WO 03/ 093280 PCT/ US03/ 13451 HETEROTRI CYCLYL- 6- ALKYLI DENE- PENEMS AS

BETA- LACTAMASE | NHI BI TORS FIELD OF INVENTION 5 This invention relates to
certai n twpDwogoPI2e0 6- al kyl i dene penens whi ch act as a broa@CT4sedi:em
(3-lactamase inhibitors. (3-Lactamases hydrolyze (3-lactam anti biotics, and
as such serve as the primary cause of bacterial resistance. The conpounds
of the present invention when conbined with (3-lactamantibiotics wll
provi de an ef eeddorRIcdieat dmnkviagainsEnknd ast fieat.emiavgsh actiesimks

i nfections. 10 BACKGROUND OF THE I NVENTI ON Penicillins and cephal ospori ns
are the nost frequently and widely used (3-lactam antibiotics in the
clinic. However, the devel opnent of resistance to (3-lactam 15 anti biotics
by different pathogens has had aFIEBDEF INVENTION on maintaining the
effective treatnent of bacterial 1nfections. (Col eman, K Expert Opin.

I nvest. Drugs 1995, 4, 693; Sutherland, R Infection 1995, 23 (4) 191;
Bush, Kg Ciihis iR0&Ht®h (SR&ECR c&&%tnc%llc&;?%tk@ﬁ@ne pamenisshicts botnad haredd known

rrechanl smrelated to the devel opnment of bacterial resistance to the

(3-1actam éﬁ@fptmr@tﬁr@s:‘;tﬁnsasehehlbt%auértaﬁtafatseédﬂyér%?@ frlaciam, aatibiptics garg ass- C
serine (3-l 3t RARIAR ad tt%aﬁmﬁ&zyyda%e @?Qéétgﬁaltrgﬁsta(n@e | Bifel @MBHinbBIoPReES |

resul ting |n the loss o ntibacterial activity. Cass-A enzynes
pr ef er ent | #résenhinyentionrehere spabined véthwhdadamsartibipses will previdegsaffeglive a

b I I h, K ; by,
SR ool PaBh i BgePeOlty MeEERIS AERRRUMEIED ' %1005, "0, 1011} o

date ovd@r 250 different 25 (3-1actamses have been reported (Payne,
D.J,:,Du, Wand Bateson, J ‘BACIKS oUr BE THE NTI@NJQS 2000, 247) and
there is a need for a new m ( 3-1 act amase
inhibitors. Bacterial resistance to these antibiotics coul d be greatly
reduced by admni ste the am n a
conmpound V\AE%E'W”W’?h?'?J({ ﬂ%%"é’"@%f\/%i%e "%’g f}éga%'g&ne&cﬁg@ynavaﬁ lagqaéh
(3- | act anaggtibipidsbirt @fie cinieh abwelvay uhandeveipinbnt fuldsiatinam tanf-laataabact am
are all effective aj nst cl ass-A prod |ng athogens., 1 WO 03/.09 280
PCT/ UsdS/ 1 8atiiotes B Gifierent eaifcadns han Mrd 4 Fymedad et SRUTALRIEM Wi
anoxi ci | I'i pffapiet treszihent bfi Bhcterial lnfections (Coleman K. Expert Opin. Invest. Drugs
1995, 4, 693; Sutherland, R. Infection 1995, 23 (4) 191; Bush, K, Cur. Pharm. Design

1999, 5, 839-845). The most significant known mechanism related to the

development of bacterial resistance to the B-lactam antibiotics is the production of
20 class-A, class-B and class-C serine B-lactamases. These enzymes degrade the
B-lactam antibiotics, resulting in the loss of antibacterial activity. Class-A enzymes
preferentially hydrolyze penicillins where as Class-C lactamases have a substrate
profile favoring cephalosporin hydrolysis. (Bush, K.; Jacoby, G.A.; Medeiros, A.A.
Antimicrob. Agents Chemother. 1995, 39, 1211). To date over 250 different
25  p-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 B-lactamase inhibitors. Bacterial resistance to these antibiotics could be
greatly reduced by administering the B-lactam antibiotic in combination with a
compound which inhibits these enzymes.
30
The commercially available B-lactamase inhibitors such as clavulanic acid,

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



simlarly sulbactamw th anpicillin and tazobactamw th piperacillin.
However, these conpounds are ineffective against class C producing

or gani snewOTh@9arechani sm of i nactivation of class-A [3-] acrarsayens(such as
PCI and TEM 1) has been elucidated. 5 (Bush, K ; Antimcrob. Agents

Chenot her. 1993, 37, 851; Yang, Y.; Janota, K.; Tabei, K ; Huang, N.;
Seigal, MM ; Lin, Y.l.; Rasnussen, B.A and Shlaes, DDM J. Biol. Chem
2000, 35 26674- 26682) In 1981, t he Beecham group di scl osed 6-al kyl i di ne
penens of @éa\\etlmc gcicids wivicallyagsed on i aemtination swigh graoXiciitin aﬁ’fﬂs@@amlillﬂ.

Osb 4 " a1
301gr82€9 ] |%&%§Fb%§tam§@18g§%ﬁ%%ﬁé)taﬁo ng@gPEQ%ﬁJEWH%ﬁ%{e{ ! ydrogen
or a C1_10 chygeunds &eringffestiye egalnﬁrmﬂssispmwn@@mni%ns a rRsCha@pﬁnegfsnts a
hyd LY,

compotnds. G rEIoR 3 shas A BPaciAHRRESIEE ok poyUhocRIR, 19U BeEh SELASED, )
noi ety. 5[ N(Eustm{)omm/m/&nb AEants Gipphoth&4 3®B25370B51,Teng,ol|; cleinntp, Kiear,

R is an daPRolcl TP, BE: PRATod Aol bLRaaTBer) B bR e RN

aromati c ripug. Qﬁ)erayzn(mrre5[2$6‘74 Jeebpy. ne, Eur. Pat. Appl. 85100520.7; Eur.
Pat. Appl. 85100521.5 and Eur. Pat. Appl. 85300456.2]. European patent
application No. 86305585.1 discloses the synthesis and the utility of

(2) - 6- (1- may hyst, 1h@Baeéﬁanagﬂiupﬂduydlmafwmm)ne ﬁ@@ﬁ@&g@ﬁéh@&ﬁloﬁr@ 12asas a
cl ass-A and class-C (3-|actamase inhibitor.

03/ 093480 mihvibitgspof 1Hlestemasge. PHE. Osppyine. %%@5?8121 A Wséﬂ@s‘éa&!)hé‘“:
preparat i orbsc%rrpeoggpt;?is,\%_rg@@@q@%gjorrml a 1, wherein Rl = non-aromatic
p an

het er ocycl i c grou application [N.J.
R; \l |i\|ER3
0o N COOH
1

R, and R, are independently hydrogen or a Ci.qo hydrocarbon group or mono
15  heterocyclic, and Rj represents a hydrogen or an organic group. Subsequently, the
same group disclosed compounds of the general formula 1, wherein R, comprises a
1,2,3-triazole moiety. [N.F. Osborne, Eur. Pat. Appl. 84301255.0]. The following
year, the same group filed three patent applications of the structure 1, wherein R, is
an optionally substituted six membered or five membered mono aromatic ring
20 system. [N.F. Osborne, Eur. Pat. Appl. 85100520.7; Eur. Pat. Appl. 85100521.5
and Eur. Pat. Appl. 85300456.2]. European patent application No. 86305585.1
discloses the synthesis and the utility of (Z)-6-(1-methyl-1,2,3-triazol-4-ylmethylene)-

penem-3-carboxylate 2 as a class-A and class-C p-lactamase inhibitor.
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Broom P.D. Edwards, N. F. OGsborne and S. Coulton PCT WD 87/ 00525]
disclosing Rl = fused bicyclic hetero-aromatic group was published.

Sim | arl ywpases28b applications [N.J. Broon G Brooks; SPCCaisbs/asi

Eur. Pat. Appl. 88311786.3; N.J. Broom G Brooks; B.P. Carke, Eur. Pat.
Appl . 88311787.1) disclosed the preparation and use of conpounds of
general structure 1, wherein Rl is a substituted five nenbered

het ero-aromatic ring. A process for the preparation of conpounds of
general foEnoml Bat. A, 86306584t Hisslesed yheCpnenasationeof apmpo@idsGfupenraral J. B.

he year - 1690eRL AN cergEa oH Do CH oy ol nd PR T ol B 0 1

93/ 03042] BRnRpaEdhafds, ANE mmrm@an@s Conjion PET WO 8200524 diamhmﬂga 1 in
which Rl=_(Cl

| kyl = COY whe
15 During Bhe™ Igzs?g %&‘dgn?‘ﬁﬁ%aw Gt (érrqlrﬁ’vé”aﬁeé’t‘i'% % éd b\?”ﬁég%h%
descri bs NgapQRERSHENIE. OBro@ﬁﬁQL‘ aBrof)kJsE 8!l @oddton| Hud.Pabr App 883788k N.0gt on
PCT WD 94/ 10178; Col ema Neal e, PCT IO 95/ 2 39 5; »é man;
Neal e PCT ﬂmongS,GﬂBBzﬂkSm&Peuqafhs -E‘H'yop HgehPR)r 83 75 W S@loéﬁg h5>nd Rd
and Re myp%ﬁsgﬁﬂbntaﬁg u@¥%"fegﬁBonSQJFFﬁeﬁéraWQF&tLﬁHQSWhéﬂéﬁﬂR lsraeéﬂﬂbéﬁthf&i

hydr ogen ato I'n e ring system s bel ow. Rd ZMS(S Pm—z
or 3; p i sfitg membered h%rq\arnmtlcwm BoorEaRs foghg?f@&?@%‘svf@gmesn $0

PCT/ US03/ 1 4 I t
relates to n'g%/rellw LIEII;)‘?ecu ar'E)%A-gslgH 19: Er[;@n Ewglcﬁrr ?r%u“gﬁ pgeﬁgm,db@ven on

| act am
conpoumals et Osbopa anccGl Wfalkey Ealr.dl’aisApplf N0r87@96ﬂ9%7het er oaryl substituted
6- al kyl i dene penens whi ch have R-lactamase inhibitory and anti bacteri al
properties.
In the year 1993, Beecham disclosed [A.V. Stachulski and R. walker, PCT WO

93/03042] the preparation and the use of compounds of general formula 1, in which
R,=(C1.6) alkyl and R, = CH,X or COY wherein X = halogen or CONRG.
15
During the last decade three patents have been filed by Beecham describing
compounds of general formula 3. [N.J. Broom; F.P. Harrington, PCT WO 94/10178;
K. Coleman; J.E. Neale PCT WO 95/28935; K. Coleman; J.E. Neale PCT WO
95/17184] wherein R, = hydrogen or an organic group, and Ry and R. may be both
20  hydrogen or one or more substituents replacing hydrogen atoms in the ring system

shown below.
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-(O)p
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25



The conpounds are therefore useful in the treatnment of antibacteri al
infections in humans or aninals, either alone or in conbination with other
anti bi ot iwe.03A®28 accordance with the present invention POEUSHIBSProvi ded
conpounds of general fornula | or a pharmaceutically acceptable salt or in
vivo hydrol ysable ester thereof: A B\NXOI 0, R O wherein: One of A
and B denotes hydrogen and the other an optionally substituted fused 15
tricyclic heteroaryl group; Xis Sor O, preferably S; R5 is H an in vivo
hydr ol yzabl e ester such as Cl1 -C6 al kyl, C5 - C6 cycloal kyl, 20

CHR3000C1-C6 or salts 1PEp Vesdki FoN FPHISE QN%@[ogps are Hor
salts. The expression is used in the

specification and clains to nean: 25 a group conprising three fused rings

in which | east one ri,ng h r i I "s rule
(anioy s Thoe FesstvayRR, EHRed UPoRN. D andEeEr Weidhe [Bribd dAdClEn °

sel ect leml f%qaattaﬂﬂe:ogr:ipumdsrage iirzpérgg.(ljla!‘ftﬁ(h cl&hs of tainybtljibl-hlaferoafrylmlg}’sﬂts@dl 6- f
tricyclic heteroaryl nust be bonded through .a carbon prefer in one of 4
WO 03/ 09328yylidene epams jeh havr Baiacﬁwqaw@%ﬁ?@t ?’ﬁ‘%ﬁi’tﬁ % Fﬁrép‘?'ﬁ‘és-

remai nder ple thRpb@d b hefatbrRCibetul il MRe tieserenttdfi Aibhdteridlahfecsrsyin gr oup
may contain 1-3 aromatic rings and 0-2 non-araqnatjc ri.H%ﬁ?sh Each aromatic

ring(s) i nh4mans rsasimeals; eifhar long ef By eamRinatighdyl §F ¥ 5to 7 ring
atons (including the bridgehead atons) selected fromCR2, 0, S, N, and
N-R . Each 5 of the aromatic ring(s?, of the fused tricyclic heteroaryl
group ay lbosrcardange withathrdresenhinyagtiaeiners ae IP"PMW?@FO@PONP%? ohggReralThe
non- ar omat .G Johal icalRf i/ B drSly BIELERST tibre@f-oUp May
contain 5-1l ﬁppllﬁg%gt% rkr?y ?ﬂ%’?('ﬁ%l?naékéﬁ‘??ﬂéﬁﬁggéh \}é\tﬁ%l)l?r}}s) }énd contain 0-4

het eroatons selected fromN, NNR,,0 or S(On, wherein nis O0-2. In each

non-aromatic ring of the fused triAycIic het eroaryl group, one or two of 10
t he non-bridgehead carbon atons eac optionally substituted with one
or two R4, and each R4 may be indepgendent llly tge sane or different.

Exanpl es of fused Rs
0

wherein:
One of A and B denotes hydrogen and the other an optionally substituted fused

15  ftricyclic heteroaryl group;

Xis S or O, preferably S;

Rs is H, an in vivo hydrolyzable ester such as C1 —C6 alkyl, C5 — C6 cycloalkyl,
20 CHR;OCOC1-C6 or salts such as Na, K, Ca; preferable Rs groups are H or salts.

The expression "Fused tricyclic heteroaryl group" is used in the specification and

claims to mean:

25  a group comprising three fused rings in which at least one ring has aromatic
character (i.e meets Huckel's rule (4n+2)). The fused tricyclic heteroaryt group
contains 1-6 heteroatoms selected from the group consisting of O, S, N and N-R;.
The fused tricyclic heteroaryl must be bonded through a carbon preferably in one of



tricyclic heteroaryl are optionally substituted ring systens such as

i mdazo[ 2,1- b][1, 3] benzot hi azol e optionally substituted e.g., by for

exanpl e GAo@3addkeyd , Cl- C6al koxy or hal o (such as chl ori n@cerush$/isasi ne) ;

i m dazo[ 1, 2-a] qui noline; 6,7-dihydro 15

5H cycl openta[d]i m dazo[ 2, 1-b][ 1, 3]thiazol e; i m dazo[ 1, 2-a] qui noxal i ne;
5,6,7,8- tetrahydro-[1, 2,4]triazol o[ 1, 5-a] pyridine

di benzo[b f][1,4]-oxazepin-1 1 (1 OH)-one optionally substituted e by
aryl al kyl thaehleast trenarphatid risgsicithe remaibde, of tighformplad anoleas. H'dl'&cfé?’@

C1 1 1. 4] bengoitls bpieke G uriey GoRaliCT Y prifhar Mg AL Bt s

gHél gll ﬁaé ;]Eébgﬁrja&aﬁc} risgsnihdhe fused tncycllc heteroaryl group may contain 5 to 7 Onng

b] benzo%/hl WPé‘”n?F%'”g {‘? Rf'%gze]@%‘[‘ %P"%L §] g'eeglzeplﬁ{%élzgﬂ O#e"éé hﬁg%otérﬂ

T ine sl o i

Sl A A L Al
gzclccif)erc%;jll R%/” 5’Landé1 ntglf’nloa ete[oa‘toms Lglgcteg' fr%lnnﬁ IQRJE B'Bqlé(é)n,sméfeﬁr{ H‘sed €.9.,

6,7,8,9- tem-lzahwdé@pwn dm[n&tléﬂeb [oitlﬁféisédinay@b@pﬂe;r&aral]grylup rengdionéwept i onal | y
substl tute Cral k )é%car bon

8 9 I8 n p@o qq_dg%hqa&cr@\r%ora? S| MIVE %’phf)e optionally substituted with one or two
[1,2,4]triRg @h@[eécﬁRahaiylbe"iﬁd@andemtly the same or different. Examples of fused

O b S el b 0 Sk B AP i G0l By st e
aJ pyri mdi HS]?I saaémmmbwe sptisiaily sllllﬁtitmaecgeg bwfo@bxﬂﬁp]lel(ﬁbe?ﬁalkylsth hydr o- 6H
o i LA O AT WL SPALY SRR 69 -
di hydrgf 1, 8hiic ¢I6§@1té{b§mﬁa&¢[bﬂnﬁ][1n$]dﬂazﬂle mﬂazb[hﬁela]qwﬁﬂaﬂﬂe(ﬂ@ﬁl&m no[ 3, 2-3]
[51Y\?] '([) ﬁ{ gg%%%ﬁ@%&?@%ﬁ%ﬁﬁgéz%?@] P @gazoipdmo A X é{’n?)l(l?gz d] pyr azol o[ 5,
1-b] [ 1, 3] - eptmallyesuidstifitell Egl, bY tafeikll opsir az béryh 7J&wpydrp§ﬁa@ Afbxtdazd-e; and
Subst ] t ut of BOBCe P s AR b i R A SRV R U Ubet T at e
- C1- C6 al kyf1,41pptizoxaaddine Sptioabiit subatituteat ¢.b., bp@:h—@@]alkbyy, Séhlp¥dazol’, &d
B e ket e L A
opti onal | yblbansiiatalé;qd, 31@32&16[3;32 a};oayinrrwdazblet h&-ginyslvd-60- t hat bot h t he
doubl'e bond and Lhe i BhR 5 1-b]1,3lthiazole; 5,6,7,8-tetrahydroimidazo[2,1-b][1,3]-

benzothiazole; 9H-imidazo[1,2-a]Jbenzimidazole optionally substituted e.g., by C1-

C6alkyl; 4H-thieno[2’,3":4,5]thiopyrano[2,3-b]pyridine; 7,8-dihydro-6H-

25  cyclopenta[e][1,2,4]-triazolo[1,5-a]pyrimidine optionally substituted e.g., by C1-

C6alkyl; 6,7,8,9-tetrahydropyrido[3,4-€][1,2,4]triazolo[1,5-a]pyrimidine optionally

substituted e.g., by C2-C7alkoxycarbonyl; 8',9'-dihydro-6'H-spiro[1,3-dioxolane-2,7'-

[1,2,4]triazolo[1,5-a}-quinazoline; 6,7,8,9-tetrahydro[1 ,2,4ltriazolo[1,5-ajquinazoline

optionally substituted e.g., by C1-C6alkyl; 7,8-dihydro-6H-cyclopentalelimidazo[1,2-

30 alpyrimidine optionally substituted e.g., by C1-C6alkoxy; 7,8-dihydro-6H-

cyclopenta[elimidazo[1,2-a]pyrimidinyl optionally substituted e.g., by

arylalkyloxyalkyloxy; 3-dihydro[1,3]thiazolo[3,2-a]-benzimidazole; 2,3~

dihydro[1,3]thiazolo[3,2-a]lbenzimidazole; 4-dihydro-2H-[1,3]thiazino[3,2-a]-



10 bond shoul d not be present at the carbon atomwhich is directly |inked
to N, optionally substituted -Cl-C6 per fluoro alkyl, -S(Op optionally
substi t utwo oalo¥3zBo or aryl where p is 2, optionally subst iPCHUSA3/13451
-C=Cheteroaryl, optionally substituted - C=Caryl, optionally substituted
-C=0 (C1-C6) alkyl, optionally substituted -C=0 (C3- C6) cycloal kyl,
optionally substituted -C=0 nono or bicyclic saturated heterocycles, 15
optionally substituted C1-C6 al kyl aryl, optionally substituted Cl-C6 al kyl
het er oar y| penzipidaank} [1y3]thidzetal3, ata&tﬁramﬁa@le @B~ dllhkép'a‘bmrﬁﬁ@{éla y

substi tut e‘&y@f Z%Ioig,sll’gr]lgitc\égg%z ! élrf')yé 7,8 t%t?%;%‘f‘%ﬁré(zo?cﬂ@%lﬂ][ﬁ @]%z@az@% al kyl

nono or bicC ocycl es bsti t ut ed

aryl al kenylando®,87 Bdetrﬁtydmriymzom[@rit;z QIWWOI&%@WOPW%MI ly
substitute |y substituted -al kyl -0-al kyl -aryl,
optionall ygﬂg tEs{Utgé 43@/@& léy]ﬁ[‘((o%%l -heteroaryl, optionally substitut ed
aryl oxyal kyl, optionally substl tuted het eroaryl oxyal kyl, optionally
SUDSt | o )OSR O PR S oo ML bl AL 0Bttty

Cl- C6 al kylsubstijuited y Hestenoar! ydr manpt mnbtb!@csaatgtatedjtf@(ﬂeracms aegtionrlly

al kyl am nes iQn Yy t I ituted
aryl oxy 25 88%3@ tﬁ@l ab%ﬁf%ﬁa%l%ﬁsu t@h%ﬂg ﬁ{"%&r}og?y oxétl Irb%%ﬁl)ﬂgw
Preferred lambgitmauscam ikynyb pith dine provissutbst baethtteel deuitks bonegﬂd dreatriple

substi

ryl Kk : - W piyi onal I'y
substi%I te%ow @HHQ? d%g%%}l g"J gﬁgarbﬁﬁ%t%ﬁ?wgﬁgﬁéy su Igtlln%h?et N
Eetj erocycl @@tnonall(ﬂ‘diaﬁﬁﬁutbean@m(m |penéIIJb|30 alkys t$E)§ emtidneﬂteswtlwted 3Cb<YRQr| S
ydr ogen, . subst on
al kenyl ha\?ﬁﬂ @y§ % % aﬁyg%&g&‘“ | orthIete(? St ﬁpﬁ?n%&%ﬂdt@g
having 1 tc= C&rylr opticmabpamstltuml W(Ctm@lkymmﬁﬂy sphstibred I-Cf(—@uiﬁﬁ)tl tut ed
et er oar y1 CooasgaRyy prisE e fad BT bt th A APy gE PetctogiRs; | o
al kyl asyl @psioradllly substitoted C1eo6 iathyh bty aptibisaliytawbetiiutad g 1o&f, aIIthhB@I’Q&IWIy
substltuted et eroar yl.oxy, i | t
optional | y ?fbag't’ |St“'h¥tgﬁt)é§:§rﬁ%é'§$aal ﬁ’% %}‘t(tgﬁélf&sluégﬁtugé qgger{?iﬁ@?%{ %XI Ylkox
al kyl ene dioptgnally apbstituiati IO/ - G&itbtkylimum@dr Iacgﬂllosytueledjaetatdwclearrwt@nam CG
perfluoro g E%u t ?fﬁrégm 00k CI”a1'é é!aerIJI’g dnﬁéjt 8@)@1260\%&8 R Eifbnall
optional | y e 3'?%/ ere éJiR guani di nyo or
cyclic guarsuda;tm(ltedoptylaikr,&dﬂyylkslubsmtlohaII)ecBu@&htGEdal ikiwltﬁ-?lkyl al’M‘pt prtiarlly
substi tuyted I aI Ky a e &Jﬁ ) rg&roy]la"
opti ong I gﬁ%‘ aé‘%Y‘ g)oébﬁ(@arer - 'oa#[X gu onémg g%'gstl tut e%l Cl1- C6
alpkyl rmng substltuted heteroaryloxyalkglll optlonaIIy substituted aronxﬁryl optionally
substituted aryloxyheteroaryl, optionally substituted C1-C8alkyl aryloxyaryl, optionally
substituted C1-C6 alkyl aryloxyheteroaryl , optionally substituted alkyl aryloxy
alkylamines, optionally substituted alkoxy carbonyl, optionally substituted aryloxy

25  carbonyl, optionally substituted heteroaryloxy carbonyl. Preferred Ry groups are H,
optionally substituted alkyl, optionally substituted aryl, -C=0(C1-C6)alkyl, C3-
C6alkenyl, C3-C6alkynyl, optionally substituted cycloalkyl, SO.alkyl, SOaryl,
optionally substituted heterocycles, -CONR;R, and optionally substituted heteroaryl.

30 R, is hydrogen, optionally substituted C1-C6 alkyl, optionally substituted C2-C6
alkenyl having 1 to 2 double bonds, optionally substituted C2-C6 alkynyl having 1 to
2 triple bonds, halogen, cyano, N-RgR;, optionally substituted C1-C6 alkoxy, hydroxy;
optionally substituted aryl, optionally substituted heteroaryl, COORs, optionally



or bicyclic saturated heterocycles, optionally substituted aryl al kenyl of 8
to 16 10 carbon atons, SO2NR6R7, optionally substituted aryl al kyl oxyal kyl ,
opti onal IwoO ostop®8e t ut ed aryl oxyal kyl, optionally substitutPetd/uso3/13451

het er oaryl oxyal kyl, optionally substituted aryloxyaryl, optionally
substituted aryl oxyheteroaryl, optionally substituted heteroaryl oxyaryl,
optionally substituted Cl-C6al kyl aryl oxyaryl, optionally substituted
Cl-C6 al kyl aryl oxyheteroaryl , optionally substituted aryl oxyal kyl, 15

opti onal | y sebdituted uaksy laataxyoatksylamines, koptionsjit i ssHalitiipds @pdexy: uertignally

al kyl aryl o ' j onaf: u I de&FC7 | kydis

opti onal | y)éxgél}@s&% ?'TG? %ZO@B%}? ggitléur%ézlal egﬁ%ért&dg%c?t Pgﬁ% aslg%(rﬁ}}rld;?édaéﬁgtbg]rlyocycl e.
Preferred BabgitwagdsC3 arGd Blkyogoxyoral-Cf slaminod® &€6ablkoxy, altienrsnaliaxy,

substitute i.on i ed,....het , _

hydr oxy, o%f’ ﬁéor%r%g??/?/u%ﬁ%&set%l tal l(}{l%xd%t& ér %I?:{ Icg{an,'ﬁb-e’c%%%%),bmuggd %&6;’3@%

opt i onab | y optidstly subsituted Ei1;CEaKY,S @)k ptiorally sgbstitefad aryl wkere @ ihg.dt egen,
Cl- C6 al kyl,, 5 I : j I ' : 36 i.enal |
Subst i {ut o GO | TOERR 8 ot ReERE, Yo} hiileqit o BRMEHAL Y, o
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system of for \Wicyiclic esatynated nestdrecycles, t optionaliyt suhstitutdte aprlaksenmt of o3 to 16
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Subst | ¢ ut ed RETEET A AT Py B Bl RRRREAT ool PSR ¥
subst i t ut etieteedayloryaryl, opaptionally ysshstitited uCdeCalkyl6 asyldepyaryl.ar gtionally

optional | tit | ' | i t | kyl,
obt1 onal |5 suEbety Sicee it RatoayrBloair ,  Sofetiy | SRaOE SARRIAR, VL ¢
t he ni 15 ogeptidgraliphi chstbdtihegd ar e betemehdekyblylm a 3oftiomeiber edsubstitutest ed
ring systemoptiona

I 1avin or er0aLens S ,
S=(On n =Y _ryl?_;?yglkg%pel s%%gﬁgﬁﬂy g?%sl%%gd?gire ,9019 Zhyﬁyl&,%dagp 9lll}gl kyl ,
het er oar y| alibgtityted IC3R67 @atlirdtgd too gattially saiurdted hetendaycleg Enefetred whigrbupshey ar e
attached fqrm,n T a e V. i
Dot it 1 ondraHeoR Bl PET Rl ot s lPh , opHonglikluteq
moi et i es oheterddtyl, halogen, CN, hydroxy, optionally substituted heterocycle, -CONRsR7,
20 COORs, optionally substituted aryl, S(O)q-alkyl, and S(O)q-aryl.

Rs is hydrogen, C1-C6 alkyl, C3 — C6 cycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl. Preferred R; groups are H or C1-C6 alkyl.

25 R, is H, optionally substituted C1-C6 alkyl, one of R4 is OH, C1-C6 alkoxy, -S-C1-C6
alkyl, COORs, -NRgR7, -CONR¢R; ; or RsR4 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 N, O, S=(O)n (where
n =0 to 2), N-Ry; preferred R, groups are H, C1-C6 alkyl, NRsR7, or R:R, together

30 with the carbon to which they are attached forming a spiro system of five to eight

members.



carbons, preferably of 1-6 carbon atons. The term al kenyl neans both

strai ght and branched al kenyl noieties of 2-8 carbon 15 atons contai ni ng
at | east woe3geazkl e bond, and no triple bond, preferably trhe/sikenyl

noi ety has 1 or two doubl e bonds. Such al kenyl noieties may exist in the E
or Z conformations; the conpounds of this invention include both
conformations. In the case of alkenyl, hetero atons such as 0, S or N-R
shoul d not be present on the carbon that is bonded to a double bond; 20

The term aRkyamd R:nateudutspbodentlyt Hai qptionallyasrbsiitiethr@h&iRealkul iQRiipnalii et i es
contai ni ngs&bs@ﬂﬁ&g gﬂphaog)ttl&ﬁlycéﬂ%ﬁth{yd%t?\% b@aéﬁtlo‘?\%ﬁ’y Eubs}?ltﬁe@@ﬂCbG Bfk?f er abl'y

the al kyny ne-or two he case of %/o
het er o at oaml, SlutlbnaIB{SSL(bﬁtltB’[er anaikyl, mgmdlymsmét%r@@nﬁwdﬁikw rmot@aa n t hat

|'s bonded %&f?igﬂgggh%@alkﬂ%%h&sélﬂ ﬁégag% %necog&ng?\ﬁmlrﬁ%tlﬂdenrt@w& to a

alicyclic car bon group
perfl uds oatHeyIare sitashed fhen @i 3°r7tnmemle¢red satirdied nngtsvae@mphoaﬁw havingcned- chai n

t ur at ed hat d
o e SRR RHEE AL GO BN, PS5y hatodl, bERSHedRPRRARIAGCT o0
CH( CF3) 2. ahaeHI @nmawaikydgmmailql dletarn@'dlatks!l ©r RsBNnd Rz toggitien WIth eViror0 93280
PCT/ US03/ 1@)4\?/!%18lageg?alr% ld,t?ﬁlgl)(ing 8?% FH¥ber&d séiMr(alt&@l il systshn. OPtional 'y

substitute OW NQg ar e possi substi tuents:

nitro, -aryl, -heteroaryl, al koxycar bonyl -, -al koxy, -al koxy-al kyl,
al kyl - C2694al.killq- ﬁ itig c¥ano, - hal ogen, - hydr oxy, -NR6R7, -COCH,
- COO alkyl 3 & yl, -trifluoronethoxy, arylalkyl, alkylaryl,

R6R7N- al kylThe terrhiQilkil -ri€aral byih- straibktoayd|bdigriched atHeyn -afiky] gt &6 R712

- SO2NHR6, H 7 rylL,-o_, heteroaryl-O, -S(OS aryl (where s =0

-2), -al kyF%B?@%E?%E’F?fﬂ‘g&%@ﬁﬂa&%'ﬁ O al kyl N-R6R7, Cl-Csal kyl, al kenyl,

al kynyl , cycl oal kyl, al koxy--al kyI -0, R6R7N-al kyl - and -S(O Shet eroaryl

(vvheres = referreds DS itute , |, and

cycl oal kyl Tﬁﬁé?'%lhéﬁkeﬂ)ﬁl”begaé’ﬁ PE’S‘?HQ? 4%%}?&{'%0?(%}3%3{' Ay Fﬁox&c%rSgégﬁyc{w

al koxy1s - abidm@ccﬁitdﬁmhg at tey\amne dik;td:ﬂeahmd and no\HERE B3nd, Aa'rgﬂeratﬁy ’tijlefalkeml as an

aromatic h rbon m)le edfro hyl ,

( 3- napht hy" ng %ﬁ@ny?r Won WL’ r§H%g"%§§h %g‘i@% 'Tn?goreny th% @ rtlztyl

bi phenyl enybnfoﬁﬁﬁnmphﬂwbecmﬂhpo@quﬁsms Rnvehéom eutlb@ieybotgrooommamcmsph’eﬁﬁ and
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,;

20
The term alkynyl includes both straight chain and branched alkynyl moieties
containing 2-6 carbon atoms containing at least one triple bond, preferably the
alkynyl moiety has one or two triple bonds. In the case of alkynyl, hetero atoms such

as O, S or N-R, should not be present on the carbon that is bonded to a double or

25  triple bond;

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

The term perfluoroalkyl is used herein to refer to both straight- and branched-chain

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

The term halogen is defined as ClI, Br, F, and 1.



15 bi phenyl. Heteroaryl is defined as a aromatic heterocyclic ring system
(nonocyclic or bicyclic) where the heteroaryl noieties are selected from
(1) furanvotobiopy2bene, indol e, azaindole, oxazole, thiazolPer/tisssxazol e,

i sot hi azol e, i m dazole, N-nethylimdazole, 20 pyridine, pyrimdine,

pyrazi ne, pyrrole, N-nethylpyrrole, pyrazole, N nethylpyrazole,

1, 3,4-oxadi azole, 1,2,4-triazole, 1-nethyl- 1,2,4-triazole, 1H tetrazole,
1-met hyl tefrazol e, benzoxazol e, benzot hi azol e, benzofu;an benzi soxazol e,
benzi ni daztiadkyl,Nalkestyhyalksswk i ari eyatoslkyl isaatienaly sibetitded’ qnederziceof the

Qui 1220l | gy A1 101 B8 RRBO ARL! By rBlerdlrl GG} GGy,

het er ocycl € pyridine, pyrimdine or pyridizine ring is:
(a) fused {edkoasy@lkybrﬂﬂeﬂ-éliCaMM@ (QYﬁ@%\t plagew) W@WVO(‘N&RE QR.havi ng

one ni PR leii (Prﬂuforb?ﬁélh t.%l&?orﬁethwf%glsmyl e Ay at ed)
het erocycl iC ring 'havi trogen use

aromat i% (H@s@ﬂ-@ﬁaalbyj-) alﬂ@umlbsdy@lﬁybsf,l ffépdﬁhﬂsﬂvg -SANHRe r%@é‘rh CoMN#Ry.0get her
with eithe e |, f tom ( f nber ed
aromatic (l£,l ggt u'%%{rg%?yl ete Il(‘g’h?'l%nso t?a\%r) n g%)}ﬂedj %FR? Ielﬁg%?o%l@epla?ft ed
fromO0, N Oral§/INMR:RE, éﬂr—@ﬁlalh)dt elkenad yalksgwbwpslodksé allspanalkyxz RB;N-elylazol e,

i soxazol e, S €. e

pyri m di nean&pyr P%% ‘3a|;ﬁ @'ﬁéé% me"t\lb”?yl pgé\r{%rt) eg'?%yrbgezn(;?%'j :Qk)ﬂ alkeny,

N- net hyl pyalaymil,eand , caczldal&)dantclaldel ehalogen), 4nitre.i awb| keterpand, @REXZTAIPBZIS0

PCT/ U ﬂf}/ lgﬁg)ng ‘SMAA%Y' 'Cﬁad‘% hgdrw £nd NRLFeL razole, 1l-methyltetrazole,

qU|noI yr|d|ne I f aryl or heteroaryl is
‘optionally substituted', one or two of the follow ng are possible 5

substituen | t 0

al Koxy- al gyl is %s%fw%fj aéac{réro&frﬁ? h&PR%E\MJon i 5@@@:&%&%6098% the ﬁ%(#) %Keny_l N RERT,
-trifl uor osmiapythyl, - Birwapfhthwlorb)pimdybxynthaﬂ yIteirrdhydironapmtxylarfkdbrenmH‘nplara,{l kyl -

HO C1- C6- a kox Kk H H,
conmery,  aPgreedehofaBatnt. Fodt 3 P il Groups P enyt e

- al kyl 180 abikpenyNR6R7, - al kyl -aryl - O-al kyl N- R6R7 d - Coal kyl, 10 al kenyl,

al kynyl, cycl oal kyl, al koxy-al kyl -0, R6R7N- al kyI -, and - S(O) Shet er oar yl
(where s = 0 -2); Preferred substituents for aryl and heteroaryl include:
al kyl,  haHegetaryl-iNdefifet] as aia‘rbmeM@hﬁbmcwlic-rtngi dyisteon (mendnyehc ordvigyclit)ky| |

ﬁg?e?: légl ?W%?L?dﬁ‘%@ﬁ%/garyf ?“OT TeIBR rﬁeyl eA{eFﬁl f@% &?ﬂj‘:%bh T"Op@g phen&%fpropyl
2- phenyl pr agaihdaendoxdrelel ithiazold hsokazate, lsothlazole imidazole, N-methylimidazole,
20 pyridine, pyrimidine, pyrazine, pyrrole, N-methylpyrrole, pyrazole, N-
methylpyrazole, 1,3,4-oxadiazole, 1,2,4-triazole, 1-methyl-1,2,4-triazole, 1H-
tetrazole, 1-methyltétrazole, benzoxazole, benzothiazole, benzofuran, benzisoxazole,
benzimidazole, N-methylbenzimidazole, azabenzimidazole, indazole, quinazoline,
quinoline, and isoquinoline; (2) a bicyclic aromatic heterocycle where a phenyl,
25 pyridine, pyrimidine or pyridizine ring is: (a) fused to a 6-membered aromatic
(unsaturated) heterocyclic ring having one nitrogen atom; (b) fused to a 5 or 6-
membered aromatic (unsaturated) heterocyclic ring having two nitrogen atoms; (c)
fused to a 5-membered aromatic (unsaturated) heterocyclic ring having one nitrogen
atom together with either one oxygen or one sulfur atom; or (d) fused to a 5-
30 membered aromatic (unsaturated) heterocyclic ring having one heteroatom selected
from O, N or S. Preferred heteroaryl groups are furan, oxazole, thiazole, isoxazole,
isothiazole, imidazole, N-methylimidazole, pyridine, pyrimidine, pyrazine, pyrrole, N-
methylpyrrole, pyrazole, N-methylpyrazole, 1,3,4-oxadiazole, 1,2,4-triazole, 1-



"optionally substituted refers to unsubstituted or substituted with 1 or 2
substituents on the alkyl or aryl noiety as defined above. Al kylaryl is
defi ned awo@BALBs kyl -aryl-. The term ' optionally substit ®eCcedsos/efsrs to
20 unsubstituted or substituted with 1 or 2 substituents on the aryl or

al kyl noiety as defined above. Heteroaryl-O-C6- alkyl is defined as a
het eroaryl substituted al kyl noiety wherein the alkyl chain is 1-6 carbon
atonms (straight or branched). Al kyl heteroaryl noieties 25 include

Het er oar y| metEiR) 2, 6triazaled 1HHetrazdle. 1Fhethyltstrazolepoubeling, yisegHrelineurad
refers to unzﬁgi tuted or substituted with 1 or 2 substituents on the

al kyl or 3R PLF noi ety as defined above; Cl-C6 al kyl heteroaryl is
defined an al kyl chain of 1-6 carbon atons (straight or 30 branched)

attached t a he s t.af

nol ecul e. P" 8&@%’8?%%13 @tlg %"iyl w&e@gtregaro R%T{)tehtégtﬁlr%m% atr? Og{'ﬁ
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groups ar etrmetmonedwoagz, mylelkyip;atkwaryl erlR;EI %Iedl—edﬂ@cﬁ’f-ﬁﬁmllmhe atlmmlktds
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pi per i di nyflY 'éi Fpﬁ Y Wi iyl ﬁD?%’I

di hydr obenaiymwaszelsyk, 0 d-thdal@jd@-aMyuNang, , alaylwyif%&ulibf{kﬁveﬁm%alky'

G B SAE o REARCAP aO F defp, Sos

gi Eygr ooxa@mteéé s =db hziaj[] B’épigfenrertlsuyt;tltuehtmfd’r eny reagohgteroagl hwlﬂdc?by{a“?/i nyl, "
i hydropyr i ny [ ro [ : rotetrazoly

di hydr ot hi h%}’%%r'&tRﬁRid” %9@%@‘%’?.‘%? 'i“g%g&ﬁ%'%k'i %ﬁhlal@ﬂydr otriazol yl |

di hydr oazeti di nyl, dlhydro 1, 4- dloxanyl tetrahydrofuranyl

t et rahydr ot hi enyl. tr dr e r i nyl .

Preferred Q‘Eqilﬂit'ﬁdé%w gag? |’§&F§?§aétau at ed Qﬂal{( @r yﬁ?ﬂi ?:@ﬁgﬁg’g

azi ri dimyl phawneithydi 2phenyletiyldi Bwphalyylprohydxamnxdamp plikger

pi peri di ny| rrolidinyl, r

t et rahydroé’ﬁ %”Y r?')‘)bs,d“t{’%g 'teg%‘%?g VB% ol s'f(l)laew no t{apédd\{o%}i/dro&zn?u S ';/11 , and

di hydr oi soou &wadisl or &4 Moicty &y Hefinedabove.bi cycl | c saturated or partially

saturated heterocycles is defined as an alkyl group (straight or branched)

of Cl-C6 attached to a heterocycles (which
Alkylaryl is defined as C1-C6Balkyl-aryl-. The term ‘optionally substituted’ refers to

20 unsubstituted or substituted with 1 or 2 substituents on the aryl or alkyl moiety as

defined above.

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

as defined above;

C1-C6 alkylheteroaryl is defined an alkyl chain of 1-6 carbon atoms (straight or
30 branched) attached to a heteroaryl moiety, which is bonded to the rest of the
molecule. For example C1-C6-alkyl-Heteroaryl--. The term ‘optionally substituted’
refers to unsubstituted or substituted with 1 or 2 substituents on the alkyl or

heteroaryl moiety as defined above;

10



is defined before) through a carbon atomor a nitrogen atom and the ot her
end of the 20 al kyl chain attached to the rest of the nolecule. The terns
“optionalwgosioipesit uted” refers to unsubstituted or substcoaisesiiassth 1 or
2 substituents present on the alkyl or heterocyclic portion of the

nol ecul e, as defined before; Arylalkyloxyal kyl is defined as l,

Aryl - Cl1- Ceal kyl - O- C1- C6al kyl ---.The term optionally 25 substituted
refers to unsubstituted or substituted with 1 or 2 substituents present on
the al kyl and/or aryl portions as defined before; Al kyloxyal kyl is defined

as Cl1-C6 al -0 Cl- sy T ) ' - i wefefers

t o unsubst is'témr%tgdoér %@EIW%%’[% e%ﬂf{éﬁfrcgéygl‘?s%ﬂéﬁﬁ?!'é[ }Jﬁggﬁw%% e@g{ﬁﬁ&gfﬁ@% the
al kyl noi etingas skiéitedd Wehor ¢he 11MmyiEliess/ 08Z30d0YIPCTEZEB0IBYI1 3454-dioxanyl,

Aryl oxyal kyl i £ LN - =1 - : ; i ly
Subst 1 ut edoAiafEeEPRR. Bbefiptv By, Byltphdng. maRol ioBktniR):

subst i t entdihyproeezitidazolyhe al kyl dibydroberngfurandt y as deftiydebenzdtoiery!, 5

et or oar y1 AHBANRAYS . IR tuRtL . qrydroimisezol | dychoindolyl, o
refers to uinydintdookatadyd, or dibudretsithiszely!, wi tdihydreexagiazelybst idihydraoxageldsent on
the al kyl aqf heteroaryl noj.et f,i ned .. ;=AY O IS defi ned as
Aryl - O Ar yIOllh-y Qr_o_py:fﬁﬂn%fm m h@%#@irggcﬁ%/" subg'kq ?@@P g”(f'"ﬁ\;rl’ef e%ﬁ{%ép?){@?'&ﬁyl’

unsubst i tutdénj]gmpyﬁorlulbs;i t uitedroguirolingr 2 dibpdotetipenlyls pr ebwdrotiyadieraylar y|

nol ety as ef,l ne or.e: yhg i Sy . 4 a

Aryl - O@et gﬂ}yg?@“?zogﬁ - gﬂﬁyﬁi{é@,‘%ﬁe%ﬁf ?'ﬁg%éhll’t h?'gﬁrac)i%%ﬂﬂlﬁ? Ii‘ _oﬁl.hg?rtoh%ﬁ t he
aryl noi e]'E yﬂioﬁ(anylhletétengdnm?]mhymDi eﬁgtrw_adrobﬁlwd,t ac htetrahgdrobeinolingl, r e ni ng
portion of t ecul e e eJolAl I ol

unsubsti t utteéf?%éﬁg%ési?ﬂgw)['w;[ed P\t/r\ngf%ﬁ]fed oéraattgg{s%bs i ?édﬁ%b’s ggéug%%%tl%g%roté %&e&ar yl

noi ety or ditludehe hatigdiods yhzetidingt, y 1abdidednyhe chédrahpdreazedindl ripgrborylaryl i s

defined as Arvl-Q Aryl - Cl- Coal g o T =Pt ;

substi t ut e&lpe}/lglpﬁ, S %&"&H’éﬁgst Wéﬂ) g%i'nglr sﬂﬁ%%]?{p{ﬁog "W '?[ E?gwmﬁ% gl%@('i tuents
presenti5at tettdmgdmisoquimpliret,\dilasiraleidaned, bed dihgsrofMokydzatw.l oxyhet eroaryl is
defined as Heteroaryl-O Aryl -Cl-C6al kyl--; The term 'optionally
substituted' refers to unsubstituted or substituted with 1 or 2

subst i t uentcsl-C& alkyr eweator ditytlivesaiurptednai retrjally rsaburatel enetrrpeysiesyis definest y as
defi ned before; kyl ar | i i i .
RER7N- Cl- C@alwﬁl@lybgﬁ?l% é&%@égpﬁ%ﬁ{aﬁgﬁeﬁ? .?th,‘&@é 'aﬂgcqne?ﬁo a heterocycles (which

is defined before) through a carbon atom or a nitrogen atom and the other end of the

20 alkyl chain attached to the rest of the molecule. The terms ‘optionally substituted’
refers to unsubstituted or substituted with 1 or 2 substituents present on the alkyl or

heterocyclic portion of the molecule, as defined before;

Arylalkyloxyalky! is defined as Aryl-C1-CBalkyl-O-C1-C6alkyl---.The term ‘optionally
25  substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present on

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

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

30 the alkyl moiety as defined before;

11



terns "optionally substituted refers to unsubstituted or substituted with
1 or 2 substituents present on the alkyl or aryl noiety as defined before;
R6 and RWwe3/080sdef i ned before; Al koxycarbonyl is define@Casso3/13451

Cl- Ceal kyl -O- C=0O--; The term'optionally substituted" refers to
unsubstituted or substituted wth 1 or 2 substituents present on the al kyl
12 WD 03/093280 PCT/ US03/ 13451 portion of the al koxy noiety as defined
before; Aryloxycarbonyl is defined as Aryl-O-C=O--; The term'optionally
subst i t ut edryloxybiyk is tefineus ab ArykQ1GICH raliyiirbs tTheutesa (wiptienally gubstituted

subst | t uent Sfargsft]%su%%bg&ftﬁép%r%LM!;tltl'ﬁ%j ith £3r 23,880 0R¢ pRRLA & ipbRAEH 67" yl oxy

car bonyl er oa he term pt| ona

substi t ut eda'ryl nm‘myast:!eﬂmﬂfmbhzdjene;tut ed or substituted with 1 or 2
substituents present at the heteroaryl noiety as defined before; 10 Al koxy
is defined as Cl-C6al kyl-O-; The terns "optionally substituted refers to
unsubst bt uﬂ-mbroarylsaludymyallqyled:k vdeffihed as Iﬂeismﬁyli(ih@ﬁalkylp@é-‘ée‘ﬁ@albw--{'Hme aI kyl

noi ety as defln fare:.. 15 A XYL | i The

“opt i onal | Y¥ELER 'Ppﬁ yeaugét@tsgs[;%%'% ﬁonsuﬁﬁgﬁhmggdairs&éﬁu%m ?tvtvjl h Q 1 or
2 subst it usobstityenes preseattort the atkyl/or mabéreany! msietylad defendddeefaee; Het er oar yl oxy
is defined as Heteroaryl-O-; The term'optionally substituted refers to
20 unsubstituted or substituted with 1 or 2 substituents present at the

het er oaryl Amgbefayyl ieslefiedd aedrpleddrg;--. Al hertydnmkgptiosald/esmbﬁeiwt@:é refersCip

opt i odd 1 yreiRERE Bt alostBien iRy & SReRMnte P e BRahe YOG "o 4

or 2 subst idefiggtt sefpfeesent at t he al kene noi ety as defined before, with the
provi so that no hetero atomsuch as 0, S or NNR is present on the carbon
atom which is attached to a double bond; Al kynyloxy is defined as

C3- CBal kynexrfloxyhetexaarpl is Qefirted pbeA@G@d—lére(ad?_leor -GArylORietergaryholnethies; The

term'optio stjtute ferst 0 W th
1 or 2 sub&f F‘E'L%htegﬁ eﬂrtypg{mc% atr'ﬁyng&% ety ag %e F%eeggg c%)?ge%w th
the prasgi seembiniyg pOrtlbat ef dhatrmotesuieh Tas GrmS ‘aptiohBly, substjputed’erafersnta
carbon at Ors}n\sl\ﬁgs%putéds or substituted with1 or 2 substituents present on the aryl moiety or on

the heteroaryl moiety as defined before;,

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

the aryl moiety as defined before;

Alkylaryloxyheteroaryl is defined as Heteroaryl-O-Aryl-C1-C6alkyl--; The term
‘optionally substituted’ refers to unsubstituted or substituted with 1 or 2 substituents

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

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

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

substituents present on the alkyl or aryl moiety as defined before; Rs and Ry as
30 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

12



attached to a double or triple bond; 13 WO 03/093280 PCT/ US03/ 13451

Al kyl am noal koxy is defined as R6R7N- Cl- C6- al kyl - O C1- C6- al kyl ---, where
the ternwoaB/ogd2Byl group attached to the oxygen is conneeCeadSO®14BEe rest
of the nmolecule; 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 al kyl noiety as defined before;

Al kyl enedi oxy is defined as -O-CH2-O or -O(CH2)2---0---;

Aryl oxyal kybgieneé thesallsexyi meigtyas RERFIDERRITE- al kyl - O Aryl--, where the aryl
is 10 attached to the rest of the nolecule; The term' optlonally
substituted' refers to wunsubstituted or substituted with or

subst i t uentsylpryeseronylais defised e AryldP-CaiGrt; Thepleamy optipnaly F‘H%?éltt{t%? selers
Aryl al kenyl, hﬁ%%g |qu@ogSP%{H§gMgﬁaqﬁEﬁ%lr l?eél%sﬂtuemstﬁeéé?# aPFHRVAr§IobiRBL as@o

hetero atom I's present on he carbon atom which

i s attaBhedefimecbeforehl e bond; The term "optionally substituted refers to
unsubstituted or substituted with 1 or 2 substituents present on the

al kene or aryl noiety as defined before; Heteroaryl oxyal kyl is defined as
Het er oar y| HotepoargBuy ksarbonyl Fhdefinednas detemaatiGC=06- sl ttemut ertionalf er s t o

unsubsti t Utsﬁ%‘:?@ft?a alig?eéré ?éjhﬁ%.lb\g‘u#u%dloroﬂegtltﬁ'tégs\mtﬁ YeRh Lﬂ?)%ﬁ’tﬁ@ﬁi% prds (?nE he

het er oar yl teroaryl oxyary i ne

Het er oar y| i@ keatgtoary maidiy e defieechpgforenpi ety is attached to the rest of the
nmol ecul,g; The term 'optionally substituted refers to 25 unsubstituted or
substituted with 1 or 2 substituents present at the heteroaryl noiety or
the aryl maileixy iasdediebd rasd CdeC@alkyl-Oal; Kthey teraisk ortienady | subslitkiedy sefRid &xy and

al kyl thi oal kg%bgﬁﬁué e§ g&i\sqrtu?tg& WRe 6t B %@Eltu@ﬁtgydreﬂﬁf Etﬁesalm%&@{ybé’é" at ons

(straight or het eroaryl oxy,

het er oar yl tdlaﬂmeobbdom)l eties V\/nerel n the aryl and heteroaryl groups are as
30 herein before defined. Arylalkyloxy, heteroarylal kyl oxy, arylal kyI thio
and heteroarylalkylthio are noieties wherein the aryl and heter oar¥

gr oups 1ar e Angohyeriei defitmef case Ayl OﬁeddetaMer@mwnallve subrijiutedh aefers stol - 6

o P RS o, BOBRRF R T RO Bl

Aryl oxyal ky eroary oxya aryl oxyal et eroa oxyasl Kyl oxy
are defined before;

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

as defined before;

Alkenyloxy is defined as C3-C6 alkene-O--; Example allyl-O--, but-2-ene-O or like
moieties; The term ‘optionally substituted’ refers to unsubstituted or substituted with
25 1 or 2 substituents present at the alkene moiety as defined before, with the proviso
that no hetero atom such as O, S or N-R, is present on the carbon atom, which is

attached to a double bond;

Alkynyloxy is defined as C3-C6alkyne-O--; Example CH triple bond C-CH»-O-, or like
30 moieties; The term ‘optionally substituted’ refers to unsubstituted or substituted with
1 or 2 substituents present at the alkyne moiety as defined before, with the proviso
that no hetero atom such as O, S or N-R; is present on a carbon atom which is

attached to a double or triple bond;

13



substituents wherein the alkyl radical is 1-6 carbon atons. - The terns
nonoal kyl am no and di al kylam no refer to noieties wwth one or two al kyl
groups vWwerogioss28he al kyl chain is 1-6 carbons and the gr @epasosy34be t he
same or different. 5 The terns nonoal kyl am noal kyl and di al kyl am noal kyl
refer to nonoal kyl am no and dial kylam no noieties with one or tw al kyl
groups (the sane or different) bonded to the nitrogen atomwhich is
attached to an al kyl group of 1-3 carbon atons. Pharmaceutically
acceptabl e salts are those salts which may be admi nistered or 10 provided

to a warm Q| opded ani bl ' caI | kal i ne
earth net amkg%mlgoaqlﬁxg eréj%rﬁ&fh% Bﬁ'ﬁg' %oﬁdéﬁ]aﬁl{y %#Pov}\h% ng

ﬁ t er eochentesininal alkl gr&Jp(aﬁhdheG)thl‘é o>®g¢a5 iExammoesﬁ ofthe resctpf:ﬂhecﬂolecule;
eteroaryl gro nd Ri ng..si rr , VA ZS 6
(r)Z ZS ) 1703 s R GgR, b f‘ﬁ‘i"zgﬁ 2%”%35@@'3'? é\‘%fﬁtﬁ@dl re?f BJ

fornul a5 113ﬁsmﬂtuﬂéblza gibstituf wild,1 at42 sﬂBst;tu@ﬁs anEbeR atithe allmﬂapnetNaﬂ |y

sel ect ed rfo % N, 0, Sor NNRL and as nenti oned above one of Z1 - Z7
is a carboﬂ éﬁ(ﬁl ‘Hto whi ch the remai nder of the nolecule is attached. Y1,

Y2 , Y3 and Y4 may independently be C or N Ring size and arrangenent:
(5-5-6) 15ADD34iI09BRRIRIIRETALISOIIHBA5Dbr -A(QHY D

Aryloxyalkylamine is defined as RsR;N-C1-C6-alkyl-O-Aryl--, where the aryl is
10 attached to the rest of the molecule; The term ‘optionally substituted’ refers to
unsubstituted or substituted with 1 or 2 substituents present at the alkyl or aryl

moiety as defined before;

Arylalkenyl is defined as Aryl-C2-C8alkene--, with the proviso that no hetero atom
15  such as O, S or N-R; is present on the carbon atom, which is attached to a double
bond; The term ‘optionally substituted’ refers to unsubstituted or substituted with 1 or

2 substituents present on the alkene or aryl moiety as defined before;

Heteroaryloxyalkyl is defined as Heteroaryl-O-C1-C6alkyl---, The term ‘optionally '
20 substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present at

the heteroaryl moiety as defined before;

Heteroaryloxyaryl is defined as Heteroaryl-O-aryl---, where the aryl moiety is
attached to the rest of the molecule; The term ‘optionally substituted’ refers to
25 unsubstituted or substituted with 1 or 2 substituents present at the heteroaryl moiety

or the aryl moiety as defined before;

Alkoxy, alkoxyalkyl, alkoxyalkyloxy and alkylthioalkyloxy are moieties wherein the
alkyl chain is 1-6 carbon atoms (straight or branched). Aryloxy, heteroaryloxy,
arylthio and heteroarylthio are moieties wherein the aryl and heteroaryl groups are as
30 herein before defined. Arylalkyloxy, heteroarylalkyloxy, arylalkylthio and
heteroarylalkylthio are moieties wherein the aryl and heteroaryl groups are as herein

before defined and wherein the alkyl chain is 1-6 carbons (straight or branched).

14



Z8 7\Z26 ~Z6--Z5 Y3 0/ Z7 O Z5 Z1 Y1/ 4/ 2 Z~-O /4 Z /0o0/z4 \Z3 2 zZ4 1\ ZY1
Y1-Z3 2 In both fornmula 2-A and 22=13 71 , Z2, Z3, Z4, Z5 , Z6 , Z7 and Z8
are i ndepwpdentdzgo selected fromCR2, N, 0, S or NNRlL andPag/usehii4soned
above one of the Z1 - Z8 is a carbon atomto which the renainder of the
nol ecul e is attached. Y1, Y2 , Y3 and Y4 5 may be independently be C or N
Ring size and arrangenent: (5-6-5) 8 Z7v Z 0 Z6 Z8-,Y ~\ Y 4Y3 Z° 1 3 Z6
Z1- Y2 75 <010;2 20 1 --, 252\ - 1\ zZ4 Z /| Z4 723 3 3-A 3 B In both
formul a B-Mrymmybllsﬁ Bwel&roarym(yalm, agloxakyloxye andzmeéergarztg)xm'ﬂg/lq»wcjeqf@ndent ly

selected fr S; n& 0. fiefhs- 48 i's
a 10 car bo?’ij%ni'tgﬁpftso WV\W'ﬁQ%IH tt e ralgﬁ %aﬁ 'fsmaﬂ F&culbég&ﬁg zr;ﬁé;c ed Y1, Y2
, Y3 and erﬁonasmlyylémmﬁl m’rd Nﬁalkl?langncmrefer amdnqemessngléhwmsor e alkgh gnBIPHOD
03/093280 FCIL U%R ilk ain |s {8 chfoohd #hd the groups may be the same or different.

wherein

5  The terms monoalkylaminoalkyl and dialkylaminoalky! refer to monoalkylamino and
dialkylamino moieties with one or two alkyl groups (the same or different) bonded to
the nitrogen atom which is attached to an alkyl group of 1-3 carbon atoms.

Pharmaceutically acceptable salts are those salts which may be administered or
10  provided to a warm blooded animal, preferably sodium, potassium or calcium

alkaline earth metal salts.

Preferably the formula | compound has the following stereochemistry:

A
B/ﬁ;rx I
o NJ\I(O\RE,
O
15  Examples of tricyclic heteroarylgroup A and B:
Ring size and arrangements: (5-5-5)
Z p
] oe DN
Z1\Yi/ /N\N N Z4
/ 0/ ., /
2——Z4 \ Z3
3 Z3
1-A 1-B

In both formula 1-A and 1-B Z, , Z Zs, Z4, Z5s , Zs and Z; are independently selected
from CR,, N, O, S or N-R; and as mentioned above one of Z; - Z; is a carbon atom

20 to which the remainder of the molecule is attached. Y,; Y., Yz and Y, may
independently be C or N.

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

15



Zg 0 6 2Z6 z8 Z9\ z8\ Y4~Y | Z Z~3 Y5 Z- Y X012Z1-YZ~1012Z1010
Y2\ /zZ6 zZ/ 0 0/z5 zZ1~0 /z4 2\ j 1~z/ Z5 \zZ/ 1\z4 72 Z3 Z3 4 3 4=A 44=B 4 _C
I n fornmulwoddmeds280 44=B and 4-C Z1 , Z2, Z3, Z4, Z5 , Z6, PTTASd3/IB58re

i ndependently selected fromCR2, N, 0, S or NNRL and as nenti oned above
one of the Z1 - Z8 is a 5 carbon atomto which the remai nder of the

nol ecul e is attached. Y1, Y2, Y3 and Y4 are independently C or N R ng

si ze and arrangenents: f5-5- (non aromatic)] 3 (M)t 224 0 Y4 W Z1- Y1z
Y3 2 (W)t z/ 010/ Z1 O2A\ / Y2 -Z4 \zZ/ Z3 2 528B5 B 10 In both
formula 5-A and 5_B Z1 , Z2, Z3 and Z4 are i ndpendently sel ected from CR2,
N, 0, Sor NRL and as nentipned akove one of the Zi - 74 is a carbon atom
to which the renai nder of tfe lechsl e is attachéd; Y£5 Y2, Y3 and Y4 are
independently Cor N W, a are indeperidegt)y el ected from CRAR4,
S(Or (r 0-2), 150, ghe proviso th n -S, S0 or 0-0
bondformatlon can O(Zﬂ:u-l— 0 saturatedrl : t —1to3 Ri ng

si ze and arrangenent (él)m aromatic)] 17 63/?9@89 *PCT/ US03/ 13451

W ( 2)t z4-~Z 2——24 21\ /1_23

In both formula 2-A and 2-B Z; , Z, Zs, Z4, Zs , Zs , Z7 and Zg are independently

selected from CR, , N, O, S or N-R; and as mentioned above one of the Z; - Z; is a

carbon atom to which the remainder of the molecule is attached. Y4 Y., Yz and Y,
5 may be independently be C or N.

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

Z7
Zg/ \
| O /Ze
z P %
Zy——Y4 8 \Yi O\Zs Z1—Y3 O \
22/ O \ O/YQ\Z{ 22/\0 \Y1\ /25
\Z ! —~ Zs Z; Zs
3
3-A 3-B

In both formula 3-A and 3-B Z, , Z; Z3, Z, Z5', Zs , Z7 and Zg are independently
selected from CR,, N, O, S or N-R; and as mentioned above one of Z; — Zg is a
10  carbon atom to which the remainder of the molecule is attached. Yy Yz, Yz and Y,

may be C or N.

Ring size and arrangements: (5-6-6)
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3 |/ Z5 0 ~zZ1\Y1/z5 W [Z1\Y32\Y,/ 3 Y Z2 01 Q(W)n Z2 Q--Y4 01 ; (W)t
Z3 Y2~Z :rWB Z3 'I-, ZI Z5 Z1 OY1 W 4 Z2 6-A 6_B 66=C In formul ae 6-A,
6- B and 6wQ 03093282, Z3, Z4 and Z5 are indepedently sel ecPed/dSoym4s6 CR2,

N, O, Sor NNRL and as nentioned above one of the Z1 - Z5 is a carbon atom
to which the remainder of the nolecule is attached. Y1, and Y2 are

i ndependently Cor N W, W and WB are independently CR4AR4, S(Or (r =0
-2) , 0, or NRL with the proviso that no S-S, S-0 or 0-0 bond formation
can occur to forma saturated ring; and t=1t F—10 Ri ng S|£e and
arrangenent: [5-(non-aromatic)-5] 6 Z5 Z 1Z776 Y4%<r) 4 Wy 7\?3‘2621 Y4/ 13
025 2z1 Y2/ Q1 (W)t [/ z2\ z Y, Z2\ 1~ 3 2 7-

formulae 7-A and 7-B Z1 ZZZ* ZS Z4 ZS and(ZGa}/Emdepn t g)ected
from 15 CR2 , Nlngsﬁé d;/{ is a car omt Swhi ch
the remai nder~efYf'he noledy) e |s att 2 Y3 an

|ndependentl 62 and/V@ are, é Zsy sel ez e

S(Or (r Z0 )Y1,\ Pizg/\/lth thez\Qr(y/rs*e\% at

4-A 4-B 4-c
In formula 4-A , 4-B and 4-C Z, , Z, Zs, Z4, 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

5 carbon atom to which the remainder of the molecule is attached. Y; Y, Y; and Y,

are independently C or N.

Ring size and arrangements: [6-5-(non-aromatic)]

Wa—— (W)t /
[\

10
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 remainder of the molecule is attached; Yy Y., Y; and Y, are independently
C or N. W,;, W, and W; are independently selected from CR4R4, S(O)r (r=0-2),
15 O, 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.

Ring size and arrangement: [5-6-(non-aromatic)]
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no S-S, S0 or 0-0 bond formation can occur to forma saturated ring; and t
=1to 3. 20 Ring size and arrangenent: [5-(non-aromatic)-6] 18 WD

03/ 093280WB@3HWZBB/ 13451 ZS Z6\ Z7 1 O Z4 W--yZZ---- PETNS03/1345y3 Z1-
Y4/ ; O1 Z1--Y2 1 /25 z2 0 (W)t zZ2\Oyl 2~24 \ W Z --(W 1)t Z3 ,--*~
3 88=A8B In fornulae 8-A and 8 B Z1 , Z2, Z3, Z4, Z5, Z6 and Z7 are

I ndepdently selected from CR2, N, O, S and NNRL and as nenti oned above one
of the Z1 - Z7 is a carbon atom5 to which the remai nder of the nolecule is
attached. Y1,,Y2i Y3 and Y4 are |ndependéé\ht'r'y(v@tor N. ZaﬁdZV\B are

I ndependent |y CR4AR4, S(O)r (r =0-2 0/, \N—Rl wizh the prow so t hat
no S—S SO g | OOlzg)nd Wmatlon can oc Yorm a :at atEdrlng and
2

t = 0-3. 10/R|nq1 eQrane ntY (non aromatlc) )] b
( 4)U 1 B, @Z}/\B(@ | Yapn)n YZ4 @ 10(2] 11-VY4
zy 2\ w{ AN 2 Zs Y1—w1
2
6-A &-B 6-C

In formulae 6-A, 6-B and 6-C Z, , Z, Zs, Z4 and Z; are indepedently selected from
5 CRy N, O, S or N-R; and as mentioned above one of the Z; - Zs is a carbon atom to
which the remainder of the molecule is attached. Y, and Y, are independently C or
N. W,, W, and W; 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;

andt=1to 3.
10
Ring size and arrangement: [5-(non-aromatic)-5]
ze 25\
| O /24
4\Y

W1\Y/ \
/21\\(4 () / /

Zy

7-A 7-B
In formulae 7-A and 7-B  Z; , Z, Zs, Z4, Zs and Zg are independently selected from
15 CR,, N, O, S, and N-Ry; one of Z; — Z; is a carbon atom to which the remainder of
the molecule is attached. Y4,Y, Ys and Y, are independently C or N. W, and W, are
independently selected from CR4R, , S(O)r (r =0-2), O, N-R; with the proviso that
no S-S, S-O or 0-O bond formation can occur to form a saturated ring; and t =1 to
3.
20

Ring size and arrangement: [5-(non-aromatic)-6]
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Wz O, (W)t Z2 Oyly2\ 1\ / W ZZ3 3 9-A9=B In fornmulae 9-A and
99=B Z1 , Z2 and Z3 are independently selected fromCR2 N, 0, S or N RIli
one of ZIwe© 02893280 a carbon atomto which the renai nder of PCh@SIwiIESUl € iS
15 attached. Y1 and Y4 are independently Cor N, Y2 and Y3 are
i ndependently CHor N W, W W8, WI and Wb are independently CRAR4, S(Or
(r =0-2), 0, or NRL with the proviso that no S-S, S-0 or 0-0 bond
formati on can occur to forma saturated ring; t = 0to 2 and u =11to 3.
20 Ring size and arrangenment (6-5-6) 19 WD 03/093280 PCFsHS0Q3/ 13451 z Z\
Z$ Z7 Z1 0 Z7t YA Ol Y43 ZYL\ OOVY3 Zg Z1 11 Y/ 0 G®16 Z3 2" 75 Z2~
2\ Z5 4 Zs Z4 10-A 10-B In formula 10-A and 10-B A1 2,\Z3, Z4, Z5 ,
Z6, Z7, Z8 and Z9 are |ndependentk sel ected from CR2 0,48 or N-R1l and
as mentioned above one of \he Z¥ - 792 s a 5 car b/rv o which the

and Y4?

remai nder of the mgl ecul,e/ls\ol\fsta ed.\ Y1, YZ-—Yg are
i ndependently C or 4ng Si z ar ange nt (6\ 6- 6) ' 11~4 \ /2Z8\ Z1l

Ol a 29 Zz~ Z1~ ZA(()~ ~Z1~ V2Y4\ / Wo)t

W1

8-A 8-B
In formulae 8-A and 8-B  Z;, Z, Zs, Z4, Zs, Zs and Z7 are indepdently selected from
CR,, N, O, S and N-R; and as mentioned above one of the Z, — Z; is a carbon atom
5 to which the remainder of the molecule is attached. Y;,Y,, Ys 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 = 0-3.

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

W5/(\\,V4)u
\
w1\Y/ W, N~y
Zi—Y
7ol lL— /o
5 W)t
O Y2/ 22 Y,| /( 2
ZZ\Z/Y1\(~W2/)t \23/ W,
3
2-A 9-B

In formulae 9-A and 9-B  Z;, Z, and Z; are independently selected from CR, N, O,
S or N-R;; one of Z; — Z3 is a carbon atom to which the remainder of the molecule is
15  attached. Y, and Y, are independently C or N; Y, and Y3 are independently CH or
N: W, W, W3, W, and Ws are independently CR4R4, S(O)r (r=0-2), O, or N-Rq
with the proviso that no S-S, S-O or O-O bond formation can occur to form a

saturated ring; t=0to2andu=1to 3.

20  Ring size and arrangement (6-5-6)
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4 Z Y1/ YZ8 Z2 Y1 Y3 Z1 26 0001010110101 2z3\\Zj 2\z/Y3\ZZ34 2\Z5
Z6 Z2\ 7z~ 72125 456 2Z34 10 11-A 11-B 11-C In formula 11-A, 11-B and
11-C Z1, ¥P,03A%,284, Z5, 726, Z7, Z8, Z9 and Z10 are i ndepemdsas/i3ssCR2 , N,
0O, Sor NRL; one of the Z1 - Z10 is a carbon atomto which the renainder
of the molecule is attached. Y1, Y2 , Y3 and Y4 are independently C or 15
N. 20 WD 03/093280 PCT/ US03/13451 R ng size and arrangenent
[6-5-(non-aromatic)] 3\ (W)t z4 2Z1 YI O( /Y4 2 Y4 22 YLY/W Z1 Y1
(W)t zI 0 Y210 /31 O 2z Z5 222#3*284 Zs W 5Z In fornmula 12-A

and 12-B 71, Z2, Z7Z3, Z4 and Z5 /are in endentlyl C%B' 0, Sor NRL
with the proviso that e of fga car bog t Wmch t he

remai nder of the ecul\eyrs/a ta Y1, Y2~ are

i ndependent | y Cor N Cgy\BYSaA»eZa ndep&ndent I yY‘CR4R4 &s N-R1, or
S=(Or (r =0-2) w h that no S—{S @OObondformatlon
can occur to form &3 é‘d\r ng;, and t = I'ze gnd arrangenent
[ 6-6-(non-aronatic)] 4~\ 2)t W (w)t z1 E\MQ\Y YA~ Ys Z 2 2 3

OYI OY4 (W)t 2) (r) YL QYZ, QY 016
10-A 10-B

In formula 10-A and 10-B Z, Z; Zs, Z4, Zs , Zs, Z7, Zs and Z, are independently
selected from CR,, N, O, S or N-R; and as mentioned above one of the Z, — Zyis a
5  carbon atom to which the remainder of the molecule is attached. Y4, Y2, Yz and Y,

are independently C or N.

Ring size and arrangement (6-6-6)

z ‘ l )\O/K
2/21\Y/Z10\Y/ 9\ZB 2/ 1\ 4\ / 7

fojolo] JoO T O |
Z

Lan A T 4 B, N, 22\ /2\ ~ 5

Z4 Z5 Ze Z4 ZS 23 Z4

10

11-A 11-B 11-C
In formula 11-A, 11-B and 11-C Z,, Z, Zs, Zs, Zs, Zs, Z7, Zs, Zo and Zy, are
independently CR; , N, O, S or N-Ry; one of the Z; — Zy, is a carbon atom to which
the remainder of the molecule is attached. Y; Y2, Ys; and Y, are independently C or

15 N
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Z3\7Z2~ Z2j 3---WZ3-,,,Zl-ly 2ZS 726 zZ2\7Z3 2\Z~ Z5 4 5 4 13-A 13-B 13-C 15
In formula 13-A, 13-B and 13-C Z1 , Z2, Z3, Z4, Z5 and Z6 are independently
CR2 , NwO0,03891280 N-Rl; one of Z1 - Z6 is a carbon atom t ®CHSosI14be

remai nder of the nolecule is attached. Y1, Y2 , Y3 and Y4 are

i ndependently Cor N, W,, W2 and WB are independently CRAR4 , S(Or ( r =
0-2), 0, or NRL with the proviso that no S-S, S-0 or 0-0 bond formation
can occur to forma saturated ring; andt =1 to 3. 20 Ring size and
arrangenment [6-(non-aromatic)-6] 21 WO 03/ 093280 PCT/ US03/ 13451 Z7 Z 6 W

(V@)t 0 1 IY\ Z2 Y1 Y4 Z7 72 Y1 Y3 71

YL 26 1 0 1?’19 ﬂzia%d %"%Ag%“%%{%%g(\’ﬂﬁf@é'ig?)\f 2~ WY3 75 76 Z3Z~ Y2W' W)t

Z2\7Z3 YA\, 1 4 1 14-A 14-B 14-CwJn _formul a 14Zr1-4—BZand 14-C 71 , 72,

Z3i 74, 75, z6, z7 and Z8 are/i/ndepe(t‘mntly @ 0] S or NRL: one of
h

Z1 - Z8 is a carbon{a&&ntwﬁglch th\e r emai nde{( of q45 nol ecul e is
attached. Y1, Y2 ,Z;¥Y3 andY(74 pende%w d W are

i ndependently CR4AR4 O)|r rYsu 0-2) , Kj\k 1 vvlth (t provi so that
no S-S, S Oor 0-4 bord yor t/on can occu orlm a %urated ring; and
t =1to 2. Rng siZes arTagenent [ 6- (ri«an\az(déatu\c) (non-aromatic)] W
(WB)u W ( 2)t [/Z1~ VW& Z1\ Y W2 /Y4\ /Y3~ Z2 W]l YI1W 1011011

WhH" Z2 Y1 Y3 Z3,,,, Y, 2W 3\W ZI OVYlI (\)t Z2\ ~ 2 (W)U
5 12-A 12-B
In formula 12-A and 12-B Z,, Z, Z,, Z, and Zs are independently CR; , N, O, S or

N-R, with the proviso that one of Z; — Z5 is a carbon atom to which the remainder of

the molecule is attached. Y; Y., Ys and Y, are independently C or N; Wy, W, W3
are independently CR4R,; O, N-R4, or S=(O), (r = 0-2) with the proviso that no S-S, S-
10 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)]

Wy— (W2t W, (W)t
Y4/ \W1 Y!, Yl
/ / Sy / N 2N TN,
|O|Ol(wz>t|O|O| | O] O |
N L T, I N L N
13-A 13-B 13-C

15 In formula 13-A, 13-B and 13-C Z, Z, Z3, Z4, Zs and Zs are independently CR; ,
N, O, S or N-Ry; one of Z; — Z; is a carbon atom to which the remainder of the

molecule is attached. Y; Y2, Y3 and Y, are independently C or N; Wy, W, and W
are independently CR;R4, S(O)r (r=0-2), O, or N-R; with the proviso that no S-S,
S-0 or O-0O bond formation can occur to form a saturated ring; and t=11to 3.

20

Ring size and arrangement [6-(non-aromatic)-6]
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4 1 ~~ 2723 10 Z4 15-A 15-B 15-C In formula 15-A 15-B and 15-C z1 , Z2, Z3
and Z4 are independently CR2, N, O, S or NRl; one of Z1 - Z4 is a carbon
atom t o vWD®b/0932680 r enai nder of the nolecule is 15 attache®CTNBP3/¥351 Y3 and
Y4 are independently Cor N, W, W2, WB, W and Wb are independently CRA4R4
, S(Or (r =0-2), 0, or NRL with the proviso that no S-S, S- Oor 0-0
bond formation can occur to forma saturated ring; t = 1to 3 and u =11to
3. 20 The preferred enbodi nents of fornula 1=A are: 1 Z1 is 0, S, or NRIi
Z2, 73, ZA, Z5, 76 and Z7 are independently CR2 Z7Qr N ; YLi Y2, Y3, Y4 are
C, any one of Z2, Z3i Z4, 75, 76, Z7 is a cé bo fﬁwhl oMthe—Melmi nder of
the nolecule is attached. 22 WO 03/093280 P &&)3 13451 2. Z, | is 0, S or

N-R1; Z2, Z3, ?ﬂ%/anaa Z7 are epe}tdent ly-8r2 ; , Yk, \Q,Yz X3, and Y4
2 Y73, Z4

are C one @ D, Zl i S 251 carbé’ to wm ch thé snder  of
the nol ecul € |Oat ached iso, @ br (vaL 1z3) z4, @, 6 and z7
are i ndependgnt Y& Y213, Y4Vate . Z1, %3, Z4,

Z5, Zr, Z7 |§\az4car bomto vvhs/ch the5\r7ema| ndér of the nozefﬁfelfs/attached

4. Z2 is 0, S, ?r NRl; Z1, Z3, Z4, Z5, % nd Z7 are |ndepenqgr}tly CR2 ;
Y1, Y2, Y3, Y4144 C, one of Z,, 23 Z4-—£ Z6, Z7 is a carbomto which

the renai ngekorffua taca MU Hh@ 14C &, t, agugolz4, ¥ A, ZZ3ndZPareSndapentiemly; Z1,
Z2, Z4, Z5, 26 Z7 are i ndependent Ly

C
of 71, 72, CRa N3, S5 NI pue qf £ur 6@!?%63%” 8%”% FPeW'&'Frﬁ?ent?@?a"lﬂer °F{§‘e one

mol ecul £ %o?éch%cig%@tecl%d Z$1 'Y§ ¢, and \Q;raréhlﬂepeﬁdenﬂ?,ﬁ: oZf; W5 and 6y, &é are
i ndependent |y ., Y4 are r

is a car botﬂdﬁée'%ﬁnﬂ!‘tcﬁq& rgﬁ%)irrﬁde‘ro of) ’t(?veo" N?%‘F%@&P@Y@é‘? ﬁ%ge%z‘?‘7 OZ?

is 0, S opddRb b@'ﬂdfoﬁﬁatlozﬁeanzéccur%%l@ﬁld séfuratal éingnateperdeastd y CR2 or N,
Y1, Y2, Y3, Y4 are C, one of Z1, Z2, Z3, Z4, Z5 and Z6 is a carbon to

V\/m ch the remai nder of the nol ecul eis attached
Ring size and arrangement [6-(non-aromatic)-(non-aromatic)]

o G
, /21\Y tY4 W n /W2 , /Y4\Y1 /YS\W;;
| O Yl l W le 0 Yi i | O | !Wu
B N e
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-Rq; one of Z; — Z4 is a carbon atom to which the remainder of the molecule is

15  attached. Y; Y2, Y3 and Y, are independently C or N; Wy, W, , W3, 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 0-O bond formation can occur to form a saturated ring; t=1to3andu=1to
3.

20  The preferred embodiments of formula 1-A are:
1. Z, is O, S, or N-Ry; Z, Zs, Z4, Zs, Zs and Z7 are independently CR,, or N ; Yy,
Y., Ys, Y4 are C; any one of Z,, Zs, Z4, Zs, Zs, Z7 is a carbon to which the

remainder of the molecule is attached.
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8. Zr is 0, S, or NR; Z1, 7z2, Z3, Z4, Z5 and Z6 are independently CR2 ;
Y1, Y2, 20 Y3, Y4 are C, any of Z1, Z2, Z3, Z4, Z5 and Z6 is a carbon to
whi ch t heworoatgi2eder of the nolecule is attached. 9. Z,, 2¢I/z0si13461 are

i ndependently 0, S, or NR; Z2, Z3, Z5, Z7 are independently CR2, or N,
Y1, Y2, Y3, Y4 are C, any one of Z2, Z3, Z5, or Z7 is a carbon to which
the remai nder of the nolecule is attached. 25 10. Z1, Z4, and Z6 are

i ndependently 0, S, or NRl; Z2, Z3, Z5, Z7 are independently CR2; Y1, Y2,
Y3, Y4 are2C adyisaDeS,adr NERy; 5375, Z3, ZspzsﬂrﬁZﬁara indegebdenttycCRiYahY4, e,

remai nder of the ecule is Z4 dently
0, S, or N-RL; ZT‘W Fre %5 0Ng-p Zers 2?15@ %“h&z iﬁ?ﬁa@ﬁgn‘g ?{P%%{ém%gg 3, Y4
are C, any one of thélmoléeule Zoattaghed.7 is a 30 carbon to Whl ch the renmai nder

of the rml culels attached Z 26 ar i nde nt | S, or
7%2 1879, 3r %erFf‘idépéﬁgéntzf’? Gﬁ’g TPe ! Q%’RWZ:’% ' Ydny one

Of z,, @2 Z5 W, %1 3 afe Gasrie0Bf 2o BHIZh ztshzs,rzm adedrbor t6 hﬂncﬂ‘nlhy:ul eis
attached. 23 WO 03/ 093280 PCT/ USD3/ 13451 13 Z, is 0, S or NR: 72, 73,
z4, 75, 76 and remaipder ofdepmiplreHia s aE@®edor N Y2 is N, Y1, Y3, Y4 are C

any one of 422, Z3js 646 %5N ﬁﬁ Z Oza,éz, s Z@a%é@}%eﬁr‘idég@hﬁéhtlyt% reqed,nder of
the nolecule is attach 2 0, S o Z4, 75, Z6 and

;
Z7 are mdependeYn:tY@/ar@I% one\ojz|1323;\124,252¢127 R Ctho%le%W@Chéﬂ?éeE‘@' nglsroz3 " 74,
Z5, 76, or Z7 i $hPmbRlichRns bigadMalych the renai nder of the mol ecul e is
attached. 15. Z2 and Z4 are independently O, S, or . 21, 73, 75, Z6 ,
Z7 are10j n@epené[em@ySOF{Z\l RN Z1, Yo s 2N ZeYé? a%ndeﬁﬁnéﬁét'SCCRarW j Nonk:, Ok 71,

Z3, Z5, 76, or t l r£ERbMES wiith tearehRirReHbE 1S
ot ached. 10 1675 %@%?Z*’.%ﬁﬁezﬁ? T AN A e

, Z7 are |ndep§1&j@ntelcyled}?atf30h¢!! |s N, Y2, Y3, Y4 are C, any one of Z,, Z3,

Z5, 76, 7 i r han r lecyl &.i

att ached 1‘?‘Z Z3 é'sgoz% %ﬁ%%%@p T?y %rm%%%?el\éeéﬁ I?Q)F(ED, @ Yy zx, ﬁ“ze 77
are | ndependentaqu/C(ﬁae obf, Ms,,Z4Y25, iZs aNZ; ¥a carpon Yo which tas repaindsief #fe 71,

Z3, 7Z5,-.76, Jlecé?%%%tt%cﬁ@cf bon to which the renai nder of the nolecule is

att achgé 18. Z are 1 ndependently 0, S, or NR,; Z1, Z2, Z4, Z6 ,
Z7 are 7. Z:+is O, S, or N-Ry; Z4, Z3, Z3, 24 , Zs and Zs are independently CRZ or N; Y1,

Y., Y, Y4 are C; one of Z;, Z,, Zs, Z4, Zs and Zg is a carbon to which the
remainder of the molecule is attached.

8. Z;is O, S, or N-Ry; Z4, Zy, Zs, Z4, Zs and Zs are independently CR; ; Y4, Yo,

20 Ys, Ys are C; any of Zy, Z,, Zs, Z4, Zs and Zg is a carbon to which the
remainder of the molecule is attached.

9. Z1, Zs, and Zg are independently O, S, or N-Ry; Z,, Z5 Zs, Z; are
independently CRy, or N; Yy, Y2, Y3, Y4 are C; any one of Z;, Zs, Zs, or Zy is a
carbon to which the remainder of the molecule is attached.

25 10. Z,, Zs; and Zg are independently O, S, or N-Ry; Zp, Zs Zs, Z; are
independently CRy; Y1, Ya, Y, Y4 are C; any one of Z, Zs, Zs, or Z; is a
carbon to which the remainder of the molecule is attached.

11. Zs, Zs, and Zg are independently O, S, or N-Ry; Zy, 4, Zs, Z; are
independently CR,, or N; Y, Yo, Y3, Y4 are C; any one of Zy, Z,, Zs, or Z7 is a

30 carbon to which the remainder of the molecule is attached.

12. Zs, Zs4, and Zg are independently O, S, or N-Ry; Z,, Z5, Zs, Z; are
independently CR,; Y4, Y2, Ys, Y4 are C; any one of Z,, Z,, Zs, or Z; is a

carbon to which the remainder of the molecule is attached.
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i ndependently CR2 ; Y1 is N Y2, Y3, Y4 are C, any one of Z1, Z3, Z5, Z6,
or Z7 is a carbon to which the renai nder of the nolecule is attached. 19.
Z, and Z5werog/odnsependently 0, S, or NR; Z2, Z3, Z4, Z6PCTAROAIRES1 20

i ndependently N, or CR2 ; Y1 is N Y2, Y3, Y4 are C, any one of Z2, Z3, Z4,
Z6, Z7 is a carbon to which the remai nder of the nolecule is attached. 20.
Z, and Z5 are independently 0, S, or NR; Z2, Z3, Z4, Zr, , Z7 are

i ndependently CR2 ; Y1 is N Y2, Y3i Y4 are C, any one of Z2, Z3, Z4, 26,
or Z7 is @3carppi OOSW MR} Ag Zra,aualZglcﬂgramfZﬁdre indeEpeodérdlyiGR.avt Bchéed. 25
21. Z3 and Z7 are.i epdent Ly O ,

i ndependent |y NS e% Q@% fr‘?é ?\PYW % Et(? %5(92@ 04225 'géﬁg'%%f' t%m 6%2 Z4,
Z5, or Z6 is atheathrindedofthieaholédute isattacimeter of the m)l ecule is attached.
22. Z3 and 77 are. |ndepend ntly 0,_S R: Z, , 22, Z4 , Z6 are
mdependeni“f’y 'geﬁ‘il ZQ’%Z&% éd]‘jegcéreA'ﬁCEFp@ng@y P 'Zgzz's '\;4 75,
or Z6 i a carbgp Yso Y43£)reV®* 6He ohe, 1 ByTe, NAE T Z,0Tor Zhds barbuh ¢o whia theched.
23. Z3 and Z7 are |ndependen . Z1, Z2, Z4, Z5 , Z6 are

i ndependent |y f@majpdesp th e'V?'ePgleI\?atﬁafw-eQ’B Y4 are C, any one of Z1, Z2,

Z4, 75, 0rqgz6 i3, a5ng8yP0oRrd Qnidhehflertheor @abmlem,oz,t he mlzcUIZ b%
attached 24 V\Df)3/ 093280 PCT/ US03/ 13451 24. Zz3and Z, ar% gd%pezndently 0,
S, or N-R, : z1, ndgpergenty RN ; YajseNi NaefeNd@rt Ly aoone ofLy, 197 Y3, Y4

are G any one 9fisZlearben toZﬁhnchﬁve r@i‘na%@ef §f the FdI&ANe fsQattavhédzh t he renai nder
of the nolecule 1s attached. 25. Z3 and Z5 are inde endentlé 0, S, NR;

Z1, 7210 741626 Z. Zhdafe arndm@nqmmlw O5 8\, oo N-Bro Zr, ¥, is L 8 Y4

are C, any one @SNOIY ZV V5 afe cEaln)Ymetdt Mhr Cha. tAieor £Mai nder
of the nol ecul eﬁlfdsgquteﬁ%edz’ a éaare in epeen ent " Iy 023 S, z(;’r NR ;

Z1, 72, Z4, 76 is azcarao@to whabﬁmf@mndﬁr oiRpe; mo}fgcql%lsr@ttavmed Y3, Y4 are C, any
one of 71, ,£2, E érg?zﬁqdepé?o%nﬁf@o:%t& Rch 2,rgrrmznderz7o£ret he

m)leculels atta red embodi ment’ of férmila 1 B 27.
Z,, 72, Z3, Z4, mzsperz:&nam@Rz OrdHeYn isd¥p ¥ndénirk precR anyvn@OE)ZefZérZeas,

embodi ient s of ;)P%nglaac% ﬁ%rvﬁalchléeggma%derl Sf thiRoldctid 1 dtBénekar bon to which
) ecu

t he renni nder
18. Z; and Zs are independently O, S, or N-Ry; Zi, Z3, Z4 Zs , Z7 are

independently CR; ; Y1 is N; Ya, Y, Y4 are C; any one of Zy, Zs, Zs, Zs, Or Z7
is a carbon to which the remainder of the molecule is attached.

19. Z, and Zs are independently O, S, or N-Ry; Z5, Zs, Zs, Zs , Z; are

20 independently N, or CRz; Y1 is N; Yy, Y3, Ysare C; any one of Zy, Z3, Z4, Zs,
Z, is a carbon to which the remainder of the molecule is attached.

20. Z, and Zs are independently O, S, or N-Ry; Z5, Zs, Z4y Zs , Z7 are
independently CR; ; Y1 is N; Y,, Y3, Y4 are C; any one of Z,, Zs, Zs, Zs, Or Z7
is a carbon to which the remainder of the molecule is attached.

25 21. Zsz and Z; are independently O, S, or N-Ry; Zy, 25, Z4 Zs , Zs are
independently N, or CRz ; Yy is N; Y, Y3, Ysare C; any one of Zy, Z;, Z4, Zs,
or Zs is a carbon to which the remainder of the molecule is attached.

22. Zszand Z; are independently O, S, N-Ry; Z4, Z,, Z4, Z5 , Zs are independently
CRz: Yq1is N; Y, Ys, Y4 are C; Any one of Zy, Z,, Z4, Zs, or Zg is a carbon to

30 which the remainder of the molecule is attached. ‘

23. Zszand Z; are independently O, S, N-R¢; Z4, Z;, Z4, Zs , Zs are independently
N, or CR, : Yo is N: Y4, Y3, Y4 are C; any one of Zy, Z,, Z4, Zs, or Z5 is a

carbon to which the remainder of the molecule is attached.
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attached; Z3 is Nor CR2 ; Z4is 0, S, CR2 or R, ; Z5, Z6, Z7, Z8 are

i ndependently CR2 or N; Y, is N Y2, Y3 and Y4 are C 29. Z2 is CR2; Z,is
car bon t owathods2she renai nder of the nolecule is attachedPCTAS03/83488 or CR2;
Z4 is O S, CR2 or NR; Z5, Z6, Z7, Z8 are independently CR2 or N 20 ; Y,
is N Y2, Y3 and Y4 are C. 30. Z, is N, Z2is carbon to which the remai nder
of the nolecule is attached;: Z3 is Nor CR2 : Z4 0, S, CR2 or NR : Z5b,
Z6, Z7, Z8 are independently CR2 or N, Y, is N Y2, Y3 and Y4 are C. 31.
Z1, Z2, Z324re EpdepEnderintgpetmntyrONS, N-Rs, 4, Z5Z.CR2ZoareNpdependsntlyz6i 77,
Z8 25 are inde d I. f 7 j car bon
to which the r(g%l ﬁ@ éK‘ cﬁtzﬁ Yﬁn%reculﬁ& Osr% ?ftzng%%%“’% of 26 IRI%B"??O and Y4
is C 32. Z iswGRhthe r@dnalmenaftr(eF{ﬁoIeZ@ensaﬁ}achSdor NR ; Z4 is N or CR2;

33 7, 727573, Zaind g ropnepmiet Y 5. iRzt & norcegiofénd)” vy

Y4 are &£, 30 38, of CRZ2Y, is28;, Y46Y;, YilaredB, ang cnadﬂ@nﬂgn‘:&] zs,l‘cbrcib i€R2; Z3
and Z4 are inde d Y4 are C. 35. 71

ndent | S, _or, NR.: Y,, ' . ,
75, and 73 are FAGS g‘?\éﬂ’é‘ﬁ‘ﬁqﬁ}e EAinger ﬁlf:{t”ﬂmf"sc%e lssai;a@g%‘&'m NR: Z5 76, Z7,
and 28 ar eabnd ﬁﬁosé/'lmsizs{agﬁ”@beﬁﬂenw OF SR ANTaYL 08 (2r2brete
on atomto
whi ch renai nder NsEPEPRENtYICRa Ve '%é‘ at%éizﬁ{é(fre%mérﬁf ae 03?%62 f are

i ndependent |y Nigof c4M3i to'Whick Zhe rétainéier ofiite rholdepe idkiaiched. N or C. 5 The
preferred enbodi nent of fornmula 22_B is: 37. Z, and Z4 are independently

CR2 or1&; 72 and 73 are CR2; Z5, 76, Z7 are |ndependently CRRor N Y, is

C and Y2 I$hélpre?§rreclemlb§duﬁqen§off@fm&ﬂaﬁLl iZ2 is CR2; Z8 is CR2, or N, Z4 is
0, S, NR, or CR2: 75 Z7,_Z8 are |nde§endently N or CR2; Y1, Y2, Y3

. and Y4 aké C Zode nyzzi& ZxpndZg are ngependeptly 78 is a carbon atomto

whi ch the renmai nder of the nol ecul e is attached. The preferred enbodi nents
of fornula 33=A are: S or NR; Z2 is N or CR2; Z3 is CRz
75, 76, andhgprefersed ﬁ@@ﬁ@'ﬁ@é‘?ﬁqfﬁm}? BrAsRrecR2: 74 and Z8 are i ndependent |y

0, S o NogR ;i 2Yiis OBy XBis adcdBhoAT® which the remainder of the molecule is
attached; Z; is N or CR, ; Z4 is O, S, CR, or N-Ry; Zs Zs, Z7, Zg are
independently CR, or N ; Yy is N; Ya, Yz and Y, are C.

29. Z, is CRy; Ziis carbon to which the remainder of the molecule is attached; Zs.
is N or CRy; Z4 is O, S, CR; or N-Ry; Zs, Zg, Z7, Zg are independently CR; or N
20 :Y1is N; Yo, Ysand Y, are C.
30. Z4 is N, Zis carbon to which the remainder of the molecule is attached; Z; is
N or CR,; Z; O, S, CR; or N-Ry; Zs, Zs, Z;, Zg are independently CR; or N; Yy
is N; Y5, Ysand Y, are C.
31. Z4, Z», Z5 are independently CR, or N; Z, is O, 8, CR; or N-Ry; Zs5 Zs, Z7, Zs
25 are independently CR, or N and one of Zs Zg, Z7, or Zs is a carbon to which
the remainder of the molecule is attached; Y is N; Y,, Yz and Y, is C.
32. Z1is CRy or N; Z, is CRy: Z3 is O, S or N-Ry; Z4 is N or CRy; Zs, Zg, Z7, Zg are
independently CRy; Yqis N, or C; Yz, Yz and Y, are C.
33. Z1, 22, 23, Z4, Zs, Zs , Z7, Zs are independently N or CRy; Y4, Y2, Y3, Y4 are C.
30 34. 2y, Zo , Zs, Zs , Z;, Zg are independently N or CR, Zs; and Z, are
independently O, S, or N-Ry; Y4, Yz, Y3, and Y, are C.
35. Z4, Z,, and Z; are independently CR; or N; Z4 is O, S, CR; or N-Ry; Zs, Zs, Z7,
and Zg are independently CR, or N; Yqis N; Y2, Yz and Y, are C.
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C and one of Z2, Z5, 76, or Z7 is a carbon atomto which the remai nder of
the molecule is attached. 40. Z3 is 0, S, or NR; Z2is N, CR2; Z1 is
CR2; Z5, w0,03amis¢7 are i ndependently N or CR2; Z4 and Z®Caruso03/13451

i ndependently 0, S, or N-R; Y1, Y2, Y3, and Y4 are C 20 and one of Z2,
Z5, 76, or Z7 is a carbon atomto which the renai nder of the nolecule is
attached. The preferred enbodi nents of fornula 33=B are: 41. Z is 0, S or
NR; Z2 is Nor CR2; Z3 is CR2; 74, Z5, 76, Z7, and Z8 are

i ndependenBBy NZois BRZ; iSYGR:; V2 s &, casbrn #t@matoewiich sgrgalpees foth?molezyle 76, 77
is a carbon at h:.t r nege 42.
N %&bh\@ﬁcg&.s rt%ezs, 2”327, g @éﬁ@%&d@awwﬁckf &*{9@(@% -6
and Z8 are |ndep€emdeml1@enﬂy NrOFQQZ Z4 and Z5 are CR2 or N, Y1, Y2, and Y3
are C Y4 is N and one of Z2, Z4, 7Z5, Z6 is a carbon atomto which t he
remai nder of the 30 nolecule is attached. 43. Z, is N, or CR2; Z2 is CR2;
Z3 is 05 SThblpRfered ERDpdifent of ERMUE2-RisZ7, and Z8 are independently N or

CR2; Z4 and.,Z5 e ependen Y; Y, 3/ §I3R8

PCT/ US03/ 1g35 %graé’dcg ﬁl\;d’ek% (%R(?) o(y '222& fﬁa %Sé%rezgﬁz’l\%) g cgr gon at om
to which the rénipadeentigf CRher MoY.ds @l md\éz iatN.ached. 44. Z is 0, S, or
NR ; Z2 i g.N, . o~ Z 'RS 62 g R ANZS r@dé\l %Zﬁ Are
independen?’?y C%'S(()ﬁzﬁ: Ok Y%Rg\%garge C(,) avg I's ?\fgan one ‘0 8r°z3 is a
5 carbon atom t @, vty arb imdwendaamlymdetrCBi Y h¥,, V6l @odlYe arsCaoneeiedZs s, Z, is
N or p 22 1 W Z4,
and 75'%re | ndegé’cg%n?r ER% dng%N Q@% t%&h%irhgrzr% o@g?,@‘i’l?\% (%rl%lmof Zl

Z2 is a carbonagacmd o which the remai nder of the mol ecul e i s attached.

46. Z, is Nor CR2 ; Z2 is CR2; Z3is 0, S, NR or CR2; z6, Z7 , and Z8.
are N, Z4 10 and Z5 are independently CR2 or N, Y1, Y2, Y4 are C, Y3 is N
and one of TKé,prefZ&edbmbadmwﬂmof foroolatBAwe.ch the renai nder of the nol ecul e

S shohedy, 412 B a8 g a SO e S e\
N, one1ef Z2, ZFBor CRy; ZbandZZ, ardindependardly S airdin-Rg \Whh(ﬁ st &ed Ve ered nder
of the nol ecul € d and %ée %¥ %2,(‘{-:(32 or Z; is a carbon atom to which the remainder of the
molecule is attached.
< 40. Z3is O, S, or N-R¢; Zy is N, CRy; Z; is CRy; Zs, Zs, and Z; are independently N
or CR,; Z, and Zg are independently O, S, or N -Ry; Y4, Y, Y3, and Y, are C
20 and one of Z,, Zs, Zs or Z; is a carbon atom to which the remainder of the

molecule is attached.

The preferred embodiments of formula 3-B are:
41. Z,is O, S, or N-Ry; Z, is N or CRy; Z; is CRy; Zs, Zs, Zs, Z7, and Zg are
25 independently N or CRy; Y4, Y2, Y3, and Y, are C; and one of Z, Zs, Zg, Z7 is
a carbon atom to which the remainder of the molecule is attached.
42, ZiisNor CR,;Z,is CRy; Z3is O, S, N-R; or CRy; Z; is CR, or N; Zs and Zg
are independently N or CRy; Z; and Zs are CR; or N; Yy, Y5, and Y are C; Y,
is N and one of Z,, Zs, Zs, Zs is a carbon atom to which the remainder of the
30 molecule is attached.
43, Z1is N, or CR, ; Zyis CRy; Zs is O, S, N-R; or CRy; Zs is CRy or N; Z7 and Zg
are independently N or CRy; Z; and Zs are independently CR; or N; Y1, Yo, Y3

26



48. Z3 is N, Z2 and Z, are independently CR2; Z4, and Z5 are independently
CR2; Z6, Z7, Z8 are independently 0, S, N, NR or CR2; Y2, Y3, and Y, are
C. Y4 is wiNosoveesof 72, Z1, Z6, Z6, Z7, Z8 is a carbon at ecTiusowdssh t he
remai nder of the nplecule is attached. 20 49. Z, is N, or CR2; Z2 is CR2;
Z3is 0, S, or R ; Z4 and Z5 are independently CR2; Z6, Z7, Z8 are

i ndependently 0, S, N, NNR, or CR2; Y1, Y2, Y3, and Y4 are C, one of Z1,
Z2, Z3, Z6, Z7, Z8 is a carbon atomto WhICh t he remai nder of the nolecule
is attached. 25am&;PfeiferY @ad aisodi fends Zsf Z6 ¢y @usaban Atasp to whighdhers are

i ndependent |y O,relﬁégéb%fthé\lmo%rcu%att%elds CR2;, z4, Z5, 76, Z7, 78, Z9,
are i ndependent Y4, are C. 51. and Z3 are

| Z
i ndependentity 0 Zy3§ ONSRor NiR+; &z isdikzer GRy; Zs isCRBy; Ze4Z7, an@l ZzgrealeZs and Zs
i ndependent |y m@%p%de%%c ?c:r ﬁ7?{1, ZG{W T Srd @d?PﬁrNigﬁH b¥e 6FZ;, o, is 2, Y3,

Y4, 30 are C IS a carbon atomto which
t he ren@i nder @farhoneatmn@wmcbth%re&mm@@qﬁ@cﬂthmolezule|I%at§§chgd or NR : Z2,

Z3, Z4, 75 L ndentAdy N o 3,7.Y4, are
C 27 wo o3P 093585 B@/%#qg% g %é > dOZ %Rzérzézf’édngpzendgn% yZO S,
N-R, N, or CR2andZs asmihd@gendgnidy Cﬁdébﬁnﬁeﬁle Y aledy; YR N il onegof 24722 78 are
I ndependent | y C'%Z? Eérb’é‘n a?(o]m Y\zhchYt)he re éah o%ﬁ”%gﬁzg nzgleélﬁe Fsheﬁta%ﬁé@on to which

t he remai nder nDIecu els atta Is N Z2, Z3, and Z4

are i ndepeﬁdent 2y iCNogr OB, ; Zbis O Z28s & &, |NTBe|§>é|¢cE’enZd ¥, a0chls aRN; 29 | s
CrR2 or b Y, Tah'fj ?are\(r‘ﬁi’eB?ﬁél%nYﬂ’CF% ot I\FY1,Z§’§ 42%‘3 ¢5Y @GN%%%@ oft2_Whi ch

t he remal nder nol ec at ttachéed Z1, Z2, an 74 are
[ ndependent |y CR2; 1325933@60 atom towmcimeaﬁmalﬁdﬁdéﬁéﬁ@mﬁqwe isRttacknd. N, 79 is

o2, 4l N: 7, 3 ary eeled e s of
for rruI a 4- é¥ %ZNS ' N %% gna/ E%%%%D% %%ﬁlypgﬁ 28’ %@ gp@dzarrgpg
i ndependent |y CIREi;epéa’lldergly[Q, S(;N NeR or §iRH; Y Var @nctY4 aiseC oV 'ZZN OZ@,OfZGy 77,

i? : agﬁelds the cgr b? nZé"‘tZQ,ngt i9 MY 68 GRS td GARKNAE reRbinhieof Wb §RIL&Id S
15 attached.
48. Zs is N; Z, and Z, are independently CR;; Z;, and Zs are independently CR;
Zs, Z7, Zs are independently O, S, N, N-R; or CRy; Y, Y3, and Yy are C; Y, is
N; one of Zy, Z4, Zs Zs, Z7, Zs is a carbon atom to which the remainder of the
molecule is attached.
20 49. Z,is N, or CRy; Z, is CRy;, Zz is O, S, or N-Ry; Z, and Z;s are independently
CRy; Zs, Z7, Zg are independently O, S, N, N-Ry, or CRy; Y4, Y2, Y3, and Y, are
C: one of Z4, Z,, Zs, Zs, Z7, Zs is a carbon atom to which the remainder of the

molecule is attached.

25  The Preferred embodiments of formula 4-A
50. Z, and Z; are independently O, S, N-R;, N, or CRy; Zy is CRy; Zs, Zs, Zs, Z7,
Zs, Zo, are independently CRy; Y4, Yz, Y3, Ya4, are C.
51. Z, and Z; are independently O, S, N-Rq, N, or CRy; Z, is CRy; Z4, and Zg are
independently CRy, or N; Zs, Zs, Z;, Zs are independently CRy; Y1, Ya, Y3, Y,
30 are C; One of Zy, Zy, Zs, Zs, Zs, Z7, Zs is a carbon atom to which the remainder
of the molecule is attached.
52. Z,is S, O, or N-Ry; Zy, Zs, Z4, Zs, Zs, Z7, Zs are independently CRa; Zgis N; Y4,
Yo, Y3, Yy, are C.
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15 57. Z3 is N, Z1, Z2, and Z4 are independently CR2; Z5, 276, Z7, Z8, and
Z9 are independently CR2 or N; Y1, Y3, Y4 are C, Y2 is N 58. Z 1is 0, S
or R ; WD,03A%28@nd Z4 are independently CR2; Z5 is CR2 ®CTNS0OZ13451 Z7, Z8,
and Z9 are independently CR2, or N, one of Z6, Z7, Z8, Z9 is a carbon atom
to which the remainder of the nolecule is attached. 20 59. Z, and Z3 are

i ndependently 0, S, NNR, N, or CR2;, Z4is CR2 or N, Z5 is CR2;, 426, Z7,

Z8, and Z9 are independently CR2, or N_ Y1, and Y2 are_independently CorN
Y3 and Y4 &Be CZiTRedPferis rderendeivnent SRt dNmer £82 Zemmh Zezarand 72

are i ndependent |; i A, 7Z |-nde ently
CR2: Y, is C 61.'Ndf!ﬂfﬂgenng@zoé(?gz’i%’d%%gﬁd%%tr?%%fg? quif,ebers,nngsr\%i and
Z8 are independdat laye Qi &r isCHEe cyrbonstocwhich é‘@ remainges ofzthe pplecade iy | and
Z8 are independ%g%eg\l or CR2; Y1 is C 30 The Preferred enbodi nents of
formula 5-A 28 /093280 PCT/US03/13451 63. Z, is 0, S, or NR; Z2,
and Z3 %ar e 5#ndefeisidn?, s, GRR: Z,2fe jindependentif GR»; ZgiZeGR2 Zs Y€ inderpndenty e C;
Y4, and Y3 are i naer o] ' N-WE, . 3 AR4;
t =1 or 2. 64. "Iz]g’e‘?gzgg%sbﬁ%?%% !gl%\élzéﬁc/{\?azngv\gf glre?cr;l’dzezpen gﬂ?ﬁ}? al(lPZMI'«’OZr;pRZ4 is
0, S, NR, or tewaRhthenemaimderpthermoleculyis attgsied3 are i ndependently C, or

N, WL, and are ..i gdepende . = , ¥ S A, ( r =
0-2), NR 5§\'r8 clar V52t %y imsd %;“C%R'ﬁ’gegﬁ&o!e%%cq%’%,Z"brng;aﬁ%ﬁ? Eréo, s,
NR, W, W, aintiepBndently GRadepinéidatORs @RRA:;is N; ¥1,1Y2t andYs 88 CY3, and Y4
are C;1 2is N one of Z1, Z2 or Z4 is the carbon atomto which the
remai nder of the nolecule is attached. 10 66. Z, is N, Z2 is CR2; Z3 is

CR2, or N, Thé Arefefred $mbodimeny of fatmule@-Band VB are independently CR4R4; t
2tom to whiBh t s nta Rude 71 it Zoriu g ars e cREn SN DS R 207 ¢
CR2; Z1 is CR2, aod W, arg4C;i anelof &, Zar ZN-ZR, Zs, Vs, is ¥B¢ carpgn\aforirte wdhiclythe i s N;
R T I I
15  57. Zs is N; Z4, Z,, and Z, are independently CRy; Zs, Zs, Z7, Zs, and Zy are
independently CR, or N; Y4, Y3, Ysare C; Yz is N.
58. Z1is O, S, or N-R¢; Z,, Zs, and Z, are independently CRy; Zs is CR; or N; Zg,
Z,, Zg, and Zgy are independently CR,, or N; one of Zs, Z;, Zs, Zg is a carbon
atom to which the remainder of the molecule is attached.
20 59. Z, and Z; are independently O, S, N-R;, N, or CRy; Zs is CR; or N; Zs is CRy;
Zs, Z7, Zs, and Zs are independently CR,, or N; Y4, and Y, are independently

CorN;Ys; and Y, are C.

The Preferred embodiments of formula 4-C
25 60. Z: and Z, are independently N or CRy, Z, Z4, Zs, Zs, Z7, and Zg are
independently CRy; Y4 is C.
61. Z1, and Z, are independently CRy; Zs, Zs, Zs, Zs, Z7, and Zg are independently
N or CR,; Y is C.
62. Z4, Zo, Zs, Z4, Zs, Zs, Z7, and Zg are independently N or CRy; Y, is C.
30 '

The Preferred embodiments of formula 5-A
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saturated ring; t =1 to 3; one of Z1, Z2 or Z4 is the carbon atomto which
the remainder of the nolecule is attached. 68. Z, is N Z2 is CR2; Z3 is
CR2, or NyvOA4/09x8©, S, or NNR,; Y2, Y3, and Y4 are C Y, PC3/US3/ V@51 W2, and
WB are independently CR4AR4, 0, S = (Or (r =0-2); or NR, 20 with the
proviso that no S-S, S=O or 0-0 bond formation can occur to forma
saturated ring; t =1 - 3; one of Z2, Z3, Z4 is a carbon atomto which the

remai nder of the nolecule is attached. 69. Z, is CR2; Z2 is the carbon atom
to which t62 rednin®es, of N-Re Zwhad l: @re ndependariy R84 iis ONS, MrRison, S,

or NR; Y, is bp Y ifgN, : iftdepbhdents T, 6B N; 300 WB @1 &

i ndependent |y 4?1’5,%?2:6‘?{%& ?’Q‘(jarnﬁiYagér%l ¥ r Ne:an,% With't hg Vggowg s%e t hat

no S-S, S=0 or hdepbndedtly GRABLiteN! @ occur to forma saturated ring, t =

attached, 81 & &S ST FERGISA 2 R R AR AR 85 ona”

Y4 are &, W, WER:; B0 aadd.\Be & &4 avdeYeargdndapendiiRg, o N; ¥ @pd Ws aee 0- 2) ,
or NR with th i nQ = r JOR!( f_q;m}%i an occur
to forma sat uﬁ"gfe é%(dreﬁﬁﬁb%“? 31%0%%9%@/%(@%%'%0%%@3@ %%évk(i: 71. Z1,
Z2, and Z36&re EZniepeddénCRg; ZRE CBs, o NZ44 iiss iN-R®y, WyoWar an@C\Wayare Y4 are
N, W, W2, and i dent R = {06 anels62),, 706 N R,
w th the provi s}@%teﬁé't%er?ggg%e‘“g 0{ %Or%oqﬁo%g Yféoarr?mb'?i){élns r?:’a%heo%f(%’rzgt {))r forma
saturat ed ring; Ziisthd ¢8rbob aldne tiPwhick thestemeaitdsd iohthetraolegule israfiached- B 72. 71,

R T R L
is CR2; Z4 is OjndSpemtenty RR«RWt,= drid 32, Y0 and &'z iargiGp&niteNt one of Z65Z:N- R, ,
T e
i ndependens?y NZRjs, NZ, iISERE) £+ i¢ CRs, O-I2)Z, i910, SROFRM:R1YY;, Ye2ang ¥ @e €, ¥ 1- 3;
one 15 of 22, {S3ni B! U, SRERAT o Aibbendihtiy BRRS & UBINGE 0%, bhR-ED! ecul e

15 with the proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1 to 3; one of Zy, Z, or Z, is the carbon atom to which the
remainder of the molecule is attached.

68. Z,is N; Z,is CRy; Zsis CRy, or N; Z, is O, S, or N-Ry; Yz, Y3, and Y, are C; Y4
is N; W4, W», and W are independently CR4R4, O, S = (O)r (r = 0-2); or N-Ry,

20 with the proviso that no S-S, S=O or O-O bond formation can occur to form a
saturated ring; t = 1 - 3; one of Z,, Z;, Z, is a carbon atom to which the
remainder of the molecule is attached.

69. Z. is CRy; Z; is the carbon atom to which the remainder of the molecule is
attached; Zz is N; Z, is O, S, or N-Ry; Y4 is C; Y, is N; Y3, and Y4 are C; W;,

25 W,, and W; are independently CR4R,, O, S = (O)r (r = 0-2), 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 = 1 to 3.

70. Z, is the carbon atom to which the remainder of the molecule is attached; Z,
is CRy; Zsis N; Z4 is O, S, N-Ry; Yqis C; Yo is N; Y3, and Y, are C; Wy, W,

30 and W; are independently CR4Rs,- O, S=(O)r (r = 0-2), 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= 1-3.
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attached. 75. Z, is 0, S, or R ; Z3is N, O, or S; Z2, Z4, 75 are

i ndependently CR2; W, W2, WB are independently NR,, 0, S=(Or (r = 0-2),
or CRAR4;W®,03/093280 Y2 are C, t = 1-3; Z2 is the carbon at @cTtusosshi4sh t he
remai nder of the noblecule is 20 attached. 76. Z, is CR2; Z3 is N ; Z2, Z4,
and Z5 are independently CR2; WL, W2, and WB are independently NR, O,
S=(Or (r =0-2), or CRAR4; Y1 is N Y2is C t =1-3; Z1, or Z2 is the
carbon atomto which the remainder of the nolecule is attached, 77. Z, is

N, Zz2, 73,774, Zb Za,r@d ARrpdnirpenigntEreRs, piLN; fois G YneVa Ha&pohdéntley' 25
NR, 0 S= (O) r N( th WA a@ﬁ%enﬁ%nf!fco? 4:(2) IS IYO)F fr = $-2§, oZR.R,0r Z3

is the carbon ato renmal nder he nolecule is attached 78.
Z, is 0, S, or w;thhe !Z‘QVMSQ twtf@S'@r S90;0r O brond farpptiey Ce’t’ﬂé’CFHrd*@ﬁéﬁﬂé‘ntly

CR2; W, W, a ijadegendently NR, 0, S=(Or (r = 0-2), or CRAR4;
}Qtﬁd'?‘r‘r?g!t B
Y1, and Y2 areg% E i one of Z3 is a carbon atomto which the

remai nder of the 30 nolecule is attached. 79. Z, is 0, S, or R : Z2, and

Z3 are Ind%ng’ﬁe%Qltr&enrgnglm_%éts &ggméﬁ %)E; i ndependently CR2, or N, W, W2,

and WB are | hdepén 30 WD 03/093280 PCT/ US03/ 13451
(r = 0-2),72r CRARY, 23\(2,1 ali@lrmiepelﬂently €Rb; 81, Yz2r0N; ¥8, V& amdndapepdentyt om t o

meh t he rerrag]gegﬁfo}g%ﬁg‘?%eclu e is attached. 80. Z, is 0, S, or NR ;

Z3 is N, O, 5 are independently CR2, or N, W, W2,
WB are i ndeépend&ntd,ard\inBeper@ientl:NOpr CR; Zs i9CRY);, Z4d3 OCR4PEN- -Ria W1, andoar e C;

t = 1-3; Zzlsthe ar t } t remai nder of the nolecule is
attachicej. g1, z¥ Ege(aﬁgae@(snél\ﬁ Zgﬁin-\;‘“gRﬁ fZ4 Z5 are |ndependently N,
or CR2; W, W, V\B are independently VR, 0, S=(Or (r = 0-2), or CRAR4,
YLis N Y2is C t =1-.3: 7 .0 [ e carbon atomto which the

r emai nder iFePFﬁgérﬁ?ﬂ %’Bé‘?démubgé OIO{OE%%Z"SLL’SE%%PG'BZ. Z, is N z2, and Z3 are

i ndependenvhy CR2js 04,S,28-Rar &,] ddePgriticatel inddpende@RR CRAMY1, WY, W8 aree

i ndependent |y

1-3; Z2 or Z3 .@ﬁﬁh%“déaﬁ%ﬁ drﬁt(g?m%l C%Q{ﬁ ﬂéﬁﬁnﬁlwl\( CC Y21 4 cF%cul eis

att achesl. of Z,, Zs is the carbon atom to which the remainder of the molecule is
attached.”

75. Z,is O, S, or N-Ry; Zz is N, O, or S ; Z,, Z4, Zs are independently CRy;, Wi,
W,, W are independently N-R,, O, S=(0), (r = 0-2), or CR4Ry; Y4, and Y; are
C: t = 1-3; Z, is the carbon atom to which the remainder of the molecule is

20 attached.

76. Z,is CRy; Zz is N ; Z, Z4, and Zs are independently CRz; Wy, W», and W; are
independently N-R4, O, S=(O); (r = 0-2), or CR4Ry4; Y1is N; Yz is C; t=1-3; Z,,
or Z, is the carbon atom to which the remainder of the molecule is attached.

77. Z,is N; Z,, Zs, Z4, Zs are independently CR,; W4, W2, W3 are independently

25 N-R;, O, S=(0); (r = 0-2), or CR4Ry; Y4 is C; Yz is N; t = 1-3; Z,, or Z3 is the
carbon atom to which the remainder of the molecule is attached.

78. Z,is O, S, or N-Ry; Zyis N, O, or S ; Zs, Z4, and Zs are independently CRy;
W,, W,, and W5 are independently N-R,, O, S=(0); (r = 0-2), or CR4R4; Y4,
and Y, are C; t= 1-3; one of Z; is a carbon atom to which the remainder of the

30 molecule is attached.

79. Z,is O, S, or N-Ry; Z,, and Z; are independently CRy; Z;, and Zs are

independently CRz, or N; Wy, W,, and W are independently N-R,, O, S=(O)
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15 83. Z is 0, S or NR; Z2is N 0O, or S; Z3 is CR2; Z4, and Z5 are

i ndependently N, or CR2; WL, W2, WB are independently NR, 0, S=(Or (r =
0-2), or wORdB#3280v1l, Y2 are C, t = 1-3; Z3 is the carbon &Cemsod13abi ch t he
remai nder of the nolecule is attached. 20 The preferred enbodi nents of
formula 66=B are: 84. Z, is 0, S, or NR; Z2, Z3, Z4, and Z5 are

i ndependently CR2; WL, W, WB are independently NR, 0, S=(Or (r = 0-2),
or CRAR4; Y1, Y2,Y3, and Y4 are C, t = 1-3; Z2 or Z3 is the carbon atomto
whi ch the remmi fidep-2fortGRRydY edulase Cst =dt3iZetsds Ipthegarbon atpa tg whigh o

NR; Z3 is N, |&§%rtéﬂg@pendentlyCR2 W, W, V\Bare
i ndependent | y r\@'ﬁehl?ﬁ‘d? ?3he;?°e 0-2) . cor CRARA: Y1, Y2. Y3, Y4 are C t

= 1-3; Z2 86.thé& (Se@b%nordﬂ&ﬁ ZolSWﬁlertfheer erfRnderZs@re tﬁﬁ’épﬁﬁd%gmp@z i s

\?\;t a\%@edV\BBSr ez’oéb's depzéndent I'%?\Eeé,%,enwgné %if@ﬁ?rl-@dgpgpé éRARAi

N, Y1, Y2, Y4 ar¥.@retCi=t =113; Z3,is tbe cepbons atcrﬁrae t@afvm@h the 6‘?ﬁ1@'6d%PEFhec he
remai nder of th I attached. 31 WD 03/093280 PCT/ US03/ 13451 87.
Z, is N Z2, 23%0%?U%ﬁgagtra}é§? ndependently CR2; WL, W2, WB are independently
NR, O, Sﬁ(lO)rZQrsGRBZZ)s NarZ.GRER4: ZyZs arednderendeathyaN, ozCRs Wi, Wa, Wa - 3; 72
or Z3 is the c g@ reosi 5d Re dR! eCldl @ 1151-
attached. 88. Z%Febﬂgs&t ! N)@P?? ézgé (Pmyé(} SFCRéR I 74% “and 75 are

i ndependent |y CR2Z; o Zjlis thi@, cai®naaion t:dwb@l‘idéﬁtnemamsﬁr Othe gﬂ{'@%‘e & =
0-2), i‘?} CRAR4; XlioY2. Y3, and Y4 are C t = 1-3; Z3 is the carbon atom
to whi the renarnder of the nolecule is attached. 89. Z is 0, S, or
NR ; Z2, &ad ZZ, &N Zznde@zmaaindeype@mmlm&,aaazzsremnéepandsetﬂieméﬁ?ﬁzy CR2,

Vi, N2 va, va iy BT REEB T, s tRA A 2 ), O OB YR P e

remai nder of thés Nolteedl-iﬁ Zsonts és teed ca®on gtomi to @hicls thg remarder pBthes N, 0,

or S; Z2is CR%I relndependently CR2 or NN, W, W, WB are
i ndependently N ,'%cutf 'Q%ﬂ é$°a(r = 0-2), or CRAR4; Y1, Y2, Y3, Y4 are C t

= 1-3; 142 i88. t h& sa®pBnoralil-dy ZQISVDHuQrprtEheZy @@Rﬂd@g apd 25 are mdependently
N, or CRy; W,;, W, W; are independently N-R;, O, S=(O); (r = 0-2), or
CR4R4; Y4, Y, are C; t = 1-3; Zs is the carbon atom to which the remainder of

the molecule is attached.

20  The preferred embodiments of formula 6-B are:

84. Z1is O, S, or N-Ry; Z,, Zs, Z4, and Zs are independently CRy;, W4, W, W3 are
independently N-R;, O, S=(O); (r = 0-2), or CR4Ry; Y41, Y2 Y5, andYsareC; t=
1-3; Z, or Zs is the carbon atom to which the remainder of the molecule is
attached.

25 8b5. Z1is O, S, or N-Ry; Zz is N, O, or S ; Z,, Z4, Zs are independently CRz; Wi,
W,, W, are independently N-R;, O, S=(O); (r = 0-2), or CR4Ry4; Y3, Y2, Y3, Y4
are C: t = 1-3; Z, is the carbon atom to which the remainder of the molecule
is attached.

86. Ziis CRy; Zs is N ; Z,, Zs, and Zs are independently CR,;, W4, W,, W; are

30 : independently N-R;, O, S=(O); (r = 0-2), or CR4Rs; Y3is N; Y1Y,, Ysare C; t =
1-3; Z4, or Z, is the carbon atom to which the remainder of the molecule is

attached.
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15 the nolecule is attached. 91. Z, is CR2; Z3 is N; Z2 is CR2; Z4, and Z5
are independently N, CR2; W, W, WB are independently NR,, 0, S=(Or (r
= 0-2), owoeBRasso Y3 is N Y,, Y2, Y4 are C t = 1-3; Z, pom/ukB3/id5t he
carbon atomto which the remainder of the nolecule is attached. 20 92. Z,
is N Z2, Z3 are independently CR2; Z4, Z5 are independently N, or CR2;

WL, W2, WB are independently NR,, 0, S=(Or (r 0-2), or CRAR4; Y1, Y2,
Y3 are C Y4 is N t =1-3; Z2, or Z3 is the carbon atomto which the
remai nder 87. t Beisdl 85 WoeZi, Zsare dndepandantly GRe; W, Vi, V¥ argringgpendently | s N

0, S z3 t B
0 dgLen ot y' iN%ﬁ?o %‘Léo%g arch)' %ﬁ@P{gﬁﬁﬁﬂ \*ZYY!,\'areOCYYZé NERZ 1. \@1z§{4 Z, v Carte

= 1-3; Z3 is th@tb@pbﬁmn@tt@mw whwh|tb¢1rqm@ndeé@ﬁtmpleéﬁﬁleﬂ%ﬂa%ﬂecu| eis

attached. e prefepread di forfeor pul 73, 74,
and Z5 ar eglgndggéndghtgr OPmbﬁ ZT'?QNSCPorSO Z},‘ﬁ Q&F@s %F@rndé&er%l%ntlyzéRZC "

W2 are 5 ndepend®¥ht Vi, WaFare nm:ieps&@@tiyh( R1,-_003“2(P)r (CRAQ?Z} of CRuR« X1, 65 Y S:Z, . Z3,
Z4, 75 are inde 2y i I Yo th¥Zrefafrder of¥h

are independent P)ﬁ/@%%tré)boq%i(%)% %rﬂQe: %’Pﬁﬁ,a%%cﬁﬁ‘&; t = 1-2. r§2 VG\)D

03/ 093280 PCT/ UB®BJcuB4is bitag®ed. Z1, Z3, Z5 are independently CR2; Z2 is 0, S,

N-R ; Z4 i N; 1, - ; i , = =
02}, or Chilra; 2L 0. 5 PRy e, o FCals REBEIERN (O esﬁﬂdén%@yr e
Yl is C Y2 | s htdemndenﬂy&iﬂz oif Nd&\beM\&eH\taI%Ve NpdRpendentlgN-8y.rO($=@)or® , or

CRARY; 9 V73 nd ¢ Y1
RPN w0 gﬁgéhﬁﬁpeﬁdgﬁﬁyﬁkﬁe‘t ggegd ?’?))jr 38 %ar% 51%84;& CR4RI4$

t = 1-2. The prwh&:hrtbelrammodhrrcérhlmsmfecw@rlmﬂtaﬁhw A are: 99. zs Z6 are
i ndependen o] 2n £4 i d 0 W,
éendeh?’lo ﬁ&ﬁ% £lis Ig@ %rS %5&5’1 RZ,Z?; %@?2 Slrétlhdergﬁaent

W2 are ind 1-2. TI00. Z3,
Z6 are i ndepend@lﬁ&zloyl\DWSW@rWé\larR Ind@endmlya\4-81l\p $(0)z6 -a@@)lﬂcﬁﬁ)@ndent I y

CRz2; W, W2 areYI n\?leglrrelc%' fE RBChZO,Elshtﬁe(cQ}kfon(éc}om e v@r)i%h e r%l%er bf = 1-

Z2 or Z5 is the arzboﬁ e renain mol ecule s
attachtal. the molecule is attached.

91. Z,is CRy; Zsz is N ; Z, is CRy; Zs, and Zs are independently N, CRy; W, W,
W; are independently N-R;, O, S=(0), (r = 0-2), or CR4Ry4; Yz is N; Y4, Y2, Y,
are C; t = 1-3; Z, or Z, is the carbon atom to which the remainder of the
molecule is attached.

20 92. Z, is N; Z,, Z3 are independently CRy; Zi, Zs are independently N, or CRy;
W,, W,, W3 are independently N-R,, O, S=(0), (r = 0-2), or CR4Ry4; Yy, Y3, Y3
are C; Ysis N; t = 1-3; Z,, or Z; is the carbon atom to which the remainder of
the molecule is attached.

93. Z1is O, 8, or N-Ry; Zyis N, O, or S ; Z3 is CRy; Zs, Zs are independently N, or

25 CR,; Wi, W5, W3 are independently N-R4, O, S=(0); (r = 0-2), or CR4Ry; Y4,
Y., Ys, Y are C; t = 1-3; Z; is the carbon atom to which the remainder of the

molecule is attached.

The preferred embodiments of formula 6-C are:
30 94 Z4, Zs, Z4, and Zs are independently N or CRy; Z, is O, S, or N-Ry; Yy Y, are
C; W4, W, are independently N-R;, O, S=(O); (r = 0-2), CR4R4; t = 1-2.
95. 74, Zs Z4, Zs are independently CRy; Z,is O, S, or N-Ry; Y, Y5 are C; Wy, W,
are independently N-R,, O, S=(0), (r = 0-2), or CRsR4; t = 1-2.
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15 101. Z,, Z4 are independently 0, S, or NR; Z2, Z3, Z5, Z6 are

i ndependently CR2; W, W are independently VR, 0, S=(Or (r = 0-2), or
CRAR4; t wWOD3R932802. Z,, Z4 are independently 0, S, or N RCI/UR83/1361 are N;
Z2, Z5 are independently CR2; W, W2 are independently NR, 0, S=(Or (r
= 0-2), or CRAR4; t = 1-2; Z2 or Z5 is the carbon atomto which the

remai nder of the nolecule is 20 attached. 103. Z2, 25 are i ndependently O,
S, or NR; Z,, Z3, Z4, Z6 are inde endentl W2 are i ndependently
NR, O, SQ@O)rZ( rZs=Zgam) ind@pe@mﬁw Re; ézl:a_(sz/slhdr& Zpis &5Y1a\(ﬂea'ien%’e‘ﬁ’endently
0, S NR; v =Wy W are
|ndependently Vé?e?regn‘ldegéﬁdé{t@mﬁqe@%q@?r chfzorbk Ré_t b T e, s
Z4, 76 is Ohe cZnbén Zatl)smalnd %@r@Hn@%nﬁ@'ﬁﬂ ﬁB@rYOF Ch¥2 fpNe¥Yih ¥V4 are

attached. 105. O = 043, biscRiR 214—,1 Z5 are |ndependently
CR2; Z6 is N, 17ndeb§n depe e%ﬁzé gg? 2" N4 are N, W are

i ndepenfien@By NZR, Z, &, Zsa(eopdereendenw Ro &n '%Néll% istC;Yz1is N; Whé’voﬁrez,, Z2,
Z4, 75 is the c ) v bhs. sedRImdes 1of the nolecule is
attached. 106. E{Q%Pgn% ?]I\{)%’lﬁ?’oszqupmgg Z3 Zl40 S NR; Z4 , Z5 are

i ndependently CR2; 26 is N Y,, Y4, Y3 are mdependently CR2; Y2 is N W,

W2 are ind /US03/ 13451 R1, 0, S=(Or (r =
0-2), CR4Rj’RS{AFl§Q'i&¥ %Q%e}qgﬁﬁ/ %’g&g%g 5 is the carbon atomto which
the remai n@ér ot Xcarohdapehdently @t $a0He®; Z07Zs, 24 Zs @reciREepeidently 2Rqi s CR2:
Z3 is N\ , 6 CR? are N Y2,
Y4 areNPndependQYﬂ %%ﬁde!\R%HS%@are |ndé\L gﬂéegaz%) mﬁ P&’g §2 S=(Or (r =
0-2), or CRAG4; Zt, Z alreane@aedeﬁtlyZ?,,SZ)ZN 3421224 aieN;i &, Zherecladmmdeaﬂsbm to
whi ch the remai I h atach e iments
of formula 7_B ?r?% V\?og\P %TW@%HE%HY%Q g @fgﬂggadéﬁ%w ?Ebp%?: is O,
S, or NR; Y1, ZXZbr X4 isatiee CarbohOate® its wmcl'l\/\lhe vemaingeri ﬂﬁjé‘pﬁemﬂﬁﬂulw IN-R,
OS(O)r(r- do'\IrCR4R4t:12109 Z1, 72, Z4 , Z5, Z6 are

|ndependently Z3is 0, S, or NR; Y1, Y2, Y4 are C Y3 is N
WL, V\21are10mdeﬁe,rﬂearelwdepeﬁdenﬂy OSS(@N-Rir Z= Ztarza) Zs @re oRsrendently ERy; 2: One

of Z1, 22, 74, &\ aljeﬁn&erﬂ)%ngé?ﬂtBWR torat ey WL @yt BEcRGRRt 2d8s. of
102. Z,, Z4 are independently O, S, or N-Ry; Zs, Zs are N; Z, Zs are independently
CR,; W,, W, are independently N-R;, O, S=(O); (r = 0-2), or CR4R4; t = 1-2;
Z, or Zs is the carbon atom to which the remainder of the molecule is
20 attached.
103. Z,, Zs are independently O, S, or N-Ry; Z4, Zs, Z4, Zs are independently CRy;
W,, W, are independently N-Ry, O, S=(O); (r = 0-2), or CR4R4; t = 1-2.
104. Z,, Zs are independently O, S, N-Ry; Z4, Zs, Zs, Zs are independently CRy, N,
S: W,, W, are independently N-R;, O, S=(0): (r = 0-2), CR4R4; t = 1-2; One of
25 Z1, Zs, Z4, Zs is the carbon atom to which the remainder of the molecule is
attached.
105. Z4is CRy, N; Z, is CRy; Z3 is N; Z4 , Zs are independently CRy; Zs is N; Y4, Y3
are independently CRy; Y, Y4 are N; Wy, W, are independently N-R;, O,
S=(0), (r = 0-2), or CR4Ry; t = 1-2; One of Zy, Z,, Z4, Zs is the carbon atom to
30 which the remainder of the molecule is attached.
106. Z;is CRy, or N; Z, is CRy; Z3is O, S, N-Ry; Z4 , Zs are independently CRy; Zs
is N; Y3, Y4, Y3 are independently CRy; Yz is N; Wy, W, are independently N-
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15 the nolecule is attached. 110. ZzZ1, Z2, Z3 , Z5, Z6 are independently
CR2; Z4is O S, or NR; Y1, Y2, Y3 are C, Y4 is N W, W are

i ndependewOlog/ods2B) , 0, S=(Or (r = 0-2), or CRAR4; t = 1- PRT/USa#13k1 Z1, Z2,
Z3, Z5, Z6 is the carbon atomto which the renmainder of the nolecule is
attached. 20 111. Zz1, Zz2, 7Z3 , Z5, Z6 are independently CR2 or N, Z4 is O,
S, or VR ; Yl, Y2, Y3 are C Y4 is N \/\1 W2 are independently NNR, O,
S=(Or (r =0-2), or CRAR4; t of 71, Z2,_Z3, Z5, Z6 is the
carbon atomto i Oh ST e Tes- RH&R& tl‘h162 nBnedfide Zs Zat Calsnba.cathon 71,

22, Z3, Z4, 75, ofdn¥d \ﬁhkﬁ@?@@ﬁ%ﬁﬁérﬁf H8oldeule ‘@at@rcﬁe&\' Y2 Y4 are C V\l

w25 arelnde endently N- S=(Or (r or
of z1, Zz2, 1073, Zzis, Clizsorzleszpss @Rezeéﬁ'ﬂo@ almrﬁsta&wﬁﬁewqeﬁﬂy Ne%‘?ﬁde\@ of the

nmol ecule is at 1 CR2
or MY, va ar aYegs T e R AR oy
(r = 0-8), or CRURE(O) (E=10-2), OSR:BS: t BD-220Ne xS 2178, Zz4Zs, Z5 s e Gagbame

carbon atomto %n?rbwg%h&m erefth%hﬁole&mé%%a%héé attached. 114. 71,
Z3 , Z4, Z5, Z6 are |Independent CR2; Z2 0, S, or NRL; Y1, Y2, Y4 is

G Y3|sN W, V\2are|ndependently NR, 0 S=(Or (r = 02) or CR4R4;

E:ar bon at om ?%QV\E cﬁgﬁﬁggpﬁ;ﬁg&fﬁi@ lﬂ%ﬁaremngl gz:ul e | §3at tzjchgg ﬁSI SZT ,he
Z3 , Z4, Z308. zGZarZa Zn02p &adenindgpab@enthoC Ry, ZsZQq $, o NRq; or, Y- Riarevd; Y2,
\c(:émz;r? Cso Y ,Sv\gh ol A’ "%%Bﬁ‘%qm% 58O SR for EReR 12 3/\/m ¢h
the remainder oR. the nolecule is attached. 116. Z1, Z2 , Z4, Z6 are
;Pgep;endentlbé af é T gép %d%n%ﬁ &%-%Eﬁmgptdg(%) r %%IQLOBé%rN%FwCX%R\Z(fYBt 14
1-2; One of Z,, ag2C; Zélgs NZBN;, VG Bee ipdersndeaityoNaR10OWRFD); {rie0-2).®r GRwiisnder  of
e ol coule 1e autachedy 3 g, £lo 2 IR e 5T o
ar e i ndependent the moRtylels at&t(n@)ir (r = 0-
110. 24, Z», Z3, Zs, Zs are independently CRy; Z4 is O, S, or N-Ry; Y4, Yo, Y3 are C;
Y4 is N; Wy, W, are independently N-R4, O, S=(O); (r = 0-2), or CR4R4; t = 1-
2: One of Z,, Z,, Zs, Zs, Zs is the carbon atom to which the remainder of the
molecule is attached.
20 111. Z4, Z», Zs, Zs, Zs are independently CR, or N; Z,is O, S, or N-Ry; Y4, Yy, Y3
are C; Y4 is N; W, W, are independently N-R;, O, S=(O); (r = 0-2), or CR4Ry;
t = 1-2; One of 24, Z,, Z3, Zs, Zs is the carbon atom to which the remainder of
the molecule is attached.
112. 24, Ly, Z3 , Z4, Zs, Zg are independently CRy; Y, Yz are N; Yy, Y, are C; Wy, W,
25 are independently N-R;, O, S=(0), (r = 0-2), or CR4R;; t = 1-2; One of Z4, Z,,
Zs, Z4, Zs, Zg is the carbon atom to which the remainder of the molecule is
attached.
13. 2y, Zy, Z3, Z4, Zs, Zs are independently CR; or N; Y, Ys are N; Yy, Y, are C;
W;, W, are independently N-R,, O, S=(0); (r = 0-2), or CR4R,; t = 1-2; One of
- 30 Zq, Lo, Zs, Z4, Zs, Zg is the carbon atom to which the remainder of the
molecule is attached.
114. Zy, Zs, Z4, Zs, Zs are independently CRy; Z; is O, S, or N-Ry; Yy, Yo, Y, is C;
Yiis N; W, W, are independently N-R4, O, S=(0), (r = 0-2), or CR4R4; t = 1-2;
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2), or CRAR4; t = 1-2; One of Z1, Z2, Z4, Z6 is the carbon atomto which
the remainder of the nolecule is attached. 15 118. Z1, Z2, Z4, Z5 are

i ndependewOlog/ 00280 Z3, Z6 are independently 0, S, or N RLPCTNBO3/¥R51Y3, Y4
are C; W, W are independently NNR1, 0, S=(Or (r =0-2), or CRAR4; t =
1-2; One of Z1, Z2, Z4, Z5 is the carbon atomto which the renainder of
the nolecule is attached. 119. ZI, Z2, Z4, Z5 are independently CR2, or N,
Z3, Z6 are independently 0, S, or 20 NR; Y1, Y2, Y3, Y4 are C,_\W, W
are i ndependent Bpenfrd, 2, Z&2sOFs 13(1',he-ca@bor2§tonbito mmélthetremamdgr ot of z1,
Z2, Z4, Z5is t?golgc@f&ggttggmto whi ch the renuminder of the nolecule is
attached. 120. , Z5, Z6 are independently CR2: Z3, Z4 are

i ndependenf 1§ 0Z:,s .ok Kb, Rio:are independentip CRy40NaZas QyS, afpN-Rrier, Yz Ya

i ndependently NyRle. Q%Ol@‘\?\p)\wz(aFe mdee’r)denﬁVN l% OC@%), rt 62} &CFQFG of 71,

72, 75, 76 is the carbon atom’to which i nder he nolecule is
attached. 121. Z11-27Qne of8;, Z6Zarle, Zm‘ééb@ﬁa@ﬁﬂl%}om WChNheZ%ma@ﬁe'ane
i ndependent |y Otrﬁ%o%Eulg% ch & Y2 Y3, Y4 are C, W, V\2 are

i ndependently N = 0- 2 or CRAR4; t = . One of 71, Z2,
Z5, 76 is 1t cZﬁ bbn Zat ananedndane@ﬁemtryec a@s,réﬁpna@peaﬂemwéj ol ¥NFe i s
attached. 122. 4 383s= r£0-2

i ndependently 0O ‘ﬁﬁ ezé % %%qg@gﬁg\g/ﬁ&émywﬁ’ V\%ﬁage ) or

i ndependent | y NCH4R4,Ot —Si(?O)Cane( of Z1028) Zs,ofs l%gwwmno@sm@ rdighuties/ 13451
CR4R4; g = 1-2; re%&r&’ércﬁ‘l‘he %%,ecég,%g%dh%gt he car bon atomto which the

remai nder of th ecu IS attac Z,, , Z4, 75 are

i ndependent%. CR2, ZzorZ4NZs (3 InQ@e@d@nﬂyr@Bpeﬂﬁc}brﬁsl ?5 are indepgndenilyrO; Syar  v2,
Y3, Y4 are C (e e IN-R( "o =s%0)2(r2) g- Of
Gura: o 12 RREGE AL %ngew  WadrSinache N RO TS A O 0: 0
remai nder of tha), rml@%Alﬁ4et Fsl-at One 198d:, 4244 Zilis the capkpn gtgm tpgvhishs the

i ndependent |y %i‘ﬁ%’j‘ﬁéﬁe @‘% 6 El%\lét%chsa/ is N Y2, Y3, Y4 are C W, W

are i ndependen 2|?-) or CR4R4; t = 1-2; One of Z,,
72, 73157411%6 Zszzhez4case@nn pendedIVBRS ,theareemﬁmﬂé?ntkny,t%eor N+

ggl Iegui)e ISS g';ta,ched 1‘%5areﬁ?’wzzwzze§e ifdeperdentd &R, ndegersieptd y-KRe or N
CR4Ry t = 1-2; One of Z4, 22, Z4, Zs is the carbon atom to which the
remainder of the molecule is attached.

119.  Z4, Z», Z4, Zs are independently CR,, or N; Zs, Zg are independently O, S, or
20 N-R¢; Y1, Yo, Y3 Y, are C; Wy, W, are independently N-R;, O, S=(O): (r = 0-
2), or CR4R4; t = 1-2; One of Zy, Z,, Zs, Zs is the carbon atom to which the
remainder of the molecule is attached.
120. Z4, Z», Zs, Zs are independently CRy; Z;, Z, are independently O, S, or N-Ry;
Y1, Ya, Y3 Y4 are C; Wy, W, are independently N-R;, O, S=(0); (r = 0-2), or
25 CRsRy; t = 1-2; One of Zy, Z,, Zs, Zs is the carbon atom to which the
remainder of the molecule is attached.
121.  Z4, Z», Zs, Zs are independently CR; or N; Z;, Z, are independently O, S, or
N-Ry; Y1, Ya, Y3, Y4 are C; Wy, W, are independently N-R,, O, $=(O);: (r = 0-
2), or CR4R4; t = 1-2; One of Zy, Zy, Zs, Zs is the carbon atom to which the
30 remainder of the molecule is attached.
122. 24, Z,, Z4, Zs are independently CRy; Z;, Zs are independently O, S, or N-R;
Y1, Ya, Y3 Y, are C; Wy, W, are independently N-R, O, S=(O); (r = 0-2), or
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Y3, Y4 are C W, W are independently NR, 0, S=(Or (r = 0-2), or CR4R4;
t =1-2;: One of Z1, 72, Z3, Z4, Z6 is the carbon atomto which the

renmai nderwofo3/093280 nol ecul e is attached. 15 126. Z1, Z3, Z2CTABO3H1351

i ndependently CR2; Z2, Z5 are independently 0, S, or NR; Y1, Y2, Y3, Y4
are C; W, W are independently NR, 0, S=(Or (r =0-2), or CRAR4; t =

1-2: One of Z1, Z3, Z4, 7Z6 is the carbon atomto which the renninder of

the nolecule is attached. 127. Z,, Z3 , Z4, Zr, are |ndependently CR2 or N,
72, 75 are indef&hBent 15 16 @ne &F Zip@NZR Zs VL theyzarbpn atom i¢ avhich fge v

are i ndependent Ane riofclfk é'éttack%d 2) or CR4R4; t = 1-2; One of Z1,
Z3, Z4, Z6 is tk%m%{ggﬁ%% aeom e| the remainder of the m)l ecule is

att ached. Tﬂé pZefér r b Zeﬁ‘fﬁ)mﬁﬁmn@nﬂﬁ CR@rQﬁN Lgg=AraipderensleathgO, B, of 5 o,
S, N-R, ; 5; / N Y1,
or gzéwwz \Xézﬁg Y4 Zr@éewmwpﬁedﬁd%?id&ﬁ% NJY%)Q)SSQ@)r 8019 Ny

Y2, Y3, Y4 are are’ |ndependentl (r
CRAR4; § = 1-2; 2D GR.Ra2} =zB2; @ne OZ@uZ,z,tZanmﬁr‘lb@rFaé‘?Qﬂn@tPB‘ {Rhvkish e

remai nder of th 9. Z, is 0, S, or NR; Z2, Z4,
75, 76, 77 are reNa bggﬁ%ﬁﬁﬁm@mggﬂac% Y,, Y2, 30 Y3, Y4 are C. W,

V2 are i ndépénd@aty, Ay By, Zs Ore isispendently GRpZajs OoP, @rlR4: Yitis N:Ys, ¥ Yone of

ol coule 15 att A ot BEFRE TR R AT BALBTORRAL < BRI TE,

N-R ; Z2, Z4, Z®neZ@f ZgZ.ale Zndejseiigerarbgn aRm tczsvm@ me Wmamfd,@r Of(idﬂe Y4 are
C\/\l, are i ., 0, S=(Or (r =0-2 or CRAR4; t = 1- 2;
pasegERhlydt - 0, S (9T (1 02

One of 2, Z4, e carbon atomto Wmch the remai nder of the
mol ecul e i 424t t dghed. ZgSZa,Zaareanqa@r(den@ CBe, aNRZs i7@, Szar, N-F5; Yi7ig N X2, ar e

i ndependent Iy CRg2; Y4Z% (O) ?rre |Nd%oe}§ientY N- %R \éA(@fr%"—CO Hor R, Far €

i ndependently N-R , = 1-2]" One of Z2, Z3,
Z4, 75, 76, Z7 is1-2héneaffonZatendst 8. ishthelsarhon atp@ntﬁlwfu@“rtf@frem@dﬁbpécul e

is attached. 13 NR ; Z3, Z4, Z5, Z6, Z7 are independently
CR2; Z2 is N, Yin @’Iécalfg Q&ack@ﬁ are C; W, W2 are independently NR,, O,

S=(O)r1gr 426- 2)21, ZH ZoR2dRare independertly GRe Zof Zze ipdgpepdentlye?. 9701 N-Rihe
carbon atomto 1, 2, \Ps,h% 5?&”@! M?{Nzogre independently N-R4, O, S=(0O), (r = 0-2), or
CR4Rs; t = 1-2; One of Z;, Z;, Z4, Zs is the carbon atom to which the
remainder of the molecule is attached.
127. Z4, Zs , Za, Zs are independently CR; or N; Z,, Z5 are independently O, S, or
20 N-R:; Y1, Y2, Y3 Y4 are C; Wy, W, are independently N-Ry, O, S=(O); (r = 0-
2), or CR4Ry; t = 1-2; One of Zy, Zs, Zs, Zs is the carbon atom to which the

remainder of the molecule is attached.

The preferred embodiments of formula 8-A are:
25 128. Z,is O, S, or N-Ry; Zo, Zs, Zs, Zs, Z7 are independently CRy; Z is CRy, or N;
Y1, Yo, Y5, Y4 are C; Wy, W, are independently N-Ry, O, S=(0); (r = 0-2), or
CR4R;; t = 1-2; One of Z, Zs, Z4, Zs is the carbon atom to which the
remainder of the molecule is attached.
129. Z,is O, S, or N-R¢; Z,, Zs, Zs, Zs, Z7 are independently CRy; Zs is CRy; Yy, Yo,
30 : Ys Y4 are C; W,, W, are independently N-R4, O, 8=(0); (r = 0-2), or CR4R4; t
= 1-2; One of Z,, Zs, Za4, Zs, Zs, Z7 is the carbon atom to which the remainder

of the molecule is attached.
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the nolecule is attached. 133. Z, is 0, S, or NR; Z3, Z4, Z5, 726, Z7 are
i ndependently CR2; Z2 is CR2; Y1, Y2, Y3, Y4 are C W, W are

i ndependewOlog/ops2B), 0, S=(Or (r = 0-2), or CRAR4; t 15 RCTABP3/Qas1 of Z2,
Z3, Z4, Z5, Z6, Z7 is the carbon atomto which the renmainder of the

mol ecule is attached. 134. Z, is 0, S, or VR ; Z2, Z3, Z4, 75, 76, Z-, are
i ndependently N or CR2; Y1, Y2, Y3, Y4 are C \/\1 W2 are independently
NR, 0, SS(Or (r = 02) or_ CRAR4; t_= e of 72, 73, 74 75, Z6,
77 i s the 880-boR ist@nt e Nunicke Lhelst ni Wﬁé?d%e“d%wt% folSdb e Yis's,

attached. 135. %, a'réé%zwﬁw Afe M C%end%%th'/ R-10RY SZ%(D)r %5: Oéﬁ 0\;\1@?4% = 1-

i ndependently N or are

i ndependent | y N2ROneof Z“z,-ZO)er {a Ztlsdhé)carb%‘ratM‘RMh‘Qh thelregﬁalr@% ohthezo 73,
Z4, 75, 726, Z7 gtomto which the remainder of the nol ecul e
i s attached. 25 %&Lﬁezgaditgagé NR ; Z2 is CR2; Z4, Z5, Z6, and Z-,
are i ndependent Zy isNOoS, ORM:R:; 23 Zus ZN, ZoYZ7, argndependsntlyp Rz & IERzafidNVR ar e

| ndependent |y Ny v, G, $76Q ¢ W, We de depBhadRiR, lomsd(dh (o2l of2, 24,

Z5, 76, Z7 is thé c&rbon*atomto remai nder of the nolecule is
attached. 137. ZR4R3 0= 19 Qe o R, L7 Zs7%;, 2765 thgfaroepn e tordapefitfent |y N

CR2; Z2 d N, Y1, Y2, Y3, Y4 C W
gFld W2 are a?ndﬁ%@nﬁ 'atffqh%\ﬁ]g%?a%qg% 2;27 o 0-2), or CR4AR4; t gi 2; One
of 72, 73,122, Zz% Oz, OZN R¢ Zs.h&:, Ear afledﬁdQR?nﬁﬁntb’l‘pE{hezzr*%rMYndé(m: of the
mol ecug is at tYac\h egMV\g\,O gﬁé%&gdggﬁvﬂlwgblyﬁ)r (rJ=3§.2) Lor sz tS, or

NR,; is CRz; ependent | iIs N
Y,, Y2, Y3, and—YHrZafJee@f XN Zardd, wzar%themmh@t@mtpwwﬁhe rgmainde( & r (r =
0-2), or CR4AR4; dZ3, Z4 , Z5, Z6, Z7 is the carbon atomto
whi ch the remai H'E:?e fcale'%aﬁ%%cul e is attached. 5 139. Z is 0, S, NR ;Z4
. 75, 76, 488 ZZ:iw©, BndeNehiéndyZnZeZ; @rRoindgpengdentyGRarZs is CRdebendent | y

2 b 12 5 0 S gty kB )

at om t 85 whi ch t Fel-2e@nemliés Zf Z4 He, ZoFeisithe cagboatateiie awhichgibe remaingen, s,
or R ; Z2, Z4oftré5molé@ule?snﬂta%ﬁed7‘.re i ndependently CR2; Z1 is CR2 or

134. Z4is O, S, or N-Ry; Zy, Z3 Z4, Zs, Zs, Z7 are independently N or CRy; Y4, Ya, Y3
Y, are C; W4, W, are independently N-R,, O, S=(O); (r = 0-2), or CR4R4; t = 1-
2: One of Z,, Zs, Z4, Zs, Zs, Z7 is the carbon atom to which the remainder of

20 the molecule is attached.

135. Z,is O, S, or N-Ry; Z, is CRy; Z4, Zs, Zs, Z; are independently N or CRy; Z; is
CRy; Y1, Ya, Y3 Y4 are C; Wy, W, are independently N-R;, O, S=(O), (r = 0-2),
or CR4R4; t = 1-2; One of Zy, Zs, Zs, Zs, Zs, Z7 is the carbon atom to which the
remainder of the molecule is attached.

25 136. Z,is O, S, or N-Ry; Z; is CRy; Z4, Zs, Zg, and Z7 are independently N or CRy;
Zsis N; Yy, Ya, Y3 Y4 are C; Wy, and W, are independently N-R4, O, S=(0); (r
= 0-2), or CR4Ry; t = 1-2; One of Z,, Z,, Zs, Zs, Z7 is the carbon atom to which
the remainder of the molecule is attached.

137. Z;is O, S, or N-Ry; Z4 , Zs, Zs and Z7 are independently N or CRy; Z; and Z;

30 are independently CR> or N; Yy, Yz, Ys; Y4 are C; Wy and W, are
independently N-R;, O, S=(0), (r = 0-2), or CR4R4; t = 1-2; One of Z, Z3, Z4,
Zs, Zs, Z7 is the carbon atom to which the remainder of the molecule is

attached.
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10 N, Y1, Y2, Y3, Y4 are C W, W are independently NR, 0, S=(Or (r =
0-2), or CRAR4; t = 1-2; One of Z1, Z2, 7Z4 , Z5, Z6, Z7is the carbon atom
t o whi ch wbe3/ovxasmi nder of the nolecule is attached. 141. PZ3I/NS83/G455, or
NR ; Z,, Z2, Z4, Z5, Z6, Z7 are independently CR2; Y1, Y2, Y3, Y4 are C
WL, W2 are independently VR, O, S=(Or (r =0-2), or CRAR4; t = 1-2; 15
One of 7Z,, Z2, Z4 , 75, Z6, Z7is the carbon atomto Wnich the remai nder of
the molecule is attached. 142. Z3 is 0, S, or NR ; l@{g 26, and
Z7 are i nddg8ndénts @, BROF NPy s IGRay e , Zyle, %dz"ﬁ@fredf“ée@“ mﬂy ;

i ndependently NARjs N).y ahll Y5 & rand%Rﬂlre Inde énd%ntI)ONERPf021 Z2,
Z4, 75, 76, Z7 isl? 1 ;Y%)on atom4to V\hl\(/:\ﬁ t he rema?nder of the

nmol ecul e is attScKeEH. (r 54?32) 28 GRyRg, t 5 1-3,0ne RS 23217.-4 , 24 Lo, 2515 g Caﬁorhre

I ndependent 'y Cg%m@whféh reﬁ{anNer o?(the NBecliBis éﬁ%cﬁé& C W, W are
i ndependent |y ., 0, or CR4AR 1-2; One_of 271, Z2,

Z4, 75, 5261327 Zs ig Qe Schlr aésoﬁa E‘Bd , @'@ﬁ@nqe@%f“rﬂ_ﬂ&&oﬁ e Zndleecul e
is attached. 22@%%33@1%%@ YD €2f(3 N, I3re cZw, & széfe lz&peﬁaelﬁnyN Ry,

i ndependent |y Y4 are G d W are
mdependently NOR S=(0): 6=X &), ot 03454,2)— Tot; CoRARZ:, 3:Z4lv-§9 Zeniothezy, za,

Z5, 26, Z7 is t ot
oo, Zb fris ?grb%ﬂrég&ﬂ é@&vﬂﬁh%ﬁé B B thel BERGAER aéﬁa‘ché@:rgv ecule is

i ndependent‘ll49 CR2is @15, ¥oN-Ry37Z2 ¥4 , ZBOZeaaflﬁ et arwm%ﬁmnwtur%, kdSfeRdent | y
N-R, S=(Or N th- 0’\2) V\hﬁfe@Rﬁ/'ﬁ ,Lare m&ep?end@?tﬁ/ lQ-fR1Zé Sé), % 049, 26,

Z7 is t e carbon at'ont r énmai nder he nolecule Is attached.
38 WD 03/ 093280 OPCRI43803=/ 1-346ne ofi 46 Z2.78: i %, &s, ZSS tlaﬁ cagoey atoppto whijch thes 76,

e arc independbi T R BBOCRGRERL O 5} “cune 1 1To o' of 1
72, 74, 75418, ers Os St preN-Far Bofe duo ot mr@hndqpéndq?réw&ﬁ%pdeméﬁ, Yishs
mol ecule is attg %dw5 4Zrei§03edeﬁd%?{>lﬁd RoroNsR( (Z%M) %mﬁ@v t =Rp. 26, Z7

are |ndependently and W2 are
i ndepet@lent |y NCRIe, of(Z1, Bz (Za) iZs(%s, Zris mezqarbm ammw@h they temaingies obthez1, 72,
Z4, 75, 76, Z7 'n‘?oléélﬁ’e g%ﬁtg%de_ttomto whi ch the renmi nder of the nol ecul e

i s attached. _ _
142. Z3is O, S, or N-Ry; Z5, Z4 , Zs, Zs, and Z; are independently CRy; Z; is N; Yy,

Y2, Ys Y, are C; Wy, W, are independently N-R,, O, S=(0), (r = 0-2), or
CR4R4; t = 1-2; One of Z; Z,, Z4, Zs, Zs, Z7 is the carbon atom to which the
20 remainder of the molecule is attached.
143. Z5is O, S, or N-Ry; Z4, Z4 , Z5, Zs, Z7 are independently CRy; Z; is CR; or N;
Y41, Yo, Y3, Y4 are C; Wy, W, are independently N-R;, O, S=(0); (r = 0-2), or
CR4R,; t = 1-2; One of Z, Zy, Z4, Zs, Zs, Z7 is the carbon atom to which the
remainder of the molecule is attached.
25 144. Z5is O, S, or N-R¢; Zy, Z4 , Zs, Zs, Z7 are independently CRy; Zzis N; Y, Y,
Ys, Y, are C; Wy and W, are independently N-R,, O, S=(0); (r = 0-2), or
CR4R4; t = 1-2; One of Zy, Zs, Zs, Zs, Z7 is the carbon atom to which the
remainder of the molecule is attached.
145. Z3is O, S, or N-Ry; Z4, Zo, Zs , Zs, Zs, Z7 are independently CRy; Y4, Y, Y3 Y,
30 are C; W; and W, are independently N-R;, O, S=(O), (r = 0-2), or CR4R,; t =
1-2: One of Zy, Zo, Z4, Zs, Zs, Z7 is the carbon atom to which the remainder of

the molecule is attached.
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148. Z3 is 0, S, or NR; Z2 is CR2; Z4 , Z5, Z6, and Z7 are independently
Nor CR2, 10 Z1 is N Y1, Y2, Y3, Y4 are C W and W2 are independently
N-RL, 0, 8o(dpe326¢ = 0-2), or CRAR4; t = 1-2; One of Z2, PEF/USEY13486, Z7 i S
the carbon atomto which the remainder of the nolecule is attached. 149.
Z31is 0, S, or NR; Z4 , Z5, Z6, and Z7 are independently N or CRZ; ZZ and
Z, are independently CR2 or N Yl Y2 Y3, Y4 are C W and W2 are

i ndependently N R1, or CRAR4; of 71, Z2,
Z4, 75, 26146§7 ZslSt%é,ccarPﬁr&)«. %a@m tzo %ah?tﬁfec 'ﬁ%eﬁeéﬂﬁPWd%JrOréR%O% 5n‘\g\:{ecul eis

attached. 150. i : éfendeffly NZR,, CZ7S = 0-
i ndependent |y NgrglFj Sl %ZYI\IHR;C %iWQYGF@md f}(?4 arﬁé k i(o% (r

i ndependent |y I\P)RPR;B;, ts=(-2) Pne PfZ1 B, ZSsZ@ g e catrban ﬂtoﬁl tod’ﬂédbtlheﬂ Z4
, 25, Z6, and Z&ménaéﬂ%f%rrﬁaec@é%ﬁa‘éhw' ch the remainder of the nolecule

is attached. 151. s O, Z4 , 75, 76, and Z7 are |ndeFE)endentIy N
or CR2;5 Z114Md Zels:;@es qrrﬁ\HBpeZ”xd%ﬁﬁzyzﬁFé‘ ZyZ aﬁ@z'ndﬁ?@end?n NPT &R, 8nd W
are i ndependent N? © W, (dnd G afa indEperfdRAIRAN-R,, ©,18=40) pe of Z1,
z2, 74 , Z5, 26{3]ié fhe é 1ca\r:‘/g2 atomﬂtso ﬁ% the . reér%al)r?;er of

the ol ecul e | 50~3ﬂ,t @l’cﬁBcRm 1521-270nez0f Zig o, 24 Zs, 25 L7178 th%ﬁarbzv afem to

i ndependent |y aN\d yg,fthggn ,ggu,@;ﬁt@ch d4, W2 are independently
N-R1, O, S(O)%IChYAe'I% 5 : e of Zl, z2, 73, 74 , Z5,

76, 77 is 14f cés s asm- Ro Zam @Rzlt Ke Zer’?&u W@? ase independrntis NPCRs

attac . 30 15 N; g% Wiand %ind et onge ngent |y
CR2: is N Y%IS@\‘”Y% Y3 4ar arb grenlen%g &Iﬂ'\‘? g

S=(Or (r = 0-2¥0-d O@M, { 't' 1——7 qnezofz'mémﬁs, Zp Z7 B3 ezgrbon%omj@whé:ﬁd Z7 is

the carbon ato ridRiddeka®led he mol ecule is attached. 39 WO
031 063280 Per USAP TG Siis BRI Rtagled 70 e | e P are

i ndependent4d CRols X4S,i o NWRiYds, , Z62 Zo, vRd dreareindppengdantivl i Ry fd@herdent | y
N-RL, 0, S=(O)r,ff ifye e@entl% ot NT ¥, 2,008 Y9farglC 331’1 4dd KD, aré6, and

Z7 is the carbon ato he réemal nder of the nolecule |s attached
5 155.1523 i s N, ingepergignty7¥-Ry, 25 S=1@): (ah&- %70a984ﬁ4naeﬁe%éé"r*ﬂ PRLcR2;Ze¥4 is N

é::LMRZ,Z tYi 1ar2ezs, 'z, (VBB HRASRANES WHich BreRremdinde?=6fQhe folesul-R) . or

attached.
150. Zsis O, S, N-Rq; Zy is CRy; Z4, Zs, Zs, Z7 are independently N or CRy; Z; is
N; Y4, Ya, Y3 Y4 are C; Wy, W, are independently N-R,, O, S=(0); (r = 0-2),
20 CR4R,; t = 1-2; One of Z4, Z4, Zs, Zs, and Z; is the carbon atom to which the
remainder of the molecule is attached.
151. Z3is O, S, N-R;Zs , Zs, Zs, and Z7 are independently N or CRy; Z; and Z; are
independently CRy; Y3, Y, Y3 Y, are C; W, and W, are independently N-R;,
0, S=(0O); (r = 0-2), or CR4R4; t = 1-2; One of Z;, Z», Z4 , Zs, Zs, and Z; is the
25 carbon atom to which the remainder of the molecule is attached.
152.  Z4, Za, Zs, Z4 , Zs, Zs, and Z are independently CR; Ysis N; Y3, Yy, Yj are C;
W,, W, are independently N-Ry, O, S=(O), (r = 0-2), or CR4R4; t = 1-2; One
of Z4, Zo, Zs, Z4s , Zs, Zs, Z7 is the carbon atom to which the remainder of the
molecule is attached.
30 153. Zyis N; Zy Zs, Zs , Zs, Zs, and Z; are independently CR;; Y4 is N; Yy, Yz, Ys3
are C: W, and W, are independently N-R;, O, S=(0), (r = 0-2), or CR4R4; t =
1-2; One of Z,, Zs, Z4 , Zs, Zs, and Z; is the carbon atom to which the

remainder of the molecule is attached.
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One of 71, 72, 74 , 7Z5, 76, and Z7 is the carbon atomto which the

remai nder of the nolecule is attached. 156. Z, and Z2 are N, Z3, Z4 , Z5,
Z6, Z7 arwoiopgependently CR2; Y4 is N, Y1, Y2, Y3 10 ar ePCI/UAD3/13A81 ar e

i ndependently NR, 0, S=(Or (r = 0-2), CRAR4; t = 1-2; One of Z3, Z4 ,
Z5, 76, Z7 is the carbon atomto which the remai nder of the nplecule is
attached. 157. Z1, Z3 are N Z2, Z4 , Z5, Z6, Z7 are independently CR2; Y4

is N Yl, Y2, Y3 are _C W2_ar e |ndependentl N-R,, (O)r (r. =
0-2), CR4RAB4: Z B M Z1OZe 243 Fsofls, Z1arezpdepggde WéfRzzéﬁsz‘é YZ? 3 $3 @ffeCar bon

atomto which t TR Lrc W &(©), at £ achedr,A58= 12,02, Z3
are N, Z4 , Z5, W%Gé Z7 J;?gé:nﬁg%%rgbﬁggﬂﬂl 1CCFQZ (\)@{ q’ 4F34Y2 Y3 are C

WL, W2 are i ndepéhdedsis & s, ang Zras I’@cparpqan atom gwhlghglmrenfamdeioith%e of
Z4 , 75, 76, Z7 jdediifisGRoDy atomto which the remal nder of the nol ecul e
is 20 attached. 159. Z1, 72, Z3 are independently Z5, 76, Z7 are
i ndeper@entlp§. NZs GRY; Z¥ &>, Ls. Ry 2%, andyg; a'?B”%R@“@ntWCRWY‘td?@ |ﬁﬁé(peﬁﬁent |y

N-RL, 0, S=(OT od cmnh-R), 2reGh GRS haEntly N-RS; ocﬁegoafﬂljoz ?r CROR ;%4 1-2Z5, Z6,

Z7 is the carbon atomto the remai nder o e nmol'ecul e i's attached.
25 160. Z, is NOBXfZ134s &4i Kde?peamblvtl$#1mb0rzat0"z@ whyigh thezregyainder of

i ndependent |y N; ecﬁ%le ulg‘i"s L®adNeqYl, Y2, Y3 are C W, W are independently
N-R,,OS(O)? 8 CRAR4; t = 1-2; One of 72, Z3, Z4 Z5, 76, Z7
is the carB66. atZ@@nd@zwrﬁ Nh Z:hés , £=daiFrdes Ingepenpenty CReuY eisiN Xtrt zched.

161. Zgyis N Zjar%égv@%, %‘ %‘F‘@ﬂﬁz‘éﬂl@ﬁﬁérﬁﬂyﬂ?&q, é4s (%‘»3, (rZ50- 2§7CRJ;F@4, = 1-2
i ndependent ly N WL,
i ndependent | y NQRe, 0f0 Zo,S2( CFs Z(arZﬁSGhQ)SarbOCMWH tOtWhiC'lthE rem@@d@f otihe Z3, Z4

., Z5, 76, Z7 is BordPem to which the renninder of the noblecule is
attached. 40 V\D%@%ﬁ@%%@ PCT/ US03/ 13451 162. Z3 is N Z1, Z2 are

i ndependenti6Y. CZ; Zzate N; Z5, Zz67s, Z5, Zarase insigeprdetdnQRz: K isdiR Y1V Ysale Y1,
Y2, Y3 are C l%gé‘.m | N- =( 0 , 4R4; t
= 1-2; One of \ZA? Vg\z %ré'}%‘geﬁsz g?’\xf{é’@% @g?fon@g odr§4th't |~I(2:2 Or?f?e
remai nd&r of t hef Folcs i, Lsale deifclhe @rhraton to whichthe 1gmajnsiesof the .

i ndependent |y CR2.. 4t is afiBchedl: Z7 are i ndependent ly N,
158. Z4, Zo, Zz are N; Z, , Zs, Zs Z7 are independently CRy; Y4is N; Yy, Y, Y are
C: W,, W, are independently N-R,, O, S=(O); (r = 0-2), CR4R4; t = 1-2; One
of Z4 , Zs, Zs, Z7 is the carbon atom to which the remainder of the molecule is
20 attached.
159. Z4, Z,, Z3 are independently CRy; Z, , Zs, Ze, Z; are independently N, CRy; Y,
is N; Y4, Yo, Yz are C; Wy, W, are independently N-R;, O, S=(0); (r = 0-2),
CR4R4; t = 1-2; One of Zy, Zy, Zs, Z4 , Zs, Zs, Z7 is the carbon atom to which
the remainder of the molecule is attached.
25 160. Z,is N; Z,, Zsare independently CRy; Z, , Zs, Zg, Z7 are independently N, CRy;
Ysis N; Yy, Yo, Ysare C; Wy, W, are independently N-R4, O, S=(0), (r = 0-2),
CR4Rs; t = 1-2; One of Z,, Zs, Z, , Zs, Zs, Z7 is the carbon atom to which the
remainder of the molecule is attached.
161. Z,is N; Z4, Z3 are independently CRy; Z4 , Zs, Zs, Z7 are independently N, CR;
30 Ysis N; Yy, Y, Y are C; Wy, W, are independently N-R4, O, S=(0); (r = 0-2),
CR4R4 t = 1-2; One of Z,, Zs, Zs , Zs, Zs, Z7 is the carbon atom to which the

remainder of the molecule is attached.
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CR2; YA is N Y,, Y2, Y3 are C W, W are independently NR,, 0, S=(Or (r
= 0-2), CRAR4; t = 1-2; One of Z3, Z4 , Z5, Z6, Z7 is the carbon atomto
whi ch t heworogiegi2eder of the nolecule is attached. 164. Z1PpCTAISas/e34Bk Z2 are
i ndependently CR2; z4 , Z5, Z6, Z7 are independently N, 10 CR2; Y4 is N,
Yl, Y2, Y3 are C; W, W2 are independently NR, 0, S=(Or (r = 0-2),
CR4R4; t = 1-2; One of Zz1, 72, Z3, 7Z4 , 75, Zr,, Z7isthe carbon atomto

whi ch the renmi nder of the m)l ecule is attached. 165, ég’r@re N; Z4
., 75, 76, 282ar &sihbegendents fpdapendrotly iRy oLaN; Loy Zs, %vzafe epgp y

are i ndependent by Ny e, Ov, 500dre 0 v, O 2o R RAGeAIAR 20, DIV Of "2
bon a

, Z5, Z6, Z7 is t ecar ‘omto ch the remni nder of nol ecule is

attached. The pPel)eERed: &mbodi Q%Pézofzza‘@( s &s. gglsghgp@rbop@éomp whichy, s,

NR; Z2, Z3, Z ﬁ&;lyN CR2 Yl Y2, Y3, Y4 20
are C \/\1 W aﬁqeelnél%%rggﬁf%aeémsg&g% =(Or (r CR4R4 t 0- 2;

ne of &2, 183, Z4, Z.78e |\2623 2E ungew’@’eeaif@& ofst %, %mrénnqew@n#%mﬁbf Mder of
the nolecule '%@3?31\(2\?%1/67\' e C: WQWgSaré\ihg‘)epenégmtI)ZﬁwRZé; szg))r & Z7

are CH2; Y, , are i ndependently =(Or (r
= 0-2), CR4R4: 0-2, ORRs ORd-3fOmof Zs 2,745 ZBrigthe z%"borzat%fw*ac'&meoon

atomto which t : i le is attached. 168. Z, is 0, S,

NR: 22 is N 2%“5'%@‘%?%?@ecggq%rggé‘?%gependent| N, CR2: Y1, Y2, Y3, Y4
are C. W, 19 aZe Znalep¥ndeare ipdepardently CBz(8) r Z¢, iZsZ(arg)indepradantiytN= 0. 2;
One of ,¢3, 74, g%,‘?qsé@?\i Y. t\;earg@f W':‘V\‘?t QF@ lh@eﬁ’@ﬂﬁﬁﬁ‘%ﬁ @”ﬁh(&eg =of the

30 nDIecuIe IS ar eN Z6, Z7
are i ndependent I0y2)NCRgR2 t ‘Y,1-,2 Une ofva, ZYAZ:aIZe & B4 Zr Wthér‘?@rl?%@tﬁgh@ent ly

NR, 0 SO r%fch}l}gré%alﬂé\e@dﬁhe fnoflecuréds %&%&093280 PCT/ US03/13451  0-2;

One of 74, 75, e carbon atomto which the remai nder of the

mol ecul e i 965t t dehedZs aRON; Z, . Zs X, ZSareNpdepengently A, CB2 Y25 N; 261, Yz7¥ar e

i ndependent |y N, il rNaR OV§= af g e n@lgn{_t N-R,,
or ROy Y = R et e mBRpendentdNERE OB OfF R 6. NN gant by N

i s thelGarbon atn® ofoZwhizsh Zehd: iscthgi @ﬁib@n @#Om to which the rema'“de'” Of the

molecule is attached.

The preferred embodiments of formula 8-B are:
166. Z4is O, S, N-Ry; Zs, Zs, Z4, Zs, Zs, Z7 are independently N, CRy; Y4, Y2, Y3, Y,
20 are C; W4, W, are independently N-R;, O, S=(0O); (r = 0-2), CR4R4; t = 0-2;
One of Z,, Zs, Zs, Zs, Ze, Z7 is the carbon atom to which the remainder of the
molecule is attached.
167. Z;is O, S, N-Ry; Zy, Z3, Z4, Zs, Zs, Z7 are CHy; Y4, Yz, Y3, Ysare C; Wy, W,
are independently N-R,, O, S=(O); (r = 0-2), CR4R4; t = 0-2; One of Z,, Zs, Z,,
25 Zs, Zs, Z7 is the carbon atom to which the remainder of the molecule is
attached.
168. Z,is O, S, N-Ry; Zy is N; Zs, Z4, Zs, Zs, Z7 are independently N, CRy; Y1, Ya,
Y, Ysare C; Wy, W, are independently N-R,, O, $=(0O); (r = 0-2), CR4R4; t =
0-2; One of Zs, Zs, Zs, Zs, Z7 is the carbon atom to which the remainder of the
30 V molecule is attached.
169. Z,is O, S, N-Ry; Zy, Zz areN; Zi, Zs, Zs, Z; are independently N, CRa; Yy, Yy,
Ys, Ysare C; W,, W, are independently N-R,, O, $=(0); (r = 0-2), CR4R4; t =
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the nmolecule is attached. 171. Z2 is 0, S, NR ; Z1, Z3, Z4, 7Z5, 76, Z7 are
i ndependently N, CR2; Y,, Y2, Y3, Y4 are C W, W are independently NR,,
0, S=(O rwQr3m2s®), CR4R4; t = 0-2; One of Z1, Z3, Z4, PBEI/UR63/13F1is the
carbon atomto which the remainder of the 10 nplecule is attached. 172. Z2
is O S NR; Z1, Z3, Z4, 7Z5, 76, Z7 are independently CR2; Y1, Y2, Y3, Y4
are C, W, W are independently NNR, 0, S=(O. (r 0-2), CRAR4; t = 0-2;
One of 71, Z3, Z4, 75, Z6, Z7 is the carbon atomtaq V\/rHchthere i nder of
the rmolecul e i 9-AtQRnaRbds €5 Ly Isphejcarpn %ommﬁvh'cfz § @painger ok thezy- 74
Z5, 76, Z7 are |nm@dg@gl embkyed\ CR2 Yl Y2, Y3, Y4 are C; W, V\2 are
mdependentlg N R, %O% é CR4R4 t = 0-2; \F 3, Z4,

75, 76, z7 W tIZe'Sc@rﬁoN m 3OZWI%5C%3 Znare ipderandgatly ¥ CRee eule is

attached. 174. S ,—Zfz eRr re
i ndependent |y N%?GCEQV@YV@ d}b%deggnderilil\ﬁl??'\b @WZET ) |?1%e n%lgntly

N-R, 05 S=(O)r Qne of ZisN; chﬁmiézs Zs, Zeis the parkgqeatgm t24Nh'<Zst eZgmaingler f t he
carbon atomto \ffiﬂéﬁt}lefcﬂl‘é ,gg{i@éﬁéger of the nolecule is attached 175. Z3 is
0, S, NR; 71, Z2, 6, Z7 are independently N Y2, Y3, Y4
are C W, Wit ae s Qdé‘p@ﬂeﬁn 145, Kb s, ZQZr '@?Pe("&dem')oNQ?Rz’Cﬁ@‘\mYat £ 0-2;

25 One of 71, Z t=00Whi GR,R, he=repai nder
of the nolecul éﬂ? §42‘,¥1t acfé% Inégpérﬁzeghfs {@rsﬁb%% m 4Z4 Z5, 76, Z7

ar e i ndependent IGneGHRZ1, ¥4 ZsY2s, ZY327 "Mh%?%fbo'tafomto W'CBFR‘? r%rpf&wémq y
MR, Qg SO ldedtidshac t = 0-2; One of Z1, 72, z4, 75, 76, Z7

is the carbon atomto ch t e r enai nder of the 30 mol ecul e i s_attached.
177. z3 is 182 SZZNQS IX-Ru ENZs 72 Es Zerpr argAndepsndergly GRe: Xne¥zi Ydpaffdent | y

N CrR2; Y,, r B = r (r
0-2). 42 WD &3@@%%’%@?%50 \:ﬁga S, $I@§R? cbe@)t b““ e b > %5%6@1 (25
26 Z7 is the c&nbdn &t ofn tZe, Ehiigtihe r?@rb%ﬁ@ﬂh@%rwwh lﬂlﬁa r?ﬁi?'@@‘iﬂ af the

attached. 178. 73 Dis it K. Z1, Z2 isN, Z4, Z5, Z6, Z7 are
I
i ndependently N, &é“ \(1 a\c{li% Y3 Y4 are C_ WL, W2 are independently N-R/,

0, S=(®pr (3= (Zgzg O @QM; 11 isN; 23 is CRy; Za, Z5, Zs, Z are independently N, CR,;
Y1, Yz, Ya, Y4 are C; Wy, W, are independently N-R;, O, S=(O); (r = 0-2),
CR4R4; t = 0-2; One of Zs, Z4, Zs, Zs, Z7 is the carbon atom to which the
remainder of the molecule is attached.
174. Z,is O, S, N-Ry; Z;, Z5 areN; Z,, Zs, Zs, Z; are independently N, CRy; Y4, Y,
20 Ys, Ysare C; Wy, W, are independently N-R4, O, S=(0), (r = 0-2), CR4R4; t =
0-2; One of Z4, Zs, Zs, Z7 is the carbon atom to which the remainder of the
molecule is attached.
175. Z,is O, S, N-Ry; Z4, Zs, Z4, Zs, Zs, Z7 are independently N, CRy; Y4, Y2 Y3, Yy
are C; W, W, are independently N-R;, O, S=(O); (r = 0-2), CR4R4; t = 0-2;
25 One of Z4, Z, Z4, Zs, Zs, Z7 is the carbon atom to which the remainder of the
molecule is attached.
176. Zsis O, S, N-Ry; Z4, Z5, Zs, Zs, Zs, Z7 are independently CRy; Y4, Ya, Y3, Yiare
C: W4, W, are independently N-R;, O, S=(O); (r = 0-2), CR4Ry; t = 0-2; One of
Z1, Za, Za, Zs, Zs, Z; is the carbon atom to which the remainder of the
30 molecule is attached.
177. Zsis O, S, N-Ry; Z; isN; Z, is CRy; Z4, Zs, Zs, Z7 are independently N, CRy;
Y:, Yo Y, Ysare C; Wy, W, are independently N-R;, O, S=(0), (r = 0-2),
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5 0-2; One of z4, Z5, Z6, Z7 is the carbon atomto which the remi nder of
the nolecule is attached. 179. Z1, Z2, Z3, Z4, Z5, Z6, Z7 are

i ndependewOlog/o9828€CR2; Y, isN, Y2, Y3, Y4 are C, W, W areTiusd#pandent |y
NR, 0, S=5(Or (r =0-2), CRAR4; t = 0-2; One of Zz1, Zz2, Z3, Zz4, Z5, Zr,,
Z7 is the carbon atomto which the remainder of the 10 nolecule is
attached. 180. Z, is N ZZ Z3 are independently CR2; Z4 Z5, Z6, Z7 are

i ndependently N, CR2; Y, isN Y2_ Y3, Y4 are C._ W, are |nd]2 e ently
NR, 0, S=(Or GuRs 0=52 OoraaZatZeZo-2e Zorie tof Cz@c’nz’@omzt& %“ ,

is the carbon aygﬂéﬁgeMguggnbngubnggﬁbaggr of the nolecule is attached. 15

181. Z1, Z2 are N, CR2; Z6,_Z7 are |ndependentl N?( CR2; Y1
is N Y2, 1Y8, Zal%peScN Ry:, Z1V\§2éﬁ"b iﬂ&@p%ﬁngeﬁﬁy‘ RPgidengly Ns% 0¥z =
0-2), CRAR4; t @W1,Qf\l %?e mééper%@ntlyzﬁl R1Zb'§=(b|j}e(r &QT-%’)O@I@RQWHO
whi ch t he remai naer F nol ecul e 1s attach are N

z4, 75,526, 77 &% @mﬁjebe&;déntZsyZle throarben ?@WNO Wch the remﬁmdm ohithe C
W2 are independenfid NidNsRitaced. S=(Or (r = 0-2), CR4R4; t = 0-2; One of Z4
Z5, 726, Z7 is the car%t)n gtcomto whi ch the remai nder of the mol ecul e is

attached. 188. Z2 Zs 2 ZzZs Z3 Zarase insgepedniiit.\CRRX 1 ik Yzd/s, Yearez8: ar e

i ndependently N 3, arso C af e g.andepepdent |y
NR 0 SO ’\/Yr,wzare‘gmség%ﬂﬂen’xm%%, O\§1=c§®%e(r W %4 e e
Z7 is_the car bod:aZordt i &b Zt isethecsrabortatonpfto M@hniﬁ‘?er@maé‘dﬁé oftherched.
184 Z Z3 are Z4 Z5, 76, Z7 are independently N, CR2; Y1
IS % Q%’Ie&ﬂe f(s:%t are independently NR, 0, S= & Erﬁﬁ

0- 2) CR4R41'801 Z4 IONDZ2, @n ereomdmendzntly CB;; Z267Z5, 27, 4776 Hislepapdsrswy 2t 0

uhi ch the remai gaRiyof, ey, 38 COhROM. Srd RugbdraehnfinA88, SZiolgr o3, 22

are independentl I ndependent |

Y2, 3, Y4 are CRAL!¥D-HGS Wd@peZud@ntZsyZNZR'S the, Casbqro)afonﬁowhlclwe\/\o
03/ 093280 PCT/ U?Qﬁélﬁééﬁ&tc\%n@ecu%%acﬁe = 0-2: ne of Z1, 72, zZ4, 75, Z6,
omto

Z7 is the carbon a he renai nder of the nol ecule is attached.
186. 715 72481737172, a2N; 2265 @RziafeZi Hdepedi@antegendentyrdl; CRa Yo\ Yoo v3,

Y, are G Ys, Y, are C; Wy, W, are independently N-R;, O, S=(O), (r = 0-2), CR4Ry; t =
0-2; One of Zs, Z4, Zs, Zs, Z7 is the carbon atom to which the remainder of the

molecule is attached.
182. Z4, Zy, Zs are N; Z,, Zs, Zs, Z; are independently N, CRy; Y;is N; Yz, Y3, Yy
20 are C; W,, W, are independently N-R4, O, S=(O), (r = 0-2), CR4R4; t = 0-2;
One of Zs, Zs, Zs, Z7 is the carbon atom to which the remainder of the
molecule is attached.
183. Z,is N; Z;, Zs are independently CRy; Z4, Zs, Zs, Z; are independently N,
CR.; Yqis N: Y, Y, Y4 are C; Wy, W, are independently N-R¢, O, S=(0), (r =
25 0-2), CR4R4; t = 0-2; One of Z4, Zs, Z4, Zs, Zs, Z7 is the carbon atom to which
the remainder of the molecule is attached.
184. Z, Zsz are N; Zyis CRy; Zs4, Zs, Zs, Z7 are independently N, CRz; Y1is N; Ys,
Ys, Y4 are C; Wy, W, are independently N-Ry, O, S=(0); (r = 0-2), CR4R4; t =
0-2; One of Z,, Zs, Zs, Zs, Z7 is the carbon atom to which the remainder of the
30 molecule is attached.
185. Zsis N; Z;, Z, are independently CRy; Zs, Zs, Zs, Z7 are independently N,
CR2; Y1is N; Yy, Ys, Y, are C; Wy, W, are independently N-Ry, O, §=(0), (r =

43



W, W2 are independently NR,, 0, S=(Or (r = 0-2), CRAR4; t = 0-2; One of
52, Z2, 7Z3, 74, 75, 7Z6, Z7 is the carbon atomto which the renmai nder of
the nol ewolog/opRs@tt ached. 187. Z, is N, Z2, Z3 are indepectdrsvd/y348R2; Z4,
Z5, Z6, Z7 are independently N, CR2; Y4 is N Y2, Y3, Y, are C W, W are
i ndependently NR, 0, S=(Or (r = 0-2), CRAR4; t = 0-2; One of Z2, Z3,
Z4, 75, 7Z6, Z7 is the carbon atomto which 10 the remai nder of the

nol ecul e is attached. 188. Z1, 72 are N, _Z3 i . Z4, 75, 76,

i ndependent | y NO-BRER«Ru tF0-R; ORe of Zyals, Fur Zgy Zﬁ’gzwe GRpoal} o Wﬁ&é’ﬂéﬂﬂent ly

NR, 0, S=(Or t{d remdhder of HRARleclle & atiicBed.One of Z3, 74, 75, 76, Z7 is
t he car bon atomto which the renmai nder of the nonlecule . is S}th\?ched 15

189. 71, 7386.73Zar%e, Ko 214 Zs. 78, Z7@'e pdepgndeniiy By &fte e ISyNNY2 92 Cs N

Y2, Y3, Y1 are dentdy ol (R= 0-9), GRRD r=0r2; 0/ 3 ,
CR4R4 t = 0-2; V@ Vggare%daﬁ&deﬂ%eﬂﬂ i's =}t)(hgl-(car bo)n a 4?rato whi ch t he

remai nd®r of t hén fmlZec eza, Featt fcihearagpatop tq whigh the repaingep of the
i ndependent |y Cﬁ%lec%ﬁ’e isaack&y. Z7 are independently N, 20 CR2; Y4 is N
Y2, Y3, Y, are GG W, W are independent|

CRAR4: t =1B7.2: Zgige W 22123 arg, Inzapen%nt'yz&z:z??m iZs, ?hezm%fPUB‘#P&’éﬂeﬁﬁ‘t{Yon ch

o d i CR2;
Z4e rzgmalzg erZ7og;rRIe ?n nLery e'\(?] ‘hsar@td %Wg{ar@ﬂdep@%de&%m o sZ(o);g -

are i ndependent D2)NCR:R 6 = 032(@)‘¢ Of Zo=L) Z28)Zs, ZRZZRAS the carb%atemzto oy of Z1,

Z4, 754026, Z7 ;ﬁe Feﬂ?anﬁ"d?errla@fhe%&@bdl@lsvma‘éhe& he I’EITB.I nder of the nolecule
is attached. 19 Z3 1s N Z1, Z2 are independen Z4, 75, Z6, Z7 are

i ndependent!B§. NZi, Zrare NaZs is (GRaY2y, 2y e, %7 A @d@per\ﬂznﬂw GRe Yariadbhdent I y
NR, 0, S=(Or (ry; are%&)\h, W%md&peno@h@y NQQ? @fsﬁé)r (122 0- #CR%R\. t4b, Z7

is the carbon atdmto he_remai nder | ecul’e is attached.
The preferred eftAdnreat sze)fz4f 5& rﬁgl & 19 the gagoon %qmmwmﬂﬂszs@amder of

PCT/ US03/ 13451 93 Qitache N—R,, Z2, Z3 are independently CR2; Y1, Y4
t letules Hitached! p y
are C, Y2, Y3 are |ﬁ§§uensdent CH (i n between a doubl e bond mght be

presenty; W89. Ve, ZME; arm N:vigs, %ﬁ&zﬁl Auefeeindepsndgniy N, CRy, Ysis(N¥y) Yz (e ¥ 0-2) |
CRAR4; t = 0-2; 54 c: W,, W, are independently N-R;, O, S=(O), (r = 0-2), CRsR,; t = 0-2;

One of Z4, Zs, Zs, Z7 is the carbon atom to which the remainder of the
molecule is attached.
190. Z,is N: Z,, Z; are independently CRy; Zs, Zs, Zs, Z; are independently N,
20 CR,; Ysis N: Y,, Ys, Yy are C; W,, W, are independently N-R;, O, S=(0); (r =
0-2), CRsRy; t = 0-2; One of 24, Zs, Z4, Zs, Zs, Z7 is the carbon atom to which
the remainder of the molecule is attached.
191. Z, Zs are N; Z, is CRy; Z4, Zs, Zs, Z7 are independently N, CRy; Y, is N; Yy,
Ys, Y4 are C; W4, W, are independently N-R;, O, S=(O); (r = 0-2), CR4R4; t =
25 0-2; One of Z,, Zs4, Zs, Zs, Z7 is the carbon atom to which the remainder of the
molecule is attached.
192. Zsis N; Z4, Z, are independently CRy; Zs, Zs, Zs, Z; are independently N,
CR2; Ysis N; Y, Y3, Y are C; W4, W, are independently N-R,, O, S=(0), (r =
0-2), CR4Ry; t = 0-2; One of Zy, Zo, Zs, Zs, Zs, Z7 is the carbon atom to which

30 the remainder of the molecule is attached.

The preferred embodiments of formula 9-A are:
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= 1-3; One of Z2, Z3 is the carbon atomto which the remai nder of the 5
mol ecule is attached. 194. Z,is 0, S, NR: Z2is N Z3 is CR2; Y1, Y4 are
C Y2, Y3wearog/opneependently C, CH N (in between a doubl @Charsd3/md4ght be
present); W, W, W, W, Wb are independently NR, 0, S=(Or (r = 0-2),
CRAR4; t = 0-2; u=1-3; Z3 is the carbon atomto which the remai nder of
the nolecule is attached. 10 195. Z,is 0 S N-R,, Z31is NZ2 is CR2; Y1,

Y4 are C, Y2, Y3 are mdeBendentIy C, in between a d bId; bond
m ght be piekengys S, WeRivé:, Maremd%q@dep%g&ng{e,nﬁ PR YLOr (r
= 0-2), CRAR4; tndepéhd’enﬂy N &-8H (%Zbémeérhe d&ib'lé)ﬁﬂncﬁhﬁg'ﬁttbe m/@sah TUVe,

remai nder of the nolecule i's attached. Z2 1S Z1. 73 are
i ndependent |y CR®; V\M1W4YW56ﬁ*@'r@epWen%Na'?‘eo f‘s(@hélrebgr?de%ﬁﬁ G O&u N (in

bet ween a doubl e ﬁ@n%r@ ght Z?ezy,pfset‘ﬁ@rﬁa}boﬁ/\étom% whigh théA renVin@éreof the
i ndependently NNR , O, , CRAR4; t 0-2; u = 1-3; One of

72, Z3 %s the cmmw'&d'é@#ﬁ@hﬁdlml ch the r emai nder of the nolecule is
attached. 19y. %33 ? D N- ﬁ&Hi\HBNf i iR Ny, 28, ér§ (ﬁ%; Y3Yé¥e indepahgerttly 02, Y3

are i ndependent (in between a doub bond m ght be present)
W, Ve, W8, W, f\h@rebewée@edm@mwdrmlaht bet)Prese'ctb)Wqu,W@V!z) Wertgra; t =

02 u-13Z 0 t C e er1.aof | ecul e
is attached 19§db§%ﬁmﬂ%q@h g wzg&w) @Rt‘th? trCRZrng{m 1Yg g% ke!,(:\tcr:ﬁoYZ Y3

ar e i ndependent Egrban atappito which Hﬂ%r@mmr af %M'@Clﬂ%ﬁoﬁ‘tﬁcbﬂ- be present);
%O V\B’lgéM ?@gﬁrse N-R? qug?sp?n%e@r\lz)/ﬂ\"ﬁ areQ} \@“‘f Ohre nﬁdfepen@erﬂ%/ ,C, CR4R4

t car bon at om he remai nder t'he
m)l ecul eis at t EEhek(n Q@WGEZQ doybly, bogd might be E’?Se'Zf? Wr.dVe Ve Yénd¥ntley CRo;

Y1, Y4 are C degead V= G2 CUR R tinoketneqrs: azgaipee bond
m ght be pr esenﬁdeef%/%(id?ernw/\é\| Ryad g @\/\{Sr are)l nd épendently NR', O, Se(O)r (r

= 0-2), CRARY4; t:arbooatzomtpwblcbtue@mmrefthzrnolzwlwqtt«’r’é ®hr bon atomto

whi ch th d t R, Z
|s|& 22e| i%ml % gd)\; NER“ , 20%L§|H0§P§?ﬁﬁlgg§e‘?12’§.ﬁ Za?e'@ O ﬁ;éja-

bet weefh a doubl mdbpemﬂem‘tlgrﬁ Cblé Nr(skstwpen wdoupe bepd nvvht bmoraﬁent)
03/ 093280 PCT/ 3(/\313?’6\51W'd?9%%89?d%w NRRO, SHOSH Obr2) (ERR,Or 2D-2; GRARS;
S Om uE s = 12 3; One of Z,, Z3 is the carbon atom to which the remainder of the
molecule is attached.
197. Z,is O, S, N-Rq; Z1is N; Zsis CRy; Y4, Ysare C; Y, Ys are independently C,
20 CH, N (in between a double bond might be present); W;, W, Wi, Wy, W5 are
independently N-R;, O, S=(O); (r = 0-2), CR4R4; t = 0-2; u = 1-3; Z; is the
carbon atom to which the remainder of the molecule is attached.
198. Z,is O, S, N-R;; Zzis N Z,is CRy; Y4, Ysare C; Y,, Y3 are independently C,
CH, N (in between a double bond might be present); Wy, Wy, W3, Wy, W5 are
25 independently N-R;, O, S=(0); (r = 0-2), CR4R4; t = 0-2; u = 1-3; Z; is the
carbon atom to which the remainder of the molecule is attached.
199. Z;is O, S, N-Ry; Z,, Z, are independently CRy; Y4, Y4 are C; Y,, Y3 are
independently C, CH, N (in between a double bond might be present); Wj,
W,, W3, W, Ws are independently N-Rq, O, S=(O);, (r = 0-2), CR4R4; t=0-2; u
30 = 1-3; One of Z,, Z, is the carbon atom to which the remainder of the
molecule is attached.
200. Z;is O, S, N-Rq;ZiisN; Z,is CRy; Y4, Ysare C; Y,, Y3 are independently C,
CH, N (in between a double bond might be present); W;, Wy, W;, Wy, Ws are
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carbon atomto which the remai nder of the nolecule is attached. 201. Z3 is
O S NR; Z is CH2, Z2is N Y,, Y4 are C, Y2, Y3 are independently C,

CH, N (i rwbesmerso a doubl e bond nmi ght be present); W, W2 PCWBISOMB45WE ar e
5 independently VR, 0, S=(Or (r =0-2), CR4R4; t =0-2; u=1-3; Z, is

the carbon atomto which the remainder of the nolecule is attached. 202.

Z,, Z2, Z3 are independently CR2; Yl is N Y4 is C Y2, Y3 are

|ndependently C., CH, N (in between a double bond m go_t ﬁ)resent) ,
Ve, VB, WA, Wb dndepencrilydhinfent §—K@R,(c =P-254F0R t 7 &2pu ) 1-3ckarsithg =
0-2; u = 1- 3 Ongrifh afom td Whieh th@?enhén&é?%f%ﬁh@l@c@b%ﬁ&hwl ch the

remai nder of the nolecule is attached. Z N Z2, Z3 are

i ndependen2Py. CiRz2;js 91Si N-R¢; Zvig GHy; Zz iy N; WBYa?"’@ Ctme{péf?d'@ﬁw%ndénﬂm N (in

bet ween a doubl ‘%)tpq\f‘gn %%n@d&fb?éﬁ&td)mlgmbe pVé%enM\Bw1, 2 Wb AL AN are
i ndependently NR,, Or 1.3

Z2, Z3 $s the cdtdﬁ@ﬁn@mtilmfﬂ-&, §ﬁ(@)ﬂéf T(er%)b %Rmdf tor'?e u ‘_"LS‘ %Ized%llﬂlﬁ | s
attached. 204. %&&oﬁ%ﬂérﬁ te\lwhﬁﬁ tl'téregfgmdeYJef 'ttﬁe rNoIeXﬂle |§at§cgé/3 Y3 are

i ndependently C t ween present);

W2, WB, WA209% &nele Zmr@p@mp@ndwlyr@ﬁz Y1(§5 NSXe@)G = xatﬁlgyep%ﬁ@m Ct =
0-2; u=1-3; Z%%g\l @?et\/\%ﬁbao&btﬁﬂé)%ﬁqqﬂmt BQpFé&%nf)e\m \W%QN& 4,t\NgaF3)| ecul e

is attached 20 Y3 are
i ndependent | y ClnoteﬂenqienﬂleTthe@mﬁe@)a(rdfo%D eC*B(ﬁzdt mQﬂttU bd-Praent 2. W,

V2, \AByq \M, ?Eezsa "f:‘ ﬁ%e@agg&-g%wcowﬁh th8 ’rerﬁai(n@nr of(the merc%De is GiRddkEd. T =

02 u:13 4 on atomt he renmai nder of the nol ecul e
i s attache@0320&: ig, NizZ;, Z3am @d&ﬁé@@ﬁfﬁ'&eﬁf{t yYCFQ NyaYi & @ Yo Ysa® Y2,

Y3 are i ndepend |
wpecort) 150 " ety G, W KRGS e (O SRSt W
CRaRa; 1 = 0.2; Vi, WALV, Warreatdependertiy N- Bs@gﬁ(% (62PFONCRIRT EH-2H ch t he

renmai nder of the | i S at
i ndependent |y CRZ% 3‘3&5 SF\I %? é%gﬁg CSI%%\ZKBatglpe{OSYnggég%ééﬁtaﬁgsrc?fP:Iq—? N (in

bet weefhSa doubl @lmmagﬂaph% present) WL, 30 W, WB, W}, Wb are
| ndependen QN%‘(Q)&R(M Q{] ) is @Rgz,ﬁ% afe mde%dthl)i'Clcl?'l N of

72, Z3 is ?he car’bo?t at’omto e renalf ecule is
attached. 46 V\Db@MmB%OOWIQMBMQﬁSQe present); Wi, W,, W;, W, W;s are

independently N-R,, O, S=(O); (r = 0-2), CR4Rs; t = 0-2; u = 1-3; Zs is the
carbon atom to which the remainder of the molecule is attached.

20 205. Z,,Zz;are N;Zyis CRy; Yqsis N; Y4is C; Yo, Y3 are independently C, CH, N
(in between a double bond might be present); W, W, W; W, Ws are
independently N-R;, O, S=(0); (r = 0-2), CR4R4; t = 0-2; u = 1-3; Z; is the
carbon atom to which the remainder of the molecule is attached. _

206. Z Z,, Z3 are independently CRy; Ysis N; Yy is C; Y», Y3 are independently C,

25 CH, N (in between a double bond might be present); Wy, Wa, W3, W4, W5 are
independently N-R;, O, S=(0); (r = 0-2), CR4R4; t = 0-2; u = 1-3; One of Z;,
Z., Z5 is the carbon atom to which the remainder of the molecule is attached.

207. Ziis N:; Z,, Zs; are independently CRy; Y, is N; Yy is C; Y3 Ys; are
independently C, CH. N (in between a double bond might be present); W,

30 W,, W3, Wy, W5 are independently N-R,, O, S=(0O), (r = 0-2), CR4R4; t =0-2; u

= 1-3; One of Z,, Z3; is the carbon atom to which the remainder of the

molecule is attached.
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208. Z1, Z2 are N, Z3 is CR2; Y4 is N, Y, is C Y2, Y3 are independently C,
CH, N (in between a double bond m ght be present); W, W, W3, W, W are

i ndependewOlog/ops2B), 0, S=(Or (r = 0-2), CRAR4; t = 0-2; ®RCEHOB134ZB is the
carbon atomto which the renmai nder of the nolecule is attached. 5 209. Z1,
Z3 are N, Z2 is CR2; Y4 is N Y, is C Y2, Y3 are independently C, CH N
(in between a doubl e bond m ght be present); W, W2, V\B, Wi, Wb are

i ndependently NR, 0, S=(Or 0-2), CRAR4; t = u=1-3; Z2 is the
carbon at 026&.0 &hi &hareHd Zsded :dé(m infNit Yoeis (651 Yec s are 'Qd%eL'“é@'PFé’dC €Y, Fhe

preferred embodgaphined o 8BM BolyShight Bo resdi: O, WG, WE2W et ©

i ndependent |y are | ndependent
bet ween a doubl @dbwwlgNRb@ pPEEDNEr)= OxR, CRy2y; te0- 2V\A! \7\53 afeis the

| ndependent | y Néﬁgon Gtonvid dlith erﬁn%!]r@er ogﬁé%oleéule‘lsoa'tt%chéh = 1-3; One of

Z2, Z3 is the carbon atomto e renai nder of the 15 molecule is
attachéd. 200. 2, Zsae N;¥s IN-(FRz, Y228|M Y is 23 stYmmdﬁpenﬁQntyr@ e, M3, v4

are independentl %'tweeq_'a %i) %V}ﬁﬁﬁﬁ ged&gpé@ b@,n Wn 0\}@5 Legent);

W, W2, W3, W, are CRAR4; t =
0-2; u = 1-3; Z@de}sendwtly cNaledh %(@h fro= Qkﬁ)cﬁRhﬁﬁetr—eﬂﬁs Hdv‘eﬂ %f ¢ Ietheol ecul e

5 2t Lached. 2088y oo tiyflen B Mfliocf3 8 e %baﬁﬁ%h%m "be pr esent):
V\l V\2 WB, Wi, Wb are independently N—R,_, 0, S (Or (r =0-2), CRAR4; t =
0.2, g, 7% e Mo R R4 U0 Dt remminder of he ol ecul e
are C, Y3,27%0} aZeis 25 $,nNehpddens bye (ndeﬁbhdemtl(/@Rd:)e\ﬁvvé(erar@ C‘donbI\ét &end
21 8ht2) PeC%LeRZ;enﬁ")dép%qdfnﬂ% %%%&é{%e% EZ&J@%DB&%GH@ carbo ar?%i \ﬁ—gonrn E:L
t he remai nder oW.f W, VVIDV\Q@[& indegerelenty Nefgh, R B4(OR 7 + 8-20, C&RA\FRO*Z B is N
2 doubl o bond’ i ghe: DESsPecnid; SVGS '{%8&‘?\@*’0%& en, 18 reendr g veer
NR, 1B S=(O) rmpflecalels 2)tach@R4R4 t = u=1-3; Z3is the carbon atom
Lo which the resmindes k.18 P £SIGRL 5, 6T, 472N
CH, N (in between a double bond might be present); Wy, W,, W3, Wy, W5 are
independently N-R;, O, S=(O); (r = 0-2), CR4R4; t = 0-2; u = 1-3; Z; is the
carbon atom to which the remainder of the molecule is attached.
20 212. Z,is O, S, N-Ry; Zzis N Zyis CRy; Yy, Yo are C; Y3, Y4 are independently C,
CH, N (in between a double bond might be present); W;, W3, W3, W4, W5 are
independently N-R, O, S=(0), (r = 0-2), CR4R4; t = 0-2; u = 1-3; Z; is the
carbon atom to which the remainder of the molecule is attached.
213. Z,is O, S, N-Ry; Z4, Zs are independently CR,; Y, Y2 are C; Y3, Y, are
25 independently C, CH, N (in between a double bond might be present); W;,
W,, W,, W,, W5 are independently N-R4, O, S=(0), (r = 0-2), CR4R4; t = 0-2; u
= 1-3; One of Z,, Z3 is the carbon atom to which the remainder of the
molecule is attached.
214. Z,is O, S, N-Rq; Z1is N; Zzis CRy; Y4, Yz are C; Y3, Y, are independently C,
30 CH, N (in between a double bond might be present); Wi, Wa, W3, Wy, W5 are
independently N-R;, O, S=(0); (r = 0-2), CR4R4; t = 0-2; u = 1-3; Z3 is the
carbon atom to which the remainder of the molecule is attached.
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215. Z2 is 0, S, NR; Z3is NZ, is CR2; Y1, Y2 are C, Y3, Y4 are

i ndependently C, CH, N (in between a double bond m ght be present); W, W2,
W8, W, Wsoasm9328mdependently N-R, 0, S=(Or (r = 0-2), ECRLRAP3/134510-2; u
= 1-3; Z is the carbon atomto which the remainder of the nolecule is
attached. 5 216. Z3is 0, S, NR; Z,, Z2 are independently CR2; Y1, Y2 are
C Y3, Y4 are independently C, CH N (in between a double bond m ght be

present); WL, W2, W3, are independently N-R,
CRARM; t =21B.2; Zuils @ $- &Rdnes(b\# Zzis Cfg Vs Yafse Garfbols %[?dfﬂﬁeﬁoéz‘m(‘@rpvt he

remai nder of th i W, WRW: &re 1S N,
Z2 is CR2; Y,, élﬁ' moder?%émgeﬁgd%hgl?gj%ﬁﬁdmlégtnb%%&elséa)éwh%vf |Jr? b5et \ﬁeen a

doubl e bond ni gindependentiys By :0\V@=(Qe(r NB:2VERR t 3 &2 Pn‘dé ndeitthg NR ,

0, S=(Or (r = 4 Qefraifdler ofithd: cﬁ@cdléustdﬂeché‘cﬁrbon atomto
whi ch the renni gdébn aﬁﬁlﬁﬁhléhtehceueeallseg?t acr?ed 218. Z3 |s 0, NR ; Z,

is CH2:5 72216 NZs ¥ O.Y® Wie; &, Xaareyindgpendendisfefeioht Yy ae Ci1%s éﬁ aj (in
bet ween a dOUbl QQBé}gje'ﬁgQ?O I@r(f?\SI@éT\Fv)een \éldou% b(Wﬁi mY%‘nt b‘éBpréééht) Wi,

i ndependent |y Z, 1s the
carbon atomto Wi ¢, V\hevwsenmindaeen@ntly NeRmQ &'t(@)e I 'so'gt)ft%%%dt‘ﬁl%u Z,,

Z2, Z3 are independe Y, il N eafeenéﬁgl&p&n%ntly C
CH, N (in betvveenpg gjub?rclz%bz 'ﬁ]tg' th %&p?gggﬁ?%lmﬂq I W, W are

20 i ndependent | mokscRie is@ftacbedO) r (r = 0-2), CR4R4; t 0- 2 u = 1-3; One of
Z1, 22,4 Z3, gﬁ thlsC@rQq@ F%zfr%gp Mé%}h‘a ‘Pzeé@'d‘d@rYPiretlﬁ'&deﬁH&ﬁw@ is

attached X Y4 "are
i ndependent | y cpl—m (erbet(Neen b@towe@rb@ddmgbﬂlee a@ﬁantbnvyhtwbé/vpr\@sé/ﬁq gre W,

Ve, VB, ggeﬁc%%ﬂ??\gﬁ MR( —QJH- STRRR!: (£ 0‘2%2)1 3CR4RAhet =

0-2; u: ecarbnat omto which the remai nder of
t he nol ecuI e |sca1bbacammto wmgnthezremalmraf@emolz@kf§8@32hed(1 is N Y2is C

oot SRR GRer A bpatpy ) gty o

CR4R4:18 = 0-2: Cl, N (n Betwggn aglouhle b@érrwght@ﬁermserai) Wi, W2 tWe er\% Ager of
the ml ecul e is, RebARRE R B2-Ry  FRALERR, A2 b GRAN LA R e V2 I

C Y3, Y4 are in etween a doubl e bond mght be
present); W V\zarb\m atqm;o \Wﬂciathe rem@mq%nﬂ@ﬁtmglew]@ls atigches:(O)r (r = 0-2),

CRARY: € A e ifRpbiddil§ CREAYPRINAYORE:0r ] 512 ibdispehagmiynsier  of
t he nol ecu?e |s htzl; ed.ooP
CH, N (ln between a double bond might be present); Wy, W», W3, Wy, W5 are
20 independently N-Ry, O, S=(O); (r = 0-2), CR4R4; t = 0-2; u = 1-3; One of Z,
Z,, Z5 is the carbon atom to which the remainder of the molecule is attached.
220. Ziis N; Z,, Zzare CRy Yiis N; Yais C; Ys, Y, are independently C, CH. N
(in between a double bond might be present); Wi, W,, Wi, W, W; are
independently N-R;, O, S=(O); (r = 0-2), CR4R4; 1 =0-2; u = 1-3; One of Z;,
25 Z, is the carbon atom to which the remainder of the molecule is attached.
221. Z,,Zpare N; Zsis CRy; Yqis N; Yais C; Y3, Y, are independently C, CH, N
(in between a double bond might be present); W,, W,, Ws, W, Ws are
independently N-R;, O, S=(0), (r = 0-2), CR4R4; t = 0-2; u = 1-3; Zs is the
carbon atom to which the remainder of the molecule is attached.
30 222. Z,,ZsareN;Z,is CRy Yiis N; Yzis C; Y3, Y, are independently C, CH, N
(in between a double bond might be present); W;, Wz, W3, W, Ws are
independently N-R, O, S=(0O); (r = 0-2), CR4R4; t = 0-2; u = 1-3; Z, is the

carbon atom to which the remainder of the molecule is attached.
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48 WD 03/093280 PCT/ US03/13451 223. 71, Z2, Z3 are independently CR2; Y2
is N VY, is C Y3, Y4 are independently C, CH N (in between a doubl e bond
m ght be woases2y) W, W2, WB, WI, Wb are independently RCRUSIDIM4S=(Or (r
=0-2), CRAR4; t = 0-2; u=1-3; One of Z1, Z2, Z3 is the carbon atomto
whi ch the remai nder of the nolecule is attached. 5 224. Z, is N Z2, Z3 are
i ndependently CR2; Y2 is N, Y, is C Y3, Y4 are independently C, CH N (in
bet ween a doubl e bond mi ght be present

%{%&4 W, VB, W, Vb are
i ndependenif§. NZR Z2 & arS:HQC@Pﬁn(’?ntEf GR2Y2 iscRaMais & Yo, f 8v€ indepengently @ne of

Z2, Z3 is the C@m%(.ﬁtoemeteﬁ :Muubte wﬂm fRbd %rseﬁt?\l \r\m/vz,rwtawm afe
attached 10 225. Z, , are N C Y3 Y4 are

i ndependent | y C'nCGHeant|¥|NTRbe@v@e@)a(fd’oQt‘Bb ec%&dt mog%tu Bé ?)r At )%n w
Ve, W8, W, %923 is fieRspsleabhyioNHish th@rerﬁaiﬁ@rr of the moQ?caDe is Gltderba. t =

0-2; u—13; is the carbon atomto which eremaln er_ of the nol ecul e
is atta@he@2422@1 i1, NZ?,z,aZaeaF@ inpeppadently : CRa YB N Ny Yié €& ¥g Yevareyre

d d ly C, ,
ﬁ 65\2“ \e/\zt ! énrogﬁen&‘édwe enden P%%&We@n@%ﬁtﬁ‘g BQ,I(W nﬂbt&h&e Bésgﬁﬁsﬁm) W

0-2; u = 1-3; Z’L‘N:l,yv:{:% smeaemlﬁrtﬂm NrRi, & SHE)r K'énﬂr%id@%%%afttt@eé bl ecul e

ttached. Th f f 2 Z3,
'zZ azeaczg - e-z r3§rc§telr ﬁﬂe‘;%ﬁz‘e’ .m %aa%n é?tBMUﬂoavaﬂiQt:tQhe 29?13.%3?r éflthez 3

are C. one of zmol@;ule BRttaghed. 76, Z7 28 Z9 nust be a carbon atomto

whi ch h f d Z Z4,
ZGI 02756'6 ‘QQ%' Efe%e%dlgﬁb % "3'13' R; ‘?‘ fsa@t\es, ‘é,; g?@mdgpedo‘%nﬂkc, é$3@Y4 .

C. one of Z2, Z:Gln tzetwezr@ a ZWbIQSDOHZQmIﬁh%tbeb@feée@hrWonV\&zt et Wa ¥% @FF ch the
remai nder of th t ac 2 A 3 , Z7,
ent#’tl?&gha? ac g@)b(r %92) éRR % b%; N = 4 3: é%.s%%

Z8, Z9 are |ndep are C; one
of Z3, z4, Z6, zarboz&torzgowh@h ttnﬁareanai@demﬁtt@tmlﬁ@lde Is\rmt%:hetﬂ he rerra| nder of

t he nol ecu 6l S At Ha 230 1 3nave; 2 re
[ ndependen??y CIZ-El z éréeﬂ %fé CI%I-Y g N {( 'SN: \\Z? Y4 Zﬂe Iné%p%r‘r%léng@oﬁgpgﬁ
74, 761577, 78, (mobetween e dauliarisnd @tg@tnbteoprewtbh%hwzr ¥ai %eweoﬁret he

mol ecul e i s att A EnddtRly N-R,, O, S=(O). (r = 0-2), CRRs; t = 0-2; u = 1-3; Z, is the

carbon atom to which the remainder of the molecule is attached.

The preferred embodiments of formula 10-A:

20 227. Z4, Zo, Z3, Z4, Zs, Z7, Zs, Zy are independently CRy; Zs is O, S, N-Ry; Y4, Yy,
Ya, Y4 are C; one of Zy, Zy, Zs, Z4, Zs, Z7, Zs, Zs must be a carbon atom to
which the remainder of the molecule is attached.

228. Z,is N; Z,, Zs, Z4, Zs, Z7, Zs, Zg are independently CRy; Zs is O, S, N-Ry; Yy,
Y,, Ys, Y4 are C; one of Zy, Zs, Z4, Zs, Z7, Zs, Zs must be a carbon atom to

25 which the remainder of the molecule is attached.

229. Z,, Z,are N; Zs, Zs, Zs, Z7, Zs, Zy are independently CRy; Zs is O, S, N-Ry;
Y4, Yo, Ya, Yeare C; one of Zs, Zs, Zs, Z7, Zs, Zo must be a carbon atom to
which the remainder of the molecule is attached.

230. Z4, Zs are N; Z, Z4, Zs, Z7, Zs, Zs are independently CRy; Zs is O, S, N-Ry;

30 Y1, Y, Y3, Y4 are C; one of Zs, Zs, Zs, Z7, Zs, Zg must be a carbon atom to

which the remainder of the molecule is attached.
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WO 03/093280 PCT/ US03/ 13451 231. Z,, Z4 are N, Z3, 76, Z7, Z8, Z9 are

i ndependently CR2; Z5is 0, S, NR; Y1, Y2, Y3, Y4 are C, one of Z3, Z6,
Z71 Z8, 290399328 a carbon atomto which the renmainder @®CTiuse3/mabecule is
attached. 232. Z, is N, Z2, Z3, Z4 are independently CR2; Z6, Z7, Z8, 29
are independently N, 5 CR2; Z5is 0, S, NR; Y1, Y2, Y3, Y4 are C, one of
22, Z3, Z4, Z6, Z7, Z8, Z9 nust be a carbon atomto which the remai nder of

the nolecule is attached. 233. 7., 72 are N, Z3, Z4 are ||6de§ﬁ\pdently CR2;
76, 77, 7823%9 &reliianeldh et datdry ZaNs argindepsndently CRe; Zo 1RO, SyN-Ryo Y1v3 ™ y4

are C one of 7g, \Z4v4§r%023ne%823,?2% Zﬁlzgtzg%ﬁb%r&msoraét@m foauiin iz t he
renmai nder of the m)fecule is attached ,, Z3 are N, Z2, Z4 are

i ndependent I y cremainggr ofthe mglecylg igpttaghgdependently N, CR2; 75 is 0, S,
NR Y, % istd: & e2.Cz, Q#EQnQépe%%Ient%ACRZEZG, Z! 7. 28, ar@%de?éﬁ&leﬂﬁ@ M. car bon

atomto V\lhl e remai nder of the nolecule’is attached 71, 74 are N,

72, Z3%re i ndegaadzmﬂs Q, BRU-RzeY 1. Xz, YZS(s 319 Gir @18 RtiépdadéntdeyZr Ke BR2: 75
is 0, S NR: Musthd c%%on%rﬁ‘i@wﬁrch‘?ﬁ@ré?ﬁan@"er@%e rZ@Iec@@ds #ithchéd. 15 nust

be a carbon atomto ich the remai nder of the npolecule is attached. 236.
Z2 is N, Z7233.73Z:,2Z,agh; 23724239lr@9pm<teniﬂh§e°per?de%vt Yy &rgre indepesdentlys,

NR YL Y2 NBoREZAIe0Cs, NIR, O, A, vEdy, didCine &7 2,78, 29z Meplzbe 2

carbon atomto |1 C Ethe remalnder em)ecuels attace Z2,
Z3 are N, 21 Zmusyzige azarbomtorzgo wh@huthﬁi(ﬂb%m@ﬁpf 916@@60125 i %ﬂ@he@ NR ;

20 Y1,4072 Z4 za?,ra% rZ% a?é n%i]epegéent@QDRz,ZZ, ’ZsZ@ éPéSﬁdéb%néeﬁt rbon
\M21| ch f'h o)

atomto remal [ ecul 1s at . 38. Z2, Z4 are
N, Z1, Z3, Z6, E?CFZ825 zsaoauseN Rdeb’en&eﬁ(ts,l y4€tR2C zae|0§Z@ Z@Zs,l\?-mzs, ZaY1, Y2,

Y3, Y4 are G OFrﬁJt ﬁf)e g% rb%l?hatc;'ﬁ’to #hich 4 r de;rgalﬁﬂé?tof% @ol@&l@f?é“aztﬁécﬁgato whi ch

the remai nder o ecu I's attache N; , 23, Z4 are
i ndependen23s: CR2; 24266 sz,ZBarimdﬁp@nderﬁ\Hbﬁ&déatZyZN Z, girgndepsndently s

NR; Y1, Y2, YR 71 &I onef. zg,zgz, st be a
carbon atomto \ﬁl/hlcc 5ne réméu nﬁer Yé’fY ﬁ%’ %DZ?'E on?s at tagc e 240 Z2, 73
are N1¥%1, z4 arrwst mjeperrbaemwtmrchzf@e rezrramomof the ra?'éCWﬁéﬁa?i@?B@%tly N,
CR2; Z5 isy8s Sy N 7, YA, zm% X3z \24 eﬁ‘éﬁqq@pemtlgtl%lzs 4o, 86N-RGTY, 28, 29
30 nust be a carf)on atom t'he r emai nder he ol ecule is
attached. 241. ¥2 YizXs areeCN 0@10f Z3 %y 4 S épadéniust bra: cagipn gtom tpg - 79

;&? izgfjegg?dggt ‘Nég;hl}l%eg%mdzeﬁ of hePmolgculidattacked. Y2, Y3, Y4 are C one of
237. Z,, Zsare N; Zi, Zs, Zs, Z7, Zs, Zs are independently CRy; Zs is O, S, N-Ry;

20 Y4, Yo, Y, Ysare C; one of Z4, Z4, Zs, Z7, Zs, Zg must be a carbon atom to
which the remainder of the molecule is attached.

238. Z,, Zsare N; Zy, Zs, Zs, Z7, Zs, Zo are independently CRy; Zs is O, S, N-Ry;
Y4+, Yo, Y3, Ysare C; one of Zy, Zs, Ze, Z7, Zs, Zg must be a carbon atom to
which the remainder of the molecule is attached.

25 239, Z,is N; Z4, Zs, Z4 are independently CRy; Zs, Z7, Zs, Zo are independently N,
CR,; Zs is O, S, N-Ry; Y4, Yo, Y3, Yy are C; one of Zy, Zs, Zs, Zs, Z7, Zs, Zs
must be a carbon atom to which the remainder of the molecule is attached.

240. Z,, Z; are N; Z4, Z4 are independently CRy; Zg, Z7, Zs, Zo are independently
N, CR,; Zs is O, S, N-Ry; Y4, Yo, Y3, Yy are C; one of Zy, Zs, Zs, Z;, Zs, Zo
30 must be a carbon atom to which the remainder of the molecule is attached.
241. Z,, Z, are N; Zi, Zs are independently CRy; Zs, Z7, Zs, Zo are independently
N, CRy; Zs is O, S, N-Ry; Yy, Yz, Y3, Yq are C; one of Zy, Z3, Zs, Z7, Zs, Zo

must be a carbon atom to which the remainder of the molecule is attached.
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nmust be a carbon atomto which the remai nder of the nolecule is attached.
50 WO 03/093280 PCT/ US03/ 13451 The preferred enbodi nents of formula 11-A:
242. 71, ¥D,03A%K28¥4, Z6, Z7, Z8, Z9 are independently CR2PCIAISOZ1HSEre

i ndependently O, S, NR; Y1, Y2, Y3, Y4 are C, Any one of Z1, Z2, Z3, Z4,
Z6, Z-,, Z8, Z9 nmust 5 be a carbon atomto which the renai nder of the

nol ecul e is attached. 243. Z1, Z2, Z3, Z4, 2726, Z7, Z8, Z9 are independently
N, CR2; Z5, Z10 are independently 0, S, NR; Y1, Y2, Y3, Y4 are C; Any
one of Z1, Zz2, 73, Z4, 76, Z7, Z8, Z9 nust be a carbon atomto which the

remai nder eﬁn td?geﬁ@(h gﬁ,@b@imeﬁts @\ctfb,qqelhgm p].O The preferred enbodi nents of
formula 11- 244. 71, Z2, Z3, Z10 are 1independent|y

75, 76 areZFrade;Ze,n%heKsl%a Zy, Zvcﬁa Zs\aie 'n@PewnﬂY@%ﬁr és: o ﬂF?y'”Sﬁ%eWF”tM 2,
Z3, Z4, Z1, 78, oL NERY TISE o, ?Yﬁar@@@@ﬁoﬂe%mzioz wWoi, i), bher, ree et of

t he rml ecuI e is attached. are |1 ndependently CR2,

N, z5, %6, z7 g, azerbonthméqwhwhmtseémﬁ!@hrloi‘/ttem@'e%e isyattachgd. y4 are C
Any one Of f7z2 ’23,2%4, % #%8.2,2%, a@%dﬂgéﬁdaﬁlyam%@nz@t o R Whi ch

t he remain er of "t he mdil ecul’® IS’ ‘attached preferred embodi ments of
formula 11-C 2mepzr1denzlzo@N-B4 Yiz&2 Y7 Ya 288 GZ0ABY @N¢ Atiépdadéanth\ZsCR2; Y1

is N Y2is C Agy pno of ot %d ?%grbo%?ato%‘lto viHfich thé refBindéP of i mBRcd@e Gar bon

atom to which thé remai nder lecule I1s attached. 247. 71, 72, Z3,
Z4, 77, Z8, Z9 attecheddependently CR2; Z6 is 0, S, NR; Y, is C Y2 is 25
N, Any,g@ne of 71, 72, 73, 74, 76, Z7, Z8, Z9 must be a carbon atomto which
t he remal nder of the nol ecul eis attached The preferred enbodi nents of
fornul a 12The ppefarrezembadiments offarnale 1Blependent |y CR2; Z5 is 0, S, NR,;

WL, W2, VB, gpe zgozg Qdei)?l Q?Y%Régﬁpdeﬁﬁe%ént( CR. 2V, af mh%&nd\é’httlyh the

provi so that no ormatron can otcur to
saturated ri ng N, ©R:¥1,rY2nds, Yaaredd Any one, of\BR, ZaEs.ofue Zd dsbZe Zhomystigght be

present ; t =1 a c%rbohlatomzto wh?ctt the remainder of the molecule is attached.
15 245, 163.Zy, Z,, Zs, Zs are independently CRy, N; Zs, Zs, Z7, Zs, Zg , Z1o are
independently CRy; Y1, Y2, Ys, Y4 are C; Any one of Zy, 25, Z3, Z4, Z7, Zs, Zs,
Z must be a carbon atom to which the remainder of the molecule is

attached.

20  The preferred embodiments of formula 11-C:
246. Z4, Z,, Z3, Z4, Zs, Z7, Zs, Zg are independently CRy; Y4 is N; Yzis C; Any one of
Zy, Zo, Z3, Z4, Zs, Z7, Zg, Zo must be a carbon atom to which the remainder of
the molecule is attached.
247. Z4, Zo, Z3, Zs, Z7, Zs, Zy are independently CRy; Zs is O, S, N-Ry; Y, is C; Y, is
25 N; Any one of Zy, Zs, Zs, Zs, Zs, Z7, Zs, Zs must be a carbon atom to which the

remainder of the molecule is attached.

The preferred embodiments of formula 12-A:
248. Z, Z,, Zs, Z4 are independently CRy; Zs is O, S, N-Ry; Wy, W,, W3 are
30 independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S, S-
O or O-O bond formation can occur to form a saturated ring. In the ring
formed by W, W,, W3 one double bond might be present ; t =1 —4; Yy, Yy,
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WO 03/ 093280 PCT/ US03/13451 Y3, Y4 are C, Any one of Z1, Z2, Z3, Z4 nust
be a carbon atomto which the remainder of the nolecule is attached. 249.
Z1, 72, A0 0349m8e i ndependently CR2; Z5 is N, CR2 ; Wi, WYZT/UAB3/a3461

i ndependently CR4R4, S(Or (r =0-2), 0, NNR wth the proviso that no S-S,
S- 50 or 0-0 bond formation can occur to forma saturated ring; In the
ring formed by W,, W2, WB one double bond m ght be present ; t =1 -4; Y1,
Y2, Y3 are C, Y4 is N, Any one of_zl, Z2, Z3, Z4 nust be a carbon atomto
whi ch the renmaYndbrasfCi KEYRIP Feli Loaft RURRE af@bbonzaltomzt? wheh they a1 e

| ndependent | y C%1*1.’:11|Z<§er'o‘ftl% mgiecme iYMitaciBd. VB are 10 |ndependently CRARA4,
S(Or (r = 0-2), t he proviso_that no S-0 or 0-0 bond

formati on 4% oZouZz,t%B tZar ﬁﬁea'ngﬁt)%n%ﬂ)d GRagfs |18 Nh&ﬁ‘?l néfvhf\%n% BY W,
W2, WB one doub] n%e@&%nﬂ}:@ﬁ% RP%(@')@@QFU-Q) b N-R; widh thélprovigo théBno &8, & Y4 i's

N, Any one of Z1 carbon atomto which the renainder
of the Hol ecul eO 6r &-Oaberd fOFI@tIQTSPanZJCCFrstQ\IfO"Z‘Qa sequratesl Hpg Inhe Jkedent | y

CR2; 75 is O Sforﬁfeg é,\)v()%,vv\z/}Pw ‘éﬁe%ro%bleIM@nﬁ"@HﬁBé bbés@ﬁi4—Fi4—1S(40)Y1,(Y§,

0- 2) 0, NR wt roviso that no S 0 bond formation can
occur to form aYsate@atVedsr Nn@\nymetoﬁéhrzznéa Zﬁm%gegy:ampn gigm towhishe

doubl e bond m gl BE UL Sf'fh & culéhs éhwac}Yéld Y2, Y3, Y4 are C, Any one of
22, 73, Z4 rmstn.[)e aacar on grr(:)me to which the 20 remminder of the nol ecul e

i's attachea50 2521, ZA ZR2 Zar ereNindgendently @GR4 éepEnent | N ¥ke; WzsWssarg, s,
NR: W, d@%@rgégﬂgg?@ﬁ %3V80R63§1 L OSKNRS wit tte Srovise tifat AbB.sWi th

t he proviso that bond formation can occur to forma
saturated ring. SH arHe-Q band feroratied cay opgur ippformza saleraled sing: ohe Mdght be

present ; t = 1m§1§ﬁ%}r¥vﬂﬁvg,% 3k déﬁbl@b&n&n q‘Hg!becﬁﬂéséhi £31- 54YW'§tY3be a

carbon atomto remai nder i s attached
Z3 are N, 72, zareEeYi n%ld}be%ﬁ/eq"ﬂelgfzﬁRég, Zziur@w@bes capgn atop topwhigh then, 73,

Z4 are independ csul hegWM, W2, WB are independently
CRAR4, S(O)r (r%?‘t’%@%i SiEBheZﬁHQ” s pfigche oroviso that no S-S, S-O or 0-0 30

bond f 65 ma@bbn &ars d¥cde, 40Zi @nenn@e@aﬂmtb(t%z Zs rig O, 15 N-Re Wi, Wz s ARed by
W, W2, W8 one,nq.gg%hc%ghg?% mgi(b%rb@ =SS eNN-R {wrth the rﬂ'owgé-thaygo sYS qwre C

Y4 is N Any one e a carbon atomto which the renai nder of
t he O or O-O bond formation can occur to form a saturated ring. In the ring

formed by W,, W,, W3 one double bond might be present ; t =1 -4, Y, Y,
Ys, Y4 are C: Any one of Z,, Zs, Z, must be a carbon atom to which the
20 remainder of the molecule is attached.
252, Z,,Z,are N; Zs, Z, are independently CRy; Zs is O, S, N-Ry; Wy, W,, W3 are
independently CR4R,, S(O)r (r = 0-2), O, N-R, with the proviso that no S-S, S-
O or O-O bond formation can occur to form a saturated ring. In the ring
formed by W,, W,, W3 one double bond might be present ; t =1 —4; Y, Ya,
25 Ys, Y4 are C; Any one of Z; Z, must be a carbon atom to which the
remainder of the molecule is attached.
253. Z4, Zz are N; Z,, Z, are independently CRy; Zs is O, S, N-Ry; Z; ,Z; are N;
Zs, Z4 are independently CRy; Zs is N, CRz ; Wy, W), W3 are independently
CR4Rs, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S, §-O or O-O
30 bond formation can occur to form a saturated ring; In the ring formed by Wj,
W., W35 one double bond might be present; t =1—4; Y;, Yy, Yzare C; Yy is
N: Any one of Z, Z, must be a carbon atom to which the remainder of the

molecule is attached.
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nol ecul e is attached. 52 WO 03/093280 PCT/US03/ 13451 254. Z1, Z4 are N,
Z2, Z3 are independently CR2; Z5is 0, S, NR; W, W, W are

i ndependewOlog/ogR4R4, S(Or (r = 0-2), 0, NNR wth the pr@¢rasoyiasi no S-S,
S- Oor 0-0 bond formation can occur to forma saturated ring. In the ring
formed by W,, W2, WB one double bond m ght be present ; t =1 -4; Y1, Y2, 5
Y3, Y4 are  C, Any one of Z2, Z3 nust be a carbon atomto which the

remai nder of the nolecule_ is attached. 255, _Z,_is N, §'§ V§4 re
i ndependeng®4 CReZ: 25 i Ko, Zopre indgRendeptly Gfge: £ dS G rﬁzlﬁé@h ht'¥y R4,
S(Or (r =0-2) mdeerNeﬁtly BRLR,, S16)MF 29-500t Rak, wieh e proviso t@aDﬂioQSQEhOﬂd

formation can occur to forma saturated ring; In the rlg 10 f or ned by W,
W2, VB one doubPeohEh@ penshiormation @g@mccurtto_foim @ .sarategXing. i the &ng: " va s

N, Any one of by 4, WS twhe @d%%l@%nétnﬂ f 1 plakem ; tt=he —aenmi wder of
t he nol ecul e é%atta Pﬁg % Q n are N, gh Z4M?rse i nde endently CR2;

75 is N CR2 ; Vd,Ymere W8 A onﬁdép%znéfermw lesRgarbap @gtpm 1o whighothe o

NR with the p tolﬁ?ﬁ rﬂ@l §J|§, sttacheq0 or O- 0 bond formation can occur
to forma satur';e%dﬁdrélrn e I'n C he rlsf ngafor med b VW, WB one doubl e bond

m ght be pR&EenZ; is N; 122 Z; 2 1arewr2depel?<$erﬁﬂwe0F@ 4'S|'% R AW WreVsraren 74

nmust be a carbo L I adRL ached
257. Z1 ,7Z4 ar efﬂﬁ@ﬁ%{?eﬁ%w re |Str(1ggpen??r?f6 R R%ntﬁf?@dﬂ@\hé‘cﬁgggnd sﬁtg_v\z B

are 20 i ndepen@eert PyOdrarm4formatiyn cap oscyr ) forpy, a gatiraigdt ing; Ha the 6Pso t hat
no S SS O OrE?Qde&gw L TR 0B oBble RERHMIGR BOBBsa Al alied Tivpg; | 0

the ring forne one gbt be present; -4;
Y,, Y2, Y3 ar eYoareM % ie Mnfknbﬁée@f 72275, Z3 "Rt eb%C%{bearam OaWBI?hto

which the re A& 'a‘& aldgpched. 25 258. 71, Z2 are N, Z3,
Z4 are mdepeﬂgﬁﬁgkag{g&w%mcﬁ& SN WL, W, WB are mdependently

CRAR4, S(Op%6.(rZr.23-a% Nozz,h&Fare\AmderweﬂwtlperNa Zo EH%CRo; BisWa, Wagrgr ~ 0- 0

bond formation atounape forgred by
i e Ve oon Haepdidnt %S@mﬁz % (P :oéﬁs)e%ﬁ -] Wigh thbgaraxhgo fhafb 333) ged by

Y4 is N Any on@ of Oz, bond fﬁﬁ@ﬂ@tl% can @&ﬁ%’ow mr@n?t%?t%'ieéh”'i%én the) ringnai nder
of the mol ecul e 53y aKkN8A,, W, one double bond might be present; t=1-4; Yi, Yo,

Y, are C; Y, is N; Any one of Z,, Z, must be a carbon atom to which the

remainder of the molecule is attached.
257. Zy ,Z4 are N: Z,, Z5 are independently CRy; Zs is N, CRz ; Wy, W, W; are
20 independently CR4R,, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S, S-
O or O-O bond formation can occur to form a saturated ring; In the ring
formed by W;, W,, W3 one double bond might be present; t=1-4; Yy, Y,
Y, are C; Y, is N; Any one of Z,, Z; must be a carbon atom to which the

remainder of the molecule is attached.
25 258. Z4, Z, are N; Zs, Z, are independently CRy; Zs is O, 8. N; Wy, W, W3 are
independently CR4R,, S(O)r (r = 0-2), O, N-Ry with the proviso that no S-S,
S-O or O-O bond formation can occur to form a saturated ring; In the ring
formed by W,, W,, W3 one double bond might be present; t=1-3; Yy, Y2, Y3
are C; Y, is N; Any one of Z; Z, must be a carbon atom to which the

30 remainder of the molecule is attached.
259. Z,, Zs are N; Z,, Z, are independently CRy; Zs is O, S. N; Wy, W,, W; are
independently CR4R4, S(O)r (r = 0-2), O, N-Ry with the proviso that no S-S,

S-O or O-O bond formation can occur to form a saturated ring; In the ring
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259. Z1, Z3 are N, Z2, Z4 are independently CR2; Z5is 0, S. N W, W, W
are independently CR4AR4, S(Or (r =0-2), 0, NR wth the proviso that no
S-S, S-wore3easbond formati on can occur to forma satur @Ce@ses/myst I n t he
ring 53 WD 03/093280 PCT/US03/ 13451 fornmed by W, W2, WB one doubl e bond
m ght be present; t = 1- 3; Y1, Y2, Y3 are C, Y4 is N, Any one of Z2, 74
must be a carbon atomto which the renmainder of the nolecule is attached

260. Z1, Z4 are 3 ndependent | i
are 5 independé?fmeéztlﬁﬁ’ W-’-é{" )"F‘eloPu ale Gopg m Cﬁ%@“%"th ﬁﬁé’\%f’%l pES that

no S-S, S0 or ghe @: bg,ndsf N mtylm @farzzozpufust vefcambansadmriatwasich itmg; | n
the ring formed by W P?ﬁ douqui bond m ght be present; t = 1- 3;
Y,, Y2, Y3 arer@“a"?ﬁe"’%“h? "NIRP“ galgcned. 73 nust be a carbon atomto

whi ch the osgnmizdey a@th z; ztoéreqnd ehaeratyt@rabezt |sl© BN, V2 Ws W azel Z3,
Z4 are independent!|y % enden

CR4R4, B(O)r (r mde@ﬁ?ﬁ'enﬂa C‘Nﬁza S(Q)f tHeZ)pPoxN @owtthéfte HB’V§°%1§s“°§ r 0-0

bond formation ¢ap &COL Hofld ffemmatan cahWatie b fdrﬁhga slafurétbét ringNth tHeoimged by
W, W2i WB one doubl e bond m\%ht be present ; Y1, Y2 Y3, Y4 are

C, Any one of zformes by Win{Yat @nadeat?'%@ﬁnawwth? RKE?‘%{H tRd- 31%n ek nder

of the rl ecul e gt GAty,acdief; A2u§2one28f %37 2hfisNbe Zl carbbn aHtémitodemenaant | y
CR2; Z5is 0, S, NR; W, are |ndependently CRAR4, S(Or (r =

0-2), 0, NR wr@rnatﬂﬁerqfrtmr@bewha%aﬁ%cte S, S Oor 0-0 bond formation can
occur 4o fopm aZ§a|§Ur\latZ§eranFe |h8e;$éh@eﬁt|)ﬂgR2 fzgriml é;wm w\/\&v \ws ane

doubl e bond m ght be prese Y2, are Any one

of 71, Z4 nust W%eﬁ‘éﬁr@ﬁ@%ﬁeﬁ@r(ﬁm%g) tqné" Ry é’ﬁﬁm?d%ﬁo‘”éf’ t"t%éorﬁﬁe\%w eis

attached. 263. Z)z’or@@b@ncﬁ\tformatlonz?z:aﬁr&:chﬂ@&ﬁ@rﬂﬁ%”&étb{ra@rln§5ln| elringS,
NR :; W, Wi are independently CRAR4, S( NR. Wth

the proviso t hatforﬁt?d@YSVWSWzd’\bronﬁ @UB@rRPﬂddFIQGf P%rﬁ’r%g&ﬁt %IC[]I’-4[ o¥f dem a

saturated ring. vi nvt faee o n@\ng%n%%fnad ZDYZ\WmusV\Be 2/\BaBBR #eH b avhieheher ght
be present ot are C, Any one of Z1, Z3 nust be a

carbonl@tomto mmelnd@rméth@ @WECH@«# atiachele ol ecul e is attached. 264. 72 is
N, Z1, Z3, 2é4. arg rhsdepgngent lare Hdépeneentip Ci,; ZRE ©, $UN-RNRW, WY, aNgare

independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S, S-
O or 0-O bond formation can occur to form a saturated ring. In the ring
formed by W, W,, W3 one double bond might be present ; t =1 —-4; Yy, Y,
20 Ys, Y4 are C; Any one of Z;, Z, must be a carbon atom to which the
remainder of the molecule is attached.
263. Z,, Zsare N; Z,, Z; are independently CRy; Zs is O, S, N-Rq; Wy, W,, W; are
independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S, S-
O or O-O bond formation can occur to form a saturated ring. In the ring
25 formed by W, W,, W3 one double bond might be present ; t =1 —4; Yy, Y,
Ys, Y4 are C; Any one of Z;, Z3 must be a carbon atom to which the
remainder of the molecule is attached.
264. Z, is N; Z,, Zs, Z; are independently CRy; Zs is N, CR;, ; Wy, Wy, W; are
independently CR4R., S(O)r (r = 0-2), O, N-R; with the proviso that no S-S, S-
30 O or 0O-O bond formation can occur to form a saturated ring; In the ring
formed by W;, W,, W3 one double bond might be present ; t =1 —4; Yy, Y,
Ys;are C; Y4 is N; Any one of Z;, Zs, Z, must be a carbon atom to which the

remainder of the molecule is attached.
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i ndependently CR4AR4, S(Or (r = 0-2), 0, NNR wth the proviso that no S-S,
S- 30 0 or 0-0 bond formation can occur to forma saturated ring; In the
ring forrmeo opodrgg W2, WB one doubl e bond m ght be presen®PCI/usoy13ust 4; Y1,
Y2, Y3 are C Y4 is N Any one of Z1, Z3, Z4 nust be a carbon atomto
which the remainder of the nolecule is attached. 54 WO 03/ 093280

PCT/ US03/ 13451 265. Z2, Z3 are N, Zl1, Z4 are independently CR2; Z5 is N,
CR2 ; W, W, WB are |ndependently CR4AR4, &R)@ % N- with the
provi so t ha#5.noZs-%, are- No 4y Zpate HepReNdShHA Zf’cé%N WbW’br gre

saturated ri ng; i@ iy BR,RE, & Ryo-3 0, Y8R, Wih eneprdoiubtiat Resdsngght  be
present ; t m'd péﬁtfe Y( ‘5 (@gﬁké C%4 IS f\l Any one of ﬁl Z4 nust be

a carbon atom t@ ﬁth:ﬁ) bﬁ'@i fqrm@ﬁprm&éﬁ QeeuE R o éciﬁt'érafeéj HA%: 4BHB8 . Mingss. 72,

Z4 are N, Z1, Zgy @kl H;D('W?W to'n)éo@ﬁ@le b7€§|d'r§| Mbé:B?esenWt 2.4 NB,, ar,e
i ndependent | y CR4R4? O dWE 0-2 9 provi so that no S- S,

, Wtht
S- O or50-0 bonds s ﬁfatYor'lS d‘én AW(Q[FP qfo’-w%«muat E%?Lﬁaét?%atf’mnt@ whigh thee ri ng

10 fornmed by W d B, r e g%glleqs bengheni ght be present ; t =1 -4; Y1,
Y2, Y3 are C @[Mgm N, An "one of Z1, Z3 must be a carbon atomto which

the renmi88®r & Zdarendl cbule arssingdependeatly CRe7Zs N, SRy Wa WazdVs 208 ar e

i ndependent |y ngﬁ hy SCRAE4,
S(Or (r = 0- Z%Spg@élgﬁy%&ﬁm g)ﬁgfovql%)()%agﬁmh!- v S-0 or 0-0 bond

formation can ofcar Q- bemdriermation canfcHy ) form at %ﬂiuﬁai%”'?%r'ﬁetﬂelﬂ}“% Ve,
V8 one,gloubl e b%ﬁe@fgmv b\ﬁlz,p\/\)e%‘?n@td’ouble‘b&ﬂd right be p?h@)seﬂﬁﬁt 3re: Gy, Y4, is N

Any one of Z1, carbon atomto whi remai nder of the
mol ecul e i s attXehelC; 268.is 22,, AB?Z oaeef i, ZslmUZHb%tPecairtPﬂibﬁéﬁ‘cF@ﬁ‘t”l"?"‘ the: 75

is 0, S N W, MW, |n¥§rﬂrtr?ew%%§h%q§9ﬁé@1%“% CRAR4, S(Or (r =0-2), O,

NR with the proviso t 0 bond formation can occur to

form a sat 86at edsrisndt Zn Zshds alerigderendnetly BRx)\is, i@, Sval: Yie Vo ¥t 8ebond

m ght be preseny 1,5 B0-3" & KRR YHith thd\brofidy tietenefs-€l, Z4
nust be a car bonndae %rﬁq%})lyﬁla“% (Eér (rr enazla)‘nder o? ltheé\b | ecule is attached

25 2691572, 74 &@ aqO& bopd f@rrr@tlpmncs:@pememq {orore saterated rigg; g theyringg, W,
VB are 1 ndepengidiby i, i Bhé abibié bBne nigitberbserntd £ 5 18 Bevprguyso that
’ are C; Y, is N; Any one of Z;, Z3 Z, must be a carbon atom to which the

remainder of the molecule is attached.
268. Z, Zsare N; Z,, Z4 are independently CRy; Zs is O, S. N; Wy, W5, W3 are
20 independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S,
S-O or O-O bond formation can occur to form a saturated ring; In the ring
formed by W,, W,, W, one double bond might be present; t=1-3; Yy, Yz, Y3
are C; Y, is N; Any one of Z;, Z, must be a carbon atom to which the

remainder of the molecule is attached.
25 269. Z, Zsare N; Z,, Zs are independently CRy; Zs is O, S. N; Wy, W, W3 are
independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S,
S-0 or 0-O bond formation can occur to form a saturated ring; In the ring
formed by W4, W,, W; one double bond might be present; t=1-3; Yy, Ya, Y3
are C; Y4 is N; Any one of Z;, Zz must be a carbon atom to which the

30 remainder of the molecule is attached.
270. Zs is N; Z, Z», Z, are independently CRy; Zs is O, S, N-Ry; Wy, W;, W5 are
independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S, S-

O or O-O bond formation can occur to form a saturated ring. In the ring
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S-Oor 0-0 bond formation can occur to forma saturated ring; In the ring
formed by W, W2, WB one doubl e bond m ght be present; t = 1- 3; Y1, Y2, Y3
are C, Yawp3Mw328my one of Z1, Z3 nust be a carbon at om t @Crhisehi4be 30
remai nder of the nolecule is attached. 270. Z3 is N, Z1, Z2, Z4 are
independently CR2; Zz5is 0, S, NR; W, W, WB are independently CRAR4,
S(Or (r 0-2), 0,0, R wth the proviso that no S-S, S- Oor 0-0 bond

forrratlon can occur to forma saturated ring 0 093280
PCT/ US03/ 13451 Taraiesey W e, W“e\f@uaﬁeb%ﬂdmgbp%ﬂ?&e G*ntt ﬁe“l\rﬁ%‘sgﬁ ot o=
1-4; Y1, Y2, V3, vYérée® BnyAhe &NE, oh, Z1muélbe Zf camsh d&ﬂnaowmdﬂom@tomto
which the remi nder of the nol ecule is %ttached 271. Z3, Z4 are N Z1, 74
are i ndependent F§meipder ofdhe golpculg is gitgehedyy W, W8 are 5 i ndependent!y
CRARA, S(Optq (1 75 B NOZ1,&4%remdbbeﬁ&éﬂtlpwi§p|§®a$ NI-R1,5W$ WS- WQafH 0-0
bond formation can occur to forma saturated ri

db
W, W2,5W8 one #siepradastiidRrgr(Oye(r 5k it N-Ry w%hihe erowrﬂtha{/g $3§EY4 gre

C Any one of Zp oZZ)-W%Bn@%@na@uaﬁ ke GG %NWIaC&btm@d i‘"@g’fﬂhnl(ﬁ@rnﬁ t he
mol ecule is attached. 10 272. 73 is N Z4 are |ndep?ndenY CR2; 75
1

is N CR ; W, fopmediy WﬁeWm W@é’@érﬁﬂ’é‘hlel RP"@R‘EIQ@" bepegseni yt 2 NR

with the proviseg.t l9"3'[ar8005' Rny %heQJfOZ1 OZ wﬁ@f\%efé’rd%dnoﬁtoﬁﬁltb Qﬂ’ﬁ(ﬂf tﬁep form
a saturated ring; I'h the ring forned W2, WB one doubl e bond m ght

be present : t mmalnderdihemlecuiﬁssaﬁ@f@ Y4 is N, Any one of Z1, 72, Z4

t b b t ¢
must Dfga 925009, 2K0K; L9, WA 2 akhgde%e?géﬁtﬁg@ggﬁz A Nt bR, ool vt are

W, W2, WB are lfld@@émlérﬁm%@ﬁ@@(" =-8) O.(VRe ehf)e pr@"'s?\l-hﬁt nwstﬁ %*ne

proviso that nopyp.0-9 bgn@rfor%a%oﬁ’%ﬂ é&ﬁm‘é 'f&% GAERIGEY rihd® ThOthE fihg
saturated ring; In the rin or e one double bond mght be

present ; t = 1formedyay Wyp\ zzwameﬂoé%@ bomi m@hNbeRFFEPeahe oft A, Y2Xenust be

a carbon atom LY W g0 ¥R N mldaé%z@fztizpmued &Pélbﬁrbbﬁaﬁirﬁ aohiieh tr 4. Z3
is N Z1, Z3, zZ4 are independent CR2; 75 0, W, W, WB are

i ndepefi@lent | y CrRaindey )t e(T‘rO|e-€Ul9 '?Ptta@edN-R W|th the proviso that no S-S,
S-0 or 0-02b8nd A oy MBI R 2217, A€ IdepsndePiiynOR, 52 US & ©R,T. Vg Wi Bes ri ng

independently CR4R,, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S, S-
O or 0O-O bond formation can occur to form a saturated ring; In the ring
formed by W;, W,, W3 one double bond might be present ; t =1 —4; Y4, Y,
20 Y, are C; Y, is N; Any one of Z;, Z, must be a carbon atom to which the

remainder of the molecule is attached.
274. Z, is N; Z4, Zs, Z4 are independently CRy; Zs is O, S. N; Wy, W,, W3 are
independently CR4R,4, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S,
S-0 or 0-O bond formation can occur to form a saturated ring; In the ring
25 formed by W,, W,, W5 one double bond might be present; t=1-3; Y, Yz, Y3
are C; Y, is N: Any one of Z;, Z, Z, must be a carbon atom to which the

remainder of the molecule is attached.
275. Zi, Zyare N; Z,, Z4 are independently CRy; Zs is O, S. N; Wy, W,, W; are
independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that no S-S,
30 - 8-0 or O-0 bond formation can occur to form a saturated ring; In the ring
formed by W,, W,, W; one double bond might be present; t=1-3; Yy, Yz, Y3
are C; Y, is N; Any one of Z,, Z, must be a carbon atom to which the

remainder of the molecule is attached.
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25 formed by W, W2, WB one double bond m ght be present; t = 1- 3; Y1, Y2,
Y3 are C Y4 is N, Any one of Z1, Z2, Z4 nust be a carbon atomto which
the renmawpdanoxBothe nol ecule is attached. 275. Z3, Z4 aP€TNS0Z134574 are
i ndependently CR2; 2Z5is 0, SS NN W, W, WB are independently CR4AR4,
S(Or (r =0-2), 0b NR wth the proviso that no S-S, 30 S -0 or 0-0 bond
formation can occur to forma saturated ring In the ring fornmed by W, W2,
WB one doubl e bond m ght be present

2 Y4 N;
Any one of2%81, %» Zm@tarﬁ@d&pﬁ'ﬁe@&‘l Cz?tzo%ﬁ ﬂso NA/nZ& HS png %rrxw%&@r W?f I >
mol ecul e is at tlﬁ@@\%ﬁdeﬁ@y @@4@435@@)3%89 OWOW\M%& prtﬁﬂsﬁ; cht]no 835, SZB are

i ndependently CR2; i ndependent |y
CRAR4, S(Or (r —0r002<)7 bQﬁd ﬁqffnat'% 8 Pﬁ%“rp‘ioo(ﬂr@oa tsvﬁ*(a"v% r§93' ©e8"%8r o0-0
bond formation fbﬁﬂe@%‘}%1,th,fW{]Hh@dééﬁlé”béh@%l@ht% pr’eﬁertthe =1 ng; Yf1,OY£rEd by
WL, W2, WB one doubl e bond be presen Y3, Y4

are C 5Any one % YaareZp, Any OWﬁJgf ZbgzazeamH'Btnb%uao‘?ﬁ”PQi‘ a}ﬂ"ﬁ:FP M?E;% PE8nai nder

of the nol ecul ere'n?alﬁéér%@h'%qnolgczﬂe iZditackéd. Z3 are independently CR2; Z4 '5
N. Z5 is N CR2 WL, W, WB are indep endentl CRARA,  S(

NR wth 2He pfoviesé aieaindeppnderily @sz@mﬂs ay; 0 boRd\ ffRar WWYI\;ZC% %Ecur tb

forma saturate OF (A9 of 01 oeR-Fywikh éA&hQﬂﬁ:SISJbSe bond
m ght be preseniﬁd%é}@en{wﬁh@ . gé % are 1; IY4 F\yow one of 71, Z2,

Z3 nust be a ca@b@noa@obﬁf‘tdo@mﬁ%‘?ﬂ £8k OCEWNt; fordr 2 Saturaed rﬂﬂge& ithe jrigg

attac 278. 6M@%har&§ﬁ’tb bontNit Zb-4s YO, Y. N
WL, V\Bhﬁij\B are @"ﬁﬁ% gn ent%%%?Rﬂ@B, = Oe_Zﬂre N- R, w\?h ?he

provi so that noY&s,C; Y5 isNy 6Py 90@05%11 z’f%rrﬁ"éﬁ iPE 7 “@él?Prb%tE[ﬁ‘rtot"‘ﬂ"‘?rbﬁhﬁ] a

saturated ring re'g’ibuﬁcib‘?o"ka&nBl@Edl@%Q}zécH\@d V2, W8 one doubl e bond night be
present; are Y4 is N, _Any one of 71, 72 73, Z4

must be a %%& boﬁmthoﬁa s iRAerRandenly CRen%ﬂ iddl; &6 e FroNeW Wi WsAached.

20 The preferr 5@}% of 19ih #e, &33 ‘Zﬁt .iﬂszge
i ndependent |y C&Sg hﬂF@WRm S(bg(mﬂ @-2;.205\1 % 2?4 arloer °

i ndepetident | y C&QQAPF 0‘3@0?@“0( forragatprg);an @CCLN-tR foggp t%sﬁtﬂ‘@teﬁjr g §B th? H'QB no
S-S, SO or 0-Ordpnng bl WTaY], 90, SRIQEI BoriPmight Be presahtirtat ed3;M,Ng;, Y,

are C; Y4 is N; Any one of Z;, Z,, Zs Z, must be a carbon atom to which the

remainder of the molecule is attached.

20  The preferred embodiments of formula 12-B:
279. Z4, Z», Zs, Z4 are independently CRy; Zs is O, S, N-R¢; Y4, Yo, Y3, Yy are C;
W,, W.are independently CR;R4, S(O)r (r = 0-2), O, N-R, with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
= 1-3. Any one of Z,, Z,, Zs, Z, must be a carbon atom to which the remainder
25 of the molecule is attached.
280. Z; is N; Z,, Z3 Z; are independently CRy; Zs is O, S, N-Ry; Yy, Yo, Y3, Y4
are C; W,;, Whare independently CRsR;, S(O)r (r = 0-2), O, N-R,; with the
proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Z,, Zs Z, must be a carbon atom to which
30 the remainder of the molecule is attached.
281. Z; Zpare N; Zs Z; are independently CRy; Zs is O, S, N-R¢; Y4, Ya, Y3, Y4
are C: W,, W,are independently CR4R;, S(O)r (r = 0-2), O, N-R; with the

proviso that no S-S, S-O or O-O bond formation can occur to form a
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= 1-3. Any one of Z1, Z2, Z3, Z4 nust be a carbon atomto which the

remai nder 25 of the nolecule is attached. 280. Z, is N, Z2, Z3, Z4 are

i ndependewOlog/o@R22) Z5 is 0, S, NR; Y1, Y2, Y3, Y4 are GCTWKN3/VBare

i ndependently CR4AR4, S(Or (r =0-2), 0, NR wth the proviso that no
S-S, S-0 or 0-0 bond formation can occur to forma saturated ring; t =
1-3. Any one of Z2, Z3, Z4 nust be a carbon atomto which 30 the renainder

of the nol ecul e is at ached. 28 4 ar.e |nd ent |
CR2; Z5is O S5@ NF%*? riRg: 1t ‘Y1Z% é@y 0%0122%2 E‘?“N(/\'ie a\RPEHOD StRBB é!ﬁﬁ‘ghgﬁ y

CRAR4, S(Or (rremé?nd"ér,ofﬂterhbl&uléﬂldéttéchéd proviso that no S-S , S-O or 0-0
bond formation can occur to_form.a Oc%g 328 PCH%S
saturat ed f3hg; Zv Ze e N Loy A8 anengde o s “a on at c?m? Yanhi ch

the remainder gfs Chw1m%||@d®n®ﬁt@®R$4, @@)r (Zl; 0&3 ar, eN-R; V\Zﬂh thé4 are
i ndependently CR2; Z5 is O,

i ndeperfient | y OR®HSO 15ab) F°($ S: %TOZ)or (%fo %_on fer“ﬁ'oph%an @CBW% g‘?f”} ﬁ‘at no

S-S, S-O or 0-Oghgrsed Aigratd A8, AAY oA eBY, Zonfugt Be @ cardon’ fb@cto WHigh the =
Any one of Z2, Z4 nust be a carbon atomto which the remainder of the

mol ecul e is att EstRipder pithe molepule g atiached:s 74 are i ndependently CR2; Z5 is
0, S N-R 83, 7,3s N31Z1,\213 z4ara9e FﬁdeB\énde\ﬁ@y’llCﬁgi zmep@nsemtﬂw CRARAY, SO T (1

=0-2), 0, VR Wi th 10 proviso that i 8<§r Ol\? bon orrratlon
can occur to foRi® & %Wﬁ%dﬂqqpﬁ@dertﬂy-c%@ SAQY G0 9 N-Rg wit 4hﬁust be
a carbgp atom t gro¢RbChat t A8 Sm@@i @-fO thdAd BHestidnecard catiraghestm 384. Z2,
Z3 are N, Z1, Z4 are |ndependently Z5_1s O, 2

Y3, Y4
are C, W, \\arsatiideehdrdhidrm 1y raRae Og(Z(D)Zf5 %‘rm"‘sé’eﬁ Caf@onﬁ%%‘TWW the 15

provi so that nogg-Smabu oftnOnbIbfisisieagRdd.on can occur to forma
saturated ring; 1-3. Any one of Z1, Z4 nust be a%:%kEon a whi ch
i

the reni A®fkr 51 Zolgee b1 Eods 2P dndapehiordly CRsds 199 7Y Y20 Y28 are

i ndependent |y CR2 Zﬁvl vidre $hd Rdentl IcRX,, S@)r (Y& oez)eo,C,N m,w.wzﬂh@e
i ndependent |y CR4R4 Qﬂ( éﬁe ‘f NR \( % he provi so that no

S-S, % or 0- OPISHiSA ﬁhéY rrﬁ9|§ﬂ$ c%‘w@ 06CQ|1O th“Fl cfPFﬁ‘aat'oé‘a?%ﬂ é’P@lH fa fRym e =
Any one of Z1, <gdyrofdh AR =PR3BARAEROB! & Z it WBiaCdarbon atom to which the

remainder of the molecule is attached.
285. Zs is N; Zy, Z, Z, are independently CRy; Zs is O, S, N-Ry; Yy, Ya, Y3, Yy
are C; W,, Wsare independently CR;R4, S(O)r (r = 0-2), O, N-R; with the
20 proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Z;, Z, Z, must be a carbon atom to which
the remainder of the molecule is attached.
, 286. Z4, Z,, Z3 Zs are independently CR,; Z; is O, S, N-Ry; Y4, Yz, Y3, Y, are C;
W,, Wsare independently CRsR4, S(O)r (r = 0-2), O, N-R; with the proviso
25 that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
= 1-3. Any one of Zy, Z,, Zs Zs must be a carbon atom to which the remainder
of the molecule is attached.
287. Zy is N; Zj Zs Zs are independently CRy; Zs is O, S, N-Ry; Y4, Y, Y3, Yy
are C; W,, Wsare independently CR4Rs, S(O)r (r = 0-2), O, N-R; with the
30 proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Z,, Z; Zs must be a carbon atom to which

the remainder of the molecule is attached.
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t he remai nder of the nolecule is attached. 286. Z1, 72, Z3, Z5 are

i ndependently CR2; Z4is O S, NR; VY,, Y2, Y3, Y4 are C W, Ware

i ndependewOlog/ogR4R4, S(Or (r = 0-2), 0, NNR wth the pr®eiraso3/2ast hat no
S-S, S-Oor 0-0 bond formation can occur to forma saturated ring; t = 1-3.
Any one of Z1, Z2, Z3, Z5 nust be a carbon atomto which the renai nder of
the nol ecule is attached. 287 Z, is N 72, Z3, Z5 are independently CR2'

Z4 is 0, S_ NR 1, Y,

S(Or (r =2882) Z'102( reFﬁ yan ?F‘Fe'”g%fa?"é?aﬂ\l%%ats Qgg‘g}?‘ Br 9. @ bond

fZ gr mat i og can ocaggnc twhf\wrzéneamaqseﬂdaﬂﬁ,doﬂmg %(o);:(rl-en Z)Ar(y Nﬂﬁ wfchBe Z3,
must be a carbon atom't the remain

attached. 58 WOPHR/Sod¥B0 'pcgh%sgs‘? 1%’4@ ?OZT ['922 CﬁPeO(fﬁur g% fogg Are

i ndependent | y CR3turatéd irifgQ = $-3. Ddrrﬁ,oneYdf,Zs\Z% mO&3 be Wicarben Glomio wHiA tiee

i ndependent |y CRAR4, = 0-2) NR, with the proviso that no
S-S, S®or 0- Or%ﬁﬁd?'b‘?(?ﬁj&?wcb'%ségﬁ&edto forma saturated ring; t =

1-3. Any onggof 737, #&6 NUHA, Deare HdsfsHIcAlPCRY; cz4vx4y@hstmfR1, 5(1re5mf3ndgr of
the nolecule is attached 289. 71, Z3 ar% %@3@5% eﬁ@ ?ntl CR2;
24 is O S, N- Riare @1 Wy Wogrg inggpengeptiy-CRalRs, 4 g)p it Y 4,
S(Or (r = 0-2) préisdNtfdt WMo B-$,hs- OMrOQ)L@Ode@iaform@tléh San Sodub to Oofin bond
forrratlon can occur to forma saturate%ér#énrﬁ ﬁa ﬁ ﬁ&y% {] 2 Z5
nust be a car boSarFRA BT drs- Ay ongf (Rt e sk carpen A Fwhich &
attacheg. 290. Z&nbmd&lofztlem%?ecu%ﬁsaftgcnémdependentIy CR2; Z4 is O, S N'Rii
Y1, Y2, Y3, Y4 _are C re i ndependent |y _CRAR4, 0,
N-R with 288 greoisi §10 41hgi ZﬁoarS '@epgﬁée'ﬁh' %@Zbdﬁgf%m (%1 X?aﬁgo gur to
forma saturat g Ig;;, W,arelindepeNaEnBNERIR,, Z3(0)Z Zﬁz NI witie akdon
atomto which 15 the }erré?Tre\dgr %f tﬂ%nrmmeéﬁ?( ) a amd b%g#gr Z2, 73

are N Z1, 75 aPEMspdEREndontrs: e orz@-9Psbend rmﬁl—"?@ caqlocoyg M are

C W, W are indepaBdeny o= R R&hy oﬁé®fr21(2325a7®) be @, cahbdR ateiri o Wiien
proviso that no S-S, S-0 or 0-0 bond formation can occur to forma

saturaf®d ring; the ‘enla“?sderﬂﬁy‘edﬂﬁ’e@f'eﬁatt ®dust be a carbon atomto which
the 20 repsynder, 2f aleh®: 0] BCarkGndspeabié@BNER,; Z, is O, S, N-Ry; Yy, Ya, Ya, Y,

are C; W;, W, are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the
proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Z,, Zs must be a carbon atom to which the
20 remainder of the molecule is attached.
292. Zs is N; Zy, Z, Zs are independently CR;; Zs is O, S, N-Ry; Yy, Y, Y3, Yy
are C; W,, W, are independently CR4R,, S(O)r (r = 0-2), O, N-R; with the
proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Z, Z, Zs must be a carbon atom to which
25 the remainder of the molecule is attached.
293. Zy, Zy, Z3 Zs, Zs are independently CRy; Y4, Ya, Yz are C; Y4 is N; Wy, Woare
independently CR4R,, S(O)r (r = 0-2), O, N-R, with the proviso that no S-S,
S-O or 0-O bond formation can occur to form a saturated ring; t = 1-3. Any
one of Zy, Z5, Zs Z4 must be a carbon atom to which the remainder of the
30 molecule is attached.
294. Z, is N; Z, Zs Z4, Zs are independently CRy; Y4, Yz, Yz are C; Y, is N; Wi,
W, are independently CR4R,4, S(O)r (r = 0-2), O, N-R; with the proviso that no
S-S, S-O or 0-0 bond formation can occur to form a saturated ring; t = 1-3.
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292. Z3 is N, Z1, Z2, Z5 are independently CR2; Z4 is O S, NRL; Y1, Y2,
Y3, Y4 are C, W, W2 are independently CRAR4, S(Or (r = 0-2), 0, NR
with the wproowpzeo that no S-S, S-0 or 0-0 bond fornation eem/useyw4sto form
a saturated ring; t = 1-3. Any one of Z1, Z2, Z5 nust be a carbon atomto
which 25 the remainder of the nolecule is attached. 293. 71, 72, Z3, Z4,
Z5 are independently CR2; Y1, Y2, Y3 are C, Y4 is N W, Ware

i ndependent |y CRAHV’ong’(o@ 22,(Zr 7 rﬂﬁgt)k%e QFaIJN'oﬁ atdh &8 V\Fl'{]eﬁ Ak Or\éxlérl,sa(ljr’;[dtert_]% th%o in?

S-Oor 0-0 bond formation € orma satura
one of Z,, Z2, zmolezulenagttacﬁ@da carbon atomto which the remai nder of the

30 nol ecul e a Z epe t

CR2: Y, Yzzg% %r?%%j%zzg& h%é wﬁn%ﬁf@?@%%% ER% rkg‘?&)r (r
0- 2) , 0, NNRL wi¥\a arhen@p@mdsmlyt GRIRNS(OB-(B= &2 (br N€R1QN|lﬂDt‘|1ﬂa mmaatthétn can
occur tg forma L K NPISF 59 WO 09328 US03/ 13451
Any one of Z2, Z@?hﬁ%w%g?rr%e@boé%r r]nal?fo ?CCl\/\,ﬁ 7 M had P@% “of the
nol ecul e is attadhdey on9®f 2217, rﬂstdm&aaN;arm, atdrh taZhigh ehé nelapinosiest thg CR2;
Y1, Y2, Y3 are G, I W2 are independently CRAR4, S(Or (r =
0-2), 0, NR 'qinﬁlgtéﬁ%% %l’ct)a\ﬁ%g that 5 no S-S, S Oor 0-0 bond formation
can occur t2P6 orfn &s aedt Nré;téd Z4 arg;independerly OR}y Yo, 8% a#3C; \ZAMmuSlwpe a

carbon atomto e t ached. Z,
73 are N 72, ZZW %% 'BQ J”%'gmp"e]ﬁﬁé%‘r %3(/6%2{2 H‘;),)ﬁvgeh thg‘%‘% P@V'SM“?% N W,
W2 are 1|0ndepende$|ﬂ B- QMF& O B¢rd forfation €ar2dccud to féris, a vhiubatédeingriovisp t hat
no 10 S-S, S-0 nd, f-or hon ca ocqgur ma saturated ring; t
= 1-3. Any one o@{yz neQQPQ %5 Z 'ﬂp& | C@ o Ogltﬁﬁ’n‘fV'P'Bh W E8MRIREeT A HRE nder
of the nolecul efnolsmdeusaaimmd 297. Z2 is N, Z1, Z3, Z4, Z5 are
i ndependent 3-Aar are e endently
CRARA, S( O)érg\#(??— Z1’023 %\(tﬁa alg %He?‘?{‘é‘eB'i’yN@%o t P(;\EY dl 4SSN, Wag o
0-0 bond for mat |Wmar©andemdenﬂyd3mﬂ4n8@)sa't:umap ), N-Img\llthtthepﬂov&o thitynene of
Z1, Z3,45Z4 nust r o] whi ch t e of nol ecule is
attachad. 298, Zgg %3620 29 Ef g%q,r%%ﬁat'%cagr%cc%ff 'Hoaeﬁ?tf’ﬂf‘t?‘ff?ﬁng YT 192, v3
are C Y4 is N ANy one of Z,, Zs Z, must be a carbon atom to which the remainder of the
molecule is attached.
298. Z,, Zzare N; Z; Z4, Zs are independently CRy; Y;, Ys, Ys are C;Ys is N; W,
W: are independently CR;R,, S(O)r (r = 0-2), O, N-R; with the proviso that no
20 S-S, S-O or O-0O bond formation can occur to form a saturated ring; t = 1-3.

Any one of Z; Z4, Zs must be a carbon atom to which the remainder of the
molecule is attached.
299. Zz is N; Z4, Z,, Z4, Z5 are independently CRy; Y1, Y,, Ysare C; Y, is N; W,,
W, are independently CR4Rs, S(O)r (r = 0-2), O, N-R; with the proviso that no
25 S-S, S-O or O-O bond formation can occur to form a saturated ring; t = 1-3.
Any one of Zy, Z, Z, Zs must be a carbon atom to which fhe remainder of the
molecule is attached.

The preferred embodiments of formula 13-A:
30 300. Zy, Zy Z3 Z4, Zs, Zs are independently N, CRy; Y1, Ya, Y3, Y, are C: W,, W,,
W; are independently CR4R,, S(O)r (r = 0-2), O, N-R; with the proviso that
no S-S, S-0O or O-0O bond formation can occur to form a saturated ring; t = 1-
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W2 are independently CRAR4, S(Or (r = 0-2), 0, NR wth the proviso that
no 20 S-S, S-0 or 0-0 bond formation can occur to forma saturated ring; t
= 1-3. Arwomam®9xko Z,, Z4, Z5 nust be a carbon atomto whi ®oTtuse3/1B@sRiI nder
of the nolecule is attached. 299. Z3 is N, Z1, Z2, Z4, Z5 are

i ndependently CR2; Y1, Y2, Y3 are C, Y4 is N, W, W are independently
CRAR4, S(Or (r =0-2), 0, VR wth the proviso that no 25 S-S, S-O or
0-0 bond formati N, 2096 t r ne of
71, 22 74 75 fadHeng A v %ﬂ Znid l?%e !rzge}rgfgnn %T%Sﬁ”rt’@%g

nol ecule is attaeimedmdeﬂ'bfethpmojlmweald aﬁaﬁmﬁ rrents of formula 13-A: 30 300.

w2, W ar enadielidh %%Rﬁp??%?e”t'*%e oG CRG YinTh Vit A1 i ovi so

that no S—S SV, 0N; &ird intlzpandentigedR &0, 8E)r dce -2}, ®,fiRm withstabuyratiea ri ng;

tru;t 1be g \o\gr 8gﬁg§1 Qﬂrg %H%ﬁgéqﬁéééd}fg%?t}o@e ?CCPHL leo{)]?pec%turéfé’d rﬁét ggﬁedm

301. Z, is N 7% 148 ArK/40ne7_5f Z5Zar &ingépamdaemblqcéRiZm aftm t62whidi3 therd are
C W, W, W are H& 8fep]dentl g %(O)r (r =0-2), 0,0, NR wth the
proviso 5 that 'RG2EJ8r Ot o"zﬂJe IS8R S%r mat i on can occur to forma
saturated r3oag; 2, Z &re?: N; AZI;VZQIE:, Bf ar?éane'ﬁéndZﬂtly @R;; Y6 Y4, YhereaaCcw,bon

75Oz 58 e e T et R S 3 PR BN e, G

are i ndependent Ituat%flﬁi“a SSOQrrO0 bendfoRphatidh, cdld—d%cumdﬂormm:qmurewdsmg, 10 t hat

no S-S, S-0O or 0 formation ogecur form e in t =
1-3. Any, one of" 33"? &zy 02%,0262%112 r%l‘é’eg '“é'\#%’(?n a(f% hVﬂ? i
remai nger of th?’eﬂiﬁhﬂ@ﬂbﬁhé%cﬂéd@&b@dac% Z,, Z3 are N 22 z4 250I ZrI
are indepe nt L, Y 3. Y4 are ently
CR4R4, S(O) > ng e Ké,ZN-%RZsWZ% Aree 'H%ep&P%“ CR 5 %glt "9 or

0-0 bond for mat ivag W@mr@mpeh@rﬁl9m4a4,ss(@)rz@rtecb 2) m:g N4Ry thStheAungvume of
2 457D, 20, Thaing8 3 SBLE0B AR Gt toh Mo S TR A% Bl Mg
CR2; Y1, Y2, Y3it=YA3anayGneVdf Z,, Z4, Zs, Zs must be a carbon atom to which the
remainder of the molecule is attached.
304. Zy, Zsare N; Z, Zs, Zs, Zg are independently CRy; Y4, Yz, Y3, Ys are C; W,,
W,, W; are independently CR4Rs, S(O)r (r = 0-2), O, N-R; with the proviso
20 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z,, Z, Zs, Zs must be a carbon atom to which the
remainder of the molecule is attached.
305. Z;, Zsare N; Z, Z;, Z4, Zs are independently CRy; Y4, Yz, Y3, Y4 are C; Wy,
W,, W3 are independently CR;Ry4, S(O)r (r = 0-2), O, N-R with the proviso
25 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z, Z; Z,, Zs must be a carbon atom to which the
remainder of the molecule is attached.
306. Zy, Zsare N; Zy Zs, Z4, Zs are independently CRy; Y4, Yz, Y3, Y4 are C; W;y,
W,, W3 are independently CR4R;, S(O)r (r = 0-2), O, N-R¢ with the proviso
30 - that no S-8, S-O or O-0O bond formation can occur to form a saturated ring; t
= 1-3. Any one of Z,, Z3 Z,, Zs must be a carbon atom to which the remainder

of the molecule is attached.
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W2, WB are independently CRAR4, S(Or (r = 0-2), 0, NR wth the proviso
20 that no S-S, S-0 or 0-0 bond formation can occur to forma saturated
ring; t=wol3/o9y0 one of Z2, Z3, 45, Z6 nust be a carbon &Corasvy13aki ch t he
remai nder of the nolecule is attached. 305. Z1, Z5 are N Z2, Z3, Z4, Z6
are independently CR2; Y1, Y2, Y3, Y4 are C; W, W, W are independently
CRAR4, S(Or (r =0-2), 0, NR wth the proviso 25 that no S-S S0 or
0-0 bond formation can occur to forma satura one of

72, 73, 743026 fuds Ne Z. éalbds &t 8R tnSeWﬂd@H ﬁ }r)br?%u Xae

mol ecule is att ReRNS(@B ZBoz“OKﬁ?Wﬁhltlﬁw' ﬂﬁ&dent|y
CR2; Y,, Y2, Y3W% ?\@a?rg%dep%%de e g:{J\Iar(eg’l (rr1de e%de 1a ? S(O r =

0-2), 0, N-R wihehne §eS &&/P%Q O Hghe firmatien Sa'soc%"é? g? "{)a GatHEFHGd fl n‘at i on

can occur to form.g s& 'éhéto?dz“zzg zi 75 A- r%ust%ya%s@b@f atotn td WhickdiheZ5 must
be a carbon atomto which the renai nder of the nmolecule is attached. 61 WO

03/ 093480 PCT/ Usomindaithegpolecyls is attaghed: 73 74 75 76 are

d d ; 2 Y.
l(:g4ggen S(eg§é9/ CBz%zdér? N z1,‘ﬁ§ zs,% %f@.n@epéﬁdgcfr%ngﬁ% vp%@@gﬁwgry 0.0

bond formation %n%c@@rln@@eméﬁihﬂhcga?urSéBHd(r A b)) @ N—R11W!§h hepravise of z, ,
Z3, Z4, 75, Z6 gy Eho %eSaS@BP@]Oaﬁd?m ﬁ)ﬂn%n%nté&ur B fopied BataFat&d rikdne

mol ecul e is attached. 308. are N, Z1 Z5, Z6 are |ndependently

CR2: Y1, Y2, Y3t= 4 Apgors ofv\L; Zs,\Kz muss baraecairbﬂmsq\ieﬁb@mh'%h tordemainderyfy (1 =

0- 2) N R, BhdiBELIR | OMeReq t hat no S-S, S-0 or 0-0 bond formation can
occur fbo formyh%aturat ecf r%nge t= 1-3. Any one of Z4, Z5, Z6 nust be a

carbon at 0899.0 GhiZslare WY Zedai Adds a5 independeaty@Rec ¥l o7 Joaf4HeKadV1309.

Z2, 74 are N, Zyy , erRAeN (& OYN»RY&thYﬁe Hisare G
W, W, WB are |ndepaer§§ n@é X@ﬂ%ﬁ "SQ ﬂ('r @3? 0, I vvlpthlthe

proviso that nthatngS-S. @‘Q)Ior ®-0 kkﬁiﬁdfofr@?tmt‘??@rpf@ah iogra ?@hfaé‘?qﬁ“&g

saturated ring; one of, 21, 7ZAwsZBe £BaBbnt alf b GAAOMeAL oM to
which the 15 reng;sng;iqr& oﬁé]%bﬁe eCu%e a|Zs ugttgcheg 31% Z2, 75 are N Z,,

Z3, Z415 76 are (encRipden@éHel WOIQF@? 'S@t:‘adﬁﬂd Y3, Y4 are CC W, W, WB are
I ndependent)y CRAR orS(1Q) 17, &, Z,, & 2ke ifdlepShdRntiWORY,; VHWZP'YS!V\i’4sé}e C; W;,
W,, W5 are independently CR,R4, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z;, Z; Z;, Zs must be a carbon atom to which the
20 remainder of the molecule is attached.
311. Z,, Zsare N; Zy Zs, Z4, Zs are independently CRy; Y1, Y2, Y3, Y, are C; Wi,
W,, W3 are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z;, Zs Zs, Zs must be a carbon atom to which the
25 remainder of the molecule is attached.
312. Z, Zgare N; Zy Zs, Z4, Zs are independently CRz; Y4, Y, Y3, Y, are C; Wi,
W,, W3 are independently CR4R,, S(O)r (r = 0-2), O, N-R, with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z,, Zs Z,, Zs must be a carbon atom to which the
30 remainder of the molecule is attached.
313. Zs is N; Zy, Z» Z4, Zs, Zs are independently CRz; Y1, Yz, Y3, Y4 are C; Wy,
W,, W; are independently CR4R;, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
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that no S-S, S-0 or 0-0 bond formation can occur to forma saturated ring;
t= 1-3. Any one of Z1, Z3, Z4, Z6 nust be a carbon atomto which the 20

r emai nderwofo3opmsiol ecul e i s attached. 311. Z2, Z5 are N; PET/USEB134EY, Z6
are independently CR2; Y,, Y2, Y3, Y4 are C W, W, W are independently
CRAR4, S(Or (r =0-2), 0, NR with the proviso that no S-S, S-0 or 0-0
bond formation can occur to forma saturated ring; t= 1-3. Any one of Z1,
Z3, Z4, Z6 nust be a carbon atomto_which the r t he, nol ecul e
is attached. 312.1-32Anyengf w1 2, 2745 £4m”?5b%raecqr %6&% t‘"ﬂfhdﬁf Y, ,

Y2, Y3, Y4 are (gmalder of\the MBiediil8 lé élﬂ!%ﬁé‘@dent'y CR4R4, S(Or (r = 0-2), O,
N-R with the proviso that no_S-S %0 %_\pdf QY mgcgg ccur to
form a satdtat eds derdge Ni '21122825’%W%H@'38?“ tly B2 Yy Yopds, tcar bon
atom to which t{ig \W30akaRBéRMRENS] CRIR,, IORCHI=L0! @t NerNedh tidl Brovigd i s N
71, 72, 74, 75, 05, v mde%%n elﬁ{ G 01 N2 NS VA are

are i ndependent Ihat oR4gRS, S Of ©- prbond(f_ogyathy CEN-‘P?C”W"( fermR s W?%%ngit hat no

S-S, S0 or 0-0O:bend 4 Bﬁélo@nzqanz geur, st %ﬁé%aﬁﬁnum@he@b Whitgs the 62 WO
03/ 093280 PCT/ USOB/ 13451 = Any one of Z1, 72, Z4, Z5, Z6 nust be a

carbon atomto Wmaim&rh?éther'@ﬁ'ﬁp‘#ﬂéé?at@ﬁc“?ﬂe mol ecul e is attached. 314. 73,

Z4 are N Z RES SHRRbENILAE C 1Y, , YY3Y, o6 ane, C WL,
W, WB areg?ﬁnde%er%ggﬁ?@ @4%42‘?%? P R 1\% g 4h t he 1OV| SO

5 that no S—S VL0 VW arg- ipderangdenit ﬁéﬁ@ﬁ(@é{n(rm&?ﬁ PONF'%T Wllté the, pipv.

ring; {51 At ﬂPES -8f 543 .or 2.0 Kohd f%ﬁnﬁﬂb?\tcé?ﬁocﬁ:uﬁﬁfflﬁm @%thdtédvmgCh t he
remai nder of t he ecule Is attached. 315. Z3, Z5 are ; %ZI 4, 76

are i ndependent =y 1€RANYONE YF  Ay3, Zoy4s.ofe Must AE, @ opghonygt og}éo dent |y

CRAR4A, S(Or (rremaq?n@érof%e%B@ul\é"é?ﬁééﬂ@dprow so 10 that ”0 S-S, S'O or
0-0 bond formation can occur_to forma saturated ring; ny . .one of

71, 72, Z431&%6 Rudk #ve N dardzodks Fs@ie insleppneantly KRz Xen%a P(aeY4 Y Ch,

nol ecul e is attagh 1 (r20-%40, XbR Wah ithsl Qg:ryaently
CR2: Y1, Y2, Wvg@ aré 'ﬁdegéﬁdeg{%@%ﬁsr%;ﬁ rqdepezédentl gCR4R4 gqsgPo .
ti on

0-2), 16 N-RL wthtah npr%‘eSpSoQu%@ O1 orchigmatipnsean O@Uotcbfm L3 SBFe
can occur to fopmnas sgtpbated 12,N9z, 7, Z; must be a carbon atom to which the

remainder of the molecule is attached.
317. Zsis N; Zy, Z5 Zs, Zs, Zs are independently CRy; Y4, Yo, Y3, Y4 are C; Wy, W,
W, are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that no
20 S-S, S-0 or O-0 bond formation can occur to form a saturated ring; t = 1-3.
Any one of Z;, Zy, Zs Zs, Zs must be a carbon atom to which the remainder
of the molecule is attached.
318. Z4, Zs are N; Zy Z,, Zs, Zs are independently CRy; Yy, Yz, Y3, Y, are C; Wy,
W,, W3 are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
25 that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
= 1-3. Any one of Z,, Z, Zs, Zs, Zs must be a carbon atom to which the
remainder of the molecule is attached.
319. Zs is N; Zy, Zy Zs, Zs, Zs are independently CRz; Y1, Y, Y3, Yy are C; Wy, W,
. W3 are independently CR4R,, S(O)r (r = 0-2), O, N-R; with the proviso that
30 no S-S, -S-0 or O-O bond formation can occﬁr to form a saturated ring; t = 1-
3. Any one of Zy Z,, Zs Zs, Zs must be a carbon atom to which the remainder

of the molecule is attached.
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t= 1-3. Any one of Z1, Z2, Z4, Z5 nmust be a carbon atomto which the

remai nder of the nolecule is attached. 317. Z4 is N, Z1, Z2, Z3, Z5, Z6 are
i ndependewOlog/ogR22) Y1, Y2, Y3, Y4 are C W, W2, WB are ipaaapsendast |y
CRAR4, S(Or (r =0-2), 0, NRL with the proviso that no 20 S-S, S0 or
0-0 bond formation can occur to forma saturated ring; t = 1-3. Any one of
Z1, Z2, Z3, Z5, Z6 nust be a carbon atomto which the remai nder of the

mol ecul e is attached 318._ 74, _Z are. 2, . Z3 i ndependent |y
CR2: Y1, Y320.y3Zsx% @ee NeZindz Zs, Iéi&P ‘t’%ﬁ@é&e’fﬁdéfmz% CRIFHC ‘ge\&jr (r =
0- 2) 0, N- R Wy h wpgré)rnggpérmenﬂﬁcmm S(Q))ﬁ(rs; OQ)OO;HN R1 QntbQﬁ@l ptcwgaatl on
can occur to forma saturated 5, Z6

must be a car boH"aét”@rﬁ\'“ﬁoSv@loélQ pl"Fé’”d f@ﬂﬁtﬁaéan%"‘t"ﬂtg fa%“ acat LEathg R0t Gched.

319. 75 is N ZL, 122, AdBond%bf 28 2J € 7, eprBriostd atidh attin tofhict3theY4 are
C, W, W W are independently CRAR4, S(Or (r = 0-2), 0, NNRL with the
provi soBt hat 30erﬁ@|ngers>ftbq~,mlqypleosgt%}$ formati on can occur to forma

saturated BbNg; A & K; 3z1,f%;>23 ZP zgfar@tndeéandemy GRY; YZGY{TW%tYJO@feaCCW bon
atomto which the remai nder’ the nol ecul e is attach "fﬁd 63 WO 03/ 093280

PCT/ US03/ 13451 Vé20Vs 2t mz'ep%nd@nﬂy CRiR4, BO)ZE = §22)a e N-Re di¥8 1bR REIWSCR:
Y., Y2, Y3, YA R ng S¥l s 8% OB kﬂfn@ fbﬂ?\ﬁ’é’li@ﬂ%ﬁ%bl\(r 4 a safudted (ihg=t 0- 2) ,

0, R with the proviso that no S- S-0 or 0-0 bond formation can occur
to form a satur &t &8 Anfgpnet of Z1123. ZAZy &neEst bZP carpon 2iom za Which thse a

carbonsgtom t o W 5RdENG the nof®BieNsl8ftadhedt he nol ecul e is attached. 321. Z6
is N %1 Z2, Z3, Z4, Z5 are independently CR2; Y,, Y2, Y3, Y4 are C, W,

2, V\Barelndependently CRAR4, S(Or (r —02) 0, NR wth the proviso

that noS (_9 n occur to forma saturated rin
h r‘?é 8r Er%ttéarfwm&%@ g;
ieﬁr e m © 75 nust be a carbon atomto whi ch t he

10 renal ndéEZ of Zt hé IZmIZech &s |af,e @ﬂ@%ﬁm’éﬂﬂy Nh@ﬁaf\éf, Ser €d Yo & MEnt o
formula 13-B: 3\?@ e{%lmd%égnd%ﬁtly ER,RED 0%6?,85 8-2 néepﬁli(%ﬂ)ﬁ/ﬂﬁ |(t|¥e MOV@B)Zthath , Y2,

Y3, Y4 are C are 1 ndependent 0, NR
with the provisootht S-Qser ﬁbosl;losd f@ﬂ@tleﬁ Cen@cwﬁa forat adeiuEAed HROdGTin to

forma saturated WROond of 2, 7, Zs, Z, Zs, Zs must be a carbon atom to which the
remainder of the molecule is attached.
323. Z, is N; Zy, Zs Z4, Zs, Zs are independently CRy; Yy, Y3, Y3, Y4 are C; Wy,
W,, W3 are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
20 that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
= 1-3. Any one of Z, Zs, Z4 Zs, Zs must be a carbon atom to which the
remainder of the molecule is attached.
324. Zy, Zyare N; Zj Z4, Zs, Zs are independently CRy; Yy, Yz, Y3, Y4 are C; Wy,
W,, W3 are independently CR;R,, S(O)r (r = 0-2), O, N-R; with the proviso
25 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z,, 24 Zs, Zs must be a carbon atom to which the
remainder of the molecule is attached.
325. Z4, Zzare N; Z, Z4, Zs, Zs are independently CRy; Y4, Y2, Y3, Y4 are C;, Wy,
W,, W; are independently CR4R,, S(O)r (r = 0-2), O, N-R; with the proviso
30 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z, 24 Zs, Zs must be a carbon atom to which the

remainder of the molecule is attached.
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3. Any one of Z1, Z2, Z3, Z4, Z5, Z6 must be a carbon atomto which the
remai nder of the nolecule is attached. 323. Z, is N Z2, Z3, Z4, 75, Z6 are
i ndependewOlog/ogR22) Y1, Y2, Y3, Y4 are C W, W2, WB are ipaadapsendast |y
CRAR4, S(Or (r =0-2), 0, NR with the proviso 20 that no S-S, S0 or
0-0 bond formation can occur to forma saturated ring; t = 1-3. Any one of
Z2, 73, Z4, Z5, Z6 nust be a carbon atomto which the renainder of the

mol ecul e i s attached. 324. Zl, _Z2 are i nd dently
CR2: Y1, Y326.Y3Zi, Y4 e NCZa\fe, Zs. i arq éP%"d%ﬁé&ﬁianﬁzy%& e“@))’r (r =
0-2), 0, NR szhV\Tlsh%e%Qé’be?@lent%CRmt sog)r%& 03) 000 N-R; Wit emspforisaat i on
can occur to forma saturated rin Z6 must

be a carbon at otfet daRis BS-Pner O%%‘ﬁ’i%@é‘?‘am“ ??%O%S'Fé%{ﬂr@ 3 53%5'?11%@“'& 325.

21, Z3 are N Zg 14 AP onébrar zgdzp ﬁmﬁs{ e GRZarbbh, atth toY@nick4thar e C;
W, W2, WB are independently 4R (r 0-2), 0, NR wth the

provisd 30 tha[emﬁjncgrgft@mol@pulgjmat{?@ Edformatl on can occur to forma

saturated gng; s NAY, AN, of of indéfendently SRV LY DY, ay cae lmynwat om t o
whi ch t he rema|21r’1 ar ro t%a Bcule is gttac )é Y V\60§/693280 _

PCT/ US03/ 13451 V\a28Vs are, lnsiqp%dénw CRaRu, BEO)rAs = Q@)’aQe N-Ruwife ffe RtAviFocre:
Y1, Y2, Y3, Y4 gLe fo sWl.s. Wor OB B&RI fo'ﬁqgﬁ)&ﬂgé?ﬂéédﬂr (eI’ a Shtldated fingg 0- 2) ,

0, NR wth the prOV| sO that no S-S, S-0 or 0-0 bond formation can occur
to form a saturtt dB.rAmgonetaf ¥o3. Zspky %ﬂ@ué? bgoa carponzatomztp which he o

carbon;@atomto drlg theemb Bk stacREqt he nol ecul e is attached. 327. Z,,
Z5 are“ﬂl Z2, Z%%ﬁd r% are 1 ndependently CR2; Yl Y2, Y3, Y4 are C W,

V2, VB are32hdeBerdane | N; GriaZ, Z@e independently CRy; YR, Yo Yare ke Wrovi so
that no S-S, S 0ky 05 Glp-2 0of RER) Qitls Ml privRe i ng;
t= 1-3. Any one@, V\E‘Za'% lh%‘&%r{d%wm@m @O)pgar b02tr)1 atommt OIV\:hI CEI the 10
renmai nder of t hthahoies, S-Osora@1Quberdiformation gan oggyir &9 fori: a saturased ringi 75

are i ndependent Y \@ 3,7.Y%4, ap Enfast Y& a AbonViod & Whkep@edent |y
CRAR4, S(Or ( 1%“ Bne ! th' the proviso that no S-S, S0 or 0-0

bond f& mati on mﬁﬁloﬁﬁrmfth%mpl?ﬁﬁlﬁéﬁ %téﬁobﬁét ed ring; t= 1-3. Any one of Z2,
Z3, Z4, Z53pist zbg ¢ 9arA0n 2 OMatOinWbh&ieht\ECR,; Y1, Ys, Ys, Ya are C; Wi, W,

W, are independently CR4R;, S(O)r (r = 0-2), O, N-R; with the proviso that
no S-S, S-O or O-0O bond formation can occur to form a saturated ring; t = 1-
3. Any one of Z; Zs, Z4 Zs, Zs must be a carbon atom to which the remainder
20 of the molecule is attached.
330. Z,, Zsare N; Z4, Zs, Zs, Zs are independently CRy; Y4, Yz, Ya, Y4 are C; Wy,
W,, W; are independently CR4;R4, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-0 bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z, Zs, Zs must be a carbon atom to which the remainder
25 of the molecule is attached.
331. Z, Zsare N; Z; Zs, Zs, Zs are independently CRy; Y4, Y, Y3, Y4 are C; Wy,
W,, W; are independently CR4Rs, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z;, Zs Zs, Zs must be a carbon atom to which the
30 remainder of the molecule is attached.
332. Z, Zsare N; Z; Zs, Z4, Zs are independently CRy; Yy, Ya, Y3, Y, are C; Wy,
W,, W; are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
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15 remai nder of the nolecule is attached. 329. 72 is N, Z1, Z3, z4, Z5, Z6
are independently CR2; Y1, Y2, Y3, Y4 are C W, W2, W are independently
CRAR4, S(WDro3f93280 0-2), 0, NNR with the proviso that noP8T&IS0813dDr 0-0

bond formation can occur to forma saturated ring; t = 1- 3. Any one of Z,,
Z3, Z4, Z5, Z6 nust be a carbon atomto which the remainder 20 of the

nol ecul e is attached. 330. Z2, Z3 are N, Zl1, Z4, Z5, Z6 are independently

CR2; Y,, Y2, Y3, Y4 are C W, re i pdependent |y CR4R4 (Qr (r =

0-2), 0, NR V\f‘tﬂ?{WYpPB‘%lf’éozwh%tzhofesr@sp%ec?&ae@pogt%h@ f’%‘r‘ﬁ%ﬁﬂeon can

occur to form argadindetdtthe hbgeule isatlacRed Any one of Z4, 75, 76 nmust be a

carbon atomto which the remni nder 25 of H Iecg eY % tacrt(sa; 331.
qnjly ¥1'2 ¥,

72, Z4 are338. 7Zy ZxRre N, Zdlsafe Ze iR FERAE P4 are G

W, W, WB ar ewznwsp%ohﬁaéaemd%%m §@<o)r((fr =00)2D, NR, NﬂﬂRtheﬂbtdvnsfohe
pI‘OVI so that no Oor 0-0 ormati on can ogo?ur to

sat urat®ed ring; thaf no;SP, SaRYOrEO Bendrfprmaton ean oegyir fo, mb%s?}”?g?%]ﬂﬂg ‘atomto

which the 30 remaifdey %etd?eZ”D'%CZL ez fudt bachedrbonddonZe whichate N Z,
Z3, Z4, 76 are |ndepen ently ., Y3, Y4 are C W, W, WB are

i ndependent | y ORMRINdes(afjhe WP'eGU'GiszﬁﬁaC@edl\l- R with the proviso that no

S-S, S-O 0g3f- OZb%g%réONWBz1lzgnz§ezg a@&ma@péﬁué‘rmpmmz sat\qr&smérercg w,,65 WO
03/ 093280 CT/ US03/°13451° t= one of ZS must be a
carbon atomto Wi ¥V @fﬁ*emd?@*?dﬁ'ﬂﬂi’e@?d?m ts’r(@)rnﬁl‘egl?l)e b %1 %t Wﬁ'&ﬁ'&ipr%’?@ 72,

25 ared\, Z,, Z?hatﬁ‘f’o 87655 %r‘@@@&ﬂﬂﬁiﬂr‘hbﬁor@n ocYclbr téf?ormYésatWat@d ﬂn@ WL,
2, V\B are i ndepende CR4R4 S(Or (r =0-2 % ov| SO

5 that no S-S, E: d- ?orAm)L One&fd Ziorfmei-ofe BHSt @éc%rcaftt?”f 6"PFH EP

ring; t=1-3. ﬁ@er@‘ft@mogaﬂe@latta%ﬁegust be a carbon atomto vvh| ch t he
remai nder of the nolecule is attached. 334. 72, Z6 are N, Z1, Z3. 74, Z5

are indeped®®nt Ly ioRN; 11722 ¥2, Zsy3s avgyingppendentiy CRa$1, Xag Yare 3Bdep¥mndent | y
CRAR4, S(Or1 (ryg Qvlire ﬂdep%n@entw tR RP%(@'}rO(WﬁQ 2)16, NI:@I wﬂl@ ﬂ% §rov§00 or

0-0 bond formati 6h can occur forma saturated rin

one of
71, 731574, 75 thastndp®- Sa&@r%&%h%\ﬁﬂ@@%ﬂﬂcq@nt%éw tPgWﬁfi ﬁ&@‘i“r%}ﬁd {'ﬁ%

mol ecul e i's att acfgdany one of Z; Z, Zs Zs, Zs must be a carbon atom to which the
remainder of the molecule is attached.
336. Zs, Zsare N; Z; Z,, Zs, Zg are independently CRy; Y, Y2, Y3, Y4 are C; Wy,
W,, W3 are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
20 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Zy, Zy Zs, Zs must be a carbon atom to which the
remainder of the molecule is attached.
337. Zs, Zsare N; Z Z,, Z4, Zg are independently CRy; Yy, Ya, Y3, Y, are C; Wy,
W,, W; are independently CRsRs, S(O)r (r = 0-2), O, N-R with the proviso
25 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z;, Z Z4, Zg must be a carbon atom to which the
remainder of the molecule is attached.
338. Zs Zsare N; Z; Z,, Z4, Zs are independently CRy; Y4, Yz, Y3, Y, are C; Wi,
W., W3 are independently CRsRs, S(O)r (r = 0-2), O, N-R with the proviso
30 . that no S-S, S-O or 0-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z;, Z, Zs4 Zs must be a carbon atom to which the

remainder of the molecule is attached.
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335. Z3is N Z,, Z2, Z4, Z5, Z6 are independently CR2; Y,, Y2, Y3, Y4 are
C W, W, WB are independently CRAR4, S(Or (r = 0-2), 0, R wth the
provi so W0 lgi28ho S-S, S-0 or 0-0 bond formati on can oc®Um/USe3/i@FM a
saturated ring; t = 1-3. Any one of Z,, Z2, Z4, Z5, Zr, nust be a carbon
atomto which the remainder of the nolecule is attached. 336. Z3, Z4 are
N Z,, Z2, Z5, Z6 are independently CR2; Y1, Y2, Y3, Y4 are C \/\1 W2, W8

d dent Ly CR4R4, _S(O = 0-2 20tht
o e LY oS Sk o gty oy ol 6 A B0 ]
1-3. Any one of \iflareZiddegéndertly ¢R§R4,taoar G'a-f qu) al PPRL w.mhm@brd\m that

remai nder of the nol ecul e IL.s_attached. Z6
are i ndependent Ny TRpS-Orr Oy bond forq@tlapéa@ocwr tof‘gw a@\%{uéq%gd i”H%etpe dent | y

CRAR4, S(Or (r 3= AGTyane @f %,Rzz,wzahz;@e RfuBY ibe0a cdfbdnhatorm@o Swhich $he) or
0-0 bond formation can occur to forma saturated ring; t= 1-3. Any one of
71, 72,574, z6 mueainger of thaymeissuigtid atted®ihi ch the remainder of the

mol ecul e i g4@tt g 38182 Z 628éreIMe ndertl, CR4 Y, 26, ALY akepe ently
CR2; Y1, Y2, \(3%5@5 re O 12& ¢ W rpélndg/pen ﬁt|éc3:R4R4 Sv(sﬂl (r =

0-2), 0. NR me Whérep}”éw%%‘e”@ocﬁﬂai’ %’ (s> 0§> Withha Prdfsaat i on

can occur to fOEHBtan§€t$”§-@9r Ol Bond ForAration O8N ot tefordla s§iliratéd ringd must
be a carbon atomto which the remainder of the nmol ecul e is attacheh 66 WO

03/ 093280 PCT/ UBD3r3 3y 0ne38t Zizals, &a s, 4 Mush bezicarpgn ajgm 4p which

i ndepeqglent |y CFQnal?@erc)the Pﬁ%lecﬁ’l@ ighRadhedM , V\2 WB are Independently
CR4AR4, S(Or (r = 0- with the proviso that no S-S, S-0 or 0-0

bond for madftbn Z—an‘so& thZ@ZfaoZ‘mZa a5 NAERPRIENY (g 1.7 Ya3Ys A CoWe: of Z, |
Z2, 73, 75, Z6 Wzﬁtvv?ﬁr@m@@é&@l@n? @'R;Rﬁlzl SYHEr “0922 B, NeRRIwRE ahe Providte

mol ecul e is attached. 340 Z6 are mdependently

CR2; Y1, Y2, Y3thayane$e,&-Owr 0- q/honckmrra?f@n ?ﬂﬂb%HH@rfPW acpmRtedgngy t (r =

0-2), 0, N-R witiat hgyRs n‘ébeS% yazs Izg 2 Busbbl PEarBoR s do viigmineon can
occur to forma saturated rin - Any one of Z1, Z2, Z3, Z5, Z6 nust

be a c¥ bon atoﬁﬁ?m@ndﬁ@ﬁhqw‘@%cﬂ'ﬁ i$ éﬁ%ﬁ"\?&ler of the nolecule is attached.
341. 75 is3hb Z¥, ZlarelR; ZAz, Z5 Bl ftelimitprRASNIEN,; ¥R2Y,, Y1, Y,Ydre 03w, Y4 are

G W W,, W; are independently CR4R,, S(O)r (r = 0-2), O, N-R, with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of 2, Z,, Zj Z, must be a carbon atom to which the

20 remainder of the molecule is attached.
343. Zs is N; Zy, Zy Zs, Z4, Zs are independently CRo; Y4, Yz, Y3, Y4 are C; Wy,
W,, W; are independently CR4R,, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
= 1-3. Any one of Z; Z,, Z, Z4, Zs must be a carbon atom to which the

25 remainder of the molecule is attached.

The preferred embodiments of formula 13-C:
344. 24, Zy, Z3 Z4, Zs, Zs are independently N, CRy; Y4, Yz, Y3, Y4 are C; Wy, Wy,
W; are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso that
30 no S-S, S-O or O-O bond formation can occur to form a saturated ring; t = 1-
3. Any one of Zy, Z, Zs, Zs Zs, Zg must be a carbon atom to which the

remainder of the molecule is attached.
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W2, WB are independently CRAR4, S(Or (r = 0-2), 0, NR wth the proviso
that no S-S, S O or 0-0 bond fornmation can occur to forma saturated ring;
t = 1-3.wemwg/oeneo of Z,, Z2, Z3, Z4, Z6 nust be a carbon @&Comsv®i1aki ch t he
15 remai nder of the nolecule is attached. 342. ZzZ5, 76 are N, Z1, Z2, Z3, Z4
are independently CR2; Y1, Y2, Y3, Y4 are C; W, W, W are independently
CRAR4, S(Or (r =0-2), 0, R with the proviso that no S-S, S Oor 0-0

bond formaLjon can .pceur, t oL,m bng; vt = 1¢3 of Z1,
o " Tashe, TRR SR, 20 el PR EREY, i o are AMEIRLD 2
is attached. 348V, a6 indegdnd@itly CR,RLZS(ORAT =Z%-2xr@, Nritteywignthenpioyiscrhat v, |

Y2, Y3, Y4 are E% \?—I\/é,bs-(%/\ﬁ% ?y(\ﬁ 88@_? gr&%_ﬁ%‘? g?ﬁ gg%ﬁf 1 SRR sa?tﬁg)téd l(iﬁgé'_f Dy 2), 0,

NR with the p pbond formation cdn occur to
form a sat ur at ed. Amngpe of Zx71,- R, ZAZy mustbeh cathonZRom 2@ which the lemaisderbe a

carbon atomto ich th 25 .1 i nder of the noblecule is attached. The
preferr%d enbod%ﬁt’%"'%‘ﬁ"‘?'ér%?’ggdm-c 344. 71, 72, 73, 74, 75, 26 are

i ndependens4§. NZ, @R2re Y, ZY¥Z,, X3.Z; e andepehdently ORR; Y1,\\&, X&,6Y4 ardepieleent | y
CRAR4, S(Or (rys 0:2). 0, N ' h oxi_s@ A hat 30 - - O or
0-0 bond for nmat %n%%ﬁedeg?ﬁenggnWO{Pﬁf%’?a@&fr(ite 2>’i ﬁgN lt% v:vﬁ'litl% g&?ﬁ’? one of
Z1, 72, Z3, Z4, thdD,nZ8-SNS0 dreD-®D bamdbionmationcarooedur ¢dfarimea satered¢chdey; of t he
nol ecul e is attac ...67 WO 03/.093280 PCT/ /1 3 j 72, Z3,
70, 75, 76 are. PhaeheRTT Pl ;4. 2ov5 MUt Eabor gy uphiying”s

i ndepetglent | y Crébdindes(0Diire olesul8-i2attadBedN- R, with the proviso that no
S-S SO0o -0_band f oy, ipn.,c occur to far . satwr gt LY.t = 1-
3 “hny oneS4f 73t Gare Bk 55 Tty Mosebichf BT St Sh ki R i

remai nder 5 of Whgvamrkeenddpenidentit CReREe G(OF4B .= L), @2NaRewith tiESpraXiso Z5, Z6
are independent CR2. Y.« ~Y2, Y4 are.C ' dent |y
CRAR4, S(Or (rlh}_élt d1°z§',s’og,'or\?"F9'¥aP?’hd F%’Sa%?”o?/alws%“”{mﬁ%{#&‘og %?*g’;a@%aeﬁ"?@r 0-0
bond formati on gan-pcaw ohe® dof oiZy aZ,sat,uZatedt bena;carbdon dtoB. toAmpiabntheof Z3,
Z4, Z5,_Z6 nust be.aoI carhon altorptoat%ihg the 10 remai nder of the nolecule
i s atththed. 34PMapderSLingmOREUISISatiaenedy 75 o1 e i ndependently CR2; VY, ,
Y2, Y3, Y4348.e Z;, MNbre N; Z, Zs, Zs, Zs are independently CRy; Y4, Yz, Y3, Y4 are C; Wy,

W,, W3 are independently CR4R4, S(O)r (r = 0-2), O, N-R4 with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z, Z3 Zs, Zs must be a carbon atom to which the
20 remainder of the molecule is attached.
349. Z, Zsare N; Z, Z;, Z4, Zs are independently CRy; Y4, Yz, Y, Y4 are C; Wy,
W,, W3 are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z, Zs Z4, Zs must be a carbon atom to which the
25 remainder of the molecule is attached.
350. Zi, Zgare N; Zy Z;, Z4, Zs are independently CRy; Y4, Y2, Y3, Y4 are C; Wy,
W,, W5 are independently CRsR4, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-0O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z, Zs Z4, Zs must be a carbon atom to which the
30 remainder of the molecule is attached.
351. Z, is N; Zy, Z3 Z4, Zs, Zs are independently CRy; Y1, Y2, Ys, Y4 are C; Wy,
W,, W; are independently CR;R4, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
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W2, WB are independently CRAR4, S(Or (r = 0-2), 0, NR wth the proviso
that no S-S, S-0 or 0-0 bond fornmation can occur to forma saturated ring;
t= 1-3. AnN9poones2ed Z2, Z4, Z5, Z6 must be a carbon at om t @eCriuSosri4be 15
remai nder of the nolecule is attached. 348. Z,, Z4 are N, Z2, Z3, Z5, Z6
are independently CR2; Y,, Y2, Y3, Y4 are C; W, W, W are independently
CRAR4, S(Or (r =0-2), 0, R with the proviso that no S-S, S0 or 0-0

bond formation can poccur to form tyrated ring, t= 1-3. Any ope of Z2,
Z3, 75, Z6 nust 'bg'g r B © tgngom%%tstrﬂlést bso? B RATAM @fx’f‘l‘f thel ecul e
is attached. 34%emlindefZbf theendiecudis affdchddl, Z6 are independently CR2; Y1,
Y2, Y3, Y4 gre G : , e_i ndependent | AR4, S(O ¢ (r = 0-2), 0,
NR wth t%’r@'p%ﬁv%\gﬁre :ﬁa&y\g‘b é‘;a@-'gg%‘?e”g@ YooRe ¥iorpmls th Faf feur to
atom o uhi ch tho. 28 e mdar o e ol pen e Lo ALt ACReq T gepiropegal don
atomto _whic [ i nder e nmolecule is attached.

are N 82, 73, et B8 Sipeoiol b SEHARAR TRAEN oah oogur toygim psalirgted Ml v,

W3 are independetﬂtﬂ-&@?‘kﬁfbofs(l_Q)Zs, 6 ntusPb@ . cabborMatBm 11 Wiich e RS t hat
no S-S, SO or 0-0Q bond formati on can occur to forma saturated ring; t=

1-3. Any one of ¥emslecylgis a8ached: pe a carbon atomto which the 30

remai nder ofs3t hez,np) aeuiNe 5 zatz.aghaeb indddendértly SRNY.ZY,, Va3, 4fe CZ9v, Z6 are
i ndependently CR2: Y,, Y2, Y3, Y4 are C W, V WB_are i ndependently
CRAR4, S(Or (r Waglppre fidepergdently (R SERB G §P-2) fat Ny vathstheraviss * 0- o

bond faqpmation aast AEEUS, D bPOWHoMAtibMMRA dahtdeur to Bfn WRAFARAZHO
PCT/ US03/ 13451 = 1-3. Any one_ of Z,_, Z3,_ Z4, Z5, must be a carbon atom

. Z6
to which the rdffalAdenY et fle Aol eudfse dednydsti R Retarban atomdo whichthe N, 71,

Z4, 75, Z6 are irafhapaBeenthé yndiddlle i¥hitadited. Y3, Y4 are C; W, W2, WB are
i ndependent I% CRAR4, S( with the proviso 5 that no

S-S S0 ord%-0 %o%ﬁaﬁeo%nrﬁ-i(, rén_zeg%sz %@dgéeﬁ%ﬁéﬁfyﬁﬁz;s\at Ve afeeds Arngi Wi= 1- 3.
Any one of Z4, 2R, Kb afd!fide @n@erﬂ@rdmmasgm f(p=\mj229 0, R, AFBINEStbvis®T L he
nol ecule is attached. 353. 72, Z4 are N, 71, Z3, Z5, Z6 are independently
CR2; Y12 v2, 3, hakang SeSS-Qrpr O-Qghongdormmation sae periddatipyn emetwatedringi (1 =
0-2), 0, NR Witth-8hAnProMei 60 Z,, Z; Z,, Zs must be a carbon atom to which the
remainder of the molecule is attached.
355. 2, Zsare N; Z, Zs, Z4, Zs are independently CRy; Y4, Yz, Y3, Y4 are C; Wy,
W,, W; are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
20 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z,, Zj Z,, Zs must be a carbon atom to which the
remainder of the molecule is attached.
356. Z, Zsare N; Z, Zs, Z;, Zs are independently CRy; Yy, Y3, Y3, Y, are C; Wy,
W,, W3 are independently CR4R4, S(O)r (r = 0-2), O, N-R, with the proviso
25 that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of 2, Z; Z4, Zs; must be a carbon atom to which the
remainder of the molecule is attached.
357. Zz is N; Z4, Z5 244, Zs, Zs are independently CRy; Yy, Yo, Ys, Y4 are C; Wy,
W,, W3 are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
30 that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
= 1-3. Any one of Z, Z,, Z4 Zs, Zg must be a carbon atom to which the

remainder of the molecule is attached.
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10 that no S-S, S-0 or 0-0 bond formation can occur to forma saturated
ring; t= 1-3. Any one of Z,, Z3, Z5, Z6 nust be a carbon atomto which the
r emai nderwofo3nyseseol ecul e is attached. 354. Z2, Z5 are N, PET/USEB134Z4, Z6
are independently CR2; Y1, Y2, Y3, Y4 are C; W, W, W are independently
CRAR4, S(Or (r =0-2), 0, NR with the proviso 15 that no S-S, S0 or
0-0 bond formation can occur to forma saturated ring; t= 1-3. Any one of
Zl, Z3, Z4, Z6 nust be a carbon atomto which the remainder of the

nol ecul e |§581tt5£tfacare 5.2, 2, ZzFsare indepgnderttyg CRzaY 1,26, Xp.e'4 HBpefdent | y

CR2; Y1, Y2, Y3 de ] =
0-2), 0. NR V\{zh é'%drg%f%de"t%mvﬁ ag(@)'l ¢ ,Q%dégf-\l 5t gmg?ﬁ% ﬁ)‘@r?ratfgn

can occur to fothat ancsStSuraOeat @1Chgond Eerr_nat;on NWOQﬂhlétQ)for'Zla sgtgratgdi ringg rust
be a_carbon at O{D H%%Bnég‘? 2 Inzdﬂdefs ?rfusf e é"?:'aﬂfo‘r\' Stohs taWhagh ek  356.

Z2, Z6 are N, ependent Y2, Y3, Y4 are C
W, W5 WB arerammieqimrwmetmyle@ﬂeﬁmatt@(na)ir (r 0 2) 0 N-R with the

B ur ared Fhg B %Mg Z'é%ﬁ"az?%%gg%éﬁ? b et 8 N o
whi ch the redeW3 m¢i@oamdbetbqu84R5 Ot d-2).387 N-Ra3Wtk the prvisoz2 74,
Z5, Z6 are inde enden
i ndependent |y C%ﬂ—% %(%) Ord%bgl)?d fogr%a rhcéﬂ Sﬁ% t%rgr%?tggﬁeggﬁ?’hat no
S-S, S-0 or 0-0thdrl Ay ome icdn ZsanZHZeuls nust benad gagwnuatemetp mihigh the = 1- 3.
Any ong, of Z,, Z2, .7 . arbon atomto which the remainder
of the %ol ecul er%a'ﬁ‘?‘?r °fﬁ‘e6d.%§'§gmé\é? 8%‘%8@280 PCT/ US03/ 13451 358. z3, Z4
are N, Z, ,3&2, 25 ZBZéﬂ‘seaN;e 4 rﬂieﬁerﬂjeame indeprRadentty CRE2Y 1, VR, Y¥4Ycare @G Wy, W2,
WB are independ Q, h 0o that
o Wl Pasntenty SRR S@)r (5 PR)0, Nl ind RIS

no S-S, S-0O or aturated ring;, t=
1-3. Any one of théi N3-S, &0 cit&)-lﬁ;bbnda'@rmatrm b@nomm fasmwh sethrated ring;

e i ndependent Iy 10z o6 $5° A3 2 2 2o sty £XgIR gonfto whten B, 70,
CRARA, 15( O r (r reméind@dr,of the melépulwns attadmedpr oviso that no S-S, S-Oor 0-0
bond formagion gan RECUr 19 LOrm g SHIPAb&GHY CRIY,, Y, Ys, Y. are C; Wi, W,
., W3 are independently CRsR4, S(O)r (r = 0-2), O, N-R; with the proviso that
no S-S, S-O or O-O bond formation can occur to form a saturated ring; t = 1-
3. Any one of Zi, Zy, Zs Zs, Zs must be a carbon atom to which the
20 remainder of the molecule is attached.
362. Z4, Zsare N; Z, Zy, Zs, Zs are independently CRy; Yy, Ya, Y3, Y4 are C; Wi,
W,, W, are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
t= 1-3. Any one of Z;, Zy Zs, Zs, Zs must be a carbon atom to which the
25 remainder of the molecule is attached.
363. Zs is N; Zi, Zy Zs, Z4, Zs are independently CRy; Y1, Yz, Y3, Y4 are C; Wy,
W,, W; are independently CRsR4, S(O)r (r = 0-‘2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring; t
= 1-3. Any one of Z; Z,, Zs Z4, Zs must be a carbon atom to which the
30 remainder of the molecule is attached.
364. Zs, Zsare N; Zi, Z3 Zs, Z, are independently CRy; Y4, Y, Ys, Y4 are C; Wy,
W,, W3 are independently CRsR4, S(O)r (r = 0-2), O, N-R, with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;

70



t= 1-3. Any one of Z1, Z2, Z4, 76 nmust be a carbon atomto which the 10
remai nder of the nolecule is attached. 360. Z3, Z6 are N, Z,, Z2, Z4, Z5
are i ndepwpdentdzgo CR2; Y1, Y2, Y3, Y4 are C; W, W2, \WB acCe/usnsiepsndent |y
CRAR4, S(Or (r =0-2), 0, NR wth the proviso that no S-S, SSOor 0-0
bond formation can occur to forma saturated ring; t= 1-3. Any one of Z1,
Z2, Z4, Z5 nust be a carbon atomto which the 15 renmai nder of the nolecul e
is attached. 361. Z4 is N Z1, Z2, Z3, Z5, Zr, are independently CR2; Y1,
Y2, Y3, Y4 are & 1vlL,AMRone OfB Zr & i ﬁde@em@htbeya@am aleno}9 \A(I’HCI’\:'[I’@- 2), 0,
N—R with the p t r 0-0 bond formation can occur to
forma saturat eé&?{élﬁgerol?%e TB%gé’eisa@a@weﬂof Z,, Z2, Z3, Z5, Z6 must be a
car bon at 086%.0 \Z’/émshNthb Zzas,rmm@lnd@bemdmﬂw@%chfh eV4, ¥saY4 AeHedW1362.

o %o Ve ar Mo RAEMSE Y Lo K ffn g ©

provi S that nthaS-1B S-S, S-Oror®-0 mmwbh‘ofmatrmntqa@mocamtwgmma setyrater mng; t

saturated ring; n of 2 5

atomto which tﬁe* 32é§ |%d;.z:ezﬁr % Z mu%fgeléscar?t ac tp%ﬁggebl s N
Z, , 722, 73, 74, r&ﬁalaai@rafmtermetedelamyttmd Y1, Y2, Y3, Y4 are C W, W, W
are independently CR4AR4, S(Or (r = 0-2), 0, NNR wth the proviso that no
S-S, S-0 or 0-0 bond formation can occur to forma saturated ring; t =
1-3. Any orlraecpfefar,red ebodithenislof fatnutaigdd-Aoancd4Bt bon at om to whi ch the 30

remain nol.ecyl tac 364. 75 e y
are i ng‘gpe% %y %Fg 2 6‘23 2”2%\% % %zﬂ%'n&epwe%ﬁ)(/@h V@I Y? ‘; :t%een’dent ly
CRAR4, S(O)r (rv\1:|, w2) WDaréHri%iepmmﬂénthl*@M&Oﬁ(@):r (rth AN, 3»4-8,1 \@H0tEr 00

bond formati on can. oc %{ Afﬁf‘? %%n%%) sfat 5Z§1tb02§rgozga%7%ax\%cg§/ 093430

PCT/ US03/ 13451 P{Isp. B cat bon® & om to
whi ch the rerra'satdmted)ﬁng he= m3l. devloaeict 2t Zacheds, 2365, Z{MussbdNa carhonz2, Z3,
Y2,.. Y3, Y4 are Vg W2, WB are

Z4, Z5 are inde ntl.

i ndependent | y te é} g:{zflem'r@eﬁff thg, m?\Eﬂ'le{fne{tﬁbP ¢ proviso 5 that no
S-S, $1% osew- Ozlptzae,hré Ol 178} Zptzs,CBenZQcZgwre tndependenty S&RLUY atyed/sr Yagre €; = 1- 3.
Any one of Z,, 6\%, \,63 areé mol“é debn?lyacﬁqi %?Oﬂ @ t002)\'\’185 G Rt NGith the

proviso that no S-S, S-O or O-O bond formation can occur to form a

saturated ring; t = 1-3. Any one of Z,, Zs, Zs, Zs, Z7, Zs must be a carbon
atom to which the remainder of the molecule is attached.

20 368. Z, Zsare N; Z,, Z4, Zs, Zs, Z7, Zg are independently CRy; Y4, Y2, Y3, Y, are C;
W,, W, , W; are independently CRsR4, S(O)r (r = 0-2), O, N-R; with the
proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Z,, Z4, Zs, Zs, Z7, Zg must be a carbon
atom to which the remainder of the molecule is attached.

25 369, Z, Zsare N; Z, Zs, Zs, Zs, Z7, Zg are independently CRa; Y4, Ys, Y3, Y are C;
W,, W, , W; are independently CR;Rs, S(O)r (r = 0-2), O, N-R; with the
proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Z,, Z;, Zs, Zs, Z7, Zg must be a carbon
atom to which the remainder of the molecule is attached.

30 370. Z4, Z,areN; Zs, Zs, Zs, Zs, Z7, Zs are independently CRy; Y4, Yo, Y3, Y, are C;
Wi, W, , W5 are independently CR4R,, S(O)r (r = 0-2), O, N-R; with the
proviso that no S-S, S-O or O-O bond formation can occur to form a
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remai nder of the nolecule is attached. The preferred enbodi nents of fornula
14- A and 14-B: 10 366. Z, is N Z2, Z3, Z4, Z5, Z6i Z7, Z8 are

i ndependewOlog/o228) Y,, Y2, Y3, Y4 are C; W, W , WB arePCcmispynasnt |y
CRAR4, S(Or (r =0-2), 0, NR with the proviso that no S-S, SSOor 0-0
bond formation can occur to forma saturated ring; t = 1-3. Any one of Z2,
Z3, Z4, Z5, Z6, Z7, Z8 nust be a carbon atomto which the renai nder of the
nol ecule is attached. 15 367. Z,, Z2 are N, Z3, Z4, Z5, 726, Z7, Z5 are

i ndependent | y GRRuradt, ring®,t 23;3. Yihyaore of Z:\WEg, X2 Zs, XhB Zarneust b@ep €AiPeRt | y

CRaR4, S(Or (r%tgwq&%m?h@e%rﬁaln\ﬁk}&th?fﬁolé}ﬁ lbﬁﬂa{:ﬁé%t no s-S, S0 or 0-0

bond formation urae t = 1-3. Any one of Z3,
Z4, 75, Z637€7,ZZ8& Misi,, zgzaawntdepenmwrﬁﬁ@ zmze 1t Fecarp dneispREeENtyMN. t he

nmol ecul e is att 2Q, 3 Fr%iiﬂagndd CRzﬁ Hyr €8 @re
i ndependent |y eﬂ'le’&? 9‘\@8 4 Var e CW ISW ei'/é? ¥ 83 e(ndent ly
CRAR4, 55(Or ( r2)—CD N-R 4 v(Zith tileRprovist Hhatheo S&Boﬁ—@oortqafﬁ bnnd @@atlgﬂ ®adr 0-0
bond fornmati on can ur. to sat urat of Z2,
z4, 75, 76, z7,°Z%" ﬁ% WL 38{“2 tg{%g'ﬁ‘g’ gt gmgt@g, ﬁf t%éz?’ezr?aiz?i?]er Bf °t he
nol ecul e i s attmabtash a 2arbd6 Stornd 19 wHidh ahreeremaumr ome Agecytsjs #AChGR ar e
i ndependen - Y1, Y2 ..Y4 ar : r o} gty
CRAR4, S J{él- ( %Ze apg N, 023@&“9 d&“}%ﬁgi’?%e“t'y% ! %tza ae @%?’ @&%Eg
bond formati on RAORYOGUY,, YR, Yoam G; Ws,aler A ede mdagenctenﬂy QI:GRmMQ)rdnE of 22
Z3, 75, 76, Z7 t_ be..a,carbon i t he
ol e Ts a1 92h e Ry Gp reiBals 1 oM} % 8 O BIIS HoBbiRon Han
i ndependent | y GCpttur ¥ forniZa saf8ratetlring;e =C1-3. My ol of ZBZarZe, Zmdepén‘destt I y
CRAR4, S(Or (r h_the S-0 or O-
bond fornmati on E%ﬂ Ca@gﬂra??@ WfﬁWthe ﬁ“%ﬁ’%s’c’? &63@8%@@%%@@? 93451
satur at ed 8730Q; Z1, Zz ate Bi; Anyzmne nm‘epzadermch5Zs,Zﬁ 2777 8 imdependently car bon
atomto which the.re ft /b N, Z2,
Z3, Z4 are inde eﬁgéﬁr y2 %29 b\%gré}@%@ﬁd&é %gﬁﬁ f S%R?rjécm Y1,
Y2, Y315 Y4 are @)@, NV, withB treer momaddelmﬂndeﬁt—&i,ySCRoRﬂ) O$(0®p|rf01(mattan0:an5 2),
0, R wth the proviso that no,S-S, d i occur
to forma satur %’ﬁdz'a%r foﬁ@; a Pgtg a?e%nn%my— ?)(r%eg‘é\{ gﬁg OP% 22?5,”%5 29%%%
be a carbon atom to which the remainder of the molecule is attached.
374. 24, Z4 are N; Z,, Zs are independently CRy; Zs, Zs, Z7, Zg a@re independently
N, CR.; Y1, Yz, Y3, Y, are C; Wy, W, , W3 are independently CR4R4, S(O)r (r=
20 0-2), O, N-R; with the proviso that no S-S, S-O or 0O-0 bond formation can
occur to form a saturated ring; t = 1-3. Any one of Z,, Zs, Zs, Zs, Z7, Zg must
be a carbon atom to which the remainder of the molecule is attached.
375. Z4, Z, are N; Zs, Z, are independently CRy; Zs, Zs, Z7, Zs are independently
N, CRy; Y1, Yz, Y3, Y4 are C; Wy, Wy, W3 are independently CR4R4, S(O)r (r=
25 0-2), O, N-R; with the proviso that no S-S, S-O or 0-O bond formation can
occur to form a saturated ring; t = 1-3. Any one of Zs, Z4, Zs, Zs, Z7, Zg must
be a carbon atom to which the remainder of the molecule is attached.
376. Z, is N; Zy, Zs, Z4, Zs, s, Z7, Zs are independently CR;; Y1, Ys, Ys, Yy are C;
W,, W, , Ws are independently CRsRy, S(O)r (r = 0-2); O, N-R; with the
30 proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Zi, Zs, Zs, Zs, Zs, Z7, Zg must be a carbon

atom to which the remainder of the molecule is attached.
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must be a carbon atomto which the remainder of the nolecule is attached.
372. Z,, Z2 are N, Z3, Z4 are independently CR2; Z5, Z6, Z7, Z8 are

i ndependewOlog/09828€CR2; Y1, Y2, Y3, Y4 are C, W, W2, WB ar @Cirnependent | y
CRAR4, S(Or (r = 10 0-2), 0, NR wth the proviso that no S-S, S0 or
0-0 bond formation can occur to forma saturated ring; t = 1-3. Any one of
Z3, Z4, Z5, Z6, Z7, Z8 nust be a carbon atomto which the renai nder of the
mol ecul e i s attached. 373. Z1l, Z3 are N, Z2, Z4 are independentl|yCR2; Z5,
726, Z7, Z83%&f.e Zﬂd@p&ﬂeﬂd% Zn, ZoCR2 Zs §Te ingependsntiw@RarG, ¥, YadYs 88, C\VB ar e

[ ndependent I y Rehy %na{e( Fnde eﬁéenﬂﬁm O ?g))\? (M byt be I\PROYmt%OthTtehit no

S-S S0 or O- bndzfor i O1F CBaN 0C r'ma saturatedrlng 1-3.
Any one of 22 rZ’:zbwsZSthatZGnoE -S, Z8-Qnoes tO-Ohédond Jarmpationacamoceurnid &Mt Be

remai nder of th | e t 1.
i ndependent |y U%Hé% 12 ?aé Z%%};rgge Pﬁdébeﬁd%sht%?'y27’ ,SN&R%ZOeY%%a%)ﬂ Y3, Y4
are C, 8M, W2, mnatoe/vhlcrdtbpead\emdleyofﬁmmlecg(@lattethed 20 O- 2) 0, NR
with the i's a o f ta f
St ur ot ed g, 25 2ok P 23 2 72 2 ol HAGRHBHIPERS Y O8D il Torm @
carbon atom to Wu o, t e, ammdedemdanﬂlyt%RﬁDSéQ)ml(e 5 6-2at Dad‘th with7the 71, Z2
are N Z3, 74 are ind ndeng| : . a i t N,
CR2: Y1, Y2, Y3PO¥§0 &5{3 v&gvg%? \%ch-roe%lﬁﬂ ﬁé'é"?ég’r?t an 8%2%2%1%?%5 rL°‘y(r -
25 0-2), 0, N Rsatufatdd ‘nh@ tor dv3.sanyt bee ohoZ:SZ8, 25526, B, Za-rousﬂdmda fcerboat i on
can ocgur to forma, s te f zZ3, 74, 75, 76, Z7,
fd’ b gp aw@llwhﬁeggwgin%%r?hhe m]o'IeSCUIéSlQ}éttg ;

Z8 mus e ac he”r emal n e nolecule is
attached. 37&. Z2is N;NzZ,, Z1,Z,Z8¢ indpeddently €R.7Zs, Z4Zakcareriokgpendenly|N; CR2'

2)(1 2) Y20 Yﬁl’- R?m\mahgr' \ghg 2’\%6%%5%?;\3/%/1 ’f\hgt V%gﬁgﬁ%%ﬁ%ﬁ%éﬁg%@ E\)(?(?or at i on
can occur to foRyn@ N;R1unm de priomigp that=nd-3-S, MO ame- (bfoozgj,fomtloz@anz5, Z6,
ttached. 72 VOO R satla sk S AU 20 2 AR S
Z6, Z1517Z8 are mudemmadelrhjtoh)atmo wiith th@renhé@;udeﬂ)f theemojtecum is afifached\8 ar e
LePLTeTshy. B e )i e bamati Ry B P BTN A,
1-3. Any one of NZCRx 2%, YZ5(s, ZﬁareZC,, W1 28> n\astar@mdapememjm C%Rat&ﬂ@m(oww ch
the remai nder 06—25,h8, H%FV%MJ] ﬁ'\e' Sro@FsB?ﬁA?eﬁo S-S, S-0O or O-O bond formation can
occur to form a saturated ring; t = 1-3. Any one of Zi, Zs, Zs, Zs, Z7, Zg must
20 be a carbon atom to which the remainder of the molecule is attached.
381. Z,, Zsare N; Z4, Zs are independently CRy; Zs, Zs, Z7, Zs are independently
N, CR.; Y1, Y, Ya, Ys are C; W, W, , W3 are independently CR4R4, S(O)r (r =
0-2), O, N-R; with the proviso that no S-S, S-O or O-O bond formation can
occur to form a saturated ring; t = 1-3. Any one of Z4, Z3, Zs, Zs, Z7, Zg must
25 be a carbon atom to which the remainder of the molecule is attached.
382. Zs is N: Zy, 2o, Z4, Zs, Zs, Z7, Zs are independently CRy; Yy, Y2, Y3, Y, are C;
W,, W, , W are independently CR4R4, S(O)r (r = 0-2), O, N-R; with the
proviso that no S-S, S-O or O-O bond formation can occur to form a
saturated ring; t = 1-3. Any one of Zi, Z,, Z4, Zs, Zs, Z7, Zs must be a carbon
30 atom to which the remainder of the molecule is attached.
383. Zs, Zsare N; Zy, Z,, Zs, Zs, Z7, Zg are independently CRy; Yy, Y3, Y3, Yy are C;
W,, W, , W; are independently CR4Rs, S(O)r (r = 0-2), O, N-R; with the

proviso that no S-S, S-O or O-O bond formation can occur to form a
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378. Z2, Z4 are N, Z1, Z3, Z5, Zr, Z7, Z8 are independently CR2; Y1, Y2,
Y3i Y4 are C W, W2, W are independently CR4AR4, S(Or (r = 0-2), O,
N-R,  wi t wohe/oox28vi so that no S-S, S-0 or 0-0 bond for naPClrUSeam4sccur to
forma saturated ring; t = 1-3. Any one of Z,, Z3, Z5, Z6, Z7, Z8 mnust be
a carbon 10 atomto which the renmai nder of the nolecule is attached. 379.
Z2 is N, Z1, Z3, Z4 are independently CR2; Z5, Z6, Z7, Z8 are independently
N, CR2; Y,, Y2, Y3, Y4 are C W, W2, WB are independently CRAR4, S(Or (r
= 0- 2), 0, N Reatwiatéd rihg; pFcivBshny hee ohoZ:SZs, Z64. & B-uUFdieda fcaraasm i on

can _ocour 1o f g & GRLKIA!EhalIdor he adlachie AaBREYOf 2., 23, 74, 75,

Z6, Z7, Z8 15 nust Dbe a carbon atomto whic e renmal nder of the nol ecul e
i s attache@84. 38D.is I, ZzZsakearplindependently CR.i AddpefrdénareyiasepengentiyAd, 77,
Z8 are independgptl \ by a2 Y ; ‘ CRR, Afr& o-

i ndependent |y CE%I?M%&ICX? (‘rare:é’ \l)\{1‘§\5\{2’g\,’3%§@e\?ﬁeﬁer¥&e pr S'Véﬁg)g_ {rhat no
S-S, S® or 0-02hHddN{Rrwith thenpratiso thatc o $-8, foPnPaOs@thandtfednationgecant =
1-3. Any one of : 1 Z8_must cat bpn zatpmyt o, whi ch
the remmi nder o?gct%etg?r%rf‘égu aﬁﬁ?tg§5{npaghemés' %@ggnggf G Ty e N 21,73 are

i ndependent | y ORRist BHa cafonZiomA8 which thenckepaindieof the mplecagds attachey2, Y3, Y4
are C W, W2, WB are independently CR4AR4, S(Or (r = 0-2), 0, R wth
the proviso that no S-S, S 0 or 0-0 bond formation can occur to forma
sat ur at ed Thegreférred dmBodikventsaofdoroful15-AZ3, Z5, Z6, Z7, Z8 must 25 be a

carbon g OB 0 WY G KNS ST gDl RIS, o3 heShogs Ve 22 i
W, W2 , VB ar eindsgejiznde0H, \N; ORARE O, S(@)r (r(F 0-2) 0CR)R4, O-RNamondi YW tshe
provi S0 et 0050y u G RSN YIB! G, ARS8 5,
carbon 30 atomow (nkiER), tER;R; eNeR i thef provieo thrteoalSeS] S-Quiot &=Nethnd383.
23, 28 20 N P B b lont 3 AL RS S T o, Bz v
the pi®Viso t haiustibe ScSrbo§-diomrto @rhizhiloe tbrfiwindextof te alecoleduattachedorm a 73
R L o X
mol ecul e is att mebpehded8y CH/AN;iW, Ns OZ B, (B (r Z8-2r @RiR Blgdn derondy WGRIB,  Z5,
26, Z7, Z8 are b“%e(%%P 8'~e=”6-'2¥, &4R4, N-R4,: t = 0-2; W3, W4, W; are independently O, S
(O)r (r = 0-2), CR4Ry, N-R; with the proviso that no S-S, S-O or O-O bond
20 formation can occur to form a saturated ring ; u = 1-3; Any one of Z3, Z, must
be a carbon atom to which the remainder of the molecule is attached.
387. Z; ,Zs are N; Z,, Z, are independently CRy Y, Yz are C; Y3, Y4 are
independently CH, N; W, is O, S (O)r (r = 0-2), CRsR4, N-Ry, a bond; W, is
O, S (O)r (r = 0-2), CR4R,, N-Ry,; t = 0-2; W3, W, W5 are independently O, S
25 (O)r (r = 0-2), CR4R4, N-R; with the proviso that no S-S, S-O or O-O bond
formation can occur to form a saturated ring ; u = 1-3; Any one of Z,, Z, must
be a carbon atom to which the remainder of the molecule is attached.
388. Z, ,Zs are N; Z,, Z; are independently CRz Y;, Y, are C; Y3, Y, are
independently CH, N; W, is O, S (O)r (r = 0-2), CR4R4, N-Ry, a bond; W, is
30 O, S (O)r (r = 0-2), CR4Rs, N-Ry,; t = 0-2; W3, W4, W; are independently O, S
(O)r (r = 0-2), CR4R,, N-R; with the proviso that no 8-S, S-O or O-O bond
formation can occur to form a saturated ring ; u = 1-3; Any one of Z,, Z; must

be a carbon atom to which the remainder of the molecule is attached.
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CR2; Y1, Y2, Y3, Y4 are C; W, W2, WB are independently CR4AR4, S(Or (r =
0- 52), 00 NR wth the proviso that no S-S, S-0 or 0-0 bond formation
can occurwpDm3fense a saturated ring; t = 1-3. Any one of ZPCTABO3/DA51 Z5, Z6,
Z7, Z8 nust be a carbon atomto which the remainder of the nolecule is
attached. The preferred enbodi ments of fornula 15-A: 10 385. Z, is N, Z2,
Z3, Z4 are independently CR2; Y1, Y2 are C, Y3, Y4 are independently CH,
N W is 0, S(Or (r =0-2), CRAR4, NR,, a bond; W is Q, (Or (r =
0-2), CRARABIN-R;, js t N=26- Zy, 8 aranndepgndandy i ieephde e 137 6: \g Y«apie (r =

0-2), CRIRL I RacBbAdLrti A\?‘&NS% o1& (IR = Big) TR NRD i wi,orgmat | on

can occur to form satu W«é 2, 4 15 nust
be a carbon atof®, SdQ/)h(ra"nO-cheCR@meRiéﬁ-tﬂZI% l‘é@lﬂf@ﬂd§p%{ﬂe&ﬂh@d3 386.

Z1 72 are N, Z3 ){"\b avgf‘zi Qﬂ:gﬁ@ \bM"l gggprSVig fthaéRnarseSCS -3 oYé @6 W i s

|ndependently
0, S(Gr (r mrm)atlommcwtafprma sattwa@d B, W, -3 @ng @fdép@mdént ly 0,

S (Or (r = 0- Rt @é%ﬁrboﬁ‘%?bm% WICEQEe fgn%{ h&%otf%me%cée% at?cﬂe@r 0-0

bond 20 formation cah occur rate ; Any one of
Z3, Z4 nus890.beZa ZanmteoN; atZomZy @re\molelpend@tlwer&?z’\dér ot ardCinkd Sbupke i s

hed. 387. Z Y, G
v Vacare 1 nobuefedily Ga s 8 8 (PPERERETCRIRTRS, Mhond "R
bond; W2 is O, OSS((Q)r (r( 0-2),0GRR4, WRURA = WN2R\Va; W, Ws@re indggendantly @6 Sar e
raepengently Oop 2 4.8 o iR N Alith i3 4Hbvisbuide Wb'dls! 8% BE @bSrihat _no

S-S S can occur orma saturated ring ; u
1-3; Any one of fofthatidd camstcurlie famcasatorated ong 1 w=vi3,chnyt ¢re efedrafnaiust of “the

le g(r:gl eC ' $3att Chec%rbéﬁ%gr&éé (y% hlathg E%nalﬁﬁerﬁﬁh@&g)lécg%qgﬁﬁg?ﬁbl_y OCZR)2 Yi,
CRAR4, N-R391.a Bond; aW®N;s Z,3@; @re SB'lo(e@)andqmly QRR)Y1 CH4Rde AR, , Y, are= 0-2;
R e
saturat®ed ring 0,8 ©)i(3; 0RpyCRuRe, BiR:1Z2 = B3; WilssWV., VBl age twependeatiy®, So whi ch
385, 2215 N 2OMIE="Gaf TRR ReSRERR brofitg Yy, o X573 BRE-G0RG, 102
i ndependent | y CrigrmidtioMtan scdyr t&fqrid)a s@turaﬁec{)puzg ; U ERABRAANYNIR of Za, 5@m@|§t W2 is
be a carbon atom to which the remainder of the molecule is attached.
392. Zs is N: Z,, Z», Z, are independently CRj Y; , Y, are C; Y5, Y4 are
20 independently CH, N; W, is O, S (O)r (r = 0-2), CR4R4, N-Ry, a bond; W, is
0, S (O)r (r = 0-2), CR4R4, N-Ry,; t = 0-2; W5, Wy, W5 are independently O, S
(O)r (r = 0-2), CR4Rs, N-R; with the proviso that no S-S, S-O or O-O bond
formation can occur to form a saturated ring ; u = 1-3; Any one of Z4, Z,, Z4
must be a carbon atom to which the remainder of the molecule is attached.
25 393. Z; ,Z4 are N; Z,, Z, are independently CR,; Y;, Y, are C; Y3, Y, are
independently CH, N; W, is O, S (O)r (r = 0-2), CRsR4, N-Ry, a bond; W, is
O, S (O)r (r = 0-2), CR4R4, N-Ry,; t = 0-2; W5, W,, W5 are independently O, S
(O)r (r = 0-2), CR4R;, N-R; with the proviso that no S-S, §-O or O-O bond
formation can occur to form a saturated ring ; u = 1-3; Any one of Z,, Z, must
30 be a carbon atom to which the remainder of the molecule is attached.
304, Z, is N; Z, Z, Z5 are independently CRy; Y, , Y, are C; Y;, Y4 are
independently CH, N; W, is O, S (O)r (r = 0-2), CR4R4, N-R4, a bond; W5 is
0, S (O)r (r = 0-2), CR4R4, N-Ry,; t = 0-2; W3, W,, W5 are independently O, S
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0, S(Or (r =0-2), CRAR4, NR,; t =0-2; W, W, W are independently O,
S (Or (r =0-2), CRMR4, NR wth the proviso that no S-S, S-0 or 0-0
bond 5 f owpaBiomarscan occur to forma saturated ring ; u =PCTRISoHmMssDNE oOf
Z1, Z3, Z4 nust be a carbon atomto which the remai nder of the nolecule is
attached. 390. Z2 Z3 are N, Z,, Z4 are independently CR2; Y1, Y2 are G
Y3, Y4 are independently CH N, W is 0, S (Or (r 0- 2) CRAR4, NR, a
bond; W is 0, S (Or (r = 0-2), CR4R4, N-R,,,t—O W, Wi, Wb are

i ndependent | y 0(O)B (r £0-2D)GRR:, N-Ry-wifh themrmso tpak, N8, BH2 opLofi Qﬁﬂdt hat no
S-S, S-0 or a (Sat n =
13 Ay one of D1d30lof BATRLERY 18 A GHIratef AT 2 SRIAHRRIeT I NG, Z0 =
mol ecul e i s att auiskde az@thonZRoiAi4o whighhe Elnalmr@rf&a mg@p@ﬂmﬁtawem Y1l
Y2 are C, Y3, Y4 are independently CH N, W is 0, S (Or (r = 0-2),

CRAR4, NR, a bond; W is 150, S(Or (r =0-2), CRAR4, NR,; t = 0-2;
VB, W, 5 \WThe erefadepemdeditdentsof fSmuB 158 = 0-2), CRAR4, NR, with the

i th S-S - -0 b f i [

B ated 2950070, RN 2202 708 Bflenddell) | CR.5H] O He K8 YN B i ch
_thg r errgi nd?ar Ofndbb%‘ldﬁh'ﬂ?%“ N iVe, m\%a@\h{@qt (r%gﬂé)ézgm(?s, NdRéMg;%VZZI,;\%/{Zarear \?\/ _
i ndependent |y CR2 Y3, e n AR o & is
0, S (O = 98 e"“@ﬁﬂh a%\f?ir(r ngR R N whh 5
CR4R4( )NER(r t8=Ogrr2) OVBond/¥ormiitfonacam odmdetmmmra bg/cu@,tf:ér)lnq?O)F -R; jjo 2),
G B, 1 VIR PSR ) 055 e i B0 EAPRACR, 0
car bon atomto wd mblethie is att@dheder of the mol ecul e is attached. 25 393. Z3
Z4 are Z2 are indep dEnt %RZ @Rar CY Yfr*, CY4Y
nde enden?’ﬁB 021’ k? ?\F % a%r} ?ndﬁrﬁyz R 2 IR bdndS W
é (SpO§O)E (F@O gwgb%rl]:ﬁgﬂ REH, W, IWF ,|sh0 g(@)rZ(:r ‘\&2) ‘M4R\Aﬂ\l-&1,e\/\/lz rweﬂﬁgdrent |y 0

r (r = wi th_t Vi s 0-0
bond  f or mat i on'MdgRERARILY &dﬁ@f ét ﬁgét &ng H’Bﬁtth@u&f’ f§§ja§Aﬁc§/%one of

Z,, Z21sust 30She o2 @@ berd Wmmmﬂcmmrtmmrmmtumd ofig t he vl ecul e is
attached. 394

Y4 are | ndep'enge'%fbtsrv ]fNZ&%ﬂZ l??ég I nd t?’ %0 \éhl%g% déﬂﬁ}["dgﬁfﬁ{h% C ¥s,

bond; W is 0, nﬁ;le(cﬁ)ens(alttaehé& 2), CRARA4, N— R, - -2; W8, W, W are
| ndependen%y. 021,823 are \QP 023/ 99?e’xgea(l)ncfgpencsJ %3/ JCQR ]Y1 , Yo are C; Y, Yy are
independently CH, N; W, is O, S (O)r (r = 0-2), CR4R4, N-Ry; Wy, W3, Wyare
20 independently O, S (O)r (r = 0-2), CR4R4, N-R4 with the proviso that no S-S,
S-0 or 0O-0 bond formation can occur to form a saturated ring; t=1-2; u =
1-3; Any one of Z,, Z, must be a carbon atom to which the remainder of the
molecule is attached.
398. Z;, Z, are N; Z, Z; are independently CRz Y, Yz are C; Y5 Y4 are
25 independently CH, N; W, is O, S (O)r (r = 0-2), CR4R4, N-Ry; W, W3, W4 are
independently O, S (O)r (r = 0-2), CR4R4, N-R; with the proviso that no S-S,
S-0 or O-O bond formation can occur to form a saturated ring; t=1-2; u=
1-3; Any one of Z,, Z; must be a carbon atom to which the remainder of the
molecule is attached.
30 399. Z, is N; Z,, Zsz Z, are independently CRy; Y; , Yz are C; Y3, Y, are
independently CH, N; W, is O, S (O)r (r = 0-2), CR4R4, N-Rq; Wy, W3, W, are
independently O, S (O)r (r = 0-2), CR4R4, N-R; with the proviso that no S-S,

S-0 or O-O bond formation can occur to form a saturated ring; t=1-2; u =
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(Or (r =0-2), CRAR4, NR wth the proviso that no S-S, S-0 or 0-0 bond
formation can occur to forma saturated ring ; u = 1-3; Any one of Z,, Z2,
Z3 nust WO aogrsbon atomto which the remai nder of the mpCEash® 13451
attached. 5 The preferred enbodi nents of formula 15-B 395. Z, is N, Z2, Z3
Z4 are independently CR2; Y1, Y2 are C, Y3, Y4 are independently CH N;
W is 0, S(Or (r 0-2), CRAR4, NR; W, WB, W are independently 0, S
(Or (r =0-2), CR4R4 NR with the proviso that no S-S, S-0 or 0-0 bond
formation can o&SuANy®NewffiaZs & unust be a ¢argon atom:to which jhe-rergainder: ofany one
of Z2, Z3, Z4 t gtomto which the remainder of the nolecule
i's attached 33@% @80 E%tpa% 'Z3, Z4 are independently CR2; Y1 , Y2 are
C, Y3, Y4 40% Zndépamddnt By mrel\rndwenobntby EReOYn (Y2 Bre0C)Ys, 48, N-R :

ve, Ve are odsRenfpeEl 0y B QR lofe S Ra2ke RRARA, W B, Wil Aol he

provi so that no ormation can occur to form a
saturatsed ring l;ndtapendbnﬂy Qi S:(O)tl(r} OmyCBz% dfRZ8ith the praviso Bwtane&rdbon at om

to which the re 6&2& r@%rm@h%\aﬂlo%ch@@%w%@ura%%7egglt Z'S%alge N ZZ

Z4 are |ndepend are 1n ‘ndent

W is O S (O)r1{3r Any@ma)o,f ZRARMusNb®a; caviion algm teavhighethezemainglepe ’t*j'éntly 0,
S(Or (r = @e IS with the proviso that no S-S, S-0 or 0-0 bond
formation can 0] c?b Forma saturated ring ; t = 1-2; u = 1-3; Any one
of 72, 74 st Be & ew bDon Zat Larateoingapertdenty CéaniYadeY: @fe QheYs, Nl &6ul e i s
attach 398. Z e re G
Y3, Y41e°gre 55 fiige %%ﬁéﬁ?:ﬁy@ éBO\aﬁL?Oérqg @( %E h%/ R ﬁl"vé’c\fg"%ﬁ NR
W2, W8, WA are indepenented, ISy(Q)r (rS: 0Q) rCRiR=NeR2yith MQVISMITQI e BKS.t he
Catur at ed i ng S SLOOort toighol R G BUPRY oG LaRyREttnd DL B tom
to which the rems; MgeronefoftheZ;; rmlsébellaezarlsoraatomcthewwl‘B’@leHQ@alrmzr pethR, 71,
Z3 Z4 are mdepenfeCE]eIX , Y2 are C, Y3, Y4 are independently CH,

N W is o0, S (&° CR4R4 NR; W, W, W are independently O,
S (Or15r 40D- 2% @Qm4z1,|\zsz4 \arrd mdelw@n@emlvi SGR$;h¥%t , N &eSC; Y&: (V202re0- 0

bond formation gcan oceul, bo NOWD & 83O EL 48R RE NERE WS, Wi, T, 48
independently O, S (O)r (r = 0-2), CR4R4, N-R, with the proviso that no S-S,
S-0 or O-O bond formation can occur to form a saturated ring; t=1-2; u =
1-3; Any one Z;, Z, Z4 of must be a carbon atom to which the remainder of
20 the molecule is attached.

403. Zs, Z4 are N; Z; Z, are independently CR, Y;, Yz are C; Y3, Y, are
independently CH, N; W, is O, S (O)r (r = 0-2), CR4R4, N-Ry; W, W3, W, are
independently O, S (O)r (r = 0-2), CR4R4, N-R, with the proviso that no S-S,
S-0O or O-0 bond formation can occur to form a saturated ring; t=1-2;, u=

25 1-3; Any one of Z;, Z, must be a carbon atom to which the remainder of the
molecule is attached.

404. Z, is N; Zy, Z, Z; are independently CRj Y; , Yz are C; Y3, Y, are
independently CH, N; W, is O, S (O)r (r = 0-2), CR4R4, N-Ry; Wy, W3, W, are
independently O, S (O)r (r = 0-2), CR4R4, N-R, with the proviso that no S-S,

30 S-0 or 0-0 bond formation can occur to form a saturated ring; t=1-2; u =
1-3; Any one Z;, Z,, Z of must be a carbon atom to which the remainder of

the molecule is attached.
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WO 03/093280 PCT/US03/13451 1-3; Any one of Z1, Z3, Z4 nmust be a carbon
atomto which the remai nder of the nolecule is attached. 400. Z2, Z3 are
N, Z,, Z4awearwg/opaeeependently CR2; Y, , Y2 are C, Y3, Y4 ar@eCTiusdgpasdent |y
CH N W is 0, S(Or (r =0-2), CRAR4, NR; W, WB, WM are 5

i ndependently 0, S (Or (r = 0-2), CRAR4, NNR wth the proviso that no
S-S S-Oor 0-0 bond formation can occur to forma saturated ring ; t =
1-2; u = 1-3; Any one of Z1, Z4 nust be a carbon atomto which the

remai nder Te preterrevodrelbadiments offarmuleetb-C401. z2, Z4 are N, Z1, Z3 are

i nd d Y. 0

0, S (0 °4d8! 5 25, 2 g MpeBR gy GRa Y Y afeoc! Y R RGHA “9@" g o
(r = 0-2), CRARAdepériently Oh St (ro02sCR IRt Ny ittsthe rsowswhacb ® Behd
formation can O%%lgr gPngH@f& aqlEJH \%h ﬁﬂl’t@(;%rmta sa’ué’er A t L-13p. fBy one

of Z1, Z3 nust e renmln the nol ecul eis
attached. 15 40%2; ZlyiomeM,, Z1Zs ZQmuZtlbaraecairh@epmtmwhyh@P‘Qrem‘ilnqer\q are G

Y3, Y4 d tl . W is 0, S (O = 0-2), CRAR4, N-R;
V2 e, w alrg %ﬁﬁ%ﬁ@%ﬁ%ﬁ%h%ﬁ; S (Iofr (r =(02r2),(rCR4R4,)N-R, with the
provi so thgis. NnoZSisSN; 3, @;a@re hdepaudettly @RmY i, of, h.‘aareo@cw ig dN; W5, MVa |

t ted 2 b
2tom to- i ch-t We e eraeferdy O (O sop gy R NI wilh i Byl By 20"
are N, Z,, Z2 afeS+3)\dpesrdaqat bondGBinativh qanmcarrmfam arsatwateelrleg t=1-

d dent | @) b . Wi
lﬂdiﬁiﬁdiﬂui (Ao s Sreiee Refbon A foublchiane Kmaifler [0 27
S— S-0 or O-é themtbléaulemtatachetan occur to form a saturated ri ng ; t =

=2 t
I’EITB.I ﬁder %q%t h%“%lﬁrgcﬁ\' §3I a?é&c%?z’ ?ef% 4r‘poniﬁla§\%rw1 2 Zg\haér'ge
i ndependent | y GRaepehdently'®, &r(@©)Cr =YG-2), YR & .eN- Rnd@pé‘mad@ntnsqtf(at-l nNS-3V is 0,
S (O = CR atly.Q, @) =
02y chura, KO & ROt drinalen et e S aERGY 2 9 U

f or mat4s0n can OCQUF, isGhé oanoa akai torwhield thd negrainder of themolecule islat@ichgthy one
Z1, Z2, Z3 of nust be a carbon atomto which the remainder of the nolecule
is attached.

The preferred tricyclic heteroarylgroup A and B are one of the following formulae: 1-

A, 1-B, 2-A, 3-B, 4-B, 5-A, 5-B, 6-B, 6-C, 7-B, 8-B, 9-A, 10-A, 12-A, 12-B, 13-B, 14-
A, 14-B, and 15-B.
20
The most preferred compounds of the present invention are:
1. (5R,62)-6-(Imidazo[2,1-b][1,3]benzothiazol-2-yImethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
2. (5R,6Z)-6-[(7-methoxyimidazo[2,1-b][1,3]benzothiazol-2-yImethylene)-7-oxo-4-
25 thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
3. (5R,6Z)-6-[(7-chloroimidazo[2,1-b][1,3]benzothiazol-2-yImethylene)-7-oxo-4-thia-
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
4. (5R),(62)-6-Imidazo[1,2-a]quinolin-2-ylmethylene-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
30 5. (5R),(62)-6-(6,7-dihydro-5H-cyclopenta[d]imidazo[2,1-b][1,3]thiazol-2-
yimethylene)-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
6. (5R),(62)-6-(Imidazo[1.2-a]quinoxaline-2-yimethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0] hepto-2-ene-2-carboxylic acid, sodium salt;
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77 WD 03/093280 PCT/US03/13451 The preferred enbodi nents of fornula 15-C
405. Z1, Z2, Z3 are independently CR2; Y,, Y2, Y4 are C, Y2 is N W, W,
Wl are iwoapemtently 0, S (Or (r = 0-2), CRAR4, N R Wi PRTIUSE3/p36VI SO
that no S-S, S0 or 0-0 bond formation can occur to forma saturated ring
; t =1-2; u=51-2; Any one Z1, Z2, Z3 of nust be a carbon atomto which
the renmainder of the nolecule is attached. 406. Z1 is N Z2, Z3 are

i ndependently CR2; Y1, Y2, Y4 are C, Y2 is N W, W, W are independently
0, S(Or t1r (SR@}ZX—)S,-[(ERQRMimNaEﬁ[ZW -, B]benmtlmiat@d-)ﬂmgthylene)-éo89-48h@-or 0-0

bond fornmation c 0 o _f S ring ; t =110 2; u = 1-2;
Any one Z2, 73 @ﬁj%gﬁqutég'ﬁ%%' a?%égyﬁég(\%‘\ﬂi chgt he remai nder of the
nol ecul e i 8. E\ISR)&((GE)GIG (46,8, 7-BirahytBo-d; 3, 3b, 8 IraezadifdopertalaiddengL-are C; Y2 is

N WL tﬁxlgn@ 2«%%) gq%er]lt l iabybci r{ég)cghé t2—er9a g-izar g%éﬁdacoN' R wth

t he prowso | pHEE i on can oc % forma
saturatsd ri r@diunt sait;1-2; u = 15 1 2. Z3 is the carbon atomto which the

net er oar yl gt o CoESh e G Bt ST e AT PN
§4BB 4- Bd i'5Ayl)ﬁetﬁyleﬁe}&-oﬁr—@thléﬂEhza&chcloE%%D]héﬁt—Z\end—Z o&rbcﬂz@hqaac|d,3 B, 14- A,
and v & ~(5- e%o-g/]ei grgﬂswydrg 6ﬂ§ drSoRoYNAs .05 ﬁrﬂ&hﬁ%ﬁé}eﬁgxé gvention

are: 1.

(5R, 62) - 6- (I nlhfbﬁ%kaqbicyblb[m anbpmzah@zambe@hqhmr hyl ene) - 7- oxo- 4-t hi a- 1-
azabi c cI o[ 3.2 %'12%2 9 rboxylig .a

(5R 649 6- [1(17(ERbRELY T H?‘%’gz(éﬁé FBfRReI0p S iipgnzogpzegin VNSO 7- oxo0- 4
- 25 thi a- 1- agyahit cipabieyclo[ 2.2 hegip2 e’heemmommmwlsomumau argl

Ui a1 azd C“'@P{Z%?S%?n@{ﬁz R o e

(5R), (62) - 6- lBk?dé[@[zloﬁeﬁt}ﬂamlmdarbo&ywmhcydmnesaﬂ' ox0- 4- t hi a- 1-
azablcyclo[S 2. 0] hept - 2- ene- 2-car boxylic acid; 30 5

(5R), (62)-6-(6, 7-di hydr o- 5SH-cycl opent al d 2 i - 2-
yl net hi? en )°°*?"p(9>'<'8d§ Hetyray f &9@'9%% L}é?%)](;azorg 3“ ‘elr?\% %1 Car b%z%ﬁ%%%tzaci d;
6. (5R), (6&hef-dtérsodranisty R-ddaalyinotetlandeng cyistatinkybremse) - 7- oxo- 4-t hi a- 1

The compounds according to the present invention have p-lactamase inhibitory and .
antibacterial properties and are useful for the treatment of infections in humans and
20 animals. It should be noted that the compounds of the present invention, when used

in combination with P-lactam antibiotics will result in the increased antibacterial

activity (synergistic effect) against class-A and class-C producing organisms. B-
Lactam antibiotics include penicillin antibiotics such as piperacillin, amoxycillin,
ticarcillin, benzylpenicillins, ampicillin, sulbenicillin, other known penicillins and
25  cephalosporins such as cefatrizine, cephaloridine, cephalothin, cefazolin, cephalexin,
cephradine, other known cephalosporins, aztreonam and latamoxef (Moxalactam).
Most preferably compounds of this present invention are used with piperacillin, and
Amoxicillin which has a broad spectrum of activity against Gram positive and Gram
negative pathogens.
30 t
The administration of the compounds of the present invention may be provided in
conjunction with prior, simultaneous or subsequent administration of a B-lactam

antibiotic (“co-administration”). By “provided”, it is intended to include direct
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géﬁgbggggol[aélzug%slhigﬁlz ene- 2-carboxylic acid, sodiumsalt; 78 WO
7.
'EﬁR 62)1- Gwpglj/omfszllgi r2n 8%0[ 2, % b] [ 1, 3] benzot hi azol - 2- yl mpCmiSeneus17- oxo- 4-
ia- 1-azabicycl o[ 3. 2. ept - 2- ene- 2- carboxylic acid; 8. (5R),
(62)-6-(4,5,6,7-tetrahydro-1, 3a, 3b, 8-tetraaza-cycl opent a[ a] i ndene- 2-
él me:jhyl enel) -7- gxo- 4-t hi a- 1-aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid
sodium salt; 9.
( |5R, 6E)h - I6- fqriistratiary las1welbes- i Ovivd. - elph prir-duigbe nbTen, e[ I0raRWRES S thes-
) e byl ehel ot O Satn' B AR ARG ki o2 AR o R0E; hreCAB ke aci o
hi o 1. sz B AT ARE c T TS Abu TR §lostam antoioti sy oy in @ wide
-1- - 2. -2- -2- xylic acid; :
(5R, 6E&Z) - tang 0-The(ratib d0pHaTyarazatiipt b- Rdclanddseniibikerzepy varg fiphmériiygl ene) - 4
- thia-1-azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car hoxyl i ¢  acj ? sodium salt. and
12. (5K, 100:1. Preferably the ratio of the B-lactam antibiotic to the f&- actamase .% itor is
(62) - 6- (5H.Lpi 2, 1.8l doSni0asieh - g iod n st it dimlsud
bi cycl of 3%%}%2%?65 é‘#g-dfﬁ?é)rgﬂgif .ﬂ?:g Fgt%ggé{tslodi uKrJn sal't. TS A cé%%gg*ﬁd' S
struct UL al for aralu(PD)i inttavereusatly) pataricabedminisijationer B somepdtiqnexelelde  where
st ereochem [ r | d f ifhe ounds
coor di ng ooy BPEbER el P hiRty oBRlio  dEhm, SR, BhfinsBhesehky
ﬁntl bact e(r:I salltiqnsopiitableder injedtien er infusfonl Preferablye ther exppipasings of thenpreeentons i n
umans, and. . ani 5 L. [ . . rﬂ?ﬁl!!ﬂ'ﬁ
pr esenw’ii n\%%@f%n%%cg%d%@g ?ﬁ “gtgﬁﬁpén}g{:lfﬁgr{m\?\né\{eﬁb?gy fbgct amI aﬁrt] ?E)ei‘”}){t? cs wll
result in intrevenueslyased antibacterial activity (synergistic effect)
agai nst class-A and cl ass-C produci ng organi sns. (3- Lactam antibiotics

include penicillin antibiotics such as piperacillin, amoxycillin,
ticarcillilGsDe ipatiorcfdrith namgdnbibliforn, sul benicillin, other known
penicillins and 25 cephal osporins such as cefatrizine, cephal oridine,

cephal ot hin, cefazolin, cephalexin, cephradine, other known
cephal 18 popilastanazikr cahibiorancactivityanoix ethe( Merehacirgigtors Myss gletsiaingdl y

Connour s, BhetufoRESTECly sl ChiBRy P ARELET B AT
and Gram Ragalsssh, Bahogsns/. 3 Yidreg, &dnintisicrabial dweofs anvkCoemptderapy of the
O subsequARES aiimEmLt FarPRmestoy pufipd Sy priddlatibdds PEUSY ol £1edAneous
and Imi-1 from Enterobacter cloacae, class B enzyme CcrA from Bacteroides fragilis
20 and class C enzyme AmpC from Enterobacter cloaca were employed in the assay.
The enzyme concentrations for TEM-1, Imi-1, CcrA and AmpC were 4.3, 7.1, 1.2 and
2.1 nM, respectively. A wide range of inhibitor concentrations were prepared in 50
mM PO,, pH 7.0 to include the possible ICs values. The substrate used to initiate
the enzyme reaction was nitrocefin at 50 pg/ml in the same buffer as the inhibitor.
25 Initially the enzyme and inhibitor (20 pl each) were preincubated for 10 minutes at
25°C prior to the addition of 160 wl volume of nitrocefin. Initial rates of hydrolysis
were monitored for 5 minutes at 495 nm using a Molecular Devices Spectra Max 250
with kinetic protocol of SoftMax Program. Readings from the Spectra Max 250 were
exported and transferred to Microsoft Excel. The percent of inhibition of each
30  inhibitor concentration was calculated based on the control enzyme activity. The

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

was determined graphically.
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antibiotic ("co-adm nistration").
79 WO 03/093280 PCT/US03/13451 adm nistration as well

di rect

e.g. pro-wpwgsessthen t he conpounds of the
co-adm nistered with a (3-lactam anti biotic,
t he conpound to the anobunt of the (3-lactamantibiotic may vary in a w de

range.

pr esent

By "provided",

it

The ratio of (3-lactamantibiotic to (3-1actamase inhibitor

is intended to include
as in vivo,
i nvent iPOM/GS0E13451

the ratio of the anpunt of

may vary

from1l:1 to 5 100:1. Preferably the ratio of the (3-lactamantibiotic to
0:1. The conposition of the

the [3-lactanmase inhibitor is
pr esent

| ess

invention may be in a formsuitable

for

or al

(PO,

i ntravenous

(1'V) or topical administration. Thé-Laotamasetinbibitiont Datee | nvention may be
in a formof tablets, capsules, creans, syrups, suspension, sterile
sol uti ons surtabteforTmjectipm or I nfusion. |dga@imMy ably, the conppunds of
the present |10 invention are clo-admnistered with piperacillin
i ntravenouslly or Aepwoend|in orally drasshtraven uE’-li’ﬁ.s—Bl oD Bias&Gqi pati on
for the Penegm I nhibitor 15 (3-|LacgiEemmse i nhipi tory awri viiy Ahpthe|penem
inhibitors i trao nhot motriel L lv asldaseriha by Bush
et al., [Buslfxa®ple TNacalintal,| C. ,10 Rashusséf, B A350Lee| V.4nd Yang, Y.
Anti m crobi AEAGRBES and Chenof herapy [19938037, [ 85%ko Hofrogengously
purified cl ass-A(3-lactamases FEM-1frpom-E—col "“.4'1 A 1§£om
Ent er obact er|X#8BlRde, class B fnz Ccl A f7om Bact efbi deb fragilis 20 and
cl ass C enzymrapip@ from Ent erjobacter c| oac#® were er§dboyed i n2.the assay.
The enzyne cencenttat+ons—ftor—TEM Lt =LCcrAandampCwe 4-3] 7.1
3 . : 7221 F| AITHapvTH 24 A

1.2 and 2. 1\Elr>1(iﬂjp1rgsoect| vely.| Awde range of ihhibitor concentrations
wer e prepar gExampls6 M P04, pH 728 to | ncRifle the g8%sible &0 val ues.
The substratEsgpd7t0 TnitTate Thgs enzZynme pgact| on 108s n{trogefinjat 50
g/m in the |sane buffer as thel inhibitor- 2? lai-Hal-lby—the—enzyre—and
i nhi bitor (26*#M@88h) were prej ncibht ed| for 20 n nute® at| 25Wpribr to the
addi ti on of EsBmplewol une of nifrocedin. || nBedoal fatek0of hydrddbysis were
nmoni tored f o5 nl‘;%;tes at—495nAmpstaga vdecutar vites Spgctra Max 250
W th kineti cEt)j(?'B?gcol of SoftMax Progra Readings fromthe Spectra Max 250
were exporti&lampd 11 ransferred to ™ cropof t7&Exce] . The percen?t-Gof
i nhi bition ofg 7 T i Coygentratign was caipcul af ed paSed|on the
control enzyne activity The §nhibitor ngn% ntriation that caused 50%
reduction i nNEXAEPIBAZymati ¢ actf vity’ (1 GBO) Ofas det &Fhi nefl gr 5®hi chl | y.

Example 14 8.1 270 370 2.4

Example 15 2.8 100 200 1.5

Example 16 4.5 70 130 9.5

Example 17 ND ND ND ND

Example 18 ND ND ND ND

Example 19 1.9 33 215 0.62

Example 20 ND ND ND ND

Example 21 11 580 210 3.7

Example 22 ND ND ND ND

Example 23 ND ND ND ND

Example 24 ND ND ND ND

Example 25 ND ND ND ND

Example 26 48 63 420 10

Example 27 12 33 180 3

Example 28 32 90 110 5.7

Example 29 15 300 240 18

8
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80 WO 03/093280 PCT/ US03/ 13451 Table |

f 3- Lact amase | nhi bition Data

| C50

(nM Conpound Cass A Cass BCOass C TEM1 Im Ccr AmpC Exanple 1 10 160
350 1.4 oanphbrs® 18 180 250 2.4 Exanple 3 5.6 22 74 3. PCTHsaspi461 4 6 90
900 2.1 Example 5 1.4 72 240 2.1 Exanple 6 2.5 210 350 1.2 Exanple 7 2.6
106 103 1.1 Exanple 8 2.4 15 450 1.4 Exanple 9 3.5 3600 220 4.5 Exanple
10 48 35 140 5.8 Exanple 11 1.4 78 62 3.6 Exanple 12 2.6 6. 4 42 . 28

5, 2.8 100

Exanpl e 13 7 102 228 1.6 Exat 8 1 ')7n 370-2 4 Exanale
200 1.5 ExamaA®a® 4 5 70 13d 9. 50 Exalrrpl é%47 No nOND ND B% -
ND ND ND_ Exammh@edP 1.9 33 215 0462 Fxanpihie_20] ND8D ND
580 210 3. 7’—56%-—2—2%54%9' Exanp 23 |\|u NEO—NB—Fxanpi e
ND ND ND  EXEfRT ND_ND ND [ND “Banpl e O AN il
Example 33 10 360 160 140
ND = NOT DETERMINED

10

15

Antimicrobial susceptibility testing. The in vitro activities of the antibiotics were
determined by the microbroth dilution method as recommended by the National
Committee for Clinical Laboratory Standards (NCCLS). (NCCLS. 2000. Methods for
Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically;
Approved Standards: M7-A5, vol. 19. National Committe for Clinical Laboratory
Standards, Villanova, PA). Mueller-Hinton Il broth (MHBII)(BBL Cockeysville, MD),
was used for the testing procedure. Microtiter plates containing 50 ul per well of two-
fold serial dilutions of piperacillin combined with a constant amount (4ug/ml) of a B-

lactamase inhibitor (final concentration) were inoculated with 50 pl of inoculum to
yield the appropriate density (105 CFU/ml) in 100 pl. The plates were incubated for

18 - 22 hours at 35°C in ambient air. The minimal inhibitory concentration (MIC) for
all isolates was defined as the lowest concentration of antimicrobial agent that
completely inhibits the growth of the organism as detected by the unaided eye. The
MIC data obtained by the above said procedure are listed in Table 2.
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Exanpl e 27 12 33 180 3 Exanple 28 3.2 90 110 5.7
81 WD 03/093280 PCT/ US03/ 13451 Exanple 30 46 200 97 9.3 Exanple 31 4.3
140 130 4woHsaspabe 32 2.6 110 180 5.6 Exanple 33 10 360 PEO/UBAH1MEL = NOT

Exanpl e 29 15 300 240 18

DETERM NED Anti m crebial—susceptibii+ty—testing—The in yitrojagtivities of
the anti biotics wame, detler i ned |by|the m drobrotih d¢illution method as
recomended by thd @Ngti o8l [SOBMZ 18¢S 18 |8 i nbc@ [E4Botat|ar 3 St andar ds
(NCCLS). (NCCLS. 2@d. MEhq@s|FdF 5 DR (Fi|@n /it [T Sr|@bial|“Sledeptibility
Tests for Bacterid@fat G ow Aerdbi¢allly Appr ovied| Stlanglarids] NF- A5, vol.
19. National Commtte—for—Cpnicat—tagoratary |[Stjandar{ds] Vi I [anova, PA).
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MATERIALS:

ANIMALS:

pzd

Female mice strain CD-1, approximately 18 - 22 grams, were received from Charles-

River Laboratories and quarantined 7 days prior to use. In addition, mice may be

rendered neutropenic using cytoxan for particular studies.

INFECTIONS:
Clinical isolates that have been adapted to cause infection in mice, are used in the

experiment, including infections with strains of E. coli, K. pneumoniae, M. morganii, .

E. cloacae, S. marcescens, C. freundii, staphylococci, streptococci, P. aeruginosa

and N. gonorrhoeae.

PREPARATION: Animals are housed five to a cage with free access to food and

water, in accordance with NIH guidelines.

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

predetermined bacterial inoculum suspended in broth, saline or hog gastric mucin
(supplemented with dried bovine hemoglobin for N. gonorrhoeae). The bacterial
inoculum is equivalent to 10 - 100 LD5gs of the specific infecting strain and will result
in death of the non-treated control animals within 7 days: “Bacterial Virulence in
Mice". Antibacterial doses (dose concentration prepared by two fold serial dilutions
of the antibiotic) are dissolved or suspended in 0.2% aqueous agar or methocel,
phosphate buffered saline or an adjuvant are administered orally, subcutaneously or

intravenously in the following manner:

a) Orally or subcutaneously: Dose volume of 0.5 ml administered 1/2 hr after
infection. A second dose may be administered 3 hr. after infection for treatment of

infections with more virulent organisms.

b) Intravenously: Dose volume of 0.2 ml, administered 1/2hr. after infection.
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Protection MATERIALS: ANIMALS: 5 Fermale mce strain CD-1, approximtely
18 - 22 granms, were received from Charles River Laboratories and
quarantined 7 days prior to use. In addition, mce nay be rendered

neut ropeni ¢ using cytoxan for particul ar st udi es. | NFECT| ONS: i ni cal

i sol ates t heltthe ieatnian of iRaHieBs Wit Mok YUIPRirQLgRIYAS  TAOTS QO5eS. aHp in the
exper i ment ma%BE Lpdiifstelddl qfitiRBSoud ddingtvilhbisexebed3 doakd/24 K pérrwwmm ae, M
norganii,, cl oacae, S. marcescens, C. freundii, staphylococci,
streptococci, P. aeruginosa and N. gonorrhoeae. 15 PREPARATI ON: Ani mal s
are housed fivey @ pritamibht Under girk@mitancksa itk pHBdeHie sfofnach

accordance with NI H q?w del i nes. EXPERI MENTAL PROTOCOL | I enged
by inj €&t imrpds.te bel a H%tﬁﬁpiepf‘i%ﬁ%éﬂqr%sérthé agstrig: stakyity é’ﬁé&%ﬁ“@’ cg'lc Q? or20

predet er m ped ri n <al .
o AL A R et s ey e

bacterial apaiog WV@t)etﬁLﬁdiﬁlﬂeiﬁreq grajly 1/2 I‘O@ftEDS’(f)%Ct'B'F‘ adnipptes
I nfecting I%L O?Fﬁi Bt Lhtibigdldiso 'd?al@faéolﬁte%ed e pRBSHHAS DuFEredOsdIne!
animals within'7 days ru

Bacteri al ence in Mce". Antibacterial doses
(dose co_ncé’x*rﬂr&atOlQﬁM)pr epared by two fold serial dilutions 25 of the
antibigfyic) are dissolved or suspended in 0.2% aqueous agar or methocel,

ANIMAL SPECIES
A detailed explanation as to the number of animals needed for the determination, of

in vivo efficacy follows:

15 A) Novel antibiotics are tested at 5 different dose levels with 5 mice per dose level
at each of three routes of administration (oral, subcutaneous and intravenous).
Initially the three routes of administration should be investigated so as to
determine if the drug is orally absorbed and/or which is the most effective
route. This would require 25 mice / route with 3 routes / antibiotic or 75 mice
20 per novel compound tested. One to two novel antibiotics will be tested per

experiment (75 - 150 mice)

B) The effectiveness of the new compound must be compared to that of a
standard, or antibiotic of known effectiveness. Known or previously tested

25 antibiotics are tested at 5 dose levels with 5 mice per dose level by a single
route of administration, for a total of 25 mice / antibiotic. Usually 3 - 6

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

C) Untreated controls - In each of the above tests, untreated animals are infected

30 with 3 different concentrations of bacterial inoculum with 10 mice per
concentration (30 mice total in each and every test). These untreated controls

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

as required for test to test comparison and validity.

86



phosphat e buffered saline or an adjuvant are adm nistered orally,

subcut aneously or intravenously in the follow ng manner: a) Oally or
subcut anew0IB#932Bse vol une of 0.5 m adm nistered 1/2 hr pafftusn3/1361

i nfection. A second dose nmay be adm nistered 3 hr. after infection for
treatment of infections with nore virulent organisns. b) Intravenously:
Dose volune of 0.2 m, admnistered 1/2hr. after infection. 85 WO
03/093280 PCT/ US03/ 13451 For the treatnent of infections with nore
virul ent organi snms, nore doses, up to 48 hr may be adm ni stered.

(Intr ave”OBETéRMIN,QTb@NJ bmﬂrfao&'EewﬁE EFF’E@HES/Cﬂ'—’lANFI'IB)HBTENIA)_ AGEINrad
pretreatnment : Und er@éflgem al circunstances, \r)al ‘:'% needs

to be adj uEtearatertye effiecisofi the pptkacteriad agg@t{ |‘3(fe é‘?%ﬁ%iuf‘?‘{]?/ @‘Ieomic

anti bi ot Ctheﬁﬁ’F’ecteH'Urﬁre@tHdPé@@omQar@d% 11 trohres Rihmh&ls b WFof efie detegthinator( pH7. 8,
0.06M (or specifi approved adjuvant) is adm ni st ere or al I%I%%%@hr after
I

i nf ect i%n, aﬁ'@la|30$@d°l¥§eﬁi%f°és7 dayst éflterbt\yeaimem 6f CE{ISUP cﬁ”f"é"o( Pal 1y)

cont ai ned @%a s tflrﬁé @dad 8k vt as(Mbibuhd &hiMEN) are FmANIIVATheSPECI ES A
detail ed exp ana ion as to the nunber of animals neede

det er m nat f@h suwival yafioyfrom @Wq saRaateolestsnare reeley f%@%tlmagﬁf‘l% BEMigs are
tested at g ?é BbedlE EBS5 %yl @hiuteritkd fbro‘gt;amer ﬁ%blt@ﬂé@Sle@@blanaR eagh of

three routes o I stration (oral, cut aneous. and | VEenous
Initially Eh8auireseel998ut Byaluationdeli NewtAniinierqbialsolm M‘"Bea'? \Pe XReEtelso as

to defer mhpea inf&gﬁ}ﬁl ndr yg Arﬁ.bwﬁéé |nYLa952§£’cBRﬁMeé|6ﬁéW3ruhed3 heditedt tb;evrmﬁrt

effective Troute s would require 25 /[ route wth3{Rﬁutes
ant i bi ot i cLesfan75 Vitilgras W%W"kﬂ‘@v@?“'@éfﬁpdﬂmlaﬂésPBd 75%1e’8Y- t hee festel

anti bi oticgg %eredbtﬁréeeﬁﬁqgg o‘?]eéepa%é’ a?g%‘tpr&\ﬁge a é‘tgﬁ)stlﬁhlﬁle\)ahB)nuﬂﬂ@r of

effectiveness o e new conpound be conpared to that Cg st andard,
or anti bi oanimalsf aIRd](f)Q\nml@lﬂ‘ﬂ@:t’@r%'ﬁéd% teﬂtrl’@%‘itso?“ ﬁrw fuday ap ﬁsé(i test
antibioticgyare tested at 5 dose levels with 5 mice per dose |evel by a
single route of admnistration, for a total of 25 mice / antibiotic.

Usual |63 - 6 antibiotics will be tEABEE3per experinent. (75 - 150 nice).

C) Untreated controls - In each of the above tests, untreated animals are
nfected Example EDs, mg/kg Ratio of Piperacillin Inhibitor

1 32-64 2:1

2 >64 21

3 32-64 4:1

4 32-64 2:1

5 19.5 4:1

6 NT

7 137 4:1

8 16-64 4:1

9 NT

10 55.6 4:1

11 NT

12 50 4:1

13 ND

14 >64

15 25
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30 with 3 different concentrations of bacterial inoculumwth 10 m ce per
concentration (30 mce total in each and every test). These untreated
control s warog/oezed to determ ne and maintain the infectiomrCirases/1iast ween 10
- 100 LD50s as required for test to test comparison and validity. 86 WO
03/ 093280 PCT/ US03/ 13451 DETERM NATI ON OF PROTECTI VE EFFECTS OF

ANTI BACTERI AL AGENTS: The protective effects of the anti bacterial agent(s)
are neasure hu,th survival of t he infecteduntreated-as——comared to t he

APV | AT UUIIPMI A2

treated anipals. FB this feter mr)'l%tl on, 5 animal s are observed for| 7 days
after treatrent. A(g€ensus Of surWyors is[taken twce daily and af] that
time dead as_well as noribund animals arelremoved  The 7 day surviyal

ratio fromi{ hree s‘b&)arate fests eh“é poolej for estimation of median
ef fective dose—<EBRD) by cpnputergyed program for probit anal ysis

(d eeland, R__and . _Squires. 199 Eval uation of New Antimicrobials in
Vitro and in Exper20vental 10 AneriD Infections. In Antibiotics in
Labor at ory Medietrre—73+dt1ed——egitedbyVictor—torran—WtHtams—and

Wl kins Baltinore, Mryland. pp. 2 - 788B). The test is perforned| three
times on separate pays to provideNm statistically valid nunber of g@nimals
and to mni tiontn test resultsronadayto—dayand—+test—o test
basis. 15 TABLE 3 @anple —D50 r‘rd)“Rg Rati o of Piperacillin tor 1

32-64 2:1 P S64 4 3 32164 47 INp4 32-64 21 5 19.5 4.1 NT 7 137 4:1
8 16-64 4:1_ 9 NT 10 55 6 41 11 NT 12 50 4:1

4 J

25 ND
26 ND
27 ND
28 ND
29 ND
30 ND
31 ND
32 ND
33 ND

This invention also provides a process for preparing the compounds of general
formula I, which process comprises subjecting to reductive elimination a compound

5 of fomulall:

)

A

) NJY
— o

wherein A’ is A or B as defined above, X is O or S, P is an ester leaving group,
(e.g.,an acetate, mesylate, triflate or tosylate) and R is a protecting group, followed if
10  necessary by removal of the protecting group, to give a compound of formula |

wherein R; is hydrogen; and if desired converting to a pharmaceutically acceptable
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13 ND 14 >64 15 25 87 WD 03/093280 PCT/ US03/13451 16 ND 17 ND 18 ND
19 63 20 ND 21 ND 22 ND 23 ND 24 ND 25 ND 26 ND 27 ND 28 ND 29 ND
30 ND 3IwhiD3/0828ND 33 ND This invention al so provi des aPprasSeys34for

preparing the conpounds of general formula |, which process conprises

subjecting to reductive elimnation a conpound 5 of fonula 11: P Br X A

N R OI Il wherein A is A or B as defined above, Xis Oor S Pis an

ester leavin roup, e.d.,an t '

Ris a pr(ﬁag%r,q@ngp@ﬁ(pquem Reisds +Gs SylTBEY! 86 & aitdibyl | FGiflodgay! ate) and
C6alkyl.

5 For example compounds of the general formula | can be prepared by a novel, mild
and a facile way, by condensing an appropriately substituted aldehyde 4 with a 6-
bromo-penem derivative of structure 1 (Scheme 1) in the presence of anhydrous
MgBr. or MgBr,: etherate and a base such as triethylamine, DMAP or DBU,
preferably at —20°C to —40°C. The intermediate aldol product 5 can be functionalized

10  with acid chlorides or anhydrides to an acetate, triflate or a tosylate 6. Compound 6
can be smoothly converted to the desired product by a reductive elimination process
using a metal such as activated zinc and phosphate buffer at 20°C to 35°C at a pH of
6.5 to 8.0. If the protecting group on the carboxylate oxygen is a para-nitrobenzyl
substitiuent then the reductive elimination and deprotection can be achieved by a

15 single step. However, if the protecting group is other than a para-nitrobenzyl

substituent, a two step

SCHEME 1
HO
Br
Br., S MgBr, / Et;N / THF / ACN A |/S\'
+ ] .
g AGHO 27T G PR
0 R 4 TR
o] o]
R + Protecting group 5
p-nitro benzyl
1 (CH;C0),0 or
= CH,S0,Cl or
(CF3S0,)0 or
Ts CI
P
i s P s
SN Zn | Phosphate Buffer A
I, =
’
9 Oy pH 6.5 to 8.0 0 g
0] 0]

P = O-Acetate; O-Mesylate; O-Triflate; O-Tosylate; Ts = Tosylate
20
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10 necessary by renoval of the protecting group, to give a conmpound of
formula | wherein R5 is hydrogen; and if desired converting to a

phar macewpDaaldzsaccept abl e 88 WO 03/ 093280 PCT/ US03/ 134PTCT/ssab/1346r t o an
ester wherein R5 is Cl1 -C6 alkyl, C5 - C6 cycloal kyl, or CHR3000CL-

C6al kyl . 5 For exanple conpounds of the general fornula | can be prepared
by a novel, mld and a faci | e vvay by condensi ng an appropri ately

substituted al dehyde 4 w a 6- brono- enem ri vatlv t t 1
(Scheme 1) in tmecwlégém@eéq"oyﬁﬁﬁﬁré’%% N@BF‘%“%’PathGéff eB‘E“ieeqriggeu;ﬁd a

base such u§r|r¢ém¥ﬁémte%mdaw&% e iPBEMediBtcel eambs Mydtbger@6d ho10RKC. The
i nternmedi ate al dol product 5 can be functionalized 10 wth ﬁ_ld chl ori des

or anhydr i Rressure iminearesence of 10%RHE e THP PEOJUSE (AHPRSBI2183HBIIRE 26'd ¥an be
smoot hly canyegkef %IEQI? eSS LB rﬁérﬂ%@& Ry s@prp?@héawe\/@reﬁe drned ban

process using a netal such as activated zinc and phosphate buffer at 20C
to 35C5at in opbistdp bysea@ning @tdhe enmtire ﬁ@cs%wébwtrﬁf@medbe BYerediEaBhoxyl at e

oxygen is 'ﬁm?%ré"vécl'gy ggr%iq%lgtlvey‘g tp|etér’rtheé7fﬁcléll?teﬁ?oéé&%ré i‘ﬁqgﬁﬁé Sy | 'ami nat ion

and deprotection e dc a 15 sing ep. However, if
pr ot ect i ngeapnooic ieasrbthtyermemcgdeaucan hmad@b’r@ﬁliﬁgllarg%%ﬁﬂq sYntfasts ang | '§wo st ep

SCHEME 1 HQ, to e:g hydES AN dbove n%r{tlom% Qdol oﬁdgnsl'e@onzo Cto -40
b S

CNI O ting group p-nitro benzyl (CH3CO) 20 or
CH3SCRCl  oreact{ddFis SeR) \@rsstile and iopamb®applisdzn any Prygreaca %W?féﬁe where g

10 the carboxy group is protected other than 4-nitrobenzyl moiety. Example of other
protecting group include benzyl, para-methoxy benzyl derivative, benzyhydrol , trityl,
alkyl and allyl derivatives. However, when the protecting group is other than 4-
nitrobenzyl group, a separate deprotection step need to be carried out after the
reductive elimination procerdure. The chemistry involved in the deprotection step is

15  well known to people who are skilled in that art.

The required aldehydes 4 for the above mentioned transformations can be prepared
from their respective alcohol derivatives by MnO, oxidation or by Swern oxidation. In
20 some cases the required aldehyde functionality can be introduced directly in the
heterocyclic moiety by a Vilsmier Haack reaction using DMF/POCIs. The aldehydes
required for the present investigation may be prepared as depicted in Schemes 2 to
8. This procedure can be adopted to any system where there is an amino
functionality adjacent to the —N= system. For example, the aldehyde required to
25  synthesize compound in Example 12, was prepared starting from 2-aminophenyl

acetonitrile (Scheme 6).
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O OHpHG6.5t0800,R 00 16 P =0Acetate; 0-Mesylate; O-Triflate;
O-Tosyl ate; Ts = Tosylate 20 89 WO 03/093280 PCT/US03/ 13451 procedure can
be fol | ovwo odepesai ng up on the nature of the protecting @CONS03/1335AN
alternate procedure, the internediate 6 can be hydrogenated at 40Psi
pressure in the presence of 10% Pd/ C. The product can be isolated as a free
acid or as an alkali netal salt. The above nentioned two step procedure
can be carried out 5 in one step by C@_Le@éf out the entire process wthout
isolating the internediate 6. This i y general, relatively sinple
and efficient procedure in terns of yield and cecenom c feasibility. JTHOS

procedure can be adopt ed to Iarge scal e Sy Sis gndy s ane bI T0 a
variety of TRECHRBEEGECRENt | | copdmsat i on CtioN is
very versaty d can_be applted br onbpenem deri pakiArew wher e
10 the carPBexy gr oup is B?"B/ﬂéﬁlcgd ot H&¥r than 4-nitrobenzyl ndiety. Exanple

of other protecting group include benzyl, para-nmethoxy benzyl derivative,
benzyhydrol , trityl, alkyl and allyl derivati ves. However, when the
protecting group is other than 4- nit | group, a separate
deprotection step need to be carried SEREq] xer the reductive elimnation
procerdure. The emstry involved int eprotection step is 1
known to peopl ¢ whoyare skilled in that/ art) The required al depydes
t he above ng oned traﬁékQQQRREQnuqug be repared>Nh6en1thélé respgctive
al cohol der ) v, ﬁz |dat|zn NSmern oxi dati on. Zk qoxgone
cases the redhlr%d aﬁaéﬁ@% (?unctlona%lt —can be introduced direct in the
het erocyclic noiety by a Vilsm er Haack reacthest usi ng DMF/ POCl 3. ThecHo

al dehydes required for the present investigation my be prepared as
depicted in Schemes 2 to 8. This procedure can be adopted to any system
where there is an am no functionalit?—HE?%éent to the -N= systen1 5P
exanpl e, the aldehyde required to 25 synthesize conpound in Exanp )&?, was

prepared st from ZCWQUMI E\ o tr| le 4 @Hecﬁﬁso%) Dl\%N
b3/ 093280 @ MasT— — NNME) b, LAH

C. MI"IOZ
SCHEME 5
Z,ZD (CH3)2NCH(OM3)2 ZD a.BrCH,COOEt Z’ZQ
T 0 fo 1, O
2y A PN Heat Z., N7 N(Me), b. LAH 2SN SN
C. Mn02 ):/
OHC
Scheme 6
PrOt
@C CN GHyco0H ©f>§NH ©j< ]
— CHO
NH N
2 Reflux H ACN/ 3.5 hrs

5 2-Amino- eondensed thiazole ring Asystems (Exemplified with the preparation of
ethyl6,7-dihydro-5H-cyclopenta[d]imidazo[2,1-b]thiazole-2-carboxylate, Example 3)

can be prepared by reacting cyclic a-halo ketones with thiourea. Scheme 7)
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SCHEME 2 COCEt CHO a. LAH N~/ \ N BrCH20000CEt ao N b. MO WNH2 \ N W
/' W R2 DMF/ 120C R2 R2 SCHEME 3 Z a. LAH, Z Z. O Z BrCH200OCEt Z' b.
M2 Z i WO@3M9Z8N"NH2 DMF/ 120C Z,Z fD, f N N Z~Z N~ N CPOEUSCHB45SCHEMES
CHO C/ O N~-NH (CH3)2NCH(OWe)2 N a.BrCH2Q00Et | \ NN 2 \ NW Heat W N(M)2
b. LAHR~-/ W R2 R2 ¢c. Mn02 2 SCHEME 6 Z,Z (CH3)2NCH(Owe)2 Z.Z
a.BrCH2COOEt Z-Z Z, Z NNH2 Heat ZZ OZ N N'N(Me)2 ¢c. LAHZ Z NN OHC
Schene 6 PrG~CHO CN CH3COOH\ N NH Br ------------ - --- NHReflux H ACN
3.5 hrs 5 2-Anino- condensed thi azoP§hEMEd systens (Exerrpl ified with the
preparation of

et hyl 6, 7- di hydr o- 5H-cycl qjag d;@ a[ d] i m dNteFSNH; b] t,ﬂng)oI - 2- car boxyl at e,
Exanpl e 5) can be prepare th a- hal §tones W th

t hi ourea. Schene 7) 91 WD 035093280 ,“lﬁﬁé/ 13451 NQ(

n=1to3 NH,
X = CH, or N-R4
or0,S$(Omm=0to 2

The aldehyde required to prepare example 10, can be synthesized by following the
procedure outlined in Scheme 8. This procedure can be adopted to prepare a
5  variety of condensed tricyclic imidazolo pyrimidine ring systems. The other examples
that are enlisted here Examples 13 to 33 were prepared by the route enlisted in

Schemes 9 to 16.

Scheme 8
i |
X X X
n(HoC) 5 HoN. NH2 o ny0) POCL  n(HoC) _
J ~  EtOH/ Reflux = /’E ‘Nu o /,E
o) N
O Nu

n=1to3 H N™ "NH, N UNH,

X = CH; or N-R,

or 0, S(O)mm=0to 2 BrCH,COCOOEY

2
EtOHI/THF
IX ’X
n(H,C) 2-Steps n(H;C) !
:NU=nucleophile = N"\>\ S /E’\>\
Nu \N/K\N CHO Nu™ "N~y TCOOE
10
Scheme 9
Br CH
O s>\NH2

o)
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Scheme 7 X X n(H2C) NH2- CS- NH2 n(H2C) d EtOHTHF S Nzz O Reflux n =1
to 3NH2 X =CH2 or NR or 0, S(Omm= 0 to 2 The al dehyde required to
prepare ewarplegs28©, can be synthesized by followi ng the pcoasdurasoutlined
in Schene 8. This procedure can be adopted to prepare a 5 variety of
condensed tricyclic imdazolo pyrimdine ring systens. The ot her exanpl es
that are enlisted here Exanples 13 to 33 were prepared by the route
enlisted in Schemes 9 to 16. Schene 8 NH X n(H2C) H2N-NH2 n(H2CX 1. PCCl 3
n(H2C) O EtOH Reflux NN:Nu t 0 3 0 HONMR2 Nu NNH2 n =10 X = CH
or NR or 0, S(COmm= 0 to 2 Br GdR&&@Et/ EtOH/ THF X X n(H2C) 2-Steps
n(H2C) : NU=nucl eophile -- N N~ Nu N-~CHO Nu NN~ COOEt N 10 Schene 9

Br-, ,,CH
DMF/CH3COOH
O " e
K,CO4/DMF 100°C
80°C
Scheme 11
X
DMF/CH;COOH
N-p-H OHC” “CHO N-n-T cHo 3 N-N—
%4 4 )\ 7 CHO
“Neh " \g~ ~CHO o =8
KoCOs/DMF 100°C
80°C
Scheme 12
0

Br 0 |
o by by

COOEt HO
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-NH2 O\ Ol / NOOSS--aS 00H 92 W 03/093280 PCT/ US03/ 13451
Schene 10 Br N OHC)-I CHO N DWVF/ CH3COOH O>_8H N SVCHO N H K2C03/DVF H
CHO 100C we®oszbene 11 Br N-N'H OHC CHO N-N'H CHO DVF/ CiH8T@SBB/1M51-- - CHO
SH K2C03/ DVF S CHO 100C 80C Schene 12 0 Bra O/ | / />NH, O NNNNN a N
N CIN:::CN COCEt CHO 93 WO 03/093280 PCT/ US03/ 13451 Schene 13 COOEt O
ad S DWF/ POCI3 L CHO HSCH2COOEt (N)'- S (N-'S Et3N CHCI3 N S Li BH4/ THF/

Scheme 13
COOEt
0 Cl P\
_ ~
N s N~ s Et;N/ CHClj NS
LiBH4/THF/
MeOH
CHO CH,OH
s S
\ \
oA MnO,/ CHCl3 S
| »
N S Reflux N S
5
Scheme 14
o CH,OH CH,OH
L » ”

H COMe N N\f
\( N =N =N
N—?

CH,OH

CHO CH,0H
E\]:f< N=

NN N_ N
ay —a
=N =N
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MeOH CHO CH2OH Wh02/ CHCI3 N S Reflux NS 5 Schenme 14 CH20H CH20H N={ N=

"' HCOv N N NN HZNY N 'N |

N |

O NI AN CH20H CHO CH20H N={ N=~ NON

NON N N WO o080 093280 PCT/ US03/ 13451 Schene 15 CH20H @HT/US03/N451N
CINs.N XX HXNX/ N H2N X= CH2, NNCOOEt, O NN N CH2OH Schene 16 N
CCN?S N MOOC HN Me000 OHCI Z, Br"(CH2)n,Br NV (CH2)n NV--(CH2)n ( ~ NS I
Scheme 15
CH,OH CH
0 0 5\1—;( N—:(
N N
SN Nz N.s
) — (XY Il — Ot
HoN N,
X = CHj,, N-COOEt, O \NW N
CH,OH
Scheme 16
N N/i N/§|
[ :1 Y—sH :[ S /@[%S
MeOOC N MeOOC N OHC N
g~ (CHaN< N/\éCHz)n N/\gc:Hz)n
O —,
n=2or3 MeOOC OHC
5
EXPERIMENTALS
Example 1
Preparation of (5R,6Z)-6-(Imidazo[2,1-b][1,3]benzothiazol-2-ylmethylene)-7-0xo-
10 4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
Step 1: Ethyl imidazo[2,1-b]-benzthiazole-2-carboxylate:
Ethyl bromopyruvate (9.8 g, 50 mmol) was added dropwise to a stirred solution of 2-
aminobenzothiazole (7.5 g, 50 mmol) in DMF (100 ml) at room temperature. After
15  the addition, the reaction mixture was heated to reflux for 6 h. The reaction mixture

was cooled to room temperature and quenched with ice cold water. The agueous
layer was neutralized with NH,OH and the separated solid was fitered. It was

washed well with water and dried. The crude product obtained was taken to next
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n=2or 3 MOOC OHC 5 EXPERI MENTALS Exanple | Preparation of

(5R, 62)-6- (1 mdazof2,1-bill, 31benzot hi azol - 2-yl net hyl ene) - 7- oxo- 10

4-t hi a- 1-wpabig3ed o 3. 2. Olhept - 2- ene- 2-car boxyl i c aci d. Srep/usN3/BE4by|

i m dazo( 2, 1- bl - benzt hi azol e- 2- car boxyl ate: Ethyl bronopyruvate (9.8 g, 50
mol ) was added dropwi se to a stirred solution of 2- am nobenzot hi azol e
(7.5 g, 50 mol) in DM (100 mM) at roomtenperature. After 15 the
addition, the reactlon m xture was heated to reflux for 6 h. The reaction
m xt ure waStePIEineHt PYificalinn. t enperature and quenched with ice cold water.
The aqueougrodrR¥sid; YRid: ey, Bald: et 28, mp\#?#PCH and the separated solid was
fitered. It was washed well with water and dried. The crude pr oduct
obtai ned was taken to next 95 WD 03/093280 PCT/ US03/ 13451 step wi thout

purificati gpep B ﬁmua'.s_ez% )Sb.ﬁim.azbﬂe Zméihafibl: M-H 248. mp 97 C St ep 2:
| m dazo[ 2, I-bI - 0 a stirred Iurr i Al H4

(2.0 g, exa'és%)Stli"ﬁddﬁ'y"rYl-in L'é\'"flwl(zf)rﬂ dﬂ’i‘“@ﬁﬁ) in iy Tﬂfnz? Va by %zoéz tﬂ'boxyl
ate (4.9 gy ﬁaﬂhﬁméb -R603| M A9 /DS thrhdl) WbEsn:Wacme)d iatTHE (160 nfif bea° t he

addi tion, e reaction mxture was stirred at roomtenperature for 1 h and

quenched wiCt hAken the adsifion-ie) veamlxtuméw@e%r@&t%doe@lt?H‘Pﬁfééurau forni dd with
Chl or of or mfg%% %dj\klltﬁi%uifa'té& RIHGEN N ! é©|—'|9 hTI\'f’e Q rRfed GRlid Was diitked aligani ¢
wash e

| ayer was once Wth satura dried over anhydrous

MySO4. |t WwaipreformaiMe@H @b angridterad thiasgh arﬂid B?%G%ADF? sohe ArgpicdRYREVaRas
t aken : epﬁ%@héﬁ Sﬁcé"@vfﬂl{' sQfﬂnFatecH’Wabﬁ 'aﬁ@tdhé’cﬁ‘ ovefl ﬁr@dro'ﬁsa\/lésoﬁ?’ﬁ’%a@/'*fﬂe?&ﬁ nmp

131C. I m dazof 2, 1- bl -benzt hi azol e: 15 To a stirred
sol uti on ofnd mooa@mi[aZeq bTh%é?ﬁmellS@E‘bloé’iQU%t‘"ﬁénFﬂke'(' goonexy, stap WithoPyt i n

et hyl enenf)[] ifatids Q%prgé oRgIabes dpA31ClS 9, excess) was added. The,
reaction xture was stirred at’ roomtenperature for 24 h and filtered
through a pad of celite. The reaction m xture was concentrated and the
product wa 54 bl RN imiddzb -%-Ib AahiBIes hr omat ography by eluting it
Wi th 750 eSS a%e[a??{ mitldz6f21 8¢ befith? Sol i d: Yield: 800 mm, 400 MeH
203. 15 To a stirred solution of imidazo[2, 1 -b]-benzthiazole-2- methanol (2.04 g, 10 mmol) |n

methylene chloride (200 ml), activated MnO, ( 15 g, excess) was added. The

reaction mixture was stirred at room temperature for 24 h and filtered through a pad

of celite. The reaction mixture was concentrated and the product was purified by
silica gel column chromatography by eluting it with 75% ethyl acetate; hexane..
20 Brown solid; Yield: 800 mg, 40%; M+H 203.

Step 4: 4-Nitrobenzyl-6-[(acetyloxy) (imidazo[2,1-b][1,3]benzothiazol-2-

yl)methyl]-6-bromo-7-o0xo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate:

2-Formyl-Imidazo[2,1-b]-benzthiazole (444 mg, 2.2 mmol) and a dry THF solution (20
25 mL) of (5R, 68)-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 mmol) were added successively to a dry

acetonitrile (15 mL) solution of anhydrous MgBr.:etherate (619 mg 2.4 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.
30 The reaction mixture was stirred for 2 h at —20 °C and treated with acetic anhydride
(1.04 mL) in one portion. The reaction mixture was warmed to 0 °C and stirred for
15 h at 0 °C. The mixture was diluted with ethyl acetate and washed with 5% citric

acid aqueous solution, saturated sodium hydrogen carbonate, and brine. The
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Step 4: 4-Nitrobenzyl-6- (acetyloxy) (imdazo[2,1-bl 1,31 benzothiazol - 2-
yl ) met hyl ] - 6- br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 01

hept - 2- erwO230232B0DXY| at e:  2- Fornyl -1 m dazo[ 2, 1- b] - benzt hipezaiSe3/(3484 ny,
2.2 mol) and a dry THF solution (20 25 nmL) of (5R

6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid
4-nitro-benzyl ester (772 ng, 2 nmol) were added successively to a dry
acetonrtrrle(15 m.) solution of anhydro r2: ethr (H19 4 mol)
under an YoaUn lauervasHiied (MISQbANG é' 53?%’951 fﬁ%ﬁq ﬂbe %}9%

Et 3N (2.0 \hhenkd WS effASEEth8. OTIR mﬁéﬂ‘ehﬁéls ca'ﬂitfentra&@tmrmer\rmedi pmuce:)ver ed
with foil to exclude l'ight. 30 The reactro%jmxturfa was _stirred f%)ﬂz h at

"0 C and THesmsisewasarpied oo siieR el icqlimny, fhesuthgeplumD Wazelpts At e

reaction sneva B d tsHI8cted afmabtivhs Fwe fcohcentiatdl ahd€r Eedubad
m xture wg%sa%é{%ut\sg néNa( nit(Zth acetate and washgg W th 5% cj trrc qa]crd

aqueous soprassuwsa, an@'a‘ih@r'ﬁ'?(té’de %@i%ﬁr?ﬁ/&ﬁoﬂﬁéﬁ wese o thg NexbsieRe. P
WO 03/ 0932%98\5%%@? RslsifalyieRF 9@6‘!«1@ b A% EmpBsCdmi-ab3pMISO4) and fil tered

t hrough a ite. The pad was' washed with ethyl acetate. The
filtrate was concentrated under reduced pressure. The residue was applied

to a silicg.gq -6-{1Rfifla cHESthRIZ61-25 1M tHyIgid) V-oxaaet at e:
hexane (1: ons were concentrated under reduced 5
pressure aﬂmh icvela |3 PhrefeRenCArDOXYNEAGHr e t aken to t he next step.
Pal e ep 5:
(ory. (1) BN RRGEIS T %‘i’rrrq BRI Pty persfecir e By e P
Er h:\l at 1- gza@tolwm.maazzabmwe[@tz Q]hemtéZ—en&rarobtm;(Vlatﬁ 408 mgoo 9 mmol) was

i t robenzyl -
(i mdazo] 2&{ %‘]e[o'[l(‘aljﬁ_ﬁ! ﬁz-]o 'PK %%do?ceéomtlr en(e hmll')] Ige%hl% actrv_?ted Zn dust (52 9)
0X0- 4- t hi swas adddl plhoyidh 2. WfpdapSpr@iaah@‘fﬂ-(pHr%@I rabe Thegeectiey, vegselo mmol )
7 dust " ( oW8 Ggvere Eaaiia Bty E g LT hR Phadson fadfe g viopieBE) o8 rer S €5
m). Tig reaczttrroasrn\tempedatumae‘ heawantied mikiure Wes Ifllter@desaﬂletﬁblfé 3 |Cgmnd e
reaction J d I re. The
reaction %?@Hrv& %/\%‘idﬁd!t? ﬁJé? %cpsn e%gt gf hg fr&rlaﬁe %,EQ %héﬁam@g@% dfgd to
adj ust thearm-ltrteOac&eBusTdyerWalstseaaretadasThwszumI@WFMWOHQ%E%@%UH@RM t he
aqueous | e WARGS RIS IS (P BHR iake THABERRSRILAUSSIRER! | i o

vacuum at a yeI recr Ipitate was di ssol ved
in acet onadstonitileamad| Ioadimj oona d—IFHl2‘1 Z@Vweeem}?@epml@@ncoltmﬁ eluted\adthe| ut ed

with 20 dei,ani.ze te t t
acet On?q 1 fielo %e(gyvm@% lla %?ﬁ@pelh?etd fith 9b4 S&t¥hitdle:HAM&. Yield: 105 mg,
35%; as yellow crystals; mp 233°C; M+H 356.
'"H NMR (DMSO-dg) & 6.51(s, 1H), 6.53(s, 1H), 7.09(s, 1H), 7.47(t, 1H, J =
7.5 Hz), 7.54(t, 1H, J = 7.5 Hz), 8,06(t, 1H), 8.62(s, 1H).

25 Example 2

Preparation of (5R,62)-6-[(7-methoxyimidazo[2,1-b][1,3]benzothiazol-2-
yimethylene)-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.

30 Step 1: Ethyl 7-methoxyimidazo[2,1-b]-berth_hiazole-2-carboxvlate:
Ethyl 7-methoxyimidazo[2,1-b]-benzthiazole-2-carboxylate was prepared according
to the procedure as outlined in Example 1, (Step 1). Starting from 6-methoxy-2-
amino benzothiazole (27 g, 0.15 mol) and ethyl bromopyruvate (39.9 g, 0.2 mol), 24
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35% as yellow crystals; np 233C; M+tH 356. 1 H NVR (DMSO-d6) S 6.51(s, 1
H, 6.53(s, 1 H, 7.09(s, 1 H, 7.47(t, 1 H J= 7.5 Hz), 7.54(t, 1 H J =
7.5 Hz), 8O®80328 H), 8.62(s, 1 H. 25 Exanple 2 Prepar aPConse$/ 13451

(5R, 62)-6-[(7-nmet hoxvi m dazo[ 2, 1- bl [ 1, 31benzot hi azol - 2-

yl met hyl ene) - 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. A hept - 2- ene- 2- car boxvl i c aci d.
30 Step 1: Ethyl 7-nmethoxvim dazo[2, 1-bl-benzthi azol e-2-carboxyl ate: Ethyl
7- met hoxyi m dazo[ 2, 1- b] - benzt hi azol e- 2- car box éat wa r epar ed. accor di ng
to the progethd’e ¥sldyuel icHwl Z‘WeB@ém'@ZﬂZ’f@ii ?ani 1az 'E?C?Pt’r‘?éy'ﬁeorwas

6- met hoxy- 2¢ laf’éq A0, BeiwrPsdtivagpdp 727 9. 0.15 nol) and ethyl bronopyruvate
(39.9 g, 0.8 mol ), 24 97 WO 03/°093280 PCT/ US03/ 13451 g (43% Yield) of

et hyl 7-nmet hoxyi m dazol[ 2, 1- b] - benzt hi azol e- 2- carboxyl ate was isolated as a

P%@‘é‘gzg?g ggﬁéﬂl Wmémq?'g' é@ 5_%F2!17-R!-:EE-%}’azo!er%-m%t)lggnol:

i m dazof 2, T-idthdreninitiazofa i ] Denzhinzelei2-mathapeleyas diierared agrergingotor e

et hoxyi m vt dE ORrEETE R’ 9P ool P BT RORY Rl 15 e

Li Al H4  sohethicamin(idazof, tib]-benshinzaeRitarkaxyiate THED 9,445 gingdangi bR+ of t he
3 oo ‘TR R A BRI AP o L kol st

2- For nyl - 7° yi'm daZzo enzt

2- For ny| - 7waeidotated as darofr sdidb{MHdn2Zd3hi azol e was prepared according to the
procedg e outlined in Exanple 1, (Step 3). Starting from 7-met hoxy

I m daz ?2, 1-b] - benzthiazol e-2-nethanol (4.0 g 17 mmol) in nethyl ene

chl ori de/ BiH 300-Fdrmyb@-rh6thoxyinsidazel@il-hlebenrtiiagale: g, * excess), 822 ny (21%
Yi el d) of | deh der.i ' i id. 233.
e o R R LBy i bk bl BRABROIAR M
g(l)bgné ﬁte h |2 pg&g%;yﬁmlﬁﬁhglﬂéa&plﬁ Qr(ﬁiebt B)X oS thrtirig fmr{i-?anabpmymldqzz{laﬂfbihe% 2 ,

- 4y ) . - =0 - el NOXYVYI - Z
o, 3.5 mBRTRRAE e R Y 5o T DR i DRARSA L B
6S) - 6- Ips oMLY a8d @ctivd Nind, {1 2gaekiess); B2 3@ (DPh ¥[rid) 2f dinaldehysierdsoivgiivec - aci d

4-nitro-benzyl LSlehs blswiosbia i) 938! ) vere added successively to

Step 4: 4-Nitrobenzyl-6-[(acetyloxy) (7-methoxyimidazo[2,1-

bl[1,3]benzothiazol-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-

20 2-ene-2-carboxylate:
2-Formyl-7-methoxyimidazo[2,1-b]-benzthiazole (822 mg, 3.5 mmol) and the dry THF
solution (40 mL) of (5R, 6S)-6-bromo-7-ox0-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester (1.364, 3.54 mmol) were added successively to
the dry acetonitrile (15 mL) solution of anhydrous MgBr,:etherate (1.3 g, 5Smmol)
25 under an argon atmosphere at room temperature. After cooling to —20 °C, Et;N (2.0

mL) was added in one portion. The reaction vessel was covered with foil to exclude
light. The reaction mixture was stirred for 2 h at —20 °C and treated with acetic
anhydride (1.04 mL)'in one portion. The reaction mixture was warmed to 0 °C and
stirred for 15 h at 0 °C. The mixture was diluted with ethyl acetate and washed with
30 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 a silica gel column, then the column was
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the dry acetonitrile (15 nmL) solution of anhydrous MyBr2:etherate (1.3 g,
5mmol ) 25 under an argon atnosphere at roomtenperature. After cooling to
-20 C, EtwNoga9Nso nL) was added in one portion. The reactiPem/useysabl was
covered with foil to exclude light. The reaction mxture was stirred for 2
h at -20 C and treated with acetic anhydride (1.04 nL) in one portion. The
reaction mxture was warned to 0 C and stirred for 15 h at 0 C. The

m xture was diluted with ethyl acetate_ and \é@sh d with 30 S%Qi%rig aci d
aqueous soblutedonith ethylacatater eganai it by drl5els ffrc(g%%‘f"%r,e RRGEHAtRE UNds, o
organi ¢ 'aaé%lhcé@%rééfﬁ,h%daﬁmwixtaﬁédof blabRF&s idohieps gera taiath 0f néeldtée. The

pad was washed with ethyl acetate. The filtrate was concentrated under
reduced pPelsyeliew ameerhoysisaifs Weld 2¢hei BI°tM+HH 880 i ca gel col um, then the
colum was 98 WO 03/093280 PCT/US03/13451 eluted with ethyl acetate:
hexane (1:1). Collected fractions re concentrated der, reduced pressure
and t héd m Staprs @GR adit Rl -Vl leah o X b S

anor phous .
(5R), (62) - - : nzot Nl azol - 2-yl met hyl ene) 1

7- 0X0- 4- t hit- dlifrelmnapiiG|(ateatylad) 27-Oidieqpryinideznd2, 2=kl Pesnzpihiazal2-yi)methyl]-

4- Ni troben -6-[(acet yl.oxy) .. P

( 7- met hoxy %’lr%fﬁ?g[oﬁ(,oié'ﬁ]"qu%fl%'@ﬁ%%?’l%iOzlgeoqt-2Ze-nye|%ﬁ%{bﬁwl?@ (169 .mg, 1.0

6- 8r ono- I7) ﬁmwl)ﬁlwéghﬂsisdlv@d moT1ely ¢170MB) ana)i)]abetpnitrﬂe €3 m2).c Arasbly\activated 2659h|rrg,
1. mol ) was _di ssolved . in TH { t QLI . eshly
act i vat®d %Ptl(égd@s‘f"af @gﬁegfa%@é g"i‘ﬁéﬂ% M §B?s(ﬂ%§%w8%érdbg%’g%o%'at@ebuf fer
I(thG' 5, hZEed&ﬁdn vésee! weacdversl witls Seil twvasclzludn/égleztd The medatich migtuex svagde
ight. The reactjon. m xtur S Vigoro i I for . :

t enper at ur é‘9°"ﬂ'1'§'lyr§2'ér€9;(ft8f1 zﬁ? \éﬁf’roén p?rlgﬁir%’r g'fjh,e 'reggtc')c{ne@'%ggﬁ)ﬁ%, ﬁlgégga’l‘ N
NaOH was - ag&ﬂﬁu t® 3at¢,U@‘tc1 PHN tNaCGH Svas Taulefli tot aditst phhdo Svbashbel filkiate veashy |
acetate and t he agueou er S sepa u

oncent  at BASUHET FRYLRSF G AR 11 SSIAALE gl e SepftaRALTte dfbad Ve

pr e?:i pig at Wamnt§{¢tta?g@mggad hng?mlumi tih 3|51|2to; tveDi¢ yeltowt oreginitatey \Wémeg gg "

title compound., Yield: as. t ; 84, :
NMVR ( DVEBO- AEFiPdate 8’93(@",”%‘14%%“ GW%%%Q,WE%%Z%Y%%? ﬁ%ﬁi‘?n@. ﬁ‘?sthyme

;. %(2 c(lld, 1 %méogncﬁ-‘ﬂelﬂzw mg, Z25%clas felldw crystal3; Mp8y; MBHES6d, J= 6.0 Hz 1 H),
. s, | .

2.1-bill, 31benzo?r|1|illz\xg@gﬂb&s30-§£)e§%rs%t ls?%HS),f 6.‘5%@’, qa),_ g._BLi(S?_1ﬁ51,l ’P.'i@ésf“ﬂ&zo
. 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).
20

Example 3
Preparation of (5R,62)-6-[(7-chloroimidazo[2,1-b][1,3]benzothiazol-2-

yimethylene)-7-oxo-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

25  Step 1: Ethyl 7-chloroimidazo[2,1-b]-benzthiazole-2-carboxylate:
Ethyl 7-chloroimidazo[2,1-b]-benzthiazole-2-carboxylate was prepared according to
the procedure as outlined in Example 1, (Step 1). Starting from 6-chloro-2-amino
benzothiazole (9.2 g, 50 mmol) and ethyl bromopyruvate (11.6 g, 60 mmol), 8.5 g
(60% Yield) of ethyl 7-chloroimidazo[2,1-b]-benzthiazole-2-carboxylate was isolated

30 as brown solid. (M+H) 281.

Step 2: 7-chloroimidazo[2,1-b]-benzthiazole-2-methanol:
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yl met hyl ene) - 7- oxo- 4-t hi a- | - azabi cycl o[ 3. 2. A hept - 2- ene- 2-carboxylic acid
25 Step 1. Ethyl 7-chloroi mdazol 2, 1-bl - benzt hi azol e- 2- car boxyl at e: Et hyl

7- chl or oiwDda»of28) 1- b] - benzt hi azol e- 2- car boxyl at e was prepardasozcast di ng to
the procedure as outlined in Exanple 1, (Step 1). Starting from

6-chl oro-2-am no benzothiazole (9.2 g, 50 mvl) and et hyl bronopyruvate
(11.6 g, 60 mol), 859 (60%Yie|d) of et hyl

7-chl oroi m dazo[ 2, 1- b] - benzt hi azol e- 2- car boxyl ate was i sol atcgrg 30,,as brown

ol i d (M PyEhizes mBlagpiza!-op bR RS ons TRt Teh IsereR 2600 el Ranol
99 WO 03/ 0?%%?9% g[(ﬂﬁé@qﬁ :E:iéﬁ_ﬁ%le 1 (‘S?QFPQ)O Startlng from ethyl 7-chloroimidazo[2,1-

i m dazo[ 2 enzt hi azol e- 2- met hanol repared accordin 0 té}
procedur e bhbetnzﬁ@@quwﬁaet?%vlételw& 3312'71m°§t%ﬂdt|-'ﬁ\5'|4f(f‘cpr’r‘9e H%ss) 559
7-chl oroi rn& ) Yo ¢ 4a%na|taarﬁaweewgs RIS B S0l Gmp3eeICmh) and
LiAlH4 (4 ess : (72% yield) of the al cohol derivative was
i sol at €l a§3%rown sol i d. 166C( MrH) 5 239. Step 3:

2- Fornyl - 7- chl or oi m dazo| 2 1- bl - benzt hi azol e:

2- Fornyl - 7-chl or0| u dazo[2 1-Db] - benzt h| azol e was prepared according to the
procedure Sted 8 shhoreimida 2

Tl oo ol bl el b%%“&%nﬁ et SR oheess),

2.2 g (55%ndcetiake mithmémmexmfhglde1 d@mwéil \ﬁéartlmaér%Grqﬂ@ema@aa@i%wwsol id.

gg’"g‘%l 6 '&é%ﬂe‘?‘ '{"TRQE(B 85 LA ¥ M&hhiene chioride/ MeOH (300 mL:

yl ) net. hyI I 56 iir) ol btios MO, t(P0 g~ exmabﬁc%m (298 yieldh &t aldelysle-derivaivieox y| at e

drszEg n}slléﬁééﬁcogqlﬁ&% %%@m%mf#g é\ﬁpﬂﬁ%“ hi azole (270 ng, 1.14 nmol) and the

6S) - 6- br ono- 7 0X0-4-thi a- 1- aza- bi cycl 0[3 2. 0] hept 2- ene- 2 carboxyl ic acid

4-nitro-be est 500
dry aceton AN i "Jét - 139
20 o5 undnmﬁWlBBWGMnm@hahm &hzamwgﬂﬁw ng to - 20

W th fol | 2gomEKErORETEGrIE HderERe oA Al b D B8 AR D5 °
-20 C and &pl@ade oMLY of Q&R:tGS) Galn’@ytdr‘i’deo-@:‘lthﬁm a;ta)—blcyclojaé QiloantiZeene-Fhe
b e o B S B e o el
agqueous Sokns igpn acewhlitilat @8 mbylisomtiby dfogrenydoausbbigBt.e O(&hel (390 mg, 1.5
20 mmol)under an argon atmosphere at room temperature. After cooling to —20 °C, -
Et;N (2.0 mL) was added in one portion. The reaction vessel was covered with foil to .
exclude light. The reaction mixture was stirred for 2 h at =20 °C and treated with
acetic anhydride (1.04 mL) in one portion. The reaction mixture was warmed to 0 °C
and stirred for 15 h at 0 °C. The mixture was diluted with ethyl acetate and washed
25  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
30 were concentrated under reduced pressure and the mixture of diastereomers were

taken to the next step. Pale yellow amorphous solid; Yield: 495 mg, 65%; M+H 665.
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brine. The organic layer was dried (MySO4) and filtered through a pad of
Celite. The pad was washed with ethyl acetate. The filtrate was
concent r awed3mier reduced pressure. The residue was applPcedsov1®sl i ca gel
col um chr omat ogr aphy, then the colum was eluted with ethyl acetate:
hexane (1:1). Collected fractions 30 were concentrated under-reduced
pressure and the m xture of diastereoners were taken to the next step.

Pal e yel | ow anor phous solid; Yield: 495 . B65% -H 5. 0 03/ 093280
PCT/ Uégg,/ 1Step5: ,(,62)-6-[(7-c'hIoroimidazo[1,2-?)111[1,3 ber?zot |azoq§2-ylme3ﬂ9vle\r4g]

(SR, (62) - ook - G1.210aBicYBE D GinBhL b chLlEEzBbRYIRZALIAR- y! Mot hyl ene) 1 -
- 0X0- 4- .

) ept - 2- ene- Z2- car boxyli ¢ aci d:
4-Ni t robenekwtpcmep(zmﬁe&(gdem@wm-x@mr@h’ﬁﬁazp@a‘zblm?»]Peaﬁt?lllﬁaqlt?ewmthylhéo| -2-yl)m
350" my, o, Boneer-Giettn L ik BREs DGt Biete S otBleLe R 8L Y (10 |
mr-]) : Eﬁ?s hﬂnyl}o?aﬂawdissmév@inéﬁlrﬁrt (A05mR) gHd aeefonittitieti Orraj)- d'F'S?SWtQ‘?ﬁYﬁi%Z_ n o
osphate bu o e

Foi i to oxditie ke adies hally wil o5 f ERSEhaR BERT B eoy ZONELPIE o 2 1
at room t erspeticrt vessel Vlae cowereti with figik touexclugeslight| t Breetpactie anixiyre wag C, and
0.1 N NaC®H.was. ad Just 5: |t shed
with ethyl vnggrgp%y %%grﬁéq?rﬁﬁel ha%turec}gﬁg t ayeér?tuﬁe;as nggg?é’{mdf‘ F§(EI' Zwﬁﬁu@%&% ayer
was concentocdcetd 3inGeand.§iN NaObivmasadds tc adiusyiheerrhtoy@pl dheiitede wasat e.
e LS RSl R LR LRSSt Mo myer
and | att erwas ichnddfitatext endeniHigh vecwen et 35TH: td gieta yakove oredniiaiag Thee -
product were cqllected > e ettt room
t enper at ur 809 eW@sePﬁrgfﬁgs%gl li_l'lng/vg%%\?\%a\fseﬁ%d&véé t@ %&(@f%ﬁg{ﬁrg@%ﬁ gar@ dried.
Yi el d: 80 tig, coBifn awayeéllivd oviths tasiaizenp w02 Lvi-BpdNalpttan owith HIGHR -

DMSO-d6) S 6.6, (s -~ : . d , 1 1 , 8.2
(o 1 1y, RoteiSyady) " shecskius Popallf HFproftl wefe ! bolebted” ail
(5R) , (1) - Gerlcenttiated[Und2r sddyaech préssuld gl rophjeneprsatpreyx dha-yelew -solid aegbi cycl o

3.2.0d hept-2-ene-2-¢ Vel ol ' Al o/ I tals:
| mi dazo[ 1, ‘Q?%{]eé’ﬁ‘!"ﬁbF?%tggé-fﬁtgf%§§'ﬁﬁﬁ%e Yield: 80 mg, 18%; as yellow crystals; mp
240°C; (M+H+Na) 412 .
'H NMR (DMSO-ds) & 6.6 (s, 2H), 7.1 (s, 1H), 7.62 (dd, 1H), 8.11 (d, 1H), 8.2
- (s, 1H), 8.6 (s, 1H).

20
Example 4
Preparation of (5R),(62)-6-Imidazo[1,2-alquinolin-2-ylmethylene-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
25

Imidazo[1,2-a]quinoline-2-carbaldehyde
Imidazo[1,2-alquinoline-2-carbaldehyde was prepared by the method of Westwood
and co-workers (J. Med. Chem. 1988, 31, 1098-1115).

30 Step1: (5R,‘ 6RS)—6-[(RS)-Acetoxvimidazo[1,2-a]quinolin-2-vlmetm/I]-6-bromo-
7-oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl

ester:
Imidazo[1,2-a]quinoline-2-carbaldehyde (1.09 g) and a dry THF solution (75.5 mL)
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| m dazo[ 1, 2- a] qui nol i ne- 2- car bal dehyde was prepared by the nethod of

West wood and co-workers (J. Med. Chem 1988, 31, 1098-1115). 30 Step 1:
OR, 6RS) -Wo osBBpesiicet oxyi m dazo[ 1, 2- al qui nol i n- 2-yl net hyl IPCeAISV® MAAS1
7-0x0-4-thia-I-azabicvclo 3.2 O hept-2-ene-2-carboxylic acid 4-nitrobenzyl
ester: Imdazo[1, 2-a] qui noline-2-carbal dehyde (1.09 g) and a dry THE
solution (75.5 n.) 101 WO 03/093280 PCT/ US03/ 13451 of (5R

6S) - 6- br onp- 7- 0xo0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - é anr g

4-" i tro- bErER 6%3@@!’%@%%&*[%?@%@&%6'0 BlbeRt-Sreng 2 GOy acid £
acet oni t i, bdr P ollet (2.5910) W8 éaaea@nx@l;s@wywaara &e%orﬂt)rnwm nell) ar gon

at mosphere at room tenperature. After cooling 0 %tl 85 nmL) was

added in cedutioor of oanhygieds 5MoBact(Rén ) e88ee" \ﬁﬁs afﬂ%‘era@HOW ﬁef i o928
excl ude | 'tgﬁbera-{_h% rA‘?t%ﬁEbé?lﬂa% Kﬁ@'“@ E"@-I)Q (1 86inhIn&ehs§ Rided it oRé podien CTasd

treated with acetic an in one portion. _The reaction
m xtur & vvarsaotmnnwsﬁbwes @OWGdswlm fQé'd’fOf g¥cluds 'f*ghét Thecreagtien mixtplg was g

di luted wigy S?Lfﬁe’% gﬁgtz%t% ﬁtr@@t@ﬁ%ﬁthv‘éée?c%%ﬁdrldél(ﬁ 08GhD) AaRtiGR! uti on,

saturated soO en c onate, and brine ganl c Iayer was dried

10 (NgSO4)Th£nl$atil¢rt ew@retwasou@me&i o %fanéeqt'rrﬁéforﬁﬁeh A58 “fas! REEREYeWI t h
ethyl —aceal %nutgé%g f biriPLE RS afPIRRRAL AithIsunelfic e uealons sotisrt. The

resi due was Ica gel columm, then the colum was el ut ed
wi th CHCl Bsadwete@inetédwm hydoeges) canbenatec ead bringet iTGRSORABRIE 'BYRICWRR [5€8d under
e PIERIISS dril HRMES tRbugf SEpYSI CHRSL IR DO Ghdhdd dintagl ve the
title Co one 1 soner ellow crystals, _yield: 1.
38%. 1H Nmata(te:Dorr@) filgate. \@aze(gonc@njrateg reducegd pJeSSUEL% Q'Xﬁzf?S' %ewﬁd 1 H,
13.5 %Hé 5 ﬁ@éd 1 H,
o 6 My p?he7d &%%hﬁ%ﬁg—zl %Qumr? tﬂlér(?n éolt.'ﬁ')‘m \A7asde%ted (%ﬂﬁ?fl—[@l bon Ch)
1, 7.%9%6) C%lI@szjfraQtIQHS \gere @r@equted urldgfg(%iuch Hyesssrezfﬂs%'awe%hy J =
Hz

o ol s ERer R CAOL SOOI e tle compound as one fsomer. (pele
1i5eptye:ﬂewmy32als,aﬂdi®x1y$ 0c38&%6).d:

6RS) - 5{)@@ éﬁgaoég]% a9l bo8i@] Al noliafk Ry RIEVAN, $=Drospef- Ox0- 4-

5
hia-1- az éne- 2- carboxylic acid 4-nitrobenzyl ester
1.
c

acid

1.
6
al
2.
R,

3 9) was226, aiH;sgoM(amH)nnaEwz(mrLi)H)aﬁ@Géctéi—bdﬁQ pIHE) (BE2H|LEH. EFeshl y
tivated £g dyst 545 ?680m, 1H), 7.83(dd, 1H, J = 1.1, 7.9 Hz), 7.93(d, 1H, J = 8.3 Hz),

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

J
J
8.
2-
3.
(
t
(
a

20
Step 2: (5R),(62)-6-Imidazo[1,2-a]quino|in-2-y|methvlene-7-oxo-4—thia-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid:
- (5R,6RS)-6-[(RS)-Acetoxyimidazo[1 ,2-a]quinolin-2-ylmethyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (1.3 g) was
25  dissolved in THF (17 mL) and acetonitrile (36 mL). Freshly activated Zn dust (5.2 g).
was added rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The reaction vessel
was covered with foil to exclude light. The reaction mixture was vigorously stirred for

2 h at room temperature. The reaction mixture was filtered, cooled to 3 °C, and 1 N
NaOH was added to adjust the pH to 8.5. The filirate was washed with ethyl acetate
© 30 and the aqueous layer was separated. The aqueous layer was concentrated under
high vacuum at 35 °C to give a yellow precipitate. The precipitate was filtered and
washed with H,O, acetonitrile, and acetone to give the title compound, yield 297 mg,

38%, as yellow crystals mp 205°C.
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was added rapidly with 0.5 M phosphate buffer (pH 6.5, 28 nL). The reaction
vessel was covered with foil to exclude |ight. The reaction m xture was

vi gor ouslwyogsioed for 2 h at roomtenperature. The reacPCOUSII/XHEr € was
filtered, cooled to 3 C, and 1 N NaOH was added to adjust the pHto 8.5.
The filtrate was washed with ethyl acetate 30 and the aqueous | ayer was
separated. The aqueous |ayer was concentrated under high vacuumat 35 Cto
give a yellow precipitate. The precipitate was filt n shed with
H20, acetonitri {HaN PAEDed 68(s HY; ‘536t($1e1"{)| P8¢ (Eoﬁﬁ) gn% &wga g?

38% as ye risiial 2 Q@/ﬂﬂg?&OMIIUSOS/ 13451 'H NIVR
(D20) dGii%)O‘?"scz()ﬁ hf]lf %ﬁ@?%ﬁ? 1'?07 , 6.96 (d, 1 H J =9.5
Hz), 7.32 (d, 1 H, J:95Hz) 7.33 (s, 1H) 744- 7.57 m 4H). Exanple
5 5 Preparation of (5R),(62Z)-6-(6, Exdiipy&lso- 5SHcycl opent a[ dl i m dazof 2, 1-

bl r1 3lthiazol-2-vimnethviene)-7-oxo-4-Thi a-1-azabi cycl o[ 3. 2. Olhept - 2- ene- 2-
carboxydic acid Step 1: Preparation of ethyl

6, 7-di hvdr o- SHy¢ cér%)&% é}‘l. ﬁo {7_| er‘:I-p &0 éﬁtg AfRidazer2car boxvl at e.
A m xture of 2- d, DI )~ ane |ourea(8.0g
101 nmol) WbH1J3¢lhiaznbd-wlme 5 Jf7-o t-thin-DPazahieycle[3:2.a]hept2-enex: 2t i on

m xture was cooled to roomterrperattire"grb%éhe separat ed white solid was
filtered. (9.0 g 15 separated) Thi% | ved in anhydrous ethanol (100
m ) and sogidyn:Preparation of(etByl®, Trdithtiroasii-gycldmerithiddingtihzo[2r oropyr uvat e
(10 . 1E(g) was added and stirred at roomtenperature for 2 hrs. Then it was
reflux hiazgle-2ca = reaction mxture was cooled to room

t enper at'ur e and concentrated. The residue was extracted with chlorof or m

and washed well with water. The product_ was puri |I| gel

col urm chr Ok afp%yh'aspcaﬂ'a@%m@P Witt$h9s 'B'E‘ﬁblangé@g‘érga ﬁ@ Red -
semi - sol i dm.ﬁ@lﬁhgs refuieddin SRR IHF (T’ﬁQ fb‘ﬁﬂelhrél\ﬂﬁhe’l%duﬁmﬂmmarbvdasAl H4 and
t he resul tant al cohol was oxidized w

| dehyd bt d
was taken geplegiarogidpmpetateandine P?%?Sﬁtreét"‘fhgﬁ SBM\ﬂaﬁfl@_quBa( Sgg yde obtaine
(5R) - 613 (ag&tarhieyyTHiS whs Hidt¥NeQ irPphhhydrous ethanol (100 ml) and sodium methoxide

(2.7 g, 51 mmol). To this ethyl bromopyruvate (10 .0 g) was added and stirred at

room temperature for 2 hrs. Then it was refluxed for 48 hrs. At the end reaction

mixture was cooled to room temperature and concentrated. The residue was
extracted with chloroform and washed well with water. The product was purified by
20 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.
- 25

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:
2-Formyl-6,7-dihydro-5H-cyclopenta[d]imidazo[2,1-b][1,3]thiazole (600 mg, 3.1

30 mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (1.2 g, 3 mmol) were
added successively to the dry acetonitrile (15 mL) solution of anhydrous MgBr:
O(Et), (1.2 g, 3.0 mmoljunder an argon atmosphere at room temperature. After
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cycl openta[dlimdazo[ 2, 1-bill , 31t hi azol - 2-yl)-6-brono- 7- oxo-4-thi a-1-
azabi cycl o 3. 2. d hept - 2- ene- 2- car boxvl at e:

2- For nyl -wp03dddrgadr o- 5H cycl openta[ d] i m dazo[ 2, 1 -b][1, 3pcChiadizas( 600 ng,
3.1 30 mol) and the dry THE solution (20 nm.) of (5R

6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- aza- bicycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid
4-nitro-benzyl ester (1.2 g, 3 mmol) were added successively to the dry

acetonitrile (15 m_g sol uti on of anhydrous l\/gBr ; C&E’:QZ %.2 3.0

nol ) under cealing t@od a@nﬁbfﬂﬂépénhkw?%é?ﬁqdéﬁﬁ &eiea: gact d@s%"ﬁ?/ 093280
PCT/ US03/ 184nteq \%mﬁ"fdn”ta @I Aght. Frie3MatRorOmBturd W%Sstm@defdr 2 h aangopartion.
The reaction vessel covered with foil to excl \L,’\f%reggg?ﬁ The reaction

m xt ure vvasncétreaateé@nth@cenc ankydride §1.84 Mip i eneRArte: DXERWAS de

(1.04 m-) O : Np REXTTHeE mivdGre Was ket avith &hand
stirred fo\r/\)aﬂg&ﬂ?o Y d%ﬁ&‘ St@ggnfé(rteﬁfy \%as di luted V\nlieh ets%%('l e5 a{ce a?le and

washed & t hetateciand i washsdd viitlu 6% <citde| 24d RfUeeHs uielition rgted RO Bgen
car bonat e, Bgd&g%%q{ la%%ona:tge d %ﬁﬂé c #r@y@r@ame%yéf e drw%sam@nalfilté@ded

t hrough a ad was washed w th ethy Srt g
filtrate wisoughoapedtaf Ladite. u?ﬁ pad spscuephge eyt etay! a8 Eat?e u tr%ﬁé"’aéppl i ed

tosilica ggl#ceﬁﬁ%f%[m&nd‘é %e%"@%fgfé%eﬁ% TtHeeBsithE wes dpplied\RSsikdalie? @olirinh et hyl

acet at e: héxane cted fractions were concentrated unﬁgr
{He next

reduced pr esworatogiaphyt themithe ugoduran wag ghites ¥iheplbyhartates s ape
t | f 4.
st ep. edé()%&%’%’&?&?&g%hﬂ%é %&beﬂhﬁgﬂ Q’n@er %%chd‘%res%ﬁ% aMt Ithed Aixturst 6

Preparati on ydr o- 5H cycl opentafdl i m dazof 2, 1- 15
bl f1, 31t hi amter@mrmanqn@qe@)torhm@:t@iqm%alqyalioa\b?@?mf'@P%SQ"CbifP%?yts@ ene- 2-

car boxyl ic o4 enzyl
(5R) - 6- [(ag&? ?6xwz_t3 gPdl hydr o- 5H cycl opent a[ d] i m dazo[ 2, 1- b][1,
3] thiazol -2-yl)-6-brono-7-o0xo-4-thia-1-azabicycl o[ 3. 2. 0] hept 2- ene- 2- car box

late (85 _ tril
Yo er)( >StdPa;_préfardliBhb BZR69.Y by d}oE#\Eclasag ghta rgﬂ:@ﬁgz\?\nmthrlo e

phosph#s e . biift {33thidzoH2-yimethviénejt-oxa Aethicetrazabievalef3:20Thept-2:eng-od wi t h

f0|I to excl de hI The reaction mxture was vigorously stirred for 2 h
roomte dThe reaction mxture was filtered, cooled to 3 C, and

0 1 N NaCOH m»amad@d t o adj (BR)-6:[aceabibxyl(6 F-dhydrahEl- -gyclopeateédlinvidazaided wi t h

et hyl acet eous | aver Phe 28usdsyih@yer was
concent r at gjﬁ&ﬁ@@?oh‘hﬁ ﬂf}lg LRt &%6 ‘gg]\{%?tagg@%%[gg O(lﬁ{bt & Xy
(850 mg, 1.37 mmol) was dissolved in THF (20 mL) and acetonitrile (10 mL). ,
20 Freshly activated Zn dust (5.2 g) was added rapidly with 0.5 M phosphate buffer (pH
6.5, 28 mL). The reaction vessel was covered with foil to exclude light. The reaction

mixture was vigorously stirred for 2 h at room temperature. The reaction mixture
was filtered, cooled to 3 °C, and 0.1 N NaOH was added to adjust the pH to 8.5.
The filtrate was washed with ethyl acetate and the aqueous layer was separated.

25 The aqueous layer was concentrated under high vacuum at 35 °C to give a yellow
precipitate.  The product was purified by HP21 resin reverse phase column
chromatography. Initially the column was eluted with deionized water (2 L) and latter
with 10% acetonitrile:water. The fractions containing the product were collected and
concentrated under reduced pressure at room temperature. The yellow solid was

30 washed with acetone, filtered and dried. Yield: 138 mg, 29%, as yellow crystals; mp
- 192°C; (M+H+Na) 367 ."H NMR (DMSO-ds) § 2.51 (m, 4H), 3.01 (m, 2H), 8.2 (s, 1H),
7.1 (s, 1H), 6.55 (s, 1H), 6.4 (s, 1H).
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preci pitate. The product was purified by HP21 resin reverse phase colum
chromat ography. Initially the colum was eluted wth deionized water (2 L)
and | att ewoO 08i09328.0% acetonitril e:water. The fractions comcaiusonp4she
product were collected and concentrated under reduced pressure at room
tenperature. The yellow solid was 30 washed with acetone, filtered and
dried. Yield: 138 ng, 29% as yellow crystals; np 192C, (M+rH+Na) 367 .1H
NVR (DMSO-d6) 6 2.51 (m 4H), 3.01 gm 2H), 8.2 (s, 1H), 7.1 (s, 1 H,
6.55 (s, 1 H, 6.4 (s, 1 H. 104 80 PCT/ US03/ 13451 Exanple 6
Preparation of

(5R), (62)-6- (I mdazoll. 2-al gw noxal i ne-2-yl met hyI ene) - 7 0X0- 4-
thia-1-azabpe i B tare|R2-aiguing D~y

Imdazo[12a] RO % 5 et hod of
West woagd and co- vvorkers (J Med Chem 1998 31, 1098 1115) 10 Step 1:
(5R, 6RS)-6-((RS)-Acetoxy imdazot1, 2| i noxal i n-2-yl met hyl ) - 6-

br ono- 7- oxtmigaz e?~¢1qatrmaqae0312ocarr§°éaéi -2-ene-2-carboxylic acid p-
nitrobenzyl ester: A dry acetonitrile (33 m - ) sol ution of

i m dazo[ 1, 2- a] qui noxal i ne- 2- car boxal 5 s added to a dry
acetonitri Ir@!dﬁ@m Afalquirexaling- 31?36?‘3)‘&*38?32%( Was Qr(e ﬁ@gr% V%ﬁ?n s

at nospher e edmﬁéﬁkbié , MBBOChdS 1998t 91 e1008si135j.rred for 10 min.
Af ter addi |on o?rgrﬁe dry TH (25 m-) solution of (5R

6S) - 6- ¥ onp- 7- 0X0- 4- thla 1- aza bi cyclo[3 2. 0] hept 2-ene-2-carboxylic acid

4-ni'tro- beg VEne#N@-t hen
triethyla o e reaction vessel
was covereHromd)-ﬂ-dm-#—th- Ahieheclo 3)Ri01he 67 £1C £13¢l%ePyas stirred

for 4 h at ZQ)C alnd treated vmth 4, 4-di methyl anm no pyr|d| ne (58 ng) and
acetic anh -) in one portion. The reaction m xture was war ned
to 0 C angd &i sdetshitfiter (BIﬁn‘rL)aetoltﬂlofi oflm%azq‘r2@]w@am%@a@0§@lﬂehy0bn (200

W th ofhyt (Bdrarue 3osdch b s otitlicda B RRpAUERichr, AEL) Maserap ract ed
wat er, sat Hitragerd aﬂmhphnerdmdramgetempmawm}&md taadmmurmwasmtlrr@d fonviBsay. and
filtered. Jhe filtlabennag. Cane el hith SdiutBeSF (R, 6S)-6-bromo-7-oxo-4-thia-1-
~ aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (931 mg), the
mixture was cooled to =20 °C then triethylamine (0.8 mL) was added in one portion.
20  The reaction vessel was covered with foil to exclude light. The reaction mixture was
" stirred for 4 h at =20 °C and treated with 4,4-dimethylamino pyridine (58 mg) and
acetic anhydride (0.44 mL) in one portion. The reaction mixture was warmed to 0 °C
and stirred for 16 h at 0 °C. 10% Citric acid aqueous solution (200 mL) was added to
the reaction mixture and the aqueous layer was extracted with ethyl acetate (3 x 100
25 mL). The organic layer was washed with water, saturated sodium hydrogen
carbonate and brine, dried (MgSO,) and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography,
eluted with CH.Cl, — acetone (50:1), and the title compound was obtained as a
diastereomeric mixture (78 : 22, pale brown foamy amorphous, 1.0 g, 68.9%).
30 H NMR (CDCly) & 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,
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 = 8.8 Hz), 7.64-7.67 (m, 1H), 7.68-7.73 (m, 1H),
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reduced pressure. The residue was purified by silica gel colum

chromat ography, eluted with CH2CI2 - acetone (50:1), and the title
conmpound wav3od28 ned as a diastereoneric mxture (78: 2PCTASOE1HSOWN

f oany anorphous, 1.0 g, 68.9%. 30 1H NWR (CDCI 3) 6 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, 0.22H), 6.63 (s,
22H) 7.18

3 287 o 927 almah ag(e. 9 25, 8158 16 hngiHh gk (e Byt 23 6B 75°(im
1
0.

H) 105g %@é@% @&Wﬁgs%q:fé)U@@@/(&%ﬂH) @o@i(sﬂo 95H)( mool(sH).2218).08 (s,
8.13 16 (m 24 '(d, 1."56H, 7Hz) 8.25 (d, 0.44H, J
: Hz) 8.33 (s, O. 22H) 9 05 (s, 0.78H), 9 09 (s, 0.22H). Step 2:
(5R) (62)-8& ' efiyfen Mﬁb—*‘thlhi-'ﬁ- 1- 5
azabi cycl 5R,
6RS) - 6- ( R Ay| ) - 6- brom) 7- 0X0- 4-

thi a- 1- azabey “ 0 Lgest
(951 g dy%B%J@%S%%%}% '"ﬁ%ﬁff%&@ﬂrehgﬁaﬁ%@*hﬂzeﬁ‘ﬁﬁﬁ’?ﬁf“ THE (48
nL) and 0. hia-trakaticysio §pRAIrepbafaner2- @q:sbpxyhg acigg priityobengd eftert (Pl R

nydr ogenat gg fes KR elir? ANTWRLIBRAAH U & nfiflirelorTHE 1S hEREd 08

sol uti on ter éd and wat er and but anol . The
reaction nmmt/h.lpbowm'@te:buﬂ@dplﬁ(ﬁ §@8amb). 1The mNél@I we&shy&mateg a4 dP04Pat he ph

to 8.5 % ?O%Hﬁwgéﬁpéfg%{ﬁé 0P% RE ea}c,ﬁﬂ:tlgﬂcgom?ﬁﬂ whd GitSed 4HAC PHRY QFasas

extracloed € conbi n aqueous layer was concentrated to 57 ¢
and appl i edasredDividh oatddRn@1n-beteinal. T80 rmcthMmlstLﬂbﬁ! wap craledito 6C and 1L Ng. )

o h e RBH M ERNEd thilet BESRI B8N0 THENGE0US e Sepatie hd thetfa! o7

and then 5 e water solution (each 60 nL). The
conbi ned fheacrgapicslayer wasoamtrantGdaWkﬁd waterer ﬂmegepm@a%rﬁqaeowsla&ehms

| yophi | i zed_t | | d
1ngrr:g I(ggcTcg/gﬁ”ét\ég tégg gér}&é@hggm)lﬁ_féw é d’&@‘é (g(wgz |t@bl9§ﬁ K%@Jei‘é'o {L_e ]
H), 6 % ( btd.) Icai)mn Zhidmato@@phyn Altely adForREg( @he goiumnHNa% eB—Jtexi vylth%ater? 50

3 4b 293 ?gg{f\eé%g 19 II_\D) Ex& '30‘/@&%@@%%@? 4 utickP %ch ég%ﬁﬁ_gc hé coh%ﬁ?éd (H20)

paration of 7-m_ et hyl
i mdazo[ 2, ftad:jibhi me@nzmmamunc@r higly vacuum at 35 °C and lyophlllzed to give the

y[ met hyl eng) - 7- I gzﬁen A gﬁj’d)c@( k¢ acid
Step 1: Et o??é;&n alsrgn?% Wﬁ%ﬁﬂ ?é?gmﬁaq -cagrb ld: | at e: éde F
H NMR (D20)8592 (s, 1H), 6.23 (s, 1H), 6.66 (s, 1H), 7.11-7.22 (m 3H), 7.25 (d,
20 1H,J=7.9 Hz), 7.50 (s, 1H), 8.03 (s, 1H); IR (KBr) 3413, 1748, 1592, 1553 cm™; ™
(H;0) 340, 293, 237, 218 nm.

Example 7
Preparation of (5R,67)-6-[(7-methylimidazo[2,1-b][1,3]benzothiazol-2-

25 ylmethylene)-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

Step 1: Ethyl 7-methylimidazo[2,1-b]-benzthiazole-2-carboxylate:

Ethyl 7-methylimidazo[2,1-b]-benzthiazole-2-carboxylate was prepared according to

the procedure as outlined in Example 1, (Step 1). Starting from 6-methyl-2-amino
30 benzothiazole (3.2 g, 20 mmol) and ethyl bromopyruvate (4.0 g, 20.4 mmol), 3.0 g

(57% Yield) of ethyl 7-methylimidazo[2,1-b]-benzthiazole-2-carboxylate was isolated

as brown solid. (M+H) 261.
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Ethyl 7-methyl imidazo[2, 1 -Db]-benzthiazol e-2-ca rboxylate was prepared
according to the procedure as outlined in Exanple 1, (Step 1). Starting
from 6- mewbyB/02328m no 30 benzothiazole (3.2 g, 20 Mol ) &CW/GSHHYI451

br omopyruvate (4.0 g, 20.4 mol), 3.0 g (57% Yield) of ethyl 7-methyl i m
I dazo[ 2, 1 -b]-benzth iazo | e-2-carboxyl ate was isolated as brown solid.
(MtH) 261. 106 WD 03/093280 PCT/ US03/ 13451 Step 2:

2- Fornyl - 7- rrethyl i m dazol 2 1- bI benzth| azoI e.. To a stirred solution of

Et hyl 7- me§ 2: i2-Hopmy b7~ Hnies : nzthigzgleiy| ate (4.0 g, 15.38
mmol ) i n df&/ T?ﬁe@ solufiBfrof Eltlﬁ/f‘li’ rﬁé‘thﬂ{lmﬁ%z‘bt[i @%]Jbanitﬁiaﬂﬁé@cdrﬂcﬁ(y&té“fu 016

mml)wasa he reactio e was stirred at -7 dsIova&
el evated tg B.3®omolkimpdralldr @t ~TRE, RIBAL @M ﬁPW'B?é"‘\M‘é‘er@? 14@dad Sy oom

t enper at urrgmggtwgso %df‘\j;h?h %ﬂﬁn WQUFJWQS Wirkdy §1a118°étéﬁé MklevAiea toeact i on

m xture race 'orof orm and washed well with water. The
organi & | ayem tespataiuezl Bive reactipmyeixiviss WagSeiTeds af feane demperaiusn deh8Pat ed.

The residue. t h ' gt with
ehi or of or nTMHER ALt g T8 1y B G e o

(24% St epwith chlobemtzmdzwbsl&lealt@\ﬂtw W&tﬁ)' The organic layer was dried over

(7-nethyli mhdé %&2@5?)” },né%t]eﬂ%ﬁk?ﬁ&m fed. The fosidue was purified bt _SiO,

2-yl) nmet hy?rf *oX0 azabi cycl o 2. A hept - 2- ene- 2- car boxyl a
te: = 2- Fora:quhmﬁrchmm\qfcbgnapd)abm[ewlmg if]withegtderafasmo metthanel (3g1)- Browp$slid: and

the dry T t Lon (5R,

6S) - 6- o?@%gﬂk |a- IH%Q /@I cycl 0[3 2. 0] hept - 2- ene- 2 15 car boxyl I C
aci d .4-ni tstepts i 4 ety idazes )] O 7

the dry acgt '
2.0 mol)

H ) = = 4 - g
-20 C, Et 3@1;:63119-7 m’e)hym&bad[deldb]l-benthmzp@r ¢4+38nng T:hé mmabta:ndﬁh@/d@sEHFwas
covered with fol [ i e ry.ed for
2 h at -20° té?rﬁ‘dzzpr'@b} 8ﬁ #%)&b&ﬁmg ZW%a%%@ édz(y\z %ﬁygg%?ﬁzo%ﬁlg iport I on.
The reggt i edrbsiyit wicel Mﬁro\dﬁnzﬁdastel (Q7Znan@.0 Ertmql) wdref @q‘dep_lssum@swglyco The
m xture was dijl uted I bl I d
aqueous solnft %ﬁce@aﬁ\h?g iﬂni{&a'aﬁ ﬁ@%ﬂ g%#‘éﬁ‘gﬁgn%étﬂ (and rlér?e'ﬁn%
organi ¢ | ayeder\smsargdoh edmsswsatlat raouh tbimpemted. Afiencasting tpa0 &3, Eleh\h@@ The
pad was washed wi th eth acet a der
reduced 25 Py@g&dged fh@x‘? Bg'gaﬂetrﬁﬁge%g&' %%1'4’ ? gﬁa‘g‘@?%rﬁa ﬁ%lr\% Slide
chr omat ogr ggHay , Thieesactibe migiokel was \stiree Ifat 2ch at +R0 EChgind éfééftedtvélth aestigne

(1:1). OO' lanel%}d?lge f(% %ﬁt %ni% ovnll%rportlon. The reaction mixture was warmed to 0 °C and

stirred for 15 h at 0 °C. The mixture was diluted with ethyl acetate and washed with

5% citric acid aqueous solution, saturated sodium hydrogen carbonate, and brine.
The organic layer was dried (MgSO,) and filtered through a pad of Celite. The pad
was washed with ethyl acetate. The filtrate was concentrated under reduced
25 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 diastereomers were taken

to the next step. Pale yellow amorphous solid; Yield: 400 mg, 31%; M+H 645.

30 Step 4: (5R),(62)-6-[(7-methylimidazo[1,2-b][1,3]benzothiazol-2-ylmethylene)] -
7-ox0-4-thia-1-azabicyclo [3.2.0]hept-2-ene-2-carboxylic acid:
4-Nitrobenzyl-6-[(acetyloxy)(7-methylimidazo[2,1-b][1 ,3]benzothiazol-2-yl)methyl]-6-
bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate ( 350 mg, 0.54
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concentrated under reduced pressure and the m xture of diastereoners were
taken to the next step. Pale yellow anorphous solid; Yield: 400 ng, 31 %
M-H 645. 80 o3vexset: (5R), (64-64(7-methyl! PCT/US03/13451

m dazof |, 2- blf 1, 31lbenzot hi azol - 2-yl net hyl ene) 1 - 7-oxo0-4-thia-1-azabicyclo
13. 2. Olhept - 2-ene- 2-carboxylic acid: 4-N itrobenzyl-6-[(acetyl oxy)(7-nethyl
i m dazo[ 2, 1-b] [ 1, 3] benzot hi azol - 2-yl ) net hyI ]-6- brono-7-o0xo0-4-thia-1-

bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl ate (350 nu,  0.54 107 093280
R T R e L s S MR e

Fresh &] g mLY. Thi
phosph;'?z %Lysft%bl q&a&'@aaﬁbd %ﬁﬂ (vﬁh%) Eg)\/lr ggﬁpﬁg%eeggeg:?ﬁ%zmcove?ed w th

f0| | to exrslagtien vesgel W%h@vﬁ@éc\ﬁ’ﬂfbﬁp”{ﬂ%%ﬁ“@%\/ﬁ@‘ vi Py NAUKGUFG ¥@St or 2 h

roomte r Bi leh&idRomixiu @Gwdsemtetr@d 3 C
and 0.1 N \@@3952 s‘%rrg-grhg Qﬁh’ﬂg{ j*dggnt Egtrﬁ&é*;é)ﬁr%s{h 5. The f:l ' ‘washed

with ethyl ceatedt m@@m@nct hé Nabjeblusas agasd tneasliust e it 88-57 é‘eaf SL‘i‘éa | ayer
was concen‘sv%gli %qu'tH.'gﬁ gﬁe YAG HEM e 089 layel Wadbdsaratel € The WaReaw IRydrat e.

The produc HP21 resin réverse phase col um
chr omat ogrwpmconmntltat%d Llydert PN@h yaruMm aha3d & {0 eivenp RIS walter (2 L)

and |atter ro‘ﬁh&th E{ﬁ@%da@ﬂ-lpﬁ‘l T&din %M@ﬁhas@%ldnﬁ@%ﬁﬂoﬂ@o@@ﬂhﬂllﬂﬂtlélg t he

product were col concentrated under reduced pressure ai room
t enper at ur’ehe Totunye| Wesy elotedd withs dejenizesd Wateh @cddoABd Bt ity A8 dri ed.

L:\/eRl ((j %%orgége/ %’Igt%? yef’ﬂeo‘%a%{}é/%g aéoﬁtalrﬂiﬁ)?_‘)t%y%%oﬁj@?@ere( %Il’é‘b?&i) ap@d2. ' l'::)

15 7.07 ( seoricehfrated. Bdef geduz:pgi pressype gk roWemmr@Wrg The yl_qlow solid v&as
(R o $2) Rt i Bebiok elars Bidal vibbonoons son aselommiettinel! -

7- 0x0-4-thia- I'cyc ene- 2- carboxylic” aci d: " (Procedure B)

4-Ni troben1ys CG(Q%}&((MWHM@W%Z?— met hyI

i mdazo[ 2,1-b] [ K yk) Ve yhpia- 1
-azabicycl of 3. i‘”ﬁ“ﬁ@g?’%ﬁé%égéﬁ 1.‘ﬁrf;"téee] 06%@ Pes (émwz? (ﬂ%f&_ 1PI)

di ssol v&d 7107 sEIH)6.51(, 2thd282%s, @H)phosphate buffer (40 mM) and

hydr ogenat ed over Pd/C (10%, 200 ng) at 40 psi pressure for 3 hrs at room
tenperature. At the end , reactlon mxture was fllthered through a pad of

cel i te andstewwsh¢BRMWBZR6< ent r at ed

to 40 nl apd 25 ,9°|16d aTele “ ﬁcta&dg ﬁd&gd g 1N
7-0x9-4-fhia-1-azab A P se col um

chr omat ogr amlvobérﬁl—ﬂs-{?(bbetylbkwﬂmethyllmldazo[z 1-b][1,3]benzothiazol-2-yl)methyl]-6-
20  bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate ( 350 mg, 0.54
mmol) was dissolved in THF (40 mL) and 6.5 pH phosphate buffer (40 ml) and
hydrogenated over Pd/C (10% , 200 mg) at 40 psi pressure for 3 hrs at room
temperature. At the end , reaction mixture was filtered through a pad of celite and

washed with acetonitrile. The reaction mixture was concentrated to 40 ml and

25  cooled to 0° C and pH was adjusted to 8.5 by adding 1N NaOH. The product was

' directly loaded over HP21 resin reverse phase column chromatography. Initially the
column was eluted with deionized water (2 L) and latter with 10% acetonitrile:water.
The fractions were concentarated and the yellow solid was washed with acetone,
filtered and dried. Yield: 110 mg, 55% as yellow solid.

30
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colum was eluted with deionized water (2 L) and latter with 10%
acetonitrile:water. The fractions were concentarated and the yellow solid
was washewowsds2scet one, filtered and dried. Yield: 110 mgr/B8%axast yel | ow
solid. 30 108 WD 03/093280 PCT/US03/13451 Exanple 8 Preparation of (5R),
(62)-6-(4,5,6,7-tetrahydro-1, 3a, 3b, 8-tetraaza 5

cycl opent a[ al i ndene- 2-yl net hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. d hept - 2-
ene- 2-carboxylic acid sodiumsalt Step 1. 5,6, 7, 8-Tetrahvdro-

1,2,41triazol o[ 1, 5-al pyridin-2-ylamne 10 The 12. 7% sol ution of HCl in

et hanol (5.35 nL) and 10% Pd- C (50%ps@ipie 82-5 g) were added to the m xture
of [1,2,4]triazolo[1,5-a]pyridin-2-yTamne (2.5 g) in ethanol (72 nL). The
reaction m xture was hydrogenated at 400 KPa of H2 for 3 days at room

terperature. Theppoktalich 8BRS (ELRERASRNIUGPIRARGH 0T AéiRdazal cduced
pressure. The r ot assl um car bonate 15
sol uti dh ancyeldpentafalindendi2-yhhethyienel?-oxeed-thigsir ig e 4
(Na2SO»4) and concentrated und ook E%c? i
obtained as a pale yellow : ;
81.88-1.94 (m 2H), 1.98- 2.05 (m 2H), 2.77 (t, 2H, J = 6.2 Hz), 3.95 (t,
2H, J = 6.2 4.09 (brs, 2 . ; - .
eh{:f.B.748-Beirahydgo 1,2 Altriazolal 1,o-2IRYHAINS-VIANUDG 5> car boxyl i ¢
acid ethyl ester Ethyl bronmopyruvate (10.23 g) was added to the m xture of

5,6,7,8- tetrahydro-[1,2,4]triazolo[1,5- yrd djn-2-yl an 8 in

1, 2- di Kt hoxyet hahe 1%52’0”'%{_ .OfﬂOf'lé “L 83@93']0( :ﬁ '?L)tﬁr@ waégggﬁﬂéog@“ﬁg% 5
hours' at ' r gnBgh GERREAGIEH 6 i ixEire ©PCEAthddors]1 B g0RinAd-ylantes (2.6d)eed
pressure. The precipitate was_ obtai ned )éik),’ an addi %ilg&) gF di F'E%E%l et her
(200 ni), ethenehigd My f The feaeisnIdHie WasdwAipoenated agh 3 n et hanol
(175 nl) apdyssitirbb@dempPbralfe NOthesmikturd Was @itk dsdmdeloflcdrifiaged Uriier r eact i on

m xture was: cooled to rogom teg}ger.at ure and. conceq%%at ed .under uced

pressure. TefbIcP@BressEranadhe fasiktuevas trsrtedivith el P%f@%?'%cég?"rﬂg at e

sol uti pn agguith Sd eaedcRA WitH dhisrBloPmof PRéTbrgbRR: 1ayed ais eiribaYRa,S@ acd | ed
(Na2SO4) and concentrated under reduc_ﬁ(r:l?eﬁ"essure. The e was, applied

id |
{0 silica GRNCCRBRIAHNERIOHERbRESTHTS, TIeHeaamRaing, W95 QUIADFY A &hale -
met hanol (b solidg21311d, 80%). 'H-NMR (400 MHz, CDCls) § 1.88-1.94 (m, 2H), 1.98-

2.05 (m, 2H), 2.77 (t, 2H, J = 6.2 Hz), 3.95 (t, 2H, J = 6.2 Hz), 4.09 (brs, 2H).

20 Step 2: 4,5.6,7-Tetrahydro-1,3a,3b,8-tetraaza-cyclopenta[a]indene-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

25  concentrated to 100 mL under reduced pressure. The precipitate was obtained by
an addition of diethyl ether (200 mL), followed by filtration. The precipitate was
dissolved in ethanol (175 mL) and stirred for 20 hours at 110 °C in shield tube. The
reaction mixture was cooled to room temperature and concentrated under reduced
pressure. The residue was treated with saturated potassium carbonate solution and

30 extracted with chloroform. The organic layer was dried (Na,SO,) and concentrated
under reduced pressure. The residue was applied to silica gel column
chromatography, then eluted with ethyl acetate - methanol (1/1). The title
compound was obtained as a pale yellow solid (7.56 g, 77%). "H-NMR (400 MHz,
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conpound was obtained as a pale yellow solid (7.56 g, 77% . 1H NWVR (400
MHz, 109 WO 03/093280 PCT/US03/13451 CDCI3) S 1.42 (t, 3H, J = 7.1 Hz),

2. 14- 2. 25v0rop/odadse 3. 11 (t, 2H, J = 6.1 Hz), 4.37 (t, 2HPCI/GS0H13A5Hz),
4.41 (q, 2H, J =7.1 Hz), 7.57 (s, 1 H. Step 3:

4,5, 6, 7- Tetrahydro- 1, 3a, 3b, 8-tetraaza-cycl opent af al i ndene-2- 5 car bal dehyde
1.01 MDiisobutylalmniumhydride in toluene (1.06 nL) was added dropw se
to the solution of

4,5,6, 7- teCIDéJ’rtaydr1042.L(t3%H 3b7 B-1tha)r 3442 25/an odd'@nﬁé[‘ ah PRad 7 2 Hzp 4 3olty 1 i ¢

aC|d et hyl ,gster, )Q dry -THR 51?_@5 78 C under a nitro
N gen
at m)sphere 2f e rebg?l on g‘f’Ure7V\£szfst5| rred f%)r 30 mnutes at -78 C and

treated 10 with et hanol (ca 1 m). The mxture was warned to 0 C and
Zéle[ ;teg Egé el §' ,%1607! ?etrlal-\r#ﬁﬁ 18%55,%%&95"% hgaoﬁa_ga%!inﬂbﬁg-ﬂ": E)Pi gtehyl
30| Utlt(:md aaﬂ)awlihymted for ca. 5 mnutes (until a precipitate was
eposi ted enoug d I
pad of Celite. Jﬁ?%ﬂg%@u@hg%?e%@m%&?@gé? m'gé'f; as Eaégg? ure. u%g '?’he
resi due wag mEaBS‘B)ILmbh o788 6‘Tmnaﬂlydﬂtol-’qBazB‘eJBHatream@chhpenﬂaid]Inéerhiefi- to give the
0
g 3. 54 et sbi e espffoo mEL 'Y AW S hyleda dfiofet” ()
éORS)Ol6( s( Rgtrirb: ht&e?pTHe rédi:gon mixture was stirred for 30 minutes at —78 °C and treated
et oxy- t et 1.3 0

cycl op%é} 4h eﬁ?ﬂﬁ'@ﬁé— mil’) rﬁ}eHﬁ'lxg %%ﬁ%g\fﬁsm?gg&g éat%ﬁtSEﬁ gozra12f9 t|(():y((;:l o[3 2
? gegt 72Te {Fﬁe ﬁeé‘d&bb(]s_&hélhdxgvga% ditlitdd with bthybm::m;rﬂe (28 trdky), treated with 0.5 mL.

et rahydro a etrazacco | dehyd
(2.97 g) wad U%%HWW%CWP Sy F8”'Eﬁe_‘n ﬂﬂ%l)ggng'ﬁlﬁ?gg%%waanﬁyérgus

Q/I%Er 2. | ( :1_ Preciitateiles d@pd&ltéd emhat rTlmepthEe als dded(NeBpe) aidifileredrhe dry
sol utl on

6S) - 6- br orTH“-rWQ%k%gﬁ&toﬁEg itg. -Q% ﬁr%tﬁﬂaé[?nﬁeraﬁ%%’tmdfréeducﬁd ELFB8%y 1 i ¢ acid
4-2 81 tC res bgrrf\y!res?@delemé 2rySalliged fras dichierdmisthankandetathyl ethemtagive ée titteool ed t o
- ., an rie am ne

vessel was BBURHE G £ 115 §o1e): oreniaRs MR CobPed eRe i i 4 "
stirred faorof 2=I6 aHz), B, AL et 5.7aM)yrl6Bds 13, 0.0L)s, ey, added in one
portion. The 30 reaction mxture was warned to O C and stirred for 16.5 h

at 0 C The mxture was diluted with ethyl acetate and washed w th H20 and
brine. The sprganisk, baR&H6-{(REBAEIoRI-4 ratiydir gltétrapagh a pad of

Celite. The pad was washed W

20 cyclopenta[a] indene-2-yl]-methyl}-6-bromo-7-oxo0-4-thia-1-aza-

bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester
4,5,6,7-Tetrahydro-1,3a,3b,8-tetraaza-cyclopentalajindene-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

25 (110 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester (2.97 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 with foil to exclude light. After the mixture was stirred
for 1.2 h at =20 °C, acetic anhydride (2.9 mL) was added in one portion. The

30 reaction mixture was warmed to 0 °C and stirred for 16.5 h at 0 °C.  The mixture
was diluted with ethyl acetate and washed with H,O and brine. The organic layer
was dried (MgS0,) and filtered through a pad of Celite. The pad was washed with

ethyl acetate. The filtrate was concentrated under reduced pressure. The residue
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ethyl acetate. The filtrate was concentrated under reduced pressure. The
residue 110 WO 03/093280 PCT/ US03/ 13451 was applied to silica gel colum
chr omat ogwephy932ed uted with ethyl acetate - n- hexane (3/ Prrarsd3iiaen wth
ethyl acetate - nethanol (5/1). The title conmpound was obtained as a brown
anor phous solid (651.6 ng, 13% . "H NWR (400 MHz, CDCI3) 8 2.10-2.24 (m
4H), 2.29 (s, 3H), 3.04-3.07 (m 2H), 428432(m 2H) , 527(d 1H, 5
= 13.7 Hz), 5.43 (d, 1HJ:137H2), Jﬂg% ?]t 7.01
(s, 1 H), wasappligdto silicaygel qoleynﬁhm%tmraew o edz‘é! '?‘%ﬁaﬁﬂ) St ep 5
(5R), (62 4 ~HetBah@(5/20Z The Yitte oprapdurtamiasdene- 2
yl met hyl ea?gg r(f @g%ﬁﬂhélﬂa&ﬂ?hg@gpi%éa}%l grh’% t( Ehﬁ & (3 8[\/5—? %(Bbyl ic acid
10 sodi umobkdined &Ra brown amorphous solid"(651. mg, 13% MR (40 zZ,

6RS) - 6- { (5% @g%ﬁaﬂ 4%|§b2‘52% ;Hgtsr @b)ﬁ@'?((leﬁﬁl 438- 83@6{&{ Qﬁiai'ﬂl??é lepent a[ a]

i ndene- 2 t hi'a- 1- aza-

ene- 2- gar hioxy8.7 Hzc5.43 &, i, d(&lbﬁe?‘lﬂ}) Geﬁ & 1("54@(916(5%‘)‘0 Vet @i %"s‘)el7\fegd in THE
(9 nb) e 2('_@ |y activated Zn dust (2.57 g) and
0.5 M phogﬁ'hﬁ{)e]}%g 7%%1#"@ pé!zg@ m.) were added to the reaction

m xture. The reaction vessel was covered with foil to exclude light. The
m xture Wﬁgg\“ &{é @%: S;_!E"ﬁ éﬂ g# Qhydrol. 34.3b 898 %.Efd@ﬂléééﬂtﬁ[a]nﬁh@n@l xture
was cool e queous  Sor Ut Was_ added 10 adjust pHto
7.5. The repgidtAyieA6)-THokod- m1mawm@mﬂmmﬁw&mﬂer ed

t hr ouqh a pad of Celite. The pad was washed with water. The 20 aqueous
| ayer a ted to 20 nL under high vacuumat 35 C. The concentrate

was appl i ed to BRI @Rsﬁﬁl%{@és)(,eﬁﬁtd%j,m Ma;mdwaﬂahdromaamisb Gdetragzd- ) resin

I h t h t
and" T hen PeROEB! TYsp e NITHRNVI-Pr AP g Serha e e kS EE R B
concent (fjatéﬂé -2- Hé}iélekynb ?gﬂa ARG Wenay| e3i5r gmé%imeb glsszleeld troTrglﬁ (Ramﬂ_h%t Ic tle
conpound as a yel | ow a i
(dreng) 1Hamdw0¥@ riigrg-2 rgg) B@Skfﬁ’s’f’@?‘?‘%%% ”g%?f]’ g§a§§'6 576”33 rrP@%t%i)

4.07- 4514 ifiter 24 6.46134 rfIS ,wékeld)ide@to7tﬁe(react|oﬁ niifture6. TBe (eactian vgssel7. 28 (s, 1

( 5i:2 flsé)l \é\o\fr%)siq/;pvggezqg\glphaﬂétges% %g' le?é mn}zture waf Ui 88%591%9%6’ or2 h at

room temperature. The mlxture was cooled to 3 °C, and 1 N NaOH aqueous
solution was added to adjust pH to 7.5. The reaction solution was mixed with ethyl
acetate and filtered through a pad of Celite. The pad was washed with water. The
20  aqueous layer was concentrated to 20 mL under high vacuum at 35 °C. The
concentrate was applied to Diaion HP-21 (60 mL, Mitsubishi Kasei Co. Ltd.) resin
column chromatography. After adsorbing, the column was eluted with water and
then with 2.5-10% acetonitrile-water. The combined fractions was concentrated
under high vacuum at 35 °C and lyophilized to give the title compound as a yellow
25  amorphous solid (68 mg, 18%, pH 7.4). Mp 175°C (dec); "H-NMR (400 MHz,
D,0) & 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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5 di hydrod! benzo b, fl[1, 4loxazepi n- 8-yl ) net hyl enel - 7- oxo- 4-t hi a- 1-

azabi cycl oF3. 2. Olhept - 2- ene- 2-carboxylic Acid Step 1: Preparation of

8- (hydr oxwyowtilgdzsai benzo[ b, f1 hl, 4loxazepi n-11(10H) - 10 on@CTHOISDHILI4M

al umi num hydride (11 ni, 11 mmole) was slowy added to the solution of 11-
Oxo0- 10, 11-di hydr o-di benzo[ b, t] [ 1, 4] oxazepi ne-8-car boxylic acid nmethyl ester
(1.346 g, 5 nmmole) in THE under N2 at room tenperature. The reaction

m xture was stirred for 1 hour and 45 mnutes then gquenched with 2N of HC
until the pH val ue reaches 15 2-3. Renoved all the THE by rotary
evaporation, and extracted the reacti opyginpidg§e W th ethyl acetate for

five times, dried the organic |ayer w sodiumsul fate and filtered and
concentrated. Obtained the desired conmpound (Whl te soli d% in 46%vyi el d.
Step 2: Preparati on d?rea ation- Jf SR 16 hemzyd-13 1 ee-19.911 410xazepi ne-8 20

bal hyd - - G
fgfzf‘u ,ylemml rodi o O BRI E.Ps 1% FBk B4l 31103)8322 (1

under N2 at roomtenperahmlﬁcycleQG}h@t-mdnﬁﬂg oxghic N- oxi de (0.175 g, 1.5
mmol e) was al so added into the reaction, mxture. After stirring the

m xture for 10 m nutes, tetrapropyl am@$id um 25 perrut henate (0.0176 g, 0.05
nol e) was added and the reaction followed by t.l1.c. until conplete.
D|Iutethereact|on mxture vvlth 10m o te and ,J S

through a Steal: arationof S~(hydrg 0X2 \
contai{yp ggrsired materlal extracted the organlc Iayer W|th I N HCl and

al so washed Tt with brine. Dried the oreganlc | ayer over sodiums 4fate and

filtered akithioombenipwatydridesd 1apk.al amole avagsiaweaddeshiodbmaClEtan ¢! 'sol i g)

in 83%vyie andfyllebtati(inpde o-
di benzo. b, P?Em%gd@?? HigR Eq[ggllr[ﬁmosgéézejfﬂze?@?ﬁbx &833%932%0 ST USo3) 13451

Pot assi um gafi bmﬁ@)en atﬂﬁymdeuélz gbrogarigmeerajuienging)reastignseixBys Wes st (0. 205
9, 1.2 ):ugtés(th& EQéerrth itAfonN $T€P-Idll,mﬂl><tﬂe vialue reaches

dlhydrodlbenzo oxazepi ne- 8- car bal dehyde ( 1 nnDIe) in
acetonliri28. LRQIB@VGNZB”é e F'UEr’RYtrét@ﬂe?‘éﬁptﬁPf@onT?féj ?@é@ﬁddﬁe g‘?%?f‘ﬁ'? AtHEN was
refluxed @i af, gﬂa&?ﬂé Jor fﬁ,ectmféeoaﬁéh {8 Jr§aTR lpemetpéddiam sDidtebad t he

reaction m xtur
filtered and concentrated Obtained the desired compound (white solid) in 46% yield.

Step 2: Preparation of 11-ox0-10,11-dihydrodibenzo[b.f][1.4]oxazepine-8-
20 carbaldehyde.
8-(hydroxymethyl)dibenzo[b,f][1,4Joxazepin-11(10H)-one (0.241 g, 1 mmole) in
- acetonitrile was added to the molecular sieves (1 g) under N, at room temperature

then 4-methylmorpholine N-oxide (0.175 g, 1.5 mmole) was also added into the

reaction mixture. After stirring the mixture for 10 minutes, tetrapropylammonium
25  perruthenate (0.0176 g, 0.05 mmole) was added and the reaction followed by t.l.c.

until complete. Dilute the reaction mixture with 10ml of ethyl acetate and flashed it

through a small silica gel column. Collected all the ethyl acetate that contains

desired material, extracted the organic layer with 1N HCl and also washed it with

brine. Dried the organic layer over sodium sulfate and filtered and concentrated.
30 Obtained the desired_compound (white solid) in 83% yield.

Step 3: Preparation of 10-benzyl-11-0x0-10,11-dihydro-

dibenzol[b,f][1,4]oxazepine-8-carbaldehyde;
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acetate and filtered through a magnesol pad and concentrated. Purified with
silica gel colum and 50% et hyl acetate in hexane. Obtained the desired
conmpound wWbiogl328yel | ow 0il) in 63%yield. 10 Step 4: PreparatSoym46f

6- 1" acet oxy-(10- benzvl -1l - oxo- 10, 11- di hydr o-

di benzoFb, f1f1, 41oxazepi n-8-yl)-net hyl | - 6- brono- 7oxo- 4-t hi a- 1- aza- bi cycl o]
3 2 A hept-2-ene-2-carboxvlic acid 4-nitro-benzvl ester; 10-benzyl -

- 0X0- 10, 11-di hydr o-di benzo[ b, f][ 1, 4] oxazepi ne- 8- car bal dehyd 50 g,

0. 759 mmol Bytabsiumeerhonaie anhydis (Qébé@b 18 MragiRkn 'ﬁ?ﬁ’%‘é’e @029%99 g, 15

2 28mol €) ¢ BiRble ot @aao%a%ra@mﬁleawmmm dry THE sol it on of (5R 68S) - 6-
br ono- 7- oxo- -azabi c cIo[3 2. 0] hept - 2- ene- 2- 58 ggﬁnlc aci d

4- ni t r oben#l 1dibyriredibgrgzofin dr]OWZ?QBeT?nQﬁrﬁé)ldQWQﬁ (G2 '8 Phe mi xture.
After 15 ”%5&%&:?&6&@%? r NEELIRTiSMEr AR, Vi SBaldRrinicire BRA watflued
triethylamne nt., e)

was_added. Th? reaction fl ‘i‘ﬁ/t
cover e wi fon 4fheuurs, and QR@B@&rqoﬁngpeﬁé‘tﬂ@r Dilufgsl the rezetigh migre with gty g vm th
acetic anhggét%tgeang(?lﬁgr%% tAlou I?Ia7r19§gr{€§8i ($3d FHAcdAbERratéd. PO with Slidh7 59

nmol e) . ereact on mXxture to OC and pl aced in freez

over ni ght . gﬂmbmmanobﬁﬂ%ﬁtmavﬁgtedbﬁééﬁter é?@é'“ﬁﬁéh%‘i’%%@ﬁ?@ﬁ’%?%('@ghyl
acetate a\r;\g '29’ %"%R'eﬂ% of citric acid aqueous solution, saturated
NaHCCBi Organic layer was dried in sodiumsulfate and
filtered and 25 concentrated. Purified with silica gel colum and 1:15

t hyl t ' ~diht |1 i) i
410 17 oS S PrEbatiol B ARl BB O M ) G hyaro-

di benzol b, Hikehzd bR 28 pxaeedin-Bratkimethyile§-brome : 1:3283- bi cycl 0of 3.2. A h

ept- 30 2-¢ |tr5-®g9|zg!'\és‘2&05phate buf f er

sol ution (BFYE%S:- & (10-
benzyl - 11- @Meﬁiyl-l1=odohxod1r19dMydremm[nlao[b]ﬂ[14]©}<ammo81¢a8>awejﬂyd@fqn%q96 br ono

-70x0- 4-thi_a-1-aza- bl 0

4-nitro- beﬂZ?’P nyyaplg} in ( "8 Vs Jf@%% ﬁ?ﬁggﬂé@gﬁé@%égog? %451 0.273

mol e) 15 n 2dBmnia) Lmdedeyt 530 ﬂamp@rthreosEt@ dyy THFreolutienof (FM68-&t ure t hen
was hydr og nat e ) te pad
and renove ro[np]% '?ﬂ%""éﬁp %?é%cyé; % (l];hellb('i)% ene_dt E&B?%JEQEEL@“HQ? Béﬁ?y!/\n t hpet hyl
acet at e andstenas?exiy, \0.788 matots) therdwbs hdded Drthe thixtive. d¥ftganbenindipetheni t h

sodi um sul fate and Filtered, 5a8MconGRLEALIhe (3 S7PLES 21 HimbRFICCE Wi th

was added. The reaction flask was covered with foil to exclude light. After 4 hours
20  at—20°C, treated with acetic anhydride (0.358 mL, 3.795 mmole) and DMAP
(0.00927 g, 0.0759 mmole). Warmed up the reaction mixture to 0°C and placed it in

freezer overnight. Reaction solution was concentrated and dissolved with ethyl
acetate and washed with 5% of citric acid aqueous solution, saturated NaHCOs,
water and brine. Organic layer was dried in_sodium sulfate and filtered and

25  concentrated. Purified with silica gel column and 1:15 ethyl acetate/CH,Cl..

Obtained the desired compound (light yellow oil) in 41% yield.

Step 5: Preparation of 6-(10-benzyl-11-0x0-10.11 -dihydro-
dibenzol[b.fl[1,4]oxazepin-8-ylmethylene)-7-0x0-4-thia-1-aza-bicyclo[3.2.0]hept-

30 2-ene-2-carboxylic acid, sodium salt;
A 0.5M phosphate buffer solution (pH 6.5) was added to a solution of 6-[acetoxy-(10-
benzyl-11-0x0-10,11-dihydro-dibenzofb,f][ 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,
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added it to the reaction m xture along with a small anmount of ethyl acetate
until the pH value reaches 7-8, evaporated the ethyl acetate. Purified
with revewoaspbmse colum (MCl Gel CHP20P) with varyi ng ®Co0s0313361
acetonitrile (0% 20% in water. Renoved the acetonitrile and water by
rotary evaporation, and freeze-dried the 10 conpound. Obtained the desired
material (yellow solid) in 24%vyield.Mp: 179C. "H NWR (DIVISO) 5 1.755-1. 825
(s, 1 H, 2.497-2.506 (d 243-5.434 6.516-6.770. (m 1 H),
7.039- 7. 799.2{ gmmale}y ﬁﬁawwmww&%@%é%ﬁ rEaction el nbR

6- (5- et hoxyad 9 Fardy éHéﬁ’écPa i for Bed hb@zaFaerddBASLRA- 32cehte pad and _ _
ylnethylene? oxo- 4-t hi a- aza bi cycl 013. 2. Olhe t-2-e % C&FP?X¥|IC aci d
Step 1: Pregyeavad e THF by rotary evaporation, extracted the ixture with et yl acetate and

éoefjhoxv GWZsrgthmwat@k%ﬁaBhﬁhoem.@@weld?%m@ra eMiaMs e Quif&idlaRasiterel. 0.
(0]

1 f
4- chl orp- 6amd conepairaiedHDispeVeg dhr uavppmmethﬁmgmﬁ?amOHet %é’g% "&93@ ams °
200m  xyl e RGN tho oifle Péac’f\éﬁ Rt &&rﬁ&\ﬂ% a st rénﬁ;uat gffétﬁﬂfa@étaﬁs)ﬁhtwmeet hoxi de

was added an ture was refluxed for hour s en the soI vent was

removed i anxalueaeWear?dS EyoReraias tee %&a%ﬂéd RugTiedwith FRVEEREPNAER| t er - and
vash the CaEmtidie) 621 eHPeBPThin va_rl?ﬁwgsé?‘ﬁduﬁ\ts)"@fsacfetHrﬁthI@r(O%QW)Qﬁﬁdvét@f dry for
e Te

several hours roduct wel ghed 5.3 gram 98%&/ é
133. 8- 134. Bemovedthevretqniitie amzNatM@}arBeV@OE%t(%’ aNiH peze;dr artet, 2H,

me Ei) 9366‘2 p@rgple%tﬁ%teﬁ (t)h:]e O% ile@matbhial (JelldW solid) i28% ylél@ Mp: Hz3°C. MBI 180. 0

5- Et hoxy- 7NMR1(DM%®))§ 6H58; UBBh(s; I HAz3 488250848 ). 2243-htkmiZNaci d et hyl
ester 114 2 gram (29mml ) .
4- et hoxy- 6%15%‘%@ %ggltfcyc ;0)72?1 @h rlﬁﬁdl n-2-ylam ne was di ssol ved in 100

m dry THF. Brom)pyruvate (5.4m., ) was then added dropwise with in five
m nutes. The m xture was stirred at o one hour. It was then filtered
and washed with ether to give 8.7 gvgg'%&@f—@o d. This solid was then
dissolygd in 5 50m ethanol and refluxed for two hours. The reaction

m xture was coBI ed 1o ropp _- _.;1&_ i Q-%I-E';‘ltdbt-{r% dshiak 12.350n
chl or of or m and—=25-% - e——%h'e—m'% | ayer was
separat ed andlnﬁ’d‘thﬂén@)ﬁﬁ-roxﬁaﬂ_fms-ﬂbunasblbﬁtabB 2. O]hegt -2-ene-2-carboxylic acid

Step 1: Preparation of 4-ethoxy-6,7-dihydro-5H-cyclopentapyrimidin-2-ylamine
20 (SM:Ross, L. O.; Goodman, L.; Baker, B.R. J. Am. Chem. Soc. 1959, 81, 3108)

5.1 grams of 4-chloro-6,7-dihydro-5H-cyclopentapyrimidin-2-ylamine was dissolved
in 200ml xylene and 30 ml absolute ethanol. Then 6.8 gram for sodium ethoxide was
added and the mixture was refluxed for 3 hours. Then the solvent was removed in
25  vacuo and 100ml water was added to the residue. Filter and wash the cake with
water (50ml). The solid was further vacuumed to dry for several hours. The desired
product weighed 5.3 gram (98% yield). Mp: 133.8~134.9 oC.
H-NMR: (300 MHz, CDCls) §. 6.23(s, NH2), 4.28(quartet, 2H, J= 6.9 Hz), 2.6 (m, 2H),
1.93 (m, 2H), 1.27 (t, CH3, J=6.9 Hz); MS: 180.0 (M+H)
30 '
Step 2: Preparation of 5-Ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacene-2-

carboxylic acid ethyl ester
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Filter off the drying agent and concentrate to give 6.5 gram of product.
MP: 168.6168.7 oC. 10 HNWR (300 MHz, CDCI3) 5. 7.69(s, 1 H), 4.50
(gartet, WH,030¢328¢ Hz), 4.40 (qartet, 2H, J=7.2 Hz), 3. 11>C(rtu80311-15451] 9.6
Hz), 2.88 (t, 2H, J=9.6 Hz), 2.88 (m 2H), 1.43 (t, 2H, J=7.2 Hz).; M
276.2(MtH) Step 3: Preparation of

5- et hoxy-7, 8-di hydro-6H 3, 4, 8b-tri aza- as-i ndacene-2- 15 carbal dehyde 1.925

grans 5-et hoxy 7, 8-di hydro-6H 3,4, 8b-triaza-as-i ndacene- é car boxylic acid
ethyl est eb.2gemdremaioletethexud, TnginyirefHssIPRERARY R4 BN BRRY t o

-780C. D @%Fg@%%%o%]m@erx T%Fe%rbm%ﬁu9£teg5 aptlodvay thbh Bddéd/@ophviRbnah. The

reacti on ne quenched ethanol and partitioned
bet ween 350vfive ringteso MheenikairewWas StirestatA3o¢ fRr Quihnekh Myveoey diterefie aqueous

| ayer was u%ghed"évftﬂ]eﬁ"n@mc;@{/e égfodfgrmcd?%Qlf@fﬂ{lérb@mNéMeﬁ@i&blﬂ@&jmor gani ¢

| ayer was rumsul fate and filtered and concentrat ed to
give thg céﬁméstbemilang raﬂlw@HdOrtWOTWéfSal'B’@Héﬁcﬂoé‘ pixiire WRg SaPIGELP AN 50

di chl orone \n@é}g@eﬁﬁﬁ hd©0b $nIsB&fatedg6dlumThe

m xture mkmﬁ?@%aﬁp%mﬁ? two u?g%ﬁofg*enq?eactl on mxture l\j\gs t hen
filtered thicatphate. fre arpanie layeewas serssaied and sried ovey mageesiim syialgn (689
of the deS| e & diot. CDCl 3) 8.

o 0u(s, 1 AICLOpEIER adthi a@é”%%f*“?af@ e bl e o) 3.2 (m
2H, CHZ) MB368Mr-1887 aCH2), 2.24 (m 2H, CH2), 1.38 (t, 3H, CH3,

J=7.2 ( 3(s0
prepar 401 of R GARUELEER d sl R anet a 172 o ROt
i ndacen- 2- PH) JHRE Ihz),| 3. 6t tr 2pI=0-®Ki), 2-88H(1, 2HL Ja9.8-Hi) c3.8B n321), Bi43cpt - 2- ene- 2
- carboxyli ester 5 A 30 m acetonitrile solution of
5- et hoxy- 72§| g%géﬂ% W%QQQ@ZH}I aza- as-i ndacene-2- carbal dehyde (693 ng,
3nmol ) was added 1.03 gram of magnesi um brom de etherate. The m xture was
stirred at or hatlf an hqur., Tk
6- Br onp- 7- AeR 4: PYeparation, gf e oXy s eTTe- 2
4-ni tr gsberaal@siyele (1. 155 gram | eq ) was injected W|th| n a mnute and
the reaction 10 m xture was then cooled to -200C. Triethylamne (0.7 m,
eq.) was then injected and

1.925 grams 5-ethoxy-7, 8-dihydro-6H-3,4,8b-triaza-as-indacene-2-carboxylic acid

ethyl ester was dissolved in 40 ml dichloromethane and then cooled to —780C.
DIBAL (1 M, 21 ml, 3 eq.) was then added within five minutes. The reaction media

20  was then quenched with 2ml ethanol and partitioned between 350ml
dichloromethane and 100 ml 1 N sodium hydroxide. The aqueous layer was washed
with another 150ml chloroform and the combined organic layer was dried over .
magnesium sulfate and filtered and concentrated to give the corresponding alcohol.
The alcohol is then dissolved in 150ml dichloromethane and 10 grams of manganese
25  dioxide is then added. The mixture was stirred at 23 oC for two hours. The reaction
mixture was then filtered through a pad of celite and concentrated to give 1.1 gram
(68%) of the desired aldehyde.
MP; 237.2~237.3°C
H-NMR: (300 MHz, CDCl5) 8. 9.94(s, 1H, CHO), 8.39 (s, 1H), 4.46 (quartet, 2H, J=
30 7.2Hz), 3.2 (m, 2H, CH2), 2.85 (m, 2H, CH2), 2.24 (m, 2H, CH2), 1.38 (t, 3H, CH3,
J=7.2Hz); MS: 232.1(M+H)

115



the reaction mxture was stirred for five hours at -200C. Then acetic
anhydride (0.377 m, eq.) was injected and the reaction m xture was |eft
at zero dwgroe@9fer 18 hours. The reaction nedia was thenPdirfusb®d4i t h
400m ethyl acetate and washed wth 100 mMl 5%citric acid, 100 m
saturated sodi um bi carbonate, and 100m brine. 15 The organic | ayer was
then dried over magnesiumsulfate, filtered and concentrated. Flash colum
chr omat ogr aphy using 20% et hyl acetate in hexane gave 1. 1 gram product.
MP: 118.7-119.1 CH—NI\/R (300 MHz, CDCI3) S. 8.35(d, 2H, J=11 Hz), 7.63 (m

2H), 7.41 4 relk&-gHE3 4.6b-thbks.asl H), 5.55
(4H, CH2) ==& : 2. .32 (m 2H), 1.41
(t J=9. 6HmY 6%2- PN 14 e o bihia. aza-8 G .2.01hept-2-ene-2-

6- (5-et hoxv sthf | aza- as- |ndacen 2-

yl met hyl e b clor3. 2. d hept - 2-ene-2-car boxylic acid

25 6-] %Cetmxgﬂﬁl&cetohmnysalutlan df ﬁ-pmo@y-mar@hyldro -6H-3,4,8b-triaza-as-indacené-2-
8b-triaza-as-indace

7- 0X0- 4- th?aébid%kyg B?%%/%’IQZ)?%W‘%% qﬁaqmgrfmcgr %nﬁsllugq grcolm de

4-nitro- beétnyﬁatees“rmmmwe@&sgmum anszqmalf)aanr sﬁlwaana@ml it T M THE
and 20 ml .5 us Wa j ected
to 45psi h%f)’&‘ é’ﬁﬂ%‘og% '&h op‘p% %zer?%?“@fome? ereg\ﬁﬁd &gﬁcgagad of
celite and4-ﬁm@qmizylaésmt (n 1I65/gram 1teq.)versdnjectedwdthirod nimde PR theeactisl ut i on
was then coo edto ee and |

hydr ox1%e. MHFHER Was t Ccﬁﬂﬁcﬁo ?(9 @i‘ z;[l?rgg1 err@ge E)q:? mt%b{%é hﬁeﬁé%aeﬁi?@r of
wat er f ol | peeeadivn PlixtuRb¥as stirtezhiot fivd lmouas dt vizlto€r. . That anetigashydide r enoved
116 WO 03/ 9 80 PCT/ US03/ 3 51 thr 100 of
product wa I'Ne@fc':ld"aslwecg ShE 1 & %rﬁ%%%%?éf?ﬁ%l %?&%@e?d}glzs (s, W!%
H), 6. 95( shouts.Hrhe fedufés metlidHyas thei dildted wak)400mBehg| anetatelpnd wagdeq m  2H) |
2. 27 (m @Rrb;(@o @??MITC@CH I}@Om:f gtu?até%wlum%mltee ahdl 100ml brine.

(5R, 6E&Z) -
OH pyreazol nﬁ&or@aﬁic[léye#memzmamw maghesumysiuﬁate) filtered Bhdconcgptipiedycl o[ 3 2

O hept - Plgslgcglarrngoc)ﬁ omgtograpﬁy u3| '25571 éﬂyl acégte in hexane gave 1.1gram
product.
MP: 118.7~119.1°C
H-NMR: (300 MHz, CDCly) 8. 8.35(d, 2H, J=11Hz), 7.63 (m, 2H), 7.41 (d, 1H,
20 J=6.9Hz), 7.08 (d, 1H, J=11Hz), 6.47(s, 1H), 5.55 (4H, CH2), 4.54 (m, 2H), 3.09 (m,
- 2H), 2.93 (m, 2H), 2.32 (m, 2H), 1.41 (t, J=9.6Hz); MS: 660.1(M+H)

Step 5: Preparation of 6-(5-ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacen-2-
ylmethylene)-7-oxo-4-thia-1 -aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid

25
6-[acetoxy-(5-ethoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacen-2-yl)—methyl]—6-bromo-
7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester
(1.03 gram, 1.565 mmol) was suspended in 20 ml THF and 20 ml pH=6.5 aqueous
phosphate buffer. The mixture was then subjected to 45psi hydrogen for two hours.

30 Then it was filtered through a pad of celite and concentrated in vacuo to remove
most of the THF. The solution was then cooled to zero degree and basified to pH=8
with 1 N sodium hydroxide. Then it was purified via reverse phase HPLC using 1
liter of water followed by 5% ~25% acetonitrile and water. Water was then removed
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Step 1: Preparation of 1-(2-fluorobenzvl)-1 H pvrazole-3, 5-dicarboxyl ate
2-fluorobenzyl bromde (2.0 mM, 16.58 mmol) was added to a m xture of

di et hyl 3wbB-03p9328xol edi car boxyl ate (3.01 g, 14.18 mmol), @€2ATCBI/(B5H7 g,
17.1 mmol ), and acetonitrile (140 m) under N2. Heated to 60C for two
hours and then cooled to room 15 tenperature. Filtered and concentrated the
reaction solution. Added water (-200m) to the resulting residue and
extracted with Et OAc. Washed organics with water and brine. Dried organics
over sodi uhmosighfanesrinate inivacue sod A0QIMec PERRuUChYas coltsstest ned  di et hyl
1-(2-fluor -1 Hpyrazol e-3, 5-di carboxyl ate (light-yellowoil) in
quantitati Ve yi el 20 Step 2: Preparation

1- ( 2- f | uorHODIMIRVBDO Mitizy ODCHe) 156 7H25(snelih s, o‘llH)A(B B4te 46). ¢ 1. A)DI BAL-H i n

THE (90 m oR NPTl +

1-(2-fl uor%%%na?ﬁ’ %?@@Wr%qg%% i'ai"??*a? %"x??‘&“"ﬁ(%%%d"”, M4.99 mmol) in
CH2CI 25(90 m ) at OC under N2. After two hours quenched with NH4Cl (aq) and
suspension was 25 forned. Filtered @E& gét‘rlact ed with Et OAc and washed with
brine. Dried organics over sodium and filtered and concentrated.
Purified with silica gel colum and 5% MeOH in CHZCI2 Cbtalned34gof
the diol co ound i 1

4H, 10H- pyr# = 2 d i Cat-orarue

conpound (3. 83 %nalﬁafeﬂm ] 2P\end2-Earbo $cadd dodmrresalsuspeny on of
NaH (60% 1.34 330 m) under N2. Rapidly heated
to 950U or three hours and cooled to roomtenperature. Quenched with 117 WO

03/093280 Pyl th20nd-B, sEdichbhoxVagdied or gani cs
wi th wat er—ahd 1 i gani Cs over sodi um su

filtered and
concentr at Zéﬂuor@bemzfyl b@lmm f? @ml,l 1@@59@1@m0|)d'ﬁ%ﬁﬁ¢eéﬁﬂ aZWWE@faq ipthidg %I
Sglt ?h;\ed 45 r%—?&%ﬁé%%@%é%a §1 oC14 15 AN TRICBE .57 8; ¥ TRirhaN@hd(whi t e
4H, 10H pyramdxbmth!ﬁe (314aml)wnqeméhz+d&@t@@m B0°E-for v ihpuse NG thepeogled4o 5e0miny) ) |
4- et r o B«Eﬁ@?%b%zF NeRe éjrgj dohbdrpfled tHe rg§ctmﬁt§o)utloﬁ'0A&ﬁéi| \ﬁétersdﬂmemLi powder,

4 ang acetonitrile (0.07M were %'\/\)?{to et her under
N2. Tetranprtb@yewmmnemdmaan@eﬁ@%ﬁ@m trOEOA:. yVa@eémgqﬁﬁﬂ‘o"t atehgadd and

after t hrg@ DBES o}é]a‘?'ucfsecﬁ@t' 5QMurs QUi A aRSrell dndeiofderitiite @btgiréd t € and

concentrate
diethyl 1-(2-fluorobenzyl)-1H-pyrazole-3,5-dicarboxylate (light- -yellow oil) in

guantitative yield.

20
Step 2: Preparation of 1-(2-fluorobenzyl)-1 H-pyrazole-3,5-methanediol
A 1M solution of DIBAL-H in THF (90 ml, 90 mmol) was added to a solution of diethyl
1-(2-fluorobenzyl)-1H-pyrazole-3,5-dicarboxylate (4.80 g, 14.99 mmol) in CH,ClI, (90
ml) at 0°C under N,. After two hours quenched with NH,Cl.q) and suspension was

25  formed. Filtered and extracted with EtOAc and washed with brine. Dried organics
over sodium sulfate and filtered and concentrated. Purified with silica gel column and

5% MeOH in CH,Cl,. Obtained 3.4 g of the diol compound (clear oil) in 96% yield.

Step 3: Preparation of 4H,10H-pyrazolo[5.1-c][1 4A]benzoxazepine-2-

30 carbaldehyde
The diol compound (3.83 g, 16.21 mmol) in HMPA (24 ml) was added to a
suspension of NaH (60%, 1.34 g, 33.5 mmol) in toluene (330 ml) under N,. Rapidly
heated to 95°C for three hours and cooled to room temperature. Quenched with
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10 Purified with silica gel colum and 1:1 Et OAc/ Hexane. (bt ai ned 4H, 10H
pyrazol o[ 5, 1-c] [ 1, 4] benzoxazepi ne- 2- car bal dehyde (white solid). Yield: 0.31
g 44% SvOW3A4932B¥ epar ati on of Preparation of PCT/US03/13451

6- f acet oxy- (4H, 10H pyrazol of 5,1 clf 1,

41benzoxazepi ne- 8-yl )-nethyl | -6-brono-7oxo0-4-thia -1-aza- 15 bicyclof3 2

A hept - 2- ene- 2-carboxylic acid 4-nitro-benzyl ester;

4H, 10H-pyrazol o[ 5, 1-c] [ 1, 4] benzoxazepi ne- 2- car bal dehgd(g r(io' 9, 9 0. 887
mmol) in \watet and extracied with FOAGNYashied aioanicavyist waiep 2898 8 mpl ) under
N2. After i i te and filtered and concentrated. Purified with silica gel

6- Br ono- 7- oggr-“g% ?#rgs?fluzgnzggl el|ec‘§l/r(l:l (l) e?f?z. 0 he8t -2-ene-2-carboxylic acid 4 20
ni t r o- benzedlures asd 200 Me@iin G888 ed) 4l 40Ky azelelNy was added. After 15
mnutes thg.r | S GARLRLN I AwhRE SolidheVield: Buties20%t er added Et 3N (3eq)
and place [11,@?%%2'08(%2%?&@9&%@. (,X} ter 635 hour s g%ded Ac20 (0.42 m, 4.45
mmol ) @nd AHNBR-gyPex b, -l cdipmzaxazepin-Igimateenah (BE and2PMRAb 4 n freezer
over ni ght . LA QY-dd 16y GBNEEALoBt SEIcR0Rr sievdd (bbger @si due was

t aken up iwegﬁﬁi‘%@f@%‘%ﬂﬁﬁggr@% th 5% cCi trig aci d(aq) and(rps turated

NaHCGB ( aq) andstrotrisp (3. 02 ghendwiceteniiéle £9-07hwets plaged "BE?USE" ] 2Cs over

sodi um sul { g & AifahilchFhrERRnERIBATLIA0A: fibh a8 ddavd bid sitéd ca_gel

prep plate xane. tained the condensation é)roduct
(yel | ow guilfeshout} therieaktion ®l@ipngvasFiiessd thrayohsglitgiang cgncentrated.

(5R, 6E&Z) - £- ox0r 6z (4 . £RIOH2-

vl nmet h enéﬁ'%dt‘ﬁlﬂgéqé a %P%@@ngEg)ﬁégﬁlgxﬁgﬁgﬁ%r boxylic acid, sodium
salt: St eppfazdoB, Bl Hhlbeptmezering-Learbaisiehyde whitsroid)s Yield St 9 #A¢- added to
a solution of 118 WD 03/093280 PCT/US03/13451 the condensation product

(5) (0.300g, 0.468mmol) in THE (18nlL). The Pd o Carbon (0.102g) was added
and t he reStdp 4wPrepatation ofRrehgration : ' OH-pyrazelefp.hnurs. Filtered

D f] -G | B 2
t hrough celj and renmoved 04 VAR AHIN - tracted wth
Et OAC. Di@%ﬁ%@%ﬁ%&#&ﬁ?ﬁ@ganu 1 .'grqéad%nd concentrated. 5
NaHCCBHO-E?&@w-eW-aﬁrB@gE&@MMMWUM of water and

added to the concentrated organics along with a small anount of EtQAc.
Filtered and renoved Et OAc by rotary evaporation. Purified with reverse
phase col ugR, 10Mpyr&edio[5AHRR0Aberanslazaping-gatatsiehyde ¢.189e0 887 MmmMelkin( 0% t o

ol | ect ed_ ArRRENn o) e ot o labk PasB S pO Rl Lndd it as Lo 1o
obtain 41 mh@és ESBHD-7-bx0Xethia-1-d24-hioysIpip r2:0]bépt Bene-2-carboxylic acid 4-
20  nitro-benzyl ester (0.342g, 0.888 mmol.) in THF (14 ml) was added. After 15
minutes the reaction was cooled to —20°C. Ten minutes later added EtsN (3eq) and
placed reaction in the dark. After 6.5 hours added Ac,0 (0.42 ml, 4.45 mmol) and
DMAP (0.011g, 0.0900 mmol). Warmed to 0°C and placed in freezer overnight.
Reaction solution was concentrated and resulting residue was taken up in EtOAc.
25  Washed with 5% citric acidq and saturated NaHCOsq). Further washed with water

X

and brine. Dried organics over sodium sulfate and filtered and concentrated. Purified
with silica gel prep plates and 1:2 EtOAc/Hexane. Obtained the condensation

product (yellow gum/solid). Yield: 0.31 g, 54% yield.

30 Step 5: (5R,6E&Z)-7-0x0-6-(4H,10H-pyrazolo[5,1-c][1 ,4]1benzoxazepin-2-
ylmethylene)-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium

salt:
Step 6: A 0.5M phosphate buffer solution (pH 6.5) (18mL) was added to a solution of
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c][1, 4] benzoxazepi n-2-yl nethyl ene)-4-thia-1-azabicycl o[ 3. 2. 0] hept - 2- ene- 2-
carboxylic acid, sodiumsalt (6) (yellow solid) in 22%yield. HPLC found

t he puri twotos/093260 77% and the E/Z isonmer ratio to be 3: 2. PCHUSNRIIE]
DVSO-d6) 5.366 (m 4H), 5.649 (m 4H), 6.326 (t, 2H), 6.444 (s, 2H), 6.551
(s, 2H), 6.640 (s, 2H), 6.810 (s, 15 2H), 6.974 (m 2H), 7.249 (m 2H)
7.355 (m 2H). mz (MtH)390.0 Exanple 12 (5R), ’
(62)-6-(5H 1 mdazol 2, 1-al i soi ndol | met hyl ene 0x0-4-thjia-1- aza-

bi cycl o 3 tBe Cbrhtamsa@oremred@té@r@&@?m%4@%’PG‘°§MTEW§%{PU Ebe%

Preparat i BLn gﬁ %Q)Q\%%&e?l {H%qleggmnqﬁ&w@myhg@ﬁagg@tg@gt m;jsutdron of

2- br ono- 3- opr propena acetonitrile
added to tttve housst Eﬂi@reﬁthwmcﬁhie?nﬁi-r@@é\/@ﬂfﬂﬂé by SOQWgﬁvaPﬂraElPérsEdﬁ'@Fiﬂ‘ﬁ trile

(100 mt). g}hlﬁegq RRARHiLS %WL%VSMS I %bl"fét@%nfj@ifter%d%ﬁd RoAtert@@®. t enper at ure.

Then 25 tr"i’I amne to the m xture_ and he
r ef | ux 5f orNEH®O; Thesg, Hi 9&2mmeol\naas disetlert! in@ MisdnAkasYeE at Yrle faﬁﬁﬁ% with

et hyl aceta a

FH 1T ract orodfs sB BB b oW RERRE B A 0Pk 52?@3?33 NSON
and concerrbmt/ediEtmﬁeby radahy cydpQatics lErUéfledl'Wgh rﬁ?V@E\'iede@Sﬁég u ?lo silica
gel col “?‘%ﬁfg?@f}g Cd%fa‘?@ﬂ%m%ﬂﬁﬁ o?langs%tSH rifd é‘d?{ fé ) %Q:va%@remh@wed t}féxane (3/1

- 4/1). was cr romethyl acetate and
n- hexane tacegpniteiletdrel mo$tloétheomieuin@m(tlle oailegtedz‘walons By nQtazy e¥aRPrai®:  cDCl 3)

6 5.01 (s, 3

(s, 1R Festuasertfosdda ol e L oRAB- SR I HIIEArEA T (b * 7
6:?)8) 6t |h ( ::esm - Aoerizoxgzdpi-Riymetbylene); 4tthid- 1@@@@1%1!0[@2 O]hept-2 -ene-2-

y nmet hy J» &Rl

1) o hsreoRieanayTouEy st &) sk Rl S yich ORI Ane part ;‘?SQE%?'
(736. 8 ) paervbamdeabe EX7 ishmer chtip tabeBchi' HNMB (3, EQJVI&D de) 8366 (MoMHbf

anhydr ous 8 t

Thedry TrESEB( #13n o8 Thit). Ge) br2HEd o8 GERNBi0R, 2pEEhamer ature

br ono-16- oxgHy sidTiagm] 263,87 DA 1 26]) 37.355 Ohh2idy nz MEHBI8Ar boxyl i c aci d
4-nitro-benzyl ester (1.55 g) was added to the reaction mxture, cooled to
-20 C, and 10 triethylamne (1.34 nl-) was added in one portion. The
reacti on vessel was covered Example 12-

(5R), (62)-6-(5H-Imidazo[2,1-alisoindol-2-ylmethylene)-7-oxo-4-thia-1-aza-

bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium sait

20
Step 1: Preparation of 5H-Imidazo[2,1-alisoindole-2-carbaldehyde
The solution of 2-bromo-3-isopropoxy-propenal (4.97 g) in dry acetonitrile (3
mL) was added to the mixture of 3-amino-1H-isoindole (3.4 g) in dry acetonitrile (100
mL). The reaction mixture was stirred for 3.25 h at room temperature. Then

25 triethylamine (3.6 mL) was added to the mixture and heated to reflux for2 h. The
mixture was cooled to room temperature, diluted with ethyl acetate, and washed with
20% potassium hydrogen carbonate. After filtration through a pad of Celite, the
organic layer was dried (MgSO,) and concentrated under reduced pressure. The
residue was applied to silica gel column chromatography, then eluted with ethyl

30  acetate - hexane (3/1 ~ 4/1). The crude compound was crystallized from ethyl
acetate and n-hexane to give the title compound (1.04 g, 22%). '"H NMR (400 MHz,
CDCly) 5 5.01 (s, 2H), 7.28-7.52 (m, 3H), 7.90 (s, 1H), 7.91-7.93 (m, 1H), 9.92 (s,

1H).
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with foil to exclude light. The m xture was stirred for 2 h at -20 C and
treated with acetic anhydride (0.76 m-) in one portion. The reaction

m xture wa® owasazed to O C and stirred for 18 h at 0 C. TIRETrHSAY/ L8 Was
diluted with ethyl acetate and washed with H20 saturated sodi um hydrogen
carbonate, and brine. The organic 15 layer was dried (MgSO4) and filtered
through a pad of Celite. The pad was washed w th ethyl acetate. The
filtrate was concentrated under reduced pressure. The residue was applied
to silica gel columm chromat ography, then eluted with ethyl acetate -

hexane (2/§¥ 24/pparkiién of (476 SHETRAHRE) WRSAN!(BHIRMI D] 2407 B0 RlgH2SO

m xture ( [Jdl € yerl ow am) rpnous sol1d, g, /3% . 1H NMR (400 MHz,
20 CDCI 3) I[-6:br thiept aza:biovalo[35.QIhSpZ-one-2garbgalicy o)

5.29 (d, 1Hd4J é—“[‘z”547(d 1H, J = 13.6 Hz), 6.18 (s, 0.16 x
1H), 6.40 =42 (s, 0.84 x | H), 6.94 (d, 0.16 x | H J =
0.9 Hzp, 7.18 (CEH-ﬂmﬁézo{Zh dﬂ50|ﬁdde(2-&arbajgiehyﬁe3€36 8489) vag agigd tothes] (s,

gt gg )é 1( acetonltrlle ?5A0 r(nm SO%L‘I_gdn of’ aZ\%erogs’;N(g@ (l1 8"3) urﬁ!e?g nﬁro%gn( m 2H). 25

(62) - 6- (5Hathn51sﬁ|aérefa2 rdonateng@ratd. - Thy dryeTHE Iselatign (BOank)- of-(BRi &S)16-
Gr) - 6. | ( FEPTRSEs o it Tk s 2L 2o AR aB onfrm Benay
Zr orr? 7- gxéstér (hg%gﬂwaﬂaddndcmalh@fe&cﬂon Ohtept cddlashio-—20C4k Bosty| i ¢ aci d
ni tro-benz ve

acet onidt r | qr'g%@@"ﬁn?rﬁféfﬂ‘feyﬁ? 98%%%\2'99 é)cs‘f%%n dﬁh% Ra(a ghﬁa &%r%g ﬁkag Ccﬁ/l"éﬂ?]osphat e
\?gfsfsglr \(Ag;i:vigq \\‘/bélr@@xcaudﬁ hgh:c) Y\?Thfomgt)gx?wamstlméréfor éd{‘(_lzfttl—@ﬁ @i Q(MF@tedT\Néh (r) regﬁts : on
stirred fof CﬁnEYerGdﬁikéWﬁé'? 8F%P8mg$‘he+ﬂrﬁqj>%%ﬁhrog rﬂ?ttﬁ%%g&% @%?66’%280 d
P(CjJT/ UtSOS{_I 1?345@‘1 gm%z_i foel18 @ at&aoec a'lﬁhle tiXtlirsa@d dilgtedonith @byluatcetate Rk aflded Ej 0
adj us 0 ct. e an
Fi Lar et rHrgtERhIn o sGRFEEpfEm L‘“ﬁ’ﬁ?&gp*%%f%sf%ﬁ%%fwg { e P8 hgegd the

| B d filrezed tiuewghsa p S d@d@dtwa\@@ 25 L
3232?% gﬁm\%rcmdw R 5 ?:omu 2 paye C n HP-21

hats (fi-[ it ﬁg&ttrra?éaeu ?réac(al%a fbskBreD FHO

(100 ni, WF%S@HVQ]?ﬁe %ﬁseu Scirate ivgs co f?“% ﬁa

resi tography. After
adsor bi ng, refsmewdstu'mhew& sﬂloatgedcawmh ch/a:irmtoaladhy ttihﬂmelweplhmtb-elﬁ%

acetonitrile- ﬁ"@x? @ﬁfl | 1 et& ct I'%EHW? Eefolelorcyal ggg\ﬁgdg%%o hi gh

vacuum at 3%t e compound as a yel | ow
mixture (5/1, a pale yellow amorphous solid, 1.8 g, 73%). 'H NMR (400 MHz,

20 CDCly) §2.02 (s, 0.84 x 3H), 2.27 (s, 0.16 x 3H), 4.89-4.94 (m, 2H), 5.29 (d, 1H, J=
13.6 Hz), 5.47 (d, 1H, J = 13.6 Hz), 6.18 (s, 0.16 x 1H), 6.40 (s, 0.84 X 1H), 6.42 (s,
0.84 x 1H), 6.94 (d, 0.16 x 1H, J=0.9 Hz), 7.18 (d, 0.16 x 1H, J=0.7 Hz), 7.35-7.48
(m, 3H), 7.51 (s, 0.84 x 1H), 7.60-7.64 (m, 2H), 7.79-7.83 (m, 1H), 8.23-8.27 (m,
2H).

25
Step 3: (5R), (62)-6-(5H-Imidazo[2,1-alisoindol-2-ylmethylene)-7-oxo-4-thia-1-

aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid sodium salt
(R, 6RS)-6-[(RS)-Acetoxy—(5H—imidazo[2,1-a]isoindol-2-yl)—methyl]-6-
bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl
30 ester (1.5 g) was dissolved in THF (21 mL) and acetonitrile (9.8 mL). Freshly
activated Zn dust (6 g) and 0.5 M phosphate buffer (pH 6.4, 30.8 mL) were added to

the reaction mixture. The reaction vessel was covered with foil to exclude light.

The mixture was vigorously stirred for 2 h at room temperature. The mixture was
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anor phous solid (527 ng, 58% . M 170 C (dec);'H NWMR (400 MHz, D20 8 4.62
10 (s, 2H), 6.27 (s, 1 H, 6.56 (s, 1 H, 6.78 (s, 1 H, 7.22-7.31 (m 4H),
7.52 (d, WOH3/093280 6.7 Hz). Exanple 13 Preparation of (5RPET)US63/E45t m et hyl
I m dazof 2, 1-bil |, 31benzot hi azol-2- 15

yl met hyl ene) - 7- oxo- 4-t hi a- 1- azabi cycl o( 3. 2. A hept - 2- ene- 2- car boxyl i ¢ aci d.

Step 1. Ethyl 5-nethylimdazof2,1 -bl-benzthiazol e-2-carboxyl ate: Ethyl

5- met hyl i mi dazof 2, 1- b] - benzt hi azol e- 2- car boxyl at ding t
he pr bceqRicats i PAdaNCE) anuussarien s ppaedTSr BB Bord ¢ "0 1

4-nethly- 21 ﬁéﬁe?@hor?&lth%‘ﬂ%shh&é@hﬁ’th(e%@ aBetatefand ffergdl thrauad a%éwd)f
br onopyr uvat 45% Yiel d) of eth nmet hyl

|
i mi dazol 2, @elﬁq: Hé\@ﬂaﬁlwwdd’ﬂ%"‘%%ﬂ %@%éﬁégue?%lﬁ PSS riﬁ?%\,m sol i d.

M-H) 261. i, Lerat-3seChampe: 25
5(3 m:'%hyl T @J%}us%yﬁﬂva%ohé@nﬂa?éa t3.2b-rhl. uh@mdﬁm fr a

1-'b] - benzt hi azol e- 2- ccordlng to
t he prsoce@nncenmrewaﬁ@@plleﬂ E@ﬁ*ﬁr‘é"%mé@?%LZ’Y"tSl@d%&'R % BRI
5- et hyl | d
A b sol SRR efoRatciraQRy” hReAdofido ARE Bt 4'5‘6359/2“ @gj}“ﬂé ?Ee
al cohol dehhevawthxﬁeﬁ&égcet@mtrd@wt%rs Eh%ﬁ@mne%ﬁ?tams %p
2- Fornyl - Hﬁbg%ddnﬁré ‘C nc?-rygbhlr?féaztb@l\%ztﬁé%ﬂe 3orﬁﬁél,md as5a WW'
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4-nitro-benzyl ester (770 ny, 2 nnDI) wer e added successively to 10 the dry
acetonitrile (15 nm.) solution of anhydrous MyBr2:etherate (1.3 g, 5nmol)

Step 1: Ethyl 5-methylimidazo[2,1-b]-benzthiazole-2-carboxylate:

Ethyl 5-methylimidazo[2,1-b]-benzthiazole-2-carboxylate was prepared according to

the procedure as outlined in Example 1, (Step 1). Starting from 4-methly-2-amino
20 benzothiazole (8.0 g, 48.7 m.mol) and ethyl bromopyruvate (14.0 g, 71.7 mmol), 6.0

g (45% Yield) of ethyl 5-methylimidazo[2,1-b]-benzthiazole-2-carboxylate was

isolated as a brown solid. (M+H) 261.

Step 2: 5-methyl imidazo[2,1-b]-benzthiazole-2-methanol:

25  5-methyl imidazo[2,1-b]-benzthiazole-2-methanol was prepared according to the
procedure outlined in Example 1, (Step 2). Starting from ethyl 5-methylimidazo[2,1-
b]-benzthiazole-2-carboxylate (5.2 g, 20 mmol) and LiAiH, solution (22 ml, 0.5 M
solution in THF), 3 g (69% yield) of the alcohol derivative was isolated as a brown
solid. (M+H) 219.

30
Step 3: 2-Formyl-5-methylimidazo[2,1-b]-benzthiazole:
2-Formyl-5-methylimidazo[2,1-b]-benzthiazole was prepared according to the
procedure outlined in Example 1, (Step 3). Starting from 5-methyl imidazo[2,1-b]-
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under an argon atnosphere at roomtenperature. After cooling to -20 C, Et3N
(2.0 nL) was added in one portion. The reaction vessel was covered with
foil to ewoloases280 i ght. The reaction mxture was stirred fPam/uBodizas: -20 C
and treated with acetic anhydride (1.04 nlL) in one portion. The reaction
m xture was warnmed to O C and 15 stirred for 15 h at 0 C. The m xture was
diluted with ethyl acetate and washed with 5%citric acid aqueous

sol ution, satur_at ed sodi um hydrogen car bonat and

| ayer was @endtiazagdcmpthand ¢4 @ éd“'i”ﬂ'? %?;\y' @‘P” IQM%Q‘SQ' Sﬂiﬂ was
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was 20 el utag isdlated as RiawnelidatMHane (1:1). Collected fractions were
concentrated under reduced pressure and the m xture of di aster eo isoners

were taken to next step. Pale yellow anorphous solid, . 270 ng, 20%
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pressure. The residue was applied to a silica gel column, then the column was

20 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: 270 mg, 20%; M+H 644.

Step 5: (5R),(62)-6-[(5-methylimidazo[1,2-b][1,31benzothiazol-2-yImethylene)] -
25 7-oxo-4-thia-1-azabicyclo [3.2.0]hept-2-ene-2-carboxylic acid:

4-Nitrobenzyl-6-[(acetyloxy) (5-methylimidazo[2,1-b][1,3]benzothiazol-2-yl)methyl]-6-
bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate ( 400 mg, 0.62
mmol) was dissolved in THF (17 mL) and acetonitrile (36 mL). Freshly activated Zn
dust (5.2 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The
30 reaction vessel was covered with foil to exclude light. The reaction mixture was
vigorously stirred for 2 h at room temperature. The reaction mixture was filtered,
cooled to 3 °C, and 1 N NaOH was added to adjust pH to 8.5. The filtrate was
washed with ethyl acetate and the aqueous layer was separated. The aqueous layer
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ep 1: Ethyl 7-fluoroimdazot?2, 1-bl -benzt hi azol e-2- car boxyl ate: Et hyl

fluoro-imdazo[ 2, 1- b] - benzt hi azol e- 2- carboxyl ate was prepared accordi ng
t he pwowaedes2e0 as outlined in Exanple 1, (Step 1). StarPCirngos/1am

6-fl uoro-2-am no benzothiazole (10.0 g, 59.5 mnol) and et hyl

bronopyruvate (17.4 g, 89.2 mmol), 3.0 15 g (19% Yield) of ethyl 7-fl

uoro-im dazo[ 2, 1- b] - benzt hi azol e- 2- carboxyl ate was isolated as a brown

sem -solid. (MtH) 265. Step 2: 7-fluoro-

i mi dazol 2, wadlcobeentratgchxoper higheYasdH®) at 35 °C to give yellow precipitate. The
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end, reaction m e I i(hi d with
Ton ' Ha . React ol R IS OB, M A A R

K2CO3. She7s8&(mar ti)el,58ds,i thle was extracted with chloroform nethanol (3:1)
and dried over anhydrous MgSO4. It was filtered and 25 concentrated. The
crude reaction mxture was found to be pure and taken to next step with
out any purification. Yeild: 1.5 g (6WSOI|d MtH 223. Step 3:

2- Fornyl -7-fl uoro- |md
2- Fornyl -7-f1 uor oEreRars oy

30 procedur eﬁﬂhﬁth%léﬁd{-mx%@hﬂ a‘zab(cSt:mm 3)0]h§¢t62-énelg O‘ar___v_bm lic aCId
7-fluoro-imdazo 1- benzt hi azol e- 2-nmet hanol (1.5 g 6.7 nmol ) in
met hyl &he chl ori de/ DVMF(300 nL: 50 nlL) and active I\/h02 (12 g, excess), 1.1
? NEF Zf%z‘zf'le'sflég P EHTK}Q 761#nﬁf‘rb}iﬂmaés{zlgﬂ%by&thmalel-z&ehmdlam brown sol i d.

4- N trobengmyl detcewd%%% 1@!3?1143@?%9'%2@9@2%9@6‘% Bies| PreRded 260 ANIANC- 2-
yl)met hyl | ¢ r@ é%.xé’utﬁnédﬂnaE)lanﬂébll q88pof)3. Btdbing from 6-fluoro-2-amino

hept - 2- ene car | ate: 2-Fornyl-7-fluoro-imdazo ([l; |3benz hga)zol e
(500 ny, 2bsnmﬂﬂa2)ol%1h1d)fiae5%5w rm as%&wb?wwpcf%afa 6’19’%
6S) - 6-hgo ;’llé%o'\/ﬂeld)h'cﬁ %tlﬂ@aﬂﬂh&%%ﬁ[a%o[& QbjheniztAaonre22arboryilexydsc aci d

St
7-
to

4-nitro-be ester ng, wer e added successively to the dry
acetonitri IS@%%‘?\%PFW %Rm'o??l'éf(wﬁ'ﬁﬂ)zﬁ ous MyBr2:etherate (1.3 g, 5mmol)
under an argon atnosphere at roomtenperature. After cooling to -20 C, Et3N
(2.0 m-) was added in one porti on. The reactl on vessel was covered with
foil to exStenjad: Tdluarghimidarel2;l=bl-be oMANGt jrred for 2 h at -20 C

and treateg r—*’l‘ﬂu&rB @Eﬁ%b[g 1 CB‘]%Q{HIéigle(zlw%ﬂwamor \)vaé Bréb%?ed%téﬁm@rfromTEmyrﬁactl on
m xture was war
20 fluoro-imidazo[2,1-b]-benzthiazole-2-carboxylate (2.64 g, 0.01 mol) and LiBH, (50
mg) in THF at refluxing temperature for 2 hrs. at the end, reaction mixture was
quenched with ice cold water and acidified with 10 N. HCI. Reaction mixture was
stirred for 1 hr and nuetralized with K,COs;. The separated residue was extracted
with chloroform: methanol (3:1) and dried over anhydrous MgSO,. It was filtered and
25 concentrated. The crude reaction mixture was found to be pure and taken to next

step with out any purification. Yeild: 1.5 g (68%) Semi solid; M+H 223.

Step 3: 2-Formyl-7-fluoro-imidazo[2,1-b]-benzthiazole:
2-Formyl-7-fluoro-imidazo[2,1-b]-benzthiazole was prepared according to the
30 procedure outlined in Exanﬁple 1, (Step 3).' Starting from 7-fluoro-imidazo[2,1-b]-
benzthiazole-2-methanol (1.5 g 6.7 mmo!) in methylene chloride/ DMF(300 mL: 50
mL) and active MnO, (12 g, excess), 1.1 g (78% Yield) of the aldehyde derivative

was isolated as brown solid. (M+H) 221.
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stirred for 15 h at 0 C The mxture was diluted with ethyl acetate and
washed with 5%citric acid aqueous sol ution, saturated sodi um hydrogen

car bonat ewoan@9286 ne. The organic |ayer was dried (MSO4pcansos/idsser ed
through a pad of Celite. The pad 15 was washed with ethyl acetate. The
filtrate was concentrated under reduced pressure. The residue was applied
to a silica gel colum, then the colum was eluted with ethyl acetate:
hexane (1:1). Collected fractions were concentrated under reduced pressure
and the mxture of diastereo isomers were taken to next step. Pale yellow
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’ reduced pressure and the mixture of diastereo isomers were taken to next step.
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Pale yellow amorphous solid; Yield: 330 mg, 22%; M+H 649.

20
Step 5: (5R),(62)-6-[(7-fluoro-imidazo[1,2-b][1,3]benzothiazol-2-ylmethylene)] -

7-oxo-4-thia-1-azabicyclo [3.2.0]hept-2-ene-2-carboxylic acid:
4-Nitrobenzyl-6-[(acetyloxy) (7-fluoro-imidazo[2,1-b][1 ,3]benzothiazol-2-yl)methyl]-6-
bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate ( 710 mg, 1.07
25  mmol) was dissolved in THF (17 mL) and acetonitrile (36 mL). Freshly activated Zn
dust (5.2 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 28 mL). The

reaction vessel was covered with foil to exclude light. The reaction mixture was

vigorously stirred for 2 h at room temperature. The reaction mixture was filtered,
cooled to 3 °C, and 1 N NaOH was added to adjust pH to 8.5. The filtrate was
30  washed with ethyl acetate and the aqueous layer was separated. The aqueous layer
was concentrated under high vacuum at 35 °C to give yellow precipitate. The
precipitate was filtered and washed with HO, MeCN, acetone to give the title
compound. Yield: 80 mg, 19%; as yellow crystals; mp 200 (dec); M+Na 396.
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S2C 2 (7.4 g, 55 nmmol) was slowy added. After the addition, reaction

m xture was stirred at roomtenperature for 4 hrs and carefully quenched
with ice wolodoggser. 15 Recation m xture was washed wel | &gd/usod/exdspver
anhydrous MgSO4. The organic |ayer was filtered and concentrated. The
colurless oil obtained was diisoolved in THF/ EtOH containing thiourea (4.0
g, 52 mol) and refluxed for 8 hrs. At the end, reaction m xt ure was
cooled to roomtenperature and the separated 6,

4H pyr ano[ 4, 3- d] HINBIR (PMSOrdes 538 Hyk fS6s: dﬁ)déﬂﬁhl ?‘é T (bl Fa 804
filtered 4 8% s YH 115C, (M+H) 157. To a stirred

m xture ofm"e]l'-g %1é%df%aﬂgmyr§an()(f4 gt d][1, 3]thiazol -2-am ne hydrochl oride
(4.0 g, 20.8 mmmol ) was dissolved in anhydrous ethanol (100 m) and sodium
met hoxide (1.1 g, 21 mmol). This was ghh{f818t roomtenperature for 30 25
m nutes and to this ethyl brormpyr uvat‘e—(‘l%'—o g) was added and stirred at
room tenper at @repdratiol ofi (SR pA-(5.8-dihy; attazof?:1-bjpwiarol48- t he end
reaction mx rg\eqz_ The

resi due was b - u . F a The
product was puri f| ed by silica- gelcaemmngorrat ogr aphy by el uti ng it with
50% et hyl acet'ae: hexane. Red sem -solid; 30 Yield: 3.1 g, (5999 MH 253.
The ester was reduced with LiBH4 and the resultant al cohol was oxidi zed

W th activgieMQiepdRiftiol SISMEs, SAiRIIRE SHAURS bR -b a8tep. 125 WO
03/ 093280 ep reparation of 4-nitrobenzyl

(5R) - 610 ( adHi lthiazplen2®amboxylata- 6H i mi dazo 2, 1- bl

1, 31pyrano[ 4, 3-dl |, 31t hi azol - 2-vl) - 6- bronD 7-0xo0-4-thia-1-

azabi cyclol 3. 2.0 hept 2- ene- 2- car boxyl ate

2- For ny! - 5A8nluilUI'ﬁydet@tralﬂiterleam%f24-PnB](§>Qrgaﬁ@[rﬂmSDd] Cl$1 QMR A6 PL.( 208

1.0 mmol) Sé’@légjlg z?déﬁ n;rrjﬁﬁ) w2k QFO\NR/nacfd%Q ﬂ?ter)thé’fadéhﬁﬁa reaction mixture was

6S) - 6- br omd-"7 I a-1-aza- brcyclo[3 O] hept - 2- ene- 2- car oxyI ic acid
4-ni tr o- bestirgad Pgoen temperatuye fqrﬂhrmn)careﬁélryeqt@ﬂew Wil icesQldatg o the dry

acet oni i becLibn rmx?uré Wagﬁz\{]gﬂe@flvel@ﬁm gricsveVaRhydrou Esb% The drghinic3. 0

)under an arg ere at roomtenperature, Arter 10 cooling to -20
C Et3N ( 2lagemys ﬂmeéad‘ééoncﬁn@ﬁ@dpJl"‘?lCQW”eiT‘hB” pliaived gras\lisalyediBs cover ed

with foil &ge ;—H%‘?:télhlﬂptthloa_rjégé ?CBQ%&) ﬁdﬂl‘e@lu%@&fdﬁ%ll‘ﬂ At therend, h at -20

C and trea e acet anh in one portion, The reaction
i xt ure wagsactien mduneovas @oéﬁvbtogmm F%YHPW@FU@B“%”@tse@a@teq'h@7rﬁ R e was

diluted wi L1ﬂ-p‘§H}§€)l[4,3-d][1,3]th|azol-2—am|ne hydrochloride white solid was filtered. Yield.
20 4.5g (47%); M.Pt. 115°C, (M+H) 157.

To a stirred mixture of , 6,7-dihydro-4H-pyrano[4,3-d][1,3]thiazol-2-amine
hydrochloride ( 4.0 g, 20.8 mmol) was dissolved in anhydrous ethanol (100 ml) and
sodium methoxide (1.1 g, 21 mmol). This was stirred at room temperature for 30

25  minutes and to this ethyl bromopyruvate (10 .0 g) was added and stirred at room
temperature for 2 hrs. Then it was refluxed for 48 hrs. At the end reaction mixture
was cooled to room temperature and concentrated. The residue was extracted with
chloroform and washed well with water. The product was purified by silica-gel
column chromatography by eluting it with 50% ethyl acetae: hexane. Red semi-solid;

30 Yield: 3.1g, (59%) M+H 253. '

The ester was reduced with LiBH, and the resultant alcohol was oxidized with active

MnO,. The aldehyde obtained was taken to next step.
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acetate and washed with 5%citric acid aqueous solution, saturated sodi um
15 hydrogen carbonate, and brine. The organic |ayer was dried (MgSO4) and
filtered wohpoexzBo a pad of Celite. The pad was washed wi t IrCEtUSYS/1H6EL at e.
The filtrate was concentrated under reduced pressure. The residue was
applied to silica gel colum chromatography, then the colum was el uted
with ethyl acetate: hexane (1:1). Collected fractions were concentrated
under reduced pressure and the m xture of 20 diastereoners were taken to
t he next step. Pal e yel | ow anor phous solid; Yield: 400 ny, 62% MPt. 78C
MtH 636. 4
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Collected fractions were concentrated under reduced pressure and the mixture of

20 diastereomers were taken to the next step. Pale yellow amorphous solid; Yield: 400
mg, 62%; M.Pt. 78°C; M+H 636.

4

Step 4: Preparation of (5R),(62)-6-(5,8-dihydro-6H-imidazo[2,1-b]pyranof4,3-
d1[1,31thiazol-2-yImethylene)-7-oxo-4-thia-1- azabicyclo[3.2.0]hept-2-ene-2-

25  carboxylic acid
4-nitrobenzyl (5R)-6-[(acetyloxy)(5,8-dihydro-6H-imidazo[2,1-b][1 ,3]pyrano[4,3-
d][1,3]thiazol-2-yl)-6-bromo-7-oxo-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylate
(500 mg, 0.79 mmol) was dissolved in THF (20 mL) and acetonitrile (10 mL).
Freshly activated Zn dust (5.2 g) was added rapidly with 0.5 M phosphate buffer (pH
30 6.5, 28 mL). The reaction vessel was covered with foil to exclude light. The reaction

mixture was vigorously stirred for 2 h at room temperature. The reaction mixture
was filtered, cooled to 3 °C, and 0.1 N NaOH was added to adjust the pH to 8.5.

The filtrate was washed with ethyl acetate and the aqueous layer was separated.
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15 of ethyl imdazo[2, 1-b][1, 3] benzot hi zol e-7-car boxylate (1.1 g, 4.5 nmol)
in THE (50 m) was slowy added to to a stirred solution of LiBH4 (1 g) in
THE (100 wD)03a9328C . The reaction m xture was refluxed f@cTaShs/s34and
cooled to roomtenperature. It was quenched with ice cold water andf
carefully nuetralized wwth Con. HCI. The soltion was stirred at room
tenperature for 2 hrs and basified with K2CO3 (solid). At the 20 end,

reaction mxture was extracted with chloform netha %é and rled over
anhydr ous MgSaueous lgxas Was eanceciraipd upgerchigh vaeedn aﬁ- ér ¥g ayelo

enough a t orae UHPRH C fdsirD Revdise VBhase | tdl M t.

750; (i ETSHRIRS, | TRCBocklol ot plyged LguLh ep 2 Pr epar at,'i:hc?_ of 701 omyl -

i m dazof 2, qw@f]]?mg@ptbl&nbﬂditaﬂh’ g@d}olumn was eluted with deionized water (2 ) and Iatter

| m dazo[ 2, ditPh ook a%h%ﬂﬁrétvmtézothe7ﬁé/dneﬁé BéM8ining tRORrdtilict Werk dBNBEEd @haal ned

by t above nenti one rocess was oxidiazed with actjve MO02 M g
CHZCI 25 unehmcentrased mdﬁgraﬁ@ﬁ@ﬁ presgureTalerooah MRSt fhe YReQY split nag for 6

hrs and C%%ﬁ%?tﬁtr{ 968tbnd, efg@f%rda%ﬁbf Gried. tY.é!t@-SBé Mgt e0o @n@IbhIeyeds capi te and

concentrate he sep arat'e rown color solid was triturated wt

di et hyl etI@DCaWIﬁNa)e?@d H N‘MR\/ﬂ@MS@thdl 5128 pa, Pk 4-0 Ehgddy - HedHD kén to

next step d. 400 ng (58%; (MtH) 203. 127 WO
03/ 093280 g&wégéfqgﬁlglb?ﬁmog i t robenzyl - 6-f (acet yl oxy)

(i mdazof 2, 1- bi f 1, 31benzot hi azoI

yl ) met hyl | - 6- br ono- 7- oxo- 4-t hi a- 1- azaﬁkg%ﬁ@ég. 2. A hept - 2- ene- 2-car boxvl at e
. 7-fonyl- imdazo[2,1-b][1, 3] benzot 60 ng, 1.3 mmol) and the dry
THE sol ut IP@Qpérﬁﬂol‘ﬁofXSm‘(GZBR-(lmldazo[z 1-b]bebzothiazol- 7-v|methylene)-7-oxo-4-

6S) - 6- br onp- 7- 0x0- 4- ! hi g 1 ﬂ:eaadS carboxylic acid

4-ni tro-benzyl ester>s miiiie - eE-2 gccessively to  the
dry acetonitrile (15 m-) soI utlon of anhydrous MgBr2: Q(Et)2 (390 ng, 1.5
nmol ) under an aron at m)sphere at t_ur Aft 0 to -20 C,
Et 3N (2. 0 Sien1:Freparation of imidazof2 5 : efhanor: /&a“ﬂg Wer o

with fgl 6f%th;?%ﬁ*d59<§{2|1ttght3]béfrtt%twaﬂé:t71darbd1 teu(r1e1 gvaasatmasly edrHR(02 h at

-20 C and treated w acetic anhydri de por.t The
reacti on mnRtwaseslQwdy aqgaq@dota(ﬁtlg”eé;so Han et H fl"'egqf%lm @#21@}"8 agbél'

m xture fhéitéa%@rfim%&@ vRish¥flux@eabred Brsadid cwafdiad roovh tdmbdfaturd. i wasci d
aqueous solution, saturated sodi um hydro Ig}f%gr F Gﬁf {qe dT bl‘%ﬁ The
organi ¢ | ageanciad wih iceicqldyaien pnef rareTHily rieglis ‘B'E}b ony |%:(a\d ResHMte.  The
pad was waghedivid & 8biMbmpEeRtRE for 2THTt€ aﬁwbl'liaéiiﬁé@ wmxzcomwna)r aAtebe under 15
reduced pressure. The residue was a 81 t? to S|I|caI geﬂ 8 um
chr Onagqjgrg@q‘yeactlon mixture was extracted with chloform: methanol ( and dried over

anhydrous MgSO,. It was filtered and concentrated. The product was pue enough

and taken to next step with out purification. Brown solid. M.t. 75°C; (M+H) 205. Yield;
800 mg, (87%).

25  Step 2: Preparation of 7-fomyl- imidazo[2,1-b][1,3]benzothiazol:
Imidazo[2,1-b][1,3]benzothiazol-7-ylmethanol ( 700 mg, 3.4 mmol) obtained by the
above mentioned process was oxidiazed with active MnO; (2 g) in CH,Cl»- under

refluxing condition. The reaction mixture was stirred for 6 hrs and cooled to room
temperature. It was filtered and through celite and concentrated. The separated

30  brown color solid was triturated with diethy! ether and filtered. It was found to be pure
enough and taken to next step with out purification. Yield. 400 mg (58%); (M+H) 203.
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then the colum was eluted with ethyl acetate: hexane (1:1). Collected

fractions were concentrated under reduced pressure and the m xture of

di ast ereowerig/oyes8e taken to the next step. Pale yell ow afroraisous34sol i d;

Yield: 750 ng, 91% Mpt. 82C, MH 630. 20 Step 5:

5R), (62) - 6- (i m dazof 2, 1- bl bebzot hi azol - 7- yl net hyl ene) - 7- oxo- 4-t hi a- 1-

azabi cycl o 3. 2. d hept-2-ene-2-carboxylic acid: 4-N trobenzyl-6-[(acetyl oxy)

(i mdazo[ 2, 1- b][1 3]benzo'|th| azoI 7- yl)rrethyl] 6 brono-7- 25
Stepdza 7ob6 .

0X0- 4-t hi migazal2d-blfl.dIbenzothias 1.4 mol)
was dissolve ; Rf idBl .hépz-@he)z @eﬂﬁoﬁ latdy!
phosphat e BtrTe d Nnyar og ed /?-I at 40
pSi pressux-&mﬁy)-r |rﬁ|dazs[2 T, 3]bela?®tthl@10| v(@@@e'rﬂgh/vais3 dnmek)ean%fh% i THE o
excludell a xt WwWas, A kit . 2bneand 0.1 N
NaOH was a (J.Hﬂ? t@sa{aﬁ) éft(lf’ﬁh g}) B%ﬁg oimlég gbl(ﬁegﬁg\?ﬁ@pgon&gnt arted

and t heg agsmboxsylit aynelr4 mﬂs—bma&jhedtew(&(}ﬁ) reg,hyﬂ4 ayeehwere Jdsed sHGERSEYEM Ryer was

d., T 35 C
o ve o yol Py SRR 36 ° S0 BF Al e MG i, (SR, M 520 O
phase col ummhhdﬁmam@rgthamdspheneaaﬂ mwmaemmrahtma vdétféere‘q?QPJ'E@i tQit28 °G:28 WO
031093200 PCTILENS] \ado L o OO CEAHENBE L2} 0K kLot e Kt

acetoni tri t rons cont al hi Ny uct were col | ected
and concenéxgaldedhgmnda'rherredctmdn[xtweswasestﬂiltedrfob&h éh'p'éQ &€ ang. traated yéth) ow

lid hed, wi t t d 6%
yel | ouler yateip annyiids- @i riin o poFFE" R FeRR{qinidl %aévza"'ﬁ%'f%”(g 1,
6.6 (s, 1 Hind §tarﬂec{ﬁ)r15 hl-ato T.5Fhé sixtlretiyas gilute@wih e(hyi aetafegand washeg ) |
Exanpl e 17

LI
(5R), (62) - it 56 i 'T:f"t?l’f‘%‘i'e%’& $94ion. spiprated sodium, hydjogen carbonate, and
y| net hyl enginet- trheaﬁgamaraybr owps| dried. (Mga@ué;andzfdter@ threusthba padi of Gelitet 10

Step 1. Pro The nad at'g,g 3%;21;@ '{"b e@b}rll I t?ig?%é‘%secgn%ﬁ@%odﬁhéféle To a

stirred sol zim azo and K2CO3 (
4.59 gi5 3dddcedrplgssure. a'rnlwdemm Mapmm@ td s)lcm@lnmwmmﬁrfd@ma@pm 99 g,

33.3) was gﬁgg c%)gudmﬂﬁg%%:eggte th eﬁ'lycoc]:eggtg hé‘&aﬁehg ? Cgﬁé‘&@d ki@BtidHsXt Ur e

was concent® | Ce wat er and nuetral zed
with 1 N Hakre El'dﬂ&eptrawédamdwasaduced pressure and the mixture of diastereomers were
taken to the next step. Pale yellow amorphous solid; Yield: 750 mg, 91%; M.pt.
82°C; M+H 630.
20
Step 5: 5R).(62)-6-(imidazo[2,1-b]bebzothiazol-7-ylmethylene)-7-0xo0-4-thia-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid:

4-Nitrobenzyl-6-[(acetyloxy) (imidazo[2,1-b][1 ,3]benzothiazol-7-yl)methyl]-6-bromo-7-

25  oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (900 mg, 1.4 mmol) was
dissolved in THF (20 mL) and acetonitrile (20 mL) and 0.5 M phosphate buffer (pH
6.5, 20 mL) and hydrogenated over Pd/C (10%) at 40 psi pressure for 6 hrs. The
reaction vessel was covered with foil to exclude light. The reaction mixture was
filtered, cooled to 3 °C, and 0.1 N NaOH was added to adjust the pH to 8.5. The

'30 filtrate was concentarted and the aqueous layér was washed with ethyl acetate. The
aqueous layer was separated. The aqueous layer was concentrated under high
vacuum at 35 °C to give a yellow precipitate. The product was purified by HP21

resin reverse phase column chromatography. Initially the column was eluted with
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15 extarcted with chlorof orm and washed with water and dried over anhydrous
MSH. It was filterd and concentrated. The residue was taken in DW/
acetic acwoogios2ee e (1:1) (100 ml) and heated at 120C f oPCé/USNI134The
reaction mxture was concentarted and extracted with chloroform washed
well with water and dried over anhydrous MgSO4. It was filtered and
concentarted. The separat ed solid was 20 triturated with di et hyI et her and
filtered. Yield: 4. 629 203. Ste 4-Et

(5R) - 6- [ ( adsdenjzasiyatey &1'—) Haté?zdv'@[@"@aa?ts@l?{ﬁ? Watesz f‘ EaC'“°“S Xontaining

yl') met hyl | éreladted Iahé'céncentra’ted under reduced pressure at room
azabi cycl otPg pgdogEﬁw re_ 2-ene- 2-car boxyl at e;

Benzol 4, 5]temipetatuie Tbebqeﬂ%f_s@lwbwas washsR ‘M'th%fémt%ﬁ'&efﬁﬁ ang drigd Yieldng the dry

THE  sol ut} 285 Ry 235°C M+H+Na) 378.
6S) - 6- bro ék m%@tlol azséa'&"é?/c o%&(z 0 he%ot 2- ene r x1yl ic acid
4- mtr@benzyl HENMR (DMSOrey) 5 8.3l hy) déd @uﬂ@egsqz\)(éiﬁ" g $Re dry
acetonltrh(Jg}m(IﬁS ?13)1 olution of anhydrous MyBr2: O(Et)2 (1.65 g,

excess) un % é trmsphere at roomterrperature After cooling to -20
C, 30 Et3N (2.0 m-) was added in one_pzemg_e)ﬁ_ The reaction vessel was
covered vmthfgll . LY lm,_@tlrredfor 2

h at -20 C and RAAHAN.D . one portion. The
reaction m xt UﬁlﬁnmléfQ'-mﬁld-’D- a&aﬁic a 321;0 he eR- é -2 rbo The

m xture was di uted W|th he 9328

PCT/ US$3/ : Riepa MLOTF“?% Z:2ds dd 3@00% um

][lyfl { oge 3 fﬁfr@dfb%ﬁlﬁwn%gdl?&bogy?t@ beﬁﬂdeyzgl@r(Bco 4,383 mward) aivd 160 QENGSESHY, ?nfl
iltere rough a pad o | cetate.
The filt ra@%&ﬁ%%d‘r@ﬁﬁ?%ﬂ?&f‘m& E@@r Brtérg W%@L@EM&%“&%Q ge@y%sg was
appl i ed tosgddd & 1RteFRl 81 £ BOWTBAHE @pbyreabtidnraixturé evas concemtrated tol ut ed

with ethyl acetate; hexane ( cte ' at ed
under r edué@deﬁﬁ Jukige éOQH\éPt?rH’éa%ﬁqﬁeﬁraé‘ f{?'g@ Mthgﬁ@#g hreeeﬁr 8€&3€<{g\ynarst o the
?ﬁ/l):tH) S%%B e)ﬁgilc?etcb’\ﬁlltﬂ SbrRRFRdHUGasheiwih Watet ahd BRE ovgr 685%drausgvgS@8C,

e

(5R) . (62) - ﬂM@ﬁéﬂtetdﬁr@ eppesntEated-of e residus e tRkehD PMB/. 358H8 AR MaiXiuge 4.
t hi a- 1- azapj: Py 100 ) an§ hBaRY =21 20fe dr Swsi)gﬂjé neecm mixtute Miasr obenzy!|
5R) - 6- cetylo al benzi,m -
e ono. 7. éi‘@ormémrédfnam% Mo s P esben Mt SR B a s et
1.0 mol)  adiR/dpéiss M?§@9I N%slflﬂefEUE\n(:l%Bndﬂr)tar@éuﬂ Freedapardted belid(eds m_) and 0.5

MRSt R 0 s 0Tl B S9FB S PGT20RO C (10% at 40

Step 2: 4-Nitrobenzyl (5R)-6-[(acetyloxy) (I1,3]thiazolo[3,2-albenzimidazol-2-
yl)methyl]-6-bromo-7-oxo0-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylate:

25  Benzo[4,5]imidazo[2,1-b]thazole-2-carbaldehyde (404 mg, 2 mmol) and the dry THF
solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-
carboxylic acid 4-nitro-benzyl ester (772 mg, 2 mmol) were added successively to
the dry acetonitrile (15 mL) solution of anhydrous MgBr.: O(Et). (1.65 g,
excess)under an argon atmosphere at room temperature. After cooling to —20 °C,

30 Et;N (2.0 mL) was added in one portion. The reaction vessel was covered with foil to
exclude light. The reaction mixture was stirred for 2 h at —20 °C and treated with
acetic anhydride (1.04 mL) in one portion. The reaction mixture was warmed to 0 °C

and stirred for 15 h at 0 °C. The mixture was diluted with ethyl acetate and washed
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reaction vessel was covered with foil to exclude light. The reaction
mxture was filtered, cooled to 3 C, and 0.1 N NaCH was added to adj ust
the pH towB.03/0932Be filtrate was concentarted and the aquecwaishaydst was
washed with ethyl acetate. The 20 aqueous | ayer was separated. The aqueous
| ayer was concentrated under high vacuumat 35 Cto give a yellow

preci pitate. The product was purified by HP21 resin reverse phase colum

chromat ography. Initially the col um h, dei ani r (2 L)
and | att erWEh‘ B £iite 66t BIIOUR | VIYHRN e P u'iaﬁ%élﬂ’%m h}ﬁ%m%%tcgfbﬁﬁ%tg%ﬁe
product we5.¢r,eco+rh§<ar§=4h.@rgyepwa§mﬂeda@wg$mmdaa fiite cbecthdoughes pad eof aelitoom 25
tenperature. The

lid t filt d d.
Verd o Gbhenpadstes WAShoe| Wl Sy AeaIte. i At i cobdaiRRS) B
NMR ( DMSO- Fé@bcéi re%s&n% ﬂ]‘& res@du% Was Ja'dbheoGtoGSMdh géll'bolun?fn %ﬁro?naﬁ@gr(aphy,ZH)

7.69-7.73

Prepardtio eafthem)un(razqasaal'et¢d8'vlm E?PM\' ch;qq_e %ﬁf? Htﬁ( 3%@%@%%&”@ 1-
blf1 3l thi \f&ér%l c%c%t‘?ﬁéd%h@@le?e‘dﬁc@d(gr&sdret SHPthe-mixture of diastereomers were

azabi cycl o -2-ene-2- carboxylic améig.gélgaOB/%g/SﬁS o

PCT/ USD3/ 1k o ’Eb?é}?XtLStePr E’a@r)@ﬂ'%@”&fpmus solid; Yiel mg 6 pt. 78°C;

7, 9-di hvdr _ﬁ]ﬁ- &cl opental 3, 41pyrazolol 5,1 bl f 1, 3lth iazole-2-carbal
dehyde To a stirred sol ution of

1,4,5, 6-tetrahydrocycl opentaf c] pyrazol e-3(H)-thione [Prepared by the
procedyy e gfgTa:t iXkafen2imfidazol2-pRsdthilene0d- J. Chem
Soc. Per ki 1T A : 9, /.85 mml) and K2CO3
10. 4 g, 75thiadldzabi 2.6lhe pRFeNes doxylie,agigh nal onal dehyde (5.7 g,
37.85) was added and heat ed fo 8 hrs at 80C. At the end, reaction m xture
was concentrated to dryness and ice cold water was added and nuetral zed
with 1 N HE@INitrobEneylibRE6¢taceybxex{ bBlthiazpleld 2talkenzimignen# Mimetdkbred wit h

T cal U Bl DX - PRI Ridts YiHdbeo dnetarbbnidte o3 thof AtEiRich ! o
heat edimt Waddiskolve®iniTHE (ZthaL) atadetonitriie ROunle andd. @%dmpaat?éwffahd

extract ed yhl obh o1 0 Hashad, WeL pe bl B breddiiee: OYL TRENY dr Ous

MySO4. ncen uct was PUI’I fied by Si Q2
col um chr ermrtioyvessbwin/ calertd with fotll toiexdiudeshiahd t The regelingnktiurgwagne. 15

vield: 2. 2f||9erg§ @oled'Ylo °C, 1446:1 (MEAH #88 added to adjust the pH to 8.5. The

filtrate was concentarted and the aqueous layer was washed with ethyl acetate. The

20 aqueous layer was separated. The aqueous layer was concentrated under high
vacuum at 35 °C to give a yellow precipitate. The product was purified by HP21
resin reverse phase column chromatography. Initially the column was eluted with
deionized water (2 L) and latter with 10% acetonitrile:water. The fractions containing
the product were collected and concentrated under reduced pressure at room

25  temperature. The yellow solid was washed with acetone, filtered and dried. Yield:
190 mg, 50%; as yellow crystals; mp 240°C (Dec); (M+H+Na) 378 .

'H NMR (DMSO-ds) 8 6.3 (s, 1H), 6.4 (s,1H), 6.6 (d, 2H), 7.29-7.39 (m, 2H),
7.69-7.73 (t,1H), 8.1-8.19 (m, 1H), 8.84 (s,1H).

30 ' Example 18
Preparation of (5R).(62)-6-(7,8-dihydro-6H-cyclopental3.4]pyrazolo[5.1-
bl[1,3]thiazol-2-ylmethylene)-7-ox0-6-4-thia-1- azabicyclo[3.2.0]hept-2-ene-2-

carboxylic acid
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Step 2.4-Nitrobenzyl -(5R)-6-f(acetyl oxy) (7,8-dihvdro-8H cycl opentaf3

4] pyrazol of 5, 1-b] I |, 31t hi azol - 2- vl ) net hyl | - 6- br onp- 7- oxo-4-t hi a- 1 -

azabi cyclwD338932Bhept - 2- ene- 2- car boxyl ate 20 PCT/US03/13451

7, 9-di hydro- 6H cycl opent a[ 3, 4] pyrazol o[ 5, 1-b] [ 1, 3] t hi azol e- 2- car bal dehyde
(576 ng, 3 mmol) and the dry THE sol ution (20 m-) of (5R,

6S) - 6- br ono- 7- oxo- 4-t hi a- 1-aza- bicycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid
4-ni tro-benzyl ester (1 16 g, wer e added successively to the dry
acetonitridte ption (of dihy P APE 2 lg (1.65 g,

excess) undgf aL IQrb a4 g at room terrperat ure After 25 cooling to
-20 C, Et n one portion. The reaction vessel was
covered wi Thafstiréd smutmmd;fdde516rtgtrahydrwcma@tai06mr$ﬁd& grrb-thiese stirred for 2

h at -20 ( and?é éf@t %goc%cﬁjpe W{%k%s H‘%Ya. gao(alEOékaﬂe and ] rﬁiﬂésl‘ﬁ’iﬂét i on.

The reaction-HA" war med Irred f C. The
m xt ur & was GlidnutSed. Réerkin. Fdngl |, 12€21137@ (&&@)mwmﬁ mnm% %M Pﬁac@sa(m d

agueous so} Ui satu r dydgye. The
organic | ai/dé% 9\/\2@ md?c?') h%ﬁg@%byr?dag It b?%ﬁghﬁ?gﬁﬁﬁﬁiﬁp(g%f Oeglyl te. The
pad vas wawheddded dndeteaydd 1’:5»(:&alllrata¢80"l1heo°df’th¢3teﬂ@Ltf@aﬂ?td)s1 MixBiie Wdkr at ed under
reduced pressu

|
chr omat o gr%%ﬁt?ﬁtﬁgﬂ dr&ﬁg‘%s % lwéolég\g%t%rﬁgagtéddgﬁ a'n‘c‘l%ugﬁalzéd’bvﬂmN HCI.

umm was acet at e: hexane
(1:1).  13Tha\RoaBAARB28EarBIed/MiBOBIaraHwBm andulashed wdh weéﬁftanérs%levleve

concenyy al o8 HRdE QI ELPhATIURG SRR i fEguRk el Aok AR o wer e

t aken t% I"ow "anor phous solid 5 g, 83%
Mpt. 69C add‘b{ktld):ldﬁﬁlﬁturé(&)ep‘l. mI) and heated at 120°C for 6 hrs The reactlon

5R), (6Z) 6- 8-d 4 | | - 2-
§/I rrzet élyl )en@éxgu%%‘@l ﬁpﬁ?'ﬁaﬁe | cyc %&h %ﬁ%ﬁﬁ%rﬂ wééree:\de\m?" \b:lla@%d%ﬂ%;aﬁ% aci d
4- Ni t r obengndd &@R}aﬂlﬁjo[rcﬁlm:mgsmxy)/vas filtered and concentarted The product was

7, 8-di hyd SH- t )
51t azol - DAY ERREAON TORr BB BSGRERYBY Rulng ik 7o einyjapetpte exane.
hept - 2t®neyiid: Q&Q)(BO;%)aNBPt( 112Cg, (MtH) 1®8ol ) was di ssolved in THE (30 nl)

and acetonitrile (30 nL) 10 and 0.5 M phosphate buffer (pH 6.5, 30 nL) and
hydrogenated over Pd/C (10% at 40 psi pressure for 6 hrs. The reaction

vessel wasswzmmtmuelmz |5R aoetylony) (7 dr -reaction mxture was

filtered, led tQ d to 8.5.
Tlhe ?lrftraccie L 2 é%ro'ﬂm#a ﬁpﬁ Ce)t hyl

acet ate. TB&QQ?QQ& tb]mégf-zma-zsmbaymb The aqueous | ayer 15 was
concent rated Anae! ol Jopasaidraddofs, -8 Lhtfabie Sl RUrG6e RET& Ry, The
3 mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
bicyclo[3.2.0]hept—2-ene-2-carboxylic acid 4-nitro-benzyl ester (1.16 g, 3 mmol) were
added successively to the dry acetonitrile (15 mL) solution of anhydrous MgBr::
O(Et), (1.65 g, excess)under an argon atmosphere at room temperature. After
25  cooling to —20 °C, EtsN (2.0 mL) was added in one portion. The reaction vessel was
covered with foil to exclude light. The reaction mixture was stirred for 2 h at —20 °C
and treated with acetic anhydride (1.04 mL) in one portion. The reaction mixture was
warmed to 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
30 hydrogeh 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).
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product was purified by HP21 resin reverse phase col unmm chromat ography.
Initially the colum was eluted with deionized water (2 L) and latter with
10% acetwnioBiopdzee water. The fractions containing the prodaEiuSes1Ras1
coll ected and concentrated under reduced pressure at roomtenperature. The
yell ow solid was 20 washed with acetone, filtered and dried. Yield: 420 ng,
38% as yellow crystals; np 190C (Dec); (MtH+Na) 368. 1H NVR ( DMSO d6) 1H
NVR (DMSO-d6) 8 2.38 -2.42 (m 2H), 2.69-2.89 (m 4H), ,6,57 1. H,
6.58 (s, 1 GhllectrdIsaqtions werg copeaurated qnql@)r.reé@%&%?@el@%ﬂ\?p@@rmﬁ of
(5R), (62) - {:8%R0h /1aRe HaMEE Qi Sllolv Binbohdlis lBemz ofidid:i azol
-2-yl met '?/%qé%g&-e%w{éﬁi tgﬁ?[ﬁ gfﬂbi cyclg{oe?ﬁ?%&hept - Z-ipne- 2- (ﬁ%r boxylic acid
Step 1: Prg@aatM.oh687C;dMyl) 6806, 7, 8-t et r ahydr oi ni dazo
2,1-bl 11, 31benzot hi azol e- 30 2-carboxylate. A m xture of
2-chl orocycl ohexanone ( 1 100 mmol ) and thio 1. _mmol)

i (B 6:(7 §H 3.4 i 1th

was refd uxgtk . Al
_r)I(_:_I i3 8B A Abf

cooled to roomte at Uy
12.0 g 1%@%@5@6—

anhydr ous eNitﬁtfb@hzy(l-lﬂQ)-M[()acetwdxss)daj&dfhyubo-l&blx%@pe("@[%“]@)“’agglo%l ). To this

ethyl bro vat 5 .0 cpnd stk ) erature
For2 . DBl pe Mo s S - S BRL o R e 2 e
was cool edcdrboxyRmen 1.2 gpeoahmo vasdissolved it THE €30 mithend asetanirileed sl)

pur 1185 g €Y pEeRERl R (AR AT iy Bisph e ol ECIIR 07y

romat o
acetae: hexmps présdre Besihs dihedeadtionlvassed was goyaedywithNpiHoseludglightest er was

reduced with LiBH4 and the result I (SbEGFhMddaqqst i ve 10
Mh02. The rl‘%l@?ﬁﬂ%’ TEEYP NS f@/ﬁ'éedt §€%%@{°8§Ir;\tg’x ”\ﬁg‘?ég@.(“%?e?g%: Preparation of
4- ni t r obenzyjlist{3RpHGo B(5aCRefilivate W(E5, d®nTerBartecbandithpcdiovepisi@yeTwasL- bl f
1, 31benzot hi gzol -.2- V] ) nethyl | =,_6- <= -4-thia-1 LSYCl;
L S0t i AL, 1S P bl RS e
5, 6, 7, f5 t evaabyribeniraicdandb2hidh baguLnBatdmAbiogive alyelav peecipipige@e (412 ny,
2.0 mmol) and . the dry E Lut L. f ¢ hy. Initiall
6S) - 6- br onB~ ggmsdql{rﬁﬁgyﬂ-%%a_reélﬂ'Pe\;e?Qe Mse%oluﬁﬁﬂzhfoma ography. 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
20  washed with acetone, filtered and dried. Yield: 420 mg, 38%; as yellow crystals; mp
190°C (Dec); (M+H+Na) 368 .
"H NMR (DMSO-ds) "H NMR (DMSO-dg) § 2.38 -2.42 (m, 2H), 2.69-2.89 (m,

4H), ,6.57 (s, 1H), 6.58 (s,1H), 7.36 (s, 1H), 8.53 (s,1H).

25 Example 19
Preparation of (5R),(62)-7-0x0-6-(5,6,7,8-tetrahydroimidazo[2,1-

b][1,3]benzothiazol-2-ylmethylene)- 4-thia-1 -azabicyclo[3.2.0]1hept-2-ene-2-

carboxylic acid

Step 1: Preparation of ethyl 5.6,7.8-tetrahydroimidazo[2,1-b][1,3]benzothiazole-

30 2-carboxylate.
A mixture of 2-chlorocyclohexanone ( 13.2 g, 100 mmol) and thiourea (8.0 g 101
mmol) was refluxed in ethanol: THF ( 1:2) for 16 hrs. The reaction mixture was

cooled to room temperature and the separated white solid was filtered. (12.0 g
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bi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid 4-nitro-benzyl ester (770 ng, 2
nmmol) were added successively to the dry acetonitrile (15 nL) solution of
anhydr ouswbpB023280 Q Et)2 (1.2 g, 3.0 mml )under an argon RCEASPHENS1 at room
tenmperature. After 20 cooling to -20 C, Et3N (2.0 nL) 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 treated with acetic
anhydride (1.04 nL) in one portion. The reactj n m Xt ur e was dtoOC
and stirr estpheated)d His wes diseplverhia aahyaighe eti@gol; P%F&WQ&{?W%‘?W OXlffet at e

and washe t l¢ 4 1 SPdddedted ssiodd am 25
hydr ogen g(a\gb%n%gﬁﬁn%‘ ngbgn@&h?l %’;H%gﬁ\éﬁleé% aoigebrwwas Ciﬁq R %ﬁ O4) and

filtered mbmdaglheeattpradObZ hselThem it wesdeiiigd fRIAaRIen &Yt N acetate.
The filtr %%%@%s% %F@&rﬁ%rﬁ&fﬂﬁtﬁré 5SS RIr RS UTRe rddidud ead due was
Ica e

applied to si mato hy, then the col um el ut ed
wi th etshyl emaetedmth Mafwn(alldMaShewe Bé’ﬂat@rr é@ﬁﬂfﬁ%u‘&é‘faé pHBﬁ\EﬂFEW rated

d d 0 Redk t
Phe next - Syiea-SHL BB intolRnRl Kl gl s et e o 654,

Step 4: PrmmfwtldoYleldfGQW%/GZM*lﬂ 2»lo- 6- (5, 6, 7, 8-t et rahydroi m dazof 2, 1-
133 WO 03/093280 PCT/ US03/ 13451 bl[Il, 31benzot h| azol - 2-yl net hyl ene) -

4-t hi a- 1- azabi cycl of 3. 2. 0O1lhept - 2- ene- 2- carboxylic acid 4 nltrobenz I
(5R) - 6- [ ( aTiet gitenyag Gdbicdd Bith biBthtapditos rAsYA[ ODDb‘}’TS:P’SSF'B%‘EtS'? Rt a'fm 2-
yl) met hyl ] fopcl 0 [3.2. 0] hept-2-ene-2-ca
rboxylngtt eMﬁéggfh%?%%hy(a?%?%%%\r’?&vﬁgén |ssoned in THE (20 nL) and
acetonitrile (10 m.). Freshly activated Zn dust (5.2 g) was added rapidly

with 0.5 hasphat e bl ef 4 CikbSar cetyiBRy)(58Gi8-0on vessel was
covered w i M Xt ure was Vi gor ously
stirred fofetrAhpdrdimidaral2.dhik,3 anmthl ol-2eyBimethwll1f-brome-7,@x0-4-4 ar ed,
cooled to 3 and G ..o adjust the pHto 8.5. The 10
filtrate v@@ﬁ@@!& ; 1 ed t he aqueous | ayer was separ at ed.
The a%JGOQSﬂ@-&&fah\ﬁa@wﬁﬂaﬂﬁzﬂFtﬂpe}:]benzdﬂnazloiagh-caw@lﬂﬂéh\/@ﬂ 882C mg, gPPe a
yellow precipita The 3 _phase
Lol Drieh 558 B g TR BRGREL oL B SR e et !

wat er (2 L%lcﬁﬂ&{ﬁZ@O]h@(Bt-z -ghd-b- cbfbkixgalmeaadl 4-nittoebavzyle esteTHE79 rmag:t 2 omagol)
containing t

pressure alvef eﬁ%é@s"gﬁg %ﬁ] g'%’;ﬂgﬁ% it qgleg% gﬂ.&%@ﬂ:&ﬁ[)?gn%%% I\ﬁ@é‘“c ed

O(Et), (1.2 g, 3.0 mmol)under an argon atmosphere at room temperature. After
20  cooling to =20 °C, Et;N (2.0 mL) was added in one portion. The reaction vessel was
covered with foil to exclude light. The reaction mixture was stirred for 2 h at —20 °C
and treated with acetic anhydride (1.04 mL) in one portion. The reaction mixture was
warmed to O °C and stirred for 15 h at 0 °C. The mixture was diluted with ethyl
acetate and washed with 5% citric acid aqueous solution, saturated sodium
25  hydrogen carbonate, and brine. The organic layer was dried (MgSOs) and filtered
through a pad of Celite. The pad was washed with ethyl acetate. The filirate was
concentrated under reduced pressure. The residue was applied to silica gel column
chromatography, then the column was eluted with ethyl acetate: hexane (1:1).
Collected fractions were concentrated under reduced pressure and the mixture of
30 diastereomers were taken to the next step. Pale yellow amorphous solid; Yield: 980

mg, 77%:; M+H 634.

Step 4: Preparation of (5R),(62)-7-0x0-6-(5,6,7,8-tetrahydroimidazo[2,1-
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washed with acetone, filtered and dried. Yield: 120 ng, 20% as yellow
crystals; np 250C (Dec); (MtH+Na) 382 .'"H NWVR (DMSO-d6) 6 1.9 (m2H), 2.5
(m 2H), 803893280 (m 4H), 6.6 (s, 1 H), 7.1 (s, 1 H), 7.%®Ctajsoy1¥y; 8.1
(s, 1 H. 20 Exanple 20 Preparation of

(5R), (62)-8-1(9-net hyl -9H i m dazof |, 2- al benzi m dazol - 2-

yl) met hyl enel - 7- oxo- 4-thia-1-azabicycloll3.2. 0lhept-2-ene-2-carboxylic
acid Step 1: Preparation of 9-nmethyl-9Him dazoll 6 2-al benzi m dazol e- 2-
car bal dehykl§t,3lenzothiazal2eyimathyleneind-thiar]-prapicyclod.2,0lhept-Zienese- , THE 5t
0C, ethyl é) gg;(hlﬁlagld-l- I m dazo[ 1, 2-a]benzi m dazol e-2-carboxylate (2.5 g,

10.3 mmol) drop wise. The reaction mxture was refluxed for 2
hrs and cothidbeazyl (BR)-6-apetylaky) (%6, 7B tetraydreigni¢azgld, {-bii,8IheRethiarel?-i cve

cold water an idified wt . : | '

stirred at y'ﬁ'&%ﬂﬁfe%@Pﬁoﬁﬂgxé%%%%%gﬁgaggg'mhggb%ie{] %QQK%%?M%BOX%BE e

; ﬁﬁ |y glrje_; Wamgeé%amrr&m) wis ]td.ialsblved i gHF (29emhirot acstonitrig 40 drlie dFiesblY |
ous ] ) | r : ' 9

(Wiy 202 tfgerzadnst T 2 e Rnaniat MR M Bloophil dfch (H B B8 - |

S;g c][ i2I ;Jndmla)_ ngé fafmﬂmgvma;j\'gasg cnsvereNWiéT foil he exahugs light.omhe reggiian Bixtyext ur e

ered an 1 i
puri fied b‘ﬁya@vﬁgfr?:ﬁ?%ﬁﬁ}%%?%r t%)ga(rgaﬂé%/:‘/ Eé%r%ttﬁféﬁg ?%OVF\%? Eér{l%{llﬁqreqt rl‘?;alswas
gcet at ei _ hﬁilt(aﬁlétﬁf 4coB_rem\mb3oc; end WileNdNaGi3 Ovargaddesolp; adjugt e pddo 8seed he:
reparatiop o -nitr nzyl R).-6: f z | 5 | F

1, 2-al ﬁ%nzﬂﬁ?@a‘%ﬁ’ (‘Q’aﬁﬁﬁ(ﬁﬁtﬁﬁﬂﬁﬁ %?t%lteo%@& g'ﬁélo%gwéf)’]tg ﬁ?‘é@tl"{i%asz blraéé%: oPﬁ dazo

3. 2. 01hept aguedine - ldysrawhe conagrdrated under high vacuum at 35 °C to give a yellow

and the dPFORIERsol LS SICTE0 W) TofiEry SEZIG e s teyse RsBlpodmi TE0)

bi clycl o[ 3. BnGinaemiraphye tially tias baumhivasaitdd vith] deianizesnwater @3e@nd(at g, 2

o anhydr ot Bt seetorigleryatey 1 The i8S chyirk@liodc fieie corbrch R (B

roo;n_ t%m_?ﬁ@idéh&ateﬁfur@m reduzied rpge&s;ure 20 r@om EerBperaRire @ngﬁd@wé@ﬂfégvasn one

portion. e reaction vessel S 2d W hho ' .

reaction ni"’?frﬂﬁ'cgw{)\%éc’%tf)??’rfgt&re\flgg?ndzgrﬁevqgﬁ éh}\(l)\1 %hmgﬁ%é ﬁ g%? ée(i@ W § ‘Fltélg’g@:pi cThe

gngydr y de _fzéo"@g(gfsc);)(mmmw 3pRI'H NMR (DMSO-ect 1 8r(mzht) 122 (Ma2H)L 8. 2id¥ned to

and st I(n%,er), B%r(s,l?H)r,] 7<_311t (S(,)“%, 7T§1& rﬂ_lité..l,l’ ?s“f’ﬁ? diluted with ethyl

20 Example 20
Preparation of (5R),(62)-8-[(9-methyl-9H-imidazo[1,2-a]benzimidazol-2-

yl)methylene]-7-0xo0- 4-thia-1 -azabicyclo]3.2.0lhept-2-ene-2-carboxylic acid

Step 1: Preparation of 9-methyl-9H-imidazo[1,2-a]benzimidazole-2-

carbaldehyde.
25  To stirred solution of LiBH, (1.79 g, 82 mmol) in THF at 0°C, ethyl 9-methyl-9H-
imidazo[1,2-a]benzimidazole-2-carboxylate (2.5 g, 10.3 mmol) was added drop wise.

The reaction mixture was refluxed for 2 hrs and cooled to room temperature. Ti was

carefully quenched with icve cold water and acidified with Con. HCl to pH 4. The

reaction mixture was stirred at room temperature for 1 hr and basified with K,COs.
30  The residue was extracted with chloroform;methanol (3:1) and dried over anhydrous

MgSO,. It was filtered and concentrated. Yield. 1.3 g (65%). (M+H) 202.

The resdue (1.3 g, 6.4 mmol) was oxidised with MnO, (5.0 g) in CH,CI, under

refluxing condition. After the completion, reaction mixture was filtered and
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acetate and washed with 5%citric acid aqueous solution, saturated sodi um
hydr ogen carbonate, and brine. The organic |ayer was dried (MgSO4) and
filtered wohpoexzBo a pad of Celite. The pad was washed wi t IrCEtUSYS/1H6EL at e.
The filtrate was concentrated under reduced pressure. The residue was
applied to silica gel colum 20 chromat ography, then the colum was el uted
with ethyl acetate: hexane (1:1). Collected fractions were concentrated

under reduced pressure and the m xture of diastereonmers, were gken to the
next st ep.coRaérérajas. ltovasapisiiiod b SIQosqlémn eheomatography %eluwéwm 628. 25

Step 3: Pr n lid, Yield. 330 mg (25%); (M+H) 200.
(5R), (62) e&%ﬁ@@ét'a% Hg)ltanSHBlronwndsaozlo IleZ al ber?z(l mogla(zol -)2-

yl ) met hyl enel - 7-oxo- 4-thia-|- azabicycl of 3. 2. 01hept - 2- ene- 2- car boxyl i c

acid 4-ni .

(5R)-6-[( ] 2- )nethyl]-

6- br omg- 7-imi@a kef \ Bty exo-pthiaflhoxvl ate: (1 g, 1.6

nol ) was di ssol ved i 20 m_ ang acetonltrlle (10 nmL). Freshly 30
azabjgyelol3.3.0ihept-cane-cLALAOAVIAEH y with 0.5 M phosphate buffer (pH

6.5, 28 f‘d-bnethl}hgl-mmmtzbm y]@ammudaasle@wmldemdeh(a‘a@. thgt b6 xuhaiiendi ght .

The reaction mxture was . vigorous stirred f t M ature.

The reactitBd Akt dié Wégmt'?’?lgéq LXCOCB] e ﬁt 6%582‘0'&“ 76%%*&@%%5 added

to adj ust gikeidph e%t-@-en-élf@carba)@lllmm#@ﬂiﬂaﬂﬁnmﬁﬂfﬁoW7D3¢@1 2 fraimneh) at e was

washed with et hyl acet ate and th e e .agueous

ayer Mas weRagHes suoaNaur Reghy saeanial B TRIg Y EnBigtns Wr

preci pi t atgEplha. ZOI’gO@L@th@lﬁmur iahi ﬁ@obwtlh'llaﬁﬂha’resatrroomv‘enmrqih@sé\fteol um

chromatography Inltlallyt el uted wt (2 L)

and | at t ercoligg ta—-2Ab s delel %5@%’@5@5@5 i Qi PPHIQR :}B%Zé%@h% ggsns\@?%%

product Welfef wigtidido @qudé?@gﬂﬁeﬂ'hé&baﬁlounﬂmure MS@GdeqbeES?slmab—m ‘€oom

t enperature.

th t t d d.
Vi o d - 1acansreased i ostn rsuriis o O B e s ceaclapnffEle 88 1 i
( DMBO-@6) \Rardell 105030 and sfrded for 15, atED 56. (Ehe m]xttlrﬁ)a w% Oilitecs with gyl 7. 21

(Exarrpl 2') 21aqa,t@(9ag%gl\6q§r@p Wlth(gldo mtr@ aC|d aqugous s'g}utlo§ LafFatdd Hodiddl

(5R 62)-7- ddibb ikt N2 brir®. : 4h6 Tirgarapjayanosg dBied | (Mgbiod) and filtered

Y5 eal ) eng) - A Thi a1 aeabi cycle 3,2, O NeBl A el 2 GAIROPHD s Sodi um

concentrated under reduced pressure. The residue was applied to silica gel column
20 chromatography, then the column was eluted with ethyl acetate: hexane (1:1).
Collected fractions were concentrated under reduced pressure and the mixture of

diastereomers were taken to the next step. Pale yellow amorphous solid; Yield: 330
mg, 31%; (M+H) 628.

25 Step 3: Preparation of (5R).(62)-8-[(9-methyl-9H-imidazo[1,2-albenzimidazol-2-
vl)methylene]-7-oxo- 4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
4-nitrobenzyl (5R)-6-[(acetyloxy)(9-methyl-9H-imidazo[1 ,2-a]benzimidazole-2-
Ymethyl]- 6-bromo-7-oxo-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylate:

(1 g, 1.6 mmol) was dissolved in THF (20 mL) and acetonitrile (10 mL). Freshly

30 activated Zn dust (5.2 g) was added rapidly with 0.5 M phosphate buffer (pH 6.5, 28
mL). The reaction vessel was covered with foil to exclude light. The reaction mixture

was vigorously stirred for 2 h at room temperature. The reaction mixture was
filtered, cooled to 3 °C, and 0.1 N NaOH was added to adjust the pH to 8.5. The
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Step 1: 2,3 di hydro-4H-thi opyranol2, 3-bl pvridin-4-one: A solution of 14 g.
(61.6 mol ) 3-(3-Carboxy-2-pyridylthi o) pro pion ic Acid [prepared as
descri bedwpre3lop3280 J Het erocyclic Chem, 37,379(2000)] andPC%/us03/1851 nmol , 3
eqs) of 20 anhydrous sodium acetate, in 200 nL. of acetic anhydride was
refluxed (160 C) under stirring, N2 atm dry conditions, for 2 hours.

Cool ed, diluted with 300 nL of water,basified with 30% anmoni um hydroxi de

solution to pH 8-9, extracted with 3x200 nL chl orof orm Conbined l(1)rgan| cs
washed wi tifratg 8Gsrvashed; with BihylagsiRigtand t{‘%é’twe@'cﬁ? §ayewt'=‘%rsea?fa

evapor at e%qu?@ﬁ)a_’ye?g%as( &?n@enﬁ’étea hgnde tHigh GRBRAH NG, 35 egdios bive 25 e d,
m p. 66- 8
4- chI or o- Drecipitaty r Jhef Qro'dbptpwaﬁdp‘r'féﬂeﬂ @)ﬂr'Bg%e'l??tﬂ‘erevﬁr%eolpﬁ??%nco&fm% 6g. (43

, 1 eq), o dérgﬁﬁgy%ghggﬂm%wx%lu%d #8s blﬂlté’oow?ﬂrdéi%hlﬂé!d Qatr (zln ) @and qtetewas

dr opW| se a 25 eQs anhydr ous 30 m? rmam de
(0 R 5T it Restenitetveerc G TAcHpi Coltainng dom bEpckEk eSie GONER R 2N
tenper at urc% REL& O?ci]élﬂgér r%zigggw r#%%su?e' étrr%gmatren{%grétgfe 2Theyekow e6id adsto 0 C,

and a solu ron

di hydr o- 4I*Hvastmedwgmhaan§>|_t®63fllbqrp‘9/lahdldﬁledf—YIQWe 11)49i P 2,;5,%,@5 YRHPW PSSP or i de

was drop - 2B9 6.56 (s,

PCT/ US03/ 12}3)5(?%%(5 Wﬁ# ?)Z%P MQ@F]%@?SO %S}g@ %?e%f%ﬁ eg i ce(sodl um
acetate 4:1H)Y .0 ys,elH), 21 iadHad it hHY 5650, i), redhigh Bhe8dHPdF)de, conbi ned
organi,cs washed with water, dried, evaporated, gave 7.76g (68% of the
title! onpound, browni sh soI id, mp.56-8 C, (MH—|) +=212.6. 5 Step 3: Ethyl
4H-t hi enol 2' 3' 4, 51t hi opyr anoF2, 3bl Examble@12 car boxyl ate: To a sol ution of
7.59. (35 mml, 1 eq.) of 4-chloro-2Hthiopyrano[2, 3b]pyridi ne-3-

car bal dehyde in 250 nL of nethylene chloride were added (under stirring, N2

atm dry P__(?%%rhh@ﬁ%} (5R,6%)9- g)aﬁemlthubna[aé,asl mmaﬂ_mm&i ate,
ml 2_ eqs | a )

and 7.2 g.

chl oride. RAM4 : b -t :
or ganisgs separ at ed, wat ers extract ed tt 4x150 m. of met hyI ene chI or| de,
conbi ned organi cs dr| ed, evaporat ed. Idue purified on a silicagel

col um, usi ng hexane: et hyI acetate 3: 1 as a solvent, gave 7.6g. (78% of

the title ¢RUPEUNDginaks AW-thioptAcl2. 3B Byridik3aon6; (MiH) += 278.3. 15
A solution of 14 g. (61.6 mmol) 3-(3-Carboxy-2-pyridylthio)propionic Acid [prepared
as described in lit.:J.Heterocyclic Chem.,37,379(2000)] and 15 g.(185 mmol,3 egs) of
20  anhydrous sodium acetate, in 200 mL. of acetic anhydride was refluxed (160° C)
under stirring, N2 atm, dry conditions, for 2 hours. Cooled, diluted with 300 mL of

water,basified with 30% ammonium hydroxide solution to pH 8-9, extracted with

3x200 mL chloroform. Combined organics washed with 2x60 mL Sodium bicarbonate

(satn.sol), water,dried, evaporated, gave 2.8g. (27%) of the title compound, reddish
25  solid, m.p.66-8° C, (M+H)'=166.2.

Step 2: 4-chloro-2H-thiopyrano[2,3b]pyridine-3-carbaldehyde:
A solution of 6.6g.(43 mmol,1 eq) of phosphorous oxychloride in 30 mL methylene
chloride was dropwise added to 3.95g (43 mmol,1.25 eqs) of anhydrous

30 dimetylformamide (0° C, stirring, Né atm, dry conditions) with such a rate to maintain
temperature between 0-5° C: RM was stirred at RT for 2 hours, cooled to 0°C, and
a solution of 8.9 g.(54 mmol,1.25 egs.) of 2,3 dihydro-4H-thiopyrano[2,3-b]pyridin-4-
one in 30 mL of methylene chloride was dropwise added over a 20 min. period. RM
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Step 4: 4H-thienof2', 3" 4,51t hi opyranol 2, 3blpyridi n-2-ylnmethanol: To a cold
solution of 7.5g.(27 mml) of Ethyl 4H

t hi eno[ 2'80:04/08328ki opyr ano[ 2, 3b] pyri di ne-2 car boxyl ate i nP8@MSH¥/133F1 dry
tetrahydrofuran (0 C, N2 atmdry condition) was dropw se added 60 nmL (60
mmol, 20 2.1 eqs) of 1 Mcold solution of Lithium A um num Hydride in
tetrahydrofuran, and RM stirred at RT untill the SM disappeared (nonitored

by TLGMS). Cooled to 0 C, RM was enc u rmc acid
sol ution tradat RAIfopHasurspryred PY@’gféu 3 CTO@P“% %B%rééll\qu'ﬁ t%r ed,
filtrate SKdraael §ity %’th‘h& %@%%efmﬂénél m.d@hb@ﬁbud@d o@@mbs neshed withiaserdr i ed,

evgp(i;zzit 2 @23 vwae HP' ra;a:l g(%él Z/() 763t(@%%@5of tﬁn%l_tlglglcgﬁlgggnéj brdwr¥ s% scﬁ\éym p“-_’\56(3é0ySt al's,

2', 3 4, 51td1( y? 3blpyridin-2-carbal dehyde: To a solution of 3.0
g. (12 8 mol @ 4H—t ieno[2',3" :4,5]thiopyrano[ 2, 3b] pyridin-2- yl met hanol
in 2005nL of chloroform was added 9.0 g.(80 mmol, 7 egs) of activated 30

manganese(de) 3X1 gy ARghishb ’141 @ﬁ’io ﬂ\% 28b i'lﬂﬁ)e i\lea laté or 12 hours.
Filtered evapor at e EE e purlfled on

a silicagélo a:sd>lumn of §59.d32 ﬁﬁn@{j ’(86%0f 6f°h{°|ﬁ‘é'2l"rtP'P8yré‘B?| Ndipgrd-ow
srystals, dibigeiias r&%ﬁ&ﬁ{t?f Eethﬁéf’e &lorﬂdywé/e@a@aé@aﬁ,agastﬁﬁ?@ U501 3451

Step 6: 4-1i acet yl ox 4H thieno 2', 3 ]Qt hi Pyrano
2, 3bl pyri d:iryledndrthgnsbrett hgl(89 gyl drbeds) Lmﬁfcgp’qoacetafe and 7

azabl cl of% ﬁ%gq%?erb%%etg}aﬁg%ﬁjﬁl_'gg)?mhéﬁrﬁeth&l@né cﬁl@ﬁdﬂ@qlil\ﬂlb\bésrreﬂllxeﬁ k@sk,

flushe re a I eno thlopyrano!Z 3b] -
pyri di n- 2-foardqletehgd witd .16 mL( of Wemmanlcseﬁfparat%wréﬁé r ("55 m),

anhydr ous ﬁ)%b H_S @jﬂéwgné’mﬁ# ZofhbiRgRl or%émés g,q?) evadnes qa@s.d}@Br 2, and RM

stirred at was a .5 n(14 mol,5. 4 eqs) of
anhydr ous gurified bylacsiicagel counm. usingienger:eihy! aastate BN IR FeiMeRit 938 20 ), and

0. 9549 (2-Pog by Pt b cBRBEBAENMMER DAL 3o, AMSS (Rt &4 21580 10 O

eqs) of acetic
anhydriisde was added, RM stirred for 15 m n and kept at 0 Cfor 12 hours,

evapor at eck g ¢ dhhopsO5LaChi B RG2St HlindXyBRetfnet Nyl acet ate.

Organic s evapor at-ed, - ana res Jourl Tred an a silicagel colum
(sol vent Waneldesohylbn@téﬁat(mmnlc)l) Ofg%ﬂml M. 880 g.(52% of the title

conpound, el Low S iobyiAbe, stb ez Sarboxylate in 300 mL of dry

tetrahydrofuran (0° C, N, atm,dry condition) was dropwise added 60 mL (60 mmol,

20 2.1 eqgs) of 1M cold solution of Lithium Aluminum Hydride in tetrahydrofuran, and RM
stirred at RT untill the SM disappeared (monitored by TLC/MS). Cooled to 0°C, RM
was quenced with aquous 2N formic acid solution to neutral pH=8, and stirred at RT
for 2 hours, filtered, filtrate extracted 4x 200 mL methylene chloride, combined
organics dried, evaporated gave 6.0 g. (94%) of the desired compound, yellow

25  crystals, m.p.1 12-4° C, (M+H) "= 236.4.

Step 5: 4H-thieno[2’,3":4,5]thiopyrano[2,3b]pyridin-2-carbaldehyde:

To a solution of 3.0 g.(12.8 mmol) of 4H-thieno[2',3":4,5]thiopyrano[2,3b]pyridin-2-

ylmethanol in 200 mL of chloroform, was added 9.0 g.(80 mmol, 7 egs) of activated
30 manganese(lV)oxide, and RM refluxed under stirring, N atm., for 12 hours. Filtered

trough a celite pad, filtrate evaporated, and residue purified on a silicagel column,

gave 2.5 g.(86%) of the title compound, yellow crystals, m.p. 93-5° C, (M+H) "=

234.4,
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15 (MtH) +=661. 6. Step 7:

(5R, 6Z) - 7- ox0- 6- (4H-t hi eno12' , 3' : 4, 51t hi opyr anof 2, 3- bl pyri di n- 2-

yl met hyl ewe)o34912Bi a- 1- azabi cycl of 3 2 A hept - 2- ene- 2- car boRgIriusozci4dl ( Sodi um

salt) A solution of 4-nitrobenzyl (5R)-6-[(acetyloxy)(4H 20

thieno[2',3 :4,5]thi opyrano[ 2, 3b] pyridin-2-yl)

nmet hyl ] - 6- br onp- 7- oxo-4-t hi a- 1- azabi cycl o[ 3. 2. 0.] hept -ene-2car boxvl ate

0.8g.(1.21 mol, 1 eq) in 40 L THE and 40 nlL phosphate buffer solution

( pH=6. 36) Step 6 enzy(BR)6-He an hours in the presence of 0. 4g.
N

;’g! Lgf';gmt 3.0 Myl bW rloxbar-thiad. filtrate
J v : esidue purifred on a reverse 25
ghigg Colzuafmb!mmf 3hlmmgpt-aneﬂgammo ACN/ water mxture as sol vent, gave
2008 kg ’td(‘%l(/éb C@”r%ogi‘?@ Wgh%f%aymal ¥ m6p5§6§ 1 Ei) (7M2F;D( g1
g%/ (7)9§§8(() &E@n%sg’ :48]tHspyitanall, 3b]|7 pyrﬁzi:lnﬁ-ﬂ schrhdidethyas O(Gg, (L21571ynm0ﬁ 3038 WO
e

(5R, 62) - 6-3 dfr?éﬂﬁﬁj*\stégé“ld:ﬂ 6%#5“@&%%@%% fgf%%mé“% b £3201 of |
0|5h2:oltovr2 I rarﬂiyﬂro%sﬂbdmté]w Riestirréd ak BT 4ot 30 minl To5haE<ézbwe§/e¢ld:ed32 2 mL(14

ene- 2- car box c .aci di um
(5 Not hyl 8Pl aria & antyagDs i BRI, s, o Ryt FRFPRAI BRS¢
érg ngl 8:‘/“2 m;?g%:?d@b%égﬂﬁ?gg?ﬁ&)afhsromndemmht\mmaﬁdehasRM/ﬁEfeﬁ@&ﬂ@a 3.78

e r

H 1, 204] t¢) fé?ﬁ@ 1°‘§) eGSR gﬁadurgo%mq_zg rﬁlﬁl%c)Pt]S%FL;?ano d%@q%anhy%rlg?ur e was
g rer}‘L | UﬁS f\g%s n%@ddtmﬁawssntr@aefar 15 mivaand ket et 0HO e tzohcmss: eyadorategifeent rated to

n e e d
o i b e | ARyt 0 and
directly fadd ﬁea@uez:snﬂ@tapa smgaeauammuyenthew@w@)cetag51559(awsa 1 H OH

o or), 2 6 br Geby? soRpB) ol iffaR i PP L, 21 G2 -

6. 8Hz) , ﬁng(
8- Vet hyy - 6 (Mt Faadre- SH- cycl opentafdl f1,2,41tri azol of 1, 5-
al pyrimdi g&ap 7: C%Q%Eg?%d -6-(4H-thieno[2’,3’:4,5]thiopyrano[2,3-b]pyridin-2-
vimethylene)-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (Sodium
salt)
A solution of 4-nitrobenzyl(5R)-6-[(acetyloxy)(4H-
20 thieno[2’,3":4,5]thiopyrano[2,3b]pyridin-2-yl) methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0.]hept-ene-2carboxylate 0.8g.(1.21 mmol, 1 eq) in 40 mL THF and
40 mL phosphate buffer solution (pH=6.36) was hydrogenated at 40 psi for 3 hours
in the presence of 0.4g. Palladium on Carbon 10% catalyst. RM filtrated trough celite
pad, filtrate adjusted to pH=8.0, concentrated in vacuo, residue purified on a reverse-
25 phase column (amberlite), using 5%..10% ACN/water mixture as solvent, gave
0.103g.(21%) of the title compound, reddish crystals, m.p.362.4° C, (M+H) *= 409.5.
1H NMR: (DMSO-dg) & 4.12(s,2H), 6.49 (s,1H), 6.53(s,1H);7.22(d,1H);7.34

(s,1H);7.41 9s,1H), 7.76 (t,1H);8.28 (d,1H).

30
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20 To a round bottonmed flask was | oaded 0.17m of DVSO and 1 m

di chl oronet hane. The m xture was cooled to -50--60C. Then a m xture of 0.1
m oxal | ywoaoblgx2gde and 2nl di chl oronet hane was i nj ect ed PCa/tisns/e45he fl ask
all at once. The m xture was stirred at the sane tenperature for another 5
m nutes. Then 0.174 grans of (8- Methyl-6,7-di hydro-5Hcyclopenta[d][1, 2, 4]
triazolo [1,5-a]pyrimdin-2-yl)-nethanol in 25 2 m dichl or onet hane was
added within 2 mnutes. The m xture was stirred at -50-s- 60C for fifteen
mnutes and 0.7 m triethyl ani ne wExamle 22dded. After another five

m nutes the reaction nmedia was warned up to 23C and a m xture of 20m water
and 200m dichl or onet hane was added The organl c layer was dried over
magnesi um sul fate. ] Saainyeroeldnt r at e t he

filtrate yi e)%%ngi%)é&%ﬁih

H- NVR( CDC13)S¥E 3H,

CH3), 2 44 (m 2H,azGH 9,012 131606 28 ArBEIicSES tep 3:
Preparation of 4-nitro enzyI (5R)-6-1[ (acetyl oxV) ( 5- et hyI -7, 8-di hvdr o-
6Hcycl opentalel Fl, 2, 41triazol o(1, 5-al pvrim di n-2-yl ) methyl | - 6-brono- 7- oxo- 4

- thia-1- GQf?%bf Wﬁbé’:{a@ioﬁ dils Wﬁ@ﬁvl?emmﬁrezm-boxvl ate 5
8- Met hyl - drnydro-SH-cyclopentaJd]|1,2,4]triazol ol 1,5-a]pyrim dine-2-car

bal dehyde cyclegentald1H.Z4lthazalo8aloyamiding2-y| on (20 m-) of (5R
6S) - 6- bron:?oZrQu botto?ge'éj?alsk%@'ldﬁo%\ﬁ@ﬁﬂéra%sodf@éﬂetﬁc}@lb@e&aﬂalﬁélw ic acid

4-ni tro-benzyl wer e added succe%m ve he dry

acet om@ri gren(slcﬁ (5=|A)me@rl Ht[qgrﬂ]tﬁfﬁzgir%wziwnj?ba%@@ 2 o)xéetk\%noé a ©3.0
ol ) undermg&ng \Aga%r}eﬂﬁ%gsf@h@'l%@é TREM: WaBRBbIRE Wbk to %@éndlom ing to -20
n

C, Et3N (2 one portion. The reaction veg(sﬁee was covered

with foil camoematadéo BmghThemwlreéladeﬂ@ﬁWﬁ@d%a%@eéftr??'i" P8F 2 h at -20
C and treaped Wiy d?:ﬁﬁ?r[)&rg?j flideden 6 éré?ﬂs Bt prbdludi e d@ﬁ{ﬁwﬁdwaﬁee@ eact i on

m xture was War e stlrre m xture was

di | uted wi tireotly lfgrlth&ﬁe)@t@mpai\/ts 2A8. 2\(M$HdevNMR(EW§@? tarﬁ \5)5(5(:1?'13 A ’Sous
| ut dsg )
nggr ! ﬁés 5%‘5& %g%g—? dZI?%I ?'erzlg" Qltq?]rougﬁezaH ?;gb (??Iegg{?tg% ﬁgﬂgég was

washed wi t BH8}, 1Ry27 aneﬁhhtC&JZ)The filtrate was concentrated under reduced
pressure. The residue was applied to silica gel colum chromatography,
then the col urm was el ut ed W|th et hyl acet at e: hexane 1), 20 Col I ected
fracti ons Sespe2: Upthe [ s € tal g Altria

a]pyrimidine-2-carbaldehyde
20 To a round bottomed flask was loaded 0.17ml of DMSO and 1 ml dichloromethane.
The mixture was cooled to —50~-60°C. Then a mixture of 0.1ml oxallyl chloride and

2ml dichloromethane was injected in into the flask all at once. The mixture was

stirred at the same temperature for another 5 minutes. Then 0.174 grams of (8-
Methyl-8,7-dihydro-5H-cyclopenta[d][1,2,4] triazolo [1 ,5-a]pyrimidin-2-yl)-methanol in

25 2 ml dichloromethane was added within 2 minutes. The mixture was stirred at —50~-
80°C for fifteen minutes and 0.7 ml triethylamine was next added. After another five
minutes the reaction media was warmed up to 23°C and a mixture of 20ml water and
200mi dichloromethane was added. The organic layer was dried over magnesium
sulfate. Filter off the drying agent and concentrate the filtrate yielded 0.153 grams of

30 product (89%). MS: 203.1(M+H). H-NMR(CDCI3)E & 10.24(s, 1H), 3.49(m, 2H),
3.15(m, 2H), 2.67 (s, 3H, CH3), 2.44 (m, 2H, CH2).
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di astereomers were taken to the next step. Pale yell ow anorphous solid;
Yield: 200 ng, 42% (M+rH) 631. Step 4: Preparation of

(5R, 62) - 6wDI03H93284 hyl - 748- di hydr o- 6H 25 cycl opental el [ 1, 2pP¢Ttusoaraabp 1
5-al pvri m din-2-yl)net hyl enel - 7-oxo-4-thia-1- azabicyclo 3 2

A hept - 2- ene- 2-carboxylic acid 4-nitrobenzyl

(5R)-6-[ (acetyl oxy) (5-net hyl -7, 8-di hydr o- 6H
cyclopental[e][1l,2,4]triazolo[1,5-a]pyrimdin-2-yl)nmethyl]-6-brono- 7- 0X0- 4- t
hin-1 - azabicycl 0[3 2. 0] hept - 2- ene- 2- car boxvl ate (200 ng, 0.31 mMmol) was
di ssol ved J (_) 3 YN ‘ pd®-buf fer

(6.5 pH)

pressure. pth aIms >
OlNNaO—Iwas add g The filtrate was vvashed W th
et hyl acett Fo—~ WO 03/ 093280 PCT/ US03/ 13451

separaged. The aqueous Iayervvasconctrat ed under high vacuumat 35 Cto
| | t at

Dhase col drMelh wﬁéﬁ%ﬁbﬁgﬁwgpﬁﬁt@&iﬁ%41%”‘%@0@@ e P areaé cver <e
ge' oni zed 483 &g ()275|-r)1mﬁr)%nhdlﬁé ary THF tsdsluﬂxlﬁf/()zamlt)mﬂ(ﬁlk,l 69)- GA0B0-T TG 4- d
ractions contal njng the re collect n er
reduced prtBigstpea- B’qul%[ér%qoa?ﬁf'ér'%'?%\?éarbﬁﬁ@'cy%qug ?tpo Pé@PQ&SP\g\asheg i
gggtc 0?38 ; hb%vﬁﬂel\gaé%d;gu@dsswyewthewy ﬁgetoglﬂiéé gwsmy)ewmmmfyasﬂwd@usrrp

o .
6. 25(J0  MgBr: @(Et)p(ﬁ']Z 93,0 Q’"% %%/5 r 3y ar& @°§%h§%)at E’H%t(e%gegl&b%re

Exanpl e 23Af’f_’ér%€fr3tb0-@00t EBR @O mb) was added in one portion. The reaction vessel

E3I7[ geghgi(%/\;:s;g&g&l[ w@] gplﬁ?, p;«}:{ﬁ%q \lﬂ%dﬁ%@qﬂ% gpé?re?/v% StlrQPd fﬁr 2 h at —20

azabi cycl 0°C3a|$d Qeétegtw.ta RREC anﬁ@rnaexy Enm@on @ne sodionm e IteaCt@rsmew@
Preparation of 2 roxymnet 1T A
cycl opent avas wWaprehi9 @ rfeand éﬁ?ﬁgi‘iﬂ N égé &WIm%@ }Ngg gﬁ%ounget%t t ored
flask jgas ééé%&i@daﬁd RfadhedwitRf 5%- @it Eidikrdqdenes kobdiohospiurated agodiuret hy|
ester, 10.3 of di nmet hyl f or mam rreth | acet al was 20
ref | uxed ah‘deQH?nf earbergte, h"i‘ﬂ?r E””erhgﬁeﬂg%% WgLas I ?3%&'\% ghmg?'gél%gnd
extracted M&%h% 2590k cdiiteh! THoopad haseavashbe withrdihyl edetateaiihe fiteate vaswas
washed w tcr:]onSCentrated under reduced pressure. The residue was applied to silica gel column
chromatography, then the column was eluted with ethyl acetate: hexane (1:1).
20 Collected fractions were concentrated under reduced pressure and the mixture of
diastereomers were taken to the next step. Pale yellow amorphous solid; Yield: 200

mg, 42%; (M+H) 631.

Step 4: Preparation of (5R,62)-6-[(5-methyl-7,8-dihydro-6H-
25 cyclopenta[e][1,2,4]triazolo[1,5-a] pyrimidin-2-yl)methylene]-7-oxo-4-thia-1-

azabicyclo[3.2.0lhept-2-ene-2-carboxylic acid
4-pitrobenzyl (5R)-6-[(acetyloxy)(5-methyl-7,8-dihydro-6H-
cyclopentale][1,2,4]triazolo[1 ,5-a]pyrimidin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylate (200 mg, 0.31 mmol) was dissolved in
30 THF.(20 mL) and acetonitrile (20 mL) and phophate buffer (6.5 pH) (20 ml) and
hydrogenated over Pd/C (10%) (200 mg) under 40 psi pressure. At the end, reaction
mixture was filtered, cooled to 3 °C, and 0.1 N NaOH was added to adjust the pH to
8.5. The filtrate was washed with ethyl acetate and the aqueous layer was
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brine and dried over magnesium sulfate. Filter off the drying agent and
concentrate gave 28 grans of
3- Di met hywerifered hyl ene- 4- oxo- pi peri di ne- 1- car boxyl i ¢ aciPdT/usbhyd4sest er.
This material (12.8 grams) was then |oaded into a round bottoned fl ask 25
along with 3.42 grans of (5-Amno-1 H[1,2,4]triazol-3-yl)-nmethanol and
100m 2- nethoxyethanol. The m xture was refluxed for 18 hours. Then it was
cool ed down to 23C and concentrated to 5ml. Then 50nl et hgé g)cterer. was
added and seperafede cThs aguesus Jayer Was cencsdiraied Wasthigh dAFREN 8b33iefudde 1. 5
grams of product 784 L( 16 Se Haslé)couﬂm%(s
4) 78(asyeq|§ﬁ'| pr‘?ﬁ até [ Tpg d}@“&ﬂéc PR EYHPRY Ssify 5 G, J= ko),
3 51 (t, Z:IHrorﬂatogrldpmy ' nitigty tnmcommn maselu:qed wﬂ@ﬁwnlzecmt%@ééﬁﬁé 85

EC-II% H?SIB{ 13g15ﬁ?cyﬁ§é§t§ %n ile: ?)’a%’prar@tel fgé?;tlgﬂ;]]st cé%nztal_nmg the product were collected and

ycI opest af@hnaﬁmtdsrhum r‘édUeEFCbplse,‘BISW@ alciogmeterperaiyieer The yellow solid was

2- Hydr oxynet y % vdr % 15 3%:; as yellow crystals; m
,3,4,7,9b "f)aesﬁ%g Dé‘ﬁ?gF g dre gl(lleel%e 7mg(’:ar OOngIC aC|ryd et h¥ ester

(831 ny, vl Ded)IaS\A-ﬂﬁrFNa:)r?ﬂ@d mmmf(lalvls;a d685@.8;ﬁ toy dHb-6.76(s, 1H), 6.25(s,

6H 1, a |0 n I Y car boxylic acid ethyl
ester (69013@82&@% %1}53)("@%%‘?%3@%2% ou |ned in exanple 22, (step
2). 10 Ms: 276.1(MrH). H NMR(CDCI3): S 10.24(s, 1 H), 8.76(s, 1 H), 4.86(s,
2H), 4.23 (q, 2H, CH2, J= 7.2Hz), 4 13I 2H, CH2, J= 7.2Hz) 3.39 (t, 2H,
CH2, J9 5.7Hz), 1.34 (t, 3H CH3, = 2) step 3: ethyl 2

f(acetyl oxy) ((5R) - 6- brono- 2-ff (4- nltrobenzyl)oxyl carbonvl } - 7- 15 oxo 4 thia
1 azabi cycl of3 2 hept 2-en-6 hyl | - 8

4l triazol o 1Preparatio RAL)-Pri
2-fornyl -8, 9-di hy : A 2ne)
)(;]Yl I(ER agls;j - EE hy aezablcvclo[3 2, Orirl?ept 2- m-z-ca%'oxvthc aclorl ysoT lezmss%

br ono-,£Z oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept 2- ene- 2-carboxylic acid

Iltuti on (20 n)

4-nitro-benzyl 20 ester (770 ] -ssivglx to the dry
acet oni t r i $tep(1t Pref 9 caif 2k - , g “Lyfd.drpentagza; - 5
mol ) under .an, alqs .4 Qﬁ&% @érbok ﬂm&e sRIakigre. After cooling to -20

C, Et3N (2Fo—m aaaed 0 T on. e reaction V? eqog; s covered
with foil T@aemmtomegilﬂaskm --'-‘-° Bfhgremet Qf deoxpaRiperiding-gaoxyico 1 at

reacti on rfS AFE S gL MR i sl A e i tur e

20  refluxed at 90°C for two hours. Then it was poured into 75 ml water and extracte
with 2x250ml dichloromethane. The combined organic layers was washed with 50ml
brine and dried over magnesium sulfate. Filter off the drying agent and concentrate
gave 28 grams of 3-Dimethylaminomethylene-4-oxo-piperidine-1-carboxylic acid
ethyl ester. This material (12.8 grams) was then loaded into a round bottomed flask

25  along with 3.42 grams of (5-Amino-1H-[1 .2 4triazol-3-yl)-methanol and 100ml 2-
methoxyethanol. The mixture was refluxed for 18 hours. Then it was cooled down to
23°C and concentrated to 5ml. Then 50ml ethyl ether was added and the precipitate
was filtered and vaccum dried to yielded 1.5 grams of product. MS: 278.1(M+H). H-
NMR(CDCL3): & 8.60(s, 1H), 4.98(s, 2H), 4.78(s, 2H, CH2), 4.22(q, 2H, J= 4.8Hz),

30 3.75(t 2H, CH2, J= 4Hz), 3.51 (t, 2H, J= 4Hz), 1.32 (m, 3H, CH3, J= 4.8H2).
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was diluted wth ethyl acetate and washed with 5%citric acid agueous
solution, saturated sodi um hydrogen carbonate, and brine. The organic

| ayer wasworoseeB2s¢ MgpSO4) and filtered through a pad of CelpcraiSoFmaspad was
washed with ethyl acetate. The filtrate was concentrated under reduced
pressure. The residue was 30 applied to silica gel columm chronmat ography,
then the colum was eluted with ethyl acetate: hexane (1:1). Collected
fracti ons were concentrated under reduced pressure and the m xture of

di astereomers were taken to the next step. Pale yell ow anorphous solid,;

Yield: 22 % \[@\{2%/ 0@32&)4?@'5/%1}3@33451 Step 4:
Prepar at i feR & ,a - 89ycar on P
t et rahydr ofe -7 § g yl gster

pyri m din- 2- yI I rret hyl ene} - 7- oxo t hi a-1-azabi cyclo(3 2

Ol hept - 2- ene-2-carboxylic acid 5 ethyl

2-[ (acet yl oxy) ((5R) - 6-brono-2-{[ (4-nitrobenzyl)oxy] carbonyl }-7-0xo0-4-this-1

azabi cycl A-Hygrowmeipy-82-gi{vErPhiTed fif 1P-RENGEERT °3¥8'°89”taﬁaél‘ a[pgthfl I-']e[ 1,2, 4]tria
zol o[ 1, 5- @a}lﬂbk!;/ﬁdl&di’d am—yVééiéi)(eealh’igmyhmb&w(aﬁzenvagtedaoZBme’Nl §,9vwifyd f-ssol ved
in THE (20 nmL and acetonit pH) (20
n) and hy& 65’&415?@?!?‘38?@?3’3’ p@t@%%p% e%?gg&gﬁﬁ&‘aﬁg%ﬁﬁ%st@ 6s‘_@)l(J)re

the end, ragcddopNidl)Xbyite prasedife bidite iadxampt 24 (step 3).C, and o 1 N NaOH
was addedto adj ust 't he Hto Lt thyI
acet at1é arMSIWQA HMJ‘@BU%" D\%g §1€§?’§ i) S?HSZ V\@auggég ?HX)“
concentratg4 asder high) ¥agyuLPHRICHS JETeIZPBBR (8 26 ICHRWI=Bridtz) pi. 34ite. The
product was '‘purified by HP21 resin reverse phase colum chronat ography.
Initially 3heChDIEM2HASs el uted with deionized water (2 L) and latter 15
with 10% acetonitrile:water. The fractions containing the product were

col l ected and concentrat ed under . € pey ature. The
yel | ow sol $gpy 2-Jrcetylo] : 4 , OXY]¢

2% Yeﬁ ov . |
4 74(m 2H CH2), 4.13
(q’ 2H,  J=elf1.24} L 3H, OB, J= 5.7Hz).
Eg(gﬁglz)e 24 Pr ren&faé gtdn%rr Iél 1_';_:, 4, 7 9 PﬁentaazaI %ci%ﬁeghaéa]na%hthalene-]:/-carboxyl|c
1,2, 4l tri aa@di ethy| estat gﬁﬁmagozlnmnolfz'an9 ey Tidip SplutioR 420 m?a Qf &R, 6S)-6-
azabi cycl o 3 2 O NeRLnia- LG BicGAb[BD0fhd -8 ed2-ca Rk SRld 4-nitro-benzyl
20 ester (770 mg, 2 mmol) were added successively to the dry acetonitrile (15 mL)
solution of anhydrous MgBr,: O(Et), (1.2 g, 3.0 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 mL) in one portion.
25  The reaction mixture was warmed to 0 °C and stirred for 15 h at 0 °C. The mixture
was diluted with ethyl acetate and washed with 5% citric acid aqueous solution,
saturated sodium hydrogen carbonate, and brine. The organic layer was dried
(MgSO,) and filtered through a pad of Celite. The pad was washed with ethyl
acetate. The filtrate was concentrated under reduced pressure. The residue was

30 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 diastereomers were taken to the next step. Pale yellow

amorphous solid; Yield: 220 mg, 15%; (M-+H) 703.
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Step 1: Preparation of 2-Hydroxynethyl-8,9-di hydro-6Hrl,2,41triazololl, 5-
al gui nazol i n-7-ethyl ene ketal 30 To a round bottoned flask was | oaded 15.6
g of 1, 4-woeBopesadi one nono- et hyl ene ketal, 11.9 g of dipegtusys/imsnam de
di mret hyl acetal, and the m xture was refluxed at 90C for two hours. Then it
was poured into 75 m water and extracted with 2x250m. di chl or onet hane.
The conbi ned organic | ayers was washed with 50mL brine and 143 WO 03/093280
PCT/ US03/ 13451 dried over magnesium sul fate. Filter off the drying agent
and concentrate gave 28 granms of

3- Di net hylam.no 2] 8arbbn |cg1ug@ product was then
| oaded |nts€{ 4B of t ong vma_ 1 lot 5- Am no-1 H

refl uxed 5 fo ' . ( L QQW to 230 and concentrated to
5ml. Then BB RIGYGI0 pitate was filtered and
vaccumsdr it 'Qc[(adegllcﬂ@)i@% @b@h&ﬁ%—{[(@%rﬁfb@tz}))onﬂc%b@m}& -oxquisthiads (M+H) .

H NVR( CDCL3) 51 ( CHZO)
3. 42(t, 2@23@%3‘0[?2 @g‘ﬁbté?ﬁ%ay')ﬂ?”lyﬁ(é%ﬂwdaﬁg@"[iﬁfgﬁ ZafgRolofd J=5.1
?z) : hlP Steﬁp){r%?ldlﬂéﬂ’m@fﬁ)a&arbwwi’:e (220 Tg, 0.28 mtmol) was dlssolved in THF (20 mL)
et hyl eneket a ro-
al | gui nazdnd r%’e?n(',iﬁltetﬁ&&lﬁ §P¥“ piiate éﬂﬁ%ﬁkég{é@ﬁgé%f 'F&Lh gelngge ed 5m  of
DNStO and fﬁ:dlyt; (@0 | moqngl )tllnﬁree 40‘5la|qore$55w<n? uA’ethmdct@cabw mixturg WaseoC, TPeg a
mxture o oxa i njected in
into tWe ffiltgesd. QP‘Ple‘afglén@ean%3W§§Ur%asvv%® egtt:& Iralb@%p ?%":‘ﬁ%é
Eiﬁgezﬁ Urfﬁtrétlér\nfa%ﬁ@és'h@ﬂ \Aﬁthréthiw‘aeaitebnt Idyth Heaqyemshqyersvag-sepmatﬁdo 7614 o
riazol o qui naz e in

di chl or oneA%tEAES {RYeEr ‘é(%ﬂ@%l”%in ufd?ﬁ IH%? uﬁﬁ&@% %W(gagést | rred at
A??- -60C té}r@élp?étét q88 pmdmt was amhea by F:ﬁZt nesmtmwraemhesmurn@xt t adggg |

er another five m.n e reac and a
mi xture of Iyt Q%"lpi‘ry '&H'&Hy %0?9,] Uyt ey 81:“@@9‘”&5%% %{(?F?L) glgtrtganl c
layer yps it ﬁ@%]gacﬁfonmgmarlu(rjmhgscgfgmsecorfammgrthenprbduﬁewieW"ﬂﬁt%(ﬂmﬁbnd
concentrate the filtrate yielde t
H NIVR( CDCl @ncentratgd Spder reﬁ”‘i%d PreSsyet Et%fﬁ%ﬁf”%i%g@% 1%3@'0‘%%@%%
3.49(t, 2HyaskedbwitHdetond, litdrad adtirie® . Yidd( 15 mgHR%CHElloyenGtasyp 25 2. 44
(M 2H G e (Dec); (M+H+Na) 449 ."H NMR (DMSO-d) 3 8.61 (s, 1H), 7.01(s, 1H),

6.90(s, 1H), 6.44(s, 1H), 4.74(m, 2H, CH2), 4.13 (q, 2H, J= 5.4Hz), 3.84(s, m, 2H,
20 CH2), 1.22(t, 3H, CH3, J= 5.7Hz).

Example 24

Preparation of (5R,62)-6-(8',9'-dihydro-6'H-spiro[1 ,3-dioxolane-2,7'-

25 [1,2.4]triazolo[1 ,5-alquinazolin |-2'-y|methvlene)-7-oxo-4-thia-1 -

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

Step 1: Preparation of 2-Hydroxymethyl-8,9-dihydro-6H-[1,2.4]triazolo[1,5-
a]Jquinazolin-7-ethylene ketal

30 To around bottomed flask was loaded 15.6 g of 1,4-cyclohexadione mono-ethylene
ketal, 11.9 g of dimethylformamide dimethylacetal, and the mixture was refluxed at
90°C for two hours. Then it was poured into 75 ml water and extracted with 2x250m|

dichloromethane. The combined organic layers was washed with 50ml brine and
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Step 3: Preparation of 4-nitrobenzyl (5R)-6-f(acetyloxy)(8',9"'-dihydro-6"H
Spiro 1,3 dioxolane-2,7"-11, 2,41tri azol of 1

5- al gui nawolod328 -yl ) met hyl | - 6- brono- 7-oxo-4-th ia-1-aza&birased/cd431 2. 01
hept - 2- ene- 2- car boxyl ate 30 7-Ethyl eneketal -6, 7, 8, 9-tetrahydro-[ 1,
2,4]triazolo[1l, 5-a]q uinazoline-2-carbal dehyde (780 ng, 3 nmmol) and the
dry THE solution (20 nL) of (5R, 6S)-6-brono-7-o0xo0-4-

thia-1-aza-bi cycl o[ 3. 2. 0] he%@e 2-ene-2-carboxylic acid 4 r}?éedo be ester
(1.15g g, diied bddr MEEESILO0 SRifate. PEifpILSh e 1B agRAAN GRBFRN gavesgices& vel y
to the dr %ﬁ?éf’é‘b%b! laﬁr{%rﬁ@t%ylér% HigveRy th@wmédrwsrudé@amct WeEL) 2 (1.2
g, 3.0 | ef an argon atnosphere at roomterrperat %zgﬁ Her cool i ng

to -20 C tierSNaddd Dtavk roundcastiamed dashalong Wbl Heramerd vessel was
covered V"'%ﬁ 2’43‘@8%?”3 f?ﬁg trAflsi An'd%mlﬁhﬁeﬂh%)?j@th%l nTPfé H\")@Uféﬁ\‘n‘ass’efluXe@d for 2

h at -20 V\nthacelcanyrlde 3 P'P rtlon
The r e&ct iform Srhoursir Fhemiivagspoted downdo €3 é}]gncggq)qqe@tgatﬁgrt 28l The

m xture Va3 }D‘S h‘ﬁ? Gds Wbl Slteﬁ' &r@&nﬁ{% glaé'ﬁﬁel*é@%@d/a&dnhdﬁ% Ei)ﬁéld@d aci d

agueous sdl satura rogen carbonate and br| ne. The
organi ¢ | @y@granes(89s Yiatt) (FpROaYt. Mﬁ:126BI(MéHédH NMRERELR: DS HE: Bllite. The

pad was washed w, t t acet lib i ad reat under
reduced pr%@i(a’réd." éllﬂé ?ﬁ?fs 3@ @/gz_may*))ég‘t?{) slﬁlclfﬁg Jéie}\?gg%})cg% @24

chr omat ogrewhy, 2. 15 1@sH eHs autHz)as el uted with ethyl acetate: hexane
(1:1).  Collected fractions were concentrated under reduced pressure and
the nmi'®ure of diastereomers were taken to the next step. Pale yellow
anmor phous sxebizd Proparhtion 9 0-etinglendikeital-6.Ki89-tedehy@ro-ih2. djtrigzalo[ bbrpar at i on
of Preparation of (5R 6 8,9 -di hydro 6' Hspi rof 1, 3-

di oxol ane-ﬂgﬂﬁwaqfégﬂ-g—% 5-al gui nazol i nl - 2' -yl net hyl ene) - 7- oxo-4-th
la-1- azabyg %&d&oo@toﬁ!eh&l@bk &aemdadean bf)lMSQ:aaathl@qmlqromb’@ﬁzyl The :
(5R) - 6- [(acetyloxy)(8 Lo

[1,2, 4]tr|fa%64r%[NfS§99'F€lG‘? ng@ %‘?’ ‘g" ?‘%‘fr%ﬁ "g' Q%@hm ”%i%“%sf" ia-1 -
azabi G¥C! AichigrofidifitewasSiRjeciéd marnhmhxelfabk a(l ab6naey, THe. MiBturerviy stikmed @t ssol ved
in THE (20 nL) and acetonitri 20 nL 5 pH (20
n) and Hpaﬁa@@ﬁgmearaave?OrmPLﬁe( %@Eu%ogp&aﬁxg'%g%&?%g%@%Fopégssure At
the end, rgacijirRRoloM Shlgumaneim-T-ethyneketa ¢bBed, 5 mrolion 20mdl 0. 1 N NaCH was

added to ao(ljlg:#lgrton}ettll*?an%qvet\soadded within 2 minutes. The mixture was stirred at —~50~-60°C

for fifteen minutes and 0.7 ml triethylamine was next added. After another five
20 minutes the reaction media was warmed up to 23°C and a mixture of 20ml water and
200ml dichloromethane was added. The organic layer was dried over magnesium
sulfate. Filter off the drying agent and concentrate the filtrate yielded 910 mg of
product (70%). MS: 261(M+H). H-NMR(CDCI3): 5 10.26(s, 1H), 8.66(s, 1H), 4.08(s,
4H, OCH2CH20), 3.49(t, 2H, J= 6.9Hz), 3.11(s, 2H), 2.18 (t, 3H, CH3, J= 6.9Hz),
25  2.44 (m, 2H, CH2).

Step 3: Preparation of 4-nitrobenzyl (5R)-6-[(acetyloxy)(8',9'-dihydro-6"H-
spiro[1,3-dioxolane-2,7'-[1,2.4]triazolo[1 ,5-alquinazolin]-2'-yl)methyl]-6-bromo-
7-ox0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate

30
7-Ethyleneketal-6,7,8,9-tetrahydro-[1,2,4]triazolo[1 ,5-a]quinazoline-2-carbaldehyde
(780 mg, 3 mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-
thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (1.15g g, 3
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25 8.5. The filtrate was washed with ethyl acetate and the aqueous | ayer
was separated. The aqueous | ayer was concentrated under high vacuum at 35
C to gi vewoa3yed2Bow preci pitate. The product was purifi edPoJ/USPRI345ESi N
reverse phase columm chromatography. Initially the colum was eluted with
dei oni zed water (2 L) and latter wth 10% acetonitrile:water. The
fractions containing the product were collected and 30 concentrat ed under
reduced pressure at roomtenperature. The yellow solid wa %h W th
acet one, fmninblalvmde addedisua@ssivelg tejthedsy agetonitgle Vi F’é\)\ﬁ%‘k'w ol ahygieuso50c

ngg% 5 R/P“%j A g%&? %Jg H d\lﬁﬁ{}@%g gﬁ)ar aéx%sgﬁerelag%oorr{]ﬁtegrﬁb(é?atuﬂeosi) ‘s

2H), 2. 13(Afterbé5|mwoo&00’@3£&m OMMUBeas addeshin opg, pomg\ he rgagiapveseslanpl e
25 5 Preparatlon 0 tirred for 2 h at =20

(5R 62) - 6-¥EeqVersH, Wit fof 1g eyclyds Ik, 4P SR R R R -

al ggl na,lzolﬂmalﬂ:tj yéatmawhw mwbaﬂhyﬁ(deéﬁ O#iral)1in pagIoERn. of e rEagtignemityeene.- 2-
carboxylic aci apat H with ethvl
-6,7,8,9- t"é?sr‘é{ﬁ‘{/n&‘?%{jollqgé ai‘ Srt'iﬁrggg rj1[5 ﬁé@@ f: u-qﬂr%gggmlrél%al-gyl?qéneqlhaeno 10 To
a round boideesedarid asksheas witha8%d cariQ ag:ohmugousz soliop) SatiraiRe xeofive, 3. 52

grans of (& meﬁg?% c')_he#% andblihd 23Rk o:r)’gé'r{% dggpeggggjrﬂeawgsoﬁ and filtered

50mL2- net m Xt ure was hours. Then it was

cggl gd dSV\tﬁLdL@hZa'Sﬁa@Imd CetitencEin¢ pad ds twashad withr@hylasvﬁtat%t Hye f@faﬁ%waﬁgSBZ
e nd the i,pitate r

Sr ans p‘f‘%‘&ﬁ'gtf et%j E‘Pae” Qw/’aedl'ﬁllfessg'&g ggﬁggﬂﬂ %Eglréoeﬂlsﬁlgg%qeﬂ:&gﬁnt he

next step.china eaptwlvuhen the MURMDVBES: eletedsmtb(ethyllawta@heaanea ).

4 61(d ZHQ?H] Eﬁ%Hﬁ%g{oQﬁ goé%'e_ntra[tgd %ﬁd%rrr}edatgd p?es@Qre( gnd the Pixtdredst (S,

1.84 ara
5 |vet hyl - 6didst8redmnices mehy thken 14 {1 et siepz dtadé yelbw amorphous solid; Yield: 300
al gui nazol i ne- %D/ &\ﬁg%l de To a round bottoned flask was | oaded 1 m of
DVBO and 5Mg 1¥¥ec ane. The mxture was cooled to -50--60C. Then a
mxturgsof 1 m oxallyl chloride and 2m  dichl oronet hane was [ nj ected in

into the flask | at
tenperaturétfﬁé‘—éﬁ@ﬂ@é“ = 4= _
6, 7, 8, 9- t efifoxBlaeR, T 112, Htiinz v s ; 3 sitiylene} T-oxedihial- in 2 m
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
4-nitrobenzyl (5R)-6-[(acetyloxy)(8',9'-dihydro-6'H-spiro[1 ,3-dioxolane-2,7'-
20 [1,2,4]triazolo[1 ,5-a]quinazolin]-2'-yl)methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylate (300 mg, 0.43 mmol) was dissolved in
THF (20 mL) and acetonitrile (20 mL) and phophate buffer (6.5 pH) (20 mi) and
hydrogenated over Pd/C (10%) (200 mg) under 40 psi pressure. At the end, reaction
mixture was filtered, cooled to 3 °C, and 0.1 N NaOH was added to adjust the pH to
25  8.5. The filtrate was washed with ethyl acetate and the aqueous layer was
separated. The aqueous layer was concentrated under high vacuum at 35 °C to give
a yellow precipitate. The product was purified by HP21 resin 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
30 concentrated under reduced pressure at room temperature. The yellow solid was
washed with acetone, filtered and dried. Yield: 15 mg, 9%; Yellow crystals; mp
>250°C (Dec); (M+H+Na) 435.9 ."H NMR (DMSO-ds) § 8.50 (s, 1H), 6.97(s, 1H),
6.85(s, 1H), 6.38(s, 1H), 4.05 (s, 4H, OCH2CH20), 3.28(m, 2H), 3.07 (s, 2H), 2.13(t,
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di chl oronet hane was added within 2 mnutes. The m xture was stirred at
-50---60C for fifteen mnutes and 0.7 m triethylam ne was next added.
After anowbap/09i2se m nutes the reaction nedia was war nedPap/uso3/2881 and a
m xture of 20mlL water and 200m dichl oronet hane was added. The organic

| ayer was dried over magnesium 30 sulfate. Filter off the drying agent and
concentrate the filtrate yielded 0.216 granms of product (99% . MsS:
217.1(MtH). H-NVR(CDCI 3): 6 10.20(s, 1 H), 3.23(m 2H), 2.78 (m 2H) 2.63
(s, 3H, Ci3B) CHB, 06 48hz)4H), 146 WO 03/093280 PCT/US03/ 13451 Step 3:
Preparation of 4-nitrobenzyl (5R)-6-1(acetyl oxy)(5-nmethyl -6,7,8,9-
tetrahydro 1,

2, 41t ri azol oF1, 5- al qui nazol i n- 2- y| Exanle R56- br onp- 7- oxo- 4-t hi s- 1-

azabl cyclof3.2.d hept-2-ene-2-carboxylate 5

5- Met hyl -6, 7, 8, 9- tetrahydro [1 2, 4]tr|azol 0[1 5 a]qw nazollne 2- car bal dehyd
e (433 ny, apais BRe [(5Fritk B@nte 2ditriazalo[1,5-

6S) - 6- br ono- . o : , € ghdexylic acid
4- ni t r o- ben A SSERF T EA B I—7— it y 0 the dry

acetonitrile (15 m ) sol Utl@@rlﬁfxyﬁalagﬁf,sndlu_n‘l_/g t2: O(Et)2 (1.2 g, 3.0

nmol ) under an argon at _nosphere a ﬁnﬁer! atﬂ gg]! é?zoﬂlbeg cooling to -20
sel was

C, Et3N (Stepd Preparatian of(5-Meth

covered wihh, jndl J)h,; 9-13%51'9“%6” ght The reacti on m xture was stirred for 2
h at -20 acetic anh dr|d ggcnk)g n;ia ortion.
The r dfct iTma mMundirattomeddiagik wae ipadsd §-L92MS tzl‘? Yeor )i%’oﬂea C. The

m xture “@?a%'oﬁ@ﬂrﬁ%é hHgY PtriaZstat mm%m@hl\m-mbths%emawd._ﬂmi d
aqueous sadi ution, saturat ed sodium 15 hy dro

ﬁarb 9%«& nd brine. The
organi ¢ | ayistureses defluxgd faniGdoraanthen it W@?@ 'e‘ti PHL p%fg’ of Celite. The
pad was ""ac%%gnt%téé;hoeérﬁv'Tr?éﬁ%o%l%thle@meifwbé Bade mfthecpwmmmarwaed under

reduced pressure e residue was a tao s
chr omat ogrfzitprqﬂ anmmutlﬁ'edrt,eé‘lteb!i?|0lﬁ§§p 8y %W?A%f%ﬂﬁgdeégg S hexane
(1 1) ure otugg \J(gs%%uméa bAEFRAEALE. axnschwmnmerdmm(mn@@we and

them astereo S were taken to the e yell ow

anor phous 549(t,diH, Ok L 616204 6?‘7@, 2747 Siirm-By24day 2), %9%6“:42%#@§ &Fation of

Preparat | I thyl-6,7,8,9- tetrahydrof 1,2,4ltriazol orl
, 5-al qui ngé;_l 55&3 Mhet%ﬁ'( éngF 7- 0x0-4-t hia-1- 25 azabi cyclo 3

2 A hept - 2- ene- 2-car boxyl ic acid 4-nitrobenzyl .
(5R) - 6- [ (ag@l V. BrUdLRAHERI NS mEen{1-8,7%. S trapeb 0l b AerflbidieBo! Ol 1, 5-
20 alquinazoline-2-carbaldehyde
To a round bottomed flask was loaded 1ml of DMSO and 5 mi dichloromethane. The

mixture was cooled to —50~-60°C. Then a mixture of 1 ml oxallyl chloride and 2mi

dichloromethane was injected in into the flask all at once. The mixture was stirred at
the same temperature for another 5 minutes. Then 0.218 grams of (5-Methyl-

25  6,7,8,9-tetrahydro-[1,2,4]triazolo[1 ,5-a]quinazolin-2-yl)-methanol in 2 ml
dichloromethane was added within 2 minutes. The mixture was stirred at -50~-60°C
for fifteen minutes and 0.7 ml triethylamine was next added. After another five
minutes the reaction media was warmed up to 23°C and a mixture of 20ml water and
200ml dichloromethane was added. The organic layer was dried over magnesium

30 sulfate. Filter off the drying agent and concentrate the filtrate yielded 0.216 grams of
product (99%). MS: 217.1(M+H). H-NMR(CDCI3): 5 10.20(s, 1H), 3.23(m, 2H), 2.78
(m, 2H) 2.63 (s, 3H, CH3), 2.00 (m, 4H),
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a] qui nazol i n-2-yl ) met hyl ] - 6- br ono- 7- oxo- 4-t hi a- | - azabi cycl o[ 3. 2. 0] hept - 2-en
e-2- carboxylate (600 ng, 0.93 mol) was dissolved in THE (20 m -) and

acet oni t rwbe32280 n -) and phophate buffer (6.5 pH) (20 niPrTarsd3/13451

hydr ogenated over Pd/C (10% (200 30 ng) under 40 psi pressure. At the end,
reaction mxture was filtered, cooled to 3 C, and 0.1 N NaOH was added to
adjust the pHto 8. 5. The filtrate was washed with ethyl acetate and the
aqueous | ayer was separated. The aqueous |ayer was concentrated under high
vacuumat 35 Cto give a yellow pr ecipitate. The product 147 WO 03/093280
PCT/ US03/ Was D £itPdb Bl (5/:5%-[{a ..'-' :

del onl zed V\fi'it er

(2 1)

) eé:{under reduced pressure at room
t enper at ui2&2 wastred Wi th acetone, filtered 5 and

drh ea I\/FI)?YI( gﬁ/%hgt@/ 68 gﬂttr%ydas[waﬁ]ltmotowsrammazmiﬂ%erbely@byde ( MkrH+Na) 392
' 2 . 2
2.77 (m @3¢ MY % 5meh QP@* %W%?F S°'HE(§'§(21%"@°%§F3%§ Gp%gmgrgtg ?“2%(? v
(5R ;32) ﬁﬂluéﬂ Ié@rrlsrey@ro[i 2&]@bdnazebm-ﬁbbmpzymm Afnitta-peraaizestar, @70amg)y2| m di n
2-yl) met ene 4-t hi | ol 0 I
2cl ) "sod rmpaaers SqdedsussesEveb B HY afeigytne (18TRLy AR of anfiiaayl ! €
4- mét hoxv hﬁggré dotms;rg ibk ey)crnama)uh@@‘yan arghinnatthosplbgre mt reomIrMmReraiurel . 0. :
Goodnman, :

4-chl dPo- eAf‘Pf&Pﬁ'V@rtB ‘@pl- Qy g?ﬂt%ﬁﬁ%ﬁeﬁ %%ﬁggﬁqﬁ#e \ﬁi‘gg Célgrd?ve(?@ngool n
ZOOLd Xél N mgae'ﬂém[ﬂ foﬂbcﬁ@*dlﬁde gt h‘amml'eacffdsmmrﬁure vepsaatired forshiiatin?0 )

met hoxi de was added and the m xture X e

sol vent wa§ anshiperigd "‘f'ﬂ Q?SEQJ%mH'HHd‘ié)Gﬁ? ”\‘/bﬁt%? %go;t%hd%d@? g£€t g-ﬁr?g{&ré

Fi | tder ?n%aﬁﬁ&rﬁ%wﬁ@k@ andi Tshredmmtreﬁdr(amm% Thkenistord dasvddutedrmth@rthybacuurred
to dry for several hours e r odu 0

Vel d) . Mpcomss, g Jumshee Wi e Bies gl pliFouss SoRHES Satiled BT

5- met hgxv- d;%gélnméﬂb&w%&d%rﬁh-trh@bragm laperawes eried (MaS@dx@ﬂd filtesed d et hyl
ester 4.8 ﬂram (29mMo

4- et hoxy- 8 mygmﬂ,aed) O%Shet':t?cl-rd"ﬁe'?ﬁdawﬁ? Iwr%saed_'wgh eltryl acetate The filtrate was

concentrated under reduced pressure. The residue was applred to srlrca 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

20 diastereomers were taken to the next step. Pale yellow amorphous solid; Yield: 600
mg, 47%; (M+H) 644.7.

Step 4: Preparation of Preparation of (5R,62)-6-[(5-methyl-6.7,8,9-

tetrahydro[1,2,4]triazolo[1 .5-alquinazolin-2-yl)methylene]-7-oxo-4-thia-1-

25  azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
4-nitrobenzyl (5R)—6-[(acetyloxy)(5-methyl-6,7,8,9-tetrahydro[1 ,2,4]triazolo[1,5-
a]quinazolin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1 -azabicyclo[3.2.0lhept-2-ene-2-
carboxylate (600 mg, 0.93 mmol) was dissolved in THF (20 mL) and acetonitrile (20
mL) and phophate buffer (6.5 pH) (20 ml) and hydrogenated over Pd/C (10%) (200

30 mg) under 40 psi pressure. At the end, reaction mixture was filtered, cooled to 3 °C,
and 0.1 N NaOH was added to adjust the pH to 8.5. The filtrate was washed with
ethyl acetate and the aqueous layer was separated. The aqueous layer was
concentrated under high vacuum at 35 °C to give a yellow precipitate. The product
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30 dissolved in 100 m dry THF. Bronopyruvate (5.4m, ) was then added
dropwise with in five mnutes. The m xture was stirred at 230C for one
hour. 1t waasnyeso filtered and washed with ether to gi veP8TUSGS/ad¥sDf
solid. This solid was then dissolved in 50m ethanol and refluxed for two
hours. The reaction m xture was cooled to room 148 WO 03/093280

PCT/ US03/ 13451 tenperature and parti ti oned bet ween 350niL chl or of orm and

200 nml saturated sodi um bicarbonate. anic,la rated and
dri ed ovemwasaytifisd BRI frasia reversq ?'@Secﬂo "‘E’h "gMaHae, ég/p}é'mﬁtﬁ'aﬁﬁ concentrate

to give 5c%ruﬁlﬁrﬁ%%ru@émw&erér?%@wa@r@u ari\d%attaraﬁfhlﬁﬁ,eacemmre 2BRr. 5 Step
3. Preparation

5-net hoxv-7 di hvdro b tr| 2-
car bal dehykhe fRactiogs eenjaiping the pragHS "Serﬁé?f’ﬁ‘?ﬂfﬁ ?h EonicehifiBa Bhad/18GER
8- di hydro % &a nﬁ% h fefRrafel NHAGRNGY Zolle@éQWéMieldOMticaaét@tehfﬁIteredt er was
di ssol ved 6 3

|ch|ororrethane and th nco L(1 M
30 i, 51. Ear@lcﬂrbedmh{@lct Bémadd i anivelavh cps %Jioeg (D?ﬁe(@%qqg%ﬂd%gn medi a
was then qye Rt Qang), sk, A testze ned), begseaHB 20 (m,
di chi or onet hane gj%%%g% ( {S}g}dl um hyg’r)om dg The aqueous | ayer was
washed wizaHy, as6(rhe3H lSIO?ﬂ(m;HHbr of orm and the conbi ned organic | ayer was
dried over magnesiumsulfate and filtered and concentrated to give the
correspondi ng al cohol. The al cohol is then dissolved in 150m
di chl oronet hane and 10 grans of manganese 15 dioxide is then added. The
m'xtur@ was stirred at 23 oC for tvgJAMieDe The reaction mixture was then
filtered through a pad of celite armao concentrated to give 1.1 gram (68%
of the desi red aI dehyde. MP: 235.2236.3 C, Ms: 218.1(M+H) Step 4:
iP ngg;ﬁt |20 S0 25 P ER ¥ 1 BEh a7, Saltiyar et Gldichehtafelihfid ot 2s- 20
met hyl | - 6- br gEyrimidie-244)nittBylenelzZ-olp elvthiafl Azabidyblep3.2 Al kepi-ene-gr hoxyl i ¢

acid 4-nitro-benzyl ester A 30 m_ acetopitr 'id s%ﬂl ution of

5- met hoxv- 7, 8- di hydr o- 6H 3, 4—%@%—%- 2- car bal dehyde (660 ny,
3mol )frva St i ] ‘ D) 5 - Xt ure was
stirre ; Then a 30m dry THE 25 solution of the
6- Br onp- 7-ylamige t hj a- 1 aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c acid

4 i 11 0- befiyRogS el  Goddifar LaBaker 31, WA, OnecSod. 19SNBT 3106) nut e and
the reacti m Xture was then cooled to -200C. Triethylamine (0.7 m, eq.)

was then injected and the reaction mxture was stirred for five hours at
-200C.  Theg 335tk &f 2RAMFY-B Fedihydro-5H-cyclopentapyrimidin-2-ylamine was dissolved

20  in 200ml xylene and 30 ml absolute methanol. Then 5.4 gram for sodium methoxide

was added and the mixture was refluxed for 3 hours. Then the solvent was removed
in vacuo and 100ml water was added to the residue. Filter and wash the cake with
water (50ml). The solid was further vacuumed to dry for several hours. The desired
product weighed 4.8 gram (98% yield). Mp: 133.8~134.9° C.; MS: 166.2.0 (M+H)

25
Step 2: Preparation of 5-methoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacene-2-

carboxylic acid ethyl ester

4.8 gram (29mmol) 4—ethoxy-6,7-dihydro-5H-cycIopentapyrimidin-2-ylamine was

30 dissolved in 100 ml dry THF. Bromopyruvaté (5.4ml, ) was then added dropwise with
in five minutes. The mixture was stirred at 230C for one hour. It was then filtered
and washed with ether to give 8.7 gram of solid. This solid was then dissolved in

50ml| ethanol and refluxed for two hours. The reaction mixture was cooled to room
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(0.377 M, eq.) was injected and the reaction m xture was | ef

degree for 18 30' hours. The reaction nedia was then dil ut edtvma: hzéel(r)gm

et hyl acewetog/ogneo washed with 100 m 5%citric acid, 100Peir/usas/wxat ed

sodi um bi carbonate, and 100m brine. The organic layer was then dried over
magnesi um sul fate, filtered and concentrated. Flash col um chromatography
using 20% et hyl acetate in hexane gave 1.8gram 149 WO 03/ 093280

PCT/ US03/ 13451 product 939 : - : :
Step 5: pﬁ@pgeprgtqe@ ,a;ngpartltlgmed/l(c)na\g\llvglzr(lj %50n’¥F c':hlolrl%rer and 200 nirsalfFate8 43aRirMH)

6- (5- met hoyuforBidi ﬁN&'é@aﬁana’ijeﬂm&b-sbpar@Zeﬁ-a&&irdrmdanrenmagngdlmtshwtene)
7-0x0-4-thi a-1-aza-bicycl 013 A hept ene § car bo]xvl | (51 YET
6- [ acet oxiltes offdbe griindragest 6”‘[’19@?‘-‘@”%@4‘-%?@,“’6 3 gfan Of Prodict 170% Yield).
gb triazaygs- 1d’$dﬁf§@ an.gﬂ )oepet hyl ] - 6-
ro_rm?oxo4th|a taza blcyclo[3720h a d

Ste eparatiom gE5 1 i-7 Srgihydo-bH-3.d p-traza-as MGACENC=a-- 4 20
m pH=6. 5caa%'ﬁ8 fvd hosphat e buffer. The m xture was then subj ected ?2
45psi  hyd wo hours. 10 Then it was filtered throu pad of
cel ite and.z2gramat(t8atmoh5vagiaow o 81'@HW@'G"%étdef'a%%%S"ﬂqﬁgenﬁn% sol uti on
pas then caliagid foideh 89, E88165 ASCIRRIR DS dighidpbinthane 1heh<l Sthicim
hydr oxi de urified via reverse phase HPLC usin liter of
wat er f ol [towg8o®y EIBBAL QE% 32 81,65 eai) vasdhen agdeshwit %f"éerm%%egst he® r enoved
LQVSSU Ffﬁl%. %ﬁ%&%s‘{@@e@@q dHftn BRI thaﬁbloﬂﬁcdan%ﬁeﬁﬁbim%@h%mnw IVP
8.78(s, 1 dd)hlorﬁmbﬂwan(eandalélp mis|, N@emurrewdm%g%sﬂ(%ﬁqws }%H%t‘ga? Hﬁasé‘?—@) 1
?gé . §Z§ I_\/Ié-_ qo}h g{ggbqifﬁzr%?érﬁﬁ&{@fh'e%n%ned car?%m% layer was dried over
cyclbppe n]t a{']ggnemnlmsoifate andfiltgred ﬁmd icpnGeNyRiagp Weéh%yoryewadlﬂgta}ﬁogﬁ
azabi cyc

O%C%%%&bellggggg}lﬁ% @%@%Wh:hfbr&ﬁélﬂané akd ll‘@‘gﬁa%hé ofZharftRséd:

Preparatio hvdr o- SH-cycl opent apyri m di n-
2-yi anisne iGitidisstben addeﬁtt Th@dnottmen wap stireg Rb23 O%fOthWOj‘OU/ﬁmpM‘B{&ﬁ? g

1959, 81, 31
2-benzyi ox%‘?“ﬁ% a%‘%r(‘%{ @@r@udthgéém%ﬁéd)af iitd\ad dhedathhed tagivé M. 17grem
(68%) of the desired aldehyde. MP: 235.2~236.3° C; MS: 218.1(M+H)

Step 4: Preparation of 6-[acetoxy-(5-methoxy-7,8-dihydro-6H-3.4,8b-triaza-as-
20 indacenﬁ-Z-vI)-methvl]-6-bromo-7-oxo-4-thia-1-aza-bicvclo[3.2.0]hept-2-ene-2-

carboxylic acid 4-nitro-benzyl ester
A 30 ml acetonitrile solution of 5-methoxy-7,8-dihydro-6H-3,4,8b-triaza-as-indacene-
2-carbaldehyde (660 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

25  solution of the 6-Bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid
4-nitro-benzyl ester (1.155 gram, 1 eq.) was injected within a minute and the reaction
mixture was then cooled to —200C. Triethylamine (0.7 ml, eq.) was then injected and

the reaction mixture was stirred for five hours at —200C. Then acetic anhydride

(0.377 ml, eq.) was injected and the reaction mixture was left at zero degree for 18
30 hours. The reaction media was then diluted with 400ml ethyl acetate and washed

with 100 ml 5% citric acid, 100 ml saturated sodium bicarbonate, and 100ml brine.

The organic layer was then dried over magnesium sulfate, filtered and concentrated.

Flash column chromatography using 20% ethyl acetate in hexane gave 1.8gram
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30 mmol) was slowy added at roomtenperature. After the addition, , 3.28
granms (19.4 mol) of 4-chloro-6, 7-di hvdro-5H cycl opent apyri m di n-2-yl am ne
was di ssovoed/o93280 200m THE and added to it and t he m xt uP€TWess3/13af1 uxed
for 3 hours. Then the solvent was renoved in vacuo and 100m water was
added to the residue. The 150 WD 03/093280 PCT/ US03/ 13451 product was
extracted with chloroform washed well wth water and dried over anhydrous

SO, It was filtered t lid; Yield: 4.2
o 2 Bogproqut S Badeiaf MR BB BT me BiE Bk SOl T e

5- benzvl oxvet hoxv- 7, 8- di hvdro 6H- 3, 4, 8b-tri aza-as- indacene-2-carboxylic
aci d et hyl ester 6 0 gram 21 I .

4-benzyl 0)XSEE ! .
! 7d6)l/o Ilfﬁra Bagd®

di ssol ved
dr opw se m nut es. e mxture was stirred at 230C for one

hour. Bt was then filtered and washed with ether to give a solid. This

SOLNCES r§ %%Qtoq meﬁ%@ygga -dRaTL- 6B ned-triapsl as fidadxed- y‘l)ometlhwe;hour s. The

reaction are s coo room tenperature and par tzf oned het ween
350m chl dirofnoroxdHt®0-ara- @@Mﬂ{%gé’&h% reRr2-EATR R Bﬁ hi «5’ Bf¥9ani c

| ayer was s WinTSH 4t 20 mi HEGSB veold the
drying ageﬁé}gbﬁé %§h22ﬂpﬁgpﬁs§\0§?em%% ram of ror(;]ugt 6?& Yi el d).

( M+H) ~ 382. phoSpleate Buffén Siwermixiuse wes then subjected to 45psi hydrogenf rtwo hours.

5- benzyl oxyet h antedied iMdRGBREremewr bal dehyde
3.81 b Xﬁ(efdp%gsﬁl eg%&it)mg%r\anyet %E)P%aﬁdéﬁl hydlrao 6 ﬂf 4, gb trll_FﬂBa as 20
i ndacene- 2mostrdfthe/THE. Ebedolgtlmwaéﬁ”te@rcc\ﬂ&é’ tareosiagere and hesifigd to

di chl or omet] a?ﬁl s%@lﬂlm {ﬂoeeruﬁé’OLrﬁaq E}%as%ﬂﬁéd@é%r&épﬂ\ﬂseWLm usidgd eq.) was

then added” he reaction nedia was then quenched wth
2m et handitemmmﬁoﬂmeum%b@ﬁ%@et%wﬂarmw%rWﬁﬁﬁtfH‘éﬂ%éh%{h MYE 1 N
sodi um hydg oxi Y66 ﬁp@(ﬁ[&@ﬂag\fc{)]@c@ﬁwt her 150ni

chl or of or "5 tﬁ%g—%‘gﬁg@ Q%QQ? agﬁl c layer 25 was dried over magnesium

sul f at4s andPf >25@81Cd and concentrated to give the corresponding al cohol .
The al coho] I1p| (y@]tga 8re(s, 10 .89 Of
rranganese '\H\jﬁad@(aﬁéﬂ?z;%bﬁﬂo(ﬁ (%"he mg%ggé:e was s(tlJ[r]?ed aé 23)oC for two
hours. The(s gAY 5. w@m[mbd) Br@5 (a2H)her3f(in, 28). St Bt e2fMti).pad of celite and
concentrated to give 2.25 gram (67% of the desired al dehyde. MS: 338( MtH)

20
Example 27
Preparation of (5R,62)-6-({5-[2-( benzyloxy)ethoxy]-7,8-dihydro-6H-
cyclopentalelimidazo[1 ,2-a]pyrimidin-2-yl}methylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

25
Step 1: Preparation of 4-benzyloxyethoxy-6,7-dihydro-5H-cyclopentapyrimidin-

2-ylamine
(SM:Ross, L. O.; Goodman, L.; Baker, B. R. J. Am. Chem. Soc. 1959, 81, 3108)

To stirred suspension of NaH (60% 552 mg) in THF 2- benzyloxyethanol (3.38 g, 20
30 mmol) was slowly added at room temperature. After the addition, , 3.28 grams (19.4
mmol) of 4-chloro-6,7-dihydro-5H-cyclopentapyrimidin-2-ylamine was dissolved in
200ml THE and added to it and the mixture was refluxed for 3 hours. Then the
solvent was removed in vacuo and 100ml water was added to the residue. The
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30 Step 4: Preparation of

6-racet oxy- (5-r2-(benzyl oxy) enet hoxy- 7, 8-di hvdro-6H 3, 4, 8btri aza

as- i ndacewo3eh32set hyl ] - 6- br onp- 7- oxo- 4-t hi a- 1- aza bi cycl ®E3/UB03/13451

Olhept - 2- ene- 2- carboxylic acid 4-nitro-benzvl ester 151 WO 03/093280

PCT/ US03/ 13451 A 30 ml acetonitrile solution of

5- benzyl oxyet hoxy- 7, 8-di hydro-6H 3, 4, 8b-tri aza-as- i ndacene-2-car bal dehyde

(676 ng, 2mml) was added am of rate. The

m xture WQ@%'FQW?W"&P"GQ%% %fgf?émf ?mgq,v@ls\bma@ Q%gﬁe@f:@ THE sol uti on
of the 6-Bhyous M%}S’@41ﬁ\i}a§ﬁlﬂer@clandbb6r}ﬁehﬂ{atﬁd2Ld}‘} heﬂmggoédre\meldsélaar boxyl i ¢
acid 4-nitro- benzy ester (770 ng, 2 mol) was injected within a mnute
and t he r et (%)t é84ds then cooled to -200C. Triethylanine (0.7 nl,
eq.) was then injected and the reaction mxture was stirred for five hours
at -200C. Then acetl c anhydri de ) - ézgdasand t he
reaction ited o gf AL NS TC gaction nmedi a
was then (ﬂ“ gﬁggzm 5r90$@mm§rei‘_¥lp eg@,.,acet ate and washed with 100 m 5%
citric ac rum bicarbonate, and 100m brine. The
organic Iayer was then dried over magnesium sulfate, filtered and

concent ra&etdq aFI Sk &?&%&%B%@gf@ Hyardlg-l%g%)ﬁémmb yrinfigintaat e | n

hexane gave gram pr

{ e
Prepar at i qlzarmrhe Raegiasavédin 190 l’(‘BRYG’ZbF @YGWPYrEV%tSé%E& )0‘9(%@ 539 7, 8-

di hyd | Z ture was stirred at 230C for one hour. It was
1, 2- all y \gﬁp[n}%wngtdﬁ %e? ?n?)D)go- -thia-_1-azabicyc

a hept - 2- ehmﬁiteow arakysshedagihisther Paive e%ghd( ghjssqfi Bé‘f?ﬁh?ﬁ(é‘?@‘ﬁ’ﬁ%‘dxy 7,
8- di hydro 5@"" %gféhoIBal?rd r%h%@ 611’ \ arz]’gfﬂg €N bé'al:ﬂon mrxture was cooled to room

nethyl]-6 icyclo[3 ene- 2- boxylic

aci d 4 20 temperatuse aay paritorad tqaweem@SOrml @lqrﬁ@rm %@%Qﬁg'ﬁémﬁ%@d Sﬁ‘r"’z'ﬁ‘ m THE
and 20 bh%dl_g%ﬁg aﬂ%iee&gém%gf%ng P& e‘?irand-ld"r']@dvar’éit Mé@ndﬁﬁiﬂnfshﬁtesubj ected

to 45psi hen It was filtered thr ad of

cel i t @5andiltes @ffteatiyatgeapenhanchcensentiatedadve i 8rapt of pred "ﬁiigé%ﬁ*ﬁgel ol uti on
was t hen CB‘%%@%# zero degree and basified to pH=8 with 1 N sodi um

hydr oxi de.l Tt was purified 25 VI a reverse phase HPLC u5| ng 1 liter of
wat er fol IStapd: Byed# 5 den yethoxynd B-difydro-6Hgd.8b-tiaza-ase, [ enpyed

t hrough caqngentr acua and 100 ng of product was coI | ected. MP: >250
C, H NVR( ene Sarbaide H, 7.36(s, 1 H, 7.08(m 5H), 6.87(s, 1 H),
6.85(s, 1481 g%rrﬁ? ((mmrrm)a-bmzmxyethom aeﬂrlaydro:@rbw(&hmm -as-. ?

20  indacene-2-carboxylic acid ethyl ester was dissolved in 40 ml dichloromethane and
then cooled to —780C. DIBAL (1 M, 30 ml, 1.5 eq.) was then added within five
minutes. The reaction media was then quenched with 2ml ethanol and partitioned
between 350ml dichloromethane and 100 ml 1 N sodium hydroxide. The aqueous
layer was washed with another 150ml chloroform and the combined organic layer

25  was dried over magnesium sulfate and filtered and concentrated to give the
corresponding alcohol. The alcohol is then dissolved in 150ml dichloromethane and
10 grams of manganese dioxide is then added. The mixture was stirred at 23 oC for
two hours. The reaction mixture was then filtered through a pad of celite and
concentrated to give 2.25 gram (67%) of the desired aldehyde. MS: 338(M+H)

30
Step 4: Preparation of 6-[acetoxy-(5-[2-(benzyloxy)emethoxy-7,8-dihydro-6H-

3,4.8b-triaza-as-indacen-2-v|)-methvl]-s-bromo-7-oxo-4-thia-1 -aza-

bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester
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CH2), 2.73 (m 2H, CH2), 2.46 (m 2H, CH2), 2.02 (m 2H CH2). 30 Ms: 491.1
(M+H) . 152 WO 03/093280 PCT/ US03/ 13451 Exanple 28 Preparation of

(5R, 62) - 6Ww023893tBhydr oF1, 31t hi azol or 3, 2- al benzi m dazol - 6- pgirmsohyd4ene) 7
0X0-4-thi a- 1-azabi cycl 013 2. d hept - 2-ene-2-carboxylic acid, 5 sodiumsalt
Step 1: Preparation of (2,3-D hvdro-benzol4, 51i m dazor 2, 1- bl t hi azol -7-vl) -
nmet hanol To a round bottoned fl ask was added 2.83 grans of

2- Thi oxo-2, 3-di hydro-1 H 10 b oi m dazol e thyl ester,

2.55 gr ams‘\%ﬁm!j??ﬁt%'@ $Ripon acﬁg’zb% Xﬁ(@ﬁxgndgggﬁﬁﬁélﬁgh%& ﬂlﬁ%g Ar% xture was

refluxed fiQiacdfb-DRUfsaldeHyas (676 mgﬁzmmonmmstaddeéd Q@rdmwfmmﬂ@eﬁkyﬁar%/

evaporator. The solid was ne of 1 M

Li Al H4 (i fororpids %atﬁegﬁ‘elrﬂ'f‘éﬁ? \é(a rtr?‘ﬂe% jf3n \9JTO ﬁﬁlﬂf Jhﬁ‘ﬁ'ﬁ@]e%%e%dcr?l on nedi a

was stirreg aiFseRAbA 8MpRrABIE- 7-@5(0-@Ftalahbaza bEycue[ﬁda Olherst-21en@-2415 added (-1

Om), followed by 50m 2N HC ueo asic

Ph=14 @it wanbomwwwﬁ?f&%ﬁ (?2@ g “@%‘?Mﬁh@mﬁ‘ﬁ% 500N

et |h1¥| acgatnlattﬁe reEPﬁo&&%rg%thmawecﬂ wizos:@m@mylm%\(@ﬁ' mlagmbailaam

sul fate ITter o t ryin ent and cacentrat gr ans

(609 pr odbest injeptsd az@ﬂw%% %fﬁg ﬁryé’éF%r “F@:‘?mgf %%d? (m 1H,

5. 15(m 1 f tlgahydﬂdc@?o £ n#'éq)@bi?s)lnjectéa ahd3de feract@HmlmH@)waSﬂe@@t(m 2H,

CH2). Step 5 Preparation of - Di hvdrg ben d@% m gﬁl oml ethvl

2 1- bIth| amm@egreetcaﬂ@ah%yﬁée "F@%Ofb'fﬂs B A B é? M e of 1.7m
%Heta‘i’é n?ﬁt! RESHERL RN EO0VNS 5%2é3rtnb Iabﬂs:tl@mmasaaratedjsmdmr omet hane

soI ut | on 0 oxal I'yl chl ori de W th five ﬁ5 ve-m'%g %Mre was

stirred f drcaspnate@ndi \WOMhPHIg esh %prg@H@ %ya?ﬁt‘évats réﬁ%? .9 grams

0; 228rﬁ? 'd})ﬁﬂ%v]% ﬁ?é?é@hﬁd EJJhd@gﬂg%@[ ?léshtdoldmmémbméigdraphyalshrmﬁﬂ% iethyh mi XEI' Ere

0 or ormet hane an cted it m nut es. e

mxture \eestaeipthexane gawe 405 g5gm pr‘ﬁg@t vzggoo %'ﬁlwgg’% %QH?

triethylam ne was injected 30 all at once and after another 5m nut es the
cool ing bath was renoved and the_ ‘ ar nmed up b
t enperi@ urStehp: Preparatiopef Ereparat! T {2%504) i on nedia

was extracyigoldi c%l%@gﬂﬂa[sltumdazéfﬁi-@]Wrmzﬁhih 2-v|}methv|ene)-7-oxo-4-th|a-
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
6-[acetoxy-(5-[2-(benzyloxy)emethoxy-?,8-dihydro-6H-3,4,8b-triaza-as—indacen-z-yl)-
methyl]—6—bromo-7-oxo—4—thia-1-aza—bicyclo[3.2.0]hept-2—ene-2-carboxylic acid 4-
20 nitro-benzyl ester (966 mg, 1.2 mmol) was suspended in 20 ml THF and 20 ml
pH=6.5 aqueous phosphate buffer. The mixture was then subjected to 45psi

hydrogen for two hours. Then it was filtered through a pad of celite and
concentrated in vacuo to remove most of the THF. The solution was then cooled to
zero degree and basified to pH=8 with 1 N sodium hydroxide. Then it was purified

25  viareverse phase HPLC using 1 liter of water followed by 5% ~25% acetonitrile and
water. Water was then removed through concentrate in vacuo and 100 mg of
product was collected. MP: >250° C: H-NMR(DMSO): O 7.66(s, 1H), 7.36(s, 1H),
7.08(m, 5H), 6.87(s, 1H), 6.85(s, 1H), 4.37 (m, 2H), 4.29 (m, 2H, CH2), 3.65 (m, 2H,
CH2), 2.73 (m, 2H, CH2), 2.46 (m, 2H, CH2), 2.02 (m, 2H, CH2).

30 MS:491.1 (M+H).
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conbi ned organic |layers was dried over magnesium sulfate. Filter off the
drying 153 WO 03/093280 PCT/US03/ 13451 agent and concentrate gave 1.2
grams proaoos/o¢@dey. MsS: 205. O(MtH). H NVR(CDCl 3): ~ 9. 98CmuUSh3/kus1 7. 67
(m 2H, 7.17 (m 1 H, 4.33(m 2H), 3.99 (m 2H CH2). 5 Step 3:
Preparation of 6-fAcetoxy- (2, 3-di hydro-benzof 4, 51i m dazof 2, 1- bl t hi azol - 6
vi) methyll 6brono-7-o0xo0-4-thia-1-aza-bicyclof3.2.0d hept-2-ene-2-carboxvlic

acid 4-nitro-benzyl ester A 30 nm etonityile solution of

2, 3- Di hydr o-benzo[ 4, 5] i m dazo[ 2, 1- Me- 7- carbal dehyde (610 ng,

2mmol ) was added 1.03 gram of magnesi um brom de 10 etherate. The m xture
was stirred at 23o0C for half an _ho _30[11 Mpaie gl on of the
6- Br onp- 7- ox Rrapatatis b B.64)-5le az - ' aci d
4-nitro-ben Lo-A%hiad and the
reaction m - : ylamne (0.7 m, eq.) was
then im ected and the reaction mi sodiumgal stirred for five hours at
-200C. Then acetic anhydride 15 (0.377 m, eq.) was injected and the
reaction mxture was left at zero degree for 18 hours. The_reaction nedia
was then dgteptiePrepdratidi® 4, Slimidazefitbltazel-{yl-ni 59 citric
acid, 100 ml  sat lll’at ed sodi um bi carbonate, and 100m brine. The organic

| ayer was NGt i ed over magnesium sulfate, filtered and concentrat ed.

Fl ash col urga edinarButiogiealiiagk wais mgdded 288 dngs at 2{Taicxoid3-Hiweieel rave 690 ny

20 product. (54% Yield): M. 630, 8 t : J i
(5R 620 G-RGZIFZSIHHWW%‘Q%C?C@IYW aﬁdoﬁ“%%,r%ﬁt%r 2fe tramt OP g’wéh%?%t T ene)
7- 0x0- 4- t higinilDMNE abi 6pa1l efhandl. QiHeanikiube wae refluged frox@lHogrsclhgn it was

?B][ f‘ﬁIe;gé?’&%%%ﬁ%@{cﬁéﬁoggﬁ%?%éo&natg?Egl[\gsoh%] was next dissolved in 100ml
4-t hi s- 1- apiaF Bh@ 20In9lcd 1R DA I THRveashexhinfesiad wihimbyeiminuigs: ridsbenzy|
CSLer (890 10 o T i35 RUSPERS L RPoR nIVE RS RAsEeRH S, ©

aqueous ph'&s e Was then subjected to 45psi_hydrogen
for twy hosdded (Them); followeshy 50mEZNHOL HTlnigtuemug dayepivag @djusteddp gasic

concentrated in va tQ renove. 0 : t hen
cool ed to P&t ‘M‘%&@g Saﬁ'amﬁyéf?’ﬁ"g%s‘fhg [ﬂqt:egs%mwgggitr{#%%ﬁg%g%%d\%ﬁéx| de.
fThIeln it dwg§cég%}éj grg(?/@owibtmeﬂ_entrg@?elayérasmswled ayef nggﬂesuilmﬁulf@iﬁ- F Sff o )
ol | one 0.- 25% acetonitrile a 4, R4 B throug
concent r at eiW'%@ﬁ?ﬁzﬂ’i@ coseRiEAtE Y 'eB‘gS?ﬁé:“teé? @%Fg/?’,%&&\%s m&???@@d’f" NP
H-NMR(DMSO): 0 7.34(m, 2H), 7.08 (m, 1H), 5.15(m, 1H, OH), 4.53 (m, 2H, CH2),
20 4.34 (m, 2H, CH2), 4.00 (m, 2H, CH2).

Step 2: Preparation of 2,3-Dihydro-benzo[4,5limidazo[2,1-b]thiazole-7-
carbaldehyde
To a pre-cooled (-50~-600C) mixture of 1.7ml DMSO and 5mi dichloromathane was
25 injected a 20ml dichloromethane solution of 1ml oxallyl chloride within five minutes.

The mixture was stirred for another five minutes at the same temperature. Then 1.9
grams of 2,3-Dihydro-benzo[4,5]imidazo[2,1-b]thiazol-?-yl)-methanol ilj a mixture of
20ml dichloromethane and 20 ml THF was injected within 2 minutes. The mixture
was kept stirred at —50~-60°C for 15 minutes. Then 7ml triethylamine was injected

" 30 all at once and after another Sminutes the cooling bath was removed and the
reaction was warmed up to room temperature by itself. Water (100ml) was next
added and the reaction media was extracted with 2x200ml ethyl acetate. The

combined organic layers was dried over magnesium sulfate. Filter off the drying
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>250 C; H-NWR(D20): ~ 7.08(m 6H), 7.36(s, 1 H), 4.05 ;
; , 7. : , 4.05(m 2H), 3.90(b, 1 H;
MS: 154 WO 03/093280 PCT/US03/13451 358.3 (MtH). Exagrpl e |2-|)9 5 Pre|(oar atig?1
3}‘ m(a'?ﬁ |62\)70§D3(;)Q§2a0 d|4hvﬁ_ro- I2I—I- ri, 31t hi azi no 3, 2-al benzi m dRCEIUSE3/13451

et hyl ene) - 7- oxo-4-thia-1- azabicycl or3. 2. 0lhept - 2- ene- 2- [ [
sodiumsalt Step 1: Preparation of d P carboxylic actd,
E)?’tf ng]glro ﬁl—l—l thija 4a, 9-di aza-fl uoren-6-yl)-nmethanol 10 To a round
ottone ask was a 4. 06 am; 0
benzoi m d@g8Ntans.coRch Flgé'v%é di'y P‘???O%Ct{g )S 5{'% %oé'bgofﬂii)o e
1, 3- di br onpmr@IEDI8): mg@s@ﬁnﬂ-l)pmn(mdzm)mﬁemalﬂrbl433&@» 2H)x8.8PémwaH., r ef | uxed
for 10 hours. Then it was concentrated to dry on a rotary evaporator. The
solid was G dissolved in 100m THE and 20 M of 1 MLiAlHA (in THF) was
next injected within five mnutes. 15 The reaction nedia was stirred at
roomterrperature for one ;
50nl 2R HAtep 3hEreparaion
sodi um hygy, Miﬁh |J@%@mmlbs(owm.@xtarzacn.emwatmomebwmneea-mnbu@t ate.

;I'Eg g(r);‘:mn ayers was dri Ie(cjll gver magnesi um sul fate. Filter off
ate yiel ded 3 grans (68% product. NVR(DMSO): S

20 7.91(m (Y3120

oo M Agg‘)lm Béﬁﬁgrﬁggon%wn 0132%3‘%12?2%'6?20@ ShtmidePo[ R Hp]tGHRe-72. 48 (m  2H,

3, 4-Di hvdrml@wehydhl(&MmgngMaNﬁsl q?ée@ﬂél@ra@aqu%@ﬁwbb%"dﬁo a round
bot t ompd 1, @%&g‘“@ﬁé ABdlRd mﬂa\sjsn%@a‘ﬁzwc foB hdif Bh AsGK OFtrt d sorhi iy ZaiFo-

di aza- Iuor rans of anese di oxi.de and. 250, m

chl or of or neolutiBhef ted-Brememsoxstd- W%ﬂj'aF@nb'CMﬂ@[ Glhert2-eBSH PERBEISEIP e and

E gig}o fi :Vtsez{ gﬂgtk%(\g*!%gteq (7%&% nﬁm% W8s m!%:‘tél \Mlgﬁh d&ﬁin@tefaﬁdghéimhcﬂén pr oduct
(m 2H), 3nRAfewagihen o (om202p|) rlegxylag‘tl%(q;] rqj,r \fv%ﬁ hSH rﬁ?@teg’ Bha 4

4-ni trobe
3, 2-al ben%é{%& (5)?1 ngXthé}mgé #Iﬁ%})&ﬁ’reghr?ou r?atgf(zgo?‘t‘l;]lfdg ,alli:!atlbaﬂwldﬁd%%/ 093280

PCT/ USE3/ 1®45T mi, eq.) was mjected and the reaction mixture was left at zero gegree fo
hours. The reaction media was then diluted with 400ml ethyl acetate and washed
with 100 ml 5% citric acid, 100 ml saturated sodium bicarbonate, and 100mi brine.
The organic layer was then dried over magnesium sulfate, filtered and concentrated.

Flash column chromatography using 20% ethyl acetate in hexane gave 690 mg
20  product. (54% Yield); MS: 630.8(M+H)

Step 4: Preparation of (5R,62)-6-(2,3-dihydro[1 .3]thiazolo[3,2-albenzimidazol-6-
ylmethylene)-7-oxo-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
6-[Acetoxy-(2,3-dihydro-benzo[4,5]imidazo[2, 1-b]thiazol-6-yl)-methyl]-6-bromo-7-oxo-

25  4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (690 mg,
1.1 mmol) was suspended in 20 ml THF and 20 ml pH=6.5 aqueous phosphate
buffer. The mixture was then subjected to 45psi hydrogen for two hours. Then it
was filtered through a pad of celite and concentrated in vacuo to remove most of the
THF. The solution was then cooled to zero degree and basified to pH=8 with 1 N

30 sodium hydroxide. Then it was purified via reverse phase HPLC using 1 liter of
water followed by 5% ~25% acetonitrile and water. Water was then removed
through concentrate in vacuo and 32 mg of product (Yield 3%) was collected. MP:
>250° C: H-NMR(D,O): 01 7.08(m, 6H), 7.36(s, 1H), 4.05(m, 2H), 3.90(b, 1H); MS:
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azabi cyclo 3 2.0lhept-2-ene-2-carboxylate A 30 ml acetonitrile solution of
3, 4-Di hydro-2H1-thi a-4a, 9-di aza-fl uorene- 6- carbal dehyde (660 ng, 3mmol)
was addeow.0889s8@m of magnesi um brom de etherate. The mpxTOrse3/wast stirred
at 230C for half an hour. Then a 30mL dry THE 5 sol ution of the

6- Br onp- 7- 0x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acid
4-nitro-benzyl ester (1.15 g, 3 nmol) was injected within a mnute and the
reaction _m xt was then cooled to -200C. Triethylamne (0.7 m, eq.) was
t hen inje@@§§(§h')'the reaction m xture was stirred for five hours at

-200C. Then acetic anhydride (0.377 m, eq.) was injected and the reaction
m xture was | eft at zero degree fo; 18 igzgours. The reaction nedi a was
then diluted with 400m ethyl acet m shed with 100 mM 5%citric
acid, 100 m saturated sodi um bi carbonate, and 100m brine. The organic

| ayer was then dri L ] t4 at ed.

Fl ash 6ol unfreparaiie P4 -9red £rGITNGIR il REInoL.£-gIhel SE& 690 ng
product. (3 ' : ' t-Pleteaz-aanbonyldd acid,

(5R, 62)-6-( - : T azi no , 2- al benzi m dazol 7

yl net hyl ene) - 7- oxo- 4-t hi s- 1- azabi egdiumsall O1hept - 2- ene- 2- carboxylic acid
4-nitrobe | . . D -methanol

(5R)-6-[ ( t,|n 3 4R enzi m dazol -7- 20

yl) met hyl | - 6- br onD- 7- oxo- 4- t hi a-1 -azabi cycl o[ 3.2. 0] he

t - 2- ene- 2-car boxyl .ate  (.700 K It mudka2.nl THE and
IC2)0 m 18H=602 ERfrngcy;:lﬁ’go""ﬁHg?ﬁlﬁgggag%?ql%r %gﬁ%?ﬁﬁgsv@gfgl{] %}ﬁ 1(spiubj ected to

45psi  hydrgegesinfidazotleas-chmoxgic aciBireethitestars4 Ot loarame af 1. 8rdikigMoRrapaac of celite
and concentra i Itk th
ool et o rerorel aie and im S fTod Fe o ts, Fn g or (O B0 e e "
Then it Wagagsbricbhtested tadiyenes otarpesamoraier.CTos solig was next disselvediit er

foll d by 5%-25% acetonjtrile, an t: - d through
concent rar O0R THEA ST TG THEL s PR eq AT RIRNS. | e O
>250 G HTWREERMN mSdia. w2 (stire6 ) roodh Bo(perataid)for an®boyn Efpgnol wag gexy 2H) |

2. 22(m 2K NB o ol by som 2kPBCK HPAAREE tayRBITAS SRS 4o Basigxanpl e

* Ph=14 with 10N sodium hydroxide. The aqueous was extracted with 2x500ml ethyl
acetate. The combined organic layers was dried over magnesium sulfate. Filter off:
the drying agent and cocentrate yielded 3 grams (68%) product. NMR(DMSO): 5
20  7.91(m, 3H), 4.13 (m, 2H), 3.93(s, 1H), 3.23 (m, 2H, CH2), 2.48 (m, 2H, CH2). MS:
221.0(M+H).

Step 2: Preparation of 3,4-Dihydro-2H-1-thia-4a,9-diaza-fluorene-6-

carbaldehyde
25  To a round bottomed flask was loaded 1.1 grams of (3,4-Dihydro-2H-1-thia-4a,9-
diaza-fluoren-6-yl)-methanol , 6 grams of manganese dioxide and 250 ml chloroform.

The mixture was stirred for one hour at room temperature and then filtered through a
pad of celite. This yielded 0.67 grams of product (61%). MS: 219.0(M+H). H-
NMR(CDCI3): 8 10.04(s, 1H), 7.67 (m, 3H), 4.25 (m, 2H), 3.27(m, 2H), 2.50 (m, 2H).

30
Step 3: Preparation of 4-nitrobenzyl (5R)-6-[(acetyloxy)(3,4-dihydro-2H-

1 ,3]thiazino[3,2-a]benzimidazoI-7-v|)methvl]-6-bromo-7-oxo-4-thia-1 -
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Preparation of (5R, 6Z)-7-0x0-6-(r1, 31thiazol o[ 3, 2-al benzi m dazol -6 5

yl met hyl ene) 4 this-I|-azabicyclo[3 2 d hept-2-ene-2-carboxylic acid, sodium
salt St ewob3/ofeparati on of Benzo[ 4, 51i m dazo[ 2, 1- bl t hi azcirasés/casboxyl i c
acid nethyl ester 10 To a round bottoned flask was | oaded with 3.3 grans
of 2-Thi oxo-2, 3-di hydro-1 H benzoi m dazol e-5-carboxylic acid nmethyl ester,
4.5ml al pha- brom)dl ethylacetal, 50ml DMF. The m Xxture was refluxed for 10
hours. Then is wa ) _sodi um bi carbonate (100m ) and
extract ed3z41f eRl AN Gl —fhe conbi ned organic | ayers were
dried ovep mn@@tMrMcﬂ@m of Bj4- lDrfrnydrtmiZH-tIIc’tkznael4fayﬁmglza-5u@t@ém6 concentrate
to dry, flash col um1 chronmat o ) 1 e/ hexane

yi el ded 1carbalgeRyde (6599y9, ) Wg%éﬂ‘léj?d ‘i‘ﬁég@ﬁ%ﬁgﬂ{%mm&?&h DVBO) : S
7.78(m 5EQhera’ée04'hé$mxt3|l'é wé}@c)rredﬁt@ﬁoz foFnatpam houroTheh a 30ml dry THF

Benzo[ 4, 511 m dazo -bl thiazo

6- b d
T e e spltieruel e BOBRIaN: o814 T Sy ol S bt Derip S GHAIR AR
di aza- f | ugr s Bed2yl e8RF RTEY, 3m%lmwmjenfedmmammtdlaodrtlmre@n’@p%o n

hl or of Th t d
then i1 TEHEE WS %@ék%a%"é‘iasé%é cTiotByaRe OO ) By G SR e oTC
(429 . '\’Bé x%%n&{ Mséd)re AsNWNRECREESE hobrslfl ~R06SS Thén bb:etlcamdlﬁ@ 1 H,

7.85 |
(5R0- 6 ( 4081y mbrer\ s ciaCea i 05 S5B10R PR HpisD o 2o tebrdd RP982Y

yl) mey gyl lhoﬁrsbrﬂ{@DrEZCﬁBfﬂﬂédlé Va8 tthen @imiedl wistc40QrBL éhﬂhhetpteahd washed
ene- 2-carboxylate 30 A acet oni t{egl e soI

benzol 4, SMIW@QZVBW?A’P“B‘} ?ﬁi"a@@lr@ FtratesSog iy '8”?’285‘9 A 1Pmd tiFSnevvas added
1. 03 gramof JiREHIE RlyEPWhE m@ﬁe@bb@rma@qesmesumwmerem ®nicenteatedit 230C
for half an hour. Then a 30nil dr 581:’ %IIJ n, of % % al@lé(g@gd&? WO

03/ 093280 Hntsh/qgwsm ghupgatography using 20% ethyl acetate in hexane'g

7- 0X0- 4-t qug%bhgmglmmgwhapt 2-ene- 2-carboxylic acid
4-nitro-b nzy ester 2 mol) was injected within a mnute and the

reactilbn mi xture was then cool ed to -200C. Triethylamne (0.7 m, eq.) was
then inj ecdgq 42progdiation 3 BR)@ 6 X diley WO 2511 Bitieielzino[3,24 ve hours at

-200C. Th T 124 ﬁﬁt egzae % é he

reaction
4-nitrobenzyl (5R)-6-[(acetyloxy)(3,4-dihydro-2H-[1 ,3]thiazino[3,2-a]benzimidazol-7-
20 yI)methyl]-6-bromo-7—oxo-4-thia-1-azabicyclo[3.2.0]hept—2-ene—2-carboxylate
(700 mg, 1.1 mmol) was suspended in 20 mi THF and 20 ml pH=6.5 aqueous

carboxylic acid

phosphate buffer. The mixture was then subjected to 45psi hydrogen for two hours.
Then it was filtered through a pad of celite and concentrated in vacuo to remove
most of the THF. The solution was then cooled to zero degree and basified to pH=8

25  with 1 N sodium hydroxide. Then it was purified via reverse phase HPLC using 1
liter of water followed by 5% ~25% acetonitrile and water. Water was then removed
through concentrate in vacuo and 75 mg of product (Yield 18%) was collected. MP:
>250° C; H-NMR(D,0): & 7.08(m, 6H), 3.70(m, 2H), 4.05(m, 2H), 3.13(m, 2H),
2.22(m, 2H); MS: 372.1(M+H).

30 '
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reaction nedia was then diluted with 400nl ethyl acetate and washed with
100 M 5%citric acid, 100 m saturated sodi um bi carbonate, and 100m

bri ne. ThwomsgeaBe | ayer was then dried over nmagnesi um s®elCraise3/ 13451 t er ed
and concentrated. Flash colum chronmat ography using 20% et hyl acetate in
hexane gave 630 ng product. 10 (50% Yield); MS: 631.9(M-H) Step 4:
Preparation of (5R, 6Z)-7-0x0-6-(f1,31thiazol of 3, 2-al benzi m dazol - 6-

yi met hyl ene) 4 thia 1-azabicyclof3 2 A hept-2-ene-2-carboxvlic acid

4-ni trobenzyl

(5R)-6-[ (acetyl oxy) ([ 1, 3]thi azol o] Bx@&nalebdhzi ni dazol - 6-yl)nethyl]-6 15 bro
m 0- 7- 0x0-4-th ia- 1 -azabicycl o[3.2. 0] hept-2-ene-2-ca rboxyl ate (630
ng, 1 mmol) was suspended in 20 M THE and 20 m pH=6.5 aqueous phosphat e

buffer. The npxisH:8tivRSf |5REZ51-bk6E Gl 3]thiadblasis, 2ka]lemmmidazol-6¢ wo hour s.
Then it was fi rough a pa o : “nnvacuo to
r enove5 nostylme g=thigti-azabig : eregto-zer o degree and

basified to pH=8 mnth 1N sodlun120 thEOX|de Then it was purified via
reverse phase HPLC using 1 liter of water followed by 5% -25% acetonitrile
and water. \Water was then renoved through concentrate in vacuo and 33 ng
of produc
8H), 5.22

Na
31 Prepar aﬁémgl @sfte(SR 62) 6- (7 8- di hydro 5H- pyr anof4 3-dl pvr azol of 5, 1-
blf 1, 31loxazo th 7-0 InC 2- ene- 2-
30 caFBoxJ G %r%@ﬁ&) @éﬁﬁﬁ?q%‘é{?? f&%fi o (”?*‘ %é%rggﬁgﬁlzoﬂﬁ%g %’? ?dlr%lm%‘
(4- oxot et fk%hidﬁﬁﬁa&dep&babeﬁﬂmla):ldxnéthw elsterpd.bent 8lpba @r%%%ﬁayl%ﬁté' S4mE WD

03/ 093280 PCT/ S03/.13451 T t S-H%é”?} ) d 1
H pyr azol &2MEPe UL Wag F?(ﬂ goef°§ 10r}{0%ﬂ? Q?}aggaogfeoth&ygol?gigl trJ(r)an

car bonat e dogiupPBicaibonited¢@lroinand ektmom‘sw&mae‘tp%ﬂ@ﬂg“ we%ate
3- brono-tetrahydro- ra n-4-one, Rgaction
ni xture weEombi eé{;\%[gg%% 3YSrs Wers drrgg%v%lﬁr%gg%%es%rﬁ Qﬁlfa]tﬁ IE'FP(HF §ff thERyi

rature fi oered he solid
vas 5 q¢ashg@niicbhcedtetoni dry,iflash cwlumnfchrwmatoeramy Ué'@ﬁd@ﬁ?’@ 4ed'to an oil .

E‘Sa[}?i' g%\é@s eXap aaldSi1 18 Py 39 A& pRAECEHIS! 268 S}, fHwat er . The

NMR(DMSO): & 7.78(m, 5H), 2.04 (s, 3H, CH3).

Step 2: Preparation of Benzol[4,5]imidazo[2,1-b]thiazole-6-carbaldehyde
20 To a round bottomed flask was loaded 1.16 grams of (3,4-Dihydro-2H-1-thia-4a,9-
diaza-fluoren-6-yl)-methanol , 25 grams of manganese dioxide and 250 ml

chloroform. The mixture was stirred for one hour at room temperature and then

filtered through a pad of celite. This yielded 0.42 grams of product (42%). MS:

203.0(M+H). H-NMR(CDCI3): 5 10.10(ss, 1H), 8.24 (ss, 1H), 7.85 (m, 3H), 6.96 (m,
25 1H).

Step 3: Preparation of 4-nitrobenzyl (5R)-6-[(acety|oxv)([1,3]thiazolo[3,2-
al benzimidazol-6-yl)methyl]-6-bromo-7-oxo-4-thia-1 -azabicvyclo[3.2.0Thept-2-

ene-2-carboxylate

30 A 30 ml acetonitrile solution of benzo[4,5]imidazo[2,1 -bjthiazole- 6 carbaldehyde (404
mg, 2mmol) 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-Bromo-
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over MgSO4 and evaporated to dryness. 9.0 g (78% of the desired product
was obtainedas a white solid. MPt. 121-123C, (MH) 255. 10 Step 2:

Pr epar at iwo 0df09x8hyl 7, 8-di hydr o- 5H pyranol4, 3-dl pyrazol ofPETAS0dI3451

[ 1, 31oxazol e- 2-car boxyl ate: A m xture of

et hyl - 5-[ (4- oxot etrahydr o- 2H pyran- 3-yl ) oxy] -1 H pyrazol e- 3- car boxyl ate
(254 nmg, 1 mol) and nethane sulfonic acid (192 ng) in 7 mM of acetic acid

and toluene (50 ) s refl d for ; trap to
Femove. varEo ARieTHEz BRYE B NP e T S e & RrepalRaeT
t enper at uggro hge2 hﬁﬁs}iwwlnmctetdtwmn aasntteland teaireatien mixture 328 HRR

concent r at ed to an [ esi \: t ate aqueous
bi car bonat@o §6F%T?Qﬂ9 -ﬁfff’-é[hyg?'aﬁﬁl @"}lrgly )ng?%gslﬁﬁgfeﬂ e tm/reagfrw{and dr?ed

over MSOhixtifd s SthreaMar fl\iefhddr@am%pb akhenatcetic amhydrlée (& Wagdpuri i ed

b I | ch 120
26 my §51vp igcieREN S RIS DT Va8 ik dr e T B g 2 o1 ve

El ect r 0s praytiP mddiZwasthe omm’eaimh&oeml athyPacgtate anf avasbed witg 100 ml

S't ,h ??;3 g(g,pf g&rﬁpppo%f 100%1% tur gc':l %I)g Urln btfcl:a]:rl)oﬁ’i}’alrg X@0loort oh&ETRAGYanic2> To the

7 8- dl hydﬁ o5 B Y @t cvefinaghesioh alifiatd; filerdd Sjdsencenisated. ElgsBoxyl ate (1.5

and 1. 54 g:o&nmm@{rE@%%Srapm@S@aﬁfw""%v@%%e?%sﬁl Rkelle S SO BREE e

reactiygn V@@%qggapw 82y olvAHKCl , and adjusted to pH 1.3 and stirred at
room tenperature for 1 hour. The reaction m xture was adjusted pHto 8

with k2C38. The 30 reaction mi xture was extract ed W t h et hyI acetate. The
organic Iegfg AWM & : atbenzumidazol-b- and col um
chr omat og ) . (MrH) 196.

7.8-di hvdrp t ﬁ@?eg% [é.cekmﬁm]m‘&omz d]be’i\&midaxdl-s -yDirdinfied-dehyde:  To
u I

the stlrred boxylats, (630 1m
7, 8- d|1l5ydrbremlsl-7p9x(aﬁ-6‘[lak1%P'ﬁ%‘%@cﬁ Uhept2-67§-2-C300%UI: 30 mg, yI'AE PRanol 11. 0
g, 5.1 mml)g éﬁﬁg@ﬁ éHm@f) BaM@0 a1l peeed @q&bu%l@é’sphm bufies pEsi on was

refl uxed for our er a nitrogen atnos m xture
was fil terreattttrhma@hﬁreﬁqutetﬁmd@lp?‘t@ roﬂ‘?é‘qor ‘ﬁPe*‘;QP&S vﬂ?nc'g‘?{%ehf&a? ed to give
yel | ow oi Iy The nroduchigahdRehbdritetbdi vabiomaeagraptost odthdIH. oFhet he

roduct was ~ _ .
P solution was then cooled to zero degree and basified to pH=8 with 1 N sodium

20 hydroxide. Then it was purified via reverse phase HPLC using 1 liter of water
followed by 5% ~25% acetonitrile and water. Water was then removed through
concentrate in vacuo and 33 mg of product (Yield 8%) was collected. MP: >250° C;
H-NMR(D,0): & 6.89(m, 8H), 5.22(s, 2H), 5.02(s, 2H), 4.81(s, 2H).

MS: 378.1(M+H+Na).

25
Example 31
Preparation of (5R,62)-6-(7,8-dihvdro-5H-gvrano[4.3-d]pvrazolo[5,1-
b][1,3]oxazol-2-v|methvlene)7-oxo-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-
30 carboxylic acid, sodium salt '

Step 1: Preparation of ethyl-5-[(4-oxotetrahydro-2H-pyran-3-yl)oxy]-1H-

pyrazole-3-carboxylate:
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obtained (80%; (MtH) 193 10 Step 5. 4-Ni trobenzy

(5R)-6-f (acetyl oxy) (7, 8-di hvdro-5H pyrano 4, 31pyrazol o

5, 1- bi f 1, 80@sagxBe 2-yl ) net hyl | - 6-bronp-7- oxo-4-thi a-1- arabitsypiBsts 2
Olhept - 2- ene- 2- car boxyl ate 15

7, 8- di hydr o- 5H pyr ano[ 4, 3-d] pyrazol o[ 5, 1-b] [ 1, 3] oxazol - 2- car bal dehvde (600
nmg, 3.1 nmmol) and the dry THE solution (20 m-) of (5R

6S) - 6-b /- 4-thia-1- i d

o ohvi S dspien y S ALY R R s aRted paae 20

T o o AL ot il esugool i (o2
y%o\j\ggah&ra EpyTAN-A-9ne, %Rﬂe?fmxéc? 8B6FoUFS T ti

C, Et3N (g.9H3rhro i on reaction vessel was
cover ed WriluleQids diowed &b oot té ragint terﬁmaw@amendﬂtefﬁd(mﬁ@lws stirred for 2
h at -20 C and treate

| c anhydr rtion.
The react WeReH WitR u?‘@t%@ﬁ%@ ety Vf)as 0% t‘lécl}troeﬁ-'?1 -}hléS'%ﬁ@gtg V%H%C The
mxture Wasokd Mtét I‘é[bétbteﬁéﬂbyéxtmwdamm \aatdr wHsherganictohaseyvas drie¢ aci d
aqueous sol ution sat ur odi um i ne. The
organi c | &yeMgaQs ﬂ'?q %\@pO(q\@%&ciry%sg fdl?fgé?%%p?ﬁ?%%ﬁ%aoe%rggun%fvwéeI ite. The
pad was Waghpbdas biwrtthylid. Meettel23fop(M4H)t258t e was concentrated under

reduced pressure. The residue was applied to silica gel columm
chromat ography, then the colum was eluted with ethyl acetate: hexane

(1 1) 40 Colggss befrduapstidPEBethyl E.8alingdrotsHrberhnoiti2dipyrdroleff.®0 pressure and

the m xture of diastereo |some[s were taken to next step. Pale yell ow
anor phous bili3laxazale-rearhoxydate: 7004 (M-H) 619. 160 WO 03/ 093280

PCT/ USO3/ S . tPdHyaFb-2#-pyran-3-yl)oxyl- 1H pyrazole-3-carboxylate
g e v e -l

5R, 62) -6 4, 3-d 5 3
3(/I met hg/l erf2§47mgx - mmelhard rge%gh%é&i?&%@@é%“?ﬂgb? £ Ogéfcénc a(]:cgr%@yl ic acid,
sodi um saly {; géi’ié qu rﬁlﬁma@ réfﬁrxgd ?’drhl‘ed{d@rréh’smg adDeah4Stribtrap to remove water.

dl pyrazol o 3Toxazol - 2-yi met hyl ene) 7- 0xo- 4 t lo 3 2
A heptl62- die- rga@@nmxtyrq wa%lalilquedstgd:loa ggcp% terﬂpc?\lﬁ Yeipd hf’h% rJeact%quﬁ)Fg

5R) - 6- ta) oil3 idli fissolved in
E)][)l,S] E)g(g,g;ﬁ fpé&?/)ihéfﬁtréiémédr&néémﬁyéoamd iB] Therres eM&s $S0

-6- br omo- btlwt@cataterﬁwegusa isebepatesoltion o] e.graic Laysr was waghed Wit 1o (1.2
,h 1. g : c?’rleﬁst%vnﬁggz W/SL(ﬂtiE ré%@vano)ftheaaaylmetam lthee (elj@iILDJRLVyaSandmO 5 M
phosphat e purlfleo(la Iroy sﬁ)ca gel chromatogr)apﬁ)r) eluting wi qg%&afaceté{vﬁ] PO iﬂleclé)d psi

20 mg (51%) of the desired product as white solid. Mp; 116-118° C; Electrospray-MS
m/z 237.0 (M+H)"

Step 3: Preparation of 7.8-dihydro-5H-pyrano[4,3-d]pyrazolo[5.1-b][1 .3]Joxazol-

2-yimethanol:

25  To the stirred solution of 7,8-dihydro-5H-pyrano[4,3-d]pyrazo|o[5,1-b][1 ,3]oxazole-2-
carboxylate (1.5 g, 6.3 mmol) of in 100 ml of THF was added 1.05 g of lithium
borohydride and 1.54 g of methanol. The solution was heated at 40C for 2.5 hour.
The reaction was quenched by 1N HCI, and adjusted to pH 1.3 and stirred at room
temperature for 1 hour. The reaction mixture was adjusted pH to 8 with koCOs. The

30 reaction mixture was extracted with ethyl acetate. The organic layer was dried over
MgSO,, and concentrated to an oil and column chromatographyed to give 0.74 g of

the desired product (60%). (M+H) 196.
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pressure. After 4 hrs the reaction mxture was filtered, cooled to 3 C, and
0.1 M NaCOH was added to adjust pHto 8. 5. The filtrate was washed with

et hyl acewetog/ogn80 the aqueous | ayer was separated. The aquealss3/iamayer was
concentrated under high 15 vacuumat 35 Cto give yellow precipitate. The
product was purified by HP21 resin reverse phase colum chromat ography.
Initially the colum was eluted vmth dei oni zed wat er (2 lits) and latter
with 10% gcet onitr o - . n%hal'o bRayIL were
col | ect ed 2ard—coré&em c e oom errpera ure. The

yel | ow solzL@hrmen@@&ed Wi t h acetone and filter ed In this reaction 20
both E and Z rsoners were fornmed and they were separated by prep. HPLC.
(5R, 62)-6-(7, 8-di hydro-5H pyrano[ 4, 3-d] pyrazol o[ 5, 1-b] [ 1, 3] oxazol - 2-yl net hy
| ene) 7- oxgr dﬁﬂe S édl@?dhtbfqyslblmP&o%P@bh@prZS—é]lpwaZelo[sﬁrbb}{yBiO@amHZd, sodi um

It : Yiel %; Yel M+ MR (D20): 7.04
?i H, é)l%nemarqoi gstBﬂﬁ@Q%@"%'%?""%"&@S @3%)8%$§M%0?'5*%H (rr),) 25
4.12 (2H, ﬂlpfeg%m%@ﬁj@ﬂuf@d fok 5'3 ho@ﬁhn@er(ﬂmtr&g@ Syrdbsphéret Plye eeacfich

3-d] pyrazo 3] oxazol -

0X0- 4- t hi gniztuEErW @ fBouwgng ﬁéﬁ%9¥§e'§ﬁe BZ@E@E%Wﬁ FonogRfrgtedd8 Ve m sal t

Yield 75 1 b (cM'drl'ié‘tbgra @.79Id- VR PRIt WaE, 08 (1 H,
s). 6. 81 (y%ﬁ?_\‘vg)@ Tr@proﬁﬁ tj\f‘?é(’éﬁﬁlfba y E’)@ﬁ & Gg(ZH m. 30 4.0
(2H m, zbb@ne(dzaawm(M 1196&0 03/ 093280 PCT/ US03/ 13451 Exanpl e 32

Pr epar. ?tlon of (5R 6Z)-7-0x0-6-(5,6,7,8-tetrahydropyrazolo[5,1 5

bl [1 benzoxazol - 2- yI rreth Iene) 4 th| a- -1 bi.cycl o] 3. 2. A hept - 2- ene- 2-
car boxyl i Stepi ] 2R RGELYIOXI 68 et hyl

-5- [ (2- oxocyel ¢ 9 15,4 Bﬁéﬂil-% m@l?i QO réin®-7-bRoTcthidhe- Sti rred
suspensi o azo le-3-ca rboxyl ate (6.25 g, 40

3 e-2e03 ‘:~|“e n 500 mM of acetonitrile was added
6.35 g of 2- chlorocyclohexanone and refluxed for 16 hours. The reaction
m xture was allowed to cool to roomtenperature, then filtered, the solid

was waghedz wdtHvdmeﬂﬂwramM Bd]pyrazofol, 1 it Slawaeolcbrrbadeayde 6P Mith oi | . The
gf;;ﬁ:lg ‘S’f’fag r(@gl %cfﬁ!\gad?% \'}'%l? %@éﬁ (36 RILFLEER Bsp8ibranberdo-4 misat er . The
aza-bicyclo[3.2.0]hept-2-ene-2- carboxylic acid 4-nitro-benzyl ester (1.54 g, 4.6
mmol) were added successively to the dry acetonitrile (15 mL) solution of
anhydrous MgBr,: O(Et), (2.219g, 8.5 mmol)under an argon atmosphere at room
20 temperature. After cooling to —20 °C, EtsN (2.0 mL) was added in one portion. The
reaction vessel was covered with foil to exclude light. The reaction mixture was
stirred for 2 h at —20 °C and treated with acetic anhydride (1.04 mL) in one portion.
The reaction mixture was warmed to 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,
25  saturated sodium hydrogen carbonate, and brine. The organic layer was dried
(MgS0Q,) 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

30 pressure and the mixture of diastereo isomers were taken to next step. Pale yellow
amorphous solid; Yield: 1.35 g, 70%; (M+H) 619.
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and evaporated to dryness. The product was purified by silics-gel colum
chromat ography by eluting it with 1:1 ethyl acetaet; hexane. 4.92 g (49% of
the desiwed3psnsuct was obtained as a white solid. M Pt. PC2ASRAAES51 ( M+-H)
253. 20 Step 2: Preparation of ethyl 5,6,7,8-tetrahydropyrazol o[5, 1-bl

1, 31benzoxazol e- 2-carboxylate: A m xture of

et hyl - 5-[ (2- oxocycl ohexyl ) oxy] -1 H pyrazol e- 3-carboxylate (127.6 ng, 0.5
mmol ) and methane sulfonic acid (95 nmg) in 5 mM of acetic acid and toluene
(50 m) was refluxed for 18 hours usr ng a Dean- Stark trap to renove water.
25 The reggdp erPrepsidtioh o ; PYES

reaction m>‘<|ture was fllthered The It_1 tZ LRI REBE _gﬁletzp an oil. The
resi due MLWMM@MM%@? sol uti on.
The organigg, ﬁ& VRS sVafie daltig (SR 6E)L6(7,8dthydiroSHl-pyranol3B04.  Af t er
renoval o acetate, the residue was , purified by silica gel
L.ci!?).ll"'"' .1-bif1\3loxazol-2-imethylenal7-oxp-d:thiade give 30 69.7 ngy

(59% of the g1i8 akidd sottfuim 8at57 C, El ectrospray- M5
m z 235. 03N 0S0 451 Step 3: Preparation of

5,6, 7,8 tetr hydropyrazol of 5, 1-bi fl, 31benzoxazol -2- Ynethanoi: To the

stirred soI n _of lo[5,1-

5,6,7,8-té ’?5{86 ?‘?ggﬂacf@'%y)ﬁ Ff@dﬁeﬁgg%éazngp Slpyragolol>, rboxylgte (3.84 g,

16 4 ol )o][afs]omzdrcmyrymethyl] =B—Erowws7-9&@édh@ Toezakiqyelol3-2-AlhgRt- ﬁé?ghydri de and

Ritr@ U0 mL) Tde

react @n a 0&1@8%%@%9 éw"ll’\ﬁﬁﬁ%@a 9‘éaogﬂ -ﬁFeQ@?gL)Oécao g sTr)rred at

room tenmes M pHoepliate b]Jffhro(tpH6 Fhes méaélﬂd rm@natﬁcboméo‘é{ﬁ"t{&%éo 'to 8

with k2CO3. The eacti o tolay b @gertmte The

or gani ¢ |aPy%~°rS”{}9aé\f"8ng‘85 %\?3’%‘@’“%%@?@ ﬁl?%%ﬁ%gmégggg Imt(onan '

col urm chiNaGi ags adtydtb adjusfipirkto.$2Te fitraterwias Washadawt *brtatﬂ@e?tat%@%}f Mpt .

82-84C, ( 193. St d under high

ot r ahydr oy PadRiisfalet Vst pebaySRAL e Bbustaller adooncertrate t‘é To The

stirreag salagtirnnt 85 °6 16 give yBHQVepmiﬁﬁ9@r J@ﬁr%@@!%[ﬂ@swﬂﬁdl wibehEshzol -

yl met hanol 0 nN\R&s gd@gd,vﬂqo g of I\/h02
§?{ﬁ RB% O#Ifuxeﬂ%w rQ%I%p lmtlaIRffthgé@u% I

Th susper{E under a nitrogen atnosphere. The
reaction d‘érorﬁztwervaters(Zfllté.)ta@déaﬁeterfbu@% acqﬁ%t”!ﬁ Weer-t Be FRdIoPS | trat e was

concentr atc%%te%r%n the product were collected and concentrated at reduced pressure at room

temperature. The yellow solid was washed with acetone and filtered. In this reaction
20 both E and Z isomers were formed and they were separated by prep. HPLC.
(5R,GZ)-6-(7,8-dihydro-5H-pyrano[4,3-d]pyrazolo[5, 1-b][1,3]oxazol-2-ylmethylene)7-
oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt : Yield 87
mg, (25%); Yellow solid; (M+H+Na) 368.2.
H-NMR (D,0): 7.04 (1H, s), 7.01 (1H, s), 6.45 (1H, s), 6.09 (1H, s), 4.76 (2H, m),
25  4.12 (2H, m), 2.96 (2H, m).
(5R,6E)-6-(7,8-dihydro-5H-pyrano[4,3-d]pyrazo|o[5, 1-b][1,3]oxazol-2-yImethylene)7-
oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt : Yield 75
mg, (21%); Yellow solid; (M+H+Na) 368.2.
H-NMR (D,O): 7.08 (1H, s), 6.81 (1H, s), 6.71 (1H, s), 6.40 (1H, s), 4.68 (2H, m),
30 4.03(2H, m), 2.87 (2H, m).
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yel l ow solid. The product was purified by chromatography. 1.95 g of the
product 20 was obtained (85.5%; (MtH) 191 Step 5 4-Nitrobenzy (5R) 6

f (acet yl owp)ogB9R3) 8-t et r ahydr opvrazol of 5,1 bl f1 3l benzoxarelr/tBoyiuset hyl 6
br ono- 7- oxo- 4-t hi s- 1- azabi cycl of 3. 2. d hept-2- ene-2-carboxylate 25 5, 6,

7, 8-tetrahydropyrazol o[ 5, 1- b] [ 1, 3] benzoxazol e- 2- car bal dehyde (589 ng, 3.1
nmmol ) and the dry THE solution (20 m-) of (5R

6S) - 6- br onp- 7- 0x0- 4-t hi a- 1-aza- bicycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid
4-nitro-benzyl ester (1.54 g, 4.6 mmol) were added successively to the dry
acetonitrile (15 m-) solution of Eramgleodd 30 MgBr2: Q(Et)2 (2.21 g , 8.5
nmol ) under an argon at nosphere at roomtenperature. After cooling to -20
C, Et3N (2.0 nL) was added in one portion. The reaction vessel vvas covered
with foil to exqggratioddr(5R ﬂmsmwéﬁ_f or h at
-20 C and treated Wi acetlc anyr| 104a g > pgrtiaofn. The 163

WO 03/ 69328 =%nd stirred

for 15 h at 0 C. The mxturec X ﬁlég%egomuhhsm hyI acet ate and washed
with 5%citric acid aqueous ﬁl—u ion, saturated_sodi um hydr ogen car bonat e,
: Prepa xB-f(24exacycl gije &7¢8d t hrough a pad
of Cehte._éé’&ag&&ms vvashed vmth ethyl 5 acetate. The filtrate was
concent r at reduced pressure. The residue was applied to silica gel

col utm chr omat ogr aphy, then the columm was eluted with ethyl acetate:
hexango( 1:Thlthe SMrdsiisp@nsiva ot ieting Suiydxpdhermazaie-dathriyipte Bdded0 pressure

dth t T
amor phous 5P 808 9P G peSnlh BiaT hR00RGH pRRalE Y v SReeTORs 7.
grl gpar at i @bf@tcrﬂ&recﬁi’ahe%am Gnd Tefbixed 3>rt1éth§aFWdem\¢ﬁatm @'X’Slﬂ;"aﬁl f 12

enzoxazg ene ene- 2-
car boxyl i @ g\@eqj% %Lp%rﬁogtat‘)e{npféa ﬂr%r\fhetlt flg%a IhSY0liPdas waShEr R

tro
(5R) - 6- [ ( afetoriltaxy)r6d flﬁr%.téiwbet:matey\ttatmyo ammlllo[l'se tesifye1was Bieslvsedpol - 2-

| ) et hyl 4- boxyl at
(505" 1y, Barigiy arrusar Oy pauen R STpgye phiss HaBkrcs RAMaTR PO &0y
0.5 M phogghabgoratdd terdrireiss 6THe prasuanwa)s ranitiechy sibesegricOliniver 10% Pd/ C

(100 ) athro4nr(1)atography by eluting it with 1:1 ethyl acetaet;hexane. 4. 92 g (49%) of the

desired product was obtained as a white solid. M.Pt. 122-124°C; (M+H) 253.

20 Step 2: Preparation of ethyl 5,6,7.8-tetrahydropyrazolo[5,1-b][1,3]benzoxazole-

2-carboxylate:

A mixture of ethyl-5-[(2-oxocyclohexyl)oxy]-1 H-pyrazole-3-carboxylate

(127.6 mg, 0.5 mmol) and methane sulfonic acid (95 mg) in 5 ml of acetic acid and

toluene (50 ml) was refluxed for 18 hours using a Dean-Stark trap to remove water.
25  The reaction mixture was allowed to cool to room temperature. The reaction mixture

was filtered. The filtrate was concentrated to an oil. The residue was dissolved in

ethyl acetate and aqueous bicarbonate solution. The organic layer was washed with
water and dried over MgSO,. After removal of the ethyl acetate, the residue was
purified by silica gel chromatography eluting with 1:1 ethyl acetate/hexane to give

30 69.7 mg (59%) of the desired product as white solid. Mp; 55-57° C; Electrospray-MS
m/z 235.0 (M+H)"
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psi pressure. After 4 hrs the reaction mxture was filtered, cooled to 3 C
and 0.1 M 20 NaCOH was added to adjust pHto 8. 5. The filtrate was washed
wi t h et hywoageease and the aqueous |ayer was separated. Poa/sgieass | ayer
was concentrated under high vacuumat 35 Cto give yellow precipitate. The
product was purified by HP21 resin reverse phase colum chromat ography.
Initially the colum was eluted with deionized water (2 lits) and latter
with 10% acetonitrile: Water. The fractions 25 contai ning the product were
coll ected and concentrated at reduced pressure at room tenperature. The
yell ow sobje cBESRBH o¥i5,6) ToERiteiiydrogyidzblafs dehl[ySibenzaxaaohd:  (76% ;
Yel l ow s . 2. MR (D20): 8 6.92 (1 H s), 6.91 (1 H, s),
6.32 (1 HL__)Lh_MS (1 H s), 2.59 (4H, m), 1.80 (4H nm. 30 164 WO

03/ 093280 P / / Bredrep@bzads5atb][1,3]oenzoxazole-2-
(5R, 67) - 619 ﬁ%ﬁo%@ggﬂ'ﬁggeﬁ?@éq%t gorappszcl

t et r ahevdr carpoxytaie ¢3.84 9116.2 m9'l°@'!?&>@9i6‘l%i%"z4w%§ 3gded -0 9. o J | IS v ene}-7-0

4- th t eateyl @066[d25$1d | t
Step 1 PRR B A L . T 00) 25l O

oxopi peri tﬂhéleeabtlcramfaemeP@d bydl N]'ISEIP %gy(ég{qgﬁe@ﬁgéukébgﬁgﬁéﬁrr L#a?r él—.—i oXxy} - 4+

5- hyd 1 H 1sti/ I-Frm)B tarkg‘CGQ'l'Gn f
oot a5 unl SR B ol T R e el 2

3- br ono- 4renctiep mpeuiediaseextragtedivityathd agetete- di ﬁ)ﬂrga&l‘f I@Ver(v%a?s APV 49 mol ),
d f f &d 1 69 |t
A 160 MR Sl dcaRitaa T B o 8R4 hiamtdriatoguiphyel foghes 62 ool Lo

room e30|d was washed with acetonitrile.
The filtr geedesed pSodtohB8Hb)r Mpb@2ta9 %n('\’b*"ll) 1%nhe residue was dissol ved in
ethyl acetate and extracted with water. The organic phase was dried over
MySO4 and evaporat ed to dryness The product was, . fied b s' lics-gel

col um ch Aopaan: ah lof g pk LR e. 8.5¢g

(19% of the sired product was obt ai ned as an yeIIow 0|I (l\/HrH) 326. 20
Step 2: P Mof di ethyl 7,8-tetrahydropyrazol o[ 5

21311%03hexmzed solbtich ofl Hir 7,6+ta’@ailzyc59mij¢[\éérlgglx§,]£ zoxazol-2-
ylmethanol (2.30 g, 11.97 mmol) in 60 mi of CHCl; was added 10 g of MnO,. Th

suspension was refluxed for 1.5 hour under a nitrogen atmosphere. The reaction
mixture was filtered through a pad of Celite. The filtrate was concentrated to give

yellow solid. The product was purified by chromatography. 1.95 g of the product
20  was obtained (85.5%); (M+H) 191

Step 5: 4-Nitrobenzy ( 5R)-6-[(acetyloxy)( 5,67,8-tetrahyd ropyrazolo[5,1-
b}[1,3] benzoxazol-z-yl)methvl-6-bromo-7-oxo-4—thia-1 -azabicyclo[3.2.0]hept-2-

ene-2-carboxylate

25
5,6, 7,8—tetrahydropyrazo|o[5,1-b][1,3]benzoxazole-Z—carbaldehyde (589 mg, 3.1

mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
bicyclo[3.2.D]hept—2-ene-2-carboxylic acid 4-nitro-benzy! ester (1.54 g, 4.6 mmol)
were added successively to the dry acetonitrile (15 mL) solution of anhydrous

30 MgBra: O(Et), (2.219,8.5 mmol)under an argon atmosphere at room temperature.
After cooling to —20 °C, Et;N (2.0 mL) was added in one portion. The reaction
vessel was covered with foil to exclude light. The reaction mixture was stirred for 2

h at —20 °C and treated with acetic anhydride (1.04 mL) in one portion. The
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A m xture of ethyl

3-{[ 3- et hoxycar bonyl ) -| H pyrazol - 5-yl ] oxy}- 4- oxopi peridine-1 - carboxyl ate
(325 ny, womamdesand met hane sul fonic acid (95 ng) in 5 mpCofusapedsc 25
acid and toluene (50 mM) was refluxed for 18 hours using a Dean-Stark trap
to renove water. The reaction m xture was allowed to cool to room
tenperature. The reaction m'xture was filtered. The filtrate was

concentrated to an oil. The r io e and
aqueous bFRastien AbLEresUrT VR ?réa;ﬁl?r'&e%:fé?gé Keéﬁ]\/\k’(ﬂ) emaqiqlagﬁm%@f&é\%vat er and

dried ovepiBeth effiyl a&eté@rmmmasnédme 584 hiric @m@aatu@usm@hs@ resi due was
purified by silica gel chromat n I

acet at e/ hertrated sogHmehygiegenga Q@?@g) éf‘gk Hlltéé dgg%edé nt I;y E:A{é\égsnegn yel | ow oi |
5 ect 1 02PHUch) F1eERS: ridhid o (akepat: “@"‘;ﬁ“@ s stop
1, 310xézola§¢1§’@1 T:hepWTfrPﬁ’i %ﬁr{e %¥H%‘§8ﬂ g‘?&le?& %%g}%tl rred 88|VYJ'[I on of

di et hy'd %Bﬁé%nba;marggpaélamalca.{oa«atograpm me{nlme]oommaﬁ gluied with ethyl

c] pyri di ne-

5H) - di car box of THE was
added 5 mstatfg hekang thurk S?tﬁaffaf(‘tl'% "Q%‘a Cﬁnérgm ¥edq%d'ﬁgaeg:|@cé@rhe sol ution
Wgs hfafjeg) éésllflf’éighé %rﬁnx@tr@m%sté'ﬂé@ mcgaerswmemmmewdmalp E@NQYN_'I_Q:CI and
adjusted to p and stirre 0 our e
reaction mmrglﬂ@s\/ﬁ@da\éﬁel‘k?%mﬁkﬁﬁ%o&é’mm}ﬁ?%gogwﬁﬁgreact| on mxture was
extraghed with ethyl acetate. The organic Iayer was dried over MgSH4, and
concentrated to an oiI and CF%)| un3,1 10 C bvle 172 ng of the

desired prStdnée P = yl

2-fornyl - 7.8 gk UD\6l|-24 th y@ne)—h-thla- -1 -azab|cvclo[3 2. O]hept- 2-ene-2-

2,3111, 31 : b3 ,)E-CI p\Z/vrwln |u1e 6(5H) - carboxvl ate To the stirred solution
of ethyl ZXarbexyliwaaidisadiymasalt di hydr opyrazolo [5' 15

1':2,3][1, 3]oxazol o[ 5, 4-c] pyri di ne-6(5H) -carboxylate (1.76 g, 6.6 Mol ) in
60 mM of CHCI 3 was added 10 g of Mh02. Th suspension E{aﬁgre Iu(g for 1.5
hour umdera- antrdbleth@a) Gal(mastyin) (6.6 7 e tiabydroPAZAP LR T lk! R8P PE e d

t hrough a I|t il eshrivax y1e||ow
ol Lo TRl -aﬁ???%'?55*“’%‘2%2%2@?2?%‘%@? 23 ﬁ?gg‘ the pr oduct

was obt ai rmg @.8286n0l) Maptd:snge@gd‘lﬂlﬁ/m mLy@ce @ltnlgt(gbrmj) Mation of
ethyl 2" (AREb @O D5ORR, andhiarbdsndibd bRty PAIGD0AIdanyb1
psi pressure. After 4 hrs the reaction mlxture was filtered, cooled to 3 °C, and 0.1 M
20 NaOH was added to adjust pH to 8.5. The filtrate was washed with ethyl acetate and
the aqueous layer was separated. The aqueous layer was concentrated under high
vacuum at 35 °C to give yellow precipitate. The product was purified by HP21 resin
reverse phase column chromatography. Initially the column was eluted with
deionized water (2 lits) and latter with 10% acetonitrile: Water. The fractions
25  containing the product were collected and concentrated at reduced pressure at room
temperature. The yellow solid was washed with acetone and filtered. Yield 150 mg,
(76%); Yellow solid; (M+H+Na) 365.2.
H-NMR (D,0): & 6.92 (1H, s), 6.91 (1H, s), 6.32 (1H, s), 5.85 (1H, s), 2.59 (4H, m),
1.80 (4H,m).
30
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vl )methyl |l 7,8 di hydropyrazol of 5", 1' 2, 3111, 3| oxazol of 5, 4-cl pvri di ne- 6( 5H) -
25 carboxvl ate Ethyl 2-fornyl-7,8-di hydropyrazolo [5'

, 1' 1 2, 3] [wo3Ipoxrg®l o] 5, 4-c] pyri di ne-6(5H) - carboxyl at e ( 7®0TAIHP3/B45nM0I )
and the dry THE solution (20 nmL) of (5R 6S)-6-

br ono- 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxylic acid
4-nitro-benzyl ester (1.54 g, 4.6 nmmol) were added successively to the dry
acetonitrile (15 m-) 30 solution of anhydrous MgBr2: Q(Et)2 (2.21 g, 8.5
mol ) under an argon atnosphere at roomtenperature. After cooling to -20
C, Et3N (2.0 nL) was added in one Exampledd3 The reaction vessel was covered
with foil to exclude light. The reaction mxture was stirred for 2 h at
-20 C and treated with acetic anhydride (1.04 nL) in 166 WO 03/093280

PCT/ US03/ 13451  onepRphatdtRih of (BR.6. b-0athoky¢arben dto 0 C and
stirred for 15 h at : e mxture was djl uted, w e and
washeds wi tetraivgdropyrazolefs’d’ 21 Ha3loxazQlo(x.4-glpyridin-g-vi “;. 2 é'%%fr&rogen

carbonate, andyfiti N€,,a) 930l1he tay.enemmdxjhm_chgmmmtered

t hrough a pad : was washed wth ethyl 5 ace ite. The
filtrate Mmmrmmm&mﬁmwﬁm&hlmm LSdloXY k% as  applied
to silica gel, colum, chro (0] raphy, then the colum was eluted with ethyl
acet at e: m%ﬁ-@ﬂﬁst‘t&ed fracti ons were concentrated under reduced
pressure and the m xture of diastereo isoners were taken to next step. Pale
yel | oyy angipdetsedalspension of dthyl5ydrgxy-8H-mrazoka-piratoyylaied 1804 6:

e P:L%'r ggﬁrfam(ﬂ?)gng.zs?o'io&g% O (RN YHBERAEH Bo0PmPor/acBtonitrile was added

g, ?élL 1, ?1g:,x&amlogh-%xé-gﬁeﬁlwhbdﬁ—mrﬁewnb eitl et b ASpr W%iﬂ%trﬂmaﬂ’ﬁr&z abi cycl of 3
ept-2Z-ene-4Z-car nox C acl |

2- [(acgt yIrefluxpd deg) 1 -%V%ntbez[effﬁ?'}l&ﬁﬁqfrgg’%%ﬁéz@w oidj‘]% Qarobrc())r?m }

- 7- 0X0- 4- tybyhBerhturaZBbn fyerta]tRe Roll] Wapwashashwith aaefanitiley | Theriltgate was

di hydropyrazol o[ 5", 1':2,3]L1, 3]. - i,y i | at e

e B L N e G i e

0.5 M phggphadter. brid egatiphBsSwag Sried pveadp FQRNSRBROGEDPANYIRTS: Pd/ C (200

ng) at 40 20 psi pressure. After 4 i i he itwag f-11 t ered,
cooled to Tshe(Ero‘éH'fg“@?f”ﬁﬁeﬁ}\éﬁﬁ%\sé%el}a&é@g@%é&g%&%ga?ﬂﬁgyiéyﬁgl& The filtrate
was washedtpy bhBetabitydxans. e 8Bt e (106 ofltrlreedeﬁ'qed@[fzgtllch‘y?ﬁ obiged @sAat ed. The

aqueous l%{%ﬁcr)w\gﬁ.s(l\/&%%%j[ rat ed under high

20
Step 2: Preparation of diethyl 7.8-tetrahydropyrazolo[5’

,1°:2,311 .3]oxazo|o[5,4-c]pv@iﬁa-Z,G(SH)-dicarboxvlate:
A mixture of ethyl 3-{[3-ethoxycarbonyl)-1 H-pyrazol-5-yl]oxy}-4-oxopiperidine-1-
carboxylate (325 mg, 1 mmol) and methane sulfonic acid (95 mg) in 5 ml of acetic

25  acid and toluene (50 mi) was refluxed for 18 hours using a Dean—Stark trap to
remove water. The reaction mixture was allowed to cool to room temperature. The
reaction mixture was filtered. The filirate was concentrated to an oil. The residue
was dissolved in ethyl acetate and aqueous bicarbonate solution. The organic layer
was washed with water and dried over MgSOs. After removal of the ethyl acetate, the

30 residue was purified by silica gel chromatography eluting with 1:1 ethyl
acetate/hexane to give 175 mg (57%) of the desired product as an yellow oil

Electrospray-MS m/z 308.0 (M+H)"
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vacuumat 35 C to give yellow precipitate. The product wa I fi
rg5|hn reverse phase col um chromatography. Ini ltOi ally thescglulrjlrnf1I \i/gsbgl lljf(zaé
\_1_v|ht 25 dwponjozeeo water (2 lits) and latter with 10% acet ®@airfusod/es4siat er

e fractions containing the product were coll ected and concentrated at'
reduced pressure at room tenperature. The yellow solid was washed with
acetone and filtered. Yield 375 ng (71 %9 ; Yellow solid; (MtH+Na) 438.4

H NMVR ( D20) :
( '6.00 (1 H,
%‘MZ&A 201 (3|(4 t). 8)167

4.53 (2H Step 3: s
mogqg%%fﬁtsﬁ%ﬁ]wﬁf_@ﬂmeﬂd of formilal A BINXO
opt i onal | o thetssirmed goligon Ggé’!fthﬁ'éga‘?g'?&dqen()t %ﬁ],@gﬁ?’ﬁggﬁlag Qf)?e{) "To
Egdlrgggn &é\i Ogé Qb@ﬂ),d.gboxyme gsmlmgl Kyrimol)aof Immeommecsﬂled and R3 is
opt i orgal | S05ms ||l’@1u{néé°'lﬁ’@t/‘@?%’$ﬂy mgP @gkﬁagptﬂgglr}t%!dgé ?"?ﬁ‘%@%ﬁgl Zr gl’ﬂ tO(r)r

\IAEe\r”eY(r)l %@é f[?érllézé‘ﬁ%nﬁ thé ?‘éach&%l@@fqueﬂ&nea byAI\blﬂ@paudddmletedrtdlphb" o claim1

I ¢ heteroaryl grou
\ or | | ahdstire regm /ternperzg\r% fc?r 11hc£w2 gﬁ% io;(n We@mgs ajuééd ph 6 4 NS5
to 8 with k.CO;. The reaction mixture was extracted with ethyl acetate. The organic
layer was dried over MgSO,, and concentrated to an oil and column

10  chromatographyed to give 172 mg of the desired product (65%); (M+H) 266.

Step 4: Preparation of ethyl 2-formyl-7,8-dihydropyrazolo [5°
A1°:2,3][1,3]oxazolo[5.4-c] pyridine-6(5H)-carboxylate
To the stirred solution of ethyl 2—(hydroxymethyl)—7,8-dihydropyrazo|o [5

15 ,1:2,3][1 ,3]oxazolo[5,4-c]pyridine-6(5H)-carboxylate (1.76 g, 6.6 mmol) in 60 ml of
CHCI, was added 10 g of MnO,. Th suspension was refluxed for 1.5 hour under a

nitrogen atmosphere. The reaction mixture was filtered through a pad of Celite.

The filtrate was concentrated to give yellow solid. The product was purified by
chromatography. 1.43 g of the product was obtained (82%); M.pt: 97-99°C (M+H)

20 264.

Step 5: Preparation of ethyl 2-[(acetv|oxv)(5R)-6-bromo-2-Z{[(4-

nitrobenzyl)oxylcarbonyl} -7-0x0-4-thia-1-azabicyclo[3.2.0]hept-2-en-6-
yl)methyl]-7,8-dihydropyrazolo[5’,1 1.2 3][1,3]oxazolo[5,4-c]pyridine-6(5H)-

25  carboxylate
Ethyl 2-formyl-7,8-dihydropyrazolo [5’ ,1:2,3][1 ,3]oxazolo[5,4-c]pyridine-6(5H)-

carboxylate (790 mg, 3. mmol) and the dry THF solution (20 mL) of (3R, 6S)-6-
bromo-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-z-ene-2—carboxylic acid 4-nitro-benzyl
ester (1.54 g, 4.6 mmol) were added successively to the dry acetonitrile (15 mL)

30 solution of anhydrous MgBry: O(Et), (2.21 g, 8.5 mmol)under an argon atmosphere
at room temperature. After cooling to —20 °C, Et;N (2.0 mL) was added in one
portion. The reaction vessel was covered with foil to exclude light. The reaction
mixture was stirred for 2 h at —20 °C and treated with acetic anhydride (1.04 mL) in

166



Z3 72 1-A 1=B wherein Z1 , Z2, Z3, Z4, Z5 , Z6 and Z7 are independently
CR2 , N O, Sor NRL 20 provided one of Z1 - Z7 is a carbon atomto which
t he remaiwoes/oef28¢ he nol ecule is attached; 168 WD 03/ 093280/URGT134503/ 13451
R, is H optionally substituted al kyl, optionally substituted aryl,
optionally substituted heteroaryl or nono or bicyclic saturated

het erocycl es, optionally substituted cycloal kyl, optionally substituted

al kenyl , optional |y subst.itut ' 0 it5014 Rat onmei t her the
doubl e bofite H@'lt'ort"hih? F‘ﬁ‘}i'%n B’@ﬁ%@kﬁpﬁs\g t%pege%?j %{rrgy f_téﬁe, carbon atom
which is ghs apitlng wasdireed witt\ethpiedetate kg washrst Withipécritris @61 98P0448 Ky |
-S(O P optionally sybstituted al kvl | Z.lave?PRiasonal |y
subst it ut é%iut'@xe%@f%?@a? T"?"%ysmggﬁacﬁfc{?nsl%é?%ﬁ'ﬁ%dﬁjécigpﬁllay_ optionally

substi t ut ged Jhd fingred amaligly aspabsf Celieed he nadmgsorastierith &pXli onal 1y
substituted -C=Q nopo .or bicycli

C.S (o] i gonal |y
subst i  ut aeeteie. C-,%‘eaﬂlt@ia mlc,o %ed}tria ?1021;'#H;??éé&%scté?f)%%gkcw{éc%&gff%ﬁet eroaryl,
opt i onal | yosidags shith gel cdluthn EHro@BEIdeaphy, thenitomadllipn wasuted wits ethy!
het er oaryl - C1- Coal kyl , opti ponal U | p gaRp or bicyclic
sat ur at ed 2pRAEF B%Weé§;1?'ob9ﬁ%ﬁi%‘$ %@a ﬁgkshitel %E@%&%?t% é@ Eé%l;?ld of 8 to 16
carbon at gpEssueGRRARRixtu SRR eo tgicrnwete tasab tn nexysiap. Fiale yeliow
aryl al kyl oxyal kyl, optj.ona S t] -al kyl -O al kyl -aryl, optionally
substi t ut @GWQFFH]%?IS-C’@;}I"%& Hﬁi?egﬁ%r W%ﬁ)gé%’toi onal |y substituted aryl oxyal kyl,
optiopglly substituted heteroaryl oxyal kyl, optionally substituted
aryl oxyaryl, tio hst | t I 508 gL, optionally
subst it ut eerp. IS - o) uted Cl1-C6
al kyl aryl qxyk i dlnkethylenE fokAr| anmi nes,
optionall [ ]
ar yl oxycarthi@ayl-azapicygie{wvenihel; cail £ Hoaryroxy carbonyl; R2 is
hydr ogen, optionally substituted Cl1-C6 al kyl, optionally substituted C2-C6

R e
optional Iy, sphshi/kut GHeRSLER-881HethyTHIR6, optional Iy substituted
dihydropyrazolo[5’,1:2,3][1 ,3]oxazolo[5,4-c]pyridine-6(5H)-carboxylate
(828 mg, 0.5 mmol) was dissolved in THF (20 mL), acetonitrile (10 mL) and 0.5 M
phosphate buffer (pH 6.5, 28 mL) and hydrogenated over 10% Pd/C (200 mg) at 40
20 psi pressure. After 4 hrs the reaction mixture was filtered, cooled to 3 °C, and 0.1 M
NaOH was added to adjust pH to 8.5. The filtrate was washed with ethyl acetate and
the aqueous layer was separated. The aqueous layer was concentrated under high
vacuum at 35 °C to give yellow precipitate. The product was purified by HP21 resin
reverse phase column chromatography. Initially the column was eluted with
25  deionized water (2 lits) and latter with 10% acetonitrile: Water. The fractions
containing the product were collected and concentrated at reduced pressure at room

temperature. The yellow solid was washed with acetone and filtered. Yield 375 mg,

sLid

éll ut

(71%); Yellow solid; (M+H+Na) 438.4.
H-NMR (D;0): & 6.96 (1H, s), 6.94 (1H, s), 6.41 (1H, s), 6.00 (1H, s), 4.53 (2H, m),
30 4.13 (2H,9), 3.78 (2H,m), 2.78 (2H, m), 1.21 (3H, ).
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al kyl aryl oxyal kyl am nes, optionally substituted aryl oxy, optionally
substituted heteroaryloxy, optionally substituted C3-C6 al kenyl oxy,

opti onal I'wogalbsi28d ut ed C3-C6 al kynyl oxy, Cl-C6 al kyl am n@cTaHSCH1RFKoxXYy,
al kyl enedi oxy, optionally 30 substituted aryl oxy-Cl-C6 al kyl am ne, Cl-C6
perfluoro alkyl, S(Oqg-optionally substituted Cl1-C6 akyl, S(O) g-
optionally substituted aryl where g is 0, 1 or 2, CONR6R7, guanidino or
cyclic guanidino, optionally substituted al kylaryl, optionally substituted
aryl al kyl, optionally substituted Cl1-C6 al kyl heteroaryl, 169 WD 03/093280
PCT/USOS/géngE%gptionalIy substituted heteroaryl-Cl1-C6 al kyl, optionally
substi t ut - al kyl nono or bicyclic saturated heterocycles,
optionally substituted arylal kenyl of 8 to 16 carbon atons, SO2NR6R7,
optionally, s ,g! kyl oxyal kyl, optionally substituted

aryl oxyal k IR h#%ghg §ﬁ@ﬁ gtltuted 5 heteroaryloxyalkyl optionally
substituted aryloxyaryl optional |4y substituted aryloxyheteroaryl,
optionally substituted heteroary aryl x_optionally substituted

Cl- Ceal kyl aryl oxyaryl, optional ubsStitjuted Cl-C6

al kyl aryl oxyhet eroaryl , optlonallﬁ ~aryl oxyal kyl, optionally
substituted heteroaryl oxyal kyl optional Iy substituted 10

al kyl aryl oxyal kyl am ne; R6, and R7 are indepéndently H, optionally
substitguted C1-C6 al kyl, optionally sybstituted aryl, optionally
substituted heteroaryl, optionally substituted Cl1- C6 al kyl aryl,
optionaIIyN@Hb@tituted aryl al kyl, optionally substituted heteroarylalkyl,
optional |y, sUBshI ghﬁ %dd&qot@ w&@gbn hidetheastyiér anropREnallydsuRtitlEed: fusede
together to forma 3-7 nmenberéd saturated ring systenloptlonally havi ng
one or twotrihydie hetgreatsl HeWRicted from N-R1L, 0, and S(On n = 0-2; and Y1,
Y2, Y3 aanYQSgpb i ndependently be C or N 20 3. A conpound accordlng to

;I7a| %110/ szg Elwn£1%%;;k§ﬂ¥%|@|—czqg g{l(%ﬁl?yrl yor (9—5!&9%%(581 C%ag(yl a%d 26 26 725 Y1 0 6

R; is hydrogen, C1-C6 alkyl, C5 — C6 cycloalkyl, optionally substituted aryl, or

y

optionally substituted heteroaryl;-
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof.

15 2. A compbund according to claim 1 wherein the tricyclic heteroarylgroup has the

formula

oh T
Y
\Y1/4\ 3 or N—N \24
/ O 21/ )_——_—Z/
Y2 \Z 3
2
1-A 1-B

wherein Z, , Zo Zs, Zs4, Zs , Zs and Z; are independently CR, , N, O, S or N-R;

20 provided one of Z; - Z; is a carbon atom to which the remainder of the molecule is

attached;
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z 01/ zZ 01\ / 24\ Y1 zZ3 Z3 22 2-A 2 B wherein Z1 , Z2, Z3, zZ4, Z5
, 26, Z7 and Z8 are independently CR2 , N, O, S or NR provided one of
the Z, - WBommIRscarbon atomto which the renai nder of thecmaisedud4sl 25 is
attached; and R, R2, R6, R7, Y1, Y2, Y3 and Y4 are as defined in claim 2.
170 WO 03/093280 PCT/ US03/ 13451 4. A conpound according to claim1l wherein
the tricyclic heteroaryl group is a Z7 Z 14 OZ6 Z7 --~Y Zi-Y | Z8\Y3\

36" wher of 2 Soigal Subkyuls Xy SRicy SiGuba s, Gitofdy ngiteed = 4
0, S o(r:I N- R1 plhetelmhwll am@ond oanoychBsatsraieObhetbmydesmntl@nwyl QHbStlﬂhlted

remai nder of the Y3 and
Y4 are as defi n&ﬁc@ﬂ%@ gﬁtrén%uég%iﬁ&ggda%ngp c@% %ﬁn%&ggtu(%%a?lmyl teh rein "
the tricyclic hmeepmaisylthajmdlpentbe dal.ible b@id por thg Triple bandz$hapid-bepregenty4~Y /
6 25 \521_ Y 33? the carbon (atgmz\%hlcﬁ(%s ld?ire%{ly Imﬂ(ed to N; optionally substituted

perfluoroalkyl, -S(O), optionally substituted alkyl or aryl where p is 0-2,
optionally substituted -C=Oheteroaryl, optionally substituted -C=Oaryl,
optionally substituted -C=0alkyl, optionally substituted -

C=0cycloalkyl, optionally substituted -C=O mono or bicyclic saturated
10 heterocycles, optionally substituted C1-C6 alkylaryl, optionally substituted C1-
C6 alkylheteroaryl, optionally substituted aryl-C1-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, -CONRgRy, -SO,NRgR;, optionally  substituted
15 arylalkyloxyalkyl, optionally substituted -alkyl-O-alkyl-aryl,  optionally
substituted -alkyl-O-alkyl-heteroaryl, optionally substituted aryloxyalkyl,
optionally substituted . heteroaryloxyalkyl, optionally substituted aryloxyaryl,
optionally  substituted aryloxyheteroaryl, optionally substituted C1-
C6alkylaryloxyaryl, optionally substituted C1-C6 alkylaryloxyheteroaryl |,
20 optionally substituted alkylaryloxyalkylamines, optionally  substituted
alkoxycarbonyl, optionally substituted aryloxycarbonyl, or optionally

substituted heteroaryloxy carbonyl;
R, is hydrogen, optionally substituted C1-C6 alkyl, optionally substituted C2-C6
alkenyl, optionally substituted C2-C6 alkynyl, halogen, cyano, N-RsR7,
25 optionally substituted C1-C6 alkoxy, hydroxy; optionally substituted aryl,
optionally  substituted heteroaryl, COORs,  optionally  substituted
alkylaryloxyalkylamines, optionally substituted aryloxy, optionally substituted
heteroaryloxy, optionally substituted C3-C6 alkenyloxy, optionally substituted
C3—-C6 alkynyloxy, C1-C6 alkylamino-C1-C6 alkoxy, alkylenedioxy, optionally
30 -substituted aryloxy-C1-C6 alkyl amine, C1-C6 perfluoro alkyl, S(O)q-optionally
substituted C1-C6 akyl, S(O)q- optionally substituted aryl where q is 0, 1 or 2,
CONRgR;, guanidino or cyclic guanidino, optionally substituted alkylaryl,
optionally substituted arylalkyl, optionally substituted C1-C6 alkylheteroaryl,
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OO0 \ ~4 zZ2\\ OO~ ~26 Z~ O 11\ zZ5 71 z 2\ 1~z

44=A 4_B 44=C wherein 71 , 72, Z3, 74, 75, 76, ZI, Z§5a>133254ar2<23 23410

i ndependew0Olog/og22 N, 0, S or N-RlL provided one of the ZPCT/UA83/i1®5A carbon
atomto which the remainder of the nolecule is attached;and Rl, R2, R6

R7, Y1, Y2, Y3 and Y4 are as defined in claim2. 15 6. A corrpouhd aé:corai ng
to claiml1l wherein the tricyclic heteroaryl group is 171 WO 03/093280

PCT/ US03/ 13451 WB (W)t Z3 !

12 74 71\ O yl- qmozélwng@t'wt% @é%rgﬁm]?ﬁﬁ ?&39 \%ggnééé)su 3"9@2& cf" 210

i ndependently G2y MNonB. of BiEycht Réatirated desderooyclex, prtlenaZM pubsdituted bon

atomto which thée renmai nder of the m)le uIe QV\@ d W8
P8 &9 15 cpmanosione. B, ety et

are i ndependentarylalkRayk40 provi so

that no S-S, S n ‘
R R RE R7 &Qrkylgx@alm Gpficralptduestiama anyaky, faptimaly sabsfitetedd ring;

optiondl |y subshateraeipxyalkyls 081'%'?1"3’ as(‘i%S’@ Htegi\?]l;‘é@%dﬁ'& hoq_tﬁng] esﬁﬁlt@e Cl

10 C6 al koxy, Kyl ,
t oget her be =0 %‘ylgﬁylﬁ@e@é Y1 opfoKdig, subR@Red -KatbidaRToxyargl, R4 Rdtioreajly

may forma Spi rs:ub§§vt§5£*mt ?o(gﬁtpgguréy‘\t,motegﬁf't herﬁ::‘r‘?%%g't" ymlsgp t{w(?ﬁoﬁrcelt_ ﬁét ached
presence of hetﬁkﬁ%@&%é%@ﬁ/ﬁedoﬁﬁor@lly S( gstifudter earploslityh 2pptidkaRy; and
substituted heteroaryloxyalkyl, or optionally substituted
10 alkylaryloxyalkylamine;
Ry and R; are independently H, optionally substituted C1-C6 alkyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted C1-
C6 alkyl aryl, optionally substituted arylalkyl, optionally substituted
heteroarylalkyl, optionally substituted C1-C6 alkyl heteroaryl, or Rs and Ry
15 can be together to form a 3-7 membered saturated ring system optionally
having one or two heteroatoms selected from N-R,, O, and S(O), n = 0-2;
and
Y4+ Yz, Ys and Y4 may independently be CorN.

20 3. A compound according to claim 1 wherein the tricyclic heteroaryl group is

Z
7 e 7\ ) /26\25
YI O ! Z7 O
3
z—vy.” O\Y4/ Zs or v, .,
zz/ O y z/ 2/ O \ O/
\ 2 4 1\ Y Z3
Z3 | y
2-A 2-B

wherein Z, , Zy Zs, Zs, Zs , Zs , Z7 and Zg are independently CR, , N, O, S or N-Rq
provided one of the Z, — Z; is a carbon atom to which the remainder of the molecule
25 s attached; and Ry, Ry, Rs, R7, Y4 Y2, Yz and Y, are as defined in claim 2.
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15 t=1t03. 7. A conpound according to claim1l wherein the tricyclic
heteroaryl group is W (W)t /z4\Z 3 WZ5 /Z1\ Y1/ Z5 W Z1\ Y2\ z 3\ Z
Yl Y1 or WOAB/09328) n \ Z3--y4 0 5 bY22)t 1 / Z3 \Z4 VB \ Z4PCTIAISB3/63481 6- B
66=C 20 wherein Z1 , Z2, Z3, Z4 and Z5 are independently CR2, N, 0, S or
N-Rl provided one of Z1 - Z5 is a carbon atomto which the renai nder of
the nolecule is attached; 172 WO 03/093280 PCT/ US03/13451 Y1, and Y2 are

i ndependently Cor NN W, W2 and WB are, i entI CRARA S(Or (r =0
-2) , 0, a chmpwndﬁqcn@mqoﬁodww vhefeimye %p %)?rybgﬁaugond f or mati on
can occur to forma saturated ring; Rl, R2, R6 and R7, are as defined in
claim2; 5 R4 is H optionally substltuted Cl C6 al kyI O—| provi ded both
R4 are not OH), Cl- C6 al koxy, -S-Cl-C6 al kyl, CCNRGR? ;o or
RARA may together be =0 or R4AR4 toget her vvlth the car QO ich they are
attached may forma spiro system of five to eight rren‘qg or w thout
the 10 presence of heteroatzgms d}l/ ed N, 0, S(On é‘he/:,,n —0 to 2),
N-R1; and t=1to3. ? A\(c;,dnpou 0|z ing to Efa-YWwl vvheréil n the

107 O

tricyclic heteroary/ or u() i 26 Z Z6 Y4\ 1d !%4
Y?_\Z
Z, Y 5 1\
Z3
3-A 3-B

wherein Z, , Zo Za, Zs, Zs , Zs , Z7 and Zs are independently CR,, N, O, S or N-Rq
~ provided one of Z; — Zs is a carbon atom to which the remainder of the molecule is
5 attached: and Ry, Ry, Rs, Rz, Y41, Y2, Yz and Y, are as defined in claim 2.

5. A compound according to claim 1 wherein the tricyclic heteroaryl group is

(ol 77
Zs 8 O

Za\ Y, / )\Z

Z7 ~vy 5

Z1\Y4/ Zg,\Y3/O \ ‘ ,Z1'~Y2/ Y\ or >_\Y1, O \
Z/ O \ O §(2\ /Z6 Zz/ O \Y1 0/25 21\0 2/24
Z\Z/Y1\z4/ % \23/ Tz z; 3

10 4-A 4B a-c

wherein Z, , Zy Zs, Z4, Zs , Zs, Z7, Zs and Zg 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;and R4, Rz, Rs, R7, Y1, Y2, Yz and Y, are as defined in claim 2.

15 6. A compound according to claim 1 wherein the tricyclic heteroaryl group is
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WLY3/ z5 71-Y 02 0 ~'; ~210o0or Wt 0Y2- 42/ Oc 2) Z2\~Y1" t \3 1 W
15 s Z 7-A 7713 wherein Z1 , Z2, Z3, Z4, Z5 and Z6 are independently CR2 ,
N, 0, S, wod3mbRe) provided one of Z1 - Z6 is a carbon atamuses/wdssch t he
remai nder of the nolecule is attached; 20 WL and W2 are independently
CRAR4 , S(Or (r =0-2) , Ob NRL with the proviso that no S-S, S-O or
0-0 bond formation can occur to forma saturated ring; Rl, R2, R6, R7, Y1,
Y2, Y3 and Y4 are as defined in claim2; R4 is H optionally substituted
Cl-C6 al kyl, OH (provided both R4 are not OH), Cl-_C6 al koxy, -S-Cl-C6

al kyl, COOR6, -NR6R7, - CONR6RN,—o(WMR4 may ether be =0 or R4R4
together with the carbon to V\,yhch t\ney areZgtt gnhed may forma spiro system
of five to eight merrbers W|t or WI out th @ ce of heteroatons

selected N, 0, S(On ), N RL 3280
PCT/ US03/ 13451  and t 1‘r @ 9 A coppouyd €0 claim 1 wherein
the tricyclic heteror 126--- 5 (37 o/ Z4127---_ Y4~ WL~

Zg/ Y3 Y3 0z1 YZZ /hsf—z-z;)(V\Z)t 02\(1 1‘22‘("1 N Jt Z4\Z3 W 5
Z3 8-A 8-B

5A 5-B

wherein Z, , Z, Zs and Z, are independently CR;, N, O, § or N-R; provided one of Z;
- Z, is a carbon atom to which the remainder of the molecule is attached,;

W,, W, and W; are independently CR4R4, S(O)r (r=0-2), O, or N-Ry with the
proviso that no S-S, $-O or O-O bond formation can occur to form a

saturated ring; Rq, Rz, Re, R7, Y1, Y2, Yz and Y, are as defined in claim 2;
R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-.
10 C6 alkoxy, -S-C1-C6 alkyl, COORg, -NReR;, -CONReR7 ; or R;R;s may
together be =0 or RsR, together with the carbon to which they are attached
may form a spiro system of five to eight members with or without the

presence of heteroatoms selected N, O, S(O)n (where n =0 to 2), N-Ry;

and -
15 t=1103.

7. A compound according to claim 1 wherein the tricyclic heteroaryl group is

W1"—__ (W2)t /24\23

I ok
Zi Zs W Z1< e EAN
/ 1 / 1 / Y3 / or >\Y2 /(\Nz)t

0/ o] x0lol /o]
/2\ W; N / Zs \Z/Y1—W1
2
6-A ~ 6B 6-C

20
wherein Z;, Z» Zs, Z4 and Zs are independently CR,, N, O, S or N-R; provided one

of Z, - Zs is a carbon atom to which the remainder of the molecule is attached;
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wherein Z1 , Z2, Z3, Z4, Z5, 726 and Z7 are indepdently CR2, N, 0, S or NRL
provided one of the Z1 - Z7 is a carbon atomto which the renai nder of the
nol ecul e We 03@t28ched; 10 WL and W2 are independently CRARCT/USHs( r = 0
-2) , 0, or NRL with the proviso that no S-S, S-0 or 0-0 bond fornmation
can occur to forma saturated ring; Rli R2, R6, R7, Y1, Y2, Y3 and Y4 are
as defined in claim?2; or optionally R4 is H optionally substituted Cl-C6
al kyl, OH (provided both R4 are not OH), Cl-C6 al koxy, -S-Cl-C6 al kyl,
COOR6, - NRgRAd Yo @ENREETeNdsANERI N 15 nay together be =0 or R4R4 toget her

wi th the GarBgn he Wil ildeRkndditly BRAGheloNeyr £ @ r2)a Gpor B-Ryywitieteof five

t i ght ttbef f f hout fh f het ted N,
00 SO Cahor eravissothes my S-3 B10 in@-B) B dgnidtisf 4l SREATR SEHES ©

according to claj el B, R ahd RG Yk s dbmierinatah 2group is 174 WO

03/ 093280 PCT/ 6%8@%"%%3@51 F%v\!sz’(FQA)u ‘fgvxa W~ /WB\ (WA u Y3/ Y3, Z1 Y2 Zj-Y

4 Wor51 Y2~ 5 Z O YL (W)t z2-,\ YI' \Z~ W Z\\Z3 3 9-A 9=6 wherein Z1

, Z2 and ﬁ igrﬁ dpﬂgﬁﬁﬁ%ﬁgﬁthﬁéd@ﬁc&alw, SHQproMdBd bptioRéUded nohOHf CFL - Z3
tomto WAich t

is acarb e remai nder_of the nmo le is attac - 5 VY1
and Y4 are i nd€scationy,| y5-C1d%6 nalkyly&OLRs: Yﬁﬁ?agé r‘#ﬁ’ggé%den?ﬁ 54%4% N, W,
w2 W8, W and i.nd , th&(c@Hson( torwhicid thed)are Gattached\- R1
with the prov?(gss%%ﬁ%aqenﬁggg-r%wg%tﬁwo bond c:‘ ororrmtllt?o% can i%%ﬁf“{het o form

a may form a spiro system of five to eight members with or w
10 presence of heteroatoms selected N, O, S(O)n (where n =0 to 2), N-Ry;
and
t=1to 3.

8. A compound according to claim 1 wherein the tricyclic heteroaryl group is

Zs
Ze
Ko}z
b Wi /26\ /Y4\Y3
SN O 7 Zi—v;
1 Y4 \ / or / \ Wo)t
/0 ) O s
ZZ O Y2\24 Zz\ Y1\ /
\ /Y1\QV2/)t 23/ W1
15 Z3
7-A 7-B

wherein Z, , Z Zs, Zs, Zs and Zg are independently CRz , N, O, S, and N-Rj;
provided one of Z; — Zs is a carbon atom to which the remainder of the molecule is
attached;
20 W, and W, are independently CR4R4 , S(O) (r=0-2), O, N-R; with the proviso
that no S-S, S-O or O-O bond formation can occur to form a saturated ring;
R:, Ro, Rs, R7, Y4, Y2, Yz and Y, are as defined in claim 2;
R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-
) C6 alkoxy, -S-C1-C6 alkyl, COOR, -NR¢R7;, -CONR¢R7 ; or R4Rs may
25 together be =O or RR, 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;
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saturated ring; 10 Rl, R2, R6, and R7 are as defined in claim2; R4 is H,
optionally substituted Cl1-C6 al kyl, OH (provided both R4 are not OH), Cil-
C6 al koxywo-030938C6 al kyl , COOR6, -NR6R7, -CONR6R7 ; or R#R4/uUsay134spget her
be =0 or RAR4 together with the carbon to which they are attached my form
a spiro systemof five to eight nenbers with or without the 15 presence of
het eroatons selected N, 0, S(On (where n =0to 2), NRL; t =0 to 2; and
u=1to3. 11. A conpound according to claim1 wherein the tricyclic

het eroarylBngdroup is 29 z8 z$ 27 7 ~1 o /Z1 ~Y4 0 Z7 | Y4~ Y3~ Zz Y1 Y3
Z6 or Z1 YLZ%:Z_l YL/ 1010z 2522\ '"1-1Y2 204\ |/ Z5 4 Z3 Z4 10-A
10-B 175 t\/\0 3/ 093280 PCT/ US03/ 13451 wherein zZ1 , Z2, Z3, Z4, 75 , Z6,

Z7, Z8 and Z9 are independently CR2, N, O, S or NNRL provided one of the
Z1 - 79 i g ﬁcﬁ@ggﬁ'd §&<§Hwihgtd\abmh1Wmermremitﬁehe:ﬁcbétermwrgnbmbl e is
attached; Ri1, , R6, R7, Y1, Y2, Y3 and Y4 are as defiyed in claim2. 5
12. A conmpound according to claim1 wherein the tricy |ec\h25teroaryl group
is z9\ z$ 71 28 2\zZ7 101 Q Z1~ /Z10\ /Z9~ |Z1Z Y4\ /ZX Z2 Y1 Y4 78 Z2

Y1 Y3 Z1 Y1 Z6 \ Z
Z
/W1\Y3/ 7\2\6 e ey,
—
Z1§Y4 \ O Z5 or / O 2\ (Wz)t
\

Y / z /
z O 2~ 2 Y~
2\2/Y1\(W2/)t * \zg/ Wi

3

8-A 8-B
wherein Z,, Zp Zs, Zs, Zs, Zs and Z7 are indepdently CRz , N, O, S or N-R4 provided
one of the Z, — Z; is a carbon atom to which the remainder of the molecule is
attached,;
10 W, and W, 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;
R4, Rs, Re, R7, Y1, Y2, Yz and Y, are as defined in claim 2;
or optionally R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are
not OH), C1-C6 alkoxy, -S-C1-C6 alkyl, COORs, -NRgR7, -CONRgR; ; or R4R4:
15 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 N, O, S(O)n (where n =0 to 2), N-Ry;
and
t=0-3.
20
10. A compound according to claim 1 wherein the tricyclic heteroaryl group is
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10101011021010r | QI QZzZ3Z ) 2\2Y3ZZ7 Z3Z4 2ZS Z6 z2\ Z3 2 Z4
Z5 4 75 6 11-A 11-B 11-C wherein Z1i Z2, z3, Z4, Z5, Z6, Z7, Z8, Z9 and
Z10 are iwoOepesmtently CR2 , N, O, S or N 10 Rl provi ded oce/ushy/zust Z10 is
a carbon atomto which the remai nder of the nolecule is attached; and R1,
R2, R6, R7, Y1, Y2, Y3 and Y4 are as defined in claim2. 13. A conpound
according to claim1l wherein the tricyclic heteroaryl group is W Z5 Z4 Z1

YA ~(W)t QVYl Z2 " Y1~ 4\ "W 2~ 4 | 01 0Y3or ZVY1 wHZ3 Y2\ Z5 72
3,,, Z4 Z3 W 15 12-A 12-B wherein Z1, Z2, Z3, Z4 Z5 al\e i ndependent |y
on atomto

CR2 , N O, Sor NRL provided that one of Z1 - ZS\sac
whi ch the renmai nder of the nolecwse is attached; fare

i ndependently CR4AR4A 0, N Wi, al/ H Walr = 0- 2) W/fﬁﬁ‘h@ provi so that no
S-S, S-Oor 0-0 b;nd /matldf can ocgur Ito 10TMW,a saturated ring; 20 and

Rli R2, R6, R7, Y Y3andY4arvvgsode|m n clai 'R4is H,
optlonally subst u@d\6106 kyt", OH (pr oth Bﬂfa not OH), Cl-
C6 al koxy, -S-Cr= yk,\@%6 - NR6R?7, TSy RAR4 may toget her
be =0 or RAR4A togetl®wr with the carbon to whic they are attached 176 WO
03/ 093280 PCT/US03/13451 may forma spiro systemof fi S to ei ght nenbers
with or without the presence A het er oat ons sel ect ed —% S(On (where n

=0 to 2), %thn apd zztanalz 4re m‘éleééﬂdeﬁﬂ)ﬁgP@qwrtd S0 N, PEovidedadra ahZl -wher ei n

the tricyc eteroaryl group is
y Z3is a carbon atom to whlchpthe remam&er gf the moﬁecu}e is attached;

5 Y, and Y, are independently C or N;
Y, and Y; are independently CH or N;
W,, W, W, W, and W5 are independently CR4Rs, S(O)r (r=10-2), O, or N-R; with
the proviso that no S-S, 8-O or O-O bond formation can occur to form a
saturated ring;
10 R4, Ry, Rs, and Ry are as defined in claim 2;
R, is H, optionally substituted C1-C8 alkyl, OH (provided both R4 are not OH), C1-
C6 alkoxy, -S-C1-C6 alkyl, COORs, -NRsR;, -CONRgR; ; or R:;Rs 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

15 presence of heteroatoms selected N, O, S(O)n (where n =0 to 2), N-Ry;
t=0to 2; and
u=1to3.

11. A compound according to claim 1 wherein the tricyclic heteroaryl group is

oS Tol
Z7 O
22/21\Y /Y4\ O Z/ Z1 Y4\ / \
Y,— 6
| 0] O o] o]
\24/ Zs ZZ\Z/ . / Zs
20 3
10-A 10-B
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Z, 726" WZ,~W Y4~ Ys ZI|--," YY4~3 Z2 Y, Y| Z, Y,~Zs 2310101
(W)t I OO1l or I Ol OZzZ5 2Z3Z/Y2\Z~ 3\W Z3Z4 2Z5 76 Z2Z3 z4 4 5 13-A
13-B 13- GvoXG/osdrer ein Z, , Z2, Z3, Z4, Z5 and Z6 are indepemdsn3/i3ssCR2, N,
O, Sor NR provided one of Z - Z6 is a carbon atomto which the

remai nder of the rml ecule is attached; W, W and WB are independently
CRAR4 , S(Or r =0 -2) , 0, or R with the proviso that no S-S, S-0 or
0-0 bond f n ¢a f &R 71[5 @1So|R2N R7,
Y1 v Ygﬁéé%ﬁw% R e Sl - AT
substi t ut epfo@ﬂied?@naldﬁjhe Z0OHZg msooara@@ atsn ko ich tee Fﬁﬂa"@&y of e me@ca'ﬁkoxy,
-S-Cl1-C6 al (&ﬂ% ; Béfedn irh@get her be =0 or
R4AR4 toget'ﬁle%[a%n% 1‘nRz’ I%Bn tozcvg\?h\l:%gﬁﬁ k?erfl)ggre atcrg)glﬁed may forma spiro
systemof five to eight nenbers with or without the 20 presence of

hetero gg?%s&ecléc?rﬁécﬁﬂ*nd\éccg duﬂng))crb vamﬁ&em 178 it heté\LoB'yl glgis t=1t03. 15

A conp toc erein the tricyclic heteroaryl group is
177 WO 03/093280 PCT/ USO03/ 13451 ZzZ7 Z8/ \6 W t 10 1/21\/ Z8\ Z1 Y4\
/5\\\ZZYlYaZ?ZZYlYBoerYlZGZ% 1811290112120101
\Zj 2\WY3 zZ5 z6 ' Z3\ z4 2~ W1 (W)t Z2\ 3@ 1 /()4814C
z z Z Zy
2 ~ v o g\z 22/ \Y1/ / Z Yy Zs

Tolofol Tolo] «Jolo]

Z3 Y2 Y3 Z7 23\ PR /26 Zz\ /Yz\ /Zs
\24/ \25/ \zs/ ’ zZ; z; Z; z;

11-A 1-B 11-C
wherein Zy, Z, Zs, Z4, Zs, Zs, Z7, Zs, Zo and Zyp are independently CR, , N, O, S.or N-
10 R, provided one of Z; — Zy, is a carbon atom to which the remainder of the molecule

is attached: and R4, Ry, R, Rz, Y4, Y2, Y3 and Y, are as defined in claim 2.

13. A compound according to claim 1 wherein the tricyclic heteroaryl group is

Zi——7
/W3\(\W2)t l5 O |4
Z1 Y. Y Y.
Z]"/ O\Yi - O4\Y _w oz - Z\Y1 P 4\(W2)t
3
A | O]
\24/ Zs N 3\W
3 1
15 12-A 12-B

wherein Z4, Z, Zs, Z4 and Zs are independently CR; , N, O, S or N-R; provided that

one of Z, — Zs is a carbon atom to which the remainder of the molecule is attached;
W,, W,, W3 are independently CR4Rs O, N-R4, or 8=(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;

20 and Ry, Ry, Re, Ry, Y1, Y2, Yz and Y, are as defined in claim 2;

Rs is H, optiohally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-
C6 alkoxy, -S-C1-C6 alkyl, COORs, -NRsR;, -CONR¢R; ; or Rs;Rs may
together be =0 or R4R, together with the carbon to which they are attached
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wherein Z1 , Z2, Z3, Z4, Z5, 726, Z7 and Z8 are independently CR2, N, 0, S
or NNR1L provided one of Z1 - Z8 is a carbon atomto which the remai nder of
t he nol ecwba3i09328%6 attached; WL, and W2 are independent|yPCRARAINBFO)r ( r
=0-2), 0, or NRL with the proviso that no S-S, SO or 0-0 bond
formation can occur to forma saturated ring; Rl, R2, R6, R7, Y1, Y2, Y3
and Y4 are as defined inclaim2; R4 is H optionally substituted Cl-C6
al kyI OH (prov t a t 0 | kyl ,
ok Ry T R SR of ofHlle & aigtkOmPRRlk Witk or ?t&gﬁ%r v
the carbon to wbrensbncmefyhaereafamsaﬂlﬁxbﬁdﬁ*a 36?)m(wh§f}§|%0 oy Brkef five to
ei ght menberg with or without the presence of heteroatons selected N, O,
S(On (vvhe?'% n =0 to 2), NRL; and 15 t=1to2. 16. A conpound according to
claiml1l where#dn the tricyclic heteroaryl group is W (WB)u W (W)t /Z1
-('Y [/ Z1 Y W /Y4~ /Y3 Z2 Y1 4 (WHu ZY Yor ZLYLWOI I, | Ol
Ll)t 0OZ3wWBz2\ 3 2 (WHu Z4 20 15-A 15-B 15-C wherein Z1 , Z2, Z3 and Z4
are i ndependentbiypaR] a¢¢orcﬁng@abalml\lmerprmi‘hedwcmleet@ﬂoafyzglrwpm is a carbon
atomto which the remai nder of the nol ecule :ﬁ’aﬂ hed; 178 VD 1093280
PCT/U803/13451 W VW2, W3, WlandV\Bareingben tIy AR4 ( )r (r =

0-2), 0, or vmththe proviso that no -0 bo formation
can occur to Y ur tngd rin J ,Y)&Sf %fnd Y4 are
as defi ned a1m RAN's H, nggt (Yalxl suBst it 1e 1-1C6 OH
(provi ded 4|ar OH)(Wzttl Eroxy O ch" c@%f

- NR6R7, -(I;N@ y to t\}ler/ —O/a fe RARF ZI\Q e,t/ fs t he
carbon to whi cﬁLt/the\;L?ésre attdched % 4

10 wherein Z;, Z, Zs, Z4, Zs and Zs are independently CR, , N, O, S or N-R; provided
one of Z, — Zs is a carbon atom to which the remainder of the molecule is attached;
W,, W, and W; 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;
15 R4, Ry, Rs, Rz, Y1 Y2, Ys and Y, are as defined in claim 2;
R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-
C6 alkoxy, -S-C1-C6 alkyl, COORs, -NRsR7, -CONR¢R; ; or RsRs; may
together be =0 or R4R, together with the carbon to which they are attached
may form a spiro system of five to eight members with or without the
20 presence of heteroatoms selected N, O, S(O)n (where n =0 to 2), N-Ry;
and
t=1t0 3.

15. A compound according to claim 1 wherein the tricyclic heteroaryl group is
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may forma spiro systemof five to eight nmenbers with or without the 10
presence of heteroatons selected N, 0, S(On (where n =01to 2), NR; t =1
to 3; andwowsa¢xn8 15 17. A conpound according to any onecCaefuse/si4m 1 to 16
wherein the conpound has the formula A B\ XONI OQR5 0 18. A
conpound according to any one of clains 1 to 17 wherein Xis S. 20 19. A
conpound according to claim1l selected fromthe group consisting of

(5R, 62)-6-(1mdazo[ 2,1-b][1, 3] benzot hi azol - 2- yzmet hyl ene) - 7- oxo-4-t hi a- 1-
azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxylic ack Zs W, (W)t

(5R 62Z)-6-[(7-net hoxyl m.dazo[ 2, 1- b][l 3] benz|ot (hazp! - 2- yI|rret hyl|ene) 7- 0x0-4

-thia- 25 1- azabicy 3. 22,0] hept - 2- ene- 2- ¢ar box 5|c act

(5R, 62)-6-[ 4 J/Cm\ Vo/@kg{aﬁ)[zzl b;}z{/ 3] he/zﬁ azol - 3%«444 ene),- 7-oxo-4

-thia-1- az clio[ ep n arboxyllc aC|d 5R)
@JMZY&Q ¥ 9 | IOFFO

m dazol[ 1, 2- oxp: 4- th @nit- 7,

azabi cycl of Pty Z- e\rrezé/car bomzl/ acivet” 179 WO 63#2@7@32\8&/ “

PCT/ US03/ 13451 (5R)

(62) - 6- (6, 7- di h{4hho- 5H- cycl openta[d] imdi4d® 2, 1- b][l 3] t hi azol44£: y| net hyl en

e)- 7-0x0-4-thia- yC y i R),
(62) - 6- (I mVBRIEHY |Z%26§a%h%ﬁ | P’ 8”?%{% r\%ﬁ ﬁ%)l;agig Nt‘r? gbg-N@
azabi cycl o r3vnae@bnb®pze—zsesa®rbm latoxrytq whablﬂde r@b@lhdﬁh af dhe mogecule is
(5R, 62) - 6- % hyI
i mdazof 2, t 3] benzot hi azol - 2-yl net hyl ene) - 7- oxo- 4-t hi a- 1-

azabi cycl 0‘{/\3 aqcD\}'\tgmné maemmatlycamlaxﬁ@(]jr acF@—2)5R),, or N-R; with the proviso

Y ety one) - 7- EeEra 8 S8 &I D Bdih g Lt OF6M AR L i g
sodi um saRt,;R,, Rs, R7, Y1, Y2, Ysand Y, are as defined in claim 2;
R, is H, optionally substituted C1-C6 alkyl, OH (provided both R4 are not OH), C1-
10 C6 alkoxy, -S-C1-C6 alkyl, COORs, -NRgR7;, -CONReR; ; or RsRs 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 N, O, S(O)n (where n =0 to 2), N-Ry;

and
15 t=1to 2.

16. A compound according to claim 1 wherein the tricyclic heteroaryl group is

w,—— Wau Wy (W)t
4 /4 \w Y|
1 t 3
Z/ \Y Y"'/Ws\ ~ Z1\Y v Y4\Y/ i Z1/ 4\Y1/ \Ws
o J omFo Telo) |
., \W/ > 3\Z4/Y2 (Wit 2\23/2
20 15-A 15-B 15-C

wherein Z, , Z; Z; and Z4 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;
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10 (5R, 6E)-6-[(10-benzyl-11-oxo0-10, 11-di hydr odi benzo[ b, f][ 1, 4] oxaze pi n- 8-
yl ) methyl ene] -7-o0xo0-4-thia-1 -azabicycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic

Aci d; 6-(Woetheege 7, 8-di hydro-6H 3,4, 8b-triaza-as-i nd &€C&rusp3/yd451

nmet hyl ene) - 7- oxo- 4-thi a-1- aza-bicycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d;
15

(5R, 6E&Z) 7- 0X0- 6- (4H, 10H- pyrazol o[ 5, 1-c] [ 1, 4] benzoxazepi n- 2-yl net hyl ene) -4
~thia H@\fawcyw OWS a%dQJvQ%Pé Tr%e%@n‘i‘de?ﬁl?m%Y'S(O)ra(cﬂ €,0 spdi ofosAlR, (SR,

(62)-6-(5 m daz ] i soi ndol - | ene) - 7- oxo- 4-t hi a- 1- aza-

bi cycl of 3. wntO]theer\asceﬁaatan:&rﬁoﬁy@| %f 9c©db<§tsidf%fﬁ??§%ﬂ {an occur to form a

(5R 62)-6-[ |h|¥d i m dazo[ 2, 1-b] [ 1, 3] benzot hi azol - 2-yl nmet hyl ene) - 7- oxo- 4-
thia-1 20 azablc cIo 3. 2. 0] hept - 2- ene- 2- carboxyl i c aci d;

(5R 62) - 6- R, R4 Rud%mu miYdaXoPRd Y+ 97¢ 33 d¢HeRbPRIMZ0l - 2- yl met hyl ene) - 7- oxo- 4-
thia-| azabi cycl o 3. 2. O] hept 2- ene- 2-car boxylic acid; (5R) (62)-6-(5,

8- di hydsro 6H i m dazo[ 2, 1- rano%4 3- déjﬂé 3]t hiazol -2-yl met hégene -

7- 0x0- 4- t hRa-ig H, aopamaﬂycsubftsutzdd?} eptallsy! J(Emt«,"é%@f?m Ré aig ngt Ol C1-

(SR). (62): 6 (| Metaghe, Lpbely ) Seolorl; XNRERIVIGORIR, 06 R vk

azabi cycl o[ 3. 2. ept’- 2- ene- 2- carboxyl i ¢ aci

(5R), (62) - 7- oxotaettet bs]ﬁChloaﬂ;R@[qyeﬂtea]\Ab@rtbe ﬁ?@&ﬂdp -wehigh they 1y aHaghes ¢ hi a- |

- azabi cycl o[ 3. | r it d r without the

(5R), (62)-6- (7. frel] ﬁ?’ﬁ SHRCSY *%’Seﬁ? J’:’s ﬁ]g taﬁzr'gmgers Py ° tét i Bsol -2 30

yl met hi0 ene) - 7- pmeﬁcmofthﬂt@roatonﬁz@l!ﬁ NoPat é))O](Wéﬁﬁe p= @Fﬂe )2Nc ‘boxyl i c

aci d; (SRQ,_ ( anz 0xo0-6-(5, 6,7, 8-tetrahydroimidazo[2,1-b][1,

3] benzot hi azoI y‘? nmet hyl ene) - 4-thia-1-

azabi cycl op& ’Qtod}.hept - 2-ene- 2-car boxylic acid;

(5R), (62)-8-[(9-nethyl -9Hi m dazo[ 1, 2- a] benzi m dazol - 2-yl et hyl ene] - 7- oxo-

4-thia 180 WD 03/093280 PCT/ US03/ 13451 1-

azabicyclo[S 2. O]hept 2- ene- 2- carboxylic aci d;

(5R 6 r hyl ene
-4- t?%- - aza ﬁ(@h? Fg&g%g tﬁ ?’ eﬁle&ézmcg%géﬁeg Iggﬁédg%@%%dt?mﬁ%tal t);

(5R, 62)-7- oxotl'@-fpmwla hi eno[ 2' , 3' 4 5] t hi opyranof[ 2, 3-b] pyri di n- 2-yl net hyl ene

)-4-thia 5 1- azabicycl o] 3. 2. 0] hepy\- 2- ene- 2-car boxyl ic acid (Sodiumsalt);

(5R, 62)-6-[ (5-net hyl -7, 8-di hydr o- 6% cycl ogent ale][1,2,4]triazolo[1,

5-a] pyri mdin-2- yl)nethyl ene] - 7-BX0x - -
azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car bo/;d_L Aaji\d”,/ogodi um
R

O 5
0]

18. A compound according to any one of claims 1 to 17 wherein X is S.
20
19. A compound according to claim 1 selected from the group consisting of
(5R,62)-6-(Imidazo[2,1-b][1,3]benzothiazol-2-yimethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R,62)-6-[(7-methoxyimidazo[2,1-b][1,3]benzothiazol-2-yImethylene)-7-oxo-4-thia-
25  1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R,62)-6-[(7-chloroimidazo[2,1-b][1,3]benzothiazol-2-yImethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R),(62)-6-Imidazo[1,2-a]quinolin-2-ylmethylene-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
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salt;

(5R, 62)-6-{[7- (et hoxycarbonyl )-6,7,8,9-tetrahydropyrido[3,4-e][1,2,4]triazo
| o[ 1, 5- 1WO 03/093280 PCT/US03/13451

a] pyrimdin-2-yl]nmethyl ene}-7-o0xo0-4-thia-1-azabicycl o 3. 2. 0] hept - 2- ene- 2-ca
rboxylic acid, sodiumsalt;

(5R, 62)-6-(8",9" -di hydro-6' Hspiro[ 1, 3-di oxol ane-2, 7' -[ 1, 2,4]triazol o[ 1, 5-a

] qui nazol i n%R)éga-%ééT? o@wd%‘gm c%/ Qnté d‘j chazbrz 1-b][1 3lthiazol-2- yimethylene)-

azabi cycl o |c aci d, ium salt; 15
(5R, 6Z) - 6- T-b%e-tehiayi-azabrysofs-2. @heah%@ﬁ@r@icazbwhw%\% o[ 1, 5- a] qui nazol i n- 2-

yl)methyl e I - ag=2- car boxylic

acid, sodi E%) (égﬁé%nﬁgé#[ﬁ%%]% | %Ehﬁé’ﬁ %éh@e@é%%@%}@ 6H cycl ope%t af[e]i m

i dazo[ 1, 2- adapicyeioiad. @}rrsptqflz)ametmyarbﬁmhc acnéxwdmm Belk- | -

azabi c cI o] S/RRAtHE R-thia-1-

(5R 6231 6- %%%%F é?@?,.h oxy?ifig ??X?bé%d gﬁéi%%o GJﬁcygig)g?pgﬁ a[ﬂ(]alid|1m i dazo|
1, 2- a] pyrazabibyd [Zs-ng]hafpitb-th argoxyr®aadit hi a- |

- azabl cycl é’%\?@ﬁaﬁh % X rga}r e aagé:bwopcé;,@d[g]mo@aglg,

(5R, 62) - 6- ? OF gi}? azolﬁ[o‘gy benzi m'dazol - 6-yl met hyl ene) - 7- oxo

-4-thia- 2 mbfhytbheb?mxoMetﬂw&-Q-a@q:-IbwclO@% EW%QB%BWWCE‘Y%R:?QPS l¥fum sal t;

(5R 62) - 6- %ajt’ 4-di hydro-2H[ 1, 3] t hi azi no[ 3, 2- a] benzi m dazol - 7-yl met hyl ene) - 7

-0X0-4- th 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid, sodiumsalt;
(5R, 6790 7- q8R;66)-6{[t.0Rdrzylatbbxf-30,21-altydregibenaelb Al 1. dloypzapIH ene) 4-this-1-

azabi cycl o 3. h -2- ch_ i 30

(5R, 62) - 6- %‘%éﬁ@%‘ﬂ?ﬁ%ﬁ‘%’fq\; @?ﬁa%ﬁ%gglngg)ﬁg@g% eﬁ@é dé OS(?II 3] oxazol - 2-yl met hy
| ene) 7- ox@Acid-t hi a- 1- azabi cycl o 3. 2. 0] hept - 2- ene 2 car boxyl ic acid, sodium
salt; . -thia-1-

(5R, 62) 7- B4 6@053'768 9'h§dr9 eatHr gﬁ" 80br %'832/? 3% |r'daf%n % ylm?ﬂlqylgn%)ea%c;(gzt(;? 2-yl met hy
| ene) - 4- tbzaiblcyde[3mbep13&émﬂ z-cartiWW@gﬂClCtZ ene- 2- carboxylic acid, sodium
sgIRt 6718 1 g’%ﬁe(?%@ﬁo)%g% gr ??g)g&%cﬂig 1-c][1,4]benzoxazepin-2-ylmethylene)-4-thia-

8 tetr ahydn@pybuaymﬂ[apaa]hapt 22e®] P-tadioasxisasid pediym salt;

c] pyridin-2- Y- g -

azabi cycl o@?lﬁ'ﬁ%kﬁ ar%é’[éz)%(%l\soonédﬂ?%’]metweae) 758)(? 3;# Iga1l ?za 5 20. A nethod
for the trerycwsBi2. Q]he;bteﬁ;em-iza:larquvmmld)wdwméﬁ%ease in a patient in need
thereof which CONRA 3efhRE8 ol P afbBhsbtiRald SfimathyRhEReldya-AouNnt of a

conpound o
20 azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid,;

(5R,6Z)-6-[(7-fluoroimidazo[2,1-b][1 ,3]benzothiazol-2-ylmethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R),(62)-6-(5,8-dihydro-6H-imidazo[2,1 -b]Jpyrano[4,3-d][1,3]thiazol-2-ylmethylene)-
7-oxo-4-thia-1- azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
25 (5R),(62)-6-(imidazo[2,1 -b]bebzothiazol-7-ylmethylene)-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R),(62)-7-0x0-6-([1 3]thiazolo[3,2-albenzimidazol-2-yimethylene)-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R),(6Z)-6-(7,8-dihydro-6H-cyclopenta[3,4]pyrazolo[5, 1-b][1,3]thiazol-2-
30 ylmethylene)-7-oxo-6-4-thia-1- azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid; -
(5R),(62)-7-0x0-6-(5,6,7,8-tetrahydroimidazo(2, 1-b][1,3]benzothiazol-2-
ylmethylene)- 4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid;
(5R),(62)-8-[(9-methyl-9H-imidazo[1 ,2-a]Jbenzimidazol-2-yl)methylene]-7-oxo- 4-thia-
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of formula | as clained in any one of claims | to 19, or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof. 10 21. A nethod
accor di ngvomsebasm 20 wherein the conpound is co-adnini st ecedses/1iasa

betal actam antibiotic. 22. A nethod according to claim21 wherein the ratio
of (3-lactamantibiotic to the conpound is in a range fromabout 1:1 to
about 100:1. 15 23. A nethod according to claim?22 wherein the ratio of the

(3-1actam antibi ot i B _(g;rpé?_ i S th 10: 1. 24. A
phar mac_eutf@zaa]b'cggltr?{)%zs'lbﬁe_g{n?%m%g ] cg lrlel: ggg’ezspha?_nrmceut i cal | cg,ept abl e
igngL rier (emg%)?nom-ﬁe(éﬁrthsnaﬁioantSlmomraf@;ﬁa&bﬂﬁvrl@im-%-&s'mﬁﬂwée'%é)'ggf Braimed in
nydr of ysab EAyEpIo 2 peblp ns 2 RBSTRC SLL GaAUM AREZD T8 S tmound of
1; or mun a _IO(ﬂR,BZ)aT—mgoi-Gi-(AH]fthbhnizlj,B’m]ﬂﬂppywo&%ﬁMP%ié@'%M'H}%W‘?W?SP"T" 3 educt i ve

| a co Fomula L) - ; ' .- R O ' .
A or B%tas ’Ggﬁbrl\(‘é/gpoﬁg'@ﬂh%p%%m; ?ésrl)%xyﬁcr: gé?)élgoﬁmgr?%ést er | e!alli \rll\gegrg(ral)sz a
ﬁégéésgfst(a%?%ﬁwA llg/éarﬁidigydrg-%-wcmp@mﬁ[qﬂﬁ,%;ﬂlﬁrdﬁ?,°|°gf11:élﬂﬂ)?yrif76q’i!"8med i f

W 08! _-. _"_"I".P g .

of the prdﬁ%’ﬁtﬁ“ﬁﬁn%%ﬂﬁ g?’g’"é%&g%@%ﬁ%ﬁﬁﬁ%ﬂ& e?eo% r(r:ugﬁg Qﬂmﬁg g?%u%ergval
hydr ogen; «ng if desired converting to a pharmaceutically acceptable salt

(()er-IRggoggl- @E@%@ﬁ%kﬁé@arg&yﬁ%?,%-t@lrgwdroyg;?idb[@eﬁy,g!méﬂé[ﬂ 501

10  a]pyrimidin-2-yljmethylene}-7-oxo-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic
acid, sodium salt;

(5R,62)-6-(8',9'-dihydro-6'H-spiro[ 1 .3-dioxolane-2,7'-[1,2,4]triazolo[1,5-a]quinazolin]-
2'-y|methylene)-7-0x0-4-thia-1—azabicyclo[3.2.O]hept—2-ene-2-carboxylic acid, sodium
salt;

15 (5R,62)-6-[(5-methyl-6,7,8,9-tetrahydro[ 1 .2 4]triazolo[1,5-a]quinazolin-2-
yI)methylene]-7—0x0-4-thia-1-azabicyclo[3.2.O]hept—2-ene-2—carboxylic acid, sodium
salt;

(5R,6Z)—6-[(5-methoxy—7,8-dihydro-6H—cyclopenta[e]imidazo[1 ,2-a]pyrimidin-2-
yl)methylene]-7-0x0-4—thia—1-azabicyclo[3.2.O]hept—2-ene-2-carboxylic acid, sodium

20 salt

(5R,62)—6-({5-[2-(benzy|oxy)ethoxy]-?,8-dihyd ro-6H-cyclopenta[elimidazo[1,2-
alpyrimidin-2-ylimethylene)-7-oxo-4-thia-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic
acid, sodium salt;

(5R,62)-6-(2,3-dihydro[1 ,3]thiazolo[3,2-a]benzimidazol-6-ylmethylene)-7-0x0-4—thia-

25  1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;

(5R,62)-6-(3,4-dihydro-2H-[1 ,3]thiazino[3,2—a]benzimidazol-?-ylmethylene)-7-0x0-4—
thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;

(5R,6Z)-7-ox0-6-([1 ,3]thiazolo[3,2-a]benzimidazoI-6-ylmethylene)-4—thia-1 -
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;

30 (5R,62)—6—(7,8-dihydro-5H-pyrano[4,3-d]pyrazo|o[5, 1-b][1,3]oxazol-2-ylmethylene)7-
oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;

(5R,6Z)—7—oxo-6-(5,6,7,8-tetrahydropyrazolo[5, 1-b][1,3]benzoxazol-2-yimethylene)-4-
thia- -1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt;

181



10

15

20

25

WO 03/093280 PCT/US03/13451

(5R,62)-6—{[6-(ethoxycarbonyl)—5,6,7,8—tetrahydropyrazolo[5’,1 "-2,3][1,3]oxazolo[5,4-~
c]pyridin-2-ylimethylene}-7-oxo-4- thia- -1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic

acid, sodium salt.

20. A method for the treatment of bacterial infection or disease in a patient in need
thereof which comprises providing to said patient an effective amount of a compound
of formula | as claimed in any one of claims 11019,

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof.

21. A method according to claim 20 wherein the compound is co-administered with a

betalactam antibiotic.

22. A method according to claim 21 wherein the ratio of B-lactam antibiotic to the

compound is in a range from about 1:1 to about 100:1.

23. A method according to claim 22 wherein the ratio of the B-lactam antibiotic to

the compound is less than 10:1.
24. A pharmaceutical composition which comprises a pharmaceutically acceptable
carrier and an effective amount of a compound of formula | as claimed in any one of

claims 1 to 19 or a pharmaceutically acceptable salt or in vivo hydrolysable ester

thereof.

25. A process for preparing a compound of formula 1 as claimed in claim 1 which

comprises subjecting to reductive elimination a compound of fomula 1l

) ”’Njﬁr
O\R

wherein A’ is A or B as defined in claim 1, Xis O or §, P is an ester leaving group,

o

Q
N\

e.g., acetate, mesylate and R is a protecting group, group, followed if necessary by
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removal of the protecting group, to give a compound of formula | wherein Rs is

hydrogen; and if desired converting to a pharmaceutically acceptable salt or to an
ester wherein Rs is C1 —C6 alkyl, C5 — C6 cycloalkyl, or CHR3;0COC1-C6alkyl.




