. e3e0Fv6TSX4- 30195/ A/ 30298/ CGC 1970 i en' ndA~ ,. 9nNI E19dI N~SY ~ @ 2VMAY 22602
as ori gérN9S/A/IRIBICHE 1970ent i on relates to inhibitors of cysteine
proteases, in particular to dipeptide nitrite cathepsjnal @ i

their pha jcal use for the treatnment or prophﬁisQPtT ?hétgz

medi cal c @@ﬂw whi ch cat hepsins are inplicated. The cysteine

cat hepsi ns, psi ns B, K, L and S, are a class of |ysosonal enzynes
whi ch are i nplifaet ed in various disorders including inflammtion,
rheumatoid arthritis, osteoarthritis, osteoporosis, tunors (especially
tunmor in nor netastasis), coronary di sease, atherosclerosis

(i ncl udi ;ﬂﬂmmmﬂmmnlmmrotl c pl aqupIPEPTIDE NITRI¢ES abi | i zation), autoi mune
di seases, respikhatory diseases, infectious diseases and immunol ogically
medi at ed drseases (1 ncluding transplant rejection) I n accordance mﬁth t he

| nvention i tl"hga veg?g rclé%ﬁsnt(b% b]ggjtorqlo?g ttéugti usecf ?10;?, %le&q{)téltxﬁéﬁéﬁ grflusef ul

as cysteine &3t epsin rs and ®t he
above- cicitfehsaynhibitoR anadid GREy phaﬂﬁmnﬂ@musecm tHet treafthent A peSphlyasis Yof UREases or
present invention provides an N-term nal -substituted dipeptide nitrite,

i .e. a diedispkqonditions ihwhiph Pﬁbellsﬂtséirmpaféér boxy group of the dipeptide is

repl aced by rite h the NNtermnal .nitro

tom s supdfe Pt Gl e caehsRlR Kt B 51 e Nt a5 Y o an SnAy TS ity
addi ti onad iinplieAePhi @%uadrsérattsxhaﬁtﬁn@amﬁﬁaas@ rﬂ,edmmsrararmrn@rbs?e%%hh@@a'
hetero atom directly by aryl, |ower alkyl, | ower al kenyl, Tower al kynyl or
het er ocpstegpqrosis, tampm,(sspﬂcmgy nah¢lynmmeramdb¢momdasteslgavtabhayehsem or a

salt thereof,. for tical The nventjon further proyides a
MY 1 SR o U T R e S A A

nitrite @sgtr%f')l &?&s@sbﬁt‘féactﬁﬁs 8ideREL éﬁfﬁnirﬁlﬂl'bﬁ%i(ﬁ ¥ medfAed dREGESi( ﬁ’t@lualngQransplant
provi des net'hod of treating a patient sufferihg fromor susceptiBle t'o a
di seasergectivayli cal condition in which a cathepsin is inplicated, conprising

adm ni stering an effectjve anmount  of N-ter suybstituted di pepti de
nitrite as a%r@ﬁécgmaeowh tteeomrrﬂéloaat has heen fyad %Zwsptﬂf iGSI§57P PRTENBEIB Ssefile

use of qpcuzag&%mmtatdrt BA kgl ik dtheit stgddae&ea% efan§°f the
prepar atl on (6] a I canent OI’ t her apeutl C Oor propny I C trea of a
di sease cathepsiddepehdenwnonditi@s. i n whi ch a cathepsin is i rrpl i cat ed. 0 2 MAY
2002 4-30195/ A/ 4-30298/ CGC 1970 -2 The_ dip é‘gtl de nitrite of the invention
conveni ent | Y\CEHHHIBI:BS PELSeRt IRYsnLien grovadss an dstermppal-substigtadslipentide mitele, bha

unnat ur fue esi dues"
Honot o SpeBadiitiaRt ¢ imiECuubky S bihe BbHECHS RIS Airlk EERP TN
genet i c (20dendlin vhRh ey Nasfainsi nigogéintatdrh @Ssubfieieafvia 2 mﬁe;ﬁﬁ%@%éuﬂbﬁeptlde
"Unnatural a-am no acid residues" are a-ani no acids ich have

a- subst ilinkagetvehight mmnalioaaddiméy tompuises a -thathylenerhetaraatons linkdrar ae silditiosil .
Preferred aam no ,acid residue s, the C.term nal crd resj due of the
i pept | deteH SPE AT rvERu: ot alRL delferstto ot afkomylor Bétefocy el

2- ben2y|09>é)pﬂ?§n$wkntatﬁél9c8§tal§l€%¥nd ccraa%de ester’or dHRithkof2- @M no- acetic acid,

2- but yl - 2am ho- aceti’c acid, hi oni ne, | eucine, |ysine, alanine,

phenyl afemisa@s a pharngicguticak and derivatives thereof, e.g. as hereinafter
descri bed. %ef erred no acjd residues as the N—ter m nal. am no acid
t

resi due of él‘bY%‘é‘ﬁt enproyides a pgharmpceptical compositina camarsing an i tegmigal 4
1-am nogr&trah@@a.gegf&rmms' iREd Qbovetaeaytatv%nrg@amm' stidine, tryptophan
and | euci ne and ivatives t ereo

e.g. as hereinafter described.
The invention also provides a method of treating a patient suffering from or susceptible to a

.-h).

disease or medical condition in which a cathepsin is implicated, comprising administering an effective
amount of an N-terminal-substituted dipeptide nitrile as defined above to the patient.

The invention further includes the use of an N-terminal-substituted dipeptide nitrile as defined
above for the preparation of a medicament for therapeutic or prophylactic treatment of a disease or

medical condition in which a cathepsin is implicated.



The aryl, lower alk | ower al kenyl, |ower al kynyl or heterocyclfy 00?2
subst i tdfﬁﬂﬂ%lhé‘ﬂ-éﬂﬁéﬁ/wcrl@'ﬂbrred to as R) is attached to the the 2 MAY 2
N-term nal nitrogen atom of the dipeptide via a peptide i nkage, i.e. as

R C(O-NH, or via a pseudopeptide |inkage. Suitable pseudopeptide |inkages
i ncl ude sul phur in place of oxygen and sul phur and phosporous in place of
carbon) e.g. as RC(S)-NH, RS(O-NH, RS(O2-NH or RP(O2-NH and

anal ogues thereof. Additionally the peptide or pseudopeptide |inkage

bet ween t herf, E}rﬂrgﬁ&det ﬁr#’rﬂé ofid uWéﬁu% tc%h%n'ib’%k @bﬁ%ﬂ&@'& @ﬁﬂ?ﬁ@aﬁﬁyreﬁ rfn@lﬁdﬁg

addi ti onal hete ato r a -nethylene-het

atom | bh#Efatur8l 4hd @%atﬁrdﬂ%@-%o%@)remiﬁesoHcBnﬁh@ ‘Witiral& Qmiidacid \“é}.ﬁfu%é”rﬁe'ﬁ'@fe

is a hetero atomselected fromO N or S, and pseudopepti de contai ni ng

al t er nathievtsarhine aeids obrairgbledy tchnglatierdotRNMeaccoiling to ke génetiagedehmitheen t he
aryl substituent and the N-ternminal nitrogen atom conprises a

- et hy| epwespending nmxbmhelrwfk@rappfqp@awet‘HpnaéW@ rasnipe @ﬁi@lfﬁtshjélehe%ré POATRING BFiddy

be optionally further substit here nafter descrjbed. The R
subst i t JéRh mgf%%lbﬁumfépt@aﬁ@ﬁtﬁwéguﬂdgn Ryl o acid geduet | hpterred o

| ected_f t
o 26 enble BBy N Pt P TRrac oo 8004 ARSbIE SHESLAS b Sl o
subst i t‘t'r‘y?d) h&%wgexyrﬁahymaﬂnim &u&s km@lﬁﬁ-duﬁldtﬁﬁ&%rﬁ\ﬂb%eu@idd 20Butyl-2-
het erocyclyl), C, ~al CZ~al kenyl) CN, trifluoronethyl,

trifl uorammtoyﬁmdr Wthlq@eg leppiagy lysieg abn@nyphesﬂblgﬂm@ und glysineand desiatives

hal h b d_.b
nal ogentheeaied & Sseiafies uEs P AFARYG BB AR e M Bind giito acic
4- 30195/ &idtre I 2ARB4ipEFHd DtBile ate Ac&mﬁ@cpabbexmcwb@&ﬁrcra@m qudgdéTent s the

i nvention provides a conpound of fornula |, or a phy5|olog|cally accept abl e
and -cl emAamﬂpmr@sarboxm aaxdsallletnylalwmolmstieﬁnd?mopha(r-arlkil-leuc-md\&ﬁdcdet«ivﬂﬁ/es thereof,
wher ei n: F‘ ﬁ n ubstituted (aryl, |ower alkyl, |ower alkenyl,

| ower alekgyﬁ§/ ereg? e‘féé? clyl); RZ and R3 are independently hydrogen, or

optionally w@mtw% Blkﬂv‘ﬁ'we@|aﬂt)éh3§1 owet Qﬁ&ﬁﬁxﬁ het@ﬂo@}’éég%ﬁbitﬁﬁ'ém (lfé'i'en(\aﬁ{eyl )

biaryl, cycloal Kyl or bicycloal kyl)-1ower alkyl] t oget her
r epr esemtfeiredvar asaR] is ytteched topiid the &-teyminat miroggpt admivy tie, difepide Nids peptidas t o

f t h t to which th . t hed wh R6,
el Rt T 8bwgngﬁvn&@m$uagp@de%a@f@?sﬁ@ i Bt
I I

i ﬁS’ZLeﬁéﬁ%PF"‘ﬁH‘iﬁstﬁ"”‘ﬁéﬁygna? G Bbtpfbr R RO oo 1 Pl ol & SRR Ry
C( O ORS,S(0)-NH5( E}S{I@)R@{H-\M’rdi-@(@)zmma$|d(apalogmaltlhejeduhécﬂltlbnﬂllgdhc( pepride oal Kyl ,
L T ¥ Rt P ot b o
cycl oal :%Ehlltlopélq%f\elrggéowl %)as heﬂgtr@@clgy[lb,)or 60'}n§ﬁl§'16?19%88 E%?tﬂﬁ%r E‘g%@ﬁ%-

| oner a ene, optional ¥ Tnterrupte so as to fofma ring
with t he:macr:(m)qNﬂt- omR: Gmmmm(mwaMem Hethisd hetees efom sefectes! fhord Oy oy, S,

| oner al kyl or ary|-Iower  al ké’ or R4 |? H or optionally substjtuted |ower
al kyl aré@ Resdepeptidaiseptaming-Alteaa Ve tete &8z 23 defined aboyep Whep thy linkags betwepr;

9 28h~§$’1e2§g§su2%t 7 t5 ’thé\goaggglﬁ’@%ygmﬁgoﬂfmy%q?letlﬁ"le'né -héfetPaBn- %err

the methylene group and the hetero atom may be optionally further substituted, e.g. as hereinafter

described.

The R substituent may be further substituted, e.g. by up to 3 substituents selected from
halogen, hydroxy, amino, nitro, optionally substituted C,4alkyl (e.g. alkyl substituted by hydroxy,
alkyloxy, amino, optionally substituted alkylamino, optionally substituted dialkylamino, aryl or
heterocyclyl), C,.salkoxy, Ca.salkenyl, CN, trifluoromethyl, trifluoromethoxy, aryl, (e.g.phenyl or
phenyl substituted by CN, CF;, halogen, OCH,), aryloxy, (e.g. phenoxy or phenoxy substituted by
CN, CF;, halogen, OCH3), benzyloxy or a heterocyclic residue.



_4 p as zero or one; X2 is lower alkylene; or when nis zero) xz i 9 2IMAY 2002
CZ- C~- allidpil95/A/4-30298/CGC@AIMYy O S, SO SO2, NR6, SOzNR6, CONR6 or NR. 6CO;
wherein R6 is hydrogen, |ower alkyl or aryl-lower. alkyl; Ar is arylene; Z

i s hydroxy, acyloxy, carboxyl, esterified carboxyl, am dated carboxyl,

am nosul fonyl, (lower alkyl or aryl-Ilowerzalkyl)am nosul fonyl) or (Iower

al kyl or aryl-1ower alkyl)sulfonylam nocarbonyl; or Zis tetrazolyl,

triazolyl or imdazolyl; Qis a direct bond, |ower allcylene, Y,-Iower

al kyl ene or - CG~-al.

8(0)-, -9 6)95"%8%’(%%&3%‘“?‘2‘?‘%’9 ??"s&g"s“\( n oy %&a%%\f@“?du@%})? ad,opp
sul phurph)tsldlﬁglmtytaaa@thme subslldavale dstetrt a salt-thiereofCHZ- or - CHz- Het -, Wnerel n
Het is hetero atom selected fromO, Nor S, and x is zero or one; and

aryl in the above definitions represents carbocyclic or heterocyclic aryl,
for use as a pharnmaceutical; a pharmaceutical conposition conprising a
conpound of fornmula |I as defined above as an active ingredient; a nethod of

treating a patient suffering fr suscﬂgptl bR to a disease or nedical
condition in which a cat heps i ng adm ni stering an
effective anmount of a corrpou f a’g efiTed above to the

patient; and use of a compound o errul as ,qlefl ned above for the
pr epar ation of a medicanment for therapeutl chr prophgll actic treatnment of a
di sease or ne |cal condition in which a cathepsin is inplicated. The
i nvention al %t ?ﬂrbw des novel dipeptide nitriles. Accordingly the invention

further provRAgs optisHllp etRtinéd {@yINewar bIk§E 16i6dr ARAYIZRNER alkynyl, or het i
4-30195/ A/ 4- 302981 CGC 1970 5 %%w ded that when R s 1owe? al RyiamcyelyD);

substituted RyandRb areon@p@ﬁdMycho'dmen,wra)psllb@yl sub&mlnedo[ﬂovf/maﬂ(w,acyemyly ) ~

Ar)P Z, d.t d X
ah- 25 2 hay beusbaRy o Gligpt fiak et ticvgloaliinioVeraky B o0t af it a

-Xz-(Y, )~ (A;z)2 en@gztog@me&ép%edaﬁt 1o%§ uﬁz§khé %ﬁenmwh?eg%y[%%omgq (sgz_lggbz

Rz = R4 = RS H x i's zero and X I's no
- CHz- CH (CH3) z, {dThiza G@OWjthahe cathtm ﬁ@ﬁ}t@l—ﬂzlﬁblsthey\,{am‘atﬁchai unsubsti t ut ed

phenyl, wherein Rg is hydrogen, lower alkyl or aryl-lower alkyl; or

either R, or R3 are linked by lower alkylene to the adjacent nitrogen to form a ring;

R, and Rs are independently H, or optionally substituted (lower alkyl, aryl-lower alkyl), -
C(O)OR;, or -C(O)NR;Rg,
wherein
R, is optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl, bicycloalkyl
or heterocyclyl), and
Rs is H, or optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl,
bicycloalkyl or heterocyclyl), or

R, and Rs together represent lower alkylene, optionally interrupted by O, S or NR, so as to
form a ring with the carbon atom to which they are attached
wherein R is hydrogen, lower alkyl or aryl-lower alkyl, or

R4 is H or optionally substituted lower alkyl and Rs is a substituent of formula -X,-(Y,),-
(Ar)y-Q-Z
wherein

Y:is O, S, SO, SO;, N(R6)SO,, N-Rs, SO:NRg, CONRg or NR¢CO;

n is zero or one;



| | | U2 MAY 2002
R3is not H -CH(CH3)z, or -CHz-CH (CH3)z, when R is 4-am nophenyl or
4ni t r oph3MIS/AAB298HGCHITRen R is 3-am nophenyl, 3-nitrophenyl
2-chl oropyridin-4-yl, or vinyl or R3 is not -CHz-CHz-S-CH3 when R is
pyridin-3-yl or 2-chloropyridin-4-yl, ~, provided that when Rz = R3 = R4 =
H x is zero and X1 is -C(O- and Ris phenyl, R5 is not -CH(CH3)z,
provided that when R3 = Rd = H RS is -CHz-CHz-COOH, x is zero and X, is
-C(O-, Rz does not forma heterocyclic ring with the adjacent nitrogen
atom and 5{ Quidest dgat when Rz = R3 = R4 = RS =H x is zero and X, is
- SQOz- not 4-nethyl phenyl. In fornula | R Rz, R3, R4, RS and L nmay be
furt her sub&tmﬂoﬂacﬁﬂtﬂemnﬁ whenmwiseere X3.is aigo Co-C3;alkgildns tintémrepted by O, S, SO,
i ndependentl sel ected from|ower_ al kyl, aryl, aryl-Iower alkyl,
cycl oal kyl ,SPrefReotQdNBs CONRs ot NBs©Hen, - OH, - NOz, -NR9R 0, -X3-R-, | ower

IkIX3R8 hal | ~ 1apd R8 def i ned
bove) X3 15 1O, -arth Rl B gl SEUSPTR 5%, % g0, "
-C(S) O, CGAGsNRAene; Wherein R8 is as defined above, RO and R o0 are

i ndependently as defined above for R8, or -X4-Rg, wherein X4 is -C(O-)
-C(S)-) - S(@ys-hydregyyeyloxy. earbyxyl, estegifiey) @rboxxh(@)lﬂmd arreewilranmsosfanydr(iower

as defined @Er ?]araf?'i wer aué'e)%(’%%?&}yd o%?%%{%g{%?@qé\%%c 1970 -6R9 and R o

t oget her w a heteroary up “or unsat ur at ed

het er ocycl cakyiguifor§lanifocadiinyRRaZ iy tetRBLII, Biidglyd beintidadeye addi tional
het eroat ons selected fromO N or S. Conmpounds of fornula | exhibit

val uabl e pharmacol d@ll&:@idlrw oped.tlower alkylengmbeilewver atkyiene or €atGralkdensyinteniipted
cat hepsi n i nhi bi t In accordance with the present invention it has been
found that by app 'm ate choice of groups R R2, R3, R4, R5, X, Y and L,

the rel ativg, get@sy-i \a®y-, cg(d)hesgg)gpop(@;@g@ i nhi bitors of the various
cysteine cat‘nep5| n types, e.g. cat hepS| ns B, K, L and S nay be altered,

e.g. to obt\aheremdhllbasdﬁfmed\/abm sel ectively inhibit a particular cat hepsi n

type or cor? nation of cathepsin types. In a first aspect the invention
provides a CoHMYOERECHFUPBITUIa 11, or a physiol ogical Iy acceptabl e and

\-/\ﬁle(rag:/ﬁbl € E?st@ﬂtxoﬂéuﬁsu%ﬁﬁthtehhﬁ'éﬁofHé??@—lﬁ%? -CA,HetX NHR I 1 NGNRs
wherein Het is a hetero atom selected from O, N or S, and
X is zero or one;
and aryl in the above definitions represents carbocyclic or heterocyclic aryl,
for use as a pharmaceutical;
a pharmaceutical composition comprising a compound of formula I as defined above as an
active ingredient;
a method of treating a patient suffering from or susceptible to a disease or medical condition in
which a cathepsin is implicated, comprising administering an effective amount of a compound
of formula I as defined above to the patient; and
use of a compound of formula I as defined above for the preparation of a medicament for

therapeutic or prophylactic treatment of a disease or medical condition in which a cathepsin is

implicated.
The invention also provides novel dipeptide nitriles.

Accordingly the invention further provides a compound of formula I as defined above



R20 is optionally substituted (aryl, aryl-lower alkyl, |ower al keﬂ)QI MAYOWZ
al kyny|4-3019564/4e30298/CGEr1976t er ocycl yl -1 ower alkyl); R22 is H, or
optionally substitued | ower alkyl, and R23 is optionally substituted (I ower
al kyl, aryl-1lower alkyl, or cyloal kyl-lower alkyl) or R22 and R23 toget her
with the carbon atomto which they are agtached forman optionally
substituted (cycl oal kyl group or heterocycl oal kyl group); R24 and R25 are

i ndependently H, or optionally substituted (I ower alkyl, or aryl-Iower

al kyl)) - re as defined above, or
R24 and RZSCB)trélgg% g{at vw\ngéﬁ(l\ﬁe ca\yﬂégglﬁ(gtr%%ﬁtg@gﬁ?%ﬁqt hey are attached form
an optional ly sumetafRytoe®s(icy sibstituent ofgfonmgda eXs- h\ét)e(.fm)le-Z,al kyl group); X

is as defined ahove; 0 2.NMAY 2Q02_4-30195/ 298 1970 7 Y is
oxygen or smfﬁﬂd?dth@WPE“ES&‘?Q?nﬁI‘hPsSbs&ﬁ% ﬁfJé‘Hd?P - or -CHz-Het-),
wherein Het is aelt‘ﬁelh(% 5fq{48c;r 1§§| G%Hz%& BPWa- zr(Yé’(,-é)@- -Z' 8r 1501r10t

provi ded that when x 1I's one, I's not
unsubsti tut ed phﬁ@\ytbsmméd)phd@d that vvhen Rzz = = Rzs = H, x is zero and
X, 1s -C(O-, R23 is not H, (CH3) z CHzCH-CHB)z - CHz- COOH, or

- CHe- cooam@demhwm@&s&nslibs#,tm%aropﬂﬁ@ﬁws -is not H -CH CHS)z
CHz- CH CH3 4
%en Rzo is(3 a) 15%2%/::&}%3 |Ht% %e_@r?gﬁéﬁpb%% g@gﬁgy& CﬁzFQC(I\)/lény z or

Rz3 is not -CHz- @ﬁ;-vﬁ;eﬁl-ﬁ{slsvumembsaamedph@yrl d| n-3-yl or 2-chloropyridin-4-yl,

provided that when Rz2 = Rzs = H) x zero and X, is -C(O- and Rzo
i s phenyl, Rz5 iRs:ig@et HCF@@@)‘@Z:%rGHﬂﬁB(@HQE whearR RAzamingpheny] of 4Rzs | s
CHzCHzCOC]—I X hopr%en&f? and X, is -C(O)-

Rj is not H when R is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl or
R; is not -CH,-CH,-S-CH; when R is pyridin-3-yl or 2-chloropyridin-4-yl,
provided that when R; = R; = Ry = H, x is zero and X, is -C(O)- and R is phenyl,
R; is not -CH(CH3;),,
provided that when R; = Ry = H, Rs is -CH,-CH;-COOH, x is zero and X is -C(O)-,
R, does not form a heterocyclic ring with the adjacent nitrogen atom, and
provided that when R; = R3 = R4 = Rs = H, X is zero and X is -SO,-,
R is not 4-methylphenyl.

In formula I R, R;, R3, Ry, Rs and L may be further substituted by one or more, e.g. up to 3,
substituents independently selected from lower alkyl, aryl, aryl-lower alkyl, cycloalkyl,
heterocyclyl, -CN, -halogen, -OH, -NO,, -NRgR ¢, -X3-R7, lower alkyl-X3-Rs, halo-
substituted lower alkyl,
wherein R; and R; are as defined above,

X3 is -O-, -S-, -NRg-, -C(O)-, -C(S)-, -S(0)-, -S(0),-, -C(0)0O-, -C(S)O-, -
C(O)NRs-,
wherein Ry is as defined above,
Ry and R, are independently as defined above for Rg, or -X;-Rg,
wherein X, is -C(O)-, -C(8)-, -S(O)-, -S(0O),-, -C(0)0O-, -C(S)0-, -C(O)NR¢-

wherein Ry and R, are as defined above, or



R22 does not forma heterocyclic ring wwth the adjacent nitrogen aﬂgr&ymn?ﬂuz
provi ded-30195/AMh30298CGC A = Rza = Rzs = H~ x is zero and X, is - -

R20 i s not 4-nethyl phenyl. Conpounds of forrmula Il are typically inhibitors
of cathepsins K, L or S, especially selective inhibitors of catepsin K or
cathepsin L or cathepsin S) or in sone cagase inhibitors of, e.g. cathepsins

L and S. The substituents of the conpounds of forrmula Il have the foll ow ng
preferred significances. Preferred corrpounds of formula Il conprise

conpounds having preferred s bst any .comhi nat i
Preferably when Rzo conprise dy* ??%Zheé p.p,lLyg %b??’g[ﬁ%ﬂ% ELAMSRT & %i‘?‘éfated or
(phenyl, napbﬁﬁWr@t@Hhete%@l@ﬂﬂ(fﬂrg?Gﬂﬂ ophbh Q@nmmmgfweathmewaiﬁ_@hml )
pyrazolyl t hi azol yl, pyridiny , qU|noI|nyI) i soqui nol i nyl,

benzot hi enyl h@tnmamacfemedrfydn)O N@‘& I\/AY 2002 4-30195/ AJ4-30298/ CCC 1970
_g_ Preferably R22 is hydrogen. Preferably R23 is optionally substituted
(I ower al kyl, aryl-lower alkyl or cycloal kyl -l ower al kyl), or R23 and R22
toget her wi Cﬂg{gbﬁn&%?&ﬂmﬂi PEXHi: Vil Able pHAMadYIGridd bﬁfb@ﬂﬁsfu?ﬁﬁhﬁnagsu%lcular
especially a C~, cycl oal kyl group.” More pref erably

- CH2- CHaGeB)ene aatheppmludnlatdrsf Is abeoirdange exithishepesgnt mwhmnt ywrmeh;fbund that by
napht hal enyl net hyl dol yl i net hyl enzot.hi epyl i net h of ..

bonsof aRBRYPHEE Apice BFETRuES R MooRe djoknor 08 Lifht g BERIGDRADS whi ch
t hey ar 5% r A f S 4
and Ro5 2T ReHBFE IO THE VIR CIeht Ol SRy big 8, Sl B23E TPald miy
aryl - | obealtarbdyd.g. tb obein mhibjtbrs win¢thsedgutiveln athibyt spﬂxatulanmmq)ymmypetar 3
substituents selected from am no, hal ogen (e.g. fluorine or preferably

chl or i neympatiprcgfcathepsipdypesnd R25 together with the carbon atomto which
they are attached forma C3-C~ cycloal kyl ring. Mire preferably R24 is H
and R25 is optionally substituted (-CH2-phenyl, -CH2-indolyl) -(CH2)2S-CH3,
- CH2- CH( CH3)rRa first ifieptithbliivention frovideS8a CofapoumiroffetmutmIlcops physidbgivallyd and
R5 are both CH3, or especially R4 and RS are both H Preferably -X - is
(O - . ammeptableaiycleayable-ester pF asalt trepfei ther x is 0, or when x is 1 L' is
-CH2-O, -NHCH2-, -OCH2- or -S-CH2. In partlcul ar enbodi nents the

i nvent i on provides a conmpound of formula Il' or a

physi ol ogi cal | y-accept abl e and -¢l_eavabl Bxsest eR24or a salt thereof R23' R2a
Rzo L' X;, NHFCN CGN X | R~~~ & 5k_l' ' is optionally
substituted (C6-C,8 aryl or &29 ' éat'}LJ'lI ﬁ |s H or optionally
substitued C -C$ al kyl, and R23- xOptIﬁn I IyRsubstl tuted (C2-C8 al kyl, or

C~-C 4 aral kyl), or

wherein:

Ry is optionally substituted (aryl, aryl-lower alkyl, lower alkenyl, lower alkynyl, heterocyclyl,
or heterocyclyl-lower alkyl);

R2; is H, or optionally substitued lower alkyl, and

R,; is optionally substituted (lower alkyl, aryl-lower alkyl, or cyloalkyl-lower alkyl) or

R2; and Ry; together with the carbon atom to which they are attached form an optionally
substituted (cycloalkyl group or heterocycloalkyl group);

Rz4 and Rys are independently H, or optionally substituted (lower alkyl, or aryl-lower alkyl),
-C(O)ORy, or -C(O)NR,Rs
wherein R, and Rg are as defined above, or

R24 and Rys together with the carbon atom to which they are attached form an optionally
substituted (cycloalkyl group or heterocycloalkyl group);

X is as defined above;



0 2 MAY 2002 4-30195/ A/ 4-30298/ CGC 1970 -9 Rzz' and Re3' toget her 0 \di MAY ¢ 202
car bon 480195/A/4+30298/CGEYI¥0e attached form an optionally substituted
(C3-C8 cycloallcyl group or C4-C~ heterocycloallcyl group); Rz4' and Rzs'
are independently H, or optionally substituted (C -C8 alkyl, C~-C 4

aral kyl, or Cs-C 4 heteroarallcyl), -C(OyOR6', or -C(ONR6' R~ wherein R6
is optionally substituted (C,-C8 al kyl, C~-C 4 aral kyl, C3-C8 cycloallcyl,
C4- C~ heterocycloal kyI Cs-C,a heteroarallcyl, C6-C 4 aryl, or C4-C 4

het eroaryl ), @1& Or optionally substl tuted (C, - 08 al kyl, C--C 4
ar al kyl , oa lﬁ C4- C~ heterocycl oal kyl, Cs-C, 4 heteroarallcyl,

C6-C 4 aryl ,L'G§ o xﬁﬂﬂsﬁtﬁtlﬁftaﬁ(—ﬂc) CHa¥ oRCZH,-Hed), st together with the
carbon atomto ich the re attached forman optionally substituted
(C3-C8 cycl oal kyl g?bﬁﬁ?}ﬂéktma@eth@tﬁi?@é?l@ﬂéélfﬂo@yp Bragupyandx, is - O -,
-C(S) -, _S(J% ) %O)z -P(O (OR6' )wherein R6' is as defined above; Y is
oxygen or lﬁt‘}u(fr |s optionally substituted (-Het-CHz- or -CHz-Het-),

wher ei n Het prﬁv@e@tﬂaetvﬁé@xemm B4t aCHLO- hndm, @ -Aoy; S, and x is 1 or O,
provided that when x is one, L' is -CHz-O and X, Is -C(O)Rzo' i s not

unsubst it ut ed priézuyﬂmtpm&uhsdwclmylmen Rzz' = Rza' = =H xis zero

d X -C( O t H s (CH3
i oo, W%%ah‘ei&&%w&zm%mﬁaaa%%&ﬁ%@? Choorr Re3 i
not H, - CH(CH3) 7R, & not B CH; (PO, V@HPdﬁZGCHi)? éH%J’G(D@Hth‘}@HﬁCOO -CH,-

4ni trophenyl, Rz3' is not Hwhen Rzo' is 3-am nophenyl, 3-nitrophenyl,
2-chl or opyri di n- -@Hy; | WheprRoy isynsybstitut¢phenys not - CHz- CHz- S-CHS when Rzo' is

s vero ar%aC“' KL BB R o) RrefSF-rbhomEniiaifcr) o
provided that whg @qe% .= Rza' = H Rzs' is -CHz-CHz-COOH, x is zero and X,
is -CO- 0 2 VA 602 4- 30195/ A/ 4- 30298/ CGC 1970 -10 R20' does not form

a hlet er ocycl ic rRilags notthh whhnRa@péemmnophenylo@-mrtrqﬂmml 2aa’1ﬂbrppymduﬂ<4€b'l,tdratmyl\/rmn
52 r2ret ;yl phenyl %mn@ %H {Sihen K. oasrmdyb?cyim gc Lﬂgz wf\dwe‘*-.yhhy@(t ors
?‘;r ﬁﬁlt gef’f'l NorSvidkd cifhe biieh RE) = RSPERL, L BE x!i{¥&B0LhE R, N YOI PRENRRIP Of
R35 is not -CH(CHs;),,
provided that when Rj3 = Ry4 = H, Rys is -CH,-CH,-COOH, x is zero and X; is -C(O)-,
R3, does not form a heterocyclic ring with the adjacent nitrogen atom, and
provided that when Ry; = Rjy; = Ryy = Rys = H, x is zero and X, is -SO,-,
R20 is not 4-methylphenyl.

Compounds of formula IT are typically inhibitors of cathepsins K, L or S, especially selective
inhibitors of catepsin K or cathepsin L or cathepsin S, or in some case inhibitors of, e.g. cathepsins L

and S.

The substituents of the compounds of formula IT have the following preferred significances.
Preferred compounds of formula I comprise compounds having preferred substituents, singly or in
any combination.

Preferably when Ry comprises aryl, the aryl is optionally substituted (phenyl, naphthylenyl,
phenanthrenyl, thiophenyl, furanyl, pyrrolyl, pyrazolyl, thiazolyl, pyridinyl, indolyl, quinolinyl,
isoquinolinyl, benzothienyl and benzofuranyl).



Res 111 R~ NHC OONH G C=N R- Xz (Y1)n-(Ar)p-Q Z wherein R3o is an hayWAY 2002
group d&301254A14-30R98CCCoT0c car boxyl i c, carbonic, carbam c or sul fonic
acid; R32 and R33 are independently hydrogen, |ower alkyl, cycloal kyl,

bi cycl oal kyl, or (aryl, biaryl, cycloal kyl or bicycloal kyl)-1|ower al kyl; or
R32 and R33 together represent |ower alkylene so as to forma ring together
with the carbon to which they are attached; R34 is hydrogen or |ower alkyl;
X2,Y,, Ar, Q Z, n and p are as previously defined; and pharnaceutically

accept abl e d ther eof for use as a pharnmaceutical. In
preferred elﬁ'%g%l ngﬁlegﬁ(ﬁ[) Avention further provi des a conmpound of formula

1l as def i petralipRe, is vpesmily siBtituted @owercityl,giryidpweedlkyled ch¢lodlk ArloWeHARYIS,
carboxylic, carbam c or sulfonic acid Conpounds of formula Il] are

typi cal PRz @ndRes 9getheyih thercarbon atomite which tlae.‘/amaﬁmchsd ferap @ Co¢isagspecially a

nbod

3340 Bobct A E AR VEATRRNAS, AL, i Sl U RloRa s iR YRR
SSclohe )ghnu(hlﬁbhaﬁﬁhmnyun&ﬁyl nd6lylmedthy?, Wotﬂﬁﬁgn@tmaﬁsdnébﬁréi@mmq}

1970 11(c) X2 is lower alkylene; or when nis zero, Xz is also

CzZ- C~- aRiscaylﬂ&zetqgn'théf with theccagion@tors to sdjchgbey are afrehed fipran a cyclolxpre rirg.

defi ned aboye_.a maceutical | y acceptabl e salts thereof. Further
parti cul ar %ﬁr‘?&{ﬁ gr ‘¥ é’acf%npounds of formula Il wherein R3o,

R32, R33, 834[afdPrs afeb‘otK[-ﬁ&d.(‘_gah@f«/e meani ng as defined above; and wherein
(a) pis one, nis zero, and X2 is |ower alkylene or CZ-C--alkylene
i nterrupt edeySH)anS R.SB, aISBD“NRalkYNRBmalkYS@mUO@@NF&IbQMUNRBYI)p twd (b) p

i s one, .S one s | ower .a 1S:.0..5S O, \S R6) SOZ or
e SopteteRRRpec e B E IS gty L BiREne br pRiSipenie SRR

al kyl ene; of. ( h&Zareatadten! IE@r&
AR SOR24 Sa‘iQi R); o%e@l@?wnﬁ tl'lescaﬁ%rpat@ﬂg? %Il%hs& & atte Heg fl&gﬁge'ﬂr"g'o(% g&'l?éﬁgl
one, XZring | ower aI kylene and Y1 is O S, SO SOz N( R6) SOZ or NR6, SO2NR6,

b o NS0 et B e el e R RN e
S-CH;, -CH,-CH(CHs),, -(CH;)s-NH; or -(CH;);-CH3), or yet more preferably R4 and Rs are both -
CH,;, or especially R4 and Rs are both H.
Preferably -X- is -C(O)-.
Preferably Y is =O.
Preferably either x is 0, or when x is 1 L’ is -CH,-O-, -NH-CH,-, -O-CH,- or -S-CHj,.
In particular embodiments the invention provides a compound of formula IT’ or a

physiologically-acceptable and -cleavable ester or a salt thereof

st' R24,
RZOE.' } Xi—NH C- +
X |:‘22,Y| Ras i

wherein:

R2¢’ 1s optionally substituted (Cq-C, 5 aryl or C,-C,5 heteroaryl);

Rj2’ is H, or optionally substitued C,-Cs alkyl, and
R»3’ is optionally substituted (C,-Cy alkyl, or C;-C,4 aralkyl), or



and pharmaceutical ly acceptable salts thereof: or Preferred compolndiMAYF 2002
f or mul ad43019HAM-BO228CIGC MIch Z i s carboxyl or carboxyl derivatized as a
pharmaceutical ly acceptable ester. A particul ar enbodi nrent of the invention

relates to the conmpounds of formula Ill wherein nis zero, in particular
those of formula I'1l" R~ NHCHCONHCHCN 111" R~ X2 (Ar)p-QZ wherein
R30, X2, Ar, Q and p are as defined above; and wherein R33" is carbocyclic
or heterocyclic aryl-Ilower alkyl; 0 2 MAY 2002 4-30195/ A/ 4- 30298/ CGC 1970

-12 Z' is hygre ae pr-Y aTo) V21NN XVhicl8El YAt -
phar maceut i cginl §X%‘§%:’e§g§méé“§@t er or %?n@g{;@ orlC S&thxﬁéae{ztg‘ﬁgiﬂ%gggn optionally
phar maceut i cal | ysubstitapidxi, €C;satloslkyhgoepbdr Ci-C; etspeyclbalkyleggrbgsit ment of t he
conmpounds of formula Il1l', R30 is_carboxylic acid derived acyl; R33" is

|
car bocycl i ¢ Bre' Red Besoatedndependaptly Hh s optpnally subsityted @1:@35'&115}'1{91@“@: alkyl, s
is CZ-C4-al kyl Nt b S; i s s AN b |
brylene: O 1o o GGt PR GO o NGRS o byl or

car boxyl derivat whedinas a pharmaceutically acceptable ester; and
pharmaceutically acceptable salts thereof. In a nore specific enbodi nent of

t he conpounds of R§'ds aptiepally pubstituted ((g-Gg Ay, CrRG e aralkylcar-be sydoalkyl, Ci-C
aryl-methyl; X2 is C3-al kyl.ene ' ah k i nterrupte C pis
one; Ar is phenybe:[ﬁreo;cy%o%igyla cht“‘gﬁc’:ettg%%fﬁg(y%ﬁgizxéyg%ggﬁbr&digl%t?%gwg)’%d

phar maceut i cal | yR#GS epbabpGormady bsbstifigé®a,-CLalkyly CRer, Rkl CLCR cy@sdued] opas
of the invention relates to the conpounds of fornmula Il wherein n is one,
in particul ar thbeerosyclodkyhCaCid heterparalgl, Gt O, @ Ta-Cds heteroapylk'or Xz' - Y~
A~-Q -Z' wherei,n 0, R33 ~ a.Y=- ~ Ar. _and Z  .are as defined. above; X2' is
v al kyl oRet 3eg R tdfher o B rarBhn of8Bie il el S REE e BP AR e Pt Ty
accept abl e sal t sgithanesf (C,ASBeRalkyLg@ i o8 Cien heRfodyMBak N&BipON i S
directed to the (S:orrpound(s 3ofaS(?grrmlfyagl IHF mgtg,?ei n I%’o ?s?]\éggr b%)xyl ic acid
derived acyl X, R3E(O)s -CH)boSYR)-i S(OM-hP(@HOROt i c aryl -1 ower alkyl; XZ' is
Cl- C4al kyl ene; Y, is.O%ﬁqr. S, ,%r (%s carbocyclic arylene; Q is a direct bond
or C, -C4-allcyl eldere 75 a5 defingd Bt or " carboxyl derivatized as a

phar maceuti c@l k Yxss&Ralhsr-€st er; and pharmaceutical ly acceptable salts

t her eof . 0 2 MAY 2002 4-30195/ A/ 4-30298/ CGC 1970 -13 A nore specific
enbodi nent oL’ tshptionslyrsubstituied (cieteCledr+GHs-&ett).conpounds of formula 111"

wherein Het is a a hetero atom selected from O, N or S, and
xis1orO,
provided that when x is one, L’ is -CH,-O- and X is -C(O)-
Rz’ is not unsubstituted phenyl,
provided that when Ry’ = Ry’ = Rys” = H, x is zero and X, is -C(O)-,
R»3’ is not H, -CH3, -CH(CHj;),, -CH,-CH-(CH,),, -CH,-COOH, or -CH,-COO-CH,-
CHs;, when Ryg’ is unsubstituted phenyl,
Rj3’ is not H, -CH(CH3),, or -CH,-CH-(CH3),, when Ry’ is 4-aminophenyl or 4-
nitrophenyl,
R33’ is not H when Ry¢’ is 3-aminophenyl, 3-nitrophenyl, 2-chloropyridin-4-yl, or vinyl,
or
R23’ is not -CH,-CH,-S-CHj3 when Ry’ is pyridin-3-yl or 2-chloropyridin-4-yl, ~<
provided that when Ry’ = Ry’ = Rys’ = H, x is zero and X is -C(O)- and Ry’ is phenyl,
R,s’ is not -CH(CHs),,
provided that when Rz3’ = Ras” = H, Rys’ is -CH,-CH,-COOH, x is zero and X, is -C(O)-,



wherein R30 is aroyl, R33" is carbocyclic aryl-nmethyl; X2' is CZ-QI&M'AXng,UUZ
Y, is @-30495/A/4sMR2IBICGE; 19 is a direct bond; and Z' is carboxyl, and
pharmaceutically acceptable salts thereof. A yet .further aspect of the
invention is directed to a conpound of fornmula IV 42 44 R~ CNHCCONHCC
= N (I'V) RA3 R45 wherein R4o is substituiged phenyl or heterocyclic aryl,
(nono- or di- carbocyclic or heterocyclic aryl)lower alkyl or |ower

al kenyl, or heterocyclyl; R42 is hydrogen or |ower alkyl; R43 is

car bocyclic or te § - : . ;

i ndependently hy o%‘%gl%g{r fol%g)l\?\ar)e}?eltgf’%cﬁ?@%g%é%h%%‘?é‘%fgﬂgrggg?ﬁeggrag%r esent

| ower al | cylodideditidt phei Ret elRp’caRLy =RgeH! ablercald X, 8r80gst ers t her eof .
Preferred are conmpounds of formula IV wherein R4o is norpholino,
substituted pherBa’ snohdmstydienyle aryl; R42 is hydrogen; R43 is
carbocyclic or heterocyclic aryl-lower alkyl; R44 and R45 are hydrogen or
| oner al kyl; or R44 and R45 conbi ned represent ethylene to forma

cycl opr opyl CémpeundPaf forfuladil are pypedatly selective dntilsirges ofetshepsinflor mul a |V
wherein R4o is pyrazolyl or pyrazolyl substituted by 1-3 |ower al kyl; R42
is hydrogen; R43 is carbocyclic or heterocyclic aryl-C -C4-al kyl; and R44
and R45 are _hydrogen:. . or ) omj re.e l.ene. Conpounds of
formul a IVelgra)e/t%ftg% aggﬁq§he5§§een§{39\?§4\ﬁ%% %c?cxtngbfogng]p ?g’a "|}eélp1?|1n L and/or S. 0
2 MAY 2002 4-30195/ A 4-30298/ CGC 1970 -14 The compounds of fornulae I, I1,
11 and 1V, depending on the natsﬁlre of sHbstituents, possess one or nore
asymmetric carbon atons. The resgting dlj#st ereoners anq Ienanti oners are
enconpassed by the instanBz; e+ CONH-SFO=aN Y, hovveve}, e.g. for

pharmaceutical use in accordanc Lwi th th§h__i_ ntiqn,_ 4 he,conpounds of
formulae I, I, 11l and IV are g:r‘%vi ded | %ﬁe%’spsu ste%mti ally pure

epi neric foff.f 9- as conpositions in which the conpounds are present in a
formconprising at |east 90% e.g. preferably at |east 95% of a single

epi mer (i . eRjod0amadys grogpldesisged fiemn ah @ganic earbquylid, earbohic, t@bamiclorrubShioficid;
other epimeric fornms). Preferred conpounds of fornula | are those wherein

t he asymetRiz@nd Repdys mdspopdeatly Bydrogems lawrs alksh cyelaalkyl. isydentkdsprdand, biasyl,

t hat of an l.-.am i e GU e tri tgh is
i tached 1 e RRPoPGLILGIRRLESAL R0 ol RS APKTRClE: LAROR bReiditnd ° ) | ¢
general | y assisgo€6erni Being S getien Wihthatirbon tdwhich thiegthre avtgepedids of fornul a |

wherein R3 and R4 represent qé(f:lrogen can be represented by formulae Vv, V
and V', corRedpbydapsss ardoyercdleyly ed conpounds of fornulae 11, 11 and 1V

respectivel us. | rticul ; r enbodi ments the invention
provi des a %ng’oung]ggﬂfagp%rgg'{gmgfoﬁgﬁd%}%z’ng HOR20 L' XL NH--u-NH G- N

H RZs X V and pharmaceutically acceptable salts and esters thereof

for use as a pharmaceutical.

In preferred embodiments the invention further provides a compound of formula III as defined

above, wherein Ry is an acyl group derived from an organic carboxylic, carbamic or sulfonic acid

Compounds of formula III are typically selective inhibitors of cathepsin B and/or L.

Particular embodiments relate to the compounds of formula III wherein R, R3;, Ra3, Ris, Q, Z
and n are as defined above; and wherein
(a) pisone;

(b) Y,is O, S, SO, SO;, N(R¢)SO; or N-Rg; and



R33 HR-"~NH-C-CONH i-C=N H Xz Y1 A~-Q Z ORa3 HR40 C NH C CO NH[]\ MAYR?‘BUZ
C=N V' 4-3013HYAH:BE2IB/CCAOBITOGC 1970 - 15 wherein the synbols are as d% e

above, and physiol ogi cal | y-acceptabl e and -cl eavabl e esters or salts
thereof. ~ 2 MAY 2002 The conpounds of forrmula I, I, 11", 1L, LI, ©1II™,
IV, V, V and V' as defined above are hefqeinafter referred to as Conpounds
of the Invention. The general definitions used herein have the follow ng
meaning within the scope of the invention, unless otherw se specified. The

term"”l yer” x5, & 16%{3%91%@}%?%&5\% P&bEXDNRIaR CLO,-SRPBAS intRFh Y\édtlé}r Qr 9,"’5{16,‘3
radi cal s or conpounds Tespectively defines such as branched gr uribr anched
with up to aB@ionNR¢di ng 7, preferably up to and including 4 and

advant ageously one, or t carhon atons. A |0 al kyl. grqup, is branched or
unbr anched aMt C@Malsﬁé\ﬁgﬁ’ﬂ% a?"’(‘f%l pharmagrutic yeafcé‘?léﬁt?lgsa%sihirﬁ? bon at ons.

Lower al kyl represents for exanple nethyl, ethyl, propyl, butyl, isopropyl
or isobutyl. Lower al kenyl represents either straight chain or branched

al kenyl of Puitkerpactivulo embbddineentspeatectoabe yordpdundapbfommatadibwhaem. as vi nyl,
propenyl , isopropenyl, butenyl isobutenyl or butadienyl. Lower alkynyl

r epr eseRecs Reds %ﬁ-‘e%@t Qignt WAL havsrmeanigas Satngdapeys: a9 whetgdn 7 car bon

atons, preferably 2-4 carbon atons, e.g. as acetylenyl, propynyl,

i sopropyRyl,; | ' ; ey de ROMAT
ol g B R e fh AR ot ABHER o ko LS RASTH GRS SOEYE0 e
al koxy, aryl*>hydroxy,* fal ogen) léﬁ/anb, or trifluoronethyl. Lower alkylene

represents either .straight, chai r br he lkyl ene Q C

o ali PabPREEE ohE Bk iR sl fhe ARAYT & § <) S5 R0 3 fat Sk
at ons) e.gccﬁqm{gm@;% et hyl ene) propyl ene or butylene chain, or said
met hyl ene, et hyl ene, propylene or butyl ene chain nonosubstituted by

C, - C3- al®yp if anky aris agrecnd Xy istowey lalkylgne;dirsubst i t uted on the sane or
L1 535 Ro0 o B Bl gt BRRLREPT Y SBTLB bh e PEol
CONRg or NR¢CO; or
(e) piszero, nis one, X5 is lower alkylene and Y, is O, S, SO, SO, N(R¢)SO; or NRg, SO;NRg,
CONRg or NR(CO; or
(f) pis zero, nis zero and X, is C;,-Cs-alkylene interrupted by O, S, SO, SO, or NRs, SO;NRg,
CONRs or NR¢CO;
and pharmaceutically acceptable salts thereof: or
Preferred compounds of formula III are those in which Z is carboxyl or carboxyl derivatized as
a pharmaceutically acceptable ester.
A particular embodiment of the invention relates to the compounds of formula III wherein n is

zero, in particular those of formula III’

Rgg NH—CH——CONH—GH—C=N r
Ry, X;—(Ap—Q—2’

wherein
Rio, X2, Ar, Q, and p are as defined above; and wherein

Rs3’ is carbocyclic or heterocyclic aryl-lower alkyl;



A | ower al kOX)/ éor al kyl oxy) group preferably contains 1-4 carbon aﬂc?rrMAY 2002
advant ads¥9195M/4-3029C61 197bns, and represents for exanpl e et hoxy,

propoxy, isopropoxy) or nost advantageously nethoxy. 0 2 MAY 2002

4- 30195/ A/ 4- 30298/ CGC 1970 - 16Hal ogen (hal o) preferably represents chloro

or fluoro but nmay al so be brono or iodo-1An acyl group as represented by

R30 is preferably derived froman organic carbonic acid, an organic
carboxylic acid) a carbamic acid or an organic sulfonic acid. Acyl which is

derived fromza isq%m?yséﬁm@cwb(s@grca?o%awsderifvgtrizeaxagrarﬂh)@m&%ﬁél?&ﬁy %!i:;ire?éa(rﬁgeoeﬁgﬁr

het erocyclic aroyl, ¢ycloall cylcarbonyl; (oxa or thia)- cycloafk

| ower al kanoyt amidepoes-tettazolyl;, hydroxy or acyl oxy)- |ower al kanoyl, (rnono-
or di- carbocyclic o heterqcy lic) -_(lower al kanoyl or |ower al koxy-,
hydr oxy an¢ phagpaeeyicallyaceentable salig theag6®f “al | canoyl ), or biaroyl. Carbocyclic
aroyl represents) for instance, benzoyl, benzoyl substituted, by one to
three substituents selected i ndependently frome.g. halo, trifluoronethyl,

| ower al kyl In h speeificadnitdimend el thexspmporhdsydfdommniila K’ R34 isicarboslylid i derived acyl;
al kyl am _no, cyano, or carbocyclic aroyl represents e.g. 1 or 2-naphthoyl.

Het er oc et iltcaibasyrlic eieterapnctic arydlowei aligyhe, is §u-Csalkylgneqone isdyr-Canlbkpliale

(such a | i .k Ll : J j | ~ . .

(i moxan Sy ited BP0 s s By Ar i LEBRHelio REAE, G p AV BBARLELS Crglksiongiand 2
al koxy @ cabdxyDor datdiakyl d€rivatifddogs-agphaticelitigdllp atdeptuble éster; & plRKAsGRubcally

t et rahydrof uranoyl or tetrahydrothienoyl. Di-(carbocyclic or

het er ocyeseptaplerspits thegs@dr al kanoyl is, for exanple, diphenylacetyl or

di pyridylacetyl. Aryl- (lower al koxy, hydroxy or acyl oxy substituted) |ower
al kanoyl is) for exanple, phenyl-(2 al koxy, hydroxy or acyl oxy)-acetyl.

Bi aroyl is, 1fi @imdR& §paelR endbodBndd of theicohipoMhdsasTiFemiila TG R, WAty R geri ved

froman organic carbonic acid is, for exanple, allcoxycarbonyl, especially

| ower alckibeyysdic botymethyhhX cis Gssillgenaber X1 s tlechlkylensinterripted by ayp is aneiowyis| i ¢
(‘){3[( ?;Ff C PRy Q35 HEF B SRH A E ePEH IR i Peeablatls S heSP over
al kyl .
A further particular embodiment of the invention relates to the compounds of formula III
wherein n is one, in particular those of formula III”
Rg NH—?H—CONH—CI:H—CEN n*
Ra X -Y—Ar—Q—Z
wherein
Rio, Ras’, Yy, Ar, and Z’ are as defined above;
X, is lower alkylene;

Q’ is a direct bond or lower alkylene;
and pharmaceutically acceptable salts thereof.

A specific embodiment of the invention is directed to the compounds of formula ITI” wherein
Ry is carboxylic acid derived acyl; Rs3’ is carbocyclic or heterocyclic aryl-lower alkyl; X;’ is C,-Cy-
alkylene; Y, is O or S; Ar is carbocyclic arylene; Q’ is a direct bond or C;-C4-alkylene; and Z’ is
carboxyl or carboxyl derivatized as a pharmaceutically acceptable ester; and pharmaceuticaily

acceptable salts thereof.
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Acyl which is derived froma carbamc acid is, for exanple, am nocarbony
whi ch i4-38M5/AMa302984066 197 ed on nitrogen by one or two of |ower alkyl,
carbocyclic or heterocyclic aryl-lower alkyl, carbocyclic or heterocyclic
aryl, or by |ower alkylene or |ower alkylene interrupted by O or S. Acyl
which is derived froman organic sulfonit3acid represents, for exanple,

| oner al kyl sul fonyl, carbocyclic or heterocyclic arylsul fonyl, carbocyclic

or heterocyclic aryl-lower alkysulfonyl, in which aryl is e.g. phenyl,
napht hyl or Athire d¥dcificSeHRtb e Gf Ol ihMtitioh Ys Girdeeddl thhREoRbbuhdy ofS3ARNA pl
| ower al kyl, |ower al koxy, halo, nitro, trifluoronethyl, carboxyl or |ower

al koxycwhmhnymg is arOyl'l_?_RMNs cﬁﬂmwﬁc%ﬁlgﬁﬂwmlxgdzca%aMn%QYDisQ;|7ArAs phenylene; Q’
represents, carbocycljgc, or heterocyclic aryl. Car clic aryl represents
monocy ciSiadires) W@%/F‘ld %r‘s F?’ibeiﬁﬁi i“'@y chflé?alg%ﬁﬁﬁep@ﬁ%ﬂ%ﬁ phenyl nono-,

di- or tri-substituted by one, two or three radicals selected from| ower

al kyl, lower allcoxy, aryl, hydroxy, halogen, cyano, trifluoronethyl) | ower
al | cyl enedi Axygt Amthenaspe@Hf@e mivéntioariediranted to-a compbundphifdipiuja df |- or

2- phenant hrenyl . Lower al kyl enedi oxy is a divalent substituent attached to
two adj acent carbon atons of phenyl, e.g. nethyl enedi oxy or ethyl enedi oxy.

Oxy- C2- C3-al kyl ene ispal so a divglent substituenig attached to two adj acent

carbon atons of phenyjl, e.g. oxy?thIene or oxypqébylene. An exanpl e for

oxy- CZ- C3- al kylgne- Mﬂlﬁl‘- di_hyenobe fur -5-§E r ef err@g as
carbocyclic aryl*is naphthyl') phgnyl or ph I nﬁﬂo- r disubsti u%ed by
| oner al koxy, phenyl, hal ogen, |ower al kyl or trilfluoronethyl, especially

phenyl or phenyl nono- or di subsRiat ut ed by IomerF%tkoxy, hal ogen or
trifluoronethyl, and in particular phenyl. Exanples of substituted phenyl

groups as R are, e. g. 4-chlorophen- | -yl, 3,4-dichlorophen-1-yl,
4- met hoxyphe -1#¥I 4- met hyl phen- | -yl , 4-am nonet hyl phen-1-yl,
4-nethoxyetﬁ§?§ nonet hyl phenl-yl, 4-hydroxyethyl am nomet hyl phen- | -yl

4- hydr oxyet Ryl:z ; F-Tad 1 lmoXd- i : - = .
4 acet | A R o g ot )
401 M G201 & Ll ot by pien 1=yl 4 (ot phol i e 1. y1) - phen: 1.y

- (i mdazol - ‘_X ne - phep- -yl, 4-(norpholin-1-yl)-phen-1-yl,
4- (mor phol i Re2 i Y@P&%&‘K&}P)@bﬂgﬂi 1-yi,
4'(2'”Eth0XX%HE¥&%&hﬁﬁ ;E&b&?gﬁﬁ7&ﬂylOgaqﬂﬁﬂ(pyrrolidin-l-ylnethyl)-phen-
I -yl, 4-(2-t"hi opheny ?ﬁp en-1-yl, 4-8 3-t hi'ophenyl ) phen- 1-yl ,
4- (4- met hyl Biypexdde are ihdepghdengllpdpdrbgyh or lmetr dikgpoper i di nyl ) - phenyl and
4- (pyridinyl)-phenyl optionally subst”kuted in the heterocyclic ring.

Het er ocycl i Rasgiingl| Rep e %_f"spf‘??ﬁﬁdey’ﬂ?_ YIBIFe;bi cyclic heteroaryl, for exanple
pyridyl, Inﬁgd%ﬁmﬁduﬁuﬂ&§§kka%gﬂ¥%%Hg%ha@ME“thé?&HIn0|lny|’ benzot hi enyl ,

benzof ur any enzopyra I opyranyl, furanyl, pyrrolyl, thiazolyl,
oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl) imdazolyl,

G - subst i ¢ uPERRTELAcE chmppiisiol JrRgpla T e TR o mORInsHPyted Bhrnuban s
2-, 3- - oy i il . o3 RYLL Ayl Thi ts -
or '3t hi SeisfoeS iy RyAANREE Rl bacbor i br Rkl ddYdjic SPLGRY Al PRESFATR e

| soqui naydroyén oclpwes lRyls opRefantd #ak yorhbineBrepysent-et g damiditd Gdrinhy tyclopropyl ring.

Benzopyranyl, benzothi opyranyl represent preferably 3-benzopyranyl or
3benzot hi opyranyl, respectively. Thiazolyl represents preferably 2- or

4-t hi azol yl ' v ' [ I Ly, 1- or
5-(1,2, 4-tri %@%ﬁ@ﬂ% i@%ﬁ%ﬁﬁ%&?@gﬁé&%ﬁ?ﬁL@‘l{ﬂg radd é)ﬁf%qy%r ?Y?\?Fét‘r'l 2002
4- 30195ku¥sfitt@PBP1 GAowdPalkyl; RS iPhedregah Ry, is babecyatiy of hetercydlici Bylpy L Colylkyl;

i ndol yl') quinolinyl, pyrrolyl, thiazolyl,'isoxazolyl, triazolyl,

t et r azola)d Rugand Fuo pig hydrogensaordia (and Res ambinedpre gthylenei d r adi cal

substituted, especially nono- or di-substituted, by |ower alkyl or hal ogen;

and in particular pyridyl. Arylene (Ar in formula Ill1) is an aryl 1inking
group in whiGopids éffoltaile TVGYEtypically sdlative ihibitots ¢fcathepsifi Bf mEaRISY
nmonocyclic as defined above. A heterocyclic aryl linking group is for

instance (but not |limted thereto) I, 3-pyrazolyl, 2,4- or



2,5-pyridyl or 1,4-imdazolyl in which the groups as depicted in fcpan,Wg 2002
111 ar &-aﬁmmwﬁcrmg at the indicated positions. A carbocyclic aryl
linking group is for instance (but not limted thereto) optionally
substituted phenyl in which the two groups as depicted in fornmula | are
attached ortho, neta or para to each ot-hew- Biaryl is may be carbocyclic
biaryl, preferably e.g. biphenyl, nanely 2, 3 or 4-biphenyl, advantageously
4- bi phenyl, each optionally substituted by e.g. |ower alkyl, |ower alkoxy,
hal ogen, trifd AR fofthulsy BNE. IV B¢RalakiontREhREFRYSH substRh&y ossess
preferably e.g. thienylphenyl, pyrrolyl phenyl and pyrazolyl phenyl.

Cycl oal énel ormaqre @symrmetria cadon atanesd Theoksulting/dinsiersomors andtenantsinieys snebst i t ut ed
by | ower al kZI S:,cm;ui ﬁg.cont ains 3 to 10 {IE car bonsIc and is ad.valnt ag}eousl y
cycl opeficgmpasse Py kw?“td%/"fpﬂ%fjptrwgr% Y, 3%?‘%9&&% ObPRArPACEItGAlUSB A i t ut ed
by | Oeechtdsitbe with BGhARLEN ! th Borhbdurdl BRIl PRI AR 1V BRIELAGKE Ifure or
represents a saturated cyclic hydrocarbon contal ni ng one or nore,

pr ef er afqubytaitialy pire dptineriofoainoeng. asdongiosdions mrwitich theaonpoundsiare ipegseid it @ fditn

referably 5.to 8, ring atons; for exa , tetrahydrof uranyl, ..

Petr ahy‘éﬁr%/‘i?rﬁi’@rﬁ? fleast %}Wg’ﬁ&cﬂfﬁfﬁﬁﬁb&ﬂt a,str%‘%@f Ading |9,f>lr5¢r;féF-aFﬂ¥msm5rless than

nor phol y&R. . Ar Al rgighabl y (carbocyclic aryl or

het er ocgl fte'ér%‘kﬁekﬁ%%?ﬁgﬁy.‘ﬁ%ﬁ%{‘%‘?c ar }1 -l ower al kyl represents

preferably straight chain or branched aryl-C, ~-alkyl in which carbocyclic

aryl has neBrfenmgdasnpetndsed faimmlz] are.thoselvarezsih ther aspmeretric (azbdrylo) wiiclopel  or

butyl)) each unsubstituted or substituted qn phenyl rin defi ned, under

car bocy#fached,Ry andierRaCorecgnnis é%ét@ﬁQ% i ﬁ’ﬁ’t“i“% g?‘$P¥°§HE§§E g‘f‘ﬁﬁ‘@@ﬂ'@’ﬁ‘i?l‘z,ca@oﬁ.

benzyl £ r I I | : | kyl
yl 2uBREh Es%%g% th@?fia}.}s &ﬁ{)lﬂyﬂg&x@%sﬁtﬁ to tlgégtoﬁﬁx?fmhh& aBii¥nd lﬁog)ﬁuéraﬁ& y

represents preferably s chai n or " branch eterocyclic ary

C, . ~ al ks¢lgnkdthet(SE-bolfduedtiony Préferred yompamdseaiformgladsyiskeéin e dna Ry vepreeng .

2-, 3- or 4-pyridylnmethyl or (2, 3- or 4-pyridyl)-(ethyl, propyl or butyl);
or 2- ohydzogesicanpe serrpsghted by formyae ¥, Vh ﬁ@% )coressprnding togproferypd compounds of

4-30195( A 4130298/ COR, 1970 A8

Thus in particularly preferred embodiments the invention provides a compound of formula V,

VorV”
Ras H
o
R;EL’ X;NH—E—”—NH*—CZN
H R25
X v
'333' |i|
Ryy'*NH—C—CONH—C——C=N 4
H X;— Y Ar-Q-2
0 i i
| ; !
Rgg  CT—NH—™—C—CO—NH c‘> C=EN v
H R



propyl or butyl); - or 4-quinolinylmethyl or (2-, 3- or 02 M

4- qui no#-t%}?S/A(‘bﬁﬂ%S/Cﬁ(bpSﬂO or butyl); or 2 or 4-thiazolylinethyl or (2AY 202
or 4-thiazolyl)-(ethyl, propyl or butyl). Cycloal.lcyl-Ilower alkyl

represents e.g. (cycl opentyl - or cycl ohexyl)-(methyl or ethyl).

Bi aryl -1 ower al kyl represents e.g. 4-bippenylyl-(nmethyl or ethyl). Acyl as

in acyloxy is derived froman organic carboxylic acid, carbonic acid or
carbam c acid. Acyl represents e.g. |ower allcanoyl, carbocyclic aryl-Iower

al kanoyl, | ower al koxycarbonyl, aroyl, di |ower allcylam nocarbonyl or
di -1 ower al kyl am no-1ower allcanoyl. Preferably, acyl is |ower al kanoyl.
Lower al kanoyl represents e.g. C, _~-al kanoyl including fornyl, and is

preferably @Bere*rahkaymlpdls sigcl dafineslaboye, and propi onyl . Aroyl represents e.g.
benzoyl or benz or di uted b ne or tmo radi cal s sel ected
from | ower BRYSIA g’?@&ﬁc%t?b&%ylﬂs‘c éI@Ife"rfter%?éﬁ’g‘ rifluoronethyl; or 1-

or 2- naphthoyl, and al so e.g. pyridylcarbonyl. Lomer al koxycar bonyl
represents preferably C, ~-allcoxycarbonyl, e.g. ethoxycarbonyl. Esterified
car boxyl i sThacdapgpinddef foratuiazdetl, HS, 13, g IR, M, Mdldng Vi casejefindid sboss s |
for exanple | ower al koxycarbony|, benzyl oxycarbonyl or allyl oxycarbonyl.

Ani dat eberepiigndgierted te a3 SBSI‘PP“‘HEKI \I%P(Izg%‘ﬁloés a pharnmaceutical ly acceptabl e
am de, for exanple am nocarbonyl, nono- or di-Ilower alkylam nocarbonyl .
Pharmaceutically acceptable salts of the acidic conpounds of the invention

are sal ts fohepehentlidefibiciosSysed hemeinyhavatheofollewdg rheanihg avithis thelskepe ofahel
al kaline earth netal salts, such as sodium |ithium potassium calcium
magnesi Uyentien, walkess %BCTMF% &alts, such as ammonium trinethyl anmmoni um

€ty Ao U G 0N B S Wk LW Ko AR WD SR ek b Y

acid additi dué m nera organi c car

or gani ¢ csmbbieas ees@@ud@l}eﬁeﬁneman asblanclied oaﬁanslr,ammea Rethasgtof dinﬂllﬁchﬁﬁhgj?
mal efic acid) are al so P033|ble provi ded a basic group, such as pyrldyl,

const i t praferaplyup t@ﬁmﬂmg@m&mﬂr@vamh@m)‘m@aﬁd%f:arbmatpWent| on exhi b|t

| uabl h I I I
e Cyst i no APREBRPEPim RFREE SopipPaBRLRI oo P8 ERGGT Holb oo™y
b o At it ca e na BV} ‘E"“fygﬁﬁ@é““@ﬁ%“yﬂﬁ? fer

used i nisohetybat hepsin B, L and S assays is a 0.1 M pH 5.8 phosphate buffer

contai ning E%)Iv_v%r Ialkeny?l' reprIIa\éIehts elther s%ralghImIIam ordbranchIed gﬁI(en}?I é} 2 to 7 carbon atoms,

preferably 2-4 carbon atoms, e.g. as vinyl, propenyl, isopropenyl, butenyl, isobuteny! or butadienyl.

Lower alkynyl represents either straight chain or branched alkynyl of 2 to 7 carbon atoms,
preferably 2-4 carbon atoms, e.g. as acetylenyl, propynyl, isopropynyl, butynyl or isobutynyl.

Lower alkyl, lower alkenyl and lower alkynyl may be substituted by up to 3 substituents
selected from lower alkoxy, aryl, hydroxy, halogen, cyano, or trifluoromethyl.

Lower alkylene represents either straight chain or branched alkylene of 1 to 7 carbon atoms
and represents preferably straight chain alkylene of 1 to 4 carbon atoms, e.g. a methylene, ethylene,
propylene or butylene chain, or said methylene, ethylene, propylene or butylene chain mono-
substituted by C;-C;-alkyl (advantageously methyl) or disubstituted on the same or different carbon
atoms by C,;-Cs-alkyl (advantageously methyl), the total number of carbon atoms being up to and
including 7.

A lower alkoxy (or alkyloxy) group preferably contains 1-4 carbon atoms, advantageously 1-3
carbon atoms, and represents for example ethoxy, propoxy, isopropoxy, or most advantageously

methoxy.



0 2 MAY 2002 4-30195/ A/ 4-30298/ CGC 1970 -20 The in vitro assays are @qr MA¥d2002
out as Hel0185&/4-30298/0GCaAPMepsin B: To a microtiter well is added |00 uL

of a 20 uM solution of inhibitor in assay buffer followed by 50 uL of a 6.4
mM sol uti on of Z-Arg-Arg-AMC substrate (Peptides International) in assay
buffer. After mxing, 50 uL of a 0.544 phgsolution of reconbinant hunman
cathepsin B in assay buffer is added to the well, yielding a final

i nhi bitor concentration of 10 uM Enzyne activity is determ ned by

360 n oci FAeRh (L TsflerdblfFebleniiuich  UP AR RIVRAPMITEL Brol 405, ' ™

conpari son af atcm groaptas wFdeeﬁted by RY, i0 preferably detivsd feeritad iopganit éh@bdﬂ‘m&d taar -
Conpounds are subsequent subjected to a dose response curve anaIyS|s to
det er ni ReganTswrboxyliceacid, (atf)artra@mc acid loe pB prgagic syfenig aeidy i s per formed in 96

| | nbi h
cat hepsi n_ kAch iRl EntEg RER SOk RIR S et A0 50T KaPBR b e
(0.16 nll«{head&glcwsfcr é‘}cﬁ)aq}@mﬁ%btn&ﬁg(b)&rbr(tﬁé) -reytiéalRiRarbofylMetver aﬁe&mw d(%wer

Institute Inc a, Ja anz in 1 MM sodi um phosphate buffer,
cont ai nialkgxg, hytirciy tomiagylpxsdt foer allc@ncmu (nmenoeél— aar@oqycm:zbﬂwocmmheﬂswnr K

is preingubated, with.the inhibitors he reacti.on is

i £1 at QR BRI e ikt nioR SRl RY- SPrERugSiEt ARl ifforhe
reaction iscatiRpaR RyylréfteRat fdr%ﬁktﬁfeeﬁ)eﬁ J(IZbeﬂM))l st thd By HE 80 Bftee |
intensity is read on a mifti-we Iate reader at ‘excitation’and em ssion
wavel engubssitushts3elcad dndependently fresmag;thaine tiflucromethyk lavedr fadigydilower alkoxy,
Reconbi nant humap cathepsin L.,is activated prior to use S assay:
500 uL. DR TORNP0: Biroot RuEh el RmTE. FYfng: etraiprelit meyls et oe. 1
buffer Q)QPt Rin 391 1 nmM EDTA, 3 nM DIT and 150 mvl NaCl is added 10 uL of a
625 uM on of dextran sulfate (ave. = 8000), and the resulting
sol uti on i s Herrobetie droyhreipesseriterfotstance, 24 wbrdtpwlldylsaﬁbohylt(swh alsSnobhﬂdsyl)
diluted into 46 ulL assa buf f er ielding a 40 nM enzynme sol ution.

per f or mf¥neal, fugneyl. oxers! ‘EbL léqxaa°12®9/ ngfﬂl‘m‘a SRh eptiently BE‘tfsé‘F“ti’%bb§§a‘}al%dW§fr
i s adde 1. 50 uL of a 20 uM sol ution of Z-Phe-Arg- AMC
(Pepti dggéy?n?‘g%pna%& & trc}(\g t hen added. After m xing, 50 uL of the

activated 4Q0rM snima)mqnlotaﬂkyﬂ@dm@l ispfot exumiple) tetedhydpdurandylion tagbggrothiédos!.
is then added to the well, yielding a_final inhibitor concentration of 10

uM Enzﬁfe(caé?wb% gr hcéer@éwﬁ}ﬁrﬂe@wy al#éa@dﬁ,#gwmlee%hﬁwéace&y Phe
I|berat%ﬁ) g C 2002 4-30195/ Al 4-30298/ CGC 1970 -21

am nonet counmarin at 440 nM using 380 nMexcitation of 20 m nutes. %
Enzyne i nhi Qiryk glowies alitex g hyiioed ob ycytexysabititated Ploweh alkareyl isy fdriexh@pleNgienglf (22
sol ution containing no inhibitor. Conpounds are subsequently subjected to a
dose r eSHOREYAIRVOrREPYVed det ermine | Cso val ues. (d) For cathepsin S
To a mcroti I d uM solution of inhibitor is
assay bufferﬁlgréz[)%gh%#)&n@%% 3Ij\°/? t}teﬂgci}bﬁ@ Val - Val - Arg- AMC substrate
(Peptides | Mgt which @nddrived Srohhﬁfbr@dldedarbéﬁl&aéldﬁ@ Xogkamp, dlkoRfcatbonyk esptially
sol ution of reconbinant human cathepsin S in assay buffer is then added to
t he wel llowsr alkqxygybenyl wiirh rsmmislmsmtect@rnw@mtu@ﬁlubdﬁathocmcmhelﬁmpyﬁhc aryl or is

am nomot PR THERTORE, <Rl P I AR RREFRAD hish 1ymb BE bR swsied

Enzyne |Uyhb\b¢,tauqn is determ ned by conparison of this activity to that of a
sol uti on cont ai ni ng no inhibitor. Conpounds are subsequently subjected to a
dose respongytihig lsaf?fﬁalvyé from peatbaraie #ridds, IfaSeapple, eminocarbengw fich isloptionally

activity i.nhi bitors i ne ath nds .qf th
Mavent i SHEDHUCT R plen BY o EL RSt RRGRARE S BRAHIR: PRI SBn Tensr e

pr ophy| axjtecpdlic dr heRsRScREyIBeh ﬁJwe@@msilehe 8RR wen ¥Rl he thi@h@iad Bflolgwel s of
cat hepsi ns. Such di seases include di seaSes involving infection by organi sns

such as pnelAmbythhss dapvedifiom m ngn swlfonie acid reprersylpts,afnomrmpimd@wr

ZILEM T e e SR
di seasess4eforys inRhRARFATR b CpHeR kﬁ‘&f)‘hﬂ{y‘l @Phﬂenymmeﬂf (‘beﬁ)hﬁl%pﬁ%stltutcd by, for

anytrophy ‘and sim|ar diseases. thepsi'ns, in partlcular K, hHave been

i mpl i catexamplg, lowee akkuk lover alkoayshale nisom driflenseinethyt catbasyltondov@oraticuxycs bardfyl.
the Invention may be used for treatnment and prophyl axis of such diseases,

i ncl udi ng osteoporosis gi ngi val di seases such as gingivitis and
periodontitis) Paget's disease, hypercal cem a of malignancy) e.qg.

t umour - i nduced hypercal cem a and netabol i ¢ bone di sease. Al so the Conpounds
of the Invention may be use for treatnment or prophylaxis of di seases of
exce55|ve cartllage or natrlx degradatlon |nclud|ng osteoarthrltls and

o, . . .= o



Conpounds of the Invention, in particular cathepsin K selective inffi biMAYr 2002
conpoundt30125/4/4302982CGGLC 1970 ndi cated for preventing or treating

ost eoporosi s of various genesis (e.g. juvenile, nenopausal,

post - nenopausal , post-traumatic, caused by old age or by cortico-steroid
therapy or inactivity). Beneficial effectg.are evaluated in in vitro and in
vi vo pharmacol ogi cal tests generally known in the art, and as illustrated
herein. The above cited properties are denonstrable in in vitro and in vivo

tests, usmgr %’P’?Q&:ﬂ Vel Rleso )@h(gmzrats m ce, dogs, or isolated

organs and ti's as we as marrma I'an énzyme preparations, either

natural or Qaspeyotid aby reprgsentsanendeyciznbicydicton oticyglic arfh fposxadipleqfhehyl@dr phenyl
I nvention can_be applied in vitro in the fg rmoI sol utions pref erably

aqueousm@apmdi cmérlrwb%wsé R oBRdWopf dhreq radicals s %Wéﬁ%meaﬁwp (IRWCF alkoxy,
parentelg gydro%wﬁa?& &Hﬁb ytr@(,&lro('garemﬁ égwgﬁﬁkﬁﬁ&ﬂgﬁg 54 8&‘5{]&&@ %u@%%%&sl or

sol ution d™~capsul'e age vitro’may’ range

bet vveenzaiapluhyller b m pheranthréngt. S oweradlkydenadiony isad divalent sibueitbns ageched to/iwed
may range, depending on the route of administration, between about 0.1 and
100 ny/ k@acenhearhm atgmsiof ipheny Lt .iresibyjensdioxy or ebiisaedieny d@xwﬁe%ﬂ@m: isralsoor

h h d h | h
as or | SHANARH & s{lwg&"ié e e R St
previ ougkypropyidne. Hb éﬂﬁ for @'x% -GJ- Cgmmﬁewys 2 3%1%4&&5&{126{%?& 9-yiThe

oun

efficacy of the conp of the invention for the treatnent of
osteoarthri PreierMﬂSb@IMV@mmrﬂeﬁnm% phea [og pbwhmagomr disubstityredtby lower

bbi t rt t d Col onb
it al . Rltoty Ben R cRsnc s SEIS TR Hem R REy B RSB ST n T he
model Caiguubs%uﬁe&ay lcfw&cim&yrm&geﬁto@mm&&hemypamm ﬁiﬁlc'ﬂ%’?her@ﬁ descri bed
previously (O Byrne et al. Inflamm Res 1995, 44, S '117-S 118). The efficacy

of the corrpEuamlsleSbe sdbetltutﬂd@mnyirgrcbups as Weawx%arﬁemlomphmiebﬁm dishleraphan-eyl,

S ar Topabonteh Tl ket erd o Aol A 0 Sy e et e
the pr 65%0@h§ﬁr¥)ml§@aﬁm9&em§@ﬁeﬁ @%@rzpﬁy&a dy%&ﬁ‘d—(iﬁé&ﬁy!z%wm % Zglfenqr LyISgrum

The conpounds’ o I nvent | are “prepare

éB 3 % é 9 SRhWeml—Eg N> aeetﬂamu(oa)eltqlgdphlﬁe{ltyln@-ammoahcgé-yhﬂ arggoplmnméyé]aﬁv I
~ - - . er ei . R2, : n ave
meani ng 2EOpheR;i ¢ J&%%?%PFV€4%WQ%%H@'€VP§6WP@ I-ylge yﬂ,p(hpql A

of formyl ol
o1 i Gckphdtin (0 pRERASA Do o P - phdF) ?Q%a@%tyg*yﬁ%h Bométnh:

of f or mphen- ‘1/4yl hnd?@-(ﬁrrtoh)dm Nyllxﬁbtﬁmqahen-lﬁlyl |4 (\mqbroephmyﬂ pHEﬂ 1ayid4-|€3}t}haplcenyl)-
meani ng as I hed ove; or ti deri, re C)
condens IPH@)“'g d‘ﬁ%ﬁ g’y Wiperazent dlgﬂﬁ%{" f‘é{' 2{%2(9192 igy 18 g"‘ %(RW yﬁi‘ZPhRE‘V 1

optionally substituted in the heterocyclic ring.

Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyridyl, indolyl,
quinoxalinyl, quinolinyl, isoquinolinyl, benzothienyl, benzofuranyl, benzopyranyl, benzothiopyranyl,
furanyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, imidazolyl, thienyl, or
any said radical substituted, especially mono- or di-substituted, by e.g. lower alkyl, nitro or halogen.
Pyridyl represents 2-, 3- or 4-pyridyl, advantageously 2- or 3-pyridyl. Thienyl represents 2- or 3-
thienyl. Quinolinyl represents preferably 2-, 3- or 4-quinolinyl. Isoquinolinyl represents preferably
1-, 3- or 4-isoquinolinyl. Benzopyranyl, benzothiopyranyl represent preferably 3-benzopyranyl or 3-
benzothiopyranyl, respectively. Thiazolyl represents preferably 2- or 4-thiazolyl, advantageously 4-
thiazolyl. Triazolyl is preferably 1-, 2- or 5-(1,2,4-triazolyl). Tetrazolyl is preferably 5-tetrazolyl.



0 2 MAY 2002 4- 30195/ A/ 4- 30298/ CGC 1970 -24 wherein Rz, R3, R4 and FSZHddt 2002
meani ng4301AHAVAIMIBECECA¥e with an acid corresponding to the group

R[L]x X,- or with a reactive derivative thereof;. and in the above

processes, if required, tenporarily protecting any interfering reactive

groups and then isolating the resulting.ggmpound of the invention; and, if
desired, converting any resulting conpound into another conpound of the
invention; and/or if desired, converting a resulting conpound into a salt

or a resultj th : i ' .

Sepone ot bR n 200 55 B5L P GARIRN, BRSBTS Bl

i nt er mediabBk tetfablyl, pytanbd imidaaelykithiedylcor atgsaidirkdical isubstinged espariaily mohbeor
conversion of primary anmi des of formula V to the nitrites of formula I)

accor di Aigsubstityrede by lowes plkytamhalegeaaand BPagipulagPyedyi ng t o net hods wel |

known in th fQr: I . of L -am . rl

W th ¢ ony el dn it 8 b TuAln eRED TR X EA, fee@olib of Lipaiche

i nvol vesnyl, hgeferabBtmsicyslict 43 defisdd/aboxdl or i de and pyridine in DVF at or bel ow
roomtenperature as illustrated in the exanples. The starti nig mat eri al s of

formul a VI Adistasecystie pel binking staspde frsiinsganss (buined limitedi therstelk I.o¥-pyrazalyl 2.4t

an aci 0 2or PR Sk egh f] i fhien BB eccia R SR IR RApPR e AR e

condensat ihe idickfedososgtnsi ed out according to methods well-known in the art,
e.g. by reacting a m xed anhydride or an acai)I@l hal i de of the acid of formula
VIl e.g. tRAecagdmicyclisrarpklinking grpupisdar mstanes Gyt dotdimited thérefo) optibrally Xpbstituted

inert so]vent such as nethyl ene chlar.ide) in the presence of a base, such
no . aRISTB i R R SRS s Petsin a8 SuBORARHER. Berachy v to B
formul agief! With an amno acid amde of formula | X can also be carried out
in the presence of a condensing agent such as

N- ( 3- di net hBiayliinopy bpyghsbodyclie biayylcprefrnahily aigdbiphenyl,inamely 2/ 3iar 4-biphgnybsence
of e.g. hydroxybenzotri azol e, or .1- hydroxy-7-azabepzotrjazole, and a hase
such as *REHASRGY b BIRGERoeach optignali Fubsiiited DS 2o iver alksf Joiiralloryghalozenos
The ani E&%@%Iﬂetﬂgroﬁ%@am, ok AEEH Fclickc@bseyelid Bﬁfyl,kﬂ?&é&rb%eé%"cﬁigggplﬁén‘?f?ar ed

according to net offogy known i'n the art and’i Il ust
Al t er napiynrelyjpheyd dod pyraasiglpbenydli t i ons may be used; for instance as

described in the anpl es. Conpounds_.o he jnventiop are either obtained
inthe free CWB‘PFW‘%F&%?%S %é@tfqpafer%yég? I‘Y‘#”%aéb?“ d's] substiutrd byrlewgr alkynt |
Aci di c : t ey ' ' j
R e R e e S R e LA RSt s O
advant agedosityl dpniohdlly snbeteted dyddwermalletlher eal or al coholic sol vent, such as

a lower allcano]. Resulting salts nay be converted into the free conpounds
by treat nentBIWloﬁlké(EiSE%r.C*FH@ BpogeRdr salts can al so be used for
purificatio gyg&g ! : i i

reaction wt °9‘{r%$@m§6§ opr !—}{é? Zsag}r?étg%??%cg@ I gftbﬁg}cgﬁaﬁgga%lﬁfq ?ﬁ%&{fr&fg?&ﬁly Lor
Conpoun@shaérotdiems salened fromaVN g Shasd frogroepk), peaferaly Sa0\8¢ kihg dtonist €oraci d
addition salts, especi al I]y pharmaceutical |y acceptable salts. These are

f or med, erypRPlextgtpYErofiranyl, toihydnetienydtefsatydippyrialyl, Ainpsidyl péncgaginy eF

exanpl eﬂbﬂd’lﬁxhc acid, a phosphoric or hydrohalic acid, or with organic

car boxylitc acids, such as (Cl-Ca)al kanecarboxylic acids which, for exanple,
ar e unsubst iArytledepalkglubpiesdntd prafdnabli edadigenclicf 2yl erhetpdlieasgi)-lowae hlityl. such
as saturated or unsaturated di carboxylic acids, for exanple oxalic, )
succi ni ¢, méagqcyclisrarylddawer alkylappresanteprefesatily straight chaip o PranghegcargksCr 4-akyl in
exanpl e gl-¥cal. J i ¢, r r, Chirj I ch as am no
oi do, PR EyHATy ip rBin os WERA G, & by Fo B SHER B3R B,
aci ds, suethurdabgiitite@€o) swtlskisutadid piengl ey ssdefihed umieaembecydlt AaMasdlef oni ¢
acid) or arylsulfonic acids which are unsubstituted or substituted (for
exanpl e agyariagegyy, pptignally substitited bengyl, 8. bzieubstithted oy dhenyh layloweraalkyd,

met hanesul f gpi b | &f. j ' . e_rel.atjonshi
et veen ¢ he T SeBELE s B ferBlehte Srteitb B Rlent O UG ndt R A EES Pl o
wheneverc, g-algirmomhich hetefaeelicr 29l Had meaninPias defiRiabsbve, 8.gC 0,12 9P A ridginfedtyl of S
al so intended, provided such is possible or appropriate under the

ci r cunsantes 4-pidybdatholi paepyl Phg‘lltuai or2-toi Srthiesimethy! enf2- air Sethisaybifethyined
in the formof their hydrates, or include other solvents used for their
crystallization. The pharnmaceutical conpositions according to the invention
are those suitable for enteral) such as oral or rectal) transdernal

topical, and parenteral adm nistration to mammals) including man, to
inhibit cathepsin activity, and for the treatnent of cathepsin dependent

di sorders, in particular inflammation) osteoporosis, rheumatoid arthritis

T o o Y " o o -
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conpoundr30195/AM-BO2AREGEN19H one or in conbination, with one or nore
pharmaceutically acceptable carriers. Mre particularly, the pharnmceuti cal
conpositions conprise an effective cathepsin inhibiting anount of a

Compound of the Invention. The pharmacol ggically active Conpounds of the

I nvention are useful in the manufacture of pharnaceutical conpositions
conprising an effective anobunt thereof in conjunction or adm xture with

exci pi epttogxlf)grpr 2 1j; 1287 $ o ULg Lﬂ'p(tlﬁl Lr} thitlok P2 365'1143 ﬁ‘#no yl)o@l(t:l‘@n nﬂﬁﬁ@}l r?r butﬁ/g or 2-

applicati eérred are’t and gefatin apsu €s

active onguldaiotylnethybert (e or ddthiazalyl)-dethyiepropyl a. hytyl] act ose, dextrose,
sucrose, mannitaol, sorbitaol) cellul ose and/ or yci ne; éq\l ubri cant s, e.g
silica, talEuspalkyl éawpbalhﬂ.repretetngs ‘h&g(ﬁ)é%‘i’ltﬁ'ﬁy&%%ﬂ@mﬁﬁl)s athy] ea etwD.

pol yet hyl en I | gnesi um al um num
silicate, arcﬁ&lf)'grs{lgl r%;ﬁP sse gtfa Gipfidn lﬂﬂg{nzltcﬁyﬁghgefaul ose, sodium
car boxymet hy&bﬂds lnuhc}&ﬁ(yamderbfedmfdny Wi Bt;gam;trchﬂiokylmm ichrbdeisiacdcbrdarbamic acid.

di si ntegéants e.g. starches, agar, alginic acid or its sodiumsalt, or
efferve ﬂﬁ@prﬁ%tﬁ éslowﬁhﬂkaYb)Caﬁ’@ﬂﬁl‘BéﬁtHOW%fcﬂ“éﬂﬂam lower jalkpgyearbayl, aroyl, di-

sweet enger. 0 e I

ol ut | ofesl AR SRR B OG BN, THIERUE, a571TBE skt
fromfatty pswksilRityDiepfodemsn gl @m$an<§m>qi ine IR SoirhfEnd B prdférably €7, 1, lalkag eyl
and/ or contain adjuvants, such as preserving, stabilizing, wetting or

emul si f suchcs agrtkar, prgwpwlt on prom)t ers, salts for regul ating the osnotic
pressure and/or buffers. In ad ta|n

Pher apeut | vty soipeTlsie- HoR0E Rt beowmine: BRHE QNS R cPapGiradieat
accor di fedi@d FOMUSWED A3 loWei(hIR6xy,%ﬁI%@éﬂ gmgaxﬂrmﬁ@&t)hﬁamyt%hoaﬁz na hthoyl
respectively, and contain about 0.1 to 75% preferably about 1 to 58

t he act ancealsmggepu’reiylcarbﬁabl ets may be either filmcoated or enteric coat ed
accordi ng t e fornulation

k th f
t r ansder nal B’BT %ﬂg%yc nomﬂé?&&%e“ f&#“f*’é’fﬂ: alkoryigarbopyl. %gc‘é}ﬁ‘b@%@%ﬂ t he
i nventi on WeLrGAT Edrbdxy] ATUAIXIORIN A/ S a Phirmddchiid By a&\%ﬁt Iaﬁtt'ser for example

phar macol ogi cal |'y acceptable sol vents to assist passage tnhrough the s
t he hostqwdicatkoexmlpme) benzyisyearhanyl dealldexycambenyln the form of a bandage
conpri sing ser voi r containi [gc[ahhe co und i onal I y

0
W th car e RGIRE PERGIA & caty LRI oo Bt el eI g dor cxarmple
conpoungnmocgﬂggdﬁkﬂngn&form%‘pé}saqkﬁgmﬁo&%@pI | ed and predeterm ned rate
over a prolonged period of tinme, "and neans’to secure the device to the
skin. Matrix transdermal formulations nmay also be used. Suitable

D el or abl o BhtionserBaiiccananle St fhe & chSnaiis o Lbdntioh RoWRS formerle
DUt or e WithTRlest Aathély B Rl s il Ul Ll Biconrth 3 il SRABRORER 9300,

The phapomssurhj caddiuthomagresitinp as web) a$ anmoainmedaftesucly s aambripm, trimethylbi ti ng
anount of a ConpQu of the Invention as defined above, either alone or in

conbi nafigIenitE. Iﬁh“é FRBPnIA. ARd) s (hydroxwmethyl) methylammanivm salist h anot her
active ingr F}hlﬂg , I I

si mul taneou§ Y, @eafc giragg g}‘r&% 1tqise(rg'tl‘thnieget)()ft e{}@l{%ﬁ@ véﬁ%{rnlgr%%%?g%t )a%tél% %ﬂl}ﬂlﬁ#&ﬁ{c
separ at atigs byg. hyabodﬂ:ma: awid, aneftfiame arifonicaicide maleicabid, s dls@possibleoprovidgd t basic i n

t he sane phar maceutlgﬁ formul ati on. The dosage of active conpound

adni ni sEEResYch a3 PYEAYesANSEMtesRArtqidhs HRICBITE.nar m bl ooded ani mal (manmal ),
the body ""e'IﬂQEoIRﬁQ&d%‘FtﬂeﬂﬂbéﬁtlgH%khxﬁ?Oﬂ 5619 ha &18@ %gb?%ﬂe?&é?lf? mmals an
adm ni stration unit dosa or ora ou

50 to 7@rd<;gartmuarmﬁulasmteMtI&Ipauhn}fﬂmmﬂd 500 mg of the active
i ngredi ent. The ;ﬁresent invention also relates to nmethods of using
Conpounds ofl he sathepsiinhibarygifectsindithe %@Mﬂee&thed@rqnyoxaeeb?ﬁ @mtr@naeall mgnrcbby

phar mac I S i i.n
Cicn as eyl e MR ¥y, KR Hans P ERRGcSing B, Ko Elnl's, T G BRR i o
dependerathegsirdB; Lang S assayh isas0.¢ M pEHS 8 ph&sphlte buffenchn®dinibg BGEPEAJEBS mM), DTT
condltlons described herein, e.g. inflammuation, osteoporosis, rheumatoid
art hrit (3720M) aad BEaGG3%) i s. Particularly the present invention relates to
a nmethod of selectively inhibiting cathepsin activity in a manmal which
conprises admnistering to a mammal in need thereof an effective cathepsin
i nhi biting anmount of a Conpound of the Invention. Mre specifically such
relates to a nethod of treating rheumatoid arthritis, osteoarthritis, and
i nfl ammati on (and ot her di seases as identified above) in mammal s conpri ses
adnlnlsterlng to a nannal |n need thereof a correspondlngly effectlve
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28 EXAMPLES Exanpl e 1: Preparation of Indol-4-y~0)-Leu-G y~CN) of 0oz MAYa 2802
H N ~ O10195/8/4-3298/CGE WO N O _CHCH~2/ 3 CHi CH3 A

Frmoc- Leu- d vLCN_ f I -f Cvanonet hvl - car banovl ) - 3- et hyl - but vl | - carbam ¢ aci d
9.H -fluoren-9-~1nethvl ester Fnoc-Leucine (0.27mvl) and am noacetonitrile
hydrochl ori de (32.4mmvl) are dissolved iLfygdi nethyl formam de (300nml) and
cooled with ice-salt. HOBt (32.4mmpl) and WSCD (32.4mmvol ) are added, and
the reaction mxture is stirred at 4 - 25C over night. After evaporation of
the solvent, the residue is extracted with ethyl acetate. The extract is
washed with saturated sodi um bi carbonate, I N hydrochloric acid and brine,
dried oVh¢ innEgoassayhurecafridouvaadfolbessol vent i s evaporated. Chromat ography
on silica gel using n-hexane/ethyl acetate=1/1 (v/v) gives the product in
90% vyi e(‘ﬁ catepsnde  Rf--0. 68 (chl or of or m net hanol : acetic aci d=90: 10:
1). B X QABds

Fnoc- Leu eF? g{écr%%eg%véﬁmf Q‘:j)dseﬁdl I'SSO J\)/féic]ﬁ%ﬁ%%}ﬁ ‘8?‘?5%?]‘33@3 In beuﬁépfgﬁowed

di met hyl f or 560 dB of 3@ InM Fblatio e aLZ+Ang- Aigx AME@sibstratei (Pestitiea Inted@tional) in assay
tenperature for 60mn. After evaporation of the solvent and chromatography
on silica gbuffqrsuAefgfrrﬁmh@ga-‘rfbuL af & 804 aM solptionefregerabinant hyman cothepsin BAnessay

I'n chl orof 0[)%? L0gy cfeﬁqglt'ﬁe wel ?e%lﬁém?iﬂal' ﬁ%(épc%klgér%au% bof 16UM. OEXii'me activity

(n-propanol acerdre: an

| ndol - 5-~1- @E@erh@eﬂﬁﬂyaﬁ@hmi redeeiteCERtOberaed amirbrickhykesimariand 440 nM

H- Leu-Ay(CN) ( 1.2eq.) are dissolved in dinmethylfornman de and cooled with
i ce-salt. HOEng @SQnMeqw)tatanm av@tmn(utqs z%(ﬁryzmp mhdumlsalﬁtrrmh@drbmetmmon of
mxture is stirre Qver ht tate

The. react | oltifoiiy 8 1t 8 RGN Corliiking Wi6lec Chtnsi5E: B Sebgall

bi car bonat esﬁigééﬂé/djfoo&ms‘érrbéboﬂé"é Sirdghalysisne de@fhie ICySValgggnesi um sul f at e

and evaporate Chr omat ogr aphy on silica gel gives the title product in 70%
0 2 NAY(@OOEomGa‘E&p%/IW4 30298/ CGC 1970 29 y| el d rrp 201- 204C, Rf =0. 39

B G A R A B s
5-Nitro-qui BihRe %ﬁ(ﬁ%ﬂ'{ ?%lﬂlt%n"’&‘cﬁtﬂeg% Kis assayed at a constant enzyme (0.16 ln{\//le ém

- (cyanonet hyl - car - met hyl - but -am de (0.35nmmol) i§ disso
t et r ahydr of smlatra(e]@m&éntm&dn (132 imMZI-P}(eL@rgLM(}A Pqntrdetlestpeﬁednczr@sakualaﬁﬂom hap

ceflux for SBsadm oe&@aé%f? 7.4 Gontaling £a%h geistal ShmBvaen 50 e
by chromat ogng mgyg;szyl 3 ﬂgbgm aﬁwagtea%xgg@ggm?dﬁmh@fmb%ﬁfa{drméf hechsPRuct

is obtained in 194 exane: et h
acet at e=1: 5)nitidtéd By t{ermﬂdxtmm oﬁlsubstr'ﬁ&i r fiter BOominlindubatiorPthe r&dtBio Acstofpkd é)the

o A oot RS B F- L T R pLeseenis RN Brestpoamaashay
"ncan’i oo berAehEare o Ry erh Wad! JRR0NS AR "y The 7

react i ofcym Foucahdpsindl:i rred at 4 - 25C over night. After evaporation of the
solvent, the residue is extracted with ethyl acetate. The extract is was

hed

with sat ur aReePTERAMIMuBIAR SAtbEPA b lmtwwﬂcp&lﬁr b yise mdhigjassay) e AR ULt jad0 aM
I

O ROneS SN bf e it B PR RAN B 5 BB RLor SR i DT i

agai n from ehdyb0 agvtNdCE isadded dDeiLhyflacd25arM tsolugbn ef déxtraprsalfate (aven ms2X8000),

yield. np.176-184.5C, Rf--0.24 (chloroformnethanol =9:1).
and the resulting solution is incubated on ice for 30 min. 4 uL of this solution is then diluted

into 46 uL assay buffer, yielding a 40 nM enzyme solution.

To perform the assay, 100 uL of a 20 uM solution of inhibitor in assay buffer is added to a
microtiter well. 50 uL of a 20 uM solution of Z-Phe-Arg-AMC (Peptides International) is then
added. After mixing, 50 uL of the activated 40 nM solution of recombinant human cathepsin L
in assay buffer is then added to the well, yielding a final inhibitor concentration of 10 uM.

Enzyme activity is determined by measuring fluorescence of the liberated



By repeating the procedures described in the above Exanpl es using 02 MAY 2002
appr opr #e630395/A44-30298/6:CA970 s and conditions the foll owi ng conpounds of
formula XI are obtained as identified belowin Table 1. 0 2 MAY 2002
4-30195/ A/ 4- 30298/ CGC 1970 30 Table 1 HORX NC- iCH- NCHH CN O CH2 / C~

CH I CH3 Exanple No.Rxmp. (C)Rf (solvent)tNd~ 152-700. 24

(n-hexane: AcCEt =1: 1) H5~ ~ j i 150-1600. 30 (n-hexane: AcOEt =1: 2)H N6l ~ i

[ 170-1940. 77 (n-hexane: AcCEt=1:2)i 7~ | ,169-184.50.43

h
7850, ag Sopkbcimarnaé My tNualh %&’D’%@? AR o R % eyme inhibition

(n hexane AdsCHerﬂmie)ib dbna;amon mms aauﬁmahax/ofmmm@mammmmmﬁmm e

E% ésol vent) S 534 242 0.43 (n-hexane: AcCEt=1:1)
o N T mpggudyprg iul(SﬁqwrélsJ&ﬁ\émeﬁ% Q¢ TREPPRSS Girye qnalysis twemnle@ 4s
(n-hexane: AgGRLs1: 1) 199 14 H2NCH2 \ /

(d) For cathepsin S:
To a microtiter well is added 100 uL of a 20 uM solution of inhibitor is assay buffer. 50 uL of
a 700 uM solution of Z-Val-Val-Arg-AMC substrate (Peptides International) is then added.
After mixing, 50 uL of a 5.2 nM solution of recombinant human cathepsin S in assay buffer is
then added to the well, yielding a final inhibitor concentration of 10 uM. Enzyme activity is
determined by measuring fluorescence of the liberated aminomethylcoumarin at 440 nM using
380 nM excitation at 200 minutes. % Enzyme inhibition is determined by comparison of this
activity to that of a solution containing no inhibitor. Compounds are subsequently subjected to

a dose response curve analysis to determine ICsq values.

In view of their activity as inhibitors of cysteine cathepsin enzymes, Compounds of the
Invention are particularly useful in mammals as agents for treatment and prophylaxis of diseases and
medical conditions involving elevated levels of cathepsins. Such diseases include diseases involving
infection by organisms such as pneumocystis carinii, trypsanoma cruzi, trypsanoma brucei, crithidia
fusiculata, as well as parasitic diseases such as schistosomiasis and malaria, tumours (tumour
invasion and tumour metastasis), and other diseases such as metachromatic leukodystrophy,
muscular dystrophy, amytrophy and similar diseases.

Cathepsins, in particular K, have been implicated in diseases of excessive bone loss, and thus
the Compounds of the Invention may be used for treatment and prophylaxis of such diseases,
including osteoporosis, gingival diseases such as gingivitis and periodontitis, Paget’s disease,
hypercalcemia of malignancy, e.g. tumour-induced hypercalcemia and metabolic bone disease. Also
the Compounds of the Invention may be use for treatment or prophylaxis of diseases of excessive
cartilage or matrix degradation, including osteoarthritis and rheumatoid arthritis as well as certain
neoplastic diseases involving expression of high levels of proteolytic enzymes and matrix

degradation.



57-64 0.80 (n-hexane: AcOEt=1:2) 1 S H2~H2 0.31 \ / (chloroform I\@?—Mé‘mm[}%
H2N \ /480199AMN-80298/GEAT70ACOEt = "2 (1. ) NH2 17 \ / 223-224

(n-hexane: AcOEt=1:2) NH2 18 \ / 143-144 0.70 (n-hexane: AcCEt=1:2) 19| S -
0. 33 (n-hexane: AcCet=Il:1) [/ \ [/ 0 2 MAY 2002 4-30195/ Al 4-30298I1 CGC 1970
32 Exanpl e No. Rxnmp. (C)Rf (solvent)20S ~20.47 (n-hexane: AcCEt =1: 1)\

[ CO~l Hx21~"~ NCHz ~ ~122-1260.18 (CH2C12: MeOH=9: 1) 22Ho ~~2

CH20i 1 0. 17((CH2C 2/ MeOH/ NH3=9:1 )~ ~CH2 i N23N ~ ~ 1248-2500. 35

(CH2C12/ Me I WI\@&E ; ~a% 5~
| 225- 2270. ??’?’&i‘i@%é\i"bg’ﬂmﬁ Gz o indeel o gl g Bordhafy Siseé
(CH2Q 2atherostierodis Gﬁandﬁg-l:ac&d&@blbrcﬁﬁl‘}blaque IrGrarel GG eRAbIiZAtIdE), 2ubdi frinde Hjs2fkses; H2
~ ~114-1160.16 p ~ J ' (CH2CL2/ MeOH=9 g% CH2 N ~-29~ 1<700. 16
(mzazrq@wteg @se)ases apd m&olgaveélm 196 Aispape pddudiogiranspiagt %ecEﬁ?a)npl e

:\IOCi—BRX ga E%Tgﬁmci &?%e)zﬁgér}t Okﬁ@rtl@%{ 3 A‘? é% kl cyano- ‘gﬁ%lgcoﬁp%% I
- car baﬁpaﬂtl]:ulaﬂy kidizard)br preodnitilg or treating osteoporosis of various genesis (e.g. juvenile,
menopausal, post-menopausal, post-traumatic, caused by old age or by cortico-steroid therapy or
inactivity).
Beneficial effects are evaluated in in vitro and in vivo pharmacological tests generally known in
the art, and as illustrated herein.

The above cited properties are demonstrable in in vitro and in vivo tests, using advantageously

mammals, e.g. rats, mice, dogs, or isolated organs and tissues, as well as mammalian enzyme
preparations, either natural or prepared by e.g. recombinant technology. Compounds of the
Invention can be applied in vitro in the form of solutions, e.g. preferably aqueous solutions or
suspensions, and in vivo either enterally or parenterally, advantageously orally, e.g. as a suspension
or in aqueous solution, or as a solid capsule formulation. The dosage in vitro may range between
about 107 molar and 10 molar concentrations. The dosage in vivo may range, depending on the
route of administration, between about 0.1 and 100 mg/kg.

The antiarthritic efficacy of the compounds of the invention for the treatment of rheumatoid
arthritis can be determined using models such as or similar to the rat model of adjuvant arthritis, as
described previously (R.E. Esser, et. al. J. Rheumatology, 1993, 20, 1176.)

The efficacy of the compounds of the invention for the treatment of osteoarthritis can be
determined using models such as or similar to the rabbit partial lateral meniscectomy model, as
described previously (Colombo et al. Arth. Rheum. 1993 26, 875-886). The efficacy of the
compounds in the model can be quantified using histological scoring methods, as described
previously (O’Byrne et al. Inflamm Res 1995, 44, S117-S118).

The efficacy of the compounds of the invention for the treament of osteoporosis can be
determined using an animal model such as the ovarectomised rat or other similar species in which
test compounds are administered to the animal and the presence of markers of bone resorption are
measured in urine or serum.

The compounds of the invention are prepared by:



A. Froc- 1- ani nocycl ohexane carboxylic acid The title conpound is pBabMA¥d 2002
from 1-4+30195/A%%302984CHBG Y970 acid (7mol), Frnoc-Cl (7. 7mmopl) and NaOH (

| 4nmol ) in the usual manner in 18 %yield. Rf=0.17 (n-hexane: ethyl
acetate=1:2). B. Boc-2-Am noi sobutyric acid am de 28% aqueous anmoni a
(66mmo1l) is added to the m xed anhydri deytprepared from 22mmol of

Boc- 2- am nobutyric acid and 22nmmol of iso-butyl chol orof ormate by customary
procedures) at -20C. The reaction mxture is stirred at 4 - 25C overni ght.
After evaporation of the solvent, the residue is extracted with ethyl
acetate. The extract is washed wth saturated sodi um bi carbonate, 1IN

hydr ochl or i @)ac¢shventhghiniandde off the formuda VIrmgnesi um sul f at e and evapor at ed.
The crude product is purified by chromatography on silica gel using

n- hexane/ et hyl acetate=1/1 and n-hexane/ ethyl acetate=1/2, to give the
product in 31 %yield. np. 168 7. 5C,|?3Rf =0. 4;& (chl or of or m net hanol =9: 1).
C. 2-Am nobutyric acid am de reechl orli d - 2- Am,noi sobutyric acid am de
is dissolved in 4N hydrochl or'? g —&ﬁg—aﬁgm%n_ec ction mxture is
stirred at roomtenperature fo in. R ethylRther js added to the
solution to give a white precipitate, which is coll é{Lted in 91 %yield by
filtration. The crude product is used for the next coupling w thout further
purification. Rf--0.28 (n-PrOH HZO ethyl acetate:NH3=5: 1 :2: 1). D

Fnoc- 1- Ami nehergl RHRx R R aartddRs have naeanidg hs previoasty defidedrfot thel cordpoahdsvdf]

-am de Fnoc-1-am nocyc| ohexane carboxylic acid (2.2mol) and 2-am nobutyric
acid anf%@“WdPédH‘irg‘?Pﬁ@”(“Z]?ih%l) are dissolved in dinethylformanm de
(30nl) and cooled with ice-salt. HOBt (2.6nmpl) and 0 2 MAY 2002

4- 30195/ A/ 4- 30298/ CGC 1970 34 WBCD (2. 6mmo1l) are added and the reaction

m xture is @)iréadeadinga comdpsundvsithérfogintila VIt er evaporati on of the sol vent,
the residue is extracted wth ethyl acetate. The extract is washed with
saturated sodi um bi carbonate, I N hydrochloric acid and brine, dried over
magnesi um sul fate and evaporated. The crude product is purified by

chromat ography on silica gel using n-Hexane/ethyl acetate=1/4 and

n- hexane/ et hyl acetate=1/6, to gi WHtheCpEdduct in quantitative yield.

mp. 177. 5-178.5C, Rf=0.24 (n-hexane: ethyl acetaiyg=1:5) E.

Frnoc- 1- Ani no- cycl ohexanecar boxylic ad®td (cyano-di meth, 1-Y nmethyl) -anide
Thi onyl chloride (2.6mvol) is added to the solution of

Frmoc- 1- am no- cycl ohexanecar boxylic acid (1-carbanoyl -1-nethyl -ethyl)-am de

(0.86mMmmo1l) | LRL i de: Aln . t] ' S
stirred at %e%or %ﬁﬁsﬁﬁﬂeg%g%ge ar?gthse%?}?Pg{bga‘nsg%dﬁ%?%%é?@éﬁgpe
solution are added and the organic layer is washed with brine, dried over
magnesi um sul fate and evaporated. The crude product is purified by

chromat ography on silica gel usijng h- hexane/ €fshyl acetate=3/1, to give the
product in quantitative yield. k=P~ l@H-—hﬂF«aﬁeoelt hyl acetate=1:1).
R

vill

wherein R, R; and R; have meaning as defined above; or with a reactive derivative thereof; or

(¢) condensing a compound of the formula Ia



F. 1- Am no-cycl ohexanecarbox |ic acid cyano-di net hyl -neth~rl)-am deﬂz MAY 2002
Froc- 1- Arl0185/y/4130R88/&ECAPBdXy| i c acid (cyano-dimethyl-nethyl)-anide (2.1
mol ) is dissolved in 20% pi peridin in dinmethylfarmam de (6.3m). The
reaction mxture is stirred at roomtenperature for 60mn. After

evaporation of the solvent) the crude proguct is purified by chormatography
on silica gel using n-hexane, n-hexane/ethyl acetate=1/1 and 10% net hanol

in chloroform to give the product in 31 %vyield. oil, Rf--0.84

n-pro
(1 Br OPIRIcHL S B i RPRERAEAATIROLATS kb Coi B B RIRRA
car boxy lgreupa&-[d]{- X, -Shmwivh  resctivel daivatice tthytebf) haad anthe abteqyrbtessac ifdequired,

(cyano-di net hyl -net hyl )-am de (0.61 pol ) are gmlsolved in

di et hy|t¢rm%rr\1vd>éoteqtm5nye\warfew TSECUVR BERRDS @Bd bigppsolating the E?SBlP"&ﬁ%'InPOlHWon
WECD. HC d

25C ovelrthe&lgéﬁeﬂ Hn% er e\;&a%bga |e§%%oa§1p??1$gﬁ§lgltc\§gﬁ Uﬁ{%&gﬁnedsttfe éﬁ%( rtg?:t ed
Wi th et wlenB6rsafd/er if Hasired tomettinga rensiiggicormpdound aito aahle dr a@ebuumg salt into the
bi carbonate, 1 N hydrochloric acid and brine, dried over magnesium sul fate
and evapfiseacid®r basecorgpigcnofiensalct is purified by chromatography on silica

'he or oduct AHRrETONG PAFGHAL 3&9‘1@3 RIS S Gl b R edunsh Joftince

np. 200- agg&cmaﬁer&swnnn@m hyI acetate= 1: 1 ) Exanple 32 Synthesis

of Napht hal ene- 2-carboxylic aci 1- (cyanonet hyl - car bano~ r!&(%3
- 2- et h~r | - Jlregpnvessiprie wungytamddes&ﬁfmu&%amdnyﬂ%rﬁfrf@nmﬂ tanwrdgxsrwanm c

aci d cYanone Tert bu n i sole ne .se dr

15, S ORI i 87 paiellob LRI EEMERGRCDU bV lfs T Sl AfRhon' st
hydr ochl iiﬁa ax&ndé t8 ZgumﬂeSe émmh ,tmbn)h eﬁlohd@ﬁﬁhéi pfeie{cu%@ aibasedi &@}éwﬂréd);smu?@
(36m) , eq.) is added. After stiring f

hour at mvo)vea%esmtmnmtbwmlaombﬁ@bbr@o hnd pyidinesin RME et anbblowgoqucmp@anuse as
extracte i H .ethyl ac tate The organic layer is washed with sodi um

bi car boriisEaAdn Hiejerpmp §droch|or|c acid, dried over magnesium sul fate and
evapor at ed, i seiriffy MR riRk Q¢ Ftﬁ%nulanvg&"?\rﬁe' %ga'réﬁab écﬁlld@nsu{g"an Ao adidAmide of

Rf --- 0.44 (hexanes:ethyl acetate = 1: m no- 3- met hyl - pent anoi ¢
aci d cydoomda bY| - am de hydrochlorlde

2-tert-Butyl oxycarbonyl am no- 3- net hyl - pent anoi ¢ aci d cyanonet hyl - am de (2g,
7.4 mol ) is dissolved in 4N hydrochloride in dioxane (10m). After |5mn.
at rt the solvent is evaporated to glvqathe product in quantitative yield.
The crude product is used for the next|step wilXhout further purification.

Rf (free am ne) 0. 33 (et hyl acetamﬁlnﬁéﬁﬁmol = 10: 1) C

Napht hal ene- 2- carboxyllc acid f 1- (cyaqonethyl car banoyl ) - 2- net h~~

-but yl -am de 2- Napht hoyl chl ori de (255nm% 1.34mmol, 1.1 eq.) is added to the
sol ution of 2-am no-3-nethyl -pentanoic acid cyanonet hyl - am de hydrochl ori de
(250ng, 1.22mmo) and triethylam ne (0 42m, 3.04mmol, 2.5 eg.) in 5 n

di chl oronet hane. After 1 hour at rt N hy drochlorlc acid i s_added and the
react i orVhfReR BeeAndR schape Meamine fl?fméfi vaea\wéh 2 #id ohibe dorgath VIl aipgroteeted
washed v ﬁg %%Héggqg sodi um bi carbonate sol ution, dried over nmagnesi um

sul fate an ted. Chr omat ogr aphy on silica gel (hexane/ et hyl acetate
10/1 to 5/ 1)THeQioh@dbSﬁdeca@tH&)darr&@Qiu&h&brd;ing/&Sméﬂhedpweﬂiuﬁéwh ih Hé Yty e.gl lsly
(381ng). np. 203.5-207C, Rf--- 0,44 (hexanes:ethyl acetate = 1: 1). | e
33 Synt Heaqtig grmixed palydridnec an acxl hadidg of theagidpf[formyla VI ey e qudw@hlwndw

TR T R T N R T R U AT
a base, such as an amine like triethylamine or pyridine.
The acylation of an acid of formula VIII with an amino acid amide of formula IX can also be
carried out in the presence of a condensing agent such as N-(3-dimethylaminopropyl)-N’-ethyl-
carbodiimide, optionally in the presence of e.g. hydroxybenzotriazole or 1-hydroxy-7-azabenzo-

triazole, and a base such as N-methylmorpholine.



L-i sol euci ne net hyl ester hydrochloride (2.0g, |Il.Ompl) and triet hyDJnMv% 2002
(3. 1, 4-30195/MMd-302984CGCal990di ssol ved i n di chl or omet hane (40ml). The
solution is cooled in an icebath and 2-naphthoylchloride (2.1g, 1 |I.Omol,

l eq.) is added. The reaction mxture is allowed to warmup to rt and after
1 hour 1IN hydrochloric acid is added. Tpsm xture is extracted with ethyl
acetate, the organic layer is washed with saturated sodi um bi carbonate
solution, dried over nagnesium sul fate and evaporated to give the product
in 98% yi elthe fhino acil anflddsiprermats B Bl eieCkitv ot cn bélprdpared according to

N- Napht hal ene- 2- car bonyl ) -i sol euci ne N-(Napht hal ene- 2-Carbonyl ) - sgl euci ne
met hy| estthoddl8gyl KnpwirOinherert and dlustrated bekeimm a ni xture of net hanol (35ml) and
1 N aqueous sodi um hydr oxi de 16,.8ml, 1.6 eq. After 3 hours at rt the
mxture is Fragiryediroge %ﬁnépoa@@nslmw ‘P&Bﬁ%S%fﬁr gitance,s (gesﬁrﬁt&dﬂ? Mee is
added %rﬁﬁ%mmure is extracted with ethyl acetate. The organic |layer is
dried over ‘magnesi um sul fate and evaporated to give the product in

quanti t at i veCympduhds péttel ipvempiomare eithd) obthined in the &2e (dren anes esdlytheobifatle =
1:2) C (S--1-Cyano-3-neths 1-r butylam ne hydrochl ori de

(S) - N tioFming groyRs,a5¢ BIEBYNy | - 1- cyano- 3- met hyl - but yl ani ne (CAS 115654- 59- 6)

3.79, 17.4 ). i i . § i i .
Wier 15 m e GEmEQAReY B htafbh Uy b SRR ) Sk SR AR Prirri el

t he residue
in di etieebmhble basebeg.smldgdedss dikdlitrastaichydrukidt; advhntagemastyinithd pregince of &g
product in 81 %yield. Rf (free amne) = 0.34 (hexane:ethyl acetate = 1:1)
D. Naphtthereal s alcobaligwiyent.sugls aga Jower alkanely Resultog,salts ymayfigropnyeriaddpieythe-free

o2 ity B s OB LERFfer BN o LOgLaut BRI g,
HOBt  { unds SBaTHRY., ArAcuth saltsardoBaed dyireactonwiithythé asprepride atise] d.g.and

WECD (0.17n, 0.96mml, 1. leq.) is added. After stirring for 1 hour at rt,
4% sodi disthplaguncpandithe likel uti on i s added and the nmixture is extracted with

ethyl acetatg, The organic lLayer i h i odi jcarb .and

i 1t e hydr oGhmBp e el F fryp i nglibe YRG0 BEoulh i BORYEREL HRL A0 Rl s,
Chr onat ogeapiyptabmadeuticaly Bebept it sine/ Thiel aré@foRingd Soréxanpld] iwidSinbianibheidsict
in 68%yield (mxture of "epiners). Rf--- 0.43 (hexanes:ethyl acetate = 2:
1) 0 suchaynmagaal agidgofpg 8xampie 30K/ acdca pPhowphgric px hydspkalig 4cidy o Witk prganic
Napht hal ene- 2- car.boxyl i c,.aci 1 -( 1 .-cyanos3:nethyl .

Doty cerBsgs RO St opkanboqrbonyig SRS St ¥ frmple, e smsbstipisgior

- I euci ng\pli@rdd BBJ fAIGRAPRY BfhriSle RERRALR RNk atAHSYor insRUFRAT @arBb iYL akid,0
N- ( Napht hal ene-2 -carbonyl)-isol euci ne (see above) in 98%yield, starting
f r om | efecienample olglice suasinic, Rialeic oOfudhricacidasiph.as hligriox peachaxylic acids, fgr eBample
Napht hal ene- 2;: carboxylic acid ~.1 -1 1.-cyano-3-. hyl - but yl car.bano~) - 3
et ~glorlic, a6 WA Hoo3Ferie b icoAcid ST 47 SRR AR SO eraBbly GRS A e

(S) - 1- cYAMQrIvitfedrpthic RO i@RdiAE stchlAIOC, NaRGISIEhic deids (B5t-ekaMPR nidedRinesulfonic
(260ng, 1.93mmmp1, 2.2eq.) are dissovled in dinethylformam de (5nl) and WSCD
( 0. 18nLacid). @7amisulfonic dcids. whicks arzdubewhstintedeor substititied (fopexdamplo by halogert), 4%

2 e ot B 5 e o B
et hyl acetate. i 1 i ‘
di | ute hydr oghiehidt tRCé1gse ﬂélrahsﬂshﬂy&rtwgagﬂne%e 'Ebﬁl?b\ﬁrﬁf/s %51@&5& QHRANA iﬁQlae form

Chr omat ogr aphy on silica gel (hexane/ethyl acetate 2/1) gives the produc
in 79% vf thenl s¢lts, wthanevena cempomrdsiy reféifred to i0 thig céiiextameoreespyhding sdltais @lse 2: 1

Exanpl e 35, Napht hal ene-2-carboxylic acid ~(.,1-[ 1-cyano-2-(IlHindol-3-vl
2et hyImg%%gﬁ@yﬂrg]'lgg‘?ﬂggH§/P996ﬁ’ﬁey‘l’ri(%’ﬁ:r@é‘aﬁ°|n‘§‘dﬂ( i'\eé:gfﬁ\b"ﬁﬁ e is(pr e:oar ed VD

anal ogously PR inad :

N- ( Napht hal eﬁlneq? %Q@gr gonﬁ@gflﬁggél ne a%},g:a%%lcsggﬁgptza_m(ecliﬁ fhr?JSTn-] gf @Weﬁr-hé?’i?il S’a?rri ne
(CAS 168kiiEe 9TheBpolaems nsaicfbe theincryswaliztioe. procedure as for

P L1 cyano. Shrehsbsiicql comnssiiont sooarding i e Beyion an thase swisbls s catpal,
product i 01V g b 4 .

Dot at e P o andr ctaPle el Bl AR RARN RGP rhifrafon ARG Sheliding may,
) ExanpleinBibitNarhepsia laetivdty? ambfob cheytréatmexttiof cathepsin dependent disorders, in particular

1- (1-cyano- 1- net hyl - et hyl car banoyl ) - 3- et hyl but ~~I|-am de. )
inflammation, osteoporosis, rheumatoid arthritis and osteoarthritis, and comprise an effective amount




0
A. N-tert-B utylo xycarbon, ~-1-cyano-1-nethyl -ethylamne 0 2 MAY 2020£1AY 2002

4- 301954-302193AXB30298CGLT9TWB ~O- | ' CN Boc- 2- ami noi sobutyric acid

am de(4.58g, 22.6 mmol) and triethylamne(7 m, 50mmpl, 2.2eq.) are

di ssolved in THF( 100nl) and trifluoroacetic acid anhydride(3.5 m, 25mol,
1.1 eq.) is added at 0. The reaction mxjgre is stirred at O for 1 hour. The
m xture is concentrated and water is added. The organic |layer is extracted
with ethyl acetate, washed with brine, dried over sodiumsulfate and

evapor a [ C ; : :

s, ng. noREphatiie foePayRERey SR e FlerMon bR RELABINAGR B bAFordfbre
74 % yi phatmatduticfllykcCepthisix aareibsst hyl acet at e=311) B.
1- Cyano- 1- et hyl - et hyl ami ne hydroch| oride HCl. H2N- ' CN ) o
N-t er t - But yI Yare argsishiprly. the pharmaqeutice ApmposHORSCRIRIISS ap §igctiveathepsip inhibidng
di ssol V?'(EB{."R-PEE‘ 33 e medifioAN hydrochloric acid-di oxane(25 m) is

added a reaction mxture is stirred at O for 1.5 hours, then at rt

for 1 hour. Thephirsatslogicsllycanee Cofmpbandsaofdhallnveiityon @t hsefuliin tidsieslifactiie of
resulting white precipitate is washed wth diethyl ether and dried to give
the proabrrmargytigal apgipogsitigns qHBPrisingR sifesdvicameunt thesepfrin ponjurction or ad@ixieng

i t hout _furt i ficati -. _
Rcet at e MENREREnS by alsR o ot i AREALET S Siphvion. Preferred ae tabets
1-(1- CyaﬁwFé‘latﬂBéd@Ydleﬁédh‘@risﬁ@ tha a®tive-idgregit -t fether Witlna) dikiehts) e.pl labtdsd\deRiréseH

N- ( Napht hal ene- 2- car bonyl ) -1 euci ne (279 ng, 0.98 mmol), L
1- cyanosucresss mannital Hsprbifalrelinloss si¥oralyciee: b) lbricangs, exg. silicantalcumy stearicacid, it d

ot 2Pt PR i pog e Encbi RSB YA 5 Wik ¥ ARG
1.5 houhmndtum flcate, ik is pabtd) Behtif ArApabaiR, HiehyltdRtbsk Ssodf@earBHnidieyEaIR fosé €

is extracted with ethyl acetate. The organic |layer is washed wi'th brine,
dri ed ownd ospelyvinylpyrrdlisiose;dfhdesiood ghdisantegranth e@rsiarshes gy, algini¢ hdid ar gebodium
(n-hexane/ethyl acetate=20/ 1, 10/ .1, .5/ 1, .3/ 1 and 1 /. 1 ives the

br oduct “iih o e SHER e alar ot BhibRmisosnisiant. ARpromrtyckichens Justae
1970 39 RhpoQricitt(@Re PRI 8ol R6RINR! RTukloh) oP sidpbiiiondORr FppetbeieSdre
Napht hal ene- 2- carboxylic acidl 1-( 1-c~phenyl-propyl carbanoyl | - 3- net hvl

but yl - anilvimtageoBdcp@pai fromifatsli emplsidngtod swdpensierisd Said ehemBsitionp magbbliseriiged)o
aqueous a ni a(.34 ,;,mol ) is added t.o the.m xed anhydride.(prepared from
o e T SeE AR P B bRt o DU ECHR B o
as usualpkofbtersl s fJﬂ%éﬁlﬁfﬁ?é {hRsHbHE Prelsur® afd/bf Butfbre! Inddditidh, fhef ma9ise- The
m xture'I's concentrated, washed w th saturated sodi um bi carbonate, “1N

hydr ochlcontiain cthérdherapkubicaltyeyalwhbleeuibstemoes.s Said wnmposifienseara preperedpocatlag tbo

g Iexf ? 228 Yregﬁg CtlpHI'Hnﬂg,uggrﬁtil%g{glo\égpgt}h}eglcrg%tihg{i}s_e, rgsli)gcq?ve yl: gr(fI g(;[ntaig agguet { ?0r7§t7f;,e

Rf--0. 6%(-&&5912%8\5” {4 %RNG thid rivd idgrddigfieaf ter the title compound NY _N CN
H Ois preparéd anal ogously as in steps A B and C of Exanple 36 Rf--0.81

(n- hexane/ et Mabletscregyplpeceithet filin Foated or enteric coated according to methods known in the art.

Suitable formulations for transdermal application include an effective amount of a compound
of the invention with carrier. Advantageous carriers include absorbable pharmacologically
acceptable solvents to assist passage through the skin of the host. For example, transdermal devices
are in the form of a bandage comprising a backing member, a reservoir containing the compound
optionally with carriers, optionally a rate controlling barrier to deliver the compound of the skin of
the host at a controlled and predetermined rate over a prolonged period of time, and means to secure
the device to the skin. Matrix transdermal formulations may also be used.

Suitable formulations for topical application, e.g. to the skin and eyes, are preferably aqueous
solutions, ointments, creams or gels well-known in the art. Such may contain solubilizers, stabilizers,

tonicity enhancing agents, buffers and preservatives.



Exanpl e 38 Napht hal ene- 2-carboxylic acidf 1-( 1-c 02 MAY 2002
a~no- 4- HIORIYAMI02I/CE XIT0 cycl ohexXl | -ani de A. Napht hal ene- 2- car boxyl i c
aci df 1-net hoxycarbon~-cycl ohex~rl | am de 0 2 NAY 2002

4- 30195/ A/ 4- 30298/ CGC 1970 40 O/ N G O 1-Am no-cycl ohexanecar boxylic acid
met hyl ester hydrochloride ( 1 g, 5.2 mmf) and triethylamne ( 1.44 nl,
10.3 mmol, 2 eqg.) are dissolved in dichloronmethane ( 15 m ) and 2-napht hoyl
chloride ( 1 g, 5.2 mol, 1 eq.) is added at 0. The reaction mxture is

stirred at OTh |

otined 2 O B bt AR LM PO Eulh bR lou e,
sat ur at €dmpodndiof the (tmrehnmasadefmbdmbm cither albne ve in combinavioawifteirdtissnd
evapor at ed. Chronat ography on silica gel (n-hexane/ethyl acetate=10/1, 5/1,
3/ 1 andtherapputs 3gs8tt he product in 93 %yiel d. Rf--0.30(n-hexanel et hyl

acet at =3/ 1) 1o oN N dholr AT igiEt, R PSHRRERELP M henbh haPk N OH ©

Starting from car oxyI aci d

1- net hoamisbawbﬁheey@rmdaﬁefqu]y Befbrieor dffee theradhbteictivesinpredRat, @ithenebageushy
to N (naphthal ene-2-carbonyl)-isoleucine in quantitative yield. It is used
f or t hetheesrmne ©5 dpﬂqrwg roite i9b a¢mimiftratian optagethier i the pame pharmaceutical formulation.

-~ 0. 6%&&5' A Of Jerecogﬁggnd' %(91{113 is er%i 15'3%8{1']&&' erpt%e %pecfi1 es Oq)g’%/arﬂctﬂf)@ﬁg ngpal

ay no- 4 8pxIcar
N- (2- NapR ﬁxhﬁx‘ﬁi))thébaﬂy wergﬁy@g@a@daﬂmarabwhtm aﬁd@hﬂﬂoﬂﬁof Sdrdidistra®dn. A unit
1- cyano- 3- phenyl propyl am ne hydrochl oride (47 0.24 mmol, 1.1 eq.) and

HOAt ( esosmge fgr. otal lytralozletq 2 marnealkipfabont Ao 19 ky wey peAtain betwrhed @be@ Srind

andV\B 0.0ﬁm Q.24 1.1 eq.) is added at -10 .After stirring at
0 - ‘fj‘ pe a"é”%‘%%m bi carbonate solution is added and the mixture
I'S U Z VAY TROpFe séntIVeREO M Ko 341288 CFabihd8Y 6F vhingeérhpéirRY ofHe Tn@drtish and their
acetate. The organic layer is washed with brine, dried over sodiumsulfate
and ev apbamtaewtlcallbr mqrapteglp aplny oophagmacwcgl@b(rmmm«mﬁ therepf de tmemmalOfor inhibiting

100/ 1 t Ln.6 73(chl o 911
Exanpl ctaBeR: SR ASFAPE P, DL S, Bt P s BRGTA FgheRsh fRirpoare: ) -

c | ggm %)ncﬂﬁ&rg Jch%mcmemhokemn%& @%Eﬁd&n@@dnﬁxt%@%@@rﬁﬁlﬁ'he@fﬂ de. (1361,

inflammation, osteopor051s rheumatoid arthritis and osteoarthritis.

Particularly the present invention relates to a method of selectively inhibiting cathepsin
activity in a mammal which comprises administering to a mammal in need thereof an effective
cathepsin inhibiting amount of a Compound of the Invention.

More specifically such relates to a method of treating rheumatoid arthritis, osteoarthritis, and
inflammation (and other diseases as identified above) in mammals comprises administering to a
mammal in need thereof a correspondingly effective amount of a Compound of the Invention.

The following examples are intended to illustrate the invention and are not to be construed as
being limitations thereon. Temperatures are given in degrees Centrigrade. If not mentioned
otherwise, all evaporations are performed under reduced pressure, preferably between about 15 and
100 mm Hg (= 20-133 mbar). The structure of final products, intermediates and starting materials is
confirmed by standard analytical methods, e.g. microanalysis and spectroscopic characteristics (e.g.

MS, IR, NMR). Abbreviations used are those conventional in the art.



carboxylic acid (80ng, 0.50mml, 1.0 eq.) and HOBt (74ngy, 0.55mol 0 2. MAYG.3002
are di s&30E95/A/30298€GE M9 nam de (5nml) and WSCD (0.10ml, O0.55mmo1, |.leq.)
is added. After stirring for 20 hour at rt, 4% sodi um bi carbonate sol ution
is added and the mxture is extraced with ethyl acetate. The organic | ayer
is washed wi th sodi um bi carbonate, driedgver magnesi um sul fate and
evapor at ed. Chronmat ography on silica gel (hexanes/ethyl acetate 2/1, then
et hyl acetate) gives the product in 20%yield. Rf = 0.31 (hexanes/ethyl
acetate = 3/1) Exanple 40 S ynthesis of N[

1- (cyanonet hyl - car banoyl Lycl ohexyl | - 4-i m dazol - 1-yl net hyl benzam de A

Boc- 1- am nocycl ohexane carboxylic acEXAMPLESt|e conpound is prepared from
1-cycl ohexane carboxylic aci d ( 140mm1) BocZO ( 154mm|) and Na2C03 (
140rmol Exdmpled0 nRregaratiomef Indal-4-ybC@)-hag-Lily(ENI of fommila Enal net hods. Mp.
157161C; Rf--0.23 (CHZC12/ MeQgH=95: 5) B. Boc- 1 am no- cycl ohexanecar boxylic
aci d ~cyanonet hyl - car banpo~) -\am de_Boc- 1- am nocycl ohexane carboxylic acid
(40mol ), HOBt (40nmol) and W mm:y.) arGe dlcﬁ_?0| ved in

di met hyl f or mam de (75ml) and\sti d fom é‘nry &t RT. 2-am noacetonitrile
hydr ochl ori de (40mvpl) and triethy am(he W(d}.’prrm)l) @=N suspended i n DMF
(25m) and added to the reaction mxtlé)'e vﬁhch"ls stirred at 25C over

ni ght. After evaporation of the solvent, tdsH; ragqadue)ﬁ s extracted with

et hyl acetate. The extract is washed vvlth V\bmer 10%citric acid, brine,
sodi um bi carbonate, brine and dried over maghesi um sul fate and evapor at ed.
The residue is suspended in diethylether and t*he solid filtered of and

dried (xacuuga]Fclﬂg_QgF@Nf white powder with np.160162C, Rf--0. 28
(n- hexane: ety cetate=I:1) is obtained. C 1-Am no-cyclohexanecarboxylic
acid ( 1-(cypuc thyd-=aidaino v i3 methyi-ble yH-daalicadidle H. -flioze 22 ester

4- 30195/ A/ 4-30298/ CGC 1970 42 HCl in Diethyl ether (3-4N,_50nl) is added to
t he sol uti onFiBocleucing (b2 ymb lanck aminoaeatonittile hydradileride (32.4mmol) are dissolved in

over i oI INBTRATAE (O R Ao e b P sal HORT GI7 HBEbh 3 WSCE GB el we
solid fh&&earﬁfa e teaeéwn ¥aNeds Wirtda AisetdyprehBes NghtTmemép%rar&%f%és&v&t the

dried (vacuum . M. 5-209C, Rf=0.45 (CHC12/

any| - cards@o® isrdx)racied I\wtthe:tly)ll Iaeetatbr ’maammhyis vkmhtziamthl eatm:a&cbsudnmn b;chfbbaatz,olbb
aci d (me,is. uspende CH2C12 and d tq O-

Chl or en&¥frH bring, %”eémi‘gf'?f e§? VF’FéWY*‘(PP“&@ m n.
0-5C. 1AW 4 i C e
nydr ool g4y IR b Fardl E@é?%%@* *é’?‘a@ﬁ’é’?%m* %ﬁéﬁf?m%@%‘%??“’
(7rl) | mpad@eldSaC, RisW.G8ehlerafomm:encthbinel: aveti¢ acid=9% 16t ixred for 2 hours at
0-5C and at EI OVSE al Sht. The reaction mxture is diluted wwth CH2Cl12
(40nt), Bwash - er and dried over magnesi um sul fate and evapor at ed.
The resi due YESmHSP 1"{%% -péri?axﬂ)ijceﬁé?c}”;\?atrﬁﬂ)% med@e solid filtered of. The
crude product 1S puritled by chromatography on silica using

CH2C12/ Me OH=Bifiod-LeliHEly(CNict 1R mmsolris mlisablni:d\g 209 p}punémf.) irndisrethytferreamide  26rhig.d

and eva&orat ed. The residue was suspendeTg‘jen ieth et her and the solid
filt er edh®feactionmixture intiesd aprem tempesan I eYanorgtion\gf the-spdvent and

?bg 32?3%51” E{ph&n éazoﬁggﬁt H?Q %g%éag%qghéx&?ethyl acetate=1/1 and 10% methanol in

1- (cyanohﬂetdﬁydmcmmmhé ebimb@hﬂ@%]ymm br onmonet hyl - benzam de (0.34nmmol) is
di ssol ved in THFE (2ml) and sodi umi m dazol K (0.41 mmol) is added and the
react i ofil r#rpﬂﬁé“fﬂf?l?qnéliwafter rTybAreratsammoniazap f&k Devaporation of the

sol vent ~ t hey £8icdliebS.1 8% di with ethyl acetate. The extract is washed
w th watéer, sul fate and evaporated. The residue was
suspended i nIntobthydaebdxglic acid (Il Dey. sarid H-Leu! Glg(EN) gfchljh@e dfsktﬁi&edaihoduct is
purified by chromatography on silica usi ngchZCI The fractions

cont ai nAigtermamide 3pd goeled withdcecsaly BQRid 1 250 é\)‘&&'ﬁ%@éh 259’%&“ erasdgpdand R8s

suspend f

. Tou 19606 BPERY SrRRpAT A CREPHEA. Artel BhSthcBlaie U0 6 P RiBliofhirtuce,
procedutie sigaric laberds alashed with axarardesdidth bxmbmteamp hgrochlogic atidrand bgine, dried
materi al s and reacti on conditions the follow ng conpounds of fornula XII
are obt QMHCTREASSITIGHITAE ABYICYOEAR. (- hramalegtaphy ap Flicheel Eves thyiloprduct in 70%
4- 30195/ A/ 4- 30298/ CGC 1970 43 O :z RX_C-N C-N~CH~C=N Il H O XIl Exanpl e Rx
Rz mp. (O Rf (solvent) No. MS(M+1 ) 41/ \'\ (/ CH3CQ\CH3 0. 26

(hexanes/ Et QAc 3/1) 42/ "\ ~~1 ", ~\ [/ " 0.50 (hexanes/EtQAc = 1/1)
/c\2 ~cH2




N 43 CH30-CH2 CH ~ | H 126-128 0.19 (CH2C12/ MeOH=9:1) 3 ~CH2 "N 44 %—Z M—AYI 31]”2
162- 1654302195/ACH30298/QET1970. ) C~2 CH2 45 CH30-C/H2 CH\ | H 147- 149 0. 24
(CH2C12/ MeOH=9:1) 3 46 / \ \ | CI—%%:H 0.26 (hexanes/EtOAc = 3/ 1) 3 3
47 ~"s " " 0.50 (hexanes/Et OAC = 1/1) 0. 31 (hexanes/ Et OAc 3I 1) N49\
~~H2 ~cH/ /| ~ CHs ~CH3 0 2 MAY 2002 4-30195/ A/ 4-30298/ CGC 1970 44 50 ~N
0.42 (n-hexane/EtOQAc =211 ) i | 51 CHC/ | 0.42 (n-hexane/EtQAc =2I1) 3 52

\ / ~"Y'@ld42(n hexane/ Et OAc =2/1) N CH3 53 ~N H 0.69 (EtQAc) i | 54 \ [ |

" 0 69 %fép%&gifalés{@qh}%@e &C%tdl—ié&:l—i 0.58 (n-hexane/EtQAc = 3 3 N 1/1)

72 (EtQAc) N

Example 2 5-Amino-quinoline-2-carboxylic acid [1-(cyanomethyl-carbamoyl)

-3-methyl-butyl]-amide

5-Nitro-quinoline-2-carboxylic acid [1 -(cyanomethyl-carbamoyl)-3-methyl-butyl] -amide
(0.35mmol) is dissolved in tetrahydrofuran (10m!) and methanol (10ml) at room temperature. Na,S,0,
aq * (7mmol) is added to the solution, and the reaction mixture is heated at reflux for 90min. The
crude product is isolated by filtration and purified by chromatography on silica gel using 2%
methanol in chloroform. The product is obtained in 33% yield. mp.190-194°C, Rf=0.60
(n-hexane:ethyl acetate=1:5). *A.S.Kende et al., Tetrahedron Lett., 25, 923-926, (1984).

Example 3 p_-Acetamidomethylbenzoyl-Leu-Gly(CN)
p-Aminomethylbenzoyl-Leu-Gly(CN) (see Example 14 below)(0.33mmol) and acetic acid (3.3mmol)

are dissolved in dimethylformamide (10ml) and cooled in an ice bath. HOBt (0.4mmol) and WSCD
(0.4mmol) are added and the reaction mixture is stirred at 4 - 25°C over night. After evaporation of
the solvent, the residue is extracted with ethyl acetate. The extract is washed with saturated sodium
bicarbonate, IN hydrochloric acid and brine, dried over magnesium sulfate and evaporated.
Diethylether is added to the residue to give a precipitate, which is collected by filtration and
precipitated again from ethyl acetate with diethylether to give the product in 32% yield.
mp.176-184.5°C, Rf=0.24 (chloroform:methanol =9:1).

By repeating the procedures described in the above Examples using appropriate starting
materials and conditions the following compounds of formula XTI are obtained as identified below in
Table 1.
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58 0.73 (EtOAc) N | CH3 0 2 NMAY 2002 4-30195/ A/ 4- 30298/ CGC 1970 45 59 |

i~ " Ct-BeI9S/Ad4e3020841GCH70 /| /| WO0.66 (EtOAc) 61 CH3,C~p " 0.67 (EtOAc) i
| CH3 CH3 w62 ~ O\ ( ° 0.24 (toluenegl,acetone 7/.3) | CH ~ 436 z 63 | ~'

c-c"  1199-201 446 Oc~4 ~ 1 1 64 w " 184-185 459 CH3 65
0. 14(CHaCl z/ MeOH 10/0.2) i | ~ " 445 N 66 0.54 (petroleum™ ~ 1 , ~
ether/EtOAC 1/1) 67 - N ~N - " 154-155 522 Exanple 68 Synthesis of N ~(

1-[j Cyano- di met hyl - met h - car bano~] - 3- nethable 1put ~r 11 - 4

i m dazol -1-yl met h3rl -benzam de 0 2, MAYp2002 4-30195/ A/ 4- 30298/ CCC 1970 46
" A ( 1l-I[(Cyano-dimeth~rl-neths 11« car) an;GHzi | | - 3-met hyl - butyl } - carbam c
acid .tert butvl ester Boc-Le ’G—d;'(]'ﬂ}\?rm‘gi* BN (62mo1) and WSCD
(62mmo1l) are dissolved in dinethyll orn%f?lridls ( 150nl) and stirred for 15
mn. at RT. 2-Am no-2-nethyl - propi nan&gﬂle rochl oride (62nmmol) and
triethylam ne (62mvpl) are suspended i DM (258L) and added to the
reaction mixture which is stirred at 258ver night. After evaporation of
the solvent) the residue is extracted vvi&;ha et hyl acetate. The extract is
washed with water, 10%citric acid, brine, sodium bicarbonate, brine and
dried over| mEgagpleNo.sul f at e anRxevapor atleshp, @® [ esi due Rf¥salvepended ip
diethylether and the solid filtered of and dried {vacuun).. 14 789 of a
white powder with np. 182- 184q Rf =0. 39 ((CH2C12/ MeH=9:1) is obtained. Bl (

1-[ (Cyano-|di et h 14- ~ methyll-N yl |- 3- ng&_%ut 1 (.)Ezt(fr?-rhg)?arxrlie%c%%tgl:'lsert .

|-G

150-160 0.30 (n-hexane:AcOEt=1:2)

170-194 0.77 (n-hexane:AcOEt=1:2)

169-184.5 | 0.43 (n-hexane:AcOEt=1:1)

210-235.5 | 0.39 (n-hexane:AcOEt=1:1)

gE8%8

9 174.5- 0.48 (n-hexane:AcOEt=1:2)
176.5
NO,
10 A 163-167 0.42 (n-hexane:AcOEt=1:1)
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NH,
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0.70 (n-hexane:AcOEt=1:2)
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i 69N CHsO-CHz CH \ |

(CH2C1
N-[1-y

et hyl sul fanyl Z benzam de A

2/ MeOH=9: 1)
C~anonet hyl

3581 35-1370. 29 (CH2C12/ MeOH=9: 1) CHZ N ~-
~51160-4L8@MS1E/4¢TBSICG TIUH09: 1 ) CH371~H2 GN

. 144186- 1880. 23
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0 2 M4Y 2002 4-30195/ A/ 4-30298/ CCC 1970 48 Exanple 72
t~rl]-4~2-pyrrolidin-1-yl

- car bamo~ - 3-net hyl _

~2- Chl or oet hyl sul fanyl ) - benzoi ¢ acid

4- Mer capt obenzoic acid (65nmpl) and 1-Bronp-2-chloro-ethane (? Imol) are

di ssol ved in acetone (120ml) and powdered pot assi um car bonat e (7I nm)l ) is
added.—The—t e—Tswarnegup—to46€ olllCl Ci red ot After
evapor a]ti‘ 1‘6&% he sol vent)™ he residug ™ ¢<} act eméﬂ“& yl acefate.
The extract 1S shed wth water and d |ed ovef sodiumsulfate and
evaporiated. The ¢rude product is suspepded in (iethylether and the fsolid
filterled oR20and ‘ 7.8g ol a whit ¢ Optinaheiexand: AcOBt=14D)- (L44C,

Rf =0. 3 9/ 1|) is obtained. B.

~2- Chl -L. eu- GIy(CN)

4-(2-Q T penzoi ¢ act o~ 18- Sm1), HoBr ( 8. Smmof) and
WSCD. H . ) &7€[ dissolved in dinethylformanm de (50ml) and ptirred
for 15 min2iH Led- G y( (@™, Srrrml) i R2arigey and (CHeCLoAeOHa®: 1)i kture is
stirred at RT overnight. Afte® _&vaporation of the solvent, the resifue is
ext r act-ed—wth—ethH—acetate—Fhe—extraet—s—whshed—y - ycitric
acid, |brine, sodiium bi carbonate, brine and dried over magnesium sul fate.
After evap(%atlon of thecs, oI nt, the prpduct is W‘l{ 4 fied by

chr ondgt ogr aphy omn S|HQC 2C12/ Me 5:5. The fractions conthining
the pure product {were Clﬁ)zl ﬁ‘d evapor at ed /MEOH/NH=9uppended in
diethyl ether and|the solid filTered of |and dried (vacuun). 3.15g offa
yel | ow-sh—powder—{wi-th—Hp- 168106 RF=0-—33—(n—hexanre—ethy—acetate=ll: 1) is
obtained. C N[ r’rﬂ\y__/

1- (Cyanonetfyl - car bandyL)- 3- , ~ but y 4

et hyl sl fan,”~~Il') {benzam de @Gﬁl or oq=t%‘§/8ﬁzsul 1 any% ?éiblgt F&{L y( CN) (
1.36 -eJ—ved—DPfE {2 —and—pyrreH-di-he—{(3rml)—s added. he
reactijon mxturelis st t’}ihours at RT, then a catal ytic am)unt of
pot assji um iqdi de|i s a{\{ ang_afai n stir{gd

evaporjat i onzg'of t he SO t, tt esi dug pgdggt Oﬁe@%@#}gﬁ% Aégag)rekate.
The ext+ract—s—washetd—wthgpater—and—dred—ever—raghestum-su-ate—and
evaporjat ed. The ¢rude ter al.ds applijed to ajcolum of silica gel

Elution wt CHZ(,12/ ves the 14 ' .10} 12
(CH2C121 I\/bOi}-l:% 5) “wt hesils of N-1 0.10 REHBPMIOHY: )

1- (Cyananet hyl - (‘.—rharmvl ) 3-meth~butyll]1-4-(2-pXrraolidin-1-yl

et hyl sul fonyl ) benzam de A 4- y2- Chl or pet ~I sul | onyl ) -benzoic acid 0 2 MAY
2002 4 3019 30298/CG§”19 49 4-(2 oet - zoi £ acid (
18. 4rmp1) 2 suspended |n( IQ e chl ﬁ]"d (Gdﬂ{i) %g%%cgg%%ﬂ- 10C.

m Chl of oper benzoi|c guddchi38. ,6 are|added diopwi se in nethylene ghloride
(60m)| and the mixture is s r a hours at -10C. The mixture |s
diluted nethylene chloride (100n) and|a 5% solfution of sodiumthiopulfate
in watler i s added and t/e, xture vigofqously sftirred. The m xture i§
extract ed, shedq wth r " and dni i | fa and

evaporjt ed. “The grude duc @:‘ recrys;t]:qqtl'f j$gg(#gﬂ§&{% ahd the
solid filtered off and dried (vacuum. 2.199g of |a pale powder vvlth

np. 142t 144C, Rf--0.37 (CH2C12/ MeOH=9: 1 |s obt i ned. B.

4S2- Ch| or oet hyl syl fonyl ) - bgzoyl - Leu- (

4- (2- Chl or A& hyl s quog}l\) c-acid )) HOBt (B18nmmmol) angd

WSCD. HCl (8. 8mmmpl) are dissol in di rret hylfo st|{rred
for 15| min. H—LeL-GIyP(\GK% ( R8<smmol) |i s adde Kgﬁgﬁiﬁ%g%{%g%) Kture is
stirredat RT ovgrnight After p\/amraflnn of the solvent the resifdue is
extracted with etlhyl a thg‘t:. he. extr act |s shed with Water, 10%citric
acid, prine,,sodijum bicarnbong brine and e nesi ate,
After pvapofation of t@sol 2, the gru pr d?r% @%ﬂzﬁ%@@lw
chromatography on silica using CHd 2/ Me(OH=95: The fractions containing

the pure pr oduct were col | ected and evapor at ed. The product
di ethylether and the solid filtered of and dried (vacuum.
powder, Rf--0.25 (CH2C12l MeOH=95:5) is obtained.

i's suspended in
0.3g of a white



C. N-f 1-(Cyanonethyl-carbamoyl)-3-nethyl ~but |y 1-4-(2-pyrrolidirf}2-MAY 2002
et hyl si4-80195DA4e30298/C6 C1197D- Chl or oet hyl sul fonyl ) - benzoyl - 1 xu- G y(CN)
(0.4mmol ) is in pyrrolidine ( 1 m. The reaction .m xture is stirred for 1.5
hours at RT. After evaporation of the bl vent, the residue is extracted
with ethyl acetate. The extract is washed with water and dried over

magnesi um sul fate and evaporated. The crude material is applied to a colum
of silica gel. Elution with CH2C12/ MeCH=95: 5 gi ves the product in 43%yield

( Rf =0. B— (2 CL2mvetH=95"5)5 —Exanpte—7 grsof iy
1- ( 1- CyEoRle Nov o “but yi ca¥bamoyl ) - 31‘?% bgutt]-4-msc%‘§89
1-yl yI-benzarp de A Boc-Leu- 1xu- NH2 Boc 1xu- Leu- OH (Bachem) 437 pmmol)
is dislsolved in THF (250m) and N-net hyl nor pholjine (43.6mmol) is adfded. The
m xturle i s 3Mmoled to -20 'éaru;Pstobut | |ch8BPbf grod®  CHAE 1 HiviatIF=9:3) pdded
dropwi|se. The m Xture i s/ sStNrr 10 mn. and then a 25% aqueous
sol utifon of amoni &%°0%8: MAY 4- 30195/ A/ 4-[302981CGC 1970 50 (5.

is added at -20C| The m xture®is stirred for 3 |hours at -20C to -10[C. After
evaporation of the solvent, the residue 1S extiracted with ethyl acetate.
The extract is washed with water and dried over magnesi um sul fate and
evaporated. The crude product is suspended in diethylether and the solid
filtered of and dried (vacuurr) . p. 155156C,

Rf =0. 5 Fxammria 3] veoHagale-2-carboxyly ZENGRY TG arbemayll e - Leu- NH2
(41mmol) is S“Spendggclbﬂ;xgﬂEglfn% OrrfL) and triet hyI am ne (83mm1) and

trifluoroacetic aci 41nmmol) is added at -5C. The m xture is

stirredafor 2 hour Emat-1-dfinodiclohexaiéaptoalicaeidf the sol vent, the residue

is extracted with ethyl acetate. The extract is _washed with water and dried
over rra@hmtsﬁlmmrgmmmdﬂ%prgmreéﬁr@pb}ﬁy@@hewg@rb@«m Acid (Tmyph hFrpe-G1 §8 7mmol)

(n- hexane; et cet S_ohbt ai te ted without fu er
purifi C%‘H I§ 8%115(11 rgﬂmféﬂl(w Ygﬁg&] l%g “°("21‘1Y‘ﬁ?% L ’[ ép

di ssolvgd in THF (ggm)Aﬁ,nﬂ,@dgnmaa@QO et her (50rrfL 3-4N, water-free) is
added at RT and the mxture stirred overnight. After evaporation of the

sol vent 2§%h@quemisduendnia (ﬁmlm@dﬂfm toethe ixad a@hndraimlrwared rome22mmol of( 40nl,

3- 4N, f dde id | filtrat
e anBpE R aAr el A i Ao PRb Rt by Sl P piotieh 2t | oo
usi ng Gﬂ%%%ﬁ@%% mRixtukB & sftmatat AN 50 Byernixht A fid? @vwal&lradh@éow&ﬁ &he

col l ected and evaporated. 5.07g of a yellowish oil with
( CH2C1 2renid@piisxtrayted withinthyl aeetate CThelex@raghismeshed wish zaiyﬂata_daodiwubnmbonate IN

b d. W5
?f&?ﬂgﬁaﬁ 1 S0 e, bk Yo el eltrts LT RpdraR T (Rt Bragtuctss
m . H h@sic ey BB 7O i g a@@ﬁg nRslalcihy1 884 eIV 1 itieRah el 11 e

for 2.5 hours at RT er evaporation of the solvent, the residue Is
ext r act exttaig+ M2 coigyve the ptadtuet inHe%eneld.act i s washed with wat er, 10%citric

Ao oURpLTTar bf RIFE LGP PRl aeP s T br oduct 1 s purified by

chr omat ggr aphy on §1&h&@bﬁ{i1@gc1@dﬁﬂea{:%%ﬁé3 The fractions containing
the pure product were collécte evapor at e 1.74g of a yellow sh oil
wth Rf Bo@ZS&nmm@tlwhcﬂzﬁﬁdﬁ)s dissoludxt mi4Neblydréchlotide i dfoxane. The reaction mixture
1- Cyano: 3-.ne | - but

-3 mat hwstlgaé f}} xjoo&n ‘e#»&gﬁwpq’qr %’WEt Risthylgther is added to the solution to give a white

4-B l; d
oot um Py wnel i Slkese 88T Lshas HITAoh Ths Rl Ao iRkt T

added acaohfling withaut fusthempurificadgorst i rred at RT over night. After evaporation
of the | v , ot siduye is cted with ethyl acetate. The extract is
vvashed “915% E’F&Siﬂ ﬁé‘&f‘y e%ﬁlatﬁzﬁ'&é’gzﬁngsmfate and evaporated. The crude
product s puri fi egyy. cALGIEREAKIRRINABoRILIER (RAAMDREIRA MRS 5. The -
fractions containing TNe pure product were collected and evapor . The

-amide

Fmoc-l-aminocyclohexane carboxylic acid (2.2mmol) and 2-aminobutyric acid amide hydrochloride

(2.2mmol) are dissolved in dimethylformamide (30ml) and cooled with ice-salt. HOBt (2.6mmol) and



product is suspended in diethylether and the solid filtered of and d|2 MéY 2002
(vacuung-30195//4-30298/@6C 1970h np. 100-1 03C, Rf=0.36 (CH2C12/ MeOH=9:1) is

obtai ned. By repeating the procedure %}scri bed above in Exanple 74, using
appropriate starting materials and condlitions the foll owi ng conpounds of
formula XIV are obtained as identified belowin Table 4. Table 4 CH3 CH H ~
CH2 ~CH3 ii 1 Rx ~N~ C~ ,CH 'C CH H C=N CHCH ~ CH3 XV CH3 .
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1-(2- Benzyl oxy- 1- car bano~r| - et rlcarb ) -3-net.hyl-b Li) ! carpbam c acid
benzyl Bwiteie igirsedsa40Eifonys ethylagetats saturated Sodiurh bicarbonate sofution are added
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stirred at -15C for 10 m nutes, then 4 nlL of aqueous NH3 (25% is added

dr opwi seervetrmalu@mﬁ‘eU‘@eSﬂ‘ﬂ@d of 5 minutes. The reaction mixture is stirred
for addg& gﬁ %65 mnt:]jlfc gluted with ethyl acetate. Ethyl acetate is
washed Hexear-ar %8 sol ution and once with H20, then dried
sodium gul fate, the-g@inseiyclohéxdnef@b&E1ia acid (Eyend efimett§l-insthiyhiattideat ed with

di et hyl et her.
Fmoc-1-Amino-cyclohexanecarboxylic acid (cyano-dimethyl-methyl)-amide (2.1 mmol) is dissolved

in 20% piperidin in dimethylformamide (6.3ml). The reaction mixture is stirred at room temperature
for 60min. After evaporation of the solvent, the crude product is purified by chormatography on
silica gel using n-hexane, n-hexane/ethyl acetate=)/1 and 10% methanol in chloroform, to give the
product in 31 % yield. oil,

Rf=0.84 (n-propanol:water:ethyl acetate:ammonia=5:1:2:1)

G. Indole-2-carboxylic acid {1-[(cyano-dimethyl-methyl)-carbamoyl

-cyclohexyl}-amide

2-Indole carboxylic acid (0.5lmmol) and l-amino-cyclohexanecarboxylic acid
(cyano-dimethyl-methyl)-amide (0.61mmol) are dissolved in dimethylformamide (15ml) and cooled in
an ice bath. HOBt (0.6 Immol) and WSCD.HCI (0.6 1mmol) are added and the reaction mixture is
stirred at 4 - 25°C over night. After evaporation of the solvent, the residue is extracted with ethyl
acetate. The extract is washed with saturated sodium bicarbonate, 1N hydrochloric acid and brine,
dried over magnesium sulfate and evaporated. The crude product is purified by chromatography on
silica using n-hexane/ethyl acetate=4/1 and n-hexane/ethyl acetate=2/1, to give the product in 71%

yield.
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[ 1-(2- benz 1- car banoyl - et hyl car bam)yl) -nmet hyl -butyl]-carbam c acid
benzyl zé)éoc,CRfGOrﬁﬁ srhexpnectthyliagerpice |r1 15 ml of tetrahydrofuran at

-5C. The reactlon m xture is stirred at -5C for 3 hours and then for 12

hours at room tenperature. The reaction mxture is then poured into H20 and
the aqupgafiple 37er Senthesiy RN Ahthalne-¢arb®a/livatit [ BYdahomedyiBé@banldyd conbi ned
organi c |l ayers are washed once with H20 and once with brine, then dried

over sodi um sul fatél,_nﬁtby_lﬁw_u@m_@s renoved and the residue is crystallized
from di et hyl et her | '. 9, £0l urllds formul a
XV, as entified ' ¥ | : et
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( C) No. MS-Tewhniryloxyrayborpl-ighleucigHRmiliydige (3832.5mmol), HPBUB7I115R27.5 81h©1,2.2 eq.)

Gt 26. 175D RgR neELe WBRSFHOT (2Rl T |60 7 Rpogtsgan dimethylformanmide

4- 30195(3%1{}) W@@.ﬂﬂ?%]mmol, lleq.) is added. After stiring for 1 hour at rt, 4% sodium

bicarbonate solution is added and the mixture is extracted with ethyl acetate. The organic layer is

washed with sodium bicarbonate and dilute hydrochloric acid, dried over magnesium sulfate and
evaporated, to give the product in quantitative yield.
mp. 125- 133.5°C, Rf= 0.44 (hexanes:ethyl acetate = 1: 1)

B. 2-Amino-3-methyl-pentanoic acid cyanomethyl-amide hydrochloride

2-tert-Butyloxycarbonylamino-3-methyl-pentanoic acid cyanomethyl-amide (2g, 7.4 mmol) is
dissolved in 4N hydrochloride in dioxane (I0ml). After ISmin. at rt the solvent is evaporated to give
the product in quantitative yield. The crude product is used for the next step without further
purification.

Rf (free amine) = 0.33 (ethyl acetate:methanol = 10: 1)

C. Naphthalene-2-carboxylic acid [1-(cyanomethyl-carbamoyl)-2-methyl

-butyl]-amide
2-Naphthoylchloride (255mg, 1.34mmol, 1.1 eq.) is added to the solution of
2-amino-3-methyl-pentanoic acid cyanomethyl-amide hydrochloride (250mg, 1.22mmmo) and
triethylamine (0.42ml, 3.04mmol, 2.5 eq.) in 5 ml dichloromethane. After 1 hour atrt 1 N
hydrochloric acid is added and the reaction mixture is extracted with ethyl acetate. The organic layer
is washed with saturated sodium bicarbonate solution, dried over magnesium sulfate and evaporated.
Chromatography on silica gel (hexane/ethyl acetate 10/1 to 5/1, followed by ethyl acetate) gives the
product in 97% yield (381 mg).
mp. 203.5-207°C, Rf= 0.44 (hexanes:ethyl acetate = 1: 1).

Example 33 Synthesis of Naphthalene-2-carboxylic acid [1-(1-cyano-3-methyl-

butylcarbamoyl)-2-methyl-butyl]-amide
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Rf= 0.50 (hexanes:ethyl acetate = 2: 1)
B. N-(Naphthalene-2-carbonyl)-isoleucine

N-(Naphthalene-2-carbonyl)-isoleucine methylester (3.14g, 10.5mmol) is stlrred in a mixture of

methanol (35ml) and 1 N aqueous sodium hydroxide (16.8ml, 1.6 eq.). After 3 hours at rt the
mixture is heated for 1 hour at 40°C. 1 N hydrochloric acid and brine is added and the mixture is
extracted with ethyl acetate. The organic layer is dried over magnesium sulfate and evaporated to
give the product in quantitative yield (partly epimerized).

Rf= 0.32 (hexane:ethyl acetate = 1 :2)

C. (S)-1-Cyano-3-methyl-butylamine hydrochloride
(S)-N-tert-Butyloxycarbonyl-1-cyano-3-methyl-butylamine (CAS 115654-59-6) (3.7g, 17.4mmol) is

dissolved in 4N hydrogenchloride in dioxane (20ml). After 15 minutes at rt the solvent is evaporated,

the residue is taken up in diethylether, the solid is filtered and dried in vacuum to give the product in

81 % yield.

Rf (free amine) = 0.34 (hexane:ethyl acetate = 1:1)

D. Naphthalene-2-carboxylic acid [1-(1-cyano-3-methyl-butylcarbamoyl)
-2-methyl-butyl]-amide

N-(Naphthalene-2-carbonyl)-isoleucine (250mg, 0.87mmol), (S)-1-cyano-3-methyl-butylamine

(143mg, 0.96mmol, lleq.) and HOBt (260mg, 1.93mmol, 2.2eq.) are dissoved in dimethylformamide
(5ml) and WSCD (0.17ml, 0.96mmol, 1. leq.) is added. After stirring for 1 hour at rt, 4% sodium
bicarbonate solution is added and the mixture is extracted with ethyl acetate. The organic layer is
washed with sodium bicarbonate and dilute hydrochloric acid, dried over magnesium sulfate and
evaporated. Chromatography on silica gel (hexane/ethyl acetate 2/1) gives the product in 68% yield
(mixture of epimers).

Rf= 0.43 (hexanes:ethyl acetate = 2: 1)



H 93 c~~ 108-110 ci/1l~~ o' 94 c~~ Resin 0.43 i ~ o, (CH2CL2/ MeCH=0 dsMAY g
77-79 c4-30195/A/4-3298CGIC 19701 | 3 ~i 97 cH3~ Resin 0.53 o' (CH2C12/ MeOH=

95:5) 98 ~ ~ foam0.47 1 ~ ~ O (CH2ClL2/ MeOH= 95:5) 99 | ~ 143-146 o
4-30195! A/ 4-30298JCGC 1970 56 0 2 MAY 2002 Exanple No.R*mp. (O Kf
(solvent)100i 1119-1210, 101~ ~Resin0.26N i ~ (CH2Cl12/ MeOH=95:5) 102~

~146- 149 By repeating the procedures described in the above Exanpl es
using appropriate starting nmaterials and reaction conditions the follow ng

conmpoungs of %

Tabl e 7E&ER)
No. RkRyRznp.  (C) Rf _tisabagithoyiVe &ﬁﬂi 03-arite
A. N-(Naphthalene-2-carbonyl)-leucine

The title compound is prepared analogously is prepared similar to N-(Naphthalene-2
-carbonyl)-isoleucine (see above) in 98% yield, starting from leucine methylester.

Rf=0.34 (hexanes:ethyl acetate = 1:1)

B. Naphthalene-2-carboxylic acid [1 -(1 -cyano-3-methyl-butyicarbamoyl)-3
-methyl-butyl]-amide

N-(Naphthalene-2-carbonyl)-leucine (250mg, 0.88mmol), (S)-1-cyano-3-methyl-butylamine (143mg,

0.96mmol, 1.1 eq.) and HOBt (260mg, 1.93mmol, 2.2eq.) are dissovled in dimethylformamide (Sml)

and WSCD (0.18ml, 0.97mmo], Lleq.) is added. After stiring for 1

hour at rt, 4% sodium bicarbonate solution is added and the mixture is extracted with ethyl acetate.

The organic layer is washed with sodium bicarbonate and dilute hydrochloric acid, dried over

magnesium sulfate and evaporated. Chromatography on silica gel (hexane/ethyl acetate 2/1) gives the

product in 79% yield (mixture of epimers).

Rf= 0.44 (hexane:ethyl acetate = 2: 1)

Example 35 Naphthalene-2-carboxylic acid { 1-[1-cyano-2-(1H-indol-3-yl
-ethylcarbamoyl]-3-methyl-butyl}-amide

The title compound is prepared analogously to the compound of Example 22.

N-(Naphthalene-2-carbonyl)-leucine and 1-cyano-2-(1H-indol-3-yl)-ethylamine (CAS 169545-97-5)

are reacted by the same procedure as for Naphthalene-2-carboxylic acid

[1-(I-cyano-3-methyl-butylcarbamoyl)- 3-methyl-butyl]-amide, to give the product in 36% yield after

chromatography on silica gel (hexane/ethyl acetate 1/1) (mixture of epimers).

Rf= 0.59 (hexane:ethyl acetate = 1: 1)

Example 36 Naphthalene-2-carboxylic acid[1-(1-cyano-1-methyl-ethylcarbamoyl)-3-methyl-

butyl]-amide

A. N-tert-Butyloxycarbonyl- 1-cyano-1-methyl-ethylamine
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Boc-2-aminoisobutyric acid amide(4.58g, 22.6 mmol) and triethylamine(7 ml, 50mmo], 2.2eq.) are
dissolved in THF(100ml) and trifluoroacetic acid anhydride(3.5 ml, 25mmol, 1.1 eq.) is added at 0.
The reaction mixture is stirred at 0° for 1 hour.The mixture is concentrated and water is added. The
organic layer is extracted with ethyl acetate, washed with brine, dried over sodium sulfate and
evaporated. The crude product is purified by chromatography on silica gel using n-hexane/ethyl
acetate=20/1, 10/1, 5/1 and 1/1 to give the product in 74 % yield.

Rf=0.45(n-hexane/ethyl acetate=3/1)

B. 1-Cyano-1-methyl-ethylamine hydrochloride

X

HCL. H,N” “CN

N-tert-Butyloxycarbonyl-1-cyano-1-methyl-ethylamine(3.09 g, 16.8 mmol) is dissolved in
dioxane(15 ml) and 4N hydrochloric acid-dioxane(25 ml) is added at 0°. The reaction mixture is
stirred at 0° for 1.5 hours, then at rt for 1 hour. The mixture is concentrated and diethyl ether is
added. The resulting white precipitate is washed with diethyl ether and dried to give the product in
83 % yield. The crude product is used for the next coupling without further purification .
Rf=0.66(n-PrOH/H,O/ethyl acetate/NH3=5/1/2/1)

C. Naphthalene-2-carboxylic acid[1-(1-cyano-1-methyl-ethylcarbamovl)-3-methyl-
butyl]-amide
0
H
SO,
o Y*

N-(Naphthalene-2-carbonyl)-leucine (279 mg, 0.98 mmol), 1-cyano-1-methyl-ethylamine
hydrochloride (137 mg, 1.14 mmol, 1.2 eq.) and HOBt (297 mg, 2.20 mmol, 2.2 eq.) are dissolved in
dimethylformamide(5 ml) and WSCD (0.2 ml, 1.09 mmol, 1.1 eq.) is added at -10° . After stirring
for 1.5 hours at -10° , 5 % sodium bicarbonate solution is added and the mixture is extracted with
ethyl acetate. The organic layer is washed with brine, dried over sodium sulfate and evaporated.
Chromatography on silica gel (n-hexane/ethyl acetate=20/1, 10/1, 5/1, 3/1 and 1/1 ) gives the

product in 8.7 % yield (mixture of enantiomers).
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Example 37 Naphthalene-2-carboxylic acid[1-(1-cyano-4-phenyl-propylcarbamoyl)-3-methyl-
butyl]-amide
A. Boc-2-Amino-4-phenyl-butyric acid amide Boc-Hph-CONH2

28 % aqueous ammonia(34 mmol) is added to the mixed anhydride (prepared from 16,8 mmol of
Boc-homophenylalanine and 17.0 mmol of isobutylchloroformate as usual) at -10 . The reaction
mixture is stirred at rt for 4.5 hours. The mixture is concentrated, washed with saturated sodium
bicarbonate, 1N hydrochloric acid and brine, dried over sodium sulfate and evaporated to give the
product in quantitative yield. The crude product is used for the next reaction without further
purification.

Rf=0.60(chloroform/mathanol=10/1)

Thereafter the title compound

©Y

is prepared analogously as in steps A, B and C of Example 36
Rf=0.81(n-hexane/ethyl acetate=1/1)

Example 38 Naphthalene-2-carboxylic acid[1-(1-cyano-4-phenyl-propylcarbamoyl)-

cyclohexyl]-amide

A. Naphthalene-2-carboxylic acid[(1-methoxycarbonyl)-cyclohexyl]-amide
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1-Amino-cyclohexanecarboxylic acid methyl ester hydrochloride (1 g, 5.2 mmol) and triethylamine
(1.44 ml, 10.3 mmol, 2 eq.) are dissolved in dichloromethane (15 ml) and 2-naphthoyl chloride (1g,
5.2 mmol, 1 eq.) is added at 0°. The reaction mixture is stirred at 0° - 25° for 2 hours and IN
hydrochloric acid is added. The mixture is extracted with ethyl acetate, the organic layer is washed
with saturated sodium bicarbonate solution, dried over sodium sulfate and evaporated.
Chromatography on silica gel (n-hexane/ethyl acetate=10/1, 5/1, 3/1 and 1/1) gives the product in 93
% yield.

Rf=0.30(n-hexane/ethyl acetate=3/1)

B. N-(2-Naphthoy])-1-amino-cyclohexanecarboxylic acid
DOYN:
OH
0

Starting from Naphthalene-2-carboxylic acid[(1-methoxycarbonyl)-cyclohexyl]-amide, the product is
prepared analogously to N-(naphthalene-2-carbonyl)-isoleucine in quantitative yield. It is used for
the next coupling without further purification.

Rf=0.60(chloroform/methanol=10/1)

C. Naphthalene-2-carboxylic acid[1-(1-cyano-4-phenyl-propylcarbamoyl)-

cyclohexyl]-amide

o

I=Z

N-(2-Naphthoyl)- 1-amino-cyclohexanecarboxylic acid (67 mg, 0.22 mmol), 1-cyano-3-phenyl-
propylamine hydrochloride (47 mg, 0.24 mmol, 1.1 eq.) and HOAt (65 mg, 0.48 mmol, 2.2eq.) are
dissolved in dimethylformamide (2 ml) and WSCD (0.044 ml, 0.24 mmol, 1.1 eq.) is added at -10°

.After stirring at 0° - 25° overnight, 5 % sodium bicarbonate solution is added and the mixture is
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233- 234e8p@tetiaith ethyl acetate. The organic layer is washed with brine, dried over sodium sulfate and

evaporated. Chromatography on silica gel(chloroform/acetone=200/1 and 100/1) gives the product
in 63 % yield.
Rf=0.73(chloroform/acetone=9/1)

Example 39 1.H.-Indole-5-carboxylic acid [1-(cyanomethyl-carbamoyl)-cyclohexyl]-amide

1-Amino-cyclohexancarboxylic acid cyanomethyl-amide (136mg, 0.50mmol), indol-5-
carboxylic acid (80mg, 0.50mmol, 1.0 eq.) and HOBt (74mg, 0.55mmol, 1.leq.) are dissoved in
dimethylformamide (5ml) and WSCD (0.10ml, 0.55mmol, 1.1eq.) is added. After stirring for 20 hour
at rt, 4% sodium bicarbonate solution is added and the mixture is extraced with ethyl acetate. The
organic layer is washed with sodium bicarbonate, dried over magnesium sulfate and evaporated.
Chromatography on silica gel (hexanes/ethyl acetate 2/1, then ethyl acetate) gives the product in
20% yield.
Rf = 0.31 (hexanes/ethyl acetate = 3/1)

Example 40 Synthesis of N-[1-(cyanomethyl-carbamoyl)-cyclohexyl]-4-imidazol-1-ylmethyl-
benzamide
A. Boc-1-aminocyclohexane carboxylic acid

The title compound is prepared from 1-cyclohexane carboxylic acid (140mmol), Boc,O (154mmol)
and Na,CO; (140mmol) in 200 ml dioxane and 100 ml water by conventional methods. Mp. 157-
161°C; Rf=0.23 (CH2Clp/MeOH=95:5)

B. Boc-1-amino-cyclohexanecarboxylic acid (1-(cyanomethyl-carbamoyl) -amide
Boc-l-aminocyclohexane carboxylic acid (40mmol), HOBt (40mmol) and WSCD (42mmol) are
dissolved in dimethylformamide (75ml) and stirred for 15 min. at RT. 2-aminoacetonitrile
hydrochloride (40mmol) and triethylamine (40mmol) are suspended in DMF (25ml) and added to the
reaction mixture which is stirred at 25°C over night. After evaporation of the solvent, the residue is
extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium
bicarbonate, brine and dried over magnesium sulfate and evaporated. The residue is suspended in
diethylether and the solid filtered of and dried (vacuum). 7.35g of a white powder with mp.160-
162°C, Rf=0.28 (n-hexane:ethyl acetate=I:1) is obtained.

C. 1-Amino-cyclohexanecarboxylic acid (1-(cyanomethyl-carbamoyl) -amide

hydrochloride
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HCl in Diethylether (3-4N, 50ml) is added to the solution Boc-1-amino-cyclohexane-carboxylic acid
(1-(cyanomethyl-carbamoyl)-amide (33mmol) in THF (50ml) at RT and stirred overnight. The
reaction mixture is cooled with an ice bath to 0-4°C and the solid filtered off and washed with
diethylether. The white crystals are dried (vacuum). Mp. 205-209°C; Rf=0.45
(CH,Clp/MeOH=9:1).
D. N-[1-(cyanomethyl-carbamoyl)-cyclohexyl]-4-bromomethyl-benzamide
4-Bromomethyl-benzoic acid (2.3mmol) is suspended in CH7Cly (7ml) and cooled to 0-5°C.
Chlorenamine (2.3mmol) is added and the mixture is stirred for 45 min. at 0-5°C.
1-Amino-cyclohexanecarboxylic acid (1-(cyanomethyl-carbamoyl) -amide hydrochloride (2.3mmol)
and N-ethyldiisopropyl-amine (4.6mmol) in CHCly (7ml) is added at low temperature. The mixture
is stirred for 2 hours at 0-5°C and at RT over night. The reaction mixture is diluted with CH7Cly

(40ml), washed with water and dried over magnesium sulfate and evaporated. The residue was
suspended in diethylether and the solid filtered of. The crude product is purified by chromatography
on silica using CH7Clp/MeOH=97:3. The fractions containing the pure product were collected and

evaporated. The residue was suspended in diethylether and the solid filtered of. A white powder with
mp.194-196°C, Rf=0.38 (CH,Cl,/MeOH=95:5) is obtained.

E. N-[1-(cyanomethyl-carbamoyl)-cyclohexyl}-4-imidazol-1-ylmethyl-benzamide
N-[1-(cyanomethyl-carbamoyl)-cyclohexyl]-4-bromomethyl-benzamide (0.34mmol) is dissolved in
THF (2ml) and sodium-imidazol (0.41mmol) is added and the reaction mixture stirred at RT over
night. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is
washed with water, dried over magnesium sulfate and evaporated. The residue was suspended in
diethylether and the solid filtered of. The crude product is purified by chromatography on silica using
CH7Cl»/MeOH=9:1. The fractions containing the pure product were collected and evaporated. The

residue was suspended in diethylether and the solid filtered of. A white powder with mp.194-196°C,
Rf=0.28 (CH,Clp/MeOH=9:1) is obtained.

By repeating the procedure described above in Examples 40, using appropriate starting
materials and reaction conditions the following compounds of formula XII are obtained as identified
below in Table 2.

Table 2
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No. MS(M+1)
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“ N 0.50 (hexanes/EtOAc = 1/1)
48
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49 O CH,
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‘ CH, CH,
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Example 68 Synthesis of N-{1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl}-4-

imidazol- 1 -ylmethyl-benzamide



(solvent) 176 . ~ HcH2 327.9 C- 2 177 ~ ~ ¢~ ~ ~ H - cH2 341.9 17802 MAY 2002
HN' N305935AM-30298/CGC H9T$19.9 CH2 180 F ~ ~ H 332 CH2 181 c~~ - H cH2
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cHz 347.9 185 cH3 H cHz 344.0 ' 0 2 MAY 2002 4-30195/ A/ 4-30298/ CCC 1970
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(= H''s cHz 370 188 ciB H cii 328 189 .~ = H ci 313 8 190 cH3 H\ chp
332 CH3A- 191 0' 1 ={kl(Q dimetimy}-neethyg amayl}- 3smethyl-baty] hea

butyl ester
Boc-Leu-OH (62mmol), HOBt (62mmol) and WSCD (62mmol) are dissolved in dimethylformamide

(150ml) and stirred for 15 min. at RT. 2-Amino-2-methyl-propionamide hydrochloride (62mmol) and
triethylamine (62mmol) are suspended in DMF (25ml) and added to the reaction mixture which is
stirred at 25°C over night. After evaporation of the solvent, the residue is extracted with ethyl
acetate. The extract is washed with water, 10% citric acid, brine, sodium bicarbonate, brine and
dried over magnesium sulfate and evaporated. The residue is suspended in diethylether and the solid
filtered of and dried (vacuum). 14.78g of a white powder with mp.182-184°C, Rf=0.39
(CH7Clh/MeOH=9:1) is obtained.

butyl ester
{ 1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl } -carbamic acid .tert.-butyl ester (47mmot)

is dissolved in THF (150ml) and cooled to -10°C. Trifluoroacetic acid anhydride (56mmol) and
triethylamine (94mmol) are added at -10°C and the stirred mixture is slowly warmed up to 0°C over
2 hours. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is
washed with water and dried over magnesium sulfate and evaporated. The residue is suspended in
diethylether/ pentane and the solid filtered of and dried (vacuum). 9.93g of a white powder with
mp.166-168°C, Rf=0.55 (n-hexane:ethyl acetate=l:1) is obtained.

C. 2-Amino-4-methyl-pentanoic acid (cyano-dimethyl-methyD-amide

{ 1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl } -carbamic acid .tert.-butyl ester (19mmol)
is dissolved in ethyl acetate containing HCl (3-4N, water free) and the mixture is stirred at RT
overnight. After evaporation of the solvent, the crude product is purified by chromatography on
silica using CHpClp/MeOH=9:1. The fractions containing the pure product were collected and

evaporated. 2.3g of a yellowish oil, Rf=0.36 (CH7Clp/MeOH=9:1) is obtained.

D. N-{1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl } -4-bromomethvl-

benzamide
4-Bromomethylbenzoic acid (4.1mmol), HOBt (4. 1mmol) and WSCD.HCI (4.1mmol) are dissolved
in dimethylformamide (7ml) and stirred for 10 min. 2-Amino-4-methyl-pentanoic acid (cyano-
dimethyl-methyl)-amide (4. 1mmol) is added in DMF (3ml) and the reaction mixture is stirred at RT

overnight. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is



cH2 332 194 Nz H cH2 358. 8 4- 30195/ A/ 4- 30298/ CGC 1970 71 0 2 NAYDZ% 002
EScanpt430305RA/4r80298/CGC MIO M1 ) RE (sol vent) 105 .Q ~ = H H2C, ~ & MAY2

357.9 196 Il - HC CHz 338.8 197 C~- =, H/ cHz 275.9 CH3 198 S~ H cH2 397.9
199, ~. = HcH2 352.9 200 ~ ~ = HN 316.9 CH3 201 cH- H cH2 392 CH3
202 G HcH2 360.8 CH3 203 ~ ~ o cH2 330  4-30195/ A/ 4-30298/ CGC 1970 72 0 2

MAY 2002 Exanpl e Rx Rg R= mp. (O M5 (Mtl ). Rf (solvent) 204 ~ N _ C cH2 365
~i washed with water, 10% citric acid, " brine, sodium bicarbonate, brine and dried over magnesium

sulfate and evaporated. The crude product is suspended in diethylether and the solid filtered of and
dried (vacuum). A white powder with mp.185-187°C, Rf=0.43 (n-hexane:ethyl acetate=I: 1) is
obtained.

E.

ylmethyl-benzamide

N-{ 1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl}-4-bromomethyl-benzamide (0.18mmol)
is dissolved in THF (1ml) and sodium-imidazol (0.4 1mmol) is added and the reaction mixture stirred
at RT over night. After evaporation of the solvent, the residue is extracted with ethyl acetate. The
extract is washed with water, dried over magnesium sulfate and evaporated. An oil with Rf=0.44
(CH,Clp/MeOH =9:1) is obtained.

By repeating the procedure described above in Examples 68, using appropriate starting

materials and conditions the following compounds of formula XIII are obtained as identified below in

Table 3.
Table 3
H 0]
Rx_ _N —
Tl/ =~ "N~ TC=N
H H
o) \r
X
Example Rx yield | mp. (°C) Rf (solvent)
No. (%)
(step B)
e Ct
N
69 CHO0—CH, éHst)\ 58 | 135-137 | 0.29 (CH2Clp/MeOH=9:1)
CH;
x
70 /N\) 51 160-162 | 0.16 (CHCl»/MeOH=9:1)
CH,
71 CIN,CH\z 44 186-188 | 0.23 (CH7Clp/MeOH=9:1)
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) Rf (sol vent) 213FCH, CH3318C i 1CH3214 ; CH3 36%$CH | CH3215G~ ~_=i CH;
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A. 4-(2-Chloroethylsulfanyl)-benzoic acid

4-Mercaptobenzoic acid (65mmol) and 1-Bromo-2-chloro-ethane (71mmol) are dissolved in acetone
(120ml) and powdered potassium carbonate (71mmol) is added. The mixture is warmed up to 40°C
and stirred for 7 hours. After evaporation of the solvent, the residue is extracted with ethyl acetate.
The extract is washed with water and dried over sodium sulfate and evaporated. The crude product
is suspended in diethylether and the solid filtered of and dried (vacuum). 7.8g of a white powder with
mp. 142-144°C, Rf=0.37 (methylenchlorid/methanol=9/1) is obtained.

B. 4-(2-Chloroethylsulfanyl)-benzoyl -Leu-Gly(CN)
4-(2-Chloroethylsulfanyl)-benzoic acid (18.5mmol), HOBt (18.5mmol) and WSCD.HCI (19.4mmol)
are dissolved in dimethylformamide (50ml) and stirred for 15 min. H-Leu-Gly((CN) (18.5mmol) is

added and the reaction mixture is stirred at RT overnight. After evaporation of the solvent, the
residue is extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine,
sodium bicarbonate, brine and dried over magnesium sulfate. After evaporation of the solvent, the
crude product is purified by chromatography on silica using CH7Cl»/MeOH=95:5. The fractions
containing the pure product were collected and evaporated. The product is suspended in diethylether
and the solid filtered of and dried (vacuum). 3.15g of a yellowish powder with mp.108-110°C,
Rf=0.33 (n-hexane:ethyl acetate=]:1) is obtained.

C. N-[1-(Cyanomethyl-carbamoyl)-3-methyl-butyl]-4-(2-pyrrolidin-1 -yl-

ethylsulfanyl)-benzamide

4-(2-Chloroethylsulfanyl)-benzoyl -Leu-Gly(CN) (1.36mmol) is dissolved DMF (2ml) and
pyrrolidine (3mmol) is added. The reaction mixture is stirred for 8 hours at RT, then a catalytic
amount of potassium iodide is added and again stirred at 50°C overnight. After evaporation of the
solvent, the residue is extracted with ethyl acetate. The extract is washed with water and dried over
magnesium sulfate and evaporated. The crude material is applied to a column of silica gel. Elution

with CHClp/MeOH=93:7 gives the product in 24% yield (Rf=0.12 (CH,Clh/MeOH=95:5).

Example 73

ethylsulfonyl)-benzamide
A. 4-(2-Chloroethylsulfonyl)-benzoic acid
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(M1 ) 4236195/A/4-30298/CGCI970 | 184- 185 432 ~ HZ 217 ~ cH3 H 181-182 412 |

~H2218I~~.~.HICHCHZ~~188 89 448 219 ~ H~ ~ cH3 H cH3 cH (
168-169 364 ~ Hz 220 . CH3 O | ' ~49208-209 438 b | . ; HZ 221 ,N CH3
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Exenpt s4-E3Chlpreethyipnl{agy])oenzoigracig (824mmob figsuspenided in metirgleng ghloridg(G0niy and

cooled to -10°C. m-Chloroperbenzoic acid (38.6mmol) are added dropwise in methylene chloride
(60ml) and the mixture is stirred for e hours at -10°C. The mixture is diluted methylene chloride
(100ml) and a 5% solution of sodium thiosulfate in water is added and the mixture vigorously stirred.
The mixture is extracted, washed with water and and dried over sodium sulfate and evaporated. The
crude product is recrystallized from ethylacetate and the solid filtered of and dried (vacuumy). 2.19g
of a pale powder with mp.142-144°C, Rf=0.37 (CH»Clp/MeOH=9:1) is obtained.

B. 4-(2-Chloroethylsulfonyl)-benzoyl -Leu-Gly(CN)
4-(2-Chloroethylsulfonyl)-benzoic acid (8.8mmol), HOBt (8.8mmol) and WSCD.HCI (8.8mmol) are
dissolved in dimethylformamide (25ml) and stirred for 15 min. H-Leu-Gly((CN) (18.5mmol) is added
and the reaction mixture is stirred at RT overnight. After evaporation of the solvent, the residue is
extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium
bicarbonate, brine and dried over magnesium sulfate. After evaporation of the solvent, the crude
product is purified by chromatography on silica using CH>Clp/MeOH=95:5. The fractions
containing the pure product were collected and evaporated. The product is suspended in diethylether
and the solid filtered of and dried (vacuum). 0.3g of a white powder, Rf=0.25
(CH,Cl»/MeOH=95:5) is obtained.

C. N-[1-(Cyanomethyl-carbamoyl)-3-methyl-butyl}-4-(2-pyrrolidin-1-yl-

ethylsulfonyl)-benzamide
4-(2-Chloroethylsulfonyl)-benzoyl-Leu-Gly(CN) (0.4mmol) is in pyrrolidine (1ml. The reaction

mixture is stirred for 1.5 hours at RT. After evaporation of the solvent, the residue is extracted with
ethyl acetate. The extract is washed with water and dried over magnesium sulfate and evaporated.

The crude material is applied to a column of silica gel. Elution with CH7Clo/MeOH=95:5 gives the
product in 43% yield (Rf=0.30 (CH,Clp/MeOH=95:5).

Example 74 Synthesis of N-[1-(1-Cyano-3-methyl-butylcarbamoyl)-3-methyl-butyl]-4-imidazol-
1-ylmethyl-benzamide
A Boc-Leu-Leu-NH?2

Boc-Leu-Leu-OH (Bachem, 43.6mmol) is dissolved in THF (250ml) and N-methylmorpholine
(43.6mmol) is added. The mixture is cooled to -20°C and isobutyl chloroformate (43.6mmol) is

added dropwise. The mixture is stirred for 10 min. and then a 25% aqueous solution of ammonia



225 ¢l ~ cH3 H i 174-175 391 i Hz 226 F\ F

cH3 H 14301951A/M430298/CGOI7828 / 0~ cH3 H cH3 352 i Hz 229 ~ cH3 H ~
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evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is washed with

cH3 Hi 390 wi i Hz 228 2#MAE 2002
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water and dried over magnesium sulfate and evaporated. The crude product is suspended in
diethylether and the solid filtered of and dried (vacuum). 14.2g of a white powder with mp.155-
156°C, Rf=0.5 (CH,Clp/MeOH=9:1) is obtained.

B. Boc-Leu-Leu(CN)

Boc-Leu-Leu-NH2 (41mmol) is suspended in THF (200ml) and triethylamine (83mmol) and
trifluoroacetic acid anhydride (4 1mmol) is added at -5°C. The mixture is stirred for 2 hours at -5°C.
After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is washed
with water and dried over magnesium sulfate and evaporated. A yellowish oil with Rf=0.59
(n-hexane:ethyl acetate=2:1) is obtained and deprotected without further purification (step C.).

C. H-Leu-Leu(CN)

Boc-Leu-Leu(CN) (41mmol) is dissolved in THF (50ml) and HCl in diethylether (50ml, 3-4N,

water-free) is added at RT and the mixture stirred overnight. After evaporation of the solvent the
residue is dissolved in methanol and ammonia in methanol (40ml, 3-4N, water-free) is added and the
solid material filtered of. The filtrate is evaporated and the crude product is purified by
chromatography on silica using CH7Cly/MeOH=95:5. The fractions containing the pure product

were collected and evaporated. 5.07g of a yellowish oil with Rf=0.43 (CH,Clp/MeOH=9:1) is

obtained.
D. 4-Bromomethylbenzoyl-Leu-Leu(CN)
4-Bromomethylbenzoic acid (6.67mmol), HOBt (6.67mmol) and WSCD.HCI (7.0mmol) are

dissolved in dimethylformamide (15ml) and stirred for 15 min. H-Leu-Leu(CN) (6.67mmol) is added
and the reaction mixture is stirred for 2.5 hours at RT. After evaporation of the solvent, the residue
is extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium
bicarbonate, brine and dried over magnesium sulfate. After evaporation of the solvent, the crude
product is purified by chromatography on silica using CH»Cl»/MeOH=97:3. The fractions

containing the pure product were collected and evaporated. 1.74g of a yellowish oil with Rf=0.59
(CH,Clp/MeOH=95:5) is obtained.

E. N-[1-(1-Cyano-3-methyl-butylcarbamoyl)-3-methyl-butyl]-4-imidazol-1-ylmethvl-

benzamide

4-Bromomethylbenzoyl-Leu-Leu(CN) (1.23mmol) is dissolved in THF (5ml) and sodium-imidazol



| ~ i 382 ~ Hz CH3 C~CH3 OH3 236 ~H- i . H N~ S 468.0 1 N ~ crs cockfA%.002
237 ~ HB3O199/AV4-30298/CGO 19283 C-CH3 CH3 76 0 2 NMAY 2002
4-301951A/ 30298/ CGC 1970 77 Exanple R¢ Ry R= np. (O M5 (Ml ) 238 ~H3 | H N

CHZ 444.3 N~ ~I .1 CH3 C-CH3 CH3 239 o | HCHz cH3~ ~ ~ , 444.2 /|~ CH3
CH3 240 G- = HcHz G 411.9\l ~C 241 ~=HcH3\ ~cHZ cl 390.1 ~.1 ~Cl
242 - HC \ ~ cH2 C 445.9 G Cl 243 CHs ~ HcH2 Cl 406.0\ / 'l ~C 244 H

| ~ cHZA1A8Smaql) B addedcamd the reaction mixture stirred at RT over night. After evaporation of the
solvent, the residue is extracted with ethyl acetate. The extract is washed with water, dried over
magnesium sulfate and evaporated. The crude product is purified by chromatography on silica using

CH,Clp/MeOH=95:5. The fractions containing the pure product were collected and evaporated. The

product is suspended in diethylether and the solid filtered of and dried (vacuum). A white powder
with mp.100-103°C, Rf=0.36 (CH,Clp/MeOH=9:1) is obtained.
By repeating the procedure described above in Example 74, using appropriate starting

materials and conditions the following compounds of formula XIV are obtained as identified below

in Table 4.
Table 4
.
,CH_
Q CH, “CH,
Rx.__N__.C_ _CH
c” TCH TN =N
§ oy "
<2 ~CH
GH™ ™ xiv
CH,
Example Rx yield | mp. (°C) Rf (solvent)
No. (%)
(step B)
¢ Ol
N
75 O™ b, 45 - 0.17 (CHClp/MeOH=95:5)
,CH,
SR
76 N 51 - 0.23 (CH7Clp/MeOH=9:1)
CH, x HCI
&
)
77 64 - 0.31 (CHClp/MeOH=9:1)
Example 78 1-(2-Benzyloxy-1-cyano-ethylcarbamoyl)-3-methyl-butyl]-carbamic acid benzyl
ester
A. 3-Benzyloxy-2-(2-benzyloxycarbonylamino-4-methyl-pentanoylamino)-propionic

acid
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To a suspension of 0.975 g H-Ser(OBzl)-OH in 5 ml of methylene chloride is added 1.52 ml of

trimethylchlorosilane. After ten minutes at room temperature 0.98 ml of N,N-diisopropylethyl amine
and 1.81g of benzyloxy leucine N-hydroxysuccinimidester is added. The reaction mixture is stirred
for 2 hours at room temperature and diluted with ethyl acetate. Ethyl] acetate is washed once with
saturated NH4Cl-solution and once with H,0, then dried over sodium sulfate, the solvent is removed
and the residue is crystallized from diethylether.
'H-NMR (CDCl, ppm): 7.30 (m, 10H), 6.83 (d,1H), 5.32 (d,1H), 5.10 (s, 2H), 4.71 (m,1H), 4.50
(s,2H), 4.28 (m, 1H), 3.92 (m,1H), 3.67 (m,1H), 1.46 -1.79 (m, 3H), 0.92 (d, 6H).
B. [1-(2-Benzyloxy-1-carbamoyl-ethylcarbamoyl)-3-methyl-butyl]-carbamic acid
benzyl ester
To a solution of 0.980 g of 3-benzyloxy-2-(2-benzyloxycarbonylamino-4-methyl-pentanoylamino)-
propionic acid and 0.25 ml of N-methylmorpholine in 12 ml of tetrahydrofuran 0.3 ml of
isobutylchloroformate is added dropwise at -15°C. The reaction mixture is stirred at -15°C for 10
minutes, then 4 ml of aqueous NH3 (25%) is added dropwise over a time period of 5 minutes. The
reaction mixture is stirred for additional 15 minutes and diluted with ethyl acetate. Ethyl acetate is
washed once with saturated NH,Cl-solution and once with H,O, then dried sodium sulfate, the
solvent is removed und the residue is triturated with diethylether.
'H-NMR (CDCls, ppm): 7.38 (m, 10H), 6.87 (d, 1H), 6.60 (m (br.), 1H), 5.41 (m (br.), 1H), 5.12
(d, 1H), 5.08 (s, 2H), 4.50 (d, 2H), 4.20 - 3.92 (m, 2H), 3.50 (m, 1H), 1.70 - 1.41 (m, 3H), 0.90 (d,
6H).

C. [1-(2-Benzyloxy-1-cyano-ethylcarbamoyl)-3-methyl-butyl]-carbamic acid benzyl

ester

g
5]
i

0.3 ml of trifluoroacetic acid anhydride is added dropwise to a solution of 0.9 g of [1-(2-benzyloxy-
1-carbamoyl-ethylcarbamoyl)-3-methyl-butyl]-carbamic acid benzyl ester and 0.6 ml of triethylamine
in 15 ml of tetrahydrofuran at -5°C. The reaction mixture is stirred at -5°C for 3 hours and then for
12 hours at room temperature. The reaction mixture is then poured into H,O and the aqueous layer
is extracted three times with ethyl acetate. The combined organic layers are washed once with H,O
and once with brine, then dried over sodium sulfate, the solvent is removed and the residue is
crystallized from diethylether/ hexane. Mp.: 126 -127°C.

The following compounds formula XV, as identified in Table 5 below, are prepared

analogously to the compound of Example 78.
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79 Ce O @ 100-101°
CH,
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N\
CH,
0
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385. 9 . [Example 86 2-[2-(4-Chloro-phenylamino)-acetylamino]-4-methyl-pentanoic acid cyanomethyl-

amide

(4-Chloro-phenylamino)-acetic acid (0.5 g) and H-Leu-Gly((CN).HCI (0.55 g) are dissolved in
dimethylformamide (4 mi). HOBt (0.44 g), WSCD.HCI (0.54 g), triethylamine (0.37 ml) is added
and the reaction mixture is stirred for 18 hours. After evaporation of the solvent, the residue is
extracted with ethyl acetate. The extract is washed with 10% citric acid, brine, sodium bicarbonate,
brine and dried over magnesium sulfate and evaporated. The crude product is slurried in diethylether
and the solid filtered of and dried (vacuum) yielding a white powder with mp.131-134°C.

By repeating the procedure described above in Example 86, using appropriate starting

materilas and conditions the following compounds of formula X VI are obtained as identified below

in Table 6.
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cl N~
H
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dropmnse over 15 mnutes. The m xture is then warnmed to roon1tenper%2uMéx 2002
for 16 HSO1S/AMNB0298/GGEAI& apor at ed (hi gh vacuum <400C),
is diluted with cold water (200 m.) and acidified to pH 4-5 with 1 N HCl.

The resulting mxture is extracted with EtQAc (4 x 150 nm).
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Example Rx Ry R: mp.(°C) MS (M+1)
Rf
(solvent)
s C”z\O 320
187 @r]‘ z H
S CH, 370
188 CH, = H
©\ CH, : 328
189 @\ z H
CH, : 313.8
190 CH, = H
P CH
X 2 : 332
191 0™ z H
LN CH, 322.9
192 CH, H H
@\ CH, : 381.8
193 F z H
@ CH, : 332
194 NO, z H
@\ CH, 358.8
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a E .

~

- NM~~n McM (Mc~~ (M (~

TN IV AN
Exanpl

. ssO:u{JpMJXY 2002
~/ V~~aUU.

R- R~ X2.-Ar Z np. (Q I\/B(MH )

336

i Il s-""""590i ~of FCFF3371 1 cH3s-" " " " 536 of 338 N. O
"ot 540 Cii OOCH3 " " 468 339 CHs(CHz)ZC(O) / CH2 WO ~o w0 N 00 n n
OONNQON Exanple l-0 =i~ X2 -Ar 2 nmp (G MS (MFf7 ) 340 cm">
496 ~~O 34xample| 439 CR3(CHZ) ZC R, R. mp.(°C) | MS (M+1)
Rf
(solvent)
195 .0 z H
HC, ©\ cH, 357.9
° O |
196 m ] H
G CH, : 338.8
197 /c/ z H
7 CH, 275.9
O
198 SN z H
@AN CHz\O 397.9
199 @\ H H
N C“z\O 352.9
200 3 z H
L CH 316.9
c':H3 \( j '
201 GH, z H
@\ CHy 392
0O
202 o g H
NE CH, 360.8
O
203 [\ H A
Q\ CH, 330




~ CFiz 342 0C" " "

" 467 ~~0O 343 OCH3 s~N " 523 CHC ~ Hz 344 C- [PZ%AY 000
520301950M4-3298/CGC'199P0 0 ca 0 0O NN OON Exanple

~~32Xs-ArZmp. (' ~)M5 ~(. M+~ y346 " " " °_501347cH3 OC I""""500 348
CH3CH20- C( O) - ""Wa454349S CHz/ C ~""""

50%a08500 C'"~"4761351~~ ci !
a520352cF3 O "

Ca"
Example Ry Ry R: mp.(°C) MS (M+1)
Rf
(solvent)
204 R‘. H JAN
C CH, 365
205 F z AN
@\ CH, : 358
206 A
s CH, : 396
.CH =
207 fo) ® I A
f CH, : 370
208 o = A
W
209 T H A
O\©\ CH, 370
210 CH, z A\
\©\ C”b 354
21 @ A
NN CH, : 345.1
212 'Né‘ H AN
CH:  on, 325
CH
@\ CHS




a ~ 622CCF3 0 1lawOrr ~ow wWONO4AWVYVOOfV3INOON Exa i
cH3 s- {D)QWOO@UZ

R~z X2 4-30198/A74-30298/GCN970~ 353 " " " " 502 354 | | "
355 CHa(CH2)2C(O)- " " " ™ 452 356 No C" " " " 531 \| 357 No2 C" " "'
521\ / 358 Br ~~C" " " " 564, 56673 .Jj wO ~owONGONG-00N3
NOON
Example Ry Ry R mp.(°C) MS (M+1)
Rf
(solvent)
213 F : A
@\ s TS 318
C‘>H
CH,
214 ¢l : A\
g Z
‘@\ CHe oH, 368
(|)H
CH,
215 ct@/ : A
CHy  om, 307.9
Cl:H
CH,

* A is cyclopropyl, i.e. Rz is ethylene and makes a cyclopropyl ring with the carbon atom to which
it is attached.
The compounds of Table 8 are typically selective inhibitors for cathepsin S, and normally

have ICsgs for cathepsin S inhibition in the range from abot 100 to about 10 nM.
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NQNOOna UUOOo~NaaOMet Nr n~~"1" -~O)~zH~ﬁﬁ-|—MA¥920[]2
4-30195/A/80298/CQCI1970n Z9 0 989
p~090nnn ei

~~ ~~~1 ~S 1 o0-0ovaa-~019
~o\ / 69 Cea a~dwB' ~E~ ~.t+W SW (~0) ~ dWZ ~H

Exanpl e R30 R32 X2 - Ar mp. (C) M5 (MF1l ) 365 o= s=0 572 366 No2
~567 s | | 0 367 ~ 477 CHS(CHz)zC~7ZH ~ N368 C~~ '~ 505 369 "
CHC\ OCH3 370 CHa ~N~" N 442 4 W
Table 9
Example Ry Ry R. mp.(°C) MS (M+1)
216 P cl H
CH @ 184-185 432
i
217 P CH, H
CH @ 181-182 412
i
218 ” H
7~
CcH ?Hz 188-189 448
219 /CH\2 _ CH:, H
cH, {7 @ 168-169 364
& |
220 @ _ CH, A
¢gH @ 208-209 438
S |
221 ,N' CH, H
X~ en” @ 146-148 413
S |+
222 @ _ CH, H
GH @ 194-195 483
S |
223 S':\>\ CH, H
=/ “cn” @ 186-187 418
S | *




CH3(CHz) zC(~)~ CHZz w~0 0 0O IV3 NOON NOONQNOOaG/ o~NOMa
0, 0 M4=80105H030298/€GC 9F0 LLtr ~ r ~trtr ~~ ~~ - (O ~z(zH-) EH~ ALEMAYi
EZ~ ~" " " HO~ trLE DIES “dal zHO ~ \ ELtr " ~." ~Oo0o s OELEOi Qz~"
" ~~ HO eHOO ZLE OLtr ' " OLLEOOI |.*W SW(Oo)'dua Z .~pr- zX ~
~~dwex3 0 2 MAY 200r 4-30195/ A/ 4- 30298/zCGC 1970
Example Ry R MS (M+1)
224 @\ H
~ -
éH 418
g @ 391
CH,
|
226 F CH, H
\'
_C @ 390
[: ] CH,
|
227 Ff Gy H
g-C @ 440
Q|
n
CH,
@ 352
ik
229 CH, H
~
eH @ 562
CH,
|
230 CH, CHa
CH/ ‘
@ CH, 440
CH,
i |
231 CHa C{‘a?
485

O

-0
I
N




115 .. TNUOn. E, .. ~\ OvOU/ O /| OUO= U U g\zgnggz
\ | Z OABO195/8/39298(8GC190x U Uf~ COO OrMc~ c~ MC~ W EX~I npl &
Rsz Xs -A~' Zrnp.(Q Ms (M+1). 382 NC" " " " 530 ~| \ N383 ~~, CHa
" 169-170 -(CHZ)2-O " OCHC ~ CH2 384 " " -CH2-O-CH2- O " 115
dec- CH2-S- CH2- ~ " 145-146 385 " " 386 "4 -(CH2)s- N " 145-146 -N 387 "
"~ " 132 WwOWwWON-DOONNOONNOON NOONQNOO o~ CU7 U 00
o~ NOMa 0 Md
Example Rx Ry R; mp.{°C) MS (M+1)
232 (':Ha H
M (E/NH 112-114 407
Na =
I
’C\
CH; [ ch,
CH,
233 (I;Ha H
I (Es 424.3
“ -
C. R
CHy I'>ch,
CH,
234 o H
@\ @\/\é 399.4
S
235 CH, cH, h
N \ 382
N
N ot
~C.
CH; [ cn,
H3
236 ?Ha H
M ;,,S 468.0
NS CH,
c. \
CHy [“ch,
H3
237 ?Hs H
I é 394.2
\Y
~C.
CHy [~cH,
3
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4-30195/ A/ 4- 30298/ CGC 1970 118 .. C3 Ms ~ ~ _ _ _ ~ ~  _NUNZY
\ 't UFOUEO U0 U=O U=O _ -\ / \ 45\ / \ /1) U

v //UvUuuuumMC M
MMW 0 2 MAY 2002 4-30195/ A/ 4- 30298/ 1970 119 v 0

Example Rx Ry R: mp.(°C) MS (M+1)
238 ?Hs | H
N CH,

I 444.3

239 CH, | H

\ 444.2
CHS\ N O .

240 a
CH,
241 @_
CH, :
CH, :CI 390.1

242 o
: CH, : :Cl 445.9

243 CH:-Q s H
cl 406.0

il
T

cl 411.9
|S¢

all
I

¥}
I

244 z
Fu fi :] ] CH,

[S¢

. o 4619
8¢
[S6

cl 443.7

246

F
245 z
Fu CH,
C
F

cl 411.7

b
eI
L
L)
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___ _ZZ\UUUZUWUO~\ ~UUUV\ \ \ OUO U0 U=Q 7 MAY \2002
\ /4-B0195/A130298/€GC1930e0 | ~ Mcr! et W Exanple R30 R3z Xz -At' Z

mp. (=) M5 (MFl) 401 G ~c 492 CHS CH3 G \ C \.i HO402 SCH2 ~/ \

547.5 403 Cl ~cH2 \ /| ~ ~ ~ 543 (M1 ) \ & NII O404 NCI " " 582.8
c~~1 i1\ Ca ~CHZ O405 CH3 / " 56fg2 CHB\ C~-0wO0Ois ON~-DnnoO
O NNOO 0 2 MAY 2002
Example Ry« Ry R, mp.(°C) MS (M+1)
247 GHa z H

N CH ¢l 435.8

/ 2 .

j or

Cl
’C\
CHy ~cH,
CH,

alil
I

224153 [::::::::l\\~
CH, cl 511.9
o o

249 o
H, cl 4455

cl
250 CH, H

!
MY 429.4
N N s

251 CI\©/ s H
CH, ol
252 D z H
CH,
\
o

st
-

376

356
o

253

372
S8
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a £ J & NAY; 2002

[ W A U A U A W
0 2 MaY zooz 4-30195/ Al 4-30298/ CCC

4- 30195/ A/ 4- 30298/ CCC 1970 121 r+ .- o~ cc ch O Wi co v O ..
A-30195/A436298/€GC 1970 U \U- O\U- O\U- O U p U =0 -

\' / v. UUUUUU mcor ao o~ 0V 9
1970 122 vVOva.. .. .. H- ~NM- - ~ L=OOUWUBEOUO-~-\ /[ ( ~\ [\
[zU/ UuUuuUUmr NMr r rr d -~ ~?9gst W
Example Rx Ry R. mp.(°C) MS (M+1)
254 z H
CH, cl 427.9
Fo /El .
F/'CI_E F \©/
255 z H
@ CH, : cl 410
PLON
F'T F
F
\ -
F’C\©/ C”z\©/01 477.9
/C\
F7TF
F
257 ?Ha z H
N CH
/ 2 cl 402
j o
-~C
CHy [~cH
CH,
258 ©\ - H
CH, cl 478
o, Q4
N
_C
CH, [ “cH,
CH,
259 % 5 H
CH, cl 409.9
260 s 0\@/ CH, H
CH,
134-135 | 350 (M-1)
i
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Example R~ R~ X2 -Ar Z np.(C) MB. ~Mki ) 415 F ~ ~ cHzy " " " 161- 6 Mo 2002

CHs 4164-50195/A/30298/CGG1976 590 (M -1 ) ~C 1 | F O417 A CHZ ~ ~
-CH2-C(O-NH " " 553.41 1 OC 418 Fi i " " ~~" 126-128 F 11 F ON WO
03--nGOON ~ 2 MAY 2002 4-30195/ A/ 4-30298/ CCC 1970 124 .w .. t~ TE

" TNULOMT 0 2 MAY 2002 4- 30195/ Algly 30298/ CGC 1970 125

Example Rx Ry R: mp.(°C) MS (M+1)
261 H
CTHS 122-124 | 388 (M-1)
/C\
F7IF e
F
éHz e 360.0
263 ?Hs = H
N z
/ . 385.9
NJ CH2 F
~C. ( ]
CHy T~ch,
CH,
264 @L = H
: 461.9
o CH, e
; 7
N )
_C
cH, | “cH,
CH,
265 = H
cl :
CH, . 393.8
N T
266 cl §:> ? H
d éHz . 411.7
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The conpounds of Exanples 302 to 419 are selective inhibitors of &at MAYsiZf02
B, havigg30195z080298/Cahi1970 i on of cathepsin B,

assay descri bed above,
about 1000 nM

their
and/ or
419 may &

v oot

inthe in vitro cathepsin B

the ICso inthe in vitro

onpound of exanpl e 303.
broad based inhibitors of cathepsin L, S
B t he Conmpounds of the Invention described above in Exanples 154 to

PR H

which are typically in the range fromabout 5 nMto
[I'lustrative of the invention,
cathepsin B assay is about 5 nMfor the
properties as sel ective or

In view of

condi ti orf

descri bed.
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0 2 MAY 2002 -127 (a)
;. and (4-B0195/AB008EIGEI18Y0 ene;

p is one;

(

b) Y,

or when n i s zero,

Cz-C~-al kylene interrupted by O S, SO SOz or
acceptabl e salt or ester thereof.

144 Rao CNH C CONH CC = N (I

Xz
NRG,

is al so

| 4

is O S SO SOz, N(R6)SOz off 2NAAY 62002

or a pharmaceutically
3. A compound of formula IV - -". .
R4s R4s ggherein R4o is substituted phenyl

2

4.4:‘

or heterocyclic aryl, (nono- or di-carbocyclic or heterocyclic aryl)-Iower
al kyl or Iovver aI kenyl or heterocyclyl; R4z is hydrogen or |ower alkyl;
R43 is c IUUL,yL,IIL or—treterocychcaryt—=fower aj Kyl T A5—are
i ndependgnEXg@mMMlifogen orfd over gl kyl ; R44 aphd BRE ey M (Metht
| ower al Kyl ene; or] a pharmaceutigally acceptabl ¢ saltjor esteL thereof
A conpound—aecordirg—to—etat-mt—tHheformta—V—Ra—HrR—NH-E-CONH—;
X2 Y~ Ar-|Q 72740 4 MAY 2§02 ,128 | wherein the synbdi s|are as flefined in
said clailm or a physiol agi€al | y-laccept apl e and|-cl eayabl e esﬂ er Ofggsalt
}Vrljlezle(cjlg jﬁ . ACconrNoandRaaé di ng E(ﬁ cl ai |3 of the fgr][ryl ad\(' O R~d :?4p
] = S erein e sy s arg as de¢fined ip said clai
or a physi ol ogi caljl y-accept abl e gnd -cl able ester ¢r salt thereof. 6.
The use df an effdcti \Fé"aant)gmt of| a cat®épsin i phhibiting pharfaceuti cal
conposi tijon conpriisi ng aQ)‘dgrrpound of formula I,}or a
physi ol ogi-cat +y=agceptabte—and——cteavabteester{oraysatt—thgreof—for—t
preparatifon 8f%a redi cament for ilnhi l&i ti ng cathepsin activitylin a manma
Rs Ra R LU Xi NH ~~-NHc@%-)-cN : :Cl H 421
276 CH g H
CH,@- ©: 409
CH =
277 CHI® 4 : H
.C CHy 437
w3 el
278 CI\@/ é H
CHZ\ ICHa 307.9
CH,
279 C|_©_ H H
CH
al Z\C’CH3 341 .7
CH,
280 ?Ha : H
N cH 333.9
N ) <ot
CH,
-~C
CHy 'cn,
CH,
281 Ch, : H
cm@— M on, 302.1
c
CH,
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X Rz YR5 | wherein: Ris optionally substituted (aryl, |ower al kenyﬂ,z MAY 2002
| oner aHWi30195/Ad30298{€GECIOT0Y| ), or substituted lower alkyl; RZ and R3 are

i ndependent|y hydrogen; or RZ and R3 together represent |ower alkyl ene,
optionally interrupted by O S or NRb so as to forma ring with the carbon
atomto which they are attached; and Rb g? hydr ogen, |ower al kyl or

aryl-lower alkyl; or either RZ or R3 are linked by | ower alkylene to the

adj acent nitrogen to forma ring; 0 2 MAY 2002 129 R4 and RS are

i ndepende; Ule oraty supstTtuted—(tower—at &
al kyl), -[

At-y——t-eweF——
: - C(AMNR-RB, hherei MR~ is ¢pt ﬁ:oncl W@Gbst i MSt(bE-1)
(I oner al kyl, aryl

aryl-lomer al kyl, cycloal kyl}, bicycloal kyl| or
het er OCyC , H | nngl l \I cuhct i f ut ed /| ower 41] l(\ll ar VI
aryl -1 owef alkB2l, [cycl

t oget her represent{ | owner ﬁ" yl enej opthonaI ly imt errupt%ig_Zggo, S NRb,
a t

obj cycl od kyI or hetel*bcyclyl) dr R4 and R$
SO astoformarlngop{mththe carpon at o whilch thgy t ach®ed; and
R6 is hydrogen, lo a}quyl or arlyl -1 owe | kyl ) or R4 is H orf optionally
substitutpd | ower fal k)(tH&-‘r'rH RS is| a substjfuent fof forfnula -X4-(Y~)~
(Ar)P-Q ZlwhereinlY |s n S—sQolsce. |\|(p’mq NeRA_ SOZNRNY, CONRGE or |
NR6CO; n | s 2880 of ; pNuﬂ zer 0r=0ne Iawver al kyl ene; or when|n
I

is zero, XZ is alslo éi~- E rrupted y O $ SO S, NR6
SOzNRb, CONR6 or I\R6 a hyd wal owgr al kyll or aryl -1 oWed

al kyl; Ar|lis arylen 4 s hydr oxy, acyl , canboxyl,| esteriflied carboxyl,
am dat ed gar boxyl, am nosul fonyl ,| (1 ower kyl or aryl - | owner

al kylYam pasulfonyl . or (| ower al yl _or aryll owe

al kyl ) sul f onygBam nocgnponyl SHZ i s tet razol yl | taiazolyl or (i mdazolyl; Q
is a direct bond, | owsr apKyene,|Y,-I% Nl_lal kyll e orf CZ- C~- 4l kyl ene
interruptpd by Y, | cH;C —= Qg 433

285 cH, G | H

\
S~ | on, 458.3
chy N

286 CHy - H
A CH, 450.2
NQ ]: ]
~C.
CHy I >cH,
CH, cl

287 z
cl -CHs 424.1

|S¢
288 a ':'
c§:| °“=©i0' -CHs 457.3
|S¢

289 CH z
ci -CHj 417.9
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. _ 02 MAY 2002
X, is -C(O-, -C(9-, -S(O-, -S(O2Z-, or -P(O(OR)6)- wherein R6 is as

def i ned4-a0195¢£A/39298/CGQE @970 or sul phur; L is optionally substituted -Het-,
-Het-CHz or -CHZHet, and Het is a hetero atomselected fromO N or S; and
-130 x is zero or one; and aryl in the above definitions represents
carbocyclic or heterocyclic aryl; in comgination with a pharmaceutically
acceptable carrier. 7. A corrpound of fornmula I, or a

physi ol ogi caI | y- accept abl e and -cI eavabl e ester or a sal t thereof Rs R L X~
NH ~~- NHreN—x —Rs—+—whrererm tomatty—stbsttuted—at
aryl - | ongr Example, || oner &xkenyl , ) ower UEV kynyl ,[ h&erpdR (¥ b ME(M“)
heterocygl yl -1 ower alkyl); Rz and R3 together represept |ower aI kyl ene,
optional | pted—by—O—S-or—NRb—se—as—to—Fe+rmp—rhRg—wW-th-thecarbon

atom to whi c2ea heyg.f &Hattached andzR6 i suhydr bgen, | ower alkyl or
aryl -1 owgr al kyl ndegﬁndenté,y H, _g{_{bopti onal |y sug@té' t utled
)

(I ower allkyl or aryICH@ IkyI) - S, or NR~ Rg, Whereln” R~|is
optional lly substituted (lo al Kyl , ar a@rylrlowerfal kyl, gycloal kyl,
bi cycl oallkyl or heterocyclyl) and DR is I—I or pptionhlly substituted
(1 oner allkyl 291aryl gwer allkyl = cycl oal kyl , bicycl oal ky
het erocyql yl); or @. t oget her chLepres o] al kyl ene al lly
i nterruptled by O N SO as P é?“ n '&ﬂ’h t he carpon '{aril?o%
whi ch thgy are attached,| and Rb |s hydr , lower al kyl or ayyl-Iower
al kyl; orl R4 is Hjor o#:n olpally qubstituted | ower alkyl and RSis a
substitugnt of fonnu -(Y, )T (AI'N)YP-Q Z
292 ?Ha B
N CH ¢l -CH 449.9
/ \ 2 3 .
NQ [:1
cl
-~C
CHy ~cn
CH,
293 cr, $ z
OO CH c -CH 525.9
/ \ 2 3 .
CH,
294 %

H, cl -CHs 457.7

o

2

o]

295 cH, e

\
C\(Y \Q -CHs 452.1

CH, ca
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wherein 0 2 MAY 2002 - 131 Y, is O S, SO SCz, N(Rb)sm, N--1tH2 MAY 2002
SOz NRb, 4.50093A 202080 & 1970 S zero or one; p is zero or one; X2 is |ower

al kyl ene; or when n is zero, X2 is also C2-C~ -alkylene interrupted by O

S, SO SOz, NR6, SOZNRb, CONR6 or NR6 CO, and Rb is hydrogen, |ower alkyl

or aryl-lower alkyl; Ar is arylene; saaéﬂydr oxy, acyl oxy, carboxyl,
esterified carboxyl, am dated car boxyl nosul fonyl, (lower alkyl or

aryl -1 ower al kyl)am nosul fonyl, or (lower alkyl or aryllower

a| ky| )SU' f nn\ll am noGcar hnnyl : _OF . s—t-@tf a-lnL \ll t £ az n| \l| or i m d : Q

is a direcExamth | ower ankyI ene,| Y, -Im/er alk,/leme )rmﬁz(°0.)~ - M8 Metie
interruptjed by Y~|; X is -C(O-,| -C(S)-, -S(Ot, -S(D2-, or|-P(O(OCR0) },
and Rb iq_as defined above: Y s oxygen ar sulphur; 11is aptipnally
substi t utled 29t -, - Het - -,or -|ICHzHet-, and Hetaisl|a heter atom
selectedi{fromO N or S;\ X 19 zergg or one; and-aryl in the ab
definitigns repregents garhfpcyclijc or Yeyclic aryl. 8. Alc %d
according to claim?7 of mula I|l, or hysi o| ogi call y- accept abI e and
cl eavabl @ ester, qr a salf thereqf Rxi RRa R~ L| X~ NHII-NCNx R~ 1| |
wherein: |RZO i s optio@;Tp~gybstijtuted (aryl, afyl-lofyer alkyl, |ower

al kenyl , [l ower al kynyl, rm{ersocyclyl, or heterogyclyl{l ower alkyl); o&p
MAY 2002 L1432 Rez land-Re3 Leget helF—wth—the—ecarbor—at-6m-teo—which—t-hey—are

attached forman optionally substituted (cycloal kyl group or

het er ocycl oahlfé/éorg;sdwaa of Tedle 9ack t%ﬁaw é%lécﬂ@'@ﬁhﬁﬂb%f&ttbycdfh%ﬁ&tl Oﬂévlﬂg'lcsos for

substituted (I ower al kyl or aryl-Tlower C(ON
R~ and ¢Bhepsin Samhibhfonneuich are pireferably;in the range from about 100 to about 1 nM.

Table 10

Example R, R, R. | mp.C) | MS (M+1)

297 @CH _ /@ H
@ o 181-183 398
4

298 @ _ CH, H
[#]
E::T /@ 169-170 912
o,
299 i

333.9

Q) it
I

N

\

(@]

I

<

300 |y G

\
S|«
/ CH 410.1
CH, \ 2, ~CH,

it}
I
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R24 and Rzs together with the carbon atomto which they are attach8d MAYm200?
an opt i4o30195yA/30298/CGC ¢97¢ cycl oal kyl group or heterocycl oal kyl group); X
is as defined in claim?7; Y is oxygen or sulphur; L' is optionally
substituted (-Het-CHZ- or -CHZ-Het-), wherein Het is a hetero atom sel ected
fromO Nor S, and x is zero or one. 9. conpound of forrmula If or a

physi ol ogi cal | y-acceptabl e and -cl eavabl'eé ester or a salt thereof "24 R~ L'
X~ NHt--CN GCN ~x wherein: Rzo' is optionally substituted (C6-C g aryl or

C4- G g heterearyH—R22—ard—R23T—together—n
t hey are(aExaamhlsd form aRxoptiongl |y suBstituted BCS( R (B)cfl o MEM+1) oup
or C4 -C heterocycl oal kyl group); Rz4' and R25 arelindependently H, or

optional lyysubstituted (C1-C8 alkyl Co.C 14 alkyll or C9-C 4

het er oar al kydgt, -€(O OR6'® or -C{ONRG' R-'; whereHh R6' is ogptionally
substitufed (C-C8lal kyl, C, 4 atal kyl, C3-C8 clycloalkyl, C4 C-
het er ocy¢l oal kyl , CS-Ci/@t;roa al kQH'Iz CexCi 4 faryl, |or Ca-q i 4 4347
het er oar \ I), and R~' i . optional I “substift ut ed (C -C8 Jal kyl, C~-C}
aral kyl, [C3-Cg cy¢l oal kyl, C4-C~|het er ogycl oal kiyl , C$-C, 4 het er oar al kyl ,
Co6- Cl14 alvl ar C4-Ci4 herprnnr\/ e Ys B 2 nay ?ﬂD’ =133 Rz4' _and _Rzs'
t oget her with the carbon atomto which they are attached forman optionally

Suc(bgg ! f ut ed&%@@{&é 9@% 1@&%%@?%;05% ggéiﬁm M&h&@kmé hgHif g@;osngéa s

above; inhibifiof ¥ gfthepsin I tirl (hi warigelfrorh abaytl00 n@bbout SOM ahdIIGeh for Ibibitidiof or
-CHZ-Het-), wherein Het is a hetero atomselected fromO Nor S; and X is
zer o orcahgpsin $gn theyange fromrabgit 3 tocthopt, 0 BMbunt of a cat hepsi n i nhi biting
pharmaceutical conposition conprising a conpound of formula Il for the
preparation of a nmedicanent for inhibiting cathepsin activity in a mammal,

Example 302 Synthesis of N-[2-[(3-(methoxy-carbonyl)-phenyl)-methoxy]-1(S)-cyanoethyl]-3-

methyl-Na-(2,2-diphenylacetyl )-L-phenyl-alaninamide

A. O-[[3-(methoxycarbonyl)-phenyllmethyl]-N-(t-butoxycarbonyl)-L-serine
To a solution of N-(t-butoxycarbonyl)-L-serine (16.1 g, 78.46 mmol) in DMF (90 mL) at -

15°C is added sodium hydride (6.9 g, 60% in mineral oil, 172.6 mmol) portionwise with vigorous
stirring, over 0.5 hour. After all sodium hydride is added, the mixture is stirred for an additional 10
minutes at 0°C, and then at room temperature for 30 minutes. The solution is cooled back to 0°C,
and a solution of methyl 3-bromomethylbenzoate (19.77 g, 86.30 mmol) in DMF (90 mL) is added
dropwise over 15 minutes. The mixture is then warmed to room temperature for 16 hours. DMF is
then evaporated (high vacuum, <40°C), and the residue is diluted with cold water (200 mL) and
acidified to pH 4-5 with 1 N HClL. The resulting mixture is extracted with EtOAc (4 x 150 mL). The
combined extracts are washed with 0.1 N HCI (2 x 300 mL) and brine (2 x 300 mlL), dried over
MgS0O4, and evaporated to give a yellowish syrup. Chromatography (silica, 5% MeOH/CH2Cl)
yields O-[[3-(methoxycarbonyl)-phenyljmethyl}-N-(t-butoxycarbonyl)-L-serine as a yellowish oil.
B. O-[[3-(methoxycarbonyDphenyl]methyl]-N-(t-butoxycarbonyl)-L -serinamide

A solution of O-[[3-(methoxycarbonyl)phenyljmethyl}-N-(t-butoxycarbonyl)-L-serine (3.0 g,
8.50 mmol) and N-methylmorpholine (2.8 mL, 2.58 g, 25.5 mmol) in CH2Cl2 (50 mL) is cooled to -

10°C, and isobutyl chloroformate (1.1 mL, 1.16 g, 8.5 mmol) is added dropwise over 10 minutes.
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R~ R~ 1Il R NHCCONHC~N(Y~)n" ( ~ ) p"A-Z wherein R30 is an acyp ZgMA\(lpZUUZ
der i ved-30196/AB02A84EGICE 194 boxyl i ¢, carbonic, carbam c or sulfonic acid;

R32 and R33 are independently hydrogen, |ower alkyl, cycloal kyl,

bi cycl oal kyl, or (aryl, biaryl, cycloal kyl or bicycloal kyl)-1|ower al kyl; or
R32 and R33 together represent |ower allgyl ene so as to forma ring together
with the carbon to which they are attached; R34 is hydrogen or |ower alkyl;

Y, is O S, SO SOz, N(R6)S®2, N -R6, SOZNRb, CONRb or NR6CO; n is zero or

one; ' [ ) ' : [ I.S.also
&2 - it Rl £ i, b oo as B Rreoths Wi imGf ety adiulis®
R6 is Iydrog@iutesl OMersoRukisilis then #apthed @vebmakinperatube ovar 3rminates; CHATIZ iVAY

2002 -134 Z is hydroxy, acyloxy, carboxyl, esterified carboxyl, am dated
car boxevaparatedomnd| thoregidue (4 dissoived ik EtOA¢ (X0 wiL) | dbéssohitiopliy theh easadtédwith 1 Nr

§:r?:2‘|22|@¢1ké'rx ?dan@&is‘a@%%ﬁé%a‘ (Rt WistasO Fidand B (DD e ;%:oér?z‘" .
- '~ 1 Y . ] .

acoept AR08 Spodaly; CHiupAbBbHp s s B ORUB A BRERRED: Yt 1

accept atmeaqoggeag nygégwgmtemmwr{ab%ﬁwﬁw@nms&ha}xﬁae%svmrcﬁiom. R22 and R23

t oget her w e o"which they are attached forma CS-C8-cycl oal kyl
group. @a2. A hakyaarbon nylimethdl-in sefinavhide 1G] RZZ and R23 t oget her

s thine catpon te ek FURE s Siiachad teL s, oy it ofoun, 15
2 vher S e Piithol iR EORG K36 i y\aPO-CAchunbita HE1 GOTROURBGAEER Hidiul fyétdd's™
3, 4- di qhinareodueing Iwhidh tire addtiudhiterecipisake is dbservddy | PHeamixtury lis warmed to room

4am nonet hyl phen-1-yl, 4-met hoxyet hyl am nonet hyl phen- 1-yl
4hydr Oﬁygpwytgﬁpmé[mpﬁgﬁeqﬁq ch time EtOAc is removed, yielding O-[[3-

4- hydr o t hyl - +all ' t hyl phen-1-yl,

4N acarrie B RO E S GARIEREL K o WEREMIRERT v EOET 1Y

2- am ngphen-méthyl- A @2 aipheip eyl Iphedvldladihedazol - 1-yl ) - phen- 1-yl,

4- (i mdazol -1-yl met.hyln) hen-1-yl, 4-(norpholin-1-yl)-phen-1-yl,

4- (nor phol i nldaygoldtemot 3- tpignylalgpine ( he By eV-R) INme B &n I
Taagol Liphenylalggine € hgy 4005 Tame h s NRAG bAen 3.1

2 BTSRG0T ot o e
4( pi perd180 mil)) HeRY kestlting soRYibh & stivled vidveousty at ro@mZedyperatt®ddvernight. The THF
is then evaporated and the aqueous layer is diluted with 6% aqueous Na,CO; (100 mL), and washed
with Et;0 (3 x 150 mL). The aqueous layer is then acidified to pH 1 with conc. HCI, and the
resulting slurry is extracted with EtOAc (3 x 100 mL). The organic phase is then washed with water
(2 x 100 mL) and brine (1 x 100 mL), dried over MgSO, and evaporated to yield 3-methyl-N-(2,2-
diphenylacetyl)-L-phenylalanine, as a white solid.
E. N-[3-methyl-N-(2.2-diphenylacetyl)-L.-phenylalanyl]-O-[[3-(methoxycarbonyl)phenyl]
methyl]-L-serinamide
To a solution of 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (1.0 g, 2.68 mmol) and O-

[[3-(methoxycarbonyl)phenyllmethyl]-L-serinamide HCI (0.774 g, 2.68 mmol), 1-
hydroxybenzotriazole hydrate (0.452 g, 2.95 mmol, and N-methylmorpholine (1.18 mL., 1.085 g,
10.72 mmol) in CH,Cl, (50 mL) is added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide HCI
(0.771 g, 4.02 mmol) in one portion and the mixture is stirred at room temperature for 16 hours.
The solution is then washed with 1 N HCI (100 mL), saturated aqueous NaHCO; (1 x 50 mL), water
(1 x 50 mL) and brine (1 x 50 mL), dried over MgSO,, and evaporated. The residual solid is
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-135 15. The use of an effective amount of a conpound of claim9 flo? MAYe 2002
pr epar a4-B0195/A/3029&/1EAMOTM0 for sel ectively inhibiting cathepsin K activity
in a mmmal. 16. The use of an effective anount of a conpound of claim3
for the preparation of a medicanent for selectively inhibiting cathepsin L
and/or S activity in a mamml. 17. A proggss for the preparation of a
conpound of fornmula | as defined in claim?7, conprising (a) converting an
am de of the formula VI Rs RL X~ NH-C-CC]\l~ttC-CC]\lH2 Vi vvherein R R2, R3,

of 1 or rapuraed SATR Rt B ST fneRhinf o625 s BBt Epeh B ARERLA S e
f or mul rﬁétﬁoxl‘y’@mhuy]%q;p&rm]\ﬁdthﬁvagaﬁﬁmﬂeRélaa.nﬁtelg&ld]ave meani ng as defined in

cIa|m7 with an aC|d of fornuIaVIII RLX~ NH-C—COC]—IVIll vvherelnR Rz,
and R3ﬁave Nd 2] b iY . . oth

t hereof; or ) (c) conden5| ng a corrpound of the forrrul a
la 14 H2N- C-CEpaRyE : QLT AN, R3 R4 and RS have neani ng as
defined in c r ]

with a reacté%%ééoﬁq&%?%’?% e‘fﬂ?‘i 3P hitoBts e Mo BB Iy o, S

requi r eghe résalipgrsalutiol isddaleitoi 07C. Alftér th&tseruftrah Ibe@xﬁé%&ﬁdar Mgyridineypd 13, 0. (@,
|solat|ngéthe resul ti ng conpound of the invention; and, if desired,

conver t 1. A4 mmsD) isadded, if V&S‘(ﬁ)brﬂr{a methy- 181(39!‘@?“%’#%% phenylalany A3+ on:

and/ or esir onver nt al t

esun t e SR ey DR bRy Sl 00 T 328 mro IR oB pbrofShg Freystiopy
of an efeh&idn s6fatRNGS &irredl at®°eq5ppgmﬂufsf afté Whititite e € &f diRed with Et@A8Y50 f or
the preparation of a nedicanment for i nhi bi ti ng cathepsin activity in a

manmal . mLy, andveashegew i S@tnraéfd‘ NellCOs @roithmLpfsatmrgpd Litldéxt50cml), cioieposert i on

as defined in claim6 fo
MgSO4, and evaporated The residue is chromatographed (silica, 80% EtOAc/hexane) to yield N-

[2-[(3-(methoxy-carbonyl)-phenyl)-methoxy]-1(S)-cyanoethyl]-3-methyl-No-(2,2-diphenylacetyl )-

L-phenyl-alaninamide as a white solid having the following structure
H
Ph
v* o

CO,Me

Example 303 Synthesis of N-[2-[(3-carboxyphenyDmethoxy]-1(S)-cyanoethyl]-3-methyl-No-

(diphenvacetyl)-L-phenylalaninamide
A solution of N-[2-[(3-(methoxycarbonyl)phenyl)methoxy]-1(S)-cyanoethyl]-3-methyl-Na-

(2,2-diphenylacetyl)-L-phenylalaninamide (0.34 g, 0.58 mmol) in pinacolone (20 mL) is degassed
with bubbling nitrogen for 10 minutes. Lithium iodide (0.78 g, 5.80 mmol) is then added, and the
solution is refluxed in the dark for 24 hours, after which time it is cooled to room temperature,

diluted with ethyl acetate (50 mL), and washed with 5% aq. sodium thiosulfate (2 x 50 mL), water (1
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the preparation of a nedicanment for treating cathepsin dependent ccﬂw@MA\bn}ﬂgz
in a nmad30i95/AMB02YBLEEA9F0cording to claim 19 for treating inflammation,
osteoporosis, rheumatoid arthritis and osteoarthritis. 21. The use of an
effective anmount of a conpound as defined in claim7 for the preparation of

a medi cament for treating cathepsin depegglent conditions in a mammal. 22. A
cat hepsi n inhibiting pharnaceutical conposition conprising a compound of
formula | as deflned inclaim7, in conbination with a pharmaceutical ly

accept abgﬁ h%R“ﬁFﬁﬁ‘%Rin‘Qy A]gl}eA%é?.plﬁa@(géXthen%gd over g864 e%porated and the

& A e Koo M@ oA Bl Gefilacioy o i g,

f 3. AYF. @¥ichAs chMalIlzedA\fvlth A %&OA&B@X&%’(P‘B@?H‘B&@I@ to yield N-[2-[(3-
A T AT% Afho% Ay% Ay! 9. A L. A AS. ASO. AA% A% A

% A59. Atmmm)memoxymm)myawoetu;{lmmetmﬂowedlpmnwmy_pa phenylalaninAmidé. as A. ,
A B AA YA X, A5 AA A ADA Y2H A Ah3. AF% AY{ . AY[ % Al
9. A[Y_. mtaw)ad,cmg%l/ﬁp GRW AFTB:* | |T45 C

| >| >~>~p>~>~>>~?
a] ca] ca] ca] ca] CaUmm:pholmocarbonyl]-L phenylalanmamlde

a] ca] cal,ca] cg] ca g] cal cal cal ca] ca] ca]ca]c(a]c

aj c: a] c’f‘a] CcaPReHI B T R AT S ’-’ AR ca] ca] ca] cal ¢

ajca]ca]ca]c A A

a} ca} ca} ca} Cg}hgﬂ@@@%g@?gﬁ%gﬁlﬁgb&@l hqe%qg 4@%5% P mrlf 10‘7 _tr_1ehyl H|..//

i /11w aimineXhdtbajod a]add]:d:di]-bbl]tyki]oaén]ocat]B(fé]S(ga]BOM]lmih]and]:lnras]odm]ana]; ofluzed faldl T a
L]C ca] cafewpc Aftenreclingaihe methanel pudriethylamirrote S1peid ey m&l@zgﬁﬁ&mﬁﬂm@%@ce

S?ZZJ Zg}éﬂ%ﬁ@%@ rﬁ{.)a de trac ed 1th atur zli\]agg]oé a(]zca] m{. he om me eou laéejrs Sa]

ca] cal] grl dzaml \G&})S&Mlﬁ]liﬁ ?ff(fﬂ@ybﬁa\(ﬁeﬂbmw FHE-VE@ The resulting
FFFI ] 1dJnJsJdJ| w mhb] X] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
a] ca] cajhdathrea depheajractpd sithdtOaca3 x 75 mL) and washed with water and brine, dried over

| 000>
?Lgﬂ ;{i !])@qﬁl‘écf g]ng %vfp%rz&gcl goa;qgﬁ 3‘]#1@&\@1'&'[ 3< léh&)ﬁgca%goqwﬁmyyﬁa[}ﬂ}ln%as a clé]aFr)F\(;ﬂPPPPP
a] cal] cal ca] ¢al.ca ) salea ca] ca] ca] ca]ca] ca]ca] ca] ca]ca]cal]ca]ca]ca
] ca] ca] caU] ca ] X SYTTUSU( Ui UUUGVEVC WH VWWAIKXRXXXXY
YY| wr mgb\ W f g é&ﬂtﬂ@@f@dcﬁ%ﬁ&h?ﬂb@ﬁd&@i&ﬁ@ QR epMbD; cﬁassmm carbonate (48.61
a] cal] ca] ca] ca] ca] caU] ca] ca] ca] ca] C?ﬂvu.l a] ca] ca caJ ca] ca]ca] ca

YZZ[ r [ [ 8 0357 9jot) ard]ally bromi J(LS g wbbh e acetaRdy 00 i) [isfefluxesifor 2jhotss) ca

b ca] caPbR) %@%ﬁinei]%s@‘%aqrﬁ%@%o%?ffkéwﬁﬁ 6 2B QT P TR ffooo

} xsni d_4¢lsksied 6/ R lresddueadneathaalaphsdbiied, 5o Fbariteshise) to [yJeldau yl 3-
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢a] ca] ca] ca] ca] ca] ca] caI 00
s. tt u u(chleromethyl)Ibenkoateasia Zleardiba) ca) ca] ca] ca] ca] cal ¢

a) ca] cal¢a] ca al ca
a] ca] ca](‘c:a] cé}l@?ﬁ]:@as}%%%%ca] ca] ca] ca] ca] ca] cal!

el’) g! Ee(#- p} ys distict SragP3-cldBhelyDalefiadate (54.5 g, 0.259 mmol) and sodium iodide (46.
a]J ca] ca] ca] ca] ca] ca] ca] ta] ca] ca] caJca] ca] ca(] ca] ca] caJ cal caJca] ca]ca ca](

a] ca! p7gl O3 BmalliXjacetone (3000l xis alired ma'pom]tcmpdb]' 6.5 hours after whxch time the

2] Ca ey RO e T AL F AN FOLFEA PO TELONSs & SPealpyd AR k?@mﬁ

a] ca] calga| xgas%]:& @f]ltﬁ/\\i’zltﬁa(]l 9@100 rﬂi.f%]%:%dﬂﬁ]x Sath ﬁe%ﬁﬁ‘ioﬁ‘]‘l ‘Elj'rﬂ,)c?ld brine (1 x 200

& | Qytoje | cacacacaca]cacacacacacacaca

a] ca] cajmia)] de¢cayer ajaga¢siura ulédts, caadl]euqid]'atech]ccﬁ]:ld allyl 3-(iodomethyl)-benzoate as a white
a]ca]ca]c ! 9A(%IE\be ilrc/Ki<ytojd ZUe [V]cC

a] ca] ca’€ %]%131 ‘é{f%g J&%éyca] ca] c”a] ca] ca] ca] cal] ca] cal] ca] ca] cal] ca] ca] ca] ¢

“a] ca] ¢l M&ﬁﬁ}ﬁ%%@m%{ 1! ffﬁ mi H %Jm(
$&* >} xr ngb\ jae cau|c 8 cajca éé’ tc"é‘ canl e a] cal] ca] ca] c"a

pf pppqgql r Yrrs{s

caUcalc
aU]] ca]U]ca] I:a] ca] cMa] ca] ca] cMa] cMa] ca] ca] cal] ca9hk% TY] cgns} xsmhb] Xj d_ZUje [ V]
]]1ca] caU] ca] cal] ca] ca] cal ca] ca] ca] ca] c 89

a] cal] ca] calU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] caU] caU] ca] ¢ a?D
$&), Ta] 8LOWO3~ysmhb] XSj e] ca] ca] ca] c™a] ca] c”a] c*a] ca] ca] caU] ca] c
a] ca] ca] caU] ca] ca] ca] cOa] ca] cOa] caU] ca] caU] ca] ca] ca\/] ca U\/] caU] ca] caU] ca
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W] cal] ca>} D} J} s~~~~~~ X}: 4~ysni c”Yj e]] ca]ca] cal ca] ca] caU] ca] ca] ca{ 2l 7002
a] cay oepemmapzm}/eqeapm] ca] cal ca]ca]calc”a]calca]ca]lc aJca]ca]ca
25mCLou0(zupje ZU e]]lc aUc aJc a]Jc a]c”™a]ca]ca]caV]ca]ca]calca]ca]c

a] ca] ca] ca] cal] ca] ca WV]cal] ca] ca] ca] ca]ca] ca]cal] ca]c a]cal]ca

(4: ="468=@&( 0QU] acenpt zuoj d*YS] eU] ca] caldgcal] ca] cal] ca] ca] ca] ca] cal] ca] cal]
cal] ca] ca] ca] cal] ca] ca] caU] caU] ca] calU] caU] ca]ca]lca]c aJcaJc a]Jc a]c&a

t *. dhknoqy| 37\ *}w | ga\ V] d*YS] eU] U] ca] cal] ca] cal ca] caU] ca] ca] cal] ca] cal] ca]

oo call cal) slbeaighsatny o ipoeldsole cartanl bbbl (0)
| o2 calamhsaeatheathentbi ai ceblsasshaal inablyar S TOHIR(GH) R

2] L) chamenagte At aadyeaon s é‘f‘é %3@@%” 05 {1 BME VSO0 ) ca

d ool ook SRRt kAR C 3t SBlGR Stantk @L&ﬂ{&aﬁlk%}.&éﬂa&@e@ d i2h o2
a] cay ca]rsakﬂtaﬂb&rﬁa}@ﬂwomhﬂ\@tal c@hi gaﬂnmi i€ a&&leamebmd] @r&iﬂ setblicindd igif-cau
] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca(AD g/ 78 ?1c1 wy ~xsmhb] W Ul ca] call caJc

allc a] @darpethame@qow] (6636 228 20umeh e BMI { J Q) ok réa]i@q] %rapwesp@varj 15 minutes.

b o Pud ol R RS RioR i e Radirk Yorc i hinmtes; Thepeastion miNMieS PRYER .

cal] ca] gpalice alaser b 2al)cablacrlfied th p8 T withQaVIHAI(2A) ). The mixture is extracted with

I #0I ot +FI n~yt ni cAXSj e] cal] ca] cal] ca] cal] ca] ca] ca]c

a] cal] cether(]l oeﬂﬂ]QzaLcﬂu]m 3] 30| ok) anathe apmbinedietheng tmiclsciag tmnl]vw]mh\w]th aata)ta

oo S B e it TS e

>FGQT Xd]meﬁygaft%g]] ad Ca&bcal e SRhARH 5] @ineayh mlrp@ﬂ Qﬂ]l&?‘fsuu‘éé’d £k ek cal

aljcalcaJc calc al ca ca] caUl ca <L

#+Lrt V\#sL]bS&]uamLW al U] e] U] caU] ca] cRa] ca] ca] cal] ca] ca] caU] ca]ca]c

a] cRa] ca] ca ca ] ca] calca]ca]ca
1 &<>@ F: 1 -Sefnamile: 5] cal ¢

590 1] ot SSLe%@oﬁ%b ]f] Q]#@%;? ﬁlﬁ@%ﬁ] ]] f‘% &%Hf“’a e R 0o
cal] ca] gedintm])cand N-methylmorpholine (68.9 mL 63.4 g, 627 mmol) in CH,CL, (800 mL) is coolcd to
a] ca] caU] ca] cal] ca] ca] cal] ca] cal] ca ca$' 5NXZ"9%2S| wol fa Vke  ZUje]] U ca] c
a] cal] c&)€aane ispbutyl dhédroformate] (33 3:41 galj lomwpbds slofwiad owar] I@ahipuates. ca
% gga gg}“g‘ {qc gﬁfg l’oral]SC a'ULt%gS;r/%mE(l)xﬁg fg%st fs”bgbl;l 1(] Jhe sl)ﬁ?'l) Crarloﬁallage?yul'lgoJous Tate
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a] ca] ca] Cg lzv alle(c:i 1(((211 sa%ura e91\§aHCO3 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over MgSO4,
and evaporated. The residue is chromatographed (silica, 40% EtOAc/hexane) to yield N-[2-[(3-
(allyloxycarbonyl)-phenyl)methoxy]-1(S)-cyanoethyl]}-3-methyl-Na-(t-butoxycarbonyl)-L-
phenylalaninamide as a white solid.

I N-[2-[(3-(allyloxycarbonyl)-phenyDmethoxyl-1(S)-cyanoethyl]-3-methyl-1-

phenylalaninamide

A solution of N-[2-[(3-(allyloxycarbonyl)-phenyl)methoxy]- 1(S)-cyanoethyl]-3-methyl-Na-
(t-butoxycarbonyl)-L-phenylalaninamide (3.18 g, 6.10 mmol) in 96% formic acid (40 mL) is stirred
at room temperature for 5.5 hours. Formic acid is evaporated (high vacuum, 25°C), and the residue

is taken up in water (50 mL) and basified with saturated NaHCO3 (100 mL). The resulting mixture
is extracted with EtOAc (3 x 50 mL), and then washed with water (2 x 100 mL) and brine (1 x 100
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with additional CH2CI2 (40 mL), and washed with 1 N HCI (50 mL), saturated aqueous NaHCO3

(1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried over MgSO4, and evaporated. The
residue is chromatographed (silica, 80% EtOAc/hexane) to yield N-[2-[(3-(allyloxycarbonyl)-
phenyl)methoxy]-1(S)-cyanoethyl]-3-methyl-No-(N-morpholinocarbonyl)-L-phenylalaninamide as a
clear oil.

The corresponding 3-carboxyphenylmethoxy compound is prepared as follows:

To a solution of N-[2-[(3-(allyloxycarbonyl)-phenyl)methoxy]-1(S)-cyanoethyl]-3-methyl-
Noa-(N-morpholinocarbonyl)-L-phenylalaninamide (see example 3, 0.2 g, 0.375 mmol) in anhydrous
THF (20 mL) is added morpholine (0.327 mL, 0.326 g, 3.75 mmol), followed by Pd(PPh3)4 (0.043
g, 0.0375 mmol). The solution is stirred at room temperature for 3 hours, after which time the THF
is evaporated. The residue is taken up in EtOAc (100 mL) and washed with 1 N HCI (100 mL),
saturated aqueous NaHCO3 (1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried over
MgS04, and evaporated. The residue is chromatographed (silica, 3% MeOH/CH2Cly/ 0.05% acetic
acid) to yield a clear glass, which is crystallized with an EtOAc/hexane (1:50) mixture to yield N-[2-
[(3-carboxyphenyl)-methoxy]- 1(S)-cyanoethyl}-3-methyl-No-(N-morpholinocarbonyl)-L-
phenylalaninamide as a white solid, m.p. 100 °C (dec.).

Example 305 Synthesis of N-[3-(3-(methoxycarbonyl)-phenoxy)-1-cyanopropyl]-3-methyl-No.-

(2.2-diphenylacetyl)-L-phenylalaninamide
A. methyl 3-(2-bromoethoxy)-benzoate

A solution of methyl 3-hydroxybenzoate (5.0g, 32.86 mmol), 1,2-dibromoethane (11.3 mL,
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methyl 3-(2-bromoethoxy)-benzoate, as a yellow oil.

B. methyl 3-(2-iodoethoxy)-benzoate

A solution of methyl 3-(2-bromoethoxy)-benzoate (2.4 g, 9.26 mmol) and sodium iodide
(2.78 g, 18.52 mmol) in acetone (50 mL) is refluxed for 2 hours. The resulting mixture is then
filtered and concentrated. The residue is diluted with EtOAc (100 mL), washed with 5%
Na2S03(50 mL), water (2 x 50 mL) and brine (50 mL), dried over MgSO4 and evaporated to yield
methyl 3-(2-iodoethoxy)-benzoate, as a yellow oil, which is used directly.
C. 2-(diphenylmethyleneamino)-4-[(3-methoxycarbonyl)-phenoxy]-butyronitrile

To a solution of sodium hexamethyldisilazide (8.82 mL of a 1.0 M solution, 8.82 mmol) in 90
mL THF at -78°C is added a solution of N-(diphenylmethylene)aminoacetonitrile (1.90 g, 8.65
mmol) in THF (30 mL), via syringe. After stirring 30 minutes at -78°C, a solution of methyl 3-(2-
iodoethoxy)-benzoate (2.7 g, 8.82 mmol) in THF (20 mL) is added in to the reaction solution via
syringe. The solution is then warmed to room temperature, and allowed to stir for 3 hours. The
mixture is then quenched with saturated NH4Cl (50 mL), and the aqueous layer is extracted with
EtOAc (3 x 50 mL). The combined organic layers are washed with water (1 x 50 mL) and brine (1 x
50 mL), and chromatographed (silica, 12.5% EtOAc/hexane) to yield 2-(diphenylmethyleneamino)-
4-[(3-methoxycarbonyl)-phenoxy]-butyronitrile, as a clear oil.

D. 2-amino-4-[3-(methoxycarbonyl)-phenoxy]-butyronitrile

2-(Diphenylmethyleneamino)-4-[(3-methoxycarbonyl)-phenoxy]-butyronitrile (3.7 g, 6.78
mmol) is stirred vigorously for 16 hours in a biphasic mixture of 1 N HCI (7.5 mL) and Et20 (90
mL). The ether layer is removed, and the aqueous layer is washed with Et20 (3 x 50 mL), basified
to pH 8 with 1 N NaOH, and extracted with EtOAc (3 x 50 mL). The combined organic layers are
then washed with brine (1 x 50 mL), dried over MgSO4 and evaporated to yield 2-amino-4-[3-
(methoxycarbonyl)-phenoxy]-butyronitrile, as a clear oil.

E.

phenylalaninamide

To a solution of 2-amino-4-[3-(methoxycarbonyl)-phenoxy]-butyronitrile (0.5 g, 2.13
mmol), 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (see example 1, 0.80 g, 2.13 mmol) and
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(pyrrolidino)-phosphonium hexafluorophosphate (PyBop, 1.22 g, 2.34 mmol) in one portion. After
stirring 1.5 hour, an additional portion of PyBop (0.61 g, 1.2 mmol) is added, and the solution is
stirred overnight. The reaction mixture is washed with 1 N HCl (50 mL), saturated aqueous
NaHCO3 (1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried over MgSO4, and
evaporated. The residue is chromatographed (silica, 50% EtOAc/hexane) to yield N-[3-(3-
(methoxycarbonyl)-phenoxy)- 1-cyanopropyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-
phenylalaninamide as a white solid, m.p. 152-153°C.

The corresponding carboxyphenoxy compound is prepared as follows:

To a solution of N-[3-(3-(methoxycarbonyl)-phenoxy)-1-cyanopropyl]-3-methyl-Na-(2,2-
diphenylacetyl)-L-phenylalaninamide (0.16 g, 0.272 mmol) in THF (3 mL) is added a solution of
LiOH-H720 (22 mg, 0.544 mmol) in water (1.5 mL). The reaction is stirred for 1 hour, after which
time the THF is evaporated. The residue is acidified with 1 N HCI and extracted with EtOAc (3 x 30
mL). The aqueous layer is washed with brine (30 mL), dried over MgSO4, evaporated and
chromatographed (5% MeOH, 0.05% AcOH, CH2CI2) to yield N-[3-(3-carboxyphenoxy)-1-
cyanopropyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide, as a white solid, m.p. 169-
170°C.

¢ Example 306 Synthesis of N-[2-[(5-(methoxycarbonyl)-fur-2-yl)-methoxy]-1(S)-cyanoethyl]-3-
methyl-Na-(2,2-diphenylacetyl)-I-phenylalaninamide

A. 5-(bromomethyl)-2-furoate
To a solution of S-methylfurfural (5.0 g, 45.5 mmol) in CH2Cl2 (100 mL) is added

pulverized N-bromosuccinimide (17.8 g, 100 mmol), and the solution is subjected to sun lamp
irradiation. After 15 minutes, the solution begins to reflux vigorously, and then settles down after
another 2-3 minutes. After an additional 10 minutes, the dark mixture is cooled to room
temperature, and MeOH (30 mL) is added. After 10 minutes, the solution is evaporated, and the
residue is diluted with Et20, and washed with saturated NaHCO3 (50 mL), water (50 mL) and brine
(50 mL), dried over MgSO4 and evaporated. The residue is chromatographed (silica, 15%

EtOAc/hexane) to yield methyl 5-(bromomethyl)-2-furoate, as a yellowish oil.
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& ()-J salutigmotompethyl 5- (bromomethy) -2-furoate (2.5'g, 12.3 mmol) in DMF (10 mL) is added

dropwise over 2 minutes. The mixture is then warmed to room temperature for 16 hours, and the

residue is quenched with 10% NaH2PO4 (100 mL) and acidified to pH 3 with 1 N HClL. 10% LiCl
(30 mL) is added to the solution, and the resulting mixture is extracted with EtOAc (3 x 50 mL).
The combined extracts are washed with brine (50 mL), dried over MgSO4, and evaporated to give a
yellowish syrup. This residue is taken up in Et20 (50 mL), and extracted with saturated NaHCO3(2
x 50 mL). The aqueous layer is acidified with conc. HCI, and extracted with Et20 (2 x 50 mL),
dried (MgS0O4), and evaporated. Chromatography (silica, 5% MeOH/CH2Cl2) yields O-[[(5-
methoxycarbonyl)-fur-2-yl]-methyl]-N-(t-butoxycarbonyl)-L-serine as a yellowish oil.

C. O-[[(5-methoxycarbonyl)-fur-2-yl}-methyl]-No-(t-butoxycarbonyl)-L-serinamide

A solution of O-[[(5-methoxycarbonyl)-fur-2-yl}-methyl]-N-(t-butoxycarbonyl)-L-serine
(0.70 g, 2.1 mmol) and N-methylmorpholine (0.46 mL, 4.2 mmol)) in CH2CI2 (50 mL) is cooled to -
10°C, and isobutyl chloroformate (0.27 mL, 2.1 mmol) ) is added dropwise over 10 minutes. After
stirring for 15 minutes, ammonia gas is bubbled into the solution at a moderately vigorous rate for 15
minutes. The solution is then warmed to room temp. over 30 minutes. CH2Cl2 is evaporated, and
the residue is dissolved in EtOAc (50 mL) . This solution is then extracted with 1 N HCI (2 x 50
mL), saturated NaHCO3 (50 mL), water (50 mL) and brine (50 mL), dried over MgSQO4, and
evaporated to yield O-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]-Na-(t-butoxycarbonyl)-L-serinamide
as a brownish solid.

D. O-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]- L-serinamide-HCI

To a solution of O-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]-Noa-(t-butoxycarbonyl)-L-
serinamide (0.52 g, 1.58 mmol)) in EtOAc (50 mL) at 0°C is bubbled HCI gas at a moderately
vigorous rate for 1 minute, during which time a lot of white precipitate is observed. The mixture is
stirred at 0°C for 10 minutes, after which time ethyl acetate is removed, yielding O-[[(5-

methoxycarbonyl)-fur-2-yl]-methyl]- L-serinamide-HCl as a yellowish solid.
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[[(5-methoxycarbonyl)-fur-2-yljmethyl]- L-serinamide-HCI (0.54 g, 1.5 mmol), 1-hydroxybenzo
triazole hydrate (0.2 g, 1.5 mmol) and N-methylmorpholine (0.66 mL, 6.0 mmol) in CH2Cl2 (30
mL) is added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide-HCI (0.43 g, 2.3 mmol) in one portion,
and the mixture is stirred at room temp. for 16 hours. The solution is then washed with 1 N HCIl
(100 mL), saturated aqueous NaHCO3 (1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried
over MgSQ4, and evaporated. The residual solid is triturated from ether to yield N-[3-methyl-N-
(2,2-diphenylacetyl)-L-phenylalanyl]-O-[[5-(methoxycarbonyl)-fur-2-yl}-methyl]-L-serinamide as a
light yellow solid.

diphenylacetyl)-L-phenylalaninamide
Oxalyl chloride (0.046 mL, 0.36 mmol) is added dropwise to DMF (5 mL), and the resulting

solution is cooled to 0°C. After the solution is clear, pyridine (0.032 mL, 0.40 mmol) is added,
followed by N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl}-O-[[5-(methoxycarbonyl)-fur-2-yl]-
methyl]-L-serinamide (0.20g, 0.33 mmol), in one portion. The yellow reaction solution is stirred at
0°C for 1.5 hours, after which time it is diluted with EtOAc (50 mL), and washed with saturated
NaHCO3 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over MgSO4, and evaporated. The residue
is chromatographed (silica, 40% EtOAc/hexane) to yield N-[2-[(5-(methoxycarbonyl)-fur-2-yl)-
methoxy]-1(S)-cyanoethyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide as a white solid.

Example 307 Synthesis of N-[2-[(3-(methoxycarbonyl)phenyl)thiomethoxy]-1(S)-cyanoethyl]-3-

methyl-Na-(2.2-diphenylacetyl)-L-phenylalaninamide
A. N-[3-methyl-N-(2.2-diphenylacetyl)-L-phenylalanyl]-S-trityl-L-cysteinamide

To a solution of 3-methyl-N-(2,2-diphenylacetyl-L-phenylalanine (see example 302, 1.0 g,
2.68 mmol), 1-hydroxybenzotriazole hydrate (0.41 g, 2.68 mmol) and N-methylmorpholine (0.74
mL, 6.69 mmol) in CH2CI2 (80 mL) is added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide-HCl
(0.77 g, 4.02 mmol) in one portion. After stirring 30 minutes at room temperature, S-trityl-L-

cysteinamide (0.97 g, 2.68 mmol) is added to the solution in one portion, and the solution is stirred
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trityl-L-cysteinamide as a white solid.

B. N-[3-methyl-N-(2.2-diphenylacetyl)-L-phenylalanyl]-L-cysteinamide

To a solution of N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-S-trityl-L-cysteinamide
(0.68 g, 0.95 mmol) in CH2Cl2 (20 mL) is added triethylsilane (0.30 mL, 1.9 mmol), in one portion,
followed by dropwise addition of trifluoroacetic acid (10 mL). The yellow solution is stirred at room
temperature for 1 hour, after which time solvent is evaporated, and the residue is suspended in water
(30 mL), filtered, and the collected solid is washed with water and ether (100 mL each), and dried in
vacuo, to yield of N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-L-cysteinamide, as a white
solid.
C. N-[3-methyl-N-(2.2-diphenylacetyl)-L-phenylalanyl]-S-[[3-(methoxycarbonyl)phenyl]

methyl]-L-cysteinamide
A solution of N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-L-cysteinamide (0.72 g,

1.51 mmol), methyl 3-(bromomethyl)-benzoate (0.35 g, 1.51 mmol), and diisopropylethylamine
(0.27 mL, 1.53 mmol) is stirred at room temperature overnight. Solvent is evaporated, and the
residue is treated with 1 N HCI (50 mL), and filtered to collect a white solid, which is washed with
water and Et20 (100 mL each). Drying in vacuo yields N-[3-methyl-N-(2,2-diphenylacetyl)-L-
phenylalanyl]-S-[[3-(methoxycarbonyl)phenylJmethyl]-L-cysteinamide, as a white solid.

D. N-[2-[(3-(methoxycarbonyl)phenyl)thiomethoxy]- 1(S)-cyanoethyl}-3-methyl-No.-(2.2-

diphenylacetyl)-L-phenylalaninamide
Oxalyl chloride (0.29 mL, 2.90 mmol) is added dropwise to DMF (20 mL), and the resulting

solution is cooled to 0°C. After the solution becomes clear, pyridine (0.54 mL, 5.8 mmol) is added,
followed by N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-S-[[3-(methoxycarbonyl)-phenyl]-
methyl]-L-cysteinamide (0.90 g, 1.51 mmol), in one portion. The yellow reaction solution is stirred
at 0°C for 1.5 hours, after which time it is diluted with EtOAc (50 mL), and washed with saturated
NaHCO3 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over MgSO4, and evaporated. The residue
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Example 308 N-[2-[(3-carboxyphenyl)methanesulfinyl]-1(S)-cyanoethyl]-3-methyl-No.-(2.2-

diphenylacetyl-L-phenylalaninamide

To a solution of N-[2-[(3-carboxyphenyl)thiomethoxy]-1(S)-cyanoethyl}-3-methyl-Na.-
(2,2-diphenylacetyl)-L-phenylalaninamide (89 mg, 0.15 mmol) in acetone (5 mL) is added a solution
of potassium peroxymonosulfate (Oxone®, 0.11 g, 0.18 mmol) in water (5 mL) at 0°C, and the
solution is stirred at 0°C for 40 minutes. 5% NaHSO4(10 mL) is added, and the cloudy suspension
is filtered. The solid is washed with water (50 mL), dried in vacuo, and then recrystalized (CH2Cl2,
Et20) to yield N-[2-[(3-carboxyphenyl)methanesulfinyl]- 1(S)-cyanoethyl}-3-methyl-Na-(2,2-
diphenylacetyl-L-phenylalaninamide product, as a white solid, m.p. 170-171°C.

Example 309 N-[4-(3-methoxycarbonyl-1H-pyrazol-1-yl)-1(S)-cyanobutyl]-3-methyl-Na-(2.2-

diphenylacetyl)-L-phenylalaninamide
A. t-butyl (S)-5-hydroxy-2-(t-butoxycarbonylamino)-pentanoate

To a solution of N-(t-butoxycarbonyl)-L-glutamic acid t-butyl ester (6.0g, 19.78 mmol) and
triethylamine (2.83 mL, 20.27 mmol) in THF at -10°C is added ethyl chloroformate (1.94 mL, 20.27
mmol) dropwise, via syringe, and the solution is stirred at -10°C for 30 minutes. The solution is
filtered to remove precipitate, and the filtrate is added into a solution of NaBH4 (2.3 g, 60.86 mmol)
in THF (40 mL) and water (50 mL). This solution is then stirred for 4 hours, after which time the
solution is acidified with 1 N HCl to pH = 5, and THF is evaporated. The aqueous residue is
extracted with EtOAc (3 x 200 mL), and the organic layers is then washed with 1 N NaOH (2 x 300
mL), water (300 mL) and brine (300 mL), dried over MgSO4, and evaporated. Chromatography
(silica, 20% EtOAc/hexane) yields t-butyl (S)-5-hydroxy-2-(t-butoxycarbonylamino)-pentanoate as a
thick oil.

B. t-butyl (S)-5-iodo-2-(t-butoxycarbonylamino)-pentanoate

To a solution of t-butyl (S)-5-hydroxy-2-(t-butoxycarbonylamino)-pentanoate (5.79 g, 20.0

mmol), triphenylphosphine (8.13 g, 31.0 mmol) and imidazole (2.04 g, 30.0 mmol) in CH2Cl2 (200
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pentanoate as a clear oil.

C. 3-methyl-Noi-(2,2-diphenylacetyl)-L-phenylalanine N-hydroxysuccinimide ester
A solution of 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (see example 1, 10.93 g,

2.5 mmol) in dioxane (50 mL) at 0°C is added N-hydroxysuccinimide (0.29 g, 2.5 mmol) in one
portion, followed by a solution of DCC (0.52 g, 2.5 mmol) in dioxane (10 mL), which is added
dropwise over 10 minutes. The cloudy mixture is warmed to room temperature overnight, after
which time it is cooled back to 0°C, and filtered. The filtrate is evaporated to yield 3-methyl-No-
(2,2-diphenylacetyl)-L-phenylalanine N-hydroxysuccinimide ester as a white solid.

D. t-butyl (S)-5-(3-methoxycarbonyl-1H-pyrazol-1-yl)-2-(t-butoxycarbonylamino)-pentanoate

To a solution of methyl 1H-pyrazole 3-carboxylate (Synth. Comm., 25, 1995, 761) (0.98 g,
7.74 mmol) in DMF (20 mL) at 0°C is added NaH (60% suspension, 0.31 g, 7.74 mmol)
portionwise, over 10 minutes. After stirring an additional 10 minutes, a solution of t-butyl (S)-5-
iodo-2-(t-butoxy-carbonylamino)-pentanoate (2.78 g, 9.29 mmol) in DMF (20 mL) is added over 2
minutes, and the solution is warmed to room temperature over 16 hours. The solvent is evaporated
(high-vac), the residue is treated with water (50 mL) and the aqueous layer is extracted with EtOAc
(3 x 80 mL). The combined organic layers are washed with water (2 x 200 mL) and brine (100 mL),
dried over MgSO4, and evaporated. Chromatography (silica, 25% EtOAc/hexane) yields the two
regioisomeric products in a ~2:1 ratio. The minor product, which is determined to be the desired
product, t-butyl (S)-5-(3-methoxycarbonyl-1H-pyrazol-1-yl)-2-(t-butoxycarbonylamino)-pentanoate,
1s isolated as a thick, clear oil.

E. S)-5-(-3-methoxycarbonyl- 1 H-pyrazol- 1-y1)-2-aminopentanoic acid-HCI

To a solution of t-butyl (S)-5-(-3-methoxycarbonyl-1H-pyrazol- 1-yl)-2-(t-
butoxycarbonylamino)-pentanoate(0.84 g, 0.21 mmol) in CH2Cl2 (20 mL) at 0°C is bubbled HCI gas
for 30 minutes. Afterward, the solution is warmed to room temperature over 30 minutes.
Evaporation of solvent yields (S)-5-(-3-methoxycarbonyl- 1H-pyrazol-1-yl)-2-aminopentanoic

acid-HCl as a gray-white solid.
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To a solution of (S)-5-(-3-methoxycarbonyl- 1H-pyrazol-1-yl)-2-aminopentanoic acid-HCl
(0.67 g, 2.13 mmol) in 10 mL water is added a solution of NaHCO3(0.72 g, 8.53 mmol) in water (10
mL). After bubbling subsides, a solution of 3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalanine N-
hydroxysuccinimide ester (0.67 g, 2.13 mmol) in 20 mL dioxane is added dropwise over 10 minutes,
and the solution is stirred at room temperature for 16 hours. Solvent is then evaporated, and the
residue is diluted with water (50 mL) and adjusted to pH = 4 with 1 N HC]. The aqueous layer is
extracted with EtOAc (3 x 80 mL), and the combined extracts are washed with brine (2 x 100 mL),
dried over MgSO4, evaporated, and triturated from Et20 to yield N-{4-(3-methoxycarbonyl-1H-
pyrazol-1-yl)-1(S)-carboxybutyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide,which is

carried on directly.

diphenylacetyl)-L-phenylalaninamide

A solution of N-[{4-(3-methoxycarbonyl- 1H-pyrazol-1-yl)-1(S)-carboxybutyl}-3-methyl-Na-
(2,2-diphenylacetyl)-L-phenylalaninamide (0.3 g, 0.5 mmol)) and N-methylmorpholine (0.17 mL, 1.5
mmol) in CH2Clp (50 mL) is cooled to -10°C, and isobutyl chloroformate (0.065 mL, 0.5 mmol) is
added dropwise over 10 minutes. After stirring for 15 minutes, ammonia gas is bubbled into the
solution at a moderately vigorous rate for 15 minutes. The solution is then warmed to room
temperature over 30 min. CH2Clp is evaporated, the residue is treated with water (30 mL). The
suspension is adjusted to pH = 7 with 1 N HCI, and filtered. The solid is washed with water (50 mL)
and dried in vacuo to yield N-[4-(3-methoxycarbonyl-1H-pyrazol-1-yl)-1(S)-(aminocarbonyl)-butyl]-
3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide.
H. N-[4-(3-methoxycarbonyl-1H-pyrazol-1-yl)-1(S)-cyanobutyl]-3-methyl-No-(2,2-

diphenylacetyl)-L-phenylalaninamide
Oxalyl chloride (0.082 mL., 0.94 mmol) is added dropwise to DMF (20 mL), and the

resulting solution is cooled to 0°C. After the solution becomes clear, pyridine (0.15 mL, 1.88 mmol)
is added, followed by N-[4-(3-methoxycarbonyl-1H-pyrazol-1-yl)- 1(S)-(aminocarbonyl)butyl]-3-
methyl-Na-(2,2-diphenyl-acetyl)-L-phenylalaninamide(0.28 g, 0.47 mmol), in one portion. The

yellow reaction solution is stirred at 0°C for 1.5 hours, after which time it is diluted with EtOAc (50
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Example 310 N-[4-(3-methoxycarbonyl-phenyl)-1(S)-cyanobutyl]-3-methyl-Na-(2,2-
diphenylacetyl)-L-phenylalaninamide

A N-(t-butoxycarbonyl)-(S)-propargylglycineamide

To a solution of N-(t-butoxycarbonyl)-(S)-propargylglycine (2.44 g, 11.45 mmol) in CH,Cl,
(50 mL) is added N-methylmorpholine (3.78 mL, 34.4 mmol) in one portion. The solution is then
cooled to -10°C, and isobutyl chloroformate is added dropwise over 5 minutes. After stirring for 15
minutes, ammonia gas is bubbled into the reaction mixture at a moderately vigorous rate for 15
minutes. The resulting milky suspension is then warmed to room temperature over 2 hours, and the
mixture is washed with 1 N HCl (2 x 25 mL), aqueous NaHCO; (25 mL) and brine (25 mL), and
then dried over MgSQy4. Evaporation of solvent, followed by chromatography (silica, 65%
EtOAc/hexane) yields N-(t-butoxycarbonyl)-(S)-propargylglycineamide, as a clear oil.

B. (S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-4-pentynoic acid amide

A solution of N-(t-butoxycarbonyl)-(S)-propargylglycineamide (1.15 g, 5.33 mmol), methyl
3-bromobenzoate (1.15 g, 5.33 mmol), and Cu(I)I (0.041 g, 0.214 mmol) in triethylamine (25 mL) is
deoxygenated with bubbling N, for 2-3 minutes. Bis(triphenylphosphine)palladium dichloride (0.075
g, 0.11 mmol) is then added in one portion, and the mixture is refluxed for 3 hours, after which time
solvent is evaporated. The residue is then taken up in EtOAc (10 ml), and then washed with 1 N
HCl (40 mL) and brine (30 mL), and then dried over MgSO4. The residue is chromatographed
(silica, 80% EtOAc/hexane) to yield (S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-4-
pentynoic acid amide, as a light yellow solid.
C. (S)-2-butoxycarbonylamino-4-(3-carbomethoxyphenyl)-pentanamide

To a solution of (S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-4-pentynoic acid
amide (1.11 g, 3.22 mmol) in 1:1 ethanol/THF (50 mL) is added 10% Pd/C (0.5 g), and the mixture
is hydrogenated at 1 atm. for 1.5 hours. The mixture is filtered through celite, and evaporated to

yield (S)-2-butoxycarbonylamino-4-(3-carbomethoxyphenyl)-pentanamide, as a clear oil.
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5 minutes. The solution is then warmed to room temperature for 30 minutes Evaportion of solvent

yields (S)-2-amino-4-(3-carbomethoxyphenyl)-pentanamide HCI salt as a light yellow solid.
F. i

diphenylacetvl)-L-phenylalaninamide

To a solution of (S)-2-amino-5-(3-carbomethoxyphenyl)-pentanamide HC] (0.30 g, 0.80
mmol), of 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (0.23 g, 0.80 mmol), 1-
hydroxybenzotriazole hydrate (0.135 g, 0.89 mmol) and N-methylmorpholine (0.35 ml, 3.2 mmol) in
CH2Clp (25 mL) is added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide-HCl (0.23 g, 1.2 mmol) in
one portion, and the mixture is stirred at room temperature for 16 hours. The solution is then
washed with 1 N HCI (100 mL), saturated aqueous NaHCO3 (1 x 50 mL), water (1 x 50 mL) and
brine (1 x 50 mL), dried over MgSQy4, and evaporated. The residual solid is triturated with ether to
yield N-[4-(3-methoxycarbonyl-phenyl)- 1(S)-(aminocarbonyl)-butyl]-3-methyl-Na-(2,2-
diphenylacetyl)-L-phenylalaninamide as a light yellow solid.

G. N-[4-(3-methoxycarbonyl-phenyl)-1(S)-cyanobutyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-

phenylalaninamide

Oxalyl chloride (0.12 mL, 1.39 mmol) is added dropwise to DMF (10 mL), and the resulting
solution is cooled to 0°C. After the solution is clear, pyridine (0.22 mL, 2.78 mmol) is added,
followed by N-[4-(3-methoxycarbonylphenyl)-1(S)-(aminocarbonyl)butyl]-3-methyl-Na-(2,2-
diphenylacetyl)-L-phenylalaninamide (0.42 g, 0.70 mmol), in one portion. The yellow reaction
solution is stirred at 0°C for 1.5 hours, after which time it is diluted with EtOAc (50 mL), and
washed with saturated aqueous NaHCO; solution (1 x 50 mL), saturated aqueous LiCl solution (1 x
50 mL), dried over MgSO,, and evaporated. The residue is chromatographed to yield N-[4-(3-
methoxycarbonyl-phenyl)-1(S)-cyanobutyl]-3-methyl-No-(2,2-diphenylacetyl)-L-phenylalaninamide,
as a yellow solid.

By repeating the procedure described above in Examples 302 to 310, using appropriate
starting materials and conditions the following compounds of formula XVIII are obtained as

identified below in Table 11.
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Compound of the Invention 25.00 g

Lactose 192.00 g

Modified starch 80.00 g

Magnesium stearate 300 g

Procedure: All the powders are passed through a screen with openings of 0.6 mm. Then the
drug substance is placed in a suitable mixer and mixed first with the magnesium stearate, then with
the lactose and starch until homogeneous. No. 2 hard gelatin capsules are filled with 300 mg of said

mixture each, using a capsule filling machine.
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SF. $10%&& R -apd Qamaom@pp(e)ldqntls” Ineivegen( Jower gliod,oralkyl, técycloalkyl, or (aryl,
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1y %4 Q¥pa8tifdmira rifg ©g8theAvith the-cartion By Wh¥PBey dre attach®@S10%&&' () - S@LOYRSE () -
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n is zero or one,

d

p is zero or one;

X; is lower alkylene; or when n is zero, X; is also C;-C;-alkylene interrupted by O, S,
SO, SO, NR¢, SO;NRg, CONRg or NR¢CO;

wherein Rg is hydrogen, lower alkyl or aryl-lower alkyl;

Ar is arylene;

Z is hydroxy, acyloxy, carboxyl, esterified carboxyl, amidated carboxyl, aminosulfonyl,
(lower alkyl or aryl-lower alkyl)aminosulfonyl, or (lower alkyl or aryl-lower
alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl, triazolyl or imidazolyl;

Q is a direct bond, lower alkylene, Y,-lower alkylene or C,-Cs-alkylene interrupted by
Yy,

or a pharmaceutically acceptable salt or ester thereof.

2. A compound according to claim 1, wherein
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S10% ?-& ()- = 10% ?-& ()-L Y 10% ?- & () - 10: 10: 10:
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 410% 8&' ()- " K410% " 10% " A4
S PPty 8 R &Pﬁﬁé%lm 25‘?\?&3“]1‘6{%‘5?%0%}%% 41 ‘81810%5(%@& &y%)‘f{ilﬁ 0
171 0410% |bibRilbilky o hIRYGE, s Y, 410% () ! 4100408 0)-
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g is H, or optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl,

bicycloalkyl or heterocyclyl); or

R4 and Rs together represent lower alkylene, optionally interrupted by O, S or NRg, so as
to form a ring with the carbon atom to which they are attached; and Re is hydrogen, lower alkyl
or aryl-lower alkyl; or

R4 is H or optionally substituted lower alkyl and Rs is a substituent of formula -X,-(Y1)-
(A1)-Q-Z

wherein

Y115 O, S, SO, SO;, N(R)SO2, N-Rg, SO;NRs, CONRs or NR¢CO;

n iS Zero or one;

p is zero or one;

X, is lower alkylene; or when n is zero, X; is also C;-Cs-alkylene interrupted by
0, S, SO, SO;, NRs, SO;NRg, CONRg or NRsCO; and Rg 1s hydrogen, lower alkyl or
aryl-lower alkyl;

Ar is arylene;

Z is hydroxy, acyloxy, carboxyl, esterified carboxyl, amidated carboxyl,
aminosulfonyl, (lower alkyl or aryl-lower alkyl)aminosulfonyl, or (lower alkyl or aryl-
lower alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl, triazolyl or imidazolyl;

Q is a direct bond, lower alkylene, Y,-lower alkylene or C,-C;-alkylene
interrupted by Y ;

X, is -C(O)-, -C(8)-, -S(0)-, -S(O),-, or -P(O)(OR)g)- wherein Rg is as defined above;

Y is oxygen or sulphur;

L is optionally substituted -Het-, -Het-CH; or -CH,Het, and Het is a hetero atom selected
from O, N or S; and
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X 1S zero or one;
and aryl in the above definitions represents carbocyclic or heterocyclic aryl;

in combination with a pharmaceutically acceptable carrier.

7. A compound of formula I, or a physiologically-acceptable and -cleavable ester or a salt
thereof
’ Ry R,
R‘EL}X,—NH*-C-NHi-CEN
< wlos
wherein:

R is optionally substituted (aryl, aryl-lower alkyl, lower alkenyl, lower alkynyl,
heterocyclyl or heterocyclyl-lower alkyl);

R; and R; together represent lower alkylene, optionally interrupted by O, S or NRs, so as
to form a ring with the carbon atom to which they are attached, and Rg is hydrogen, lower alkyl
or aryl-lower alkyl;

R4 and Rs are independently H, or optionally substituted (lower alkyl or aryl-lower alkyl),
-C(O)OR3, or -C(O)NR7 Rg,

wherein

R; is optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl,
bicycloalkyl or heterocyclyl), and

Rg is H, or optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl,
bicycloalkyl or heterocyclyl); or

R4 and R;s together represent lower alkylene, optionally interrupted by O, S or NRg, so as
to form a ring with the carbon atom to which they are attached, and R¢ is hydrogen, lower alkyl
or aryl-lower alkyl; or

R4 is H or optionally substituted lower alkyl and Rs is a substituent of formula -X;-(Y)n-
(A)p-Q-Z

wherein
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Y is oxygen or sulphur

L is optionally substituted -Het-, -Het-CH,- or -CH,-Het-, and Het is a hetero atom

selected from O, N or S; and

X IS zero or one;

and aryl in the above definitions represents carbocyclic or heterocyclic aryl.

8.

A compound according to claim 7 of formula II, or a physiologically-acceptable and -

cleavable ester, or a salt thereof

Ro

nm{u}:- Hi; -'_ =

wherein:

R0 is optionally substituted (aryl, aryl-lower alkyl, lower alkenyl, lower alkynyl,

heterocyclyl, or heterocyclyl-lower alkyl);
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ot 10%(6%@, or l—é&%l@fbﬁg,‘ a(nzi R~ and Rg are as defined in claim 7; or
R,4 and R;s together with the carbon atom to which they are attached form an optionally
substituted (cycloalkyl group or heterocycloalkyl group);
X, is as defined in claim 7;
Y is oxygen or sulphur;
L' is optionally substituted (-Het-CH;- or -CH;-Het-), wherein Het is a hetero atom
selected from O, N or S; and

X 1S Zero or one.

9. A compound of formula II' or a physiologically-acceptable and -cleavable ester or a salt

thereof

Ry’ R
RmE-'ilx;-NH |c:-N C=N

X Ha.Y st' "l

wherein:

Ry¢' is optionally substituted (C¢-C,g aryl or Cs-Cg heteroaryl);

R2,' and Ry’ together with the carbon atom to which they are attached form an optionally
substituted (C; -Csg cycloalkyl group or C4 -C5 heterocycloalkyl group);

R24' and Rys' are independently H, or optionally substituted (C;-Cs alkyl, C5-C,4 aralkyl,
or Cs-C 4 heteroaralkyl), -C(O)OR¢', or -C(O)NRg'R+'; wherein Ry' is optionally substituted (C;-
Csg alkyl, C;-Cy4 aralkyl, C3-Cg cycloalkyl, C4-C7 heterocycloalkyl, Cs-Ci4 heteroaralkyl, C4—C)4
aryl, or C4-C,4 heteroaryl), and R;' is H, or optionally substituted (C,-Cy alkyl, C;-C,4 aralkyl,
C;-Cg cycloalkyl, C4-C; heterocycloalkyl, Cs-C;4 heteroaralkyl, C¢-Ci4 aryl, or C4-Ci4
heteroaryl); or
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wherein

R3¢ is an acyl group derived from an organi¢ carboxylic, carbonic, carbamic or sulfonic
acid;

R3; and Rj; are independently hydrogen, lower alkyl, cycloalkyl, bicycloalkyl, or (aryl,
biaryl, cycloalkyl or bicycloalkyl)-lower alkyl; or R3; and Rj3; together represent lower alkylene
so as to form a ring together with the carbon to which they are attached;

R34 is hydrogen or lower alkyl;

Y 15 O, S, SO, SO,, N(R¢)SO,, N--Rs, SO.NRg, CONRg or NR¢CO;

n is zero or one;

p is zero or one;

X, is lower alkylene; or when n is zero, X; is also C,-Cy-alkylene interrupted by O, S,
SO, SO,, NR¢, SO2NRg, CONRg or NR¢CO;

R is hydrogen, lower alkyl or aryl-lower alkyl;

Ar is arylene;
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they are attached form a Cs-Cg-cycloalkyl group.

12. A compound according to claim 11 wherein Rz, and Rjy; together with the carbon to

which they are attached form a Cg-cycloalky! group.

13. A compound according to claim 12 wherein Y is oxygen; X is -C(O)-; x is zero; and Ry,
and Rys are both H or CHs.

14. A compound according to claim 7 wherein R is phenyl or substituted phenyl comprising
4-chlorophen-1-yl,  3,4-dichlorophen-1-yl, 4-methoxyphen-1-yl, 4-methylphen-1-yl, 4-
aminomethylphen-1-yl, 4-methoxyethylaminomethylphen-1-yl, 4-
hydroxyethylaminomethylphen-1-yl, 4-hydroxyethyl-(methyl)-aminomethylphen-1-yl, 3-
aminomethylphen-1-yl, 4-N-acetylaminomethylphen-1-yl, 4-aminophen-1-yl, 3-aminophen-1-yl,
2-aminophen-1-yl, 4-phenyl-phen-1-yl, 4-(imidazol-1-yl)-phen-1-yl, 4-(imidazol-1-ylmethyl)-
phen-1-yl, 4-(morpholin-1-yl)-phen-1-yl, 4-(morpholin-1-ylmethyl)-phen-1-yl, 4-
(methoxyethylaminomethyl)-phen-1-yl ~ and  4-(pyrrolidin-1-ylmethyl)-phen-1-yl,  4-(2-
thiophenyl)-phen-1-yl, 4-(3-thiophenyl)-phen-1-yl, 4-(4-methylpiperazin-1-yl)-phen-1-yl, 4-
(piperidinyl)pheny! or 4-(pyridinyl)-phenyl.
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15.  The use of an effective amount of a compound of claim 9 for the preparation of a

medicament for selectively inhibiting cathepsin K activity in a mammal.

16.  The use of an effective amount of a compound of claim 3 for the preparation of a

medicament for selectively inhibiting cathepsin L and/or S activity in a mammal.

17. A process for the preparation of a compound of formula I as defined in claim 7,
comprising

(a) converting an amide of the formula VI

o X

RTLX— NH-C|:— CONi+C|J-CONH2
R

X R2 5 VI

wherein R, Ry, R3, Ry and Rs have meaning as previously defined in claim 7 for the

compounds of formula I to a nitrile of formula I; or

(b) condensing a compound of the formula VII

wherein R4 and Rs have meaning as defined in claim 7, with an acid of formula VIII
o

REL Xi~NH—C—COOH
R

X 2 v

wherein R, R;, and R; have meaning as defined in claim 7; or with a reactive derivative

thereof; or
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(c) condensing a compound of the formula Ia

")
HzN-(l}CONH-C-CEN (la)
I
R, Rs

wherein R, R3, R4 and Rs have meaning as defined in claim 7 with an acid corresponding
to the group R-[L]x-X;- or with a reactive derivative thereof, and in the above processes, if
required, temporarily protecting any interfering reactive groups and then isolating the resulting
compound of the invention; and, if desired, converting any resulting compound into another
compound of the invention; and/or if desired, converting a resulting compound into a salt or a

resulting salt into the free acid or base or into another salt.

18.  The use of an effective amount of a compound of formula I as defined in claim 7 for the

preparation of a medicament for inhibiting cathepsin activity in a mammal.

19.  The use of an effective amount of a pharmaceutical composition as defined in claim 6 for

the preparation of a medicament for treating cathepsin dependent conditions in a mammal.

20.  The use according to claim 19 for treating inflammation, osteoporosis, rheumatoid

arthritis and osteoarthritis.

21.  The use of an effective amount of a compound as defined in claim 7 for the preparation

of a medicament for treating cathepsin dependent conditions in a mammal.

22. A cathepsin inhibiting pharmaceutical composition comprising a compound of formula I

as defined in claim 7, in combination with a pharmaceutically acceptable carrier.



