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NOVEL COMPOUNDS AND COMPOSITIONS AS PROTEASE INHIBITORS
THE INVENTION-

This application relates to compounds and compositions for treating diseases

- associated with cysteine protease activity, particularly diseases associated with activity of

cathepsins B, K, L or S.

DESCRIPTION OF THE FIELD

Cysteine proteases represent a class of peptidases characterized by the presence of a

- . cysteine residue in the catalytic site of the enzyme. Cysteine proteases are associated with the
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normal degradation and processing of proteins. The aberrant activity of cysteine proteases,

© e.g., as a result of increase expression or enhanced activation, however, may have

pathological consequences. In this regard, certain cysteine proteases are associated with a _
number of disease states, including arthritis, muscular dystrophy, inflammation, tumor invasion,

glomerulonephritis, malaria, periodontal disease, metachromatic leukodystrophy and others.

For example, increased cathepsin B levels and redistribution of the enzyme are found in

' tumors; thus, suggesting a role for the enzyme in tumor invasion and metastasis. In addition,

aberrant cathepsin B activity is implicated in such disease states as rheumatoid arthritis, osteo
arthritis, pneumocystis carinii, acute pancreatitis, inflammatory airway disease and bone and
joint disorders.

The prominent expression of cathepsin K in osteoclasts and osteoclast-related
multinucleated cells and its high collagenolytic activity suggest that the enzyme is involved in
ososteoclast-mediated bone resorption and, hence, in bone abnormalities such as occurs in
osteoporosis. In addition, cathepsin K expression in the lung and its elastinolytic activity
suggest that the enzyme plays a rolé in pulmonary disorders as well.

Cathepsin L is implicated in normal lysosomal proteolysis as well as several disease

states, including, but not limited to, metastasis of melanomas. Cathepsin S is implicated in
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Alzheimer's disease and certain autoimmune disorders, inclading, but not limited to juvenile

onset diabetes, multiple sclerosis, pemphigus vulgaris, Graves’ disease, myasthenia gravis,

systemic lupus erythemotasus, theumatoid mﬁﬁﬁs and Hashimoto’s thyroiditis; allergic

disorders, including, but not limited to asthma; and a]logéneic immune responses, including,
5 but not limited to, rejection of organ transplants or tissue grafts.

In view of the number of diseases wherein it is recognized that an increase in cysteine
protease activiiy contributes to the pathology and/or symptomatology of the disease,
molecules which are shown to inhibit the activity of this class of enzymes, in particular

molecules which are inhibitors of cathepsins B, K, L and/or S, will be useful as therapeutic

10 agents.
SUMMARY OF THE INVENTION
In one particular embodiment, the present invention relates to compounds of Formula
@:
16 1|{2 .
e
R
3
1y
in which:
R! is a group of Formula (a) or (b):
' 8 5 p9
R’ R R R’ R
i1 ;2\ :
R\II\I Xrg | 11~ \I]\IXXllé
(2) ®
wherein:
20 ' X! and X2 independently are -C(O)- or -CH,S(0),-;
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R’ and R® are hydrogen or (C,¢)alkyl;
R’ and R® are hydrogen or (C, ¢)alkyl or as defined below;
R’ and R"® independently are (i) (C,.9)alky! optionally substituted with cyano,
halo or nitro or (ii) a group selected from -X*NR!?R"?, -X>NR"C(O)OR",
5 “X*NRPC(O)NRRP, -X°NR">C(NR>)NRR", -X*0ORY, -X3SR ",
-X3C(0)OR’2, -X*C(O)NRR", -X38(0),NR*R", -XP(0)(OR'*)OR?,
-X30P(0)(OR'>OR', -X3NRPC(O)R", -X3S(O)R?, -X3S(0).R", -X>C(O)R",
-X3C(O)R*, -X*C(O)ORY, -X*0C(O)R¥, -X3NR¥C(O)R", -X*NR*C(O)ORY,
~ -X3C(O)NRMRP, -X?S(0),NR“RY, -X*NR”C(O)NR"RY,
10 -X3NRPC(NRP)NRMRY, -X*SR™ -X4S(O)R™, -X*S(0),R", -.X“OR“, or
-X*NR¥R", wherein X is (C, ¢)alkylene, X* is a bond or (C,.¢)alkylene, R' at each
occurrence independently is hydrogen, (C, ¢)alkyl or halo-substituted (C;.,)alkyl, R'*
is (C,.¢)alkyl or halo-substituted (C, j)alkyl, R* is (C;.1,)cycloalkyl(C, o)alkyl,
hetero(C;.15)cycloalkyl(Cog)alkyl, (Ce.12)aryl(Co)alkyl, hetero(Cs.,p)aryl(Co g)alkyl,
15 (Cs.12)polycycloaryl(Cy.¢)alkyl or hetero(Cy.1,)polycycloaryl(Coo)alkyt and RY is
hydrogen or (C, ¢)alkyl, and wherein within R'* said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloéryl ring optionally is substituted by a
group selected frbm -R!S, -X*OR’S, -X*SR'S, -X*S(O)R'S, -X*S(O),R*S,
“X*C(O)R'S, -X*C(O)OR’, -X*OC(O)RY, -X*NRRY, -X*NRC(O)R,
20 -X'NRYC(O)OR'¢, -X*C(O)NR!*RY, -X4S(O)M'6R]7, -X‘NR"C(O)NRR or
-X*NRYC(NR")NR 'R, wherein X* is a bond or (C,.¢)alkylene, RS is hydrogen or
(Cy.o)alkyl and R is (Cs ;,)cycloalkyl(Co.¢)alkyl, hetero(Csy. ,)cycloalkyl(Co o)alkyl,
(Cex)aryl(Co.alkyl, hetero(Cs 1)aryl(Cy.dalkyl, (Copp)polycycloaryl(Cy Jalkyl or
hetero(Cy ;,)polycycloaryl(Co.c)alkyl, or (iii) a group selected from |
25 (Caoycloalkyl(Co alkyl, hetero(Cy eycloalkyl(Caalkyl, (Co )aryl(Coalkyl,
hetero(Cs.;,)aryl(Cy ¢)alkyl, (Cg_lz)polycycloaryl(CM)alkYI and
hetero(Cg_;,)polycycloaryl(Cy ¢)alkyl, wherein said Cycloélkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or 'heterpolycyc]oaryl ring optionally is substituted by a
group selected from -R’6, -X*OR!6, -X4SR!6, =X*S(O)R'S, -X*S(O),R,
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-X*C(O)RS, -X"'C(O.)OR“, -X*0C(O)RS, -X‘NR’GRW, -X‘NR”._C(O)R"S,
-X“NR!"C(O)OR', -X*C(O)NR!®R", -XfS(O)zNRIGR”, -X*NR''C(O)NR!R" or
_X*NRVC(NR)NRVRY, wherein X, R' and R are as defined above; wherein
within R® and/or R'° any alicyclic or aromatic ring system present may be substituted
farther by 1 to 5 radicals independently selected from (C,.¢)alkyl, (C,.¢)alkylidene,
cyano, halo, halo-substituted (C; alkyl, nitro, -X*NRR'2, -X*NR¥C(O)OR”,
"_X-“NRBC(O)NRan, _X4NR12C(NR12)NRI_2R12, _X40R13, "'X4SR12,
-X*C(O)OR®, -X*C(O)NRR", "X4S(_0)2NR12R12, ;X4P(O)(OR4)OR12,
-X*OP(0)(OR*)OR", -X40C(0)R13, -X*NRPC(O)R", -X*S(O)R?, -X*S(0),R"
and -X*C(O)R®, wherein X*, R" and R* are as defined above; or

R? taken together with R7 and/or R'® taken together with R® form
trimethylene, tetraniethylene or phenylene-1,2-dimethylene, optionally substituted with :
hydroxy, oxo or methylene; and

R js -XSX*R!®, wherein X° is -C(O)-, -C(O)C(O)— or -S(0),-, X®is a
bbnd, -O- or -NR"-, wherein R" is hydrogen or (C,.oalkyl, and R™® is
(i) (C1.10)alkyl optionally substituted by cyano, halo, nitro, -NR?R%2, _
-NR™C(O)OR™, -NR¥C(O)NR'*R"?, --NR”C(NR"")NR”R12 -OR™, -SR%, .
-C(O)ORY, -C(O)NR”R12 S(O)zNR‘zRlz -P(O)(OR)OR™, _
-OP(O)(OR>)OR?, NRC(O)R®, -S(O)R?, -S(0),R", C(O)R‘3 ORm -SR%,
-S(O)R?, -S(O)%R%, -C(O)R®, -C(O)OR®, -C(O)NR¥R?, -NR' NR¥*R%, .
-NR?'C(O)R?, -NRmC(O)OR_m,-NRmC(O)NRmR?" or -NRZC(INR?>))NR¥R?,

~ wherein R' and R" are as defined above, R is (C;.12)cycloalkyl(Co.g)alkyl,

hetero(C; y,)cycloalkyl(Co.g)atkyl, (Ce.12)aryl(Coglalkyl, hetero(Cs.)aryl(Cog)alkyl,
(Cs.12)bicycloaryl(Cog)alkyl or hetero(Cs.i2)bicycloaryl(Co g)alkyl and R? at each
occurrence independently is hydrogen oi' (C,.¢)alkyl, or

(ii) (Ca.;o)cycloalkyl(Co ¢)alkyl, hetero(Cs.pr)cycloalkyl(Co 6alkyl,

(Ce.12)aryl(Co o)alkyl, hetero(Cs.1)aryl(Cos)alkyl, (C.p2)bicycloaryl(Co.s)alkyl or
hetero(Cs ;.)bicycloaryl(Cy.¢)alkyl or (iii) (Cs.ecycloalkyl(Co¢alkyl,

hetero(C; ¢)cycloalkyl(Cy.¢)alkyl, phenyl(Cy)alkyl or hetero(Cs ¢)aryl(Co.oalkyl,
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wherein said cycloalkyl, heterocycloalkyl, phenyl or '_};eteroaryl is substituted by
-X*OR%, -XSR%, -X*S(O)R%, -X*S(0),R%, -X*C(O)R*, -X*C(O)ORZ,
“X‘C(ONR¥R?, -X‘NRZRZ, -X*NR¥C(O)R%, -X'NR*C(0)ORZ,
-X*NRZC(O)NRZR3 or -X*NRZC(NRZ®)NR*R?, wherein X*is as defined
above, R is (C, ()cycloalkyl(Cy ¢)alkyl, hetero(Cs ¢)cycloalkyl(Co.¢)alkyl,
phenyl(Calkyl or hetero(Cs Jaryl(Co.o)alkyl and R at each occurrence
independently is hydrogen or (C, ¢)alkyl; wherein within R!! any alicyclic or aromatic
1ing system present may be substituted further by 1 to 5 radicals independently
selected from (C, ¢)alkyl, (C,¢)alkylidene, cyano, halo, halo-substituted (C,_s)alkyl,
nitro, -X*‘NR"R?, -X*NR'>C(O)OR?, -X*NR*C(O)NR*R", .
-X*NRPC(NR')NRRE, -X‘OR", -X*SRY?, -X*C(O)OR", -X*C(O)NRPR",
-X*S(0),NR’R", -X*P(O)(OR*OR?, -X*OP(0O)(OR*)OR ", -X*OC(O)R",
-X*NR¥2C(O)R", -X*S(O)R?, -X*S(0),R"* and -X*C(O)R", wherein X*, R'? and
R are as defined above; _
R? is hydrogen or (C,.¢)alkyl or as defined below;
R3 is hydrogen, (C,¢)alkyl or as defined below; and
R*is (i) hydrogen or (C, ¢)alkyl, wherein said alkyl is optionally substituted with
cyano, halo, nitro, -NR¥R*, -NRC(O)OR’?, -NR?C(O)NR*R?,
-NRPC(NR'™)NR?R', -OR"Y, -SR?, -C(O)OR'?, -C(O)NR’R™, -S(O),NR!’R 2,
-P(O)(OR'$)OR™, -OP(O)(OR'*)OR'?, -NR?C(O)R"?, -S(O)R?, -S(O),R3, -C(O)R",
-ORY, -SR™, -S(O)R*, -S(O),R", -C(O)R', -C(O)OR™, -OC(O)R™, -NRMRY,

. -NR¥C(O)R", -NR'C(0)OR", -C(O)NRMRY, -S(0),NR*R, -NR¥C(O)NR“RS or

-NRPC(NRP)NRMRY, wherein R?, R'3, R and R'* are as defined above, or (ii) a group
selected from (C,y,)cycloalkyl(Cy ¢)alkyl, hetero(C;_j5)cycloalkyl(Cy)alkyl,

(Ce12)aryl(Cog)alkyl, hetero(Cs.1-)aryl(Co.g)alkyl, (Cs.12)polycycloaryl(Cy oalkyl and
hetero(Cg.,,)polycycloaryl(C, ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a group

 selected from -R'S, -X*OR’S, -X*SR'S, -X*S(O)R'S, -XiS(O).R', -XC(O)R’,

-X‘C(O)ORY, -X*OC(O)R, -X*NR!“R"’, -X“NR”C(O)R-“, -XNR!"C(O)OR!S,
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-X*C(O)NR!SR", -X*S(0),NR'R", -X*NR!"C(O)NR'R" or.-X‘?NR”C(NR”)NR“R”,
wherein X*, R'6 and R'” are as defined above; wherein within R® and/or R any alicyclic or
aromatic ring system present may be substituted further by 1 to 5 radicals independently
selected from (C,¢)alkyl, (C,¢)alkylidene, cyano, halo, halo-substituted (C,_y)alkyl, nitro,
X‘NRVR, -X*NRC(O)ORY, -X*NRPC(O)NRZR, -X*NRC(NR')NRI?R®,
“XOR™, -X*SR?, -X*C(O)OR", -X‘C(O)NR”R?, -X*S(O),NR?R"?, ..
-X*P(O)(OR)OR2, -X*OP(O)(OROR™, -X*OC(O)R", -X*NR"C(O)R", -X*S(O)RP,
-X*S(0),R"? and -X*C(O)R", wherein X*, R" and R" are as defined above, or
~ R* and R* taken together form trimethylene, tetramethylene or

phenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo oi' methylene, or

R* and R? together with the carbon atom to which both R and R® are attached form
(Cs g)cycloalkylene or (Cy g)heterocycloalkylene; and the N-oxide derivatives, prodrug
derivatives, protected derivatives, individual isomers and mixtures of isomers; and the
pharmaceutically acceptable salts thereof.

In another particular embodiment, this invention relates to compounds of Formula (II):

RS RS R
™~

(II) .
whcrein: _ _

R2is hydrogen or (C,.¢)alkyl or as defined below;

R? is hydrogen, (C, ¢alkyl or as defined below;

R* is (i) hydrogen or (C,.Jalkyl, wherein said alkyl optionally is substituted with
cyano, halo, nitro, -NRVR', -NRPC(O)OR™, -NRUC(ONR'R",
_NRZC(NR')NRIR'2, -ORY, -SR'2, -C(O)OR®, -C(O)NR‘ZRH, _S(0) ,NR"R”,'
_P(O)(OR™)ORY, -OP(O)(OR)OR™, -NRC(O)R¥, -S(O)R”, -S(O).R, -C(O)R”,
_ORM, -SRY, -S(O)RY, -S(O)}RY, -C(O)R", -C(O)OR™, -OC(O)R*, -NRR,
NRIC(O)RY, -NREC(O)ORM, -C(O)NRHR'S, -S(0);NR“R", -NR'*C(O)NR“R™ or
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-NR¥C(NR)NR™R", wherem R at each occutrencc indepéﬁdcntly is hydrogen,
(C,.0)alkyl or halo-substituted (C,.5)alkyl, R* is (Cj.¢)alkyl or halo-substituted (C; s)alkyl, R
is (C;.12)cycloalkyl(Cy.oalkyl, hetero(C,.p)cycloalkyl(Co.g)alkyl, (Ce.12)aryl(Co.g)alkyl,
hetero(Cs.;,)aryl(Co.¢)alkyl, (Cy.j5)polycycloaryl(Co.¢)alkyl or
hetero(C;.;2)polycycloaryl(Cooalkyl and RY is hydrogen or (C,.¢)alkyl, and wherein within
R™ said cyﬁloalkyl, heterocycloalkyl, aryl, heteroaryl, polycycloaryl or heterpolycycloaryl ring
optionally is substituted by a group selected from -R'6, -X“OR, -X“SR, -X*S(O)R,
-X*S(0),R'S, -X‘C(O)R'S, -X*C(O)OR’, -X*OC(O)R'S, -X*NRRY, -X*NRC(O)R’S,
-X“NR"C(O)OR'G, -X*C(O)NR'RY, -X*S(0),NR R, -X*NRC(O)NR!*RY or
-XNRUC(NRY)NRRY, wherein X* is a bond or (C,_¢)alkylene, R!® is. hydrogen or
(C,.¢alkyl and RY is (C, 1)cycloalkyl(Cy.¢)alkyl, hetero(C.j;)cycloalkyl(Cy g)alkyl,
(Ce12)aryl(Cy.g)alkyl, hetero(Cs ;5)aryl(Co.9alkyl, (Co.12)polycycloaryl(Co alkyl or
hetero(Cs ;)polycycloaryl(C, ¢)alkyl, or (if) a group selected from
(Cs.1o)cycloalkyl(Cy oalkyl, heterot(}j_,zkYCloﬂkyl(qs)dkyl, (Co1daryl(Coglalkyl,
hetero(Cs.12)aryl(C, g)alkyl, (Cy.i)polycycloaryl(Cyg)alkyl and
hetero(C;,Jpolycycloaryl(C, Jalkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a group
selected from -R!S, -X‘OR“, -X*SR, -X*S(O)RY, —X‘S(O)zkls, -X*C(O)R'S,
-X*C(O)OR!'S, -X*OC(O)R'¢, -X‘NR"’R”, -X*NRYC(O)R’S, -X*NRC(O)OR,
-X*C(O)NR!SRY, -X*S(0),NRRY, -X*NR"C(O)NR¥R"’ or -X*NR""C(NR')NR'“RY’,
wherein X% R'¢ and R‘_" are as defined above; wherein within R* any alicyclic or aromatic ring
system present may be substituted further by 1 to 5 radicals independently selected from
(C,.oalkyl, (C, Jalkylidene, cyano, halo, halo-substituted (C, 4)alkyl, nitro, -X*NRIZR'2,
X*NRZC(O)ORY, -X*NR’C(O)NRR'2, -X*NRC(NR'}NR’R'?, -X*OR2, -X*SR?,
-X*‘C(O)ORY, -X*C(O)NRMR"?, -X*S(0),NR'?R?, -XP(0)(OR3>ORY,
-X*OP(0)(OR*)ORY, -X‘OC(O)R", -X‘NRIZC(O)RB, -X*S(O)R”, -X*S(0),R" and
“X*C(O)R™, wherein X¢, R¥2 and R3 are as defined above, or

R* and R? taken together form trimethylene, tetramethylene or

phenylene-1,2-dimethylene, optionally substituted with hydrqu, oxo or methylene, or
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R* and R? together with the carbon atom to which both R* and R? are attached form
(Csg)cycloalkylene or (C; g)heterocycloalkylene;

R? is hydrogen or (C,¢alkyl; -

R’ is hydrogen or (C, ¢)alkyl;

R? is (Cg.12)aryl(C,.s)alkyl, hetero(Cs 1»)ary}(C, g)alkyl, <X*0OR"Y, -X'SRY,
-.X‘S(O)R“., -X*S(0),R™ or -X*NR™R3, wherein X*, R and RY’ are as defined above and
wherein within R® said aryl or heteroaryl ring optionally is substituted by 1 to 5 radicals
independently selected from (C, ¢)alkyl, cyano, halo, halo-substituted (C, 4)alkyl, nitro, .
-X‘NRVR™, -X*NRC(0)OR™, -X*NRC(O)NR"R", X*NRZC(NRIINRR2,
-X*0OR", -X*SR?, -X‘C(O)Rn-, -X*C(O)OR™, -X4C(O)NR*3R'2,_-X‘S(d)zNRllez,
-X*P(O)(OR*OR?, -X*OP(O)(OR?OR"?, -X*OC(O)R", “X*NR2C(O)RY, -X*S(O)R", .
-X4S(0O),RP, wherein X*, R'? and R'® are as defined above; and -

R is -XX®R, wherein X® is <C(0)-, -C(0)C(0)- or -S(0),-, X is a bond, -O-
or -NRY-, wherein R!® is hydrogen or (C,.¢)alkyl, and R® is (i) (C,.;p)alkyl optionally
substituted by cyano, halo, nitro, -NR!?R™2, -NR’C(O)OR "2, -NR’C(O)NR"’R",
NRUC(NRJNRR, -ORY, -SR2, -C(O)OR', -C(O)NR’R'2, -S(O),NR"R¥,
-P(O)(OR)ORY, -OP(O)(OR?)ORY, -NRC(O)R?, -S(O)R", -S(0).R", -C(O)R",
-OR?, -SR”, -S(O)R®, -S(0),R?, -C(O)R”, -C(O)OR?, -C(O)NR*R?, -NR#*R*,
-NR”C(O)R”, _NRZC(O)OR®,-NREC(O)NR¥R? or -NRAC(NR”)NR?R?, wherein
R and R are as defined above, R is (C; 1.)cycloalkyl(Co s)alkyl,
hetero(Cs ;,)cycloalkyl(Co.o)alkyl, (Cs.12)aryl(Cos)alkyl, hetero(Cs.p)aryl(Co.)alkyl,
(Cs.12)bicycloaryl(Co g)alkyl or hetero(Cyg )bicycloaryl(Cos)alkyl and R* at each occurrence
independently is hydrogen or (Cy.¢)alkyl, or (i) (Cs.;5)cycloalkyl(Cogalkyl,
hetero(C; y,)cycloalkyl(Co.s)alkyl, (Cs.12)aryl(Co)alkyl, hetero(Cs.i2)aryl(Coglalkyl,
(Cs.12)bicycloaryl(Cyq)alkyl or hetero(Cy.po)bicycloaryl(Co. g)alkyl or
(iii) (Cs.¢)cycloalkyl(Cy.¢)alkyl, hetero(C, c)cycloalkyl(Cy s)alkyl, phenyl(Co.alkyl or
hetero(Cs.¢)aryl(Cy.¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is
substituted by -X*OR%, “XSRZ, -X*S(O)R%, -X*S(0),R%, -X*C(O)R%, -X*C(O)OR%,
-X‘C(O)NR®R?, -X‘NRZRZ, -X*NR®C(O)R%, -X*NR*C(O)OR?,
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“X‘NRZC(O)NR>RZ or -X‘NR”C@R”)NR£R23, wherein X‘xsas defined above, R¥ is
(Cy4)cycloalkyl(C, ¢)alkyl, hetero(C, g)cycloalkyl(Co.)alkyl, phenyl(C, ¢)alkyl or
hetero(Cs ¢)aryl(Co¢)alkyl and R* at each occurrence independently is hydrogen or
(C,.¢)alkyl; wherein within R!! any alicyclic or aromatic ring system present may be substitated
further by 1 to 5 radicals independently selected from (C, ¢)alkyl, (C, ¢)alkylidene, cyano,
halo, ha]o-;substituted (C,4)alkyl, nitro, -X*NRR'?, -X*NRPC(O)OR*?, |
-X*NR"’C(O)NRR™, -X‘NRPC(INR»)NRR", -X*OR"?, -X*SR?, -X*C(0)ORY,
-X‘C(O)NR™RY, -X*S(0),NR"R ", -X*P(0)(OR*)OR", -X*OP(0O)(OR*)OR",

- “X*OC(O)RE, -X*NRPC(O)RP, -X*S(O)R", -X*S(0),R" and -X*C(O)R ", wherein X*,

R™ and R? are as defined above; and the N-oxide derivatives, prodrug derivatives, protected
derivatives, individual isomers and mixtures of isomers; and the pharmaceutically acceptable
salts thereof.

In another particular embodiment, the present invention relates to a pharmaceutical

- composition which contains a conipound of Formula I or a N-oxide derivative, prodrug

derivative, individual isomer or mixture of isomers or a pharmaceutically acceptable salt
thereof in admixture with one or more suitable excipients.

In another particular embodiment, the present invention relates to a method of treating
a disease in an animal in which inhibition of a cysteine protease can prevent, inhibit or
ameliorate the pathology and/or symptomatology of the disease, which method comprises

administering to the animal a therapeutically effective amount of compound of FormulaIor a

- N-oxide derivative, prodrug derivative, individual isomer or mixture of isomers or a

pharmaceutically acceptable salt thereof.

In another particular embodiment, the present invention relates processes for

. preparing compounds of Formula I and the N-oxide 'derivatives, prodrug derivative, protected

derivatives, individual isomers and mixtures of isomers, and the pharmaceutically acceptable
salts thereof as set forth in "Detailed Description of the Invention”.

In another particular embodiment, the present invention relates a compound of
Formula (I):
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in which: -

2

2N
rRY -
R
rR¥

I

R! is a group of Formula (a) or (b):

5 wherein:

6
6 3 2
RE ITI X‘xl’? ™ x“-’x‘ril’x‘xl’g
R . R>
(a) ®

X! and x3 mdependently are -C(O)- or -S(0),-,
X2 is -CR®R’-, -CH-,CR"R9 or -CR‘R’CH-, and Xtis -CHR‘°

-CH CI-IRlo or - CHR“’CHZ wherein:

10

15

20

R? is hydrogen or (Cl_d)alkyl
Rlis (i) (C,_s)a]kyl or halo—substltuted(C,_G)alkyl optlonally substituted

with -ORY, -SR11 -S(O)RY, -S(O)ZRu C(O)R" -C(O)OR!, -NR!R?,

-NR”C(O)OR11 C(O)N’R“R12 -S(0),. NR"R" NRI'C(O)NRHRP or
C(NR‘ )NR"R12 wherein R" is hydrogen, (C,.¢)alkyl,
(C3.12)cycloalkyl(Cy.5)alkyl, hetero(Cs.io)cycloalkyl(Coz)alkyl,
(Cer2)aryl(Cos)alkyl or hetero(Cs. lg)aryl(C¢3)alkyl and R is hydr6g3n or
(&% s)alkyl or (i) (C;.n)cycloalkyl(CM)alkyl
hetel'O(C;lz)choalkY](Co-a)a]k)’l (Cs-xz)aryl(co-s)a]kyl
hetero(Cs.1)aryl(Co.s)alkyl, (Cg.i5)polycycloaryl(Cos)alkyl or
hetero(Cs_,3)polycyclbary1(C¢3)alkyl optionally substituted with -R*,
_XSOR®, -X’SRP, -S(O)R®, -S(O)}R", -C(O)R", -C(O)OR®,
XSNRUERM, XSNRMC(O)ORY, -C(O)NRPR', -S(0).NR"R",
NRMC(O)NRR or -NRM¥C(NR“)NR"R, wherein X’ is a bond or
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methylene, R is (Csaz)cycloalkyl(Cys)alkyl,
hetero(Cy..2)cycloalkyl(Co.5)alkyl, (Cs.12)aryl(Cos)alkyl,
hetero(Cs.1,)aryl(Cq s)alkyl, (Co;5)polycycloaryl(C, ;)alkyl or
hetero(Cy.;,)polycycloaryl(C, s)alkyl and R™ is hydrogen or (C, ¢)alkyl, or
(iii) together with R* when X? is -CHR®- forms trimethylene, tetramethylene or
phenylene-1,2-dimethylene, optionally substituted with 1 to 2 of hydroxy,
oxo, (C,.g)alkyl or methylene; wherein any 1 to 3 annular atoms of any
aromatic ring with available valences comprising R’ are optionally
independently substituted with halo, nitro, cyano, (C,¢)alkyl,
halo-substituted(C, ¢)alkyl, -OR', -C(O)R", -C(O)OR‘-5, -C(O)NRRY,
-S(0),NRPRY, -X°NRRY, -X’NR'C(O)ORY, -X’NR*C(O)NRR* or
-X’NRPC(NR'*NRPRY, wherein X is as defined above and each R"*
independently is hydrogen or (C,g)alkyl, and -
R!° is hydrogen or (C,_)alkyl:
R® and R are independently hydrogen, (C,¢)alkyl or as defined above; and
R is -X*X'RY, wherein X° is -C(O)- or -S(O),-, X is a bond, -O- or
-NR'-, wherein R¥ is hydrogen or (C,¢)alkyl, and R is (i) (C,.¢)alkyl or
halo-substituted(C, ¢)alkyl optionally substituted with -ORY!, -SR!!, -S(O)R"!,
-S(O)RY, -C(O)R!, -C(O)OR", -NR!'R", -NR"C(O)OR", -C(O)NR"'R",
-NR"C(O)NR!'R" or -NR’C(NR'*)NR"'R'?, wherein R and R are as defined
above, or (i) (C;¢)cycloalkyl(Cy ;)alkyl, hetero(C, ¢)cycloalkyl(Cy.5)alkyl,
(Ce.12)aryl(Co.s)alkyl, hetero(Cs 1,)aryl(Cy)alkyl, (Co.po)polycycloaryl(Co.)alkyl or
hetero(Cs ;,)polycycloaryl(Cy 3)alkyl optionally substituted with 1 to 2 of -R',
-X°0ORP, -X*SR', -S(O)R", -S(O),R", -C(O)OR"®, -X’NR"RY,
-X’NR"C(O)OR", -C(O)NRR*, .NR™C(O)NR*R" or
-NR™C(NR)NRPR¥, wherein X*, R" and R* are as defined above; wherein any
1 to 3 annular atoms of any aromatic ring with available valences comprising RS
optionally independently are substituted with halo, nitro, cyano, (C,.¢)alkyl,
halo-substituted(C, ¢)alkyl, -ORY, -C(O)RY, -C(O)OR', -C(O)NR¥RY,
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_S(O)zNRISR]S, -X’NRIRY, -XSNR‘SC(O_)ORIS, -XSNR¥C(O)NR¥R" or

-X°NRPC(NR)NR'R", wherein X® and R" are as defined above;

R? is hydrogen or (C,¢)alkyl or as defined below;

R? is hydrogen, (C,_,¢)alky] or as defined below; and

R*is (i) hydrogen, (ii) (C,.¢)alkyl or halo-substituted(C, ¢)alky! optionally substituted
with -OR”., -SRY, -S(O)R"!, -S(O),RY, -C(O)R", -C(O)OR", -NR'R",
-NRPC(O)ORY, -C(O)NR''R*?, -NRZC(O)NR"R"* or -NRPC(NR'>)NR!R', wherein
R! and R are as defined above, or (iii) (C,;,)cycloalkyl(Cy s)alkyl,
hetero(C; y;)cycloalkyl(Co.5)alkyl, (Ce12)aryl(Co.a)alkyl, hetero(Cs.15)aryl(Co.)alkyl,
(Cy.1polycycloaryl(Cy.3)alkyl or hetero(Cs.15)polycycloaryl(C, 5)alkyl <;ptiona11y substituted
with -R13, -X30R%, -X°SR"3, -S(O)R™, -S(0),R", -C(O)ORY, -X°NR*RY,
-XSNRMC(O)OR®, -C(O)NRPRY, -NR“C(O)NRPR" or -NRMC(NR“)NRR,
wherein X°, R? and R™ are as defined above or (iv) together with R*forms trimethylene,
tetramethylene or phenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo, (C,.
Jalkyl or methylene or (v) together with R forms ethylene, n‘in'mthyléne or tetramethylene;
wherein any 1 to 3 annular atoms of any aromatic ring with available valences comprising R* -
optionally independently are substituted with halo, nitro, cyano, (C,_oalkyl,
halo-substituted(C, ¢)alkyl, -OR>, -C(O)R", -C(Q)OR“, ~C(O)NR"RY,
-S(0),NR"*RY, -X5NR“RY, -X’NR'*C(O)OR", -X’NRPC(O)NRR¥ or -
-XSNRC(NR'*)NRRS, wherein X* and R are as defined above; and the N-oxide
derivatives, prodrug derivatives, protected derivatives, individual isomers and mixtures of
isomers; and the pharmaceutically acceptable salts thereof.

In another particular embodiment, the present invention relates to a method of treating
a disease in an animal in which cathepsin S activity contributes to the pathology and/or
symptomatology of the disease, which method comprising administering to the animal a

therapeutically effective amount of a compound of Formula (I):
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in which:

R!is a group of Formula (a) or_(b):

. R? FP R $§ S R? R?
rRY N Xl’g Rn/NXXiNXXrg '
R? o :Rﬁ R}O:éj
(@) ®m

5 wherein: S _
‘X! and X? independently are -C(O)- or -CH,S(0);
R’ and R® are hydrogen or (C;.)alkyl;
R’ and R? are hydrogen or (C, ¢)alkyl or as defined below; o
) R’ and R® independenty are (i) (C,)alkyl optionally substituted with cyano,
10 halo or nitro or (ii) 2 group selected from -X’NR“R", -X*NR’C(O)OR", .
-X*NRUC(O)NRR, -X’NRUC(NRIINRIRY, -X*0R", -X*SR™,
-X3C(O)OR™, -X3C(O)NR R, -X3S(0),NR'?R 2, -X*P(O)(OR'?)OR™,
-X?*0OP(0O)(ORORY, -X*NR”C(O)R ", -X3S(O)R 3, -X>S(0).R?, -X>C(O)R™,
-XC(O)R", -X3>C(O)OR™, -X*0OC(O)R*, -X>°NRC(O)R*, -X*NR'*C(O)OR Y,
15 -X?C(O)NRMRY, -X3S(0),NR“RY, -X>NRC(O)NR“RY,
XONRISCNRI)NRMRY, -XSR™ -X*S(O)RY, -X*S(0),RY, -X’ORY, or
-X*NR“R", wherein X3 is (C; ¢)alkylene, X* is a bond or (C, ¢)alkylene, R'2 at each
occurrence independently is hydrogen, (C,.¢)alky! or halo-substituted (C,_;)alkyl, R?
is (C;.¢)alkyl or halo-substituted (C, ;)alkyl, R™ is (C,, 2)cycloalkyl(Co.¢)alkyl,
20 hetero(C; g)cycloalkyl(Cy.g)alkyl, (Cey)ary}(Co.g)alkyl, hetero(Cs.,)aryl(Cy alkyl,
(Cs.12)polycycloaryl(Cy)alkyl or hetero(Cyg 1o)polycycloaryl(Cyg)alkyl and RY is
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hydrogen or (C, ¢alkyl, and wherein within R' said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a
group selected from RS, -X“OR’S, -X*SR', -X*S(O)R'S, -X‘S(O).R'S,

-X*C(O)R'S, -X*C(O)ORIS, -X*‘OC(O)R’S, -X*NR!“R?’, -X*NR'"C(O)R*S,
-X*NR'C(O)ORS, -X*C(O)NR'*R", -X*S(0),NR*R", -X*NR"C(O)NRR'” or

| -X"NR"C(NR”)NR“R", wherein X* is a bond or (C, 5)alkylene, R!® is hydrogen or

(C,)alkyl and R is (C, 1o)cycloalkyl(Cy ¢)alkyl, hetero(C, ;,)cycloalkyl(Cy ¢)alkyl,
(Ce.12)aryl(Co.¢)alkyl, hetero(Cs.p)aryl(Co.s)alkyl, (Co.i2)polycycloaryl(Cy.g)alkyl or
hetero(Cs.y,)polycycloaryl(Cg ¢)alkyl, or (iii) a group selected from
(Cs.12)cycloalkyl(Co g)alkyl, hetero(Cs.j5)cycloalkyl(Co.g)alkyl, ('Cﬁ_n)aryl(CM)alkyI,
hetero(Cs 1,)aryl(Co.)alkyl, (C.12)polycycloaryl(Co.oalkyl and

hetero(Cg ,,)polycycloaryl(Cy¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substifuted by a
group selected from -R'6, -X*OR’S, -X*SRS, -X*S(O)RS, -X*S(O),RS, .
-X*C(O)R'S, -X*C(O)OR!S, -X*OC(O)R, -X*NRR"", -X*NRC(O)R?,
-X*NRY'C(O)OR?, -X*C(O)NR*R", -X*S(0),NR!R"’, -X*NRY'C(O)NR'R"’ or
-X‘NRYC(INR'?)NRRY, wherein X* R!® and R are as defined above; wherein
within R? and/or R™ any alicyclic or aromatic ring system present may be substituted
further by 1 to 5 radicals independently selected from (C, ¢)alkyl, (C, ¢)alkylidene,
cyano, hﬂo, halo-substituted (C,_)alkyl, nitro, -X*NRR 2, -X*NR2C(O)OR"?,

© -X*NRC(O)NRR?, -X'NR”C(NR)NRR", -X*OR", -X‘SR”,

-X*C(O)OR"?, -X*C(O)NRRY, -X*S(0),NR’R?, -X‘P(O)(éR-‘)OR”,
-X‘OP(O)((.)RIZ)ORH; “X'OC(O)RY, -X*NRZC(O)R ", -X*S(O)R"?, -X*S(0O),R"
and -X*C(O)R 3, wherein X*, R> and R'? are as defined above, or

R? taken together with R and/or R'° taken together with R® form
trimethylene, tetramethylene. or phenylene-1,2-dimethylene, optionally substituted with
hydroxy, oxo or methylene; and

RM js -X3X°R'®, wherein X3 is -C(0)-, -C(0)C(0)- or -S(0),-, X®is a
bond, -O- or -NRY-, wherein R'? is hydrogen or (C,¢)alkyl, and R*® is
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(@) (C,.;0)alkyl optionally substituted by cyano, halo, nitro, -NR"?R",
-NRC(O)OR'"?, -NR'*C(O)NRR", -NR¥”C(NR*)NR"R", -OR", -SR",
-C(O)OR", -C(O)NR"?R*?, -S(0),NR?R", -P(O)}(OR'»)OR",

-OP(0)(OR'%)OR?, -NR?C(O)RE, -S(O)R", -S(O),R"?, -C(O)R", -OR™, -SRZ,
-S(O)R®, -S(0),R?, -C(O)R?, -C(O)OR%, -C(O)NR¥R*, -NR*R?,
-NRZ'C(O)R®, -NR”C(O)OR”,-NR”C(O)NR"'R2l or -NR*'C(NR*)NR*R*,
wherein R"? ahd R™ are as defined above, R? is (C, ,)cycloalkyl(Cy.¢)alkyl,
hetero(C;.p;)cycloalkyl(Co g)alkyl, (Cg.12)aryl(Cogalkyl, hetero(Cs.yp)aryl(Co)alkyl,
(Cy1)bicycloaryl(Cy ¢)alkyl or hetero(C,.y5)bicycloaryl(Cy.¢)alkyl and R? at each -
occurrence independently is hydrogen or (Cy¢)alkyl, or -

(ii) (Cs.i2)cycloalkyl(Cy.g)alkyl, hetero(Cs.ip)cycloalkyl(Coglalkyl, -

(Ce.1)aryl(Cy g)alkyl, hetero(Cs.5)aryl(Co galkyl, (Co.10)bicycloaryl(Cyg)alkyl or
hetero(Cq 4,)bicycloaryl(Cog)alkyl or (iii) (Cs¢)cycloalkyl(Cy ¢)alkyl,

hetero(C; ¢)cycloalkyl(Cy ¢)alkyl, phenyl(Cy ¢)alkyl or hetero(Cs ¢)aryl(C, ¢)alkyl,
wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by
-X'ORZ, -X*SR%, -X*S(O)RZ, -X*S(0);R%, -X'C(O)RZ, -X*C(0)OR%,
-X'C(O)NR*R%, -X*‘NR*RZ, -X'NR®C(O)R?%, -X*NR*C(O)ORZ,
-X*NREC(O)NRZR? or -X*NREC(NR®)NRZR*, wherein X* is as defined
above, R* is (C; ¢)cycloalkyl(Cy s)alkyl, hetero(C, ¢)cycloalkyl(Cy.¢)alkyl,
pheﬁyl(Cus)alkyl or hetero(C,_¢)aryl(C,.¢)alkyl and R at each occurrence
independently is hydrogen or (C,s)alkyl; wherein within R ény alicyclic or aromatic
ring system present may be substituted further by 1 to 5 radicals independently
selected from (C, g)alkyl, (C,¢)alkylidene, cyano, halo, halo-substituted (C, ,)alkyl,
nitro, -X*NRZR?, -X*NR"C(O)ORY, -X*NR2C(O)NR'*R",
X'NREC(NR*)NRR', -X*OR"?, -X*SR*, -X*C(O)OR", -X*C(O)NR'?R*?,
-X*S(0),NR R, -X*P(0)(OR*)OR, -X*OP(O)(OR*OR ", -X*0C(O)R%,
-X‘NRZC(O)RP, -X*S(O)R™, -X*S(O),R" and -X*C(O)R", wherein X*, R*? and
R" are as defined above;

R?is hydrogen or (C,.¢)alkyl or as defined below;
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R? is hydrogen, (C,.¢)alkyl or as defined below; and

R* is (i) hydrogen or (C, ¢)alkyl, wherein said alkyl is optionally substituted with
cyano, halo, nitro, -NR'?R"?,-NR"?C(O)OR'?, -NR"C(O)NR""R ",
-NREC(NR'})NRR?, -ORY, -SR”, -C(O)OR*, -C(O)NR'?R?, -§(0),NR"R",
-P(O)(OR™)OR2, -OP(O)(OR})OR'?, -NR*C(O)R", -S(O)R", -S(0).R"3, -C(O)R",
-OR™, -SR“‘, -S(O)R*, -S(O),R*, -C(O)R™, -C(O)OR™, -OC(O)R", -NR“R",
-NRPC(O)R', -NR*C(O)OR", -C(O)NR¥R'3, -S(0),NR“RY, -NR¥C(O)NR“R'S or
-NRBCINR¥)NR“RY, wherein R'2, R”, R and R are as defined above, or (ii) a group
selected from (Cs.y5)cycloalkyl(Co )alkyl, hetero(Cs.ip)cycloalkyl(Co.g)alkyl,
(Cs.12)aryl(Cqg)alkyl, hetero(Cs.;2)aryl(Co ¢)alkyl, (Cg_n)polycycloaryl((lio,s)alkyl and
hetero(Cy 1,)polycycloaryl(Cy ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a group
selected from -R'S, -X*OR, -X*SR¥, -X*S(O)R'S, -X*S(O).R*, -X‘C(O)RS,
-X*C(O)OR, -X*‘OC(O)R*, -X*NR!RY, -X*NR'C(O)R'S, -X‘NR"C(O)OR“,
X*C(O)NR™R"7, -X*S(0),NR!RY, -X*NR'C(O)NR*R" or -X“NR"C(NR")NR“R",
wherein X*, R' and R are as defined above; wherein within R® and/or R'® any alicyclic or
aromatic ring system present may be substituted further by 1 to 5 radicals independently
selected from (C,.¢)alkyl, (C,¢)alkylidene, cyano, halo, halo-substituted (C;_4)alkyl, nitro,

| X*NRPRY, -X*NRPC(O)ORY, -X*NRC(O)NR'’R", -X*NR”*C(NR'*)NR’R",

-X*ORY, -X*SR12, -X*C(O)OR", -X*C(O)NR"RY, -X*S(0),NR"RY,
-X*P(O)(OR*)ORY, -X*OP(O)(OR*)ORY, -X*OC(O)R", -X*NR”C(O)R", -X'S(O)R",
-X*S(0),R™ and -X*C(O)R", wherein X*, R and R" are as defined above, or

R* and R? taken together form trimethylene, tetramethylene or
phenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo or methylene, or

R* and R® together with the carbon atom to which both R* and R* are attached form
(Cs.o)cycloalkylene or (Cs g)heterocycloalkylene; or an N-oxide derivative, prodrug
derivative, individual isomer and mixtures of isomers; or a pharmaceutically acceptable salt

thereof, but excluding compounds of the formula
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in which R? and R* are each hydrogen or (C, g)alkyl, or together with the carbon atom to
which they are both attached form (C; s)cycloalkylene; R® is hydrogen or (C, ¢)alkyl; R® is
(Cs1)ary}(C, alkyl, hetero(Cs.1,)aryl(Cy.galkyl, (C, s)alkyl or cyclohexylmethyl; and R™ is
5 C(O)R™ wherein R™ is hetero(Cs,)cycloalkyl, (Cq 2)aryl(Co.alkyl or hetero(Cs 1)aryl(C,
Jalkyl. o _ :
In another particular embodiment, the present invention relates to the use of a

compound of Formula (I):

kylll N

10 in which:
'R! is a group of Formula (a) or (b):
| RS R® 8 RS R
RY Xx’g giFT ' XiNxxlfg
R’ . RORO 7
(@ )]
wherein: _
X! and X independently are -C(O)- or -CH,S(O)rs
15 RS and RS are hydrogen or (Cy.¢)alkyl;
R? and R® are hydrogen or (C, ¢)alkyl or as defined below;
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R® and R!® independently are (i) (C,.¢)alkyl optionally substituted with cyano,
halo or nitro or (ii) a group selected from -X°NR'?R'?, -X>NR“C(O)OR",
—X3NR’2C(O)NR‘2R'2, -X3NR‘2C(NR"’)NR"-'R‘2, “XP0R™, -X3SR2,

-X3C(O)OR, -X3C(O)NRR"?, -X?S(0),NR’R", -X*P(O)}OR'>)OR"Y,
-X?0OP(O)(OR»)ORY, -X>NR*C(O)R", -X?S(O)R”, -st(O)zR’3, -X3C(O)RE,
-X5C(0)R“, -X*C(O)OR™, -X*0OC(O)R", -X*NR¥C(O)R", -X’NR'*C(O)OR",
-X3C(O)NR“RY, -X*S(0),NR“R", -X-’NR‘SC(O)NR“RI-",
X3NRBC(NR¥)NRMRY, -X*SR™ -X*S(O)R", -X*S(0O),R", -X'OR, or .
-X*NRUR', wherein X3 is (C,.¢)alkylene, X* is a bond or (C1_6)alkylem-3,_Rl_2 at each
occurrence independently is hydrogen, (C, ¢)alkyl or ha]q-_-subst.ituted (C,5)alkyl, R
is (C,.¢)alkyl or halo-substituted (C,.,)alkyl, R is (C;.;;)cycloalkyl(Co ¢)alkyl,
hetero(C; y;)cycloalkyl(Co.9)alkyl, (Ce12)aryl(Co.alkyl, hetero(Cs p)aryl(Cog)alkyl,
(Cs.12)polycycloaryl(Co.)alkyl or hetero(Cg y5)polycycloaryl(Co)alkyl and R¥is
hydrogen or (Cy.¢)alkyl, and wherein within R said cycloalkyi, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolyéycloaiyl ring optionally is substituted by a
group selected from -R', -X*OR'S, -X*SR'S, -X‘S(O)RY, -X*S(O),R'S,

“X*C(O)R'S, -X*C(O)OR?S, -X*OC(O)RY, -X*NRR", -X‘NRC(O)R*,
_X*NRVC(O)OR', -X‘C(O)NR'RY, -X*S(0),NRR"", -X*NRI"C(O)NR¥R"” or
XNRYC(NR)NR'R", wherein X* is a bond or (Cy.¢)alkylene, R' is hydrogen or
(Cre)alkyl and RY is (Cs.y;)cycloalkyl(Co.oalkyl, hetero_(C}u)cycldalkyl(CM)alkyl,
(Cs.12)aryl(Cos)alkyl, hetero(Cs.12)aryl(Coc)alkyl, (Cs.12)polycycloaryl(Cq galkyl or
hetero(C;.,p)polycycloaryl(Cy.o)alkyl, or (iii) a group selected from
(Cs.12)cycloalkyl(Cp g)alkyl, hetero(C:,_lz)cycloalkyl(Co_ﬁ)aikyl, (Cs1)aryl(Cogalkyl,
hetero(Cs 1,)aryl(Co¢)alkyl, (Co.i2)polycycloaryl(Co.)alkyl and
hetero(C;.,,)polycycloaryl(Cy.¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is subsﬁtuted by a
group selected from -R', -X*OR'S, -X‘SR", -X*S(O)R'S, -X*S(O).R™,

-X*C(O)R'S, -X‘C(O)dR"’, -X‘OC(O)R', -X*NR*RY, “X*NRVC(O)R'S,
-X*NR"C(O)OR'S, -X“C(O_)NR'“R", ;X4S(0)2NR1°R", -X*NR'’"C(O)NRRY or
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X*NRIC(NR™INRRY, wherein X* B! and RY are'as defined above; wherein
within R” and/or R'? any alicyclic or aromatic ring system present may be substituted
further by 1 to 5 radicals independently selected from (C, oalkyl, (C,.¢)alkylidene,
cyano, halo, halo-substituted (C, ;)alkyl, nitro, -X’NRR?, -X*NR"“C(O)OR"?,
-X*NRPC(O)NR"RY, -X*NR2COINR?)NRIZR 2, -X*OR"2, -X*SR®2,
_XC(O)OR™, -X'C(O)NRR™, -X*S(0),NR“R", -X*P(O)(OR*)OR,
-X*OP(O)(OR)OR"?, -X*OC(O)RY, -X*NR?C(O)R", -X*S(O)R™, -X*S(0),R 3
and -X*C(O)R®, wherein X%, R!? and R" are as defined above, or

R? taken together with R” and/or R taken together with R® form
trimethylene, tetramethylene or phenylene-1,2-dimethylene, optionally substituted with
hydroxy, oxo or methylene; and

R" is -X’X5R"®, wherein X3 is -C(0)-, -C(0)C(O)- or -S(0),-, X%is a
bond, -O- or -NR'*-, wherein R is hydrogen or (C, oalkyl, and R* is
(i) (Cy.10)alkyl optionally sﬁbstituted by cyano, halo, nitro, -NR!?R?,
-NRC(O)OR", -NRnC(O)NRuRﬁ, -NR¥C(NR*)NRPRY, -OR", -SR"?,
-C(O)ORY, -C(O)NR¥R™, -S(0),NR"R?, -P(O)(OR'})OR"?,
-OP(O)(OR‘Z)OR" -NRC(O)R?, -S(O)R", -S(0).R*, -C(O)RY, -ORZ, -SRm
-S(O)R®, -S(O),R%, -C(O)R20 -C(O)OR?, -C(O)NR®R?, -NR¥R?,
-NR2C(O)R?, -NR2C(O)OR?,-NRZC(O)NR*R? or -NR*C(NR*)NR?R,
wherein R and R" are as defined above, R? is (C, ;,)cycloalkyl(Cy.¢)alkyl,
hetero(C;. ,1)cy§loalkyl(CM)alkyl (Ce.12)aryl(Cyealkyl, hetero(Cs y)aryl(Co alkyl,
(Cs.i2)bicycloaryl(Cy )alkyl or hetero(Cg 1,)bicycloaryl(C, ¢)alkyl and R?' at each
occurrence mdependently is hydrogen or (C, g)alkyl, or
(ii) (C3_,2)cycloalky1(CM)a1kyl, hetero(Cg_,3)cycloalkyl(CM)alkyl,
(Cs.12)aryl(Cy s)alkyl, hetero(Cs y,)aryl(Cy.s)atkyl, (Cs.ip)bicycloaryl(Co.g)alkyl or
hetero(C.,»)bicycloaryl(Cye)alky! or (iii) (Cse)cycloalkyl(C, Jaikyl,
hetero(C; 4)cycloalkyl(Cy¢)alkyl, phenyl(Co g)alkyl or hetero(Cs ¢)aryl(C,.¢)alkyl,
wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by
-X*0OR%, -X*SR?%, -X*S(O)R%, -X*S(0),R%, -X*C(O)R%, -X*‘C(O)ORZ, |
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-X!C(O)NRZR3B, -X‘NR¥RZ, -X‘NRZC(O)R%, -X*NR*C(O)ORZ,
-X*NRBEC(O)NRZR? or -X‘NREPC(NRZ)NRZR>, wherein X* is as defined
above, R* is (C; ¢)cycloalkyl(Cq )alkyl, hetero(C; ¢)cycloalkyl(Cy ¢)alkyl,
phenyl(C, ¢)alkyl or hetero(Cs g)aryl(Co.¢)alkyl and R at each occurrence _
independently is hydrogen or (C,_¢)alkyl; wherein within R!! any alicyclic or aromatic
ring system present may be substituted further by 1 to 5 radicals independently
selected from (C, g)alkyl, (C, ¢)alkylidene, cyano, halo, halo-substituted (C,_,)alkyl,
nitro, -X*NR?R"?, -X*NR"2C(O)OR"?, -X*NR¥C(O)NR'?R"?, -
X*NRZC(NRJNRUR?, -X*OR, -X*SRY, -X*C(O)ORY, -X*C(O)NRIZR™,
-X*S(0),NRPR™, -X*P(O)(OR*OR*?, -X‘OP(O)(OR3)QR13, -).(40C(0)R’3,
-X*NR2C(O)R®, -X*S(O)R", -X*S(0),R" and -X*C(O)R"3, wherein X* R* and
R are as defined above; '
R? is hydrogen or (C,.¢)alkyl or as defined below;
R3 is hydrogen, (C,¢)alkyl or as defined below; and
R*is (i) hydrogen or (C, ¢)alkyl, wherein said alkyl is optionally substituted with
cyano, halo, nitro, -NR!’R'?, -NRC(O)OR", -NR’C(O)NR"’R",
-NRPC(INR)NR?R?, -OR?, -SR?, -C(O)OR™, -C(O)NR?R*, -S(0),NR!*R",
-P(O)(OR™)OR", -OP(O)(OR'}OR™, -NRC(O)RY, -S(O)R’, -S(O),R", -C(O)RY,
-OR™, -SR™, -S(O)R™, -S(O),R*, -C(O)RY, -C(O)OR™, -OC(O)R", -NR"“RY,
-NR¥C(O)R", -NR¥C(O)ORY, -C(O)NR“R", -S(0).,NR'R', -NR*C(O)NR"R"* or
-NR¥C(NR¥)NRMRY, wherein R'?, R, R* and R* are as defined above, or (ii) a group
selected from (C,_j,)cycloalkyl(Cy.s)alkyl, hetero(C, j5)cycloalkyl(C, g)alkyl,
(Cs.12)aryl(Cy 6)alkyl, hetero(Cs.;o)aryl(Cog)alkyl, (Cy.in)polycycloaryl(Co)alkyl and
hetero(C;.i5)polycycloaryl(Cy¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,

-heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a group

selected from -R'S, -X‘OR, -X‘:SR' 5, -X*S(O)R'S, -X‘S(0).R¥, -X*C(O)R,
-X‘C(O)OR'S, -X‘_OC(O)R“, -X*NR'RY, -X*NR'C(O)R’®, -X*NR""C(O)OR'S,
-X‘C(O)NRIER", _X43(o) ZNR16R17, _X4NR17C(O)NR16R17 or -X4NR1_7C(NR'7)NR16R'.T,

wherein X% R'S and RY are as defined above; wherein within R® and/or R® any alicyclic or
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aromatic ring system present may be substituted further by 1 to 5 radicals independently
selected from (C,_g)alkyl, (C, ¢)alkylidene, cyano, halo, halo-substituted (C,;_)alkyl, nitro,
-X'NRMR", -X‘NRPC(O)OR", -X*NRPC(O)NR?R", -X*NR?C(NR">)NR"R"®,
-X*ORP, -X*SRY, -X*C(0)OR?, -X‘C(O)NRR ", -X*S(0),NR“R",
5 -X'P(O)OR*ORY, -X*OP(O)(OR>ORP, -X‘OC(O)R”, -X*NR'*C(O)R ", -X‘S(O)R"E,

-X“S(O)ZR.13 and -X*C(O)R', wherein X*, R™ and R” are as defined above, or

R* and R? taken together form trimethylene, tetmmethylené or
phenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo or methylene, or

R* and R? together with the carbon atom to which both R* and R? are attached form

10 (Csg)cycloalkylene or (C, pheterocycloalkylene; or an N-oxide deﬁvaﬁve, prodrug

derivative, individual isomer and mixtures of isomers; or a pharmaceutically acceptable sait

thereof, but excluding compounds of the formula

RS R‘9'

R!1 )S(N |

1 . H,.

N %
O

R3 R?

in which R? and R* are each hydrogen or (C,.g)alkyl, oi' together with the carbon atom to

15 which they are both attached form (C; s)cycloalkylene; RS is hydrogen or (C, o)alkyl; R? is
(Cs.12)aryl(C, g)alkyl, hetero(Cs_y,)aryl(C, ¢)alkyl, (C4_5)alkyl or cyclohexylmethyl; and R! is
C(O)R'® wherein R*® is hetero(C,_;;)cycloalkyl, (Cq2)aryl(Co.e)alkyl or hetero(Cs ;,)aryl(C,.
s)alkyl, in the manufacture of a medicament f__or treating a disease in an animal in which
cathepsin S activity contributes to the pathblogy and/or symptomatology of the disease.

20 In another particular embodiment, the present invention relates to a method of treating
a disease in an animal in which cathepsin S aéﬁvity contributes to the pathology and/or
symptomatology of the disease, which method comprising administering to the animal a

therapeutically effective amount of a compound of Formula (]11)
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RZ

| N
'R‘/N\ﬁcé |
e R
an

in which: -
R is a group of Formula (a) or (b):
R®
R6 X2 ) I X3 X2
I
RS _ RS
(@ ' - (®

5 wherein:
X! and X? independently are -C(O)- or -S(O)z-,
X? is -CRPR®-, -CH,CR®R’- or -CR®R°CH,- and X* is -CHR™-,
_CH,CHR™- o -CHRVCHy, wherein:
R? is hydrogen or (C, ¢)alkyl,

10 " R%s (i) (Cy.)alkyl or halo-substituted(C,.¢)alkyl optionally substituted
with -OR!"!, -SR", -S(O)RY, -S(O),R!!, -C(O)R"}, -C(O)ORY, -NR"R?,
-NR"‘C(O)ORll -C(O)NR”R" -S(C))zNR"R12 -NR2C(O)NR'R" or

| -N?R'ZC(NR“‘)NR“R12 wherein R is hydrogen, (Cy.¢)alkyl,

(Cs.1p)cycloalkyl(Coalkyl, hetero(C3_|-,)cycloalkyl(Co,a)alkyl

15 ' (Cﬁ.u)aryl(CM)alkyl or hetero(Cs.p)aryl(CM)alkyl and R is hydrogen or
(Cl s)alkyl or (ii) (C;_lz)cycloalkyl(CM)alkyl
hetero(C;,.n)cycloalkyl(Co_3)a]ky1, (Cm)afyl(Caa)aJkyl,
hetero(Cs.aryl(Cosalkyl, (Cs.i)polycycloaryl(Co3alkyl or
hetero(C&,zmolywcloml(q3)ﬂMl opnonally substituted with R,

20 XSORB, -X°SRB, -S(O)R®, -S(O),R", -C(O)R", -C(C))OR13

' -X5NR13R14, _XSN'RHC(O)OR]S’ _C(O)NRBRM’ _S(O)ZNRIJRM’

-NR¥C(O)NRPR™ or -NR¥C(NR')NR'’RY, wherein X* is a bond or
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methylene, RP is (C},g)cyéloalkyl(CM)alkyl,
hetero(C; 1 )cycloalkyl(Co)alkyl, (Cso)aryl(Cos)alkyl,
hetero(Cs.;2)aryl(Co.a)alkyl, (Cy  2)polycycloaryl(Cys)alkyl or
hetero(C; ;p)polycycloaryl(C, 3)alkyl and R is hydrogen or (C, ¢)alkyl, or
(iii) together with R* when X* is -=CHR®- forms trimethylene, tetramethylene or
phenylene-1,2-dimethylene, optionally substituted with 1 to 2 of hydroxy,
ox0, (C,4)alkyl or methylene; wherein any 1 to 3 annular atoms of any
aromatic ring with available valences comprising R® are optionally
independently substituted with halo, nitro, cyano, (C,_¢)alkyl,
halo-substituted(C, ¢)alkyl, -OR*, -C(O)R", -C(O)OR’S; -C(O)NRRY,
-S(0),NRPR?, -X°NR*R*, -X°NR"C(O)ORY, -XSNRISC(O)NR-ISRISIOI‘
“XSNRSC(NRENRRY, wherein X3 is as defined above and each RS
independently is hydrogen or (C, ¢)alkyl, and |
R js hydrogen or (C, 4)alkyl;
R and R’ are independently hydrogen, (C, ¢)alkyl or as defined above; and
RS is -XSX'R'S, wherein X® is -C(O)- or -S(0),-, X" is abond, -O-or
-NR'-, wherein RY” is hydrogen or (TCi_s)alkyl', and R is (i) (C,¢)alkyl or
halo-substituted(C, ¢)alkyl optionally substituted with -OR, -SR", -S(O)RY,
-S(0);RY, -C(O)R!, -C(O)ORY, -NR¥R2, -NR>C(O)OR", -C(O)NR''R?,
-NR2C(O)NR!R" or -NRP?C(NR')NR'R", wherein R" and R™ are as defined
above, or (ii) (Cs¢)cycloalkyl(Cy.5)alkyl, hétero(Ca_s)cycloalkyl(CM)alkyl,
(Cﬂz)aryl(CM)alkyl, hetero(Cs.12)aryl(Cos)alkyl, '(.Co-u)POIYCYCIOaTYl(Co-s)alkyl or
hetero(Cg ,.)polycycloaryl(Cy.;)alkyl optionally substituted with 1 to 2 of -R13,
-X50R", -X5SR%, -S(O)R”, -S(O).R%, -C(O)OR”’, -XSNRI*R¥,
-X°NR¥C(O)OR", -C(O)NRPRY, -NRMC(O)NR“R™ or
-NRM“C(NR™)NRPR™, wherein X°, R!? and R!* are as defined above; wherein any
1 to 3 annular atoms of any aromatic ring with available valences comprising R!6

optionally independently are substituted with halo, nitro, cyano, (C, ¢)alkyl,

“ halo-substituted(C, ¢)alkyl, -OR, -C(O)R', -C(O)ORY, -C(O)NR“RY,
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| _S(0);NRURY, -X*NRIRY, -X*NRI*C(O)OR, -X*NRIC(O)NR R or

-XSNR‘SC(NRis)NRISR‘S, wherein X? ahd R% are as deﬁned above;

R? is hydrogen or (C,Qalkyl or as defined below; |

R? is hydrogen, (C,. l(,)alkyl or as defined below, and

R*is (i) hydrogen, (ii) (C,¢)alkyl or halo-substltuted(C, s)alkyl optmnally substituted
with - R”, -SRY, -S(O)RY, -S(O)R", -C(O)RY, - -C(O)OR', -NR"R”,

-NR2C(0)OR!, -C(O)NR!'RY, NR"C(O)NR”R12 or - NR”C(NR”)NR"RH, wherein

R and R*? are as defined above, or (iii) (C. u)cycloalkyl(CM)alky]
hetero(C;.;z)cycloalkyl(Cy.z)alkyl, (Cs-lz)afyl(caa)alkyl hetero(C;. lz)aryl(co.a)a]kyl
(sz)polycycloaryl(CM)alkyl or he_tero(Cg.,z)polycycloaryl(CM)alky} optionally substituted
with -R, -X°OR 3, -X*SR?, -S(O)R", -S(O)R", -C(O)OR", -XSNR“R“,
-XSNR“C(O)ORY, _C(O)NRISRM’ _N'RMC(O)NRISRM or _NRMC(NRl{)NRBRu’
wherein X5, R" and R™ are as defined above or (iv) together with R*forms trimethylene,
tetraniethylene or phenylenc—l,Z—dimethyléne, optionally _su_b‘stit_hted with hydfoxy, oxo, (C,.
Dalkyl or methylene or (v) together with R? forms ethylene, trimethylene or tetramethylene;
wherein any 1 to 3 annular atoms of any aromatic ring with available valences comprising R*
optionally independently are substituted witﬁ halo, nitro, cyano, (C,¢)alkyl,
halo-substituted(C, ¢)alkyl, -OR", -C(O)R’,’, -C(O)OR'S, -C(O)NR“R",
_S(O),NRMR", -X’NRIRY, -XSNR‘SC(O)OR‘s, -XSNR‘j(;(O)NRiSR" or
SONRPC(NR¥NRPRY, whereiﬂ X5 and RY are as defined abo_vle; or an N-oxide
derivative, prodrug derivative, individual isomer and mixtures of isomers; or a

pharmaceutically acceptable salt thereof, but excluding compounds of the formula

R’ R°

H N
Rl 1\ N)QN/N% '
H
6]

R> R4

in which R® and R* are each hydrogen or (C,_)alkyl, or together with the carbon atom to
which they are both attached form (Cs.s)cycloalkylene; R? is hydrogen or (C, ¢)alkyl; R® is
(Cg.12)aryl(C, oalkyl, hetero(Cs.1,)aryl(C,.¢)alkyl, (C,s)alkyl or cyclohexylmethyl; and RMis
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C(O)R™ wherein R" is hetéifa(ca_lz)cycloalkﬁ%':(cf,,g)aryl(c‘;i-’)élkyl or hetero(Cs,;»)aryl(Cy.
oalkyl. '

In another particular embodiment, the present invention relates to the use of a

compound of Formula (IH):
R2
L gN
g s
N
R3
@
in which:

R! is a group of Formula (a) or (b):-

-R6 .
6 2 - 3 2
R \N/ X\Xl’§ R7/N\X4,X\N,X\X1/§
| |
(@ : ®)

wherein:
- X!'and X3 indepenﬂently are -C(0)- or -S(0),-,
X2 is -CR®R®-, -CH,CR®R’- or -CR®R°CH,- and X* is -CHR-,
-CH,CHR ¥- or -CHR°CH,-, wherein:

R® is hydrogen or (C; ¢)alkyl,

Ris (i) (C,.¢)alkyl or halo-substituted(C,_g)alkyl optionally substituted
with -ORY, -SRY, -S(O)R", -S(O),R!!, -C(O)RY, -C(O)ORY, -NR!'R"?,

- -NRC(O)OR", —C(O)NR"R”, S(O)gNRuRu, -NR”C(O)N.R"R12 or

-NR2C(NR'?)NR''R™?, wherein R" is hydrogen, (C,.¢)alkyl,
(Cs.12)cycloalkyl(Cy 3)alkyl, hetero(C,_;;)cycloalkyl(Cy 5)alkyl,
(Ce.12)aryl(Cy 3)alkyl or hetero(Cs.,,)aryl(Co.;)alkyl and R* is hydrogen or
(Cy.9alkyl, or (ii) (Cs,o)cycloalkyl(Cy 5)alkyl,
hetero(Cs.))cycloalkyl(Cos)alkyl, (Ce.ro)aryl(Co)alkyl,
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hetero(Cs.1-)aryl(Cy.a)alkyl, (Cs rapolycycloaryl(Cos)alkyl or
hetero(Cs.;.)polycycloaryl(Cy ;)alkyl optionally substituted with -R”,
-X0RP, -X5SR", -S(O)RY, -S(0).R3, -C(O)R'3, -C(O)OR",
-X5NRFRM, -XNRMC(O)OR"Y, -C(O)NR*R", -S(0),NR"R",
-NRMC(O)NRR " or -NR*C(NR“)NRR", wherein X° is a bond or
methylene, R is (C,.1o)cycloalkyl(Cy.5)alkyl,
hetero(Cs.jp)cycloatky}(Cos)alkyl, (Ce12)aryl(Cos)alkyl,
hetero(Cs.;2)aryl(Cy.5)alkyl, (Cy.12)polycycloaryl(Co.s)alkyl or
hetero(Cs;2)polycycloaryl(Cy 3)alkyl and R'* is hydrogen or (C,.¢)alkyl, or
(iii) together with R® when X? is -CHR’- forms trimethy.lene,- tetramethylene or
phenylene-1,2-dimethylene, optionally substituted with 1 to 2 of hydroxy,
oxo, (C,s)alkyl or methylene; wherein any 1 to 3 annular atoms of any
aromatic ring with available valences comprising R? are optionally
independently substituted with halo, nitro, cyano, (C,¢alkyl,
halo-substituted(C, g)alkyl, -OR, -C(O)RY, -C(O)OR', -C(O)NR¥R",
_S(O)zNRstls, XSNRSRY, -)CSNR‘5C(O)OR15,--XSNR’SC(O)NR“R’S or
“XSNRISC(NRNR R, wherein X? is as defined above and each R*
independently is hydrogen or (C; ¢)alkyl, and
RY is hydrogen or (C, Jalkyl;
RS and R” are independently hydrogen, (C, )alkyl or as defined above; and
RS is -XSX?R, wherein X? is -C(O)- or -8(0),-, X’ is a bond, -O- or
-NRY’-, wherein R!? is hydrogen or (C;.9)alkyl, and R is (i) (C,.¢)alkyl or
halo-substituted(C, ¢)alkyl optionally substituted with -OR', -SR", -S(O)R",
-S(O),R", -C(O)R!, -C(O)OR", -NR"R", -NR"’C(0O)OR", -C(O)NR'R",
"NRUC(O)NR'R'? or -NR’C(NR?)NR''R", wherein R'' and R" are as defined
above, or (ii) (Cs.¢)cycloalkyl(Cy s)alkyl, hetero(C; ¢)cycloalkyl(Co.5)alkyl,
(Cs.1)aryl(Co)alkyl, hetero(Cs.p2)aryl(Coa)alkyl, (Co.j2)polycycloaryl(Co)alkyl or
hetero(Cs.;.)polycycloaryl(Co s)alkyl optionally substituted with 1 to 2 of RB,
_XSOR™, -X’SRY, -S(O)R", -S(0),R?, -C(O)OR", -X’NR"R¥,
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ol

-XSNR“C(O)OR", -C(O)NR!*R*, —NR“C(O)NR"’R-” or
-NRUC(NR'*)NR¥R, wherein X>, R"® and R are as defined above; wherein any
1 to 3 annular atoms of any aromatic ring with available valences comprising R'
optionally independently are substituted with halo, nitro, cyano, (C, ¢)alkyl,
halo-substituted(C, ;)alkyl, -ORY, -C(O)R¥, -C(O)ORY, -C(O)NR¥R¥,
_S(0),NRUR, -XNR¥R, -X*NRPC(O)OR"S, -X*NREC(O)NR'R or
-X’NRPC(NRP)NRMRY, wherein X3 and R* are as defined above;
R? is hydrogen or (C, ¢)alky] or as defined below;
R is hydrogen, (C,.;)alkyl or as defined below; and
R*is (i) hydrogen, (ii) (C,¢)alkyl or halo-substituted(C,.¢)alkyl optionally substituted
with -OR!", -SR}, -S(O)RY, -S(O),R", -C(O)RY, -C(O)ORM, -NR!'R?,
NR®C(0)OR", -C(O)NR!'R", -NR¥C(O)NR'R* or -NR*C(NR™})NR!'R?, wherein
R and R are as defined above, or (iii) (C, ;5)cycloalkyl(Co.5)alkyl,
hetero(C; 1»)cycloalkyl(Co)alkyl, (Cs.12)aryl(Coz)alkyl, hetero(Cs.ip)aryl(Co)alkyl,
(Cs.12)polycycloaryl(Cy.)alkyl or hetero(Cs rp)polycycloaryl(Co)alky] optionally substitated
with -R, -XSOR", -X5SR™, -S(O)R", -S(O),R", -C(O)OR", -X*NR"R™,
-X’NRMC(O)OR ¥, -C(O)NR¥R¥, -NRMC(O)NR"R™ or -NR“C(N"R“)NR"”R“,
wherein X, R and R™ are as defined above or (iv) together Qvith R?forms trimethylene,
tetramcthylene-or phenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo, (C,.
4+)alkyl or methylene or (v) together with R? forms ethylene, trimethylene or tetramethylene;
wherein any 1 to 3 annular atoms of any aromatic ring with available valénces comprising R*
optionally independently are substituted with halo, nitro, cyano, (C, ¢)alkyl,
halo-substituted(C, )alkyl, -OR', -C(O)R"*, -C(O)OR", -C(O)NR'SR_15 ,
-S(O),NR*RY, -X5NRPRY, -XNRPC(O)OR", -X’NRPC(O)NR*R'S or
—XSNR'SC(Nkls)NR"R‘S, wherein X and R" are as defined above; or an N-oxide
derivative, prodrug derivative, individual isomer and mixtures of'isoﬁlers; ora

pharmacelitica]ly acceptable salt thereof, but excluding compounds of the formula
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R R?

in which R® and R* are each hydrogen or (C, galkyl, or together with the carbon atom to
which they are both attached form (:C;,,s)cycloa.lkylene;'Rs is hyd_rogen or (C,o)alkyl; R®is
(Cg.10aryl(C, ¢)alkyl, hetero(Cs_n)aryl(C,;,)a]kyl, (Cys)alkyl of cyclohexylmethyl; and R is
C(O)R'® wherein R'® is hetero(C; ;,)cycloalkyl, (Cs_lg)aryl(Co_s)é]kyl ér hetero(Cs_;,)aryl(C,.
oalkyl, in the manufacture of a medicament for treating a disease in an an'i‘:ﬁal in which

cathepsin S activity contributes to the pathology a'ndlor'symptomatology_ of the discase.
DETAILED DESCRIPTION OF THE INVENTION

Definitions:
Unless otherwise stated, the following terms used in the specification and claims are

defined for the purposes of this Application and have the méan‘ings given this Section:

“Alicyclic” means a moiety charactenzed by arrangement of the carbon atoms in
closed non-aromatic ﬁﬂg structur.e's.having pr_dperties resembling those of aliphatics and may.
be saturated or partially unsaturated with two or more double or triple bonds.

“Aliphatic” means a moiety characterized by straight or branched chain arrangement
of the constituent carbon atoms and may be saturated or partially unsaturated with two or
more double or triple bonds. R '

“Alkyl” indicated alone means a straiglit or branched, saturated or unsaturated
aliphatic radical having the number of carbon atoms indicated (e.g., (C..¢)alkyl includes
methyl, ethyl, pi'opyl, isopropyl, butyl; sec-butyl, isobutyl, tert-butyl, vinyl, allyl, 1-propenyl,
isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl, z-methyla]ly1, ethyny], 1-propynyl, 2-propynyl,
and the like). Alkyl indicated as part of a larger radical (e.g., as in arylalkyl) means a straight
or branched, saturated or unsaturated aliphatic divalent radical having the number of atoms

indicated or when 0 atoms are indicated means a bond (e.g., (Cp.3)alky! of
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(C3.1-_,)cycloalky!(Cm)alkyih:r-rgfe'ans a bond, -méiﬁylene, ethylet'.ié; trimethylene,
1-methylethylene, or the like). '

“Alkylene”, unless indicated otherwise, means a straight or branched, saturated or
unsaturated, aliphatic, divalent radical having the number of carbon atoms indicated (e.g.

- (C,¢)alkylene includes methylene (-CH;-), ethylene (-CH,CH,-), trimethylene

(-CH,CH,CHy,-), 2-methyltrimethylene (-CH,CH(CH;)CH,-), tetramethylene
(-CH,CH,CH,CH,-), 2-butenylene (-CH,CH=CHCH;-), 2-methyltetramethylene
(-CH,CH(CH,)CH,CH,-), pentamethylene (-CH,CH,CH,CH,CH,-) and the like). For
example, the instance wherein RS is hydrogen and R? taken together with R? forms optionally
substituted trimethylene is illustrated by the following:

SNB

| ..
Rll.l

in which R is an optional hydroxy or oxo group and X' and R are as defined in the Summary

_of the Invention.

“Alkylidene” means a straight or branched shturated. or unsaturated, aliphatic, divalent
radical having the number of carbon atoms indicated (e.g. (C,.¢)alkylidene includes methylene
(CH,), ethylidene (CHCH,), isopropylidene (C(CHj),), propylidene (CHCH,CH,),
allylidene (CHCHCH,), and the like).

“Amino” means the radfcal -NH.. Unless indicated otherwise, the compounds of the
invention containing amino moieties include protected derivatives thereof. Suitable protecting
groups for amino moieties include acetyl, zert-butoxycarbonyl, bcnzyloxycarbonyl, and the
like.

“Animal” includes humans, non-human mammals (e.g., dogs, cats, rabbits, cattle,

horses, sheep, goats, swine, deer, etc.) and non-mammals (e.g., birds, etc.).
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“Aryl” means a monocyclic or bicyclic ring -assembly- (fused or linked by a single
bond) containing the total number of ring carbon atoms indicated, wherein each ring is
comprised of 6 ring carbon atoms and is aromatic or when fused with a second ring forms an
aromatic ring assembly. For example,(Cs.2)aryl includes phenyl, naphthyl and biphenylyl.

“Aromatic” means a moiety wherein the constituent atoms make up an unsaturated
ring systerﬁ, all atoms in the ring system are sp2 hybridized and the total number of pi
electrons is equal to 4n + 2.

“Carbamoyl” means the radical -C(O)NH,. Unless indicated otherwise, the .
compounds of the invention containing carbamoylmoieties inciude protected derivatives -
thereof. Suitable protecting groups for carbamoyl moieties include ace;ty], . _
tert-butoxycarbonyl, benzyloxycarbonyl, and the like and both the unprotected and protected
derivatives fall within the scope of the invention.

“Carboxy” means the radical -.C(O)OH; Unless iﬁdicated otherwise, the compounds
of the invention containing carboxy moieties include protected derivatives thereof. Suitable
protecting groups for cafboxy moieties include benzyl, tert-butjl, and the like.

“Cycloalky]l” means a saturated or péﬂi_#lly unsaturated, monocyclic ring, bicyclic ring

assembly (directly linked by a single bond or fused) or bridged polycyclic ting assembly

containing the number of annular carbon atoms indicated, and any carbocyclic ketone,
thioketone or iminoketone derivative thereof (e.g., (Cs.jp)cycloalkyl includes cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, 2,5-cyclohexadienyl, bicyclohexylyl,
cyclopentylcyclohexyl, bicyclo[2.2.2]6ctyl, adamantan-1-yl, decahydronaphﬂlalényl,
oxocyclohexyl, dioxocyclohexyl, thiocyclohexyl, 2-oxobicyclo[2.2.1Jhept-1-yl, etc.).
“Cycloalkylene” means a saturated or partially unsaturated, monocyclic ring or
bridged polycyclic ring assembly containing the number of annular carbon atoms indicated,
and any carbocyclic ketone, thioketone or iminoketoné derivative thereof. For example, the
instance wherein R® and R’ together with the carbon atom to which both R® and R® are

attached form (C, g)cycloalkylene” includes, but is not limited to, the following:
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R’ R7

~

in which X' and R” are #s defined in the Summary 61_‘ the Invention.

“Disease” specifically in.c_ludes any unhealthy condition of an animal or part thereof
and includes an unhealthy condition which may Be caused by, or incident to, inédical or
veterinary therapy apphed to that ammal i.e., the "side effects" of such therapy.

“Guanidino” means the radlcal -NHC(NI-DNH-, Unless indicated otherw1se, the
compounds of the invention contammg guamdmo moieties mclude protected derivatives
thereof. Suitable protecting groups for amino moieties include acetyl, terz-butoxycarbonyl,
benzyloxycarboﬁyl, and the like.

“Halo” means ﬂuoro, chloro, bromo or iodo.

“Halo-substituted alkyl”, as a group or part of a group, means alky]” substltuted by
one or more “halo” atoms, as such terms are defincd in this Apphcatlon Halo—substxtuted
alkyl includes ha]oalky] dlhaloalkyl tnhaloalkyl perhaloalkyl and the like (e.g.
halo-substituted (C,.3)alkyl includes chloromethy], dicloromethyl, difluoromethyl,
hiﬂmomethyl, 2,2,2-trifluoroethyl, perfluoroethyl, 2,2,2-trifluoro-1,1-dichloroethyl, and the
like). | L )
“Héteroaryl” .xlneans aryl, as defined in this Application, provided that one or more of
the ring member carbon atoms indicated, is replaced by heteroatom moiety selected from
-N, -NR-~, -O- or -S-, wherein R is hydrogen, (C, ¢)alkyl or a protecting group, and each
1ing contained therein is comprised of 5 to 6 ring member atoms. For example,
hetero(Cs.,z)aryl as used in this Application includes benzofuryl, benzooxazolyl,
benzothiazolyl, [2,4Tbipyridinylyl, carbazolyl, carbolinyl, chromenyl, cinnolinyl, furazanyl, furyl,
imidazolyl, indazolyl, indolyl, indolizinyl, isobenzofuryl, isochromenyl, isooxazolyl, isoquinolyl,
isothiazolyl, naphthyridinyl, oxazolyl, perimidinyl, 2-phenylpyridyl, phthalazinyl, pt-en'dinyl,
purinyl, pyrazinyl, pyradazinyl, pyrazolyl, pyridyl, pyrimidinyl, pyrrolizinyl, pyrrolidinyl,

pyrrolyl, pyranyl, quinazolinyl, quinolizinyl, quinolyl, quinoxalinyl, tetrazolyl, thiazolyl,
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4-thiazol-4-ylphenyl, thienyl, xanthenyl, and the like. Suitabie protecting groups include
tert-butoxycarbonyl, benzyloxycarbonyl, benzyl, 4-methoxybenzyl, 2-nitrobenzyl, and the
like. | |

“Heterocycloalkyl” means cycloalkyl, as defined herein, provided that one or more of
the ring member carbon atoms indicated is replaced by heteroatom moiety selected from -N;,
-NR-, -O-, -S- or -S(O),, wherein R is hydrogen, (C,.¢)alkyl or a protecting group, and any
carbocyclic ketone, thioketone or iminoketone derivative thereof (e.g. the term
hetero(Cs_jp)cycloalkyl includes [1,4Tbipiperidinylyl, dihydrooxazolyl,
morpholinyl, 1-morpholin-4-ylpiperidinyl, piperazinyl, piperidyl, piraiolid:inyi, pirazoliny],
pyrrolinyl, pyrrolidinyl, quinuclidinyl, and the iike). Suitable protectin;g groups include
tert-butoxycarbonyl, benzyloxycarbonyl, benzjl, 4—_methoxybenz&l,'2-nitrobenzy1, and the

- like. For example, a compound of Formula I wherein R' is piperidin-4-ylcarbonyl may exist

as either the unprotected or a protected derivative, -'e.g. wherein R!is

: 1-ten-butoxycarbonylpiperidin-‘4-ylcarboﬁyl, and both the unpmtectéd and protected

derivatives fall within the scope of the invention.

“Heterocycloalkylene” means cycloalkylene, as defined in this Application, provided
that one or more of the ring member carbon atoms md:cated, is replaced by heteroatom
moiety selected from -N;, -NR-, -O-, -S- or -S(O), , wherein R is hydrogen or (C,.ﬁ)alkyl
For example, the instance wherein R and R* together with the carbon atom to which both R?

and R* are attached form hetero(C;. 8)cycloa1kylene mcludes but is not limited to, the
following: :

2 --2-. 2

”@ okioli

X (ﬁ\

_CN

in which R is hydrogcn,' (C,.¢)alkyl or a protecting group and R? is as defined in the Summary
of the Invention. '
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. H

“Heteropolycycloaryl” means polycycloaryl, as deﬁné&'herein, except one or more of
the annular carbon atoms indicated are replaced by a heteroatom moiety selected from -IN;,
-NR-, -O-, -S- or -S(0),-, wherein R is hydrogen, (C, ¢)alkyl or a protecting group, and any

carbocyclic ketone, thioketone or iminoketone derivative thereof

(e.g., hetero(Cg.;»)polycycloaryl includes 3,4-dihydro-2H-quinolinyl,

5,6,7,8-tetrahydroquinolinyl, 3,4-dihydro-2H-[1,8]naphthyridinyl, morpholinylpyridyl,
piperidinylphenyl, 1,2,3.4,5,6-hexahydro-[2,2'Tbipyridinylyl, _
2,4-dioxo-3,4-dihydro-2H-quinazolinyl, 3-ox0-2,3-dihydrobenzo[1,4Joxazinyl, etc.).
' “Heteroatom moiety” includes -N;, -NR-, -O-, -S- or -S(0),-, wherein R is
hydrogen, (C,)alkyl or a protecting group. .
“Hydroxy” means the radical <OH. Unless indicated otherwise, the compounds of the

invention containing hydroxy radicals include protected derivatives thereof. Suitable

‘protecting groups for hydroxy moieties include benzyl and the like. For example, a compound

of Formula I wherein the R® contains a hydroxy moiety exist as either the unprotected or a -

protected derivative, e.g., wherein R® is benzyloxybenzyl, and both the unprotected and

protected derivatives fall within the scope of the invention.

“Iminoketone derivative” means a derivative containing the moiety -C(NR)-, wherein
R is hydrogen or (C, ¢)alkyl.
“Isomers” mean compounds of Formula I having identical molecular formulae but

differ in the nature or sequence of bonding of their atoms or in the arrangement of their atoms

- in space. Isomers that differ in the arrangement of their atoms in space are termed “stereo

isomers”. Stereo isomers that are not mirror images of one another are termed
“diastereomers” énd stereo isomers that are nonsuperimposable mirror images are termed
“enantiomers” or sometimes “optical isomers™. A carbon atom bonded to four nonidentical
substituents is termed a “chiral center”. A compound with one chiral center has two
enantiomeric forms of opposite chirality is termed a “racemic mixture”. A compound that has
more than one chiral center has 2! enantiomeric pairs, where n is the number of chiral
centers. Compounds with more than one chiral center may exist as ether an individual

diastereomer or as a mixture of diastereomers, termed a “diastereomeric mixture”. When one
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chiral center is present a stereoisomer may be characterized by the absolute configuration of
that chiral center. Absolute configuration refers to the arrangement in space of the substituents
attached to the chiral center. Enantiomers are characterized by the absolute configuration of
their chiral centers and described by the R- and S-sequencing rules of Cahn, Ingoid and

Prelog. Conventions for stereochemical nomenclature, methods for the determination of

stereochemistry and the separation of stereo isomers are well known in the art (e.g., see

~ “Advanced Organic Chemistry”, 3rd edition, March, Jetry, John Wiley & Sons, New York,

1985). It is understood that the names and illustration used in this Application to describe
compounds of Formula I are meant to be encompassed all possible stereo isomers. Thus, for
example, the name 1-(1-cyano-1-methylethylcarbamoyl)-3-methy.]butyicarbamate is meant to
include 15-(1-cyano-1-methylethylcarbamoyl)-3-methylbutylcarbamate and 1R-(1-cyano-
1-methylethylcarbamoyl)-3-methylbutylcarbamate and any mixture, racemic or otherwise,
thereof.

“Ketone derivative” means a derivative containing the moiety -C(O)-.

“Methylene” means the divalent radical -CH,- or CHy, wherein its free valances can .
be attached to different atoms or the same atom. For example, the instance wherein R’

together with R? forms trimethylene substituted methylene includes the following: .

1'1” Ell _
in which X! and R are as defined in the Summary of the invention, and may be referred to as
2,2-methylene and 1,2-methylene, respectively.
" “Nitro” means the radical -NO,.
“Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the‘
event or circumstance occurs and instances in which it.does not. For example, the phrase

"any 1 to 3 annular atoms of any aromatic ring with available valences comprising R®

optionally independently is substituted” means that the aromatic ring referred to may or may
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not be substituted in order tgifall within the S;;pe of the invé;iﬁon.

“N-oxide derivatives” means a derivatives of compound of Formula I in which
nitrogens are in an oxidized state (i.e., O-N) and which possess the desired pharmacological
activity.

“Ox0” means the radical O. -

“Pé\thology” of a disease means the essential nature, causes and development of the
disease as well as the structural and functional changes that result from the disease processes.

“Pharmacentically acceptable” means that which is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable and includes that which is acceptable for veteﬁn.ary use as well as
human pharmaceutical use.

“Pharmaceutically acceptable salts” means salts of compounds of Formula I which are
pharmaceutically acceptable, as defined above, and which possess the desired
pharmacological activity. Such salts include acid addition salts formed with inorganic acids
such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and
the like; or with organic acids such as acetic acid, propionic acid, hexanoic acid, heptanoic
acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid,
succinic acid, malic acid, maleic acid, fumaric acid, tartatic acid, citric acid, benzoic- acid,
o-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, madelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, p-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, p-toluenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclof2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic
acid, 4,4’-methylenebis(3-hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid and the like.

Pharmaceutically acceptable salts also include base addition salts which may be
formed when acidic protons present are capable of reacting with inorganic or organic bases.
Acceptable inorganic bases include sodium hydroxide, sodium carbonate, potassium

hydroxide, ammonium hydroxide, aluminum hydroxide and calcium hydroxide. Acceptable
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organic bases include ethanolamine, diethanolamine, triethanolamine, tromethamine,

- N-methylglucamine and the like.

“Phenylene-1,2-dimethylene” means the divalent radical -CH2C6H4CH2 , Wherein the
methylene moieties are attached at the 1- and 2-positions of the phenylene moiety. For
example, a group of Formula (a)_, wherein R® together with R” form optionally substituted
phenylene-.l,z-dimethylene is illustrated by the following formula: - -

in which R is an optional hydroxy or (C;_s)alkyl group and X' and R" are as defined in the
Summary of the Invention. _ :
“Polycycloaryl” means a bicyclic ring assembly (directly linked by a single bond or

fused) containing the number of ring member carbon atoms indicated, wherein at least one,

but not all, of the fused ﬁngs comprising the radical is aromatic, and any carbocyclic ketone,

thioketone or iminoketone derivative thereof (e.g., (Cs.;2)polycycloaryi includes indanyl,
indenyl, 1,2,3,4-tetrahydronaphthalenyl, 1,2-dihydronaphthalenyl, cyclohexylphenyl,
phenylcyclohexyl, 2,4-dioxo-1,2,3,4-tetrahydronaphthalenyl, and the like).

o "Prodrug” means a compound which is convertible in vivo by metabolic means (e.g.
by hydrolysis) to a compound of Formula (). For example an ester of a compound of
Formﬁla () containing a hydroxy group may be convertible by hydrolysis in vivo to the parent
molecule. Alternatively an ester of a compound of Formula (I) containing a carboxy group
may be convertible by _
hydrolysis in vivo to the parent molecule. Suitable esters of compounds of Formula (I)
containing a hydroxy group, are for example acetates, citrates, lactates, tartrates, malonates,
oxalates, salicylates, propionates, succinates, fumarates, maleates,

methylene-bis-b-hydroxynaphthoates, gentisates, isethionates, dl-p—toluoyltam'ates
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methanesulphonates, emanééiilphoﬂates, beniéﬁesulphonates,;Ef')-'to]uenesulphonates,

cyclohexylsulphamates and quinates. Suitable esters of compounds of Formula (I) containing

a carboxy group, are for example those described by F.J.Leinweber, Drug Metab. Res.,

1987, 18, page 379. An especially useful class of esters of compounds of Formula (T)
containing a hydroxy group, may be formed from acid moieties selected from those described
by Bundgaard et. al., J. Med. Chem., 1989, 32, page 2503-2507, and include substituted
(aminomethyl)-benzoates, for example, dialkylamino-methylbenzoates in which the two alkyl
groups may be joined together and/or interrupted by an oxygen atom or by an optionally
substituted nitrogen atom, e.g. an alkylated nitrogen atom, more especially
(morpholino-methyl)benzoates, e.g. 3- or 4—(morpholinomethyl)-benzc;ates,-and
(4-alkylpiperazin-1-yl)benzoates, e:g. 3- or 4-(4-alkylpiperazin-1-yl)benzoates.

“Protected derivatives” means derivatives of compounds of Formula I in which a
reactive site or sites are blocked with protecting groups. Protected derivatives of compounds
of Formula I are useful in the preparation of compounds of Formula I or in themselves may be
active cysteine protease inhibitors. A comprehensive list of suitable protecting groups can be
found in T.W. Greene, Protecting Groups in Organic Synthesis, John Wiley & Sons, Inc.
1981. '

- “Therapeutically effective amount” means that amount which, when administered to an
animal for treating a disease, is sufficient to effect such treatment for the disease. - -

“Thioketone derivative” means a derivative containing the moiety -C(S)-.

“Treatment” or “treating” means any administration of a compound of the present
invention and includes: : '

(1)  preventing the disease from occutring in an animal which may be predisposed to the
disease but does not yet experience or display the pathology or symptomatology of the
disease, '

(2)  inhijbiting the disease in an animal that is experiencing or displaying the pathology or
symptomatology of the diseased (i.e., arresting further development of the pathology and/or
symptomatology), or

3) ameliorating the disease in an animal that is experiencing or displaying the pathology or
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symptomatology of the diseased (i.e., reversing the pathology' and/or symptomatology).

“Ureido” means the radical -NHC(O)NH,. Unless indicated otherwise, the
compounds of the invention containing ureido moieties include protected derivatives thereof.
Suitable protecting groups for ureido moieties include acetyl, tert—butoiycarbonyl,
benzyloxycarbonyl, and the like. For example, a compound of Form(lla I wherein the R®
contains an ureido moiety may exist as either the unprotected or a protected derivative and
the like, and both the unprotected and protected derivatives fall within the scope of the

invention.

Presently Preferred Embodiments:

While the broadest definition of the invention is set forth in the Summary of the
Invention, certain aspects of the invention are preferred. Preferred are compounds of
Formula Iin which: '

R! represents a group of Formula (a) wherein within Formula (a):

X! is -C(0)- |

R represents hydrogen or (C,.¢)alkyl, preferably hydrogen;

R’ represents hydrogen or methyl, preferably hydrogen,

R? represents (i) (C,.¢)alkyl optionally substituted with -OR', -SR", |

-S(O)RY, -S(O),R¥, -C(O)R", -C(O)ORY, -OC(O)R™, -NR¥RY,

-NRBC(O)RY, -NR'*C(O)OR™, -C(O)NR¥RY, -S(0),NR"“RY,

-“NR¥C(O)NRMR” or -NRUCINR)NR¥RB, wherein R is _

(Cs.10)cycloalkyl(Co.g)alkyl, hetero(C;_,Q)cycloalkyl(Co_s)a]ky], (Ce.r0)aryl(Cog)alkyl,

hetero(Cs.jo)aryl(Co.0)alkyl, (Co.i0)polycycloaryl(Cos)alkyl or

hetero(Cg. 1p)polycycloaryl(Co)alkyl and R* is hydrogen or (Cy ¢)alkyl, and wherein

within R™ said cycloalkyl, heterocycloalkyl, aryl, heteroaryl, polycycloaryl or

heterpolycycloaryl ring optionally is substituted by a group selected from -R*,

-XP0R!S, -X3SRS, -X3S(O)R'6, -X3S(0).RY, -X*C(O)R!S, -X*C(O)OR',

-X30C(O)RY, -X*°NR“R"7, -X°NR'"C(O)R", -X*NR'"C(O)OR",

-X3C(O)NRRY, -X’S(0),NR“R"", -X3*NRY'C(O)NRR or
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.X3NR‘7C(NR'7)N1£3§1§'7, wherein XalS abond or (Cj;iélkyle'ne, RS is hydrogen or
(C,9alkyl and RY is (Cy)cycloalkyl(C, g)alkyl, hetero(Cs ;p)cycloatkyl(Cy ¢)alkyl,
(Ce.10)aryl(Co g)alkyl, hetero(Csw_)aryl(Co.ﬁ)alkyl, (Cs.i0)polycycloaryl(Cog)alkyl or
hetero(Cg ;o)polycycloaryl(Cgy¢)alkyl, or (ii) a group selected from
(Cs.10)cycloalkyl(Cyg)alkyl, hetero(Cs.jo)cycloalkyl(Co.g)alkyl, (Ce0)aryl(Co.q)alkyl,
hetero(Cs.io)aryl(Ca.Jeikyl, (Cs.o)polyeycloaryl(Cogalkyl and
hetero(Cs_;g)polycycloaryl(Cy ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a
group selected from -R'S, -X30R!S, -X3SRS, -X3S(O)R'S, -X3S(0).RS,
-X3C(O)R', -X?C(O)OR ', -X?0OC(O)R, -X*NR!R"", -X3NR':’C(O)R“,
-X*NR"C(0)OR'S, -X3C(O)NR R, -X3S(0),NR'R"?, -X*NR''C(O)NR!*R" or
-X3NRPC(NR)NRRY, wherein X3, R'® and R' are as defined above; wherein
within R® any alicyclic or aromatic ring system present may be substituted further by 1
to 5 radicals independently selected from (C, ¢)alkyl, (C, ¢)alkylidene, cyano, halo,
halo-substituted (C, j)alkyl, nitro, -X’NRR", -X°NR"C(O)OR",
-X3NRC(O)NRRY, -X>NRPC(NR'?)NR'’R?, -X*0R", -X3SR"?, -
-X*C(O)OR", -X’C(O)NRR "™, -X3S(0),NR?R", -X?P(O)(OR*OR®,
-X?0P(0)(OR*OR", -X*0C(O)R?, -X*NRC(O)R", -X>S(O)R", -X3S(0O),R"
and -X*C(O)R'3, wherein X3 is as defined above, R at each occurrence
independently is hydrogen, (C,¢)alkyl or halo-substituted (C, ;)alkyl and R is
(C,.¢)alkyl or halo-substituted (C,_j)alkyl; and

R represents -X*X°R8, wherein X" is -C(Q)- or -S(0),-, X’ is a bond, -O-
or -NR'-, wherein R* is hydrogen or (Cl_s)alkyl, and R™ is (i) (C,0)alkyl or
(i) (Cayp)cycloalkyl(Cy 6)alkyl, hetero(Cs yr)cycloalkyl(Cy.¢)alkyl,
(Ce12)aryl(Cy 9alkyl or hetero(Cs 1)aryl(Cog)alkyl or (iii) (C; ¢)cycloalkyl(Cyg)alkyl,
hetero(C; ¢)cycloalkyl(Cy¢)alkyl, phenyl(Cy.)alkyl or hetero(Cs.¢)aryl(Co )alkyl,
wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by
-X°0R*,-X°C(O)R*, -X°C(O)OR?, -X’C(O)NR*R%, -X’NR*R%,
-X°’NR*C(0)R%, -X’NR*C(0)OR*, -X’NR¥C(O)NR¥R? or
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-X°NRZC(NR¥)NR*R*, wherein X° is a bond or (C,._s)alkylene, R#is
(C)cycloalkyl(Cosalkyl, hetero(C; g)cycloalkyl(Co.s)alkyl, phenyl(Co.)alkyl or
hetero(C; ¢)aryl(Cy s)alkyl and R® is hydrogen or (C, g)alkyl, wherein within R" any
alicyclic or aromatic ring system present may be substituted further by 1 to 5
substituents independently selected from (C; ¢)alkyl, halo, halo-substituted (Cu)alkyl,

-OR”, -X3SR'?, -C(0O)OR™ and -X’NR*C(O)OR'?, wherein X3 is a bond or

(C,.¢)alkylene and R is hydrogen or (C, galkyl.

Within Formula (a), R® particularly represents -X*X°R'8, wherein X* is -C(0)- , X*
is a bond and R is (i) (C;.12)cycloalkyl(Cy.¢)alkyl, heiero(C;,Qcycloalkyl(%alkyl,
(Cs.12)aryl(Cy g)alkyl or hetero(Cs 12)aryl(Co.s)alky! or (ii) phenyl(CM)aikyl or
hetero(Cs ¢)aryl(Co ¢)alkyl, wherein said phenyl or heteroaryl is substituted by
-X°0R*,-X°C(O)R*, -X°C(O)OR*, -X°C(O)NR*R?, -X°NR¥R*, -X°*NR*C(O)R%,
X°NR¥C(O)OR?, -X’NRZC(O)NR¥R? or -X’NRFC(NR*)NR*R%, wherein X is a
bond or (C, ¢)alkylene, R* is phényl(CM)alkyl or hetero(Cs_¢)aryl(Cy ¢)alkyl and R* is
hydrogen or (C,¢)alkyl, wherein within R* aﬁy aromatic ring system present may be
substituted further by 1 to 5 substituents ihdependently selected from (C, ¢)alkyl, halo,
halo-substituted (C, 4)alkyl, -OR", -X°SR%, I-'C((_))OR“ and.-X*NR"2C(O)OR*? wherein
X?is a bond or (C,.g)alkylene and R™ is hydrogen or (C,.o)alkyl.

Within Formula (a), R!! more particularly represents benzoyl, furylcarbonyl,
phenyloxybenzoyl, pyridylthienylcarbonyl, benzoylbenzoyl, thienylcarbonyl,
morpholinylcarbonyl, phenyluriedobenzoyl, cyclohexenylcarbonyl or piperazinylcarbonyl,
wherein within R!! any aromatic ring system present may be substituted further by 1 to 2
substituents independently sélected from (C; g)alkyl, zert-butoxycarbonylamino,
tert-butoxycarbonylaminomethyl, bromo, chloro, cthoiy, fluoro, hydroxy, methoxy and
methylsulfanyl.

Within Formula (a), R® particularly represents (i) (C,.¢)alkyl optionally substituted with
-OR" or-SR', wherein R is (%)cydoalkyl(%alkyl, phenyl(Cq oalkyl,
biphenylyl(Cy.¢)alkyl or hetero(C;.¢)aryl(Cy g)alkyl, or (ii) a group selected from
(Cs.¢)cycloalkyl(Cy ¢)alkyl, phenyl(Coy¢)alkyl, biphenylyl(C, ¢)alkyl or
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hetero(Cs_;o)aryl(Cy.¢)alkyl; wherein within R® any alicyclic or aromatic ring system present
may be substituted further by 1 to 5 radicals independently selected from (C, 5)alkyl,
(C.¢)alkylidene, cyano, halo, halo-substituted (C,_,)alkyl, nitro, -X>NR!?R!?,
-X’NRUC(O)OR”, -X’NRC(O)NR?R™, XNREC(NR2)NRR 2, -X?0R, -X?SRY?,

5 -X’C(O)OR, -X*C(O)NRZRY, -X3S(0),NR*R"?, -X*P(O)(OR*)OR",
-X“OP(O)‘(OR3)ORl 2 XP0C(O)R™, -X*0C(O)RP, -X3NRC(O)R?, -X’>S(O)R",
-X38(0),R" and -X3C(O)R'3, wherein X3 is a bond or (C,¢)alkylene, R'? at each
occurrence independently is hydrogen, (C;.s)alkyl or halo-substituted (C, ;)alkyl and R' is
(C, 5)alkyl or halo-substituted (C,.;)alkyl. -

- 10 Within Formula (2), R® more particularly represents cyc]ohexyﬁnethyl, wherein said
cyclohexyl may be substituted by 1 to S radicals independently selected from (C,_4)alkyl,
(C,¢alkylidene or -X*>0OC(O)R", or phenylmethylsulfanylmethyl or phenylsulfanylethyl,
wherein said phenyl may be substituted by 1 to 5 radicals independently selected from
(C,.0)alkyl, cyano, halo, halo-substituted (C,4)alkyl, nitro, -OR'?, -SR'? and -C(O)OR",

15 wherein R" is hydrogen, (Cy.)alky] or halo-substituted (C, ;)alkyl and R* is (C,.s)alkyl or

- halo-substituted (C, ;)alkyl. _
Within Formula (a), R® more particularly presents a group having the following

- formnla:

20  in which qis O to 5 and R* at each occurrence is independently selected from (C, z)alkyl,
cyano, halo, halo-substituted (C,_,)alkyl, nitro, -OR'?, -SR!? and _—C(O)OR”, wherein R is
hydrogen, (C,.s)alkyl or halo-substituted (C, s)alkyl and R is (C,0alkyl or halo-substituted
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(C,.a)alkyl. o
Within Formula (a), R® preferably represents benzylsulfanylmethyl,

* 2-bromobenzylsulfanylmethyl, 2¥chlo;oben2yls_u1fany}, 2-(2-chlorophenylsulfanyl)ethyl,
cyclohexyl, 4-ethylidenecyclohexyl, 2-iodobenzylsulfanylmethyl, 2-methylbenzyisulfanylmethyl,

3-methyl-3-trifluorocarbonyloxycyclohexylmethyl, 4-methylenecyclohexylmethyl or
2-nitrobeniy1sulfanylmethy1. '

R? preferably represents hydrogen;

R3 preferably is hydrogen or (C,,)alkyl, typically hydrogen, or taken with R? together
with the carbon atom to which both R? and R* are attached form (C; g)cycloalkylene (e.g.
cy_clopropylehc or cyclohexylene). _ . .

R* preferably is hydrogen or taken with R3 toéether with the carbon atom to which
both R* and R* are attached form (C, g)cycloalkylene (e.g. cyclopropylene or cyclohexylene).

.Compounds of Formula II specifically include those in which R represents
(Co1)aryl(Co.dalkyl, hetero(Cs z)acyl(Co Jalkyl, -X*OR™, -X*SR™, -X'S(O)R™ or
-X*NRMR’, wherein X*is a bond or (C, ¢)alkylene, R is (Cq ;,)aryl(Coo)alkyl or
hetero(Cs.12)aryl(Cos)alkyl and R¥ is hydrogen or (C,.¢)alkyl, and wherein within R® said aryl
or heteroaryl ring optionally is substituted by 1 to 5 radicals independently selected from
(C,¢)alkyl, cyano, halo, halo-substituted (C14)alkyl, nitro, -X*NR?R??, -X*OR", |
-X*C(O)R'?, -X*SR', wherein X* is a bond or (C, ¢)alkylene, R at each occurrence
independently is hydrogen, (C; ¢)alkyl or halo-substituted (C13)2lkyl, and R® is (C,¢)alkyl or
halo-substituted (C,.s)alkyl. |

Compounds of Formula II particularly include those in which R’ represents benzyl,

benzyloxymethyl, benzylsulfanylethyl, benzylsulfémy]methyl, benzylsulfinylmethyl, indolylmethyl,

naphthylmethyl, phenethyl, phenoxyethyl, phenylamino, pyridylmethyl, pyridylsulfanylethyl,
phenylsulfanylethyl, thiazolyl or thienyl, wherein within R? the aromatic ring may be substituted
further by 1 to 5 radicals independently selected from (C,¢)alkyl, cyano, halo,
halo-substituted (C,.)alkyl, nitro, -X*NR?R"?, -X*0OR", -X*C(O)R"?, -X*SR'?, wherein X*
is a bond or (C, ¢)alkylene, R** at each occurrence indépendently is hydrogen, (C, ¢alkyl or
halo-substituted (C,.;)alkyl, and R'® is (C,.¢)alkyl or halo-substituted (C, ;)alkyl.
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Compounds of Formﬁla H more part.iﬂc‘;lllarly include tﬁose in which R® represents
4-aminobenzyl, benzyl, benzyloxymethyl, 2-benzylsulfanylethyl, benzylsulfanylmethyl,
2-bromobenzylsulfanylmethyl, 4-terz-butylbenzylsulfanylmethyl, 2-chlorobenzyl, '
4-chlorobenzyl, 2-chlorobenzylsulfanylmethyl, 4-chlorobenzylsulfanylmethyl,
2-(2-chlorophenylsulfanyl)ethyl, 4-cyanobenzyl, 3,4-dichlorobenzylsulfanylmethyl,
1,6-dichloi'obenzyl, 3,5-dimethylbenzylsulfanylmethyl, 2-fluorobenzyl, 4-fluorobenzyl,
2-fluorobenzylsulfanyimethyl, 1-formylindol-3-ylmethyl, indol-3-ylmethyl, '
2-iodobenzylsulfanylmethyl, 2-methylbenzylsulfanylmethyl, 3-methylbenzylsulfanylmethyl,
3-methylbenzylsulfanylmethyl, 4-methylbenzylsulfanylmethyl, 2-(2-methylphenylsulfanyl)ethyl,
4-methoxybenzyl, 4-methoxybenzylsulfanylmethyl, 4—methoxybenzy]s.ulfinylmethyl,
naphth-2-ylmethyl, naphth-2-ylmethylsulfanylmethyl, 3-nitrobenzyl,
1-nitrobenzylsulfanylmethyl, 2-nitrobenzylsulfanylmethyl, 3-nitrobenzylsulfanylmethyl,
4-nitrobenzylsulfanylmethyl, 4-nitrobenzyl, pentafluorobenzylsulfanylmethyl, phenylamino,
phenethyl, phenethyloxy, 2-phenoxyethyl, 2-phenoxyethyl 2-phenylsulfanylethyl,
pyrid-4-ylmethyl, pyrid-2-ylmethylsulfanylmethyl, pyrid-3-ylmethylsulfanylmethyl,
pyrid-4-ylmethylsulfanylmethyl, 2-pyrid-2-ylsulfanylethyl, 2-pyrid-4-ylsulfanylethyl,
thiazol-5-yl, thien-2-ylmethyl, 4-trifluoromethylbenzylsulfanylmethyl, |
3-trifluoromethylbenzylsulfanylmethyl, 3-trifluoromethoxybenzylsulfanylmethyl,
4-trifluoromethoxybenzylsulfanylmethyl or 4-trifluorosulfanylbenzylsulfanylmethyl,

Reference to the preferred embodiments set forth above is meant to include all
combinations of particular and preferred groups.

Further preferred are compounds of Formula I selected from a group consisting of:

N—(2—benzylsuifanyl-1R-cyanomethylcarbambylethyl)-4-‘hydroxybenzamide;

N-[2-(2-bromobenzylsulfanyl)-1R-cyanomethylcarbamoylethylJbenzamide;

N-[1R-cyanomethylcarbamoyl-2-(2-iodobenzylsulfanyl)ethylJbenzamide;

N-[1R-cyanomethylcarbamoyl-2-(2-cyanobenzylsulfanyl)ethylimorpholine-
4-carboxamide;

N-[3-(2-chlorophenylsulfanyl)-1R-cyanomethylcarbamoylpropyl]benzamide;

N-[1R-cyanomethylcarbamoyl-2-(2-nitrobenzylsulfanyl)ethylJmorpholine-
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4-carboxamide . _
N-[1R-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanyl)ethylJmorpholine-

4-carboxamide; and _ _ o ,
N-[1R-cyanomethylcarbar_noyl—_Z—(meethylbenzylsulfanyl_)ethyl']benzamide.

Phannacolagy. and Utility: . _

The compounds of the invention are cysteine protease inhibitors, in particular the
compounds of the invention inhibit the activity of cathepsins B, L. K and/or S and, as such,
are useful for treating diseases in which cathepsin B, L, X and/or S' activity contributes to the
pathology and/or symptomatology of the disease. For example, the co:;'lpounds of the
invention are useful in treating tumor invasion and nie_tastasis, in particular as anti-angiogenic
agents, rtheumatoid arthritis, osteo arthritis, pneumocystis carinii, acute pancreatitis,
inflammatory airway disease and bone and joint disorders. Furtheﬁnore, the compounds of
the invention are useful in treating bone resorption disorders, €.g., osteoporosis. The
compounds of the invention also are useful in treating autoimmune disorders, including, but not
limited to juvenile onset diabetes, multiple scl_erosié, pemphigus vulgaris, Graves’ disease,
myasthenia gravis, systemic lupus erythemotasus, rhéumatoid ar_thritis and Hashi;noto's _
thyroiditis, allergic disordei‘s, including, but not limited to asthma, and allogeneic immune .

responses, including, but not limited to, organ transplants or tissue grafts.

The cysteine protease inhibitory activities of the compounds of the invention can be
determined by methods known to those of ordinary skill in the art. Suitable in vitro assays
for measuring érotease activity and the inhibit_ioh thereof by test compounds are known.
Typically, the assay measures protease iﬁduced, hydrolysis of a peptide based substrate.
Details of assays for measuring protease inhibitory_activity are set forth in Examples 10, 11,
12 and 13, infra. '

Nomenclature:
The compounds of Formula I and the intermediates and starting .mateﬂals used in their

preparation are named in accordance with IUPAC rules of nomenclature in which the
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characteristic groups have déc;reasing priority for citation as the principle group as follows:
acids, esters; amides and amidines. For example, a compound of Formula I in which R! is a
group of Formula (a), wherein X' is carbonyl, R® and R? are each hydrogen, R’ is benzyl and

R is tert-butoxycarbonyl and RZ, R? and R* are each hydrogen; that is, a compound having

~ the following structure:

is named tert-butyl 1S—Cyanomethyicarbarrioyi-Z-phcnylethylcarbamatc and a compound-of
Formula I in which R! is a group of Formula (a), wherein X! is carbonyl, R® and R are each
hydrogen, R? is cyclohexylmethyl and R" is morpholin-4-ylcarbonyl and R2, R® and R* are

‘each hydrogen that is, a compound havmg the following structure:

is named N-(lS—CyanomethcharBamoyl-Z-cyClbhexylethyl)morpholinc-4—carboxamide.

Administration and Pharmaceutical Compositions:
In general, compounds of Formula I will be administered in therapeutically effective
amounts via ény of the usual and acceptable modes known in the art, either singly orin

combination with another therapeutic ageni. A therapeutically effective amount may vary
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widely depending on the severity of the disease, the age and relative health of the subject, the
potency of the compound used and other factors. For example, therapeutically effective
amounts of a compound of Formula I may range from 0.1 micrograms per kilogram body
weight (ug/kg) pér day to 10 milligram per kilogram body weight (mg/kg) per day, typically
1 pg/kg/day to 1 mg/kg/day. Therefore, a therapeutically effective amount for a 80 kg human
patient ma-y range from 10 pg/day to 100 mg/day, typically 0.1 mg/day to 10 mg/day. In
general, one of ordinary skill in the art, acting in reliance upon personal knowledge and the
disclosure of this Application, will be able to ascertain a therapeutically effective amount of a
compound of Formula I for treating a given disease.

The compounds of Formula I can be administered as pharmaceutical compositions by
one of the following routes: oral, systemic (e.g., transdermal, intranasal or by suppository) or
parenteral (e.g., intramuscular, intravenous or subcutaneous). Compositions can take the -
form of tablets, pills, capsules, semisolids, pdwder_s, sustained release formulations, solutions,
suspensions, elixirs, aerosols, or any other appropriate composition.and are comprised of, in
general, a compound of Formula I in 6ombinaﬁon with at least one pharmaceutically
acceptable excipient. Acceptable excipients are non-toxic, aid administration, and do not
adversely affect the therapeutic benefit of the active ingredient. Such excipient may be any
solid, liquid, semisolid .or, in the case of an aerosol composition, gaseous excipient that is
generally available to one of skill in the art.

Solid pharmaceutical excipients include starch, cellulose, talc, glucose, lactose,

sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate,

glycerol monostearate, sodium chloride, dried skim milk, and the like. Liquid and semisolid
excipients may be selected from water, ethanol, glycerol, propylene glycol and various oils,
including those of petroleum, animal, vegetable or synthehc ongm (e.g., peanut oil, soybean
oil, mineral oil, sesame oil, etc.). Preferred hqmd carriers, particularly for injectable solutions,
include water, saline, aqueous dextrose and glycols.

The amount of a compound of Formula I in the composmon may vary widely
depending upon the type of formulation, size of a umt dosage, kind of excipients and other

factors known to those of skill in the art of pharmaceutlcal sciences. In general, a composition
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of a compound of Formula I for treating a given disease will comprise from 0.01%w to

10%w, preferably 0.3%w to 1%w, of active ingredient with the remainder being the excipient

or excipients. Preferably the pharmaceuticé] composition is administered in a single unit

dosage form for continuous treatment or in a single unit dosage form ad libiturn when relief of
5 symptoms is specifically required. Representative pharmaceutical formulations containing a

- compound of Formula I are described in Example 15.
Chemistry:

Processes for Making Compounds of Formula I:
Compounds of Formula I can be prepared by proceeding as in the following
10 Scheme 1: ' '

Scheme 1.

R2
| N
I_'I,N e
5

1.R'oy
2. optionally deprotecting

R2

b gN

NP
1

in which Y is hydrogen or an activating group (e.g., 2,5-dioxopyrrolidin-1-yl (NBS), and the
like) and each R!, R?, R® and R*are as defined in the Summary of the Invention.

15 Compounds of Formula I can be prepared by reacting a compound of Formula 2, or
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a protected derivative thereof, with a. compound of the formula ROY, or a protected
derivative thereof, and then optionally deprotecting. The reaction is carried out in the
presence of a suitable acylation catalyst (e.g., triethylamine) and in a suitable solvent (e.g.,

acetonitrile, N,N-dimethylformamide (DMF), methylene chloride, or any suitable combination

 thereof) at 10 to 30°C, preferably at about 25°C, and requires 24 to 30 hours to complete..

When Y is hydrogen the reaction can be effected in the presence of a suitable coupling agent
(e.g., benzotriazole-1-yloxytrispyrrolidinophosphonium hexafluorophosphate (PyBOP®),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC), O-benzotriazol-1-yl-
NN, N’N’-tetramethyluronium hexafluorophosphate (HBTU), 1,3-dicyclohexylcarbodiimide
(DCC), or the like) and base (e.g., N.N-diisopropylethylamine, tn'ethylémine, or the like) and
requires 2 to 15 hours to complete. Alternatively, when Y is hydrogen the reaction can be
carried out by treating the compound of formula R*OH with N-methylmorpholine and isobutyl
chloroformate in a suitable solvent (e.g., THF, or the like) at between 0 and 5°C for

30 minutes to an hour and then introducing the compound of Formula 2 to the reaction
mixture and allowing the reaction to proceed for 12 to 15 hours.

Deprotection can be effected by any means which removes the protecting group and
gives the desired product in reasonable yield. A détailed description of the techniques
applicable to the creation of protecting groups and their removal can be found in TW
Greene, Protecting Groups in Organic Synthesis, John Wiley & Sons, Inc. 1981. A
detailed description of the preparation of a compound of Formula I according to Scheme 1 is
set forth in Examples 4, 5, 6 and 8, infra. |

Alternatively, compounds of Formula I can be prepared by reacting a compound of

Formula 2 with a compound of the formula R!-SS, wherein SS is a suitabie solid support

(e.g., thiophenol resin, or the like). The reaction can be carried out in the presence of a

suitable acylation catalyst (e.g., 4-dimethylaminopyridine, or the like) and in a suitable solvent
(e.g., dry pyrimidine, or the like) and requires 60 to 70 hours to complete.
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Compounos of Formula I can be prepared by proceeding as in the following reaction

Scheme 2:
Scheme 2

l'i _
RI/N\‘QK)/
N

1.NH3
2. (CF5C0),0, base
3. optionally deprotecting

R2
N

1/
\KR"

I

5 in whicﬁ each R, R?, R3 and R“.ar.e as defined in the Summary of the Invention.

Compounds of Formula I ean be prepared by treating a oompound of Formula 3, or a
protected denvanve thereof, with ammoma to prov1de a corresponding annde, then reactmg
the amide w1th a suitable dehydratmg agent (e. 2> tnﬂuoroacetlc anhydride, cyanunc chlonde,
thionyl chloride, phosphonyl chloride, and the like) and optionally deprotecting. The reaction

10 with the ammonia is camed outina smtable solvent (e.g., methanol) at between 0 and 5°C
| and requires 6 to 10 days to complete The reactlon thh the dehydratmg agent is carried out
in the presence of a sml_:able base (e.g, t;nethy__lam_me) and in a suitable solvent (e.g.,
tetrahydrofuran (THF), and the like) at between 0 and 50°C and requires 1 to 2 hours to
complete. A detailed descnpuon of the preparatlon of a compound of Formula I according to
15  Scheme 2 is set forth in Examples 7 and 8, mfra.
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Additional Processes for Preparing Compounds of Formulai:

A compound of Formula I can be prepared as a pharmaceutically acceptable acid
addition salt by reacting the free base form of the compound with a pharmaceutically
acceptable inorganic or organic acid. Alternatively, a pharmaceutically acceptable base
addition salt of a compound of Formula I can be prepared by reacting the free acid form of
the compdund with a pharmaceutically acceptable inorganic or organic base. Inorganic and
organic acids and bases suitable for the preparation of the pharmaceutically acceptable salts
of compounds of Formula I are set forth in the definitions section of this application.
Altg:fnatively, the salt forms of the compounds of Formula I can be prepared using salts of the
starting materials or intermediates.

The free acid or free base forms of the compounds of Formula I can be prepared
from the corresponding base addition salt or acid addition salt form. For example, a
compound of Formula I in an acid addition salt form can be converted to the corresponding
free base by treating with a suitable base (é.g., ammonium hydroxide solution, sodium
hydroxide, etc.). A compound of Formula Iin a base laddition salt form can be converted to
the corresponding free acid by treating with a suitable acid (e.g., hydrochlon’c acid, etc).

| The N-oxides of compounds of Formula I éan be prepared by methods known to
those of ordinary skill in the art. For _exémple; N-oxides can be prepared by' treating'an

unoxidized form of the compound of Formula I with an oxidizing agent (c.g., 'triﬂuoroperacetic

| écid, permaleic acid, perbenzoic acid, peracetic acid, meta—cﬁloroperoxybenzoic acid, etc.)

in a suitable inert organic solvent (c.g., a halogenated hydrocafbon such as methylene
chloride) at approximately 0°C. Alternatively, the N-oxides of the compounds of Formula 1
can be prepared from the N-oxide of an appropriate starting material.

Compounds of Formula I in unoxidized form can be prepared from N-oxides of
compounds of Formula I by treating with a reducing agent (e.g., sulfur, sulfur dioxide,
triphenyl phosphine, lithium borohydride, sodium borohydride, phosphorus trichloride,
tribromide, etc.) in an suitable inert organic solvént (e.g., acetonitrile, ethanol, aqueous
dioxane, etc.) at 0 to 80°C. |

Prodrug derivatives of the compounds of Formula I can be prepared by methods

=50-



10

15

20

WO 00/55125 N . - PCT/US00/06747

known to those of ordinary skill in the art (e.g., for further details see Saulnier et al.(1994),
Bioorganic and Medicinal Chemistry Letters. 4:1985). For example, appropriate prodrugs
can be prepared by reacting a non-derivatized compound of Formula I with a suitable
carbamylating agent (e.g., 1,1-acyloxyalkylcarbonochloridate, para-nitrophenyl carbonate,
etc.). |

Prc;tected derivatives of the compounds of Formula I can be made by means known
to those of ordinary skill in the art. A detailed description of the techniques applicable to the
creation of protecting groups and their removal can be found in T.W. Greene, Protecting .
Groups in Organic Synthesis, John Wiley & Sons, Inc. 1981.

Compounds of Formula I can be prepared as their individual stereo isomers by
reacting a racemic mixture of the compound with an optically active resolving agent to form a
pair of diastereoisomeric compounds, separating the diastereomers and recovering the
optically pure enantiomer. While resolution of enantiomers can be carried out using covalent
diasteromeric derivatives of compounds of Formula I, dissociable complexes are preferred
(e.g., crystalline diastereoisomeric salts). Diastereomers have distinct physical properties
(e.g., melting points, boiling points, solubilities, reactivity, etc.) and can be readily separated
by taking advantage of these dissimilarities. The diastereomers can be separated by
chromatography or, preferably, by separation/resolution techniques based upon differences in
solubility. The optically pure enantiomer is then recovered, along with the iesolving agent, by
any practical means that would not result in racemization. A more detailed descﬁpﬁon of the
techniques applicable to the resolution of stereo isomers of compounds from their racemic.
mixture can be found in Jean Jacques Andre Collet, Samuel H. Wilen, Enantiomers,

Racemates and Resolutions, Honh Wiley & Sons, Inc. (1981).
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In summary, an aspect of the invention is a process for preparing a compound of
Formula I, which process comprises:

(A)  reacting a compound of Formula 2:

F o
C¢

H’N . _C.
2

5 or a protected derivative thereof with a compduhd of the formula R'OY, or a protected
derivative thereof, in which Y is hydrogen or an actlvatlng group and each RY, R? R®and R*
are as defined in the Summary of the Tnvention; or

(B) reacting a compound of Formula 3:

R0
R Nj(f{Eo/'
R3
3
10 with aniﬁ;dnia to provide a corresponding amid_c_and then _ijeactihg the amide with
triﬂuoroab_etic anhydride, in Whic_h each R, R?, R® and R* are as defined in the Summary of
the Invenuon _ _ | , _
© opnonally deprotectmg a protected denvatlve of a compound of Formula I to provide
a correspondmg unprotected derivative; _
15 (D) optionally converting a compound of Formula I into a pharmaceutlcally acceptable
salt;
() optionally converting a salt form of a compound of Formula I to non-salt form;
(@  optionally converting an unoxidized form of a compound of Formula Iinto a

pharmaceutically acceptable N-oxide;
20 (G) optionally converting an N-oxide form of a compound of Formula I its unoxidized
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form;

(H) optionally converting a non-derivatized compound of Formula I into a
pharmaceutically prodrug derivative; and

() optionally converting a prodrug derivative of a compound of Formula I to its

non-derivatized form.

Processes for Preparing Intermediates:

Compounds of Formula 2 can be prepared by reacting a compound of Formula 4:

in which R is an amino protecting group and each R?, R® and R* are as defined in the
Summary of the Invention, with thionyl chloride and then deprotecting. The reaction with the

thiony! chloride is carried out in the presence of a suitable base (e.g, triethylamine) and in a

~ suitable solvent (e.g, DMF) at between 0 and 5°C and requires 30 minutes to an hour to

complete. Alternatively, compounds of Formula 2 can be prepared by reacting a compound
of Formula 4 with trifluoroacetic anhydride. The deprotection can be effected by any means
which removes the protecting group and gives the desired product in reasonable yield. A
detailed description of the preparation of a compound of Formula 2 according to
above-described procedure is set forth in Example 1, infra.

Compounds of Formula 4 can be prepared by treating a corresponding alkanoyl
halide with ammonia. The treatment is carried outin a suitable solvent (e.g., dichloromethane,
5% aqueous sodium carbonate, and the like, or any suitable combination thereof) at 10 to
30°C and requires 30 minutes to an hour to complete. The alkanoyl halide intermediates can
be prepared from the corresponding alkanoic acid by treating with thionyl chloride in a
suitable solvent (e.g., dichloromethane) under nitrogen for 30 minutes to an hour. A detailed

description of the preparation of a compound of Formula 2 according to the above-described
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procedures is set forth in Example 1, infra.
Compounds of the formula R'-SS can be prepared by reacting a compound of

Formula 5(a) or 5(b):

. . 1}#9

19 2 3 2
R \$’X\XI’OH R7/N\X4,X\N,X\X140H
R’ '. R’
5(a) 5(b)

5 in which R" is an amino protecﬁng group (e.g., tert-butoxycarbonyl, fluoren-9-
yiméthoxycarbonyl, or the like) and each X', X2, X°, R® and R7 are as defined for Formula I
in the Summary of the Invention, with a suitable solid support resin (e.g, Wang
(4-benzyloxybenzyl alcohol) resin, thiophenol 'resin, or the like), deprotecting to provide,
respectively, a compound of Formula 6(a) or 6(b):

_X%2__._ss N.
HNT T xt R

| . |
R R’

6  6®

in which SS is a solid support and then reacting the compound of Formula 6(a) or 6(b) with a
compound of the formula R°OH (e.g., benzoic acici, indole-5-carboxylic acid,
methanesulfonic acid, or the like). |

The reaction between the compound of Formula 5(a) or 5(b) and the resin is carried

15 out in the presence of a suitable coupling agent (e.g.,

benzotriazole-1-yloxytrispyrrolidinophosphonium hexafluorophosphate (e.g.,
diisopropylcarbodiimide (DIC), PyBOP®, EDC, HBTU, DCC, or the like) and acylation
catalyst (e.g., N,N-diisopropylethylamine, triethylamine, 4-dimethylaminopyridine,
1-hydroxybenzotriazole hydrate, or the like) in a suitable solvent (e.g., methylene chloride,
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DMF, or the like) and requifés approximatel;g i"t.o 20 hours tjc; complete. Deprotection can
be effected by any means which removes the protecting group and gives the desired product
in reasonable yield. The reaction between the compound of Formula 6(a) or 6(b) is carried
out with a suitable coupling agent and acylation catalyst. A detailed description of the
preparation of a compound of the formula R'-SS according to the above-described
procedureé is set forth in Examples 2(A-C) and 4(A-C), infra.

Compounds of the formula R'OH can be prepared by treating a compound of formula
R!-SS with a suitable acid (e.g., trifluoroacetic acid, or the like) in a suitable solvent (e.g,
methylene chloride, or the like). Alternatively, compounds of the formula R'OH in which X!

is -C(0)- and X2 is -CHR®- can be prepared by alkylating an organometallic compound of
Formula 7(a) or 7(b):

Li 1'z5 L
RS OEt N X OEt
\lf/H( R’]/ X4 \Iil/k"/
R° O R 0
7(a) | 0

with a compound of the formula R°L., in which L is a leaving group and each X3, X* R% RS,
R” and R? are as defined for Formula I in the Summary of the Invention, and then converting
the resulting ethyl ester to the corresponding acid. The alkylation is carried out in a suitable
solvent (e.g., THF) at -78°C to 0°C and requires 1 to 2Ihours to complete. Conversion the
acid can be effected by treating the ester with lithium hydroxide for approximately 15 hours.
The organometallic compound is generated by treating a corresponding organo compound
with an appropriate base (e.g., N,N-diisopropylethylamine, triethylamine, and the like) and
n-butyllithium or terz-butyllithium at -80 to -70° C, preferably at about -78° C, for
approximately 30 minutes to an hour. A detailed description of the preparation of a
compound of the formula R!OH according to the above-described procédures is set forth in
Example 3, infra.

Examples:
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REFERENCE 1

Lithium zg-amino-B-cy' @:iohcxylpropiogate

A solution of methyl 23-amino-3-cycloﬁexylpropionate hydrochloride (8.03 mmol, 1
eq) in dichloromethane (80 mL) and saturated NaHCO; solution (80 mL) was cooled to 0°
5§ Cand theri the organic layer was treated with a ;solution of 1.93 M phosgene in toluene (8.3

mL, 2 eq). The mixture was stirred for 10 minutes and then the aqueous was separated and
extracted with dichloromethane (3x 27 mL). The combined organic layers were dried over
sodium sulfate, filtered and concentrated. A portion of the residue (767 uM, 1.0 eq) was
stirred under nitrogen together with morpholine (767 uM, 1.0 eq) in dry THF (1 mL)for12

10 hours. The mixture was concentrated in vacuo and the residue dissolved in ethyl acetate (1
mL). The solution was washed with water (3 x 1 mL), dried over sodium sulfate and
concentrated. The residue was dissolved in methanol (2 mL) and water (37 uL) and the
solution was treated with lithium hydroxide monohydrate (19 mg, 1.05 eq) and then stirred for
12 hours. The solution was adjusted to pH 11 with additional lithium hydroxide monohydrate,

15 heated at 60° C for 4 hours and then the concentrated in vacuo to provide lithium

2S-morpholin-4-ylcarbonvlamino-3-cyclohexylpropionate.

Proceeding as in Reference 1 provided the following compounds:

lithium 2S-piperidin-1-ylcarbonylamino-3-cyclohexylpropionate;
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i
REFERENCE 2

3-Cvyclohexyl-25-(3-methoxvbenzylox ycarbonylamino)propionic acid

A mixture of 2S-amino-3-cyclohexylpropionic acid (2.95 mmol, 1.0 eq) and sodium
hydroxide (5.9 mmol, 2 eq) in a 1:1 mixture of THF/water (14 mL) was treated with
5 3-methoxy6enzyloxyformyl chloride (2.95 mmdl,' 1.0 eq), stirred for 3 hours and then treated
with N,N-diethyl ethylenediamine (2.95 mmol, 1.0 eq). The mixture was stirred for
approximately 12 hours, adjusted to.pH 2 with 1M hydrochloric acid solution (13 mL) and
then extracted with ethyl acetate (2 x 9 mL). The extract was washed with 1M hydrochloric
acid solution (6 mL), dried over sodium sulfate and concentrated to prO\;ide :

10 3-cyclohexyl-25-(3-methoxybenzyloxyc amino)propionic acid as a yellow oil.

- BXAMPLE 1
tert-Butyl 1S-cyanomethylcarbamovl-2-phenylethylcarbamate

(Compound 1)

15 A mixture comprised of 25-zerz-butoxycarbonylamino-3-phenylpropionic acid
(28.9 g, 0.109 mol), aminoacetonitrile hydrochloride (10.1 g, 0.109 mol), triethylamine (61
mL, 0.436 mol), DMF (40 mL) and acetonitrile (360 mL) was stirred at room temperature
for 27 hours. The mixture was filtered, concentrated to a volume of 100 mL and poured into
ice water (1000 mL). The mixture was stirred until a precipitate had formed. The precipitate
20 was collected, washed with water and dried. The dry product was recrystallized from 55%
ethanol/water (80 mL). The crystals were collected and recrystallized from 65%
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ethanol/water (70 mL). The crystals were collected and dried to provide tert-butyl
1S-cyanomethylcarbamoyl-2-phenylethylcarbamate (20.3g, 0.067 mol) as white needles ; H
NMR: 8 1.39 (s, 9H), 8 3.06 (d, 2H, J = 7 Hz), 6 4.08 (m, 2H), § 4.34 (dd, 1H, 1 = 13,7
Hz), § 4.97 (d, 1H, J = 8 Hz), 6 6.59 (m, 1H), 8 7.23 (m, SH); ES-MS m/z 304 (MH+).

Proceeding as in Example 1 provided the following compounds of Formula I:

benzyl 5S-tert-butoxycarbonylamino-5-cyanomethyicarbamoylpentylcarbamate
(Compound 2); THNMR: 6 1.37 (m, 15 H), 4 1.63 (m, 1H), 5 1.78 (m, 1H), é 3.14 (dd,

2H, J = 13, 6 Hz), 8 4.07 (m, 2H), & 5.06 (s, 2H), 8 5.42 (br 5, 1H), & 7.?;2 (m, SH), 5 7.48
(or s, 1H); ES-MS m/z 419 (MH+); -

cyclohexyl 3S-zert-butoxycarbonylamino-N-cyanomethylsuccinamate (Compound 3);
IH NMR: § 1.35 (m, 17 H), 5 1.72 (m, 1H), 6 1.83 (m, 1H), § 2.66 (dd, 1H, J = 18, 7 Hz),
52.96 (dd, 1H, J = 18, 5 Hz), 5 4.15 (dd, 2H, J = 6, 2 Hz), 5 4 50 (m, 1H), 5 4.77 (m,
1H), § 5 64 (br s, 1H), 3 7.11 (br s, 1H); ES-MS m/z 354 (MH+);

tert-butyl 1S-cyanomethylcarbamoyl-2-(1-formyl-1H-indol-3-yl)ethylcarbamate
(Compound 4); *HNMR: § 1.44 (s, 9H), 3 3.23 (m, 2H), 5 4.08 (m, 2H), 8 4.46 (m, 1H),
5 4.95 (br s, 1H), 8 7.38 (m, 4H), § 7.62 (br s, 1H); ES-MS m/z 371 (MH+); |

tert-butyl 2-(3-benzyloxymethyl-3H-imidazo}-4-yl _
1S-cyanomethylcarbamoylethyicarbamate (Compound 5); 'H NMR: § 1.39 (s, 9H), 5 3.09
(d, 2H, J = 7 Hz), § 4.00 (d, 2H, J = 6 Hz), § 4.42 (m, 1H), 5 4.45 (s, 2H), 3 5.29 (m, 2H),
85.58 (brd, 1H, J = 8 Hz), 8 6.79 (s, 1H), § 7.29 (m, 1H), 5 7.49 (s, 1H), 3 7.93 (br s);
ES-MS m/z 414 (MH+);

tert-butyl 2-(4-benzyloxyphenyl)-1S-cyanomethylcarbamoylethylcarbamate
(Compound 6); '"H NMR: & 1.40 (s, 9H), 5 3.01 (t, 2H, J = 6 Hz), § 4.07 (t, 2H, J = 6 Hz),
3 4.29 (m, 1H), 5 4.90 (br s, 1H), 5 5.02 (s, 2H), § 6.40 (br s, 1H), 3 6.92(d, 2H, T =8
Hz), § 7.09 (d, 2H, J = 8 Hz), § 7.37 (m, 5H); ES-MS m/z 410 (MH+); and

tert-butyl 1S-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate (Compound 7); 'H
NMR: & 0.94 (m, 2H), § 1.20 (m, 3H), 3 1.44 (m, 11H),  1.71 (m, 6H),  4.15 (m, 2H),
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54.30 (m, 1H), 5 4.87 (br s, 1H), 6 7.04 (br s); ES-MS m/z 210 (M-BuCO,).

BEXAMPLE 2
N-( 2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)benzamide
5 ' ' (Compound 8)

A mixture cdmprised of 2R-benzbylaniino—3-benzylsulfanylpropionic acid (0.508 g,
1.61 mmol), aminoacetonitrile hydrochloride (0.149 g, 1.61 mmol), PyBOP® (0.838 g, 1.61
mmol), N,N-diisopropylethylamine (0.84 mL, 4.83 mmiol) and DMF (10 mL) was stirred at
10 room temperature for 2.5 hours. The mixture was concentrated and the residue was taken ﬁp
into dichloromethane. The dichloromethane mixture was Washéd with IN hydrochloric acid,
water and aqueous sodium bicarbonate, dried (MgSO,), filtered and concentrated. Product
was purified from the residue by silica gel chromatography using 5% methanol in
dichloromethane to provide N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)benzamide
15 (541 mg, 1.53 mmol) as an oil. MS: m/e 353.8 (theory 353.1); Proton NMR specmﬁ
(OMSO0-d,): 5 8.85 (t, 1H), & 8.75 (d, 1H), & 7.99 (d, 2H), 7.5 (m, 3H), § 7.3 (m, SH),
84.7 (m, 1H), 5 4.15 (d, 2H), 5 3.75 (s, 2H), 6 2.8 (m, 2H) ppm.

Proceeding as in Example 2 provided the following compounds of Formula I:

N-[1R-cyanomethylcarbamoy I-2—(¢methylbenzylthioethxl )]benzamide
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(Compound 9); MS: m/e 367.9 (theory 367.1); NMR Specn;'llm (DMSO-dg): 5 8.82 (t,
1H), 6 8.69 (d, 1H), 5 7.88 (d, 2H), 8 7.5 (m, 3H), 3 7.16 (d, 2H), & 7.08 (d, 2H), 6 4.7
(m, 1H), 8 4.2 (d, 2H), 3 3.7 (s, 2H), § 2.75 (m, 2H), 6 2.1 (5, 3H) ppm;
N-[1R-cyanomethylcarbamoyl)-2-(4-methoxybenzylthioethyl) Ibenzamide
(Compound 10); MS: m/e 383.9 (theory 383.1); NMR Spectruin (DMSO-dy): 6 8.8 (t, 1H) .
8 8.65 (d. IIH) 8 7.9 (4, 2H), 3 7.5 (m, 3H), 8 7.25 (d, 2H), 4 6.8 (d, 2H), 6 4.7 (m, 1H)
4.2 (d, 2H), 5 3.7 (s, 3H), 5 3.3 (s, 2H), § 2.8 (m, 2H) ppm;
N-I2-benz3doxy—ISﬂanomethylcarbgmoxlethxl Jbenzamide (Compound 11); MS:
m/e 337.8 (theory 337.1); NMR Spectrum (DMSO-dg): 8 8.82 (t, 1H) 8 8.67 (d, T =7.8
Hz, 1H) § 7.91 (d,J =7 Hz, 2H), § 7.5 (m, 3H), 8 7.3 (m, 5H), 6 4.8 (1;1, 1H) 3 4.54 (s,
2H), 5 4.17 (4, 2H), 5 3.7 (m, 2H) ppm; |
benzyl 1-cyanomethylcarbamoyl-3-methylthiopropylcarbamate (Compound 12); MS:
m/e 321.8 (theory 321.1); NMR Spectrum (DMSO-dy): 8 8.7 (t, 1H)§ 7.6 (d, IH) 873
(m, 5H), 3 5.0 (g, 2H), 3 4.1 (m, 3H), § 3.3 (d, 2H), 3 2.4 (m, 2H), & 1.9 (s, 3H) ppm;
N-[1S. ethylcarbamoyl-3-meth lthl ropyl benz_ ide (Compound 13); MS: -
m/e 291.7 (theory 291.1); NMR Spectrum (DMSO-ds): ) 8.’7 (t,J=56Hz, 1H),5 8.6,
J=7.7Hz,1H),879 (m, 2H), 87.5 (m, 3H), 5 4.5 (m, 1H), 54.11 (d, T =5.6 Hz, 2H),

- 82.5(m, 2H), 6 2.03 (s, 3H), 3 2.0 (m, 2H) ppm;

benzyl 2-benzylthio-1R-cyanomethylcarbam éﬂethxlcarbamgte (Compound 14); MS:
m/e 383.8 (theory 383.1); NMR Spectrum (DMSO-dy): 6 8.8 (t, 1H),867.8(d, 1H),374 -
(m, 10H), § 5.1 (g, 2H), § 4.1 (m, 1H), 3 4.2 (s, 2H), 5 3.8 (s, 2H), 32.8 (m, 1H), & 2.6
(m, 1H) ppm; L .

methxl. 4—benzyloxycarbon-ylaming. AS-cyanomgthylcarbamoylbugm
(Compound 15); MS: m/e 333.6 (theory 333.1); NMR Spectrum (DMSO-dy): 5 8.7 (t, 1H),
§7.7(@, lH)l, § 7.4 (m, 5H), § 5.0 (g, 2H), 5 4.0 (m, 1H), § 3.55 (s, 3H), 6 3.3 (d, 2H),
6 2.3 (t, 2H), 6 1.8 (m, 2H) ppm;

tert-butyl 2-benzyloxy-1S-cyanomethylcarbamoyi lethylc;arbamate (Compound 16);
MS: m/e + Na 355.7 (theory 355.1); NMR Spectrum (DMSO-dﬁ): 58.7(, 1H),867.0(d,

1H), § 7.3 (m, 5H), § 445 (s, 2H), § 4.2 (m, 1H), 8 4.1 (d, 2H), 5 3.55 (m, 2H), 314,
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9H) ppm;
benzyl 2-benzyloxy-1S-cyanomethylcarbamoylethylcarbamate (Compound 17);
NMR Spectrum (DMSO-dg): 5 8.8 (t, 1H), 7.7 (d, 1H), 5 7.4 (m, 10H), § 5.0 (q, 2H),
84.5 (s, 2H), 6 4.3 (m, 1H), § 4.1 (s, 2H), & 3.6 (m, 2H) ppm;
N-(1-cyanomethylcarbamoylpent-3-ynyl)benzamide (Compound 18); MS: m/e 269.7
(theory '26§.1); NMR Spectrum (DMSO-d._;)_: 5 8.8 (t, 1H), 5 8.65 (d, 1H), 8 7.9 (d, 2H),
8 7.5 (m, 3H), § 4.5 (m, 1H), 5 4.1 (d, 2H), § 2.5 (m, 2H), 3 1.7 (s, 3H) ppm;
N-(1S-cyanomethylcarbamoyl-2-naphthalen-1-ylethylbenzamide (Compound 19);
'H NMR: 3 3.45 (dd, 1H, J = 14, 9 Hz),  3.73 (dd, 1H, T =17, 6 Hz), § 3.90 (dd, 1H,
=19, 6 Hz), 5 4.04 (dd, 1H, J = 14, 6 Hz),.6 4.98 (m, 1H), 3 6.67 (m,. 1H); 3 6.93 (m,
1H), 3 7.46 (m, 9H), & 7.74 (m, 2H), 6 8.23 (d, 1H, J = 8 Hz); ES-MS m/z 358 (MH+);
N-12-(4-chlorophenyl)-1S-cyanomethylcarbamoylethyllbenzamide (Compound 20);
"H NMR: § 3.19 (m, 2H), 6 3.96 (dd, 1H, J = 19, 4 Hz), § 4.10 (dd, 1H, J = 20, 6 Hz),
34.98 (m, 1H), 5 6.79 (d, 1H, J =7 Hz), § 7.07 (m, 2H), 5 7.22 (m, 2H), & 7.43 (m, 4H),
8 7.69 (m, 1H), 5 8.08 (d, 1H, J = 8 Hz); ES-MS m/z 342 (MH+); .
N-(1S-cyanomethylcarbamoyl)-2-naphthalen-2-vlethylbenzamide (Compound 21);
"HNMR: 5 3.29 (d, 2H,J =7 Hz), 6 3.81 (dd, 2H, J = 18, 6 Hz), § 398 (dd, 1H, J =18, 6
Hz), 3 5.09 (dd, 1H, J = 15, 7 Hz), 8 6.74 (br d, 1H, J = 7 Hz), 8 7.37 (m, 6H), § 7.68 (m,
6H); ES-MS m/z 358 (MH+); o '
N-[1-cyanomethylcarbamoyl-2-(4-cyanophenyl)ethyl benzamide (Compound 22); 'H
NMR: §3.18 (dd, 1H, J = 14, 7 Hz), 6 3.30 (dd, 1H, J = 15, 7 Hz), 6 4.03 (dd, 1H, J = 17,
6 Hz), 8 4.15 (dd, 1H, T = 19, 6 Hz), 5 4.93 (dd, 1H, J = 15, 8 Hz), § 6.81 (d, 1H,J = 10
Hz), § 7.30 (m, 2H), § 7.43 (m, 3H), § 7.55 (m, 2H), § 7.67 (d, 2H, J = 8 Hz); ES-MS m/z
333 (MH+); ' '
N-11S-cyanomethylcarbamoyl-2-[4-(2.6-dichlorobenzyloxy)phenyllethyl }benzamide
(Compound 23); 'H NMR: 4 3.15 (m, 2H), 5 4.08 (t, 2H, J = 6 Hz), 5 4.84 (dd, 1H, J = 16,
7 Hz), 8 5.24 (m, 3H), § 6.87 (d, 1H, J = 8 Hz), § 6.98 (m, 4H), § 7.18 (d, 2H, J =9 Hz),
3 7.32 (m, 4H), 6 7.78 (d, 2H, J = 8 Hz); ES-MS m/z 482 (MH+);
cyclohexyl 4-benzoylamino-4S-cyanomethylcarbamoylbutyrate (Compound 24); H
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NMR: § 1.37 (m, 5H), & 1.53 (m, 2H), 8 1.68 (m, 2H), 6 1.83 (m, 1H), § 2.17 (m, 2H),
6242 (m, .lH), 5 2.66 (m, 1H), § 4.15 (m, 2H),  4.68 (m, 2H), 5 7.47 (m, 3H),  7.79 (m,
2H); ES-MS m/z 372 (MH+);
N-[2-(4-benzoylphenyl)- IS-cxanomcthylcarbamoxlethxl Ibenzamide (Compound 25);

H NMR: § 3.27 (m, 2H), 5 4.00 (dd, 1H, J =15, 6 Hz), 3 4.13 (m, 1H,J =17, 6 Hz),
6423(d, iH, J=6Hz), 54.97 (dd, 1H, I = 15, 8 Hz), 5 6.96 (d, 1H,J =9 Hz), 3 7.46
(m, 9H), 8 7.71 (m, 5H); ES-MS m/z 412 (MH+); -

N-(1S-cyanomethylcarbamoyl-2-phenylethyDbenzamide (Compound 26); 'H NMR:
§3.15(dd, 1H, J = 12, 6 Hz), § 3.25 (dd, 1H, J = 15, 6 Hz), 54.08 (t,2H, J = 6 Hz),
54.84 (dd, 1H, J = 15, 6 Hz), 5 6.68 (br s, 1H), 8 6.77 (br s, 1H), 8-7.2§ (m, SH), 3 7.41
(m, 2H), & 7.53 (m, 1H), § 7.67 (d, 2H, J = 9 Hz); ES-MS m/z 308 (MH+);

i ethyllbenzamide (Compound 27);

'H NMR: § 3.25 (dd, 1H, J = 16, 8Hz),5352(dd 1H,J = 16, 6 Hz), § 3.95 (dd, 1H,
J =18, 4 Hz), § 4.07 (dd, 1H, J = 18, 6 Hz), § 4.93 (m, 1H), 3 6.44 (br s, 1H), 6 6.85 (d,.
1H, J = 5 Hz), § 7.22 (m, 3H), § 7.38 (m, 3H), § 7.50 (m, 1H), d 7.67 (m, 2H, J = 8 Hz), .
87.74 (d, 1H, J = 8 Hz), § 8.18 (br s, 1H); ES-MS m/z 347 (MH+);

N-[1S-cyanomethylcarbamoyl-2-(4-fluorophenylethyDbenzamide (Compound 28); ..
'H NMR: §3.15 (m, 2H), § 3.97 (dd, 1H, J = 18, 6 Hz), 8 4.11 (dd, 1H, J = 18, 6 Hz),
$4.90 (dd, 1H, J = 15, 8 Hz), 5 6.95 (m, 3H), 5 7.20 (m, 2H), 8 7.46 (m, 3H), 7.68 d, -
1H, J = 8 Hz); ES-MS m/z 326 (MH+);

N-[2-(2-chloropheny])-1S-cvanomethylicarbamoylethyl Ibenzarmde (Compound 29);
'H NMR: 5 3.34 (m, 2H), 5 4.04 (dd, 1H, J = 16, 6 Hz), 5 4.17 (dd, 1H, J = 16, 6 Hz),
5493 (dd, 1H, J = 16, 6 Hz), § 6.85 (m, 1H), § 7.24 (m, 4H), 3 7.44 (m, 3H), 5 7.72 (m,
2H); ES-MS m/z 342 (MH+);

(Compound 30); 'HNMR: § 3.13 (m, 2H), 5 3.76 (m, 4H), 5 4.06 (dd, 1K, J = 11, 6 Hz),

8 4.80 (m, 1H), § 6.83 (m, 4H), 5 7.16 (d, 1H, J = 9 Hz), § 7.46 (m, 2H), § 7.66 (m, 2H);

ES-MS m/z 338 (MH+); R | | -
N-[2—(4—benzyloxyphenyl)-l-cyanomethylcarbaméxlethyl]benzamide
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(Compound 31); 'H NMR: § 3.07 (m, 2H), 6 3.90 (m, 1H), § 4.02 (m, 1H), 5 4.94 (s, 2H),
54.95 (m, 1H), 8 6.70 (m, 1H), 5 6.85 (m, 2H), 3 7.09 (m, 2H), § 7.38 (m, 7H), 6 7.72 (m,
3H); ES-MS m/z 414 (MH+);

benzyl N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)isophthalamate
(Compound 32); 'H NMR: § 0.86 (m, 2H),:5 1.09 (m, 2H), 3 1.39 (m, 5H), § 1.67 (m, 4H),
53.04 (m,- 1H), 3 3.63 (m, 1H), § 4.11 (m, 1H), 6 4.60 (m, 1H), 8 4.77 (m, 1H), 3 5.33 (s,
2H), 8 7.38 (m, 5H), 6 8.01 (d, 1H, J = 9 Hz), 4 8.14 (m, 2H), 3 8.45 (d, 1H, T = 12 Hz);
ES-MS m/z 448 (MH+);

_ benzyl N-(1-cyanomethylc 1-2-cyclohexylethylterephthalamate
(Compound 33); 'H NMR: § 0.89 (m, 2H), § 1.13 (m, 3H), § 1.38 (m, 4H) 3 1.66 (m, 4H),
0 3.10 (m, 1H), 3 3.64 (m, 1H), 6 4.10 (m, 1H), 5 4.80 (dd, 1H, J = 15, 8 Hz), § 5.34 (d,
2H, J =2 Hz),  7.37 (m, 5H), 3 7.84 (d, 2H, J = 7 Hz), § 8.03 (m, 2H); ES-MS m/z 448 -
(MH+); _

N-[1-cyanomethylcarbamoyl-2-(2-flu henyl)ethylTbenzamide (Compound 34); 'H
NMR: 3§ 3.23 (m, 2H), 5 4.06 (dd, 1H, J =18, 6 Hz), 3 4.15 (dd, 1H, J = 18, 6 Hz),  4.91
(dd, 1H, J = 15, 8 Hz), § 7.01 (m, 2H), § 7.23 (m, 1H), § 7.41 (m, 2H), § 7.52 (m, 2H),

8 7.68 (d, 2H, J = 8 Hz); ES-MS m/z 326 (MH+);

N-(2-benzylthio-1R-cyanomethylcarbamoylethvl)-2-(3.5-dimethox yphenyhthiazole-
4-carboxamide (Compound 35); MS: Calcd. 496; Found M + 1 =497, ' :

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl-2-( 3,5—dimethoxyphenyl )thiazole-
4-carboxamide (Compound 36); MS: Calcd. 456; Found M + 1 =457,

N-(1-cyanomethylcarbamoylpent-3-enyl)benzamide (Compound 37); MS: m/e 271.8
(theory 271.1); NMR Spectrum (DMSO-dy): 8 8.7 (t, 1H), & 8.657 (d, 1H), & 7.9 (d, 2H),
87.5 (m, 3H), 3 5.4 (m, 2H), 5 4.5 (m, 1H), 3 4.1 (d, 2H), § 2.5 (m, 2H), § 2.6 (d, 3H)
ppm; | | |

4-tert-butyl-N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)benzamide
(Compound 38); 'H NMR (CDCl,): 5 8.02 (br s, 1H), § 7.73 (d, 2H, J = 8.7 Hz), § 7.43
(d,2H,1=8.5Hz), § 7.05 (br d, 1H, T = 8.5 Hz), § 4.79 (dd, 1H, J = 15.1, 8.7 Hz), 5 4.10
(dd, 2H, J = 19.9 Hz, 5.6 Hz), § 1.51 - 1.82 (m, 5H), 8 1.30 (s, 9H), 8 0.83 - 1.72 (m, 8H);
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EIMS (M* =369.9);

(Compound 39); '"H NMR (CDCl,): & 9.33 (s, 1H), 8 8.77 (s, 1H), 6 8.56 (s, 1H), 5 8.14
(brd, 1H,J=8.7 Hz), § 7.30 (br s, 1H), 3 4.69 (dd, 1 H,J = 14.9,9.2 Hz), $ 4.15 (1, 2 H,
J=3.9 Hz), § 0.76-2.30 (m, 13H); EIMS (M*'=315.9);

N-f.1{yanomethylcarbamox1-2-cxglohexy lethyl)naphthalene-1-carboxamide
(Compound 40); 'TH NMR (€DCl,): 5 8.19 (br d, 1H, J = 10.0 Hz), 8 7.81 - 7.96 (m, 3H),

. 87.47-7.62 (m, 3H), 8 7.35 - 7.44 (m, 1H), 6.69 411, J= 8.7 Hz),54.90 (dd, 1H,

J=154,9.0),34.03 (d, 2H, J = 4.9 Hz), 3 0.79 - 1.89 (m, 13H); EIMS (M+ = 364.0);
N-(1S-cyanometh bamoyl-2-cyclohexylethyl)-4- uorobenz;xmide
(Compound 41); "H NMR (CDCl,): 4 7.70 - 7.83 (m, 2H), § 7.43 (br s, 1H), 5 7.11 (t, 2H,
J=8.7Hz), § 6.66 (br d, LH, J=8.5 Hz), 5 4.69 (dd, 1H; J=15.5,9.4 Hz), 3 4.14 (dd,
2H,J =19.6, 8.4 Hz), 6 0.67 - 1.88 (m, 13H); EIMS (M*=331.6);
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-4-hydroxybenzamide - -
(Compound-42); '"H NMR (CDCL;): § 7.64 (d,2 H,J =9.0 Hz), 5 7.39 (brs, 1 H), 5 6.83
(d,2H,Y=9.5Hz),56.43 (brd, 1H,J=11.2 Hz), 5 4.64 (dd, 1 H, ] = 16.8, 5.6 Hz),
54.14 - 4.09 (m, 2 H), 5 0.81 - 1.89 (m, 13 H); EIMS (M+=329.8); -

. N-(1S-cyanomethylcarbamoyl-2-cyclohexy lethyl)naphthalene-z-carboxamide.
(Compound 43); "H NMR (CDCl,): § 8.29 (s, 1 H), § 7.76 - 7.94 (m, 5 H), § 7.51 - 7.61
(m,2H), § 6.57 (brd, 1 H,T=19.6 Hz), §4.73 (dd, 1 H,J =19.6, 11.2 Hz), 6 4.17 (dd, 2
H,J =133, 84 Hz), 5 0.80 - 2.03 (m, 13 H); EIMS (M+=363.9); - _

~ N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-4-trifluoromethylbenzamide
(Compound 44); '"H NMR (CDCl,): & 7.86 - 7.91 '('m,'Z H),87.70-7.75 (m, 2 H),  6.85
(brs, 1H), 8 6.48 (brd, 1 H,J =84 Hz),54.65(dd, 1 H,J = 19.6, 11.2 Hz), 8 4.09 - 4.20
(m, 2 H), 5 0.86 - 1.74 (m, 13 H); EIMS (M+=381.9);

N-(1S-cyanomethylcarbamoy}-2-cyclohexylethyl)-4-methoxybenzamide

(Compound 45); *H NMR (CDCl,): 8 7.70 - 7.73 (m, 3H), 6.6.94 (d, 2H, J = 8.5 Hz),
86.29 (brs, 1H), 5 4.57 - 4.69 (m, 1H), 5 4.08 - 4.17 (m, 2H), 3 3.85 (s, 3H),
8 0.78 - 1.73 (m, 13H); EIMS (M+ =343.9);
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S

Necyanomethyl:3-cvclohexyl-2S-methylsulfonylaminopropionamide (Compound 46);
'H NMR (CDCl,): 8 7.05.(& s, 1H), 5 5.29 (brd, 1H, J = 8.7 Hz), 6 4.12 - 420 (m, 1H),
§3.44 (d, 2H, J = 9.7 Hz), § 3.01 (s, 3H), 3 0.81 - 1.92 (m, 13H);

anomethylcarbamoyl-2-cyclohexylethyl)acetamide (Compound 47); 'H
NMR (CDCl,): 8 7.51 (br s, 1H), § 6.15 (br d, 1H, J = 8.0 Hz), 5 4.49 (dd, 1H, T =17.8,
11.4 Hz), 8 4.11 (t, 2H, J = 18.6 Hz), § 2.02 (s, 3H), 6 0.72 - 1.80 (m, 13H); EIMS
(M+ = 251.6); |

N-(1-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-fluorobenzamide (Compound 48);
'H NMR (CDCl,): 8 7.19 - 7.55 (m, 5H), § 6.72 (brs, 1 H,J = 8.7 Hz), § 4.69 (dd, 1 H,
J=10.8,3.8Hz),54.14 (dd,2 H,J=2.8, 15.7 Hz), § 0.86 - 1.86 (m, lé H); EIMS
M+ =331.9); | |

4-chloro-N-( lﬂg' nomethylcarbamovl-2-cycliohexyvlethyl Ybenzamide
(Compound 49); '"H NMR (CDCL;): 5 8.78 (br s, 1H), § 8.58 (brd, 1H,J = 8;0 Hz), 5 7.85
(d,2H, J =9.0Hz), 5 7.48 (d, 2H, J = 9.2 Hz), 5 4.64 (dd, lH; J=74,14.1Hz), 5 4.16
(dd, 2H,J=3.1, 6.1 Hz), 6 0.87 - 1.85 (m, 13 H); EIMS (M+= 347.9);

N-(1-c momethylcarbamoyl—Z-gclohexy. lethyl)-2-trifluoromethylbenzamide
(Compound 50); 'H NMR (CDCLy): 3 7.42 - 718 (m, 5 H), 6 6.56 (brd, 1 H, J = 9.0 Hz),
5481 (dd, 1 H,J=154,9.2 Hz), 54.10 t, 2 H, T = 5.7 Hz), 5 0.80 - 1.79 (m, 13 H); EI
MS (M+ = 382.0); -

-(1-cyanomethylcarbamoyl-2-cyclohexylethyl)-2-fluorobenzamide (Compound 51);
'*H NMR (CDCl,): § 8.00 (t, 1 H,J = 8.4 Hz), 5 7.64 (br s, 1H), § 7.50 (dd, 1H,J =8.1,
2.5Hz), 8 7.24 - 7.30 (m, 1 H), 5 7.07 - 7.18 (m, 2 H), 5 4.76 (dd, 1H, J = 17.2, 8.2 Hz),
84.16 (dd, 2H, J = 18.0, 6.2 Hz), 5 0.81 - 1.89 (m, 13 H); EIMS (M+ = 331.9);

N (1-cyanomethylcarbamoyl-2—cxclc‘>heiylethyl )-4—triﬂu6romethoxybenzamide
(Compound 52); '"H NMR (CDCl,): § 7.01 - 8.02 (m, 6 H), § 4.75 (br d, 1H, J = 14.6 Hz),
84.14 (dd, 2H, J =6.0, 18.2 Hz), 5 0.78 - 1.90 (in, 13 H); EIMS (M+ =398.0);

N 1-ganomethylcarbarﬂoyl-z-:cxclohex'xlethxl )—2,6-diﬂuorobenzamidc
(Compound 53); 'H NMR (CDCl;): § 7.66 (br s, 1H), 8 7.39 (t, 1H, J = 8.7 Hz), § 6.95 (t,
2H,J=87Hz),86.74 (brd, 1 H, } = 8.5 Hz), $ 4.85 (dd, 1H, J = 14.9, 9.2 Hz),
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6 0.86 - 1.87 (m, 13 H); EIMS (M+ = 349.9);

| N-(1-cyanomethylcarbamoyl-2-cyclohexylethyl)-2.3-difluorobenzamide
(Compound 54); 'H NMR (CDCl;): 3 8.04 (dd, 1H, J = 15.3, 5.7 Hz), 8 7.55 (brs; 1H),
5 6.84 - 7.07 (m, 3H), 6 4.74 (dd, 1H, J = 16.6, 7.9 Hz), 6 4.16 (dd, 2H, J = 18.0, 5.9 Hz),
8 0.82 - 1.89 (m, 13H); EI MS (M+ = 349.9);

N-( i-ganbmethylcg;bmoyl-2-cyg}ohexyletl_1_¥l )-2,5-difluorobenzamide
(Compound 55); 'TH NMR (CDCl,): § 7.69 (m, 1H), § 7.37 (br s, 1H), 5 7.08 - 7.27 (m,
3H), 3 471 (dd, 1H, J=15.1, 6.1 Hz), 3 4.16 (dd, 2H, J = 18.0, 6.2 Hz), 5 0.84 - 1.90 (m,
13 H); EIMS (M+ =350.1); _

-(1-cyano lc oyl-2-cyclohexylethyl)-2 4—diﬂuorobex'1z ide
(Compound 56); 'H NMR (CDCl,): & 7.80 (br s, 1H), 8 7.65 (t, 1H), 3 7.14 - 7.36 (m,
3H), 84.79 (dd, 1H, J = 14.9, 7.2 Hz), § 4.15 (dd, 2H, J = 18.2, 5.9 Hz), § 0.80 - 1.81 (m,
13 H); EIMS (M+=349.9); : ' _

N-(1-cyanomethylcarbamoyl-2-cyclohexylethyl)-3.4-dimethox ybenzamide
(Compound 57); 'H NMR (CDCl,): 3 7.66 (br s, 1H), 5 7.28 - 7.41 (m, 2 H), 5 6.86 (d,
1H,J =84 Hz),§ 6.73 (brd, 1H,J =79 Hz), 54.71 (dd, 1H, J = 14.1, 8.4 Hz), 5 4.14
(dd, 2H, J=17.3, 5.9 Hz), 8 3.91 (s, 6 H), 5 0.81 - 1.88 (m, 13 H); EIMS (M+ = 374);

N-(1-cyanomethylcarbamoyl-2-cyclohexylethyl)-3.5-dimethoxybenzamide
(Compound 58); 'TH NMR (CDCl;): 8 7.41 (br s, 1H), 3 6.88 (d, 2H, J = 2.4 Hz), § 6.59 (t,
2H, J =2.2 Hz), § 4.67 (dd, IE J=16.8,3.0Hz),54.12(dd, 2 H, } = 17.3, 5.7 Hz),

3 3.81 (s, 6H), 8 0.82 - 1.88 (m, 13H); EI MS (M+ =374);

N-(1-cyanomethylcarbamoy}-2-thiazol-5-ylethyl)benzamide (Compound 59); 'H
NMR (CDCl,): 3 8.30 (d, 2H, J = 8.7 Hz), § 7.72 (br s, 1H), § 7.38 - 7.67 (m, 4H), & 7.13
(t, 2H, T = 8.0 Hz), § 4.96 (dd, 1H, J = 12.3, 5.9 Hz), § 4.02 (t, 2H, J = 10.5 Hz), 5 3.48
(dd, 2H,J = 15.7, 54 Hz), |

~(1-cyanomethylcarbamoyl-2-thien-2-ylethyllbenzamide (Compound 60); "HNMR
(CDCL,): § 7.71 (4, 2H, J = 8.5 Hz), 8 7.39 - 7.55 (m, 4H), § 7.14(d, 1H,J = 11.2 Hz),

3 6.85 - 6.96 (m, 3H),  4.94 (dd, 1H, J = 14.6, 6.9 Hz), 8 4.09 (m, 2H), 3 3.41 (¢, 2H,

J=6.2 Hz); EIMS (M+ = 313.8);
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N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)benzamide (Compound 61); Proton
NMR (300 MHz, CDCI3): § 7.79 (4, J = THz, 2H), § 7.67 (bt, 1H), 8 7.44 (m, 3H), 8 6.75

(bd, 1H), 3 4.74 (m, 1H), § 4.10 (m, 2H), § 1.50 - 1.88 (m, 8H), § 0.83 - 1.44 (m, 5H).
MS (electrospray): mH* 313.9 (100%); and

N-cyanomethyl-3-cyclohexyl-2S-trifluoromethylsulfonylaminopropionamide
(Compound 62).

EXAMPLE 3

tert-Butyl 5-amino-1S-cyanomethylcarbamoylpentyvicarbamate

(Compound 63) -

A solution comprised of benzyl 5S-zert-butoxycarbonylamino-
5—cyanométhylcarbamoylpentylcarbamate (77 mg, 184 mmol), préparéd as in Example 1, in

- ethanol (2 mL) was treated with ammonium formate (116 mg, 1.84 mmol) and 10% wt

palladium on carbon (77 mg). The mixture was stirred for 15 hours and then filtered through
Celite. The filter cake washed with ethanol and the combined filtrates were concentrated on a
rotary evaporator to provide fert-butyl S-amino-1S-cyanomethylcarbamoyl Icarbamate
(61 mg, 184 mmol) as a white solid. 'HNMR (DMSO-d;): & 1.42 (m, 17 H), 3 2.63 (m,

2H), 3 3.09 (m, 2H); ES-MS m/z 323 (MK+).
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EXAMPLE4

'N-(1S-Cyanomethylcarbamoyl-2-cyclohexylethyl)isophthalamic acid
(Compound 64)

o) o N
. H P
N 7z
HO/HCI/“\N _ \/
H _
0]

A solution comprised of benzyl N~( 1S-cyanomethylcarbamoyl-
2-cyclohexylethyl)isophthalamate (82.4 mg, 184 pmol, 1.0 eq), prepai'ed as in Example 2, in
ethanol (2 mL) was treated with ammonium formate (116 mg, 1.84 mmol, 10.0 eq) and 10%
wt palladium on carbon (82.4 mg). The mixture was stirred for 15 hours and filtered through -
Celite. The filter cake was washed with ethanol and the combined fi.ltrates were concentrated
on a rotary evaporator to provide N-(15-cyanomethylcarbamoyl-
2-cyclohexylethyl)terephthalamic acid (61 mg_,' 170.7. pmol) as a white solid. "H NMR
(MeOH-d.,)ﬁ 8 0.96 (m, 2H), & 1.26 (m, 2H), & 1.38 (m, 4H), 5 1.76 (m, 5H), 3 3.23 (d,
1H, J=8Hz), § 3.72 (t, 1H, J= 7 Hz), 6 4.50 (m, 1H) 37.50 (m, 1H), 8 7.97 (m, 1H),
§8.13 (m, 1H), 5 8.46 (m, 1H); ES-MS m/z 359 (MD+). |

Proceeding as in Example 4 provided the followihg compounds of FormulaI:

anomethylcarbamovl-2-cyclohexylet . 1 th. ic acid (Compound 65);
'H NMR (MeOH-d,): § 0.96 (m, 2H), § 1.32 (m, 5H), § 1.81 (m, 6H), 3 3.12 (m, 2H),
5 4.92 (m, 1H), § 7.87 (m, 2H), 5 8.02 (m, 2H); ES-MS m/z 359 (MD+);
N-[1-cyanomethylcarbamoyl-2-(2.6-dichlorophenylethyllbenzamide-
(Compound 66); "H NMR: § 3.45 (m, 1H), § 3.56 (m, 1H), & 4.13 (m, 2H), 8 5.03 (m, 1H),
$7.30 (m, 5H), 5 7.63 (m, 3H); ES-MS m/z 376 (MIi+); and
N-(1-cyanomethylcarbamoyl-2-c clohex lethyl)phthalamic acid (Compound 67); 'H
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NMR (MeOH-d,): 5 0.94 (d, 2H, T = 7 Hz), 5 0.97 (d, 2H, =7 Hz), 5 1.28 (d, 2H,
J="7Hz), 5 1.47 (m, 1H), 5 1.73 (m, 6H), 5 3.09 (¢, 1K J = 6 Hz), 5 3.29 (m, 1H), 5 4.45
(dd, 1H, T = 11, 5 Hz), § 7.36 (m, 1H), § 7.58 (m, 2H), § 7.72 (m, 1H); ES-MS m/z 359

(MD+).

EXAMPLE 5
N-(1S-Cyanomethvlcarbamoyl-2-cyclohexvlethyl)morpholine-4-carboxamide

(Compound 68)

A mixture of lithium 2S-amino-3-cyclohexylpropionate (260 umol, 1.0 eq), provided
as in Reference 1, EDC (286 pmol, 1.1 eq), HOBt (312 pimol, 1.2 eq) and triethylamine (911
pmol, 3.5 eq) in dry dichloromethane (1 mL) was stirred under a nitrogen atmosphere for 5
minutes and then treated with aminoacetonitrile hydrochloride (520 pmol, 2.0 eq). The
mixture was stirred 15 hours and then diluted with ethyl acetate (1 mL). The dilution was
washed with 1 M hydrochloric acid (2x 1 mL), saturated NaHCO;, (1 mL) and saturated
NaCl (1 mL), dried over Na,SO,, filtered and concentrated on a rotary evaporator to
provide N-(1S-cyanomethylcarbamoyl-2-cyclohexylethylimorpholine-4-carboxamide. 1H
NMR (CDCl5) 0.95 (m, 2H); 1.23 (m, 4H); 1.62 (m, 7H); 3.35 (m, 4H); 3.68 (m, 4H); 4.05
(dd, 2H, J= 16, 6 Hz); 4.17 (dd, 2H, J=18, 6 Hz ); 4.27 (m, 1H); 5.01 (d, 1H, J= 8 Hz);
7.93 (t, 1H, J= 6 Hz); ES-MS m/z 323 (MH+).
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Proceeding as in Example 5 provided the following compounds of Formula I:

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyDpiperidine-1-carboxamide
(Compound' 69); 1H NMR 0.95 (CDCl,) (m, ZH); 1.24 (m, 6H); 1.60 (m, 11H); 3.54 (m,
4H); 4.11 (m, 2H); 4.33 (m, 1H); 4.75 (d, 1H,J=8 Hz); 7.88 (t, 1H, J= 6 Hz); ES-MS m/z
321 (ME+);

tert-butyl 4-(1S-cyanomethylcarbamoyl-2-cyclohexylethylcarbamoyl)piperazine-
1-carboxylate (Compound 70); 1HNMR (CDCl;) 0.89 (m, 2H); 1.23 (m, 4H); 1.44 (s,
9H); 1.66 (m, 7H); 3.36 (s, 4H ); 3.40 (s, 4H); 4.03 (dd, 1H, J= 18, 5 Hz); 4.14 (dd, 1H,
J=18, 6 Hz); 4.38 (dd, 1H, J=15, 8 Hz); 5.32 (d, 1H, J= 8 Hz); 8.21 (t,-lH, J= 6 Hz); ES-
MS miz 422 (ME+; |

(Compound 71); LHNMR (CDCl;) (0 96 (m, 2H) 1.24 (m, 4H); 1.70 (m, 7H); 2.44 (¢,

4H, J= 5 Hz); 3.37 (t, 4H, J—5Hz),3 52 (s, 2H); 406(dd 1H, J= 18, 6 Hz); 4.15 (dd, 1H,
J= 18, 6 Hz); 4.32 (m, 1H); 7.30 (m, 5H); 7.72 (t, 1H, J= 6 Hz); ES-MS m/z 412 (MH+);
3-methoxybenzyl. omethylcarbamo 1-2-cyclohexylethylcarbamic
(Compound 72); 1H NMR 0.96 (m, 2H); 1.24 (m, 4H); 1.70 (m, 7H); 378 (s, 3H), 4.12
(m, 2H); 4.21 (m, 1H); 5.11 (m, 2H); 6.89 (m, 3H), 7.32 (m, 1H); ES-MS m/z 374 (MH+);
ethyl 4-(15-cyanomethylcarbamoyl- |
chglohexylemylcarbamoyl )piperazine-1-carboxylate (Compound 73); and

1-carboxamide (Compound 74).
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" EXAMPLE 6

A

N-Cvanomethyl-3-cyclohexyl-25-(3- he_neth lureido ionamide

(Compound 75)

A solution of zert-butyl 15-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate (103

~mmol, 1 eq), provided as i_n Example 1, in diethyl ether (323 mL) was mmd with
 toluenesulfonic acid monohydrate (206 mmol, 2.0 eq, azeotroped on a rotary evaporator with

2-propanol 3 times, until a white solid had formed) for 12 hours. The supernatant was
decanted and the solid was washed extensively with diethyl ether until 2 powder had formed.
A portion of the resulting acid salt (789 pmol, 1 eq) was suspended in dry acetonitrile (1 mL)

~ and then treated with phenethylisocyanate (789 pmol, 1.0 eq) and 4-methylmorpholine -

(789 pmol, 1 eq) for 12 hours. Themlxture was concentrated in vacuo and the residue
dissolved in methylene chloride. The solution was stirred with 100 mg Argonaut PS-trisamine
resin (345 pmol, 0.4 eq) for 2 hours. The mixture was filtered, diluted with ethyl acetate (1

‘mL), washeci with 1M hydrochloric acid (1 mL), saturated sodium bicarbonate soluti_on and

saturated NaCl solution, dried over sodium sulfate, filtered and concentrated to provide

N-cyanomethyl-3-cyclohexyl-25-(3-phenethylureido)propionamide.

Proceeding as in Example 6 provided N-cyanomethyl-3-cyclohexyl-
25-(3-isopropylureido)propionamide (Compound 76).
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- Proceeding in a fashion analogous to the procedures exemplified above provided the

following compounds of Formula I:

N-{1S-cyanomethylcarbamoyl-3-phenylpropyllbenzamide (Compound 77);

N-I 1S—cyanomethylcarbamoyl-2—(4-h¥droxxphenz}ethxl ) |benzatmde
(Compound 78); _

N-(1-cyanometh Jcarbamoyl-2-cyclohexylethyl)-3-hydroxybenzamide
(Compound 79); NMR 300mHz (DMSO-dy), 8.39 (d, J=8.5H;, 1H), 7.26 (m, 3H), 6.96
(m, 1H), 4.64 (m, 1H), 4.14 (dd, J=4.2 and 17.3H;, 2H), 3.30 (m, 2H), 1.71 (m, 7H), 1.68-
0.80 (tn, 6H); MS=320.85 M+=329.40; '

1-benzyl-5-benzyloxy-N-(1-cyanomethylcarbamoyl-2-phenyiethyl)-2-methyl-
H-mdole-3—cmoxarmde (Compound 80); MS: (m/z [mH*]) 557.0;

2-methyl-1H-indole-3-carboxamide (Compound 81); MS: (m/z [mH*]) 470.6;

N-(1 -cyanomethvlcarbamoyl- h l 1 5 xy-1-furan-2-yimethvl-

2-methyl- 1H—mdole-3-carbgm (Compound 82); MS: (m/z [mH*]) 436.9;

S-methoxy-2-methyl-1H-i ggg 3-carboxamide (Compound 83); MS: (m/z {mH?*]) 570.8;
benzyl 5-(1-bepzof1,31dioxol-4-ylmethyl-5-benzyloxy-2-methyl-

1H-indol-3-yl gg:bonylgmmo]-5-cyanomethylcarbamoylpengylcarbgmate (Compound 84);

MS:(m/z [mH*]) 716.0;

1H-indol-3-ylcarbonylamino)pentylcarbamate (Compound 86); MS: (m/z [mH"]) 586.8;
N-(1-cyanomethylcarbamoylpent-3-enyhbenzamide (Compound 87); NMR 300mHz
(PMSO0-dy), 8.67 (t, J=6H,, 1H), 8.53 (d, J=8.5H;, 1H), 7.86 (m, 2H), 7.50 (m, 3H), 5.3-
5.7 (m, 2H), 4.40 (m, 1H), 4.12 (d, J=6H,, 2H), 2.3-2.6 (m, 2H), 1.57 (d, J=6.9H;, 3H);
MS=271.8 M+=271.32;
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N 1-cyanomethylca;bémoylpent4-et:y' 1')- benzamide (Céi:npound 88); NMR 300mHz
(DMSO-dg), 8.66 (m, 1H), 8.57 (d, J=8.2H,, 1H), 7.89 (m, 2H), 7.47 (m, 3H), 5.80 (m,
1H), 4.9-5.05 (m, 2H), 4.4 (m, 1H), 4.11 (d, J=2.5H,, 2H), 2.1 (m, 2H), 1.83 (m, 2H);
MS=271.8 M+=271.32;

N-(1-cyanomethylcarbamoylbutyl)benzamide (Compound 89); NMR 300mHz
(DMSO-dﬁ'), 8.66 (t, J=5.8H,, 1h), 8.53 (d, J=8.8H,, IH), 7.90.(m, 2H), 7.46 (m, 3H),
4.41 (m, 1H), 4.12 (m, 2H), 1.70 (m, 2H), 0.87 (t; J=8H;, 3H); MS=259.8 M+=259.31;

-(1-cyanomethylcarbamoylpent-4-ynyl)benzamide (Compound 90); NMR 300mHz

(DMSO-dg), 8.67 (t, 1H), 8.61 (d, J=8.5H;, 1H), 7.91 (m, 2H), 7.50 (m, 3H), 4.5 (m, 1H),
4.12 (m, 2H), 2.83 (t, J=2.5H;, 1H), 2.25 (m, 2H), 1.97 (m, 2H); MS_=§69.8 M+=269.30;

2-chloro-N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)benzamide
(Compound 91); '

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-2-iodobenzamide (Compound 92);
'HNMR (CDCL): 7.68 (t, J=6Hz, 1H), 7.34 (m, 4H), 6.41 (d, J=8Hz, 1H), 4.78 (m, 1H),
4.13 (d, J=12Hz, 2H), 2.0-0.8 (m, 13H); MS m/e 439.9;

2-bromo-N-(1S-cyanomethylcarbamoyl-2-cyclohexvlethyl)benzamide
(Compound 93); "H NMR (CDCl,): 7.68 (t, J=5.7Hz, 1H), 7.58 (dd, J=3,12Hz, 1H), 7.44
(dd, J=2.1,12Hz, 1H), 7.34 (m, 2H), 7.57 (d, }=8Hz, 1H), 4.79 (m, 1H), 4.13 (d, J=5.7Hz,
2H), 2.0-0.8 (m, 13H); MS nve 393.7; ' _

N-(1S-cyanomethylcarbamoylhexyl)benzamide (Compound 94); 'H NMR (DMSO):
8.65 (t,J = 3Hz, 1H), 8.54 (d,J = 8Hz, 1H), 7.91 (d,J = 7Hz, 2H), 7.5 (m, 3H), 4.4 (m, 1H),
4.13 (d,J = 5Hz, 2H), 1.74 (m, 2H), 1.3 (m, 6H), 0.85 (t,J = 7Hz, 3H); MS: m/e = 287.8;

N-(1§-cyanomethylcarbamoyl-4-phenylbutyl)benzamide (Compound 95); *H NMR
(DMSO): 8.67 (t.J = 7Hz, 1H), 8.56 (d,J = 9Hz, 1H), 7.88 (d,J = 9Hz, 2H), 7.4 (m, 3H),
7.2 (m, 5SH), 4.45 (m, 1H), 4.11 (d,J = 5Hz, 2H), 2.58 (t,J = 8Hz, 2H), 1.7 (m, 4H); MS:
m/e = 335.9; '

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)2-methoxybenzamide

(Compound 96);

N-( 1S-cxanoniethy’lcarbamoyl—Z—éyg' lohexylethyl)-3 4.5-trimethoxybenzamide
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(Compound. o7; _ :
benzyl 1S-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate (Compound 98);
isobutyl 1S-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate (Compound 99);
cyclohexylmethyl 1S-cyanomethylcarbamoyl-2-cyclohexylethylcarbamic

(Compound 100); _ : '
N-(1S-cyanomethylcarbamoyl- 3-cxclohexxlmgxl )benzamide (Compound 101) 'H

NMR (DMSO): 8.66 (m, 1H), 8.52 (d,} = 8Hz, 1H), 7.88 (d,J = 8Hz, 2H), 7.45 (m, 3H),

4.37 (m, 1H), 4.12 (m, 2H), 1.9 - 0,08 (m, 15H); MS: m/e =328.3;

_ *N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-2-trifluoromethox ybenzamide
(Compound 102); 'H NMR (CDCl,): 7.90 (dd, J=3, 10Hz, 1H), 7.79 (n;1, 1H), 7.535 (m,
1H), 7.395 (m, 1H), 7.31 (m, 1H), 6.92 (d,J=8Hz, 1H), 4.74 (m, 1H), 4.2 (dd,}=6,17Hz,
1H), 4.1 (dd,J=6,17Hz, 1H), 0.8-1.8 (m, 13H); MS:m/e =397.9;

-(1S-cyanomethylc oyl-2-cyclohex 1)-3-trifluoromethox ide
(Compound 103); 'H NMR (CDCL): 7.68 (m, 2H), 7.44 (m, 3H), 7.03 (t,J=6 6Hz 1H),
4.73 (m, 1H), 4.38 (m, 1H), 4.11 (m, 2H), 0.8-1.8 (m, 11H); MS:m/e =397.9;

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-iodobenzamide

* (Compound 104); 'H NMR (CDCl,): 8.1 (t, }=2.8Hz, 1H), 7.87 (d,J=6.9Hz, 1H), 7.70
-(d,J=7.7THz, 1H), 7.19 (t, J=17.5Hz, 1H), 6.9 (n, 1H), 6.44 (d,J=12Hz, 1H), 4.63 (m, 1H), .

4.21 (dd,J=9.6, 6.6Hz, 1H), 4.1 (dd,J=9.6 ,6.6Hz, 1H) 0.8-2.0 (m, 13H); MS:m/e =440.0;
3-chloro-N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)benzamide
(Compound 105); 'H NMR (CDCL,): 7.5 (t, J=5.2Hz, 1H), 7.65 (d, J=7.63Hz, 1H), 7.51
(d,J=6Hz, 1H), 7.39 (t, J=8.8Hz, 1H), 6.59 (d, }=9.9Hz, 1H), 2.0-0.8 (m, 13H); MS:m/e
=348.0;

2-methoxyethyl 1S-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate
(Compound 106);_

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)cyclohexanecarboxamide

(Compound 107);

N-cyanomethyl-3-cyclohexyl-2S-[2-(4-methoxyphenyl)acetylaminolpropionamide

{Compound 108); 'H NMR (CDCL,): 7.83 (t, J=6Hz, 1H), 7.13 (d,J=9Hz, 2H), 6.86
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(d,J=12Hz, 2H), 6.22 (d, J=8Hz, 1H), 4.55 (m, 1H), 3.95 (m, 2H), 3.78 (s,J=0Hz, 3H),

0.8-1.8 (m, 13H); MS:m/e =358.0;

N-(1R-cyanomethylcarbamoyl-2-cyclohexylethyl)-2-methylsulfanylbenzamide
(Compound 109); 'H NMR: (CDCl,) 8.11 (t, J=5.5Hz, 1H), 7.50 (d, J=7.5Hz, 1H), 7.40

- (t,J=7.5Hz, 1H), 7.30 (d, J=1Hz, J=7.9Hz, 1H), 7.17 (t, J=7.7THz, 1H), 6.94 (d, J=8.4Hz,

1H), 4.88 (m, 1H), 4.16 (dd, J=5.7Hz, J}=17.3Hz, 1H), 4.08 (dd, J=5.7Hz, }=17.3Hz, 1H),
2.46 (s, 3H), 1.85-0.80 (m, 13H); MS: (M*+1) 360; '
N-(1S5-cyanomethylcarbamoyl-2-cyclohexylethvl)-3 4-difluoro-benzamide
(Compound 110); '"H NMR (CDCl,): 7.5 (t, J=5.1Hz, 1H), 5.88 (d, J=7.7Hz, 1H), 4.49 (m,
1H), 4.18 d, J=6Hz, 1H), 4.11 (d, J=6Hz, 1H), 2.12-0.8 (m, 24H); MS:;n/e-=320.0;
N-(15-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-methoxybenzamide
(Compound 111); 'HNMR: (CDCl,) 7.63 (m, 1H), 7.37-7.28 (m, 3H), 7.06 (m, LH), 6.76
(d,J=7.7Hz, 1H), 4.73 (m, 1H), 4.20 (dd, J=5.9Hz, J=17.3Hz, 1H), 4.07 (dd, J=5.7Hz,
J=17.3Hz, 1H), 3.83 (s, 3H), 1.85-0.82 (m, 13H); MS: (M*+1) 344;
4-bromo-N-(1S-cyanomethylcarbamoyl-2-cyclohexylethvbenzamide
(Compound 112); 'THNMR: (CDCl,) 7.65-7.57 (m, 4H), 7.10 (m, 1H), 6.48 (d, J=7.7Hz,

.1H), 4.67 (m, 1H), 4.21 (dd, J=5.9Hz, J=17.3Hz, 1H), 4.12 (dd, J=5.7Hz, J=17.3Hz, 1H),
- 1.85-0.82 (m, 13H);. MS: (M*+1) 392/394;

-(1S-cyanomethylcarbamovyl-2-cyclohexyvlethylviperazine-1-carboxamide

-(Compound 113);

benzyl 4-(2-benzoylamino-2S-cyanomethylcarbamoylethyl)piperidine-1-carboxylate

(Compound 114);
3-bromo-N-(1S-cyanomethylcarbamoyl-2-cyclohexylethy)benzamide
(Compound 115); '"HNMR: (CD,0D) 8.05 (s, 1H), 7.83 (d, J=7.7Hz, 1H), 7.71 (d,
J=7.5Hz, 1H), 7.40 (t, J=7.9Hz, 1H), 4.67 (dd, J=6.9Hz, J=8.THz, 1H), 4.19 (d, }=17.5Hz,
1H), 4.11 (d, J=17.3Hz, 1H), 1.85-0.82 (m, 13H); MS: (M*+1) 392/394;
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-methylbenzamide
(Compound 116); 'H NMR (DMSO): 7.64 (t, 1H), 7.25 (m, 4H), 6.43 (d, J=12Hz, 1H),
4.67 (m, 1H), 4.13 (m, 2H), 2.4 (s, 3H), 2.0-0.7 (m, 13H); MS m/e 327.8;
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N-(15-cyanomethylcarbamoyl-2-cyclohexylethyl entanémide (Compound 117); 'H
NMR (CDCLy): 8.11 (t, 1H), 6.53 (d, J=8Hz, 1H), 4.59 (m, 1H), 4.10 (m, 2H), 2.21 (t,
J=4.5Hz, 2H), 1.8-0.8 (m, 20H); MS m/e 293.8; ' |

N-(15-cyanomethylcarbamoyl-2-cyclohexylethyl)-2-methylbenzamide

" (Compound 118); 'H NMR (CDCL): 7.91 (d, J=5.7Hz, {H), 7.23 (m, 4H), 6.50 (t, }=3Hz,

1H), 4.76 (m, 1H), 4.05 (s, J=18Hz, 1H), 2.38 (d, 3H), 2.0-0.8 (m, 13H); MS m/e 328;

N-(15-cyanomethylcarbamoyl-2-cyclohexylethyhthiophene-3-carboxamide
(Compound 119); 'H NMR (CDCls): 8.1 (m, 2H), 7.32 (m, t, 2H), 7.08 (d, }=7.9Hz, 1H),
4.73 (m, 1H), 4.05 (dd, J=6,17Hz, 2H), 2.0-0.8 (m, 13H); MS m/e 319.80; -

25-[2-(4-benzyloxyphenyl)acetylamino]-N-cyanomethyl-3-c l.ohex Ipropionamide
(Compound 120); 'H NMR (CDCl,): 7.8 (t, 1H), 7.5-6.9 (m, 9H), 6.10 (d, J=8Hz, 1H), S-.O
(s, 2H), 4.5 (m, 1H), 3.95 (m, 2H), 3.5 (s, 2H), 1.9-1.0 (m, 13H); MS m/e 434.97; o

N-cyanomethyl-3-cyclohexyl-25-[2-(2-methoxyphenyl)acetylamino]propionamide
(Compound 121); 'H NMR (CDCL): 7.58 (t, J=7.8Hz, 1H), 7.23 (m, 2H), 6.91 (m, 2H),
6.21 (d, 1=7.2Hz, 1H), 4.44 (m, 1H), 3.94 (d, J=5.THz, 2H), 3.84 (s, 3H), 3.60 (d, J=8Hz,
1H), 3.49 (d, J=8Hz, 1H), 1.8-0.5 (m, 13H); MS m/e 357.89;

(Compound 122); 'H NMR (CDCly): 7.55 (t, J=3Hz, 1H), 7.4-6.9 (m,9H), 6.04 (d,
J=8.8Hz, 1H), 4.47 (m, 1H), 4.02 (d, J=6Hz, 2H), 3.54 (s, 2H), 2.0-0.6 (m, 13H); MS m/e
419.94;

omethylcarbamoyl- hexylethyDisonicotinamide (Compound 123);
'H NMR (DMSO): 8.68 (d, J=4.5Hz, 2H), 8.2 (t, J=6.3Hz, 1H), 7.85 (d, }=7.9Hz, 1H),
7.66 (d, J=4.THz, 2H), 4.80 (m, 1H), 4.12 (d, J=6Hz, 2H), 2.0-0.7 (m, 13H); MS mle
314.8; . _ : _
N-(15-cyanomethylcarbamoyl-2-cyclohexylethyhthiophene-2-carboxamide
(Compound 124); 'H NMR: (CDClL,) 8.55 (¢, J=5.5Hz, 1H), 7.75 (d, J=7.7Hz, 1H), 7.64
(dd, J=1Hz, J=4Hz, 1H), 7.48 (dd, J=1Hz, J=5Hz, 1H), 7.04 (dd, J=5Hz, J=4Hz, 1H), 4.82
(9, J=7.5Hz, 1H), 4.13 (dd, J=5.9Hz, J=17Hz, 1H), 3.93 (dd, J=5.7Hz, J=17Hz, 1H), 1.80-
0.84 (m, 13H); MS: (M*+1) 319.8;
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N-(1S-cyanomethylcarbamoyl-2-piperidin-4-ylethyl)benzamide (Compound 125),

N-[1S-cyanomethylcarbamoyl-2-(1-formyl-1H-indol-3-yl)ethvl]benzamide
(Compound 126); '

N-[1S-cyanomethylcarbamoyl-2-(1-formyl-1H-indoil-3-yl)ethyl}-4-fluorobenzamide
(Compound 127);

N-('1S-cyanomethy]carbamoyl—Z-gy_clohexylethxl )nicotinatmide (Compound 128); 'H
NMR (CDCl;): 9.01 (d, J=4Hz, 1H), 8.72 (m, 1H), 8.11 (m, 1H), 7.83 (t, J=3Hz, 1H), 7.39
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(m, 2H), 4.77 (m, 1H), 7.14 (m, 2H), 2.0-0.6 (n, 13H); MS m/e 314.88;
tert-butyl 3-(1S-cyanomethylcarbamovl-

2-cyclohexylethylcarbamoyl)phenyicarbamate (Compound 129);
N-[1S-cyanomethylcarbamoyl-
2-(1-formyl-1H-indol-3-yDethyl}-4-hvdroxybenzamide (Compound 130);

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-1H-indole-5-carboxamide
(Compound 131); 'H NMR (CDCl,): 11.32 (s, 1H), 864 (t, J=6Hz, 1H), 8.35 (d, J=9Hz,

1H), 8.22 (s, 1H), 7.68 (dd, J=3,10Hz, 1H), 7.42 (m, 1H), 6.54 (m, 1H), 4.54 (m, 1H),
4.12 (d, J=5.7Hz, 2H), 2.0-0.7 (m, 13H); MS m/e 352.86; _
- N-(1R-cyanomethylcarbamovyl-2-cyclohexylethyl)-4-methylsulfanylbenzamide

(Compound 132); - i

N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-3-fluorobenzamide -
(Compound 133); 'H NMR (CDC1,): 7.18-7.79 (m, 1H), 4.70 (dd,J=13.3, 7.2Hz, 1H),
4.28 (d,J=7.7Hz, 1H), 4.22 (d,J=7.4Hz, 1H), 3.78 (m, 2H), 3.03 (dd,J=14.1, 6.2Hz, 1H),
2.84 (J=14.1, 7.2Hz, 1H); MS: m/e=371.88;

N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethy!)-4-fluorobenzamide
(Compound 134); "H NMR (CDC1,): 7.74 (m, 2H), 7.47 (t,)=5.9Hz, 1H), 7.29 (m, 4H),
7.09 (m, 4H), 4.72 (dd,J=13.6, 6.9Hz, 1H), 4.11 (m, 2H), 3.77 (s, 5H), 3.02 (dd,J=13.8,
6.2Hz, 1H), 2.83 (dd,J=13.8, 7.2Hz, 1H); MS: m/e=371.79;

N-(1S-cyanomethylcarbamoyl-2-(4-methoxybenzylsulfinyl)ethyl]benzamide
(Compound 135); 'H NMR (DMSO): 8.94 (d,J = 8Hz, 1H), 8.87 (d,J = 6Hz, 1H), 7.87
(d,3 =7Hz, 2H), 7.5 (m, 3H), 7.24 (d,J = 10Hz, 2H), 6.93 (d,J = 10Hz, 2H), 4.80 (dd,J =
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4,12Hz, 1H), 4.14 (d,J = 14Hz, 1H), 4.13 (s, 2H), 3.99 (d,J = 14Hz, 1H), 3.74 (s, 3H),
3.16 (dd,J = 12,14Hz, 1H), 3.07 (dd,J = 14,4Hz, 1H); MS: m/e =400.00;

N+( 1S—cya_gomethylcarbarnoyl-Z—_c_Eygl_éhe)gxlethy] )-4-methylbenzamide
(Compound 136); '"H NMR (DMSO): 7.7 (i; lH), 7.65 (d, 2H), 7.25 (d, 2H), 6.65 (d, 1H),
4.75 (m, 1H), 4.2 (dd, 1H), 4.03 (dd, 1H), 24 (5 ,' 3H), 2-0.8 (m, 13H); MS: m/e 328.8;

N-g- 1S-cyanomethylcarbamoyl-2-cyc !ohexxlethy] )-3-phenoxybenzamide
(Compound 137); '"H NMR (CDCl,): 8.49 (t, J¥5.5}I_z, 1H), 7.75 (dd, J=10,8.5Hz, 1H),
7.6-6.9 (m, 9H), 484 (m, 1H), 3.95 (m, 2H), _2 .0-0.8 (m, 13H); MS:mIe =405.93;

3-benzoyl-N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyDbenzamide
(Compound 138); 'H NMR (CDCl,): 8.19 (t, J=3Hz, 1H), 8.0 (n, lH),' 7.89 (d,J=8.8Hz, -
1H), 7.76-7.4 (m, 5H), 6.88 (m, 1H), 4.74 (m, 1H),4.19 (dd,J=6,6.3Hz, 1H), 4.08
(dd,J=6,6.3Hz, 1H), 2.0-0.8 (m, 13H); MS:m/e =417.95; -

N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethylthiophene-3-carboxamide
(Compound 139);
3-acetyl-N-(1R. omethyl oyl-2-cycl nzamide

(Compound 140); 'H NMR: (CDCl,) 8.33 (t, J=1.5Hz, 1H), 8.08 (dt, J=1 THz, J=7.7THz,
1H), 7.99 (dt, J=1.7Hz, J=7.9Hz, 1H), 7.55 (¢, _J-_=7.7Hz, 1H), 7.45 (t, J=6.7Hz, 1H), 6.92
(d, J=7.9Hz, 1H), 4.74 (m, 1H), 4.23-4.05 (m, 2H), 2.63 (s, 3H), 1.90-0.84 (m, 13H);
MS: (M*+1) 355.8; ' |
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-4-methoxybenzamide
(Compound 141); 'H NMR (CDC1,): 7.81 (t,J=5.7Hz,1H), 7.70 (dt,J=8.9, 2.2Hz, 2H),
7.20-7.32 (m,J=5H), 7.04 (d,J=7.7Hz, 1H), 6.89 (dt,J=8.9, 2.0Hz, 2H), 4.82 (dd,J=14.1,
6.7Hz, 1H), 4.08 (d,J=5.7Hz, 2H), 3.83 (s, 3H), 3.74 (s, 2H), 3.00(dd,J=13.9, 6.THz, lH),
2.86 (dd,J=13.9, 6.7Hz, 1H); MS: m/e=383.80; - _
N-(2-benzylsulfanyl- 1R—cyanométhyléarbmoylethx] Mfuran-2-carboxamide

. (Compound 142); '"H NMR (CDCl1,): 7.49 (m, 1H), 7.24-7.39 (m, 5H), 7.14 (m, 1H),

7.04 (m,J=2H), 6.53 (dd,J 3.7, 1.7Hz, 1H), 4.64 (m, 1H), 4.13 (dd,J=5.9, 1.2Hz, 2H),
3.79 (dd,J=16.1, 13.6Hz, 2H), 3.03 (ddJ=14.1, 5.9Hz, 1H), 2.80 (dd,J=14.3 6.9Hz, 1H);
MS:m/e=343.84;
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(Compound 143); 'H NMR: 8.33 (t,J =5.45Hz, 1H), 7.16 — 7.28 (m, 5H), 541 (d,J =
7.2Hz, 1H), 4.52 (dd,J = 13.9,6.7Hz, 1H), 4.06 (d,J = 5.7Hz, 2H), 3.68 (s, 2H), 3.10 (s,
3H), 3.05 (m, 1H), 3.00 (s, 3H), 2.80 (m= 1H); MS (320.74);
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-2-methoxybenzamide
(Compouﬁd 144); 'TH NMR (CDC1,): 8.75 (D,J=6.9Hz, 1H), 8.14 (DDJ=2.0 7.9Hz, 1H),
7.50 (m, 1H), 7.20-7.35 (m, 6H), 7.12 (m, 1H), 4.78 (dd,J = 12.6, 6.2Hz, 1H), 4.19 (dd,
J=12.6 6.2Hz, 1H), 4.07 (dd,J=13.5, 5.4Hz, 1H), 3.97 (s, 3H), 3.80 (d,J=3.2Hz, 2H), 3.08
(dd, J=14.0, 3.7Hz, 1HO, 2.86 (dd, J=14.1, 6.7Hz, 1H); MS:m/e=383.93; '
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-3- etho;.( enzami
(Compound 145); '"H NMR (CDCl,): 7.96 (t,J =5.7Hz, 1H), 7.16-7.36 (m, 8H), 7.05 (m,
1H), 4.80 (m, 1H), 4.08 (d,J =5.7Hz, 1H), 3.80 (s, 3H), 3.77 (s, 2H), 2.98 (dd, J=13.9,
6.4Hz, 1H), 2.86 (dd, J=6.9, 3.9Hz, 1H); MS: m/e=383.77; _ .
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)morpholine-4-carboxamide
(Compound 146); 'H NMR (CDCls): 7.45 (m, 1H), 7.23 (m, 5H), 5.28 (m, 1H), 4.39 (m,
1H), 4.16 (dd,J = 17.6,5.9Hz, 1H), 4.06 (dd,J = 11.1,5.5Hz, 1H), 3.74 (s, 2H), 3.67 (t,J =
4.9Hz, 4H), 3.31 (m, 4H), 3.00 (dd,J = 14.1,6.4Hz, 1H), 2.77 (dd,J = 13.8,6.7Hz, 1H);
MS: (362.86); S . o
- 6-amino-N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)nicotinamide
(Compound 147); *H NMR (CDC1,): 8.42 (d,J=2.5Hz, 1H), 7.80 (dd,J=8.7 2.5Hz, 1H),
7.18-7.30(m, 5H), 6.46 (dd,J=9.4 0.7Hz, 1H), 4.64 (1,J=6.9Hz, 1H, 4.08 (s, 2H), 3.70(S, -
2H), 2.80 (M, 2H);MS: m/e=369:4474,
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-3-pyrid-3-ylacrylamide
(Compound 148); "H NMR (CDC1,): 8.72 (d,J=2.2Hz, 1H), 8.54(J=4.7 1.5Hz, 1H), 7.82
(dt,J=7.9, 2.2Hz, 1H), 7.57 (d,J=15.6Hz, 1H), 7.18-7.38 (m, 6H), 6.48 (d,J=15.8Hz, 1H),
4.61 (m, H), 4.10 (s, 2H), 3.73 (s, 2H), 2.80 (m, 2H); MS: m/e=380.4706;
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethylnaphthalene-2-carboxamide

(Compound 149); 'H NMR (CDCl,): 8.28 (m, 1H), 7.90 (m, 3H), 7.78 (dd,J = 8.4,1.8Hz,

1H), 7.57 (m, 2H), 7.17 — 7.38 (m, 6H), 7.13 (J = 7.2Hz, 1H), 4.77 (m, 1H), 4.14 (d,J =
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5.9Hz, 2H), 3.81 (s, 2H), 3.12 (dd,} = 14.1,5.9Hz, 1H), 2.88 (dd,J = 14.1,7.2Hz, 1H); MS
(403.92),
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyibenzofuran-2-carboxamide
(Compound 150); "H NMR (DMSO): 7.66 (dtJ = 7.9,1.2Hz, 1H), 7.16 - 7.54 (m, 9H),
4.74 (m, 1H), 4.15 (d,J = 6Hz,2H), 3.80 (dd,I.—;, 15.3,13.6Hz, 2H), 3.07 (dd,J =
14.1,5.9H.z-, 1H), 2.87 (ddJ = 14.1,7.1Hz, 1H); MS (393.83); -
N-(2-benzylsuifanyl-1R-cyanomethylcarbamoylethyDbiphenyl-4-carboxamide
(Compound 151); 'H NMR (CDCl,): 7.81 (dt,J = 8.7-,1.5Hz,2}D, 7.66 (m, 2H), 7.59 (m,
2H), 7.26 — 7.49 (m, 7H), 7.02 (d,J = 7.2Hz, 1H), 4.73 (m, 1H), 4.14 (dd,J = 5.9,1.2Hz,
2H), 3.80 (s, 2H), 3.10 (dd,J = 14.0,7.2Hz, 1H), 2.86 (dd,J = 14,1,7.2flz, 1H); MS
(429.99); : o . '
N( 2-benzylsulf_gnxl-lg-cyanomethxlcarbamoylethyl--)benz_ol 1.31dioxole-5-carboxami
de (Compound 152); '"H NMR (CDClL;): 7.21 — 7.33 (m, 7H), 6.82 (d,J = 8.2Hz, 1H), 6.82 -
(m, 1H), 4.67 (dd,J = 13.3,6.9Hz,1H), 4.11 (dd,J = 5.7,1.6Hz, IH), 3.77 (s, 2H), 3.03
(dd,J =14.1,6.2Hz, 1H), 2.82 (dd.J = 14.1,6.9_1-12,.11-1); MS (397.82); . _ : .
- N-(2-tert-butylsulfanyl-1R-cyanomethylcarbamoylethylbenzamide (Compound 153);
H NMR (DMSO): 8.77 (t,J = 6Hz, 1H), 8.69 (d,J = 9Hz, 1H), 7.89 (d,J = 7Hz, 2H), 7.5
(m, 3H), 4.58 (m, 1H), 4.13 (t,J = 3Hz, 2H), 3.02 (dd,J = 6,14Hz, 1H), 2.90 (dd.J =
10,14Hz, 1H), 1.27 (s, 9H); MS: m/e = 319.80; o _
N-(1R-c anomethylcarbamoyl-3-phen lsulfan 1 1 benzﬁmide (Compound 154);
'H NMR (DMSO): 8.7 (m, 2H), 7.92 (d,J = 7THz, 2H), 7.53 (m, BH), 7.3 (m, 4H), 7.2 (m,
1H), 4.6 (q,) = 7Hz, 1H), 4.13 (d,J = 6Hz, 2H), 3.0 (m, 2H), 2.05 (m, 2H); MS: m/e =
353.83; . o _ _
- N(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-methylthiophene-2-carboxamide

(Compound 155); " NMR: (CDCly) 7.75 (t, J=6Hz, 1H), 7.32 (d, J=5Hz, 1H), 6.90 d, .

J=5Hz, 1H), 6.30 (d, J=7.9Hz, 1H), 4.72 (m, 1H), 4.19 (dd, J=5.7Hz, J=17.5Hz, 1H), 4.05
(dd, J=5.7Hz, J=17.3Hz, 1H), 2.51 (s, 3H), 1.85-0.85 (m, 13H); MS: (M*+1) 333.9;

N-(1S-cyanomethylcatbamoyl-2-cyclohexylethyl)-5-methylthiophene-2-carboxamide
(Compound 156); '"H NMR: (CDCl,) 8.14 (t, J=5.7Hz, 1H), 7.39 (d, }=3.7Hz, 1H), 6.93
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(d, }=7.9Hz, 1H), 6.72 (dd, J=1Hz, J=3.7THz, 1H), 4.74 (m, lH) 4.17 (dd, J=5.9Hz,
J=17Hz, 1H), 3.97 (dd, J=5.5Hz, J=17.1Hz, 1H), 2.50 (s, 3H), 1.80-0.82 (m, 13H); MS:
(M*+1) 333.8;
N-(15-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-chlorothiophene-2-carboxamide
(Compound 157); 'THNMR: (CDCl,;) 7.52 (d, J=5.2Hz, 1H), 7.43 (¢, J=5.THz, 1H), 7.32
d, I=7.4H;z, 1H), 7.01 (d, J=5.2Hz, 1H), 4.68 (m, 1H), 4.23 (dd, J=5.9Hz, J=17.5Hz, 1H),
4.08 (dd, J=6Hz, J=17.3Hz, 1H), 1.90-0.85 (m, 13H); MS: (M*+1) 353.8;
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-chlorobenzolblthiophene-
2-carboxamide (Compound 158); 'HNMR: (CDCl;) 7.90-7.78 (m, 3H), 7.65 (d, J=7.9Hz,
1H), 7.51-7.42 (m, 2H), 4.86 (q, J=8Hz, 1H), 4.28 (dd, J=5.9Hz, J=17.5Hz,-1H), 4.12 (dd,
J=5.7Hz, }=17.3Hz, 1H), 1.90-0.85 (m, 13H); MS: (M*+1) 403.8;
N-(1S-cyanomethylcarbamoyl-2-cvclohexylethyl)-5-chlorothiophene-2-carboxamide
(Compound 159); '"H NMR: (CﬁCl;,) 8.18 (t, J=5.7Hz, 1H), 7.62 (d, J=7.9Hz, 1H), 7.40
(d, J=4Hz, 1H), 6.88 (d, J=4Hz, 1H), 4.70 (q, J=7.7Hz, 1H), 4.14 (dd, J=5.7Hz, J=17Hz,
1H), 4.05 (dd, J=6Hz, J=17Hz, 1H), 1.80-0.84 (m, 13H); MS: (M*+1) 353.8;
N-(1S8-cyanomethylcarbarhoyl-2-cyclohexylethyl)-3-bromothiophene-2-carboxamide
(Compound 160); 'H NMR (CDCl,): 7.55-7.39 (m, 3H), 7.07 (d,J=5.5Hz, 1H), 4.68 (m,
1H), 4.25 (dt, 1H), 4.08 (dt, 1H), 2.0-0.8 (m, 13H); MS:m/e =399.74;
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-S-bromothiophene-2-carboxamide
(Compound 161); 'H NMR (CDCl;): 8.18 (t, J=5.4Hz, 1H), 7.62 (d, J=3.5Hz, 1H), 7.37
(d, 3=4.0Hz, 1H), 7.04 (d, J=4.0Hz, 1H), 4.70 (dd, J=7.2, 18.7Hz, 1H), 4.15 (dd, J=5.7,
17.8Hz, 1H), 4.05 (dd, J=5.7, 17.8, 1H), 1.5-1.8 (m, 7H), 0.8-1.50 (m, 6H); MS: m/e (+1)
399.83; |
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)benzo[blthiophene-2-carboxamide
(Compound 162); NMR (MeOH): 8.06 (s, 1H), 7.91 (m, 2H), 7.43 (m, 2H), 4.64 (dd,
J=6.7, 8.7THz, 1H), 4.21 (d, }=17.3Hz, 1H), 4.13 (d, J=17.3Hz, 1H), 1.61-1.90 (m, 8H),
0.89-1.55 (m, 4H); MS: m/e=369.78;

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-ethox ybenzamide
(Compound 163); 'H NMR (MeOH): 8.50 (d, J=7.4Hz, 1H), 7.3-7.43 (m, 3H), 7.07 (d,
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J=8.2Hz, 1H), 4.64 (dd, J=7.7, 19.2Hz, 2H), 4.15 (4, J=4.2Hz, 2H), 4.09 (d, J=6.9Hz,
1H), 4.04 (d, J=6.9Hz, 1H), 1.35 (t,J=7.0, 3H), 0.9-1.9 (m, 13H)-;, MS: m/e (+1) 357.94;

tert-butyl 3-(15-cyanomethylcarbamoyl-3-methylbutylcarbamoyl)phenylcarbamate
(Compound 164);

en‘-butyl 3-(2-benzylsulfanyl-

R—cyanomethylcarbamoylethxlcarbamoﬂ ),phenxlcarbamgte (Compound 165);

N-(1-cyanomethylcarbamoyl-3-phenoxypropyl)benzamide (Compound 166); 'H
NMR (DMSO): 8.71 (m, = 2H), 7.90 (d,J = 14Hz, 2H), 7.5 (m, 3H), 7.25 (m, 2H), 6.9 (m,
3H), 4.65 (m, 1H), 4.14 (d,] = 6Hz, 2H), 4.04 (m, 2H), 2.25 (m, 2H); MS: m/e = 337.84;

tert-butyl 1S-cyanomethylcarbamoyl-2-(4-nitrophenyl 1gt_hﬂc'arl;mg1g
(Compound 167); o

Wﬂ%ﬁ (Compound 168) 1H NMR
(DMSO): 8.69 (t,J = 6Hz, 1H), 8.57 (d,J = 8Hz, 1H), 7.90 (d,J = 7Hz, 2H), 7.5 (m, 3H),
442 (dt,J = 52,6Hz, 2H), 4.43 (m, 1H), 4.13 (s, 2H), 1.83 - 1.3 (m, 6H); MS: m/e =
291.84; |

tert-butyl 3-(15-cyanomethylcarbamoylpentylcarbamoyl)y lcarbamate
(Compound 169); : : : .

tert—bugzl 3-cyanomethylcarbamoylmethylcarbamoylphenylcarbamate
(Compound 170); - _ : o , _

N-(2-benzylsulfanyl-1R-cvanomethylcarbamovlethyDquinoline-3-carboxamide
(Compound 171); 'H NMR (DMSO): 9.30 (d,J = 2.5Hz,1H), 8.58 (d,J=2.5Hz, 1H), 8.16
(d,J = 8.7Hz, 1H), 7.90 (d,J = 9.2Hz,1H), 7.83 (td,J = 8.7,1.5Hz, 1H), 7.63 (td,J = -
6.9,1.2Hz, 1H), 7.17 - 7.42 (m, 5H), 4.77 (dd,J = 11.8,7.2Hz, 1H), 3.81 (s, 2H), 3.12
(dd,J =13.9,6.2Hz, 1H), 2.90 (dd,} = 14.0,7.4Hz, 1H); MS (404.77); .

ferr-buty] 3-(1S-cyanomethylcarbamoyl-

2-cyclohexylethylcarbamoylbenzyl)carbamate (Compound 172); 'HNMR (CDC1,): 8.15
(bt, J=5.45Hz, 1H), 7.63 (4, J=8.1Hz, 2H), 7.43 (d, J=7.7Hz, 1H), 5.18 (s, 1H), 4.81 (dd,

J=8.4, 18.8Hz, 1H), 4.25 (d, J=5.2Hz, 2H), 4.15 (dd,J=5.9, 17.1Hz, 1H), 3.98 (dd, J=5.9,

17.1Hz, 1H), 1.45 (s, 9H), 0.8-1.9 (m, 13H); MS: m/e (+1) 357.94;
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3-acetylamino-N-( 1;S':;yanomethxlcarbamoyl-2—cxcloﬂéxﬁ lethyl)benzamide
(Compound 173); 'H NMR (CDC1,): 8.43 (s, 1H), 8.32 (s, 1H), 7.94 (3, J=7.92Hz, 1H),
7.59 (s, 1H), 7.54 (s, 1H), 7.38 (d, J=7.9Hz, 1H), 4.83 (dd, }=7.4, 15.3Hz, 1H), 4.23 (dd,
1=5.7, 17.3Hz, 1H), 4.06 (dd, J=5.7, 17.3Hz, 1H), 2.14 (s, 3H), 0.95-1.90 (m, 13H); MS:

- m/e=370.85;

2S-.| 2-(4-butoxyphenyl)acetylamino]-N-cyanomethyl-3-cyclohexylpropionamide
(Compound 174); NMR (MeOH): 7.19 (d, J=8.9Hz, 2H), 6.84 (d, J=8.9Hz, 2H), 4.38 (dd,
J=5.9, 9.4Hz, 1H), 4.12 (d, J=2.2Hz, 2H), 3.94(t, J=6.4Hz, 2H), 3.60 (d, J=14.1Hz, 1H),
3.46 (d, J=14.1Hz, 1H), 1.40-1.78 (m, 4H), 1.05-1.3 (m, 3H), 0.95 (t, J=7.4Hz, 3H); MS:

“m/e=399.95;

" N-[1S-cvanomethylcarbamoyl-2-(4-nitrophe i carbo ide

(Compound 175);
~ N-cyanomethyl-3-cyclohexyl-2S-(3-naphth-2-ylureido)propionamide
(Compound 176); -
N- ygnomethy!-l!—cycloheul -25-(3-hexylureido)propionamide (Compound 177);
2S-(3-allylureido )-Nﬂanomethy]—3-c;@lohexxlmp1onam:de (Compound 178);

(Compound 179),
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)quinoline-2-carbox amide

- (Compound 180); *H NMR (CDCl,): 8.90 (d,J = 7.8Hz,1H), 8.35 (m, 1H), 8.22 (m, 3H),

7.89 (m, 1H), 7.81 (1d,J = 7.2,1.7Hz, 1H), 7.66 (td,J = 6.9,1.0Hz, 1H), 7.37 (m, 2H), 7.14
—7.32 (m, 3H), 4.77 (m, 1H), 4.16 (m, 2H), 3.82 (s, 2H), 3.11 (dd,J = 14.1,6.2Hz, 1H),
3.00 (dd,J = 14.1,6.9Hz, 1H); MS (404.8); _ .
3-benzylsulfanyl-N-cyanomethyl-2R-(3,3-dimethylureido)propionamide
(Compound 181); '
3-benzoy)-N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)benzamide
(Compound 182); 'H NMR (CDCl,): 8.19 (t,J = 1.6Hz,1H), 7.96 (m, 2H), 7.78 (m, 2H),
7.61 (m, 2H), 7.51 (m, 2H), 7.23 - 7.37 (m, 5H), 6.99 (d,J = 6.2Hz, 2H), 4.64 (m, 1H),
4.13 (dd,J =5.9,1.0Hz, 2H), 3.80 (d,J = 2.5Hz, 2H), 3.09 (dd,J = 14.1,6.9Hz, 2H), 2.81
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(dd,J = 14.1,7.7Hz, 1H); MS (457.81); - _

- N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)- -
5-pyrid-2-ylthiophene-2-carboxamide (Compound 183); 'H NMR (CDC1,): 8.55 d,
J=4.95Hz, 1H), 8;05 (5, J=5.4Hz, 1H), 7.67-7.73 (m, 2H), 7.62 (d, }=4.0Hz, 1H), 7.54 (d,
J=4.0Hz, 1H), 7.21 (rﬁ, 1H), 7.11 (d, J=7.9Hz, 1H), 4.77 (dd, =84, 14.3Hz, 1H), 4.21
(dd, J=5.7; 17.3Hz, 1H), 4.06 (dd, J=5.7, 17.3Hz, 1H), 0.8-2.0 (m, 13H); MS: m/e=396.8;

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-
4-methoxythiophene-3-carboxamide (Compound 184); '"H NMR (CDC1,): 8.04 (d,
J=3.THz, 2H), 7.74 4, }=7.4Hz, 1H), 6.35 (d, J=3.4Hz, 1H), 4.68 (dd, J=8.4, 13.9Hz, 1H),
4.18 (dd, J=6.2, 17.3Hz, 1H), 4.12 (dd, J=6.2, 17.13Hz, 1H), 3.91 (s, 3i-D, 0.8-1.9 (m,
13H); MS: m/e=349.78;

IV-( 1S-cyanomethylcarbamoyl-z-cyclohexy]gthxl )-
3-(3-methylbenzoyl)aminobenzamide (Compound 185); TH NMR (CDC1,): 8.47 (s, 1H),
8.30 (t, J=5.4Hz, 1H), 7.98 (d, J=8.2Hz, 1H), 7.84 (s, 1H), 7.68 (m, 2H), 7.2-7.48 (m,
4H), 4.84 (dd, J=8.2, 14.6Hz, 1H), 4.26 (dd, J=6.2, 17.3Hz, 1H), 4.02 (dd, J=6.2, 17.3Hz,
1H), 2.35 (s, 3H), 0.8-1.9 (m, 14H); MS: m/e=446.90;

25-(3-phenylsulfonylureido )-Nﬂ@omethxl-&cyclohexylgropmnatmde
(Compound 186);

4-benzoyl-N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyhbenzamide -
(Compound 187); 'H NMR.(CDC13): 8.348 (l_H), 8.11 (d,J=6.6Hz, 1H), 7.95 (dJ =
6.2Hz, 1H), 7.56 (m, 1H), 7.14 - 7.54 (m, 7H), 4.73 (m, 1H),4.16 (d,J = 5.9Hz, 2H), 3.80
(i'n, 2H), 3.08 (dd,J = 13.9,7.3Hz, 1H), 2.87 (dd,J = 13.9,6.2Hz, 1H), 2.64 (s, 3H); MS
(459.86);

{Compound 188);
N-(2-benzylsulfanyl-1R-cyanomethylcarban thylnicotinamide (Compound 189);
N-2-benzylsulfanyl-1 omethylc oylethyl)isonicotinamide

(Compound 190);

25-(3-tert-butylureido)-N-cyanomethyl-3-cyclohexylpropionamide
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{Compound 191);
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-4-methylpentanamide
(Compound 192); 'H NMR (CDCl,): 8.25 (t, J=5.7Hz, 1H), 6.60 (d, J=8.2Hz, 1H), 4.60
(dd, J=8.7, 14.6Hz, 1H), 4.12 (dd, J=5.7, 14.8Hz, 1H), 4.04 (dd, J=5.7, 14.8Hz, 1H), 2.20

(t, }=8.2Hz, 2H), 0.85 (d, J=6.5, 6H), 1.1-1.8 (m, 16H); MS: m/e (+1) 307.92;

'N-(. 15-cyanomethylcarbamoyl-2-cyclohexylethyl)cyclopent-1-enecarboxamide
(Compound 193); 'H NMR (CDC1,): 7.79 (t, }=5.9Hz, 1H), 6.49 (m, 1H), 6.08 (d,
J=7.9Hz, 1H), 4.58 (dd, J=8.4, 14.6Hz, 1H), 4.17 (dd, J=59, 17.3Hz, 1H), 4.04 (dd,
J=5.9, 17.3Hz, 1H), 2.52 (m, 4H), 2.0 (m, 2H), 1.68 (m, 8H), 0.8-1.4 (m, SH); MS: m/e
(+1) 303.82; - - |

tert-butyl 2-benzylsulfanyl-1R-cyanomethylcarbamoylethylcarbamate

(Compound 194);
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-1H-imidazole-4-carboxamide

(Compound 195); *H NMR (DMSO): 8.10 (s, 1H), 7.60 (m, 4H), 4.62 (m, 1H), 4.10 (d,
J=7.2Hz, 2H), 0.8-1.90 (m, 13H); MS: m/e (+1) 303.79;
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-cyclopentanecarboxamide
(Compound 196); 'H NMR (DMSO): 7.88 (t, J=5.45Hz, 1H), 6.15 (d, J=8.17Hz, 1H),
4.55 (dd, J=8.7, 14.6Hz, 1H), 4.16 (dd, J=5.7, 17.3Hz, 1H), 4.06 (dd, J=5.7, 17.3Hz, 1H),
2.65 (m, 1H), 0.8-1.95 (m, 21H); MS: m/e (+1) 305.91;
N-(1S-cyanomethylcarbamoyi-2-cyclohexylethyl)cyclohex-1-énecarboxamide

- (Compound 197); 'H NMR (DMSO): 7.65 (t,J=5.2Hz, 1H), 6.69 (m, 1H), 6.02 (d,

J=7.7THz, 1H), 4.56 (dd, J=8.7, 14.1Hz, 1H), 4.17 (dd, J=5.9, 17.3Hz, 1H), 4.05 (dd,J=5.9,
17.3Hz, 1H), 2.19 (mn, 4H), 1.48-1.85 (m, 13H), 0.8-1.4 (m, 4H); MS: m/e (+1) 317.86;

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-5-methylsulfanylthiophene-
2-carboxamide (Compound 198); "H NMR (CDCl,): 8.12 (t, J=5.4Hz, 1H), 742 (d, -
J=4.0Hz, 1H), 7.18 (d, }=7.7Hz, 1H), 6.9 (d, J=4.0Hz, 1H), 4.73 (dd, J=8.2, 14.6Hz, 1H),
4.18 (dd, J=8.2, 14.6Hz, 1H), 2.55 (s, 3H), 1.75 (m, 8H), 0.8-1.5 (m, 6H); MS: m/e (+1)
365.77;

N-(1S-cvanomethvlcarbamoyl-2-cyclohexylethyl)isobu ide (Compound 199); 'H
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NMR (CDCL): 7.88 (t, J=5.7Hz, 1H), 6.14 (d, J=7.9Hz, 1H), 4.55 (dd, J=8.7, 14.6Hz,
1H), 4.15 (dd, J=5.7, 15.6Hz, 1H), 4.06 (dd, 1#5.7, 15.6Hz, 1H), 2.40 (m, 1H), 1.57-1.80
(m, 8H), 0.8-1.40 (m, 11H); MS: m/e (+1) 279.89; '

- N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyDfuran-2-carboxamide
(Compound 200); 'H NMR (CDC13): 745 (m,l2H), 7.14 (d, J=3.5Hz, 1H), 6.67 (d,
J=8.2Hz, 1H), 6.51 (m, 2H), 4.66 (dd, J=8.9, 1_4; 1Hz, 1H), 4.20 (dd, J=5.9, 17.6Hz, 1H),
4.06 (dd, J=5.9, 17.6, 1H), 1.5-1.9 (m, 7H), 0:8-1.40 (m, 6H); MS: m/e (+1) 303.83;

N-cyanomethyl-3-cyclohexyl-28-(3-cyclohexylureido)propionamide
(Compound 201); '
N-cyanomethyl-3-cyclohexyl-2S-(3-phenylureido ionami . (Compound 202);
3-acetylamino-N-(15-cyanomethyl c‘g;bm._ moylpentvi)benzamide (Compound 203),
N-(1S-cyanometh oyl- lohexylethyl n-3-carboxamide
(Compound 204); *H NMR (CDCl,): 8.5 (t,J=6Hz, 1H), 7.95 (s, 1H), 7.8 (d,J=6Hz, 1H),
7.4 (s, 1H), 6.65 (s, LH), 4.70 (m. 1H), 4.15 (dd,J=6,6Hz, 1H), 3.95 (dd,}=6,6Hz, 1H),
2.0-0.8 (m, 13H); MS:m/e =303.70; o
. N- nomethylcatbamoyl- ohexylethyl)-6-hydroxynicotinamide
(Compound 205); 'H NMR (DMSO): 12.1 (s, 1H), 8.8 (t,J=5.7Hz, 1H), 8.4 (d.J=7.5Hz, -
1H), 8.1 (d,J=2.1Hz, 1H), 7.9 (dd,J=3,10Hz, 1H), 6.43 (d,J=10Hz, 1H), 4.5-4.2 (m, 1H),
4.18 (d,J=6Hz, 1H), 1.8-0.8 (m, 13H); MS:m/e.=330.82; . - :
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyhbenzofuran-2-carboxamide
(Compound 206); *H NMR (CDCl,): 7.95 (t,J=6Hz, 1H), 7.8-7.2 (m, 6H), 4.95 (m, 1H),
4,30 (dd,J=6,6Hz, 1H), 4.10 (dd,J=6,6Hz, 1H), 2.0-0.8 (m, 13H); MS:m/e =303.70;
N-(18-cyanomethylcarbamoyl-2-cyclohexylethyl)quinoline-3-carboxamide
(Compound 207); 'H NMR (DMSO): 9.2 (s, 1H), 8.8 (s, 1H),_8.0 (d,J=6Hz, 2H), 7.8
(tJ=6Hz, 1H), 7.65 (t,J=6Hz, 1H), 4.2 (m, 2H), 2.0-0.8 (m, 15H); MS:m/e =364.86;
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-4-hydroxy-3-nitrobenzamide
(Compound 208); '"H NMR (CDCl,): 10.7 (s, 1H), 8.3.(s, 2H), 7.9 (d,J=6Hz, 1H), 7.1
(d,J=6Hz, 1H), 4.9 (m, 1H), 4.3 (m, 2H), 2.2-0.8 (m, 13H); MS:m/e =374.83;
N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-nitrobenzamide
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(Compound 209); 'H NMR d)MSO): 8.8-8.2 (m, 4H), 8.1 (d;f¥6.8Hz, 1H), 7.5
(t,J=6.8Hz, 1H), 4.9 (m, 1H),4.45 (dd J=6,6, 1H), 4.25 (dd,J=6,6, 1H), 2.0-0.8 (m, 13H);
MS:m/e =358.75;

N-(1S-cyanomethylcarbamoyl-2-cyclohexylethyD-3-methylbutyramide
(Compound 210); '"H NMR (CDCL): 7.9 (t, J=3, 6Hz, 1H), 6.3 (d, J=6Hz, 1H), 4.6 (m,
1H), 4.1-(ﬁ1, 2H), 2.3-0.8 (m, 22H); MS:m/e =293.73;

N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-1H-indole-5-carboxamide
(Compound 211); '"H NMR (CD,0D): 8.12 (s, 1H), 7.61 (d,J = 7.7Hz, 1H), 7.39 (d,J =
8.4Hz, 1H), 7.28 (m, 6H), 7.22 (m, 1H), 7.16 (m, 1H), 6.52 (m, 1H), 4.73 (m, 1H), 4.14 (s,
2H), 3.75 (s, 1H), 2.97 (m, 1H), 2.79 (m, 1H); MS (393.2); -

N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-3-phenoxybenzamide
(Compound 212); 'H NMR (CDCl): 7.55 (m, 1H), 7.45 (m, 1H), 7.39 (m, 1H), 7.26 (m,
6H), 7.12 (m, 3H), 6.97 (m, 2H), 4.67 (m, 1H), 4.11 (d,J =3.7Hz, 2H), 3.72 (d,J = 3.7Hz,
2H), 2.93 (m, 1H), 2.73 (m, 1H); MS (446.4);

tert-butyl 3-(2-benzylsuifanyl- : : :

1R-cyanomethylcarbamoylethylcarbamoyhbenzylcarbamate (Compound 213); '"H NMR
(CDCl,): 7.69 (s, 1H), 7.62 (m, 1H), 7.48 (d.J = 7.2Hz, 1H), 7.41 (d,) = 7.8Hz, 1H), 7.28

- (m, 4H), 7.12 (J = 7.2Hz, 1H), 4.74 (dd,J = 13.5,6.9Hz, 1H), 4.33 (5, 2H), 4.13 (d.J = -

5.4Hz, 2H), 3.77 (s, 2H), 3.01 (dd,J = 14.4,6.3Hz, 1H), 2.85 (dd,J = 13.8,7.2Hz, 1H), 1.45
(s, 9H); MS (483); o 3 |
}écegl-N—(Z—benglsulfany]-1R—ganomethylcarbamoylethyl )benzamide
(Compound 214); *"H NMR (CDCL): 8.348 (1H), 8:11 (d,J = 6.6Hz, 1H), 7.95 (d.J =
6.2Hz, 1H), 7.56 (m, 1H), 7.14 — 7.54 (m, 7H), 4.73 (m, 1H), 4.16 (d,J = 5.9Hz, 2H), 3.80

- (m, 2H), 3.08 (dd,J = 13.9,7.3Hz, 1H), 2.87 (dd,J = 13.9,6.2Hz, 1H), 2.64 (s, 3H); MS

(396.0);
3-(3-methylbenzoylamino-N-(2-benzylsulfanyl--
1R-cyanomethylcarbamoylethyl)benzamide (Compound 215); 'H NMR (CDCL,): 8.12 (s,

‘1H), 7.95 (m, 2H), 7.70 (s, 1H), 7.66 (m, 1H), 7.20 - 7.47 (m, 8H), 7.12(d,J = 6.9Hz,

1H), 4.74 (m, 1H), 4.16 (d,J = 5.7Hz, 2H), 3.77 (s, 2H), 3.01 (dd,¥ = 13.7,5.9Hz, 1H),
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2.86 (dd,J = 13.8,6.8Hz, 1H), 2.42 (s, 3H); MS: (4874);

N-[(cyanomethylcarbamoyl)(propoxy n_;eth_ 1Jbenzamide (Compound 216); '"H NMR
(DMSO0): 9.25 (d,] = 10Hz, 1H), 8.65 (t,J = 6Hz, 1H), 7.92 (d,J = THz, 2H), 7.5 (m, 3H),
5.60 (d,J = 10Hz, 1H), 4.18 (m, 2H), 3.51 (m, 2H), 1.56 (h,J, = 8Hz, 2H), 0.88 (t,J = 8Hz,
3H);

N- 3—benz Isulfanyl-1R-cyanomethylcarbamoyl Dbenzamide (Compound 217);
'H NMR (DMSO): 8.69 (t,J = 6Hz, 1H), 8.63 (d,J = 8Hz, 1H), 7.90 (d,J = 9Hz, 2H), 7.5
(m, 3H), 7.2 (m, 5H), 4.54 (m, 1H), 4.13 (d.J = 6Hz, 2H), 3.73 (s, 2H), 2.46 (m, 2H), 2.02
(m, 2H); MS: m/e = 367.81;

omethylcarbamoyl){(cyclohexyloxy)methylib ide (Compound 218); 'H

NMR (DMSO): 9.26 (d,J =9Hz, lH), 8.55 (t,J = 6Hz, 1H), 7.92 (d,] = THz, 2H), 7.51 (m,
3H), 5.72 (d,J = 10Hz, 1H), 4.17 (m, 2H), 3.56 (m, 1H), 1.95 (m, 3H), 1.75 (m, 3H), 1.3 -
(m, 6H); MS: m/e = 315.8;

N lS-cyanomemﬂggmgyj-z-cyclghgxylethxl )succmamxc acid (Compound 219); .
'H NMR (CDCL,): 4.38 (m, 1H), 4.05 (s, 2H), 2.45 (d, J=6.3Hz, 2H), 2.58 (d, J=6.3Hz,
2H), 0.8-1.9 (m, 15H); MS: m/e (+1) 309.72; . o

3-3-(2-chloro-6-methylphenylureido}-N-(1S-cyanomethylcarbamoyl-
2-cyclohexylethyl)benzamide (Compound 220);

tert-butyl 4-(15-cyanomethylcarbamoyl-
2-cyclohexylethylcarbamoyl)phenylcarbamate (Compound 221);

N 1S-gyanomethylcarbamoyl-Z-gmd-4-ylethxl )benzamide (Compound 222); 'H
NMR: (CDCl,) 8.36 (d, J=6Hz, 2H), 7.80 (d, J=6.5Hz, 1H), 7.66 (d, J=7.3Hz, 2H), 7.47-

7.32 (m, 4H), 7.14 (d, J=6Hz, 2H), 4.79 (m, 1H), 4.06 (d, J=17Hz, 1H), 3.94 (d, J=17Hz,
1H), 3.15 (dd, J=6.6Hz, J=13.6Hz,1H), 3.01 (dd, J=7.5Hz, J=14Hz, 1H); MS: (M*+1)
300; |

(Compound 223); 'H NMR: (CDC,) 7.93 (m, 1H), 7.81 (d, J=7Hz, 2H), 7.59-7.44 (m,
3H), 7.13 (t, J=8Hz, 1H), 4.85 (m, 1H), 4.23-4.08 (m, 2H), 2.38-1.25 (m, 11H); MS:
(M*+1) 328;
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(Compound 224);'H NMR: (CDCl,) 8.04 (m, 1H), 7.80 (d, }=7.4Hz, 2H), 7.58-7.42 (m,
3H), 720 (d, J=6Hz, 1H), 4.84 (m, 1H), 4.21-4.03 (m, 2H), 2.20-1.23 (m, 11H); MS:
(M*+1) 350;

N-[1S-cyanomethylcarbamoyi-2-cyclohexylethyllthiomorpholine-4-carboxamide
(Compouﬁd 225); '"H NMR (DMSO): 7.75 (m, 1H), 4.99 (m, 1H), 4.37 (m, 1H), 4.12 (m,
1H), 3.7 (m, 4H), 2.61 (m, 4H), 2-0.8 (m, 13H); MS: m/e 339.4;

4-(1S-cyanomethylcarbamoyl-2-cyclohexylethylcarbamoyhbutyric acid
(Compound 226);

henethyloxy)methyllbenzamide (Compound 227); 'H

_NMR (DMS0): 9.30(dJ = 9Hz, 1H), 8.69 (t,J = 7Hz, 1H), 7.90 (d,J = 8Hz, 2H), 7.51 (m,
3H), 7.2 (m, 5H), 5.66 (m, 1H), 4.19 (m, 2H), 3.77 (m, 2H), 2.92 (m, 2H); MS: m/e =
337.94; - o .
4-amino-N-(1S-cyanomethylcarbamoyl-2-cyclohexylethylbenzamide

5

(Compound 228);

- tert-butyl 4-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethylcarbamoylpiperazine-
1-carboxylate (Compound 229); '"H NMR (CDCl,): 7.46 (t,J = 5.7Hz, 1H), 7.31 (m, SH),
5.27 (d,J = 6.9Hz, 1H), 4.38 (dd,J = 13.4,6.7Hz, 1H), 4.15 (dd,J ='17.3,5.9Hz, 1H), 4.06
(dd,J = 17.3,9.9Hz, 1H), 3.73 (s, 2H), 342 (t,J = 4.9Hz, 4H), 3.31 (t.J =4.9Hz, 4H), 2.97
(dd,J = 14.1,6.7Hz, 1H), 2.77 (dd,J = 13.9,6.7Hz, 1H), 1.46 (s, 9H); MS (462.4);

N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-4-fur-2-ylcarbonylpiperazine-
1-carboxamide (Compound 230); '"H NMR (CDCl;): 7.59 (t,J = 5.7Hz, 1H), 7.50 (dd,J =
2.2,1.0Hz, 1H), 7.30 (m, 5H), 7.05 (dd,J = 2.4,0.7Hz, 1H), 6.50 (dd,J = 6.9,1.7Hz, 1H),
5.42 (d,J = 6.9Hz, 1H), 4.42 (dd,J = 13.3,6.7Hz, 1H), 4.15 (dd,J = 11.6,5.9Hz, 1H), 4.06
(dd,J = 16.2,7.2Hz, 1H), 3.73 (s, 4H), 3.45 (m, 4H), 3.38 (m, 4H), 2.95 (dd,J =
13.9,6.4Hz, 1H), 2.78 (dd,J = 13.9,6.7Hz, 1H); MS (456.2);

ethyl 4-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethylcarbamoyl)piperazine-

' 1-carboxylate (Compound 231); *H NMR (CDCl,): 7.58 (t,J = 5.7Hz, 1H), 7.30 (m, 5H),

5.35 (d,J = 6.9Hz, 1H), 4.41 (dd,J = 13.3,6.7Hz, 1H), 4.15 (q,J = 7.1Hz, 2H), 4.10 (t,J =
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5.9Hz, 2H), 3.72 (s, 2H), 3.47 t.J = 4.9Hz,4H), 3.34 (t,] =3.7Hz, 4H), 2.93 (dd,J =
13.8,6.4Hz, 1H), 2.76 (dd,J = 13.8,6.9Hz, 1H), 1.26 (t,J =7.1Hz, 3H); MS (434.4); - -

N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-4-hydroxybenzamide e

(Compound 232);
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-3-hydroxybenzamide
(Compound 233); - |
N-[2-(1-acetylpiperidin-4-yl)-1S-cyanomethylcarbamoylethyl ]benzamide -~
(Compound 234); MS: (M*+Na) 379;
 N-l(cyanomethylcarbamoyl)(phenylsminolmethyllbenzamide (Compound 235); 'H
NMR (DMSO): 9.02 (d,J = 9Hz, 1H), 8.91 (t,J = 6Hz, 1H), 7.86 (d.J = 10Hz, 2H); 7.5 (m,

3H), 7.11 (t,} = 9Hz, 2H), 6.78 (d,J = 8Hz, 2H), 6.65 (t,J = 8Hz, 1H), 6.08 (d,J = 9Hz,

1H), 5.87 (m, 1H), 4.20 (t,J = 3Hz, 2H); MS: m/fe =308.99; =
N-[1S-cyanomethylcarb 1-2-(4-methylenecyclohexylethyllbenzamide - o
(Compound 236); 'H NMR: (CDCl;) 7.81-7.75 (m, 3H), 7.58-7.43 (m, 3H), 6.88 (d, —
J=8Hz, 1H), 4.80 (m, 1H), 4.59 (s, 2H), 4.20.(.dd, J=6Hz, J=17Hz, 1H),4.08 (dd, J=5.5Hz,
J=17Hz, 1H), 2.30-1.48 (m, 9H), 1.15-0.96 (m, 2H); MS: (M"+Na) 348; -
N-[1S-cyanomethylcarbamoyl-2-(4-ethylidenecyclohexylethyllbenzamide o -
(Compound 237); *H NMR: (CDCl,) 7.87 (t, J=6Hz, 1H), 7.80 (d, J=7Hz, 2H), 7.58-7.43
(m, 3H), 6.94 (d, J=8Hz, 1H), 5.12 (g, J=6.5Hz, 1H), 4.80 (m, 1H), 4.20 (dd, J=6Hz, -
J=17Hz, 1H), 4.08 (dd, J=5.5Hz, J=17Hz, 1H), 2.55 (m, 1H), 2.17-1.50 (m, 8H), 1.53 (d,
J=6.5Hz, 3H), 1.10-0.91 (m, 2H); MS: (M*+Na) 362; .
N- 1S-cyanomethxlcatbamoxl-2—(&p;opxlidenecmlohexy_lE. thyllbenzamide ~ __
(Compound 238); 'H NMR: (CDCl,) 8.15 (m, 1H), 7.81 (d, J=8Hz, 2H), 7.56-7.41 (m,
3H), 7.22 (d, J=THz, 1H), 5.05 (t, J=7.2Hz, 1H), 4.84 (q, J=7THz, 1H), 4.18(dd, J=6Hz,
J=17Hz, 1H), 4.05 (dd, J=5.5Hz, J=17Hz, 1H), 2.48 (m, 2H), 2.11-1.47 (m, 9H), 1.03- ..
0.90 (m, 2H), 0.90 (t, J=7.7Hz, 3H); MS: (M"+Na) 376;

(Compound 239); 'HNMR: (DMSO) 8.68 (t, J=6Hz, 1H), 8.56 (d, J=7Hz, 1H), 7.87 (d,--
J=THz, 2H), 7.54-7.42 (m, 3H), 4.50 (m, 1H), 4.10 (ﬂl, 2H), 2.77 (m, 2H), 2.24 (m, 2H),
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1.79-1.05 (m, 9H), 0.93 (t, J=7Hz, 3H); MS: (M*+1) 343; -

4-[2-benzoylamino-2S-cyanomethylcarbamoylethyl]-1-methylcyclohexyl

trifluoroacetate (Compound 240); '"H NMR: (CDCl,) 8.25 (t, J=5Hz, 1H), 7.80 (d, J=THz, .

2H), 7.58-7.39 (m, 4H), 4.86 (q, J=7.5Hz, 1H), 4.16 (dd, J=5.5Hz, J=17Hz, 1H), 4.04 (dd,

J=5.5Hz, J=17Hz, 1H), 2.28 (m, 2H), 1.84-1.07 (m, 9H), 1.51 (s, 3H); MS: (M*+1) 440;
N-(2-tert-butyldisulfanyl-1R-cyanomethylcarbamoylethylibenzamide

(Compound 241); '"H NMR (CDCl,): 7.83 (m, 1H), 7.65 (m, 1H), 7.55 (m, 1H), 7.43 (m,

2H), 7.16 (m, 1H), 5.00 (m, 1H), 4.19 (m, 2H), 3.33 (m, 1H), 3.27 (m, 1H), 1.34 (s, 9H);

- N-[15-cyanomethylcarbamoyl-2-(4-h exyDethyllbenzamide
(Compound 242); '"H NMR: (CDCly+10% CD,0D) 7.75 (d, J=7Hz, Zﬁ), 7.54-7.35 (m,
3H), 4.60 (m, 1H), 4.14 (4, J=17.5Hz, 1H), 4.00 (d, J=17.3Hz, 1H), 3.44 (m, 1H), 1.91-
1.60 (m, 6H), 1.28-0.90 (m, SH); MS: (M*+Na) 352;

cis-4-(2-benzoylamino-25-cyanomethylcarbamoylethyl)eyclohexyl acetate
(Compound 243); MS: (M*+Na) 394, (M*-CH,COO) 312;
omethylcarbamovyl}(phenethvlsulfany)methylib ide (Compound 244);.
'H NMR (DMSO): 9.14 (d,J = 10Hz, 1H), 9.01 (t,J = 7Hz, 1H), 7.94 (d,) = 9Hz, 2H), 7.5
(m, 3H), 7.2 (m, 5H), 5.88 (d,J = 10Hz, 1H), 4.22 (m, 2H), 2.90 (m, 4H); MS: m/e =
354.01;

- N-[1S-cyanomethylcarbamoyl-2-(1-thiazol-2-ylpiperidin-4-yl)ethyl|benzamide -
(Compound 245); '"H NMR: (CDCl;+10% CD,0D) 7.77 (d, J=7Hz, 2H), 7.51-7.37 (m,
3H), 7.06 (d, J=3.6Hz, 1H), 6.48 (d, J=3.6Hz, 1H), 4.68 (t, J=7.3Hz, 1H), 4.14 (d,
J=17.3Hz, 1H), 4.01 (d, J=17.3Hz, 1H), 3.91-3.85 (m, 2H), 2.99-2.89 (m, 2H), 1.90-1.27
(m, 7H); MS: (M*+Na) 420; S _ e _

N-[(cyanomethylcarbamoyl)(cyclohexylsulfanyl)methyllbenzamide (Compound 246);
"H NMR (DMSO): 9.10 (d,J = 10Hz, 1H), 8.94 (1.} = 6Hz, 1H), 7.92 (d,} = 9Hz, 2H),
7.50 (m, 3H), 5.80 (d,J = 10Hz, 1H), 4.19 (d,J = 6Hz, 2H), 2.96 (m, 1H), 2.00 (m, 1H),
1.88 (m, 1H), 1.67 (m 2H), 1.53 (m, 1H), 1.27 (m 5H); MS: m/e = 331.98;
N-cyanomethyl-3-cyclohexyl-2R-(2-ethoxyacetylamino)propionamide

(Compound 247);

91- .
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N-{1S-cyanomethylcarbamoyl-2-cyclohexylethyl )-3-methoxypropionamide
(Compound 248); '"H NMR (CDCl,): 7.68 (t, j=5.4Hz, 1H), 6.66 (d, J=7.9Hz, 1H), 4.52
(dd, ¥=9.4, 13.4Hz, 1H), 4.18 (dd, J=5.9, 17.6Hz, 1H), 4.06 (dd, J=5.9, 17.6Hz, 1H), 3.65
(m, 2H), 3.38 (s, 3H), 2.50 (t, J=5.7Hz, 2H), 0.8-1.70 (m, 13H);

 cis-N-[1S-cyanomethylcarbamoyl-2-(4-methoxycyclohexyl)ethyl|benzamide
(Compouﬁd 249); "HNMR: (CDCl;) 8.01 (s, 1H), 7.80 (d, J=7Hz, 2H), 7.55-7 42 (m,
3H), 6.84 (d, J=8.3Hz, 1H), 5.26 (m, 1H), 4.59_ (d, J=17.2Hz, 1H), 4.14 (d, J=17.2Hz,
1H), 3.54 (m, 1H), 3.29 (s, 3H), 2.18-0.94 (m, 11H); MS: (M*+Na) 366;
N-(2-benzylsulfanyl-

(Compound 250); ESI-MS m/z 585.3 (M-+H"); .
N-(2-benzylsulfanyl-

(Compound 251); ESI-MS m/z 585.4 (M+H");
-(2-be 1-1R-cyanomethylcarbamoylethyl

3-[3-(4-benzylpiperazin-1-ylcarbonyl)aminolbenzamide (Compound 252); ESI-MS mwz

571.2 VHH"); -
N-(lR-cyanomethylcarbamoyl-z-pentaﬂuorobg_z_xlsulfanylethyl)benzamide
(Compound 253); o : E : : : .
N-[1R-cyanomethylcarbamoyl-2-naphth-2-ylmethylsulfanylethyl)benzamide
(Compound 254); 'H NMR (CDCl,): 7.80 (m, 4H), 7.12-7.74 (m, 9H), 4.80 (m, 1H), 4.10.
(m, 3H), 3.75 (s, 2H); 3.02 (m, 1H), 2.87 (m, 1H), 2.2-2.6 (m);
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-
3-(3-[1.3 4lthiadiazol-2-ylureido)benzamide (Compound 255); 'H NMR (270 MHz
DMSO-dg) & 2.78 (m, 1), 2.89 (m, 1), 3.79.(s, 2), 4.18 (d, 2), 4.71 (m, 1), 7.23-7.37 (m,
5),7.45 (t, 1), 7.61 (d, 1), 7.71 (d, 1), 7.99 (s, 1), 8.75 (d, 1), 8.77 (t, 1), 9.08 (s, 1), 9.22
(s, 1); ESEMS m/z 496.1 (M+H*);
N-[2-(4-chlorobenzylsulfanyl)-1R-cyanomethylcarbamoylethyl Tbenzamide

(Compound 256); 'H NMR: (DMSO) 8.85 (t, J=5Hz, 1H), 8.73 (d, J=8.4Hz, 1H), 7.92 (d,
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W

J=THz, 2H), 7.60-7.47 (m,SI-I), 7.40-7.33_(m,#4 ), 4.69 (dd, J=52Hz, J=9.4Hz, 1H), 4.16
(s, 2H), 3.78 (s, 2H), 2.90 (dd, J=5.2Hz, J=13.6Hz, 1H), 2.77 (dd, J=9.6Hz, J=13.8Hz,
1H); MS: (M*+1) 388/390;
N-[1R-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanylethylTbenzamide
(Compound 257); 'HNMR: (DMSO) 8.87 (t, J=5.4Hz, 1H), 8.74 (d, J=8.2Hz, 1H), 7.92
«, 'J=7Hz,.2H), 7.60-7.47 (m, 3H), 7.25-7.08 (m, 4H), 4.75 (m, 1H), 4.17 (d, J=5.THz,
2H), 3.80 (s, 2H), 2.98 (dd, J=5.2Hz, J=13.6Hz, 1H), 2.82 (dd, J=9.6Hz, J=13.8Hz, 1H),
231 (s, 3H); MS: (M*+1) 368; - | o o
 N-[1R-cyanomethylcarbamoyl-2-(3.5-dimethylbenzylsulfanyl)ethyl Ibenzamide
(Compound 258); 'H NMR: (DMSO) 8.86 (t, J=5.4Hz, 1H), 8.73 (d, J_'=8.2Hz, 1H), 7.93
(d, J=7THz, 2H), 7.60-7.46 (m; 3H), 6.91 (s, 2H), 6.85 (s, 1H), 4.71 (m, 1H), 4.17 (d,
J=5.7Hz, 2H), 3.70 (s, 2H), 2.92 (dd, J=5.4Hz, J=13.6Hz, 1H), 2.76 (dd, J=9.6Hz,
J=13.8Hz, 1H), 2.22 (s, 6H); MS: (M*'+1) 382;
N-[1R-cyanomethylcarbamoyl-2-(4-trifluoromethylbenzylsulfanyl)ethyl |benzamide
(Compound 259); '"H NMR: (DMSO) 8.86 (t, J=5.4Hz, 1H), 8.74 (d, J=7.9Hz, 1H), 7.93
(d, J=7THz, 2H), 7.68 (d, J=8.2Hz, 2H), 7.60-7.46 (m, 5H), 4.71 (m, 1H), 4.17 (m, 2H),
3.88 (s, 2H), 2.92 (dd, J=5.4Hz, J=13.4Hz, 1H), 2.79 (dd, J=9.6Hz, J=13.8Hz, 1H); MS:
(M*+1) 422; ' ' '
N-[1R-cyanomethylcarbamoyl-2-(4-trifluoromethoxybenzylsulfanyDethyllbenzamide
(Compound 260); 'HNMR: (DMSO) 8.86 (t, J=5.4Hz, 1H), 8.74 (d, J=8.2Hz, 1H), 7.93
(d, J=7Hz, 2H), 7.60-7.42 (m, 5H), 7.31 (d, J=7.9Hz, 2H), 4.71 (m, 1H), 4.17 (d, J=5.7Hz,
2H), 3.83 (s, 2H), 2.92 (dd, J=5.4Hz, J=13.8Hz, 1H), 2.79 (dd, J=9.6Hz, J=13_8Hz, 1H);

- MS: (M*+1) 438;

N-[1R-cyanomethylcarbamoyl- C .
2-(4-trifluoromethylsulfanylbenzylsulfanyl)ethyllbenzamide (Compound 261); 'H NMR:
(DMSO) 8.86 (t, J=5.4Hz, 1H), 8.75 (d, J=8.2Hz, 1H), 7.92 (d, J=7Hz, 2H), 7.66 (d,
J=7.9Hz, 2H), 7.60-7.45 (m, 5H), 4.72 (m, 1H), 4.17 (d, J=5.7Hz, 2H), 3.86 (s, 2H), 2.92
(dd, J=5.4Hz, J=13.8Hz, 1H), 2.80 (dd, J=9.6Hz, J=13.8Hz, 1H); MS: (M*+1) 454;

N-[1R-cyanomethylcarbamoyl-2-(3-nitrobenzylsulfanyl)ethyllbenzamide
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(Compound 262); 'H NMR: . (DMSO) 8.83 (t, J=5Hz, 1H), 8.73 (d, J=7.7Hz, 1H), 8.21 (s,
1H), 8.09 (d, J=8Hz, 1H), 7.99 (m, 2H), 7.79 (d, J=7.7THz, 1H), 7.63-7.45 (m, 4H), 4.66
(m, 1H), 4.14 (d, J=5Hz, 2H), 3.94 (s, 2H), 2.90-2.49 (m, 2H); MS: (M"+1) 399.2;

* N-[1R-cyanomethylcarbamoyl-2-(3-nitrobenzylsulfanyllethyl Ibenzamide
(Compound 263); 'H NMR (DMSO): 8.79 (m; 1H), 8.48 (d, J=5Hz, 1H), 7.93 (d, J=THz,

-2H), 7.75 (dt,J=2,8Hz, 1H), 7.52 (m, 5H), 7.26 (m, 1H), 4.71 (m, 1H), 4.15 (m, 2H), 3.88

(s, 2H), 2.89 (m, 2H); MS: m/e=354.97; _ _
N-(1R-cyanomethylcarb -2-pyrid-3-yimethylsu lethyl)benzamide
(Compound 264); '"H NMR (DMSO): 8.86 (t.J =6Hz, 1), 8.74 (d, J=0Hz, 1H), 8.53 (4,
J=2Hz, 1H), 8.44 (dd,J=5, 2Hz, 1H), 7.91 (m, 2H), 7.74 (m, 1H), 7.54 km,- 3H), 7.34 (m,
1H), 4.72 (m, 1H), 4.17 (m, 2H), 3.82 (s, 2H), 2.84 (m, 2H); MS: m/e=355.04;
N-(1R-cyanomethylcarbamoyl-2-pyrid-4-ylmethylsulfanyDethyl[benzamide
(Compound 265); 'H NMR (DMSO): 8.85 (tJ = 6Hz, 1H), 8.75 (d,J = 9Hz, 1H), 8.5 (m,

2H), 7.93 (m, 2H), 7.54 (m, 3H), 7.35 (m, 2H), 4.69 (m, 1H), 4.16 (d,J = 6Hz,2H),3.8(s .

= 2H), 2.91 (dd,J = 6,15Hz, 1H), 2.79 (dd,J = 10,15Hz, 1H); MS: m/e = 355.02;

3-amino-N-(1S-cyanomethylcarbamoyl)-2-cyclohexylethylbenzamide -
(Compound 266);

3-amino-N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)benzamide
(Compound 267);
3-amino-N-( ISﬂanomethxlcarbamoylpentyl )benzamide (Compound 268)

. methyl 2S-benzoylamino-3-cyclohexylpropionylaminocyanoacetate (Compound 269),

MS: (M*+Na) 394;
25-benzoylammo-3-cyclohexylmpmnylammocyanoacetlc acid (Compound 270);
MS: (M*+1) 358;

, N-[1R-cyanomethylcarbamoyl-2-(3.4-dichlorobenzylsulfanyDethyllbenzamide
(Compound 271); '"H NMR (DMSO): 8.8 (d.t, 2H), 7.9 (d,J=8Hz, 2H), 7.8 (m, 3H),7.1 (m,

4H),4.7 (m, 1H),4.2 (S, 2H), 3.7 (s, 2H), 2.9 (m, 1H), 2.7 (m, 1H),2.3 (s, 3H),

MS:m/e =368.0;

N-[1R-cyanomethylcarbamoyl-2-(3-methylbenzylsulfany)ethyllbenzamide
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S

(Compound 272);
N-[1R-cyanomethylcarbamoyl-2-(4-nitrobenzylsulfanylethyllbenzamide

(Compound 273); 'H NMR: (DMSO) 8.83 (t, J=5.1Hz, 1H), 8.72 (d, J=7.7Hz, 1H), 8.17

(d, J=8Hz, 2H), 7.89 (d, J=THz, 2H), 7.62-7.45 (m, 5H), 4.67 (m, 1H), 4.15 (d, J=5.4Hz,
2H), 3.92 (s, 2H), 2.89 (dd, J=5.4Hz, J=13.8Hz, 1H), 2.77 (dd, J=9.6Hz, J=13.8Hz, 1H);
MS: (M*+1) 399.2; _ : :

N-[1R-cyanomethylcarbamoyl-2-(2-nitrobenzylsulfanyl)ethyllbenzamide
(Compound 274); *H NMR (CDC1,): 8.81 (m, 1H), 8.79 (d, J=8.0Hz, 1H), 7.95 (d,
J=3.9Hz, 1H), 7.84 (m, 2H), 7.42-7.65 (m, 6H), 4.63 (m, 1H), 4.05 (m, 4H), 3.80 (m, 2H);
MS: m/e (+1) 399.2; S

N-T1R-cyanomethylcarbamoyl-2-(3-triflucromethylbenzylsulfanyl)e be ide
(Compound 275); '"H NMR (DMSO): 8.86 (m, 1H), 8.74 (d, J=4.9Hz, 1H), 7.90 (d,
J=8.4Hz, 2H), 4.72 (m, 1H), 4.15 (d,J=5.1Hz, 2H), 3.88 (s, 2H), 2.78 (m, 2H), 2.22-2.74
(m, 7H); MS: m/e (+1) 422.2;

-[1R-cyanome -2-(3-trifluo Ibenzylsulfanylethyllbenzamide
(Compound 276); 'H NMR (DMSO): 8.81 (m, 1H), 8.76 (d, J=4.8Hz, 1H), 7.85 (d, -
J=8.4Hz, 2H), 7.10-7.55 (m, 7TH), 4.7 (m, 1H), 4.15 (s, 2H), 3.80 (s, 2H), 2.80 (m, 2H);
MS: m/e (+1) 438.2;

N-[1R-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanyl)ethylImorpholine~
4-carboxamide (Compound 277); 'H NMR (DMSO): 8.7 (t, J=6Hz, 1H), 7.2 (m, 4H), 6.67
(d, J1=7.8Hz, 1H), 4.4 (m, 1H), 4.2 (s, 2H), 3.7 (s, 2H), 3.5 (t, 4H), 3.3.(t, 4H), 2.7 (fn, 2H),
2.3 (s, 3H); MS m/e 377.2;

N-{1R-cyanomethylcarbamoy]-2-(2-nitrobenzylsulfanylethyllmorpholine-
4-carboxamide (Compound 278); '"H NMR (DMSO): 8.67 (t, J=6Hz, 1H), 7.97 (d,
J=8.1Hz, 1H), 7.5 (m, 4H), 4.28 (g, 1H), 4.1 (d, J=4Hz, 2H), 4.05 (m, 2H), 3.5 (t, 4H), 3.2
(t, 4H), 2.6 (m, 2H); MS m/e 408 4;

N-[1R-cyanomethylcarbamoyl-2-(3-nitrobenzylsulfanyl)ethyl lmorpholine-
4-carboxamide (Compound 279); '"H NMR (DMSO): 8.7 (t, J=3Hz, 1H), 8.2 (m, 2H), 7.7
(m, 2H), 6.77 (d, J=3Hz, 1H), 4.33 (mn, 1H), 4.16 (m, 2H), 3.85 (d, J=2.4Hz, 2H), 3.4 (m,
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8H), 2.6 (m, 2H); MS m/e 408;

4~carboxamide. (Compound 280); 'H NMR (DMSO): 8.5 (t, J=3Hz, 1H), 6.9 (d, J=3Hz,
1H), 4.11 (m, 3H), 3.8 (t, 4H), 3.1 (1, 4H), 1.8_%_(_).8 (m, 13H); MS m/e 370.8;

N-(2-allylsulfanyl-1S-cyanomethylcarbamoylethylbenzamide (Compound 281); 'H
NMR (DMSO): 8.72 (t, 1H), 8.65 (d, J=3Hz, 1H), 7.9 (d, 2H), .7.5 (m, 3H), 5.7 (m, 1H),
5.1 (m, 2H), 4.1 (d, J=3Hz, 2H), 2.8 (m, 2H); MS m/e 304.2;

N-(1R-cyanomethylcarbamoyl)-2-(2-fluorobenzylsulfanyl)ethyl [benzamide
(Compound 282); 'H NMR (DMSO): 8.85 (m, 1H), 8.72 (d,J=4.9Hz, 1H), 7.90 (d,

=8.3Hz, 2H), 7.10-7.63 (m, 7H), 4.62 (m, 1H), 4.08 (d,J=5.0Hz, 2H),'3.89 (s, 2H), 2.88
(m, 2H); MS: m/e (+-1) 369.8;

N-[2-(2-chlorobenzylsulfanyl)-1R- : ylcarbamoylethyl ide
(Compound 283); '"H NMR (DMSO): 8.80 (m, 1H), 8.75 (d.,J=4.8, 1H), 7.95 (d, J=8.2Hz,
2H), 7.12-7.58 (m, 7H), 4.75 (m, 1H), 4.18 (d,J=4.8Hz, 2H), 3.85 (s, 2H), 2.8 (m, 2H);
MS: m/e (+1) 388.2; . : e _

N-[2-(2-bromobenzylsulfanyl)-1R-cyanomethylcarbamoylethyllbenzamide
(Compound 284); '"H NMR (DMSO): 8.85 (m, 1H), 8.73 (d,J=4.8Hz, 1H), 7.95
(d,J=8.2Hz, 2H), 7.4-7.65 (m, 5H), 7.37 (1, J=7 2Hz, 1H), 7.20 (t, J=7.2Hz, 1H), 4.70 (m,
1H), 4.08 (d,J=5.1Hz, 2H), 3.90 (s, 2H), 2.90 (m, 2H); MS: m/e (+1) 434.0;

N-[1R-cyanomethylcarbamoyl-2-(2-iodobenzylsulfanyDethylbenzamide
(Compound 285); *H NMR (DMSO): 8.86 (m, 1H), 8.74 (d,J=8.1Hz, 1H), 7.9 (d,J=8.4Hz,
2H), 7.83 (d,J=7.6Hz, 5H), 7.40-7.60 (m, 4H), 7.33 (t, J=7.7Hz, 1H), 6.99 (1,J=7.4Hz,
1H), 4.71 (m, 1H), 4.16 (d,J=5.5Hz, 2H), 3.83 (s, 2H), 2.88 (m, 2H); MS: m/e (+1) 480.0;

N-[2-(4-tert-butyl-benzylsulfanyl)-1R-cyanomethylcarbamoylethyl[benzamide .
(Compound 286); '"H NMR (CDCl,): 8.16 (m, 1H), 7.79 (d,J=7.2Hz, 2H), 7.51 (t,)=7.3Hz,
2H), 7.40 (1,J=8.0Hz, 2H), 7.19-7.29 (m, 4H), 4.98 (m, 1H), 4.08 (m, 2H), 3.72 (m, 2H),
2.94 (m, 2H); . o

N-[3-(2-chlorophenylsulfanyl)-1R-cyanomethylcarbamoylpropyllbenzamide
(Compound 287); *H NMR (DMSO): 8.73 (m, 2H), 7.92 (m, 2H), 7.38-7.56 (m, SH),7.32
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(.35 9Hz, 1H), 7.18 (tJ=5.9Hz, 1H), 4.64 (m, 1), 4.14 (d, J=5.8Fz, 2H), 3.07 (m, 2H),
2.12 (m, 2H); MS:m/e (+1) = 385.9;

N-(1R-cyanomethylcarbamoyl-3-o-tolylsulfanylpropyl)benzamide (Compound 288);
'H NMR (DMSO): 8.70 (m, 2H), 7.92 (m, 2H), 7.45-7.60 (m, 3H), 7.30 (d,J=13.3Hz,
1H), 7.05-7.21 (m, 3H), 4.61 (dd, J=7.7Hz, 1H), 4.13 (d, J=5.4Hz, 2H), 3 (m, 2H), 2.28
(s, 3H), 2.10 (m, 2H); MS:m/e (+1) = 366.0;

N-( 1R—cyanometh11carbamoyl—3-pm’d-Z-xlsulfanxlm' Dbenzamide
(Compound 289); ‘H NMR (DMSO): 8.70 (m, 2H), 8.39 (m, 1H), 7.95 (d,J=13.5, 2H),
7.45-7.68 (m, 4H), 7.29 (d,J=13.5Hz, 1H), 7.10 (m, 1H), 4.59 (m, 1H), 4.13 (d,J=5.THz,
2H), 3.20 (m, 2H), 2.14 (m, 2H); MS:m/e (+1) = 353.0;

tert-butyl 4-(1R-cyanomethylcarbamoyl-

id-2-ylmethylsulfanylethylcarbamoyl)piperidine-1-carboxylate (Compound 290); 'H
NMR (DMSO): 8.72 (t,J=6.5Hz, 1H), 8.48 (d,J=5.2Hz, 1H), 8.21 (d,J=11.8Hz, 1H), 7.75
(t,J=6.5Hz, 1H), 7.38 (d,J=7.9Hz, 1H), 7.25 (m, 1H), 4.80 (m, 1H), 4.14 (d,J=6.6Hz, 2H),
3.93 (q,j=13.6Hz, 2H), 3.85 (s, 2H), 3.33 (s, 4H), 2.56-2.83 (m, 4H), 2.35 (m, 1H), 1.35
(s, 9H); MS:m/e (+1) = 461.4; | | |

N-(1R-cyanomethylcarbamoyl-3-pyrid-4-ylsulfanylpropyllbenzamide
(Compound 291); 'H NMR (DMSO): 8.73 (m, 2H), 8.35 (d,J=6.2Hz, 2H), 7.95 (m, 2H),
7.51 (m, 3H), 7.28 (d,J=6.2Hz, 2H), 4.62 (q.J=7.9Hz, 1H), 4.14 (d,J=5.7Hz, 2H), 3.13 (m,
2H), 2.14 (m, 2H); MS:m/e (+1) = 355.0;

N-[1-(Cyanomethyl-carbamoyl)-2-cycloheptyl-ethyl]-benzamide (Compound 292},

and

2-Benzylamino-N-cyanomethyl-3-cyclohexyl-propionamide (Compound 293).
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EXAMPLE 11
Cathepsin B ?Assay

Solutions of test compounds in varying concentrations were prepared in 10 pL of

* dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 yL, comprising:

N,N-bis(2;hydroxyethyl)-2-aminoethanesulfonic acid (BES), 50 mM (pH 6);
polyoxyethylenesorbitan monolaurate, 0.05%;, and dithiothreitol (DTT), 2.5 mM). Human
cathepsin B (0.025 pMoles in 25 L of assay buffer) was added to the dilutions. The assay
solutions were mixed for 5-10 seconds on a shaker plate, covered and incubated for
30 minutes at room temperature. Z-FR-AMC (20 nMoles in 25 uL of .assay buffer) was
added to the assay solutions and hydrolysis was followed spectrophotometrically at (A 460
nm) for 5 minutes. Apparent inhib_ition constants (K;) were calculated from the enzyme
progress curves using standard mathematical models. _.
Compounds of the invention were tested by the above-described assay and observed
to exhibit cathepsin B inhibitory activity with a K; of less than or equal to 10 uM.

EXAMPLE 12
Cathepsin K Assay

Solutions of test compounds in varying concentrations were prepared in 10 uL of
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL, comprising: MES,
50 mM (pH 5.5); EDTA, 2.5 mM; and DTT, 2.5 mM). Human cathepsin K
(0.0906 pMoles in 25 pL of assay buffer) was added to the dilutions. The assay solutions
were mixed for 5-10 seconds oﬁ a shaker plate, covered and incubated for 30 minutes at
room temperature. Z-Phe-Arg-AMC (4 nMoles in 25 uL of assay buffer) was added to the
assay solutions and hydrolysis was followed spectrophotometrically at (A 460 nm) for
5 minutes. Apparent inhibition constants (K;) were calculated from the enzyme progress
curves using standard mathematical models.

Compounds of the invention were tested by the above-described assay and observed
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- S
to exhibit cathepsin K inhibitory activity withg"'a'iKi of less than or equal to 10 zM.

EXAMPLE 13
Cathepsin L Assay

Solutions of test compounds in varﬁng conc_:entrations were prepared in 10 pL of
dimethyl 51_11foxide (DMSO) and then dilufed into assay buffer (40 uL, comprising: MES,
50 mM (pH 5;5); EDTA, 2.5 mM; and D'I_'I__’, 2.5 mM). Human cathepsin L (0.05 pMoles in
25 pL of assay buffer) was added to the dilutions. The assay solutions were mixed for 5-10
seconds on a shaker plate, covered and incubated for 30 minutes at roo-m temperature.
Z-Phe-Arg-AMC (1 nMoles in 25 gL of assay buffer) was added to the assay solutions and
hydrolysis was followed speétrophotometrically at ( A 460 nm) for 5 minutes. Apparent
inhibition constants (K;) were calculated from the enzyme progress curves using standard
mathematical models. |

Compounds of the invention were tested by the above-described assay and observed

to exhibit cathepsin L inhibitory activity with a K; of less than or equal to 10 #M.

EXAMPLE 14
- Cathepsin S Assay

Solutions of test compounds in varying concentrations were prepared in 10 pL of
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL, comprising: MES,
50 mM (pH 6.5); EDTA, 2.5 mM; and NaCl, 100 mM). Human cathepsin S (0.158 pMoles
in 25 uL of assay buffer) was added to the dilutions. The assay solutions were mixed for 5-10
seconds on a shaker plate, covered and incubated for 30 minutes at room temperature.
Z-Val-Val-Arg-AMC (9 nMoles in 25 pL of assay buffer) was added to the assay solutions
and hydrolysis was followed spectrophotometrically at (A 460 nm) for 5 minutes. Apparent
inhibition constants (K;) were calculated from the enzyme progress curves using standard

mathematical models.
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Compounds of the invention were tested by the above-described assay and observed

to exhibit cathepsin S inhibitory activity with aKI of less than or equal to 10 pM.

EXAMPLE 15
Ovalbumin Challenge Mouse

C57 mice (female) were sensitised with ow;albunlin (IOug, i.p.) administered together
with alum1mum hydroxide adjuvant (20 mg, i.p. ) on days 0 and 12. Mice are challenged on
either day 22, 23 or 24 by exposurc for 60 mmutes to an aerosol of ovaibumin (10 g/ ) twice, 4
hours apart. Mice are dosed p-o. with either vehicle 5 ml/kg (0.5%MC/0.2 % Tween 80 in

H,0) or test compound at 0, 8, 23.5 29, 33, 48 and 56 hours. '

Mice were euthanized with pentobarbitone i.p. after 86 hours (72 hours after the first
challenge). The lungs were insufflated for histological examination as soon as possible after
euthanization. Lungs were insufflated with 10% neutral buffered formalin (NBF), at 30 cm
water pressure. The lungs were removed and placed in pots of __1.0% NBF. After fixation in
10% NBF for a minimum of 24 hours the lungs wete processed through graded alcohols to wax.

The lungs were blocked lbngifudinaﬂy and one 2 um section for each animal was cut at the level ..

of the main bronchi. Sections then were stained ﬁv_ith haematoxylin and eosin. Pathological
assessment of sections is performed and a gtading is assigned.

Histopathological evaluation of the lung tissue demonstrate a dose dependant anti-
inflammatory effect on vascular and mucosal beds after treatment with compounds of the
invention between 0.03 and 30 mg/kg.
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ORAL FORMULATION
Compound of Formula I
Citric Acid Monohydrate
Sodium Hydroxide
Flavoring

Water

INTRAVENOUS FORMULATION
Compound of Formula I
Dextrose Monohydrate
Citric Acid Monohydrate
Sodium Hydroxide
Water for Injection

TABLET FORMULATION
Compound of Formula I '
hdicmcrystalﬁne Cellulose
Stearic Acid |
Colloidal Silica
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Representative Pharmaceutical Formulations Containing a Compound of Formula I

10-100 mg
105 mg
18 mg

q.s. to 100 mL

©0:1-10 mg

g.s. to make isotonic
1.05mg

0.18 mg

g.s.to 1.0 mL

1%
73%
25%
1%.
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'WE CLAIM:

1. A compound of Formula (I):

| II{2 N
LN
‘nd
h
M :.
in which:
R! is a group of Formula (a) or (b):
| R R° ’ R R®
11 2
Y x"g RIF X\NXXI
X7 R® R &7
- (@) ®

wherein:
X! and X* independently are -C(O)- or -CH,S(0),-;
R’ and R® are hydrogen or (C,.¢)alkyl;

PCT/US00/06747

4

R” and R® are hydrogen or (C,.¢)alkyl or as defined below;

R’ and R" independently are (i) (C,¢)alkyl optionally substituted with cyano,
halo or nitro or (ji) a group selected from -X’NRVR", -X>NR"*C(O)OR%,
“X*NRUC(O)NR R, -X*NRC(NR?)NR*R, -X’OR™, -X3SR12,

-X3C(O)OR®, -X’C(O)NRR*?, -X3S(0),NR*R 2, -X*P(O)(OR})OR2,
-X?0OP(0)(OR¥®)OR™, -X*NRZC(O)R ", -X3S(O)R™, -X3S(0);R", -X?C(O)R",
-X3C(O)R™, -X3C(O)OR™, -X’0OC(O)R*, -X*NRC(O)R ¥, -X>NR¥C(O)OR¥,

_X3C(0)NR14RIS., -X3S(0)2NR’4R15, _XSNRISC(O)NRMRIS’

-X3NRPC(INRPNRURY, -X*SR!4 -X*S(O)RY, -X*S(O),R*, -X*OR™, or
“X*NRMRS, wherein X? is (C, ¢)alkylene, X* is a bond or (C, ¢)alkylene, R at each
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occurrence independently is hydrogen, (C,.¢)alkyl or halo-substituted (C,_;)alkyl, R
is (C,.¢)alkyl or halo-substituted (Cj.5)alkyl, R™ is (Cyp)cycloalkyl(Cy.o)alkyl,

hetero(C; )cycloalkyl(Cy.g)alkyl, (Cs.15)aryl(Cy.g)alkyl, hetero(Cs 1,)aryl(Cy ¢)alkyl,
(Co.12)polycycloaryl(Cy.g)alkyl or hetero(Cy;,)polycycloaryl(Cy¢)alkyl and R is
hydrogen or (C, ¢)alkyl, and wherein within R said cycloalkyl, heterocycloalkyt, aryl,
hetéroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a
group selected from -R!6, -X*OR!6, -X*SRS, -X*S(O)R'S, -X*S(0).RS,

-X*C(O)R, -X*C(0)OR'S, -X*OC(O)R, -X*NR¥RY, -X‘NRC(O)R'S,
-X*NR"C(O)OR', -X*C(O)NRRY, -X*S(0),NRR?, -X*NR'’C(O)NRSR!? or
-X*NRYC(INR')NRR", wherein X* is a bond or (C,_s)alkylen;a, R!¢ is hydrogen or
(Ci.9)alkyl and RY is (Cy 0)cycloalkyl(Cy g)alkyl; hetero(Cs j,)cycloalkyl(Co¢)atkyl,
(Ce12)aryl(Cog)alkyl, hetero(Cs.)aryl(Co.9)alkyl, (Cs.15)polycycloaryl(Cy.¢)alkyl or
hetero(Cs. ,)polycycloaryl(Cy g)alkyl, or (iii) a group selected from

- (Cspa)eyeloalkyl(Cogalkyl, hetero(Cs.po)cycloalkyl(Co.atkyl, (Co.i2)aryl(Cogalkyl,

hetero(Cs y)ary}(Co.alkyl, (Csi)polycycloaryl(Cy s)alkyl and
hetero(C;.1;)polycycloaryl(Cy ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl Iiﬁg optio;lally is substituted by a
group selected from -R!6, -X*OR?, -X*SR, -X*S(O)RS, -X*S(O),RS,
-X*C(O)R, -X*C(O)ORS, -X*OC(O)R', -X*NRR", -X*NR!’C(O)R',
“X*NRC(O)ORS, -X*C(O)NR “R"7, -X4S(0O),NR*R"", -X*NR"C(O)NR'RY or
-X*NRVC(NR)NR'RY, wherein X?, R'¢ and R are as defined above; wherein
within R® and/or R any alicyclic or aromatic ring system present may be substituted
further by 1 to 5 radicals independently selected from (C..9)alkyl, (C, g)alkylidene,
cyano, halo, halo-substituted (C, j)alkyl, nitro, -X‘NR?R??, -X*NR2C(O)OR",
“X*NRY“C(O)NR'"R?, -X*NRZC(NR?)NR?R'2, -X“OR", -X*SR%?,
-X'C(O)OR", -X*C(O)NR'?R?, -X*S(0),NR?R2, -X*P(O)(OR*)ORY,
-X"OP(O)(OR‘Z)OR”, -X*OC(O)R®, -X*NR¥C(O)R?, -X*S(O)R?, -X*S(0),R"
and -X*C(O)R!3, wherein X4, R!? and R" are as defined above, or

R® taken together with R7 and/or R taken together with R® form

-103-



wo oxyssns : , ,!""c, mI,L, l""" "l’sl " l!l’ - PCT/US00/06747

trimethylene, tetramethylene.or phénylene-l ,2-dimethylene, optionally substituted with

10

15

20

25

hydroxy, oxo or methylene; and - _

R' is -X°X°R"®, wherein X? is -C(O)-, -C(0)C(O)- or -S(0),-, X®is a
bond, -O- or -NR"-, ﬁvherein R” is hydrogen or (Cy g)alkyl, and R*® is
(i) (Cy.i0)alky] optionally substituted by cyano, halo, nitro, -NR'?R™,
-NR”C(O)OR”, -NRIC(O)NRPRY, -NRPC(NR)NRIR™, -OR®, SR,
-C(O)OR™, -C(O)NRMR”, -S(0);NRR"2, -P(O)(OR})OR™,
-OP(0)(OR)OR'2, -NRUC(O)R™, -S(O)R”, -S(0):R", -C(O)RY, -OR®, -SR,
-S(O)R%, -S(0),R*, -C(O)R*, -C(O)OR?, -C(O)NR*R?, -NR?R?!,
-NR3C(O)R*, -NR*'C(O)OR¥,-NR*'C(O)NR*R?* or -NR”C(SNR”)NR”R’",
wherein R!? and R"? are as defined above, R® is (Cy3,)cycloalkyl(Cy.¢)alkyl,
hetero(C,.io)cycloalkyl(Co.gdalkyl, (Ce.2)aryl(Co)alkyl, hetero(Cs ,)aryl(Cy ¢)alkyl,
(Cy.1p)bicycloaryl(Co g)alkyl or hetero(Cg j;)bicycloaryl(Co ¢)alkyl and R? at each
occurrence independently is hydrogen or (C,.¢)alkyl, or
(ii) (C;.1p)cycloalkyl(Co g)alkyl, hetero(Cs. ,z)cyclom1(q4)mbl,
(Co.12)aryl(Co s)alkyl, hetero(Cs.;5)aryl(Co g)atkyl, (Cy5)bicycloaryl(Cog)atkyl or
hetero(Cs.,,)bicycloaryl(C, ¢)alkyl or (iii) (Cs6)cycloalkyl(Cqy ¢)alkyl,
hetero(C; ¢)cycloalkyl(Cy.¢)alkyl, phenyl(CM)alkyl or hetero(Cs.¢)aryl(Cy.¢)alkyl,
wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by
-X*OR%, -X*SRZ, —X‘S(O)Rzz, -X*S(0).R%, -X*C(O)R%, -X*C(O)ORZ,
-X‘C(O)NRZRZ, -X*NRZR?, -X‘NRZC(O)RZ, -X*NR®C(O)ORZ,

 -X*NRZC(O)NR™R? or -X'NRZC(NRZ)NR?R?, wherein X* is as defined

above, R is (C; ¢)cycloalkyl(Cyg)alkyl, hem(%cycloal@l(Qs)ﬂkyl,_
phenyl(Cy¢)alkyl or hetero(CM)aryl'(CM)alkyl and R® at each occurrence
independently is hydrogen or (C, galkyl; wherein within R any alicyclic or aromatic
ring system present may be substituted further by 1 to 5 radicals independently
selected from (C, ¢)alkyl, (C,.¢)alkylidene, cyano, halo, halo-substituted (C,_)alkyl,
nitro, -X*NRR "2, -X*NR’C(O)OR", -X*NR"C(O)NR?R"?,
-X*NRZC(NR?)NRR™, -X*OR"?, -X*SR"?, -X*C(O)OR", -X*C(O)NR'*R ",
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_X*S(0);NRR", -X*P(O)(OR})OR™, -X’OP(O)(OR}OR ™, -X*OC(O)R",
“X*NRZC(O)RP, -X*S(O)R", -X*S(0),R" and -X*C(O)R'3, wherein X*, R"? and

PCT/US00/06747

- R are as defined above;
R? is hydrogen or (Cy¢)alkyl or as defined beldw;
R? is hydrogen, (C, ¢)alkyl or as defined below; and
R* is (i) hydrogen or (C, ¢)alkyl, wherein said alkyl is optionally substituted with
cyano, halo, nitro, -NR”R'?, -NR'>*C(O)OR?, -NRC(O)NR*R ",
-NRIEC(NRP®)NR'?R?, -OR', -SR"2, -C(O)OR?, -C(O)NR'ZRIZ, -S(O),NR?R®2,

- -P(O)(OR'*)OR'?, -OP(O)(OR®)OR 2, -NR2C(O)R?, -S(O)R™, -S(O).R?, -C(O)R",

-OR!, -SRY, -S(O)RY, -S(0),R!, -C(O)RY, -C(O)ORY, -OC(O)RY, -NRRY,
-NRPC(O)RY, -NRPC(O)OR!, -C(O)NRMRY, -S(0),NRMRY, -NRPC(O)NRMR* or
-NRPC(NR¥)NR¥RY, wherein R%, R%, R™ and R are as defined above, or (i) a group

- selected from (Cj.2)cycloalkyl(Cy ¢)alkyl, hetero(Cs..)cycloalkyl(Cy.¢)alkyl,
(Cs12aryl(Co 9)alkyl, hetero(Cs.j2)aryl(Cogatkyl, (Csiz2)polycycloaryl(Cye)alkyl and

hetero(Cg_;,)polycycloaryl(C,¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a group
selected from -R'¢, -X*OR, -X*SR'¢, -X*S(O)R’®, -X*S(0),R'6, -X*C(O)R,
-X*C(O)OR!S, -X*OC(O)RS, -X*NR R, -X*NRYC(O)R’, -X*NR'C(O)OR'S,
-X*C(O)NR!*R", -X*S(0),NR*R", -X*NR'"C(O)NR'*R" or -X*NR"C(NR')NR*R",
wherein X*, R'® and R" are as defined above; wherein -within R® and/or R'° any alicyclic or
aromatic ring system present may be substituted further by 1 to 5 radicals independently
selected from (C, ¢)alkyl, (C,¢)alkylidene, cyano, halo, halo-substituted (C,_g)alkyl, nitro,
“X*NRER®, -X*NR“C(O)OR", -X*NRC(O)NRR"?, -X*NR¥C(NR'?)NR?R",
-X*OR", -X*SRY, -X*C(O)OR ", -X*C(O)NRR", -X*S(0),NR'?R??,
-X*P(O)(OR3>OR", -X*OP(O)(OR*)OR?, -X*0OC(0O)R 3, -X*NR2C(O)R ", -XS(O)R",
-X*S(0),R"® and -X*C(O)R", wherein X* R* and R are as defined above, or

R* and R? taken together form trimethylene, tetramethylene or
phenylene-1,2-dimethylene, épﬁonally substituted with hydroxy, oxo or methylene, or

R* and R together with the carbon atom to which both R* and R? are attached form
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(Csg)cycloalkylene or (%)h_eterocycloaikyi_ene; -ar_li_i the N-oxide derivatives, prodrug
derivatives, protected derivatives, individual isomers and mixtures of isomers; and the

pharmaceutically acceptable salts thereof.

2. The compound of Claim 1 'in which: .
Rlisa group of Formula (a) wherein within Formula (a):

X! is -C(0)-;

R’ is hydrogen or (C,.g)alkyl;

R’ is hydrogen or methyl;

R is (i) (Cp.9alkyl optionally substitated with -OR™, -SR™, -S(O)R™,
-S(O),RY, -C(O)RY, -C(O)ORY, -OC(O)R*, -NR“R", -NR”C(O)R",
-NR¥C(O)OR", -C(O)NR_“R'.S, -S(O_);NR“R‘S,' -NR¥*C(O)NR"R" or
-NR¥C(NR'*)NR™RY, wherein R™ is.(C; yo)cycloalkyl(Cy oalkyl,
hetero(Cs yg)cycloalkyl(Co.s)alkyl, (Ce.10)aryl(Cos)alkyl, hetero(Cs.i0)aryl(Cogalkyl,
(Co.10)polycycloaryl(Cy o)alkyl or hetero(Cg.ip)polycycloaryl(Coealkyl and R¥ is
hydrogen or (C,.¢)alkyl, and wherein within R™ said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a
group selected from -R'S, -X?0R’¢, -X*SR'S, -X*S(O)R', -X*S(O).R*,

- _X3C(O)R™, -X3C(O)OR, -X*0C(O)R'S, -X°NR!*RY, -X*NR"C(O)R"’,
-X3NR''C(O)OR, -X*C(O)NRR"’, -X’S(OhNR"R”, -X*NRPC(O)NR!R" or
-X3NRVC(NR')NR“RY, wherein X? is a bond or (C,.¢)alkylene, R'® is hydrogen or
(C,.¢)alkyl and R is (C;.y0)cycloalkyl(Co. s)alkyl, hetero(C; yo)cycloalkyl(Co ¢)alkyl,
(Co.10)aryl(Co.galkyl, hetero(Cs o)aryl(Co.g)alkyl, (Cs.i0)polycycloaryl(Co.g)alkyl or
hetero(Cj.1o)polycycloaryl(Cy)alkyl, or '(ii_) a group selected from
(Cs.10)cycloalkyl(Cy.¢)alkyl, hetero(Cy.jo)cycloalkyl(Cog)alkyl, (Cero)aryl(Coedalkyl,
hetero(Cs_,o)aryl(Cogalkyl, (Cy10)polycycloaryl(Cg ¢)alkyl and
hetero(C.io)polycycloaryl(Cy ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by 2
group selected from -R'S, -XOR'S, -X3SR'S, -X3S(O)R', -X?S(O),R'S,
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-X3C(O)RS, -X3C(O)bR’6, -X?0C(O)R’S, —XsNR"'Rﬁ, ;X3NR17C(O)R15,
-X3NRYC(O)OR'®, -X*C(O)NRR, -X3S(0),NR'R", -X>NR"C(O)NR'R" or
XONRC(NRYINRRY, wherein X3, R'¢ and R" are as defined above; wherein
within R? any alicyclic or aromatic ring system present may be substituted further by 1
to 5 radicals independently selected from (C,.¢)alkyl, (C, 4)alkylidene, cyano, halo,
halo-substituted (C;_4)alkyl, nitro, -X>NR'’R%, -X>NR!>C(O)OR"?,
-X*NR?C(O)NRR", -X>*NRP’C(NR'>)NR?R ", -X30R'?, -X3SR?,
-X3C(0)OR™, -X*C(O)NRRY, -X*S(0),NR'?R "2, -X3P(0)(OR*OR"?,
-X*0OP(0O)(OR3OR ™, -X30C(O)RE, -X3NR¥C(O)R", -X3S(O)R", -X3S(0),R"
and -X3C(O)R", wherein X? is as defined above, R12 at each oc;:urrence
independently is hydrogen, (C,.¢)alkyl or halo-substituted (C, ;)alkyl and R"® is
(C,¢)alkyl or halo-substituted (Ci_a)alkjl; and . '

R is -X*X°R'®, whercin X*is -C(O)- or -S(0);-, X*is a bond, -O- or
-NR-, wherein R" is nydrogen or (C Jalkyl, and R is (i) (C, 1o)ilkyl or
Gi) (Ca.o)cycloalkyl(Coalkyl, hetero(Cs o)cycloalkyl(Cy.alks,
(Cs-lz)afyl(éu)alk}’l or hefero(Cs_u)aryl(C,,g)alkyl or (i) (Cs.)cycloalkyl(Co alkyl,
hetero(C}s)cycloalkyl(Cas)alkyl, phenyl(Cas)a]kyl or hetero(Cs ¢)aryl(Cy ¢)alkyl,
wherein said cycloalkyl, hetei'ocycloalkyl, phenyl or heteroaryl is substituted by
-X°0R%,-X* C(.())Rz‘1 , -X’C(0O)OR*, X’C(O)NR*R%, -X°NR*R%,
-X°NR¥C(O)RY, -X*NR¥C(O)OR?, -X’NR¥C(O)NR¥R% or
-X’NR”C(NR”)NR"‘R?S,'wherein X? is a bond or (C,.¢)alkylene, R* is
(Cgé)cycloalkyl(Cas)a]kyl, hetero(Q,ﬁ)cycloalkyl(C@)alkyl, phenyl(C, ¢)alkyl or
hetero(Cs garyl(C, o)alkyl and R is hydrogen or (C,_s)alkyl, wherein within R" any
alicyclic or aromatic ring system present may be substituted further by 1 to 5
substituents independently selected from (C;.e)alkyl, hélo, halo-substituted (C,_j)alkyl,
-ORY, -X3SR", -C(O)OR‘ZI and -X3NR12C(0)0R12, wherein X3 is a bond or
(C,.s)alkylene and R is hydrogen or (C, ¢)alkyl;
R? is hydrogen;
R3 is hydrogen or (C,4)alkyl or taken with R* together with the carbon atom to which
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both R* and R* are attached forms (Cyg)cycloalkylene; and
R* is hydrogen or as defined above; and the N-oxide derivatives, prodrug derivatives,
protected derivatives, individual isomers and mixtures of isomers; and the pharmaceutically

acceptable salts thereof.
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3. | The compound of Claim 2 in which:
R!is a group of Formula (a) wherein within Formula (a):
R’ and R? both are hydrogen;

. R? is (i) (Cy.s)atkyl optionally substituted with -OR' or -SR', wherein R is
(Cs6)cycloalkyl(C, galkyl, phenyl(Cy ¢)alkyl, bipheny]yl_(CM)al.kyl or
hetero(C;.g)aryl(Co.g)alkyl, or (ii) a group selected from (Cj.¢)cycloalkyl(Cy.¢)alkyl,
phenyl(Cy.¢)atkyl, biphenylyl(Cy galkyl or hetero(Cs yo)aryl(Cy ¢)alkyl; wherein within
R? any alicyclic or aromatic ring system present may be éubstituted furtherby 1to 5
radicals independently selected from (C, alkyl, (C; Qalkylidene, cyano, halo,
halo-substituted (C;.,)alkyl, nitro, -X’NR"R", -X’NR’C(O)OR",
-X*NRZC(O)NRZR", -X*NR”C(NR>)NR"R", -X*0R", -X*SR"?,

-X*C(O)OR"?, -X*C(O)NRR", -X’S(0),NRR", -X*P(O)(OR*OR",

-X?0P(0)(OR*OR®, -X*0C(O)R ", -X*0C(O)R", -X*NR>)C(O)R",
-X3S(O)RE, -X3S(0),R"? and--X3C(Q)R‘3, wherein X® is a bond or (C, ¢)alkylene,
R* at each occurrence independently is hydrogen, (C,_;)alkyl or halo-substituted
(Cy.2)alkyl and R® is (C, 5)alkyl or halo-substituted (C,.;)alkyl; and

R is -X*X°R*, wherein X* is -C(0)- , X*is a bond and R®® is
() (Cspo)cycloalkyl(Cy g)alkyl, hetero(Cs.)cycloalkyl(Cyoatkyl,
(Ce.12)ary}l(Co g)alkyl or hetero(Cs.1p)aryl(Co)alkyl or (ii) phenyl(Cy g)alkyl or
hetero(Cs.¢)aryl(Co ¢)alkyl, wherein said phenyl or heteroaryl is substituted by
-X°0R*,-X°C(O)R*, -X°C(O)OR?, -X°C(O)NR*R%, -X_QNR”Rﬁ,
“X*NR¥C(O)R¥, -X’NR®C(O)ORY, -X’NR*C(O)NR*R® or
-X°NR¥C(NR®)NR%R™, wherein X® is a bond or (C,_¢)alkylene, R* is
phenyl(Cy¢)alkyl or hetero(C;_g)aryl(Cy ¢)alkyl and st is hydrogen or (C,.¢)alky),
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wherein within R“any aromatic ring system present may be substituted further by 1 to
5 substituents independently selected from (C,.¢)alkyl, halo, halo-substituted
(C,.0)alkyl, -OR"?, -X>SR*?, -C(O)OR and -X*NR?C(O)OR* wherein X3 is a

bond or (C, ¢)alkylene and R is hydrogen or (C, ¢)alkyl; and

R? and R* are both hydrogen; and the N-oxide derivatives, prodrug derivatives,

-protected derivatives, individual isomers and mixtures of isomers; and the pharmaceutically

acceptable salts thereof; and the N-oxide derivatives, prodrug derivatives, protected

derivatives, individual isomers and mixtures of isomers; and the pharmaceutically acceptable

- salts thereof.

4, The compound of Claim 3 in which within Formula (a) R? is cyclohexylmethy],
wherein said cyclohexyl may be substituted by 1 to 5 radicals independently selected from
(C4)alkyl, (C;_s)alkylidéne or -X*0OC(O)R ", or phenylmethylsulfanylmethyl or
phenylsulfanylethyl, wherein said phenyl may be substitutéd by 1 to 5 radicals independently
selected from (C,_,)alkyl, cyano, haio, halo-substituted (C, 4)alky}, nitro, -OR", -SR*? and
-C(O)OR', wherein R'* is hydrogen, (C,)alkyl or halo-substituted (C, ;)alkyl and R!*is
(C1¢)alkyl or halo-substituted (C, ;)alkyl; and R is benzoyl, furylcarbonyl,
phenyloxybenzoyl, pjridyltlﬁenylcarbonyl, benzoylbenzoyl, tlﬁénylcarbonyl,
morpholinylcarbonyl, phenyluriedobenzoyl, cyclohexenylcarbonyi or piperazinylcarbonyl,
wherein within R! any aromatic ring system present may be substituted further by 1 to 2
substituents independently selected from (C,.g)alkyl, tert-butoxycarbonylamino,
tert—butoxycarbonylanﬂnomefhyl, bfomé, chlo;d, ethoxy, fluoro, hydroxy, methoxy and
methylsulfanyl; and the N-oxide deﬁvaﬁvés, prodrug derﬁatives, protected derivatives,

individual isomers and mixtures of isomers; and the pharmaceutically acceptable salts thereof.
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5. The compound of Claim 4 in which within Formula (a), R®is a group having

the following formula:

in which q is 0 to 5 and R* at each occurrence is independéntlj selected from (C,4)alkyl,
cyano, halo, halo-substituted (Cy alkyl, nitro -OR™, SR and '-C(c))OR12 wherein R™is
hydrogen (C,.5)alkyl or halo-substltuted C, 3)alkyl and R is (C1e)alky! or halo-substituted
(C,_3)alkyl and the N-oxide denvatxves, prodmg derivatives, protected derivatives, individual

isomers and mixtures of 1somers, and the pharmaceutlcally acceptable salts thereof.

6.  The compound of Claim 3 in v)h'ich within Formula (a), Ris
benzylsulfanylmethyl, 2-bromobenzylsulfanylmethyl 2- chlorobenzylsulfanyl
2-(2-chlorophenylsulfanyl)ethyl cycIohexyl 4—ethyhdenecyclohexyl
2—1odobenzylsulfanylmethyl, 2—methy]benzylsulfanyhnethyl, 3-methyl- _
3-triﬂuorocarbonyloxycyciohexylmethyl .4-'m.ethylenecyc1'6hexylmethy] or
2—mtrobenzylsulfanylmethyl and R" is 4-ter1—butoxycarbony1annnobenzoyl
3-tert-butoxycarbonylammomethylbenzoyl 2-(3 5—d1methoxyphenyl)tlnazol-4—ylcarbonyl
fur-3 -ylcarbonyl 4-methoxybenzoyl 3-methylbenzoy1 3—phenoxybenzoy1 S-pyrid-2-ylthien-

2-ylcarbonyl, 3-benzoylbenzoyl, 4-methylbenzoyl, thien-2-ylcarbonyl, morpholin-4-

ylcarbonyl, 5-bromdthien-2—ylcarbony1, 5-chlorothien-2-ylcarbonyl,
5-methylthien-2-ylcarbonyl, 2-(2-chloro-6-methylphenyl)ureidobenzoyl, cyclohexyl-1-en-1-
ylcarbonyl, 3-ethoxybenzoyl, 3-fluorobenzoyl, 4-flaorobenzoyl and piperidin-1-ylcarbonyl;

and the N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and
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mixtures of isomers; and the i;hannaceuﬁcally-acceptable salts thereof.

7. The compound of Claim 6 selected from a group consisting of:
N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-4-hydroxybenzamide;
N-[Z-(Z-bromobenzylsulfhnyl)- 1R-cyanomethylcarbamoylethyl]Jbenzamide;
N;tIR-cyanomethylcarbamoyl-Z-(2-iodobenzy]sulfanyl)ethyl]benzamide;
N-[1R-cyanomethylcarbamoyl-2-(2-cyanobenzylsulfanyl)ethyljmorpholine-
4-carboxamide;
N-[3-(2-chlorophenylsulfanyl)-1R-cyanomethylcarbamoylpropyl]benzamide;
N-[IR-cyanomcthylcarbamoyl-z-(2-niu‘obenzylsu1fany])ethyl]n.lorpho]ine-
4-carboxamide
N-[1R-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanyl)ethylJmorpholine-
4-carboxamide; and B
N-[1R-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanyl)ethyl]benzamide; and the
N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and

mixtures of isomers; and the pharmaceutically acceptable salts thereof.
8. A pharmaceutical composition comprising a compound of Claim 1, or a
N-oxide derivative, prodrug derivative, individual isomer, mixture of isomers, or a

pharmaceutically acceptable salt thereof in admixture with one or more suitable excipients.

9. . Amethod of treating a disease in an animal in which cysteine protease activity

“contributes to the pathology and/or symptomatology of the disease, which method comprises

administering to the animal a therapeutically effective amount of compound of Claim 1; or a
N-oxide derivative, prodrug derivative, individual isomer or mixture of isomers or a

pharmaceutically acceptable salt thereof.

10.  The method of Claim 9 in which the cysteine protease is cathepsin S.
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11.  The method of Claim 10 in which the disease is an autoimmune disorder,
allergic disorder, allogeneic immune response, a disorder involving excessive elastolysis,

cardiovascular disorders or a disorder iiwolving fibril formation.

12.  The method of Claim 11 in which the disorder is selected from juvenile onset
diabetes, xﬁultiple sclerosis, pemphigus vulgaris, Graves’ disease, myasthenia gravis, systemic
lupus erythemotasus, rheumatoid arthritis, Hashimoto’s thyroiditis, asthma, organ transplant or
tissue graft rejections, chronic obstructive pulmonary disease, bronchiolitis, excessive airway
elastolysis in asthma and bronchitis, pneumonities, plaque rupture, atheroma and systemic

amyloidosis.

13. A compound according.to claim 1 in which R1 is a-‘group of formula (a)
wherein X" is -CH,S(0),~; and the N-oxide derivatives, prodrug derivatives, protected
derivatives, individna_l isomers and mixtures of isomers; and the pharmaceutically acceptable

saits thereof.

14. A compound according to any one of claims 1-3 and 13 in which Rr! isa

- group of formula (a) wherein R-9 is a group having the formula

L @),

rS

ANNI

in which q is 0 to 5 and R* at each occurrence is independently selected from (C; 4)alkyl,
cyano, halo, halo-substituted (C,.4)alkyl, nitro, -OR'2, -SR'2 and -C(O)OR 2, wherein R'?is
hydrogen, (C, s)alkyl or halo-substituted (C, ;)alkyl and R™ is (C,.¢)alkyl or halo-substituted
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(C,.3)alkyl; and the N-oxide &éﬁvaﬁVes, prodfi!ig derivatives, pi-otected derivatives, individual

isomers and mixtures of isomers; and the pharmaceutically acceptable salts thereof.

15. A compound according to claim 14 in which at least one R% group is
attached at the benzene ring 2-position; and the N-oxide derivatives, prodrug derivatives,
protected derivatives, individual isomers and mixtures of isomers; and the pharmaceutically

acceptable salts thereof.

16. A compound according to claim 15 in which the benzene ring is substituted by
one R% group at the 2-position wherein R is selected from at each occurrence is

independently selected from (C,_4)alkyl, cyano, halo, halo-substituted (C,_)alkyl, nitro,

-OR'?, -SR*? and -C(O)OR'?, wherein R is hydrogen, (C,_y)alkyl or halo-substituted

(C,.5)alkyl and R is (C, ¢)alkyl or halo-substituted (C, ;)alkyl; and the N-oxide derivatives,
prodrug derivatives, protected derivatives, individual isomers and mixtures of isomers; and the
pharmaceutically acceptable salts thereof.

17. A compound according to claim 16 in which R is difluoromethoxy; and the -
N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and

mixtures of isomers; and the pharmaceutically acceptable salts thereof.

18. A compound of Formula (I):

. 2 . ’
RS RO o
: )Sfiﬁ/N
'1{7 4 rRAR
1))

wherein:

R? is hydrogen or (C;¢)alkyl or as defined below;
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R3?is hydrogen, (C,_5)alkyl or as defined below,
R* is (i) hydrogen or (C,¢)alkyl, wherein said alkyl optxonally is substituted with
cyano, halo, nitro, -NRR"?, -NR"?’C(O)OR", NR"C(O)NR“R"

C(NR”)N'R”Rp -OR%Y, -SR%, C(O)OR12 -C(O)NRR?, S(O) NRR!?,
-P(O)}(OR'>)OR™, -OP(O)(OR™®)OR", NR"C(O)R13 -S(O)R™S, -S(O)-;R13 -C(O)R™, .
-ORY, —SR” -S(O)RY, -S(O),RY, C(O)R“ C(O)OR14 -OC(O)R'4 -NRMR?,
-NR¥C(O)R', -NR¥C(O)OR", -C(O)NR“R', -$(0),NR™R", -NR*C(O)NR“R* or
-NRBC(NR¥)NRMR', wherein R at each occurrence independently is hydrogen,
(C,¢)alkyl or halo-substituted (C, )alkyl, R" is (C,.¢)alky! or halo-substituted (C,j)alkyl, R*
is (Cy.2)cycloalkyl(Cy galkyl, hetero(C},z)cyclqalkyl(Cu)a]kyl, (sz);ﬂ'yl(co-s)ﬂlkyl,
hetero(Cs.1aryl(Cogalkyl, (Co.polycycloaryl(Cogalkyl or
hetero(Cy.;)polycycloaryl(Co.g)alkyl and R is hydrogen or (C, ¢)alkyl, and wherein within
R said cycloalkyl, heterocycloalkyl, aryl, heteroaryl, polycycloaryl or heterpolycycloaryl ring.
optionally is substituted by a group selected from -R'S, -X*OR’S, -X‘SR¥, -X*S(O)RY,
-X*S(0O),R!S, -X*C(O)R'S, -X4C(O)OR'S, -X*OC(O)RS, -X‘NR“R”, -X*NRYC(O)RS,
-X*NRC(0)OR?, -X*C(O)NR*RY, -X1S(0),NR'RY, -X‘NR"C(O)NR‘GR" or
“X*NRVC(NR!)NR!RY, wherein X* is a bond or (C, galkylene, R!¢ is hydrogen or
(Cr.9alkyl and RY is (C; »)cycloalkyl(Cog)alkyl, hetero(Cs p2)cycloalkyl(Cogalkyl, -
(Cs.12)aryl(Cogalkyl, hetero(Cs.12)aryl(Co s)alkyl, (Cs.1z)polycycloaryl(Cog)alkyl or
hetero(Cs_,2)polycycloaryl(CM)aIkyl, or (ii) a group selected from
(Ca 2)cycloalkyl(Co alkyl, hetero(Cs yp)cycloalkyl(Coealkyl, (Cs2)ary}(Cog)alkyl,
hetero(Cs.12)ary}(Co.s)alkyl, (Cs.i)polycycloaryl(Cos)alkyl and |
hetero(Cs_,onlycycloaryl(CM)a]kyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or hetexpolycycloaryl: ring optionally is substituted by a group
selected from -R'S, -X*OR, -X*SR6, -X*S(O)R’S, -X*S(O),R*¢, -X*C(O)R'®,

-X*C(O)OR, -X*OC(O)R’, -X*NR!R", -X*NRC(O)R*, -X*NR""C(O)OR*,
“X'C(O)NRRY", -X*S(0),NR*RY, -X*NR"'C(O)NR'R!” or -X*NR'"C(NR!")NRIRY,
wherein X*, R'® and RY are as defined above; wherein within R* any alicyclic or aromatic ring

system present may be substituted further by 1 to 5 radicals independently selected from
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- (Cigalkyl, (C,calkylidene, cyano, halo, halo-substituted (C,_y)alkyl, nitro, -X*NRPR",

-X*NRPC(O)OR", -X*NRC(O)NR?R™, -X‘NRPC(NR*)NR’R??, -X*OR"?, -X*SR??,
-X*C(O)OR", -X*C(O)NR'R ™, -X*S(0),NR?R", -X‘P(O)(OR*OR",
-X*OP(O)(OR*OR, -X*OC(O)R ", -X*NR®C(O)R?, -X*S(O)R", -X*S(0O),R'? and
-X*C(O)R", wherein X4, R!? and R? are as defined above, or.

R* and R? taken together form trimethylene, tetramethylene or
phenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo or methylene, or

R* and R3 together with the carbon atom to which both R* and R? are attached form
(Cs.g)cycloalkylene or (C; g)heterocycloalkylene;

R’ is hydrogen or (C, ¢)alkyl;

R’ is hydrogen or (C;.¢)alkyl;

R’ is (Cs.12)aryl(C, ¢)alkyl, hetero(Cs.jo)aryl(C.q)alkyl, -X*OR™, -X*SR",
-X*S(O)R™, -X*S(0),R™ or -X*NRMRY, wherein X*, R and R" are as defined above and
wherein within R? said aryl or heteroaryl ring optionally is substituted by 1 to 5 radicals
independently selected from (C,_g)alkyl, cyano, halo, halo-substituted (C,_)alkyl, nitro,
-X*NR™R®, -X*NRC(0)OR", -X*NR'2C(O)NR"R", -X*NR’C(NR })NR?R*2,
-X*OR", -X*SR", -X*C(O)R?, -X*C(O)ORY, -X*C(O)NR'?R"?, -X*S(0)NR R ",
-X*P(0)(OR?*OR"?, -X*OP(O)}(OR*OR*?, -X*OC(O)R", -X*NR”C(O)R", -X*S(O)R",
-X*S(0),R", wherein X*, R'? and R*® are as defined above; and

R!" is -X°X°R, wherein X is -C(0)-, -C(O)C(O)- or -S(0),-, X% is a bond, -O-
or -NR*-, wherein R" is hydrogen or (Cy.g)alkyl, and R® is (i) (C;.,0)alkyl optionally
substituted by cyano, halo, nitro, -NR"R!2, -NR2C(O)OR"?, -NRC(O)NR"?R*?,
“NREC(NR')NR?RY, -OR?, -SR2, -C(O)ORY, -C(O)NR!?R'?, -S(0),NRI?R™?,
-P(O)(OR'2)OR"?, -OP(O)(OR'*)OR2, -NRPC(O)R™, -S(O)RY, -S(0),R?, -C(O)R",
-OR?, -SR?, -S(O)R®, -S(0),R®, -C(O)R”, -C(O)OR?, -C(O)NR®R?, -NR®R?,
-NRZC(O)R®, -NRUC(O)OR®,-NR*C(O)NR®R™ or -NR¥C(NR¥)NR¥R™, wherein
R and R" are as defined above, R? is (Cy,)cycloalkyl(Cy.¢)alkyl,
hetero(C; y)cycloalkyl(Co.g)alkyl, (Ce12)aryl(Co.)alkyl, hetero(Cs.yp)aryl(Co.s)alkyl,
(Co.12)bicycloaryl(Cg g)alky! or hetero(Cg yo)bicycloaryl(Co.¢)alkyl and R?' at each occurrence
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independently is hydrogen or (C,.ﬁ)alkyl, or (ii)':(C},-gcycloalkyl(CM)alkyl,
hetero(Cs.1,)cycloalkyl(Co.)alkyl, (Ce12)aryl(Coalkyl, hetero(Cs.ip)aryl(Coalkyl,
(Cg_,z)bicycloaryl(co_sjalkyl or hetero(C;.12)bicycloaryl(Co.¢)alkyl or

(iii) (Cs.6)cycloalkyl(Co.¢)alkyl, hetero(C; ¢)cycloalkyl(Cy 6)alkyl, phenyl(Cyg)alkyl or
hetero(Cs.¢)aryl(Cy.¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, pheny} or heteroaryl is
substituteci by -X*ORZ, -X*SRZ, -X*S(O)R%, -X*S(O).R?, -X'C(O)R?, -X*C(O)ORZ,
_X‘C(O)NR®R®, -XNR¥R®, -X*NR®C(O)R?, -X"NR®C(O)OR?,

-X‘NR*C(O)NR*R* or -X‘NR23C(NR23)NR”R”, wherein X* is as defined above, R% is
(Cs)cycloalkyl(Cy.)alkyl, hetero(C; g)cycloalkyl(Co.g)alkyl, phenyl(Cy.¢)alkyl or
hetero(Cs.¢)aryl(Cq ¢)alkyl and R® at each occurrence independently is ilydrogen or

(C,.¢)alkyl; wherein within R!! any alicyclic or aromatic ring system present may be substituted
further by 1 to S radicals independently sclected from (C,.¢)alkyl, (C,.9alkylidene, cyano,

halo, halo-substituted (C, )alkyl, nitro, -X*NRR", -X*NR'2C(O)OR",

“X‘NR“C(O)NR'R2, -X*NRZC(NR)NR'R'?, -X*OR", -X*SR", -X*C(O)YOR®,
-X‘C(O)NRRE, -X*S(0),NR*R?, -X*P(O)(OR*)OR", -X*OP(O)(OR})ORY, -
-X*OC(O)RP, -X*NR2C(O)RY, -X“S(O)R®, -X*S(O),R" and -X*C(O)R", wherein X*, .

R!2 and R® are as defined above; and the N-oxide derivatives, prodrug derivatives, protected
derivatives, individual isomers and mixtures of isomers; and the pharmaceutically acceptable

salts thereof.

19.  The compound of Claim 18 in which:

R? is hydrogen;

R3 is hydrogen, methyl or taken with R* together with the carbon atom to which both
R? and R* are attached forms (Cs g)cycloalkylene;

R* is hydrogen, methyl or as defined above;

R’ is hydrogen or (C,.¢)alkyl;

R is hydrogen or methyl; .

R® represents (Ce 1)aryl(Co)alkyl, hetero(Cs.1)aryl(Co alkyl, -X*ORM, -X*SRY,
-X*S(O)R™ or -X*NRMR, wherein X* is a bond or (Cy galkylene, R is
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(Cs.12)aryl(Cyg)alkyl or hetero(Cs.;2)aryl(Cy¢)alkyl and R’ is hydrogen or (C,.¢)alkyl, and
wherein within R? said aryl or heteroaryl ring opﬁonaliy is substituted by 1 to 5 radicals
independently selected from (C, ¢)alkyl, cyano, halo, halo-substituted (C, 4)alkyl, nitro,
X*NRVR®, -X*OR", -X*C(O)R", -X*SR'?, wherein X* is a bond or (C,¢)alkylene, R!? at
each occurrence independently is hydrogen, (C,¢)alkyl or halo-substituted (C, s)alkyl, and
RBis (C,_;)alkyl or halo-substituted (C,_;)alkyl; and

RY is -X*X°R*®, wherein X* is -C(O)- or -S(0),-, X° is a bond, -O- or -NR**-,
wherein R' is hydrogen or (C,¢)alkyl, and R® is (i) (C,.;0)alkyl or
(ii) (Cs.1o)cycloalkyl(Cy g)alkyl, hetero(Cs.pp)cycloalkyl(Cyg)alkyl, (Cs.q2)aryl(Cog)alkyl or

- hetero(Cs.;)aryl(Cy )alky! or (iii) (Cs.e)eycloalkyl(Cos)alkyl,

hetero(C; ()cycloalkyl(Cy.oalkyl, phenyl(Co.)alkyl or hetero(Cs.¢)aryl(Co alkyl, wherein said
cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by -X°OR%,-X’C(O)R%,
-X°C(O)OR*, -X°C(O)NR¥R>, -X°NR¥R%, -X’NR¥*C(O)R%, -X°NR*C(0)OR*,
-X°NR*C(O)NR*R> or -X’NR¥C(INR¥)NR*R?%, wherein X’ is a bond or (C, ¢)alkylene,
R is (C, ()cycloalkyl(Cy.¢)alkyl, hetero(C; cycloalkyl(Co.alkyl, phenyl(Co alkyl or
hetero(Cs_¢)aryl(Cy.¢)alkyl and R is hydrogen or (C, ¢)alkyl, wherein within R™ any alicyclic

"or aromatic ring system present may be substituted further by 1 to 5 substituents

independently selected from (C, g)alkyl, halo, halo-substituted (C,,)alkyl, -OR", -X3SR"?,
-C(O)OR™ and -X*NR™C(O)OR?, wherein X? is a bond or (C, ¢)alkylene and R* is
hydrogen or (C,¢)alkyl; and the N-oxide derivatives, prodrug derivatives, protected
deriyatives, individual isomers and mixtures of isomers; and the pharmaceutically acceptable

salts thereof.

20. The comound of Claim 19 in which:

R3, R% R’ and R’ each are hydrogen;

R’ represents benzyl, benzyloxymethyl, benzylsulfanylethyl, benzylsulfanylmethyl,
benzylsulfinylmethyl, indolylmetﬁy_l, naphthylmethyl, phenethyl, phenoxyethyl, phenylamino,
pyridylmethyl, pyridylsulfanylethyl, phenylsulfanylethyl, thiazolyl or thienyl, wherein within R®
the aromatic ring may be substituted further by 1 to 5 radicals independently selected from
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(C,.¢)alkyl,-cyano, halo, halo-substituted (C,.0)alkyl, nitro, -X“NR"R“, -X*0R%,
-X*C(O)R2, -X*SR'2, wherein X* is a bond or (C; ¢)alkylene, R'? at each occurrence
independently is hydrogen, (Ci_s)alkyl or halo-substituted (C,_)alkyl, and R'? is (C, ¢)alkyl or
halo-substituted (C, s)alkyl; and _

R is -X*X°R'8, wherein X* is -C(O)-, Xs isabond and R is -
(i) (Cs.12)cycloalkyl(Cogalkyl, hetero(Cs yp)cycloallyl(Cogalkyl, (Cs12)aryl(Cog)alkyl or
hetero(Cs.,,)aryl(C,.¢)alkyl or (ii) pheny)(Cy 6)alkyl or hetero(Cs.¢)aryl(Cos)alkyl, wherein said
phenyl or heteroaryl is substituted by -X°OR*,-X’C(O)R”, -X°C(O)OR*,
X°CO)NR¥R?, -X*NR¥RY, -X*NRZC(O)R*, -X’NR*C(O)OR¥,
“XNR®C(O)NR*R? or -XINRZC(NR¥)NR*R?, wherein X® is a bon.d or (C,.¢)alkylene,
R is phenyl(Cy.¢)alkyl or hetero(Cs.¢)aryl(Coc)alkyl and R is hydrogen or (Cy.galkyl, .
wherein within R! any aromatic ring system present may be substituted furtherby 1to 5
substitnents independently selected from (C,_9alkyl, halo, halo-substituted (C;.jalkyl, -OR™,
-X°SR2, -C(O)OR and -X*NR'2C(O)OR 2 wherein X?is a bond or (C.galkylene and R'? .
is hydrogen or (C,.¢)alkyl; and the N-oxide derivatives, prodrug derivatives, protected
derivatives, individual isomers and mixtures of isomess; and the pharmaceutically acceptable

salts thereof.

21.  The compound of Claim 20 in which R? is a group having the following

formula:

in which q is 0 to 5 and R* at each occurrence is independently selected from (C,'_4)alkyl,
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cyano, halo, halo-substituted (C,.)alkyl, nitro, -OR', -SR'? and -C(O)OR", wherein R is

hydrogen, (C,.;)alkyl or halo-substituted (C, 3)alkyl and R" is (C, galky! or halo-substituted
(C,5)alkyl; and the N-oxide derivatives, prodrug derivatives, protected derivatives, individual

isomers and mixtures of isomers; and the pharmaceutically acceptable salts thereof.

22.  The compound of Claim 20 in which R® is 4-aminobenzyl, benzyl,
benzyloxymethyl, 2-benzylsulfanylethyl, benzylsulfanylmethyl, 2-bromobenzylsulfanylmethyl,
4-tert-butylbenzylsulfanylmethyl, 2-chlorobenzyl, 4-chlorobenzyl,
2-chlorobenzylsulfanylmethyl, 4-chlorobenzylsulfanylmethyl, 2-(2-chiorophenylsulfanyl)ethyl,
4-cyanobenzyl, 3,4-dichlorobenzylsulfanylmethyl, 1,6-dichiorobenzyl, '
3,5-dimethylbenzylsulfanylmethyl, 2-fluorobenzyl, 4-fluorobenzyl,
2-fluorobenzylsulfanylmethyl, 1-formylindol-3-ylmethyl, indol-3-ylmethyl,
2-iodobenzylsulfanylmethyl, 2-methylbenzylsulfanylmethyl, 3-methylbenzylsulfanylmethyl,
3-methylbenzylsulfanylmethyl, 4-methylbenzylsulfanylmethyl, 2-(2-methylphenylsulfanyl)ethyl,
4-methoxybenzyl, 4-methoxybenzylsulfanylmethyl, 4-methoxybenzylsulfinylmethyl,
naphth-2-ylmethyl, naphth-2-ylmethylsulfanylmethyl, 3-nitrobenzyl, -
1-nitrobenzylsulfanylmethyl, 2-nitrobenzylsulfanylmethyl, 3-nitrobenzylsulfanylmethyl,
4-nitrobenzylsulfanylmethyl, 4-nitrobenzyl, pentafluorobenzylsulfanylmethyl, phenylamino,
phenethyl, phenethyloxy, 2-phenoxyethyl, 2-phenoxyethyl 2-phenylsulfanylethyl,
pyrid-4-ylmethyl, pyrid-2-ylmethylsulfanylmethyl, pyrid-3-ylmethylsulfanylmethyl,
pyrid-4-ylmethylsulfanylmethyl, 2-pyrid-2-ylsulfanylethyl, 2-pyrid-4-ylsulfanylethyl,
thiazol-5-yl, thien-2—ylmethy1,'4—tri_ﬂuoromethylbenzylsulfénylmethyl,
3-trifluoromethylbenzylsulfanylmethyl, 3-trifluoromethoxybenzyisulfanylmethyl,
4-trifluoromethoxybenzylsulfanylmethyl or 4-trifluorosulfanylbenzylsulfanylmethyl; and the
N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and

mixtures of isomers; and the pharmaceutically acceptable salts thereof.

23.  The compound of Claim 22 which is selected a group from consisting of:
N-(2-benzylsulfanyl- IR—cyanomethylcarbamoylethyl)—4—hydroxybenzamide;
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N- [2—(2—bromobenzy13ulfanyl)‘-1R-,cyan'ometh}}lcarbaméjlgﬂlyl]benza:nide;
: N—[lR-cyanomethylcarbamoyl-2-(Z-iddobenzylsulfanyljé;h'yl]benzanﬁdc;
- N—[1R—cyanomethylcarbamoyl-2—(2-cyanobenzylsulfanyi)ethyl]morpholine~
4-carboxamide; o | _
N—[3-(2-chlorophenylsulfariyl)- 1R-cyanomethylcarbamoylpropyljbenzamide;
N-t1R-cyanomethylcarbamoyl-2-(2_-nitrobenzylsulfanyl)ethyl]morpho]ine-
4-carboxamide '
N-[1R-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanyl)ethyljmorpholine-
4-carboxamide; and - .
N—[1R—cyanomcthylcarbamoyl-2b(Z-methylbenzy]sulfanyl)ethylibenzamide; and the
N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and

mixtures of isomers; and the pharmaceutically acceptable salts thenepf.
24, A compound according to any preceding claim for use in therapy.
25. A compound or pharmaceutical composition according to any preceding
claim for use in treating a disease in an animal in which cysteine protease activity contributes to -

the pathology and/or symptomatology of the disease.

26. A compound or pharmaceutical composition for use according to claim 25 in

which the cysteine protease is cathepsin S.

27. - A compound or pharmaceutical composition for use according to claim 26 to

treat asthma.
28.  Use of a compound according to any preceding claim for the manufacture of a

medicament for the treatment of a disease in an animal in which cysteine protease activity

contributes to the pathology and/or symptomatology of the disease.
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29.  Use according to claim 28 for the treatment of a disease in an animal in which

cathepsin S activity contributes to the pathology ahd/or symptomatology of the disease.
30. Use according to claim 29 for the treatment of asthma.

31.. A compound or pharmaceutical composition according to any preceding
5 claim and an anti-inflammatory agent as a combined preparation for simultaneous, separate or

. sequential use in the treatment of asthma.

32. A compound, pharmaceutical composition or use thereof substantially as

herein described with reference to the Examples.

33.. A method of treating a disease in an animal in which cathepsin S activity |
10 contributes to the pathology and/or symptomatology of the disease, which method comprising

administering to the animal a therapeutically effective amount of a compound of Formula (I):

in which:

R!is a group of Formula (a) or (b): - -

i1 : 2 /-
R - N X
SN Xlg RV X \Nxxl’g
R _ R
(a) o )

wherein:

X! and X? independently are -C(O)- or -CH,S(0),-;
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R’ and R are hydrogen or.'(é,;)é_.-]kyl;

R’ and R® are hydrogen or (C, s)alkyl or as defined below;

R® and R' independently are (i) (Cg)alkyl optioﬁally substituted with cyano,
halo or nitro or (ii) a group seleéted-from. -X3NRMR", -X3NRC(O)OR?,
_X*NRPC(O)NRRY, -X*NREC(NRINRVRY, -X?OR™, -X*SRY,

-XSIC(O)ORIZ, -X3C(O)NR12R'2, -X3S(0),NR*R™, -X3P(0)(OR'2)OR12,

-X*0P(0O)(OR')OR", -X’NR*C(O)R", -X>S(O)R", -X3$(0)2R13., -X°C(O)R",

-X3C(O)R™, -X*C(O)OR™, -X*0C(O)RY, -)PNR"'-’C(O)R-“,- -X3NR¥C(O)OR™,
“X3C(O)NRMRY, -X’S(0),NRMRY, -X3NR'5C(O)NR“Ri5,
JCNRBEC(NRP)NRMRY, -X4SR™ -X*S(O)R™, -X‘S(O)—_;R“, .—X“OR’,“, or
-X*NRMRY, wherein X3 is (C,.¢)alkylene, X* is a bond or (C, ¢)alkylene, R'* at each
occurrence independently is hydrogen, (C,.¢)alkyl or halo-substituted (C, 3)alkyl, R®
is (C,.¢)alkyl or halo-substituted (C,.,)alkyl, R* .is (C;.12)cycloalkyl(Cy g)alkyl,
hetero(C;.1p)cycloalkyl(Co.s)alkyl, (Cq 12)aryl(Co.)alkyl, hetero(Cs 12)aryl(Co)alkyl,
(Corz)polycycloaryl(Cy.g)alkyl or hetero(Cy.1)polycycloaryl(Co atkyl and RbBis
hydrogen or (Cy.¢)alkyl, and wherein within R' said cyc}oaikyl, heterocycloalkyl, aryl,
heteroaryl, polycycloé.ryl or heterpolycycloaryl ring optionally is substituted by a
group selected from -R'S, -X*OR’, -X‘SR*, X*S(O)RS, -X*S(O),R,

-X*C(O)R¥, -X4C(O)_0R16, -X*OC(O)R%, -X*NRR", -X*NR"C(O)R*,
-X*NR'C(O)ORY, -X‘C(O)NRRY, -X*S(0),NR'R", -_X‘NR"C(O)NR“R" or
-X‘NR”C(NR”)NR“R”, wherein X* is a bond or (C, ¢)alkylene, R'® is hydrogen or
(Cyo)alkyl and RY is (C.1)cycloalkyl(Co.g)alkyl, hetero(C; ;)cycloalkyl(Co galkyl,

- (Caa2)aryl(Coe)alkyl, hetero(Cs.p)aryl(Cog)alkyl, (Cop2)polycycloaryl(Co )alkyl or

hetero(Cy_;)polycycloary}(Cy.g)alkyl, or (iii) a group selected from ‘
(Csn)eycloalkyl(Cy alkyl, hetero(Cs p,)cycloalkyl(Co)alkyl, (CararylCogalkyl,
hetero(Cs.)aryl(Cogalkyl, (Cs)polycycloaryl(Co,Jalkyl and
hetero(C;_.)polycycloaryl(Cy¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a
group selected from -R'¢, -X*ORS, -X*SR', -X*S(O)R'S, -X*S(O),R ',
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X'C(O)R, -X*C(OJOR'S, -X*OC(O)R", -X*NR 'R} 5X*NRVC(O)R'S,
-X*NRYC(O)OR'S, -X*C(O)NRRY, _—X‘S(O);,NR“R", -X*NRYC(O)NR*R" or
-X*NRYC(INR!)NR!®R"?, wherein X*, R0 and R" are as defined above; wherein
within R® and/or R' any alicyclic or aromatic ring system present may be substituted
further by 1 to 5 radicals independently selected from (C,_galkyl, (C,g)alkylidene,
cy:;tno, halo, halo-substituted (C,_,)alkyl, nitro, -X*NR?R?, -X*NR*C(O)OR"?,
-X*NRPEC(O)NRZRY, -X*NRZC(NR'*)NRR?, -X*0OR"?, -XSR 2,
-X*C(O)OR", -X*C(O)NR!2R"?, -X*S(0),NRR", -X*P(O)(OR*OR®,
-X*OP(O)(OR?)ORY, -X*OC(O)RY, -X*NR’C(O)R", -X*S(O)R?, -X*S(0),R"
and -X*C(O)R", wherein X*, R and R" are as defined above, 'or :

R® taken together with R7 and/or R'° taken together with R3 form
trimethylene, tetramethylene or phenylene-1,2-dimethylene, optionally substituted with
hydroxy, oxo or methylene; and

RY is -XX*R™8, wherein X° is -C(0)-, -C(0O)C(0)- or -S(O),-, X6 is a
bond, -O- or -NRY-, wherein R is hydrogen or (C, ¢)alkyl, and R* is
(@) (C,.10)alkyl optionally substituted by cyano, halo, nitro, -NR"I_Z”,
-NRC(O)OR?, -NRPC(O)NRR'?, -NR’C(NR'>)NR?R?, -OR??, -SR*,
-C(O)ORY, -C(O)NR?R*, 'S(O)gNRllez, -P(O)(OR®)OR®,

-OP(O)(OR®)ORY, -NR¥C(O)R", -S(O)R", -S(O),R?, -C(O)R?, -OR%, -SR®,
-S(O)R%, -S(O),R®, -C(O)R?, -C(O)OR?, -C(O)NR®R?, -NR¥R2!,
-NRZC(O)R?, -NR?'C(O)OR? -NR*C(O)NR*R* or -NR*C(NRZ)NR¥®R?,
wherein R'? and R are as defined above, R is (C; ;,)cycloalkyl(Cy.¢)alkyl,
hetero(C,,;;)cycloalkyl(Co.g)alkyl, (Cs.1p)aryl(Co.g)alkyl, hetero(Cs.i,)aryl(Co.)alkyl,
(Cs.12)bicycloaryl(Cy.¢)alkyl or hetero(Cg i5)bicycloaryl(Cy¢)alkyl and R at each
occurrence independently is hydrogen or (C,_g)alkyl, or

(ii) (C;.10)cycloalkyl(Cy.)alkyl, hetero(C, i;)cycloalkyl(C, ¢)alkyl,
(Cs.12)aryl(Co.s)alkyl, hetero(Cs. i,)aryl(Cy.g)alkyl, (Cy o)bicycloaryl(Cog)alkyl or

| hetero(Cq ;,)bicycloaryl(C, ¢)alkyl or (iii) (C,_s)cycloalkyl(Cws)a]ky],

hetero(C; ¢)cycloalkyl(Co ¢)alkyl, phenyl(Cy.¢)alkyl or hetero(Cs.¢)aryl(Cy.)alkyl,
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wherein said cycloalkyl, heterocycloalkyl, phenyl or hel;'éroaryl is substituted by

-X*0OR%, -X*SR*, -X*S(O)RZ; -X*S(0),R%, -X‘C(O)R;fz, -X‘C(O)ORZ,

" -X*C(O)NR®R®, -X'NRZRZ, -X*NREC(O)R%, -X“Nl;{;”C(O)OR”,
-X*NRZC(O)NR¥R? or -X‘NRPC(NRZ)NRZR>, wherem X4 is as defined
above, RZ is (C, ¢)cycloalkyl(Cy.¢)alkyl, hetero(CM)cyclcj)alkyl(CM)a]kyl,
phényl(CM)alkyl or hetero(Cs ¢)aryl(Co ¢)alkyl and R? aﬁ' each occurrence
independently is hydrogen or (C; )alkyl; wherein within R any alicyclic or aromatic
ring system present may be substituted further by 1 to 5 radicals independently
selected from (C,_¢)alkyl, (C,.¢)alkylidene, cyano, halo, halo-substituted (C,_g)aikyl,
nitro, -X*NRR?, -X*NR"?C(O)OR?, -X*NR*C(O)NR?R"?, .
-X‘NR'ZC(NR“)NR”R"", -X‘ORY, -X*SRY, -X*C(O)OR", _ch(o)Nkllez,
-X*S(0).NR’R"?, -X*P(0)(OR*OR™, -X*OP(O)(OR*ORY, -X*OC(O)R"?,
-X*NRC(O)R", -X*S(O)R", -X*S(O),R" and -X“C(O)R“, wherein X*, R™ and
R™ are as defined above;

R? is hydrogen or (C, ¢)alkyl or as defined below;

R3 is hydrogen, (C,.¢)alkyl or as defined below; and _

R*is (i) hydrogen or (C,.s)alkyl, wherein said alkyl is optionally substituted with
cyano, halo, nitro, -NR'’R'?, -NR*?C(O)OR"?, -NR'?*C(O)NR"?R%,
-NREPC(NR'*)NR?R?, -OR™, -SR'?, -C(O)OR", -C(O)NR"’R"?, -$(0),NR'?R?,
-P(O)(OR”)ORﬁ, -OP(O)(ORHOR™, -NR?’C(O)R", -S(O)R", -S(0),R:, -C(O)R",
-ORY, -SR™, -S(O)R™, -S(O),RY, ~C(O)RY, -C(O)OR™, -OC(O)RY, -NRM“R¥,
-NR¥C(O)R"™, -NR*C(0)ORY, -C(O)NRRY, -S(0),NR"R"S, -NR'*C(O)NR"“R" or
-NR¥C(NR)NR“R", wherein R'2, R'3, R and R*® are as defined above, or (ii) a group
selected from (C5 ;,)cycloalkyl(Cy ¢)alkyl, hetero(C, j»)cycloalkyl(Cy o)alkyl,
(Co1)aryl(Co.alkyl, hetero(Cs.1)aryl(Co.g)alkyl, (Co.2)polycycloaryl(Co.alkyl and
hetero(Cq_;;)polycycloaryl(Cy.¢)alkyl, wherein'said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloary! or heterpolycycloaryl ring optionally is substituted by a group
selected from -R'6, -X*OR'S, -X*SR %, -X*S(O)R'S, -X*S(0),R%, -X*‘C(O)R,
-X*C(O)OR', -X*OC(O)R'S, -X*NR!RY, -X*NRYC(O)R!®, -X*NR!"C(O)ORS,
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-X“é(O)NR“R”, -X*S(0),NR"*R", -X*NR"C(O)NR'R" or -X'NR""C(NR'")NR'*R",
wherein X4, R'6 and R" are as defined above; wherein within R® and/or R'® any alicyclic or
aromatic ring system present may be substituted further by 1 to 5 radicals independently
selected from (C,¢)alkyl, (C,.¢)alkylidene, ¢yano, halo, halo-substituted (C,_,)alkyl, nitro,
X‘NR“R", -X*NRPC(0)OR?, -X*NR’C(O)NRR", -X*NR“C(NR*)NR"R",
-X*0R", -X‘SR”, -X*C(O)ORP, -X*C(O)NR"RE, -X*S(0),NR“R",
-X*P(O)(OR*OR 2, -X*OP(0)(OR*OR 2, -X*OC(O)R?, -X*NR"C(O)R?3, -X*S(O)R ",
-X*S(0),R™ and -X*C(O)R", wherein X*, R'? and R" are as defined above, or

‘R* and R? taken together form trimethylene, tetramethylene or
phenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo or methylene, or

R* and R? together with the carbon atom to which both R* and R? are attached form
(Csg)cycloalkylene or (C; g)heterocycloalkylene; or an N-oxide derivative, prodrug
derivative, individual isomer and mixtures of isomers; or a pharmaceutically acceptable salt

thereof, but excluding compounds of the formula

5 59
Rl Va E %N
~ .
H rR3 R4

in which R and R* are each hydrogen or (C, ¢)alkyl, or together with the carbon atom to
which they are both attached form (C, s)cycloalkylene; R? is hydrogen or (C,¢)alkyl; R® is
(Cs.1»aryl(C, ¢)alkyl, hetero(Cs_lq;)ai'yl(C,_ﬁ)a]kyl, (Cys)alkyl or cycldhexylm'ethyl_; andR" is
C(O)R!® wherein R is hetero(C; j,)cycloalkyl, (Cq.15)aryl(Co.q)alkyl or hetero(Cs.y,)aryl(C,.
e)alkyl.
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34.  The use of a compound of Formula (I):

R2

| N

2N c?
R R

@

in which:

R!is a group of Formula (a) or (b):

RS R_9 ' ;'(8 RS R®
RllN X ]’E Rl 1/N Xg RIXXJ‘/ g
I,{" RERIO b7

(@ | ®)

wherein:

X! and X? independently are -C(O)- or -CH,S(O),-;

RS and R® are hydrogen or (C, ¢)alkyl;

R” and R® are hydrogen or (C,.¢)alkyl or as defined below;

R® and R independently are (i) (C,.¢)alkyl optionally substituted with cyano,
halo or nitro or (ii) a group selected from -X*NR!?R'?, -X°NRC(O)OR",
XNREC(O)NRRY, -X*NRPCINR)NR R, -X°ORY, -X*SRY,

-X3C(O)OR", -X3C(O)NRRY, -X3S(0),NR"R"?, -X*P(O)(OR>)OR?,
-X*0P(0)(OR™)OR™, -X3NRC(O)RY, -X?S(O)R", -X3S(0),RY, -X3C(O)R%,
-X3C(O)RY, -_X3C(_O)OR”, -X3*0C(O)RY, -X°NRPC(O)R*, -X*NR¥C(O)ORY,
“X?C(O)NRMRY, -X3S(0),NR¥“RY, -X"‘NR‘SC(.O)NR“RI.{
X3NRPC(NR¥)NRM“R', -X*SRM" -X*S(O)RY, -X*S(O).R", -X*ORY, or
-X*NRMRY, wherein X? is (C,.¢)alkylene, X* is a bond or (C,¢)alkylene, R* at each
occurrence independently is hydrogen, (C, ¢)alkyl or halo-substituted (C,;)alkyt, R
is (Cp.¢)alkyl or halo-substituted (C, 5)alkyl, R is (Cy.y)cycloalkyl(Cy Jalkyl,
hetero(Cs yy)cycloalkyl(Cy.g)alkyl, (Ce.r2)aryl(Cog)alkyl, hetero(Cs. 2)aryl(Co.g)alkyl,
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(Co.12)polycycloaryl(Cy ¢)alkyl or hetero(Cs.;;)polycycloaryl(Cy¢)alkyl and RY is
hydrogen or (C,_¢)alkyl, and wherein within R* said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ﬁng optionally is substituted by a
group selected from -R'S, -X*OR'S, -X‘SR', -X*S(O)R’®, -X*S(O).R,

-X*C(O)R'S, -X*C(O)OR'S, -X*OC(O)R'S, -X*NR*R", -X*NR"C(O)R",
-X‘.‘NR”C(O)OR“, -X‘C(O)N'R‘“R_"", -X*S(0),NR!R"7, -X*NR!"C(O)NR'"*R" or
“X*NRYC(NR'")NR'R'?, wherein X* is a bond or (C, ¢)alkylene, R'® is hydrogen or
(C,¢)alkyl and R is (Cj.;.)cycloalkyl(Cy oalkyl, hetero(C; j,)cycloalkyl(Cy.¢)alkyl,
(Ce.120aryl(Co.g)alkyl, hetero(Cs i5)aryl(Cog)alkyl, (Cs. 2)polycycloaryl(Co)alkyl or
hetero(Cs 1,)polycycloaryl(Cy.¢)alkyl, or (iii) a group selected from '
(Cs12)cycloalkyl(Co)alkyl, hetero(C,y5)cycloalkyl(Cog)alkyl, (Co2)aryl(Co)alkyl,
hetero(Cs.15)aryl(Co.)alkyl, (sz)polycycloﬁryl(CM)alkyl and

hetero(Cg ;)polycycloaryl(Cqy ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a
group selected from -R'S, -X*OR'6, -X*SR, -X*S(O)RS, -X*S(O),R,

-X‘C(O)R’, -X*C(O)OR’, -X*OC(O)R'S, -X*NR R, -X*NR"C(O)R*,
-X*NR’C(O)OR'S, -X*C(O)NR!RY, -X*S(0),NR!R", -X*NR""C(O)NR'6R"” or
-X*NRYC(NR')NRR'?, wherein X*, R'6 and R!” are as defined above; wherein
within R? and/or R'® any alicyclic or aromatic ring system present may be substituted
further by 1 to 5 radicals independently selected from (C,_¢)alkyl, (C,.¢)alkylidene,
cyano, halo, halo-substituted (C, ,)alkyl, nitro, -X*NR"?R?, -X*NR”C(O)ORY,
-X*NRPC(O)NRPRY, -XNR¥C(NR')NRPR", -X*OR", -X'SR™,

-X*C(O)OR 2, -X*C(O)NRR, -X*S(0),NR R 2, -X*P(O)(ORY)OR",

-X*OP(O)(OR?)ORY, -X*OC(O)RY, -X*NRC(O)R?, -X*S(O)R”, -X*S(O).R"

and -X*C(O)R", wherein X*, R™ and R? are as defined above, or
R? taken together with R” and/or R'® taken together with R® form
trimethylene, tetramethylene or phenylene-1,2-dimethylene, optionally substituted with

“hydroxy, oxo or methylene; and

R" is -X5XR'8, wherein X is -C(0)-, -C(O)C(0)- or -S(0),-, Xbis a
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bond, -O- or -NR'%-, wherein R" is hydrogen or (C,_ﬁ)alkyl ‘and R is

(i) (C,.10)alkyl optionally substituted by cyano, halo, nitro -NR”R“
-NR?C(O)OR", NR'ZC(O)NR”Rlz -NR" C(NR”)NR”R" -ORY, -SR”
-C(O)OR™, -C(O)NRR", -S(0),NRR?, -P(O)(OR" )ORlz

-OP(O)(OR?)OR", NR”C(O)R“, -S(O)RY, -S(O),R", -C(O)R", -ORY, -SR?,
-S(O)R”, -S(0).R®, -C(O)R™, -C(O)OR”, -C(O)NR¥R?, -NR¥R?,
-NR?C(O)R¥, -NR¥C(O)OR™ -NR*C(O)NR*R? or -NR*C(NR*)NR*R?,
wherein R!? and R? are as defined above, R? is (Cj,,)cycloalkyl(Cy¢)alkyl,
hetero(Cs j,)cycloalkyl(Co.¢)alkyl, (Cg.12)aryl(Co.)alkyl, hetero(Cs.ip)aryl(Co.s)atkyl,
(C,.1»)bicycloaryl(Co.¢)alkyl or hetero(Cg.,g)bicycloaryl(CM)alkg'rl and R at each
occurrence independently is hydrogen or (C,¢)alkyl, or

(i) (Cs.1p)cycloalkyl(Cy.e)alkyl, hetero(Cs p)cycloalkyl(Co 6)alkyl,
(Ce.12ary)(Cysalkyl, hetero(Cs ;,)aryl(Cooalkyl, (Cs.i2)bicycloaryl(Cy o)alkyl or
hetero(Cg_1,)bicycloaryl(Co.g)alkyl or (jii) (Cs)cycloalkyl(Co.)alkyl,

hetero(C, ¢)cycloalkyl(Co.g)alkyl, phenyl(Co ¢)alkyl or heterd(Cﬁ)aryl(CM_)alkyl,
wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by
-X*ORZ, -X*SRZ, -X*S(0)R%, -X*S(0),R%, -X'C(O)R%, -X‘C(O)_OR”,
-X‘C(O)NRZRZ, -X‘NR*R?, -X'NR®C(O)R%, _-X‘NR’-"C(O)OR”, :
-X*NRPC(O)NRZR? or -X*NRPC(NR*)NR*RZ, wherein X* is as defined
above, R® is (C,¢)cycloalkyl(Co.g)alkyl, hetero(C, ¢)cycloalkyl(Coy.¢)alkyl,
phenyl(Cg ¢)alkyl or hetero(Cs g)aryl(Cy.¢)alkyl and R ai each occurrence
independently is hydrogen or (C,.¢)alkyl; wherein within R!! any alicyclic or aromatic
ring system present may be substituted further by 1 to 5 radicals independently
selected from (C, galkyl, (Cy.¢)alkylidene, cyano, halo, halo-substituted (C,,,,)alkyi,
nitro, -X*NR“R", -X*NR"C(O)OR", -X'NR"C(O)NR"R",
“X*NRPEC(NR)NRUZRY, -X*0R 2, -X*SRY, -X‘C(0O)OR”, -X'C(O)NR'RY,
-X*S(0),NRR", -X*P(O)(OR*)OR", -X*OP(O)(OR*)OR", -X*“OC(O)R",
-X*NR“C(O)RY, -X*S(O)R", -X*S(O),R" and -X‘C(O)R'?; wherein X4, R!? and

RY are as defined above;
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R?is hydrogen or (C,¢)alkyl or as defined below;
R? is hydrogen, (C,.¢)alkyl or as defined below; and
R*is (i) hydrogen or (C,.¢)alkyl, wherein said alkyl is optionally substituted with

 cyano, halo, nitro, -NR?R"2, -NR?C(O)OR", -NR"’C(O)NR"R%,

-NRIZC(NR?)NR!?R?, -OR "%, -SR*?, -C(O)OR", -C(O)NR”R”, -S(O),NR’R'2,
-P(O)(ORiz)Ong, -OP(O)(OR')ORY, -NR'ZC(O)R“, -S(O)R™, -S(0),R*, -C(O)R",

"-OR™, -SR¥, -S(O)R", -S(0).R", -C(O)R", -C(O)OR', -OC(O)R", -NR“RY,

-NRIC(O)RY, -NR¥C(O)ORY, -C(O)NRM¥RY, -S(0),NRMR", -NRPC(O)NR"R" or
-NRPC(NR¥)NR¥R"Y, wherein R'?, R™, R'* and R' are as defined above, or (ii) a group
selected from (Cy.ro)cycloalkyl(Cy alkyl, hetero(Cs s,)cycloalkyl(Cogalkyl;
(CﬁnDaryl(Cos)alkyl. hetero(Cs.2)aryl(Co.g)alkyl, (Cy.2)polycycloaryl(Coe)alkyl and
hetero(Cg ,)polycycloaryl(Cy ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a group
selected from -R!6, -X‘OR6, -X*SRS, -X*S(O)R'%, -X*S(O),R'®, -X*C(O)RS,
-X*C(O)OR¢, -X*OC(O)R, -X*NRR", -X*NRC(O)R'S, -X*NR'""C(O)OR'S,
-X‘C(O)NR“R", -X4S(O)2NR'5R", —X‘NR"C(O)NR“SR" or —X‘NR”C(NR”)NR’GR",
wherein X*, R'6 and R!7 are as defined above; wherein within R® and/or R any alicyclic or
aromatic ring system present may be substituted further by 1 to 5 radicals independently
selected from (C, g)alkyl, (C,.¢)alkylidene, cyano, halo, halo-substituted (C,)alkyl, nitro,
“X*NRZR?, _X*NR"C(O)ORY?, -X*NRC(O)NR?R"?, “X4NR?C(NR'2)NR2R'?,

- X*ORY, -X*SR¥, -X*C(O)OR?, -X*C(O)NR"’R", -X*S(0),NR’R",

-X*P(O)(OR*)OR®, -X*OP(0O)(OR*>OR"?, -X*OC(O)R", -X*NR¥C(O)R", -X*S(O)R",
-X*S(O),R" and -X*C(O)R", wherein X*, R'? and R"® are as defined above, or

R* and R? taken together form trimethylene, tetramethylene or
phenylene-1,2-dimethylene, optionalfy substituted with hydroxy, oxo or methylene, or

R* and R? together with the carbon atom to which both R* and R? are attached form
(Cs g)cycloalkylene or (Cs g)heterocycloalkylene; or an N-oxide derivative, prodmg
derivative, individual isomer and mixtures of isomers; or a pharmaceutically acceptable salt

thereof, but excluding compounds of the formula
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in which R® and R* are each hydrogen or (Cy.s)alkyl, or together with the carbon atom to
- which they are both attached form (Css)cycloalkylene; R? is hydrogen or (C,.o)alkyl; R is
(Cs.12)aryl(C, ¢)alkyl, hetero(Cs.;,)aryl(C, ¢)alkyl, (C,s)alkyl or cyclohexyhmethyl; and RM is
5 * C(O)R'™ wherein R®is hetero(Cs.s,)cycloatkyl, (Cs.12)aryl(Cy.s)alkyl or hetero(Cs.,,)aryl(C,.
¢)alkyl, in the manufacture of a medicament. for treating a disease in an animal in which

cathepsin S activity contributes to the patho_logy and/or symptomatology of the disease.

35. A process for preparing a compound of Formula I:

¥ N
R¥’
I.
10  in which: _
R! is a group of Formula (a) or (b):
R’ R® | ll{s - RR
11 ' : 2
R - N X
Y - RROY

@ (b)

‘wherein:
X! and X? independently are -C(O)- or -CH,S(0),-;
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RS and RS até hydrogen or (C, Jalkyl;
" R and R® are hydrogen or (C, g)alkyl or as defined below;

R® and R'® independently are (i) (C,.¢)alkyl optionally substituted with cyano,
halo, nitro, -NR?R'?, -NR>C(O)OR"?, -NR*’C(O)NR"R?,
-NREZC(NR?)NRR?, -OR*, -SR?, -C(O)OR"?, -C(O)NR'?R'?, -S(0),NR’R?®,
-P(O)(OR’z)OR‘Z, -OP(O)(ORP)OR'?, -NRPC(O)R", -S(O)R, -S(O).R",
-C(O)RB, -OR¥, -SR¥, -S(O)R!, -:S(0),R"*, -C(O)R', -C(O)OR", -OC(O)R™,
NRMR, -NRIC(O)R¥, -NRSC(O)ORY, -C(O)NR™RY, -S(0),NRMRY,
-NR'C(O)NRM™R" or -NRIC(NR¥)NRMR', wherein R'* at each occurrence
independently is hydrogen, (C, ¢)alkyl or halo-substituted (C,_Qalky], R is (C,¢alkyl
or halo-substituted (C, s)alkyl, R is (C;_y5)cycloalkyl(Cy oalkyl,
hetero(Cy g2)cycloalkyl(Co g)alkyl, (Ce 15)aryl(Coe)alkyl, hetero(Cs 12)aryl(Cos)alkyl,
(Cs.12)polycycloaryl(Cy.¢)alkyl or hetero(Cg_2)polycycloaryl(Cy.¢)alkyl and R is
hydrogen or (Cy¢)alkyl, and wherein within R said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a
group selected from -R'S, -X?OR’, XSRS, -X*S(O)RY, -X*S(O),R*,
-X3C(O)RS, -X>C(O)OR, -X*0OC(O)R, -X*NR!SRY, -X’NR"C(O)R“,.
-X®NRYC(0)OR, -X*C(O)NR!RY, -X3S(0),NR!*RY’, -X*NRVC(O)NR'R"’ or
SCNRVC(NRY)NRRY, wherein X° is a bond or (Cy.)alkylene, R is hydrogen or
(Cy¢)alkyl and RY is (Cy ;. )cycloalkyl(C, ¢)alkyl, hetero(C, o)cycloalkyl(Cg g)alkyl,
(Cs.12)aryl(Cy oalkyl, hetero(Cs.,)aryl(Co.¢)alkyl, (Cs.;2)polycycloaryl(C, g)alkyl or
hetero(Cs 1,)polycycloaryl(Cy.¢)alkyl, or (ii) a group selected from
(Cs.12)cycloalkyl(Co.)alkyl, hetero(Cs i)eycloalkyl(Co.g)alkyl, (Co)aryl(Co.)alkyl,
hetero(Cs_1,)aryl(Cy.6)alkyl, (Cy.jz)polycycloaryl(Cyg)alkyl and
hetero(C;g ;5)polycycloaryl(C, ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a
group selected from -R'6, -X?0R'6, -X?SRS, -X3S(O)R'S, -X3S(0O),R’¢,
-X3C(O)R'S, -X3C(O)OR'S, -X*OC(O)R'S, -X*NR'*RY, -X3NRVC(O)R?S,
-X3NR'’C(O)OR'S, -X3C(O)NR R, -X?S(0),NR SR, -X3NR!"C(O)NR'R"” or
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-X®NRC(NR'")NR'R", wherei_.r_']'}j_P.,:-Rl'é an;d R are as defined above; wherein
within R? and/or R'? 'any a]icyclic'or--a.romatic ring system present may be substituted
furtherby 1 to 5 mdieels independently selected from (C,_s)alkyl, (C,¢)alkylidene,
cyano, halo, halo—suféstituted (Cye)alkyl, nitro, -XNRRP, -X*NR*C(O)OR",
-X’NR”C(O)NR“R‘?,. :-X3NR'2C(NR.‘2)NR‘3R’3_, —X’OR’?, -X3SR%,
-XéC(O)OR”' -X3C(O)NR'2R‘2 -X:’S(O)‘,NRIZR'-2 -X*P(O)(OR}OR",
-X30P(0)(0R3)0R" X:’OC(O)R13 -X*NR2C(O)R%, -X3S(O)R", -X3S(O).,R"
and -X3C(O)R™, wherein X3, R and R are as defined a_bove, or

R? taken togeth_er with R and/or R!® taken togeth__ef with R form
trimethylene, tetrarnethylene or phenylene—l ,2-dimethyle_ﬁe, opﬁondly substituted with
hydroxy, oxo or methylene, and

RY is -X*X°R'8, wherein X4 is -C(O)- -C(0)C(0)- or -S(0),-, Xisa
bond, -O- or -NR"-, wherein R" is hydrogen or (C, ¢alkyl, and R*® is

- (i) (C,.,0)alkyl optionally substituted by cyano, halo, nitro, -NRR2,

-NRC(Q)OR', -NR?C(O)NR"RY, NR”C(NR"')NR”R12 -OR®, -SR%,
-C(O)ORY, -C(O)NRR”, -S(0),NR"?R", -P(O)(OR“)QR‘.’,
-OP(O)}OR?)ORY, -NR"C(O)Ri‘?, -S(O)R?, -S(0O),R*, -C(O)R", -OR?, -SR%,
-S(O)R®, -S(O),R?, -C(O)R®, -C(O)OR™, -C(O)NR*R?, -NR*R*,

_ -NR”C(O)R”, -NR"’IC(O)ORzo,-NRZIC(O)NR2°R2‘ or -NR-”C(NR?‘)NRZ_"R”,
wherein R!2 and R are as defined above, R is (C}lz)cyeloalky_](co_s)alkyl,

- hetero(C, ;.)cycloalkyl(Co.g)alkyl, (Cs_iz)aryl_(CM)alkyl, hetero(Cs. 12)aryl(Co.g)alkyl,
(Cs.1)bicycloaryl(Cy.q)alkyl or hetero(Cy.p)bicycloaryl(Cog)alkyl and R at each
occurrence mdependently is hydrogen or (C,g)alkyl, or
(if) (C,_Qcyc]oalkyl(%alkyl hetero(C3 12)cycloalkyl(Co¢)alkyl,
(Ce.12)aryl(Cy.g)alkyl, hetero(Cs ,)aryl(Co.¢)alkyl, (Cy.ip)bicycloaryl(Cog)alkyl or
hetero(Cy.jp)bicycloaryl(Co.¢)alky! or (iii) ((}_‘,G)cycloalkyl(cmalky],
hetero(C, ¢)cycloalkyl(Co g)alkyl, phenyl(Cy.¢)alkyl or hetero(Cs ¢)aryl(Cy.¢)alkyl,
wherein said cycloalkyl, heterocycloalkyl, pheny] or heteroaryl is substituted by
-X’0RZ, -X’SRZ, -X*S(O)RZ, -X’S(0),R”, -X’C(O)R%, -X’C(O)ORZ,
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X’C(O)NRZR?, XNRZR?, -X’NRC(O)RZ, -X*NR¥C(0)ORZ,
-X’NR”C(O)NRZZR23- or -X3NRZC(NR®)NR*R?, wherein X is as defined
above, R*? is (C, g)cycloalkyl(Cy ¢)alkyl, hetero(Cs ¢)cycloalkyl(Cy ¢)alkyl,
phenyl(Cy.¢)alkyl or hetero(Cs.g)aryl(Cy.¢)alkyl and R at each occurrence
independently is hydrogen or (C,.¢)alky); wherein within R! any alicyclic or aromati-c
riﬂg system present may be substituted further by 1 to 5 radicals independently
selected from (C, ¢)alkyl, (C,s)alkylidene, cyano, halo, halo-substituted (CM)alkyl
nitro, -X*NR?R", -X*NR*C(0)OR", -X*NR*C(O)NRR"?,
-X®NRPC(NR')NR'ZR®, -X’0R", -X3SR*, -X3C(0)ORY, -X3C(O)NR?R?,
-X3S(0),NRR*, -X*P(O)(OR*OR ", -X*0P(0)(OR*)OR"?, -X’OC(O)R",
-X3NRZC(O)R", -X’S(O)R ", -X3S(0),R" and -X3>C(O)RY, wherein X>, R'? and
R" are as defined above;
R? is hydrogen or (C,¢)alkyl or as defined below;
R? is hydrogen, (Cy.¢)alkyl or as defined below; and
R* is (i) hydrogen or (C, ¢)alkyl, wherein said alkyl is optionally substituted with
cyano, halo, nitro, -NR'?R'?, -NR*C(O)OR?, -NR"C(O)NR?R"?,
—NR”C(NR”)NR“R”, -OR?, -SR2, -C(O)OR®, -C(O)NR2R™, S(O)ZNR”RH,
-P(O)}OR?OR*?, -OP(O)OR*)OR", -NR¥C(O)R", -S(O)R ", -S(O).R®, -C(O)R”,
-ORY, -SRY, -S(O)RY, -S(0),R", -C(O)R*, -C(O)OR™, -OC(O)R*, -NR"“R",
-NRC(O)R", -NRC(O)OR™", -C(O)NR¥RY, -S(0),NR“R'5, -NR*C(O)NR"R" or
-NR¥C(NR*)NR™RY, wherein R'?, R*3, R and R'® are as defined above, or (ii) a group
selected from (C; ;,)cycloalkyl(Cy.¢)alkyl, hetero(Cs.5)cycloalkyl(C, g)alkyl,
(Cs12)aryl(Cog)alkyl, hetero(Cs.pp)aryl(Cy.galkyl, (Cy.io)polycycloaryl(Cy ¢)alkyl and
hetero(Cs.;)polycycloaryl(Cy ¢)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a group
selected from -R’6, -X*0R!6, -X3SRS, -X3S(O)RS, -X*S(0).RS, -X?>C(O)R?S,
-X3C(O)OR!S, -X*0C(O)R'S, -X>NRR", -X*NR''C(O)RS, -X*NR"C(O)OR*,
“X3C(O)NR R, -X*S(0),NR'RY, -X’NRYC(O)NRR"” or -X*NR'C(NR)NRIR?,

wherein X, R' and RY are as defined above; wherein within R® and/or R*® any alicyclic or
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aromatic ring system present may be substxtuted further by 1 to 5 radicals independently
selected from (C, ¢)alkyl, (C,¢)alkylidene, éyano, halo, halo-substituted (C, ,)alkyl, nitro,
“X3NR"RY, -X*NR">C(O)OR", -X3N’k’2C(O)NR‘?313, -X’NR‘?C(NR”)NR”R‘Z,
-X?0R", -X’SR", -X’C(O)bR“'., -X3C(O)NR“R 2, -X3S(0),NR*R?,
-X3P(O)(OR?OR", -X*0OP(O)(OR*)OR ", -X>0OC(O)R"Y, -X’Nk‘?C(O)R”, -X*S(O)RY,
X’S(O)R™ and -X’C(O)R™, wherein X*, R'? and RY are as defincd above, or

R* and R? taken together form trimethylene, tetramethylene or
phenylene-1,2-dimethylene, optionally substituted w_ith-hydroxy; oxo aor methylene, or

~ R*and R? together w1th the carbon atom to which both R* and R are attached form

(C,g)cycloalkylene or (Cs g)heterocycloalkylene; and the N-oxide deriwéatives, prodrug
derivatives, protected derivatives, individual isomers and mixtures of isomers; and the
pharmaceutically acceptable salts thereof; which process comprises:

(A) reacting a compound of Formula 2:

R2

i N
H,N\I<C'
2

or a protected derivative thereof, with a com'pouhd of the formula R'OY, or a protected
derivative thereof, in which Y is hydrogen of 2,5-dioXOpyrrolidin;1-yl and each R}, R* R?
and R* are as defined above; or ' | '

(B) reacting a compound of Formula 3

or a protected derivative thgréof, with ammonia to provide a corresponding amide and then
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reacting the amide with triflioroacetic anhydride, in which eaéhi R!, R?, R® and R*are as
defined above;

(C) optionally deprotecting a protectf;d derivative of a com].pound of Formula I to provide
a corresponding unprotected derivative;

(D) optionally converting a compound of Formula I into a pharmaceutically acceptable
salt; .

(E) optionally converting a salt form of a éompound of Formula I to non-salt form;

(F)  optionally converting an unoxidized form of a compound of Formula I into a
pharmaceutically acceptable N-oxide;

(G) optionally converting an N-oxide form of a compound of Formula I its unoxidized

form;

.(H), optionally converting a non-derivatized compound of Formula I into a

pharmaceutically prodrug derivative; and
@ optionaily converting a prodrug derivative of a compound of Formula I to its

non-derivatized form.
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