WO 99/24460

PCT/ EP98/ 06937 DI PEPTI DE NIl TRILES This invention relates to inhibitors of
cyst ei ne prot n particular to dipeptide nitrile cath bitors
and to their %ﬁg?%a“é&eout ical use for the treatnent or pr ophy xll‘lw‘gg%@%

di seases or nedical conditions in which cathepsins are inplicated. The
cysteine cathepsins, e.g. cathepsins B, K, L and S, are a cl ass of

| ysosomal enzymes which are inplicated in various disorders including

i nflammation, rheumatoid arthritis, osteoarthritis, osteoporosis, tunors
(especially tunor invasion and tunor netastasis), coronary disease,

at herosclerosis (including ather o JUPEPXTIDE NITRHLES r upt ure and
destabilization), autoinmune di seases. respiratory di seases. infectious

di seases and i mmunol ogi cal |y nedi ated di seases (i ncluding transpl ant
rejection). | nThisinvemdian cdatesitb hnhiblnerslomvptﬁncq»mtedscshﬂ@ahﬁﬁrdr foQipBride atrile

di pepti de nlﬁtbrl | e ba,r eeapart I cul use as cysteine cathepsin inhibitors
and can be® 1 F%@F‘ﬁﬂﬁ’t‘m utig “S&B‘H\F’é"' iE52t TRt eyRrephiviRis of disaapsion
dependent q&agmtcbﬁmﬁonsﬁp@m}péaﬂﬁbgnsua@m%mnt i nvention provides an

N-term nal -substituted di peptide nitri I.e. a dipeptide in which the
C-term nal carwwgystgmeeqshmm% 8&. eAthepgies Eié(all.sandéphra@@usm Ipsosunial édzemerwtiih ( -

et e or dapipE v Qb &Rt bhdBREDnThE B o SRR aorogmimib sos

- et hyl eneoktedo;mmmsattmmrs (bspnéadly tamorsinvasidnl mici tomai mEdBisY, cofdRmdy d%gsgct ly by

aryl, | ower en or heterocycl
y atherosél lerosis P 1¥c\:ﬁldmg ahlero)écieronc EJIYE aque rumere and destabilization), Zuto%x/nmune diseases.

respiratory diseases. infectious diseases and immunologically mediated diseases (including transplant
rejection).

In accordance with the mvention it has been found that dipeptide nitriles are particularly useful
as cysteine cathepsin inhibitors and can be used for the treatment of the above-cited cysteine

_ cathepsin dependent conditions.

Accordingly the present invention provides an N-terminal-substituted dipeptide nitrile, i.e. a
dipeptide in which the C-terminal carboxy group of the dipeptide is replaced by a nitrile group (-
C=N) and in which the N-terminal nitrogen atom is substituted via a peptide or psendopeptide
linkage which optionally additionally comprises a -methylene-hetero atom- linker or an additional
hetero atom, directly by aryl, lower alkyl, lower alkenyl, lower alkyny] or heterocyclyl,
or a physiologically-acceptable and -cleavable ester or a salt thereof,
for use as a pharmaceutical.

The invention further provides a pharmaceutical composition comprising an N-terminal-
substituted dipeptide nitrile as defined above as an active ingredient.

The invention also provides 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 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.



or a physiologically-acceptable and -cl eavable ester or a salt thereof. for
use as a pharnmaceutical. The invention further provides a pharmaceutical

conposi tion emay®ydasdeng an N-term nal - substituted di pepti dgciipbddeds72S
defined above as an active ingredient. The invention al so provides a nethod
of treating a patient suffering fromor -gusceptible to a disease or nedi cal
condition in which a cathepsin is inplicated, conprising adm nistering an
effective amount of an N-term nal -substituted dipeptide nitrile as defined

above to the Pwtdipeptide nitile ¢fbesinvention fcontehiently compriseass-arifio 468 r&iduas) including
N-term nal -substituted di Eept ide nitrile as defined above for the
pr epar at i beth satuzal sRdgnRatHEhe-amino acklaesidies Hesein theg nabral paminacacid resitiwshdenofe a

P o € A gkl mocrmenaln ferot

The.dr pentiean Ui acfi Bitabiilh} Renbilicl oA AR o betBic & SF i | - 2t o

aci d resi gothsponding nittliesithelzof, bs MRrotrale. AWthatiRd - atfinb add AL AR &-aﬁxﬁ:%%%é?s :
S

Herein the -"natural [err]-am no acid residues” denote the 20 am no aci
obt ai nabl whigly havensubatitnents esherthgy these downid riny mapiraliveangio etid cesitines?. Peeférhtd o-

et dues~ g a5 HRNES PR Cmied] a0 5 ReurBl o e RER GRS predbe wUSe!
found in triggbptian) 2-BerditoxyRnetisyl-g-afmirfo- du@sicid, BRedimEthPIch- fmino-acetic acid, 2-butyl-2-
amino-acetic acid, methionine, leucine, lysine, alanine, phenylalanine, and glycine and derivatives
thereof, e.g. as hereinafter described. Preferred amino acid residues as the N-terminal amino acid
residue of the dipeptide nitrile are 1-amino-cyclohexanecarboxylic acid, 1-amino-
cycloheptanecarboxylic acid, phenylalanine, histidine, tryptophan and leucine and derivatives thereof,
e.g. as hereinafter described. |

The aryl, lower alkyl, lower alkeny], lower alkynyl or heterocyclyl substituent (hereinafter
referred to as R) is attached to the the N-terminal nitrogen atom of the dipeptide via a peptide
linkage, i.e. as R-C(O)-NH-, or via a pseudopeptide linkage. Suitable pseudopeptide linkages include
sulphur in place of oxygen and sulphur and phosporous in place of carbon, e.g. as R-C(S)-NH-, R-
§(0)-NH-, R-S(Q);-NH- or R-P(O),-NH and analogues thereof. Additionally the peptide or
pseudopeptide linkage between the R substituent and the N-terminal nitrogen atom may comprise an
additional hetero atom, e.g. as R-Het-C(O)-NH-, or a -methylene-hetero atom- linker, e. g. as R-Het-
CH,-C(O)-NH- or R-CH;-Het-C(O)-NH-, wherein Het is a hetero atom selected from O,NorS,
éﬁd pseudopeptide containing alternatives thereof, e.g. as defined abovc. When the linkage between
the aryl substituent and the N-terminal nitrogen atom comprises a -methylene-hetero atom- linker,
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), Cj.aalkoxy, C;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.

Il



amno acid residues, as.the C-termnal am no acid residue of the dipeptide
nitrile, are the nitriles of tryptophan, 2- benzyl oxynet hyl - 2- am no- acetic

acid, 2,2-di n%&x;nug@am no-acetic acid, 2-butyl-2- am no- acg%_b%%ﬂé%%7

met hi oni ne, |eucine, |ysine, alanine, phenylalanlne and gl yci

derivatives thereof, e.g. as hereinafter dgscribed. Preferred amno acid
residues as the Ntermnal amno acid residue of the dipeptide nitrile are
1 -am no-cycl ohexanecar boxylic acid, 1-am no- cycloheptanecarboxylic aci d,

phenyl al ani ne, Apsiin g]y'%?prefefr&pérﬂmflﬁﬁbn%rlge ﬁ%ﬁﬁbmgmwagk Adptid of 35 Pﬁr Sof -

e.g. as hereinafter déscribed. The aryl, |ower Pfner
al kynyl or pha&:dnm@b*mepwbsndtclfemble(ehtermmhﬂmeofeferred toas R) is
attached to the the N-terminal nitrogen atom of the dipeptide via a peptide
|l inkage, i.e. as RC(O-NH, or via a pseudopeptide |inkage. Suitable
pseudopepti de |inkages include sulphur in place of oxygen and sul phur and
phosporous in place of carbon, as R S) N , R S(O-NH,

RS(Of[err]-NH or RP(OfJerr]- N an anal|égues thereof Additionally the
pepti de .or pseudopeptide |inka jh@-RH IN uent and the

N-term nal nitrogen atom nmay conpe nal hetero atom e.g. as
R-Het-C(O-NH, or a -nethyl ene- hetero at Rker, re. g. as R-Het-

CH2- C( O - NH or R- CH2-Het - C(O) - NH-, wherein Het is a hetero atom sel ect ed
from0, N or S “¥W¥ihseudopeptide cont aining alternatives thereof, e.g. as

et e v, METokBEul SRR ES SRR 9, SR AU Bt B S
net hyl ene gr oup Ramod Rhare lndependently bydrogey, dyepiqualipsubbtityediTloweh gikylsdyephik$iut ed,
€.g. as herei naf t er de 0d | lbor (ary), biary}, cycloalkyl or bicycloalkyl)-lower alkyl); or
R; and R; together represent lower alkylene, optionally interrupted by O, S or NRg, so as to
form a ritig with the carbon atom to which they are attached
wherein R¢ is hydrogen, lower alkyl or aryl-lower alkyl; or
either R, or R, are linked by lower alkylene to the adjacent nitrogen to form a ring;
R4 and Rs are independently H, or optionally substituted (lower alkyl, aryl-lower alkyl), -
C(O)OR5, or -C(O)NRsRs,
wherein
R; is optionally substituted (lower alky}, aryl, aryl-lower alkyl, cycloalkyl, bicycloalkyl
or heterocyclyl), and
Ry 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
‘wherein R is hydrogen, lower alkyl or aryHower alkyl, or
R4 is H or optionally substituted lower alkyl and Rs is a substituent of formula -X,~(Y)),-
(Ar )p"Q'Z
wherein
Y, is O, S, SO, SOz, N(R¢)SO,. N-Rs, SO,NRg, CONRg or NRsCO;

n is zero or one;



The R substituent may be further substituted, e.g. by up to 3 substituents
sel ected from hal ogen, hydroxy, am no, nitro, optionally substituted

d err]al kyl 40Kyl substituted by hydroxy, alkyloxy, ' ionally
substituted gﬁy am no, optionally substituted dial kyl am n%&%ﬁl&%

heterocyclyl), Cerr]al koxy, Clerr]al kenyj, CN, trifluoromnethyl,
trifluoronethoxy, aryl, (e.g.phenyl or phenyl substituted by CN, CFlerr],
hal ogen, OCH err]), aryloxy, (e.g. phenoxy or phenoxy substituted by CN,
CF[err], hal og%e,m—d[ne{r] ), benzyloxy or a heterocyclic residue. -3 -
Accordingly in preferred enbodi ments the invention provides a conpound of
fornula I, or Xaisgenesaiylege:oamhen B iszeres Xb iscalser{e-Crcaliodana interrupteddryy @S, 80s al t

t hereof [err I Q¢ [ ' | ~%. substituted (aryl, |ower alkyl,
Lor 11 seae; Sopfky BoRR bPRRIY (ary y

| ower al kenyl ;[ F'ower "a erocyclyl); Rerr] and Rerr] are

i ndependent | y hydr ogewhereim Ros hiydrngen, lowsvfikylior antHiowepulkyl; al kyl , cycl oal kyl ,
bi cycl oal kyl , or ryl, biaryl, cycloal kyl or bicycloal kyl)-1ower alkyl];

or R2 and R3 ﬁég‘é{'ﬁ%’% represent |ower al kylene, optionally interrupted by

g,r eSaf[ agﬁggr tis hyeordSacyRxy, QaiboRyl dsteifitd datboxhE ahihRE BarBb AN oMb, G
alkyl or aryl-lower alkyl)aminosulfonyl, or (lower alkyl or aryl-lower
alkyl)suifonylaminocarbonyl; or Z is tetrazolyl, triazolyl or imidazolyl;

Q is a direct bond, lower alkylene, Y\-lower alkylene or C,-Cr-alkylene interrupted
by Yi;
X is -C(O)-, -C(8)-, -S(O}-, -5(0)a~, -P(O)ORg)-
wherein R is as defined above;
Y is oxygen or sulphur;
L is optionally substituted -Het-, -Het-CH>- or -CH,-Het-,
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 2 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



wherein Rlerr] is hydrogen; |ower alkyl or aryl-lower alkyl; or either R2
or R3 are |inked by I ower al kylene to the adjacent nitrogen to forma ring;

Rlerr] and R e i ndependently H, or optionally subst wer

al kyl , aryl -I‘géé%ﬂ‘g kyI) - C(OORerr], or -C(ONRRS, Me?g?’ﬁs%"g%?] S
optionally substituted (lower alkyl, ar y_I5,_ aryl -1 ower al kyl, cycl oal kyl,

bi cycl oal | kyl or heterocyclyl), and R err] is H or opti onal |y substituted
(lower al kyl, aryl, aryl-lower alkyl, cycloal kyl, bicycloal kyl or

heterocyclyl), gﬁf\ndg& flm&ﬂ&&@&rdk | RUSiRLEBPEREENT | Over  al kyl ene,

optionally interrupte err], so as to forma ring with the
carbon atomto whi ete dIPeyn'Bssaavbsaﬁhetcpf\fmwbl-?irﬁ{lér(rﬂr)ﬂ%zhydrogen | ower

| kyl |- bstituted |
2kl and R er proed el Yhen £ ol ' bjor B o Sagieay ey P Tover

(Ar)[err]-Q Z wher gither deofIR,; of Rs ©a sfhstifaeht &qrﬁnra}xz-mwmp;o F0breR fs]not
NRerr], SOerr] Nst[xs?ﬂgsn]mted ey 1er rl] or NRlerr]CO n is zero or one;
provided that when R, =Ry = Rs=H, x is zero and X is -C(O)-,
Rj is not H, -CH,, -CH(CHas),, -CH,-CH-(CHjs),, -CH,-COOH, or -CH,-COO-CH,-
CH;, when R is unsubstituted phenyl,
Ra is not H, -CH(CHs),, or -CH,-CH-(CHa),, when R is 4-aminopheny! or 4-
nitrophenyl,
R; is not H when R is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl or
Rs is not -CH,-CH,-S-CH; when R is pyridin-3-yl or 2-chloropyridin-4-yl,
provided that when R; =Ry =Ry = H, x is zero and X, is -C(O)- and R is phenyl,
Rs is not -CH(CHa),
provided that when Ry = Ry = H, Rs is -CH,-CH,-COOH, x is zero and X, is -C(0O)-,
R, does not form a heterocyclic ring with the adjacent nitrogen atom, and
provided that when Ry = Ry =Rs=Rs;=H, x is zero and X, is -SO.-,
R is not 4-methylphenyl.

In formula I R, Ra, Rs, R4, 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,, -NR¢R o, -X3-Rs, lower alkyl-X3-Rs, halo-
substitated Jower alkyl,
wherein R; and Ry are as defined above,

X3 is -O-, -S-, -NRg-, -C(0O}-, -C(8)-, -S(0)-, -8(0).-, -C(0)0-, -C(S)O-, -
C(ONRg-,
wherein Ry is as defined above,
Ry and R, are independently as defined above for Rs, or -X-Rg,
wherein X4 is -C(O)-, -C(S)-, -S(O)-, -8(O)z-, ~C(0)O-, -C(S)0-, -C(OINR-

wherein R and Ry are as defined above, or



-4 - pis zero or one; Xerr] is |lower alkylene; or when n is zero, Xerr].
Is also (Jerr]-Cerr]-alkylene interrupted by 0, S, SO SOerr], NRerr],
SO err] NR[ er‘w)9 Rlerr] or NRlerr]CO wherein R6 i s hydreegsposbéser al kyl
or aryl-lower alkyl; Ar is arylene; Z is hydroxy, .acyl oxy, carboxyl,
esterified carboxyl, am dated carboxyl,-@m nosul fonyl, (Il ower alkyl or

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

al kyl ) sul fonyl am nocarbonyl; or Zis tetrazolyl, triazolyl or imdazolyl; Q

is a direct bond, |ower al kykeﬁﬂ R,}{{@bﬂh]:r\bﬂvﬁrfoﬁﬁkhét&b&ybgroup or a saturated or
C[err]-C[err]-aIkerne|nterruted bw?gerr‘%? err] is -C(Q-, -C9S)-,
-S(O -, -S(0) prsturated hetaregylogdk rgF?‘)P gs°"&§f &ors #idiondove: Y is

oxygen or sul LeiectiitddN®, NvorSubstituted -Het-, -Het-CH2- or
- CH2- Het -, V\hgir%%%mhﬁ I's a hetero atom sel ected fromO Nor S, and x is

zero or one; and aryl in the above definitions represents carbocyclic or
heterocyclic C%%claﬁnds of formula I exhibit valuable pharmacological properties in mammals, in particular

as cysteine cathepsin inhibitors. In accordance with the present invention it has been found that by
appropriate choice of groups R, Rz, R, Rs, Rs, X, Y and L, the relative selectivity of the
compounds as inhibitors of the various cysteine cathepsin types, e.g. cathepsins B, K, L and S may
be altered, e.g. to obtain inhibitors which selectively inhibit a particular cathepsin type or

combination of cathepsin types.

In a first aspect the invention provides a compound of formula II, or a physiologically-

acceptable and -cleavable ester or a salt thereof

R;DE'E}X,—NH
X

Ry is optionally substituted (aryl, aryl-lower alky), lower alkenyl, lower alkynyl, heterocycly],

X
8
X

24
T-N——CEN

2y Ras

X

wherein:

or heterocyclyl-lower alkyl);

Ry is H, or optionally substitued lower alkyl, and

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

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

Ry4 and Rys are independently H, or optionally substituted (lower alkyl, or aryl-lower alkyl),
-C(0)OR5, or -C(O)NR7Rs
wherein R, and Ry are as defined above, or

Rs4 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;

Ik



for .use as a pharnmaceuti-cal; a pharmaceutical conposition conprising a
conpound of fornula | as defined above as an active ingredient; a nmethod of

treating a pakge¢ehiyf fering fromor susceptible to a dise P%w cal
condition in which a cathepsin is inplicated, conprising a mrllii:){:9 ering an

effective amount of a conpound of fornulay|l as defined above to the
patient; and use of a conpound of fornula |I as defined above for the
preparation of a nmedicanent for therapeutic or prophylactic treatnment of a
di sease or nediY aloxggnd kilghtr; N Whi ch a cathepsin is inplicated. The

i nvention al so provides novel dipeptide nitriles. Accordingly the invention
further provi dds SPRIGRHY aksuted(dignGHy- or -£8det)ned above provi ded t hat

when R is |ower alkyl waak; ﬁép?al(a%{e%jit?%ség‘i(éd(%@?ﬁéﬁhr@[ err] or Rerr] is a

substituent of formula -X err err err , provided that
when x is one, Rislo9r00O, or -CHerr]-O and Xerr] is -C(O-, either one of

I-Q[Xfre; ]r ] OE Y[R[e(ra; H’T‘Ig%di’%m?i’?’% ’Ié}slréj%g 'g?c%’?bg?y'{dg(ﬁﬁ)tc@h‘subst i tuted phenyl,

Rap is not unsubstituted phenyl,

provided that when R, = Ry¢ = Ras = H, x is zero and X is -C(O)-,
Rs3 1s not H, -CHj, -CH(CH,);, -CH>-CH-(CH;),, -CH,-COOH, or -CH,-COO-CH,-
CH;, when Ry is unsubstituted phenyl,
Ry is not H, -CH(CHas)z, or -CH,-CH-(CH,),, when Ry is 4-aminophenyl or 4-
nitrophenyl,
Ra3 is not H when Ry is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl, or
Ra3 is not -CH,-CH,-S-CH; when Ry is pyridin-3-yl or 2-chioropyridin-4-yl,

provided that when Ry; = Ros = Roe = H, x is zero and X; is -C(0)- and Ry is phenyl,
R,s is not ~-CH(CH,),,

provided that when Ras = Roy = H, Rys is -CH,-CH,-COOH, x is zero and X, is -C(O)-,
R22 does not form a heterocyclic ring with the adjacent nitrogen atom, and

provided that when Ry, = Ry =Ry = Rys = H, x is zero and X, is -SO,-,
Rao is not 4-methyiphenyl.

Compounds of formula II 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 II have the following preferred significances.
Preferred compounds of formula II comprise compounds having preferred substituents, singly or in
any combination.

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



provided that when Rlerr] = Rlerr]= Rerr] = H x is zero and X[err] is
-C(O-, Rerr] isnot H -CHerr], -CHCHerr])[err],

-CH err] - CH (Wologtaage) [err], -CH err]-COOH, or -CH err] - COO gddnsiokbe

CH err], when R is unsubstituted phenyl, Rerr] i-s not H, sbrbéss?
-CH(CH err])[err], or -CHerr]-CH(CH er+g-)[err], when R is 4-am nophenyl
or 4- nitrophenyl, R err] is not Hwhen R is 3-am nophenyl, 3-nitrophenyl
2-chl oropyridin-4-yl, or vinyl or R3is not -CHerr]-CHerr]-S-CHerr] when
R i s pyri di n-BreferablyrR:2isdiydrogerpyri di n-4-yl, provided that when Rerr] =

= T ' d s -C(O) - d Ri h I,
Rlerr] 1s notetepbs il Pl Gt sl iigheraion of crelonkaipyecatih,
Rl err] i sor Rjslafid R); tégdhiRF With €He@arbon atoin eANHcHAREY At Gftdched Rorm&(Q) gb%sPRcha%L

does not form.a heterocyclic ring with the adjacent nitrogen-a
provi ded Ehat Cupesipatigyleroup. Morg preferably Rep is-ECHe His)e.|or optibnally substiteted begl,

X[err] iSegg ' % - formila R, err],

Rlerr], Rf)g%@'h%%tfgl,ﬁ?p%tﬁﬁl&ﬁﬁ%ﬁf ’be@%@?ﬁg"r ﬁesnlzj t@?'%ﬁ%ﬁ‘ % c‘&ﬁg‘ﬁ%‘ﬁ'{"ﬁ?}b}yé or
e.g. up tBx3ndRattegathanavithshd cadmpetate it Whicts by are actadhed formadtloRixkid Nﬂagar yl,
aryl -1 ower al .cl.eal kyl etergcyclyl, -CN, -halogen, -OH, - err],
- Né[ err] R er r#’?}etrgéé?%lﬁ? E:\érf?r]l?’“ I"l%‘{/\l/g’r’%%ﬁ Kyl -Xerr]-R e?r] , hal o- ]
substituted | ®yeind& kat botiesrelOM;Rprerr] and Rl err] are as defined above,

X[err] is -0, -S-, -NRerr]-, -OQ-, -¢(S-, -S(O-, -S(Of[err]-,
. [C( o) ]O .- ;@;SH and RZB[is ary]—lower acif(ylz lower alci(cyl,)both opti(one)ﬂ]y substigneZI [by up ]to 3

substituents selected from amino, halogen (e.g. fluorine or preferably chlorine) or S-CH;, or

R4 and Rys together with the carbon atom to which they are attached form a Cs-C; cycloalkyl
ring.

More preferably Ras is H and Rys is optionally substituted (-CH,-phenyl, -CHa-indolyl, -(CH,).-
$-CHjs, -CH,-CH(CH)z, -(CH2)s-NH or -(CHz);-CHs), or yet more preferably R, and Rs are both -
CH;, or especially R, 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-CHy-, -O-CHy- or -S-CH,.

In particular embodiments the invention provides a compound of formula IT’ or a

physiologically-acceptable and -cleavable ester or a salt thereof

A
Rm{'}XrNH‘f'ﬁ‘N—’—CEN
x R,,’ -

25 I

wherein:

Ryo’ is optionally substituted (Cs-Ci¢ aryl or C4-Cq heteroaryl);

Ra:’ is H, or optionally substitued C,-Cs alkyl, and
Rz;' is optionally substituted (C,-C; alkyl, or Co-Cy4 aralkyl), or



C(O,NRerr]-, wherein R.err] is as defined above, R err] and R err] are
I ndependently as defined above for Rerr], or -Xerr]-Rerr], wherein X4 i

O S -S(O OO SO, -
wr?(er)el n R[C(erZ] %‘ﬁ%‘%err] gr)e[ggr]defl neC(d ?albove Cf)r_) -GCE %@fbg%

Rlerr] together with N forma heteroaryl _group or a saturated or
unsat ur ated heterocycl oal kyl group, optionally containing one or nore
addi ti onal heteroatons selected fromO, N or S. Conpounds of forrrul a l

exhibit val uabl g PRARIRGRRI Gith te/caiBH hofirto WhicHRAE R Cattabib el dnphibfands

cyst ei ne cat heps ors. In accordance wth the present Inv

has been found t hatsubgtituiq:ﬂ:)(lf‘@-@a pml@ﬂzyhmouEO&@rh%qygcyﬂoaﬂql@W) Rl er r]

: , s I | d
s T bi or s oRot 7 ok A REpeyep . SrSafhiaf AR GBA Ly R ERICHIE

K, L and S may be att&@]&ﬁ&eroeramyl)t-o:(wﬂml mLct(h])le;E{s whi ch sel ectlvel y
inhibit a particular cathepsin type or conbination of cathepsin types. In
first aspect the i nWeaieR on provi des a conmpound of formula Il, or a

physi ol ogi cal l'y- R¢’ is optionally substituted (C,-Cs alkyl, C;-C,4 arakkyl, Cs-C; cycloalkyl, Co-Cs

heterocycloalkyl, Cs-C)4 heteroaralkyl, Cs-C4 aryl, or C,-Cy4 heteroaryl), and
Ry is H, or optionally substituted (C;-C; alkyl, C5-C,4 aralkyl, Cs-Cs cycloalkyl, C4-C;
heteroc'ycloalkyl, Cs-C,4 heteroaralkyl, Cs-Ci4 aryl, or C,-C,4 heteroaryl), or

Ra4” and Ras' together with the carbon atom to which they are attached form an optionally
substituted (C3-Cs cycloalkyl group or C4-C; heterocycloalkyl group);

X, is -C(O)-, -C(S)-, -S(O)-, -S(0),-, -P(O)}(OR¢’)-
wherein R¢’ is as defined above;

Y is oxygen or sulphur;

L’ is optionally substituted (-Het-CHy- or -CHy-Het-),
wherein Het is a a hetero atom selected from O, N or S, and

xis1or0Q,

provided that when x is one, L’ is -CH,-O- and X, is -C(O)-
Ry’ is not unsubstituted phenyl,

provided that when Ra2” = Ras” =Rys’ = H, x is zero and X, is -C(O)-,
Ry’ is not H, -CHjs, -CH(CH;),, -CH,-CH-(CHas),, -CH,-COOH, or -CH,-COO-CH»-
CHa, when Ry’ is unsubstituted phenyl,
Ras’ is not H. -CH(CH,),, or -CH,-CH-(CH3)a, when Ry’ is 4-amninophenyl or 4-
nitrophenyl,
Ras’ is not H when Ry’ is 3-aminophenyl, 3-nitropheny), 2-chloropyridin-4-yl. or vinyl.
or
Rg;' is not -CH;-CH:-S-CH3 when Ry’ is pyridin-3-yl or 2-chloropyridin-4-yl.

provided that when Rs2” = Ry’ = Ros’ = H, x is zero and X is -C(O)- and Ry’ is phenyl,
Ras" is not--CH(CH;),,

provided that when Ray” = Ras’ = H, Rys’ is -CH,-CH>-COOH, x is zero and X, is -C(O)-,

S

a



acceptabl e and -cl eavabl e ester or a salt thereof [err] wherein: R20 is
optionally substituted (aryl, aryl-lower alkyl, |ower alkenyl, |ower

al kynyl, hetwé¢osiagday! . or heterocyclyl-lower alkyl); R errgcynspobiosos _
optionally substitued | ower alkyl, and R23 is optionally substituted (| ower
al kyl, aryl-1ower alkyl, or cyloal kyl-Féder alkyl) or R22 and R23 toget her
with the carbon atomto which they are attached forman optionally
substituted (cycloal kyl group or heterocycl oal kyl group); Rerr] and Rlerr]
are i ndependent | yRap] dogs nod ferpumbgterocyslivring with thd adiacenenitrogenydiom,aind ar y! - | ower

al kyl), -C(O . ﬁ%g Rl err 1 Ren wher ei er and Rlerr] are
as defined a vel,g&{)%ml:\g?gpr anl%l”R[g?‘r] o?é{ﬁ%%er%ﬂ%ﬁ‘ﬁ§%z&r bon atom to

whi ch they are atR.gdhmat 4Froethylphenylpt i onal |y substituted (cycl oal kyl group or
het erocycl oal kyl group); Xlerr] is as defined above; 7 -

" Compounds of formula I’ are typically selective inhibitors of cathepsin K.

In a further aspect the invention provides a compound of formula III

flae fRas
R NH—C— CONH—C—C=N o
R X;—(Y,)n- (Ar) p—Q—Z

wherein
Rao is an acyl group derived from an organic carboxylic, carbonic, carbamic or sulfonic acid;
Rj2 and Ry; are independently hydrogen, lower alkyl, cycloalkyl, bicycloalkyl, or (aryl, biaryl,
cycloalkyl or bicycloalkyl)-lower alkyl; or Rj; and Ra; 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;
X2,Y,, Ar, Q, Z, n and p are as previously defined;
and pharmaceutically acceptable salts and esters thereof

for use as a pharmaceutical.

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

above, wherein Rgp is an acyl group derived from an organic carboxylic, carbamic or sulfonic acid
Compounds of formula IIT are typically selective inhibitors of cathepsin B and/or L.

Particular embodiments relate to the compounds of formula III wherein Ri0, R32, R33. Ry, Q, Z
and n are as defined above; and wherein
(a) pisone;
(b) Y,is0,S, SO, SO,, N(R)SO; or N-R¢; and




Y is oxygen or sul phur; L' is optionally substituted (-Het-CH err]-
-CH err]-Het-), wherein Het is a a hetero atomselected fromO, Nor S and

x is 1 or O, that when x is one, L is -CHerr]-0O S
- O -, R[errw(?gd/ﬁgﬁ? unsubstituted phenyl, provided that \Aﬁgﬁl‘:ﬁf@éﬁ =
Rlerr] = Rerr] =H x is zero and X[err}ljs -C(O-, Rerr] is not H,
-CHerr], -CH(CH err])[err], -CHerr]- CI—I-(CH[err])[err], -CH err]-COH, or
-CH err]-COO-CH err] - CH[err] when Rlerr] is unsubstituted phenyl, R err]
is not H, ~§H Ch, @6vor[atkyletic; o WherGri 2620 XCehRé Cl-X-alkyikne mtaﬁ-ﬂptE%is}F@]s Is®,

4- am nophenyl or_4- nitrophenyl, Rerr] is not H when R[err IS

3- am nophenyl , 8 nP&IﬂBﬁahenyl 2- chI oropyridin-4-yl, or vinyl, or Rerr] is
not -CHerr]- CH ~CH[ MR &Lk

2-chl oropyri di n%{a;l@%ﬂ\grmga\?ldgguéehtaﬁg% HE% cehﬁcjaﬁ}’{aéRFﬁthﬂfsaYtL ﬁg{wf
zero and Xerr] is -C(O) and Rlerr] is phenyl Rlerr] is not

S ) LRk B ol B! B B L S0t 1o

a heter OCYQisb ‘113{,R559R§MRJ3 mzaﬁ@ﬂaﬁeﬂﬁleﬂhigraﬁ)g&ﬁm@hw ABhBevi ded that when
Rlerr] Rlerr] Rl err] Rlerr] = H x is zero and Xerr] is -S(err]-

Rlerr] is n(g)t f)l is r;r)gé r;xylé Berr]&r;xé X, is lower alkylene or C;-Cr-alkylene interrupted by O, S, SO, SO, NRs,

‘NRSO,, SO;MNRs, CONRg of NRsCO:; or

=H xis

(b) pisone,nisone, X, is lower alkylene and Y, is O, S, SO, SO, N(Rs)SO; or NRs, SO:NRg,
CONRs, NRsCO; or
{c) pisone, nis zero and X; is lower alkylene; or
(d) pisone, nis zero and X is C-Cr-alkylene interrupted by O, S, SO, SO, or NRg, SO;NR,,
CONRs or NR¢CO; or
(e) piszero, nisone, X, is lower alkylene and Y, is O, S, SO, SO,, N(R¢)SO; or NRg, SO-NRg,
CONRg or NRsCO; or
(f) piszero, niszero and X is C,-Cr-alkylene interrupted by O, S, SO, SO, or NR¢, SO,NRy,
CONR; or NRsCO;
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’

Rz NH— (|3H — CONH— (IJH-— —N Hr
Ry’ . X (Anp—Q—2Z'

wherein
Raio, X, Ar, Q, and p are as defined above; and wherein

Ry’ is carbocyclic or heterocyclic aryl-lower alkyt;



Compounds of fornula Il are typically inhibitors of cathepsins K, L or S,
especi al |y selective inhibitors of catepsin K or cathepsin L or cathepsin
S, or in song, g ¢ nhibitors of, e.g. cathepsins L and S.pcdfipogibdast i t uents
of the compounds o fornula I have the follow ng preferred significances.
Preferred conpounds of formula Il conprige conpounds having preferred
substituents, singly or in any conbination. Preferably when R err]
conprises aryl, the aryI is optionally substituted (phenyl, naphthyl enyl,
phenant hr enyl 'z 1%9*& A¥loxy,; dafbmyll carw&rd&iyitlze@xsf@ﬁﬂhﬂccuﬁdﬂllﬁic%ﬁﬁblc ester
pyridi nyl, qU|noI|n I soqui nol i nyl, benzot hi onyl “and

benzof uranyl )orarmde,sr 5-t¢°l‘9é?1¥‘¥abl y R22 is hydrogen Preferably R23 is
optional | ubstlt eof. 2T Y| -1 ower al kyl or cycl oal kyl -1 ower
al kyl'), &M %ﬁﬁﬁéggm:%geﬁ%er R 'he carbon atom to which they are
attached forma Cerr]-Clerr], especially a (Jerr] or C[err]

O P MR EBrhet P R Bl oo Rt

benzot hi gny llsge%{ﬂw(chg br RREESk azmbwe:t ML, X 05 CROsa)led) 8r B RIC,IC LAgRhber
with the carbon atomto mhlch they are attached form a cycl ohexane ring.
interrupted by O or S; p is one; Ar is carbocyclic arylene; Q is a direct bond or C;-Cs-alkylene; and Z

is carboxyl or carboxyl derivatized as a pharmaceutically acceptable ester; and pharmaceutically

acceptable salts thereof.

In a more specific embodiment of the compounds of formula III’, Ryp is aroyl, Ras’ is
carbocyclic aryl-methyl; X; is Cy-alkylene; or X is C;-alkylene interrupted by O; p is one; Ar is
phenylene; Q is a direct bond; and Z is carboxyl; and pharmaceutically acceptable salts thereof.

A further particular embodiment of the invention relates to the compounds of formula III
wherein n is one, in particular those of formula IIT”
Rz NH—CI}H—CONH—?H—CEN ur
Ras' X -Yr—A—Q—2Z
wherein
Rso, R3s’, Y1, 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 III” wherein
Ry is carboxylic acid derived acyl; Rs3’ is carbocyclic or heterocyclic aryl-lower alkyl; X,' is C,-Cs-
alkylene; Y, is O or S; Ar is carbocyclic arylene; Q' is a direct bond or C,-C,-alkylene; and Z' is
carboxyl or carboxyl derivatized as a pharmaceutically acceptable ester; and pharmaceutically

acceptable salts thereof.



Preferred significances-for R4 and R25 are: R err] and R err] are both H

or -CHerr], or Rerr] is Hand Rerr] is aryl-lower alkyl, |ower alkyl,
bot h opti onal 9%?% tued by up to 3 substituents selecte @b, no,
hal ogen (e.g. e or preferably chlorine) or S-CH err], or 4 and R25

together with the carbon atomto which thgy are attached forma
Cerr]-Cerr] cycloalkyl ring. Mre preferably Rlerr] is Hand Rerr] is
optionally substituted (-CH err]-phenyl, -CHerr]-indolyl, -(CHerr])[err]-
S-CHerr], 8_'1{ fibtel s)pgﬂﬁcgfﬁﬂéﬂﬁﬂch?of the ﬂ/‘é%iﬂ)ﬂ’s Blredﬂ!‘t{ 8/shidl c&h%o[unds of formula 11"

(CHZ)[err] err or yet nore preferabl Rlerr] and err] are both -

CH err], owhempawaaﬂoyl Pe[sexs carbegyglicrdrmgthyd t?cﬁzfﬂlhﬂlen@ﬁ(eﬂse@a&aﬁ iy phexplens R i s

O Prefera - xis 1L is
- gl(—l[ )er r]- Rﬁtii-bé‘—ﬁt air’é% lpcar@’@%?ﬁ@ﬁ orhﬁ&gﬁyd—%féﬁab% aﬁl parti cuI ar
enbodlnents the invention prOV|des a conmpound of formula Il"' or
hysi ol ogi cal | y-accept abl e ster or eof err
a/hgr ei n: gR[ er r‘{'}’etlf%m??ﬁﬁ%ﬁé’? BV ‘%"GB%“E“I‘?@{ (“tf &M °“@$ E{P]m‘g?f;\f terrl
Cerr]-Cerr] heteroaryl); R[err] is H or optionally substi tued

Jerr]-Cerr] alkyl, and Rlerr]" is optionally substituted (CJerr]-Cerr]
al kyl, or CJerr]- C[err]”aral kyl ), Ras

|
Rgo—C—— NH cl; CO—nNH
R

|
C—cC=N (V)
}

43 45

wherein

Ry is substituted phenyl or heterocyclic aryl, (mono- or di- carbocyclic or heterocyclic aryl)-
Jower alkyl or lower alkenyl, or heterocyclyl;

Ry, is hydrogen or lower alkyl;

R, is carbocyclic or heterocyclic aryl - lower alkyl;

Ry and Rys are independently hydrogen or lower alkyl; or

R., and Rys combined represent lower alkylene;

and pharmaceutically acceptable salts and esters thereof.

Preferred are compounds of formula IV wherein Ry, is morpholino, substituted phenyl or
heterocyclic aryl; Ry, is hydrogen; Ry; is carbocyclic or heterocyclic aryl-lower alkyl; Ras and Rys are
hydrogen or lower alkyl; or Rys and Rys combined represent ethylene to form a cyclopropyl ring.

Particularly preferred are compounds of formula IV wherein Ry, is pyrazolyl or pyrazolyl
substituted by 1-3 lower alkyl; Ru» is hydrogen; Rys is carbocyclic or heterocyclic aryl-C;-C,-alkyl;

and Ry, and Rys are hydrogen; or Ry and Rss combined are ethylene.

Compounds of formula IV are typically selective inhibitors of cathepsin L and/or S.



-9- Rerr]' and R err]' together with the carbon atomto which they are
attached forman optionally substituted (CJerr]-Cferr] cycloal kyl group or
CA- C7 het er oghobakdy! group); Rlerr]' and Rerr]"' are indpgppsbeiksy H or
optionally substltuted (derr]-derr] al kyI Cerr]-Cerr] aral kyl, or
Cerr]-Cerr] heteroaralkyl), -CCOORerr4-, or -CCONRerr]'"Rerr]’
wherein R err]' is optionally substituted (C[err]-C[err] al kyl ,
Cerr]-Cerr] aralkyl, Cerr]-Clerr] cycloalkyl, Cerr]-Clerr]
g[et er fc)clfl oai'm]ﬁ Icomﬁxmds <}f) foinarae]I, Hellbarﬂdwauép;hdmg:{mttk]naﬁlfelaﬁfrshbsgmhts IQ’ES(;'SS
err err et er oar tional ly substitute
(derr]- qr@rqf}méﬂ%éwm P]’“eff’g‘% ]IFL%‘F"-a lﬂ'gﬁd‘as&j'%‘?f%] $ dsnpntiogers a6 | ky | .
Jerr]- C[ %g&h Wﬁétﬁ@hdwﬁnon@ﬁfeﬁmﬁh&wv]er, fa,egt ST PRheftlakotkical GLe%ﬁr] -(err]

aryl, or gerr] heteroaryl , RL; %[ﬁerr " together with
the car boaccaﬂmmh\ﬁhﬁ inyentiery |l Wpa’tlllcbé’lﬁ Fnlbﬂndpd I\bn@mrw@bspurb at ed

(Ger ]r]  Shfgil Bl B RERP % ol Siidn SELGRRARKAL febiidy AR

Rlerr]' i é‘oﬂﬁiﬁxsﬂgfau least9Qtb o preferably @“}S"B‘E%%"’f 8 singlaepinet (i.ci connibing Iead thih
substi tut eéj %, e. g. prefe?';{hy {esJ than 5% o?ther cplmenc fon)nﬁs)

o

Preferred compounds of formula I are those wherein the asymmetric carbon to which are
attached R, and/or R, correspondé to that of an L-amino acid precursor and the asymmetric carbon
to which is attached the cyano group also corresponds to that of an L-amino acid and is generally
assigned the (S)-configuration. Preferred compounds of formula I wherein R; and R, represent
hydrogen can be represented by formulae V, V’ and V”, corresponding to preferred compounds of
formulae I, III and IV respectively

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

VorV”
Ras H
o)
RZO—EL}X;NHE—U—NH*}‘CEN
H Fi25
X v
E‘as' l;
Rgy’-NH—C— CONH—C—— C=N v
H X;—Yr Ar-Q-Z
0 243 H
I e |
Ry C——NH™—G——CO—NH ETOSN v
H R

Ik



wherein Het is a a hetero atomselected fromO Nor S, and xis 1 or O,
provi ded that when x is one, L' is -CHerr]-O and Xerr] is -C(O- Rerr]'
i's not unsubstituted phenyl, provided that when Rerr]' = Ri&gebsoezR err]’
=H xis zer&'%?ﬂ%err] is -C(O-, Rerr]" isnot H -CHerr],

-CH(CH err])[err], -CHerr]-CH(CHerr]).err], -CHerr]-COOH, or
-CHerr]-COO-CH err]- CHerr], when Rlerr]"' is unsubstituted phenyl, R23
is not H -CH(CHerr])[err], or -CH err]-CH(CHerr])[err], when Rerr]' is
4- am nophenyl or 4- nitrophenyl, Rerr]' is not Hwhen Rerr]' is

3-am nophenyl, 3-nitrophenyl, 2-chloropyridin-4-yl or vinyl. or Rerr]" is
not -CHerr]-CHerr]-S-CHerr] when Rerr]' is pyridin-3-yl or

2- chl or opyr i diwheseiythe s jagredp defiepd afpenaid err]' "= Rlerr]’ = Rlerr]' = H X

_ 1 divhebinthe sl e =
ot i G or 1 [FpR PSR IR deelibl e PR MereT BT R erry

7

S

-CHerr]-CHerr]-COOH, x is zero and Xerr] is -C(O -, - 10 -
The compounds of formula I, IL, II", I, 11", TIT”, IV, V, V" and V” as defined above are

hereinafter referred to as Compounds of the Invention.

The general defnitions used herein have the following meaning within the scope of the
invention, unless otherwise specified.

The term “lower” referred to above and hereinafter in connection with organic radicals or
compounds respectively defines such as branched or unbranched with up to and including 7,
preferably up to and including 4 and advantageously one or two carbon atoms.

A lower alkyl group is branched or unbranched and contains 1 to 7 carbon atoms, preferably 1-
4 carbon atoms. Lower alkyl represents for example methyl, ethyl, propyl, butyl, isopropyl or
isobutyl.

Lower alkeny] represents either straight chain or branched alkenyl of 2 to 7 carbon atoms,
preferably 2-4 carbon atoms, e.g. as vinyl, propenyl, isopropenyl, butenyl, isobutenyl or butadienyl.

Lower alkynyl represents either straight chain or branched alkynyl of 2 to 7 carbon atoms,
preferably 2-4 carbon atorms, 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 alkylenc 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,-Cs-alky! (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.



Rlerr]" does not forma heterocycllc r|ng with the adj acent nitrogen atom
and provided that when Rerr]"’ Rlerr]" = Rerr]’ Rlerr]" H x |s zero

and Xl err] iwoossdgr]-, Rlerr]' is not 4- methyl phenyl COI‘@I%HQF
formula Il' are typically selective inhibitors of cathepsin % furt her

aspect the invention provides a conmpoundggQf fornmula Il [err] wherein R30
Is an acyl group derived froman organic carboxylic, carbonic, carbamc or
sul fonic acid; R32 and R33 are independently hydrogen, |ower alkyl,

cycl oal kyl , thegﬂi (fhalbky:‘eferdbry r(epfesehts chlofd ! fluof/ Bilt @By Kb b9 bromo or iodo
bi cycl oal kyI)-Iower alkyl; or Rerr] and Rl err] together represent | ower

al kyl ene so A8 ag¥) SfYPRS EFPF‘?Sﬂﬁed( ¥y idrefiably derived feonbamrorganionaitohictabigyanar e

at t ached; Rlchdbok Igygré)&%nﬁracl, Y[err], Ar, Q Z, n and
p are as of) ewcougl)?/lcdelfl ned; and pha 0‘i]%eutslnlcfgﬂ(?ay %alccept abI e sal ts and

esters ther eetyldemchuseerazsd ﬁomhaﬁmbasﬂmam atpresents foeéxampl it gdic GENt S t he

f 1] def i ned ab
unr oi n- REreretE e SRGROIBLERITH b SPall e bomk bviea oy fover

car bam ¢ alkox mydrem@raeylbdy)oweoumﬁyptm&r@r srdidcdrbdey@ic®r b ctive
i nhibitors o>1§ cat he B.and/or L. Particul alrcerrbcy |cm§n tg‘logghgyéﬁ)tqe?

conpound&ikaron o Iawe Iqr’]‘V P RY- 197 RE¥AXY] Subgijtited jowerplkanoy]), gifbiaroyl., Q Z

Carbocyclic aroyl represents, for instance, benzoyl, benzoyl substituted, by one to three
substituents selected independently from e. g.l halo, trifluoromethyl, lower alkyl, lower alkoxy,
hydroxy, methylenedioxy, nitro, di-lower alkylamino, cyano, or carbocyclic aroyl represents e.g. 1-
or 2-naphthoyl.

Heterocyclic aroyl represents, for instance, 2-, 3- or 4-pyridylcarbonyl (such as nicotinoyl),
furoyl, thienoyl, oxazoloyl, isoxazoloyl, quinoxaloyl, each optionally substituted by e.g. halo, lower
alkyl, lower alkoxy or nitro.

(Oxa - or thia)-cyclolalkylcarbonyl is, for example, tetrahydrofuranoyl or tetrahydrothienoyl.
Di-~(carbocyclic or heterocyclic)aryl- lower alkanoyl is, for example, diphenylacetyl or
dipyridylacetyl. '

Aryl- (lower alkoxy, hydroxy or acyloxy substituted) lower alkanoyt is, for example, phenyl-(2-
alkoxy, hydroxy or acyloxy)-acetyl.

Biaroyl is, for example, 2, 3 or 4-biphenylcarbonyl.

Acyl which is derived from an organic carbonic acid is, for example, alkoxycarbonyl, especially
lower alkoxycarbonyl, which is unsubstituted or substituted by carbocyclic or heterocyclic aryl or is
cycloatkoxycarbonyl, especially C;-Cy-cycloalkyloxycarbonyl, which is unsubstituted or substituted
by lower alkyl.

Acyl which is derived from a carbamic acid is. for example, aminocarbonyl which is optionally
substituted on nitrogen by one or two of lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl,
carbocyclic or heterocyclic aryl. or by lower alkylene or lower alkylene interrupted by O or S.

Acyl which is derived from an organic sulfonic acid represents, for example, lower
alkylsulfonyl, carbocyclic or heterocyclic arylsulfonyl, carbocyclic or heterocyclic aryl-lower
alkysulfonyl, in which aryl is e.g. phenyl, naphthyl or thienyl. such being optionally substituted by, for

example, lower alkyl, lower alkoxy, halo, nitro, trifluoromethyl, carboxy! or lower alkoxycarbonyl.




and .n are.as defined above; and wherein (a) p is one; (b) Y[err] is O §
SO, SCIerr] N(Rerr])SO err] or NNR6; and - 11 - (¢ X[err] is |ower

| Kyl X ' I I
"t errupt cd by OB S0 or 1] or NRerr]; wher bi n N ef ] FATMT nog

above and pharmaceutical ly acceptabl e sal s _thereof, Further particul ar
enbodi nents relate to the conpounds of fornula |11 .Wnerei n Rerr], Rerr],
Rlerr], Rerr], Rerr], A,-Z and Q have neani ng as defi ned above; and

wherein (a) p i frs b SbESE ower al kyl ene or
Clerr]-Cerr]- 13%%53 f%?eﬁuﬁtoéga@m%hh%ryiso SJerr] NRerr],

NRl err]Sq err] Ca@@{:mhc ]!!Ml?i[epme]nts Y@HNIF{CIN jcydic oxlRjicyelic]aB) fonexafnple pheriyBorqheny! N
is one, X err o? bng Ib .. e S,.SO, S
N(Rlerr]) SCT%’%’ oF 'iv{l\%fer § gagé ‘]’Rﬁ?éhéercf% %ﬁ%ﬁzﬁg‘? ?]’m’l %M E@“’ @ﬂ‘“(yc) p
is one, ni ﬁ'ylzl@fdfbxyﬂﬁlo&xe rc?a]noj mﬂhmemﬁl loweediylenediokytand ijr-@;—@%}k Bnd; §r % %rr
and Xerr] 1S Clerr); Clarnlabiylene | nerugted by o) &0 "Seril br
~ ‘adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy. Oxy-C,-Cs-alkylene is also
a divalent substituent attached to two adjacent carbon atoms of phenyl, e.g. oxyethylene or
oxypropylene. An example for oxy-C,-Cs-alkylene-phenyl is 2,3-dihydrobenzofuran-3-yl.

Prefetred as carbocyclic aryl is naphthyl, phenyl or phenyl mono- or disubstituted by lower
alkoxy, phenyl, halogen, lower alkyl or trifluoromethyl, especially phenyl or pheny! mono- or
disubstituted by lower alkoxy, halogen or trifluoromethyl, and in particular phenyl.

‘Examples of substituted phenyl groups as R are, ¢.g. 4-chlorophen-1-yl, 3.4-dichlorophen-1-yl,
‘4-methoxyphen-1-yl, 4-methylphen-1-yl, 4-aminomethylphen-1-yl, 4-methoxyethylaminomethylphen-
1-y], 4-hydroxyethylaminomethylphen-1-y}, 4-hydroxyethyl-(methyl)-aminomethylphen-1-yl, 3-
aminomethylphen-1-yl, 4-N-acetylaminomethylphen-1-yl, 4-aminophen-1-yl, 3-aminophen-1-y, 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-y}, 4-(morpholin- 1-ylmethyl)-phen-1-yl, 4-(2-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-methylpiperazen-1-yl)-phen-1-yl, and 4-(piperidinyl)-phenyl and 4-(pyridinyl)-phenyl
optionally substituted in the heterocyclic ring.

Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyridyl, indolyl,
guinoxalinyl, quinolinyl, isoquinolinyl, benzothienyl, benzofuranyl, benzopyranyl, benzothiopyranyl,
furanyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, triazoly, tetrazolyl, pyrazolyl, imidazoly), thienyl, or
any said radical substituted, especially mono- or di-substituted, by e.g. lower alkyl, nitro or halo gen.
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.



(e) pis zero, nis one, Xerr] is lower alkylene and Y[err] is O S, SO
SAerr], N(Rerr])SOerr] or NRerr], SOerr]NRerr], CONR err] or

NR[ err] CO Q%O‘Jl?)“da is zero, nis zero and X err] is ( ermerEpodehsral kyl ene
interrupted by 0, S, SO SJerr] or NRerr], SOerr]NRerr], CONR err] or
NR[ err] CO, and pharmaceutically acceptatde salts thereof; or Preferred
conpounds of formula IIl are those in which Z is carboxyl or carboxyl
derivatized as a pharnmaceutically acceptable ester. A particul ar enbodi nent
of the i nvenpreferiblychasrosyclivaryliepydiyp owdolyk quinolinyl, pyiralyl] thiazolgk isexazolyl. i S zer o,

in particular those of fo la 1|L' [err] wherein rr, Xerr], A, Q
and p ar tiagelylgetraznbd, H&&@&W‘&ﬁw@hé‘i‘@i okg@‘ safdsraﬁ'ﬁ%‘g&yé‘hdc&@?“q*\'@t“@%wcI iC
aryl -1 ongr o gliftitkd, b lchrllﬁ(ytqufaloF&l;Bﬂ@ﬁ%icul&xcpﬂrﬁw, car boxyl, car boxyl
derivatized as a pf‘{ar maceutical 'y acceptabl e ester or am de, or

5-t et r azol y| Arylene (Ar in formula II) is an‘aryl linking group in which aryl is heterocyclic or carbocyclic

aryl, preferably monocyclic as defined above.

A heterocyclic aryl linking group is for instance (but not limited thereto) 1, 3-pyrazolyl, 2,4- or
2,5-pyridyl or 1,4-imidazolyl in which the groups as depicted in formula III are attached to the ring
at the indicated positions.

A carbocyclic aryl linking group is for instance (but not limited thereto) optionally substituted
phenyl in which the two groups as depicted in formula I are attached ortho, meta or para to each
other. '

Biaryl is may be carbocyclic biaryl, preferably e.g. biphenyl, namely 2, 3 or 4-bipheny!,
advantageously 4-biphenyl, each optionally substituted by e.g. lower alkyl, lower alkoxy, halogen,
trifluoromethyl or cyano, or heterocyclic-carbocyclic biaryl, preferably e.g. thienylphenyl,
pyrrolylphenyl and pyrazolylphenyl.

Cycloalkyl represents a saturated cyclic hydrocarbon optionally substituted by lower alkyl
which contains 3 to 10 ring carbons and is advantageously cyclopentyl, cyclohexyl, cycloheptyl or
cyclooctyl optionally substituted by lower alkyl.

Bicycloalkyl is for example norbornanyl.

Heterocyclyl represents a saturated cyclic hydrocarbon containing one or more, preferably 1 or
2, hetero atoms selected from O, N or S, and from 3 to 10, preferably 5 to 8, ring atoms; for
example, tetrahydrofuranyl,'tétrahydrothienyl, tetrahydropyrrolyl, piperidinyl, piperazinyl or
morpholino.

Aryl-lower alkyl represents preferably (carbocyclic aryl or heterocylic aryl)-lower alkyl.

Carbocyclic aryl-lower alkyl represents preferably straight chain or branched aryl-C, ;-alkyl in
which carbocyclic aryl has meaning as defined above, e.g. benzyl or phenyl-(ethyl, propyl or butyl),
each unsubstituted or substituted on phenyl ring as defined under carbocyclic aryl above,

advantageously optionally substituted benzyl, e.g. benzyl substituted or phenyl lay lower alkyl.

Heterocyclic aryl-lower alkyl represents preferably straight chain or branched heterocyclic aryl-

C,4-alkyl in which heterocyclic aryl has meaning as defined above, e.g. 2-, 3- or 4-pyridylmethyl or

(2, 3- or 4-pyridy))-(ethyl, propy! or butyl): or 2- or 3-thienylmethyl or (2- or 3-thienyl)-(ethyl.



and .phar maceutical ly acceptable salts thereof. In a specific enbodi ment of
the conpounds of formula I'll", Rerr] is carboxylic acid derived acyl;
Rlerr]" is car doC Or heterocyclic aryl-lower alkyl; X

Cerr]-Cerr] ‘g? y ene or Xerr] is CJerr]-Cerr]-al kyI ene%’f&e@upzed by
Oor S, pis one; Ar is carbocyclic arylegg, Qis a direct bond or
Cerr]-Cerr]-alkylene; and Z is carboxyl or carboxyl derivatized as a
pharmaceutically acceptabl e ester; and pharmaceuti.cally acceptable salts

ther eof . | RyrapylBHHRNIRES BE bicd-GuERSEIRRMN (2! B%@%ﬂ?ﬁ&!ﬂ%(eﬂfw fppcispmraou{yb! or2-

Rlerr] is aroyl, err]' is carboc clic aryl - nmet err

Clerr]-al ky’ll'éﬁblﬂz mﬂéyll%(%?féﬂlk’ ethyk émﬂkﬁfé'ﬂt)’ﬁy O pis one; is

Becoptabl e sal LoeHolERter Ikp el FyBhRRL @%‘éﬁﬂeﬁ?e”tﬁvﬁﬁ%%t.on

relates to thed&yhbplfemtmlgﬂbiﬁhenﬂm«methylmremylpne in particul ar
those of formula 11" Ar, and Z' are

as defined abo% Tagsn “E"g"i{ %ﬁ%’?veﬁ(ﬁ?m a&?éga“lﬁ ca%")ﬁm&?‘ii é’é{b%‘ﬁ Acid OF carkmis acid.
al kyl ene; em?,} ﬁﬁﬁédﬁﬁ@@ldvﬁe@hﬂcﬁo@p 6ABsHlicurR bW aﬁcﬁﬂiyﬁﬂfwer%iﬁﬂ%ﬁﬂb&?ﬁ' foy}, -
e

enbodi nment invention is directed to the conpounds of foor
wher ei n R3dowey akylapinegarbenyher di-loysr plkylamineylpwerpikaney]. Prforablyy snyliy tdwiec alkanoyl.

heterocyclic agyl! Mnby! %ﬂfé@kﬁts g(.‘[;.eélf-;lélka}néyl ‘Haﬁ%}; 'foqn% (rn']d_is preferably C, 4-alkanoy!
such as acstyl or propionyl.

Aroyl represents e.g. benzoyl or benzoyl mono- or di-substituted by one or two radicals
selected from lower alkyl, lower alkoxy, halogen, cyano and trifluoromethyl; or 1- or 2-naphtho yl:
and also e.g. pyridylcarbonyl.

Lower alkoxycarbonyl represents preferably C,4-alkoxycarbonyl, e.g. ethoxycarbonyl.

Esterified carboxyl is carboxyl derivatized as a pharmaceutically acceptable ester, for example
lower alkoxycarbonyl, benzyloxycarbonyl or allyloxycarbonyl.

Amidated carboxyl is carboxyl derivatized as a pharmaceutically acceptable amide, for example

aminocarbonyl, mono- or di-lower alkylaminocarbonyl.

Pharmaceutically acceptable salts of the acidic compounds of the invention are salts formed
with bases, namely cationic salts such as alkali and alkaline earth metal salts, such as sodium. lithjum.
potassium, calcium, magnesium, as well as ammonium salts, such as ammoniurm, trimethyl-
ammonium, diethylammonium, and tris-(hydroxymethyl)-methyl-ammonium salts.

Simitarly acid addition salts, such as of mineral acids, organic carboxylic and organic sulfonic
acids e.g. hydrochloric acid, methanesulfonic acid, maleic acid, are also possible provided a basic
group, such as pyridyl, constitutes part of the structure.

The compounds of the invention exhibit valuable pharmacological properties in mammals and
are particularly useful as cysteine cathepsin inhibitors.

The cathepsin inhibitory effects of the compound of the invention can be determined in vitro by
measuring the inhibition of e.g. recombinant human cathepsins B, K, L and S. The buffer used in the

cathepsin B, L and S assays is a 0.1 M pH 5.8 phosphate buffer containing EDTA (1.33 mM), DTT
(2.7 mM) and Brij (0:03%).



al kyl ene; Y[err] is Oor S; Ar is carbocyclic arylene; Q is a direct bond.
or CJerr]-Cerr]-alkylene; and Z' is carboxyl or carboxyl derivatized as a

phar maceut i %chpt abl e ester; and pharmaceutical |y ageghipadidessrsal ts
t her eof . - - A nore specific enbodinment of the invention is directed

to said conpounds of formula II11" wherepm-R[err] is aroyl, Rerr]' is
carbocyclic aryl-nethyl; Xerr]' is (Jerr]-alkylene; Y[err] is O Ar is
phenylene; Q@ is a direct bond; and Z' is carboxyl, and pharnaceutically
acceptabl e salts thereof. A yet further aspect of the invention is directed

to a conpound of formula IV [uerrf]o wherein Rerr] is substituted phenyl or
het er ocy dhe in Ve pssays Fsrigrriedroutips folo¥shocycl i ¢ or heterocyclic aryl)- i ower

al kyl or é&)o"\ﬁ%r cﬁfhgfsﬁmb:’ or heterocyclyl; Rerr] is hydr ogen or | ower al kyl ;
Rlerr] is“carbocycliic or heterocyclic aryl - lower alkyl; R err] and Rl err]
ar e i ndependgotmjicrbster wejbis added|1 ofiz RY pM sefutipp of inhibiterdn mRisay tuiffecfolitrvede d
represent | OW)?%O iﬂ, Ié}/zll §4%1M solution of Z-Arg-Arg-AMC substrate (Peptides International) in assay
buffer. After mixing, SO uL of a 0.544 nM solution of recombinant human cathepsin B in assay
buffer is 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 20 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.
(b) For cathepsin K:
The assay is performed in 96 well microtiter plates at ambient temperature using recombinant
human cathepsin K. Inhibition of cathepsin K is assayed at a constant enzyme (0.16 nM) and
substrate concentration (54 mM Z-Phe-Arg-MCA - Peptide Institute Inc. Osaka, Japan) in 100
mM sodium phosphate buffer, pH 7.0, containing 2 mM dithiothreitol, 20 mM Tween 80 and 1
mM EDTA. Cathepsin K is prcincubatéd with the inhibitors for 30 min, and the reaction is
initiated by the addition of substrate. After 30 min incubation the reaction is stopped by the
addition of E-64 (2 mM), and fluorescence intensity is read on a multi-well plate reader at
excitation and emission wavelengths of 360 and 460 nm, respectively.
(¢) For cathepsin L:
Recombinant human cathepsin L is activated prior to use in this assay: To 500 uL. of a 510 nM
solution of cathepsin L in a 50 mM pH 5.0 acetate buffer containing 1 mM EDTA, 3 mM DTT
and 150 mM NaCl is added 10 uL of a 625 uM solution of dextran sulfate (ave. mw = 8000),
and the resulting solution is incui)ated 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 buffc:_- 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

i



and .pharmaceutically acceptable salts and esters thereof. Preferred are
conpounds of formula IV wherein R err] is norpholino, substituted phenyl or
het er ocycli c : err] is hydrogen; R err] is carbocycli

het er ocyclic g‘f(yysigp@v\er al kyl; Rerr] and R err] are hydr ogmprwwgﬂer
alkyl; or Rlerr] and Rlerr] conbined reppgsent ethylene to forma
cyclopropyl ring. Particularly preferred are conpounds of formula IV
wherein R err] is pyrazolyl or pyrazolyl substituted by 1-3 | ower alkyl;

Rlerr] is hydrggen-. inl 28 48PAMUSHS R PR &?&}czﬁ . o
aryI-C[err]-C[erri-ekﬂfy , and Rlerr|] %ncp:%?g}r{r Il‘g{re %lr“g%sénq?Eg%yrﬁwlﬁm%nd
Rl err] conbi naskeermined hy tanparisc@ofplosiaetisityon thad ofrsadutioy cantaining b rikbicyr.

sel ective inhibitors, of cath i N.L [ or,_S. - 14 - The c ounds of
For mil ae 1 1 1Corteppids e iR3eASERY Fecl8 50 s rosponst gy analf 1 s 1o
possess one Oryaes.e asymretric carbon atons. The resulting diastereoners
and enanti oners are enconpassed by the instant invention. Preferably,
however, e(dy. Iﬁf’i‘)?ﬁ‘t‘pﬁﬁﬂ?ﬁi&lceuticaI use in accordance with the invention, the
conpounds of TRy (llARidr well s aghdd 1001, dr ¥ 28'afr Riidh %ﬁlhibﬁ‘orﬁyéﬁgayﬁff r. 50 uL of
substantially pure epinmeric form e.g. as conpositions in ch the
conpounds ar e gfi09dhsolition af ZfaVebAre: AMICraybsitztel (BepideIiiférnacionnl) ipthed eddadl y at

| east 95% of a,sinagl.e i . r.sing.le t han.10% _e. g. .
pr ef er abl (;/ I eﬁé‘? ﬂ%f?%%%ﬁg é? %‘gpﬁeﬁoﬁ% Ptmf%&?’r%nﬁ“m Gathepsin' S in a¥éay 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 ICs, 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,
includirng osteoporosis, gingival diseases such as gingivitis and periodontitis, Paget’s disease,
hypercalcemia of malignéncy, 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.



Preferred conpounds of fornula | are those wherein the asymetric carbon to
which are attached Rlerr] and/or R err] corresponds to that of an L-am no
acid precur sQpessiilsd Ne asymretric carbon to which is attachSflgddgRessyano
group al so corresponds to that of an L-amno acid and is generally assigned
the (S)-configuration. Preferred conpounds of formula | wherein R3 and R4
represent hydrogen can be represented by formulae Vv, V' and V',
corresponding to preferred conmpounds of fornulae Il, IIl and IV

respectively | &Aﬁhﬁ&{kﬁéﬂb%ﬂﬁ%@mﬁﬂﬁm - W&' i
provi des a cg%gg%dgggﬁ?or mila Vv, V or V' [err] - %{,&E er €l n!ietg%é
synbol s areraeemeis (incledinghasheroscienctiqplague muipteye and destabilization)y bitoimmuhe-discasas;abl e
esters or salts thereof,. . . [ I I I O I I I I
11, | Tespray ‘é??ﬁse\slg“dals";[@"g'? ?’ ed "a oveng c{a':}llee e; :ﬂ'e‘lE l‘r'n%’?% Jé?ﬂsPl@?tJF]F%tf?n?'o as
Conpounds of Coltotii¢ @nthe Gmventiore inppmmicuar cathdpsiniK seleotivelinkibitdr@bmipouride\aee t he
foll owm ng neaning wthin the sco(pe of the i nventtj on, unl ess otherw se
speci fi o gparticularly mdicated for preventing or treating osteoporosis of varibus genesis (e.g. juvenile,
menopausal, post-menopansal, post-traumatic, caused by old age or by cortico-steroid therapy or
inactivity).
Beneficial effects are evaluated in in vitro and in vivo phanmacological 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

marnaals, e.g. rats, mice, dogs, or isolated organs and tissucs, 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 10% molar and 10° molar concentrations. The dosage in vivo may range, depending ou 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, S117-5118).

The efficacy of the compounds of the invention for the treament of osteoporosis can be
determined using an animal mode! 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 (e.g. as described in Osteoporos Int (1997) 7:539-543).

The compounds of the invention are prepared by:



The term "l ower" referred to above and hereinafter in connection with
organi c radicals or conpounds respectively defines such as branched or
unbranched w and including 7, preferably up to and_i ' 4 and .
advant ageousl%ﬁ@‘%ﬁ two carbon atonms. A |lower al kyl gr ou%@@?’%’%ed or
unbranched and contains 1 to 7 carbon ag?gs, preferably 1- 4 carbon atons.
Lower al kyl represents for exanple nethyl; ethyl, propyl, butyl, isopropyl
or isobutyl. Lower alkenyl represents either straight chain or branched

al kenyl of 2 to 7 carbon atons, preferably 2-4 carbon atons, e.g. as vinyl,
propenyl, isopropenyl, butenyl, isobutenyl or butadienyl. Lower alkynyl
represents ei tier catveringlnt amitiaofithoforkulaNEhed al kynyl of 2 to 7 carbon
atons. preferably 2-4 carbon atons, e.g. as acetylenyl, propynyl

i sopropynyl, butynyl or isobutynyl. Lower alkyl, |ower alkenyl and | ower

al kynyl may be substituted by u 3 ﬁ&fstitq@nts selected from | ower

al koxy, aryl, hydroxy, hal ogen . i f thyl. Lower al kyl ene
represents either straight cha? Eo 1b;%£cﬁgﬁkqﬁgﬁiwi of I to 7 carbon
atonms and represents preferably stmai ghtz chai nsal kyj,ene of 1 to 4 carbon
atons, e.g. a nethylene, ethylene, propylene or butylene chain, or said
nmet hyl ene, et hyl ene, propyl ene or butyl ene chain nono- substituted by

Cerr]-Cerr]-alk (dy art o vl rdi stituted on the, sane or
di fferent carbdiva %ﬁ%*%?ﬂffgf$¥§%%e’* -§?§§$m8§ é%ﬁ?%SE§E§P§WWEFﬁ9T). t he
total nunbfEmgls I ead ik affamsladeerng up to and including 7. A | ower al koxy

(or al kyloxy) group preferably contains 1-4 carbon atons, advantageously
1-3

(b) condensing 2 compound of the formula VII

wherein R, and Rs have meaning as defined hereinabove, with an acid of formula VIII

R
RE}X,—NH—-?-COOH
X R,

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

(¢) condensing a compound of the formula Ia

R, R,
| |
H,N-C-CONH-C-C=N (1a)

l |

R, R



carbon atons, and represents for exanple ethoxy, propoxy, iSopropoxy, or
nost advant ageousl y net hoxy. - 16 - Halogen (halo) preferably represents
chl oro or flﬁarggfm may al so be bromp or iodo. An acyl grg&Refsnsesr _
represented by err] is preferably derived froman organi c carbonic acid,
an organi c carboxylic acid, a carbamc agd or an organic sulfonic acid.
Acyl which is derived froma carboxylic acid represents, for exanple,
carbocyclic or heterocyclic aroyl, cycloal kyl carbonyl, (oxa or thia)-

cycl oal kyygeaiR RAR,, Rl @R hatdanennitlg, as defnst he@inkioog with el 6 Yo RéspaiidigQy Ye-
| ower al kanoyl, gnnno- Qr di- carbocyclic or heterocyclic) - (Il ower

al kanoy! gPul Hnld:&1185With a TEsrKVe dsrivatiye therpotyand in theiabpvernrecesses.dfwequired,

al kanoyl) ! i RRFEAND eadive ¥t i le Bl oyl,
penzoy] SEmEerayFrdNine G AFKAS Sadve troupP ARG atns e i LeipqRERS
from e. g. thaaiventionr drd| ifi desgradichyvertingoamg resalting Compayné intaisiothey corgoind x§/the

met hyl enedi oxy, nitr di sl r,.al m no. cyano, or, carbacyclic . arqyl
et oo ent vt bl Bussiied, chiErfh < ¥R IRmeb VR o 501 A PGy wf i
i Nnst ance, freeacidr base oty andidrest.bonyl (such as nicotinoyl), furoyl,

t hi enoyl, oxazol oy|, isoxazol o‘}/l , chui??xal o%/l , _each optionally substituted
by e.g. hal o, ApRsQfate protecting groups are used for starting compounds and intermediates, for instance

as hereinafter described in the Examples.

The conversion of primary amides of formula V to the nitriles of formula I, according to
process (a), can be carried out according to methods well known in the art for the dehydration of a
primary amide to a nitrile, e.g. with thionyl chloride in the presence of a base. A preferred procedure
involves the treatment with oxalyl chloride and pyridine in DMF at or below room temperature as
illustrated in the examples.

The starting materials of formula VI can be prepared by condensing an amino acid amide of

formula IX

R.

I4 IX
NH,-C-CONH,

|

R,

wherein Ry, and R have meaning as defined above with an acid of the formula VIII, in protected
form as appropriate.

The condensation can be carried out according to methods well-known in the art, e.g. by
reacting a mixed anhydride or an acyl halide of the acid of formula VIII e.g. the acid chloride, with
an amino acid amide of formula IX, in an inert solvent such as methylene chloride, in the presence of
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.



al kyl, I ower al koxy or nitro. (Oxa - or thia)-cyclolal kyl carbonyl is, for
exanpl e, "t et rahydrofuranoyl or tetrahydrothienoyl. Di-(carbocyclic or

het erocyclic)aryl - | ower al kanoyl is, for exanple, diphenyl 04

di pyri dyl acet V2468 - (| ower al koxy, hydroxy or acyl oxy substituted) |ower
al kanoyl is, for exanple, phenyl-(2- alkgxy, hydroxy or acyl oxy)-acetyl.
Biaroyl is, for exanple, 2, 3 or 4-biphenyl carbonyl. Acyl which is derived
froman organic carbonic acid is, for exanple, alkoxycarbonyl, especially

| ower al koxyc actfUnfidhs| t cyclic
or heterocycli Oa%‘} or s&éyg ng%ea Ogcylg{vnglé‘%écb:e?ﬁp%@d%’coﬁﬁﬂé}g
Cerr]-d eﬁfeihowagmb{vyhxuhymmbbﬂgdratevl,mmm is unsubstituted or substituted

by | ower al kyl . i s rived c aC| exanpl e.
ami nocar bonyi eggptﬁvgprgmqu ‘f “\éﬁlﬁg |F1?yn:]ze ué&f‘ﬁ r’fld fﬁf%%‘é‘%r two of
| ower al kylgy, ri.;p?]gsbocycl Ic or heterocyclic aryl-|I ower aI kyI car bocyclic or
heterocyclic aryl. or by |lower al kylene or. |ower alkylene interrupted by O
or S. Acyl whi cﬁomgméwf\ﬂéfdn‘f%?ﬁ a8 e’HT"'@&WP‘EC‘%‘HIﬁP“thﬁcc@‘&h PHAY B3F dasgrof Esalg o

exanpl e, | WEL %ﬁl % carbocyclic or heterocyclic aryl sul fonyl,
rocfc rc ar

car bocycl i yl -1 ower al kysulfonyl, in which aryl is e.g.
phenyl, nap ht hy Acidic Golipemgds of the ives@nmuydp cowveetd ytoguﬁdtsmawiéwtbmmcémally
g;( alm(;\ll\:r Lﬁa\/\eﬁqﬁr 5-7@15 Egsﬁﬁ )7: goyan\ez{queous a f'ja}.{ hYdrom e, ad’vat'%tgg'chlls i rI:E;;[rQs\énde of &1 boxyl

 ethereal or alcoholic soivent, such as a lower alkanol. Resulting salts may be converted into the free
compounds by treatment with acids. These or other salts can also be used for purification of the
compounds obtained. Ammonium salts are obtained by reaction with the appropriate amine. e.g.
diethylamine, and the like.

Compounds of the Invention having basic groups can be converted into acid addition salts,
especially pharmaceutically acceptable salts. These are formed, for example, with inorganic acids,
such as mineral acids, for example sulfuric acid, a phosphoric or hydrohalic acid, or with organic
-carboxylic acids, such as (Ci-Cy)alkanecarboxylic acids which, for example, are unsubstituted or
substituted by halogen, for example acetic acid, such as saturated or unsaturated dicarboxylic acids,
for example oxalic, succinic, maleic ot famaric acid, such as hydroxycarboxylic acids, for example
glycolic, lactic, malic, tartaric or citric acid, such as amino acids, for example aspartic or ghutamic
acid, or with organic sulfonic acids, such as (C,-C,)-alkylsulfonic acids (for example methanesulfonic
acid) or arylsulfonic acids which are unsubstituted or substituted (for example by halogen).

Preferred are salts formed with hydrochloric acid, methanesulfonic acid and maleic acid.

In view of the close relationship between the free compounds and the compounds in the form
of their salts, whenever a compound is referred to in this context, a corresponding salt is also
intended, provided such is possible or appropriate under the circumstances.

The compounds, including their salts, can also be obtained in the form of their hydrates, or
inchade other solvents used for their crystallization.

The pharmaceutical compositions according to the invention are those suitable for enteral,
such as oral or rectal, transdermal, topical, and parenteral administration to mammals, including man,

to inhibit cathepsin dctivity, and for the treatment of cathepsin dependent disorders, in particular

inflammation, osteoporosis, rheumatoid arthritis and osteoarthritis, and comprise an effective amount



-17 - Aryl represents carbocyclic or heterocyclic aryl. Carbocyclic aryl
represents nonocyclic, bicyclic or tricyclic aryl, for exanple phenyl or

phenyl nono- 9!}/2‘44 r tri-substituted by one, two or three pEgimgbénsel ected
froml ower a‘my , lower al koxy, aryl, hydroxy, halogen, cyano,

trifluoronethyl, |ower alkylenedioxy anak-oxy-Cerr]-Clerr]-alkylene; or 1-
or 2-naphthyl; or 1- or 2-phenanthrenyl. Lower al kyl enedioxy is a dival ent
substituent attached to two adj acent carbon atons of phenyl, e.g.

met hy| engri phmagslogitallylaetiediompypunddfytheGireantipn, @joae pt inabiobinativm, with 8heseér more

di val ent substituent attached to two adjacent carbon atoms of phenyl, e.g.
oxyet hylm“‘éﬁ‘ﬂ@b?cﬁ IS AT oxanpl e for

oxy- A er 1 - Clitbfelpaslolibifo e iraansckuricnl uiposlids eompanzalefedie Sabdpsin iy o
as carbocyclic aryl is naphthyl, phenyl or phenyl nono- or disubstituted by
| ower al m;obmempqunﬁaf@géwcenmmr alkyl or trifluoromethyl, especially

phenyl or ph I = IS | I : :
trifluoromethy ¢ ,phg?r?]xg@?lgﬁéggta%%éﬂ%hgﬁyﬁﬁegg%?tg%gféf%ll}%g'{e?r%@?fé@ﬁrg ﬁényl

gr oups aghannavesaticabeagnpoditiois comppising ad effective3ymbuati théreofrin prjunciion ¢i admixture
e o b egeits ey e BT Sgher byl A DB P B oy
4- hydr oxygf duydin CAmbIRY bompiting @liedctiye Mredicdt-tydethed with ) diieRis /g, MR, bektrose,
4- N- acet yl am nonet hyl phen-1-yl, 4-am ngophen-1-yl, 3-am nophen-1-yl, 2-
am nophesucrase, wnitql. %l@m},| c_claﬂgq._anq_/og gl]yc,me,i ‘px lnpgicants 53-8 syica, ﬁlyq% ISEeAtic acid, w ,
4- (I m dagalzecthny of cARfubYdak a6 polybtitykheglycol; for tablets also c) binders e.g. magnesium
aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose
and or polyvinylpyrrolidone; if desired d) disintegrants, e.g. starches, agar, alginic acid or its sodium
salt, or effervescent mixtures; and/or e) absorbents, colorants, flavors and sweeteners. Injectable
compositions are preferably agueous isotonic solutions or suspensions, and suppositories are
advantageously prepared from fatty emulsions or suspensions. Said compositions may be sterilized
and/or contain adjuvants, such as preserving, stabilizing, wetting or emulsifying agents, solution
promoters, salts for regulating the osmotic pressure and/or buffers. In addition, they may also
contain other therapeutically valuable substances. Said compositions are prepared éccord'mg {10]
conventional mixing, granulating or coating methods, respectively, and contain about 0.1 to 75%,
preferably about 1 to 50%, of the active ingredient.
Tablets may be either film coated 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, €.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.



4- (norpholin-I -yl)-phen-1-yl, 4-(norpholin-1-ylnethyl)-phen- 1 -yl,

4- ( 2- met hoxyet hyl am nonet hyl ) - phen-1-yl and

4- (pyrrolidin hyl ) - phen-1-yl, 4-(2-thiophenyl)-phen-}z

4-(3-t hi opheny y%o en- 1 -yl, 4-(4-methyl pi perazen- 1 -y|)-%ﬁg’h’-’”’f‘-‘°§7, and
4- (pi peridinyl)-phenyl and 4-(pyridinyl)-plyenyl optionally substituted in
the heterocyclic ring. Heterocyclic aryl represents nonocyclic or bicyclic

heteroaryl, for exanple pyridyl, indolyl, quinoxalinyl, quinolinyl,

i soqui nol i nyl, bERzhhinsesuicil flrankeabng ain ankFEGROYIRRDYh i ahBLgRYEany!
furanyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl,
pyrazol yl ,  [CAmaeungofhe 1???9%9%3,‘13@}5‘1& eseither alongioz if combination witkeahothes peci al | y

nono- or dij ' d, by e.g. lower alkyl, nitro or hal ogen. Pyridyl
represents Eéﬁgg?kgg&ﬁ-pyridyl, advant ageously 2- or 3-pyridyl. Thienyl
represents 2- orinonjuhrtiemyith ather@ttiveyngrediqt, emippurt efftey IbényioR may 8  Or
4- qui nol i nyl ., Isoquinplin represents preferably 1-, 3- or

4- i soqui nol iaﬂW'.Stcggﬁg%ﬁW‘éhme?E eﬁ%@{‘h‘%’5&%‘3%9}&%85‘@&%?&*5%%@@@% ajely by
3- benzopyr agglsagé odifidten zaith1bCudyindtiation 61&8%&1?& Gk Yame phbgaebitial @&Ja{uf%ﬁ&r}t S
preferably 2- or 4-thiazolyl, advantageously 4- thiazolyl. Triazolyl Ts
pref er abl y The dgsagegf agtive pomponnd administeged) is depgndent.en the spesieppfafameidoded animal
5-tetrazoly dy WEhiChRhY ind A i rhdyl . indgl yl,
i ol { 1 Gl i bony HEERPARI Ml nd oSl i, ¥t bl drpbfprol”'R ohi
pyrazol yl , idosagafoo bsal admitisteatiph jo omammel of abait FGith el rsayirehiaintbieaken aiSRES b | Y
nono- or

500 mg of the active ingredient.

The present invention also relates to methods of using Compounds of the Invention and their
pharmaceutically acceptable salts, or pharmaceutical compositions thereof, in mammals for inhibitin g
cathepsins, such as cathepsin B, K, L and/or S, and for the treatment of cathepsin dependent
conditions, such as cathepsin B, K, L and/or S dependent conditions, described herein, e. g.
inflarnmation, osteoporosis, theumatoid arthritis and osteoarthritis.

Particularly the present invention relates to a method of selectively inhibiting cathepsin
activity in a mammal which cornprises administering to a mammal in need thereof an effective
cathepsin inhibiting amount of 2 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.



di -substituted, by Iower alkyl or halogen; and in particular pyridyl.

Arylene (Ar in formula I1l) is an aryl linking group in which aryl is

het er ocycl i CWQP ,?4% ocycl ic aryl, preferably nonocyclic aspeigkg Above. A
c ary

het er ocycl i I nki ng group is for instance (but not limted thereto)
1, 3-pyrazolyl, 2,4- or 2,5-pyridyl or dg4-imdazolyl in which the groups
as depicted in forrrula 1l are attached to the ring 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 formula | are attached Qrtho, neta or para to each other.

Biaryl is may be carbocyclic biaryl —Mbly e.g. biphenyl, nanely 2, 3
or 4 b| %eﬂ*ﬁi‘ ad\ﬁ,g% Rﬁﬁi“ﬁgﬂf %_@&@_ﬁ&{l{n@ﬁj Sﬁ%gltaakl y substi t ut ed by
‘H/I oxy, ogen, uoronethyl or cyano, or

heterocycllc car bocyclic b|a |, preferably e.g. thienylphenyl,

pyrrolyl phenyl and pyrazolyl pRepy™ Cycl oalkyl represents a saturated
cyclic hydrocarbon optionall @ tut ed I/S"Qer al kyl which contains 3
to 10 ring carbons and is advant C

xyeoust twperd=N, cycl ohexyl,
cycl oheptyl or cyclooctyl optionally 5ubs i t Ut ed by | ower al kyl .
Bi cycl oal kyl is for exanpl e norbornanyl. (T;ﬂqater@gyclxl represents a
saturated cyclic hydrocarbon containing onécgpr fore, preferably 1 or 2,

hetero atons selected fromO, Nor S, and fé,QmB to 10, preferably 5 to 8,
ring atoms; for

A. Fmoc-Leu-Gly(CN

Fmoc-Leucine (0.27mmol) and aminoacetonitrile hydrochloride (32.4mmol) are dissolved in
dimethylformamide (300ml) and cooled with ice-salt. HOBt (32.4mmol) and WSCD (32.4mmol) 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 the solvent is evaporated.
Chromatography on silica gel using n-hexane/ethyl acetate=1/1 (v/v) gives the product in 90% yield.
mp.173-175°C, Rf=0.68 (chloroform:methanol:acetic acid=90: 10: 1).

B. H-Leu-GIy(CN)

2-Amino-4-methyl-pentanoic acid cyanomethyl-amide

Fmoc-Leu-Gly(CN) (18mmol) is dissolved in 20% piperidine in dimethylformamide (36ml).
The reaction raixture is stirred at room temperature for 60min. After evaporation of the solvent and
chromatography on silica gel using n-hexane, n-hexane/ethyl acetate=1/1 and 10% methanol in
chloroform, the product is obtained in 93% yield.
oil, Rf=0.73 (n-propanol:water:ethy} acetate:ammonia=5:1:2: 1).

C.  Indok5-y-C(O)-Leu-Gly(CN)

Indol-5-ylcarboxylic acid (1.0eq.) and H-Leu-Gly(CN) (1.2eq.) are dissolved in
dimethylformamide and cooled with ice-salt. HOBt (1.2eq.) and WSCD (1.2eq.) are added and the
reaction mixture is stirred at 4 - 25°C over night. After ethyl acetate is added to the reaction mixture,
the organic layer is washed with saturated sodium bicarbonate, IN hydrochloric acid and brine, dried

over magnesium sulfate and evaporated. Chromatography on silica gel gives the title product in 70%

IE



exanpl e, tetrahydrofuranyl, tetrahydrothiehyl, t et rahydropyrrol yl,

pi peridi nyl, piperazinyl or norpholino. Aryl-Ilower alkyl represents
preferably (carbo%éﬁllc aryl or heterocylic aryl)-lower al kyky &%ﬁg@pycllc
aryl - I owner aIQ@?g Pesent s pr ef er abl y29strai ght chain or branc
aryl-Cerr]-alkyl in which carbocyclic aryl has neaning as defined above,
e.g. benzyl or phenyl-(ethyl, propyl or butyl), each unsubstituted or
substi t ut egiedn phenyl ring as defined under carbocyclic aryl above,

advant ageousl| y .opt i stit zy e.g. benzyl substituted or
phenyl Iay“%l’c%s\’é1 ﬁ%@&@’ﬁ%h&&%ﬂ& @ f?? Iovver al kyl represents preferably
strai ght chain or branched heterocyclic aryl- Cerr]-alkyl in which

heterocyclic aryl has nmeaning as defined above, e 9. 2-, 3- or
4- pyri dyl mBxapple 2r (2, S-Amingrquipoliner2-gasdo ficacid / ethylsarbps ): or 2- or

3-thienylmethyl or (2-_or ghl dL (et hyl, 1 A 19 - propyl or butyl);

2-, 3- or 4-quinoli nyl%ﬁwié‘— - or 4 qui nol i nyl)-(ethyl, propyl or

butyl); or Iy - ropyl or
yl) SZN‘“P @.ﬁ, *ﬁyﬁfﬁgﬁﬁ%m’u m{oam%caﬂbasdayﬁé%am bﬁ@ﬁ haﬂnae propy

butyl). Cyclo represents é. (cycl opentyl -
cycl ohexyl )8.85rmblyls dissohedtiyy te)rahsﬂrtzfmym (1Pmlend mbthgﬂol tlemi etsreqms;empcgture N2,S,0,

gr g gﬁrgnzg%o&%{nﬂhﬂ @Bﬁedeté gli/cb%WSn and the 6?“%%} %%xﬂﬁ%’ is 'hsﬁt%le a.rtI \ﬁax for 98mm If‘he

crude product is isolated by filtration and purified by chromatography on silica gel using 2%

methano] 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
(0.4mmiol) 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 XI are obtained as identified below in

Table 1.



Acyl represents e.g. |ower al kanoyl, carbocyclic aryl-I|ower al kanoyl, | ower
al koxycar bonyl, aroyl, di- |ower alkylam nocarbonyl or di-I|ower
aIkylanino\&$é@hﬁﬁlkanoyl. Preferably, acyl is |ower al kawaytposibesver

al kanoyl re ents e.g. (err]-al kdhoyl including fornyl, and is
preferably Cerr]-al kanoyl such as acetyl or propionyl. Aroyl represents
e.g. benzoyl or benzoyl nono- or di-su %’tuted by one or two radicals

sel ected from | ower al kyl, |ower alkoxgéLkéiogen, cyano and
trifluoronethyl; or 1- or 2-naphthqy|;ﬁpnd al so e.g. pyridylcarbonyl. Lower
al koxycarbonyl represents prefeggably (I@grjqﬁalkoxycarbonyl, e.g.

et hoxycarbonyl . Esterified carboX T & cd boXGFENder i vati zed as a
pharmaceutically acceptable estergp fox exXanple | ower al koxycarbonyl,

benzyl oxycarbonyl or al |yl oxycarbonyl CAyiCHat gd carboxyl is carboxyl
derivatized as a pharnmaceutically accepg@abl e am de, for exanple

am nocar bonyl, nono- or di-|ower alkyl Hnocarbonyl. Phar maceutically
acceptabl e salts of the acidic conmpoundS *f the invention are salts forned

W t h bases—ranret tTpTi T Sat SUCh gSgl T and_al eartn et al
[ aexagle Noi Rx B! (@ | ARy
s

salts, suc ithium potassi calcijum maonesium as well as

anmoni um s such as annnﬂiun1 trimetthyl - amponi um di et hyl anmoni ym and

tris-(hydr)xynéthyl)-neihyl-..nu'. m sallt s i mil &%y cid agddition palts,
such as of {m neral 4aci d$, oran r boxyl ?%'%and g) éﬂ%&x@ﬁ'ﬁfgh}"éﬂéc ds
e.g. hydroghloric acid, |met haweSx #0oniclacid, mdleic acid, are al so
possi bl e provi ded a basiic group, $uch ag pyridyl}, constitutes part of the

structure.
H
N
5 @1/6 150-160 | 0.30 (n-hexane:AcOEt=1:2)

/
6 ©:'>__ 170-194 | 0.77 (n-hexane:AcOEt=1:2)
7 169-184.5 | 0.43 (n-hexane:AcQOEt=1:1)
N
|
s
N

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

9 174.5- 0.48 (n-hexane:AcOEt=1:2)
176.5
NO,
10 AN 163-167 0.42 (n-hexane:AcOEt=1:1)




The conpounds of the invention exhibit val uable pharmacol ogi cal properties
in mammal s and are particularly useful as cysteine cathepsin inhibitors.
The cat hepsi nwgngj‘ﬁhory effects of the conpound of the invgafk@enean be
determned in y neasuring the i3thibition of e.g. reconbi nant human
cathepsins B, K, L and S. The buffer used in the cathepsin B, L and S
assays is a 0.1 M pH 5.8 phosphate buffer containing EDTA (1.33 mM, DIT
(2.7 mV) and BI‘I] (0.03%9. . :-20 - The in vitro assays are carried out as

foll ows: (&3 ttrepsTT B, 1O & 1 CTo WWWUT of a 20
uM sol uti g Wpﬁr{?ﬂtltor infgéay buf f er B’Ifg bd by U 01) a 6.4 mv

sol ution ar Z-Arg- Arlg- AMC sutrate (Pepltides I pternational) in ascay
n

buffer. Afjter m xi ng ol ut n of .reconbi unman
 BPa | Vsleprng ARl

cat hepsin |B i nlhssay

i nhi bi tor jconcentr at|i ‘ zyne| acti vi{ y is determ ned by

measuring [fl uorescerjce of theoliberated jam nonet hyl coumarin at 440 [nM usi ng
380 nM exc| tatiaon t 20 minut nr‘ %-Enzyime —-nhi-bi-ti-on—-s—determ-ned by

conpari sonj of this gctivi at of aj solutign containing no inHibitor.
Conpounds are gubsequent| 156- | 0.31 (n-hexane:AcOEt=1:1)

158.5
7 N\
13 = 191.5- | 045 (n-hexane:AcOEt=1:1)
199
14
H2N0H2—<: :>—-
57-64 | 0.80 (n-hexane:AcOEt=1:2)

15 0.31

(chloroform:MeOH=7:3)

16
89-95 | 0.61 (n-hexane:AcOEt=1:2)

H,NCH,
7 @, 223-224 | 0.23 (n-hexane: AcOB(=1:2)

18 143-144 | 0.70 (n-hexane:AcOEt=1:2)

19 0.33 (n-hexane:AcOEt=1:1)




subj ected to a dose response curve analysis to determne ICferr] val ues.

(b) For cathepsin K The assay is perforned in 96 well
ambi ent t enpro 8s2uaed usi ng reconbi nant human cat hepsin K. |
cathepsin K is assayed at a constant
concentration (54 nmM Z- Phe- Arg- MCA -
in 100 nmM sodi um phosphate buffer,

pH

3%nzyme (0.16 nM and su
Peptide Institute Inc.

7.0,

mcrotiter

pl at es at

ok b@%, Of
e

OCsaka, Japan)
containing 2 mMdithiothreitol,

20 nmM Tween 80 and 1 mM EDTA. Cathepsin K is preincubated with the

i nhi bi t PEgarhglé N8O[ M n, and gshe react| ANmp SeEN| T1 at ekr g&'ol\}e atdi-ti on of
substrate After BO nmin incubation thd reaction is st ppe by thg addition
of E-64{(2 mV), ahd fluorescence intensity is read on a nulti-weljl plate
reader pt exgitat|on ao 'on wavel engt hs 6 and 460 nm
respect | vel y. (c) Recombi nah e AREESINL i s
activatpd prior tp To 500 JL of a 510 nM sol utfi on of
cat hepstA——in—a—po Tﬂ—pH—%—Q—&ee{—&tu-e—bu-f-f_er containing 1 oM EDTA, 3 nM DIT
and 150 m\/l NaCl ip addedf0 uL of a 6345 uM so|ution of dextran sulfate
(ave. nv = 8Q3400), { and t h& Mes i ng sql o i ¢ [ cefor 30
mn. 4 L of this|solution i en di lfut edpll%n oo'ag%%@égﬁ@qﬁ%her,
yi el di ng—a~40-nM-brzyre—soluti-or—Jo-—gerformithe assay, 100 ulL off a 20 uM
solutioh of inhibltor in assay buffer jis added to a mcrotiter wgll. 50 uL
of a 20 uM sgl utibn of Zew®heuArg- AMC (|Pepf;j dep | nter nLa}“i)nal) i s {then
added. Mfter mixihg, H80/ Uty actilvated 4D nM sol utton of redonbinant
human cht hepsin L CH, H (CH2Cl/MeOH/NH3=9:1)
4\N’
23 - 248-250 | 0.35 (CHyClp/MeOH=9:1)
ol
24 o/ O\ 136-138 | 0.21 (CHCl/MeOH=95:5)
N/
25 Cl @\ 225-227 | 0.10 (CHyCly/MeOH=9:1)
26 CHz cu 97-99 | 0.41 (CH7Cly/MeOH=9:1)
cno-ch, @\
N/
27 \,J 164-168 | 0.27 (CHClh/MeOH=9:1)
28 A~ 114-116 0.16
oS ©/ (CHaClp/MeOH=95:5)
N
29 C/ O/ <70 0.16 (CHClh/MeOH=9:1)




I n assay buffer is then added to the well, yielding a final inhibitor
concentration of 10 uM Enzyne activity is determ ned by neasuring
fluorescence of the |iberated -21 - am nonet hyl coumari n gé&rdeiaeédd usi ng
380 nM exci tat"m??”dfé 920 nminutes. % Enzgnme inhibition is determ ned by
conparison of this activity to that of a solution containing no inhibitor.
Conmpounds are subsequently subjected to a dose response curve analysis to
determine IJerr] val ues. (d) For cathepsm S, Tg,a mcrotiter well is
added 100 —of—a—2@—tivrsotutsomof—TTin assa IL of a
700 uM sol Lﬁ’iaB‘Hkg% - Val - Val iﬁ'\’?g AMC subsknk’a{ s Peptlg{fg%;hI F{grnatl pnal ) is
then addedq——Arter mixing, 50 uL of a 5.2 nM sol Ltion of reconbi nant human
cathepsin|S in assay buffer s then added to the yi el di fii nal

i nhi bi tor jconcé@trat|li on of f me| a8¥PYi t)f”g (qé’t el%%

measuring |f | uorescenc H@‘_c@e N i o@ ed {ani nonetlhyl counarin at 440 NnM usi ng
380 nM exditation atf 200 m hubel§ nzyjre inhildition is determ ned by
conparison of this activity to fhat of at soluti cant aining na inhibitor.

Compounds are subsequently subjected to a dose response curve analysis to
determne I Cferr] val ues.

Exarnple 31 Indole-2-carboxylic acid {1-[(cyano-dimethyl-methyl)-carbamoy]

-cyclohexyl}-amide
A Fmoc-1-aminocyclohexane carboxylic acid
The title compound is prepared from 1-cyclohexane carboxylic acid (7mmeol), Fmoc-CI (7.7mmol)
and NaOH (14mmol) in the usual manner in 18 % yield. Rf=0.17 (n-hexane:ethyl acetate=1:2).
B. Boc-2-Aminoisobutyric acid amide
28% aqueous ammonia (66mmol) is added to the mixed anhydride (prepared from 22mmol of
Boc-2-aminobutyric acid and 22mmol of iso-butylcholoroformate by customary procedures) at
-20°C. The reaction mixture is stirred at 4 - 25°C overnight. After evaporation of the solvent, the
residue is extracted with ethyl acetate. The extract is washed with saturated sodium bicarbonate, IN
hydrochlotic acid and brine, dried over magnesium sulfate and evaporated. The crude product is
purified by chromatography on silica gel using n-hexane/ethyl acetate=1/1 and n-hexane/ethyl
acetate=1/2, to give the product in 31 % yield.
mp. 16%- 177.5°C, Rf=0.41 (chloroform:methanol=9: 1).
C. 2-Aminobutyric acid amide hydroch
Boc-2-Aminoisobutyric acid amide is dissolved in 4N hydrochloride in dioxane. The reaction mixture
is stirred at room temperature for 60min. Diethylether is added to the solution to give a white
precipitate, which is collected in 91 % yield by filtration. The crude product is used for the next
coupling without further purification.
Rf=0.28 (n-PrOH:H,0:ethyl acetate:NH3=5: 1 :2: 1).
D. Fmoc-1-Amino-cyclohexanecarboxylic acid (1-carbamoyl-1-methyl-ethyl)

-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



In view of their activity as inhibitors of cysteine cathepsin enzynes,
Conmpounds of the Invention are particularly useful in mammuals as agents for
treat ment anwlops/zapéey! axi s of di seases and nedi cal conditi %ld:ﬂk‘/@ég?ﬁ ng
el evated | evel s of cathepsins. Such # seases include diseases invol ving
I nfection by organi sns such as pneurmcystls carinii, trypsanoma cruzi,

trypsano |t hi.di lata, as well arasitic di seases such
as schi s%%?%g?’g‘o i ke da?nlde{ © eac f puxtpse 5 giped; ahi 3 GrPvanrightyAfier
met ast asiesiporaiod opthe Gdilvchtﬁtﬁa&eﬂuesid eXtraRfed WRthAEHY] S9¥Rkd. Thb @Hi‘a%@'ﬁé WabiB D

di seases. Cathepsins, in

muscul ar dystrop roph nd simlar

parti cul é?tuﬁtedﬁag'émﬂ’&gﬁ”?‘ﬁﬁ’l I&HP@GI‘IPHC Eﬁl%me@leékmsmgmxmmade@ﬁ@, and
thus the CRERRAN Fhe Shdd PR Y at.ment and

prophyl axis of such di sggses ﬁf&?g@d‘ubdl ng r@@?%gﬁgroégfhgé £§ ﬂ&ﬂ’ibf"aa?/%‘@ﬂses
such as g@greefewiid ﬂ@%h@%ﬂhﬂé@ﬁmﬁl/@ 10 Bhyg the' modilcsma]amntdwa?feﬁal cem a of

mal i gnang%%ne7 Hy7 étéxﬁoﬂ _olﬂ nvegpggﬁ%ra%géce{rhgeand nmet abol i ¢ bone di sease.

Al so the npounds of I'on’'na for treatnment or prophylaxis
of di seag&s of exceEsmwa@tgyblgmMaﬂmtﬂw ¥cidl eARAR L @R micig) Udi Ng
osteoarthritis and rhepymatoid arthritis as well as certaln neoplrastic

di seases i nvol vi ng + ession of high levels of proteolytic enzynes and

mat ri x deﬂﬁoﬁ\ﬁﬁﬂmio@iﬂe (2.6mmé¥ is-added to the solution of Fmoc-1-amino-cyclohexanecarboxvlic acid
(1-carbamoyl-1-methyl-ethyl)-amide (0.86mmol) in dimethylformamide (10ml) at 4°C. The reaction

mixture is stirred at 4°C for 2h., ethyl acetate and saturated sodium bicarbonate solution are added
and the organic layer is washed with brine, dried over magnesium sulfate and evaporated. The crude
product is purified by chromatography on silica gel using n-hexane/ethyl acetate=3/1, to give the
product in quantitative yield.
Rf=0.57 (n-hexane:ethyl acetate=l:1).
F. l-Amino-cyclohexaneéarngylic acid (cyano-dimethyl-methy])-amide
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 chormato graphy on
silica gel using n-hexane, n-hexane/ethyl acetate=)/ and 10% methanol in chloroform, to give the
product in 31 % yield. oil,
Rf=0.84 (n-propanol:water: cthyl acetate:ammonia=5:1:2:1)
G. Indole-2-carboxylic acid {1-[(cyano-dimeth l-methyl)-carbamoy]
-cyclohexyl}-amide
2-Indole carboxylic acid (0.5immol) and I-amino-cyclohexanecarboxylic acid
(cyano-dimethyl-methyl)-amide (0.61mmol) are dissolved in dimethylformamide (15ml) and cooled in
an ice bath. HOBt (0.6 1mmol) 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.




Compounds of the Invention, are also indicated for preventing or treating
coronary di sease, atherosclerosis (including atherosclerotic plaque rupture
and dest abi | i zahisg8ee aut oi mune di seases, respiratory di se3ggfpaiiidos?

i mmunol ogi cal | y nmedi at ed di seases (incBuding transplant rejection).
Compounds of the Invention, in particular cathepsin K selective inhibitor
conpounds, are particularly indicated for preventing or treating

ost eopor osimp.mo-mc&fsoééﬂééq@n%ﬁh@?Cej"‘ﬁ%ﬁill)e, nmenopausal ,

post - nenopausal , post-traumatic, caused by old age or by cortico-steroid
therapy or inactivity). Beneficial effects are evaluated in in vitro and in

vivo phar megahp@ial Ses nENephthalene-2roavhoxylin atith §1-6 gthyl-cesba strated
herein. The above cited erties.,are denonstrable in in vitro and in vivo
tests, using advant ages - APSC e.g. rats, mice, dogs, or isolated

organs and jissues, ag. 4RBhtyRSydaPISRRAkIME-3GRNIDe iR dydibinett§i t her
natural or prepared by e.g. reconbinant technology. Conpounds of the
| nvention can be appltamds n vitro in the formof solutions, e.g. preferably

aqueous sol yti ons,or RS | V ' I
parent er al | :'fegggtglﬁfgéxéﬁgﬁg Fséicgg% Tcﬁg’g{.a& (\ég’sﬁéﬁgﬁ@gg r%e :ﬁﬁgk’ 2|y7hsolé’("f]’ﬁ]ézo‘%seq')
sol ution, ofndamimasebdririledypodlteridel 2, 48i7amol, The.) dostigelvedin dinatgyforyantiden g e

bet ween about 10[ er.r | ar 10[err]. r.concentratjons. The dosage in
vivo may rafi§ed aﬂ%mn&gsa@nﬂ%“aoﬁf%i 18%)458 r§?’r"§tf?rgi1f,‘°“5é't% hsodit 0. 1
and 100 N0/ {grbokiR sBRitibP hildel bhE e fikiRGex@bettd Wit ORPQLASS. T ok ARiciA¥EHt | ON
for the treatnent of rheumatoid arthritis can be determ ned using nodels

such as or washed with sastivnhbicarbenaternd dilye hydagohipsin acidydrigd pyer snagrpesium sulfate and
evaporated, to give the product in quantitative yield.

mp, 125- 133.5°C, Rf= 0.44 (hexanes:ethy} acetate = 1: 1)

B. 2-Amino-3-methyi-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 (10ml). After 15min. 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
-butylj-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 at st 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 (381mg).

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




described previously (RE. Esser, et. al. J. Rheumatol ogy, 1993, 20, 1176.)
The efficacy of the conpounds of the invention for the treatnent of

ost eoart hri Goopadso be determined using nodel s such as or $ickgbdfncssd t he
rabbit partial lateral meniscectomny 3odel, as described previously ( Col onbo
et al. Arth. Rheum 1993 26, 875-886). The efflcacy of the compounds in the
nodel can be quantified using hlstologlcal scoring nethods, as described
previ oushy (O Byr ndi-@Naphthalene2-carponvi-isolensips methylesten 17- S118) . The ef fi cacy

of L e COTRMBHS mlnylolie: yBeERbHA 210 11 0imbh A1 BiRly BhinB R RAPTASHS £37 Pe

det er m née I'ng an”ani mal nodel such as the ovar
simlar &p(dmscémdumdwﬂpmmetmm (@mﬁp’ﬁhmhltlang cadleil ini Stienbetth ahd t he ani mal and

(og’" as TamuieyisBRAiE Ry U R EF 1 BatsE T bR Blifs s bt i wnioor
]E he | lnve@}ah% Bfted ?mmf ﬁﬂ)ﬂy&dcﬁltmc ac1d is 2ed. T(tnahug[ﬁt‘é\leé)&ﬂa&gd g[lilh% Fiiﬁct@tfe hbe
or mul a err er el err an err ave neani ng
as previ BUEATG layeris Wathed Mth P%EFL‘% ﬁ%@ﬁﬁ%@&?ﬂ%?ﬂﬁm qried over magpesiunesuifpte
formul a Lyq Qhporated to give the product in 98% yield.
Rf=0.50 (hexanes:ethyl acetate = 2: 1)

B. N-(Naphthalene-2-carbonyl)-isolencine

N-(Naphthalene-2-carbonyl)-isoleucine methylester (3.14g, 10.5mmo}) is stirred in a mlxture of
methanol (35ml) and 1 N agueous sodium hydroxide (16.8ml, 1.6 eq.). After 3 hours at t 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 HOBU (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 laver 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)




(b) condensing a compound of the forrmula VII [err] wherein Rerr] and

Rl err] have neaning as defined herei nabove, with an acid of fornmula VIII
[err] wherein and Rl err] have neani ng as defined : with a
reactive deri \7@??9%‘%%& eof; or (c) camdensing a conpound o@%@s@@r&hl ala
[err] -24 - wherein R[err], Rlerr], Rerr] and R err] have neaning as
defi ned herei nabove with an acid corresponding to the group

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

processes, required Vo rot ecti ng..any; i nt er er| ng reactive
gr oups andE"r‘?&lF sol & "“‘..'.. P - P ion; and, if
desired, converting £agtsalol ' DOt Grdidet O anot her corrpound of the

i nvention; and/or if convertl ng a resulting conpound into a salt
or a resulfing salt i g =< €N ase or into another salt.

.AﬁFé?ﬂéh?ta?h?t?ﬁ%%%ﬂ%f%ﬁg@ G b SEBRONSARRHME 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-butylcarbamoy})-3

-methyl-butyll-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, 2.2¢q.) are dissovled in dimethylformamide (Sml)
and WSCD (0.18ml, 0.97mmol, l.leq.) 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-(IH-indol-3-yl)-ethylamine (CAS 169545-97-5)
are reacted by the same procedure as for Naphthalene-2-carboxylic acid
(I-(l-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 acidf1-(1-cyano-1-methyl-ethylcarbamoy!)-3-methvl-
butyl}-amide

A. =tert-Butyloxycarbonyl-1-cyano-1-methyl-ethylamine




The conversion of primary am des of fornula V to the nitriles of formula |,
according to process (a), can be carried out according to nmethods well
known in thﬁ' %}F‘ elf t he dehydration of a primary am de tsceEssiossste, e.0.
wi th thiony oride in the presend of a base. A preferred procedure
invol ves the treatment with oxalyl chloride and pyridine in DM at or bel ow
roomtenperature as illustrated in the.exanples. The starting materials of

formula VI can be prepared by con iu am no acid am de of fornula I X
[err] wherein R4, and R5 have rrea Nned above with an acid of the

formula VI, in protected formas appropriate. The condensation can be

carried out accordln tq. neth kn e.ar reacting a
nm xed arﬂwtr?ri“ﬂl@m?ﬂb“ c QPm}ﬁlﬁ&dﬁé\lﬁg" "’Be?é’?g gfyki' @Fﬁ%{)ﬁwpéz fli’rﬁe aci d
chl or i dey W bdin AHFRIGORD 6 trifluardadericakid ahyddde3 |, 25mnasl, 1meqt;xs&aaedeano such
as net hy Bhe. chl oride, in the presenceg of a base, such as an amne |ike

triet hyI'Hmrcwtlm miggure iisiged 2408 f%fc‘y‘!“&f I%m%}f“r‘éﬁ CSE‘fthr%}Fd s waserds added- Thet h an
anino acid al AL PGl @ftaQuks souldGlsRe gizence of
condensi W% ‘Ss“'B“é%&é @fﬁ%ﬁ%ﬁgﬁqﬁépr opyl )-N Cet ; - car bodi i ni de,
opti onal évu dratea Ithe pruds pm\ectos puwifigd by gitpxtp praphyioany silisa gelasipg nhexane/ethyl

~hydr Oxyathatat‘;Z:%(l)Jl(lanIZO% 5}1 angzl?l to’ g1veq.gc pro&?c??n ﬁ%r}n g5 N-net hyl mor phol i ne.
Rf=0.45(n-hexane/ethyl acetate=3/1)

-

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

X

HCL. H,N® "CN

N-te.rt-Butyloxycarbony]—l-cyano-l-methyl—ethylamine(B.OQ 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 diethy! 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-methyi-ethvlcarbamoyl)-3-methyl-

butyl]-amide
Sy

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 acetéte. 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).




-25 - The amno acid am des of forrmula I X are either known or can be
prepared according to nethodol ogy known in the art and illustrated herein.

Al ternative p s and conditions may be used; for inst

described in t%ﬁgkwasﬁpl es, Conpounds A9 the invention are e%rg@%%%"ai ned
inthe free form or as a salt thereof if salt form ng groups are present.
Aci di ¢ Conpounds of the Invention may be converted into netal salts with
phar maceut REQIM(p-tesangfethybhostalexdd3, e.g. an aqueous al kali netal hydroxi de,
advant ageously in the presence of an ethereal or alcoholic solvent, such as
a lower al kanol. Resulting salts may be converted into the free conpounds
by treat nEBkanwid37 aci Nghtﬁﬁlm&&-c@ﬂbogﬂibediid[ﬁl§|1I_x:gar@%pk&hﬁﬁ;ﬁﬁic%%oﬂﬂﬁ—ggthyL
purification of the co unds obt ai ned. Anmonium salts are obtalne y
reaction with the app?ﬁggiﬁ‘&ﬂ%‘ amne. e.g. diethylam ne, and the |iKke.
Conpounds gf the Inventigg havina4 RSk CoutyRUPR hf ggc,ﬁgl%w into acid
addition salts, especialTy pharnmaceuticalTy acceptabl € . These are
formed, for exanple, with inorganic acids, as mneral acids, for
exanpl e sul furic acid, a phosphoric or hydr ic acid, or with organic

carboxylic acids, such as ((err]-Cerr])al Kgnecarboxylic acids which, for
exanpl e, are unsubstituted or

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, IN hydrochloric acid and brine, dried over sodium sulfate and evaporated to gilve the
product in quantitative yicld. The crude product is used for the next reaction without further
purification.

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

Thereafter the title compound

CY

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)-

cvelohexylj-amide

‘A. Naphthalene-2-carboxylic acid[{ 1-methoxycarbonyl)-cyclohexyll-amide




substituted by hal ogen, for exanple acetic acid, such as saturated or
unsat urated di carboxylic acids, for exanple oxalic, succinic, maleic or
fumari c aci oiﬁg&?as hydr oxycar boxyl i c acids, for exanpl ¢celressalco®.

| actic, mali aric or citric acdtd, such as am no acids, for exanple
aspartic or glutamc acid, or with organic sulfonic acids, such as
(dJerr]-(err])-alkylsulfonic acids (for exanple nethanesul fonic acid) or
aryl sul fonic acids which are ungaB uted oy substituted (for exanple by
hal ogen). Preferred are salts t&@ kﬂhyro,chl oric acid,

met hanesul fonic acid and nal ei c aci d: @ ®f the close relationshi p

bet ween the free conpounds and the conp8u in the formof their salts,
whenever a conpound is referred to in this ontext a corresponding salt is

al so intended, provided . such is t.h .

ci r cunst Avdweo-c YFFPE“"’E?GF?‘??B*{?H@E fdﬂ'g‘%{ﬁda °§%ﬁiy§%’. @ng é Qf tﬂﬁgﬂﬂ?ﬁ‘? ned
in the formaf 165l fwa;')adrealsso@\redumabmﬁememmr(lsﬁﬂ)\mmzslam@@] tibrideteg,r
crystallization. The pharnaceutical conpositjo ‘éxccordl ng to the invention

are thosé.2gumelabee) & 8¢de€ﬁf @ dhe reaghiqn mixtusis st ct&’, for BandaN,
topical, B%l({}ﬂ%ﬁ)oa}xc%@lh%r AaeddHE Hhﬁ&tre% éxPctb @ witR BNl adetate Vot HELME 1081 s whled

I nhi bit Ssinactivity, and for the treatnent of cat hepS| ependent
di sor der smh|s§tunmdtsbd:uﬂnaxcarhomtammqmﬂﬂed@yr-feﬁ@éwmlfﬁe apdeveparnted.d arthritis
and osteoarthriti

Omatogra]}%\ y on Cifica ge r—lke?c?ne?e@hy? ge?a?é-:ilﬁﬂ, 5104 Dhnd 1/ 1) gige(g the product in 93

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

B. N-{2-Naphthoy])-1-amino-cyclohexanecarboxylic acid
SOUP:
OH
(o]

Starting from Naphthalene-2-carboxylic acid[(1-methoxycarbonyl)-cyclohexyl}-amide, the product is

'prcpared 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 acidf1-(1-cvano-4-phenyl-propylcarbamoyl)-

cyclohexyl]-amide

A d L

N-(2-Naphthoy)- 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



of a pharmacol ogically active conpound of the invention, alone or in
conbi nation, with one or nore pharnaceutically acceptable carriers. Mre
particul arly, ‘%&f;} rrraceut i cal conpositions conprise an W&,,

cat hepsin i nhibiti'ng amount of a Conpound of the Invention.

phar macol ogi cal | y active Conpounds of the Invention are useful in the
manuf acture of pharmaceutical conpositions conprising an effective anount
thereof in emjddrvﬁmiaﬂtyl aetated Thecongardc layerlis ‘eashécmiiﬁhhrmeod‘riedawesrisedlsmsml'fateaalﬂhe

for either enteral arent eral... ap Pr ef e tablets and
gel atin caf¥ape F?é"'%cg Fg X?fb“‘éf&ﬁ?‘i@@?f@?&ﬁ‘i ‘@8{:} 3{)01 1) #ivgs the product
diluents, ¢,&8 %lykgd ose, dext rose, sucrose, mannitol, sorbitol, cellulose
and/ or egC|ne b) lubricants, e.g. silica, talcum stearic acid, its
magnesi um RE=@#Nehlerafosmiacetonend/d} pol yet hyl enegl ycol ; for tablets also c)
bi nders e.g. magnesium alum numsilicate, starch paste, gelatin,
tragacanth, nethylcellul ose, SOdI um car boxyrret hyI cel | ul ose and or

pol yvi nyl p)B’thblbdQne i rt 1] : Ak
alginic acid or its so m sal X, effervesc nd/ or e)
absorbents, col &HHPECY 4‘1%?@8?3?6 Ao (HHOMEDY. ﬁ‘?ﬂ“@ (ﬁé&r@g c%rﬁ%’é’}"!)a o‘ﬁ%"l'ér e
preferably agoam b'%cxﬂ%@@rﬂ%‘ll(%(ﬁxﬁhd]t 1.0169.) Gind HOBE(T3QNG. 557406\, sqegpﬁletd?sfsén%a iRl €
advant ageously ‘prepared fromfatty enulsions or suspensions

conposi t i ordémaetkxjformantdedSmiiand WL (0o10m,dhiSmmelad] egy drrdded. ddfiehstiaing for 20 hour
preserving,, st abi Johﬁlnrlﬁcaﬂ)@%t& s SN is GHAEaSha ¥l§/r¥g1g<ﬁxgéag fe§trac%8 Lol %} gceggoﬁ'ﬁ%ey

salts for regUI atirng the osnotic pressure an ers. I'na
may al so capganicriawet fiewathbe matheotingabiarbonatey diiddeo wu bsgassinas sulfsiai Aid evaporated

conposition are ared. accordin nal Xi n ranul atin
coating met @g‘g Sﬂ(?@ IgylO {hgmgsé%‘ﬁ‘i]&f’ atﬁ%%)]ugheﬁ‘ ¢ 8“’?%% gives the product in
' 20% yxcld‘
Rf = 0.31 (hexanes/ethyl acetate = 3/1)

Example 40 Synthesis of N-[1-( cyanomethyl-carbamoyl)-cyclohexyl]-4-imidazol- } -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 m! dioxane and 100 ml water by conventional methods. Mp. 157-
161°C; Rf=0.23 (CH,Clp/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

hvdrochloride

A A



preferably about 1 to 50% of the active ingredient. Tablets may be either.
filmcoated or enteric coated according to nethods known in the art.

Sui t abl e f orggbddqigans for transdermal application include g8hi6csis Ve
amount of a compound of the inventiof# with carrier. Advantageous carriers

I ncl ude absor babl e pharnmacol ogi cal |y acceptabl e solvents to assist passage
t hrough the skin of the host. For exanple, transdernmal devices are in the
form of aHEkindigsayletherd? 118 sQmi)sipdded ta hesalutian Bog 1 ramina-cuslohexnoercarbonyligadiie
conpound ' M bie ' Lig rrier to
ol [ ver  A3CEBAY tRoPRRE (Bl hURE. (0m ol RTnd A Byernfif. 1o

pr edet er nieaion mikteregsencled withaindeeduath todr4°6dind thetsolid filtenextioffraaingashed wiglcur € t he

device to,t Ki riXx. .t | formul atd gns .| so be used.
Sui t abl e ?ﬁpﬁﬁ‘ﬁﬁt ?B%‘%/%}eocﬁstt%{oigggﬁee%g%"wggtﬁlh?(;géﬁé. C’[%l P%é skin and eyes,
are pref eqap)ql,/pROERYs)sol utions, ointnments, creans or gels well-known in

the art. Such nmay contain solubilizers, stabilizers. tonicity enhancing
agents, bDffers and [ e thyls 1 payclofibxyl ronoethyvl-bankarhide nul at i ons

contain an_effectj cat he s i nhi.bitin 0 ‘ ound of the
nventi on X VE, ‘ertner a or | ' “anot her
mvent | oniBEomam il deBis et e meD e Rt e SOl 050t
ther apeut qf, AdSihe (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 CHpCly (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 CH,Chy

(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 CH9Clp/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 (CH7Cly/MeOH=935:5) is obtained.

E. N-[1-(cyanomethyl-carbamoyl)-cyclohexyl}-4-imidazo}- 1 -yimethy]-benzamide
N-[1-(cyanomethyl-carbamoyl)-cyclohexyl]-4-bromomethyl-benzamide (0.34mmol) is dissolved in
THF (2ml) 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 suifate and evaporated. The residue was suspended in
diethylether and the solid filfe_red of. The crude product is purified by chromatography on silica using
CH)Clp/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



In conjunction with another active ingredient, a Conpound of the Invention
may be adm ni stered either sinultaneously, before or after the other active
i ngredient, eiwheansggrarately by the same or different rout POS/06

admi ni stration or together in the sane#pharnaceutical formulatio 91’7he
dosage of active conpound adm nistered is dependent on the species of
war m bl ooded ani mal (mammal ), the body wei ght, age and individual

condition, and on the form of adm ni eratﬁon.@ZA unit dosage for oral
adnministration to a manmml of aboRt _5RA_t 0 JO.od)_nmay contain between about 5
and 500 ng of the active ingredi entﬁ & pribsentCFMvention also relates to
nmet hods of using Conpounds of the lQvd on and their pharnmaceutically
acceptabl e salts, or pharnaceutical compositiXins thereof, in manmals for

i nhi bi ti ng—eathepsthrs—sue - 3
sTeH"Gs cat hepBf (solsentk |

treat nent [ofEXBPieqsi n deperfdent condi t Rens,

and/ or S depeggent [conditions, described herein, e.g.[infla k OR,
rthritis Partmﬂgv t he
ctively jnhibiting cathepsin

ost eoporodis, _rheunntoid arthritis gnd oste
ering to mmal in need
unt of 4 @6@8&?&%@4%3’ 1

present irventdlon rlel at g5 et hgd of sel

activity ijn a manmgl @ pri seq a,d?%nis

thereof arj effective catNa€ps#n inhi hicH, ngcay

Invention{ Mre specifically such relates tol g nethod of treating
rheumatot dq art®riti | anmati on (and ot her di seases

S, osTepdReaTIti g, N
as identiflied abovg) i }conpr@g adm ni steri nﬂﬁé&g manmal in need
t hereof a |correspondi ng eNFect i ve fanmunt a Conpou ESERQ Al n

-5-5 =

The fol | ov i o—H-usirate—thel--Avention and are hot
to be congtrued as /NN
43 CHO—CH, éH,U\ H 126-128 | 0.19 (CHzClp/MeOH=9:1)
e
N//\N/ \
4 \=/ H 162-165 | 0.27 (CHoClp/MeOH=9:1)
/Ci;i:\l,c&-lz
45 | oHO—H, ém@/ H 147-149 | 0.24 (CHpCly/MeOH=9:1)

CH:CH\CH, 0.26 (hexanes/EtOAc = 3/1)
47 Qj'm‘\
@ N ’

48

0.50 (hexanes/EtOAc = 1/1)

H 0.31 (hexanes/EtOAc = 3/1)

—

N

~
49 O z::
AN 0.31(n-hexane/EtOAc = 2/1)




being limtations thereon. Tenperatures are given in degrees Centrigrade.

If not nentioned otherwi se, all evaporations are perfornmed under reduced
pressure, preaieowdage bet ween about 15 and 100 mm Hg (= 20- W The
structure of final products, inter nediat es and starti ng rragpg% a 36}3;;’
confirmed by standard anal ytical nmethods, e.g. mcroanal ysis and
spect r 0s gop-e—chakacter+stes—{e—gr—Mo—+R—NVR—Abbrevi at | ons_used_are
t hose cofventPonall i : p8
| ndol -4-y1 -C(O) -Lgu-Q Naf forfulasX [grr] R

[ 1-( q/an%)rret hyl - cgu banmoyl ) t hyl - butyl ] -qcar bam c %ﬂ%}l(rbh%amﬂf‘tﬁ)&cé?”é
met hyl egter Fnoc{Leuci ne 8 pl) and ani noacetonjtrile hydrochl oridg
(32.4mmoll)_are digsolved in dipethylfornmamide (300m) and cooled with

i ce-salt| HOBt (3;.4mnﬂ) and WSCD| (32. 4l ) are added, and the reacti
m xture ils stirred at }C 25lerr] Clover night. After| evaporation of the
sol vent, [the residueds ed pi th ethyll acet at e -4 -ksxapedBtOAcs=20i s
wi th satyrated SOﬁium i caxbenmate, | IN hydrqchloric acid and brine, dried
over magnesiumsullfate and the solVent is dvaporated. Chromat ography on
silica gel uskng 1 : acetate=1/1 (v/v) gijves the product in
yi el d. a

0.42 (n-hexane/EtOAc =2/1)

53
H
0.69 (EtOAc)
54
¢ 0.69 (EtOAc)
55 e,
CH
CH: cH, 0.58 (n-hexane/EtOAc =
/1)
56 o
C H
7/ 0.47 (EtOAc)

57 '
| Q\/lk H 0.72 (EtOAc)
N .
58
QN\/tk ) 0.73 (EtOAc)

P8 EXAMPLIES Exanplge 1: Preparation off

hed

90%



np. 173-175[err] C, Rf=0.68 (chl orof of m net hanol : acetic aci d=90: 10: 1). B.

H Leu-d y(CN) 2- Am no-4-net hyl - pentanoi ¢ aci d cyanonet hyl - am de

Fnoc- Leu-
di et hyl f

ay(Gy

or mam de

of2

)

is dissolved in 20% pi peridine i
The reactiomsm xture is stirred a

/EP98/06937
room

tenperature for 60nmin. After evaporation of the solvent and chromat ography

on silica_gel using n-hexane, n-hexane/ethyl acetate=1/1 and 10% net hanol
in chloroforn$9thel p is obtaifned in 9B8%yield.joil, R =0.73
(n-propanpl : water:geth ¢et at e: amjoni a=5: {:2: 1). [C
| ndol -5-y| - (O - Lep- G ‘ ol - §-yl carbokyl i c acifd (1. EePEQAQ
H Leu-G@ y[CN) (1.2pkq.) are ¢ Dl vgd i n di net hyl formpam de and cooled with
ice-salt.|HOBt (1.Req.) 3. 2eq.) alre added pnd the reaction
m xture ip—stitredl-at—g—25ferrl-Clover—ni-gpt—Aftertethyl acetate is agided
to the repcti@h m K&H‘re ijc layer |} s washed] with saturated sodjum
bi carbonaje, 1N hydrothlip nd brine, dried oper wg& sul fate
and evapofated. Chfomatog ilica ge| gives the titi'e %ro L}Ct in|70%
yield. np{ 201-204ferr]C n- hexanej AcCEt =1: P)
61
Cchlo “ 0.67 (EtOAc)
CH, Gr,
62 o Qcﬁo‘cu,. 0.24 (toluene/acetone 7/3)
/
cf, \ 436
® m o
o [ 1199-201 446
|
64 \ %
N 184-185 459
\
CH,
65 0.14(CH,Cl,/MeOH 10/0.2)
445
66 0.54 (petroleum
ether/EtOAC 1/1)
67
154-155 522
Example 68 Synthesis of N-{1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyi-buty]}-4-

imidazol-1-yimethyl-benzamide



Exampl e 2 5- Am no- gui nol i ne- 2-carboxylic acid
[1 (cyanomet hyI carbanoyl) -3-nethyl-butyll-am de
-Ni t ro- qui carboxylic acid [1

(cyanorret h)rﬁ9 car 4£0rmyl) 3-met hyl - bu#§l] -anmide (0.35mol )Pcr’E Is/gqsgg'{ ved in
tetrahydrofuran (10nl) and nmethanol (10m ) at roomtenperature.
Na[err]S[err](err] aqg he sol uti on, and the reactl on
mxture I8 heated at £ yano-cimethy-methyl)-earbamoyli-s-methyl-butwl } -carba id 4 y
filtration and puri f&ﬁ%& chr omat ogr aphy on silica gel using 2% rret hanol
in chloroform The product is obtained in 33%yield. np.190-194[err]C,
Rf =0. 60 (Bedbotn@H.:(62hmo]) aIiQB'a(lﬁ@ﬂimOB)ﬂnd W§® (@ml)are diBSOIveﬁmdlmﬁhylfcmmanhﬁét

55 Amgﬁg rrgasg‘F‘é éﬁ*fgsg'g)ﬂed Eﬁﬂgp@“g (%ﬁ)'r ¢ ee e’gg a%gﬁ;f‘(%oég Le%?”ﬁfﬁ‘&) d

acetic acirgth@ﬁnﬁmwjn)mar aedmspsﬁedadDMF (dsmhﬂiwiddedm ekactichGikurewricicgol ed
in an ice bath. ggﬁ) CE#O 4mml]2 are added and the
reaction sHred@d° Fs°"§‘t‘}‘$l}t "ate"QP(’ra“?B FRAVER-Ihe Tesidpg is extractsd et at i on

of the solugR Tnd HRrab@S WeiHed w&h%wram%duwarcia B, sodr8 bREDonald Brifidadct 1S
washed wi sat urat ed sodi um bi car bonat e, Fl drochloric acid an rine,

dried ov edmdaymagmmlm sylfatecand g¥ansvaigso The Eﬂdui)is susponded frediethgetherdmd thesolidie

resi due t fliold and

preci pi taglé% %‘gﬁf‘ uﬁ@eh 7‘ggt°? wlhﬁc %Adfgétﬁgfpb%gﬁelr%t%%ﬂ_ t he product
in 32% yi gtHQCIQVMeDMﬂS‘kdﬂtmad] C, Rf=0. 24 (chl orof orm met hanol =9:1). By
repeating the procedures descrl beld I n ]t he above Exarrpl es usi ng appropr| ate

obtai ned as identifi & peesleQw in

{ 1-[(Cyano—dunethyl-methyl)—carbamoyl]-3-methyl-butyl}-carbamic acid .tert.-butyl ester (47mmol)
is dissolved in THF (150ml) and cooled to -10°C. Triﬂuoroacetie 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 dr_ied 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=1:1) is obtained.
C. 2-Amino-4-methyl-pentanoic acid (cyano-dimethyl-methyl)-amide
{1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl}-carbamic acid .tert.-butyl ester (19mmol)
is dissolved in ethyl acetate containing HCI (3-4N, water frec) and the mixture is stirred at RT
overnight. After evaporation of the solvent, the crude product is purified by chromatography on
silica using CHoClh/MeOH=9:1. The fractions containing the eure product were collected and
evaporated. 2.3g of a yellowish oil, Rf=0.36 (CHClo/MeOH=9:1) is obtained.
D. N-{1- .ano-dimeth 1-methyl)-carbamoyl]-3-methyl-butyl }-4-bromomethvl-
benzamide
4-Bromomethylbenzoic acid (4. 1mmol}, HOBt (4.1mmol) and WSCD.HCI (4.1mmol) are dissolved
in dimethylformarmide (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



Table 1.
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washed with water, 10% &itfic acid, brine, sodium bicarboné’tlég,.’izﬁrine and dried over magnesium
sulfate and evaporated. Thé 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=1:1) is
obtained,
E.

Imethyl-benzamide
N-{ 1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl}-4-bromomethyl-benzamide (0.18mmol)

is dissolved in THF (1ml) 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. An oil with Rf=0.44
(CH,Clp/MeOH =9: 1) is obtained.

By repeating the procedure described above in Examples 68, using appropriate startng
materials and conditions the following compounds of formula XIII are obtained as identified below in
Table 3.

Table3

H O
T( x lr::i C=N
o}

T

Example Rx yield | mp. (°C) Rf (solvent)
No. (%)
(step B)

qu X

N
69 CHO—CH, éHG\G\ 58 | 135-137 | 0.29 (CHCly/MeOH=9:1)

Ch,

(\N .
70 ,N\) 51 160-162 | 0.16 (CHCly/MeOH=9:1)
CH,

71 GN,CH« 44 | 186-188 | 0.23 (CHpClL/MeOH=9:1)




33 [err] Exanple 31 | ndol e- 2-carboxylic acid
(1-[(cyano-di met hyl - nehtyl ) -carbanoyl ] -cycl ohexyl]-am de A

Frnoc- 1- am no&&%ﬂg@xane carboxylic acid The title conpoundpedyerdsegss ed from
1- cycl ohexane carboxylic acid (7mol ¥ Fnoc-d  (7..7mmol ) and NaOH (14nmol)

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% aueous ammnl a (66mm|) I s added to
the mi xedExamplgd?i de N-pi-Ean 5R hy3-methyls - ¥t acid and

22mol  of 1 so-butyl Ce'fh custorrary procedures) at 20[err]C.
The reaction m xture | rre - 25[er] C overnight. After evaporation
of the sq@.vent, 4@ plsulfanylDrbenzejic aéid h et hyI acetate. The extract is
washed with sat ateds | ori.c _acid and brine,
dried ovérMﬁ'i%E@lﬁ% Eiing §‘iﬁ‘f€dél’5“° aaf‘? b%3?5‘(‘3 ?hio °' g] Il)paf%'ﬁff‘(?{"eﬁi D 5EPPS i ed
by chr omgyagipRRdpotaersd mas’snmeéarmmm Imrhety BRdded Thé mixant atvarhédupdocc

n- hexane/'et hyl acet ate= to give the product iin 31 %yield. np. 168-
177. 5[ er rapdstirpgd-for Zhowrs mftg}: evepPEtioRefiihg solvent, tkf)resutse is extracted with ethyl acetate.

2- A b
1 0Dl o i, e AN b5 i S A AR T BGASpRBLLTS |

di ssol ve e i n di oxane. The reacti m xture 1s stirred
at room tlemsparnﬂmmeheﬂ[yletlﬁomdmhe Bplidi filtgred ofiand dried fvpguwm). 3@.8gio a whiteipdweder with

give a erlrlé.?42—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)

I

are dissolved in dimethylformamide (50mi) and stirred for 15 min. H-Leu-Gly((CN) (18.5mmol) is
added and the reaction mixtu_ré 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 CHClo/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,
R£=0.33 (n-hexane:ethyl acetate=1:1) is obtained.

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 jodide is added and again stirred at 500C 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 CH,Clp/MeOH=93:7 gives the product in 24% yield (Rf=0.12 (CH>Cly/MeOH=95:5).

Example 73

ethylsulfonyl)-benzamide
A. 4-(2-Chloroethylsulfonyl)-benzoic acid

|k



precipitate, which is collected in 91 %yield by filtration. The crude
product is used for the next coupling wi thout further purification. Rf=0.28
(n-PrOH H err] t acetate:NH3=5: 1 :2: 1). D ,

Frnoc- 1- Ami no- c‘&!?@%@anecar boxylic acigd (1-carbanmoyl -1-net h)r}ﬂ%mfgf?- am de
Frnoc- 1- am nocycl ohexane carboxylic acid (2.2mmol) and 2-am nobutyric acid
am de hydrochloride (2.2mmol) are dissolved in dinethylformmde (30nm) and
cool ed wit M-(mlmhmylsdmﬂ)-mzcﬁamm 018amthol) is S¥penedin pRtHyRT®hlorie e60lpgd and
t he reaction m xt [

d at 4 - er C Qy ht. After
evaporatlorf:°81edf‘?1tei°§%|"%/g oot 18@8%? i%‘F&@#@d‘r% $¢ i methylensqhioside.
The extr actghdi) ‘A@cﬂﬂ@gm&ﬁ&% saﬁr&dlfo%a&x@ aditorn. PheAKARE BldButed Me ﬁ*ﬁﬁ&&.‘iﬂngé' c

acid and brine, dried over magnesi um sul fate and evapor at ed. e cru

product i s (300mB ansck 3 seluticnrng sestima fiasuiéate isiwates is added -’mﬂlthnjnmmwgmewsgt stiyried.
uanti & at | VIRl 1ESRAGE it Y5 Bhall fro dta Shet SodliR B M crieprared. The o

E. crudepeedutt 1A!‘Bcf}@tamyal fodme athyiace tardma Yhel solidifilkeded of and dried (vacuum). 2.19g

hyl - net hyl
(cyano- di ”E(Ef Ve Dowilds it T 455144°C, Ré=0.37 (CHyClo/MeOH=9:1) is obtained.

B. 4-(2-Chioroethylsulfonyl)-benzoyl -Len-Gl

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 CHpClo/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;Clp/MeOH=95:5) is obtained.

C N-[1-(Cyanomethyl-carbamoyD-3-methyl-butyll-4-(2-pyrrolidin-1-yl-
ethylsulfonyl)-benzamide

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

miixture 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 CHyClo/MeOH=95:5 gives the
product in 43% yield (Rf=0.30 (CHClp/MeOH=95:5).

Example 74

1-vimethyl-benzamide
A Boc-Leu-Leu-NH2
Boc-Leu-Leu-OH (Bachem, 43.6mmol) is dissolved in THF (250mi) and N-methylmorpholine

(43.6mmol) is added. The mixture is cooled to -20°C and isobuty] chloroformate (43.6mmol) is

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



Thi onyl chloride (2.6mmol) is added to the solution of . :
Frmoc- 1- am no- cycl ohexanecar boxylic acid (1-carbanoyl -1-nethyl -ethyl)-am de

(0.86mml ) a gdbhiggh hy! formanide (10m) at 4[err]C. The rercl/Epssomxture is
stirred at yﬁ’errl% for 2h., ethyl aéBtate and saturated sodi um bicarbonate
solution are added and the organic layer is washed with brine, dried over

magnesi um sul fate and evaporated. The c¢rude oduct _j ur i fi b

ch?omat o (¥2:3mmyolbig aé‘iqdiaéa?og‘é-l'ﬁl?éﬁ“ﬁ‘b“eﬂ? ﬁﬁ%@? gE‘Wf ata’@é:u?%\tgéi‘gﬂl?gfbygi ve the
roduct in ' ' [ s Wi Qe i ; mdh sh .

D et - otk bf B8 Lofenl e Cuiadiol S RUD el The BRALOE Vadiod wih

Froc- 1- Ajafed and/dried owsramagnesityo syifateceng evaporatsda A be efudeprogact issuppengeddni de (2. 1

| H d | d . 0 . . . . . . t ..
onc i on disiviedier ckchd st kel BF o ek 1B 2t B B Sou by, 4t bnp 135
evapor at i1ggO R0 (CHJCIEMeOH=9e ) ¢ abtidnedr oduct is purified by chormat ography

on silica gel using n-hexane, n-hexane/ethyl acetate=l/l and 10% net hanol
in chlor@gorm to giBee-ldudentCM¥uct in 31 %yield oil, R=0.84

(n-propanol : water: l,_acat. , iﬂﬁ,'s— O .
| ndol e- Z-Q%rlﬁﬂiéfﬁb@'&gélﬁm@-'?%%%%‘gi net %9?&%13;%(}1§135hy lcar bea(%%ril'?]fl) and
- cycl ohexyhdoradseGieackt dnhghiride (4lamrisixiy hded ac +5C( Thehixmpé 3 stmet for 2 hours at -5°C.
1- am no-cycl ohexanecar boxylic acid,. (cyano-dinethyl -nmethyl)-an de (0.61mmol)
are di ssohtasevaparatipnet e selymmLhA ’aﬂd‘%ﬁ‘éﬁtsaﬂ&ﬂ & ‘&‘&ﬁrybﬁfe%‘# ;La’?‘i PREChiS? .heii_OBt
(0. 61mol ). and VEERHChvek ShaBresRiRI ShifRE SncPelpstaRB A LRWIBIANRED S UT € i S
(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 methano] (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 CH,Clp/MeOH=95:5. The fractions containing the pure product
were collected and evaporated. 5.07g of a yellowish oil with Rf=0.43. (CHClp/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
d-is-solved 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 eva.ﬁoration of the solvent, the crude
product is purified by chromatography on silica using CHpClp/MeOH=97:3. The fractions
containing the pure product were collected and evaporated. 1.74g of 2 yellowish oil with Rf=0.59
(CH,Clp/MeOH=95:5) is obtained. '
E.

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




stirred at 4 - 25C over night. After evaporation of the solvent, the

residue is extr

saturat ed sodi um bi carbonate, |IN hydrochloric acid and bri
evapor at ed. The sirude product
chromat ography on silica using n-hexane/ethyl

magnesi um sul W&

n- hexane/ et hyl

acted with ethyl acetate.

acetate=2/1, to give the

np. 200- 20R48mmdgGs added @ndibe (aactinmupiNarest

Synt hesi s of
- 2- et hy FeiyRb

2-tert- Bﬁla?ﬁe@?&%“s@!faﬁ@

N-Tertbut¥{ oxyc
27.5 molCH2E
| .1eq.

bi car bong@
acet at e.

IMegHFI%h I hs SeoRe eAAI R
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SS d. .i n. di et hyl.f
13. 7mn)o| ";i’fqd!‘?téﬁs.“)‘*l"’lngeddh g’ég‘l.yféﬁﬁ nd “gr

ht. ha

The extract is washed with
IS pur
acetate=4/1 and
roduct in 71%yi el d.

35
atfcleover aighty After evepoiagiomef gp

res] ehggxgagtéf e %}/llaké‘tatgcfhg ekibact RYAHRIAR I G2 RATOY )

ar bonyl -i sol euci ne sem hyd

W

is washed with

5 exsiforfed Thetruyd prpdunt poiifedeayictirompatogoapby bry Silicaawingle

rat

Y ik et GRS ekt pyrorsiedy The
(T e ot 4R Bl A quBowacr.

5100t 108*C, RI=8K] €CH HIg/MJDTI=%: R tisubeaited. extracted with et hyl
The ‘organi c | ayer

sodi um bi carbonate and dilute

hydrochl ori c Bgiepeatitg ithegpronedure desgribediahonesuExample Hhysing appropriate starting

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

in Table 4.
Table 4
G
LCH_
CH CH
w i B L
§ oy "
‘éH}CH:’ Xiv
CH,
Example Rx yield | mp. (°C) Rf (solvent)
No. (%)
(step B)
/cqz N\
N
75 CHO—CH, L, ©\ 45 - 0.17 (CHaClp/MeOH=95:5)
3
~ i,
N
76 N Q 51 - 0.23 (CHaClp/MeOH=9:1)
CH, x HC1
SO
o
77 ©\ 64 - 0.31 (CH,Clp/MeOH=9:1)
Example 78 1-(2-Benzyloxy-1-cyano-ethylcarbamoyl)-3-methyl-butyl]-carbamic acid benzyl
ester
A. 3-Benzvloxy-2-(2-benzyloxycarbonylamino-4-methyl-pentanoylamino)-propionic

acid

irl,f-élr/e%g,%‘%g_,pv er

1 g,
|,



evaporated, to give the product in quantitative yield. np. 125-
133.5[err] C, Rf =0. 44 (hexanes:ethyl acetate = 1: 1) B.

2- Am no- 3- ng}, %nt anoi ¢ aci d cyanonet hyl - am de hydrochlg ,‘ﬁ,g

2-tert- Butyl oxyca onyl ani no- 3- net hy$Z pent anoi ¢ aci d cyanonet 7’ am de (2g,
7.4 mmol) is dissolved in 4N hydrochl oride in di oxane (1om) After 15m n.
at rt the solvent a a t I ve the adu quantitative yield.
The cru?j@aptsaatf@m@ﬁgéﬁﬁ %ﬂk&gﬂkﬁﬁg‘ﬂg gﬂ‘e £AY °rfd6r“t?'ijéle batmipkati on.
R (freg n%myﬁﬁﬂ)rcsﬂﬁte?’ﬁﬁéﬁéﬂ"ﬂﬁnu%ﬁﬁltﬁbﬁ tempdranRl 0.98 thibr N-N-cﬁsoprolgyleﬂryl amine

Napht hal ene-'2-carboxylic acid [1-(cyanonethyl-car barmy )
- but y| ] ansnd. moibmmmyww&w éysclmmgiestgr igadded Thelreq:neqm)xmrg isssticted! t O

th I d
e S WM ey s B A AR RV ANTE LB S,
eq.) i nsdmrated Nﬂhﬂl-mtmmmtaiﬁmp w&tﬂmtlﬁ[) ﬂhehdned atzerrsbdxﬁml*du]fqteirthmdbll\@ﬁtu@ma{au,gh i's

added and the reaction ur tract ed with ethyl acetate. The organic
| ayer i @%%Wé’&“%stcfys@ﬁ’?ﬁfé‘t g‘e Tn bi carbonate sol ution, dried over

nmagnesi qnzomt@beh,%)e?f?@@ﬁ,ahﬁﬁ 6. mdgrmt 287 aphy), Qflo%d hmat B, 1H), 4.50
(hexane/ et hyl acetate 10/1 to | | owed bi/ ethyl acetate) gives the
1R,

pr oduct (8300428 nelth, 3.98 @Rk, 3|<ﬁ7 (HQH'@ £46 ok fm) 3D, WE(QGIM (hexanes: et hy!
acetateg= 1: 1). E’ff“@h@nz%l%xv— bR BASHR IR S NG Bargn SARRAK YL C aci d

[ 1- (1-cyano-3-neth
be nzyl ester .
To a solution of 0.980 g of 3-benzyloxy-2-(2-benzyloxycarbonylamino-4-methyl-pentanoylamino)-

propionic acid and 0.25 m! of N-methylmorpholine in 12 m! of tetrahydrofuran 0.3 mi of
isobutylchloroformate is added dropwise at -15°C. The reaction mixture is stirred at -15°C for 10
minutes, then 4 ml of aqueous NHj (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 (CDClL, 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-butyi}-carbamic acid benzyl

ester

0.3 ml of trifluoroacetic acid antlydride 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.




but yl car banoyl ) - 2- net hyl - but yl ] - am de 36 A

N- ( Napht hal ene- 2- car bonyl ) -i sol euci ne net hyl ester L-isol euci ne nethyl ester
hydr ochl ori de 11.0nmmol ) and triethylamne (3.1m, 22 g.)
are dissol ved ‘l‘léypd?‘éﬁol oronet hane (40m 33 The solution is cogfg’g;gp’%%éi

i cebath and 2-napht hoyl chloride (2.1g, 11.0mml, leq.) is added. The
reaction mxture is allowed to warmup to rt and after 1 hour 1N
hydrochloric acid is added...The m xtur&allsSextract.ed with ethyl acetate,
the organic layer is washed with saturated sodi B bi car bonat e sol uti on,
dried over magnesi um sul fate evaporagied@ o @i ve the product in 98%
yield. Rf= 0.50 (hexanes:eth etape ;ﬁ\z:lll), H

N- (Napht hal ene- 2- car bony! ) - i sol"eutgie - ( I@é‘bhﬁhal €meN 2- car bonyl ) -i sol euci ne
met hyl ester (3.14g, 10.5mmol) is stirr@d in, a m xture of nethanol (35m)
and 1 N aqueous sodi um hydroxi de (16.8n, Ci'?(}cé'q.)(v After 3 hours at rt the
mxture is heated for 1 hour at 40C. 1 N hy8fochloric acid and brine is
added and the mixture is extracted with eth@H; acetate. The organic |ayer is
dried over magnesi um sul fate and evaporated to give the product in
gquantitative yield (partly epinerized).

Example Rz mp. (°C)
No. MS (M+1)
79 _Ch, o\ @ 100-101°
o}

80 N ”OO 157-158°
cH,
81 o @ 157-158°
AN

82 OO 159-161°

83 —~CH ,@ 106-107°
CH,
o]
CH,
84 ~ 126-127°

424

85 o M 144-146
CH,
s
H,




Rf =0. 32 (hexane: ethyl acetate =1 :2) C

(S)-1-Cyano- 3-net hyl - butyl am ne hydrochl ori de

(S)-Ntert- BW%,B garbonyl - 1- cyano- 3- met hyl - but yl am ne ( CpSykpsafpedhr >9- 6)
(3.79, 17.4 i s di ssol ved in 4N R§drogenchl oride in di oxane (20m).
After 15 mnutes at rt the solvent is evaporated, the residue is taken up
I n diethylether, the SO|Id is filtered and dri ed |n vacuumto gi ve the
product mngpj_eﬁﬁy od-He-(SEd hlero-phenylaminol-acet (U 100 |-<i~me P ANNIC ac ad-eyaperpethyl
D. Napht hahene- 2- car boxyl i ¢ aci d
[ 1- (1- cyano- 3- et hyT [-but yl car banoyl ) -2-nmet hyl - butyl]-am de

N- ( Nap ht(He(Iflﬂme—pBerxymditm)ybgtiCiasidl(@écgi) akd 1I801qJy(GNBHEH().35, g) are dissolved in

{ sl gt (P UBBL A ad i Wi BRI, dctfline 47 i 40
17m, 0.4 fﬁﬁ’ﬂl%actxbn hidaurp is sirred ted 8 bahiseAftatcvaparaipniod the SoRen) thatesidhe is4%
sodi um bi carbonate solution is add ede@%‘ﬂﬂﬂgiﬁ’%‘ xture is extracted with

et hyl acetragted Witk gthylagetaipcThegFEpctisW 16 i nbrifie SoAmBHAeaEboRAls.
dilute hyde Qﬁ&'h&rd' FvePiphdhesitth k@it OMRAvARBRES THE LS brakiect & GurAVPi Qfeat

Chromat ography on silica gel (hexane/ethyl acetate 2/1) gives the pro uct
in 68% yangltige folid ﬁhm@omddppd@qagl)um)meldum aghitapowdaewitemmlBld34¥Cate = 2: 1)

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

C O

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

in Table 6.
Table 6
o
R', 4 \ )’LN C=N
II -
o}
CH ,CH
Xvi ZCH
cH3
Example No. R* mp. (°C) Rf (solvent)

95:5)

88 110-115

87 C'n foam 0.32
cl H’ (CH2C12/MeOH=

o) .
89 CH: @ foam 0.30
N/

(CH2C12/MeOH=
95:5)

90 C”a\© 130-133
N -




37 Exanpl e 34 Synthesis of Naphthal ene-2-carboxylic acid [1-(1
-cyano- 3- net hyl -butyl carbanoyl)-3 -nethyl-butyl]- am de A

N- ( Napht hal en onyl)-leucine The title compound is pr

anal ogously i §N|83r epgéraed simlar to N ($aphthal ene-2 -car bong{}f&ﬁg@fygﬁm ne
(see above) in 98%yield, starting fromleucine nethylester. = 0.34
(hexanes: ethyl acetate = 1:1) B. Napht hal ene- 2- car boxyl ic acid
[1 -(1 -cyano 3- rrethyl-butyl car banoyl ) -3 -net hyl -butyl]-am de

N- ( Napht h ATEampR NeA T PonyT ) -1 eucl & ( 250Ny, 0. 8FNTR) )=C)

(S) - 1- cyapna- 3- rrlét hylt but yl ami ne (3?43@ 0. 96 mﬂi'(c ) A (260ny,
1.93mmol ,| 2. 2egy. ) arje dissovled in dirrethylforr ? 5m) ansz‘
(0.18m, 0.97mmol, 1 leq.) is afdgd. After stining 8" 1| hour t4 rt, 4%
sodi um bi fcar bonate sol ution isgades and the mixture is exX(OHIBZNOHEN
ethyl acetate. The ofganic | aye¥¥is washed wi th sodi um b| carbonate and

dilute hydrochloric jacid, dried over magnesi um|sul fate apd eva?ﬁ'ﬁ)at ed.
c:hronat Og aph\]l oh SJI ! : Ca ge! / hnvann/ Qf h\ll Qr\nf Qf e ')I 1\ sTRVA=YS t hp nr OdJuCt

in 79% vyield (90 xturle of epl = 0 44 (hexamg- gt3hy acetate = 2: {1)
Exanpl e 356 Napht h@al ene- 2-¢ @@ | c acid { 1-[1-cyanof2-(1Hindol -34yl)

93 c 108-110

94 Cl@ Resin 043

0~ (CH2CI12/MeOH=
95:5)

95 /@\ 77-79
(o]} o~
o .
96 c «a ~© Oil
o/

97 CHSE:L Resin 0.53
o~ (CH2CI2/MeOH=

95:5)

98 o’ foam 0.47

(CH2C12/MeOH=
99 143-146
(J

95:5)




- et hyl car banoyl | - 3- net hyl

- but yl

anal ogously to the conpound of Exanple 22.
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evaporated. The crude product

is purified by chromatography on silica gel

usi ng n- hexane/ et hyl acetate=20/1, 10/1, 5/1 and 1/1 to give the product in
74 %yield Ryp9efhadon- hexane/ et hyl acetate=3/1) B.
1- Cyano- 1- et hyl - et hyl am ne hydrochl oride-[err] PCT/ER38/06937
N-tert-Butyl oxycar bonyl - 1- cyano- 1- rret5ﬁ'yl -ethylam ne(3.09 g, 16.8 nmol) is
di ssol ved in dioxane(15 m ) and 4N hydr loric acid-dioxane(25 m) is
added at O[err]. The reaction mxture ig stjiirred at Oferr] fof 1.5 hours,
then at rt for 1 hour. The mixture is cqncgntrated and diethyl ether is
added. The resulting white precipitate i|s ashqd withf di é‘,lhyl et her and
dried to gi®e the product in 83 %yield.{&He cg:ude priodu i sfused for the
next coupl i wi t hout further purificatijgn.] Rfe0. 66(n-Pr H err] O et hyl
acetate/NH @ r]=5/1/2/1) C N%H hai@ene- 2-{car Boxyl | c
aci d[ 1- (1- cgano- 1- net hyl - et hyl car barmoyl )-8 et kyl - but yl & am fle [err]
N- ( Napht hal ®ne- 2- car bonyl ) - | euci ne (279 2y, 0.98 mml|), &
1- cyano- 1- mgt hyl - et hyl ami ne hydrochl ori c&(lS?.\i:'ing, 1.14 @l ,[{1.2 eq.) and
HOBt (297 , 2.20 mol, 2.2 eq.) are di gclveglr in di mstgylfowrarri de(5 m)
and WBCD (0£2 m, 1.09 mmol. 1.1 eq.) i9 addedsat -10 . After|stirring for
1.5 hours a€ -10[err] , 5 % sodi um bi carlbonate sol utijon i s adfded and the
m xture is _éxtracted with ethyl acetate.] The organic |l ayer 1s|washed with
brine, drieg over sodiumsulfate and evggpnat eg.
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Chr omat ogr aphy on silica gel
and 1/1 ) gives the product

Rf =0. 54( n- hpyasredssi hy|
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[err] is prepared anal ogously as in steps A, B and C of Exanple 36
Napht hal ene- 2- car boxylic

Rf =0. 81( n- hexane/ et hyl

acetate= 1/1) Exanple 38

40

leq.) is
for 2 hours,
et hyl
bonat e

hy on

t he

acid [1-(1-c - 4. nhenyl - propyl car banoyl ) - cycl ohexvl ] - aNpEPEMS/06937
Napht hal ene- %gp o>6<)yl i ¢ acid[ (1- met hoxyear bonyl -cycl ohexyl]-am de
[err] 1-Anino-cycl ohexanecarboxylic &8id nethyl ester hydrochloride (1g,
5.2 mol i bne(1 44 o 10 3 ol 2-eq ) are digsolved in
di chl or gqet hane (15 nk) and] 2- napht hoy] chl ori jle (49, b. 24mol,
added at] O[&fr]. The Eeactijpn mixture|is stirr Fd ak 0 - 28 err]
and 1IN hiydrochl orijc aecid is| added. Th¢ m xturefis extriacted w th
acetate,| thé& orgafi c gayer js washed \ithgsaturat e sodi ud bi car
solution| d&ed oyer Qodi um sulgate and apor gt ed@ Chr on& ogr af
silica gel &-hexgne/8thyl hceifate=1041, /1, 3/1 &nd {1/ 1§ gi veq
product ¥ n 93 %yilel d§ Rf =0} 30(n- hexane/ ethyl 4cet gt e3/ 1)g
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B.

anal ogously to N (naphthal ene-2-car
I's used for the next coupling w

It

N- ( 2- Napht hoyl ) - 1- am no- cycl ohexanecar boxylic acid [err]
Starting from Napht hal ene- 2-car boxylic

aci d[ (1- netwereysdqagdonyl ) - cycl ohexyl ] -am de,

t he product

| BCRE®BOST

F‘Enyl )-isoleucine in quantitative yield.
out further purification.

Rf =0. 6ptert-oraforrmretrharor=3p-—¢C Marpfrret-ere I C
aci d[ 1} (1-gyarjo- 4- phepyl - propyl carbanoyl ) - dycl ghexyl ] -am de | er
N- (2- Naphtdoyl|) - 1- ami ho- cycl ohexaRecar boxyl ilc a&d {67 ng, 0.22 omol)
1- cyanp- 3- bherlyl - propyl ani ne| hydf ochl ori de [(47 ¥y, | 0. 24 nmmol| 1.M eq]) and
HOAt (b5 , (.48 , 2Za2eq|) edissolvedlédlmt | fornam & (2| m)
and W5[D (%. 044 24 Il 1.3 eq.) is gdde -1 . After s@rrihg at
0 - 25ferrg overniy 5 6 sofli urigbi car bonat|e s ut ongs added %d t he
mxturg is§ |41 extr.actefé with eghyl acetate. §he Jrga;r,n c layer §s washed
wth b |ne” drii edopver sdgdi um sul_gate and evapogat ef. @lromat ogrgohy bN
silica gelj:,chl orof or m acet oneF20Q&1 and 100/[1) ¢ vep the product &
3 ? 2 3
o =] o S
ol ol
o & Q
s I E g__g/ = b g §_5/
/g /NT
) (]
el b olf
3) o g
X 7/\< °
z .z z .,z
\ T 19 T
Z\In (o) o\ In
(8] e Im’O—O
o O—w o
g © 3
= = A g ™ N Q
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in 63 %yield. Rf=0.73(chl orof orm acetone=9/1) Exanple 39

1. H -1ndol e-5-carboxylic acid [1-(cyanonet hyl -
I-Anlno cycl oggxapaa boxylic acid cyanonethyl am de (136ngp

?ﬂg 1.0 eq.) and HOBt
formam de (5m ) and WSCD (0.10m ,

i ndol -
0. 55nnDI
0. 55mmol
bi car bonpt e :§C

and hb[err]GE{
conventi
Boc- 1- an n01£y
Boc- 1- anjnacyd

- carboxyl

onalxo nmet heds.

Iuttpn is
rgam c | ay
atelland e

ac& ate 2/1,€thdn et hyl
xanes/ et®

1 (

hyl
ocC-

ar baioyl|
am n

@n|l1- cgplohe‘anevcar
mol g |

k57-
sar Hxy |
car boxyl

errlg (140
Vp.

cl ogexane
| ohexane

acid (80ny,
1.1eq.) are dissoved in di

r

0.50

ggnhyl

cfurrunn for

20

QLLL Ll

al

car banoyl ) - cycl ohexyl ] - am de

opsR).

4% sodi um

yl

acetate
-cycl oRexyl ] - 44
car boxyl i c¥aci ¢
boxylic acid (140mmu
200 m di oxane and
161C; Rf =0. 23 (CH en
ic acid (1-
ic acid (40mmol),

pcycgohgxan

acet
= 3/

ate) gi\
1) Exany
i mgazol

|_K

10
g
cyanonetRyl
DBt

addgd and the mxtyre is extraced'mnth
er ¥s viashed wi th dodi um bi
apof at gd. Chromat ography on‘silica gel

pr odu

&r bonat e,

("]

& the
e

8.
£rh
B,

I
oc[ e
m
[e
-caf
(40

40
¥ mehyl -
<] t|

wat er
r]j/ Me
banoy
mol )

bt hyl
dfi ed over
ct in 20%
hesi s of
benzam de
pnpound i s
D (154mol )

Syn

ec
rr

y
OH=95: 5) B.
) -am de
and WSCD

(42mol )| are

151-152

137-138

163-165

E (1

4

4

@

?Ha CH,

124

125
126

127

128

129
130
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di ssolved in dinethyl formam de (75m ) and stirred for
2-am noacetonitrile hydrochloride (40nmol) and triethylam ne (40nmol) are
suspended iwokhaee2S5nl ) and added to the reaction m xtur epe¥Em®Brodes7 Stirred

at 25[err] C over

ni ght.

After evaporation of the solvent,

15 mn.. at RT.

[

the residue is

extracted with ethyl acetate. The effract is washed with water, 10%citric

aci d, H—tHBHe-a-BeRat-g—B e r—ahd—ar—ed—ove+ iumsul fate and
evapor #esidue [is susgended i nxdi et hyl efgger agel the solid filtered
of and pguun) . 7. 359 off a whitppowder wgh npg60- |162C, Rf =0. 28
(n- hex Qcetated1:1) i4 obtaingd. C = =
1- Amin necar bagxylic gcid (1-[®Eyanonmet hy&- carft@mnoyl}) -am de
hydr oc 242 HC |in Dietlhyl et he'on(3-4N, 5:@1) i %added to the
sol ut i i 159- cycl oh&ane- c@r bokyl iR acid|g S |5 =
(1- (cy -@ar%amyl )-anmide (33mpE) Yn THF £50M > af BT and stirred
overni @action mxture is cool®&d with aE-ice th o 0-4[err]C and
t he sol ed of f and washed withjdiethyletfgr. Tig whilte crystals are
dried (vacuum . |&p. 205-1209[err] C, Rf =po45 (CH[erﬁ] Cllesr]/VeO+9:1). D
N-[ 1- (¢yanomet hi&- car banpyl ) - cycl ohexy|E- 4- br omo[@t hyl}Denzgni de
v o0 o
~ = —_
< ) b
P~ = =
IG')
o
U4
(o}
Q.
O
< . x- x. «
N 2 1B F Vs | V| F
O—P~0 | 59 ( ] NI j L
2 o Z 4
3 O
: &) w w
— o o < ['a] O | oy
o 2 o o o bl o
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4- Br,ononet hyl

stirred for
(1- (cyanonet hyl

M

noy|

)

-benzoic acid (2.3nmmol)
and cool ed to 0-5[err]C. Chlorenam ne (2.3mmol )
@At O0-5[err] C. 1- Am no- cycl ohexanecar boyyirjgposirgdss
-am de hydrochlorlde (2.3nmmol )

and

i s suspended in CHerr]Q[err] (7n)
is added and the m xture is

N-et hyl di i sopropyl - am ne (4-6mmol) irF(}{err]Cl[err] (7m) is added at | ow

t enper at
night. T
w th wat
suspende
purified
fraction
resi due

powder w
obt ai ned
N-[1-(cy
N-[1-(cy
is disso
reaction

he reaction
br and drie
i in diethyl
by chronat
5 containin
has Buspends
th ‘fip. 194-
E.
anomnet hyl
hnonet hyl
ved in THF
mxture sti

i over
et her
bgr aph
) the
ed 1R

196['@r

- car bano
- car bano

(2m )
rred

nixtuhe is

rred for

2

haours

als

Q-SlerrlC and

at RT over

and t

dilute
magnesi um sull fate an
he solild filterg®
y on gilica using CH[?&I](][(
pur e product
di eghy
r]C° R

over

ni

re coll
| etfer jandy he
ﬁ:TB8(G{HrHU

yI)-cycIohexyI]-4-inid%&ol
yl ) - cycl ohexyl ] - 4- br onghet hyl
and sodi umijm dazol
at _RT

ght .

W th

er]d]
|cevapol
of TI

ands

ected 4
ig fi
efr]

d

v

g.41nn1
After evap(

- 14yl met hyl

err] (40m)
ated. The 1
le crude pr(

And evapor at
| t ered of 4
MeCPE95: 5)

- bg
-benzam de
Dl ) is addeq
pr ati on of

err] / MeOH=97:

, washed
esi due was.
duct is

3. The

ed. The

A white

i's

tnzam de
(0. 34mmol )
| and t he
he

sol vent,
wi th wat
suspende
purified

t he resi dug
pr, @ried o
) |n“d|ethyl
by cehromat(

fractions$

resi due
powder d

obt ai ned,

b COI’]t ai ni ng

cncnnnrl

aY

”

is €
er
et hrer
bgr aph
g the
d

A

Yy

Xt ract
Pagneg L
ang t
om

pure |
cH-at-hn

gilig
)r oduct

lether

ed wt
|n1qglf
he Sol i

Ra u

et hyl

te

d fr
sin§ CH err] d [ g
wer e col
nd-the solid fi

aget at e.
d evapor at ¢
tered of.

ected 3

The ¢rude pj

The extr act
bd. ofhe resi

B r ] AMeOH=9:

and ‘evapor af
| tered of

i s washed
due was
oduct is

1. The
ed. The
A white

Ep 194-

S
LL—O

P-or

| 96[ er

it

r]

C

B

“«

Rf =0. 28

(gHerr]@[err]

MeOLE9: 1)
\ /
L—0

S

N~—c,

/

a¥s

N—QP

N—C|
\

N

.

CHyO

o
il

e
Z

138

139

140

141

142

143
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By repeating the procedure descri bed above in Exanples 40, using ,
appropriate starting materials and reaction conditions the foll ow ng
conpounds owompraméba Xl | are obtained as identified bel owpctveraes®72. Tabl e
2 43 [err] 44 [err] 45 [ergh

~~
X
b
(@)
dd
R g 3 g T w =]
c v < <
=2
o
hart
[
\n
(==
v o o e
2 2 2 g
< o a v
= x «x <

“CH,
- H3

114
[
&
[
i
1]

&
NI o

-

Q'NL_/N—C{"
CH;
—
N

2
1
Q
) Lo ~ o0
3 ¥ S i S 3
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Exampl e 68

Synt

hesi s of

N-{1- [ (Cyano-di net hyl - net hyl ) - car banoyl ] - 3- net hyl - but yl ) - 4-

i m dazol - 1- yl| wetdbwdssgenzam de
{1-[ (Cyano-di net hyl - et hyl ) - car banoyl

46

.tert.- butyl ester Boc-Leu-OH (62

Fa Pl I

nxam dao

A
)

are diss
2- Am no-
(62mmol )
which is
the resi
water, 1
magnesi u
and the
np. 182-1
{1-[(Cya
.tert. -
{1-[(Cya
.tert.-b

butyl

oHvred—rmr—ch
D- et hyl - pr
are suspen
stirred at
Hue is extr
D% citric a
ms@Efate a
solid filte

ho- di net hyl
ester
no- di net hyl

r

Teu II_Y] LAY 4
Dpi onami
hcted Wt

nd apor

- et hyl ) -
- et hyl ) -

(47 mml)

4étudro
jed in DNF (25mi
25[err] ¢ over
cid, brine,
Fed ‘Of arfd d¥i ed

B4[err]C, RF=0.39 (QH err]g[err]/ MOH=9: 1)
yl]-3-methyl -butyl}-carbam c acid

ore

n
h et hyl
sodi
atell. T

car bano

210-211

236-237

[TRT®]

~F

-
2

CH,

N-ct

/N

N

—/

,0
CH,

151

152

153

ght.
acet at e.

Um bi car bonat e,
ne residue is suspended in diethylether

(vacuum .

150m ) and stirred for
Ehl ori de (62mmol ) and triethyl am ne
and added to the reaction mxture
After evaporation of the solvent,
The extract

PCT/EP98/1693

- 3-net hyl - butyl }-carbam ¢ aci
HOBt (62mmol ) and WSCD (62nmol )

15 mn. at RT.

is washed with
brine and dried over

14.78g of a white powder with
i's obtained. B.

car banoyl ] - 3-net hyl - butyl }-carbam c acid
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is dissolved in THF (150m ) and cooled to -10[err]C. Trifluoroacetic. acid -
anhydri de (56mol) and triethylam ne (94mvol) are added at -10[err]C and
the sti rred%%gﬁ is slowy warnmed up to O[err] C over 2 peanirssnediit er
evaporation of the solvent, the residue is extracted with ethyl acetate.
The extract is washed with water and ds ed over magnesi um sul fate and
evaporated. The residue is suspended in diethylether/ pentane and the solid
filtered of and dried (vacuun). 9.93g of a white powder with np. 166-168C,

Rf =0. 55 ( n- hegragtand drBxamgles PlocksB areltypicallyskie@iva érhibitbrs of cathepsin K and

2- Am no- 4- net hyl - pent anoj ¢. aci cyano- di | - et h -am de

{ 1- [ ( Cysaverally h@pﬁ&os f%mhsﬂt)oneag ﬁfp%qg@% H{ﬂm %@Pﬁé@%ﬂ]ﬁ%Wabm

tert. -k t%lou%_i, ~(19mmol) is dissolved in ethyl acetate containing HC
(3-4N, water ¥ree) and the mixture is stirred at RT overnight. After

evapor at i on Répréskmtativel commponndsiees. 85 dryeried indie thejaboyeExampled typjcalbhrayedEsesgr aphy
on silica_ using CHerr]d [err]/ M :1.. The fracti cont.gj.ni the pure
pr oduct foxdhibition qféléfhéBF“gﬁ{S“ %‘9%\15’6? gf;'g’g‘.‘ss E!aé‘g ugsto gg%}lé ?%Ws@dghof {%% =0. 36

(CH err err > 3k i : ; snhibits

N 11 (P ar GHERATE: Bhih RO KK s, 1000 tames s thap s s for iion.
benzam gec4nBsAMaRidicpans . when tosied irlterasshys deiiibed sbovenol ) and WSCD. HCI

(4. 1mmol ) are dissolved in, dinmethylforpamde (7m an,g{sti rred_for 10 mn.
2- Ani no- 4- meThgeathsgsn Krﬁé‘?%“"ﬁ&?’ﬂpc(‘%’gﬁl -eﬂl"‘??élf’i(‘nﬂe—%@’tcﬂ ly ndicptad fqry 1 mol )
| s adde reyEeffor (r3¥Ink 0RBShok A JF @G @nelis 16, £ j8vehite, SlehdgaBehl, FostRendyaisl] ght .
Af ter evaporation of "the solvent, the residue is extracted with ethyl
acet at e posthteauemtic, savsed by old age or by cortico-steroid therapy or inactivity).

By repeating the procedures described in the above Examples using appropriate starting

materials and reaction conditions the following compounds of formula XVII are obtained as

identified below in Tables 8, 9 and 10

Table 8
H © Rz
rRx N ! XVII
N A \ C CH
C /N N A=
I cu N C=N
o : H
Ry
Example Ry Ry R, mp.(°C) | MS g\fﬂﬂ)
' (solvent)
154 _ H
é _ ?H@ 169-170 | 574 (M-1)
155 H H 0.80(n-
@ CHy oy hexane/Et
CH S OAC=1/1)
S &,

|E



47 washed with water, 10%citric acid, brine, sodium bicarbonate, brine and
dried over magnesi um sul fate and evaporated. The crude product is suspended
in diethyleth he solid filtered of and dried (vacuu '

powder with .0%@870, Rf =0. 43 (n- h&xane: et hyl acet at e:g}ﬁlﬁl’g\ﬁm%%fai ned.
E. N-{1-[ (Cyano-di nmet hyl - met hyl ) - car banoyl | - 3- et hyl - but yl
4-imdazol -1- vyl met hyl - benzani de '

N-{1-[ (Cyahgssihhratihyl - hyl ) - car banoyg] - 3- met|hyRkg buit Vhp.€) brlogs @iyl - benz
am de (0. 13’%’%*?% s di rsnsa’?ﬂ ved ip THF (1Jrr1) ang soi_di umi%n'(?;zcl (g4?nrml)

I s added anhd the rjeaction m xtufe stirred at RT over night. Affs%[vent)
evapor at i 0p—of—t-had—selvent—thertesttue—ts—extiractet—ntr—ethy

The extrac{ it56rvaghed aihh watef, dried over nmghesijum sul f atle &&#n-
evaporated| An oil| wit4¥%c0. 44| (CH &tr | [err|]/ MeOf =9: 1) i § homneiBied. By
repeating the prodedure descri bgd aboveHi’n Exagnpl es |68, usi ng %‘fm’*d@r ate
starting terialg and conditiops the €l |l ow ng conpounds of (fornmula KXIII
are obtai ngd—asTdentTfied_befow In Tablre 3. abl g g [err]

167 H 0.53(n-
CH, hexane/Et
@\ )* ot OAC=111)
o, CH,
158 H H 0.38(n-
©\ CHy oy hexane/Et
Yo OAC=1/1)
CH,
159 cQz P @ H
@ 7 cH, 4222
N7 i
! ~,
160 F y H
,E@ 365.1
¢
CH, NH 353
s
162 N z H 315.1
L CH,
163 H

N =
’d . T
> CH, : 314.9
164 9 H H
BN G,
s
-

165

O 3041

c 259.1




48 Exanple 72

N-[ 1- (Cyanonet hyl - car bamoyl ] - 3- met hyl - butyl ] - 4- (2-pyrrolidin-1 -yl-

et hyl sul fan 1 m de A 4- (2- Chl or oet hyl suI - zoi c
acid 4- Mer c?ﬁ%’gﬁﬁ%"gu c acid (65nmmmol ) 6&nd 1- Br ono- 2-chl oro mé(a%mml)
are dissolved in acetone (120m ) and powdered pot assi um car bonate (71mol)
is added. .The mixture is warned up to 40ferrlC and stirred for 7 hours.
After evapExahple) of thBy sol vent, theRgesidue|i Rex]r ag.€0) Wi ths @41y |
acetate. [he extract is washed|with water andjdried| over sodiump@glfdte and
evaporatefl. The drude product |s suspended in di et hyl et her andséleentpql i d
filtered pf g—qrited vacuuamny{ 7.89 o a Wil 'RO er—wr th
np. 142- 144 e C| Rf= met hyl en@-bl ors d/ me{ hanol F9/ 1) is o¢btai ned.} B.
4- (2- Chl of oet hyl qul f anyT ) - benzpyl - Leu? G’y(CN) - 288.1

4- (2- Chl of oet hyl qul f anyl ) - benzdi c aC|cd ¢d,8. 5mmol ), HOBt (18. $mmol ) and
WECD. HCl (194l )—are—di-ssolyed—in et hyH-erra-de—(50m}and stilrred
for 15 m p. Hi7LeL-Gy( lCN) (18] 5mogy, |§addej aid the reactifon mxture is
stirred al RT ovdrnig Af ter evapor*a@ron of [the splvent, the r3%8| due is
extracted{w th etlhyl te. The extg{l is ywashed|{w th wat ¢r %ditric
acid, bripe, sodilumbicarbonate¢, bri 1e® anid dried over nmgnesi um sulfgte.

After evapor ¢4g or| of sol vent tma = H
3 4
: ~el 318.1

/
CH, CH,
169 @\/CH CH, H
o
» \V4 I__\§ 3785
e
&, 313.9
171 ©/ $7 H
o, y 327.9
172 ,[:( R H
= 349.9
cl ch
173 g R H
a do 383.7
¢ \?
174 ; 1 H
= 349.8
CH,
(o] \ i
175 $72 H
= 343.9 |
0—CH, C{-iz




crude product

is purified by chromatography on silica using

CHerr]C[err]/MeOH=95:5. The fractions containing the pure product were

col |l ected and
solid filtere

ted. The product

P

acetate=1:1)

is obtai ned. C.

et hyl sul f an ‘hﬁﬁpzanide;ﬁ-(Z-Chloroet | sul f afylg - ben A€ [ )
(1.36mml) jis di'sspl ved DVF (2m]) and pyrrolid neﬁ’(Bm‘n;)ﬁ(o?is_ a&#e%{* i
reaction mixture is stirred for {8 hours at RT, jthen p catal yt 3 3 lgft
pot-assi um i jpei-de—-p—addet—aRt—agat-R—sttmti-at—at4-50-e+ Uﬁqve Ml
evapor ati ornf oft76he| sol t, thelresidug\s extfactled| with ethyl acetat
The extract| i s washed Hgater and dfted ovey magnesi um sul | at %pd
evapor at ed.| The crpde materi al ils appk#,ed to a cqunE of sili ua%%ﬁ.
Elution witlh CH err]|C[err]/NMeOHE93: 7 Yives the product in 240 yi el d
(RfF=0.12 (QH aqy] d [err] [d¥OH=95: 5) . le 78 4 Synthesis pf
N-[ 1- ( Cyandmet hyl - :ar;ﬂ%B- et hyl - byl 1- 41 (2-pyfrolidin-fL-yI -
et hyl sul fonyl ) - benganide A * ch,4- (2-Ch or oet hyl sul f onyl )343énz ¢i
aci d 49 \
178 A X H
N Nz 315.2
179 S R H
O o
ch 319.9
\
180 F 7 H
\©/ ~ 332
CH,
\
181 °'@\ = H
CHb 348.1
182 C'K]\ z H
o c“b 381.3
183 CH:°\©\ z H
°“b 344.0
184 cl ::' H
[: 3 CHZ\O 347.9
185 CH_ z H
o :
& | "o

3T h .

e

e

is suspended in diethylether and the
dried (vacuum). @ 15g of a yellowi sh é BI8/063

np. 108-110[err] C, Rf=0.33 (n-hexane: et hyl
N-[ 1- (Cyanonet hyl - car banoyl ) - 3-net hyl -butyl | -4-(2-pyrrolidin-1-yl-

of
;

e.

c



4- (2- Chl or oet hyl sul fanyl ) -benzoic acid (18.4mml) is suspended in nethyl ene
chloride (60m) and cooled to -10[err]C. m Chl oroperbenzoic acid (38. 6nmol)
are added dr i in nethylene chloride (60m) and the m,yélm i tirred
for e hours Qpﬁ@gfderr]c The mixtur@is diluted methylene ¢ l??’lb gﬁ(lonﬂ
and a 5% solution of sodiumthiosulfate in water is added and the m xture
vigorously stirred The mixture is extracted washed with water and and
dried ovgrexample)m sul f @,e and levapor aBed. The cRudg pmpdiG)t | MS (M+1)
recrystallli zed fromethyl acetate and t'he solijd filtlered of and dafi ed
(vacuum .} 2.19g pf a pale powder with np. 142-144[grr]C, Rf=0(soivent)

(CH er r] Grferrit rar et B.
4- (2- Chl dr odB8yl pul f )-benzpyl - 2u-d y(cN)|
4-(2-Chl groet hyl bul f ~benzpi ¢ kd (8. 8mmpl ), HOBt (8. 8nhol p2@nd
WSCD. HCl [(8.8mm|) are dissolved in d hyl flor mamijde (25m )} and stifred
for 15 min. HLeb-dy((CN) (18} 5nmol) added and |t he reactjon mxtuyre is
stirred a qg overnight. After|evaperation ofjt sol vent, the residje is
extracted w Zuehyle ate. fThe egiract is hwashed with watpr, 10%¢itric
acid, brijne, sod{um bi crbonatg, bri nd drj ed over magnes| unm3g@l f at e.
Af ter evaipora.ti oh of the solvept, the de pfoductiis purif|ed by
chromat ography oh silica usingiCHerr]d[err]V MeQHE95-5 Thelfractions
contai ning tigg pYyre Phoduct wefe cofl ected anfd eévaporated. The produgt is
suspended| i n di efhyl et @ and the s@l,id filtefed of| and drief (\é? uurp) .
0. 3g of a white powder, “R™=0.2p (CH [erf]/ Me 95:5) ip o i ngd. C.
N-[ 1- ( Cyahonet hylj - car banoyl ) - 31 net hyl - yl]-8-(2-pyrrolidintl-yl-
et hyl sul f ppyH—benzam-de - o
189 @ z
c“z\O 313.8
190 Crs 3 H
s S
191 o™ H H
NG CHb 322.9
192 GH, z H
i] CHZ\O 381.8
193 F ] H
@ CH, : 332
194 NO, z H
@\ CH, : 358.8




4- (2-Chl oroet hyl sul fonyl ) -benzoyl -Leu-@ y(CN) (0.4mmol) is in pyrrolidine
(1m . The reaction mxture is stirred for 1.5 hours at RT. After
evaporati on ofw%"gw vent, the residue is extracted with epbyepanesnt e.
The extract is ed with water and dfli ed over nmgnesi um sul fate and
evaporated. The crude material is applied to a colum of silica gel.

Elution with CHerrlCQlerr]/MOH05"5 gives the product in 43%yield
(Rf=0.30 (Cekanpled [err]| RMeOH=95:5). ERanple 74 R: Sy nnpgc)s |oKIS (M+1)
N-[ 1- (1- Cy@no- 3- mgt hyl - but yl car banoyl ) - 3- met hyjl - but yl ] - 4-i m dazolRf
1-yl met hyl {benzani|de A Boc- Leu- Leu- NH2 Boc- Leu- Lgu{goenfyachem
43. 6mmol ) s—thssatved—TTHF (2 T photT™e [(43°6nmo] ) i s
added. The|ni ¥8&r 4 }lig; to{-20[®rr] C and | sobutlyl chl ordfornate
(43. 6mmol ) {i s addegd The m Rture is stirred for 10 nin3saad then a
25% aqueous sol utijon of anmonia 50 3mmoj ) is jadded at {-20[err]C. The
m xture isjstirred for 3 hours at -20[e Ctol-10[grr]C. Aftier evaporation
of the sol houe 15 extracted with PtRyT |acetafe. [The extract is
washed with wi®®r land dinll ed ovel maghesi um sul fate gnd evaporjated. The
crude prodict is sjuspended in dilet hyP&t ber and|{the solid filtljer 888.8f and
dried (vacuum . 14{ 29 a white powde th np. 155-
197 P 3 H
7 CH, 275.9
O
198 D g H
@AN ChH, 397.9
199 ; z H
(2EN 352
200 / H H
C}\ CH, 316.9
S
201 s 3 H
b\ CH, 392
O
202 'y g H
i cH, 360.8
O
203 B H A
[O_)\ CH, . 330




156C, Rf=0.5 (CHerr]CJ[err]/MeOH=9: 1) is obtained. B.

Boc- Leu-Leu(CN) Boc-Leu-Leu-NH2 (41nmol) is suspended in THF (200m ) and
triethyl am Qg dopddggol ) and trifl uoroacetl c aci d anhydri de pc4/4&88Red37i S added
at -5C. The mxture is stirred for 22hours at -5[err]C. After evaporation
of the solvent, the residue is extracted with ethyl acetate. The extract is

washed vm,-h-.vs.a-t-e,;-«a-nd—d-s-u-e-d—ew-ﬁx—n@g-n i a.nd_eﬂannra'r ed A
yel | owi shi Exampletth Rf =0B59 (n- hexane: &hyl h)p("c)olthSM) nd

deprotectpd withqut further putification (ste
H Leu- Leu{ CN) Bog-Leu-Leu(CN) (41nmol) i n THF (‘>0@§bwemy HC
in diethy[ethgr (50, y3- 4N, ter-tree) 1s agide RT_and e Tr=xtor e
stirred oyernight]. Aft# evapojatioA of the s the residque is
di ssol ved{in netHanol gnd amoni a i ffgethanol |(40mM | 3-4N, waterssbree) is
added andjthe soljid rial fijltered The|filtrhate is evaporated fand
the crude| product} is ffied py chromatography on silica using
CHerr]d Lerc ]/ MAOH=95. 5. _The flractions contailning the pure product re
col | ect ed| anebsevgpor at ¢d. 5. 07¢ of & yell ow sh % pMth Rf=0.43
(CHerr]Qlerr]/ NeOH= 1) is obtalnagd D.
4- Br omonet hyl benzoyl - L eu(CN) 4- Br t hyllbenzojc acid (6. 6 7ol ), HOBt
(6.67nmol ) and WECD. HCl (7.0mmml) are solved in dinethylfgrmam de ((15m)
and sti rr eg—or—I5—mn—Hteurtfeu N6 67yt )—tsSTadded—ang—the—+reacti on
mxture i $ s€9&rdd f 25 hourls at ERT. After |ey@pofation of |the sol vent,
t he residye R CH, 308
207 A
@\ °”b 370
208 ¢l 5 A\
@\ c“z\O | 374
209 i : A
°\©\ CH’\O 370
210 CH, 3 AN
\C/?K CHy : 354
211 o’ﬁ H A
NN CHy : 345.1
212 N H A\
i O cn 325
¢




is extracted with ethyl acetate. The extract is washed with water, 10%
citric acid, brine, sodium bicarbonate, brine and dried over nagnesi um

sul fate. After evaporation of the solvent, the crude productc*jﬁgfgly{ji ed by
chr omat ogr aphyW@#/24460i ca using CH err]@ [err]/ MeOH=97: 3. Th ns
containing the pure product were collected and evaporated. 1.74g of a
yellowi sh oil with RI=0.59 (CHerr]dJ[err]/MeOH=95:5) is obtained. E

N-[1-(1-Cyanp=—3= hyT=Dbi yicar ganmoyl ) -53- met nyl[- REt YT 1 -24- J.Al OPZ4RH 7day 1] MEL hy
| - benzarrid]g’f?-'gﬂ%mrreth *benzoy] - Leu- LEu( CN) 1%’3rrml'§b'<§id “fé"@g in
THF (5m) d sodi ym i m dazol 51 (1 .48mmol ) is aflded and t}g eafi:ti on
mxture stipred at IRT over nightl After evaporation pf the sol\ ‘r‘R’e“ e

residue is extaigcteéd with ethyl Jacetate. The e>tr©::t is washefl with water,
I& eTtu

dried over jragnesi {im su te and evapgppated. Th je producl i%guri fied
by chromat ogr aphy ¢n si a using CH erﬂ%l [ern]/ MeOH=95: 5. The 8ctilons
contai ning fhe pur¢ product™ werel col | ec§ed and |evapofated. The product| is
suspended i p—diethyl ether—and—the—s £it+terdd—of—pnd—dri-ed racuu. A

»
LBUSLEA A AL A %] J1 AT

1 I"I
whi te powdef w@thnp. 100- 103[err](C, RfE0.36 (CHjerN Ol [
obt ai ned. By repeating® procedur e alesgy,i bed jaboveli

al
O

err]/ MePH=9: 1) i|s
n Exanple &gy uging

appropriatejstarting TeH T ®
CH,
O on, 307.9
CH
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 ICsos for cathepsin S inhibition in the range from abot 100 to about 10 nM.



materials and conditions the foll owm ng conmpounds of fornula XIV are.
obtained as identified belowin Table 4. Table 4 [err] Exanple 78
[1-(2-Benzy&&g*hiﬁgyano-ethyIcarbanDyI)-S-nethyI-butyl]-cafﬁﬁﬁgdh@gqid
benzyl ester A _

3- Benzyl oxy- 2- (2- benzyl oxycar bonyl am 4p- 4- met hyl - pent anoyl am no) - pr opi oni c
aci d 52 To a suspension of 0.975 g HSer(OBzl)-CHin 5 mM of nethylene
chloride is added 1.52 ml of trinethylchlorosilane. After ten m nutes at
roomtenperature 0.98 m of N N-diigape®py! ethyl am ne and 1.81g of

benzyl oxy | eucine N-hydroxysuccininidester is added The reaction nixture

i s stirrlegxafiple2| hours Rt roomit enperRgt ure a]ndlﬁi lutpc°@Y { h MS (Mul1) aget at e.
Et hyl adetate isjwashed once with saturated NH errj] d -sol uti on and g@nce
with Herr]lO then dried over dodiumsulfatel the lsglyent lis renpved and

the resijduesqig ‘cfyst i zed from di et% et he

I .
7.30 (m]| 10H), 6|83 (WA, 5.32 (d, L& 5.1p (s, 2@4_18%*71 (m4H . |4.50

?Hz
217 _ CH, H
oH 181-182 412
® o™
[
218 _ H
6 o, 188-189 448
219 e o | GH, H
cH, S @ 168-169 |- 364
®
|
220 _ CH, A
GH @ 208-209 438
CH, '
I
221 ,N| CH, H
o @ 146-148 413
CH,
i
229 CH, H
Ve
(:ch If) 194-195 483
Q o

O~

e )
I
N

223 ?:\>\ CH, H
~ 5’ 186-187 418

Herfr]HNVR|[(CDC [err]f, ppm:




(s,2H), 4.28 (m 1H), 3.92 (m1H), 3.67 (m1H), 1.46 -1.79 (m 3H), 0.92
(d, 6H. B. '

[ 1- (2- Benzyl o% é’ ‘g{ banoyl - et hyl car banoyl ) - 3- met hyl - but yl | pef4Passs7 aci d
benzyl ester "8%%t i on of 0.980 g of

3- benzyl oxy- 2- (2- benzyl oxycar bonyl am n9§ 4- et hyl - pent anoyl am no) - propionic
acid and 0.25 m of N net hyI norpholine Tn 12 m of tetrahydrofuran 0.3 m
of i1sobutylchloroformte is;added dropw se at - 15C. The reaction m xture

i S Stirref—at——ibferre—for—+o—rinutes—then -f—a-gpeaus—NH%—ﬁ%%) is
added dropviemildr a ti®e peridd of Fwminut ;s.ﬂirhe PRADi onMSiGiY | i s
stirred for additijonal 15 m nutgs and diluted wthiethyl etate. Ethyl
acet at e i $—washed-renece ”ol th—satgrated—NHerrHc—=—sottutt+on ggﬂ—ﬁ-ﬁee—wi—th H20,
then dried s@fum sulfﬁt the dolvent 7% renpvdl Und the fesidue is
triturated with ditet hyNéther. [drr] H (cod [err]i,12s0m7:| 7. 3%1d m [LOH),
6.87 (d, 1H), 6.6d (m(b@), 1H)!, 5.4&3m (brl), 1H), 5.12| (d, 1H), p.08
(s, 2H), 4.50 (d, |2H), 4 - 3.|92 (rh 2H), 350 (m 1H), .70 - 1.4 (m
3H), 0.90Hd—6H-lC

[ 1- (2- Benzyl @2§- 1- cyar?l carlbanoyl )§8- net hylH bdt yl ] - caf bani ¢ aci d

benzyl estjer 0.3 ni of f | uor dacetic i d ahhydri|der4-frsapdedagh opw se to
a solution of 0.9 |g off[I-(2-benzylo
1- car banoyl - et hyl gar banoyl ) - 3- mgt hyI lbutyl] chrbamjc acid penzyl ester and
0.6 m of ptrrethytfant meTm 15 | of tet‘g@nyar Tj_lri]a at -S5[Errjc._Tne
reaction ri xt%#Pe ils §t\|irred at -|5C for‘hour d[then fof 12 hoursjat

room t enpgr at ure. Thq& nﬁ| xture t hep pourled intoj H eB%Q O anhd t he
aqueous | gyer GH,

227 F
£ \@\ 180-181 440

2
T

—e
I
N

208 0 CH, H
CHs a52
i
229 _ CH, H
CcH ﬁj 139-140 562
f
230 _ CH, (\:HS
CH
@ @ cu, | 180-181 440
CH,
i |
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Q
e
«
)
=
(=4

<
o
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Is extracted three times with ethyl acetate. The conbi ned organic | ayers
are washed once with Herr]O and once with brine, then dried over sodi um
sul fate, thgoegbpMet IS renoved and the residue is cryst apdigRgnésPm

di et hyl et her? exane. Md.: 126 -127C. The foll ow ng conpounds fornula XV,
as identified in Table 5 bel ow, are pygpared anal ogously to the conpound of
Exanpl e 78. 53 Table 5 [err] 54 Exanpl e 86

2-[ 2- (4- Chl or o- phenyl am no) - acet yl am no] - 4- net hyl - pent anoi ¢ aci d

cyanonetfiZ—am e ( 4- Ghl or o- pfienyT arg nNoj - acet gera— 105 qQ) o
H Leu-d y%’fw.eHCI (0. g) ar¢ dissof*ved infd thmpr(oﬁ‘;])rmmmmlﬂ)m ). HOBt
(0.44 g)l, WsCD.HJ (0.54 g), tdiethylanine (P.37 i) is afided
232 M H
M N 112-114 407
N = ;
T
~C.
CH; [>ch,
CH,
233 ?Ha H
N
/ s 4243
I8 &,
c Ay
CHy ~cH,
CH,
234 ¢ H
(‘D\ @\/\Q 399.4
S
235 CHy CH, H
A 382
N Gty
~C
CHy e
CH,
236 ?Ha H
M ;ﬂs 468.0
N\ c{qz .
~C
CH; 1~cH,
CH,
237 SHa H
M é 394.2
NN
~C
CHy o
CH,




and the reaction mxture 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 pgl. gﬂm@{@r
magnesi um sulW 19%243‘% evaporat ed. The crude product is slurrie

di ethylether and the solid filtered of ??d dried (vacuun) yielding a white
powder with np. 131-134[err]C. By repeating the procedure descri bed above

in Exanple 86, using approgriate starting materilas and conditions the

| a i P | HE 3 ad 1
fol |l owi ng corpourds—ei—ormH-a—NM—are—ebtat-reg—as—Haent+H+ea—beleowiq

Tabl e 6. Tcul:iﬁaam|§err] Bg5 [err| Ry [err]] R« | mp.LC) | MSM+1)

238 CHa | H
CH, 4443
N/\ )
cH 6~
3 | CH
CH,
239 ot | H
\ oty 4442
(3}43_~\(> N lilb .
/\
(.‘J"is CH, O
240 Cl@/ :E H
CH, :Cl 4119
Cl
241 o @_ E H
s CH, :CI 390.1
Cl
H

g.u(l

242 c,@_
ci 445.9
d X

243 CH=C,

3
CH, cl 406.0
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il
X

244 T H
CH ci 461.9
F 2
L F
Fﬁé o
245 z H
E CH, cl 443.7
~
< (l: ol
FE

248 E
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57 [err]

58 [err] 59 [err] 60
WO 99/24460 PCT/EP98/06937
78
Example Ry Ry mp.(°C) | MS (M+1)
247 GHa z
N CH a
/ 2 435.8
) o
Ci
CHE [“cH,
3
CH, ci 511.9
i @(c.
IN
C
cH, | “CH,
CH,
249 o =
CHy cl 4455
a | S ¢
Ci
250 ?Hs |
Nlj Q 429.4
N3 [
’C\
CH; e, C{g
CH,
c“zj@rcn 376
252 z . H
D CH2\©/ cl a56
253 \ = H
o S
2: CHUC’ 372




[err]
[err]

61 [err]

62 62 [err]
SUBSTI TUTE SHEET ( rule 26
WO 99/24460 PCT/EP98/06937
79
Example Rx Ry R:; mp.(°C) MS (M+1)
254 z H
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-3 Ty
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CH,
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@\ CH, cl 409.9
m S
260 o H/ 0\@/ CH, H
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64 [err] 65 [err] 68 66 Conpounds of Exanples 1 to 153 are typically,
sel ective inhibitors of cathepsin K and generally have I1CJerr] for

i nhi bition. §yhe cathepsin K of from about 100 to about | ess,
e.g. about 8;05nl\/l Represent ati ve conpounds e.g. as descri gecé‘lﬁl%%ﬁ/t 3e7 t he
above Exanples typically have ICferr]ggfor inhibition of Cathepsin Kin the
range fromless than 1 up to about 100 nm: and ICerr]s for inhibition of
Cat hepsin K which are at |least 10 to about 1000 tinmes less than their

Il err]s "Eardg ! TToNg R, R: | mp(°C) | MS (M+1)
261 H
. CH, 122-124 | 388 (M-1)
/C\
F71F Tt
F
6H2 i 360.0
263 s z H
N E
; E 385.9
NJ CH, F
~C. (j |
CHy | CH,
CH,
264 @ = H
. : 461.9
" on, CF, F
- | 0
N N \
_C
CH, | “CH,
CH,
265 | z H
cl :
i, i 393.8
cl f ~ \©/
266 C,_Q_ z H
P i . 4117




of Cathepsin L and Cathepsin S, e.g. when tested in the assays descri bed
above. The cathepsin K selective.conpounds of the invention are

particul arl Y WY d for preventing or treating ost eoporom | ri ous
genesis (e.qg. SJ e, nenopausal, post-nenopausal, post-traum ?Gg?' caused
by ol d age or by cortlco-steroid t herapy. or inactivity). By repeating the

procedures described in the above Exanpl®s using appropriate starting
materials and reaction conditions the follow ng conpounds of fornula XVII

ar e obt ai neg—as—deptified—betowtr—Fables—3 art—3Ho—Fabl-a—8—f-er+} 67
[err] 68 [Exawple R Ry R, | mp(C) | MS M)
267 s z H
4 z
o CH@F 408.0
\Y
CH ~cH
CH,
268 z H
CH, E 480.0
CH,
]
/N \ F
N&
(o]
cHy | ScH,
CH,
269 z H
Cl CHZ F 411.8
Cl ~ : :F
270 ey o = H
o s
@ CH, : Ne 385.9
271 CH, = H
Ci-ts@— CH, : cl 369.9
272 O.__cH H H
<} z
M CH, cl 402
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CH, CH,
273 Hs z A
N ) CH, 408
NN | ]
~C. CH
CHy | CH, ’
CH,




69 [err] 70 [err] 71 [err] 72
WO 99724460 PCT/EP98/06937
82
Example Ry Ry R: | mp.(°C) | MS (M+1)
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M 394
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~C.
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CH,
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CH; \ / *@i
- ci
278 °'\©( : H _
Y ] 307.9
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CH,
279 C,_@, H H i
CH
CI 2\?/CH3 341 .7
CH,
280 ?Ha H H _
N cH B 333.9
"lﬁ)/ e
cHa
~C. |
CHy [~ch,
CH,
281 CH, _E_ H
CH:!‘@__ CH2 CH _ _302.1
~ ?1 3
CH,




[err] 73 [err] * [err] is cyclopropyl, i.e. Rz is ethylene and makes a
cyclopropyl ring with the carbon atomto which it is attached. The
conpounds of Table 8 are typically selective inhibitors for

and normal |y &y err]s for cathepsin S inhibition in the rangea,?rom
abot 100 to about 10 nM ~ 74 Table 9 [grr]
Example Ry ' Ry R: | mp.(°C) | MS(M+1)
282 2\, CH, H H
\(_?ﬂ/ CH, 150-151 382
CHy-¢ T;j
/. cH
CH,“"s CH,
283 o /N~§' : H
CH; LT\ = CH: A 393
284 CQ,, Ny T z A
> :
CH;CT\ = o 433
CH,

\
S~ | e 458.3
cf,

CH,
286 PHa z H
A\ CH, 450.2
Na
~C :
cH”
sé . CH, cl
287 z
cl : - CH, : :ct -CHs 4241
Ct
288 Q =
C T
CH, cl -CHj 457.3
c l :I 5
289 CH, H
ca,—@— CH, : :m -CHs 417.9




75 [err]

76 [err] 77 [err] 78 [err]
WO 99/24460 PCT/EP98/06937
84
Example Rx Ry R. mp.(°C) MS (M+1)
200 | ¢n, -CEHS O o z
CH, \g_( ’ oHe c -CHs 449.8
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79 [err] 80 [err] 81 [err] 82 [err]

WO 99/24460

PCT/EP98/06937
85
Example Ry "Ry R: | mp{°C) | MS(M+1)
206 i : A
N CH, o 428.2
N <
~C
CHy [~CH,
CH,

The compounds of Table 9 are typically selective inhibitors for cathepsin L, having ICsos for
cathepsin S inhibition which are preferably in the range from about 100 to about 1 nM.

Table 10
| Example "Ry " Ry R, | mp.CC) | MS (M+1)
297 @ _ @ H
CH
@ o, 181-183 398
298 @CH - CH, H
@ /@ 169-170 912
CH,
299 a E
@\ CH, _cH, A 3339
§
CH,
\ -
XY oo 410
3 N-N Cc
ECHz CH,




83 [err] 84 [err] 85 [err] The conpounds of Table 9 are typically
sel ective inhibitors for cathepsin L, having ICerr]s for cathepsin S

i nhi bi tor Wﬁ@gﬂﬁo preferably in the range from about 100p¢&REroRiéest €r ]

86

Example R« Ry R; | mp.(°C) MS (M+1)

301 ¢

o
O itit}
I

Hy CH, 434.7

|
CH,

The compounds of Table 10 are inhibitors of cathepsin L. and cathepsin S, having ICsgs for
inhibition of cathepsin L in the range from about 100 to about 50 nM and ICsos for inhibition of
cathepsin S in the range from about 50 to about 10 nM.

Example 302

methyl-No-(2.2-diphenylacetyl )-I-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 HCl. The resulting mixture is extracted with EtOAc (4 x 150 mL). The
combined extracts are washed with 0.1 N HC1 (2 x 300 mL) and brine (2 x 300 mL), dried over
MgS04, and evaporated to give a yellowish syrup. Chromatography (silica, 5% MeOH/CH2Clp)
yields O-[[3-(methoxycarbonyl)-phenylimethyl]-N-(t-butoxycarbonyl)-L-serine as a yellowish oil.
B. O-[[3-(methoxycarbonyl)phenyllmethyl]-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 CH2Cl3 (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.



86 [err] | _ 86 The compounds of
Table 10 are inhibitors of cathepsin L and cathepsin S, having ICerr]s for

i nhi bition of in L in the range fromabout 100 to abpgtpriead) and
IC[err]s for iﬁﬁ%?@on of cathepsin S in the range from about 50 to about

10 nM Exanpl e 302 Synthesis of -
N-[ 2-[ (3- (et hoxy- car bonyl ) - phenyl ) - net ﬁoxyl -1(S)-cyanoet hyl ] - 3-
met hyl -N err]-(2, 2-di phenl yl acetyl)-L-phenyl -al ani nam de A

O [[ 3- (et hoxycar honwl ).- nhe A < car - ' a
Sol U1 on BT 5 AyaERE By R pabit b bl i QUG bl ok R P 0
m) at - P)smiduisi Thashiiridn ssabénmaringditd rdemt@nm@ragyre 6030 mimitese (CH2ClY s, 172. 6
mrol ) portionwi se with vigorous stirring, over 0.5 hour, After al] sodium
hydri de i svaperdisd, and fhe rasidue i dissplyedsiniEtQ A (0gRL)a nT hitsoiution ishenextragted iwiths I Ny
O[err]C t Ie Nafeey f ' i S

cool ed baglypo}]g({%ﬁ’f‘é@%d a sgle(lgj?lfx%?i ‘%Ferﬁa%wg?g?%ﬁgﬁ%?%ﬁgggoate

(19.77 9, M¥8O3Oand"eRipordtéd. Rvikorfeekraphy (dikkvaAtideBOicipnimspyidde®-[[5 ni nutes. The
m xture is then warmed to roomtenperature for 16 hours. DVMF is then

evapor at e(ndthixytarheayDphenyikmedyBN-{tcutoxyentbonile-Lrsexinagide 454 thifk oft.ed with col d

wat er (200, ni) d _aci di f i W . . The resulting m xture
is extrac&ed vvﬁl?" & qc 1 L swrg i ed extracts are washed with

0.1 N HJ (2 xT@86bhitioh of OB rherlsoxyGarbonghitheniimeti!] N (- mtaycaly g &iseiinamded
erYaO_VFK) rC|6_1|E 22@.% g] .!g\,/gl]ngl) %xeét'o%"é"@@miﬁttbgc 18%5&%89&3% gth &/ mSEérAtél? %gon%u/(s) rate for 5

minutes, during which time a lot of white precipitate is observed. The mixture is warmed to room

temperature over 30 minutes, after which time EtOAc is removed, yielding O-[[3-
(methoxycarbonyD)phenyl}methyi]-L-serinamide-HCl as a white solid.
D. 3-methyl-N-(2,2-diphenylacetyl)-L -phenylalanine

To a solution of 3-methyl-L-phenylalanine (1.8 g, 10.06 mmol) and Na,COs(3.2 g, 30.18
mmol) in water (150 mL) is added a solution of diphenylacetyl chloride (2.32 g, 10.06 mmol) in THF
(150 mL), and the resulting solution is stirred vigorously at room temperature overnight. The THF
is then evaporated and the aqueous layer is diluted with 6% aqueous Na;COs (100 ml), and washed
with Et;O (3 x 150 mL). The aqueous layer is then acidified to pH 1 with conc. HCl, and the
resulting slurry is extracted with EtOAc (3 x 100 mL). The organic phase is then washed with water
(2 x 100 m'.) and brine (1 x 100 mL), dried over MgSO, and evaporated to yield 3-methy}-N-(2,2-
diphenylacetyl)-L-phenylalanine, as a white solid.
E. N-[3-methyl-N-(2.2-diphenylacetyl)-I-phenylalanyl]-O-[[3-(methoxycarbonyDphenyl]
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)phenyl)methyi}-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 HC} (100 mL), saturated aqueous NaHCO; (1 x 50 mL), water
(1 x 50 mL) and brine (1 x SO mL), dried over MgSO,, and evaporated. The residual solid is



yields O [[3-(nmethoxycarbonyl)-phenyl ] met hyl]-N(t-butoxycarbonyl)-L-sering
as a yellowish oil. B.
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CHerr]C[err] (50 m) is cooled to - 10C, and isobutyl chloroformate (1.1
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pr eci pltate IS observed. The mxture is warned to room
mL), and washed with saturated NaHCO3 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over
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MgS04, 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

CO,Me

Example 303 Synthesis of N-[2-[(3-carboxyphenyDmethoxy]-1(S)-cyanoethyl]-3-methvl-No.-

(diphenyacetvl)-L-phenylalaninamide
A solution of N-[2-[(3-(methoxycarbonyDphenyl)methoxy]- 1(S)-cyanoethyl]-3-methyl-Noi-

(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 cthyl acetate (50 mL), and washed with 5% aq. sodium thiosulfate (2 x 50 mL), water (1
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amme/methanol is added di-t-butyldicarbonate (6.5 g, 30 mmol), and the solution is refluxed for 2.5
hours. After cooling, the methanol and triethylamine are evaporated and the residue is diluted with
Et20 (250 mL) and extracted with saturated Na2CO3 (2 x 75 mL). The combined aqueous layers
are again washed with Et20 (250 mL), and then acidified with conc. HCl to pH = 2-3. The resulting
mixture is then extracted with EtOAc (3 x 75 mL) and washed with water and brine, dried over
MgSOy4, and evaporated to yield 3-methyl-N-(t-butoxycarbonyl)-L-phenylalanine as a clear oil.
B. allyl 3-(chloromethyD-benzoate

A solution of 3-(chloromethyl)-benzoic acid (50.0 g, 0.293 mol), potassium carbonate (48.61
g, 0.352 mol) and allyl bromide (50.7 mL, 0.586 mol) in acetone (500 mL) is refluxed for 2 hours,
after which time the solution was cooled to room temp. and filtered through celite. The filtrate is
evaporated and the residue chromatographed (silica, 5 % EtOAc/hexane) to yield allyl 3-
(chloromethyl)-benzoate as a clear oil.
C.  allyl 3-(iodomethyl)-benzoate

A solution of allyl 3-(chloromethyl)-benzoate (54.5 g, 0.259 mmol) and sodium iodide (46.56
g, 0.311 mol) in acetone (500 mL}) is stirred at room temp. for 6.5 hours, after which time the
mixture is filtered . The filitrate is evaporated and the residue is dissolved in diethyl ether (500 mL),
then washed with water (1 x 200 mL), 5% sodium sulfite solution (1 x 200 mL) and brine (1 x 200
mL), dried over magnesium sulfate, and evaporated to yield allyl 3-(iodomethyl)-benzoate as a white
solid, which was is directly.

D. -[[3-(allyloxycarbonyh)-phenyllmethyl]-N-(t-butoxycarbonyl)-I.-serine



(1 x 50 nL) and brine (1 x 50 nL), dried over MgSO err], and evapor at ed.
The residual solid is 88 triturated with hot rrethanol to yield

N- [ 3- et hyl - Woledrn. i phenyl acetyl)-L-phenyl al anyl ]-O[] 3-

(et hoxycar bonyl )%ﬁgnyl ]methyl]-L-serinam de as a white sof F{{EPIR/06937
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Et OAC/ hgyahéihylbedzddtet68.6¥, 220.2 mmol) in DMF (110 mL) is added dro

[ 2-[ (3- (et hoxy-carbonyl)-phenyl)-nmethoxy]-1(S) - cyanogwﬁflofcrslsm{“ﬁﬁ N err]
- (2, 2- dThsrmixtreis dhop| Warme ﬁ@ﬁemlwmeamrnmwmatyesa Thicireagtiow mixtiurk #vfongedt he

Fol | owi g, i34 Gt (A1) £'akidified to pH 2 with 1 N HCI (270 mL). The mixture is extracted with
ether (1 x 600 mL, then 3 x 300 mlL.) and the combined ether extracts are then washed with water (5
x 200 ml) and then d;ied (MgSO,4) and evaporated in vacuo to yield O-[[3-(allyloxycarbonyl)-
phenylJmethyl]-N-(t-butoxycarbonyl)-L-serine as a yellowish oil, which is used as is in the
subsequent step.

E. O-[[3-(allyloxycarbonyl)phenyllmethyl]-N-(t-butoxycarbonyl)-L-serinamide

A solution of 0—[[3-(allyloxycarbony])phenyl]methyl]-N—(t—butoxycarbonyl)-L-serine (79.2 g,
209 mmol) and N-methylmorpholine (68.9 mL, 63.4 g, 627 mmol) in CH,CL, (800 mL) is cooled to -
10°C, and isobutyl chloroformate (32.5 mL, 34.2 g, 251 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, at -10°C. The solution is then warmed to room temperature and stirred for 30
minutes. The reaction mixure is cooled to 0°C and | N HCI (800 mL) is added. The organic phase
is washed with 1 N HCI (2 x 700 mL), then washed with saturated NaHCO; (700 mL), then dried
(MgSO,) and evaporated in vacuo to yield O-[[3~(allyloxycarbonylphenyllmethyl]-N-(t-
butoxycarbonyi)-L-serinamide as a thick oil, which is used as is in the subsequent step.
F.  O-[[3-(aliyloxycarbonyDphenyl]-methyll-L-serinamide-HC]

To a solution of O- [[3-(allyloxycarbonyl)phenyl]methyl]-N-(t—butoxycarbonyl)-L-serinamide
(69 g, 182.5 mmol} in EtOAc (1000 mL) at 0°C is slowly bubbled HCI gas for 1 hour, during which
time a white precipitate is observed. The mixture is warmed to room temperature over 30 minutes,
after which time EtOAc is removed by evaporation. The resulting residue is triturated with ether
(500 mL) with vigorous stirring for 30 minutes. The precipitate is collected by vacuum filtration,
washed with ether (2 x 100 mL) and then air dried to yield O-[[3-(allyloxycarbonyl)phenyl}-methyl}-

L-serinamide-HCI as a free-flowing white solid.
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saturated aqueous NaHCO3 (1 x 50 mL), water (1 X 50 mL) and brine (1 x 50 mL), dried over

MgS04, and evaporated. The residual solid is triturated with hot methanol to yield N-[3-methy)-N-
(t-butoxycarbonyl)-L-phenylalanyl}-O-{[3-(allyloxycarbonyl)-phenyl]methyl]-L-serinamide as a white
solid.
H.  N-[2-[(3-(allyloxycarbonyl)-phenylimethoxy]-1(S)-cyanoethyl}-3-methyl-No-(t-
butoxycarbonyl)-L-phenylalaninamide

Oxalyl chloride (1.79 L, 2.6 g, 20.48 mmol) is added dropwise'to DMF (30 mL), and the
resulting solution is cooled to 0°C. After the solution becomes clear, pyridine (3.31 mL, 3.24 g,
40.96 mmol) is added, followed by N-[3-methyl-N-(t-butoxycarbonyl)-L-phenylalanyl]-O-[[3-
(allyloxy-carbonyl)phenyljmethyl]-L-serinamide (5.52 g, 10.24 mmo]), 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-[(3-
(allyloxycarbonyl)-phenyl)methoxyl-1(S)-cyanoethyl}-3-methyl-No-(t-butoxycarbonyl)-L-
phenylalaninamide as a white solid.
L N-[2-[(3-(allyloxycarbonyl)-phenyl)methoxyl-1(S)-cyanoethyl]-3-methyl-1-
phenylalaninamide

A solution of N-[2—[(3-(allyloxycarb6nyl)-phenyl)methoxy]- 1(S)-cyanoethyl]-3-methyl-No-
(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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' residue is chromatographed (silica, 80% EtOAc/hexane) to yield N-[2-[(3-(allyloxycarbonyl)-
phenyI)mcthoxy]—1(S)-cyanocthyl]-3-methy]—Na—(N-morpholinocarbonyl)-L-phenylalaninanﬁde asa
clear oil.

The corresponding 3-carboxyphenylmethoxy compound is prepared as follows:

To a solation of N-[2- [(3-(allyloxycarbonyl)—phenyl)methoxy]-1(S)-cyanoethyl]-S-mcthyI-
No-(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 HC} (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—methy1—N(x-(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 (11.3mL,
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N>;2503(50 mL), water (2x 5 ) 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- xycarbonyl)-phenoxyl-butvronitrile

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)-phenoxyl-butyronitrile (3.7 g, 6.78
mmol) is stirred vigorously for 16 hours in a biphasic mixture of 1 N HC] (7.5 mL) and Et0 (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)-phenoxyl-butyronitrile, as a clear oil.
E. N-[3-(3-(methoxycarbonyl)-phenoxy)- 1-cyanopropyll-3-methyl-No-(2,2-diphenylacetyl)-L-

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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I's war megdndux{QPtny 5 FRG&IORY)I-6yaA 6Pﬁp3-i’ﬂeﬂiyE-N&r(22fd1ﬁfenyﬁﬁe®ﬁ)~E-l me EtOAc is
renoved by evapora I on. e resu tlng residue Is triturated with ether (500
m.) wi t hphehglalaminmnide asra whitp sblid, n8p 1521168%S. The precipitate is collected by
vacuum filtration, washed with ether (2 x 100 nmL.) and then air dried to
yield O[[3-(al lyl oxycarbonyl)phenyl]-nethyl]- L-serinamde[err]HC as a
free-fl ow ng T dosrespohdiflg carboxyphenoxy compound is prepared as follows:

To a solution of N-[3-(3-(methoxycarbonyl)-phenoxy)-1-cyanopropyl}-3-methyl-Noi-(2,2-
diphenylacetyl)-L-phenylalaninamide (0.16 g, 0.272 mmo)) in THF (3 mL) is added a solution of
LiOH-H20 (22 mg, 0.544 mmol) in water (1.5 mL). The reaction is stirred for 1 hour, after which
time the THF is evaporatcd; The residue is acidified with 1 N HCI and extracted with EtOAc (3 x 30
mL). The aqueous layer is wéished with brine (30 mL), dried over MgSO4, evaporated and
chromatographed (5% MeOH, 0.05% AcOH, CH2Cl2) to yield N-[3-(3-carboxyphenoxy)-1-
cyanopropyl]-3-methyl-No.-(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)-cyanoethylj-3-
mgthyl—ﬂg—(2,2—dighegyla¢e§yl)—Irghenylalaninmfde
A.  5-(bromomethyl)-2-furoate

To a solution of S-ﬁethylfurﬁxral (5.0 g, 45.5 mmol) in CH2Clp (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 EtﬁO, 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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N-[ 3-met hyl - N- (t - but oxycar bonyl ) - L- phenyl al anyl ] - O-[[ 3- (al | yl oxycarbonyl)-p
henyl ] met hyl ] - nam de To a sol ution of

O-[[3-(allyl oxyéc,gl J(i)dr?yl ) phenyl ] net hyl ] - L-seri nam de[ err] HC E EBE??"%”” 10. 46
mmol ), 3-nethyl - N-(t-butoxycarbonyl)-L-ghenylalanine (3.29 g, 10.46 mml)
1- hydroxybenzotn azole (1.92 g, 12.55 nmol), and N-nethyl norpholine (4.6

m, 4.23 g, 41.84 mmol) in. CH[err]CI[err] (120 m_) is added
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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 N aHCO3(2
x 50 mL). The aqueous layer is acidified with conc. HCI, and extracted with Et2O (2 x 50 mL),
dried (MgSO4), and evaporated. Chromatography (silica, 5% MeOH/CH2Cl) yields O-[[(5-
methoxycarbonyl)-fur-2-yI}-methyl]-N-(t-butoxycarbonyl)-L-serine as a yellowish oil.

.C. O-[[(5-methoxycarbonyl)-fur-2-y1i-methyl]-Na-(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 CH2Cl7 (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. CHaCly 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 MgSO4, and
evaporated to yield O-[[(5-methoxycarbonyl)-fur-2-yl]-methyl}-No-(t-butoxycarbonyl)-L-serinamide
as a brownish solid.
D. O-[[(S-methoxycarbonyl)-fur-2-yI]-methyl}- L-serinamide-HCI

To a solution of O-[[(5-methoxycarbonyl)-fur-2-yl}-methyl}-N o-~(t-butoxycarbonyl)-L-
serinamide (0.52 g, 1.58 mmol)) in EtOAc (50 mL) at 0°C is bubbled HCl 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-ylj-methyl]- L-serinamide-HCl as a yellowish solid.



reaction solution is stirred at O[err]C for 1.5 hours, after which tine it.
is diluted wwth EtOAc (50 nL), and washed with saturated NaHCO err] (1 x 50

m.), saturatggoebhdaso (1 X 50 ni), dried over MgS( err], andpcivemenedsed. The
residue is chromatographed (silica, 40% Et OAc/ hexane) to yield N-[2-[(3-
(al l yl oxycar bonyl ) - phenyl ) met hoxy] - 98

1(S)-cyanoethyl ]-3-nmethyl-N err]-(t-butoxycarbonyl)-L- phenyl al ani nam de as
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over MgSO4, 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.

di lacetyl)-L-phen lalaninamide '
Oxalyl chloride (0.046 mL, 0.36 mmo}) 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 MgS0O4, 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-Noi-(2,2-diphenylacetyl)-L-phenylalaninamide as a white solid.

Example 307 Synthesis of N-[2-[( 3-(methoxycarbonyl)phenyl)thiomethoxy}-1(S)-cyanoethyl]-3-
methyl-No-(2,2-diphenylacetyl)-L-phenylalaninamide

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 CH2Cl2 (80 mL) is added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide-HCl
(0.77 g, 4.02 mmo]) in dne 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

IE



nmor phol i nocar bonyl ) - L- phenyl al ani nam de To a sol uti on of

N-[2-[(3-(al 'yl oxycarbonyl)phenyl ) met hoxy] - 1(S) - cyanoet hyl ] - 3- met hyl -

phenyl al ani namﬂ@ 9‘?[4{4)0"0 (0.29 g, 0.69 mmol) and N-nethyl no 5340 23
m., 0.21 g, in CHerr]Cd[err] (10 nL) is added nopholi'necarbonyl
chloride (0.21 g, 0.23 nL, 2.065 mmol) |Q.,one portion, and the solution is
stirred at roomterrperature for 16 hours” The solution is then diluted with
additional CHerr]JC[err] (40 M), and washed W|th 1 N HC (50 nl),
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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)-I -phenylalanyl}-S-[[3-(methoxycarbonylphenyl
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 stitred 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)phenyllmethyl]-L-cysteinamide, as a white solid.
D.  N-[2-[(3-(methoxycarbonyl)phenyl}thiomethoxyl-1(S)-cyanoethyl)-3-methy-No-(2.2-
diphenylacetyl)-L-phen i am?de

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)-phenyi]-
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 MgS04, and evaporated. The residue



[ (3-carboxyphenyl)-met hoxy]-1(S)-cyanoet hyl]-3-nmethyl-N err]-(N norpholinoc
arbonyl)-L- phenyl al aninanmide as a white solid, mp. 100 C (dec.). Exanple’
305 Synt hesi
N-[3-(3-( net?t]gx;?,?a‘rﬁ'“bonyl ) - phenoxy) - 1- cyanopr opyl ] - 3- met hy| EREERp{6937 |
(2, 2-di phenyl acetyl ) -L-phenyl al ani nam A met hyl
3-(2-bronoet hoxy) - benzoate A solution of nethyl 3-hydroxybenzoate (5. 0g,
32.86 mmol ), 1 ,2-di bronoethane (11.3 ni, 93 131. 44 mmol ), and potassium
car bonakem%&@he@@mééamtbme%ﬁé{t {3 refluxed 16 hours, after
trat e

which time the solution is cooled, conc |n vacuo, and
chr omat (lmthqmeﬁdbwl)gheejrl)ll'unmetlhyXy]-S{Q)&yhmﬁwﬂﬁmhyl-mmaipﬁmyﬁ&@) yel l ow

oil. B. et &2 I 0 Qeth &2<y) benzoate A solution of neth
3-(2- br%&%‘}’ g, 9.26 nmml) and sodi UmIOdI de (2.78 g,

18.52 mmol) in acetone (50 nt_) Is refluxed for 2 hours. The resulting
m xture i s then f||tered and concentrated The reS|due is diluted with
Et OAc (Exmnple 308 Dk a-cabosyphen hanehivH i 3250 nL) and

brine (50 ri ed Qerr] and evaporated to yi el d nethy
3-(2-io§8¥$ﬁ%%’}—%§'— , a yellow oil, which is used directly.

To a solution of N-[2-[(3-carboxyphenyl)thiomethoxy]-1(S)-cyanoethyl}-3-methyl-No.-

(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 ir vacuo, and then rectystalized (CHCly,
Et20) to yield N-[2-[(3-carboxyphenyDmethanesulfinyl]-1 (S)-cyanoethyl]-3-methyl-No-(2,2-
diphenylacetyl-L-phenylalaninamide product, as a white solid, m.p. 170-171°C,

Example 309 N-[4-(3-methoxycarbonyl- 1H-pyrazol-1-y}-1(S)-cyanobutyl]-3-methyl-Na~(2.2-
diphenylacetyl)-1 -phenylalaninamide
A. t-buty] (S)-S-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 (2x300
mL), water (300 mL) and brine (300 mL), dried over MgSO4, and evaporated. Chromatography
(silica, 20% EtOAc/hexane) yields t-butyl (S)—S-hydroxy-z-(t-butoxycarbonylamino)-pentanoate asa
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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via syringe. After stirring 30 mnutes at™-78[err]C, a solution of nethyl
3-(2- iodoethoxy)-benzoate (2.7 g, 8.82 nmol) in THF (20 nL) is added in to
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as a cl ear dopise Byer 10 minutes. The cloudy mixture is warmed to room temperature overm%ht after

N[ 3- (3- (et hoxycar.bon oxy cyangpropyl ] - 3- met hyl err]-(2,2-di ph

enyl acet yl )NE] t%nﬁ gﬁwogiégﬁp%éﬁlaoé az-nd %'ﬂte:rgcii ’Phe ﬁ?trate is evaporated to yxe{d 3-methyl-Not-
(2,2-diphenylacetyl)-L-phenylalanine N-hydroxysuccinimide ester as a white solid.

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 js 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-IH-pyrazol-1-yl)-2—(t-butoxycarbonylanﬁno)—pentanoate,
is isolated as a thick, clear oil.

To a solution of t-butyl (8)-5-(-3-methoxycarbonyl- 1H-pyrazol-1-yl)-2~(t-
butoxycarbonylamino)-pentanoate(0.84 g, 0.21 mmol) in CH2Cl3 (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 yiélds (8)-5-(-3-methoxycarbonyl-1H-pyrazol- 1-yl)-2-aminopentanoic
acid-HCl as a gray-white solid.



To a solution of 2-am no-4-[3-(nmethoxycarbonyl)-phenoxy]-butyronitrile (0.5
g, 2.13 mmol ), 3-nethyl-N-(2,2-di phenyl acetyl)-L-phenyl al ani ne (see exanpl e
1, 0.80 g, 2. J3ide) and 94 dii sopropyl ethylamne (1.1 nmol )
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(pyrrolidino)-phosphoni um hexaf | uor ophogghate (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 mol) is added, and the solution is stirred overnight. The reaction
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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-yI)-1(S)-carboxybutyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide,which is
carried on directly.

diphenylacetyl)-1-phenylalaninamide

A solution of N-{4-(3-methoxycarbonyl-1H-pyrazol-1-yl)- 1(S)-carboxybutyl]-3-methy)-Na-
(2,2-diphenylacetyl)-L-phenylalaninamide (0.3 g, 0.5 mmol)) and N-methylmorpholine (0.17 mL, 1.5
mmol) in CH2Cl2 (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. CH2Cl2 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 (50mL)
and dried in vacuo to yield N-[4-(3-methoxycarbonyl-1H-pyrazol-1-yl)-1(S)-(aminocarbonyl)-butyl)-
3-methyl-No-(2,2-diphenylacetyl)-L-phenylalaninamide.
H. N-[4-(3-methoxycarbonyl- 1 H-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-lH—pyrazol-l—yl)-1(S)-(aminocarbonyl)butyl]-3-
methyl-No-(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

I



m.). The aqueous | ayer is washed with brine (30 nL), dried over MgSq err],
evapor ated and chromat ogr aphed (5% MeCH, 0.05% AcOH, CH err]dJ[err]) to

yield N[3-(3- henoxy) -
cyanopropyl | - &ﬁé’%waoN[ err]- (2 2- di phenyl acetyl) - L- phenyl alPsh Wﬁ% as a

white solid, mp. 169- 170[err]C. Exarrpl ﬁ 306 Synthesis of
N-[ 2-[ (5- (et hoxycar bonyl ) -fur-2-yl) - net E)xy] -1(S)-cyanoet hyl ] - 3-
met hyl - N[ err] - (2. 2-di phenyl acetyl ) -L-phenyl al ani nam de A

ooty 1 B 2 bt PR aFard e Raieod L 80 Sy B ACH U St it her e
(17.8 g, ﬂ@@omhkvapaﬁekdt NS feRidHd is @hrohtogthPheaqtiReh, BG%%&'@A&/E&Bn s g&hé\f i on.

After 15 mnutes, the solution begins to reflux vigorously,

settles dpws-raéth@dycaammyhﬁl-pﬁaﬂulmmut(s)%ymmqﬂ]-amemglpmw(m aa!:ph&ﬁylampmgs, t he
dark mixture is cooled to roomtenperature, and MeOH (30 ni) is added.
After 10 phenylelaminamidpeasqorhitesddid. i s evaporated, and the residue is diluted
with Et[err] O and washed with saturated Nchqerr] (50 nmL), water (50 m)
and brine (50 nL), dried over MgSO err] and evaporated. The residue is

chr omat OGE et 105 M- 48ty Dbk e R (5)-LxaagbueyIL3 ety Nt (2.2

5- (brom)methyll) 2-furoate, as a yellowi sh oil.

diphenylacetyD-T.-phenylalaninamide
A, Ne(t-butoxycarbonyl)-(S)-propargylglycineamide

To a solution of N-(t-butoxycarbonyl)-(S)-propargylgiycine (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 HCI (2 x 25 mL), aqueous NaHCO; (25 mL) and brine (25 mL), and
then dried over MgSO,. Evaporation of solvent, followed by chromatography (silica, 65%
EtOAc/hexane) yields N-(t- butoxycarbonyl)-(S)-propargylglycmeadec, as a clear oil.

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 MgSQO,. 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- hoxyphenyl)-pent ide

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.



B.
O [[ (5- nmet hoxycar bonyl ) -fur-2-y]]-nmethyl]-N-(t-butoxycarbonyl)-L-serine To
a solution but oxycar bonyl )-L-serine (2.5 g, 12.3 (50
m) at - @ONé}gﬁed sodi um hydride (1.22 g, 60%in m nera )Eg?é(da%W?
mol ) portlonvm se with vigorous stirring, over 0.5 hours. After all sodium
hydride is added, the mxture is stirred for an additional 10 m nutes at
Oferr]C, and then at roomtenperature for 30 mnutes. The solution is
cool ed back tg 9] b [eh fandBial Yy 5- (bromonet hyl ) - 2-furoate
(2.5 g, 12.3 adde ropw se over 2 mnutes. The
m xture is tfya seutivact (S)-Z-(!fbmmmmmmme) $-63-carborheshoxypheayltpedtanamidei due i s

hor T Gkt ségé’{:’n%a%[ Sio Ak il & L s AR § A hslerdy Pebiogd s i o
is ext rag;nﬁﬁ!.}ggﬂ giﬂ G i chexf walnedltd rooﬁh@msagmmgs@ﬁm@tﬁva mow{gmnw th

brine (5 over MygS04, and evaporated to give a yellow sh syrup.
Thi s r esjielde(S)<- mken-(&panbnmﬁhmbﬁﬂl)wm)tanm Kk salh o3 @lighhyellowsselidir at ed

NaHCO3(2 _x 5 )4 Ihe_ agueous. | | L4 N0, and
ot ract of wi (¥eLELatpe oo st sl BBl BiENe (B 210,
Chr onmat ogipRRMcdr@i-1 ighenyldidfiniidd/ CH err] Cl [err]) yields O [[(5-

met hoxycarbonyl') - f ur - 2- yl)] neth;_ga_carb(o tﬁgt Oﬁgnyﬁ

yel | owi sh oilTo wsolution of (S)-2-amino- Xyp! [p%g{;t\{a&de HEF (6_5'53&6}% Oa
O [ [(5- MR YeRL a0 pufayobeal b bl @123, 0BBuoIRar bonyl ) -L-ser i

an de A I on
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m nut es, nia gas i s bubbled into the sqolution at a noderately vi gorous
rate for washed with 1 N HCI (100 mL), saturated aqueous NaHCO3 (1 x 50 mL), water (I x 50 mL) an

fam 15

brine (1 x 50 mL), dried over MgSO4, 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.

henylalaninamide
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-Not-(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 MgSO4 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.




mnytes. The solution is then warned to rOomterrp over 30 m nutes.
CHerr]C[err] is evaporated, and the residue is dissolved |n Et CAc (50
m.). This soI koS then extracted with 1 N HO (2 x 50 ﬁ%%gated
NaHCO err] (5 nﬂ? water (50 nmL) and brine (50 ni), dried over 4, and
evaporated to yield 103
O [[ (5- et hoxycarbonyl)-fur-2-yl]-nmethyl]-Nerr]- (t but oxycar bonyl )-L-serin
am de as a browni sh solid. B
O-[[ (5- met hoxycar bonyl ) - fur-LyI] met hyl ] {L- serlnamde[err HC To a
sol ution of
O[[(5-rrethoxycarbony|)-fur-gyl]-nethyl]~N[err]-(t-butoxy:arbonyl)-L-
serinamde (0.52 g, 1.58 rmtlg) in EtOAc (50 nmL) at Olerr]C is bubbled HC
gas at a noderately vigoroug ratg for 1 mjnute, during whigch tine ajlot of
white precipitate i s observead: i } i err ]} C for 10
m nutes, after which tine et&l , yleldihg Qs[[(5f
met hoxycar bonyl ) -fur-2-yl]-mgthyl] - Lglserinanij.'de[err]HC] 13 ai;/ellowi sh
. o

t

sol i d. 96 E g = § - &
N-[ 3-net hyl - N- (2, 2-di phenyl acet yl) - L=phenyl alanyl ] - O-[ [ 5~ pet hoxycaf bonyl ) -
fur-2-yl]- nethyl]-L-serinap-de—Ho—a—solution of

3- et hyl - Na- ( 2, 2- di phenyl acetyl ) -|L- phenyl al ani ne (0.4D0 g, .5 nmol)} O
[ (5- met hoxycar bonyl ) - f ur - 2-yl ] meltBy! ] - L- geri nani def ef r1Hd (0.54 g,| 1.5
mrol ), 1-hydroxybenzo N 3 s . .
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triazole hydrate (0.2 g, 1.5 mol) and N net hyl nor pholine (0.66 nL, .6.0

nmol )

in CHerr]dJ[err] (30 nL)

s added

1- ( 3- di met Ry agB4agaPr opy! ) - 3-et hyl carbodi i mi de[err] HO (O.p&k/mpossosy nmol ) in

one portion,

and the m xture is stirred at

room t enp.

for

16 hours.

The

solution is then washed with 1 N H4 (100 nL), saturated aqueous NaHCO err]

(1 x 50 m.), water (1 x 50 nL) and brine (1 x 50 nL), dried over MgSO4, and
evapor at edf The[resi dual solld'ls‘trlturated froM ether 1o yietd
N-[ 3- et hy} =\ L
(2, 2-di pheh@ acqtyl)-L-phenyl al anyl]-O[[5-(nethgxyca bonyl)-furf2-yl]-nmeth
yl]-L-seripamdg as a light yellow solid. F. 5
N-[2-T(5-( hojycar bonyl ) - fur-2-yl)-net hoxy] - 1($) - cyanoet hy] - 3- pet hyl - N[ er
r]-(2.2- d|phenyl acetyl)-L-phenyl gl ani nam de Oxallyl chloride (0.046 ni,
0.36 mmol ) [TS agded dropw Se (0 F (5 nL), and fhe resurtimg-—sol ution is
cooled to PE Affter dhe solution |s ctear, pyridijne (0.032 L, 0} 40 mmol)
is added, &}l ojed fy 3 _
N-[ 3- net hy g\l- (3, 2- & phenyl acetyl ) - L-henyl al anyl{] - O [ [ 5- (met hoxlycar bonyl ) -
fur-2-yl]-|{nmethyl]-C-serinanide (P.20g, 0.33 nmol|), in one portipn. The
yel | ow rea¢trionfsoiuriron 1s stirred at oC ror 1. ; hich tine
it is diluted wijth Et OAc (50 ni),|and washed with saturated NaHCO err] (1 X
50 m), sajyatgqd LLd (1 x 50 ), dried over M§SJ err], and evaporat ed.
The residu¢ 1s qhromat ographed (s|{lica, 40% Et OAg/ hexane) to yie|d
N-[ 2-[ (5- (et hoqycar bonyl ) -fur-2-yl)-
met hoxy] - 1 areethyH—3—rethy—Ner+—(22—dHpheryacetyH—H phenyl al an
i nam de as{a whi|te solid. Exanple|307 Synthesis af
N-[ 2-[ (3- (tret hojycar bonyl ) phenyl )t hi onet hoxy] - 1( §) - cyanoet hyl ] - 3}
met hyl - N[ egr] - (4, 2-di phenyl acetyl ) - L- phenyl al ani nani de
<. . H H H
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N-[ 3- net hyl -N-(2 2-di phenyl acetyl)-L-phenyl al anyl]-S-trityl-L-cystei nam de
To a solutio t hyl - N- (2, 2- di phenyl acetyl - L- phenyl al

exanpl e 302, n‘ile 9&4&2 68 mol ), 1-hydroxybenzotri azol e hyd?gltr@s(egﬁ%i g,
2.68 nmol ) and N-rrethyl nor pholine (0198 nL, 6.69 nmml) in CHerr]d[err]
(80 nL) is added 1 (3-di net hyI am nopr opyl ) - 3- et hyl car bodi i m de[ err] HCl
(0.77 g, 4.0p—mMmolp)—in UIIC' ortor—AF-er—StH-F .f‘.g’*?,}m.utﬂs at—9Qom
tenperature,  Strijtyl-L- cy teinamid¢ (0.97 g¢,|12.68 mol) i$ added{to the
solution in o'r'i'e pcrtion, ang the soldtion is stirred| 97 for 16 hours.
The sol ution egapor at ed, Jand the nfesidue partitioped %et enmvvater (80
m.) and ethy #acet ate (80 ). The aqueous |ayer is fpashed With°Et QAc (2 x
80 nL), and the cqnbi ned organic |ayers are then washed withh 1 N HO (100
2% 50—L)-wat-er {1 x50 ) —and brine

m.), saturat ea—aggeots I\laHvf er—x X

(1 x 50 nL), |[ékied over My erg] nd e,\zaporatgd. The resigue is

, a
triturated i§h E Ef[ er 8] O hexane2(1: 1) tolyiel d
N-[ 3- net hyI-\I-é ,z-dl g;henyl cet;gl) L- phegyl al angl]-S- trityl-L-cystlei nam de
as a white solnd. |B
N-[ 3- net hyl 4—62—7—d4—pheﬂ->4—&ee{—yl—)—-l=--phern-)d-34_a Wwll-Ltcocysteipam de JTo a
sol ution of
N-[ 3-met hyl - N- (2, 3- di phenyl acetyl ) - L{phenyl al anyl ] - Sttrityl {L-cyst j;i nani de
(0.68 g, 0.95™molf) ih CHerfr]C[err] (20 nL) js added triefhylsilane (0.30
m., 1.9 mmol ), injone porti ¢n,
&: = 2 E E] z Y
x“ = 2 = = 2 =
xg B Ed H s = 2
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foll owed by dropw se addition of trifluoroacetic acid (10 nL).
solution is stirred at

sol vent is woapedsad €d,

filtered, and the collected solid is washed with water and et 100 mL
each), and dried in vacuo, to. yiel doBf
N-[ 3- net hyl - N-(2 2-di phenyl acetyl)-L-phenyl al anyl ] -L-cystei nam de, as a
white soli{.
N—[3-nethy|;$+(z 2-di phenyl acetlyl ) - L- phenyl,al apyl ] -S-[ | 3- (net hgxycar bonyl ) p
henyl] metihw ] - Y- cysf ei ham.de A solwti ¢n of o ©
N-[ 3- met hy| K- (4, 2- @ phenyl@cetjyl ) I- phenygal ahyl ]@L- cyst é@nanilde (0.72 g,
1.51 mol ) | Set Ryl 3- (bformonet Wyl ) - benzoat® (0} 35 g, 1{ 51 mol ), and
di i sopropyl et hylfam ne (p.27 niL,} 1.53 ) is ptirred pt roonljenperature
overni ght. [Solvgnt 1S eyapor at §d, and yhe resrgue is—tTeated—wth 1 N HC
(50 n), @ filjtered tp colleqt a whife solid, which |s washe¢ with water
and Et[err]& (140 nL eafh). Drying in yacuo yilds
N- [ 3- met hy| 8\ (4, 2- di phenyl acetlyl ) - L-
phenyl al anyl ] - S{[ [ 3- (mef hoxycar|bonyl ) plhenyl ] met hyl ] - L-fyst ei nam de, as a
white soli ¢ D
N-[ 2-[ (3- (et hoqjycar bonyl ) phenyjl ) t hi omgt hoxy] -{1( S) - cyahoet hyl ] 13-net hyl - N e
rr]-(2,2- dipheryl acety|) - L-phgnyl al aniinang de [Oxal,yl chloride (0.29 ni,
2.90 mmol ) |is aqded dropwise td DMF (20 nL), and the resulting|solution is
cooled to Q[err]]C. After the sdlution Ibecones [clear, pyridine (0.54 n., 5.8
nmol ) i s added—jfottowed—by
N-[ 3-net hyl - N- (4, 2- di phenyl acet|yl ) - L- phenyl al anyl ] -S-[[ 3- (et h¢xycar bonyl ) -
phenyl]- nmethyl]|-L-cysteinamdg (0.90 ¢, 1.51 jmol), ip one poftion. The -
yel l ow reagtion |solutiop is stifrred
< 2 = H 3 B ]
*‘ = 2 2 = H H
é = = = Bl T =
Q
1 3 —h—o |o=d=0
o - o==n=0 —_ | o= |___
o ] o=un=0p | 9F=9=0°
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roomtenperature for

1

hour ,

and the residue is suspended in wapgf

The yel | ow .

after which tine
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at O[err]C for

m),
50 ni),

1.5 hours,

dri edw@veiaadd S err],

after which tine it
and washed with saturated NaHCO err] (1 x 50 m),
and evaporated. The residue
chr omat ogr aphed (silica, 33%>EtOAc/hexane) to yield N—[2 [
( met hoxycar bonyl ) phenyl ) t hi omet hoxy] 19 S) - cyanoet hyl ] -

3- et hyl

di phenyl acetyl)-L- phenyl al ani nam de as a white solid. Exanple 308

is diluted with Et OAc (50
saturated Lid (1 x

(’g'_r/%%si/ﬁm

-Nerr]-(2, 2-

N[ 2-[ ( 3- car poxyplenyl) et Qanesul Tyl = I{Sy-cyanoethyt=S—mgtHyt~N-err] - (2
, 2- diphenylagetyI-L-phenyIaIaninaJide To a|sol ution of
N—[2-[(3-carb§gyp enyg) t hi gnet Boxy]| 1( @ - cyanoeghyl |- 3-pet hyll- N[ grr]
(2, 2-di pheny et §1) - 8- pheryl alani nani & (89 ngg 0. 15 ngpl) ijn agetope (5
m.) is added gfsolution of |potassi um peroxyponosul fate (Oxong, 0.11 g, 0.18
mmol) in watger (5]nm) at O[err]C qnd t he solutlon ils stirred at O[efr]C
for 40 m nut o NaHSO enr (T0 m)—Ts—addet—ant—the—et-oudy——suspension is
filtered. Th ’SO|Id is washed with water (50 nlL), dr{ied in vacuo, angd then
recrystalized~(c}|err]CI[err] Et[grr]O tolyield
N—[2-[(3-carb§xyp enyl)netranesulfinyI]-l(S -cyanoetfhyl ] -3-nmethyl -N prr]-(2
, 2- di phenyl acet yf- L- phenylial ani nanji de prodyuct, as g white solid, mp
170-171 err ] C—Exgmpie 309
N-[ 4- ( 3- met hpxycaf bonyl - 1H{pvrazol -|1-yl ) - 1( ) - cyanolQutyl ] -3-ethyl -N err] - (
2’2- N 2 = = ] s ™
§ . s s - . .
><" = F3 ® = 2 =
ms.’ H ® = 2 & =
[
O—=wu—0 ]
| ) ] | o= w==0
o—y=—o0 |O=%=0° |o==un==0 | 0O=v=0
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di phenyl acetyl ) - L-phenyl al ani nam de A 't - butyl
(S)-5-hydroxy-2-(t-butoxycarbonyl am no) - pentanoate To a sol uti on of

N-(t-but oxywgabdsmas ) - L-gl utam c acid t-butyl ester (6.09,rci%rsogoyol ) and
triethylamne (2.83 ni, 20.27 mml) in THF at -10C i s added et hyl
chloroformate (1.94 nL, 20.27 mml) %Iropvvi se, via syringe, and the solution
is stirred at -10C for 30 mnutes. The solution is filtered to renove
precipitat€ and the filtrate|lis added into a solufion of NaBH& (2.3 g,

60. 86 mmol } &#n THH (40 nL) angd water (50 nL). This|solution is the¢n stirred
for 4 hours$ £ af tler| whicgh tine|thepsol ytios is acid{fied with 1 N HO to pH
= 5, and T-E‘i s |leviapofat ed. The adueols rdsi due is|ext®acted with|Et OAc (3
x 200 nl), [&d tlhel organic | ayers is tthen washed wfth 1 N NaCH (2|x 300
m.), water (300 }m) and brine|(300 nL), dried over{ MgSO4, and evapor at ed.
Chr omat ogr apny (§Si 1 ca, Z20% Ej OAC/ hexane) yields tfbutyl
(S)-5-hydrogy-2-f(t} but oxycar bonyl am ng) - pent anoate|as a thick oil | B.
t-butyl (S}&p-iddot2-(t-butoxycarbonyllam no)-pentapoate To a sol ufi on of
t-butyl (S) g hydr pxy- 2- (t - but oxycar bgnyl am no) - pept anoate (5.79 ¢, 20.0

mol ), triphenyljphpsphine (8.13 g, 31.0 mmol) and {m dazole (2.04}g, 30.0
mmol ) in CAErTfdlerr] (200 99
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m.).at roomtenperature i s added ﬁdi’ne (6.35 g, 25.0 mmol ), portionw se,
over 30 mnutes. The m xture is then stirred 16 hours at roomterrperature.
Met hanol (20 whlehdgrdded to the solution, which is then sty 0?5}
additional 1 hour. Solvent is evaporated, and the residue |s pur| ed by
chromat ography (silica, 33%Et OAc/ hew&ne) to yield t-butyl

(S)-S-iodo-2-(t-but oxycar bonyl am no) pentanoate as a clear oil. C
3-met hyl - N[ ef TT=(F, 2= Of pllenyfacgtyt=t=phenytatani-ne-—N-hydrexysueeini m de

ester A solutson of 3-netihyl -N- (]2, 2- di phenyl acetyl ) L- pheny|l al ani nef (see
exanple 1, 1093 @, 2,5 rmol), in digxane ({0 nL) at O[err]C i s _added
N- hydr oxysuc impde 0.29 g2 2.5 n#gol )| ingbne port on,%follow?d by} a
sol ution of @C().SZ g, 2.5 mmygl) in dj oxane (10 niL), which i s added
dropwi se over 10 finutes.| The cljoudy mijxture is warjmed to rloom tenperature

over ni ght, after—phrch—time—+t—ts——cooteg—back—+o—-0er+} C—anrd—+iltered. The
filtrate is po ated tq yield3-nethyl-Nerr]-

(2, 2-di phenyl| | ) - L- phenyl al gni ne N-|fhydr oxysuccijni m de gster as fa white
solid. D. ﬁ-but 1

(S)-5-(3-net hgxycar bonyl 1H pyrgzol - 1-yfl ) - 2- (t - but oxycar bonyl am no)}- pent ano
ate To a sol gtronof—rethyr—iH-gy+azete3—carboxyd-ate (Syntth. Comm|, 25,

1995, 761) ({0.98 p, 7.74|mol) ijn DMF ()20 nL) at Ofjerr]C i g added NaH (60%
suspensi on, 0N31 y, 7.74|mmol) portionV\h se, over 10 mnuteq. After |stirring
an additiongl 10 jrinutes,| a sol ytion of| t-butyl (S)|-5-° ®
i odo- 2- (t-but oxy-far bonyllam no) -lpentangate (2.78 g,| 9.29 mol) in DVF (20

m.) is added-over}{2 minutles and the sdlution is roed to{roomtenperature
over 16 hourfs. The sol vent is ejaporategd (high-vac), the rgsidue ig treated
w th water (|50 nL} and the aquequs |aygr is extractled with |Et OAc
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(3 x 80 hL). The conbi ned organic | ayers arﬁeﬂ"washed with water (2 x 200 ni)
and brine (100 nL), dried over MgSO™, and evaporat ed. Chromat ography

(silica, 25¥fbs¥yeé hexane) yields the two regioi soneric ppefigpdsmcisn a ~2: 1
rati o. The m nor product, which is determined to be the desired product,

t-butyl 110
(S)-5-(3-nethoxycarbonyl - 1H pyrazol - 1-yl ) -2-(t-but oxycar bonyl am no) - pent ano
ate, is isqfatedfas a tnigK, crear o] E

(S)-5-(-3-rehoxycarbonyl i 1H pyragol - 1t vyl ) 2-lam nopent anoi £ aci d I—ﬂ] To a
sol ution of ’é bugyl £S)-5t (-3 net hoxyearbeayll- 1k pyfrazed - L-ylg-2-(t-
r

but oxycar bqrf¢l anf no)8pent pnodd e( 0} 84| 0.1 MoKy in Cefr] @[erd] (20
m.) at Of[er[r£C i bubbl edf HO gas|for BO m nutes. Affferwarfd, the s¢lution
is warnmed tlo room tenperature ovef 30 M nutes|. Evapofration|of solvegnt

yi el ds (S)-5=(=—3fmethoxycprbonyt={tHpytazot =1yt )=2-jam nopgmntanorctiaci d- HC
as a gray-vﬂ;te 501 i d. 100 F.
N- [ 4- ( 3- netjlxychr bonyl - 1H pyrazo| - 1-yk) - 1( S)| car boxybut yl | - 3- net hyl - Na- ( 2,
2- di phenyllagety])-L-phenyl al ani nam de| To a sfol uti on| of
(S)-5-(-3-nethoxycarbonyl t 1Hpyrarol - § -yl)-|2-am nopent anpi ¢ aci dfjerr] HC

(0.67 g, 2.[F3mmpH)y—Tm Ot water TS added—asotutTomof—NaHCSer1] (0. 72
g, 8.53 mul) injwater (10
N H s = H 3 = =
E. 2 2 - =2 = = H
o - - - - - - -
x - - 3 - - - -
8 € = 3 H E H =
o«
= 6 \ O\\ 7~ o)
g O o=0 O' o)
‘ DD
(&) QO (o} @ "
< @ = 2 & 6
o = ©
2
[ -
8 » ® ® ™ © ) ]
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mL) .. After bubbling subsides,
3- net hyl

ester (0.67

m nut es, andgvﬁe §§f

and adjusted to pH =4 with 1 NHJ.

a sbiution of
-Na- (2, 2-di phenyl acetyl ) - L- phenyl al ani ne N- hydroxysucci ni m de

roomtenperature for
Sol vent is then evaporated, and the A&sidue is diluted with water (50 ni)

The aqueous Iayer

is extr

gmol) in 20 nL dioxane is added dropwi %%rli:i‘&ﬁmé?
ution is stirred at ours.

acted with

Et OAc (3 x 8@y
m.), dried o eL M
yield N[4-( tH
pyrazol -1-yl (S
| ani nani de, whi&h i
N-[ 4- ( 3- met hoxycar

and—tte
SJerr],
oxygar bo
- cagpoxy
S carrie
bonyl -

nyl -dH
but V1 -

l on dir

Hi pyr azol

oo Te
evapor af

—ext

ed,

3]
3t methyl

ect |y
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and tritur
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G
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acts—are i
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©
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i ng
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ur
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| )-L-phe
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to -10[err] C} "and
dr opwi se over
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solution is then
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,Lyll'l_'
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H

NL[4-(3-nEthoxycarbonyI-1FprrazoI-1-y|)-1(S)-cyanobuty|]-3-nethy|-Nterr]-(

2, 2- di pherwoOoarmaspl ) - L- phenyl al ani nam de Oxal yl
i s added dropw se to DVF (20 ),
cooled to O[err]C. After the soluti

nmol )

chl ori de HcéiEi9gndssy 0. 94

and the resulting solution is

becones cl ear,

pyridine (0.15 ni,

1.88 mmol ) i s added, followed by
N-[ 4- ( 3- met hoxyg¢ar bonyl  1H pyrazol - 1-yl )j- 1(S) {(am nocarponyT) but yl ] - 3-
met hyl - Na-|(&; 2- ¢li phenyl } acetyl ) {L- phenyljal ani nam de(0.28 g, D.47 mmol), in
one portioq§ The yedyl ow reaeti of soguticn i@ $tireed at| O[] C for 1.5
hours, aft which ®ine|it @s dijl uted wilth &t QAc 50 108 pL), and washed
with saturfg®@ed NaHCO err] (1 x %0 nL), gaturated Lid (L x 50 nm.), dried
over MgS(lerr], Jand evaporated. |The resijdue i $ chromat ographed (silica, 66%
EtOAc/hexﬂne) tp yield N :
[ 4- (3- et ha@ycaf bonyl - 14 pyrazol|- 1-yl ) - 1(S) - cyanobut yl ] - 3-mef hyl - N[ err] - (2,
2- di phenyl tyl)-L- phenylal aniilnanm de d4s a white solid, Exapple 310
N-[ 4- ( 3- meft Boxygar bonyl | phenyl ) 41(S) - cyanobut yl ] -3-methyl - N[ grr]-(2, 2-
di phenyl acletyl ) { L- phenyl] al ani nam de A
N (t-butoxycarbpnyl)-(S) -propardgylglycineam d¢ To a solgrion| of
N (t-butoxycarbpnyl)-(S) -propargylglycine (2.44 g, 11.45 nmmo|) in
CH err] d efrm] . s . s : .
‘<.- = = = = 3 =
)‘(‘ = = s = 5 2
:g = s B = 2 2
I }o—g- o,\(,,;o Oso” \,o=o )
e rN = Q - a
o=w=0 |O o} = \ Y
t@ “ _ 5 z
t | EO
o, . T
5 o ()
o
2 @ o - o ™ <
§ 2 8 8 g g 8
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(50.m) is added N-nethyl norpholine (3.78 nmi, 34 4 mmol) in one portion.
The solution is then cooled to -10[err]C, and i sobutyl chloroformate is
added dropw sgq ?’2 mnutes. After stirring for 15 nm nut er/EpbgiRma 9as
is bubbled into e reaction mxture at a rmderately vigorous rate for 15
m nutes. The resulting mlKky suspensﬂém is then warnmed to room tenperature
over 2 hours, and the mxture is washed with 1 NHA (2 x 25 nL), aqueous
NaHCO err] ( o andr themr—dr et over—vWystHer4
Evaporati on vy chronptography (silica, p5%
Et OAc/ hexane) & ronyl ) (S)s priopargyl gl yci hearg de,| as a
N~ o tn <

clear oil. Bl S 2 o 3
(S)-2-(t-but car bonef hoxyphenyl ) - 4- pent ynoi ¢ aqgid
am de A sol ution bonyl )-{S) - pr opar gyI gl yci neam de ({1. 15 g,

5.33 mmol ),
g, 0.214 mmol
N err] for 24
g, 0.11 mol
3 hours, afte
up in Et OAc (
m.), and the
80% Et OAc/ he
(S)-2-(t-butq
am de, as a [ji
(S)-2-butoxyg¢
sol ution of
(S)-2-(t-but
amde (1.11 ¢
g), and the r'.

|OE T4 y u. oo IIIIUI }, ant o)1 {0 041
5 nmL) ip deoxylgenated w t h| bubbling

nyl phosphi ne) pjal | adi um di chl ori de |(0. 075
portion, and jthe m xture |s reflyxed for
S evapprated.| The residue|is then taken
He R t—N—Ha—(40—m—anrt—br+re{( 30

The rpesidue |is chronmat ogfaphed (|silica,

L carfbonkt hoxyphenyl ) - 4- pept yrioi ¢ |aci d

bhonmet hokvphenvll )-pent anam de To _a
J 1 7 7 T

- car bonet hoxyphenyl ) - 4- pentynoi c gcid
t hanol /[THF (50 nL) is addeg 10% Pg/C (0.5

= = = -
E = = *

Ra2
<y
N
CH,
=
P Cl

/| o=

It

o

]

C
CH °~
OCH,

il
o

Rao
|
02 g=0

NO, o

CHy(CHz).CO
O
CH3(CH,).C(O)-
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is hydrogenated at 1 atm for 1.5 hours. The mxture is filtered through
celite, and evaporated to yield
(S) - 2- but oxwoassagy | am no- 4- ( 3- car bonet hoxyphenyl ) - pent anpgq: ,Q@wg sa clear
oil. 102 E (S)-2-am no-4-(3- car bomet hoxyphenyl ) - pent anam de HO To a
sol ution of
(S)-2-(t-butoxycarbonyl am no)-5-(3-carbonet hoxyphenyl) - pent anam de (1.22 g,
3.5 muol) ijn EtAc (75 ) at O[¢rr]Cis blibbled HCO gps [ar_a mogeratel y
vigorous rat®, fpr 5 mnutes. The golution i$ then warnmed tjo room
t enper at ur 4 éor 0 mpnutes divaportl on of sol ent«,yl el ds 9
(S)-2-am nq-g&- (3 carbompt hcmyphenyl ) - p'ént anafi deSHC sal .vaSSa l'ight yell ow
solid. F. [E&N-[H-(3-nefhoxycarbonyl-phenyl)}1(S)-(am nogarjbonyl) - but yl
-3-net hyl - Na- (2,p- di phenyl acetyl)4{L-phenyl al ani nam de Tp d sol uti ¢n of
(S)-2-am nqg-5- (3 car bomgt hoxyphenyl) - pent anain de HCI (0. BO |g, 0861 mmol ),
(
[

-5

of 3-net hyl|- (2 2-di phenyl acetyl){L-phenyl al ani ne (0.23|g,f 0.80 nmol ), 1-
hydr oxybenZdri azol e hydrate (0.13% g, 0.89 fmol) and N petlhyl nor phol i ne
(0.35 m, EE 1) in CHerr]C[efr] (25 nm) is added

1- (3-di met Byl am popropyl|) - 3-et hyl carbodiim de[err]HO (0f 23 g, 1.2|{mol) in
one portion, andfthe mxture 1s stirréed at rpom tenperatpgrg for 167 hours.
The solutign is ghen washed with 1}N HC (100 i), saturptgd agueous

NaHCO err] (N x PO nl), |water (1 x{50 ) an¢g . .

E )
< 2 FY " s = =
3
o - -
> : : : = = |
\g
/=2
(V] o~ ~0
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Iﬂ
Q

/

O=0

CH,
0
]
C
\
3
\C/
I
0

RGO
7
OCH,
r
TFA salt
CH3(CH_,).C(0)-
NA

Example
371
7
373
374
375
376

SUBSTITUTE SHEET ( rule 26)




brine (1 x 50 nL), dried over MgS( err], and evaporated. The residual solid
is triturated with ether to yield

> i phenyl ac SGPPA0

yl - phenyl ) - 1(S) - (am nocar bonyl ) - but yl| | pcraressseir- Na- ( 2
phenyl al ani nam de as a |ight yellow solid. G

N- [ 4- ( 3- net hoxycar bonyl - phenyl ) - 1(S) - t$panobut yl ] - 3-net hyl - N[ err] - ( 2, 2- di phe
nyl acetyl)-L- phenylalgninanide Oxalyl chloride (0.12 nm, 1.39 nmol) is

added dropwi sp—to PV (IO L), and the pesuttrng solugtion 1s cpoled to OC
After the soILQgcwlis clear, |pyridine ([0.22 nL,] 2.78 jmol ) is added,
fol | owed by o+ o © o o o
N-[4-(3-netho&§%ar ony®phenyl ) - 1#S) - (ani no&r banyl Fbut yl B 3-nmethyl -N err] - (
2, 2- di phenyl p&et yll) - L- phenyl al ani nam de (0.42 jg, 0.70 mmol), in one
portion. The yell oy reactionjsolution ijs stirrgd at OC for 1.5{hours, after
which tinme itH Huoted—wtir EtOAc (50 nt)—=n ' atur at ed
aqueous NaHCO esr] fjsolution (1 x 50 m)]|, saturﬂted agueous LiC} solution (1
x 50 nm), driagiover MyS er] . and evaporated.{ The rjesidue is
chromat ographe@ tojyield N-[4-(3- nethokycarbonyl - phenyl )- 1
(S)-cyanobutyl[=3-fethyl -N efr]- (2, 2-di phenyl acletyl ) -|L- phenyl allani nam de,
as a yell ow spH&—By—repeating—theprocedure T 1n Exanpl es
302 to 310, using dppropriate starting paterialls and |conditiong the
follow ng compoundg of formulia XVIII1 arp obtained as jdentified belowin
Tabl e 11. N ; ) )

El = 4 H = 3

*‘ F 3 P ¢ B3

o z - =

mﬂ = = Qo\ = =

/
Oo=0 O=0 =0
O=O/ o\\o/
< /\/ AN
\5 2 5

2

2 B~ © o o -

§ 5 5 5 3 18
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104 [err] 105 [err] 106 [err]

103 [err]

PCT/EP98/06937

WO 99/24460
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107 [err],

108 [err] 109 [err] 110 [err]
WO 99/24460 PCT/EP98/06937
117
L
F
- ~ © ~ -
S 3 o 5 5
Py w
=
3
4
153
N 3 = = =
™
< * B B} =
[}
£
Q
>2 Q = = ©
T
Q
N/ \IN
b of | &
[5]
8 = . <
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o]
o
o
\ \
(o] =0 0=0 O=0
& o
5 o 5 ©
2
a.
£ - 2 a >
g m [v2] o3 ™
i

SUBSTITUTE SHEET ( rule 26 )



111 [err] 112 [err] 113 [err] 114

WO 99/24460 PCT/EP98/06937

118

MS (M+1)
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y 4

"

-Ar

[}

X2

[

R32

CH,

Rao

0=0

C

O=0
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[err]

115 [err] 116 [err] 117 [err]
WO 99/24460 PCT/EP98/06937
119
——
x o
= =1 < ~ o
a 3 3 2 2
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118 [err]

119 [err] 120 [err] 121 [err]
WO 99/24460 PCT/EPY98/06937
120
— —
%+ 0 = © o
= o N >3 o ~
~ < < o [29] %
[4/] w0 < wn w
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122 [err]. 123 [err] 124 [err] 125 The conpounds of Exanples 302 to
419 are selective inhibitors of cathepsin B, having IC[err]s for inhibition

of cat hepsin @Dﬁkﬂ«we in vitro cathepsin B assay descri bedcalmpysaeoanhi ch
are typically"l

121

MS (M+1)
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573.9

609.6
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520.3

mp.(°C)

"

-Ar

Xz
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the range fromabout 5 nMto about 1000 nM Illustrative of the invention,
the 1Cerr] inthe in vitro cathepsin B assay is about 5 nMfor the
conpound ofjyoewsagy € 303. In view of their properties as pciEmSo6987 or broad
based inhibitors of cathepsin L, Szind/ or B the Conpounds of the Invention
descri bed above in Exanples 154 t 0'2%%19 may be used for treatnment or
prophyl axi s of di seases or nedical conditions nediated by cathepsin L, S or

B; for ingtance] as$ herei nbefpre describg¢d. Exanple|420 Prepargti on of 1,000
capsul es ga&h cpntaining 25 hg of a Conpound of thg Invention, using the.
fol I owi ng |idgr efi ént sg Compopind -of the [nvetion 2. 00 g lactose
192.00 ¢ i fipd|stagch 0 0. 08 g Magnesi @ém st earjat e
3.00 g Prdc&durk: |All the popders are passed through a screen|w th openings
of 0.6 mm| Thenjthe drug substance is pllaced in a quitable m Xer and mi xed
first with the pmgnesi um steprate, thenfwth the Tqctose and gtarch until
honogeneousgs Nof 2 hard gelatin capsuleg are filled with 300 g of said
m xture ea(ﬂg_, upimg a capsulg filling chi ne.

E

N @ = = =

<T 2 = L =

x“ s = = 3

mg H = 2 H

0=0 o 0=0 0=0
& B
5 5 © 5 ©
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126. CLAIMS A dipeptide nitrile in which the Cterm nal carboxy group of the
di peptide is replaced by a nitrile group (-Cerr]N) and in which the
N-term nal ni{oegsfept OMis substituted via a peptide or pRYASHGbIAE

| i nkage which optionally additionally conprises a -nethyl ene-hetero atom

| i nker or an additional hetiero atom Wectly by aryl, |ower alkyl, |ower
al kenyl , lower al kynyl or heterocyclyl, or a physiologically-acceptable and
-cl eavabl e esfer of a salt thgreor, T0r §ise as a pharnaceutita . 2. A
conmpound of fpgul & 1, or a physi®l ogically-acceptaple and -clavabl e ester
or a salt therg&of gerr] wherein: R is optiomally supstituted (pryl, |ower
al kyl, lower pPkenyl, lower alkyrgl, or hetdBocycly]): R2 and R3 are
i ndependent | y| #ydr §gen, or optio l”I |y substiPued [Ilower al kyl,| cycl oal kyl,
bi cycl oal kyl ,| or (gryl, biaryl, cycloal kyl or bicyc| oal kyl)-1ower al kyl];
or R2 and R3 m@r‘{er represent trower atKytene,—optyonatty—Tntier r upt ed by
O S or NR[er;\jg23 s asgto forma ging wi{h the carbpon omto which they
are attached regn F%err] i $ hydrogen, || ower al ky] or-aryl-Iljower al kyl;
or either Rleff] of Ri@rr] are |i¥ked by|lower alky] en&to the adjacent
nitrogen to fprmajring; T T
N 2 . - .
w
; : . )
z
<
o ] . ©) .
X s s S @
T
Q@
N/ N/
s |5 3
OE ] O
I —
o &)
0=0 0=0 O=0 0=0
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Rlerr] and R err] are independently H, or bptionally substituted (| ower
al kyl, aryl-lower alkyl), - CCOORerr], or -CCONR[err]Rerr], wherein
Rlerr] is ogbiogm@éd y substituted (lower alkyl, aryl, arylpdormsoasky! .

cycl oal kyl ,

or heterocyclyl)

al kyl ene,

bi cycl oal kyl or heteroc%flyl), and R[err] is H or optionally
substituted (lower alkyl, aryl, aryl=

ower al kyl, cycl oal kyl, bicycl oal kyl

wi th the cgrdon
| ower al kyl| &r a
| ower al kyl| gnd

-X[err]-(Y[|€&r])
N(Rerr])Sd err]

Zero or onegq;

or 127 Rlerr] and R err] together represent |ower
dptionplly inteyrupted by O S or NRerr], so as to forma ring
bt om t o which they are attached wherein R err] is hydrogen,
'yl -1ower{alkyl, or Rlerr] is Hor optionally substituted
Rlerr] isja substituent of fornula
err]-(Arp[err]- QZ wherein Y[err] is O S, SO Sderr],
NRerrj, SJerr]NRlerr], CONR[err] or NRlerr]CO nis
5 | @
3 8
N H]
<
oJ .
K s
\
0=0
O
o :
1%
o
g' o
S e
w
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pis zero or one; Xerr] is lower alkylene;, or when n is zero, Xerr] is
also (Jerr]-Cerr]-alkylene interrupted by O S, SO S(err], NRerr],

SHJerr]NR[ err err] or NRlerr]CO wherein R6 is hydro al kyl
or aryl-| omer]v%q@ﬂ)Ar is arylene; Z is hydroxy, acyl oxy, g‘?ﬁ%’(’)"&@&;
esterified carboxyl, am dated carboxyl ,1£§*n' nosul fonyl, (I ower al kyl or

aryl -1 ower al kyl)am nosul fonyl, or (lower al kyl or aryl-I|ower
al kyl ) sul fonyl am nocarbonyl; or Zis tetrazolyl, triazolyl or imdazolyl; Q

is a direct b , r YL ergl-l . .
Cerr]-Cerr]-a kcfl*n élfl@dls ?\iltégr&{ngfgfg% 3 ! %’Ig rs%\ﬁf{vg ﬂll-h @%Q’ ?cgﬁl&pgy B h"-“’§tgc5f32°,s
“S(Q) [ er ror inlhtbg]ﬁoﬁ(o@a(tﬁéaéie Bt in)the ilnwhe:rcaﬁnpdﬂ[ B lassgy descrited dhdv'cmhiclfme V}ipical‘)y inS
oxygen or su r; i S ti ona S ituted _-Het-, -Het-CH err]- or

- G&?er r]- ﬁét@‘ge %ﬁ%‘r"gﬁ“ﬁ tp aboyt L@Mﬁ‘?ﬂ e of gﬁt“é"ﬁn?%l_%céfﬁr\!‘ b myitrgng x
S ZeT O OL.RAGi BARSky & dbbul T R tRR@NPosleldreidights3! opr esent s carbocyc ic or

het erocyclic aryl, use as a pharnmaceutical; a pharnaceuti cal
conposition conprising a conpound of formula | as defined above as an

active ingredi 15 View of their properties as selective or broad based inhibitors of cathepsin L, S and/or B
the Compounds of the Invention described above in Examples 154 to 419 may be used for treatment
or prophylaxis of diseases or medical conditions mediated by cathepsin L, S or B; for instance as

hereinbefore described.

Example 420 Preparation of 1,000 capsules each containing 25 mg of a Compound of the

Invention, using the following ingredients:

Compound of the Invention 25.00¢g
Lactose 192.00 g
Modified starch 80.00 g
Magnesium stearate 3.00¢g

Procedure: All the powders are passed through a screen with openings of 0.6 mm. Then the
drug substance is placed in a snitable mixer and mixed first with the magnesium stearate, then with
the lactose and starch until bomogeneous. No. 2 hard gelatin capsules are filled with 300 mg of said

mixture each, using a capsule filling machine.



a method of treating a patient suffering fromor susceptible to a disease
or nedical condition in which a cathepsin is inplicated, conprising

adm ni st er i ngygwyRidoect i ve anount of a conmpound of fornul al’h‘ﬂﬁ& &%5 ned
above to the patient; or 128 use of a conpound of formnul AL08Lt | ned
above for the preparation of a medicamgpg for therapeutic or prophylactic
treatnent of a disease or nedical condition in which a cathepsin is

i nplicated. 3. A compound of forrmula | as defined in claim2, provided that
when Ris lower alkyl not substitutedlLyMmgryl, one of Rlerr] or Rerr] is a
substituent of formula -X[err]-(Y[err])[err]-(Ar)[err]-QZ;, provided that
when x is one, Lis -O, or -CHerr]-O and X err] is -C(O-, either one of
Rlerr] qr febtid t

-Xerr] q( Y[R%S?}] | ef?l?u(’(gﬁg\??{fdg rtl;ifﬂigrgﬁnag?&ﬁﬂilb grong Oftt.lhr? deﬁ? g‘flde il &m dnl%yrﬁ/l

provi ded t haitrilegronp RGEN) jand-infyhichr the N-tBijngnal hitrogén atmnlxssubslitu'tecaﬁd a&SEﬁtde]or' S

-C(O-, Rerr CHCH err])[err]
_CH err ]- WM@P?‘%@E‘E’%V&EW‘&W ally, goTORTispscA yethpione -Bproratdm-CH er r ] ,
when R is URP§E inf dduRidnf A8 atom, directly by aryl, lower alkyl, lower alkenyl, lower alkynyl

\J

or heterocyclyl,
or a physiologically-acceptable and -cleavable ester or a salt thereof,

for use as a pharmaceutical.

2. A compound of formula I, or a physiologically-acceptable and -cleavable ester or a salt thereof

R, R,
H‘-EL}X;—NH*—C-NH {'-CEN
wherein:
R is optionally substituted (aryl, lower alkyl, lower alkenyl, lower alkynyl, or hcterdcyclyl);
R2 and R; are independently hydrogen, or optionally substitued [lower alkyl, cycloalkyl,
bicycloalkyl, or (aryl, biaryl, cycloalkyl or bicycloalkyl)-lower alkyl]; or
R; and R; 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
either R, or R; 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
Ry 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 alky}, cycloalkyl,
bicﬁcloa]kyl or heterocyclyl), or

Hll\ll\ T AR \||\



Rlerr] is.not H -CH(CHerr])[err], or -CHerr]-CH(CHerr])[err], when R
I s 4-am nophenyl or 4-nitrophenyl, R err] is not Hwhen R is 3-am nophenyl,
3-ni trophenyl Z- pyridin-4-yl, or vinyl or Rerr] is n
-CI—I[err]-CH[err%']o-ng)? err] when Ris pyridin-3-yl or 2-chl o?%ﬁpf%?ﬁa%u-yl,
provided that when Rlerr] = Rerr] = Reryj; = H x is zero and Xerr] is
-C(O- and R is phenyl, R5 is not -CH(CI—I3§2, provi ded that when Rerr] =
Rlerr] = H Rerr] is -CHerr]-CHerr]-COOH, x is zero and Xerr] is

-0(0-, R2 doeg, I%sl;fg%%\ﬁﬁﬁ%[&ﬁ RAKED %«fﬂei, E‘ﬁﬁlio%l tEprté@E@,ﬁ‘?r %?&%%Fs

atom and provide err| err] = err
zero and X[ er r Jorins ring§@fithrthd carboR atosn teovhich-theytdng atgshedy| . 4. A conpound

2co0rding o oL & it BB b By B BhEL AR, v Scceptabl e an
substituted (aRrylsH af optiohaByeibsedutest lower alkgland R &riysubstin@Nest Fedna¥a K, -(Y 1) (Ar),-
het erocycl yl , or.Zhet er ogycl yl -1 ower al kyl);
wherein

Y, is O, §, SO, SO;, N(R¢)SO;, N-R¢, SO,NR¢, 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,-C;-alkylene interrupted by O, S,

SO, SO,, NR¢, SO,NRg, CONR¢ or NRsCO;

wherein R 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 Cy-Cr-alkylene interrupted by

Y
X, is -C(O)-, -C(8)-, -S(0)~, -8(0).-, or -P(O)(ORg)-,
wherein Rg is as defined above;

Y is oxygen or suiphur;
L is optionally substituted -Het-, -Het-CH,- or -CH,-Het-,
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; or

W



Rlerr] is H or optionally substitued |ower alkyl, and Rlerr] is optionally
substituted (lower alkyl, aryl-lower alkyl, or cyloal kyl-1ower alkyl) or

Rlerr] and Rwerspsoget her with the carbon atomto which tpgy, ?Ja{ﬁ ﬁ?tached
forman optionally substituted (cycl oal kyl group er heter ocycIFoa ﬁy

group); Rlerr] and R err] are independangly H or optionally substituted

(l ower alkyl, or aryl-lower alkyl), - CCOORerr], or -CCONRerr]Rerr],
wherein R err] and R err] are as defined above, or Rlerr] and R err]

t oget her wi tbe ¢fraecommpotmaiof ftromat lois difireld abdve forethe prepirasdiast afnidibamB: 9t | onal |y

substituted (cycl oal kyl oup or heterqgcycloal kyl group); Xerr] is as
defined in é‘%"é%ﬁ\“ﬁ °’\P¥?F§‘%9&F trggnt gfﬂ %f%%e or[medical copdiior | whiche dathepginuis e d
(-Het- CH2- emplickied- Het-), wherein Het is a a hetero atomselected fromO, N
or S, and x is 1 or O, provided that when x is one, Lis -CHerr]-O and

Xerr] is -C(O-, Rerr] is not unsubstituted phenyl, provided that when
B Ll A G LANE T g
or - CH err] peoidedidjac whin R @pwen dikyl ndtasnbsifueed Hy drgd, unsubst i t ut ed phenyl,
one of R, or R; is a substituent of formula .-Xz-(Y. In~(Ar),-Q-Z;
provided that when x is one, L is -O-, or -CH,-O- and X is -C(O)-,
either one of Ry or Rs is a substituent of formula -Xz-(Y),-(Ar),-Q-Z, or R is not
unsubstituted phenyl;
provided that when R; = R4 = Rs = H, x is zero and X is -C(O)-,
Rj; is not H, -CHa, ~-CH(CHa),, -CH,-CH-(CH;),, -CH,-COOH, or -CH,-COO-CH,-CH,,
when R is unsubstituted phenyl,
R3 is not H, -CH(CHj)a, or -CH2-CH-(CHs),, when R is 4-aminophenyl or 4-nitrophenyl,
R; is not H when R is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl or
R; is not -CH,-CH;-S-CH3 when R is pyridin-3-yl or 2-chloropyridin-4-yl,
provided that when Rz =R3 =R4 = H, x is zero and X, is -C(O)- and R is phenyl,
R; is not -CH(CH,),,
provided that when R; = Ry = H, Rs is -CH,-CH,-COOH, x is zero and X, is -C(0)-,

R does not form a heterocyclic ring with the adjacent nitrogen atom, and

- provided that when R, = R; = R4 = Rs = H, x is zero and X, is -SO,-,
R is not 4-methylphényl.

4. A compound according to claim 3, of formula II, or a physiologically-acceptable and -cleavable

ester or a salt thereof

A

R23
HE‘E'}X;—NH-’—C-N———CEN
CL

Ras

wherein;

0




Rlerr] is,not H -CH(CHerr])[err], or -CHerr]-CH(CHerr])[err], when
Rl err] is 4-am nophenyl or 4- nitrophenyl, Rerr] is not Hwhen Rerr] is

3- am nophenyl ,, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl ] is
not -m[err]-&é&p%‘%‘{"s-m[err] when Rierr] is pyridin-3-yl pefedfols

2-chl oropyridin-4-yl, provided that V\,hen%ﬁerr] = Rerr] = Rerr] =H xis
zero and Xferr] is -C(O- and Rerr] is enyl, Rerr] is not
-CH(CH err])[err], provided that when Rerr] = Rerr] = H Rerr] is

-CH -CH - ' ' IS, - <1 t f
et br ocyel | o ReaitoRRep iy pbSife @R Ak R ot Byt 1o RS nlBbeici O °
Rlerr] = R erpb}heterbyelyl-ower 8k@ir] = H, x is zero and Xerr] is -Serr]-,

130 Rlerr] is_not_4-nethyl phenyl. 5. conpound according to claim 3, of
fornula Il o&:dsHh%?%%ﬁ‘?é‘%%@da’e%ﬁ@ﬁ@&dand - cleavable ester or a salt

thereof [err] pahenaidanyRhbstifdted doiwe RkYIOAFLIbWerSillE o by1bAE1 idwe bty 6 er 1]
aryl or (Cerr ]R\-A%Feﬁro? het er oar ql );
R, and Ry together with the carbon atom to which they are attached form an optionally
substituted (cycloalkyl group or heterocycloalkyl group);
Ra, and Rys are independently H, or optionally substituted (lower alkyl, or aryl-lower alkyl), -
C(O)OR;, or -C(O)NR+Rs,
wherein R; and Rg are as defined above, or
R, 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 in claim 2;
Y is oxygen or sulphur;
L’ is optionally substituted (-Het-CHy- or -CH,-Het-),
wherein Het is a a hetero atom selected from O, N or S, and
xis1orO0,
provided that when x is one, L is -CH,-O- and X, is -C(O)-,
Rop is not unsubstituted phenyl,
provided that when Ra; = Req = Ras = H, X is zero and X, is ~C(O)-,
Ry is not H, -CHj;, -CH(CH,),, -CH,-CH-(CH;),, -CH,-COOR, or -CH,-COO-CH,-
CH;, when Ry is unsubstituted phenyl,
Rz is not H, -CH(CH3),, or -CH,-CH-(CHjy),, when Ry is 4-aminophenyl or 4-
nitrophenyl,
R.; is not H when Ry is 3-aminophenyl, 3-nitropheny! 2-chloropyridin-4-yl, or vinyl, or
Ry is not -CH;-CH,-S-CH;s when Ry is pyridin-3-yl or 2-chloropyridin-4-yl,
provided that when Rz = Ry3 =Raq = H, x is zero and X is -C(O)- and Ry is phenyl,
Ras is not ~-CH(CHs),,
provided that when Rz = Rae = H, Rys 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 Rz = Ras =Raa = Rys = H, X is zero and X, is -SO5-,

——

L



Rlerr]" is H or optionally substitued (Jerr]-Clerr] alkyl, and R erg]" is.
optionally substituted (Clerr]-Clerr] alkyl, or (Qerr]-Cerr] aral kyl), or
Rlerr]' and Joobkdseo t 00t her with the carbon atomto V\hichpﬁtﬂzy@‘ysﬁ Ry
attached forman optionally substituted (C3[err]-Cerr] cyc oagky group or
Cerr]-Cerr] heterocycl oal kyl group); i1Bherr]' and Rerr]"' are

| ndependently H, or optionally substituted (CJerr]-Cerr] alkyl,
Cerr]-Cerr] aralkyl or (Jerr]- Cerr] heteroaral kyl), -C(OORerr]', or
-C(O NR[ err]" R Rjplis not 4 swieetiydphenyR err]' is optionally substituted
(derr]-Cerr] alkyl, err]-Cerr] aralkyl, Cerr]-Cerr] cycloal kyl,
Cerr]-Cerr] heterocycloalkyl, (Jerr]-Cerr] heteroaral ky], Cerr]-Cerr]
aryl, org C ar |1y
subst it L?t edﬁ(ég%ﬁg%r?f%hg?? %?%W bt fdzﬂrﬂ?laﬁ ot 5?‘““"5# all)){) &céﬁﬂ‘eo?‘%q err]

cycl oal kyl , clepvable pste arpars ﬂ@tﬁ@focycloal kyI C[err] C err] heteroaral kyl,
Cerr]- C[err] aryl, or (Jerr]-Cerr] heteroaryl), or Rlerr]' and Rerr]’
together with the carbon atomto which t hey are attached forman optionally
substituted (CJerr]-Cerr] cyc kyl ;abup C4 C7 heterocycl oal kyl
group); Xerr] is -¢(O-, x>0 ,\{ -P(O (ORferr]")-
wherein R6' is as defined ab i's gen or phur " is optionally
substituted (-Het-CH err]- Xerr]Rb\ﬁt )st'vvhei{,eln Het is a a hetero
atom selected fromO Nor S and x is 1 or O,

wherein:
Rao’ is optionally substituted (Cs4-Cs aryl or C4-Cyg heteroaryl);
Ry,’ is H, or optionally substitued C,;-Cs alkyl, and
Ra3’ is optionally substituted (C,-Cs alkyl, or C;-Cy,4 aralkyl), or
Rz’ and Ry3’ together with the carbon atom to which they are attached form an optionally
substituted (C3-Cs cycloalkyl group or C,-C; heterocycloalkyl group);
Ra4’ and Rys’ are independently H, or optionally substituted (C]-Cg alkyl, C;-C;, aralkyl, or Cs-
Ci4 heteroaralkyl), -C(O)ORy’, or -C(O)NR¢'R;’,
wherein _
R¢’ is optionally substituted (C,-C; alkyl, C;-C4 aralkyl, C;-C; cycloalkyl, Cs-C,
heterocycloalkyl, Cs-Cy4 heteroaralkyl, Cs-Cy4 aryl, or Cs-C)4 heteroaryl), and
R7’ is H, or optionally substituted (C,-Cs alkyl, C;-C,4 aralkyl, C;-Cq cycloalkyl, C4-C;
heterocycloalkyl, Cs-Cy4 heteroaralkyl, Cs-Cy4 aryl, or Cs4-C,4 heteroaryl), or
Ra4’ and Rys’ together with the carbon atom to which they are attached form an optionally
substituted (C3-Cg cycloalkyl group or C4-C; heterocycloalkyl group);
X 15 -C(0)-, -C(8)-, -S(0)-, -S(O)z-, -P(O)(ORs’)-
wherein R¢’ is as defined above;
Y is oxygen or sulphur;
L’ is optionally substituted (-Het-CH,- or -CH;-Het-),
wherein Het is a a hetero atom selected from O, N or S, and
xislor0,

provided that when x is one, L’ is -CH,-O- and X, is -C(O)-

A ) B ||I|| | |II|




proyided that when x is one, L' is -CHerr]-O and Xerr] i

s -4O-
Rlerr]" is not unsubstituted phenyl, provided that when Rerr]’

131

= Rerr]" =

T o er ) PR S G (G ) Cery o err) - codEAST T

6e:H[err]-CI—I-(CI—I[err])[err], -CH err]
-CH err]-COO-CH err]- CHerr], when Rerjyiy
Rerr]' is not H -CH(CHerr])[err], or -C}H[err]-CI—I-(CH[err

2-chl or opyr i dipfoviied that WheanR,slecR4: TraResivia 8h x Il zera dnd 25 iRGEO)-]

or ovi ded 1 hat - hoks R apil-Ces AP G 6 OB AR o S Pl 0

I S unsubstituted phenyl,

1)lerr],

= Rerr]’

when
Rlerr]" is 4-am nophenyl or 4- nitrophenyl, Rerr]” is not Hwhen Rerr]’

I s 3-am nophenyl , 4 3-.0i : ~chl oropyridin-4-yl, or vinyl, or Rerr]’
Is not -CHerr]- el?ﬁ{‘%-&@ﬁ?%éregfge gn Rlerr]" is pyridin-3-yl or

H X

X is zero and X[ egfy] vindn RE Dunsubkiteed bhenglipes not form a heterocyclic ring
wi th the adjacent nitrogen ato and_provi ded that when gl,err]e' = Rerr]' =
ophenyl or 4-

Rlerr]' = Rl err]' Ry ispofiR, iﬁ(@ﬁ]amr)@ CH-(CEs)2. ghen Reg 1s 4-

nitrophenyl,

Ry’ is not H when Ry’ is 3-aminophenyl, 3-nitropbenyl, 2-chloropyridin-4-yl, or vinyl,

or

Ry’ is not -CH,-CHx-S-CH; when Ryo” is pyridin-3-yl or 2-chloropyridin-4-yl,

provided that when Ry’ =Rps’ =Rod’ = H, x is zero and X is -C(O)- and Ry’ is phenyl,

R;s’ is not -CH(CHa),,

provided that when Ry’ = Ros’ = H, Rys’ is -CH,-CH,;-COOH, x is zero and X is -C(O)-,

R2o’ does not form a heterocyclic ring with the adjacent nitrogen atom, and

provided that when Rz’ = Rps’ = Ras’ =Ras” H, x is zero and X, is -SO;-,

Rao’ is not 4-methylphenyl.

6. A compound of formula IIL

R Ras
Rig NH—C—CONH—C—C=N it
Ry X— (Y n (ar)p—Q—Z

wherein

Ry is an acyl group derived from an organic carboxylic, carbonic, carbamic or sulfonic acid;
Rj2 and Ra; are independently hydrogen, lower alkyl, cycloalkyl, bicycloalkyl, or (aryl, biaryl,
cycloalkyl or bicycloalkyl)-lower alkyl; or Ry and Rs; together represent lower alkylene

so as to form a ring together with the carbon to which they are attached;
Raq is hydrogen or lower alkyl;

X,,Y1, Ar, Q, Z, n and p are as defined in claim 2;

and pharmaceutically acceptable salts and esters thereof,

for use as a pharmaceutical.

S

MR L AR |
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Rlerr]" is not 4-nmethyl phenyl. 6. A conpound of fornula Il [err] wherein
Rlerr] is an acyl group derived froman organi c carboxylic, carbonic,

carbam c or wogbdsuasec acid; Rlerr] and Rlerr] are independegiy (ﬁi’% gen
| ower al kyl, cycloal kyl, bicycloal kyl, or (aryl, biaryl, cycloa

bi cycl oal kyl )-1ower alkyl; or R err] ang2Rerr] together represent I ower

al kyl ene so as to forma ring together wwth the carbon to which they are
attached; R err] is hydrogen or |lower alkyl; Xerr],Yerr], A, Q Z, n and

p are asy,defA coatpound of mmmmamdeﬁnbmmmwmem&amewyagb @S o gn
esters thereof,, for Qﬁ‘e harﬁ(‘aceut cal . 132 7. corrpound 0
formul a || OEganig&REbARYC: Shsgto in R30 is an acyl group derived

froman orgapd daavcshly &ce{tﬁfl@ﬁﬁkﬁnﬁsteﬂﬁﬁr@& c acid, and pharmaceutically
acceptabl e salts and esters thereof
8. A compound according to claim 7, wherein
(a) pisone;
(b) Y,is O, S, SO, SO,, N(R¢)SO; or N-Rg; and
(c) X is lower alkylene; or when n is zero, X is also C,-Cr-alkylene interrupted by O, S,
SO, SO; or NRg,

and pharmaceutically acceptable salts and esters thereof..
9. A compound according to claim 2, of formula IV
|

Ry——C — NH

T@
C—CO—NH

C=N (V)

O— O —
& tm

o—
&

wherein

Ry is substituted phenyl or heterocyclic aryl, (mono- or di- carbocyclic or heterocyclic aryl)-
lower alkyl or lower alkenyl, or heterocyclyl;

Ry is hydrogen or lower alkyl;

Ry3 is carbocyclic or heterocyclic aryl - lower alkyl;

Ru4 and Rys are independently hydrogen or lower alkyl; or

Rus and Rys combined represent lower alkylene;

and pharmaceutically acceptable salts and esters thereof.

10. A compound according to claim 3 of formula V, V* or V”

A




8. . A compound according to claim7, wherein (a) pis one; (b) Y[err] is
O S SO Sderr], N(Rlerr])Sderr] or N-Rlerr]; and (c) X2 is |ower

al kyl ene; or when n |s zero, Xferr] is also C[err] derr] a

i nterrupted byV@P¥M40s5 s err] or NRlerr], and pharmaceutlca’hﬁi@faﬂ’?'7
acceptabl e salts and esters thereof.. 9. A conpound according to claim 2,
of formula IV [err] wherein R err] |s subs%ltuted phenyl or heterocyclic
aryl, (mono- or di- carbocyclic or heterocyclic aryl)- |ower alkyl or |ower
al kenyl, or heterocyclyl; Rerr] is hyd gen | ower alkyl; Rerr] is

carbocyclic or heterocyclic ar I ower' @I ky R[err] and R[err] are
i ndependent |y hydrogen or | owze
nd? harrra

Q[ llRFlP =g Rl err] conbined
represent | ower al kyl ene; deut-4 ca accept able salts and esters
t hereof. 10. A conpound accordl o cl&m3 & formula V, V or V'

Y

R 'il
RygCNH——C——CO™NH c‘: C=EN v
H R

wherein the symbols are as defined above, and

physiologically-acceptable and -cleavable esters or salts thereof.

11. A process for the preparation of a compound of formula I as defined in claim 2, comprising

(a) converting an amide of the formula VI

R, R,
RTL X;-NH'(‘)‘-CO!‘«ii‘l'(i‘«—CONH2

R Rs i

wherein R, Rz, Rs, Rs and Rs have meaning as previously defined in claim 2 for the compounds

of formula I to a nitrile of formula I; or

(b) condensing a compound of the formula VII

A



133 [err] wherein the synbols are as defined above, and _
physi ol ogi cal | y-acceptabl e and -cl eavable esters or salts thereof. 11.

process for ¢ ggparation of a conpound of forrmula | as WI’B&E“ H‘ claim
2, conprising ?95) gt ei

converting an am de of the formula VI [err rein

Rlerr], Rerr], Rerr] and R err] have igganing as previously defined in
claim2 for the conpounds of fornmula | to a nitrile of formula I; or (b
condensi ng a conpound of the fornula VII 134 [err] wherein R err] an
Rl err] have neaning as defined in claiml, with an acid of formula VIII
[err] wherein R R err] and R err] have neaning as defined in claim1,;

with a reactive derivative thereof; If4

12.

NHZ-CIE-CE N

Vil
Rs

wherein R, and Rs have meaning as defined in claim 1, with an acid of formula VIII
B,
RT-L——X;~NH-—C—COCH
R
X ARV

wherein R, R; and R, have meaning as defined in claim 1; or with a reactive derivative thereof;

or

(c) condensing a compound of the formula Ia

Fa R,
H,N-C-CONH-C-C==N (la)

| l

R, Rs

wherein R;, R3, R4 and Rs have meaning as defined in claim 1 with an acid corresponding to
the group R-[L];-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.

A method of inhibiting cathepsin activity in a mammal which comprises administering to a

mammal in need thereof an effective amount of a compound of formula I as defined in claim 2.

O

A
R,

)
d

or




or (c) condensing a conmpound of the forrmula la [err] wherein Rerr],

Rlerr], R err] and R err] have neaning as -defined in claiml1l with an acid
corresponding to the group R [L][err]-Xerr]- or with a reaghi jvative
thereof; and iHOP¥&%hove processes, if required, tenporari %*%ﬁgﬂg%‘t]i ng
any interfering reactive groups and then1%§ol ating the resulting conmpound
of the invention; and, if desired, converting any resulting conpound into
anot her conpound of the invention; and/or if desired, converting a

resul ting gonpo | 8iRGhsSARh nalnhOwiifeonipfifesaci d or
base or i #0%#}E%¢%%a@£%@epﬁi?@%%§wgﬁl 1|Bnr§i biting catlhepsipﬁgeacti vity in
a mammal whi chdminkfting esa mammnaliis ted ithegeof an effestiverrmonntpfasenpeund of frrmula I as

ef fective anount 31‘, ai,c ound of formula | as defined in claim?2. 135
13. A method d&ffme é“a‘fi“ﬁgrgat hepsi n dependent conditions in a mammal which
conprises admnistering to a mammal in need thereof an effective anmount of

a conpound of formula | as defined in claim2. 14. A nethod accor_dH}g_ to
clai m 13 of4.t emtthpdadcardinginskinp 3 obteatins slammation, piteapatosis.Jhepmatnid arhtitis

and osteoarthritis.

15. A cathepsin inhibiting pharmaceutical composition which comprises a compound of formula I

as defined in claim 2 as an active ingredient.

[



. _ . 20098)%05-|
and ostéoarthritis. 15. ‘A cathepsin inhibiting pharnaceut i calqﬁp@@ﬁw@m
whi ch conprises a conpound of fornula | as defined ‘4 MESWIA -
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. N-terminal substituted dipeptide nitriles as defined are useful as inhibitors of cysteine cathepsins, e.g. cathepsins B, K, L and S, and can

be used for the treatment of cysteine cathepsin dependent diseases and conditions, including inflammation, theumatoid arthritis, osteoarthritis,
osteoporosis, tumors (especially tumor invasion and tumor metastasis), coronary disease, atherosclerosis (including atherosclerotic plaque
ruptyre and destabilization). Particular dipeptide nitriles are compounds of formula (1), or physiologically-acceptable angd —cleavable esters
or salts thereof, Wherein: the symbols are as defined.. In particular it has been found that by appropriate choice of groups R, Rz, R3, Ry,
Rg, Xy, Y and L, the relative selectivity of the compounds as inhibitors of the various cysteine cathepsin types, e.g, cathepsins B, K, L and
S, may be altered, e.g. to obtain inhibitors which selectively inhibit a particular cathepsin type or combination of cathepsin types.




