WO 01/30781 PCT/1JS0Q/ 29273 2 alLl132 integrin adhesion to |CAMI is
necessary for inmune responsiveness of T-|ynphocytes to antigens,

| ynmphocyt e MYM¥§781and circul ation, and cell emigration t3CEAUSMRITB
inflanmation (Springer, Ann. Rev. Physiol., 57, 827 (1995)). A dom nant 5
role of aLP2 integrin in nediating inflammtory events is shown in several
different animal nodels of inflammtory diseases in which antibodies to
aLP2 integrin or ICAM1 significantly inhibit devel opnent of therapeutic
end points (Rothlein et al., Kidney IntZ2rnational, 41, 617 (1992); ligo 10
et al., J. Inmunol ogy, 147, 4167 (1991); Bennet et al., J. Pharmacol. and
Exp. Therapeuti &sBz 280ege88 FdlogAon tal SEAMPR ismtnapessagybfani iymene

t hought to pl : [tic qgle in r types qof inpfl t ory di sease
processes B Perdizbhts G LR BRECIRELR ARl BRIt se 2
integrin i rndediatihgtion,) amthtcel] emigoatsiosn thasibesnofleimfistnnaitaddnby t he
evi dence t A en hel ial j,m gration i I t1Q .l kedly inhibited by
nmonocl onal %§ﬁ§|&:‘§§g[ egl%agg%eﬁ's't Pﬁgs?ﬁ?égréﬁﬂ orbrz\gl é&%lfc’%?z g%t%?m%{& J.
- Physi ols Rbaema€ob,f, Ihtedbin P Redibui hhei NI funddorgkadenes 29 alL(32
I ntegrin haiebeen shown to jnhibit neutrophil influx in alnost every

I

system i néQUPndRsREVCT P iEFREGRT YR diRdelsuRg, IRFUMEIATAR heart. As
one of theRkieABEY Lh OIS, T8 ibBA1eB2td LB EELE Ayl deilysp be expect ed

that bl ockade of I1CAM1 would inhibit the inflammatory response (Al bel da
et al., TheighifAsEstlyuintdbitgdeselogpn®os)of therepweticiendgmilmesn shown

that anti bqdi,¢f;8981 &st,ALPZ. 4.0t.egrd ﬂ{ﬁ S e egi4o er ;4
t ranspl ant gt i on. ég\% 591%/6(‘)12'1'8 ldé?gc?%gée'% E)rn(l:aé'é 3?' nig)%%c{hog?a Y3 aA980di es
direct et ag&i ase, aLPRMuncEgoyn 167, a4167 r@edd anBannen' & dalncl widi ng graft

VS. Pharmacol. and Exp. Therapeutics, 280, 988 (1997)).

Also, P: integrin subfamily are thought to play a
critical role in several types of inflammatory disease
processes by interacting with ICAMs. Support for the

15 importance of B, integrin in mediating inflammatory responses
has been demonstrated by the evidence that transendothelial
migration in vitro is markedly inhibited by monoclonal
antibodies against B, integrin or ICAM-1 (Smith, Can. J.
‘Physiol. Pharmacol., 71, 76 (1993). Furthermore, blockade of

20 oyP. integrin has been shown to inhibit neutrophil influx in
almost every system, including skin, peritoneum, synovium,
lung, kidney, and heart. As one of the primary ligands for the
B2 integrin, it would also be expected that blockade of ICAM-1
would inhibit the inflammatory response (Albelda et al., The

25 FASEB Journal, 8, 504 (1994)).

Moreover, it has been shown that antibodies against a3,
integrin suppress rejection after transplantation. WO 94/04188
discloses the use of monoclonal antibodies directed against
a2 integrin for all transplantation's, including graft vs.

30 host or host vs. graft diseases.
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30 host or host vs. graft diseases. WO 01/30781 PCTJI TSO0Il 29273 4 2) OH,
3) CN, 4) C1 6 alkyl optionally substituted with a group selected from a)
hal ogen b) WRA1/30781COR91, d) aryl which nmay be 5 substit uPEEiVSI0N9E3 NR3IRG,
5) C1_6 al koxy optionally substituted with a group selected from a)
hal ogen b) NR3R6, c) aryl which may be substituted, d) heteroaryl which
may be substituted, and e) non-aromatic heterocyclic group, 10 6) N2, 7)
NR3R6, 8) NHCOR41l, 9) NHSO2R5, 10) COR42, 15 11) C (=NH) NH2, 12)
CONHOH, 13) C1-6 al kylthio which nmay bed4substituted with hal ogen, 14) Cl-6
al kyl sul fi nyl which may be substituted with halogen, 20 15) Cl1_6
al kyl sul fonyl wRi)c@Hnmay be substituted with halogen, 16) Cl1_3
al kyl enedi oxy ogsi ggally substituted with a) Cl-6 alkyl, b) halogen, c)
aryl which may be Substituted, or d) heteroaryl which nmay be substituted,
25 17) -C(=0) - (Aat Gr-al alkyamopt igoirdly esubhis)tubsde wéith sagroumeagalresdtegd- am no
acid resid b Wi egew 4D Kyl . .0 yl whi ch may
b cubstitl gg\?xéngaféée%{ Hyl REM L &R, A \KWry190RYEN 48) KX

5 substituted, or e) NRR®,

5) Ci-¢ alkoxy optionally substituted with a group
selected from a) halogen b) NR®R®, c) aryl which may be
substituted, d) heterocaryl which may be substituted, and e)
non—-aromatic heterocyclic group,

10 6) NOgz,

7) NRR®,

8) NHCOR,

9) NHSO.R®,

10) COR?%?,
15 11) C(=NH)NH;,
12) CONHOH,

13) Ci-¢ alkylthio which may be substituted with halogen,
14) Ci.¢ alkylsulfinyl which may be substituted with
halogen,

20 15) Ci-¢ alkylsulfonyl which may be substituted with
halogen,

16) Cj.3 alkylenedioxy optionally substituted with a) C;_¢
alkyl, b} halogen, c¢) aryl which may be substituted, or d)
heteroaryl which may be substituted,

25 17) -C(=0)-{natural oa-amino acid residue), wherein said
natural a-amino acid residue may be esterified with Ci-¢ alkyl
group,

18) aryl which may be substituted, and
18) heteroaryl which may be substituted;

30 R! and R? are independently H, halogen, OR?®, OCOR®, SO.R®,

NRR®, NRCOR®!, NR®°CSR*!, NR®SO,R®, OCONR®R?, N3, Ci-s alkyl which

-



19) heteroaryl which may be substituted; 30 RlL and R2 are independently H,
hal ogen, OR3, OCOR5, S02R5, NR3R6, NR6COR91, NR6CSR41, NR6S02R5, OCONR3R3,
N3, Cl 6 al KQO#T82H WO 01/ 30781 PCT/ US00/ 29273 6 t her eoPCT/BS/28HR present
i nvention al so includes these optical isoners and m xtures thereof. In an
enbodi nent of the present invention, the steric configuration of a bond
need not be fixed. The conpound of 5 the present invention nay be a
conmpound with a sole configuration or a mxture with several different
configurations. In the above formula (1P, "aryl" night be a nmono-, bi- or
tri-cyclic aryl group such as a Ehenyl group, a naphthgl 10 group, an

ant hryl gr 5B§Tesl s 13rA &R RFRSERT 1RVEHE A GFECF SPRLPEEY | Yhese, oPEIGaLy |
may be a hebREeat A GRNItArAsgREPEGE, bi- or tri-cyclic aryl group.
Exanpl es of heteroaryl group may be a pyridyl group, a rimdinyl group,
a pyridazinyl gfBUR eMiRAigentypfgkbtPresent &HVﬁBE&P“gr{R%LSE%¥1FsoquinonI

group, a quongightaWioddWR bdndPRLEQ! B ME FIKEHD, BHe | FanARIdY b£gr OUP, an
a pyrazolyl group, an oxazolyl group, a thiazolyl group,

isoxazogyl roup, ) ,
an ind ir?g‘F BFesent dantd ez BRY| PYrao femreupanybERi az348 group,  a

benzi m dazelonk i ghPaPio JeRZafiutyke HWOUD s elrdiY i @EOHet @ 20 thienyl
group, a pyrrolyl group, an oxadi azolyl group, a thiadiazolyl group, a

triazolyl &P8EPIUEEEEMSzolyl group, an oxazolyl group, an indazolyl

group, an isoinggl e HHUH® RrmAYET (WY, 0:04A" AigHE NS A Yor-QUBL ~3or
benzot hi enyl grou a benzofurazanyl group, a benzothladlazolxl group, an
thi azol yl

25 i i dazottARASEFHAC @otlp 9T21BI BERAR AT mienyRogFouBNR diRPHEHY|
group. o group, an anthryl group, a fluorenyl group.

In the above formula (I), "heteroaryl" may be a
heterocatom-containing mono-, bi- or tri-cyclic aryl group.
Examples of heterocaryl group may be a pyridyl group, a
pyrimidinyl group, a pyridazinyl group, a pyrazinyl group, a

15 quinolyl group, an isoquinolyl group, a quinazolinyl group, a
phthalazinyl group, an imidazolyl group, an isoxazolyl group,
a pyrazolyl group, an oxazolyl group, a thiazolyl group, an
indolinyl group, a benzoxazolyl group, a benzothiazolyl group,
a benzimidazolyl group, a benzofuryl group, a furyl group, a

20 thienyl group, a pyrrolyl group, an oxadiazolyl group, a
thiadiazolyl group, a triazolyl group, a tetrazolyl group, an
oxazolyl group, an indazolyl group, an isoindolYl group, a
purinyl group, a quinoxalyl group, a benzothienyl group, a
benzofurazanyl group, a benzothiadiazolyl group, an

25 1imidazothiazolyl group, a dibenzofuranyl group, and an
isothiazolyl group.

In the above formula (I), "non-aromatic heterocyclic
group" may be a heteroatom-containing mono-, bi-~ or tri-cyclic
non-aromatic group. Examples of non-aromatic heterocyclic

30 group may be a pyrrolidinyl group, a piperidyl group, an

imidazolidinyl group, a pyrazolidinyl group, a piperazinyl

-yt



In the above forrmula (1), "non-aromatic heterocyclic group” may be a

het er oat om cont ai ni ng nono-, bi- or tri-cyclic non-aromatic group.
Exanpl es of W@dHBeMbmat i ¢ heterocyclic 30 group nmay be a pBEWERNAI2AY| gr oup
a piperidyl group, an imdazolidinyl group, a pyrazolidinyl group, a

pi perazinyl WD 01/30781 PCT/LUS00/ 29273 8 4) Cl1_6 al koxy group, 5) d _7
al kanoyl group, 6) CN, 7) carboxyl, 5 8) CL 6 alkylthio, 9) NR3R6, 10)
phenyl optionally substituted with a) C1L 6 alkyl optionally substituted

wi th hal ogen, b) Cl1_6 al koxy optionallyB substituted with hal ogen, or c)
CN, 10 11) isox?golyl optionallé substituted with C1_6 al kyl, 12) pyrrolyl
optional Iy subsf!tbt-ed Ry @F°BP: al koxycarbonyl or fornyl, 13) pyridyl: R

i's phenyl, naphthyt,., ®irdahdyl gesdpfuryl or thiazolyl, and 15 said phenyl,
napht hyl , pyrid¥l, benzofuryl and thiazolyl may be substituted with a
group sel ected ?oﬁy'l) hal ogen, 2) OH, 3) CN, 20 4) C1_6 al kyl optionally
substituted wth)acgrwanyisel ected froma) hal ogen, b) OR6, or c) COR9L, 5)
Cl 6 al koxy optionally suhstituted wwth a group selected froma) hal ogen,
b) NR3RG, c) pyr Blyfi-s ALk EhgPreri di nyl
9) NRRS,
10) phenyl optionally substituted with a) C;_¢ alkyl
optionally substituted with halogen, b) C;.¢ alkoxy optiocnally
substituted with halogen, or c¢) CN,
10 11) isoxazolyl optionally substituted with C;_s alkyl,
12) pyrrolyl optionally substituted with Ci-¢
alkoxycarbonyl or formyl,
13) pyridyl;
R is phenyl, naphthyl, pyridyl, benzofuryl or thiazolyl, and
15 said phenyl, naphthyl, pyridyl, benzofuryl and thiazolyl may

be substituted with a group selected from:

1) halogen,
2) OH,
3} CN,
20 4) Cig alkyl optionally substituted with a group selected

from a) halogen, b) OR®, or c) COR'!,
5) Ci-¢ alkoxy optionally substituted with a group
selected from a) halogen, b) NR®R®,c) pyridyl, or d)

piperidinyl,
25 6) NOz,

7) NRRS,

8) NHCOR?!,

9) NHSO;R®,

10) COR%,
30 11) C(=NH)NHg,

12) CONHOH,



25 6) NO2, 7) NR3R6, 8) NHCOR91, 9) NHSO02R5, 10) COR42, 30 11) C (=NH)
NH2, 12) CONHOH, WO 01130781 PCT/1JS0OQ 29273 10 or Rl and R2 conbine with
each ot her woo1hesst ermi nal thereof to formoxo;, R3 is 1)PCwuieogem 2) ClL 6
al kyl optionally substituted with a) OH, b) phenyl 5 optionally
substituted with hal ogen or Cl_6 al koxy, c) carboxyl, d) carbanoyl, e)
NR6R6, f) Cl-6 al koxycarbonyl, g) norpholinyl, h) pyridyl, i) thienyl, or
j) pyrrolidinyl optionally substituted with oxo; 3) C3_6 cycloal kyl, 10 4)
phenyl optionally substituted with hal ogen, 5) pyridyl optionally
substituted with C1_6 alkyl, or 6) norpholinyl; R4l is 1) Cl _6 alKkyl

opt i onal | y osuBstanduRa ccomitiineawitbupadie|asdiesdat 16h4 anmipajiReReredf to

car boxyl , %grh Rd where Rc and Rd are independently selected from
hydrogen and C1_6 alkyl, or R and Rd conbine with each other at the
termnal s Rhekedf) hydrégems a 3-7 nenbered ring together with the nitrogen

addi 11 onal 13 Berdrbatine. “RGIhEE, Aine IR Rich 29 BRL 0PF M ey be
substit Ut edpiiiohallly Gubskytutedxtithhhdiogen @1-G-alkRéRYorcNRERPOXY)L, Cl- 6
' d) carbamoyl, e) NRGRS, f) Cj-¢ alkoxycarbonyl, g) morpholinyl,
h) pyridyl, i) thienyl, or j) pyrrolidinyl optionally
substituted with oxo;
3) Cs-¢ cycloalkyl,
10 4) phenyl optionally substituted with halogen,
5) pyridyl optionally substituted with C;-¢ alkyl, or
6) morpholinyl;
RY is
1) Ci-¢ alkyl optionally substituted with a group selected
15 from a) NR®°R®, b) carboxyl, c) -CONR°R® where R® and R® are
independently selected from hydrogen and Cj;-¢ alkyl, or R®
and RY combine with each other at the terminals thereof to
form a 3-7 membered ring together with the nitrogen to
which they are attached, and said 3-7 membered ring may
20 include additional 1-3 heteroatoms, such as oxygen,
nitrogen and sulfur and may be substituted with C;-s alkyl,
oxo, hydroxy, Ci-g¢ alkoxy or NR®°RS, d) Ci-¢
alkoxycarbonylamino, e) Cj-.¢ alkylsulfonylamino, £) Ci
alkanoylamino, and g) pyridyl;
25 2) Cy-¢ alkoxy optionally substituted with NR®R® or phenyl;
3) NRRS;
4) phenyl optionally substituted with a) carboxyl, b} Ci
alkoxycarbonyl, or c) NR°RS,
5) C3-s cycloalkyl,
30 6) isoxazolyl optionally substituted with C;-¢ alkyl,
7) pyridyl,

- g



al koxycar bonyl am no, e) Cl1_6 al kyl sul fonylam no, f) C2-, al kanoyl am no,
and g) pyridyl; 25 2) Cl1L 6 al koxy optionally substituted with NR6R6 or
phenyl ; 3) WRSHM8Y) phenyl optionally substituted with @cragedmzE , b)
Cl 6 al koxycarbonyl, or ¢c) NR6R6, 5) C3_6 cycloal kyl, 30 6) isoxazolyl
optionally substituted with C1_6 alkyl, 7) pyridyl, WO 01/30781

PCT/ 1 TS00/ 29273 12 al koxycarbonyl, or c¢) phenyl, and 7) COR92. Rl and R2
are independently H, halogen, OR3, NR3R6, NHCOR91l, NHCSR41l, NHSC2R5, N3,
COR42, or phenyl, or RL and R2 conbi ne WRth each other at the term nal
thereof to formoxo. R71 is a group selected 5 from 1) H 2) OH 3)

hal ogen, 4)2¢xvsarbengla| RS/IC)omheoNéH?ndsYJbsQOR‘ﬁtelﬂl whdhRhalmegen, OR6 or

or bl per i o ks R PRk B ithe MGRR\eBBRRe TRRORRE, Yy

C(=NH) NH2, Ns3) C@BﬁHopir ahynx:h, 6>IaIRky¢mCh|R§ coBbipd Wit ealchybshefiayl, 16)
Cl 6 al kyl suld %)é}nan&Z)tRQ ék?/f S BmTBY o beRHS#pié%“%b) %%dgroulj

sel ected from a) substituted wit C Cl1. 6
al kyl op?i drfem: yllsHbs?)tWeoBanaﬁo@Ra, 4) @, 65}aICka;xylhy|1;i @t e ally)

t hi I t h yre) may be 15
sulbg??/t ut\gggﬁ%tth@}éﬁ%ﬁ §y§§tl§agtlﬁ§gl Pk 2%_‘%81311)/21% )z(cfl y k& ypyrrol yl

whi ch may tﬁ?tsll?BéHYu’é%*éls‘vﬂ’-lf@—l@ltbéblal@waz(N RIR®, SIminﬂ.uted Cl 6 al kyl,
R7 4 2) hal ogen,
tﬂé'r@ﬂYh?{l ?) 1¥0,2 9 OfEPR GSEé)EC[\th)I{ ‘,ﬁ%ﬁﬁ%gﬁﬁi) ) g

or 24) benéﬁ
3) CON, 4) optional Iy substituted w t or 5) N2,

or, R71 and:ofg rRﬂ?’C&ﬁb‘NﬁéNﬂart H33aEANERRerl At Quhe alyithas, t¥5er €afs to form
Cl_3 10 alkylsulfinyl, 16) Ci-g alkylsulfonyl, 17) phenyl which may be
substituted with a group selected from a) Ci-7 alkenyl
substituted with COOR®, b) COR*?, c) Cj-¢ alkyl optionally
substituted with OR®, d) Cj-¢ alkoxy and e) CN, 18) thienyl
which may be substituted with CHO, 19) furyl which may be
15 substituted with CHO, 20) tetrazolyl, 21) dihydroxazolyl, 22)
pyrrolyl which may be substituted with CHO, 23) isoxazolyl
substituted Cj;-¢ alkyl, or 24) benzothienyl. R’? is a group
selected from 1) hydrogen, 2) halogen, 3) CN, 4) Ci-s alkyl
optionally substituted with OR® or COR??, or 5) NO;, or, R™ and
20 R’ combine with each other at the terminal thereof to form Ci-3
alkylenedioxy optionally substituted with halogen. m is 0, 1,
or 2, and n is 0 or 1.
In a preferred compound among the compound (I-A), A is
=CH- or =N-, X and Y are independently halogen, NO,, NR3R®, or
25 Ci.¢ alkyl optionally substituted with halogen. One of R! and
R’ is H, and the other is H, OH, halogen, NRRS, NHCOR'!,
NHCSR“, NHSOzRﬂ N3, COR", or phenyl, or R! and R? combine with
each other at the terminal thereof to form oxo. R™ is a group
selected from H, halogen, CN, C;_¢ alkyl optiocnally substituted
30 with halogen, Ci.¢ alkoxy optionally substituted with halogen,
COR*?, Ci.¢ alkylthio, phenyl which may be substituted with a

- g



al kyl enedi oxy optionally substituted with halogen. mis 0, 1, or 2, and n
is Oor 1. In a preferred conpound anong the conmpound (I-A), Ais =CH or
=N-, X and W@PAH3GBIdependent |y hal ogen, NO2, NR3R6, or 23PCTASH/22Wy|
optionally substituted with halogen. One of Rl and R2 is H, and the other
is H OH hal ogen, NR3R6, NHCOR41, NHCSR91l, NHSO2R5, N3, COR92, or phenyl,
or RL and R2 conbine with each other at the termnal thereof to form oxo.
R71 is a group selected fromH, halogen, CN, C1 6 al kyl optionally
substituted 30 with hal ogen, Cl_6 al koxyt4optionally substituted with

hal ogen, COR42, Cl1 6 al kylthio, phenyl which nmay be substituted with a WO
01/ 30781 PCT/ USORS/ 3. 14 R71 OXCN~ _~O0Y (I-B) In the above
formula (1-B), Ais =N, Bis -S, -SO, -S@@2-, -N(R3) _, -N
(COR91) -, -N (CSr4 N (SOZRS)X-. X 5 and Y are independently H,

hal ogen, NO2, or C2_6alkyy. w7l is a/ group selected from1l) H 2)

hal ogen, 3) CN, 4) Cl f~ak optA |1y substituted with hal ogen, 5) Cl1 6
al koxy optionally substitutedNwfh hahogen, 6) COR42, 7) Cl1_6 al kylthio,
8) phenyl, 9) thi enyltk;g ryl, pyrrolyl, 12) isoxazolyl 10
substituted wth C1_6 al kyl, erein Said phenyl may be substituted with a
group selected froma) C2 7 aPkenyl sUbéITButed with COOR5, b) COR42, c)
Cl-, alkyl optionally substituted with OR6, d) ClL 6 al koxy, and e) CN, and
said thienyl, furyl and pyrrolyl nay be substituted with CHO 15 In a nore
preferred conpoud® &hBnabetr umydandIcBIB)A B F&I~ QECOR41)B, iandS% and Y

are i ndependgiut | v-ogl 00ar>RIL L (ddr*') -, -N(CSR*!)-, or -N(SOR%)-. X
5 and Y are independently H, halogen, NO;, or C;-¢ alkyl. R is a
group selected from 1) H, 2) halogen, 3) CN, 4) Ci-¢ alkyl

optionally substituted with halogen, 5) Ci;.s alkoxy optionally
substituted with halogen, 6) COR“, 7) Ci-¢ alkylthio, 8)
phenyl, 9) thienyl, 10) furyl, 11) pyrrolyl, 12) isoxazolyl

10 substituted with Cj;.¢ alkyl, wherein said phenyl may be
substituted with a group selected from a) C,-7 alkenyl
substituted with COOR®, b) COR*2, c) Ci-¢ alkyl optionally
substituted with OR®, d) C;-¢ alkoxy, and e) CN, and said
thienyl, furyl and pyrrolyl may be substituted with CHO.

15 ‘In a more preferred compound among the compound (I-B), B
is -N(COR*)-, and X and Y are independently halogen. R’ is 1)
Ci-¢ alkyl optionally substituted with a group selected from: a)
NR°R®,b) carbamoyl, and d) piperazinylcarbonyl optiocnally
substituted with C;-¢ alkyl; 2) Ci;-s alkoxy; or 3) NR3R®; and R™

20 is 1) halogen, or 2) C,-¢ alkoxy optionally substituted with
halogen.

Among the desired compounds of the present invention,
another more preferred compound is represented by the

following formula (I-C):

-,



Cl 6 alkyl optionally substituted with a group selected from a) NR6R6,b)
car banoyl, and d) piperazinylcarbonyl optionally substituted with C1L_6

al kyl; 2) CIWOMBKBKY; or 3) NR3R6; and R71 20 is 1) hal cavysow292?y Cl 6
al koxy optionally substituted with halogen. Anong the desired conpounds of
the present invention, another nore preferred conmpound is represented by
the followng formula (1-C: WO 01/30781 PCT/1JS0OQ 29273 16 optionally
substituted with hal ogen, c) Cl1 6 al koxy optionally substituted with

hal ogen, or 3) isoxazolyl opti onally substituted with CI-6 alkyl. R71 is a
group selected from1) H, hal ogen, 4) C1_6 al kyl optionally
substi tuted %ttlﬂnslhél%{jﬁ?lt?feélwsthl Wé}i@ﬂe@pt Edngi-eya Lkt iapieaawdyh

hal ogen, 6) sui;@BQ@ute?a Wakrd nahkybhhi & B) ﬁ%&ﬁ!blyﬁ) ,Isﬂ&{ml, 10) furyl,
11) pyrroly i soxazolyl substituted with Cl , Wherein sai d

phenyl ~ may E@b§ﬁb prediidhniCars alkybuR seteck eﬁifOﬁltPoﬁPé?CtGE from Kanyi,

substi t ut ed 2w HR185ER0.3)0)enCOR4 2¢, ¢) 6 K opth Lnad S ituted
wi th OR6, d)p Cl 6 al kox3) and 4) Ctl%l, a%llyl o?atl )‘Shai?)énfl){lr"5 furd#dah’gi%yrrol yl
2

may be substPLoTeR: wiX Cd—l@lk°PVePEF¥‘§tﬁlddrn§@bﬁ§st‘e¥efﬂHeltﬁ’ré‘@éﬁﬂepnvéi ni on

may be sel egbrtt,f HOnt! he, OEPUhCONS) Shh8Sy Of 19)( ¥Rienyl, 10) furyl, 1
7TR) -5-[4-(trifl uorgme% on 3'E)lenzl %‘, % 8% ! thieny ) fury 1)

di chl or opheWF)‘Q#Y%yd]r%)x}SPxSZBX&ia’b‘FQﬁFé{tG‘[tSdSW@]:bc@!aﬂealZwi-: ghenein(5R,
7S)-5-[4-(t rs'afl.!iug‘.é}ﬂﬁ[ ey beegapbt s Baded 5v1th a grou@ selected from a)

di chl or ophenyl) acetyl am no-1, 3-di azabi c oct ane- 4-di one; 20
(5R, 7S)-5- Fkv(?%wrm}orsowéfthéxyyseﬁw} 1 8 151 COR*, ¢) Ci-s alkyl

di chl or opheBptiodaly GARRIRYUERBEORL OMBRRT 8P)c L, 3lkoxy, and e) CN, and
said thienyl, furyl and pyrrolyl may be substituted with CHO.
Preferred compounds of the present invetnion may be
selected from the group consisting of:
(SR, 7R)-5-[4-(trifluoromethoxy)benzyl]-3-(3, 5~

15 dichlorophenyl)-7-hydroxy-1,3-diazabicyclo[3.3.0)octane-2,4-
dione;

(5R, 7S)-5-[4~-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl)-7-acetylamino-1, 3-diazabicyclo({3.3.0)octane-
2,4-dione;

20 (5R, 78)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl)-7-(3-carbamoylpropionylamino)-1,3-
diazabicyclo[3.3.0)Joctane~-2,4-dione;

(5R, 78)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl)-7-[3- (4-methyl-1-

25 piperazinylcarbonyl)propionylamino]-1,3-
diazabicyclo[3.3.0)octane-2,4-dione;

(5R, 78)-5-{4-({trifluoromethoxy)benzyl])-3-(3,5-
dichlorophenyl)-7-nicotinoylamino-1, 3-

diazabicyclo({3.3.0)octane~2, 4-dione;

-y



di azabi cycl o[ 3. 3. 0] octane-2, 4-dione; (5R
7S)-5-[4-(trifluoronethoxy)benzyl]-3-(3, 5-

di chl or opheryOM/RNIBB- (4- et hyl -1 - 25 PCT/US00/29273

pi per azi nyl car bonyl ) propi onyl am no] -1, 3 di azabi cycl o[ 3. 3. 0] oct ane- 2,
4-dione; (5R, 7S)-5-(4-(trifluoronethoxy)benzyl)-3-(3,5-

di chl orophenyl ) - 7-ni coti noyl am no- 1, 3- di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one;
1 WD 01/30791 PCT/[JS00/29273 18 pharmaceutically acceptable carrier or
diluent may be, for exanple, binders (&8y., syrup, gumarabic, gelatin,

sorbitol, tragacanth, | yvi nyl pyrrolidone), excipients (e.g., |actose,
sucr ose, c&W‘g?%?,lcﬁggé{sg??%ﬁtﬁmsepI‘F&t“é,le§o?5i%‘ uenj) yaynkg, fgr

| ubri cants égargple,MaNASEEM&1LAN Ayarupt agtm REAYEENYdaNnQ 16l ysekbitbl| ca)
disintegrators (e.qg., potato starch), wetting agents (e.g., sodium
| auryl sul faff’éﬁqaca"ﬁ’g‘htfh8°F-Wé‘?yllﬂ1\é“iﬂ>és‘idP§&)coﬁ%%mbe'tﬁs t{fe Ipr edBRECFRWent i on

or phar macaudidsd,| -oracephadh & Ftldss e pRBEpRRYe P& ARt Plﬁginép,
either orally or parenterally, and it nay be used as a suitable

. y
phar macedt i £ 1538 Er 461 8nr FHS o skgeERER caF2 1§ IPAVRLREAS Ray be in

the form ofgay&dl,i diDiepRr als DN egiGionrs (8.4ab! Sbradd FraRehe, RecaDsY! €,
and a powder, or in the form of a liquid preparation such as sol ution,

suspensi on, 2E8F 515 e Ful s SBAL MNPy FAEater ed2od ey 1ikgen admi ni st er ed

parenterally, thepliREaREQUESRIUNY QFALALI BRedBYt DfhJdhtliRR okorm of
suppository, an injection preparation or an _intravenous drip preparation
usi ng di stiPhadagsusicrdly 2¢FeREIR, salphytherenf cay g adasnistered an

aqueous 19! uenaR a0yt benpaAttexa129, and ap hdpalatiser Ry & conventional

suitable pharmaceutical preparation. These pharmaceutical
preparations may be in the form of a solid preparation such as
a tablet, a granule, a capsule, and a powder, or in the form
of a liquid preparation such as solution, suspension, and

IS emulsion, when administered orally. When administered
parenterally, the pharmaceutical preparation may be in the
form of suppository, an injection preparation or an
intravenous drip preparation using distilled water for
injection, a physiological salt solution; an aqueous glucose

20 solution, and so on, and an inhalation by a conventional
process.

The dose of the desired compound of the present invention
or a pharmaceutically acceptable salt thereof varies depending
on an administration method, age, sex, body weight, and

25 condition of a patient, but, in general, the daily dose is
preferably about 0.1 to 100 mg/kg/day, particularly preferably
1 to 100 mg/kg/day.

The compound of the present invention has an excellent

activity in inhibiting o;f; mediated cell adhesion, and can be
30 used for treating or preventing aif; adhesion mediated

conditions in a mammal such as a human.



process. The dose of the desired conmpound of the present invention or a
phar maceutically acceptable salt thereof varies depending on an

adni ni strat i%‘?}“‘?@?ﬂod, age, sex, body weight, and 25 condPETHR0RO273
patient, but, in general, the daily dose is preferably about 0.1 to 100
ng/ kg/ day, particularly preferably 1 to 100 ng/ kg/day. The conpound of the
present invention has an excellent activity in inhibiting aL02 nedi at ed
cell adhesion, and can be 30 used for treating or preventing aLR2 adhesi on
medi ated conditions in a manmal such as28 human. WO 01/30781 PCT/ US00/ 29273

20 dermatitjs, %g,ogren's Syndrone, rejection after transplantation, and
graft vs. H%%?“ rEegseSIQETH' G FyrEsoMRe Priron AFEREI on, the desired

conmpound (ﬂﬁadyylabea@i@@afgnh RtateRevE ol host ng Jwiskods: 5 Method A1 The
desi red conpound élé or a pharmaceutically acceptable salt thereof may be
prepared by: (1R°EQ ﬁ?ﬁ?rﬁélqhﬁ PEREBBRdIRTe et othEl defirgd capmung p X
OG Z B N, ~{t Man! beAfrapd#dd b@tﬁﬁ?f@iﬂom%%&hgﬁg'ioxw group, a

protected h dro§yl.group, or a resin-bound hydroxyl group, and the other
symbol s érdéﬂﬁﬁL—éane as defined above, and (2) converting the resulting
cyclized conpounfiei 8&9ifed compound (I) or a pharmaceutically acceptable
salt thereof may be prepared by:
(1) cyclizing the compound of the formula (II):

R P
\(K )0 x

o Z

B N NH-M \ A
MM w M

Y (11
10 wherein OG is a hydroxyl group, a protected hydroxyl group, or
a resin-bound hydroxyl group, and the other symbols are the
same as defined above, and
(2) converting the resulting cyclized compound into a
pharmaceutically acceptable salt thereof by a conventional
15 method, if desired.

‘When OG is a protected hydroxyl group, the protecting
group can be selected from the conventional protecting groups
for a carboxyl group (i.e., Ci.¢ alkyl group, benzyl group).

When OG is a resin-combined hydroxyl group, the resin may

20 be selected from resin polymers which are conventionally used
for a solid phase peptide synthesis. Merrifield resin may be
given as an example of such resin polymers.

The cyclization can be carried out in the presence of an
acid or a base in a suitable solvent.

25 The acid can be selected from organic acids (i.e., p-

toluenesulfonic acid, and trifluorocacetic acid) and inorganic

-



pharmaceutically acceptable salt thereof by a conventional 15 nethod, if
desired. Wen OGis a protected hydroxyl group, the protecting group can
be sel ect ed WP8H3¥8e conventional protecting groups for ®CraShueg!s gr oup
(i.e., C1_6 alkyl group, benzyl group). When OGis a resin-conbined

hydr oxyl group, the resin may 20 be selected fromresin polynmers which are
conventionally used for a solid phase peptide synthesis. Merrifield resin
may be given as an exanple of such resin polyners. The cyclization can be
carried out in the presence of an aci d28r a base in a suitable solvent. 25
The acid c be sel ected fron1organiﬁFacids (i.e., p- toluenesul fonic acid,

and trifluoroalefid?atia SFAF54R0y-gdRP cPIR; SAY g ST WETFRUSPR)/ DIBONRd 22 t he
cyclizati orafit@acthencyd bz Ptidre Wy AY cHhO&HE Loh 1D edtRFAY dcodigy dde
cyclizatioq by a conventional method according to the protecting group to
be renoved, “FoPTEXERbFRI FHURIGPsPE rﬁﬂ?ﬁe%!H§§égﬁﬁm§ﬁeachﬁ?r%kﬁ%+s
treatment, wanth aabakytbe &n radust aeid tMeidichtd she cdeshyeds conpound (1)
or a phagnac%Ptically acceptable salt thereof, may be prepared by: (1)
reacting’ t HECGMPBBND of the formula (111): P XBNNM . W10 Y (111)
wher ei n t hetexpsoBs are the same as defined above, with the conpound of

the formula (1V);, R 0- I
( V%he déggreé'éogggund (I) or a pharmaceutically acceptable

salt thereof, may be prepared by:
(1) reacting the compound of the formula (III):
P X

Z
Ext?r/4%+-m N A
™
w
10 Y (111)
wherein the symbols are the same as defined above, with the
compound of the formula (IV):
R-(K)o-L (IV)
wherein L is a leaving group and the other symbols are the
15 same as defined above, and
(2) converting the resulting compound into a
pharmaceutically acceptable salt thereof by a conventional
method, if desired.
The leaving group L can be selected from conventional
20 leaving groups, such as a halogen atom (e.g., chlorine,
bromine, iodine), an alkylsulfonyloxy group (e.g.,
methylsulfonyloxy group) and an arylsulfonyloxy group {(e.g.,
' p-tolylsulfonyloxy group).
The condensation reaction can be carried out in the
25 presence of a base in a suitable solvent.
The base can be selected from conventional bases such as
alkali metal hydride (i.e., NaH, KH), alkali metal alkoxide



wherein L is a | eaving group and the other synbols are the 15 sanme as
defi ned above, and (2) converting the resulting conpound into a

phar maceut i TP MB303¥Mcept abl e salt thereof by a conventi onalPCTsoeogs i f
desired. The leaving group L can be selected from conventional 20 |eaving
groups, such as a hal ogen atom (e.g., chlorine, bromne, iodine), an

al kyl sul fonyl oxy group (e.g., nethylsulfonyloxy group) and an

aryl sul fonyl oxy group (e.g., p-tolylsulfonyloxy group). The condensati on
reaction can be carried out in the 25 @desence of a base in a suitable
sol vent. The base can be sel ected from conventional bases such as al kal
metal hydride (i{%®. comymartikpy, the kegdulidngl camkowpdeint® @1/ 30781

PCT/ USOY Zgglzgrma?é]elﬁt%)ca(igpvgéé+é‘l%k#'ée srag%gbhépgofar@esﬁ%u%rﬁ%@kgég al

pharmaceutical | y acceptable sa ereo con t1ona
desired. ThRet¥eefs if geséped- can be sel ected from conventional 5 |eaving

groups such as 415e d3RahbogEdyd 1, BB Be1 T0ee§ AENSALARLEeACt | on can

be carried out in the preésence ase rn a su e solven he base
can be sél et AT GFROLORYENER Ormal thvmsegenbihned imlMetihodnBtal hydri de

(i . €., NaB, KH) aTtﬁ:J I&%hheﬂ?&@ior@'%%%nlgﬁgi bg'ca %’ou@a%t ?:hgnd al kal i

metal amde (i.e., NaNH2, LDA, e sol vent can be selected from
any one whiR¥EIRREE odt 2 Base uib a eidehdensal vemt r eacti on, for exanpl e,

DVE, THF, DV, 1HPAaQb BafliBd W dRRLEPLom TDEIEASIIAAN bEsERTLLES Qut at a
15 tenperature of -78 C to roomtenperature.
alkali metal hydride (i.e., NaH, KH), alkali metal alkoxide
10 (i.e., NaOMe, NaOEt) and alkali metal amide (i.e., NaNH,, LDA,
KHMDS) .

The solvent can be selected from any one which does not
disturb the condensation reaction, for example, DME, THF, DMF,
HMPA or a mixture thereof. The reaction is carried out at a

15 temperature of -78 °C to room temperature.

In this method, any functional group in the compound (V)
and comound (VI} can be protected with a conventional
protecting group before the condensation reaction, if
necessary. The protecting group can be removed after the

20 condensation by a conventional method according to the
protecting group to be removed, for example, hydrolysis with a
base or an acid, acid treatment, and catalytic reduction.
Method D:

Among the desired compound (I), the compound (I) wherein K is

25 -CH(OH)-, -C(=0)- or -CF,- may be prepared according to the
following method.

i X



In this method, any functional group in the conmpound (V) and conound (VI)
can be protected with a conventional protecting group before the
condensat i oWQ @4¥Ff81on, if necessary. The protecting grouBCTHEmERE2Benoved
after the 20 condensation by a conventional nmethod according to the
protecting group to be renoved, for exanple, hydrolysis with a base or an
acid, acid treatnent, and catalytic reduction. Method D. Anong the desired
conmpound (1), the. conpound (1) wherein Kis 25 -CH OH)-, -C(=0- or -CF2-
may be prepared according to the follo®®ng method. WO 01/30781

PCT/ LuS00/ 29273 26 The hal ogenation reaction can be carried out by
reacting the cdfSotadcsepatReFreaakich §aRdrogarriaty oMéagenteacting
(e.g., (dietfwd abmpelat! tgd LJidR) al | drakle reakkgpt (e.g., CCl4)
at a tenperature of OHCE?{’)TS%t%gc@gl%ﬁeacg?rg?)%g% )geof Phe pr esent

i nventi on cth De (diskbelerine iyl faxchrdfheerideladdordgNdéat e hseheent

fol |l ow ng ne 0,.6: ° ledeP X X p)Fp Z B NM\
oL o 09, TPl R SBTEabyr e 8t Bl 540
5
The compound (I} of the present invention can be

converted into each other in accordance with the following

Schemes 1 to 6:

Scheme 1.

Br (/7j

do P X )o P X

z\_ ( »- Z\,—<_

B N-M A N—-M A
\KN. ’ \ / 9 B\-)’N‘ Y4 \ /
W RNE2 B(OH), W 4

Y <2 Y
(I-b) (I-a)
10 (VIII)

(In Scheme 1, T is -0-, ~S-, -NBoc-, -CH=CH- or -CH=N-, R’ is
H, Cﬁ,-COCH3 or CHO, and the other symbols are the same as
defined above.)

15 The compound (I-a) can be prepared by coupling the
compound (I-b) with the compound (VIII).

The coupling reaction can be carried out by a
conventional aryl cocupling method such as Suzuki coupling
method. References of Suzuki coupling method are: (a) Suzuki

20 et al., Synth. Commun. 1981, 11, 513, (b) Suzuki Pure and
Appl. Chem. 1985, 57, 1749-1758, (c¢) Suzuki et al., Chem. Rev.
1995, 95, 2457-2483, (d) Shieh et al., J. Org. Chem. 1992, 57,
379-381, (e} Martin et al., Acta Chemica Scandinavica, 1993,
47, 221-230.

-~



YT>Y (l-b) (I-a) 10 (MI1) (In Scheme 1, T is -0-, -S, -NBoc-, -CH=CH
or -CH=N-, RO is H OCN COCH3 or CHO, and the other synbols are the sane
as defi ned¥@BH3\88Y) 15 The conpound (1-a) can be prepar e®CBESMHRABIS ng t he
conmpound (I-b) with the conmpound (VII1). The coupling reaction can be
carried out by a conventional aryl coupling nethod such as Suzuki coupling
net hod. References of Suzuki coupling nethod are: (a) Suzuki 20 et al.,
Synth. Conmun. 1981, 11, 513, (b) Suzuki_ Pure and Appl. Chem 1985, 57,
1749-1758, (c) Suzuki et al., Chem Rev® 1995, 95 2457-2483, (d) Shieh et
al ., J. Org. Che 1992, 57, 379-381, (e) Martin et al., Acta Chem ca
Scandi navi C5P°1998: 47, 221-230. WO 01/ 30781 PCT/[)S0Q/ 29273 28 Schene
2. CH HOCH2 T-- Reduction T )a P X -HQCHP X Z step | g Z~ NM/AN-NM
/A BN WS Y (1-c) RBRBNCH2 1. hal e@fdypation TJ 2. RBR6NH | / )a P X

[/

Z step 2 B L/A 7
Reduction
)0 p X — )0 p z X
B Nl Z\‘_(A step 1 BH_N .N-M—-Q_/<A
SN-w —&\_/( aN-w g
(I-ah) Y (I~¢)
R3RENCH,
\t2
1. halogenation g;_y
36

Z /=<
B _ N
SN M_\\_/(A
(I-4) Y

step 2

{In the Scheme 2, the symbols are the same as defined above.)
Step 1l: The compound (I-c} can be prepared by reducing
5 the compound (I-a'). The reduction can be carried out by a
conventional method, for example, by reacting the compound (I-
al) with NaBH, in a suitable solvent. The solvent can be
selected from any one which does not disturb the reduction,
for example, toluene, DME, THF, Et;0 or a mixture thereof. The

10 reaction can be carried out at a temperature of -78 °C to 50

°C, preferably at a temperature of 0 °C to room temperature.
Step 2: The compound (I-d) can be prepared by the

amination of the compound (I-c). The amination can be carried
out by a usual method, for example, by 1) halogenating the

15 compound (I-c) with a halogenating reagent in a suitable
so;vent, and 2) reacting the resulting halogenated compound
with a requisite amine with or without a base in a suitable
solvent. In the halogenation of the compound (I-c) with a
halogenating reagent, the halogenating reagent can be selected

20 from conventional halogenating reagents such as thionyl



(I-d) Y (In the Schene 2, the synbols are the sane as defined above.)
1: The conpound (l-c) can be prepared by reducing 5 the conpound (l-a').

The red
reactin
can be

exanpl e,

be carr

uct | V@ a@rsbe carried out by a conventional net hodRCHER0/293EHhpI

Step

€,

by

g the conpound (1- al) with NaBH4 in a suitable solvent. The sol vent

sel ected from any one which does not disturb the reduction,

ied out at a tenperature of -78 Cto 50 C, preferably at a

for

tol uene, DME, THF, Et20 or a m xture thereof. The 10 reaction can

tenperature of 0 Cto roomtenperature.30Step 2: The conpound (l-d) can be

prepare
carried
compoun
reactin
mnthout

sel ecte
01/ 3078
N-M 2\

d by the am nation of the conpound (I-c). The am nation can be
o@H0ey _a usual nethod, for exanpl #e0p9 1) hal ogenating the 1

d (I-d%'a Ry & halogenatlng hRgRAt i n & gy
g the res ng hal og i

) enated Esteyfoatiod Wit
a base in 3 Tp,abl gfvenL__Ln_Lhe hal og¥
e thephalogenatln@ rmeten

d 20 fron1c:av |onaI ogenating reagents Byan,,o
1 PCT/ USOO/292K[§ 30 WeQ2C TJ E tenfcatio
Astep| ZH NW

b% T e

X 1. hal ogenation step 2 ED%Q&% \ "A 2. RBRGNH step 3

Hydrolysis T o P X 1. halogenation
——————— 0 >
Zr—
step 2 8 N-M— A 2. R°RENH
SaN-w _M
v step 3
3RENCO {(1-£)
R
\’\,
)o P X
B NN A
MrN-wi M
Y

(I-g)
(In the Scheme 3, the symbols are the same as defined above.)
Step 1: The compound (I-e) can be prepared by the
oxidative esterification of the compound (I-a'}. The reaction
5 can be carried out by a usual method, for example, by reacting
the compound ({I-a!) with an oxidizing reagent such as MnO; in
the presence of an alkali metal cyanide such as NaCN, MeOH and
an acid in a suitable solvent. As the acid, acetic acid can be
preferably used. The solvent can be selected from any one
10 which does not disturb the reaction, for example, MeOH, AcOH,

H>0 or a mixture thereof. The reaction can be carried out at a
temperature of 0 °C to 50 °C, preferably at a temperature of 0
°C to room temperature.

Step 2: The compound (I-f) can be prepared by
15 hydrolyzing the compound (I-e). The hydrolysis can be carried

5

bl e solvent, and 2)
quisite anlne with or
of the Xconpound

o PXYLP X B
N—y)jN—M(I-a) Y (I-e) Y Hdgce)Hydrolysis TJ

P



Y (I-f) RBRGNCO TJ~\ P X Z B NM-~AY (I-g] (In the Schene 3, the
synbol s are the sane as defined above.) Step 1: The conpound (l-e) can be
prepared by Whe1/30281i dati ve esterification of the conpoundP{tausin29273he
reaction 5 can be carried out by a usual nethod, for exanple, by reacting
the conpound (l-al) with an oxidizing reagent such as Mi02 in the presence
of an alkali netal cyanide such as NaCN, MeOH and an acid in a suitable
solvent. As the acid, acetic acid can be preferably used. The sol vent can
be sel ected fromany one 10 which does B@t disturb the reaction, for

exanpl e, MeOH, AcOH, H20 or a m xture thereof. The reaction can be carried
out at a t¥FHRMeatdure of 0 Cto 50 C, preferably at a tenperature of 0 C

to roomten@,w,;q'ure. Step 2: The conp%l,gr&d (‘(}_J;-f) can be prepared by 15
hydrol yzi ng t€e; ound (l-e). Thg hyd &TSHEPe e carried WD 01/30781

)
PCT/ i 1500/ 29273 Scheme 4. ,CH bnpbbrREQRR JOPXTP ONMA
\\ A o —_ Yo P X
step | BNM 5 Z r— 7
\ e—
N-M A step 1 B N
AV W
(1-al) Y Y
R°0,CCH,CH, (1=h)
2
&3
)
Reduction o P 7 X Hydrolysis
—_— B N, — .
step 2 b—)aN.W'N MMA step 3
{I-i) Y
HO,CCH,CH, R'RENCOCH,CH,
&3 &3
- T
Jo P X 1. Halogenation o X
B - 2 ——— B N-M o3 A
SNy N\ 2. RRONH MaN-y T\ g
- Y
(I-1) Y step4 (I-k)

(In the Scheme 4, R' is C;¢ alkyl, and the other symbols are
the same as defined above.)

5 Step 1: The compound (I-h) can be prepared by reacting
the compound (I-a!) with a conventional Wittig reagent,
Ph3P=CHCO.R'®. The solvent can be selected from any one which
does not disturb the coupling reaction, for example, toluene,
DMSO, DMF, THF, Etz0 or a mixture thereof. The Wittig reaction

10 can be carried out at a temperature of 0 °C to 150 °C,
preferably at a temperature of room temperature to 120 °C.

Step 2: The compound (I-i) can be prepared by reducing
the compound (I-h). The reduction can be carried out by a
usual method, for example, by treating the compound (I-h) with

15 a reducing feagent such as NaBH; in the presence of NiCl, in a
suitable solvent. The solvent can be selected from any one

which does not disturb the reduction reaction, for example,



1 nNW(l-a) Y RLI002CCH2CH \~ (1-h) TJ Reduction )o P X Hydrolysis Z B
NM A step 2 step 3 (I-i) Y HO CCH CH 2 RBRGNCOCH2CH2 7J TJ I P X )0 P Z
1. Hal ogenaWPdW30781 %t 9-M /A 2. R3R6NH 6N WN-M (I -j) Y stRGIUSOPREY Y (In
the Schene 4, R10 is C1_6 alkyl, and the other synbols are the sane as
defined above.) 5 Step 1: The conpound (1-h) can be prepared by reacting
the conmpound (I-al) with a conventional Wttig reagent, Ph3P=CHCO2R10. The
sol vent can be selected fromany one which does not disturb the coupling
reaction, for exanple, toluene, DWVSO ¥WF, THE, Et20 or a mixture thereof.

The Wttig reaction 10 can be carried out at a ten“?e_%@ture of 0 Cto 150 C,
preferably at a PeRPetha FERPGENAobM ¢ dififercampranto (4 79p @nd &hgp 2. The

compound ( kompofdd PE-F QRA’ 86 BYepLEUEitg cmeseegp%mbﬁlsim)g. 1The _
reduction can be carried out by a usual nethod, for exanple, by treating
the conpouRYdrPlVFing tthe pomponadyutlnly r HgdfecEind the NFSM LRIt he
presence Obohb&lRdiith =5WohabheisetyanilogEhatsalvesigdsnn sensakect ed from
any one whi ch does not disturb the reduction reaction, for exanple, WO
01130787 Pthrierpb/chyborideggand 3) reacting the resulting cyclized acid
chloride compound with H0 or a requisite amine. These Steps 1
to 3 can be carried out by a similar method as described in
the Scheme 3, steps 2 and 3.
An alternative procedure for the preparation of the
10 compound (I-n) from the compound (I-1) comprises the steps of
1) hydrolysis of the compound (I-1), and 2) cyclization of the
resulting diacid with condensing reagent followed by treatment
with the requisite amine.
The hydrolysis can be carried out as described in the
15 Scheme 3, step 2. The cyclization reaction can be carried out
in the presence of a condensing reagent with or without a base
in a suitable solvent or without a solvent. The condensing
reagent can be selected from any one which can be used for a
conventional amide bond synthesis, for example, BOP-Cl, BOP
20 reagent, DCC, EDC or CDI, preferably EDC.
The base can be selected from an organic base (e.g., DIEA,
DMAP, DBU, EtaN), an alkali metal hydride (e.g., NaH, LiH), an
‘alkali metal carbonate (e.g., NayCO;, KzCO3), an alkali metal
hydrogen carbonate (e.g., NaHCO;, KHCO3), an alkali metal amide
25 (e.g., NaNH;), an alkali metal alkoxide (e.g., NaOMe, KOMe), a
“lower alkyl alkali metal salt(e.g., n-Buli, t-Buli), an alkali
metal hydroxide (e.g., NaOH, KOH), an alkaline earth metal
hydroxide (e.g., Ba(QH)2), and the like.
The solvent can be selected from any one which does not
30 disturb the condensation reaction, for example, CH,Cl,, THF, DMF

or a mixture thereof. The reaction is carried out at a

-y



Among the conpound (1), the conpound (I-nm) and the conpound (I-n) can be
prepared by the steps conprising 1) hydrolyzing the conpound (1-1), 2)
reacti ng t hevP&Y¥ 8 ng conpound with a conventional hal oPerasimy213eagent
such as 5 thionyl chloride, and 3) reacting the resulting cyclized acid

chl oride conmpound with H2O or a requisite am ne. These Steps 1 to 3 can be
carried out by a simlar nethod as described in the Schene 3, steps 2 and
3. An alternative procedure for the preparation of the 10 conpound (I-n)
fromthe compound (1-1) conprises the st3¢ps of 1) hydrol ysis of the
conmpound (I-1), and 2) cyclization of the resulting diacid with condensing
reagent fol Povidt? 5PmpPERe nkhts) withe thr@cydgtien teeaghimn canebhy@adried s can
be carried ow Kp adeabbRetondn ttnotP uSEREM®) Jin H&A1nd h?eﬁ%&le zat i on
reaction can be carried out 1n the presence of a congen5| ng réagent with
or without &%asé Cpn alkeanewblhaliglesent Cor adkamnicc aciel vehydrige, a
condensi ng c,r ?Qﬁ@(@tl ﬁéﬂ]o?@n§ﬁﬁ§é@ sSucAmagny ong Mﬁh chiB Be g@?@efor a
conventional am de nt hesi s or exanple oP-C1, SOP % r edgent,
DCC, EDC’o ra’C[ﬂrylpFéFE?‘abi/W@D@e'TWe Cbégéoéﬁlﬁwlsels@@wedatﬁomaﬁn organic
base (e.g.,aldEAiscPYARatOBY Cﬁtgwl’kyﬁnlgbkﬁiécﬁgﬂaacle hﬁqr bgg]l(e 9., NaH,
LiH, an alkali netal car bonat'e (e.q., , kal i net al
hydrogen cariRAyAN@teeo). an Net RN AIECOBY, 2hna eﬂqmqnsmgalreaqem'e p5.q.6. 9.,
NaNH2) , an @dkalthiBebe] @A&%'%u&%ﬁ@ ahl_ 9]\4%?;. 2 1he"Rl al kyl al kal i
netal salt(e.g., n-BuLl, t-BuLi), an al I rreta érox e (e.g., NaCH,
KOH), an aldiliatéonarah beetcdrripddooki de éetegnperlaa;(u@d) 2¥, Oatal tchaobi ke. The
sol vent ect Ei.d from any one which does not 30 disturb the

n.b
condensa |oﬁ ?85% THAPLY GF BxARPPETAERERCPS TPAR, TERRETIFULE Ko %0 &C) her eof |
The reacti am itheCpkeb@fc®Wr &lbstnce of a base (e.g., DIEA, DMAP,

pyridine, NaHCO;, NazCOs, KHCO3, K,CO3) in an organic solvent
(e.g., THF, CH3CN, CH;Cl,, DMF, toluene, acetone and the

mixture thereof).

15 Sulfonylation: The compound (I-q) (B is -N(SO,R%)-) can
be prepared by the N-sulfonylation of the compound (I-s). The
N-sulfonylation reaction can be carried out by a conventional
method using a requisite Cj;-¢ alkylsulfonyl halide or an
arylsulfonyl halide in the presence of a base (e.g., Et3N,

20 DIEA, NaHCOs;, KHCOj3, NazCOs3, KsCO3) at a temperature of 0 °C to
room temperature (preferably at room temperature) in an
organic solvent (e.g., CHxCl,, THF, DMF, CHsCN, toluene,
acetone and the mixture thereof).

Alkylation: The compound (I-r) (B is -N(R')-, R! is C;¢

25 alkyl) can be prepared by the reductive alkylation of the
compound (I-s). The reductive alkylation can be carried out by
a conventional method, for example, using aldehydes (e.qg.,
formaldehyde, acetaldehyde), a reducing agent (e.g., sodium
cyanoborochydride, NaBHs) and an acid (e.g., HCl1l) at room

30 temperature in an organic solvent (e.g., MeOH, EtOH, THF,

dioxane) or H;0, or the mixture thereof.



WO 01/30781 PCT/ US00/ 29273 36 of the conpound (I1-s). The N-acyl ation
reaction can be carried out by a conventional nethod using 1) an acyl ating
reagent, e.WYOMI8L 7 al kanoyl halide, a Cl_7 al kanoi c adcd/usminsdrsi de, a
Cl -6 al kyl hal ogenof ormate such as a Cl1_6 al kyl chloroformate, 5 an aryl
carbonyl halide, a chlorosulfonyl isocyanate, a Cl1_6 alkyl isocyanate, a
Cl 6 al kyl isothiocyanate, an aryl isocyanate.or an isocyanate, or 2) a
condensi ng reagent (e.g., CDI, thioCD2) and a requisite am ne or al cohol.
The N- acylation can be carried out at &8tenperature of 0 Cto 100 10 C
(preferably at a tenperature of roomtenperature to 90 C) in the presence
or absence BFtRPhaseing g3 BiEnig DMFRIensyr i done, SKBMORE, NAXIEBENKHEDS,

K2C3B) in a @srpq@y thﬁrg g. gF, cC tol ugne.

acet one andﬁl?he a ure th)tea#ceo?)c Tg SuI lo?lqugjtl on: Q:'%'he corrpou%d ?E‘-’q) (B
is -N SOZRS}terPerturbeqﬁe\’gihrﬁn by 10@ R¢ sihf anyletganncofsolhentonrpogng
(I-9). The Ifoq.¥hL:.§it| on reaction can be carried out by a conventional

nmet hod usi ng redw Sité C1_6 al kyl sul fonyl halide or an aryl sul fonyl
halide i® the presence of a base (e.g., Et3N, 20 DI EA, NaHCO3r KHCO3I

Na2CGB, Kz2Q) a Lenper ture of 0O Cto roomtenperature (preferably at
roomtenpera urg#l I'n~an é‘r? I'c solvent (e.g CH2C12, THF, DMF, CH3CN,

t ol uene, acet orimearrcbmprmeanm X{Iyr enHer@iaofy . 1sAI kszi-wmj)en cathebgoppepasged | - 1)
(Bis -N (R} Rl is Cl al k cnbe repared by the reductive

al kyl ati on % &S T % &?s)"’helf/ﬁi Eddétl (ﬁf’kyf at %Bhscﬁﬁ%‘é dRzEg i ed
out by a cmmpa‘rlmleenalstapshodf fDy exoMifpdringsi mgdabdghydgfode ko an
formal d de

cyanobor ohyt rﬁmgg’,ettﬁé%ﬁﬂ)ydgka ar?qlg :ngla?;g Sgeehﬁé%)sugfmr‘som umgroup and
toluenesulfonyl group, and 2) reacting the compound from step-1
with an alkali metal azide. Step-l1 can be carried out by
reacting the compound (I) wherein B is -CH(OH)- with
methanesulfonyl chloride or toluenesulfonyl chloride in the
15 presence of a base (e.g., Et3N, DIEA, NaHCO3;, KHCO3;, Na,CO;,
K2CO3, KHCO3, Cs,CO3) at a temperature of 0 °C to 50 °C in an
organic solvent (e.g., CHCl,, THF, DMF, CHiCN, toluene). Step-2
can be carried out at a temperature of 0 °C to 100 °C in an
organic solvent (e.g., CHxCl,, THF, DMF, CH;CN, toluene).
20
Procedure D: Reduction of Azido Group
The compound (I) wherein B is -CH(NH;)- can be prepared by
reducing the compound (I) wherein B is -CH(N3)-. The reduction
can be carried out by chemical reduction using metal and
25 inorganic acid (e.g., Fe/HCl, Sn/HCl, SnCl,/HCl, Zn/AcOCH and
the like) at a temperature of 0 °C to 50 °C in an organic
solvent (e.g., MeOH, EtOH, AcOH), water or a mixture thereof.
The reduction reaction can be carried out at a temperature of 0
°C to 100 °C in an organic solvent (e.g., CH,Cl,, THF, DMF,
30 CH3CN, toluene). 1In addition, the reduction can be carried out

under catalytic hydrogenation condition (e.g., H,/Pd-C). The



30 tenperature in an organic solvent (e.g., MeOH EtOH THF, dioxane) or
H20, or the m xture thereof. WO 01/30781 PCT/UJSOQ 29273 38 nethod using a
Wttig reagd® 0130881 exanpl e, (triphenyl- phosphoranyli den®CTaH8W29273aci d
Cl 6 alkyl ester at a room tenperature of 50 Cto 100 Cin an organic
solvent (e.g., toluene, THF). 5 Procedure C. Azidation The conpound (1)
wherein B is -CH(N3)- can be prepared fromthe conpound (1) wherein Bis
-CH(OH)-. This procedure conprises steps of 1) converting hydroxyl group
to an 10 ellnlnatlng group such as net héfesul fonyl oxy group and

t ol uenesul f onyl oup and 2) reacting the conpound from ste th_an

1
alkali netal aziRe2)STag- someepnse Jdr MhededntBbys TS HgRthea(‘}Gl\rZIﬁ‘o'uﬁd (1)
wherein B igas C"l‘(}-@'CQZRS Wiglsh a”eimséﬂefr@r‘Yéa&thH' %QeEArédﬂ E:%gs&:%lef ORy|

chloride in the 15 presence of a base (

208, KoTeBEoTAsSon OB CEy GamppPdi 5l aiheke 19F Fole rGHOWID | Ansor
organi ¢ sol yeRis (@,0as SHH< i tlidht . Dife RN onk2hHEHE) reactli@B ¢anCB8 be

carried out at a tenmperature of 0 Cto 100 Cin an organic sol vent ge g.
CH2C12, FTHFSapmed CREONPY t Bl YEHBY medBodr gecdgperPeRethicEhdnSeheny |

G oup The cgggpqu (I') wherein Bis -CH(NH2)- can be prepared by reducing
the conmpound (1) wherein Bis -CH(N3)-. The reduction can be carried out
by chem cal reduction using netal and 25 inorganic acid (e.g., FelHCL,

Sn/HA , SnGR4¢&ehrel Aﬁ%mlohhgf|b£@)c,§u tenperature of 0 Cto 50 C

in an organic solvent g CH, , water or a mxture
t her eof . The compoun (I) where:m B J.S -C(=0)- can be prepared by
10 oxidating the compound (I) wherein B is -CH(OH)-. The

oxidation can be carried out in the presence of an oxidating
reagent (e.g., PDC, PCC, Swern reagent, and MnO;) at a
temperature of -78 °C to 50 °C in an organic solvent (e.g.,
CH,Cl,, THF, DMF, CHiCN, toluene).
15
Procedure H: Elimination of Azido Group
The compound (I) wherein B is ~CH=CH- can be prepared from
the compound (I) wherein B is =-CH(N3)- by P-elimination of Nj
and hydrogen attached to the carbon atom which is adjacent to
20 B. The elimination reaction can be carried by a usual manner,

preferably in the presence of a base at a temperature of 0 °C

to 50 °C in an organic solvent (e.g., CH;Cl;, THF, DMF, CHiCN,

toluene).

25 Procedure I: Reduction of Nitro Group
The compound (I) wherein R has NH, as a substitutent
thereof can be prepared by the reduction of the compound (I)
wherein R has NO; as a substitutent. The reduction reaction can
be carried out by a conventional method. Such method can be
30 selected from, for example, 1) a catalytic reduction using a

catalyst (e.g., Raney-nickel, and a palladium on activated



The reduction reaction can be carried out at a tenperature of 0 Cto 100 C
I n an organic solvent (e.g., CH2Cl12, THF, DMF, F 30 CH3CN, toluene). In
addi tion, t/EOPEWTIti on can be carried out under catal yti ®Chngsenmeyemsat i on
condition (e.g., H2/Pd-C). The WD 01130781 PCT/ US00/ 29273 40 (F-2) The
conpound (I) wherein Bis -CH (NHSO2R5) - and/or R has NHSO2R5 as a
substituent can be prepared by the N sul fonylation of the conpound (1)
wherein Bis -CH (NH2) - and/or R has NH2 as a substituent. The

N-sul fonyl ati on reaction can be 5 carri 88 out by a usual nethod as

descri bed i her t.ep 2 rocedure G _Preparation of Oxo G oup
The corrpoun%ré’(c{é}‘%ju§ e?g%]ﬁgllaglpg(gg)@%é’%y egﬁ?‘gbar ed by 10 oxidating the
conpound (1) wheileilh Bhé scenpdund) -(I) Theerei dat izl ®An RE @& r REY qu, in

t he presen of an q@xi dating e nt_(e.g., PDC, PCC, rn,reagent, and
Mh02) at acﬁt’errpR:ra 5re%})’F -‘7§£’Egg§u éCﬁg’fw ag offanfc ?gpﬁ&ghp?‘gg.?r
CH2C121 THRInDstiCHBEN, Cof ueaioxyl5 gRoapedean HbeEl prepatedn ©F Azhélo
G oup The c I erein Big - can_pe prepared from th
corrpoundg(l %&?’g?]&l %ifi 'S 0% Pabf/fg-:'g_‘%rﬁlﬁa?%ng%? ?@°n£’r&gh§dr5§en
attached t R%h&%cakhor'at ®if mti’ch RF sondilae estibstd t2@nB. oFh® aki Hiyasbkpn

' b | b I f bly i h f
bace af o CErAPEPEER) APt saNCornears B wairFom habEee eaBCl2,

THF, DWF, GH3{CNalkdrd uehéyh 2ayPrbeediubsthitufedudiel.an, ofmdNHy10 Coeide,The
compound {ente HBnfh0ps Iy as 2. SUPel T LH §Mba st 90!, SRR BISE" o
10 NaHCO;3;, KHCO3, NayCOs3;, K,CO3, KHCO;, Cs,C0O3) at a temperature of
room temperature to 50 °C in an organic solvent (e.g., CHyCl,,
THF, DMF, CH3CN, toluene).
The alkylation reaction can be also carried out by using a
conventional alkylation method such as Mitsunobu Reaction (for
15 reference of Mitsunobu reaction: (a) Mitsunobu, Synthesis, 1-
28, (1981), (b) Hughes, Organic Reactions, 42, 335 (19%2), (c)
Mitsuhashi et al., J. Am. Chem. Soc., 94, 26 (1972)).
(L-2) Among the compound (I) wherein B is -CH(OR3)— and R3
is Ci-¢ alkyl which may be substituted can be prepared by the
20 alkylation of the compound (I) wherein B is -CH(OH)-. The
alkylation reaction can be carried out using a Ci-¢ alkyl halide
which may be substituted in the presence of a base (e.g., EtsN,
DIEA, NaHCO;, KHCO3, NaxCO3, K2CO0;, KHCO3, Cs2CO03) at a
temperature of room temperature to 50 °C in an organic solvent
25 (e.g., CHyCl;, THF, DMF, CH3CN, toluene). The alkylation
reaction can be also carried out by a conventional alkylation

method such as Mitsunobu Reaction.

Procedure M: Conversion of Carboxyl Group inteo Carbamoyl Group
30 (M-1} The compound (I} wherein z, 2!, R!, R?, R3, R%l, R%?,

R, R® or the substituent of R is a substituted or

-~



wherein R has NO2 as a substitutent. The reduction reaction can be carried
out by a conventional nethod. Such nethod can be 30 selected from for
exanple, 1)WOW&WIytic reduction using a catalyst (e.g. PCTBIRYRYAS ckel ,
and a pal |l adiumon activated WO 01/30781 PCT/UJS00/ 29273 42 Procedure L:

Al kyl ation of Hydroxyl G oup (L-1) The conmpound (I) wherein Z, Z1, Rl1, R2,
R3, R4l, R42, R5, R6 or the substituent of Ris a substituted or
unsubstituted Cl_6 al koxy group can be prepared by the 5 al kylation of the
conmpound (I) wherein the corresponding # Z1, Rl, R2, R3, R91, R42, R5, R6
or the substituent of Ris hydroxy. The alkylation reaction can be carried
out using &i8) egandt the Tiks ai*mnﬁﬁidclﬁuﬁra?nbéhgubﬁﬁnﬂee@f(@ daseret hyl

i odi de, b%}zv,ktpaewi@azs'&éahﬁ M&%@gg hdASe 6B10ent L3N DIEA, 10

NaHCO3r KHCO31 Na2CO3, K at a tenperature of room
tenperature to Bhe (base aqanobganebe@tﬂd/emom( engorg@mbﬁse TeiFy - DNPTEAGH3CN,

t ol uene) F‘ar &’F“' agLqh r%ﬁcmg f;ntgld,;%ﬁ@r r(geg,%?xfy ﬁ%ﬁhngaﬁu

conventi ona afi on’ mét hod suc bu Reacti on
ref erencek @flkBlismesbd rcaabbhabe ((a)gM t Nazfohu, KSyow) hedins,alkald, !(6:393&1),

b) Hugh 19 £t J.
() sy 5gh CclBAGYINe 87 JaRdORAboy) Chon WSWINR S Elariloe, 3.
-CH (OR3) -leagd. R¥aNRg :C:an6 aécfkh}ﬁ natzh WWESUBSHH uN@QM%arKQD@)pr@par ed
by the 20 ;alkyl %tl'k%ai)fc ((elé vvhgrg ﬂlB ts uIFtH i

al kyl ati on reaction”can ecarrle ut u 16a| hallde Ich may
be substit mesdli mydrexpdeseltcd.of P@QﬁaseKQHé g. an EtaG,Nallm EAarhHOER: 21KHCOS,

2000, K2R LR 557 OBl 15 Bl ks of om erper e o 0 C
al kyl ati on The solvent can be selected from any one which does not
disturb the condensation reaction, for example, CH;Cl;, CzHsCl»,
Et;0, THF, DMF, CH;CN, DMSO, benzene, toluene or a mixture
thereof. The reaction is carried out at a temperature of -30 °C
15 to 100 °C.
(M-2) The compound (I) wherein 2 or z! is COR'*? and R is
NR®R® can be prepared by condensing the compound (I) wherein 2
or z' is carboxyl with HNRRS.
The condensation reaction can be carried out by a
20 conventional method as described in (M-1).
(M-3) The compound (I) wherein R has -C(=0)-{a-amino acid
residue) as a substitutent thereof can be prepared by
condensing the compound (I) wherein R has carboxyl group as a
substitutent thereof with an a-amino acid.
25 The condensation reaction can be carried out by a

conventional method as described in (M-1).

Procedure N: Conversion of Halogen Atom to Aryl Group or
Heteroaryl Group
30 The compound (I) wherein X and Y are aryl which may be

substitituted or heteroaryl which may be substituted can be



reaction can be also carried out by a conventional alkylation nethod such
as M tsunobu Reaction. Procedure M Conversion of Carboxyl Goup into

Car banoyl QGVOWY30780 (M 1) The conpound (1) wherein Z, Z1,POTUSOe927R3, R41,
R42, R5, R6 or the substituent of Ris a substituted or WO 01/ 30791

PCT/ US00/ 29273 44 acid), and the like, is carried out in the presence of a
base or without a base in a solvent or without a solvent. The base can be
sel ected froman organic base (e.g., DIEA, DVAP, DBU, Et3N), an alkali
metal hydride (e.g., NaH, LiH, an 5 #A%ali metal carbonate (e.g., Na2CCB,
K2C33), an al kali nmetal hydrogen carbonate (e.g., HCO3i KHCO3), an al kal i
nmetal ani dé’arféeﬁ °Utf\léN|—|Z)ea°§hn‘élk%?|°9¥E’t°é‘lndal(gbx\"ﬂ (®.5fq , KOw), a

| oner al kyhawkal élmﬂc”}}l sahtge. ge.?(n Biddty1t =Bubkide prosdl Kk ddquiketal
hydr oxi de ,. an al kaline earth netal 10 hydroxide (e.g.,

oH)
Ba( CH) 2) , éﬁﬂefh%l’ﬁ'}&lc Prédsarhedtidani®d -scpetELE FMR¥ALEAFrone whi ch does

not dist U&Eltm@OM%atahapdfmi | O, tHeD b re%aneé Cor Giehbe 62HACL2Y
Et 20, THF, DMF, CH3CN, DMSO, benzene, toluene or a m xture thereof. The

reactiord | $eWAF G olft- %ar ﬁnFénpé"rlétlm Al 3pncd auikaplpEadvepkt 2) The

conpound (e} er@a,Jl 14 qgm L £ 425 § oJNRIRggcen be prepared by
condensi ng th 2ound % V\/nerel nZ@D u?f |gs cardgloxyl wi t'h HNR3R6. The

condensat i pnefeaahllyoratcanorbet@merrla@dreut by a 20 conventional nethod as
described in (M1). (M3) The conpound (1) wherein R has -C(=0 - (a-am no
acid residue) as a substitutent thereof can be prepared by condensing the
conmpound ( Prowpduxe 2:RAmMapataehoxd|Hayglaaem as a substitutent thereof with
an a-angho aCId'The compound (I) wherein X and/or Y is NR®R® can be
prepared by the amination of the compound (I) wherein X and/or
Y is a halogen with an amine compound, HNR?R®. The amination
can be carried out in a suitable solvent (e.g., THF, toluene,

DMF) or without solvent in a sealed tube at a temperature of

15 50 °C to 150 °C.

Procedure R: Halogenation of Oxo Group
The compound (I) wherein B is ~CF;~ can be prepared by
halogenating the compound (I) wherein B is -C(=0)-. The
20 halogenation can be carried out with a halogenating reagent
(e.g:, (diethylamino)sulfur trifluoride) in a suitable solvent

such as halogenomethane (e.g., CH;Cl,) at a temperature of 0 °C

to 50 °C, preferably at a room temperature.

25 Procedure S: Conversion of CN group into Tetrazolyl group
The compound (I) wherein R is tetrazolyl-substituted aryl
or tetrazolyl-substituted heteroaryl can be prepared by
reacting the compound (I) wherein R is cyano-substituted aryl
or cyano-substituted heteroaryl with an alkali metal azide

30 (e.g., NaN3). The reaction can be carried out in a suitable



25 The condensation reaction can be carried out by a conventional nethod
as described in (M1). Procedure N. Conversion of Hal ogen Atomto Aryl

G oup or H&OamBemsyl G oup 30 The conpound (1) wherein X RGFAUSAO/2$2E ar vyl

whi ch may be substitituted or heteroaryl which nay be substituted can be
WO 01/ 30781 PCT/ US00/ 29273 46 carried out by reacting the conpound (1)
wth a requisite |ower alkanoyl halide (e.g., acetyl chloride) or a

requi site |ower al kanoic acid anhydride (e.g., acetic anhydride,
trifluoroacetic anhydride) in the preseﬁ%e or absence of a 5 Lewis acid
(e.g., SnC Ti Cl4, AlCLl3) .in a.suifable solvent e. g, CcCl4) at
a tenper at #@AS;' elon € sBrlgFE%aB?}F'dt 3SR éﬁb%{'atluqr_%%érbgégﬂure Q
A nation @fanHBkOgePr il The: GRMEoUEkpétadtwherisd 10 X and/100 i s NR3R6 can be
prepared by the am nation of the compound (I) wherein X and/or, .Y is a

hal ogen with an &%t %k ThemseuneundieeinTRel &m GHOIBADERYIFOYAI Ti ed out
in a suitablg Egl%{?gﬁal(eﬁi' &y rdbFridPlthensompdid (@5 Whéhout ps@lsvent in a
seal ed tube at a tenperatuie of 15 50 Cto 150 C. Procedure R

Hal ogenat i & (§H2)0x &iGhodp SThexarsianed ipl FhanRFesenas iof ackd- (Ba%- be
prepared by.dagl egepath NHchde 9vRAHNG. (4 ), Wemei BcBui s - (=0 -. The 20

hal ogenati on can be carried out wth a hal ogenating reagent (e.g.,

(di ethyl am no)sul fur trifluoride) in a suitable solvent such as

hal ogenonet hanerfg. gear G kdhpdling LERSE At 18l (PIF cdW RO drephieher ably
at a roomtenperature. 25 Procedure S: Conversion of CN group into
Tetrazol yl byr 6bp Tablewimbuasdhemey wherein Ris tetrazol yl-substituted aryl

10 Scheme 7.

P X R, .P
«)
8 0G step 1 8 oG step 2
HN‘Boc \(\’)'N‘Boc
n R-(K)-L (IV) n
(IX) {(X)
P
R(wo step 3 RUQP
5 (o]c] —_— mt)l\oe
H
NH B
Ay ,}f"vv”ma %gﬁ’x

Y
(In the Scheme 7, the symbols are the same as defined above.)
Step 1: The compound (X) can be prepared by reacting
the compound (IX) with the compound (IV). The reaction can be
15 carried out in a similar manner as described in Method B.
Step 2: The compound (XI) can be prepared by
deprotecting the compound (X). The deprotection can be carried
out by a usual manner used for the deprotection of a Boc
protected amino group.
20 Step 3: The compound (II) can be prepared by reacting
the compound (XI) with the compound of the formula (XII-a):



or tetrazolyl-substituted heteroaryl can be prepared by reacting the
conpound (1) wherein Ris cyano-substituted aryl or cyano-substituted
het er oaryl wiaet/3arsial kali netal azide 30 (e.g., NaN3). TheCT/EaoPd can be
carried out in a suitable WO 01/30781 PCT/[JSOQ 29273 48 NaOAc) in a

sui tabl e solvent (e.g., acetic acid). The reaction can be carried out at a
tenperature of 0 Cto 100 C (V-2) The conpound wherein B is

-CH(di net hyl pyrrolyl)- can be prepared by reacting the conpound (1) wherein
Bis - 5 CH(NH2)- with 2,5-hexanedi one Pﬁ the presence of acid (e.g., AcOH)
in a suitable solyent (e.g., EtOH, AcOH) The starting conpound of the
formula (I I%C}\F&ﬁ’ e prepared by the follow ng schene: 10 Schene 7. PR P

, QO B OGstep 1 ®BOFPstep 2 P N,BocrR-€K)O-L (I1V) P NR (IX) (X)
RAKi | ~OG step 3 R: 2 "... 1 HG PNH W Z ZA (rr)yy
(In the Schene @%%ﬁznbol seRte t anéhas%mdgﬁ%ﬁ ep 1: The

conpound ( X) can“(ﬁé\LB&epar ed by read(t/}h'}goé he conpound ((‘-I-)'N)Bdgith t he

conpound (1V). The réaction can be ™15 carried out in Q si&_Lar manner as
ep

described in MethodXB) Step 2: The c&fFdlnd (XI) can be prepared by

deprotecting the conpound (X). The deprotection cangbepcarried

P
step 3 ;):1}“‘0’\@ il BVM o9
— B NH ;FfNVVNH\M % x
n I\r
{XI-a) (II-a) ZA
Y
(In the Scheme 8, 0G? is a protected hydroxyl group, @ is a
resin polymer and other symbols are the same as defined

5 above.)

Step 1: The compound (XIII) can be prepared by
deprotecting the compound (XI-a). The deprotection can be
carried out by a usual manner used for the deprotection of a
protected carboxyl group, for example, by hydrolysis.

10 Step 2: The reaction can be carried out by a
conventional method for solid phase synthesis (e.g., Horiki's
method, Horiki et al., Chem. Lett. 1978 (2) 165-168). For
example, the reaction can be carried out by heating the
compound thus obtained with Merrifield resin in the presence

I5 of KF in a suitable solvent such as DMF.

Step 3: The removal of Boc group can be carried out by
a similar method as described in the Scheme 7, step 2.

Step 4: The reaction can be carried out by a similar
method as described in the Scheme 7, step 3.

20 The starting compound of the formula (III} can be

prepared in accordance with the following scheme:



out by a usual manner used for the deprotection of a Boc protected am no
group. 20 Step 3: The conpound (I1) can be prepared by reacting the
conpound ( XWO K31t he conpound of the fornula (Xl 1-a): WBCOUSOT273

PCT/ USCQO 29273 50 Scheme 8. RPRPRP OX step 1 CHstep 2 J 0"a 1c 1c
y~ B~"1 N Boc Bl"1 N,Boc nt-1 N,Boc (X-a) (XIIl) (X-b) RP RP step 3)
O- step 4 BOOvl~ - Bye NHNWNHnN -, n\MzX (Xl-a) (lIl-a) ( iA Y (In
the Schene 8, OX is a protected hydroxyl group, (r) is a resin polyner
and ot her synbols are the sane as definéd 5 above.) Step 1: The conpound

(XI'I'1) can be pr%pared by dggéftecting the conpound (Xl-a). The
deprot ecti on card GeCOBRPINE (i) KEnabEsREEP &y Feagting the

depr ot ect i afbrffouttd KO ek €s QA RAMKLuBEOWPE ) f OfheXAREGon PYafSl Ol ySi's. 10
Step 2: The reaction can be carried out by a conventional nethod for solid

phase synt AT edeoyt ino? | ximidam@aRpar #prdedcribes) in EherMethad C€.1978
(2) 165- 168)he m@rpeﬁgn@&t@%oﬁwﬁéf (&ACERAME § 45 LR byed eyﬁvgalf%ifb%g' ng the
W 0

conmpound t hus obt ai_ne rrifield resin i'n the presence Fin a

sui t abl e’ sdrerded dfer asampke, J. Med. Chem., 1995, 38, 3566).
The starting compound (III) can be also prepared in

accordance with the following scheme:

Scheme 11.
P R-(K)o-L R<k), P

B NH B NH
N<p/ N/
W MW
(XV) V)
10 (In the Scheme 11, the symbols are the same as defined above.)
The compound (V) can be prepared by reacting the compound

(XV) with the compound ({IV). The reaction can be carried out

in a similar manner as described in the Method B.

15 In the present description and the claims, the Ci¢ alkyl
means a straight chain or branched chain alkyl group having 1
to 6 carbon atoms, for example, methyl, ethyl, propyl, butyl,
etc., preferably one having 1 to 4 carbon atoms. The Ci¢
cycloalkyl means a cycloalkyl group having 3 to 6 carbon

20 atoms, for example, cyclopropyl, cyclobutyl, cyclopentyl, etc.
The C;-¢ alkoxy means a straight chain or branched chain alkoxy

~group having 1 to 6 carbon atoms, for example, methoxy,
ethoxy, propoxy, butoxy, etc., preferably one having 1 to 4
carbon atoms. The Ci;.g alkoxy also includes a cycloalkyloxy

25 group having 3 to 6 carbon atoms, for example, cyclopropyl,
cyclobutyl, cyclopentyl, etc. The C;_¢ alkoxycarbonyl means a

straight chain or branched chain alkoxycarbonyl group

This Sheet Has Been Replaced
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Step 3: The renoval of Boc group can be carried out by a simlar nethod as
described in the Schene 7, step 2. Step 4: The reaction can be carried out
by a sim|arWOREBH8H as described in the Schene 7, step 3.PCIOUSWH292% arti ng
conpound of the formula (I11) can be prepared in accordance with the

foll ow ng scheme: WO 01/30781 PCT/ US00/ 29273 52 The conpound (I11) can be
prepared by reacting the conpound (XV) with the conmpound (VI). The
reaction can be carried out in a simlar nmanner as described in the Method
C. The Starting conpound (XV) can be prsdpared by a conventional 5 nethod
(for exanple, J. Med. Chem, 1995, 38, 3566). The starting compound (I11)
can be al sdP@¥epar ed Dighlagemethanse with the fol | owing scheme: Schene 11. P
R- (Ko L Rpghip-)o P ~ NHW( W (XV) (V) 10 (In the
Schene 11, the synboldgegbgit%zeoéslaér\r%agjsuy?gyfned above.) The conpound (V) can
be prepar edP¥§* react PAmethexyehmnend (XV) with the conmpound (1V). The
reaction c carrijed; [ N8 S, manner as described in the Method
B. 15 In tﬁﬁeMﬁ?esent 4dg§@%h¥jf%}1ﬁ§? tlﬁgﬁgl ainms, the Cl-6 al kyl neans a
strai ght ScH¥&¥ or br RAmAtbythEegmaglidel group having 1 to 6 carbon atons,

for exanpl g it hyl , ; |, etc., preferably one having 1
1EEE D?E%%ﬁroﬁ%éﬁ%ﬂﬁlﬁgﬁhg

to 4 carbon atons. The -6 C means a cycl oal kyl group having 3 to
6 carbon 20PME%ns, f 8imekhwb|sulfppdidepr opyl, cycl obutyl, cyclopentyl, etc.
EDC: 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride
10 Et: Ethyl
EtOH: Ethanol
HBSS: Hank's balanced salt solution
HBTU: O-Benzotriazol-1l-yl-N,N,N',N'-tetramethyluronium
hexafluorophosphate
15 HMPA: Hexamethylphosphoramide
HOBT: 1-Hydroxybenzotriazole
HSA: Human serum albumin
KHMDS: Potassium hexamethyldisilazide (=Potassium

bis(trimethylsilyl)amide)

20 LDA: Lithium diisopropylamide
mCPBA: m-Chloroperbenzoic acid (= MCPBA)
Me: Methyl
MeOH: Methanol
n~Bu: n-Butyl

25 PBS: Phosphate buffered saline
PCC: Pyridinium dichromate
PDC: Pyridinium chlorochromate
Ph: Phenyl
i-Pr: i-Propyl

30 t-Bu: tert-Butyl

THE: Tetrahydrofuran



The Cl1-6 al koxy nmeans a straight chain or branched chain al koxy group

having 1 to 6 carbon atons, for exanple, nethoxy, ethoxy, propoxy, butoxy,

etc., prefeW@BoBhe having 1 to 4 carbon atons. The Cl _RETANSHRRHI so
i ncludes a cycl oal kyl oxy 25 group having 3 to 6 carbon atons, for exanple,

cycl opropyl, cyclobutyl, cyclopentyl, etc. The Cl-6 al koxycarbonyl neans

strai ght chain or branched chai n al koxycarbonyl group This Sheet Has Been

Replaced 111 EEEErererrr et W 01/30781 PCT/[1S00/ 29273 54 DCM
Di chl or omet hane DEAD: Di et hyl azodlcarb%§ylate DNE Di nethoxyethane DIVAP:
4- Di et hyl nopyri djne 5 . Di et or mani de

Di isopropyﬁgbhy a P&Fh%ﬂﬁﬁﬁhebyhb§ﬂ§¥géﬂﬁ?(ﬁﬂ 38 Ebdwas Sdded to a

1- (3-Di met fsbllalﬁhaﬁpdsppwé &n@bbﬁhcausb@ﬂtedna%vehydrmhl 010 G€.)1@nkt : Et hyl
Et OH Et hanal § s bal anced. salt, sol ution
O Benzot ri &P (21 T*%vIVAQQertétPﬁﬂfﬁrﬁﬁﬁﬁ%&ﬁﬁuﬁF ﬁ%?%f??ﬂﬁ%ﬁﬂ%&§ﬁhate 15

HVPA: Fbxambhybabe;s&m‘lamm whEBEFonderkwt@aybemﬁetféﬁdﬂéa waldSA: Hunman

serun1a|bun1 S: PotaSS|un1hexathhyld|S|Ia2|de otassk
bis(tri et Iﬂ? FF? %ﬁin’d'b) tOAc, wash th aqueous NaHCOs and brine,

dried (Na;S04), filtered and concentrated. Purification by

chromatography (silica gel: EtOAc/hexane: 1/4, Chromatotron

(Harrison Research)) afforded 0.33 g of N-[ (3,5~

dichlorophenyl)carbamoyl])-2- (4-bromobenzyl)proline methyl
10 ester. MS (m/z) 485 (MH'). mp 170.9 °C.

(4) The compound obtained above (0.153 g) was dissolved in
hot EtOH (10 mlL) and cooled to 0 °C. To the solution at 0 °C
was added NaOEt (0.010 g). After 45 minutes of stirring, the
mixture was concentrated. Purification by chromategraphy

15 (silica gel: 15% EtOAc/hexane, Chromatotron) afforded the
titled compound (0.129 g). MS (m/z) 453 (MH*). mp 69.4 °C.

Example 2. (5S,7R)-5-(4-Bromobenzyl)~3-(3,5-dichlorophenyl)-7-
hydroxy-1,3-diazabicyclo[3.3.0]octane-2,4-dione

{1} To a solution of (4R)-N-(tert-Butoxycarbonyl)-4-hydroxy
20 proline benzyl ester (Williams et al., J. Org. Chem. 1994, 59,
3612-3625) (20.75 g) in acetonitrile (200 mL) was added
imidazole (4.43 g) and tert-butyldimethylsilylchloride (14.47
g). After stirring overnight, the reaction was concentrated.
The residue was redissolved in EtOAc, washed with satd. NaHCO;
25 and brine, dried (Na;SO4), filtered and concentrated. The
compound thus obtained, (4R)-N-(tert-Butoxycarbonyl)-4-(tert~-
butyldimethylsilyl~oxy)proline benzyl ester (5.60 g), was

treated in a similar manner as described in Example 1 (1) to

a

~ gy



20 LDA: Lithiumdiisopropyl am de nmCPBA: m Chl or oper benzoi ¢ acid (= MCPBA)
Me: Methyl MeOH Methanol n-Bu: n-Butyl 25 PBS: Phosphate buffered saline
PCC. Pyri di WoM/M8hromate PDC. Pyri di ni um chl or ochr onat @CTRR00/P2Bny |

i-Pr: i-Propyl 30 t-Bu: tert-Butyl THF: Tetrahydrofuran WO 01/30781

PCT/ US00/ 29273 56 (3) 3,5-Dichl orophenylisocyanate (0.50 g) was added to a
solution of the conpound obtained above in THE (10 nL) and DI EA (2.0 nL).
After 4 hours stirring at roomtenperature, the reaction mxture was
concentrated. The residue was 5 redi ssoI5@ed in Et OAc, washed wi th aqueous
NaHCO3 and brine, dried (Na2SO4), filtered and concentrated, Purification
by chromat bl api®y & solpgacgePt ErSaadRiexand baomobedzydiatstPoR~ (Harri son

Resear ch)) éﬁéﬂﬂd?yiﬂﬂe%?lg @ih9ﬁ£é£§ii 3- dlazablcyclo[3 3. 0]octane -2,4-
di chl or ophenyl )car bamoyl'] - 2- (4- br ormbenzyl) roline nethy 10 egter VS

(mz) 485 (H4pde (0n8118h. §ncCHGAR Thanklo ﬁaEbbt(arh%d“Ia)bé\Fe 0 &S 193s g) was

di ssol ved iéadéu)tmeléfhgnbsﬁi% 1 andGeel §d.19 rQL)C thi?ftteiielsﬁbui_—l&ﬂ @t 0C
was added NaCOEt (0.010 g). After 45 mi nutes of stwnqgg m xture was

concent r it e®r Phei PizheFO WYy dduseat BEERfHCIE, (w33 W@é?‘ s35d;

(Eﬁﬂ OZA;:/ Qgga?ean&nr QHBtB{riﬁég &Jﬂ‘e@r ctﬁq éd]@ ahit Eosle&rmed +60g198 @9s, M5
(5S, 7R) - 5- (EB)B‘r%TMUEHWPPeBZH) 53vq3or$|-slﬁsbheﬁw*)erwli-7-

methylsulfonyloxy-1,3-diazabicyclo[3.3.0]octane-2,4-dione. MS
(m/z) 494 (MH').

10 (2) To a solution of the compound obtained above in DMF (4
mL) at 75 °C was added sodium azide (0.54 g). After heating
for 2 hours the mixture was diluted with Et,0 and water. The
organic solution was collected, washed with water and brine,
dried (Na;SO4), filtered and concentrated. Purification by

15 chromatography (silica gel: 2% methanol/CH;Cl,, Chromatotron)
afforded the titled compound (0.82 g). MS (m/z) 494 (MH'), mp
58.9 °cC.

Example 4. (55,75)-5-(4-Bromobenzyl)-3- (3, 5-dichlorophenyl) -
7-acetoxy-1,3-diazabicyclo(3.3.0]octane~2, 4-dione

20 To a solution of (5S,7R)-5-(4-bromobenzyl)~3-(3,5-
dichlorophenyl)-7-hydroxy-1,3-diazabicyclo[3.3.0]octane-2,4-
dione (0.21 g) in THF (5mL) was added DEAD (0.09 mL),

_ triphenylphosphine (0.15 g), and acetic acid (0.035 mL).
After stirring overnight at room temperature, the mixture was

25 concentrated. Purification by chromatography (Silica gel: 25%
EtOAc/hexane, Chromatotron) afforded the titled compound
(0.151 g). MS (m/z) 511 (MH*), mp 149.8 °C.

hadt ]



hydr oxy- 1, 3-di azabi cycl o(3. 3. 0) oct ane-2,4-dione (1) To a solution of

(4R) - N-(tert-But oxycarbonyl)-4-hydroxy 20 proline benzyl ester (WIIlians et
al ., J. Og.WeABH™I11904, 59, 3612-3625) (20.75 g) in acePEHUSIND2I3( 200 ml)
was added imdazole (4.43 g) and tert-butyldinmethylsilylchloride (14.47
g). After stirring overnight, the reaction was concentrated. The residue
was redi ssolved in Et CAc, washed with satd. NaHCO3 25 and brine, dried
(Na2SsO™4), filtered and concentrated. The conpound thus obt ai ned,
(4R)-N-(tert-Butoxycarbonyl)-4-(tert- b&0yl di nethylsilyl-oxy)proline benzyl
ester (5.60 , was 1 treated in a simlar manner as described in Exanple
1 (1) to WH ovashpeT¥irpoyatexr7andsBring, TriedsdNae$@u rofilsered,

7R) - 5- (4- br i hepzght 1 5-pyuri £3 ; ‘s ]

di chl or o- phenyl ) - 7- h)yﬂé??)ﬁ‘i’. 1 A AE O Y (A SR Ser ARy L S tiga el g
g) in CHCheXanef@reiane bR (.0 Chgorafobrom) @fifwrdeddtibe hitlerhesul fonyl
chloride (Qckpouak (6f h +he nj xt diluted with
CH2C12, washed with (ga%gé H(gg% (g\zé?b??ggM%r)i'eg)nél\g;z%&/?’éénd concentrat ed
to give (5S, 7R)-5-(4-bronobenzyl)-3-(3,5-dichlorophenyl)-7-

met hyl sud f onyl o}zl bR AP 3 e2.45dj : z) 494
(M) . 10 (2 %eafgé%ti on %%gtl"ﬁggﬁoFr%%%‘%dla%btea?%édhgg%\fé%s’na% 1%‘4 )
at 75 C was 8d o8o8inid 31z itde EgemBlie gJ . by\fremlalcdayi Agpyfbiimebroemng ct he
mxture wagcdid wied Wb &0 papdayat 8Ligdhe  organi ¢ solution was

col |l ected, washed with"water and brine, dried (Na2S™), filtered and
concentrated. Purification by 15 chromatography (silica gel: 2%

met hanol / Chag12, 1Chromatotron) afforded the titled conpound (0.82 g). M5
(mz) 494 (M#4), np 58.9 C. Exanple 4.

(5S, 7S) - 5- (4- Bronpbenzyl ) - 3- ( 3, g8kl or ophenyl ) -

(o] Cl
N
A~
o] o]
Example |R n Physicochemical
data
8 C(CHO 2 MS (m/z) 493 (MH")
Mp. 154 °C
9 /‘CHO 1 MS (m/z) 469 (MH")
[o}
10 CHO |1 MS (m/z) 485 (MHY),
7 507 (M+Na*)
S .
11 CHO 1 MS (m/z) 540 (MH")
7 | g
44
COO0--Bu

10 Example 12. 6-[4-[2-(Hydroxymethyl)phenyl]benzyl]-8-(3,5-
dichlorophenyl)-1,8-diazabicyclo(4.3.0]lnonane-7,9-dione.

NaBHs; (13.7 mg) was added to a solution of 6-[4-(2-
formyl—phenyl)benzyl]—ﬂ-(3,5-dichlorophenyl)-1,8—



7-acetoxy-1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-dione 20 To a sol ution of

(5S, 7R) - 5- (4- br onobenzyl )-3-(3,5

di chl or opheW@ MAF8hydr oxy- 1, 3- di azabi cycl o[ 3. 3. 0] oct ane- 2PCWUSHN/2933 (0. 21 Q)
in THE (5nlL) was added DEAD (0.09 niL), triphenyl phosphine (0.15 g), and
acetic acid (0.035 nL). After stirring overnight at roomtenperature, the
m xture was 25 concentrated. Purification by chromatography (Silica gel:
25% Et OAc/ hexane, Chromatotron) afforded the titled conmpound (0.151 g)

M5 (mz) 511 (M+) , np 149.8 C. WD 01/89791 PCT/1JS0OQ 29273 60 Et CAc,
washed with water and brine, dried (Na2SO4), filtered, and concentrated.
Purification byTehaosatwgiapf (6SilHi-¢a-fermylgienyiddbabeybhed- 69,5

m 276, 5 COEntRESPAERy LD 0 d e arTEURRINE T QbR e A (0l
fashion sird)l dn MeOEX 6P Irel)7 vins mdgedcNagN 3thyA0t4dignebdFORi €0. QRS dhlui t h
Physi cocherear oyt 3 B a4 g (% PR EhPES P TREE o 1O 1 1
(mz) 469 (dvdenight LCHOdorVB empezrptd86. ( VHhg ,ind3@EnisNaeye Sremoved by

filtration through Celite and the filtrate was evaporated.

The residue was dissolved in EtOAc and washed with water,

brine, dried (MgS0,}, filtered, and concentrated.

Purification by chromatography (Silica gel: EtOAc/hexane: 1/2)

10 afforded the titled compound (0.161 g). It was converted to

the HC1l salt. MS (m/z) 545(M'+Na), 523 (MH").

Example 15. 6-[4-(2-Carboxyphenyl)benzyl]-8-(3,5~-dichloro-

phenyl)-1,8~diazabicyclo[4.3.0)nonane-7, 9~dione.

A solution of 6-[4-(2-methoxycarbonylphenyl)benzyl]-8-

15 (3,5-dichlorophenyl)-1,8-diazabicyclo{4.3.0lnonane-7,9~-dione
{0.141 g) in MeOH/H20 (5/1 mlL} containing NaOH (0.087 g) was
heated at 50 °C for 2 h. The reaction mixture was cooled in
ice and acidified with 0.5 N HCl. It was extracted with EtO2Ac
and the extract was washed with water, brine, dried (MgSOQ,),

20 filtered, and concentrated. Purification by chromatography
(Silica gel: CHCli/MeOH: 100/1 to 50/1, Chromatotron) afforded
the titled compound (114 mg). MS (m/z) 531 (M'+Na).

Example 16. 6-[4-[2-(N,N-Dimethylcarbamoyl)phenyl)benzyl]-8-
(3,5-dichlorophenyl)-1,8-diazabicyclo[4.3.0]nonane~-7,9-dione.

25 A mixture of the 6-[4-(2-carboxyphenyl)benzyl)-8~(3,5-
dichlorophenyl)-1,8-diazabicyclo{4.3.0]lnonane-7,9-dione (0.089
g) and SOCl, (1.0 mL) was heated at 100 °C for 1 hour. The

-



11 CHO 1 M5 (mz) 540 (M+) N r coat-Bu 10 Exanple 12.

6-[4-[2- (Hydr oxynet hyl ) phenyl ] benzyl ]-8-(3,5- dichl orophenyl)-1,

8- di azabi cyd¥@pu3oR10] nonane-7,9-dione. | NaBH4 (13.7 nyg) poraiseded to a
solution of 6-[4-(2 fornyl-phenyl)benzyl]-8-(3,5-dichlorophenyl)-1,8 WO
01/ 30781 PCT/ US00/ 29273 62 To a solution of

6-[ 4- (2-fornyl phenyl ) benzyl)-8-(3, 5-

di chl orophenyl ) -1, 8-di azabi cycl o[ 4. 3. 0] nonane-7, 9-di one (0.206 g) in MCH
(20 nmL.) was added NaCN (0.204 g), AcOH €@.086 nL) and WMh02 (activated,
1.84 g) and the mxture was stirred 5 overnight at roomtenperature. The

i nor gani cs wees estiemededobyl Hddd.r athenmiktepghwdeldilateddwibe EtdAsate was

evapor at ed. _ The resi du di S5 QAc and washed,with water,
b he it Y HEaa%) S, FE RSP ThTCEahCERL It od Then CRBREAE| bAYES was
chr onat ogr apdparaSiedi aadgehshdd QACt/hhea&ée, Bfe, rirldl qugsd,t,he titled

d It t HCL lt. M5 (m 545 ( M++Na
R e A e e A T e I o R

ghfzyzé-ﬂ.E%SﬁhicabggyelDtdAéVHHﬁ?&Eane/Z SeKlt i ot AngObBEb PR &f the
- - -rn ar pon enz
(3, 5-di chl g‘r%nﬁf’ X%B f‘gz%ﬁ @ycl %4(’3}@] morand. N3l di one  (0.141 g) in

MeOH H20 (5/1 m_) contai ning NaCH (0.087 g) was heated at 50 C for 2 h.
wes extr actlERLEn B ong- (AT 17 CaxbPREE IHED RRASHOACRRER Yl oF3- BT ne,
dried (MyS@ichld@ophbhel pell, Gl acapseptIat£B . Awdnkineat | 9ndyne.
chr omat ogr aphy
An aqueous solution of NaOH (2 mL; 0.5 N) was added to a
10 solution of 6-[4-[2-(2-methoxycarbonylethyl)phenyl]lbenzyl]-8-
(3,5~-dichlorophenyl) -1, 8~diazabicyclo[4.3.0)nonane-7, 9-dione
(0.11 g) in MeOH (7 mL) and the mixture was stirred for 18
hours. The reaction mixture was acidified, diluted with water
and extracted with EtOAc. The extract was washed with water,
15 brine, dried (MgSOs), filtered, and concentrated to give the
titled compound (0.109 g). MS (m/z) 559 (M*+Na).

Example 20. 6-{4—[2—[2—(N,N—Dimethylcarbamoyl)ethyl]phenyl]—
benzyl]—8—(3,5—dichlorophenyl)—1,8—diazabicyclo[4.3.0]nonane-

7,9~-dione.

20 The titled compound was prepared in a manner similar to

Example 16. MS (m/z) 564 (MH').

Example 21. 5-(4-Cyanobenzyl)-3-(3,5-dichlorophenyl)-1, 3~

diazabicyclo[3.3.0)octane-2,4~dione

(1) EtsN (1.7 mL) was added to an ice-cold solution of (S)-
25 proline methyl ester hydrochloride (1.31 g) and 3,5-



(Silica gel: CHC13/ MeOH 100/1 to 50/1, Chromatotron) afforded the titled
conmpound (114 ng). M5 (mz) 531 (Mt+Na). Exanple 16. _

6-(4-[ 2- (N, NOIeFaty| car banoyl ) phenyl ] benzyl ] - 8- PCT/US00/29273

(3, 5-dichl orophenyl)-1, 8-di azabi cycl o[ 4. 3. 0] nonane-7, 9-di one. 25 A

m xture of the 6-[4-(2-carboxyphenyl)benzyl]-8-(3,5

di chl orophenyl ) -1, 8-di azabi cycl o[ 4. 3. 0] nonane-7, 9-di one (0.089 ¢g) and
SOC12 (1.0 nm) was heated at 100 C for 1 hour. The WD 01/ 30781

PCT/ 1JS00/ 29273 64 was stirred for 1 hé6ér. The nixture was diluted with
Et OAc and water and filtered through Celite. The organic |ayer was

separ at ed mmaothhfﬁmdﬁd thiei fétldd| eemgavy®04)(0.883| gbr M8 and
concentrate /fu f2'(i by chromatography 5 (Silica gel: EtOAc/hexane:
1/4, Chroma otron ed the titled conpound (0.125 g) . M5 (mz) 573
(M++Na) . Exanpl e 19 6 [4 [ 2- (2- Car boxyet hyl )phenyl ] benzyl ]-8-(3, 5-

di chl or oph di az gpg 4, An agueous

sol ution o%@% 5§ 5% ii'g E; m%%aggghg?% a J‘1) gFO?I on of

6- [ 4- [ 2- (2-distHoxpphebphyt btindipghbagkEbendyd J01®ctane~2, 4-dione

(3, 5-dichl orophenyl)-1, 8-di azabi cycl o[ 4. 3. 0] nonane-7,9-dione (0.11 g) in
MeCH (7 nL) and the m xture was stirred for 18 hours. The reaction m xture
was acidified, @hleutétledtdompeiued wasdpespared dd i fhshiOAcsimhar o act
was washed r 5 N, dr, i e MyS04), filtered, and concentrated
to give the]%4 [n?)tl\lgg T, Mgogﬁ\)} ) g.sfodh %‘]E‘()IVB (mz) 559 (MHNa) Exanpl e 20.
6-[4-(2-[2-(N,NDi rrethyl carbam)yl ) et hyl ] phenyl ] -

benzyl ] - 8- ( i_.cBLor opheny nan 7/, 9-di one. 20
S L B R T .22 T
(mz) 564 (d\ﬂﬂ:h)lorthanplb—BJa c&a(zébﬁ);zanbbémziy.lC)]@&i:@ﬂg%dﬂﬁdhi@mphenyl )-1, 3-

—

(1) NaOH (0.406 g) was added to a solution of 5-(4-

10 methoxycarbonylbenzyl)-3-(3,5-dichlorophenyl)-1, 3~
diazabicyclo[3.3.0]octane-2,4~-dione (0.601 g) in MeOH/H,O
(20mL/4mL) and the mixture was heated at 45 °C for 18 hours.
The reaction mixture was cooled, acidified , diluted with
water and extracted with EtOAc. The extract was washed with

15 water, brine, dried (MgSO4), filtered, and concentrated. The
residue was recrystallized from EtOAc/hexane (l:1) to give N-
[N-(3,5~dichlorophenyl)carbamoyl]-2-(4-carboxybenzyl)proline
(0.529 g). mp. 144.6 °C; MS (m/z) 459 (M +Na).

(2) A mixture of the compound obtained above (0.074 g) and
20 SOCl; (1.0 mL) was heated at 100 °C for 1 hour. The solution
was evaporated. The residue was dissolved in toluene,
evaporated and dried under vacuum. The residue was dissolved
in THF (4 mL) and the solution was added to an ice cold
solution of dimethylamine (1 mL, 2M in THF) in THF (1 mL).
25 The reaction mixture was stirred for 3 hour at room

temperature and diluted with EtOAc and water. The organic



di azabi cycl o[ 3. 3. 0] octane-2,4-dione (1) Et3N (1.7 nL) was added to an
ice-cold solution of (S) 25 proline nethyl ester hydrochloride (1.31 g) and
3,5 WO 01/ 30%9M/suagy USO0/ 29273 66 Chronat ot ron) af f or ded PCrayspi/aszsd
conpound (0.833 g). M5 (nfz) 422 (Mt+Na) . Exanple 22.

5- (4- Met hoxycar bonyl benzyl )-3-(3, 5-

di chl orophenyl) -1, 3-di azabi cycl o[ 3. 3. 0] oct ane-2, 4-dione 5 The titled
conmpound was prepared in a fashion sim Ié}r to Exanple 21. M5 (nfz) 455
(Mt+Na) . Exanple 23. 5-[4-(N,N-D nmet hyl c rbarmyl)benzyl] 3-(3,5-

di chl orophenyl ) -1, 3-di azabi cycl o[ 3. 3. 0] oct ane-2, 4-dione (1) NaOH (0.406 Q)
was added to a soI ution of 5-(4 10

nmet hoxycar bdhyl bEnayIspl&t@BnSeﬂi ethyar dp-lbenyy).oiyaarbonyl 4-(tert-

di azabi cycl Qcta 4-di one. /[ 4pL) and
the mi xtur eB\[/'\gos’?‘ oélﬁ? §5ptp?5az our §91a{'{ﬁ l(\?qa_lgc n(T%r% Fh?’étwas
cool ed, aci GDK393)d 51L9|3|-|5U.96)V\5,n hEtothtwars addeaxPd ACt g0l 24 tgh .Et As. The
extract was 15 _wat er rin filtered, and
concentr at ed. EE h \rweasf’l uga\%ﬁgg R I Irf’g?Bda?ﬁg '\%{% F8Ral8S(1:1) to
give N [SN-pG@hLatl dinltor mplaemykt)nﬁébarlmsl kedct ot atadeenayl spiotréae
(0.529 g). . (%ﬂ i . ( m xt ure of
t he' corrpounggf)b%ilor‘fé& 5B8vE 5&%%% e aphg%eso@f? MEXTYTE) YR8s heated at
100 C for lfhbteredThbreobbtCehitevamdevapeeatedted o rasiedue18ag €fssol ved
in tol uene, r a d ried.und acuum _The residu s dissol ved
in THE (4 me_?ly@ 34 ta(%gg%o ’(%c%bon g&e Pbpﬁﬁa?%e%ﬁ%ﬁxy§8p%ti on of
dimethylamne (1 nm, 2Min THF) in THE (1 nmL). 25 The reaction m xture was
The. or ant () "W *bol 80k ' SERSISBORAE Shialich Yot L A Ty T
10 mlL) was added 3,5-dichlorophenyl isocyanate (1.00g). After
stirring overnight, the solution was concentrated.
Purification by chromatography (Silica gel: EtOAc/hexane: 1/4,
Chromatotron) afforded ethyl 1-[N-(3,5-
dichlorophenyl)carbamoyl]-~4-tert-butoxycarbonyl-2-
15 piperazinecarboxylate (1.36 g). MS (m/z) 446 (MH").

(3) The compound obtained above was treated in a manner
similar to Example 1 (4) to yield 4-(tert-butoxycarbonyl)-8§-
(3,5-dichlorophenyl)—1,4,8—triazabicyclo[4.3.0]nonane—7,9—
dione (0.72 g). MS (m/z) 422 (M'+Na) mp 60.2 °C.

20 (4) To a solution of the compound obtained above (0.67g) in
THF (5 mL) at -78 °C was added LDA (1.3 eqg.). After 30
minutes at -78 °C, a solution of 4-bromobenzyl bromide (0.57
g} in THF (2 mL) was added to the mixture. The reaction
mixture was allowed to warm to room temperature over 1 hour.

25 After stirring for 4 hours the mixture was concentrated. The
residue was redissolved in EtOAc, washed with 1N HCl, aqueous

NaHCO;, and brine, dried (Na,SO4), filtered, and concentrated.

-~



WO 01/ 30781 PCT/ US00/ 29273 68 (1) To a solution of ethyl

1- benzyl oxycar bonyl -4-(tert- butoxycarbonyl)-2-pi perazi necarboxyl ate (2. 49
g) (Tet. LeWOOVHMI39) 5193-5196) in Et OH was added Pd/ CPCOUS®?273 The
sol ution was degassed with nitrogen and hydrogen gas was 5 bubbled into the
m xture. The reaction m xture was stirred for 3 hours under hydrogen

at nosphere. The m xture was filtered through Celite and concentrated to
give 1.15 g of ethyl 4-(tert-butoxycar ggnyl ) - 2- pi perazi necar boxyl ate. (2)
To a solution of the conpound obt ai ned ove in THE (10 10 nlL) was added
3, 5-di chl orophenyl isocyanate (1.00g). After stirring overnight, the
solution was concentrated. Purification by chromatography (Silica gel:

Et OAc/ hexane: 1/T4, a €htotitrotafors);- (af-bnoxieldeﬁml 8(BN5¢ 3, 5-

(136 gy OPAPIRBARRY AL ¢ o kR R S BB e oteRed Tomt od
in a manner(0 §|7|21gl)auntﬁoﬁummioadl (O4)10tmLy|a:‘ddi whtelren 0 boitmy eavrsoonyl ) - 8-

ﬁ/% ?;r;jizgzhldfor%?% %) fornA{ tr| zgg §§§ n}%)ﬂf 3..0 nongnEB‘[‘ft%‘édl oge (0 72 Q).

obt ai neds abunee r(eecﬁi’gp mmtu'ﬁ:ldEw(aS di)ueéd ﬂa&mmm&caddedtw&dlht&o@q )
After 30 n1n brom de (0.57 g9)

/8 C._a.s tion f4bro benzyl
in THE (2 i) vvas ag%e%lq'f%d‘{%gaﬁlc§i'uraé‘ 'Pr’fénteeago?'%% yﬂﬁ@?dr'e was al | owed
to warmto ﬁlammbdnpemditwre:@\tehtédhwryléﬁi AfHeelt igledr ¢digpdudid 47RQYrs the
m xture copece tra resid was redissolved in Et OAc, washed
with 1IN HCf” aglge us® r\&iccﬁ“ﬁ éhd'mté%el tied (Na2SO4), filtered, and
concentrated. WO 01130781 PCT/ US00/ 29273 70
Example 30. 4-(tert-Butoxycarbonylmethyl)-6-(4-bromobenzyl}-
10 8-(3,5-dichlorophenyl)-1,4,8-~triazabicyclo(4.3.0]lnonane-7, 9-

dione

To a solution of 6-(4-bromobenzyl)-8-(3,5-
dichlorophenyl)-1,4,8-triazabicyclo[4.3.0]nonane-7, 9-dione
(0.11g) in THF (5 mL) was added DIEA (0.1 mL) and tert-butyl

15 bromoacetate (0.06 mL). Additional tert-butyl bromoacetate
(0.040 mL) was added after 16 hours. After 40 hours, the
reaction mixture was concentrated and the residue was diluted
with EtOAc and washed with water, NaHCOi;, and brine, dried
(NazS0O4), filtered, and concentrated. Purification by

20 chromatography (Silica gel: EtOAc/hexane: 1/5, Chromatotron)
afforded the titled compound (0 124 g). MS (m/z) 582 (MH*)}.
mp 74.7 °C.

Example 31. 4-[{(Dimethylamino)acetyl])-6-(4-bromobenzyl)-8-
(3,5-dichlorophenyl)-1,4,8~triazabicyclo[4.3.0]nonane-7, 9-

25 dione

-



To a solution of 6-(4-bronobenzyl)-8-(3,5- _ _

di chl orophenyl )-1,4,8-triazabi cycl o[ 4. 3. 0] nonane-7,9-dione (0.072g) in
formc acid WOMH ) and water (0.10 nL) was added 37% freTrushwmssde
(0.050 n). After 1 hour at reflux, 5 the reaction mxture was diluted with
Et OAc and the solution washed with aqueous NaHCO3, and brine, dried
(Na2SO™4), filtered, and concentrated to yield the titled conmpound (74.3
g . Ms (mz) 482 (M) . np 221 C. Exanpl e 30.

4- (tert-Butoxycarbonyl net hyl ) -6-(4-bronotzenzyl )- 10 _

8- (3, 5-dichl orophenyl )-1,4,8-triazabicycl o[ 4. 3. 0] nonane-7,9- dione To a
sol ution ofE:eameor%mbénﬁyryomeaerau-@-dmbr@mw »Lérig,(r::é i_ e
B-triazabic aneg 7o Q- : ] i 5 adde

DI EA (0.1 n{l)cé}gﬁot%g%?gﬂt 314’185 %ﬁ}%@g&ggé[%;b@ “@E{) nexlar dien
tert-butyl brompacetate (0.040 nL) was added after 16 hours. After 40

h , th eagty Qn gQt e N reshdue was dil uted
Wh B OR and s hedoun ot R e ke fbr ek 815 B 182 ) |
filtered, dePeheoent)abed, Putidhleropbrny) 20, £H-omat ography (Silica gel:
Bt ONC/ heyange s ablada GRLBTR! 919 Glbnar-h0BIAI6H0(4 1ddcPY) CAPEHIEL ( Q2824 O)-
M5 (mz) 582 (MH).” np 74.7 C. Exanple .

4- [ (D met hyMani%?6) addeg TEB- (U-1r ovdbenAgHjtgonal TFA (0.5 mL) was

(3, 5-di chl ofpahenyhby134af 137 7aRICY Cheld: 3: 0100 %t 98 RBufL OGO
01130781 PCT/LJS00/ 29273 72 Exanple 34.

4- Car boxy metH§HUrE- PaSbFenetrirated gnd3pgrified by chromatography _

0 o or opne(maich defs ! 6 AN AaLRL hBARBRESA Sk AU:ANG chY BiBRLY! T ON
of 4-(tert-butoxycarbonyl nethyl)-6-(4- . .

br onoben%y|9FBouRds- dP ebd Drophddy|(m/z) 4586 (MH'). mp 236.5 °C.

Example 35. 5-(4-Bromobenzyl)-3-(3,5-dichlorophenyl) -1, 3-

diazabicyclo[3.3.0)octane-2,4, 7-trione

(1) To a solution of 1-benzyloxycarbonyl-4-oxoproline (10.61
g, J. Am. Chem. Soc., 79, 185 (1957)) in methanol (150 mL) was

15 bubbled HCl gas. After 30 minutes, the reaction mixture was
concentrated and the residue was diluted with EtOAc and washed
with aqueous NaHCO; and brine, dried (Na;S0,), filtered, and
concentrated. Purification by chromatography (Silica gel:
EtOAc/hexane: 1/3) afforded 10.26 g of l-benzyloxycarbonyl-

20 4,4-dimethoxyproline methyl ester.

(2) The compound obtained above was treated in a similar
manner as described in Example 1 (1) to give 1-

benzyloxycarbonyl—Z-(4—bromobenzyl)-4,4—dimethoxyproline
methyl ester.

25 (3) To a solution of the compound obtained above (4.76 g) in

acetic acid (100 mL) was bubbled HBr gas for 15 minutes.



5 triazabi cycl o[ 4. 3. 0] nonane-7,9-dione (0.080 g) in CH2C12 (10 nlL) was
added TFA (0.10 nL). Additional TFA (0.5 nL) was added after 3 and 22
hours. AfteW@0Wiorging for 48 hours, the nmixture was conc@®arusend27and
purified by chromatography (Silica gel: 8% MeOH CH2C12, Chromatotron)

afforded the titled 10 conpound. (0.083 g). M5 (mz) 526 (M#). np 236.5 C.

Exanpl e 35. 5-(4-Bronobenzyl)-3-(3, 5-di chl orophenyl)-1, 3-

di azabi cycl o[ 3. 3. 0] octane-2,4,7-trione (1) To a solution of

1- benzyl oxycar bonyl - 4- oxoproline (10.6174g, J. Am Chem Soc., 79, 185
(1957)) in nethanol (150 nlL) was 15 bubbled HC1 gas. After 30 m nutes, the
reaction m xt ur elovgs sodutéent eht Td( énfromebeneyl - (BvSdi | uted with Et OAc

and washed i ggq: i Ne; j Na2SO4), filtered, and

concentr at e?iﬂ%itﬂjbrl gl %&ﬁ%ﬁ??&@%}h naa%&é)?&g%ﬁgjéiezf?é%ziz’g%g? Et OAc/ hexane:

1/ 3) aff or détle2ghixeyqd odB - 3- Bboetdmeccdrdénpe 20. 364 -ali et MEXY 04 ohlhe net hyl
ter. (2 d ,ebs ai Y i sipm lar manner as

Lo po) s AR SAnaNY (30} NS APRYEaEARaAd P I LIOR T1hH hEY .

benzyl oxycakblogry |2 houstshr bhebrerst Jord mixtiumet hax yprrodenteratedt Agd Esd¢ er. 25

(100 L) et ity o) AfsBORRuTeh WERC R HE st o ¥ sbdpr 88950575
74 To a sol the ofilsfrage( 40Bt Onpbeiz WhioByl3¢Bloride (5 mL) was refluxed

G ol or oPhesyl ) i pasyCothO WU BOGL vas qoncentraced and e o
(1 nL) at Oresighee athdedi2ftéd GHtN E2Q@AgL andSwaferer Xheowrganibe reaction

M xture j§ass SARGEM LALCo 2Ll alPFUrTUE YRS, ST POPIFELAdy, ! alla L and

filtered.
concentrated. Purification by chromatography (Silica gel: 4%

MeOH/CH;Cl,, Chromatotron) afforded 0.063 g of the titled
compound. MS (m/z) 509 (MH'), mp 101.5 °C.

Example 38. (8R}-5-(4-Bromobenzyl)-3-(3,5-dichlorophenyl)~-8-
15 phenyl-1,3-diazabicyclo[3.3.0]octane-2,4-dicne

The titled compound was prepared in a fashion similar to

Example 1. MS (m/z) 530 (MH'), mp. 72.4 °C.

The following compounds (Examples 39-44) were prepared in
a fashion similar to Example 1 using the requisite isocyanate,

20 provided that KHMDS was replaced with LDA.

Table 2
Br

- gy



the filtrate (0.10 g) in thionyl chloride (5 nL) was refluxed for 30
m nutes. The reaction m xture was concentrated and the residue was diluted
w th Et OAc MA0MPYr. The organic 10 sol ution was col | ect @eTARE/29213ed
(Na2SO™4), filtered, and concentrated. Purification by chronatography
(Silica gel: 4% MOH CH2C12, Chromatotron) afforded 0.063 g of the titled
conpound. M5 (m'z) 509 (M+), np 101.5 C. Exanpl e 38.
(8R) - 5- (4- Bromobenzyl ) - 3- (3, 5-di chl orophenyl )-8- 15
phenyl - 1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 46di one The titled conpound was
prepared in a fashion simlar to Exanple 1. M5 (nmz) 530 (N+H), np. 72.4
C. The fol | B¥F¥d e Ryochas™ roanaphy's (391423 gelke GPHdpaMedH | m0/2 ftshi on
simlar to fxanple Lid3ungs trkkfF Jf‘%‘t'\'esﬂ%lééo&( fi. 3¢ phovhdedsihal

DA. Table 2 Br O X

KHVDS was replaced wth L -CA 0 Y WO 01/30781

PCT/ UJS00/ 20 M0y @nguiresberd i thhAdnHES GFEgthy( 2 LD caThe| MxHTE3 MasOH:
50/ 1 (0 30/4aod:a0deClflaBly 1 Qfaddhe vhbLbgUcS Gg by wescissolved in
MeOH and treated with I N HCL/Et20 (2 nL). The xture was evaporated and

dri ed un8erhydraahhorddgi ef dtiss tiFled chmpsungdrid® himz)d866f (MHE titl ed
conmpound. M5 (nfz) 566 (MH). Exanple 46. (5R ‘
7S) - 5- (4- Bronobenzyl ) - 3- ( 3, 5-di chl or ophenyl ) - .

7-azi do- 1, ExAmpdebidéycl(8R3. B8 0joddaBsorokenz phie 3+ (B, STdighiorapheny bf-
(4R N (1 erd-dulRc At honydn s dydbit0%Y o) BEOLALS, hRRAMnest er (8.96 g) in
CH2C12 (100 ni) and 'DIEA (8 10 nlL) ai 0  C was added net hanesul f onyl
chloride (3.00 ). '

(1) To a solution of (4R)-N-(tert-Butoxycarbonyl)-4-hydroxy
proline benzyl ester (8.96 g) in CH2Cl, (100 ml) and DIEA (8

10 mL) at 0 °C was added methanesulfonyl chloride (3.00 mL).
After 1 hour, the reaction mixture was allowed to stir at room
temperature. After 2.5 hours, the mixture was diluted with
CH;Cl;, washed with satd. NaHCO; and brine, dried (NazSQ,;),
filtered and concentrated. To a solution of the residue in DMF

15 (100 mlL) was added sodium azide (7.80 g) and placed in a
preheated oil bath (75 °C). After stirring overnight, the
reaction was diluted with water and extracted with Et;0. The
organic layer was washed with brine, dried (Na,S0;), filtered
and concentrated. Purification by chromatography (silica gel:

20 EtOAc/hexane: 1/10) afforded 7.70 g of (4S)-N-(tert-

butoxycarbonyl)-4-azidoproline benzyl ester.

(2) The compound obtained above (5.69 g) was treated in a
similar manner as described in Example 26 (4) to give (a
mixture of diastereoisomers) (2R,4S)-N-(tert-butoxycarbonyl)-

25 2-(4-bromobenzyl)-4-azidoproline benzyl ester (4.51 g).

(3) The compound obtained above (1.66 g)was treated in a

similar procedure as described in Example 2 (2) to give

-,



After 1 hour, the reaction mxture was allowed to stir at room
tenperature. After 2.5 hours, the mxture was diluted with CH2Cl2, washed
W th satd. MEHOGE878nd brine, dried (Na2SO4), filtered anBCHUOBMBat ed. To
a solution of the residue in DMF 15 (100 nL) was added sodi um azi de (7.80
g) and placed in a preheated oil bath (75 C). After stirring overnight,
the reaction was diluted with water and extracted with Et20. The organic
| ayer was washed with brine, dried (Na2SO4), filtered and concentrated.
Purification by chromatography (silica @&l: 20 Et OAc/ hexane: 1/10) afforded
7.70 g of (4S)-N-(tert- butoxycarbonyl)-4-azidoproline benzyl ester. (2)
The conpoumbneiensirated sy eyE.f3gdgbywakrematnioraphy Asikiea [g8d nanner as

descri bed i a | V. 1 xt j eQh S rs)
(2R 45) -~ (TR GraoasbElobf) & dfddy EhE IO e D enzyi
ester (4.5MSy)(m/z] 351ThMEdrpoBNE4ObLT alred above (1.66 g)was treated in a
simlar procedure as described in Exanple 2 (2) to give "W 01/30781

PCT/ 11 SO0/ 29273 78 concentrated and purified by chronmatography (silica
gel : CH2CExamgheofdt of 3Rin)7) o Saf(KoBdondkenil)ed-ddwpodheh@xopkeny)ll) - VB
(

mz) 510 (M 7. Gy BX 4 o 4t
75).ZZ-,-(49é"ﬁ%&‘ﬁ?%‘@?bﬁ%ﬁd?ﬁ%FE?%B#? 3]?35@’3'01"““9 2, 4-dione

7- met hanesul f am de- 1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-dione The titled

conpound was pr SR% @%(%ér%fceén%%rﬁ'nggﬁ§g%iéﬂarte% EX2aPkgsRBon NI nlia%) £346

(M) . np 125,

7S) - 5- ( 4- BEcvaobéaz§B) -5 (@1/2)di54l6l dMBphempl 125.8 °C.

7-di met hyl am no- 1, 3-di azabi cycl o[ 3. 3. 0] octane-2,4-dione to The titled
conpound was prepared in a fashion simlar to Exanple 29: M5 (nmz) 496
(MH+) . np F&a@plExabpl 5/B1.798-04-(CyBnohelrend ) 33F33cht di ch Brophepyldtyl ) -

7-dimethylamino~1, 3-diazabicyclo[3.3.0]octane~-2, 4~-dione

10 The titled compound was prepared in a fashion similar to
Example 29: MS (m/z) 496 (MH'). mp 54 °C.

Example 51. 5-(4-Cyanobenzyl)-3-[3-chloro-5-{l-pyrrolyl}-
phenyl)-1,3-diazabicyclo[3.3.0)octane~2,4-dione

{1) To a solution of 5-chloro-1,3-phenylenediamine (2.00 q)

15 in acetic acid (20 mL) was added 2,5-dimethoxytetrahydrofuran
(1.8 mL). After 4 hours at reflux, the reactidn mixture was
concentrated. The residue was suspended in satd. NaHCO; and
EtOAc. The reaction mixture was filtered and the organic
layer was collected, washed with satd. NaHCO; and brine, dried

20 (NazS04), filtered and concentrated. Purification of the
residue by chromatography (silica gel: EtOAc/hexane: 1/4)
afforded 0.54 g of 3-chloro-5-{(l-pyrrolyl)aniline. MS (m/z)
193 (MHY).



phenyl ] -1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-dione (1) To a solution of

5-chl oro-1, 3- phenyl enedi am ne (2.00 g) 15 in acetic acid (20 nL) was added
2, 5-di mret hog™Bp@nydrofuran (1.8 nlL). After 4 hours at PEXUSI29%The
reaction m xture was concentrated. The residue was suspended in satd.
NaHCO3 and EtQAc. The reaction mxture was filtered and the organic |ayer
was col |l ected, washed with satd. NaHCO3 and brine, dried 20 (Na2SO4),
filtered and concentrated. Purification of the residue by chronatography
(silica gel: EtQAc/hexane: 1/4) affordﬁh 0.54 g of
3-chloro-5-(1-pyrrolyl)aniline. mz) 193 (ivH+) .. WO 01/30781

PCT/ i 1SO0 892982t glprahy (ﬂf’ﬁ‘-PGfiFSnS’ Y& difd thepgitgeds cemreund | ¥3 conpound.

MB (1 z) 4R9z( MY . (M) 10, fp 710D . FExenpl € 53.
2- (tert-Butoxycarbonyl)-6-(4- bronnbenzyl) 8-(3, 5-
di chl orophenyl ) -1, 2, 8-tri azabi cycl o[ 4. 3. 0] nonane-7,9-dione 5 (1) In direct

?QSBS?V t1 gg%)aﬁpji@tzélséd(ztﬁ(t@}%nséeoﬂcammﬁg@m(@-sagmmzﬁ)em (gL. 9
i(tert

but oxycar beagh}orrphansopy R BatF MzaRiAeldl- Be 0hrPrRRR 1 9-9dSN8r was

synt hesi zed from et hyl - 5- bromo- pentanoate. M5 (m'z) 381 (MNa)+. 10 (2) To

a solution of freshly prepared LDA (13.2 mmol) in dry THE (30 nL) was

added a Ssol(&li &n d¥redie aMGAPEUNnEC oBriNfEdodaleéy Ehen. ot gl i n(BdHOPrIpEie20

m). The yshb%éoleﬂénpnﬂa@% §tki§9§$ at15'87)$ Cyf oLg3Pc &Rt es whereupon a
sol ution of g ronDbenzberonld (3 g 9). dry THE (20 nL) was added via

15 cannul abu eaxRanydn -ﬁie%?mférwsrﬂﬁqmrn@d3aFarlrexnl%ra63@ efhilit es t hen

warmed t0 230e£ PYETsyhthAdiSed LS MNAIYTI-BObkBmol BORY 4 EHHEQS At W5e (my B
reaction mxture was ‘shaken with EtOAc/H20. The organic |ayer was

separated aRd fMNalqueous

10 (2) To a solution of freshly prepared LDA {13.2 mmol) in dry
THF (30 mL) was added a solution of the compound obtained
above (4.0 g) in dry THF (20 mL). The yellow solution was
stirred at -78 °C for 30 minutes whereupon a solution of p-
bromobenzylbromide (3.9 g) in dry THF (20 mL} was added via

15 cannula. The reaction mixture was stirred at -78 °C for 30
minutes then warmed to -30 °C over 2 hours. After warming to
room temperature, the reaction mixture was shaken with
EtOAc/H20. The organic layer was separated and the aqueous
layer was extracted with EtOAc. The combined organic layer

20 was dried over MgS0O,, filtered and concentrated. Purification
by liquid chromatography (silica gel: EtOAc/hexane: 12/88)
gave 1,2-di (tert-butoxycarbonyl)-3-(4-
bromobenzyl)hexahydropyridazine-3—-carboxylic acid ethyl ester

(2.3 g). MS (m/z) 327 (M-2Boc)*.

25 (3) The compound obtained above was dissolved in TFA (50% in
CH2Clz, 30 mL) and stirred at room temperature for 3 hours.

The mixture was washed with NaHCO; until effervescence ceased.



| ayer was extracted with Et OAc. The conbi ned organic | ayer 20 was dried
over MgSO4r filtered and concentrated. Purification by liquid

chromat ogr ap¥O¥3rsti ca gel : Et OAc/ hexane: 12/88) gave  PCT/US0N/29273

1, 2-di (tert-butoxycarbonyl)-3-(4 bronobenzyl)

hexahydr opyri dazi ne- 3-car boxylic acid ethyl ester (2.3 g). M5 (mz) 327
(M 2Boc)+. 25 (3) The conpound obt ai ned above was dissolved in TFA (50%in
CH2C12, 30 nL) and stirred at roomtenperature for 3 hours. The mxture
was washed with NaHCOB until effervesce8ée ceased. WD 01/30781

PCT/ 1 TS00/ 29273 82 Exanpl e 54. ]

6- ( 4- Br onoJeranple §4¢365! 4rRyanrpkenrydyrf-{3p5-glichlorophenyl)-1,2,8-
triazabi cyc of £ a1:8,R0B20€3 /6 13HLMRE 7, 9-dione

2- (tert-Butoxycarbonyl)-6-(4-bronmbenzyl)-8-(3,5

di chl orophenyl )-1, 2,8-triazabi cycl o[ 4. 3. 0] nonane-7,9-dione 5 (260 ng) was
di ssol ved in TFA_GHCE2p{ 0% caxdlny 1308 -3k LbF Sitbbeizy190B-gperature for 3

hours. The reaction mxture Was thén concentrated in vacuo, redissolved in
CH2C12 (5 rddchdkrrophERY1] ol 22 §rityrinzebaguelo [ e Hinenans-dmd-9ione ed at

room tegpefAding)f @hs30: SiMNES i%ﬂ@g‘ﬁ@éﬂ?dl%rzmw td 2 Ghe/ H2Qrrdfe 10

organi c | ayer was separated and the aqueous yer was extracted with
CH2Cl2. Thextedifisimégmpegariee &8s heerdr i B TRAGtIIGSMAXTRTE t'e B d-hemd

concentr at §yn R fa@8kdYE WoSuo,! 8MSsaEdeth fd‘}gﬁ“.LEgt @Aqfihexaneptgagi ve the
titled conpound (180 ng) . M5 (mz) 470 (M4). 1 anpl e 55.
3- (2, 6-di chi®rd? algypagyagder ( Sripbaneyy3ds (stglrred at room

di azabi cycl Qlrbetahae! 208 %0 WA Gl bels Phaaker Wikthekd1 P40 Bri | O
10 orxrganic layer was separated and the aqueous layer was

extracted with CH;Cl;. The combined organic layer was dried
over MgSQO,, filtered and concentrated. The residue was
recrystallized from EtOAc/hexane to give the titled compound

(180 mg). MS (m/z) 470 (M%}).

15 Example 55. 3-(2,6-dichloro-4-pyridyl)-5-(4-bromobenzyl)-1,3-

diazabicyclo[3.3.0]octane~2,4fdione (Solid phase synthesis)

B;Y\‘o B’Y\’ . Y\%)OLD ——.
\Zéyk“’\ — \?é}ﬂwn - N 9

N\ ~
BOC B0C
“\fa\
Br.
e M Q

s Py — “H

-0l N ‘<:}

NH GAT? J'E;R’ 'g 9

. Cl

{In the above scheme, G; means resin polymer.)

(1) A mixture of N-(tert-butoxycarbonyl)-2-(4-

bromobenzyl)proline ethyl ester (3.00 g), LiOH (10 mmol), THF
20 (25 mL), MeOH (10 mL) and H;0 (5 mL) was stirred at room

temperature overnight. The mixture was then heated at 74 °C



01~ CH N1BOCIBOC er \ OT I OHC Nr \N "il\=-NNN f C NHNO

Cl d (In the above schene, (r) neans resin polyner.) (1) A mxture of
N-(tert-but XQOHMMRINY| ) - 2- (4- bronobenzyl)proline ethyl ePCEUSHRICD ),
LiOH (10 nmmol ), THE 20 (25 nmL), MeCOH (10 nL) and H20O (5 nL) was stirred at
room tenperature overnight. The m xture was then heated at 74 C WD

01/ 30781 PCTI1JS00/ 29273 84 (5) A solution of DI EA (350 pL) in DM (5 nl)
was added to the conpound obtained above, and the resulting m xture was
then shaken at 50 C for 2 hours, then ®#4 roomtenperature overnight. The

resin was filtered and washed with MeOH, and 5 the filtrate was evapor at ed.

The resi due(iast polutied by DIEN eI mMsénl—BME (ymaldi evats efid8&e ZHUKIHICN
o syl St b L BN s Rl AR oy
76.3 C, 10 shekeyl @t560 8c(foBu dowoa, bmhyh) ab- fdomt yremqplexaryke- 3- (2, 6-
overnight. The resin was filtered and washed with MeOH, and
5 the filtrate was evaporated. The residue was purified by
reverse phase HPLC (gradient of 0%-70% CHs3;CN in water) to
yield 3-(2,6-dichloro~4-pyridyl)-5-(4-bromobenzyl)-1, 3-
diazabicyclo[3.3.0)octane-2,4-dione (58.0 mg). MS (m/z): 456
(MH™); mp: 76.3 °C;
10
Example 56: 8- (t-Butoxycarbonyl)-5-(4-cyanobenzyl)-3-(2,6-
dichloro-4-pyridyl)-1,3,8-triazabicyclo[3.3.0]octane-2, 4~

dione
(o] o) (o}
Me;SiCHN, TFA
\)LN/TOS _’ME3SiMN’TOS MN’TOS
| NeN N-NH |
1 2 3
1) NaCNBH,
2) (BOC),0
O
(Av/ﬂ\vﬂbs o
. EfaN.50C - ArNCO ~Tos
N ~——Boc' N)’N — N
N' N-NH |
BOC 0 BOC
’N
] 4
Cl
1) LDA
2) ArCH,8r
NC
0O Cl
N N
N-N ‘Q

15 BOC o Ci

(1) Aza-proline derivative 4 was synthesized from N-

-



di chl oro-4-pyridyl)-1,3,8-triazabicycl o[ 3.3.0]octane-2,4- dione O Me3Si CHN2
OO N-Tos 2 Me3SI. N Ts TFA ~NJos <"~ N=N N-NH 2 3 1) NaCNBH3 2)
(BOC)20 O WOM@1/3078 | NTos O E13N, 50 C N.N N ArNCO ~Tos RERHUSOpRNRZE BOC C~
(YINBOC O C O~ ry\~BOONNH /N4 C 1) LDA 2) ArCH2ZBr NC OC NN

15 BOC O Cl (1) Aza-proline derivative 4 was synthesized fromN WO 01/ 30781
PCT/ US00/ 29273 86 Exanple 57:

5- (4- Cyanobenzyl )-3- (2, 6-dichloro-4-pyridyl)- 1,3,8-triazabicyclo (3.3.0]
octane-2,4-dione. NCNC OC | OC MN& 1) TFANA-< N

Example 57: 5-(4-Cyanobenzyl)-3-(2,6-dichloro-4-pyridyl}-

1,3,8~triazabicyclo [3.3.0] octane-2,4-dione.

NC NC
/o) cl o} cl
= 1) TFA ==
N— N _NTFA N N
2) DIEA N—N~( 4
BOC o cl H o cl

To a solution of the compound from Example 56 (102
mg) in CH2Cl, (5 mlL) at -10 °C was added TFA (1 mL). After
warming to room temperature, the reaction mixture was
stirred for a total of 1 hour while monitoring the

10 progress by TLC. Upon consumption of the starting
material, the reaction mixture was cooled to 0 °C and DIEA
{4.5 mL) was added carefully. After 2 hours, water (20 mL)
and EtOAc (30 mL) were added and the mixture shaken. The
aqueous phase was then separated and extracted with EtOAc.

15 The combined organic layers were dried over NazSO,,
filtered and concentrated in wvacuo. The residue was
purified by liquid chromatography (Si0O;, EtOAc) and re-
crystailization from EtOAc/hexanes to give the titled
compound (62 mg). MS (m/z) 402 (M); mp 187 °C.

20
Example 58: (5R, 7R)-5-[4-(Trifluoromethoxy)benzyl])-3-
{2,6-dichloro-4-pyridyl) -7-hydroxy-1, 3~
diazabicyclo[3.3.0)octane-2,4-dione; and
Example 59: (5S,7R)-5-[4-(Trifluoromethoxy)benzyl}-3-(2,6-

25 dichloro-4-pyridyl)-7-hydroxy-1, 3~

diazabicyclo[3.3.0]octane~-2,4-dione

-



NN-~2) DEAN'" SOCOCI HOC 5 To a solution of the conpound from
Exanple 56 (102 ng) in CH2C12 (5 nmL) at -10 C was added TFA (1 nlL) . After
warm ng to MM/ tperature, the reaction nmixture was st iPCradoof29273a t ot al
of 1 hour while nonitoring the 10 progress by TLC. Upon consunption of the
starting material, the reaction mxture was cooled to O C and DIEA (4.5
m.) was added carefully. After 2 hours, water (20 nL) and EtOAc (30 nli)
wer e added and the m xture shaken. The gueous phase was then separated
and extracted with Et OAc. 15 The conbi ngg organic |l ayers were dried over

Na2SO4, fi ncent gat j uo. The r.esi due, was urified by

l'iquid chr o#a‘f%“%&&%%gp?% 0%1' goige)dHZrclg%?lé? c??/styé%dga?f%n ??%ﬁfeg

Et OAc/ hexareungomngi I¥ t(heléidg)ed conpound (62 ng). M5 (mz) 402 (M; np

187 C. 20 Exanple 58: (5R 7R)-5-[4-(Trifluoronethoxy)benzyl]- 3-

(2,6-dichloro-4-pyridyl)-7-hydroxy-1, 3-

di azabi cycl3e®p-3..0] Ghcarmempodndi dmem andpElanpl 855§} was benzylated

(58S, 7TR) - 5- -(Tr'.%. Lo benzyl]-3-.(2,6- 25

di chl or 0? 4-%‘yr"‘} cﬂﬁ lfigfh%?’§§§¥¥? P° a‘ll‘%szcart}i EJcFBE B3R 12t Afve- R i one WO

01/ 30791 PGHEUISHQ/ 29274~ (BE fdhrcomaietyvaphyer(z3:198 3MEOHECHPEN Py rd-at-yi el d t he

desired c LY ) .0).. .ep-4. . Th ompouynd fromstep 3 (3.55 g)

was benzyl g{pe}gw}g)i)r{ g%flﬁikﬁ‘}atryl%ﬁlg%é-‘garlélg%fo cﬂT’ ed for Exanple 56, step

4 vyiel di nfli®zadi€¥ecld 303 dnetdtane)Relziidéns- (2, GepachbDbn- dof the
diastereomers 5R,7R (2.76 g) and 58,7R (0.3 g) was

10 achieved by flash chromatography eluting with CH,C1,.

Step-5. Both diastereomers from step 4 were treated
separately in a similar procedure as described in Example
2 (step 4) to give the following compounds:

15
(SR, 7R) =5~ [4- (Trifluoromethoxy)benzyl]-3-(2, 6~dichloro-4-
pyridyl) -7-hydroxy-1,3~-diazabicyclo[3.3.0]}octane-2, 4~
dione; 1.86 g, MS (m/z) 476 [MH'], mp 52.4 °C

20 (35S,7R)-5-[4-(Trifluoromethoxy)benzyl]-3-(2, 6-dichloro-4-
pyridyl)-7-hydroxy-1,3-diazabicyclo[3.3.0)octane~2, 4-

dione: 0.18 g, MS (m/z) 476 [MH']. mp 162.3 °C.

Example 60: (5R, 7R} -5-(4-Cyanobenzyl)-3-(2, 6-dichloro-4-
25 pyridyl)-7-hydroxy-1,3-diazabicyclo[3.3.0)octane-2,4-dione

The titled compound was prepared in a manner similar
to Example 58. MS (m/z) 417 [MH']. mp 97.6 °C

30

e



pyridyl)-7-(tert-butyldinmethylsilyloxy)-1,3 diazabicycl o[ 3. 3.

0) oct ane- 2, 4-di one. Separation of the diastereoners 5R 7R (2.76 g) and

_5S, 7R (0. 3 Woamusrs1 10 achi eved by flash chromat ography el BET/NSpo#20h CH2CL2.
Step-5. Both diastereoners fromstep 4 were treated separately in a
simlar procedure as described in Exanple 2 (step 4) to give the follow ng
conpounds: 15 (5R, 7R)-5-[4-(Trifl uoronet hoxy)benzyl]-3-(2, 6-dichl oro- 4-
pyridyl)-7-hydroxy-1, 3-di azabi cycl o[ 3. 3, 0] oct ane-2, 4- dione; 1.86 g, M
(mz) 476 [MH+], np 52.4 C 20 S0

(5S, 7TR) - 5-[ 4- (Trifl yo t hoxy) benzyl ] -3- (2, 6-di ghl or g-A4- oA
pyridyl)-7- hydrg%%?/- %Elf%?acz:grﬁ%% cPo‘{gsg. ?Jfﬂ a&cetdgner-of', 4&)Rdi o7nsé: 50.[f8 g, M
E r571Rz)7R)47g [(Tﬁi]fluuporﬂ&?cﬁcygbeﬁxgﬂrg{-} 62),:6-dj.ch§.oro-4-pyridyl) -7~

, -5- (4-.Cyanobenz -3 (2, 6-dichl oro-4- 25 . .
pyri dyl ) - 7- 1%05‘25/? Q’ﬁ/zoﬁ)%%zca\’%ﬁé’?ér%[@J.%Ft@“&ctzaﬁegé?ﬂ‘?dil&nea TREPEFt | ed
conmpound wasmplepateExamd eT@sner MSi (i Hr 5170 [ME& DI 386 .85°Cm z) 417
[ MH+] . np 97.6 C 30 j WD 01/30781 PCT/ UTS00/29273 90 The titled conpound
was prepared from (5R 7S) -5- [4-
(Trifl uoromebhpxy) be&szyl | ¢5R,( 2, Bs b+ Bhi OF (Mrd £pubirdifefhod*y) benzyl] ~3-

am no-1, 3-di,azahi cycl o[ 3. 3. Ql.qct ane- - di one i manner simlar to
Exanpl e 48%%@‘?%1?%’)%%‘;1‘/"ﬁ%ﬁﬁﬁyiﬁﬁ?i%ﬂﬁd"%’Es[';aﬁf)l e 65. (5R

7S) - 5- [ 4- (Gikakbhhbepans B3y )0estyheé-3-4-dione
(2,6-dichloro-4-pyridyl)-7-(ethylurea)-1, 3-

di azabi cycl o( 3. 3. 0] octane-2, 4-dione 10 To a solution of (5R 7S) -5- [4-
(Trifluoaromet hoxy) benzwl | - 3- d16tdbshl or oo4- pyri dR),- 7- 7S)-5-[4-

(Trifluoromethoxy)benzyl]-3-(2, 6-dichloro—-4-pyridyl)-7-
amino-1,3-diazabicyclo(3.3.0)Joctane-2,4~dione (0.085 g) in
THE (5 mL) was added ethyl isocynate (25 mL). After
stirring overnight at room temperature the reaction

15 mixture was concentrated and purified by chromatography
{silica gel: 98:2 CR,Cl,:MeCH, Chromatotron) to afford the
titled compound (0.095 g). MS (m/z) 546 [MH'}. mp 227.5
°c.

20 Example 66. (5R, 178)-5-[4-(Trifluoromethoxy)benzyl]-3-
(2,6~-dichloro-4-pyridyl)-7-(3-carboxypropanoylamino)-1, 3~

diazabicyclo[3.3.0}octane~2,4-dione

To a solution of {5R, 78)-5-[4-

25 (Trifluoromethoxy)benzyl]-3-(2,6-dichloro-4-pyridyl)-7-
amino-1,3-diazobicyclo[3.3.0)octane-2,4-dione (0.155 g) in
CH:Cl, (4 mlL) was added succinic anhydride (0.072 g) and
DMAP (catalytic amount}. After 4 hours, the reaction
mixture was concentrated and purified by chromatography

30 (silica gel: 95:5 CH;Cl,:MeOH, Chromatotron} to afford the



am no-1, 3-di azabi cycl o( 3. 3. 0] oct ane-2, 4-dione (0.085 g) in THE (5 nlL) was
added ethyl isocynate (25 nlL). After stirring overnight at room

t enper at ur eWw@/semacti on 15 m xture was concentrated and POF/USA02R7ByY
chromat ography (silica gel: 98:2 CH2Cl12: MeCH, Chromatotron) to afford the
titled conmpound (0.095 g). M5 (mz) 546 [MH]. nmp 227.5 O0C. 20 Exanple 66.
(5R, 7S)-5-[4-(Trifluoronethoxy)benzyl] - 3-

(2, 6-dichloro-4-pyridyl)-7-(3-car boxyprgganoyl am no)-1, 3-

di azabi cycl o[ 3. 3. 0) oct ane- 2, 4-di one To solution of (5R 7S)-5-[4- 25

(Trifluorometho benz .3- (2,6 |chloro4 I dyl) .- 7-

ani no- 1, 3- di azoﬁ‘¥>> Vel % %’13’]%96] && t&' Qf“pcﬁu&r‘i'e r@%s%(aé?lfn 66 ei? (4 m)
was added spiccinmiTHFanSydl i des (Hdde@ l@ﬁmeﬂ:ﬂd'l IBWBErézBm«aI 30 QJIB)WDLBIIQ . After
4 hours, th actjon i Xt s _gcong ur i f.i ed

chr omat ogr a@m?% {Sl Ilﬂogg gg(feoggﬁ 2’6%2 ﬁi%—l q&%gnﬁ%t ron) tc‘)erafford
the WO 01/ 3x38¥iRgGT. /ohi‘é&ﬁi@ﬁﬂ?ﬁhe 92edothos Okt wre ofad heonmmmamkd‘ rom

EC (0,90 T 58aie0 080 oap SO bket DR RAL O TRIFSa A B %.%ﬁ*o "

over ni ght tHa;eLnreeacdm@a rmmgsme wzﬁla:emeant caheént fatHke arresl

di ssol ved i.n Et C er and _bri dr| 2S filtered,
concent rat & anf 5?1‘??‘%%‘&1"’5@ cfﬁ Fogr 46hy (rsbeﬁl ‘gfgﬂClZQS 5%2652012
MeOH, Chr @lﬁbahmen):ohp aéfafﬂofmetmettmgmrmmmeo (0019) g)M5 Msm z) 657

MH] . le 7 R, 7S)-5-[4-(Trifl th b ] - 3-
EZ 6] dlcmo §8§9 W7%8X201§<§_ ) [4-(Tri T uor omet hoxy) benzyl] -

Example 70. (5R, 78)~5-{4-(Trifluoromethoxy)benzyl] -3~
(2,6-dichloro-4-pyridyl)-7-oxo-1,3-

diazabicyclo[3.3.0)octane-2,4~-dione

15 PDC (0.40 g) was added to a solution of (5R, 7R})-5-
[4- (Trifluoromethoxy)benzyl}-3-(2,6-dichloro-4~-pyridyl)-7-
hydroxy-1,3-diazobicyclo([3.3.0]loctane~2,4-dione (0.21 qg)
in CH;Cl,; (10 mL). Additional PDC was added after 24 hours
(0.43 g) and 96 hours (1.19 g). The reaction mixture was

20 diluted with CH;Cl,, washed with water, 0.5 N HCl, and
brine, dried (Na;SO4), filtered, concentrated and purified
by chromatography (silica gel: CHzCl;, Chromatotron) to
afford the titled compound (0.134 g). MS (m/z) 474 [MH').
mp 166 °C.

25
Example 71: {5R, 758)-5-(4-Bromobenzyl)-3-{3,5~
dichlorophenyl)-7-hydroxy-1,3-diaza bicyclo[3.3.0}octane-

2,4-dione

30 The titled compound was prepared in a manner similar

to Example 2 using (4S)-N-(tert-butoxycarbonyl) 4-hydroxy

This Sheet Has Been R
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di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-dione 15 PDC (0.40 g) was added to a
solution of (5R 7R)-5

[4- (Trifl uor®PRVHE%KY) benzyl ] - 3- (2, 6-di chl or o- 4- pyri dyl ) - 7PCT/US00/29273

hydr oxy- 1, 3-di azobi cycl o[ 3. 3. 0] oct ane- 2, 4-dione (0.21 g) in CH2Cl12 (10
m.). Additional PDC was added after 24 hours (0.43 g) and 96 hours (1.19
g). The reaction mxture was 20 diluted with CH2C12r washed with water, 0.5
N HC1, and brine, dried (Na2SX4), filtegyed, concentrated and purified by
chromat ography (silica gel: CH2Cl2, Chronmatotron) to afford the titled
conpound (0.134 g). M (rﬂz) 474 [MH] . np 166 C. 25 Exanple 71: (5R,
7S) - 5- (4- Bronobenzy g (3,5- dichiorophenyl)-7-hydroxy-1, 3-di aza

bi cycl of 3. 3E¥FBRE A 2(533 §r bfiBzunckenzyild ad ( Bohpdishl amephenypartd3in a

manner sim §85za8: 24388, 8]H§t119-4n4-52) 4N'd Bﬁét but oxycarbonyl) 4-hydroxy
Thi s Sheet Has Been Repl aced ITiillTilTi i1TT WD 01130781 PCT/ US00/ 29273

94 Exanpl e 75. (@ 4- Br onbbenzyl ) - 3- (3, 5-di chl orophenyl ) -1, 3-

di azabi cycl0[3.3.0 -7-&n-2, -Idi one Br O Ms (nlz) 474 [ MNa+] . np 52
C. 5 Exanple 76. (5 7R - 5L&- Bronobenzyl ) - 3- (3, 5-

di chl orophenyl ) - 7- acgt dm | , 3- di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one 10 The

titled conpound was p re om (5R, 7R)-5-(4-
o I MS (m/z) 474 [MNa*). mp 52 °C.

Example 76. (5R, 7R) -5- (4-Bromobenzyl)-3-(3,5-
dichlorophenyl)-7-acetamido-1, 3-diazabicyclo[3.3.0)octane-

2,4-dione

10 The titled compound was prepared from (5R, 7R)-5-(4-
bromobenzyl)-3-(3,5~dichlorophenyl)-7-amino-1, 3-
diazabicyclo[3.3.0]octane-2,4-dione in a manner similar to
Example 48. MS (m/z) 511 [MH']. mp 156.9 °C.

15 Example 77. {5R, 7R)-5-(4-Bromobenzyl)~3-(3, 5~
dichlorophenyl)-7-benzamide-1,3-diazabicyclo[3.3.0}octane-

2,4-dione

To a solution of (5R, 7R) -5- (4-bromobenzyl) -3~ (3,5-

20 dichlorophenyl)-7-amino-1,3-diazabicyclo[3.3.0]octane~-2, 4-
dione (0.065 g) in THF (5 mL) was added DIEA (0.50 mL) and
benzoyl chloride (0.20 mL). After 3.5 hours, the reaction
-mixture was concentrated and purified by chromatography
(silica gel: 98:2 CHzCl,: methanol, Chromatotron) to afford

25 the titled compound (0.073 g). MS (m/z) 594 [MNa‘]. mp

149.6 °C.

-



br omobenzyl ) - 3- (3, 5-di chl or ophenyl ) - 7-am no- 1|, 3-

di azabi cycl o[ 3. 3. 0] octane-2,4-dione in a manner simlar to Exanple 48. M5
(mz) 511 [ WPM307ep 156.9 C. 15 Exanple 77. (5R PCT/US00/29273

7R) - 5- (4- Bronobenzyl ) - 3- (3, 5-

di chl orophenyl ) - 7- benzam de-1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-dione To a
solution of (5R, 7R)-5-(4-bronobenzyl)-3-(3,5- 20 -

di chl orophenyl ) -7-am no-1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4- di one (0.065 Q)
in THE (5 nmL) was added DI EA (0.50 nL) a&aed benzoyl chloride (0.20 mi).
After 3.5 hours, the reaction mxture was concentrated and purified by

chr omat ogr awater (and ibeangel dr98d 2(NeH301P,; fietteares],, cCGhrenttattedrand o af ford

25 the titl 594 ]

53 50981 PARTEETRD 80 dikohidod }apgfdQ%%%%a %1 edg‘zﬁa"z%ﬁ} el ed
concentr at echroxhtoyoond i éd 8Ffcid ortest dgirtdeldy cospbund (@l133B®)20 MS
CH2C12: MeCH r tfon) to afford the titled conpound (0.133 g). M
(m'z) 614 [f\%ﬁghﬁgaég A

5- (4- Brofobenzyl ) - 3- (3, 5- d| chI orophenyl) 8- oxo-

Lo ch 2o S, OLoeyont s, 20,0 SO Tl e Lt

CDZflt stc H 0 °-C]
1 3-diazabicyclo[3.3.0)octane~2,4~dione

Br. B“»&*T
S |
COMe
CO;Et  stepl CO5Ft step2 —N
2 P = )’NH
NH e NH - o
0 7 Nql
o o -
! - m
step 3
Br- Br: Y
? 1 step 4 CO;H
-
N\{q 0 N)’"“
o (¢} Cl 0 a
v
Cl

10 Step-l. To a solution of ethyl pyroglutamic ester (4.09 g)
in THF at -78 °C was added KHMDS (12.75 g). After 30
minutes, 4-bromobenzyl bromide (6.79 g) in THF (25 mL) was
added. The reaction mixture was allowed to warm to room
temperature over 1 hour. After 1 hour at room temperature,

15 the reaction mixture was concentrated. The residue was
dissolved in EtOAc, washed with 0.1 N HCl and brine, dried
(Na;804), filtered, concentrated and purified by
chromatography (silica gel; 95:5 CHyCl;: MeOH) to afford
the benzylated derivative (5.00 gq).

20



Ol step4\ cCOH NH CC0OO0Od O0O0~- V[V Cl 10 Step-1. To a solution
of ethyl pyroglutamc ester (4.09 g) in THE at -78 C was added KHVDS
(12.75 g) . WQUEMI830 i nutes, 4-bronobenzyl bromni de (6. 7BCHYSHAIZIHE (25
nt) was added. The reaction mxture was allowed to warmto room
tenperature over 1 hour. After 1 hour at roomtenperature, 15 the reaction
m xture was concentrated. The residue was dissolved in EtOQAc, washed with
0.1 N HC1L and brine, dried (Na2SO4), filtered, concentrated and purified
by chronmatography (silica gel; 95:5 CH&12: MeOH) to afford the

benzyl ated derivative (5.00 g). 20 WD,01/ 30781 PCT/ US00/ 29273 8 Step-1.
To a sol ut i%ﬁ?po'fl'agPdals‘(]i‘?tG%‘) ofnagi8clo (k14 HLin \%gécéi‘ddié H"EA (0. 90

n), HOBt (whbAddkd BDEA ({0 8D @l)andosde@d £D.ghQ mok. (dfesrgstdnding
overnight the reaction mxture was diluted with CH2Cl12, washed with 1 N
HCL, 5 NaHMSPERAG-BPi Rk - aitid@r REZEDATI PYSHRIAE, “OBNERRAEIE®Rd to viel d

the desirednigghiee Whs(Qifitdl) withepHdkl,[hRaspE@orikh abavachas treated in a
simlar procedure as described in Exanple 26 (step 4) yielding a 10

m xture df NAESeetrd it drpgd c NRpffa’ 1 | F1ltgregd 3c0rRaE i obt ai ned
above was tyiRalde@neNdésir@d ey Ml q0.8p &xanple 1 (step 2). 15 Step-4.

The conpound obt ai ned above was treated in a
Step~2. The compound above was treated in a similar
procedure as described in Example 26 (step 4) yielding a

10 mixture of diastereomers of the comound III.

Step-3. The compound obtained above was treated in a

manner similar to Example 1 (step 2}).

15 Step-4. The compound obtained above was treated in a

manner similar to Example 1 (step 3).

Step-5. The titled compound was prepared in a manner
similar to Example 21 (step 2). MS {(m/z) 551 (MNa*). mp.
20 123.5 °%c .

Example 84. 5~ (4-Bromobenzyl)~3-(2-chloro-6-dimethylamino-
4-pyridyl)-1,3-diazabicyclo[3.3.0]loctane-2,4-dione.

25 A mixture of Example 39 (0.26 g) and (Me)}NH (2 M in
THF, 5 mL) was heated in a sealed tube at 80 °C for 2
hours. The solution was concentrated and the residue was
crystallized from EtOH to yield the titled compound (0.16
g). MS (m/z) 464 (MH"); mp. 194.3 °C.
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manner simlar to Exanple 1 (step 3). Step-5. The titled conpound was
prepared in a manner simlar to Exanple 21 (step 2). M5 (mlz) 551(MNa+).
np. 20 123.WO@B3078 anpl e 84. PCT/USN0/29273

5- (4- Bronobenzyl ) - 3- (2- chl or 0- 6-di net hyl am no- 4-pyridyl)-1

3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one. 25 A mi xture of Exanple 39 (0.26 g)
and (Me)2NH (2 Min THF, 5 nL) was heated in a sealed tube at 80 C for 2
hours. The solution was concentrated and the residue was crystallized from
EtOH to yield the titled conpound (0.1610@) . MS (mz) 464 (MH+) ; np.

194.3 C. 30 E\MD 01/30751 PCT/ USQ0Q/ 29273 100 Exanple Y Z Physicocheni cal

Properties |8¥amplenN® (mz) 485 (MF) np. 99 C gmysjicochkBical z) (622 (M)
OCFs OCFS mp. 237 C|89 d Ms (mz) 473 (Mm+) ON gq} réﬁg C9 d |IM5 (M z
528 (M) 3p. 194 C91 d Ms|l(miz) 443 (M) - 62 Gl oNB (mz) [511 (M)
CF, np. 194}€793 ) C:I\@ (m z) 463@) cN np.| MbAnZz944RE QH)ME (m z) 462
( M#) . mp. 99 °C
88 \T:?L \T:j\ MS (m/z) 622 (M%)
OCFs3 OCF4 mp- 237 Oc
89 cl M *
‘TZme S (m/z) 473 (MY)
mp. 179 °C
90 cl MS (m/z) 528 (M)
\E:lbﬂ5
mp. 194 °C
91 \(j Cl MS (m/z) 443 (M")
92 \I::L cl MS (m/z) 511 (M")
CFs mp. 194 °C
93 cl MS (m/z) 468 (M%)
\©\CN
mp. 254 °C
94 ij£° Cl MS (m/z) 462 (M)
Me” N mp. 82 °C
95 N,COOtBu N,COOtBU MS (m/z) 663 (M“')
\E;} W, mp. 173 °C
96 _ Npomﬁl Cl MS (m/z) 532 (M")
), mp. 94 °C
g7 \[:5 Ccl MS (m/z) 444 (M%)
mp. 80 °C

Example 98: 5-(4-Cyanobenzyl)-3-[2, 6-bis(2-pyrrolyl)-4-
pyridyl)-1,3-diazabicyclo[3.3.0}octane-2, 4-dione

NC
) H

NH
MS (m/z) 463 (M%)

LRl



Me N nmp. 82 C 95 ,000tau Cooteu M5 (nfz) 663 (M+) N/ | np. 173 C 96
NOOOtau C Ms (mz) 532 (M¥) np. 94 C 97k A M5 (mz) 444 (M+) np. 80 C
Exanpl e 98: WOMH3@ytanobenzyl)-3-[2, 6-bi s(2-pyrrolyl)-4-  PCT/USN0/29273
pyridyl)-1, 3-di azabi cycl o[ 3. 3. 0] octane-2,4-dione NC |1 JNH M5 (m z) 463
(M+) WO 01/30781 PCT/ QS00/29273 102 Br Br Br OC OC Od -NN/N,N
N/N_ NNV /NNOC HOO 00 OC Exanple 101 Exanple 100 Exanple 102
Br 0d --( /N NIN/NYYn O d ORN=1. R= M: Exanple 104 n = 2: R
= Me: Exanple 103 n = 4: R = Et: Exanpl@2105 Exanple 101.

6- (4- ronDbenzyI) 8- (2 6- di chl oro-4-pyridyl)-2-

Example 101 Example 100 Example 102

Br.
%/«O Cl
oﬁ/‘J) (o] Cl

OR

n = 1: R = Me: Example 104
n=2: R = Me: Example 103
n=4:R =Et: Example 105
Example 101, 6~(4-Bromobenzyl)-8-(2,6-dichloro-4-pyridyl)-2-

acetyl-1,2,8-triazabicyclo[4.3.0]nonane~-7, 9-dione.

5 To a solution of the compound from Example 100 (80
mg) in dry THF (2 mL) under N; was added DIEA (0.073 mL)
followed by AcCl (0.024 mlL) and the reaction mixture
stirred at room temperature for 18 hours. Water (10 mL)
and EtOAc (10 mL) wexe added and the mixture was shaken.

10 The aqueous phase was then separated and extracted with
EtOAc. The combined organics were dried over MgSOy,
filtered and concentrated in vacuo. The residue was
purified by chromatography (silica gel; EtOAc/hexanes;
chromatotron) to give the titled compound (71 mg). MS

15 (m/z) 513 (MH"); mp. 91 °C.



acetyl-1,2,8-triazabicyclo[4.3.0]nonane-7,9-dione. 5 To a solution of the
conpound from Exanple 100 (80 ng) in dry THE (2 nL) under N2 was added DI EA
.(0.073 L) wWoeéIBased by AcC (0.024 nL) and the reacti on RETAISA/29275st i rred
at roomtenperature for 18 hours. Water (10 mL) and EtQAc (10 nmlL) were
added and the m xture was shaken. 10 The aqueous phase was then separated
and extracted with EtQAc. The conbi ned organics were dried over MgSO4r
filtered and concentrated in vacuo. The residue was purified by

chromat ography (silica gel; EtQOAc/hexarR8; chronatotron) to give the
titled co und (71 MB 15 m z)_ 513 i 91 C. WD 01130781

PCT/ USOQ 2§x7npl 304 %@ e 104. Bi‘tzﬁw“msaém §/r§ 82 (& . WIORP5 A 5- 4-

pyridyl) -2y ?ﬁ&ﬁ?lyﬁﬂwmﬁbﬁbn}lﬂe& 1-1,2,
triazabicyclo[ 4. 3. 0] nonane-7, 9- di one: (niz) 543 (M), Exanple 105.
6- (4- Brormb'éhé?P?l‘BY?@@-él -Ohnppavg=7,9-dione:’ M5 (m/z) 543 (MH™)
pyridyl)-2-[4-(ethoxycarbonyl)butyll-1, 2,8-

triazabi cycl o[ 4. 3. 0] nonane- 7, 9-di one: m z) 599 $N+H) Exanpl e 106.
5- (4- OyahoB#aspLs - 3- (H5- dj chl oréph‘é'rﬁﬁ‘)m epzyd) -8-(2, 6-dichloro-4-

d b | 0,PpPh3, DEAD O CI 0 CI ROH
1;aigAlE%ﬁb?&§ﬁ?l?lgmf@u%%t%OQYQhQBS%yisbd%ggé Y 21E To a solution of 1,

{ e
3- d|azab|c§€P6F3bBCYQﬂ° do3afénonane-7, 9-dione: BS (m/z) 599 (MH").

Example 106. 5-(4-Cyanobenzyl)-3-(3,5-dichlorophenyl) -1, 3-
10 diazabicyclo[3.3.0)octane-2,4~-dione

O PPh3, DEAD o
<:jr)( 1)LDA
-———> rCH2 Br
N\(NH N
o

10 2

Step 1: To a solution of 1,3-diazabicyclo[3.3.0]Joctane-
15 2,4-dione 1 {500 mg, J. Med. Chem., 1995, 38, 3566), PPh;
(1.2 g) and 3,5-dichlorobenzyl alcohol (620 mg) in THF (10
mL) at 0°C was added DEAD (0.7 mL}) drop-wise over 45
minutes. The mixture was allowed to warm to room
temperature and H,O0 /EtOAc (50 mL each) were added and the
20 mixture was shaken. The aqueous phase was then separated
and extracted with EtOAc. The combined organics were dried
over MgSO4, filtered and concentrated in vacuo. The residue
was purified by chromatography (SiQ;, EtOAc/Hexanes) and
recrystallization from EtOH/H,0 to give the desired N-
25 benzyl derivative 2 (550 mg). MS (m/z) 299 (M%).

This Sheet Has Been Replaced

MRS

gy



15 2,4-dione 1 (500 ng, J. Med. Chem, 1995, 38, 3566), PPh3 (1.2 g) and
3, 5-di chl or obenzyl al cohol (690 ng) in THE (10 ni) at O0C was added DEAD
(0.7 L) dr¥%9036&8B1over 45 ninutes. The nixture was al | oREAUSH293F m t o
room tenperature and H2O /Et OAc (50 nL each) were added and the 20 m xture
was shaken. The aqueous phase was then separated and extracted w th Et QAc.
The conbi ned organics were dried over MgSO4i filtered and concentrated in
vacuo. The residue was purified by chromatography (Si 2, EtQAc/ Hexanes)
and recrystallization fromEtOH H20 taogi ve the desired N 25 benzyl
derivative 2 (550 nmg). M5 (nmz) 299 (Mt) . This Sheet Has Been Repl aced
LIT1T1TU 11 USEepl 1 frol d bblutidh 00£3017,:8FREEAUSODER9PT I . Mestdnep 1: To a

solution o a3-diazabl cycl of 3. ) t - 2, 4-di ) ) .in DVF (50
m) was adééé %?%ﬁle(é%ﬂr;m?} %’hd&P% 1?12])6_%59);&]%&;‘3&}%@(:5:&% H1h‘>)<ture was
stirred at andoaBDMSOper(®t.Ar g)f.oITh2 h@mactinhemduponewatsr sE30rad) aand 5

DCM hexanes ( 1/ 100 re added_and,the m xture wa shaken. .The
oteoos e gebm, Tenp@dalite (867 BC08H: N AnkRE LA HeFod ™ Y20 SHEL PRna e
conbi ned oDgHAhexanger $1 A&y el0@dsihbll weréhaddedr andr ithd mictubfSO4s filtered
and concent ha ed i’? vacuo to give the prot ecge&ita:”g%]deextgr% %e%) _w\ﬁl%ch was

used t0 wif Sk?nfur?%e?q‘fﬁor'“} i a?tsieorvf.asTﬁgpgfﬁy?a ) one in-a manner
sim | ar toDEMAhpkandH6(10)yi dhed tdoebdesdr edgaibnz)d yemed wedeemaahedSt ep 2:
To a solutiop . of the c ound fr ep=1,(100, 15 and _Et 3N.(0.054 nl)
in THE (2 F”r’f?hv\/ﬁ%%%ﬁﬂegg@? P‘bﬁ%%@fmﬁ%&%ﬁ oarrll%e”g%ﬂffnr%fge%hégr eaction
m Xt ure wasacsbi tpediae rhemprempetadulnider (4.0oyl swhiéohceasr akted in
10 without further purification. The alkylation was done in a
manner similar to Example 106 to yield the desired

benzylated material.

Step 2: To a solution of the compound from step-1 (100
15 mg), and EtaN {(0.054 mL}) in THF (2 mL) was added 3,4-
dichlorobenzoylchloride (74 mg). The reaction mixture was
stirred at room temperature for 4 hours, concentrated in
vacuo and purified by chromatography (silica gel;
EtOAc/hexanes; Chromatotron) to give the titled compound
20 (54 mg). MS (m/z) 483 (MH'); mp. 158 °C.

Example 110. 5-{4-Bromobenzyl)-3-(3,5-dichlorophenyl)-7,7-

difluoro-1,3-diazabicyclo[3.3.0]octane~-2,4-dione:

Br.
[0} o]
DAST \%4 &
o N—< :} CH,C, = F NQ

(o) Ci

Br

In a plastic wvial, the compound from Example 35 {167
25 mg) was dissolved in anhydrous CHyCl, (5 mL) and DAST (47

pL)} was added. The reaction mixture was stirred at room



vacuo and purified by chromatography (silica gel; EtQAc/hexanes;
Chromatotron) to give the titled conmpound 20 (54 ng) . M5 (mz) 483 (MH) ;
np. 158 C. BEWQMHBESN10. 5- (4- Bronobenzyl) - 3- (3, 5-di chl or opteayshg/292737 -

di fl uoro-1, 3-di azabi cycl o[ 3. 3. 0] octane-2,4-dione: Br , 1 Br, i OC I O
Cl DAST FN~ ONNCH2CI2 FNOCLOC 1In a plastic vial, the conpound
fromExanple 35 (167 25 ng) was dissol ved in anhydrous CH2C12 (5 ni) and
DAST (47 L) was added. The reaction mxture was stirred at room WD 01/ 30781
PCT/ 1JS00/ 29273 108 210 mm 1% HOAc/ CHBOM gradient) to provide the titled
product (5.5 g). M5 (mz) 416 (M#); np. 184.4 C. Exanple 112.

5-(4- Q/anobéhgowﬂ}r- 313, HPAA/EHEON ogtir@dilent) 5 to provide the titled

1, 3-di azabi cycl. o] 3. octaneg-2.4-dione NCONNC\ OO0 Cl, OCI \ / NN\ /
NNNOC 0 °d\*)éfc 652@4:9%9) aﬁsh&{ﬂecfﬂtsowyﬂgbfu’??onl%'ﬂ h&-compound from
Example 111 (3.90 g) in CH2C12 (20 nlL) and the reaction mxture stirred at
roomtenperature. for %% hougs, 10 The m xture_was filtered though a plug of
Si 02 (washi R§3™4E h iF-croeldiTh enERYLLoP v Ed O VRIS PESBPEPEY) And t he

5 1,3-diazabicycle[3.3.0]octane-2,4-dione

NC
OH
N
N~( ‘Q
o cl cl

PCC (2.43 g) was added to a solution of the compound
from Example 111 (3.90 g) in CHyCl, (20 mL) and the
reaction mixture stirred at room temperature for 48 hours.

10 The mixture was filtered though a plug of SiO; (washing
with 1:1 CH,Cl,;:EtOAc). The solvent was evaporated and the
residue was purified by chromatography (SiO2, hexanes to
1:1 hexanes/EtOAc gradient elution) providing the titled
compound (1.97 g). MS (m/z) 414 (MH*). mp. 72.1 °C.

15
Example 113. 5-(4-Cyano-a,a-difluorobenzyl)-3-(3,5-
dichlorophenyl) -1, 3-diazabicyclo(3.3.0)octane-2,4-dione

NC NC._
o
0 ol DAST __ _ o cl
ca,
N\(N N\\(N
o cl el cl

In a plastic tube, the compound from Example 112 (154
20 mg) was dissolved in CCl; (4 mL) and treated with DAST

(98.3 pL). This reaction mixture was stirred for 22 hours



resi due was purified by chromatography (Si02, hexanes to 1:1 hexanes/Et CAc
gradient eluti on%-‘B g)rovi ding the titled conpound (1.97 g). Ms (nz) 414
(M) . np. YO P18 5 Exanpl e 113. 5-(4-Cyano-a, a-di f| uor FP6FASY2928- ( 3, 5-

di chl orophenyl ) -1, 3-di azabi cycl o[ 3. 3. 0] octane-2,4-dione NC NC 0 0 CI DAST
FCC CCl4 NN\ / NN\ / O0OC OC In a plastic tube, the conpound from
Exanple 112 (154 20 ng) was dissolved in CCl4 (4 nL) and treated with DAST
(98.3 pL). This reaction m xture was st'il{ ed for 22 hours WO 01/ 30781

PCT/ RS00/ 29273 110 Exanple 115. 5-[4-( m nophenyl ) benzyl ] - 3- (3, 5-

di chl or opheﬁﬂrg Je 13sdi gnggl ?{ %’ﬁ’fg‘e%ﬁ?%gﬁ%?gg%ﬂ,% 2 (Schenme 12, step

2) The corrpopn rom Ex 5in EtQAc (15 nl)
and Et OH (5dh¢_l)l°rﬁi>@e§dﬂmrﬂoa Wahi@gasséa-mehqnémw,geﬁibmerem)ve 02.

Pd-C (5 nu, S‘Sdﬁengegtéssgt% was added and H2 was bubbl ed through the
solution for 5 m nut és e reaction m xture was stirred under H2 for 4.5

hours. The m xture was filtered through 10 celite (washing with Et OAc). The
sol vent was evapdrateIrosnd thyem Esiannde pdl#fi(@dObygHPwas( B3Ssvhveds 40 x

210 1% t e et d d. (m2z)
210 m )5 %Oﬁgggk%q(\idﬂaiberﬁad PtBﬁOV(sd nthe tiihgd cormaund. M
5- (4- (4- AcetsAamfiadop R hernde) 3-8, semage O;.  Pd-C (5 mg, 5%

di chl or ophefegdussh 3cghazabhey lfied 314 08} angs2. ¥ndl 1y through the

solution for 5 minutes. The reaction mixture was stirred
under H; for 4.5 hours. The mixture was filtered through
10 celite (washing with EtOAc). The solvent was evaporated
and the residue purified by HPLC (*®C-Waters 40 x 210 mm,
1% HOAc/CH3:CN gradient) to provide the titled compound. MS

(m/z) 466 (MH*). mp. 278 °C (dec.).

Example 116. 5-([4-(4-Acetylaminophenyl)benzyl}-3-(3,5-
15 dichlorophenyl)-1,3-diazabicyclo[3.3.0]octane-2,4-dione
(Scheme 12, step 3)

The compound from Example 115 (38 mg) was dissolved
in CHzClz (1 mL) and pyridine (1 mL). To this solution was
added Acy0 (200 pL) and the reaction mixture was refluxed

20 for 15 minutes. The solvent was evaporated and the
residue was purified by chromatography (SiO2, hexanes to

1:1 hexanes/EtORc gradient elution) to provide the titled
compound (41 mg). MS (m/z) 508 (MH*). mp. 123.9 °C.

The following compounds were prepared in a manner similar
25 to Example 116:

-



(Schene 12, step 3) The conpound from Exanple 115 (38 rug) was dissol ved

in CH2CI2 (1 nL) and pyridine (1 nL). To this solution was added Ac20 (200
L) and the ™MEQBYIF m xture was refluxed 20 for 15 ni nut e®cTiiibMydpisvent was
evaporated and the residue was purified by chromatography (Si 02, hexanes
to 1:1 hexanes/EtQAc gradient elution) to provide the titled conpound (41
ng). M5 (nfz) 508 (MH). np. 123.9 C. The foll ow ng conpounds were prepared
in a manner simlar 25 to Exanple 116:. WD 01130781 PCT/ 11 S00/ 29273 112 s
NH2 ~ 1 NHo ci PANCS OCl N Et3N/ cHlé12 6):: OC NN\ / Od To a
solution of the conpound from Exanple 220 (100 ng) in CH2C12 (3 nL) and

Et 3N (60 pL) was agided PhNCS (31 pL) and *\ action m xture was stirred
terrperature The m xt ur€ MHdi | uted with CH2C1l2 and

overni ght at roo
NaHCO3. The organic

then extracted in

phase was dried over filtered and the was evaporated. The
residue was purified b ’ logr aphynesi 02, to 4:1 (L)'exanes/ Et CAc
gradient 10 elution) ard]r ew< sk phaBeNFIELEs,( 18C, Wate 10 40 mm 0.1
N HOAc to CH3CN gradien pvide the titled conpqu ). M5 (mz)

601 (MH+). np. 128.6 C. ERanpl &€ 126: X
5- (4-[ 3- (Phenyl car banoyl ) phenyl ] benzyl ] - 3- (2-

To a solution of the compound from Example 220 (100

mg) in CH2Cl: (3 mL) and Et3N (60 uL) was added PhNCS (31
rL) and the reaction mixture was stirred overnight at room

5 temperature. The mixture was diluted with CH,Cl, and then
extracted in succession with 1IN HCl, brine and NaHCO;. The
organic phase was dried over NayS0;, filtered and the
solvent was evaporated. The residue was purified by
chromatography (Si02, hexanes to 4:1 hexanes/EtOAc gradient

10 elution) and reverse phase HPLC (“C, Waters 210 x 40 mm,

0.1 N HOAc to CHiCN gradient) to provide the titled

compound (35 mg). MS (m/z) 601 (MH*). mp. 128.6 °C.

Example 126: 5-{4-[3-(Phenylcarbamoyl)phenyl]lbenzyl}-3-(2-
chloro-6-(2-pyrrolyl)-4-pyridyl)-1,3-
I5 diazabicyclo[3.3.0)octane-2,4-dione

Cl
PINCO
Et;N /CH,Ch Cl
Cl

Cl



chl oro-6-(2-pyrrolyl)-4-pyridyl)-1,3 15 di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one
NH2 ONANH H O C PhNCO N Et3NCH2CI OCL NC NN~ _~j ~ 0C1 W
01/ 30781 PCWO¥E¥MG3120273 114 was evaporated. The resi due PREAISHARTI ed by
chromat ography (Si 02, hexanes to 4:1 hexanes/Et OAc gradient elution) to
provide the titled conpound (40 ng). M5 (mz) 534 (M#). nmp. 86.5 C. 5
Exanpl e 128. 5-[4-(5-tetrazol yl)benzyl)-3-(3, 5-

di chl orophenyl ) -1, 3-di azabi cycl o[ 3. 3. 0) oct ane-2,4-dione: NN-N NC 0 C NaN3
H~~o0oC DV -0 NNNN O C OCI 10 NaN8 (64.5 ng) was added to a '
solution of Exanple 21 (137 ng) in DMF (3 nL). The reaction m xture was
seal ed and ¥Waat edapexatietD C The Z2shdueswaFheuréficedotrynichnomatwgsapbyl ed

to roomte tur t sqgl.uen de d re, The

Fesi due was BT | CTRILERL® ( JEE warkFiEY AR ORE ChrRRRUEET VSRR, She

gradi ent) tﬁréwfagckﬁély§tﬁbﬁl@gmﬁgﬂp@ufﬁb mg). MS (m/z) 534 (MH%). mp.
86.5 °C.

Example 128. 5-[4-(5-tetrazolyl)benzyl)-3-(3,5~
dichlorophenyl)-1,3~diazabicyclo[3.3.0)octane-2,4~dione:

N )
NC N
Cl NaN H o) Cl
3
Yol 0
N
N\« N
(o] Cl \Yé Cl
10 NaN3 (64.5 mg) was added to a solution of Example 21 (137

mg) in DMF (3 mL). The reaction mixture was sealed and heated
at 140 °C for 72 hours. The reaction mixture was cooled to
room temperature and the solvent removed under reduced
pressure. The residue was purified by HPLC ('®C-Waters 40 x

15 210 mm, 1% HOAc/CHaCN gradient) to provide the titled compound
(27 mg). MS (m/z) 457 (MH*). mp. 194.8 °C.

Example 129. 5-{(4-Amidinobenzyl)-3-(3,5-dichlorophenyl)-1,3-

diazabicyclo[3.3.0)octane-2,4-dione:

NH
NC HaN
0 cl o ol
N 1) HCI/ CH;OH_ N
N~( 2)NH; /EtOH N~
0 Cl o Cl

20 Anhydrous HCl was bubbled through a solution of Example
21 (219 mg) in CH3OH (10 mlL) for 15 minutes at 0 °C. The

-y



(27 mg). MB (nfz) 457 (MH+).

np.

194.8 C. Exanple 129.

5- (4- Am di nobenzyl ) - 3- (3, 5-di chl orophenyl ) -1, 3-

. di azabi cycl WP31/30781 oct ane- 2, 4- di one:

NH NC H2ZN O O |

@CTAISE)/29273 HC

CH, OH N 2) NH3ROH N-|

OC 0 d 20 Anhydrous HC1 was bubbl ed through a

sol ution of Exanple

21 (219 ny)

in CH3CH (10 nL) for

15 mnutes at 0 C

The WO 01130781 PCT/[JS00/ 29273 116 CI

NaH DVF 02N Ct NH2 CBzCl 02N

N(CBz)2 -0- C C 1 step-1 2 d Naé?& tri phosgene H2ZN N(CBZ)2 THF/Ii 20
Cl Dioxane, retlux step-2 3 step-3 05- NHOw®R O OCN CIN(CBz)2 2
10ve Cl Cl
NaH/DMF )
02N N Hz — OzN N (CBZ)z
CBZCl
Cl (o]
Cl
Na,$,0, triphosgenc
H2N—< ?—N(CBZ)Z
THF/H;0 cl Dioxane, reflux
step-2 3 step-3
CN
CN
o 5
Cl
NH OMe 0O
OCN N(CB2), . OMe
N
cl =N
. step-4 o Q,m
of NCb2y
6
NaOEt NH(Cbz) HBr/AcOH o
RT
step-5 step-6
CN
Cl
@( : .y
(o] /E:ijNH
step 7 N g
N—Qo
Example 131. 5-(4-Cyancbenzyl)-3-(3,5-dichloro-4-

benzyloxycarbonylaminophenyl) -1, 3-

diazabicyclo[3.3.0]Joctane-2,4-dione



Cl N 4 step-4\ Cl C' NCbhz)2 CN6 Cl NaOEt 0 NH(Cbz) HBr/AcOH
step-5 NN-~ Cl O step-6 CN7 CN C ~Ct Oi NFl2ci ~O WM 1 OONH NC
~®O0uUBom1  Exanpl e 131. 5-(4- Cyanobenzyl) - 3- ( 3, BCHUB028273- 4-
benzyl oxycar bonyl am nophenyl )-1, 3 5 di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one WD
01/ 30791 PCTI USO0/ 29273 118 to roomtenperature and stirred overnight. The

step 7 N

reaction

m xture was partitioned between Et OAc/ H20. The conbi ned

N RT

organi c

| ayers were dried over Na2SO4, filtered and evaporated. The product was

purified by flash 5 chromat ography on si18 ca gel

(1:1 Et OAc/ Hexanes) to

yield the titled conpound (1.34 g). M5 (mz) 715 (M#). Step-5. The urea
conpound frigm seem- £efmpedabtde wasd cftdlriredd overaightineThe nfeagtian Exanpl e

1ostep-4 fQechd Vgl d Lestibhed FAMMAURY Al 0. FHYS &ftgdnaf® (M),

10

15

20

25

30

organic layers were dried over Na,S0,, filtered and
evaporated. The product was purified by flash
chromatography on silica gel (l:1 EtOAc/Hexanes) to yield
the titled compound (1.34 g). MS (m/z) 715 (MH').

Step-5. The wurea compound from step-4 (260 mg) was
cyclized in a manner similar to Example 1, step-4, to
yield the titled compound (140 mg). ESMS (m/z) 549 (MH").

Example 132. 5-(4-Cyanobenzyl)-3-(3,5~dichloro-4-
aminophenyl)-1,3-diazabicyclo[3.3.0]octane-2,4-dione

(Scheme 13, step 6)

The compound from Example 131 {100 mg) was dissolved
in HBr (2 mL, 30% in AcOH). The resulting solution was
stirred at room temperature for 30 minutes. The solution
was extracted with EtOAc/H;0. The combined organic layers
were dried over NayS0Os, filtered and evaporated. The
prodﬁct was purified by preparative TLC to yield the
titled compound (52 mg). MS (m/z) 415 (MH*). mp. 103 °C.

Example 133. 5-(4-Cyanobenzyl)-3-(3,5-dichloro-4-

acetylaminophenyl)-1,3-diazabicyclo[3.3.0]octane-2,4-dione

{Scheme 13, step 7)

Acetyl chloride (10 pL ) was added to a solution of
the compound of Example 132 (20 mg) and DIEA {2 drops) in
THF (1 mL). The resulting solution was stirred at room
temperature for 2 hours. The solution was partitioned

with EtOAc/H20. The combined organic layers were dried over



Exanpl e 132. 5-(4-Cyanobenzyl)-3-(3,5-dichloro-4- am nophenyl)-1,

3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one (Schene 13, step 6) |5 The conpound
from Exanpl WOM3B0R1L00 ng) was dissolved in HBr (2 ni, 30PCTVUSORIZFH . The
resulting solution was stirred at roomtenperature for 30 m nutes. The
solution was extracted wth Et QAc/ H20. The conbi ned organic |ayers 20 were
dried over Na2SO4, filtered and evaporated. The product was purified by
preparative TLC to yield the titled cg ound (52 mg). M5 (M z) 415 (MH).
np. 103 C. Exanple 133. 5-(4-Cyanoben gB)-B-(B,S-di chl oro-4 25

acet yl am nophenyl ) - 1, 3- di azabi cycl of 3. 3. 0] o¢} ane- 2, 4-di one (Schene 13,

step 7) Acetyl chlayide (10npso) Was adde 0 a sol uphbsgerr of t he conpound
of Exanpl e 132)114-*)>Mﬁn'd—|3l—é9«—(-2—dr@m‘)< ér-om THECT )™ The resulting
sol ution was stirreq at roo#sfperature ¥ 2 houPgaeftlx 5ol uti on was

partitioned wth Et®Ac/ H20.%*Fhe combi ned or ganic layers were dried over WO

01/ 30781 PCT/ US00/ 29273 1 4c, Na2S234 triphosgenc 02N Ove H2N Ove
THF/ H20 Di oxane, Reflux C .01 B/ 2 step-2 0O AM C NHB 40
NaCEt OCN Ove Owvt oM
(-
NH Br.

Cl

4 1 NaOEt
OCN OMe OMec — .
THF
Ci N?rN step-4
3 C1
step-3 0
5 OMe

Cl
Br
B
0 Cl
N OMe
N‘( Reflux N N : oH
(o} Cl \g cl
step-5
Br-
0,
K,CO,/DMF/80°C 0 cl LiOH/DMF/H,0
o]
Brw N O*BFQ step-7
OEt N
Y a1 EtO
step-6
Br. Br
0O
OH Cl 50Cl, 0 Cl
o T b
0 ¢ HO step-8 \\% a HO

6

Example 134. 5-(4-Bromobenzyl)-3-(3,5~dichloro-4-
methoxyphenyl)-1,3-diazabicyclo[3.3.0]octane-2, 4-dione.



C THE N N step-4 3 step-30Cdd 5d' O Br D OC act. HBr OClI N Ow

"I OH NReflux N ~0 C p d step-5 Br K2C03/DM/80C j,: 0 O
Li OH DVF/ H2WO @30@10R N-j | O step-7 ~0 cl EtO step-6 OMCOUsS®ORR72 0 Cl
Br ":: AAMO3 T rOReflux 1~ N< QOy-O \,0 Cl HOstep-8 0 C HO 6

Exanpl e 134. 5-(4-Bronobenzyl)-3-(3,5-dichl oro-4-
nmet hoxyphenyl ) - 1, 3-di azabi cycl o[ 3. 3. 0) oct ane- 2, 4-dione. 5 WO 01/30781
PCT/ US00/ 29273 122 The conbi ned organic | ayers were dried over Na2SO4,
filtered and evaporated. The residue wagurified by flash
The combined organic layers were dried over NazSOq,
filtered and evaporated. The residue was purified by flash
chromatography on silica gel (l1:1 EtOAc/Hexanes) to yield

the titled compound (0.65 g). MS (m/z) 469 (MH").

Example 136. 5-(4-Bromobenzyl)-3-(3,5~dichloro-4-(3-
ethoxycarbonylpropyloxy)phenyl]-1, 3~
diazabicyclo[3.3.0]loctane-2,4-dione (Scheme 14, step 6)

10 Ethyl 4-bromobutyrate (28 mg) was added to a mixture
of the compound from Example 135 (55 mg) and K:CO; (18 mg)
in 2 mL anhydrous DMF and the resulting mixture was heated
at 80 °C for 5 hours. The solution was partitioned between
EtOAc/H,0. The combined organic layers were dried over

15 Na,S04, filtered and concentrated. The residue was purified
by preparative TLC to yield the titled compound (61 mg).
MS (m/z) 583 (MH').

Example 137. 5-(4-Bromobenzyl)-3-[3,5~dichloro-4- (3~
20 carboxypropyloxy)pheﬁyl]—1,3—diazabicyclo[3.3.0]octane—
2,4-dione (Scheme 14, step 7, 8)

LiOH (15 mg) was added to a solution of the compound

from Example 136 (30 mg) in anhydrous DMF (1 mL) and the

25 reaction mixture was stirred at room temperature for

overnight. The solution was partitioned with EtOAc/H,O. The

combined organic layers were dried over Na,804, filtered

and concentrated to dryness to give the diacid. MS (m/2)
573 (MHY).

30 The dried diacid was taken in SOCl, (1 mL) and the

solution was heated to reflux for 1 hour. SOCl, was



chromat ography on silica gel (1:1 EtOAc/ Hexanes) to yield the titled
conpound (0.65 g). M5 (mz) 469 (MH). 5 Exanple 136.

. 5- (4- Br onob¥0»yB4786- ( 3, 5- di chl or 0- 4- ( 3- PCT/US00/29273

et hoxycar bonyl propyl oxy) phenyl ] -1, 3- di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one
(Schene 14, step 6) 10 Ethyl 4-bronobutyrate (28 ng) was added to a m xture
of the conpound from Exanple 135 (55 ng) and K2CO3 (18 ng) in 2 nL
anhydrous DMF and the resulting m xture was heated at"80 C for 5 hours.
The solution was partitioned between Ep@Ac/H20. The conbi ned organic

| ayers were dried over 15 Na2SO4, filtered and concentrated. The residue
was purifi edampye prmarsat(msr&nébé@zyi)mai[tahe #i £h Belr s-onpE+d (61 my). M

(mz) 583 Exampl e 137. b5- Br n h

car boxypr o%wgi\}?%‘f@fwf’eftglaf‘&é Wg]ngig égﬁ%ﬁgfé#émgi% éaf‘gcherre
14, step 72,%ydierkdH (15 ng) was added to a solution of the corrpound from
Exanpl e 136 (30 ng) in anhydrous DMF (1 nlL) and the 25 reaction m xture
was stirred at roomtenperature for overnight. The solution was partitioned
wi th Et OAc/ H20. The Brqophj ned organic |layers were dried over Na2SO4,
filtered and concentr to dryness to give the diacid. Ms (mZz) 573
(MH) . 30 The dried di in SOC12 (1 nL) and the solution was
heated to reflux for 1 hom s WD 01130781 PCT/ LUS00/ 29273 124
Exanpl e 140: 5- (4- Br onobénzy Q( QP RDACOR- 4- ( 5-

et hoxycar bonyl pent yl oxy) phenyl] -1, qu azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one

This compound was prepared in a manner similar to Example

136. MS m/z 612 (MH").

Example 141: 5-(4-Bromobenzyl)-3-[3,5-chloro-4-(5-
10 carbxypentyloxy)phenyl)-1,3~-diazabicyclo[3.3.0)octane-2, 4-

dione
Br
0O Ci
N\«NQ—O(CHZ);,COOH.
(0] Cl
15 This compouﬁd was prepared in a manner similar to Example

137. MS m/z 584 (MH').

Example 142: 5-(4-Methoxycarbonylbenzyl)-3-(3,5-dichloro-4-
hydroxyphenyl) -1, 3~diazabicyclo[3.3.0]octane-2,4-dione
20

-,



Br OC NN O(CHZ) 5C2Et 5 O C This conmpound was prepared in a nmanner
simlar to Exa 136. M5 mz 612 (MH) Exanple 141:

5-(4- Bronobéﬁ‘igraﬂm-[s 5-chl oro-4-(5 10 PCT/US00/29273

car bxypent yl oxy) phenyl ] -1, 3-di azabi cycl o[ 3. 3. 0) oct ane- 2, 4- dione Br O C

N, N OQ(CH2) SOO0OH O C 15 Thi s conmpound was prepared in a manner simlar to
Exanple 137. MS mlz 584 (MH). Exanple 142:

5- (4- Met hoxycar bonyl benzyl )-3-(3,5-dic Jcé) 0- 4-

hydr oxyphenyl ) - 1, 3-di azabi cycl o[ 3. 3. 0] 0 ne- 2, 4 dione 20 WO 01/30781

PCT/ USOO/29 73 ) Qn stirri under Ar room tenperagure for
hour s, ar aé‘ﬁ??@té:rltr%l&ﬂ?ylmﬁgfgg T (34679 Rﬁ‘i’?%&&@ﬁe ?Fré ﬁaurs,
conti nued oyaspagdatgln}?hecml—uhtpn watepar(tinbi @aed Wt veeded .Et OdeiHilng 0. 5
N). The EtQAc |a er was separ at ed and washed 5 successwel%/r}vmth wat er,

NaHOO3 ( satSRMtEHed PHEHRIIRE - | t ThRaSUBEANOMAS NBITERE 14199 cPEEvWesR)
concentr at egltOA'Hymclesaodlse N)WaS 'miér iftiopd RWyelr qaBt egpaphved Shfkd, washed

hexanes/ Et QAc g r adi ent el uti on H‘é ovide the titled conpound (177.8 ng).

MS miz B89SYIeSSIVRLY ML HQ®:| dRPRYE_bRPbuna’dwerenBrepatted i n

an anal ogougas drled over Nazso4, filtered and concentrated. The residue
was purified by chromatography (Si0O2, hexanes/EtOAc gradient
elution) to provide the titled compound (177.8 mg). MS m/z
589 (MH'). mp. 144.2 °C .
10
The following compounds were prepared in an analogous
manner. The free acids were obtained via TFA deprotection of

the t-butyl esters.

15 Table 7
R
N—<:§
N
‘% Cl
Example |R Physicochemical
Properties -
144 -CONHC*H (CH3) COOtBu MS m/z 546 (MHY)
(L) mp. 87.3 °C
145 . ~CONHC*H (CH,Ph) COOtBu | MS m/z 644 (MNa*)
(L) mp. 78.4 °C
146 —~CONHC*H (CH2COOH) COOH | MS m/z 533 (MH*)
(L) mp. 183.2 °C
147 -CONHC*H (CH3) COOH MS m/z 490 (MHY)
(L) mp. 192.1 °C
148 -CONHC*H (CH,Ph) COOH MS m/z 566 (MH')
(L) mp. 129.6 °C
149 \ MS m/z 531 (MHY)
~=CONH(CHg);~N [o]
—/ mp. 187.6 °C

e R



manner. The free acids were obtained via TFA deprotection of the t-butyl
esters. 15 Table 7 RO C NN O C Exanple R Physicochem cal Properties
144 - CONHC* HVOH3B@B0t Bu M5 ni z 546( MH+) (L) np. 87.3 C 145rcxDbdekzdd73 CH2Ph)
CQQxBu Ms mz 644 (MNa+) (L) np. 78.4 C 146 - CONHC*H (CH2000H) COOH Ms ni z
533 (MH) (L) np. 183.2 C 147 -CONHC*H (CH3) COOH Ms mz 490 (M) (L)

np. 192.1 C 148 - CONHC*H( CH2Ph) O00H M5 nfz 566 (M+) (L) np. 129.6 C 149
-CONH(CH -N M5 M z 531 (M+ ) np. 187.2 C WD 01/ 30781 PCT/ US00/ 29273 128
Table 8 RCOC NOGC C Exanple R Physi& 8heni cal Properties

Table 8
R
(o] Cl
N
N~\S) Cl
Example R Physicochemical
Properties
156 COOH MS: m/z 433 (MH"),
mp.256.2 °C (dec)
157 CONHMe MS: m/z 446 (MH'),
mp.78.7 °C (dec)
158 CONHOH MS: m/z 448 (MH'),
mp.105.6 °C (dec)

Example 159: 6-[4-(4,4-Dimethyl-4,5-dihydro-2-
5 oxazolyl)benzyl]-8-(3,5-dichlorophenyl)-1, 8-

diazabicyclo[4.3.0]lnonane-7, 9-dione

10 Step-1. Thionyl chloride (2 mL) was added to Example 156
(0.644 g) and the mixture was heated at 100 °C for 2 minutes
and stirred overnight at room temperature. The mixture was
evaporated and the residue was dried under high vacuum to give
the acid chloride. This was used as is for the next step

15 (0.655 g). MS: m/z 451 (MH").

-,



156 COON Ms: mlz 433 (MH), np.256.2 C (dec) 157 CONHWVe Ms: niz 446 (MH),
np.78.7 C (dec) 158 CONHOH Ms: mz 448 (M+), np.105.6 C (dec) Exanple
.159: 6-[ 4- (NQ@omormst hyl - 4, 5-di hydro-2 5 PCT/US00/29273

oxazol yl ) benzyl ] -8-(3, 5-di chl orophenyl)-1, 8-

di azabi cycl o(4. 3. 0] nonane-7,9-dione ]['NOOC NOC 10 Step-1. Thionyl
chloride (2 nL) was added to Exanple 156 (0.644 g) and the m xture was
heated at 100 C for 2 minutes and stirred overnight at roomtenperature.
The m xture was evaporated and the resitfue was dried under hi gh vacuumto
give the acid chloryde. This was used as is for the next step 15 (0.655
g). MS: mz 451 (M) YAOX1/ 30781 PCT/[T500/ 29273 130 NC O CI  HOOCN ' -
0O ~-N\ ~-NOC This co ‘ as prep red from Exanple 162 in a nmanner
simlar to Exanple 64. 716 ( ; np. 100.9 C (dec) 5 The conpound

This compound was prepared from Example 162 in a manner

similar to Example 64. MS m/z 516 (MH'); mp. 100.9 °C (dec)

The compound from Example 163 was converted to the

following compounds in a manner similar to Example 69.

Table 10
NC
O ]
A =
K,N\(N \
10 o ci
Example |A Physicochemical
Properties
164 NCO (CH;) CONH; MS m/z 515 (MHY);
mp. 79.3 °C (dec)
165 NCO(CH,),CO—N/—\N—Me MS m/z 598 (MH");
v mp. 165.5 °C (dec)

Example 166: 6-(4-Cyanobenzyl)-4-dimethylaminoacetyl-8-(2,6-
dichloro-4-pyridyl)-1,4,8~triazabicyclo(4.3.0]nonane-7,9-dione
15 '



foll owi ng conpounds in a manner simlar to Exanple 69. Table 10 NC O 10 O
Cl Exanpl e A Physicochem cal Properties 164 NCO (CH2) 2CONH2 M5 mlz 515
(M) np. WOOM3IESY dec) 165 n MS nfz 598 (MH+);  NCO CHPCTMSHIXIRT3- Me np.
165.5 C (dec) Exanple 166: 6-(4-Cyanobenzyl)-4-di nethyl am noacetyl -8-(2, 6-
di chl oro-4-pyridyl)-1,4,8-triazabicycl o[ 4.3.0] nonane-7,9-dione 15 1 WO
01/30781 PCT/1JSOQ 29273 132 Exanpl e A Physicochem cal Properties 168 SO
M5 mlz 503 (M+H) np. 208.9 C (dec) 169 ,S02 Ms mlz 515 (MH np. 127.4 C
(dec) The conpounds in the follow ng t abfes (Tabl es 12, 13 and 14) were
: ko qimmad oyt~ ool o 21 gy f 1
gl)rze;%?reRg IOnC? mmﬁiamﬁlé" R AR Reataay e | owi ng Method B. 5 Table

Properties
168 SO |MS m/z 503 (MH)
mp. 208.9 °C (dec)
169 SO, [MS m/z 515 (M-H)"

mp. 127.4 °C (dec)

The compounds in the following tables (Tables 12, 13 and
14) were prepared in a manner similar to Example 21 by

following Method B.

Table 12

Examples |R: Rz Physicochemical
Properties

170 Br 3-Me MS m/z 468 (MH')
white foam

171 H 3-Br MS m/z 454 (MRY)
white foam

172 H 2-Br MS m/z 454 (MH")
" Imp. 47.1 °C

173 Me H MS m/z 389 (MH')
mp. 138 °C

174 CFa H MS m/z 443 (MHY)

175 CF; 2-F MS m/z 461 (MH")

176 CF; 3-F MS m/z 461 (MH")

177 OCF3 H MS m/z 459 (MH')




N[ OC

Exanmpl es Rl R2 Physicochem cal Properties 170 Br 3-Me M5 nfz 468

(MH) white foam 171 H 3-Br M5 mlz 454 (M#) white foam 172 H 2-Br

454 ( MH+)
443 (MH+)

188 0 M5 miz 419 (MH+)

ny0 0230781 C 173 Me H MS miz 389 (MH+) np. 138 @CHusofE@7H MS ml z
175 CF3 2-F Ms mz 461 (M#) 176 CF3 3-F M5 mlz 461(VH )
OCF3 H M5 mlz 459 (M#) WD 01/30781 PCT/US00/ 29273 134 Table 14 RO C

~N/ A OC Exanple R Physicochem cal Properties 187 Ms mz 415 (WMH ")
6 5 Exanple 189: 5-(4-Methyl sul finyl benzyl)-3-(3, 5-

di chl orophenyl ) -1, 3-di azabicycl o[ 3. 3. Opcet ane- 2, 4-di one; and

10

15

Table 14
N
"~ Q
O Cl
Example | R Physicochemical
Properties

187 o? MS m/z 415 (MHY)

188 MS m/z 4189 (MH")

f*\
O

Example 189: 5-(4-Methylsulfinylbenzyl)-3-(3,5-
dichlorophenyl)~-1,3-diazabicyclo([3.3.0]Joctane-2,4-dione;
and

Example 190: 5-(4-Methylsulfonylbenzyl)-3-(3,5-
dichlorophenyl)—1,3—diazabicyclot3.3.0]octane-2,4—dione.

MCPBA (95 mg) was added to a solution of Example 179
{0.15 g) in CHpCl; (10 mL) and the solution was stirred for
15 hours at room temperature. EtOAc was added and the
combined solution was washed successively with saturated
NaHCO3;, water and brine. The solution was dried and
evaporated. The residue was purified via HPLC to yield the

titled compounds.

-~



Exanpl e 190: 5-(4-Methyl sul fonyl benzyl)-3-(3,5- dichl orophenyl)-1,

3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one. 10 MCPBA (95 ng) was added to a

sol ution of VX897 179 (0.15 g) in CH2C12 (10 nl) and t RET/ESINRLBN Was
stirred for 15 hours at roomtenperature. Et OAc was added and the

conbi ned sol uti on was washed successively with saturated 15 NaHCO3, water
and brine. The solution was dried and evaporated. The residue was purified
via HPLC to yield the titled conpounds. WO 01130781 PCT/ US00/ 29273 136
Exanpl e R X Physi cochemi cal properti esl 6195 MO N M5 mz 431 (MH#+) NC |
Exanpl e 196: G—4-Hydroxybenzyl)-3-(2 B.dichloro-4-pyridyl)- )
1, 3- di azabi cchf’i?["‘?lS Roct ane- 2, |& di pRBYSHepebemical \ /N O C 5 A

solution of BBr3 in gH2C12 (1 M{ 8 mbrﬁgﬁr@‘f@ed dropwi sk to an ice-cold
sol ution of tlhe—conpound from Hxanp (110 g) in Cl2 (30 nmL) with

stirring. Thd1®urry irrdd at [¥Savfard3o MHiutes ahd at room 10
tenperature flor an additd 30 m nutes. The reaction njxture was
guenched wi th i Wi thiEt QAc.  The sol utionj was washed

successively with water, saturated NH4C, brine, dried and evaporated to
gi ve the desired

Example 196: S5~ (4-Hydroxybenzyl)-3-(2,6-dichloro-4-pyridyl)-
1,3-diazabicyclo[3.3.0)octane-2,4-dione

HO
0 ci
N N
N~( \
o) cI

A solution of BBr3 in CH;Cl; (1 M, 8 mL) was added
dropwise to an ice-cold solution of the compound from
Example 194 (1.10 g) in CH2Cl: (30 mL) with stirring. The
slurry was stirred at 0 °C for 30 minutes and at room

10 temperature for an additional 30 minutes. The reaction
mixture was quenched with water and diluted with EtOAc.
The solution was washed successively with water, saturated
NH,Cl, brine, dried and evaporated to give the desired
product (0.96 g). mp. 164.9 °C ; MS m/z 393 (MH").

15

Example 187: 5-(3-Cyano-4-hydroxybenzyl)-3-(2,6-dichloro-4-
pyridyl) -1, 3-diazabicyclo[3.3.0]octane-2,4-dione
RO

NC 0O Cl

N—{ N
N N\
A

-,



product (0.96 g) . np.

164.9 C ;

5- (3- Cyano- 4- hydr oxybenzyl ) - 3- (2, 6-di chl or o- 4-
pyridyl) -1, WOS/3978bi cycl o[ 3. 3. 0] oct ane- 2, 4- di one

463 (VHH)

200 MB nfz 503 (M)
202 CH3CH2O- MB niz 420 (MH+)

M5 mz 393 (MH) 15 Exanple 197:

HO NC QUSRI \ /N 0
Cl WO 01/30781 PCT/ US00/ 29273 138 Exanpl e R Physicochem ca
199 CN M5 iz 497 (MH)

properties

HN 201 Me2N (CH2) 20- M5 niz
203 CH3 (CH2) 20- M5 nfz 434

(M) Exanpl e 204: 5-(4-i-Propoxybenzyl)-3-(2,6-dichloro-4-pyridyl)-

1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di oné38MeyO Me O C

(0.5 M) was
(0.28 g) in
m xture was
wi th Et OAc.
evapor at ed.
(0.13 g). M5
5- (4-i - But ox

added tg a suspension

500

2- 1 odopr opane

of Fxanple 196 (0 17 g) and CS2CO8

DREagpled| R and the mi
10 diIutqd with citric
Et QAc | ayer__was washed

Th89r esi dye~was purifi
mz 435 S
2 (9595 o 1 lﬂ:!n

k Pluy i gecshemiiaaded f or

4 hours. The

€f$é%fgggg:he sol utiop was extracted

t wat er _and brine|
EMS \indz HRTC (MHO) vi el d
Exanpl e 205:

HrepZH 32 6
00 - ~

HN

oA ooz bl
S m)Z 503 (MHY)

201 MeN (CHz) 20—

MS m/z 463 (MHY)

202 CH3CH,0-

MS m/z 420 (MH")

203

CH3 (CH2) 20-

MS m/z 434 (MH")

dried and
the titled conmpound

Example 204: 5-(4-i-Propoxybenzyl)-3-(2,6-dichloro-4-pyridyl) -

1,3~-diazabicyclo[3.3.0]octane-2,4-dione

Me\ro
Me cl
N N
N~ \ 4
(o] Ci
2-Iodopropane (0.5 ml)

was added to a suspension of

Example 196 (0.17 g) and CS.CO3; (0.28 g) in DMF (3 mL) and

the mixture was stirred for 4 hours.

The mixture was

10 diluted with citric acid and the solution was extracted

with EtOAc.

dried and evaporated.

EtOAc layer was washed with water and brine,

The residue was purified via HPLC

to yield the titled compound (0.13 g). MS m/z 435(MH").

15 Example

1,3-diazabicyclo[3.3.0}octane-2,4-dione

205: 5-(4-i-Butoxybenzyl)-3-(2,6-dichloro-4-pyridyl) -



1, 3-di azabi cycl o[ 3. 3. 0) oct ane- 2, 4-di one WD 01/ 30781 PCT/ USQOQ 29273 140
Table 18 R2_ R CI NN O Exanple R1 R2 X Physi cochem cal properties 207
H CH M5 MZ%T’{"W ) nmp. 57.2 C 208 Me H CH M5 nml z 470PCWES00/2928 Me 209
SI HCHMs mz 481 (MH) nmp. 64 C 210 McOO 6- HCH M5 mfz 481 (MH) np.
165.2 C 211 OHCHCH MSs mz 479 (M#) np. 220 C (dec) 212 NCH CH M5 nmlz
476 (MH) nmp. 210 C (dec) 213 COMB HCH Ms mlz 493 (MH#) np. 80.5 C 214

OHC- H CH M5 mfz 479 (Mi#) np. 82.5 C_,

0
Table 18
R
R,
Ci
N\(NQ
o] 1
Example | R, Rz X Physicochemical
properties
207 @\ H CH |MS m/z 451 (MH")
mp. 57.2 °C
208 Me, H CH MS m/z 470 (MH")
0\
‘N_Z
Me
209 Me H CH |MS m/z 481 (MH")
mp. 64 °C
210 ™eQ H CH |MS m/z 481 (MH")
O— mp. 165.2 °C
211 OHC H CH |MS m/z 479 (MR")
- mp. 220 °C (dec)
212 NG H CH |MS m/z 476 (MH")
mp. 210 °C (dec)
213 COMe H CH |MS m/z 493 (MH")
@\ mp. 80.5 °C
214 H CH |MS m/z 479 (MHY)
orac—( )—
mp. 82.5 °C
215 Nc\©\ H CH |MS m/z 476 (MHY)
mp. 89 °C
216 H H CH |MS m/z 494 (MHY)
)k©\ mp. 68.1 °C
217 O\ H CH |MS m/z 457 (MRH")
mp. 60.5 °C
218 Cb\ H CH |MS m/z 507 (MHY)
s mp. 100.6 °C
219 qCN H N MS m/z 477 (MRY)
mp. 154.3 °C
220 HzN H CH |MS m/z 466 (MH")
b\ mp. 122.4 °C

el 2]



215 NC~ HCH MS iz 476 (M+) np. 89 C 216 H CH M5 mfz 494 (MH) np.

68.1 C 217 6¢c~ HCH M5 nlz 457 (MH) np. 60.5 C 218 Q-kl H CH M5 ml z 507

(MH)  np. MOMB1 219 CN HN MS mfz 477 (M) np. 154, 3PCTARQVIZIN H CH M5

mz 466 (M+) | np. 122.4 C WD 01130781 PCT/ US00/ 29273 142 chr omat ogr aphy

(silica gel; hexanes to 50% Et OAc/ hexanes; Chromatotron) and HPLC

(CH3CNV 0.1 MHOAc) to give the desired conmpound (0.3 g). M5 mz 517

(MNa+), np. 66.5 C. 5 Exanple 224:

(E)-5-[3-(2- Met hoxycar bonyl ) vi nyl benzyl 3423- ( 3, 5-

di chl orophenyl ) - 1, 3-di azabi cycl o[ 3. 3. Oloct ane- 2, 4-dione MQZC OC N-( |

0 Cl 10 Thichremapeogmarhss p?ebiedgeh; a muanes skai | 20% t E#tPRaAhpsaney: M

mz 535 ( 3 I n . epa YA

accor dancwﬁwaﬁgr% (’)I iag\c/ivi %Eggﬁgﬁn%&%éé%ege%%g)cy\e%g g(%ﬁgrréﬁ%&gsned
compound (0.3 g). MS: m/z 517 (MNa*), mp. 66.5 °C.

5 Example 224: (E)-5-[3-(2-Methoxycarbonyl)vinylbenzyl)-3-(3,5-
dichlorophenyl) -1, 3-diazabicyclo[3.3.0]}octane-2,4~dione

Me0,C X g O
0 ci

N
"~
o} Ci
10 This compound was prepared in a manner similar to Example

17. MS m/z 535 (MH*). mp. 71.3 °C.

Examples 225 and 226 were prepared in accordance with the
following scheme (Scheme 15).

15
Scheme 15:

heet Has Been Replaced

"

-y



Thi s Sheet Has Been Replaced 1111111112121 I1 Iti lill1 WO 01/30781
PCT/1JS00/ 29273 144 in Et20 (20 nL) . Isobutylene (5 nL) was condensed at
.-20 C and WJu@078d t he above sol ution. The m xture was pPCRESNN29233 a st eel
bonmb and stirred overnight. The bonb was opened and the. m xture was taken
up in Et20 (100 nL) . It 5 was washed with 1 N NaOH (100 nL). The organic

| ayer was dried (MgSO4), filtered and evaporated to give the desired

ester (6.21 g). Step 2. The above nitro-ester (5.43 g) was reduced to the
10 corresponding aniline (3.87 g) as ddddribed in the Exanple 131, step-2.

ESMS: nfz 262 _(MH)_ A salution of the above am ne 2 25 tdl phosgene
(26 o) FniB0ErE0 al2h e - VIISBRErHRRAlT Rl romoaraoenfes s vit e 0

evapor at ed aadd adde@ NeSithee abdvelsd uft@bnNeXiThet efi xtulrBowtasl Wildteid 15
purification. Step 3. The above isocyanate (2.47 g) was added to an ice-

col d sol utidn 3f SHEELlprtitheandr iSHEEee (VoPighti-n sFheL PR, “Pfe

resul ting spledbboRnWASHE! h&k@ﬁlréltwé)s Gdin 3 2 ot qsoendryhenzal | oned to
vvarmupto roomtenperature and stirred overni ht. The reacti on m xture

was parii fegne@sbetwéhb Bt AR, (19 Blohnbi n"étbe RPHE 1LAYETs “SRere dri ed

over Na2SO4rikdl t(ﬁPSdna,”Chq\t%&@Habﬁd evABor MLIUL gBfe RiHd fdead dow
chr omat ogr aphy ( ica , 1:1 25 Et QAc/ hexanes) to yield the desired

conpound ( 2S46%qg)6- 21&% mz 600 (M#) . Step 4. The above urea (0.5 Q)
was hydrolyzed with NaOEt (0.06 g) in EtOH at roomtenperature to yield

the desired i
Step 2. The above nitro-ester (5.43 g) was reduced to the

10 corresponding aniline (3.87 g) as described in the Example
131, step-2. ESMS: m/z 262 (MH') A solution of the above
amine (2.25 g) and triphosgene (2.6 g} in 20 mL dioxane
was refluxed for 24 hours. The solvent was evaporated and
the residue was used for next step without further

15 purification.

Step 3. The above isocyanate (2.47 g) was added to an ice-
cold solution of the proline derivative (2.23 g) in 50 mL
THE. The resulting solution was stirred at 0 °C for 30

20 minutes and then allowed to warm up to room temperature
and stirred overnight. The reaction mixture was
partitioned between EtOAc/H,0. The combined organic layers
were dried over NazS0Os;, filtered and evaporated. The
product was purified by chromatography (silica gel, 1:1

25 EtOAc/hexanes) to yield the desired compound (2.46 g).
ESMS: m/z 600 (MH").

Step 4. The above urea (0.5 g} was hydrolyzed with NaOEt
(0.06 g) in EtOH at room temperature to yield the desired
30 acid (0.5 g). ESMS: m/z 572 (MH'). SOCl, was added to a
slurry of the acid (0.092 g) in CH;Cl; (10 mL} and the



30 acid (0.5 g). ESMs: nmlz 572 (M+). SOC12 was added to a slurry of the
acid (0.092 g) in CHC12 (10 nlL) and the WD 01130781 PCT1US00129273 146
3days. The WOM@IBIwas evaporated and dried under high VvECHUSHRRTYi ve t he
desired acid chloride, which was used as,is for the next step. 5 Step-2.
D EA (0.13 nL) was added to a solution of glycine t-butyl ester
hydrochloride (0.035 g) in THE (3 nmL). To this solution was added a
solution of the above acid chloride (0.061 g) in THE (2 nmL) and the

m xture was stirred overnight at roomldénperature. THE was evaporated 10
and the residue was diluted with Et OAc. The solution was washed

successi vel3gayst h |TheHQrixrEqewandeRaperated apd dgipdd wRBSOMLhf| |t ered

and concen il i S i f c t a (silica
Gol: 312 Tacan rg Hlu Gl debe ket o e e R RS S (0 D6

g). M niza@lis(ﬁPﬁ)PhQﬁnﬁﬁtlstﬁne above ester was dissolved in a mxture of
TFA (1 nmL) and CH2Cl1l2 (1 nL) and the solution stirred at room tenperature
for 4 hours. It was concentrated and the 20 residue purified via

chr omat ofr &slep-Esi PIEA g@L13cm513wa{}{§§#¢mK§4ﬂﬂﬁglutiqy\thQiyqﬁMEled

compound ( Q. %ﬁﬂ) etPer %§d§§§h£$4f&e (I35t 3 1P fur 10§ Inﬂk | OV

exanpl es were p epare in“a srm using requisite anlno aci d
deri vati veshiBxasplut iz28: wis ( adRieshodermodutidn( 306- dqh@hl abovel- lacid

S| ey Baelag, ALY, Qhosiane e’ dhenRu LR/ TEn
stirred overnlght at room temperature THF was evaporated
10 and the residue was diluted with EtOAc. The solution was
washed successively with 1N HCl, brine and water. It was
dried (MgSO,4), filtered and concentrated to an oil which
was purified wvia chromatography {silica gel; 3/2

hexanes/EtOAc; Chromatotron) to give the desired amide
15 (0.061 g). MS m/z 611 (MH').

Step-3. The above ester was dissolved in a mixture of TFA
{1 mL) and CH2Clz (1 mL) and the solution stirred at room
temperature for 4 hours. It was concentrated and the

20 residue purified wvia chromatography (silica gel; CHCl;-
CHC13/MeOH 10%) to give the titled compound {(0.045 g). MS
m/z 555 (MH'), mp. 157-158 °C.

The following examples were prepared in a similar manner

25 using requisite amino acid derivatives.

Example 228: 5-(4-Bromobenzyl)-3-(3,5-dichloro-4-L-

alaninocarbonyl) -1, 3-diazabicyclo{3.3.0]Joctane-2, 4~-dione

-~y



Properties 231 SMe HMs (mz) 431 (M+#] . np 84.8 C 232 CF3 CF3 M5 (m z)
521 [M#] . np 138.0 C 233 CF3 H M5 (mz) 453 [MH] . np 82.6 C 234 CN H
MS (m z) 410VP0HB4781 np 241.0 C 235 Ove Ove MBS (i z) 445 [MomAlS/29e 154.8 C
236 CO2H CO2H M5 (m z) 473 [MH] . np 259 C (dec) 237 COMe H Ms (nlz) 427
[MH] . nmp 120.4 C 238 FHM (mz) 403 [MH]. np 120.9 C Exanple 239:
5-(3-Nitrobenzyl)-3-(2, 6-di chl oro-4-pyridyl)-1, 3-

di.azabi cycl o[ 3. 3. 0] octane-2, 4-dione. 014 | _| s This conpound was
prepared in an anal ogous manner. MS m 22421 (MH) ; np. 182.8 C 1 WO

1 C VB (i TSR AY 75 AdoN iy PERKFACTOBMERE [ WNar] | 245 SR 75 0 1
125.5 585 | +] Properties
231 SMe H MS (m/z) 431 [MH'].
mp 84.8 °C
232 CF;3 CF3 MS (m/z) 521 [MH'].
mp 138.0 °C
233 CF3 H MS (m/z) 453 [MH").
mp 82.6 °C
234 CN H MS (m/z) 410 [MH'}.
mp 241.0 °C
235 OMe OMe MS (m/z) 445 [MH'].
mp 154.8 °C
236 COzH COH |MS (m/z) 473 [MH'].
mp 259 °C (dec)
237 COMe H MS (m/z) 427 [MH'].
mp 120.4 °C
238 F H MS (m/z) 403 [MH'].
mp 120.9 °C

Example 239: 5-(3-Nitrobenzyl)-3-(2,6-dichloro-4-pyridyl)-1, 3~

diazabicyclo{3.3.0])octane-2,4-dione.

This compound was prepared in an analogous manner. MS m/z

421 (MH"); mp. 182.8 °C.

el 0N



H2NJyNk 0 246 5R, 7S V \" - 178 543 [MH#] V \ O - Dec 585 [ MH] 247 5R,
7S1 HN1 S O248 5R, 7S ~ HN- 190.8 585 [MH] S/ 249 5R, 7S o H 689

[ M) HZNpWO-01/30381 Boc' NH 0 Exanpl e 250: (5R, PCT/US00/29273
7S)-5-[4-(Trifluoromet hoxy)benzyl]-3-(2, 6-

di chl oro- 4-pyridyl)-7-met hoxycar bonyl am no-1, 3-

di azabi cycl o[ 3. 3. 0] octane-2,4-dione 5 To a solution of the conpound from
Exanple 63 (0.075 g) in THE (4 nl) vvas-L added DI EA (0.10 L) and net hyl

chloroformate (0.020 mL). After 3hours, 3Phe reaction was concentrat ed and
purified byehroreat (-S4 M.. 0g8: 2 10--CHRCIR!

Chr omat ot r g xw%f§+%§’ %Fee\“lnﬁ"‘trleaQ conpound (0 317¥§1678h a‘f‘Tl’1z) 533
[M4+]. np 119.8 C. [Exanple 251: (5R 79) Data

C5-[4-(Trif{l uor omet hoxy) benzyl ]-3- (2, 6- .

di chl or o- 4-lpyri dyl )} 7- (1-pyrrol ylf)- 1, 3- 15 mp °C |MS (m/z)

di azabi cycl|cfs% 3. 0] os:fnrs Z, 4= 01 Qi cRHCHIFoRBLS T EQ&{RLJ.‘ (gy4zsggr4§+ 52
Exanpl e 254:_(5R__7IS)-5- (4- (Tri flluor onet 0xy) 1zy| ] - 3-

di chl or o- 4-{BAS dyl ) -5Rne-’[3r1anesul flonygami nat I, 3- 125-5 385 MNa']
di azabi cycljo( 3. 3. 0] oct ane- 2, 4- di qrieN ~

246 SR, 7S HN— 178 543 [MH*]
Mo
247 5R, 7S _ B HN— Dec 585 [MH])
S
248 5R, 7S =\ HN— 190.8 |585 [MH")
249 SR, 7S 689 [MH"]

et
Boc’NH ©

Example 250: (5R, 7S)-5-[4-(Trifluoromethoxy)benzyl]-3-(2,6~-
dichloro-4-pyridyl)-7-methoxycarbonylamino-1, 3~

diazabicyclo([3.3.0]octane-2,4-dione

To "a solution of the compound from Example 63 (0.075 qg)
in THFE (4 mL) was added DIEA (0.10 mL) and methyl
chloroformate (0.020 mL}. After 3hours, the reaction was
concentrated and purified by chromatography (silica gel; 98:2

10 CHzCl/methancl, Chromatotron) to afford the titled compound
(0.0715 g): MS (m/z) 533 [MH']. mp 119.8 °C.

Example 251: (5R, 7S) =-5-[4-(Trifluoromethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)-7-{1-pyrrolyl)-1, 3-
15 diazabicyclo[3.3.0]octane-2,4-dione



5 The titled conmpound was prepared fromthe conpound from Exanple 63 in a
manner simlar to Exanple 33: M5 (mz) 575 [MNa+] . np 207.2 C. Exanple
255: (5R, 79O®&/J21( Trifl uor omet hoxy) benzyl]-3-(2,6- 10 PCTAUS00/29273

di-chl oro- 4-pyridyl)-7-[(3-carbanoyl - 3- am nopr opanoyl ) am no] -

1, 3-di azabi cycl o[ 3. 3. 0] . oct ane- 2, 4-di one The titled conpound was prepared
from Exanple 249 by treatnent wwth TFA in usual manner: Ms (mz) 589

[ MH#]. np 15 107.8 C. Exanple 256: (5R

7S)-5-[4-(Trifl uoromet hoxy) benzyl ] - 3- (£%-

di chl oro-4-pyridyl)-7-[(3-carbanoyl -3- |

acetyl am noigéd"ﬁ’iﬁoéls)qémgﬁﬁ] -‘55,)3-% (47 4B L5 Tyomes hopyd PsRaYLl 23~ By i one The
titled comwmd@@sqpbgaaaﬁﬂ) 17t AEBh Ef ADPL drli ib-17BRNEr simlar to
Exanple 48. M5 (m z) 653 gl\/l\lat]. np _152.8 O0C. 25 Exanple 257: (5R,

7R) - 5- [ 4- (HiFaardcaFePhdxy) BreAAnE-3. f2dpene

di chl oro- 4-pyridyl)-7-di net hyl car banoyl - |, 3-

di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one F WD 01/ 30781 PCT/ US00/ 29273 154 hy

li quid chronmat odt&ph tL S ozomAuns FRExBRRPaT e /fapm khgecompound) gy e

di ast er eoi BH1e263 Gh- a MaddEZ )sih90at ME )ExaRAR 33:AMB1 Xhes e 9fs the
conpound 2 2.§g), Tsd_(2.23 g9), 5 pyridine (1.4 nmL) and DCM (10 nlL) was
stirred at °t A%t fr eC- After 3 days, Et OAc was added and the m xture
was washed with HCL (5% . The aqueous phase was then separated and
extracted with Et OAc. The conbi ned organics were washed with _ NaHCO3r then

brine, driddaPde RADSOIORS i {}erded 4anfrifluoromethoxy)benzyl] -3~ (2, 6=
10 dichloro-4-pyridyl)-7-((3-carbamoyl-3-aminopropanoyl)amino] -

1,3-diazabicyclo{3.3.0]octane-2,4-dione

The titled compound was prepared from Example 249 by
treatment with TFA in usual manner: MS (m/z) 589 [MH']. mp
15 107.8 °C.

Example 256: (5R, 7S)-5-{4-(Trifluoromethoxy)benzyl]l-3-(2,6-
dichloro-4-pyridyl)-7-[ (3-carbamoyl-3-
acetylaminopropanoyl)amino]~1,3-diazabicyclo[3.3.0)octane-2,4~

20 dione

The titled compound was prepared from Example 255 in a
manner similar to Example 48. MS (m/z) 653 [MNa*]. mp 152.8
°c.
25
Example 257: (5R, 7R)-5-[4-(Trifluoromethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)-7-dimethylcarbamoyl-1, 3~

diazabicyclo[3.3.0]octane-2,4-dione



10 concentrated in vacuo. The residue was purified by liquid

chromat ography (Si 02, EtQAc/Hexane = 1/9) to give 3 (3.5¢9g). M (mz) 650
(M) Step IVOTHITIRIONPound 3 (2.47 g) was dissolved in drpCDuUS®20%3 15 i)
and powdered NaCN (340 ng) was added. The reaction mxture was heated at
80C for 30 hours with nore NaCN (2 x 100 ng) being added at 9 and 22
hours. Et OAc and brine were added and the reaction m xture was shaken. The
aqueous phase was then separated and extracted with Et OAc. The conbi ned
organics were 20 dried over Na2SO4, fi |3%% ed and concentrated in vacuo The

resi due was pur| fied by uid chromatography (Si02, Et OAC/ Hexane = 1/9)
gave 4 (0. P¥)liuEq n?%m@g'»&’g(‘ﬂﬂh)’ (§iQpr 4EL Rex@msurml 227! 9993%32
di ssol ved iy 4 %iMPe (8aftdredsRRS HELo( &M s Etl) anenumavyas added and

the reaction mxture .was stirred at roomtenperature. After 18 hours,
Et OAc and saturated NaHCCB were added until no further effervescence. The

aqueous phaps,jhap, Ui SERAI X edd desibsid ofl 119 & Descy The. £01g) ned

organics were dried over Na2SO4, filtered and 3 concentrated in vacuo. The
resi due fayuidimieed (by4 | it dapg 0BEMO7EK0 PET) USBaSs 205tAF red56akhakedm The

aqueous pha@&@/@%ﬁ%ﬂﬂﬁ%@& @%a%)g r%%ﬁé %ghadféoo%d the noRbhpedyas

organi cs were washed with saturated brine, dried over Na2SO4r
filtered artpsd@scadthaliel (37) vahso aqpﬁ@uﬁeehem% was then separpyediaudd

chr omat ogr aémca%t(eﬁl %thEtz%aéDC%e yo%lhgdgwgaﬁb@s thtied.conmpupdey 47

ng). M5 (mz) 53 . The follown ounds were prepared in an
anal ogous Nedii®ar tcﬂE)DarrplPelrzﬂ\W S.i@lﬂ?dbl e?‘fﬂf Na;804, filtered and

10 concentrated in wvacuo. The residue was purified by liquid
chromatography (Si0Oz, EtOAc/Hexane = 1/9) to give 3 (3.5 q).
MS (m/z) 650 (MH")

Step 3. The compound 3 (2.47 g) was dissolved in dry DMSO (8
15 mL) and powdered NaCN (340 mg) was added. The reaction mixture
was heated at 80° for 30 hours with more NaCN (2 x 100 mg)
being added at 9 and 22 hours. EtOAc and brine were added and
the reaction mixture was shaken. The aqueous phase was then
separated and extracted with EtOAc. The combined organics were
20 dried over NaySOs, filtered and concentrated in vacuo. The
residue was purified by 1liquid chromatography {5i0;,
EtOAc/Hexane = 1/9) gave 4 (0.9 g). MS (m/z) 504 (MH').

Step 4. The compound 4 (0.9g) was dissolved in dry MeOH (6 mL)
25 and HCl (1M in Et,0, 12 mL) was added and the reaction mixture
.was stirred at room temperature. After 18 hours, EtOAc and
saturated NaHCO3; were added until no further effervescence.
The aqueous phase was then separated and extracted with EtOAc.
The combined organics were dried over Na,S0s, filtered and

30 concentrated in vacuo. The residue was purified by liquid



F3COOC R42CQu.. No\ /N O C Exanple diastereoi soner R 42

Physi cochem cal Properties 258 5R, 7R MeNH- M5 (mz) 517 (M+) np. 75 C
.259 5R, 7R WOM/3RE(m z) 543 (M+) np. 77 C. 260 5R 7R PETURG2P27873 ( Mt)
261 5R, 7R o~ M5 (mz) 616 (Mt) 262 5R, 7R\ H M5 (mz) 593 (M+) 263 5R,
7TR M5 (mMz) 599 (Mt) H 264 5R, 7R H M5 (nmfz) 626 (Mt) "N~~N~ WO 01/30781
PCT/[JS00/ 29273 158 cioa "" 0 CI This conpound was prepared in a manner
simlar to the conpound described in Exanple 21. M5 (mz) 375 (MH) ; np.
173.8 C 5 Exanple 268: (5R, 7R) -5-[4- (056 fl uor onet hoxy) benzyl]-3-(3, 5-

di chl orophenyl ) - 7- hydr oxy- 1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4- di one F3CO O
cl shaken. The aqueous phase was separated and extracted with

EtOAc. The combined organics were washed with saturated
NaHCO;, brine, dried over Na;SO;, filtered and concentrated in
vacuo. The residue was purified by liqui& chromatography

5 (Si0;, EtOAc/DCM = 1/9) to give the titled compound (47 mng).
MS (m/z) 531 (M%).

The following compounds were prepared in an analogous
manner to Example 257.

10

Table 21
F,CO
©\= O Cl
42 (1 1) i —
R*co N\(N \ /N
o} cl
Example | diastereoisomer |R* Physicochemical
Properties
258 SR, 7R MeNH- MS{(m/z) 517 (M")
mp. 75 °C
259 SR, 7R [>_NH_ MS (m/z) 543
' ' (M*) mp. 77 °C.
260 SR, 7R d \— MS (m/z)573 (M")
(-
261 SR, 7R o MS(m/z)616 (M)
K,N\/\N/
262 SR, 7R @/\u" MS(m/z)593 (M%)
263 5R, 7R 7\ ~ MS(m/z)599 (M")
264 5R, TR 9 MS(m/z)626 (M")
éu\/\,n\

-



ROL. N 10 OC This conmpound was prepared in a manner simlar to the
conpound described in Exanple 58. M5 (mz) 475 (MH); np. 50.4 C 15
.Exanpl e 269W&GIFIWIobenzyl - 8- (2, 6- di chl or 0- 4- pyri dyl ) - 1, 4PETUS00/29273

triazabi cycl o[ 4. 3. 0] nonane-3,7,9-trione. WD 01130781 PCT/11S00/29273 160
warnmed slowy to roomtenperature. The m xture was stirred for 5 hours and
concentrated to half the volume. Et20 was added and the m xture stirred at
roomtenperature until precipitation was conplete. The solid was filtered
and 5 dissolved in EtOAc. The sol ution &8s washed with saturated NaHCO3
followed by brine,_ dried (MgSO4), filtered and evaporated. The residue
(1.09 g) was us s is for the next step. A mxture of the above conpound
(0.480 ny), DI 594 10 and DVAP (7 ng) in dioxan (20 nlL) was heated
at 70 Cfor 24 ho 4 The xture was diluted with Et OAc/water and the

Et OAc | ayer was s e aqueous solution was extracted wth Et OAc
and the conbi ned otginic | r was dried (Na2S®™4), filtered and
concentrated. The resi ®e wasCpurified via HPLC 15 (AcOH 0. 1M CH3CN 75/ 25

to 0/100) to gi .th i.ed 0..52 (o 3 ( ) .

Step 6. To a so#ﬁ%%o%ogﬁg'tuhg ggg\r:%(}%gg?ﬁrgéndg( S%U%ﬁ?h?rn g{r@h%\ﬂé%zt was
added 2, 6- diooplondpydeisgylibddi docFaeabde( 6..ng) MS20rdrd 137 s@MHIt i ompstirred
at roomte ratore for 5 hours. The solution was concentrated in vacuo and

the residue purified by chromatography (silica gel; Chromatotron) to give
the titl®d conmpound (0.47 nmg). np. 226 C. M5 (mMz) : 464 (MH)

Example 268: (5R, 7R) -5-{4-({Trifluoromethoxy)benzyl]-3-(3,5-

dichlorophenyl)-7-hydroxy-1,3-diazabicyclo[3.3.0)octane-2, 4~

dione

Fsco@\g o] Cl

10 (o] (o]

This compound was prepared in a manner similar to the
compound described in Example 58. MS (m/z) 475 (MHY); mp.
50.4 °c

15 Example 269: 6-Bromobenzyl-8-(2,6-dichloro-4-pyridyl)-1,4,8-

triazabicyclo([4.3.0]lnonane-3,7,9-trione.

-



25 The foll ow ng compounds were prepared in a manner simlar to one of the
above Exanples. WO 01/30781 PCT/ US00/ 29273 162 Exanple Dia- R Method M5 np
stereoner siWOPHI8 z (C) to (MH) Exanple 282 5R 7R - REUUSW/2?78 64 543
136.8 283 5R, 7R -NHCOWe 64 517 122.7 284 5R, 7R -""-"~ 243 580 102.3
0"'-' 285 5R, 7R 0 250 572 86.2 |9%1 No Exanple 286. (5R
7S)-5-[4-(Trifluoronethoxy)benzyl]-3-(2, 6-

di.chl oro- 4-pyridyl)-7-val eryl am no- 1, 3- di azabi cycl o[ 3. 3. 0] oct ane- 2,
4-dione. 5 Valeryl chloride (0.031g) wasé&dded to a solution of the
conpound from Exanple 63 (0.1 g) and DIEA (0.84 g) in THE (5 nL) and the
reaction mvazmes Gadowdyi toexpen tamperasuper athe aulftreNagostirreRelof xt ure

t h ' 0 g ' HPL
hoor) o v SrhSErnd ol SRt el i halt! theCOpllbfie P BTN Jaded! o)
(MNa4). np amsb. 8 the ExmiptureP87stiSRed at room  temperature until

7S)-5-[4-(Triflyarogetho e -3=(2, 6-pl5 ; filtered d
di chl oro- 4- %/‘;r%lg)y t)%EE‘;Ejﬂr)e(‘i}%%- rlb%&%ieg%gbi cch o[ §°§18] ovg:atsan.e-l 2,ei-edi O?]ré. A
sol ut i onsofdisme lomedpcum EHIAem ExBnpl eobBt i@ 1was gyashed dvethysathhated5 nl)

vas added dggpil.oe d318,88' VBLON edinl, 20:38h0" Amgsbery || ERsNaRAS © 8 U

evaporated. The residue (1.09 g) was used as is for the next
step.
A mixture of the above compound (0.480 mg), DIEA (0.59
10 mL) and DMAP (7 mg) in dioxan (20 mL) was heated at 70 °C for
24 hours. The mixture was diluted with EtOAc/water and the
EtOAc layer was separated. The aqueous solution was extracted
with EtOAc and the combined organic layer was dried (NazSO4),
filtered and concentrated. The residue was purified via HPLC
15 (AcOH 0.1M/CH3CN 75/25 to 0/100) to give the desired compound
(0.52 mg). MS(m/z): 341 (MH").

Step 6. To a solution of the above compound (50 mg) in dry
DCM (2 mL) was added 2,6-dichloropyridyl-4-isocyanate (36 mg)

20 and the solution stirred at room temperature for 5 hours. The
solution was concentrated in vacuo and the residue purified by
chromatography (silica gel; Chromatotron) to give the titled
compound (0.47 mg). mp. 226 °C. MS(m/z): 484 (MH*).

25 The following compounds were prepared in a manner similar

to one of the above Examples.



15 C. After 1 hour, the reaction mxture was concentrated. WO 0_1/ 30781
PCTI (JS00/ 29273 164 Table 23. F3BCOOCI i RNO d Exanple D a- R Mthod

ster WREM3Y8 i lar mz (O

to (MH) Exanple 290 SRCTASHMN®2E2 500

291 5R, 7S AcNH 64 516 61.2 292 5R, 7S cPrCONH 67 542 97.6 293 5R, 7S
CONH' 67 579 100.5 N 294 5R, 7S ~~ co- 67 593 87.1 M '"(N 295 5R, 7S HH O
67 585 174.8 O ( N~V H 296 5R, 7S OH 67 573 68.4 HZNf NN, a 297 5R 7S

0.-~ 67 656 72.9

'"N ma J 298 5R, 7S Et OCONH 250 546 64 299 5R 7S 3, 250

571 151.2

10

15

20

162

Method MS mp
similar m/z (°c)
to (MH™)

Example

Example | Dia- R

stereomer

282 SR, 7R =NHCO (c-Pr) 64 543 136.8

283 5R, 7R —NHCOMe 64 517 122.7

284 5R, 7R '“B_<f> 243 580 102.3

285 5R, 7R 0 250 572 86.2

Example 286. (5R, 78)-5-[4-(Trifluoromethoxy)benzyl]-3-(2, 6~
dichloro-4-pyridyl)~-7-valerylamino-1, 3-

diazabicyclo(3.3.0)}octane-2, 4-dione.

Valeryl chloride (0.031g) was added to a solution of the
compound from Example 63 (0.1 g) and DIEA (0.84 g) in THF (5
mL) and the reaction mixture was stirred at room temperature
for 24 hours. The mixture was concentrated and the residue
was purified via HPLC (CHsCN/0.1 M AcOH) to yield 0.075 g of
the titled compound. MS (m/z) 559 (MH*) and 581 (MNa‘). mp
66.8 °C.
Example 287. (5R, 7S)-5-[4-(Trifluoromethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)~-7-ureido-1,3-diazabicyclo[3.3.0]octane~

2,4-dione.

A solution of the compound from Example 63 (0.114 g) in
diethyl ether (5 mL) was added dropwise to a solution of N-
chlorosulfonylisocyanate (30 pL) in diethyl ether (5 mL) at -

15 "°c. After 1 hour, the reaction mixture was concentrated.

-~



WO 01/30781 PCTI1JS00/ 29273 166 This conpound was prepared simlar to
Exanple 67. M5 (mz) 587 (M#). np 57.9 C. 5 The foll owi ng conpounds were
-prepared i n(WQME_Er simlar to one of the above Exanpl eRCT/UMBRRIP4. F3CO
OCl RN_ NN\ /N 10 0 A Exanple R Method Ms np simlar mlz (C to
(MH) Exanple 303 t-BOC 161 575 185 304 H 162 511 155.9 305 0 67 657 71
m N,) 0Jo ~ 306 0 67 574 99.7 HZN O 307 O 64 531 166.9 Et" 244 568
209.4 30B H2NCH2CO 244 582 196.7 3091I2%N (CH2) 2CO

Table 23.

F¥CO
\Q\ O Cl

i

RN

(0] Cl
Example | Dia- R Method MS mp
stereomer similar |m/z (°c)
to (MH*)
Example
290 SR, 78 N3 62 500
291 5R, 78 AcNH 64 516 6l1.2
292 5R, 78 cPrCONH 67 542 87.6
293 5R, 78 CONH- 67 579 100.5
>
294 5R, 78 2 CO- 67 593 87.1
i
295 SR, 78 HH O 67 585 174.8
o~ Fy
H
296 5R, 78 o H 67 573 68.4
HzNMN\
(o]
297 5R, 78 ¢ 67 656 72.9
' SR
N (o]
Me’
298 5R, 78 EtOCONH 250 546 64
299 SR, 78 250 571 151.2
oY




The foll ow ng conmpounds were prepared in a manner simlar to Exanples 189
and 190. WD 01/30781 PCT/11S00/29273 168 (MH); np 122.7 C. The follow ng
_conpounds wQ0@Ba®spared in a manner simlar to the ExanpP&rus9972923p| aci ng
BOP reagent with SOC12 in step-8 5 as described in Exanple 310. Table 26.
FF FOI OC O5RN., NOCQ 10 Exanple D astereomer RMs mp Mz (O
(M++ ) 313 5R, 7R -NMe2 530 106.1 314 5R, 7R -NHWe 516 212.6 315 5R, 7R
572 N O 316 5R, 7R -HN_N‘o 587 174.8 v 317 5R, 7S -NH2 502 140.3 318
5R, 7S --Np 572 129.1 v 319 5R, 7S - MS%e 516 122.7 1 WO 01/30781

PCT/ US00/ 29273

This compound was prepared similar to Example 67. MS

(m/z) 587 (MH'). mp 57.9 °C.

5 The following compounds were prepared in a manner similar

to one of the above Examples.

Table 24.

10

Example | R Method MS mp
similar {m/z (°C)
to (ME*)

Example

303 t-BOC 161 575 185

304 H 162 511 155.9

305 o 67 657 71

Y
Ma’N °
306 o 67 574 89.7
HaN
II’/\A
307 9 64 531 166.9
BN
244 568 209.4

308 H,NCH,CO~
244 582 196.7

309 HaN (CHy) 2CO~

The following compounds were prepared in a manner similar
to Examples 189 and 190.



170 dilution of the protein in PBS pH 7.5, transfer of 100 pl/well to

Fal con Probind Ill plates and overnight incubation at 4C. WlIls coated
with BSA seMRO/¥IB1a neasure of non specific background RanEsines273\\ashed
pl'ates were blocked with a 5 solution of 0.25%ovalbumn in PBS for 1 h at
37C. HBSS washed Jurkat cells were suspended to a final concentration of
2.5x106/mM in TBSg adhesion buffer (24 MM Tris pH 7.4, 0.14 M Nad, 2.7 nM
KE€1, 2 mM glucose, 0.1% HSA). A 100 pl volunme of cells was added to the

bl ocked and vvashed | CAM 1Fc coated 10 pi&tes that contained 100 pl of plate
buffer (TBS@{ + %% 2% DMSO) . Adhesion was for 1 h at 37C. Non
adher ent B V\BPel v&d usi ng the EL404 pl ate washer (BioTek

I nstrunents; Hi ghland Park, VT). The nunber of adherent cells was
gquantified by sSuri enzymatic activity of endogenous 15

N-acet yl - hexosa fi 8 ng'ﬂ’sr? FAROUBAS HRT S (RRQREASS Fn @ manner similar

ni t r ophenoltd\-aeeEyxampl & gbmc@ésmmqieaoml\b‘é@geme waRUBLCYf ind | Hefatged

p- ni trophenol was ured by reading the optical density at 405 nm using
a vertical aﬁatdﬁ\ﬁﬁﬁgffi Pd#ettdP- to quantify cell attachment (VMAX
Kinetic Mcroplate Reader 20 Mol ecul ar Devices, Menlo Park, CA). For
conpetiti on, tludgg t he corrpounds from 100% DIVBO st ock sol uti ons were
diluted in a% &t é°buffer at 2-fold the required testing concentration

prior to transfer to the | CAM 1Fc coated plate and serial dilution. 25 The
conmpound of the pres nt |nvent|on has an I1C50 from low nMto pMin the
Jurkat/|1 CAM -1 adhes assay WO 01/30781 PCT/ USOQ 29273 172 1) H, 2)

hal ogen,

10

Example | Diastereomer |R MS mp
M/z (°Cc)
(MH")
313 5R, 7R -NMe; 530 106.1
314 5R, 7R -NHMe Sl6 212.6
315 5R, 7R —N’_\o 572
j—
316 5R, 7R —HN-N o | 587 174.8
—r
317 5R, 78 -NH; 502 140.3
318 Y
SR, 78 —N_ 572 129.1
319 5R, 7S -NHMe 516 122.7

- g,



3) NO2, 4) CN, 55) C1 6 alkylthio, 6) NR3R6, 7) Cl1_6 al kyl optionally
substituted with halogen, 8) Cl_6 al koxy, 9) COR92, 10 10) aryl which may
-be substituMU01/38181 11) heteroaryl which nmay be substitut ®dy/usedrears Z' are
i ndependently 1) H 2) OH, 15 3) hal ogen, This Sheet Has Been Repl aced 4)
NO2, | If~l" 111211 11211111 (1111 5) CF3, 6) NR3R6, 7) NHCOR41, 20 8)
Cl 6 al koxy optionally substituted with: a) carboxyl, b) C1 6

al koxycarbonyl, or c¢) phenyl, or 9) COR42; 25 P and Q are independently 0O
or S; Ris aryl or heteroaryl, and sai a7yl and heteroaryl nay be

substituted with a group selected from 1) halogen, 2) OH 30 3) CN,
dilution of the protein in PBS pH 7.5, transfer of 100 pl/well

to Falcon Probind III plates and overnight incubation at 4°C.
Wells coated with BSA served as a measure of non specific
background adhesion. Washed plates were blocked with a

5 solution of 0.25% ovalbumin in PBS for 1 h at 37°C. HBSS
washed Jurkat cells were suspended to a final concentration of
2.5x10%/ml in TBSg adhesion buffer (24 mM Tris pH 7.4, 0.14 M
NaCl, 2.7 mM KC1l, 2 mM glucose, 0.1% HSA). A 100 pl volume of
cells was added to the blocked and washed ICAM-1le¢Fc coated

10 plates that contained 100 pl of plate buffer (TBSg, 10 mM
MgCl,, 2% DMSO). Adhesion was for 1 h at 37°C. Non adherent
cells were removed using the EL404 plate washer (BioTek
Instruments; Highland Park, VT). The number of adherent cells
was quantified by measuring enzymatic activity of endogenous

15 N-acetyl-hexosaminidase using the enzyme substrate p-
nitrophenol-N-acetyl-b-D~glucoseaminide, pNAG. The amount of
liberated p-nitrophenol was measured by reading the optical
density at 405 nm using a vertical pathway spectrophotometer
to quantify cell attachment (VMAX Kinetic Microplate Reader,

20 Molecular Devices, Menlo Park, CA). For competition studies
the compounds from 100% DMSO stock solutions were diluted in
plate buffer at 2-fold the required testing concentration
prior to transfer to the ICAM-1-Fc coated plate and serial
dilution.

25 The compound of the present invention has an ICsp from

low nM to pM in the Jurkat/ICAM -1 adhesion assay.



4) C1_6 alkyl optionally substituted with a group sel ected
FYII1i11111121212212122 11 1Y Ms WD 01/30781 PCT/1J3S00/ 29273 174
_wherei n sai WOMBAMAl a-anino acid residue may be esterifPEHUSIORRIEL 6

al kyl group, 18) aryl which may be substituted, and 19) heteroaryl which
may be substituted; 5 Rl and R2 are independently 1) H,£ 2) hal ogen, 3)
OR3, 4) OCOR5, 10 5) SO02R5 6) NR3R6, 7 ) NR6COR91 This Sheet Has Been
Repl aced 8) NR6CSR4L, 1L1LIL TEEE LR TEEEELEDL 111 9) NR SO2R5, 15 10)
OCONR3R3, 11) N3, 12) Cl1_6 alkyl whichA7%ay be substituted, 13) CN, 14)
COR92, 20 .15) aryI whi ch may be substituted, or 16) heteroaryl whi ch may
be substltut ed; 1brHR1 and R2 combine with each ot her at the term nal

thereof to form Ad16¢&n,

3) NOgz,-
4) CN,

S 5) Ci-¢ alkylthio,
6} NRRS,
7) Ci-¢ alkyl optionally substituted with halogen,
B8) Ci-s¢ alkoxy,
9) COR*?,

10 10} aryl which may be substituted, or
11) heteroaryl which may be substituted;

Z and z' are independently

1) H,
2) OH, -
15 3) halogen, This Sheet Has Be Replaced
4 wow G
5) CFs, '
6) NRRS,
7) NHCORY!,
20 8) Cj-¢ alkoxy optionally substituted with:

a) carboxyl,
b) Ci-¢ alkoxycarbonyl, or
c) phenyl, or
9) COR*;
25 P and Q are independently O or S;
R is aryl or heteroaryl, and said aryl and heterocaryl may be
substituted with a group'selected from:
1) halogen,
2) OH,
30 3) CN,
4) Ci-¢ alkyl optionally substituted with a group selected

L

-y,



25 2) nmethylene substituted with carboxyl, C2_7 al koxycarbonyl, or
CONRaRb, or 3) C2 3 al kyl enedi oxy; Ra and Rb conbine with each other at the
termnals t EPA8E#81, forma 3-7 nembered ring together wiPCIshzeRist r ogen
atomto 30 which they are attached, where said 3-7 nenbered ring may

I ncl ude additional heteroatons such as oxygen, nitrogen and [I1T1ITT T1HITTI
LELEE b 1 1kl Wo 01/ 30781 PCT/ Q800/ 29273 176 1) H, or 2) Cl_6 al kyl
whi ch may be substituted; mis 0, 1, 2 or 3; nis 0, 1 or 2; ois 1or 2; p
is 1 or 2. 5 2. The conpound accordingl?b claim1, wherein X and Y are

i ndependently selected from 1) halogen, 2) N2, 3) Cl_6 al kyl optionally
substituted with hal B§erein 1$pi4) ngtugad| goaging md Fesidae may Kemoy|

group, 6) CN, ThIS S Repl a 7) carboxyl I T T O O
L~ ~ agggéfﬁ CE%% EE)@ RN phenyl optional |y
substituted wit He)a)arﬁl Ghad:lkyilayomel @nhlstyttstm,t igng ed wi th hal ogen, b)

Cl_6 al koxy Opth@OahL¥e§89§§itJﬁf%% Wﬁ&hbgaéu stltuted,

5 R! and R? are independently

1) H,
2) halogen,
3) OR3,
4) OCOR®,
10 5) SO;R*
6) NR3R®, B

This Sheet Has Been Rep

T

7) NR®COR?!,
8) NRECSR%!
9) NR®SO,RS,

~

15 10) OCONR®R?,
11) N,
12) Ci-s alkyl which may be substituted,
13) CN,
14) COR*?,
20 .15) aryl which may be substituted, or

16) heterocaryl which may be substituted;

or R! and R? combine with each other at the terminal thereof

to form:
1) oxo,
25 2) methylene substituted with carboxyl, Cz-q

alkoxycarbonyl, or CONR*R®, or
3} Cz-3 alkylenedioxy;
R* and R® combine with each other at the terminals thereof to
form a 3-7 membered ring together with the nitrogen atom to
30 which they are attached, where said 3-7 membered ring may

include additional heteroatoms such as oxXygen, nitrogen and

* c L M S *



20 c) CN,
pyrrolyl
-pyridyl,

wherei n said phenyl, naphthyl, pyridyl benzofuryl and thiazolyl may be

11) isoxazolyl optionally substituted with C1_6 alkyl, 12)

optional |

y substituted with C1_6 al koxycarbonyl or fornyl,

25WO ig0senyl , naphthyl, pyridyl, benzofuryl orPETUSINRI2TSE,

13)

substituted with a group selected from 1) halogen, 2) OH 30 3) CN, 4)

Cl 6 al kyl

LT 1l

Cl_6 al kyl

CN, 5 d)

5

10

f)

b)
c)

optionally substituted with a group selected 1111111121111 liili
111 * L LS W 01/30781 PCT/USOQ' 29273 178 a) O _6 al koxy,
optionally substituted with1®®6, N (Cl1_6 alkyl) 2 or COR42,
COrR42, e) C2_7 al kenyl optionally substituted with COORS,
NR6R6, g) N02, R) NHG®R41, 10 NHSO2R5, This Sheet Has Been Replaced j) N
(S02R5) 2, 1111Ly LI Ll agldd Wicn! kby!nd!ddbstituteas
mis 0, 1, 2 or 3; nis 0, 1 or 2; ois 1 or 2; p is 1 or 2.
2. The compound according to claim 1, wherein
X and Y are independently selected from:
1) halogen,
2) NOj,
3) Ci-¢ alkyl optionally substituted with halogen,
4) Ci-¢ alkoxy group,
5) .C;-7 alkanoyl group, .
6) CN, This Sheet Has Been Replaced
7 carbony, A
8) Ci-g alkylthio,
9) NRPRS,

15

20

25

30

10) phenyl optionally substituted with:

11)

12)

a) Ci-¢ alkyl optionally substituted with halogen,
b) Ci-¢ alkoxy optionally substituted with halogen,
or

c) CN,

isoxazolyl optionally substituted with Ci.¢ alkyl,
pyrrolyl optionally substituted with Ci-¢

alkoxycarbonyl or formyl,

13) pyridyl,

R is phenyl, naphthyl, pyridyl, benzofuryl or thiazolyl,

wherein

said phenyl, naphthyl, pyridyl benzofuryl and

thiazolyl may be substituted with a group selected from:

1)
2)
3)
1)

halogen,
CH,
CN,

Ci-¢ alkyl optionally substituted with a group selected

[T



k) NHCONHR5, 1) N (CONHR5) 2, m) NHCSNHR5, or 15 n) pyrrolidinyl which may
be substituted with C1_6 aIkyI 19) furyl optionally substituted with CHQ,
20) thienyl WP/ |y substituted with CHO 21) pyrrolyl repseekisy
substituted with CHO and C1_6 20 al koxycarbonyl, 21) dihydroxazol yl
optionally substituted with C1_6 al kyl, 22) isoxazolyl optionally
substituted with C1_6 al kyl, 23) benzothienyl, 24) pyridyl, 25 25)
tetrazolyl, and 26) thlazolyl whi ch may be substituted with C1 6 alkyl; Rl
and R2 are independently selected from1l48 H, 2) halogen, 30 3) OR3, 4)
OCORS, bt rerere reeer et 1 CL Ms W 01/ 30781

PCT/ [ 1S00/ 29273 1802} p§1-631%3%H,, c) - CONRCRd where Rc and Rd are

i ndependently sel ectg c{gc&nmejg@@ggngmgycguégéaggged QEtB gndgﬁ% conbi ne

with each other at the term nals,thereof orma 3-7 ere i ng
together with the ni#2tbyere 8EORPRG - whi ch they are attached, and said 3-7
menbered ring nmay inghuge, additional 1-3 heteroatons such as oxygen,

ni trogen and
gen; d) COR*%?,

e) Cz.; alkenyl optionally substituted with COORS,
f) NRERS,
g) NO2,

h) NHCOR‘Y,
This Sheet H

St i

k) NHCONH
li N(CONHR)Z,
m) NHCSNHR®, or
15 n} pyrrolidinyl which may be substituted with Cj¢
alkyl,
19) furyl optionally substituted with CHO,
20) thienyl optionally substituted with CHO,
21) pyrrolyl optionally substituted with CHO and C;_g
20 alkoxycarbonyl,
21) dihydroxazolyl optionally substituted with Cj_g alkyl,
22) isoxazolyl optionally substituted with C;-s alkyl,
23) benzothienyl,
24) pyridyl,
25 25) tetrazolyl, and
26) thiazolyl which may be substituted with Cj¢ alkyl;
R! and R? are independently selected from:
1) H,
2) halogen,
30 3) OR?,
4) OCOR®,

L



sul fur and may be substituted with C1_6 al kyl, oxo, hydroxy, Cl1_6 al koxy
or NR6R6, 10 d) Cl-6 al koxycarbonylam no, e) Cl1_6 al kyl sul fonyl am no, f)
C2_7 al kanoyVe®/3481 and g) pyridyl; 2) Cl_6 al koxy opti orkOTiysnwasess i t ut ed
with NR6R6 or phenyl, 15 3) NR3R6, 4) phenyl optionally substituted wth:
a) carboxyl, b) Cl1_6 al koxycarbonyl, or c¢) NR6R6, 20 5) C3_6 cycl oal kyl,
6) isoxazolyl optionally substituted with C1-6 alkyl, 7) pyridyl, 8)
thienyl, 9) furyl, 25 10) phenoxy, or This Sheet Has Been Repl aced 11)
NRaRb; 1111 Il IN R42 is 1) H 2) OH 180 3) C1_6 alkyl optionally

substituted with NR6R6 orﬁghe%, 4) Cl1_6 al koxy optionally substituted
with NR6R6, |1 1111 R cagpex 01130781 PCTATS00/29273 182 3) hal ogen

4) NR3R6, 5) NHCORAL) -cONR°R® where R° and R® are independently selected
from hydrogen and C;-¢ alkyl, or R° and R® combine with
each other at the terminals thereof toc form a 3-7 membered

5 ring together with the nitrogen atom to which they are
attached, and said 3-7 membered ring may include
additional 1-3 hetercatoms such as oxygen, nitrogen and
sulfur and may be substituted with C;-¢ alkyl, oxo,
hydroxy, Cj;-¢ alkoxy or NR°RS,

10 d) Ci-s alkoxycarbonylamino,

e) Cj.¢ alkylsulfonylamino,

f) Cz-7 alkanoylamino, and

g) pyridyl;
2) Ci-¢ alkoxy optionally substituted with NR®R® or phenyl,
15 3) NRRS,

4) phenyl optionally substituted with:
a) carboxyl,
b) C;-¢ alkoxycarbonyl, or
c) NRRS,
20 5) Cj-.¢ cycloalkyl,
6) isoxazolyl optionally substituted with C;-¢ alkyl,
7) pyridyl,
8) thienyl,

9) furyl,
This Sheet Has Been Replaced

T mwe R

11) NR°R®;
R¥ is
1) H
2) OH;
30 3) Ci-s alkyl optionally substituted with NR®°R® or phenyl,
4) Ci-¢ alkoxy optionally substituted with NRR,

Tt




6) Cl-6 al koxy optionally substituted with: 5 a) carboxyl, b) ClL 6

al koxycarbonyl, or c¢) phenyl, and 7) COR92; Rl and R2 are independently H,

-hal ogen, ORWOMURER6, NHCOR4A1l, 10 NHSO02R5, N3, COR42, or PORWSAN29283 R1 and
R2 conmbine with each other at the termnal thereof to formoxo; R/l is a
group selected from 1) H 15 2) OH, 3) halogen, 4) CN, 5) Cl_6 alkyl
optionally substituted with hal ogen, OR6 or COR42, 20 6) Cl-6 al koxy
optionally substituted with hal ogen, NR3R6, pyridyl, or piperidinyl, 7)

N2, 8) NR3R6. This Sheet Has Been Repl8#ced 9) NHCOR41, III 11l 25 10)
NHSO2RS5, 1 ILELLErrrrrererr 1 11) COR92, 12) C (=NH) NH2, 13) CONHCH,
14) C2-6 al kyl t A oh abggers) C1 6 al kyl sul f| nyl, 16) Cl-6 al kyI sul fonyl, |
IT~iu TThETTITIdY gidgs, 11111 ¢ t WO 01/30781 PCT/ [ TS00/ 29273

5) NHCOR*

6) Ci-¢ alkoxy optionally substituted with:
5 a) carboxyl,
b) Ci-¢ alkoxycarbonyl, or
c) phenyl, and
7) COR*};
R! and R? are independently H, halogen, OR®, NR3R®, NHCOR‘!,
10 NHSO,R’, N3, COR*?, or phenyl:
or R! and R? combine with each other at the terminal thereof
to form oxo;
R’ is a group selected from:
1) H,
15 2) OH,
3) halogen,

4) CN,
5) Ci-¢ alkyl optionally substituted with halogen, OR® or
COR*?,

20 6) Ci-g alkoxy optionally substituted with halogen, NR3R6,

pyridyl, or piperidinyl,

7) NOg2,
8) NRR® ’ This Sheet Has Been Replaced
9) NHCOR",
25 10) NHSOR®, ‘ l“‘l |IIIH “l ‘I m
11) COR%?, |
12} C(=NH)NHz,
13) CONHOH,
14) Ci-¢ alkylthio,
30 15) Ci-¢ alkylsulfinyl,

0

-y



184 or R1 and R2 conbine with each other at the termnal thereof to form
oxo; R71 is a group selected from 1) H 5 2) halogen, 3) CN, 4) C1 6
.al kyl opti o onsosubstituted with hal ogen, 5) Cl_6 al koxpCopsaoaseas| y
substituted with hal ogen, 6) COR42, 10 7) Cl1_6 al kylthio, 8) phenyl which
may be substituted with a group selected froma) C2_7 al kenyl substituted
with COOR5, b) COR92, C) Cl 6 alkyl optionally substituted with OR6, d)
Cl 6 al koxy, and e) CN, 15 9) thienyl which may be substituted with CHO
10) furyl which may be substituted witi88HO, 11) pyrrolyl which may be
substituted with CHO, 12) isoxazolyl substituted with C1 6 alkyl; R72 is
hydrogen; ZG & ,amy R’agemRine coiil eachi PRheACRt cEMertesmipRe thehedf
thereof tqd ngnchg al kyl enedi oxy substituted with halogen; mis 1, and n
is 1. 5. The, conpound according to claim4, wherein 25 X and Y are

i ndependentl'y ¥falogesuporeletted frem:R2 is H, and the other is H OH,
NR3R6, NHCOR41, 1yNHICSRA1, or COR42; R91 iIs 1) C1 6 al kyl optionally
substituted W|th a group selected 30 from F a) NRERG, 1!1111J
1111111191111 1 &) hplogen,

3) CN,
4) C;-s alkyl optionally substituted with halogen,
5) Ci;-¢ alkoxy optionally substituted with halogen,
6) COR*?,
10 7) Ci-¢ alkylthio,
8) phenyl which may be substituted with a group selected
from a) Cp.; alkenyl substituted with COOR®, b) COR?, c)
Ci-¢ alkyl optionally substituted with ORG, d) Ci-¢ alkoxy,
and e) CN,
15 9) thienyl which may be substituted with CHO,
10) furyl which may be substituted with CHO,
11) pyrrolyl which may be substituted with CHO,
12) isoxazolyl substituted with Cj;-¢ alkyl:;
R’? is hydrogen;
20 or, R™ and R’ combine with each other at the terminal thereof
to form C;.3 alkylenedioxy substituted with halogen;

mis 1, and n is 1.

5. The compound according to claim 4, wherein
25 X and Y are independently halogen;
one of R! and R? is H, and the other is H, OH, NR®R®, NHCOR%!,
NHCSR*!, or COR%;
R is

1) Ci-¢ alkyl optionally substituted with a group selected

o A

30 from:

This Sheet Has Been Replaced

MHRT

i V)



L Ms This Sheet Has Been Replaced 111111! 12111111111 |1l 1111 WO 41/ 30781
PCT/ US40/ 29273 186 R 42 is NH2, NH(Cl-6 al kyl) or norpholinyl; R71 is ClL 6
.al koxy substW@ovadsiwi t h hal ogen; and R72 is hydrogen. 5 PCT/Use/2zmpound
according to claim?2, wherein the chem cal structure is the follow ng: R71
OXCtNCA 0 Y (I-B) wherein Ais =CH or =N; Bis -5-, -SO, -S02-, -N
(R3) -, -N(COR41) -, -N (CSR41) - or 10 -N (SO02R5) -; X and Y are

i ndependently H, hal ogen, N02, or Cl 6 alkyl; R71 is a group selected
from 1) H 2) halogen, 15 3) CN, 4) CI8& al kyl optionally substituted

wi th hal ogen, 5) Cl1_6 al koxy optionally substituted with hal ogen, 6)
COR42, 7) (&‘6iaiMdel,t NHOC1-THilkySheer maxpBddmyRepl aced 20 8) phenyl, |

T T 188) 5 £ 20 ridy) shbbbitdded iith nh@bobHS Yhna 11 PYTrolyI.

R’? is hydrogen.

5 7. The compound according to claim 2, wherein the chemical

structure is the following:

R71
0 X
i N—( A
K/N\« N
0 Y (I-B)

wherein A is =CH- or =N-;

B is -S-, -SO-, -50;-, -N(R®)-, -N(COR')-, -N(CSR*)- or
10 -N(SO.R®)-;

X and Y are independently H, halogen, NO;, or C;-¢ alkyl;

R’ is a group selected from:

1)y H,
2) halogen,
15 3} CN,

4) C;-¢ alkyl optionally substituted with halogen,
5) Cij.g alkoxy optionally substituted with halogen,
6) COR'?,

7) Cq- lkylthi
) Ci-¢ alky io, This Sheet Has Been Rep

R T

10} furyl,
11) pyrrolyl,

12) isoxazolyl substituted with C;-¢ alkyl,
25 wherein said phenyl may be substituted with a group

selected from a) C,; alkenyl substituted with COOR®, b)

* c L M S *



12) isoxazolyl substituted with C1_6 alkyl, 25 wherein said phenyl may be
substituted with a group selected froma) C2 7 al kenyl substituted with
COOR5, b) | WOPVRO1 | 11111 VIII VLI 11 111l CL Ms W 0PCIARN29273

PCT/ US00/ 29273 188 R71 is a group selected from 1) H 2) hal ogen, 3)
CN, 54) C1_6 alkyl optionally substituted with hal ogen, 5) Cl_6 al koxy
optionally substituted with hal ogen, 6) COR42, 7) Cl 6 alkylthio, 8)
phenyl, 10 9) thienyl, 10) furyl, 11) Egrrolyl 12) i soxazol yl
substituted with C1_6 al kyl, wherein sal8B8phenyl may be substituted with a

group 15 selacted_from a) 7 kenyl substituted with COOR5, b) COR42,
O Cl 6 al k%ﬂ 3t P oREPYR) %%tiegulféamwth OR6, d). Cl 6 alkoxy, and e) CN,

and said thi enyll) fyryl and pyrrolyl may be substituted with CHO 20 10.
The conpound acc (sjnag%to claim2, wherein the chemcal structure is the
followi ng: R71 ) é’«?thasBeenReplacedoIIIIIIIIIIIIIIIIIIIIIIII X

3) CN,

5 4) Ci-¢ alkyl optionally substituted with halogen,
5) Ci-¢ alkoxy optionally substituted with halogen,
6) COR%?,
7) Ci-¢ alkylthio,

8) phenyl,
10 9) thienyl,
10) furyl,

11) pyrrolyl,
12) isoxazolyl substituted with C;-¢ alkyl,
wherein said phenyl may be substituted with a group

15 selected from a) Cz-; alkenyl substituted with COOR®, b)
COR*?, c) Ci-¢ alkyl optionally substituted with OR®, d).
Ci-s alkoxy, and e) CN, and said thienyl, furyl and
pyrrolyl may be substituted with CHO.

20 10. The compound according to claim 2, wherein the chemical

structure is the following:

R™ This Sheet Has Been Replaced
o I
N A
N\\< \_/
0 Y (I-D)

wherein
A is =CH-, or =N-
25 X is H or halogen;
Y is 1) pyrrolyl optionally substituted with formyl,

A g

it O



NN~AOY (I-D) wherein Ais =CH, or =N F 25 X is Hor halogen; Y is
1) pyrrolyl optionally substituted with fornyl, I~tI!tITihulllTTIIMITIT~01
s WD 01/ 30730 PEH/781) SOO' 29273 190 (5R PCT/US00/29273
7S)-5-[4-(trifluoronethoxy)benzyl]-3-(3,5-

di chl or ophenyl ) - 7- ( 3- car banoyl pr opi onyl am no) -1, 3- di azabi cycl o[ 3. 3. 0]
octane-2, 4-dione; (5R 7S)-5-[4-(trifluoronethoxy)benzyl]-3-(3,5- 5

di.chl orophenyl ) -7-(3-(4-nethyl -1 - piperazinyl carbonyl) propi onyl am no] -1, 3-
di azabi cycl o(3. 3. 0) oct ane- 2, 4-di one; (B
7S)-5-[4-(trifluoronethoxy)benzyl]-3-(3,5-

di chl or opheBR/) -TBInidcdérhbyifhyonrmethoxy) benzyl]-3- (3, 5-

a0 Y\ e, ok it Bcmionytannel -1, 5
di chl or ophethiazabicyeleyfdr 6} P HoedremZhdrgiiant no) - 1, 3- di azabi cycl o[ 3. 3. 0)
7R 5. 4 (IO ore i STERST T P ey ) 1s
7- car bandy|dicdagioghgabi ey tl of 3- Bl-0leddyané=2, 4- dione; (5R, 7R) -5- [4-
(7t :r;)]; Ipﬁlolr g%aé%lnpgeé%%g}ég)iﬁ%%cﬁ%f’gh%%ﬂ)g?gﬁgy|2) 4: di one; (5R,
7R) - 5- [ 4- (t¥4F33drymtPidxy) beertAre-3, @3dbonethl or ophenyl ) -
ol oLl s b B s ore 20 (o1
7- met hy| cardigdprophgnil bz ot isatligey1amdhoct are- 2, 4- di one; and
10 diazabicyclo[3.3.0)octane-2,4-dione;
(SR, 78)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl)~-7-(l-pyrrolidinylcarbonylamino)-1, 3-
diazabicyclo[3.3.0}octane-2,4-dione;
(3R, 7R)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-dichlorophenyl)-
15 7-carbamoyl-1,3-diazabicyclo[3.3.0)octane-2,4-dione;
(SR, 7R)-5-[4-~(trifluoromethoxy)benzyl]-3-(3,5-dichlorophenyl)-
7-morphlinocarbonyl-1, 3-diazabicyclo[3.3.0]octane-2,4-dione;
(5R, 7R)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5—dichlorophenyl)—
7-dimethylcarbamoyl-1,3-diazabicyclo[3.3.0]octane-2,4~dione;
20 (5R, 7R)-5—[4-(trifluoromethoxy)benzyl]—3-(3,5-dichlorophenyl)—
7-methylcarbamoyl-1, 3-diazabicyclo[3.3.0)octane-2, 4-dione; and
(SR, 7R)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl) -7-morpholinocarbamoyl-1, 3~
diazabicyclo[3.3.0}octane-2,4-dione.
25
.12. A process for preparing a compound of the formula (I):

R X

Ko -
AT N R
UREaV,
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(5R, 7R)-5-[4 (trifluoromethoxy)benzyl]-3-(3, 5-

di chl or ophenyl % 7- nmor phol i nocar banoyl -1, 3-

-di azabi cycl 0¥1oct ane- 2, 4-di one. 25 12. A process
conmpound of the fornula (1y: R~*IK}oPzZz X1l ~111II 111

Nnn AIlItllj L wY(l) This Sheet Has Been Repl aced |11 1]

FEEEErr 1 WO 01/30781 PCT/ USOQ 29273 192 wherein L i eavi ng group
and the other synbols are the sanme as defined in claiml, and optionally

converting into the pharnmaceutically at®®ptable salt, if necessary. 5 14.

A process f(]};"E rqpahlng a,conpound of the formula (I): R'""'XKja P Z~ X B
N NMA W {%5 efePnleRE Y Foe ape Ehe Ry symbedisnagei Bhel ai m 1,

or a phar neaesitds alelfinaacept el ign 33! tanﬁh35€9$nalw %n%%ib?ehtée@% Ing
t he conpounqiof t he formul a R'**K ( wherein the
symbol s ar & 7&?%ﬁﬁﬁ§léglﬂ%f?ééquﬁ?LfléPﬁFi lﬁmﬂ#FessarY

foWCp gmvrmg
(1111 11
NERE
s al

5 14. A process for preparing a compound of the formula (I):

"Nk F
Y (1)

wherein the symbols are the same as defined in claim 1, or a
pharmaceutically acceptable salt thereof, which comprises

reacting the compound of the formula (V):

RNTKL>
NH

B
N 7/
10 \')n/ W (V)

wherein the symbols are the same as defined in claim 1, with
the compound of the formula (VI):
X

B o S 71}

Y (vI)

wherein L is a leaving group and the other symbols are the
15 same as defined in claim 1 and converting the resulting

compound into a pharmaceutically acceptable salt if necessary.
15. A pharmaceutical composition which comprises a

therapeutically effective amount of the compound as set forth

20 in claim 1 in admixture with a therapeutically acceptable

R

carrier or diluent.

e 1



t he conpound of the formula (VI): X Zxc--~ This Sheet Has Been Repl aced
L-M\ ~ A 11121 U L e 1 r~~titlr Y (VM) wherein L is a |l eaving group
_and the ot hWP03#BbLlI s are the 15 sane as defined in cl aiR@Tsam2P2¢onverti ng
the resulting conpound into a pharmaceutically acceptable salt if
necessary. 15. A pharnmaceutical conposition which conprises a
therapeutically effective anmount of the conpound as set forth 1 20 in
claiml in adm xture with a therapeutically acceptable carrier or diluent.
FYLEEi L/ el reeer reeer e /i ~ Mi8W0 01/ 30781 PCT/ I TSOO 29273 194

is selected fromgsorl asis, rheumatoid arthritis, inflamatory bowel
di seases (EPoRRLECHHS Lram P&PEé?ﬁ’c—?'\/e"l’&ﬂ“}attl%F a§'§/§fb‘h’r%' Hﬁfﬂrég"“atwy

eryt hemat opdfel ad D LsLeN@BbhAY §, A QHEN WY cOYREE P8Eco1 189Gt is9Btamier
transplantation (chronic rejection, acute 5 rejection), and graft vs. host

di sease. |FFPP?1q_ﬁ&1t1fiePat|°|srlﬁ |?F??lqldqqmaltlwswﬁaggs&fea I'BB&n Repl aced
11111111 1%éd3jdétidd laftdr khbnsplantation (chronic rejection, acute

5 rejection), and graft vs. host disease.

HIIIIII 00 A

This Sheet Has Been Rep

LT




