrﬁo@e;vgy\lembered saturated ring

- | a e 1- e usi.n izi en
it SRER % & delsSartie St e By G SO b

peroxide. -39 Step 3: The product fromstep 2, nanely
théégﬂ ctéarP? onr'g%% Lre%ér%rtigrrlrgp c?o%gdulnld%? ?granuiLa' f)c(:tlarggrisze:g can be
4-ni trobenzyl (2R)-2-[ (3S, 4R) - 4- (benzot hi azol - 2-yl di t hi
- 3- -2- .axoazet i di ne-1-y]]-3-nethyl but - 3- epnoat e
s, S Reganid e RRd 20 8Rsqvehh et Gy alvert (pEfiasy
métharolce THF) et lvaferverscapterteeits ditd6-drarhe défilahive in the dresence of

a8 gvg\ﬁ&&gﬁopgor%i\é%gié'aé(—%ﬁég -3%% ahd' SBE or ptERiif S solution.

Tlge ﬁbtqr@?}m’mkﬂlah%l%)ci@_‘[ dstvathie) ei&xg( b@'ﬂb@tsll&iawe:‘.:’d%r-inﬂtul ckc)mverged to
-yl di I 0) - 3-Dbronn-2-oxagazet | ne-1- - 3- et ut -

tnE oAy G oA GEg o0 e TobaNR S ' aRpRence o
orgahie bas@bbnindrabhie BagesAPELievBly sobiet bopbtidsiln 8arbeR&ta)ThG@n

tertiary base
organic solvgnt. (Preferably THF or DMF).

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

such as_3-chloroperoxybenzoic acid (mcpba) or hydrogen peroxide.
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(preferably triethylam ne) at anbient tenperature gave
4-ni trobenzyl -2-[(3S, 4R) - 4-

(benzot hi azol - 2-yl di t hi 0) - 3- br onp- 2- oxoazet i di ne- 1-yl ]
-3-net hyl but - 2-enocate 25. Step 5: The product from
step 4, nanely

4-ni trobenzyl -2-[(3S, 4R) - 4- (benzot hi azol - 2- 15

yl di t hi 0) - 3- br onp- 2- oxoazeti di ne-1-yl ] - 3-net hyl but - 2-e
noate 25 can be converted to 26 4-nitrobenzyl

_e’.ugﬂ& AFddud- o ﬁﬁap‘E namey! 4-h.tr@b8nzyx@@z&ﬁ¢p@nr&ménatb]1 ~cXide 23
but - 2- engat e carr out the reaction
call Ph U YRS AT EORRIRVED X S P8 drlbgnarin ey IdTic)Aebromo-2-
OXPEREENE L) - ﬂf 3znﬂbtw1mr:e énctd 24 by rfRingl-mtrbigdrizyis-aci d)
acetic _an é(ilrl de/ organic Tertiary base referably

bresyenemiciianatentroxide aéwqh %mefqap&bynzqshlagqim T) in an aromatic

soﬁleﬁtef;ﬁéféPéBTy?Qluél*ié)PhenW phosphine) at -10 Cto -30 C
Sequenti al conversion of conpound 23 to 26 with out
isolating the internedi ates: Product from Step 2

St& AETHe 6rd3l'uElr ﬁ%?ﬁ E?ew 3, (ﬁaltﬁ(eg'mﬁ%b@ﬁ K?ﬁ)’iﬁ 38 ﬁﬁl@@eggbthiazol-

was reacted nmerc pto enzot hi azol

2-yidithiq)»g- h@m&@&@azgtl@ngéml]& -Sethdnt- 3(qnoafee25cﬂrybe dissolved in an

LRI T PR A S
(preéezably iethylaminepatamsbientdemperature igave ganitrqbeazyld-[(38,4R)-4-
(béﬂ}'ﬁﬁf dﬂo@?'yﬁ’d.&% AL lfror%‘é'éj%xo% Qtldu?em- Q-I?S\[r?%frhgf?g %ﬁéétg 25.

I'de)’, an’organic
pyridine) and a trialkyl or tr| aryI phosphat e

Stgﬁ_ gyﬁ:ﬁtggpg%é%t ?rEm'lep 9 ﬁa?'nélf 9—ng‘rob%gzﬁ-tz?[&és,ﬁR)Ui]-?b&rzgfgﬁjaczgl 2-
yldthjo}-3hyrdiRp-Bexnaaetidine- ql]?ymeimytbu%@noamasi adnbeleoyildrted to 26
- et hyi 2 ther_ste m .t he
4-r£iterg@l;een%¥li %Rg% o%ﬁ\?/gﬁ%&g'ﬁ tp fornrﬁ{{)l[pkeb oxaf)zel lrd]manyla)g %f\@but-ﬁenoate
bysalryiegtouf thegtactiontin ah layonesticydrganie selvet (Btteferi!ﬂﬁlTbkuen@Gn the

Pfff%gaﬂgg ﬁ?éﬁ’ P%ﬁ?\g: V%étnog@éfi\éﬂ}%&af%ﬁic%% ?gcétE %Hg{f dle; or{?gmc%emary

ecu

bage (niefepatly Byridiag)eamd t( @ik)ébetr’@wl yvhwphm (pyafenablysphi t e) .
N dor c (5R 69) -

thH%g'ylghegen er%%g JcI:(g\r oxy ate 16 was crystallized from

et hyl acet ae: hexane. 5 The conpound represented by the

Se{clzgliel '?)%J‘;&?%yh SJg Q})@plo'un‘q % tE% wﬂ% inglsogf_l'hrjél tha kfr?t\é?mgg iates:

preparation of the conpound

Product from Step 2 namely 4-nitrobenzy| 6-bromopenicillanate 1-oxide 23 was reacted
with mercaptobenzothiazole in refluxing aromatic organic solvent (preferably Toluene)
for 1 to 3 hrs and treated with triethylamine at 0 to —20° C for 3 to 4 hrs. After this
treatment, reaction mixture was charged with organic acid (preferably formic acid) and
an anhydride (acetic anhydride), an organic tertiary base (preferably pyridine) and a
trialkyl or triaryl phosphate sequentially at —10° C to -40° C.

Step 6: The product 4-nitrobenzyl 2-[(35,4R)-3-bromo-4-formylthio-2-oxoazetidin-1-yl]-
3-methylbut-2-enoate 26 from either step 5 or from the sequential conversion was taken
up in an organic solvent (preferentially ethyl acetate) at —=70°C to —90° C and ozonized
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represented by the fornula 16 is an internediate

useful for the preparation of 6- (substituted

nmet hyl ene) penens of general fornmula |I. 10 The conpound

represented by the fornula 16 is a crystalline

derivative (X-ray powder diffraction paraneters are

given in the Table 2) The crystalline nature of this

i nternedi ate jnpart .stabi]jity and there by increases _
oG Wah Bpse tEUEh ik T 'g'jtsafali'qwqdwydatf%méﬁcq'wecvchzaﬂon using
a SHuEphits fbagbntt (PreférabyWimethl pHospPhite)N The prcdibe4-hitrobéRzyl (5R 6S)-

Step 7: React]on, of 4-nitrobenzyl .
. 6-?f9ﬁf)°@s5‘@fe:3o?%h@s'@2%ﬂ£ ya&&nﬁé%%eétf@nletwﬁﬂamexane-

appropriately substituted al dehydes (defind as before)
to effect the al dol condensation step can be carried
The gomRoupd sepipsanted-ky the fallwingfarmula A8) r ef er abl y
anhydrous MgBr2 or, MgBr2: HOBr S A NR O 20 18
etherate) and a or%rélmbé iary bags (mosferably
triethylamne, DVAP or dj_isipropyl ylam ne) in an
aprotic polar orgar&c sol ven CS) cfkerably THE and
acetonitrile) at tenperature-20 Cto -40C. The
i nternedi ate al dol products of general fornula 18 can
be functionalized with an a#8d chloride or anhydride
Ao abovesentiorsd processi (StephiaiSiepd) far thelprepatatioh lofithe acompound
| i t. A - ' :
rep @SN b < Erh e i Witbrindtiard eof o7 the pryhphth
(sunstituded methylena)denbmgef gereralfarmula lby reacting 18 with
t etrahal onet hane and tri phenyl phosphine at room
tenperature in a suitable organic solvent preferably
TheH2BIung réjiregertied Bhtheffomalla 46 épa cryatatiing detieative @4eay povder

2l i natjon. st to vieldthe,conpound of the general
d'&@#‘?ﬁﬂn%r%'%e?i%g%eg“geﬁp ?‘%‘%T%ﬂ? zgy di ssol ving the al dol
product m xture in an organic solvent (preferably
. (trid.a) . o . ) f
BB GRS} gt o B )RR LS B e
shglibfectime.t Ehepstakility data of thee¢@mpduing cithe@rmd@a @6tin g®BIC)n Table 1.
The product as a alkalie netal salt can be purified by
a reverse phase resin - _
Step 7: Reaction of 4-nitrobenzyl (6R,6S)-6-bromopenem-3-carboxylate 16 with the

appropriately substituted aldehydes (defind as before) to effect the aldol condensation

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

x
o

»
A
i
e
I
o

etherate) and a organic tertiary base (preferably triethylamine, DMAP or diisopropy!
ethylamine) in an aprotic polar organic solvents (preferably THF and acetonitrile) at
temperature —20° C to —40°C. The intermediate aldo! products of general formula 18

can be functionalized with an acid chloride or anhydride to an acetate, triflic anhydride to
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col um chromat ography. Alternatively Step 7 and Step 8
can be carried out sequentially in the sane pot with
out isolating the aldol internediate. 15 The fina
step, nanely the reductive elimnation step can al so
be carried out by dissolving the aldol product in an
organic sol vent and 6.5-7.0 phosphate buffer and

Pd/ C a 0Ot 00 r ef er abl
dr 0 'S‘g%; éfﬂ‘?’éﬂg\s{tg :aet°s¥'%!2 a O%C to %1é° c @ptshlerﬁa?ye Rot.-or, Q¥ormulae 18

|s'-:r§o‘rated Uk t.Faané\l':or@erteNo éNmanger‘P derNatlQe @ gea%thgl g’g MﬁtR" oE

co _
tetrahalomethane arr)md trlphenyl phosphlne at room temperature in a suitable orgamc
solvent preferably CH,Cl,.

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

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

The final step, namely the reductive elimination step can also be carried out by
dissolving the aldol product in an organic solvent and 6.5-7.0 phosphate buffer and
hydrogenating over Pd/C at 10 to 100 psi (preferably at 40 psi) pressure.
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O OMG _=0CDLo _!'"Umdv d) 3 NoZz -l
sac COzz "' anlL> CLN mO eo 43
Experinentals Br,, S 0 ~ 02PNB 5 Exanple 1:
Preparation of Sodi um
(5R)-(2)-6-(2. 3-Di hydro-i m dazor 2, 1- bl t hi azol - 6-

yl met hyl ene) penem 3- car boxyl ate Step 1: p-Nitrobenzyl
6- bronopeni ci |l anate 10 6- Ami nopenicillanic acid (5.0
g) was added to the coolExpesimentalsn of nethanol (44
m), water (14 nmL), and 48% w w hydrobromi c acid (14
m-) at -10 C. After they, ad gtion was conplete, the
m xture was cooled to -1 ll(__fl iumnitrite solution
(2.4 g dissolved in 6. Wat er) was added over 5
mn, and the resulting s |utI@®pﬁ§ stirred w thout
coollng for a further 30 mn. Sodl um chloride (2.4 g)

organlc Iayers wer e, washed

)
rrL dried and concentrat ed
S‘FB‘zB%@Eﬁé@ﬁﬁ "fb?'ﬂé Pe at 25 C. The reS| dual
sol ut |gn cont aj ns, %mgpenl cillanjc acid and

ed
to nék mF@QEPF@ﬁ"'aécﬁf’t@ J) WasAAdPE (Rt hﬁ&pal;gmmﬂon of methanol
(44 mmteﬁu@zne) @hd 4e%memwofrwrmm at (14anjtat,-1@f© After the

4-Ni tr obe successi ve

adiilencre Gortmete IBP TSR 9aEH B o RPIHTATHRSIUton (2.4 g
disdolvieti 116 8tmB 2f watéd) wad addel ch/er Fhein rfaiché ASbuRing WbiuBon was

ur.e nt re of
stlrrea v\;J thout coo‘lng %r a furtl)1(erl'.1:\0 min. gva cslum chloride (2.4 g) was dissolved in the
reaction solution. The reaction mixture was extracted with dichloromethane (2 x 36

mL). The combined organic layers were washed with brine (36 mL), dried (MgSQ,), and
concentrated to 20 mL under reduced pressure at 25 °C. The residual solution contains

6-bromopenicillanic acid and used to next reaction as it is.
Anhydrous potassium carbonate (2.9 g), dimethylformamide (40 mL), and 4-Nitrobenzyl
bromide (5.0 g) were successively added to the residual solution and the mixture was
stirred at 35 - 40 °C for 1 h. The reaction solution was poured into a mixture of water
(33 mL) and dichloromethane (41 mL) and the organic layer was separated. The
organic layer was washed with water (40 mL) and brine (40 mL), dried (MgSQ,), and
evaporated. The residue was applied to silica gel column chromatography, eluted with
ethyl acetate - hexane (4/1), and the title compound was obtained as a colorless solid
(7.2 g, 75%).

'H-NMR (3, CDCI3): 1.41 (s, 3H), 1.62 (s, 3H), 4.61 (s, 1H), 4.83 (d, 1H, J=1.5
Hz), 5.25 and 5.34 (AB, 2H, J = 13.0 Hz), 5.41 (d, 1H, J= 1.5 Hz), 7.56 (d, 2H, J=8.7
Hz), 8.26 (d, 2H, J = 8.7 Hz).

O
BI'/,'. SI
(o) =
CO,PNB
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(33 nL) and dichloronethane (41 m-) and the organic
| ayer was separated. The organic |ayer was washed
with water (40 mi-) and brine (40 nL), dried (MJSQ4),
and evaporated. The residue was applied to silica gel
col um chromat ogr aphy, eluted with 25 ethyl acetate -
hexane (4/1), and the title corrpound was obtai ned as a
riess solid ), ./5% . "H-NWR (5, CDCI3): 1.41
Sf?léz ewhftmkew'@é) egk?"!ﬂ‘a(t% i-oxide 483 (d, 1 H J

= 1. 5 Nltﬂé?.]aenz@I %r@ﬁtﬁbeﬁlcﬁénété? 3%@ wLS'dls]sgvad Ii?"mlchlérof‘ﬁ’ethane

(2{ Epl) gpq:l cgoled {o § @Iz)g Cblorquab%mc;gylctjoﬁﬁgzgjws a d gp g]g solution

and stifed\fdrr0keinz Wh@m@&ﬁﬁﬁ@bﬁﬂioﬁ'vﬂsﬁﬂﬁh@d Withdatlfated sodium
hygr Nitro nzqul - bronppeni ci | | anat e

0geB 3 Water 289 Biiea. Kriad (M9§@4)rrEWd avapo)&«'afeﬂ spdergeduced
preSEsuﬁLr Crhe rréﬁ?difélﬁé@éﬁphé@ tcﬂsm& &4 cBlunmtPéhrérraRerdpRy L di@ed with

ution and stirred for mn. The reaction -

etfygﬁeﬁt?tsrr heXang e heanaiheriitie &pmpape@ was gbigined anapaeriass solid

(1.2%, goastitativeyat er and brine, dried (MySO4), and
evapgrat ed under reduced pressure. The residue was

appl i BdNVB (8 TPER):glel? (§oBldhﬁ @htso AH), dchafsh§H), S104 @d1H, J= 1.5
tyhy| g2
el 3 0 (£ L L ER R 3 ATER] 8 PN, (b iE g v=07
Hzy &7 (4 2H, Ve 8.7H3).NVR (8, CDCI3): 1.17 (s, 3H), 1.69
(s, 3H), 4.60 (s, 1 H, 504 (d, 1 H J=15 10 Hz),
5.10 (d, 1 H J = 1.5 Hz), 5.30 and 5.37 (AB, 2H, J
Seggegtiﬂzﬁreparai'@n(qj,p-lgiﬁohbnzyl&ﬁ-ﬁrotﬂnpenieillaiia(edl,-oiilde: J

7 B SBRERAE L Y89 Y0kl ] SRl of ot
(3 édJ)pmtsod 3§ Lyasd &a%edwthydtd’mommcémtjmsaﬁ Ljtatet0 2C. After the

adﬁ@&tﬂ %Qlcomﬁ_été % En?llérg et.'!'oo t§6 &H"CA‘f a‘ggdu?rﬁ {? tw(?g utlon (235¢

drobrom ¢ am
disgalyed sn@FQGmé of waterhyvas ad O\m@r 86 amimcanddhe tesuiting Sotsimqmm/as

stifkd Mtﬁ@utsc‘al)hﬁd 1‘3F‘a (ﬂﬁ'ﬁér 90 nﬂh SSRUdif cf |BI’I@§&4 Q\Ias‘%:‘sts%%d in

was ad over the resu t|n tlon
th%tqapt*@uswtt% uifhe fﬁﬂcnwgmp@rreavasmtraeted Mhrﬁlqﬁvlore@aﬁam (2x3

)wadﬁ%lﬁ&ﬂ&ggﬁlcmrﬁh&é%%ﬁgd With bhRE 53 Eﬁehéc\?\nW%SO“)' and

sol ution. The reaction m xture was ext ) '
copsantratadsiosk. f&@denredueed pressure at 25 °C.  The residual solution contains

6-bromopenicillanic acid and used to next reaction as it is.

Anhydrous potassium carbonate (288 g), dimethylformamide (2.8 L), and 4-
Nitrobenzyl bromide (500 g) were successively added to the residual solution and the
mixture was stirred at 35 - 40 °C for 1 h. The reaction solution was poured into a
mixture of water (2.8 L) and dichloromethane (3.4 L) and the organic layer was
separated. The organic layer was washed with water (2.8 L) and brine (3 L) and cooled
to -2 °C. The organic layer contains p-nitrobenzyl 6-bromopenicillanate and used to
next reaction as it is.

3-Chloroperbezoic acid (355 g) was added to the organic layer over 15 min and
stirred for 10 min. The reaction mixture was diluted with ethyl acetate (4.8 L) and
washed with saturated sodium hydrogen carbonate (7.6 L). The organic layer was
separated and the aqueous layer was re-extracted with ethyl acetate (3.9 L). The

- 45 -



10

16

20

25

20 L). The conbi ned organic |ayers were washed with
brine (3 L), dried (MgJSO4), and concentrated to 1.6 L
~under reduced pressure at 25 C. The residual solution
contains 6-bronopenicillanic acid and used to next
reaction as it is. Anhydrous potassium carbonate (288
g), dinmethylformamde (2.8 L), and 4- Nitrobenzyl

ool GTpertc Pytieof R St v e o 18 Shabis o Ly agea

(M@S04), 4Ad evéasurated MndJMdﬂceNCﬁrEﬁUré at 30 ton 'Nﬁ&eﬁﬁuﬁl %dlld was

trlttJE?ttg'_d Wﬁth gﬁyp?q%:ﬂ Kﬁgf’n? Eorl(aﬁy'gllnﬁmigggrgebéh ‘{aﬁ{s ogg L d dropwise to

this rixtaiecoveny dr. Ths sulﬂﬁhasjflwrédlofwah@the(fﬂteBcéﬁe Wwbiheﬁemth

L), and _cool an a t.al Ns
eﬂfﬁﬁ?‘%t?t&beh%ﬂ Z%ﬂréﬁdﬁen quh %adﬁ'&d f%'yﬁr‘?ag%ﬂﬁcjdn vacuo
ovemigm at)moastelntpelr&ture'& OTRe fiig cumpwnhewasl abtdinedlag 3 paledeliow
ng?s' gé&l hﬁ@rgani c layer over 15 mn and

qlinespid (68,9, The reaction nmixture was dil uted
wth et hyI acetate (4.8Bt) apgsgivashed with saturated
sodi um hydr ogen car bonat e .6 |L). The organic |ayer
was separated and the a bl yer was re-extracted
with ethyl acetate (3.9 8 @5 conmbi ned organic
| ayers were washed with vvater ?éj L) and brine (3.9

L), dried (MySO), and evaporated under reduced
pressure at 30 C. The residual solid was triturated

Stept h3et hpiNitrobentyed ( nzm-u(ang)anbehmtamohemm.@&-&romo-z-
L dr i this mxture over 1 h. The
°X§%F1¥@"<"%a§9‘f%r'{‘8&&m“3§r enote he filter cake was washed :
Wi th pstbbmhzyaeMmflu@%emdn?nam -0xidel (4.31 §) dnd mé'hﬁpﬁaﬁénzi)thiazole
air-drie [ nd dried.in vacuo ver ni at
(1 52 Pl e &8 i @rusnd e B i e diton BY e ke
remaVva-of elatey(Dean §Starklapperatus) ifak 1( .6 A\ftgr cadlitg to Byom temperature,
tnRabio sot s AVarghaid fhadt TE0IS8 BFREENE, T residygyvas appled
to silicageltdotlimn thrpimatrapyhgiltedtwil: ahyj atetate Nhexaried@5Y,|and the
8 BIOIBRENGE oblaHARs A ra Velloul shifle B goey, | |
refl L}HLMMRI(GI OBGB)(ﬂ.QZ (8, BH) 4.87 (3, dM), 5.aB(s{ OR), 5D (d, 1H, J=1.7

8§t SETENE ¢ B VB s rchl g AR b o

7.9@®R% HE U =R0 Hz), @R0\@s 2BV AR@.&HeX under reduced

pressure. The residue \N%S} appl i ed

2z, SSBT
/ ”w)\

o}
CO,PNB

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

p-Nitrobenzy! (2R)-2-[(3S,4R}-4-(benzothiazol-2-yldithio)-3-bromo-2-oxoazetidin-
1-yl]-3-methylbut-3-enoate (5.1 g) was dissolved in toluene (50 mL), cooled to 0 °C, and
treated with triethylamine (0.12 mL). After being stirred at 0 °C for 2 h, the reaction
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to silica gel columm chromatography, eluted with ethyl
acetate - hexane (2/5), and the title conpound was
obtained as a pale yellow solid (5.67 g, 98%. 'H NWR
(8, CDCI3): 1.92 (s, 3H), 4.87 (s, 1 H, 505 (s, 1
H, 5.10 (d, 1 H J =1.7 Hz), 5.21 (s, 4H), 7.39 (t,
1H J=7.1H), 7.41 - 7.50 (m 3H), 7.81 (d, 1 H J

so!?rtigh gl_aglz \Aiq’fyezf &itrp7 1 quiéfj’ge}er,gaé‘gﬁ:gggogZgl{_r%%y’digge%ocaggéna%eﬁ"and
bripe Nirfled qMaS0Dy), akr;d evaporated under reduced pressure. The residue was
enz

apggéé‘tgesflrcalgﬁl ‘io('WT c ro AL Bl'm, \éw o oéthibace?aqo %exane (1/3),

and-thé titteodomnpou nd was obtalned as a colorless solld (4.16g, 81 %% The more polar

fra%ﬁ?iﬁ%lt% b e Gritie SRANHS B & oisrEkn 8910 (P85, J8%a -
‘mNmtsve@om 2@H t(@rtm)( 5@4%)3H)05’9|1 edl 1t|-P SE €7 r?zjds 24 and 5.30

treat hyl (0 After bein

(ABt Zlﬁr\éﬂ 1§t1 '@Z)CS \B’ér(d le'h J=t hé Hzéa'éﬁ n42 s, Y GEBor .S, 1H),
t t eL, Ll rogen
745RL3A, Yy Haltri 0, YR PE 8 PREL BT, S LB 0o
underswremmedrsumdes WR qm@ncusx 8w (spBH), 21281 (5,8H); 4.73 (d,

2 gt 57690 5 G 2 Tof PR AT Rl e ol nB Gl 824

dH)bt-a8Betk)as a colorless solid (4.16'g, 81%. The nore
polar 5 fraction contaipgs the symretrlc disulfide as a
col orless solid (0.68 g, % H@ NVR (8, CDCI3): 2.01
(s, 3H), 2.24 (s, 3H), ?ﬁ?d 1H J = 1.7 Hz), 5.24
and 5.30 (AB, 2H, J = 01 5.3 (d, 1 H J =17
Hz), 7.34-7.42 (m 1 H), 7.48CO#NE (m 1 H, 7.80
(d, 1 H J =8.0Hz), 7.90 (d, 1 H J =18.0 Hz), 8.14
(d, 3H J = 8.7 Hz). Symmetric disulfide; 1H NWVR (8,
CDCI3): 2.01 (s, 6H), 2.29 (s, 6H), 4.73 (d, 10 2H, J
= 1.7 Hz), 5.06 (d, 2H, J = 1.7 Hz), 5.32 (s, 4H),
7.54 (d, 4H, J = 8.6 Hz), 8.24 (d, 4H J = 8.6 Hz).
Br,. SCHO O CO2PNB -47 Step 5:p-Ntrobenzyl 2-[(3S,
4R) - 3- br ono- 4- f or nyl t hi 0- 2- oxoazeti di n-1-yl]- 3-

nmet hyl but - 2- enoat e
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p- Ni t robenzyl

2-[(83S, 4R) - 4- (benzot hi azol - 2-yl di t hi 0) - 3- br onp- 2- 0xoaz
etidin-1- 5 yl]-3-nethyl but-2-enoate (3.16 g) was
suspended in toluene (20 nL) and cooled to -20 C
Formc acid (1.10 g), acetic anhydride (2.45 g), and
pyridine (0.44 g) were added sequentially. The

m xture was cooled to -20 C. Triphenyl phosphi ne (1.45
g) was added in portions over 5 mn. After being

B 5 o215 s oy B i 939

methyiblit-?-esadted was rinsed 10 with cold (-30 C) toluene

wi  n PAspef 16 penephes 2y NIRARS cisric R pariaiin -

yik3methylbut-2renokate 3. 18 g)i was- sisperidedrin idlienei(20 migeand@odied to —20

i S5 Sl HORRE I SR ARETG S S

sdqayleﬁallyva_a'hgrr?imre_( Y/Bﬁaéélec.ﬁtw—zlﬂ/"{po rrﬁpﬁéhy:pﬁbepmﬁé (14Bg) was
.a e 0,SllIC . COl.U rona [.a ,
a8 iR BB ot i Al Beir SR AL 16 (HPSF BniHineh, the

resiltihgesuspepsion dasesoled ys+30 tC tash flitersdd. aTh® tedidual solid was rinsed

whE RGBT ChtoieBa IR I g Rptmas g ek veshpd acgssivey it

a midure ofiicerwater (StrabpaiditeHcelddviee (i eill), a Adéurkiof ic@-water (7 mL)

C Q mas, obt ai ned .as colorless crystalli ol
oGBS s Y o Sk R LB 53 anc
colcsbrir@eH)t1 nil.) 30THesorg@hik: layér @as Grled iWySO,) a2 evagordtetd?) The residue
w%s %oqu_%[l] ?Io %h%ﬁg{l '§‘§\Um2ql_c|lh56]rga_toé§a€%¥%53tég glitg %tr&?é%]lpt% h‘éxa_ne
(122) Garkdzthe till6 cOMposnd WasrystSiigedroimad cditl BRpropahEINI®ML). The
s b DM, e, # b e S0icl LY 164 vacuo at room
temprrature loyamght .6 - Theditte pompoiind was pbtained2s oodlahtess crystalline solid
(1|CE7I\& t#gRenzyl 6-bronopenicillanate 1-oxide (766 g) and

mercapt obenzot hi azble (294 g) were heated in _

r ef | Umipn404-006 QL HHIIMR (B) CRCIY): 100V, SH)2.80(s, BRI 4.82 (d, 1H, J

- 157%), 82 5n SR Re, o weH bl otlad) s G 2R 21, =
8.6HzA1&26 (d, 2H, U=i 86 Kz), a0i09gs( P9).mL) . After being

stirred at 0 Cfor 2 h, the resulting 30 suspension
was cooled to -20 C. Formic acid (360 g), acetic

i d ), and y.oveidine g d .
SGIbHte) Bronatiudi; of T PSRRI ARG, HRIEEPRReFommyithio-2-
oXdazetidint 11y -3amsthylinite2ienante Ftori.p-Nitrqhienayll Gbrsmbpértcillanate 1-
{3 g) was added in portions -48 over 10 min
¥ nt ai ni ng the tenperature between -15 C and -10 C.

Af t erp-Nitfobgnzys Bibroradpetticiliahate 1-otie (76604) dndrhéresptdbéhzothiazole
(25'41 %) \rlvgrseulflleta'tenoginsrg @x?nngsfo%%ne\é\’?i4 ?.? evlitﬁ %rgv?sic;nsgr ’%e azeotropic removal

of water (Dean & Stark apparatus) for 1 h. The reaction mixture was cooled to 0 °C and

oxXi

treated with triethylamine (25 mL). After being stirred at 0 °C for 2 h, the resulting

suspension was cooled to =20 °C. Formic acid (360 g), acetic anhydride (798 g), and
pyridine (145 g) were added sequentially maintaining the temperature below —10 °C.

- The mixture was cooled to —20 °C. Triphenylphosphine (473 g) was added in portions
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then filtered. The residual solid was rinsed with cold
(-30 © toluene (500 nL). The conbined filtrate was
washed successively with a mxture of ice-water (2 L)
and ice-cold 5 brine (0.26 L), a mxture of ice-water
(1.72 L) and ice-cold.brine (0.8 L), cold saturated
sodi um hydrogen carbonate (2 x 2.6 L), and col.d brine

o R A SRRt s e <1 oM TICE g dftey being
stiffen 2545%1 0 Cdﬁ'fdﬂfﬁﬂﬂ‘i?ﬂgp?llde lré;éuuhg Gu¥pdridiontvitgl codferittat-80 °C
ther SIS | The EPadah o AR TSI B0 Hogolee (AamL). The

coﬁ\BInled firete (vak wasned Qfd‘cesmfﬂ@ﬂh wirhiktupe didcs-atbr (2 L) and ice-cold

00, i
oripg B2 BBE & it ot B aiatsh .72 1 Grg dsdiecle Bring B, keld sefygated
soalutnl m/deaymcvambm(quz 8iLNeshdéol@bfisi@ eb) YEhe Bigamc layer was

dngd @g% L)Ip??ﬁ qvggclgéﬁﬂfiy 5‘?!@@?@51&%&% apphe&? to S|I|ca gel (6 Kg) column
chiomatgrapiey RRESEWIHR eth§l dsetate athexdree(12) Nardd 188 €lé ¥dbmpound was

CW&%’ 3 om coldiRRaNAI (G093 eloalik $ofidiva.fitpred-off, washed with a
col?liﬁﬁfpa‘b;ii‘eh‘foi7 @gen?l@t Ew—(:lﬂ@@fcﬁh N\mdgjéi‘éec @WﬁUZOJh @dduvlat room
acetate (7. nd cool e - 1
teri SR CUSTMBRF o T B Tim B PRUIDNRT GbSner A8 Tedtich Vo staline
solid(558.p 70%ynti | a Dblue col or persisted. The sol ution
was purged with nitrog for 2. 5 h and treated with

20 trinmethyl phosphite ) -70 C. The m xture
was warmed slowy and sti d/ t arrbl ent tenperature
for 17 h. The sol ution s th heated to refl ux
gently for 45 min. After cooIQQnBNBo room t enper at ur e,
the mxture was diluted with ethyl acetate (1.25 L)

and washed with water (2 x 2.5 L) and brine (2.5 Q
Stéﬁ!ﬂe erm&absn Y5R, 65)%- Gfdnedper{éiGLS%b&EWa@vaporat ed

under_reduced pressure at 25 C. The residual solid was

25 trl] htemr%utreaewyi Rl@BngR)-adwemed-foanythio-2-roazstidind - vils3-
méthylhs@tsz afskas (sb"oQ_p\Ma'fsQiué&hle@ i ethm Adekdts (P8 E) aé@céﬂléﬂ to =70 °C.

The solid was filtered e filter cake was
OzpRizRd @X¥@amvas PRased fuewgh the. V'mszlaﬁlaest(r@dfowost for@g. #b)h until a

bltﬁ!’%lw rIe"r’sﬁEBy |Th%‘3§iltﬁbﬁ wasrtﬁ%@élfwﬁﬂﬁ@ogé’rp@r Bls)h, ahB®reated with

dried dried in vacuo

trﬂae@mwpmtﬁ (384 mhhaénﬁ%r%t uT'@ mrmge viag warmed pigwlyrand stimed at

ambléH témperattd@¥orwash, otrhe»saiaﬂomaetm r%teeﬁa ré?ftb’(%{éa@\ﬂ}l' {of Q5 min.
solid, 30m83.148151 C, H N

Afiey coqling to joom ngpgIpire ghezgmgwe vges@lutedggth(egyl aogfate 125 L)
anliSvafShéB )Jwth 5va$ér (Qd( 2. éL)‘landennel(ZES tR) The odénictayet wis dded
(MgSO4) alzd evaporated under reduced pressure at 25 °C. The residual solid was
triturated with ethyl acetate (0.6 L). Hexane (0.45 L) was added dropwise to this
mixture over 50 min. The solid was filtered off and the filter cake was washed with ethyl
acetate — hexane (1/1, 2 x 200 mL) and with ethyl acetate — hexane (1/2, 300 mL). The
solid was air-dried for 1 h and dried in vacuo overnight at room temperature. The title
compound (109.6 g, 42%) was obtained as a colorless crystalline solid.

m.p. 148-151°C; '"H-NMR (0, CDCI3): 5.20 (d, 1H, J = 0.9 Hz), 5.29 and 5.43
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8.7 Hz), 8.25 (d, 2H, J =8.7 Hz). AcOBr Ar NAr ~~
O~ NCO2PNB 5 Step 7: p-Nitrobenzyl

(5R) - 6-[ acet oxy- (2, 3-di hydro-i m dazo[ 2, 1-b] t hi azol - 6-y
)- methyl]-6-bronmopenem 3-car boxyl ate by using Ph2NLi
and MgBr2 etherate MyBr2 etherate (335 ng) was added
to the dry THE (12 m - ) sol ution of p-Nitrobenzyl

A B SRR 8100, TRk Teaibr 3t P b ol Cpold) 2n, -

- 8.7viz), BB @KI2HOJ = ‘@792) The reaction vessel was covered

with 10 foil to 8Iudellght Li t hi um di phenyl am de,
prepared by addl n-d@utyl l'ithium(0.87 nL, 1.5
mol /L in n-hexang y THE solu 4 mL) of
di phenyl anmi ne (220 - 20 O,‘\r' Added to the
vigorously stirred uspe sion in oneM orﬁ on. After
15-20 s, the vigorously@2PNBed nixture was treated,
in one portion with a dry acetonitrile solution (5
m-) of
Step3-Ti hpVitrobehzid z dSR)-6-[atetioiyt2 Baliltydreribudarsifid, dIthiZ®l-6-y1)-

T | ol s
iy 6 Bforh SR 3-<apibedie Vg PNl Sind e dinlzee
Mabre etlmatlel @85 riglewas addadbto thexdryrTHFVER mb) seldtiaro oDp-Blitrobenzy!

ﬁn%ﬁ§ t{g‘&rﬁgpén%r -%—clar (g];ylgte %38§hr\ﬁng)( H?'ua(etrué'n a%ﬁ agll'rxlolsj.t%l%lj'e at room

Rcetate an wat'er
temherabutrgaﬁ' he miktuyee wasvgeoled iteee7§ RG.SDH reantion vassehivaacedkred with

B U LGP B! RS R0 PRI 07
1. émlldme n-hexapents & d4n2THR Golutieh (4 anldl of iphenylamineo@p0 my) at —20
Co or eo%'g %gpr%r pq‘-uousw &ﬁ}eg,r g%lfg]‘él’“%é}g %f\t)ﬁﬁn After 15-20 s, the

vighiragsly stroetb mixturel WisRrésted, GDEING) portin) Withsy dHygetonitrile solution (5
mlg’) - @3&@3}/{1%-:&5&20[?1%?11&0@36 é%alﬁﬁyde é127z) 5, 5}_‘5‘% reaction

mr;(tuigv\(ag stlrrgd ptgr 1halg @SC ade)'eateyd with acgic qnhydm (138.m2g) in one
pdrfion. Z;ﬂheJeact%?Qnme was \Mxrﬂib’d fé‘ @Séedrfg)&ﬁfed flal"'1NM3t 08c. The
m(x;Hrez\tz,)s dlyt%w@hgtfgq g@ptﬁtg@ndzpqasimdzwlgrgwgtqqzapd tglngg 'l(l‘@ organic
Ia%er"\ﬂlas 5ne7c92|\ﬁ§so‘ﬁbdﬂh co@nc@ﬁtra(téd uﬂldé‘lbredice%"pr(a§suré Hhe residue was

appiagh 49 gtllp%lgntpollﬁnmcpfmﬁg@phy, eluted wuth ethyl acetate - hexane (1/2 ~
1/6}5%%5%@ @ﬁbbcﬁﬁd 3p4Y byidined gy W&B&eﬁb‘obﬂnwﬁréz(gh & colorless

br omopenem 3- car boxyl ate by using

aru%rpﬁgusamy'&wu@gn@m and

Main diastereomer: 'H NMR (8, CDCls): 2.00 (s, 3H), 3.76-3.86 (m, 2H), 4.10-
4.21 (m, 2H), 5.27 and 5.45 (AB, 2H, J = 13.6 Hz), 6.23 (s, 1H), 6.30 (s, 1H), 7.15 (s,
1H), 7.48 (s, 1H), 7.59-7.65 (m, 2H), 8.24 (d, 2H, J = 8.6 Hz).

Minor diastereomer: *H NMR (8, CDCly): 2.24 (s, 3H), 3.76-3.86 (m, 2H), 4.10-
4.21 (m, 2H), 5.27 and 5.45 (AB, 2H, J = 13.6 Hz), 6.08 (s, 1H), 6.79 (s, 1H), 6.91 (s,
1H), 7.44 (s, 1H), 7.59-7.65 (m, 2H), 8.24 (d, 2H, J = 8.6 Hz).

Preparation of p-Nitrobenzyl (5R)-6-[acetoxy-(2,3-dihydro-imidazo[2,1-b]thiazol-6-
yl)-methyl]-6-bromopenem-3-carboxylate by using by using'anhydrous MgBr, and
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-50 Et 3N The

2, 3-di hydro-i m dazo[ 2, 1- b] t hi azol e- 6- car bal dehyde (88

ng) was added to the dry acetonitrile (4 nL) solution

of anhydrous MyBr2 (115 ng) under an argon atnosphere

at room tenperature. Colorless powder was deposited

over 30 mna The 5 dry THE solution (4 m-) of

-ni trobenzyl (5R, 6S)-6-bronopenem 3-car boxyl ate (200
Etﬁ&g) was added, cooled to -20 C, and triethyl am ne

(0. 1$h@ta)dnnwoavﬁwado[m Islﬂﬁad@iétGJcQﬂbaldeﬂ?db (&&ﬁé)‘% added to
vessel was cover oil to exclude light. The

* th G 2eronte (4 s Solin Ghayaras MBs, ¢ 15 ma) dider agreon

atrﬁé@ﬁbl%dat%élh t@apératurén odioreds pbﬂd&awﬂé dépdsﬂed)ﬁﬁer 30 min. The

on, The reactjion m xtur r med and
dﬂgﬁ*é sRHtiony@ k) ¢f p&E""’Sb‘%f‘ZV'T(ﬁé ﬁ?’)z@%( @nmemmwae (200
mg)ivials 2aHEy, |coéféﬁtt6t—20 aOdaNhﬁmBﬁﬁla\“mﬁé‘(@% FlLy Wb§ addddlin one portion.
uequs sol gtl on, é di um hydro

Theg JtipR vesseLyas GPYSTR W‘Fh&’"&? Géﬂi“ée \'Qﬂterﬂ'\ﬁd?a‘éq"i"éﬂ"‘t“re was
stnﬁé&ﬁ@é}\hétg-QO Flhér{dtetfé%ﬂed Wﬂi?ﬂéﬂllc%?ﬁ?di}délf (t0©9|trht)qn ohB@ofiBA. The
S washne W e e e | rat e
reak AR B MERD VAT DO o Brisd ol 16 h ph 6 o<ThA R was
dil @B WitR @tHyDa@étbtb%dgﬂsﬁeG Wit 5% 6wt élﬂ!e%ﬂggol#ﬁém%ﬁlglrated
- exane an e | e

eth acetate - 1
SodM hyAIASER Gorabalsh R RERe.a The EsaT Y el i SHee (asOy and
flltérbe/tﬂrough & phabf G‘éﬁteandeMWa§@é$Héd witBthyTthceR€)) The filtrate
r ? on o chlgllltcriObenwy
wap SRS TplagLiey Fachicad Brasaabo. Thi tsisiye avas applied tesiica ge
cowmmmmbbaa@g? gﬂmgg wwétrgsn ﬁiﬁéﬁbﬁx)ﬂeab@e b2 UgV?gaﬁ?tﬁé Atle
e er e er was u or e
cop A Wes PSinEd 350 SRR, FeRTE A1 aﬁaomﬁ%s S RYBIRYS solic
288@sg, ioew)at ed in 84% yields. Ar Ar=- ~J''"' SO
CO2Na Step 8: Sodi um
(5R) - (2)-6-(2,3-Di hydro-im dazo[ 2, 1- b] t hi azol - 6-yl neth
Prgparatidppoh pFNitr%eﬂzylasﬂpﬁe{éﬁtexp(zam-ﬂllqhkgdmidaﬁo[z A b]thlazol-s-
cet ox ro-1 madaz | aZ0
vt PRSP die At Bvisl5g Mty eliasmte i
di ssolgBedetiveidte WblEuéaddfbé tﬁe?jreﬁétﬁa(ngﬁ%té@cgl oft énHyﬂlé)(thé gAgBrz and the
vat n ust was a e
prodist oS, Rt 'a%é/ws Ssonat o .

X [ '
prrgEeas

o
CO,Na

Step 8:Sodium (5R) (Z)- 6-(2 3-Dihydro-imidazof2, 1-b]thlazol-6-ylmethylene)penem-
3-carboxylate -

p-Nitrobenzyl (5R)- 6 [acetoxy-(2 3- dlhydro lmldazo[z 1-b]th|azol -6-yl)- methyl] 6-
bromopenem-3-carboxylate (500 mg) was dissolved with THF (7.0 mL) and acetonitrile
(3.2 mL). Freshly activated Zn dust (2.0 g) was added rapidly with 0.5 M phos.phate
buffer (pH 6.5, 10.2 mL). The reaction vessel was covered with foil to exclude light. The

reaction mixture was vigorously stirred for 2 h at room temperature. The mixture was
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buffer (pH 6.5, 10.2 nlL). The reaction vessel was
covered with foil to exclude light. The 30 reaction

m xture was vigorously stirred for 2 h at room
tenperature. The mixture was -51 diluted with water,
cooled to 3 C, and 1 M NaOH was added to adjust pHto
8. The reaction solution was m xed with ethyl acetate

. filtered th f
i e wate opip o 8 R N gitord foa i T e e
reddtien aduﬁ&?mab &r_'ﬁerl_dcwnwethyl&uc@ﬁataaﬁd mUertéaﬂft}@ a pa€of Célte The
un r a Wwas .concentrate
PR CAROG TR YALE) 25 THR SSRGS RS A8 SRRl | RGOS fayer,
cobairsi22a rhE’(EPAX @’Qh@?ﬂe cdm&wlﬂgﬁﬁh HP&SQ!ssb wdstdén):entrated under
resin co onat ogr.a er apnsor ol
PGSR RhS s ATBERPeT s s 2R lEck A iadien AP 2sh(A0 mL,
Mmaitsmrxésrei C6: wah) eésii Golgm\ﬂ&:hkhﬁ%tbylflqﬁﬁy eﬂfg%smmg the column
oun e Conoli

wapr it G water 2 hi i OO SelRai R atS Eaie Are purfisg qstive

fragtichs ofapditifid ZafipdundgiThe dohinddifratiem WasBshcahtrated %hHQanh

BTSN e NN T T

(218 RigPTE%{.8Thé xmorshoas delit dithé beoduel \Aéﬁdcdlﬁshdwddhmﬂiw&é# (1D mL).
0ol e to t

AcBlgrie 8 R AL e e R0 i P T T TRtur i cooled

to BOCt them stireatefoy 30 3fin.MAbetonEwad abldgttol thél nktu® |€2(rhl9b6ﬂt|ons every

st PSR Y IEN of il S. Rorhiringor

hotakie3 V@,Sthmelétbﬁay\»fﬂtéletaaﬁhﬁﬂ @he(fatel bakd yas Whﬁnefmhntmbdwne (2
unaer

i r=dri n in
m{), T8 SO0 MR A s Aoty foptrats Bnd At Pivous pyemight
at canmp GunpkraRibd toglve the thie campaun®(400wng; M 98)alsld yetlow crystalline
sofi®l1d. 1H NVR (6, D20) 3.82 (d, 2H J = 7.4 Hz),
14-4.20 (m 2H), 6.42 (s, 1 H), 6.82 (s, 1 H, 6.96
(s iHHﬂMRRS‘"ﬁzG{)Sa 82 (dH2H, 2€ 7S¢ By At 1404, 2B (MP2H A 6I42Ns OfH), 6.82

(S'(a'g) g?ﬁ)(séwﬂﬁzlﬁs 8 o- i mi dazo[ 2, 1- b] t hi azol -

yl met hyl ene) penem 3- car boxyl ate from p-Ni trobenzyl

SqapioHHS L PSR} O ol AT (SRR 2 S Dby ralad flthiazol-6-

ylmbﬂiwéﬁé)seﬁéiﬁ @cah'bbf(ﬂaﬁznﬁﬂn p-Nitrobenzyl (5R)-6 acetoxy-(z 3-d|hydro-
[acet oxy- (2, 3-di h dro-im dazo hi azol - 6-y

lm('c}aZOi%h@tm?zq' Gsvlbmmﬂb DEPRoPENEH %ﬂoexv(lﬂeo 1 9)
was me;simtﬁbbterifyu g{s@ 63[%%&{65& gze 8ldfhytiR- .H.daz%[é ng Lﬂgzd? 6-y1)-

anhi_/rgrous MyBr 2 r an argon a here at

oDl DB RpEa-a-corheyIaiH (446 1 6 wie ORSRIC e 08l SesbrsiR (5 L)
soﬁﬁﬁol‘f‘o\“annl:r)’%)‘?o&r MgBrle1 @?Jl 2)! brﬁtﬂsr %ﬁ éf@orpitn'BSpﬁHrE LPRRAZEMperature.

br onopeni ci | | anate 1-0oxid dg was transferre
quglqsg@oy@lgb@ﬁgpgppsg;pgog\er 30 mln The ry THF solution (5 L) of p-

nitrobenzyl 6-bromopenicillanate 1-oxide (250 g) was transferred to the suspension via a

_ PTFE tube under positive argon preséure over 12 minutes. After the reaction mixture

was cooled to —20 °C, triethylamine (217 mL) was added in one portion. The reaction
vessel was covered with foil to exclude light. The reaction mixture was stirred for 3 h at
—20 °C and treated with acetic anhydride (133 g) in one portion. The reaction mixture
was warmed to 0°C and stirred for 16 h at 0 °C. The mixture was diluted with ethyl
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PTFE tube under positive argon pressure over 12

m nutes. After the reaction mxture 30 was cooled to

-20 C, triethylam ne (217 nL) was added in one

portion. The reaction vessel was covered with foil to
exclude light. The reaction m xture was stirred for 3

h at -20 C and treated with acetic anhydride (133 Q)

in one portion. The reaction m xture was warmed to 0C

acatate (20i lr)rand Washed @ith 5% ciBic@cidl10 Lr)‘a!qtlwus siftiofl] satliratkd sodium

| h i th 5%
hlitolgBn Saibbhatendn 27 Endning £ L), K otiERe e Wenared (vgspa and
filteredrtbrpeigh agpadaf Qetite( Thelpad veasdwdshed avith BthyDacdtate (1.4 L). The

O byl e B Rl  eAia

coptains 37 gr(86.7%) dafttheaalelowredmm mnHPaCstamder reduced

527 e EeBha oo of it B yar SR wipToF 681 3na

acﬁtmeltnle:{Z dual Ft:ashlm’achvdted)Zn tihet (prﬂdgbaﬁasmﬁediraﬁidly\mm 0.5 M

ot 3,9 FRSHIR e ee o

ligh. THeoepttitnemistuiré was (igbrdtisly, stifted fdp 2.5 h endistaibirigithe temperature

anbGE8E " TRl i Lo g L rsom

waseddied itm adjgstt frbta @atfmsiaw 831G The mibdure vafs diluteBhaithétiylaicetate (4

0 480 R S BB D. 1688y bR i 6 e

aquecusiiayenwas stipacatedt] The aq@hyllayan ebatas(187 d-(6486)df from HPLC

oohb, SN o 890 . B3 e O i g e
sepaihgtasgcentrate was eppliedita PepabaauistSH-207 3L, Mitsubib) Ka:s‘el Co.
Ltci L%H’P n g r%mé'todp@ﬁ'gc Qg%? %Bga’é‘?\g fng cgluﬁﬁ'n \ng %Iu?ed with water

unadae vacuum he concen
(14phandipen cwl @@&b@%ﬁi@mﬁ water torgive the pusified gmver{mons@a‘ sodium

L I ¥ r
SR SRl (AR e3Pl BT B
20% Heconined frasilam was eencgntrated e 1,28 (cad? heedntains 130 g

(sf%gsf éd?ﬂﬁn @I?Z)S(Qg-gll(g?adrl%ydlr%rglgg%o[z1 blthiazpl-6- metf&yleqe}&enﬁm -3-

ca °é‘M'@ éqm BYXNAgE Bigh YReuud AHBHE Aqeamel (arst)wm added
to Wéﬁ@ét@ Q\nth Qtirking 2t Kbl fefnperathire. CATY Aixfite W39 cBoledth 3 °C.

th?’B‘ﬂ){? gdfpr & (f:z*u gz\feﬁtwﬁi aqdegde Hieomixtusp imP25 ol-reriansevery 30
miM lOQQIGA ﬁ%@ﬁé@l gt'3 @(tgf&(y |L<"Hf %cétbﬁ%?'a@d@o‘és %I’ Eﬂ'ﬂﬁé f(!?‘H%ur at

vacuum at C. Acetone (2 L) was added

3 Gothesh! 'F’aY’t’aé filiered oft and the @'t%'t cakg gyastwasped &ﬁtb iagetome ¢800 mL).
Theisslid Was \Hﬁfﬁjri‘éa %h&é’r éxeluamg Ilghf faen hséﬂdrcfri%g i 9£cu%%vg}rﬂ;ht at room

Acet one was ad mxture in é)
terapraitra tp give Fhed{ﬁl@rﬁ 142 a %b/p frem &Nlt@b@(w R ecetoesv-(z 3-
A P e A P L T E‘ﬁyy'a*i) &9 Jellow
c"%g%!ﬁ'@os At h acetone (800 nL).

Sodium (5R)-(Z)-6-

carboxylate from 4-Nitrobenzy! (5R)-6-Jacetox

2,3-Dihydro-imidazo[2,1-b]thiazol-6-ylmethylene)penem-3-
2, 3-dihydro-imidazof2,1-b]thiazol-
6-yl)-methyl]-6-bremopenem-3-carboxylate using hydrogenolysis procedure:
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The solid was air-dried under excluding light for I h
and dried in vacuo overnight at room tenperature to

give the title (112 g, 50% from p-Ni t robenzyl

(5R) - 6-[ acet oxy- (2, 3- di hydro-i m dazo[ 2,

1- b] t hi azol - 6-yl)-net hyl]-6-bronopenem 3- car boxyl at e)
as a yellow crystalline solid. 30 Sodi um

h d bl t hi azol
R AR et ey RN T AR AL2NT- DB - ety 5:
brdrﬁ&i)erénf-a@etmylaﬁe%ﬂ?e digb)éﬁagogrgg @Klog,? éveE"HBWhQ)Z\ﬁére addedto a
enem
migiyte 7P 4 L 283 & Bl Boshas BT (Rt Byl The mixture was
hy@foBindted an@drds.yat 4. pii prebatie at rdBnd@zrq{e?ati!urebf]oF Inlhazme fealttion

iR Wepo eyt ARBE 1o BoC, Ay (NG BORLARRAHEH (0 FekLre Rt to 8.0

ThEhExt@ﬂe Whs3 files?6d Qg&in =Rt /tHre ffraenial wadhatifvith e(tﬂh*aéet%se 4rhe

L@Them ture was hydrogenated under H2 “at Q
°°5\b d @duecys YT aSHApEe rated unegr redyced Pf?ﬁa‘iufee%tc?tﬁ GnafE’ applied
to usgjardrgmp zfvar%s’f\ldt?trﬁr Kitsulsisi kelel Co. ltd; o@nﬁnrilc%magdrmﬁ After
a e us
acBOIPiG S ol avas e with e ind thels 1 Oetsetoriier watery The

combﬁfeatp@re fFB@tnon@ wehe B&fbeﬁﬁé@ﬁ lﬂxﬁdér&ié@ﬁcé@&re%ﬁé ansscetHa
C and applied,  to D aion

educed .pressure

yopiigas {ocye e AR comppiad s HPIGGEBHBLS B9lg)  col um
chr omat ography After adsorbing the colum was el uted
with water and then 10% acetonitrile; water. The 10
conbi ned pure fractions were concentrated under
reduced pressure at 35C and |yophilized to give the
title conpound as a yell ow anor phous solid. 15 Exanple
2 A SN ~/ O COZ2Na NExémple 3 1>4*JINVe Me Step 1:
3,1"-Dimethyl -3 1" H[2,4"]biimdazol yl - 4- car bal dehyde
Pot assi um t ert - fut oxi de (3.23 g) was added to the
m xture of dry 0 rTL) sol ution of
IH 1'H[2,4' ]Bii Rzgl yl - 4- car bal dehyde (1.95 g) and,

18-crown-6 (634 Gm) CO.Na
2iNd
Ar/[ >_§/NMe

Step 1: 3,1'-Dimethyl-3H,1'H-[2,4']biimidazolyl-4-carbaldehyde

Potassium tert-butoxide (3.23 g) was added to the mixture of dry DMF (140 mL)
solution of 1H,1'H-[2,4']Biimidazolyl-4-carbaldehyde (1.95 g) and 18-crown-6 (634 mg)
at 0°C. The reaction mixture was stirred for 10 min and treated with methyl iodide (1.85
mL). After stirring for 30 at °C and then 17 h at room temperature, The reaction mixture
was concentrated under reduced pressure. The residue was dissolved with H,O-CHCl;
and separated. The aqueous layer was extracted with chloroform. The organic layer
was dried (MgSO,) and filtered. The filtrate was evaporated under reduced pressure.
The crude material was purified with silica gel column chromatography (chloroform -
methanol =9/ 1). The title compound (887 mg, 39%) and its positional isomer 1,1'-
Dimethyi-1H,1'H-[2,4']biimidazolyl-4-carbaldehyde (296 mg, 13%) were obtained as a
pale pink solid.
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20 at OC. The reaction mxture was stirred for 10 mn
and treated with nethyl iodide (1.85 nL). After
stirring for 30 at C and then 17 h at room
tenperature, The reaction m xture was concentrated
under reduced pressure. The residue was dissolved wth
H2O- CHCI 3 and separ at ed. The aqueous | ayer vvas

d with_chloroform organi c | ayer

t
Sf. é@cif@%ﬂwl -3Rd (2, ﬂéb«'@uﬂaszwmamhyd%y NMR (s CDCl;) 3.78
t d T
‘Sﬁ%‘?’S?PZ S, G BT e o 7 (T MEP7 76 (s, 11, 074
scHibnat ography (chl orof orm - methanol = 9 / 1). The
tl' the 1C‘P'mﬁ‘|%ﬂﬂll-iﬁ8l7H @4']bﬁ%r@az8‘19fl1-c£r%a%%ﬁyéé ORPAMREEEbel,)
3.¥6 (s, BH), A molsbnal-mmzcu VIH; 4=cn9 bia), Jesw ($¢ 1HE F69@, 183% 0.9 Hz),
9é§§51 t ai ned asa pal e pink solid. -54 _
et hyl -
"H[2,4 ]b|>/| m dazol yl - 4 car baI dehyde: 'H NWR (S,
i)}% & L—& 7.51 (d, 1 H J
_C.gf@ )SRS;) & R@&Acfquy (3. -dmth $H,1H-124 {biimigagplyl-4-yl)-

m8th}(i]-6-6fom6-7gl?)l(or#~glglza-ﬂf§%i&gbro 3.2.0]h ?&-Z-wWaf hoxylic acid
4m99n4ylss (s, 3H), 4.10 (s, 3H), 7.47 (d, 1 H, J =

0. gs'dzi aDu%eE}lé@tﬂ-Hiz‘k]bu H%%ol&l%-c&rb'é'ldéhyde (191 Hd) was added to
thg dgy) aqsaiqmtRG 2&@)@@%93 ofianhydresis B3 (0D ) thder hnitiogen
at%é&ﬁe)ﬁjla af‘roYJ'n') femperature Th%dla/T F solutj on G |'%l[)§f§5%]q§é' -bromo-

br ono-7- 0xo- aza-
7-2X%ﬁéh'§~1c%ﬁab*a%nlq[% 24hept- Zﬂmeza-mrbox:yhb anigyt-nitrebenzyl ester (346

\ﬂ*as &AJER10 Yhe I%E"tlgre o?ecﬁto]—?b“ y]aﬁlﬁé@#%ﬁhi&gs

ng) was ad
PLR PHPRAfioRN IN‘Gr'Sﬁ@'WQ’B??'E' (VBQGOYFU?d mth &oil tg extiudelight. The
rea&ﬂmﬁﬁhﬁf@wa& stiféd¥or Q'HJQV—Qb UCeande%téU Wit Hais&hjibhMopyridine

(257 "392@"'24 aFﬁﬁ"agrthQE%@ %ﬂ Hy @anpsonz ReFiiRsht The ggnstion minturewes

warfnedab 0 °¢- dHid stPreBe6ZV h 860°0). TRS fhivkore Uas Rt q'?é*hgl etate
t he cooled . to -20 C and triethylamne ( §
a%waﬁngé %giﬁ’ea't"%a%eqwuﬁ seltionysatyratad sPEHMEsAgen watbonate,

angidtine e dThd 6@aﬁ|@lléye§' Wa@éﬁédl $®9 I%hd fil T@r‘éd FERCAIHrDR was
m xt.ure, wa stlrr for 2 and treated wth
wiﬁw

CORCIAL pé‘?sﬁére ( @)d”&r\'éﬁsa%w?% tosliepgel erumn

ch(‘cﬂnétﬁgnﬁbhy Ithemémtmih EHlorofbhe - fn@éiﬁéridp @/@ X{THE 8tld'8Smpound was
war ned t1|rredfor 17 The m xture
h

O%ge%(fvpa@eragvm ﬁ%ét HINMR &3, eﬁréCIacsa b%s RHIET6 (s BH), 3983 (s,
3H§' 5@9% o & 29883, §9ﬁg§ '1P|UJ 51@#19 %%33@ g;?eﬁﬁ (5,5LH), 7.34

d¥ rogen carbonat e, organ

(satted: 4§Ng,sddj -2 Hi2)t éﬁééu 11=hd=r1 Eﬂ-lza.t7e59»as§1 (m, 3H), 8.23-8.26
rrpgq?;entrated under reduced pressure. The residue was
applied to silica gel colum

Step 3: (5R), (62)-6-(3,1'-Dimethyl-3H,1'H-[2,4']biimidazolyl-4-yimethylene)-7-oxo-

-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt

(5R, 6RS)-8-{(RS)-Acetoxy-(3,1'-dimethyl-3H,1'H-[2,4']biimidazolyl-4-yl)-methyl}-
6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl

- 55 -



10

15

20

25

chr omat ogr aphy, then eluted with chloroform- nethanol
(9/1). The title conpound was obtained (507.6 ng,
91.4%. "HNWR (S, CDCI3) 2.19 (s, 3H), 3.75 (s, 3H),
4.03 (s, 25 3H), 5.29 (d, 1 H J = 13.5 Hz), 5.42 (d,
1H J:135Hz) 6.03 (s, 1 H, 6.65 (s, 1 H, 7.34
748(d, 1 H, J:12Hz) 7.55 (d, 1 H,

J =
estgr %ﬁﬁ}lg) was d:ssolved g’\rrllHF’sw 3 mEi.) nd acetonltrﬁgb 3 'FRL) %reghly

act(VBEY- A ikt (2. 30N B BI5-M Phasphabe bdtdrihi 815] a2 ML)y wersl diled to

themikier. ThaJaagionyBres was caysredits falio excluse ghty | The reacton
mnﬂ@rbdm@ﬂ@;dt%élﬁhﬁrrécﬁﬁr 2@%‘5)0&11[térﬁ§éraf&?@t WTé&ctloﬂa som!ltlon was

mn@dw%ﬁy;l a&g@tqa*cﬁf lgar%d 'erougrpn a paé }éellte yllhe pad was sthed with
wateR afd mes:uque@hs layePlvie Eépé%aﬁee ﬂweﬁaqdmy ldyér w8$ Boncentrated

t b - 55_est
undes MGHRVACHOR 35 “Gnd THE GOTSRTITRI Y aprget G Didenddizy (60 mL.
Mntaatsnsmmaedu é’m Ld@;tes(rico’&ﬁn@bhmtébra . phﬂérpéusbﬂawftrﬁ@éolumn

wa Bl §in viatsE anc el bt ?Fﬁtﬁfgﬁve—weteéx3he&@mbmed

frabticgabtwasﬂmcémméd orider mghtvabeumea 3\5I°GCHnGU§denI|Séd fd gwb the title
for room terrper ature. i on sol

COIBPWBG’e%P W‘P'l?“é@rn9npha%-°e§<ﬁldé6§ﬁd“$u 1%% eMPﬂHﬁoGdﬁe@ ;HaNMR @,
ek t d t
0.0 S0 T, SR BT ISTA PO M G 2R IO (08 L . 1. 70
(s tdhcentrated under high vacuum at 35 C. The
concentrate was applied to Diaion HP-21 (60 ni,
M t subi shi Kasei Co. Ltd.) resin colum
chromat ogr aphy. After adsorbing, the colum was

eluted with water and th % - 10%
acetonitrile-water. The %r#%%‘o‘élo fracti ons was
concentrated under high vacuup 35 C and lyophilized
to give the title compaupd a yeIIowarmrphous
solid (66.3 ng, 199%. 31\].3C(dec) H NVMR (5, D20)
3.31 (s, 3H), 3.52 (s, , 5.74 (s, 1 H), 6.43 (s,

2H), 6.70 (s, 1 H, 7.27 H, 7.46 (s 1H) 15
Example 3 HN\ N~ S r

COzNa

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

2-Phenyl-acetoamidine (2 g) was added to the solution of 2-bromo-3-
isopropoxy-propenal (2.88 g) in CHCI; (30 mL). The reaction mixture was stirred for 1 h
at room temperature. Then triethylamine (2.09 mL) was added to the mixture and
heated to reflux for 6 h. The mixture was cooled to room temperature, diluted with
CHCI;, and washed with 10% potassium hydrogen carbonate. The drganic layer was
dried (MgSO,) and concentrated under reduced pressure. The residue was applied to
silica gel column chromatography, then eluted with ethyl acetate - hexane (3/1). The
crude compound was crystallized from ethyl acetate and n-hexang; to give the title

compound (1.10 g, 40%). 'H NMR (5, CDCls) 4.17 (s, 2H), 7.24-7.36 (m, 5H), 7.72
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Step 1: 2-Benzyl-1 Him dazol e-4-carbal dehyde 20
2- Phenyl -acetoam dine (2 g) was added to the solution
of 2-brono-3- isopropoxy-propenal (2.88 g) in CHCI 3
(30 m.). The reaction m xture was stirred for 1 h at
roomtenperature. Then triethylamne (2.09 m-) was
added to the mxture and heated to reflux for 6 h.
Th i xture 0 d to roomtenperature, diluted
(or flﬂ)mgqubgﬁ W@idﬁl@é&?&% 1\%)1 h 10% pot assi um hydr ogen
carbonate. The organic |ayer was 25 dried (MySO4) and
copc rat unde duge re. . i due, was
stepaf heriay P Pinalny Breie fArbaRvlsasid rafsipenztior
el ut ecBeuzylmfﬁdﬁubzmtoamaldemaéam@) ard .%écthur;ﬁh'@dr H@@rbonate
acetate

TRt 455t PR SEABLEERD oot
nutﬂdHethﬁl&of&iB@télPNlZdIYln(dioxa?ﬁ)(z 62 Wag aaéed fB th5 Ié).)butlon at0°C

S,
a"iia)ssz%fé E’;S 25h5 T@@ﬁ?%?t'°& mlskuﬁe/waﬁ A WF'éetI'y@ﬁ%WW washed
wut&@a@hréteﬂIsbdﬂnhﬁj&é@en&fatwnate?arﬁf&w '1he organic Iayer was dried

(Mlélglprbn)od % cgnlngeretiagtgé B%ljeqe h (pgg%)u %?%l(ﬂ;@ay%q Qg%ed to silica

gentolmmaraﬁrom@graﬂ%pth“én)elutaa wtﬁ%h%%fsmi us¢e@6hé3¢‘9/ - The title
nitr oquenz chl or of or mat e

coURh i SRS e o . 10 EIB (5 Bo b 46 e,
2H) 51;@@5 rzeaci oW, 30 (¢, BHY, X847 7! (H, Qﬂ)‘@éé‘(seﬁh)ﬂs 2L80YR 2H),
washed with saturated sodi um hydrogen carbonate
9%\1@ Bf)ne. The organic |layer was dried (MySO4) and
concentrat ed under reduced pressure. The residue was
applied to silica 10 gel colum chromat ography, then

Step 3t edSR QRS)eﬁr{(a@mmxy-[adimmm {#hityo-baizylexycaebonyl)-1H-
RO R SO A o 50 2gge->
carbaxylie @i ¢-mitreenzyl ester7. 47 (m 2H), 8.06 (s, 1 H),

8.21

6RS) Tge {%?Hg??’ Rgf%’e"?'%ga"ﬁéﬁ“m'ﬂ’ {9'? l%grt{%g‘g‘&b%ﬁdzé ?’ﬁ? V\ak
estﬁwn@t% g)lipfdry acetonitrile (10 mL) was added to the dry acetonitrile (50 mL)
so B hfrolingt 1l ool e ot o A6 Mo
Thgg:trg i Hth;@Lglgn (89 oh) of (bR, 6S)-6-bromo-7-oxo-4-thia-1- aza-blcyclo[3 2.0]hept-

2- gné’ﬁ r&ébﬁo dW 'n’tljorﬂe%?ﬁc%?erl(fqi V\%r QoUbbE c?ﬁb%lxﬁure (:Rtaled to -

enz est Yy ace onitr
20m9 amﬁﬁleémd@ﬂmf‘— ¢1.8mel)vas atsied imbne partior|. 5T haifedctipg vessel was

CO§QllthVJ'ltﬁrf0iP{O %M@pﬁﬁ? MBFeachion r%ik?.&é \n}éQ gﬁfl:f_ﬁf I2tl{ %.9-% °C and

ere roonttenperature.
tre@b! wltht} dmetbﬂa{nlnopyrldlne (127 mg) and acetic anhydrlde (0 98 mL) in one

e}’ I o
pofok CTHX eERich AR ved e g "L ek o for 161ER G G, The
mlmd%was dllqtepéwﬂz gthyl acetaie @nd avasbed with H20 saturated sodlum hydrogen
carbonate, and brine. The organic layer was dried (MgSQ,) and filtered through a pad

of Celite. The pad was washed with ethyl acetate. The filtrate was concentrated under
reduced pressure. The residue was applied to silica gel column chromatography, then
eluted with ethyl acetate - hexane (2/3 ~ 1/1). The title compound was obtained as two
diastereo mixture (3/2, a pale yellow amorphous solid, 2.8 g, 70%). 'H NMR (8, CDCl,)
2.00 (s, 0.6 x 3H), 2.26 (s, 0.4 x 3H), 4.34-4.37 (m, 2H), 5.25-5.47 (m, 4H), 6.02 (s, 0.4 x
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20 C, and triethylarnine (1.8 m-) was 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 25 treated wi th 4-di net hyl am nopyri di ne
(127 ng) and acetic anhydride (0.98 m-) in one
portion.. The reaction m xture was warned to 0 C and

11627 CopbX e de b Lol e rs B 4L I IE CAH Tt B m,

“11Hy @rng®B5 (mpdlonat e, and brine. The organic |ayer was

dried (MgSOX4) and filtered through a pad of Celite.
The pad was washed with ethyl acetate. The filtrate

Stews: (GRnC(GZ)LG-QI-B.@nﬂ%ldltﬂi-irﬁ_ﬂla_ﬁﬂduvhlﬁ’etﬂvll@ﬁé)wemoﬂlmia-1 -aza-

.resi was _a e osilicg | col.um
blgﬁf@ﬂgﬁéﬁqgﬁgg&gfp@ﬁbo&i&@g@a ﬁ\ﬁ%‘ﬂ"’bﬁ\'ﬁl acetate -

hexa(sr, (sﬁs}e-{(%)l)\eet&sﬁ[ztﬂédzﬂ-ﬁ@mﬁu%nwb%hﬂﬁ%ﬂs
. two - di astere% m xture (3/2, .a pale yellow anor phous ]
imigdgzql-4-yllzmethyl}-6-Riomo-/1axondviRia-a-azerbiqysipl3.2.0fngpt-3-eng-2ecagboxylic
acid)nitre-bdhz ésteﬂ-(ﬁ.s(?)ﬁ)dk,dis%oﬁédﬂmﬁ# (()332 rzn% Ad Eee'%éniénle“(ie.s

X ) - o,

m 4}-%, .02 (s,  O. -57 1 H), s, 0.6 X
L)y Frasisactiateg 25 sk (10)g) aeigss iphiosphiate BTy (P 64,83 mL)
wel& added.td he/mbidure M ThelrbbtionSreddel Svad TolledAith: foiblcrdkciide light.

5R),. . . . .
Th &S0 (X 1A VIGQiDysly S5 052 1 3+ER) (RS Fature,  Shg misiure

wak %géledl’@g °S, MY M REGHZREbEPS ol R0 VRasZadeRENS ¥ijubtCoHiRI 5.
sSodl

msalt (5R 6RS)-6-{(RS . ,
Thageadii Subortas mbed it i gbeiate,3ncklipeas heRuahya R of Celte,
The bad W26 wadhd Withwakdtlahd thdaqusdud 148PwAs EBparated. The aqueous

ia-1-aza- bJﬁC ﬁl obB. 2. O&h@pt - 2t\_,9232°%£1'2_§ar boxylic acid,
laygF Vi FosRITatee uBLiELian YagiUg) b5 Gy The coRcentiAterwps apRied to
Didibn HR (@68 L) Mitsubishi (Ke8eilCo.Mitd.) rdsire&dNinin @Blom&EiégabN After

RENE R TR

Theasmbmed fradtionstwad concenteated ahdetdigh wituum ati36 °Cemnditlyaphilized to

- e 1,0Qr.0 ' for h at 0 0 )
B i HeCoaifiouhids Yot AMorbER 5B o 7e g 1401F (o
HINIMIRI (33 D309 BD298) 2H1), B130wES1Hded.8tHr) 26|79 5§, 1M 6.89 (s, TH), 7.13-

The reaction solution was m xed with ethyl acetate and
7-\‘ﬁ(l’7i'e’"}'@'d7-?h7c?l§g(ﬁ"'§“2rad of Celite. The pad was washed

with water and the aqueous | ayer was separated. The

aqueous 15 | ayer was concentrated under high vacuum at

35 C. The concentrate waEX@Medd to Diaion HP-21

(250 nL, M tsubishi Kasei Ltd.) resin colum

chromat ogr aphy. After adsGybyng, the colum was

eluted with water and Wik h 5-10%

acetonitrile-water. T nmbi ned fractions was

concentrated under high uum at 35 C and |yophilized

to give the title conpo da%ayellowam)rphous

solid (780 ng, 67%. M 1 dec); 20 "H NWR (S,

D20) 3.92 (s, 2H), 6.39 & N, J = 0.8 Hz), 6.74 (s,

1H, 6.89 (s, 1 H, 7.13 CO,Na

Step 1: 4-Formyl-2-thiazol-2-yl-imidazol-1-carboxylic acid 4-nitro-benzyl ester
2-Thiazol-2-yl-1H-imidazol-4-carbaldehyde (570 mg) was dissolved in dry
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7.16 (m 3H), 7.21-7.25 (m 3H). Exanple 4 N-~ HNS
Nzi? OCX>EZNa 25 Step 1: 4-Fornyl

2-thiazol -2-yl -i m dazol - 1-carboxylic acid
4-nitro-benzyl ester 2-Thiazol-2-yl-1

H i m dazol - 4- car bal dehyde (570 ng) was dissolved in
dry -58 CH2CI2 (35 nL). NN Dii sopropyl et hyl am ne

henzyl i |
CHIER L1 9l G O AL oy
chiproferhate FPNZCHin dioxahe (CoamalL)swere ragided succaséively l’tEthg solution at 0
o ] I Lth washe )
CIFAGHRR 121 g8 A ! Dl B 50 ke v
satprated seginindydengen caetoneiel ard HriigSORie brganid idyen w;ale_tdrietg MgSO,)
[ t 1.Ze
T T s T AT Y e
acaammwndhéﬂar@&o @Jveﬁﬁ%ltle ddrhmﬁd( . ocgmé%) H mr( g, CDCly)
54?94?% 21;) %@0((9 2H, 4,- BJB Hz)37 §5|(E) 1H &= Bt wg), 73&}9}@ 1 J2;43 1 Hz),
8. 1(9ot§ 1+1)Hs 24 @q3288,J 288, bO)Hz)2097 (§51H)1 H) . 10 Step 2:

(6Z) 6- (2-thiazol -2-yl -1H i m dazol - 4-yl net hyl ene) - 7 0X
% 4: w@glﬁlzr)ﬁ%z-g'-tthlﬂzw §|ﬁ11 ﬁf-l&lgllzgisto)trln‘?etﬁﬁgng) 'F%)r(g ’f -aza-
bicycidg.2y0lhept-2rene-2-catbokylicracid sotium saltboxyl i chaC| d
r
oAy P B S TR oo At 4B s
adggd tlQrtU@ drsaacewmhrltegéﬁ nalt) sokifibre Dféaﬂtydrmﬂmg&gp‘e%igwrﬁjer a
e Sl ol o) e 43Rl 1 oo, 0505
brmhw(bé-t’ma-ﬂi-aaa-blcyclo[gkﬂamibgpt-bene}Q-caﬂionIic ﬁﬁ? :@itro%hiﬂyi ester
g@gg\ng %E?@&J{OQhe ﬁ%gh cé]oq%dné pzo%r t@%ﬁdtt @yla%ngﬂ)ggz mL) was
is@nepestiaro v Ehe tragtionvessel wascaerddith foil ghexclddedight. The
redci&t Hl)@lﬁ‘re%é‘st é’tfn%d §'h'5tr 8g - &%rn 4redtdl @Ep 4- %&n&nﬂ@&%nopyrldme

treated w yl am nopyrl | ne

(64g) and %‘Fﬁf?(ﬁﬁhwlqedoaﬂgé niH))in phe periopo rThedBact‘ﬁhemxture was
waFrﬁ@@fd @FC Ehd szfhr@d Y@%? %Oat‘ba’@mgh% %l)garcé \ﬁggdlﬁﬁ%ﬁf \flﬁ'gett'nﬂ acetate
angwgglaqdewnh 0 1M p%oé?:h);t: trn?ffe\:'\?gH 7), saturated sodium hydrogen carbonate,
and brine. The organic layer was dried (MgSOy) and filtered through a pad of Celite.
The pad was washed with ethyl acetate. The filtrate was concentrated under reduced
pressure. The residue was roughly purified by silica gel column chromatography (ethy!
acetate - hexane = 1/1 ~ ethyl acetate only) and the crude (5R, 6RS)-6-{(RS)-acetoxy-[1-
(4-nitro-benzyloxycarbonyl)-2-thiazol-2-yl-1H-imidazol-4-yl]-methyl}-6-bromo-7-ox0-4-
thia-1-aza-bicyclo[3.2.0)hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (860 mg) was
obtained.

Step 3: The crude (5R, 6RS)-6-{(RS)-acetoxy-[1-(4-nitro-benzyloxycarbonyl)-2-thiazol-
2-yl-1H-imidazol-4-yl]-methyl}-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzy! ester (860 mg) was dissolved in THF (12 mL) and
acetonitrile (5.6 mL). Freshly activated Zn dust (3.44 g) and 0.5 M phosphate buffer
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and washed with 0.1 M phosphate buffer (pH 7),
saturated sodi um hydrogen carbonate, and brine. The
organic layer was dried (MgSO4) and filtered through a
pad of Celite. The pad was washed with ethyl acetate.
The filtrate was concentrated under reduced pressure.
The residue was roughly purified by silica gel colum

(ptF BIAO AR 6L ARERS E? ¥ th%%oﬁ@%ﬁ at rtegg?%%ssel Y¥ab covered with foil

ethyl acetate on
to @pqgl;’dedtgm joweag@qt@nymftm:e was vngorously stirred for 2 h at room

terﬁ}fér?rt]u?% g;ﬁ%@%}é{@%ﬁé‘hﬁ&ﬁ&&@ rb&h%acgé?é alzd ﬁ’ller&d through a pad of
Celifg; aThe pacwes w&hgq wntbzweqem @pd tie aqueols (ayebway sémaratedd The
aqﬂécﬁ]stléﬁer dezdbgng%ﬂa?éd RSP niGWvatlitm 229536 Othe heshiFlle was
aPB‘ﬁQ)tD @lQIQ'RBP t @000l NitsubishhKase) Coehitgy) resip calubany | ) - 2-
chltlgl_mﬂi'géfbphsz A eﬂjdsorblﬂ% golgmn wa luted wAth v¥1ater an then with 2.5-

onD 72 0% 0"
5% %Cieéorbﬁnﬁ‘ﬂﬁ@[ 3. ileoaonmedzrasxfenawas e@rm@nvaﬂEd uadermhigh vacuum at

4 T
SSACA Rl G54 e ECAIRLINSS 2100 Aol (15 mo
11%dsqm 3. Mp 445 ’éﬁi\tﬂd@) SHNHMRc(é,piDéID)ES mu(d dH, J=997 HaJ; 68, 1H),

o LS AU TR bon T 2T B 20 B PR e

reaction m xture was vigorously stirred for 2 h at
room tenperature. The m xture was m xed wth ethyl
acetate and filtered through a pad of Celite. The pad
was washed with water and the aqueous | ayer was
separated. The 5 aqueous |ayer was concentrated under
hi gh vacuum at 35 C. The EX3RI&E ate was applied to
D alon HP-21 (90aArL, M tsubishi Kasei Co. Ltd.) resin

colum chromato ph After adsoMé)i ng, the colum
was eluted with wa d thgp 2.8 5 5%
acetonitrile-wate hgconbl ne ct S was

i g 35

concentrated und fReuUUM at and
| yophilized to give the t|tIe compound as a yell ow
anor phous solid (126 ng, 10 11%from 7). M 145 C

= 0 7 Hz
steg 1 etnl- 2iffedal ol fradbaldentes ) " 17y (g
1 H, PotassemiteRAutoxide7(#94 thg) Wad, addied tBtha drtc)THFJ(SO mL) and dry

OV RSyl oy ARk, 7 o e

18mvars6i(106 ma) at mtrmmera¢m4 Thip reactionaditole was istiedifoy 10 min
and ﬁgatgﬁ%mr)\etﬂplqo&mé{ (0.274 mL). After stirring for 17.5 h at room temperature,

it was concentrated under reduced pressure. The residue was dissolved with ethyl
acetate and filtered. The filtrate was evaporated under reduced pressure. The crude
material was purified with silica gel column chromatography (ethyl acetate - hexane = 1 /
1).  The title compound (410 mg, 53%) and its positional isomer 1-methyl-2-thiazol-2-yl-
1H-imidazol-5-carbaldehyde (240 mg, 31%) were obtained as a white solid.
1-Méthyl-Z-thiazoI-Z-yI-1H-imidazol-4-carbaldehyde: 'H NMR (6, CDCl3) 4.21 (s,
3H), 7.44 (d, 1H, J= 3.2 Hz), 7.68 (s, 1H), 7.89 (d, 1H, J = 3.2 Hz), 9.91 (s, 1H).
1-methyl-2-thiazol-2-yl-1H-imidazol-5-carbaldehyde: 'H NMR (8, CDCls) 4.48 (s,
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20 DVF (10 nlL) m xed solution of 2-thiazol-2-yl-1

H i m dazol - 4- car bal dehyde (717 ng) and 18-crown-6
(106 ng) at roomtenperature. The reaction m xture was
stirred for 10 mn and treated with nethyl iodide
(0.274 nL). After stirring for 17.5 h at room
tenperature, it was. concentrated under reduced

R EREE Tttt 191 PR 22 BRIy B L5 S BBty 0

under reduced pressure The crude 25 material was
rified wwth silica gel colum chronmatography (ethy
51602t (5% RSB AURY)-Acefo - trmethylc2 406 20 ool o)
I -2-ene-2- -
méiﬁyl] 5%@?-&5(2?0@@@1 dzﬁfﬁéﬂdlﬁﬁ?g]hep% 2 cegrebzafadr oxyélrc acid 4
mtrtz-:benng ester o) were obt ained as a white solid.

" 72 apA Py imhalbigRogqh RIS LReq o e
dry-qetoriftrieg 28 mL) soldfion of @thydhus MgBr, (1.63 @) Gnder jp nittageh
arhSopnbre e ol ormpstatuge, | Coforioss pqude was depasipd oy Jg min, The
dryNIVRF §glutnmj§83er)zpf43R(@S) -6-bmn@Hpxo-A-thie-1-aza-hicylo[3. 2$]hept-2-
eng zlczafliaxylrg aﬁ? 4(rﬁtg)-6eﬁ%l e%%rg Z?ddjmg)]wgé added tg tﬂe H‘Qture cooled to

2@ R6) asl f{rlemyarm@%(%m k) was Rgdedinohe apdion? - The reaction wasel
wa%‘?zjové‘refﬁ Ivréth foil to exglude( (I)rgllt 'Ehe refctron chture vrfas sérrrsd Eﬂr 2 h ?t -20°C

aza
ang rentod it HoreghylamiaopyTidnes 4 o) entiaes{e amyride (0.7 mL) in

on% ggﬁfohyl THe Fegbt("i;&'rorhlxﬁrré( Wad Wdribd 876 C4nd %Elf?@é Foggéﬁ;\eat 0 °C.

dry acetonitri
Thgdmmlreawas)dlltﬁemwh ethyl amte aoc.i w@asheg withn 8% citsic acidrasgyeous

softiBR RRFARd %Bdrﬁmdhfﬂ&’l%?ﬂsdﬁafe aﬁﬁlbﬁﬁe EFhelY? i I%@'_ﬁs/as dried

deposited over 10 mn r){_ sol ution
(Mg§ )5q;q|d filtered through a pad of Celite. The pad was washed with ethyl acetate.

Thei‘sutra@e a8 ¥BnoensRd4miaBi %d&c@crae&&é!c I HeFedid0d mgfapsa.ea%
ene- 2-carboxylic acid nitro-benzyl ester ng

S'“ﬁﬁge‘a@&éﬁn Pw%m@sme&vuﬂen clsed wih ety aemate- gxane (3/2). The

titlé bbmbbl‘tﬂoamaﬁ%b(:%ezfé’s twlo-diast&so @\ﬂf&@r‘é %N @%l@ﬁé]lbw%orphous

The reaction VE§S was covered to excl ude

soliq, §78.4 macS3%ac t BIVMR{S ClCds) Rel (§t¢ ﬁrxe'ii'l)f 3)2825 10.2x 3Hp@.12
(s, %Hf@%‘(& b S%OIHMJUW‘? grhg?‘; i@éqdagf'sriﬁﬁéﬂ dige |-jz‘)‘85 HB% 0.5 x 1H,

aceti'c anhydri de one
J 7 £838tH2H.M (d. OrSex WesJ Feddrbekdz) ©.16 (£ Bhy 1kl).|63@(:8, Odrx p2), 6.42

(s.'b.8% 184 % 87 R Bfkﬁx RLXY Lices P9 6 6‘@2‘ "G M r.‘/BE)'MJIz) 7.19 (s, 0.5 x

cetat and' W\a dmt c aci d dqu
1H o .47 638, (ms dH)r B4 &6, Hckx dir), ﬁy@r (sgeh mﬁi)bﬁﬁ&ﬂe& @mc@H), 7.83-

7#@3",{{1%.3@19 %Sﬁgq,_jaayer was dried (MySO4) and

t'er ad of Celite. The pad was washed
wi th ethyl acetate. The filtrate was concentrated

Sl T A AR 5 AT R PR br-ovot

thEt-hyta-hmgt:m[az-O]Ilmptmqene(-z-/cﬁ)‘boxWe azill sodilm saltrpound
di a Xt ur L1, . e
v e g@h%@d% @E@ e AT S TR B b iniGh B4 Sy -methyll-6-
bromo-7-0x0-4-thrd 1-aza-bicyclo[3.2.0}hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester
(604 mg) was dissolved in THF (8.5 mL) and acetonitrile (3.9 mL). Freshly activated Zn
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solid, 673.4 ng, 52%. 'H NMR (5, CDCI3) 2.00 (s, 0.5
x 3H), 2.28 (s, 0.5 x 3H), 4.12 (s, 3H), 5.28 (d, 0.5
x 1 H J=13.5Hz), 529 (d, 0.5 x 1 H J = 13.5 Hz),
5.44 (d, 0.5 x 1 H J = 13.5 Hz), 5.47 (d, 0.5 x 1 H,
J =13.5 Hz), 6.16 (s, 0.5 x 1 H), 6.30 (s, 05x1

H, 6.42 (s, 0.5 x 1 H), 6.87 (d, 0.5 x 1 H J

dugg(% 41 %} 3hg 6%4""%@86'23‘9 S\fffgj_l)(pH% ﬁ,ﬂzés ngwgrg(éépegD% ﬁu; miture.

Thé seadfion vessel Was coveded Witlh foil(toexdidle Ilg'htB Srhefre8&iohmixtire was

vigBleysstfad 5t 1 B sobyl ernpgtdfley | i Reon.solyion ws g i

ethyhar)eta?te @ard fitered through a pad of Celite The pad was washed with water and

the %‘%ﬁ‘%ﬁﬁﬁ %g?li wéﬁgicéq?%tgd 2. ﬂle eous %ygr was 5rpc%)r§t¥étieg uﬁgeir%gh

vadiRf) ati3q {RS)Fhacehcentrafel war applied 2o Didiarz HP-21- (0 nilkHMitsulbishi

e, L8 & Sromptosgaaty, Afer asepfingy hesalin yag guted

withInatsriand then witd 6% amduabzwateem®10%(dé§wnm¢-wm The

cogk)@%ﬁ Ifr\égfgor{s aa{&&(:%ﬁt?atg%kn%ﬁgﬂ\% ﬁghtg%t%gng dgycm lized to

glvphbspﬁlaad;cenﬂmdnﬁeas apelidv dmodiobs sdi)d (281 enga 6d%L tMp Z‘n@’c (dec);

i 00 3T TR0 by B heTe, BRIES s b nadis . 7.0

(d,StH, ur=esl 3e), 72341(@t1|-r gam gepperature. The reaction
solution was mxed with ethyl acetate and filtered

through a pad of Celite. The pad was washed with water
and 5 the aqueous | ayer was separated. The aqueous

| ayer was concentrated under high vacuumat 35 C. The
concentrate was applied to Diaion HP-21 (60 ni,

Mt subi shi Kasei Co. Lt degam@ieign col um

chr omat ogr aphy. After adsorblng, the colum was el uted
with water and then with 5%acgtonitril e-water and 10%
acetonitrile-water. The cqowined fracti ons was
concent rat ed under hi gliN/qCuum at 35 C and | yophili zed
to 10 give the title co nd as a yel | ow anor phous
solid (231 ng, 64%. M 214 C (dec); 1 H NWR (8, D20)
3.91 (s, 3H), 6.44 (s, 1 84 (s, 1 H, 6.91 (s, 1

H, 7.43 (s, 1 H, 7.60 NE/RH, J =3.3H), 7.84
e6 HN\ NS Nom( 0

(d, 1 H J=3.3 Hz). 15
CC2Na CO,Na

Step 1: 4-Formyl-2-phenyl-imidazole-1-carboxylic acid 4-nitro-benzy! ester

- 4-Formyl-2-phenylimidazole (624 mg) and sodium hydrogen carbonafe (791
mg) were dissolved in dioxane (3.6 mL), THF (3.6 mL) and water (7.2 mL). The 48.7%
solution of p-nitrobenzyl chloroformate (PNZCI) in dioxane (2.08 mL) was added to the
mixture at room temperature and stirred for 2.5 h. The mixture was diluted with ethyl
acetate and washed with brine. The organic layer was dried (MgSO,) and concentrated
under reduced pressure. The residue was crystallized from ethyl acetate and n-hexane

- to give the title compound (956 mg, 75%). 'H NMR (8, CDCly) 5.41 (s, 2H), 7.32 (d,
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Step 1: 4-Fornyl-2-phenyl-im dazol e-1-carboxylic acid
4-nitro-benzyl ester 20 4-Fornyl-2-phenylim dazol e
(624 ngy) and sodi um hydrogen carbonate (791 ng) were
di ssol ved in dioxane (3.6 nL), THE (3.6 nL) and water
(7.2 m). The 48.7% solution of p-nitrobenzyl
chlorofornate (PNZCl') in dioxane (2.08 nlL) was added

24455 B vk L 81, 38K bR il o 20 b, A, p e, 1)

0.9ansl Wwpshed W|th brine. The organic |layer was dried
(MySO4) and concentrated under reduced pressure. The
residue was crystallized fromethyl acetate and

Stdp e(GRJGBRS)QS-ng—Abbﬁ)xyl['I d(£-nitpoabe Pyl ok b ofyl)-Z pHenyl-1H-

CDq J. = 8.6
-mmﬁowvurmeyt - 6('h{°"3ﬁg§'°x?%ﬂ“?'15%za(hﬂ°¥‘§ﬂf§-g blingpt2-eris-2-
aﬂi@xyl?é"hcld&-ﬁﬁrc( Benzyleter 9. 97 (s, 1 H). Step 2: (5R
6- { (RS) - Acet oxy-[ 1- (4-nitro-benzyl oxycar bonyl) - 2-
phenyl -1H 5
I m dazehm -#b%\ergﬁmubz}memJ%ém&w?créam—ﬂnﬁobcbéhzgl é?éhsesibhg)

clo[ 3. 2. boxylic acid ro- benzyl

and theedry 7. oﬁqwlonii%m%ayf (SR BRiSrreme-Tceyoria-ezac d
b|c9cI5T3t2r @h@ﬁ@%e&;ﬂa%o lﬁﬁa%nmltroaséhz&f&t&f(sef H¥g) were added

suqspgygmélg ?q) dry gs@;omtrth]ﬁg mL)zspiutipp of anhydrous MgBr, (622.4 mg)

un@ér@’ﬁir@éé’h &n@shﬁ&b a@r@ﬁ?te%é‘e@éthﬁé(y Infter esdliflg the mixture to =20 °C,

I tro-benz ester ng) were_added  successively
tnqttqurﬁlge @ ﬂ%@"&{) Wﬁdﬂ%'n(% RATigN. s dhe reasHon vessshyas g%ered

w.tw&rta eixBidde Aightt) The R@6tionmixtdré %@rstuﬂémnf@ﬁ et %o e
nperature. After cooling the m xture to -

tr ePﬁeF’ SiNACEHE ABNYdyda §0.27( M)-) iRRneRRIERN. | 118 ﬁ%aCBB'P f']"SWe was

waI.h@d {e@ et iafA sHPSS fir 2WdSat QR Tee nviktufe \il@s diluted wmcéthvheacetate
eactlon m xt ure S st

Th
antl WSted il 5% GG 20l ARSI Soutfth, SEHIGH sl ygpded barponate,
and bring e Tmerdrgarnc laybrewasdvisd (WSOQI('EM ﬂltehtad; throgghz gad of Celite.
e M Xture

Thepaf YeRpAsheg it e 2t o B A B AS oREE Tt alec, igp rédloed

presgueo UThe edsidueownas apdlied &t siitasysd culunirnwﬂnrmgﬁngmphh dhext eluted

wif¥ipDptdtEe HiSafE 8537 Bl R cctAdiida (WERtkingR s thyee

didtdréo AibAvfe (BREL. Qté?palérbéllcfw ahbashoud\aslid; 98 fiat Ba%yed ‘H NMR (S,
under reduced 20 gressure The residue was a

COG)i2R¢ e P-3801 3n 2dRr(SFat Y LEDH/30 (892 (ﬂ'ﬂ)egl%vﬁ ‘i%(m 4H),
6.6 @@Yb. 52991tmt 6. 22 (Q@(%]f@m)?/e%'r & &35 mea (3 I3§|é§ @W@HP% 87 (s,

was obt ai ned hr ee di'ast ereo
0.13%x ¢H)Y, & 92: Q#Brxpﬂ‘bu’sr 414, 7.984 - 7r§g(m Qéb@ 8 ﬂ-‘lBJQQF@“( SH)
CDCIS)204(S 0.35 x 3H), 2.10 (s, 0.13 x 3H), 2.30

(s, O. X 3 5.25-5.43 (m 4H),
Step 3: (5R), (BZ) 6-( -pheny|-1 H-|mldazol-4-ylmethylene)-7-oxo-4-th|a-1-aza-

bicyclo[3.2.0]hept-2-ene-2-carboxylic acid

(5R, BRS)-6-{(RS)-Acetoxy-[1-(4-nitro-benzyloxycarbonyl)-2-phenyi-1H-
imidazol-4-yl}-methyl}-6-bromo-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic
acid 4-nitro-benzyl ester (4) (1.15 g) was dissolved in THF (16.1 mL) and acetonitrile
(7.5 mL). Freshly activated Zn dust (4.6 g) and 0.5 M phosphate buiffer (pH 6.4, 23.6
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6.09 (s, 0.52 x | H), 6.22 (s, 0.13 x 1 H), 6.31 (s
0.35 x | H), 6.33 (s, 0.35 x 1 H, 6.87 (s, 25 0.13 x
1 H, 6.92 (d, O.52x1H,J:14Hz), 7.31-7.76 (m

11 H), 8.17-8.25 (m 4H). Step 3:(5R),
(62) - 6-(2-phenyl - 1H i m dazol - 4-yl met hyl ene) - 7- ozco- 4-t
hi a- 1- aza- bicycl0[3.2.0]hept-2-ene-2-carboxy|ic acid

mid N Sidecia o miure, The FACHON YoSSBUIER FYSIRENHLIR) g exluce
lighth eFhyd reaétion mixture was vigorously stirred for 2 h at room temperature The

| i - 4- I
el kb B BRI ATl SR AU e
padwaewahéd with mteg)anwme alm:emnbﬂa@r ivas $Sefrarated. 1Tie ac)uemusl layer

wag FShlvpted st o by of 58 °CY e dofRE &g Bbyadto Dision
HPw2Et € 0aauls MitsaibishieKasek Car letd.) Tesin celanini anmomategriphya After

ad%{%ﬁértﬂe‘@oﬁﬂu{ \%4 %Ihfseldsn)ﬁg}vvgt r ank# g'l?h zvn;tg?ie 6°$o2a%hkmme-water

e Was vi gorou
The eombnat diragtionBheas cangentrated smdelthlginvamsmtmc/\andwlyophmzed to

o A, R A 85 3o oo

H \NMR B MMOIBEIL. (s,T118), 8q6O,UHH), YA (s 51 MR R. 22 CHN, 7 2MEM33 (m, 3H),

nd hi vacuum at 35 C. The concentrate was applied
76:% géémoﬁq) HP-21 (100 mli, M tsubishi Kasei Co. Ltd.)
resin columm chromat ography. After adsorbing, the
colum was eluted with water and then with 5-10%
acetonitrile-water. The conbined fractions was
concentrat ed under high vacuumat 35 C and |yophilized
to give the title conpound as. a yell ow anorphous
solid (322 ng, 63%. M 281 C (dec); 10 "H NWR (5,
D20) 6.32 (s, 1 H, 6.76 (s, 1 H, 6.79 (s, 1 H, 7.22
(s, 1 H, 7.24-7.33 (m 3H), 7.60-7.63 (m 2H) . -64
Example 7 OH=H ArS OCX>2Na Ar=-N N-S 5 Step
1: 15R,
6S) - 6- Brono-6-r(S)- (2, 3-dhydro-i m dazol 21- bl t hi azol 6
vl) hvdroxv nethvll-7-oxo0-4-thia-1-aza-bicyclol3 2
A hept - 2-ene-2-carboxvlic acid 4 nitro
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benzvl ester
2, 3-Di hydro-imdazo[ 2, 1- b] t hi azol e- 6- car bal dehyde
(2.63 g) was added to the 10 dry acetonitrile (124

m -) solution of anhydrous MgBr2 (3.8 g) under a
nitrogen atnosphere at roomtenperature. Colorless
powder was deposited over 30 mn. The dry THE
solution (124 nmL) of (5R

6S) - 6- br onp- 7- 0xo0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2-
ene- 2-car boxylic acid 4- nExamplenzyl este (6.2 g) was
added to the m xture. After cooling the mxture to
-20 C, triethylam ne (5.23y4nL) was added in one
portion. The reaction 15 Fddsel was covered with foi
to exclude light. The Afac Sqi xture was stirred for
2.5 h at -20 C. The m xt diluted with ethyl
acetate and washed with 5% citr) Nyﬂ d aqueous

sol ution, saturated sodi um hydrogen carbonate, and
brine. The organic |ayer was dried (M nd
filtered through a pad of Celite. THE 'ﬁggﬁggg washed
with ethyl acetate. The filtrate was cohcest r at ed
under reduced pressure. The residue was 20 applied to

silica gel col um chr omat ogr aphy, then eluted wth
= i éacet1at? onl

begg“ed;’ 6.63 g, 79% and the title conpoun
separ at ed fromthe m xture by silica gel
coI um chr omat ography. 'H NWR (5, CDCl 3) 3 80- 3. 89
31 (d, 1

%'_:9 Qgrygrozguq%f[z( {;BK@}_%CHe-Glcappa cjphydqgg 63 g|)1yvas edde!i to the
dr;( sqetdnltlrl)e, (124 i) @Slutlgn EZJDS anh{dfolis(\gBr, é"b) ux?de@%(r(uﬁ’oge%H
atiogpeft faBBiheBoehfia’ ooiess sijigening tecsses ovarAOmny The
dndF ok wolutiom (124-rik) of (5R 68)-6-bromo-7-0x0-4-thia- 1-aza-b|cyclo[3 2, O]hept—2—
enQ-)QQ%?A} @&h@a&d %anftrcp ngzyll oéte (g 20 he : dgef t%ethg rrﬁgtLreO)f\ Lr cooling
thqsls)xnﬁe By 620 G- tfi¢tBylatnine3(5dl hyity wad addéaze bRe bokibhhi BEdeaction
veSseY hr)af Fg\gérgiﬁntqﬁ%ﬂ 0 gxqlude light; Theygpetion raiyiues,was stiFed for 2.5 h
at t%g xwheammrejwas dilutedwitle ethyl acetstt and @\fésﬂecﬂwtﬁ\@% citric acid

toni,tr
aqg%o}é@omgg It%\?%t S g(s%élum‘hécﬁgéj a%%éé)n I{tﬁ @Ing%g&ﬁ,l p'l%sqgggpglayer
wap gfieg (Mgm)e,amu filtaredrthiougk aepaddd €dlitep THeepad WﬁslwashedT\hiﬁﬁ ethyl

I acétgt%Ct Tﬁé‘ﬂ‘t’rﬁt%s\ﬁés &%eﬁt?é{?& ?Qd%éduc\; §6?%§§e§ E@ resique was
20

. e reactilon
apﬁpl@% to silicaigelraptumn ehrpmatoigraphy, fher ehited witileethiiSacetdé EfesaPe @1

~ chyfracdald chylt A RHE BB YRe SO bR s SRR Aomriisomer s
obtginet (&/mya paieebrca/vreamnrbhbud; selide 6,681y, pow) and m.tréfcompound

o P50 oM IRR il o3 oflln hormosapy.
NMFO(de emaaeeam 3. 89 (m, 2H), 4.15-4.25 (m, 2H), 5.22 (s, 1H), 5.31 (d, 1H, J = 13.5
Hz), 5.45 (d, 1H, J = 13.5 Hz), 6.12 (s, 1H), 7.12 (s, 1H), 7.42 (s, 1H), 7.62 (d, 2H, J =
8.6 Hz), 8.22-8.25 (m, 2H).
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under hi gh vacuumat 35 C. The concentrate was applied
to Diaion HP-21 (200 nL, M tsubishi Kasei Co. Ltd.)
resin columm chromat ography. After adsorbing, the
colum 15 was eluted with water and then with 2.5%
acetonitrile-water. The conbined fractions were
concentrated under high vacuumat 35 C and | yophilized

stz ke e Sl (& SRR agSn 3 -Rifise oV By PR GatY 17
oxéu,-th%ﬂ -aZa-bicyclo[822.0Jhépte3-eqb-2-clboxylic acid Hz) ,

4.33-4.35 (m 1 H), 507 (d, 1 H J = 5.5 H), 570

(d, 1 H J=1.6 H), 7.05(d, 1 H J =10 Hz), 7.24

(s, (5RBS)-BBrome[(S)-8, ?—ﬂmpdfoﬁfdeﬁOEBW b]thlazol-s-yl) hydroxy-

me&l?yﬁf-egozgthlgE%-aza%lcyclo% g Oﬁ'nept— -eetnre- -car oxyllc :amg 4r nltro-b g |

estet | @G whe diskolvein-PHR (zsanll)amaduewmhrér(?vs 2nL§1 tFrBéhly aétivated

20 gt BHgand &8 4T endsenaRiptiebiokl it mLb wers gadeditathomture
The réxetiyh aés:;el was sowdréd witiel foll rtu eiaB}Ede( iigh8. grhelr@Bctivitthikture was

dded bet C
vigpipus stTa a2 AETORRIBTPaIFLio. LhA AT des rRoletiag *C. and 1 M
NadiFsaqleoas! sblmtlﬁi-ﬁ’lé‘d; addetDto aajyst pHdo F15. r TRE rédctio® 8lution was

oS A 5 i 951 B BB e v

wattéed tisd @mbecusﬁyEEWaﬁ Beparated! | The adiRous &kt Whs d6hcentrated

unfeyfidh st @rdbieq The eoSRmr @S shnled e Slaion P 34 2860 mi,
MitstbistiethséioCo.38d. mersiﬁ esturgh chrRfiatdgrapiey. aAftecadsbitifid Ehee€blumn

el S Lt T894l tions

weve soriteasated etidemhighRéduineat S5 Chandigoshilzied a6 giva ehe Rieb

colfpait, Tha alé vebammsrBboisoid 1 aacrdh Mot 2 HiRvR 6,

D,O%Bloaxg aHf Or= 24 M5, mw(twnpmd M)t 5.390¢ 35 (m, QB B.87 (d, 1H, J =

s B8, 1Ra0) o B A1 osth Zoale Ty

product was purified by S| 02 col um chronmat ography by
elting it with 50% et hyl e ghexane. Yellow oil;
Ylel d: . /o

nre* &ﬁt_égﬁlengvekbmm %imegneg @ﬁ];ﬁﬁﬁz(&eoz eérmoxenc aci
solutron o €NzZoy

t et rahydr ot hi eno[3 2-c] pyridi ne-2-carboxylate (6.0 g,
é% :"Eflyl 51benb{-4)5:8 ﬁé%ﬂyé#d?weﬁolplg ri%)necz c‘g‘mcﬁtérlate

Ithﬂ reactlon 'mxture was Sti

Togm gtitreb ABhRNIFW7:5h 96 30Q el RQAIC(12.2% gwﬁ@ r@mplmw@@ slawly added
be@&@h%eﬂg sfid, tth@fCihe bRaitibh tHeXddhdifies nRSNRR dddofved in CH,CI, (20

ml) and stirred at room temperature for 2 hrs. Again the temperature was cooled to 0°C
and 1-benzoyl-4-piperidone in CH.Cl, was added slowly. After the addition the reaction
mixture was stirred at room temperature for 2 hrs and poured over crushed ice and

sodium acetate. It was stirred for 30 minutes at room temperature. Extracted with
CH.Cl,; washed well with water; dired over anhydrous MgSO, and concentrated. The
crude product was dissolved in CH,Cl, and ethyimercaptoacetae ( 9.6 g, 80 mmol) / EtsN
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saturated brine solution and dried over anhydrous
MSH4. It was filtered and taken to next step with
out purifications. Yield: 4.5 g 91 % Yellow |liquid.
15 Step 3: 2-Fornyl

(5-benzyl -4,5, 6, 7-tetrahydrot hi eno[ 3, 2-c] pyridine: To
a stirred solution of '

-b | -4.5 6, 7-tetra rot hi eno[ 3.2-¢ ridip-2-vl
(10T farh, Rgs bt E SpRIVAY Por ERfsRstGre LS Heahark e wes
refikddP fof 20hg, ar?(thedvadth ardaiaﬁ CEl-l}d:Izslaj{a;]rr\m‘s washedoweti with water:

tenperature r hrs. At e en { reacti gn -
arigg G A Eup g Hiebieeicingl SSnednfatetl T RBHbE yps purined by
SiCI{,Hﬁld Cluthn agambtognaphywmmma i_f_iligvse?i&eetgylaad:étawihe?amgeﬂow 8“; Yield:
rie 1¢ centrat ed. e product was found to be
6.4 Cai AR b

_ 0 next step with oiut purifications.
- Yield: 3.0 g (76%; (M:H 257). Step 4: 4-N

Stg‘igté :1%{%&@iyi—?%ﬁ?%{aﬁggyxélruh?ér?c?[g,fotl.:]_pgfiginqz-;i)gn%iﬁa%w:dr oth

To %/ét)zrfw I%)agi:eﬁ‘sédw QﬂgLRHloxat)e 4gih|§)F oa hc?uzmi of Cétay|35Dbefkb\ed,5,6,7-
-Z-€e - 4= cal,.no e. - .

teti B R OIS 2SI PN Eo AT SRYIEER (58,9 1 mmel) s, THE wag adggg slowly

at DE% 2Afternatdiitionaedctidmemixtiiry wHsEstisreldLibi 80 nfid@esianyl quknched with

saffs'?}‘?"eNE\f*Sho!‘ﬂﬁ@!%ef{ Wity CHGly 2nd;fitered,  Bhe filgats e, washed with

sateraee&bmlw bolutidn ag%idgeﬁ dveari atmgdimfem&%sceﬂqm Iv\(ljaémrddigand taken to
. 1 Wwer ., e S S| 0,. r

nef{ sthr T Dyt FodlioRE  YRUE RS B, Yeldw G e Yyer 2.

QO Et)2 (390 ng, 1.5 30 nmmol )under an argon at nosphere

stgha's AR BEb Y47 SF o e sclputitingt p

. ToVestifkd sutioaver, Ecbetiziht,5,6]7-tetrahpir6thisho[3, 2-tphiidin-Bi®methanol

@ B5b ahyBD i SHECK ISoch e MRb; fodlo o6 yfas Hllea ana stired
at pon tesnperdtuee f@atd hsn Al thewaral, \tzes regetione chixtoreOwas éiteted through
coly B e B B R S 30 ol 4o
conapntreled. Sieupioduct was foundeto dedpunen aiydi talgantoc aexiostep eyith oiut

ord ng.; Th nj . was dried SA) and
pu%%flgrﬁéégﬂteﬁ g'ﬁ)&%sg@a{jmﬁ'%?i te. Thle pat(JINgvvas )vvashed
with ethyl acetate. The filtrate was concentrated
er, - r ' l. i 0
St NEOBE ALy RRR) S EXerin 8% £ ey AR s 52,
c]miridie-a-ylneéthyHiGalytonas-2ioxbet-tHia camabicycibf3.2(0)h ¢ ptc2-ene-2-

cafracii ons were concentrated under reduced pressure
(ROIVIAME" i xture of diastereo isoners were taken to

2-Foexlyl eﬁgb@lzde,Bes,Nttaoydrommfo[ﬂ)mmyﬁmhé a456%iney), ®.2 piflol) and the
cnf BHF 622t ©8°Ch o0 (58, S bromer -ar 4 er- oo/l hent 2
eng2diatbda/lit poldtdayitresehzyl ester (772 mg, 2.0 mmol) were added successively
to gﬁ%écfr&féée%n?fril% %Lsyggltﬁ[o%' & gkﬂfﬁédsz'ﬁg'ﬁ;:zb?ﬁfzb@%' 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 coveied with foil to exclude
light. The reaction mixture was stirred for 2 h at —=20 °C and treated with acetic

anhydride (1.04 mL) in one portion. The reaction mixture was warmed to 0 °C and
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4-N

i trobenzy-6-[ (acetyl oxy) (5-benzyl-4,5,6,7-tetrahydroth
i eno[ 3, 2-c] pyridin-2-yl)nethyl]-

6- br onp- 7- 0xo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-c
ar boxyl ate( 450 ng, 0.65 nmmol) was dissolved in THE
(20 n.) and acetonitrile (10 nL). Freshly. activated

B0 48,18 A ESHE b bt i o

cntmscdoama:dusvsoﬂutnoﬁolsaturaiedamumdehydrggen catmnateqaandorine. The

i W8 VB8 HEBCHRASLY oo e 05t e o B4 Ty vos
wasbe@ with edinydl aOetateM Thesfitrateawasactihedntratechdndert reditadopr8sdure. The

e85, W S A2 B 5, S, A ves e

withoetbWrecetate:chexaoe (1: ﬂl) gBollented fra@idns iwedd cGntemtrgtedeunder reduced

Leci nid at ; r : HP2
ol '€ bl o LB AHEHs YA S e Mg vetow
amdrphais| aolid; Yield: 880mngddWht M+H&8GNni zed water (2 lits)
and latter with 10% CAN: Water. The fractions
contai ning the product were collected and

Stepidc dﬁRr&it)ée[(&-benad%ﬁ,nieﬂabydretlaéno[esmt:]pgﬂnm-a-tyl)mthylene]-
The

L] h d
il s Lo L e R T
4-Nitrpbendyss-[(apetyloR) (5HSS2y|-4, E/Bt:!)-teﬂré&ydrot'h}énbm-(:lﬁ&fﬁﬁhd@)nﬁthyl]-

6-%1':051o@-})x&?—t%?l‘-%a&;%&lp%?.W%pt%—%%%—??c%qw%agg(%’Psr%lg_l,)lo.es mmol)
wdd)dissélved(is THEHRO nik) and laeetdnitr8e (12 mbpar Ereskip aofivated Zn dust (5.2 g)
w 5;%%%%2%!&%’ Mh e ny ospﬁate bufge?t(él-?%}/é? ' rWLgaﬁle 1réé26tig|n vessel
wasl coveteg witrefpil To exatudé-light. aFHe eaatidn mycmreﬁl\&s&i@rdnw stitred for 2 h

at r}‘ao@ feﬁ{p%?%w | CTﬂg'rgacﬂ%g slt fi Ite@égd ?o‘éﬁ fo 35€,and 0.1 M

NaQHiyasiaddns p;yafdwst?p; to6Z5.9T 9Tlgs) filvate watdeashed witketDWECEEESand the
@‘eoﬁs E\g{ar%éé)@e ﬁ'atgd %Hé Bé(cﬁ%q%)féﬁ \Afe%%oﬁcéntra?éd arfePhigh vacuum

ure a irred reaction
atrddx ert@ o yellowcpreriptiateo TheCprpddctswas pudfigdoby 31P2ti nesinareverse

I-%E%t er gﬁ\aﬁdgﬁﬁe%yprlﬁﬁélg tjz'ugtc%tum-ﬂlt\ﬁa? Eﬁféooigﬁﬁhgioméd water (2
lity)r grd datter Wlltha 108q SN sWaterof Tﬂwhefraqtlew p:ionalrunq giae Jpreguct were
co‘llé‘ctgél Qhb %nge%trla) d‘”ﬁ%’e@@&f\oﬁeﬂuré { todin fe’ﬁfﬂ%‘?ét%é”'ﬁhe j&how solid

turn to clear s ution ter re uxi n
wascashediwith agelene ansilteras doriadatyistd: Sonmaﬁ 8% chsaysfiow crystals; mp.
1d8PES, q4hen m xed with CHClI 3 and saturated

HC%r he mixture 10 was filtered through a pad of

Cel i HNMRADMSOslelo 82t 611, Frlg 28 (bm, 3.4, i), &8 (s, 2H), 6.3 (s,

.1|4)'V§§Qé)1H) 7.1(s, 1H), 7.28(s, 1H), 7.4 (s, 5H).

Example 9

Preparation of (5R).(62)-6-(7-Methyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-
Imethylene)-7-0x0-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium

salt
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and filtered. The Filtrate was concentrated under
reduced pressure. The residue was applied to silica
gel colum chromat ography, then the colum was el uted
with CHCI3 - MeOH (99/1 - 97/3), and collected

fracti ons were concentrated under reduced pressure
followed by recrystallization fromCHCI 3 - Et20. The
titled conmpound was obtained as 15 pale pink
crystals. Yield: 10.9 g, 22% . 1H NVR(CDCI3) d 1.46(t,

_ t3'§! ~]mrda§o?1 ﬁ@pyrﬁznﬁgfﬂcargﬂxyh]c acid- e@h)h@ste_; 96(d, 1 H o

8. 26
1 H)Eth;g bzgrpqpyrqutp (529 Q). \gaﬂg}ided\sﬁ@ﬁhg DME (258 mL) s(olsutlon of 2-

.. anﬁn@p ?az?’ﬁeT ?)’Qf ol Qﬁﬁ%ﬁ'&tu% éﬂdo%/}rr% 1‘3?%25 I\/ﬁ f_‘ﬁeol?éﬁéf oa_‘mxture

aC| rochl ori
Wa(ﬂe@k?ﬁ_}o Qn& BOY wtee fps@% min jo @fforsizagalevbravrmatesipitaie.  The

pré&iﬁta’t:é %s( ﬁl@&eﬁn@%ééﬁé@rw EtZC? %ll pale br?wn crystals.  The

I mdazo[ 1 a] pyrazi ne-

sugpension fﬁ)the wrsintale: @GP d g&/a@ E@'dr( erhém hﬁﬁtﬁ@rat irefluxitemperature
to Rdin t@tcléa?%'at.&l% EAsRr YEffU é&%fo}@hhthe @%%tl%‘?ﬁﬁ%t%@éﬂﬁfoncentrated

m xt ure was ered C was was
unggereduegd aneéswrasth@e num\@m CHCdandehtvratesiNaid@Osaq. The mixture

wap.sr ﬂt%?é& tﬁrouEhea b&F b\dé@htﬁ@ﬁd qﬁ?&éé&.@‘at@e ec.i?%e %Pa\xﬂ@re\h Wgsoo

ronatog hen the co
and fillerad. (‘Ohe fihraﬁs w,as cpReentiatedednder gagunpddPrassure bThe resldue was

ap%ﬁedafoomaﬁpa%ﬁln&n th%h%to%ggrér %@%&m%%@&%@&m CHC; -

MeOU ¢ %{1 ~2$7/3)3 and cxplleptec&ffact@nggrefe congenfratedsingergefuced pressure
foIf’ov&Q(@y re%?stall&a@&{ fromlCHCI, 36,8t étlt!iedaion;}nround was_obtained as

etrah droi mdazo azl ne- 2-
paﬂ%mwrvétaéﬁc\(t?'éﬂ@ﬁ 9 2%er: Et3N (3.44 nl), 37% HOHO.

ag. 1(—12\||Qﬂ(¢tb¢|3)8@ﬁ148§13kﬁ@4=(712 ¥, 8)4 rzh AL H2) 6Pos(d, 1H, J =

«SHE ST Pt 85 F ot 45 s h'@"?fz"iamxw o

acid ethyl. ester, hydrochloride. (5 2 g) at room

S—ttﬁle%?bﬁzréé’.eet%ﬁ%ﬁ?e%l&é@lavraatr@ahr%?re!{?x% ¢l oy ester,

Hywobridridai t h 50% K2CO8 aq. The organi c |layer was dri ed
(chm%é(gnd filtered. The filtrate was 5 concentrate
-8 ahHEen EELGE0 1) prg 1056 Pt (556 ot S0y were added to

thé lEt@H 54Eh1|_y 8bILLBh ofiRMidEBH @é]??ﬂazmetdieérbbgﬁc a8k Wiyl @@tér (13.7

o) FHs i s, Bl ctoorsiask ptes Hooaldd Povbg smgsraiire for 16 h.
Tr@7%ctlod‘hﬁﬁﬁé% ﬁﬁer@d Je:na7F§d C Wi washed wih BOH. 27RO Gifrate was

con'ezntrated u&de. reduced pressure )I'he residue was applied to silica gel column

chromatography, then the column was eluted with CHCl; - MeOH (9/1 ~ 2/1). The titled
compound was obtained as brown crystals Yield: 10.4 g, 63%.

'H NMR(CDCl3) d 1.38(t, 3H, J = 7.1 Hz), 3.90(t, 2H, J= 5.7 Hz), 4.40(q; 2H, J =
7.1 Hz), 4.580(t, 2H, J = 5.7 Hz), 4.80(s, 2H), 8.20(s, 1H).

Step 3: 7-Methyi-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic acid ethyl

ester:
EtsN (3.44 mL), 37% HCHO ag. (2.02 mL) and NaBHs;CN (1.78 g) were added
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3.69(s, 2H), 4.06(t, 2H, J = 5.5 Hz), 4.36(t, 2H J =
7.1 Hz), 7.52(s, 1 H. 10 Step 4:
7-Methyl-.r,,6,7,8-tetrahydroi m dazo[ 1, 2-a] pyrazi ne- 2-
car bai dehyde: 1.01 Msolution of DIBAL in toluene
(13.6 nL) was added to the dry CH2Cl 2. (86 nlL)

sol ution of

suic&i\léw toSthe, Me@-l t(% hﬁ.')‘\égﬁlﬂgq‘ogngfi ézt rﬂye%ﬁﬁiﬁpﬁo‘ébé a(ipyrazme-

ester

2 ﬁe%'l i C aci
| -8?r [yﬁ &cid ¢ yI qeéerchgdfgc@pn g @21‘93 rat Iodn'n tathperatuxé aneé stlrred for
- 3.8% waier raumfre@@ﬂamdsbhéﬂw H

e
thro ad of Ce
. Wl&)aééf a{s &,,O@ 450 q@r@mc dayer wag ctnﬁd (Kefe2) apd Ifitgred. \Whe filtrate was

rnT)Hﬁrer \ﬁ%ﬁfllﬁgﬁl thtcg-ﬁ;\% &hd washed

conEértatd e dniér edubdd? pledstrh! €¢h r@ﬁalée y&sta&%@d ?ol.%lgca gel column

dried (K2
°W?’ﬁ%B§E%BL%§'eEMﬁ%S éﬁlﬁllffgt was Lﬂluieq! WithdGOEH -pacetaner /1 Fhe/2). The

titlee sorpeUNEWasBithingd ak dravigel FRYRR: 2. 6834; R i th oHal 3

chraq t hen t he coI unm was €
- @“@%@&@8}/5 8/m§/(t Ib JRd.1 iH2).c250(enBd) Bt 2k J = 5.5 H),

3.688,a@H)e4.0 | JYiel g 429% .
o N@?ca%ﬁs?“’d‘”ib?i’??"”%tai@ L FR S 525
3.70(s, 2H), 4.10(t, 2H, J = 5.5 Hz), 7.53(s, 1 H),

SR e ] By A 21*%3‘“%“%’?‘55?9@%3@&%%} SR,

R
o[ 1 1é)1 &7(580?Utlon of DIB L in toluene (13.6 mL) was added to the dry CHCl, (86
mlé)]ﬂﬁl(ltlaﬁ o 72né‘th9l@é hﬁLthtr&}dg@Qﬁ’daéoﬂxﬂa@;y fzm Jr %%'é%yg}ﬁ: L& ethyl

.0 t-2-ene-2- car I C"acl
es{gg[(gp d-]rglg? @rrgtéogﬁnxqtmogyhere at —~78 °C and stirred for 2 h. The mixture

wag- d\léhdﬂ‘}dd- Wit 1 ¥4 Bel, eTﬁ@FBé% |ﬂ9:7eo\[v%s fit dé'f&? grggz%ﬂg P%F' (F, Celite.

Thr Sf}'aﬁeﬁh de ﬁ(ﬂl"‘lg lg was a
¢ y~7 P With50%m Kgfa%ag angbthe E(Cmeﬁﬁs gyernnaeextected with
CHaCh rthrge rtime. TR komeinal dr%ém% 18P R el dK%a) Un¥ flEled. The

9 5R,
fi lt:%%ow% ?%nc% % %ba{mﬁl% ”E)Tcé séﬂ"ﬁep-fhezeélﬁtée Wag appliedytbisiica gel
co amnobhnemamgsaphynmh tifes beimb v efled WS CRRYEIEEH d@@/ ~ 9/1).
20 C d Et3N (3 01
Thgnt'f%"” 5°$“%°CLF‘3 s ?‘He'"ﬁéQEPSGHe%@ry@talsm@lﬁ%mmm h
f oi me(wmge: 2.50bt3H)ThB7(tEANL ) 01, Sflg %M%%(s ‘ﬁﬁft‘} 4.10(t, 2H, J =
2 d treat a
55311' ydrggﬁe?%'&%%(%ﬁ'i J ?8%.3% 70rggrt| on. The reaction
mxture was warmed to O C and stirred for 17 h at 0 C
| ute th et hyl t at d hed
stel, (0 5 S AL D B b 2oSh ah and weshe
mﬁ m - Ll -
a]P;g g}élm )ﬂﬁ%‘l@%t??% Er?xah{&ﬂ%ks ;ngﬁ% Hﬂgrﬂe cIB;ﬂﬁZ% Iﬂaﬁ){i lzc?l‘be-z-
car, I ﬁrplgﬂogan ggter;(ékggt,@go mpixtirelair e.  The resi due
7-Metts1-8 670 Bltéteshyifvihidkk 1,200y LS UL LRLGIRLES 70 g{g?sl added to

hen t he_col um was

thequ)acﬁfgntf;llet (Hamb rﬁ@bUﬁ'@i aficnhyitoais erBras(4t0509)d uAddred e@rogen
atmivspidte &t ro%ﬁﬁdtemperature The dry THF solution (97 mL) of (5R, 6S)-6-bromo-7-

ox0-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2- -carboxylic acid 4-nitrs-benzyl ester (3.32 g)
was added to the mixture, cooled to —20 °C, and Et;N (3.0 mL) was added in one
portion. The reaction vessel was covered with foil to exclude light. The reaction mixture
was stirred for 4.5 h at =20 °C and treated with acetic anhydride (1.36 mL) in one
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oil, Yield: 1.13 g. 'H NVR(CDCI3) d 1.20(s, 0.81x3H),
2.24(s, 0.19x3H), 2.48(s, 3H), 2.80 2.84(m 2H), 3.57
- 3.67(m 2H), 3.97 - 4.02(m 2H), 5.27(d, 1 H J =
13.6 Hz), 5.42(d, 10 0.19x1 H, J = 13.6 Hz), 5.45(d,
0.81 xI H, J = 13.6 Hz), 6.07(s, 0.19x1 H), 6.30(s.
0.81x2H), 6.79(s, 0.19x1 H), 6.80(s, 0.19x1 H)

aHi6R( TheGe8 . . 7(S. .
pgd'm%%g)e SRS, S e B g sl 7 at 0 c. e
MBS Mg dilyted withy eiyyl acefate andgvasbedwithpe citrd- S¢i¢pgbeous solution,
seti@led Sodunb harobieh BifboRatB; dnd'ofifid. " Y 818HITIERF et e mgso,)
"‘"W ﬁﬂg‘?’ﬁ?rl ﬁfi'?ef"-ff?teowy coneghtrated uaderbedyasdoprssure] et redidue was

ed 2o eilicd ' ' ' { SR, .
S s A e W ol e cns -

SF e, éﬁ ‘5? %> i Fhetitled compound was obtained as two diastereo mixture. Red
oily ¥jei:t1md g.- 6- br onp- 7- oxo- 4-t hi a-1 - azabi cycl o[ 3. 2. 0] hep

t-2-¢ne-2- lic acid 4- 20 nitrobenzyl ester

(1. 1?&%@‘53250& 986, :0f-181w3El)( 222|4|6$.) angl-@ca.m(b,t BH)€2.80 ~
2.84m, 12H), 3.6V esh \ o8 . s ,add
i W‘”F” i é?@ééﬁ‘%ﬂ%?’gﬁ oy iy s, i 2y 'P3 4380, .20

{I%g é%llc_t i bseft (ﬂas‘f%wéw‘.ed WIS Ha).| 6:08(soxa: hamcied), 6.30(s.
0.8y, 6Ti9es,r 8A0KIIHN 6.80(5! W, i@Qr O tigred
0500 ST o1ean S 0, ST 0

45y EBIE R @ % 19RH, of = &2 iH2d, 7.62(0 OB1XRH3JG 88NHZ)] 8.22 ~
8.2d(Mag2H).was added to adjust pH 25 to 7.5. The filtrate

was washed with ethyl acetate and the aqueous | ayer
was separated. The aqueous | ayer was concentrated

Stew @e [(5R),612)-647-Methpl5,87, €.1as .
I8 I 'r(ed) @g) Diqai on 2555 g? é(:tZe(gHrri@,d F‘ﬁ/ﬁﬁgél}tbolr['g’g?a]&ﬁ?ﬂ"%o.
y 'ngg’)’ke Er9x e bthiad -azabisyeloty? Aept-2Airtec2-cadwxylit Bgid, sodium
salthe colum was eluted with H20- McCN(1/0 - 95/5). The
' ctions were concentrated under high vacuum
w’i%?@ﬁ%'ﬁﬁ%ﬁﬁﬁﬂﬁ%@'@ﬁ,m-tgtralwdrﬁmidammez-a]pmmrzi
yhrasthgl]Betdrbmio- 2oy -5abi i bl g, 65% . mp
o N S oo™ ase
P81 e %[I) 1Y ghmes dipgolverl g5 (THF (83 ml)=arfl. Bcetbhirile (32 mL).
Fre8hBodctivated ln difst 3548, it 05 17 HQEShatd 1o
5 5}—%&9: 7“1’a1;€aﬁ) iy ?oaprg%é‘é%@a??%ﬁsrééﬁ'(ys‘éi@'5 i 61 Bhaté buer (pH
X E) nb) ol ge?a(cgf)% vossgl Wag [cangredovith toil 2o teixcladalighytr aPhenreaction

mixgure was vigorously stirred for 2 h at room teF]:g_e'éa_tld)rfheE}e ?ag“o& Er_i)gl.ge was

e VI hyl.ene) -4-thia-1-azabicyclo
fiteYpd BBV E Bhi} 6 i hoclad 10 5 SCoanchi SNeGY bwdsacidod fo adust piH

to 7.5. The filtrate was washed with ethyl acetate and the aqueous layer was separated.
The aqueous layer was concentrated under high vacuum at 35 °C. The concentrate was
applied to Diaion HP-21 (20 mL, Mitsubishi Kasei Co. Ltd.) resin column
chromatography. After adsorbing, the column was eluted with H,O — MeCN(1/0 ~ 95/5).
The combined fractions were concentrated under high vacuum at 35°C and lyophilized
to give the title compound as a yellow amorphous solid. Yield: 413 mg, 65%: mp 200 °C
(dec); 'H NMR(D:0) d 2.32(s, 3H), 2.79 ~ 2.81(m, 2H), 3.54(s, 2H), 3.95(t, 2H, J = 5.6
Hz), 6.39(s, 1H), 6.85(s, 1H), 6.87(s, 1H), 7.26(s, 1H).
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’ adiqgr Eﬂg )t%\/va%mqg%gthtaget H?

2- Ket opi perazi ne was prepared in the nmethod of Merck
group (USP 5,629, 322). Step 1:

4- p- Ni trobenzyl oxycar bonyl - 2- ket opi perazi ne 10 The

48. 7% sol uti on of p-nitrobenzyl oxycarbonyl chloride in
1,4-Dioxane (10.7 nL) was added to the

di chi oronet hane (110 nL) sol ution of 2-Ketopi perazine

(2.21 g) and dii sopropyﬁ&;@ﬁieam ne (4.6 nL) at 0C and
stirred for 0.5 h at 0 300 nL) was added to
the reaction mxture, and extracted with

ylmuthgaheE-ﬂdaumﬂbldﬁﬂmaepﬁ%ﬂaﬂmarb’bw ccadid usodiarn salt
applied to silica gel columm chromat ography, el uted

wth CHCI3 - nethanol (30 : 1), and the title conpound
2- ipbiazineed as white solid (7.1 g, quant.). 1H NMR
4 4
Hz% ) 2-%';er§zm§p§s p%p%gad ip Ep\é mq}hodén(f g@;r%lbgrgup iuéb"% 629,322).
7.52 (d, 2H, J =8.6 Hz), 8.24 (d, 2H, J = 8.6 Hz). 20

Step 2. ..
Step TeAANFoReRRIPIALRATKRHGIRBPBARIE 1. 2, 3, 6- t et r ahydr
Th&RBI73Z isbiation &f pnﬁt&ueh@i@grcumohgt dhidride an abp.Dasxané 904 miL) was

ft:JPo ?r?kht%g%eréz}nzeo (JIH g) and
dns%plfbdylelﬁ)ﬂéiﬁiﬁé 4.6 at beownd %nk@d pioEh azone. (watér (B00aHL) was

addgeio g THason  BiKtLER 9 Frectas: Witk GAraRiane L6 B0 gL, The

orgaficbRpat g/aacu%ﬁauwgmbgtamﬂtaed tTiee @Glt@en M!j\s| Odtﬁénmﬂéd under
arate € agueous S extracted wt et

rediER PSS Tha GO WaS ARITEE e SEoa BP e CopmALog ey eluted

withZHOas mesthand! (Bosat) aad etk Htdéampduynd wagasbtained as ahite solid (7.1
adaug us solution and brine. The organic |ayer was

(MS™) and filtered. The filtrate was
condie NMR (e (CD@Ighe3.42-8ci5o(en, (RHY S3.74 ¢t, aHth=H:'e4Hzo 14619 (s, 2H), 5.26

O A ) S e S R o

3.57 (m 2H), 3.70 (s, 3H), 3.97 (s, 2H) 526(s

sty shydtherda-ahinhaiiokytibonil-EaiCsliyatomuife:

Tripietrefaxphiaat teTr’aﬂuchb(dratee(%'% 3 7 g) was added to the dry dichloromethane

o, S A RSB et 3729/ oo

terdpgratetrd andl stiedOfonl +7) hwathdéneesdidnt roixtuzé lwes freated vhth saturated

. eaction_m re t o] tr . U r
soilf, EFGhrE EarPutb 3o, el o5 Pt Bl B v mppratec
Theadueeus &yedwas axtiacted witht ettlylvacetatev@® ar1003mk), 3Bemthe) combined
oréar?'l?c Iagrgr was washed with saturated sodium hydrogen carbonate aqueous solution

and brine. The organic layer was dried (MgSO,) and filtered. The filtrate was
concentrated under reduce pressure and the title compound was obtained as a pale
brown solid. Yield; 5.7 g, 80.6.

'H NMR (d, CDCl3) 3.48 (m, 2H), 3.57 (m, 2H), 3.70 (s, 3H), 3.97 (s, 2H), 5.26 (s,
2H), 7.52 (d, 2H, J= 8.7 Hz), 8.23 (d, 2H, J = 8.7 Hz). '
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conmbi ned aqueous | ayer was washed with

di chi oronet hane. The aqueous | ayer was neutralized

wi th 10% pot assi um car bonat e aqueous sol ution and then
extracted wth dichloronmethane (8 x 50 nmL). The

conbi ned organic |ayer was dried (MySO) and

filtered. The filtrate was concentrated under reduce

bt ai ned
S EH B AR Il 0 2 5 °
TheBmiUrg af §meHpxy-3-DBtrgberzy oY GaTbBYRE2(0, 0ol 2hydropyradine (5.7 )

and Sipdhtum cilorids $1.6%) in En? ditfeflor bl niLywls Reted to Rt for 4 h.

Thepreisictioroinadtirg | wasy then onyénttte] undsrireducehyréssired dichigromethane

CopTHBAF 5 0 i SRR 950205050 st 3 1 0, thn e

connbimxba@ueoug layjerpyasawashesl @itls alidhiirondethaoe.: Theeaquenw tayer was
neuga %ﬁd gkf g§| CQ R QrBSH&h %ﬁe?ug)s?lggon a51d tht(af extracted with

sul aC| nmono
dictlerometizanel (8( .59 ml).) The cgrobiobed xaganiq BFeniwap dmsl (MgSO4) and

fitePéE Otl'étg gﬁ datéfI Wa's %oﬁqQSntYQQE ndé:e@ﬁé%éggsgu%gr | o fie C%odnpound

r was concentra
wapobtsinad as a'IWhatermd dieldvnéh® gli9d28h.ved in dry

acetpniim {ne Eb?%) @-/294(&@%-5[ ¥ 883&’5%‘1—1{/ i5iJ ,( §F'|)0 7,454, 2H, J =

solution o zyl oxycar

8.6012)e8.2% (h@H| 4 =/B.G Havas added at room tenperature The
reaction mxture was stirred at roomtenperature for 3
h, and then the reaction solution was renoved in

Stepat:uD-p-Nirobeazyldxycarhonyl+5;6,3|8-tetrahydroimidazefls?-ajpyrazine-2-

d dded, th
cataierBu | A b ebe B oS s B s T o 1S
tetfahydisimideof1,2a]pyrakinecs-earbaldehydet t 0 room

t 7
b B Gt Db Bl 4 0 el SaAE 55 Btnonorare
(33vag) areid-pmptaedl (8i& mLylincdyclohexeme (28 enL() Wag ar@ctropey. unﬂﬂrﬂae vaper

ten?&%?%}h%e% C:I aH r&‘@&uoqr}n%u %?%Qn %‘ﬂ%ted dmder reduce

ered Itraevvas concen er re
prqsswssmm@res‘me wmdlmedmdryaqq&tqrﬁdlet 80 siL))i Tre gelacetonitrile (310

i S35 6% L% kol oo Bphd 17918kt room.
terhpeasalures dlhie deaqtivhahistur@wes glirrest atgopmdemperature &gy Jh, and then the
reécﬁgrm:é[': ﬁ g}x&g%ﬁﬁ'@ﬁﬁ’ﬁ? ?gcﬁcDEﬁ%)rg%&béjw€9 o%f%lve%‘ih_%?@yl acetate
(17Hzr)1L) andlwe(ftylanzm(Zs} ml)owas afided, theg3he ssactiey) mlxt@ezfga% Reated to
refgxz)for ‘7 §§‘g E%%éh%ﬂ ggxt?re%{iz%_ﬁolgd t%}g()laegl E?aguorr%e %r?d ﬁ]\‘én water
(170VRL] was Gtidea to 3he Beqation pixtuge and sapaqated. 4The| agyeousHayer was
ex{}ac‘fe@wéh @%hlorcﬁ.;@% QS(Q f(ztl:go n@_) 9rr§e dco ed grg’éﬂlc(lg)hz erifids dried
(MgS@2) qrgl filterad) The flltrate was concentrated under reduce pressure. e residue
was applied to silica gel column chromatography, eluted with CHCl; — methanol (50 : 1),
and the title compound was obtained as a brown solid, (Yield: 2.9 g, 51.6%) and its regio
isomer (orahge amorphous solid, Yield; 0.8 g, 14.9%) were obtained. :
'H NMR (d, CDCla) 3.99 (t, 2H, J = 5.4 Hz), 4.14 (t, 2H, J = 5.4 Hz), 4.85 (s, 2H),
5.29 (s, 2H), 7.54 (d, 2H, J = 8.6 Hz), 7.57 (s, 1H), 8.24 (d, 2H, J = 8.6 Hz), 9.85 (s, 1H).
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5 Step 5:

(5R) - 6-[ Acet oxy-(7-p-nitrobenzyl oxycar bonyl -5, 6, 7, 8-

t et rahydroi m dazo[ 1, 2- a] pyrazi n-2-yl ) -met hyl ] - 6- br ono-
7- 0x0-4-thi a-

| azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid

p-ni trobenzyl ester: The dry acetonitrile (25 ni-)

I yt f 4o et bonyl : 5.6,,7,.8; _
¢ ot edig e, AR 16 20005 BEXC BHOT DR 4 Beafadlt 21 v 5.4 o)
4.89)s, 24, Bdd ¢l 2H), 7.6 (dr2H, JEO8.IAd)pNi781(s,|1é1)( H34 (d,-2H, J = 8.7 Hz),
972? ul%gon of MgBr2 (2.2 g) under an nitrogen atnosphere

mtenperature then the mixture was stirred for
10 mn. The dry THE (80 m-) solution of (5R

63) - A- - 7- 4- 1 hi b 0] hept - 2-
stepd” BRI FeloS AT AP I LEs S &, 1) 5°) e
tetmﬁyafbmﬁd&dﬂ zxawpy:ramsz Maﬁyq:s-brwnaxdxem -thia-
triethylam.n Z 1(‘iiedln one portion. The
arA0eIRT LB SR 2R 2RO B G 441 ProJbToLe B Belaic
Thél giay- abetonitfle ' q@s! 'rﬁﬂ) mséﬂhti'ére RS 7Sp-hitoBEndyRixycarborl-5,6,7,8-
C and treated wt 4- di met hyl am no gyrlgqu
tetr@aﬁdrslm@zoa %@M&%zm%%aﬂwmehw( B9Ghi Wes | Addpfe to the dry

acé?l@ﬁliri'l@(SS FHE? sbﬁﬁ@ﬁ 'dPﬂMg‘BrN(ZJQ & UrRefer Vel ﬁiﬁ‘ﬂgérﬂa@n&pﬂ@@ at room
stirred 15 10%

tewr%rﬂﬁeoweoébe m'ﬁtpr% Wl SRR 91 ﬁ){‘"lt"ﬁe-r ﬁw?ﬁﬂ? (5 i sglution of

(5@”68)"—?&0@%1?%(5 4|-tmée’f-ai@;§|c%b[B@C@]ﬁébt\lz-érﬁb-EicBBonyhc acid 4-nitro-
tate e organi

bergyi Pﬁtwa@e% 9) was a?cgd)ealegaefmq '&3& e%&@éémﬁa?*gwawe (1.8
le? Wa8 %dtdéld {neﬂhe( Wd )Thé(rjl‘réatﬁlbhtvéﬁﬁﬂ wagh@yl_éréh WitA il toaclude light.
concentr e under r u res e re
T JoRGUB0 RIES 1o SUGEN Tolof Bl - SEnd JEalea i SAgghylamino
pyﬂﬁ.@(ﬁﬁﬁg& md%t@il@aﬁlw){dﬁee 1(0.89,miNel dneeportid:! e TBFAIGA thixture
was O | as WO

wat i34 o B A wifRedr §F BT iohe Bl 805 aadeyareffon oz0
mlGWaEs3Hdd2dQad the readticrd hixtur. 2 the, aqliebudayeBwas extBachiéd with ethyl
acét.ra%s%{%’ 16415 %\%.').JT 95 ﬁ&%l%ye%@%weghed; %h v&oa%s%’_%iratfd sodium
hytitogén Garbﬂnﬁe,a‘ﬂzi)hrmé dﬁéd((Mg,SDd anf filtere@9IT f(esf Itrﬂe&ﬂad) goncentrated
undergpapdea frelin The Fificupd gy 18 i b colghy Ghppmatography,
eIu'lecSWIt('l (CHDH, —Jacetdhe6(26z) 1), 7argll thedtitie2 epmpound 8as obtejned as two
cidigho by 81 43, Sholg by sloh Bl oy Y 219, 50,96,

2- yI'HNIR |(d;mc13) 2.01 (s, 2.43H), 2 24 (s, 0.57H), 3.93-,3.96 (m 2H), 4.02-4.05
(magf-lg a2 383, oK 206 1Pl DePYa 41RN% 8 GAGRP IS o, 1H, U= 135
Hzo 567 G, [ONBHDB2Y (B; P-81H)r BBErg,0. 83y); & &ofsy D-15HE, &83 (s, 0.19H),

; eb SE}E%d{ 2%'20'92@3-8[ 71.39( gg,ji_.ﬁﬁiﬁ)g_%@'(%: 9H, J = 8.6 Hz), 7.61 (d, 2H, J
= &Bdr!zl) &4 o], 3H2J &S plkz). 2- ene- 2- carboxylic acid p -74

ni trobenzyl ester (2.0 g) was dissolved in THE (63
m.). Freshly activated Zn dust (7.9 g) was added

Step8t d5R), (62)-7-0xb-6+(5.,6 Z,BEthh'abhdtltoaniﬂ&bElr,z -alhir&zin-2-yiethylene)-
4-{{1173-1-323&0 I%‘f& h%ﬁep%szsene-z -carboxylic acid, sodium sait:
(5R)-6-[Acetoxy-(7-p-nitrobenzyloxycarbonyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-
yl)-methyl}-6-bromo-7-oxo-4-thia-1 azabicyclo[3.2.0]hept;2-ene-2-carboxylic acid p-
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2t OO, EMRePratfe

was covered with foil to exclude light. The reaction
m xture was vigorously stirred for 2 h at room
-tenperature. The reaction solution was filterd through
a pad of Celite and the 5 pad was washed w th water
(150 nL) and n-butanol (150 ni). The aqueous |ayer was
separated and then the organic | ayer was extracted

mtmtaéhzw\ester ﬁ@ gxwwdﬁ%c?ﬂvedﬂgﬁrdw;@mme#{e;sgwﬂﬁatb&ﬁ ldust (7.9 g)
wa GEHE PR HEh O 18U PABPRRIESRINBTIH 6.553 Moy Theeastion vessel

‘wat 36 0erad agthdeints. exéfuﬁélllglﬂd$ﬁé Ridefion idure Wasigorb@sly stirred for 2 h

el ut ed V\/lthvvq, en 5% acetonitril e aqueous

f?% ﬁ%ﬂqtl%'a Sé\eﬂqn was filtsrd thievgh 2 6a eﬁ@pla@ and the

padl Wae wash@d with aten (9§40 ﬁlﬁfagc\!/‘v #gﬁ%gﬁg@g ’Ifﬁ’e quyé:‘ou% '?yer was

seharatelancdion thg,organiS Iy Swas pammotaa MiwRel (8 X B3 o)) 3t
cofibined Hqudows 1ayeér wak)conderitratddto @I"& an@ aﬁﬁleﬁ% Didibn HP21 resin

(ao'imgﬁﬁgub.% Fg?,sé.,q@ i@?soluni@ CEsea}ﬁsw,raa'y Aﬁeb@nﬁsmlmﬁ%ﬁ column

, waéEth&Z\)wtﬁmfaféi'aﬁéﬂﬁEﬁ SmeoacbRnRRENE agdedusSsolutioR! TR WSHhBIhEH €

ffag‘rwr"ﬁw oncsntratadinger iigh vaowing ali 3756 andilvephilized je giye the title
coRpOlriteas a YelweariopAblONIdl Vielddi7d nif) 261189 i 150 °C (dec); 'H

th
NN U TR0 2 o 55 6 Ha 387 5 RED .88 ke P o6 B 50 et
1H), 6.84 (sprH),BI8T (s, ZHRADM (s, 1H); IR (KB£ _
6, 7- di hydr ot hi eno[ 3, 2-c] pyri di ne- 2, 5(4H) - di car boxyl at e
was prepared according to the procedure as outlined

in Example 5, (Step 1). Skag@@mfromtert-butyl-
- . ,
paratin ."A”". h-$4-Ine 4 5.6 anfrah i

mer capt oacet at e g, 5 no an €
product was purifi ed by Si ceido| urm chr omat ography by
eluting it wth 3:1 hexane; ethylacetae. Yield: 8.7
g, 56% Wite |iquid. g H) 312. Step 2: tert-butyl
_@441;&?5%& #rpthyl 8, 77dihy drpthiennl:2re]pyriding-2 ft4H)idicarboaylate:
5- f I _
5-tEPt-bufRROAKY @?—%mya%tl‘il@ﬁ&[%Qﬁjé@rﬁmen% f(,;}H% —di rbo xylate wag piepared

hydr oxynme

acwélesﬁ%&mr&@egtm@s qslﬂ@saﬂreoEw 8i (§ter @ t rtmg from tert-butyl-
1 ﬂi’éé?m%ﬁao%hﬂe' (@@g' SD ﬁﬁ’ﬁé]})'lﬂ)élz, (6.3t R0%hmoht dHd bi# (3.8 g, 50

om5- tert-butyl
mr@°'>7 1he rﬁh&ﬂf%mmhateynzd'eqepyas rgRpAted ith @iy mereaptaasetater & g, 50

mrhdl) Qggataml z‘fi:\% d?@iﬂ?]c% nrggguﬁfbeﬁollb'%sg%g{ﬁ?mvghrﬁgég%?%y% eluting it
W'frqu bo@nensiharates Yigldk 8.7 g 06R4: Valhite: liggide V) 312.
t ert but yl

) 7- di hydr ot hi eno[ 3, pyridi ne-5(4H)-carb
rgjlbutyl 2- (hydroxymethyl)-6 7- lhydrot ieno[3,2-c]pyridine-5(4H)-

carboxylate.

tert-butyl  2-(hydroxymethyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-carboxylate  was
prepared according to the procedure outlined in Example 5, (Step 2). Starting from 5-
tert-butyl 2-ethyl 6,7-dihydrothieno[3,2-c]pyridine-2,5(4H)-dicarboxylate (1.0 g, 3.21
mmol) and LiAIH, (500 mg , excess), 807 mg (92% yield) of the alcohol derivative was
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tert-butyl

2-(fornyl)-6, 7-di hydrot hi eno[ 3, 2-c] pyri di ne- 5(4H) carb
oxyl ate was prepared 5 according to the procedure
outlined in Exanple 5, (Step 3). Starting from
tert-butyl 2

(hydr oxymet hyl.) - 6, 7- di hydr ot hi eno[ 3, 2-c] pyri di ne-5(4H)

oA R Tl |1, T 0 o e

Yield) of the aldehyde derivative was isolated as

stcl 3 Sk B 2GS0l 6 ingdhohERold 2 <lovrinestappepmonyiate:

terRbityio rav{formyi)-6, 7 dlitiydecotioieho[8 2ef] Byridine} 5(B A chrboyylatei measwapsepared

oG G 5 nS PRl ot R 5. (519 3 Rierteg g debuty 2

(hyalxoxtyatethy()16, D-dihydrothiemafB, - c]wmmél-asld)-umﬂoxylatwﬂ @ 3.2(nmol) in

mefhhens:Gblisn ol 8% Mo o, el BER se g o the

aldebydel@erivative was isolatexhab brewatsolidh (MFH)RE8B.Ur e was
concentrated to dryness and taken to next step with
out purification. Yield: 750 ng (HCl salt,

Stepian 2 (Farmylpb,7-dihid ofifienSI3cpcH5(48)-poridide:
2 Gty eBGERE s prch sl Binbiit W Hestrdd Staing o ©1 P

terRb(tlyb2-tiprmylB 6 7~ dihydrdthiznbl 3 ojp Bridines b (45{) bdybaxylated (11® g 3.7 mmol)

wa%ﬁqi%‘sﬁ%&g% 3:1@23?,8@0@@ @%ﬁ; (&% Thmy ana TR EDIR Gkne (10 m).
Thei reactionomixtee hyasasfirrezl étlfdon tengperatare) forat8 Add At thee end reaction
erature.. T r ti.Qn. .oioxtur stirred. .

i was FPEeBlreled o et afc 1o et i VBB ol pirRton. Yiere
750imd (HG sattsQuantitative); ddi-Hviid8 chl or of orm washed wel |

with water and dried over anhydrous MgSO4. It 25 was

filtered and concentrated. The product was purified by
Stenn §2 2-Hoomyl [Seldrroathoxybenzy)-4:5,6 F-etriahydrathienpli3,2-c]pyridine:

et hyl acetate. Pale yellowoil. Yield: 470 ng , 35%

MrH 288. Step 6:

To4aNtirredbeoiation6ef (Mfetmylb&y)c[ir'f;(ddethietldlie)ajdtj@(myl)-pyrwjr& 6,4 g, 5.2

P 13 DU of R0 MY} 3 STEMSRSHEH. U RRY1§ B2mmR). 9md -

diisomep,ylethﬁammelewamaknxcgssl) ofeB. &dded at room temperature. The reaction
: - 2=ene- r40 : .

R, 15 s, BRI Edn bRl Bl ter The,tyepton, mifre was

exyracteld mth(&’Moimgn ®ashedmwell Withawelter laed diripd BivEr andiydtaueMgSO,. It

(’3} C%B% 0 e@ or C:’:IEIEJ 6& 4"’541 &g}e@Z%y 58, column

-ene- i 'C acl
chnormtognapbxe hxydlutegt IéWItI(I ‘emlacgtata Balemill))wvwk eYielttid€d mg , 35%;
M_ﬁg%gsswely to the dry acetonitrile (15 m-) solution
anhydrous MygBr2: Q(Et)2 (390 ng, 1.5 nmol)under an
argon at nosphere at roomtenperature After cooling to

step 2, PR (bl o ferdd 488,77 T
tetrahydrothieno[3,2-c]pyridin-2-ylymethyl]-6-bromo-7-oxo-4-tiiia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylate:

2-Formyl [5-(4-methoxybenzyl)-4,5,6,7-tetrahydrothieno][3,2-c]pyridine (574 mg, 2.0
mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
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5 foil to exclude light. The reaction m xture was
stirred for 2 h at -20 C and treated with acetic
anhydride (1.04 nml-) in one portion. The reaction

m xture was warmed to 0 C and stirred for 15 h at O
C. The mxture was diluted with ethyl acetate and
washed with 5%citric acid aqueous sol ution,

blg)raéécgén IQE:d?rlﬁje y-g:-jéﬁ\g% I&éfﬂo?}ﬂﬁﬁ,&%%&?(b%eﬁﬂyweefé ZE E}SW"?PI) were
agied sccessivelyeto thetdsy aaetonitrile {15 w3 Isotition bh arhydydus MgBrz O(Et),
(3B6Fh@ €5 m-ll—'ﬁﬁ)ljrldel; Eﬁ%fpemm%ggﬁﬁgtag ?c%o%l t&ﬁ?eerétué SHEeY cooling to —

res was a
@&U%N dB.0omhb) wgs adeed int enenportien.cdhe rleatmaa vebsel w:hs covered with

foitd Bx&@bdeY g §hat Sactgﬁmﬁﬁ was- Stirrslor rcrisgn%ﬁ ‘Q‘% gné’ taated with

Wer e concentr at ed er reduced  pressd
agetig ranhydrisie (i Qds mby) do one potios. \/(El'laeretaakmn niixiunecnas wlami)ed to 0 °C

arPoaétﬁre\.‘l bt PV a?gugo hﬁ*é?nﬁ(ﬁ]ré Was Hubted with> Qhﬂgbétg' 2 8ndWidhed with

7 16.
5%» gmng gpld AqUEBUS 5olumm Satunated sbiliurh By dBogent earbariae] rantitbride. The

]
oBRUE e RS lod 195500 e Mlered tivoush o o Gl Thp gad wes
W@@eg V@@rqtbxlﬁqetatgc iThe filtrate was concentrated under reduced pressure. The

reé’ridb’é WRLGIHi¥%a o [sfiRs ?tgl:@ﬁﬁ‘:}n[éﬁéa&%b%%ﬁy BROZ Ye elumR ' was eluted

7-tetrahydrot hien
W'$h Pk ?ﬁﬁtﬂt%h@ﬁtﬁﬁdm okwllacted rfractioraz\a@eogmbeﬁt&t@l Ojdezpeduced

prbsﬁ:r@%u%hs%&%a |o?to‘r:‘aster§’tp@sd§%ace 0 14 “ R :l(\éﬁg‘%_ Pale yellow

di ssolved I n

am@gmwsc&ét‘ﬂe& éﬁ Mg, 40%sMHHET 1 and 788 added rapi dl y
with 0.5 M phosphate buffer (pH 6.5, 28 niL). The
reacti on vessel was covered with foil to exclude

Stepofs (5R, 8B L6 {5 {4-methoxykenzw) 445, 7-4étrrhyoinethjersi[3, rclylyridin-2-
ylpﬁfetﬁylé‘né}WJMtﬁﬁmﬂaﬁéchor{a Eﬁ?é%ﬁ& ﬂrﬁ&%ﬁ aa\g?%

iltered cool
4- H&[%Bzypﬁ[(ﬁéewlosy)[#ﬁ@qthwbamzal)vea%GWatettermydmthuana[s 2-c]pyridin-2-

yl)?ﬁé!b{)‘l] @-Eﬁin% @-ka%h-thite1 -BARSYR3 Qbﬁ%gi"@%nﬁ%@aﬁ@&ﬁ%te 860 mg,

gueous a er was concentrat vacu

0. é% mmelowes 9'@"*9/‘té¢q Bl i @@l%)taﬂdeacetﬂméﬂlpr(d)@ o). Feeshly activated Zn
du@v (8.3 gWabxda?c?ﬂaFro%Swlﬂw 6.6\M% Eﬁ@s@%?fésﬁjffe?g B 528 mL).. The

C ronato rap Yy ni'tial y um wa
reReiarYesRRl Wakicavered witnel) fomgludadiolty Thietraactionondiire was

vigtrbedly stiffeR! fof 26 dt96Sm téiﬁ;SUréquH deh %gctf?&rﬁm*ﬁ}re Wak ﬁltered,nc]ooled

col |l ected and concentrated at re ressure at

to3o' G @Rp 8raMINaOH was agded toadiustipH tadss. filttatgiwas washed with
etivd %E:@t@ié Mh@'dqﬁ@é@lay@rv»‘a%%e&%ﬁ ?édj TI"'l_% q@m&?e@w&s

% ow crystal
cQ

q,arjngp \(a@pumﬁ; 35 QC (o gtymyem preglpuat@mThg lHyqduct was
pudified bﬁ HPZ?P e sing r&és% 7pha§%%oluﬁ1n@:h@&na$g%hy GIﬁ%II}( g%géﬂumn was
eltdtg?i With HFIO"IIZ?ﬁ vgg%{n(-&h@ gnd latter with 10% CAN: Water. The fractions
containing the product were collected and concentrated at reduced pressure at room
temperature. The yellow solid was washed with acetone and filtered. Dried. Yield: 50
mg, 18%; as yellow crystals; mp. 127°C; (M+H) 441 .

'H NMR (DMSO-ds) d 2.7 (m, 2H), 2.8 (bm, 2H), 3.4 (m, 2H), 3.74 (s, 3H) 3.8 (s,

2H), 6.6 (s, 1H), 6.88 (dd, 2H), 7.14(s, 1H), 7.24(dd, 2H), 7.4 (s, 1H), 7.59 (s, 1H).
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Preparation of (5R), (6Z)-6-(5.6-dihydro-8Him dazoF2

l-cifl 4lthiazin 2 5

yl met hyl ene) - 7- oxo- 4-t hi a- 1- azabl cycl o(3 2

A hept-2-ene 2 carboxylic acid, sodium salt Step 1:

5- Met hyl t hi o- 3, 6-di hydro-2H-[ 1, 4] t hi azi ne hydr oi odi de

5- Met hyl t hi o- 3, 6-di hydro-2H-[ 1, 4] t hi azi ne hydroi odi de

was prepared by the 10 nethod as outlined in USP

5,629, 322. Step 2: 3-1mnothionorpholin hydrochl oride

5- Met hyl t hi o- 3, 6- di hydr o- 2HEXaMpIe §2 57i ne” hydr oi odi de

(7.1 g) was dissolved with 10% K2CO3 aqueous sol ution
at\nd the ageous Ia er was extract ed with 15

pressure D
tai ned residue in dry ethanoI (128 n1 ) and heated
toreflux for I h. The reaction mixture was cooled to
roomtenperature. The reaction solution was renoved in

Ston s Methultolos 6 aimrbi2b it tiine hydrsdier | de vas

obt a'SQQ%hgﬁ’Tg %ﬁ%h@cﬁp&% ﬁ4ﬂ%%y% qclrdq ﬁ%sﬁerg\g}/s&w the
mathed ag putlicedid USP 5,6288228. 97 (brs, 1 H), 9.38 (brs, 1

H, 9.99 (brs, 1 H. Step 3:

5, 6- Di hydr o- 8H- i ni dazo[ 2, 1- ¢] [ 1, 4] t hi azi ne- 2- car bar deh
_qm_a dndinotBiomorpholin hydrochlor|4det h 3 .'b dehvd

i azi ne- car par ae e
25 SIS Gh b o efibisniie R kel o) mas lspolved wit

10@ K-Q+taxjueens seltian(1 50 mu) dnfemOLy Rt ﬁgéﬁ@aﬂitrﬂ% with

| oh
C#nggr opgrhl')( §H? c?mphg r(‘:C 'g%ﬂ?ﬂé“”ﬂg@e) fitered and
coMtentrategairidenrenizes pressuvaSAmﬂiwﬁﬁﬁ cAbAdk ”ﬂ&y’ wad §80&c8 3

obi%fn%%sré r&ue -Ehtf% Eﬁr%h?f’(‘?%%i& g 21? ﬁg9 e?lﬁ r,ﬁeﬁ )hl'?'rreorleac?tron

re o
mrggqelyyasocppcﬁﬁd te-roer empérature. pThmI reactivlonaibh Wéts Glé?n6\¢ecﬁn %cuo

Kol of,.sodi u
and i RO ToRroR Para el GoiaPed BT hePary 3248 3. avant.).
m'h;;;d NMRi RIPPrcBLS.48 (i 2idyw/ F@J@Hzﬁﬁmgt,fzw, JE hg @2%.83 (s,
h SNy removed in vacuo. e
2H2e5|dﬁ£§dg§a%?ggﬂfv bﬁggﬁﬁﬁﬁgrornr(128 m-) and
tr|ethylan1ne (3.6 nL) mas added, then the reaction

7 eif:yrsg?rwﬁ‘ra;(‘? S?gﬁ'\?\%%z%gd ol mxﬂ%"?zdﬁﬁif"@ﬁ??é pﬁ't"mee agf p.6-
Dlhmg-stbumdazo[aﬂsd[hﬂdaazme@alwxﬁamemﬂblr e. The residue

msTﬁ%Bﬁ)ﬁ%&%&émg- - %{yﬁﬁﬁpteﬂg&% %%gcpr_rL ge%ggtﬁt\g?'rﬁ:haec?d
moophyainate (52ung) anh2- pﬂdspahdl GNB0fin cyciohexane (43 mL) was azeotroped
until the vaper temperature rose to 80°C. The reaction mixture was concentrated under
reduce pressure. The residue was dissolved in dry ethanol (28 mL). The mixture of the
dry ethanol (143 mL) solution of 3-iminothiomorpholin hydrochloride ( 4.3 g) and 28%
methanol solution of sodium methylate (5.0 mL) were added at room temperature. The
reaction mixture was stirred at room temperature for 1 h, and then the reaction solution
was removed in vacuo. The residue was dissolved in chloroform (128 mL) and

triethylamine (3.6 mL) was added, then the reaction mixture was heated to reflux for 2.5
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and filtered. The filtrate was concentrated under
reduce pressure. The residue was 5 applied to silica
gel colum chromat ography, eluted with CHCI 3 - acetone
(10:1), and

5, 6- D hydro-8Hi m dazo[ 2, 1-c] [ 1, 4] t hi azi ne- 2- car bar deh
yde (brown solid, 445 ng, 10.3% and

n. TR AT LROUE S CoBS 1R aers it hugthi gk 8K Ben ofREmAtel thaer
recﬁjcéjﬂihdwt&. dhélresiduedwasodlidgsdved With dl’_k:hlbiométhﬂfwé(aeamﬂaradd lwashed
o} BB by B o 249 et B oo
anf fi@resThelfiltite was concentrated under reduce pressure. The residue was
aplgdl O KRRl T pPER ), plicchih GAOLE ol hTgy anc
5,@-Bihydid}8H-imidazd[2,1-cJH 4]thiazing-2Z-catbardelyde3(bfawyn dolid) 44DmGO
1 oy - .
106) g § & G Betprgbote -l dpiacinest paroryatyds rown spic
872end) \P0e2%:) wate obtained. _
s S il a T AR AR BRI BB 0
2H; 01=U5.i7 dix), 3.9 (s5 2H), 138 @ BH-J wbdadz)| 2.58s, 1H), 9.83 (s, 1H).
1.4 i azi Nex 2-

5. PRS- oy RaRdie o IS B bdide: o HRYEEEHE a5
2H, 1.=15.9)Ha) 13188 (sa 2H),t4.@ige ekt Sre Sphidr)e7 A8 (5,00t 9.69 (s, 1H).

tenperature then the mxture was stirred for 10 mn.

The dry THE (40 nL) solution of (5R, 6S)-6-brono-7 20
Step d: (6R))(62Z)-6-(8/=dibydnoc8idimidazo]2) ¢4 A thiaziR-2cdmethyféne)-7-

ol st iieg Qi Cheos zrastboniEar o i

nL) TeSdry adetenitrile(20naL ysoldtionrof 5Bidihydre@H-infidazefl el  was

c1fjflaefotor Epus oS MES oy BBbesbthe oy bl 20 mb

solitioh oft MdBra(tl Hyd)amdaoa nitypgenl iatneospBerenas roam deraperature then the

LY et G qlel T ik R, UGB bl ooy of G5 e oy 7

0x6-4-1Hi4 GizarbicyclaiSi 2i0jaepieyane-2atanaxylic 4ci1a-nitrd-penaykester ( 1.0 g)

W P D R Bt ST AR O B was

adslediin oreipartigariite reagtion vaess! was lroderad with deit torexclude light. The
R T R LU
pywidoher(30 o) @nd apsticsnhydrideTied4r rok) idwaewagionoligdh feaction mixture
Bl G 20 80U R RO B0 soton o0
m{p®as 8dded to the reaction mixture and the aqueous layer was extracted with ethyl
o SELUpb R Fhe it LB AR Gad kb Ak BoF) e
scaibah hggroper) GarBoriitéapd bines migied (MgB 0o andifiterec. dhe filtrate was
cAgBhHABHTREY 1o RRbalie thE O Sty pRod) e oo
caitmp chrtoowtegraghy, eltfedwitreCHiClag acetong (50 51)5and crude (5R)-6-
[agétgg%ﬁ%g%%%%mdaz@ff 1R5th St RLAON 15 th -8 Gh 8.9 Ly W8S hia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester was obtained as solid.
The solid obtained above was purified by SiO, column chrematography
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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 m xture was vigorously
stirred for 2 h at roomtenperature. The 5 reaction
solution was filterd through a pad of Celite and the

oy Rind TRk TEa S ntbcetasbothe. i aPishellou sfid suARes et Wssolved

in DB &Y L), IFagshly mwa'eutznmxsecz ig} Wad aldeiapldhphitsmB AL
phishnafe ot sk B, A7 ol tenstan vepSHtvat el iRURI e pupuce
llghtoTl&d rmgorfrlHlmweZNa%g(lgdﬁm}I(wﬁtmedédr 26 dé)rdum gairid%nréiilroe. The
8] 0]] | . . U .
redefiph Rlbion Wi DRI o8 BT G ™8 an i barh es MasHem yitpgater

(4mUhandiub-eutaaob(30heid). Iﬁé/caqmmlsMUet Wwak @epayaélend then the organic

530 R B3 O, o epbaE ehfar PEES A5 "B yntpiTre campined

agueouyi Imeer (Wak)con¢dntiatdd t(o&36g dln’mjldrNhCﬂ-H-hMamaﬂdé@fo?atﬂust pH to 7.25

RETHEHE PG e e

chmmﬁtograpw V\ﬁasadsqrhlhg dhe aolompivasselstet iwdith(vidiér arngl then 10%

acét%h‘?rﬁ aq%eoys'qf u%ggcg% iﬁ?meﬁ}cﬂye gﬁ@gzﬁgri%pggqq%gedunder

high. vE@uUrhtat 33%€ add tyoﬁhllizeldztb ,glvé (BR), (62)-8-(5:5-dihydrdd8/8-irhizzo[2,1-

01@53%@53%?1?@?%%-0%? tQP ‘F%%?ﬂb'%'f% %%O]hepw-en%tlcarboxyhc

acidoZodidm (salt as Bi yiejiow anﬁrbrmjas isolidb (168 2ng|2008%pz ol - 2- yl met h

yI e ° 1
olfP 1916 teep): 'af PRGN 2P G 3Hhpt = 37 HR. 3B PRt =
1617(: 18diHk), 4;OEII(UEH$aI=t5 BHe) 6144 (d 1H, J= 0.8 Hz), €.89 (s, 1H), 6.93 (s,
ol o[ 1, 2-a] i m dazol e- 2- car bal dehyde
1@5?3%;%“& um e ZI’OXI de (5.26g) was added to the Et OH
(250 nmL) solution of 4,5- dihydro-3H pyrrol-2-ylam ne
hydr ochl ori de (3.27Q) at erature. After
stirring for 5 mn at d%'ﬂ&@é'&rrggp ure,
2- br ono- 3- propoxy propenal (5. 799) was added to the

30 dISSO| ved |n CHCI3(300 rTL) and tr| et hylam ne (3.8
m.) was added.. The mi xture was heated to reflux for
Stap hoeﬂsDih'yrum-mqsyriown A-afimidazoks2-carbatdeHyder oom

L rature, W th 5 %ﬁ over.

26 BB Bt Ross 5 26¢) whsianoad 1 e okt 50 &l Siion o 45
dityeleb:BlpyproleS-glarriine AytitocHisiddeS. 275 abidioint Rehpsrdtlre. After stirring for
5 r%lnl aItCrocg'g lterggergme cfgr%%t 8rop|8x3y-bro_p§rc1)al (5.79g) was added to the
mixture at room temperature, then the reaction mixture was stirred for 1 h at room

temperature. The reaction mixture was taken to dryness in vacuo. The residue was
dissolved in CHCI; (300 mL) and triethylamine (3.8 mL) was added. The mixture was
heated to reflux for 3 hours. The reaction mixture was cooled to room temperature,
washed with 50% K2CO3, dried over anhydrous K2CO3, filtered, and evaporated under
reduced pressure. The residue was applied with silicagel column chromatography,
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eluted wth CHCl 3-acetone (2:1), and

6, 7- D hydro-5H-pyrrol o[ 1, 2-a] i m dazol e- 2- car bal dehyde

(41% 1.51g) was obtained as a pale yellow solid. 'H

NVR (d, CDCI3): 2.62-2.7 (m 2H), 2.90-2.94 (m 2H),

407(t 2H, J = 7.2 Hz), 7.59 (s, 1 H, 9.80 (s, 1
. 5 Step 2. (5R),

elu{«;ﬁﬁ*t& l-g/élg kaméct[qu) d%q D%ydLo 5121 py]'ro[nﬁOI 5 a?mldzazéflerﬁEt h

carbéildehytie 44 t%p1 51 g) w{as?olitaia]abeptarp’bleyﬂoﬁfmd boxylic acid,

"M RREL T DS 282877 (2512 902184 21 408 4 BHphT JR e 759
(s, (HY 93D (g) 1Mps added to the dry acetonitrile (155 ni)

solution of anhydrous MyBr2 (5.64 g) under an argon
at nosphere 10 at roomtenperature. The dry THE

___ﬂ u(ﬂR),r(GZLB&BﬂLl)lhgﬂrdﬁﬂrPWﬁ)o@ ;balidazob2yirethyiene)-7-oxo-4-

hi c t car,boxylic c d
thig 3 A RlGLa DIE B P are-2-aarBary e, S atium A1 o
6,7 DiKydi6-SH-S\@fI1d, 2ta;|mna&o@-2@ad>aﬁe3%e( ¢1.38 gylvhs Wa8eARBARE dry

Th | d with
sty (158 k) GRUIPR g1y Make (o B s @ gon almosphere

at ﬁ»bmrtémﬁerafmé ﬁh&d@tTHF?QoI&iloﬁH‘(dss hﬂ.@bﬁ(tﬂ%@%&ﬁ@hbq oxo-4-thia-

1- SRl A 2 P ERE L 2 PR R AT AT IEPSAAI £ 206 gwas added
to thé lmlxtesé todled fo S20°Gitand EEN @8 ml[EWbSl BEdARB dﬁelpd,ﬁm The

B R LTINGES ST U ok R EIC A S e
for Gar &t64201°€, ariWedded With addtie aihgavidec(1l88yaL) AvEDIMAPEE70 mg) in one

poft neleaito it W walmed (Lo FBGeT adi o h Sl e ame

mixtlire seisrdiiutethveth ethyidicetat@andivastaddudith 1 M dirk acitiGusby)s solution,

oo Lol e, oA T e o
and filtered. The patidvad washEdavithestbyliacetatee The [filtnates waDoanmoedtrated under

re&ﬁicéé] rfe% | ret hé }(ecéli %%vels «g&ﬁﬂvepff Tf—l?‘?‘féé L a.ﬁ'a éée%n?tﬁ”&%? mL).

Vi oousystlrre om\te ature
Fresbb!cactlm’teermdulsta(Z\‘&@) Wasl adeled dapidip alite . 5 b gho€phate bufferNpH

o 8 S TR Hald ailii A8 o dh SHLHF R, i eacton
mlgwpamaﬁmbrouslwlsﬂim—fomﬂsh atdoerd t@ﬁpereturdnér hegqeawgion niiglyes was

fllt@rg@' d?)oteg t %‘ °‘¢Stan§ H l\'}l ﬁla@H \IQ? a&@e%’lj ta@@fs&ﬁﬂ.—lﬁg.r'ﬁhev\ﬁﬁate was

concen vachum at
waslertwith efavleacmaie ap@ lheeaqueouﬂaaemas—EsmateQ,m MiNaOH was added
t ' :
o MR ey, Gl Feko TS ST wag concenrates
un&rwgmvamum a@@ °C. IVIae:N(Jrlde(mrat@Nas applied itwaiatdmd-lﬁbaﬂ i(20 endl,

Mllgﬁl% J%P( ?(a & 5 L%] éro?@\o[:ﬁl%@ qrﬁ?l'ala Fr idso bin mﬂ hFT- column

wap eMQ;kwltMHECB |—d\/lgcbim0 3(®/1) to give the purified active fractlons of (5R) (62)-
I~ CrY: . tr 2r - ]

o- B 70 S ool - A2 ARy khe 27 B0 SnBAHAT

bicyitigl3.2/Gjbepid-ene-3xatbaxyiit acjdh shdiuimzssdt tTmegqou"@lrteldefractlom%dere

coﬁt,senﬁ'a’?éaldn‘ay high vacuum at 35 °C and lyophilized to give the titled as a yellow

amorphous solid (681 mg, 24%, pH 7.8).

“mp 190 °C (dec); 'H NMR(d, D,0): 2.48-2.56 (m, 2H), 2.74-2.79 (m, 2H), 3.94-3.99 (m,
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anor phous solid (681 ng, 24% pH 7.8). np 190 C (dec);
1H NVR(d, D20): 2.48-2.56 (m 2H), 2.74-2.79 (m 2H),
3.94-3.99 (m -81 2H), 6.47 (d, 1 H J = 0.7 Hz),
6.94 (s, 1 H, 6.95 (s, 1 H, 7.36 (s, 1 H); (MH)
291. Exanple 14 5 Preparation of

(5R, 62)-6- (1 mdazo[ 2, 1- b][l 3] benzot hi azol - 2-yl net hyl e

2 R4 @ Bl I8 5% 6 HhOS EntHh7 3R Golt M- HAFY

Step 1: Ethyl

i m dazo[ 2, 1- b] - benzt hi azgl e- 2- car boxyl at e: Et hyl

br onopyruvate (9.8 g, SO&MS added dropwise to a
stirred solution of 2- 10 am nobenzothiazole (7.5 g,
Priparatin of (BRIEHA})- ec(mma&btz fib] B Ber AL S 2Ly RnethfeRg)-7-0x0-4-
the addition, the reaction mxture was heated to

refl ux forthig-hazahieycleRe2-Olheptrsangra:carheoxylicgsigy t o

room tenperature and quenched with ice cold water. The

aqueous |layer was neutralized with NHAOH and t he
Step b Ethnd dmgdaziof2, fvbl-benzthiazele-Rtcapbexylatehed wel | with

T d
e RAmASEA f8ls ol 1D FihiCwas SRHEA R iRpd 36Rflon of 2-
amifiablenzothigzele (3.609, IA-mnASn F (700 gtl)eflgi eom temperature. After the
adblﬂbﬁj%g [ % <]Lt|o|ﬂ] TW%RAEHS%@G % g%?ﬁ.&qgroé h. Tﬂ'}@ réédﬁ&ﬁ Selxture was

Sl urr g, exces

coplefl d@qu[nz tempgratyesh anch quenshed withdee sglsiwaé@re ‘(he m@ouwyer was
ne{]ﬁ&eﬂzbg‘gﬁtg: dﬁh%%n@Qﬂg %reggra{éfsélwaﬂ itered, \ﬁs Whé d well with

actiron mxture was stirre

watey@ndidsiet e Tae gruslefpspduct nbmdqwieh@uto\/ne@(hstgaw}hawtwnf ication.
TRgos del was diluted with
Br%ﬁﬁgélgfgﬁﬁﬁb%@lq(3mﬂﬂ§ﬁg&??lcgered t hrough a pad of

celite. The organic |ayer was washed once with

Stéﬁlburlﬁ"nid?&oi\'?-@]béﬁﬂhﬁ’dioféizﬁii&haﬁahydfous MySOA. |t vvas
[tered concentrated. The brown solid obta

To\ﬁagtlrte&k%lm @f LRl (20 & e¥Fass) wiry A HiFi ?tht'amid?ﬁop-ﬂ @rhﬁnth'azole-
2- @ar&@iat&%ﬂ/@ dvtad %l) waé3 s[mw)l%&déa mSTﬁP ($oo ml) at o° C. After the

- Fornyl -1'midazo[ 2, 1- b] - benzt hi azol e: a stirred
ad§t§'PG¢ the Feastion mig aaeo\{@s qtirged. ¥ dpom m'aaefﬁ@r@f%étma%ﬂuenched with

safutated I\Q14C1/Q\IPW”@IH )Thé‘seﬁ'&?&tﬁM's@l‘@wﬁ@ dRitbdl@ith ZRbroform/ MeOH (3:1).

activat ed ... excess) was added. The reaction

anddiltgrec tbrqygwaas,p%q Pfr Gelte- aThe BRNicAYRE was yashed ongg With saturated
Na'ﬁldanfd' dricdr &\r tERhpatetis Mgsal. ot mﬁé@'flltbféd Jdaecdr@aﬁtrate@ The brown

m xture was concentrated and the pr d
soli obtained avaseibkerd 1 At sm\w%%tgwﬁfeﬂoay Vs Ry § b3t e 205;
mpH84PC/5% et hyl acet ate; ‘hexane. Brown solid;  Yield:

800 ng, 40% M+H 203.

Step 3: 2-Formyl-lmidazb[2,1-b]-benzthiazole:

To a stirred solution of imidazo[2, 1-b]-benzthiazole-2-methanol (2.04 g, 10 mmol) in
methylene chloride (200 ml), activated MnO, ( 15 g, excess) was added. The reaction
mixture was stirrec at room temperature for 24 h and filtered through a pad of celite.
The reaction mixture was concentrated and the product was purified by silica gel column
chromatography by eluting it with 75% ethyl acetate; hexane. Brown solid; Yield: 800
mg, 40%; M+H 203.
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-82 Step 4: 4-Nitrobenzyl -6-[ (acetyl oxy)
(i mdazo[2,1-b][1, 3] benzot hi azol - 2-yl ) et hyl ] - 6-
bronp- 7- oxo- 4-t hi a- | -azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car
boxyl ate: 2-Fornyl-I1m dazo[ 2, 1-b] - benzt hi azol e (444
nyg, 2.2 mmol) and a dry THE solution (20 5 m-) of
5R
éS) 6- br onp- 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2-en
e-2-carboxylic acid 4-nitro-benzyl ester (772 ng, 2
Stnro4) 4vbiitrobauizid &-Kacatplosy)(@njdazo[B1-B][4, @B&iﬁﬂh'&&bl'—@yl)methyl] 6-

Hijo7obia-43ac- bicy A Y dlnahE an B carboste:
21F@npg|rlandaze[2 A\b}-benztiiazdle g4440ngQ Lmrd1B35hd 2 &yn‘mﬁ solution (20
13 31 AR B BB Lok e R fiRoLs R O Iaph aners aboxyiic acid
4-mut5q—benzyw\esievslt7i72 megl Z mimo} Weretaddsd sﬁcc;t:étgllvgng@taed?y WedtBnitrile (15
Lﬁ'gﬁ”% hP’ngdé %EFZ:F&%E’?@ 88*8@ g 2t Freel) fusdenmn argon

aimqsphére@t ratre tempatature. Witer dbd)llmbﬁtd -\aot°b EFSN%/dz PR Aa€ added in
SOl utl on,

o R e s b et B 5 e e rscion
mmtlgarwas stimpdforvs dgmedg(d\vw&%)ted el af:étictﬁfhzérﬂé“ﬁcblﬂﬁu in one
S
o8 80 R PIAERLBTEE et s a0 0. e
mrmraom qyiuedswutreethvﬂaams iafld evasnsd Wﬁﬁ'ﬂ;@dltrzcﬁacg? §quéo%§ solution,
uted wi
S%Qe of Q‘Jd“ﬂ}e‘ Xﬁﬁsgﬂt"ﬁm"%sf AL pidie. ?JF'?&WQSH'Q 2y s ried (MgSOy)
ansbiiitesed thaough aipatbof mawcmlal-( pace?ay?ﬁsmmw@tpgn d&bg};@ eﬂie filtrate
t e.next s
wid %P%%nﬁ%%éra;ﬁou L rgge eal p@%@lﬁrg B9 rﬁﬁdu%m e}p‘phg@@ a silica gel
ccﬂmmn aben e @hepr Was eluted with ethyl acetate: hexane (1-1). Collected fractions

wéé@on@@@at@d (Jhgérdr%ﬁﬁliéld éreg%& aﬂdqﬁg A Ny diés%t_ex-:l‘onilsegrggrs were

ta[<g1 go @j]eh@@(t stepn&ae E@ﬂOWoamblrphoas: sdlid; Yield: 850 mg, 67%; mp 69°C;

4 robenzyl - 6-[ (acet yl oxy)
M(lr-lrl\gl:agazo[ 2,1-b][1, 3] benzot hi azol - 2-yl ) net hyl ] - 6- br ono-

| at .
SO0 e e oSN B A B 4 e
azabafvs&e Plhept-3-qre@62-natboxflieatidy acti vated zn gufs]tc
M uf f er
< Nirceby 8BS S Pfiadeats ki egeBHERRL Ry Bmelty lbearomo-7-
0>1°o4-thla -t-azabicyalni3 IZLOJIhﬁpt-ZTdfne -2-earbbxyldte M X500 Q?QVBSD .79 mmol) was
ratu

SRABRAHTLE 311155 Sl B LS B o
addeqd rapigly \aﬂdéﬁ Mcpl'wdplume buffer (P 63, 28 mL)Thend rédcfléﬂ Gessel was
oA i LA B el 21
roemdemphtajirey adhewnenctidn @htuts MSgiltu@daCWéd 3 °C and 1 N HCI was
ad&%&ctbpéc@@élt Ghe }h)-Fté) 78C1 RinLahe at\gav?/asdw%gr?eldvaﬂh ethyl acetate and the

acet oni
aqueous layer was separated The aqueous layer was concentrated under high vacuum

at 35 °C to give a yellow precipitate. The precipitate was dissolved in acetonitrile and
loaded on a HP-21 reverse phase column. It was eluted with deionized water (2L)and
latter eluted with 10% acetonitrile:water. Yield: 105 mg, 35%; as yellow crystals; mp
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| oaded on a HP-21 reverse phase colum. It was el uted

Wi th deionized water (2 L) and latter eluted wwth 10%

acetonitrile:water. Yield: 105 ng, 35% as yellow

crystals; np -83 233C; MtH 356. 'H NVR (DVSO-d6) ~

6 51(s, 1 H, 6.53(s, 1 H, 7.09(s, 1 H, 7.47(t, 1 H,
=7.5 Hz), 7.54(t, 1 H J =7.5Hz), 8,06(t, 1 H,

5 Exanpl e 15 Preparation of
2350&2%%% 3%B[(? met hoxyi m dazo[ 2, 1-b] [ 1, 3] benzot hi azol - 2
- 'H NMR (DMSO—ds) O 6.51(s, 1H), 6.53(s, 1H), 7.09(s, 1H), 7.47(t, 1H, J= 7.5

reb BEACHECIGTT & HES 060 o gty D1 = Ol et men

7- met hoxyi m dazo[ 2, 1- b] - benzt hi azol e- 2- car boxyl at e:

Et hyl

7- met hoxyi m dazo[ 2, 1- b] - BXAORIE 35 o) e- 2_ carboxyl ate was
prepared according to the procedure as outlined in

Exanple 1, (Step 1 Starting from 6-net hoxy- 2-am
erPPRratian of @R thwwmma;oa.mm%mhm%

( %m%tlﬂrle&)zl -G%4-4- m%l)?zél‘fig}/é lo[8. £0fhkpRb- e‘?ltet%[:arboxyhc acid.

7-met hoxyi m dazo[ 2 benzt i azol e- 2 car boxyl ate was
i sol at ed as a 15 brown SO|Id (I\/H—|) 277 Step 2:

St%p :Ellgni'y | m%a% %]T'Ef- enz | azo e%&qghanol

Ethyl s7-pretipayietdarciy 1-Bi- h@mmazdtQZ-oprhwglatﬁ avasupnepmd acn:ording to
i FiSRrees % 3 £ ATREE T S8 rom S mthory 2 amine
befizothiazoje (Z’B %5 Omﬁ)rnpl)eam athydl brameopyruvate (3¢ am 50 anol)ozs g (43%

iP5 407k, B ) B e il s

brewm poi@; (M+tH2%4| - 7- et hoxyi mi dazo[ 2, 1- b] - benzt hi azol e:
25 2-Fornyl - 7- met hoxyi m dazo[ 2, 1- b] - benzt hi azol e was
prepares according to the procedure outlined in

SteR 2i-methoxydmigazpi2,14]-henzthinZolerdrmethanabx y

|
TR hodhl  ROGRIARG S 586 piebyidad abdortng 1o e
Preaduteeoniinbin(Ex@mple &x(Stepsd); Bargingrfropatiyivi- @bﬂpxwmlctahem 1-b]-

d
:?Ewﬁﬁ%%gzséﬁggyygétbvﬁz‘éag 4N’T°. t%?llg d aﬁé %ﬂg‘ggtﬁm rH g/gs ml. 0.5 M
iomin AEIE) #i0da460%,vield) ofuie] sleateb R rvatie s isolated as a brown

o}ib)(WﬁIHg - 6- brono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hep
s 2-en Li’ carboxyl ate: -84

Step 3: 2-Formyl-7-methoxyimidazo[2,1-b]-benzthiazole:
2-Formyl-7-methoxyimidazo[2,1-b}-benzthiazole was prepared according to the
procedure outlined in Example 1, (Step 3). Starting from 7-methoxy imidazo[2,1-b}-
benzthiazole-2-methanol (4.0 g 17 mmol) in methylene chloride/ DMF(300 mL: 50 mL)
and active MnOz (12 g, excess), 822 mg (21% Yield) of the aldehyde derivative was
isolated as brown solid. (M+H) 233.

Step 4: 4-Nitrobenzyl-6-[(acetyloxy) (7-methoxyimidazo[2,1-b][1,3]benzothiazol-2-
yl)methyl]-6-bromo-7-ox0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate:
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2- For nyl - 7- met hoxyi m dazo[ 2, 1- b] -'benzt hi azol e (822 ny,
3.5 mol) and the dry THE solution (40 m-) of (5R,
6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- aza- bi cyul o[ 3. 2. 0] hept - 2-en
e-2- carboxylic acid 4-nitro-benzyl ester (1.364, 3.54
nmol ) were added successively to the dry acetonitrile
(15 nL) solution of anhydrous MygBr2:etherate (1.3 g,

lf’dgﬁngle?-%ﬁcziyuﬁgaﬁar[ﬂﬁ%g—:ﬂﬁﬁﬁmiagg@ﬁ%%% g ”l“(xg'nog ancs the dry THF

solutiere d4Pnmin eofp §PRi 68)- Bﬂhiempria@xq mlaémkblmb[%a@m&zene-z

camo&iﬂlcfe?dl 41rﬂr@-ﬁéﬁi§fij€stle+ @71364 Higy n{rﬁﬂﬁvb@;ad'ﬂe?&téﬂcﬁeémly to the
at -20 th acetic

stirred and treat

d%ﬁﬁstmltrtké(‘(ﬁm@h soliign efnankyerqusrVgRi: thﬁﬁ%te {&8cdi Smmol) under an
ar@ﬁ(hfr‘ﬂicﬁsp\ﬁ@% ¥EFdERe térﬁpé}afﬁr@nﬂﬁ'ﬁt t‘:dor lﬁ Qoo 1 rEt"’}ﬁ @0 mL) was

he m xture was dil ed wi aceaé
adged freangPPRiIono, e fepgtiofcYassalgwad vaered Qdth feil tmexclude light. The

reSdtibH mRk@Fe S SteaYer ﬁ’gﬁé‘t _Crgj E@%Hecrea?%mﬂﬁ' Stl%érmf}'dﬂde (1.04

organi c | ayer_was dri ed and tere
mlg iR Hpe Forigs. j The reﬁﬁtéorb@ad%asﬂfaea\yﬁ@@edmm°@1an9l|stlrred for 15hat0

°Ca°ﬁ¢e%&tureWb°s cfllh{etdrvﬁﬁ\eetﬁﬁsacﬁfﬁ?& %g& M%Eﬁéﬁ Hlﬁ ) El?rféué?:%jaqueous

&yessure The residue was a i ca
sopgpnyrRaturatessodiven bydragen m@oeatat anf hmeh Elnehyngaa@é@m was dried

(M@S@ﬁ&\c{ \ailtérlzd threlig e atpae offd‘é?ifé ' ‘Pﬂé ‘Qﬁr\/\?asc\&‘%‘ﬁ@et\ﬁlﬁté?ﬁ&i acetate.

under reduced pressure and ure of astereo .
Thesﬁiwps\meF@qeakewdwdﬁémdl@ﬁépprewr% VB residugriep iapalied to a

silig8 :gbljcolmyﬁ' tﬁere %1e2c"ollﬂ11n %s/‘bld@d'bwtﬁ Bfhy| Rictfle: hexane &1'1) Cfollected

- met hoxyi m dazo[ 1, 2-b] [ 1, 3] benzot
fracgorg,q M@(ehyqogﬁ@)t!ated7 ungern redycged aprgsg{rgbartq,érpq) mixture of diastereo

isdriers wekd e4kendo RER- s?e&aibge)ﬂildvpaﬁ%kﬁrouggohd Yield: 2.24 g, 95%; M+H
4-Ni trobenzyl - 6-[ (acet yl oxy)

66@7 nmet hoxyi m dazo[ 2, 1-b] [ 1, 3] benzot hi azol - 2-yl ) et hyl ]

h | o] 3, 2. 2-
StBB%ynD@&(z%?)e‘é‘ﬂt’rﬂljgthf I b ek Slarol A methyiene] -7-
0)(8-4 lhlﬂﬂdaﬂb%m 19.2.0hep8O-dHe)2-chFHdX hé’ adfet | vated Zn

s added rapidly wt 5 M phosphat e

4- HIEEOP%'FZV Eﬂ(qa@eyloxg)g ﬁmethpquc?aetz bh][i/ @P@&Oth‘%@'z -yl)methyl]-6-
erﬁBQt&d) Mﬁlﬁnfé%'ablc?cgo[@%d]h@& 2. ér@lﬁecamﬁgéﬁaftdsgnmg 1.0 mmol)

m xt ure was_Vvi gor ousl stirred

wasHigroived ip d HFTH E ni'léz?@ti iagRtoRitrle (3&mhkasFreshly actiptedt@npest (5.2 g)
wisOadded, rapliiy Wit ot RH@%hﬁéQﬁﬂ'feﬁ' Q?ﬁcﬁ 5158 pi). t ?hg réactlon vessel

The filtrate was washed with eth acetate and

wasRovBies Wil o tvaxcludedighht Bee reﬁﬁ@orh@a@se yvasa/ggéaroqsasstlrred for2h

atGosH S8k éﬁa@&eunﬂfé" re3cidh Hﬁ&l&i‘érﬂla@ﬁlte”@d Qdo‘?édgﬂoV:? *ZehhPW N HCl
precipitate. The precipitate was filtered and washed

way afdachty adivelont] tackdonkher Biratey was washed I“éfhc%ihﬁoﬁﬁﬁéﬁte and the
aq%éb&uﬁlaﬂé%ﬁseﬁg{@d a;,- he/ %gb%s?éﬁWs%on%tra% @%r hMi Racuum

at@Se A to, give ypllow pregipitates (fhe preciitate w§$.|f Itqacg @nd wq;sj'led with H,0,
M%Clggé%torfé'ﬁ) dive e i corfpdli?idd. Yidia: 68 Mngiz23bd:-ab) yellow crystals; mp
284; Vitlase, -

'H NMR (DMSO-dg) O 3.89 (s, 3H), 6.58(s, 1H), 6.64(s, 1H), 7.14(s, 1H),
7.2(dd, 1H, J=6.0 Hz), 7.75(d, 1H, J = 3.0 Hz), 8,03(d, J= 6.0 Hz 1H), 8.62(s, 1H).
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-85 Exanpl e 16 Preparation of

(5R, 62)-6-[(7-chl oroi mdazo[ 2, 1-b][ 1, 3] benzot F;

i azol - 2-yl met hyl ene) -

7-0x0-4-thia-1-azabicycl o] 3. 2. 0] hept - 2- ene- 2- car boxyl i
c acid 5 Step 1: Ethyl

7-chl oroi m dazo[ 2, 1- b] - benzt hi azol e- 2- car boxyl at e:

Et hyl

7-chl or oi mi dazo[ 2, 1- b] - bEX2MRI&I8) o > carboxyl ate was

Préjafidre dafa(sncszjlenm-bmdrbﬁmdaﬁ@??ﬂum  3pfenottiaz Bl d-yifhethylene)-
Starting from 6-chl gro-2-am no

7 %Qn‘k'ng'l'ﬂ‘l"%%écy@g’@ -2P1hept-2repe2-carhoxxliqacid  oropyr uvat e
(11.6 g, 60 mml) 859(60% Yi el d) of ethyl
7-chl oroi m dazo[ 2, 1- b] - benzt hi azol e- 2- car boxyl ate was

Stepst Ethsd 7-ehioraimidaze w]mnz thiazgje-2earboeydaten

Ett&l e hg{rgihfﬂnﬁ?z’ Fkgilglé RS 2die-o: %ﬁf@gﬁ?ﬂ%&? (f' according to the

Prq5¢él|!f§r as auwmcuungExajnplhe1 dBtepedhr e Starting rfeemi ﬁ-chloro-Z-amnno

ool o (SRR Syt B0 g, 0 o3 o o

Yled(t) a thyl §2ch[ormdgzo§2;@-bﬂ—bpmz@agoie-@ gprbaxylates was |$3>|43e@1 as brown
solgﬁ ?{ d) of the al cohol derivative was isolated as
vvn solid. np 166C(M+H) 239. Step 3:
2- Fornyl - 7-chl or oi m dazo[ 2, 1- b] - benzt hi azol e:

st Z07Biorbinil P ThBERathidohl 2 Bilisha 2! o e

ep are accor roce ur e outlined in
7- @km’rpIlreldam[?Stldfbeaﬂhlﬁol&fz-me@ampbnwas prepared according to the

ot ULl 1] B SR B A o, 51

beaztdaa@eﬁv@arbwme (20 g, 32e1<msl) an@ LiAIld, (466 %, exetss), @b g (72%

Vil R RS P oY ol af e e L‘%ﬁ‘*f(&*&ifﬁg
(7-chl oroi m dazo[ 2, 1-b] [ 1, 3] benzot hi azol

Sté/;l hmétl*BfH 1"T‘Q{|8|‘B?m?d&>6?z,4bﬁ WeRzthidoid CYC' o[ 3.2. 0] hep

-ene-Z-car oxy

2- @rwl-'(ryhlowmmaé@[al1nli>]dw‘@thza2916b\]va$)omrﬂdamoedlmmthegprocedure
ou%lg%él éﬁ@a)r}%) qog(é;tgp q{)}% éﬁ'éﬁlngsﬁérﬂtf @Eﬂ%d%&% qu -(bégﬁhlazole 2-

mashanol ¢4 m)xm gromaRiinl mpthyleneochieritey |M €300 ®b0 5&gnL) and active

accje(tﬁ :ngr ?S%%awmﬁ gl?:é %Iﬁ Epﬁ“ﬁ%ﬁ@%@&éﬁ%@ated as brown
soly. EiM+H)2860 ny, 1.5 mmol )under an argon at nosphere at

roomtenperature. After cooling to -20 C, Et3N (2.0

nm.) was added in one portion. The reaction vessel was
Sten v&ir e d-Nitrobengyli6-f(acetyloxul d7+chiproimidazo[2/1ablf1 3henzothiazol-2-

yl)gﬂcegiti*ii%a%&gﬁ 35(591‘§thb§ﬁ a%g@nc?t:lolgg Oﬁ'neébqg él{eef‘tcg%ﬂyiﬁe

2-Formy|-7-chloroimidazo[21 -bl-benzthiazole (270 mg, 1.14 mmol) and the dry THF
solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester (500 mg, 1.14 mmol) were added successively to the
dry acetonitrile (15 mL) solution of anhydrous MgBr,: O(Et), (390 mg, 1.5 mmol)under
an argon atmosphere at room temperature. After cooling to —20 °C, Et;N (2.0 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light. The
reaction mixture was stirred for 2 h at —20 °C and treated with acetic anhydride (1.04
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m-) in one portion. The reaction m xture was war ned
to O Cand stirred for 15 h at' O C The m xture was
diluted with ethyl acetate and washed with 5%citric
aci d aqueous solution, saturated sodi um hydrogen
car bonate, and brine. The organic |layer was dried
(MgSH) and filtered through a pad of Celite. The pad

ml.?@ﬁ o\‘\@%'aﬁ%nwflﬁ d;%r &?’Ae ét\n‘Fas Warhsd tﬁz t('ri ah8 gﬁﬁéd for 15 h at' 0

centrat ed pressure.

*Caphei mirture wep Idi"%t&d withl etbmasmtate:amdawasw uwm‘i% cntmractcmueous
so%géln?‘ rE&t %'oHﬁlﬁ{thr rELdMbnAE Siridf l§1 m"fg‘&? éf&cl;aé%r was dried

rac I oNs re concentrate

(MBSQs)s%ncbf ltered thieugh & pad ©f Qelitedi Tha padwias washed avith ithuh acetate.

ThE?ItFﬁ@wB@ég@;ﬂnEEﬁdP@tﬁr Vegi Lé@él" Féggur@hef‘ﬁ% reSitlié wasappiftd to silica
gef sw}lm(s@remp'(ogranﬂyothﬁnnthgaqqiq_xrmn was| plutesi wish &thyiiagetats: chexane
(1 ‘Igl %&Yéoeﬁlﬁglbns %eré’@f&cénttré\{ea uﬁd@rzrggbé‘éb%r‘éssure and the mixture of

ene- 2- car box
dlaqstq:pqmg@mg takgn[to drecnept gtep) Pale yellow amorphous solid; Yield: 495 mg,
650 M+H 8691 M dazo[ 2, 1- b] [ 1, 3] benzot hi azol - 2-yl ) net hyl ] -
6_

br onp- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car

|
SUESY, A0 o/ TG B Ry TSl -
oxzm—tms-ﬂ -gzabizygho [3va@]hgptizenesdcarbpxylic acnd 5 M

< SORSBALE ULy 2Bl o i SR R

br¢ma—t7tnxe-4hﬂma -{-agabicycd[§.2 Djhept-2erec- cﬂ'bbxylatte ( 450nmg, 0.67 mmol)

was Rk i S5 1o S 2 nOtoftele ol gtk BE Rt i .20
wag, &ddedrapiflyl witta0 & Mashosplsdte bufiet tpl-iaBl@IZBamE) aThe aguttion vessel

wasNRvERdANIR %@(ﬁ% ?ﬁﬁ | 'Ig'%ol"éﬁéﬁo‘ﬁdrnlxtﬂ?g g%g g%?%slyasxlﬁ‘éd for2 h

was concentrate vacuum at

at foqm iRmperetiTep The eactiznamisiuse wes filiered peadied tecB 16 P21 N NaOH
wdseéddéd rt@‘é@fu%?the ?@8@' 'H@Tgllfrgfe% §ﬁég]\)(nt Efﬁks éc%ltét% and the

he col um was e Wlth elonlze
aqua@lf%lﬁy% was sp@%aé@%t The aquaquisgyeswas vnecemtratﬁdu under high vacuum

at 38N als *éﬂoﬁrﬁ?éjéi'ﬁfaté"’e TRe p‘?&iulc?%@%uﬁﬁgd hy HP21 resin reverse

concentrated under reduced pressure at roo

PhagerselHEn sheomatagraphy. |l@5t«alh5h@ epluanwas eleted @\dthw‘e:qmlzed water (2 L)
anacﬁﬁt@ln ithf ﬂd)%eét%{orﬂ!?ﬂéz\ﬁétbﬁ d(TIYé @F}éétlor‘%o c%lrﬂr%m\eairoduct were

oW crysta
co Wa@y%ncwtrgfe@sundgﬁyedupeg Rrgssu![e pg room ggmpefaturel Fhpe yellow

sofid Was Washdd »H)ch a&atgné Sittered dl: dri@dSvieRy: s nl@ 18&0 a%@m &'ystals

17 Breparation o
mp 24§ Gy E‘Q’Hmﬁ)rﬁ"@azo[ 1, 2- a] qui nol i n- 2-yl met hyl ene- 7- oxo

- 4- ghlwﬁ (meufgyd?b%[@ ZH0TheR! 14y, 8 @dCIHP M [C1H), 8.2 (s,
1H). 8.6 (s, 1H).

Example 17

Preparation of (5R),(62Z)-6-Imidazo[1,2-a]quinolin-2-ylmethylene-7-oxo0-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
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-87 I mdazo[ 1, 2-a]quiriuline-2-carbal dehyde

I m dazo[ 1, 2- a] qui nol i ne- 2- car bal dehyde(4) was prepared
by the nethod of Westwood and co-workers (J. Med.
Chem 1988, 31, 1098-1115). 5 Step 1: (5R

6RS) - 6- [ (RS) - Acet oxyi m dazo[ 1, 2- a] qui nol i n- 2-yl met hyl ]
- 6- br ono- 7-

0X0- 4- Chi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c

id.4-ni be |
I"?ﬁ‘l?ﬁaﬂ3Fal.ﬂarﬂ'%ﬁﬁ?'aé|y2ﬁ‘éﬁ’i‘ﬂ@e!_’y‘éﬁr bal dehyde (1.09 g) and a
lrﬂfdﬁzd[ﬁ@-@@uﬁélin@m égrﬁaléemd“eh)%agbfo rec{ B’y éheoﬂ%ethod of Westwood

0XO0- aza- ept

’l&‘s ‘)2"8%’?%%1 Med fchem 41988 3% 11)98+5ér15y| ester (2.22 g)

mere added successively to a dry acetonitrile (75.5
) solution of anhydrous MyBr2 (2.5 g) under an
J&Eéorﬁﬁt ﬁB§bﬁd&%S)a‘thtmnwme‘r &-ta'lmwnonlﬂ-ﬂqdmeml-s Bebmo-7-

okt CardiicbiOIS 2 0InBbe 2 o8-S R 3 AR Obet aster
Imiqdagal!, 2-giquincling-2icarbaldelyde e(1@ss g)stand raedryf THIF 2olbtiéH (7528 mL) of

R, SR B 0 BB W it bl g
b@gyl ,qsgqg (2-82 g} wvene adden ﬂlcc‘é‘smvely tot a1dey seetorfitiileU5.8 m)téblutnon of

e 8 S VBE A R B B e

sol ution ed 'so
coglinchie. —26h:C. o igh 1 85I raly)ewasu\add&ﬂ inezhe( M;'%BA) Th ﬂbactlon vessel was

cof/ér'teH Weltﬁﬁ’gﬁ {B; %32'9H¢ ﬁ’% rq%h&r{ %n)%gg vg%lp]s?gﬁ&?%&%\@ at —20 °C and
treqtage with eafgtie canhydrides (1.84 rilbeinr esé chostionas Thepleaetibnt Mixdure was

was el
wethnes Q@Ogge?ﬁo‘ﬂé Bfol 9B A CoT Bl ar S sl acetate
ang Srashed with 8%o gifrigeacid @qu.ua@gsi solptiars satugatid lsbdnml(hybbbgen carbonate,

anﬂ&ﬁfnh!St'EHel briahicaBydr 48 @"Q Qﬂ@@éﬁn@ eV {tﬂﬁl@w' @qu gf Celite.

OwW Crys

conpound as_one. 1 soner .
The p?gigwa%y% ed yithetayt mtg) Thept llg'a(eswasepnceﬁtratﬁd dindéteduced
preksarel 3The Ws)due'iués%gplle@l tb'a §ih rréé D L’Fﬁr),t 6th%2c%ﬁﬂ1n1 was eluted
W|t5|) %H('Zilzyacggor@%‘t/g %45) JCgllqg:tqy fr@glopg)/verer c@mentriteﬂ%der feduced
prédsurefofic{aittiby dechystallizatidn ﬂ=®m7CI-9CI Ot @\% fle tifle Bompod as one
|so£1e3; pal)e ye?ow cgystals y|e|_3 13g 38(% } 8 &Ef é? r}?

"H (R, (OBK)1:) 63 | 18787 9k} ézgf(hquHQ'& '13% MY ”%t eNg- f=0%0s5 hy)
6.2285, M 2 T2 RAD 746 Ylsdieh: S SR 1 Q:i%o?xszl(:d 9H, J=8.6
Hz}, SR 6R3) 6%, (IRF) 7. és@ﬁoxw TE08701.8 +H) 21 98N oh! =% ¥ HIF og(s,

1Hg>zga%§(€yﬁ'ﬁ g{msf'gﬁgegttg :nle 2-carboxylic acid

4-ni trobenzyl ester (1.3 g) was dissolved in THE (17

and acet tr| le (36 nL Freshly activated Zn
‘5. 2 g) g&gé@mazon -alquinolin-2- -ylmethylene-7-oxo-4-thia-1-

azabicyclo[3.2.0]hept-2-ene-2- -carboxylic acid:

(SR,BRS)-6-[(RS)-Acetoxyimidazo[1 ,2-ajquinolin-2-ylmethyl]-6-bromo-7-oxo0-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (1.3 g) was dissolved in
THF (17 mL) and acetonitrile (36 mL). Freshly activated Zn dust (5.2 g) was added
rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The reaction vessel was covered
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rapidly wwth 0.5 M phosphate buffer (pH 6.5, 28 nL).
The reaction vessel was covered -88 with foil to
exclude light. The reaction m xture was Vvigorously
stirred for 2 h at room tenperature. The reaction
m xture was filtered, cooled to 3 C, and 1 N HCl was
added to adjust the pHto 7.5. The filtrate was

wﬂfﬂ‘@&h%je éﬁ&rﬁ@{ylﬂﬁcl@ae{iﬁ mukh\ﬁaéqgswl ét@%@rfgy\@% at room

separate aqueous | ayer was con entr
temegaturmciwwl%nmlyetmsg‘ilteeecb cpeleti dav3peangilthhHgl was added

to é@jﬁ?tp{h%céfﬂté e gﬂé flttdtd Wﬁ%ﬁi@d@iﬁﬂ@ﬁy%é&a%d thg aqueous

acetone to e CO
laygt whsl semrategl Tm%quaguwlewomas conpentrated Mpdarda@ VaGUURMR 35 °C

0 R0 oo gl ot ol 1 45 oty g o

acetoaig'ilq,sand[ aeptong tagive thes Yitlencomgpund.oyieidad@H ;gLg38%, as yellow

of
t‘ ‘5‘{2 (6, 7-di hydr o- 5H cycl ogent ald |mdazo¥2 1-b
[1 Is] ;@gﬂ))dem(s 1H), 6.36 (s, 1H), 6.87 (s, 1H), 6.96 (d, TH, J = 9.5 Hz),

| mat hyl t -1 | o[ 3. 2. 0] hept - 2-
TE Y IR O LR P T RS 2o of Tethy
6, 7- di hydr o- 5H cycl opent a[ d] imdazo[2,1- b][1,3]th
i azol e- 2- car boxyl ate; A f
2-chl orocycl ope%t anone (Wloo mol ) and
thiourea (8.0 g 101 mml) was refluxed in ethanol:
Prépnatibrt ot 580 (e erterr bV B ey bl iy fugiBEa 4 ffniazol-

wagyhhethyderes)-7- meahg-bm-eumm Zmﬁhept»&end+2-:-saﬂbmyllc acid

anhy _rou eth nol S m xi d
si807 3 sl o v AT b alstiodotz.-
b]g)s]MSzcﬂddechrbuﬂylate:rred at roomtenperature for 2

hrs. Then it was refluxed for 48 hrs. At the end

reaction mxture was cooled to room tenperature and

A moture rof QaﬂMocy‘EIwemasd:thema@, ¢80 mangdieandithidurea (8.0 g 101 mmol)

wa%meﬁw% I'gd?igy it fogr \f\glh Whg]r \g%{lo%[ mleJ}S v«ﬁars q%%ﬁatd to room

Was pur| 3 U G OITRY ogr a
terapertatung andt thai sdpakded umitglsodad Maseflltdnwa(nﬁﬂ @esdparated) This was

_ Cocolid. Vield 3 ;
BT 35 =hforcs snet P, AR 982 6. 51 mmo
Todkiscitlay drewnbpyravate (0 .OMpORas id@chbmrbhtycﬁd atbroamrtechpeeature for 2
" .

e AR A Rl 48 B P ik R PRI e wap cooled to room
tempeiatyre md[@pcent@@o[melnesﬂc{u& V8ist exitragted -vithydhjorgfonm eamd-washed
welnvitHAw dref. hTHeSﬁrlaauct was purified by silica-gel column chromatography by eluting
it with 50% ethyl acetae: hexane. Red semi-solid; Yield: 3.0 g; M+H 237.

_The ester was reduced with LiAlH; and the resultant alcohol was oxidized with active

MnO.,. The aldehyde obtained was taken to next step.
Step:3 Preparation of 4-nitrobenzyl (5R)-6-[(acetyloxy)(6,7-dihydro-5H-
cyclopenta[d]imidazo[2,1-b][1,3]thiazol-2-yl)-6-bromo-7-oxo-4-thia-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylate:
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azabi cycl o[ 3. 2. 0] hept-2-ene-2-carboxyl ate: -89

2- Fornyl -6, 7- di hydr o-5H cycl openta[ d]i m dazo[ 2, 1-b] [ 1,
3]thiazole (600 ng, 3.1 mvl) and the dry THE
solution (20 nL) of (5R

6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- aza-

bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c ‘acid

2 F‘bnﬂ g, ?d ﬂéH-%?%&ﬁ%ﬁ%dgrget Oﬁz{’i‘f@t%a]?ﬁz% rﬁ_qg&?ﬂﬂ? 3.1 mmol)

SUC essi v

andf thenhgrir oL wamon o2 )Ly ¢fL. BRy, 68)-6- bmmpmm-tw-aza-
bic S8, @h@l%&fé-f 39 m&.anﬁ% (}Fb‘ byl elferr1e0g! i nﬂmxo?) were

adde por t'i on:
add@heuchsslwss gethevm as:gtp@ﬂzﬂe (WP tnhL)fssiution cpf aphydrode MgBrz O(Et).

(1. %gg %gJ e e oma%b’gp@\e\‘ﬁﬁt I%Bla{ {eﬁ% E%[l f\RFﬁE%’Hﬁ& to —20

acetlc
°*Cihi(3A. m'—Th‘@Sré@déﬂ imenegpartion.c Theseaghiomyessebwas @veratl with foil to

exé‘lﬁt?f,r fg@'ﬁi TRE rdartibn %lxtghquas-r Eﬁrﬁé%f% %B?%t:’v?z?)l @ L g'gat% Wih acetic

acet at e and was C acl
ania\quﬂdedé 04omL} iroane pertipnat Ebe Jeagtiom mixtire yeas wammeshte €,°C and

N 0
st..f&fif epg 3t gbjg'ﬁﬂé qgggfe \pae/a.[utefm.t%thwa@% ﬂed with 5%
citig epidcaqugpusiselution,. satHeated rqudlamehmggemne@nnatat @dd brine. The
ordéﬁféefagéreﬂr?g eﬂf@ éﬁ@%@f and I?ﬁcererdeﬂ‘ditéﬁen lf?é]I e He pad was

chriomat ogr aph eco
waghed with et&zyt acatatpy [Theditrate évasmaﬁﬁra(tqd m)dera:gdul@dtmdssure The

reéé%l%cﬁﬁé’ﬁﬁ?ﬂé%rtﬁ ﬁ%?cﬁ?%mc%%f%r i g'%nltﬁeFHoﬁﬁﬁPWﬁs eluted

xture dl ast ereoners en to

with stiyl acelgte: baxane, € 1)ovicollgstrdiFrnlions werel condestratedgmger reduced
pré§§ure4§r@ tIM”Hl)@l?rg CL% f/‘sgel‘éon%'se% @‘dk@ﬂ t? c}ﬁ\e ne ste Pale yellow

(5R Hcycl opent a
a"lS’IFE')?UQ]SPaﬁ é(iéﬂ’ BP0\ NHid g@— ogo 4-thi a- 1- azabl cycl

o[ 3. 2. 0] hept - 2- ene- 2 20 carboxyllc acid 4-nitrobenzyl

5R) - tI 67dhd SH-cycl opent al d
Stéfda%'o[Z ggq%?'f oxy%(%“sb (6r ?dlhydrg 5H- gyclopént;[d]lmldazo[ZL

b][a,aﬂtﬁa&llztﬂmtﬂyi oi&luéthilar ﬂéﬁ%l&*&b&[ﬁoﬁweﬂh% - €

- car boxyl at’e 50 was di ssolved in
caW{'Q@cﬁ) and acetonltrl I e (10 nl). Freshly

4 ﬁ%bé!ﬁéy? %%%—ﬂé@tyloﬁﬁ@-ghya@gﬂ-ﬁg hga‘féri]glg%ﬂ?%éi h. 5@1 Zjthiazol-

hosphat e buffer
2 x})eg-beqmcavaweﬂvtétaevamlwcm R.Ojhepedenadecarbetyiate T8E0 mg, 1.37
mrh&IR Gk QRO wmmgfoeeﬂgsﬁ@aééwn@té BGRL). fFQ%srﬁy Qctﬁ%ted Zn dust

roonltqufrature reaction mxture was

(5.2¢D|was adsied repidiynwitin 06 Mphasohatacbsffari (it 65 28dnkist Theeeaction
ve@é?.ll Wés &overed Wh ffd)l' br%ﬁd%ht“%@qgadﬁoh '?m%l‘@%aé‘?@fm%hﬁ?/ stirred

he aqueous | ayer was Separated. The aqueous aye
f°rv?a§ aémmrn@ﬁre@r@nabe reacian mpgure e fitezed, Coplgdgp\3e’Ca and 0.1

N MSbﬁ-ﬂ)O‘a@é&féd%ta%ﬁ@st the'eH F&s ed CThé"ﬁﬁatBLWésf Wﬁ&e%.tﬁPé’tﬂayu acetate

resin 30 reverse p ase ~col uim chronmat ogra
and the AaWeops 13yer war srRaatesl. cTha actveis }ayqrewaﬁ pmntrated under high

vacuum at 35 °C to give a yellow precipitate. The product was purified by HP21 resin
reverse phase column chromatography. Initially the column was eluted with deionized
water (2 L) and latter with 10% acetonitrile:water. The fractions containing the product
were collected and concentrated under reduced pressure at room temperature. The
yellow solid was washed with acetone, filtered and dried. Yield: 138 mg, 29%; as yellow
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water (2 L) and latter with 10% acetonitrile:water.
The fractions containing the product were collected
and concentrated under reduced pressure at room
tenperature. The vyellow solid was washed with
acetone, filtered and dried. Yield: 138 ng, 29% as
yellow -90 crystals; np 192C, (M+rH+Na) 346 .1H NMR

ryéB%S&pd?# B ﬁ“g”%@a)( & ’1H?‘"&|§(@Msﬁ%e) ﬁfﬁi}(iﬁblﬂ &) 1H), 655

(s,3HPr&p g8, dH) oh0dI{m, 2H), 2.51 (m, 4H).
(5R). (62)-6- (I mdazof 1. 2- al gui noxal i ne- 2-yl net hyl ene) -
7-0xo0-4-thia- 1-azabicyclol3.2.01
hept o- 2- ene- 2- car boxyl i c Example $&di um sal t
I m dazo[ 1, 2- a] qui noxal i ne- 2- car boxal dehyde 10
I m dazo| 1, 2- a] qui noxal i ne- 2- car boxal dehyde was

|n1dazo[1 2-a] qui noxal i n- 2- ylnethyl) 6- brono-7- 15
X0-4-thi a-1-azabi cyclo [3.2.0] hept-2-ene-2-carboxylic

'mwlﬂzeﬂpz-a]qwmWrz-ealtbexaldAhuﬂej acetonitrile (33 m)

solution of imdazo[l, 2- a]qU|noxaI|ne 2- car boxal dehyde

(505 was added to ry acetonitrile (20 niL)
Imidlgoff 122%%90@3?*2 f{aib%a@ﬁhxgmwas &Fendred by de method of Westwood
an8 'cBRVRKAS B/ Wed. @B, A9DE At Yo6s-1#{Y). the m xture was

stirred for 10 mn. After addition’ of the dry THE (25

m-) solution of (5R, 6S)-6-bronop-7-o0xo0-4-thia-1-aza

4D < 2one.

SIS ) Do 2GS oy g sygmo-
O)cpd-tmm@zahmyctq BR.0heptrRene(DBeFbokylic acid muitkodenzyl ester:

A BY %&e |tr|l-£h%3rr% Tﬁ&élgﬂon XPﬁﬁ&éon‘fiﬁ agcﬂ.uYr‘?JxS%eV‘é tcgrgt:?élbel‘hlge (505

exc e reaction

m@) s addzd to:aaqlm aceloaitde (34 mL) aolntl@n aEMBBrd#i1r@ under an nitrogen
atrﬁb!é;ﬂrﬂfé‘@t fosfh t@ﬁ')pe?‘éiﬁireaﬁﬁﬂ tHe RS WadStitr8d 44t 10'?mn) Affér addition

one portion. reaction m xture was war med

of e sent r &Fs 0(12516“h) asolgtions of  (Efy, G6- ieroa@r7doxo4-thla -1-aza-
bl@@l‘éf&@@]hésﬂ-%h@-lﬁ -dafOdkylié ac)ld Veritrsgeies) b&ef 1 rn?ﬁcﬁwb‘?ﬁlxture was

gueQus | ayer was extrac

coglef\tp -aeeffatf@n(taetﬁy'fw%% MEp Vasy @%ﬁﬁddnl%‘Fd?O”\M‘s The reaction

ve@@eﬂ me colérid Wﬁﬂh%rl t@é;w@tlgﬂt SPIE FERCHYIH FREGR WA HRBAYE 4 h at
brine, drie an filtered. The filtrate

| —%9 ahiceated éﬂ“@d" érﬁlﬂ'&ﬁ*hlf'%’ﬂhﬁleﬁﬂﬁ'ﬂéé% mg) and @cetissanfydride (0.44

mw)aﬁ on@ Lp"ohfdnedma/re%bbérpaumb W Wit touTeE @Ak %f?r'?é’d for 16 h at 0
luted with - acetone (50:1), and 30 the title

Ce e dRppotiiis agid aayﬁﬁwﬁqwuts@ @Oeuals)t\&a%aﬁiqq to the reagtien (nmture and
the agudeouBddyRr Wa8\Wxtrb&@88With ethyl acetate (3 x 100 mL). The organic layer was

washed with water, saturated sodium hydrogen carbonate and brine, dried (MgSQ,) and
fitered. The filtrate was concentrated under reduced pressure. The residue was
purified by silica ge! column chromatography, eluted with CH,Cl, — acetone (50:1), and
the title compound was obtained as a diastereomeric mixture (78 : 22, pale brown foamy
amorphous, 1.0 g, 68.9%).

'H NMR (CDCl3) O 2.07 (s, 0.66H), 2.38 (s, 2.34H), 5.30 (d, 1H, J = 13.5 Hz),
5.45 (d, 0.78H, J = 13.5 Hz), 548 (d, 0.22H, J = 13.5 Hz), 6.24 (s, 0.78H), 6.46 (s,
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anor phous, 1.0 g, 68.9% . 1H NWR (CDCI3) ™ 2.07 (s,
0.66H), 2.38 (s, 2.34H), 5.30 (d, 1H J = 13.5 Hz),
5.45 (d, 0.78H, J = 13.5 Hz), 5.48 (d, 0.22H, J = 13.5
Hz), 6.24 (s, 0.78H), 6.46 (s, -91 0.22H), 6.63 (s,
0.22H), 7.18 (s, 0.78H), 7.50 (s, 0.78H), 7.52 (s,
0.22H), 7.61 (d, 1.56H, J = 8.7 Hz), 7.63 (d 0.44H, J

0. z;ngegela“'g%o z?rﬁ“ﬂ ?57 o(fﬁd-gl =) @ 072%1)7 7763 (%“Béz%la)”? 61 (g, 1.56H,

J #.7 Hy) 463 ¢ om%u - 5.6-H3), 776|4Iz 67 Gn2tH), ,6807. 281, 1H), 292-7.95

.(m81t§)2§)zde(bs oFd H§3819821%'?)n 1%)0§2ﬁ§d Psgﬁﬂ) &% A9), 625 (d, 0.44H,

J (SRHzY, 833 6, QIZZHN&@Q (s, 0.781H).9.08 %=110.28H)2- y| et hyl ene) -
7-0x0-4-thia-1- azabicycl o[ 3. 2. 0]
hept o- 2- ene- 2-carboxylic acid, sodiumsalt: (5R

Stard) (ﬁ?)((g&ﬁﬁ{muam@.2-a]quinoxal|ne-2-ylmethylene)-7-oxo-4 -thia-1-

g LIGERZ o B8R sl dlle T Sl fin B - 0

(5R-BRS)re RS Alcetoxy dmidagd1, 2rajquinoxalityimethy Pd-KEo (b /ox0-4-thia-1-

gty B2 e EirBearatobl Aol FiBeln kifert S5kl anc 10%

Pdr® Xﬁu%eweamﬁymgwgmwatsﬂidedtto@_omkﬂae af THFod8 mL) and 0.5 mol/L
orbfFREE g e T SR RS Ref o088 3 400 oo at room
tempdratusen fr 4 Wh@hamwbm solatjarr wamfiltezed andi Pd¢C wasl wablad with water

anggﬁg%ggm Cl'h cgfﬁo‘(}@%aye?mé agég t@rdggnméﬁ gwagl%gﬂlg l%er was

agquéou ayer’ was con ed to
extrpgied evdtht watairai dne ldPmPihedeasueous Jaydr, wag contsndraiedktas®l g and

i 5 L By AT AP, S5 ) o
cheomhté@réply e deai adsorEngdibe colsminuvaselutedawith wéterand tHend, 10, 15
an?io%’%nﬁget&ggﬁé {é? %Wti%n fe‘éﬁﬁeéﬁ rrﬁ%{ed 'H'féd%mblhﬁﬁ‘ fractions were

vacuum at Ized to dive th
copernbialasunger algwcuwwaéa’ér Bteoddyapbilized to,give the filg cagppound as a
5 5.92 s 1
yef_ﬁ@ éu%osh s%@@y léﬂ&?ﬂwg ((2@1/0'5' F@M}ob@é%e 2 (
((D;iO):D 592 (g 1:l=1)76§3|¢rz)1H)76§ (g.s1H)27 nu-nézmsw 7.35 (d, 1H,

J o 'L@g @%ﬁﬁg% 03L& 8h); 1|§9(R5r)1§43|% qthg, 15601 14532R"; "™ (H,0)

340, nm EXanpl e 25 Preparation of
3405283, 237, 218 nm.

(62)-6- (5. 6-Di hydro- 8H-|mdazoI2 1l-clii,4loxazi n-2-

yl met hyl ene) - 7- oxo- 4- t hi q; a@bpcycl ol 3 2.d hept-2-en
e- 2-carboxylic acid, sodi

-6-(5.6-Dihydro-8H-imidazo[2,1-c][1,4]oxazin-2-
ylmethylene)-7-oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. sodium

salt

Preparation of (6R), (6

Step 1: Morpholin-3-one
Morpholin-3-one may be prepared in the method of USF 5,349,045.
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30 Step 1: Morpholin-3-one Mrpholin-3-one my be
prepared in the nethod of USP 5, 349,045. -92 Step 2:
Mor phol i n-3-thi one A m xture of norpholin-3-one (4.7
g) and Lawesson's reagent (10.3 g) in dry THE (94
m-) was heated to reflux for 1.5 h. The reaction
m xture was cooled to room tenperature and the

steh 22 fdrBHofi 3 %A vvas renmoved i n vacuo. The residue was

gel colum chromat ography and
el A atiktuiletdf nmmqm-a'remm 443|9) @0d Lawessay' Sd'sﬁmfﬁ (30.3 g) in dry

THlyﬁﬁrl ﬂpe\égé hgat?ﬁﬁff oMk fr i @ﬁﬁﬁ@reﬁéﬂ&nhﬁmﬁé‘?@s %B@Igﬂ'fﬂ room

ane-e acetate ave t
temperature and the rqa@marpwm was wemved( iocvar®) The 3e819ue{ was amphed to

sich oL i fyHopty o8 b S CE LS G Fbopan
yellow golid. éie@fystnilrzshm pithe crudiecedyal framgjexaneretiwt agatate gave the
title! ?%g%f%%}p%yé‘dmp d’erCI 12C12 (140 m-) was stirred

ure 15 h. The reaction m xture was
filHeNMR (CDG,)BHB456) m e S. WM 8@ 1WA, 2H, GHECH Hz), AR5 (s, 2H).
obt ai ned solid was dissolved with 50% K2C03 aqueous
solution. (150 nm-) and the aqueous |ayer was extracted
Stewi 3: 15-MBeWIthid-8,6xdilipd rbe?H-i. #loxakimec onbi ned CH2Cl 2 | ayer

e i SR P 7 S it B gy o

(140 lod L3 iwescstired @h teny enipenatord fof 35 8. Fhe réatii8amixttte WaHiltered

andt Sl i Gl SHhon rlntaf bl syl ly e

K:G0sdqueeus SolGtioret!50 il iand $h£aqiueto;ad ﬂayezwa$ exmqomadawutm stcl2 (8 x

; 0
10 i T o TRl e asrired g op e drcl] it s
conventrated undsr redudecptessure endrthectitieewas abtainediias pateyslipweil (3.6 g,
zt)vent was renoved in vacuo and the title was
0 alnedasapalebrovvnsolld (3.6 97.7%. 25 'H
N H DVBORS S 353, O, SP]-3.73 (55 48, 4. D144.13 (. 8F
Hz) 4.47 (s, 2H). Step 5:
5 - Di hydro 8H—| m dazof 2, 1- cl Fl , 41oxazi ne- 2-car bal dehv
4:(Dimin jndchlatide mdazof2 1-c1

f : )
% AR B DL SERHBRA R ) o g

chlandej(tmghmduhythaaml@:QEsmL)ry)as hegted tprefipufas1 .9 he rﬁact))n

ml)hﬂ}eWé;sl %Wg%érﬁ %erﬂ‘ééé'gttu\é@?d%zrg%foﬂggﬂlenmg llenlic;@/@d |n vacuo

tenperature 10 reaction m xt
andvﬁe tdbnrmsmbrtanedjama tale brown solid (3.6 g, 97.7%).

"H NMR (DMSO0-d®) & 3.34 (m, 2H), 3.86 (t, 2H, J = 5.2 Hz), 4.47 (s, 2H).

Step 5: 5,6-Dihydro-8H-imidazof2,1-c][1.4}loxazine-2-carbaldehyde (9) and 5,6-

dihydro-8H-imidazo[2,1-c][1.4]oxazine-3-carbaldehyde
The mixture of 2-bromo-3-hydroxypropenal (4.1 g), p-toluenesulfonic acid

monohydrate (52 mg) and 2-propanol (5.2 mL) in cyclohexane (42 mL) was azeotroped
until the vapor temperature rose to 80°C. The reaction mixture was concentrated under
reduce pressure. The residue was dissolved in dry ethanol (50 mL). A mixture of the dry
ethanol (200 mL) solution of 3-iminomorpholin hydrochloride (3.4 g) and 28% methanol
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reduce pressure. The residue was dissolved in dry

ethanol (50 nL). A mxture of the dry ethanol (200

m -) solution of 3-im nonorpholin hydrochloride (3.4

g) and 28% nmet hanol -93 sol ution of sodi um net hyl ate

(4.8 g) was added at roomtenperature.. The reaction

m xture was stirred at roomtenperature for 2 h, and

: u

sol 1 of i il 301 €5 Ues e BEFEENADpRratAS! T Miton
mixiurewag ﬁt@rfﬁdn%t rOQrB tgmperajureder 2hided thetrhféﬁ reare‘onéalyentovas
rerﬂb?féd%'h%a@@os ‘I‘?\@e}%ﬁgué Wal BisboNed fﬁrch%r&orn:f K?ZO?V I%Eféﬁd’ﬁ‘leﬁxylamme

m Xt ure was Ccoo to roon1tenpera ur

(3.8dnldwns added, theadhe Ee@atmbmpwgwéleateune refiuifaru hwhike reaction

mlﬂu?é%é’ Bsbiéd'tdtobh t8 Eﬁattm% gﬁ&pc%e%ﬁ[?gg *ﬁ@éﬂr@gué@ dr8ssure.

50% K2 aqueous tion

Thea@élfiuwgs disselved mgmbisromamm@@r ®b) anthwashed \mtraﬁ%% K2C03
t t d
a n@&&gam&,ﬂ éﬁ@( 129 ur) the Bfg% Fgér%»%é %.s%mgsog@yodﬁgﬁ red. The

vvasa to SI I'ca ge chro
flltéat@wea cqmermtraqgl under epelie® Reesgure: The rqs&slugtywaa appdlﬁdeto silica gel

cotdrﬁr{ &r&ﬂ%{o@rﬂy%ﬁﬁ%ﬂﬁe@ﬁith SH, Aa&et (43%8 é@%gtaﬁmﬁ\e title (pale

her regi 0 i soner & or ange so

orarmel%lld & B@3%3e0d e other FQQKII\IF@I'OQDD(DE@% omnge @ahda, 608 mg,
16{1%).4H), 4.88 (s, 2H), 7.58 (s, 1 H, 9.85 (s, 1 H).

The" unwant ed reqlo isonmer. 1H NVR (CDCI 3) 8 4.06 (t,

2H, Desiresl grogyct: "HINMIR (GDCls) £54.08+4.13 (m, 8HY 4-88 (s, 2HR(F.58 (s, 1H),

é 3 7.75 (s, 1 H, 9.72 (s, 1 H. Step 6: 5R).

6%’ 6- (5 6- Di hydr o- 8H-|mdazor2 1-clfl,41loxazin-2-ylm

et hylerw'ywaT\teiweglo isomer: "H NMR (CDCls) 5 4.06 (t, 2H, J = 5.2 Hz), 4.40 (t,

Zﬁgﬂbz%z %m )"ﬁﬁ gsr’;ﬂ-'g ?Oﬁsl’tgﬁ é ((:ggb%)(}ll)l ‘

sol ution of 5, 6 di hydro-8Him dazo[2,1 20

gk[sl Sﬁéggﬁgﬁé gﬁ;hg@r_@% RS0 8 ) . 1B 7-oxo-

hia i ! 1o sal t hen

0 ity Py 0 g 15
CIMrﬂdmme?wa}beldeMH 2ag)waq®lded & thaaty acetenitrilen (66t i) solution
ofﬂldﬁ%rz £ Wgndd%?glrﬁﬁo(#ﬁe‘ﬁ a'tr%g ;gﬁeré Q?&ohrtbﬁ%gyét@r@tﬁ'& (h%'n%xtgre was

| ON vess
stlcr@d dorctd mim. Whe Hryf DHIF (t&i rek)c$cmi@nldf gitrobenayl (8R.89)dh

e
thmtﬂ%yﬂﬁmme (%8 orle v{ﬂSradld@ﬁ in onehportiena dhe deaction vesse! was covered
WIWQWG{({R}&% l@h@%e%é&b?%\ it)gfe WaS Qlﬂ%ﬁ éQr £h 3%0% %5[1& treated

acl aqueous” sol utron e reac
with 4-dimethyaminotpyridine ¢ Asmohgnd amg aniydridadi.8dnhkyiin one portlon

Tr&ét,arlséiél:tl fa‘ﬁfr@ w&g’ warmad tJTé)’C ahd Sttt 189, at'o%! I1 67 Giricacid
aqueous solution (1 L) was added to the reaction mixture and the aqueous layer was
extracted with ethyl acetate (3 x 500 mL). The combined organic layer was washed with
water, saturated sodium hydrogen carbonate and brine, dried (MgSO4) and filtered. The

filtrate was concentrated under reduced pressure and crude (5R)-6-[acetoxy-(5,6-
dihydro-8H-imidazo[2,1-c][1,4]oxazin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester was obtained as brown
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30 water, saturated sodi um hydrogen carbonate and
brine, dried (MJSO4) and filtered. The filtrate was
concentrat ed under reduced pressure and crude

(5R) - 6-[ acet oxy- (5, 6-

di hydr o- 8H i m dazo[ 2, 1-c] [ 1, 4] oxazi n-2-yl ) met hyl ] - 6- br
ono- 7- 0X0- 4-t hi a- 1-

ama,?p’hghg <gido[:% 2. 0] hept - 2- ene- 2-car boxyl iC aC| d
nitrobenzyl ester was obtai ned as

armeﬁblM@cB\tﬁtM Zn dustdfpf ) was ada%@pm; Witk P-4 (mdllgehqmaate
buf?é#gad sraapb%m twtﬁéfan " (72 59 ARl é&ummqbn G—[aM)fye(S e-dih{dro-8H-

sol uti

imidazq[2, ecllaéigxawy =2¥) TGEtHY'](‘IWfoﬂ@ﬂFOmrﬁ tﬂ%azar[azalmcyclom 2.0]hept-2-

| ene-§]daflbo yal 3[9 nﬂro‘bbﬁiWEMP - rgé&ﬁﬁ'\ésé@i Wa§ cBVér@d With foil to

- azabi c%_ ene- 2- car boxyl i ¢ aci d
exqiude lighbJ&g 9F°t@§tr@?(turem@s V'QQ'@PFIMFP“V@@ &x12.5\h gt rageieperature.

Th&fréala.&%éluﬁdh wsmléﬂé@thlrwg.ta pdd6f CERE Eh@ﬂ'ne'Ba?&tWHsewé(@t‘éd with

orous stirred at room t enperature.

wates 570 1BE) a8} ArbhtgROLEIL0 mu)t?ree%ﬂttqepe lRyRr waf_-)a%pawee@nﬂtﬂeen the
org%mé hyee vd%%%xﬂ@étemh% Mol ph&ﬁ)thﬁfe BUkEP (PHHB.5aD & 50 mL). The

but'anol (170 nL). The aqueous ayer WAas_separ a

combiges AEVEQUSdayes MGRPPOCH S R0 @ IOl INEPAVRR 26065 to acjust
pHB/ %WQ@&?D@HJ 191-24 RESIR (20 ML XM@&&HH Kaé@? @olgtd ) column

i ned aqgueous | ayer was concentrat ed
chiagTaHagTABT B BaRAFNG P BRIy IS N Be Wi ST 5%
acét@nnﬂl@é@fédd?sgmtlbﬁslf He do%éﬂ-actl% trasiing mas@ﬁéént@@ed under

d.) chr omat og Af ter adsorbing
h'gé‘dllaeh‘ﬂ“ \%@5 &} ancoRfiize \X&B%’F thetitle 259 veligw %iE%’tPBHH’% $qlid4756
mg2@u8e4s sol ution. The conbi ned active fractions was
concentrated under high vacuum at 35C and |yophilized
to YR30 Kelter) |'d NMR 4DMSO-¢a) S 3 F-HRd (. 38k |4ep‘€"i§6 (mg2H),

TEQ(QABZQHlJ%w dvtzzbﬁq?cs@t)li@c H, J o) (@N@g&d @95 (d 1H J=

o k754 8D, e e T (0 MoV, 0 545 sy VB ) 4
1H, 6.95(d, 1 H  J= 0.6 Hz), 7.54 (s, 1H) IR
(KBr) 3412, 1741, 1672, 1592, 1549 cmll; ? m(HO 304
nm 20 Exanpl e 21 Prepar
(5R). (62)-6-(5, 6-D hydro- 4H-pyrro| of 1. 2- bl pvrazol - 2-yl
net hyl ene) - 7-
wwrmmloumw

dium salt

aC| d et hyl ester The t|t| ed corrpound was prepared in

; . Elagid APl ey’
( 5, 6-The Itu;leﬂ oempbtpydr wak prdpaﬂacbh phe samé way pf Rarddnathan 3d co-

wa} erEi(/ﬁé(E (’1.618%’“;;?5‘91?%8%? 1k8.4yBe THE (180 nl) sol ution

Step 2: (5,6-Dihydro-4H-pyrrolo[1,2-b]pyrazol-2-yl)methanol

MeOH (2.73 mL) was added to the THF (180 mL) solation of LiBH, (1.63 g)
under a nitrogen atmosphere at room terhperature, and then 5,6-dihydro-4H-pyrrolo[1,2-
b]pyrazole-2-carboxylic acid ethyl ester (8.11 g) was added to the suspension and stirred
for 2 h at 40 °C. The mixture was quenched with 1 mol/L HCI at pH 1 and stirred for 1 h
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under a nitrogen atnosphere at room tenperature, and
then 5, 6-di hydr o-4H pyrrol o[ 1, 2-

b] pyrazol e- 2-carboxylic acid ethyl ester (8.11 g) was
added to the suspension and stirred for 2 h at 40 C
The m xture was quenched with 1 nol/L HCl at pH 1 and
stirred for 1 h -95 at roomtenperature. Solid K2CO3

at\neom midpekatumt rﬁom{macwast aAvdd(iSEdJ tb&lﬁl_eh Béiutich B a%ﬂ!it bRe&o 8 and the
C c OFt e _organi
miiylé ok SYERRERIG A e ianic fyaf weh Py DUEES an v
Thediiltrate twast eohcgntlfahed Lwdanmﬂiunédi@lﬁeds(erf t&ﬁcfr@;ﬂsiao /gtl@gom;l)_'ound as
I rown crystals g,
br%{%@%"@;ﬁ‘ﬁﬁ}@ 1H J=58H), 2.54 - 2,62
(m  2HNMR. (&Dcxlmzm(wmc J %58 He), 2.54 19 6bt(m, atlg Z]BF(t 2H, J=

7:§Hz) o 2934923 adsTa ot JHZZ;BHz) X s, 1H)

5. 6- Di hvdr o- 4H— pyrrol orl. 2-bl pyrazol e- 2- car bal dehyde
2 4 L was elldded to the CHCIS (350

[ 1, Z'BMCDby(a%ﬁ@teéé (QLI)4 QPWBé%e& ‘io We 9:]—! @350 %I'_)Ugcﬁﬁlon of (5,6-
il

at nosp € rea

Ay GAPRA U 2 AL DB Iang RO 6 a0l reflexecfer 1 h under a
mtfrodetnraamsm ol €UHE pshction ﬁfxtm%dwsfﬂlté}é@%ﬁaﬁg% aBBe of Celite. The

O e Pt S T B e sl o st o

comnhe&ﬂ'aﬁlato@?éﬁltyl theh lhe cdl(uﬁh wasTéltﬁteH Mth@;llﬁ'é&'@ﬁ@ U-')Q:O@%M - 1/2).
T %éc%e%gﬁﬁd s oblinpy a@rﬁe"mﬁ (“23§9%1%) 2H, J = S
Hz) , M. WR((CDCZ;;U"& 263 2714t 2H), 957, o, v L 7 Hz? £t 21, =

7{@'?) B(Qz(f @5"'1@&?(&?@&0 4H pyrrol orl, 2- bl pyrazol - 2- vl

nethylene) 7- 0X0~ 4-

- 2-carboxylic acid,
razol-2-yimet hylene)-7-oxo-4-

Was ed to the dry ace ri1re 48 nl)
sol uBSRIArAHParDial ArtiByrazols-Boaraidahysier (L3a) wagedded to
thaam@t&ftme&mg m%blafm%f%tdh&@roﬁ Ry 06.50H thekrA hRRgen
at'%‘ ?&Wﬁ at rﬁ’i°5‘ tf"%?f%?"@y cT'Eﬂ @WZT Hi] prRiwianA148 Bl) ot 3% 6%y Prbromo-

7-6xca4tifla-A- -éﬁabfc%]@[@@((b]héaﬁiﬁiéné QQBFbo IR/24d 4- ﬁrtr%BerSﬁyl ¥&er (cont
cool e

- 9T il g e R COPIBR 16 TAR Gt h (4 Bl was

addﬁd |rf3@ﬁ/éé|bcﬁﬂow\/l tThefreadtioh Qe@é‘F{NHg QO\LérS@twth d190 eRﬁ@&t llg{?ﬁ‘ he
ur.e was s 20 C and treated w

reBioD Py as P fer 89 2tn2h *Grand imaiedviBuadegs anydee (1.89

mipQiridi DMAP THE3 frigy ﬁid:rfb’bdﬂndﬁ urrﬁe Y@a“ctummma#etv&hs%&n%a% 0 °C and
for m xture was dil uted

SHEE A TALLEL0 & THVBEWE VAT EHIBSAIE I 2celate Ang piasbariih 5%
citd©htitl aqueowaddiitdh eshtaratidvdiin hpdtedert édrbBead, Svat¥PdrRi brine.

The oorlgamc Ezyer was dried (MgSO,) and filtered. The filtrate was concentrated under
reduced pressure.

The residue was dissolved in THF (106 mL) and acetonitrile (49 mL). Freshly
activated Zn dust (22.5 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 155
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30 The organic |layer was dried (MJSO4) and filtered.
The filtrate was concentrated under reduced pressure.
The residue was dissolved in THE (106 nL) and
acetonitrile (49 nL). Freshly activated Zn dust (22.5
g) was added rapidly with 0.5 M phosphate buffer (pH
6.5, 155 -96 nlL). The reaction vessel was covered

mLY! trhel rgb{:troEQ/egé'& Wi ZolbrBl with FPto/ SRk rrgpm Fhe!Fectighfiidure
Vi gorous om t efrper at ure

wap yigorausly E’riiffﬁﬂ diere! -Hadat raqm taneperaturs. odhe reagyiad mixture was filtered

’thrg;féﬂ 4 gad zh@elft | tfr‘fétfmré‘l@&amﬁgd With leth%r Mtat@%’d%@ a@ﬁ&us

ueous a er was separ at ed agueous
laygrwag srparateto @e@muqlawmmmed @oﬁjéaasd flav al@p!rbwas added

to Q&'hét%l—lsto(b %Eh@ qurzm @a%&nc%ﬂﬁﬁfeﬁtdn%reﬁl FQQ&Eun’ﬂ 5%55 °C. The

cuum at concentrate was al on

comqrenmte(w appliedfq BiainndiP-2k442 mLoMltsubldu )Kases% Ltd:-dresim

oo RCABY, A RegFafh ATy SR e

(1/0er¥1). cShe epmbined fraglininewerie ganceatyateth undeshigle vaeium at 35 °C and

lyo Mrﬁirg&tb L?i‘%g'th‘Ag %@g&ﬂﬁi ‘aé% %%H&\EI %H-r%%rlr)%oﬁd Mﬁg Orﬁ%’ 29%, pH

71()dec) " HNWR (D20 6 2.49 (m 2H), 2.78 (t, 2H, J =

N , = 4. ( =
6. 247120 (e HUARIO0T 248 (tRr 2 83 (131, J=a o) 402,
2HpPY ephat kiz),E0bfs, 1H), 6.29 (s, 1H), 6.90 (s, 2H).
(5R) (62)-7-Oxo0-6-(4,5,6, 7-tetrahydropyrazosoll, 5-al pyr
i di n-2-
yl met hyl ene) - 4-t hi a- 1- az&xampte @23. 2. A hept - 2- ene- 2- ca
rboxylic acid, sodiumsalt Step 1:
Tetrahydropyrr d| noI I 2 clll 2 31oxad| azol one 20 Conc

, Mic %):P“, ggﬂfum salt
OUEeTT—at TS

sol ution was extracted with CH2Cl 2 and organic | ayer

] IEndas dri ed over

z ed pressure to
afford 25 crude (ZRS) 1- nrtrosoprperrdrne 2-carboxylic

aci Jriflyor
Cogﬁhﬁafﬁa%f‘@ 45 AL 22 Bhdre astlened YRR sotuton of o1
pipeoblid acic (HO4 grundie a nitrogen atmosphere at O °C and stirred for 1 h. The
RS).- 1-nj j ~di_ne- [ [ a

sofyib g e crBT At B8 B8 wroeifi g8 st visilne " e

miatauce Was dedhowdr Nap80) asdrpancahnated ufitier redlicetd mrasswvas to afford

crude (2RS)-1-nitrosopiperidine-2-carboxylic acid as pale yellow crystals.
Trifluoroacetic anhydride (1.93 g) was added to the THF (92 mL) solution of

crude (2RS)-1-nitrosopiperidine-2-carboxylic acid under a nitrogen atmosphere at 0 °C

and stirred for 5 h at 0 °C and for 2 h at room temperature. The solution was
concentrated under a reduced pressure. The residue was applied to silica gel column
chromatography, then the column was eluted with n-hexane - AcOEt (1/1 = 0/1). The
titled compound was obtained as colorless crystals (1.10 g, 33%).

'H NMR (CDCl3) 5 1.93 = 1.99 (m, 2H), 2.08 — 2.15 (m, 2H), 2.65 (t, 2H, J=6.5
Hz), 4.26 (t, 2H, J = 6.1 Hz).
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concentrated under a reduced pressure. The resi due was
applied to silica gel colum 30 chromatography, then
the columm was eluted with n-hexane - AcOet (1/1 -
0/1). The titled conpound was obtained as col orl ess
crystals (1.10 g, 33%. "HNWR (CDCI3) b 1.93 - 1.99
(m 2H), 2.08 - 2.15 (m 2H), 2.65 (t, 2H, J = 6.5
Hz), 4.26 (t, 2H, J = 6.1 Hz). -97 Step 2:

4 . ef rahydr opyrazol.of |, 5-al pvri di ne-2-car boxylic
Step 2; 4.5,6. [-\etraliydropyrazolo|1.5.alpyriding-2-carhoxylic aci v

added to the o-xylene (15 nlL) solution of '5
tetrah droll%\é,ri di nobl, 2-c][1, 2, 3] oxadi azol one El. 04 g)
underERYInPIOPIRiAR (8P408Bh#ee added taetheypetylansr (TBomi) solution of

tefraydrepyvibiing[1, 281 2 B1SRalazabRE (?J.iﬁg?) Lﬁ‘ldé?lg.ufﬁﬁ'&geq atmosphere and

ressure. The_ residue was app to silica Qe
refgrashior IS Bnat' 8 r30Biipn wakesonaestratsd Rden@sreduertpressure.  The

redidu8 wishappiee to sifie&gel é&ﬁr%n'ch%rﬂétog%ﬁ%tthﬁﬁ %k EQAIRAYL eluted
was obtai ned_as vel |l ow qi l &871 ng, 65%, and _
Wi B-hgxane 'e'?“f%%%o‘pj’/ﬂérz dihsytitled campoundivas obtaingdiss yellave oil (871
dont 3 . _ .
mﬁé(;ls ?{.g,o/;@ ﬁ&ﬁ?wikte{t;ﬁé%d*g?yrgﬁllﬁgg%j?ﬁfﬁjédl_(?eé?gr\gogwlc éc&gl?éthyl ester
wgs gbfained ag yellqyy obi3#5 ma,@6%). 2. 09 (m 2H), 2.82 (t,
2H, X H, > G. _
2t FFN@"&‘@P%E OG-0 . F7, 2y 3.4 L1y h, B B0z - 2.00 m,
2Ha 26824t 2Hrek T Sy HEb 2208 0P FL = 5.2 Hey r*ﬁ-%ﬁpm 2Hy V)anéd Higo6.53 (s,
1th), MeOH (0. 29 nl) was added to the THE (19 nlL) solution

of LiBH4 (cont. 90% (174 ng) under a nitrogen
at nrosphere at roomtenperature, then 4,5,6, 7-

Step!3: MBE RPN AR Bbrado R DY Hiritfin Z-FfhBfahb) ¢ aci d
ethyl ester ( ng)  was ensi on
and stirred for 1 h at roomtenperature and 1.5 h at

40 C.MdDE (0129t ML EwasBadst! i , _ y
(&éand St | r(red fo)(rswal h af mﬁwe?iewn\gg}g% Lrgg!‘{'ds"‘of’f%Bﬂi (dBht. 90%)

r 1
O n&Bdel R NG9 o AERASPIEIEN ato reRIN udempRiatuse. g thaid 4,5.6,7-
tetrhifydrbpyratiofo| V8 Sa)SyfidirRCa-84kbbiyli '
eIralzyer pV\S’/‘i’;s dr[i Sg.d ]%804) gﬁgwlialatcggﬁw %ﬁgﬁf(ﬁzgﬁg? gva\%aasdd'ed fo
the SHERETSIOR XY TG 1o bR GLEPNhieaweratureandat-p bral 40i°C) ethe mixture
wﬁs)qmnghdd mgglaheliweldl arpri1l ar(cﬁ%ﬂ:rgeng& g%bag%%-t%rh e, Solid
K&%ﬂ% agc%q to;the sg?uinor(t rltré)ac?ijt%t RH to 82érgi4fhegpi§<tr31e Mps extragied with
ACQEt. 2H, The ordanlc tityer Wadried, (MJ$0) and fiRerdd) . Th@6filtrate was
co&nsc ntl@' Sr'-t%@ % oo fFrard. it ]
Centgated wpderrduceshpiessse de afferdAitlsd somnoung as nalsayellewyoil (691
mg£9530).
'H NMR (CDCl;) & 1.80 — 1.87 (m, 2H), 1.98 — 2.05 (m, 2H), 2.77 (t, 2H, J= 6.4
Hz), 2.81~2.84 (br, 1H), 4.09 (t, 2H, J = 6.1 Hz), 4.62 (d, 2H, J = 5.3 Hz), 5.96 (s, 1H).

Step 4: 4,5.6.7-Tetrahydropyrazolo[1,5-a]lpyridine-2-carbaldehyde
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 refiuxed for 1 h under a
nitrogen atmosphere. The reaction mixture was filtered through a pad of Celite. The
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Mh02 (activated) (3.36 g) was added to the CHCI3 (44
m.) solution of (4,5,6,7-

t et rahydr opyrazol o[ 1, 5-a] pyri di n-2-yl ) met hanol (673
ng) and refluxed for 1 h under a nitrogen atnosphere.
The reaction mxture was filtered through a pad of
Celite. The -98 filtrate was reduced under reduced

fIteree\ﬁééjFﬁucga%rfd@? 'r&ﬁﬁ Fedth ] e%é Pesiiild Was %?JPIied to siica gel

romat o hen the colum was el

colum SRENRALogTABE ingToInE columyias ekifed Wb PhexanppaRE (4L - 112
Th\%@%% i gp@%&u@ipbbaws%ie yieRdW owsm?r% 7o MR
5.4 WNMRIGIORN§ 1.58 (zvi2H), 218 (. P} 2.8t 823Hed 284512, 423 (,

ZH(‘éQR)%(%%) §§2<(8 @ll)eggé(g w)f et rahydr opyrazol ol | , 5-al pyt

Id|n 2- ylnEtherne)

4-thiast -&éblaﬂlbmmml-m&ér cid smhuﬁr st baI dehy

) By A ol A

to meltdry)_@momgiémpntfphey@ugbn rogamn)magq;eMQBngr(em Ghendérya nitrégen
t - B 0-
S NpBe A o TR Al g Y SPETSRREED S48 mb) o (B, BSKg promo-

7-dxoafcihth- f-apabicywiniB.2)0]hegt-R asnel2>carboxyli® aefd 4-ditr@Bengyl estes (cont.

o701 oae wanaetbd e BRIGR: Facd i B af BN distuiiles

added/iarone portidn. f Thé rdactienxedssdewas gvierediith il to exbudedight. The

redfugh Murias Histeer 282t 729 Goe ARaBe B 4e5 e Vgl s
mip)@ant iDMAP {4temgi modneqoortiank t Tihe ramhommxtmé wvias war@ednol0 °C and

stiﬁ%ifc{rqg h &g 48 "rgé‘m& fe waTé“&l1 ] B ethé b ERHadiddWith 5%
et hy

acetate an hed" W T o CIt c aC| aqueous
citdoacid Agugousaoiutian cptwattd wedinguRysigegencearbanata, watarand drine.

T ey GRS B L g5 e

red@éd@é&ﬁspr%ssure The reS| due was dissolved in THE (35

d st ar?% r@%@d%’ﬂéé Hfsécg\éédg rap P F’ﬁ‘%%?‘ﬁ%&e@%kj"gﬁ ;n Freshly

activatedZn dyst (6.43,9) vas added ranlféy wéb@tﬁ Mrphoewéer bw&g (pH 6. 5, 51
ml%lov'?ﬁeelféa\‘}harhvés%ll wésoccﬁ/él“édqfﬂﬁﬁ ol W&xclud-ghﬁnf e?ﬁé Pé%\'&tlon mixture

xture was VI gorously stirred for
wasetignseualystisrediioe 1 6dwaltrpem temperatuse. wéréiefreaqt@n SHiXtgE was fitered

tmfongﬁlasyad f BRfeOf Tﬁaeﬂtrs@ waEhﬁasfhbh w.mtew@éem@%@%éwaa&ous

acetate and e agqueous a er was Sep ar at ed
layen waaagé@rased aybe agrepus weéwaﬁ éoge@ca%oc 9nﬂ/|1 NANROREwas added

to AHd&GH iPs.8d) 'F'ﬁé mk rk Q\hag cgnceﬂﬁ%té'ﬂ t)ﬂdé\" ﬁlgﬁ%cuum at35°C. The

concent rated und vacuum at

copesriata was applies ta@ﬁle@HPtZi @Pamin MJFUQih'd(F@Q GA. Ltd.) resin
collrirsehtbmBlogkasty  Affer ddshbing! 8% dblumn was eluted with H,O — MeCN

(1/0 - 85/15). The combined fractions were concentrated under high vacuum at 35 °C

and lyophilized to give the title compound as a yellow amorphous solid (427 mg, 41%,
pH 7.7).

Mp 190 °C (dec); "H NMR (D,0) 8 1.67 — 1.71 (m, 2H), 1.85 — 1.89 (m, 2H), 2.64
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col um chromat ogr aphy. After adsorbing, the colum was
eluted with H2O - MeCN 30 (1/0-85/15). The conbi ned
fracti ons were concentrated under high vacuumat 35 C
and |yophilized to give the title conpound as a yell ow
anor phous solid (427 ng, 41 % pH7.7). M 190 C
(dec); 1H NWR (D20) 6 1.67 - 1.71 (m 2H), 1.85 - 1.89

2 (S J5 & 128) (8.85 &H: .
@, émJ 'd)s H%) ‘bg 7(t(%§1 (/1 6F§fﬁz%,_52.g7 gsanzlzé H‘)'zs é«é?@g 6(25 ?s11H>],688
(SI—‘I)"D 6 88 (s 1 H. Exanple 23 5 Preparation of
(5R), (62)-6-(7-Met hyl - 6- 0x0-5, 6, 7, 8-tetrahvdro-im dazo
fl,2-al pyrazi n-2-
yl met hyl ene) - 7- oxo- 4- t hi aExample 23 cycl ot 3. 2. 0l hept - 2- e

ne-2-carboxylic acid sodium salt 10 Step 1:
5 l\/bthoxy I-methyl 3. 6 di hydro IH-pyraZ| n- 2 one The

rli% aci_dlsodium
azi n- 2 one A mxture of sait

5- met hoxy- 1- net hyl - 3, 6- di hydro 1 H pyrazin-2-one (2.3

g) and amonium chloride (936 ng) in dry ethanol (32

m.) was st isteed: Siletiosny-1-argiRyisd, s+dihvdro-1H-pyraaih-2-ohen

refluxed for 2 h. The reaction m xture was cooled to

room tenperature and 20 evaporated under reduced
Thartméa g6 poUrte wae @'refbaeed/vasré% sarme rmtyehuﬂ SWRéjappadrat BIOAdvani

room r mn. The precipitate was

(T?ti“?h(egf% 1é?$%ngﬁ#:f%3 in vacuo. The 5-am no-1

- net hyl - 3, 6- di hydro | H pyrazi n-2- one hydrochl ori de was

0,
St gg 3|§ r)-@%mg% %le al lﬁcﬁ glhywpo-qﬁ-pyramsl]Z-onéJ 66% . A
- met hyl - 3, 6- di hydr o- 1H pyr azi n- 2-one hydrochl ori de
A hbditewf 5imeth@ky-rvetetrgir0)6-dilytrod H-maaziadeana (203%9) and ammonlum

ot,assium carpon eous sol.ution_at 00 an he
o8 e A R ol R34 1) el Sttt B o (e 8fiture 16T and
theroreflaxed for 2dh. uTideereaciatumeturg westooked to Tdoen teagpettatarenarsi
triturated with orum (,18nd. ng. ! 2 o -
eviborplf ety ok fec e e e it yRR TR AT el
robmlterapecdtwé forsd0dnidr | Bk precipiataovasTitteredodihqaldriediasacuo. The
[
> BiR: T TRRE 3Rkt R B2EEe sy rognBHas wps obigined as a pale
br@w@#ow&der (ZH)g 686%)2 (s, 2H).
A solution of 5-amino-1-methyl-3,6-dihydro-1H-pyrazin-2-one hydrochloride (662mg) in
methanol (10 mL) was added 10% potassium carbonate aqueous solution at 00 and

H pyr

then stirred for 40 min at 00. The mixture was concentrated. under reduced pressure.
The residue was triturated with chioroform (18mL) and methanol (2 mL) at room
temperature for 30 min. The precipitate was filtered off and dried in vacuo. The
compound was obtained as a pale brown powder (515 mg, quantitative).

'H NMR (DMSO-d®) § 2.88 (s, 3H), 3.94 (s, 2H), 4.42 (s, 2H).

Step 3: 7-Methyl-6-0x0-5.6,7,8-tetrahydro-imidazo [1,2-a

razine-2-carbaldehyde
and 7-Methyl-6-0x0-5,6,7,8-tetrahydro-imidazo[1,2-a]lpyrazine-3-carbaldehyde
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Step 3: 7-Methyl-6-0x0-5,6,7,8-tetrahvdro-i m dazo

11, 2- al pvrazi ne- 2- car bal dehvde and

7- Met hyl - 6- oxo-5, 6, 7, 8-t et rahvdr o-i m dazorl, 2-al pvraz
ne- 3- car bal dehvde - 100 The sol ution of

2- brono- 3-i sopropoxy-propenal (1.3 g) in dry
acetonitrile (60 mM-) was added to the solution of

Thésamudipoflz pRhev3-is3p ﬁ:p@kﬁwb’g@nal (mn@aryrbo%t&nﬁle(@@&u was

dry acetonjtrijl nper at ur

Ort'é%u%@lvfm fiS:amine- h@@tw{-?ﬁr@wd&?-wwmzw 8rﬁs@r(3%ms) in dry
acét@rﬁltr?@(d@ m@deﬂ%brh "térﬁﬁé}'ﬁhﬁén Me(readtfonMixturewes H’r?éh at room

| uxed f eaction m xture was | ed

te"?R%%tf’feefﬁb(%P b aqktedatﬂethvlﬁa\mee@a%ﬁamhi ¥l RDesioediRre h. rhe

redRfi6rs MistGre wHobR8 1t Wori@sm réﬁﬁé H&dltheR eﬁ?ab&ﬁtéfd%ﬂbr reduce
(10mL)_and washed with 50% aueous sol ut

PresagioL) Theries g s AISSPHFRIM GRSBTT LOTCUa0H PRShed wih 50%
KZGdJ% 84 oRs Bblutidi) e 0ALY A NTHe Aclé8ls Ver Wad éﬂre(dﬂﬁ@ﬂ') chiéréform.

tered. The filtrate was evapora under reduce

The peganislaver yras driedi(MgSOuandifiigred,q T iﬂs figrate was @@P%ﬁ% Hpder
redaaé @mfsew awhé/ re%itﬁ'xe \ﬂé% Apleeth gmddyéﬁb@h&n chifilog@bhy and

obtai n

e'Uﬁd\)ﬁ%?H% -oMSOS' (857 5Bt° Q@Pé’i‘@ﬂ%@ﬂ?ﬁ%ﬁ& -Methyl-6-0x0-5,6,7,8-
tetfa?ay@roﬂﬂr%ag 2%16,'@ Andalcdfitistpyas a@are;ale%newlsem @t insh,

t
Ryl reda o S el PRGNSR micaEol Bplnysadine->
camard%h dada d@%n@uasnoe(maln@ mgldt%»}/v Sgl Id d (128dm;1
etra ro az
éﬁ?’fﬂﬁ Srli %ﬁ@@%’%ﬁ!‘%@ﬂ}ﬁ@ -aRyragife- fra(*za!sghs?e gH NMR
(clﬁ_bcily:s é&g (SH8H), Asgbf(s (), 2178.(s,H)8 7(6B (s21h1) , 9.83 &5 165
7- Metwrmm-éfsfifx%i%ra@yc}fosw@zparﬁra}p@x@zmed%%mldzbmep91' AMR
| gleh 3 4. 70
CPUPEGL AT MBI . 4 o e,
Step 4: (5R 6RS)- 6-
Stéﬂe{m, BRSY- 6T ABMoxf{ PhiethyP6 Bxsﬁt,ee,?,eatatfahﬂﬂonihﬂam[i,2-

caVl%%l&" Iléa% ﬂﬂlﬂ?&-bgngl%s?er car boxyl i ¢ acid

7- I\/bt7I-M¢ﬂ1$| xp-5,64 . §-tetrahydrodmidaze {1, Aialpyrazine-2-carbaldehyde (319
e
unggBa EItrpggms amsphar@o@ roem terppergwe. atThe Sish EHE salutipm 633 mL) of
(5fge§§596-EFndﬁ7-oIB‘ %-tﬁfalﬁ %fﬁbé?élb{b'%]hép?z& -SHle-2-2ErbRylic 2 id 4-nitro-

benayl gstsr (887 mg)ewas @qcleéptp he mixdure, eaptasiieyi20 ¢ Caanditriethylamine
05D '?hLJrvPas &%@F b or?esb@ﬁloﬁ 6&71e'TEQctWﬁ$/eﬁ§w fds tBvdr c?wnth foil to

Cc00 C, and tri et hyl am ne

exihid lights Farreacian. mmwgmaﬁ SO 16 1 4en2i 6 Artsisiad i 4
t
dlrﬁé’t\’\?lur i d\%ﬁéﬂné 244 mgp?%cfé%tlﬁ%gwdrgj% (% 3§m)ﬁﬁ 3k le'ﬁon The

S stirre treated

reaptiogmhsuR/WanWABRAA tod] e and:atirragh fonaRih ¢ B1G ¢ Téaﬁnvmureawas
dillif2d It Bayt abSa¥hdP9)0.1 Xer d&}arating organic layer, the aqueous layer

was extracted with ethyl acetate. The organic layers were combined and washed with

- 5% citric acid aqueous solution and brine. The organic layer was dried (MgSO,) and
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30 reaction mxture was warned to 0 C and stirred for
20 h at 0C. The m xture was diluted with ethyl
acetate and H2O. After separating organic |ayer, the
aqueous |layer was extracted with ethyl acetate. The
organi c layers were conbi ned and washed with 5%
citric acid aqueous solution and brine. The organic

ﬂltéré’d’ eThy@ftratd was cém%ﬁedmer redfided ﬂ)ﬂe’sﬁfr@d Th'Eh%sndue was

[trate was concentrated under reduce; I‘I ure.
lt']'h&loro

apnheé tessiicagal colyp sheematogeaphy dhey glutechvi ormm: " The tie
corﬁwtﬁﬂﬁ&éégfbﬂmé/d ad H%Bte?édih&%ré"(ﬁéﬁoﬁrﬂn%rﬁﬁ&fsfﬁoha' hﬂ1(§ h'fgI 88%).

? ound was obt ai ned di astereo m xture

B EDEA) 12603 (s493F %H) 3309 (s, 013 \Ri, BlS (é:D'éh*)s)“ 5@"@@2 (m,
oH. %56960(3 0 x32|-ﬁ) 4‘353}5:?% % 216-@ §28<(d3H)r+ J% 15 6—&) 549 (d, 0.3 3x1H, J

-1)352*%;),5552 Q'dxﬂ:* 335@2%01@)03335'))@@3(&@(7%11")-!-532(5
07;;1H)06§33 Wéxﬁi 4@86 oos%mz(,#’rd) s 07 >8—$H)57'2I11)(s @3Q7lH)
7.458)(s Qs?ssm,s?g%«s 57 120 =6 @s'zxgmo(daomzrsw 8.61H)(824 (@
Honaxﬁlg 744(s 0.3 x 1 H, 7.47 (s, 0.7 x 1 H),

7760 ( X 2H, J = 8.6 Hz), 7.61 (d, 0.3 x 2H, J =
8.6 Hz), 824(d 2H, J = 8.6 Hz), 10 Step 5:
) -

\‘

xlrﬁ@ﬂeﬂb)ﬂmmﬂﬂa 1-aza-b|cvclo[3 2 O]h gt-2-ene-2-carboxvhc acld sodlum

_‘\él met hyl ene) - 7- oxo- 4- Chi a- 1- aza- bi cycl of 3. 2. A hept -
e-2-carboxvlic acid sodium 15 salt (5R 6RS)- 6-

(5R ABR3)08YIACFtoRP hiHetttyl-830x0 %5, 67 B8trhlgfidranyidazo[ 1, diagavr adin-2-yl)-
meﬁ@?}%@ﬁ{oﬁ@-&pgeﬂ %la- SZ%bIC}l]CI%Bf Oéh%ptbzl-%nec -CF@)OE}II aﬁld1 -nitro-
belzy aste2(484 mixy)was dissoived id ThiFt(65- mb)eandﬁcewuteie ((348nL)ngEreshly

actﬁ)(ﬁeod'iljétz#\(? g 'Pa g'gtsé @ p} ?Egﬁ ?Bé’fi&gﬁH %;% 'Jd Jng) élglﬁl]added to the

migthres plibe esastion gessepwasceverall Gitndo)l twexc;iucta:llwd t{Toetrémction mixture
wa@@o‘l’%ﬁwl s-lfﬁr%drfgﬁg“a? Fbo\‘ﬁ"tse er%r% C?N@ Fé%%t.é% E&uﬁd?\' \+la'st flixed with

e rea was vi g
ethyll acatatd ahd rﬂltgreld thitough @matdexfrﬁeh@t u'fi@e patheas waemecbmth water and the

PR 1 RSP, L s R Aty S ity ot was
addedita acbust@qlle&@ Theyraixturgwas egmeatre@d unier high sacuum at 35 °C and

|ng§¥. q‘“’%ﬁe ?é’é?ééu?égwégﬁ%oa?at@@ﬂy 'thé\éré'aé?étn‘/@ﬁPLé‘éﬁ‘\gﬂsJ 8ps-2, GL

€ was concentrate
Scieingh Incac\Qxi250 % CCmal/2Bh0spbples bufiep(H THb: CHGMEE3 : 7, 4.0

it 2 FBE 8557 -850 GR87lGoAB-A P51 S SR
imiiakb[@ 12-4]pytaZin2-yImeChiBon)-7-0x8-4-thia- raga-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid sodium salt and (5R),(6E)-6-(7-Methyl-6-0x0-5,6,7,8-tetrahydro-
imidazo[1,2-a]pyrazin-2-ylmethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid sodium salt were cooled to 3 °C and 1 M NaOH was added to adjust pH to
8.0 respectively. Each solution was concentrated under high vacuum at 35 °C. Each
concentrate was applied to Diaion HP-21 (60 mL, Mitsubishi Kasei Co. Ltd.) resin column
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mJm n.). The separated fractions of

(5R), (62)-6-(7-Met hyl -6-0x0-5,6,7,8-tetrahydro i md

azo[ 1, 2-a]pyrazin-2-ylnmethylene)-7-oxo0-4-th ia-1

-aza- bi cycl o[ 3. 2. 0] hept - 2-ene-2- carboxylic acid

sodi um salt and

(5R), (6E) - 6- (7- Met hyl - 6- 0xo0-5, 6,7, 8-tetrahydro 30
chrbrﬂgfagiagﬁmg %qué %ﬁ&é\%ln@ %evaoimﬁmwhsemeﬁwmwér bid ek vith 5%

2-ene-2- carboxylic acid sodi um
aceém'tﬂlevwater o Ibpeambined f@cm werng aaesntigiad wnsge highyacuum at 35

°C & gé hlﬂédtte guv% the hﬁ’é&ﬁﬁﬁdd&ﬁksﬁ) (Eﬁpé-(ﬁ&iemy'l erbx&@éss 7,8-

concentr at ed “under g vacuum at

tetrabystrerimidaze] 1 Mpﬁaﬁnﬁeﬂmﬁthylgna) 319xmp4-tbl_@ ‘( e@ hleyclol3 2.0Jhept-2-
ené\-/%tcﬁl%g kpldia gliiﬁ&ﬁﬁurﬁealt hé d- blldv@ﬁh%rﬁfbhy aaudué@%wg 44.4 %, Mp 115-

rormto r Af t er adsor bi e colum was elu
11710 (e o BPoLnG (/7 (BR)-S4T MALeX-Guiors .4 Bratapyareiieidazolt, 2-
a]pgaﬁggﬁ@eiw Io?a?fzr@adwtagssslf&ggatseﬁ O]#E?ﬁ-ehé—gtbaww'%md

sodinsaltiasl yeiow amzl)pheu? goligk( ﬂw& 6-To%0 respectively.
CoﬁmSBﬁrﬂPéS‘i"\’") &o%% BHQtr@n%H%nBéﬂo?ﬁ%]&r&YrﬂZ-

yl
ylmmyéﬁngbarqu%mlq-¥a§a icyelpi ﬁﬁefr%ﬁa%@ C@étrqxgl?{@%sq?lggm salt
1 0/t

H e DeOP2 816, by e e (S Th 4 80% 2EUPEIRG, 1. 085 (5, 111 6.00

(s TH),,2-30 (s, 1H).
Cog'kgﬁf ésﬁéeegg.et@tmgthgrmxo?s @%08- fetany&olm%éolﬁlzcmsy@mz-

car Ic acid sodi um sal

yimeghyleng, 'é'l'ﬁ?‘iop‘rﬂfl%"??é?‘rb@yelﬂ?@ #flhept-Z-eng-2reashnxyliq 3qid godium salt
BB BED) 2980, A A15 (o 2. 458 (& 4D 072 5y I S 485,11y 0.4

(s,[1H).2-88 pytRkzi n-2 10

yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2.
0] hept - 2- ene- 2-carboxylic acid sodiumsalt "H NWR (8,
D20) 2.99 (s, 3H), 4.54 Examplg244 66 (s, 2H), 6.38
(s, 1 H, 6.85 (s, 1 H, 6.90 (s 1 H , 7.30 (s, 1
H) . Corrpound (5R) :

ne- 2-carboxylic acid sodiungatlt 15 'H NWR (8, D20)
2.94 (s, 3H), 4.45 (s, 2H), 4.56 (s, 2H), 6.22 (s, 1
H, 6.48 (s, 1 H, 6.94 (s, 1 H, 7.69 (s 1H).

Stéx 4ni3RY-ThiomBritictinertarboxyiic acid
(5R) (62)-6- (6. 7-Di hydro-4H pyrazol of 5. 1-cii 1. 41t hi azin
-2-

yl FZTEtrhé Enﬂé@borﬁp@xm;jvﬂast preparéd amlbi samsé \Oéyiiolfgrﬁ}ﬁMndZ:oe\lvorkers
e- car Cl 0 . { ep .
(Biosgi) Bretae gﬁy bﬁ’eﬁ ’He1%938cg%'g’g]’>§3?%%§r7)aci d 25 The titled

conmpound was prepared in the same way of Shiraiwa and
co-wor kers

Step 2: 3-Ox0-3a,4.6,7-tetrahydro-3H-2-oxa-5-thia-1-aza-7a-azonioindenide

NaNO, (3.14 g) was added to the 1 mol/L HCI (33.7 mL) solution of (3R)-
thiomorpholine-3-carboxylic acid (4.96 g) under a nitrogen atmosphere at 0 °C and
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(Bi osci. BiotechnoL Bi ochem 1998, 62, 2382-2387).
Step 2:

3- Oxo0-3a, 4, 6, 7-tetrahydr o- 3H 2- oxa- 5-t hi a- 1-aza- 7a- azo
ni oi ndeni de 30 NaNC2 (3.14 g) was added to the 1

mol /L HCl (33.7 nL) solution of (3R)-

t hi onor phol i ne- 3-carboxylic acid (4.96 g) under a

stmréHthP@S h, 2T H@ SRRSEWaS eﬁra@te’t\ﬂﬁth CHé%_dlﬁlbh)’ élﬁﬂthfanrgé?ﬂe'slayer

solution was extracted with i mes

wag W@Shﬂdgﬂm krineay Ehe mpdure s ied QverMgpPaan ?ﬂ@ceﬂﬁtrﬁ?qqu@der
red¥iEsy pres&ife & SfforlitRidt BRILMGRNCRHISASPHoIRIREarbbRfiE@eM as pale

pressure to afford crude
yellowmyystalsi t r osot hi onor phol i ne- 3-carboxylic acid as pale

yel | -frfyerossbic §nhy5rla_é E?f d)pg)r Was8dded té'ﬂ’fé"ﬂl‘lF desd %Lpgolﬂ)on of

was added to the écso ution of crud
cruge @R)ﬁ-ﬁﬁ@ﬁ%@mﬂfMF%cﬁﬁr?@W 2 yodey |3 ratrwrbﬁfuwaehera at0

°C ghc] éﬁﬁé‘ﬂqfoﬁﬁ O R Sncfor 97 hiat Adtn &nh Tﬁdré’(dref OfTh8 sbiufén Waé

h at roon1tenperature he sol uti on was
cor@entls@tﬁﬂ ruaﬂ%rop radlesd arepaiiac cthegesidue vas applied ta siliga gelpiumn

chremaidg%’pr{yOtrﬁhlth& EolGBh \nib@.'ell{iféd with HHERBQO! A@d)Et (1f/he l0/11) Pne
colum was eluted wth hexane - AcCEt

titte-gomppund Maé&bmﬁ%%m%ﬁlﬁxﬁ@“ﬁb‘i%tﬂ'é@ 4% Qpé‘F 6)-br ovvn
1 0 = 2
Yyl o9 B8 VB, 0 s
Step 3:
stdh 4 &) DiflidiohBYIAERIEY Xy Airidzifd ol ABoAfic’adi@ el Kbter

added to the o-xylene (72 nmL) solution of 3- 0x0-

3a, 4g ﬁzgp'%ﬁb@g#}l g@ ﬁ%a% 4468d %o ttl’i’é r);%lggﬁ 3‘727 %l?%@ﬂl’tl@h Bfl3-oxo-

eni de a nitrogen
3a A4 Tttty dror 3H-8-axa-Stihia- k@l@rﬂa@ﬁomgd%m% éht &) eendgn @enitrogen

_atrﬁosrpﬁgf‘éCSI‘i’d ré¥[URES Y6115 Fhe 'If}féssdi&tﬁ:n% a&s&enﬁdteaomelr |aC|%duced

col utm chr omat ogr ap col um was

t he
Prqgﬁﬁlt"ﬁ n- hB& gpgdue A@@Eﬁppd'ég fo S"?Plge' °Pf+l§""r chyompt BSHHB%&BG" the
col\/lﬁﬁ’l whs Anited mﬁm ﬁ-ﬁei(éﬂel DchElt (213 -13/2 B4 titistdohpsund was

t t
obiBNghASIRIPH[ 8, (C1Tcg. (B AR 454 WS LUMAToR (Raic isgenen 6.7-dhycro-
t |
4H95)Ji"yiolc§t5 &%&?ﬁg@%gﬂlﬁaﬂo@gﬁ )é@iji 6:twyl stieﬁZ ?éEgbgéin?dtla%ellow oil
(55ﬁm95127‘°)—|z) 3.81 (s, 2H), 4.32 (g, 2H J = 7.1 Hz),
4. 40’+GNM!2|(tDéLf853? (B4, J& P4 HH, 3.04 H) 2H25= §t7&9z)43 81 (s 2H),
p oIoISch|| 41t hi azi n-2-yl ) e
4 370 2HEHE T bbb 44D, S5 A Gt GetF (0 0 nl~) wes.
added to the THE (59 nl)

Step 4: (6,7-Dihydro-4H-pyrazolo[5,1-c][1.,41thiazin-2-yl)methanol

LiBH, (cont. 90%) (536 mg) and MeOH (0.9 mL) was added to the THF (59 mL)
solution of 6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine-2-carboxylic acid ethyl ester (3.13
g) under a nitrogen atmosphere at room temperature and stirred for 3 h at 40 °C. The
mixture was quenched with 1 mol/L HCI at pH 1 and stirred for 1 h at room temperature.
Solid K,CO3; was added to the solution to adjust pH to 8 and the mixture was exiracted
with AcOEt. The organic layer was dried (K,CO,) and filtered. The filtrate was
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sol ution of
6, 7- di hydr o-4H pyrazol o[ 5, 1-c] [, 4] t hi azi ne- 2- car boxyl
ic acid ethyl ester (3.13 30 g) under a nitrogen
at nosphere at roomtenperature and stirred for 3 h at
40 C. The m xture was quenched with 1 nol/L HCl at pH
1 and stirred for I h at roomtenperature. Solid
codé@%ea\@ﬁdad@adcé@prbb@ré% affoNtitledl cdfipesihd 6 gate YelloWdbil (2.51
t he mxture was extracted wth AcOEt. The organic
g, q“é? - was dried (K2C38) and filtered. The filtrate was
- 109 NMRO SIS QQBQBrdQH) r@d?"(teQHPUesél'ﬂHz)t 8. aaf@omql) 4.33 (t,
t|tled conmpound_as pal e yel |l ow 0| (2.51 g, quant
2H; #ﬁﬂﬂ*@c@éﬁ:{? 2H2/ 38.9(%), 6.05¢5. 1. 07 (t, 2H J = 5 7
Hz), 3.84 (s, 2H) 433(t 2H, J = 5.7 Hz), 4.63 (d,
t2H J :_3 9 Hz), :

hyde NhO2 (atlvated) (11 46 g)vvas added to the CHCI 3

(135 nlL) solution of

di hyMnQ: {astiygtedy 611eﬁ659)1we§ pdded tnthgGHCR- (189 mdy sglwgen of (6,7-
dih &?ro?ﬂ*-l ﬁ)raﬁﬂ 5r1e£]t1u4<]ﬁﬁazir92 %ﬁnﬁtﬁéﬂgﬁ@ 311§) and kéfquQ@ for 1 h under

reacti on xture was filtered t hr ough
a narqg@a a@nowerq e ThweaCftuonﬂwaﬁuee was fikspe éﬁpvgan e@ae ﬁ’&@?"ta The

fllt%%%&@ goﬂeﬁﬁﬁféﬁ%nd@hﬁ ré&ﬁ:!egtkﬁem% apiid RRBidu wds éﬁbﬂed to silica

col umm romaora{').I , then the colum was el

gelgalmm chm@rapmt dipgn g_e/c_p)umn viee qlyted é’ﬂthc’@'ﬁﬁ@ﬂ?d' WEQE" (171).
Th@ Eflé’d &ﬁﬁp&mdpﬂb@ ob!t%Hee\é{s %@e’ﬂb\ﬁ cfy]sta7§g1978 d: 8?@%& H N'VR

(t MR@CIBCIS) ?}42)'5@ 25 6=588 Ha), 3190—()5, 2@) 9124Q§ 2H, Jr‘lj58HZ)

t -6- (6, 7- Di hydro- 4H pyrazol oF5, 1-cl |
65%(% 1{@? azin 2 [ met hyl ene) - 7-

oxo-4-thi a-|-azabi cycl of 3. 2. 01hept - 2- ene- 2 carboxylic

rrL) soI ut| on of anhydrous l\/gBrZ (1 88 g) under a
nitrogen atnosphere at roomtenperature. The dry THE
sol @7-Diy®o4Hipyragslo[SsRe]l b4fhiszing-2eerbaldehyde (841 mg) was added

o BTl CECH e S o e e L B e
atraoishere at rob teinperature. cldw! de THE sofutiot (3hmdt) ot R, 5) §-fromo-
7-6@4—\’?@5‘-1%%& \Afc‘?cﬂ3 fzrblﬁéb?-ZpéNe eéc]'b ﬁ\@ﬁﬁﬁqﬁ,ﬁﬁreﬂeﬁézpéﬁér (cont.

was covere to exc ction
99r7i%X (1198 gjaassadded dalthegnixigire; capled 2@-29 daandritaN &7%HmLhwas

ade&?[ﬂ éne djr{ qlﬁe thclén végse¥ WQQQO\BM%‘: w(lﬁﬂoﬂ@%x%rﬁquﬁt The

eaction m xt

' remtuon rnwuredﬂaashrredefor 3h@t —3heC anst traatedwiilh atetic apkydipe (.94

miSMY DMEB &S g MortAstish. Wrh& rexion mixture was warmed to 0 °C and

stirred for 17 h at 0 °C. The mixture was diluted with ethyl acetate and washed with 5%
citric acid aqueous solution, saturated sodium hydrogen carbonate, water and brine.
The organic layer was dried (MgSO,) and filtered. The filtrate was concentrated under
reduced pressure.

The residue was dissolved in THF (83 mL) and acetonitrile (39 mL). Freshly
activated Zn dust (7.72 g) was added rapidly with 0.5 M phosphatei buffer (pH 6.5, 122
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citric acid agueous solution, saturated sodi um

hydr ogen carbonate, water and brine. 30 The organic

| ayer was dried (MgSO) and filtered. The filtrate was

concentrated under reduced pressure. The residue was

di ssolved in THE (83 nL) and acetonitrile (39 ni).

Freshly activated Zn dust (7.72 g) was added rapidly .
mL)M e feadtidd @éﬁ%&nh@d Eoverd with fol tb ﬁxcﬁudéﬁé&t ThéGéadTbh mlxture

The reactjion ve was cover(%glére foll

Vi

was GRS HTHRLAE | B PR FPe Gaciop TuRle e fitered
throf.xgra a?aa df O&lite! OPH frlﬁﬂi@&ﬁ@d Wasghed Mith sthylGice@fe aidiheragueous

tered _throu ad of Cel.it The
layefgs SaEMBLEchi THO ANGALS JRlar 18 Cosled b S CrATuMNaG fiap added
to a\dﬁﬁt m&ae Bt ethe En@ur@%mcémmd \Aﬁ@er(mgﬂ \ﬁéuﬁm ad 3€°an dThe
NaOH was  added to adhlé\?)t pH .t o

congaiTat Es APPIREEA LiFiRR FAPrEY bRyt GaoLed) s

colrﬁﬂﬂéﬁﬁﬁr’é&fg@?‘!}@s Anér adedrmﬁg @h@t&ﬂmhﬁra%]eldté@ﬁltmdgo MeCN
M t subi shi ei

esi n
(%A% HRit oyreammbm%rcgerﬂoaa Y57 Fw&entrﬁ@déﬁgﬁmgkrfz@cm#éﬁ °C
andWdphiizé®to give € titleldohpouBf/ad 2)yelldW antorsiivusediid (373 trh@22%,
were concentrated under high vacuumat 35 C and
PHBPbphi i zed to give the title compound as a yel | ow

decehgdscmeéé)d‘r( R @0&82%3 (t1QHpM—% PhHz 7) M751(902|§ 4.22 (t,

2H (»é— 57Hyz), ﬁOZZS(TH)v%Zﬁ(S JiH, ﬁ(zv8$ ($2)). %8%3 (1&)- 1 H,
6.27 (s, 1 H, 6.86 (s, 1 H, 6.89 (s, 1 H. Exanple
25 15 Preparation of

(5R) (62) - 7- Ox0- 6- ( 4H 5- t EXamBled di azapent al en- 2- vi net
hyl ene) - 4-

th| a- 1 azabl cycl oF3 2. A hept - 2- ene 2- car boxyl I C aci d
entiration, of (5RY{67)-7:0x a6 H-5H imethyl

AR -4
6H- 219?&@1 é%éﬁrb%'lla[sai Gl%t-ézéﬂem-%ﬂﬂ?_diﬁ@héide, 8b@m &Qt
Con Were a he

HZO_ (166 m.) solution of L-thioproline (24.3 g) under
11462993 Al H1f o2 8x55Mth-$a-h0 168 -bRlo-Ba-pbntaldifide

dried over MpSO4 and concentrated under reduced

Vel 1 Gie 5167 Fi ) Sod NENE) ¢80 by el Axpallenio Pein)®
solufis ofdetbibprajinen@41- Y@s0a nLr)oggolatm@mhetﬁf at @ciCuand stirred for 2
h. Y 4 RRAWHBALtED St 12 oRahlcIdife? W TR B5EAMEE 0 0and

stirre
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 for5 hat 0
°C. The solution was concentrated under reduced pressure. The residue was applied
to silica gel column chromatography, then the column was eluted with n-hexane - AcOEt
(1:1). The titled compound was obtained as a pale brown solid (4.0 g, 15.1%).

'H NMR (CDCls): $4.04 (t, 2H, J = 1.7 Hz), 5.40 (t, 2H, J = 1.7 Hz).

Step 2: 4H-5-Thia-1.6a-diazapentalen-2-carboxylic acid ethylester
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C. The solution was concentrated under reduced
pressure. The residue was applied to silica ge

col utm chr omat ogr aphy, then the colum was eluted with
n- hexane - AcOEt 30 (1 : 1). The titled conpound was
obtained as a pale brown solid (4.0 g, 15.1%. 1H NWR
(CDCI3): 54.04 (t, 2H, J = 1.7 Hz), 5.40 (t, 2H, J =
1 7 Hz). Step 2:

|a1 di a ent al en carb aciid .
ot PSPl B LT Men OHeR I e - Biana 159 M Solytion.of 3-oxo-
3a, Z@g'h oBH BHRRx4-53RiaM-a2a-6@abni6u3aQentalahide (43Bg) under a
|

dr o- 3H, }
nitrggery 2R0sPhatel Ane refluxed far,19:b o The splution WasioRIeddo 19D g
teryfgtreranddriceaeatoa LRSTb@NCedRpTEssA8 | Thedediaue Was Bpplied to

he so] uti 0 m5 te re.an
Sz el SR SOMAIRGAANY GUIER e, FauG Mas SR Wi Prfis¥agsACOEt (4
1)apwhe dtled @ommdndmsqmtalﬁéd 488 yelow 58lidq@I7aR 49.3%)) and ﬁHES-thla-

d th, -
1. BRI DR GBI s AR was APeas BRledefo Fgtals (12
2,-97%%, and 4H 5-thia- 1, 6a-di azapent al en- 3- car boxylic
(5 STYA D MRG0 Pl U o o 2
-?iHEégs Ztg(tliH(.ﬂ-A%‘i-iz),éG? (8 11H)HZ) 4.40 (q 2H =

;24 (t, 2H, J =1.6 Hz), 6.61 (s, 1 H). Step
3: (4H 5-Thi a- 1, 6a-di azapent al en- 2-yl ) net hanol 15

StéFﬁ' %ﬂ I-»(-MIa-L%Q—O&a%ﬁEﬂtaI@)-Zm&HQﬁ& to the ether (126
- solution o -

t hi a- 1, 6a- di azapent al en- 2- car boxyl i c acid ethyl ester

(2. 5LiBH,386htMe6%) (459 Migyivas aHH&fw‘fo thé e'ihérr(@ZB?ﬁL]) solutlon of 4H-5-

at nosphere at room tenperature, re
thige1, Gﬁr@am@ntﬂl@ %v&éfb%ﬂ'ér?&rﬁ’eathweﬁﬁf 12 ) Apd hgON i@ 7ﬁ1 m'-)) under
a riichest athfo‘slﬂhér@rat Todm aémperataré, elﬁﬁﬂrréﬂwtég for™e h. m‘ngé ufiture was
wa i z turate ro en ar oate
augSihetl et 2niroB HEl 38 ihaerE sfifed i b P S The
migite’ agdse cheutralizedi (bzl eatgra’eéd‘lasmi)u(rﬂOhydr.aijemtc)aaboﬂaae solution and
ni c er was drie il tered. e
sepbifeRL: ThEREbedROait vid ARG W A el el EBe IV 2519 The
orgaeﬂn dayer\m drixall (MgB04) andl flltme@el Thel filtrate was concentrated under
[ th thec s eluted with
redibe eSS f | Hiedrons el ARPIRL Tl 96l sokE ™ Hrbitatoaraphy, then
thg/ed)lhmwwasoélutéd Mhﬂo@EtB?ﬂ@@tled?c‘.bMpidthRaé@B@iiﬁﬁd & 2p86 yellow

H 4.07 (s, 2H), 4.62 (d, 2H J =
S°@‘§(1171 7J9é13( 1 H, J(:1.6H)Hz), 6.021(3, 1 H).

St ep '¥:NMR-@DT) & 2.95 G164, 322 56 Ha), QUOT2(ss 2Hp 4. SR Iy, dEH, J = 5.1

sl P BB, G20 o

Step 4: 4H-5-Thia-1,6a-diazapentalen-2-carbaldehyde

The dry dichloromethane (8 mL) solution of dimethylsulfoxide (2.2 mL) was
added dropwisé to the dry dichloromethane (110 mL) solution of oxalyl chloride (2.0 mL)
at-78°C. The reaction mixture was stirred for 15 min at the same temperature. The
dry dichloromethane (40 mL) solution of (4H-5-thia-1,6a-diazapentalen-2-yl)methanol,
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added dropw se to the dry dichl oronethane (110 ml-)

sol ution of oxalyl chloride (2.0 m-) at -78C. The
reaction mxture was stirred for 15 mn at the sane
tenperature. The dry dichloronmethane (40 niL) solution
of (4H 5-thia-1, 6a-di azapental en-2-yl)nmethanol, - 107
(1.7 g) was added dropwi se to the reaction m xture at

(1 T&)&@s am@d rdpwise'® tHe FeaBh hibdee atf-m"oaanadﬁhmg aslcoAtinued
The reactign mxture was allo f o war

for S AAGNGNS 5§ 7.0y g FRACHPD TURHYR AR AUPERLO WA i and stimed

for MdednéiﬁﬁMnéq1 ﬁBdnLl)hﬁhsra‘mI@Hld%bmdérw mewesctlonlrhnmmuas
warmto 0C. After_ 20m n, edé]urate

allowRs g WAER SPG-i Biter 2R S3tuesteg, ammepim ¢ %’@em'“fwef@ mL)
ancﬁﬂé&éﬁi(mo %L%Qﬂa?é abigst aﬁ&@p%ﬂat@QUSTHeaatﬁléouﬁ&y@@ﬂﬁé)&&dted with

X Th nbi ned
ACGIEH @ % 501TBH) v 19 CUBPBR PGV yers Jsee WrFRe yOe{gt 200 mL)
andtbrrRt26 ‘P@neagmgﬁdd aicefilterdd) € The filtiatd wa¥@sncentrated under
concentrat ed_un reduced preﬁlsure he resi dgqgra then
e

redyegs Presswe s.he|read§%waeapehﬁﬁ’ te sHigaaplrpumm hro

the%ldﬁﬁﬁkm&@élu@d%thd‘néﬁah@ reomEe1 : 1)AC Phé tifdd cordpoundiveas obtained
titled ngound vvaa obtai ned 10 as a yel | ow solid
aSMe*bO“gSOI At puanty NVR (CDCI 3) 5 4.13 (s, 2H), 5.26
g?epﬁmmh ey 3iExs (8- 29, 696 @, b, v 9 HH, 6.59 (D1H), 9.90 (s,
1HX5R)(6Z) 7- Ox0- 6- (4H 5-t hi a- 1, 6a- di azapent al en- 2-yl net
hyl ene) - 4-thi a-1- 15

azablsc cl ol 3. 2. CJ hett 2- ege 2 car boxyl i C actl d ium

D g 2 N -thia-1-
azabievab3 Pothep -Q'n Z058b; -=ﬂ5&a1%ibﬂ#|yde (1.7 9)

-) solution of
My BiTBe €&, apetpnitriler(82 mLa soiution gt -atthieshbrerdiazapentalemme-

carbﬁﬁ@ﬁid@t(_rﬁ‘ég)tvb‘é’srbdo@;@ tot tre d?%céﬁﬁtnﬁet(w Y sbRfiod Of MgBﬂ (5.0 )

i on of nitrobenzy
ungi)a rmvwmﬁ@ﬁmﬁm awoehteawta%hmtf@ @W%waaagré%d for 10
mitNerHe ﬁHFt(%ﬁmY.\!?%I@ﬁUN & b-hiftobety RhGS) Ebi&ﬁébdném-&e

wa rt
A e Y
(7. mmq_a Wi deﬂéd fif brid StidrRr Tﬁe heddtion ¥8ssel was chvered @ith ilttd
i met é'5?'@am no pyridin g138 {rg])% and ggs g
vl igta dheaeaction IXFE Wae harng0d " @ag tregted with 4-

dmﬁ%tﬁ{:l&:hﬁxo\/@ﬁd%r(fwmgparm Ec@e@nﬁydrrdeqzl 1frél) n’iBnB poitiod. The
Ctric acid 25 aguequs, sol {Jé][,é)n

reaghien mdue was warEnedda O Cand stiied e thyat heCaq U§°lm Gilric acid

aqhé%%r solUBA (ﬂ)ﬁO’ rACY Wik ddded t@&?ﬁéﬁea@ﬁ‘cﬁi rﬁtxﬁ:ré and tr@éhu&bh:s layer
The conbi ned c layers wer Wlth\i\la

was axrpcted with @myb%?%%r(%éé‘ﬁoé%)bo @'%mae%?fgﬁew Wersyere

wasEPWH watd, sa‘turjaie%rsbdlumThﬁirﬁgéri ERbEhat@and BAGS drHeA(MESO,) and

under_reduced pressure rud
filtered. The filtrate was concentrate un er re ucgg Pessure and crude (5R)-6-

[acetoxy-(4H-5-thia-1,6a-diazapentalen-2-yl)methyl}-6-bromo-7-oxo-4-thia-1-azabicyclo
[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester was obtained as a brown
amorphous solid.

Freshly activated Zn dust (19.3 g) was added rapidly with 0.5 mol/L. phosphate

“buffer (pH 6.5, 100 mL) to the THF (100 mL) solution of crude (5R)-6-[acetoxy-(4H-5-
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[ acet oxy-(4H5-thia-1

6a- di azapent al en-2-yl ) net hyl ] - 6- br ono- 7- oxo-4-thi a-1-a
zabi cycl o 30 [3.2.0] hept-2-ene-2-carboxylic acid

p- ni trobenzyl ester was obtained as a brown anorphous
solid. Freshly activated Zn dust (19.3 g) was added
rapidly with 0.5 nol/L phosphate buffer (pH 6.5, 100

thlaﬂﬂ 8a- d.bﬁaﬂehﬁatleTvLE-y AeEhyILE-brofio-T-bsi4 afiaci-aibicyclo [3.2.0]hept-2-
aceto

enegawp%rquvggaapgz%ﬁ rasier. I Fraetgn yesgehyameRvprasigtngof to

excliida i tagﬁ’ﬂl‘; B6lich hiktuite WaB&ijorclslyestiered-forea.b tuatroam aci d
p- ni t rohenz

este The react,jon vesse cO
temp e o Tha BactBREaem ag HioreparonE acheg ot B R fnad was
washiedl Vit Water (200 L end Arbuariol (ROBIMLYOOThé agidLatiayee wad he

reaction sol ution s filtered. th
separaied A (AR tiR.2'0RC JReR uES FREeR D 32268“@9%%53 eultEr (o
6.5/ Reb a9 Khednibined a'cil!éoaﬂ w@ewéramhcammedstem@n erl/L

NaGH e S Foaebustat .5 6 Hvalig o DS 41 ek m.
Mltﬁﬂ’ﬁhi Rasbi @augaq&:olmeémmwgrmc emftéraideorbirg, e @lunin was

clufeg Vi yaiet A than 1 8t aeelonige dieoR sdlisns nT B e ctve
fradtibfls WefeQdomaBnteted Uﬁdé?g'fgﬂwabuuvﬁfét%°@dﬁd) tyebhiized togive the title

columm was 10 el ut ed %
°°"ﬁl&‘é{"3rﬁstar¥sq"%‘”é%i?gBﬁlﬁjsvﬁM?;'Mé’%rfng' ﬁrwb{?oalﬁgrég active

fr aMFH@O SCBEQ; WNWGD@) e4.00 rwl Gﬂl—l)h'o' gb (s/ech; usma(s 3B5; 6.36 (s,
and Ii zed to

I max
14 G190 TP GRdaIIolR (KRG 7587165, TG, 5855 'ng™ (H:0)
dec); '"H NWR (D20) 54.00 (s, 2H), 5.09 (s, 2H),
292}55%29?{3 1H, 6.36 (s, 1H, 6.91 (s, 1 H, 6.92 (s,
1 H; | R(KBr) 3381, 1752, 1683, 1600, 1558 cm; Xm
(H2O) 15 292, 196 nm Exgimbr 3% Preparation of
(5R) (62)-6-(7H I m dazoFl 7 2-c 'azol - 2-yl met hyl ene) - 7-
0xo0-4-thia-1- 20

g.%gag%\h_g.f 5R)(E Armida20Pr, 2t ﬁfaQSK‘l lrﬁeﬁgléihe)-srb%mth.a-1-
azol 1 dl n- 4-one ‘ed conpound was
prepar egzs hicydie]32.0lheptrd-ene-2ves _'/' lig a i/ dsogitm-sat 25
Harkness. (Tetrahedron Letters. 1994, 35, 6971-6974).
Step 2: Thi azolidine-4-thione Lawesson's reagents
Ste¢BE:. ThigoligintdPneo t he sol uti on of thiazolidin-4-one
(14.2 g) 30 in dry THE (690 nL) and the reaction

m XUyhe tlftf@istn?pd‘JnUx\ﬁQs gt%gal%dhn t U%rﬁ@ why' bAVERH MCRRS Akn R,

room erature and evaporated under reduced
Hapkn&ssdrT etrahﬁdeon katteds 94535, 5971 -6974).

Step 2: Thiazolidine-4-thione

Lawesson’s reagents (33.5 g) added to the solution of thiazolidin-4-one (14.2 g)
in dry THF (690 mL) and the reaction mixture was refluxed for 2 h. The mixture was
cooled to room temperature and evaporated under reduced pressure. The residue was
triturated with CHCIl,:MeOH=7:3 solution (65 mL) at room temperature for 30 min. The
precipitate was filteiad off, washed with CHCl3:n-hexane=7:3 solution (15 mL) and dried
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triturated with CHC 3: MeOH=7: 3 solution (65 nL) at
roomtenperature for 30 mn. The precipitate was
filtei..d off, washed with CHCl 3: n-hexane=7: 3 sol ution
(15 m) and dried - 109 in vacuo. The
t hi azol i di ne-4-t hi one was obt ai ned as a pale yellow
powder (10.7 g, 65%. "H NWR (CDCI3) 8 4.08 (s, 2H),
in vacyd fl'ﬁe tiaRolidine-Slnfdhedvas obtained as a pale yellow powder (10.7 e
4- Met hyl t hi o- 2, 5-di hydro-thi azol e Met hyl i odide (28
65%) was added to the boi ling sol ution of
‘WNW{G%I@%&OB%% 498(S28). in chloroform (400 ni),
and the reaction mxture was refluxed for 1.5 h. To
the reaction mxture, an additional net hyI i odi de
ions at 30-60 "10 mn
Ste&?.fé?vgr\gﬁ%?gf&ﬁgﬁbu@%ﬁ or additional 1 h, the
reaction mxture was cooled to room tenperature. Then

1o%npﬁwkalgdida@%&rgamaatadd@dqwetbabo&log golution pixbazelidine-githione
©. é‘ﬁfﬂ%hlo?&gnﬁ (add :%E'% and tﬂéﬂ@a&cﬁ{ m @?&%@G@ﬁk@& %r.5h. Tothe

er separatin ani c € aqueous

reaghian mmtt&e, au addlncm.al Ble(fwblgdldﬁ (&6 8)) w@ﬁ@ddedz iny Faw%/lgnw&@ 60
mirf RN DS Iand defiti néjw S04 o ql H. e R5E6bn MkRird gJaE rc@&l@d to room

was concentrate nder re uced pressure and
termperateite. dhemfl 0% pcdasysim@ carbn@ateuaqueomqbd@ndm&mu was added

an?’%og)%p é@@ n%t rtgér&%; % 19\{&99%&%@19 org'éh N@er the  gqueous

layer wapextragtesd \gltrs 10Gméx §; Organic layers were comblned dried

(M%ébnét%ﬂh'flﬂﬁféd‘l 'Ylgé ﬂlﬁﬁ%ﬁﬂsﬂﬁnﬁ%@ﬁt&’z ?@)&’éﬁ @Iced %s%n?nl? rrc]irled
in \fwugr u%‘@r dmnga thy tltimcqmgdued M@ﬁcﬂbt:(lmm’elpwn@d (1 P Guseant.).
SN Enl E251 608N, SP1R B 4T P o D2 85T
resi due was dissolved in chloroform (300 m-) and 10%

StéfPh RN g g\ﬁmﬁa@aﬁm@ous solution (200 niL), then

stirred for mn at roomtenperature After
separating organic lffbi/ t he 25 aqueous | ayer was
ext Papiite gf Hmethylbio?.Sidnydntiiazale !<1 67 9) @cb%mrr@nluay@v@nde

(6. W%? fh dr?%mHnBP@IOOQﬁL %s(r@ﬁﬁi@ﬂ)foraﬂds E' "rr?é RActiohRixture was

e was concentrated under reduced pressure and
cogled éqraom temngmatus #st evaporataddender reduced pressure. The residue was

dlstsBl'vé& M ér%rafoﬁ‘mxl(bw ﬁmsf and ﬁ‘@%(p'éta'iﬁhnﬁéarﬁoﬂt@%ueo‘i@s'oﬂ.mon (200
I ncl uded by product, whi IS an e

mldeﬁhﬁvéf'"%f%ﬁg rain @b QoM temp@raZU@ ﬁftﬁyﬁﬁpéfaﬁ'ﬂé?tgaé“c layer, the
aq\ﬁ@rblfshaile? Wd%eex%‘aét"eﬁ 'vﬂtﬂ cRRF&5InR(100 r?mﬁ H%abr%rﬁtf lagélﬁ%re

hr ee coqr;&oun determ ned
C°F‘@§}§éc‘t’ﬂ MaSe) ﬂld ﬂlme ﬁhmma(t%:weﬁ gpnaegnfyated ynder reduced
pre]ssureZar% difed in 9a&fo t@tobta?rr'l"cruée ThigzchdiiZ-ylideRb&Rin@ (5.5g) as a brown
7/H I mdazof 1, 2-cl t hi azol e- 2- car bal dehyde
solid that included by product, which is an ethoxy derivative and 4-methyithio-2,5-
dihydrothiazole, which is the starting material . The ratio of these three compounds was
determined to be 61:34:5 respectively by 'H-NMR.

"H NMR (CDCl) & 3.75 (t, 2H, J = 2.8 Hz), 4.97 (t, 2H, J = 2.9 Hz).

Step 5: 7H-Imidazo[1,2-clthiazole-2-carbaldehyde
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-110 The sol ution of 2-brono-3-isopropoxypropenal (6.9
g) in dry acetonitrile (326 m-) was added to the

sol ution of crude thiazolidin-4-ylideneamne (3.3 Q)
in dry acetonitrile (326 m-) at roomtenperature.
The reaction mxture was stirred at roomtenperature 5
for 19.5 h, added triethylamne (4.9 m-) and then
refluxed for 2 hl. The reaction mxture was cooled to

roomten‘gerature and_ t hen evaporated under redu
pr e 58 pRlution @f 2-brogiogrisoprapoRYRIARANAL(P-9 @) in dry acetonltnle (326 mL)

wa$! b8 PoARE EHlatich 6@&%&0%&%8&%%«5 gB 5?%1 dr;l/ acetonitrile

ot assi um  car bonat e_aqueous sol ution
(325 mie )3 roQER teReratipar JPP 6eACtioR @""&té{@e‘@ﬂ@%s‘!r%%?’eﬁt roqmgemperature

for 8815 R GHBEY WicthyIdHhiRE (90 ﬁm?ta'hﬁﬁﬁ’er{ l%ﬁuféd f>6r éh '_Irllil'-?reactlon mixture

organic | ayers were conbi ned, dried
was coqled tafoomiemperatyrg@pd faen %‘(Pé’ﬁéﬁta@ Eﬁdfbr i) rpéﬂ‘iﬁ':’é%l

resRIUBS¥ds  dissoled in HRRlofbitathite BBD!IMISGENHvashbd | mn %b/ otassium
col uim chr omat ogr and eluted wth CHCl 3

carpgr@ﬂje agyequs sobtion ,(gclgg)u gafter fi Itratlon and separation, the aqueous layer
wa§ @x&éatmm élbcﬂloﬁdrﬁéthéﬂfdsﬁ TAL & @) bdheqia%{ﬂﬁc a§e@ W€ 8Bmbined,

he cr roduct was re-crys ized tw ce
d”%‘i‘ @@HWB" filtgre eﬁexﬁﬁé"“(%%t‘”asﬁyaB°'a?ﬁ’dmdeB@d89§d Riesgure; The
restdiediaseapped fdﬁﬂw c@hﬂﬁ'@hﬂﬁné&é d@ﬁh@aﬁd entedalitsERLS — MeOH
Yield t
H3) Yo cbtglnscry% 7H (%z?[% 2- cz]mlazyl = -j_:arfa‘q)gyydeﬁ%% bécg/vn splid.
Thé"):rud@ uck Swaslrel‘flﬂ'ysta‘ﬁizéﬁ t\ﬁlce from CHCI3 - n-hexane (1"‘t 30 5, 2"d
_SRA( Z);6-(7H 1 mdazol |, 2-clthiazo g
30%% tQ t%}odgn_{e thgzrggylteﬁqlq,eryge as pale brown c¥ystals (\X eld: 1 4 g, 15 %).
%Nwm? 5246@? 2 CPE ROXMEY, 6.08Gt, BH, g E'mzw 63 (s, 1H) 9.81
7H I m dazol 1, 2- c] t hi azol e- 2-car bal dehyde (841
(s, dfbed to the dry acetonitrile (116 nL) sol uti on of

anhydrous MygBr2 (2.93 g) under a nitrogen at m)sphere

at roomtenperature The dry THE solution (116 i -) of
Step:6: (SRUEZEE : ol-2syimethylene)-7-oxo-4-thia-1-

azaﬁggbcyclo[SZ 0] hept 2-ene-2-carboxylic acid
5 -nitrobenzyl ester (cont 99. 70/?t (2.51 g) was added

= ~gncarb odi and Et 3N (2.20 ni-)
was added in one portion. The reaction vessel was
covered with foil to exclude light. The reaction

mi x ¥ Grleigazels2chhiazple-grearbaideiyde B 1analivag addedda the dn

| ac@t%ﬁﬁﬁl& (ﬂ%hﬁg)"édﬂ.ﬁloﬁjef 2hhydkdusiger, [PVBB of &ﬁ&r'&)ntr%ﬁbrpéﬁosphere

portion. he reaction m xture was war med

at Eqom te@we%u'reor The,dry THIF spletionT(H 46 ML) of (R, RY-Bchrpipelioxo-4-thia-
1-abidy@bB)Y. o]ﬁgﬁtzaéﬁe-zregrbwaﬂrb%aw hnroﬁéﬁfy! bétbr (cd?'&; igh, 7%) (2.51

aqueous sol'ution, saturated sodi um K gen car bonat

) Wit @fidechi@ the FridUTeTRedletbiayeaR 1, 1aag GtN{Z20H | wag RREdiN one

_poﬁﬁﬂ le‘Ilet @566bn vEa8elfvidsldoBbRdWith P RFSRIUGRTIER:. URRE Feaction

reduced pressure.
mixture was stirred for 4 h at —20 °C and treated with acetic anhydride (1.26 mL) and

DMAP (160 mg) in one portion. The reaction mixture was warmed to 0 °C and stirred
for 15h at 0 °C. The mixture was diluted with ethyl acetate and washed with 5% citric
acid aqueous solution, saturatéd sodium hydrogen carbonate, water and brine. The
organic layer was dried (MgSO,) and filtered. The filtrate was concentrated under
reduced pressure. ‘
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-111 The residue was dissolved in THE (53 nlL) and
acetonitrile (25 nL). Freshly activated Zn dust (15.1
g) and 0.5 M phosphate buffer (pH 6.5, 78 nlL) were
added to the m xture. The reaction vessel was covered
with foil to exclude light. The reaction mxture was
vigorously stirred for 1.5 h at roomtenperature. The

r eaqhb@ésnmamg GISW%&Inf‘nHFE G3adL) ahfdcnegtomtnha(dS miL) Freshly

actvaied 26 ue0fs- 1) R O b heSRbele fer Rt S, BT pAsEa b o

the %&%@8 of %réa@tléh YesaBlvds ddvisesdHithriat tcﬁdx%cdet “ghaﬂ JTlhstreanon

_to 8.0.. The mixtur ncentrated un v .
mixiyfe Was Vigoropsly SUBRE Lort e & HRN ISSIHETAN'S, o 1 AP SPRION RSy was
fi Itefe’iﬂﬂirdﬂgh a'\ﬁddsdf lGenty. KAs Akratéowad vdshed WIﬁsethyican:btamand the

aGURPYT VBV L e SUPRYE BTSN 3 Tty oL REoH

wad\&ddRda6 BERBL P8l 0L e migs weswonceratatétbunder high vacuum at 35

o IER s e e BB B Bt co. L)

resin@8fimn dHrombBgtdphy) Aftst.adSorbing, td) colunB®Ras ejut@Hyith B.32
Meﬁgﬁ%’(“bS%)aﬁ%g%c%%gib?i H%%gﬁéggghce%tr@ed uhia? higﬁ vacuum at 35

°C &RRyBghilizédax give the Hileaamouihddishy gllowdrhpphauscalifl §1.1.9c51%,

% 4] oxazi n- 2-

pH lamat hyl ene] - 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-¢
ar bmbynhsec%@e@} HRAMBL @p0o) 5 IB%shgH), 4.88 (s, 2H), 6.32 (s, 1H), 6.78

ert - but7yl (dimethyl)silylloxy}ethyl)-1

(s, F-Hb)ﬁr%?z@l aHB 727 @ )} boxyl ate To a sol ution of diethyl
3, 5-pyrazol edi carboxylate (2.17 g, 10 mmol) in
acetonitrile (10 25 m)_ under_nitrogen, was added
pot assi um car bonate (2. me’rm ), and 2-
br onoet hoxy-t-butyl di methylsi lane (2.90 g, 12 mmol).
The m xture was_stirred at reflux

Premventien sl (360 F-Sumerlper & GRIyoem Adsglolp kel aloxazin-2-
ace - l R

i1 vaetond -ty ficarablcvRyes %é%’gﬁ?*%?‘ﬁ?@tyé:‘t e,

and the conbined filtrate was evaporat ed. The residue

std}fF: Blediif1Yedrten- SRR A HiRYsbIE3,5-
e ating w

didazbandate( 100 m ), the col um  was eI uted with ethyl

acetate. The ethyl acetate eluent was evaporated to

give 3.71 g of a colorless oil; M5 me 371 (Mi).
To a solution of diethyl 3,5- pyrazoledlcarboxylate (2.17 g, 10 mmol) in acetonitrile (10

ml), under nitrogen, was added potassium carbonate (2.07 g, 15 mmol), and 2-
bromoethoxy-t-butyldimethylsilane (2.90 g, 12 mmol). The mixture was stirred at reflux
for 18 hr. It was then cooled to room temperature, diluted with ethyl acetate (20 ml), and
filtered through Magnesol. The filter pad was eluted wiih 2 x 10 ml of ethy! acetate, and
the combined filtrate was evaporated. The residue was dissolved in hexanes and passed
through a column of silica gel (70 g). After eluting with hexanes (100 ml), the column
was eluted with ethyl acetate. The ethyl acetate eluent was evaporated to give 3.71 g of
a colorless oil; MS m/e 371 (MH").
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-112 Step 2: _
1-(2-{[tent-butyl (di methyl)silyl]oxy}ethyl)-1

. Hpyrazol e-3,5-di nethanol To a solution of diethyl
1-(2-{[tert-butyl (di methyl)silyl]oxy}ethyl)-I
H pyrazol e- 3, 5- di carboxylate (0.74 g, 2 mmol) in
nmet hyl ene chloride (8 m), under ni trogen, was added 5

sl BRSSP g rang

at 0 Cfor 0.5 hr, the m xture waas warned to room

ro s B8 o i e b P SRR Gt

dicﬁ?ﬂo&ﬁﬁﬁeﬁ(d 74\@ lﬂ”mmbf)}ﬂ mathgylenkehlofide (® mjj)aunderemt‘dgwt wasmadded

h .
12 8501 8t Mesoutiop 35 isabubia g oo, Myfetyigna e at 0 °c
Aftépétlrﬁ'n élFD Q?fcﬁ‘:b £hr, e M&ttﬁ@ wadd walfid to ﬁoﬂ’pte&perature for 0.5 hr.
tert- but%l di net h sily

It Wﬁip%mr@hsdw 1 e{T‘tPJISa Qaml %%.CMHA selHtign ¢ egracted
wntﬂr ét?fl ?&ét%t TR biahfd %&Méﬁé%ﬂ%ﬂ‘ﬁ&h@hﬁecﬂ&eﬁ!ﬁ%us

di met hanol (1 1) thyl e
so@lﬁm(ﬁuifaf@ @Q@emgoratﬁggo glla@ngLg of1a5wh|te SOIId mp 82 83 °C; MS m/e
28"?"‘?M Irmrphol i ne- N-oxide (2.89 g, 24 mmol) and
nol ecul ar sieve 4A (4 g). The reaction m xture was
stirred at roomtenperature for 10 mn. and then

St%ﬁ 824 n:ﬁ%—f[‘)%ri-%ut}lfﬂlh@ﬂ{yﬂgwmﬁwglﬁPygﬁﬁIr“e.ai,S:Ic_{l;%riﬁdﬁhyde

? was cont’l nue

Torea hylicere  splubien def s dH@t{ltertrbuyidimetadsiviexegthybd H-pyrazole-3,5-

d t 0 I
RTS8l 7 Bt dgos o i s ¢

me/tbﬁmermhpbmﬁ quwez(szt? < Zéonmol énd @FOleCFHﬁ! SYRAAED)- pfhe reaction
mlﬂuh@g&%éagégﬁcﬁls uré?ndgdlﬁiin? gtteme“‘ﬂéreaﬁ& brg r}ﬁlg ?ér‘lc?QhQN €freated with
and_eva 0 Qgive
tet@anﬁ?pvéarvmpwewsewwenﬁﬁe %9 @4 mﬁzehn?ﬁﬁ"@syv iued for 2 hr
Thet ﬁBth?lene chloride solutlon was concentrated and dlluted with ether (40 mi). The
0XO0

m|51é|rqj\gﬁ§/aléere§g¥ agas 36/‘% ?igol g l?ll& g) LI[\CiL th t)e(alapzaa was eﬁﬁaed with 2

X ie(na dthéremhebetnyitst erehy whs IWashb@XMﬂrﬁﬂthHQ)I-dridf bymeizdﬂed over
dlcarbaldeh

aqlwgro%@(aalaleqy fates gnqnevé,qorgteg%@ QNF%T%EPSE V(ﬁlte soFd mp 63-64 °C,

M$ e/e 288 MhgmoNi um fluoride in THE at 0 C. After
stirring for I hr, the mixture was treated with 10 ni
of saturated amoni um chloride sol ution and extracted

swbuh 4raxlayé 7 hpfr8laH-ByraZ R [91 & orBiné 2ary@8eNyafehed

brine, dried over anhydrous sodium sulfate,
flltered t hrough Magnesol and evaporated. The crude

Tod4 %b!ﬂ?l&n W%RQQ[téw-bbtyl(&lﬁfé&%&ly Jgiy?@tﬂylb-ﬁ H\@?mae @Bf&ndatf&rvdehyde

di ssol ved _ﬁ_lene chlori
e

(108 3 OO TREOh ARG, (3RURY | Ve 40P (ROR B PEA (12 M sglution of
tef AUt RhoARfh TRbASIATHE &VE °C. After stirring for 1 hr, the mixture was

treated with 10 m! of saturated ammonium chioride solution and extracted with ethyl
acetate. The organic solution was washed with brine, dried over anhydrous sodium
sulfate, filtered through Magneso! and evaporated. The crude gum was washed with
hexanes, dried in vacuo, and then dissolved in methylene chioride (20 ml). To this
solution was added 4-methylmorpholine-N-oxide (2.89 g, 24 mmol) and molecular sieve
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-113 4A (6 g). The mi xture was stirred at room
temperature for 10 min. and then treated with

t et rapr opyl ammoni um perut henate (0.11 g, 0.3 mol).
Stirring was continued for 2 hr. The nethyl ene
chloride solution was concentrated and diluted with
ethyl acetate (40 ml). The mixture was filtered

4A (KG;@OVﬁg n‘g)étggéj\\tlv\?% ﬁt?t’réd &489%' te%@raﬁ@xre@ﬂmé hfin. fdnhttﬁén pasled with

acet at e.
tetr@mmlmmoelumsnﬁrmatea%@dgmpt%mmqu ﬁmrlnanuaaopw’f@ued for 2 hr.

The%gmgﬂg ghloﬁagxah%éwag gér?br@nﬁéﬂeﬁaén% dum@ \ﬁm%%&gtet go mi).

te so
The( bfiyre v@sciptered threyghra pagh Qf, slhca gel (40 g) and the filter pad was eluted

wntt(lg R ot bifyPLYARY Thé cOMBmEd E1GE Wit QwbHe@ WithZMN ACPadd brine,
drieg]|qver ankydseussagium prifate,and-exaperaied to.givey0.80apfa white slid; mp

| . -ene-2- carboxylate To a sol ution
135‘0%‘%9@5 %Qhéﬁg&H§ 52 mmol ) in acetonitrile (13 m)

under nitrogen was added

4
ste "8 o attbONEng. CREE RAGfloRy)-pyo 5.7 fiygiro-Atk pyrazolols. -
c]lt, omxazlamyhmthyk] -6vbrémei7-oxo-A¢hiax -amﬁlucych[&ﬁ O]hept-2-ene-2-
§5R 6S) - 6- br ono- 7- 0oxo-4-thia-1 15
carhoxyIAts ¢ | o[ 3. 2. 0] hept - 2- ene- 2- carboxylic acid
4-nitrobenzyl ester (0.32 g, 0.84 nmole) in THE (13
To aisplutiars of NgBr.d0déd, 2&20minkbb imacetomitrilends relpuhdst nittoger Was

aadey 4 oxE0 AR oS i IGaRRR A Bt b 045 B0 04
mniul). at Ird>om/wnpdﬂaturd; with stiingvi A Bolatwn oi:(SBrﬁﬂ)@brdmo(DoE-ﬂhia -1-
azaéic?lcl ;)]hegﬁg-eé -Iﬂt- ?%l%a 'ﬁ%{epgq 5%%6'54 mmole) in
THEQ@1 &mlbom& thab edd@ch canl tize miduret unamledltg s@0 fedr rlemh)dnmye (0.35
ml 554 A e rfben 5 B SRl g PR B SC I bl for 4
hr. #trwehsithem a'gatédlr\]rﬂtbh acetieantydtigel ((lbaml,smdlmmml}s @inf d:h,N-and
t T t

iV P 12 i S PR Dcp ) et oS CBOTE B3B8 fftdre was
congignﬁéﬁ‘ed\dmdttbe eszsidud; wasngissbVéd 1l Bth{} adetaten Ehetbyl @bétade. solution

e : e . . . . .
wa Wb with 534,518ic AR SRlbratedSagfm BiogroRnEls UG i bping, e
ovérlantjdnoag sodidm sulfate, and evaporated. The crude material was .

B S B b B AP s

mp( 0?1 1 4Q; mhyéegsmw 0X0- 6, 7- di hydr o- 4H pyr azol o[ 5, 1-
-c][1, 4] oxazi n- 2- yl)mst hyI] 6- br ono- 7- 0xo0- 4-t hi a- 1- azab

SISHREY SRR N —

yl)&étﬁvleﬁ]-@tmms@&hm chi[ifzfauhé?;ﬁl-zléhélﬂ datb&iylic Aldi. 5) ,
of 10% Pd/C. The m xture was -114

To a solution of 4-nitrobenzyl (5R)-6-[(acetyloxy)(4-ox0-6,7-dihydro-4H-pyrazolo[5,1-
c]l1 ,4]oxézin-2-y|)methyl]—B-bromo-7-oxo-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-
carboxylate (0.22 g, 0.37 mmol) in THF (15 ml), under nitrogen, was added 15 mi of a
phosphate buffer soiution (0.5M, pH 6.5), and 80 mg of 10% Pd/C. The mixture was
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hydr ogenated at 40-50 psi for3 hr, and then filtered
through Celite. The filter pad was washed with THF,
and the filtrate was extracted with ethyl acetate. The
organi c extract was dried over. anhydrous magnesi um
sul fate and evaporated. The resi due was washed wth "
ether to give 0.07 g of a yellow solid; Ms nie 320

hyd%ét&d 554?“38 p% rdg}nd ?e’ﬁ fﬂte@ tﬂro'ﬁéh @altez Wle filter fad was

washed with fHF, and ghe(féfrate waQ)extrEﬁt@dp\nﬂ? ety W@E@r ahe SFgagic extract

was6dr(efé 4&;%%?&&#5&&5@%&%% ShP¥apRrated ITHR! BYiHES Rhs Washed

witheetbertto @juel GO B 2f alyrlgy solide MS miec320d )i 'H MMRADMSQrdy): 8
4.5 AT 2L 180,80 (m, 2H). 6.50 (5, 1H). 6.63(5, 1H) 758 (s, 1. 7.76 G,

1H)POCI 3 (3.83nl, 50nmowl) was added dropwi se to ice
cool ed DVF (3.85nl, 50mol) wthin 3 mnutes. DCM
(20m) was added and the bath was renoved when the
reaction 15 nedi a appearmu_@ pasty The reactl on

t hen added ada-bmg3mmheﬂ-zene-amaeboxy‘lh&mdeact| on
was kept at OoC for 2 hrs. Pour the m xture onto ice
a o_ sd| im ac

Prs )= :
POG@ (rﬁssmm mrﬁﬂl as FadcbdfdrOb\f\llsé |’t6 |dd§ )d)b@ddgﬁlﬁt (%ﬁﬂnIZGOmmol)
it 3aBuled: EET) Snatoed sl iR bahwes Thf%“%e%i’ RAPG e TRaction
meth‘aﬂpearéil f6- & pysty.0-The- tebttiorowas Repf] 4tr23ndy far2 Brs. Then it was
ool QMG SURR. HFPRETA e (5 4ot SmelrlE Ol BN a8 Bren added
dropwidedwithin 3aviantesa ditesieanticuiveaikept attOofafor t2hians. Pour the mixture
T

orgﬁﬁncdiassrel werg dmedlﬁmn mapresiund suketel 1 50t offoﬂ‘a\/ﬂrymgT aFgnt and

" con%étré%fa&%Z%O %Péjm plodct. 234& hfﬁéo @@g@%@?géﬁgﬂfﬁgnﬁ f200m)

QJenc
andvawes aadiledeVidit @mmy qu etiyl 1206, ¢1RilaydrordHtthienai3a-cithiopyran-2-

can%éfd%ﬁfc}e %@e‘tﬁe %Bg Gﬁé@.‘t Pnd madEas r@ﬂl?&aetdg-SFﬁ ﬁlt%g Then it was

over magnesi um su
waalnmﬂ witn wetar raad dngdwer ragpsium pultatiiclt waslikerciiltated, concentrated

and LS J(:J'%T\%gﬁrﬂih%d Qithed C#él‘l\g Q@Q‘ﬂ#}eﬁﬂ PaldneAn thﬁemﬁaggal was

di oxlI ram was reacti on was car
dissoived in2B9o {TbiF andsLAH (1513néno 5ivhin 5 HiD wies dlieeird andieft@i230C for

10?&H§t@re3ﬂ%{1h?w£s uQé’de ol RS dinchEd 8f 23dC ve %dHf%EWNater and’

hr ou of celite concentrate

_ evemuallymféﬁi@nlat@@&ralpmﬂiegm@ 2@6gqcawth(em%qqeatd)(2xﬂopml) and

cor%fﬁgHCJrgamc layers dried over magnesium sulfate. Filter and concentrate gave
2.3gram product. The crude material was dissolved in DCM (300ml) and manganese
dioxide (15 gram was added). The reaction was carried on at 230C for 0.5 hr. Then
2x15 gram of oxidant was added each half an hour later. The material was then filtered
through a pad of celite concéntrated. Flash column chromatography gave 1.206gram
(14% yield) oil product.
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- 115'H-NI\/R:5 9.84(s, 1 H, 7.41(s, 1 H), 4.74 (s,
2H), 4.00 (t, 2H, J=5.6 Hz), 2.96 (t, 2H, J=5.6Hz);
MS: 169. 1(MtH) Step 2: Preparation of

6- (6, 7- D hydr o- 4H t hi enol 3, 2-cl pyran- 2-yl net hyl ene) - 7-
0Xo- 5 _

4-thi a- 1- aza- bi cycl of 3. 2. O hept - 2- ene- 2- carboxylic

-l 0 Bugy MR A R ig P ShR ePa e SRR FE A
J= ﬁﬁgizBMSMﬁBrIMblaa (516 ng, 2mmmol) was then added under

N2 atnosphere. The m xture was stirred at 230C for
hal f an hour. 6-Brono-7-o0xo-4-thia-1-

g; 2: lﬂrg@ﬂéﬁ of Sgﬁﬂhyarcadﬁ-tﬂ eno[hDxipyrandeylthethylene)-7-oxo-

6,7- mmuromrealmenvp@ h&qbyrmz-caﬂmaehwe esdayﬂgaahﬁmlmaém.hsm in

th t th 1 t -
200 petoN A maaneRlt pEorHE 1S 8. $EmehiwasAeh prigackndr N2
atradsphiehe Tn@thxtu&ems stifred éezbc'ct foPnalf A houd: B-Briomo-7-BLo4-thia-1-

acti was .t h | ut, 400
a2 5 ol 2 et ABs 2R A el ety domg GRmge in
20ﬁﬁltI'H|F_<’Wa§ih6r® thisotedoalCatidnes ahe theamktuke Was ||!$|Eﬁef]%tel¥ b6olddto —
2080 ARefbylaiise R whs FanThieciaa 208 the mRaGS stifed A ~30oC for three
hrs: hTiesredcegc aplliwjnlds i(MgmpOfassihjeyiedamditing MitorelVeasdlitred Y 6oC for

187 R bton e webiion Atk oA e Y5 abdtiR.ang wasned win

1obmﬁ|fa~ys cntr(cpidkﬁ 16D mi Eakurated sodiamvBicarbbredte, e 0N Brik® The
one hour, with

e P =R g o Fra b el AR and R nessyrated. Fiash

co[mmh cHroraelogtaphgnding mveéthylﬁo%datéﬁm hexar@gkve 491mM& (3196 product.

Thg:aéﬁjroglgét {% g?hegh'j: s§oT\;égi |ﬁ M@? 3‘9@31 5}11{‘ %Hgé%qg ﬁ%s{)ﬁatez Bliffer

(pHyGJ,beThhamleUIe wastthevasuhjrated foetbpsi hydragearfseonghlaae with 0.5gram

1 pré%ﬁaldﬁf gn gaﬁ:bﬁ er]-{‘gl{ it %?‘fteieg ltﬁrgpﬁlg a tf:%d %t/ celite a{\g] F%nljcgﬂtrated

renoved
in U@cwémrerao\@ nnnsmim&ﬂblﬁd The Golutjor{ 8894henfcaoiedda zeromtegree and

ba%fﬁlfé?&bﬁds w&\'ﬁ} 1 é\l g%{i&)mgxdlﬁgld'él' 'W{%( It%VE% [f_(‘?lf chwg%e\'(_Qrse phase

- HE4G usigg gg(emof waler folipwed by 46 asetonitpiledn wWater. IMater Wad then

i S e 2100 O o) B SRR e o

>2607Cox0- 4

* h-NRIR sl 38 & BHE YA RE 31f; BBEPHF 6E8Rs AR RPY k5, £8b6h, 2H),

2.86 (m, 2H), 2.27 (m, 2H), 1.43 (t, 3H)
MS: 320.3(M-H)

Example 29

Preparation of 6-(6,7-Dihydro-4H-thieno[3,2-c]thiopyran-2-yimethylene)-7-oxo0-4-
thia-1-aza-bicycio[3.2.0]hept-2-ene-2-carboxylic acid
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| 23@@ va@ wetser & 4Pmlnt Ther erganielayen decgnterAnd

- 116 Step 1: Preparation of
6, 7- D hydr o- 4H-t hi enor 3. 2-cl t hi opyr an- 2- car.bal dehyde

- PCCI3 (4.02nl, 43mmol) was added dropwi se to ice

- cooled DV (3.34m, 43mol) wthin 3 mnutes. DCM
(20m) was added and the bath was renoved when the
reaction 5 nedi a. appeared .to be pasty. The reaction

. was kept at 230C for 2 hrs. Then it was cooled to GoC

'agaln Tetrahydro thi op ran. 4- .one (5 gram 43mmol) in
opi1: o 7-DH thiopyran-2-carbaldehyde

PR e ol s
withim 8 minutest D&M (R%):‘é@%@@deé’cﬁ!‘@db% bathl was wmoves whep faeiegction
me{ij@éﬁﬁeéﬂ@t? 66’ bb Z:%s’@v Ghe FO4LBA WY 'kfegf ? 23'5b| thei hédl fTHeR® was

t concentrate an col umm

coodﬂwtoreacca;;eap% trabydfg-tmgp)ﬁr@mﬁ;nnea(écﬂr%me4?rrﬁmﬁléKa‘rpeﬂl Rfeavas

thelgs Pég&{ @@B&I% ?‘1‘8 ﬁiuﬂﬁe reE&lg%r?ggp R%}ﬂ%t v6E for 2 IFTrTsmlli))llute

withPCht (23D l) aed theptwashydihdeeceld 200w saltmtedlwélqw ﬁ@fﬁ?fé
aqd’&ﬁs sSIE{u%rr‘x'?ﬁe Bl%‘énﬂ:ffayjyr Was GRE4 olidr é@ﬁm’{\@lﬁﬁ?@ P’i’ltél*bﬁ the drying

er ‘magnesium sul fate. Fil
agemmemrrtat% apd ﬂa$h ealume ﬁhmwaamhqu ho%@ﬂyd ﬁWate in hexane

ga\%‘:’?% gpaﬁn m&%}s S Ercﬁfu@td UIEI'\%Q:orri'p%uﬁd WSEHBSBM:%WD@W)I 0GHhl) and

wae ppided3!.Bml (11 mmal) of s&\ylﬁ mtefcapio-gietet(e a@qﬁ% TRy, E*E#z')ﬂxtufe was

refl&(%#i% FXs hgsg 5’2 t&?ﬁt 1% %%] \gggﬁed]wiht ﬂlét(;%\ngg gﬁézmg%érr tr;:)axgnlesmm sulfate.

Filtegs |cqn<@tnrr9te arzcbﬂatsﬁc@romﬁggrap thy| agefatq in tﬁ@woduced
1_1\%@,41 FﬁemleloQO5MdchtDNG) was injected and the reaction
S

at 230C for 10 minutes. Then it was refl uxed

- H-NMR:81868(ss 1HRdeffclse 2Hh 8.68(8 30) -0 (nBHed=78. bAl, R.9Tith2H,

—Péﬂﬁ)’“l\ﬁ%{%%@m)ed and the remai ni ng was washed

The conbi ned organic |layers dried over
sodiumsul fate. Filter, concentrate and flash col um

Thshf @f&“érﬁ 9(‘436Him\31)té‘?ﬂqyéﬂ%lﬁitﬁﬁho[@@é]ﬂﬁ®y%@ﬂuﬁr%6xﬁ5 acid . ethyl

crude product his crude materi al_was di

ester, wpRIReAbRTh RO FH G (s DM B DMGh g octed and the

reét‘:qgﬁql)as IJ{”& SRS 1dr A0 HinGteS.2AMheR G Wab ’fluxediror ﬂ@hrshaCQuenched at
he materi al was then filtered t5_'hrou h.a
h

&M @I‘%W@s ‘washed
w.taammi%%@m ($ﬁ8@coﬁiﬁfﬁ§dcbr ahfrcl\M?e& 8ri®P over $odilin dulfbe. Filter,

cor(nqentrgﬁ angoflqph7 cgum;%hromtqu_qgh @3816-2060W5|1y%@g§atf produced
948ﬁ1 p@fu@b' Efbgr&gt 4H'_I'lt'NﬁI grrl:de mate(l:'la{ hvlvas drlssglvgd lln DtCM (40ml) and
ma)ngﬁnese dlox1de (2 gram was addLg) 2T reac?gx w%s carr ng-% arlp%og for half
anOMdur 4-1THY AraterF aBithys fildréd ZnlBLIGRRE pad efiCelle @ondumted: Flash
col%%ndchromatography gave 320mg (36%) product.

H-NMR:5 9.82(s, 1H), 7.46 (s, 1H), 3.56 (s, 2H), 3.15 (1, 2H, J=7.2 Hz), 2.95 (t, 2H,

J=7.2 Hz).: MS (El): 228.02 (M+)

Step 2: Preparation of 6-(6,7-Dihydro-4H-thieno[3,2-c]thiopyran-2-ylmethylene)-7-
oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid
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C =117
6, 7- Di hydr o-4H-t hi eno[ 3, 2-c] t hi opyr an- 2- car bal dehyde
(320ng, 1.72nmmol) was dissolved in 17mL acetonitrile
and magnesi um brom de etherate (450 ng, 1.74mvol) was
then added under N2 at nbsphere. The m xture was
stirred at 230C for half an hour.

6,7 @ @g 7*:518%8%3? égmlcﬂ:ly a%é%@h%; f&zém%yg@hn?m)% 2-

dissbivéd mnwml acetarittiile andPmagnesiune hrqnmp@ ethetn g(4503ngoh3@nmol)
was?tﬂ %Ey?d Uﬁd%%atﬁ@?pﬂé@e?héhﬁhﬁrec\ﬁﬁ ﬁﬁ‘reﬂ%t 236@ ®r half an

en 1| nject
houri eeanm-gqupmwaai-azazmszcw[arz @lhe@tee ﬁm%—Z-WFP@KY'&Qﬂd 4-nitro-
oS (40, PR M s 808000 oo e

mixtliré wae immietiately, ogoiad t@t-rippCéJaeﬁw@rmn@l (1mlk was| thmntlwe&teé and
the %xtélé;)é‘tlrierd' 4t -264¢ I%éfl?rr?e s, S’ﬁliéf{rﬁéeeﬁg aﬁﬁﬁiri‘d@‘(o 4fh)) was injected

onhate, and bri ne organi c l'ayer was
and the midureswas stiredhat §oBSpUS h@uThngﬂCtlﬁn medtaeMaSaﬁhen diluted with

406@ %ﬁﬁﬁé&&%@dﬁ dF\b%s?nEd WRh468 n‘flhi%’ ?H'@ﬁ nﬂ%‘aﬁﬁat@@ ¥odium

ace exane gave ro uct
blcé'rbolsatp,r antltA0midsineh&he argggm laxeett wast mrle r SIRYNSTHA

sulfgﬁegﬁ%}%g %Q%Eé%rﬁra fﬁéshhéygﬁ'ﬁn épir Ryt Uiy ﬂ@/ﬁ ethy!

ecte or one hOUT and

0
acftatefin maxamecgaSg 4atmg @4/5) {g)apnodu¢tu h@ﬁwpfeél#% des thanudissqivegdn 20ml
TH%%dfszl %&&é’on% &'Paté‘bmé? (?If-l—é Sbr ’fﬁe ﬁ%@%&ﬁéﬁ alipstted to

acuo to re he sol uti on was
4ons|h bvdrg@en forl one hpwr @dor@@frve@ %ﬁgraﬂaéfi)%up@lkaq'wﬂ PRECBTRgN: [Then it

waé\lﬁltecrgﬁi &WQ b3y lof E‘\TllteTgﬁd‘cdﬁceHﬁéteB 'flf][ vdcug o VérﬁoJeQﬁ@ét 9Pthe

sing 2 ter of water
THEC dhesotutipn was themgasied ey degiae apd haﬁlféﬁﬁ}e@&}/ﬁmﬂﬁubﬂ

sod?&mqﬁaltdxﬂfee 'I'fh%n it surified vid Fevarsé Bhadid HPILC psiag 2diterwhovater
col | écted MP. >250 C H NVR

follpweg by §‘%5gc(e§on|t1|lq_|p wagerg Ny ater wa;ﬁhengem%v?%&\r% concen(trafe in
vae’i:o9a3{d821 rig(8.698- o’ﬁ@rdd&ct wad calleddd. 338. O(MrH) Exanpl e 30

I\éar ati on of
MFB>@§° thyl -4, 5, 6, 7-t et r ahydr o- t hi eno[ 3, 2- ¢] pyri di n- 2-
H-MMREt D34 @an}bﬁm(s 1H), 6.59(s, 1H) 6.44(s, 1H), 3.71 (s, 2H), 2.93(s, 2H),

0x0-4-thia-1 cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c
2.50 2y %3133%9@5 Jation of

(5-Methyl -4,5,6, 7-tetrahydro-thi eno[ 3, 2-c] pyri di n-2-yl
)- 30 net hanol

6, 7- Di hydr o- 4H t hi eno[ 3, EXamale 3% ne_ > 5. di carboxylic
acid diethyl ester (46 gram 163mol) was di ssol ved

PreparatiBf of BH{5-mdth§1-3,8!6/1-tetahyRFo tieR6fasz ciphhidnLiyiméthylene)-7-

oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid

Step 1: Preparation of (5-Methyi-4,5,6,7-tetrahydro-thieno[3,2-c]pyridin-2-yl)-
methanol

6,7-Dihydro-4H-thieno[3,2-c]pyridine-2,5-dicarboxylic acid diethyl ester (46 gram,
163mmol) was dissolved in 200m! THF.' The solution was injected LAH (1M, THF)
300m! at 230C. Then it was stirred at 230C for 18 hrs. The reaction was quenched with
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300m at 230C. Then it was stirred at 230C for 18 hrs.
The reaction was quenched with - 118 10m water and
dried directly over sodiumsulfate. Filter and
concentrate yielded 29.3 gram (160mvol, 98% crude
product. HNWR 6.55(s, 1 H), 4.70 (s, 2H), 3.41 (s,
2H), 2.86 (t, 2H, J=5.6 Hz), 2.73 (t, 2H, J=5.6 Hz),

100l 3htéraandHried cW&’:tIylcﬂér QécMiﬂrDsuﬁatS.t Filte? an&"’c@ﬁﬂrn%teos%lé’éd 293

0 etr dro-thieno[3, 2-c] pyri di ne- 2-
grgrgl\(ggﬁrﬁ@ﬁﬂgg/ e(pfo‘sl‘#' 24mmol ) in 5n CH2Cl 2 was
H-OIMRR:e8I58(s, 1H04T0YE; 2HRxal4Y (s CIH)pRIBE ¢, OM, 045.6 Hy &m& &ﬁ]m J=5.6
0. 4{‘ d within 5 minutes at 5
@%ﬁ%%fﬁf 0@8*’ -500C for 5 mnutes and then
1.67 gram(grmol) of (5 l\/bthyl 4567tetrahydr'o- _
th| Fz ﬂﬂg thanol in 20
Sthflc o FIBGCALAR 9o FAAAHNIEh S actettay HEthioRol Foalmusidine-2-
ca]:liﬁl‘déldidts at 50C. Triethylam ne (7m was then added
- 570? and after 5 m nutes the bath was renoved and
ot (7 L%nmel?mrnlr%% was Aerled;te —50500%0 Oxalyl chigside (1ml,

11WRBGIER 20 IDCNI WS the Sddeaniltin hﬁ&lt@éiawsdd& ﬁ-gé’f"n ggerWas kept

15 nbi ned ers were
at S5 0C ht 5Bt 0P 567 AT dTmab orMekli 4 &l tetrabytro

th.eaé[armc]ﬁhlrdgfrg-éygg%manam( %%?gf%%ﬁdg%e% e %h le mixture

w acsglir(eg Yor’; they 1 ggnr(tges at1300C3. 'g'@tr(ygamlgﬂﬁm@ v then angd at—
500Carf dflé} 5 rﬂin@tbs Qﬁe ba_?ﬁ'wa% Témbved ¥nd thg mktufSis ndkralyRirmed up

to ég?zglbm%ﬁ' ashed Wil OPB!P{NE%E% !e&r'}aé%yvsh 20@mpsthyldicetate. The
coﬁiﬁlﬁd@bﬁﬂ@)ay@rs@ﬂ&e #rib8 berimagrmsRint ¥aaR. SFife O L3RR ittefand

 flagh F@PW|°?~é°f¥ataswawa'nzﬁwmp@ozmtwﬁcetaﬁeynswewaﬁmg

(45%iyield)prddet.hyl ester (724ng, 25 4nmol) was di ssol ved

' cgt.o ril S b et herate
M B P B ) e (bl 2B c2mene R 291 € 21, u=5.6
Hzt 0% (h 8HE. MFhts2m (MHi)e was stirred at 23o0C for hal f

an hour. 6-Bronp-7-0x0-4-thia-1

-aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid 4-

Step t r3- bBreparationt erof ( E-W-Meﬂml-démhbtraltﬁydﬁﬁﬂneﬂd@ P@¥pyridin-2-
ure was
VR F%E 3+-ad1aw--m@i’?wﬁ\m%ﬁ-mm-cm

then inj ected and 30 the m xture stirred at -20oC for

2-f36r ISB 7- dlh?lgro%? hleno?CPE c?pynglne- caergcr:T1 ic ‘3’33 elthr)]A gsctetere (‘%23:23,
4mmol) was dissolved in 40ml acetonitrile and magnesium bromide etherate (1.2 gram,
4.65mmol) was then added under N2 atmosphere. The mixture was stirred at 230C for
half an hour. 6-Bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept—2—ene-2-carboxylic acid 4-
nitro-benzyl ester (1 -.'54gram, 4mmol) in 40ml THF was then injected all at once and the
mixture was immediately cooled to —200C. Triethylamine (2ml) was then injected and
the mixture stirred at —200C for 3 hrs. Then acetic anhydride (0.66ml) was injected and
the mixture was stirred at 0oC for 48 hrs. The reaction media was then diluted with
500m| ethyl acetate and washed with 50 ml 5% citric acid, 50 ml saturated sodium

. bicarbonate, and 50ml brine. Another 300ml ethyl acetate was used to wash each
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the m xture was stirred at OGoC for 48 hrs. The
reaction nedia was then diluted with 500nmlL et hyl
acetate and washed with 50 mMl 5%citric acid, 50 n
saturated sodi um bicarbonate, and 50m brine. Another
300nl ethyl acetate was used to wash each - 119
aqueous solution. The conbi ned organic | ayers were

i ed T ' f i t
sl idge THre SBLIBR welo oS le A SAULR| e
Filternconsentiete, anad fash @@mrgﬁismn"(a@mgh uﬁlrag 20fp sttt acetatgiig hexane

r I
9208 050 (ra! 8220 ﬁat L PlSERe 19§ g s fien BRCoveDR20mi THF and
20mlmuegwlwp atetwffao(pﬂ-&ﬁ hﬂbﬁcﬁ@]&ﬂfﬁf was thgp shbigcigd te 40psi

hy t?ﬁ@'u 61;%% g\fﬂh TFIW 10% %ﬁzﬁﬁﬂn ol ESI‘Boht THER it Wdsirfteed

Ite a concentrated in vacuo to

thrqt@h@/@dﬁ@tellf@famrv@nwat%@ vagen taresevaaiost athe doti. ehe
soI%t%nWSQIC]Qﬁ G&ﬁ@d ﬂf‘ﬂer@ ﬁégrfeb%‘?\dtb‘ésﬁéﬁ% P& wikh N I@Q&Hl&’rﬂ‘

dr oxi en It puri f via reverse phase HPLC
hycu@xld@ Phaniit was eﬂnfmtvea r@/ewsecnnéae HEY-Casmingc2 litshef waterfollowed

by S%t&ao mgs% WARS, W‘ﬁé’r wsgg%ﬁ ?e%B\FéEHEFbL@H %ﬁegrﬁraieﬁnlvacuo and

cuo an 10 112 product was col |l ected
112Mn9 (%b@@rpﬂwmassioiied@(s 1 H, 7.37(s, 1 H

P7 J2ddsp 1 M, 7.10(s, 1 H), 3.41(s, 2H), 2.88 (s, 2H),
> 68(s, 2H), 2. 375 3K VB 335 O(MeH) 15 Exanpl e 31
H-NMBp&7 48i(rl i 7.37(s, 1H), 7.21(s, 1H), 7.10(s, 1H), 3.41(s, 2H), 2.88 (s, 2H),

2.63(3%%H%?R§,y3|-7), 91’893§5.5(M-ﬂ-'|)1 aza- bi cycl o[ 3. 2. 0] hept - 2-e
n_ -
yl i denemet hyl ) -6, 7-di hydr o- 4Kt hi eno[ 3, 2- ¢] pyri di ne- 5-

carboxylic acid ethyl esger. 1
2- Fornyl - 6, 7- di hydr o- 4I—|—1'ﬁ1‘€ﬁ'?0%[933', 2-c] pyridi ne-5-car box
ylic acid ethyl ester (480ng, 2mmopl) was dissolved in

20Repatatiomof 2-(2- Gaehq;yr?agmsértbmbﬂmwclsﬂh@mﬁ)trz-en-s-
vy P b o BRSSP SR Bl ot ester

6- Br onp- 7- 0xo- 4-t hi a- 1- aza- bi cycl 0[3 2 0] hept - 2- ene- 2-

L : o |
2RO iR Ay A RS, B0 i Gl U o R Blabmo
2mmaoly wasedisiveskia 20miracktanitslley anshwhgresiun brmode etherate (516mg,

ambhdiRlAY. 4h@ﬁ1a_ﬂgé) @{Q&?Nié‘ﬁm Bﬁ#ﬁ o Fhé HhitHr Qshétl?l%d?t $84¢E For half

stirred a n acetrc a
an (houy GiBromes? -oxg-ddhiad -agacbicynio[3. gilihapt-2-angs2- sarbexyéel agid 4-nitro-

be%’fﬁ&%@ mg’ §wn}m€in Eﬁﬁﬁ'HP'WénggéS@gﬁfEdtéﬂ% oﬂb% 'r'}ﬁ@ﬁi\e rthure

{ acetate an entia
wasmnrﬂeda%hcmcrle<tt0a02090 Sietiylasine (ool was Swinuniected and the

mi%lhéeﬁét@%ﬂ &k €05 %ro‘:agﬂg '?ﬁéﬁ‘?cetlz%ggdrgi?rt?grn{’l)a\ﬁﬁé injéfed and the

ried over sodi um sul | ] o
mixorecwan stisted at o6 for 48 hrsc biheraaction mediaovpsdpen diditedywittnzeOm!

ety BoetatBGREWRnkE sBGIARSy with 50 mi 5% citric acid, 50 ml saturated sodium

bicarbonate, and 50ml brine.  The organic layer was then dried cver sodium suifate.

Filter, concentrate, and flash column chromatograph using 20% ethyl acetate in hexane
gave 690mg (50%, yield) product. A fraction of this product (456mg, 0.69mmol) was
then dissolved in 15ml THF and 15ml aqueous phosphate buffer (pH=6.5). The mixture
was then subjected to 40psi hydrogen for two hrs with 0.5gram 10% palladium on
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gave 690ng (50% vyield) product. A fraction of this
product (456ng, 0.69mmvl) was then dissolved in 15m
THE and 15nl aqueous phosphate buffer (pH=6.5). The
m xture was then subjected to 40psi hydrogen for two
hrs with 0.5gram 10% pal | adium on - 120 carbon. Then
it was filtered through a pad of celite and

. calﬁeﬁc?ﬂéﬁ Rlgd ﬂltEre\ﬂﬁMﬁPﬁ % paB'tt EElite ﬁtcoﬂéerﬁ%f:eb-we?cu%% remove

I Oon was to zero gree an asli
mOEbOfpthES' HR. t The sblutiop sveisiihemgeniesk taozero Bagneeiand kasified to pH=8 with

1 r\f&Huan ‘Fmgdl\éixfﬂgg ¥eh ?t‘?ud%rﬁﬁnﬁeé*eia(;eb@sé‘ gh?%al HbEE u%g"ﬁft@rfof

Yoacetonitri

Wat&ﬁrﬁ@lﬁwdthw% geetonitrie incwater. aW@terrwaSatbemreamyed ghroygh 5%
co%en%@%ﬂ%%cd@%n{;r’é l-n@c(g?‘iff Mo quﬁQ@&AIE%t%’R 7.35 4(2 A 1
MR:$2500¢;, 4.08 (quartet, 2H J=7.2Hz), 3.68 (m 2H) ,

@%7(%5 gsHhEl 1 Eﬁgs( HH%?&@ & TH7 a5 (s M), 298- @ HL. oé?quartet

e ar
2H7J@ éHg), @818 ZQD,t%B?(ahy'Zdb ol. B0t Al oée/odHZ)2ME) 39BRiMEH)-
yl met hyl ene) -

4-t hi a- 1-aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c
acid 15 Step 1: Preparat Exampie 32
6.7,8,9- Tetrahydro 5H i m dazof 1. 2- al azepi ne- 2- car bal de

t
PrairBipy & TR BB ERep SRy aRESTY 2 g2y 2gmethylene)-
5eq) was #thib-taaltebicydlofs. 20}tapte- emzs'arbmqﬂc aniier
nitrogen for 18 hrs. Then it was treated with 100m
pot assi um car bonat e (50% aq.). The organic | ayer was

Stéin 4 nPreparaiiorn vt6,7 meSH-a'hIﬂaz BalabkepineB-carbaldehyde

THenfHRT (6,45 oFalh e?q"z{ﬁdﬁ)e@s SR niHoogD o BCk aad grethy! lodide

(16mil 52q)8ﬂasgnemr1addechrfﬁm1nu¢nre oVastirrde under retduped forTtehrs. Then it

wa'ytf,[%t,0 lt'«'—.[oew%%érﬁ o%%%% ?&b&n{t% é5a-%t e? hﬁwe\sl\gljggrglggaé/ as then

ved inva
dri2gd onér reagyaesium aultate. héﬂelffwathm,onaeiuraﬁbm id.3ofram of material
I~ .
W%Z%?Qﬁﬁn fz'ﬁlgqg?é aémg'g%rg%lg%( §@%E%B€rﬂ:2 % 2%1.3ﬁglém of ammonium
chioride wae agdeds The miduretwaz3etuxasifop 1 hr.sTherrihe solvert was removed

in §$é%enﬁa¥ﬁ?q{8%¥ﬁ£ V\?ﬂ% %ﬂ@gd %BQHF?ﬁEh& raﬂ{i HeR f\gﬂ’oﬁNWﬁdltlon of

ure
1. 359‘ram>(éﬁmﬁml) szdhlmsmatmmh @nd ddigran (E@nt@-Bmh@ 3-isopropoxy-

z)br‘?cf‘ HEGHfurd @as Eﬁ“’éd £t'2%§§dfopfﬁnﬁgsefhenqﬁg a% Ma@}gmoved

a33|un1car onhat e organi c a er
ardrao@chl ghlerofommvga% stidad alond witle 10mi triethyf amineaifhe mlau@ was

RIS 4 ol e i) PHehorfiga 035 g Bovon
309mi BIGM and 2x15MUpdassium canbipnate (9@%]. 2hipe efganic layer was dried over
magnesium sulfate. After filtration and concentration 2.1gram of oil product was
obtained.

H-NMR: 9.62 (s, 1H), 7.60 (s, 1H), 6.61 (s, 1H), 6.45(s, 1H), 4.58 (s, 2H), 2.96 (2m, H),
1.80(m, 2H), 1.72 (m, 2H); MS: 164.9(M+H)

Step 2: Preparation of 7-Oxo-6-(6,7,8,9-tetrahydro-5H-imidazo[1,2-a]Jazepin-2-
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1.90(m 2H), 1.72 (m 2H): MS: 164.9(MH) Step 2:
Preparati on of

7- Ox0-6-(6,7,8,9-tetrahydro- 5H-|mdazo[1 2-a] azepi n- 2-
-121

yl met hyl ene) - 4- thi a- 1- aza- bicycl o[ 3.2.0] hept-2-ene-2-c
ar boxylic aC|d

ylw% § *‘*gﬁ'!r gffgﬁggf,t;%@@]z%& i3 34l E%)é%ﬁfar bal de

6,7 BT etrakyidrd- BHaml?Hams{g [ma]amplbe-amadmldaﬂyée ett 212drard4gmena]) was

o R oA DS Rl o RAR 5 6, s v
theBth@d G’ndthZﬂathimsphe‘teaZ'ae Ionigtyrs whsS stirei] 4t @30C Forimmf @h luaur. 6-

b Lo B 280 sl BT et

(1 Teagtam e3mml) in G0MIATHE ehy therdhjedtedall-ak 6oce and the mixture was

b o R RS o W

stirfdd) atw2eoC fpret hed Taed atétic amhytitide (1mipwas injercterﬂamt th@an@(ture

oLl o AR b P Vb

acatstechind M3 het witat100mt 8% citdid iacia, HO@ mi batnmter sodiurd bicathonate,

e 3590 o o R o B Rl
coridentratel agd Agsh cohinwy ci0bbatddraph asieg 0% athy! Iaee(tateeln dravane gave

sodmgPibrbiebo e aipbHbes® Bt ElmaPRe bl i A by

phosphiate isuffen $pHi+E5). Sline) reixtusel wae thdpaiibjdeiedt tog@psifhydrogeh for 1hr

oAb R A4 B TR RO BB gL g e an

conceEntratelddn vacomvie remeve mbst dfdhd HHF. Tihe sobition was tlmscqoleeirto zero

de@%gla%g t{?gmé& "t@%Hd@QEﬁq @Q&dl@l‘ﬁsﬂ' Elfcﬁ(gie? -g'hghh'_t%vé@ Aurifidd Na reverse
I T urified via reverse
phpsmlgeLﬂmmgL%htwgofzvatezrtfeuovwd %racetonitdpinwaler.cWiater was then

rerﬁg\?éaqﬂt&fgk\ Bntdhtidd if'va cdh %@(‘_jl 13‘@%(93(5%) of ﬁr@@ Y& GvadsHofetdéy.

concen e In vacuo an of pro UCt WwWas
MR:31268t€ed. 20 MP: >250 C HHNMR 8 7.78 (s, 1 H), 7.02

. 6 1.4, 640, : ,
e S8 10 61 o 01k ol oo o
2HYB. 78 {18, 2 1)1 (m Bt 156(1B 32HR BAS: SRP.2(M+H).

(62)-6-(7-Benzvl-5,6.7.8-tetrahydroi m dazol | . 2-al pyraz
~in-2-yl net hyl ene) - 7- oxo-

4-t hi a- 1- azabi cycl of 3. 2. @xapmle 33ene- 2- car boxylic
aci d, SOdI um sal t St ep 1:

4-th|a-1 -azabic clo 3.2.0lhept-2-ene-2

-carboxylic acid, sodium salt

Step 1: 7-Benzyl-5.6.7,8-tetrahydroimidazo]1.2-alpyrazine-2-carboxylic acid ethy|

ester

Et;N (6.27 mL), PhCHO (4.92 mL) were added successively to the EtOH (81 mL)
solution of 5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic acid ethyl ester,
hydrochloride (9.47 g) at room temperature and stirred for 3 h under a nitrogen
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Et 3N (6.27 nL), PhCHO (4.92 nml-) were added
successively to the EtOH (81 m-) solution of
5,6,7,8-tetrahydroi m dazo[ 1, 2-a] pyrazi ne- 2-carboxylic
acid ethyl ester, hydrochloride (9.47 g) at room
tenperature and stirred for 3 h under a nitrogen -122
at nosphere. Then NaBH3CN (2.97 g) was added to the

atm\rl\gél%ré Ftr]reﬂrgéé\sﬁr g % ﬁé}r\%ﬁdﬁé [ilto i'l'% 'Eﬁ mﬁpﬁid{f}% Hﬁ@sthrred for
19 ICHZABe Aniatuce waaﬁltmdd Hhrogtsa patetCslite @nd thieted mith (H:Cl, and
wadrBY Hith 5% R;é@ee%& Kﬁg‘e%%rgﬁg@ |a&éﬂ WS @b (W@?ﬁ)fér{dtfﬂ@ag% The

was concen pressure '
filtrate vasmohcerdrated wider ceduget pseasureu mhhe Fasisvet Wap appligd to silica gel

col@ﬁ %hr‘oﬂ?aé&ggf‘;w t%ﬁg%ﬁtili@-@ /\)féé é]gt%'%tﬁﬁ]HéF e'é?él&né H®~on)

and:@HﬁhuMbeal$1 Ybt-A/He d The tithed @nymundeawlptgmd as paleygliow

NR(CDCI 3) S 1.36(t, 3H J = 7.1 He
°W%a§§?%gz>§§% = 5.2 H)z) 3. 71§s oH), 3. 75(s, )2H)

4. O'H NMRIEDCI) 5 3436, 38H/ =F.£H3), 2. &tt) 2H7J 255.27H3)4(3rﬂ1(s 2H),

375@% 2&&%3@)?%&%’8&8‘& 2151"63/? P o). et &y lle

1.01 M sol ution of DIBALlntquene(lm_+02m_+

Stggo' 23: %é%zy%s,s,?,ggt% rai\yodrtotl]mlda%{:h,é-a?gyrazn e-2-ca)rb518eH§(&

7-b ¢ 0% )M s&luﬂbr? ofDIBALIA kalekri (Tindlaz O[2LmR -8 Byl Zvaseadded to the

o AT G a8 il 5 B 20E2

carﬁb%yilld agid\eiisyl @sten QD83 my) Uhdérl‘é rhiﬁbge(rﬁatn‘lo}phéi’b @t FE&C(B iand stirred

S e SR ek BBt T bl v

filtéred @RusgH apad ofasiitex t Trchiteste widswaShBCwith STbeKQDYRq edd the

o LR afes RSN Mo 0 1 e opfE Ter A€ g

(K4053,) elnet fivered.a (hlei fitcate wasmbncm\trgtdd wndeuraduced pressure. The

A S 0 SRR B oy o

withI@HC; ¢ aeadomm (@b udd! \and CHBI: aMeBil (18/13.01 el tilled compound was

obf %’e%‘%@&%g??&?tal@%@m% effed é')"VR( a3 SG(Zt o0t 2H 3

5.5 ‘HIZ\)MR(Ea) 5 Z.900,(24, J5+H.5 FV&) 533(45(5, 2H)-HB,76¢, 80'0 <4.08(t, 2H, J =

5%%@) %E§8 Eg)sg& ﬁoﬁ?‘f BH?'I 1(%4)7 8-tetrahydroi m daz

ol I, 2- alpyra2|n 2y|)methy|| 6 br ono- 7- oxo- 4-t hi a- |
0

e -E&Péi_&d’r&nﬂ&éi%n,z-

IBQ ﬁeﬂ‘nﬂ]f@fbi'@mbévhm-&thiadaagblg)@gﬂg@ml@eghz-eneda
i i 4 S op e L8
carbox Ilc cid 4-nitrobe Iester diastereo mixture

7-Benzyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carba|dehyde (139 mg) was
added to the dry acetonitrile (8.7 mL) solution of anhydrous MgBr, (325 mg) under a
nitrogen atmospheré at room temperature. The dry THF solution (8.7 mL) of (5R, 6S)-
6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0}hept-2-ene-2-carboxylic acid 4-nitro-benzyl
ester (223 mg) was added to the mixture, cooled to =20 °C, and Et3N (0.24 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light. The
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added to the dry acetonitrile (8.7 m-) solution of
anhydrous MgBr2 (325 ng) under a 30 nitrogen

at nrosphere at roomtenperature. The dry THE sol ution
(8.7 mM-) of (5R 6S)-

6- br onp- 7- 0x0- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-c
arboxylic acid 4-nitro-benzyl ester (223 ng) was

reﬁ?%ﬁ_qﬂlhﬁré \nﬁs J%édjfo?S hcé%‘ﬂzﬁdctéhd _Fﬁe%téa wﬂpgcﬁc%ﬂhg&id%‘to 11

I n one portion. reaction ves

mwa@chéPéa nw)tlrh ong PPrt'Pb ehhel regetion; raiture was warmedto 0 °C and
sti@8§6r 18 & otalr erﬁéﬁﬁ:xﬁ{r]é yas glltfti& with 'étlm_ c&& QB?MW% hed with 5%

treated with acetic an
C'W@)?'C'idr?%ﬂ@lsp‘iﬂ"ﬂfloﬁn satqrmec} gagiym Mdrngam ear@om@tg. watenered rine.

TI'Qe &gﬁﬁl@ lay8t \lvéé Qﬁeé ng§(54)t&n§tflt9'e@ 'f'“beﬂ{?ététwgseco%trated under

ted Wth et acetate and th 5%
fealé%ﬂ REBRFLIRI S T@sva%ld@mwag apmltedtt@alh%aelmﬁummg@ﬂtography then

n
thé ?Ifalgﬁiﬁ?ﬁwé& Se(l)%\)%ﬁ gﬁtg"’)?ﬁ?){égﬁae%coléh §7? i‘-Df/?)gﬁ'gS ttieY BSmPARnd was

OQ'SQiH%‘éﬁ?c wa digstaragednixture (RN perrisamerphous §0|rde3i3@I mg, d%).

cop U RO £5.986, QWS 2 URAE, 28312 40 4 Yoo
2Hhk= ¢19tH2)B- 8(3pBh S Hers 4.180m.2He 8. 276, tib Jai 456 éiz)adﬁ 41(d

Rt e e o oy

6.31(, @Q{‘H‘i‘ 0(330@8 8. 7&3(&29 2x3Hy; 740’EXS.LQ)3X1|'® 7.27 (~7.36(m,

S Bt PO Sy ofl b e s o

13.6 Hz), 6.05(s, 0.2x1 H), 6.28(s. 0.8x1 H), 6.31(s,

g J - 86 Hz) 158tep4 -
‘%SR) (6Z)-6-(7-Benzyl -5,6.7,8-tetrahydroi m dazof 1. 2- al
pyrazi n- 2-
y me@ E EF-[ZRQX&#}O@? d?%rgzny?% gmé: t/egllﬁ%g?oﬁn 8%{6??5 afpy?&ln-z-yl)
memsa)l-ﬁenr 9'(1923}0#&3&@&31 (azabevdg{B@]Bem-QBGerﬂ-rcarbpdylml aciddaz

a] pyraZ| n-2-yl) 20
"'%g%&?" br ono- 7- oxo- 4-t hi a- 1- azabl cycl o[ 3. 2. 0] hept 2

est@rr(é.zz g)a\rags(g@goivgda@ THF455 mil) ant acetonitrie (@srmi)1. Bresply activated
Zn‘f‘@ﬁstﬂf) 88 gC%SQ aHBeJ oﬁ?@ut%%sg@@g ﬁc?u%ié’ﬂuéefr 1§ 6%250 ﬁj{L)) The

Fres ti1vated
regetian @356|M€\§m9ypwdt\féthtfeﬂ toegxclugrllights, Tee reragylon mh@ure was

w?&@ﬁéw Qﬁll FoF 8lh #G5orh Qé(rﬁgéargtu% t H'E%%éctfoﬂ n‘ﬁ?&ﬁ ?s filtered

e reaction m xt VI gor ous
thfcmghz padaf Gelitan Thefiete waswaghed wnﬁaeihvlmetate(am thewaqueous

IagvarI vkﬁsr ds%gar &g ?h agggé\%t Igyeal{ﬁ? tc{gSledTg gosfséﬁdr‘?ﬁ.ﬁ\lw was added
tosaglist Bl del8.0Th éhaquguwawemsajedz umiqdugrovasumnaarh 851CM The
coHREHr N8 W28 4PBhkd 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
~ 4/1). The combined fractiqns were concentrated under high vacuum at 35 °C and
lyophilized to give the title compound as a yellow amorphous solid (390 rhg, 49%, pH

7.7).
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to adjust pHto 8.0. The m xture was concentrated
under high -vacuumat 35 C. The concentrate was
applied to Diaion HP-21 (79 nmL, M tsubishi Kasei Co.
Ltd.) resin 30 colum chronat ography. After adsor bing,
the colum was eluted with H20- McCN(1/0 - 4/1). The
conbi ned fractions were concentrated under hi gh vacuum

at P, BoPEacky SRRNRERS) b 2,04 X0 4316, bij aS AR Y7 95),

| ow anor phous so
36!74; 28D @Q(d@@ V'35 K2, [6248(s 511D, B9, 1E|) S%Q?ms th) 7.28 ~7.37(m,
GHg 61(d, 2H, J = 7.2 Hz), 3.67(s, 2H), 3.96(t, 2H, J =
.7 Hz), 6.43(s, 1 H, 6.89(s, 1 H), 6.93(s, 1 H,
7.28 -7.37(m 6H). 5 Exanple 34 Preparation of
(5R, 62Z) - 7- ox0- 6- ([ 5- (perQb'q]I fs ¥4 nethyl)-4,5,6, 7-

t et rahydr ot hi enor 3, 2- y'r'l'd'L

i n-2-yl) I net hyl enel - 7oxo 4-thia-1-

azabi oyl liich & BREAT-SAERTIE AR imBfiva 487 °P

P6- ( pvteteihydiothli M}]yc]gﬂ;dig-&,-ﬂ)]trmmm:mmaﬂs 2-
cl pyri di ne:

2- (formyl) - 65 iovielol3. 2.0Ihept-¢-aner2-garbox ids i ne
(1.05 g, 5.2 rmol) in DI\/F(20 m) , 3p|coly|

chI or| de h)‘drochl Qri de (O 852 g,.5.2 mol) and N N 15 _
te) - i jriclin-3zy! W-4.58,7-fatrahvdrottitenol pyridine:

roomtenperature The reactlon mxture vvas stlrred
for 24 hrs and quenched with water. The reaction

Tors stiied splon ©f t R=far@y)-fi - sihydrpibiencl: 2rel-5dErewridies (1.05 g, 5.2
mﬁ%lf [ BRIFSL 2674) dslpﬁ‘&m\embna@ hydeemand\@@%z .15, 2%01) and NN-

red and concentrate cgroduct was purif by
dl@pc@ymx!amnecﬂpdnht%g?semasmﬂ A.ati rRgmi temperature. “Fhe eacton

migbiey lhas altidle- fof Q|49hr¥eér{d0éiﬂé‘%ﬁbd Sh Water| efrd: reB@fboriTBhixture was
exiaREd Wb RO R B Bl Y BISF 2R e GYeranhyRious MgSO. |

wae, fitefedit Ity diopcéntré@r 3, Phe pmmctd was purified by SiO, column

i n-2-yl)me | - 6- br
chigRedgbinG Py ehiteg itopfi Sndagiisie; S flou semi-spie. Yield: 800 mg
50%; RpFHRE9.

[5 (pyridin-3-yl methyl)- 4,5,6,7- tetrahydrothl eno] [ 3, 2-

c]pyridine (516 ng, 2.0 mml) and the dry THE
buw-nnrdb%fi).z 6)

ignof3¢A-¢ ethyd]-6-bro OX0-
azéb?&yéfoﬁ Qﬂﬁé’ﬂt-ﬁéﬁcﬁﬁ c&?ﬂ&yﬁl 2.0 rmrDI) wer e

2-Formy! [5-(pyridin-3-yimethyl)-4,5,6,7-tetrahydrothieno][3,2-c]pyridine (516' mg, 2.0
mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (772 mg, 2.0 mmol) were
added successively to the dry acetonitrile (15 mL) solution of anhydrous MgBr,: O(Et)z
(390 mg, 1.5 mmol)under an argon atmosphere at room temperature After cooling to —

20 °C, Et;N (2 0 mL) was added in one portion. The reaction vessel was covered with

foil to exclude light. The reaction mixture was stirred for 2 h at —20 °C and treated with

-125-



10

15

20

25

30

added successively to the dry acetonitrile (15 nL)
sol ution of anhydrous MgBr2: Q(Et)2 30 (390 ny, 1.5
nmol ) under an argon at nosphere at room tenperature.
After cooling to - 20 C, Et3N (2.0 nlL) was added in
one portion. The reaction vessel was covered with
foil to exclude light. The reaction m xture was

acetit rahﬁ?drfdéf(12b4hmﬁ§ lIT 8&- bortiBfl. tTHRAfRE M Fn"kture v]ré’s'swarmed to 0 °C

lL) in one portion.

anitre oY nﬁg Cmé@e\ﬂﬁ'm‘é?i wag diuted with etiy @F?’fétﬁ angtwashed with

5% oﬁhc Qci@ aqﬁb@u%dhﬂt{rﬁ sh@fatdd |sHEIﬁﬁ|| Wydrdh et éﬁfﬁor?ﬁ@tﬁﬁeonne The

5% citric _acid aqueous sol ut

°@3‘E*ﬁﬂ%¥%d~%ﬂﬂ%'ﬂ%%g%w WlarBR #HEKGN Arach of elterTriBhe pad was
wﬁr@awm étﬂMQ!ceM?é? ‘Ijhé ﬁﬂafé\@@&&me‘éﬂﬁat“eblJn%é?ﬂaduﬁé@ﬂﬁégs&e The

5 washed

relitie Stas SPRIRd o Flira B8l seldne FRaatodReR. [heha columagras eluted

with mua&tatghﬁexﬁes(ﬂﬂvecbﬁécté@ Iﬂ*ab%sﬁﬁeré'doh@éht%éd under reduced
col um omat o raPtc‘%é then the colum was el

e e i @Pﬂﬂ"e Jaigu 1e56R: iIgomers wer takent f@dnw aséqn offgle yellow

ari&rpRowOsSlidNYieRk 200 HIAHST %! Mewvcesh anregysure and the
m xture of diastereo isoners were taken to next step.

Pal e yeI I ow armrphous solid; Yield: 700 rTg 51 % MH

aflaz ic acid:
-Nitbdb@ﬁhhdi[(%B@@m%)ﬁ){&%ﬁldhm-?rnqétﬁﬂﬁ@ 5% £tdifafydrofflidha 2 %]p?/ndm-z-

carboxylic

yImetpylk-ebEanmsr/ expdabiar razabiove{$H-Oiherh2 engt2rearhgxy)atel ( 686 mg,
1 5n§nol7wh§ﬁfs§&¥é’d Fﬁtmfe(ﬁ@[rﬁjzarﬁl Mdnﬂhl@ (40 mL[) [Féesiulyoﬁchated Zn

255 0X0- -az abl cyc
dyst %HéWES ea¢%sey|dat\@ﬂx &8/ ngospbsteibumferrmﬂ $.5028 mL). The

redétimolesesl was chivEred 2hiTbi) to@i@luﬂé%lﬁtm%@'rbﬁctbﬁ%l%}e was
Zn was added rapi d

vigrPReh PG 12 A 200 RTRASRL(3 TR 153085 Tiure A6 fitore, coolec

torae‘m;tahdm V AESEOH Wes 20N foeatjit tob tbfa 8. The flraleUdss washed with
The reaction m xture was orously stirred
et %cgfa {h

fe and 8&&”?%%8%“{#@9%%&% e 3BIFOHS JavaF Wasas
cdnictiteated undmoilg?d/actlmn%t @5 °gned gﬂ/el,'eMva@dlﬁi’@@ aﬂﬁgﬁio&&t was

{
PRl BY 51 cBeiR rierv vesh ol oriy BrtoaEab e iy St colan was
elatgd mthsdeiqmzed witter (2ditsh andiiatiat @iih YORETAN \Watef 2THE Fadlions
cobod Syt CABHR BB Sl & 5o piure at room
tempecatureo gma;y?yow kdsiidtwatsl washield a{lmcécutme\a?ﬁ fllltgﬁsutcfgﬂlieﬂd YiBld: 50
wat e I %
el 25, AR Rt atp. 313 BT e r occt v o
col I'eLNMR @MSOBaNL. Bqtnengltz wwm%)ps SS(W rzﬁ)ﬁs 86 QOPH), 6.3

Th I
R BB R Rl W R s e e
8.5&(d,aw)crystal s; np. 134-136C;, (MrH) 412.

‘Example 35 |

Preparation of (5R,6Z)-7-0x0-6-{[5-(pyridin-3-ylcarbonyl)-4,5.6.7-
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"H NWVR (DMSO-d6)5 d 2.8 (m 2H), 2.92 (bm 2H), 3.6
(m 2H), 3.86 (s, 2H), 6.3 (s, 1 H, 6.41 (s, 1 H),
7.17 (s, 1 H, 7.29 (s, 1 H, 7235 (m 1 H, 7.7 (m 1
H, 8.48 (d,1 H), 8.54 (s, 1 H). 30Exarrp|e35
Preparation of

(5Rp62) 7-0x0-6-ff5-(pvridin-3-ylcarbonyl)-4 5, 6 7- -
126 tetra hydrothi enol3. 2-cl pyridin-2 vl)I methyl ene}
7oxo4th|s 1 _ _

azabi c rothi idi lene}-Toike-4-fhifP- 1:
2- For nyl f5 E%(ﬁl' | ]
tetrahvdroth
sol ution of

- p ridine
othieno]]3,2-¢]pyridine:

chl ori de hydrochl ori de (531 rrg, SGQS;anLL gggelal l;l;
r%é?'nﬂé’%%ﬁ"éb%% 8 - Bomi & dlihigretnianaiiia- o Seg)-Byridinec(606 mg, 3.0
mimol) i DM (szcaml) qmemnbyn%m&srtoltahwﬁgogfﬁggﬁ,?@@; ‘H“mmql)I and N,N-
dll%%ﬁ%e&? )ﬁ%%gﬁd“ LgeCts%s@ V‘\’A'éﬁﬁ‘lweé’u%t AgROEMperatuggas The reaction
miiure eime stisned f‘m"Me"“’sr*ﬂ'tﬂ’a3Ueﬁaﬁéd Rﬁl@\d%&r""aﬁhé)%}dc“hbﬁ%lg}xre was

t h el utin
extatEd S HbeoSR HRe il dimiveies gl Haver amoomys, MgsOL, I
wa339fﬂtell'eldH dhA3. cohberbtated. 2: The product was purified by S)|024 column

ridin-3 vlcarb
. chér%ltédrgww eﬁxtlr% %Cv?i hvcletgxla etate. VPale yellow semi-solid. Yield: 600mg ,
- 73%e MHch328. ot hi enol3, 2-cl pyri di n-2-vl)carbonvl | - 6- br ono

70x0-4 this 1
azabicyclor3.2.01hept-2-ene-2 car boxyl ato 2-Fornyl

Stép2 itrébenay-g &l ﬁ.szweg.tu g{@[; enO] [3,
tet?a' Xt'h e 0 ri di Zz\ltl)carbonvl -1:-bromo-7-oxo-4-th|a-1-

2- 'ﬁ’"ﬁ?‘ £ @%ﬁe%ﬁgﬁﬁwﬁﬁﬁ 7n@tra20%¥$ﬁﬁ§palg%mr-dmdwo mg, 1.4

- mmaly @ed stheeliy THIFt beluibiy (2 eﬁggtlﬁg sRe aé}% BMP.S;%,%_A g,éa _{-aza-
| b'cgé'%@%ﬁ?ﬁggﬂi‘ggcﬂm%Gn%%ﬁﬁ&anP%nZ&l ester (e7r72ml 2.0l were

addedP€ucCesshteBNto( &emma):ewaﬁméqqi@%u %oﬁmsn P rahh};q?o%sTMSBrz. O(Et),
t sel] was covered with' foll to e ude

(61|§9€rﬁ§ﬂi 23 &f St ABArgAnRtmosPhRe at reem demperature.rAfter coding to —

20 C;CaEtht(Q@ahE)leas '8P ir6RY perisRNTAB rEsction-VisdTwas! Avered with

actlon m xture was war e

foﬂ%‘ %xcﬁ?&e f'l' g? ?‘3329 QN Mixtyrecwasrgtirred for 2rke atva20 G Bod tdated with
acamptatmhpdridﬂ (e én anel poRBACATHY Fdaction mixture was warmed to 0 °C
and stirred for 15 h at 0 °C. The mixture was diluted with ethyl acetate and washed with
5% citric acid aqueous solution, saturated sodium hydrogen carbonate, and brine. The
organic layer was dried (MgSO,) and filtered through a pad of Celite. The pad was
washed with ethyl acetate. The filtrate was concentrated under reduced pressure. The
residue was applied to silica gel column chromatography, then the column was eluted

- with ethyl acetate: hexane (1:1). Collected fractions were concentrated under reduced

pressure and the mixture of diastereo isomers were taken to next step. Pale yellow
amorphous solid; Yield: 300 mg, 30%; M.pt. 71°C; M+H 701.
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5%citric acid aqueous solution, saturated sodi um
hydr ogen carbonate, and brine. The organic |ayer was
dried (MgSO4) and filtered through a pad of Celite.
The pad was washed with ethyl acetate. The filtrate
was concentrated under reduced pressure. The 30

resi due was applied to silica gel colum

chr omat ogr aphy, then the columm was eluted wth ethyl
acetate: hexane (1:1). Collected fractions were

St -C(BRI6ZD16C{]5 intRgldarhdn Qﬁs,sm-ﬁtﬂhﬂdtdibleﬁbE,ZI-eridin-Z-

|astereo |soners zre t aken t o next ten. Pa

e
acld sodium

,zlc M+H701 = 127 Step 3:
6- (15- (pyri din-3-yl carbonyl) - 67tetrahﬁldr ,

@ qapq;ﬁy,-ﬁg(azzequggy [5@yﬁdlg-3-ylcarbonyl) 5 67-fetrahydroth|eno[3 c]pyr|d|n-

2-ylémétﬁmtélbfﬂoﬁﬂﬁ}-'o%6‘)ﬂomi@-f-Eta%m]jcfé{&‘i@ b}?ﬁéﬁf—?feﬂe&-ﬁrﬂ&&lat@( 800 mg,

ne- 2-"carboxvlic acid_sod

1.14-mynp)) wigs hspolyed im W ;@%5@«) EB‘! ay?temﬁﬂ%m Bh) JIRSHY adkivated Zn
dustf(5§ g) ‘%Jarsadméa %61&!9 WH) @nﬁdﬂb‘éﬁh&{b 'buffer pH 6.5, 28 mL) The

br onp- 7- oxo0-4 i a- -aza |cycl o 2.0]h

rea@ﬁpn 2eSéﬁbwes ems&ynﬂaf%l tp exgladenight. The seagtipn i § was

vng&o%%@'s‘f?rgd kgt 2ThiGt fodth t@h)pe?digfeacl@feQEbétfohhﬁ' xlmé)wﬂé-)iltered cooled
Fres 'Uy%act i vated Zn s_added rap

to G Erams] &1 0 DAG A ACdsst i cisbRHAS 815, JEherfiyate 1t washed with
etrfy?@@étét@ "énHQﬁé Bhuetis w&v Wa? @eiﬁ‘érbfédf e éq@nesa@llay@@vas

he reaction m x or ously

comﬁntrzfqﬁl under Bigh vagiiHe P&@%r% to g 9% Y?'E’é(‘(:g regRtatex P@%@t was
puﬁfléd 18/ HF‘21 ?@éﬂ'{ fé@ersbcbhas@colﬂﬂlﬂ dﬂr&n%b‘%ﬁw V\ﬁtﬂlaﬂﬂﬂféd:ohﬁnn was

ust

oliedb il dbiaack Wates (LM e with 0% Lo el The fackions
coﬁ@m@uﬁe |oricict W@ﬁe cdleatea Ahd abRsbnirafarat e ditel prasdltedt room

recipitat Rr
tegi it T Sl s ofés asDies BLF 5rd@Be Bh iee " Bhea. viels: 50
mg:hlz%m‘sqgnmbvystalmmp agsflct(h,ama!zerm was 15 el uted
with deionized water (2 lits) and latter with 10% CAN:
Water. The fractions containing the product were
col  ected and concentr at eBkaaiple @duced pressure at room
tenperature. The yellow solid was washed with acetone
and filtered. Dried. Yield: 50 ng, 12% as yell ow

i enor 3 2-

cl pyridin-2-yl)I net hyl enel - 7oxo 4-thia-1- azab|cyclor3
2. O hept - 2- ene- 2-carboxylic acid: 25 Step 1:

di ne:

To a stirred solution of 2-(formyl)-6,7-dihydrothieno[3,2-c]-5(4H)-pyridine (0.41 mg, 2
mmol) in DMF ( 20 ml) , phenyl acetyl chloride (0.35 mg, 2.2 mmol) and N,N-
diisopropylethylamine (10 ml, excess) was added at room tempefature. The reaction
mixture was stirred for 24 hrs and quenched with water. The reaction mixture was
extracted with chloroform; washed well with water and dried over. anhydrous MgSO,. It
was filtered and concentrated. @ The product was purified by SiO; column
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To a stirred sol ution of

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

(0.41 nmg, 2 mol) in DMV ( 20 m) , phenyl acetyl

chloride (0.35 ng, 2.2 mmol) and N, N- 30

di i sopropyl ethylamne (10 m, excess) was added at

roomtenperature. The reaction mxture was stirred for

. : . C I Bgoy,-

ool )y UaG Pt aSBLRS, VIR R oYy B i
28&nd dried over anhydrous MgSO4. It was filtered and

concentrated. The product was purified by SiQ2 col um

- 128 chromat ography by el ut| ng |t vvlth et hyI acet ate.

2" Hace . .
g@%ﬁﬁw&&) £H§ Etie”z‘éla%cﬁfg)té b et AT
latsti N- 2- vl ) met hyl | - 6- br ono- 7- oxo- 4-t hi a- 1- azabi cyc
ept | at 2-F
2 ﬁ°i ﬁxglpﬁzewpm@w%ﬁ? ighahy PR IR SrIPBBE] §49. gy mmo)
andli B (& 051rm= oldtishof20 Ayl bhe(sw, y 68HB-Homoi7-ano-4-#a-1-aza-
0X0
o SO e ks R 985 ot 85k 36 10 o wer
ad&edwsmdc@sﬁﬁfvyd tr@sd@racé&aﬁnlarmslnlg goiatioh oﬂ@nbydtﬁuaMQBcL O(Et),
(345G ot oL A oAl e oo to -
2oacg Eﬂ,Na@ZIDﬁ'M) Wae dtidetl @0 BhéE Wgahhatmeereaétfdlwessdoham@pvbmd with
S aqade

f0|Irtg a?e‘f’liu% 'T:'gréts 'I&]e r\ﬁlagtl@dvlé’ﬁga WaS; wre? é?rlrfp 51? [-288 Oﬁ daé\ereated with
acéticgéhﬁhydirh@ (1. eacnﬁu)qn diieXgatticn. WIBe Teadtiof dnikiore ¥ab werme@Qo 0 °C

anf e o Thtcat i Tof PR Pee oeC i G ettt ahBwiifd wir

59 titric' &tid bquedls dolutionOsafuratdibsadiurh hyerogers caibonatedand biine. The

or B o8 Pl 5 e B £ GOt e
washea with Biieyl acetgteni Thel fdbyae mc@caetdat@d/g@@t)realmd pressure. The

ree\f.i,\éitlﬁtq%rgg %pﬁ)r‘éao%ga |c%. B% ﬁ?nrp%h}oﬁvfatc\}érgﬁhagﬁ%g\r’]‘@ﬁ cotRl16As eluted

aceta [trate rated
withnetbyl aoetahe:e“mxpnes(;km). eColieted fractions avergsorgeptrated unger reduced

prégeyte And G, FRU of HRGERO RO weld Elhch 15 sl MRB. e vellow
anfiarploguscsndid\W6eld: Qﬁﬁmgrﬁﬁ%;tMtiHJﬁéer reduced pressure
and the m xture of diastereo isonmers were taken to

next step Pal e yel |l ow anorphous solid; Yield: 360
: BARGZ)E bhe oetvB-4.5.6,7-tetrah drothleno32-c D rldm-2-

/2L 515 A0HSHQ

4 M|tﬁogammq(aua§|o§?;opaopmnyhcayu~4a&amtetymydfa;hlenam Reghoyrigine2-
ne-

VIRRENIE ﬁ}c& o s h%thabl%tg 3,2, Qlhspl2 gpe-ycagboxyiate ( 300 mg

0.5 nfimol} et diabgtdzdin lIHMEGP3NL)- ar]q@/lSMpmnszhate_buffer (pH 6.5, 28 mL).
This was hydrogenated at 40 psi pressure, in the presence of 10% Pd/C (80 mg) for 2

hrs. at the end, reaction mixture was filtered through a pad of celite and concentrated.

The separated yellow solid was dissolved in ethyl acetate and washed well with water.
The organic layer was dried and concentrated. The separated yeliow solid was triturated
with diethyl ether and filtered. The yellow solid was washed well with diethyl ether and it
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yl ) met hyl ] - 6- br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hep
t-2-ene-2-carboxylate ( 300 ng, 0.4 mml) was
di ssolved 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 30
hrs. at the end, reaction mxture was filtered through
e
W @Pﬂdwgsbf?%%@;@%‘?‘;&“{so Sl 180 g, D18, PRIGWcRE me, Tog-
16%eC1 (MiiH)43Rat er. The organic Iayer was dried and
concentrated. The separated yellow solid was
triturated wth diethyl ether and filtered. The
yel | ow solid was washed viexampiet3? di ethyl ether and it

Prﬁgaéglfn‘ﬁfs@#’?@ds g(ol | %h?ﬁrﬁ’i@%ggz q%@@gjﬂgﬁﬂ_&‘ﬁ%'f SRfethylene)-
7-oxodthia-B-azabibyalpf. &O]Impt-df-ene-z-carboxyllc acid

(5R 62)-6-[(7-nmethylimdazo[ 2, 1-b][ 1, 3] benzot hi azol - 2-

yl met hyl ene) -
Stépoix CEthyl Tetiylimitiazof2-1-b]-BeRzthidzolet 2-2atyoxylatear boxyl i

By AR08 oH S AZRle- % caEpgits.Was BsRgies: aecording to the

prEtéddre as outlined in Example 1, (Step 1). Starting from 6-methyl-2-amino

oo B e A e A st GG S el (o7

Yiekdpop bibyll7-meBiytimidazo[23t-Bf-bérxthidole2-Garbekylxle-wasigblated as brown

anéﬁ)t 2%ol e (3.2 g, 20 nmmol) and ethyl bronmopyruvate
4 mol), 3.0 g (57% Yield) of ethyl

- et hyI i m dazo[ 2, 1- b] - benzt hi azol e- 2- car boxyl at e was

Stfpgoa%fpnvv'ﬁﬁ- vimaasSizd bl BndiRaze s avo o 7o a

Tcs hi gtifred @Mtldhlcmeth 7EinBiHylimidazo[2, 1-b]-benzthiazole-2-carbo late (4.0 g,

1%3?%&%1 ! daﬁ% 16&%; %_I%&g? Iﬂz%(?tloél 102@% %1(%% I, 1% mmol) |

- waoladiéd riThien réactiore meixtufel Gua stired 14t -FmaSC)andNalstyddeﬁbted to room

telPBATRG ThE e RS SHESS S BopL AR tof Gpminutes and
quashed Nmthesﬂatta'ateldoNH)Glen'ﬁEr eéan:tlen frmxtu&Owas rextracted mith2éhloroform
t
arfh SREREE Wil ekt 7l Sl 1atF Wil e R o masos
filtspe b AN Ehmaceotrgmdl Thé agsiduenaas gurifesd m\&oz anh;mhr chrematography by
gy . ¢
ol il L& SRR TS 1 Shva Ron Pl BTyt a0 mo

(Z\M’/:t)h chl orof orm netrhanol (20: 1) Brown solid; (MH)

bl s lﬁhﬂ%}qe%gyf?L(gé%@’@&i)ﬂ-mgt?lyﬁmldazo[z1 -b][4,3]benzothiazol-2-
yI)lﬁEthyqt&bfdmdaﬁai-&-tﬂlau]-éihbﬂw3mmhésitcﬂ-eﬂea-carboxylate

2-#8b'pm?l§q Péﬁ{?yﬁn%a;cgg,)!ﬁ]%pgzthlatzgllea@&anz'lg,b X ?Tllnq I§ and lhe dry THF

solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester (772 mg, 2.0 mmol) were added successively to the
dry acetonitrile (15 mL) solution of anhydrous -MgBr.: O(Et), (566 mg, 2.0 mmol) under
an argon atmosphere at room temperature. After cooling to =20 °C, Et;N (2.0 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light. The
reaction mixture was stirred for 2 h at —20 °C and treated with acetic anhydride (1.04
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. 2-Fornyl -7-met hyl i m dazo[ 2, 1- b] - benzt hi azol e (432 nuy,
2.0 mol) and the dry THE solution (20 nL) of (5R

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 (772 ng, 2.0
mmol ) were added successively to the 30 dry
acetonitrile (15 nL) solution of anhydrous _MBr2:

g pAE poBR, AP Bpdion DRty WaE hyarfep o 958 BARIRRFEE 15 m =t 0

°CniThewsigtureawde dilutad with gbioyl aretate drivewastasdt withn 5%egitsie lacldasjueous

ol B LB sl el TG e i
(Mg8@4)i andditterett thieughla Pdd of Céltenihe pacowas pashed with Ethyl acetate.

Tiog Pl e Eorat el e BsBadenitig Touii Van b to sico

gehooluma sdéhecmaiogtaphyp thehrihe cofurch avpseeluted with ethyb acetate: hexane

57 R AN SRR RLEARR o A B RE U o o

diaatepeaert weed taken tdthe madi sisps Pates pelidwrarhorphoisysolid; Yield: 400 mg,
5 The filtrat trated und duced

3120;3@{;3{]6465 e | rate was concentrate unaer reauce

The residue was applied to silica gel
col um chr omat ogr aphy, then the colum was eluted wth

et hyl s hex . g A L.ected, f.ractj ans re
Sty o B REIR TP Bimikaon bR pirzpeiREsiA Aeiegen -
oxdhaﬂﬁa?-nazabr@pw_e[raez_.ombptnzxeaemrbexglicsaﬁﬁ: Pal e yel | ow
4-@5‘8’éé’r%?l‘fé‘-[(ggétillgky)?g-%'eﬂiylirﬁ%gzgfgﬁ-b]ﬁ%:(]"ner%%igfo?:z-yb%ethyn-e-
brérﬁB??,&(tﬁﬁl)-tlh%-ﬁ-@Zaﬂ?}dﬁ[h.bﬂ@ﬁ?[éhf?—b&%éxﬁétlbe(nzm M@ 2054 mmol)
walsad\{?rggfﬂ é’bflqg)(%q] gnLi _agé(g_ﬁgég,ifril% (1&)6%@)61 !%r%gr%y gctivated Zn dust (5.2 g)
wag,] ék\)adeﬂ QREiIaR Whittd 0 [5( RCsHos bty Jouffeaith gls, msdaEp| Zhd réddidn vessel
enz

wall GEre3 Wi 365k, ki b el Baciion mixtyre was visorguslystimgg for 2 h

at banny tentper4tus OT hegreabtidvimixtuné wad Hiteved, chotexbiodetC, iand THEN NaOH

- ). and L . | |
waatilBiko Bt b2 14 Bie, T Mhrkle) o SR WRS RV pESatS Bt the
aquebddscinydrprastsepardt&d.nThe adieous dayer ivan conesilatednasler high vacuum
d_.wji f.0i | . | | | - [ .
oS8 AL o 58 LB T B 1 o e
phaserpenmn cheamathgrapbyduitially the zolume wsmselﬁtjeﬂtwéﬂ'\wjonized meader (2 L)
e TR, oA O e B e ver
cotlérﬁé&éndt@ummag@ymdemedtmepamesm afl hepna drreparsturay &he yellow
] i 5 i e
TR Yy R, i AL Y1y 8 o v
crystals;mp 478 Cs@ech l{blsEl+dla) 89h. chr omat ography. Initially

| ot 1 B A B, oy Tt eacfh e R Th, 707

(sct a5 @H)h24pO B! were

Step-4: (5R),(62)-6-[(74methylimidazo[1,2-b][1,3]benzothiazol-2-ylmethylene)] -7-
oxo-4-thia-1-azabivyclo [3.2.0]hept-2-ene-2-carboxylic acid: (Procedure B)
4-Nitrobenzyl-6-[(acetyloxy)(?-methylimidézo[z, 1-b][1,3]benzothiazol-2-yl)methyl]-6-
bromo-7-oxo-4-thia-1-azabicyclo[3.2.0lhept-2-ene-2-carboxylate ( 350 mg, 0.54 mmol)
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col l ected and concentrated under reduced pressure at
roomtenperature. The yellow 25 solid was washed with
acetone, filtered and dried. Yield: 110 ng, 55% as
yellow crystals; np 178C (Dec); (MrHtNa) 392. ' H NWMR
(DPASO-d6) 6 8.56 (s, 1 H, 7.93 (d, 1 H, 7.83 (s,

11-1), 7.38 (d, 1 H, 7.07 (s, 1 H), 6.51 (s, 2H),
2. 42

wat sfpoly i thr @0 pibie's a1 phaspiely pyes (0 i e ydpgenatee
ovet- Bdl(m(e’tdr?gl ?Dg)ﬂg)-a‘l 40 @siprésgune forB3 braabroany tanperature. Atthe end ,
ol R FAB PO B Al o oyl e

reaeﬁmMMmohaéZegﬂc)antratbsﬂtt]) 48-ml and cooled to 0° C and pH was adjusted to

B%Bg%ﬁgl Oi?‘?é%é al'l'é %%Bétc;%?é %grégtﬁl BLH&&;B%%O \egj(lj %eéiﬁ reverse

phdsebcdlutin chionaatagréplly. fritiglii ﬂwmimmn Iwaisfeduted with nlbyonaﬁd Water (2L)

o G5 oo s S YACR B colftgt pa o s

solidoead washer withuaaetame, filtered ke deied. Yieldutfi mg,6% es yellow solid.
celite and washect with acetonitrile. The reaction
m xture was concentrated to 40 ml and cooled to 00 C
and pH was adjusted to 5Exampieg38ddi ng 1N NaOH. The
product was directly | oaded over HP21 resin reverse
phase col urm chromat ography. Initially the colum was
el ut egraw i 4[5 Z-té ah@drd1m3b,8-tetrhtza10%

clop ndene € ene) 4-thia-1-aza-bicyclol 2. -2-ene-2-

fil tered and dr| ed caYb@*ﬂK; a’bl@s&ﬂmn’ﬁE&ftaS yeI | ow
solid. 10 Exanple reparation o 5R),
(62)-6-(4,5.6,7-tetrahydro-1, 3a, 3b. 8-tetraaza-

stoy &} 88Y - abahhytilee;2%4 ]yﬂ.miém, %ﬂnamrﬂmhal a-1-aza-
rcyclor 3. 2. 0 hept-2Z-ene-2- carboxylic acid sodium
salt 15 Step 1:
5. 6. Tn8-1beioh aBNHl6R of FiC?m‘élﬁa{rioﬂM@ﬁLLEncﬁhG%deinqsd%We@) 2.5

m ne The 12. 7% sol ut.i on

9) avee adrrdHg-tee mbdypa it §.2@Htriazololy. 5\7@%“ gé(@-qu&e t(ﬁgig) in ethanol
(7Q”rﬁf_%u rMéheOeattordmikdure wag %g@{oéeﬁat@& EV#(DOjKPa 3f M) mlﬂ%ys at room

temaerahy b HReTEXGS ates HfereR R sonsenta Wps jied pifssire. The

rebifi®REStrabRd Wi ih%dﬂr&tddfﬂbta&ﬁmf tarbern#d salntiorc amt extactedadth
under reduced ssure

i d
chlagblara LMo oate it Ba BT NAS DI AL R e Padce{éaé”uced
pr\éé%ﬂﬁe mhbqitlr@f:teg\gbafgﬂ 3&:%2? Ay palewatiovd soliRid(2(Iai 90%).

an concen
NEB 468 Mt G o R o4 S S £ BB 1 25, Bl b 2 I 6.2 ),
3.89% 2H, J& 6.2 Hz), 4.09 (brs, 2H).

Step 2: 4,5.6,7-Tetrahydro-1,3a,3b,8-tetraaza-cyclopentalalindene-2-carboxylic
acid ethyl ester

Ethyl bromopyruvate (10.23 g) was added to the mixture of 5,6,7,8-tetrahydro-
[1,2,4]triazolo[1,5-a}pyridin-2-ylamine (5.8 g) in 1,2-dimethoxyethane (320 mL). The
reaction mixture was stirred for 5 hours at room temperature and concentrated to 100

mL under reduced pressure. The precipitate was obtained by an addition of diethyl ether
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25 NWMR (400 MHz, CDCI3) 61.88-1.94 (m 2H), 1.98-2.05
(m 2H), 2.77 (t, 2H J =6.2 Hz), 3.95 (t, 2H, J =
6.2 Hz), 4.09 (brs, 2H). Step 2. 4 5.6

7- Tetrahvdro-1, 3a

3b, 8-tetraaza-cycl opent al al i ndene- 2-carboxylic acid
et hyl ester 30 Ethyl bronopyruvate (10.23 g) was added

(ZCE@m&;‘j I[&A?é@ﬂaﬁlt i’og.'_ 'Q?eg 9§F@ﬁ%{e%dtg%o}¥gd grég’g\aa?l (175 mL) and
stired fati2@douioxatet 10, °Crin shidlitube) Tha henctiore mixturerwas ocoleddo room
teﬁ‘i@éragfrq!te rﬁﬁ?g drﬁc%rntrggg%ﬁgr I%td E&P p?egmefﬁ{e%&dém QIa.T. treated with

UcCéd pressure
sapyrated pptaésldm/mbmasﬁ@@rb@nww@dtwmmmﬁrowrmt h'DI'Ie organic

layet Wk d'né&gNé %Q)O) %ﬁa r{ Bhtr lﬁﬁ‘anpﬁr fg“ﬁ'éer(‘?%w#{‘i Tlﬁg residue was

preci
appliedtpesdlca @el Qcaumo lqh@rrmtographntmen eluted Withtetinyk acatate - methanol
r di1
s e e T e
(400 MitzcGDGIL) b 1.424t, BHhVeT. pdias&nm%a(nbéhla;tm Bl 21, HR6.1 Hz),

e T S

pressure. The resi due was applied to silica gel
> eI ut edlvmt _

Tl

a pall @ﬂ MeanIsobutylaImdnu@?hfdﬁdg in tofiighe (1.bB NM?wa(dHMeWHZopWIse to

th%g)(?ilit?’c%r} ?gjltzé‘,g,étet:ra G{o-ﬂlﬂa:gb,%—_tegg)aﬁ-’cy%%en?%% r&m? é;gai’rboxyhc

acitl ethiyl(egter 2490 mg):miirslTHE)(5 mL)=f {8 °C Lindidr.a ﬂl&og‘éreatnﬁ;sphere

i et TR B R AR kP .1

mh.)n Thoe Mle'e(\MaSC)ﬁarMe)i to@s Caatuistined dorvd s et 0 6C. tTres reaction
soﬁmng\)aQ r&ll@t@d V\hth Cﬁt%yl ?cetate ?(’%O glL) treated with 0.5 mL sattuthecjl ammonium

tetra t'etraaza- cyc open
chiorige zo@afprb@oﬁlsoalca@duf@r ag Bymingtes dunty a@oeqmt)ate wagidepoBiEd

enbagfL) TRE miixfGrewas el (Ra8d) &‘éﬁ& rﬂlt%% i [?‘T g pa% of E/Eglﬁ% The

reaction mxture was stifrre ]
filtearie) W saneantigfedunsieneasoreq peessure. nihe residue wiag ciystalliizgd from

dl%@&raﬁ@tﬁaﬂe%nﬁ:dﬁﬂlﬂ{l elrlef fPgive 9{515 tﬁtleacg'{;:ogn@ 'ﬂa‘?né 3364) O-NMR

sol utt on was ed wt
(400 Mirize 8DGID B 201852.27 (madid), &@d(t adrhoht @mHzc)h4 39 {tg2H, J = 5.7 Hz),

7§§ uﬁH?WO.@i“{%ﬁ?ﬁf" cated for ca. 5 mnutes (until a

'tate deposited enough). The m xture was
drled (Na2SO™4) and filtered through a pad of Celite.

Stgp‘i: @,féﬁlg}{Gaéﬂﬁs!-fligefb%&-js,%t!é,?ftgtg;t&ﬂg _r; ,iqeéjn,u i5-‘%¢Qtraaza-

cydiopentalahiridena<®-yihtheth -B ropioaBoxd-4-thiast-aididyvcld[8.2.0]hept-
. (400 MHz, CDCI3) 8

,J:61Hz) 4.39 (t,

2H A 5=65:—17etl'éh)ldro 1, 3a 3b,8 tetraaza -cyclopenta[alindene-2-carbaldehyde

(2.97 g) was added to the dry acetonitrile (110 mL) solution of anhydrous MgBr, (4.45 g)
under a nitrogen atmosphere at room temperature. The dry THF solution (110 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 (2.97 g) was added to the reaction mixture, cooled to —20 °C, and
triethylamine (6.45 mL) was added in one portion. The reaction vessel was covered
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7.53 (s, 1 H, 10.01 (s, 1 H. 25 Step 4. OR

6RS) - 64( RS) - Acet oxy-14,5, 6, 7-tetrahydro-1, 3a, 3b, 8-tetr

aaza- cycl opent af al

i ndene- 2-vl | - et hyl } - 6- br onpo- 7- oxo- 4-t hi a- 1- aza- bi cycl

of 3. 2. 01hept - 2-ene-2-carboxylic acid 4-nitro-benzyl

ester

I b d

witf 1ol t ekaIde i %Jfér%ze;ﬁag@.t}e)%vaﬁ. 1Y Rlp0S¢ d@[aade&.@
anwﬂenﬁz ] mu)erva(samem_r) ongopartivmn The raaﬂitpd mzstyra\)g& warmed to O

°C %ﬁd %Errrgci for g@ SE[‘xﬂQﬁf °& EFI:[IE gﬁl?% b y%fmﬁr CAOY | ? &,and
wasﬁgd mtrmem bine- zmemrgamc layer \Mas: @pnds ltered thiough
a pgggg o' t-meé ?aeog\&%gwésﬁgot with eth?l%)é at@ StT‘F\E fgtgat%%agl:oﬁl%ﬁtrated

I on m xture, COO
underiredunedpresserg. 6 The resijuewas applied to alll@ﬂwgelp@rumrbwromat@graphy

cURGER By ERBR /PR 55 by Kb Smpne 1)
Thetitle g@mppurmb weab obtaineihata u@wzarmrnuqua/mdegﬂa%b 'H-

R4l 15 B2 bk 4t 28T B0 B e ot i e.2

(mnRiH)y Sea7h(dl| 1l&,&é‘r‘ 484 Hn)d5.48dd et S ﬂ&?H‘IMD @hel (HriH)eB.9T(se 1H),

AU 8 87 B8 A I g oo

acetate. The filt rate was concentrat ed under reduced
Stgé g?%)ﬁﬁ;{- E-ﬁ 4’rse§' ,Jl-ql éJtEa ﬂtﬁoﬂ%ﬁl gggﬁg-ltét?a%a-éé‘?o&ﬂtﬂé@l\&éﬂ]&&-

Ihat -dxvedithia ifhazs-bigycla{a:2.0]ept-2rertedi2 catbdwlid hcid

The tifle conmpound was obt ained as a brown anorphous
—Mmé—{é“ 651.6 ngy, 13%. 'H NWR (400 MHz, CDCI3) 8

2. 10(2rR BRI)B-{(RS)-AcBtor[4,5,6, 73t rahydir®4 3_%. 3b/8-fatraa2iibyclopentala)
bR Ao el byt 2 cef 282 e
acitl Shitroshenzylester (BUB.¢ sg) Mels disgolsé€d in. B (LR eH] acetonitrile (4.2

. 23- . t ;
b 5resnt gofu/Bted 7 dysti2B7.3) 2b B)5 igongspnate buter (pH 14, 132 mb)
weraadtiedhtdthe réaction mixture. The reaction vessel was covered w1th foil to

ex%luﬂgﬁ Jé\é(’tt m&tlﬂé Qvag v&dyr&.lsiy &ird k?{: ( gg’}o%n‘?te%é?ﬁhfe.z' Phe

i boxyl1"¢cacl um sa
migRe) wes p@@k@; {2 &8¢ .cang- 1 M NaGH aquesusaoidion wasRadse taadjest pH to

a - .
755088 S4B o ity st o o o
Celitss. 7 he]plad wasvashed itb avalbarx yThecaqueolisi layehwas gormentzgted to 20
mE%B '@4 cﬁu{ﬁ% 34T d*l'ﬁ%%ﬁ’c%ﬂtrbt@ vﬂé“%adtpﬁe Digf&ﬂ HP-21 (60 mL,
Ml(csszs-.w §3seh 0. Dd resip nglgpmwheorbamr@ph\( piAfier adsorging, the polumn
w%sce)%lﬁ\fae %mnggpag%vée@ehgﬁ witﬁ @?‘%‘I ?}ﬁtagétéhftﬁlg wa T%} 'Llfeaf&mﬁ?ﬂed fractions
was sangestrated undeydigiuedcpusitdt 3686 andrlyaphiiized ta @mrthe title compound
ad £ PRRWANEBhods Kolid (68 mg, 18%, pH 7.4). Mp 175 °C (dec); "H-NMR (400
MHz, D,0) 5 1.85-2.03 (m, 4H), 2.85-2.99 (m, 2H), 4.07-4.14 (m, 2H), 6.34 (s, 1H), 6.74

(s, 1H), 6.76 (s, 1H), 7.28 (s, 1H).
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m xture was cooled to 9 C, and 1 M NaCH aqueous

sol ution was added to adjust- pHto 7.5. The reaction
solution was mxed with ethyl acetate and filtered
through a pad of Celite. The pad was washed wth

wat er. The aqueous | ayer was concentrated to 20 25 nL
under hi gh vacuumat 35 C. The concentrate was applied
to Diaion HP-21 (60 nm, g yBpshi Kasei Co. Ltd.)

resin colum chromat ogr ; er adsorblng, the
col utm - wagp, gl ithfidn

acetonitri :

concegnvarex

to give the ti - CONMa
solid (68 ng, 6% =3 ToeeT,
(400 30l\/Hz D20) 81 8520_im 4H) , 285299(m
2H) , 407414(m 2H), 6.34 (s, 1H), 6.74 (s, 1 H),
6.76 (s, 1 H, 7.28 (s, 1 H. -134 Exanple 39

St? epreiiarﬁerBf §-fiydvExyrhethy ) BibenRab, fiH ,4Jokazepiii11(16H)-one;

Ly UM hyeride ALy hmEIge) was Howladied tothg. splufipp gf 11-

Oxb=101 ’ﬁambdrfbydlbétfza[b?f][GMte;ﬁne%B%a?omndJMd/hiemyl éetérd1.346 g, 5

m'§°'(3ﬁ3'/‘é?"8P |‘3" &?%EF‘ZB‘{%E‘?JH 1ThA gl mixture wagsjired for
1horr t\dnd:tﬂ giéﬁmstlm? queﬁd'iédltmdm 2ANLAf MCI uritiLthergH eluenisaches 2-3.
s 0 0 e soluti.on o
San TR TR bRtk DRI aR 1ot tus reastion wisfussugth et
acbtate RE fide ﬂmbbydned&h@brdaﬂu_lqﬁeﬂﬁr With sotimi @.)lftate”tanﬂﬁewwhﬂd
e re i,on X
coppariatts RARAnag i Heheoomonriimbs Bah FARR AR Wi ¢ n
2N of HCl until the pH value reaches 2-3. Renoved all
St o o e o R ER B bRl pgasepine o
caiibalaehydes orgam c layer with sodium sul fate and
o-buissumaty i aolo i domrentan (Rokfimes: (" 5. 7 mmoie) in
achdhnﬁIeaWag adeéd to the molecular 5|eves (1 g) under Nz at room temperature then
tt&ﬁﬁ 1‘3?)11 | Q(Yd?ar ?odt%e?; nuléy . gxa S0 Idggd into the reaction
mi&tuﬁ'ély d’(ﬂ@)()stmtnbythé Chiene r?cirb1 1] }r{lﬂuztgé Obé&aﬁrlapytarjalih'(ohrum- perruthenate
e acef oni t was ..
OFHE S 00T nE e e e g B E3Rnhliard by 1 g pompete.

Difutatherraaction rhixime with Moinhygi ethylicetaterand\fashed & thidudh 2 sehall silica
t1.0

ok pBlPhe: GH1eRE 1128 s Aree PofatePmifing iudd mafert Eiracted the
orgaric weowmamrml Nt g0 whshesdat evith (H0in.1 Tiried, th€ .ddganic layer over
solrjiTDI ebl&%’%ﬁ@?@ ereda qud tclc}r?cernﬁ‘gt%td! Oabtfaprleldotwe%eg#ec} 'cclamgéund (white
solid) in 83% yield.

Step 3: Preparation of 10-benzyl-11-ox0-10,11-dihydro-dibenzo[b,f][1,4Joxazepine-
8-carbaldehyde;

Potassium carbonate anhydrous (O 207g, 1.5 mmole) and benzyl bromide (0.205 g, 1.2
mmole) were. added toa solution of the 11-ox0-10, 11d|hydrod|benzo[b f][1,4]oxazepine-
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Dilute the reaction mxture with 1 O of ethyl
acetate and flashed it through a small silica 25 gel
colum. Collected all the ethyl acetate that contains
desired material, extracted the organic |layer with 1
N HCl and al so washed it with brine. Dried the organic
| ayer over sodiumsulfate and filtered and

8- cér E%EBH% @gf% 91 i%glgb}ngixe njieppléc%eé d'ﬁor&%\l@mperature The
rea&i@brhﬂl&mté *tﬁeh WaSreHlxddlfod uhmdrs; -aflt lkesiad tdrdohi fenfbdetataze iluted

el s, L R o AT OB B DURail g a

corfif&ﬁﬂrﬁbccl) \ﬂ!;’fuﬁﬂed gﬂitﬂg@mb@ el Sﬁlmmhoaihdafsm’/d‘letﬂyl aceta{z 5|n hexane.
X0 r odi i ne- -

Ob@?"@g %%\F’E@Fﬁdo“é’)ﬁ'(q?uﬂﬂg % é%{)&éﬂ |tO onitrile

under N2 at roomterrperature The reactl on m xture

t hen flux for ho , ed to roo .

StePerpediat ur erepaﬁ red o Histice Py -CiBBenpy (i or A g inyero-
d.b@ﬁ@&mmﬂwxéﬂ -ﬁabmwgmbao:ﬁa%ﬁaql-tmm-aaad

concentr at ed ur| ied wth silica gel colum and 50%

bicyeiof3- Zéilieql&t?eem?rzt@km"c agidpmitradgnerdestrlsi r ed
10 S@Hﬂ@#%x&hbglhidnhﬁlré-eweﬁid[ﬁ fiTueR%epintldlcarbhigbnyle (0.250 g,

0,765 [REIR) 1y B0 243 acleg 6. magnesium Byide (0419 g, 2.28mmole)
un&urm;r& %&n ft&.%.aeréiu?é a‘?ﬁh"d@ﬁﬂ’édluﬁm&xbﬂt 66)- brm&aoizoas@Atma 1-

-aza- bicycl 0] h ene- 2- car box

azaﬁqygloﬂ?g %pﬂhe@t-g@mgsa-cq;g@)g}lc aglg ﬁ@trg@pqu ester (0. 295 g, O 758 mmole)
theh” \Pé’soaéc%dlt% e isiufs, dAﬁ&nw hhndtké ihéﬂeamwemuﬂﬁe &va%aédbiéd to -

J dehy in acetonitril

. 25
20% o (twingTiRe | 0 Ok 287 (Tmele) W SAcBgyidiecipactifyBesk was
cotdted@with38iMd éEHRﬁ{eﬂIng\E eaftdig nduds FtHR0%O) trddt@with acetic anhydride

0558515, 7F 57858 #op DR G587, 0, 09759 rapeig. Warmed up the

rea%tlﬂrh trhigtues z2y1 0°Cs bed dla(befa9i2 i, fréézEE&vemﬂyhe) Rédution vetution was
Af t er

d to Xt ur. e
coffspiaies AsChespyed v ety 83t s eER i oA Rl B aqueous
soﬂtn&i%atdxateadhbﬁﬁmp?\a}er\md bmdded)rgé"rlne Iayelawhs dried inaspidium sulfate
ve Wit 0 e er 4 _hoyr

andTites§R. S5 CEHAet o CTIES A icde oel GOl fpd°H1s ethy
ac&a@BHml ©ptaired thd/AESI(eA.cOBDdENd (light YENB® dityrinl 4176 yield.

Warmed up the reaction mxture to OC and placed it in

freezer overnight. Reaction solution was concentrated

stewd di ss:0l ved prepdratibhy! acef ate amclovmizgdmom-wmd‘hydro-
citric_acid agueous 20 s

izl B AP arRPIn G M AR Oted thiA Las BB ALaA Ohept-2-

engx,ﬂ ééﬁ,@xyﬁ@ﬂc,ﬁl géﬁﬁﬁds@ﬂd concent rat ed. Pur| fi ed W th
ilica gel colum and ethyl acetate

A @6k Phasphaleebufies Sobtion éh‘ﬁcﬁ@d‘”ﬁ Pgerd mesewﬂev |°;‘ 6rlacatexy-(10-
bef&y11¢ld%o-10,11-dihydro-dibenzofb, ][ 1,4]oxazepin-8-yl)-methyl}-6-bromo-7oxo-4-

thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (0.210 g, 0.273
mmole) in THF, followed by 10% Pd-C (0.0546 g). The reaction mixture then was
hydrogenated at 40psi for three hours. Filtered through a celite pad and removed the
THF by rotary evaporation, extracted the mixture with ethyl acetate and washed with

water and brine. Dried the organic layer with sodium sulfate and filtered and
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- Stepes ¥m Pqu;baratlon of '5-Ethoxy

Step 5: Preparation of

6- (10- benzyl - 11- oxo- 10, 11- di hydro- 25 '

di benzo[ b, f][ 1, 4] oxazepi n- 8-yl net hyl ene) - 7- oxo- 4-t hi a-
1-aza- bicycl o[ 3. 2. 0] hept-2- ene-2-carboxylic acid,
sodiumsalt; A 0.5M phosphate buffer solution (pH 6.5)
was added to a solution of 6-[acetoxy-(10- benzyl -

conﬁﬁr)\(tfat%é) bf,)isr%'vg%%e QQHE@P Pealrichdr QR BR Bisti %\/a‘(ér)an'ae}dded it

to theiraadtioazmixhire yatdng[ Bitt? a0§malpar@uahef ethylaadstate| until thsi pH value

st A Bl bl St A BB LT ol
CHPReP) with vdryidg ogemmtseobfaacetﬁwtrlle f(G%-ZQ%)een twaters. Removed the

aceli%{ltgﬁr 5‘8({/\3/91%?5 tFotgry‘:&} ?B&tngﬁda@ﬁeéz%n&éﬁgthé %Swp-gbl% bbtained

apor a I on,
theadssired enaterihl \lelbwcbohd)t in 24R4tyisld.Mpd 16910he’H NMI%dDM@) 8 1.755-

+ o508, 24672 30 o L BRI B iR o i, 7o

7.7e20mn11H) distal water and added it to the reaction
m xture along with a snall anmount of ethyl acetate
until the pH value reaches 7-8, evaporated the ethyl

acetate. Purified wi th rExampk 4hase colum (M2 GCel
CHP20P) with varying anounts of acetonitrile (0% 20%
in water. Renoved the 5 acetonitrile and water by

Prégarativn o 6{8-ethoxyFT, 8-alilty drocBH:8,4cBt-Brihza /as-indapen:2¢/imethylene)-

)(/jf);fudned thg dgls# Eh?ﬁynﬁlﬁﬁ{séﬁ%e%il I OV\é blfggyll n _24%

2.497-2.506 (d, 2H), 5.243-5.434 (m 2H) 6. 516-6. 770
St( . Brokarat 03%_4 7t'h792 6(7m hl%lrc';%H- 1c<):I Exaqglvrlml%m-Z-vlamme

(SKi-Rcés At "oX BrddBanliLhyski@r R, /4 ABD -OHeha Bacasz59N 6 A CRINeR -
yl net hyl ene) -

7- 0x0-4-thi a-1-aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxy!
5.1 grafsiat 41&1Ic$6-6p7 dihydro&pheyadopentaplrimidin-2-ylamine was dissolved in

200l ppnesane 30 § BB RltRRUC REBEG4H B Bhdyf ofh e s

adGe¢ ahd femixilidWas Bfluxed 8 )3 rﬁuis thaansthefsolvent was removed in

v B A Y BRE, ERYLR BB vt

(5@hhamhe solithess fartBergraguurhed te dryifonsesetabRoure. Whe degited product

nd t e for 3 hours. Then
We('ﬁbedgso? Ww?é’ﬁo@%@%ﬁévgﬁggnd 100 water was
H- NMQSQGJMHZQCDGE,) 8l Be23(§ N 2Y, 428(huastet) 2Hh d= 68ddz)\WR BHm, 2H),

195 2eT 2 oIS kRE NS et B gt Vi ghed 5. 3
gram (98% vyield). M: 133.8-134.9 oC. HNWR (300 Mz,

DA 2) B0 o NHZ) 8 28-(7(]8 a|rhty%tro-6a‘-_.ls,4,%§-tplézga-|a_g-}nd_acene-2-

carboxylic acid ethyl ester

5.2 gram (29mmol) 4-ethoxy-6,7-dihydro-5H-cyclopentapyrimidin-2-ylamine was
dissolved in 100 ml dry THF. Bromopyruvate (5.4mi, ) was then added dropwise with in

" five minutes. The mixture was stirred at 230C for one hour. It was then filttered and

washed with ether to give 8.7 gram of solid. This solid was then dissolved in 50m!
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25 1.93 (m 2H), 1.27 (t, CH3, J=6.9 Hz); MsS: 180.0
(MtH) Step 2: Preparation of

5- Et hoxy- 7, 8- di hydr o- 6H 3, 4, 8b-tri aza- as-i ndacene- 2-
carboxylic acid ethyl ester 30 5.2 gram (29mmol)

4- et hoxy- 6, 7- di hydr o- 5H cycl opent apyri m di n- 2-yl am ne
was dissolved in 100 m dry THF. Bronopyruvate

ettt tororalLior b o€, e bbbl polod ¥fom,

terripbratm andpartitiohébetdean ﬂsomwmfomdndeﬁdﬂanl Saburgtedesodlum
of soli,d. Thi

blcegsma% a 859@5%?3’95 sssg§$ lﬁe e{&e\,@ ﬂ gf?ﬁgég ﬁ% suﬁate Filter

off theadrying agent and concerdrateniol give 6.6 grammf pteeiuper at ur e and

pact Ltjianed.-between 350nl chl orof ormand 200 m
Mpsi‘i(’%{sateﬁ?eg%di um bi carbonate. The organic |ayer was
H-NMRA(300 G%Hzambclg) i5e d.69(sr1Hyp4.60 qartet, 2H fJxr 2 HE)|, 41401(gartet, 2H,

t he [ n cqnpc i ve, 6 r

s=7op Mgl et 2 HeBB R 2 BE (6 20 TS Bt fruciona o B o7 2
Hz)GMb:D76@RM#HHO(s, 1 H), 4.50 (qgartet, 2H, J=7.2 Hz),

4.40 (qartet, 2H, J=7.2 Hz), 3.11 (t, 2H, J=9.6 Hz),

2.88 (t, 2H, J=9.6 Hz), 2.88 (m 2H), 1.43 (t, 2H,
SteE:Y Ftepatalionh ofB-etRdRy-2(8Miiblydid)6IbBonsB-trikiRasiriacone-af

et hoxy-7, 8-di hydro-6H 3, 4, 8b-tri aza-as-i ndacene- 2-
MM@M hyde 1.925 grams 5-ethoxy-7,

8- di hydr o-6H-3, 4, 8b-tri aza- as- indacene 2 car boxylic
aci d et hyl ester was di ssolved in

1,985 GFATGY SRtOHYr e SN ALO1GH 2o BP éreﬁzws-"?@%fene@rm@w afid ethy!

estéﬁwasldlaiolved?maq n)l diéforbRethard &ad thér cddied fo\LT8BTNWIRAL (1 M,
he reaction nedi a was t hen quenched wi.th 2nl et ht%nol

21 HHoG Bt VRS ﬂm@@dﬁewse@rﬂvsmﬁﬁiea. Che Frastier media Wakihedo
quéﬂcheama@ﬂm etHahBY4Hdpdritned BRIWAEHEIBOM] dRYRFoM@haN@SRETD0 ml

1 N.blh B94a e ﬁmaaﬁ?h%%r'%fﬁg[v@ﬁ%ﬂgé Wi ST PBhypy ghioroform
and tHetcﬁmﬂweﬂrtdgamo fyenwasitiget b\ter@’tagﬂe*slhm mnratmmfméremgand

Th | cohol i h ' 0,.
coepftAaH s v A fkepotTad Afendls ThE alEReus minfissie o 150mi
dichlveamettsieedandl teegramet chfrmanmaessﬂlbxldeﬂ; then 2ddexC Thi mixture was

o O AT e A Pl 3 G Gl S
cel{té 3% cocentratedds gived . hycheh{6886) di/fhe &Sire@ 2RIEhEdeC H NVR:

_ 3) 6. 9.94(s, 1 H, CHO, 839 (s, 1 H),
Mp(?égg %’E%%?‘C‘?Cf )2H J= 2(587 2Hz) 3) (m 2H(SCH2)H)
H-RME5 (00 MRL), CIIBR)5. R924, (1) CRE), 8RS, 1H), 3844 (quadéd, 2H, J=

- 7. 2lc-i_l:)3 3.2 (m, 2H, CH2), 2.85 (m, 2H, CH2), 2.24 (m 2H, CH2), 1.38 (t, 3H, CH3

J=7.2Hz); MS: 232.1(M+H)

Step 4: Preparation of 6-[acetoxy-(5-ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-
indacen-2-yl)-methyl]-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester

A 30 ml acetonitrile solution of 5-ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacene-2-
carbaldehyde (693 mg, 3mmol) was added 1.03 gram of magnesium bromide etherate.
The mixture was stirred at 230C for half an hour. Then a 30ml dry THF solution of the 6-
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J=7.2Hz); Ms: 232.1(M+H) Step 4: Preparation of

6-[ acet oxy- (5- et hoxy-7, 8-di hydro-6H 3, 4, 8b-tri aza- as-

i ndacen- 2-yl)-nethyl ]-6-brono-7-o0x0-4-thia-1-aza-bicyc
| o[ 3. 2. 0] hept - 2-ene-2- 30 carboxylic acid
4-nitro-benzyl ester A 30 ml acetonitrile solution of
5- et hoxy-7, 8-di hydro-6H 3, 4, 8b-tri aza-as-i ndacene- 2-

Broﬁx@oé?—é%?ﬁ%ﬁ%ﬁo %?ag glc@ﬂg %q]‘@éat- ee-%—%)%ﬁ%rxélc%m% ?R?oocfenzyl ester

(1.185 gBu @ éaqp) whslirfeched within a Mihete andIdereattion Miktureovastthem

Ll ema——

wadl stirred for fembigurs as+200C. (ThebScetic anhydride 0.7 v, eqa) wast ipjected

an%%%%ﬁ@n%lg%o%wg% : e{i%&a{ e@éi#éé) %6%4{?#& ﬁﬁ)sregaﬁﬂtr%edla was

thehmiilated aithad00nt bthyt acetate and mwashed with 1A mi 504 citsig afcisy 100 ml

saté}c?\{caed &B%leﬁ b%tart%o%%gang g Sgﬂfgﬁrﬁltggc tr%g%g?ﬂﬁlé:( Fagtreé \Q\aﬂitgmép ghed over
magtesign sutﬂﬁgr filterécband oricentrated . TRiash eattminghromaliography using 20%

o bl g 2 2 o

MPbit¢&7poteat 8 and 100m brine. The organic |ayer was

A 15, RO A gl g 2470 e

7.08t(Hy1H,alsdtl Bt 6147 (4 eh-hn®58 ¢k, CHZ), gr5artmp RHY B9 (nd, @HYF2.93 (m,

2 7@#?*)%1%@7%9'\-”%%?9’%%?6’ H e ore). 7,08

(d, 1 H J=11 Hz), 6.47(s, 5.55 (4H, CH2), 4.54

v RN N T—

yln?émphha)-"?‘émm@i-thiad -aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid-

6- (5- et hoxy- 7, 8-dl hydro- 6H 3, 4, 8b-tri aza- as-i ndacen- 2-

yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2-e
6-[acetdxye@rdthaxy-T,8-ditoideb-6H-3,4,8b-triaza-as-indacen-2-yl)-methyl]-6-bromo-7-

oGl TR et L Ay o pone eter 1.0

gray,0t.865 imnzol)lwas sudpengex ia[28.ral THMepd 2@ e pbi=2-5caayueous/phiasphate

oufi, B wa R s e g o e gleR b ML Teh it wes
filtgded sirbagie a padfof eelite ahet cmoehtrated inveacupte mersong mosteod theoTHF.
45 —afd:lt .

o BB VA R e 8 e T S M- P
hydmxdee Then tit veds punified Hﬁ reveT@pMﬂeUﬂlPtm using 1tliterof watsr faliowed
t i i i .
oy 250 Al 3 RS Wy b g olel btk AbhiTiate i

vacm argi 100 migeaf poddusbwvas cdliectedwed 25 by 5% - 25% acet c;

rgrg and water. Water was then renoved through
gn rate in

: H NMR (300 MHz, CDCl,) 8. 7.52 (s, 1H), 6.95(s, 1H), 6.54(s, 1H), 4.73 (m, 2H),

3.06(m, 2H), 2.84 (m, 2H), 2.27 (m, 2H), 1.43 (t, 3H); MS: 383.2 (M+H).

Example 41

(5R,6E&Z)-7-0x0-6-(4H,10H-pyrazolo[5,1-c][1,4]benzoxazepin-2-ylmethylene)-4-
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vacuo and 100 ng of product was collected. MP: >250 C
H NVR (300 Mz, CDCI3) 8. 7.52 (s, 1 H), 6.95(s, 1
H, 6.54(s, 1 H, 4.73 (m 2H), 3.06(m 2H), 2.84 (m
- 2H), 2.27 (m 2H), 1.43 (t, 3H); Ms: 383.2 (MtH). 30
Exanple 41 (5 R 6 E&Z)-7-o0x0-6-(4H, 10H pyrazol o
[5,1-c] [1,4] benzoxazepl n- 2- yI nmet hyl ene) 4- - 139

| gghladhasiabl géy iz %B}J@é—%?%qq -8 &oxyﬁc actd, lol:llcunzi1 g'a

1- (2-fl uorobenzvl ) | H pvrazol e- 3, 5-di car boxyl ate
St2 fI uorobenzyl 1brom de (2 O m 16 58 mml) vvas added
:o. 3 IeP3 O ¥ " 3 -

2-fludrdBénghl bﬂcﬂmaé mnpe %&ﬁﬁ@)&ésé&déa toJa7m|3ctdi@Bf dieth 5-
acetonitril ( . Heated tg 60C for
pyrﬁéde@cahexxl#ér@@aa, éﬂ1§@m%rﬁSzP@nﬁé%eu%1 el é“éd

acéﬂﬂtrﬁé’n/gﬂ@%ﬁ ﬁh@é* N RestRa¢d BT ﬁ:‘?'tWB h&lrs ahd @R d%le@rto room

(-2 resul ting residue and extracted

Wi t
tertperalare. VilsrRsiany ERIGEBIEAGH (e (Raction saiuiop, Added walef (gbtm) to
theXeS@iihg fesRIR andQkrHbied With @t@A@”Wafshéd Sigaflics (ln water and brme

concentrated. Obtained dieth 10 fl uorobenzyl) -
Drigd ﬁ;&%l@egsgd'wnéalf%wﬂé%téfecil %WPD%ME&H &btaing d'F-‘th' 1-(2-
ﬂu%@éﬂiy‘)ﬂtl-l H@'aiblslﬁjs -dicabBRylate (E’grﬂ efic¥ bif)in §liantitative yield.

["'uor obenzvl H pvrazol e- 3, 5-nethanediol A1 M
soI ution of DIBAL-H in THE (90 m, 90 mmol) was added

A e S DAL 1o e g ool weiacind Fe oot dithyl 1
2 ﬂufnﬁ ﬁ;zgl)WH By %Qs§ﬁakaﬁaﬂylﬂé3@e€tﬁg ofa, Qﬁ%nfoﬂriﬂ@%mg (90 ml)

and extracted wt and washe
at Brc? H'édefr_f)lzl Atlertwoherrscauencaed with NiCleg @nd &F%"%ﬁlﬂ’“ Was formed.

Fn{:égll.-ct %&%%f\ﬁ}&&%@A@élﬂiﬂaﬁéﬁlvﬁih@m@ DhechrLbﬁn@s geér sodium
and 5%
sulfe BN Jigsc R Eresnated: oW 5l 961 cobmatarg 5gh NeOH i

CHCEPabedingd8.81g of the diol compound (clear oil) in 96% vyield.
4H, 10H pyrazol ol 5, 1-cl rl . 41benzoxazepi ne- 2- car bal dehyd
e The di ol conpound (3 83 g 16 21 mol ) in HWA (24
St argfienl of aHA 0H zbR82épide-34aghaldehyde

Tm&aq'&amahgégstaﬁbi‘ TPt %@n%%asm 'ZS*M%JS% U i adergf @ suspension

- of N2FP@B0%, 43t g, B3 Rivet) mdldienw(eeo nﬂ)mhdexNE Repidly heatedto 95°C

OAc. Washed t h
fogipe ieut® Buerodbdftnpay Frape!s uather Wi Siptefare exracted
withORtOAR! Waisted oRydni cfslwmh wadtéharsd tbrinéaDgedi oyahidsoversbdifh sulfate

ol el B SR RS i et o DAL g b
Obtained 4H,10H-pyrazolo[5,1-c][1,4]benzoxazepin-2-yimethano! (white solid). Yield:
0.71 g 20%. '
4H,10H-pyrazolo[5,1-c]{1 4]benzoxazepln-2-ylmethanol (0.71 g, 3.28 mmol), 4-
methylmorpholine N-oxide (1/198g, 10.23 mmol), molecular sieves (powder, 4
angstroms) (3.32 g), and acetonitrile (0.07M) were placed to'gether under N..
Tetrapropylammoniumperruthenate (0.113 g, 0.322 mmol) was added and after three
hours the reaction solution was filtered through celite and concentrated. Purified with
silica gel column and 1:1 EtOAc/Hexane. Obtained 4H,10H-pyrazolo[5,1-
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0.71 g 20%

4H, 10+ pyrazol o[ 5, 1-c] [ 1, 4] benzoxazepi n- 2- yl net hanol
(0.71 g, 3.28 mmol), 4- methyl norphol i ne N-oxide
(1/198g, 10.23 mmol ), nol ecul ar sieves (powder, 4 30

angstrons) (3.32 g), and acetonitrile (0.07M were
pl aced toget her under N2.

Tetra | ' henat L1 : 22 I
e RRBPPITE SREERRD R a1 TRE Pala #4A col i on

was filtered through celite and concentrated. Purified
Ste\g,_%: rﬂ’fe%ql_aﬁg g?%rgﬂagatu iqn o? gieget%xﬁ 4% Sf 6%))(:?5]2%!0[ L ai ned
c][@hibbné me?o m@asa lrﬁethaﬂcmhﬁmlﬂbxd-a-thmﬂ “aga-Hidyclo[3.2.0Jhept-2-

Step 4. Preparation of Preparation
ene:ﬂ-cerlgwélt:@ﬁgﬂ Mﬂrq-@mwre&m, o[ 5, 1-
c] [ 1, 4] benzoxazepi ne- 8-yl ) -nmet hyl ] - 6- bronp- 70x0-4-t hi a

azablc%cloEBZOhet25ene20aro lic acid
4H,40Hrnyr@zoﬁ;g Ayl 14dhanzoxazepine-2-carbaldehyde (0.1 g,0887 mmol) in

ace"tg'zlﬂ'@'g QWIIW@E QB@edltDQ\}IJ; éf:z 40.884 z0sEmaTINNArdér Nél rAﬂﬂr Qs feutes

acetonitrile
6-Byemed - w—%m 2 a(ze-bdcy@ 0[322 9&%1@%‘?0% agid ﬁé‘r""%enzyl

est@t gPé@% 0. 888 mmol ) |n THF (a1§am|) was added After 15 minutes the reaction

was sp6loR 4 120 T en MUTies 156 G5 Lot (2ed) and(RpdRE s8acE T e
darkMRkens.5 ﬂoJﬂd%dGé& A%Lo (dm nﬂddw mnfdl) £Hd BRAP (0W18g, 0.b%00

reaction ol e C. Ten m nutes

mngal3 \Varateg)to ;Qn(a aaqi d@@ad rrbfawea AVErRighty 363%9%&%\00&886 5

_ coﬁ@ﬁ[@te@%@%ﬁﬂdr%c?eé@ué3va§1take41 uboin FROAS. \WBShdWkith 5% citric acid

0C d
(ac) o8 SBr58 MBI (o Re SRS eSS WG fo4e SN B GE: R erganics

ové KbdlLe$ é'ulfdté‘gnd ﬁﬁéré’&l Sndl\/@&de%lf&l@d Upurified RlithAfica \dés e plates and-

g baerdhe tondsaicRPraie: gyl oBeale viele: 0.3

g, ¥49ayiees over sodiumsulfate, and filtered and
concentrated. Purified with silica gel prep plates and
1: 2 Et CAc/ Hexane. (bt ai ned the condensati on product

Stép( 8! (5R(6ERD)-5-0kbB) (4HYI 03-pyra2old]5,14][1539Benzoxkdepia- St ep
vlmstbvbee&rﬁ-t%& 3zabievsiclR-OMAprL 2ns % carbepylc a¢ig. Aodivmy,salt:

@;PBWX 3 5M hosphate buffer solution (pH 6.5) (18mL) was added to a solution of the

| t 2-
cobgegt dﬁé‘qﬁbd (b0 to8 8aRBmmefig s Ty Bhe RGPS
(0! hulﬁé)aha§éﬁdébléiﬂ thep Fbaticn m()(i@rﬁhn)as\mdrogédﬁéd tab4@psi for two hours.
e DR ol PeSTRASH T RO et ik A
Dmrg@bg@ddo\t@a dodiiigm dlﬁatgtsangr’rlmtdrddt afdeconeentiayet!. tmelmge(d s,
Sl or WO . | er
SRR wRREISBgNR i DSl AP G P R0aR i concentrated
or r@éd?alon itled sl MMt OMEIOAROHiltersdindfremevedBtOAC by rotary

iltered and, concentrated. HC(%E
evaporation. Punf ed w%h reverse phase co cNﬁlj él%e?%?lPZOP) and varying

amounts of acetonitrile (0% to 15%) in water. Removed the acetonitrile and most of the
water from the collected fractions by rotary evaporation. _Freeze-dried the rest to obtain
41mg of (5R,6E)-7-ox0-6-(4H,10H-pyrazolof5, 1-c][1,4]benzoxazepin-2-ylmethylene)-4-
thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt (6) (yellow solid) in
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0.952mmol ) was dissolved in a mninmal anpbunt of water
and added to the concentrated organics along with a
smal | amount of EtOQAc. Filtered and renoved Et OQAc by
rotary evaporation. Purified with reverse phase
colum (M Gel CHP20P) and varying 30 amounts of
acetone;rile (O%to 15% in water. Renoved the

2B RN R ey b 2 ol P EF 2 3] P WPke 57 s

(5, DM 51366HMOIH)f 5.649 (m, 4H), 6.326 (t, 2H), 6.444 (s, 2H), 6.551 (s, 2H),

oo e fy ?seﬁgé oG 07T 28, A ishs 305 SRR

(M2H3bbept - 2- ene- 2- carboxylic acid, sodiumsalt (6)
"~ (yellow solid) in -141 22%yi el d. HPLC found the
purityto be 77% and the E/Z isoner ratio to be

3:2. " HNVR (S, DI\/ISOdg) ﬁaragﬁagzn 4H), 5.649 (m 4H)
- 1 2H) .

7355 AT S ST AT A A Vi
(62) - 6-( m dazo

2. 1-ali soi ndol - 2- yI met hyl ene) - 7- oxo- 4- Chi a- 1- aza-

-RalidiRadikls-Eafaldbnyadl um sal t
5H- | fFhelaelution af 2xbroms-AriRsPEorRXY-arapenakithaTca) Th drysasetonitda (3

ngcet Oaﬁﬁtgm:q the! (@% ri?@%m g%tndwe 84 ng))m 'dﬂl Qd‘eXonltnle (100
mL3- afhieTeadtien m@stuﬁ%iwrae s(":sedﬁog)% 25rh @Frryoﬁ\démﬁﬁﬂﬂf?l eT"(el‘OO

tnéfl"r})laml-ﬁgg%E'Sqm‘i‘lf)t\:{ne%nadqj ek 'Er% r’ﬁﬁ(ﬁjré tah& hesteli % re?lu% 5orr2 I'?t The

erat'ure trieth yamne .
migyteeuag @pajercbtowpqmder@parra@rﬁ.e%@ai with ¢tbvl|a9ﬁta1teb ra"Q washemwlth

20@’5p6'{b§g|&m ﬂy%ﬁeﬁ e¥pBRatk0 A@mthﬁaﬁﬁ{r%%{ £ padof BERE the organic
W t Ot aS ium

th
layey waége# @aé‘ééb ?ng 00%]%'@@ wrtdnegfqt@ﬁeg hefgsigpe was

apbifdd fo&ilich 8! &R thromaRdRapMB thefldlfted (WE%%) aéﬁlﬂte hexane (3/1
concentrated under reducewﬁ a_sure The resi

~ 5801 Theciise oMPoang WA GoRAR=S OB MY GESIavs and RORYENE to give
thé‘{lﬂﬂ @di'nﬂ&hh qtdwé 22%% at-ENMR@90 MHZ, @dc:l‘)/al) 01 (&eH), 7.28-7.52

rystallized fromethyl acetate and
"h3Hé>Za9fb(St 6Hb 7v%1'7§§('7“hé"‘} % 9%dscBbound 0.04 g, 229%.
"H NWR (400 MHz, CDCI3) Sti .01 (s, 2H), 728752

7.91.7. 93 gm 1 H), (s, 1
SinS-[{RS -Acetoxy- 5H-|m|dazo|2, a]|somdol-2-vl)-

_Itlgmm.eﬂoxyl i ¢ aci d 4- 25 ni tro-benzyl est er
5H-Imidazo[2,1-alisocindole-2-carbaldehyde (736.8 mg) was added to the dry

acetonitrile (50 mL) solution of anhydrous MgBr, (1.8 g) under a nitrogen atmosphere at

room temperature. The dry THF solution (50 mL) of (5R, 6S)-6-bromo-7-oxo0-4-thia-1-

aza-bicyclo[3.2.0]hept-2-'ene-2-c'arboxylic acid 4-nitro-benzyl ester (1.55 g) was added
to the reaction mixture, cooled to —20 °C, and triethylamine (1.34 mL) was added in one
portion. The reaction vessel was covered with foil to exclude light. The mixture was
stirred for 2 h at —20 °C and treated with acetic anhydride (0.76 mL) in one portion. The
reaction mixture was warmed to 0 °C and stirred for 18 h at 0 °C. The mixture was
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5H I m dazo[ 2, 1- a] i soi ndol e- 2- car bal dehyde (736.8 ny)
was added to the dry acetonitrile (50 m-) solution
of anhydrous MyBr2 (1.8 g) under a nitrogen atnosphere
at roomtenperature. The dry THE solution (50 niL) of
(5R, 6S)-6-brono-7-o0xo0-4-thia-1-

aza- bi cycl o[ 3. 2. 0] hept - 2 ene- 2-carboxylic acid

benzyl est

aiitedwith Girvaateteand svashed il HhopSeRistsadi bigiodn Fbonate,
and Bma’v’éll The dﬂ@é’\l@ﬁ?@dNasﬂ%rWde(Mg‘SUJ) A fi flte'decltHra@gH & pad of Celite.

vesse was , C e uae |
The, 534 s Wasbod i sl iasalates Te.firSisgves cmgeitrated Liegreguced
predserel CTI@él FéS‘iHUedﬁas(épr'éd 18 silical el gﬁlgnihcdhwr?&togr'ﬁbﬁy then eluted
with S50 petat e I & 0 “The, e campaming tips pEiRg s bio
dia@@@é@&mmqsma pakd yailbh amdrbhcistselidt 18! gsTaY,). M H WIUR (#00 MHz,

COGRSBE (30 B 10 BT LT 0 g B0 H1OALE. 5, ST = 13

" Hz)\&s4mes hed s 4376 Bif sl 188(66@ a6 &-1H)e.4bi($ 1084 >e1w;ise 42 (s, 0.84 x

e LA IR L SRR C RS TR NS
7.5 (81 @64 X W)t N.e0i7ed (nAcel) ar.7o-7 S J| QQ@-&Zﬂ(/ni)ZH)The

title corrpound was obt ai ned as two astereo m xture
(5/1, a pale yeIIow anor phous solid, 1.8 g, 73%9. 'H

-7- gxc?-z-tﬁfad -aza-
. ’ - m ’ .
bigyelo[3 epti2-ene;2-carbexylic aci di It(s 0.16 x 1 ,

8 ‘1‘2 (éﬁ GFE]S)%‘-[()QS% Ag%hzx? (54% rﬁlga cgza%]églﬁdwz-yfn%ﬁy(] (é»bromo-7-
oxpﬂ)thlaﬂ -gga-blc,;;go[@ra Olbept; 2-er1q32 'pagb_pxyly aqid g-apltso-Qenqyl ester (1 59)
waZ dokeltn ThF (3#")111_) &nd SectoRiftilé (8.8 hthy) . FrBsHiPa&ivated(@R dust (6 g)

and6)8 MAhBphata buERL (oY 6.4.30-8 1) re addaciaithe feactign mixtyge, The

rea&mh Rbssel wad %ov&éew&h 9éiko 2xElBE RGNt - BMEmBtia WX ot dusly
sodi um sal t

St'UF@erBZf( eﬁgfmgapSWU'FS llh%“a%‘i%["?s@ajeﬂéﬁﬁn@o?"@ M B\IaOH
aq%&@édlut@nﬁﬁﬁ%&d td Edjust pH to 7.5. The reaction solution was mlxed with

aza-bic . 2. 0] he ne- 2-car boy
eﬂ% Paetaterﬁ"tdr %t%"éhtfmugé P@A%) %mg a8 &@FO%%WI“K water and
thd bgudoti I?e\r w%@%egsratesml The Ja éoQ:sSay&)uas kbr&ntrated to 25 mL under

highs C\técé‘f’}&eat § nithe &gre%?nsa*&éﬁa% pnina b B s 2 d e,

Ml@ﬂJ@lshr RagH ioon LMQS‘éﬁh ch&ﬁﬁthShY@rh@t@nghh fAgiek atleerg | thé€olumn

el aorated e e in b 4 8eSiadiiSplay” peghorbingefaptons

wd‘é d‘d@t&ht?&eélqu@émﬁgrﬁ@dutjmm 36a¢ ﬁdﬂ@tﬁbrﬁlﬁe@tb 4igé theHitle @ompound

.5. The re ctlon S
asa?cm"awea'awa 648 SabR 2827 o oahohS 5 MR ETEE 1 el ok NMR caqgaiz
S 465 QHnylém(/@w easei(s 4AY rBIROYRA), 73T 31, 4H), 7.52 (d,
se ar at ed he aqueous | ayer was concentrated to 2 ‘niL
THiWdRef.7 Mfgh vacuum at 35 C. The concentrate was

applied to Diaion HP-21 (100 mi,
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M t subi shi Kasei Co. Ltd.) resin colum
chromat ography. After adsorbing, the colum 25 was
eluted with water and then with 5-15%
acetonitrile-water. The conbined fractions was
concentrated under high vacuumat 35 C and |yophilized
to give the title conmpound as a yellow anorphous
solid (527 ng, 58%. M 170 C (dec); 1H NWR (400 MHz,
D20) 6 4.62 (s, 2H), 6.27 (s, 1 H), 6.56 (s, 1 H,
cLAfmg8 (s, 1 H), 7.22-7.31 (m 4H), 7.52 (d, 1 H J =
6.7 Hz). 30 - 143 CLAIMs: 1. A process for the
preparation of compounds of the formula 1 A B S NI
1. Rprddessfir the preparatibreokiompounds obtheAommda B denot es
hydrogen and the other, is an aryl optionally
substituted with one heteroaryl optionally
substituted with oneg® fused bicyclic
heteroaryl 10 opti onall uted with one or two
R2, fused tricyclic heveroaryl optionally substituted
with one or two R2, cycloal kyl oftponally substituted
with one or two R2, alkyl optionaI:R substituted with
one or two R2i al kenyl optiqnally substituted with one
or two R2, alkynyl optionally substituted with one or
whergip: R2, saturated or partially saturated heteroaryl

one(b?tﬁl é’ribaé|dén§t‘é§$lwlto§ér$Gna\/tﬁehotﬂéﬂs@n dryyopianaligsdbstivatee with one
sal d hetéroaryl noie ai_nin ‘\I

or thl’R} hetgraandyorienalysubstivied ‘%‘ﬁbg'?‘? Pruiw, :}&’brﬁ s;.ggracyc I heteroaryl

optlahél{ %ﬂ%gtltméd&nth &% blSt\AkL chiuse%tnaydﬁa hetef&ryl dﬁﬁonally substituted
, a salt ?{ eg t( %‘t

WHT 978407 By Rorf@icloAIaL BRIOADE BPSSiCige With 875 o 44 e it optonally

subﬁfgpgrd'o\gltﬂ Sﬁe Gl“ tr({'bbonlgP@Ike‘hylad)dtlwnéw.tbsﬁtuteﬂdmttﬂﬂne or two R,, alkyny!

or
optl@pfl'yoﬁlétrq){ tg(i!J B\gtpl PR 8H t\ge Clﬁbgﬁ%as)'?{egroart ?éjrtlglg/lt ?étgg{ A %%teroaryl
opti%HtQI%I !tsdtiéhﬁ@bcﬁbvklemﬁﬁ ordwblmpalnuwlmmetarwmfamcbhmmﬁyl moieties
Wi roviso t
con{tam'ﬁp 2 i3 RS et %‘ﬁﬁ“&%"ﬂﬁfﬁg%ﬁ%&‘@o’ﬁ‘?% TRIRE

Rs is H, C1 —C6 alkyl, C5 — C6 cycloalkyl, or CHR;0OCOC1-C6alky! or a salt thereof;

R, is H, optionally substituted alkyl, optionally substituted aryl, optionally substituted
heteroaryl or mono or bicyclic saturated heterocycles, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted alkyny! with the proviso that neither
the double bond nor the triple bbnd should be present at the carbon atom which is
directly linked to N; optionally substituted perfluoroalkyl, -S(O), optionally substituted
alkyl or aryl where p is 0-2, optionally substituted -C=Oheteroaryl, optionally substituted.
-C=0aryl, optionally substituted -C=Oalkyl, optionaily substituted -C=Ocycloalkyl,

optionally substituted -C=O mono or bicyclic - saturated heterocycles, optionally

substituted C1-C6 alkylaryl, optionally substituted C1-C6 alkyiheteroaryl, optionally
substituted aryl-C»-C6alkyl, optionally substituted heteroaryl-C1-C6alkyl, optionally
substituted C1-C6 alkyl mono or bicyclic saturated heterocycles, optionally substituted
arylalkenyl of 8 to 16 carbon atoms, -CONRR;, -SO,NRgR;, optionally substituted
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directly Iinked to N, optionally substituted

perfluoroal kyl, -S(OP optionally substituted alkyl

or aryl where p is 0-2, optionally substituted

-C=Cheteroaryl, optionally substituted. 25 -C=Caryl,

optionally substituted -C=Cal kyl, optionally

substituted -C=Ccycl oal kyl, optionally substituted
no or _bicyclic saturated heteroc

- C=0 cles, -
aniglkioalkyly optiansly suhstituic-Ali Oxpy e RPHOBRIN sbstituipd -alkyh-O-
alk§Mitérohsyl, ed d%ho@l(v:al gdbléﬁmﬁéooaruﬂyloxymkyl,onab;bﬁbnauy substituted

Substituted aryl - al kyl, optiopally substityted )
hefesqasylpsyalivl c1 opfienally| | SB?%'MW& | WP%%&M t @PiRnatly - caubstituted
arﬁd%yuétefqalm, miohélﬁ/)’ﬂbisﬁtu&at@f-@lti@liﬂ lb@tdlawzu ©p8snally substituted C1-
062 gfk&lgpw?%%gé?ogi@:@t | tll%t%%aﬁ)? é&%@%?&&f@ 8§Iﬁﬁar%%es, optionally
suBstisikd t Hkecarbfylar yptdnkiy osobatitsidd, Qﬁiyid&?@drbdnyl, or optionally

substituted -al k f—O-f_\I kyl -aryl, optionally
substisdted heterary rogsylal kyl - het eroaryl, optionally

substituted aryl oxyal kyl, optionally substituted

R22$ b?@;;é{%%ﬁ%@%ﬁ%hgﬁﬁ{gh° ﬁlglp?’ag@f g‘?ﬁibrﬁéﬁ%ﬂbsﬂtmed C2-C6 alkenyl,

opg?ddgg%?dgﬁ?hﬂé@@d:ﬁ a hj"lpﬁhtr’!,bd)éh,l% NBR%I%;? ogationaélzy sgbstituted C1-

- a ar QX r , .0 I oNn /S S e

CekgaPyiraRy Retarausybstilie anb ealipgaty sbedhigd agtercan, COOR

opﬂllartéﬂ!/ asrublstgméa: éqwlamonﬁwmhé%nfﬁﬂtoyiau)e slitsstituted @€yloxy, optionally
al Koxycar oonyl , Opt.1 ona e . .

su §twt3¥§|@i£r%%l§>ﬂ, o(%ilor@glyisgﬁ%{ﬁ%a %@é@&puylg)&/, optionally substituted

C:&l@beeélw%bkﬂ)cyél-ceo?m%ﬁiho-@a -dtzs alkyfy, ew@rege?ip?, @pgbﬁany substituted
SUDSL I e - , gptl on StJLute -

ardpResy D SRy RO Ry Pebiors Ak B Eke diionplhy Ryfstiuted c1-cs

akblﬂ(SQQﬁn ogﬁ%fwnp,sublstﬁi?@a,arﬂpmh@aai isyo,suhstz,tcur}mstsmsl- gmidino or

(0),¢ . rQxy. S u .
ol ety Bitarefi: ARubs SHRGAE OBV sypesiieq vt

optiohedlyi substitited 10/1-@6 yalkyliyetetophd noptimally substitaiedy heteroaryl-C1-C6

3R AN BN 51958 980t 4R Gl otercye,

optibkadlyy bubsfitutexptargalizeny sfulBsta t16t edrbod3atGhsal EQMNRLxy optionally

G BT TRE L A e AR sy, o

he®rof)ylopyalkyl,uoraptiah&llyl , sBbsitytedpt ianyhayiaryl,s uleptionallyed substituted

g, b B B Bl Wi 1.

Coplievhi atylopyary ptaptionallyy sehstitted (3 eG6abkylaetoxyheteroaryl , optionally

[ anal it ary ' e
BB RIS, L A QB SEAM or cptenay
substitstedtalkytady lbgtatitytzaring;- C1- C6  al kyl , optional ly

substituted Cl-C6 al kyl nmono or bicyclic saturated

heterocycl es, 20 optionally substituted aryl al kenyl of
Rsist ydidgenaClie®6 atkyhs35 SCUNRERTkyb paptionallyl substituted aryl, optionally
it .yl al kyl oxyal kyl , optionally substituted
su}%@ﬁ%gyh;éﬁ%g?&[opt ionally substituted
het er oaryl oxyal kyl, optionally substituted

Reg%%c# %ﬁéﬁe;i%‘hepe%%%\t?vqlg,lr)%;%{%ﬁéﬁ&%dbéﬁgggi(%1u-th dalkyl, optionally substituted

eroar
ariike eticrally Isobstiuted hetesoarpin aplionadiy) sulstituted €1636 alkyl aryl, optionally

substituted arylalkyl, optionally substituted heteroarylalkyl, optionally substituted C1-C6
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C6al kyl aryl oxyaryl, optionally substituted Cl-C6

al kyl aryl oxyheteroaryl , optionally 25 substituted

aryl oxyal kyl, optionally substituted

het er oaryl oxyal kyl , or optionally substituted

al kyl aryl oxyal kyl am ne; R3 is hydrogen, Cl1-C6 al kyl,

c - C6 cycloalkyl optionally substituted'aryl,

opt i onal tituted heteroaryl: 3 and RY are .
alkyl M@WL s §n fﬁ 7070 be 4p9ghey u‘?s{qnpu? %aﬁG&e'E%efsﬁX k‘*ﬁ urated ring
sysfh bﬂfb%'allgr’hﬂﬁg?bné B 19 hetérbtom iR ABIN-R,, SO, #0-2;

het er oar optionally substituted Cl1-C6 al kyl aryl,

optlonally substituted arylal kyl, optionally

sa.gpk@,@bggwmﬁ.w eroaryl al kyI opti onal |y substituted
145 al k ero d,R7 can be together
(c) tCSn@Qﬂslﬂgaa’B’apPr%@'f%%V éHb§ gli{%ﬁ 3‘56@’4% Jj-; system

optionally haV| Nga Qi OF tWo het er oat ons such as N-R1,

0, S=(O" n 2A sald process conprising: 5 (c)

condensi ng an appr éér. ately substituted al dehyde 17

A -CHO 17 wherein A" is A as defined as above when B
wh r%lnhﬁ( G R%r&eﬂﬁéd %@Boﬂﬁlﬁéiﬁﬁ isRIYSgeM 8B As defined above when A

ydr ogen, rono- penem derivative of structure
ishygrogep. , O QAR O 16 10 wherein R is p-nitrobenzyl,
thb% drffio n%%ﬁérﬁ%ﬁv&tfveaof'sﬁf%tﬁreafﬁ d and a mld base, at

erature to forman Thternedi ate al dol product

18 HO Br S A N OAR
Br, S

1
O N O\R
o)
16

wherein R is p-nitrobenzyl,
in the presence of a Lewis acid and a mild base, at low temperature to form an
intermediate aldol product 18

HO

wherein A’ and R are as defined above;

(d) reacting intermediate 18 with an acid chloride or anhydride of formula: (Rg)Cl or
(Re)20, or with tetrahalomethane of formula: C(X,)s, and triphenyl phosphine,

wherein Ry is alkylSO,, arylSO,, alkylCO, or arylCO; X, is Br, |, or Cl; to form

intermediate compound 19
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0 18 15 wherein A" and R are as defined above; (d)
reacting internediate 18 with an acid chloride or
anhydride of formula: (R8)ClI or (R8)20, or with
-tetrahal omet hane of formula: C(X1)4i and triphenyl
phosphi ne, wherein R8 is al kyl SQ2i aryl SO2, al kyl CQ,
or arylCO X1 is Br, I, or d; to form20 internedi ate
compound 19 146 RO Br S N O,R O 19 wherein RO is Xi
or ORB wherein RS, Xl A" and R are as defined above;

and (c) converti ng }nter medi ate conpound 19 to the
desired fornula | )und erein 5 R5 is hydrogen
by a reductive eI| i nafion pripcess; and if desired

converting to a phagfacettica
to an ester wherein R5 is Cl -
cycl oal kyl, or CHR3O0OC1- Ggal kyT . 10 2 A pr ocess
according to claim1 wheréein the Lewis acid is
anhydr ous magnesi um halide. 3. A process according to
whetein Ry B XyoriGRgwhenein BevKsAaandiRiage asbgfinediabongimme. 15
4. A process according to any one of clains 1 to 3
wherein the mld base is triethylam ne, DVAP or
(c) dbineriimpihelintetrhgdiatarcompoursd 1A tptheciesisechtormplidilisgmpoundhyherein

e P sfbasbuf Tsheh SR e, A TR0 B o

pharoacediicadly aocentgblmaaﬂt cm‘to anhaister wherein Rs wh@ﬂ elCh alkyl, C5 - C6
[ i fl

°V‘lt'94"§>{' r&%%%é}?pr oces acclo?dlaﬂgafgt gtn§ otncraI of at:leaﬂrsa

1 to 6 wherein the internediate corrpound 25 19 is not
i sol at ed.

cept abI e salt or
Ayl |

2. A process according to claim 1 wherein the Lewis acid is anhydrous magnesium
halide.

3. A process according to claim 2 wherein the Lewis acid is anhydrous MgBr..

4.' A process according to any one of claims 1 to 3 wherein the mild base is
triethylamine, DMAP or diisopropyl ethyl amine.

5. A process according to any one of claims 1 to 4 wherein the low temperature is from
about —20°C to about —40°C.

6. A process according to any one of claims 1 to 5 wherein intermediate compound 19

is an acetate, triflate or a tosylate. -

7. ' A process according to any one of claims 1 to 6 wherein the intermediate compound
19 is not isolated.
8. A process according to any one of claims 1 to 7 wherein step (c) is carried out at

a mild temperature,
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8. A process according to any one of clainms 1 to 7
wherein step (c) is carried out at a mld
tenperature. 147 9. A process according to claim38
wherein the mld tenperature is about 20Cto 35C 5
10. A process according to any one of clains 1 to 9
wherein the reductive elimnation process is carried
out using activated zinc and a phosphate buffer at a
pH of about 6.5 to 8.0 or hydrogenating over a

9. catAbyiess adcording toclainss abecsinl thegniidteaiperature(s aheuti0AC to

359 he catal yst is palladiumon charcoal. 10 12. A
rocess according to any one of clains 1 to 11 wherein

Aor Bis a fused tricyclic heteroaryl group. 13. A

pro ess _accordi.n a f er ain
PioeS S8R Sy e a0 S Mhergin' s eyt fbnation

mrmesis catded dmtrlglngcaotwaedrzma anﬁerphosphdte blffereat a pH of about

icyclic heteroar. rou the structural formula

%ghéé\ﬂi&' ro %‘.9(5'}49\@9 %a@% A wherein Z,, Z2, and Z3

are independently CR2, N, O, Sor NR provided one of :

Zl Z2 Z3 .is rbo i, S ded .t O )

1.7 oriPhines® apoibS 5 RRIE fo MRS TP I pdBum on gparcoal

W, W2 and WB are independently CRAR4, S, SO SO, O,

NR,, CQ wth th rQvi
12.0nB W%?ﬁ%tafg?{ ‘é‘%‘%@é% ?@d?%{ga‘tttohe U urébt‘ 019 rlgnﬂéep
tricgolisthetsroaryl group. 4; R1, R2, R6 and R7 are as defi ned in
claim1; and 30 R4 is H, optionally substituted Cl-C6
al kyl, one of R4 is OH Cl-C6 al koxy, -S-Cl-C6 al kyl,
13.COORGirocdsRGRZording@RAYR3ne obelairkRYtonHlywhergistAer B lisea ftged

bic%lic%%%dfoérgpgergﬂﬁr 148

Qo

14. A process according to claim 13 wherein the fused bicyclic heteroaryl group has
the structural formula

W
2210 1'(Wz)t
“Z; W
16-A

wherein Z, Z,, and Zs are independently CR,, N, O, S or N-R, provided one of Z,, Z,, or
Zs is carbon and is bonded to the remainder of the molecule as shown in formula

L |

W,, W, and W; are independently CR4R4, S, SO, SO,, O, N-R,, C=Q; 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, _

R4, Rs, Rs and Ry are as defined in claim 1; and

R, is H, optionally substituted C1-C6 alkyl, one of R, is OH, C1-C6 alkoxy, -S-C1-C6

alkyl, COOR;, -NRgR7, -CONRgR7 ; or RsR4 may together be =O or RsR4together
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with the carbon to which they are attached may forma
spiro systemof five to eight nenbers with or w thout
the presence of heteroatons selected N, 0, S=(Or,
(where n =0 to 2), N-RL. 5 15. A process according to
claim 13 wherein the fused bicyclic heteroaryl group
has the structural formula Z "YIW (W) t Z2 Z~, 3

2 i 2o 358 R e e R0 8 5 LIS SOB e o
andeigit Members Witht trewithoati theepreséncehef heleesatbras sélected?N, O,

and a I ndepen CR4AR4, S, SO SO, 0, or
NF&%Q%)'E&V%WB%%%?&%‘ Y2 are independently N or C
with the proviso that if the aromatic ring portion of
15 the bicyclic heteroaryl group is imdazole, the
nonaromatic ring portion may not contain a S adjacent
15.t 0 Alpeodess agedrding to atdimn3 wheraindhé&Rusediayslicléteroad/l group has
cl atihm il tR4 ifs HI optionally substituted Cl-C6 al kyl,
onethgEtrRgtural fxmulas) 5 5 koxy, -S-C1-06 al kyl, COORS,
-NR6R7, -CONR6R7 ; or RAR4 may together be =0 or RAR4
together with 20 the carbon to which they are
attached ngy forma Spiro systemof:five to eight
rrenber%f\ﬁqth(wtnbtwithout the presence of heteroatons
sel ectze@.YfaTWm N, 0, S5 (On (where n =0 to 2), and
N-R ; afitt R6 and R7 are independently H, optionally
substitutgggCl-C6 al kyl, optionally substituted aryl,
whéRin onal Iy substituted heteroaryl, optionally
substituted Cl-C6 al kyl ar optionall

| 25
Z,, Zg 198 Zoare dndepgneantly| CRap Dt (G faPT 9'-%%9%9@%9@% of Zy ~Z5 is carbon

and'BlRinaad ¥ Rk ¥hainBer dfARéhlolecaigbst i t uted Cl- C6
al kyl heteroaaﬁl, or R6 and R7 can be together to form
readentlteRRei %gso»s%z-é?n%g‘{’ﬁ‘onal ly
t= P@v4:ng one or two heteroatons selected fromN, 0, or
to cl.ai

Y, S[]g &g%ﬁl%@éggq%gﬁ i\fgrg ;:,\?nrﬂg #t%%;a‘oy@o thatriTIgt%g’ a\p@n?er\t?c' r[|1ngt goeftion of
the bicyclic heteroaryl group is imidazole, the nonaromatic ring portion may not contain a
S adjacent to the bridgehead carbon;

R; and R; are as defined in claim 1;

R4 is H, optionally substituted C1-C6 alkyl, one of R, is OH, C1-C6 alkoxy, -S-C1-C6
alkyl, COORs, -NRgR7, -CONRgR; ; or R4yRs may together 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

Rs and R; are independently H, optionally substituted C1-C6 alkyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted C1-C6 alkylaryl, optionally
substituted arylalkyl, optionally substituted heteroarylalkyl, optionally substituted C1-C6
alkylheteroaryl, or Rs and R; can be together to form a 3-7 membered saturated ring
system dptionally having one or two heteroatoms selected from N, O, or S.
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Z2 Z1 W i i ~Wt 2z31Y2_ W8 16-C wherein 5 Z1, Z2,
Z3 and Z4 are independently CR2 or N provided one of
Z1 -Z4 is carbon and is bonded to the renai nder of
the nol ecule; WL, W2 and WB are independently CR4R4,
S, SO S, 0, or NR; with the proviso that no S-S
or 0-0 or S0 bond formation can occur to formthe

SE L BN TR AR AT e

defined in claim13. 17. The process according to
claim 12 wherein the fused tricyclic heteroaryl group
has 15z hesfornula z7 -26 z/ 25 | ~6 Y 4--, JZ5 Z
X - orZN }Z/d}vﬁf 010/ 2z | 2\ Y2 z4 \ Z3 Z3 Z2 1=A
1=B WA ferwWg, . Z2, Z3, Z4, Z.5, Zr and Z7 are
i ndependéntly CR2 , N, O, S or NR provided one of
Z, - Z7 4gc a carbon atomto which the remai nder of the
nol ecule is attached; 20 R, R2, R6 and R7 are as
defined in claim1; and Y1, Y2, Y3 and Y4 may
whergtlependent |y be C or N 150 18. A process according

Z1 t22 zb@nmz%rmegéﬁdérm? ORLick WEprioGidB@ bAs 8AZY -24 Isdipbdrband is
bonded to the remalnder of the molecule;

W,, W, and W; are independently CR4R;, S, SO, SOz, O, or N-Ry; with the proviso that
no S-S or O-O or S-0 bond formation can occur to form the saturated ring system,
t=1to 4,

Y, and Y, are independently C or N;

R4, Ry, Rs, Rs, and Ry are as defined in claim 13.

17. The process according to claim 12 wherein the fused tricyclic heteroaryl group has
the formula

77_26 7 /25
6
Ya O Z5 | >\
/1‘Y1/ \3 or /N\N \24
24 21\2):23
2
1-A 1-B

wherein Z, , Z, Zs, Zs, Zs , Zs and Z; are independently CRz, N, O, S or N-R, provided
one of Z, - Z is a carbon atom to which the remainder of the molecule is attached;

R+, Rz, Rs and Ry are as defined in claim 1;

and Y, Y2, Y;and Y, may independently be C or N.
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10is/ 25 Z7 OZ1 Y3 Y Z50r YXZO0z 0 104 Z3 Y2
Za Y1 -Z3 2 2-A 2-13 wherein Z1 , Z2, Z3, Z4, Z5 ,
Z6 , Z7 and ZB are independently CR2, N, 0, Sor NRL
5 provided one of the Z1 - Ze is a carbon atomto

whi ch the remai nder of the nolecule is attached; Ri1,
R2, R6 and R7 are as defined in cIain11; and Y1

Y2, Y3 and Y4 ar i nde entI r N 10
18, K plorees SERPD Ko ORGY L2 WhRTSD R ERin hetgi? .ge%a o
het er oar yl group is, ~ Z7 Z8 10,4 Z8-,Y 3/ Z7\ 4\
ZiY2~00Y22/ b0\ 0 75

Y3 Z1- Y81

72\ 7j 1~Z/ \281‘03"4 3-B wherei /71 =

Z5 , 726 , Z7 an Z()ar |ndependentZI7y )

N-R1 provi dedYerg of - Z8 is a gar omto

whi ch fZe*r-e:q{ 0e &y, the mSfecul e }i attached;
R1i /Fﬁ)?(r\d@{) @re as defined i ®8.IZX1Q ahd Y1,

Y2, YZ eCoerSl%. S

accor dlz%;szlt;a’él ai 112 wherein the Ncy,e 1C Tet eroaryl
group is Zee Z9

2-A 2B
wherein Zy , Z; Z3, Z4, Z5 , Zs , Z7 and Zz are independently CR,, N, O, S or N-R;
provided one of the Z, — Zs is a carbon atom to which the remainder of the molecule is
attached; |
R4, Rz, Rs and Ry are as defined in claim 1;

and Y, Y, ,Y3 and Y, are independently C or N.

19. A process according to claim 12 wherein the tricyclic heteroaryl group is

/27
O Ze
Z Y4

Za\Ya/ 7\ \YS

Zi——Yy \ O 6 Z1—Y; O \

22/ O x O YZ\Z{ ZZ/\O §f1'\ e
\23 1\24 ZS/ 24
3-A ' 3-B

wherein Z, , Z, Z;, Z4, Zs , Zs , Z; and Zg are independently CR,, N, O, S or N-R,
provided one of Z; — Zg is a carbon atom to which the remainder of the molecule is
attached;

‘R1, Rz, Rs and Ry are as defined in claim 1;

and Y4, Y, Yzand Y, may be C or N.
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77 1Z7 Zs 028 0 z9 "'YO0 1 Z1- Y 1 or OY 2 26 z/ O
1, Z5 z1 ?)-~ zZ4 Z2\0 Y Z5\ z3 Z3 Z4 Z~-3 4 A 4 B
4 C 5 wherein Z1, Z2, Z3, zZ4, Z5 , Z6 , Z7, Z8 and Z9
are independently CR2, N, O, Sor NR provided one

of the Z, - Z9 is a carbon atomto which the renai nder
of the nolecule is attached; R, R2, R8 and R7 are as

defi ned I 1. Y1. Y2,,.X3

20, RppEssatePyn Ty bia i pnbten i Beliadl e
cI aim 12 wherein the tricyclic heteroaryl group |s 3
(M)t 23240 Y4 W NI ZJY, Y3por 2 (W)t /~~ (o\Ol

zZ, '0" Zz!'\ 2~~, V% Z3Z 2A~55=-B 15\"%9*?6”
Z,, Z2, Z3 and Z4 are independ I , N, O/
N R, prowded one of Z, - Z4|sa r ato |ch
the re |nde/ Zhe mol ecul e/ﬁu.a\tt hed ,

and Y& ‘eYi n@g dentlyz
71ﬁa\f{engﬁnt y 4%, r Y
i sQ hat o z{{# 0-0 b%1
ZZ\&@#Q tan o%scur tof\ rated ring; R ,
3 Re a

R7 are as deflne?bl |n claiml; 152 R4 is H,

optionally substituted Cl1-C6 al kyl, OH (provided both

R4 are not OH), Cl1-C6 al koxy, -5-C1-C6 al kyl , COORG,
-NR6R7, 4@ONR6R7 ; or R4AR4 may todeéBher be 4-C

wherein Zi, Zy Zs, Zs, Zs , Zs , Z7, Zs and Z are independently CRz, N, O, S or N-R;
provided one of the Z; — Z, is a carbon atom to which the remainder of the molecule is
attached;

R4, R;, R and Ry are as defined in claim 1; and

Y1, Y2, Yz and Y, are independently C or N.

21. A process according to claim 12 wherein the tricyclic heteroaryl group is

Y4 \\N1 O
/21\'-Y‘/ O\ /Ya/ or Y§ /(Wz)t
O —— z O Yi— 1
22\23 Y, Zs 1\2 2/ 1 W
5-A 5-B

wherein Z;, Z, Z5 and Z, are independently CR;, N, O, S or N-Ry provided one of Z - Z,
is a carbon atom to which the remainder of the molecule is attached,

Y;, Y2, Yaand Y, are independently C or N;

W,, W, and W; are independently CR4R4, S(O) (r=0-2), O, or N-R, with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;

R4, Rz, Rs and R; are as defined in claim 1;
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=0 or RAR4 together with the carbon to which they are
attached may forma Spiro systemof five to eight
menbers with or without the presence of heteroatons 5
selected N, 0, S(On (where n =0 to 2), NRI; and
t=lto3. 22. A process according to claim 12 wherein
the tricyclic heteroaryl group is W- (W Wt /Z4~Z

R Vo, opionel sibesiuted Sé8 alayt S Hroyag bblr 74 ave go Bl c1-co
664k &9=S-cibes %'ll@l Zﬁ(DOﬁZ Nﬁ%R7 Z—G:C&NRERYﬁ &' R,R, may together be

i nde endentl

21 2R el oo e e S ed one a0k 2 epir

@fé‘eéln? of givaitd Eéiﬁhi d'neﬁ{ﬂters aﬂiﬁhd 2 \nﬁtgeutl t:hde%gﬁléi'ﬁ:@t d:f}é\(ege)roatoms
r N ndently 4R4 r
rseleq§ed E)O Sﬁp)no(f"’hRFeF& @mﬁ Eﬁ'g"prow so that no
ancﬁr;Sqtch.O or 0-0 bond formation can occur to forma

saturated ring; RlL, R2, R6 and R7 are as defined in

claiml1; R4 is H optionally substituted Cl-C6 al kyl,

22, %&aéé%vdc@emnrty)ﬁomm B he6ih tl%lncyéﬁh—rfaﬁeroa&ykgmup is

-S-C1-C6 al kyl, COOR6, -NR6R7 - X AR4A may
t oget her be 20 =0 or R4R4to(/e_ﬁé ththe T‘bl},nto

o

which they are attached may f iro syzit
)ZMLSI},QZ ghtwyenber s )&t ,O#ZW.Yt the pi e c of
het éf oato se{ecte S(OM (V\/neroe n t
Z"’\zl\&d a(?i = 1/("i’2c)1’ 3. \%—D h. pjocess acco %} (WZ)
lafam 1 i/n the t rr: ic_hé&teroaryl 3§ s_w
1%372;\ 10774 6 Y4 -~ /h r\ ’
6-A 6-B 6-C

wherein Z4, Z, Zs, Z4 and Zs are independently CRz, N, O, 8 or N-R, provided one of Z; -

Zs is a carbon atom to which the remainder of the molecule is attached;

Y4, and Y, are independently C or N;

W;, W, and W are independently CR4R, , S(O)r (r = 0-=2) , O, or N-R, with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;

R1, Rz, Rs and Ry are as defined in claim 1;

Rs is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COORs, -NRsR7, -CONRsR;7 ; or RsR4 may together be
=0 or R4R4 together with the carbon to wHich they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-Ry;

andt=1to 3.

23. A process according to claim 12 wherein the tricyclic heteroaryl group is
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Y 3\Z5 Z1-Y/ Y3 Z1- 4 1 (r)~or (r) 2 (M)t O Y2
Z4 72\ 73 --4-WA Z3 W 7-A 7-B wherein Z1, Z2, Z3,
Z4, Z5 and Z6 are independently CR2, N, 0, S, and
N-R1l; provided one of Z1- Z6 is a carbon atomto
whi ch the remai nder of the nolecule is attached,
Y1, ,Y2, Y3 5 and Y4 are independently Cor N, W and
W2 are independently CRAR4 , S(Or (r =0 -225, 0,
NR with the proviso that no S S, S O ogg ORgond
formati on can occur to forma saturated r|
R6 and R7 are as defined in claiml; Rdig

d bot h

opti onal | y subs ed”Ci C6 al kyl, OH (
R4 are Cll*%g ZJ; koxy, 21?01706 aI kj(l
or 8ﬂR4/na® get her =0

or t er V\At\fz-t-he,,carbonz the,y’ g
attachezd\rray/ﬁ )spiro system\fs A1 Ve Wy ei ght
menbers w4sh or w thout the presence %f heteroatoms
selected N, O, S( (where n =0 to 2), N and t =
| to 3. 15 24. The€~process according to cl 12

whéMSiﬂFEI 112 Z:h€4tZ§ anicd are hﬂbﬁemf;rmy QR.QU) O, S, ahd - thﬁowded one
Y2

\
ot s 4315 5 cqPipL i M 58 s einder s ol f oaspgy V5., v
and?B, arg irftiepeBdéhtly C or N;

W, and W, are independently CR;R, , S(O)r (r =0 -2) , O, N-R; with the proviso that
no S-S, S-0 or O-O bond formation can occur to form a saturated ring;

R4, R, Rg and Ry are as defined in claim 1;

Rs is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COORs, -NRsR7, -CONRGR; ; or RsRs may together be
=0 or R4R4 together with the carbon to which they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-R;; |

andt=1to 3.

24, The process according to claim 12 wherein the tricyclic heteroaryl group is

o

(W)t
Zz O Y\ Y2\ 4 / 2
\ P Dt 1
Z3
8-A 8B

wherein 2y, Z, Zs, Z4, Zs, Zs and Z; are indepdently CR; , N, O, S or N-R, provided one
of the Z, ~ Z7 is a carbon atom to which the remainder of the molecule is attached,;
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20 wherein 71, Z2, Zz3, Z4, 75, Z6 and Z7 are

i ndéepdently CR2 , N, 0, S or NR provided one of the
Z, - Z7 is a carbon atomto which the remai nder of the
mol ecul e i s attached; 154 Y11Y2, Y3 and Y4 are

i ndependently Cor Ny WL and W2 are independently
CRAR4 S(O)r (r =0-2), 0, or NRL with the proviso
that no S-S nd formati on can occur to

0 b
Yif¥ar Yo 2%t AedR eF‘é)‘?ﬂﬂy G rs-R2 R6 and R7 are as
V\d%fnd rwgaﬂennaép@haérmy CR/RY , iSEO.( repd Lenad| of N-RY with tthe pvdwso that

S o p B O ROy o rdudimemn boaiiy e SR oGy
RﬂtB@en@woR,oaatab@erm incimr; R4R4 toget her wi tg the
B mhall s atn ey ik, Sk PF e BB 3B fif o, c1-co

p 6 etsmﬁigf ch&teeamgat o,mtDRf,s eNRgR,edctsbNmm SOEORIRG wwtegether be
= (o) =0-

o cToxPhS b i e ceraa orhich Bl s AAEAGH sty e a spir
( 1 s%t@ni/\ﬁf fivi to Whht deﬁﬂ@r& WitkdorYWithalit tie plesehce bf Yietefbatoms

( Z2\ Y1 1-11 1W 15 99=A
99 P§ 'é é %)“ (‘ﬂ?rﬁrﬁ‘d'ozt? ér@' ‘ndependently CR2, N,
arfd.t =08r N-Rl provided one of Z1 Z3 is a carbon atom
to which the remai nder of the nolecule is attached; Y1
and Y4 are independently Cor N, Y2 and Y3 are
i ndependently CH or N, 20 W, W2, V\B W and V\B are

28, R BRRESE L1500 htiehy & et 3 drigyabelercant group s

formati on can occur to forma saturWGW\gu Rl, R2,
R6 and R7 are as defined in cIaimWs\ '

9-A 9-B

wherein Z, , Z, and Z; are independently CR,, N, O, S or N-R, provided one of Z, ~ Z; is

a carbon atom to which the remainder of the molecule is attached,

Y and Y, are independently C or N;

Y, and Y3 are independently CH or N;

W;, W,, W3, W, and W5 are independently CR4R4, S(O)r (r =0 -2), O, or N-R, with the
proviso that no S-S, S-O or O-O bond formation can occur to form a saturated
fing; '

R4, Rz, Rg and Ry are as defined in claim 1;

R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH) C1-C6
alkoxy, -S-C1-C6 alkyl, COOR;, -NRgR;, -CONRgR; ; or R4R4 may together be
=0 or R4R4together with the carbon to which they are attached may form a spiro
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R4 is H optionally substituted C1-C6 al kyl, OH
(provided both R4 are not CH), Cl1-C6 25 al koxy

-S-C1-C6 al kyl, COOR6, -NR6R7, -CONR6R7 ; or R4R4 rray

t oget her be :O or RAR4 together with the carbon to

which they are attached may forma Spiro 155 system

of five to eight nenbers with or without the presence

of heteroatons selected N, 0, S(On (where n =0 to

2) , systemn of tiive: t0 eight2memhbers with oo vithodt (he. preésgnoecefsteteroatoms

acc t e tricyclic heteroaryl
gro%’%g‘%fé@”%%@%%%mﬁ 6Y65)('w§2 YI'OY \ [/ Y -Z6
t=06to2jland 4 Y / 3\ Z2 Y1 Z6 21010/ 1(r)1 Ol Z4 Z5 Z2 \
-/1Yt§35 Z3 Zr 10-A 10-B 10 wherein Z1 , Z2, Z3, Z4, Z5
., Z7, Z8 and Z9 are independently CR2, N, 0, S or
N-RL provided one of the Z1 - Z9 is a carbon atomto
whi ch the remai nder of the nolecule is attached; RIli
R2, R6 and R7 are as defined in claim1; and Y1, Y2,
26. Ygprenessyaccarding lommmem@lmrem tiae tricyolic heterparyl gropp éscess
according to claim 12 ein the tricyclic heteroaryl
group is Z10 9\ Z8 Z9¥9ﬁe<\<7 101 OZe—Z—Z'I ’ ~zs~

Z1~ | YA~ ~77,Z1 0 YI 0738 ZI 3

Yl Z3 /Yzyzm paal zﬂv;xz /4 22\ v4Y\OQ gr z4 25

26 74 zé’rzzs 64 7 Ze
Tolo]

7—2\23/\/2\24/25

Ya
3 \ Yz\

10-A 10-B
wherein Z,, Z, Z3, Z4, Zs , Zs, Z7, Z3 and Z, are independently CR,, N, O, S or N-R,
provided one of the Z, — Z, is a carbon atom to which the remainder of the molecule is
attached; R, R;, Rs and R; are as defined in claim 1; and Y, Y, Ys: and Y, are
independently C or N.

27. A process according to claim 12 wherein the triCyclic heteroaryl group is

Z1o

Z Z Z 4 /ko/k
27" 1\Y/ 1°\Y/ 9\Z / / ~ /
2 { 4 8 1
| O] Ol O | I O I O |
ZS\Z/YZ\Z/Ya\Z/ZR 3\ /2\ /Z'5 22\ /2\ /25

. 44 5 6 Zy Z4

11-A 11-B 11-C

wherein 24, Z, 23, Z,, Zs, Zs, Z;, Zs, Zy and Z,, are independently CR;, N, O, S or N-R,
provided one of Z, — Z4, is a carbon atom to which the remainder of the molecule is
attached;

R, Ra, Rs and Ry are as defined in claim 1; and

Y1, Y2, Y3 and Y, are independently C or N.
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11-A 11-B 11-C wherein Z1, Z2, Z3, Z4, Z5, 26, Z7,
Z8r Z9 and Z10 are independently CR2, N, 0, S or NRL
20 provided one of Z1 - Z10 is a carbon atomto which
the remai nder of the nolecule is attached; Rl, R2, R6
and R7 are as defined in claiml1; and Y1, Y2, Y3 and
Y4 are independently C or N 156 28. A process
according to claim 12 wherein the tricyclic heteroaryl
28,0k propesssacBoki)g toAilaim 21whereinthe Wityslic tederoay/gromp isy, ~

\(M2)t or ZI 0 Y21Q/Y3 | ~ W \ §4L_ZS_ZZ4/YSZS
12-A 12-B vvherei n ﬂwzﬁS Z4 an 25 arf

| ndependenti 0, |S or dlt hat one
5 of Z, rbon tomto ’y; P&@l nder
of the Ek(‘( ebl, orY1.ZiY2 Y3(1and Y4 QY
|ndepentlienmj 3(@ W, W2, WBlar ngependent | y
CR4AR4 3\&? (O)r (r = 0= th(the rovi so
that no S S-0 or 0-0 bond for o occur to

forma saturated ring; Rl, R2, R6 and R7 are'as
defl ned in claim14230 R4 is H opti onakly substituted

whgq% y? %@ar&i provi éj ep%{@ﬁgnl %ﬁ?ong&]ﬁ%ﬁrow? d that one

of RARY, miaycdrmeétbﬁf tobﬁhlch—iﬂe @émaﬁaér dfapemvesculd it AtthéiRd;

Vi Sroteals P VRsPEaRHIC ANobar s vi th or wi thout € he

WP NVES MNCaredhddpindentit ORER, OeNeaR,| of SN0 (r S(C)Q)Ml{h/\ﬂherp?oﬁso that

Lo BPSSS frrBANd fohaaicin deturfa BS Srpfuried i

R4, Rz, Rs and Ry are as defined in claim 1;

R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COORg, -NRgRy, -CONR¢R; ; or R4Rs may together be
=0 or R4R,4 together with the carbon to which they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-R;;

and t =1-4.

29. A process according to claim 12 wherein the tricyclic heteroaryl group is

W, Walt  w, (Wt

/21\ ZG\ W. /Z / /\ ! Y:Ii\

25 Y1/ YN Z; Y1/ Z

JTolof ] oY| O] Zl ojo]
2

3\24/ 2\25/ ~w, ’ "\24/ 2\25/ s Nz 2\24/ 5

wherein Z,, Z, Z3, Z4, Zs and Z; are independently CR; , N, O, S or N-R, provided one
of Z, — Zg is a carbon atom to which the remainder of the molecule is attached;
Y, Y2, Yz and Y, are independently Cor N;
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W 2)t W)t Za\ Y, Z6\ Y4 WB Z2 Z11 Y4~ \ 11 | Z2 .
Y4~ Y3 . Y1 YW3Z1Y Z61 0101 (Wt 10101
or 101 O Z3~zzZ/Y3\W Z3~ 1.11 Z6 Z2~/Y2\ZS 4 5 ,
Z4 5 Z3 Z4.11 20 13-A 13-B 13-C wherein Z1 , Z2, Z3,
Z4i Z5 and Z6 are independently CR2, N, 0, S or NRL
provided one of Z1 - Zr, is a carbon atomto V\,hi ch
the remai nder of the nplecule is attached: %J Y3 .
Wiglhts apd W are indepreidigntix iR, SO M (T 38720 O 9p a'%uwwhe proviso
ar etHaf‘ﬁ‘@ BES A8 b0 CREGM fofthalidn €an occuPtofdim a sAturlted ring;
with the provisQ that no S-S, S-O or 0-0 bond
R1vf'%¥r ﬁa??%ﬁ785ﬁ1a%é%fmedt'%°‘?mﬂw a saturated ring; Rl, R2,

R, R6 HRHptibHalg 'Ribssualcned di lCd)Hl (momde%dus R4, are not OH), C1-C6

optional | substltut rovi ded both
RZ a\k@%oé égogear @Ng_l 7(:180%1&'& may together be

COCRB, or- m!ﬁ@%eth&%ﬁ&ﬁ’& carb8h t&WRﬂ:hrmyy hreaftdeRed hféy foith a spiro
or R4RA4t oc%,jt her ;.lmgéth tp_ﬁ)scar bon to which the

at t BYStM reiver or rs With s without Fh?ep'ieég%‘i’egﬁi heteroatoms
MeNggE&ediN, O, @(OW\ SV\FM ntbao Py ageice of heteroatons
selected N, 0, S(On (where n =0 to 2), NR;

anghgfl49803. 10 30. A process according to claim 12
wherein the tricyclic heteroaryl group is Ze Z7Zs W
(M)t 1016 11 7Z\ )t Z8 Z, Y4\ Z5 Y3\ Y2 Z 2 Y, Y4
\Z7 Z2 Yt Y3 Y~~Z101101100o0r 1 2Z3\ /Y2\ /Y3

30ZR protesd AddordiM@ }d cldim 92 Wher@ir the tricyclic heteroaryl group is

Z7
ZB/ \ZS W;y (W)t
] - ., Jol ’
1 8 1 Ya Zg
277 N, v Nz oz N ~ /0 U a7 3\Y1/ ™,
| O | | O | | O | | | O | O |

(Wt

23\24/ Yz\wf Ys\zs/ % \ 2\ / Zz\ Y‘\ - Zs

14-A 14-B 14-C
wherein Zy , Zp Z3, Z4, Zs, Zs, Z7 and Z; are independently CR, N, O, S or N-R,
provided one of Z; — Z; is a carbon atom to which the remainder of the molecule is
attached;

Y, Y, Y3 and Y, are independently C or N;

W,, and W, are independently CRsR, , S(O)r (r =0-2), O, or N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;

R4, Ry, Rg and Ry are as defined in claim 1;

R4 is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COORs, -NRsR;, -CONRgR7 ; or RsRs may together be
=0 or R4R4 together with the carbon to which they are attached may form a spiro
system. of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-Ry;

andt=1to2.
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5 Z4 W \Z5 Z4 W \Z3 \Z 14-A 14-B 14-C 15 wherein
Z1 , Z2, Z3, Z4, Z5, Z6, Z7 and Z8 are independently
CR2, N, O, Sor NR provided one of Z, - Z8 is a
carbon atomto which the remai nder of the nolecule is
attached; Y,, Y2, Y3 and Y4 are independently C or N
WL, and W2 are independently CRAR4 , S(Or (r =0 -2)
, 0, or NR wth the proviso 20 that no S-S, S-0 or
0-0 bond formation can occur to forma saturated ring;

. 31.1A proBéss deGomiing R7tlaimel 2asheteini the tticydicdieddraaryl gmupiss H,

optionally substituted Cl1-C6 al \If\)/l (Qég(pr ovjyded—bohi,)
R4 are not OH), Cl C6 al koxy, * G

al kyI l)
- NR6 R?e{(;ﬁﬂs or R4R4 may toget 7 or R4
2£0geth carbo \@h\tpéy ar 4’t aghet
2
man rm a S |ro )us tem dfﬁ five'ito @ghf Q
:;Izr Wi t ghu t/hepre d:f het gr oat ong I .tﬁd_(w)u
N7 SOQT (Whdke n Ze)\to/Zf)z—N-—R'(WO&nd t \g/f
158 31. A process accordifg to claim 12 wherel iy the

tr|(1‘ Gl ic heteroaryl group igg _}g (W3)u W ( 2)t 4€.0Y
| Wb YI. W 322 Yl |/ -y, WB (W)u Z2 Y, Y3 or
101 1 Z3 Y2\ zI (r) YL | t Z2 Y2 (W)u 4~ W WB 3 2

S\ B ehe o PRy B e AR

is a)éarﬁon atorlto wls:ctathea‘ebtamdat omewmwﬂ}lsﬁﬁeCWM| nder of
N1, Y2i Y3 and Y4 are
Y’ i id b%%de"n%rg |H~.%p%h&%ﬁ@&gor VB, W and W are

Wi Me%nmrmﬂwa%ﬁndemntlx CR4Rs B(OX)( r 00 —8F » & ® N-Ry with the
prqvbsroﬁgét]ngo 53 |§96%¥ 8 t;olﬁ?tfoﬁlt‘f’atén an a(fqe 35 ;ch'\ga 020fted ring;

occur to
R4, R;, Rs and R; are as defined in claim 1;

R, is H, optionally substituted C1-C6 alkyi, OH (provided both R4 are not OH), C1-C6
alkoxy, -S-C1-C6 alkyl, COORs, -NRgR;, -CONRGR; ; or RsRs may together be
=0 or R4R, together with the carbon to which they are attached may form a spiro
system of five to eight members with or without the presence of heteroatoms
selected N, O, S(O)n (where n =0 to 2), N-Ry;

=1 to 3; and
u=1to 3.

32.  The 6-bromo-penem derivative of structure 16

wherein R is p-nitrobenzy!.
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Rl, R2, Re and R7 are as defined in claiml;, R4 is H,
optionally substituted Cl1-C6 al kyl, OH (provided both
R4 are not OH), Cl-C6 al koxy, -S-Cl-C6 al kyl, COORG,
-NRBR7, -CONRBR7 ; or R4AR4 may together be =0 or RAR4
~together with the carbon to which they are attached
may forma Spiro 15 system of five to eight nenbers

B s GARF Syl PRNSHE, PR o SSor

carbaxyGate 28 c&ﬂnedﬂmmlﬁmtﬂhﬂmemmmsﬁsnhwf-,cﬂlowmg@‘tep_st fuct ure
16 Br,, SOOR O 16 wherein Ris p-nitrobenzyl.
159 33. A process for the preparation of 4-nitrobenzyl

(A) ((i5 Rreﬁaﬁ)in@S{andmnmiuﬂhnteacwviﬁomdrmremcid in areokganic solvent and

the follow ng steps: (A (i)

wa@gg ﬂ’ﬁé’""é@é’%‘g@gﬁd&ﬁ??ﬂm c acid with hydrobromc

acid in an organic solvent and 5 water to formthe

6- brono derivative /21 Br,,~~~, s "//000H 21 and

(ii) converting the’6 br onop i lfanic acid 21

derivative to the p-n[trobehzyl 6'-~'.,,,}0 '

bronpenicillanate 22 0"l Whrein Ris

p- ni trobenzyl, usin -ni t rbbenzylbr om de in the

presence of base i®"an organic sol%e ; 15 (B)

oxi di zing the 4-nitrobenzyl 6-bronopenicillanate 22 to

form 4-nitrobenzyl 6- 21

and (ii) converting the 6-bromopenicillanic acid 21 derivative to the p-nitrobenzyl 6-

brompenicillanate 22

22
whrein R is p-nitrobenzyl, using 4-nitrobenzylbromide in the presence of base in an
organic solvent;

(B) oxidizing the 4-nitrobenzyl 6-bromopenicillanate 22 to form 4-nitrobenzy! 6-

bromopenicillanate 1-oxide 23
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br omopeni cil  anate 1-oxide 23 160 O Br/ N 0 "COOR 23
(©) refluxing the 4-nitrobenzyl 6-bronopenicillanate
1-oxide 23 with 2- nercaptobenzothlazole in an
aromatic solvent to form
4-nitrobenzyl (2R)-2-[(3S,4R)-4- 5
(benzot hi azol - 2-yl di t hi 0) - 3- br ono- 2- oxoazet i di ne- 1
-yl ]-3-nethyl but-3-enocate 24 ; (D) dissolving the
4-ni trobenzyl (2R)-2-[ (3S, 4R) - 42( benzot hi azol - 2-yl di t hi
0) - 3- brono-2- oxoaZ&,i di ne- 1- t hyl but - 3- enoat e
24 in an organic sol Vaat—ang” Ang with an 10
organic tertiary base|to fo "y
4-ni trobenzyl - 2-[ (3S, 2R ‘ hi azol -2-yldithio)-3
br ono- 2- oxoazeti di ng#1-yl ] - 3- neththHBRZ enoate 25 (E)
converting the
4-ni trobenzyl -2-[(3S, 4R) - 4- nzot hi azol -2-yl dithi o)-3
- brono- 2- oxoazeti di ne-1-vyl - met hyl but - 2- enoate 25
to 4-nitrobenzyl 2-[(3S, 4R)-3-brono-4- 15
fornylthio-2-oxoazetidin-1-yl]-3-nethyl but-2-enoate 26
(c)oneﬂumgthengnltmanzyaemmpém&matem -BRbY enkmthm-t he
nce anlc aci acefic anhyarl de/_or gani
Eari o otiazdle 1840 SroTalasAvest (4 forR AmIARSS A Ha5 4R 4
(bef4rf26m:émgﬂ-tylmtlﬂl@)-@-ﬂr&nakz%ﬂoaz&mlr@ -14yf33-héthfibut-3-enoate 24 ;
ni tr obenzy
2-[(3S, 4R) - 3- br ono- 4-f or nyl t hi 0- 2- oxoazeti di n-1-yl]- 3-
nethylbut- 20 2-enoate 26 being taken up in an organic
Y t 0 -90 C and ozoni zed . oxy
O} Jasiiihe RiedhiioperaviseRus1 B8 hedrstsiagel Tyidtnio)->-bromo-2-

oxb:iﬂetn@ﬁ@“eﬂpbﬁetﬁ));{lﬁmiazéﬁda@z&ﬁn‘ dorganiRRBRBR hifd FeRR&RY With an
to form4 nitrobenz

orgeBHe GUAnAD R IRIHEN BB bE BRI AR 4 Ebenzgthiagol- Ayiditic) -

brame-es®azetidied -pig-3triethyIButR-éndAe 26he preparation of
.compound of formula 1 161 A BSI1 O OOR5 as

defined in claiml in which the 4-nitrobenzyl
(EX édnverifihg Ghdd 1amippiserept-Bf(88, 4 Rpay(bah £otHi8zol-2-yldithio)-3-bromo-2-

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

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

organic solvent in the presence of an organic acid, acetic anhydride/ organic tertiary
base and trialkyl or triaryl phosphine at from about —10° C to about —30° C;

(F) said 4-nitrobenzyl 2-[(3S,4R)-3-bromo-4-formylthio-2-oxoazetidin-1-yl]-3-methylbut-
2-enoate 26 being taken up in an organic solvent at ~70°C to —90° C and ozonized

oxygen being passed through it for 3 to 4 hrs followed by intramolecular cyclization using
a phosphite reagent to form 4-nitrobenzyl (5R,6S)-6-bromopenem-3-carboxylate 186.

34. A process according to claim 1 for the preparation of compound of formula |
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used in step (a) is prepared according to claim33. 5
35. A process according to claim33 or claim 34
wherein the 6-am nopenicillanic acid is dissolved in
nmet hanol or THE 36. A process according to any one of
clainms 33 to 35 wherein step (A)(i) is 10 perforned in
the presence of 48% w w hydrobronm ¢ acid and sodi um or
potassiumnitritg solution. 37. A process according
to any one of clhims 330 36 wherein step (A)(i) is
perfornmed at aBte afurg fromabout -10 Cto
about - 30C. 15 38. cording to any one of
clains 33 to 37 @herein thelbase in step (A (i) is
sodi um or potassi um car bona?q{ and the organi c sol vent
is THE or DMF. 39. A process accor di ng to any one of
clains 33 to 38 wherein khe aromatic solvent 20 in
I r
as Je?ngﬁ& ‘F%ﬂée.ﬁb{l iR WK 1 %%%/Joﬁgrgzycgs%p?éjsél’ E%%q}%n&%%&éjrbg%late 16
useda{usmpl(a)lls prpaved agoording tocalaipodtd 23 to 26 wherein
there is no isolation of the internmedi ates. 25 41. A
process according to claim40 wherein the
354- niA proiseszgdcobling tonal@andd o ¢laimel4whdremmdhe 6-a@inppenicillanic acid

aronati c organic so vent and is treated with
trlethyl am ne at about 0 to -20 Cto forma reaction
i Xt Ly -
3 qelupfosSialtondFEf ARl of difis 35 15 3B WABRSED (Bl i
pepferaed inthe praseack of 4856 V\t/w|had5¢>brqmg§pﬁmnd sodijoeentpo@gsium nitrite
sofiftiopbout -10 Cto -40 C. 162

is ng&{,sfj‘dim%étnaﬁ@ S3pEobenzot hi azol e in refluxing

37. A process according to any one of claims 33 to 36 wherein step (A)(i) is

performed at a temperature from about —10° C to about—30°C.

38. A process according to any one of claims 33 to 37 wherein the base in step (A)(ii)
is sodium or potassium carbonate and the organic solvent is THF or DMF.

39. A process according to any one of claims 33 to 38 wherein the aromatic solvent
in step (C) is t_oluene or xylene.

40. A process according to any one of claims 33 to 39 comprising the sequential
conversion of compound 23 to 26 wherein there is no isolation of the intermediates.

41. A process according to claim 40 wherein the 4-nitrobenzyl 6-bromopenicillanate
1-oxide 23 is réacted with mercaptobenzothiazole in refluxing aromatic organic solvent
and is treéiéd with 'friethylamine at about 0 to —20° C to form a reaction mixture; said
reaction mixture is charged with an organic acid and an anhydride, an organic tertiary
base and a trialkyl or triaryl phosphate sequentially at about ~10° C to -40° C.
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