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SUBSTITUTED PYRAZOLES 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/927,188, ?led on Aug. 10, 2001, Which 
claims priority to US. Provisional Application Serial No. 
60/225,178, ?led on Aug. 14, 2000, all of Which are incor 
porated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to a series of substituted 
pyraZoles, pharmaceutical compositions containing these 
compounds, and intermediates used in their manufacture, 
and methods of using them. 

BACKGROUND OF THE INVENTION 

[0003] Cathepsin S (EC 3.4.22.27) is a cysteine protease 
of the papain family found primarily in lysosomes (Bro 
mme, D.; McGrath, M. E. High Level Expression and 
CrystalliZation of Recombinant Human Cathepsin S. Protein 
Science 1996, 5, 789-791). 

[0004] The role of cathepsin S in the immune response is 
anticipated by its tissue distribution: cathepsin S is found 
primarily in lymphatic tissues, lymph nodes, the spleen, B 
lymphocytes, and macrophages (Kirschke, H. Chapter 211. 
Cathepsin S. In Handbook of Proteolytic EnZymes. Barrett, 
A. J.; RaWlings, N. D.; Woessner, J. F., Eds. San Diego: 
Academic Press, 1998. pp. 621-624.). Cathepsin S inhibitors 
have been shoWn in animal models to modulate antigen 
presentation and are effective in an animal model of asthma 
(Riese, R. J.; Mitchell, R. N.; Villadangos, J. A; Shi, G.-P.; 
Palmer, J. T.; Karp, E. R.; De Sanctis, G. T.; Ploegh, H. L.; 
Chapman, H. A. Cathepsin S Activity Regulates Antigen 
Presentation and Immunity. J. Clin. Invest. 1998, 101, 
2351-2363 and Shi, G.-P.; Villadangos, J. A; Dranoff, G.; 
Small, C.; Gu, L.; Haley, K. J.; Riese, R.; Ploegh, H. L.; 
Chapman, H. A. Cathepsin S Required for Normal MHC 
Class II Peptide Loading and Germinal Center Develop 
ment. Immunity 1999, 10, 197-206.). 

[0005] Mice in Which the gene encoding cathepsin S has 
been knocked out are less susceptible to collagen-induced 
arthritis and their immune systems have an impaired ability 
to respond to antigens (NakagaWa, T. Y.; Brissette, W. H.; 
Lira, P. D.; Grif?ths, R. J.; Petrushova, N.; Stock, J.; 
McNeish, J. D.; Eastman, S. E.; HoWard, E. D.; Clarke, S. 
R. M.; Rosloniec, E. F.; Elliott, E. A; Rudensky, A. Y. 
Impaired Invariant Chain Degradation and Antigen Presen 
tation and Diminished Collagen-Induced Arthritis in Cathe 
psin S Null Mice. Immunity 1999, 10, 207-217). 

[0006] These data demonstrate that compounds that 
inhibit the proteolytic activity of human cathepsin S should 
?nd utility in the treatment of chronic autoimmune diseases 
including, but not limited to, lupus, rheumatoid arthritis, and 
asthma; and have potential utility in modulating the immune 
response to tissue transplantation. 

[0007] There are a number of cathepsin S inhibitors 
reported in the literature. The most important patents are 
listed beloW. 

[0008] Certain dipeptidyl nitrites are claimed by Novartis 
as cathepsin S inhibitors in: Altmann, et. al. WO-99/24460. 
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[0009] Dipeptidyl vinyl sulfones are claimed by Arris 
(noW Axys) as cysteine protease (including cathepsin S) 
inhibitors in: Palmer, et. al. US. Pat. No. 5,976,858. 

[0010] Certain peptidyl sulfonamides are claimed by 
Arris/Axys as cysteine protease (including cathepsin S) 
inhibitors in: Palmer, et. al. US. Pat. No. 5,776,718 
(assigned to Arris, noW Axys) & Klaus, et. al. US. Pat. No. 
6,030,946 (assigned to Axys). 

[0011] Compounds someWhat similar to those of the 
present invention are described in the folloWing references. 

[0012] Winters, et. al. (Winters, G.; Sala, A; Barone, D.; 
Baldoli, E. J. Med. Chem. 1985, 28, 934-940; Singh, P.; 
Sharma, R. C. Quant. Struct-Act. Relat. 1990, 9, 29-32; 
Winters, G.; Sala, A; Barone, D. in US. Pat. No. 4,500,525 
(1985)) have described bicyclic pyraZoles of the type shoWn 
beloW. R never contains a heterocyclic ring and no protease 
inhibitor activity is ascribed to these molecules; they are 
described as ot1-adrenergic receptor modulators. 

R1 

[0013] Shutske, et. al. Claim the bicylic pyraZoles beloW. 
The pyridine ring is aromatic in their system (Shutske, G. 
M.; Kapples, K. J.; Tomer, J. D. US. Pat. No. 5,264,576 
(1993)). Although reference is made to R being a linker to 
a heterocycle, the claims specify only R=hydrogen. The 
compounds are referred to as serotonin reuptake inhibitors. 

[0014] The compound 2-[4-[4-(3-methyl-5-phenyl-1H 
pyraZol-1-yl)butyl]-1-piperaZinyl]-pyrimidine is knoWn 
from EP-382637, Which describes pyrimidines having anXi 
olytic properties. This compound and analogs are further 
described in EP-502786 as cardiovascular and central ner 
vous system agents. Pharmaceutical formulations With such 
compounds are disclosed in EP-655248 for use in the 
treatment of gastric secreation and as anti-ulcer agents. 
WO-9721439 describes medicaments With such compounds 
for treating obsessive-compulsive disorders, sleep apnea, 
seXual dysfunctions, emesis and motion sickness. 

[0015] The compounds 5 -methyl-3-phenyl-1-[4-(4-phe 
nyl-1-piperaZinyl)butyl]-1H-indaZole and 5-bromo-3-(2 
chlorophenyl)-1-[4-(4-phenyl-1-piperaZinyl)butyl]-1H-in 
daZole, in particular the hydrochloride salts thereof, are 
knoWn from WO-9853940 and CA 122:314528, Where these 
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and similar compounds are described as kinase inhibitors in 
the former reference and possessing affinity for benZodiaZ 
epine receptors in the latter reference. 

SUMMARY OF THE INVENTION 

[0016] The present invention concerns compounds Which 
can be represented by formula (I): 

Ar 

[0017] Wherein: 

[0011?] the dashed line adjacent C—R6 is absent or an 
sp bond; 

[0019] Y is nitrogen or RZOC; 

[0020] Z is nitrogen or R21C; 

[0021] T is nitrogen or RZC; 

[0022] S is nitrogen or R3C; 

[0023] provided betWeen 0 and 3 of S, T, Y, and Z are 
nitrogen; and further provided that one of S, T, Y, and 
Z can be =N+—O_ Where the remaining three are 
not nitrogen; 

[0024] R20 is selected from hydrogen, halogen, CL5 
alkoXy, hydroXy, CL5 alkyl, cyano, nitro, CL5 
haloalkyl, RORPN, RORPNC=O, C2_8 acyl, 4-7 mem 
bered heterocyclyl, (4-7 membered heterocyclyl)-C1_5 
alkylene, phenyl, (phenyl)C1_5 alkylene, R14OC=O, 
R14s, R1450, and R14SO2; 

[0025] R21 is selected from hydrogen, halogen, CL5 
alkoXy, hydroXy, CL5 alkyl, cyano, nitro, CL5 
haloalkyl, RcRdN, R°RdNC=O, C2_8acyl, 4-7 mem 
bered heterocyclyl, (4-7 membered heterocyclyl)-C1_5 
alkylene, phenyl, (phenyl)C1_5 alkylene, R15OC=O, 
R158, R1550, and R15SO2; 

[0026] R2 is selected from hydrogen, halogen, CL5 
alkoXy, hydroXy, C1_5alkyl, cyano, nitro, CL5 haloalkyl, 
ReRfN, ReRfNC=O, C2_8 acyl, 4-7 membered hetero 
cyclyl, (4-7 membered heterocyclyl)-C1_5 alkylene, 
phenyl, (phenyl)C1_5 alkylene, R16OC=O, R16S, 
R16SO, and R16SO2; 

[0027] R3 is selected from hydrogen, halogen, 
C1_5alkoXy, hydroXy, C1_5alkyl, cyano, nitro, CL5 
haloalkyl, RgRhN, C2_8 acyl, 4-7 membered heterocy 
clyl, (4-7 membered heterocyclyl)-C1_5 alkylene, phe 
nyl, (phenyl)C1_5 alkylene, R17OC=O, RmR“NC=O, 
RmR“NSO2, R17S, R17SO, and R17SO2; 
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[0028] R5 and R6 are independently selected from 
hydrogen and C1_5 alkyl; 

[0029] R7 and R8 independently are hydrogen, CL5 
alkyl, C1_5 alkenyl, CL5 alkoXy, C1_5 alkylthio, halogen, 
or 4-7 membered carbocyclyl or heterocyclyl; alterna 
tively, R7 and R8 can be taken together to form an 
optionally substituted 5- to 7-membered carbocyclic or 
heterocyclic ring, Which ring may be unsaturated or 
aromatic; said ring being optionally substituted With 
betWeen 1 and 3 substituents independently selected 
from halo, hydroXy, cyano, nitro, amino, Rt, RtO—, 
RtS—, RtO(C1_5 alkylene)-, RtO(C=O)—, 
Rt(C=O)—, Rt(C=S)—, Rt(C=O)O—, 
RtO(C=O)(C=O)—, RtSOZ, NHR“(C=NH)—, 
NHR'JSO2—, and NHR“(C=O)—; 

[0030] Rt is C1_6 alkyl, phenyl, benZyl, phenethyl, or 
C275 heterocyclyl, (C1_5 heterocyclyl)C1_6 alkylene, 
NH2, mono- or di(C1_6 alkyl)N—, or R49OR5O—, 
Wherein R49 is H, C1_5 alkyl, C2_5 alkenyl, phenyl, 
benZyl, phenethyl, CL5 heterocyclyl, or (CL5 hetero 
cyclyl)C1_6 alkylene and R50 is C1_5 alkylene, phe 
nylene, or divalent CL5 heterocyclyl; and 

[0031] RD can be H in addition to the values for R; 

[0035] RO is hydrogen, C1_5 alkyl, phenyl, C2_5 hetero 
cyclyl, C2_8 acyl, aroyl, R42OC=O, R47R48NC=O, 
R42SO, R42SO2, and R47R48NSO2; 

[0036] each of Rd, Rf, R“, and Rp is independently 
selected from hydrogen, C1_5alkyl, phenyl, and C2_5 
heterocyclyl; in addition, Rc and Rd, Re and Rf, Rrn and 
R“, or RO and RP, independently, can be taken together 
to form an optionally substituted 4- to 7-membered 
heterocyclic ring, Which ring may be saturated, unsat 
urated or aromatic; 

[0037] each of R9, R10, R11, R14, R15, R16, R17, R40, 
R41, and R42 is independently C1_5 alkyl, phenyl, or 
C275 heterocyclyl; 

[0038] each of Ri and R], Rk and R1, R43 and R44, R45 
and R46, R47 and R48 are independently hydrogen, C1_5 
alkyl, C3_5 alkenyl, phenyl, or C2_5 heterocyclyl; in 
addition, Ri and Rj, and Rk and R1, R43 and R44, R45 and 
R46, and R47 and R48, independently, can be taken 
together to form an optionally substituted 4- to 7-mem 
bered heterocyclic ring, Which ring may be saturated, 
unsaturated or aromatic; 

[0039] R9 is hydrogen, C1_5 alkyl, phenyl, or C2_5 het 
erocyclyl, C2_8 acyl, aroyl, R9OC=O, R18R19NC=O, 
RQSO, R9802, or R18R19NSO2; 

[0040] Rh is hydrogen, C1_5 alkyl, phenyl, or C2_5 het 
erocyclyl; alternatively, Rg and Rh can be taken 



US 2004/0044027 A1 

together to form an optionally substituted 4- to 7-mem 
bered heterocyclic ring, Which ring may be saturated, 
unsaturated or aromatic; 

[0041] R18 and R19 independently are hydrogen, CL5 
alkyl, phenyl, or C2_5 heterocyclyl; 

[0042] alternatively, R18 and R19 can be taken 
together to form an optionally substituted 4- to 
7-membered heterocyclic ring, Which ring may be 
saturated, unsaturated or aromatic; 

[0043] n is 0, 1 or 2; 

[0044] G is C3_6 alkenediyl or C3_6 alkanediyl, option 
ally substituted With hydroXy, halogen, C1_5alkyl, 
C1_5alkoXy, OX0, hydroXimino, COZRk, NRkRl, (L)— 
C1_ 4 alkylene-, RkR1NCO2, [(L)—C1_5 alkylene]amino, 
N3, or (L)—C1_5 alkoXy; 

[0045] L is amino, mono- or di-C1_5 alkylamino, pyr 
rolidinyl, morpholinyl, piperidinyl, homopiperidinyl, 
or piperaZinyl, Wherein available ring nitrogens can be 
optionally substituted With C1_5 alkyl, benZyl, C2_5 acyl, 
C1_5 alkylsulfonyl, or C1_5 alkoXycarbonyl; 

[0046] Ar represents a monocyclic or bicyclic aryl or 
heteroaryl ring, optionally substituted With betWeen 1 
and 3 substituents independently selected from halo 
gen, C1_5alkoXy, C1_5alkyl, C2_5alkenyl, cyano, aZido, 
ni2t2ro, R22R23N, RZZS, RZZSO, RZZSOZ, R22OC=O, 
R R23 NC=O, CL5 haloalkyl, C1_5 haloalkoXy, CL5 
haloalkylthio, and C1_5 alkylthio; 

[0047] R22 is hydrogen, CL5 alkyl, C3_5 alkenyl, phenyl, 
benZyl, C2_5 heterocyclyl, C2_8 acyl, aroyl, R11OC=O, 
R24R25NC=O, RllS, RllSO, RHSOZ, or R24 
RZSNSOZ; 

[0048] R23 is hydrogen, C1_5 alkyl, phenyl, benZyl, or 
C275 heterocyclyl; alternatively, R22 and R23 can be taken 
together to form an optionally substituted 4- to 7-mem 
bered heterocyclic ring, Which ring may be saturated, 
unsaturated or aromatic; 

[0049] R24 and R25 are independently hydrogen, 
C1_5alkyl, phenyl, benZyl, or CL5 heteroaryl; 

[0050] alternatively, R24 and R25 can be taken 
together to form an optionally substituted 4- to 
7-membered carbocyclic or heterocyclic ring, Which 
ring may be saturated, unsaturated or aromatic; 

[0051] R32 is hydrogen, C1_5 alkyl, cyano, CL5 
hydroXyalkyl, C2_8 acyl, —(C=O)NRVRX, CHO, or 
C176 alkoXycarbonyl, Wherein each of RV and RX is 
independently selected from H, C1_5 alkyl, CL5 
hydroXyalkyl, CL5 heterocyclyl, (CL5 heterocyclyl) 
C175 alkylene, C1_5 aminoalkylene, C3_8 acyloXy, CHO, 
C176 alkoXycarbonyl, and cyano; 

[0052] Q is NR33, S, or O; 

[0053] R33 represents hydrogen, CL5 alkyl, phenyl, ben 
Zyl, phenethyl, C2_5 heterocyclyl, (C2_5 heterocy 
clyl)C1_5 alkylene, C2_8 acyl, aroyl, R35OC=O, 
R36R37NC=O, R3550, R358, R35SO2 and 
R36R37NSO2; 

[0054] R35 is selected from hydrogen, C1_5 alkyl, phe 
nyl, benZyl, phenethyl, and C2_5 heteroaryl; 
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[0055] R36 and R37 are each independently selected 
from hydrogen, CL5 alkyl, phenyl, or C2_5 heteroaryl; 

[0056] alternatively, R36 and R37 can be taken 
together to form an optionally substituted 4- to 
7-membered ring heterocyclic ring, Which ring may 
be saturated, unsaturated or aromatic; 

[0057] Wherein each of the above hydrocarbyl or het 
erocarbyl groups, unless otherWise indicated, and in 
addition to any speci?ed substituents, is optionally and 
independently substituted With betWeen 1 and 3 sub 
stituents selected from methyl, halomethyl, hydroXym 
ethyl, halo, hydroXy, amino, nitro, cyano, C1_5 alkyl, 
C175 alkoXy, —COOH, C2_6 acyl, [di(C1_4 alkyl)amino] 
C2_5 alkylene, [di(C1_4 alkyl)amino]C2_5 alkyl-NH— 
CO—, and CL5 haloalkoXy; 

[0058] or a pharmaceutically acceptable salt, amide, or 
ester thereof; or a stereoisomeric form thereof. 

[0059] The disclosed compounds are high-affinity inhibi 
tors of the proteolytic activity of human cathepsin S. For use 
in medicine, the preparation of pharmaceutically acceptable 
salts of compounds of formula (I) may be desirable. 

[0060] Certain compounds of the present invention may 
have one stereogenic atom and may eXist as tWo enanti 
omers. Certain compounds of the present invention may 
have tWo or more stereogenic atoms and may further eXist as 
diastereomers. It is to be understood by those skilled in the 
art that all such stereoisomers and mixtures thereof in any 
proportion are encompassed Within the scope of the present 
invention. 

[0061] Another aspect of the invention provides pharma 
ceutical compositions comprising a compound of formula (I) 
and a pharmaceutically acceptable carrier. Afurther embodi 
ment of the invention is a process for making a pharmaceu 
tical composition comprising miXing a disclosed compound 
as described above, With a suitable pharmaceutically accept 
able carrier. 

[0062] The invention also contemplates pharmaceutical 
compositions comprising more than one compound of for 
mula (I) and compositions comprising a compound of for 
mula (I) and another pharmaceutically active agent. 

[0063] The invention features a method of treating disor 
ders or conditions mediated by the cathepsin S enZyme, in 
a subject in need thereof, comprising administering to the 
subject a therapeutically effective amount of any of the 
compounds or pharmaceutical compositions described 
above. If more than one active agent is administered, the 
therapeutically effective amount may be a jointly effective 
amount. The compounds described herein inhibit the pro 
tease activity of human cathepsin S, an enZyme involved in 
the immune response. In preferred embodiments, cathepsin 
S inhibition is selective. As such, the disclosed compounds 
and compositions are useful in the prevention, inhibition, or 
treatment of autoimmune diseases such as lupus, rheumatoid 
arthritis, and asthma, and for the prevention, inhibition, or 
treatment of tissue transplant rejection. 

[0064] Additional features and advantages of the inven 
tion Will become apparent from the detailed description 
beloW, including examples, and the appended claims. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0065] The invention features pyraZole compounds of 
formula (I), methods of making them, compositions con 
taining them, and methods of using them to treat diseases 
and conditions, including those mediated by Cathepsin S. 

[0066] A. Terms 

[0067] The following terms are de?ned beloW and by their 
usage throughout this disclosure. 

[0068] “Alkyl” includes optionally substituted straight 
chain and branched hydrocarbons With at least one hydrogen 
removed to form a radical group. Alkyl groups include 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, 
1-methylpropyl, pentyl, isopentyl, sec-pentyl, heXyl, heptyl, 
octyl, and so on. Alkyl includes cycloalkyl, such as cyclo 
propyl, cyclobutyl, cyclopentyl, and cycloheXyl. 

[0069] “Alkenyl” includes optionally substituted straight 
chain and branched hydrocarbon radicals as above With at 
least one carbon-carbon double bond (sp2). Alkenyls include 
ethenyl (or vinyl), prop-1-enyl, prop-2-enyl (or allyl), iso 
propenyl (or 1-methylvinyl), but-1-enyl, but-2-enyl, butadi 
enyls, pentenyls, heXa-2,4-dienyl, and so on. Hydrocarbon 
radicals having a mixture of double bonds and triple bonds, 
such as 2-penten-4-ynyl, are grouped as alkynyls herein. 
Alkenyl includes cycloalkenyl. Cis and trans or and (Z) 
forms are included Within the invention. 

[0070] “Alkynyl” includes optionally substituted straight 
chain and branched hydrocarbon radicals as above With at 
least one carbon-carbon triple bond (sp). Alkynyls include 
ethynyl, propynyls, butynyls, and pentynyls. Hydrocarbon 
radicals having a mixture of double bonds and triple bonds, 
such as 2-penten-4-ynyl, are grouped as alkynyls herein. 
Alkynyl does not include cycloalkynyl. 

[0071] “AlkoXy” includes an optionally substituted 
straight chain or branched alkyl group With a terminal 
oXygen linking the alkyl group to the rest of the molecule. 
AlkoXy includes methoXy, ethoXy, propoXy, isopropoXy, 
butoXy, t-butoXy, pentoXy and so on. “Aminoalkyl”, “thio 
alkyl”, and “sulfonylalkyl” are analogous to alkoXy, replac 
ing the terminal oXygen atom of alkoXy With, respectively, 
NH (or NR), S, and S02. Heteroalkyl includes alkoXy, 
aminoalkyl, thioalkyl, and so on. 

[0072] “Aryl” includes phenyl, naphthyl, biphenylyl, tet 
rahydronaphthyl, and so on, any of Which may be optionally 
substituted. Aryl also includes arylalkyl groups such as 
benZyl, phenethyl, and phenylpropyl. Aryl includes a ring 
system containing an optionally substituted 6-membered 
carbocyclic aromatic ring, said system may be bicyclic, 
bridge, and/or fused. The system may include rings that are 
aromatic, or partially or completely saturated. EXamples of 
ring systems include indenyl, pentalenyl, 1-4-dihydronaph 
thyl, indanyl, benZimidaZolyl, benZothiophenyl, indolyl, 
benZofuranyl, isoquinolinyl, and so on. 

[0073] “Heterocyclyl” includes optionally substituted aro 
matic and nonaromatic rings having carbon atoms and at 
least one heteroatom (O, S, N) or heteroatom moiety (SO2, 
CO, CONH, COO) in the ring. Unless otherWise indicated, 
a heterocyclic radical may have a valence connecting it to 
the rest of the molecule through a carbon atom, such as 
3-furyl or 2-imidaZolyl, or through a heteroatom, such as 
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N-piperidyl or 1-pyraZolyl. Preferably a monocyclic hetero 
cyclyl has betWeen 4 and 7 ring atoms, or betWeen 5 and 6 
ring atoms; there may be betWeen 1 and 5 heteroatoms or 
heteroatom moieties in the ring, and preferably betWeen 1 
and 3. A heterocyclyl may be saturated, unsaturated, aro 
matic (e.g., heteroaryl), nonaromatic, or fused. 

[0074] Heterocyclyl also includes fused, e.g., bicyclic, 
rings, such as those optionally condensed With an optionally 
substituted carbocyclic or heterocyclic ?ve- or siX-mem 
bered aromatic ring. For eXample, “heteroaryl” includes an 
optionally substituted siX-membered heteroaromatic ring 
containing 1, 2 or 3 nitrogen atoms condensed With an 
optionally substituted ?ve- or siX-memebered carbocyclic or 
heterocyclic aromatic ring. Said heterocyclic ?ve- or siX 
membered aromatic ring condensed With the said ?ve- or 
siX-membered aromatic ring may contain 1, 2 or 3 nitrogen 
atoms Where it is a siX-membered ring, or 1, 2 or 3 
heteroatoms selected from oXygen, nitrogen and sulfur 
Where it is a ?ve-membered ring. 

[0075] EXamples of heterocyclyls include thiaZoylyl, 
furyl, pyranyl, isobenZofuranyl, pyrrolyl, imidaZolyl, pyra 
Zolyl, isothiaZolyl, isoXaZolyl, pyridyl, pyraZinyl, pyrimidi 
nyl, pyridaZinyl, indoliZinyl, isoindolyl, indolyl, indaZolyl, 
purinyl, quinolyl, furaZanyl, pyrrolidinyl, pyrrolinyl, imda 
Zolidinyl, imidaZolinyl, pyraZolidinyl, pyraZolinyl, pip 
eridyl, piperaZinyl, indolinyl, and morpholinyl. For 
eXample, preferred heterocyclyls or heterocyclic radicals 
include morpholinyl, piperaZinyl, pyrrolidinyl, pyridyl, 
cycloheXylimino, cycloheptylimino, and more preferably, 
piperidyl. 

[0076] EXamples illustrating heteroaryl are thienyl, fura 
nyl, pyrrolyl, imidaZolyl, oXaZolyl, thiaZolyl, benZothienyl, 
benZofuranyl, benZimidaZolyl, benZoXaZolyl, benZothiaZ 
olyl. 

[0077] “Acyl” refers to a carbonyl moiety attached to 
either a hydrogen atom (i.e., a formyl group) or to an 
optionally substituted alkyl or alkenyl chain, or heterocyclyl. 

[0078] “Halo” or “halogen” includes ?uoro, chloro, 
bromo, and iodo, and preferably chloro or bromo as a 
substituent. 

[0079] “Alkanediyl” or “alkylene” represents straight or 
branched chain optionally substituted bivalent alkane radi 
cals such as, for eXample, methylene, ethylene, propylene, 
butylene, pentylene or heXylene. 

[0080] “Alkenediyl” represents, analogous to the above, 
straight or branched chain optionally substituted bivalent 
alkene radicals such as, for eXample, propenylene, bute 
nylene, pentenylene or heXenylene. In such radicals, the 
carbon atom linking a nitrogen preferably should not be 
unsaturated. 

[0081] “Aroyl” refers to a carbonyl moiety attached to an 
optionally substituted aryl or heteroaryl group, Wherein aryl 
and heteroaryl have the de?nitions provided above. In 
particular, benZoyl is phenylcarbonyl. 

[0082] As de?ned herein, tWo radicals, together With the 
atom(s) to Which they are attached may form an optionally 
substituted 4- to 7-, 5- to 7-, or a 5- to 6-membered ring 
carbocyclic or heterocyclic ring, Which ring may be satu 
rated, unsaturated or aromatic. Said rings may be as de?ned 
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above in the Summary of the Invention section. Particular 
examples of such rings are as follows in the next section. 

[0083] “Pharmaceutically acceptable salts, esters, and 
amides” include carboxylate salts (e.g., C1_8 alkyl, 
cycloalkyl, aryl, heteroaryl, or non-aromatic heterocyclic) 
amino acid addition salts, esters, and amides Which are 
Within a reasonable bene?t/risk ratio, pharmacologically 
effective and suitable for contact With the tissues of patients 
Without undue toxicity, irritation, or allergic response. Rep 
resentative salts include hydrobromide, hydrochloride, sul 
fate, bisulfate, nitrate, acetate, oxalate, valerate, oleate, 
palmitate, stearate, laurate, borate, benZoate, lactate, phos 
phate, tosylate, citrate, maleate, fumarate, succinate, tartrate, 
naphthylate, mesylate, glucoheptonate, lactiobionate, and 
laurylsulfonate. These may include alkali metal and alkali 
earth cations such as sodium, potassium, calcium, and 
magnesium, as Well as non-toxic ammonium, quaternary 
ammonium, and amine cations such as tetramethyl ammo 
nium, methylamine, trimethylamine, and ethylamine. See 
example, S. M. Berge, et al., “Pharmaceutical Salts,” J. 
Pharm. Sci., 1977, 66:1-19 Which is incorporated herein by 
reference. Representative pharmaceutically acceptable 
amides of the invention include those derived from ammo 
nia, primary C1_6 alkyl amines and secondary di (C1_6 alkyl) 
amines. Secondary amines include 5- or 6-membered het 
erocyclic or heteroaromatic ring moieties containing at least 
one nitrogen atom and optionally betWeen 1 and 2 additional 
heteroatoms. Preferred amides are derived from ammonia, 
C173 alkyl primary amines, and di (C1_2 alkyl)amines. Rep 
resentative pharmaceutically acceptable esters of the inven 
tion include C1_7 alkyl, C5_7 cycloalkyl, phenyl, and phe 
nyl(C1_6)alkyl esters. Preferred esters include methyl esters. 

[0084] “Patient” or “subject” includes mammals such as 
humans and animals (dogs, cats, horses, rats, rabbits, mice, 
non-human primates) in need of observation, experiment, 
treatment or prevention in connection With the relevant 
disease or condition. Preferably, the patient or subject is a 
human. 

[0085] “Composition” includes a product comprising the 
speci?ed ingredients in the speci?ed amounts as Well as any 
product Which results directly or indirectly from combina 
tions of the speci?ed ingredients in the speci?ed amounts. 

[0086] “Therapeutically effective amount” or “effective 
amount” means that amount of active compound or phar 
maceutical agent that elicits the biological or medicinal 
response in a tissue system, animal or human that is being 
sought by a researcher, veterinarian, medical doctor or other 
clinician, Which includes alleviation of the symptoms of the 
disease or disorder being treated. 

[0087] Concerning the various radicals in this disclosure 
and in the claims, three general remarks are made. The ?rst 
remark concerns valency. As With all hydrocarbon radicals, 
Whether saturated, unsaturated or aromatic, and Whether or 
not cyclic, straight chain, or branched, and also similarly 
With all heterocyclic radicals, each radical includes substi 
tuted radicals of that type and monovalent, bivalent, and 
multivalent radicals as indicated by the context of the 
claims. The context Will indicate that the substituent is an 
alkylene or hydrocarbon radical With at least tWo hydrogen 
atoms removed (bivalent) or more hydrogen atoms removed 
(multivalent). An example of a bivalent radical linking tWo 
parts of the molecule is G in formula (I) Which links two 
rings. 
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[0088] Second, radicals or structure fragments as de?ned 
herein are understood to include substituted radicals or 
structure fragments. Hydrocarbyls include monovalent radi 
cals containing carbon and hydrogen such as alkyl, alkenyl, 
alkynyl, cycloalkyl, and cycloalkenyl (Whether aromatic or 
unsaturated), as Well as corresponding divalent radicals such 
as alkylene, alkenylene, phenylene, and so on. Heterocarbyls 
include monovalent and divalent radicals containing carbon, 
hydrogen, and at least one heteroatom. Examples of 
monovalent heterocarbyls include acyl, acyloxy, alkoxyacyl, 
heterocyclyl, heteroaryl, aroyl, benZoyl, dialkylamino, 
hydroxyalkyl, and so on. Using “alkyl” as an example, 
“alkyl” should be understood to include substituted alkyl 
having one or more substitutions, such as betWeen 1 and 5, 
1 and 3, or 2 and 4 substituents. The substituents may be the 
same (dihydroxy, dimethyl), similar (chloro?uoro), or dif 
ferent (chlorobenZyl- or aminomethyl-substituted). 
Examples of substituted alkyl include haloalkyl (such as 
?uoromethyl, chloromethyl, di?uoromethyl, perchlorom 
ethyl, 2-bromoethyl, per?uoromethyl, and 3-iodocyclopen 
tyl), hydroxyalkyl (such as hydroxymethyl, hydroxyethyl, 
2-hydroxypropyl, aminoalkyl (such as aminomethyl, 2-ami 
noethyl, 3-aminopropyl, and 2-aminopropyl), nitroalkyl, 
alkylalkyl, and so on. Adi(C1_6 alkyl)amino group includes 
independently selected alkyl groups, to form, for example, 
methylpropylamino and isopropylmethylamino, in addition 
dialkylamino groups having tWo of the same alkyl group 
such as dimethyl amino or diethylamino. 

[0089] Third, only stable compounds are intended. For 
example, Where there is an NR‘R“ group, and R can be an 
alkenyl group, the double bond is at least one carbon 
removed from the nitrogen to avoid enamine formation. 
Similarly, Where a dashed line is an optional sp2 bond, if it 
is absent, the appropriate hydrogen atom(s) is(are) included. 

[0090] Preferred substitutions for Ar include methyl, 
methoxy, ?uoromethyl, di?uoromethyl, per?uoromethyl 
(tri?uoromethyl), 1-?uoroethyl, 2-?uoroethyl, ethoxy, 
?uoro, chloro, and bromo, and particularly methyl, bromo, 
chloro, per?uoromethyl, per?uoromethoxy, methoxy, and 
?uoro. Preferred substitution patterns for Ar are 4-substi 
tuted or 3,4-disubstituted phenyl. Compounds of the inven 
tion are further described in the next section. 

[0091] B. Compounds 

[0092] The invention features compounds of formula (I) as 
described in the Summary section. 

[0093] Preferred compounds include those Wherein: 

[0094] (a) one of S, T, Y, and Z is nitrogen; 

[0095] (b) S and T are CR3 and CR2, respectively; 

[0096] (c) S, T, Y, and Z are CR3, CR2, CRZO, and 
CR21, respectively; 

[0097] (d) (1) Z is N, Y is N, S is CR3, and T is CR2; 
or (2)S is N, T is N, Y is CRZO, and Z is CR21; 

[0098] (e) R2 is hydrogen, halogen, C1_5 alkoxy, 
cyano, ReRfN, or a 5-6 membered heterocyclyl; 

[0099] R3 is hydrogen, halogen, C1_5 alkoxy, C1_5 
allkyl, cyano, R17OC=O, or RgRhN, Where Rg and 
R are H or C1_5 alkyl, or are taken together to form 
a 5-6 membered heterocyclyl; 
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[0100] (g) each of R2 and R3 is independently 
selected from hydrogen, halogen, and a 5-6 mem 
bered heterocyclyl; 

[0101] (h) R5 and R are independently selected from 
hydrogen and C1_3 alkyl; 

[0102] one of R5 and R6 is H; 

[0103] R5 and R6 are each H; 

[0104] (k) one of R7 and R8 is H and the other is 5-7 
rnernbered carbocyclyl or heterocyclyl; 

[0105] (l) R7 and R8 are taken together to form an 
optionally substituted 5- to 7-rnernbered carbocyclic 
or heterocyclic ring; 

[0106] R7 and R8 are taken together to form a 
siX-rnernbered heterocyclyl; 

[0107] (n) R7 and R8 taken together form a 5-7 
rnernbered heterocyclyl optionally N-substituted 
With Rt(C=O)—, RtSO2—, or NHR“(C=O)— 
Wherein Rt is CL6 alkyl, phenyl, or C2_5 heterocyclyl 
and RD is H, CL6 alkyl, phenyl, or C2_5 heterocyclyl; 

[0108] (0) each of R°, Re, RH“, and RO is indepen 
dently selected from hydrogen, CL5 alkyl, C2_8 acyl, 
(CL5 alkyl)OC=O, and the respective RRNC=O, 
RSO, RSO2, and RRNSO2 groups; 

[0109] (p) each of R°, Rd, Rg, Rh, R0, Rf, and Rp is 
independently selected from hydrogen and C1_5 
alkyl; or, independently, Re and Rf, Rg and Rh, or RO 
and Rp taken together form an optionally substituted 
4- to 7-rnernbered carbocyclic or heterocyclic ring; 

[0110] Re and Rf taken together are rnorpholinyl, 
piperidinyl, or pyrrolidinyl; 

[0111] (r) each of R43, R44, R45, R46, R47, R48, R, R], 
Rk and R1 independently is hydrogen or C1_5alkyl; 

[0112] (s) each of R9, R11, R R15, R16 and R17 is 
independently CL5 alkyl; 

[0113] (t) Rg is CL5 alkyl, C2_8 acyl, R9OC=O, 
R18R19NC=O, RQSO, RQSOZ, or R18R19NSO2; and 
Rh is H or CL5 alkyl; alternatively, Rg and Rh can be 
taken together to form an optionally substituted 5- to 
6-rnernbered heterocyclyl; 

[0114] (u) Rg and Rh are each CL3 alkyl; 

[0115] (v) R18 and R19 independently are hydrogen or 
CL5 alkyl; 

[0116] (W) n is 0 or 1; or n is 1; 

[0117] G is C3_4 alkanediyl, optionally substituted 
With hydroXy, halogen, [(L)—C1_5 alkylene]arnino, 
or (L)—C1_5 alkyloXy; 

[0118] (y) G is C3 alkanediyl, optionally substituted 
With hydroXy; 

[0119] (Z) R20 and R21 are independently selected 
from hydrogen, halogen, C1_5 alkoXy, C1_5 alkyl, 
cyano, nitro, 4-7 rnernbered heterocyclyl, and RORPN 
or RcRdN, respectively; 
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[0120] (aa) R20 and R21 are independently selected 
from hydrogen, halogen, 5- to 6-rnernbered hetero 
cyclyl, and RORPN or RcRdN, respectively; 

[0121] (bb) Ar represents a rnonocyclic ring, option 
ally substituted With 1 to 2 substituents selected from 
halogen, CL5 alkyl, cyano, nitro, R22R23N, CL3 
haloalkyl, and C1_3 haloalkoXy; 

[0122] (cc) Ar is a siX-rnernbered aromatic ring 
rnonosubstituted at the 4-position With halogen, 
rnethyl, CF3, or OCF3, or disubstituted at the 3- and 
4-positions With substituents independently selected 
from halogen, CF3, methyl, and OCF3; 

[0123] (dd) each of R22, R23, and R is independently 
hydrogen or CL5 alkyl; 

[0124] (ee) R25 and R26 independently are hydrogen 
or CL5 alkyl, or, alternatively, R25 and R26 are taken 
together to form an optionally substituted 4- to 
7-rnernbered heterocyclic ring, Which ring may be 
saturated, unsaturated or arornatic; 

[0125] R25 and R26 independently are hydrogen 
or CL5 alkyl; 

[0126] (gg) Q is NR33 or S; 

[0127] (hh) Q is NR33, R33 is H or C2_5 heterocyclyl, 
and R32 is H, CL5 alkyl, CL5 hydroXyalkyl, 
—(C=O)NRVRX, CHO, or C1_6 alkoXycarbonyl, 
Wherein each of RV and RX is independently selected 
from H, CL5 hydroXyalkyl, (CL5 heterocyclyl)-C1_5 
alkylene, and CL5 arninoalkylene; 

[0128] (ii) Wherein Q is S and R33 is 
NR36R37(C=O)— Where each of R36 and R37 are 
independently selected from hydrogen and CL5 
alkyl; 

[0129] R35 is selected from hydrogen and CL5 
alkyl; R36 and R37 are each independently selected 
from hydrogen, CL5 alkyl, or, alternatively, R36 and 
R37 can be taken together to form an optionally 
substituted 4- to 7-rnernbered heterocyclic ring; 

[0130] Y is nitrogen or R20C.; Z is nitrogen or 
R21C; T is nitrogen or RZC; S is nitrogen or R3C; 
provided betWeen 0 and 2 of S, T, Y, and Z are 
nitrogen; for example 1 of them is N; 

[0131] (ll) R2 is hydrogen, halogen, hydroXy, CL5 
alkoXy, CL5 alkyl, 5- to 6-rnernbered heterocyclyl, or 
ReRfN; 

[0132] R3 is hydrogen, halogen, C1_5alkoXy, 
hydroXy, C1_5 alkyl, 5- to 6-rnernbered heterocyclyl, 
or RgRhN; 

[0133] (nn) R7 and R8 independently are taken 
together to form an optionally substituted 5- to 
7-rnernbered unsaturated heterocyclic ring; 

[0134] (00) each of R8, R6, RH“, and RO is indepen 
dently selected from hydrogen, C1_5alkyl, C2_8 acyl, 
(C1_5alkyl)OC=O, and the respective RRNC=O, 
RSO, RSO2, and RRNSO2 groups; 

[0135] (pp) each of Rb, Rf, R“, and RP, is indepen 
dently selected from hydrogen and C1_5alkyl; each of 
R9, R11, R14, R15, R16, R17, R40, R41 and R42 is 
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[0166] Carbonates 

[0167] Examples of carbonate protecting groups include 
methyl, 9-?uorenylmethyl, ethyl, 2,2,2-trichloroethyl, 2-(tri 
methylsilyl)ethyl, 2-(phenylsulfonyl)ethyl, 2-(triph 
enylphosphonio)ethyl, isobutyl, vinyl, allyl, p-nitrophenyl, 
benZyl, p-methoXybenZyl, 3,4-dimethoXybenZyl, o-ni 
trobenZyl, p-nitrobenZyl, S-benZyl thiocarbonate, 4-ethoXy 
1-naphthyl, and methyl dithiocarbonate. 

[0168] Assisted Cleavage 

[0169] Examples of assisted cleavage include 2-iodoben 
Zoate, 4-aZidobutyrate, 4-nitro-4-methylpentanoate, o-(di 
bromomethyl)benZoate, 2—formylbenzenesulfonate, 2-(me 
thylthiomethoXy)ethyl carbonate, 
4—(methylthiomethoXy)butyrate, and 2-(methylthi 
omethoXymethyl)benZoate. 

[0170] Miscellaneous Esters 

[0171] Examples of miscellaneous esters include 2,6 
dichloro-4-methylphenoXyacetate, 2,6-dichloro-4-(1,1,3,3 
tetramethylbutyl)phenoXyacetate, 2,4-bis(1,1-dimethylpro 
pyl)phenoXyacetate, chlorodiphenylacetate, isobutyrate, 
monosuccinoate, (E)-2-methyl-2-butenoate(tigloate), 
o-(methoXycarbonyl)benZoate, p-P-benZoate, ot-naphthoate, 
nitrate, alkyl N,N,N‘,N‘-tetramethylphosphorodiamidate, 
N-phenylcarbamate, borate, dimethylphosphinothioyl, and 
2,4-dinitrophenylsulfenate. 

[0172] Sulfonates 

[0173] EXamples of sulfonates include sulfate, methane 
sulfonate(mesylate), benZylsulfonate, and tosylate. 

[0174] Amino Protecting Groups 

[0175] Protection for the amino group includes carbam 
ates, amides, and special —NH protective groups. 

[0176] EXamples of carbamates include methyl and ethyl 
carbamates, substituted ethyl carbamates, assisted cleavage 
carbamates, photolytic cleavage carbamates, urea-type 
derivatives, and miscellaneous carbamates. 

[0177] Carbamates 

[0178] EXamples of methyl and ethyl carbamates include 
methyl and ethyl, 9-?uorenylmethyl, 9-(2-sulfo)?uorenyl 
methyl, 9-(2,7-dibromo)?uorenylmethyl, 2,7-di-t-butyl-[9 
(10,10-dioXo-10,10,10,10-tetrahydrothioxanthyl)]methyl, 
and 4-methoXyphenacyl. 

[0179] Substituted Ethyl 

[0180] EXamples of substituted ethyl carbamates include 
2,2,2-trichloroethyl, 2-trimethylsilylethyl, 2-phenylethyl, 
1-(1-adamantyl)-l-methylethyl, 1,1-dimethyl-2-haloethyl, 
1,1-dimethyl-2,2-dibromoethyl, 1,1-dimethyl-2,2,2-trichlo 
roethyl, 1-methyl-1-(4-biphenylyl)ethyl, 1-(3,5-di-t-bu 
tylphenyl)-1-methylethyl, 2-(2‘- and 4‘-pyridyl)ethyl, 2-(N, 
N-dicycloheXylcarboXamido)ethyl, t-butyl, 1-adamantyl, 
vinyl, allyl, l-isopropylallyl, cinnamyl, 4-nitrocinnamyl, 
8-quinolyl, N-hydroXypiperidinyl, alkyldithio, benZyl, 
p-methoXybenZyl, p-nitrobenZyl, p-bromobenZyl, p-chlo 
robenZyl, 2,4-dichlorobenZyl, 4-methylsul?nylbenZyl, 9-an 
thrylmethyl and diphenylmethyl. 
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[0181] Assisted Cleavage 
[0182] EXamples of assisted cleavage include 2-methylth 
ioethyl, 2-methylsulfonylethyl, 2-(p-toluenesulfonyl)ethyl, 
[2-(1,3-dithianyl)]methyl, 4-methylthiophenyl, 2,4-dimeth 
ylthiophenyl, 2-phosphonioethyl, 2-triphenylphosphonio 
isopropyl, 1,1-dimethyl-2-cyanoethyl, m-chloro-p-acyloXy 
benZyl, p-(dihydroXyboryl)benZyl, 5-benZisoXaZolylmethyl, 
and 2-(tri?uoromethyl)-6-chromonylmethyl. 
[0183] Photolytic Cleavage 
[0184] EXamples of photolytic cleavage include m-nitro 
phenyl, 3,5-dimethoXybenZyl, o-nitrobenZyl, 3,4 
dimethoXy-6-nitrobenZyl, and phenyl(o-nitrophenyl)methyl. 
[0185] Urea-Type Derivatives 
[0186] EXamples of urea-type derivatives include phe 
nothiaZinyl-(10)-carbonyl derivative, N‘-p-toluenesulfony 
laminocarbonyl, and N‘-phenylaminothiocarbonyl. 
[0187] Miscellaneous Carbamates 
[0188] EXamples of miscellaneous carbamates include 
t-amyl, S-benZyl thiocarbamate, p-cyanobenZyl, cyclobutyl, 
cycloheXyl, cyclopentyl, cyclopropylmethyl, p-decyloXy 
benZyl, diisopropylmethyl, 2,2-dimethoXycarbonylvinyl, 
o-(N,N-dimethylcarboXamido)benZyl, 1,1-dimethyl-3-(N, 
N-dimethylcarboXamido)propyl, 1,1-dimethylpropynyl, 
di(2-pyridyl)methyl, 2-furanylmethyl, 2-iodoethyl, 
isobornyl, isobutyl, isonicotinyl, p-(p‘-methoXyphenyla 
Zo)benZyl, l-methylcyclobutyl, l-methylcyclohexyl, 1-me 
thyl-l-cyclopropylmethyl, 1-methyl-1-(3,5-dimethoXyphe 
nyl )ethyl, 1-methyl-1—(p-phenylaZophenyl)ethyl, 1-methyl 
l-phenylethyl, l-methyl-l-(4-pyridyl)ethyl, phenyl, 
p-(phenylaZo)benZyl, 2,4,6-tri-t-butylphenyl, 4-(trimethy 
lammonium)benZyl, and 2,4,6-trimethylbenZyl. 
[0189] EXamples of amides include: 
[0190] Amides 
[0191] N-formyl, N-acetyl, N-chloroacetyl, N-trichloro 
acetyl, N-tri?uoroacetyl, N-phenylacetyl, N-3-phenylpro 
pionyl, N-picolinoyl, N-3-pyridylcarboXamide, N-ben 
Zoylphenylalanyl derivative, N-benZoyl, N-p 
phenylbenZoyl. 
[0192] Assisted Cleavage 
[0193] N-o-nitrophenylacetyl, N-o-nitrophenoXyacetyl, 
N-acetoacetyl, (N‘-dithiobenZyloXycarbonylamino)acetyl, 
N-3-(p-hydroXyphenyl)propionyl, N-3-(o-nitrophenyl)pro 
pionyl, N-2-methyl-2-(o-nitrophenoXy)propionyl, N-2-me 
thyl-2-(o-phenylaZophenoXy)propionyl, N-4-chlorobutyryl, 
N-3-methyl-3-nitrobutyryl, N-o-nitrocinnamoyl, N-acetyl 
methionine derivative, N-o-nitrobenZoyl, N-o-(benZoy 
loXymethyl)benZoyl, and 4,5-diphenyl-3-oXaZolin-2-one. 
[0194] Cyclic Imide Derivatives 
[0195] N-phthalimide, N-dithiasuccinoyl, N-2,3-diphe 
nylmaleoyl, N-2,5-dimethylpyrrolyl, N-1,1,4,4-tetramethyl 
disilylaZacyclopentane adduct, S-substituted 1,3-dimethyl 
1,3,5-triaZacycloheXan-2-one, S-substituted 1,3-dibenZyl-1, 
3,5-triaZacycloheXan-2-one, and l-substituted 3,5-dinitro-4 
pyridonyl. 
[0196] 
[0197] 

special—NH Protective Groups 
EXamples of special NH protective groups include 

[0198] N-Alkyl and N-Aryl Amines 
[0199] N-methyl, N-allyl, N-[2-(trimethylsilyl)ethoXy] 
methyl, N-3-acetoXypropyl, N-(l-isopropyl-4-nitro—2-oxo 
3-pyrrolin-3-yl), quaternary ammonium salts, N-benZyl, 
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N-di(4-methoxyphenyl)methyl, N-S-dibenzosuberyl, 
N-triphenylmethyl, N-(4-methoxyphenyl)diphenylmethyl, 
N-9-phenyl?uorenyl, N-2,7-dichloro-9-?uorenylmethylene, 
N-ferrocenylmethyl, and N-2-picolylamine N‘-oxide. 

[0200] 
[0201] N-1,l-dimethylthiomethylene, N-benZylidene, 
N-p-methoxybenZylidene, N-diphenylmethylene, N-[(2-py 
ridyl)mesityl]methylene, and N—(N‘,N‘-dimethylaminom 
ethylene). 

Imine Derivatives 

[0202] Protection for the Carbonyl Group 

[0203] Acyclic Acetals and Ketals 

[0204] Examples of acyclic acetals and ketals include 
dimethyl, bis(2,2,2-trichloroethyl), dibenZyl, bis(2-nitroben 
Zyl) and diacetyl. 

[0205] Cyclic Acetals and Ketals 

[0206] Examples of cyclic acetals and ketals include 1,3 
dioxanes, 5-methylene-1,3-dioxane, 5,5-dibromo-1,3-diox 
ane, 5-(2-pyridyl)-1,3-dioxane, 1,3-dioxolanes, 4-bromom 
ethyl-1,3-dioxolane, 4-(3-butenyl)-1,3-dioxolane, 4-phenyl 
1,3-dioxolane, 4-(2-nitrophenyl)-1,3-dioxolane, 4,5 
dimethoxymethyl-1,3-dioxolane, 0,0‘-phenylenedioxy and 
1,5-dihydro-3H-2,4-benZodioxepin. 

[0207] Acyclic Dithio Acetals and Ketals 

[0208] Examples of acyclic dithio acetals and ketals 
include S,S‘-dimethyl, S,S‘-diethyl, S,S‘-dipropyl, S,S‘-dibu 
tyl, S,S‘-dipentyl, S,S‘-diphenyl, S,S‘-dibenZyl and S,S‘-di 
acetyl. 

[0209] Cyclic Dithio Acetals and Ketals 

[0210] Examples of cyclic dithio acetals and ketals include 
1,3-dithiane, 1,3-dithiolane and 1,5 -dihydro-3H-2,4-ben 
Zodithiepin. 

[0211] Acyclic Monothio Acetals and Ketals 

[0212] Examples of acyclic monothio acetals and ketals 
include O-trimethylsilyl-S-alkyl, O-methyl-S-alkyl or -S 
phenyl and O-methyl-S-2-(methylthio)ethyl. 

[0213] Cyclic Monothio Acetals and Ketals 

[0214] Examples of cyclic monothio acetals and ketals 
include 1,3-oxathiolanes. 

[0215] Miscellaneous Derivatives 

[0216] O-Substituted Cyanohydrins 

[0217] Examples of O-substituted cyanohydrins include 
O-acetyl, O-trimethylsilyl, O-l-ethoxyethyl and O-tetrahy 
dropyranyl. 

[0218] Substituted HydraZones 

[0219] Examples of substituted hydraZones include N,N 
dimethyl and 2,4-dinitrophenyl. 

[0220] Oxime Derivatives 

[0221] Examples of oxime derivatives include O-methyl, 
O-benZyl and O-phenylthiomethyl. 
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[0222] Imines 

[0223] Substituted Methylene Derivatives, Cyclic Deriva 
tives 

[0224] Examples of substituted methylene and cyclic 
derivatives include oxaZolidines, 1-methyl-2-(1‘-hydroxy 
alkyl)imidaZoles, N,N‘-dimethylimidaZolidines, 2,3-dihy 
dro-1,3-benZothiaZoles, diethylamine adducts, and methyla 
luminum bis(2,6-di-t-butyl-4 
methylphenoxide)(MAD)complex. 

[0225] Protection for the Carboxyl Group 

[0226] Esters 

[0227] Substituted Methyl Esters 

[0228] 
9-?uorenylmethyl, methoxymethyl, methylthiomethyl, tet 
rahydropyranyl, tetrahydrofuranyl, methoxyethoxymethyl, 
2-(trimethylsilyl)ethoxymethyl, benZyloxymethyl, phena 
cyl, p-bromophenacyl, ot-methylphenacyl, p-methox 
yphenacyl, carboxamidomethyl, and N-phthalimidomethyl. 

Examples of substituted methyl esters include 

[0229] 2-Substituted Ethyl Esters 

[0230] Examples of 2-substituted ethyl esters include 2,2, 
2-trichloroethyl, 2-haloethyl, uu-chloroalkyl, 2-(trimethylsi 
lyl)ethyl, 2-methylthioethyl, 1,3-dithianyl-2-methyl, 2-(p 
nitrophenylsulfenyl)ethyl, 2-(p-toluenesulfonyl)ethyl, 2-(2‘ 
pyridyl)ethyl, 2-(diphenylphosphino)ethyl, 1-methyl-1 
phenylethyl, t-butyl, cyclopentyl, cyclohexyl, allyl, 3-buten 
1-yl, 4-(trimethylsilyl)-2-buten-1-yl, cinnamyl, 
ot-methylcinnamyl, phenyl, p-(methylmercapto)phenyl and 
benZyl. 

[0231] Substituted BenZyl Esters 

[0232] Examples of substituted benZyl esters include 
triphenylmethyl, diphenylmethyl, bis(o-nitrophenyl)methyl, 
9-anthrylmethyl, 2-(9,10-dioxo)anthrylmethyl, 5-dibenZo 
suberyl, l-pyrenylmethyl, 2-(tri?uoromethyl)-6-chromylm 
ethyl, 2,4,6-trimethylbenZyl, p-bromobenZyl, o-nitrobenZyl, 
p-nitrobenZyl, p-methoxybenZyl, 2,6-dimethoxybenZyl, 
4-(methylsul?nyl)benZyl, 4-sulfobenZyl, piperonyl, 4-pico 
lyl and p-P-benZyl. 

[0233] Silyl Esters 

[0234] Examples of silyl esters include trimethylsilyl, 
triethylsilyl, t-butyldimethylsilyl, i-propyldimethylsilyl, 
phenyldimethylsilyl and di-t-butylmethylsilyl. 

[0235] 

[0236] 

[0237] 
[0238] Examples of miscellaneous derivatives include 
oxaZoles, 2-alkyl-1,3-oxaZolines, 4-alkyl-5-oxo-1,3-oxaZo 
lidines, 5-alkyl-4-oxo-1,3-dioxolanes, ortho esters, phenyl 
group and pentaminocobalt(III) complex. 

Activated Esters 

Examples of activated esters include thiols. 

Miscellaneous Derivatives 
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[0239] Stannyl Esters 
[0240] Examples of stannyl esters include triethylstannyl 
and tri-n-butylstannyl. 
[0241] Amides and HydraZides 
[0242] Amides 
[0243] Examples of amides include N,N-dimethyl, pyrro 
lidinyl, piperidinyl, 5,6-dihydrophenanthridinyl, o-nitroanil 
ides, N-7-nitroindolyl, N-8-Nitro-1,2,3,4-tetrahydro 
quinolyl, and p-P-benZenesulfonamides. 
[0244] HydraZides 
[0245] Examples of hydraZides include N-phenyl and 
N,N‘-diisopropyl hydraZides. 
[0246] C. Synthesis 
[0247] The compounds of the present invention may be 
prepared by conventional synthetic organic chemistry and 
by matrix or combinatorial methods according to Schemes 1 
to 12 beloW, and Examples 1 to 13. Those of ordinary skill 
in the art Will be able to modify and adapt the guidance 
provided herein to make the disclosed compounds. 

R6 

P = H, tert-butoxycarbonyl (BOC), EtOCO, Ac, etc. 
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HN/N 

Ar 
a) C1 Ar, base 

b) HZNNHZ (excess) 

T 
P 

Scherne/ \Cherne 5 
: SOZMe, BOC, EtOCO, Ac, etc. 

O, CH2, covalent bond 

R5 

Ar / / 

P = BOC, EtOCO, Ac, etc. 
I = (cH2)m or CHOH 

+ (for J : CHOH) 
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‘ reductant 
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-continued 

[0248] D. Formulation and Administration 

[0249] The present compounds inhibit the proteolytic 
activity of human cathepsin S and therefore are useful as a 
medicine especially in methods for treating patients suffer 
ing from disorders or conditions Which are modulated or 
regulated by the inhibition of cathepsin S activity. 

[0250] The invention features a method for treating a 
subject With a condition mediated by cathepsin S, said 
method comprising administering to the subject a therapeu 
tically effective amount of a pharmaceutical composition 
comprising a compound of the invention. The invention also 
provides a method for inhibiting cathepsin S activity in a 
subject, Wherein the method comprises administering to the 
subject a therapeutically effective amount of a pharmaceu 
tical composition comprising a compound of the invention. 
A third method is a method for treating an autoimmune 
disease, or inhibiting the progression of an autoimmune 
disease, in a subject, said method comprising administering 
to the subject a therapeutically effective amount of a phar 
maceutical composition comprising a disclosed compound. 
The autoimmune disease can be, for eXample, lupus, rheu 
matoid arthritis, or preferably, asthma. The invention also 
provides a method for treating or inhibiting the progression 
of tissue transplant rejection in a subject, the method com 
prising administering to the subject a therapeutically effec 
tive amount of a pharmaceutical composition comprising a 
compound of the invention. The administration step can 
occur before, during, and/or after a tissue transplant proce 
dure. 

[0251] In vieW of their inhibitory effect on the proteolytic 
activity of human cathepsin S the compounds of the present 
invention may be formulated into various pharmaceutical 
forms for administration purposes. To prepare these phar 
maceutical compositions, an effective amount of a particular 
compound, in base or acid addition salt form, as the active 
ingredient is intimately miXed With a pharmaceutically 
acceptable carrier. 

[0252] Acarrier may take a Wide variety of forms depend 
ing on the form of preparation desired for administration. 
These pharmaceutical compositions are desirably in unitary 
dosage form suitable, preferably, for oral administration or 
parenteral injection. For eXample, in preparing the compo 
sitions in oral dosage form, any of the usual pharmaceutical 
media may be employed. These include Water, glycols, oils, 
alcohols and the like in the case of oral liquid preparations 
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base or heat 

such as suspensions, syrups, eliXirs and solutions; or solid 
carriers such as starches, sugars, kaolin, lubricants, binders, 
disintegrating agents and the like in the case of poWders, 
pills, capsules and tablets. In vieW of their ease in admin 
istration, tablets and capsules represent the most advanta 
geous oral dosage unit form, in Which case solid pharma 
ceutical carriers are generally employed. For parenteral 
compositions, the carrier Will usually comprise sterile Water, 
at least in large part, though other ingredients, for eXample, 
to aid solubility, may be included. Injectable solutions, for 
eXample, may be prepared in Which the carrier comprises 
saline solution, glucose solution or a mixture of saline and 
glucose solution. Injectable suspensions may also be pre 
pared in Which case appropriate liquid carriers, suspending 
agents and the like may be employed. In the compositions 
suitable for percutaneous administration, the carrier option 
ally comprises a penetration enhancing agent and/or a suit 
able Wetting agent, optionally combined With suitable addi 
tives of any nature in minor proportions, Which additives do 
not cause a signi?cant deleterious effect to the skin. Such 
additives may facilitate the administration to the skin and/or 
may be helpful for preparing the desired compositions. 
These compositions may be administered in various Ways, 
e.g., as a transdermal patch, as a spot-on, as an ointment. 

Acid addition salts of the compounds of formula I, due to 
their increased Water solubility over the corresponding base 
form, are more suitable in the preparation of aqueous 
compositions. 

[0253] It is especially advantageous to formulate the 
aforementioned pharmaceutical compositions in dosage unit 
form for ease of administration and uniformity of dosage. 
Dosage unit form as used in the speci?cation herein refers to 
physically discrete units suitable as unitary dosages, each 
unit containing a predetermined quantity of active ingredient 
calculated to produce the desired therapeutic effect in asso 
ciation With the required pharmaceutical carrier. Examples 
of such dosage unit forms are tablets (including scored or 
coated tablets), capsules, pills, poWder packets, Wafers, 
injectable solutions or suspensions, teaspoonfuls, table 
spoonfuls and the like, and segregated multiples thereof. 

[0254] Pharmaceutically acceptable acid addition salts 
include the therapeutically active non-toXic acid addition 
salt forms Which the disclosed compounds are, able to form. 
The latter can conveniently be obtained by treating the base 
form With an appropriate acid. Appropriate acids comprise, 
for eXample, inorganic acids such as hydrohalic acids, eg 
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hydrochloric or hydrobromic acid; sulfuric; nitric; phospho 
ric and the like acids; or organic acids such as, for example, 
acetic, propanoic, hydroxyacetic, lactic, pyruvic, oxalic, 
malonic, succinic, maleic, fumaric, malic, tartaric, citric, 
methanesulfonic, ethanesulfonic, benZenesulfonic, p-tolu 
enesulfonic, cyclamic, salicylic, p-aminosalicylic, palmoic 
and the like acids. The term addition salt also comprises the 
solvates Which the disclosed componds, as Well as the salts 
thereof, are able to form. Such solvates are for example 
hydrates, alcoholates and the like. Conversely the salt form 
can be converted by treatment With alkali into the free base 
form. 

[0255] Stereoisomeric forms de?nes all the possible iso 
meric forms Which the compounds of formula (I) may 
possess. Unless otherWise mentioned or indicated, the 
chemical designation of compounds denotes the mixture of 
all possible stereochemically isomeric forms, said mixtures 
containing all diastereomers and enantiomers of the basic 
molecular structure. More in particular, stereogenic centers 
may have the (R)- or (S)-con?guration; substituents on 
bivalent cyclic saturated radicals may have either the cis- or 
trans-con?guration. The invention encompasses stere 
ochemically isomeric forms including diastereoisomers, as 
Well as mixtures thereof in any proportion of the disclosed 
compounds. The disclosed compounds may also exist in 
their tautomeric forms. Such forms although not explicitly 
indicated in the above and folloWing formulae are intended 
to be included Within the scope of the present invention. 

[0256] Those of skill in the treatment of disorders or 
conditions mediated by the cathepsin S enZyme could easily 
determine the effective daily amount from the test results 
presented hereinafter and other information. In general it is 
contemplated that a therapeutically effective dose Would be 
from 0.001 mg/kg to 5 mg/kg body Weight, more preferably 
from 0.01 mg/kg to 0.5 mg/kg, body Weight. It may be 
appropriate to administer the therapeutically effective dose 
as tWo, three, four or more sub-doses at appropriate intervals 
throughout the day. Said sub-doses may be formulated as 
unit dosage forms, for example, containing 0.05 mg to 250 
mg, and in particular 0.5 to 50 mg of active ingredient per 
unit dosage form. Examples include 2 mg, 4 mg, 7 mg, 10 
mg, 15 mg, 25 mg, and 35 mg dosage forms. Compounds of 
the invention may also be prepared in time-release or 
subcutaneous or transdermal patch formulations. Disclosed 
compound may also be formulated as a spray or other topical 
or inhalable formulations. 

[0257] The exact dosage and frequency of administration 
depends on the particular compound of formula (I) used, the 
particular condition being treated, the severity of the con 
dition being treated, the age, Weight and general physical 
condition of the particular patient as Well as other medica 
tion the patient may be taking, as is Well knoWn to those 
skilled in the art. Furthermore, it is evident that said effective 
daily amount may be loWered or increased depending on the 
response of the treated patient and/or depending on the 
evaluation of the physician prescribing the compounds of 
the instant invention. The effective daily amount ranges 
mentioned herein are therefore only guidelines. 

[0258] The next section includes detailed information 
relating to the preparation, characteriZation, and use of the 
disclosed compounds. 
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E. EXAMPLES 

Example 1 

[0259] 

CF 
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N/\(\N \ 
OH \ 
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HN 

N 

\ /O 
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c1 14. 

[0260] 1 -[4-(5 -Chloro- 1H-indol-3-yl)-piperidin-1 -yl]-3 
[5 -methanesulfonyl-3-(4-tri?uoromethyl-phenyl) -4,5 ,6,7 
tetrahydro -pyraZolo[4,3-c]pyridin-1 -yl]-propan-2-ol. 

[0261] A. 1-Methanesulfonyl-piperidin-4-one. 

[0262] Potassium carbonate (324 g, 2340 mmol) Was 
added to a solution of 4-piperidone monohydrate hydrochlo 
ride (90 g, 586 mmol) in chloroform (300 mL) and Water 
(300 mL). The slurry Was cooled to 00 C. and treated With 
methylsulfonyl chloride (136 mL, 1760 mmol) by dropWise 
addition over a 1 h period (gas evolution Was observed). The 
reaction mixture Was alloWed to shake for 72 h and Was 

partitioned betWeen CH2Cl2 (500 mL) and saturated aque 
ous NaHCO3 (500 mL). The aqueous layer Was extracted 
With CH2Cl2 (3x200 mL). The organic layer Was Washed 
With 1% KHSO4 (250 mL), dried (Na2SO4), and concen 
trated to afford 90.5 g (87%) of a White solid. MS (electro 
spray): exact mass calculated for C6H11NO3S, 177.1; m/Z 
found, 178.1 [M+H]+. HPLC (reverse phase conditions): 
tR=2.19 min. 1H NMR (400 MHZ, CDCl3): 3.60 (t, J=6.5 HZ, 
4H), 2.89 (s, 3H), 2.59 (t, J=6.3 HZ, 4H). 

[0263] B. 5-Methanesulfonyl-3-(4-tri?uoromethyl-phe 
nyl)-4,5,6,7-tetrahydro-1H-pyraZolo[4,3 -c]pyridine. 

[0264] p-Toluenesulfonic acid (1.34 g, 7.0 mmol) and 
morpholine (25.83 mL, 296 mmol) Were added to a solution 
of 1-methanesulfonyl-piperidin-4-one (50.0 g, 282 mmol) in 
benZene (282 mL). The reaction mixture Was heated in a 
?ask equipped With a condenser and a Dean-Stark trap at 
re?ux for 15 h. The reaction mixture Was cooled and 
concentrated in vacuo to give the enamine Which Was used 
Without further puri?cation. The enamine Was dissolved in 
CHZCl2 (200 mL) and cooled to 00 C. To this Was added 
triethylamine (47.2 mL, 339 mmol) folloWed by dropWise 
addition of 4-tri?uoromethylbenZoyl chloride (42.3 mL, 285 
mmol) dissolved in CH2Cl2 (82 mL). The reaction mixture 
Was alloWed to Warm to room temperature and stirred for 20 
h. The reaction mixture Was Washed With 1 N aqueous 1HCl 
(250 mL) and the CH2Cl2 layer Was separated, dried 
(Na2SO4), and concentrated. The resulting oil Was taken up 
in ethanol (300 mL) and treated With hydraZine (44.3 mL, 
1.41 mol) at 0° C. The reaction mixture Was alloWed to 
Warm to room temperature and stirred for 24 h. The mixture 
Was concentrated and the resulting solid Was ?ltered With 
ethanol Wash and dried in vacuo to afford 70 g (72%) of 
5-methanesulfonyl-3-(4-tri?uoromethyl-phenyl)-4,5,6,7 
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tetrahydro-1H-pyraZolo[4,3-c]pyridine as a White solid. MS 
(electrospray): exact rnass calculated for C14H14F3N3O2S, 
345.0; rn/Z found, 346.0 [M+H]+. HPLC (reverse phase 
conditions): tR=6.33 rnin. 1H NMR (400 MHZ, CDCl3): 7.72 
(s, 4H), 4.58 (s, 2H), 3.69 (t, J=5.7 HZ, 2H), 2.99 (t, J=5.7 
HZ, 2H), 2.92 (s, 3H). 
[0265] C. 5 -Methanesulfonyl-1 -oxiranylrnethyl-3-(4-trif 
luorornethyl-Phenyl) -4,5 ,6,7-tetrahydro- 1H-pyraZolo[4,3-c] 
pyridine. 

[0266] 5-Methanesulfonyl-3-(4-tri?uorornethyl-phenyl) 
4,5,6,7-tetrahydro-1H-pyraZolo[4,3-c]pyridine (10.0 g, 29.0 
rnrnol) and epichlorohydrin (24 rnL, 307 rnrnol) Were set 
stirring in DMF (150 rnL) containing Cs2CO3 (10.4 g, 31.9 
rnrnol). After stirring at room temperature for 4 days the 
mixture Was evaporated, brought up in EtOAc and Washed 
With Water. The organics Were dried (MgSO4) and evapo 
rated to give a light yelloW solid. Colurnn chrornatography 
(silica, 5% acetone/CH2Cl2) gave 4.1 g (35%) of a White 
solid. TLC (silica, 5% acetone/CH2Cl2): Rf=0.28. MS (elec 
trospray): exact rnass calculated for C17H18F3N3O3S, 
401.10; rn/Z found, 402.1 [M+H]+. 1H NMR (400 MHZ, 
CDC13); 7.84 (d, J=8.3 HZ, 2H), 7.79 (d, J=8.3 HZ, 2H), 
4.70-4.62 (rn, 3H), 4.25 (d, J=5.4 HZ, 1H), 3.90-3.70 (rn, 
2H), 3.47 (In, 1H), 310-29 (In, 6H), 2.65-2.60 (rn, 1H). 
[0267] D. 4-(5-Chloro-1H-indol-3-yl)-3,6-dihydro-2H 
pyridine-1-carboxylic Acid Tert-Butyl Ester. 

[0268] 5-Chloro-1H-indole (3.2 g, 20 rnrnol), 4-oxo-pip 
eridine-1-carboxylic acid tert-butyl ester (7.97 g, 40 rnrnol) 
and potassium hydroxide (4.5 g, 80 rnrnol) Were added in 
MeOH (40 rnL) and heated to re?ux for 16 h. The reaction 
mixture Was then cooled to room temperature and poured 
into ice Water (200 rnL). The mixture Were extracted With 
10% MeOH/CHZCl2 (5><100 rnL). The organic extracts Was 
dried over NaZSO4 and concentrated to form a solid. The 
solid Was Washed With MeOH (100 rnL), ?ltered and dried 
to give a light yelloW solid 6.3 g (94%). TLC (silica, 5% 
MeOH/CH2Cl2): Rf=0.8. MS (electrospray): exact rnass 
calculated for C18H21ClN2O2, 332.12; rn/Z found, 355.0 
[M++Na]. 1H NMR (CDCl3, 400 MHZ): 8.26 (br s, 1H), 7.83 
(d, J=1.76 HZ, 1H), 7.28 (d, J=8.80 HZ, 1H), 7.19-7.14 (rn, 
2H), 6.09 (br s, 1H), 4.15-4.10 (rn, 2H), 3.66 (t, J=5.67 HZ, 
2H), 2.56-2.49 (rn, 2H), 1.50 (s, 9H). 

[0269] E. 4-(5-Chloro-1H-indol-3-yl)-piperidine-1-Car 
boxylic Acid Tert-Butyl Ester. 

[0270] 4-(5-Chloro-1H-indol-3-yl)-3,6-dihydro-2H-pyri 
dine-1-carboxylic acid tert-butyl ester (6.3 g, 18.9 rnrnol) in 
EtOH (125 rnL) containing PtO2 (1 g) Was placed on a Parr 
hydrogenator at 60 psi H2. After 18 h the mixture Was 
?ltered through celite and evaporated to give a White solid 
6.0 g (94%). TLC (silica, 5% MeOH/CHZClZ): Rt=0.8. MS 
(electrospray): exact rnass calculated for C18H23ClN2O2, 
334.14; rn/Z found, 335.1 [M++H]. 1H NMR (CDCl3, 400 
MHZ) 8.46 (br s, 1H), 7.51 (d, J=8.41 HZ, 1H), 7.32 (d, 
J=1.57 HZ, 1H), 7.06 (dd, J=6.46 HZ, 2.15 HZ, 1H), 6.92 (d, 
J=2.35 HZ, 1H), 4.24 (d, J=13.11 HZ, 2H), 2.98-2.84 (rn, 
3H), 2.00 (d, J=12.72 HZ, 2H), 1.69-1.55 (rn, 2H), 1.50 (s, 
9H). 
[0271] F. 5-Chloro-3-piperidin-4-yl-1H-indole. 

[0272] 4-(5-Chloro-1H-indol-3-yl)-piperidine-1-carboxy 
lic acid tert-butyl ester (3.4 g, 10.2 rnrnol) Was set stirring in 
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1:1 TFA/CH2Cl2. After 45 min the mixture Was evaporated 
and the golden oil brought up in Et2O. A solid formed and 
Was ?ltered, Washed With Et2O and air dried to give 3.5 g 
(97%) of a White solid as a TFA salt. MS (electrospray): 
exact rnass calculated for C12H15CIN2, 234.09; rn/Z found, 
235.1 [M++H]. 

[0273] G. 1 -[4-(5 -Chloro- 1H-indol-3 -yl)-piperidin-1 -yl] 
3-[5-rnethanesulfonyl-3-(4-tri?uorornethyl-phenyl) -4,5 ,6,7 
tetrahydro -pyraZolo[4,3-c]pyridin-1 -yl]-propan-2-ol. 
[0274] 5-Chloro-3-piperidin-4-yl-1H-indole (350 mg, 
1.00 rnrnol) and 5-rnethanesulfonyl-1-oxiranylrnethyl-3-(4 
tri?uorornethyl-phenyl)-4,5, 6,7-tetrahydro-1 H-pyraZolo[4, 
3-c]pyridine (401 mg, 1.00 rnrnol) Were set stirring in EtOH 
(20 rnL) containing Et3N (215 pL, 1.54 rnrnol) at 80° C. 
After 16 h the mixture Was cooled, evaporated, brought up 
in CH2Cl2 and Washed With Water. The organics Were dried 
over NaZSO4 and concentrated. Colurnn chrornatography 
(silica, 0-10% MeOH/CH2Cl2) provided 551 mg (88%) of a 
White solid. TLC (silica, 10% MeOH/CH2Cl2): Rf=0.8. MS 
(electrospray): exact rnass calculated for 
C30H33ClF3N5O3S, 635.19; rn/Z found, 636.2 [M++H]. 1H 
NMR (CDCl3, 400 MHZ): 8.82 (br s, 1H), 7.68 (d, J=8.41 
HZ, 2H), 7.61 (d, J=8.6 HZ, 2H), 7.54 (br s, 1H), 7.16 (d, 
J=8.41 HZ, 1H), 7.03 (dd, J=7.0 HZ, 1.6 HZ, 1H), 6.85 (br s, 
1H), 4.43 (dd, J=25.2 HZ, 14.6 HZ, 2H), 4.30-4.05 (rn, 3H), 
4.00-3.88 (rn, 1H), 3.62-3.50 (rn, 1H), 3.47-3.35 (rn, 1H), 
3.02-2.89 (rn, 2H), 2.88-2.81 (rn, 2H), 2.79 (s, 3H), 2.72 
2.60 (In, 1H), 2.47-2.28 (rn, 3H), 2.12-2.00 (rn, 1H), 1.96 
1.85 (In, 2H), 1.74-1.50 (rn, 2H). 

Example 2 

[0275] 

c113 

[0276] 1 -[4-(7-Chloro- 1H-indol-3-yl)-piperidin-1 -yl]-3 
[5 -rnethanesulfonyl-3-(4-tri?uorornethyl-phenyl) -4,5 ,6,7 
tetrahydro -pyraZolo[4,3-c]pyridin-1 -yl]-propan-2-ol. 
[0277] A. 4-(7-Chloro-1H-indol-3-yl)-3,6-dihydro-2H 
pyridine-1-Carboxylic Acid Tert-Butyl Ester. 

[0278] 7-Chloro-1H-indole (3.2 g, 20 rnrnol), 4-oxo-pip 
eridine-1-carboxylic acid tert-butyl ester (7.97 g, 40 rnrnol) 
and potassium hydroxide (4.5 g, 80 rnrnol) Were added in 
MeOH (40 rnL) and heated to re?ux for 16 h. The reaction 
mixture Was then cooled to room temperature and poured 
into ice Water (200 rnL). The mixture Was extracted With 
10% MeOH/CHZCl2 (5><100 rnL). The organic extracts Was 
dried over NaZSO4 and concentrated to form a solid. The 
solid Was Washed With MeOH (100 rnL), ?ltered and dried 
to give a light yelloW solid 6.3 g (94%). TLC (silica, 5% 
MeOH/CH2Cl2): Rf=0.8. MS (electrospray): exact rnass 
calculated for C18H21ClN2O2, 332.12; rn/Z found, 355.0 
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[M++Na]. 1H NMR (CDC13, 400 MHZ); 8.26 (br s, 1H), 7.83 
(d, J=1.76 HZ, 1H), 7.28 (d, J=8.80 HZ, 1H), 7.19-7.14 (rn, 
2H), 6.09 (br s, 1H), 4.15-4.10 (rn, 2H), 3.66 (t, J=5.67 HZ, 
2H), 2.56-2.49 (rn, 2H), 1.50 (s, 9H). 

[0279] B. 4-(7-Chloro-1H-indol-3-yl)-piperidine-1-Car 
boxylic Acid Tert-Butyl Ester. 

[0280] 4-(7-Chloro-1H-indol-3-yl)-3,6-dihydro-2H-pyri 
dine-1-carboxylic acid tert-butyl ester (6.3 g, 18.9 rnrnol) in 
EtOH (125 rnL) containing PtO2 (1 g) Was placed on a Parr 
hydrogenator at 60 psi H2. After 18 h the mixture Was 
?ltered through celite and evaporated to give a White solid 

6.0 g (94%). TLC (silica, 5% MeOH/CH2Cl2): Rt=0.8. MS 
(electrospray): exact rnass calculated for C18H23ClN2O2, 

334.14; rn/Z found, 335.1 [M++H]. 1H NMR (CDCl3, 400 
MHZ): 8.46 (br s, 1H), 7.51 (d, J=8.41 HZ, 1H), 7.32 (d, 
J=1.57 HZ, 1H), 7.06 (dd, J=6.46 HZ, 2.15 HZ, 1H), 6.92 (d, 
J=2.35 HZ, 1H), 4.24 (d, J=13.11 HZ, 2H), 2.98-2.84 (rn, 
3H), 2.00 (d, J=12.72 HZ, 2H), 1.69-1.55 (rn, 2H), 1.50 (s, 
9H). 

[0281] C. 7-Chloro-3-piperidin-4-yl-1H-indole. 

[0282] 4-(7-Chloro-1H-indol-3-yl)-piperidine-1-carboxy 
lic acid tert-butyl ester (3.4 g, 10.2 rnrnol) Was set stirring in 
1:1 TFA/CH2Cl2. After 45 min the mixture Was evaporated 
and the golden oil brought up in EtZO. A solid formed and 
Was ?ltered, Washed With Et2O and air dried to give 3.5 g 
(97%) of a White solid. MS (electrospray): exact rnass 

calculated for C12H15ClN2, 234.09; rn/Z found, 235.1 [M++ 
H]. 

[0283] D. 1 -[4-(7-Chloro- 1H-indol-3-yl)-piperidin-1 -yl] 
3-[5-rnethanesulfonyl-3-(4-tri?uorornethyl-phenyl) -4.5 ,6,7 
tetrahydro -pyraZolo[4.3-c]pyridin- 1-yl]-propan-2-ol. 

[0284] 7-Chloro-3-piperidin-4-yl-1H-indole (341 mg, 
0.97 rnrnol) and 5-rnethanesulfonyl-1-oxiranylrnethyl-3-(4 
tri?uorornethyl-phenyl)-4,5,6,7-tetrahydro-1H-pyraZolo[4, 
3-c]pyridine (130 mg, 0.32 rnrnol) Were set stirring in EtOH 
(15 rnL) containing Et3N (135 pL, 0.97 rnrnol) at 80° C. 
After 16 h the mixture Was cooled, evaporated, brought up 
in CH2Cl2 and Washed With Water. The organics Were dried 

over NaZSO4 and concentrated. Colurnn chrornatography 

(silica, 0-10% MeOH/CH2Cl2) gave 120 mg (65%) of a 
White solid. TLC (silica, 10% MeOH/CH2Cl2): Rf=0.7. MS 
(electrospray): exact rnass calculated for 

C3OH33ClF3N5O3S, 635.19; rn/Z found, 636.2 [M++H]. 1H 
NMR (CDCl3, 400 MHZ): 8.55 (br s, 1H), 7.70 (d, J=8.22 
HZ, 2H), 7.63 (d, J=8.4 HZ, 2H), 7.49 (d, J=9.4 HZ, 1H), 7.14 
(d, J=7.8 HZ, 1H), 7.00 (t, J=8.02 HZ, 1H), 6.94 (br s, 1H), 
4.51 (dd, J=12.5 HZ, 14.5 HZ, 2H), 4.25-4.11 (rn, 3H), 
4.07-3.95 (rn, 1H), 3.73-3.61 (rn, 1H), 3.61-3.50 (rn, 1H), 
3.11-2.98 (rn, 2H), 2.88-2.85 (rn, 2H), 2.83 (s, 3H), 2.82 
2.72 (In, 1H), 2.55-2.38 (rn, 3H), 2.24-2.10 (rn, 1H), 2.05 
1.90 (In, 2H), 1.82-1.61 (rn, 2H). 
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[0286] 1 -[4-(5 -Chloro-2-rnethyl- 1H-indol-3 -yl) -piperi 
din-1 -yl]-3-[5 -rnethanesulfonyl-3 -(4-tri?uorornethyl-phe 
nyl)-4,5,6,7-tetrahydro -pyraZolo[4,3-c]pyridin- 1-yl]-pro 
pan-2-ol. 

[0287] A. 4-(5-Chloro-2-rnethyl-1H-indol-3-yl)-3.6-dihy 
dro-2H-pyridine-1-Carboxylic Acid Tert-Butyl Ester. 

[0288] 5-Chloro-2-rnethyl-1H-indole (3.3 g, 20 rnrnol), 
4-oxo-piperidine-1-carboxylic acid tert-butyl ester (7.97 g, 
40 rnrnol) and potassium hydroxide (4.5 g, 80 rnrnol) Were 
added in MeOH (40 rnL) and heated to re?ux for 16 h. The 
reaction mixture Was then cooled to room temperature and 

poured into ice Water (200 rnL). The mixture Was extracted 
With 10% MeOH/CHZCl2 (5><100 rnL). The organic extracts 
Was dried over NaZSO4 and concentrated to form a solid. 

The solid Was Washed With MeOH (100 rnL), ?ltered and 
dried to give a light yelloW solid 6.2 g (90%). TLC (silica, 
5% MeOH/CH2Cl2): Rf=0.8. MS (electrospray): exact rnass 
calculated for C19H23ClN2O2, 346.14; rn/Z found, 347.1 
[M++H]. 
[0289] B. 4-(5-Chloro-2-rnethyl-1H-indol-3-yl)-piperi 
dine-1-Carboxylic Acid Tert-Butyl Ester. 

[0290] 4-(5-Chloro-2-rnethyl-1H-indol-3-yl)-3,6-dihydro 
2H-pyridine-1-carboxylic acid tert-butyl ester (6.2 g, 17.9 
rnrnol) in EtOH (125 rnL) containing PtO2 (1 g) Was placed 
on a Parr hydrogenator at 60 psi H2. After 18 h the mixture 
Was ?ltered through celite and evaporated to give a White 
solid 6.2 g (99%). TLC (silica, 5% MeOH/CHZClZ): Rt=0.8. 
MS (electrospray): exact rnass calculated for 

C19H25ClN2O2, 348.16; rn/Z found, 349.1 [M++H]. 

[0291] C. 5-Chloro-2-rnethyl-3-piperidin-4-yl-1H-indole. 

[0292] 4-(5-Chloro-2-rnethyl-1H-indol-3-yl)-piperidine 
1-carboxylic acid tert-butyl ester (6.2 g, 107.8 rnrnol) Was 
set stirring in 1:1 TFA/CH2Cl2. After 45 min the mixture Was 
evaporated and the golden oil brought up in Et2O. A solid 
formed and Was ?ltered, Washed With Et2O and air dried to 
give 6.2 g (95%) of a White solid as a TFA salt. MS 
(electrospray): exact rnass calculated for C14H17ClN2, 
248.11; rn/Z found, 249.1 [M++H]. 

[0293] D. 1 -[4-(5 -Chloro-2-rnethyl- 1H-indol-3 -yl )-pip 
eridin- 1-yl]-3-[5-rnethanesulfonyl-3-(4-tri?uorornethyl 
phenyl)-4,5,6,7-tetrahydro -pyraZolo[4.3-c]pyridin- 1-yl]pro 
pan-2-ol. 












































