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ABSTRACT 

The present invention relates to novel cysteine protease 
inhibitors; the pharmaceutically acceptable salts and N-oX 
ides thereof; their uses as therapeutic agents and the methods 
of their making. 
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NOVEL COMPOUNDS AND COMPOSITIONS AS 
PROTEASE INHIBITORS 

[0001] This application claims the bene?t under 35 U.S.C. 
Sec. 119 (e)(1) of prior ?led US. Provisional Application 
No. 60/124,529 ?led Mar. 15, 1999. 

THE INVENTION 

[0002] This application relates to compounds and compo 
sitions for treating diseases associated With cysteine protease 
activity, particularly diseases associated With activity of 
cathepsins B, K, L or S. 

DESCRIPTION OF THE FIELD 

[0003] 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 associ 
ated With the normal degradation and processing of proteins. 
The aberrant activity of cysteine proteases, e.g., as a result 
of increase expression or enhanced activation, hoWever, may 
have pathological consequences. In this regard, certain cys 
teine proteases are associated With a number of disease 
states, including arthritis, muscular dystrophy, in?amma 
tion, tumor invasion, glomerulonephritis, malaria, periodon 
tal disease, metachromatic leukodystrophy and others. For 
example, increased cathepsin B levels and redistribution of 
the enZyme are found in tumors; thus, suggesting a role for 
the enZyme in tumor invasion and metastasis. In addition, 
aberrant cathepsin B activity is implicated in such disease 
states as rheumatoid arthritis, osteo arthritis, pneumocystis 
carinii, acute pancreatitis, in?ammatory airWay disease and 
bone and joint disorders. 

[0004] The prominent expression of cathepsin K in osteo 
clasts and osteoclast-related multinucleated cells and its high 
collagenolytic activity suggest that the enZyme is involved 
in ososteoclast-mediated bone resorption and, hence, in bone 
abnormalities such as occurs in osteoporosis. In addition, 
cathepsin K expression in the lung and its elastinolytic 
activity suggest that the enZyme plays a role in pulmonary 
disorders as Well. 

[0005] Cathepsin L is implicated in normal lysosomal 
proteolysis as Well as several disease states, including, but 
not limited to, metastasis of melanomas. Cathepsin S is 
implicated in AlZheimer’s disease and certain autoimmune 
disorders, including, but not limited to juvenile onset dia 
betes, multiple sclerosis, pemphigus vulgaris, Graves’ dis 
ease, myasthenia gravis, systemic lupus erythemotasus, 
rheumatoid arthritis and Hashimoto’s thyroiditis; allergic 
disorders, including, but not limited to asthma; and alloge 
neic immune responses, including, but not limited to, rejec 
tion of organ transplants or tissue grafts. 

[0006] In vieW of the number of diseases Wherein it is 
recogniZed that an increase in cysteine protease activity 
contributes to the pathology and/or symptomatology of the 
disease, molecules Which are shoWn to inhibit the activity of 
this class of enZymes, in particular molecules Which are 
inhibitors of cathepsins B, K, L and/or S, Will be useful as 
therapeutic agents. 
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[0007] SUMMARY OF THE INVENTION 

[0008] This application relates to protease inhibitors of 
Formula I: 

[0009] in Which: 

[0010] X1 is a bond or a divalent group of Formula (a) 
or (b): 

R7 R9 

$194,. IL. 

(11) 

(b) 
6 

[0011] Wherein: 

[0012] X2 and X3 independently are —C(O)— or 
—CH2S(O)2—; 

[0013] R7 and R8 are independently (C1_6)alkyl 
optionally substituted With cyano, halo, nitro, 

—NR13C(NR13)NR12R13, wherein R10 at each 
occurrence independently is hydrogen, (C1_6)alkyl or 
halo-substituted (C1_3)alkyl, R11 is (C1_6)alkyl or 
halo-substituted (C1_3)alkyl, R12 is (C3_12)cy 
cloalkyl(C0_3)alkyl, hetero(C3_12)cycloalkyl(CO_ 
3)alkyl, (C6_12)aryl(CO_3)alkyl or hetero(C5_ 
12)aryl(CO_3)alkyl and R13 is hydrogen or (C1_6)alkyl, 
and Wherein Within R12 said cycloalkyl, heterocy 
cloalkyl, aryl, heteroaryl, polycycloaryl or heter 
polycycloaryl ring optionally is substituted by a 
group selected from —R14, —X4OR4, —X4SR14, 
—X4S(O)R14, —X4S(O)2R14, —X4C(O)R14, 
—X4C(O)OR14, —X4OC(O)R14, —X4NR14R15, 
—X4NR15C(O)R14, —X4NR15C(O)OR14, 
_xjc(o)NR14R15, —X4S(O)2NR14R15, 
—X NR15C(O)NR1“R15 or 
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—X4NR15C(NR15)NR14R15, wherein X4 is a bond 
or (C1_6)alkylene, R14 is hydrogen or (C1_6)alkyl and 
R15 is (C342)cycloalkyl(CO_6)alkyl, hetero(C3_12)cy 
cloalkyl(C0_6)alkyl, (C6_12)aryl(CO_6)alkyl, het 
erO(C5-12)ary1(CO-6)a1ky1> (C9-12)PO1yCyC1Oary1(C0 
e)alkyl or hetero(C8_12)polycycloaryl(CO_6)alkyl, or 
(ii) (C3_12)cycloalkyl(CO_3)alkyl, heterocyclo(C3_ 
12)alkyl(C0_3)alkyl, (C6_12)aryl(CO_3)alkyl, het 
er0(C5-12)ary1(C0-3)a1ky1> (C9-12)pO1yCyC1Oary1(C0_ 
3)alkyl or hetero(C8_12)polycycloaryl(CO_3)alkyl, 
wherein Within R15 said cycloalkyl, heterocy 
cloalkyl, aryl, heteroaryl, polycycloaryl or heter 
polycycloaryl ring optionally is substituted by a 
group selected from —R14, —X4OR14, —X4SR14, 

—X4NR15C(NR5)NR14R15, wherein X“, R14 and R 
are as de?ned above; Wherein Within R7 and/or R8 
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 (C 1_ 4) alkyl, nitro, 

—X4S(O)R11, —X“S(O)2R11 and —X4C(O)R11, 
Wherein X4 is a bond or (C1_6)alkylene and R10 and 
R11 are as de?ned above, or 

[0014] R7 taken together With R5 and/or R8 taken 
together With R6 forms trimethylene, tetramethyl 
ene or phenylene-1,2-dimethylene, optionally 
substituted With hydroXy or 0x0; 

[0015] R9 at each occurrence is hydrogen or (C1_ 
e)alkyl; and 

[0016] R5 and R6 are independently hydrogen, (C1_ 
e)alkyl or as de?ned above; and 

[0017] R1 is —X6X7R16, Wherein X6 is —C(O)—, 
—C(O)C(O)— or —S(O)2—, X7 is a bond, —O— 
or —NR17—, Wherein R17 is hydrogen or (C1_ 
e)alkyl, and R16 is (C1_6)alkyl optionally substi 
tuted by cyano, halo, nitro, —NRloRlo, 

—NR19C(NR19)NR18R19 wherein R10 and R11 are 
as de?ned above, R1 is (C3_12)cycloalkyl(CO_ 
e)alkyl, hetero(C3_2)cycloalkyl(CO_6)alkyl, (C6_ 
2)aryl(C0_6)alkyl, hetero(C5_12)aryl(CO_6)alkyl, (C9_ 
12)polycycloaryl(CO_6)alkyl or hetero(C8_ 
12)polycycloaryl(CO_6)alkyl and R19 at each 
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occurrence independently is hydrogen or (C1_6)alkyl, 
and Wherein Within R18 said cycloalkyl, heterocy 
cloalkyl, aryl, heteroaryl, polycycloaryl or heter 
polycycloaryl ring optionally is substituted by a 
group selected from —R14, —X4OR14, —X4SR14, 
—X4S(O)R14, —X4S(O)2R14, —X4C(O)R14, 
—X4C(O)OR14, —X4OC(O)R14, —X4NR14R15, 
—X4NR15C(O)R14, —X4NR15C(O)OR14, 
—X;‘C(O)NR1“R15 —X4S(O)2NR14R15, 
—X NR15C(O)NR R15 or 
—15X4NR15C(NR15)NR14R15, Wherein X4, R14 and 
R are as de?ned above, or (ii) (C3_14)cycloalkyl(CO_ 
e)alkyl, hetero(C3_14)cycloalkyl(CO_6)alkyl, (C6_ 
4)aryl(C0_6)alkyl, diphenyl(CO_6)alkyl, hetero(C5_ 
14)aryl(CO_6)alkyl, heterodi(C5_6)aryl(CO_6)alkyl, 
(C9_12)polycyloaryl(CO_6)alkyl or hetero(C9_14)poly 
cyclo(C8_14)aryl(CO_6)alkyl, Wherein said cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl, polycycloaryl or 
heterpolycycloaryl ring optionally is substituted by a 
group selected from —R14, —X4OR14, —X4SR14, 
—X4S(O)R14, —X4S(O)2R14, —X4C(O)R14, 
—X4C(O)OR14, —X4OC(O)R14, —X4NR14R15, 
—X4NR15C(O)R14, —X4NR15C(O)OR14, 
_Xjc(o)NR1“R15 —X4S(O)2NR14R15, 
—X NR15C(O)NR R15 or 
—15X4NR15C(NR15)NR14R15, wherein X“, R14 and 
R are as de?ned above; Wherein Within R1 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, 

_X4s(o)R11, —X4S(O)2R11 and —X4C(O)R11, 
Wherein X4, R10 and R11 are as de?ned above; or 
When X1 is a divalent group of Formula (a) or (b) 
then R1 may also represent hydrogen; 

[0018] R2 is hydrogen or (C1_6)alkyl; 

[0019] R3 is hydrogen or (C1_6)alkyl Wherein said 
alkyl optionally is substituted With —ORZO, 
—NR21C(O)OR2°, —C(O)NR2OR21, —S(O)2R2°, 
wherein R20 is (CO_6)alkyl or (C6_1O)aryl(CO_6)alkyl 
and R21 is hydrogen or (C1_6)alkyl, or (ii) (C6_ 
1o)aryl(C1_6)alkyl or (C54O)heteroaryl(C1_6)alkyl or 

[0020] R3 taken together With R2 forms trimethylene, 
tetramethylene or phenylene-1,2-dimethylene, 
optionally substituted With hydroXy or 0x0; Wherein 
Within R3 any alicyclic or aromatic ring system 
present may be substituted further by 1 to 5 radicals 
independently selected from (C1_6)alkyl, (C1_6)alky 
lidene, cyano, halo, halo-substituted (C1_4)alkyl, 

—X4S(O)R11, —X“S(O)2R11 and —X4C(O)R11, 
Wherein X4, R10 and R11 are as de?ned above; and 
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[0021] R4 is nitromethyl, l-hydroxy-l-methylethyl or 
—CH2OR22, wherein R22 is hydrogen, (C1_6)alkyl, 
(C6_2)aryl(CO_6)alkyl, hetero(C8_12)polycy 
cloaryl(CO_6)alkyl, (C1_6)alkylcarbonyl or (C6_ 
12)arylcarbonyl Wherein Within R22 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, —X4NR1OR1O, 

—X4S(O)R11, —X“S(O)2R11 and —X4C(O)R11, 
Wherein X4, R10 and R11 are as de?ned above; and 
the N-oxide derivatives, prodrug derivatives, pro 
tected derivatives, individual isomers and mixtures 
of isomers; and the pharmaceutically acceptable salts 
thereof. 

[0022] A second aspect of this invention is a pharmaceu 
tical composition Which contains a compound of Formula I 
or a N-oxide derivative, prodrug derivative, individual iso 
mer or mixture of isomers or a pharmaceutically acceptable 

salt thereof in admixture With one or more suitable excipi 

ents. 

[0023] A third aspect of this invention is a method of 
treating a disease in an animal in Which inhibition of a 

cysteine protease can prevent, inhibit or ameliorate the 
pathology and/or symptomatology of the disease, Which 
method comprises administering to the animal a therapeu 
tically effective amount of compound of Formula I or a 

N-oxide derivative, prodrug derivative, individual isomer or 
mixture of isomers or a pharmaceutically acceptable salt 
thereof. 

[0024] A fourth aspect of this invention is the processes 
for preparing compounds of Formula I and the N-oxide 
derivatives, prodrug derivative, protected derivatives, indi 
vidual isomers and mixtures of isomers, and the pharma 
ceutically acceptable salts thereof as set forth in “Detailed 
Description of the Invention”. 

[0025] A ?fth aspect of this invention is a process for 
preparing a compound of Formula II: 

[0026] in Which R1 is peptidyl, R2 is hydrogen or (C1_ 
6)alkyl, R3 is an amino acid side and R4 is (C1_6)alkyl or 
(C6-12)ary1(C1-6)a1ky1' 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] De?nitions: 

[0028] Unless otherWise stated, the folloWing terms used 
in the speci?cation and claims are de?ned for the purposes 
of this Application and have the meanings given this Sec 
tion: 

[0029] “Alicyclic” means a moiety characteriZed by 
arrangement of the carbon atoms in closed non-aromatic 
ring structures having properties resembling those of ali 
phatics and may be saturated or partially unsaturated With 
tWo or more double or triple bonds. 

[0030] “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. 

[0031] “Alkenyl” means alkyl, as de?ned in this Applica 
tion, provided that the radical is comprised of at least one 
double bond. Hence, optionally substituted (C2_6)alkenyl as 
used in this Application to de?ne R3 includes 2-bromovinyl 
(—CH=CHBr), buta-1,3-dienyl (—CH=CH— 
CH=CH2), 2-chloro-1-methylpropenyl (—C(CH3)=CC1 
CH3), 2-chlorovinyl (—CH=CHCl), 4-isopropenyl 
(—C(CH3)=CH2), l-methylpropenyl (—C(CH3)=CH— 
CH3), 2-methylpropenyl (—CH=C(CH3)2), 2-nitrovinyl 
(—CH=CHNO2), propenyl (—CH=CH—CH3), 2-tri?uo 
romethylvinyl (—CH=CH—CF3), tri?uorovinyl 
(—CF=CF2), vinyl (—CH=CH2), and the like). 

[0032] “Alkoxy” means the radical —OR, Wherein R is 
alkyl as de?ned in this Application, having the number of 
carbon atoms indicated (e.g., (C1_4)alkoxy includes the 
radicals methoxy, ethoxy, propoxy, isopropoxy, butoxy, sec 
butoxy, isobutoxy, tert-butoxy, vinyloxy, allyloxy, l-prope 
nyloxy, isopropenyloxy, l-butenyloxy, 2-butenyloxy, 
3-butenyloxy, 2-methylallyloxy, ethynyloxy, l-propyny 
loxy, 2-propynyloxy, and the like). 

[0033] “Alkyl” represented by itself means a straight or 
branched, saturated or unsaturated, aliphatic radical having 
the number of carbon atoms indicated (e.g. (C1_6)alkyl 
includes methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, 
isobutyl, tert-butyl, vinyl, alkyl, 1-propenyl, isopropenyl, 
l-butenyl, 2-butenyl, 3-butenyl, 2-methylalkyl, ethynyl, 
l-propynyl, 2-propynyl, and the like). Alkyl represented 
along With another radical (eg as in arylalkyl) means a 
straight or branched, saturated or unsaturated aliphatic diva 
lent radical having the number of atoms indicated or When 
no atoms are indicated means a bond (e.g. (C6_12)aryl(CO_ 

6)alkyl includes phenyl, benZyl, phenethyl, l-phenylethyl 
3-phenylpropyl, and the like). 

[0034] “Alkylene”, unless indicated otherWise, means a 
straight or branched, saturated or unsaturated, aliphatic, 
divalent radical having the number of carbon atoms indi 
cated (e.g. (C1_6)alkylene includes methylene (—CH2—), 
ethylene (—CH2CH2—), trimethylene (—CH2CH2CH2—), 
2-methyltrimethylene (—CH2CH(CH3)CH2—), tetrameth 
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ylene (—CH2CH2CH2CH2—), 2-butenylene 
(—CH2CH=CHCH2—), 2-methyltetramethylene 
(—CH2CH(CH3)CH2CH2—), pentamethylene 
(—CH2CH2CH2CH2CH2—) and the like). For example, a 
group of Formula (a), wherein R11 is hydrogen and R12 taken 
together With R9 forms optionally substituted trimethylene is 
depicted by the folloWing illustration: 

[0035] in Which R is an optional hydroXy or OX0 group and 
X3 and R1 are as de?ned in the Summary of the Invention for 
Formula I. Straight, saturated (C2_5)alkylene includes eth 
ylene, trimethylene, tetramethylene and pentamethylene. 
For example, instances Wherein R3 and R4 taken together 
form straight, saturated (C2_5)alkylene, Wherein Within said 
alkylene any one to tWo carbon atoms optionally is replaced 
by a heteroatom selected from —O—, —S— or _NR28— 
Wherein R28 is hydrogen or (C1_6)alkyl, may be represented 
by, but are not limited to, the folloWing illustrations: 

9 %N 

N 
R28 

[0036] Wherein R2, R5, R6 and R28 are as de?ned in the 
Summary of the Invention for Formulae I and II. 

[0037] “Alkylidene” means a straight or branched satu 
rated or unsaturated, aliphatic, divalent radical having the 
number of carbon atoms indicated (e.g. (C1_6)alkylidene 
includes methylene (=CH2), ethylidene (=CHCH3), iso 
propylidene (=C(CH3)2), propylidene (=CHCH2CH3), 
allylidene (=CHCH=CH2), and the like). 

[0038] “Amino” means the radical —NH2. Unless indi 
cated otherWise, the compounds of the invention containing 
amino moieties include protected derivatives thereof. Suit 
able protecting groups for amino moieties include acetyl, 
tert-butoXycarbonyl, benZyloXycarbonyl, and the like. 

[0039] “Animal” includes humans, non-human mammals 
(e.g. dogs, cats, rabbits, cattle, horses, sheep, goats, sWine, 
deer, or the like) and non-mammals (e.g. birds, or the like). 

[0040] “Aryl” means a monocyclic or bicyclic ring assem 
bly (fused or linked by a single bond) containing the total 
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number of ring carbon atoms indicated, Wherein each ring is 
comprised of 6 ring carbon atoms and is aromatic or When 
fused With a second ring forms an aromatic ring assembly. 
For example, (C6_12)aryl as used in this Application to de?ne 
R1 includes phenyl, naphthyl and biphenylyl. 

[0041] “Aromatic” means a moiety Wherein the constitu 
ent atoms make up an unsaturated ring system, all atoms in 
the ring system are sp2 hybridiZed and the total number of 
pi electrons is equal to 4n+2. 

[0042] “Carbamoyl” means the radical —C(O)NH2. 
Unless indicated otherWise, the compounds of the invention 
containing carbamoyl moieties include protected derivatives 
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. 

[0043] “CarboXy” means the radical —C(O)OH. Unless 
indicated otherWise, the compounds of the invention con 
taining carboXy moieties include protected derivatives 
thereof. Suitable protecting groups for carboXy moieties 
include benZyl, tert-butyl, and the like. For eXample, a 
compound of Formula I Wherein R7 contains a carboXy 
moiety may eXist as either the unprotected or a protected 
derivative, e. g. Wherein R7 is methoXycarbonyl, and both the 
unprotected and protected derivatives fall Within the scope 
of the invention. 

[0044] “Cycloalkyl” means a saturated or partially unsat 
urated, monocyclic ring, bicyclic ring assembly (directly 
linked by a single bond or fused) or bridged polycyclic ring 
assembly containing the number of ring member carbon 
atoms indicated, and any carbocyclic ketone, thioketone or 
iminoketone derivative thereof (eg (C3_12)cycloalkyl 
includes cyclopropyl, cyclobutyl, cyclopentyl, cycloheXyl, 
cycloheXenyl, 2,5-cycloheXadienyl, bicycloheXylyl, cyclo 
pentylcycloheXyl, bicyclo[2.2.2]octyl, adamantan-l-yl, 
decahydronaphthalenyl, oXocycloheXyl, dioXocycloheXyl, 
thiocycloheXyl, 2-oXobicyclo[2.2.1]hept-1-yl, and the like). 

[0045] “Disease” speci?cally includes any unhealthy con 
dition of an animal or part thereof and includes an unhealthy 
condition Which may be caused by, or incident to, medical 
or veterinary therapy applied to that animal, i.e., the “side 
effects” of such therapy. 

[0046] “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, benZyloXycarbonyl, and 
the like and both the unprotected and protected derivatives 
fall Within the scope of the invention. 

[0047] 
[0048] “Halo-substituted alkyl”, as a group or part of a 
group, means “alkyl” substituted by one or more “halo” 
atoms, as such terms are de?ned in this Application. Halo 
substituted alkyl includes haloalkyl, dihaloalkyl, triha 
loalkyl, perhaloalkyl and the like (eg halo-substituted (C1_ 
3)alkyl includes chloromethyl, dicloromethyl, 
di?uoromethyl, tri?uromethyl, 2,2,2-tri?uoroethyl, per?uo 
roethyl, 2,2,2-tri?uoro-1,l-dichloroethyl, and the like). 

[0049] “Heteroaryl” means aryl, as de?ned herein, pro 
vided that one or more of the ring member carbon atoms 

“Halo” means ?uoro, chloro, bromo or iodo. 
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indicated, is replaced by heteroatom moiety selected from 
—N=, —NR—, —O— or —S—, Wherein R is hydrogen, 
(C1_6)alkyl or a protecting group, and each ring contained 
therein is comprised of 5 to 6 ring member atoms. For 
example, hetero(C5_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, 
isothiaZolyl, naphthyridinyl, oxaZolyl, perimidinyl, 2-phe 
nylpyridyl, phthalaZinyl, pteridinyl, purinyl, pyraZinyl, 
pyradaZinyl, pyraZolyl, pyridyl, pyrimidinyl, pyrroliZinyl, 
pyrrolidinyl, pyrrolyl, pyranyl, quinaZolinyl, quinoliZinyl, 
quinolyl, quinoxalinyl, tetraZolyl, thiaZolyl, 4-thiaZol-4 
ylphenyl, thienyl, xanthenyl, and the like. 

[0050] “Heteroatom moiety” includes —N=, —NR—, 
—O— or —S—, Wherein R is hydrogen, (C1_6)alkyl or a 
protecting group. 

[0051] “Heterocycloalkyl” means cycloalkyl, as de?ned 
herein, provided that one or more of the ring member carbon 
atoms indicated is replaced by heteroatom moiety selected 
from —N=, —NR—, —O— or —S—, Wherein R is 
hydrogen, (C1_6)alkyl or a protecting group, and any car 
bocyclic ketone, thioketone or iminoketone derivative 
thereof (eg the term heterocyclo(C5_12)alkyl includes [1,4‘] 
bipiperidinylyl, dihydrooxaZolyl, morpholinyl, l-morpho 
lin4-ylpiperidinyl, piperaZinyl, piperidyl, piraZolidinyl, pira 
Zolinyl, pyrrolinyl, pyrrolidinyl, quinuclidinyl, and the like). 
Suitable protecting groups include tert-butoxycarbonyl, ben 
Zyloxycarbonyl, benZyl, 4-methoxybenZyl, 2-nitrobenZyl, 
and the like. For example, a compound of Formula I Wherein 
R1 is piperidin-4-ylcarbonyl may exist as either the unpro 
tected or a protected derivative, e.g. Wherein R1 is 1-tert 
butoxycarbonylpiperidin-4-ylcarbonyl, and both the unpro 
tected and protected derivatives fall Within the scope of the 
invention. 

[0052] “Heteropolycycloaryl” means polycycloaryl, as 
de?ned herein, except one or more of the ring member 
carbon atoms indicated are replaced by a heteroatom moiety 
selected from —N=, —NR—, —O— or —S—, Wherein R 
is hydrogen, (C1_6)alkyl or a protecting group, and any 
carbocyclic ketone, thioketone or iminoketone derivative 
thereof. For example, hetero(C8_12)polycycloaryl includes 
1‘,2‘-dihydro-2H-[1,4‘]bipyridinylyl, chromanyl, imidaZoli 
nyl, indolinyl, isochromanyl, isoindolinyl, and the like. 

[0053] “Hydroxy” means the radical —OH. Unless indi 
cated otherWise, the compounds of the invention containing 
hydroxy radicals include protected derivatives thereof. Suit 
able protecting groups for hydroxy moieties include benZyl 
and the like and both the unprotected and protected deriva 
tives fall Within the scope of the invention. 

[0054] “Ininoketone derivative” means a derivative con 
taining the moiety —C(NR)—, Wherein R is hydrogen or 
(C1_6)alkyl. 
[0055] “Isomers” mean compounds of Formula I having 
identical molecular formulae but differ in the nature or 
sequence of bonding of their atoms or in the arrangement of 
their atoms in space. Isomers that differ in the arrangement 
of their atoms in space are termed “stereoisomers”. Stere 
oisomers that are not mirror images of one another are 
termed “diastereomers” and stereoisomers that are nonsu 
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perimposable mirror images are termed “enantiomers” or 
sometimes “optical isomers”. A carbon atom bonded to four 
nonidentical substituents is termed a “chiral center”. A 
compound With one chiral center has tWo enantiomeric 
forms of opposite chirality is termed a “racemic mixture”. A 
compound that has more than one chiral center has 2“-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 diaste 

reomers, termed a “diastereomeric mixture”. When one 
chiral center is present a stereoisomer may be characteriZed 
by the absolute con?guration of that chiral center. Absolute 
con?guration refers to the arrangement in space of the 
substituents attached to the chiral center. Enantiomers are 
characteriZed by the absolute con?guration of their chiral 
centers and described by the R- and S-sequencing rules of 
Cahn, Ingold and Prelog. Conventions for stereochemical 
nomenclature, methods for the determination of stereochem 
istry and the separation of stereoisomers are Well knoWn in 
the art (eg see “Advanced Organic Chemistry”, 3rd edition, 
March, Jerry, John Wiley & Sons, NeW York, 1985). It is 
understood that the names and illustration used in this 
Application to describe compounds of Formula I are meant 
to be encompassed all possible stereoisomers and any mix 
ture, racemic or otherWise, thereof. 

[0056] “Ketone derivative” means a derivative containing 
the moiety —C(O)—. 
[0057] “Nitro” means the radical —NO2. 

[0058] “Optional” or “optionally” means that the subse 
quently described event or circumstance may or may not 
occur, and that the description includes instances Where the 
event or circumstance occurs and instances in Which it does 
not. For example, the phrase “(C1_6)alkyl optionally substi 
tuted With cyano, halo, nitro,” means that the alkyl group 
referred to may or may not be substituted in order to fall 
Within the scope of the invention. 

[0059] “Oxalo” means the radical —C(O)C(O)OH. 

[0060] “N-oxide derivatives” means a derivatives of com 
pound of Formula I in Which nitrogens are in an oxidiZed 
state (i.e., OeN) and Which possess the desired pharmaco 
logical activity. 

[0061] 
[0062] “Pathology” of a disease means the essential 
nature, causes and development of the disease as Well as the 
structural and functional changes that result from the disease 
processes. 

[0063] “Peptidyl” means a peptide residue, for example, of 
the general formula: 

“Oxo” means the radical =0. 

[0064] in Which n is 1 or greater and each X2, X3, Rland 
R5 are as de?ned in the Summary of the Invention for 
Formula I or any other peptide residue comprised of 1 or 
more contiguous natural or non-natural occurring amino 
acid moieties. 
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[0065] “Pharmaceutically acceptable” means that Which is 
useful in preparing a pharmaceutical composition that is 
generally safe, non-toxic and neither biologically nor oth 
erWise undesirable and includes that Which is acceptable for 
veterinary use as Well as human pharmaceutical use. 

[0066] “Pharmaceutically acceptable salts” means salts of 
compounds of Formula I Which are pharmaceutically accept 
able, as de?ned above, and Which possess the desired 
pharmacological activity. Such salts include acid addition 
salts formed With inorganic acids such as hydrochloric acid, 
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, 
and the like; or With organic acids such as acetic acid, 
propionic acid, hexanoic acid, heptanoic acid, cyclopen 
tanepropionic 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-hydroxy 
benZoyl)benZoic acid, cinnamic acid, madelic acid, meth 
anesulfonic acid, ethanesulfonic acid, 1,2-ethanedisulfonic 
acid, 2-hydroxyethanesulfonic acid, benZenesulfonic acid, 
p-chlorobenZenesulfonic acid, 2-naphthalenesulfonic acid, 
p-toluenesulfonic acid, camphorsulfonic acid, 4-methylbi 
cyclo[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, hydroxynaphthoic acid, salicylic acid, stearic acid, 
muconic acid and the like. 

[0067] Pharmaceutically acceptable salts also include base 
addition salts Which may be formed When acidic protons 
present are capable of reacting With inorganic or organic 
bases. Acceptable inorganic bases include sodium hydrox 
ide, sodium carbonate, potassium hydroxide, ammonium 
hydroxide, aluminum hydroxide and calcium hydroxide. 
Acceptable organic bases include ethanolamine, diethano 
lamine, triethanolamine, tromethamine, N-methylglucamine 
and the like. 

[0068] “Phenylene-1,2-dimethylene” means the divalent 
radical —CH2C6H4CH2—, Wherein the methylene moieties 
are attached at the 1- and 2-positions of the phenylene 
moiety. For example, a group of Formula (a), Wherein X4 is 
—CHR12— in Which R12 together With R9 forms optionally 
substituted phenylene-1,2-dimethylene is illustrated by the 
folloWing formula: 

N x3 

[0069] in Which R is an optional hydroxy group and X3 
and R1 are as de?ned in the Summary of the Invention for 
Formulae I and II. 

[0070] “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 
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radical is aromatic, and any carbocyclic ketone, thioketone 
or iminoketone derivative thereof (eg (C9_12)polycycloaryl 
includes indanyl, indenyl, 1,2,3,4-tetrahydronaphthalenyl, 
1,2-dihydronaphthalenyl, cyclohexylphenyl, phenylcyclo 
hexyl, 2,4-dioxo-1,2,3,4-tetrahydronaphthalenyl, and the 
like). 
[0071] “Prodrug” means a compound Which is convertible 
in vivo by metabolic means (eg by hydrolysis) to a com 
pound of Formula For example an ester of a compound 
of Formula (1) containing a hydroxy group may be convert 
ible by hydrolysis in vivo to the parent molecule. Alterna 
tively an ester of a compound of Formula (1) containing a 
carboxy group may be convertible by hydrolysis in vivo to 
the parent molecule. Suitable esters of compounds of For 
mula (I) containing a hydroxy group, are for example 
acetates, citrates, lactates, tartrates, malonates, oxalates, 
salicylates, propionates, succinates, fumarates, maleates, 
methylene-bis-b-hydroxynaphthoates, gentisates, isethion 
ates, di-p-toluoyltartrates, methanesulphonates, ethane 
sulphonates, benZenesulphonates, p-toluenesulphonates, 
cyclohexylsulphamates and quinates. Suitable esters of com 
pounds of Formula (I) containing a carboxy group, are for 
example those described by F. J. LeinWeber, Drug Metab. 
Res., 1987, 18, page 379. An especially useful class of esters 
of compounds of Formula (I) 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 substi 
tuted nitrogen atom, eg an alkylated nitrogen atom, more 
especially (morpholino-methyl)benZoates, eg 3- or 4-(mor 
pholinomethyl)-benZoates, and (4-alkylpiperaZin-1-yl)ben 
Zoates, eg 3- or 4-(4-alkylpiperaZin-1-yl)benZoates. 

[0072] “Protected derivatives” means derivatives of com 
pounds of Formula I in Which a reactive site or sites are 
blocked With protective groups. Protected derivatives of 
compounds of Formula I are useful in the preparation of 
compounds of Formula I or in themselves may be active 
cysteine protease inhibitors. Acomprehensive list of suitable 
protective groups can be found in T. W. Greene, Protective 
Groups in Organic Synthesis, John Wiley & Sons, Inc. 1981. 

[0073] “Sulfamoyl” means the radical —S(O)2N2. Unless 
indicated otherWise, the compounds of the invention con 
taining sulfamoyl radicals include protected derivatives 
thereof. Suitable protecting groups for sulfamoyl radicals 
include acetyl, tert-butoxycarbonyl, benZyloxycarbonyl, and 
the like and both the unprotected and protected derivatives 
fall Within the scope of the invention. 

[0074] “Therapeutically effective amount” means that 
amount Which, When administered to an animal for treating 
a disease, is suf?cient to effect such treatment for the 
disease. 

[0075] “Thioketone derivative” means a derivative con 
taining the moiety —C(S)—. 

[0076] “Treatmenf” or “treating” means any administra 
tion of a compound of the present invention and includes: 

[0077] (1) preventing the disease from occurring in an 
animal Which may be predisposed to the disease but 
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does not yet experience or display the pathology or 
symptomatology of the disease, 

[0078] (2) inhibiting the disease in an animal that is 
experiencing or displaying the pathology or symptoma 
tology of the diseased (i.e., arresting further develop 
ment of the pathology and/or symptomatology), or 

[0079] (3) ameliorating the disease in an animal that is 
experiencing or displaying the pathology or symptoma 
tology of the diseased (i.e., reversing the pathology 
and/or symptomatology). 

[0080] “Trimethylene” means the divalent radical 
—CH2CH2CH2—. For example, a group of Formula (a), 
Wherein X3 is —CHR7— in Which R7 together With R5 
forms optionally substituted trimethylene is illustrated by 
the folloWing formula: 

[0081] in Which R19 is an optional hydroxy or oxo group 
and X2 and R1 are as de?ned in the Summary of the 
Invention for Formula I. 

[0082] “Ureido” means the radical —NHC(O)NH2. 
Unless indicated otherwise, the compounds of the invention 
containing ureido moieties include protected derivatives 
thereof. Suitable protective groups for ureido moieties 
include acetyl, tert-butoxycarbonyl, benZyloxycarbonyl, and 
the like. For example, a compound of Formula I Wherein the 
R1 contains an ureido radical may exist as either the unpro 
tected or a protected derivative and both the unprotected and 
protected derivatives fall Within the scope of the invention. 

[0083] Speci?c Embodiments: 

[0084] While the broadest de?nition of this invention is set 
forth in the Summary of the Invention, certain aspects of the 
invention are preferred. Preferred are compounds of For 
mula I in Which: 

[0085] X1 is a bond or a divalent group of Formula (a) 
Wherein: 

0086 R5 is h dro en or to ether With R7 forms y g g 
phenylene-1,2-dimethylene; and 

[0087] R7 is (C1_6)alkyl optionally substituted 
With —ORlo, —C(O)OR10, —C(O)NR1OR1O, 
wherein R10 at each occurrence independently is 
hydrogen or (C1_6)alkyl or (ii) (C6_12)aryl(CO_ 
3)alkyl, cyclo(C3_12)alkyl(CO_3)alkyl or (C6_ 
12)aryl(CO_3)alkyl or (iii) together With R5 is phe 
nylenedimethylene; Wherein Within R7 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, 
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—X4S(O)2NR1OR1O, —X4P(O)(OR4)OR1O, 
—X4OP(O)(OR4)OR1O, —X4NR1OC(O)R1O, 
—X4S(O)R11, —X“S(O)2R11 and —X4C(O)R11, 
Wherein X4 is a bond or (C1_6)alkylene, R10 at each 
occurrence independently is hydrogen, (C1_6)alkyl 
or halo-substituted (C1_3)alkyl and R11 is (C1_ 
6)alkyl or halo-substituted (C1_3)alkyl; 

[0088] R1 is —X6X7R16, Wherein X6 is —C(O)— or 
—S(O)2—, X7 is a bond, —O— or —NR17—, 

Wherein R17 is hydrogen or (C1_6)alkyl, and R16 is (C1_6)alkyl optionally substituted With —C(O)OR10, 

—NRloR1O or —NR1OC(O)OR1O, wherein R10 at 
each occurrence independently is hydrogen or (C1_ 
6)alkyl or (ii) hetero(C3_14)cycloalkyl(CO_6)alkyl, 
(C6_14)aryl(CO_6)alkyl, diphenyl(CO_6)alkyl, or het 
ero(C5_14)aryl(CO_6)alkyl; Wherein Within R7 any ali 
cyclic or aromatic ring system present may be sub 
stituted further by 1 to 5 radicals independently 
selected from (C1_6)alkyl, (C1_6)alkylidene, cyano, 
halo, halo-substituted (C1_4)alkyl, nitro, 

_x4s(o)R11, —X4S(O)2R11 and —X4C(O)R11, 
Wherein X4, R10 and R11 are as de?ned above; 

[0089] R2 is hydrogen; 

[0090] R3 is hydrogen or (C1_6)alkyl optionally 
substituted With —OR20, —NR21C(O)OR2O, 
—C(O)NR2OR21, —S(O)2R2O, wherein R20 is (C0_ 
6)alkyl or (C0_1O)aryl(CO_6)alkyl and R21 is hydrogen 
or (C1_6)alkyl, or (ii) (C6_1O)aryl(C1_6)alkyl or (C5_ 
1o)heteroaryl(C1_6)alkyl or (ii) together With R2 
forms trimethylene or phenylene-1,2-dimethylene; 
Wherein Within R7 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, —X4NR1OR1O, —X4NR1OC(O)OR1O, 

_x4s(o)R11, —X4S(O)2R11 and —X4C(O)R11, 
Wherein X4, R10 and R11 are as de?ned above; and 

[0091] R4 is nitromethyl, 1-hydroxy-1-methylethyl or 
—CH2OR22, Wherein R22 is hydrogen, (C1_6)alkyl, 
(C6_12)aryl(CO_6)alkyl, heteropolycyclo(C8_ 
12)aryl(CO_6)alkyl, (C1_6)alkylcarbonyl or (C6_ 
12)arylcarbonyl, Wherein Within R4 any aromatic ring 
present may be substituted further by 1 to 3 radicals 
independently selected from halo, —ORlo, 
—C(O)NR1OR1O, —S(O)2NR1OR1O or 
—X4NR1OR1O, Wherein X4, R10 and R11 are as 
de?ned above; and the N-oxide derivatives, prodrug 
derivatives, protected derivatives, individual isomers 
and mixtures of isomers; and the pharmaceutically 
acceptable salts thereof. 
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[0092] Preferred are compounds of Formula I in Which 
Within Formula (a): 

[0093] R5 is hydrogen or as de?ned below; and 

[0094] R7 is butyl, ethyl, methyl, 1-methylethyl, 
1-methylpropyl or 2-methylpropyl optionally substi 
tuted 10With —ORlo, —C(O)OR10, —NRloRlo, 
—NR C(O)OR1O or —C(O)NR1OR1O, wherein R10 
is hydrogen or (C1_6)alkyl, or (ii) benZyl, benZyoXy 
carbonylmethyl, biphenyl4-ylmethyl, cycloheXyl, 
cycloheXylmethyl, naphth-2-ylmethyl, phenylcar 
bamoylmethyl or phenylethyl or (iii) together With 
R is phenylenedimethylene; Wherein Within R7 any 
alicyclic or aromatic ring system present may be 
substituted further by 1 to 3 radicals independently 
selected from nitro and amino; 

[0095] R1 is hydrogen, acetyl, 3-aminobenZoyl, 
4-aminobutyryl, 3-aminopropionyl, 6-aminoheX 
anoyl, 3-aminomethylbenZoyl, 4-aminomethylben 
Zoyl, benZoyl, benZylcarbamoyl, 4-benZyloXyben 
Zoyl, benZyloXycarbonyl, tert-butoXycarbonyl, 
3-tert-butoXycarbonylaminobenZoyl, 4-tert-butoXy 
carbonylaminobutyryl, 6-tert-butoXycarbonylamino 
heXanoyl, 3-tert-butoXycarbonylaminomethylben 
Zoyl, 4-tert-butoXycarbonylaminomethylbenZoyl, 
1-tert-butoXycarbonylpiperidin-4-ylcarbonyl, 1-tert 
butoXycarbonylpyrrolidin-2-ylcarbonyl, 3-carbam 
oylbenZoyl, 3-cyanobenZoyl, dibenZofur-2-ylsulfo 
nyl, 3-[N‘,N“-di(tert-butoXycarbonyl)guanidino] 
benZoyl, 4-dimethylaminobenZoyl, 2,2 
dimethylpropionyl, 3-diphenylpropionyl, 
3-?uorobenZoyl, 3-guanidinobenZoyl, 3-hydroXy 
benZoyl, 1H-indol-3-ylacetyl, 3-methoXycarbonyl 
benZoyl, 3-methoXycarbonylpropionyl, 3-methoX 
yphenylcarbamoyl 4-methylpiperaZin-1-ylcarbonyl, 
morpholin-4-ylcarbonyl, naphth-1-ylcarbonyl, 
naphth-2-ylcarbonyl naphth-2-ylsulfonyl, 3-nitro 
phenylacetyl, phenoXyacetyl, phenylcarbamoyl, 
3-phenylpropionyl, piperidin-4-ylcarbonyl, 1-piperi 
din-1-ylpiperidin-1-ylcarbonyl, pyrid-3-ylacetyl, 
pyrid-4-ylacetyl, pyrid-3-ylcarbonyl, pyrid-4-ylcar 
bonyl, pyrrolidin-2-ylcarbonyl, pyraZinylcarbonyl or 
3-ureidobenZoyl; 

[0096] R2 is hydrogen or as de?ned beloW; 

[0097] R3 is hydrogen, benZyl, 2-benZyloXyethyl, 
4-benZyloXycarbonylaminobutyl, benZyloXymethyl, 
butyl, 2-(4-hydroXyphenyl)ethyl, 1H-indol-3-ylm 
ethyl, 4-methoXybenZyl, methyl, 2-methylsulfonyl 
ethyl, 2-methylpropyl, phenethyl, 2-phenylcarbam 
oylethyl or together With R2 forms tetramethylene or 
phenylenedimethylene; and 

[0098] R4 is acetoXymethyl, benZo[1,3]dioXol-5 
yloXy, benZyloXymethyl, 4-carbamoylphenoXym 
ethyl, 4-chlorophenoXymethyl, 2,5-dichlorobenZoy 
loXymethyl, 2,6-dichlorobenZoyloXymethyl, 
3-dimethylaminophenoXymethyl, ethoXymethyl, 
hydroXymethyl, 1-hydroXy-1-methylethyl, 4-(1H 
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imidaZol-1-yl)phenoXymethyl, methoXymethyl, 
3-methoXyphenoXymethyl, 4-methoXyphenoXym 
ethyl, 4-sulfamoylphenoXymethyl or phenoXym 
ethyl; and the N-oXide derivatives, prodrug deriva 
tives, protected derivatives, individual isomers and 
miXtures of isomers; and the pharmaceutically 
acceptable salts thereof. 

[0099] Preferred are compounds of Formula I in Which 
Within Formula (a), R5 is hydrogen and R7 is butyl, 1-me 
thylethyl, 1-methylpropyl, 2-methylpropyl or naphth-2-yl 
methyl; R1 is 3-aminobenZoyl, 3-aminomethylbenZoyl, 
4-aminomethylbenZoyl, benZoyl, benZylcarbamoyl, benZy 
loXycarbonyl, tert-butoXycarbonyl, 3-tert-butoXycarbony 
laminobenZoyl, 4-tert-butoXycarbonylaminomethylbenZoyl, 
3-[N‘,N“-di(tert-butoXycarbonyl)guanidino]benZoyl, 4-dim 
ethylaminobenZoyl, 3-guanidinobenZoyl 4-methylpiperaZin 
1-ylcarbonyl, naphth-1-ylcarbonyl, naphth-2-ylcarbonyl or 
piperidin-4-ylcarbonyl; R2 is hydrogen; R3 is hydrogen, 
4-benZyloXycarbonylaminobutyl, butyl or phenethyl; and R4 
is benZyloXymethyl, hydroXymethyl, 2,5-dichlorobenZoy 
loXymethyl, ethoXymethyl, 1-hydroXy-1-methylethyl or 
phenoXymethyl; and the N-oXide derivatives, prodrug 
derivatives, protected derivatives, individual isomers and 
mixtures of isomers; and the pharmaceutically acceptable 
salts thereof. 

[0100] Pharmacology and Utility: 
[0101] The compounds of the invention are cysteine pro 
tease inhibitors, in particular the compounds of the invention 
inhibit the activity of cathepsins B, L, K and/or S and, as 
such, are useful for treating diseases in Which cathepsin B, 
L, K and/or S activity contributes to the pathology and/or 
symptomatology of the disease. For eXample, the com 
pounds of the invention are useful in treating tumor invasion 
and metastasis, in particular as anti-angiogenic agents, rheu 
matoid arthritis, osteo arthritis, pneumocystis carinii, acute 
pancreatitis, in?ammatory airWay disease and bone and joint 
disorders. Furthermore, the compounds of the invention are 
useful in treating bone resorption disorders, e.g., osteoporo 
sis. The compounds of the invention also are useful in 
treating autoimmune disorders, including, but not limited to 
juvenile onset diabetes, multiple sclerosis, pemphigus vul 
garis, Graves’ disease, myasthenia gravis, systemic lupus 
erythemotasus, rheumatoid arthritis and Hashimoto’s thy 
roiditis, allergic disorders, including, but not limited to 
asthma, and allogeneic immune reponses, including, but not 
limited to, organ transplants or tissue grafts. 

[0102] The cysteine protease inhibitory activities of the 
compounds of the invention can be determined by methods 
knoWn to those of ordinary skill in the art. Suitable in vitro 
assays for measuring protease activity and the inhibition 
thereof by test compounds are knoWn. Typically, the assay 
measures protease induced hydrolysis of a peptide based 
substrate. Details of assays for measuring protease inhibi 
tory activity are set forth in Examples 7, 8, 9 and 10, infra. 

[0103] Nomenclature: 

[0104] The compounds of Formula I and the intermediates 
and starting materials used in their preparation are named in 



US 2003/0092634 A1 

accordance With JUPAC rules of nomenclature in Which the 
characteristic groups have decreasing priority for citation as 
the principle group as follows: acids, esters, amides, etc. For 
eXample, a compound of Formula I in Which X1 is a divalent 
group of Formula (a), Wherein X2 is —C(O)—, R7 is 
isobutyl and R5 and R9 both are hydrogen; R1 is benZyloXy 
carbonyl; R2 is hydrogen; R3 is phenethyl; and R4 is meth 
oXymethyl; that is, a compound having the folloWing struc 
ture: 

Z2 0 i O \ 

[0105] is named benZyl 1S-(3-hydroXy-2-oXo—lS-phen 
ethylpropylcarbamoyl)-3-methylbutylcarbamate; and a 
compound of Formula I in Which X1 is a divalent group of 
Formula (a), Wherein X2 is —C(O)—, R7 is isobutyl and R5 
and R9 both are hydrogen; R1 is benZyloXycarbonyl; R2 is 
hydrogen; R3 is phenethyl; and R4 is 2,5-dichlorobenZoyl; 
that is, a compound having the folloWing structure: 

Cl 

3. C1 

[0106] is named 3S—(2S-benZyloXycarbonylamino4-meth 
ylpentanoylamino)—2-oxo-5-phenylpentyl 2,5-dichloroben 
Zoate; and a compound of Formula I in Which Xi is a divalent 

group of Formula (a), Wherein X2 is —C(O)—, R7 is 
1-methylpropyl and R5 and R9 both are hydrogen; R1 is 
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3-aminomethylbenZoyl; R2 is hydrogen; R3 is phenethyl; 
and R4 is hydroXymethyl; that is, a compound having the 
folloWing structure: 

11/, I" 
O 

H NQk/OH c 

[0107] is named 3-aminomethyl-N-[1S-(3-hydroXy-2 
oXo-1S-phenethylpropylcarbamoyl)-2-methylbutyl]benZa 
mide. 

[0108] Administration and Pharmaceutical Compositions: 

[0109] In general, compounds of Formula I Will be admin 
istered in therapeutically effective amounts via any of the 
usual and acceptable modes knoWn in the art, either singly 
or in combination With another therapeutic agent. A thera 
peutically effective amount may vary Widely depending on 
the severity of the disease, the age and relative health of the 
subject, the potency of the compound used and other factors. 
For eXample, therapeutically effective amounts of a com 
pound of Formula I may range from 0.1 micrograms per 
kilogram body Weight (lug/kg) per day to 10 milligram per 
kilogram body Weight (mg/kg) per day, typically 1 pg/kg/ 
day to 1 mg/kg/day. Therefore, a therapeutically effective 
amount for a 80 kg human patient may range from 10 pig/day 
to 100 mg/day, typically 0.1 mg/day to 10 mg/day. In 
general, one of ordinary skill in the art, acting in reliance 
upon personal knoWledge and the disclosure of this Appli 
cation, Will be able to ascertain a therapeutically effective 
amount of a compound of Formula I for treating a given 
disease. 

[0110] The compounds of Formula I can be administered 
as pharmaceutical compositions by one of the folloWing 
routes: oral, systemic (e.g., transdermal, intranasal or by 
suppository) or parenteral (e.g., intramuscular, intravenous 
or subcutaneous). Compositions can take the form of tablets, 
pills, capsules, semisolids, poWders, sustained release for 
mulations, solutions, suspensions, eliXirs, aerosols, or any 
other appropriate composition and are comprised of, in 
general, a compound of Formula I in combination With at 
least one pharmaceutically acceptable eXcipient. Acceptable 
eXcipients are non-toXic, aid administration, and do not 
adversely affect the therapeutic bene?t of the active ingre 
dient. Such eXcipient may be any solid, liquid, semisolid or, 
in the case of an aerosol composition, gaseous eXcipient that 
is generally available to one of skill in the art. 

[0111] Solid pharmaceutical eXcipients include starch, cel 
lulose, talc, glucose, lactose, sucrose, gelatin, malt, rice, 
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?our, 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 oil, mineral oil, 
sesame oil, or the like). Preferred liquid carriers, particularly 
for injectable solutions, include Water, saline, aqueous deX 
trose and glycols. 

[0112] 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 pharma 
ceutical sciences. In general, a composition 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 eXcipi 
ents. Preferably the pharmaceutical composition is admin 
istered in a single unit dosage form for continuous treatment 
or in a single unit dosage form ad libitum When relief of 
symptoms is speci?cally required. Representative pharma 
ceutical formulations containing a compound of Formula I 
are described in Example 11. 

[0113] The compounds of Formula I can be administered 
alone or in combination With other compounds of Formula 
I or in combination With one or more other active ingredi 
ent(s). For example, the compounds of Formula I can be 
administered in combination With a therapeutically active 
amount of a bisphosphonic acid or acid ester derivative or 
any pharmaceutically acceptable salt thereof. Suitable bis 
phosphonic acids and acid ester derivatives include com 
pounds corresponding to the folloWing formula: 

[0114] Wherein X11 is a bond or (C1_7)alkylene, each R43 
independently is hydrogen or (C1_3O)alkyl, R44 and R45 are 
selected independently from a group consisting of hydrogen, 
halo, optionally substituted (C1_3O)alkyl, (C3_3O)cycloalkyl, 
hetero(C5_3O)cycloalkyl, optionally substituted (C6_1O)aryl, 
hetero(C6_1O)aryl, —NR46R46, —OR46, —SR46, Wherein 
each R46 independently is hydrogen, (C1_1O)alkyl, (C3_1O)cy 
cloalkyl, optionally substituted (C6_1O)aryl, provided that 
both R44 and R45 are not selected from hydrogen or hydroXy 
When X11 is a bond; or R44 and R45 taken together form 
(C2_9)alkylene; Wherein (C3_1O)cycloalkyl includes adaman 
tyl and the like, hetero(C5_1O)cycloalkyl includes pyrrolidi 
nyl and the like, (C6_1O)aryl includes phenyl and naphthyl, 
and hetero(C6_1O)aryl includes quinolyl, isoquinolyl, 
pyridyl, furyl, imidaZolyl, imidaZopyridyl and the like. 

[0115] Instances Wherein R44 and/or R45 are substituted 
(C1_3O)alkyl may include, but are not limited to, (C1_3O)alkyl 
substituted by hetero(C5_1O)cycloalkyl, (C6_1O)aryl, het 
ero(C6_1O)aryl, —NR47R47, —OR47 and —SR47, Wherein 
each R47 is independently hydrogen or (C1_1O)alkyl; Wherein 
hetero(C5_1O)cycloalkyl includes pyrrolidinyl and the like, 
(C6_1O)aryl includes phenyl and naphthyl, and hetero(C6_ 
1o)aryl includes quinolyl, isoquinolyl, pyridyl, furyl, imida 
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Zolyl, imidaZopyridyl and the like. Suitable optionally sub 
stituted aryl groups include, but are not limited to, halo 
substituted phenyl. 

[0116] A non-limiting class of bisphosphonic acids and 
acid ester derivatives thereof suitable for administration in 
combination With compounds of Formula I include those in 
Which R is selected from the group consisting of hydrogen, 
hydroXy or halo, and R45 is selected from the group con 
sisting of optionally substituted (C1_3O)alkyl, halo and 
—SR46, Wherein R46 is (C1_1O)alkyl or phenyl. 

[0117] Anon-limiting subclass of bisphosphonic acids and 
acid ester derivatives thereof suitable for administration in 
combination With compounds of Formula I include those in 
Which R44 is selected from the group consisting of hydrogen, 
hydroXy and chloro and R45 is selected from the group 
consisting of optionally substituted (C1_3O)alkyl, chloro and 
chlorophenylthio. 
[0118] A non-limiting eXample of a bisphosphonic acid 
suitable for administration in combination With compounds 
of Formula I include that in Which X11 is a bond, each R43 
is hydrogen, R44 is hydroXy and R45 is 3-aminopropyl, 
namely 4-amino-1-hydroXybutylidene-1,1-bisphosphonic 
acid (aka alendronic acid), or the monosodium trihydrate 
salt thereof, namely 4-amino-l-hydroxybutylidene-1,1-bis 
phosphonate monosodium trihydrate (aka alendronate 
monosodium trihydrate), described in US. Pat. Nos. 4,922, 
007, to KiecZykoWski et al., issued May 1, 1990; 5,019,651, 
to KiecZykoWski et al., issued May 28, 1991; 5,510,517, to 
Bauer et al., issued Apr. 23, 1996; 5,648,491, to Bauer et al., 
issued Jul. 15, 1997, all of Which patents are incorporated by 
reference herein in their entirety. 

[0119] Further non-limiting eXamples of bisphosphonic 
acids suitable for administration in combination With com 
pounds of Formula I include the folloWing: 

[0120] cycloheptylaminomethylene-1,l-bisphospho 
nic acid (aka cimadronic acid), described in Us. Pat. 
No. 4,970,335, to Isomura et al., issued Nov. 13, 
1990; 

[0121] 1,1-dichloromethylene-1,l-diphosphonic acid 
(aka clodronic acid) and the disodium salt thereof, 
namely clodronate disodium, described in Belgium 
Patent 672,205 (1966) and J. Org. Chem 32, 4111 
(1967); 

[0122] 1-hydroXy-3-pyrrolidin-1-ylpropylidene-1,1 
bisphosphonic acid (aka EB-1053); 

[0123] 1-hydroXyethylidene-1,l-diphosphonic acid 
(aka etidronic acid); 

[0124] 1-hydroXy-3-(N-methyl-N-pentylamino)pro 
pylidene-1,1-bisphosphonic acid (aka ibandronic 
acid), described in US. Pat. No. 4,927,814, issued 
May 22, 1990; 

[0125] 6-amino-1-hydroXyheXylidene-1,1-bisphos 
phonic acid (aka neridronic acid); 

[0126] 3-(dimethylamino)-1-hydroXypropylidene-1, 
l-bisphosphonic acid (aka olpadronic acid); 

[0127] 3-amino-1-hydroXypropylidene-1,l-bisphos 
phonic acid (aka pamidronic acid); 
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[0128] 2-pyrid-2-ylethylidene-1,1-bisphosphonic 
acid (aka piridronic acid), described in US. Pat. No. 
4,761,406; 

[0129] 1-hydroXy-2-pyrid-3-ylethylidene-1,1-bis 
phosphonic acid (aka risedronic acid); 

[0130] 4-chlorophenylthiomethylenebisphosphonic 
acid (aka tiludronic acid), described in US. Pat. No. 
4,876,248, to Breliere et al., Oct. 24, 1989; and 

[0131] 1-hydroXy-2-(1H-imidaZol-1-yl)ethylidene-1, 
1-bisphosphonic acid (aka Zoledronic acid); all of 
Which patents and other documents referred to above 
are incorporated by reference herein in their entirety. 

[0132] A non-limiting subclass of bisphosphonic acids 
suitable for administration in combination With compounds 
of Formula I include those selected from the group consist 
ing of alendronic acid, cimadronic acid, clodronic acid, 
tiludronic acid, etidronic acid, ibandronic acid, risedronic 
acid, piridronic acid, pamidronic acid, Zolendronic acid, 
pharmaceutically acceptable salts thereof, and miXtures 
thereof. A further eXample of a bisphosphonic acid suitable 
for administration in combination With compounds of For 
mula I is alendronic acid or a pharmaceutically acceptable 
salt thereof, and miXtures thereof. A further non-limiting 
eXample is alendronate monosodium trihydrate. 

[0133] Compounds of Formula I can be administered in 
combination With a therapeutically active amount of an 

estrogen receptor agonist. Non-limiting examples of estro 
gen receptor agonists suitable for administration in combi 
nation With the compounds of Formula I include naturally 
occurring estrogens such as estradiol, estrone and estroil, or 
synthetic estrogen receptor agonists such as [6-hydroXy-2 
(4-hydroXyphenyl)benZo[b]thien-3-yl][4-(2-piperidin-1 
ylethoXy)phenyl]methanone (aka raloXifene) and {2-[4-(1, 
2-diphenylbut-1-enyl)phenoXy]ethyl}dimethylamine (aka 
tamoXifen). A non-limiting subclass of estrogen receptor 
agonists suitable for administration in combination With the 
compounds of Formula I include estrogen receptor partial 
agonists (i.e., estrogen receptor agonists With miXed agonist/ 
antagonist properties), sometimes referred to as estrogen 
receptor modulators. Estrogen receptor partial agonists can 
eXert tissue-selective estrogen agonist effects. Tamoxifen, 
for eXample, selectively eXerts an estrogen agonist effect on 
the bone, in humans. Additional suitable estrogen receptor 
partial agonists are described in Tissue-Selective Actions Of 
Estrogen Analogs, Bone Vol. 17, No. 4, October 1995, 
1815-1905. Certain 3-[4-(2-phenylindol-1-ylmethyl)phe 
nyl]acrylamides, described in Us. Pat. No. 5,985,910 to 
Miller et al., Nov. 16, 1999; benZothiphene compounds, 
described in US. Pat. No. 5,985,897 to Meuhl et al., Nov. 
16, 1999; naphthyl compounds, described in US. Pat. No. 
5,952,350 to Cullinan et al., Sep. 14, 1999; substituted 
benZothiophene compounds, described in US. Pat. No. 
5,962,475 to Schmid et al., Oct. 4, 1999, are suitable 
estrogen receptor partial agonists for administration With the 
compounds of Formula I; all of Which patents and other 
documents referred to above are incorporated by reference 
herein in their entirety. 
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[0134] More particularly a pharmaceutical composition of 
this invention may comprise a therapeutically effect amount 
of a compound of Formula I in combination With one or 

more active ingredient(s) selected from the group consisting 
of a therapeutically effect amount of a bisphosphonic acid 
or acid ester thereof or a pharmaceutically acceptable salt 

thereof and (ii) a therapeutically effect amount of an estro 
gen receptor agonist or a pharmaceutically acceptable salt 
thereof; and one or more pharmaceutically acceptable 
eXcipient(s). Non-limiting eXamples of such bisphosphonic 
acids include 1,1-dichloromethylene-1,1-diphosphonic acid, 
1-hydroXy-3-pyrrolidin-1-ylpropylidene-1,1-bisphosphonic 
acid, 

[0135] 1-hydroXyethylidene-1,1-diphosphonic acid, 
1-hydroXy-3-(N-methyl-N-pentylamino)propylidene 
1,1-bisphosphonic acid, 6-amino-1-hydroXyheXy 
lidene-1,1-bisphosphonic acid, 3-(dimethylamino)-1 
hydroXypropylidene-1,1-bisphosphonic acid, 3-amino 
1-hydroXypropylidene-1,1-bisphosphonic acid, 
2-pyrid-2-ylethylidene-1,1-bisphosphonic acid, 1-hy 
droXy-2-pyrid-3-ylethylidene-1,1-bisphosphonic acid, 
4-chlorophenylthiomethylenebisphosphonic acid and 
1-hydroXy -2-(1H-imidaZol-1-yl)ethylidene-1,1-bis 
phosphonic acid or acid ester thereof or a pharmaceu 

tically acceptable salt thereof; particularly 1,1-dichlo 
romethylene-1,1-diphosphonic acid or a 

pharmaceutically acceptable salt thereof and preferably 
1,1-dichloromethylene -1,1-diphosphonate monoso 
dium trihydrate. 

[0136] Chemistry: 
[0137] Processes for Making Compounds of Formula I: 

[0138] Compounds of Formula I in Which R4 is nitrom 
ethyl or —CH2OR18 can be prepared by proceeding as in the 
folloWing Scheme 1: 

Scheme 1 

R2 o 

N R20 
/ 

H 

R3 

2 

1. LX1R21 
2. optionally deprotecting 

l2 O 
1 20 

R \xl/ N R 

R3 

I(a) 

[0139] in Which L is a leaving group, R20 is —OR22, 
Wherein R22 is a hydroXy protecting group or optionally 
substituted (C1_6)alkyl, (C6_12)aryl(CO_6)alkyl, heteropoly 
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cyclo(C8_12)aryl(CO_6)alkyl, (C1_6)alkylcarbonyl or (C6_ 
12)arylcarbonyl, R21 is R1 or a protecting group and each X1, 
R1, R2 and R3 are as de?ned in the Summary of the Invention 
for Formula I. 

[0140] Compounds of Formula I in Which R4 is nitrom 
ethyl or —CH2OR18 (Formula I(a)) can be prepared by 
condensing a compound of Formula 2 With a compound of 
the formula LX1R21, and then removing one or more pro 
tecting groups if necessary. The compound of Formula 2 
may be in a free base or an acid addition salt form, 
preferably an acid addition salt form (e.g., p-toluenesulfonic 
acid salt, or the like). Typically the condensation reaction is 
carried out under nitrogen in the presence of a suitable 
condensing agent (e.g., isobutyl chloroformate, or the like), 
a base (e.g., 4-methylmorpholine, triethylamine, or the like) 
and a suitable solvent (e.g., tetrahydrofuran (THF), or the 
like), at —20 to 0° C., preferably at about —10° C., and 
requires 45 minutes to 4 hours to complete. A detailed 
description of the condensation reaction is found in Example 
2, infra. Deprotection can be effected by any means Which 
removes the protective group and gives the desired product 
in reasonable yield. A detailed description of a deprotection 
procedure is found in Example 3, infra. 

[0141] Compounds of Formula I in Which R4 is 
—CH2OR18 can be prepared by proceeding as in the fol 
loWing reaction Scheme 2: 

Scheme 2 

R2 0 

R21\ IL / / 

x1 T 
R3 o 

\ 
3 

1. LCHZORZZ 
2. optionally deprotecting 

R2 o 

R1 1L 0 
\X1/ \R17 

R3 

I(b) 

[0142] in Which L is a leaving group, R22 is a hydroxy 
protecting group or optionally substituted (C1_6)alkyl, (C6_ 
12)aryl(CO_6)alkyl, beteropolycyclo(C8_12)aryl(CO_6)alkyl, 
(C1_6)alkylcarbonyl or (C6_12)arylcarbonyl, R20 is R1 or a 
protecting group and each X1, R1, R2, R3 and R17 are as 
de?ned in the Summary of the Invention for Formula I. 

[0143] Compounds of Formula I in Which R4 is 
—CH2OR18 (Formula I(b)) can be prepared by condensing a 
compound of Formula 3 With a compound of the formula 
LCHZOR22 and then removing one or more protecting 
groups if necessary. Typically the condensation reaction is 
carried out under nitrogen in a suitable solvent (e.g., THF) 
at —60 to 25° C. and requires 10 to 20 hours to complete. A 
detailed description of the preparation of a compound of 
Formula I(c) is found in Example 1, infra. 
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[0144] Compounds of Formula I in Which R4 is 1-hy 
droxy-l-methylethyl can be prepared by proceeding as in the 
folloWing reaction Scheme 3: 

Scheme 3 

R2 OH 

N OH 

1. oxidation 
2. optionally deprotecting 

1(6) 

[0145] in Which R21 is R1 or a protecting group and each 
X1, R1, R2 and R3 are as de?ned in the Summary of the 
Invention for Formula I. 

[0146] Compounds of Formula I in Which R4 is 1-hy 
droxy-l-methylethyl (Formula I(c)) can be prepared by 
oxidizing a compound of Formula 4 and then deprotecting if 
necessary. Typically the oxidation is carried out With a 
suitable oxidiZing agent (e.g., Dess-Martin periodinate, or 
the like) in a suitable solvent (e.g., methylene chloride, or 
the like) at 15 to 25° C. and requires 10 to 20 hours to 
complete. A detailed description of the preparation of a 
compound of Formula I(c) is found in Example 4, infra. 

[0147] Compounds of Formula I in Which R4 is nitrom 
ethyl can be prepared by proceeding as in the folloWing 
Scheme 4: 

Scheme 4 

R2 0 

R21\ xl/ N OH 

R3 

5 

1. CH3NO2 
2. optionally deprotecting 

l2 O 

W) 

[0148] in Which R21 is R1 or a protecting group and each 
X1, R1, R2 and R3 are as de?ned in the Summary of the 
Invention for Formula I. 
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[0149] Compounds of Formula I in Which R4 is nitrom 
ethyl (Formula I(d)) can be prepared by reacting a com 
pound of Formula 5 With nitromethane and then deprotect 
ing if necessary. Typically the reaction With the 
nitromethane is carried out under nitrogen in the presence of 
a coupling agent (e.g., 1,1‘-carbonyldiimidaZole, or the like) 
and in a suitable solvent (e.g., THF) at —10 to 25° C. and 
requires 10 to 20 hours to complete. 

[0150] Additional Processes for Preparing Compounds of 
Formula I: 

[0151] A compound of Formula I can be prepared as a 
pharmaceutically acceptable acid addition salt by reacting 
the free base form of the compound With a pharmaceutically 
acceptable inorganic or organic acid. Alternatively, a phar 
maceutically acceptable base addition salt of a compound of 
Formula I can be prepared by reacting the free acid form of 
the compound With a pharmaceutically acceptable inorganic 
or organic base. Inorganic and organic acids and bases 
suitable for the preparation of the pharmaceutically accept 
able salts of compounds of Formula I are set forth in the 
de?nitions section of this application. Alternatively, the salt 
forms of the compounds of Formula I can be prepared using 
salts of the starting materials or intermediates. 

[0152] The free acid or free base forms of the compounds 
of Formula I can be prepared from the corresponding base 
addition salt or acid addition salt form. For example, a 
compound of Formula I in an acid addition salt form can be 
converted to the corresponding free base by treating With a 
suitable base (e.g., ammonium hydroxide solution, sodium 
hydroxide, or the like). 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). 
[0153] The N-oxides of compounds of Formula I can be 
prepared by methods knoWn to those of ordinary skill in the 
art. For example, N-oxides can be prepared by treating an 
unoxidiZed form of the compound of Formula I With an 
oxidiZing agent (e.g., tri?uoroperacetic acid, permaleic acid, 
perbenZoic acid, peracetic acid, meta-chloroperoxybenZoic 
acid, or the like) in a suitable inert organic solvent (e.g., a 
halogenated hydrocarbon such as methylene chloride) at 
approximately 0° C. Alternatively, the N-oxides of the 
compounds of Formula I can be prepared from the N-oxide 
of an appropriate starting material. 

[0154] Compounds of Formula I in unoxidiZed form can 
be prepared from N-oxides of compounds of Formula I by 
treating With a reducing agent (e.g., sulfur, sulfur dioxide, 
triphenyl phosphine, lithium borohydride, sodium borohy 
dride, phosphorus trichloride, tribromide, or the like) in an 
suitable inert organic solvent (e.g., acetonitrile, ethanol, 
aqueous dioxane, or the like) at 0 to 80° C. 

[0155] Prodrug derivatives of the compounds of Formula 
I can be prepared by methods knoWn to those of ordinary 
skill in the art (e.g., for further details see Saulnier et 
al.(1994), Bioorganic and Medicinal Chemistry Letters. 
4:1985). For example, appropriate prodrugs can be prepared 
by reacting a non-derivatiZed compound of Formula I With 
a suitable carbamylating agent (e.g., 1,1-acyloxyalkylcar 
bonochloridate, para-nitrophenyl carbonate, or the like). 

[0156] Protected derivatives of the compounds of Formula 
I can be made by means knoWn to those of ordinary skill in 
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the art. A detailed description of the techniques applicable to 
the creation of protective groups and their removal can be 
found in T. W. Greene, Protective Groups in Organic Syn 
thesis, John Wiley & Sons, Inc. 1981. 

[0157] Compounds of Formula I can be prepared as their 
individual stereoisomers 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 i5 optically pure enanti 
omer. While resolution of enantiomers can be carried out 
using covalent diasteromeric derivatives of compounds of 
Formula I, dissociable complexes are preferred (e.g., crys 
talline diastereoisomeric salts). Diastereomers have distinct 
physical properties (e.g., melting points, boiling points, 
solubilities, reactivity, and the like) and can be readily 
separated by taking advantage of these dissimilarities. The 
diastereomers can be separated by chromatography or, pref 
erably, by separation/resolution techniques based upon dif 
ferences in solubility. The optically pure enantiomer is then 
recovered, along With the resolving agent, by any practical 
means that Would not result in racemiZation. Amore detailed 
description of the techniques applicable to the resolution of 
stereoisomers 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). 

[0158] In summary, an aspect of this invention is a process 
for preparing a compound of Formula I, Which process 
comprises: 

[0159] (A) reacting a compound of Formula 2: 

N R20 

[0160] With a compound of the formula LX1R2, in Which 
L is a leaving group, R20 is —NO2 or —OR22, Wherein R22 
is a hydroxy protecting group or optionally substituted 
(C1_6)alkyl, (C6_12)aryl(CO_6)alkyl, heteropolycyclo(C8_ 
12)aryl(CO_6)alkyl, (C1_6)alkylcarbonyl or (C6_12)arylcarbo 
nyl, R21 is R1 or a protecting group and each X1, R1, R2 and 
R3 are as de?ned in the Summary of the Invention for 
Formula I, and then removing one or more protective groups 
if necessary to provide a compound of Formula I in Which 
R4 is nitromethyl or —CH2OR17; 

[0161] (B) reacting a compound of Formula 3: 

[0162] With a compound of the formula LCHZORZZ, in 
Which L is a leaving group, R22 is a hydroxy protecting 
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group or optionally substituted (C1_6)alkyl, (C6_12)aryl(CO_ 
6)alkyl, heteropolycyclo(C8_12)aryl(CO_6)alkyl, (C1_6)alkyl 
carbonyl or (C6_12)arylcarbonyl, R20 is R1 or a protecting 
group and each X1, R1, R2, R3 and R17 are as de?ned in the 
Summary of the Invention for Formula I, and then removing 
one or more protective groups if necessary to provide a 

compound of Formula I in Which R4 is —CH2OR17; 

[0163] (C) oXidiZing a compound of Formula 4: 

R2 OH 

[0164] in Which R21 is R1 or a protecting group and each 
X1, R1, R2 and R3 are as de?ned in the Summary of the 
Invention for Formula I, and then deprotecting if necessary 
to provide a compound of Formula I in Which R4 is l-hy 
droXy-1-methylethyl; 

[0165] (D) reacting a compound of Formula 5: 

[0166] With nitromethane, in Which R21 is R1 or a protect 
ing group and each X1, R1, R2 and R3 are as de?ned in the 
Summary of the Invention for Formula I, and then depro 
tecting if necessary to provide a compound of Formula I in 
Which R4 is nitromethyl; 

[0167] optionally dealkylating a compound of For 
mula I in Which R4 is —CH2OR18, Wherein R18 is 
(C1_6)alkyl or (C6_2)aryl(C1_6)alkyl to provide a com 
pound of Formula I in Which R18 is hydrogen; 

[0168] optionally converting a compound of For 
mula I into a pharmaceutically acceptable salt; 

[0169] (G) optionally converting a salt form of a com 
pound of Formula I to non-salt form; 

[0170] optionally converting an unoXidiZed form of 
a compound of Formula I into a pharmaceutically 
acceptable N-oXide; 

[0171] (I) optionally converting an N-oXide form of a 
compound of Formula I its unoXidiZed form; 

[0172] optionally converting a non-derivatiZed 
compound of Formula I into a pharmaceutically pro 
drug derivative; and 

[0173] (L) optionally converting a prodrug derivative of 
a compound of Formula I to its non-derivatiZed form. 
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[0174] Processes for Making the Intermediates Used in 
Making Compounds of Formula I: 

[0175] Compounds of Formula 2 in which R20 is —OR22 
can be prepared by condensing an a-aminoketone of For 
mula 6: 

R3 

[0176] in Which L is a leaving group and R23 is an amino 
protective group, With a compound of the formula HOR22 
and then selectively removing the amino protective group. 
The condensation reaction is carried out in the presence of 
potassium ?uoride and a suitable solvent (N,N-dimethylfor 
mamide (DMF), or the like) at 20 to 30° C., preferably at 
about —25° C., and requires 1 to 3 hours to complete. The 
a-aminoketone of Formula 3 is prepared from a correspond 
ing ot-amino-oU-diaZoketone derivative. For eXample, a 
compound of Formula 3 in Which L is bromo is prepared by 
treating a corresponding ot-amino-oU-diaZoketone derivative 
With hydrogen bromide in a suitable solvent (e.g., ether, or 
the like) at —20 to 0° C., typically at about —10° C., and 
requires approximately 30 minutes to 1 hour to complete. 
The ot-amino-oU-diaZoketone derivative is prepared by treat 
ing a corresponding ot-aminocarboXylic acid With diaZ 
omethane in the presence of a suitable condensing agent 
(e.g., isobutyl chloroformate, or the like) and base (e.g., 
4-methylmorpholine, triethylamine, or the like) and in a 
suitable solvent (e.g., tetrahydrofuran (THF), or the like) at 
—10 to 0° C., preferably at about —10° C., and requires 
approximately 30 minutes to complete. Deprotection is 
conveniently effected by treating the protected intermediate 
With acid (e.g., p-toluenesulfonic acid) to provide the com 
pound of Formula 2 in an acid addition salt form. 

[0177] Compounds of Formula 2 in which R20 is —OR22 
can be prepared by condensing a ot-amino-N-methoXy-N 
methylcarboXamide of Formula 7: 

[0178] in Which R23 is an amino protective group, With a 
compound of the formula LCHZOR22 and then selectively 
removing the amino protective group. Typically the reaction 
is carried out under nitrogen in a suitable solvent (e.g., TF) 
at —60 to 25° C. and requires 10 to 20 hours to complete. 
Compounds of Formula 7 are prepared by reacting a corre 
sponding ot-aminocarboXylic acid With N,O-dimethylhy 
droXylamine hydrochloride. 
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[0179] Compounds of Formula 2 in which R20 is —NO2 
can be prepared by reacting a a-aminocarboxylic acid of 
Formula 8: 

/ 
R23 OH 

[0180] in Which R23 is an amino protective group, With 
nitromethane and then selectively removing the amino pro 
tecting group. Typically the reaction With the nitromethane 
is carried out under nitrogen in the presence of a coupling 
agent (e.g., 1,1‘-carbonyldiimidaZole, or the like) and in a 
suitable solvent (e.g., THF) at —10 to 25° C. and requires 10 
to 20 hours to complete. Detailed descriptions for the 
preparation of compounds of Formula 2 are found in Ref 
erences 1, 2 and 3, supra. 

[0181] Compounds of Formula 3 are prepared by reacting 
a corresponding carboxylic acid With N,O-dimethylhy 
droxylamine hydrochloride. Compounds of Formula 4 can 
be prepared by oxidiZing a corresponding N-(3-methylbut 
2-enyl) derivative. Typically the oxidation of the N-(3 
methylbut-2-enyl) derivative is carried out With a suitable 
oxidiZing agent (e.g., osmium tetroxide, or the like) in a 
suitable solvent (e.g., acetonitrile, or the like) at approxi 
mately 0° C. and requires 10 to 20 hours to complete. The 
N-(3-methylbut-2-enyl) derivative is prepared from a cor 
responding N-(2-oxoethyl) derivative via a Wittig reaction. 

[0182] Process for Making Compounds of Formula II: 

[0183] Aprocess for preparing a compound of Formula II: 

[0184] Which process comprises hydrogenating a com 
pound of Formula 9: 

R4 

[0185] in Which R1 is peptidyl, R2 is hydrogen or (C1_ 
6)alkyl, R3 is an amino acid side chain and R4 is (C1_6)alkyl 
or (C6_2)aryl(C1_6)alkyl, in the presence of a catalytic 
amount of 20% palladium hydroxide on carbon. The hydro 
genation can be effected With hydrogen gas or an effective 
amount of cyclohexene. The hydrogenation may be carried 
out in cyclohexene alone or along With a suitable solvent 
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(e.g., ethanol, or the like) at 80 to 90° C. and requires 1 to 
2 hours to complete. Preferably, the process is carried out in 
an excess amount of cyclohexene, typically 100 times the 
molar amount of the compound of Formula II, in a 1:2 
mixture of cyclohexenezethanol. The process is particularly 
useful in preparing the individual (R)- or (S)-isomers of the 
compounds of Formula II. Thus, by proceeding as set forth 
above, the individual isomers of the compounds of Formula 
I in Which R4 is hydroxymethyl can be prepared by dealky 
lating a compound of Formula I in Which R1 is —CH2OR18, 
Wherein R18 is (C1_6)alkyl or (C6_12)aryl(C1_6)alkyl. A 
detailed description of this process is found in Example 5, 
infra. 

EXAMPLES 

Reference 1 

(S)-3-Amino-2-oxo-5-phenylpentyl 
2,5-dichlorobenZoate toluenesulfonic acid salt 

[0186] (a) A solution comprised of (S)-2-tert-butoxycar 
bonylamino-4-phenylbutyric acid (7.82 g, 28 mmol) in THF 
(35 mL) Was cooled to —10° C. and 4-methylmorpholine 
(3.08 mL, 28 mmol) and isobutyl chloroformate (3.63 mL, 
28 mmol) Were added. The mixture Was stirred for 5 minutes 
and ?ltered. The solids Were Washed With THF (15 mL) and 
the combined ?ltrates Were transferred to the receiving ?ask 
of a DiaZald(D kit (Aldrich). DiaZomethane, prepared by 
ethanolic potassium hydroxide cleavage of an ethereal solu 
tion of DiaZald© (10 g, 46 mmol/100 mL diethyl ether), Was 
distilled into the mixed anhydride over 30 minutes and then 
acetic acid Was added to quench the reaction. Ethyl acetate 
(100 mL) Was added and the mixture Was Washed With 
saturated aqueous sodium bicarbonate, dried (MgSO4), ?l 
tered, and concentrated to provide tert-butyl (S)-3-diaZo-2 
oxo-1-phenethylpropylcarbamate (8.44 g, 27.7 mmol). 

[0187] (b) A solution comprised of tert-butyl (S)-3-diaZo 
2-oxo-1-phenethylpropylcarbamate (7.09 g, 23.4 mmol) in 
ether (100 mL) Was cooled to —10° C. and a solution 
comprised of hydrogen bromide/acetic acid (4.66 mL, 30% 
by Weight) in ether (30 mL) Was added dropWise. The 
mixture Was stirred for 30 minutes and then ether (200 mL) 
Was added. The mixture Was Washed With brine (50 mL), 
saturated aqueous sodium bicarbonate (150 mL), brine (50 
mL), dried (MgSO4), ?ltered, and concentrated. Product Was 
crystalliZed from hexane, to provide tert-butyl (S)-3-bromo 
2-oxo-1-phenethylpropylcarbamate (5.29 g, 14.7 mmol). 1H 
NMR (CDCl3): 6 1.44 (9H, s, t-Bu), 6 1.86 (1H, m, one 
cnzcnzc?ns), 6 2.18 (1H, m, other cnzcnzc?ns), 6 2.67 
(2H, t, J=7.7 HZ, CHZCHZCGHS), 6 3.99 (2H, 2><d, J=13 HZ, 
CHZBr), 6 4.53 (1H, m, CHNH), 6 5.08 (1H, br. D, 5 HZ, 
NH), 6 7.17-7.29 (5H, m, aromatic 

[0188] (c) Potassium ?uoride (0.326 g, 5.61 mmol) Was 
added to a mixture of the tert-butyl (S)-3-bromo-2-oxo-1 
phenethylpropylcarbamate (1.00 g, 2.81 mmol) and 2,5 
dichlorobenZoic acid (1.07 g, 5 .61 mmol) in DMF (10 mL). 
The mixture Was stirred for 2 hours at room temperature and 
then ethyl acetate (75 mL) Was added. The solution Was 
Washed With 1M hydrochloric acid (20 mL), saturated 
aqueous sodium bicarbonate (20 mL), dried (MgSO4), ?l 
tered, and evaporated to dryness to provide crude (S)-3-tert 
butoxycarbonylamino-2-oxo-5-phenylpentyl 2,5-dichlo 
robenZoate. 
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[0189] (d) The crude (S)-3-tert-butoxycarbonylamino-2 
oxo-5-phenylpentyl 2,5-dichlorobenZoate Was dissolved in 
ether (5 mL) and a solution of aZeotropically dried p-tolu 
enesulfonic acid (1.31 g, 7.7 mmol) in ether (5 mL) Was 
added. The mixture Was stirred at room temperature for 
approximately 12 hours and then ether (200 mL) Was added 
to provide a solid material. The solid material Was broken 
up, ?ltered, Washed With ether (2><50 mL) and dried in vacuo 
to provide (S)-3-amino-2-oxo-5-phenylpentyl 2,5-dichlo 
robenZoate toluenesulfonic acid salt (1.24 g, 2.3 mmol). 

Reference 2 

3-Amino-1-benZyloxy-5-phenylpentan-2-one 
p-toluenesulfonic Acid Salt 

[0190] (a) Magnesium turnings (7.3 g, 300.29 mmol), 
previously dried in an oven at 100° C. for approximately 12 
hours, and mercuric chloride (1.2 g, 4.42 mmol) Were 
Weighed into a dry ?ask. The ?ask Was purged With nitrogen 
for 10-15 minutes and then anhydrous THF (200 mL) Was 
added under nitrogen. The mixture Was cooled to 40° C. and 
stirred While chloromethoxymethylbenZene (42.9 g, 273.93 
mmol) Was added via syringe. The mixture Was stirred under 
nitrogen for 6 hours While the temperature Was alloWed to 
Warm to 3 to 5° C. 

[0191] (b) The mixture Was cooled to —60° C. and stirred 
under nitrogen While a solution comprised of tert-butyl 
1-(N-methoxy-N-methylcarbamoyl)-3-phenylpropylcar 
bamate (17 g, 52.73 mmol) in anhydrous THF Was added via 
syringe and the mixture Was stirred until the reaction Was 
complete. The reaction Was quenched sloWly With ammo 
nium chloride solution and the mixture Was stirred for 15-30 
minutes. The mixture Was extracted With ethyl acetate (3><7 
mL) and the combined extract Was dried (Mg2SO4), ?ltered 
and concentrated. Product Was puri?ed from the residue by 
?ash column chromatography using silica gel 60 to provide 
tert-butyl 3-benZyloxy-2-oxo-1-phenethylpropylcarbamate 
(17.15 g, 44.72 mmol). 1H NMR (CDCl3): 6 1.43 (s, 9H), 6 
1.74-1.82 1H), 6 2.14-2.16 (m, 1H), 6 2.60-2.67 (m, 2H), 
6 4.13-4.14 (d, 2H), 6 4.49-4.61 (m, 3H), 6 5.14-5.17 (d, 
1H), 6 7.1-7.4 (m, 10H). 

[0192] (c) p-Toluenesulfonic acid hydrate (17.15 g, 90.16 
mmol) Was aZeotroped With an isopropyl alcohol/toluene 
mixture (1:1) to provide anhydrous p-toluene sulfonic acid. 
The sulfonic acid Was dried under high vacuum and dis 
solved in a minimum of anhydrous ether. The solution of 
sulfonic acid Was added to a solution of tert-butyl 3-benZy 
loxy-2-oxo -1-phenethylpropylcarbamate (17.15 g, 44.72 
mmol) in a minimum of anhydrous ether under nitrogen to 
provide a precipitate. The mixture Was stirred under nitrogen 
until the reaction Was complete and then ?ltered. The 
precipitate Was dried under vacuum to provide 3-amino-1 
benZyloxy-5-phenylpentan-2-one p-toluenesulfonic acid salt 
(17.78 g, 38.9 mmol). 1H NMR (DMSO-d6): 6 1.84-2.01 (m, 
M1), 6 2.12-2.22 (m, 1H), 6 2.28 (s, 3H), 6 2.59-2.70 (m, 
2H), 6 4.24-4.35 (m, 1H), 6 4.4 (d, 2H), 6 4.5-4.6 (m, 2H), 
67.09-7.50 (m, 14H), 6 8.15-8.35 (s, 3 11). 

[0193] Proceeding as in Reference 2(a)-(b) or 2(a)-(c), 
provided the folloWing compounds: 

[0194] tert-butyl1-benZyloxyacetylpentylcarbamate; 
1H N (CDCl3): 6 0.82-0.87 (m, 3H), 6 1.21-1.20 (m, 
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3H), 6 1.41 (s, 9H), 6 1.7-1.9 (m, 1H), 6 1.41(d,2H), 
6 45-47 (m, 3H), 6 5.06-5.09 (d, 1H), 6 73-74 (m, 
5H); 

[0195] tert-butyl 3-benZyloxy-2-oxopropylcarbam 
ate; 1H NMR (CDC13): 6 1.42 (s, 9H), 6 4.08-4.15 
(m, 2H), 6 4.17-4.22 (d, 2H), 6 4.57 (s, 2H), 6 5.19 
(m, 1H), 6 7.24-7.40 (m, 5H); and 

[0196] 3-amino-1-benZyloxyheptan-2-one p-toluene 
sulfonic acid salt; 1H NMR (DMSO-dG): 6 08-09 
(m, 3H), 6 1.15-1.40 (m, 4H), 6 1.6-1.72 (m,1H), 6 
172-19 (m, 1H), 6 2.28 (s, 3H), 6 415-43 (m, 1H), 
6 4.35-4.45 (d, 2H), 6 4.5-4.6 (m, 2H), 6 7.09-7.12 
(d, 2H), 6 725-75 (m, 7H), 6 8.082 (s, 3H); 

[0197] 1-amino-3-benZyloxypropan-2-one p-tolu 
enesulfonic acid salt; 1H NMR (DMSO-dG): 6 2.28 
(s, 3H), 6 3.9-4.1 (m, 2H), 6 4.3 (s, 2H), 6 4.55 (s, 
2H), 6 7.05-7.15 (d, 2H), 6 7.25-7.50 (m, 7H), 6 
79-815 (s, 3H); 

[0198] 3-amino-1-benZyloxy—5-(4-hydroxyphenyl 
)pentan-2-one p-toluenesulfonic acid salt; 

[0199] 1H NMR (DMSO-d6): 6 1.80-1.95 (m, 1H), 6 
2.0-2.2 (m, 1H), 6 2.28 (s, 3H), 6 42-43 (m, 1H), 6 4.37 (d, 
2H), 6 4.48-4.58 (m, 2H), 6 6.66-6.69 (d, 2H), 6 6.95-6.98 
(d, 2H), 6 7.09-7.12 (d, 2H), 6 7.28-7.41 (m, 4H), 6 
7.45-7.48 (d, 2H), 68.1-8.3 (m, 3H); 

[0200] 2-amino-N-(3-benZyloxy-2-oxo-1-phenethyl 
propyl)-3—methylpentanamide p-toluenesulfonic 
acid salt; 1H NMR (CDCl3): 6 0.87-0.95 (d, 6H), 6 
1.16 (m, 1H), 6 1.48 (m, 1H), 6 1.79-1.84 (m, 1H), 
6 2.08 (m, 1H), 6 2.28 (s, 3H), 6 2.56-2.60 (m, 2H), 
6 3.75 (1, 1H), 6 4.29 (d, 1H), 6 4.33 (d, 1H), 6 
4.50-4.54 (m, 3H), 6 7.12-7.33 (m, 12H), 6 7.48 (s, 
2H), 6 8.10 (s, 3H), 6 8.78 (d, 1H); and 

[0201] 2-amino-N-(1-benZyloxyacetylpentyl)-3-me 
thylpentanamide p-toluenesulfonic acid salt; 1H 
NMR (CDCl3): 6 0.82-0.89 (m, 9H), 6 0.92-1.47 (in, 
7H), 6 1.77-1.78 (m, 2H), 6 2.28 (s, 3H), 6 3.49 (s, 
1H), 6 3.70 (t, 1H), 6 4.29 (d, 1H), 6 4.33 (d, 1H), 6 
4.51-4.52 (m, 2H), 6 7.10-7.13 (d, 2H), 6 7.34-7.38 
(m, 5H), 6 7.49 (d, 2H), 6 8.07 (s, 3H), 6 8.65 ppm 
(d, 1H). 

Reference 3 

(S)-3-amino-1-nitro-5-phenylpentan-2-one 
p-toluenesulfonic Acid Salt 

[0202] (a) A suspension comprised of sodium hydride (5.6 
g of 60% dispersion in mineral oil, Washed tWice With 
hexane, 140 mmol) in TIHF (50 nL) Was cooled under 
nitrogen to 00 C. and a solution comprised of nitromethane 
(10 mL, 180 mmol) in THF (50 mL) Was added dropWise. 
The mixture Was stirred at 0 to 20° C. for 2 hours and then 
cooled to —10° C. A solution comprised of (S)-2-tert-bu 
toxycarbonylamino-4-phenylbutyric acid (12.5 g, 45 mmol) 
in THF (50 mL) Was cooled to 0° C. and then 1,1‘ 
carbonyldiimidaZole (7.5 g, 46 mmol) Was added. The 
butyric acid mixture Was stirred for 30 minutes, While 
alloWing it to Warm to room temperature, and then added 
dropWise to the nitromethane mixture. The combined mix 
ture Was alloWed to Warm to room temperature and stirred 
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under nitrogen for 14 hours. The reaction Was quenched With 
a small amount of Water added slowly and then the mixture 
Was diluted With 1M aqueous hydrochloric acid (200 mL) 
and ethyl acetate (500 mL). The organic layer Was separated, 
Washed With saturated aqueous sodium chloride (2><250 
mL), dried over anhydrous magnesium sulfate, ?ltered and 
concentrated in vacuo to provide a yelloW solid (14 g). The 
residue Was recrystalliZed from ethyl acetate-hexane to 
provide tert-butyl (S)-3-nitro-2-oxo-1-phenethylpropylcar 
bamate (9.2 g, 28.4 mmol) as a pale yelloW solid. 1H NMR 
(270 MHZ, CDCl3): 6 1.44 (s, 9H), 6 1.85-1.98 (m, 1H), 6 
2.15-2.25 (m, 1H), 6 2.61-2.74 (m, 2H), 6 4.16-4.23 (m, 1H), 
64.94 (d, J=4.9 HZ, 1 NH), 6 5.30 (d, J=15.1 HZ, 1H), 6 5.44 
(d J=15.1 HZ, 1H), 6 7.15-7.32 (m, 5H); 13C NMR (CDCl3): 
6 28.29, 31.61, 31.89, 58.09, 81.33, 126.69, 128.45, 128.85, 
139.86, 155.6, 196.24. 

[0203] (b) A solution comprised of anhydrous p-toluene 
sulfonic acid (26 mmol) in ethyl ether (10 mL) Was added to 
a suspension comprised of tert-butyl (S)-3-nitro-2-oxo-1 
phenethylpropylcarbamate (4.5 g, 14 mmol) in dichlo 
romethane (20 mL) and ethyl ether (150 mL). The mixture 
Was stirred for 70 hours at room temperature and the ?ltered. 
The solid collected Was Washed thoroughly With ethyl ether 
and dried in vacuo to provide (S)-3-amino-1-nitro-5-phe 
nylpentan-2-onep-toluenesulfonic acid salt (5.4 g, 13.7 
mmol) as a White solid. 1H NMR (270 MHZ, DMSO-dG): 6 
1.92-2.05 (m, 1H), 6 2.15-2.28 (m, 1H), 6 2.29 (s, 3H), 6 
2.56-2.76 (m, 2H), 6 4.44 (br. s, 1H), 66.97 (d, J=16.1 HZ, 
1H), 6 6.29 (d J=16.1 HZ, 1H), 67.12 (d, J=8.4 HZ, 2H), 6 
7.20-7.35 (m, 5H), 6 7.49 (d, J=8.2 HZ, 11H), 6 8.46 (br. s, 
3 NH). 

Example 1 

BenZyl 1S-(3-hydroxy-2-oxo-1S-phenethylpropyl 
carbamoyl)-3-methylbutylcarbamate 

[0204] 

(Compound 1) 

O 

i 
O N 

H 

O 

gQk/o 
: \ 

[0205] A mixture comprised of magnesium turnings (235 
mg, 9.58 mmol) and mercuric chloride (35 mg, 0.13 mmol) 
in dry THF under nitrogen Was cooled to betWeen —10 and 
—20° C. and chloromethoxymethane (0.75 mL, 9.58 mmol) 
Was added. The mixture Was stirred for 6 hours While the 
temperature Was alloWed to Warm to betWeen —8 and 0° C. 
The mixture Was then cooled to —78° C. and stirred While a 
solution comprised of benZyl 1-[1-(N-methoxy-N-methyl 
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carbamoyl)-3-phenylpropylcarbamoyl]-3-methylbutylcar 
bamate (500 mg, 1.08 mmol) in anhydrous THF (6 mL) Was 
added. The mixture Was alloWed to Warm sloWly over 
approximately 12 hours and then the reaction Was quenched 
With ammonium chloride solution and then extracted With 
ethyl acetate. The ethyl acetate Was dried (MgSO4), ?ltered 
and concentrated. Product Was puri?ed from the residue by 
?ash column chromatography eluting With 33:1 ethyl 
acetate/hexanes to provide benZyl 1S-(3-hydroxy-2-oxo-1S 
phenethylpropylcarbamoyl)-3-methylbutylcarbamate (374.8 
mg, 0.824 mmol); 1H NMR (CDCl3): 6 0.91-93 ppm (d, 
6H), 6 1.55 ppm (s, 3H), 6 1.55-1.63 ppm (m, 1H), 6 
1.8-1.95 ppm (m, 1H), 6 22-23 ppm (m, 1H), 6 2.57-2.63 
ppm (t, 2H), 6 3.37 ppm (s, 3H), 6 4.06-4.15 ppm (m, 2H), 
6 4.78-4.84 ppm (m, 1H), 6 5.1 ppm (s, 2 H), 6 6.49-6.52 
ppm (d, 1H), 6 7.12-7.31 ppm (m, 10H); LC/MS (455 
M+H+); 
[0206] Proceeding as in Example 1 provided the folloWing 
compounds of Formula I: 

[0207] N-{1-[3-benZyloxy-2-oxo-1-(2-phenylcar 
bamoylethyl)propylcarbamoy]L-2 
methylbutyl}naphthalene-2-carboxamide 
pound 2); 

[0208] benZyl 3S-acetylamino-N-(3-benZyloxy-2 
oxo-1-phenethylpropyl)succinamate (Compound 3); 

[0209] 2S-acetyl 

(Com 

amino -N1 -(3-benZyloxy-2-oxo-1 - 
phenethylpropyl)-N4-phenylsuccinamide (Com 
pound 4); 

[0210] tert-butyl1-(3-benZyloxy-2-oxo-1-phenethyl 
propylcarbamoyl)-3-phenylpropylcarbamate (Com 
pound 5); and 

[0211] 4-benZyloxy-N-(3-benZyloxy-2-oxo-1-phen 
ethylpropyl)benZamide (Compound 6). 

Example 2 

3S-(2S—Benzyloxycarbonylamino-4-methylpen 
tanoylamino)-2-oxo-5-phenylpentyl 2,5-dichlo 

robenZoate (Compound 7), 

Cl 

0 O 

H i NQk/O O N : 

O _ 

[0213] A solution comprised of (S)-2-benZyloxycarbony 
lamino-4-methylpentanoic acid (0.20 g, 0.76 mmol) in THF 
(5 mL) Was cooled to —10° C. and then 4-methylmorpholine 
(84 pL, 0.76 mmol) and isobutyl chloroformate (99 pL, 0.76 
mmol) Were added. The mixture Was stirred for 5 minutes 
and then (S)-3-amino-2-oxo-5-phenylpentyl 2,5-dichlo 

Q 
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robenZoate toluenesulfonic acid salt (0.41 g, 0.76 mmol) and 
4-methylmorpholine (84 74L, 0.76 mmol) Were added 
sequentially. The mixture Was stirred for 45 minutes and 
then ethyl acetate (30 mL) Was added. The mixture Was 
Washed With 1M hydrochloric acid (5 mL), saturated aque 
ous sodium bicarbonate (5 mL) and brine (5 mL), dried 
(MgSO4), ?ltered and concentrated. The residue Was crys 
talliZed from CH2Cl2/ether to provide 3S-(2S-benZyloxycar 
bonylamno-4-methylpentanoylamino)-2-oxo-5-phenylpen 
tyl 2,5-dichlorobenZoate (0.32 g, 0.52 mmol). 1H NMR 
(CDCl3): 6 0.92 (6H, 2><d*, 2><CH3, 6 1.46-1.78 (3H, m*, 
CH2CH(CH3)2, 6 1.96 (1H, m, one CH2CH2C6H, 6 2.25 
(1H, m, other CHZCHZCGHS, 6 2.65 (2H, t, J=7.7 HZ, 
CHZCHZCGHS, 6 4.18 (1H, m, CHNH (Leu), 6 4.65 (1H, m, 
CHCHZCHZCGHS, 6 4.99 (2H, 2><d*, CH2OOCC6H3Cl2, 6 
5.06 (2H, s*, CGHSCHZO, 6 5.08 (1H, m*, CHNH(CBZ), 6 
6.7 (1H, br., CHNH (amide), 6 7.14-7.48 (12H, m*, aro 
matic, 6 7.92 (1H, s, 6-CH(C6H3Cl2). 

[0214] Proceeding as in Example 5 provided the following 
compounds of Formula I: 

[0215] tert-butyl 1S-(3-benZyloxy-2-oxo-1S-phen 
ethylpropylcarbamoyl)-3-methylbutylcarbamate 
(Compound 8); 1H NMR (CDCl3): 6 0.91-0.93 (d, 
6H), 6 1.21-1.24 (t, 1H), 6 1.42-1.53 (m, 1H), 6 
1.60-1.68 (m, 1H), 6 1.78-1.93 (m, 1H), 6 2.13-2.30 
(m, 1H), 6 2.54-2.62 (m, 2H), 6 4.09-4.14 (m, 2H), 
6 4.48-4.60 (q, 2H), 6 5.09 (s, 1), 6 6.52-6.55 (d, 1H), 
6 7.07-7.37 (m, 15H); 

[0216] N-[1S-(3-benZyloxy-2-oxo-1S-phenethylpro 
pylcarbamoyl) -3-methylbutyl]pyrrolidine-2-car 
boxamide (Compound 9); 1H NMR (CD3OD): 6 
088-10 (m, 6H), 6 1.15-1.19 (t, 1H), 6 2.5-2.8 (m, 
4H), 6 192.25 (m, 4H), 6 2.40-2.80 (m, 3H), 6 
3.45-3.70 (m, 1H), 6 4.20-4.40 (m, 2H), 6 4.50-4.70 
(m, 2H), 6 7.16-7.40 (m, 10H); M+H+ (494.4); 

[0217] N-(3-benZyloxy-2-oxo-1S-phenethylpropyl) 
2S-(2-1H-indol-3-ylacetylamino) -3-methylpentana 
mide (Compound 10); 1H NMR (CDCl3): 6 0.93 (m, 
6H), 6 1.21 (m, 1H), 6 1.66 (m, 2H), 6 2.01 (m, 1H), 
6 2.54 (m, 3H), 6 4.06 (q, J=14 HZ, 7.2 HZ, 2H), 6 
4.23 (m, 1H), 6 4.45 (m, 2H), 6 4.58 (m, 1H), 6 6.29 
(d, J=8.8 HZ, 1H), 6 7.13 (m, 14), 6 7.61 (m, 1H), 6 
9.24 (br.s. 1H). LC-MS: 554.3 (M+H+, 100%), 

[0218] tert-Butyl 1S-(3-benZyloxy-2-oxo-1S-phen 
ethylpropylcarbamoyl) -2-methylbutylcarbamate 
(Compound 11), 1H NMR (CDCl3): 6 0.87-0.92 (m, 
6H), 6 1.02-1.22 (m, 1H), 6 1.4-1.5 (s, m, 10H), 6 
1.75-1.95 (m, 2H), 6 2.15-2.30 (m, 1H), 6 25-27 (m, 
2H), 6 2.89-3.95 (t, 1H), 6 4.12 (s, 2H), 6 448-462 
(q, 2H), 6 485-50 (m, 2H), 6 6.49-6.52 (d, 1H), 6 
707-74 (m, 10H); M+H+ (497.2); 

[0219] N-(3-benZyloxy-2-oxo-1S-phenethylpropyl) 
2S-(3,3-diphenylpropionylamino) -3-methylpen 
tanamide (Compound 12); 1H NMR (CDCl3): 6 0.72 
(m, 6H), 6 1.12 (m, 1H), 6 1.45-1.56 (m, 4H), 6 
1.77-1.86 (m, 1H), 6 2.12 (m, 11H), 6 2.49-2.56 (m, 
2H), 6 2.93 (t, J=7.1 HZ, 2H), 6 4.09 (s, 2H), 
64.12-4.18 (m, 1H), 6 4.51-4.56 (m, 3H), 6 4.80 (m, 
1H), 6 5.85 (br.d., 1H), 6 6.24 (d, J=8.6 HZ), 6 
7.08-7.40 (m, 20H). LC-MS: 605.3 (M+H+, 100%), 
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[0220] N-[1S-(3-benZyloxy-2-oxo-1S-phenethylpro 
pylcarbamoyl) -2-methylbutyl]naphthalene-2-car 
boxamide (Compound 13); LC-MS: 551.3 (M+H+, 
100%); 

[0221] N-(3-benZyloxy-2-oxo-1S-phenethylpropyl) 
2S-[3-(3-methoxyphenyl)ureidol -3-methylpentana 
mide (Compound 14); 1H NMR (CDCl3): 6 0.88 (m, 
6H), 6 1.04 (m, 1H), 6 1.50 (m, 1H), 6 1.74-1.83 (m, 
2H), 6 2.04 (m, 1H), 6 2.41-2.60 (m, 2H), 6 3.59 (s, 
3), 6 4.19-4.32 (m, 4H), 6 4.53 (s, 2H), 6 6.48 (d, 
J=7.6 HZ, 1H), 6 6.84 (d, J=7.1 HZ, 1H), 6 7.19-7.51 
(m, 14H). LC-MS: 546.3 (M+H+, 100%), 

[0222] N-(3-benZyloxy-2-oxo-1S-phenethylpropyl) 
3-methyl -2S-[2-(3-nitrophenyl)acetylamino]pen 
tanamide (Compound 15); 1H NMR (CDCl3): 6 0.87 
(m, 6H), 6 1.12 (m, 1H), 6 1.45-1.83 (m, 5H), 62.20 
(m, 1H), 62.56 (m, 2H), 63.65 (m, 2H), 6 4.23 (m, 
2H), 6 4.27 (t, J=8.3 HZ), 6 4.55 (q, J=14 HZ, 8.6 HZ), 
6 4.89 (m, 1H), 66.22 (d, J=8.7 HZ, 11H), 6 6.33 (d, 
J=7.6 HZ, 1H), 6 7.05 (m, 11H), 6 7.19-7.41 (m, 
10H), 6 7.62 (d, J=8.3 HZ, 1H), 6 8.07-8.15 (m, 2H). 
LC-MS: 560.3 (M+H+, 100%), 

[0223] N-(3-benZyloxy-2-oxo-1S-phenethylpropyl) 
3-methyl -2S-(2-naphthalen-1-ylacetylamino)pen 
tanamide (Compound 16); 1H NMR (CDCl3): 6 0.99 
(m, 6H), 6 1.06 (m, 1H), 6 1.55-1.65 (m, 2H), 6 
1.72-2.02 (m, 2H), 6 2.22-2.30 (m, 1H), 6 2.60-2.72 
(m, 1H), 6 4.08 (s, 2H), 6 4.49-4.65 (m, 3H), 6 
4.93-5.01 (m, 1H), 6 6.53 (d, J=7.2 HZ, 1H), 6 6.64 
(s, 1H), 6 7.08-7.61 (m, 13H), 6 7.72 (d, J=8.5 HZ, 
1H), 6 7.80-8.01 (m, 2H), 6 8.29-8.32 (m, 1H). 
LC-MS: 551.1 (M+H+, 100%), 

[0224] N-(3-benZyloxy-2-oxo-1S-phenethylpropyl) 
3-methyl -2S-(2-pyridin-4-ylacetylamino)pentana 
mide (Compound 17); 1H NMR (DMSO-d6, mixture 
of diastereomers): 6 0.79 (m, 7H), 6 1.42 (m, 1H), 6 
1.73-1.78 (m, 2H), 6 2.11 (m, 1H), 6 2.40-2.53 (m, 
3H), 6 3.44 (m, 2H), 6 4.03-4.10 (m, 2H), 6 4.34 
4.51 (m, 3H), 6 4.79 (m, 1H), 6 6.79 (d, 1H), 6 
7.00-7.29 (m, 13H), 6 8.48, 8.49 (d, 1H). LC-MS: 
M+1(516.2); 

[0225] tert-butyl 4-[1S-(3-benZyloxy-2-oxo-1S 
phenethylpropylcarbamoyl) -3-methylbutylcarbam 
oyl]benZyl}carbamate (Compound 18); 1H NMR 
(DMSO-d): 6 0.95 (d, J=6 HZ, 6H), 6 1.42 (s, 9H), 6 
1.53-1.86 (m, 4H), 6 2.21 (m, 1H), 6 2.57 (t, J=8.2 
HZ, 2H), 64.13 (s, 2H), 64.35 (s, 2H), 64.53-4.68 (m, 
3H), 64.84-4.92 (m, 1H), 6 6.47 (d, J=6.9 HZ; 1H), 
66.68 (d, J=7.1 HZ, 1H), 6 7.16 (d, J=8.1 HZ, 1H), 6 
7.16-7.40 (m, 11H), 6 7.71 (d, J=9.0 HZ, 2H). LC 
MS: 630.2 (M+H+, 100%); 

[0226] 4-aminomethyl-N-[1S-(3-benZyloxy-2-oxo 
1S-phenethylpropylcarbamoyl) -3-methylbutyl]ben 
Zamide hydrochloride (Compound 19); 

[0227] N-(3-benZyloxy-2-oxo-1S-phenethylpropyl) 
3-methyl -2S-(2-pyridin-3-ylacetylamino)pentana 
mide (Compound 20); 1H NMR (DMSO-d6,): 6 
0.81-0.90 (m, 6H), 6 1.05 (m, 1H), 6 1.43 (m, 1H), 
6 1.76-1.82 (m, 2H), 6 2.02 (m, 1H), 6 2.49-2.52 (m, 
2H), 6 3.53 (s, 2H), 6 4.07-4.10 (m, 2H), 6 4.12-4.53 
(m, 3H), 6 4.82 (m, 1H), 6 6.45 (t, 1H), 6 6.71 (d, 










































