WO 03/ 066636 PCT/ US03/ 03449 |INH BI TORS OF aLP2 | NTEGRI N MEDI ATED CELL
ADHESI ON BACKGROUND OF THE I NVENTION 5 Field of the Invention The present

i nvent i onrwoaBat@se t 0 novel conpounds that are potent inhiPoTius0sozf9 al (32
integrin nediated cell adhesion which could be useful for the treatnent of
aL(32 integrin nediated inflammtory conditions. 10 Description of Rel ated
Art Leukocyt e TNHIRETORS o0 e INEECBLNr MEBBATEDN CRbLe8DHESION| CAM) pl ay
pivotal roles in | eukocyte adhesion to target <cells and extracellul ar
matrices. The R2 (CD18) integrin 15 subfamly has four nenbers, each

consi sting ofpaxtebeipdobutrurdr§t/ERetoR- chai n noncoval ently paired with
CD18: alL(32 integrin (LFA-I, COTa/CDI8), aM 32 integrin (Mc-1,

CDI | b/CD18), ax R2 integrin (pl50/95, CD 1c/CD18), and aDP2 integrin

(CD 1d/ Bogchn . Adhesi on Ml ecules in Allergic D sease, Marcel
20 DégkgE%§ o% i ? & )). Among them LFA-1 has been shown to be
central to tiraecpktsaflbeshoanandnt rahseadotbehbakl pbgpatinds ohalt eekl s,
eosi nophils, and other |eukocytes into inflaned tissues (Garnberg, Curr.
Opi n. CebteBtolinhybidore48f @bk (I1geprirPaess agtechicellBradhes ipmamiecs! ogy,
126, 537-55Q 25 (19991). LFA-1 binds to the Iﬁ?NLfanil, (1 CAMHI, -2, -3,
-4, -5yoBtdnBeetaréylekpresbgdteRamlifREpPé Eeb it iy Htefhscul ar
endot hel: | d Ll ells, epithelial cells, nacrophage and T
IynphobFggggﬁﬁégéfyneggagFggn%f | munol ogy, 137, 245-254 (1986)). In
additdéon, LFA-1/1CAM1 and LFA 30 1/ICAM 3 interactions can act as

co-stinulatongtsi nal_s eguir d for T cell activation (Wngren et al.,
Crit. REEEEEﬁ__EﬁﬂuREL5§§?—$§+g§§5-253 (1995)). 1 WD 03/ 066636

PCT/ US03/ 03448ukocyte integrins and intercellular adhesion molecules

(ICAMs) play pivotal roles in leukocyte adhesion to target

cells and extracellular matrices. The B, (CD18) integrin

15 subfamily has four members, each consisting of a related but
distinct a-chain noncovalently paired with CD18: of, integrin
(LFA-1, CD1la/CD18), omp: integrin (Mac-1, CD11b/CD18), oxf2
integrin (pl50/95, CD1lc/CD18), and opf, integrin (CD11d/CD18)
(Bochner ed., Adhesion Molecules in Allergic Disease, Marcel

20 Dekker, Inc. pp 1-24 (1997)). Among them, LFA-1 has been
shown to be central to the cell adhesion and transendothelial
migration of T cells, eosinophils, and other leukocytes into
inflamed tissues (Garmberg, Curr. Opin. Cell Biology, 9, 643-
650 (1997); Panes et al., Br. J. Pharmacology, 126, 537-550

25 (1999)). LFA—l binds to the ICAM family (ICAM-1, -2, -3, -4,
-5) of molecules expressed on multiple cell types such as
vascular endothelial cells, dendritic cells,‘epithelial cells,
macrophage and T lymphoblasts (Dustin et al., J. Immunology,
137, 245-254 (1986)). In addition, LFA-1/ICAM-1 and LFA-

30 1/ICAM-3 interactions can act as co-gtimulatory signals
required for T cell activation (Wingren et al., Crit. Rev. in

Immunology, 15, 235-253 (1995)).



Cell mgration and T cell co-activation are inportant processes in a nunber
of inflammtory di sease states. A domnant role of LFA-1 in nediating

i nfl ammatwoy3ee@aés i s shown in several different ani mal Peodsoyofo
inflammatory 5 diseases in which antibodies to LFA-1 or ICAM 1
significantly inhibit devel opnent of therapeutic end points (Rothlein et
al . KldneyC¢hlemhgrabh9n and Teggli19923ctivybien QFe igportaftinol ogy,
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(CGottlieb et al Am_ Acad. Dernmato| og % ?g 2000%%. Mor eover,
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is 1 or 2 armaceutically acceptable salt thereof. Detailed
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shown efficacy in patients with psoriasis (Gottlieb et al., J.
Am. Acad. Dermatology, 42, 428-35 (2000)).
Moreover, it has been shown that antibodies against LFA-1
suppress rejection after organ transplantation (Poston et al.,
15 Transplantation 69, 2005-2013 (2000); Nakakura et al.

Transplantation 62, 547-552 (1996)). WO 94/04188 discloses
the use of monoclonal antibodies directed against off; integrin

for all transplantations.

20 SUMMARY OF THE INVENTION

The present invention relates to novel compounds of

formula (I):

NC
O Cl
1)
R HN N N (
o 0O \§; Cl

25 wherein R is hydrogen atom, hydroxyl group, or carbamoyl group,

and n is 1 or 2, or a pharmaceutically acceptable salt thereof.

Detailed Desgcription of the Invention




t hereof, and the present invention also includes these optical 1isonmers and
m xtures thereof. 5 In an enbodi nent of the present invention, the steric
conf i gur awpoma/oefe3@ bond need not be fixed. The conpounds @CT/Uush®oresent

i nvention may be a conpound with a sole configuration or a mxture with
several different configurations. 10 In a preferred enpodi nent of the
conpounds ofTHerdafirgd )compoyurdsoft ogfeh REDPEF nt AR TETT ghaY eFF &3

ool _ . .
enbo '@Pﬁtelfée rfr{iﬁng O%b@ﬁéaffjfsc%rﬁéfwlﬁaééa’oﬁ & Sy LKy a@spup. I n still

anot her p ment o e conpounds of 15 fornmula (1), Ris
car bamyHexpgafilp.and cheopeeperf et meeh o d hent inéludes conpdenast bfal

formula (1), nis 1. In another nore preferred enbodi nent of the conpounds
of for%éﬂ%?¥%)%n4|W%X%9r%% $%65¢? rther preferred enmbodi ment of the

conpaunds ofrn fof tiBodident b8 L9880t OThABH: Doh s ghe | St &hod her
further preferred enbodi nent of the conpounds of formula (1), Ris

hydr oxytomyf bapratnicom ¢§ 4. bonrd seeed mebtherfived her The efe@rpedn@bodi nent of

the 25 .conpounds of forrmula (1), i S yl . gL oup, nis 2. Mbst
prefer?%@F2%%%%ﬁﬁﬁsl%ﬁe?%%o%ré%%n?gﬂ%v%é@%%%ggrglgée¥e%$£% fromthe
f ol | owi dh EDGReANTSH $BSe HSkt&ré dwlyRnobeszyl )dB££8rsnti chl or ophenyl ) - 7-

acetyl am no- 1, 3-di azabi cycl o[ 3. 3. 0] octane-2, 4-di one; 30 (5S,
7S) - 5- (T EHSBRRSRS - 3- (3, 5- di chl or ophenyl ) - 7-[ ( 2-

Py anet bRkt R RIeL oL, Ml e o cnsimdSSaTS) -5
car ban®| ps dpydnydgmnanoh- 1, 3- di azabi cycl o[ 3. 3. 0] oct ane-2, 4- dione. 3
In another preferred embodiment of the compounds of
formula (I), R is hydroxyl group.
In still another preferred embodiment of the compounds of

15 formula (I), R is carbamoyl group.

In a more preferred embodiment of the compounds of
formula (I), n is 1.

In another more preferred embodiment of the compounds of
formula (I), n is 2.

20 In a further preferred embodiment of the compounds of
formula (I), R is hydrogen atom and n is 1.

In another further preferred embodiment of the compounds
of formula (I), R is hydroxyl group and n is 1.
In still another further preferred embodiment of the
25 compounds of formula (I), R is carbamoyl group and n is 2.
Most preferred compounds of the present invention are
selected from the following compounds:
(58, 78)-5-(4-Cyanobenzyl)-3-(3,5-dichlorophenyl) -7-
acetylamino-1,3-diazabicyclo[3.3.0]octane-2,4-dione;

30 (58, 78)-5-(4-Cyanobenzyl)-3-(3,5-dichlorophenyl)-7-[(2-
hydroxyacetyl)amino] -1,3-diazabicyclo[3.3.0]octane-2,4-dione;
(58, 78)-5-(4-Cyanobenzyl)-3-(3,5-dichlorophenyl)-7-[(3-
carbamoylpropionyl)amino]—1,3—diazabicyclo[3.3.0]octane—2,4—

dione.



WD 03/ 066636 PCT/ US03/ 03449 The characteristic of the present conmpounds is
the conbi nation of the acylam no group at 7-position and the 4- cyanobenzyl
group at wopasedsdoOn of 1, 3- di azabicycl o 3. 3. 0] oct ane nuclPewdiSosdan®e such

characteristic 5 is not specifically described in prior publications. The

conmpounds of the present invention have potent inhibitor ctivity against
both LFA-1 et flerzeterhghtsioh t%%cp{‘g%@%t n‘é‘arp%?‘é%éq' %%I tiE‘h%o- activation,

and al sg, tfa&?e+f ?E&Eebé@ﬁ‘l’%lﬁ@ic%fédpaé%ef—ﬁééltf&m MhetEgdipn which 10
reflects the overall inprovenent in T{a) plasna protein binding, b)
agueouscywahaibehivly gmnoupcat|bpophitientgf The-conpounds of the present

invention therefare_show excellent in vivo ., efficac ainst the, .

unf avor‘gjo?%:a b%p:[?g)is? c%ﬁ%‘é‘&%? fﬁfius he‘ﬁ%l%i:%ds%%% glg%%%’?%ﬁsiﬁcl n
addi t§ oz Ade SEPOENESIDY §BEcPIBSENini pYesti pAibhaverigesent antagonistic
activity on substance P receptor, i.e., Neurokinin 1 (NK1) receptor, as

wel | . Subst ahlee ForReepddrof ahhagpreeest ateverhsPachanctBobeliusef ul for the
treat ment, of ;L1 & Qg&?ﬁ‘&@%?&'ﬁ%@ﬁ@s %gﬁatéﬁeggﬁi()%&h@é%gﬁ' tis,
20 i nflanmeiory ‘bowel ~di sease, cystrtrs, and other gastric I sorders
(Kranevghd BfAal .medbbted nMmuoephacsesot bgytidn, 1629-al660sK8001); Swai n et
al ., Ann. QRj?.ﬁ' Med, Chem,. 34, 51-60 (1999); Ohnmacht Jr. et al., Ann.
Rep. MeRRCehepit BB0avaipgbiligysyyterthosat had@onpabhasiar ‘f’]ﬂég{ﬁresent
LoV | POsPaSE 25 fXCBLLEAN 1t HEEARG LPAeNtd )l p Agal) St rd e b AYQL 8] €
conditions caused or nedi ated Dby substance P. Al'so, the conpounds of the
pr esent (bhvagtéons meglshbliexcehtielt) elipepbilonitiie tThat gempoonds

preventi s_due to .the dua gﬁ&ivities of LFA-1

: gn of 1nila Eor @sea F2:E e_sho Xge in vivo :
medi at ed" cEPT BEREE!bN PX%P%F?POE S6° ARG sTBEY afits Illi’lr eceptof - ant agoni sm
Mor eovegffibgcgoapaunds ehef anmul-ergblehayadt eduniedcaayeat byi tFayiand | ow
cytochrone P450 inhibitory activity as
mediated cell adhesion.
~15 In addition, the compounds of the present invention have
potent antagonistic activity on substance P receptor, i.e.,
Neurockinin 1 (NK1) receptor, as well. Substance P receptor
antagonists are congidered to be useful for the treatment of
inflammatory diseases such as asthma, rheumatoid arthritis,
20 inflammatory bowel disease, cystitis, and other gastric
disorders (Kraneveld et al., Int. Immunopharmacology, 1, 1629-
1650 (2001); Swain et al., Ann. Rep. Med. Chem., 34, 51-60
(1999) ; Ohnmacht Jr. et al., Ann. Rep. Med. Chem., 33, 71-80
(1998)). Thus the compounds of the present invention has
25 excellent therapeutic potential against the unfavorable
conditions caused or mediated by substance P. Also, the
compounds of the present invention may show excellent effects
on the treatment or prevention of inflammatory diseases due to
the dual activities of LFA-1 mediated cell adhesion inhibition
30 and substance P receptor antagonism.
Moreover, the compounds of formula (I) have reduced
cytotoxicity and low cytochrome P450 inhibitory activity as

compared with those described previously, and therefore, the



conpared with those described previously, and therefore, the 4 WO

03/ 066636 PCT/ US03/ 03449 conpounds of the present invention nay have
reduced swoas/efsBect potential. The conpounds of the presect/uisovexsts on may
be clinically wused either in a free formor in the form of

pharmaceutically 5 acceptable salts thereof. Pharnmaceut i(ﬁal J(X accept abl e
salts iGEIRRIENGH Qi thaAdISFHL sSHISRG 1P FPY i Gt 93t d B1%n  organic

aci d, aéﬁ@céaéétéfﬂﬁfbf‘.n i norgani c base, an organic base or an am no acid.
Phar maceutically acceptable salts also include an intranolecular salt
t her eof , or Zheatampeundts 1OF hvitr ateesdrer ebfverTtior ongp uprelsc bini¢rl by esent

i nvention ., .he fornul at ed nto a pharmaceutical . c osition. c rising a
therapétﬁef{g%ljt@"e%fjf%c?iﬁfée% Ut of %rhetq%%n%%{fﬂdo%spolg]frp%%%% %é\?ieTP%nd a
phar maceitd Sl Ve AELEDS ADhEr &S | | EShDFmdltdwieéal TeadSephabr@csat t sal |y
acceptabl e carrier or diluent my be, for exanple, binders (e.g., syrup,

gum ar abiclude|an iacidorddiblion sakgadhit D pbryvIai pyReafi efoney,
excipients (e.9... Lactose r r SSi ate,
o by t TSR A Pibrs canbE TEy ST hSLENT PEREZTH HEpRRRD

pol yet hyd @nen20al aedhe &tld ca) Plthsrhadt gt bt &1 by (@cgeptpiot at sabtarahgo
wetting agents (e.,g., sodiumlaurylsulfate), and the |ike. The desired
conmpountcbide Rl pHREEHIC L TR HRT off o ERHEFHhcedti @aPPyVakteptabl e salts

t her-epf jhistered either orally or parenterally, and it nmay be
FELEBARE B0

use phar maceuti cal preparation. These pharmaceuti cal
pr epar at i onsThaycdrepoundseot otne aprassot | tnpeepaeat hay bachorsulatedbl et, a
granul e, a capsul

O B o RShE S 20 B0 S Sl St e PR PLEER S o0,
adm ni s¢ gf &6k B0 PatEHher 8F | Yhet B8mpbanavseuleEaher epatat &0 aay be in the
pharmaceutically acceptable carrier or diluent. The
15 pharmaceutically acceptable carrier or diluent may be, for
example, binders (e.g., syrup, gum arabic, gelatin, sorbitol,
tragacanth, polyvinylpyrrolidone), excipients (e.g., lactose,
sucrose, corn starch, potassium phosphate, sorbitol, glycine),
lubricants (e.g., magnesium stearate, talc, polyethylene
20 glycol, silica) disintegrators (e.g., potato starch), wetting
agents (e.g., sodium laurylsulfate), and the like.

The desired compounds of the present invention or
pharmaceutically acceptable salts thereof may be administered
either orally or parenterally, and it may be used as a

25 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
emulsion, when administered orally. When administered

30 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



form of suppository, an injection preparation or an intravenous drip
preparation using distilled water for injection, a physiological salt

sol uti on,wan3aeiseous gl ucose 5 WO 03/ 066636 PCT/ US03/ 03449CTAsbyod4an, and
so on, and an inhalation by a conventional process. The dose of the
desired conpounds of the present invention or. pharnmaceutically acceptable
salts t¥RYHo¥Oardhd sSQependihy T HAR& ﬁ¥h?§t?§t?oﬂoﬂ¥?ﬂBﬂ?n3 e, sex, body
wei ght , %HEE ondition of a patient, but, in general, the daily dose is
preferé% y about 0.1 to 100 ng/ kg/day, particularly preferably 1 to 100
nmg/ kg/ day. Thee cdopounfistid déeipedseanppnudat Pbntbanpbesesed for 10

treating or preventi LFA-1 nediated_condjtions in_a tient, _for
exanplegh%FWéhﬁﬁl%%IQ@%?Wa%%%tﬁ% nﬁgchk?h ep?%g%ﬁtgﬁ?ﬁegﬁtygﬁycan be
al so gu &1 fdeoh r eat aBnin D6t faPabhenéthelf f egeNgsékpnbedysuwetghti bl e to
LFA-1 nmedi ated conditions. Exanples of LFA-1 nediated conditions include
i nf | ammandreondigieragbsa RatbeRAUNBUHI séBsESNeHAY  aFher grélYi de88eds The

b eventr et F e Epar o Shs L SRt Y FEDBL Ry ppHEEFep L AL Py SRERD. 1"
as wel l1asofooothg/kyy@ayoment of a patient suffering fromor susceptible to

such 20 conditions. Exanples of the conditions my be igfla t r¥
di seases. THEh%o%%BEﬁH§d6fOfhEh%rEE%ﬁ?nFn%ENFPBﬁOﬁa§aBe Es@gggo%o treat ment
or prevepllonngf ofi spavest sHENLAR- 1 heuAREeEE cBhbREibhS, iASENERL16REQNI C

obstructive pufnonary di sease, 25 allergy conditions, adult respiratory
di st r esBosyaxanpke, AhDSumapapdf dbenscullhe dpspaveds Pfir shboprssehsr nf ul

P! oL PEL B! 2881 UELADCER! LR DOSLLETROLY St aEeBR fusion
suffering from or susceptible to LFA-1 mediated conditioms.
Examples of LFA-1 mediated conditions include inflammatory

15 diseases, autoimmune diseases, and allergic diseases.

The compounds of the present invention can also be used
for the treatment or prevention of conditions caused or
mediated by substance P in a patient, as well as for the
treatment of a patient suffering from or susceptible to such

20 conditions. Examples of the conditions may be inflammatory
diseases.

The compounds of the present invention may be used for
treatment or prevention of diseases such as rheumatoid
arthritis, asthma, chronic obstructive pulmonary disease,

25 allergy conditions, adult respiratory distress syndrome, AIDS,
cardiovascular diseases, thrombosis, harmful platelet
aggregation, reocclusion following thrombolysis, reperfusion
injury, skin inflammatory diseases (é.g., psoriasis, eczema,
contact dermatitis, atopic dermatitis), osteoporosis,

30 osteoarthritis, atherosclerosis, arteriosclerosis including
transplantation-associated arteriosclerosis, neéplastic
digeases including metastasis of neoplastic or cancerous
growth, wound, detaching retina, Type I diabetes, multiple

sclerosis, systemic lupus erythematosus (SLE), ophthalmic



contact dermatitis, atopic dermatitis), osteoporosis, 30 osteoarthritis,

at heroscl erosis, arteriosclerosis including transplantation-associated
arteri oscWere®e@36 neopl astic di seases includi ng net ast asipsTafSonexapd asti c
or cancerous growth, wound, detaching retina, Type | diabetes, multiple
sclerosis, system c |upus erythematosus (SLE), ophthalmc 6 WO 03/ 066636
PCT/ USOB1 DB t o1f | aemdt b9 ont 1 IRBALOFY | dwiat of iSPRTRF Hrseh’es
(Crohn' s, _ di i LY S) Lti r i der

Fegi onaT AR ER W LEIAL CLECLLL ShysEYRl el el e O
The conpagisisa Df etither pt £8 pntj odwent & oy ndyomad soahe oisker foroidmwunej ection
(i.e., chronic rejection and acute rejection) after organ transplantation,
i ncl udiMSe@FeYraft rejection (host vs. graft di sease) and graft vs. host

di sease. Thericonponndsn@l bherREeseBichiVERyLRni dRYnEP B18HeHrablyeql0 used
for treatnment or prevention of psoriasis, rheumatoid " arthritis,

i nf | ammidor yhdone] edi seasés. ¢ O otiprend¢ seagectighcendt #geteol itis),
system ¢ | upus erythemat osus topic. _dermatitis jogren’ s- s me, and
rejecti%ﬁﬂ%é%%?n%r% ert?E%%%lgﬁ?ﬁf?%ﬁ“?ﬁ?ﬁ%ﬁra%?cfgﬁg% i%%lg %gg?aft Vs.
host 15-&H se@sen . (HBSt COEPOYRStT Ofl1 £88sQ) esaat gra¥ENEONhoBY Beséusther
preferably used for treatnent or prevention of rheumatoid arthritis,

asthma, chroRie ebEpPeuedsvel puhaoharyeal stR¥entipaonpyEsPe, PREFEFpPeY
scl efoosﬁéecflaflgrr %S&Eﬁlgﬂta&%ggr%\régﬁfioﬁoofr%gé?ﬁég%gﬁ ' QHewéﬁ'{?EoEBWPOU”dS of

t he "present Thvention nay a urther eferably used for treatnent or
preventapohoitispfiafiaieayodyskases disbaassasChobn'esnfiiaemaeory bowel

O e L LSPLIET BRakLh 150 REalESRLE, gy e Presen

dermatitis, Sjogren's syndrome, and rejection after organ
transplantation (allograft rejection and graft vs. host
15 disease).

The compounds of the present invention may be further
preferably used for treatment or prevention of rheumatoid
arthritis, asthma, chronic obstructive pulmonary disease,
psoriasis, multiple sclerosis, and rejection after organ

20 transplantation. '

Thezcompounds of the present invention may also be
further preferably used for treatment or prevention of
inflammatory diseases such as asthma, inflammatory bowel
disease, cystitis and other gastric disorders.

25 According to the present invention, the desired compounds

(I) can be prepared in accordance with one of the following

methods:

Method A:
30 Among the compounds of the present invention, a compound

of formula (I-a):



(1) can be prepared in accordance with one of the follow ng nethods:

Met hod A: 30 Anong the conpounds of the present invention, a conpound of
formul a (Woap/066636 WO 03/ 066636 PCT/ US03/ 03449 NC O CI H PNTNSBB/¢344a ) O
Cl wherein n is the sane as defined above, or a pharmaceutically

acceptabl e salt thereof, can be prepared by condensing a conpound of
formul a B CQC / (I1) HINNNO 5 QC or asalt thereof, with a
conmpound of la (Ill1-a): H (CH2) n-COOH (Ill1-a) wherein n is the sane
as defined a galt theCéof, or a reactive derivative thereof,

accept aﬁl e | t desired.I-dhe salt of conpounds (II) and
(rrr-a) y, be, ‘ a salt with an inorganic or organic acid
(e.g., ‘trmW uoroacetate, hydrochloride, sulfate), or a salt with an 15
i norgani c bdde (e.g. Oan al kMi metal salt such as a sodium salt or a
pot assi , | i eaLt S ! or
cal ci un‘ﬂ%g%]lsﬁﬂ Dl'ﬂgs %%%eén%g?i%% (?eeg%%?%né%lf)&?hﬁo%%%ﬁﬁ%%féggal t
t her eof aad:é¢ht dthke compourite(¢df ; ajanrba saépatdérieyfcoadeheing a

compound of formula (II):

cl
(1)

Cl
or a salt thereof, with a compound of formula (III-a):
H- (CH3) ,-COOH (III-a)
wherein n is the same as defined above, a salt thereof, or a
reactive derivative thereof, followed by converting the

10 resulting compound into a pharmaceutically acceptable salt
thereof, if desired.

The salt of compounds (II) and (III-a) may be, for
example, a salt with an inorganic or organic acid (e.g.,
trifluoroacetate, hydrochloride, sulfate), or a salt with an

15 inorganic base (e.g., an alkali metal salt such as a sodium
salt or a potassium salt, an alkaline earth metal salt such as
a barium salt or calcium salt).

The condensation reaction of the compound (II) or a salt

thereof with the compound (III-a) or a salt thereof can be
20 carried out in the presence of a condensing reagent, with or
without a base in a suitable solvent.

The condensing reagent can be selected from conventional
condensing reagents which can be used for a peptide synthesis,

for example, BOP-Cl, BOP reagent, DCC, EDC or CDI. The



20 carried out in the presence of a condensing reagent, with or wthout a
base in a suitable solvent. The condensi ng reagent can be selected from
convent i owelo3/oe@pselensi ng reagents which can be used for aPp@aiSosies449
synthesis, for exanple, BOP-Cl, BOP reagent, DCC, EDC or CDI. The 8 WD
03/ 066636 PCT/ US03/ 03449 condensi ng_reagent can be preferably used with an
act i vatsmdqueiglg 15IgRnt U R LTI S WRBI F o MR Affehtdoal  or gani ¢

bases %u ] a%%;w)a_l kylam ne (e.g., DIEA, Et3N), a cyclic amne (e.g., 5
DBU, DBN, 4-methyl norpholine), and pyridines (e.g., pyridine, DVAP), and
convent i onalThendregani carbdsessasladt ed fnomal dabventmeted 1 cordombt eogeey. |

Na2CQO3, C03), | kal i, metal hyd t ..0. ,_ _NaHCO03i KHCGO3
A al KA S hy B BT o 4.9 NI EA KA dnd. CHE Tk &g The Lol vent
can he e eqime, 4.0 a1 RSN Bhe doesndiObyr tH Stk b(d he. copgensgané pn

reaction, for exanple, ‘esters (e.g., nethyl acetate, ethyl acetate),
hal ogedd@Kanesnd ecqnverBHGIR1 REIR)ic dedres Jucly.as dpetdhakiher, THF,

DVE, dioxane) m des (e.q.., , t hylipyr.rol ), {40 , 15
acet onér}e%?re]'lt h re}'é?rha(;tfe kg? '(gﬁfe) %%@g\lnﬁ '~ dnd alglg%fﬁan gal %ﬁéﬂtru(oeréeeq-lof
these solMeiSte The. 4 eAATOLaKHTD, ¢ar bhedlrel iametalt agdepatidee of -50C

to 50C, pref erabl%'rf romOC to room  tenperature. The condensation reaction
of conpGurtl { IN3O0Hr KPR, tandotheelHe®- with the reactive derivative of

comund (1 I458)d Hyefar éﬁdbé)u%eié‘cﬁgg PrSRENCE Ofc APSEOLCIQEsanbase in a

suitable solvent or wthout solvent. Exanples of the reactive derivative
of the dompotindcie |denddnsaeian weadthahj deof eexganpha, acsderhl éeide), a

reactiveé? ester ES]e.g. an ester with p-nitroph nol% n anhydrjde
t her eofMeH XA EHRS dr ¢ 1Y hi ?(ﬁe%?‘ﬁ%i' cg?g%%%(?%ﬁﬁ%ﬁl s(g?gg; ‘ a&%ﬂ’
CH,Cl,), ethers (e.g., diethyl ether, THF, DME, dioxane),
amides (e.g., DMF, N-methylpyrrolidone), ketones (e.g.,
15 acetone, methyl ethyl ketone), CH3CN, DMSO, and H;O, and a

mixture of these solvents. The reaction can be carried out at

a temperature of -50°C to 50°C, preferably from 0°C to room
temperature.
The condensation reaction of compound (II) or a salt
20 thereof with the reactive derivative of compound (III-a) is
carried out in the presence or absence of a base in a suitable
gsolvent or without solvent.
Examples of the reactive derivative of the compound (III-
a) are an acid halide (e.g., an acid chloride), a reactive
25 ester (e.g., an ester with p-nitrophenol), an anhydride
thereof, a mixed anhydride with other carboxylic acid (e.g., a
mixed anhydride with isobutyric acid), and the like.
The base can be selected from conventional organic bases
such as an alkylamine (e.g., DIEA, Et3N), a cyclic amine (e.g.,
30 DBU, DBN, 4-methylmorpholine), and pyridines (e.g., pyridine,
DMAP), and conventional inorganic bases such as an alkali
metal carbonate (e.g., NayCOs;, KyCO3), an alkali metal hydrogen
carbonate (e.g., NaHCO;, KHCO;), an alkali metal hydroxide
(e.g., NaOH, KOH), and the like.



m xed anhydride with isobutyric acid), and the |like. The base can be

sel ected from conventional organic bases such as an al kylam ne (e.g.,

Dl EA, Et WP, 03m6@9€l i c amine (e.g., 30 DBU, DBN, 4-nethyl wmoraisedvased, and
pyridines (e.g., pyridine, DVAP), and conventional inorganic bases such as
an alkali netal carbonate (e.g.,_ Na2CO3, K2CO3), an al kal i rret al hydr ogen
car bonat e (€T, SREFEER| CRMUCES) Seéﬁc’éﬁﬁaﬁoﬁe?m’ AYEr BRigE dPESgROtNaCH,

KH . gtgi’?wfb"tﬁ@-c&%llqgﬁég@ﬁ6§éa€G(IjéHSO§AQ3é§§mpIQe sglyent (cag be

romany one oes not disturb the condéensation reactl on, for
exanpl ane'e]sybrsccéEa’ge, eteyhybcatetal ¢, hel bgenagékanep, (hagggeﬁﬁﬁllkanes

(e.q. CH CH2Cl12),, ethers,, - et hy| her,, THF, d| 0 am des
5 (e.g.C ,)' ﬁé@ rﬁollgi&%?é}l%lk& Sivds” &y B %l "H%t%l‘?)yl et hyl
ketorse) %B%M@Nﬁ@méﬂﬁtheramﬂdanm XtHé@oﬁés t<ae§e Sabéeahé The
condensatl on' reaction can be carried out at a terrperature of -30 Cto room

t enper anetleyl 1@t1{9.21§l hisgt Bne Anofl:Ehe D6FoETRIE Wi/t W@%@eg@mturm/@fu on, a
conpound% 0(1; ;8 (I-b) - NCOC HOHNNNO (I-b) -p C 15 wherein n
is the s %d above, or a pharnaceutically acceptable salt ‘

t her eof , canTb@ @bﬂ@éﬁ@dtanC@édeﬁibﬁgcaﬁOHﬁouadrﬁ.éﬂ) oot atsalt thereof
with a conpound of forrmula (I11l1-b) : RLO- (CH2) n-COCH (Il1-b) 20 wherein
R10 i s aepperatted of uBpr ot eue exbdypdremyeraffwop, and n

10
Method B:
Among the compounds of the present invention, a compound

of formula (I-b):

HO 3,%/( Q (1)

15 wherein n is the same as defined above, or a pharmaceutically
acceptable salt thereof, can be prepared by condensing
compound (II) or a salt thereof with a compound of formula
(ITI-b):

R'O- (CH;) ,-COOH  (III-D)

20 wherein R0 is a protected or unprotected hydroxyl group, and n
igs the same as defined above, a salt thereof, or a reactive
derivative thereof, followed by removing the protecting group,
and further converting the resulting compound into a
pharmaceutically acceptable salt thereof, if necessary.

25 The salt of compound (III-b) may be, for example, a salt
with an inorganic base (e.g., an alkali metal salt such as a
gsodium salt and a potassium salt, and an alkaline earth metal
salt such as a barium salt and a calcium salt).

The protecting group for the hydroxyl group can be

30 selected from conventional protecting groups for a hydroxyl

10



is the sane as defined above, a salt thereof, or a reactive derivative
thereof, followed by renoving the protecting group, and further converting
t he resulwongoesspound into a pharmaceutically accept abl @eczaisn3/odzey eof , if
necessary. 25 The salt of conpound (I11-b) may be, for exanple, a salt

wi th an inorganic_base % .g., .an alkali netal salt such as a sodiumsalt
and a p8F8YBi WRiSHI FanaRg §ASALNaFPREVEdr PH AefaRveRhirngdcAekECd bari um

salt angl.an g@%g'5%1§abh) rZE%cEFB% g&bﬂ 594 aHRuhRr th%laxﬂ&Qéxhy@roup can

be 30 selec from conventi ona tec Ing groups for a hydroxyl 10
03/0666@609§TKHSQSI0344&etgyﬁsplwﬂ|ghouan beieadylypiigiogedupy and t-

convent ona tecting grou ncl ude a

Crtar kyPOFPy ARG B siaY ] Bbr et Ry PSFRYL. GO, o MELRYLeSFYHo0R80p, and
t- butyhdieethyl8irbyl rah9dphrodp benzyl group, a methyl group and 5 a

t et rahydr opyranyl group. The condensatlon reaction of conpound (Il) or a

salt thereofhai chndempetaery( FepChionhetecamROONHs (3 Ipr oFeet €81thydr oxyl
group, ﬁpﬁ%k%ftgﬁ Lgof. of % S &Eﬁvg)d%éb¥%ﬁbb§h éfgrgTérSQchgdcarr'ed out

in a si pr ocedure escrlbe e renoval of the

pr ot ect hpgdrexQUpgeanphe ac aramtedh@ubolfy o& augseaktiwthderiiativies sel ected
according to the protecting group .to be renoved, for exanple, hydrolysis,
aci d trERERBRE, cBBr Bet CaFEHeE ouanancét§Pvﬂ#érr@ae€€ﬁ&ﬁe f§ ﬁﬁ§0ﬁ9@€éiy5|s
can r ut, by using an inorganic base such as an alkali neta
ydr%glgial Mb%goa hiCH, NaOH, and KOH) in a suitable solvent such as ethers
(e.g., diethf¥heerkapyaldobxahe, prodediHm)g gnﬂunﬂuﬂn;uaaqgrriM@CHutEbyrb

CH3CN, t t t heat 20 Th
aci d trgstlﬁénwewﬂdb‘ggasﬁr%%dsg%,?c o R v £ ponachity Blouboan ¢

acid sueh as B&ﬂb@éBLOfbﬁeerM§I@PrKyﬂﬁEiy81s, acid treatment, BBr;
treatment, and catalytic reduction. 1

15 The hydrolysis can be carried out by using an inorganic
base such as an alkali metal hydroxide (e.g., LiOH, NaOH, and
KOH) in a suitable solvent such as ethers (e.g., diethyl ether,
dioxane, and THF), alcohols (e.g., MeOH, EtOH), CH3CN, DMSO, HO,
and the like at room temperature or with heating.

20 The acid treatment cén be carried out by using an inorganic
acid or an organic acid such as hydrochloride, hydrobromide,
acetic acid, p-toluenesulfonic acid, and trifluorocacetic acid in
a suitable solvent such as ethers (e.g., diethyl ether, dioxane,
THF) , halogenocalkanes (e.g., CHCl;, CH,Cl,), alcohols (e.g.,

25 MeOH, EtOH), CH,CN, DMSO, H,O0, and the like at room temperature
or with heating.

The catalytic reduction can be carried out by using a
catalyst such as palladium on activated carbon and Raney-nickel
under a hydrogen atmosphere at room temperature or with

30 heating in a suitable solvent such as ethers (e.g., diethyl
ether, dioxane, THF), esters (e.g., methyl acetate, ethyl
acetate), alcohols (e.g., MeOH, EtOH), CHa.CN, AcOH, H,0, and the
like.

11



acetic acid, p-toluenesulfonic acid, and trifluoroacetic acid in a

sui tabl e sol vent such as ethers (e.g., diethyl ether, dioxane, THF),

hal ogenoaWkan®esepe. g., CHCL3, CH2Cl2), al cohols (e.g., 25PHE@I03/E4@H),
CH3CN, DMSO, H20, and the like at roomtenperature or with heating. The

catalytic reduction can be carried out b%quSi ng a _catalyst such as
pal | adi um ot thinaR et tarhiom HRE:REREY Fhec Kemetiydelt 19rhyd@fo§en at mospher e

at room.t.enpe . i fs heat i i i I h th
(6. o BB Bl BpTa Wdih o 'O Re L Redatl! FAR) CoBRILENAcOHE Mo B IPr S

acet at @omrl GRS Jre -G, ovegHl, seteH), CH3CN, AcOH, H20, and the like. 11
WO 03/ 066636 PCT/ US03/ 03449 The treatnent with BBr3 for the denethyl ation

can be carrilkd @age ithat stonpdind solMem) (WiereimHFO dellydxesm) at a

tenperature of -78 0 C. . In.case that_compound l,- rein R10 is
a hygr SRR SISgrLlﬁ?pé:i Igsmﬁgte f%?nc%%%sagcolno enléeaatl(fr?é)lnor% ’ea’%:%el£ okrl%?a]f?\gg?%ydr oxyl
group QfrSGRSfINEbipdlnd) (Shouwd Souldtwstwebt aotséd WimdrdDiu t@ridheco
condensation reaction. The protection of the hydroxyl group can be carried

out by therendRPsmueEI¢tie®) with a trialkylsilyl halide in a 10
TS s PR R B R SRRy e u oIR8 helfl ou

trialkylsily i de 1nc e trine e, triethylsilyl
chl ori desaanichg -domtpdudidrettingl-&i) | witbhbotridelk¥heilphskaLide bier sel ect ed from

conventi onal bases which are used for the_h dléox I ou rotection, for
oxarfl U TR ACHTE. M4 h [HFar5rEcPaRdopy R OrE: B Vort CAIF be
sel ect ed-f{ 0Ny 10N WL R daesenet-ifbshyn Bit he teaetkiige, for exanpl e,
Yy )
esters (e.g., nethyl acetate, ethyl acetate), arommtic hydrocarbons
(e.g., tereemplsitylere)oride ogerdal Karesl dangthysichg! drbaidye - etlers
(e.g., 6% ér@énegge%élgéﬁédE%@%mdégﬁggﬁ%ioﬁgid@gség'ﬁhich are used
for the hydroxyl group protection, for example, triethylamine,
15 imidazole, and pyridine. The solvent can be selected from any
one which does not disturb the reaction, for example, esters
(e.g., methyl acetate, ethyl acetate), aromatic hydrocarbons
(e.g., benzene, toluene), halogenocalkanes (e.g., CHCl;, CHyCl.),
ethers (e.g., diethyl ether, THF, DME, dioxane), amides (e.g.,
20 DMF, N-methylpyrrolidone), ketones (e.g., acetone, methyl

ethyl ketone), CH3;CN, DMSO, and a mixture of these solvents.
The reaction can be carried out at a temperature of -50°C to
50°C, preferably from 0°C to room temperature. The protected
compound can be isolated in a usual procedure, if necessary.
25
Method C:
Among the compounds of the present invention, a compound

of formula (I-c):

NC

HoN HN N (I-c)

@) O Cl

12



20 DMF, N-nethyl pyrrolidone), ketones (e.g., acetone, nethyl ethyl

ket one), CH3CN, DMSO, and a m xture of these solvents. The reaction can be

carried owDoae@3¢ enperature of -50C to 50C, preferably PComs0£0i4ae9 r oom

tenperature. The protected conpound can be isolated in a usual procedure,

|f necessary. 25 Method C. Anong the corrpounds of the present jnvention, a
npourtheRfin gt g aL1¢ -ggme ag EEined abepRy HRE NPRarTResug e Ely 12 WO

03/ 0 066636, £¢: #{S@%%%% SE i Byl hS f&é@@@ B Qsﬁa@ﬁglgove or

phar maceut1c acceptable salt there can be” prepared condensi ng
corrpoum:brﬁp@)nd\n t 11 )a worip oancowpotnd nof af¢rhtla) (IHENG (=0 - (CH2) n- COOH
(rer - 5 V\/nerel n_is th? sane, as defined above, a salt thereof, or a
reacti \/Ié2 r‘IC\)atQ% 2 HerPeof , FbFrohed by converting the resulting corrpound

i nto A phasameentigalhy aeeepiabher sabd a]é@@éeoé shicdeséreds, The salt of
conpounds (Ill-c) may be, for exanple, a salt 10 with an |norgan| c base

(e.q. Ja¢a<a¢k‘a¢|d¢ﬁel”a$tsm¢tt13@tﬁoés 501%©‘d¢@|nb§§a¢@n@@r’al@9tbb@l umsalt, an

al kal i ne eaf th netal sal S bariu o] t). The
reacti on of %]oﬂ%o%%rap?lﬁﬁti %?y% ar ]ilajfrﬁ%?ee%?) é\%%y %%(?r% un%i%ln%%ﬂé) or a
salt theieedoepnibedsasreé@d out in a 15 si m' | ar met hod as described in
Met hod A. The starting conpound_of formula % can be prepared in
accordance W $dkt decerpprendsf (WL og) 3@?78 ®r fAe example, a salt

10 with an inorganic base (e.g., an alkali metal salt such as a
sodium salt or a potassium salt, an alkaline earth metal salt
such as a barium salt or a calcium salt).

The reaction of compound (II) or a salt thereof with
compound (III-c) oxr a salt thereof can be carried out in a

15 similar method as described in Method A.

The starting compound of formula (II) can be prepared in
accordance with the description of WO 01/30781 or the
following scheme:

20 Scheme 1.

13



foll owi ng schene: 20 Scheme 1. 13 WD 03/066636 PCT/ US03/ 03449 (C02X C02X

Q02X d () HOHro) tBDMBO\-NNH HO-NH + OCN~Ng d ~-p P-d Cl1 C C1
(1V) (V) wo)3/066630NC O C1L (e) OCI (d) OCL HO N K t BDMSOPRTNS03/34[0
tBDOMSONNOCLOC OCL (MIl) (M1l) (M) (f) NCNCNCo _d (g o0
cl ~) ocl CH3S20 NN\ / NS NNHNN\/_ CI1 NOOCLOC1 ( X)
(It)y (I'n the above schene, Xis a Cl R group orpivRe é(? p, and
tBDMSO is tert- M di met h ISI|(¥1 oxd§Og N%)/ SStep(g)a) %gk V) can
be prepar e% b act hog hydmxyp;ol i ngy C kyt—ombenzyl st v&lth
3, 5- dichl Pop enyl i socy {:]2 in the presenc f a base i.n a sui
sol vent. The base can be selected from conventi onal organi c base 10 such
as an al kylanmne (e.g., Et3N, DIEA) and pyivdine, and conventlwgl
I nor gani c bases such as an al kali netal
l (c)
NC NC
0 Cl (e 0 Cl (@) 7 -
HO N ~<—— {BDMSO Ni - tBDMSO{I\'I/QNQ
N N \% Cl
0] Cl 0 Cl

( VIII )

(VII) (V1)

NC
O Cl (g) \%/(O Cl
CH;S0,0 N N; N
N
e} Cl

(IX) (X)

(1)

(In the above scheme, X is a Cj-¢ alkyl group or a benzyl group,

and tBDMSO is tert-butyldimethylsilyloxy group.)
5 Step (a): Compound (IV) can be prepared by reacting 4-
hydroxyproline C;.¢ alkyl or benzyl ester with 3,5-
dichlorophenylisocyanate in the presence of a base in a

suitable solvent.

The base can be selected from conventional organic bases

10 such as an alkylamine (e.g., Et;N, DIEA) and pyridine, and
conventional inorganic bases such as an alkali metal
hydrocarbonate (e.g., NaHCO;, KHCO;) and an alkali metal
carbonate (e.g., NayCOsz;, K;COj).

The solvent can be selected from any one which does not
15 CH,Cl,, DME,

disturb the condensation reaction, for example,

THF, DMF, HMPA or a mixture thereof. The reaction can be

carried out at a temperature of -78 °C to room temperature.

14



hydr ocarbonate (e.g., NaHCO3, KHCO3) and an al kali netal carbonate (e.g.,
Na2CO3, K2CO3) . The solvent can be selected fromany one which does not

15 di st urwotohmeaendensati on reaction, for exanple, CH2CL2PCDNE03/030H-, DVF,
HVPA or a m xture thereof. The reaction can be carried out at a

tenper afure fy - 8.C t9 éo&ﬁteagg rature. 14 03/ 066636 PCT/ US03/ 03449
St ep (g%: Feompound B ¢hn' e P gja(aré%f:eﬁgﬁrperdot%ﬁ% THe " hydtOxyl group of
conpountyddoRyl Hieouy dfedd@ogal bey)cartiebraiiction dstiale BReled f or
exanpl e, by reacting conpound (1V) wth-tert-butyldinmethylsilyl chloride

in t he Preddhce WU MRS £91 X labley sHa@Rng eHREITH3GY) The

reacti qQn . Il : r : idd poi nt of the
sol ven'?",nL %1? ei_Tée:L?C; @é%&%%gnqﬂeén%%tﬁlgﬁégepﬂ} (%l]:ieo(%r(r)répéoéul{n}“ga ((% ) can be

pr epér ednibia yicd izl g soaimpeceing sdBrdnN suldte axy CH-Zat. i GheC aRabe ioar Hised out
in the presence or absence of a base in a suitable solvent. The base can
be sel e GG GtcRiventimarativigat @ Bases boddhngs peinl kdl itheet al

al koxi de.+(e..q. , t C]\/g) an .al kali_.netal carbonate (e.g., K2CG3,
Na2003%’oe%ﬁ’e rgcn’ zﬁ%%rafg&ré—’f al® oy rtoecn%ﬁeb%%taqree (e.g., NaHCO3), and
conventional organic bases such as pyridine, DVAP, Et3N, and DI EA. The

sol vent_can be sel ected fromany one which does not djsturb the
cycl i zati®h YPactGBWOUsE Biahpia AIRKERATIVEY OrplciZEnar EmETl, DIVF,

al cahol g7)( &.1he NROH QA Hn %@%é\%fg%%ﬁ&@efr?oghe Bc}'feét%gc%z) s

carried out at a“tenperature of O I ng poi nt vent,
pr ef er aliigerate 5f @ tmselOh G Stigpi{ld :scompound (VI1) can be prepared by

O ng, ate PIR P R el R B d 5 A8 Y 2 Y

bases such as an alkali metal alkoxide (e.g., NaOEt, NaOMe),
an alkali metal carbonate (e.g., K;CO;, Na,C0;) and an alkali

15 metal hydrocarbonate (e.g., NaHCO;), and conventional organic
bases such as pyridine, DMAP, Et;N, and DIEA.

The solvent can be selected from any one which does not

disturb the cyclization reaction, for example, toluene, DME,
CH,Cl,, THF, CH;CN, DMF, alcohols (e.g., MeOH, EtOH) or a

20 mixture thereof. The reaction is carried out at a temperature
of 0 °C to boiling point of the solvent, preferably at 50 °C to

100 °C.

Step (d): Compound (VII) can be prepared by condensing
25 compound (VI) with a compound of formula (XI):

CN—@—CHZ-Y (XI)

wherein Y is a leaving group.
The leaving group may be selected from a halogen atom
(e.g., a chlorine atom, a bromine atom, and an iodine atom),
30 p-toluenesulfonyloxy group, and methanesulfonyloxy group.
The condensation reaction can be carried out in the

presence of a base in a suitable solvent.

15



The | eaving group may be selected froma hal ogen atom (e.g., a chlorine
atom a bromne atom and an iodine atom, 30 p-toluenesulfonyl oxy group,
and net hawesnlob@ne/| oxy group. The condensati on reacti on c&cThsSoyedsnd ed out
in the presence of a base in a suitable solvent. 15 WD 03/ 066636

PCT/ US03/ 03449 The base can be sel ected from conventional bases such as an
al kali met al Tafi Baseecgn, PepDASLRADS WFPR 6PRVPRRSGRALI BRFeS $HENsEBvent
can be I  f n igh d n i stupb t-he n hon
eact o forgtanarar AretnyCefher o8 DR E B B G 2 et ur e

t hereof . TheTheasblwantanahebecarieetdedufram anyeoper ahiichk dbes780€ to room

tenperature. . St e):. Conmpound (VIIL) can be prepared_ b eprotecting
ComhountLPOHFY . LoRe RBiPIRBEL PO e A b el PRoB GUB LBy S1BSHLL 86 0eet had,
for exappke, Thteabipg tifveacerpaupdxwiit-B HRER¥LIFd fBe rBaBu4bh cah @@ acid
(e.g., HCL, AcOH, TFA, p-TsOH) in a suitable solvent or w thout a sol vent.

The sol veniriednohe sel ectedpkramuanyofine78hPChtdoesomotempésdtubet he
condensation reaction, for exanple, CH3CN, THF, DVMF 15 al cohols (e.qg.,
MeOH, EtOH) or a mixture thereof. The reaction can be carried out at a

t enper agyuLg Q&>e7§o$@59naoqqt&§gp@5atBeepregg%@d(ky:dgggegge@iﬁ X) can be
prepared by reacting conpound O (MIl) with nethanesul fonyl chloride in
t he presempeunfl 4Vhase The depuptabkeosokwenbe Therbasle ovdnbyeaselssetled

i Nt i | b h Et 3N, , DI EA i.di COB,. .KHCOB,
ol PRERE B RREEB 1S ThoCabEDant PeafoDEO BRI SR FrORVAIS BRe whi ch
does noh-Ba,Ml stelr bath hgci@acti®n, fior, exeop| errAH2E12sof HFin DVF, CH3CN,

tol uene. The reaction can be carried out at a tenperature of - 20 Cto 50
C. StepSugrabisnpedrentxprcaitbeusr apgrPédehy -r eacti ng conmpound

The solvent can be selected from any one which does not

disturb the condensation reaction, for example, CH3;CN, THF, DMF

15 alcohols (e.g., MeOH, EtOH) or a mixture thereof. The reaction

can be carried out at a temperature of -78 °C to room

temperature.

Step (f): Compound (IX) can be prepared by reacting compound
20 (VIII) with methanesulfonyl chloride in the presence of a base
in a suitable solvent.
The base can be selected from conventional bases such as
EtsN, DIEA, pyridine, NaHCO;, KHCO;, Na,COz, K,CO3, and KHCO;.
The solvent can be selected from any one which does not
25 disgturb the reaction, for example, CH,Cl,, THF, DMF, CH,CN,

toluene. The reaction can be carried out at a temperature of -

20 °C to 50 °C.

Step (g): Compound (X) can be prepared by reacting compound
30 (IX) with an alkali metal azide (e.g., NaNj).

The substitution reaction can be carried out at a

temperature of 0 °C to 100 °C in an organic solvent.
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30 (IX) with an alkali netal amde (e.g., NaN3) . The substitution reaction
can be carried out at a tenperature of O Cto 100 Cin an organic solvent.
16 WO 03/W68886:6RCT/ US03/ 03449 The sol vent can be sel ect @edTfusosrwamy one
whi ch does not disturb the reaction, for exanple, CH2Cl12, THF, DWF, CH3CN,
and toluene. 5 Step (h): Conpound (II) can be prepared b redu0|n
conpound (X}"heTﬁ@lV@EECFﬁ@nbéaﬁeﬁécééﬁr fEgmoanyYuRraer weae§| Oré not

hydr oge c or a e or

oot al yorpeagn eRg HaBRioho tBEARLRIL] LR PSP e i er e ot
room t enpenahare. 10 The sol vent can be selected from any one whi ch does
not disturb the reaction, for exanple, EtOAc, MeOH, and EtCH 1In the
present description and the clainms, the C1_6 alkyl group neans a straight
Cha'ﬁSOStQﬁa@H Edcémﬁbﬂné|KYt)QéQHPbé5prbﬁfEHf% G- LARO R ARG for
exanpl e, nmethyl group, ethyl ~group, propyl group, isopropyl group, butyl
group, i(EdbutYhe gﬁ@mmtl@mccanerﬁQﬁnﬂﬁqd(ﬂuiIumﬁemgcatadyﬂlcarbon at ons.

Abbr evi ati.ons 20 AcOEt ace Et.QAC) Aceti c ae id -Cl

B (- oREEOF5 AT PR b (1T GBI o iebRgeqence 88 & B
Benzot r bazot - bayhDydt (&1&( pllmidﬂylmzmomheseh@eabmeheesa&élu@r&m@ﬁ@ate 25
BSA: Bovine serumalbumn CDI: Carbonyl diim dazol e DBN:

1 5- Di afa?EyRImA 3 &0 RIS LERPETBBULeL, 8- Di azabi cycl o[ 5. 4. 0] undec- 7- ene

D DCC. 1 4, 3-Di C@fﬁEOQSHE%V badi L de ;30 REEAL R LEPLARY LAk Ry amihe , VAP:
nmet hyl am nopyrid

disturb the reactlon, for example, EtOAc, MeOH, and EtOH.

In the present description and the claims, the C.¢ alkyl
group means a straight chain or branched chain alkyl group

15 having 1 to 6 carbon atoms, for example, methyl group, ethyl
group, propyl group, isopropyl group, butyl group, isobutyl

group, etc., preferably one having 1 to 4 carbon atoms.

Abbreviations
20 AcOEt: Ethyl acetate (=EtOAc)
AcOH: Acetic acid

BOP-Cl: Bis(2-oxo-3-oxazolidinyl)phosphinic chloride
BOP reagent: Benzotriazol-l-yloxy-

tris (dimethylamino) phosphonium hexafluorophosphate

25 BSA: Bovine serum albumin
CDI: Carbonyldiimidazole
DBN: 1,5-Diazabicyclo[4.3.0]lnon-5-ene
DBU: 1,8-Diazabicyclo[5.4.0]undec-7-ene
DCC: 1,3-Dicyclohexylcarbodiimide
30 DIEA: Diisopropylethylamine
DMAP: 4-Dimethylaminopyridine
DME : Dimethoxyethane
DMF : Dimethyl formamide

DMSO: Dimethyl sulfoxide

17



DME: Di net hoxyet hane DMF: Dinethyl formam de DMSO Dinet hyl sul foxide 17
WO 03/ 066636 PCT/ US03/ 03449 EDC.

1- ( 3- D newbyBasden©pr opyl ) - 3- et hyl carbodi i m de hydr ochl or ipde/uSp3/0Hshy|

Et OH. Et hanol 5 HBSS: Hank's bal anced salt solution HWA

Hexamet hyl phosphoram de HOBT. 1-Hydroxybenzotrijazole hydrate HSA: Human
serum aE%@m n KHVDS{3 ﬁ@@ragghn%mwaﬁﬁ@wibr%r%lzya‘éa{bpé%a@é%m 10

bi s(trinethylsily i thiumdiisopropylam de Me: Methyl MOH:
Met hanol  n- Bu: ﬁ%é?bgﬁ%%£9@BNB tert-Butyldinmethylsilyl THF:

Tet r ahydtof ur an EEnlerlquoroacetic acid p-TsOH p-toluenesulfonic acid
20 Exa Ies The co oungs of the present invention are exenplified by the
fol | owi A§C8xanpl eEtBahot Iinited thereby. Exanple 1. (58S,

75) - 55 (ApGyanobengyh k- 3- (vﬁlénébah'sgiﬁp%mﬁ\:)wn25

7-acetyl am no- 1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one To a sol ution of (5S,
7S) - 5- (HMEJQLanobenﬂﬁk)amet(ﬂl@hosphoramlde

di chl or nyl)-7-a di a ablc 3. octane-2,4- dione (78.5 )
in THE §BﬁL) was agégaoﬁgéFPéo ﬁﬁ?é h ?rﬁggo nL) The reaction nixture
was stigeed for 2phedns sat-uéd aCoumand the m xture was concentrated and

purlfled by preparatlve i
Potassium hexamethyldisilazide (=Potassium

10 bis(trimethylsilyl)amide)

LDA: Lithium diisopropylamide
Me: Methyl
MeOH: Methanol
n-Bu: n-Butyl

15 tBDMS: tert-Butyldimethylsilyl
THF : Tetrahydrofuran
TFA: Trifluoroacetic acid
p-TsOH: p-toluenesulfonic acid

20 Examples
The compounds of the present invention are exemplified by

the following examples but not limited thereby.

Example 1. (58, 78)-5-(4-Cyanobenzyl) -3-(3,5-dichlorophenyl) -

25 7-acetylamino-1,3-diazabicyclo[3.3.0]octane-2,4-dione

To a solution of (58, 78)-5-(4-cyanobenzyl)-3-(3,5-
dichlorophenyl) -7-amino-1,3-diazabicyclo[3.3.0]octane-2,4-
dione (78.5 mg) in THF (5 mL) was added acetic anhydride (1.0

30 mL). The reaction mixture was stirrea for 2 hours at 45 °C,
and the mixture was concentrated and purified by preparative
thin-layer chromatography (silica gel; CHyCl,;) to afford the
titled compound (84 mg). MS (m/z) 478.8 (MNa’).

18



thin-1ayer chromatography (silica gel; CH2Cl2) to afford the titled
conpound (84 ng). Ms (mlz) 478.8 (MNa+) . 18 WD 03/ 066636 PCT/ US03/ 03449
Exanpl e 2¥v0(03866636) - 5- ( 4- Cyanobenzyl ) - 3- (3, 5- di chl or ophenplCxXAUS03/03449

7-[ (3- car banoyl propi onyl ) am no] -1, 3- di azabi cycl 0[3 3.0]octane- 2,4-dione 5
A m xture of (5S, 7S) -5- (4 cyanobenzyl -

di chl or BppBRYE) 27- 4APN07E) 35d|(éz§ﬁﬁ@98ﬁ6[23’1é é]’détréné@h&orﬁ’rpgﬁé‘y(léz 7 ng),

succi nagl )% (%Cbgﬁ&é?&gﬁ%@o g?l) (a%:?tal?;% i)y dlla@é&(:?él%”mng) 03¢ BLEA

(104.79 L rre oVeér ni ght at roomtenperature. The
reacti op,a-dtivhe was 10 concentrated and purified by high performance
liquid chromat ography (HPLC) (Beckman 5 C18 columm; eluted with a
gradi ent of H20/ MeCN ( 10- 100%/0 1% TFA) to give 72 ng of the titled

conmpogind. NS (ﬁ&%iu%%Go@NN@B) 7% Exqqpb?a%ob%§§yl) 3-(3,5-
7S)-5-(4- Q/anobenzyl) 3-(3,5-di chl or ophenyi ) - [ (2-carbanoyl acetyl)

am no] dicModo&h&b&/&ycﬁan@nOSl 3O]dl@@taé>n@¥c2-043d|3o@éOﬂtmnﬁr@r:é'of (5S,
7S) - 5-
iy or i ﬁé%”‘@a e %C&Fgﬁ‘é& 87dCor'45386) 8K an&P5, 42346 &Y 200 ny)

mal onamis, %Ckgl(ég gﬁgkdeB§E@1%%oqghe T in( G0 (BOhranehadl BAGARS L) in

THE (5 n1_ was stirr overnight at roomtenperature. The reaction m xture
was evaperatigiit Fhe noesi deampeas tdiresol \Iéxda neaEtt@an avdtilre 3Bsr esul ting
' Yeous NaHCCB . bri ne,

| ut h it ter,, t t | ut
i otd  REBSOR TanG e SCLRLTATAES YT UST BES hag o Fhd [EtTed conpound, | M
m 5
(78)-225 (%Ql&anob gl ?3}1((7%@ d(%%hl (I)nratl)npher%lyCl-8 gglumn' eluted with a

7-1(3- hgd‘l’a@)i}&pﬂtOplfO[BMD)’HB’CNO](iﬂl BodPaZab&%y&“FADBtG. Olvet anemg2p4&- dhene Step
1: A mxture of (5S, 7S) -5- yanobenz -3- (3, 5-
di chl or &R )Cog“ Q- 1 M d(&‘b(zngl &fcl%’fi\% -0] oct ane- 2, 4-

15 Example 3. (58, 7S)-5-(4-Cyanobenzyl)-3-(3,5-dichlorophenyl) -
7- [ (2-carbamoylacetyl)amino] -1,3-diazabicyclo[3.3.0]octane~

2,4-dione

A mixture of (58, 78)-5-(4-cyanobenzyl)-3-(3,5-

20 dichlorophenyl) -7-amino-1,3-diazabicyclo[3.3.0]octane-2,4-
dione (200 mg), malonamic acid (59.5 mg), EDC (112 mg); HOBT
(97.5 mg) and DIEA (168 uL) in THF (5 mL) was stirred
overnight at room temperature. The reaction mixture was
evaporated. The residue was dissolved in EtOAc and the

25 resulting solution was washed with water, saturated aqueous
NaHCO; solution, brine, dried (Na;S0O,) and concentrated to give

212 mg of the titled compound. MS (m/z) 500 (MH').

Example 4. (58S, 78)-5-(4-Cyanobenzyl)-3-(3,5-dichlorophenyl) -
30 7-[(3-hydroxypropionyl)amino]-1,3-diazabicyclo[3.3.0]octane-

2,4-dione

Step 1: A mixture of (58, 78)-5-(4-cyanobenzyl)-3-(3,5-
dichlorophenyl) -7-amino-1,3-diazabicyclo[3.3.0]octane-2,4-

19



19 WO 03/066636 PCT/ US03/03449 dione (0.300 g), 3-nethoxypropionic acid
(0.209 LL), EDC (0.224 g), HOBT (0.221 g) and DIEA (0.38 L) in THE (15 niL)
was stirrwo oowermné ght at roomtenperature. The reaction RCTIUNH0IARS
evaporated. The residue was purified by HPLC 5 [ Beckman 5 C18 col um;
eluted with a gradient of H20/ MeCN (10-100%/0. 1% AcOH] to give a foam It
was di sébbmwed (PR3EOCHL, Andethexypsaptibngcsabudi 6A-A88 washeBDGi t h wat er,
saturated aqueous NaHCO3 sol ution, brine, dried gNa,ZSO4 and concentrat ed
to give(0:289 g of HOBE, (9s82E-g)- apdnBBERzyP) 38- pB) 5igoTHF (15 mb)

di chl or epyl )- - et opj ] = 13- :

di azabi‘g% gff%}ggé][ é%tegﬁgggézgél gﬁg‘qykﬁ@n?%u%& (VRS TS2EFAS . Bar3 (3
m., 1Minhx€Chi?€lRswasapddadetio aThel nesdduef wabbBuriB)iedbby( APTZanobenzyl )
-3- (3, 5-dichlorophenyl) -7- [ (3 15 . .

met hoxy pRepkoayp! 5aki @bl - aoBumn azabitege| i Bh 32 oyvedamet 204- HeRAREN 0. 16 g)

in CH2CL, (1 t 7 nd the m xture wa SLLIT f 10U -78
C. The i%éfg?g%vég‘%?agg&é?eg? and® tho?rgéi Eewﬁlgsdg%rsfjﬁ&gg gg/l EﬁE%E
(Beckmaan§ tkd8reslilfting eblliedon whsawgpsadient taf wH2eVeehit(:+8+2@0% /0. 1%
AcOH) to give 20 foam It was dissolved_in EtQAc and the resulting sqlution

was wasAGHeRREnNREES: | sSehitlut e e dPBHRR oURr MedCERR )<t PBA, CRRFRELTAgELed

gggz?ﬁﬁ&?agggéogggﬁg{gt§§ %gg?iV§)951¥2—9yghobgﬁz&h§L§d(39@Upound' ME (n z)

7S) -56 (diErdnpbphenl)) 37¢3,(3-dethbayppbpaph)yl) amino] -1, 3-
7-[ (2- hydr oxyacetyl ) am nq] - 1, 3-di azabi_¢cycl o[ 3, 3. ctane-2,4- .dione Step 1:
HePahiorolsid vep ot ina-2, dngibsy ! ; w8 %) 5815t f P

To a so - -

di chl orophenyl ) -7-am no-1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4- di one (150 np)
and DIEA (189 L) in THE (4 nlL) was added a solution of benzyl oxyacetyl
chl ori d8tep72L) BRTTHES (PLni}Mah@ CHiE 2k wegr addas §oi pr 6@1oFarni gt at

roon‘tqugta955QS—?QQcégnobenzyl)—3—(3,5—dichlorophenyl)—7—[(3—

15 methoxypropionyl)amino]-1,3-diazabicyclo[3.3.0]octane-2,4-
dione (0.16 g) in CH,Cl (15 mL) at -78 °C and the mixture was
stirred for 8 hours at -78 °C. The mixture was evaporated, and
the residue was purified by HPLC (Beckman 5 p Cl8 column;
eluted with a gradient of H,0/MeCN (10-100%)/0.1% AcOH) to give

20 foam. It was dissolved in EtOAc and the resulting solution
was washed with water, saturated agueous NaHCO; solution, brine,
dried (Na,SO,) and concentrated to give 0.119 g of the titled
compound. MS (m/z) 487 (MH').

25 Example 5. (58, 78)-5-(4-Cyanobenzyl) -3-(3,5-dichlorophenyl) -
7-[ (2-hydroxyacetyl)amino] -1,3-diazabicyclo[3.3.0]octane-2,4-

dione

Step 1: To a solution of (58, 78)-5-(4-cyanobenzyl)-3-(3,5-
30 dichlorophenyl) -7-amino-1,3-diazabicyclo[3.3.0]octane-2,4-
dione (150 mg) and DIEA (189 pL) in THF (4 mL) was added a

solution of benzyloxyacetyl chloride (57 pL) in THF (2 mL) and

the mixture was stirred overnight at room temperature. The

20



WD 03/ 066636 PCT/ US03/ 03449 reaction m xture was concentrated and the
residue was taken up in EtOAc. The resulting solution was washed with

bri ne, drwed3/eddaS0O4), filtered and concentrated. The re®CHusSowex4purified
by HPLC (Beckman 5 C18 colum; eluted with a gradient of 5 H2O MeCN
(10-1000)/0. 1% AcC to give a foam It was dissolved in EtOAc_and the
resul t i Hig2Sbloni BAXREECWI3ReBORFERtRALER, andathratedidiGeyas Kakensup

Solutlogn EEbﬂga eﬁkeg (Na2$Rh) <and: ;1 6anGaRt Lakedat #19hVeAnd354¢1@k (5S,
7S) - 5- (4- cyanobenzy )-?-

(3, 5- di ¢hbgsaphefiilltet-dd 2rivenzylapatacdated ) amiheo |rely 31U wisaazabiiclidd [3 .
3 . 0] octane-2, 4-dione. M5 (mz) 563.4 £M4+] Step 2: Hydrogen was
bubbl edbYhiEBLgh (Besbmani BnHoflgs5solymy; sluradcyakBbangypfiient of

(3,5-di opbenyl)  sdsy ko (£ ' i
benzy?o%héa@é?(%) Qyné nlo?(-zi), JC/%Q dféz‘%%?% cif%[%.l‘é.e O'T o%?%rﬁé- ﬁt 477 o%%si%l}’(ra%m step
1 (0. 125n0ktbAcELEd €he melutehihs BolgtRehCwesYwakhedny) tndratlee ,r eact i on
m xture was stirred overnight under a, H2 atnosphere. The m xture was

r echar gEatWrheddantesrsl Naoi-Pe/ eo 14 §0%y) Pakae st #¥+ 84 W@ﬁﬁéhtan@nder a H2

at nosph acti 1 %t fi/lteer tRr l.i_t e and
P g;ﬁcelééatga Eblgevglé.ﬁ@% Yass I(slser )Ly Q%gQgﬁggﬁgﬁ% %533

the 20 frate was concentr at ed. e residue was puri
( Becknari355-818hiorophengllit-8d [WRt-heazyladivere tofl ) HEGAMEN , 3-10- 100% / 0. 1%

TFA)_ to _.give 0.02 of the title onpound. ) 3.[ and 495
[ MNa] §gaﬁ@¥’éfzé’ﬁ§8qéxénﬂﬁé’cgf.anFS‘%,'%7' ong - (M%W&éeﬁ%é v % l3, s

di chl or ophenyl ) -7-am no- 1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4- di one 30 The
titled compound was prepared in accordance with the follow ng schene:
Schene 8tep @O 0¥ydeeess mew bsbblesuidroogbcrmelotiomped (58, 7S) -

5- (4-cyanobenzyl) -3- (3,5-dichlorophenyl) -7-[ (2~
benzyloxyacetyl)amino] -1,3-diazabicyclo[3.3.0]octane-2,4-dione
15 from step 1 (0.125 g) in EtOH (10 mL) containing Pd/C (5%, 15
mg) and the reaction mixture was stirred overnight under a H;
atmosphere. The mixture was recharged with additional 5% Pd/C
(10 mg) and stirred overnight under a H, atmosphere. The
reaction mixture was filtered through a bed of Celite and the

20 filtrate was concentrated. The residue was purified by HPLC
(Beckman 5 p C18 column; eluted with a gradient of H,0/MeCN
(10-100%) /0.1% TFA) to give 0.023 g of the titled compound.
MS (m/z) 473 [MH'] and 495 [MNa+].

25
Reference Example 1: (5S, 7S)-5-(4-Cyanobenzyl)-3-(3,5-
dichlorophenyl) -7-amino-1,3-diazabicyclo[3.3.0]octane-2,4-

dione
30 The titled compound was prepared in accordance with the

following scheme:

Scheme 2
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11 ~CRCH2Ph d HO,"CHtBDMSOL (J NH HO'CNH+ OCN/ \ \ d p P-G C
CLClL NCNC | OO C21 Od _ HO'(~ NtBDVMSO'-GN tBDVMSolo CN\ / CT
\~N p C1 woGYo0&6¥ m xture of diastereonmers NC NC NC O GLT/USG/GU40 Cl
MsO-" N\ / NBN\ / >He \~-NN\ / OCLOCLpd (In the above scherre
tBDMSO i s tert-butyl di methylsilyloxy group, and MsO i s net hanesul on oxy

group.) 5 Step-1: p-Tol uene sulfonic ﬁg P g) was %020
suspensi on of Led;aH,ams- hydr oxypr olHGH 5H25 g) in a %Bw&f benzyl

al cohol (100 an e e_(250 ni) andr ¥ jixtureswas heat &0 deer a
Dean St ar HO'r 85% The 'react Pon ture was concent® at

di ethyl ether was added 10Clo precipitate t solid. The solid was

filtered, washed with additional diethyl ether and dried to yield 75 g of
L-4-trans- hydroxyproline benzyl ester. Step-2: To a suspension of

L- 4-trans- hydroxyproline benzyl 15 ester p-toluene sulfonic acid salt from
step 1 (40.43 g) in THE (500 nL) and DI EA (51.3 nL) was added 3,5

di chl orophenyl i socyanate (22.1 g). After stirring overnight, theg reaction

MXtureNﬁa@incentrat ed. The re %@\A\as

o ol .0 cl 0 Cl

Hol..Ci//( N - tBDMSOI'-Ci/‘( N -~ tBDMSO"'CN%(N’Q
N N \«o Cl1

\% Cl (0] Cl

mixture of diastereomers

NC NC

NC
0 Cl Ti:l\ T[:l\
z —C-H? cl - O Cl
wo G- == w G0 e G
o 1 0 Cl ~

C
Cl
(In the above scheme, tBDMSO is tert-butyldimethylsilyloxy

group, and MsO is methanesulonyloxy group.)

5 Step-1: p-Toluene sulfonic acid (50.6 g) was added to a
suspension of L-4-trans-hydroxyproline (25.25 g) in a mixture
of benzyl alcohol (100 mL) and benzene (250 mL) and the
mixture was heated under a Dean Stark trap for 24 hours. The
reaction mixture was concentrated and diethyl ether was added

10 to precipitate the solid. The solid was filtered, washed with
additional diethyl ether and dried to yield 75 g of L-4-trans-
hydroxyproline benzyl ester.

Step-2: To a suspension of L-4-trans-hydroxyproline benzyl

15 ester p-toluene sulfonic acid salt from step 1 (40.43 g) in
THF (500 mL) and DIEA (51.3 mL) was added 3,5-
dichlorophenylisocyanate (22.1 g). After stirring overnight,
the reaction mixture was concentrated. The residue was

dissolved in EtOAc, washed with 0.5 N HCl, saturated aqueous

22



di ssolved in Et OAc, washed with 0.5 N HCl, saturated aqueous 22 WD

03/ 066636 PCT/ US03/ 03449 NaHCO3 sol ution, brine, dried (Na2SO™4), filtered
and concwptisat@de The residue was triturated in Et OAc/ heramasoy/di4d9 and
the white solid was filtered and purified via flash colum chromat ography
(silica gel; hexane/EtQAc 2:1) to yield 5

4R) 2- [W@Hgodiwlﬁik%herﬁﬂl)%ibiﬁﬁﬁ@]mﬁzw oxﬂ#%ﬁ-’ﬁ@ apenzyl ester (33.07

Steg ﬁeny?§§t§§5pe@ﬁ%?g_%Eg&éswaéR%rlgu gtég 1§ EtOA?éhexane

dichlorop car banoy roxyproline enzyl ester 10 g) in
CH3CN (&@Olma)ncwatsh@diztenté neallazd | ead 111 et dmd tpuoi §d el metdyf ki dly|

chloride (13.64 g). After stirri for 48 _ hours a n mxture was
concentF@iE@n ?FEOW@EPEHQPRMS(SHEggal9@& i ReER éEgagghngkigﬂ 5?%&ﬁ HC1,
sat urat edgaqug U§-[%@H%léﬁiekbﬁﬂenymegrbaﬁib%i]cmaﬁ§@ﬂbx kbt ened and 15

concentrat éd. The residue was pufif Vi a col utm  chr omat ogr aphy
(silicabgekylhezbhae/ EB®A872gl) to give (2S,

4R) - 2-[ (3, 5-di chl or ophenyl ) car banoyl ] -4-(tert-

but yl di net hyl sil yl oxy) proli ne benzyl ester (44.45 g). 20 Step-4: To a
solutiogtg% the &Sz éagpgngﬁanSOfdugbloquhgnylBgapbannyl]-4-(tert-
but yl di met hyl si | yl ox proline benzyl ester (23.49 i n_CH3CN (500 nL) was
added DfEah gzion SRy §ﬁ§bﬁﬁ1@}’ﬁ‘ﬂ xﬂuil@dmasméaﬂéae génizé’fll geLexs tlap - 07

refl o t 51 coNcenlrated-and
puri |e§9b§8‘ ﬁ g%unﬁngkronatograph SI%I%Q@QE Sgmhexane to
hexane/EueyﬂdiméﬁhVQSSanrahéothdetWﬂB dtagi er edfiees stirring for 48

3-(3, 5-dichl yl) 't - ,
bu'EyI di Fiéiﬁﬁﬁfgf%iegﬁﬁftiog gﬁﬁaﬁﬁc%ﬁof@%e&ﬁf@i&ﬁe Ihg gegidue was

Di ast er geuBh14ed’ 146 E40AMS: wRkRALiEM D .5 andc3) BaastetedmaguBout0. 66 g,
MS: mz 415 (M+). Step-5: The conpound fromstep 4, diastereoner A or B,

(12. 73 YpiEas dehzyienedonineol fowed ANEAGM) /| fiAteFed30n6L

15 concentrated. The residue was purified via flash column
chromatography (silica gel; hexane/EtOAc 2:1) to give (28,
4R) -2-[ (3, 5-dichlorophenyl) carbamoyl] -4- (tert-
butyldimethylsilyloxy)proline benzyl ester (44.45 g).

20 Step-4: To a solution of the (28, 4R)-2-[(3,5-
dichlorophenyl) carbamoyl] -4- (tert-
butyldimethylsilyloxy)proline benzyl ester (23.49 g) in CHaCN
(500 mL) was added DIEA (34.44 mL) and the mixture was heated
to reflux. After refluxing for 24 hours the reaction mixture

25 was concentrated and purified by flash column chromatography
(silica gel; hexane to hexane/EtOAc 1:1) to separate the two
diastereomers of 3-(3,5-dichlorophenyl) -7- (tert-
butyldimethylsilyloxy)—1,3—diazabicyclo[3.3.0]octane—2,4—dioné.
Diastereomer A: 7.46 g, MS: m/z 415 (M'); and

30 Diastereomer B: 10.66 g, MS: m/z 415 (M").

Step-5: The compound from step 4, diastereomer A or B,
(12.73 g) was benzylated as follows. n-Butyl lithium (30 mL,

1.6 M in hexane) was added with stirring to a solution of di-

23



1.6 Min hexane) was added with stirring to a solution of di- 23 WO

03/ 066636 PCT/ US03/ 03449 isopropylamne (6.5 nmL) in THE (100 nL) at -78 C
under a NRO oawemw3phere. The m xture was nai ntai ned at thatrcrarsp@ozasure for
additional 30 mnutes. The m xture was added via cannula to a solution of
3-(3,5-dichlor thenyI‘) - 7-%t ert 5 o

but yl di AEPRYPBYLpMmdRe) (€ -3- BLaz4Bi &HE| L803Mh) oetands2, 4-rore 2 (2. 73 q)
in dry ) - d a - here f Lkring at -78
Cror 30O RBReE ). Then St He Ehe e TRe0 8L et Rt O
added. The andddtionaii 2buménwass .st Theediatur28wgsf add2dsvieucgnnuen

slowy warnmed up . to rogm 10_t enperature and all to stand at room
tenperaFBr@ 158}‘16.19“ Hg_u?’."(%?héqgég PGHPﬁFWgPégy\/ﬁ\ggeEgﬁcent rated and the
resi dér'ebu‘é@'idglné%ﬁ&f!%@lkgo ng\q 3The .ELOAGyeabybi, 8N Was twashed awdibned. 5 N
HCl , saturated aqueous H solution, brine, dried (Na2SO4), filtered
and congept 7at gdl. ihheéryegHdud 1was mpir bfti ed 815C viiadét ashNg addunmysphere.

chromat ography (silica gel; hexane/EtOQAc 24:1 to 3:1) to give (5S, 7R -
and (5RAfZRr sBirfdngyatobdBzyC)£fo8-30 minutes, 4-cyano-o-bromotoluene

3, 5-di ghl henyl ) - 7- t - but yl di met.hyl sil yl %-1,3- .

f:li azab: 9C$I§F%}§E\é} g@%agg%rf E—Jb"gi g’ﬁgl. a és;% i%X : RPHY%Xé:PrﬁBWar% z 530
M) . _ of > & ' o8

Sol Ut | o "oF (55 7Ry b 4L ey ahobency T o[ as oV ibrRbEPup: £d0rBom

di chior apherybiuze( bewdt afdvyledi et lpylasid ptoxypml tempdiratalyiec folro 4.3, 3 . 0]

octane-2,4-dione (1.0 g). in THE (1 nL) was 25 added 70% HE/ pyridine (25 -
) - ThBotEact 156 FERCOAE WIS TR, B FORSRRGNES 20 (S FEFASHPal od.
The residue Was o1%ess kv ed oak .Et OAhcang dale doasililon §ras0 hdlghid wagnwashed

wth water, saturated aqueous NaHCO3 sol ution, brine, dried_(Na2SO4) and
concent Pabed. HfHe mesiudad efasdyeous 8@HEP:f Pasht éonumAranechesiglogr aphy

7Ry 5 (4B ERtheryl o S R ) TRyREgEg e purified
15 wvia flash column chromatography (silica gel; hexane/EtOAc 24:1
to 3:1) to give (58, 7R)- and (5R, 7R)-5-(4-cyanobenzyl)-3-
(3,5-dichlorophenyl) -7- (tert-butyldimethylsilyloxy) -1,3-
diazabicyclo[3.3.0]octane-2,4-dione.
(58, 7R) isomer: 7.6 g, MS: m/z 530 (M"); and
20 (5R, 7R) isomer: 1.8 g, MS: m/z 530 (M")

Step-6: To a solution of (58S, 7R)-5-(4-cyanobenzyl)-3-(3,5-
dichlorophenyl) -7- (tert-butyldimethylsilyloxy) -1,3-
diazabicyclo[3.3.0]octane-2,4-dione (1.0 g) in THF (1 mL) was

25 added 70% HF/pyridine (25 mL). The reaction mixture was
stirred for 24 hours and then evaporated. The residue was
dissolved in EtOAc and the resulting solution was washed with
water, saturated aqueous NaHCO; solution, brine, dried (NazSO,)
and concentrated. The residue was purified by flash column

30 chromatography (silica gel; MeOH/CH,Cl, 2-7%) to give (58,
7R) -5- (4-cyanobenzyl) -3- (3, 5-dichlorophenyl) -7-hydroxy-1,3-
diazabicyclo[3.3.0]octane-2,4-dione (0.52 g). MS (m/z) 416
[MH*'] .
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di azabi cycl o[ 3. 3. 0] oct ane-2,4-dione (0.52 g). M5s (mz) 416 [MH] . 24 WO
03/ 066636 PCT/US03/03449 Step 7: To a solution of (5S,

7R) - 5- (4-woanob@eyl ) - 3- ( 3, 5- PCT/US03/03449

di chl orophenyl ) - 7- hydr oxy- 1, 3-di azabi cycl o[ 3. 3. 0] oct ane- 2, 4- dione from
step 6 5;‘»0'52 g) in CHC12 (8 nL)_at 0 C was added D EA (Q.45 niL) foll owed
by met h&&€®ul7fonyilo éhiserivde oo o5 (RS, FRand t We 3 =t dsd ¥ av~ 1.5
hours. r i Iy X tUFR di lut 4 l4J ng

Xt e i o e RS Sol it o o1 e by
brine, driceet fNaRSOEp o i(ot.&2edy)anch ccent (&ted) tat gd v Guakb agidsfd (5S,
7R) - 5-(4-cyanobenzyl)-3-(3,5-di.chl orogphenyl.) - 7- met hanesul f onyl 0

1, 3-di a&&ﬁ%?@réﬁs.@)O]f&&tl&ﬁ’@dg,béf- d‘?e&%g?n@%ﬂsfoéﬁ’ﬁ;o%ﬁzﬁﬁse W %‘ét‘])i s for
Egg n%;an%tg %@1-(e4l¥§x(trﬂx%) KAk ddMtdor StemhRirNaNITHRs-addett aigktsptdut i on of
cya,nobem@ﬂ Y3 uEds wditdhICGER6phemyd ) t7e mee siahietad f bRy oKXy - 123- washed

di azabi cy.cl.o[ 3..3. 0].oct ane- 2. 4- dj fr . . o). ( and
the m xt“é%‘él \[/?/a‘—’lsi_‘usrtéltrerdteélEL q‘uoerduﬁqlta%ft}?)s? S‘?’glel%agglaéto ﬁgr?%%dx%)ﬁ)r % r\%{g ’ng: I'ti oned
bet ween (=080, BN0f Vbt €fed Tied ObgashErsotdttongivas vazbed wft hsHyi mr) -dri ed

(Na2SO™4), filtered and concentrated.. The residue was purified by flash 20
col umm & Gmeys@eRsmAYIdi13 @ el di drbreephany i v e e e il g oxy -

7S) - 55 ( 4- Gy - = (=3,D- i NV )ss azisgord, 3. iLyclo [3
79 5h) Ly bt S N et o 2t ey

bubbl ed userdwgh i Felwtblen meExy 58,eyS) -MP5(m/z) 501 [MH'] .

5- (4- cyanobenzyl) - 3- (3, 5-di chl or ophenyl ) - 7- azi do- | , 3-

di azabi cycl o[ 3. 3. 0] oct ane-2,4-dione fromstep 8 (0.42 g) in EtOH (15 nl)

cont ai nigfiePH .C 6RY; #Bsmahdeadtbhe eackien oF X4, e 7ags sstisarr ed overni ght
under a H2 atnosphere. The reaction mxture was filtered through a bed of

Cel i te SWRRIRETBY i1 6k S whisleaniemtlod: 7 -TREhans et msL puri¥idd by
HPLC, s( BRGIN Ry oielS P 0iBEc Al £ Vidhd MG Slp Of (RO 1n

DMF (5 mL) and the mixture was stirred for 24 hours. The
reacﬁion mixture was partitioned between EtOAc and water. The
organic solution was washed with brine, dried (Na,SO,),
filtered and concentrated. The residue was purified by flash
20 column chromatography (silica gel; CHyCl,) to give 0.46 g of
(58, 78)-5-(4-cyanobenzyl)-3-(3,5-dichlorophenyl) -7-azido-1,3-
diazabicyclo[3.3.0]loctane-2,4-dione. MS (m/z) 441 [MH'].

Step 9: Hydrogen was bubbled through a solution of (58, 7S)-
25 5-(4-cyanobenzyl) -3-(3,5-dichlorophenyl) -7-azido-1,3-
diazabicyclo[3.3.0]Joctane-2,4-dione from step 8 (0.42 g) in
EtOH (15 mL) containing Pd/C (5%, 15 mg) and the reaction
mixture was stirred overnight under a H; atmosphere. The
reaction mixture was filtered through a bed of Celite and the
30 filtrate was concentrated. The residue was purified by HPLC
(Beckman 5 u C18 column; eluted with a gradient of H,0/MeCN
(10-100%) /0.1% TFA)to give 0.21 g of (5S, 7S)-5-(4-
cyanobenzyl) -3- (3, 5-dichlorophenyl) -7-amino-1, 3~
diazabicyclo[3.3.0]loctane-2,4-dione. MS (m/z) 415 [MH'].
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(10-100%/0.1% TFA) to give 0.21 g of (5S, 7S) -5- (4-

cyanobenzyl ) - 3- (3, 5-di chl orophenyl )-7-am no-1, 3- diazabicyclo [3 .3 . 0]
oct ane- 2,wo-odioessae MS (nfz) 415 [ MH] 25 WD 03/ 066636 PCTPUSAB0DGI4D

Ref erence Exanple 2: (5S, 7S)-5-(4-Cyanobenzyl)-3-(3, 5-

di chl orophenyl ) -7-am no-1, 3-di azabi cycl o[ 3. 3. 0] oct ane-2, 4- dione 5 Step 1:
3-(3,5-Di chl orophenyl )-7-(tert-

but yl di iyl = di bi 1o] . -2y 42 dione_ was

pr epar ecﬁ%%%ﬁ%v@ﬂ%a%?em%l ar %@bcﬁ%ﬁr%s%ﬁc}g{le%%g%%g% f\g %f%r ence Exanple
1, stepslichhroemgieryl bl -arpracl ny-didzdlfi cyabhsihydr okyprahe n, enzyl
ester p-toluene sulfonic acid salt wth L-4-trans-hydroxyproline nethyl
ester hytrYthl oride. Step 2:

3-(3, % Dichl orophenyl )-7-(tert-butyl di methyl silyl oxy) -

1, 3-di azabi cycl o[ 3. 3. 0] oct ane-2, 4-dione fromstep 1 was 15 treated--in
sim | ar Prerecdur ek 6% dedteh bedopeRet br entleerExanpl e 1, steps 5 through 9

Fecond! o SHBT Y TR e SRR S neB st r et ar
domai ns wds hbtrepe t€AND £ @o Lisdy oS vl 1 dr theo codist @t a s egie 08r tbedutmn | gG

| CAM 1Fc. was purified by Protein A affinity chromatography and stored in
al i quot fekerre Fraple i LeSeRit L FrchiRisoBrbpdrel ByPLlaringibniof the

pr ot gign éfhf@%ﬂic]x?préiﬁﬁ‘éf]@éng‘gl 10044 Vﬁl&oj?éeﬁé’ E@ifﬁﬂigré’@ié}ds%iﬁ
pl ates and overnight”incubation at 4C. WIlls coated wth BSA served as a
measur e witndn-4peciis chydackge oohthadheshph. e§éshedyptratesonede. bl ocked
with a solution of 0.25%oval bumin in PBS for 1 h at 37C. HBSS washed
Jurkat cells were suspended to a final concentration of 30 2.5x106/m in
TBSg adheséwe bul f e3, £ 28i oM J¥ dshdd, 7) 47 - O dde Mubpllli mde Hy TM Keloxy) oM
gl ucose, 0.1% HSA). A 100 Al vol unme of
1,3-diazabicyclo[3.3.0]octane-2,4-dione from step 1 was

15 treated-in similar procedures as described in Reference

Example 1, steps 5 through 9 to afford the titled compound.

Cell Adhesion Protocol
Cell Adhesion The recombinant protein ICAM-leFc was

20 constructed from the 5 extracellular domains of human ICAM-1
and fusion with the constant region of human IgG. ICAM-1leFc
was purified py Protein A affinity chromatography and stored
in aliquots at -20°C. Immobilized ICAM-leFc was prepared by
dilution of the protein in PBS pH 7.5, transfer of 100 ul/well

25 to Falcon Probind III plates and overnight incubation at 4°C.
Wells coated with BSA served as a measure of non-gpecific
background adhesion. Washed plates were blocked with a
solution of 0.25% ovalbumin in PBS for 1 h at 37°C. HBSS
washed Jurkat cells were suspended to a final concentration of

30 2.5x10°/ml in TBSg adhesion buffer (24 mM Tris pH 7.4, 0.14 M
NaCl, 2.7 mM KCl, 2 mM glucose, 0.1% HSA). A 100 pl volume of
cells was added to the blocked and washed ICAM-leFc coated
plates that'contained 100 pul of plate buffer (TBSg, 10 mM MgCl,,
2% DMSO). Adhesion was for 1 h at 37°C. Non-adherent cells
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cells was added to the bl ocked and washed | CAM 1Fc coated plates that
contai ned 100 Al of plate buffer (TBSg, 10 mM MgCl2, 2% DMSO). Adhesion
was for Iwboawees3C. Non- adherent cells 26 WD 03/ 066636 PCPCUS(83/034919 were
removed using the EL404 pl ate washer (BioTek Instrunents; Hi ghland Park,
VT). The nunber of _adherent cells was_ quantified by neasuring enzymatic
activit yese srmeyeAoUsing hbBet VI4RéxbdakeniagserudBigTeke IOSEYHECEGESt r at e
p5nit - et (3- I 1.0 a nt of
Iiberatgggg?%ﬁprggﬁghoy&%és E%gsgggggggb?eggPﬁggﬁﬁgnggfca s density at 405
nm usi nguanveftedabypathway isgeehzgphotoneteivity gfaehdbyeneklks &ttt achnment

(VMAX Ki neti cropl ate Reader, M| ecul ar Devices, Menlo Park, CA). For
conpeti?FSﬁyifg%58§gTénﬂﬂ@S€oHﬁ&ﬁﬁd§hﬁr89??@6%?5%@ Y&f&ck sol uti ons were

di luted_i buf fer 2-fo L ned i ng n tian
ori or>t 8 FaBEPBB 1N pRe el PR eI e R e BRI SRR 27 wo
03/ 066636 bBCHLYS0B- 03440 phehal Mat. mAagcarpauby ekadied eheulbatichl NC O C
RHNNN(CI ) -C p OC 5 wherein R is_hydrogen atom hydroxyl group or
car bano§PNgispat 4R AT §singr a2 Vegftigaph BBt ISPy CRECEFMREPE sal t
t her eof he roornesnd on Bakh aqeRAd RInLR i¢! #ibrbp1Wher BBy, S
hydrogeﬁoaégﬁlﬁlg93ggTEe co#ﬁoung og salt agboﬁgin& toFEIain11, érein R
is hydMotgkudroupevices, Menlo Park, CA). For competition studies
10 the compounds from 100% DMSO stock solutions were diluted in
plate buffer at 2-fold the fequired testing concentration
prior to transfer to the ICAM-1-Fc coated plate and serial

dilution.
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4. The conpound or salt according to claiml, wherein Ris 15 carbanoyl
group. 5. The conpound or salt according to any one of clains 1-4, wherein
nis 1. 20083/0ddses conpound or salt according to any one ofPCEIE03EB3419 4,
wherein n is 2. 7. The conpound or salt according to claim1l, wherein Ris
hydrogen atomand n is 1. 25 8. The conpound or salt accordi.ng to claim1,
wher ei nCRai1&S hydroxyl group and n is 1. 9. The conpound or salt according
to claim1, wherein Ris 30 carbanmoyl group and n is 2. 28 WO 03/ 066636
PCT/ US03/ 03449 10. The conpound or salt according to claim1, wherein the
conpound..i s gelceatpetinfy @f tthe ffadmaliang I¢anpounds: (5S,

7S) - 5- (4- Cyanobenzyl ) - 3- (3, 5-di chl orophenyl )-7- 5

acetyl am di azabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one, (5S, 7S) -5-

(4- Cyanobenz) 3, 5-dichlorophenyl) -7- [ (2

hydr oxyacet yl , 3-di @zabi cycl o[ 3. 3. 0] oct ane- 2, 4-di one, (5S,

7S) - 5- (4- Cyanoben -3- (= ‘-dichlgrgphenyl)-?-[(3-

car banoy priaRi -di az Bicyclo[3.3.0]octane-2,4- 10 dione. 11.
A proces r ng a—eQnpound of forrmula (1-a): NCOC HHNNN(I-a

) C OwvAelrein ni®l or Xl or a pharnaceutically acceptable salt 15

t hereof, which conprises condensing a conpound of fornmula (I1) :
5 wherein R is hydrogen atom, hydroxyl group or carbamoyl group,

and n is 1 or 2, or a pharmaceutically acceptable salt thereof.

2. The compound or salt according to claim 1, wherein R is
hydrogen atom.

10
3. The compound or salt according to claim 1, wherein R is

hydroxyl group.

4. The compound or salt according to claim 1, wherein R is

15 carbamoyl group.

5. The compound or salt according to any one of claims 1-4,

wherein n is 1.

20 6. The compound or salt according to any one of claims 1-4,

wherein n is 2.

7. The compound or salt according to claim 1, wherein R is
hydrogen atom and n is 1.

25
8. The compound or salt according to claim 1, wherein R is

hydroxyl group and n is 1.

9. The compound or salt according to claim 1, wherein R is

30 carbamoyl group and n is 2.
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NCOCI H2NNN ™/ (1l ) OC or asalt thereof, with a conpound of
formula (Il1l-a): H (CH2) n-COCH (Ill1-a) 20 wherein n is the sane as
defi ned aWwows/oé@3calt thereof or a reactive derivative tirerasb3/odsed | oned
by converting the resulting conpound into a pharnmaceutically acceptable
salt thereof, if desired. 25 12. A process for preparing a conpound of
formula (1-b): 29 WO 03/066636 PCT/USO3/03449 NC OC HOHN NN (I-b)

-0 ~ a0 ly aggesptapl alt
t her eof Whl ?&%?ﬁpﬁgggi (j:OoI(r)l é%stl %C&I%q{ ound 0 qxlcl)rl?/rul (II tEheIS\IC O Cl

H2N N Ncordpo(urid Ds iel@c(ﬁled:)rframsa:lhe tftdrlenfinoMddm@waigxound of fornul a
(rrr- R1O (CHZ) n 1 erei . Ois cted or

unprot ec B&d Mdroxyis %}ﬁ}’ e IHFFFn@ d ‘above, a salt
thereafl Qfetd TRAGI-VE ﬁ%ﬁ%m@ya&% rtzhej fffoctald owed Dypdenovi ng the

protecting group, and further converting the resuiti ng corrpound into a
phar maceldts ,c 819)y- Facldlerstvessido agd L )t tier €of3 - difcineeaamy )13 - X2t ocess for

preparl%%&%oxy é€¥1fgmfﬁgfnifgjélagablcyclo[3.3.0]octane—2,4-dlone,

(58, 78)-5-(4-Cyanobenzyl)-3-(3,5-dichlorophenyl)-7-[(3-

carbamoylpropionyl)amino] -1, 3-diazabicyclo[3.3.0]octane-2,4-

10 dione.

A process for preparing a compound of formula (I-a):

H ;%/KQ (I-a)

wherein n is 1 or 2, or a pharmaceutically acceptable salt
15 thereof, which comprises condensing a compound of formula

(II) :

NC
N NQ (1)
| \\S) cl

or a salt thereof, with a compound of formula (III-a):
H- (CH,) ,-COOH (III-a)

20 wherein n is the same as defined above, a salt thereof or a
reactive derivative thereof, followed by converting the
resulting compound into a pharmaceutically acceptable salt

thereof, if desired.

25 12. A process for preparing a compound of formula (I-b):
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NCOC OHZNHNNNO (I-c) n15 OOC whereinnis 1 or 2, or a
phar maceutically acceptable salt thereof, which conprises condensing a
conpound Wb oBosdesé a (11) 30 WO 03/066636 PCT/ USO3/ 03449 PRT/USIED34442N N N
/[ (Il) OC or asalt thereof, with a compound of formula (lIll-c):
H2NC (=0 (CH2) n- COOH (Il - ¢ ) wherein n is the sane as defined
above, a s eof or a 5 reactive derivative thereof, foll owed by
converting th sulting conpound into a pharmaceutically acceptable salt
thereof, if de N 140 A phaGiaceutical conposition which conprises a 10
therapeutically efie pat(nt of the compound or salt as set forth in
any one clal : ture wi(tthba therapeutically acceptable
carrier or\glg d for treatnment or prevention of a LFA-1
medi ated 4% onditionVn a patjent conprising admnistering a
t her apeuti cal IQ effective arr[)ur(n:ltI of the compound or salt as set forth in
any one e, dal 1 il 10.0:16, The mma%mpég%moa&é Siadfe wherein the
condition 20 is selected from an i nflanmmat or I'sease,” an aut ol nmrune
di sease,tlakan attierlyi comsiesse. cdidents img I”&)d:dmpommba&frefnmmlapr evention
of a conglf'f)i on caused or nediated by substance P in a patient conprising

NC
HoN N N—Q (1)

or a salt thereof, with a compound of formula (III-Db):

R'O- (CH,) ,~COOH (III-Db)

wherein R'O is a protected or unprotected hydroxyl group, and n
is the same as defined above, a salt thereof or a reactive

10 derivative thereof, followed by removing the protecting group,
and further converting the resulting compound into a

pharmaceutically acceptable salt thereof, if necessary.

13. A process for preparing a compound of formula (I-c):

NC
0] Cl
P (1<)
-C
HoN HN TN
M ~
15 O O Cl

wherein n is 1 or 2, or a pharmaceutically acceptable salt

thereof, which comprises condensing a compound of formula (II)
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25 administering a therapeutically effective anount of the conpound or salt
as set forth in any one of clains 1-10. 18. The nethod according to claim
17, wher ewo oshesesondi tion is an inflammatory di sease. 30P8I/UAMB/ORAD66636
PCT/ US03/ 03449 19. A nmethod for treatment or prevention of a condition in
a patient conprising admnistering a therapeutically effective anount of
salt as set forth in any one of clains 1-10, wherein said
condition i ected from5 rheurmatoid arthritis, asthma, chronic

obstructive di seaSle, allergy conditions, adult respiratory
di stress {A1 DS ar di ovascul ar di seases, thronbosis, harnfu
pl at el et N sion fEHl)owi ng thronbol ysis, reperfusion
i njury, Bryat or seases, osteoporosis, 10 osteoarthritis,

at heroscl erosi s, art¥werioscl éosis, neopl astic di seases, wound, detaching
retina, Type | di abePes, mul ﬁple sclerosis, system c |upus erythematosus,

opht hal @, 5 ihlamRLUGE conpdid I0RSmId] ARl AQelr Gi g8ases, cystitis,
gastric disorder, regional enteritis, S ogren's Syndrone, and 15 rejection
after oA (+PandPHaNt-&1008h. @AI-THe net hod according to claim19, wherein

said conditian is selected from ri i rheumat ai.d .arthritis
Thila 1H Gt rEo e o8 ST AR i e G ook &% & 20
der mati treSictShRg IR iSraByiRd Alrad T IrRjlaEva Wi tnvaiaihg tdtanspl ant ati on.

21. The method according to claim19, wherein said condition is selected
f rom r h&@rtléiiddacamEauingd igdichfe Phaafie 25 adbst ARIGRIGIA s y

di sease ri-Aasi. tip] e sclerosis and rejection after organ
£ RS UI A ’d&ﬁtxle[a. : ¢ _orga
transpl an atlod.lgﬁ. Ye et hod according to claim19, wherein said

condition is selected fromasthma, inflammatory bowel disease, cystitis,
14. A pharmaceutical composition which comprises a
10 therapeutically effective amount of the compound or salt as
gset forth in any one of claims 1-10 in admixture with a

therapeutically acceptable carrier or diluent.

15. A method for treatment or prevention of a LFA-1 mediated
15 condition in a patient comprising administering a
therapeutically effective amount of the compound or salt as

get forth in any one of claims 1-10.

16. The method according to claim 15, wherein the condition
20 is selected from an inflammatory disease, an autoimmune

disease, and an allergic disease.

17. A method for treatment or prevention of a condition
caused or mediated by substance P in a patient comprising
25 administering a therapeutically effective amount of the

compound or salt as set forth in any one of claims 1-10.

18. The method according to claim 17, wherein the condition
is an inflammatory disease.

30
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30 and gastric disorder. 32

WO 03/066636 PCT/US03/03449

19. A method for treatment or prevention of a condition in a
patient comprising administering a therapeutically effective
amount of the compound or salt as set forth in any one of
claims 1-10, wherein said condition is selected from

5 rheumatoid arthritis, asthma, chronic obstructive pulmonary
disease, allergy conditions, adult respiratory distress
syndrome, AIDS, cardiovascular diseases, thrombosis, harmful
platelet aggregation, reocclusion following thrombolysis,
reperfusion injury, skin inflammatory diseases, osteoporosis,

10 osteoarthritis, atherosclerosis, arteriosclerosis, neoplastic
diseases, wound, detaching retina, Type I diabetes, multiple
sclerosis, systemic lupus erythematosus, ophthalmic
inflammatory conditions, inflammatory bowel diseases, cystitis,
gastric disorder, regional enteritis, Sjogren's Syndrome, and

15 rejection after organ transplantation.

20. The method according to claim 19, wherein said condition
is selected from psoriasis, rheumatoid arthritis, inflammatory
bowel diseases, systemic lupus erythematosus, atopic

20 dermatitis, Sjogren's Syndrome, and rejection after organ

transplantation.

21. The method according to claim 19, wherein said condition
is selected from rheumatoid arthritis, asthma, chronic
25 obstructive pulmonary disease, psoriasis, multiple sclerosis,

and rejection after organ transplantation.
22. The method according to claim 19, wherein said condition

is selected from asthma, inflammatory bowel disease, cystitis,

30 and gastric disorder.
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