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TETRAHYDROTHIOPYRANO PYRAZOLE CANNABINOID MODULATORS
CROSS REFERENCE TO RELATED APPLICATIONS

This present application claims benefit of U.S. Provisional Patent Application Serial
No. 60/666898, filed March 31, 2005, which is incorporated herein by reference in its entirety

and for all purposes.

BACKGROUND OF THE INVENTION

Before the discovery of the cannabinoid CB1 and CB2 receptors, the term cannabinoid
(CB) was used to describe the biologically active components of cannabis sativa, the most

abundant of which are delta-9-tetrahydrocannabinol (THC) and cannabidiol.

CHg

THC Cannabididl‘

THC is a moderately potent partial agonist of the CB1 and CB2 receptors and is
considered the “classical cannabinoid,” a term now used to refer to other analogues and
derivatives that are structurally related to the tricyclic dibenzopyran THC core. The term “non-

classical cannabinoid” refers to CB agonists structurally related to cannabidiol.

Pharmacological investigations have concentrated on selective CB receptor modulators
of the pyrazole structural class, which include SR 141716A (the monohydrochloride salt of SR
141716) and SR 144528. SR 141716A was the first potent and selective CB1 receptor

antagonist.



10

15

20

CA 02603104 2007-09-28

WO 2006/107561 PCT/US2006/009424

HaC
HaC

Cl

SR 141716 SR 144528

Pyrazole CB modulators are among the many different structural classes which have aided
the development of CB pharmacology, have helped to determine the biological effects mediated by
the CB receptors, will lead to further refinement of current compounds, and will be a source of new

chemical classes in the future.

Certain compounds (including SR 141716, SR 144528 and the like) that were originally
classified as selective antagonists are now considered to act as "inverse agonists" rather than pure
antagonists. Inverse agonists have the ability to decrease the constitutive level of receptor
activation 1n the absence of an agonist instead of only blocking the activation induced by agonist
binding at the receptor. The constitutive activity of CB receptors has important implications since
there 1s a level of continuous signaling by CB1 even in the absence of an agonist. For example, SR
141716A increases CB1 protein levels and sensitizes cells toward agonist action, thus indicating
that inverse agonists may be another class of ligands used to modulate the endocannabinoid system

and the downstream signaling pathways activated by cannabinoid receptors.

Advances in the synthesis of CB and cannabimimetic ligands have furthered the
development of receptor pharmacology and provided evidence for the existence of additional CB
receptor sub-types. However, there remains an ongoing need for the identification and
development of small molecule CB1 or CB2 receptor modulators for the treatment of a variety of

CB receptor modulated syndromes, disorders, and diseases.
All documents cited herein are incorporated by reference.

SUMMARY OF THE INVENTION

This invention is directed to tetrahydrothiopyrano pyrazole CB modulator compounds
and a method for use In treating, ameliorating or preventing a CB receptor mediated syndrome,

disorder or disease.
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The invention relates to a CB modulator compound of Formula (I)

or a pharmaceutically acceptable form thereof and a method for use in treating, ameliorating or

preventing a CB receptor mediated syndrome, disorder or disease.
DESCRIPTION OF THE INVENTION

This invention is directed to a compound of Formula (I):

wherein

the dashed lines between positions 2-3 and positions 3a-7a in Formula (I) each represent the

location for a double bond when X, R, is present;

the dashed lines between positions 3-3a and positions 7a-1 in Formula (I) each represent the

location for a double bond when X;R, 1s present;

the dashed line between position 7 and X4R, in Formula (I) represents the location for a double
bond:

X 1s sulfur, sulfoxo or sulfonyl;

X, is absent or 1s lower alkylene;

X, is absent or is lower alkylene;

wherein only one of X;R; and X,R; are present;

X5 is absent or is lower alkylene or lower alkylidene;

when the dashed line between position 7 and X,R, is absent, then X, is absent or 1s lower
alkylene;

when the dashed line between position 7 and XR, is present, then X4 1s absent;
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R, is hydrogen, aryl, C;-C;, cycloalkyl, or heterocyclyl, wherein each of aryl, C3-Cy,
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cycloalkyl, or heterocyclyl 1s optionally substituted at one or more positions by

halogen, lower alkyl, hydroxy or lower alkoxy;

R, is hydrogen, aryl, Cs-C;, cycloalkyl, or heterocyclyl, wherein each of aryl, C5-Cy,

cycloalkyl, or heterocyclyl is optionally substituted at one or more positions by

halogen, lower alkyl, hydroxy or lower alkoxy;

Rj is -C(O)-heterocyclyl or -Z-N(Rg)-Z;R7 (optionally substituted on heterocyclyl by one or

more hydroxy, halogen, amino, lower alkyl, carboxy, alkoxycarbonyl, lower alkoxy,

lower alkoxy-lower alkylene-, hydroxy-alkylene-, aryloxy or arylalkoxy); |

when the dashed line between position 7 and X4R, is absent, then R4 1s hydrogen, hydrooxy,
lower alkyl, lower alkoxy, halogen, aryl (optionally substituted on aryl at one or mofe
positions by hydroxy, lower alkyl, lower alkoxy or halogen), heterocyclyl (optionally
~ substituted on heterocyclyl at one or more positions by hydroxy, lower alkyl, lower
alkoxy or halogen) or Cs;-C,, cycloalkyl (optionally substituted on C;-C;, cycloalkyl at

one or more positions by hydroxy, lower alkyl, lower alkoxy or halogen);

when the dashed line between position 7 and X;R, is present, then R4 1s CH-aryl (optionally
substituted on aryl at one or more positions by hydroxy, lower alkyl, lower alkoxy or
halogen) or CH-heterocyclyl (optionally substituted on heterocyclyl at one or more

positions by hydroxy, lower alkyl, lower alkoxy or halogen);

R¢ and R; are each individually hydrogen, lower alkyl, -NRgRy, aryl (optionally substituted on
aryl by one or more hydroxy, halogen, lower alkyl, carboxy, alkoxycarbonyl, lower
alkoxy, hydroxy-alkylene-, aryloxy or arylalkoxy), Cs-C;, cycloalkyl (optionally
substituted on C;-Cy, cycloalkyl by one or more hydroxy, halogen, amino, lower alkyl,
carboxy, alkoxycarbonyl, lower alkoxy, hydroxy-alkylene-, aryloxy, arylalkoxy or
lower alkylene) or heterocyclyl (optionally substituted on heterocyclyl by one or more
hydroxy, halogen, amino, lower alkyl, carboxy, alkoxycarbonyl, lower alkoxy, lower

alkoxy-lower alkylene-, hydroxy-alkylene-, aryloxy or arylalkoxy);

Rg and Ry are each individually hydrogen, alkyl, heterocyclyl, Cs-C, cycloalkyl, or aryl
(optionally substituted on aryl by one or more lower alkyl, hydroxy, alkoxy, halogen,

heterocyclyl or aryl-lower alkylene-);
Z 1s carbonyl or sulfonyl;

Z, is absent or is lower alkylene optionally substituted at one or more positions by halogen,

hydroxy, lower alkoxy, carboxy or lower alkoxycarbonyl;
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An example of the present invention is a compound of Formula (I) wherein X is absent or
is lower alkylene and R, is hydrogen, C3.C,, cycloalkyl or aryl (optionally substituted on aryl at

one or more positions by lower alkyl, lower alkoxy or halogen).

An example of the present invention is a compound of Formula (I) wherein when the
dashed line between position 7 and X R4 1s absent, then X, is absent or is lower alkyléne and R, 18
hydrogen, hydroxy, lower alkyl, lower alkoxy, halogen, aryl (optionally substituted on aryl at one
or more positions by lower alkoxy or halogen), heterocyclyl (optionally substituted on heterocyclyl

at one or more positions by halogen) or C;-Cy cycloalkyl.

An example of the present invention is a compound of Formula (I) wherein when the

dashed line between positions 7 and X;R, is absent, then X, 1s absent and R4 1s hydrogen.

An example of the present invention is a compound of Formula (I) Qherein X3 18 absent or
is lower alkylidene; R; is -C(O)-heterocyclyl or -Z-N(Rg)-Z,R7 (optionally substituted on
heterocyclyl by one or more hydroxy, halogen, amino, lower alkyl, carboxy, alkoxycarbonyl, lower
alkoxy, lower alkoxy-lower alkylene-, hydroxy-alkylene-, aryloxy or arylalkoxy); Z is carbonyl or
sulfonyl; Z, is absent or is lower alkylene; and R¢ and R; are each individually hydrogen, lower
alkyl, -NRgRg, aryl (optionally substituted on aryl by one or more hydroxy, halogen, lower alkyl,
carboxy, alkoxycarbonyi, lower alkoxy, hydroxy-alkylene-, aryloxy or arylalkoxy), Cs-C;,
cycloalkyl (optionally substituted on Cs-C,, cycloalkyl by one or more hydroxy, halogen, amino,
lower alkyl, carboxy, alkoxycarbonyl, lower alkoxy, hydroxy-alkylene-, aryloxy, arylalkoxy or
lower alkylene) or heterocyclyl (optionally substituted on heterocyclyl by one or more hydroxy,
halogen, amino, lower alkyl, carboxy, alkoxycarbonyl, lower alkoxy, lower alkoxy-lower
alkylene-, hydroxy-alkylene-, aryloxy or arylalkoxy), wherein Rg and R, are each individually
hydrogen, alkyl, heterocyclyl, C;.Cy, cycloalkyl or aryl (optionally substituted on aryl by one or

more lower alkyl, hydroxy, alkoxy, halogen, heterocyclyl or aryl-lower alkylene-).

An example of the present invention is a compound of Formula (I) wherein X3 is absent or
1s lower alkylidene; R; is ~C(O)§heterocyclyl or -Z-N(R¢)-Z1R7; Z 1s carbonyl or sultonyl; Z, 1s
absent or is lower alkylene; and Rg and R; are each individually hydrogen, lower alkyl, -NRgRo,
aryl (optionally substituted on aryl by one or more hydroxy, halogen, lower alkyl, lower alkoxy or
hydroxy-alkylene-), Cs-C;, cycloalkyl (optionally substituted on C3-C,, cycloalkyl by one or more
hydroxy, halogen, amino, lower alkyl, carboxy, alkoxycarbonyl, lower alkoxy or
hydroxy-alkylene-), or heterocyclyl (optionally substituted on heterocyclyl by one or more

hydroxy, halogen, amino, lower alkyl, carboxy, alkoxycarbonyl, lower alkoxy, lower alkoxy-lower
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alkylene- or hydroxy-alkylene-), wherein Rg and Ry are each individually hydrogen, alkyl,
heterocyclyl, C3-Cy, cycloalkyl or aryl (optionally substituted on aryl by one or more lower alkyl,
hydroxy, alkoxy or halogen).

An example of the present invention is a compound of Formula (I) wherein X3 is absent or
1S loWer alkylidene; Rj 18 -C(O)-heterocycl.yl or -Z-N(Rg)-Z1R7; Z 1s carbonyl or sulfonyll, le 1S
absent or is lower élkylene; and Rg and Ry are each individually hydrogen, lower alkyi, -NRgR,
aryl, C5-Cy, cycloalkyl (obtionally substituted on C3-C;, cycloalkyl by one or more hydroxy, lower
alkyl or alkoxycarbonyl), or heterocyclyl (optionally substituted on heterocyclyl by one or more
lower alkyl, alkoxycarbonyl, lower alkoxy-lower alkylene- or hydroxy-alkylene-), wherein Rg and
Ry are each individually hydrogen, alkyl, C3-C;, cycloalkyl or aryl (optionally substituted on aryl

by one or more halogen).

An example of thé present invention 1s a compound of Formula (I) wherein X is absent or
is lower alkylene; and, R, is C5.C;; cycloalkyl or aryl (optionally substituted on aryl at one or more

positions by lower alkyl, lower alkoxy or halogen).

An example of the present invention is a compound of Formula (1) whefein whlen the
dashed line between position 7 and X4R, is present, then X, is absent and R, is CH-aryl (optionally
substituted on aryl at one or more positions by hydroxy, lower alkyl, lower alkoxy or halogen) or
CH-heterocyclyl (optionally substituted on heterocyclyl at one or more positions by hydroxy,

lower alkyl, lower alkoxy or halogen).

An example of the present invention is a compound of Formula (I) wherein when the

dashed lme between position 7 and X4R, is present, then X is absent and R, is CH-aryl (optionally

substituted on aryl at one or more positions by lower alkyl, lower alkoxy or halogen) or

CH-heterocyclyl ( optionally substituted on heterocyclyl at one or more positions by lower alkyl, -

lower alkoxy or halogen).

An example of the present" invention 1s a compound of Formula (I) wherein when the
dashed line between position 7 and X4R4 is present, then X4 is absent and R, is CH-phenyl,
CH-thienyl or CH-furyl (optionally substituted on phenyl, thienyl or furyl at one or more positions

by lower alkyl, lower alkoxy or halogen).

An example of the present invention is a compound of Formula (I) wherein X is sulfur,
sulfoxo or sulfonyl; X, is absent or is lower alkylene; R, is hydrogen, C;.C;, cycloalkyl or aryl
(optionally substituted on aryl at one or more positions by lower alkyl, lower alkoxy or halogen);
when the dashed line between positions 7 and X4R, is absent, then X, is absent and Ry is hydrogen;
X3 1s absent or 1s lower alkylidene; Rj 1s -C(O)-heterocyclyl or -Z-N(Rg)-Z;R7; Z is carbonyl or

6
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sulfonyl; Z; is absent or is lower alkylene; Rq and R; are each individually hydrogen, lower alkyl,

-NR3gRy, aryl, Cs;-C;, cycloalkyl (optionally substituted on C3-C12 cycloalkyl by one or more

hydroxy, lower alkyl or alkoxycarbonyl) or heterocyclyl (optionally substituted on heterocyclyl by

one or more lower alkyl, alkoxycarbonyl, lower alkoxy-lower alkylene- or hydroxy-alkylene-),

wherein RgQ and Ry are each individually hydrogen, alkyl, C3-Cya cycldalkyl or aryl (optionally

substituted on aryl by one or more halogen); X is absent or is lower alkylene; R, is C5.Cy

cycloalkyl or aryl (optionally substituted on aryl at one or more positions by lower alkyl, lower

alkoxy or halogen); and, when the dashed line between position 7 and X4R4 18 present, then X is

absent and R4 is CH-phenyl, CH-thienyl or CH-furyl (optionally substituted on phenyl, thienyl or

furyl at one or more positions by lower alkyl, lower alkoxy or halogen).

An example of the invention is a compound of Formula (Ia)

X3R3

d

Y IT
R,X,
X1Ry

wherein X;R;, X3R;, and X4R, are dependently selected from

Cpd X,R;

1 CHg-phenyr
3 CH,-phenyl

7 CH,-phenyl
11 CH,-phenyl
12 CH,-phenyl
19 CH,-phenyl
32  CHj-phenyl
33  CHy-phenyl
38 2,4-F>-phenyl
39 2,4-F,-phenyl
40 2,4-Fy-phenyl
41 2,4-F,-phenyl
46  2,4-Cl-phenyl
47 H

48 H

52  2,4-Cl,-phenyl
54 2,4-Cl,-phenyl
S5 2,4-Cl,-phenyl

C(O)NH-CH(phenyl)-R-CH,

X3R;

CH=CHSO,NH-CH(phenyl)-S-CH;
CH=CHSO,NH-CH(phenyl)-R-CH;
CH=CHSO,NH-CH(cyclohexyl)-R-CHj,
CH=CHSO,NH-CH(cyclohexyl)-S-CH;

C(O)NH-1,3,3-(CH3)s-
bicyclo[2.2.1]hept-2-yI

CH=CHC(O)NH-CH(phenyl)-S-CHj3
CH=CHC(O)NH-CH(phenyl)-R-CH;
CH=CHSO,NH-CH(phenyl)-S-CHj
CH=CHSO,NH-CH(cyclohexyl)-R-CH;
CH=CHSO,NH-piperidin-1-yl
CH=CHSO,NH-morpholin-4-yl
CH=CHSO,NH-CH(phenyl)-5-CHj3
CH=CHSO,NH-CH(phenyl)-S-CH;
CH=CHSO,NH-CH(cyclohexyl)-R-CHj
C(O)NHNH-2,4-Cl,-phenyl
C(O)NH-piperidin-1-yl
C(O)-piperidin-1-yl

7

X4R4

asiijasiiasiiasiiariias

H

H

CH,-3-F-phenyl
CH,-3-F-phenyl
CH,-3-F-phenyl
CH,-3-F-phenyl
CH,-3-Cl-phenyl
CH,-3-F-phenyl
CH,-3-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
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Cpd XR;
56 2,4—C12~pilenyl
57 2,4-Cly-phenyl -
S8 2,4-Cl,-phenyl
S9 2,4-Cl,-phenyl
60  2,4-Cl,-phenyl
61  2,4-Cly-phenyl
62 2,4-Cl,-phenyl
63 2,4-Cl,-phenyl
64 2,4-Clg-pheny1
72 2,4-Cl,-phenyl
93 4-Cl-phenyl
94 4-Cl-phenyl
102 4-Cl-phenyl
103  4-Cl-phenyl
111 2,4-Cly-phenyl
112 2,4-Cl,-phenyl
113  2,4-Cl,-phenyl
114 2,4-Cl,-phenyl
115 2,4-Cl,-phenyl
116 2,4-Cl,-phenyl
122  2,4-Cl,-phenyl
123  2,4-Cl,-phenyl
127 2,4-Cly-phenyl
129 2,4-Cl,-phenyl
130 2,4-Cl-phenyl

An example of the invention is a compound of Formula (Ib)

CA 02603104 2007-09-28

X3R;

C(O)NH-pyrrolidin-1-y!
C(O)-pyrrolidin-1-yl
C(O)NH-(1R-2S)-2-OH-indan-1-yl
C(O)NH-(1S5,2R)-2-OH-indan-1-yl
C(O)NH~(1R,2R)-2-OH-cyclopentyl
C(O)NH-(1R,2R)-2-OH-cyclohexyl
C(O)NH-CH(phenyl)-S-CHj
C(O)NH-CH(phenyl)-R-CHj;
C(O)NH-4-C(O)OC(CHs)s-piperazin-1-
yl

C(O)NHCH,-pyridin-2-yl
C(O)NH-piperidin-1-yl
C(O)NH-CH(phenyl)—R-CH3
C(O)NH-pyrrolidin-1-yl

C(O)NH:-hexahydro-
cyclopenta[c]pyrrol-2-yl

C(O)NH-2,6-(CHj),-piperidin-1-yl
C(O)NH-azepan-1-yl
C(O)NH-4-CHj3-piperazin-1-yl
C(O)NH-4-(CH,),OH-piperazin-1-yl
C(O)NHNH-cyclohexyl

C(O)NH-hexahydro-
cyclopenta[c]pyrrol-2-yl

C(O)NH-(2R)-2-CH,OCHj3-pyrrolidin-
1-yl

C(O)NH-(25)-2-CH,OCHj3-pyrrolidin-
1-yl

C(O)NH-(R-CH)(pyridin-2-yl)-CH;
C(O)NH-CH(phenyl)-R-CHj3
C(O)NH-piperidin-1-yl

wherein X,R,, X3R3, and X4R, are dependently selected from
] de Xsz

2

CH,-phenyl

X3R3

PCT/US2006/009424

XaR4

(Z)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
(Z2)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
(Z2)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
(Z2)-CH-4-F-phenyl
(Z)-CH-—4~F-pl\1enyl

(Z)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
(£)-CH-4-F-phenyl

~ (Z)-CH-4-F-phenyl

(£)-CH-4-F-phenyl
(Z£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl

" (Z)-CH-4-F-pheny]

(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl

(£)-CH-4-E-phenyl
(£)-CH-4-Br-phenyl
(£)-CH-4-Br-phenyl

X4R4

CH=CHSO,NH-CH(phenyl)-R-CH;

8
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Cpd X:R X3R;3 | X4R4 ]
< CH,-phenyl CH:CHSOQNH-Cﬁ(phenyl)-S-CHg H
6 CH,-phenyl CH=CHSO,NH-CH(cyclohexyl)-R-CH; H
8 CH;-phenyl CH=CHSO,NH-CH(cyclohexyl)-S-CH; H
78 2,4-Cly-phenyl - C(O)NH-CH(phenyl)-R-CHj; (Z)-CH-4-F-phenyl
88  2,4-Cl-phenyl  C(O)NH-piperidin-1-yl | (Z)-CH-4-F-phenyl
89 2,4-Cl,-phenyl C(O)NH-CH(cyclohexyl)-R-CHj3 - (Z2)-CH-4-F-phenyl |
90 2,4-Cl,-phenyl  C(O)NH-CH(cyclohexyl)-S-CHj (Z)-CH-4-F-phenyl
91 2,4-Cl,-phenyl C(O)NH-CH(phenyl)-S-CH3 (Z2)-CH-4-F-phenyl
92  2,4-Cly-phenyl C(O)NH-hexahydro-cyclopenta[c]pyrrol- (Z£)-CH-4-F-phenyl

2-yl

An example of the invention is a compound of Formula (Ic)

wherein X R, X3R3, and X,R, are dependently selected from

Cpd XR; X3R3 X4Ry

21 CH,-phenyl  C(O)NH-13,3-(CHa)s- - H
bicyclo[2.2.1]hept-2-yi

25 CH,-phenyl CH=CHSO,NH-CH(cyclohexyl)-CHj H

29  CH;-phenyl CH=CHSO,NH-CH(phenyl)-CHj H

30  CHy-phenyl CH=CHSO,NH-CH(phenyl)-R-CH3 H

31 CH,-phenyl CH=CHSO,NH-CH(phenyl)-S-CH3 H

34  CHjy-phenyl CH=CHC(O)NH-CH(phenyl)-5-CHzj H

35 CH,-phenyl CH=CHC(O)NH-CH(phenyl)-R-CHj; H

74  2,4-Cl,-phenyl  C(O)NH-CH(phenyl)-S-CH; (£)-CH-4-F-phenyl

75  2,4-Cly-phenyl  C(O)NH-CH(phenyl)-R-CH,3 - (Z)-CH-4-F-phenyl

76  2,4-Cly-phenyl  C(O)NH-(1R,2R)-2-OH-cyclopentyl (Z)-CH-4-F-phenyl

77  2,4-Cly-phenyl  C(O)NHNH-2,4-Cl,-phenyl (Z)-CH-4-F-phenyl

79  2,4-Cl,-phenyl  C(O)NH-piperidin-1-yl (Z)-CH-4-F-phenyl

80 2,4-Cly-phenyl  C(O)NHCH,-pyridin-2-yl (Z2)-CH-4-E-phenyl

96  4-Cl-phenyl C(O)NH-piperidin-1-yl (Z)-CH-4-F-phenyl
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An example of the invention 1s a compound of Formula (Id)

\\S : X3R;

S S —

N
Ny KR,

wherein X,R; and X3R; are dependently selected from

Cpd

Xsz

22
23
24
26
27
28

CH;-phenyl
CH;-phenyl
CH,-phenyl
CH,-phenyl
CH,-phenyl
CH,-phenyl

X3R3
CH=CHSO,NH-CH(phenyl)-CH;

CH=CHSO,NH-CH(phenyl)-R-CHj3
CH=CHSO,NH-CH(phenyl)-S-CHj;

PCT/US2006/009424

CH=CHSO,NH-CH(cyclohexyl)-CH;
CH=CHSO,NH-CH(cyclohexyl)-R-CH3
CH=CHSO,NH-CH(cyclohexyl)-S-CH3

An example of the invention is a compound of Formula (Ie)

0
H %R,

, II\I/
R, X,
| X1Rg

wherem X R, X3R3, and X4R, are dependently selected from

_(_?_pd XiR;
9 CH,-phenyl
13 CH,-phenyl
14  CH,-phenyl
15 CH,-phenyl
18  CH,-phenyl
20  CH,-phenyl
36  CHj-phenyl
37  CHj-phenyl
42 2.,4-F,-phenyl
43  2,4-F,-phenyl
44  2,4-F,-phenyl
45  2,4-F,-phenyl

X3R;

CH=CHSO,NH-CH(phenyl)-R-CH,
C(O)NH-CH(phenyl)-R-CH3
CH=CHSO,NH-CH(cyclohexyl)-R-CHj
CH=CHSO,NH-CH(cyclohexyl)-S-CHj
CH=CHSO,NH-CH(phenyl)-S-CHs

C(O)NH-1,3,3-(CH3);-
bicyclo[2.2.1]hept-2-yl

CH=CHC(O)NH-CH(phenyl)-S-CH;
CH=CHC(O)NH-CH(phenyl)-R-CH3;
CH=CHSO,NH-CH(phenyl)-S-CHj
CH=CHSO,NH-CH(cyclohexyl)-R-CHs
CH=CHSO,NH-morpholin-4-yl
CH=CHSO,NH-piperidin-1-yI

10

's
£

argjangasiipasiiasiias

H
H
CH,-3-F-phenyl
CH,-3-F-phenyl
CH,-3-F-phenyl
CH,-3-F-phenyl
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Cpd X;R,
49  2,4-F;-pheny!

XsR;3

o J X4Ry4
C(O)NH-(2R,35)-2-C(O)OCH,CHs3-

R -CHQ -3-F -ph enyl

S0

51
53
65
66
67
68
69
70
71
73
81
95
97

98
99
100
101
104

105

106
107
108
109
110
117

118
119
120
121

124

2,4“].:“ 2~ phenyl

2.4-Fo-phenyl
2,4-Cly-phenyl
2,4-Cl-phenyl
2,4-Cl,-phenyl
2,4-Cl,-phenyl
2.,4-Cly-phenyl
2,4-Cl,-phenyl
2,4-Cly-phenyl
2,4-Cly-phenyl
2,4-Cl,-phenyl
2,4-Cl,-phenyl
4-Cl-phenyl
4-Cl-phenyl

4-Cl-phenyl
4-Cl-phenyl
4-Cl-phenyl

2,4-Cl,-phenyl

2,4-C12-phenyl
2,4-F2~phenyl

2,4-F,-phenyl

2,4-Cl,-phenyl
2,4-Cl,-phenyl
2,4-Cly-phenyl
2,4-Cly-phenyl
2,4-Cl,-phenyl

2,4-Cl,-phenyl
2,4-Cly-phenyl
2,4-Cl,-phenyl
2,4-Cly-phenyl

2,4-C12-phenyl

bicyclo[2.2.1]heptan-3-yl

C(O)NH-(2R,3S5)-2-C(O)OCH,CHz-
bicyclo{2.2.1]heptan-3-yl

C(O)NH-(1R,25)-2-OH-indan-1-yl
C(O)NHNH-2,4-Cl>-phenyl
C(O)NH-CH(phenyl)-S-CH;
C(O)NH-CH(phenyl)-R-CHs;
C(O)NH-(1R,2R)-2-OH-cyclopentyl
C(O)NH-(185,25)-2-OH-cyclohexyl
C(O)NH-(1R,25)-2-OH-indan-1-yl
C(O)NH-(1S,2R)-2-OH-indan-1-yl
C(O)NH,
C(O)NH-CH,-pyridin-2-y]
C(O)NH-piperidin-1-yl
C(O)NH-CH(phenyl)-R-CHj;4

C(O)NH-hexahydro-
cyclopenta[c]pyrrol-2-yl

C(O)-piperidin-1-y]
C(O)NH-piperidin-1-yl
C(O)NHN(CHj;)-phenyl
C(O)-piperidin-1-yl

C(O)NH-hexahydro-
cyclopenta[c]pyrrol-2-yl

C(O)NH-hexahydro-
cyclopenta[c]pyrrol-2-yl

C(O)NH-piperidin-1-yl
C(O)NH-azepan-1-yl
C(O)NH-2,6-(CH3),-piperidin-1-yl
C(O)NH-4-CH;-piperazin-1-yl

C(O)NH-4-(CH,),OH-piperazin-1-yl

C(O)NH-CH(phenyl)-R-CHj,
C(O)NH-CH(cyclohexyl)-R-CHj
C(O)NH-piperidin-1-yl
C(O)NH-azepan-1-yl
C(O)NH-hexahydro-

cyclopentalc]pyrrol-2-yl
C(O)NH-(R-CH)(pyridin-2-yI)-CHj;

11

S- CH2 -3 *F-pheHYI

CH,-3-F-phenyl

CH,-4-F-phenyl

(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(2)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl

(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl

(Z)-CH-4-F-phenyl

(£)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
(Z)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(£)-CH-4-F-phenyl
(Z)-CH-5-Cl-fur-2-
yl |
(Z)-CH-5-Cl-fur-2-
yl
(2)-CH-5-Cl-tur-2-
yl
(Z)-CH-5-Cl-fur-2-
yl
(Z2)-CH-5-Cl-fur-2-
yl
(Z)-CH-4-F-phenyl
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de XlRl X3}-{3 : X4R4
125 2,4-Cl-phenyl  C(O)NH-(25)-2-CH,OCH;-pyrrolidin-  (2)-CH-4-F-phenyl
- - 1yl .
126 2,4-Cly-phenyl  C(O)NH-(2R)-2-CH,OCH;-pyrrolidin-  (Z)-CH-4-F-phenyl

128 2,4-Cly-phenyl  C(O)NH-CH(phenyl)-R-CHj H

An example of the invention 1s a compound of Formula (If)

wherein X,R,, X3R3, and X4R4 arecdependently selected from

de Xsz X3R3 . X4R4
4 CH,-phenyl CH=CHSO,NH-CH(phenyl)-R-CH; H
10  CH,-phenyl CH=CHSO,NH-CH(phenyl)-S-CHs; H

16 CHg-phenyl CH=CHSO,NH-CH(cyclohexyl)-R-CH; H
17  CH,-phenyl CH=CHSO,NH-CH(cyclohexyl)-S-CH; H

82  2,4-Cly-phenyl C(O)NH-CH(phenyl)-R-CHj (Z2)-CH-4-F-phenyl
83 2,4-Cl,-phenyl C(O)NH-piperidin-1-yl (Z)-CH-4-F-phenyl
84  2,4-Cl,-phenyl C(O)NH-CH(cyclohexyl)-R-CHs; (£)-CH-4-F-phenyl
85 2,4-Cl,-phenyl  C(O)NH-CH(cyclohexyl)-S-CH; (£)-CH-4-F-phenyl
86  2,4-Cl,-phenyl C(O)NH-CH(phenyl)-5-CHj; (Z)-CH-4-F-phenyl
87 2,4-Clh-phenyl C(O)NH-hexahydro- (Z)-CH-4-F-phenyl

cyclopenta[c]pyrrol-2-yl

Compounds of the invention are also represented as follows:

HN O
N
N
s\ _y
Cpd 1 Cpd 2

12
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Cpd 6

Cpd 7 ‘ Cpd 8
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Cpd 25 Cpd26  Cpd 27
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Cpd 46 Cpd 47 Cpd 48

Cpd49 Cpd 50 Cpd 51
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Cpd 130

Selected compounds of the mvention include:
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and Cpd 124,

The present invention is directed to a method for treating, ameliorating or preventing a
CB receptor mediated syndrome, disorder or disease in a subject in need thereof comprising the
step of administering to the subject an effective amount of a compound of Formula (I) or

prodrug, metabolite, or composition thereof.

The present invention is directed to a method for treating, ameliorating or preventing a

CB receptor mediated syndrome, disorder or disease in a subject in need thereof comprising the

26
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step of administering to the subject an effective amount of a compound of Formulae (Ia) - (If)

or prodrug, metabolite, or composition thereot.

The present mvention is directed to a method for treating, ameliorating or preventing a
CB receptor mediated syndrome, disorder or disease in a subject in need thereof comprising the
step of administering to the subject a combination product and/or therapy comprising an

effective amount of a compound of Formulae (1) - (If) and a therapeutic agent.

Therapeutic agents contemplated for use in a combination product and/or therapy of the
present invention include an anticonvulsant (such as topiramate, analogs of topiramate,
carbamazepine, valproic acid, lamotrigine, gabapentin, phenytoin and the like and mixtures or
pharmaceutically acceptable salts thereof) or a contraceptive agent (such as progestin-only
contraceptives and contraceptives that include both a progestin component and an estrogen

component).

The mvention further includes a pharmaceutical composition wherein the contraceptive
1s an oral contraceptive, and wherein the contraceptive optionally includes a folic acid

component.

The invention also includes a method of contraception in a subject comprising
administering to the subject a composition, wherein the composition comprises a contraceptive
and a CB1 receptor inverse-agonist or antagonist compound of Formulae (I) - (If), and wherein

the composition reduces the urge to smoke in the subject and/or assists the subject in losing

weight.

The present invention is also directed to a method for treating, ameliorating or
preventing a CB receptor mediated syndrome, disorder or disease in a subject in need thereof
wherein the syndrome, disorder or disease is related to appetite, metabolism, diabetes,
glaucoma-associated intraocular pressure, social and mood disorders, seizures, substance abuse,
learning, cognition or memory, organ contraction or muscle spasm, bowel disorders, respiratory
disorders, locomotor aétivity or movement disorders, immune and inflammation disorders,

unregulated cell growth, pain management, neuroprotection and the like.
CHEMISTRY DEFINITIONS AND PHARMACEUTICAL FORMS

When any variable (e.g., aryl, heterocyclyl, R;, R,, etc.) occurs more than once in a

substituent list, its definition on each occurrence is independent of any other occurrence.

Bond lines drawn into a ring system from a substituent variable (such as Rg, Ry, etc.)

indicate that the substituent may be attached to any of the substitutable ring atoms. If the ring
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system is polycyclic, the substituent may be attached to any of the suitable atoms on the ring

into which the bond line 18 drawn.

As used herein, the following terms are intended to have the following definitions.

“Alkyl” means a saturated aliphatic branched or straight-chain monovalent
hydrocarbon radical substituent or alkyldiyl linking group haVing a specified number of carbon
atoms, wherein the al'-kyl radical substituent is derived by the removal of one hydrogen atom
from a carbon atom and the alkyldiyl linking group 1s derived by the removal of one hydrogen
atom from each of two carbon atoms in the chain. The term “C;¢ alkyl” means a radical having
from 1-8 carbon atoms in a linear or branched arrangement. “Cp¢alkyl” includes mekhyl, cthyl,
propyl, butyl, pentyl, and hexyl. Alkyl and alkyldiyl radicals may be attached to a core-
molecule via a terminal carbon atom or via a carbon atom within the chain. Similarly,

substituent variables may be attached to an alkyl or alkyldiyl radical when allowed by available

valences.

“Alkoxy” means an alkyl radical attached through an oxygen linkingz atom. “Ci4
alkoxy” mcludes the radicals methoxy, ethoxy, propoxy, and butoxy. An alkoxy radical may

be attached to a core molecule and further substituted where indicated.

“Cycloalkyl” means a monovalent saturated or partially unsaturated cyclic ring system
radical. Cycloalkyl ring systems include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, =
cycloheptyl, cyclooctyl, adamantanyl and the like.

“Aryl” means an monovalent aromatic cyclic ring system radical. Aryl ring systems

include phenyl, naphthalenyl, fluorenyl, indenyl, azulenyl, anthracenyl and the like.

“Hetero,” when used as a prefix for a ring system, refers to the replacement of at least
one carbon atom member in the ring system with a heteroatom selected from N, S, O, orP. A
hetero ring may have 1, 2, 3, or 4 carbon atom members replaced by a nitrogen atom.
Alternatively, a ring may have 0, 1, 2, or 3 nitrogen atom members and 1 oxygen or sulfur atom
member. Alternatively, up to two adjacent ring members may be heteroatoms; wherein 1

heteroatom is nitrogen and the other heteroatom is selected from N, S, or O.

“Heterocyclyl” means a “hetero” ring system radical having a cycloalkyl ring as the
core molecule. Heterocyclyl ring systems include 2H-pyrrole, 2-pyrrolinyl, 3-pyrrolinyl,
pyrrolidinyl, 1,3-dioxolanyl, 2-imidazolinyl (also referred to as 4,5—dihydro-lH-imidazo]yl),
imidazolidinyl, 2-pyrazolinyl, pyrazolidinyl, tetrazolyl, tetrazolidinyl, piperidinyl, 1,4-dioxany],
morpholinyl, 1,4-dithianyl, thiomorpholinyl, piperazinyl, azetidinyl, azepanyl, hexahydro-1,4-
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diazepinyl, hexahydro-1,4-oxazepanyl, tetrahydro-furanyl, tetrahydro-thienyl, tetrahydro-
pyranyl, tetrahydro-pyridazinyl, 1,3-benzodioxolyl, 2,3-dihydro-1,4-benzodioxinyl and the like.

“Heteroaryl” means a monovalent heteroaromatic ring system radical. Heteroaryl ring
systems include furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl; 1soxazolyl,
1sothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, pyridinyl, pyridarzinyl,b pyrimidinyl, pyrazinyl,
indolizinyl, indolyl, azaindolyl, isoindolyl, benzo[b]furyl, benzo[b]thienyl, indazolyl,
azaindazolyl, benzimidazolyl, benzthiazolyl, benzoxazolyl, benzisoxazolyl, benzothiadiazolyl,
benzotriazolyl, purinyl, 4H-quinolizinyl, quinolinyl, 1soquinolinyl, cinnolinyl, phthalzinyl,

quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl, pteridinyl and the like.

The term “benzo-fused” refers to a bicyclic fused ring system radical formed by a
monocyclic radical fused with a benzene ring; the benzo-fused radical may be attached to a

core molecule via either ring of the bicyclic system.

The term “benzo-fused cycloalkyl” refers to a bicyclic fused ring system radical
wherein a cycloalkyl ring is fused with a benzene ring. Benzo-fused cycloalkyl ring systems
include indanyl, 1,2,3,4-tetrahydro-naphthalenyl, 5 ,6,7,8-tetrahydro-naphtﬁalenyl, 6,7.8,9,-
tetrahydro-SH-benzoc'ycloheptenyl, 3,6,7,8,9,10-hexahydro-benzocyclooctenyl and the like.

“Substituted” refers to a molecule in which-one or more hydrogen atoms have been
replaced with one or more substituent variables up to that amount allowed by the available

valences.

“Dependently selected” refers to one or more substituent variables that are specified in
an indicated combination for substitution in a core molecule (e.g., variables that refer to groups

of substituents appearing in a tabular list of compounds).
In general, IUPAC nomenclature rules are used herein.

Certain compounds of Formula (I) may exist in various stereoisomeric or tautomeric
forms. The mvention encompasses all such CB receptor modulating compounds, including
active compounds in the form of essentially pure enantiomers, racemic mixtures, and

tautomers.

The compounds of the invention may be present in the form of pharmaceutically
acceptable salts. For use in medicines, the salts of the compounds of this invention refer to
non-toxic “pharmaceutically acceptable salts.” FDA-approved pharmaceutically acceptable salt

forms include pharmaceutically acceptable acidic/anionic or basic/cationic salts.



10

15

20

25

30

CA 02603104 2007-09-28

WO 2006/107561 PCT/US2006/009424

Pharmaceutically acceptable acidic/anionic salts include the acetate, benzenesulfonate,
benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate, carbonate, chloride,
citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, glyceptate, gluconate,
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate, mucéte, napsylate, hitrate, pamoate, |
pantothenate, phosphate/diphosphate, polygalacturonate, salicylate, stearate, subacetate,

succinate, sulfate, tannate, tartrate, teoclate, tosylate, and triethiodide salts.

The compounds of the invention include pharmaceutically acceptable anioni? salt
forms, wherein the anionic salts include the acetate, benzenesulfonate, benzoate, bicarbonate,
bitartrate, bromide, calcium edetate, camsylate, carbonate, chloride, citrate, dihydrochloride,
edetate, edisylate, estolate, esylate, fumarate, glyceptate, gluconate, glutamate,
glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate, pamoate,

pantothenate, phosphate/diphosphate, polygalacturonate, salicylate, stearate, subacetate,

. succinate, sulfate, tannate, tartrate, teoclate, tosylate, and triethiodide salts.

The anionic salt form of a compound of the invention includes an anionic salt selected
from the acetate, bromide, camsylate, chloride, edisylate, fumarate, hydrobromide,
hydrochloride, iodide, isethionate, lactate , mesylate, napsylate, salicylate, sulfate, and tosylate

salts.

During any of the processes for preparation of the compounds of the invention, it may
be necessary and/or desirable to protect sensitive or reactive groups on any of the molecules

concerned. This may be achieved by means of conventional protecting groups, such as those

described in Protective Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973;

and T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, 3" Edition, John
Wiley & Sons, 1999. The protecting groups may be removed at a convenient subsequent stage

using methods known in the art.

The invention includes compounds of various isomers and mixtures thereof. The term
“isomer” refers to compoﬁnds that have the same composition and molecular weight but differ
in physical and/or chemical properties. Such substances have the same number and kind of
atoms but differ in structure. The structural difference may be in constitution (geometric

isomers) or in an ability to rotate the plane of polarized light (stereoisomers).
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The term “stereoisomer’” means isomers of identical constitution that differ in the
spatial arrangement of their atoms. Enantiomers and diastereomers are stereoisomers wherein
an asymmetrically substituted carbon atom acts as a chiral center. The term “chiral”” means a
molecule that is not superimposable on its mirror image, implying the absence of an axis and a
plane or center of symmetry. The term “enantiomer” means one of a pair of molecular species

that are mirror images of each other and are not superimposable. The term ‘“‘diastereomer”

means stereoisomers that are not related as mirror images. The symbol “*” in a structural
formula represents the presence of a chiral carbon center. The symbols “R” and “S” represent

the configuration of substituents around a chiral carbon atom(s). The symbols “R*”” and *“S*”’

denote the relative configurations of substituents around a chiral carbon atom(s).

The term “racemate” or “racemic mixture” means a compound of equimolar quantities
of two enantiomeric species, wherein the compound is devoid of optical activity. The term
“optical activity” means the degree to which a chiral molecule or non-racemic mixture of chiral

molecules rotates the plane of polarized light.

“Geometric isomer”’ means isomers that differ in the orientation of substituent atoms in
relationship to a carbon-carbon double bond, to a cycloalkyl ring, or to a bridged bicyclic
system. Substituent atoms (other than H) on each side of a carbon-carbon double bond may be
in an E or Z configuration. In the “E” configuration, the substituents are on opposite sides in
relationship to the carbon- carbon double bond. In the “Z” configuration, the substituents are

oriented on the same side in relationship to the carbon-carbon double bond.

The isomeric descriptors (“R,” “S,” “S*,” “R*,” “E,” and “Z”) indicate atom
configurations relative to a core molecule and are intended to be used as defined in the

literature.

The compounds of the invention may be prepared as individual isomers by either
isomer-specific synthesis or resolved from an isomeric mixture. Conventional resolution
techniques include combining the free base (or free acid) of each isomer of an isomeric pair
using an optically active acid (or base) to form an optically active salt (followed by fractional
crystallization and regeneration of the free base), forming an ester or amide of each of the
isomers of an isomeric pair by reaction with an appropriate chiral auxiliary (followed by
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