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ABSTRACT 

This invention relates to a novel class of compounds Which 
are cysteine protease inhibitors, including but not limited to, 
inhibitors of cathepsins K, L, S and B. These compounds are 
useful for treating diseases in Which inhibition of bone 
resorption is indicated, such as osteoporosis. 
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CATHEPSIN CYSTEINE PROTEASE INHIBITORS 

BACKGROUND OF THE INVENTION 

[0001] A variety of disorders in humans and other mam 
mals involve or are associated With abnormal bone resorp 
tion. Such disorders include, but are not limited to, 
osteoporosis, glucocorticoid induced osteoporosis, Paget’s 
disease, abnormally increased bone turnover, periodontal 
disease, tooth loss, bone fractures, rheumatoid arthritis, 
osteoarthritis, periprosthetic osteolysis, osteogenesis imper 
fecta, metastatic bone disease, hypercalcemia of malig 
nancy, and multiple myeloma. One of the most common of 
these disorders is osteoporosis, Which in its most frequent 
manifestation occurs in postmenopausal Women. Osteoporo 
sis is a systemic skeletal disease characteriZed by a loW bone 
mass and microarchitectural deterioration of bone tissue, 
With a consequent increase in bone fragility and suscepti 
bility to fracture. Osteoporotic fractures are a major cause of 
morbidity and mortality in the elderly population. As many 
as 50% of Women and a third of men Will experience an 
osteoporotic fracture. A large segment of the older popula 
tion already has loW bone density and a high risk of 
fractures. There is a signi?cant need to both prevent and treat 
osteoporosis and other conditions associated With bone 
resorption. Because osteoporosis, as Well as other disorders 
associated With bone loss, are generally chronic conditions, 
it is believed that appropriate therapy Will typically require 
chronic treatment. 

[0002] Osteoporosis is characteriZed by progressive loss 
of bone architecture and mineraliZation leading to the loss in 
bone strength and an increased fracture rate. The skeleton is 
constantly being remodeled by a balance betWeen osteo 
blasts that lay doWn neW bone and osteoclasts that break 
doWn, or resorb, bone. In some disease conditions and 
advancing age the balance betWeen bone formation and 
resorption is disrupted; bone is removed at a faster rate. Such 
a prolonged imbalance of resorption over formation leads to 
Weaker bone structure and a higher risk of fractures. 

[0003] Bone resorption is primarily performed by osteo 
clasts, Which are multinuclear giant cells. Osteoclasts resorb 
bone by forming an initial cellular attachment to bone tissue, 
folloWed by the formation of an extracellular compartment 
or lacunae. The lacunae are maintained at a loW pH by a 
proton-ATP pump. The acidi?ed environment in the lacunae 
alloWs for initial demineraliZation of bone folloWed by the 
degradation of bone proteins or collagen by proteases such 
as cysteine proteases. See Delaisse, J. M. et al., 1980, 
Biochem J 1921365-368; Delaisse, J. et al., 1984, Biochem 
Biophys Res Commun: 441-447; Delaisse, J. M. et al.,1987, 
Bone 81305-313, Which are hereby incorporated by reference 
in their entirety. Collagen constitutes 95% of the organic 
matrix of bone. Therefore, proteases involved in collagen 
degradation are an essential component of bone turnover, 
and as a consequence, the development and progression of 
osteoporosis. 

[0004] Cathepsins belong to the papain superfamily of 
cysteine proteases. These proteases function in the normal 
physiological as Well as pathological degradation of con 
nective tissue. Cathepsins play a major role in intracellular 
protein degradation and turnover and remodeling. To date, a 
number of cathepsin have been identi?ed and sequenced 
from a number of sources. These cathepsins are naturally 
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found in a Wide variety of tissues. For example, cathepsin B, 
F, H, L, K, S, W, and Z have been cloned. Cathepsin K 
(Which is also knoWn by the abbreviation cat K) is also 
knoWn as cathepsin O and cathepsin O2. See PCT Applica 
tion W0 96/ 13523, Khepri Pharmaceuticals, Inc., published 
May 9, 1996, Which is hereby incorporated by reference in 
its entirety. Cathepsin L is implicated in normal lysosomal 
proteolysis as Well as several diseases 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 allogenic 
immunbe responses, including, but not limited to, rejection 
of organ transplants or tissue grafts. Increased Cathepsin B 
levels and redistribution of the enZyme are found in tumors, 
suggesting a role in tumor invasion and matastasis. In 
addition, aberrant Cathpsin B activity is implicated in such 
disease states as rheumatoid arthritis, osteoarthritis, pneu 
mocystisis carinii, acute pancreatitis, in?ammatory airWay 
disease and bone and joint disorders. 

[0005] Cysteine protease inhibitors such as E-64 (trans 
epoxysuccinyl-L-leucylamide-(4-guanidino)butane) are 
knoWn to be effective in inhibiting bone resorption. See 
Delaisse, J. M. et al., 1987, Bone 81305-313, Which is hereby 
incorporated by reference in its entirety. Recently, cathepsin 
K Was cloned and found speci?cally expressed in osteoclasts 
See TeZuka, K. et al., 1994, J Biol Chem 26911106-1109; 
Shi, G. P. et al.,1995, FEBS Lett 3571129-134; Bromme, D. 
and Okamoto, K., 1995, Biol Chem Hoppe Seyler 3761379 
384; Bromme, D. et al., 1996, JBiol Chem 27112126-2132; 
Drake, F. H. et al., 1996, J Biol Chem 271112511-12516, 
Which are hereby incorporated by reference in their entirety. 
Concurrent to the cloning, the autosomal recessive disorder, 
pycnodysostosis, characteriZed by an osteopetrotic pheno 
type With a decrease in bone resorption, Was mapped to 
mutations present in the cathepsin K gene. To date, all 
mutations identi?ed in the cathepsin K gene are knoWn to 
result in inactive protein. See Gelb, B. D. et al., 1996, 
Science 27311236-1238; Johnson, M. R. et al., 1996, 
Genome Res 611050-1055, Which are hereby incorporated by 
reference in their entirety. Therefore, it appears that cathe 
psin K is involved in osteoclast mediated bone resorption. 

[0006] Cathepsin K is synthesiZed as a 37 kDa pre-pro 
enZyme, Which is localiZed to the lysosomal compartment 
and Where it is presumably autoactivated to the mature 27 
kDa enZyme at loW pH. See McQueney, M. S. et al., 1997, 
JBiol Chem 272113955-13960; LittleWood-Evans, A. et al., 
1997, Bone 20181-86, Which are hereby incorporated by 
reference in their entirety. Cathepsin K is most closely 
related to cathepsin S having 56% sequence identity at the 
amino acid level. The S2P2 substrate speci?city of cathepsin 
K is similar to that of cathepsin S With a preference in the 
P1 and P2 positions for a positively charged residue such as 
arginine, and a hydrophobic residue such as phenylalanine 
or leucine, respectively. See Bromme, D. et al., 1996, JBiol 
Chem 2711 2126-2132; Bossard, M. J. et al., 1996, J Biol 
Chem 271112517-12524, Which are hereby incorporated by 
reference in their entirety. Cathepsin K is active at a broad 
pH range With signi?cant activity betWeen pH 4-8, thus 
alloWing for good catalytic activity in the resorption lacunae 
of osteoclasts Where the pH is about 4-5. 
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[0007] Human type I collagen, the major collagen in bone 
is a good substrate for cathepsin K. See Ka?enah, W., et al., 
1998, Biochem] 331:727-732, Which is hereby incorporated 
by reference in its entirety. In vitro experiments using 
antisense oligonucleotides to cathepsin K, have shoWn 
diminished bone resorption in vitro, Which is probably due 
to a reduction in translation of cathepsin K mRNA. See Inui, 
T., et al., 1997, JBiol Chem 272:8109-8112, Which is hereby 
incorporated by reference in its entirety. The crystal struc 
ture of cathepsin K has been resolved. See McGrath, M. E., 
et al., 1997, NatStructBiol 4:105-109; Zhao, B., et al., 1997, 
Nat Struct Biol 4: 109-11, Which are hereby incorporated by 
reference in their entirety. Also, selective peptide based 
inhibitors of cathepsin K have been developed See Bromme, 
D., et al., 1996, Biochem J 315:85-89; Thompson, S. K., et 
al., 1997, Proc NatlAcaa' Sci USA 94:14249-14254, Which 
are hereby incorporated by reference in their entirety. 
Accordingly, inhibitors of Cathepsin K can reduce bone 
resorption. Such inhibitors Would be useful in treating 
disorders involving bone resorption, such as osteoporosis. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates to compounds that are 
capable of treating and/or preventing cathepsin dependent 
conditions or disease states in a mammal in need thereof. 
One embodiment of the present invention is illustrated by a 
compound of Formula I, and the pharmaceutically accept 
able salts, stereoisomers and N-oXide derivatives thereof: 

N. 

YD N X 
I O R2 R1 

Tl 

Rs 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] The present invention relates to compounds of the 
folloWing chemical formula: 

n 
2 1 

R8 0 R R 

[0010] Wherein R1 is hydrogen, C1_6 alkyl or C2_6 alkenyl 
Wherein said alkyl and alkenyl groups are optionally sub 
stituted With one to siX halo, C3_6 cycloalkyl, —SR9, 
—SR12, —SOR9, —SOR12, —SO2R9, —SO2R12, 
—SO2CH(R12)(R11), —OR12, —OR9, —N(R12)2, aryl, het 
eroaryl or heterocyclyl Wherein said aryl, heteroaryl and 
heterocyclyl groups are optionally substituted With one or 
tWo substitutents independently selected from CL6 alkyl, 
halo, hydroXyalkyl, hydroXy, alkoXy or keto; 

[0011] R2 is hydrogen, CL6 alkyl or C2_6 alkenyl 
Wherein said alkyl and alkenyl groups are optionally 
substituted With one to siX halo, C3_6 cycloalkyl, 
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—SR9, —SR12, —SOR9, —SOR12, —SO2R9, 
—SO2R12, —SO2CH(R12)(R11), —OR12, —OR9, 
—N(R12)2, aryl, heteroaryl or heterocyclyl Wherein 
said aryl, heteroaryl and heterocyclyl groups are 
optionally substituted With one or tWo substitutents 
independently selected from CL6 alkyl, halo, 
hydroXyalkyl, hydroXy, alkoXy or keto; 

[0012] or R1 and R2 can be taken together With the 
carbon atom to Which they are attached to form a 
C38 cycloalkyl or heterocyclyl ring Wherein said ring 
system is optionally substituted With one or tWo 
substituents independently selected from C1_6 alkyl, 
hydroXyalkyl, haloalkyl, or halo; 

[0013] R3 is hydrogen, C1_6 alkyl or C2_6 alkenyl 
Wherein said alkyl and alkenyl groups are optionally 
substituted With C3_6 cycloalkyl or one to siX halo; 

[0014] R4 is hydrogen, C1_6 alkyl or C2_6 alkenyl 
Wherein said alkyl and alkenyl groups are optionally 
substituted With C3_6 cycloalkyl or one to siX halo; or 
R3 and R4 can be taken together With the carbon atom 
to Which they are attached to form a C3_8 cycloalkyl 
ring, C5_8 cycloalkenyl ring, or ?ve to seven mem 
bered heterocyclyl Wherein said cycloalkyl, 
cycloalkenyl and heterocyclyl groups are optionally 
substituted With one or tWo substitutents indepen 
dently selected from CL6 alkyl, halo, hydroXyalkyl, 
hydroXy, alkoXy or keto; 

[0015] R5 is selected from hydrogen or CL6 alkyl 
substituted With 1-6 halo; 

[0016] R6 is aryl, heteroaryl, CL6 haloalkyl, arylalkyl 
or heteroarylalkyl, Wherein said aryl, heteroaryl, 
arylalkyl and heteroarylalkyl groups are optionally 
substituted With one, tWo, or three substituents inde 
pendently selected from halo, CL6 alkyl, CL6 
haloalkyl, C3_6 cycloalkyl, haloalkoXy, —SR9, 
—SR12, —SOR9, —SOR12, —SO2R9, —SO2R12, 
—SO2CH(R12)(R11), —OR12, —N(R10)(R11), 
cyano, or aryl Which is optionally substituted With 
—SO2R12; 

[0017] each D is independently CL3 alkyl, C2_3 alk 
enyl, C2_3 alkynyl, aryl, heteroaryl, C3_8 cycloalkyl 
or heterocyclyl Wherein each said aryl, heteroaryl, 
cycloalkyl and heterocyclyl groups, Which may be 
monocyclic or bicyclic, is optionally substituted on 
either the carbon or the heteroatom With one to ?ve 
substituents independently selected from CL6 alkyl, 
haloalkyl, halo, keto, alkoXy, —SR9, —SR12, 
—OR9, —OR12, N(R12)2, —SO2R9, or —SO2R1O; 

[0018] R7 is hydrogen, C1_6 alkyl, C2_6 alkenyl, C2_6 
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(Racw) R9, —c(O)c(Ra)(Rb)s(Ra>, C(RaXRb 
)C(O)N(R"‘)(Rb), —B(OH)2, —OCH2O—or 4,4,5 ,5 - 
tetrarnethyl-l,3,2-dioXaborolan-2-yl; wherein said 
groups are optionally substituted on either the carbon 
or the heteroatorn With one to ?ve substituents inde 

pendently selected from C1_6 alkyl, halo, keto, cyano, 

[0019] R8 is hydrogen or CL6 alkyl; 

[0020] or R4 and R8 or can be taken together With any 
of the atoms to Which they may be attached or are 
between them to form a 4-10 rnernbered heterocyclyl 
ring system Wherein said ring system, Which may be 
rnonocyclic or bicyclic, is optionally substituted With 
one or tWo substituents independently selected from 
CL6 alkyl, halo, hydroXyalkyl, hydroXy, keto, 
—ORlo, —SR10 or —N(R1O)2; 

[0021] R9 is selected from the group consisting of 
hydrogen, aryl, aryl(C1_4) alkyl, heteroaryl, het 
eroaryl(C1_4)alkyl, C3_8cycloalkyl, C3_8cy 
cloalkyl(C1_4)alkyl, and heterocyclyl(C1_4)alkyl 
Wherein said groups can be optionally substituted 
With one, tWo, or three substituents independently 
selected from halo, alkoXy or —SO2R12; 

[0022] R10 is hydrogen or C1_6 alkyl 

[0023] R11 is hydrogen or C1_6 alkyl; 

[0024] R12 is hydrogen or CL6 alkyl Which is option 
ally substituted With one, tWo, or three substituents 
indepelndently selected from halo, alkoXy, cyano, 
—NR or —SR1O; 

[0025] R8 is hydrogen, CL6 alkyl, (C1_6 alkyl)aryl, 
(C176 alkyl)hydroXyl, —O(C1_6 alkyl), hydroXyl, halo, 
aryl, heteroaryl, C3_8 cycloalkyl, heterocyclyl, 
Wherein said alkyl, aryl, heteroaryl, C3_8 cycloalkyl 
and heterocyclyl can be optionally substituted on 
either the carbon or the heteroatorn With one, tWo, or 
three substituents independently selected from CL6 
alkyl or halo; 

[0026] Rb is hydrogen, CL6 alkyl, (CL6 alkyl)aryl, 
(C176 alkyl)hydroXyl, alkoXyl, hydroXyl, halo, aryl, 
heteroaryl, C3_8 cycloalkyl, heterocyclyl,Wherein 
said alkyl, aryl, heteroaryl, C3_8 cycloalkyl and het 
erocyclyl can be optionally substituted on either the 
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carbon or the heteroatorn With one, tWo, or three 
substituents independently selected from CL6 alkyl 
or halo; 

[0027] or R8 and Rb can be taken together With the 
carbon atom to Which they are attached or are 
between them to form a C3_8 cycloalkyl ring or C3_8 
heterocyclyl ring Wherein said 3-8 rnernbered ring 
system may be optionally substituted With one or tWo 
substituents independently selected from CL6 alkyl 
and halo; 

[0028] Rc is hydrogen or C1_6 alkyl Which is option 
ally substituted With one, tWo, or three substituents 
independently selected from halo or —ORQ; 

[0029] Rd is hydrogen or CL6 alkyl Which is option 
ally substituted With one, tWo, or three substituents 
independently selected from halo or —ORQ; 

[0030] or Rc and Rd can be taken together With the 
nitrogen atom to Which they are attached or are 
between them to form a C3_8 heterocyclyl ring Which 
is optionally substituted With one or tWo substituents 
independently selected from CL6 alkyl, halo 
hydroXyalkyl, hydroXy, alkoXy or keto; 

[0031] n is independently selected from an integer 
from Zero to three; 

[0032] each In is independently selected from an 
integer from Zero to tWo; 

[0033] and the pharrnaceutically acceptable salts, ste 
reoisorners and N-oXide derivatives thereof. 

[0034] Preferably, the present invention relates to corn 
pounds of the folloWing chemical formula: 

n 

2 1 
R8 0 R R 

[0035] Wherein R1 is hydrogen, C1_6 alkyl or C2_6 alkenyl 
Wherein said alkyl and alkenyl groups are optionally sub 
stituted With one to siX halo, C3_6 cycloalkyl, —SR9, 
—SR12, —SORQ, —SOR12, —SO2R9, —SO2R12, 
—SO2CH(R12)(R11), —OR12, —ORQ, —N(R12)2, aryl, het 
eroaryl or heterocyclyl Wherein said aryl, heteroaryl and 
heterocyclyl groups are optionally substituted With one or 
tWo substitutents independently selected from C1_6 alkyl, 
halo, hydroXyalkyl, hydroXy, alkoXy or keto; 

[0036] R2 is hydrogen, C1_6 alkyl or C2_6 alkenyl 
Wherein said alkyl and alkenyl groups are optionally 
substituted With one to siX halo, C3_6 cycloalkyl, 
—SRQ, —SR12, —SOR9, —SOR12, —SO2R9, 
—SO2R12, —SO2CH(R12)(R11), —OR12, —ORQ, 
—N(R12)2, aryl, heteroaryl or heterocyclyl Wherein 
said aryl, heteroaryl and heterocyclyl groups are 
optionally substituted With one or tWo substitutents 
independently selected from C1_6 alkyl, halo, 
hydroXyalkyl, hydroXy, alkoXy or keto; 

[0037] or R1 and R2 can be taken together With the 
carbon atom to Which they are attached to form a 
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C3_8 cycloalkyl or heterocyclyl ring wherein said 
ring system is optionally substituted With one or tWo 
substituents independently selected from C1_6 alkyl, 
hydroXyalkyl, haloalkyl, or halo; 

[0038] R3 is hydrogen, C1_6 alkyl or C2_6 alkenyl 
Wherein said alkyl and alkenyl groups are optionally 
substituted With C3_6 cycloalkyl or one to siX halo; 

[0039] R4 is hydrogen, CL6 alkyl or C2_6 alkenyl 
Wherein said alkyl and alkenyl groups are optionally 
substituted With C3_6 cycloalkyl or one to siX halo; 

[0040] or R3 and R4 can be taken together With the 
carbon atom to Which they are attached to form a 
C38 cycloalkyl ring, C5_8 cycloalkenyl ring, or ?ve to 
seven rnernbered heterocyclyl Wherein said 
cycloalkyl, cycloalkenyl and heterocyclyl groups are 
optionally substituted With one or tWo substitutents 
independently selected from CL6 alkyl, halo, 
hydroXyalkyl, hydroXy, alkoXy or keto; 

[0041] R5 is selected from hydrogen or CL6 alkyl 
substituted With 1-6 halo; 

[0042] R6 is aryl, heteroaryl, CL6 haloalkyl, arylalkyl 
or heteroarylalkyl, Wherein said aryl, heteroaryl, 
arylalkyl and heteroarylalkyl groups are optionally 
substituted With one, 

[0043] tWo, or three substituents independently 
selected from halo, CL6 alkyl, CL6 haloalkyl, C3_6 
cycloalkyl, haloalkoXy, —SR9, —SR12, —SOR9, 
—SOR12, —SO2R9, —SO2R12, 
—SO2CH(R12)(R11), —OR12, —N(R1O)(R11), 
cyano, or aryl Which is optionally substituted With 
—SO2R12; 

[0044] each D is independently CL3 alkyl, C2_3 alk 
enyl, C2_3 alkynyl, aryl, heteroaryl, C3_8 cycloalkyl 
or heterocyclyl Wherein each said aryl, heteroaryl, 
cycloalkyl and heterocyclyl groups, Which may be 
rnonocyclic or bicyclic, is optionally substituted on 
either the carbon or the heteroatorn With one to ?ve 
substituents independently selected from C1_6 alkyl, 
haloalkyl, halo, keto, alkoXy, —SR9, —SR12, 
—ORQ, —OR12, N(R12)2, —SO2R9, or —SO2R1O; 
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—C(R"‘)(Rb)C(Ra)(Rb)N(Ra)(Rb), —C(O)C(R"‘)(Rb 
)N(R"‘)(Rb), —C(R"‘)(Rb)N(Ra)C(O) R9, 
—C(O)C(Ra)(Rb)5(Ra), C(RQXRb)C(O)I‘I(R"‘)(Rb), 
—B(OH)2, —OCH2O— or 4,4,5,5-tetrarnethyl-1,3, 
2-dioXaborolan-2-yl; Wherein said groups are option 
ally substituted on either the carbon or the heteroa 
torn With one to ?ve substituents independently 
selected from C1_6 alkyl, halo, keto, cyano, 
haloalkyl, hydroXyalkyl, —OR9 —NO2, —NH2, 

C(O)OR10, —Si(CH3)3, heterocycyl, aryl, or het 
eroaryl; 

[0046] R8 is hydrogen or C1_6 alkyl; 

[0047] or R4 and R8 or can be taken together With any 
of the atoms to Which they may be attached or are 
between them to form a 4-10 rnernbered heterocyclyl 
ring system Wherein said ring system, Which may be 
rnonocyclic or bicyclic, is optionally substituted With 
one or tWo substituents independently selected from 
C1_6 alkyl, halo, hydroXyalkyl, hydroXy, keto, 
—ORlo, —SR10 or —N(R1O)2; 

[0048] R9 is selected from the group consisting of 
hydrogen, aryl, aryl(C1_4) alkyl, heteroaryl, het 
eroaryl(C1_4)alkyl, C3_8cycloalkyl, C3_8cy 
cloalkyl(C1_4)alkyl, and heterocyclyl(C1_4)alkyl 
Wherein said groups can be optionally substituted 
With one, tWo, or three substituents independently 
selected from halo, alkoXy or —SO2R12; 

[0049] R10 is hydrogen or CL6 alkyl 

[0050] R11 is hydrogen or C1_6 alkyl; 

[0051] R12 is hydrogen or C1_6 alkyl Which is option 
ally substituted With one, tWo, or three substituents 
indepelndently selected from halo, alkoXy, cyano, 
—NR or —SR1O; 

[0052] R8 is hydrogen, C1_6 alkyl, (CL6 alkyl)aryl, 
(C176 alkyl)hydroXyl, —O(C1_6 alkyl), hydroXyl, halo, 
aryl, heteroaryl, C3_8 cycloalkyl, heterocyclyl, 
Wherein said alkyl, aryl, heteroaryl, C3_8 cycloalkyl 
and heterocyclyl can be optionally substituted on 
either the carbon or the heteroatorn With one, tWo, or 
three substituents independently selected from CL6 
alkyl or halo; 

[0053] Rb is hydrogen, C1_6 alkyl, (C1_6 alkyl)aryl, 
(C176 alkyl)hydroXyl, alkoXyl, hydroXyl, halo, aryl, 
heteroaryl, C3_8 cycloalkyl, heterocyclyl,Wherein 
said alkyl, aryl, heteroaryl, C3_8 cycloalkyl and het 
erocyclyl can be optionally substituted on either the 
carbon or the heteroatorn With one, tWo, or three 
substituents independently selected from CL6 alkyl 
or halo; 

[0054] or R8 and Rb can be taken together With the 
carbon atom to Which they are attached or are 
between them to form a C3_8 cycloalkyl ring or C3_8 
heterocyclyl ring Wherein said 3-8 rnernbered ring 
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system may be optionally substituted With one or tWo 
substituents independently selected from C1_6 alkyl 
and halo; 

[0055] Rc is hydrogen or C1_6 alkyl Which is option 
ally substituted With one, tWo, or three substituents 
independently selected from halo or —OR9; 

[0056] Rd is hydrogen or C1_6 alkyl Which is option 
ally substituted With one, tWo, or three substituents 
independently selected from halo or —ORQ; 

[0057] or Rc and Rd can be taken together With the 
nitrogen atom to Which they are attached or are 
betWeen them to form a C3_8 heterocyclyl ring Which 
is optionally substituted With one or tWo substituents 
independently selected from CL6 alkyl, halo 
hydroxyalkyl, hydroxy, alkoxy or keto; 

[0058] n is independently selected from an integer 
from one to three; 

[0059] each m is independently selected from an 
integer from Zero to tWo; 

[0060] and the pharmaceutically acceptable salts, ste 
reoisomers and N-oxide derivatives thereof. 

[0061] In an embodiment of the invention, R1 and R2 are 
each hydrogen. In another embodiment of the invention, R1 
and R2, When on the same carbon atom, can be taken 
together With the carbon atom to Which they are attached to 
form a 3-8 membered cycloalkyl ring system Wherein said 
ring system is optionally substituted With C1_6 alkyl, 
hydroxyalkyl and halo. Examples of ring systems that can be 
formed include cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
hexyl and cycloheptyl. A preferred embodiment is When 
cyclopropyl is formed. 

[0062] In another embodiment of the invention, R1 and R2 
together With the carbon atom to Which they are attached to 
form a 3-8 membered heterocyclyl ring system Wherein said 
ring system is optionally substituted With CL6 alkyl, 
hydroxyalkyl or haloalkyl. Examples of ring systems that 
can be formed include piperidinyl, pyrrolidinyl, or tetrahy 
dropyranyl. 

[0063] In an embodiment of the invention, R3 and R4 are 
each independently C1_ 4 alkyl or H. In a further embodiment 
of the invention R3 is isobutyl or n-propyl and R4 is H, more 
preferably R3 is n-propyl. 

[0064] In a further embodiment, R3 is C1_6 alkyl Wherein 
said alkyl is substituted With C3_6 cycloalkyl or halo. Pref 
erably, R3 is 2-?uoro-2-methylpropyl, 2-tri?uoromethylpro 
pyl, 3-?uoro—2-(2-?uoromethyl)propyl, 2,2-di?uoroethyl, 
2,2-di?uoropropyl, 3,3,3-tri?uoropropyl, or 2,2-dichloroet 
hyl and R4 is hydrogen. More preferably R3 is 2-?uoro-2 
methylpropyl. 

[0065] In another embodiment of the invention, R3 and R4 
taken together With the carbon atom to Which they are 
attached to form C3_8 cycloalkyl ring, C5_8 cycloalkenyl ring, 
or ?ve to seven membered heterocyclyl Wherein said 
cycloalkyl, cycloalkenyl and heterocyclyl groups are option 
ally substituted With CL6 alkyl, halo, hydroxyalkyl, hydroxy, 
alkoxy or keto. Examples of ring systems that can be formed 
include, but are not limited to the folloWing, keeping in mind 
that the heterocycle is optionally substituted With one or 
more substituents as described above: cyclopropyl, cyclobu 
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tyl, cyclopentyl, cyclohexyl and cycloheptyl. In a class of 
the embodiment cyclohexyl is formed. 

[0066] In an embodiment of the invention, R5 is C1_6 alkyl 
substituted With 1-6 halo and R6 is CL6 alkyl substituted 
With 1-6 halo. In another embodiment of the invention, R5 
is hydrogen and R6 is CL6 alkyl substituted With 1-6 halo. In 
a further embodiment, R5 is hydrogen and R6 is CL6 alkyl 
substituted With 1-6 ?uoro. In a further embodiment, R5 is 
hydrogen and R6 is CL3 alkyl substituted With 3 ?uoro. In 
another embodiment, R5 is hydrogen and R6 is tri?uorom 
ethyl or 3,3,3,2,2-penta?uoroethyl, more preferably R6 is 
tri?uoromethyl. 

[0067] In another embodiment of the invention, R5 is 
hydrogen and R6 is aryl or heteoaryl, Wherein said aryl and 
heteroaryl are optionally substituted With halo or —SO2R12. 

[0068] In another embodiment of this invention, R1 and R2 
taken together With the carbon atom to Which they are 
attached to form cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and cycloheptyl, more preferably cyclopropyl; 
R is n-propyl, isobutyl, 2-?uoro-2-methylpropyl, 2-tri?uo 
romethylpropyl, 3—?uoro—2-(2-?uoromethyl)propyl, 2,2-dif 
luoroethyl, 2,2-di?uoropropyl, 3,3,3-tri?uoropropyl, or 2,2 
dichloroethyl; R4 and R5 are hydrogen; and R6 is CL6 alkyl 
substituted With 1-6 halo; preferably R6 is C1_3 alkyl sub 
stituted With 3 ?uoro; more preferably, R6 is tri?uoromethyl 
or 3,3,3,2,2-penta?uoroethyl, most preferably tri?uorom 
ethyl. Within this embodiment, a particularly preferred 
embodiment is that Wherein n is 1. Another particularly 
preferred embodiment is that Wherein n is 2. Yet another 
particularly preferred embodiments is that Wherein n is 3. 
Preferably n is 1 Where D is heteroaryl Which is optionally 
substituted With halo or phenyl Which is substituted With 
hydroxyalkyl, —COR1O (where R10 is C1_6 alkyl) or —SOZR12 
or D is phenyl Which is optionally substituted With halo, 
—CONRQRb (where R8 is hydrogen or CL6 alkyl, and Rb is 
hydrogen, C1_6 alkyl, cycloalkyl or C1_6 alkoxy or R8 and Rb 
together With the nitrogen atom to Which they are attached 
form heterocylyl Wherein said heterocyclyl is optionally 
substituted With alkyl, hydroxyalkyl, or haloalkyl), 
—SOZR12 (Where R12 is C1_6 alkyl), —COOR1O, alkynyl 
optionally substituted With hydroxy or cycloalkyl, alkenyl 
substituted With hydroxy, alkyl optionally substituted With 
hydroxy, —OR9 (Where R9 is aryl), —ORlo, 
—CR RMSCmRMR9 (Where R9 is aryl), —CH2S(aryl), 
cyano, —COR9 or heteroaryl. 

[0069] Preferably, n is 2 and each D is phenyl Wherein the 
second phenyl is attached at the 4-position of the ?rst phenyl 
ring (phenyl attached to carbon carrying the R5 and R6 
groups) and further Wherein each phenyl is optionally sub 
stituted With one or tWo substituents independently selected 
from CL6 alkyl, halo, hydroxy, alkoxy, haloalkyl, 
haloalkoxy or —SO2R12 (Where R12 is CL6 alkyl) and the 
second phenyl is additionally substituted With R7. More 
preferably, each D is phenyl Wherein the second phenyl is 
attached at the 4-position of the ?rst phenyl ring and the 
second phenyl is optionally substituted With R7 Which is 
located at the 4-position of the phenyl ring and is —SO2R12 
(Where R12 is CL6 alkyl Which is optionally substituted With 
hydroxy or halo), —SO2NR°Rd (where R0 and Rd are inde 
pendently hydrogen or CL6 alkyl or Rc and Rd together With 
the nitrogen atom to Which they are attached form a hetero 
cyclyl ring), —SR12 (Where R12 is C1_6 alkyl), —SOR12 
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(Where R12 is C1_6 alkyl), —NHCOR1O (where R10 is CL6 
alkyl), —NR‘lOR11 (where R10 and R11 are C1_6 alkyl), 
—SO2NHCOR10, heteroaryl, halo, —COOR1O (where R10 
is hydrogen or CL6 alkyl 1), —OR9 (Where Rgis hydrogen or 
aryl), —OR1O (where R10 is C1_6 alkyl), aryl substituted With 
—SO2R12 (Where R12 is CL6 alkyl), cyano, haloalkyl, 
—C(R1010)(R11)OH, C1_6 alkyl optionally substituted With 
—OR and halo, COR9 (Where R9 is aryl), —COR1O, or 
—NHSOZR1O (where R10 is CL6 alkyl) and additionally the 
second phenyl ring is optionally substituted With a second 
substitutent selected from CL6 alkyl, —CHO, —COOR1O, 
—mCORm, —NHCOR1O, halo, haloalkyl, —OR1O (Where 
R is hydrogen or CL6 alkyl Wherein said alkyl is optionally 
substituted With halo), —SO2NH2, —NHCOR1O (where R10 
is C1_6 alkyl), or —SO2R12 (Where R12 is C1_6alkyl). More 
preferably,the second phenyl is substituted With With R7 at 
the 4-position Wherein R7 is —SOR12, —SO2R12 Where R12 
is C1_6alkyl (preferably methyl) or —SOmNRCRd where R0 
and Rd are independently hydrogen or alkyl or Rc and Rd 
together form heterocyclyl, and m is an integer from Zero to 
tWo. Preferably R7 is methylsulfonyl, N-methylaminosulfo 
nyl, aminosulfonyl, or morpholin-4-ylsulfonyl. 

[0070] Preferably, n is 2 Where the ?rst D (D attached to 
carbon carrying the R5 and R6 groups) is phenyl and the 
second D is heterocyclyl (preferably morpholin-4-yl, piper 
aZin-1-yl or piperidin-4-yl) Which is optionally substituted 
With cycloalkyl, heteroaryl, C1_6 alkyl or hydroXyalkyl, 
more preferably cyclopropyl, methyl, ethyl, or hydroXyethyl 
and said heterocyclyl ring is attached at the 4-position of the 
phenyl ring. 

[0071] Preferably, n is 2 Where the ?rst D (D attached to 
carbon carrying the R5 and R6 groups) is phenyl and the 
second D is heteroaryl Which is substituted With one or tWo 
substituents independently selected from hydroXyalkyl, 
—SOZR12 (Where R12 is C1_6 alkyl), CL6 alkyl, halo, 
haloalkyl, amino, or —ORlo. 

[0072] Preferably n is 3 Wherein the ?rst and the second 
Ds are phenyl and the third D is heterocyclyl and are 
optionally substituted as de?ned above. More preferably 
?rst and the second Ds are phenyl Wherein the second phenyl 
is attached at the 4-position of the ?rst phenyl and the 
heterocyclyl is morpholin-4-yl, pyrrolidin-1-yl, piperidin-1 
yl, piperidin-4-yl or piperaZin-1-yl Which are substituted 
With R7. Preferably R7 is hydrogen, alkyl, hydroXyalkyl, 
haloalkyl, cycloalkyl, COOR1O or —SO2R2 (Where R12 is 
C176alkyl). 
[0073] In another embodiment of this invention, R1 and R2 
taken together With the carbon atom to Which they are 
attached to form cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and cycloheptyl, more preferably cyclopropyl; 
R and R4 taken together With the carbon atom to Which they 
are attached form C3_8 cycloalkyl ring, C5_8 cycloalkenyl 
ring, or ?ve to seven membered heterocyclyl Wherein said 
cycloalkyl, cycloalkenyl and heterocyclyl groups are option 
ally substituted With C1_6 alkyl, halo, hydroXyalkyl, hydroXy, 
alkoXy or keto. Examples of ring systems that can be formed 
include, but are not limited to the folloWing, keeping in mind 
that the heterocycle is optionally substituted With one or 
more substituents as described above: cyclopropyl, cyclobu 
tyl, cyclopentyl, cycloheXyl, cycloheptyl, tetrahydrofuran 
4-yl, piperidin-4-yl. Preferably R3 and R4 taken together 
With the carbon atom to Which they are attached form 
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cyclopropyl, cyclobutyl, cyclopentyl, cycloheXyl, or cyclo 
heptyl. A more preferred embodiment is When R3 and R4 
taken together With the carbon atom to Which they are 
attached form cycloheXyl is formed. Within this embodi 
ment, a particularly preferred embodiment is that Wherein R5 
are hydrogen; and R6 is CL6 alkyl substituted With 1-6 halo; 
preferably R6 is C1_3 alkyl substituted With 3 ?uoro; more 
preferably, R6 is tri?uoromethyl or 3,3,3,2,2-penta?uoroet 
hyl, most preferably tri?uoromethyl. Within this embodi 
ment, a particularly preferred embodiment is that Wherein n 
is 1. Another particularly preferred embodiment is that 
Wherein n is 2. Yet another particularly preferred embodi 
ments is that Wherein n is 3. Preferably n is 1 Where D is 
heteroaryl Which is optionally substituted With halo or 
phenyl With is substituted With hydroXyalkyl, —COR1O 
(where R10 is CL6 alkyl) or —SO2R12 or D is phenyl Which 
is optionally substituted With halo, —CONRQRb (where R8 
is hydrogen or CL6 alkyl, and Rb is hydrogen, CL6 alkyl, 
cycloalkyl or C1_6 alkoXy or R8 and Rb together With the 
nitrogen atom to Which they are attached form heterocylyl 
Wherein said heterocyclyl is optionally substituted With alkyl 
or haloalkyl), —SO2R12 (Where R12 is C1_6 alkyl), 
—COOR1O, alkynyl substituted With hydroXy, alkenyl sub 
stituted With hydroXy, alkyl optionally substituted With 
hydroXy, —ORlo, —CR1OR11SC‘lORMR9 (Where R9 is aryl), 
—CH2S(aryl) —COR9 or heteroaryl. 
[0074] Preferably, n is 2 and each D is phenyl Wherein the 
second phenyl is attached at the 4-position of the ?rst phenyl 
ring (phenyl attached to carbon carrying the R5 and R6 
groups) and further Wherein each phenyl is optionally sub 
stituted With one or tWo substituents independently selected 
from CL6 alkyl, halo, hydroXy, alkoXy, haloalkyl, 
haloalkoXy and the second phenyl is additionally substituted 
With R7. More preferably, each D is phenyl Wherein the 
second phenyl is attached at the 4-position of the ?rst phenyl 
ring and the second phenyl is optionally substituted With R7 
Which is located at the 4-position of the phenyl ring and is 
—SO2R12 (Where R12 is CL6 alkyl Which is optionally 
substituted With halo), —SO2NR°Rd (where R0 and Rd are 
independently hydrogen or CL6 alkyl or Rc and Rd together 
With the nitrogen atom to Which they are attached form a 
heterocyclyl ring), —SR12(Where R12 is C1_6 alkyl), —NH 
COR9 (Where R9 is CL6 alkyl), —NRloR11 (where R10 and 
R11 are C1_6 alkyl), heteroaryl, halo, —COOR1O (where R10 
is hydrogen or CL6 alkyl 1), —OR9 (Where R9 is hydrogen 
or aryl), aryl substituted With —SO2R12 (Where R12 is CL6 
alkyl), cyano, haloalkyl, —CHO, —C(R1O)(R11)OH, CL6 
alkyl optionally substituted With —OR10 and halo, 
—COR1O, or —NHSO2R10 (where R10 is CL6 alkyl) and 
additionally the second phenyl ring is optionally substituted 
With 2110 second substitutent selected from halo, haloalkyl, 
—OR (where R10 is hydrogen or C1-6alkyl Wherein said 
alkyl is optionally substituted With halo) or —SO2R12 
(Where R12 is C1_6alkyl). More preferably,the second phenyl 
is substituted With With R7 at the 4-position Wherein R7 is 
—SOZR12 Where R12 is C1_6alkyl (preferably methyl) or 
—SO'“NR°Rd where R0 and Rd are independently hydrogen 
or alkyl or Rc and Rd together form heterocyclyl, and m is an 
integer from Zero to tWo. Preferably R7 is methylsulfonyl, 
N-methylaminosulfonyl, aminosulfonyl, or morpholin-4-yl 
sulfonyl. 
[0075] Preferably, n is 2 Where the ?rst D (D attached to 
carbon carrying the R5 and R6 groups) is phenyl and the 
second D is heterocyclyl (preferably piperaZin-1-yl or pip 
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eridin-4-yl) substituted With cycloalkyl, C1_6 alkyl or 
hydroXyalkyl, more preferably cyclopropyl, methyl, ethyl, 
or hydroXyethyl and said heterocyclyl ring is attached at the 
4-position of the phenyl ring. 

[0076] Preferably, n is 2 Where the ?rst D (D attached to 
carbon carrying the R5 and R6 groups) is phenyl and the 
second D is heteroaryl Which is substituted With one or tWo 
substituents independently selected from hydroXyalkyl, 
—SOZR12 (Where R12 is CL6 alkyl), CL6 alkyl, halo, or 
—OR“). 

[0077] Preferably n is 3 Wherein the ?rst and the second 
Ds are phenyl and the third D is heterocyclyl and are 
optionally substituted as de?ned above. More preferably 
?rst and the second Ds are phenyl Wherein the second phenyl 
is attached at the 4-position of the ?rst phenyl and the 
heterocyclyl is morpholin-4-yl, pyrrolidin-1-yl, piperidin-1 
yl, piperidin-4-yl or piperaZin-1-yl Which are substituted 
With R7. Preferably R7 is hydrogen, alkyl, hydroXyalkyl, 
haloalkyl or cycloalkyl. 

[0078] In another embodiment of the invention, R5 is 
hydrogen and R6 is aryl optionally substituted With one, tWo, 
or three substituents independently selected from halo, C1_6 
alkyl, CL6 haloalkyl, C3_6 cycloalkyl, haloalkoXy, —SR9, 
—SR12, —SORQ, —SOR12, —SO2R9, —SO2R12, 
—SO2CH(R12)(R11), —OR12, —N(R1O)(R11), cyano, or 
aryl Which is optionally substituted With —SO2R12. More 
preferably phenyl substituted With C1_6alkyl, halo, 
haloalkyl, or haloalkoXy. Within this embodiment, a pre 
ferred embodiment is that Wherein R1 and R2 are each 
hydrogen. Within this embodiment, another preferred 
embodiment is that Wherein R1 and R2 taken together With 
the carbon atom to Which they are attached to form a 3-8 
membered cycloalkyl or heterocyclyl ring system Wherein 
said ring system is optionally substituted With CL6 alkyl, 
hydroXyalkyl and halo. Preferable ring systems that can be 
formed include cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
heXyl and cycloheptyl, more preferably cyclopropyl. Within 
these preferred and more preferred embodiments, an even 
more preferred embodiment is that Wherein R3 is CL4 alkyl 
and R4 is H. Preferably, R3 is n-propyl or isobutyl and R4 is 
H. Within these preferred and more preferred embodiments, 
another even more preferred embodiment is that Wherein R3 
is 2-?uoro-2-methylpropyl, 2-tri?uoromethylpropyl, 
3—?uoro-2-(2-?uoromethyl)propyl, 2,2-di?uoroethyl, 2,2 
di?uoropropyl, 3,3,3-tri?uoropropyl, or 2,2-dichloroethyl; 
and R4 is hydrogen. Within these preferred and more pre 
ferred embodiments, another even more preferred embodi 
ment is that Wherein R3 and R4can be taken together With the 
carbon atom to Which they are attached to form C3_8 
cycloalkyl ring, C5_8 cycloalkenyl ring, or ?ve to seven 
membered heterocyclyl Wherein said cycloalkyl, cycloalk 
enyl and heterocyclyl groups are optionally substituted With 
C1_6 alkyl, halo, hydroXyalkyl, hydroXy, alkoXy or keto. 
Examples of ring systems that can be formed include, but are 
not limited to the folloWing, keeping in mind that the 
heterocycle is optionally substituted With one or more sub 
stituents as described above: cyclopropyl, cyclobutyl, cyclo 
pentyl, cycloheXyl and cycloheptyl. Apreferred embodiment 
is When cycloheXyl is formed. 

[0079] Within this embodiment, a particularly preferred 
embodiment is that Wherein n is 1. Another particularly 
preferred embodiment is that Wherein n is 2. Yet another 
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particularly preferred embodiments is that Wherein n is 3. 
Preferably n is 1 Where D is heteroaryl Which is optionally 
substituted With halo or phenyl With is substituted With 
hydroXyalkyl, —COR1O (Where R is C1_6 alkyl) or —SOZR12 
or D is phenyl Which is optionally substituted With halo, 
—CONRQRb (where R8 is hydrogen or CL6 alkyl, and Rb is 
hydrogen, C1_6 alkyl, cycloalkyl or C1_6 alkoXy or R8 and Rb 
together With the nitrogen atom to Which they are attached 
form heterocylyl Wherein said heterocyclyl is optionally 
substituted With alkyl or haloalkyl), —SO2R12 (Where R12 is 
C1_6 alkyl), —COOR1O, alkynyl substituted With hydroXy, 
alkenyl substituted With hydroXy, alkyl optionally substi 
tuted With hydroXy, 13 ORlo, —CRlORHSCNRHR9 (Where 
R9 is aryl), —CH2S(aryl) —COR9 or heteroaryl. 

[0080] Preferably, n is 2 and each D is phenyl Wherein the 
second phenyl is attached at the 4-position of the ?rst phenyl 
ring (phenyl attached to carbon carrying the R5 and R6 
groups) and further Wherein each phenyl is optionally sub 
stituted With one or tWo substituents independently selected 
from CL6 alkyl, halo, hydroXy, alkoXy, haloalkyl, 
haloalkoXy and the second phenyl is additionally substituted 
With R7. More preferably, each D is phenyl Wherein the 
second phenyl is attached at the 4-position of the ?rst phenyl 
ring and the second phenyl is optionally substituted With R7 
Which is located at the 4-position of the phenyl ring and is 
—SO2R12 (Where R12 is C1_6 alkyl Which is optionally 
substituted With halo), —SO2NR°Rd (where R0 and Rd are 
independently hydrogen or CL6 alkyl or Rc and Rd together 
With the nitrogen atom to Which they are attached form a 
heterocyclyl ring), —SR12(Where R12 is C1_6 alkyl), —NH 
COR9 (Where R9 is C1_6 alkyl), —NRloR11 (where R10 and 
R11 are CL6 alkyl), heteroaryl, halo, —COOR1O (where R10 
is hydrogen or C1_6 alkyl 1), —OR9 (Where R9 is hydrogen 
or aryl), aryl substituted With —SO2R12 (Where R12 is CL6 
alkyl), cyano, haloalkyl, —CHO, —C(R1O)(R11)OH, CL6 
alkyl optionally substituted With —OR10 and halo, 
—COR1O, or —NHSO2R11 (where R10 is C1_6 alkyl) and 
additionally the second phenyl ring is optionally substituted 
With 2110 second substitutent selected from halo, haloalkyl, 
—OR (where R10 is hydrogen or C1-6alkyl Wherein said 
alkyl is optionally substituted With halo) or —SO2R12 
(Where R12 is C1_6alkyl). More preferably,the second phenyl 
is substituted With With R7 at the 4-position Wherein R7 is 
—SOZR12 Where R12 is C1_6alkyl (preferably methyl) or 
—SO‘“NR°Rd where R0 and Rd are independently hydrogen 
or alkyl or Rc and Rd together form heterocyclyl, and m is an 
integer from Zero to tWo. Preferably R7 is methylsulfonyl, 
N-methylaminosulfonyl, aminosulfonyl, or morpholin-4-yl 
sulfonyl. 

[0081] Preferably, n is 2 Where the ?rst D (D attached to 
carbon carrying the R5 and R6 groups) is phenyl and the 
second D is heterocyclyl (preferably piperaZin-1-yl or pip 
eridin-4-yl) substituted With cycloalkyl, CL6 alkyl or 
hydroXyalkyl, more preferably cyclopropyl, methyl, ethyl, 
or hydroXyethyl and said heterocyclyl ring is attached at the 
4-position of the phenyl ring. 

[0082] Preferably, n is 2 Where the ?rst D (D attached to 
carbon carrying the R5 and R6 groups) is phenyl and the 
second D is heteroaryl Which is substituted With one or tWo 
substituents independently selected from hydroXyalkyl, 
—SOZR12 (Where R12 is C1_6 alkyl), C1_6 alkyl, halo, or 
—ORlo. 
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[0083] Preferably n is 3 wherein the ?rst and the second 
Ds are phenyl and the third D is heterocyclyl and are 
optionally substituted as de?ned above. More preferably 
?rst and the second Ds are phenyl Wherein the second phenyl 
is attached at the 4-position of the ?rst phenyl and the 
heterocyclyl is morpholin-4-yl, pyrrolidin-l-yl, piperidin-l 
yl, piperidin-4-yl or piperaZin-1-yl Which are substituted 
With R7. Preferably R7 is hydrogen, alkyl, hydroXyalkyl, 
haloalkyl or cycloalkyl. 

[0084] In an embodiment of the invention, R5 is hydrogen 
and R6 is heteroaryl optionally substituted With C1-6alkyl, 
halo, haloalkyl, or haloalkoXy. Preferably, R6 is thiaZolyl, 
pyridinyl, tetraZolyl, thienyl, or furanyl, optionally substi 
tuted With CL4 alkyl or halo. Within this embodiment, a 
preferred embodiment is that Wherein R1 and R2 are each 
hydrogen. Within this embodiment, another preferred 
embodiment is that Wherein R1 and R2 taken together With 
the carbon atom to Which they are attached to form a 3-8 
membered cycloalkyl or heterocyclyl ring system Wherein 
said ring system is optionally substituted With CL6 alkyl, 
hydroXyalkyl and halo. Preferable ring systems that can be 
formed include cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
heXyl and cycloheptyl, more preferably cyclopropyl. Within 
these preferred and more preferred embodiments, an even 
more preferred embodiment is that Wherein R3 is CL4 alkyl 
and R4 is H. Preferably, R3 is n-propyl or isobutyl and R4 is 
H. Within these preferred and more preferred embodiments, 
another even more preferred embodiment is that Wherein R3 
is 2-?uoro-2-methylpropyl, 2-tri?uoromethylpropyl, 
3-?uoro—2-(2-?uoromethyl)propyl, 2,2-di?uoroethyl, 2,2 
di?uoropropyl, 3,3,3-tri?uoropropyl, or 2,2-dichloroethyl; 
and R4 is hydrogen. Within these preferred and more pre 
ferred embodiments, another even more preferred embodi 
ment is that Wherein R3 and R4can be taken together With the 
carbon atom to Which they are attached to form C3_8 
cycloalkyl ring, C5_8 cycloalkenyl ring, or ?ve to seven 
membered heterocyclyl Wherein said cycloalkyl, cycloalk 
enyl and heterocyclyl groups are optionally substituted With 
C1_6 alkyl, halo, hydroXyalkyl, hydroXy, alkoXy or keto. 
Examples of ring systems that can be formed include, but are 
not limited to the folloWing, keeping in mind that the 
heterocycle is optionally substituted With one or more sub 
stituents as described above: cyclopropyl, cyclobutyl, cyclo 
pentyl, cycloheXyl and cycloheptyl. Apreferred embodiment 
is When cycloheXyl is formed. 

[0085] Within this embodiment, a particularly preferred 
embodiment is that Wherein n is 1. Another particularly 
preferred embodiment is that Wherein n is 2. Yet another 
particularly preferred embodiments is that Wherein n is 3. 
Preferably n is 1 Where D is heteroaryl Which is optionally 
substituted With halo or phenyl With is substituted With 
hydroXyalkyl, —COR1O (where R10 is CL6 alkyl) or 
—SOZR12 or D is phenyl Which is optionally substituted With 
halo, —CONRQRb (where R8 is hydrogen or CL6 alkyl, and 
Rb is hydrogen, C1_6 alkyl, cycloalkyl or C1_6 alkoXy or R8 
and Rb together With the nitrogen atom to Which they are 
attached form heterocylyl Wherein said heterocyclyl is 
optionally substituted With alkyl or haloalkyl), —SO2R12 
(Where R12 is CL6 alkyl), —COOR1O, alkynyl substituted 
With hydroXy, alkenyl substituted With hydroXy, alkyl 
optionally substituted With hydroXy, —ORlo, 
—CR l9111SC1OR11R9 (Where R9 is aryl), —CH2S(aryl) 
—COR or heteroaryl. 
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[0086] Preferably, n is 2 and each D is phenyl Wherein the 
second phenyl is attached at the 4-position of the ?rst phenyl 
ring (phenyl attached to carbon carrying the R5 and R6 
groups) and further Wherein each phenyl is optionally sub 
stituted With one or tWo substituents independently selected 
from CL6 alkyl, halo, hydroXy, alkoXy, haloalkyl, 
haloalkoXy and the second phenyl is additionally substituted 
With R7. More preferably, each D is phenyl Wherein the 
second phenyl is attached at the 4-position of the ?rst phenyl 
ring and the second phenyl is optionally substituted With R7 
Which is located at the 4-position of the phenyl ring and is 
—SO2R2 (Where R12 is C1_6 alkyl Which is optionally sub 
stituted With halo), —SO2NR°Rd (where R0 and Rd are 
independently hydrogen or CL6 alkyl or Rc and Rd together 
With the nitrogen atom to Which they are attached form a 
heterocyclyl ring), —SR12(Where R12 is CL6 alkyl), —NH 
CQR9 (Where Rgis C1_6 alkyl), —NRloR11 (where R10 and 
R are CL6 alkyl), heteroaryl, halo, —COOR1O (where R10 
is hydrogen or C1_6 alkyl 1), —OR9 (Where R9 is hydrogen 
or aryl), aryl substituted With —SO2R12 (Where R12 is CL6 
alkyl), cyano, haloalkyl, —CHO, —C(R1O)(R11)OH, CL6 
alkyl optionally substituted With —OR10 and halo, 
—COR1O, or —NHSO2R1O (where R10 is CL6 alkyl) and 
additionally the second phenyl ring is optionally substituted 
With 2110 second substitutent selected from halo, haloalkyl, 
—OR (where R10 is hydrogen or C1-6alkyl Wherein said 
alkyl is optionally substituted With halo) or —SO2R12 
(Where R12 is C1_6alkyl). More preferably, the second phenyl 
is substituted With With R7 at the 4-position Wherein R7 is 
—SOZR12 Where R12 is C1_6alkyl (preferably methyl) or 
—SOmNRCRd where R0 and Rd are independently hydrogen 
or alkyl or Rc and Rd together form heterocyclyl, and m is an 
integer from Zero to tWo. Preferably R7 is methylsulfonyl, 
N-methylaminosulfonyl, aminosulfonyl, or morpholin-4-yl 
sulfonyl. 

[0087] Preferably, n is 2 Where the ?rst D (D attached to 
carbon carrying the R5 and R6 groups) is phenyl and the 
second D is heterocyclyl (preferably piperaZin-1-yl or pip 
eridin-4-yl) substituted With cycloalkyl, CL6 alkyl or 
hydroXyalkyl, more preferably cyclopropyl, methyl, ethyl, 
or hydroXyethyl and said heterocyclyl ring is attached at the 
4-position of the phenyl ring. 

[0088] Preferably, n is 2 Where the ?rst D (D attached to 
carbon carrying the R5 and R6 groups) is phenyl and the 
second D is heteroaryl Which is substituted With one or tWo 
substituents independently selected from hydroXyalkyl, 
—SOZR12 (Where R12 is C1_6 alkyl), C1_6 alkyl, halo, or 
—OR“). 

[0089] Preferably n is 3 Wherein the ?rst and the second 
Ds are phenyl and the third D is heterocyclyl and are 
optionally substituted as de?ned above. More preferably 
?rst and the second Ds are phenyl Wherein the second phenyl 
is attached at the 4-position of the ?rst phenyl and the 
heterocyclyl is morpholin-4-yl, pyrrolidin-l-yl, piperidin-l 
yl, piperidin-4-yl or piperaZin-1-yl Which are substituted 
With R7. Preferably R7 is hydrogen, alkyl, hydroXyalkyl, 
haloalkyl or cycloalkyl. 

[0090] In an embodiment of the invention, R4 and R8 or 
can be taken together With any of the atoms to Which they 
may be attached or are betWeen them to form a 4-10 
membered heterocyclyl ring system Wherein said ring sys 
tem, Which may be monocyclic or bicyclic, is optionally 
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substituted With CL6 alkyl, halo, hydroXyalkyl, hydroXy, 
keto, —OR10, —SR10 or —N(R1O)2. In a further embodi 
ment of the invention, R4 and R8 are de?ned such that they 
can be taken together With the nitrogen to Which they are 

attached to form a monocyclic or bicyclic heterocyclyl With 

5-7 members in each ring and optionally containing, in 
addition to the nitrogen, 1 or 2 additional heteroatoms 

selected from N, O and S, said heterocycle optionally 
substituted With one or more substituents selected from CL6 

alkyl, halo; hydroXyalkyl, hydroXy, keto, —OR10, —SR10 or 
—N(R1O)2. In a further example, R4 and R8 are de?ned such 
that they can be taken together With the nitrogen to Which 

they are attached to form a 5 or 6 membered heterocyclyl 

ring system. Examples of the heterocycles that can thus be 
formed include, but are not limited ?ve or siX membered 

rings containing at least one nitrogen, Which is optionally 
substituted With one or more substituents as described 

above. A preferred embodiment is When optionally substi 
tuted pyrolidinyl is formed. 

[0091] 
de?ned such that they can be taken together With the carbon 

In an embodiment of the invention, R8 and Rb are 

or nitrogen to Which they are attached to form a monocyclic 

or bicyclic carbocycle or heterocycle With 5-7 members in 

each ring. The heterocycle can optionally contain, in addi 
tion to the nitrogen, 1 or 2 additional heteroatoms selected 

from N, O and S. Said carbocycle and heterocycle can be 
optionally substituted With one or more substituents selected 

from C1_6 alkyl and halo. 

[0092] Reference to the preferred embodiments set forth 
above is meant to include all combinations of particular and 

preferred groups unless stated otherWise. 

[0093] Another embodiment of the present invention 
encompasses a process for preparing compounds of the 

present invention, comprising: 

[0094] reacting a compound of formula (a): 

N 
X g c/é 
TD N X “1 I 2 1 

R8 0 R R 

[0095] Where Rl-R6 and D are as de?ned as above, n1 is an 

integer from 1-3, and X is halo, With a compound of formula 

(b) : 

(b) 

Dec. 18, 2003 

[0096] Where R7 is as de?ned as above, n2 is an integer 

from 0 to 2 provided that n1 and n2 together are an integer 

from 1-3, and Y is boronic acid or 4,4,5,5-tetramethyl-1,3, 

2-dioXaborolan-2-yl; or 

[0097] (ii) reacting a compound of formula (c): 

R8 0 

[0098] Where R3-R7, n, and D are as de?ned as above and 

Z is hydroXy, halo, or succinimido ester With a compound of 

formula (d): 

[0099] or a salt thereof Where R1 and R2 are as de?ned as 

above; 

[0100] (iii) optionally modifying any of the R1-R7and 
D groups; 

[0101] (iv) optionally treating a compound of for 
mula (I), prepared in Steps (i)-(iii) above, With an 
acid to provide a corresponding-acid addition salt; 

[0102] (v) optionally treating a compound of formula 
(I), prepared in Steps (i)-(iii) above, With a base to 
provide a corresponding free base; and 

[0103] (vi) optionally separating a miXture of stere 
oisomers of a compound of formula (I) prepared in 

Steps (i), (ii), (iii), (iv), or (v) above, to provide a 
single stereoisomer. 

[0104] Embodied by the present invention are methods for 
treating disorders related to abnormal bone resoprtion. Such 

disorders include, but are not limited to, osteoporosis, glu 

cocorticoid induced osteoporosis, Paget’s disease, abnor 
mally increased bone turnover, periodontal disease, tooth 
loss, bone fractures, rheumatoid arthritis, osteoarthritis, 
periprosthetic osteolysis, osteogenesis imperfecta, meta 
static bone disease, hypercalcemia of malignancy, and mul 
tiple myeloma. A preferred embodiment includes methods 
for treating osteoporosis and metastatic bone disease. A 
more preferred embodiment includes methods for treating 

osteoporosis. 
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-continued 

R6 

methylpropyl 
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[0110] Speci?c embodiments of the present invention 
include, but are not limited to: 
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