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NOVEL COMPOUNDS AND COMPOSITIONS AS PROTEASE INHIBITORS 

THE lNVENTION· 

This application relates to compounds and compositions for treating diseases 

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

5 cathepsins B, K, Lor 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 

10 nonnal 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. Jn 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. 

15 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. 

20 The prominent expression of cathepsin K in osteoclasts and osteoclast-related 

multi.nucleated 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 role in pulmonary disorders as well. 

25 Cathepsin Lis 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, incJucling, but not limited to juvenile 

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

systemic lupus erythemotasus, rheumatoid arthritis and Hashimoto's thyroiclitis; allergic 

disorders, including, but not limited to asthma; and allogeneic immune responses, including, 

5 but not limited to, rejection of organ transplants or tissue grafts. 

In view of the number of diseas~ wherein it is recognized that an increase in cysteine 

protease activity contributes to the pathology and/or symptomatology of the disease, 

molecu1es which are shown to inhibit the activity of this class of enzymes, in particular 

molecu1es which are inhibitors of cathepsins B, K, Land/or S, will be usefu1 as therapeutic 

10 agents. 

SUMMARY OF THE lNVENTION 

In one particular embodiment, the present invention relates to compounds of Formula 

(I): 

15 

(I) 

in which: 

R1 is a group of Fonnu1a (a) or (b): 

(a) (b) 

wherein: 

20 X1 and X2 independently are -C(O)- or -CH2S(O)r; 
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R5 and R. 6 are hydrogen or (C1•6)alkyl; 

R7 and R8 are hydrogen or (C1-6)alkyl or as defined below; 

R9 and R10 independently are (i) (C1_6)alkyl optionally substituted with cyano, 

halo ornitro or (ii) a group selected from-X3NR12R12, -X3NR.12C(O)OR12, 

5 -X3NR12C(O)NR12R12, -X3NR.12c(NR12)NRt2R.12, -X30R12, -X3SR12, 

-X3C(O)OR12, -X3C(O)NR12R.12, -X3S(0)2NR12R.12, -X3P(O)(OR12)0R12, 

-X30P(O)(OR12)0R12, -X3NR12C(O)R13~ -X3S(O)R13, -X3S(0)~13, -X3C(O)R13, 

-X3C(O)R14, -X3C(O)OR14, -X30C(O)R14, -X3NR15C(O)R14, -X3NR15C(O)OR14, 

-X3C(O)NR14R1s, -X3S(O):zNR14Rts, -X3NR1sc(O)NR14R1s, 

10 -X3NR15C(NR15)NR14R15, -X4SR14 -X4S(O)R14,-X4S(0)2R14, -X40R14, or 

-X4NR14R15, wherein X3 is (C1_6)alkylene, X4 is a bond or (C1-6)alkylene, R12 at each 

occurrence independently is hydrogen, (C1-6)alkyl or halo-substituted (C1_3)alkyl, R 13 

is (C1-6)alkyl or halo-substituted (C1_3)alkyl, R14 is (~12)cycloalkyl(C0-6lalkyl, 

hetero(C3-1z)cycloalkyl(C0-6lalkyl, (c;_12)aryl(C0-6lalkyl, hetero(C5_1z)aryl(Co.6)alkyl, 

15 .· (C9-1z)polycycloaryl(Co.6)alkyl or hetero(Cg.1z)polycycloaryl(Co.6)alkyl and R 15 is 

hydrogen or (C1-6)alkyl, and wherein within R 14 said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X40R16, "."X4SR16, -X4S(O)R16, -X4S(01R16, 

-X4C(O)R16, -X4C(O)OR16, -X40C(O)R16, -X4NR16R17, -X4NR17C(O)R16, 

· 20 -X4NR17C(O)OR16, -X4e(O)NR16R.17, -X4S(0)~16R17, -X4NR17C(O)NR16R.17 or 

-X4NR17C(NR17)NR16R.17, wherein X4 is a bond or (C1_6)alkylene, R16 is hydrogen or 

(C1_Jalkyl and R 17 is (C3-dcycloalkyl(Co.6)alkyl, hetero(~1z)cycloalkyl(Co.6)alkyl, 

(C6-12)aryl(Co.Jalkyl, hetero(C5_1z)aryl(Co.Jalkyl, (C9-12)polycycloaryl(Co.6)alkyl or 

hetero(Cs-12)polycycloaryl(C0-iJ)alkyl, or (iii) a group selected from 

25 (C3-1z)cycloalkyl(Co.6)alkyl, hetero(~12)cycloalkyl(Co.6)alkyl, (C6-12)aryl(C~alkyl, 

hetero(Cs.1Jaryl(~alkyl, (C9-1z)polycycloaryl(C0-6lalkyl and 

hetero{Cg_12)polycycloaryl(Co.Jalkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl 0r heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X40R16, -X4SR16, -'X4S(O)R16, -X4S(O):zR.16, 

-3-



W000/55125 PCT/US00/06747 

-X4C(O)R16, -X4C(O)OR16, -X40C(O)R16, -X4NR16R.17, -X4NR17C{O)R16, 

-X4NR11C(O)OR16, -X4C(O)NR16R.11, -X4S(0)2NR16R11, -X4NR.11c(O)NR16R.11 or 

-X4NR17C(NR17)NR16R17, wherein X4, R16 and R17 are as defined above; wherein 

within R9 and/or R 10 any alicyclic or aromatic ring system present may be substituted 

5 further by 1 to 5 radicals independently selected from (C1~alkyl, (C1_6)alkylidene, 

cyano, halo, halo-substituted (C1_Jalkyl, nitro, -X4NR12R.12, -X4NR12C(O)OR12, 

-x4NR 12e(O)NR 12R.12, -X4NR 12e(NR 12)NR '2R 12, -X40R 12, -X4SR 12, 

-x4c(O)OR 12, -X4C(O)NR 12R.12, -X4S(0)2NR 12R 12, -X4P(O)(OR4)0R 12, 

-X40P(O)(OR12)0R12, -X40C(O)R13, "'."X4NR12C(O)R13
, -X4S{O)R13, -X4S(OhR13 

10 and-X4C(O)R13, wherein X4, R12 and R13 are as defined above, or · 

R9 taken together with R7 and/or R 10 taken together with R8 form 

trimethylene, tetramethylene or phenylene-1,2-dimethylene, optionally substituted with . 

hydroxy, oxo or methylene; and 

R11 is -XSX6R18, wherein X5 is -C(O)-, -C(O)C(O)- or-8(0)2-, X6 is a 

15 bond, -0- or -NR19-, wherein R19 is hydrogen or cc.~alkyl, and R18 is 

(i) (C1_10)alkyl optionally substituted by cyano, halo, nitro, -NR12R.12, 

".'NR12C(O)OR12, -NR12e(O)NR12R.12, -NR12C(NR12)NR12R12
1 

-OR12
1 

-SR12, 

-C(O)OR12, -C(O)NR12R12, -S(O)aNR12R.12, -P(O)(OR12)0R12, 

-OP(O)(OR12)0R12, -NR12C(O)R13
, -S(O)R13, -S(0)2R13, -C(O)R13, -OR20

, -SR20
, 

20 -S(O)R20, -S(O)aR20, -C(O)R20, -C(O)OR20, -C(O)NR20R21, -NRlDR.21, 

-NR21C(O)R20, -NR21C(O)OR20,-NR21C(O)NR~21 or -NR21C(NR21)NR2Dff.21, 

wherein R12 and R13 are as defmed above, R20 is (C3-12)cycloalkyl(Co.6)alky1, 

hetero(~1:z)cycloalkyl(Co.6)alkyl, (C6-12)aryl(Co-6)alkyl, hetero(Cs-1:Jaryl(C~alkyl, 

(C9-1:z)bicycloaryl(Co.6)alkyl or hetero(C8•12)bicycloaryl(Co.6)alkyl and R21 at each 

25 occurrence independently is hydrogen or (C1~alkyl, or 

(ii) (C3-12)cycloalkyl{C~alkyl, hetero(C3.1:z)cycloalkyl(Co.6)alkyl, 

(~12)aryl(Co.6)alkyl, hetero(C5•1a)aryl(C0-6)alkyl. (C9_12)bicycloaryl(Cc,.Jalkyl or 

hetero(C8_12)bicycloaryl(Co-6)alkyl or (iii) (Cu)cycloalkyl(C0-Jalkyl, 

hetero(~6)cycloalkyl(C0-6)alkyl. phenyl(C0-6)alkyl or hetero(C5~aryl(Co.6}alkyl, 
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wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by 

-X40R22, -X4SR22, -X4S(O)R22, -X4S(0)2R22, -X4C(O)R22
, -X4C(O)OR22

, 

-X4C(O)NR22R23, -X4NR22R23, -X4NR23C(O)R22
, -X4NR23C(O)OR22

, 

-X4NR23C(O)NR22R23 or-X4NR23C(NR23)NR22R23
, wherein X4 is as defined 

5 above, R22 is (C3_Jcycloalkyl(C~alkyl, hetero(~)cycloalkyl(Co.6)alkyl, 

phenyl(Co.6)alkyl or hetero(C5-6)aryl(Co.6)alkyl and R23 at each occurrence 

independently is hydrogen or (C1_Jalkyl; wherein within R11 any alicyclic or aromatic 

ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1.6)alkyl, (C1_6)a1kylidene,·cyano, halo, halo-substituted (C14)alky1, 

10 nitro, -X4NR12R12, -X4NR12C(O)OR12, -X4NR12C(O)NR12R12, 

-X4NR12C(NR12)NR12R12, -X40R12, -X4SR12, -X4e(O)OR12, -X4C(O)NR12R12, 

-X4S(0)2NR 12R.12, -X4P(O)(OR3)0R12, -X40P(O)(OR3)0R 12, -X40C(O)R13, 

-X4NR12e(O)R13, -X4S(O)R13, -X4S(O)zR13 and-X4C(O)R13, wherein X4, R12 and 

R 13 are as defined above; 

15 R2 is hydrogen or (C1-c;)a1kyl or as defined below; 

R3 is hydrogen, (C1.6)alkyl or as defined below; and 

R4 is (i) hydrogen or (C1_6)alkyl, wherein said alkyl is optionally substituted with 

cyano, halo, nitro, -NR12R.12, -NR12C(O)OR12, -NR12c(O)NR12R.12, 

-NR12c(NR12)NR12R12
2 
-OR12, -SR12, -C(O)OR12, -C(O)NR12R12,-S(O):~NR12R12, 

20 -P(O)(OR12)0R12, -OP(O)(OR12)0R12, -NR12c(O)R13, -S(O)R13, -S(0)2R13, -C(O)R13, 

-OR14, -SR14,-S(O)R14, -S(0)2R
14, -C(O)R14, -C(O)OR14, -OC(O)R14, -NR14R15, 

-NR15C(O)R14, -NR15C(O)OR14, -C(O)NR14R15, -S(0)2NR14R15, -NR15C(O)NR14R15 or 

-NR15C(NR15)NR14R15, wherein R12, R13, R14 andR15 are as defined above, or (ii) a group 

selected from (CJ-1Jcycloalkyl(Co.6)alkyl, hetero(~1Jcycloalkyl(Co_Jalkyl, 

25 (~1Jaryl(Co.6)alkyl, hetero(C5•1z)aryl(C0-6)alkyl, (C9•12)polycycloaryl(Co-6)alkyl and 

hetero(Cs-12)polycyc1oaryl(Co.6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloary1 or heterpolycycloaryl ring optionally is substituted by a group 

selected from -R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(0)2R16, -X4c(O)R16, 

-X4C(O)OR16, -X40C(O)R16, -X4NR16R.17,-X4NR17C(O)R16, -X4NR17C(O)OR16, 

-5-



WOOO/SS12S PCT/US00/06747 

-X4C(O)NR16R.11, -X4S(0)2NR16R.1'. -X4NR1'C(O)NR16R11 or-X4NR11c(NR1')NR16R.11, 

wherein X4, R16 and R17 are as defined above; wherein within R9 and/or R10 any alicyclic or 

aromatic ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1~alk.yl, (C1-6)alkylidene, cyano. halo, halo-substituted (C14)alky1, nitro, 

5 -X4NR12R12, -X4NR.12C(O)OR12,-X4NR12c(O)NR12R12, -X4NR12c(NR12)NR12R.12, 

-X40R12. -X4SR12, -X4C(O)OR12. -X4c(O)NR12R.12, -X4S(0)2NR12R.12, . 

-X4P(O)(OR3)0R12, -X40P(O)(OR3)0R12, -X40C(O)R13, -X4NR12C(O)R13, -X4S(O)R13, 

-X4S(0)2R
13 and-X4C(O)R13, wherein·X4

, R12 andR13 are as defined above, or 

R4 and R2 taken together form trimethylene, tetramethylene or 

10 phenylene-1,2-dimethylene, optionally substituted with hydroxy. oxo or methylene, or 

R4 and R3 together with the carbon atom to which both R4 and R3 are attached form 

(~ycJoalkylene or (C3-11)hetetocycloalkylene; and the N-oxide derivatives, prodrug 

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

pharmaceutically acceptable salts thereof. 

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

wherein: 

R2 is hydrogen or (C1~alkyl or as defined below; 

R3 is hydrogen, (C1~a1kyl or as defined below; 

20 R4 is (i) hydrogen or (C1 . .Jalkyl, wherein said alkyl optionally is substituted with 

cyano, halo, nitro, -NR12R.12, -NR12c(O)OR12, -NR12C(O)NR12R12, 

-NR12c(NR.12)NR12R12, -OR12,-SR12. -C(O)OR12, -C(O)NR12R.12, -S(O):aNR12R.12, 

-P(O)(OR12)0R12, -OP(O)(OR12)0R12, -NR12c(O)R13, -S(O)R13, -S(O):zR,13, -C(O)R13, 

-OR14, -SR14, -S(O)R14,-S(O)zR14, -C(O)R14, "".C(O)OR14, -OC(O)R14, -NR14R15, 

25 -NR15C(O)R14.-NR15C(O)OR14. -C(O)NR14R.15, -S(O)iNR14R15, -NR15C(O)NR14R15 or 
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-NR 15C(NR 15)NR 14R 15, wherein R 12 at each occurrence independently is hydrogen, 

(C1.Jalkyl or halo-substituted (C1•3)alkyl, R13 is (C1.Jalkyl or halo-substituted (C1.3)alkyl, R14 

is (C3_1:z)cycloalkyl(C~alkyl, hetero(C3•12)cycloalkyl(Co.6)alkyl, (C6-12)aryl(Co.Jalky1, 

hetero{Cs-1Jaryl{Co.6)alkyl, (~12)polycycloaryl(Co.6)alkyl or 

5 hetero(C8_1:z)polycycloaryl{~alkyl and R 15 is hydrogen or (C1•6)alkyl, and wherein within 

R14 said cycloalkyl, heterocycloalkyl, aryl, heteroaryl, polycycloaryl or heterpolycycloaryl ring 

optionally is substituted by a group selected from -R16, -X40R16, -X4SR16, -x4S(O)R16, 

-X4S(0)2R16, -X'C(O)R16, -X4C(O)OR16, -X40C(O)R16, -X4NR16R17, -X4NR17C(O)R16, 

-X4~11c(O)OR1'. -X4e(O)NR'6R11, -x4S(0)~16R11, -X4NR11C(O)NR16R11 or 

10 -X4NR17C(NR 17)NR16R.17, wherein X4 is a bond or (C1-e>)alkylene, R16 is hydrogen or 

(C1_Jalkyl and R 17 is (~1:Jcycloalkyl(C0-e5)alkyl, hetero(C3-12)cycloalkyl(Co.Jalkyl, 

(C6-1:Jaryl(C0-6)alkyl, hetero(C5•1Jaryl(~alkyl, (C9-1i)polycycloaryl(Cu)alkyl or 

hetero(Cg.1:Jpolycycloaryl(C0-6)alkyl, or (ii) a group selected from 

(~1i)cycloalkyl(C0-6lalkyl, hetero(~12)cycloalkyl(Co.6)alkyl, (C6-1:Jaryl(Co.Jalkyl, 

15 hetero(C5•1i)aryl(Co.Jalkyl, (C!J.1Jpolycycloatyl(~alkyl and 

hetero(C8•12)polycycloaryl(Co.Jalkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

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

selected from-R 16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(O)iR.16, -X4C(O)R16, 

-X4C(O)OR16, -X40C(O)R16, -X4NR16R17
, -x4NR17C(O)R16, -X4NR17C(O)OR16, 

20 -X4C(O)NR16R17, -X4S(0)2NR16R.17, -X4NR17C(O)NR16R17 or-X4NR17C(NR17)NR16R17, 

wherein X4, R16 andR17 are as defined above; wherein within R4 any alicyclic or aromatic ring 

system present may be substituted further by 1 to 5 radicals independently selected from 

(C1.Jalkyl, {C1_Jalkylidene, cyano, halo, halo-substituted (C14)alkyl, nitro, -X4NR12R.12, 

-X4NR12C(O)OR12, -X4NR12c(O)NR12R12, -X4NR12c(NR12)NR12R.12, -X40R12, -X4SR12, 

25 -X4e(O)OR12, -X4C(O)NR12R.12, -X4S(0)~12R.12, -X4P{O)(OR3)QR12, 

-X'OP(O)(OR3)0R12, -X'OC(O)R13, -X4NR12C(O)R13, -X4S{O)R13, -X4S(0)2R13 and 

~x4C(O)R 13, wherein X4, R 12 and R 13 are as defined above, or 

R4 and R2 taken together form trimethylene, tetramethylene or 

phenylene-1,2-dimethylene, optionally substituted with hydr~xy. oxo ormethy1ene, or 
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R4 and R3 together with the carbon atom to which both R4 and R3 are attached form 

(C3-8}cycloalkylene or (Cu}heterocycloalkylene; 

R5 is hydrogen or (C1-c;}alkyl; 

R7 is hydrogen or (C1-c;)alkyl; 

5 R9 is (C6-12}aryl(C1.6}alkyl, hetero(C5.1Jaryl(C1.Jalkyl, •X40R14, -X4SR14
, 

-X4S(O)R14, -X4S(0)2R
14 or-X4NR14R15, wherein X4, R14 and R15 are as defined above and 

wherein within R9 said aryl or heteroaryl ring optionally is substituted by 1 to S radicals 

independently selected from (C1.Jalkyl, cyano, halo, halo-substituted (C14}alkyl, nitro, 

-X~'2R12, -X'NR12C(O}OR12, -X'NR12C(O)NR12R.12, -X'NR12c(NR12)NR12R.12
1 

10 -X"OR12, -X4SR12, -X4C(O)R12, -X4C(O}OR12, -X4C(O)NR12R12, -X4S(OhNR12R.12, 

-X4P(O)(OR3}0R12, -X40P(O}(OR3)0R12, -X'OC(O)R13, -X4NR,12c(O)R13, -X4S(O}R13, 

-X4S(0)2R13, wherein X4, R12 and R13 are as defined above; and · 

R11 is-X5X6R18, wherein x5 is •C(O)-,-C(O)C(O)- or-S(Oh-. X6 is a bond, -0-

or -NR19-, wherein R 19 is hydrogen or (C1-6}alkyl, and R 18 is (i) (C1~1o)alkyl optionally 

15 substituted bycyano, halo, nitro, -NR12R.12,-NR1~C(O)OR12, -NR12c(O)NR12R12, 

-NR12c(NR12)NR12R12, -OR12, -SR12, -C(O)OR12, -C(O}NR12R.12, :-S{O)zNR.12R.12, 

-P(O}(OR12}0R12, -OP(O)(OR12)0R12, -NR12C(O}R13, -S(O)R13, -S(01R13, -C(O}R13, 

-OR20, -SR20, -S(O)R20, -S(O):zR.20, -C(O)R20, -C(O)OR20, -C(O)NR2°.R.21 , -NR2°.R.21, 

-NR21C(O)R20, -NR21C(O)OR20;"."NR21C(O)NR~21 or-NR21C(NR21}NR2°.R.21, wherein 

20 R 12 and R 13 are as defined above, R20 is (CJ-1Jcycloalkyl(Co.t;}alkyl, 

hetero(C3-12}cycloalkyl(~)alkyl, (C6•12)aryl(Co.t;)alky1, hetero(C5.i:2}aryl(C0-t1}alkyl, 

(Cg.12)bicycloaryl(Co-t!)alkyl or hetero(C8•1Jbicycloaryl(Co-6)alkyl and R21 at each occurrence 

independently is hydrogen or (C1-c;}alkyl, or(ii} _(C3-12)cycloalkyl(C~alkyl, 

hetero(CJ-1Jcycloalkyl(Co-6)alkyl, (Cc>-1Jaryl(~alkyl, hetero{C5.1Jaryl(C0-t1)alkyl, 

25 (Cg.1Jbicycloaryl(Co-cs)alkyl or hetero(C8•1Jbicycloaryl(Co-6)alkyl or 

(iii) (~6)cycloalkyl(Co.6)alkyl, hetero(CJ.Jcycloalkyl(Co.6)alkyl, phenyl(Co-c;)alkyl or 

hetero(C5.6)aryl(Co-6)alkyl, wherein said cycloalky1, heterocycloalkyl, phenyl or heteroaryl is 

substituted by-X'OR22, -X4SR22, -X4S(O)R22, -X4S(O)zR22
, -X4C(O)R22

, -X4C(O)OR22, 

-X4C(O)NR22R23, -X4NR22R23, -X4NR23C(O}R22
, -X4NR23C(O)OR22

, 
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-X4NR23C(O)NR22R23 or-X~:Nil23C(NR23)NR~23, wherein X~,is as defined above, R22 is 

(C3_Jcycloalkyl(C0-Jalkyl, hetero(C;.6)cycloalkyl(Co.o)alkyl, phenyl(Co.6)alkyl or 

hetero(C5-6)aryl(Co.6)alkyl and R23 at each occurrence independently is hydrogen or 

(C1-6)alkyl; wherein within R11 any alicyclic or aromatic ring system present may be substituted 

5 further by 1 to 5 radicals independently selected from (C1-6)alkyl, (C1.6)alkylidene, cyano, 

halo, halo-substituted (C14)alky1, nitro, -X4NR12R12, -X4NR12C(O)OR12, 

-X4NR12c(O)NR12R12, -X4NR12c(NR12)NR12R12, -X4aR'2. -X4SR12, -X4C(O)OR12, 

-X4C(O)NR12R12, -X4S(0)2NR12R12, -X4I>(O)(OR3)0R12, -X40P(O)(OR3)0R12, 

-X40C(O)R13, -X4NR12C(O}R13, -X4S(O)R13, -X4S(0)2R
13 and-X4c(O)R13, wherein X4. 

10 R 12 and R 13 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 phannaceutical 

composition which contains a compound of Fonnula I or a N-oxide derivative; prodrug 

15 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 

20 administering to the animal a therapeutically effective amount of compound of Formula l or 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 

25 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 (Ill): 

-9-
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inwhich: · 

R1 is a group of Formula (a) or (b):· 

6 2 ~ R--.... ,...X, 1 .... N X 
Is 
R 

(a) (b) .· 

5 wherein: 

10 

15 

20 

X1 and X3 independently are -C(O)- or -S(O)z-, 

X2 is -CR8R9-, -CH2CR8R9
- or -CR8R9CHr and X4 is -CHR.10

-, 

-CH2CHR10
- or-CHR1°CH2-, wherei~: 

R8 is hydrogen or (C1~alkyl, 

R9is (i) (C1~alkyl or halo-substituted(C1-6)alkyl optionaUy substituted 

with-OR11 , -SR11, -S(O)R11, -S(01R11, -C(O}R11
, -C(O)OR11

, -NR11R12
, 

-NR12C(O)OR11, -C(O)NR11R12, -S(O)zNR11R12
, -NR12C(O)NR11R12 or 

-NR12C(NR12)NR11R12, wherein R11 is hydrogen, (C1-6)alkyl, 

(~1z)cycloalkyl(C0-3)alkyl, hetero(C3•12)cycloalkyl(Co..3)alkyl, 

(C6-12)aryl(C0-3)alkyl or hetero(C5•12)aryl(Co.3)alkyl and R12 is hydrogen or 

(C1•6)alkyl, or (ii) (~1z}cycloalkyl(Co.3)alkyl, 

hetero(C3-12)cycloalkyl(Co.3)alkyl, (C~i:z)aryl(Co.3)alkyl, 

hetero(C5•12)ary1(Co.3)alkyl, (C9•1z}polycycloaryl(C0-3)alkyl or 

hetero(C8•12)polycycloaryl(C0-3)alkyl optionally substituted with -R 13, 

-xsoRt3, -xssR13, -S(O)R13, -S(O}zR13, -C(O)Rl3, -C(O)QR13, 

-X5NR13R14.-X5NR14c(O)OR13, -C(O)NR13R14
, -S(0)2NR13R14, 

-NR14C(O)NR13R14 or-NR14C(NR14)NR13R14. wherein X5 is a bond or 

-10-
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methylene, R13 is (~_12)cycloalkyl(Co.3)alkyl, 

hetero(C3-1:z)cycloalkyl(C0-3)alkyl, (C6-12)aryl(Ca-3)alkyl, 

hetero(C5.12)aryl(Co.3)alkyl, (~1Jpolycycloaryl(Co.3)alkyl or 

hetero(C8•12)polycycloaryl(Co.3)alkyl and R14 is hydrogen or (C1-6)alkyl, or 

(iii) together with R5 when X2 is -CHR.9- forms trimethylene, tetramethylene or 

phenylene-1,2-dimethylene, optionally substituted with 1to2 of hydroxy, 

oxo, (C1 .... )alkyl or methylene; wherein any 1 to 3 annular atoms of any 

aromatic ring with available valences comprising R9 are optionally 

independently substituted with halo, nitro, cyano, (C1-6)alkyl, 

halo-substituted(C1-6)alkyl, -OR15, -C(O)R15, -C(O)OR15, -C(O)NR15R15, 

-S(0)2NR1sR1s • .;.XSNR15JllS, -XsNR1sC(O)OR1s, -XsNR1sC(O)NR1sR1s or 

-X5NR15C(NR15NR15R15, wherein XS is as defined above and each R15 

independently is hydrogen or (C1_Jalkyl, and 

R10 is hydrogen or (C1....)alkyl; 

R5 and R7 are independently hydrogen, (C1_6)alkyl or as defined above; and 

R6 is -X6X:7R16
, wherein X6 is -C(O)- or-S(O)n X1 is a bond, -0- or 

-NR17-, wherein R17 is hydrogen or (C1_6)alkyl, and R16 is (i) (C1.Jalkyl or 

halo-substituted(C1_Jalkyl optionally substituted with -OR11, -SR11, -S(O)R11 , 

-S(O);zR11
, ""C(O)R11

, -C(O)OR11, -NR11R12~ -NR12C(0)0Rn, -C(O)NRuR12, 

20 -NR 12C(O)NR 11R 12 or -NR 12C(NR 12)NR11R12, wherein R 11 and R12 are as defined 

above, or (ii) (C~ycloalkyl(Co.3)alkyl, hetero(C3-6}cycloalkyl(Co.3)alkyl, 

(C11-12)aryl(C0-3)alkyl, hetero(Cs.1:z)aryl(Co.3)alkyl, (C9•12)polycycloaryl(Co.3)alkyl or 

hetero(Ca.1Jpolycycloaryl(Co..3)alkyl optionally substituted with 1to2 of-R13, 

-xsoRt3, -xssR13. -S(O)R13, -S(O):zR13, -C(O)QR13, -X5NR13R14, 

25 -X5NR14C(O)OR13, -C(O)NR13R14
, -NR14C(O)NR13R14 or 

-NR14C(NR14)NR13R14, wherein xs. R13 and R14 are as defined above; wherein any 

1 to 3 annular atoms of any aromatic ring with available valences comprising R 16 

optionally independently are substituted with halo, nitro, cyano, (C1-6)alkyl, 

halo-substituted(C1_Jalkyl, -OR15, -C(O)R15, -C(O)OR15, -C(O)NR15R15, 

-11-
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-S(0)2NR1sR1s, -XsNR1sR1s, -XsNR1sC(O)OR1s, -XsNR1sC(O)NR1sR1s or 

-X5NR 15C(NR 15)NR 15R 15, wherein X5 and R 15 are as defined above; 

R2 is hydrogen or (C1.6)alky1 or as defined below; 

R3 is hydrogen, (C1.10)alkyl or~ defined below; and 

5 R4 is (i) hydrogen, (ii) (C1-cs)alkyl or halo-substituted(C1-c;)alkyt optionally substituted 

with-OR11, -SR11
, -S(O)R11

, -S(0)2R
11, -C(O)R11 , -C(O)OR11, -NRuR12~ 

-NR12C(O)OR11
, -C(O)NR11R12, -NR12C(O)NR11R12 or-NR12C(NR12)NR11R12, wherein 

R11 and R12 are as defined above, or (iii) (C,.12)cycloalkyl(Co.,)alkyl, 

hetero(~12)cycloalky1(Co.3)alkyl, (~1:z)aryl(Co.3)alkyl, hetero(Cs-12)aryl(Co.:Jalkyl, 

10 (~1:Jpolycycloaryl(Co-:Jalkyl or hetero(C8•12)polycyc1oaryl(Co.:Jalkyl optionally substituted 

with -R•3, -xsoR13, -XSSRl3, -S(O)R13, -S(O)~l3, -C(O)OR13, -X5NR.13R_l4, 

-X5NR14C(O)OR13, -C(O)NR13R14
, -NR14C(O)NR13R14 or-NR14C(NR14)NR13R14, 

wherein X5, R 13 and R 14 are as defined above or (iv) together with R2 forms trim.ethylene, 

tetramethylene orphenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo, (C1_ 

15 .Jalkyl or methylene or (v) together with R3 forms ethylene, trim.ethylene or tetramethylene; . 

wherein any 1 to 3 annular atoms of any aromatic ring with available valences comprising R4 

optionally independently are substituted with halo, nitro, cyano, (C1-t;)a1kyl, 

halo-substituted(C1_6)alkyl, -OR15, -C(O)R15, -C(O)OR15, -C(O)NR15R15, 

-S(OhNRISRIS, -XSNR15&15, -xsNR•sc(O)QRlS, -XSNR15C(O)NR15R15 or ' 

20 -XSNR15C(NR15)NR15R15
, wherein XS andR15 are as defined above; andtheN-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 

25 symptomatology of the disease, which method comprising administering to the animal a 

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

' -12-
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in which: · 

2 R 
I N N C~ 

RI/ 1 . R4 
3 

(I) 

,,. ... 

R1 is a group ofFOQllula (a) or (b): 

5 wherein: 

(a) (b) 

X1 and .x2independent1y are -C(O)- or -CH2S{O:h-; 

R5 and R6 are hydrogen or (C1~alkyl; 

R7 ~d R8 are hydrogen or (C1~alkyl or as defined below; 

PCT/USOD/06747 

R9 and R10 independently are (i) (C1.Jalkyl optionally substituted with cyano, 

10 halo ornitro or (ii) a group selected from -X3NR12R.12, -X3NR12C(O)OR12, 

-X3NR.12C(O)NR12R.12, -XJNR12c(NR12)NR12R12 •. -x30R12, -X3SR12. 

-X3C(O)OR 12, -X3C(O)NR 12R 12, -X3S(0)2NR 12R 12, -X3P(O)(OR12)0R 12, 

-X30P(O)(OR12)0R12, -X3NR12C(O)R13, -X3S(O)R13, -X3S(0)2R13, -X3C(O)R13, 

-JC3C(O)R14,-X3C::(O)OR14, -X30C::(O)R14,-X3NR15C::(O)R14,-X3NR15C(O)OR14, 

15 -X3C(O)NRl4R1s, -X3S(0)2NR14R1s, -X3NR1sc(O)NR14R1s, 

-X3NR.1sc::(NR1s)NR14Rts, -X4SR14 _X4S(O)Rl4,-X4S{O}zR14, -X4c>R14, or 

-X4NR14R15, wherein X3 is (C1-6)alkylene, X4 is a bond or (C::1.6)a1kylene, R12 at each 

occurrence independently is hydrogen, (C1-6)alky1 or halo-substituted (C1•3)alkyl, R 13 

is (C1.6)alkyl or halo-substituted (C1•3)alky1, R14 is (~_12)cycloalkyl(Co.6)alkyl, 

20 hetero(C3.12)cycloalkyl(Co.6)alkyl, (C6-1:z)ary1(Co.Jalkyl, hetero(C5•12)aryl(C~a1kyl, 

(~12)po1ycycloaryl(Co.6)a1kyl or hetero(Cg.1:z)polycyc1oaryl(C0-6)alkyl and R 15 is 

-13-
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hydrogen or (C1_Jalkyl, and wherein within R 14 said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X4DR16, -X4SR16, -X4S(O)R16, -X4S(O:hR16, 

-X4C(O)R16, -X4C(O)OR16, -X40C(O)R16, -X4NR16R17, -X4NR17C(O)R16, 

5 -X4NR11C(O)OR16:-x4C(O)NR16R11, -X4S(0)~16R11,-X4NR11c(O)NR16R11 or 

-X4NR17C(NR17}NR16R.17, wherein X4 is a bond or (C1-6)alkylene, R16 is hydrogen or 

(C1_6)alkyl and R 17 is (C3.12'cycloalkyl(Co.6)alkyl, hetero(C3.12)cycloalkyl(Co-6)alkyl, 

(C6-12)aryl(Co-6)allcy1, hetero(Cs-12'arYl(Co.6)aJkyl, (~12)polycycloaryl(Co.is)aJkyl or 

hetero(C8•12)polycycloaryl(Co-6)alkyl, or (iii) a group selected from 

10 (C3-12)cycloalkyl(Co-6)alkyl, hetero(C3-1:Jcycloalkyl(Co-6'alkyl, (C6-12)aryl(CD-6)alkyl, 

hetero{Cs-1:Jaryl(Co.c;)alkyl, (C9-12)polycycloaryl(Co-6)alkyl and 

hetero{Ca-12)polycycloaryl(C0-6laJkyl, wherein said cycloalkyl, heterocycloalkyl, aryl. 

heteroaryl, polycycloaryl or heterpo1ycycloaryl ring optionally is substituted by a 

group selected from-R16, -X40R16, -X4SR16, -X4S(O)R16,-X4S(O)aR16, 

15 -X4C(O)R16, ,..X4C(O)OR16, -X40C(O)R16, -X4NR16R.17, -X4NR17C(O)R16, 

-X4NR11C(O)OR16, -X4C(O)NR16R11. -X4S(0)2NR16R11, -X4NR11c(O)NR16R11 or 

-X4NR17C(NR17)NR16R.17, wherein X4, R16 andR17 are as defined above; wherein 

within R9 and/or R10 any alicyclic or aromatic ring system present may be substituted 

further by 1 to .5 radicals independently selected from (C1_6)alkyl, (C1_6)alkylidene, 

20 cyano, halo, halo-substituted (C14)alkyl, nitro, -X4NR 12R.12, -X4NR 12C(O)OR12, 

-X4NR12c(O)NR12R12, -X4NR12c(NR12)NR12R.12, -X4DR12, -X4SR12, 

-X4e(O)OR12, -X4C(O)NR12R12, -X4S(0)2NR12R.12, -X4P(O)(OR4)0R12, 

-X40P(O)(OR12)0R12, -X40C{O)Rt3, -X4NR12C(O)R13, -X4S(O)R13, -X4S(0)~13 

and-X4C(O)R13, wherein X4
, R12 and R13 are as defined above, or 

25 R9 taken together with R7 and/or R10 taken together with R8 form 

trimethylene, tetramethylene.or phenylene-1,2-climethylene, optionally substituted with 

hydroxy, oxo ormethylene;and 

R11 is -X5X6R18, wherein X5 is -C(O)-, -C(O)C(O)- or -S(0)2-, X6 is a 

bond, -0- or-NR19-, wherein R19 is hydrogen or (C1-6)alkyl, and R18 is 

-14-
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· ...... 

(i) (C1_JO)alkyl optionally substituted by cyano, halo. nitro, -NR 12R. 12, 

-NR12c(O)OR12, -NRl2C(O)NR12R.12, -NR12c(NR12)NR12R.12. -OR12, -SR12, 

-C(O)OR12, -C(O)NR12R.12, -S{0)2NR12R.12, -P(O)(OR12)0R12, 

-OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(0)2R
13, -C(O)R13, -OR20, -SR20

, 

5 -S(O)R20, -S(O):zR20
, -C(O)R20

, -C(O)OR20, -C(O)NR~21, -NR2°R.21, 

-NR21C(O)R20
, -NR21C(O)OR20,-NR21C(O)NR~21 or -NR21C(NR21)NR~21, 

wherein R 12 andR13 are as defined above, R20 is (C3-1Jcycloalkyl(Co-6)alkyl, 

hetero{C3-1Jcycloalkyl(Co-Jalkyl, (~12)aryl(Co.Jalkyl, hetero(C5_12)aryl(Co-Jalkyl, 

(C9_1:Jbicycloaryl(Co.Ja1kyl or hetero(C8_12)bicycloaryl(Co.6)alkyl and R21 at each 

· 1 O occurrence independently is hydrogen or (C1-c;)alkyl, or 

(ii) (C3-12)cycloalkyl(Co.Jalkyl, hetero(~1Jcycloalkyl(Co-c;)alkyl. · 

(C6-1Jaryl(Co-c;)alkyl, hetero(C5_12)aryl(Co.Jalkyl, (C9-12)bicycloaryl(Co-c;)alkyl or 

hetero(Ca-1Jbicycloaryl(Co-c;)alkyl or (iii) (C3-6)cycloalkyl(Co-Jalkyl, 

hetero(Cu)cycloalkyl(Co.Jalkyl, phenyl(Co-c;)alkyl or hetero(C5.Jaryl(Co-c;)alkyl, 

15 wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by 

-X40R22, -X4SR22• -X4S(O)R22• -x4S(OhR22, -X4c(O)R22, -X4c(O)OR22, 

-X4C(O)NR22R.23, -X4NR22R23, -X4NR:PC(O)R22, -X4NR23c(O)OR22, 

-X4NR23C(O)NR22R23 or.:X4NR2lC(NR23)NR22R.23, wherein X4 is as defined 

above, R22 is {C3_Jcycloalkyl(Co-c;)alkyl, hetero{C~cycloalkyl(Co.Jalkyl, 

20 phenyl(Co..6)alkyl or hetero(Cs-Jaryl(Co-c;)alkyl and R23 at each occurrence 

independently is hydrogen or (C1-6)alkyl; wherein within R 11 any alicyclic or aromatic 

ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1_Jalkyl, (C1_6)alkylidene, cyano, halo, halo-substituted (C14)alkyl, 

nitro, -X4NR12R12, -X4NR12C(O)OR12, '""X4NR12C(O)NR12R.12, 

25 -X4NR12C(NR12)NR12R.12, -X40R12
1 

_){4SR12, -X4c(O)OR12, -X4C(O)NR12R12, 

-X4S(0)2NR12R12, -X4p(O)(OR3)0R12, -X40P{O)(OR3)0R12, -X40C(O)R13, 

-X4NR12C{O)R13, -X4S{O)R13
, -X4S(0)2R13 and-X4C(O)R13, wherein X4, R12 and 

R 13 are as defined above; 

R2 is hydrogen or (C1_Jalkyl or as defined below; 
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R3 is hydrogen, (C1..(j)alkyl or as defined below; and 

R4 is (i) hydrogen or (C1.6)alkyl. wherein said alkyl is optionally substituted with 

cyano, ha1o, nitro, -NR12R12,-NR12C(O)OR12, -NR12C(O)NR12R.12, 

-NR12c(NR12)NR12R.12, -OR12, -SR12, -C(O)OR12, -C(O)NR12R.12, -S(0)~12R.12, 

5 -P(O)(OR12)0R12, -OP(O)(OR12)0R12, -NR12e(O)R13, -S(O)R13, -S{O):zR13, ~C(O)R13, 

-OR14, -SR14, -S(O)R14, -S(O):zR14, -C(O)R14,.-C(O)OR14, -OC(O)R14.-NR14R15, 

-NR15C(O)R14, -NR15C(O)OR14, -C(O)NR14R15, -S(0)2NR14R15, -NR15C(O)NR14R15 or 

-NR15C(NR15)NR14R15, wherein R12, R13, R14 and R15 are as defined above, or (ii) a group 

sel~cted from (C3-1:z}cycloalky1(Cg.Jalkyl, hetero(C3-1z)cycloalkyl(Cg.Jalkyl, 

10 (~12)aryl(Cg.Jalkyl, ~etero(C5•12)aryl(Co.6)alkyl, (C,.12)polycycloaryl(Co-6)alkyl and 

hetero(Cg.12)polycycloaryl(Cg.Ja1kyl, wherein said-cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optiona1ly is substituted by a group 

selected from -R16, -X40R16, -X"SR16, -X4S(O)R16, -X4S(OhR.16, -X4e(O)R16, 

-X4C(O)OR16, -X40C(O)R16, -X4NR16R.17, -X4NR17C(O)R16, -X4NR17C(O)OR16, 

15 -X4C(O)NR16R.17, -X4S(0)2NR16R.17, ~x4NR17C(O)NR16Jl17 or -X4NRl7C(NR17)NR16Jll7, 

wherein X4, R 16 and R 17 are as defined above; wherein within R9 and/or R 10 any alicyclic or 

aromatic ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1-G)alkyl, (C1-6la1kylidene, cyano, halo, halo-substituted (C14)alkyl, nitro, 

-X4NR12:R12, -X4NR12c(O)OR12, -X4NR.12C(O)NR12R.12, -X4NRUC(NR12)NR12R.12, 

20 -X40R12, -X4SR12, -X4e(O)OR12, -X4C(O)NR12R.12, -X4S(0)2NR12R.12, 

-X4P(O)(OR3)0R12, -X40P(O)(OR3)0R12, -X40C(O)R13, -X4NR12C(O)R13, -X4S(O)R13, 

-X4S(O):zR13 and-X4C(O)R13, wherein X4, R12 and R13 are as defined above, or 

R4 and R2 taken together fonn trimethylene, tetramethylene or 

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

25 R4 and R3 together with the carbon atom to which both R4 and R 3 are attached form 

(~s)cycloalkylene or (C3-8)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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.11 R>y5 R9 HYN 
R, N N . 

H 0 R3 R4 . 

in which R3 and R4 are each hydrogen ~r (C1-6)alkyl, or together with the carbon atom to 

which they are both attached form (~s)cycloalkyJene; Rs is hydrogen or (C1_6)alkyl; R9 is 

(C~12)ary1(C1~alkyl, hetero(Cs.12)ary1(C1~alkyl, (C4-s)alkyl or cyclohe?tylmethyl; and R 11 is 

5 C(O)R 18 wherein R 18 is hetero(~12)cycloalkyl, (C.,_1:z)aryl(C~alkyl or hetero(Cs.1:z)aryl(C1>­

.,)alkyl. 

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

compound of Formula (I): 

10 in which: 

15 

R1 is a group of Formula (a) or (b): 

wherein: 

(a) (b) 

X1 and X2 independently are -C(O)- or -CH2S(O):z-; 

Rs and R6 are hydrogen or (C1_6)alkyl; 

R 7 and R8 are hydrogen or {C1_6)alkyl or as defined befow; 
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R9 and R10 independently are (j) (C1_Jalkyl optionally substituted with cyano, 

halo ornitro or (ii) a group selected from -X3NR12R12, -X3NR12C(O)OR12, 

-X3NR12C(O)NR12.R12, -X3NR12c(NR12)NR12R.12, -X30R12, -X3SR12, 

-X3C(O)OR12, -X3C(O)NR12R12, -X3S(OhNR12.R12, -X3P(O)(OR12)0R12, 

5 -X30P(O)(OR12)0R12,-X3NR.12C(O)R13, -X3S(O)R13, -X3S(0)2R13, -X3C(O)R13, 

-X3C(O)R14,-X3C(O)OR14, -X3QC~O)R14, -X3NR15C(O)R14, -X3NR15C(O)OR14, 

-X3C{O)NR14R1s, -X3S(0)2NR14R1s, -X3NR1sC{O)NR14R1s, 

-X3NR1sc{NR1s)NR14R1s, -X4SR14 -X4S(O)Rl4, -X'S(O)Jl1', -X4QR14, or 

-X4NR14R15, wherein X3 is (C1_Jalkylene, X4 is a bond or (C11)alkylene, R12 at each 

10 occurrence independently is hydrogen, (C11)alkyl or halo~substituted (C1_3)alkyl, R13 

is (C1.Jalkyl or halo-substituted (C1•3)alkyl, R14 is (C3.12)cycloalkyl(C01)alkyl, 

hetero(Cl-12)cycloalkyl(C~alkyl, (C6-12)aryl(Co.Jalkyl, hetero(Cs.1:z)aryl(~)alkyl, 

(C9-12)polycycloaryl(Co.Jalkyl or hetero(Cg_12)polycycloaryl(C~alkyl and R 15 is 

hydrogen or (C1_Jalkyl, and wherein within R 14 said cycloalkyl, heterocycloalkyl, aryl, 

15 heteJ'.Oaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(O):zR16, 

-X4c(O)R16, -X4C(O)OR16, -X40C(O)R16, -X4NR16R.17, -X4NR17C(O)R16, 

-X4NR17C(O)OR16, -X4C(O)NR16R.17, -X4S(0)2NR16R17, -X4NR17C(O)NR16R.17 or 

-X4NR17C{NR17)NR16R.17, wherein X4 is a bond or (C1-6)alkylene, R16 is hydrogen or 

20 (C1-6)alkyl and R17 is (~1:z)cycloalkyl(Co.Jalkyl, hetero(~12)cycloalkyl(~}alkyl, 

(~12)aryl(Co.Jalkyl, hetero(Cs-12)aryl(C~alkyl, (C,.1:z)polycycloaryl(C~alkyl or 

hetero(C8•12)polycycloaryl(Co.Jalkyl, or (iii) a group selected from 

(C3.12)cycloalkyl(Co.6)alkyl, hetero(C3.12)cycloalkyl(Co.6)alkyl, (C6-1:Jaryl(Co.Jalkyl, 

hetero(Cs.1:Jaryl(Co.Jalkyl, (C,.1:Jpolycycloaryl(Co.6)alkyl and 

25 hetero(C1-i:Jpolycycloaryl(Co.6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from-R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(O):zR16
, 

-X4C(O)R16, -X4C(O)OR16
, -X40C(O)R16, -X4NR16R.17, -X4NR17C(O)R16

, 

-X4NR17C(O)OR16, -X4C(O)NR16R.17
, -X4S(O):zNR16R17, -X4NR17C(O)NR16R.17 or 
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-X4NR17C(NR17)NRi1~17, wherein X4;~f{i6 andR17 are·1~·defined above; wherein 

within R9 and/or R10 any alicyclic or aromatic ring system present may be substituted 

further by 1 to 5 radicals independently selected from (C1~alkyl, (C1-6)alkylidene, 

cyano, halo, halo-substituted (C1-4)alkyl, nitro, -X4NR12R12, -X4NR12c(O)OR12, 

5 -X4NR12c(O)NR12R12, -X4NR12c(NR12)NR12R12, -X40R12, -X4SR12, 

-X4c(O)OR12, -X4C(O)NR12R.12, -X4S(O);zNR12R.12, -X4P(O)(OR4)0R12, 

-X4DP(O)(OR12)0R12, -X40C(O)R13, -X4NR12C(O)R13, -X4S(O)R13, -X4S(0)2R13 

and -X4C(O)R 13, wherein X4• R 12 and R 13 are as defined above, or 

R9 taken together with R7 and/orR10 taken together with R3 form 

10 trimethylene, tetramethylene orphenylene-1,2-dimethylene, optionally substituted with 

hydroxy, oxo or methylene; and 

R11 is-X5X6R.13, wherein X5 is -C(O)-,-C(O)C(O)-or-S(O)r. X6 is a 

bond, -0- or-NR19-, wherein R19 ishydrogen or (C1~alkyl, andR18 is 

(i) (C1.10)alkyl optionally substituted by cyano, halo, nitro, -NR12R12, 

15 -NR12C(O)OR12. -NR12e(O)NR12R.12, -NR12c(NR.'2)NR12R.12, -OR12, -SR12, 

-C(O)OR12, -C(O)NR12R12, -S(O):zNR12R12, -P(O)(OR12)0R12, 

-OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(O):Jl13, -C(O)R13, -OR20, -SR20, 

-S(O)R20, -S(0)2R20, -C(O)R20, -C(O)OR2o, -C(O)NR~21 , ~NR~21 , 

-NR21C(O)R20, -NR21C(O)OR20,-NR21C(O)NR20R21 or -NR21C(NR21)NR:zoa21, 

20 wherein R12 and R13 are as defined above, R20 is (C3-1:Jcycloalkyl(C0-6)alkyl, 

hetero(C3.12)cycloalkyl(C0-6)alkyl, (C6_1:Jaryl(Co.6)alkyl, hetero(C5•12)aryl(Co.Jalkyl, 

(Cg.12)bicycloaryl(Co.6)alkyl or hetero(Ca.1:Jbicycloaryl(C0-6)alkyl and R21 at each 

occurrence independently is hydrogen or (C1_Jalky1, or 

(ii) (C3•12)cycloalkyl(Co.6)alkyl, hetero(C3•12)cycloalkyl(Co.Jalkyl, 

25 (C6-12)aryl(~)alkyl, hetero(Cs-12)aryl(Co.6)alkyl, (C9-1:Jbicycloaryl(Co-6)alkyl or 

hetero(Cg.12)bicycloaryl(C0-6)alkyl or (iii) (C3-e;)cycloalkyl(C0•6)alkyl, 

hetero(~Jcycloalkyl(C0-6)alkyl, phenyl(~)alkyl or hetero(C.s-6)aryl(C0-6}alkyl, 

wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroary] is substituted by 

-X40R22, -X4SR22, -X4S(O)R22
, -X4S(0)2R22, -X4C(O)R22, -X4C(O)OR22, 
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-X4C(O)NR22R23, -X4NR~23, -X4NR23C(O)R22
, -X4NR23C(O)OR22, 

-X4NR23C(O)NR~23 or-X4NR23C(NR23)NR22R23, wherein X4 is as defined 

above, R22 is (C3_cs)cycloalkyl(C~alkyl, hetero(C3-6)cycloalkyl(Co.6)alkyl, 

phenyl(Co.6)alkyl or hetero(Cs-6)aryl(Co.6)alkyl and R23 at each occurrence 

5 independently is hydrogen or (C1.Jalkyl; wherein within R11 any alicyclic or aromatic 

ring system present may be substi~te<;I. further by 1 to 5 radicals independently 

selected from (C1.Jalkyl, (C1-t>)alkylidene, cyano, halo, halo-substituted (C14)alkyl, 

nitro, -X4NR12R.12, -X4NR12C(O)OR12, -X4NR.12e(O)NR12R12, 

-X4NR12c(NR12)NR12R.12, -X40R12. -X4SR12, -X4C(O)OR12 • .,X4C(O)NR12R12, 

10 -X4S(O)JNR12R12, -X4P(O)(OR3)0R12, -X4c>P(O)(OR3)0R12, -X40C(O)R13, 

-X4NR12C(O)R13, -X4S(O)R13, -X4S(0)2R
13 and-X4c(O)R13, wherein X4, R12 and 

R 13 are as defined above; 

R2 is hydrogen or (C1.Jalky1 or as defined below; 

R3 is hydrogen, (C1.Jalkyl or as defined below; and 

15 R4 is (i). hydrogen or (C1.Jalkyl, wherein said alkyl is optionally substituted with 

cyano, halo, nitro, -NR12R.12, -NR12C(O)OR12, -NR12C(O)NR12R12, 

-NR12e(NR12)NR12R.12, -OR12, -SR12.-C(O)OR12, -C(O)NR12R12, -S(O)aNR12R.12, 

-P(O)(OR12)0R12, -OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(Oh}l13, -C(O)R13, 

-OR14, -SR14, -S(O)R14,-S(01R14. -C(O)R14,-C(O)OR14, -OC(O)R14, -NR14R15, 

20 -NR1SC(O)Rl4, -NR•sc(O)OR14, -C(O)NR.14Rls,-S(OhNR14RlS, -NRISC(O)NRl4RIS or 

-NR 15c(NR 15)NR 14R 15, wherein R 12, R 13, R 14 and R 15 are as defined above, or (ii) a group 

selected from (C3-12)cycloalkyl(Cu)alkyl, hetero(C3-12)cycloalkyl(C0-6)alkyl, 

(C6-12)aryl(Co.Jalkyl, hetero(Cs-1:Jaryl(Co.Jalkyl, (C9-1~lycycloary1(Co.Ja1kyl and 

hetero(C8•12)polycyc1oaryl(Co.c;)alkyl, wherein said cyc1oalky1, heterocycloalky,, aryl, 

25 · heteroary1, polycycloaryl or beterpolycycloaryl ring optionally is substituted by a group 

selected from-R16, -X40R16
, -X~$R16, -X4S(O)R16

, -X4S(O):z}l16, -X4C(O)R16, 

-X4C(O)OR16, -X40C(O)R16
, -X4NR16R.1', -X4NR17C(O)R16, -X4NR17C(O)OR16, 

-X4c(O)NR16R17, -X4S(O):zNR16R17, -J{4NR17C(O)NR16R.17 or-X4NR17C(NR17)NR16R17, 

wherein X4, R 16 and R 17 are as defined above; wherein within R9 and/orR10 any alicyclic or 
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aromatic ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1-t>)alkyl, (C1_6)alkylidene, cyano, halo, halo-substituted (C14)alky1, nitro, 

-X4NR12R.12
1 
-X4NR12c(O)OR12, -X4NR12C(O)NR12R12, -X4NR12C(NR12)NR12R12

1 

-X40R12, -X4SR12, -X4C(O)OR12, -X4c(O)NR12R.12, -X4S(O):iNR12R.12, 

5 -X4P(O)(OR3)0R 12, -X'*OP(O)(OR3)0R 12, -X40C(O)R 13, -X4NR 12c(O)R 13, -X4S(O)R 13
, 

-X4S(OhR13 and -X4C(O)R13, wherein X4, R12 and R13 are as defined above, or 

R4 and R2 taken together form trimethylene, tetramethylene or 

phenylene-1,2-climethylene, optionally substituted with hydroxy, oxo or methylene, or 

R4 and R3 together with the carbon atom to which both R4 and R3 are attached form 

10 {C3-1)cycloalkylene or (C~eterocycloalkylene; or an N-oxide derivative, prodrug 

derivative, individual isomer and mixtures of isomers; or a pharmaceutically acceptab1e salt 

thereof, but excluding compounds of the fonnwa 

11 R><y5 R9 H'. /N 
R,N . N?\A 

. H ·. 0. R3 R4 

in which R3 and R4 are each hydrogen or (C1-6)alkyl, or together with the carbon atom to 

15 which they are both attached form (C3-5)cycloalkylene; R5 is hydrogen or (C1-6)alkyl; R9 is 

(C6-1:i)aryl(C1-cs)alkyl, hetero(Cs.12)aryl(C1.Jalkyl, (C4-5)alkyl or cyclohexylmethyl; and R11 is 

C(O)R 18 wherein R 18 is hetero(~_12)cycloalkyl, (C6-1:Jaryl(Co.Jalkyl or hetero(C5_12)aryl(Co. 

6)alkyl, in the manufacture of a medicament for treating a disease in an animal in which 

cathepsin S activity contributes to the pathology and/or symptomatology of the disease. 

20 In another parti.cular 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 (Ill): 
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in which: · 

R1 is a group of Foimula (a) or (b): 

6 2 ~ R, .,X, 1 ..... N X 
15 
R 

(a) (b) 

5 wherein: 

10 

15 

20 

X1 and X3 independently are -C(O)- or -S(O:h-, 

X2 is-CR8R9-, -CH2CR8R9
- or-CR8R9CH:z-andx4 is -CHR10

-, 

-CH2CHR.10- or -CHR 10CHr, wherein: 

R8 is hydrogen or (C1-6)alkyl, 

R9is (i) (C1-6)alkyl or halo-substituted(C1•6)alkyl optionally substituted 

with -OR11 , -SR11
, -S(O)R11

, -S(0)2R11
, -C(O)R11

, -C(O)OR11
, -NR11R12, 

-NR12C(O)OR11, -C(O)NR11R12, -S(O)iNR11R12, -NR12C(O)NR11R12 or 

-NR12C(NR12)NR11R12, wherein R11 is hydrogen, (C1•6)alkyl, 

(C3•12)cycloalky1(Co.3)alkyl, hetero(C3-12)cycloalkyl(Co.3)alkyl, 

. (C6-12)aryl(Co.3)alkyl or hetero(Cs-12)aryl(Co.3)alkyl and R 12 is hydrogen or 

(C1•6)alkyl, or (ii) (~1:z)cycloalkyl(Co.3)a1kyl, 

hetero(~12)cycloalkyl(Co.3)alkyl, (~1:z)aryl(Co-3)alkyl, 

hetero(Cs-1:z)aryl(Co-3)alky1, (C!>-12)polycyc1oaryl(Co.3)alkyl or 

hetero(Cg.12)polycycloaryl(Co.3)alky1 optionally substituted with -R13, 

-X50R13~ -X5SR13, -S(O)R13, -S(O):zR13, -C(O)R13, -C(O)OR13, 

-XsNR13R14
0 
-XsNR14C(O)OR13, -C(O)NR13R14, -S(OnNR13R14, 

-NR14C(O)NR13R14 or-NR14C(NR14)NR13R14, wherein X5 is a bond or 
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methylene, R 13 is (C3-1:Jcycloalkyl(C0-3)alkyl, 

hetero(C3_1:Jcycloalkyl(C0-~alkyl, (C6-12)aryl(C0-3)alkyl, 

hetero(Cs-12)aryl(Co..3)alky1, (C9-12)polycycloaryl(Co.3)alkyl or 

hetero(Ca-1:Ji>olycycloaryl(Co.3)alkyl and R 14 is hydrogen or (C1_6)alkyl, or 

(iii) together with R5 when X:? is -CHR9- forms trimethylene, tetramethylene or 

phenylene-1,2-dimethylene, ~ptionally substituted with 1 to 2 of hydroxy, 

oxo, (C14)alkyl or methylene; wherein any 1 to 3 annular atoms of any 

arom&tic ring with available valences comprising R9 are optionally 

independently substituted with halo, nitro, cyano, (C1_6)alkyl, 

halo-substituted(C1-6)3Ikyl, -OR is, -C(O)R is, -C(O)OR is, -C(O)NR isR is, 

-S(O):iNRISRts, -XSNRJSRIS, -xsNR1sc(O)OR1s, -XSNRlSC(O)NR.lSRIS or 

-X5NR15C(NR1sNR1sR1s, wherein X5 is as defined above and each R15 

independently is hydrogen or (C1~alkyl, and 

R 10 is hydrogen or (C14)alkyl; 

Rs and R7 are independently hydrOgen, (C1_Jalkyl or as deflned above; and 

R6 is -X6X7R.16, wherein X6 is -C(O)- or-S(0'2-, X1 is a bond, -0- or 

-NR17
-, wherein R17 is hydrogen or (Ci_6)alkyl, and R16 is (i) {C1-6)alkyl or 

halo-substituted(C1-6)alky1 optionally substituted with-OR11, -SR11 , -S{O)R11 , 

-S(OhR11• -C(O)R11,-C(O)OR11, -NR11R12, -NR12e(O)OR11, -C(O)NR11R12, 

20 -NR12C(O)NR11R12 or-NR12c(NR12)NRnR12, wherein R11 and R12 are as defined 

above, or {ii) {C~cycloalkyl(C0-3)alkyl, hetero(C3_6)cycloalkyl{C0-3)alkyl, 

(~1:Jaryl(C0-3)alkyl, hetero(Cs-1~l(Co-J)alkyl, {C9.12)polycycloaryl(Co..3)alkyl or 

hetero{Cg_1:Jpolycycloaryl(Co.3)a1kyl optionally substituted with I to 2 of-R13, 

-xsoRt3, -xssR13, -S(O)R13, -S(O)lll3, -C(O)OR13, -XSNR13R14, 

25 -X5NR14C{O)OR13, -C{O)NR13R.14, ""'NR14C{O)NR13R14 or 

-NR14C(NR14)NR13R14, wherein X5, R13 and R14 are as defined above; wherein any 

1 to 3 annular atoms of any aromatic ring with available valences comprising R16 

optionally independently are substituted with halo, nitro, cyano, (C1~alkyl, 

halo-substituted(C1_6)alkyl, -OR15, -C(O)R1s, -C(O)OR1s, -C(O)NR15R15, 
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-S(0)2NR1sR1s, -XsNR1sR1s, -XsNR1sC(O)OR1s, -XsNR1sC{O)NR1sR1s or 

-X5NR15C(NR15)NR15R.15
, wherein X5 andR15 are as defined above; 

R2 is hydrogen or (C1_Jalkyl or as defined below; 

R3 is hydrogen, (C1.j0)alkyl or as defin~ below; and 

5 R4 ~s (i) hydrogen, (ii) (C1-6)alkyl or ha1tr~mbstituted(C1•6)alkyl optionally substituted 

with -OR11, -SR11, -S(O)R11, -S(0)2R
11, -~(O)R11, -C(O)OR11, -NRllR12, 

-NR12C(O)OR11 , -C(O)NR11R12, -NR12C(O)NR11R12 or -NR12C(NR12)NR11R12, wherein 
,; 

R11 and R12 are as defined above, or (iii) (C3_1z)cycloalky1(C0-3)a1kyl, 

hetero(C3-12)cycloalkyl(Co.3lalkyl, (C6-1z)aryl(Co.3)alkyl, hetero(C5.12)ary1(C0-3)alkyl, 

10 (C9-12)polycycloary1(Co.3)alkyl or hetero(Cs-12)polycycloaryl(Co.3)alkyl optionaJly substituted 

with -R13, -X50R13, -x5SR13, -S(O)R13, -S(O):zR,13, -C(O)OR13, -X5NR13R14, 

-x5NR14C(0)0Rt3' -C(O)NR13R t4, -NR t4C(O)NR '3R 14or-NR14e(NR 14)NR 13Rt4, 

wherein X5, R 13 and R 14 are as defined above or (iv) together with R2 forms trimethylene, 

tetramethylene or phenylene-1,2-dimethylene, opti.ona11y substituted with hydroxy, oxo, (C1• 

15 .Jalkyl or methylene or (v) together with R3 forms ethylene, trimethylene or tetramethylene; 

wherein any 1 to 3 annular atoms of any aromatic ring with available valences comprising R4 

optionally independently are substituted with halo, nitro, cyano, (C1-es)alkyl, 

halo-substituted(C1.6)alkyl, -OR15, -C(O)R15, -C(O)OR15
, -C(O)NR15R15, 

-S(O)iNJl1sR1s, -XsNR1sR1s, -XsNR1sc(O)OR's, -XsNRtsC(O)~J5R_tS or 

20 -X5NR15C(NR 15)NR 15R ts, wherein xs and R 15 are as defined above; 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 

in which R3 and R4 are each hydrogen or (C1-6)alkyl, or together with the carbon atom to 

25 which they are both attached form (C3.5)cycloalky1ene; Rs is hyclrogen or (C1-6)alkyl; R9 is 

(C15-daryl(C1_Ja1kyJ, hetero(Cs.daryl(C1.6)alkyl, (C4-5)alkyl or cyclohexylmethyl; and R11 is 
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C(O)R 18 wherein R 18 is hetet4i(C3_12)cycloalkj}~'(C6-12)aryl(ck}a1kyl or hetero(C5•12)aryl(C0-

6)alkyl. 

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

compound of Formula (Ill): 

in which: 

R1 is a group ofFonnula (a) or (b): 

6 2 ~ R-...... ,,,X, 1 .... N X 
Is 
R 

(a) 

wherein: 

X1 and X3 independently are -C(O)- or -S(O)n 

X2 is -CR8R9-, -CH2CR8R.9- or-CR8R9CH2- and X4 is -CHR10-~ 

-CH2CHR JO_ or -CHR 1°CH2-. wherein: 

R8 is hydrogen or (C1.6)alkyl, 

R9is (i) (C1•6)alkyl or halo-substituted(C1_6)alky1 optionally substituted 

with -OR11, -SR11 , -S(O)R11 , -S(O):zRu, -C(O)Ru, -C(O)OR11, -NR11R12, 

-NR12e(O)OR11, -C(O)NRuR12, -S(O)zNR11R 12, -NR.12e(O)NR11R12 or 

-NR12C(NR.12)NR11R 12, wherein R 11 is hydrogen, (C1.Ja1kyl, 

(C3-1i)cycloalkyl(Co.3)a1kyl, hetero(CJ.12)cycloalkyl(Co..3)alkyl, 

(C6-12)aryl(Co.3)alkyl or hetero(Cs-12)aryl(Co.3)a1kyl and R 12 is hydrogen or 

(C1.Jalkyl, or (ii) (CJ.12)cycloalkyl(Co.3)alkyl, 

hetero(CJ-1~yc1oalkyl(Co.3)alkyl, (C6-12)aryl(Co.3)alkyl, 
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hetero(C5_12)aryl(Co.3)alkyl, (C9-1Jpolycycloaryl(Co-3)alkyl or 

hetero(Cs-12)polycycloaryl(C0-3)alkyl optionally substituted with -R 13, 

-X50R13, -X5SR13, -S(O)R13, -S(0)2R13, -C(O)R13, -C(O)OR13, 

-X5NR13R14, -XsNR14C(O)OR13, -C(O)NR13R14, -S(O):zNR,13R14, 

-NR14C(O)NR13R.14 or-NR14C(NR14}NR13R14, wherein X5 is a bond or 

methylene, R13 is (C3.12)cycloalkyl(C0-3)alkyl, 

hetero(C3-1Jcycloalkyl(Co-3)alkyl, (~1:?)aryl(Co-3)alkyl, 

hetero(C5.12)aryl(C0-3)alkyl, (C9-12)polycycloaryl(Co-3}alkyl or 

hetero(Cs-1Jpolycycloaryl(C0-3)alkyl and R14 is hydrogen or (C1.Jalkyl, or 

(iii) together with R5 when X2 is -CHR.9- forms trimethylene,. tetramethylene or 

phenylene-1,2-dimethylene, optionally substituted with 1 to 2 of hydroxy, 

oxo, (C1.Jalkyl or methylene; wherein any 1 to 3 annular atoms of any 

aromatic ring with available valences comprising R9 are optionally 

independently substituted with halo, nitro, cyano, (C1_Jalkyl, 

halo-substituted(C1-6)alkyl, -OR 15, -C(O)R 15, -C(O)OR 15, -C(O)NR 15R 15, 

-S(O)iNR15Rl5, -XSNR15Rls, -X5NR1scco)OR1s, -X5NR15C(O)NR1SRJS or 

-X5NR15C(NR15NR.15R15, wherein X5 is as defined above and each R15 

independently is hydrogen or (C1_Jalkyl, and 

R10 is hydrogen or (C1_Jalkyl; 

R5 and R7 are independently hydrogen, (C1-c>)alkyl or as defined above; and 

R6 is -X6x7R.16, wherein X6 is-C(O)- or-S(O}r, X: is a bond, -0- or 

-NR17-, wherein R17 is hydrogen or (C1_Jalkyl, and R16 is (i) (C1_Jalkyl or 

halo-substituted(C1•6)alkyl optionally substituted with -OR 11, -SR 11
, -S(O)R 11, 

-S(O)iR11, -C(O)R11 , -C(O)OR11;,-NR11R12,-NR12C(O)OR11
, -C(O)NR11R12, 

25 -NR 12C(O)NR 11R12 or -NR 12c(NR 12)NR 11R 12, wherein R 11 and R 12 are as defined 

above, or (ii) (C3-c>)cycloalky1(Co-3)alkyl, hetero(~cycloalkyl(Co.3}alkyl, 

(C6-1Jaryl(C0-3)alkyl, hetero(C5.1Jaryl(C0-3)alkyl, (C9-12)polycycloaryl(Co-3)alkyl or 

hetero(Cs-1Jpolycycloaryl(Co-3)alkyl optionally substituted with 1to2 of -R13, 

-xsoR13, -xssRl3, -S(O)Rl3, -S(0)2Rl3, -C(O)OR13,-xsNR13Rl4, 
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-X5NR14C(O)OR13, -C(O)NR13R14, -NR14C(O)NR13R14 or 

-NR14C(NR14)NR13R14, wherein XS, R13 and R14 are as defined above; wherein any 

1 to 3 annular atoms of any aromatic ring with available valences comprising R 16 

optionally independently are substituted with halo, nitro, cyano, (C1.Jalkyl, 

5 halo-substituted(C1-6)alkyl, -OR15, -C(O)R15, -C(O)OR15, -C(O)NR15R15, 

-S(0)2NR1sR1s, -X5NR1sR1s, -XsNR1sC(O)OR's, -XsNR1sC(O)NR1sR1s or 

-X5NR15C(NR15)NR15R15, wherein X5 and R15 are as defined above; 

R2 is hydrogen or (C1~alkyl or as defined below; 

R3 is hydrogen, (C1.10)alkyl or as defined below; and 

10 R4 is (i} hydrogen, (ii) (C1.c;}alkyl or halo-substituted(C1.6}alkyl optionally substituted 

with -OR11 , -SR11
, -S(O}R11.- -S(0)2R

11
, -C(O)R11

, -C(O)OR11
, -NR11R12, 

-NR 12C(O)OR 11
, -C(O)NR 11R 12, -NR 12C(O)NR 11R 12 or -NR 12C(NR 12)NR 11R 12, wherein 

R11 and R12 are as defined above, or (iii} (C3-12}cycloalkyl(Co-3)alkyl, 

hetero{c;_1:z)cycloalkyl(Co-3)alkyl, (C6-1:z)ary1(C0-3}alkyl, hetero(Cs.12)aryl(Co.J}alkyl, 

15 (~12)polycycloaryl(Co.3)alkyl or hetero(C8•1:z)polycycloaryl(C0-3)alkyl optionally substituted 

with-R13, -xsoR13, -xssR13, -S(O)R13, -S(0)2R13, -C(O)OR13, -XsNR13R14, 

-XSNR14C(O)OR 13, -C(O)NR 13R14, -NR14C(O}NR13R14 or -NR•4c(NRJ4)NR 13R14, 

wherein X 5
• R 13 and R 14 are as defined above or (iv) together with R2 forms trimethylene, 

tetramethylene or phenylene-1,2-dimethylene, optionally substituted with hydroxy, oxo, (C1_ 

20 4)alkyl or methylene or (v) together with R3 forms ethylene, trimethylene or tetramethylene; 

wherein any 1 to 3 annular atoms of any aromatic ring with available valences comprising R4 

optionally independently are substituted with halo, nitro, cyano, (C1~alkyl, 

halo-substituted(C1-e,)alkyl, -OR 15, -C(O)R 15, -C(O}OR 15, -C(O)NR 15R 15, 

-S(0}2NRl5Rts, -X5NR15R15, -XsNR1sc(O)OR1s, -XsNR•scco)NRl5RJS or 

25 -X5NR15C(NR15)NR15R15, wherein X 5 and R15 are as defined above; or an N-oxide 

derivative, prod.rug derivative, individual isomer and mixtures of isomers; or a 

pharmaceutically acceptable salt thereof, but excluding compounds of the formula 
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11 R>y5 R9 HXN 
R ..._ N 'N . 

H 0 R3 R4 

in which R3 and R4 are each hydrogen or (C1_Jalkyl, or together with the carbon atom to 

which they are both attached fonn (C>-8)cycloalkylene; R5 is hydrogen or (C1_Jalkyl; R9 is 

(C6-1:Jaryl(C1_Jalkyl, hetero(Cs-1:Jaryl(C1_Jalkyl, (Ci1-5)alkyl or cyclohexylmethyl; and R11 is 

5 C(O)R 18 wherein R 18 is hetero(C3•12)cycloalkyl, (Ccs.1Jaryl(C0•6)alkyl or hetero(C5•12)aryl(Co. 

Jalkyl, in the manufacture of a medicament for treating a disease in an animal in which 

cathepsin S activity contributes to the pathology and/or symptomatology of the disease. 

DETAILED DESCRIPTION OF THE INvENTJON 

Definitions: 

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

defined for the purposes of this Application and ha:ve the meanings given this Section: 

"Alicyclic" means a moiety characterized by arrangement of the carbon atoms in 

closed non-aromatic ring structures having properties resembling those of aliphatics and may 

be saturated or partially unsaturated with two or more double or triple bonds. 

15 "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. 

"Alkyl" indicated alone means a straight or branched, saturated or unsaturated 

aliphatic radical having the number of carbon .atoms indicated (e.g., {C1•6)alkyl includes 

20 methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, isobtityl, tert-butyl, vinyl, allyl, 1-propenyl, 

isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methylallyl, ethynyl, 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., (Co.3)alkyl of 
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(~1:Jcycloalkyl(Co.3)alkyl means a borid; methylene. ethylene. 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. 

5 · (C1-6)alkylene inC?ludes methylene (-CH2-), ethylene (-CH2CH2-), trimethylene 

(-CH2CH2CH:r ), 2-methyltrimethylene (-~2CH(CH3)CH:r ), tetramethylene 

(-CH2CH2CH2CH:r ), 2-butenylene (-CH2CH=CHCH:r ), 2-methyltetramethylene 

(-CH2CH(CH3)CH2CH:r ), pentamethylene (-CH2CH2CH2CH2CH2-) and the like). For 

example, the instance wherein R5 is hydrogen and R9 taken together with R7 forms optionally 

10 substituted trimethylene is illustrated by the following: 

in which R is an optional hydroxy or oxo .group and X 1 and R 11 are as defined in the Summary 

. of the Invention. 

"Alkylidene" means a straight or branched saturated or unsaturated, aliphatic, divalent 

15 radical having the number of carbon atoms indicated (e.g. (C1-6)alkylidene includes methylene 

(CH2), ethylidene (CHCH3), isopropylidene (C(CH3) 2), propylidene (CHCH2CH3), 

allylidene (:CHCHCH2), and the like). 

"Amino" means the radical -NH2• Unless indicated otherwise, the compounds of the 

invention containing amino moieties include protected derivatives thereof. Suitable protecting 

20 groups for amino moieties include acetyl, tert-butoxycarbonyl, benzyloxycarbonyl, 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 "y a single 

bond) containing the total number of ring carbon atoms indicated, wherein each ring is 

comprised of 6ring carbon atoms and is aromatic or when fused with a second ringfonns an 

aromatic ring assembly. For example,(C6-1:Jaryl includes phenyl, naphthyl and biphenylyl. 

5 "Aromatic" means a moiety wherein the constituent atoms make up an unsaturated 

ring system, all atoms in the ring system ~ sp2 hybridized and the total number of pi 

electrons is equal to 4n + 2. 

"Carbamoyl'' means the radical -C(O)NH2• Unless indicated otherwise, the . 

compounds of the invention containing carbamoyl moieties include protected derivatives 

10 thereof. Suitable protecting groups for carbamoyl moieties include acetyl, · 

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 indicated otherwise, the compounds 

of the invention containing carboxy moieties include protected derivatives thereof. Suitable 

15 protecting groups for carboxy moieties include benzyl, tert-butyl, and the like. 

"Cycloalkyl" means a saturated or partially unsaturated, monocyclic ring, bicyclic ring 

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

containing the number of annular carbon atoms indicated, and any carbocyclic ketone, 

thioketone or iminoketone derivative thereof (e.g., {C3•12)cycloalkyl includes cyclopropyl, 

20 cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, 2,5-cyclohexadienyl, bicyclohexylyl, 

cyclopentylcyclohexyl, bicyclo[2.2.2]octyl, adamantan-1-yl, decahydronaphthalenyl, 

oxocyclohexyl, dioxocyclohexyl, thiocyclohexyl, 2-oxobicyclo[2.2.l]hept-l-yl, etc.). 

"Cycloalkylene" means a saturated or partially unsaturated, monocyclic ring or 

bridged polycyclic ring assembly containing the number of annular carbon atoms indicated, 

25 and any carbocyclic ketone, thioketone or iminoketone derivative thereof. For example, the 

instance wherein R9 and Rs together with the carbon atom to which both R9 and Rs are 

attached fonn (C3.a)cycloalkylene" includes, but is not limited to, the following: 
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in which X 1 and R 7 are as defined in the Summary of the Invention. 

''Disease" specifically includes any unhealthy condition of an animal or part thereof 

and includes an unhealthy condition which may be caused by, or incident to, medical or 

5 veterinary therapy applied to that animal, i.e., the "side effects" of such therapy. 

"Guanidino" means the radical -NHC(NH)NH2• Unless indicated otherwise, the 

compounds of the invention containing guanidino moieties include protected derivatives 

thereof. Suitable protecting groups for amino moieties include acetyl, tert-butoxycarbonyl, 

benzylox.ycarbonyl, and the like. 

1 o "Halo" means fluoro, chloro, bromo or iodo. 

"Halo-substituted alkyl", as a group or part of a group, means "alkyl" substituted by 

one or more "halo" atoms, as such terms are defined in this Application. Halo-substituted 

alkyl includes haloalkyl, dihaloalkyl, trihaloalkyl, perhaloalkyl and the like (e.g. 

halo-substituted (C1•3)alkyl includes chloromethyl, dicloromethyl, ditluoromethyl, 

15 trifluromethyl, 2,2,2-trifluoroethyl, perfluoroethyl, 2,2,2-trifluoro-1,1-dichloroethyl, and the 

like). 

"Heteroaryl" means aryJ, 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-, -0- or -S-, wherein R is hydrogen, (C1_6)alky1 or a protecting group, and each 

20 ring contained therein is comprised of 5 to 6 ring member atoms. For example, 

hetero(Cs,12)aryl as used in this Application includes benzofuryl, benzooxazolyl, 

benzothiazolyl, [2,4']bipyridinylyl, carbazolyl, carbolinyl, chromenyl, cinnolinyl, furazanyl, furyl, 

imidazolyl, indazolyl,indolyl, indolizinyl, isobenzofuryl, isochromenyl, isooxazolyl, isoquinolyl, 

isot.hiazolyl, naphthyridinyl, ox.azolyl, perimidinyl, 2-:phenylpyridyl, phthalazinyl, pteridinyl, 

25 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. Suitable 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 

5 the ring member carbon atoms indicated is replaced by heteroatom moiety selected from -N, 

-NR-, -0- , -S- or -S(0)2, wherein R is hydrogen, (C1.Jalkyl or a protecting group, and any 

carbocyclic ketone, thioketone or iminoketone derivative thereof (e.g. the term 

hetero(C5_i:Jcycloalkyl includes [l,4'}bipiperidinylyl, dihydrooxazolyl, 

morpholinyl, 1-morpholin-4-ylpiperidinyl, piperazinyl, piperidyl, pirazolidinyl, pirazolinyl, 
. . 

10 pyrrolinyl, pyrrolidinyl, quinuclidinyl, and the like). Suitable protecting groups· include 

tert-butoxycarbonyl, benzyloxycarbonyl, benzyl, 4-methoxybemyl, 2-nitrobenzyl, and the 

like. For example, a compound of Formula I wherein R 1 is piperidin-4-ylcarbonyl may exist 

as either the unprotected or a protected derivative, e.g. wherein R 1 is 

l-tert-butoxycarbonylpiperidin-4-ylcarbonyl, and both the unprotected and protected 

15 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 indicated, is replaced by heteroatom 

moiety selected from -N:,-NR-, -0-, -S-or-S(O)n wherein R is hydrogen or (C1-6)alkyl. 

For example, the instance wherein R3 and R4 together with the carbon atom to which both R3 

20 and R4 are attached fonn hetero(C3_8)cycloalkylene" includes, but is not limited to, the 
following: 

in which R is hydrogen. (C1-6)alkyl or a protecting group and R2 is as defined in the Summary 

of the Invention. 
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"Heteropolycycloaryl'' means polycycloaryl, as defined herein, except one or more of 

the annular carbon atoms indicated are replaced by a heteroatom moiety selected from -N•, 

-NR-, -0-, -S- or -S(O):r. wherein R is hydrogen, (C1_Jalkyl or a protecting group. and any 

carbocyclic ketone, thioketone or iminoketone derivative thereof 

5 (e.g .• hetero(C8•1~olycycloaryl includes 3,4-dihydro-2H-quinoHnyl. 

5,6,7,8-tetrahydroquinolinyl, 3,4-dihydro-2H-[l,8]naphthyridinyl, morpholinylpyridyl, 

piperidinylphenyl, l,2,3,4,S,6-hexahydro-[2,2']bipyridinylyl, 

2,4-dioxo-3,4-dihydro-2H-quinazolinyl, 3-oxo-2,3-dihydrobenzo[l,4 ]oxazinyl, etc.) . 

.. Heteroatom moiety'' includes -N, -NR-, -0-, -S- or-S(O)n wherein R is 

10 hydrogen, (C1•6)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 R9 contains a hydroxy moieo/ exist as either the unprotected or a 

15 protected derivative, e.g., wherein R9 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 (C1~alkyl. 

''Isomers" mean compounds of Fonnula I having identical molecular formulae but 

20 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 tenned 

"diastereomers" and stereo isomers that are nonsuperimposable mirror images are termed 

"enantiomers" or sometimes "optical isomers". A carbon atom bonded to four nonidentical 

25 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 211-1 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 stereoisom.er 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, Ingold and 

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

stereochemistry and the separation of stere_o isomers are well known in the art (e.g .• see· 

"Advanced Organic Chemistry". 3rd edition, March, Jerry, John Wiley & Sons, N~ York, 

1985). It is understood that the names and illu~tration used in this Application to describe 

co~pounds of Formula I are meant to be encompassed all possible stereo isomers. Thus, for 

10. example, the name 1-(1-cyano-1-m.ethylethylcarbamoyl)-3-methylbutylcarbamate is meant to 

include· 1S-(1-cyano-1-methylethylcarbamoyl}3-methylbutylcarbamate and lR-{1-cyano­

l-methylethylcarbamoyl)-3-methylbutylcarbamate and any mixture, rilcemic or otherwise, 

thereof. 

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

15 "Methylene" means the divalent radicl)] -CH:r or CHt, wherein its free valances can 

be attached to different atoms or the same atom. For example, the instance wherein R9 

together with R7 forms trimethylene substituted methylene includes the following: . 

in which X1 and Rn are as defined in the sumlllary ofthe invention,· and may be referred to as 

20 2,2-methylene and 1,2-methylene, respectively. 

"Nitro" means the radical -N02• 

"Optional" or "optionally" means that the subsequently described event or 
• 

circumstanee 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 

25 "any 1 to 3 annular atoms of any aromatic ring with available valences comprising R6 

optiooally independently is substituted" means that the aromatic ring referred to may or may 
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not be substituted in order tri fall within the scope of the invention. 

"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. 

5 '"Oxo" means the radical 0. 

"Pathology" of a disease means th~ essential nature. causes and development of the 

disease as well as the structural and functional changes that result from the disease processes. 

"Pharmaceutically acceptable .. means that which is useful in preparing a 

pharmaceutical composition that is generally safe, non-toxic and neither biologically nor 

10 otherwise undesirable and includes that which is acceptable for veterinary use as well as 

human pharmaceutical use. 

"Pharmaceutically acceptable salts" means salts of compounds of Fonnula 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 

15 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, 

20 ethanesulfonic acid, l,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid. benzenesulfonic 

acid, p-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, p-toluenesulfonic acid, 

camphorsulfonic acid, 4-methylbicyclo[2.2.2]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, 

25 hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid and the like. 

Pharmaceutically acceptable salts also include base addition salts which may be 

fonned when acidic protons present are capable of reacting with inorganic or organic bases. 

Acceptable inorganic bases include sodium hydroxide, sodium carbonate, potassittm 

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 -CH2CJ14CH2-, wherein the 

methylene moieties are attached at the 1- and 2-positions of the phenylene moiety. For 

5 example, a group of ~ormula (a), wherein R9 together with R7 form optionally substituted 

phenylene-1,2-climethylene is illustrated b~ the following formula: 

in which R is an optional hydroxy or (C1_Jalkyl group and X1 and R 11 are as defined in the 

Summary of the Invention. 

10 "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 rings comprising the radical.is aromatic, and any carbocyclic ketone, 

thioketone or iminoketone derivative thereof (e.g., (C9•12)polycycloaryl includes indanyl, 

indenyl, 1,2,3,4-tetrahydronaphthalenyl, 1,2-dihydronaphthalenyl, cyclohexylphenyl, 

15 phenylcyclohexyl, 2,4-clioxo"'."l,2,3,4-tetrahydronaphthalenyl, and the like). 

"Prodrug" means a compound which is convertible in vivo by metabolic means (e.g. 

by hydrolysis) to a compound of Formula (I). For example an ester of a compound of 

Formula (I) 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 

20 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, di-p-toluoyltartrates, 
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. ,_ .. : ,:·:, 

methanesulphonates, ethane~tJlphonates, benzenesuJphonates,~i)~toJuenesulphonates, 

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

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 (I) 

5 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 

sub~tuted nitrogen atom, e.g. an alkylated nitrogen atom, more especially 

1 o (morpholino-methyl)benzoates, e.g~ 3- or 4-(morpholinomethyl)-benzoates, ·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 

15 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. 

20 ''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 occuning in an animal which may be predisposed to the 

disease but does not yet experience or display the pathology or symptomatology of the 

25 disease, 

(2) inhibiting 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)NH2• Unless indicated otherwise, the 

compounds of the invention containing ureido moieties include protected derivatives thereof. 

Suitable protecting groups for Ufeido moieties include acetyl, tert-butoxycarbonyl, 

5 benzyloxycarbonyl, and the like. For example, a compound of FonnUJa I wherein the R9 

contains an ureido moiety may exist as either ~e 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: 

10 While the broadest definition of the invention is set fonh in the Summary of the 

15 

Invention, certain aspects of the invention are preferred. Preferred are compounds of 

Formula I in which: 

R1 represents a group of Formula (a) wherein within Formula (a): 

X1 is -C(O)-; 

R5 represents hydrogen or (C1-6)alkyl, preferably hydrogen; 

R 7 represents hydrogen or methyl, preferably hydrogen, 

R9 represents (i) (C1.6)alkyl optionally substituted with -OR 14, -SR 14, 

-S(O)R14, .. S(01R14, -C(O)R14, -C(O)OR14, -OC(O)R14, -NR14R15, 

-NR15C(O)R14, -NR15C(O)OR14, -C(O)NR14R15, -S(0)2NR14R15, 

20 -NR•5C(O)NR14R15 or-NR15C(NR15)NR14R15, wherein R14 is 

(~10)cycloalkyl(C0-6)alkyl, hetero(C3-10)cycloalkyl(C~alkyl, .(C6-10)aryl(Co.Jalkyl, 

hetero(Cs.10)ary1(~alkyl, (C9-10)po1ycycloaryl(C0-~alkyl or 

hetero(Cs-10)polycycloaryl(C0-6)alkyl and R 15 is hydrogen or (C1•6)alkyl, and wherein 

within R14 said cycloalkyl, heterocycloalkyl, aryl, heteroaryl, polycycloaryl or 

25 heterpolycycloaryl ring optionally is substituted by a group selected from -R1·6, 

-X30R16, -X3SR16, -X3S(O)R16, -X3S(0)2R16, -X3C(O)R16, -x3C(O)OR16, 

-X30C(O)R16,-~16R11, -X3NR11C(O)R16, -X3NR1'C(O)OR16, 

-X3C(O)NR16R11, -X3S(O):zNR16R.11, -X3NR.1'C(O)NR16R11 or 
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-X3NR17C(NR17)~j~17, wherein X3{; a bond or (C:~)alkylene, R16 is hydrogen or 

(C1-6)alkyl and R17 is (C3-10)cycloalkyl(Co-6)alkyl, hetero(C3-10)cycloalkyl(Co-6)alkyl. 

(C6-1o)aryl(C0-6)alkyl, hetero(CS-10)aryl(Co.6)alkyJ, (C9-10)polycycloaryl(C0-6)alkyl or 

hetero(Cg.1o)polycycloaryl(C0-6)aJkyJ, or (ii) a group selected from 

5 (C3•1o)cycloalky1(C~alky1, hetero(c;_10)cyc1oalkyl(C0~alkyl, (C6-10)aryl(Co.Jalkyl. 

hetero(C5•1o)aryl(Co-6)alkyl, (C9-10)polycycloaryl(Co.6)alkyl and 

hetero(C8.1o)poJycycloary1(Co.6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl. 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X30R16, -X3SR16, -X3S(O)R16, -X3S(OhR16, 

10 -X3C(O)R16,-X3C(O)OR16, -X30C(O)R16, -X3NR16R.17, -X3NR17C(O)R16, 

-X3NR11c(O)OR1'. -X3C(O)NR1'R11. -X3S(O)JNR16R.t7
1 
-X3NR11C(O)NR1'R11 or 

-X3NR17C(NR17)NR16R.17, wherein X3, R16 and R17 are as defined above; wherein 

within R9 any alicyclic or aromatic ring system present may be substituted further by l 

to S radicals independently selected from (C1~alkyl, (C1-15)alkylidene, cyano, halo, 

15 halo-substituted (C1_Jalkyl, nitro, -X3NR.12R12, -X3NR12C(O)OR12, 

-X3NR12c(O)NR12R.12, -X3NR12C(NR12)NR12R.12, -X30R12, -X3SR12, 

-X3C(O)OR 12, -X3C{O)NR 12R.12, -X3S(0)~12R 12, -X3P(O)(OR3)0R 12, 

-X30P(O)(OR3)0R12, -X30C(O)R13, -X3NR12C(O)R13, -X3S(O)R13, -X3S(O)zR13 

and-X3C(O)R13, wherein X3 is as.defined above, R12 at.each occurrence 

20 independently is hydrogen, (C1.Jalkyl or halo-substituted (C1.3)alkyl and R 13 is 

(C1-15)alkyl or halo-substituted (C1•3)alkyl; and 

R11 represents -X4X'R.18, wherein X4 is -C(O)-or-S(O):z-. X 5 is a bond, -0-

or -NR 19-, wherein R 19 is hydrogen or (C1-15)alkyl, and R 18 is (i) (C1•10)alkyl or 

(ii) (CJ-1:Jcycloalkyl(Co.t;)alkyl, hetero(CJ-12)cycloalkyl(~alkyl, 

25 (~12)aryl(Ca-Jalkyl or hetero(CS-12)aryl(Co.t;)alkyl or (iii) (c;_6)cycloalkyl(C0-15)alkyl. 

hetero(C~cycloaJkyJ(~alkyl, pbenyl(Co.6)alkyl or hetero(C5~6)aryl(Co-6)alkyl, 

wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by 

-X90R24,-X9C(O)R24
, -X9C(O)OR24

• -X9C(O)NR24R25, -X9NR.24R25• 

-X9NR25C(O)R24
, -X9NR25C(O)OR24

• -X9NR25C(O)NR24R25 or 
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-X9NR25C(NR2s)NR24R25, wherein X9 is a bond or (C1-6}alkylene, R24 is 

(C3-J~c1oalky1(Co.6)alky1, hetero(~)cycloa1kyl(Co.6)a1kyl, phenyJ(C0-Jalkyl or 

hetero(C5-6}aryl(C().6}a1kyl and R25 is hydrogen or (C1~alkyl, wherein within Ru any 

alicyclic or aromatic ring system present may be substituted. further by 1 to 5 

5 substituents independently selected from (C1_Ja1kyl, halo, halo-substituted (C14}a1kyl, 

-OR12, -X3SR12, -C(O)QR12 and-X3NR.12C(O)OR12, wherein X3 is a bond or 

(C1-6)a1kylene and R14 is hydrogen or (C1_Jalkyl. 

Within Formula (a), R11 particularly represents -X4X5R18, wherein X4 is -C(O)-, X5 

is a_ bond and R 18 is (i} (C3_12)cyc1oalkyl(C0-Jalkyl, hetero(C3-1:Jcycloalkyl(Co_Jalkyl, 

10 (~12)aryl(C0-6)alkyl or hetero(C,.1;?)aryl(Co.6)alkyl or (ii) phenyl(C0-6)a1kyl or 

hetero(CS-6)aryl(C0-6)a1kyl, wherein said phenyl or heteroaryl is substituted by 

-X90R24,-X9C(O)R24, -X9C(O)OR24, -X9C(O)NR24R25, -X9NR24R25, ~X9NR:ZSC(O)R24, 

-X9NR.25C(O)OR24, -X9NR25C(O)NR24R25 or-X9NR25C(NR25)NR24R25, wherein X9 is a 

bond or (C1_6)alkylene, R24 is phenyl(Co.Jalkyl or hetero(C,S.6)aryl(Co.6)alkyl and R25 is 

15 hydrogen or (C1_Jalkyl, wherein within R 11 any aromatic ring system present may be 

substituted further by 1 to 5 substituents independently selected from (C1-6)alkyl, halo, 

halo-substituted (C1_Jalkyl, -OR 12
, -X3SR 12

, -C(O)OR 12 and:-X3NR 12C(O)OR 12 wherein 

X3 is a bond or (C1_Jalkylene and R 12 is hydrogen or (C1_Jalkyl. 

Within Formula (a), R11 more particularly represents benzoyl, furylcarbonyl, 

20 phenyloxyb~oyl, pyridylthienylcarbonyl, benzoylbenzoyl, thienylcarbonyl, 

morpholinylcarbonyl, phenyluriedobenzoyl, cyclohexenylcarbonyl or piperazinylcarbonyl, 

wherein within R 11 any aromatic ring system present may be substituted further by 1 to 2 

substituents independently selected from (C1-6)alkyl, tert-butoxycarbonylamino, 

tert-butoxycarbonylaminomethyl, bromo, chloro, ethoxy, fluoro, hydroxy, methoxy and 

25 methylsulfanyl. 

Within Formula (a), R9 particularly represents (i) (C1_Jalkyl optionally substituted with 

-OR 14 or -SR 14, wherein R 14 is (~)cyc1oalkyl(Co.6)a1ky1, phenyl(Co.6)alky1, 

biphenylyl(C0-6)alkyl or hetero(Cs.6)ary1(Co.c>}alkyl, or (ii) a group selected from 

(C3-6)cycloalkyl(Co.6)alkyl, phenyJ(Co.JalkyI, biphenylyJ(Co.Jalkyl or 
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hetero(~10)aryl(Co-6)alkyl; wherein within R9 any alicyclic or aromatic ring system present 

may be substituted further by 1 to 5 ·radicals independently selected from (C1-6)alkyl, 

(C1-6)alkylidene, cyano, halo, halo-substituted (C1_4)alkyl, nitro~ -X3NR.12R.12, 

. -X3NR12c(O)OR'2, -X3NR12C(O)NR12R.12, -X3NR12e(NR12)NR12R12, -X30R12, -X3SR12, 

5 -X3C(O)OR12, -X3C(O)NR12R12, -X3S(0)2NR12R.12, -X3P(O)(OR3)0R12, 

-X30P(O)(OR3)0R12, -X30C(O)R13, -X30C(O)R13, -X3NR12C(O)R13, -X3S(O)R13, 

-X3S(0)2R
13 and-X3C(O)R13, wherein X3 is a bond or (C1~alkylene, R12 at each 

occurrence independently is hydrogen, (C1_3)alkyl or halo-substituted (C1_3)alkyl and R 13 is 

(C1~,)alkyl or halo-substituted (C1_3)alkyl. · 

10 Within Formula (a), R9 more particularly represents cyclohexylmethyl, wherein said 

cyclohexyl may be substituted by 1 to 5 radicals independently selected from (C1_.Jalkyl, 

(C1~alkylidene or -X30C(O)R 13• or phenylmethylsulfanylmethyl or phenylsulfanylethyl, 

wherein said phenyl may be· substituted by 1 to 5 radicals independently selected from 

(C1--Jalkyl, cyano, halo, halo-substituted (C14)alkyl, nitro, -OR12, -SR12 and-C(O)OR12, 

15 wherein R 12 is hydro~. (C1_3)alkyl or halo-substituted (C1_3)alkyl andR13 is (C1_Jalkylor 

halo-substituted (C1_3)alkyl. 

Within Formula (a), R9 more particularly presents a group having the following 

formula: 

20 in which q is 0 to 5 and R26 at each occurrence is independently selected from (C1_4)alkyl, 

cyano, halo, halo-substituted (C14)alkyl, nitro, -OR12
, -SR12 and-C(O)OR12, wherein R 12 is 

hydrogen, (C1_3)~lkyl or halo-substituted (C1_3)alkyl and R 13 is (C1.Jalkyl or halo-substituted 
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(C1.3)alkyl. 

Within Formula (a), R9 preferably rep~ents benzylsulfanylmethyl, 

2-bromobenzylsulfanylmethyl, 2-chlorobenzylst1lfanyl, 2-(2-chlorophenylsulfanyl)ethyl, 

cyc1ohexy1, 4-ethylidenecycJohexyl, 2-iodobenzylsulfanylmethyl, 2-methylbenzylsulfanylmethyl, 

5 3-methyl-3-tri:fluorocarbonyloxycyclobexylmethyl, 4-methyJenecyclohexylmethyl or 

2-nitrobenzylsulfanylmethyl. 

R2 preferably represents hydrogen; 

R3 preferably is hydrogen or (C14)alkyl, typically hydrogen, or taken with R4 together 

with the carbon atom to which both R3 and R4 are attached form (~cycloalkylene (e.g. 

10 cyclopropylene or cyclohexylene). 

R4 preferably is hydrogen or taken with R3 together with the carbon atom to which 

both R3 and R4 are attached fonn (C3-8)cycloalkylene (e.g. cyclopropylene or cyclohexylene}. 

Compounds of Formula II specifically include those in which R9 represents 

(C6-12)aryl(Co.Jalkyl, hetero(C5•12)aryl(Co.6)alkyl, -X40R14, -X4SR14.-X4S(O)R14 or 

15 -X4NR14R15
, wherein X4 is a bond or (C1.Jalkylene. R14 is (C6-12)aryl(Co.Jalkyl or 

hetero(C5_1:Jaryl(Co.Jalkyl and R15 is hydrogen or (C1.Jalky1, and wherein within R9 said aryl 

or heteroaryl ring optionally is substituted by 1 ·to 5 radicals independently selected from 

(C1.Jalkyl. cyano. halo, halo-substituted (C1.Jalkyl, nitro, -X4NR12R.12, -X40R12, 

-X4C(O)R12, -X4SR12, wherein X4 is a bond or (C1_6)alkylene, R12 at each occurrence 

20 independently is hydrogen, (C1-6)alkyl or halo-substituted (C1_3)alkyl, and R 13 is (C1•6)alkyl or 

halo-substituted (C1.3}alkyl. 

Compounds .of Fonnula II particularly include those in which R9 represents benzyl. 

benzyloxymethyl, benzylsulfanylethyl, benzylsulfanylmethyl, benzylsulfinylmethyl, indolylmethyl, 

naphthylmethyl, phenethyl, phenoxyethyl, phenylamino, pyridylmethyl, pyridylsulfanylethyl, 

25 phenylsulfanylethyl, thiazoly1 or thienyl, wherein within R9 the aromatic ring may be substituted 

further by 1 to 5 radicals independently selected from (C1-6)alkyl, cyano, halo, 

halo-substituted (C1-4}alk.yl, nitro, -X4NR12R.12, -X40R12
, -X4c(O)R12

, -X4SR12, wherein X4 

is a bond or (C1_Jalkylene, R12 at each occurrence independently is hydrogen, (C1_Jalkyl or 

halo-substituted (C1•3)alk.yl, and R 13 is (C1•6)alkyl or halo-substituted (C1•3)alkyl. 
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Compounds of Formula II more particularly include those in which R11 represents 

4-aminobenzyl, benzyl, benzyloxymethyl, Z.benzylsulfanylethyl, benzylsu]fanylmethyl, 

2-bromobenzylsulfanylmethyl, 4-ten-butylbenzylsulfanylmethyl, 2-chlorobenzyl, 

4-chlorobenzyl, 2-chlorobenzylsulfanylmethyl, ·4-chlorobenzylsulfanylmethyl, 

5 2-(2-chlorophenylsulfanyl)ethyl, 4-cyanobenzyl, 3;4-dichlorobenzylsulfany]methyl, 

1,6-dichlorobenzy], 3,5-dimethylbenzylsulfany]methyJ, 2-fluorobenzyl, 4-fluorobenzyl, 

2-fluorobenzylsulfanylmethyl, 1-formylindol-3-ylmethyl, indol-3-ylmethyl, 

Z.iodobenzylsulfanylmethyl, 2-methylbenzyJsulfanylmethyl, 3-methylbenzylsulfanylmethyl, 

3-~ethylbenzylsulfanylmethyl, 4-methylbenzylsulfanylmethyl, 2-(2-methylphenylsulfanyl)ethyl, 

1 O 4-methoxybenzyl; 4-methoxybenzylsulfanyJmethyl, 4-methoxybenzylsulfinylmethyl, 

naphth-2-ylmethyl, naphth;.2-ybnethylsulfanylmethyl, 3-nitrobenzyl, 

1-nitrobenzylsulfanylmethyl, ·2-nitrobenzylsulfanylmethyl, 3-nitrobenzylsulfanylmethyl, 

4-nitrobenzylsulfanylmethyl, ·4-nitrobenzyl, pentafluorobenzylsulfanylmethyl, phenylamino, 

phenethyl, phenethyloxy, 2-phenoxyethyl, 2;.phenoxyethyl 2-phenylsulfanylethyl, 

15 pyrid-4-ylmethyl, pyrid-2-yJmethylsulfanylmethyl, 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, 

20 Reference to the ~forred 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-benzylsulfanyl-lR-cyanomethylcarbamoylethyl)-4_.hydroxybenzamide; 

N-[2-(2-bromobenzylsulfanyl)-lR-cyanomethylcarbamoy]ethyl]benzamide; 

25 N-[lR-cyanomethylcarbamoyl-2-(2-iodobenzylsulfanyl)ethyl]benzamide; 

N-[lR-cyanomethylcatbamoyl-2-(2-cyanobenzylsuJfanyl)ethyl]morpholine-

4-carboxamide; 

N-[3-(2-chJorophenyJsulfanyl)-lR-cyanomethylcarbamoylpropyl]benzamide; 

N-[lR-cyanomethylcarbamoyl-2-(2-nitrobenzylsulfanyl)ethyl]morpholine-
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4-carboxamide 

N-[ lR-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanyl)ethyl]morpholine-

4-carboxamide; and 

N-[1R-cyanomethylcarbamoyl~2-(2~methylbenzylsulfanyl)ethyl]benzamide. 

5 Phannacology and Utility: 

The compounds of the invention are cysteine protease inhibitors, in particular the 

compounds of the invention inhibit the activity o.f cathepsins B. L, K and/or S and, as such, 

are.~seful for treating diseases in which cathepsin B, L, K and/or S activity contributes to the 

pathology and/or symptomatology of the disease. For example, the compounds. of the 

10 invention are useful in treating tumor in_vasion and metastasis, in particular as anti-angiogenic 

agents, rheumatoid arthritis, osteo arthritis, pneumocystis carinii, acute pancreatitis, 

inflammatory airway disease and bone and joint disorders. Furthermore, the compounds of 

the invention are useful in treating bone resorption disorders, e.g., osteoporosis. The 

compounds of the invention also are usefu1 in treating autoimmune disorders, including, but not 

15 limited to juvenile onset diabetes, multiple sclerosis, pemphigus vulgaris, Graves' disease, 

myasthenia gravis, systemic lupus erythemotasus, rheumatoid arthritis and Hashimoto's 

thyroiditis, allergic disorders, 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 

20 determined by methods known to those of ordinary skill in the art. Suitable in vitro assays 

for measuring protease activity and the inhibition thereof by test compounds are known. 

Typically, the assay measures protease inducecl 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. 

25 Nomenclature: 

The compounds of Formula I and the intermediates and starting materials used in their 

preparation are named in accordance with Im> AC rules of nomenclature in which the 
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characteristic groups have decreasing priority for citation as the principle group as follows: 

acids, esters; amides and amidines. For example, a compound of Fonnula I in which R 1 is a 

group of Fonnula (a), wherein X1 is carbonyl, R5 and R7 are each hydrogen, R9 is benzyJ and 

R 11 is tert-butoxycarbonyJ and R2
, R3 and R4 are each hydrogen; that is, a compound having 

5 the following structure: 

0 

is named tert-buty11S-cyanomethylcarbanioyl-2-phenylethylcarbamate and a compound·of 

Formula I in which R1 is a group of Formula (a), wherein X1 is carbonyl, R5 and R7 are each 

hydrogen, R9 is cyclohexy1methyl and R 11 is morpholin-4-ylcarbonyl and R2, R3 and R4 are 

10 ·each hydrogen; that is, a compound having the following structure: 

is named N-{lS-Cyanomethylcarbamoyl-2-cyclohexylethyl)morpholine-4-carboxamide. 

Administration and Pharmaceutical Compositions: 

In general, compounds of Formula I will be administered in therapeutically effective 

15 amounts via any of the usual and acceptable modes known in the art, either singly or in 

combination with another therapeutic agent. A therapeutically effective amount may vary 
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wideJy depending on the severity of the disease, the age and relative heaJth 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 ki1ogram body 

weight (µglkg) per day to 10 niilligram per kilogram body weight (mg/kg) per day, typically 

5 1 µ.g/kg/day to 1 mg/kg/day. Therefore, a therapeutically effective amount for a 80 kg human 

patient may range from 10 wiJday to 100 mg/day, typicaJly 0.1 mg/day to 10 mg/day. In 

geiieraJ, one of ordinary skill in the art, acting in reliance upon persona] knowledge and the 

disc]osure of this Application, will be able to ascertain a therapeutically effective amount of a 

compound of Formula I for treating a given disease. 

10 · The compounds of Formula I can be administered as pharmaceutical compositions by 

one of the fo11owing routes: oral, systemic (e.g., transdermal, intranasaJ or by suppository) or 

parentera1 (e.g., intramuscular, intravenous or subcutaneous). Compositions can take the 

form of tablets, pills, capsules, semisolids, powders, sustained release formulations. solutions, 

suspensions, elixirs, aerosols, or any other appropriate composition and are comprised of, in 

15 genera], a compound of Formu1a I in combination with at least ooe 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 

general]y available to one of skill in the art. · 

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

sucrose, gelatin, ma1t, 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 synthetic origin (e.g., peanut oil, soybean 

25 oil, mineral oil, sesame oil, etc.). Preferred liquid carriers, particularly for injectable solutions, 

include water, saJine, aqueous dextrose and glycols. 

The amount of a compound of Formula I in the composition may vary widely 

depending upon the type of formulation, size of a unit dosage, kind of excipients and other 

factors known to those of skill in the art of pharmaceutical sciences. In generaJ, 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 pharmaceutical composition is administered in a single unit 

dosage form for continuous treatment or in a single unit dosage form ad libitum 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: 

Schemel 

1. R10Y 
2. optiona11y deprotecting 

in which Y is hydrogen or an activating group (e.g., 2,5-dioxopyrrolidin-1-yl (NBS), and the 

like) and each R1
, R2, R3 and R4 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 R 10Y, or a protected 

derivative thereof. and then optionally deprotecting. The reaction is carried out in the 

presence of a suitable acylati.on catalyst (e.g., triethylamine) and in a suitable solvent (e.g., 

acetonitrile, N ,N-dimethylfonnamide (DMF), methylene ch1oride, or any suitable combination 

5 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-yloxytrispyrro1idinophosphonium hexafluorophosphate (PyBOP®), 

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC), O-benzotriazol-1-yl­

N~,N',N' -tetramethyluronium hexafluorophosphate (HBTU), 1,3-dicyclohexylcarbodiimide 

10 (DCC), or the like) and base (e.g., N,N•diisopropylethylamine, triethylamine, or the like) and 

requires 2 to 15 hours to complete. Alternatively, when Y is hydrogen the reaction can be 

canied out by treating the compound of formula R 10H with N-methylmorpholine and isobutyl 

chlorofonnate 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 

15 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 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. A 

20 detailed description of the preparation of a compound ofFotmulal according to Scheme 1 is 

set forth in Examples 4, 5, 6 and.8, infra. 

Alternatively, co~pounds of FormuJa I can be prepared by reacting a compound of 

Formula 2 with a compound of the formula R1-SS, wherein SS is a suitable solid support 

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

25 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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Compounds of Formula I can be prepared by proceeding as in the following reaction 

Scheme2: 

Scheme2 

l.NH3 
2. (CF3CO)iO, base 
3. optionally deprotecting 

5 in which each R1, R2, R3 and R4 are as defined in the Summary of the Invention. 

Compounds of Formula I can be prepared by treating a compound of Formula 3, or a 

protected derivative thereof, with ammonia to provide a corresponding amide, then reacting 

the amide with a suitable dehydrating agent (e.g., trifluoroacetic anhydride, cyanuric chloride, 

thionyl chloride, phosphonyl chloride, and the like) and optionally deprotecting. The reaction 

10 with the ammonia is canied out in a suitable solvent (e.g., methanol) at between 0 and 5°C 

and requires 6 to 10 days to complete. The reaction with the dehydrating agent is carried out 

in the presence of a suitable base {e.g, ~ethyJamine) and in a suitable solvent (e.g., 

tetrahydrofuran (THF), and the like) at between 0 and 50°C and requires 1to2 hours to 

complete. A detailed description of the preparation of a compound of Formula I according to 

15 Scheme 2 is set forth in Examples 7 and 8, infra. 
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Additional Processes for Preparing Compounds of Formula I: 

A compound of Formula I can be prepared as a phannaceutically acceptable acid 

addition salt by reacting the free base fonn of the compound with a pharmaceutically 

acceptable inorganic or organic acid. Alternatively, a phannaceutically acceptable base 

5 addition salt of a compound of Formula I can be prepared by reacting the free acid fonn of 

the compound with a pharmaceutically aa::eptab1e inorganic or organic base. Inorganic and 

organic acids and bases suitable for the preparation of the phannaceuticalJy acceptable saJts 

of compounds of Formula I are set forth in the definitions section of this application. 

Al~matively, the salt fonns of the compounds of Fonnula I can be prepared using salts of the 

10 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 saJt fOim can be converted to the corresponding 

free base by treating with a suitable base (e.g., ammonium hydroxide solution, sodium 

15 hydroxide, etc.). A compound of Formula I in a base addition salt form can be converted to 

the corresponding free acid by treating with a suitable acid (e.g., hydrochloric acid, etc). 

The N-oxides of compounds of Formula I can be prepared by methods known to 

those of ordinary skiJI in the art. For example, N-oxides can be prepared by treating an 

unoxidized fonn of the compound of Formula I with an oxidizing agent (e.g., trifluoroperacetic .. ·-

20 acid, permaleic acid, perbenzoic acid, peracetic acid, meta-chloroperoxybenzoic acid, etc.) 

in a suitable inert organic solvent (e.g., a halogenated hydrocarbon such as methylene 

chJoride) at approximately 0°C. Alternatively, theN-oxides of the compounds of Formula I 

can be prepared from the N-oxide of an appropriate starting material. 

Compounds of Fonnula I in unoxidized fonn can ·be prepared from N-oxides of 

25 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 solvent (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 
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kn.own 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, 

5 etc.). 

Protected 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 · 

Gro_ups in Organic Synthesis, John Wiley & Sons, Inc. 1981. 

10 Compmmds 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 earned out using covalent 

diasteromeric derivatives of compounds of Formula I, dissociable complexes are preferred 

15 (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 resolving agent, by 

20 any practical means that would not result in racemization. A more detailed description 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: 

R2 
I ~N 

.,.. N '-i<:"°C 
H l-:1' 4 

R3R 

2 

5 or a protected derivative thereof with a compound of the formula R 10Y, or a protected 

derivative thereof. in which Y is hydrogen or an activating group and each R 1, R2, R 3 and R4 

are as defined in the Summary of the Invention; or 

(B) reacting a compound of Formula 3: 

10 with ammonia toprovide a corresponding amide and then reacting the amide with 

trifluoroacetic anhydride, in which each R1, R2• R3 and R4 are as defined in the Summary of 

the Invention 

(C) optionally deprotecting a protected derivative of a compound of Formula I to provide 

a corresponding unprotected derivative; 

15. (D) optionally converting a compound of Formula I into a pharmaceutically acceptable 

salt; 

(E) optionally converting a salt form of a compound of Formula I to non-salt form; 

(F) optionally converting an unoxidized form of a compound of Formula I into a 

phannaceutically 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 Fonnula I into a 

pharmaceutically prodrug derivative; and 

(I) optionally converting a prodrug derivative of a compound of Formula 1 to its 

5 non-derivatized form. 

Processes for Preparing Intermediates: 

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

in which R 19 is an amino protecting group and each R2, R3 and R4 are as defined in the 

10 Summary of the Invention, with thionyl chloride and then deprotecting. The reaction with the 

thionyl 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 

15 which removes the protecting group and gives the desired product in reasonable yield. A 

detailed description of the preparation of a compo~.md 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 cqrresponding alkanoyl 

halide with ammonia. The treattnent is carried out in a suitable solvent (e.g., dichloromethane, 

20 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 l, infra. 

Compounds of the formula R 1-SS can be prepared by reacting a compound of 
Formula S(a) or 5(b): 

19 2 R ........_ ,....X, 1 .. 0H 
N X 
15 
R . 

5(a) 5(b) 

5 in which R19 is an amino protecting group (e.g .• tert-butoxycarbonyl, fluoren-9-

yimethoxycarbonyl, or the like) and each X1, X2, X3, R5 andR7 are as ddinedforFonnulaI 

in the Summary of the Invention, with a suitable solid support resin (e.g, Wang 

(4-benzyloxybenzyl alcohol) resin, tbiophenol resin, or the like), deprotecting to provide, 

respectively, a compound of Formula 6(a) or 6(b ): 

10 2 H 3 2 
1 ... ss ..... x, 1 .. ss 7_...N, 4 .. X, ,....X, 

HN X R X N X 
Is ~5 R 

6(a) 6(b) 

in which SS is a solid support and then reacting the compound of F'.ormula 6(a) or 6(b) with a 

compound of the formula R60H (e.g., benzoic acid, 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 requires approximately"3 ·to 20 hours tO complete. Deprotection can 

be effected by any means which removes the pi;otecting 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 

5 preparation of a compound of the formula R 1-SS according to the above-described 

procedures is set forth in Examples 2(A-C? and 4(A-C). infra. 

Compounds of the formula R 10H can be prepared by treating a compound of formula 

R1-SS with a suitable acid (e.g., trifluoroacetic acid, or the like) in a suitable solvent (e.g, 

me1'!ylene chloride, or the Jike ). Alternatively, compounds of the formula R 10H in which X1 

10 is -C(O)- and X2 is -CHR.9- can be prepared by alkylating an organometallic· compound of 
Formula 7(a) or7(b): 

7(a) 7(b) 

with a compound of the formula R9L, in which Lis a leaving group and each X3, X4
, R5, R6, 

R7 and R9 are as defined for Formula lin the Summary of the Invention, and then converting 

15 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 1to2 hours 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 

20 n-butyllithium or tert-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 10H according to the above-described procedmes is set forth in 

Example 3, infra. 

Examples: 

-55-



W000/55125 PCT/US00/06747 

REFERENCE I 
. · .. 

Lithium 2S-amino-3-cyclohexylpropionate 

A solution of methyl 2S-amino-3-cyclohexylpropionate hydrochloride (8.03 mmol, 1 

eq) in dichloromethane (80 mL)and saturated NaHC03 solution (80 ml..) was cooled to 0° 

5 C and then the organic layer was treated ~th 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 

s~um sulfate, filtered and concentrated. A portion of the residue (767 µM, 1.0 eq) was 

stirred under nitrogen together with morpholine (767 ~ 1.0 eq) in dry THF (1 mL) for 12 

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 µL) 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-m0lllholin-4-ylcarbonylamino-3-cyclohexylpro;pionate. 

Proceeding as in Reference 1 provided the following compounds: 

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

lithium 

20 2S-( 4-tert-butoxycarbonylpiperazin-l-ylcarbonylamino)-3-cyclohexylpropionate; 

lithium 2S-C 4-benzylpiperazin-l-ylcarbonylamino)-3-cyclohexylpropionate; 

lithium 2S-C4-ethoxycarbonylpiperazin-1-ylcarbonylamino)-3-cyclohexylpropionate; 

lithium 2S-C4-fur-2-ylcarbonylpiperazin-l-ylcarbonylaminQ)-3-cyclohexylpropionate; 
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3-Cyclohexyl-2S-(3-methoxybenzyloxycarbonylamino}propionic acid 

A mixture of2S-amino-3.;.cyclohexylpropionic acid (2;95 mmol, LO eq) and sodium 

hydroxide (5.9 mmol, 2 eq) in a 1:1 mixture of THF/water (14 mL) was treated with 

5 3-methoxybenzyloxyformyl chloride (2.95 mmol, 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 IM hydrochloric acid solution (13 mL) and 

then ~xtracted with ethyl acetate (2 x 9 mL). The extract was washed w~th lM hydrochloric 

acid solution (6 mL), dried over sodium sulfate and concentrated to provide · 

10 3-cyclohexyl-2S-(3-methoxybenzyloxycaroonylamino}propionic acid as a yellow oil. 

EXAMPLE I 

tert-Butyl lS-cyanomethylcarbamoyl-2-phenylethylcarbamate 

(Compound 1) 

~ 

H ·#'N 
N~--

15 A mixture comprised of 2S-te11-butoxycarbonylamino-3-phenylpropionic acid 

(28.9 g, 0.109 mol), aminoacetonitrile hydrochloride (10.1g,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 fonned. 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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ethanoJ/water (70 ml.). The crystals were collected and dried to provide tert-butyl 

lS-cyanomethylcarbamoyl-2-phenylethylcarbamate (20.3g, 0.067 mol) as white needles ; 1H 

NMR: 6 1.39 (s, 9H}, 6 3.06 (d, 2H, J = 7 Hz), 6 4.08 (m, 2H), 6 4.34 (dd, lH, J = 13, 7 

Hz), a 4.97 (d, lH, J = 8 Hz}. 6 6.59 (m, lEI), 6 7 .23 (m, SH); ES-MS m/z 304 (Mil+). 

5 Proceeding as in Example 1 provide~ the following compounds of Formula I: 

benzyl SS-tert-butoxycarbonylamino-5-cyanomethylcarbamoylpentylcamamate 

(Co~pound 2); 1H NMR: 6 1.37 (m, 15 H), 6 1.63 (m, lH), 6 1.78 (m, lH), 6 3.14 (dd, 

2H. J = 13, 6 Hz}, 6 4.07 (m. 2H), 6 5.06 (s, 2H}, 6 5.42 (br s, IH), a 7.32 (m, SH), a 7.48 

10 (br s, lH); ES-MS m/z419 (MH+); 

cyclohexyl 3S-tert-butoxycarbonylamino-N-cyanomethylsuccinamate (Compound 3); 

1HNMR: 6 1.35 {m, 17 H), 61.72 (m, lH), 6 1.83 (m, lH), 62.66 (dd, lH, J = 18, 7 Hz), 

a 2.96 (dd, lH. J = is. s Hz), 6 4.15 (dd, 2H, J = 6, 2· Hz}. a 4 50 {m, tH). 6 4.77 (m. 

lH), 6 5 64 (br S, lH), 6 7.11 (br S, lH); ES-MS m/z 354 (MH+); 

15 tert-but;yl lS-cya.nomethylcarbamoyl-2-{1-fonnyl-lH-indol-3-yl)ethylcarbamate 

(Compound 4); 1H NMR: 6 1.44 (s, 9H), 3 3.23 (m, 2H), a 4.08 (m, 2H), 6 4.46 (m, lH), 

a 4.95 (br s, tH), a 7.38 {m, 4H), a 7.62 (br s, lH); ES-MS mlz 371 (MH+); 

tert-butvl 2-C3-benzyloxymethyl-3H-imidazol-4-yl)-

1S-cyanomethylcarbamoylethylcarbamate (Compound 5); 1H NMR.: 6 1.39 (s, 9H), 8 3.09 

20 (d, 2H, J = 7 Hz), 6 4.00 {d, 2H, J = 6 Hz), 8 4.42 (m, lH), 6 4.45 (s, 2H), 6 5.29 (m~ 2H), 

6 5.58 (br d, lH, J = 8 Hz), 6 6.79 (s, lH), 3 7.29 (m, HI), 6 7.49 (s, lH), a 7 .93 (br s); 

ES-MS m/z 414 (MH+); 

tert-but;yl 2-(4-benzylox!I!henyll-lS-c:yanomethylcarbamoylethylcarbamate 

(Compound 6); 1H NMR: 6 1.40 (s, 9H), 6 3.01 (t, 2H, J = 6 Hz), 6 4.07 (t, 2H, J = 6 Hz), 

25 a 4.29 (m, lH), a 4.90 (br s, lH), 6 5.02 (s, 2H}, a 6.40 (br s, lH), a 6.92 (d, 2H, J = s 

Hz), 6 7.09 (d, 2H, J = 8 Hz),~ 7.37 (m, SH); ES-MS m/z410 (MH+); and 

tert-but;yl lS-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate (Compound 7); 1H 

NMR: ~ 0.94 {m, 2H}, ~ 1.20 (m, 3H), 61.44 (m, llH), 61.71(m,6H), 6 4.15 (m, 2H}, 
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B 4.30 (m, lH), B 4.87 (br s, lH}, ·~ 7 .04 (br s); ES-MS m/z 210 (M-BuC02). 

EXAMPLE2 

N-(2-beneylsulfanyl-IR-cyanomethylcarbamoylethyllbenzamicle 

(Compound 8) 

N 
H 

0 

H #N 
N~-

PCT/USOOJ06747 

A mixture comprised of 2R-benzoylamino-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 mniol) and DMF (10 mL) was stirred at 

10 room temperature for 2.5 hours. The mixture was concentrated and the residue was taken up 

into dichloromethane. The dichloromethane mixture was washed with IN hydrochloric acid, 

water and aqueous sodium bicarbonate, dried (MgSO.J, filtered and concentrated. Product 

was purified from the residue by silica gel chromatography using 5% methanol in 

dichlorom.ethane to provide N-(2-benzylsulfany1-1R-cyanomethylcarbamoyllethyl)benzamide 

15 (541 mg, 1.53 nimol) as an oil. MS: m/e 353;g (theory 353;1); Proton NMR Spectrum 

(DMSO-<IJ: a 8.85 (t, tH}, a 8.75 (d, 111), a 7.99 <~ 2H), 7.5 (m, 311), a 7.3 (m, 5H}, 

8 4.7 (m, 111), 8 4.15 {d, 211), 8 3.75 (s, 211), 8 2.8 (m, 2H)ppm. 

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

N-[lR-cyanomethylcarbamoyl-2-(4-methylbenzylthioethylllbenzamide 
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(Compound 9); MS: m/e 367.9 (theory 367.0; NMR Spectrum (DMSO-~: o 8.82 (t, 

lH). o 8.69 (d, lH), 8 7.88 (d, 2H), 8 7.5 (m, 3H), 8 7.16 (d, 2H), 8 7.08 (d, 2H), 8 4.7 

(m. lH), 8 4.2 (d, 2H), 8 3.7 (s, 2H), 8 2.75 (m, 2H), a 2.1 (s. 3H) ppm; 

N-C1R-cyanomethylcarbamoyl)-2-C4-methoxybenzylthioethyl))benzamide 

5 (Compound 10); MS: m/e 383.9 (theory 383.1); NMR Spectrum (DMSO-dJ: 8 8.8 (t, lH) 

8 8.65 (d, lH) 8 7.9 (d, 2H), 8 7.5 (m, 3H), 8 7.25 (d, 2H), 8 6.8 (d, 2H), 8 4.7 (m, lH) 

8 4~2 (d, 2H), 8 3.7 (s, 3H), 0 3.3 (s, 2H), a 2.8 (m, 2H) ppm; 

N-[2-benzyloxy-lS-cvanomethylcarbamoylethyllbenzamide (Compound 11); MS: 

m/e 337.8 (theory 337.1); NMR Spectrum (DMSO-~): 8 8.82 (t, lH) 8 8.67 (d, J = 7.8 

10 Hz, lH) 8 7.91(d,J=7 Hz, 2H), 8 7.5 (m, 3H), 8 7.3 (m, SH), 8 4.8 (m, lH) 8 4.54 (s, 

2H), 8 4.17 (d, 2H), 8 3.7 (m, 2H) ppm; 

benzyl 1-cyanom.ethylcarbamoyl-3-methylthio:gro_pylcarbamate (Compound 12); MS: 

m/e 321.8 (theory 321.1); NMR Spectrum (DMSO-~: 8 8.7 (t. lH) 8 7.6 (d, lH) 8 7.3 

(m, SH), 8 5.0 (q, 2H), S 4.1 (m, 3H), 8 3.3 (d, 2H), 8 2.4 (m, 2H), o 1.9 (s, 3H) ppm; 

15 N-US-cyanomethylcarbamoyl-3-methylthiqpropyllbenzamide (Compound 13); MS: 

m/e 291.7 (theory 29Ll); NMR Spectrum (DMSO-~: 8 8.7 (t. J = 5.6 Hz, lH), 8 8.6 (d, 

J = 7.7 Hz, lH), 8 7.9 (m, 2H), 8·7.5 (m, 3H), 8 4.5 (m, Hi). 8 4.11(d,J=5.6 Hz, 2H), 

8 2.5. (m, 2H), 8 2.03 (s, 3H). 8 2.0 (m, 2H) ppm; 

benzyl 2-benzylthio-1R-cyanomethylc¢amoylethylcarbamate (Compound 14); MS: 

20 m/e 383.8 (theory 383.1); NMR Spectrum (DMSO-~): 8 8.8 {t, lH), 8 7.8 {d, lH), 8 7.4 · 

(m. lOH), 8 5.1(q,2H), 8 4.1 {m, lH), 8 4.2 (s, 2H), 8 3.8 (s, 2H), 8 2.8 (m, lH), S 2.6 

(m, lH)ppm; 

methyl 4-benzyloxycarbonylamino-4S-cyanomethylcarbamoylbutyrate 

(Compound 15); MS: m/e 333.6 (theory 333.1); NMR Spectrum (DMSO-~): 8 8.1 (t, lH), 

25 a 7.7 (d, lH), S 7.4 (m, SH), 8 5.0 (q, 2H), 8 4.0 (m, lH), S 3.55 (s, 3H), 8 3.3 (d, 2H), 

8 2.3 (t, 2H), 81.8 (m, 2H) ppm; 

tert-butyl 2-benzyloxy-IS-cyanomethylcarbamoylethylcarbamate (Compound 16); 

MS: m/e +Na 355.7 (theory 355.1); NMR Spectrum (DMSO-~: 8 8.7 {t, lll), 8 7.0 (d, 

lH), 8 7.3 (m, SH), 8 4.45 (s, 2H), 8 4.2 (m, IH), 8 4.1 (d, 2H), 8 3.55 (m, 2H), a 1.4 (s, 
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9H)ppm; 

benzyl 2-benzyloxy-lS-cyanomethylcarbamoylethylcarbamate (Compound 17); 

NMR Spectrum (DMSO-dJ: 8 8.8 (t, IH), 8 7.7 (d, lH), 8 7.4 (m, IOH), 8 5.0 (q, 2H), 

8 4.5 (s, 2H), 8 4.3 (m, lH), 8 4.1 {s, 2H), 8 3.6 (m, 2H) ppm; 

5 N-Cl-cyanomethylcarbamoylpent-3-ynyllbenzamide {Compound 18); MS: m/e 269.7 

(theory269.l); NMR Spectrum (DMSO-~): a 8.8 {t, lH), a 8.65 (d, lH), 8 7.9 (d, 2H), 

8 7.5 (m, 3H), 8 4.5 (m, Ill), 8 4.1(d,2H), 8 2.5 (m, 2H), 8 1.7 (s, 3H) ppm; 

N-CIS-cyanomethylcarbam.oyl-2-naphthalen-l-ylethyllbenzamide CGompound 19); 

1H ~=a 3.45 (dd, IH, J = 14, 9 Hz). a 3.73 (dd, lH, J = 11, 6 Hz), a 3.9o (dd, IH. 

10 J = 19, 6 Hz), 8 4.04 (dd, lH, J = 14, 6 Hz),.8 4.98 (m, lH), B 6.67 (m, lH); 8 6.93 (m, 

lH), 8 7.46 (m, 9H), 8 7.74 (m, 2H), 8 8.23 (d, lH, J = 8 Hz); BS-MS m/z 358 (MH+); 

N-£2-C 4-chlorophenyll. lS-cyanomethylcarbamoylethyllbenzamide. (Compound 20); 

1H NMR: 8 3.19 (m, 2H), 8 3.96 (dd, lH, J = 19, 4 Hz), 8 4.10 (dd, lH, J= 20, 6 Hz), 

8 4.98 (m, HI), 8 6.79 (d, lH, J = 7 Hz). 8 7.07 (m, 2H},_8 7.22 (m, 2H), 8 7.43 (m, 4H), 

15 8 7.69 (m, lH), 8 8.08 (d, lH~ J = 8 Hz); ES-MS m/z 342 (MH+ ); 

N-OS-cyanomethylcarbamoyl}-2-naphthalen-2-ylethylbenzamide (Compound 21); 

1H NMR: a 3.29 (d, 2a 1=1Hz},a3.81(dd,2H. 1=18, 6 Hz}, a 3.98 (dd, IH, 1=18, 6 

Hz). B 5.09 (dd, lH, J = 15, 7 Hz), 8 6.74 (br d, lH, J = 7 Hz), 8 7.37 (m, 6H), 8 7.68 (m, 

6H); ES-MS m/z 358 (MH+ ); 

20 N-Cl-cyanomethylcarbamoyl-2 .. (4-cyanophenyllethyllbenzamide (Compound 22); 1H 

NMR: 8 3.18 (dd, 1H, J = 14, 7 Hz), 8 3.30 (dd, lH, J::: 15, 7 Hz), 8 4.03 (dd, IH, J = 17, 

6 Hz), 8 4.15 (dd, 1H, J = 19, 6 Hz), 8 .4.93 (dd~ lH, J = 15, 8 Hz), 8 6.81 (d, lH, J = 10 

Hz), 8 7.30 (m, 2H);8 7.43 (m, 3H), 8 7.55 (m, 2H), 8 7.67 (d, 2H, J:::: 8 Hz); ES-MS m/z 

333 (MH+); 

25 N-I 1S-cyanomethylcarbamoyI-2.;.[+C2.6-dichlorobepzyloxy)phenyllethyllbenzamide 

(Compound 23); 1H NMR: 8 3.15 (m, 2H), 8 4.08 (t, 2H, J = 6 Hz), B 4.84 (dd, lH, J = 16, 

7 Hz), 8 5.24 (m, 3H), o 6.87 (d, UL J = 8 Hz), 6 6.98 (m, 4H), o 7.18 {d, 2H, J = 9 Hz), 

B 7.32 (m, 4H), () 7.78 (d, 2H, J = 8 Hz); ES-MS mlz 482 (MH+); 

cyclohexyl 4-benzoylamino-4S-cyanomethylcarbamoylbutyrate (Compound 24); 1H 
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NMR: o 1.37 (m, SH), 8 1.53 (m, 2H), 8 1.68 (m, 2H), o 1.83 (m, lH), o 2.17 (m, 2H), 

o 2.42 (m, lH), 8 2.66 (m, lH), o 4.15 (m, 2H), o 4.68 (m, 2H), 8 7.47 (m, 3H), o 7.79 (m, 

2H); ES-MS m/z 372 (MH+); 

N-[2-(4-benzoylpheny1l-1S-cyanomethylcarbamoylethyllbenzamide (Compound 25); 

5 1H NMR: o 3.27 (m, 2H), 8 4.00 (dd, lH, J = 15, 6 Hz), o 4.13 (m, IH, J = 17, 6 Hz), 

a 4.23 (d, lH, J = 6 Hz), a 4.97 (dd, lH, J = 1s, s Hz), a 6.96 (d, lH, J = 9 Hz), a 7.46 

(m, 9H), o 7.71 (m,.SH); ES-MS mlz 412 (MH+); 

N-ClS-cyanomethylcarbamoyJ-2-pheny1ethyllbenzamide (Compound 26); 1H NMR: 

8 3 .. 15 (dd, lH, J = 12, 6 Hz), 83.25 (dd, IH, J = 15, 6 Hz), 8 4.08 (t, 2H, J = 6 Hz), 

10 8 4.84 (dd, lH, J = 15, 6 Hz), 8 6.68 (br s, lH), 8 6.77(br s, lH), '67.29 (m, SH), '6 7.41 

(m, 2H), a 7.53 {m, lH), o 7.67 {d, 2H, J = 9 Hz); ES-MS m/z 308 (MH+); 

N-C lS-cyanometbylcarbamoyl-2-ClH-indoJ-3-yllethyllbenzamide (Compound 27); 

1H NMR: 8 3.25 (dd; lH, J = 16, 8 Hz), 8 3.52 (dd, HI, J = 16, 6 Hz)., 8 3.95 (dd, lH, 

J = 18, 4 Hz), o 4.01 (dd~ 1H, 1 = 18, 6 Hz), a 4.93 <m. lH), a 6.44 (br s, lH), a 6.85 Cd. 

15 lH, J = 5 Hz), a 7 .22 (m, 3H), o 738 (m, 3H), 8 7 .50 .(m, lH), 8 7 .67 (m, 2H, J = 8 Hz), . 

a 7.74 (d, lH, J = 8 Hz), 0 s~1s (br S, lH); ES-MS m/z 347 (MH+); 

N-£1S-cyanomethylcarbamoyl-2-C4-fluonmhenylethyl)]benzamide (Compound 28);. · . 

1H NMR: 8 3.15 (m, 2H), 8 3.97 (dd, lH, J = 18, 6 Hz), 8 4.11 (dd, lH, J = 18, 6 Hz), 

o 4.90 (dd, lH, J = 15, 8 Hz). 8 6.95 (m, 3H), 8 7.20 (m, 2H), 8 7.46 (m, 3H), 8 7.68 d, . 

20 lH, J = 8 Hz); ES-MS m/z 326 (MH+); 

N-C2-C2-chlorophenvl)-1S-cyanomethylcarbamoylethyllbenzamide (Compound 29); 

1H NMR: 8 3.34 (m, 2H), 8 4.04 (dd, lH, J = 16, 6 Hz), 8 4.17 (dd, lH, J = 16, 6 Hz}, 

8 4.93 (dd, lH, I= 16, 6 Hz), 8 6.85 (m, lH), 8 7.24 (m, 4H), 8 7.44 (m, 3H), 8 7.72 (m, 

2H); ES-MS m/z 342 (MH+); 

25 N-ClS-cyanomethylcarbamoyl-2-'( 4-methoxxghenylethy))]benzamide 

(Compound 30); 1HNMR: o 3.13 (m, 2H), 8 3.76 (m, 4H), o 4.06 (dd, lH, I= 11, 6 Hz), 

8 4.80 (m, lH), 8 6.83 (m, 4H), 8 7.16 (d, lH, J = 9 Hz), a 7.46 (m, 2H), a 7.66 (m, 2H); 

ES-MS m/z 338 (MH+); 

N-f2-C 4-benzyloxJ!Phenyn-I-cyanomethylcarbamoylethyllbenzamide 

-62-



W000/55125 PCT/US00/06747 

\ .. 

(Compound 31); 1H NMR: o 3.07 (m, 2H), 8 3.90 (m, 1H), o 4.02 (m, lH), o 4.94 (s, 2H), 

o 4.95 (m, lH), o 6.70 {m, lH), o 6.85 (m, 2H), o 7.09 (m, 2H), o 7.38 (m, 7H), o 7.72 {m, 

3H); ES-MS rnlz 414 {MH+); 

benzyl N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)isophthalamate 

5 {Compound 32); 1H NMR: o 0.86 (m, 2H), 8 1.09 (m, 2H), o 1.39 (m, SH), o 1.67 (m, 4H), 

o 3.04 (m, lH), 8 3.63 (m, lH), o 4.11 (m,. lH), o 4.60 (m, lH), o 4.77 (m, lH). o 5.33 (s, 

2H), o 7.38 (m, SH), o 8.01 (d, lH, J = 9 Hz), o 8.14 (m, 2H), o 8.45 (d, IH, J = 12 Hz); 

ES-MS mlz 448 (MH+ ); 

benzyl N-Cl-cyanom.ethylcarbamoyl-2-cycJohexylethyllterephthalamate 

10 (Compound 33); 1HNMR: o 0.89 (m, 2H),.o·l.13 (m, 3H), o 1.38·(m, 4H), a 1.66 (m, 4H), 

o 3.10 (m, lH), o 3.64 {m, Ul), o 4.10 {m, lH), o 4.80 (dd, lH, J = 15, 8 Hz), o 5.34 (d, 

2H, J = 2 Hz), o 7.37 (m, SH), o 7.84 (d, 2H, J = 7 Hz), o 8.03 (m, 2H); ES-MS m/z 448 

(MH+); 

N-£1-cyanomethylcarbamoyl-2-(2-fluoro.,phenyl>ethyllbenzamide (Compound 34 ); 1H 

15 NMR: ·o 3.23 (m, 2H). 0 4.06 (dd, lH. J = 18, 6 Hz), 0 4.15 (dd, lH, J = 18, 6 Hz). 0 4~91 

(dd, lH, J = 15, 8 Hz). o 7.01(m,2H), o 7.23 (m, lH), o 7.41(m,2H), o 7.52 {m, 2H), 

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

N-(2-benzylthio-lR-cyanomethylcarbamoylethyll-2-(3.5-dimethoxy,phenyl)thiazole-

4-carboxamide (Compound 35); MS: Calcd. 496; Found M + 1 = 497; 

20 N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl-2-(3.5-dimethoxyphenyl)thiazole-

4-carboxamide (Compound 36); MS: Calcd. 456; Found M + 1 = 457; 

N-Cl-cyanomethylcarbamoylpent-3-enyllbenzamide (Compound 37); MS: rn/e 271.8 

(theory 271.1); NMR Spectrum (DMSO-dJ: o 8.7 (t, lH)~ o 8.657 (d, lH), o 7.9 (d, 2H), 

8 7.5 (m, 3H), o 5.4 (m, 2H). () 4.5 (m, lH), () 4.1 (d, 2H), o 2.5 (m, 2H), o 2.6 (d, 3H) 

25 ppm; 

4-tert-butyl-N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyllbenzamide 

(Compound 38); 1H NMR (CDC13): o 8.02 (br s, lH), o 7.73 (d, 2H, J = 8.7 Hz), o 7.43 

(d. 2H, J = 8.5 Hz), o 7.05 (br d, lH, J = 8.5 Hz), o 4.79 (cid, IH, J = 15.1, 8.7 Hz), o 4.10 

(dd, 2H, J = 19.9 Hz, 5.6 Hz), o 1.51 - 1.82 (m, SH), 81.30 (s, 9H), ~ 0.83 - 1.72 (m, SH); 
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EI MS (M+ = 369.9); 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyllpyrimidine..,5-carboxamide 

_(Compound 39); 1H NMR (CDCl3): a 9.33 (s, lH). 8 8.77 (s, lH), 8 8.56 (s, lH), 8 8.14 

(br d, lH, J = 8.7 Hz), o 7 .30 (br s, lH), o 4.69(dd,1 H, J = 14.9, 9.2 Hz), 8 4,15 (t, 2 H, 

· s J = 3.9 Hz). o 0.76-2.30(m,13H); EIMS (M+;::: 315.9); 

N-{1-cyanom.ethylcarbamoyl-2-cyclohexylethyllnaphtha]ene-1-carboxamide 

(Compound 40); 1H NMR (CDC13): S 8.19 (br d, lH, J = 10.0 Hz), S 7.81 - 7.96 (m, 3H), 

. 8 7.47 - 7.62 (m, 3H), 8 7.35 - 7.44 (m. IH), o 6.69 (d, IH, J = 8.7 Hz), S 4.90 (dd, lH, 

J = _15.4, 9.0), o 4.03 (d, 2H, J = 4.9 Hz), o 0.79 - 1.89 (m, 13H); EI MS (M+ = 364.0); 

10 · N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyll-4-fluorobenzamide 

(Compound 41); 1H NMR (CDCIJ): a 7.70 -7.83 (m, 2H), 0 7.43 (br S, lH), 8 7.11(t,2H, 

J = 8.7 Hz), o 6.66 (br d, lH, J = 8.5 Hz)~ 8 4.69 (dd, lH; J = 15.5, 9.4 Hz), o 4.14 (dd, 

2H, J = 19.6, 8.4 Hz), a 0.67 - 1.88 (m, 13H); El MS (M+= 331.6); 

· N-<lS-cyanornethylcarbamoyl-2-cyclohexylethyll-4-hydroxybenzamide · 

15 (Compound 42); 1H NMR (CDOJ): a 7 .64 (d, 2 H, J = 9.0 Hz), 8 7 .39 (br s, 1 H), 8 6.83 

(d, 2 H, J = 9.5 Hz), 8 6.43 (br d, 1H,J=11.2 Hz), 8 4~64 (dd, 1H,J=16.8, 5.6 Hz), 

8 4.14 - 4.09 (m, 2 H), 8 0.81 - 1.89 (m, 13 H); EI MS (M+ = 329.8); . 

N-ClS-cyanomethylcarbamoyl-2-cVclohexylethyllnaphthalene-2-carboxamide 

(Compound 43); 1H NMR (CDCh): 8 8.29 (s, 1 H), .() 7 .76 - 7 .94 (m, 5 H), 8 7.51 ~ 7 .61 _ 

20 (m, 2 H), 8 6.57 (br d, 1 H,J = 19.6 Hz), 8 4.73 {dd, 1H,J=19.6, 11.2 Hz), 8 4.17 (dd, 2 

H, J = 13.3, SA Hz), 8 0.80 - 2.03 (m, 13 H); EI MS (M+ = 363.9); 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)-4.,trifluoromethylbenzamide 

(Compound#); 1H NMR (CD03): 8 7.86-7.91(in,2 H), 8 7.70 -7.75 (m, 2 H), 8 6.85 

(br s, lH), 8 6.48 (br d, 1 H, J = 8.4 Hz), o 4.65 (dd, 1H,J=19.6, 11.2 Hz), a 4.09 - 4.20 

25 (m, 2 H), () 0.86 - 1.74 (m, 13 H); EI MS (M+ = 381.9); 

N-ClS.:.cyanornethylcarbamoyl-2-cyclohexylethyll-4-methoxybenzamide 

(Compound 45); 1H NMR (CDC13): 8 7 .70 - 7 .73 (m, 3H), C>. 6.94 (d, 2H, J = 8.5 Hz), 

8 6.29 (br s, lH), () 4.57 - 4.69 (m, lH), () 4.08 - 4.17 (m, 2H), li 3.85 (s, 3H), 

() 0.78 - 1.73 (m, 13H); EI MS (M+ = 343.9); 
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N-cyanomethyl-3-cyclohexyl-2S-me~;Jsulfonylamin~~pionamide (Compound 46); 

1H NMR (CDCIJ: a 7.0S(br s, lH), B 5.29 (br d, lH, J = 8.7 Hz), B 4.12-4.20 (m, lH), 

B 3.44 (cl, 2H, J = 9.7 Hz), o 3.01 (s, 3H), o 0.81 - 1.92 (m, 13H); 

N-{lS-cvanom.ethylcarbamoyl-2-cyclohexylethyDacetamide (Compound 47); 1H 

5 NMR (CDC13): o 7.51 (br s, lll), o 6.15 (br d, lH, J = 8.0 Hz), B 4.49 (dd, lH, J = 17.8, 

11.4 Hz),() 4.11 (t; 2H, J = 18.6 Hz), o 2.02 (s, 3H), B 0.72 - 1.80 (m, 13H); EI MS 

(M+ = 251.6); 

N-(l-cyanomethylcarbamoyl-2-cyclohexylethyll-3-fluorobenzamide (Compound 48); 

1H ~ (CDC13): B 7.19 - 7.55 (m, 5 H), B 6.72 (hrs, 1 H, J = 8.7 Hz), o 4;69 (dd, 1 H, 

10 J = 10.8, 3.8 Hz), 6 4.14 (dd, 2 H, J = 2.8, 15.7 Hz), 0 0.86 - 1.86 (m, 13 H); m MS 

(M+ = 331.9); 

4-chloro-N-( l-cyanomethylcarbamqyl-2-cyclohexylethyllbenzamide 

(Compound 49); 1H NMR (CDC13): B 8.78 (br s, HI}, 8 8.58 (br d, lH, J = 8.0 Hz), B 7.85 

(d, 2H, J = 9.0Hz). o 7.48 (d, 2H, J = 9~2 Hz), o 4.64 (dd, lH, J = 7.4, 14.1Hz),o4.16 

15 (dd, 2H, J = 3.1. 6.1Hz),8 0.87 -1.85 (m, 13 ff); EI MS (M+ = 347.9); 

N-Cl-Cyanomethylcarbamoyl-2-cyclohexylethyll-2-trifluoromethylbenzamide 

(Compound 50); 1HNMR (CDC13): 3 7.42- 7.78 (m, 5 ff), o 6.56 (brd, 1H,J=9.0 Hz), 

B 4.81 (dd, 1 H, J = 15.4, 9.2 Hz), o 4.10 (t, 2 H, J = 5.7 Hz),() 0.80 - 1.79 (m, 13 H); EI 

MS (M+ = 382.0); 

20 N-Cl-cyanomethylcarbamoyl-2-cyclohexylethyl}-2-fluorobenzamide (Compound 51); 

1H NMR (CDC13): B 8.00 (t, 1 H, J ::: 8.4 Hz), <> 7 .64 (br s, lH}, o 7 .50 (dd, lH, J = 8.1, 

2.5 Hz), 6 7.24-7.30 (m, 1H),o7.07 -7~18 (m, 2 H}, o 4.76 (dd, lH, J = 17.2, 8.2 Hz), 

o 4.16 (dd, 2H, J = 18.0, 6.2 Hz), o 0.81 - 1.89 (m, 13 H); EI MS (M+ = 331.9); 

N-(l-cyanomethylcarbamoyl-2-cyclohexylethyll-4-trifluoromethoxybenzamide 

25 (Compound 52); 1H NMR (CDCI3): o 7.01 - 8.02 (m, 6 H), a 4.75 (br d, lH, J = 14.6 Hz), 

B 4.14 (dd, 2H, J = 6.0, 18.2 Hz), o 0.78 - 1.90 (m, 13 H); EI MS (M+ = 398.0); 

N-Cl-cyanomethylcarbamoyl-2-cyclohexylethyll-2.6-difluorobenzamide 

(Compound 53); 1H NMR (CDC13): B 1.66 (br s, IH), o 7.39 {t, lH, J = 8.7 Hz), o 6.95 (t, 

2 H, I= 8.7 Hz), B 6.74 (br d, 1 H, J. = 8.5 Hz), o 4.85 (dd, lH, J = 14.9, 9.2 Hz), 
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B 0.86 - 1.87 (m, 13 H); EI MS (M+ = 349.9); 

N-(1-cyanomethylcarbamoyl-2-cyclohexylethyJl-2.3-difluorobenzamide 

(Compound 54); 1H NMR (CDC13): S 8.04 (dd,. lH, J = 15.3, 8. 7 Hz), 6 7.55 (br s; lH), 

8 6.84- 7.07 (m, 3H), o 4.74 (dd,JH, J = 16.6, 7.9 Hz), 8 4.16 (dd, 2H, J = 18.0, 5.9 Hz), 

5 o 0.82 - 1.89 (m, 13H); EI MS (M+ = 349.9); 

N-Cl-cyanomethylcarbamoyl-2-cyclohexylethyll-2.5-difluorobenzamide 

(Compound 55); 1H NMR (CDCl3): a 7 .69 (m, lH), 0 7 .37 (br S, lH), 0 7 .08 - 7 .27 (m, 

3H), a 4.71 (dd, lH, J = 15.l, 6.1 Hz), o 4.16 (dd, 2H, J = 18.0, 6.2 Hz), o 0.84 - 1.90 (m, 

13 J:I); El MS (M+ = 350.1); 

10 N-Cl-cyanom.ethylcarbamoyl-2-cycJohexylethyll-2.4-difluorobenzamide 

(Compound 56); 1H NMR (CDCh): a 7.80 (br S, lH), 0 7.65 (t, lH), 0 7.14 - 7.36 (m, 

3H), 8 4.79 (dd, lH, J = 14.9, 7.2 Hz), o 4.15 (dd, 2H, J = 18.2, 5.9 Hz), o 0.80- 1.81 (m, 

13 H); EI MS {M+ = 349.9); 

N-<1-cyanomethylcarbamoyl-2-cyclohexylethyll-3.4-dimethoxybenzami<le 

15 {Compound 57); 1HNMR (CDC13): 8 7.66 (br s, lH), o 7.28-7.41(m,2 H), o 6.86 (d, 

lH, J = 8.4 Hz), 8 6.73 (br d, lH, J = 7.9 Hz), o 4.71 (dd, lH, J = 14.1, 8.4 Hz), o 4.14 

{dd, 2H, J = 17.3, 5.9 Hz), B 3.91(s,6 H), o 0.81 -1.88 (m, 13 H); El MS (M+ = 374); 

N-(1-cyanomethyJcarbamoyl-2-cyclohexylethyJ)-3.5-climethoxybegzamide 

(Compound 58); 1H NMR (CDC13): o 7.41 (br s, lH), 6 6.88 (d, 2H, J = 2~4 Hz), B 6.59 (t, 

.20 2H, J = 2.2 Hz), B 4.67 (dd, lH, J = 16.8, 3.0 Hz), o 4.12 (dd, 2H, J = 17.3, 5.7 Hz), 

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

N-0-cyanomethylcarbamoyl-2-thiazol-5-ylethyllbenzamide (Compound 59); 1 H 

NMR (CDC13): o 8.30 {d, 2H, J = 8.7 Hz), o 7.72 (br s, lH), o 7.38 -7.67 (m, 4H), 6 7.13 

(t, 2H, J = 8.0 Hz}, o 4.96 (dd, IH, J = 12.3, 5.9 Hz), a 4.02 (t, 2H, J = 10.5 Hz), o 3.48 

25 (dd, 2H, J = 15.7, 5.4 Hz); 

N-Cl-cyanomethylcarbamoyl-2-thien-2-ylethyllbenzamide (Compound 60); 1H NMR 

(CDCI3): B 7.71(d,2H, J = 8.5 Hz), o 7.39 -7.55 {m, 4H), o 7.14 (d, lH, J = 11.2 Hz), 

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

J = 6.2 Hz); EI MS (M+ = 313.8); 
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N-ClS-cyanomethylcarbamoyl-2-cyclohexylethy])benzamide (Compound 61); Proton 

NMR (300 MHz, CDC13): o 7.79 (d, J = 7Hz, 2H), o 7.67 (bt, IH), o 7.44 (m, 3H), o 6.75 

(bd, lll), o 4.74 (m, lH), 8 4.10 (m, 2H), o 1.50- 1.88 (m, SH), o 0.83 -1.44 (m, SH). 

MS (electrospray): mH+ 313.9 (100%); and 

5 N-cyanomethyl-3-cyclohexyl-2S-trifluoromethylsulfonylaminopropionamide 

10 

(Compound 62). 

EXAMPLE3 

tert-Butyl 5-amino-IS-cyanomethylcarbamoylpentylcarbamate 

(Compound 63) 

NH2 

il .. N 
H 

A solution comprised of benzyl 5S-tert-butoxycarbonylamino-

5-cyanomethylcarbamoylpentylcarbamate (77 mg, 184 mmol}, prepared as in Example l, in 

ethanol (2 mL) was treated with ammonium formate (116 mg, l.84 nimol) and 10% wt 

palladium on carbon (77 mg). The mixture was stirred for 15 hours and then filtered through 

15 Celite. The filter cake washed with ethanol and the combined filtrates were concentrated on a 

rotary evaporator to provide tert-butyl 5-amino-lS-cyanomethylcarbamoylpentylcarbamate 

(61 mg, 184 mmol) as a white solid. 1H NMR (DMS0-<4): o 1.42 (m, 17 H), o 2.63 (m, 

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

-N-(lS-Cyanomethylcarbamoyl-2-cyclohexylethyOisophtha}amic acid 

(Compound 64) 

HO 

5 A solution comprised of benzyl N-(lS-cyanomethylcarbamoyl~ 

2-cyclohexylethyl)isophthalamate (82.4 mg, 184 p.mol, 1.0 eq), prepared as in Example 2, in 

ethanol (2 mL) was treated with ammonium foanate (116 mg, 1.84 mmol, 10.0 eq) and 10% 

wt palladium on carbtln (82.4 mg). The mixture was stirred for 15 hours and filtered through 

Celite. The filter cake was washed with ethanol and the combined filtrates were concentrated 

10 on a rotary evaporator to provide N-(lS-cyanomethylcarbamoyl-

2-cyclohexylethyl)terephthalamic acid (61 mg; 170.7 µmol) as a white solid. 1H NMR 

(MeOH-d4): 8 0.96 {m, 2H), 81.26 (m, 2H), 81.38 {m, 4H), 8 1.76 {m, SH), 8 3.23 {d, 

lH, J = 8 Hz), 8 3.72 (t, lH, J = 7 Hz), 8 4.50 (m, iH), 8 7.50 {m, lH), 8 7 .97 (m, lH), 

8 8.13 (m, lH), 8 8.46 (m, lH); ES-MS mlz 359· (MD+). 

15 Proceeding as in Example 4 provided the following compounds of Formula I: 

N-O-cyanomethylcarbamoyl-2-cyclohexylethyl)terephthalamic acid (Compound 65); 

1H NMR (Me0H-c4): 8 0.96 {m, 2H), 8 1.32 (m, SH), 8 1.81 (m, 6H), 8 3.12 (m. 2H), 

8 4.92 (m. lli), 8 7.87 (m, 2H), 8 8.02 (m, 2H); ES-MS m/z 359 (MD+); 

N-C l-cyanomethylcarbainoyl~2-(i.6-dichlorophenyllethyllbenzamide · 

20 (Compound 66); 1H NMR: () 3.45 {m, lH), 8 3.56 (m, lH), 8 4.13 (m, 2H), 8 5.03 (m, lH}, 

8 7.30 (m. SH), 8 7.63 (m, 3H); ES-MS m/z 376 (MH+); and 

N-Cl-cyanomethylcarbamoyl-2-cyclohexylethyl)phthalamic acid (Compound 67); 1H 
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NMR (MeOH-d4): 8 0.94 (d, 2H, J = 7 Hz), 8 0.97 (d, 2H, J = 7 Hz), 8 1.28 (d, 2H, 

J = 7 Hz), o 1.47 (m, lH), o 1.73 {m, 6H), 8 3.09 (t, lH; J = 6 Hz), o 3.29 {m, lH), 8 4.45 

(dd, lH, J = 11, 5 Hz), 8 7.36 {m, lH), 8 7.58 (m, 2H), o 7.72 (m, lH); ES-MS m/z 359 

(MD+). 

EXAMPLES 

N-ClS-CVanomethyJcarbamoyJ.;2-eyclohexylethyllmor.pholine-4-carboxamide 

(Compound 68) 

A mixture of lithium 2S-amino-3-cyclohexylpropionate (260 µmol, 1.0 eq), provided 

10 as in Reference l, EDC (286 µmol, 1.1 eq), HOBt (312 µ.mol, 1.2 eq) and triethyl~ne (911 

µ.mol, 3.5 eq) in dry dichloromethane (1 mL) was stirred under a nitrogen atmosphere for 5 

minutes and then treated with aminoacetonitrile hydrochloride (520 µmol, 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 NaHC03 (1 ml..) and saturated 

15 NaCJ (1 mL}, dried over Na2S04, filtered and concentrated on a rotary evaporator to 

provide N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)mo.t:pholine-4-carboxamide. lH 

NMR (CDC13) 0.95 (m, 2H); 1.23 (m, 4H); 1.62 (m, 7H); 3.35 (m, 4H); 3.68 (rn, 4H); 4.05 

(dd, 2H, J= 16, 6 Hz); 4.17 (dd, 2H, J=l8, 6 Hz); 4.27 (m, lH); 5.01 (d, lH, J= 8 Hz); 

7.93 (t, lH, J= 6 Hz); ES-MS m/z323 (MH+). 
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Proceeding as in Example 5 provided the following compounds of Formula I: 

N-(lS-cyanomethylcarbamoyl-2-cyclohexylethyl}piperidine-1-carboxamide 

(Compound 69); lH NMR 0.95 (CDCl3) (m, 2H); 1.24 (m, 6H); 1.60 (m, 1 lH); 3.54 (m, 

4H); 4.11(m,2H); 4.33 {m, lH); 4.75 (d, lH, J= 8 Hz); 7.88 (t, lH, J= 6 Hz); ES-MS mlz 

5 321 (MH+); 

tert-butyl 4-llS-cyanometh;ylcarbamoyl-2-cyclohexylethylcarbamoyl)piperazine-

1-carboxylate (Compound 70); lH NMR (CDC::!,) 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, lH, J= 18, 5 Hz); 4.14 (dd, lH, 

1= 18, 6 Hz); 4.38 (dd, lH, J=15, 8 Hz); 5.32 (d, lH, J= 8 Hz); 8.21 (t, lH, J= 6 Hz); ES-

10 MS mlz 422 (MH+ ); 

N-ClS-cyanomethylcamam.oyl-2-cyclohex,ylethyl}-4-benzylgiperazine-1-carboxamide 

(Compound 71); lHNMR (CDC13) (0.96 (m, 2H); 1.24 (m, 4H); 1.70 (m, 7H); 244 (t, 

4H, J= 5 Hz); 3.37 (t, 4H, J= 5 Hz); 3.52 (s, 2H); 4.06 (dd, lH, J= 18, 6 Hz); 4.15 (dd, lH, 

J= 18, 6 Hz); 4.32 (m. lH); 7.30 (m, SH); 7.72 (t, IH, J= 6 Hz); ES-MS m/z 412 (MH+); 

15 3-methoxybenzyl. lS-cymiomethylcarbam.oyl-2-cyclohexylethylcarbamic 

(Compound 72); lH NMR 0.96 (m, 2H); 1.24 (m, 4H); 1.70 (m, 7H); 3.78 (s, 3H); 4.12 

(m. 2H); 4.21 (m, lH); 5.11(m,2H); 6.89 (m, 3H), 7.32 (m, lH); ES-MS m/z 374 (MH+); 

ethyl 4-ClS-cyanomethylcarbamoyl-

2-cyclohexylethylcarbamoyl}piperazine-1-carboxylate (Compound 73); and 

20 N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyll-4-fur-2-ylcarbonylpiperazine-

l-carboxamide (Compound 74). 
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· .. r' . ~~i-~l~· 
EXAMPLE6 

N-Cyanomethyl-3-cyclohexyl-2S-C3-phenethylureido)pmpionamide · 

(Compound 75) 

5 A solution of tert-butyl lS-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate (103 

mmol, 1 eq), provided as in Example 1, in diethyl ether (323 mL) was treated 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 a powder had formed. 

1 o A portion of the resulting acid salt (789 µmol_. 1 eq) was suspended in dry acetonitrile (1 mL) 

and then treated with phenethylisocyanate (789 µmol, 1.0 eq) and 4"'."methylmorpholine 

(789 µmol, 1 eq) for 12 hours. The.mixture was concentrated in vacuo and the residue 

dissolved in methylene chloride. The solution was stirred with 100 mg Argonaut PS-trisamine 
. . 

resin (345 µmol, 0.4 eq) for 2 hours. The mixture was filtered, diluted with ethyl acetate (1 

15 mL), washed with IM hydrochloric acid (1 mL), saturated sodium bicarbonate solution and 

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

N-cyanomethy1-3-cyclohexyl-2S-C3-phenetbylureido)propionamide. 

Proceeding as in Example 6 provided N-cyanomethyl-3-cyc1ohexyl-

2S-C3-isopropylureido)propionamide (Compound 76). 
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Proceeding in a fashion analogous to the procedures exemplified above provided the 

following compounds of Fonnula I: 

N-(lS-cyanomethylcarbamoyl-3-phenylpropyllbenzamide (Compound 77); 

N-[lS-cyanomethylcarbanioyl-2-(4-hydroxYPhenylethyl)]benzamide 

5 (Compound 78); 

N-O-cyanomethylcarbamoyl-2-cyclohexylethyll-3-hydroxybenzamide 

(Compound 79); NMR 300mHz (DMSO-c\s), 8.39 (d, J=8.SH3, lH), 7.26 (m, 3H), 6.96 

(m~ lH), 4.64 (m, lH), 4.14 (dd, J=4.2 and 17.3H3, 2H), 3.30 (m, 2H), 1.71 (m, 7H), 1.68-

0.80 (m, 6H); MS=329.8S M+=329.40; 

10 1-benzy1-5-bepzyloxy-N-Cl-cyanomethylcarbamoyl-2-12henylethyll-2-methyl-

1H-indole-3~arboxamide (Compound 80); MS: {m/z [mH+]) 557 .O; 

N-Cl-cyanomethylcarbamoy1-2-pheriylethyll-1-furan~2-ylmethyl-5-methoxy-

2-methyl-1H-indole-3-carb9xamide (Compound 81); MS: (mlz [mW]) 470.6; 

N-Cl-cyanomethylcarbamoyl-2-methylpropyl)-S-ethoxy-1-furan-2-ylmethyl-

15 2-methyl-IH-indole-3-carboxamide (Compound 82); MS: (mlz [JDII+]) 436.9; 

1-benzoC l.31dioxol-4-y1methyl-N-C2-benzylsu1fany1-1-cyanomethylcarbamoy1ethyl)-

5-methoxy-2-methyl-1H-indole-3-carboxamide (Compound 83); MS: (m/z [mH+]) 570.8; 

benzyl 5-0-benzo[l .3ldioxol-4-ylmethy1-5-benzyloxy-2-methyl-

· 1H-ind.ol-3-ylcarbonylamino)-5-cyanomethylcarbamoylpentylcarbamate (Compound 84); 

20 MS:·(m/z [mH']) 716.0; 

benzyl 5~0-benzyl-5-benzyloxy-2-methyl-lH-indol-3-ylcatbonylamino l-

5-cvanomethylcarbamoylpentylcarbamate (Compound 85); MS: (rn/z [mff+]) 672.4; 

benzyl 5-cyanomethylcarbamoyl-5-(1-furan;..2-ylmethyl-5-methoxy-2-methyl­

lH-indol-3-ylcarbonylamino)pentylcarbamate (Compound 86); MS: (m/z [mH+]) 586.8; 

25 N-O-cyanomethylcarbamoylpent-3-enyllbenzamide (Compound 87); NMR 300mHz 

(DMSQ..dJ, 8.67 (t, J=6H3, lH), 8.53 (d, J=8.5H3, lH), 7.86 (m, 2H), 7.50 (m, 3H), 5.3-

5.7 (m, 2H), 4.40 (m, lH), 4.12 (d, J=6H3, 2H), 2.3-2.6 (m, 2H), 1.57 (d, J=6.9H3, 3H); 

MS=271.8 M+=271.32; 

-72-



W000/55125 PCT/US00/06747 
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N-Cl-cyanomethylcarl>amoylpent-4-ellyhbenzamide (Compound 88); NMR 300mHz 

(DMSO-<ft,). 8.66 (m, lH), 8.57 (d, J=8.2H3, lH), 7.89 (m, 2H), 7.47 (m, 3H), 5.80 (m, 

lH), 4.9-5.05 (m, 2H), 4.4 (m. lH), 4.11 (d, J=2.SH3, 2H}, 2.1 (m, 2H), 1.83 (m, 2H); 

MS=271.8 M+=271.32; 

5 N-Cl-cyanomethy1carbamoylbuty0benzamide (Compound 89); NMR 300mHz 

(DMSO-<ft,), 8.66 (t, J=5.8H3, lh}, 8.53 (d, J=8.8H3, lH), 7.90 (m, 2H). 7 .46 (m, 3H), 

4.41 (m, lH), 4.12 (m, 2H), 1.70 (m, 2H), 0.87 (t, J=8H3, 3H); MS=259.8 M+=259.31; 

N-Cl-cyanomethylcarbamovlpent-4-ynyllbenzamide (Compound 90); NMR 300mHz 

(D~SO-dJ, 8.67 (t, lH}, 8.61 (d, J=8.5H3, lH), 7.91(m,2H), ~.50 (m, 3H), 4.5 (m, lH), 

10 4.12 (m, 2H), 2.83 (t, J=2.5H3, lH), 2.25 (m, 2H), 1.97 (m, 2H); MS=269.8 M+=269.30; 

2-chloro-N-CIS-cyanomethylcarbamoyl-2-cyclohexylethyllbenzamide 

(Compound 91); 

N.:.ns-cyanomethylcarbamoyl-2-cyclohexylethyll-2-iodobenzamide (Compound 92); . 

1HNMR (CDC13): 7.68 (t, J=6Hz, lH), 7.34 (m, 4H), 6.41 (d, J=8Hz, lH), 4.78 (m, lH), 

15 4.13 (d, J=12Hz, 2H), 2.0-0.8 {m, 13H); MS m/e 439.9; 

2-bromo-N-ClS-"cyanometbylcarbamoyl-2-cyclohexyletbyI>benzamide 

(Compound 93); 1HNMR (CDCh): 7.68 (t, J=S.7Hz, 1H), 7.58 (dd, J=3,12Hz, lH), 7.44 

(dd, J=2.l,12Hz, lH), 7.34 (m, 2H), 7.57 (d. J=8Hz, lH), 4.79 (m, lH), 4.13 (d, J=5.7Hz, 

2H), 2.0-0.8 (m, 13H); MS m/e 393.7; 

20 N-ClS-cyanometbylcarbamoylhexyllbenzamide (Compound 94); 1H NMR (DMSO): 

8.65 (t,J = 3Hz, lH), 8.54 (d,J = 8Hz, lH}, 7;91 (d,J =?Hz, 2H), 7.5 (m, 3H), 4.4 (m, lH), 

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-ClS-cyanomethylcarbamoyl-4-phenylbutyI>benzamide (Compound 95); 1H NMR 

(DMSO): 8.67 (t,J = 7Hz, 1H), 8.56 (d,J = 9Hz; lH), 7.88 {d,J = 9Hz, 2H}, 7.4 (m, 3H), 

25 7.2 (m, 5H), 4.45 (m, lH), 4.11(d,J=5Hz, 2H), 2.58 (t,J = 8Hz, 2H), 1.7 (m, 4H); MS: 

mle=335.9; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)2-methoxybenzamide 

(Compound 96); 

N-ClS-cyanomethyJ.carbamoyl-2-cyclohexylethyl)-3.4.5-trimethoxybenzamide 
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(Compound 97); 

benzyl lS-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate (Compound 98); 

isobutyl lS-cyanomethylcarbam2yl-~cyclohexylethylcarbamate (Compound 99); 

cyclohexylmethyl lS-cyanomethylcarbamoyl-2-cyclohexylethylcarbamic 

5 (Compound 100}; 

N-llS-cyanomethylcarbamoyJ-3-cyclohexylpmpyDbenzamide (Compound 101); 1H 

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

4.37 (m, lH}, 4.12 (m, 211), 1.9 - 0,08 (m, 15H); MS: mle = 328.3; 

· ·N-ClS-cyanomethylcarbamoyl-2-cyclohexylethy])-2-trifluoromethoxybenzamide 

10 (Compound 102); 1H NMR (CDC13): 7.90 (dd, J=3, lOHz, lH), 7.79 (m, lH); 7 .535 (m, 

lH), 7.395 (m, lH), 7.31 (m, HI), 6.92 (d,J=8Hz, lH), 4.74 (m, lH), 4.2 (dd,J=6,17Hz, 

lH), 4.1(dd,J=6,17Hz,1H), 0.8-1.8 (m, 13H)-; MS:m/e =397.9; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyll-3-trifluoromethoxybenzamide 

(Compound 103); 1H NMR (CDCl3): 7.68 (m, 2H), 7.44 (m, 3H), 7.03 (t,J=6.6Hz, lH), 

15 4.73 (m, lll), 4.38 (m, lH), 4.11(m,2H), 0.8:-1.8 (m. llH); MS:m/e=397.9; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-iodobenzamide 

' (Compound 104); 1HNMR (CDC13): 8.1 (t, J=2.8Hz, 1H). 7.87 (d,J=6.9Hz, lH), 7.70 

(d,J=7.7Hz, lH), 7.19 (t, J=l 7.5Hz, lH), 6.9 (m, lH), 6.44 (d,J=12Hz, lH), 4.63 (m, 111), 

4.21 (cld,J=9.6, 6.6Hz, lH), 4.1 (dd,J=9.6 ,6.6Hz, HI) 0.8-2.0 (m, 13H); MS:m/e =440.0; 

20 3-chloro-N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)benzamide 

(Compound 105); 1H NMR (CDC13): 7.5 (t, J=5.2Hz, IH), 7.65 (d, J=7.63Hz, lH), 7.51 

{d,J=6Hz, lH), 7.39 (t, J=8.8Hz, lH), 6.59. (d, ~=9.9Hz, HI), 2.0-0.8 (m, 13H); MS:m/e 

=348.0; 

2-methoxyethyl IS-cyanomethylcarbamoyl-2-cyclohexylethylcarbamate 

25 (Compound 106); 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)cyclohexanecarboxamide 

(Compound 107); 

N-cyanomethyl-3-cyclohexyl-2S-C2-(4-methoxyphenyJlacetylaminoJnropionamide 

(Compound 108)i 1H NMR (CDC13): 7.83 (t, J=6Hz, lH), 7.13 (d)=9Hz. 2H), 6.86 
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. . . Jm+ .. ·., 
(d,J=12Hz, 2H), 6.22 (d, J:::8Hz, lH), 4.55 (l'n, lH), 3.95 (m, 2H), 3.78 (s,J=OHz, 3H), 

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

N-(lR-cyanomethylcarbamoyl-2-cyclohexylethyll-2-methylsulfanylbenzamide 

(Compound 109); 1H NMR: (CDC13) 8.11 (t, J=5~5Hz, lH), 7.50 (d, J=7.5Hz, lH), 7.40 

5' (t; J=7.5Hz, lH), 7.30 (d, J=lHz, J=7.9Hz, lH), 7.17 (t, J=7.7Hz, 1H), 6.94 (d, J=8.4Hz, 

lH), 4.88 (m, lH), 4.16 (dd, J=5.7Hz, J=l7.3Hz, lH), 4.08 {dd, J=5.7Hz, J=17.3Hz, lH), 

2.46(s,3H),1.85-0.80(m,13H); MS: (M++l) 360; 

N-(lS-cyanomethylcarbamoyl-2-c,yclohexylethyl)-3.4-difluoro-benzamide 

(C~mpound 110); 1HNMR (CDC13): 7.5 (t, J=5.1Hz, lH), 5.88 (d, J=7.7Hz, lH), 4.49 (m, 

10 lH), 4.18 d, J=6Hz, 1H), 4.11 (d, J=6Hz, IH). 2.12-0.8 (m, 24H); MS:m/e=320.0; 

N-(lS-cyanomethylcarbamoyl-2-cyclohexylethyD-3-methoxybenzamide 

(Compound 111); 1H NMR: (CDC13)7.63 (m, 111), 7.37'-7.28 (m, 3H), 7.06 (m, lH), 6.76 

(d, J::7.7Hz, lH), 4.73 (m, lH), 4.20 (dd, J:::5.9Hz, J=l7.3Hz, lH), 4.07 (dd, J=5.7Hz, 

J=l7.3Hz, HI), 3.83 (s, 3H), 1.85-0.82 (m, 13H); ·MS: ~+ 1) 344; 

15 4-bromo-N-ClS-cyanomethylcarbamoyl-2-cycloheulethyllbenzamide 

(Compound 112); 1HNMR: (CDC13) 7.65-7.57 (m, 4H), 7.10 (m, lH), 6.48 (d, J=7.7Hz, 

. lH), 4.67 (m, lH), 4.21 (dd, J=5.9Hz, J=17.3Hz, lH), 4.12(dd,1=5.7Hz, J=17.3Hz, lH), 

1.85-0.82 (m, 13H);. MS: (M++l) 392/394; 

N-ClS-c,yanomethylcarbamoyJ-2-cyclohexylethyl}piperazine-1-carboxamide 

20 . (Compound 113); 

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

(Compound 114); 

3-bromo-N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyllbenzamide 

(Compound 115); 1H NMR.: (CD30D) 8.05 (s, lH), 7.83 (d, J=7.7Hz, lH), 7.71 (d, 

25 J=7.5Hz, lH), 7.40(t,1=7.9Hz, 1H), 4.67 (dd, J=6.9Hz, 1=8.7Hz, lH), 4.19 (d, J=l7.5Hz, 

lH), 4.11 (d, J=17.3Hz, lH), 1.85-0.82 (m, 13H); MS: (M++l) 392/394; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-methylbenzamide 

(Compound 116); 1H NMR (DMSO): 7.64 (t, lH), 7.25 (m, 4H), 6.43 (d; J=12Hz, lH}, 

4.67 (m, lH), 4.13 (m, 2H), 2.4 (s, 3H), 2.0-0.7 (m, 13H); MS m/e 327.8; 
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N-OS-cyanomethylcarbamoyl-2-cyclohexylethyDpentanamide (Compound 117); 1H 

NMR (CDC13): 8.11 (t, lH). 6.53 (d, J=8Hz, lH), 4.59 (m, lH), 4.10 (m, 2H), 2.21 (t, 

1=4.5Hz, 2H), 1.8-0.8 (m, 20H); MS m/e 293.8; 

N-ClS-cyanomethylcarbamoyJ-2-cyclohexylethyll-2-methylbenzamide 

5 (Compound 118); 1HNMR (CDCl3): 7.91 {d, J=5.7Hz, lH), 7.23 (m, 4H), 6.50 (t, J=3Hz, 

lli), 4.76 {m, lH), 4.05 {s, J=l8Hz, HI), 2.38 {d, 3H), 2.0-0.8 (m, 13H); MS m/e 328; 

N-ClS-cyanomethylcarbamoyJ-2-cyclohexyletbyl)thiophene-3-carboxamide 

(Compound 119); 1H NMR (CDC13): 8.1(m,2H), 7.32 (m, t, 2H), 7.08 (d, J=7.9Hz, lH), 

4.73 (m; lH), 4.05 (dd, J=6,17Hz, 2H), 2.0-0.8(m,13H); MS m/e.319.80; 

1 O 2S-C2-(4-benzylox;mhenyllacet;ylaminol-N-cyanomethyl-3-cyclohexylpro.pionamide 

(Compound 120); 1H NMR (CDC13): 7.8 (t, lH). 7.5-6.9 (rn, 9H), 6.10 {d, J=8Hz, lH), 5.0 

(s, 2H), 4.5 (m, lH), 3.95 {m, 2H), 3.5 (s, 2H), 1.9-1.0 {m, 13H); MS mle 434.97; 

N-cyanomethyl-3-cyclohe.x.yl-2S-C2-C2-methox;mhenyl)acetylamino)propionamide 

(Compound 121); 1H NMR (CDC13): 7.58 (t, J=7.8Hz, lH), 7.23 (m, 2H), 6.91 (m, 2H), 

15 6.21 (d, J=7.2Hz, IH), 4.44 {m, lH), 3.94 (d, J=S.7Hz, 2H), 3.84 (s, 3H), 3.60 (d, J=8Hz, 

HI), 3.49 (d, J=8Hz, lH), 1.8-0.5 (m, 13H); MS m/e 357.89; 

N .. cyanomethyl,.3-cyclohexyl-2-[2-<4-phenox)!Dhenyllacetylamino]propionamide 

(Compound 122); 1H NMR (CDC13): 7.55 (t, I=3Hz, lH), 7 .4-6.9 (m,9H), 6.04 (d, 

J=8.8Hz, UI), 4.47 (m, lH), 4.02 (d, J=6Hz, 2H), 3.54 {s, 2H), 2.0-0.6 {m, 13H); MS m/e 

20 419.94; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)isonicotinamide (Compound 123); 

1H NMR (DMSO): 8.68 (d, J=4.5Hz, 2H), 8.2 (t, J=6.3Hz, lH), 7.85 (d, J=7.9Hz, lH), 

7.66 (d, J=4.7Hz, 2H), 4.80 (m, lH), 4.12 (d, J=6Hz, 2H), 2.0-0.7 (rn, 13H); MS mle 

314.8; 

25 N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)thiophene-2-carboxamide 

(Compound 124); 1HNMR: (CDC13) 8.55 (t, J=5.5Hz, lH), 7.75 (d, J=7.7Hz, lH), 7.64 

(dd, J=lHz, J=4Hz, lH), 7.48 (dd, J=lHz, J=5Hz, Hl), 7.04(dd,1=5Hz, J=4-Hz, lH), 4.82 

(q, J=7.5Hz, lH), 4.13 (dd, J=5.9Hz, J=l7Hz, lH), 3.93 (dd, J=5.7Hz, J=17Hz, IH), 1.80-

0.84 (m, 13H); MS: (M++l) 319.8; 
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N-{lS-cyanomethylcarbamoyl-2-piperidin-4-ylethyl)benzamide (Compound 125); 

N-ClS-cyanomethylcarbamoyl-2-0-fonnyl-lH-indol-3-yllethyllbenzamide 

(Compound 126); 

N-ClS-cyanomethylcarbamoyl-2-Cl-fonnyl-lH-indol-3-yllethyll-4-fluorobenzamide 

5 (Compound 127); · 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyllnicotinamide (Compound 128); 1H 

NMR (CDC13): 9.01 (d, J=4Hz, lil), 8.72 (m, lH), 8.11 (m, lH), 7.83 (t, J=3Hz, lH), 7.39 

(m, 2H), 4.77 (m, lH), 7.14 (m, 2H), 2.0-0.6 (m,.13H); MS m/e 314.88; 

tert-butyl 3-llS-cyanomethylcarbamoyl-

10 2-cyclohexylethylcarbamoyl}phenylcarbamate (Compound 129); 

N-ClS-cyanomethylcarbamoyl-

2-ll-formyl-lH-indol-3-yllethyll-4-hydroxybenzamide (Compound 130); 

N-ClS-cyanomethylcarbamoyl-2-cyclohe:x,yJethyll-lH-indole-5-carboxamide 

(Compound 131); 1H NMR (CDC13): 11.32 (s, lH), 8.64 (t, J=6Hz,.1H), 8.35 (d, J=9Hz, 

15 lH), 8.22 (s, UI), 7.68 (dd, J=3,10Hz, lH), 7.42 (m, lH), 6.54 (m, lH), 4.54 (m, HI), 

4.12 (d, J=5.7Hz. 2H), 2.0-0.7 (m. 13H); MS m/e 352.86; 

N-ClR-cyanomethylcarbamoyl-2-cyclohexylethyl)-4-methylsulfanylbenzamide 

(Compound· 132); 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethy}}-3-fluorobenzamide 

20 (Compound 133); 1H NMR (CDC13): 7.18-7.79 (m, lH), 4.70 (dd,J=13.3, 7.2Hz, lH), 

4.28 (dJ=7.7Hz, lH), 4.22 (dJ=7.4Hz, lH), 3;78 (m, 2H), 3.03 (dd,1=14.1, 6.2Hz, lH), 

2.84 (J=14.l, 7.2Hz, lH); MS: m/e=371.88; 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethy])-4-fluorobenzamide 

(Compound 134); 1H NMR (CDC13): 7 .74 (m, 2H), 7 .47 (t,J=5.9Hz, lH), 7 .29 (m, 4H), 

25 7.09 (m, 4H), 4.72 (dd)=13.6, 6.9Hz, lH), 4.11 (m, 2H), 3.77 (s, SH), 3.02 (dd,J=l3.8, 

6.2Hz, lH), 2.83 (dd,J=l3.8, 7.2Hz, lH); MS: m/e=371.79; 

N-ClS-cyanomethylcarbamoyl-2-( 4-methoxybenzylsulfinyl)ethyllbenzamide 

(Compound 135); 1H NMR (DMSO): 8.94 (d,J = 8Hz, lH), 8.87 (d) = 6Hz, lll), 7.87 

(d,J = 7Hz, 2H), 7.5 (m, 3H), 7.24 (d,J = lOHz, 2H), 6.93 (d,J = IOHz, 2H), 4.80 (dd,J = 
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4,12Hz. lH), 4.14 {d,J = 14Hz, lH), 4.13 (s, 2ll), 3.99 (d,J = 14Hz, lH), 3.74 (s, 3H), 

3.16 (dd,J = 12,14Hz, lH), 3.07(dd,J=14,4Hz, 111); MS: rn/e = 400.00; 

N-ClS-cyanomethylcarbamoyl-2-cvclohexylethyl)-4-methylbenzamide 

(Compound 136); 1HNMR (DMSO): 7.7 (t, lH), 7.65 (d, 2H), 7.25 (d, 2H), 6.65 (d, lH), 

5 4.75 (m, lH), 4.2 (dd, lH), 4.03 (dd, lH), 2.4 (5, 3H), 2-0.8 (m, 13H); MS: m/e 328.8; 

N-ClS-cyanomethylcarbamoyl-2-cyclo~exylethyJ).,.3-phenoxybenzamide 

(Compound 137); 1H NMR (CDC13): 8.49 (t, J~5.5llz, 1H), 7.75 (dd, J=10,8.5Hz, HI), 

7 .6-6.9 (m, 9H), 4.84 (m, 111), 3.95 (m, 2H), 2.0-0.8 (m, 13H); MS:m/e =405.93; 

3-benzoyl-N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyllbenzamide 

10 (Compound 138); 1HNMR (CDCl:J: 8.19 {t, J=3Hz, lH), 8.0 (m, Ill), 7.89 (d,J=8.8Hz, 

lH), 7.76-7.4 (m, SH), 6.88 (m, lH), 4.74 (m, lH),4.19 (dd,J=6,6.3Hz, lH), 4.08 

(dd,J=6,6.3Hz, lH), 2.0-0.8 (m, 13H); MS:m/e =417.95; 

N-C2-benzylsulfany1-1R-c,yanomethylcarbamoylethyllthio.phene-3-carboxamide 

(Compound 139); 

15 3-acettl-N-ClR-cyagomethylcarbamoyl-2-cyclohexyletbyllbenzamide 

(Compound 140); 1H NMR: (CDC13) 8.33 (t, J=l.5Hz, lH), 8.08 (cit, J=1.7Hz, J=7.7Hz, 

lH), 7.99 (dt, J=l;7Hz, 1=7.9Hz. lH), 7.55 (t, J=7.7Hz, lH), 7.45 (t, J=6.7Hz, 1H), 6.92 

(d, J=7.9Hz, lll), 4.74 (m. lH}, 4.23-4.05 (m, 2H), 2.63 (s, 3H), 1.90-0.84 {m, 13H); 

MS: (M++l) 355.8; 

20 N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethyB-4-methoxybenzamide 

(Compound 141); 1H NMR (CDCl~: 7.81 (t,J=5.7Hz,1H), 7.70 (dt,J=S.9, 2.2Hz, 2H), . 

7.20-7.32 (m,J=5H), 7.04 (d,J=7.7Hz, 111), 6.89 (dt,J=8.9, 2.0Hz, 2H), 4.82 (ddJ=14.1, 

6.7Hz, lH), 4.08 (d,1=5.7Hz, 2H), 3.83 (s, 3H), 3.74 (s, 2H), 3.00 (dd,J=l3.9, 6.7Hz, lH), 

2.86 (dd,J=l3.9, 6.7Hz, lI{); MS: m/e=383~80; 

25 N-(2-benzylsulfanyl-lR-cyanomethylcarbamoylethyllfuran-2-carboxamide 

. (Compound 142); 1HNMR (CDCl:J: 7.49 {~, lH), 7.24~7.39 (~ 5H), 7.14 (m., lH), 

7.04 {m,J= 2H), 6.53 (dd,J 3.7, 1.7Hz, lH), 4.64 (m, lH). 4.13 (dd,J=5.9, 1.2Hz, 2H), 

3.79 (dd,J=16.l, 13.6Hz, 2H), 3.03 (ddJ:;::l4.1, 5.9Hz, lH), 2.80 (dd,J=14.3 6.9Hz, lH); 

MS:m/e=343.84; 
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N-(2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)f~ran..;3-carboxamide 

(Compound 143); 1H NMR: 8.33 (t) =5.45Hz, lH), 7.16-7.28 (m, SH), 5.41 (d) = 

7.2Hz, lH), 4.52(dd,J=13.9,6.7Hz, lH), 4.06 {d,J = 5.7Hz, 2H), 3.68 {s, 2H), 3.10 (s, 

3H), 3.05 {m, lH), 3.00 {s, 3H), 2.80 (m= lH); MS (320.74); 

5 N~(2-beneylsulfanyl-1R-cyanomethylcarbamoylethyl}2-methoxybenzamide 

(Compound 144); 1H NMR (CDC13): 8.75 (D,J=6.9Hz, IH), 8.14 (DDJ=2.0 7 .9Hz, lH), 

7.50 (m, IH), 7.20-7.35 (m, 6H), 7.12 (m, lH}, 4.78 (dd,J = 12.6, 6.2Hz, lH), 4.19 (dd, 

J=l2.6 6.2Hz, lH), 4.07 (dd,J=l3.5, 5.4Hz, IH), 3.97 (s, 3H), 3.80 (d,J=3.2Hz, 2H), 3.08 

{dd~ 1=14.0, 3.7Hz, IHO, 2.86 (dd, J=14.l, 6.7Hz~ IH); MS:m/e=383.93; 

1 o N-(2-beney1su1fanyl-1R-cyanomethylcarbamoylethyll-3-methoxybenzmnide 

(Compound 145); 1HNMR (CDC13}: 7.96 (t,J =S.7Hz, lH}, 7.16-7.36 (m, SH), 7.05 (m, 

lH), 4.80 (m, lH), 4.08 (d,J =5.7Hz• lH), 3.80 (s, 31{), 3.77 (s, 2H), 2.98 {dd, J=13.9, 

6.4Hz, lH), 2.86 (dd, J=6.9, 3.9Hz, lH}; MS: m/e=383.77; 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)momholine-4-carboxamide 

15 {Compound 146); 1H NMR (CDC13): 7 .45 (m, lll), 7.23 (m, SH), 5.28 (m, lH}, 4.39 (m, 

lH), 4.16 (dd,J = 17.6,5.9Hz, lH), 4.06 (dd,J = ll.l,S.5Hz, lH), 3.74 (s, 2H), 3.67 {t,J = 

4.9Hz, 4H), 3.31(m,4H}, 3.00(dd,J=14.l,6.4Hz, lH), 2.77(dd,J=13.8,6.7Hz, lH); 

MS: (362.86}; 

6-amino-N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethyllnicotinamide 

20 (Compound 147}; 1H NMR (CDC13): 8.42 {d,J=2.5Hz, lH); 7.80 (dd,J=8.7 2.5Hz, lH), 

7.18-7.30(m, SH), 6.46 {dd,J=9.4 0.7Hz, lH), 4.64 (t,J=6.9Hz, lH, 4.08 (s,2H), 3.70(S, 

211}, 2.80 (M, 2H);MS: m/e=369;4474; 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-3.,pyrid-3-ylaczylamide 

{Compound 14S); 1H NMR (CDC13): 8.72 (d)=2~2Hz, lH), 8.54(J=4.7 1.5Hz, lH}, 7.82 

25 {dt,J=7.9, 2.2Hz, lH), 7.57 (d)=15~6Hz, lH), 7.18-7.38 (m, 6H), 6.48 {d,J=15.8Hz, lH), 

4.61 (m, H), 4.10 {s, 2H), 3~73 (s, 2H}, 2.80 (m, 2H); MS: m/e=380.4706; 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethy])naphthalene-2-carboxamide 

(Compound 149); 1HNMR (CDC13}: 8.28 (m, lH), 7.90 (m, 3H}, 7.78 (dd,J = 8.4,1.SHz, 

lH), 7.57 (m, 2H), 7.17-7.38 (m, 6H), 7.13 (J= 7.2Hz, lH}, 4.77 (m, lH}, 4.14 (d,J = 
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5.9Hz, 2H), 3.81(s,2H), 3.12(dd,J = 14.l,5.9Hz, lH), 2.88 (dd,J = 14.l,7.2Hz, lH); MS 

(403.92); 

N-{2-benzylsulfanyl-lR-cyanomethylcarbamoylethyllbenzofuran-2-carboxamide 

(Compound 150); 1H NMR (DMSO): 7 .6~ (dt,J = 7.9,l.2Hz, lH), 7.16 - 7 .54 (m, 9H). 

5 4.74 (m, lH), 4.15 (d,J = 6Hz,2H), 3.80 (dd,l::: 15.3,13.6Hz, 2H), 3.07 (dd,J = 

14.l,5.9Hz, IH); 2.87 (ddl = 14.1,7~1Hz, ~H); MS (393.83); · 

N-{2-benzylsulfanyl-lR-cyanomethyJcarbamoylethyllbiphenyl-4-carboxamide 

(Compound 151); 1H NMR (CDCl:J: 7.81(dt,J=8.7,l.5Hz,2H), 7.66 (m. 2H), 7.59 (m, 

2H), 7 .26 - 7 .49 (m, 7H), 7 .02 (d,J = 7 .2az. lffl, 4.73 (m, lH), 4.14 (dd,J = 5.9,1.2Hz, 

10 2H), 3.80 (s, 2H), 3.10 (dd,J = 14.0,7.2Hz, lH), 2.8~ (dd,J = 14,l,7.2Hz, lH); MS 

(429.99); 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethy])benzo[1.3Jdioxole-5-carboxami 

de (Compound 152); 1H NMR (CDC13): 7.21"'."'"7.38 (m, 7H), 6.82 (d,J = 8.2Hz, lH), 6.82 

{m, 111), 4.67 (dd,J = 13.3,6.9Hz,1H), 4.11 {dd,J = 5.7,1.6Hz, lH), 3.77 (s, 2H), 3.03 

15 (dd,J = 14.l,6.2Hz, lH), 2;82 (dd,J = 14.l,6.9Hz,1H); MS (397.82); 

N-C2-tert-buty1sulfany1-1R-cyanomethylcarbamoylethyllbenzamide (Compound 153); 

1H NMR (DMSO): 8.77 (t,J = 6Hz, lH), 8.69 (d,J = 9Hz, lH), 7.89 (d,J = 7Hz, 2H), 7.5 

(m, 3H), 4.58 (m, lH), 4.13 (t,J = 3Hz, 2H), 3.02 (dd,J = 6,14Hz, lH), 2.90 (dd,J = 

10,14Hz, lH), 1.27 (s, 9H);.MS: mle= 319.80; 

20 N-ClR-cyanomethylcarbamoyl-3-phenylsulfanylpro.p,yllbenzamide (Compound 154); 

1H NMR (DMSO): 8.7 (m, 2H), 7.92 (d,J = 7Hz, 2H), 7.53 (m, 3H), 7.3 (m, 4H), 7.2 (m, 

HI), 4.6 (q,J = 7Hz, lH), 4.13 (d,J = 6Hz, 211), 3.0 (m, 2H), 2.05 (m, 2H); MS: m/e = 

353.83; 

. N-ClS•cyanomethylcarbamoyl-2-cyclohexylethyJ)-3-methylthiouhene-2-carboxamide 

25 ·(Compoood 155); 1H NMR: (CDCl3) 7.75 (t, J=6Hz, IH), 7 .32 (d, J=5Hz, lH), 6.90 (d, 

1=5Hz, lH), 6.30 (d, J=7.9Hz, lH), 4.72 (m. lH), 4.19 (dd, J=5.7Hz, J=l7.5Hz, lH), 4.05 

(dd, J=5.7Hz, l=17.3Hz, 1H), 2.51(s,3H), 1.85-0.85(m,13H); MS: ~+l) 333.9; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyll-5-metbylthio.phene-2-carboxamide 

(Compound 156); 1H NMR: (CDCI3) 8.14 (t, J=5.7Hz, lH), 7.39 (d, J=3.7Hz, lH), 6.93 
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(d, J=7.9Hz, lH), 6.72 (dd, J:f:::lHz, J=3.7Hz, 111), 4.74 (m, lH), 4.17 {dd, J=5.9Hz, 

J=l7Hz, 1H), 3.97 (dd, J=5.5Hz, 1=17.lHz, lH), 2.50 (s, 3H), 1.80-0.82 {m. 13H); MS: 

(M++t) 333.8; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)-3-chlorothiophene-2-carboxatnide 

5 (Compound 157); 1HNMR: (CDC13) 7.52(d,1=5~2Hz. lH), 7.43 (t, J=5.7Hz, lH), 7.32 

(d, J=7.4Hz, lH), 7.01(d,1=5.2Hz, lH), 4.68 (m, lH), 4.23 (dd, J=5.9Hz, J=l7.5Hz, lH), 

4.08 (dd, J=6Hz, J::::l7.3Hz,.1H), 1.90-0.85 (m, 13H); MS: (M++l) 353.8; 

N-ClS-cyanamethylcarbamoyl-2-cyclohexylethyll-3-chlorobenzoCblthio.phene-

2-c~boxamide (Compound 158); 1H NMR: (CDCl3) 7.90-7.78 (m, 3H), 7.65 (d, J=7.9Hz, 

10 lH), 7.51-7.42 (m, 2H), 4.86 (q, J=8Hz, lH), 4.28 (dd, J=5.9Hz, J=17.3Hz;lH), 4.12 (dd, 

J=5.7Hz, J=17.3Hz~ IH), l.90-0.85 (m, 13H); MS: (M++l) 403.8; 

N-ClS-cyanometbylcarbamoyl-2-cyclohexylethyl)-5-chlorothio:ghene-2-carboxatnide 

(Compound 159); 1H NMR: (CDC13) 8.18 (t, J=5.7Hz, lH), 7.62 (d, J=7.9Hz, lH), 7.40 

(d, J=4Hz, lH), 6.88 (d, J=4Hz, IH), 4.70 (q, J=7.7Hz, lH), 4.14 (dd, J:::5.7Hz, J=l7Hz, 

15 lH), 4.05 (dd, J=6Hz, J=17Hz, lH), 1.80-0.84 (m, 13H); MS: (M++l) 353.8; 

N-ClS-cyanomethylcarbmiloyJ-2-cyclohexylethyll-3-bromothiophene-2-carboxamide 

(Compound 160); 1H NMR (CDCh): 7.55-7.39 (m, 3H), 7.07 (d,J=5.5Hz, lH), 4.68 (m, 

lH), 4.25 (dt, lH), 4.08 (dt, lH), 2.0-0.8 (m, 13H); MS:m/e =399.74; 

N-{lS-cyanomethylcarbamoyl-2-cyclohexylethyll-5-bromothiophene-2-carboxamide 

20 (Compound 161); 1HNMR (CDCl3): 8.18 (t, J=5.4Hz, lH), 7.62 (d, J=3.5Hz, Ul), 7.37 

(d, J=4;0Hz, lH), 7.04 (d; J=4;0Hz, lH), 4.70 (dd, J=7.2, 18.7Hz, lH), 4.15(dd,1=5.7, 

17.8Hz, lH}, 4.05(dd,J=S.7,17.8, lH), 1.5-1.8 (m, 7H), 0;8-1.50 {m, 6H); MS: m/e (+l) 

399.83; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)benzoCblthigphene-2-carboxamide 

25 (Compound 162); NMR (MeOH): 8.06 (s, lH}, 7.91(m,2H), 7.43 (m, 2H), 4.64 (dd, 

1=6.1, 8.?Hz, lH), 4.21 (d, J=l7.3Hz~ lH), 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-ClS-cyanomethylcarbamoyl-2-cyclohexyletbyll-3-ethoxybenzamide 

(Compound 163); 1H NMR {MeQH): 8.50 {d, J=7.4Hz, lH), 7.3-7.43 (m, 3H), 7.07 (d, 
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J=8.2Hz, lH), 4.64 (dd, J=7.7, 19.2Hz, 2H), 4.15 (cl, J=4.2Hz, 2H), 4.09 (d, J=6.9Hz, 

lH), 4.04 (d, J=6.9Hz, lH), 1.35 (t,J=7.0, 3H), 0.9-1.9 (m, 13H); MS: m/e (+l) 357.94; 

ten-butyl 3-ClS-cyanomethylcarbamoyl-3-methylbutylcarbamoyl}phenyJcarbamate 

(Compound 164); 

5 ten-butyl 3-C2-benzylsu1fanyl-

1R-cyanomethylcarbamoylethylcarbamoyl)phenylcarbamate (Compound .165); 

N-Cl-cvanom.etbylcarbamoyl,.3-phenox:xpronyHbenzamide (Compound 166); 1H 

NMR (DMSO): 8.71(m,=2H). 7.90 (d,J =J4Hz, 2H), 7.5 {m, 3H), 7.25 (m. 2H), 6,9 (m, 

3H} .• 4.65 (m, lH), 4.14 (d,J = 6Hz, 2H), 4.04 (m, 2H), 2.25 (m, 2H); MS: m/e = 337.84; 

10 tert-butyl 1S-cy.anomethylcarbamoyl-2-C4-nitrQphenyDethylc8rbamate 

(Compound 167); 

N-O-cyanometbylcamamoyl-5-fluoro,pentyllbenzamide (Compound 168); 1H NMR 

(DMSO): 8.69 (t,J = 6Hz, lH). 8.57 (d,J = 8Hz, lH), 7~90 (d,J = 7Hz, 2H), 7.5 (m, 3H), 

4.42 (dt,J = 52,6Hz, 2H), 4.43 (m, HI), 4.13 (s, 2H), 1.83 -1.3 (m, 6H); MS: m/e = 
15 291.84; 

tert-butyl 3-ClS-cyanomethylcarbamoylpentylcarbamoyl).phenylcarbamate 

(Compound 169); 

tert-butyl 3-cyanomethylcarbamoylmethylcarbamoylphenylcarbamate 

(Compound 170); ·. 

· 20 N"'-(2-benzylsulfanyl-lR-cyanomethylcarbamoylethyllguinoline-3-carboxamide 

(Compound 171); 1H NMR (DMSO): 9.30 (d,J = 2.5Hz,1H), 8.58 (d,J = 2.SHz, lH), 8.16 . 

(d,J = 8.7Hz, lll), 7.90 (d,J = 9.2Hz,1H), 7.83 (td,J = 8.7,1.SHz, lH). 7.63 (td,J =- · 

6.9,1.2Hz, lH), 7.17 - 7.42 (m, SH}, 4.77 (dd,J = ll.8,7.2Hz, lH), 3.81 (s, 2H), 3.12 

(dd,J = 13.9,6.2Hz, lH), 2.90 (dd,l= 14.0,7~4Hz, lH); MS (404.77);. 

25 tert-:-butyl 3-C1S-cyanomethylcarbamoyl-. 

2-cyclohexylethylcarbamoylbenzyDcarbamate (Compound 172); 1H NMR (CDC13): 8.15 

(bt, J=5.45Hz, lH), 7.63 (d, J=8.1Hz. 2H), 7.43 (d, J=7.7Hz, lH}, 5.18 (s, lH}, 4.81 (dd, 

J=8.4, 18.8Hz, lH), 4.25 (d, J=5.2Hz, 2H), 4.15 (dd,J=5.9, 17.IHz, lH), 3.98 (dd, J=5.9, 

17.lHz, lH), 1.45 (s, 9H), 0.8.,.1.9 (m, 13H); MS: m/e (+l) 357.94; 
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3-acet,ylamino-N-ClS~cyanomethylcarbamoyl-2-cyclohJxylethyl)benzamide 

(Compound 173); 1HNMR (CDC13): 8.43 (s, lH), 8.32 (s, lH), 7.94 (3, J=7.92Hz, 1H), 

7.59 (s, lH), 7.54 (s, lH), 7.38 (d;J=7.9Hz, lH), 4.83 {dd, J=7.4, 15.3Hz, lH), 4.23 (dd, 

J=5.7, 17.3Hz, lH), 4.06 (dd, J=S.7, 17.3Hz, lH), 2.14 (s, 3H), 0.95-1.90 (m, 13H); MS: 

5 . m/e=370.85; 

2S-£2-(4-butoxwhenyl)acetylaminol-N-cyanomethyl-3-cyclohexylprqpionamide 

(Compound 174); NMR (MeOH): 7.19(d,1=8.9~ 2H), 6.84 (d, J=8.9Hz, 2H), 4.38 (dd, 

1=5.9, 9.4Hz, lH), 4.12 (d, J=2.2Hz, 2H), 3.94(t, J=6.4Hz, 2H), 3.60 (d, J=14.1Hz, lH), 

3.4~ {d, J;:::l4.1Hz, lli), 1.40-1.78 (m, 4H), 1.05-1.3 (m, 3H)~ 0.95 (t, J=7.4Hz, 3H); MS: 

10 . ·m1e=399.95; 

· N-ClS-cyanomethylcarbamoyl-2-(4-nitmphenyllethyllmorpholine-4-carboxamide 

(Compound 175); 

N-cyanomethyl-3-cyclohexyl-2S-(3-naphth-2-ylureido)l}mpionamicle 

(Compound 176); 

15 N-cyanomethyl-3-cyclohexyl-2S-<3-hexylureido)pro_pionamide (Compound 177); 

2S-(3-allylureidol-N-cyanomethyl-3-cyclohexylpmpionamide (Compound 178); 

N-cyanomethyl-3-cyclohexyI.:.2S-C3-(2.2A-trimethylpentyllureido]propionamide 

(Compound 179); 

N-(2-benzylsulfanyl-lR-cyanomethylcarbamoylethyllguinoline-2-carboxamide 

20 (Compound 180); 1H NMR (CDCh): 8.90 (d,J = 7.8Hz,1H), 8.35 {m, lH), 8.22 (m, 3H), 

7.89 (m, lll), 7.81(td,J=7.2,l.7Hz, lll)~ 7.66 (td,J = 6.9,1.0Hz, lH), 7.37 (m, 2H), 7.14 

-7.32 (m, 3H), 4.77 {m, lH), 4.16 (m, 2H), 3.82 (s; 2H), 3.11 (dd,J =14.l,6.2Hz, lH), 

3.00(dd,J=14.l,6.9Hz, lH); MS (404.8); 

3-benzylsulfanyl-N-cyanomethyl-2R~C3.3-climethylureido),prqpionamide 

25 (Compound 181); 

3-benzoyl-N-(2-benzylsulfanyl-lR-cyanomethylcarbamoylethyl)benzamide 

(Compound 182); 1H NMR (CDC13): 8.19 (t,J = l.6Hz,1H), 7.96 (m, 2H), 7.78 (m, 2H), 

7.61(m,2H), 7.51(m,2H), 7.23-7.37 (m, SH), 6.99 (d,J = 6.2Hz, 2H), 4.64 (m, lH), 

4.13 (dd,J = 5.9,1.0Hz, 2H), 3.80 (d,J = 2.5Hz, 2H), 3.09 (dd,J = 14.l,6.9Hz, 2H), 2.81 
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(dd,J = 14.l,7.7Hz, lH); MS (457.81); 

N-C1S-cyanomethylcarbamoy1-2-cyclohexylethyll-

5-pyrid~2-ylthio.phene-2-carboxamide (CQmpol}nd 183); 1H NMR (CDC13): 8.55 (d, 

J=4.95Hz, II-I), 8;05 (5, J=5.4Hi, lH), 7.67-7.73 (m, 2H), 7.62 (d, J=4;0Hz, 1H), 7.54 (d, 

5 J=4.0Hz, lH), 7.21 (m, lH), 7.11 (d, J=7.9Hz, lH), 4.77 (dd, J=8.4, 14.3Hz, lH), 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: mle=396.8; 

N-ClS-cyanomethylcarbamqyl-2-cycloheulethyl)-

4-methoxythiophene-3-carboxamide (Compound 184); 1H NMR (CDC13}: 8.04 (d, 

J=3:7Hz, 2H), 7.74 d, J=7.4Hz, lH), 6.35 (d; J=3.4Hz, lH}, 4.68 (dd, J=8.4, 13.9Hz, lH), 

10 4.18 (dd, J= 6.2, 173Hz, 1H), 4.12(dd,1=6.2, 17.13Hz, lH). 3.91(s.3H), 0.8-1.9 (m, 

13H); MS: m/e=349.78; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)-

3-C3-methylbenzoyllaminobenzamide (Compound 185); 1HNMR (CDC13): 8.47 (s, lH), 

8.30 (t, J=5.4Hz, lH), 7.98 (d, J=8.2Hz, lH), 7.84 (s, lH), 7.68 (m, 2H), 7.2-7.48 (m, 

15 4H), 4.84 (dd, J=8.2, 14.6Hz, lH), 4.26 (dd, J=6.2, 17.3Hz, lH), 4.02 (dd, J=6.2, 17.3Hz, 

lH), 2.35 (s, 3H), 0.8-1.9 (m, 14H); MS; JD1e=446.90; 

. 2S-C3-phenylsulfonylureido)-N-cyanomethyl-3-cyclohexylpropionamide 

(Compound 186); 

4-benzoyl-N-(2-benzylsulfanyl-lR-cyanomethyl~arbamoylethyl)benzamide . 
20 (Compound 187); 1H NMR (CDC13): 8.348 (HI), 8.11 (d,J = 6.6Hz, lH), 7 .95 (d,J = 

6.2Hz, lH), 7.56 (m, lH), 7.14- 7.54 (m, 7H), 4.73 (m, lH), 4.16 (d,J = 5.9Hz, 2H), 3.80 

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

(459.86); 

N-[2-C4-aminophenyll-1S-cyanomethylcarbamoylethyllmm;:pholine-4-carboxamide 

25 (Compound 188); 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamQYlethyllnicotinamide (Compound 189); 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethyllisonicotinamide 

(Compound 190); 

2S-C3-tert-butylureidol-N-cyanomethyl-3-cyclohexylpropionamide 
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(Compound 191); 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)-4-methylpentanamide 

(Compound 192); 1H NMR (CDCl3): 8.25 (t, J=5.7Hz, lH), 6.60 (d, J=8.2Hz, lH}, 4.60 

(dd, J=8.7, 14.6Hz, lH), 4.12 (dd, J:::!5.7, 14.SHz, lH), 4.04(dd,1=5.1, 14.8Hz, lH), 2.20 

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

N-ClS-cyanomethylcarbamoyl-2.,.cyclohexylethyllcyclopent-l-enecarboxamide 

(Compound 193); 1H NMR (CDC13): 7.79 (t, J=5.9Hz, HI), 6.49 (m, lH), 6.08 (d, 

J=7.9Hz, lH), 4.58 (dd, J=8.4, 14.6Hz, lH), 4.17 (dd, J=S.9, 17.3Hz, lH), 4.04 (dd, 

J=5.9, 17.3Hz, lH), 2.52 (m, 4H), 2.0 (m, 2H), 1.68 (m, SH), 0.8-1.4 (m, SH}; MS: m/e 

10 (+1) 303.82; 

tert-butyl 2-benzylsulfanyl-lR-cyanomethylcarbamoylethylcarbamate 

(Compound 194); 

N-ClS-cyanomethylcarbarooyl-2-cyclohexylethyl)-lH-imidazole-4-carboxamicie 

(Compound 195); 1H NMR (DMSO): 8.10 (s, lH), 7 .60 (m, 4H), 4.62 (m, lH), 4.10 (d, 

15 J=7.2Hz, 2H), 0.8-1.90 (m, 13H); MS: m/e (+1) 303.79; 

N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)-cyclopentanecarboxamide 

(Compound 196); 1HNMR (DMSO): 7.88 (t, J=5.45Hz, IH), 6.15 (d, J=8.17Hz, lH), 

4.55 (dd, J=8.7, 14.6Hz, 1H), 4.16 (dd, J=S.7, 17.3Hz, 111), 4.06 (dd, J=5.7, 17.3Hz, lB), 

2.65 (m, lH), 0.8-1.95 (m. 21B); MS: m/e (+1)305.91; 

20 N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyllcyclohex-1-enecarboxamide 

(Compound 197); 1H NMR (DMSO): 7~65 (t,J=5.2Hz, lH), 6.69 (m, lH), 6.02 (d, 

J=7.7Hz, IH), 4.56 (dd, J=8.7, 14.lHz, lH), 4.17 (dd,J=5.9, 17.3Hz, lH), 4.05 (dd,J=5.9, 

17.3Hz, lH), 2.19 (m, 4H), 1.48-1.85 (m, 13H), 0.8-1.4 (m, 4H); MS: m/e (+1) 317.86; 

N-ClS-cyanoinethylcarbamoyI.;.2-cyclohexylethyl):-5-methylsulfanylthiophene-

25 2-carboxamide (Compound 198); 1H NMR (CDC13): 8.12 (t, J=5.4Hz, 1H), 7.42 (d, 

J=4.0Hz, IH), 7.18 (d, J=7.7Hz, lB), 6.9 (d, J=4.0Hz, lH), 4.73 (dd, J=8.2, 14.6Hz, lH), 

4.18 (dd, J=8.2, 14.6Hz, lH), 2.55 (s, 3H), 1.75 (m, 8H), 0.8-1.5 (m, 6H); MS: m/e (+1) 

365.77; 

N-OS-cyanomethylcarbamoyl-2-cyclOhexylethyDisobutyramide (Compound 199); 1H 
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(Compound 209); 1H NMR cDMSO): 8.8-8.2 (m, 4H), 8.1 (d,J=6.8Hz, lH), 7.5 

(t,J=6.8Hz, 1H), 4.9 (m, lH),4.45 (dd,J=6,6, 1H), 4.25 (dd,J=6,6, lH), 2.0-0.8 (m, 13H); 

MS:m/e =358.75; 

N-(lS-cvanomethylcarbamoyl-2-cyclohexylethyl)-3-methvlbutyramide 

5 (Compound 210); 1HNMR (CDC13): 7.9 (t, J=3, 6Hz, 1H), 6.3 (d, J=6Hz, lll), 4.6 (m, 

lH), 4.l·(m, 2H), 2.3-0.8 (m, 22H); MS:m/e =293.73; 

N-(2-benzylsulfanyl-lR-cyanomethylcarbamoylethyl)-lH-indole-5-carboxamide 

(Compound 211); 1H NMR (CD30D): 8.12 (s, lH), 7 .61 (d,J = 7.7Hz, lH), 7.39 (d,J = 

8.4Hz, lH), 7.28 (m, 6H), 7.22 (m, lH), 7.16 (m, lH), 6.52 (m, 111), 4.73 (m, lH), 4.14 (s, 

10 2H), 3.75 (s, lH), 2.97 (m, lH), 2.79 (m, lH); MS (393.2); 

N-(2-benzylsulfanyl-lR-cyanomethylcarbamoylethyl)-3-phenoxybenzamide 

(Compound 212); 1H NMR (CDC13): 7.55 (m, lH), 7.45 (m, lH), 7.39 (m, lH), 7.26 (m, 

6H), 7.12 (m, 3H), 6.97 {m, 211)~ 4.67(m, lH), 4.11(d,J=3.7Hz, 2H), 3.72 (d,J = 3.7Hz, 

2H), 2.93 (m, 111), 2.73 (m, 111); MS (446.4); 

15 terl-buttl 3-<2-benzylsulfanyl-

lR-cyanomethylcarbamoyletby]carbamoylJbenzvlcarbamate (Compound 213); 1H NMR 

(CDC13): 7.69 (s, lH), 7.62 (m, lH), 7.48 (d,J = 7.2Hz, lH), 7.41.(d,J = 7.8Hz, lH), 7.28 

(m, 4H), 7.12 (J = 7.2Hz, lH), 4.74 (dd,J = 13.5,6.9Hz, lH), 4.33 (s, 2H), 4.13 (d,J::::: 

5.4Hz, 2H), 3.77 (s, 2H), 3.01(dd,J=14.4,6.3Hz, lH), 2.85 (dd,J = 13.8,7.2Hz, lH), 1.45 

20 (s, 9H); MS (483); 

3-acetyl-N-{2-benzylsulfanyl-lR-cyanoniethylcarbamovlethyllbenzamide 

(Compound 214); 1HNMR (CDC13): 8.348 (lH), 8.11(d,J=6.6Hz, lH), 7.95 (d,J = 

6.2Hz, lH), 7.56 (m, lH), 7.14-7.54 (m, 7H), 4.73 (m, lH), 4.16 (d,J = 5.9Hz, 2H), 3.80 

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

25 (396.0); 

3-(3-methylbenzoylamino-N-(2-benzylsulfanyl- · 

lR-cyanomethylcarbamoylethyl)benzamide (Compound 215); 1H NMR (CDCl3): 8.12 (s, 

lH), 7.95 (m, 2H), 7.70 (s, lH), 7.66 (m, lH), 7.20-7.47 (m, SH), 7.12 (d,J = 6.9Hz, 

111), 4.74 (m, lH), 4.16 (d,J = 5.7Hz, 2H), 3.77 (s, 2H), 3.01 (dd,J = 13.7,5.9Hz, 111), 
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2.86 (dd,J = 13.8,6.8Hz, lH), 2.42 (s, 3H); 1vf$: (487.4); 

N-f(cyanomethylcarbamoyll(propoxy)methyllbenzamide (Compound 216); 1H NMR 

(DMSO): 9.25 (d,J = lOHz, lH), 8.65 (t,J = 6Hz, lH), 7.92 (d,J =?Hz, 2H), 7.5 (m, 3H), 

5.60 (d,J = lOHz, lH), 4.18 (m, 2H), 3.51 (m, ZR), 1.56 (h,J, = 8Hz, 2H), 0.88 (t,J = 8Hz, 

5 3H); 

N-(3-benzylsulfanyl-lR-cyanomethylcarbamoylpmpyl)benzamide (Compound 217); 

1HNMR (DMSO): 8.69 (t,J=6Hz, lH), 8.63 (d,J= 8Hz, lH), 7.90 (d,J = 9Hz,2H), 7.5 

(m, 3H), 7 .2 (m, SH), 4.54 (m, lH), 4,13 (d,J = 6Hz, 2H), 3.73 (s, 2H), 2.46 (m, 2H), 2.02 

(m, _2H); MS: mle= 367.81; 

10 N-f(cyanomethylcarbamoyl)Ccyclohexyloxylmethyllbenzamide (Compound 218); 1H 

NMR (DMSO): 9.26 (d,J = 9Hz, lH), 8.55 (t,J = 6Hz. IH), 7.92 (d,J =?Hz, 2H), 7.Sl (m, 

3H), 5.72 (d,J = lOHz, HI), 4.17 .<m. 2H), 3.56 (m, lH), 1.95 (m, 3H), 1.75 (m, 3H), 1.3 .· 

(m, 6H); MS: m/e = 315.8; 

N-CIS-cyapomethylcarbamoyl-2-cyclohexylethyl>succinamic acid (Compound 219); 

15 1H NMR (CDC13): 4.38 (m, lH), 4.05 (s, 2H), 2.45 (d, J=6.3Hz, 2H), 2.58 (d, J=6.3Rz, 

2H), 0.8-1.9 (m, 15H); MS: m/e (+l) 309.72; .. 

3-£3-(2-chloro-6-methylphenylluieidoJ-N-ClS-cyanomethylcarbamoyl-

2-cyclohexyletbyllbenzamide (Compound 220); 

tert-butyl·4-ClS-cyanomethylcarbamoyl-

20 2-cyclohexylethylcarbamoyl}phenylcarbamate (Compound 221 ); 

N-CIS-cyanomethylcarbamoyl-2-pwid-4-ylethyllbenzamide (Compound 222); 1H 

NMR: (CDC13) 8.36 (d, J=6Hz, 2H), 7.80 (d, J=6.5Hz, lll), 7.66 (d, J=7.3Hz, 2H), 7.47-

7.32 {m, 4H), 7.14 (d, J=6Hz, 2H), 4.79 (m, lH), 4.06 (d, J=17Hz, lH), 3.94 (d, J=l7Hz, 

IH), 3.15 (dd, J=6.6Hz, J=l3.6Hz,1H), 3.01 (cld, J=7.5Hz, J=l4Hz, lH); MS: (M++l) 

25 309; 

N-ClS-cyanomethylcarbamoyJ-2-(4-oxocyclohexyllethyllbenzamide 

(Compound 223); 1HNMR: (CDC13) 7.93(m •. 1H), 7.81 (d, J=7Hz, 2H), 7.59-7.44 (m, 

3H), 7.13 (t, J=8Hz, lH),4.85 (m,lH), 4.23-4.08 (m, 2H), 2.38-1.25 (m, llH); MS: 

(M++l) 328; 
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N-C1S-cyanomethylcar'bamoyl-2-C4.4-difluorocyclohexyl)ethyllbenzamide 

(Compound 224);1H NMR: (CDCI3) 8.04 (m, lH), 7.80 (d, I=7.4Hz, 2H), 7.58-7.42 (m, 

3H), 7.20 (d, J=6Hz, lH). 4.84 (m, lH), 4.21-4.03 (m, 2H), 2.20-1.23 (m, 1 lH); MS: 

(M++l) 350; 

5 N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyllthiomorpholine-4-carboxamide 

(Compound 225); 1H NMR (DMSO): 7.75 (m, lH), 4.99 (m, lH). 4.37 (m, lH), 4.12 (m, 

lll), 3.7 (m, 4H), 261 (m, 4H), 2-0.8 (m, 13H); MS: m/e 339.4; 

4-CIS-cyanomethylcarbarooyl-2-cyclohexylethylcarbamoy1lbutyric acid 

(C~pound 226); 

1 o . N-Ucyanometbylc&rbamoyU(phenethyloxylmethylJbenzamide (Compound 227); 1H 

NMR (DMSO): 9.30 (d,J = 9Hz, 1Hk8.69 (t,J = 7Hz, lH), 7.90 (d,J = 8Hz, 2H), 7 .51 (m, 

3H), 7.2 (m, SH), S.66 (m, lH), 4.19 (m, 2H), 3.77 (m, 2H), 2.92 (m, 2H); MS: m/e = 

337.94; 

~-amino-N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyl)benzanride 

15 (Compound 228); 

tert-butyl 4-{2-benzylsulfanyl-1R-cyanomethylcarbamoy1ethylcarbamoyl)piperazine-

1-carboxylate {Compound229); 1HNMR(CDC13): 7.46 (t,J = S.7Hz, lH), 7.31 {m, SH), 

5.27 (d,J = 6.9Hz, lH), 4.38 {dd~ = 13.4,6.7Hz, lH), 4.15 (dd,J =17.3,5.9Hz, lH), 4.06 

(dd,J = 17.3,9.9Hz, lli), 3.73 (s, 2H), 3.42 (t,J = 4.9Hz, 4H), 3.31(t,J=4.9Hz, 4H), 2.97 

20 (dd,J = 14.l,6.7Hz, lH), 2.77(dd,J=13.9,6.7Hz, lH), 1.46 (s, 9H); MS {462.4); 

N-C2-benzvisulfanyl-1R-cyanomethylcarbamoylethyll-4-fur-2-ylcarbonylpiperazine;_ 

1-carboxamide (Compound 230); 1H NMR (CDC13): 7.59 (t,J = 5.7Hz, IH), 7.50 (dd,J = 
2.2,1.0Hz, lH), 7 .30 {m, SH), 7 .05 (dd,J = 2.4,0.7Hz, lH), 6.50 (dd,J· = 6.9,1.7Hz, lH), 

5.42 (d,J = 6.9Hz, HI), 4.42 (dd,J = 13.3~6.7Hz, lH), 4.15 (dd,J = 1 l.6,5.9Hz, lH), 4.06 

25 (dd,J = l6.2,7.2Hz, lH), 3.73 (s, 4H), 3.45 (m, 4H), 3.38 (m, 4H), 2.95 (dd,J = 

13.9,6.4Hz, lH), 2.78 (dd,J = 13.9,6.?Hz, lH); MS (456.2); 

ethyl 4-(2-benzylsnlfanyl-IR-cyanometbylcarbamoylethylcarbamoyl}piperazine­

l-carboxylate (Compound231); 1HNMR (CDCh): 7.58 (t,J = 5.7Hz, lH), 7.30 (m, SH), 

5.35 (d,J = 6.9Hz, lH), 4.41(dd,J=13.3,6.7Hz, lH), 4.15 (q,J = 7.lHz, 2H), 4.10 (t,J = 
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5.9Hz, 2H), 3.72 (s, 2H), 3.47 {t,J = 4.9Ffz,-4II), 3.34 (t,J = 3.7Hz, 4H), 2.93 (dd,J = 

13.8,6.4Hz, lH), 2.76 (dd,J = 13.8,6.9Hz, lH}, 1.26 (tJ-7.lHz, 3H); MS (434.4); 

N-{2-benzylsulfanyl-lR~cyanomethylcarbamoylethyl)-4-hydroxybenzamide 

(Compound 232); 

5 N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethyl)-3-hydroxybenzamide 

(CompoWld 233); 

N-[2-Cl-acezylpiperidin-4-yl}lS-cyanometbylcarbamoylethyllbenzamide-- -­

(Compound 234); MS: (M++Na) 379; 

N-[(cyanomethylcarbamoyllCphenylamino)metbyllbenzamide (C-empound 235);. 1H 

10 NMR (DMSO): 9.02 (d,J = 9Hz, lH), 8.91 (t,J =-6Hz. lH), 7.86 (d,J = lOHz, 2H}.7.5 (m. 

3H), 7.11 (t,J = 9Hz, 2H), 6.78 (d,J = 8Hz, 2H), 6.65 (t,J:==-SHz. lH), 6.08 (d,J = 9Hz, 

lH}, 5.87 (m, lH), 4.20 (t,J = 3Hz, 2H); MS: m/e = 308;99; 

N-ClS-cyanometbylcarbamQyl-2-C4-methylenecyclohexyl>ethylJbenzamide 

(Compound 236); 1H NMR:-- (CDCh) 7.81-7.75 (m, 3H),7.58-7.43 (m, 3H}, 6.88 (d, 

15 J=8Hz, lH}, 4.80 (m, lH), 4.59 (s, 2H), 4.20 (dd, J=6Hz, J=l 7Hz, lH)~ -4.08 (dd, J=5.5Hz, _ 

J=17Hz, lH), 2.3~1.48 (m, 9H), 1.15-0.96 (m, 2H)-; MS: (M++Na) 348; 

N-[lS-cyanometbylcarbamoyl-2-(4-ethylidenecyclohexyl>ethyllbenzamide 

(Compound 237); 1H NMR: (CDCI~ 7.B1 (t,-J:~=6Hz, lH), 7 .80 ( d, J=7HZ.--2H), 7 .58-7.43 

(m, 3H), 6.94 (d, J=8Hz, 1H), 5.12 (q, J=6.5Hz, 1H), 4.80 (m, lH}, 4.20 (dd, J=6Hz,- -

20 J=17Hz, 1H), 4.08 (dd, J=5.5Hz, J=17Hz, 1H), 2.55 (m, lffh 2.17-1.50 (m, SH), 1.53 (d, 

J=6.5Hz, 3H), 1.10-0.91 (m, 2H); MS:-(M++Na) 362; 

N-ClS-cyanometbylcarbamoyl-2-{4-propyli-denecyclohexyllethyllbenzamide ---- _ 

(Compound 238); 1H NMR: (CDCl3) 8.15 (m, 111), 7.81 (d, J=8Hz, 2H), 7.56-7.41 (m, 

3H), 7.22 (d, J=7Hz, lH), 5.05 (t, J=7.2Hz, lH), 4.84 (q, J=7Hz, lll}, 4.18-(dd, J=6Hz, 

.25 J=17Hz, lH), 4.05 (dd, J=5.5Hz, J=l7Hz, lH), 2.48 (m, 2H), 2.11-1.47 (m, 9H), 1.03:. 

0.90 (m, 2H), 0.90 (t, J=7.7"Hz, 3H); MS: (M++Na) 376; 

N-[lS-cyanomethylcarbamoyl-2-0--ethylpiperidin-4-yl)ethyllbenzami<le­

(Compound 239); 1H NMR: (DMSO) 8.68 (t, J=6Hz.- lH), 8.56 (d, I=7Hz, lH), 7 .sr(d,- -

J=7"Hz, 2H), 7.54-7.42 (m, 3H), 4.50 (m, lH), 4.10 {m, 2H), 2.71(m,2H). 2.24 (m, 2H), 
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. tiJ; 
1.79-1.05 (m, 9H), 0.93 (t, J;:;;7Hz, 3H); MS: (M++l) 343; 

4-C2-benzoylamino-2S-cyanomethylcarbamoylethyll-l-methylcyclohexyl 

trifluoroacetate (Compound 240); 1H NMR: (CDCI:J 8.25 (t, J=5Hz, lH), 7.80 (d, J=7Hz, . 

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

s J=5.5Hz, J=17Hz, lH), 2.28 (m, 2H), 1.84-1.07 (m, 9H), 1.51 (s, 3H); MS: (M++l) 440; 

N-C2-tert-butyldisulfanyl-1R-cyanomethylcarbamoy1ethyl)benzamjde 

(Compound 241); 1HNMR. (CDC13): 7.83 (m, lH), 7.65 {m, lH), 7.55 (m, lH), 7.43 (m, 

2H), 7 .16 (m, lH), 5.00 (m, lH), 4.19 (m, 2H), 3.33 (m, JH), 3.27 (m, lH), 1.34 (s, 9H); 

N-CIS-cyanomethylcarbamoyl-2-C4-hydroxycyclohexyllethyllbenzamide 

1 o (Compound 242); 1H NMR: (CD03+ 10% CD30D) 7.75 (d, J=7Hz, 2H), 7-.54-7.35 (m, 

3H), 4.60 (m, HI), 4.14 (d, J=l7.5Hz, lH). 4.00 (d, J=17.3Hz, HI)~· 3.44 (m, lH), 1.91-

1.60 (m, 6H), 1.28-0.90 (m, SH); MS: (M++Na) 352; 

cis-4-C2-benzoylamino-2S-cyanomethylcarbamoy1ethyl>cyclohexyl acetate 

(Compound 243); MS: (M++Na) 394, (M+-CH3COO) 312; 

15 N-Ucyanomethylcarbamoyll(phenethylsulfanyl)methyllbenzamide (Compound 244);. 
1H NMR (DMSO): 9.14 (d,J = lOHz, lH). 9.01 (t,J = 7Hz, lH), 7;94 (d,J = 9Hz, 2H), 7.5 

(m, 3H), 7.2 (m, SH), 5.88 (d,J = lOHz, lH), 4.22 (m, 2H}, 2.90 (m, 4H); MS: mle = 

354.01; 

N-CIS-cyanomethylcarbamoyl-2-Cl-thiazol-2-ylpiperidin-4-yl)ethyllbenzamide 

20 (Compound 245); 1H NMR: (CDCI3+10% CD30D) 7.77. (d, J=7Hz, 2H), 7.51-7.37 (m, 

3H), 7.06 (d, J=3.6Hz, lH), 6.48 (d, J=3.6Hz, lH), 4.68 (t, J=7.3Hz, lH), 4.14 (d, 

J=17.3Hz, lH), 4.01 (d, J=17.3Hz, lH}, 3.91-3.85 (m~ 2H), 2.99-2.89 (m, 2H), 1.90~1.27 

(m, 7H); MS: (M++Na) 420; 

N-[(cyanomethylcarbamoyll(cyclohexylsulfanyllmetbyllbenzamide (Compound 246); 

25 1H NMR (DMSO): 9.10 (d,J = l~Hz. lH), '8.94 (t,J = 6Hz, IH), 7.92 (d,J = 9Hz, 2H), 

7.50 (m, 3H), 5.80 (d,J = lOHz, lH), 4.19 (d,J = 6Hz, 2H), 2.96 (m, lH), 2.00 (m, lH), 

1.88 (m, lH), 1.67 (m 2H), 1.53 (m, lH), 1.27 (m SH); MS: m/e = 331.98; 

N-cyanomethyl-3-cyclohexyl-2R-(2-ethoxyacetylamino}prggionamide 

{Compound 247); 
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N-ClS-cyanomethylcarbamoyl-2-cyclohexylethyll-3-methoxmropionamide 

(Compound 248); 1H NMR (CDC13): 7 .68 (t, J=5.4Hz, HI), 6.66 (d, 1=1 .9Hz, lH), 4.52 

(dd, J=9.4, 13.4Hz, lH), 4.18 (dd, J=5.9, 17.6Hz, lH), 4.Q6 (dd, J=5.9, 17.6Hz, 1H), 3.65 

(m, 2H), 3.38 (s, 3H), 2.50(t,1=5.7Hz, 2H), 0.8-1.70 (m, 13H); 

5 ds-N-ClS-cyanomethylcarbamoyl-2-( 4-methoxycyclohexyllethyllbenzamide 

(Compound 249); 1H NMR: (CDCI3) 8.0l (s, lH), 7.80 (d, J=7Hz, 2H), 7.55-7.42 (m, 

3H), 6.84 (d, J=8.3Hz, lH}, 5.26 (m, lH), 4.59 (d, J=17.2Hz, llI), 4.14 (d, J=17.2Hz, 

lH), 3.54 (m, lH), 3.29 (s, 3H), 2.18-0.94 (m, llH); MS: (M++Na) 366; 

N-C2-benzylsulfanyl-

10 IR-cyanometbylcarbamoylethy]}-3-E3-Cl-benzylpyrrolidin-3R-yll-3-methylureidolbenzamide. 

(Compound 250); ESI-MS m/z 585.3 (M+W); . 

N-C2-benzylsulfanyl-

1R-cyanomethylcarbamoyletliy1l-3-C3-ll~beneylpyrrolidin-3S-yn-3-methylureidolbenzamide .. 

(Compound 251); ESI-MS m/z 585.4 (M+H+); 

15 N-C2-ben2ylsulfanyl-1R-cyanomethylcarbamoylethyl} 

3-£3-(4-benzylpjperazin-1-ylcarbonyllaminolbenzamide (Compound 252); ESI-MS m/z -· .... 

571.2 {M+H+); 

N-ClR-cyanomethylcarbamoyl-2-pentafluorobenzylsulfanyletbyl)benzamide 

(Compound 253); 

20 N-CIR-cyanomethylcarbamoyl-2-naphth-2-ylmetbylsulfanylethyl)benzamide 

(Compound254); 1HNMR (CDCJ:J: 7.80 (~.4H), 7.12-7.74 (m, 9H), 4.80 (m, IH),4.10 

(m, 3H), 3.75 (s, 2H); 3.02 {m, lH), 2.87 (m, IH), 2.2~2.6 (m); 

N-C2-benzylsulfanyl-1R-cyanomethylcarbamoylethy])-

3-C3-Cl.3.4lthiadiazol-2-ylureido)benzamide ((:ompound 255); 1H NMR (270 MHz, 

25 DMSO-dcs) B 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, l), 7.99 (s, 1), 8.75 (d, 1), 8.77 (t, l). 9.08 (s, l), 9.22 

(s, 1); ESI-MS rn/z 496.1 (M+H+); 

N-£2-( 4-chlorobenzylsulfany1l-1R-cyanomethylcarbamoylethyllbenzamide 

(Compound 256); 1H NMR: (DMSO) 8.85 (t. J=5Hz. lH), 8.73 (d, J=8.4Hz. lH), 7.92 (d, 
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. ·;·:·· .;~~~;; 
J=7Hz, 2H), 7.60-7.47 (m, 3li), 7.40-7.33.(m, 4H), 4.69 (dd,J;;5.2Hz, J=9.4Hz, lH), 4.16 

(s, 2H), 3.78 (s, 2H), 2.90 (dd, J=S.2Hz, J=l3.6Hz, lH), 2.77 (dd, 1=9.6Hz, J=13.8Hz, 

HI); MS: (M++l) 388/390; 

N-llR-cyanomethylcarbamoyJ-2-(2-methyJbenzylsuJfanyl)ethyJlbenzamide 

5 (Compound 257); 1H NMR: (DMSO) 8.87 (t, J=5.4Hz, lH), 8.74 (d, J=8.2Hz, lH), 7.92 

(d,J=7Hz, 2H), 7.60-7.47 (m, 3H), 7.25-7.08 {m, 4H), 4.75 (m, lH), 4.17 (d, J=5.7Hz, 

2H), 3.80 (s, 2H), 2.98 (dd, J=5.2Hz, J=13.6Hz, lH), 2.82 (dd, J=9.6Hz, J=l3.8Hz, lH), 

2.31 (s, 3H); MS: (M++l) 368; 

N-llR-cyanomethylcarbamoyJ-2-(3.5-dimethylbenzylsuJfanyllethyllbenzamide 

. 10 (Compound 258); 1H NMR: (DMSO) 8.86 (t, J=5.4Hz, lH), 8.73 (d, J=8.2Hz1 lH), 7.93 

(d, J=7Hz, 2H), 7.60-7.46 (m; 3H), 6.91(s,2H), 6.85 (s, lH), 4.71 (m. lH), 4.17 (d, 

J=5.7Hz, 2H), 3.70 (s, 2H), 2.92 (dd, J=5.4Hz, J=13.6lfz, lH), 2.76 (dd, J=9.6Hz, 

J=13.8Hz, lH), 2.22 (s, 6H); MS: (M++l) 382; 

N-llR-cyanomethylcarbamoyl-2-C4-trifluoromethylbenzylsulfanyJ)ethyllbenzamide 

15 (Compound 259); 1HNMR: (DMSO) 8.86 (t, J=5.4Hz, lH), 8.74 (d, J=7.9Hz, lH), 7.93 

(d, J=7Hz, 2H), 7.68 (d, J=8.2Hz, 2H), 7.60-7.46 (m, SH), 4.71 (m, lH)~ 4.17 (m, 2H), 

3.88 (s, 2H), 2.92 (dd, J=S.4Hz, J=13.4Hz, lH), 2.79 (dd, J=9.6Hz, J=13.8Hz, lH); MS: 

(M++l)422; 

N-ClR-cyanomethylcarbamoyJ-2-( 4-trifluoromethoxybenzylsuJfanyl)ethyllbenzamide 

20 (Compound 260); 1HNMR: (DMSO) 8.86 (t, J=5.4Ih., lH), 8.74 (d, J=8.2Hz, !H), 7.93 

(d, J=7Hz, 2H), 7.60-7.42 (m, SH), 7.31 (d, J=7.9Hz, 2H), 4.71 (m, lH), 4.17 (d, J=S.7Hz, 

2H), 3.83 (s, 2H), 2.92 (dd, J=5.4Hz, J=13.8Hz, lH), 2.79 (dd, J=9.6Hz, J=l3.8Hz, lH); 

MS: (M++l) 438; 

N-ClR-cyanomethylcarbamoyl-

25 2-(4-trifluoromethylsulfanylbenzylsulfanyllethyllbenzamide (Compound 261); 1H NMR: 

(DMSO) 8.86 (t, J=5.4Hz, lH), 8.75 (d, J=8.2Hz~ lH), 7.92 (d, J=7Hz, 2H), 7.66 (d, 

J=7.9Hz, 2H), 7.60-7.45 (m, SH), 4.72 (m, lH), 4.17 (d, J=5.7Hz, 2H), 3.86 (s, 2H), 2.92 

(dd, 1=5.4Hz, J=l3.8Hz, lH), 2.80 (dd, J=9.6Hz, J=l3.8Hz, lH); MS: (M++l) 454; 

N-[IR-cyanomethylcarbamoyl-2-C3-nitrobenzylsulfanyl)ethyllbenzamide 
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(Compound 262); 1H NMR: (DMSO) 8.83 (t, J:;:5Hz, lH), 8.73 (d, J=7.7Hz, lll), 8.21 (s, 

lH), 8.09 (d, J=8Hz, HI), 7.99 (m, 2H), 7.79 (d, J=7.7Hz, lH), 7.63-7.45 (m, 4H), 4.66 

(m, lH), 4.14 (d, J=5Hz, 2H), 3.94 (s, 2H), 2.90-2.49 (m, 2H); MS: (M++l) 399.2; 

N-[lR-cyanomethylcarbamoyl-2-(3-nitrobenzylsulfanyllethyJlbenzamide 

s (Compound 263); 1H NMR (DMSO): 8.79 {m; lH), 8.48 (d, J=5Hz, lH), 7.93 {d, J=7Hz, 

2H), 7.75 (dt,J=2,8Hz, lH}, 7.52 (m, SH), 7.2(, {m, lH), 4.71 {m, IH), 4.15 (m, 2H), 3;88 

(s, 2H), 2.89 {m, 2H); MS: m/e=354.97; 

N-C1R-cyanometbylcarbamoy1-2-pyrid-3-y1methylsulfany1ethyllbenzamide 

(~mpound 264); 1HNMR (DMSO): 8.86 (t,J =6Hz, 111), 8.74 (d, J=9Hz, lH), 8.53 (d, 

10 J=2Hz, IH), 8.44 (dd,J=5, 2Hz, lH), 7.91 (m, ~. 7.74 (m, lH), 7.54 {m, 3H), 7.34 (m, 

lH), 4.72 {m, lH), 4.17 {m, :m>. 3.82 (s, 2H), 2.84 (m, 2H); MS: mle=355.04; 

N-ClR-cyanomethylcarbamoyl-2-P.Yfid-4-ylmethylsulfanyllethyllbenzamide 

(Compound 265); 1HNMR (DMSO): 8.85 {t,J.= 6Hz,1H), 8.75 (d,J = 9Hz; lH), 8.5 (m, 

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

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

3-amino-N-llS-cyanomethylcarbamoyl}.2-cyclohexylethylbenzamide 

(Compound 266); 

3-amino-N-(2-benzylsulfanyl-lR-cyanomethylcarbamoylethyllbenzamide 

(Compound 267); 

20 3-amino-N-OS-cyanomethylcarbamoylpeptyllbenzamide (Compound 268); 

methyl 2S-benzoylamino-3-cyclohexylpfOJ!ionylaminocyanoacetate (Compound 269); 

MS: (M++Na) 394; 

2S-benzoylamino-3-cyclohexylpropionylaminocyanoacetic acid (Compound 270); 

MS: (M++l) 358; 

25 N-CIR-cyanomethylcarbamoyl-2-(3.4-dichlorobenzylsulfanyllethyllbenzamide 

(Compound271); 1HNMR. (DMSO): 8.8 (d,t, 2H), 7.9 (d,J=8Hz; 2H), 7.8 (m, 3H),7.1 (m, 

4H), 4.7 (m, IH), 4.2 (S, 2H), 3.7 (s, 2H), 2.9 (m. lH). 2.7 (m, IH). 2.3 (s, 3H); 

MS:m/e =368.0; 

N-CIR-cyanometbylcarbamoyl-2-(3-methylbenz:ylsulfanylletbyllbenzamide 
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(Compound 272); 

N-£1R-cyanomethylcarbamoyl-2-C4-nitrobenzylsulfanyl)ethyllbenzamide 

(Compound 273); 1H NMR: (DMSO) 8.83 (t, J=5.1Hz, 1H), 8.72 (d, J=7.7Hz, lH), 8.17 

(d, J=8Hz, 2H), 7.89 (d, J=7Hz, 2H), 7.62-7.45 (m, SH), 4.67 (m, lH), 4.15 (d, J=5.4Hz, 

5 2H), 3.92 (s, 2H), 2~89 (dd, J=5AHz, J=l3.8Hz, lH), 2.77 (dd, J=9.6Hz, J=l3.8Hz, lH); 

MS: ~+1) 399.2; 

N-£1R-cyanomethylcarbamoyl-2-C2-nitrobenzylsulfanyl)ethyllbenzamide 

(Compound 274); 1H NMR (CDC13): 8.81 (ni, lH), 8.79 (d, J=8.0Hz, lH), 7.95 (d, 

J=~.9Hz, lH), 7 .84 (m, 2H), 7 .42-7 .65 (m, 6H), 4.63 (m, IH), 4.05 (m, 4H), 3.80 (m, 2H); 

10 MS: m/e (+1) 399.2; 

N-£1R-cyanomethylcarbamoyl-2-C3-trifluoromethylbenzylsulfanyDethyllbenzamide 

(Compound 275}; 1H NMR (DMSO): 8.86 (m, lH), 8.74 (d, J=4.9Hz, lH), 7.90 (d, 

J=8.4Hz, 2H), 4.72 (m, lH), 4.15 (d,J=5.1Hz, 2H), 3.88 (s, 2H}, 2.78 (m, 2H), 2.22-2.74 

(m, 7H); MS: rnle (+1) 422.2; 

15 N-£1R-cyanomethylcarbamoyl-2-C3-trifluoromethylbenzylsulfanyl>ethyllbenzamide 

(Compound276); 1HNMR (DMSO): 8.81 (m, lH), 8.76 (d, J=4.8HZ,1H), 7.85 (d, 

J=8.4Hz, 2H), 7.10-7.55 (m, 7H), 4.7 (m, lH), 4.15 (s, 2H), 3.80 (s, 2H}, 2.80 (m, 2H); 

MS: m/e (+1) 438.2; 

N-ClR-cyanomethylcarbamoyl-2-C2-methylbenzylsulfanyI>ethyllmomholine-

20 4-carboxamide (Compound 277}; 1H NMR (DMSO): 8.7 (t, J=6Hz, lH), 7.2 (m, 4H), 6.67 

(d, J:::7.8~ lH), 4.4 (m, lll), 4.2 (s, 2H), 3.7 (s, 2H), 3.5 (t, 4H), 3.3,(t, 4H), 2.7 (m, 2H), 

2.3 (s, 3H); MS m/e 377.2; 

N-ClR-cyanomethylcarbamoyl-2-(2-nitrobenzylsulfanyl>ethyllmcnpholine-

4-carboxamide (Compound 278); 1H NMR (DMSO): 8.67 (t, J=6Hz, lH), 7 .97 (d, 

25 1=8.lHz, lH), 7 .5 (m, 4H}, 4.28 (q, lH), 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-ClR-cyanomethylcarbamoyl-2-(3-nitrobenzylsulfanyl)ethyllmo:rpholine-

4-carboxamide (Compound 279); 1H NMR (DMSO): 8.7 (t, J=3Hz, lH), 8.2 (m, 2H), 7.7 

(m, 2H), 6.77 (d, J=3Hz, 1H), 4.33 (m, lH), 4.16 (m, 2H), 3.85 (d, J=2.4Hz, 2H), 3.4 (m, 
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SH), 2.6 (m, 2H); MS m/e 408; 

N-(lS-cyanomethylcarbamoyl-2-cyclohexylethyll-l. l-dioxo-U.6-thiomorpholine-

4-carboxamide (Compound 280); 1H NMR (DMSO): 8.5 (t, J=3Hz, lH), ·6.9 (d, J=3Hz, 

lH), 4.11 (m, 3H), 3.8 (t, 4H), 3.1 {t, 4H), 1.8-{>.8 {m, 13H); MS m/e 370;8; 

5 N-(2-allylsulfanyl..;lS-cyanomethylcarbamoylethyllbenzarnide (Compound 281); 1H 

NMR (DMSO): 8.72 {t, lH), 8.65 {d, J=3Hz, lH), 7.9 (d, 2H), 7.5 (m, 3H), 5.7 (m, lH), 

5.1 (m, 2H), 4.1 (d, J=3Hz, 2H), 2.8 (m, 2H); ¥S m/e 304.2; 

N-ClR-cyanomethylcarbamoyll-2-(2-fluorobenzylsulfanyllethyllbenzarnicie 

{Compound 282); 1H NMR (DMSO): 8.85 (m, lH), 8.72 (d,J=4.9Hz, lH), 7.90 {d, 

10 J=8.3Hz, 2H), 7.10-7.63 {m, 7H), 4.62 (m, lH), 4.08 (d,J=5.0Hz, 2H), 3.89 {s, 2H), 2.88 

(m, 2H); MS: m/e {+1) 369.8; 

N-T2-C2-chlorobenzylsulfanyll-1R:eyanometh)'lcarbamoyletbyllbenzamicle 

(Compound 283); 1H NMR (DMSO): 8.80 (m, IH), 8.75 (d,J=4.8, lH), 7.95 {d, J=8.2Hz, 

2H), 7.12-7.58 (m, 7H), 4.75 (m, Ul), 4.18 (d,J=4.8Hz, 2H), 3.85 (s, 2H), 2.S(m, 2H); 

15 MS: m/e (+l) 388.2; 

N-(2-(2-bromobenzylsulfanyD-lR-cyanomethylcarbamoylethyllbenzamide 

(Compound284); 1HNMR (DMSO): 8.85 (m, lH), 8.73 (d,J=4.8Bz, lH), 7.95 

(d,J=8.2Bz, 2H), 7.4-7.65 (m, SH), 7.37 (t, J=7.2Hz, lll), 7.20 (t, J=7.2Hz, lH), 4.70 (m, 

111), 4.08 (d,J=5.1Hz, 2H), 3.90 (s, 2H), 2.90 (m, 2H); MS: m/e (+1) 434.0; 

20 N-TlR-cyanomethylcarbamoyl-2-(2-iodobenzylsulfanyl)ethyllbenzamide 

(Compound 285); 1H NMR (DMSO): 8.86 (m, lH), s,74 (d,J=8.1Hz, lH), 7.9 (d,J=8.4Hz, 

2H), 7.83 (d,J=7.6Hz, SH), 7.40-7.60 (m, 4H), 7.33 (t, J=7.7Hz, lH), 6.99 (t,J=7.4Hz, 

lH), 4.71 (m, lH), 4.16 (d,J=5.5Hz, 2H), 3.83 (s, ~. 2.88 (m, 2H); MS: m/e (+1) 480.0; 

N-(2-<4-ten-butyl-benzylsulfanyll-lR-cyanomethylcarbamoylethyllbenzamide 

25 (Compound286); 1HNMR (CDC13): 8.16 (m, lH}, 7.79 (d,J=7.2Hz, 2H), 7.51 (t,J=7.3Hz, 

2H}, 7.40 (t,J=8.0Hz, 2H), 7.19-7.29 (m, 4H), 4.98 (m, lH), 4.08 (m, 2H), 3.72 (m, 2H), 

2.94 (m, 2H); 

N-T3-(2-chlorgphenylsulfanyl)-1R-cyanomethylcarbam.oylpnmyllbenzamide 

(Compound 287); 1H NMR (DMSO): 8.73 (m, 2H), 7.92 (rn, 2H), 7.38-7.56 (m, SH),7.32 
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.•. 0~ .... 
(t,J=5.9Hz, lH), 7.18 (t,J=5.9Hz, IH), 4.64 (m, UI), 4.14 (d, J=5.8Hz, 2H), 3.07 (m, 2H), 

2.12 (m, 2H); MS:rn/e (+1) = 385.9; 

N-ClR-cyanomethylcarbamoyl-3-o-tolylsulfanylpropyl)benzamide (Compound 288); 

1HNMR (DMSO): 8.70 (m, 2H), 7.92 (m, 2H}, 7.45-7.60 (m, 3H), 7.30(d,J=l3.3Hz, 

5 lH), 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 (+l) = 366.0; 

N-ClR-cvanomethylcarbamoyl-3-pyrid-2-ylsulfanylpro_pyl)benzamide 

(Compound 289); 1H NMR (DMSO): 8.70 (m, 2H), 8.39 (m, lH), 7.95 (d,J=l3.5, 2H). 

7.4?-7.68 (m, 4H), 7.29 (d,J=l3.5Hz, lH), 7.10 (m, lH), 4.59 (m, HI), 4.13 (d,J=5.7Hi, 

10 2H), 3.20 (m, 2H), 2.14 (m, 2H); MS:m/e (+1) = 353.0; 

tert-butyl 4-ClR-cyanomethylcarbamoyl-

2-pyrid-i.;ylmethylsulfanylethylcarbamoyl)piperidine-l ~carboxylate (Compound 290); 1H 

NMR (DMSO): 8.72 (t,J=6.5Hi, lH}, 8.48 (d,J=5.2Hz, lll), 8;21 (d,J=ll.8Hz, lH), 7.75 

(t,J=6.5Hz, lH), 7.38 (d,J=7.9Hz, lH}, 7.25 (m, lH}, 4.80 (m, lH), 4.14 (d,J=6.6Hz, 2H), 

15 3.93 (d,J=I3.6Hz, 2H), 3.85 (s, 2H), 3.33 (s, 4H), 2.56-2.83 (m, 4H), 2.35 (m, lH)~ 1.35 

(s, 9H); MS:m/e (+I) =461.4; 

N-(lR-cyanomethylcarbamoyl-3-pyrid-4-ylsulfanylpropyl)benzamide 

(Compound291); 1HNMR (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, lH), 4.14 (d,J=5.7Hz, 2H), 3.13 (m, 

20 2H), 2.14 (m, 2H); MS:m/e (+1) = 355.0; 

N-£1-CCyanomethyl-carbamoyl)-2-cycloheptvl-ethyll-benzamide (Compound 292); 

and 

2-Benzylamino-N-cyanomethyl-3-cyclohexyl-pro_pionamide (Compound 293). 
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EXAMPI,.E 11 

Cathepsin B !Assay 

PCT/US00/06747 

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

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

5 N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES), SO mM (pH 6); 

polyoxyethylenesorbitan monolaurate, 0.05%; and dithiothreitol (DTf), 2.5 mM). Human 

cathepsin B (0.025 pMoles in 25 µ.L of assay buffer) was added to the dilutions. The assay 

sol~tions were mixed for S-10 seconds on a shaker plate, covered and incubated for . 

30 minutes at room temperature. Z-FR-AMC (20 nMoles in 25 µ.L of assay buffer) was 

1 o added to the assay solutions and hydrolysis was followed spectrophotometrically at ( A. 460 

nm) for S minutes. Apparent inhibition constants (Ki) were calculated from the enzyme 

progress curves using standard mathematical models. 

15 

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

to exhibit cathepsin B inhibitory activity with a~ of less than or equal to 10 p.M. 

EXAMPLE12 

Cathepsin K Assay 

Solutions of test compounds in varying concentrations were prepared in 10 µ.L of 

dimethyl su1foxide (DMSO) and then diluted into assay buffer (40 p.L, comprising: MES, 

SO mM (pH 5.5); EDT A, 2.5 mM; and DTI', 2.5 mM). Human cathepsin K 

20 (0.0906 pMoles in 25 µ.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-Phe-Arg-AMC (4 nMoles in 25 µL of assay buffer) was added to the 

assay solutions and hydrolysis was followed spectrophotometrically at ( 1'. 460 nm) for 

5 minutes. Apparent inhibition constants (Ki) were calculated from the enzyme progress 

25 curves using standard mathematical models. 

Compounds of the invention were tested by the above-described assay and observed 
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to exhibit cathepsin K inhibifory activity witll'h ~ of Jess than or equal to IO µM. 

EXAMPLE13 

Cathepsin L Assay 

Solutions of test compounds in varying concentrations were prepared in 10 µ.L of 

5 dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 µ.L, comprising: :MES, 

50 mM (pH 5.5); EDTA, 2.5 mM; and DIT, 2.5 mM). Human cathepsin L (0.05 pMoles in 

25 µ.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-Phe-Arg-AMC (1 nMoles in 25 p.L of assay buffer) was added to the assay solutions ·and 

10 hydrolysis was followed spectrophotometrically at (A 460 nm) for 5 minutes. Apparent 

inhibition constants (KJ were calculated from the enzyme progress curves using standard 

mathematical models. 

15 

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

to exhibit cathepsin L inhibitory activity with a Kt of less than or equal to 10 µM. 

EXAMPLE14 

Cathepsin S Assay 

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

dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 µ.L, comprising: MES, 

SO mM (pH 6.5); EDTA, 2.5 mM; and NaCl, 100 mM). Human cathepsin S (0.158 pMoles 

20 in 25 µL 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-V al-Val-Arg-AMC (9 nMoles in 25 p.L of assay buffer) was added to the assay solutions 

and hydrolysis was followed spectrophotometrically at ( A. 460 nm) for 5 minutes. Apparent 

inhibition constants (~) were calculated from the enzyme progress curves using standard 

25 mathematical models. 
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Compounds of the invention were test~d by the above-described assay and observed 

to exhibit cathepsin S inhibitory activity with a~ of less than or equal to 10 µ,M. 

EXAMPLE15 

Ovalbumin Challenge Mouse 

5 C57 mice (female) were sensitised.with ovalbumin (lOµg, i.p.) administered together 

with aluminium hydroxide adjuvant (20 mg, i.p.) on days 0 and 12. Mice are challenged on 

either day 22, 23 or 24 by exposure for 60 ininutes to an aerosol of ovaibumin (10 g /I) twice. 4 

hours apart. Mice are dosed p.o. with either vehfoie s ml/kg (O.S%MC/0.2.% Tween 80 in 

H20) or test compound at 0, 8, 23.5 29, 33, 48 and 56 hours. 

10 Mice were euthanized with pentobarbitone i.p. after 86 hours (J2 hours after the first 

challenge). The lungs were insufflated for histological examination as soon as possible after 

eutbanization. Lungs were insufflated with 10% neutral buffered formalin (NBF), at 30 cm 

water pressure. The lungs were removed and placed in pots of 10% NBF. After fixation in 

10% NBF for a minimum of 24 hours the lungs were processed through graded alcohols to wax. 

15 The lungs were blocked longitudinally and one 2 µ.m section for each animal was cut at the level 

of the main bronchi. Sections then were stained with haematoxylin and eosin. PatbologicaJ · 

assessment of sections is performed and a grading is assigned. 

Histopatbological evaluation of the lung tissue demonstrate a dose dependant anti­

inflammatory effect on vascular and mucosa! bedS after treatment with compounds of the 

20 invention between 0.03 and 30 mg/kg. 
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~b16 
Representative Pharmaceutical Formulations Containing a Compound of Formula I 

ORAL.FORMULATION 

Compound of Formula I 10-100 mg 

5 Citric Acid Monohydrate 105mg 

Sodium Hydroxide 18mg 

Flavoring 

Water q.s. to 100 mL 

INTRAVENOUS FORMULATION 

10 Compound of Formula I 0;1-lOmg 

Dextrose Monohydrate q.s. to make isotonic 

Citric Acid Monohydrate 1.05mg 

Sodium Hydroxide 0.18mg 

Water for Injection q.s. to 1.0 mL 

15 

TABLET FORMULATION 

Compound of Formula I 1% 

Microcrystalline Cellulose 73% 

Stearic Acid 25% 

20 Colloidal Silica 1%. 
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5 R1 is a group of Formula (a) or (b): 

10 

wherein: 

(a) (b) 

X1 and X2 independently are -C(O)- or -CH2S(O)r; 

R5 and R6 are hydrogen or (C1.Jalky1; 

R7 and R8 are hydrogen or (C1.Jalky1 or as defined below; 

R9 and R10 independently are (i) (C1_J_alkyl optionally substituted with cyano, 

halo or nitro or (ii) a group selected from -X3NR 12R.12, -X3NR 12c(O)OR 12, 

-X3NR12c(O)NR12R12, -X3NR12c(NR12)NR12R12, -X30R12, -X3SR12, 

-X3C(O)OR12, -X3C(O)NR12R12, -X3S(0)2NR12R.12, -X3P(O)(OR12)0R12, 

15 -X30P(O)(OR12)0R12, -X3NR12C(O)R13, -X3S(O)R13
, -X3S(OhR13, -X3C(O)R13, 

-X3C(O)R14, -X3C(O)OR14, -X30C(O)R14, -X3NR15c(O)R14
, -X3NR15C(O)OR14, 

-X3C(O)NR14R1s, -X3S(0)2NR'4R1s, -X3NR1sc(O)NR'4R1s, 

-X3NR1sc(NR's)NR'4R1s, -X4SR14 _X4S(O)R14,-X4S(OhR14, -X4QR14, or 

-X4NR14R15, wherein X3 is (C1-6)alkylene, X4 is a bond or (C1-t;)alkylene, R12 at each 
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occurrence independently is hydrogen, (C1~alkyl or halo-substituted (C1.3)alkyl, R 13 

is (C1-6)alkyl or halo-substituted (C1•3)alky1, R 14 is (~1:Jcycloalkyl(Co.6)alky1, 

hetero(C3-12)cycloalkyl(Co-6)alkyl, (~12)aryl(C0-6)alkyl, hetero(C5•12)aryl(Co-6)alkyl, 

(C9-12)polycycloaryl(C~alkyl or hetero(Cs-1:z>?olycycloaryl(Co.6)alkyl and R15 is 

5 hydrogen or (C1_6)alkyl, and wherein within R 14 said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X40R16, -X4SR16,-X4S(O)R16, -X4S(0)2R16, 

-X4C(O)R16, -X4C(O)OR16, -X4aC(O)R16, -X4NR16R17, -X4NR17C(O)R16, 

-X4NR11c(O)OR16, -X4C(O)NR16R.11, -X4S(O)zNR16R11, -X4NR1'C(O)NR1c;R11 or 

10 -X4NR17C(NR17)NR16R17, wherein X4 is a bond or (C1~alkylene, R16 is hydrogen or 

(C1-6)alkyl and R 17 is (~12)cycloalky1(CM)alkyl; hetero(~1Jcycloalkyl(Co.6)alkyl, 

(C6-1Jaryl(Co;.c;)alkyl, hetero(C5•1Jary1(C~alkyl, (~12)polycycloaryl(Co.6)alkyl or 

hetero(C8•1:z)polycycloaryl{C0-~kyl, or (iii) a group selected from 

(C3-12)cycloalkyl(C~alkyl, hetero(~1Jcycloalkyl(Co.6)alkyl, {C6-1Jaryl(Co.c,)alkyl, 

15 hetero(Cs.12)aryl(Co.6)alkyl, (C9-12)polycycloaryl(CM)alkyl and 

hetero(Cs.12)polycycloaryl(Co.Jalkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from-R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(0)2R16, 

-X4C(O)R16, -X4C(O)OR16
0 
-X40C(O)R16, -X4NR16R.11, -X4NR.11c(O)R16, 

20 -X4NR17C(O)OR16, -X4C(O)NR16R17, -X4S(0)2NR16R17, -X4NR17C(O)NR16R17 or 

-X4NR 17C(NR 17)NR16R 17, whereinX4, R 16 and R 17 are as defined above; wherein 

within R9 and/or R10 any alicyclic or aromatic ring system present may be substituted 

further by 1 to 5 radicals independently selected from (C1.6)alkyl, (C1.6)alkylidene, 

cyano, halo, halo-substituted (C14)alkyl, nitro, -X4NR.12R.12, -X4NR12C(O)OR12, 

25 -X4NR12c(O)NR12R.12, -X4NR1:zc(NR12)NR12R.12, -X4aR12, -X4SR12, 

-X4C(O)OR12
, -X4C(O)NR12R12, -X4S(0)~12R.12, -X4P(O)(OR4)0R12, 

-X40P(O)(OR12)0R12, -X40C(O)R13, -'X4NR12C(O)R13, -X4S(O)R13, -X4S(O)zR13 

and-X4C(O)R13, wherein X4, R12 and R13 are as defined above, or 

R9 taken together with R 7 and/or R 10 taken together with R8 form 
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trimethylene, tetramethylene, or phenylene-1,2-dimethylene, optionally substituted with 

hydroxy, oxo or methylene; and 

R11 is -X5X6R.18
, wherein X5 is -C(O)-. -C(O)C(O)- or-S(O)n X6 is a 

bond, -0- or -NR19-, wherein R19 is hydrogen or (C1 .. 6)alkyl, and R18 is 

5 (i) (C1•10)alkyl optionally substituted by cyano, halo, nitro, -NR12R12, 

-NR12c(O)OR12, -NR'2C(O)NRl2R_l2, -NR•2c(NR12)NR12R12, -OR12, -SR12, 

-C(O)OR12, -C(O)NR12R12, -S(O)zNR1~12, -P(O)(OR12)0R12, 

-OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(O):zR13, -C(O)R13, -OR20, -SR20, 

-S(O)R20, -S(0)2R20, -C(O)R~0• -C(O)OR20, -C(O)NR~21 , -NR~21 , 

10 -NR21C(O)R20, -NR21C(O)OR20,"."NR21C(O)NR2IR21 or-NR21C(NR21)NR~21 , 

wherein R 12 and R 13 are as defined above, R 20 is (C3-12)cycloalkyl(Co.6)alkyl, 

hetero(C3-1z)cycloalkyl(Co.6)alkyl,· (~1:Jaryl(C0-6)alkyl, hetero(Cs..1:Jaryl(Co.Jalkyl, 

(C9-12)bicycloaryl(C().6)alkyl or hetero(Cs-12)bicycloaryl(Co.6)alkyl and R21 at each 

occurrence independently is hydrogen or (C1.6)alkyl, or. 

· 15 (ii) (C3•1z)cycloalkyl(Co.Jalkyl,. hetero(C3.u)cycloalkyl(Co.6)alkyl, 

(C6-1:Jaryl(C~alkyl,_hetero(Cs.1:Jaryl(Co.6)alkyl, (C9-1z)bicycloaryl(Co.6)alkyl or 

hetero(Cs-1:Jbicycloaryl(Co.6)alkyl or (iii) (C~ycloalkyl(~)alkyl, 

hetero(C3-6)cycloalkyl(Co.Jalkyl, phenyl(Co.Jalkyl or hetero(C5•6)aryl(Co.6)alkyl, 

wherein said cycloalkyl,·heterocycloalkyl, phenyl or heteroaryl is stJbstituted by 

20 -X40R22, -X4SR22, -X4S{O)R22, -X4S(0)2R22, -X4C(O)R22, -X4C(O)OR22• 

-X4C(O)NR22R.23, -X4NR22R23, -X4NR23C(O)R22, -X4NR23C(O)OR.22, 

-X4NR23C(O)NR22R23 or-X4NR23C(NR23)NR22R23, wh~in X4 is as defined 

above, R22 is (C3-6)cycloalkyl{C0-6)alkyl, hetero(Y..Jcycloalkyl(Co.6)alkyl, 

phenyl(C0-6)alkyl or hetero(C5-6)aryl(Co.6)alkyl. and R23 at each occurrence 

25 independently is hydrogen or (C1_Jalkyl; wherein within R11 any alicyclic or aromatic 

ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1-6)alkyl, (C1_Jalkylidene, cyano, halo, halo-substituted (C1"')alkyl, 

nitro, -X4NR12R12, -x4NR12c(O)OR12. -X'NR12C(O)NR12R12, 

-X4NR12c(NR12)NR12R12, -x'oR•2. -X'SR12, -X4C(O)OR12, -X'C(O)NRllR,12, 
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-X4S(0)2NR12R12, -X4P(O)(OR3)0R12~ -X"OP(O)(OR3)(j:R12, -X40C(O)R13, 

-X4NR12C(O)R13, -X4S(O)R13, -X4S(O)Jl13 and-X4C(O)R13, wherein X4, R12 and 

R 13 are as defined above; 

R2 is hydrogen or (C1-6)alkyl or as defined below; 

5 R3 is hydrogen, (C1_6)alky1 or as defined below; and 

R4 is (i) hydrogen or (C1_6)alkyl. wherein said alkyl is optionally substituted with 

cyano, halo, nitro, -NR12R12, -NR12C(O)OR12, -NR12C(O)NR12R12, 

-NR12c(NR12)NR12R12, -OR12, -SR12, -C(O)OR12, -C(O)NR12R12, -S(O)zNR,12R12. 

-P(9)(0R12)0R12, -OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(0)2R13, -C(O)R13, 

10 -OR14, -SR14, -S(O)R14, ~S(O)iR14, -C(O)R14, -C(O)OR14, -OC(O)R14, -NR14R15, 

-NR1sc(O)R14, -NR1sc(O)OR14, -C(O)NR14R1s, -S(0)2NR14R1s, -NR1sc(O)NR14R1s or 

-NR15C(NR15)NR14R15, wherein R12, R13, R14 and R15 are as defined above, or (ii) a group 

· selected from (C3-1i)cycloalkyl(Co.t;)alkyl, hetero(~12)cycloalkyl(Co.6)alkyl, 

(C6-1i)aryl(Co.Jalkyl, hetero(Cs.12)aryl(C0-6lalkyl, (Cg.12)polycycloaryl(C~alkyl and 

15 hetero(C8_1i)polycycloaryl(C0~a1kyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

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

selected from-R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(0)2R16, -X4C(O)R16, 

-X4C(O)QR16, -X"OC(O)R16, -X4NR16R11, -X4NR11c(O)R16, -X4NR11c(O)OR16, 

-X4C(O)NR16R.11, -X4S(0)2NR16R.1'.-X4NR11c(O)NR16R11 or-X4NR11c(NR1')NR16R.1', 

20 wherein X4, R16 andR17 are as defined above; wherein within R9 and/orR10 any alicyclic or 

aromatic ring system present may be substituted further by l to 5 radicals independently 

selected from (C1-6)alkyl, (C1-6lalkylidene, cyano, halo; halo-substituted (C1_.Jalkyl, nitro, 

-X4NR12R.12, -X4NR.12C(O)OR12, -X'NR12C(O)NR12R12, -X4NR12c(NR12)NR12R.12, 

-X40R12, -X4SR12, -X4C(O)OR12, -X4C(O)NR12R12, -X4S(O)zNR,12R.12. 

25 -X4P(O)(OR3)0R12, -X40P(O)(OR3)0R12,-X"OC(O)R13,-X4NR12c(O)R13, -X4S(O)R13, 

-X4S(O):zR13 and-X4C(O)R13, wherein X4, R12 andR13 are as defined above, or 

R4 and R2 taken together form trimethylene, tetramethylene or 

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

R4 and R3 together with the carbon atom to which both R4 and R3 are attached form 
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(C3-8)cycloalkylene or (~)heterocycloalkylene; and theN-oxide derivatives, pro~g 

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

phannaceutically acceptable s~ts thereof. 

2. The compound of Claim 1 in which: 

5 R1 is a group of Formula (a) wherein within Formula (a): 

X1 is -C(O)-; 

R5 is hydrogen or (C1~alkyl; 

R7 is hydrogen or methyl; 

R9 is (i) (C1_6)alkyl optionally substituted wjth-OR14, -SR14, -S(O)R14, 

10 -S(01R14, -C(O)R14, -C(O)OR14, -OC(O)R14, -NR14R15, -NR15C(O)R14, 

-NR•sc(O)OR14, -C(O)NRl4R1S, -S(O):zNR14RlS, -NR•sc(O)NR14R.1S or 

-NR15C(NR15)NR14R15, wherein R14 is(~10)cycloalkyl(Co.Jalkyl, 

hetero(C3-10)cycloalkyl(C0-6)alkyl, (C6-1o)aryl(C~alkyl, hetero(C5_10)aryl(Co.Jalkyl, 

(C9-10}polycycloaryl(Co.6)alkyl or hetero(Ca.1o)polycycloaryl{Co-6)alkyl and R 15 is 

15 hydrogen or (C1_Jalkyl, and wherein within R14 said cycloalkyl, heterocycloalk.yl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selectedfrom-R16, -X3<>R16, -X3SR16, -X3S(O)R16, -X3S(O):zR,16, 

· -X3C(O)R16, -X3C(O)OR16,-X3<JC(O)R16, -X3NR.1'R.17, -X3NR17C(O)R16, 

-X3NR1'C(O)OR16, -X3C(O)NR16R11, -X3S(OhNR16R11, -X3NR11c(O)NR16R.11 or 

20 -X3NR17C(NR17)NR16R17, wherein X3 is a bond or (C1_Jalkylene, R16 is hydrogen or 

(C1_6)alkyl and R 17 is (C3-10)cycloalkyl(Co.Jalkyl, hetero(C3-10)cycloalkyl(~)alkyl, 

(C6-10)aryl(Co.6)alkyl, hetero(C5_10)aryl(~alkyl, (C9•10)polycycloaryl(Co-6)alkyl or 

hetero(Cs-10)polycycloaryl(Co-6)alkyl, or (ii) a group selected from 

(~10)cycloalkyl(Co.6)alkyl, hetero(C3•10)cycloalkyl(C~alkyl, (~10)aryl(C~alkyl, 

25 hetero(Cs-10)aryl(Co.Jalkyl, (C9-1o)polycycloaryl(~)alkyl and 

hetero(Cg.10)polycycloaryl(C0-6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selectedfrom-R16, -X30R16,-X3SR16, -x3S(O)R16, -x3S(0)2R
16, 
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-::X::3C:(C>)R16,-::X::3C:(())()R'6, -::X::3~(C>)Rt6,-::X::3NR.16R17; ~::X::3NR11c:(C>)R16, 

-::X::3NR11C:(C>)C>R16, -::X::3C:(C>)NR16R11, -::X::3S(())2NR.16R.11, ~::x::3NR11C(O)NR16R11 or 

-::X::3NR.11c(NR17)NR16R17, wherein ){3, R16 and R17 are as defined above; wherein 

within R9 any alicyclic or aromatic ring system present may be substituted further by 1 

5 to 5 radicals independently selected from (C1.6)alkyl, (C1-6)alkylidene, cyano, halo, 

halo-substituted (C:14)alkyl, nitro, -::X::3Nll 12.R.12, -::X::3NR 12C(())()R 12
, 

-::X::3NR.12c:(O)NR.12R.12, -::X::3NR.12c:(NR12)NR12R.12, -::X::JOR12, -::X::3SR12, 

-::X::3C:(C>)OR12, -::X::3C(O)NR12R.12, -::x::3S(0)2NR.•2R.•2, -::X::3P(C>)(ORJ)C>R'2, 

-::X::30P(C>)(OR3)0R12, -::X::30C(O)R13, -::X::3NR12C{())R13, -::X::3S(O)R13, -::X::3S(0)2R13 

10 and-::X::3C(O)R13, wherein ){3 is as defined above, R12 at each occurrence 

independently is hydrogen, (C1~alkyl or halo-substituted (C1•3)alkyl and R 13 is 

(C1~alkyl or halo-substituted (C1•3)alkyl; and 

R11 is -::X::4:X::SR18, wherein X4 is -C(C>)- or-S(C>)r. ::X::5 is a bond, -C>- or 

-NR19-, wherein R 19 is hydrogen or (C1~alkyl, and R 18 is (i) (C1.10)8lkyl or 

15 (ii) (~12)cycloalkyl(C0-6)alkyl, hetero(C3-1:z)cycloalkyl(C0-6)alkyl, 

(C6-1:z)aryl(Co.6)alkyl or hetero(C5•1:z)aryl(Co.6)alkyl or (iii) (C3.6)cycloalkyl(C~alkyl, 

hetero(C3-6)cycloalkyl(C0-6)alkyl, phenyl(C0-~alkyl or hetero(Cs.Jaryl(Co.6)alkyl, 

wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by 

-::x::90R24,-x9C(O)R24, -::x::9C(O)OR24, -X9C(O)NR24R25, -X9NR24R~. 

20 -X9N.R.25C(C>)R24, -X9NR25C(O)C>R24, -X9NR.25C(O)NR24R25 or 

-::X::9N.R.25C(NR25)NR24R25, wherein ::x::9 is a bond or (C1.Jalkylene, R24 is 

(~cycloalkyl(C~alkyl, hetero(~~cycloalkyl(~)alkyl, phenyl(C0-6)alkyl or 

hetero(C~aryl(Co..6)alkyl and R25 is hydrogen or (C1_6)alkyl, wherein within R 11 any 

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

25 substituents independently selected from (C1 ~6)alkylt halo, halo-substituted (C14)alkylt 

-OR12t -X3SR12, -C(O)OR12 and-X3NR12c(O)C>R12, wherein X3 is a bond or 

(C1-6)alkylene and R 14 is hydrogen or (C1~alkyl; 

R 2 is hydrogen; 

R3 is hydrogen or (C14)alkyl or talcen with R4 together with the carbon atom to which 
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both R3 and R4 are attached forms (C~8)cycloa1ky1ene; and 

R4 is hydrogen or as defined abov~; and the N-oxide derivatives, prodrug_derivatives, 

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

acceptable salts thereof. 

5 3. The compound of Claim 2 in which: 

R1 is a group ofFormula(a) wherein within Formula (a): 

R5 and R' both are hydrogen; 

R9 is (i) (C1.Jalkyl optionally substituted with -OR14 or -SR 14, wherein R 14 is 

(Cu)cycloalkyl(C0-6)a1kyl, phenyl((1WalkyJ, bipheny1yl(Co.Jalkyl or 

10 hetero(C5_Jaryl(C~alkyl, or (ii) a group selected from (C3-6)cycloalkyl(Co.6)alkyl, 

phenyl(Co.6)alkyl, biphenylyl(Co.Jalkyl or hetero(Cs.10)aryl(Co.Jalkyl; wherein within 

R9 any alicyclic or aromatic ring system present may be substituted further by 1 to 5 

radicals independently selected from (C1-6)a1ky1, (C1~a1kylidene, cyano, halo, 

halo-substituted (C1.Jalkyl, nitro, -X3NR12R12, -X3NR.12e(O)OR12, 

15 -X3NR12C(O)NR12R.12, ..;X3NR12C(NR12)NR12R.12, -X30R'2. -X3SR12, 

-X3C(O)OR12, -X3C(O)NR12R12, -X3S(0)2NR12R.12, -X3P(O)(OR3)0R12, 

-X30:P(O)(OR3)0R12,-X30C(O)R,.13, -X30C(O)ll13, -X3NR12C(O)R13, 

-X3S(O)R13, -X3S(OhR.13 and-X3C(O)R13
, wherein X3 is a bond or (C1-6)alkylene, 

R12 at each occunence independently is hydrogen, (C1•3)alkyl or halo-substituted 

20 (C1.J)alkyl and R 13 is (C1.J)alkyl or halo-substituted (C1•3)alkyl; and 

R11 is -X4X5R18, wherein X4 ~s ~(0)-, XS is a bond andR18 is 

(i) (C3-1:Jcyc1oalkyl(~6)alky1, hetero(C3-1Jcycloalkyl(Co.cs)alkyl, 

(Co.12)aryl(Co.6)alkyl or hetero{C5•1:Jaryl(Co.Jalkyl or (ii) phenyl(Co.Jalkyl or 

hetero(C5.Jaryl(Co.Jalkyl, wherein said phenyl or heteroaryl is substituted by 

25 -X90R24,-X9C(O)R24
, -X9C(O)OR24

, -X9C{O)NR24R25, -X9NR24R25, 

-X9NR.25C(O)R24, -X9NR25C(O)OR24
, -X9NR25C(O)NR24R25 or 

-X9NR.~(NR25)NR~R25, wherein X9 is a bond or (C1•6)alkylene, R24 is 

phenyl(C0-6)alkyl or hetero(C5.Jary1(Co.li)alkyl and R25 is hydrogen or (C1.6)a1kyl, 
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wherei~ within R • t ~y aromatic ring system present fuay be substituted further by 1 to 

5 substituents independently seJected from (C1•6)alkyl, halo, halo-substituted 

(C1-4)alkyl, -OR12
, -X3SR12

, -C(O)OR12 and-X3NR12C(O)OR12 wherein X3 is a 

bond or (C1~alkylene and R 12 is hydrogen or (C1•6)alkyl; and 

5 R3 and R4 are both hydrogen; and the N•oxide derivatives, prodrug derivatives, 

10 

·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 Fonnula (a) R9 is cyclohexylmethyl, 

wherein saidcyclohexyl may be substituted by 1.to 5 radicals independently selected from 

(C14)alky1, (C1•6)alkylidene or -X30C(O)R 13, orphenylmethylsulfanylmethyl or 

phenylsulfanylethyl, wherein said phenyl may be substituted by 1 to 5 radicals independently 

selected from (C1_Jalky1, cyano, halo, halo-substituted (C14)alkyl, nitro, -OR12, -SR12 and 

15 -C(O)OR 12
, wherein R 12 is hydrogen, (C1•3)alkyl or halo-substituted (C1•3)alkyl and R 13 is 

(C1~alkyl or halo-substituted(C1•3)alkyl; andR11 is benzoyl, furylcarbonyl, 

phenyloxybenzoyl, pyridylthienylcarbonyl, benzoylbenzoyl, thienylcarbonyl, 

morpholinylcarbonyl, phenyluriedobenzoyl, cyclohexenylcarbonyl or piperazinylcarbonyl, 

wherein within R 11 any aromatic ring system present may be substituted further by 1 to 2 

20 substituents independently selected from (C1-tS)alkyl, tert-butoxycarbonylamino, 

tert-butoxycarbonylaminomethyl, bromo, chloro, ethoxy, fluoro, hydroxy, methoxy and 

methylsulfanyl; 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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5. The compound .of Claim 4 in which within Formula (a), R9 is a group having 

the following formula: 

in which q is 0 to 5 and R26 at each occurrence is independently selected from (C1.4)a1kyl, 
. . 

5 cyano, halo, halo-substituted (C14)alkyl, nitro, -0Ri2, -SR12.and -C(O)OR12, wherein R 12 is 

hydrogen, (C1•3)alkyl or halo-substituted (C1•3)alkyl and R 13 is (C1-6)alkyl or halo-substituted 
. . 

(C1•3)alkyl; and. the N-oxide derivatives, prodrug derivatives, protected derivatives, individual 
. . 

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

6. The compound of Claim 3 in wl1ich within Formula (a), R9 is 

10 benzylsulfanylmethyl, 2-bromobenzylsulfanylmethyl, 2-chlorobenzylsulfanyl, 

2-(2-chlorophenylsulfanyl)ethyl, cyclohexyl, 4-ethylidenecyclohexyl, 

2-iodobenzylsulfanylmethyl, 2-methylbenzylsulfanylmethyl, 3-methyl-

3-trifluorocarbonyloxycyclohexylmethyl, 4-methylenecyclohexylmethyl or 

2-nitrobenzylsulfanylmethyl and R 11 is 4-tert-butoxycarbonylaminobenzoyl, 
. . ' . 

15 3-tert-butoxycarbonylaminomethylbenzoyl, 2-(3,5-dimethoxyphenyl)thiazol..4-ylcarbonyl, 

fur-3-ylcarbonyl, 4-methoxybenzoyl, 3-methylbenzoyl, 3-phenoxybenzoyl, 5-pyrid-2-ylthien­

.2-ylcarbonyl, 3-benzoylbenzoyl, 4-methylbenzoy), tbien-2-ylcarbonyl, morpholin-4-

ylcarbonyl, 5-bromothien-2-ylcarbonyl, 5-chlorothien-2-ylcarbonyl, 

5-methylthien-2-ylcarbonyl, 2-(2-chloro-6-methylphenyl)ureidobenzoyl, cyclohexyl-1-en-1 :-

20 ylcarbonyl, 3-ethoxybenzoyl, 3-fluorobenzoyl, 4-fluorobenzoyl 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 ~hannaceutically acceptable salts-thereof. 

7. The compound of Claim 6 selected from a group consisting of: 

N-(2-benzylsu]fanyl-lR-cyanomethylcarbamoylethyl)-4-hydroxybenzamide; 

N-[2-(2-bromobenzylsulfanyl)-lR.;cyanomethylcarbamoylethyl]benzamide; 

5 N.;[lR-cyanomethylcarbamoyl-2-(2-iodobenzylsulfanyl)ethyl]benzamide; 

N-[lR-cyanomethylcarbamoyJ-2-(2-cyanobenzylsulfanyl)ethyl]morpholine-

4-carboxamide; 

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

N-[lR-cyanomethylcarbamoyl-2-(2-nitrobenzylsulfanyJ)ethyl]morpholine-

1 o 4-carboxamide 

N-[lR-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanyl)ethyl]morpholine-

4-carboxamide; and 

N-[lR-cyanomethylcarbamoyl-2-(2-methylbenzylsulfanyl)ethyl]benzamide; and the 

N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and 

15 mixtures of isomers; and the phannaceutically acceptable salts thereof. 

8. A phannaceutical 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. A method of treating a disease in an animal in which cysteine protease activity 

20 ·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 ()f Claim 10 in which the· disease is an autoimmWle disorder, 

allergic disorder, allogeneic immune response, a disorder involving excessive elastolysis, 

cardiovascular disorders or a disorder involving fibril formation. 

12. The method of Claim U in which the disorder is selected from juvenile onset 

5 diabetes, multiple sclerosis, pemphigus.vulgaris, Graves' disease, myasthenia gravis, systemic 

lupus erythemotasus,.rhewnatojd arthritis, Hashimoto's thyroiditis, asthma, organ transplant or 

tissue graft rejections, chronic obstructive pulmonary disease, bronchiolitis, excessive airway 

e~tolysis in asthma and bronchitis, pneumonities, plaque rupture, atheroma and systemic 

am.yloidosis. 

10 13. A ce>mpound according to claim 1 in which R1 
is a group offonnuJa (a) 

wherein X1 
is -CH2S(Oh-; and the N-oxide derivatives, prodrug derivatives, protected 

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

salts thereof. · 

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

is a 

15 group of formula (a) wherein R 
9 

is a grmJp having the formula 

in which q is Oto 5 and R26 at each occurrence is independently selected from (C14)alkyl, 

cyano, halo, halo-substituted (C1~alkyl, nitro, -OR 12
, -SR 12 and -C(O)OR 12

, wherein R12 is 

hydrogen, (C1•3)a1kyl or halo-substituted (C1•3)alkyl and R 13 is (C1•6)alkyl or halo-substituted 
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(C1•3)alkyl; and theN-oxide derivatives, prodnig derivatives, pfutected 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 R26 group is 

attached at the benzene ring 2-position; and the N-oxide derivatives, prodrug derivatives, 

5 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 R26 group at the 2-position wherein R26 is selected from at each o~currence is 

independently selected from (C14)a1ky1, cyano. halo. halo-substituted (C14)alkyl. nitro, 

10 -OR12
, -SR12 and-C(O)OR12, wherein R12 is hydrogen, (C1•3)alkylor halo-substituted 

(C1•3)alkyl and R13 is (C1•6)alkyl or halo-substituted (C1•3)alkyl; and the N-oxide derivatives, 

prod.rug derivatives, protected derivatives, individual isomers and mixtures of isomers; and the 

pharmaceuticalJy acceptable salts thereof. 

17. A compound according to claim 16-in which R26 is clifluoromethoxy; and the 

15 N-oxide derivatives, prod.rug derivatives, protected derivatives, individual isomers and 

mixtures of isomers; and the pharmaceutically acceptable salts thereof. 

18. A compound of Formula (Il): 

wherein: 

R11,N~9J~ 
~7 . ! R3 R4 

(II) 

20 R2 is hydrogen or (C1•6)alkyl or as defined below; 
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R3 is hydrogen, (C1.c;)alkyl or as defined~elow; 1 ·· 

R4 is (i) hydrogen or (C1_Jalkyl, wherein said alkyl optioilatly is substituted with 

cyano, halo, nitro, -NR12R.12, -NR12C(O)OR12, -NR12C(O)NR12Ri2~ 
-NR12c(NR12)NRl2R.l2, -OR12,-sR12, -C(O)OR12, -C(O)NR12R12, . .:.s(0)2NR12R12, 

' . 

5 -P(O)(OR12)0R12, -OP(O)(OR12)0R12, •NR12C(O)R13, -S(O)R13, -S(0)2R
13, -C(O)R13, 

-OR14, -SR14, -S(O)R14, -S(OhR14, -C(O)R14, -C(O)OR14, -OC(O)R14.-NR14R15, 

-NR15C(O)R14,-NR15C(O)OR14,-C(O}NR14R15, -S(0)2NR14R15, -NR15C(O}NR14R15 or 

-NR15C(NR 15)NR14R lS. wherein R 12 at each occurrence independently is hydrogen, 

(C1_Jalkyl or halo-substituted (C1.Jalkyl, R 13 is (C1~6)alkyl or halo-substituted (C1•3)alkyl, R 14 

10 is (C3-1l)cycloalkyl(C~kyl, hetero(C3-1l)cycloalkyl(C0-6}alkyl, (Cc;.1l)aryl(Co.6)alkyl, 

hetero(C5•12)aryJ(Co.Jalkyl, (C,.12)polycycloaryl(Co.6)alkyl or 

hetero(C8•1z)polycycloaryl(Co.Ja1kyl and R 15 is hydrogen or {C1.c;)alkyl, and wherein within 

R14 said cycloalkyl, heterocycloalkyl, aryl, heteroaryl, polycycloaryl or heterpolycycloaryl ring 

optionally is substituted by a group selected from-R16, -X40R16, -X4SR16, -X4S(O)R16, 

15 -X4S(O):zR16, -X4C{O)R16, -X4C(O)OR16, -X40C(O}R16, -X4~16R17, -X4NR17C(O)R16, 

-X4NR17C(O)OR16, -X4C(O)NR16R17
, -X4S(O):zNR,16R.17,-X4NR17C(O)NR16R.17 or 

-X4NR17C(NR17)NR16R.17, wherein X4 is a bond or (C1.Jalkylene, R16 is hydrogen or 

(C1.c;)alky1 and R 17 is (~dcycloalkyl(Co.6)alkyl, hetero(C3-1:z)cycloalkyJ(C~alkyl, . 

{Cc;.1z)aryl(C~alkyl, hetero(Cs.1z}aryl{CG-6)a1kyl, (C9-1~olycycloaryl(Cc,.c;)alky1 or 

20 hetero(C8•12)polycycloaryl(CG-Jalkyl, or (ii) ·a group selected from 

(Y.12)cycloalkyl(C0-6)alkyl, hetero(Cl-1:z)cycloalkyl(C0-6)alkyl, (Cc;.1z)aryl(Co.Jalkyl, 

hetero(Cs.Jl)aryl(Co.c;)alkyl, (C9-12)polycycloaryl(Co.6)alkyl and 

hetero(C8.12)polycycloaryl(CD-6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroary1, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a group 

25 selected from -R16, -X40R16, -X4SR16
, -X4S(O)R16, -X4S{0)2R

16, -X4C(O)R16, 

-X4C(O)OR16, -X40C(O)R16, -X4NR16R17, -X4NR17C(O)R16, -X4NR17C(O)OR16, 

-X4C(O)NR16R17.-X4S(0)2NR16R11, -X4NR11C(O)NR16R11 or-X4NR11c(NR11)NR16R11, 

wherein X4, R 16 and R 17 are as defined above; wherein within R4 any alicyclic or aromatic ring 

system present may be substituted further by 1 to 5 radicals independently selected from 
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(C1-6)alkyl, (C1.6)alkylidene, cyano, halo, halo-substituted (C14)alkyl, nitro, -X4NR12R.12, 

-X4NR12c(O)OR12, -X4NR12C(O)NR'2R12, -X4NR12c(NR12)NR12R.12, -X40R12, -X4SR12, 

-X4C(O)OR12, -X4C(O)NR12R12, -X4S(0)2NR12R12, -X4P(O)(OR3)0R12, 

-X40P(O)(OR3)0R12, -X4aC(O)R13, -X4NR12C(O)R13, -X4S(O)R13, -X4S(Oh}l13 and 

5 -X4C(O)R13, wherein X4, R12 and R13 are as defined above, or 

R4 and R2 taken together form trimethylene, tetramethylene or 

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

R4 and R3 together with the carbon atom to which both R4 and R3 are attached form 

(C3:-8)cycloalkylene or (C3-8)heterocycloalkylene; 

10 R5 is hydrogen or (C1-6)alkyl; 

R7 is hydrogen or (C1-6)alkyl; 

R9 is (C6-1:Jaryl(C1-6)alkyl, hetero(Cs-12)aryl(C1.6)alkyl, -X40R14, -X4SR14, 

-X4S(O)R14, -X4S(0)2R
14 or-X4NR14R15

• wherein X4. R14 and R15 are as defined above and 

wherein within R9 said aryl or heteroaryl ring optionally is substituted by 1 to 5 radicals 

15 independently selected from (C1_Jalkyl, cyano. halo, halo-substituted (C14)alkyl, nitro, 

-X'NR12R.12, -X'NR'2C(O)OR12, -X4NR12c(O)NR12R12, -X4NR12c(NR12)NR12R12, 

-X40R12, -X4SR12, -X4C(O)R12, -X4C(O)OR12, -X4c(O)NR12R.12, -X4S(O)zNR12R.12, 

-X4P(O)(OR3)0R12, -X40P(O)(OR3)0R12, -X40C(O)R13, -X4NR12c(O)R13, -X4S(O)R13, 

-X4S(O)zR 13, wherein X4. R 12 andR13 are as defined above; and 

20 R11 is-X5X6R18, wherein X5 is -C(O)-, -C(O)C(O)-or-S(0)2-, X
6 is a bond, -O-

or-NR19-, wherein R19 is hydrogen or (C1•6)alkyl, and R18 is (i) (C1.10)alkyl optionally 

substituted by cyano, halo, nitro, -NR12R12, -NR12e(O)OR12, -NR12e(O)NR12R12, 

-NR12c(NR12)NR'2R12, -OR12, -sR•2, -C(O)OR12, -C(O)NRl2R12, -S(0)~12R12, 

-P(O)(OR12)0R12, -OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, .;S(0)2R13, -C(O)R13, 

25 -OR20, -SR20
, -S(O)R20, -S(0)2R20, -C(O)R20, -C(O)OR20, -C(O)NR20R21, -NR20R21, 

-NR21C(O)R20
, -NR21C(O)OR20,-NR21C(O)NR20R21 or-NR21C(NR21)NR20R21, wherein 

R12 andR13 are as defined above, R20 is (C3-1:Jcycloalkyl(C0-6)alkyl, 

hetero(CJ-1:Jcycloalkyl(Co.Jalkyl, (C6-1:Jaryl(Co.6)alkyl, hetero(C5•12)aryl(C0•6)alkyl, 

(C9-12)bicycloaryl(C0-6)alky1 or hetero(Ca-i:Jbicycloaryl(Co.6)alkyl and R21 at each occurrence 
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independently is hydrogen or (C1•6)alkyl, or (ii) (C3-1:z)cycloalkyl(Co-6)alkyl, 

hetero(C3•12)cycloalkyl(Co.6)alkyl, (C6-1 :z)aryl(Co.6)alkyl, hetero(C5•12)aryl( Co.Jalkyl, 

(C51•1:z)bicycloaryl(Co.6)alkyl orhetero(Cs..12)bicycloaryl(Cc,.6)alkyl or 

(iii) (C3-6)cycloalkyl(Co.Jalkyl, hetero(C3-6)cycloalkyl(Co.6)alkyl, phenyl(Co.Jalkyl or 

5 hetero(Cs.6)aryl(Co.6)alkyl, wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is 

substituted by-X'OR22, -X4SR22, -X4S(O)R22, -X4S(OhR22, -X4C(O)R22, -X4C(O)OR22, 

-X4C(O)NR22&23, -X4NR22R23, -X4NR23C(O)R22
, -X4NR23C(O)OR22

, 

-X4NR23C(O)NR22&23 or -X4NR23C(NR23)NR22R23, wherein X4 is as.defined above, R22 is 

(~cycloalkyl(Co.Jalkyl, hetero{C).6)cycloalkyl(Co.6)alkyl, phenyl(C().6)alkyl or 

10 hetero(C,.Jaryl(Co.6)alkyl and R23 at each occurrence independently is hydrogen or 

(C1-6)alkyl; wherein within R11 any alicyclic or aromatic ring system present may be substituted 

further by 1 to S radicals independently selected from (C1•6)alkyl, (C1~alkylidene, cyano, 

halo, halo-substituted (C1.Jalkyl, nitro, -X4NR12R.12, -X4NR12c(O)OR12, 

-X4NR12C(O)NR12R12, -X4NR12c(NR12)NR12R.12, -X40R12, -X4SR12. -X4C(O)OR12, 

15 -X4C(O)NR12R12, -X4S(O)aNR12R12, -X4P(O)(OR3)0R12
, -X40P(O)(OR3)0R12, 

-X40C(O)R 13, -X4NR 12c(O)R 13, -X"S(O)R13, -X4S(0)2R 13 and -X"C(O)R 13, wherein X4
, 

R12 and R 13 are as defined above; and the N-oxide derivatives, prod.rug derivatives, protected 

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

salts thereof. 

20 19. The compound of Claim I Sin which: 

R2 is hydrogen; 

R3 is hydrogen, methyl or taken with R4 together with the carbon atom to which both 

R3 and R4 are attached fonns (C3-8)cycloalkylene; 

R4 is hydrogen, methyl or as defined above; 

25 Rs is hydrogen or (C1-6)alkyl; 

R7 is hydrogen or methyl; 

R9 represents (C6-1:z)aryl(Co.6)alkyl, hetero(Cs.1a)aryl(C().6)alkyl, -X4DR14
, -X4SR14• 

-X4S(O)R14 or-X4NR14Ris, wherein X4 is a bond or (C1~alkylene, R14 is 

-116-



_____ ,__ __________ ---------~ ... ··-··-------~------------

wo·oo1ss12s 
' 11111111111111 11111 11111111111 : 

* C L M S * 

PCT/US00/06747 

(C6-daryl(C~alkyl or hetero(C5•12)aryl(Co.6)alkyl and R 15 is hydrogen or (C1•6)alkyl, and 

wherein within R9 said aryl or heteroaryl ring optionally is substituted by l to 5 radicals 

independently selected from (C1-6)alkyl, cyano, halo, halo-substituted (C1..Jalkyl, nitro, 

-X4NR12R12, -X40R12;, -X4C(O)R12, -X4SR12, wherein X4 is a bond or (C1•6)alkylene, R12 at 

5 each occurrence independently is hydrogen, (C1•6)alkyl or halo-substituted (C1~3)alkyl, and 

R 13 is (C1•6)alkyl or halo-substituted (C1•3)alkyl; and 

R11 is -X4X5R18, wherein X4 is-C(O)- or-S(O)r, X5 is a bond, -0- or-NR19-, 

wherein R 19 is hydrogen or (C1-6)alkyl, and R 18 is (i) (C1•10)alkyl or 

(ii)_ (C3_1:Jcycloalkyl(C0-6)alkyl, hetero(C3-12)cycloalkyl(Co.6)alkyl, (C6-1i)aryl(C0-6)alkyl or 

10 heteri>(C5_12)aryl(Co.6)alkyl or (iii) (C3-6)cycloalkyl(C0-6)alkyl, 

hetero(~cycloalkyl(C0-6)alkyl, phcnyl(Co.6)alkyl or hetero(C5~aryl(C0.6)alkyl, wherein said 

cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by -X90R24,-X9C(O)R24, 

-X9C(O)OR24, -X9C(O)NR24R25• -X9NR24R25; -X9NR25C(O)R24, -x9NR25C(O)OR24, 

-X9NR25C(O)NR24R25 or-X9NR25C(NR25)NR24R25, wherein X9 is a bond or (C1-6)alkylene, 

15 R24 is (C3-6)cycloalkyl(Co.Jalkyl, hetero(C~cycloalkyl(Co.Jalkyl, phenyl(Co~alkyl or 

hetero(C5~aryl(Co.Jalkyl and R25 is hydrogen or.(C1•6)alkyl, wherein within Rn any alicyclic 

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

independently selected from (C1~alkyl, halo, halo-substituted (C14)alkyl, -OR12, -X3SR12, 

-C(O)OR12 and-X3NR12C(O)OR12, wherein X3 is a bond or {C1~alkylene and R14 is 

20 hydrogen or (C1-6)alkyl; and the N-oxide derivatives, prodrug derivatives, protected 

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

salts thereof. 

20. The comound of Claim 19 in which: 

R3
, R4

, R5 and R7 each are hydrogen; 

25 R9 represents benzyl, benzyloxymethyl, benzylsulfanylethyl, benzylsulfanylmethyl, 

benzylsulfinylmethyl, indolylmethyl, naphthylmethyl, phenethyl, phenoxyethyl, pheny1amino, 

pyridylmethyl, pyridylsulfanylethyl, phenylsuJfanylethyl, thiazolyl or thienyl, wherein within R9 

the aromatic ring may be substituted further by l to 5 radicals independently selected from 
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(C1_Ja1kyl, cyano, halo, halo-substituted (C14)aJkyl, nitro, -X4NR12R.12, -X4<JR12, 

-X4C(O)R12, -X4SR12, wherein X4 is a bond or (C1-6)alkylene, R12 at each occwrence 

independently is hydrogen, {Cj_Jalkyl or halo-substituted (C1_3)alkyl, and R 13 is (C1_6)alkyl or 

halo-substituted(C1_:Ja1kyl; and 

5 R11 is -X4XSR18, wherein X4 is -C(O)-, X5 is a bond and R111 is 

(i} (C3•12)cycloalkyl{C~alkyl, hetero(C3-12)cycloalkyl{Co-Jalkyl, (C6-1:Jaryl(Co-Jalkyl or 

hetero(Cs-12)aryl{Ca-6)alkyl or (ii) phenyl(~)alkyl or hetero(Cs-6)aryl(C~a1kyl, wherein said 

phenyl or heteroaryl is substituted by -X90R24,-X9C{O)R24
, -X9C(O)OR24

, 

-X9~(0)NR24R25, -X9NR24Rl.\ -X9NR25C(O)R24, -X9NR25C(O)OR24, 

10 -X9NR.25C(O)NR24R25 or -X9NR.25C(NR25)NR24R25, wherein X9 is a bond or·(C1.Ja1kylene, 

R24 is phenyl(C~alkyl or hetero(Cu)aryl(CQ-6)alky} and R25 is hydrogen or (C1-6)alkyl, 

wherein within R 11 any aromatic ring system present may be. substituted further by 1 to 5 

substituents independently selected from (C1-6)alkyl, halo, halo.;.substituted (C14)alky1, -:OR12, 

-X3SR12, -C(O)OR12 and-X3NR12C(O)OR12 wherein X3-is a bond or (C1_Ja1kylene and R12 

15 is hydrogen or_(C1-6}alk.yl; and the N-oxide derivatives, prodrug derivatives, protected 

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

salts thereof. 

21. The compound of Claim 20 in which R9 is a group having the following 

formula: 

20 

in which q is O to 5 and R26 at each o_ccurrence is independently selected from (C14)alkyl, 
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cyano, halo, ha1o-substituted (C14)alkyl, nitro,-OR12, -SR12 and-C(O)OR12
, wherein R12 is 

hydrogen, (C1_3)alkyl or halo-substituted (C1_3)alkyl arid R 13 is (C1~alkyl or halo-substituted 

(C1_3)alkyl; and the N-oxide derivatives, prodrug derivatives, protected derivatives, individual 

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

5 22. The compound of Claim 20inwhich R9 is 4-aminobenzyl, benzyl, 

benzyloxymethyl, 2-benzylsulfanylethyl, benzylsulfanylmethyl, 2-bromobenzylsulfanylmethyl, 

4-tert-butylbenzyJsulfanylmethyl, 2-chlorobenzyl, 4-chlorobetizyl, 

2-c~lorobenzylsulfanylmethyl, 4-chlorobenzylsulfanylmethyl, 2-(2-chlorophenylsulfanyl)ethyl, 

4-cyanobenzyl, 3,4-dichlorobenzylsulfanylmethyl, l,6-dichlorobenzyl, 

10 3,5-climethylbenzylsulfanylmethyl, 2-fluorobenzyl, 4-fluorobenzyl, 

2-fluorobenzylsulfanylmethyl, 1-formylindol-3-ylmethyl, indol-3-ylmethyl, 

2-iodobenzylsulfanyJmethyl, 2-methylbenzylsulfanylmethyl, 3;.methylbenzylsulfanylmethyJ, 

3-methylbenzylsulfanylmethyl, 4-methylbenzylsulfanylmethyJ, 2-(2-methylphenylsulfanyl)ethyl, 

4-methoxybenzyl, 4-methoxybenzylsulfanylmethyl; 4-m~thoxybenzylsulfinylmethyl, 

15 naphth-2-ylmethyl, naphth-2-ylmethylsulfanylmethyl, 3-nitrobenzyl, 

1-nitrobenzylsulfanylmethyl, 2-nitrobenzylsulfanylmethyJ, 3-nitrobenzylsulfanylmethyl, 

4-nitrobenzylsulfanylmethyJ, 4-nitrobenzyl, pentafluorobenzylsulfanylmethyl, phenylamino, 

phenethyl, phenethyloxy, 2-phenoxyethyl, 2-phei:J.oxyethyl 2-phenylsulfanylethyl, 

pyrid-4-ylmethyl, pyrid-2-ylmethylsulfanylmethyl, pyrid-3-ylmethylsulfanylmethyl, 

20 pyrid-4-ylmethylsulfanylmethyl, 2-pyrid-2-ylsulfanylethyl, 2-pyrid-4-ylsulfanylethyl, 

thiazol-5-yl, thien-2-ylmethyl,· 4-tri{luoromethylbenzylsulfanylmethyl, 

3-trifluoromethylbenzylsulfanylmethyl, 3-trifluoromethoxybenzylsulfanylmethyl, 

4-trifluoromethoxybenzylsulfanylmethyl or 4-trifluorosulfanylbenzylsulfanylmethyl; and the 

N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and 

25 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-lR-cyanomethylcarbamoylethyl)-4-hydroxybenzamide; 
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N-[2-(2-bromobenzylsulfanyJ);.IR-:cyanometh~lcarbamo~.l~thyl]benzamide; 

. N-[lR-cyanomethylcarbamoyl-2-(2-iodobenzylsulfanyl)ethyl]benzamide; 

N-[lR-cyanomethylcarbamoyl-2-(2-cyanobenzylsulfanyl)ethyl]morpholine-

4-carboxamide; 

5 N-[3-(2-chlorophenylsulfanyl)-lR-cyanomethylcarbamoylpropyl]benzamide; 

N-[lR-cyanomethylcarbamoyl-2-(2-nitrobenzylsulfanyl)ethyl]morpholine-

4-carboxamide 

N-[lR-cyanomethylcarbamoyl-2-(2-methylbenzylsuJfanyl)ethyl]morpholine­

~xamide; and 

10 N-[ lR-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 there9f. 

24. A compound according to any preceding claim for use in therapy. 

25. A compound or pharmaceutical composition ·according to any preceding 

15 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 

20 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 proteas~ activity 

contributes to the pathology and/or symptomatology of the disea$e. 
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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 ~e. pathology and/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 Fonnula (I): 

(I) 

in which: 

R1 is a group of Formula (a) or (b): 

15 

(a) (b) 

wherein: 

X1 and X2 independently are -C(O)- or -CH2S(O)i-; 
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R5 and R6 are hydrogen or(C1~alkyl; 

R7 and R8 are hydrogen or (C1_Jalkyl or as defined below; 

R9 and R10 independently are (i) (C1-6)alkyl optionally substituted with cyano, 

halo or nitro or (ii) a group selectedfrom-X3NR12R12, -X3NR12C(O)OR12, 

5 -X3NR12C(O)NR12R.12, -X3NR12c(NR12)NR12R.12, -X30R12, -X3SR'2, 

-X3C(O)OR12, -X3C(O)NR12R12, -X'S(0)2NR12R.12, -X3P(O)(OR12)0R12, 

-X30P(O)(OR12)0R12, "'.X3NR12C(O)R13, -X3S(O)R13, -X3S(O):~R.13, -X3C(O)R13, 

-X3C(O}R14,-X3C(O)OR14, -X30C(O)R14, -X3NR15C(O)R14,-X3NR15C(O)OR14, 

-X3C(O)NR14R1s, -X3S(0)2NR14Ru, -X3NR'sC(O)NR'4R1s, 

10 -X3NR15C(NR15)NR14R15, -X4SR14 -X4S(O)R14, -X4S(O):zR14, "'.X40R14, or 

-X4NR14R15, wherein X3 is (C1•6)alkylene, X4 is a bond or (C1_Jalkylene, R12 at each 

occurrence independently is hydrogen, (C1_Jalkyl or halo-substituted (C1.3)alkyl, R 13 

is (C1-6lalky1 or halo-substituted (C1_3)alkyl, R 14 is (~1:z)cycloalkyl(Co.Jalkyl, 

hetero(~1:z)cycloalkyl(Co.6)alkyl, (C6-1:z)aryl(Co.;6)alkyl, hetero(Cs,.1:z)m:yl(Co.Jalkyl, 

15 (~12)polycycloaryl(Co-6)alkyl or hetero(Cg_1:z)polycycloaryl(Co.Jalkyl and R15 is 

hydrogen or (C1.Jalkyl, and wherein within R 14 said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloary1 ring optionally is substituted by a 

group selected from-R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(OhR16, 

-X4c(O)R16, -X4c(O)OR16, -X4DC(O)R16, -X4NR16R17, -X4NR17C(O)R16, 

20 -X4NR17C(O)OR16, -X4c(O)NR16R17, -X4S(O):zNR 16R17, -X4NR17C(O)NR16R17 or 

-X4NR17C(NR17)NR16R.17
, wherein X4 is a bond or (C1.6}alkylene, R16 is hydrogen or 

(C1-6)alkyl and R17 is (C3•1:z)cycloalkyl(C0-6)alkyl, hetero(~1:z)cycloalkyl(Co.6)alkyl, 

(C&-12)aryl(C0-6)alkyl, hetero(C5.12)aryl(C0.6)alkyl, (C9-1:z)PQlycycloaryl(Co-6)alkyl or 

hetero(Cg_1:z)polycycloaryl{Co.6)alkyl, or (iii) a group selected from 

25 (~.12)cycloalkyl(Co.Jalkyl, hetero(C3-12)cycloalkyl(Co.6)alkyl, (C6-12)aryl(Co.Jalky1, 

hetero(CS-1:z)aryl(Co.Jalkyl, (~12)polycycloaryl(Co.6)alkyl and 

hetero(C8•1Jpolycycloaryl(Co-6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X40R16, -X4SR16, -X4S(O)R16,-X4S(0)~16, 
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-X4C(O)R16, -X4C(ojbR16, -X40C(O)R16;,-X4NR16Rd~ ~:X4NR17C(O)R16, 
-X4NR17C{O)OR16, -X4C{O)NR16R.17, -X4S{0)2NR16R17

, -X4NR17C(O)NR16R17 or 

-X4NR17C(NR17)NR16R.17, wherein X4, R16 and R17 are as defined above; wherein 

within R9 and/or R10 any alicyclic or aromatic ring system present may be substituted 

5 further by 1 to 5 radicals independently selected from {C1_Jalky1, (C1_Jalkylidene, 

cyano, halo, halo-substituted (C14)alkyl, nitro, -X4NR12R12, -X4NR12C(O)OR12, 

-X4NR12c(O)NR12R.12, ;..X4NR12C(NR12)NR12R12, -X40R12, -X4SR12, 

-X4C(O)OR12, -X4C(O)NR12R12, -X4S{OhNR12R12, -X4P{O){OR4)0R12, 

-X40P(O)(OR12)0R12, -X40C(O)R13, -X4NR12C(O)R13, -X4S(O)R13, -X4S(O):zR13 

10 and -X4C{O)R13, wherein X4
, R12 and R13 are as defined above, or · 

R9 taken together with R7 and/or R10 taken together with R8 fonn 

trimethylene, tetramethylene or phenylene-1,2-dimethylene. optionally substituted with 

hydroxy, oxo or methylene; and 

R 11 is -X5X6R 18, wherein X5 is -C(O)-, -C(O)C(O)- or -S(O)r, x6 is a 

15 bond, -0- or-NR19-, wherein R19 is hydrogen or (C1_Ja1kyl, and R18 is 

(i) (C1.10)alkyl optionally substituted by cyano, halo, nitro, -NR12R.12, 

-NR12C(O)OR12, -NR12C(O)NR12R12, -NR12C(NR12)NR12R.12, -OR12, -SR12, 

-C(O)OR12, -C(O)NR12R12, -S(0)2NR12R12, -P(O)(OR12)0R12, 

-OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(0)2R13, -C(O)R13, -OR20, -SR20, 

20 -S(O)R20, -S(O):zR20, -C(O)R20, -C(O)OR20, -C(O)NR2°R.21, -NR20R21, 

-NR21C(O)R20
, -NR21C(O)OR20,-NR21C(O)NR~21 or·-NR21C{NR21)NR~21 , 

wherein R 12 and R 13· are as defined above, R20 is (C3.1:z)cycloalkyl(Co-6)alkyl, 

hetero(C3.1:Jcycloalkyl(C0-6)alkyl, (C6-1:Jaryl(C~alkyl, hetero(C5•1a)aryl(C0-5)alkyl, 

(C9•12)bicycloaryl(C~alkyl or hetero(Cs-12)bicyc1oaryl(~)alkyl and R21 at each 

25 occurrence independently .is hydrogen or (C1_Jalkyl, or 

(ii) (C3~12)cycloalkyl(C0-Jalkyl, hetero(c;.12)cycloalkyl(Ca-Jalkyl, 

(~12)aryl(C0-6)alkyl, hetero(Cs-1:Jaryl(C0-6)alkyl, (C9-1:z)bicycloaryl(Co-t>)alkyl or 

hetero(Cs-12)bicycloary1(C0-6)alkyl or (iii) (C3•6)cycloa1kyl(C0-t>lalky1, 

hetero(C3-6)cycloalkyl(C0-6)a1kyl, phenyl(Ca-Jalkyl or hetero(C5-6)aryl(Co-<;)alkyl, 
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wherein said cycloalkyl; heterocycloalkyl, phenyl or heteroaryl is substituted by 

-X40R22, -:-X4SR22, -X4S(O)R22~ -X4S(O)z}l22, -X4C(O)R~2, -X4C(O)OR22, 

. -X4C(O)NR22R23, -X4Njl22R_l3, -X4NR23C(O)R22, -X4NR23C(O)OR22, 
.. t' 

-X4NR23C(O)NR22R.23 or -X4NR23C(NRn)NR22R23, wh~~n X4 is as defined 

5 above, R22 is (~)cycloalkyl(Co.6)alkyl, hetero(C3-6)cycloalkyl(C0-6)alkyl, 

phenyl(C0-6)alkyl or hetero(Cs-6)mrI(~alkyl and R23 at each occurrence 

independently is hydrogen or (C1-6lalkyl; wherein within R 11 any alicycJic or aromatic 

ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1-6)alkyl, (C1-6)alkylidene, cyano; halo, halo-substituted (C1-4)alkyl, 

10 nitro, -X4NR12R12, -X4NR12C(O)OR12, -X4NR12C(O)NR12R12, 

-X4NR12c(NR12)NR12R12, -X4c>R12, -X4sR12, -X4C(O)OR12, -X4c(O)NR12R12, 

-X4S(O):zNR12R.12, -X4P(O)(OR3)0R12, -X4c>P(O)(OR3)0R12, -X40C(O)R13, 

-X4NRt2c(O)R13, -X4S(O)R13, -X4S(O)Jl13 and-X4C(O)R13, wherein X4. R12 and 

R 13 are as defined above; 

:15 R2 is hydrogen or (C1-6)alkyl or as defined below; 

R3 is hydrogen, (C1.6)alkyl or as defined below; and 

R4 is (i) hydrogen or (C1~)alkyl, wherein said alkyl is optionally substituted with 

cyano, halo, nitro. -NR12R.12, -NR12C(O)OR12, -NR12C(O)NR12R12, 

-NR12c(NR12)NR12R12, -OR12, -SR12, -C(O)OR12, -C(O)NR'2R.12
1 

-S(O):zNR,12R.12, 

20 -P{O)(OR12)0R12, -OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(O)zR.13, -C(O)R13, 

-OR14, -SR1\-S(O)R14,-S(0)2R14, -C(O)R14,-C(O)OR14, :-OC(O)R14, -NR14R15, 

-NR15C(O)R14,-NR15C(O)OR14,-C(O)NR14R15, -S(0)2NR14R15, -NR15C(O)NR14R15 or 

-NR15C(NR15)NR14R15, wherein R12, R13, R14 and R15 are as de:fined above, or (ii) a group 

selected from (~1:z)cycloalkyl(C0-6)alkyl, hetero(~1z)cycloalkyl(C().6)alkyl, 

25 (C6-12)aryl(Co.Jalkyl, hetero(C5•1:z)aryl(Co.6)alkyl, (C9-1:z)polycycloary1(~alkyl and 

hetero(C8•12)polycycloaryl(Co.Jalkyl~ wherein·said cycloalkyl, heterocycloalkyl. aryl, 

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

selected from -R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(O)zR,16, -X4C(Q)R16, 

-X4C(())0Rt6, -X4QC(O)R'6,.){4NRt6Rt1, -X4NR11c(C>)R16, .)(4NRt1c(C>)OR16, 
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-X4C(O)NR16R11, -X4S(O):zNR16R.11, -X4NR11c(O)NR16R.11 or-X4NR11c(NR11)NR16R11, 

wherein X4, R 16 and R 17 are as defined above; wherein within R9 and/or R 10 any alicyclic or 

aromatic ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1_6)alkyl, (C1.c;)alkylidene, cyano, halo, halo-substituted (C14)alkyl, nitro, 

5 -X4NR12R12, -X4NR12c(O)OR12, -X4NR12c(O)NR12R.12, -X4NR12c(NR12)NR12R.12, 

-X40R12, -X4SR12, -X4C(O)OR12, -X4C(O)NR12R.12, -X4S(O):iNR.12R.12, 

-X4l>(O)(OR3}0R12,-X401?(C>)(OR3}C>R12,-X'OC(O)R13, -X4NR12C(C>)R13, -X4S(O)R13, 

-X4S(0)2R13 and-X4C(O)R13
, wherein X4

, R12 and R13 are as defined 8bove, or 

R4 and R2 taken together fOim trimethylene, tetramethylene or 

10 phenylene-1,2-dimeihyJene, optionalJy substituted with hydroxy, oxo or methylene, or 

15 

R4 and R3 together with the carbon atom to which both R4 and R3 are attached form 

(C,.8)cycloalkylene or (~)heterocycloalkylene; or an N-oxide derivative, prod.rug 

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

thereof, but excluding compounds of the formula 

11 R~5R9 HXN 
R, N N . 

. H () . R3 R4 

in which R3 and R4 are each hydrogen or (C1•6)alkyl, or together with the carbon atom to 

which they are both attached form (C3.s)cycloalkylene; R5 is hydrogen or (C1-6)alkyl; R9 is 

(C6-1Jaryl(C1_,,}alkyl, hetero(C5•12)aryl(C1-6)alkyl, (C4-s)alkyl or cyclohexylmethyl; and R11 is 

C(O)R18 wherein R18 is hetero(C3-1:z)cycloalkyl, (C6.12)aryl(Co..,)alkyl or hetero(C5•1:z)ary1(C0-

20 6)alkyl. 
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34. The use of a compound of Fonn.ula (I): 

in which: 

R1 is a group of Formula (a) or (b): 

wherein: 

(a) (b) 

X1 and X2 independently are -C(O)- or -CH2S(O)r; 

R5 and R6 are hydrogen or (C1_J8Jkyl; 

R7 and R8 are hydrogen or (C1_6)alkyl or as defined beJow; 

PCT/US00/06747 

R9 andR10 independently are (i) (C1_Jalkyl optionally substituted with cyano, 

halo or nitro or (ii) a group selected from -X3NR 12R 12
, -X3NR 12C(O)OR 12, 

-X3NR12C(O)NR12R12, -X3NR12c(NR12)NR12R12, -X30R12, -X3SR12, 

-X3C(O)OR12, -X3C(O)NR12R12
, -X3S(0)~12R12, -X3P(O)(OR12)0R12, 

-X30P(O)(OR12)0R12, -X3NR12C(O)R13, -X3S(O)R13, -X3S(O):zR13, -?'3C(O)R13, 

15 -X3C(O)R14, -X3C(O)OR14
, -X30C(O)R14, -X3NR1sC(O)R14, -X3NR1sC(O)OR14, 

-X3C(O)NR14Rts, -X3S(0)2NR14R1s, -X3NR1sc(O)NR14R1s, 

-X3NR•sc(NR•s)NR14RIS, -X4sR•4-X4S(O)R14, -X4S(O).zR.14, -X4QR14, or 

-X4NR14R15, wherein X3 is (C1_6)alkylene, X4 is a bond or (C1-cs}alkylene, R12 at each 

occurrence independently is hydrogen, (C1_6)alkyl or halo-substituted (C1_3)alkyl, R 13 

20 is (C1_Jalkyl or halo-substituted (C1_3)alkyl, R 14 is (C3-12)cycloalkyl(Co-Jalkyl, 

hetero(C3-12)cycloalkyl(Co-6)alkyl, (C6-12)aryl(C0-6)a1ky1, hetero(C5•12)aryl(C0-Ja1ky1, 
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(C9-10Polycycloaryl(Co.t;)alkyl or hetero(C8•12)polycycloaryl(~Jalkyl and R15 is 

hydrogen or (C1-6)alkyl, and wherein within R14 said cycloalkyl, heterocycloalkyl, aryJ, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(OhR16, 

5 -X4C(O)R16, -X4C(O)OR16, -X40C(O)R16, -X4NR16R11, -X4NR1'C(O)R'6, 

-X4NR17C(O)OR16, -X4C(O}NR16R.17, -X4S(0)2NR16R.17, -X4NR17C(O)NR16R17 or 

-X4NR17C(NR17)NR16R.17, wherein X4 is a bond or (C1-.6)alkylene, R16 is hydrogen or 

(C1.Jalkyl and R17 is (C3-1:Jcycloalkyl(Co.Jalkyl, hetero(~1:Jcycloalkyl(~)alkyl, 

(C6-1:Jaryl(Co.6)alkyl, hetero(C5.1:Jaryl(Co.Jalkyl, (~12)polycycloaryl(Co.6)alkyl or 

10 hetero(Cg_i:Jpolycycloaryl(Co.Jalkyl, or (iii) a group selected from · 

(C3-1:Jcycloalkyl(Co.6)alkyl, hetero(~12)cycloalkyl(Co.t;)alkyl, (C6-1:Jaryl(Co-6)alkyl, 

hetero(Cs-1:Jaryl(Co.6)alkyl, (C!>-1:Jpolycycloaryl(Co.Jalkyl and 

betero(Cg.1:Jpo1ycycloaryl(Co.Jalkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

15 group selected from -R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(O)?R16, 

-X4C(O)R16, -X4C(O)OR16, -X40C(O)R16, -X4NR16R.17, -X4NR17C(O)R16, 

-X4NR1'C(O)OR16, -X4e(O)NR16R11, -X4S(0)~16R.11,-X4NR11c(O)NR16R11 or 

-X4NR17C(NR17)NR16R17, wherein X4. R16 and R17 are as defined above; wherein 

within R9 and/or R 10 any alicyclic or aromatic ring system present may be substituted 

20 further by 1 to 5 radicals independently selected from (C1-6)alkyl, (C1.6)alkylidene, 

cyano, halo, halo-substituted (C1~alkyl, nitro, -X4NR12R12, -X4NR12e(O)OR12, 

-X4NR12e(O)NR12R12, -X4NR12C(NR12)NR12R.12, -X4QR•:z, -X4SR12, 

-X4C(O)OR12, -X4C(O)NR12R12, -X4S(0)2NR12R12, -X4P(O)(OR4)0R12, 

-X40P(O)(OR12)0R12, -X4aC(O)R13, -X4NR12C(O)R13, -X4S(O)R13, -X4S(0)2R13 

25 and-X4C(O)R13, wherein X4, R12 andR13 are as defined above, or 

R9 taken together with R7 and/or R10 taken together with R8 form 

trimethylene, tetramethylene or phenylene-1,2-dimethylene, optionally substituted with 

hydroxy, oxo or methylene; and 

R11 is -X5X6R18, wherein X5 is -C(O)-, -C(O)C(O)- or-S(O)n X6 is a 
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bond, -0- or -NR 19-, wherein R 19 is hydrogen or (C1-c>)~yl,' and R 18 is 

(i) (C1_10)alkyl optionally substituted by cyano, halo, nitro, -:-NR12R12, 

-NR12c(O)OR12, -NR12~(0)NR12R.12, -NR12C(NR12)NR12R.12, -()R12, -SR12, 

-C(O)OR12, -C(O)NR12R12, -S(0)~12R.12, -P(O)(OR12)0R12, 

5 -OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(O):zR13, -C(O)R13, -OR20,-SR20, 

-S(O)R20
, -S(O):iR20, -C(O)R20

, -C(O)OR20
, -C(O)NR~21 , -NR~21 , 

-NR21C(O)R20, -NR21C(O)OR20 ,-NR:ZIC(O)NR~21 or -NR21C(NR21)NR:zoa21, 

wherein R12 and R13 are as defined above, R20 is (C3-1:Jcycloalkyl(Co.c,)alkyl, 

hetero(C;.1:Jcycloalkyl(Co-Jalkyl, (C6-12)ary1(C0-6}alky1, hetero(Cs-12)ary1(Co-Jalkyl, 

10 (C9-1:Jbicycloaryl(Co.c,)al~1 or hetero(C8.1:Jbicyc1oaryl(Co-6}alkyl and R21 at each 

occurrence independently is hydrogen or (C1.6)alkyl, or 

(ii) (C;.1:Jcycloalkyl(Co-6)alkyl, hetero(C3-1:Jcyc1oa1kyl(Co-Jalkyl, 

(~1:Jaryl(Co-6)alky1, hetero(Cs-1:z}aryl(Co-Jalky1, (~1:z)bicycloary1(Co-Jalkyl or 

hetero(Cg_1:z)bicycloaryl(Co.G)alkyl or (iii) (~6)cycloalkyl(Co.Jalkyl, 

15 hetero(Cu)cycloalkyl(Co.Jalkyl, phenyl(Co-6}alkyl or hetero(Cs-G)aryl(Co-Jalkyl, 

wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by 

-X40R22, -X4sR22
, -X4s(O)R22

, -X4S(O):iR22
, -X4c(O)R22, -X4c(O)OR22

, 

-X4C(O)NR22R23
, -X4NR22R23

, -X4NR23C(O)R22
, -X4NR23C(O)OR22, 

-X4NR23C(O)NR~23 or-X4NR2lC(NRll)NR~23• wherein X4 is as defmed 

20 above, R22 is (C~cycloalkyl(Co-Ja1kyl, hetero(C3-6)cycloalkyl(Co-6}alkyl, 

phenyl(Co.c,)alkyl or hetero(Cs-Jaryl(Co-Jalkyl and R 23 at each occurrence 

independently is hydrogen or (C1-c>)alkyl; wherein within R11 any alicyclic or aromatic 

ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1~alkyl, (C1~alkylidene, cyano, halo, halo-substituted (C14)alkyl, 

25 nitro, -X4NR12R.12, -X4NR12C(O)OR12, -X4NR12C(O)NR12R12, 

-X4NR12C(NR12)NR12R12. -X40R12, -X4SR12, -X4C(O)OR12, -X4C(O)NR12R.12, 

-X4S(0)2NR12R12,-X4:P(O)(Oll3)0R12, -X40:P(O)(OR3)0R12,-X40C(O)R13, 

-X4NR12C(O)R13, -X4S(O)R13, -X4S(O):zR,13 and-X4C(O)ll13, wherein X4, R12 and 

R 13 are as defined above; 
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R4 is (i) hydrogen or (C1.6)alkyl, wherein said alkyl is optionally substituted with 

· cyano, halo, nitro, -NR12R.12, -NR12C(O)OR12, -NR12C(O)NR12R.12, 

5 -NR12c(NR•2)NR12R.12, -OR12, -SR12, -C(O)OR12, -C(O)NR12R12, -S(0)2NR12R.12, 

-P(O)(OR12)0R12, -OP(O)(OR12)0R12,-NR12C(O)R13, -S(O)R13, -S(0)2R13, -C(O)R13, 

. -OR14, -SR14, -S(O)R14, -S(O)iR14. -C(O)R14, -C(O)OR14; -OC(O)R14, -NRt4Rts, 

-NR15C(O)R14, -NR15C(O)OR14, -C(O)NR14R15, -S(0)2NR14R15, -NR15C(O)NR14R15 or 

-NR15C(NR15)NR14R15, wherein R12, R13, R14 and R15 are as defined above, or (ii) a group 

10 selected from (C3•1:?)cycloalkyl(Co.6)alkyl, hetero(C3-10cycloalkyl(C0-6)alkyl; 

(~1:i)aryl(Co.6)alkyl, hetero(C5•1:z)aryl(Co.6)alkyl, (~12)polycycloaryl(Co.6)alkyl and 

hetero(C8.1~lycycloaryl(C0-6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

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

selected from-R16, -X40R16, -X4SR16, -X4S(O)R16, -X4S(0)2R
16, -X4C(O)R16, 

15· -X4c(O)OR16, -X4aC(O)R 16, -X4NR16R17, -X4NR17C(O)R16, -X4NR17C(O)OR16, 

-X"C(O)NR16R11, -X4S(0)2NR16R11, -X4NR1'C(O)NR16R11 or-X4NR1'c(NR11)NR16R11, 

wherein X4, R 16 and R 17 are as defined above; wherein within R9 and/or R 10 any alicyclic or 

aromatic ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1.Jalkyl, (C1_Jalkylidene, cyano, halo, halo-substituted (C14)alkyl, nitro, 

20 -X4NR12R12, -X4NR12C(O)OR12, "".X4NR12C(O)NR12R12, -X"NR12c(NR12)NR12R.12, 

. -X"OR12, -X4SR12, -X4C(O)OR12, -X4C(O)NR12R12, -X4S(0)2NR12R12, 

-X4P(O)(OR3)0R12, -X40P(O)(OR3)0R12, -X40C(O)R13, -X4NR12e(O)R13, -X4S(O)R13, 

-X4S(0)2R
13 and-X4C(O)R13, wherein X4, R12 andR13 are as defined above, or 

R4 and R2 taken together form trimethylene, tetramethylene or 

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

R4 and R3 together with the carbon atom to which both R4 and R3 are attached form 

(C3-s)cycloalkylene or (C3.8)heterocyc~oalkylene; or an N-oxide derivative, prodrug 

derivative, individual isomer and mixtures of isomers; or a phannaceutically acceptable salt 

thereof, but excluding compounds of the formula 
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in which R3 and R' are each hydrogen or (C1-6)alkyl, or together with the carbon atom to 

which they are both attached form (~5)cycloalkylene; R5 is hydrogen or (C1~alkyl; R9 is 

(C6-12)aryl(C1~alkyl, hetero(C5•1:z)aryl(C1.t;)alkyl, (C4-5)alkyl or cyclohexylmethyl; and R 11 is 

5 · C(O)R18 wherein R18 is hetero(C3-1:z)cyeloalkyl, (~1:z)aryl(Co.6)alkyl or hetero(Cs-12)aryl(Co. 

6)alkyl, in the manufacture of a medicament for treating a disease in an animal in which 

cathepsin S activity contributes to the pathology and/or symptomatology of the disease. 

35. A process for preparing a compound of Formula I: 

R2 
I. N 1,...NlS. ~ 

R . 4 R . 
. R3 . 

I 

10 in which: 

R 1 is a group of Formula (a) or (b ): 

(a) (b) 

·wherein: 

X1 and X2 independently are -C(O)- or -CH2S(O)r; 
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R5 and R6 ~hydrogen or (C1.6)alkyl; 

R7 and R8 are hydrogen or (C1-6)alkyl or as defined below; 
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R9 and R10 independently 8re (i) (C1-6)alkyl optionally substituted with cyano, 

halo, nitro, -NR12R.12, -NR12C(O}OR12, -NR12C(O)NR12R.12, 

5 -NR12c(NR12)NR12R12, -OR12,-SR12,-C(O)OR12, -C(O)NR12R12, -S(O)~t2R_t2, 

-P(O)(OR12)0R12, -OP(O}(OR12)0R12, -NR12c(O)R13, -S(O)R13, -S(OhRt3, 

-C(O)R13, -OR14, -SR14, -S(O)R14, ~S(Oh}l14, -C(O}R14, -C(O}OR14, -OC(O)R14, 

-NRl4Rl5, -NR15C(O)R14, -NR1scco)oR14, -C(O)NR14R15, -S(O)~l4R1S, 

-NR15C(O)NR14R15 or-NR15C(NR15)NR14R15, wherein R12 at each occurrence . , .. 

1 O independently is hydrogen, (C1-6)alkyl or halo-substituted (C1•3)alkyl, R 13 is (C1"')alkyl 

or halo-substituted (C1.;)alkyl,.R14 is (C3.12)cycloalkyl(Co.Jalkyl, 

hetero(C3-1:z)cycloalkyl(Co.cs)alkyl, (C6-12)aryl(CiM)alkyl, hetero(Cs.1Jaryl(Co.Jalkyl, 

(4.1Jpolycycloaryl(Co.cs)alkyl or hetero(Cg.12)polycycloaryl(Co.6)alk.yl and R15 is 

hydrogen or (C1-6)alkyl;, and wherein within R14 said cycloalkyl, heterocycloalkyl, aryl, 

15 heteroaryl, polycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from -R16, -X30R16, -X3SR16, -X3S(O)R16, -X3S(0)2R
16, 

-X3C(O)R16, -X3C(O)OR16,-X30C(O)R16, -X3NR16R17, -X3NR.17C(O)R16, 

-X3NR17C(O)OR16, -X3C(O)NR16R.17, -X3S(0)2NR16R17, -X3NR17C(O)NR16R17 or 

-X3NR17C(NR17)NR16R.17, wherein X3 is a bond or (C1~alkylene, R16 is hydrogen or 

20 (C1-6)alkyl and R17 is (~1Jcycloalkyl(Co.6)alkyl, hetero(C3-12)cycloalkyl(C0-6)alkyl, 

(C&-12)aryl(C0-Jalkyl, hetero(Cs-12)aryl(Co.6}alkyl, (C9-12)polycycloaryl(Co.cs)alky1 or 

hetero(Cg.1:Jpolycycloaryl(Co.Jalkyl, or (i~) a group selected from 

(C>12)cycloalkyl(Co.cs)alkyl, 'hetero(~1Jcycloalkyl(C0-6)alkyl, (C&-1Jaryl(C0-6)alkyl, 

hetero(C5•1:z)ary1(Co.6)alkyl, (C9-12)polycycloaryl(Co.Jalkyl and 

25 hetero(Cg.1Jpolycycloaryl(C0-6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

heteroaryl, po1ycycloaryl or heterpolycycloaryl ring optionally is substituted by a 

group selected from-R16, -X30R16, -X3SR16, -X3S(O)R16, -X3S(0)~16, 

-X3C(O)Rt6, -X3C(O)QRt6, -X30C{O)R16, -X3NR16R11, -X3NR11C(O)R16, 

-X3NR.17C(O)OR16, -X3C(O)NR16Rn, -X3S(0)2NR16R17, -X3NR17C(O)NR16R.17 or 
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-X3NR17C(NR17)NR16R17, wherei11 X,3,,R.16 and R17 are as defined above; wherein 

within R9 and/or R 10 any alicyclic or aromatic ring system present may be substituted 

further by 1 to 5 radicals independently selected from (C1•6}alkyl, (C1.6)alkylidene, 

cyano, halo, halo-substituted (C14)alky1, nitro, -X3NR12R.12, -X3NR.12C(O)OR12, 

5 -X3NR12C(O)NR12R12, '."X3NR12C(NR12)NR12R.12, -X30R12? -X3SR12, 

-X3C(O)OR12, -X3C(0)NR12R12, -X3S(0)2NR1lR12, -X3P(O)(OR3)0R12, 

-X30P(O)(OR3)0R12, -X30C(O)R13·, -X3NR12C(O)R13, -X3S(O)R13, -X3S(01R13 

and -X3C(O)R13, wherein X3, R12 and R13 are as defined above, or 

R9 taken together with R7 and/or R l!> taken togeth~ with R8 form 

10 trimethylene, tetrametl)ylene or p.benylene-1,2-dimethylene, optionally substituted with 

hydroxy, oxo or methylene; and 

R11 is -X.4X5R~8• wherein X4 is -C(O)-, -C(O)C(O)'." or-S(0)2-, X5 is a 

bond,-0- or-NR19-, wherein R19is hydrogen or (C1_Jalkyl, and R18 is 

(i) (C1.1o)alkyl optionally substituted by cyaJ1o, halo, nitro, -NR 12R 12• 

15 -NR12c(O)OR12, -NR12C(O)NR12R.12, -NR12c(NR12)NR12R.12, -OR12, -SR':z, 

-C(O)OR12, -C(O)NR12R.12, -S(01NR12R12, -P(O)(OR12)0R12, 

-OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(O):z}l13, ".'C(O)R13, -OR20, -SR20, 

-S(O)R20, -S(0)2R
20, -C(O)R20

, -C(O)OR20
, -C(O)NR~21 , -NR~21, 

-NR21c(O)R20, -NR21C(O)OR20,-NR21c(O)NR20R21 or-NR21c(NR21)NR~21, 

20 wherein R 12 and R 13 are as defined above, R20 is (C:i-1:Jcycloalkyl(Co.6)alkyl, 

hetero(C3-12)cycloalkyl(Co.6)alkyl, (C6-1:Jaryl(Co.6)alkyl, hetero(CH:Jaryl(Co.Jalkyl, 

(C9-12)bicycloaryl(Co.6)alkyl or hetero(C8•12)bicycloaryl(Co.6)alkyl and R21 at each 

occurrence independently is hydrogen or (C1-6)alkyl, or 

(ii) (C:i-1:Jcycloalkyl(Co.Jalkyl, hetero(C:M2)cycloalkyl(Co.6)alkyl, 

25 (C6-1J)aryl(Co.6)alkyl, hetero(~12)aryl(Co.6)alkyl, (C~12)bicycloaryl(C~alkyl or 

hetero(Cg.1:Jbicyclolll)'l(Co.Jalkyl or (iii) (~)cycloalkyl(Co-Jalkyl, 

hetero(Cu)cycloalkyl(Co.Jalkyl, phenyl(Co.6)atkyl or hetero(C~aryl(Co.6)alkyl, 

wherein said cycloalkyl, heterocycloalkyl, phenyl or heteroaryl is substituted by 

-X30R22, -X3SR22, -X3S(O)R22, -X3S(0)2R
22

, -X3C(O)R22, -X3C(O)OR22, 
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-X3C(O)NR22R23, ~XlNR_22R23, -X3NR23C(O)R22, -X3~iiac(O)OR22, 

-X3NRllC(O)NRl2R23 or -X3NR23C(NR23)NR22R23, wherein X3 is as defined 

above, R22 is (C3-6)cycloa1kyl(Co.c;)alkyl, hetero(C3-6)cycloalkyl(C0•6)alkyl, 

phenyl(C0-6)a1kyl or hetero(Cs.Jaryl(C0-6)alkyl and R23 at each occurrence 

5 independently is hydrogen or (C1-cs)a1ky1; wherein within R11 any alicyclic or aromatic 

ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1-cs)alkyl, (C1-6)alkylidene, cyano, halo, halo-substituted (C1~alkyl, 

nitro, -X3NR12R.12, -X3NR12c(O)OR12, -X3NR12e(O)NR12R.12, 

-X3NRl2c(NR'2)NR12R.12. -X30R12, -X3SR12, -X3C(O)OR12, -X3C(O)NR12R12. 

10 -X3S{0)~12R.12, -X3P(O){OR3)0R12, -X30P(O)(OR3)0R12, -X30C(O)R13, 

-X3NR12c(O)R13, -X3S(O)R13• -X3S(OhR13 and -X3C(O)R13, wherein X3. R12 and 

R 13 are as defined above; 

R2 is hydrogen or (C1.Jalkyl or as defined below; 

R3 is hydrogen. (C1.6)alkyl or as defined below; and 

15 R4 is (i) hydrogen or (C1-cs)alkyl, wherein said alkyl is optionally substituted with 

cyano, halo, nitro,-NR12R.12, -NR12C(O)OR12, -NR12C(O)NR12R.12, 

-NR12c{NR12)NR12R.12, -OR12, -SR12, -C(O)OR12, -C(O)NRt.2R.12, -S(O)iNR12R.12, 

-P(O)(OR12)0R12, -OP(O)(OR12)0R12, -NR12C(O)R13, -S(O)R13, -S(0)2R13, -C(O)R13, 

-OR14
, -SR14

, -S(O)R14, -S(O)iR14, -C(O)R14, -C(O)OR14, -OC(O)R14, -NR14R1s, 

20 -NR15C(O)R14,-NR1sC(O)OR14,-C(O)NR14R1s, -S(0)2NR14R1s, -NR1sC(O)NR14R1s or 

-NR1sC(NR1s)NR14R1s, wherein R12, R13, R14 andR1s are as defined above, or (ii) a group 

selected from (c;_12)cycloalkyl(Co.6)alkyl, hetero(C3-1:z)cycloalkyl(C0-6)alkyl, 

(Cc>-1:0aryl(Co-6)alkyl, hetero(Cs.1:z)aryl(Co.6)alkyl, (C9-12)polycycloaryl(C0-Jalkyl and 

hetero(Cg_12)polycycloaryl(Co.6)alkyl, wherein said cycloalkyl, heterocycloalkyl, aryl, 

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

selected from -R16, -X30R16, -X3SR16, -X3S(O)R16, -X3S(O:hR16, -X3C(O)R16, 

-X3C(O)OR16, -X30C(O)R16, -X3NR16R17, -X3NR17C(O)R16, -X3NR17C(O)OR16, 

-X3C(O)NR16R.17, -X3S(O):zNR.16R11, -X3NR1'C(O)NR16R.11 or-X3NR1'c(NR1')NR16R11, 

wherein X3, R 16 and R 17 are as defined above; wherein within R9 and/or R 10 any alicyclic or 
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aromatic ring system present may be substituted further by 1 to 5 radicals independently 

selected from (C1.15)alkyl, (C1.15)alkylidene, cyano, halo, halo-substituted (C1.Jalkyl, nitro, 

-X3NR'2R12, -X3NR12c(O)OR12, -X3NR12C(O)NR1~12, -XlNR1~~12)NR12R12, 

-X30R12, -X3SR12, -X3C(O)OR12, -X3C(O)NR12R.12, -X3S(0)2NR12R12, 

5 -X3P(O)(OR3)0R12, -X30P(O)(OR3)0R12; -X30C(O)R13, -X3NR12c(O)R13, -.X3S(O)R13, 

-X3S(O)~ 13 and -X3C(O)R 13, wherein.X3• ~ 12 and R 13 are as defined above, or 

R4 and R2 taken together fonn trimethylene, tetramethylene or 

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

R4 and R3 together with the carbon atom to which both R4 and R3 are attached form 

10 (C3-8)cycloalkylene or (~)heterocycloalkylene; and the N-oxide derivatives, prod.rug 

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 
N~-H' .· . 4 

R3:R 

2 

15 or a protected derivative thereof, with a compound of the formula R10Y, or a protected 

derivative thereof, in which Y is hydrogen ot 2,5-dioxopy:rrolidin:.1-yl and each R1, R2, R3 

and R4 are as defined above; or 

(B) reacting a compound of Formula 3: 

20 or a protected derivative thereof, with ammonia to provide a corresponding amide and then 
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reacting the amide with tri:fiti<>roacetic anhydride, in which eachR 1, R2
, R3 and R4 are as 

defined above; 

(C) optionally deprotecting a protected derivative of a compound of Formula I to provide 

a corresponding unprotected derivative; 

5 (D) optionally converting a compound of Fonnula I into a phannacel;ltically acceptable 

salt; 

(E) optionally converting a salt form of a compound of Formula I to non-salt form; 

(F) optionally converting an unoxidized fonn of a compound of Formula I into a 

pharmaceutically acceptable N-oxide; 

1 o (G) optionally converting an N-oxide form of a compound of Formula I its unoxidized 

form; 

(B) optionally converting a non-derivatized compound of Formula I into a 

pharmaceutically prodrug derivative; and 

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

15 non-derivatized form. 
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