WO 2007/095340PCT/US2007/004053 SMALL-MOLECULE
MODULATORS OF TRP-P8 ACTIVITY CROSS-REFERENCES TO
RELATED APPLICATIONS [0001] This application claims the benefit of
priority to U.S. Provisional Patent Application No. 60/773,435 filed on
February 15, 2006; the contents of each are incorporated herein by
refevence,BACKGROUND OF THE INVENTION [0002] Therjptesentoss
invention relates generally to the fields of cell biology, biochemistry, and
organic chemistry. More specifically, the present invention provides
small-molecule modulators of Trp-p8 activity, which include Trp-p8
agonists and Trp-p8 antagonists, as well as compositions comprising
small-molecule Trp-p8 modulators. Also provided are methods for
identifying and characterizing novel small-molecule Trp-p8 modulators as
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[00061 The Tip superfamily comprises more than 20 related cation
channel proteins that have been implicated in processes including sensory
physiology to vasorelaxation and male fertility. Defects in Tip channels
have been associated with changes in growth control and tumor
suppression. While all Trp proteins are calcium channels, they vary
sigmibcanthysradheir selectivity and mode of activation. Merntharsefthessrp
superfamily share significant sequence homology and predicted structural
similarities, such as size of predicted transraembrane segments. [00071
Tip-p8 is over-expressed in a range of cancers including prostate, breast,
lung and colon, while within normal tissues, it is predominantly expressed
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associated with Tip-p8 expression. 100111 One or more Trp-p8 modulator
can be formulated in compositions, including pharmaceutical
compositions, comprising one or more pharmaceutically acceptable carrier
or excipient and/or one or more additional therapeutic compound. Such
compositions will find utility in methods for the treatment of one or more
disease associated with Trp-p8 expression. 100121 Thus, in one
embodiment, the present invention provides small-molecule Trp-p8
modulators and derivatives thereof wherein the small-molecules include
compounds of the following Formula I:



wherein RI is selected from H, alkyl, heteroalkyl, arylallcyl, and aryl, or, 12:
and R2 together with the nitrogen group may form a cyclic or heterocyclic
group of up to 25 atoms; R2 is selected from aryl and arylalkyl; 113 is
selected from alkyl, heteroalkyl, and atylalkyl; R4 is selected from H, alkyl,
heteroalkyl, and arylalkyl; and 113 and 114 together with the nitrogen
grosyp wsma@liphatic amine. [0013] Within related emboglimentsrtiuess
present invention provides small-molecule Trp-p8 modulators and
derivatives thereof wherein the small-molecules include compounds of the
following Formula I-A: WO 2007/095340PCT/US2007/004053 wherein
A, B, C, and D are independently selected from CR2 and N; wherein at
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hus Trp p8 is a pantumor-expressed marker with significant potential use in disease
diagnosis and monitoring of disease progression during treatment as well as a viable target

for cancer therapy.

[0008] Association of Trp-p8 with prostate, lung, breast, and colon cancers and the
important role various ion channels play in vital cell functions suggest that the Trp-p8
channel may have a significant function in cancer cell signaling and/or proliferation.
Modulation of Trp-p8 activity, either by activating via an agonist or inhibiting via an
antagonist, at a physiological temperature can be valuable as a therapeutic to manipulate the
Trp-p$ expressing cells in a specific manner. See for example U.S. Patent Application
10/923,413.

[0009] Accordingly, there remains a need in the art for small-molecule modulators of Trp-
P8 activity, compositions comprising one or more small-molecule Trp-p8 modulators, and
methods for the identification and use of small-molecules for modulating the activity of Trp-

p8in a cell and for the treatment of disease associated with the aberrant expression of Trp-p8.

BRIEF SUMMARY OF THE INVENTION
[0010] The present invention fulfills these and other related needs by providing small
molecule modulators of Trp-p8 activity, including Trp-p8 agonists and Trp-p8 antagonists, as
well as compositions comprising such Trp-p8 modulators, and methods for identifying and
using Trp-p8 modulators., Within certain embodiments, compounds of the present invention
bind to and activate Trp-p8 and/or stimulate cation influx, including but not limited to
calcium influx, in a cell wherein cation influx is correlative of Trp-p8 modulator induced
toxicity. Thus, within these and other embodiments, Trp-p8 agonists of the present invention
are effective in inhibiting growth of and/or inducing apoptosis and/or necrosis in a cell
expressing Trp-p8. Within alternative embodiments are provided Trp-p8 antagonists that are
effective in reducing the basal activity of Trp-p8 in a cell thereby reducing the viability of

Trp-p8 expressing cells. Advantageously, therefore, agonists and antagonists of the present



Ri is selected from H, alkyl, heteroalkyl, aryl, and arylalkyl; 123 is
selected from alkyl, heteroallcyl, aryl, arylalkyl, -NR2C(0)-, -C(0)N12.2-,
-Os, - S-, -S(0)-, -S(0)2-, and -NR-, wherein R7 is a member selected from
H, alkyl, hetcroalkyl, aryl, and arylalkyl, R4 is selected from
-C(0)128-, alkyl, asylalkyl, and heteroalkyl, wherein Rs is selected from
alkytand-heignoalkyl; R5 is selected from H, alkyl, heteroalkyly&ashooqoss
arylalkyl; and R4 and R5 together with the nitrogen raw form an aliphatic
amine. [0014] Within certain exemplary compounds of Formula I-A, Ri is
H; R7 is H; Ra comprises 2, 3, or 4 carbon's; R4 is selected from
propionyl, ethyl, butyryl, hydroxypropionyl, and 3-hydroxybutyryl; R5 is
invsalioatersh hovaer|ta trdahdétpyts Reebragidagt jingted to, angr@ERJorRS:
lurgNébon RRIS1Seleeirckine ae meibiond wik thplea lkapykspinenyl, and H. [0015]
Exemplified herein are compounds of Formula I-A comprising a group
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' [0RAAR - AR anohy ek inaytassinay<bine thoxyphemil;molecule Trp-p8
mo%iﬁgfma@m&m %‘re@@%&ﬁﬁl% 2i¥il-molecules include compounds of the
fol Vg |no e&hyl) -2-amino-benzamide, 2-

oar |no ydroxy propionylamino)-4-methoxy-phenyl,
2-(2-amino-acetylaminp)-phenyl,

2-(2- amlno -3- hydroxy-utyrylarnino)-4-methoxy-phenylamide, and

ethoxyRohenyI [0016] Within alternative

related embodiments, the present |rrvent|on provides small-molecule

and deplyatives, fnereof yeerein the small-molecules

ying F\rﬂﬂa I-B:NR2 wherein R.1 is
selected from H, alkyl, heteroal yl, aryl, and aryldlkyl R2 is selected from
aryl, alkyl, heteroalkyland ary@iky!;

wherein R is selected from H, alkyl, heteroalkyl, arylalkyl, and ary}, or, R; and Ry together

with the nitrogen group maﬂl form a cyclic or heterocyclic group of up to 25 atoms;
R, is selected from aryl and arylalkyl;
R; is selected from alkyl, heteroalkyl, and arylalkyl;
R4 is selected from H, alkyl, heteroalkyl, and arylalkyl; and
R; and Ry together with the nitrogen group form an aliphatic amine.

[0013] Within related embodiments, the present invention provides small-molecule Trp-p8
modulators and derivatives thereof wherein the small-molecules include compounds of the

following Formula I-A:



R3 is selected from alkyl, heteroalkyl, and arylalkyl; is selected from I-1,
aikyl, heteroalkyl, and arylalkyl; and R3 and P".4 together with the nitrogen
group form an aliphatic amine. [0017] Within certain exemplary
compounds of Formula I-13, Itt is H; R3 is selected from methylene,
ethylene, propylene, and butylene; R4 is selected from H and methyl;
andvar dbiddéssaelected from phenyl, furan, methylpyrrole, methyghensaate,
aminophenyl, hydroxyphenyl, cyanophenyl, and methoxyphenyt. [0018]
Exemplified herein are compounds of Formula I-B comprising a group
selected from 2-(2-amino-ethyl)-5 -furan-2-y1-211-pyrazol-3-yl,
242-amino-propyH-5-pheny1-2Hpyrazol-3-yl,
2-(2-amino-ethyl)-54phenyl-2H-pyrazol-3-yl,
2-(2-amino-ethyl)-541-methyliH-pyrrol-2-y1)- gtl pyrachi 3-yl,

2- (2 amlno propy ) 5-enyl ZHmyrazolﬁgﬁ N
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an@pherlyl’?%&b—p’ffgzol 3-yl, 242-amino- WO
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w&%l)&5émg@&Y6mﬂMufe%ﬁyQM'&@|f@ﬂM'Cﬁz £hd N; wherein at least one of
ARAN stex) IhLRMIRZOl M%&@ﬁ%@@f@%@aﬁwm@&%wﬁ aryl
2-(2-amjno-ethyl)-5-(3-amino- phen 2H p f??é’ 5
hahﬁ]%(?“&tﬁ?fﬂag‘y@%‘?éd’rox‘i/ pﬂ%én)ﬂ‘}ré [3f/sra {65%11 it st
AfBrheanfdied BemBsdndnts mpreepibing e mﬁtw&wﬁ@sﬂoﬂkﬂ °r

hegmoajlclvditeCgdanit:rpp8 modulators and derivatives thereof wherein the
small-molecules include compounds of the foIIom%Formula [-C: wherein

R1 is Belt gkt nersra sty iA Tt W lalky1: R2 is selected
from qkr{}’is é’é&t@&%%%h 1, heteBé’mB'y‘i E@?Qé?ﬁlﬁﬁmr@fﬂsﬂ(djet@@ﬁ}w& -O-, -
y n S RUKY,
heége oalﬁély |s1}sﬁé1ect2’8 ?rgr% ’a % ré%%%ﬁ%’%?d g% !] erIoalkr‘?'of
aryl, and ary! kyl
R, is selected from -C(O)Rg-, alkyl, arylalkyl, and heteroalkyl, wherein Ry is
selected from alkyl and heteroalkyl;

R; is selected from H, alkyl, heteroalkyl, and arylalkyl; and
R4 and Rs together with the nitrogen group form an aliphatic amine.

[0014] Within certain exemplary compounds of Formula I-A, R, is H; Ry is H; Rg
comprises 2, 3, or 4 carbons; Ry is selected from propionyl, ethyl, butyryl, hydroxypropionyl,
and 3-hydroxybutyryl; Rs is selected from H and methyl; Rs comprises 1, 2, 3,4, 5,0r 6
carbons; and/or Rz is selected from methoxy, methylsulfanyl, phenyl, and H.

[0015) Exemplified herein are compounds of Formula I-A comprising a group selected
from 2-(2-amino-propionylamino)-4-methoxy-phenyl, N-(é-Amino-ethyl)—2-amino-5—
methylsulfanyl-phenyl, 1-(2-amino-ethoxy)-naphthalen-2-yl, 2-(2-amino-ethylamino)-4-
methylsulfanyl-phenyl, N-(2-Amino-ethyl)-5-methoxy-benzamide, 2-(2-amino-
butyrylamino)-4-methoxy-phenyl, 2-(2-amino-3-hydroxy-propionylamino)-4-methoxy-
phenyl, 3-(2-amino-ethylamino)-naphthalen-2-yl, N-(2-Amino-ethyl)-2-amino-benzamide, 2-



R3 and R together with the nitrogen group form an aliphatic amine. [0020]
Within certain exemplary compounds of Formula I-C, Rl is H; R2 is
phenyl; R5is selected from, methylene, ethylene, propylene, and butylene;
R3 is selected from propionylamino, ethoxy, propoxy, and ethylamino;
and/or R4 is selected from H and methyl. [0021] Exemplified herein are
compeageaidormula I-C comprising a group selected fregiyus2007/004053
2-(2-amino-propionylamino)-2-phenyl-ethyl,
2-(2-amino-ethoxy)-2-phenyl-ethyl, 2-(2- amino-ethoxy)-2-phenyl-ethyl,
2-(3-amino-propoxy)-2-phenyl-ethyl,
2-(2-dimethylaminoethoxy)-2-phenyl-ethyl, and
(2 aniinepriérethyrapitRo R e ehprBey oo 2 @rmireanrtlrmarrebapel
2-@rahodinenis;dhbupigberbiventiboxpihadés sicatiatibl@cudndip-p8
acOdLINES,RRd desivatives thereof wherein the small-molecules include
compounds of the following Formula I-D: wherein Rl is selected from H,
[081RY/|, WeldncdtkophtiaeyklendicarybdightRk héprrstatiafiompaeyldetronall-
maleadkyth-R3nissmeleeiediitenvalked theteronbgin ardasylalkdaifddiisiude
coﬁﬁ'&ﬁ&%ﬁﬂé‘l‘dﬂoﬂ&’%&ﬁﬁEq?él?ylg and. arqulkyl; and R3 a_tnq R4 together
with the nitrogen group form an aliphatic amine. [0023] Within certain
exemplary compoundg of Formula I-D, Rlis 11; Rgjis selected from
phenyl and phenylam{no; R3 is selected from metiylene, ethylene, ‘
propylene, butylene; mety Iamino,thhyIami 0, pmepylamino, butylamino,
and acetyl; and/of R4 is s¢lected f Jm H an fnethy .@024] Exemplified

242-(2-amino-ethylam inomethyl-phenyl)-ethyl,
and 2-[(2- amino-acet 025] Within yet other
related embodimenis; [ ' rovides small-molecule
Tip-p8 modulators and derivatives thereof whgrein the small-molecules
include compounds of the following Formula 1-B2

wherein R is selected from H, alkyl, heteroalkyl, aryl, and arylalkyl;
Ry is selected from aryl, alkyl, heteroalkyl, and arylalkyl;
Rs is selected from alkyl, heteroalkyl, and arylalkyl;
Ry is selected from H, alkyl, heteroalkyl, and arylalkyl; and
Rz and R4 together with the nitrogen group form an aliphatic amine,

[0017] Within certain exemplary compounds of Formula I-B, R, is H; Rj is selected from
methylene, ethylene, propylene, and butylene; Ry is selected from H and methyl; and/or R; is
selected from phenyl, furan, methylpyrrole, methylbenzoate, aminophenyl, hydroxyphenyl,
cyanophenyl, and methoxyphenyl.

[0018} Exemplified herein are compounds of Formula I-B comprisin;g a group selected
from 2-(2-amino-ethyl)-5-furan-2-yl-2H-pyrazol-3-yl, 2-(2-amino-propyl)-5-phenyl-2H-
pyrazol-3-yl, 2-(2-amino-ethyl)-S-phenyl-2H-pyrazol-3-yl, 2-(2-amino-ethyl)-5-(1-methyl-
1H~pyrrol-2-y1)»2H-pyrazol—3—yl, 2-(2-amino-propyl)-5-phenyl-2H-pyrazol-3-yl, 2-(2-amino-
ethyl)-5-(4-amino-phenyl)-2H-pyrazol-3-yl, 2-(2-amino-ethyl)-5-(4-hydroxy-phenyl)-2H-
pyrazol-3-yl, 2-(2-methylamino-ethyl)-5-phenyl-2H-pyrazol-3-yl, 2-(2-amino-propyl)-5-
phenyl-2H-pyrazol-3-yl, 2-(2-amino-ethyl)-5-(3-cyano-phenyl)-2H-pyrazol-3-yl, 2-(2-amino-
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WO 2007/095340Patti S2007/004053 wherein A, B, C, and D arc
independently selected from CR1 and N; wherein at least one of A, B, C,
and D is CR]; wherein Rl is selected from H, alkyl, heteroalkyl, aryl,
arylalkyl and halogen; wherein when two adjacent of A, B, C, and D are
CR I, the two RI's may combine to form a single aryl, cycloalkyl, or
heteyoayetoalisyl group; R2 is selected from alkyl, heteroalkylarsh@rndalsyl;
R3 is selected from II, alkyl, heteroalkyl, and arylalkyl; and R2 and
R3 together with the nitrogen group form an aliphatic amine. [0026] Within
certain exemplary compounds of Formula I-E, () Rlis H or -OR' and
Ri is selected from methyl, hydroxymethyl, ethyl, hydroxyethyl, propyl,
ethlydr(Heystopytrbenyd- Hdsesaidtyl; édét@nﬁmiél?pﬂﬂé%i}bﬁamh’ewfbxy,
benRbiRYEthany, henyipapexyiyhenydbuimsyprng Bdhpytazol-3-yl(ih&a-i8-
iR RN BSIRING SeincipsHpR. BRIy, hydroxymethyl, ethyl,
hydroxyethyl, propyl, hydroxypropyl, butyl, hydroxybutyl, acetonitrile,
[oopdie Nyitahasy methoxiatdaheryddithenty, tihsesdpropenteorpirerigiisstestl,, and
mo%@g\%ﬂ}p-pii m&ﬁ'ﬁ)a&tdﬁxﬁ@é@%ﬂ\aﬁ] Eliléﬂ/é‘l@ R@?@fi’rﬂ ﬂiﬁ%ﬁﬁiﬁﬁ{tiﬂégfﬂ@ﬁlﬂnﬁlﬁmw ;
ro. thyl, e r thyl, propyl, hydroxypropyl, butyl,
co‘?g%’%i%@ﬁ%?%@&%%ﬁﬁéulgE)e?lyI phenylmethoxy, phenylethoxy,
phenylpropoxy, phenylbutoxy, and benzyl; Hv) Rl is -S(0)2Riv and
wherein Riv is selectgd from methyl, hydroxyme}thyl, ethyl, hydroxyethyl,
propyl, hydroxypropyt~autyl, hydroxybutyl, aget&ﬂt(ile, phenyl,
phenylmethoxy, ghenyletHoxy, phéjiylprop ,pher@'fbutoxy, and benzyl;
(v) Rl is -C(0)NnMi, wherein le andei are independently selected from H,
methyl, hydroxyrnetk hydrox o) [, hydroxypropyl, butyl,
hydroxybutyl, diethyl I, phenyl, pyridinyl, methoxyethyl,
hydroxyethoxyethyl, Benzyl, n@thylpheayl, phenylethyl,
hydroxyhydroxymeéthylphenylethyl, carbtunoylmethyl, and hydroxymethyl
whh}é%%Xs‘?Eh%lﬁted from. 9’,‘%@1,‘%&%@%%% M&] %fﬁlcﬁk@t, and VI together
orm morpholine, piperazine, piperazine ethyl ester;
R, is selected from aryl, and arylalkyl;

Rg is selected from alkyl, hetercalkyl, arylalkyl, -NHC(O)Rs-, —ORS-,\and -NHR;~,
wherein R;s1is alkyl or heteroalkyl;

R is selected from H, alkyl, heteroalkyl, and arylalkyl; and
R and Ry together with the nitrogen group form an aliphatic amine.

[0020] Within certain exemplary compounds of Formula I-C, R is H; Rz is phenyl; Rsis
selected from, methylene, ethylene, propylene, and butylene; Rj is selected from

propionylamino, ethoxy, propoxy, and ethylamino; and/or Ry is selected from H and methyl.

[0021] Exemplified herein are compounds of Formula I-C comprising a group selected
from 2-(2-amino-propionylamino)-2-phenyl-ethyl, 2-(2-amino-ethoxy)-2-phenyl-ethyl, 2-(2-
amino-ethoxy)-2-phenyl-ethyl, 2-(3-amino-propoxy)-2-phenyl-ethyl, 2~(2-dimethylamino-
ethoxy)-2-phenyl-ethyl, and 2-(2-amino-ethylamino)-2-phenyl-ethyl.

[0022]  Within still further related embodiments, the present invention provides small-
molecule Trp-p8 modulators and derivatives thereof wherein the small-molecules include

compounds of the following Formula I-D:



(vii) R2 is selected from methylene, ethylene, propylene, and butylene;
(viii) R2 is ethylene and R3 is H; and WO
20071095340PCI11JS20071004053 (ix) R1 is CF3 or halogen. [0027]
Exemplified herein are compounds of Formula I-E comprising a group
selected from
3-(2veamism«etlyl)-5-1flethoxy-1,3-dihydro-benz0imidaz0l-26fus2007/004053
3-(2-Amino-ethy1)-5-
(3-hydmxy-propoxy)-1,3-dihydro-benzoimidazol-2-one,3-(2-Amino-ethy1)-
5-ethoxy-1,3- dihydro-benzoimidazol-2-one,
3-(2-Amino-ethyl)-5-methanesulfony14,3-dihydrobenzoimidazol-2-one,
3-(2-Amino-ethyl)5-(2-hydroxy-ethoxy)-1,3-dihydro-benzoimidazol2-one,

Ry
hylsulfa¢y1-1,3-dihydro-benzoimidazol-z-one,

| N Rs Ry
methanesulfinyl-1y3-di o-berMaz\oR&-/oneE -Amino-ethyl)-2-oxo
-2,3-dihydrolH-bg¢nzoimidazole-5-earboxylic acid

(2-diethylaminp-€ -amQje, 3-(2-Amino-propy1l)-
2,3-dihydro-benzoimidazol-2-one,
whBe{@ A ieigidegtidyip@-Bxak 2L hetingadkol.ldh enboividiak ol5-yloxyl-acetonitrit
e, 3-(2-Amino-eth§/I)-2-oxo-2,3-dih dro-1H-benzoimidazole-5-carbOxylic
acid &hm aﬂ,ﬁ(a%d om aryl, and arylalk}/ll;
3-(2-Aminguethvsosoxey2edlibyebo-itd-henzgimidazole-5-carboxylic acid
pyridin-3-ylamide,3-(2-Amino-ethy1)-2-o0xo-2,3-dihydro-111-benzoimidazOl
e-5-cRdoBxylidtatich{ZHrrithio hytetaldyl camddeylalkyl; and
1-(2-Amino-ethyl)-l,3-dih%dro-benzoimidazol-2-o_n%, 1-(2-.
Amin&etff« 18ttt B RAR TS E AR B g ine-
[oo%dﬁ-%wm-@e@w&é@gﬁ@ St henzoimidaz elerr e askexy itAcid
phé%_% %r(ljJ Oﬁgit;i? th_ dll%%_);“g}lés_e él%(-:SeZd-égn Inn?é%?%xl)ne; ethylene, propylene, butylene,

poxy enzoimidazol- )
mehy PRSPt PIOEHTRIRS: PRRIAZUE; SRS TRlirRY B g Is selected from H
an@nf@thAmino-ethyl)-2-oxo-2,3-dihydro-111-benzoimidazole-4-carboxylic
acid (2-diethylaming-ethyl)-amide, .
0 TR RS A S TR LB sompisng e group oo
ﬁo%[ﬁ%mi_mﬁéﬁlﬁ&éo)-phenyl}-ethyl, 2-(2-aminomethyl-phenyl)-ethyl, and 2-[(2-
a@aé2adktpinphethyiain@-dilwdro-imidazo[4,5-b]Pyridin-2- one,
1-(3-Amino-propyl1)-1,3-dihydro-benzoimidazol-2-one, )
w%%b-mmlg.&w eorelygd smbogiinent e PEEHS S T RIS S8 lic acid
m%mm@?wlztﬁmﬁ@ﬁw}yfb@?@@ ,‘gl_lerein the small-molecules include
cotliftysirs-ditthb enivein tazole: Sarboxylic acid
[2-(2-hydroxy-ethoxy)-ethyl]-amide, 142-
Amino-ethyl)-5-trifluoromethyl-1g3=gifydro-benzoimidazol-2-one,
1-(2-Amino-ethyl)-1,8- dihydro-fmidazo 2 5-cipygidin-2-one,
3-(2-Amino-ethyl)-2-0x0-2,3-dhydro-IHpenzoimigazole-5-earboxylic acid
benzylamide, 3-(Z
carbonyl)-1,3-dihydro-benzoilnid

3-(2-Amino-ethy)-&-(2:ex6<2-pheNyx 2
1,3-dihydro-benzoimldazol-z

3-(2-methylamino-et yI)-1,3-ihydro-b zoimidazol-2- one,
3-(2-Amino-ethyl)-5-butexy-1,3-dihydro-benzoimidazol-2-one,
3-(2-Amino-ethyl)-2- oxo-2,3-dihydro-IH-benzoimidazole-5-carboxylic acid
methyl-phenyl-amide, 4-13-(2- 8
Amino-ethyl)-2-oxo-2,3-dihydro-1H-benzoimidazole-5-carbonyllpiperazine-
1-carboxylic acid ethyl ester,
3-(2-Amino-ethyl)-2-oxo0-2,3-dihydro-11I-benzoimidazole-5-carboxylic acid
diethylarnide,
3-(2-Amino-ethy0-2-ox0-2,3-dihydro-1H-benzoimitlayole-5-carboxylic acid
phenethyl-amide,
3-(2-Amino-ethyl)-2-oxo0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid

(7-hvdrovv/-1 -hvdrovvmethvl-2-nhenvl-ethvvD-amidea




WO 2907/095340PCT/US2007/004053 fluorouracil, and
6-mereaptopurine; eytotoxic antibiotics including, but not limited to,
doxorubicin, daunorubicin, bleomycin, mitomyein C, and streptozocin;
platinum agents including, but not limited to, cisplatin and earboplatin;
hormonal agents including, but not limited to, anti-estrogens such as
tamwwitern asgidiethylstilbestrol as well as anti-androgens s¢tgbsas® 7004053
flutamide; antiangiogenesis agents; and farnesyl transferase inhibitors.
[0031] In certain aspects, compounds of Formula |, Formula 1-A, Formula
I-B, Formula IC, Formula I-D, and/or Formula I-E are administered in
combination with cancer therapeutic agents that are themselves
whineiffde & farhRoATaIEARRSP RS ARttt I o eiPdlrabeiny o tphone of
A, Bubpsisimyly Cihe sedneieR, o sdevtbirfatio BltAkrdgiesratoh mybrndnkddnd
hal?%@%ﬂ&@lﬁ@r&t%%ﬁf&wf&%@i,eaﬁ@mMd/haﬁlfﬁ*m*lh"a fngffmyuiato
-A, Formula |- rmula |- -D,.and/or Formula LE alone.
forf&)&?fﬁ?&fﬁé?%%%%%?g,rg%?n%bgi%(%% FO(;DFr’nula [, Formula I-A, Formula
I-B, FrymwWadidd thal andin delrangiandagald;|-E are administered in
combination with one or more additional Trp-p8 modulator(s) including,
but 8t insiisetad frare HralotigtorabrmndayRdmhmd -A, Formula I-B,
Formuyla I-C, Formula PD, and/or Formula I-B. [0033] Within certain of
theseﬁérzﬁ dod‘i Fﬁ%%}]%gra\ﬁléhﬁlr%ﬁ%g gr%gﬂ?r%}o ecu 21%%%%%%8 of the
peRallmglecded Radrgaisiaesaiadienc). Thus, within certain
embodiments are provided small-molecule Tip-p8 antagonists of Formula
|, ForfiuRa 1s& FofRutediRBisEdsietdremedn vd ety silof®brmula I-E,
hyaioglyeisil atives Hyereqhrof ety ipdreybotyhulethritolmelianidA, Formula
phéB ey BHefy1 daRrm YRR i aposl - piiBAvIButoky T iRt pEnagpNist. [0034]

Further embodiments of the present invention provide methods for
decre@RiRy icelR/abfliwparia/Br intelsiierfioal prdwkhyfiewaesforthyl
hyStiyain greptiony amdhkysrant sasihbgzdobingustegrapidp tosis/and/or
phBSHOHSID BrERHAXAESNGTINRS; freayriary,suafangihods comprise
the step ofcontactlng a cell with a compound of Formula |, Formula I-A,
Formuis) 188 i~Stmaii deCyiapmiy R Brletrd/GrB oretiulaiyBrényzpethyl, ethyl,
hﬁg)f;}gﬁﬁﬁ#&g@ﬁ@&g&@mﬁ mujng;ar&ﬂﬂqeasaoﬁeﬁwj@t_aﬂgw,and/or o
inhibit.cell grow [ g;@ﬁgl{ el nduce apoptosis
phg%%%er? r?é%?gg?gyg?t%%e{%g% %%%%?%%%%II urthge% em bggri{rén}g’nts, the r|?Jr§sent
inventipnryre viieyritetibdsfan REatindea i Soasadthd, inammyalsthyb sthyl,
Ly MBIGRHY RHRHTIER, RSN HREN 8yaRR IO HEEMRRBdnand/Or
o SoTRGRIION AL NG RIESBALINRRUOD. 0. R6EIAK ASRESkaJhe methods
include the Administration of a composition comprising a combination of a

compoyne; 6f ERONIRARY, WWe-20R7 469 B3 40RGTFAE200AH08AGEB RdEmula
mézﬁyl,ﬁgwa%%@ﬂ,Féawﬂit_ﬂ%%‘iﬁsi{%ﬂaygi}?yc@&@lfﬂ%_ AR s btuOLe or
.more cancer. therapeutic .agent delivered.in a si an manner, suc
R b s e S A
meh bR h PBATAR iR ide e i BT ms RRaragy e i aRE SR dtTd of
hydanpukshl! BptrorstetiyA, Formula I-B, Formula I-C, Formula I-D, and/or
Formula I-E is administered first in,one ermuIEtion, foIIow}?cf_ bé/ the cancer
therap¥UtR AEAOINE Be pXPStetSritidtion BT AE FNEHBURSIEE MBRTE"S

ripemdat thetapentic agent being delivered first in one formulation, followed

by a compgund of Farmula |, Formula I-A, Formula I-B, FormulaFormula
I-D, ar?‘ér‘}g)r%iésr?ﬁ%%efi—géi rélesﬂé%)g}%it% olﬁrrlléﬂfgﬁgﬁﬁnfo&%ﬁumee%peutic
methodsipfrhe RigRaPLIvENIaNaE particularly effective in the treatment
of cancers associated with the expression of Trp-p8 including, but not
limited to, certain colon, lung, breasty and prostate cancers. [0037] The
above-mentioned and additional features of the present invention and the
manner of obtaining them will become apparent, and the invention will be
best understood by reference to the following more detailed description,
read in conjunction with the accompanying figures. BRIEF DESCRIPTION
. OF THE FIGURES ‘



100381 Figures 1A-1B are graphs depicting an exemplary ATP viability
assay suitable for testing and characterizing small-molecule Trp-p8
modulators of the present invention. In a preliminary assay (Figure 1A),
compounds were tested at 1 uM and specific killing of Trp-p8 expressing
CHO cells (CHO/Trp-p8) measured at 37C. In a follow up assay (Figure
1B)woanmpesiads were tested at various concentrations, andkikng:0640s3
Tip-p8 expressing CHO cells (C110/Trp-p8) was measured at 37C. An
EC50 value was derived from a plot of cell viability as a function of
concentration [0039] Figures 2A-2C are graphs depicting Trp-p8
modulator-induced increases in intracellular calcium as determined by a
calcitm fRuss &8saypdagsrmed at 37C. Figure 2A-is a positive control
modj”;%%sg{;? pg 18at CHO, A00 GHOMB RB:GlRRAgRd Silathida.E ul

e ca |um lux assay. Figure 25 s a negatlv %ntro
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benzglml n'[t‘?&l% ed§Pf Rg(g{)% r%?ﬁ??%?ﬂ?d@k@ﬂi@ﬁﬁ §Qﬂﬁy@¥§1¥£~zai}9%§ﬂh
Figure 3 are pl’ots of ow ey&e1 etr &P ta denho sltr%tln tha aa-cﬁg)a% e, 3-
2‘°§§3’n SR RSB BPERacifically TAUCINgG apoposis in ex reSS|’ng
B e M
meffiapludepiatngiedestpianyirésulisfom R@rimany-strded-fop-T mdﬁsfdm-
1%@%@&%1@%%&%@ &1ﬁi@ﬂi§ﬁ1ﬁ§§ﬁi§b despribaden®(eianitibhpropyl)-
23l Debs el AlAlG: &WPAHM& "§ Hers aemgﬁﬁ,dﬁ@ SATRRMRLS.
a‘% erent concentrations, n 1% D!\é +ﬁ ISO in.comt n}gr (()”n lic
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(zI&iéﬁ%&%ﬂ@@%&ﬂet@rmineﬁnb%tﬁmmsﬁemmﬂmrmmmmmm@s-
car x %agmfj Clj t-tr ﬁax?l?dggl%z%ﬁﬁngéﬁ%qdﬂ@lﬂy{&p M%Qz@@%oo]pyndman
Egonlst Pat n‘{erent conce tratlo (?azl ﬂ%ﬁ HM{QO at 37%&/ oxo-Z 3.
O”ﬁﬂl ISR s e %1&18&&3(%{’ SUSE B the Xie When G Wére
dikydvosHcb srretfadermiechprebrivdifond Brmeaitadgofrdrinar Gty iy ->>-
dikpapantitiatbieidganist-wasosiginifica itz ieducederoalinvbaibeaido ddther.
AAQQ@yBigufﬁa&&n@&ﬁrﬁmmmGWMGaﬁesﬂtﬁlérw@mmﬂiw-=
d@yw L 'sSthabcﬁn griesting. m%s@ﬂ(ﬁs?tf@zwm%mi@cule
[Ators 2'of the resent n}vegﬂ on Mlcew g 4
b@ﬁ%&ﬁaﬁ?&%ﬁgm %ﬁ%‘éjfﬂ‘ﬁ STENEETT N w?’%n @"ﬁﬁ’aﬁé“ﬁ‘of solid
caghenps! . F ﬁéﬂ@?@%ﬁ@‘@?ﬂﬁﬁéﬁ§rt§%r)’*§HB°WFB¥I1‘?'é1fﬁ1%’F%?GPPe“y1 -ethoxy)-
1, parpendicuiattal et i tae3sametanenas:lenih) - dhedobtumipridsag)-2-
m{z‘%aé%ﬁﬁnx\/&lﬂy\éef %@5&911@eaﬁlﬁndbmecmmgiovghémesw@&wmmaxed
0x0- 283 fg{x all?{;éhzehlvn(g}éjazo?e(g-c 1%91@& Qxe L*I\l/\e/nz 1\£\\r/rtﬁ§£] H‘ﬁ @verage

UAOT VOIUME TeAC approxmate 100 nuns mice were
AripRIGRIDEPNS: %ﬂ&oﬁﬁﬁﬁ%@%ﬁ & LR TR e
agingfiel doseefelthsroscstyiiig-conthbdiride dhtryedmidafolndutationylisracid
vehicle alone, by oral gavage. In Figure 6B, the mice were dosed
repeatedly with either a study compaund as an aqueous formulation, or
vehicle alone, by oral gavage. Tumors were then subsequently measured
on the indicated days. The data is presented as mean tumor volumes +
standard error of the mean. WO 2007/095340PCT/ITS2007/004053
[0044] Figure 7 is a graph depicting the plasma concentrations of several
compounds, as a function of time and dose, in mice after administration
via a single intraperitoneal injection. The compounds were all dissolved in

an aqueous formulation, and administered at comparable dose levels.
Rlond wace eollacted at the indicated fime nninte and analvvzed far Ariin



administered a single dose of either a compound as an agueous
formulation, or vehicle alone, by oral gavage. Tumors were then
subsequently measured on the indicated days. The data is presented as
mean tumor volumes + standard error of the mean. WO
2007/095340PCT/1152007/004053 [0048] Figure 11 is a graph depicting
thedackoheffisacy demonstrated by an exemplary compogdguir@77wwi3e
tumor xenograft model lacking Trp-p8 expression. Mice were injected
subcutaneously with CFIO-K1 cells lacking Trp-p8, resulting in the
formation of solid tumors. The length (L; longest dimension) and width (W;
dimension perpendicular to and in the same plane as length) of each
diethyhoridead-@réayueathwit-vrerRiddtutipeisl-bangaidderied verbplizadd
phaABDBEXIRAET (A afermle) Do the galiiyiecoftab @Hipsiisk ol 52t Rlic
acif{DROARE A ﬁm)wmgn ‘é‘}lﬂéﬂﬁ @g&ﬁ%@@@r@m@m@)@m@ ihe
gpmice were rand e car} 0 S, an nt? ag |n|§ltqred |t% b mgl d%se
By A SRS T 2 2 450 ous ormulation. or venhicle 3 oral gavag

2-w%é@wfelﬂﬁéﬁn§awéwéﬁﬁrmé@§m@d%a m&rﬂ’fa.&&m’a&g?gﬂ?rhe
ethgltaminlpdégeriteckas. daniturmovoiolidareb Lryilatidhrduenidinef IHe-feian
cthfN43LEipLE. 1,2-imaaesarh capirtogtbraiicaqy-feimnensisaleacs hyngad-

ben%ﬁmmzcgw PRARS .20 %%JMH%Q& Xepooyaft maﬁlp%m es@iNgnino-
8. The LuCaP mor o el was o 5&9ned from R% &L Vassella,

eth?”‘l)l b@'ﬁﬂ?ﬁ%%‘élor RS\ Gl VATRRISI S| sﬁmetf’Wﬁshmg on's School of

bengrighigiirel-FHeelength (L longest dimension) and width (W; dimension

di8PIRGUALIR ANlnbe.sane RIS AR KA At umor was
asured with vemie pers and the tumor volume was ap r%at
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Forariof. Formve FadheaugiRoXimets- ¢ 50 mpysthetd Kampbd-E in
cobimitiatefech harcampoiilg sazmibrueiplsstformmstatidtr Bijuktraperitoneal
Ext%ﬁﬁ@@ h&@iﬁ%ﬁ@%@@%@rﬂﬁé@mgkﬁmﬁ% WE LS heni SRS SMBIsts of
Forrpne E]aT{Ig : Icaltep %mu a? Qaﬁé‘ﬁﬁuﬁ’i ?% QB%ds&-?nﬁiE ?‘B %‘gﬂl%ds

VO umes + standar error of the mea%é_’ 'ﬁg
forpiaetiRe SEtmRARCE BT BHERRAT T1D BEEBRAYE, ﬁ% %5%‘3 5161 No.
Foprpyeyo0B 00xrfel 34} SEovR INDar! Eorrwla ffh acddig Yetitrdrerraricdae oy
in theoruiblestida segifencevit) SEQIDMNE dikdGeh T3apkaAoves sichaMazohifts
of 036985). REIM kEDrRESE RIPFQN OFc THENMVEN TION {0062 1ET he

present invention is based upon the discovery that certain small-molecule
[00R9) p SWib th ke Srsthinn ehditig cagwnsitisre o Tike pB:srotivivpntive eapulstont or
mded bR e rgmitin of mra(0s IndUuinguRIOR PSSO rReeerdsisincels

POt SXRBRRuI RS MLUNAHE WisHIng L0 b irpiieg iRy P esificneds of
actian, it is Ele ieved that Trn- E)08 agonlst medl%te Factwpt&op of the Trp-p8

compositions of mvent on com ula’l-
receptor su stgntsmiglncreases a?lon II‘II?PUX W ICh IS cor%eﬁatlv fA

FOE@HEﬂé‘IBWQ‘mW@ P S s pe BoTeR B Rdsken SRR with
onp efigveel ctinatr Frprap8utin teguniSistdarpinlibitotdsedramsanibydf anle L.igtivwala
I-Aigensnindusadaalivitof @R eIEN 0ug /3 PopSuaClivatiamwbitker therapeutic
agg%ggéﬁ ;Lyy &g%ﬁat(gdreduced growth or death of cells expressing this
cation channél protein. 100531 Thus, the present invention provides
[0630R|-sndipridendapnpRraetusiaisnencley dingragonisigano, antadotivsis:af
indibBRS @@%M{tﬁmﬁéd"é@%&%w RARILGRS, dﬁ@w&gd‘@r@ﬁmﬁ%ﬂs

ool |t{onts1 omprising one or @grgyc olegule Ir modulator in

o 1t
compination with ong or more p rrhacelftlcalf accé ptable carrler and/or
anfimeisheitesrpdudres dit ﬁ’ﬁ{/}éﬁtfﬁﬁ toy SFBPGGIGS %ﬁﬁﬁ&ﬁdﬂ%ﬁ?ﬁﬁ&ﬁ fions
comprising one or more Trp-p8 modulator and one or more additional
therapeutic compound such as, for gxkample, a cancer therapeutic agent.
Trp-p8 modulators and compositions comprising Tip-p8 modulators will
find utility in methods for activating Trp-p8-mediated cation influx in a cell,
methods for inducing apoptosis and/or necrosis in a cell, as well as
methods for the treatment of diseases associated with Trp-p8 expression
including, but not limited to, cancers, such as breast, colon, lung, and
prostate cancers. Definitions



100541 The term "Trp-p8 modulators" refers collectively to compounds
which are small-molecule agonists and antagonists that bind to and either
increase or decrease, respectively, the activity of Trp-p8 in a cell. Trp-p8
agonists include compounds of Formula I, Formula | - A, Formula I-B,
Formula 1-C, Formula ED, and Formula 1-E and chemical derivatives
thexeobodrp9® antagonists of Formula |, Formula EA, Forpaglash@ioososs
Formula I-C, Formula I-D, and Formula I-E may be readily synthesized
and characterized by a skilled artisan by employing the methodology
expressly provided herein and/or as is readily available in the art. 100551
The phrase "activate Trp-p8" means agonist-mediated activation of Trp-p8
fluepretisedl 6Mmitteasoiate: i toalt mbbickerinsiadingivp eedrigied to,
doxerabionlianisuBERNISERfdhaptesenh inveidtitrptden; pontastedaith a
mcl%ﬁlhg%é%ﬁﬁm Q&%Le ey v Lgr@omﬁmmamﬁqgm&t@ﬁmgebmopS

thereby facilitatin influx of catign as.calciu |ons R
i o NAPEEEN AREDET TR O & e

%ens
at Is su |C|en 0 caus

suchokidierdheimsiszenitie Asttr i A iRl FERINgRIREh and/or an

of necrotic and/or apoptotic cell.d
"’Ogg'm;‘d@%rﬂ‘bﬁ%"‘f b ETHE P ggﬁnfbao?s%l s, Fom flﬁ’aft?: g{(}mrfﬂlélal.
C, Freama LR i RerHit b are AtSH e e gRY S e R S e Bt AR
agepfs e antdbtret usstivetfrierog &t Bpdnlstngrireatoanthon Beas! [6’@’59‘]3‘1’5 é" -
p8.Iaimpisiikatly, thysHselsef aspaiitthahotnes subititlehincmeafficaunidstve to
the%m%wléﬁgm%@ﬁ@*ﬁa&mﬂmﬁh@ﬂ rhainreueyolcroyeEecRd) 88mula
royp, or C%n %lon thereof, which may be fully saturated, mono or
f)mllyuns aturated and can include di and multivalent groups, having the

[oodpmhenefcashon, atompsudesigraadifilicr GinQliolM Rt 1) Remnula I-C
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FO’&‘U%Péxﬁﬂ’i‘Bléa FB&Rtpia IF\ F&Imﬁl&ftﬁ“ﬁ‘ﬁﬁ [F& like An
[oolégfa ted arthl SRR eénencﬁmwe%@@vtamg{% douhia hepdseutiplge

bonds. xam fes ‘of unsaturated roups i clud e vin %lgro ertg'
Smﬂlo‘ﬁﬂleﬁulfsﬁ’ﬁe?ﬁéﬁciﬂm? ettt grlﬁe/ffnﬁ B EntAdIRSTTS-TT L hentadienyl),
prosighgrnall-aete Sl Bk ntazBRiS oA EarAAG Rrgmele Ak Erogeaha:
Foismines, fo8h8}h Fiedernt Fatkein/1"Elendies btaneherdr afithramahrsei
FolyERaCasRaRLhAINS GRIMALBING SREQraNPsaRR DO Hamemdo v adpasds.
ag L0591 The term "alkynyl" refers to branched or unbranched hydrocarbon

chalns containing one or more carbon-carbon triple bonds. [00601 The
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u s S havi ewer Carbon atorns rred in the
copREisE ﬁf\?@ﬁﬁ&?f*ta&flfrg\?vé’flbwr%mw&? e s argw&‘h‘e%t &R
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méﬂg%%%p@o&ii'é@l%} graup.detived from a cycloalkane, as exemplified by
cyclohexylene. Typically, a cycloalkylene group will have from 5-8 carbon
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carbon atoms being preferred in the;present invention. [0063] The terms
"alkoxy," "alkylamino" and "alkylthio" refer to those groups having an alkyl
group attached to the remainder of the molecule through an oxygen,
nitrogen or stilt atom, respectively. Similarly, the term "dialkylamino” is
used in a conventional sense to refer to --NR'R" wherein the R groups can
be the same or different alkyl groups.



[0064] The term "heteroalkyl,” by itself or in combination with another
term, means, unless otherwise stated, a stable straight or branched chain,
or cyclic hydrocarbon, or combinations thereof, fully saturated or
containing from 1 to 3 degrees of unsaturation, consisting of the stated
number of carbon atoms and from one to three heteroatoms selected from
thewgoodpeappisting of 0, N, Si and S, and wherein the nitsegeandosesfur
atoms may optionally be oxidized and the nitrogen heteroatom may
optionally be quatemized. The heteroatom(s) 0, N and S may be placed at
any interior position of the heteroalkyl group. The heteroatom Si may be
placed at any position of the heteroalkyl group, including the position at
FophileH-thé etiylagh B Bosnattdchdtiauhid-Feiding EPIHfuéhg or more
cafcamplpainclpde diledd 1 1 shdulQneGl 2raB(@) skl 43y a single formulation.
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_~CH2- SC1-12C/T-A22NH-C1-12—. For heteroalkylene groups,
P88toms can also occupy either or both of the chain termini. Still

[od9siherionalivdeng and haterealianrgdinkind SaURay RERtGNatien of
w8 "?'é&“ o J&f%‘% ﬂ[QQ,@F}Lsmﬁ &%ﬁ'%] l?gcx,'d&@tfgso&%aq%g&qups

erived rrom an organlc acid I%/ remova of the y roxy pOI’tIOﬂ of the acid.

CoRAR SRR Ea RS PSRRI SRGHE, for example, acetyl, propionyl,
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actpolyficoobliaptsaldehydes, alphaketo esters, alpha-keto acids, alpha-keto
amides, 1,2-diketones, 2-acylthiazoles, 2- acylimidazoles, and the like.
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atoms are optionally oxidized, and the nitrogen atom(s) are optionally
guatemized. The "heteroaryl" groups can be attached to the remainder of
the molecule through a heteroatom. Non-limiting examples of aryl and
heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl,
1-pyrrolyl, 2-pyrrolyl, 3-pyliolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl,
pyrazinyl, 2-oxazolyl, 4- oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl,
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2- thiazolyl, 4-thiazolyl, 5-thiazolyl,
2-furyl,2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl,

A-nvrimidvl B_-henzothiazolv/l niirinvl 2-bheanzimiclazolv/l GBoindolv/|



[0071] Substituents for the alkyl and heteroalkyl groups (including those
groups often referred to as alkylene, alkenyl, heteroalkylene,
heteroalkenyl, alky-nyl, cycloalkyl, heterocycloalkyl, cycloalkenyl, and
heterocycloalkenyl) can be a variety of groups selected from: --OR’, =0,
=NR’, =N--OR’, --NR'R", --SR", -halogen, --SiR'R"R", --0C(0)112, -C(0)R,
--CQ3RIABANR'R", --0C(0)NR'R", --NR"C(0)12", --NR'--C{QiNRs R oans3
NR"C(0)2Rt, --NH-C(NI-12)=NH, -NR1C(NH2)=NH, --NH-C(NH2)=NR",
-S(0)R', S(0)2R', --S(0)2NR'R", --CN and --NO2 in a number ranging from
zero to (2N-I-1), where N is the total number of carbon atoms in such
group. R', R" and Wu each independently refer to hydrogen,
[00dPs U Bistitiate elGiB8)afloyt avidniratedealishonsisatinstthatedTaryld agghist is
cap%UQSﬂt&ﬂ&ﬁiwiﬁb &&&@é@g@ﬁswmsn’@qiﬁuie&sa{kglcmym g kexgose-
5%&%81‘}1@“ (Q-Caalkyl groups. When R' and R." are attached to the
same nitrogen atom, they can be combined with the nitrogen atom to form
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M¥pstituents found on the compounds described herein. Examples of
pharmaceutically acceptable base addition salts include, but are not
limited to, sodium, potassium, calciupn, ammonium, organic amino,
magnesium salt, or other similar salt. Examples of pharmaceutically
acceptable acid addition salts include, but are not limited to, those derived
from inorganic acids like hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrophosphoric, sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts derived from relatlvely

nontoxic organic acids like acetic, propionic, isobutyric, oxalic, muter,
rnalonic bhenznie <iicecinic <riberiece fiimaric mandelic nhthalie



[0076] Small-molecule Tip-p8 modulators that are suitably employed in the
compositions and methods of the present invention are exemplified herein
by compounds of Formula I, Formula I-A, Formula 1-B, Formula I-C,
Formula 1-D, and/or Formula 1-E disclosed herein, and derivatives
thereof. WO 200 7/095 340PCL/1382007/004053 100771 Thus, in one
embedimentsihe present invention provides small-molecubeditgz008/004053
modulators and derivatives thereof wherein the small-molecules include
compounds of the following Formula I: Ni ?1/4R3H R2N R4 wherein Rl is
selected from H, alkyl, heteroalkyl, arylalkyl, and aryl, or, Rl and R2
together with the nitrogen pimp may form a cyclic or heterocyclic group of
[00d4] toFRSmtbins iaph denislingtt HomargtEntrH ARt PVRS! RoaRBisdefdm
fundislo@tRraal Wyke AR anasy alkeyd dhdisisaseleciedsfrgimiblyakylodralt etoetikyl,

m@{b%&%h%ﬂ%&é&%&%@@m% igesthat withibe, Dilicasmargupform an

hatic amine
comparr)able dose leve]s Blood was collected at the indicated time points, and analyzed for

drug levels.

[0045] Figures 8A-8B are graphs depicting the efficacy demonstrated by several
compounds in a murine tumor xenograft mode] expressing Trp-p8. Mice were inj ected
subcutaneously with CHO/Trp-p8 cells, resulting in the formation of solid tumors. The
length (L; longest dimension) and width (W; dimension perpendicular to and in the same
plane as length) of each tumor was measured with calipers, and the tumor volume was
approximated by a formula for the volume of an ellipsoid: 0.52*L*W?. When the mean
tumor volume reached approximately 100 mm’, the mice were randomized into groups, and
administered either a compound as an aqueous formulation, or vehicle alone, by
intraperitoneal injection, on the indicated days. All compounds were administered at
comparable dose levels. Tumors were subsequently measured on the indicated days. The

data is presented as mean tumor volumes + standard error of the mean.

[0046] Figures 9A and 9B are graphs depicting the plasma concentrations of several
compounds, as a function of time and dose, in rats (Figure 9A), and dogs (Figure 9B) after a
single oral dose. The compounds were all dissolved in an aqueous formulation, and
administered at comparable dose levels by oral gavage. Blood was collected at the indicated

time points, and analyzed for drug levels.

[0047] Figures 10A and 10B are graphs depicting the efficacy demonstrated by several
compounds in a murine tumor xenograft model expressing Trp-p8. Mice were injected
subcutaneously with CHO/Trp-p8 cells, resulting in the formation of solid tumors. The
length (L; longest dimension) and width (W; dimension perpendicular to and in the same
plane as length) of each tumor was measured with Vernier calipers, and the tumor volume
was approximated by a formula for the volume of an ellipsoid: 0.52*L*W?2. When the mean
tumor volume reached approximately 100 mm?®, the mice were randomized into groups, and

- administered a single dose of either a compound as an aqueous formulation, or vehicle alone,
by oral gavage. Tumors were then subsequently measured on the indicated days. The data is

presented as mean tumor volumes + standard error of the mean.
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(00781 Within related embodiments, the present invention provides
small-molecule Ttp-p8 modulators and derivatives thereof wherein the
small-molecules include compounds of the following Formula I-A: wherein
A, B, C, and D are independently selected from CR2 and N; wherein at
least one of A, B, C, and D is CR2; wherein R2 is a member selected from
li, afiyhobreigmalkyl, aryl, halogen, arylalkyl, 1(60-, and R6&-t/pdief@ituizH
is alkyl; wherein when two adjacent of A, B, WO
20071095340rcuuS2007/004053 C, and D are CR2, the two R2's may
combine to form a single aryl, cycloalkyl, or heterocycloalkyl group; and RI
is selected from 11, alkyl, hetcroalkyl, aryl, and arylalkyl; R3is
[0048] e cReslufed nisdlgrhrhdptoiik yhedrsh, of sfakg AIRPELB)L byeronemalary- -
conpoma B a MR eNREE, ndaer eiskiRg Terepsnapibatoseesteddrem H,
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sl RS e enth (g oy ‘ﬁ‘"" kyii W, SRRy
andl‘Mhaﬁ@TR slwg eqh@gtmmfﬁaéhﬁmﬁ éﬁsgmsamm‘gﬁf %mp%aﬁhpamﬁéi the
tundQF RinWithimppentaintexXemntanutcinpoundssf dEenrsilizsdid ORRTE TN R7
wilsn! lh&&&@é@ RESGS dude MafheaiBpRs AL Splnated i apianyineiby |,
i HYY %‘gad;{ IR }&l@gnglbxgggwgwga seiggigdfrom H

com rises or 6 carbons; and/or Rzéts se ected
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-(2-aminqQ-ethylamino)-naphthalen-2
‘% &? er ca 1p8ﬁ;1 asg;ll_na r%llnop 5§:12am z}i)%rommated by a formula for the volume
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mip> ~(Reamiovercatipanishas) pisenyipound, as an aqueous formulation, by
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o related embodiments, the present invention provi_des small-molecule
e?‘?p p8 modulators and derivatives thereof wherein the small-molecules

[odsgjudszeompasinds @f Hﬁ@é@ﬂm&géﬁmﬂa&&a Trp-p8 cDNA (GenBank

Accession No. AY090109).

[0051] SEQ ID NO: 2 is the amino acid sequence encoded by the nucleotide sequence of
SEQ ID NO: 1 (GenBank Accession No. NP_076985).

DETAILED DESCRIPTION OF THE INVENTION
[0052] The present invention is based upon the discovery that certain small-molecule Trp-
p8 modulators, including agonists of Trp-p8 activity, are capable of inhibiting the growth of
and/or inducing apoptosis and/or necrosis in cells that express Trp-p8. Without wishing to be
limited to any specific mode of action, it is believed that Trp-p8 agonist-mediated activation

of the Trp-p8 receptor substantially increases cation influx, which is correlative of cellular
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WO 2007/U95340PCI/US2007/004053 wherein 124 is selected from Ti,
alkyl, heteroalkyl, aryl, and arylalkyl; R2 is selected from aryl, alkyl,
heteroalkyl, and arylalkyl; R3 is selected from alkyl, heteroallcyl, and
arylalkyl; R4 is selected from H, alkyl, heteroalkyl, and arylalkyl; and R3
and R4 together with the nitrogen group form an aliphatic amine. [0082]
Withip sefi@gexemplary compounds of Formula I-13, R., it 18040s3
selected from methylene, ethylene, propylene, and butylene; R4 IS
selected from H and methyl; and/or R2 is selected from phenyl, furan,
methylpyrrole, methylbenzoate, aminophenyl, hydroxyphenyl,
cyanophenyl, and methoxyphenyl. 100831 Exemplified herein are
toxiptipoisrdehef byl thdt Broahprstapidsgrouphiidhedept de! and/or native
hga%tﬁa?xté\méﬁ(acﬁmwuyﬁnﬁﬂégﬂnﬂwm 2hd spyivazal-3hith, consequently, leads to

redic | e <§1¥hanne rotein.
o AP S PUEE ot

[0083(2-amif) Ghe frydld ifd emethyidvidepymedl-Rojdp R pyndunotigagrs, including
ago?ngé @r@ﬁ?ﬁa@&&%%}*ﬁm@wl@ﬁ -RYRAQk oylpositions, including

phain}%c%lr%cngeet ?’é‘é("gzﬁhgnrﬁ&'% ng% ¥e|%§%ﬁrg¥ﬁ?§g%§)f¥%le Trp-p8 modulator in
AL G Et AR T BT 5
prepére inpteRidn p&ﬂ(a;zrgk@eypombmatmn compositions comprising one or more Trp-p
moddidS o thyhot: (ddamanipigeylie 2bpytad ok for example, a cancer
thega 2:A0) &?tw Q?b&@ﬁ%b@%}{arﬁa%\é@n?dﬂs RyFeERINE Yhp48 modulators will

ﬁnél A{Irl] Qeo %t] é uP XraZPI %sy %}edpggg%oﬁq}glm%w&eﬁ?ﬁémods for
Al m%m e LPATRa eV S0 Sl g

IndNGGRIBIGH 95t
asforitet w@#aﬁéd-e&mbmﬁm@l‘{ﬁé%%éé?ﬂllﬁv@ﬁﬁ%ﬁ%ﬁd@@ as breast,
cof)aling) elRGiatdiep-p8emodulators and derivatives thereof wherein the

small-molecules include compounds of the following Formula I-C: WO
2007/095340PCT/US2007/004053

Definitions

[0054] The term “Trp-p8 modulators” refers collectively to compounds which are small-
molecule agonists and antagonists that bind to and either increase or decrease, respectively,
the activity of Trp-p8 in a cell. Trp-p8 agonists include compounds of Formula I, Formula I-
A, Formula I-B, Formula I-C, Formula I-D, and Formula I-E and chemical derivatives
thereof. Trp-p8 antagonists of Formula I, Formula I-A, Formula I-B, Formula I-C, Formula
I-D, and Formula I-E may be readily synthesized and characterized by a skilled artisan by

employing the methodology expressly provided herein and/or as is readily available in the art.

[0055] The phrase “activate Trp-p8” means agonist-mediated activation of Trp-p8
expressed on the surface of a cell. For example, within certain embodiments, agonists of the
present invention, when contacted with a cell and/or administered in vivo to a mammalian
subject, activate Trp-p8 thereby facilitating the influx of cations, such as calcium ions, to
such an intracellular level and/or for such a duration that is sufficient to cause toxicity to the

cell as evidenced by a diminution in cell growth and/or an onset of necrotic and/or apoptotic
cell death.
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wherein Rl is selected from H, alkyl, heteroalkyl, aryl, and arylalkyl; R2 is
selected from aryl, and arylalkyl; R3 is selected from alkyl,
heteroalkyl, arylalkyl, -NHC(0)R5-, -OR5-, and -NH13.5-, wherein R5 is
alkyl or heteroalkyl; 124 is selected fromalkyl, heteroallcyl, and arylalkyl;
and R3 and R4 together with the nitrogen group form an aliphatic amine.
10685 ndMibksm certain exemplary compounds of Formula b&ydszpisvdolob32
is phenyl; R5 is selected from, methylene, ethylene, propylene, and
butylene; R3 is selected from propionylarnino, ethoxy, propoxy, and
ethylamino; and/or R4 is selected from H and methyl. 100861 Exemplified
herein are compounds of Formula I-C com rising a group selected from
[00§§d2 a‘mm %Wmmaﬁﬁ%ﬁw mtrogen atom wherein any
sulBtifReats) irtbectivoydy) e phahyd- st il nizrt(ﬁenehn merathiey3Boplatenyl-ethyl,
3-amino-propoxy)-2-phenyl-ethy! ,
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o ounds 9 5*1] 0“0%% %ergnucmcD NEGINRL I Felfe Q{ﬁeg | fropp H.
arﬁ? eroatle ﬁlC 111 IS selecte rom ary

OB PR .tsbgéaréef@%mb AR, FShS T (PRI, Ra is
cydeeqtdehétarh Mnallops dndticpoutkyl, Smdanypitkptremu Ry eyt Racssdether
octlitiningenitto ganugsauntamta aradiphatie BIVilg one or more double bonds or

triple bonds. Examples of unsaturated alkyl groups include vinyl, 2-propenyl, crotyl, 2-
isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl,
3-butynyl, and the higher homologs and isomers.

[0058] The term "alkenyl” denotes branched or unbranched hydrocarbon chains containing

one or more carbon~carbon double bonds.

[0059] The term "alkynyl" refers to branched or unbranched hydrocarbon chains containing

one or more carbon-carbon triple bonds.

[0060] The term "alkylene" by itself or as part of another substituent means a divalent
group derived from an alkane, as exemplified by --CH,CH,CH,CH,--. Typically, an alkylene
group will have from 1 to 24 carbon atoms, with those groups having 10 or fewer carbon
atoms being preferred in the present invention. A "lower alkyl" or "lower alkylene" is a

shorter chain alkyl or alkylene group, generally having eight or fewer carbon atoms.

[0061] The term "cycloalkylene" by itself or as part of another substituent means a divalent
group derived from a eycloalkane, as exemplified by cyclohexylene. Typically, a
cycloalkylene group will have from 5-8 carbon atoms, with those groups having 6 carbon

atoms being preferred in the present invention.

[0062] The term "alkenylene" by itself or as part of another substituent means a divalent
group derived from an alkenyl, as exemplified by —-CH=CHCH,CH,--. Typically, alkenylene
groups will have from 2 to 24 carbon atoms, with those groups having 10 or fewer carbon

atoms being preferred in the present invention.
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[0088] Within certain exemplary compounds of Formula I-D, Ri is H; R2 is
selected from phenyl and phenylamino; Ry is selected from methylene,
ethylene, propylene, butylene, methylamino, ethylamino, propylamino,
butylamino, and acetyl; and/or R4 is selected from H and methyl. 100891
Exemplified herein are compounds of Formula I-D comprising a group
seleeded it 42-(2-arnino-ethylamino)-phenylFethyl,  pcer/us2007/004053
2-(2-aminomethyl-phenyl)-ethyl, and 2 [(2-
amino-acetyl)-phenyl-amino]-ethyl. [0090] Within yet other related
embodiments, the present invention provides small-molecule Trp-p8
modulators and derivatives thereof wherein the small-molecules include
[0063IM e nalsOfalkexioll tallinigoiiosiroth’ #Ey thigftreferiite AhoBe EoupnHapingran
ancim gl%as a@&n&lws%%&&ﬁmﬁﬁ%i b wherginebioast, anegeh A B,
atom, ?ll Fl Qh]e%én@vﬁ%lﬁmlimc@ &da AldaRRlRIRAIGH A0
en; wherein when two a ent C,and D are
fefecﬁrﬂﬁé‘ Wé‘elf?ﬁ% ‘rgq’?a%%‘B‘r‘ﬁBﬁ%‘i%‘PSﬁﬁ“é? &g efs’r‘f/r"‘@c%"é‘w or
moﬁﬁtefﬂ%l%ﬁlkx el‘calﬂgrr ﬁsﬁﬁm%mm@kmmﬁﬁg@ka&am@w@m
othﬁéxlse: sstgl tae gt (F]Pet strai or r’an gtgr%fa.!kyl anq %Ll)((}/a!l’ngq dor omb%%t%ﬁg

C
rogen group form Yan alj |p atic amine.

l&éﬁ%ﬁeé%ﬁﬂﬂfa}‘}}%‘?ﬁﬁbhﬁ& dgrees PPl tion, °°nS(F)“Pz‘%L° M9 or
state@ Wirnalrvd R i-ishoe lsetetkhbfremmethi thyelhssepprtsthy Sedsgicd, fhy@lf&g@uwl
corRi@RylohyNO XY RE BY hnb k- iy donaponty | amaiin tribeysph@gtionally be
oxiBRENVITEINGXY &m@m&xaﬂmmmmawbﬂm&mmyl
N S SVYace?h%thrt‘ef SRR sraLon e, DRIRIM,
yfn%d?gxye 1H§/d$roxy ropy uty hy ro utyl, acetonitrile,
may He Ry AREHY! mﬁa&y %ﬁéﬁ‘ﬁf@%ﬂ% Wﬁe*ﬁshb?wﬁé&?p%‘wb Xk Pind
alkiplegrayh,is attachil)tiehe sexB(OPQVitf dramaleerisinHetieks (wetedf fréfentdinyh--
crhydepxymrthpredyl, hydroxyethytopropydHyd iy sopih-faHy-CH,--
cH)Y g(Bﬁ(XQth'zé’ﬁetﬁﬁm g opheny], Rhenvimeshexy, REREMISINM, —Cr=N--
O I-P:,—en}{({) rgﬁo&i_&(%"ﬁ/ 5 %ﬁXyUart]cg t\ggﬂe%l’oatoms may be consecutive, such as,
for example, ~-CHa--NH--OCH; and --CHy--O--Si(CH3);. Also included in the term
"heteroalkyl" are those groups described in more detail below as "heterocycloalkyl." The
term "heteroalkylene" by itself or as part of another substituent means a divalent group
derived from heteroalkyl, as exemplified by ~-CHa--CHz--S--CH;CHz-- and --CHp~~S--
CH,CH,--NH--CHj--. For heteroalkylene groups, heteroatoms can also occupy either or both
of the chain termini. Still further, for alkylene and heteroalkylene linking groups, no

orientation of the linking group is implied.

[0065] The term "acyl" refers to those groups derived from an organic acid by removal of
the hydroxy portion of the acid. Accordingly, acyl is meant to include, for example, acetyl,

propionyl, butyryl, decanoyl, pivaloyl, benzoyl and the like.

[0066] An "activated carbonyl" group is a carbonyl group whose electrophilicity is
enhanced as a result of the groups attached to either side of the carbonyl. Examples of such
activated carbonyl groups are (polyfluoroalkyl)ketones, (polyfluoroalkyl)aldehydes, alpha-
keto esters, alpha-keto acids, alpha-keto amides, 1,2-diketones, 2-acylthiazoles, 2-

acylimidazoles, and the like.
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(iv) R1 is -S(0)2t and wherein Rh' is selected from methyl, hydroxyrnethyl,
ethyl, hydroxyethyl, propyl, hydroxypropyl, butyl, hyclroxybutyl,
acctonitrile, phenyl, phenylmethoxy, phenylcthoxy, phenylpropoxy,
phenylbutoxy, and benzyl; v) R1 is -C(0O)NWWI, wherein Ry and Wi
are independently selected from H, methyl, hydroxymethyl, ethyl,
hydwaxyethyizpropyl, hydroxypropyl, butyl, hydroxybutyl, ecr/us2007/004053
diethylarninoethyl, phenyl, pyridinyl, methoxyethyl, hydroxyethoxyethyl,
benzyl, methylphenyl, phenylethyl, hydroxyhydroxyracthylphenyl ethyl,
carbamoylmethyl, and hydroxymethyl hydroxyethyl; (vi) Rl'is
-C(0)IN1Wri, wherein W and WI together form morpholine, piperazine,
[00§Ter Spmierexiavelsady!” and "hgfiorslRalkelo e thsririTethin SPEbiafiglene,
wifbropyleasanptdetyleress otherwibeiilpR® igadithwdeimari R/ 152k (ix)
"h&réﬁlg}fs rQi‘pl@@ 4! nA&M@%ﬂmk@%@ﬁ%@l% LTI 0L So0tupy the
e
cy@o@(ﬂmkyi%m%pgntyl cyclo exyl 1-cyclohexenyl 3-cyclohexenyl, cycloheptyl, and
theBkleyEixamylprofisseypcy Sainy drdude X bitsfidetzsiipdspryridy?), 1-piperidinyl, 2-
pl;%r(&rﬁrmwamyﬂr&eﬁb%wﬁhﬁ TihygroHaen zaishidiadta-01e,
f%‘Hl‘JQPBG}hYQr&%éE':%EH@H%”QF})(M&.%EQ'QN%QbﬁB@%&Q@Zle?p&Qﬁnyl
2-Arnino-ethy1)-5(2-hydroxy-ethoxy)-1,3-dihydro-benzoimiclazol- WO
%695340u320w00105 2-one,

[m%é? WMWA)oQ&X@a%M'mydﬁenﬂs%Mramm isPzoleebscaRneaiC

mefﬁ quﬁé“é% se stated aﬂuonne, chlorme, bromme or iodine atom Addmonall
Amino-et y - -methy sulf anyl 1 3-d | omal a1 (%](
tertps SRE o BHPRIR S LSRR 8|’f‘ﬁ;}f31“§’ “°dr A aod Rahapalil.

[0664P- Aﬁu@%ﬂam Qelgm%ﬁaﬂm&r@mﬁﬁa@mﬂ%@%ﬁr@%wlwd
C(I)Ieth qrﬂggm tax}/sl) n es ezth 1se smtl ndo 'eg 81){11)10 substituent whichcanbe a
élc |)ﬁyc ro- -

n20|m| azo one,
sinpEle oA ATIBLERH s QIR D sifpem o bichises Dairhienesn o Rt sewlsmivn
The t@+2 Wirimetspiemids inghBladitopd rtitingserhicipiaterp feo-capie fc
heeidi@tR\Warsialefrom N, O, and S, wherein the nitrogen and sulfur atoms are optionally

ox%ifz%ﬂmrme %EQM&@a%Q@? ée%%%@lﬂ@a@ﬁ%‘ W@Z}%rga{%@f %Q?ﬁ)ﬂlsl cAcid

oo AR R e b propgh s eroatn, Nimtpg rompls
of&y}ﬁ&!ﬁ% é’fﬂﬁ?@ﬁﬁﬁ@de phenyl 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl,
2-gvrplalfirroredhid B-Py3aeihy Rdntiderebilyfidaiéieoldriayrazpyl, 2-oxazolyl, 4-

oxAdBII Oz gy, 3xeHoydr 6-cxaphiih o 23k efitpigaisok 2-a1pe 5-isoxazolyl, 2-
théz@y'ﬁmﬂﬂgz yélf%a%@ﬂz%;ghhy%ﬂbltﬁi%momw@@@&@;b@wﬁud
I?)?)%IT% mlde 34 cqgl gl’lly] np‘unnyl , 2-benzimidazolyl, 5-indolyl,

20|m azol-
- @0@1%9%6 1é‘ifﬂ3‘/‘|‘}°iy’3 Y A0S By ol S-auimy
SuBstiusnsifen cathyl] tReokov@ Rtdiyrning Bittanvomsidkerel dearchespstiefacid
acteptiat yiasntiRert byt nieivw3 The term "arylalkyl"” is meant to include those

gro(%mm%}?mx ]%%e y?@g %&Mcﬁ@ﬂ%% %l é & rl%Qﬁ%JfC acid
th ﬂcqiln -4-yl g (g -Amino-et erlj -dih dro imi eanyme&psxr&dm -2-
PhSREn. %nh%iﬁ BYES- 18 Qi A B2 & ﬁ&z‘%r- 0
PB@‘{QOAHT}FFBY&MU%PSQMQXS)P&?H%?6d]FPF b’é‘ﬁzmmldazole 5- -carboxylic acid
phenylarnide, 3-(2-Amino-ethyl)-2-oxo-2,3-
dihydro-1H-benzoimidazole-5-earboxylic acid
[2-(2-hydroxy-ethoxy)-ethyl]-amide, 1-(2-
Amino-ethyl)-5-triflnoromethyl-1,3-dihydro-benzoimidazol-2-one,
1-(2-Amino-ethyl)-1,3- dihydro-imidago[4,5-cipyridirt-2-one,
3-(2-Amino-ethyl)-2-ox0-2,3-dihydro-111benzoimidazole-5-carboxylic acid
benzylamide, 3 -(2-Amino-ethyl)-5-(morpholine-4-
carbonyl)-1,3-dihydro-benzoimidazol-2-one,
3-(2-Amino-ethyl)-5-(2-ox0-2-phenyl-ethoxy)-
1,3-dihydro-benzoimidazol-2-one, 3-(2-methylamino-ethyl)-1,3 -dihydro-b
enzoimidazol-2- one,
3-(2-Amino-ethyl)-5-butoxy-1,3-dihydro-benzoiraidazol-2-one,

QA (72-Aminn-ethvvDN-2- covn-2 A_dihvdrn-111-bhanzonimidazole-G_-carbovvlic



benzoimidazol-2-one, Within one such embodiment, is provided the
compound
3-(2-Amino-ethy0-1-(2-isopropyl-5-methyl-cyclohexanecarbonyl)-5-meth
oxy-1,3-dihydro-benzoimidazol-2-one. S thesis of Small-molecule T8
Modulators [0093] As noted above, compounds of the present invention
inclwdenompaunds of Formula |, Formula I-A, FormulaFomai&1e63004053
Formula I-D, and Formula I-E. Within certain aspects, compounds can be
made using commercially available starting materials by employing
synthetic methodology readily available in the art. Compounds of Formula
I, Formula I-A, Formula I-B, Formula I-C, Formula I-D, and Formula I-B
{0070y Beclsoidteabosingriy ticnl 18tidiichetsrerfrutifradtioryie ermmrfaasiksivAe
boti5iB&: b d BEIULRNGstiRa fample, ichintiatetraphiParfenadcnstillization
eacm%lg%q &Q%eﬂoﬂaQ&%e?J@k”' in the art will readily recognize that
compounds suitably included in the compositions and methods of the
[00PTESERbiTventian: aankyishirhaterusiityt pofpiiariddinarisosmmers oBLZ
reféx%mé HIRIgLROMELS1 33 (W6 1B3AR IR IHOMBIS alk s, SerpRKNdS used

hetem nxglo ?g% ) 'Oﬂk and me Q?Q%ﬁ&&ﬁ&@i?é%@é@%ﬁé gamupsesaucmch

|at|ons In compoun s of Formula
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C(ARMSIO R EPNBR ncPCEONRA! stbBLR(ETS a?@‘b&ﬂ@@&RéiFé" - '
NRASYOYRELINHACTRH AT, cnmpgmngsmF-aﬂmtamﬁmm a$@)Formula
S(CB %( %{B lﬁ‘li‘lg Fermudas Emérgaﬁﬁﬁﬁé exial8% RN@RiaMEere N
ﬁé%ﬁ*%%reo &3 Waxt%fs%&fgscﬁof TheReff@nt'w&@&qﬂd&@ﬁ&m&?mﬁﬁo
e separated by ¢ romatographic or crystalliz t|o met qds, or &fx "
hY%ﬂgé? M%%%H%‘tﬁﬂ&wﬁif?ﬁ“fﬁ‘ea%‘?ﬁlefﬁea&?wﬁ?ﬁ‘éﬁﬁ&“é TOR Ay
1-30ndopérsyonsenfitadalsrisaliowy S, tb@ﬁ%*m?eﬁwéwhﬁﬁ fFréaE% §%¥Sthe
WHMEREH RVeRtgnchEl & pie sene find smakaieyrts b thatgpgositighe
mn%ganyem% Rl @53162{ egrshdmitbrdinat PrsHigshpeduckdoas matatiect the

mcgy e”t'?ggﬁj'c Oﬁoﬁgh% lghl 0 B%@%#Q?@Ls%mpmqéems one of

orm Formu Formul a I-D
Sk‘i*é‘i‘ﬁlﬁﬁlﬁ*lw B! Hﬁ’&?ﬁ@‘i‘m deiEmet'sy s meﬁﬁé?r‘r?ﬁélg R ShdStable
halvalks! TreatriEntuf-sCERTpbndof (4e- mx@ﬁ]@ﬁwtﬁ(%ead'or base may
c(foua crIpeativealy lirepharmaceutically acceptable acid addition salt and a
pharmaceutically acceptable base addition salt, each as defined above.
106730 SémHeR e RetirR D Fopfifc e iU AB 428 R AR TA°SH58 BPMircluding
halbiese-deRCrOSINBLeiNRIBOVESMaRbe- UNe dN@ 2 ffEE-Ric€ENBBiom to the

C(Sﬁﬁ l%ﬂ@}m'prmem(mmntmﬂwzne]am taCphNRYRCE LRIy
F | 13 T‘Eﬁ ’éa@*ﬁls’lﬁes ﬂbﬁﬁgmw%@s , Ok FopmakiRy] -
orm a r ormu an or.
T I\';Tﬁes é%?h? uoroé1 y: CT%OE( Oxy, &l erfluoro Ex—&gﬁy& IT:H a

u ae m e arious |somer|c and

num‘emwrtst%?mgerﬁéﬂfaﬁgtiﬂwaﬁ*hafd&ﬁ?eawgtf&éﬁ?ébfé‘@&ﬁ’éwﬁ%%?“
andndhge RaRisaof Blickrisdenerdeativlseierion fers. HODOSHT is thiddat 6rdalso
m&ppaﬁmtmadwg detivalivesDithecomparndaofinomstitatdd aryl)oxy-
(c gn g I-A, Formula 1-13, Formula I-C, Formula I-D, and Formula I-E.
The term ' 'prodrug” refers to a derivative of a parent drug molecule that
[oteguirgs digtnansiemnatioon efjihanspomiaseh s rieg nuyapidonalithhe the

reQIIANISH Q58358 JhePRAIBMLANA.RHIEES 26 YAHRHANS &ld U are

derivatives of the comp nds of Fo ulal, Formula I-A, Formula 1-B, .
ingepemi Y. ]:—Iormulall%i ton n}) ?P{Res Bk & O TUIRcdePo

resentinvention that

fromPdorfo AR R %fﬁb%ﬂ‘?fé‘faﬁ&ﬁ ert%mﬁm ﬁ?“rﬁ PG WD the
compounds of the invention which are pharmaceutically active in vivo
when they undergo solvolysis underphysiological conditions or undergo
enzymatic degradation. An exemplary prodrug technology that may be
suitably employed with the compounds of the present invention is the
protease activated cancer therapy (PACT) technology described in detail
within U.S. Patent Application No. 10/156,214 and PCT Application
Publication No. WO 02/095007, both of which are incorporated herein by
reference. [0099] Synthesis of compounds of Formula |, Formula I-A,

Formula I-B, Formula I-C, Formula I-D, and Formula I-E maybe achieved
hyy reactind an acid chloride obftained hy reactina



10100] The basiep-menthane structure is a chair-shaped molecule that
can exist in cis or trans form. Substitution of the carboxyl or amide group
into the 3-position gives rise to four configurational or geometric isomers
depending upon whether the substitution is axially or equatorially into the
cis or trans isomer, the four isomers are related as menthol is to
neowenthossisomenthol, and neoisomenthol. [01011 In exenpkasyr /004053
embodiments, compounds of Formula 1, Formula I-A, Formula 1-B,
Formula 1-C, Formula I-D, and Formula I-E are synthesized with a
particular stereochemistry WO 2007/095340PCT/U82907/004053
wherein the relative stereochemistry about the menthane ring is that of
optiveatishes eentits wite peibtiiacabebirdosmars ovhelFikdry Bhotiaia hardiine
arefi@genthat f-ClMenthgl-TBL025-Syritmtic rsethpds-RiDkeR repardtide of
o} ERRRIAM FRE H@An!%qrm@ladréoﬁaer@iu@elb&&@mlael&ngmmma 1),

maaro\]}q Forﬁn %learflz ace \%g%m erel[”% B\%emo é}qc'%% %ffmgs%gt%gﬁts on

I are presen N in xam mpositions C(g mpr 1sin
o 50 I P R RSB ftﬁfﬁféﬁ‘“ﬁ\‘é‘ﬁ’ié’cﬁ%‘g’éﬁt‘é‘%% ula -
(CibresBrm{@Wimntinhels tirddterd imslererdiip foteaghes PHtpB %éuﬁaﬁﬂ%‘s ~0-, -
NRC)uding- B (pipS-agonistsrarmiOyphp 8. antaganisiedhRt ibintiRo-and -alter the
S QLR IR Wi Gal a0 BRdisRe S iky8 modulators are
agonists that are, in certain instances, capable of stimulating cation influx
[oamg1andstaxittyrof, fceieXptessing thenEapt p8intiadmeiysro tEm ifigin (N),
anddi@rnatye embodiments, Trp-p8 modulators are antagonists of Trp-p8
activity that are capable of reducing the activity of Trp-p8 expressed in a
[0038]1. Thasemriri@paesititatiorecerptablrdsd it RRraHRdRClvF firfes otithsAgiive
coraptap@sHi BasURCI LR plasNFaeeukdal compdsitionEonvile i-By end Setulula
- ERS AR SR AL HiseRaeS ARSRGIA 8Ly Bhp 1R RIS Rtitable
sub'sgt]mgrgsaggr% on %%OE%Q n(astgesétx)’{‘t?m%ﬂxv M#I&Odpﬁ{maggﬁx%lmore
gonlst of Formu Formula | a,I B, Formula I-C
ac%ﬁﬂﬁl‘?{‘ielﬁ %ﬂﬂlﬁﬂﬁfﬂﬂgdf BUA RSB (5lﬁ’ét%rtf’ﬁcs)?e “imp BSBSR “fggomé’fn of
ampmoniNGIaoTR T iR R SRSV ALY PRIl HATNRIS B, and
phirornulicdtly sastiageniie didboveain tohibiriatior withioitel or, thoyederived
ﬁoehﬁmga&%ugﬁahhé@g&@mﬁ%% GRS 0MRXRIRIEVarldAR4] In one
m G0N 1S RSSARLDELIR0JRLQAdER AL MOARGHE B0 Dut e,

ors In combination with ap harmageutdc% Y. ceQ}q[P xcul)lent

m%ﬁbﬁ%%ﬁ?t%ﬁf%f@a‘?ﬂ?é‘%%ﬁ{é’?‘?ﬁ%‘ﬁ%s TSP GEralsT iR I form

depmﬁmamtwlw@e@émaw@@mﬁb‘gfﬁ@ﬁgﬁmmﬁﬁ?pwgh%ﬁgaq%r

maAgonislsnntebeiadmitittierdd oo oideodebinplibalieibenaenesulfonic, p-

tol9ggg&g@g§§@qg§gﬂgi}h@%§{gf@{@a%uqi%agiministration may be provided
In single or multiple dosages. Useful carriers include, but are not limited
to, solid, semi-solid, or liquid medium including water and non-toxic

anic s ly (NS, 1010?,]‘,Ph rmaceutlcal compositions of the present
%ﬁ%ﬁﬁm&m one or more Trp-p8 agonist of
[odﬁaim @h%nﬁ%m&h@ T pE aisBklRkRn S areulAT ks PRI the RRSRItons
anty SR L 'f%]Wé L2 PhOlRC e AN AR EE RIARIS, SRS, A 298 Al 1

atively, pharmaceutica composmons may be prepared by mixin
Fogpulal ﬁaSPé“"I*}lﬁ Ip% E‘PH&&‘BE‘.& E?rwé I-D, and/or Formula I-E dxsclosed hereéin,
an2@&TYAOBSAGREL 7E152007/004053 Formula |, Formula I-A, Formula I-B,
Formula I-C, Formula I-D, and/or Formula I-E with a pharmaceutically
acceptable carrier or agent. In addition, pharmaceutical compositions may
further include excipients, stabilizers, diluents and the like and may be
provided in sustained release or timed release formulations. Acceptable
carriers, agents, excipients, stabilizess,



diluents and the like for therapeutic use are well known in the
pharmaceutical field, and are described, for example, in "Remington’s
Pharmaceutical Sciences," (Mack Publishing Co., ed. A.R. Germaro,
1985), incorporated herein by reference. Such materials are nontoxic to
the recipients at the dosages and concentrations employed and include
buffecse@uebsas phosphate, citrate, acetate, and other orgagigiacich sadéss
antioxidants such as ascorbic acid, low molecular weight peptides such as
polyarginine, proteins, such as serum albumin, gelatin, or imtnunoglobulin,
hydrophilic polymers such as serum albumin, gelatin, or immunoglobulin,
hydrophilic polymers such as polyvinylpyrrolidinone, amino acids such as
[00gRIcirfdnglinapsierzadimesp Atieretn Rt gnRrY rbipdhBoifsHgdLp-p8
modigaieehaddesyaives dthen Cahosiny/draredlinelsdites teltudo senmoitads of the
solfleiyatMasglucose, maimose or dextrins, chelating agents such as
EDTA, sugar alcohols such as mannitol or sorbitol, counterions such as
sodium and/or nonionif surfactants such as TWEEN, or
polyethyleneglycol. [91061 Within still further aspects, the compositions of
Rprise a cggnpound of Formula I, Formula 1-A,
Formula 1-13, Fomula I-C Formulap I-D, and/or Formula 1-E formulated
together with one lqr more gancer rape}IRea\gent Alternatively, the
‘ ntion ¢Bmprise & compound of Formula |,

Formula I-A, Formula B, Formula I-C, Formula I-D, and/or Formula I-E

ated with 8ne or more cand®f therapeutic agent. That
is, the compound of Formula 1, Formula I-A, Formula I-B, Formula I-C,

wicaimil & kdhicaa dien FH rikyl shbtErahg theyointemtherd pelRicaad) Batogether

wisERaratehulermylaisto IRLOA LR vitakig.contan g pulic Bgenis include,
but are not limited to, antimitotic agents including, but not limited to,
paelitaxél sslivvsristiore 2andrdtopliitle; allcylating agents including, but not
limited to, mech]gorethamine, c%gb?ﬁhospha@icdia, and cannustine;

antimBtAbSHTES IR TARS B s Fethotrexate, gemcitabine,

lometfeXol.Radl BV ERCH AN ErHRRIE IRLORWHRS|; GYtptoXic antibiotics
including, but not limited to, doxorubicin, daunorubicin, bleomycin,
mitonRscind®4 aredtstroyth Auoiiirqskatigrown Ryermsdigieidisgitsut not limited
to, cisplatin and carhoplatin; hormonal agents including, byt not limited tq,
m%rﬁi-egﬂ%‘ﬁbrﬁ?%(ggﬁ%@ ARASxIfERana |eﬁ¥r;{}f§rfi%%§tr%ﬁ%ai?saki/\—/e qg%ule 509
megviprdrsisrysenthERhtEirmer hefmaignreisiodpi femaa R sy
folravisiraserimhibitors. 101081 In certain aspects, compounds of Formulal,
Formula I-A, Formula I-B, Formula IC, Formula I-D, and/or Formula I-E
are administered in gombination with a cancer therapeutic agent that is
ineffective in stimulating Trp-pg-mediated catjgy influx, 491091 In other
aspects, compognds offrormuli IRFormul&3-A, Fomilla I-B, Formula I-C,
Formula I-D, anfd/or Formula I-E zhre administered ih combination with one
S~qodutater in ig. butfot limited to a
compound of Formufa I, Forfjula I-A, ormuIaDl-13, Formula‘l-C, Formula
S the particular treatment
regimen contemptated;spharmaceutical ositions of the present
invention may be administered parenterally, topically, orally, or locally. In
wherain, 850k etd, Dheephimaicalyicdtcahipostidnamdadé ateniiistdeet one of
APBIentaiali% ErY; WHFEHEO X SliedbiacRIRRAGHSH HINIGH SEmR ANy aryl,
rSESEHIAT A0 oneemnadime it NBOLCHRILIVERIQILRIAMAES: 4. 5,
co%npa?ltloﬁ? Or parentéral administration that comprise a compound of
the present invention, dissolved or suspended in a carrier such as an
aqueous carrier. [0111] For solid forggaulations, compounds may be
admixed with conventional nontoxic solid carriers such as, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium
carbonate, and the like. [0112] For aerosol administration, compounds of
the present invention may be supplied in finely divided form along with a .
nontoxic surfactant and propellant. Exemplary such agents are the esters

or partial esters of fatty acids containing from 6 to 22 carbon atoms, such
ac ~canrnic actannic lartiriec nalrnitiec otearie linoleie olectariecr and oleie




[01161 Additional or alternative Trp-p8 agonists and antagonists may be
identified by the methodology disclosed in the accompanying Examples.
For instance, Tip-p8 agonists having efficacy in the treatment of
disease(s) associated with Trp-p8 expression include small molecules that
result in one or more of the following: (1) inhibit the growth or decrease
thewiahiliyoghia cell expressing Trp-p8; (2) stimulate calcigotapmionatber
cation influx in a cell expressing Trp-p8; (3) induction of apoptosis and/or
necrosis in a cell expressing Trp-p8; and/or (4) efficacy in one or more
animal model systems of human disease. Trp-p8 antagonists having
efficacy in the treatment of disease(s) associated with Tip-p8 expression

C, nd|Ddes Safmiote Sale e geres ottt @R SIS AL PHT 1MTng: (1)

hetpiiemialipRSupxi@ssing cells from toxic effect of agonists in in vitro
model system (2) inhibit growth of and/or kill cancer cell line with

endoﬁeﬁé@%cﬁ?)fﬁ’s“éi %i%‘ﬁe(gi)“é?fleaéﬁ'ﬁ@&éiﬁ’ﬁ'?ﬂﬁyﬁne or more animal
mOdeigS%St?nl om an b eros‘flﬁgl[ ]I7 Tlhh@l V\Nﬁl@&ﬁ %20 NR-, -O-, -

embodiments 8&?\ nt inventl rov es methods forjd ntlfé/ln L
S-T38-Somaic br@ﬁ?@“mg‘ﬁféﬁ’ﬁ?’%ﬁ%{&f% oA S BrERa cell

arylvithdaybtididate Trp-p8 agonist for a time and in an amount sufficient to

inhibit the rowth and/or decre th |I|t ofaT 8 ex sing cell,
wherdih'is ﬁﬁﬁc?tfff’é?i G \%%ﬁ lfd';) ‘? u%é%]nw}é%ﬁr?y{ll%dlcgterg el?% e

selgetprtifepaalinyrpBhatsnsikyis capable of activating Tip-p8 expressed by the
cell. 101361, Olher, enoadienis RIRdRMibgs 6 identiving Tro-p
agonists, comprising t s%'ep o? con actlng a Tip-p8 expressing cell with a
candidated prpRiagaenisithe nartifae gog iforanaaphatcuffictent to induce
influx of calcium and/or other cations into the cell, wherein increased

(0§ iorPitHibeqE e FmAEY SPTR s Of Rema ity Hiffors 1 Re

coRBOR0R 3 3A0RE TS R0 G746 648580f0 p19] Bl fittie Permbollidterig povide

aneihedsianidentifying ot B agoRis ia tom B sigpthessten Dk, 5, or 6
cax%gﬂé'“él}%%{'ﬂ?@&%@Q%&%ﬁ@&[&ﬁ&%ﬂ%ﬁ&&ﬁﬁ%%ﬁ@ﬂ?ﬂ hayipg one or more

neoplastic cell that expresses Trp-p8 for a time and in an amount
[o&s0ficixntplifidi biréheagr coviboohdsd Brindu t e apwpttsis agdiorspedrdsis

fdfh e SRR NEIERIIAGIR SYbMEI ot ihe anibatnyrersimansy one
mé%ﬁyf{;&%gngg% g‘flbx'“i’ Rokeell dray ‘PﬁaBﬁHéi‘é% of aqegmédemgmm Lof

drincreased survival of the animal lngC e efficacy of the

mefipsgtanynhenyls - St PHRe BRI RS S RSy oeés?né‘fﬁmas for the

buigefrifiealidmretPrrEh A oaRiEe iR BUERTSPIeP PR TR AeShists

phelist|sgpadiessithy Budivymetihdalimelud SNA3-tnvitroe s daS systehsazppide, 2-

(24%6133%39&%9&%@&%35%&%@&&&@9 sellsframaagniyadea by
2 (RRRAIS0IRLS, S IR, MU A0 IHING. AR Y BLoM 2l Agiaeiing the

nhibition of growth of a cancer cell and/or cancer cell line endogenously
ac@?ﬁ?@@ﬁ?nﬁg%"& pf?j”(ﬁ vivo animal model systems whereby one or more

[oﬁﬁﬁd'%tcﬁg 1R:RE ARG %Hﬁo@ﬁlﬁ@ﬂﬁﬂ saeersx@s@l@%mmpﬂ)mmgme or
mg géast' f%'L&Q%& qE ?%9 T Mg foratime and in an amaunt
Cle or |n

oim growt uce apoptosis and/or necrosis
C%Hﬂé“?fdf’t’l‘fe‘?‘éwm%?é?%fﬂ@lﬂ?e surV|vaI of the animal. Methods for Use
of Trp-p8 Modulators 101211 Small-molecule Trp-p8 modulators of the
present invention may be suitably employed in methods for modifying (i.e.
activating or reducing) Trp-p8-mediated calcium influx in a cell and
therapeutic methods for the treatment of one or more diseases associated
with expression of Trp-p8. For example, and as noted above, it has been
observed that abnormal Trp-p8 expression is associated with a neoplastie
phenotype in a variety of cancerouslissues including breast, colon, lung,
and prostate tissues. Tsavaler at al., Cancer Research, supra. [0122]
Thus, within certain embodiments are provided methods for activating
Trp-p8- mediated calcium influx in a cell, such methods comprising the
step of contacting the Trp-p8 expressing cell with an amount of a Trp-p8
agonist for a time sufficient to inhibit growth of the cell and/or to induce
necrosis and/or apoptosis in the cell. Exemplary methods for activating

Trp-p8 are provided within the Examples presented herein. WO
2007/0052A0PCTI IK2007/00A052 TN1 221 Othar embodimente nf the



disease or its clinical symptoms; or (3) relieving the disease, i.e. causing
regression of the disease or its clinical symptoms. [0125] While the
frequency and dosage of treatment regimens will vary depending upon
such factors as the disease and patient treated, compositions comprising
one or more compound of Formula I, Formula I-A, Formula I-B, Formula
I-C mieofomuiasls®, and/or Formula I-F, are typically administetiegkitvthesoss
range of about 0.001 mg compound/kg body mass to about 1000 mg/kg.
Typically, treatment is initiated with smaller dosages that are less than the
optimum dose of the compound. Thereafter, the dosage may be increased’
until optimal effectiveness is achieved. 101261 In most instances,
administration of a cémposition(s) of the present iyvention is achieved by
any method that enspres systemic exposure to thfe compound of Formula
[, Formula I-A, Fg -B, Fornpla I-C, Fgrmala |-D, and/or Formula
I-E. Thus, compg ay be a@minister?a orally,Rwarenterally,
intraduodenally, & anasally. Nypicallywsuch compositions comprise
one or more such coffipoundjifi combi tion\«f\i}h one or more
pharmaceutically acdeptable Qarrier or\gliluent, as described in further
detail herein above-181271 Gther embadindents of the present invention
provide combination therapies wherein one ox, more compound of Formula
|, Formula I-A, Formula I-B, Formula I-C, Forrﬁ@la I-D, and/or Formula I-E

is administered in canjupction with, one ar more er therapeutic agent,
WheRrs oﬁ?%@%&&‘ﬁ%@ﬁﬁ?&%ﬁ% dgggarl %’d in further detail
hereig aboy&istehas Areastimiteticiagent apaligyjating agent, an

antimetabolite, a cytotoxic antibiotic, a platinum agent, a hormonal agent,

and/Granselntiah8royelkyShiidigalings ahpatitadnts of the present invention

provide combination therapies wherejn rmore compounds of

Formu éslf%(%??néi%“l- a?(ﬁfﬁlﬁigﬁ%yilfg}sé’nuc}f@g i%n(;érmula I-D, and/or

Formgladdr i @cspinisiares iejiee paitp wianaoagyaae sadisentially to

achieve the desired therapeutic outcome. [0128] Thus, as used herein, the
[0083im "Fshitbtatiosxemelnscareranis fEFareEolih Suitid Saissel et &ray
meifydetiRliamesispylan etid buodmbiRaticaldbed Fpmiherbinethd; firngor Ra is
selCQIRRAMNshis Adminisieied firstidolomgstiihe Ssacond:compaokaghasivell

s Qz? eindth%tgg)gorﬁg cpmpound is delivered first, followed by the first
y(:oanpo hd. The deaired result can be either a subjective relief of a
[0S PLORIS)i idaR-ola eetbsaydaientiffableim pB vementip dge e sidiend of
ﬁoﬁlti}%.?ﬂ%%%set{ 6%%?43@@%@%%?&@%'%\’(ﬁ&%ﬁﬁé%é@ﬂyb%{%j&xgém .
illustration and not /ay of limitation. EXAMPLES Example 1 ,&hesis
PYEdeh I"Tag @?Pc“é%%yagi e cr)i?inpc?% gryioy%% T |§%§ar%§l?(gizglo%es
Rt Ao B el Sy e BB AP BB BRI TS mpounae
eﬂMQﬁ{fq’aﬂei:@-gmxyﬁbmgol-}yl, 2-(2-amino-ethyl)-5-(4-hydroxy-phenyl)-2H-
pyrazol-3-yl, 2-(2-methylamino-ethyl)-5-phenyl-2H-pyrazol-3-yl, 2-(2-amino-propyl)-5-

phenyl-2H-pyrazol-3-yl, 2-(2-amino-ethyl)-5-(3-cyano-phenyl)-2H-pyrazol-3-yl, 2-(2-amino-
ethyl)-5-(3-methoxy-phenyl)-2H-pyrazol-3-yl, 4-{1-(2-Amino-ethyl)-1 H-pyrazol-3-yl}-
benzoic acid methy! ester, 2-(2-amino-ethyl)-5-(3-amino-phenyl)-2H-pyrazol-3-yl, and 2-(2-
amino-ethyl)-5-(3-hydroxy-phenyl)-2H-pyrazol-3-yl.

[0084] Within still further related embodiments, the present invention provides small-
molecule Trp-p8 modulators and derivatives thereof wherein the small-molecules include

compounds of the following Formula I-C:
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[0131] Water (300 ml) was placed in a 2-L Erlenmeyer flask with a large
stir bar. Sulfuric acid (500 ml) was added carefully with stirring. The
solution was allowed to cool to 75C, and
N-ethyl-p-menthane-3-carboxamide (62.5 g) was added.. The temperature
was maintained at 75C with a hot plate, and sodium nitrite (31 g) was
addgd sarebily. Two more 31 gram portions of NaNO2 weieradsigdoaloss
1-hour intervals, and the mixture was stirred overnight at 75C. [0132] The
mixture was cooled to room temperature, diluted with -IL of ice water, and
extracted with -500 ml of ether. The ether layer was separated, washed
with water, and extracted with 2 x 350 ml of 1M NaOH. The aqueous layer
was made acidic withjconcentrated HC1 and exiracted with ether. The
ether layer was drled ith Mg804 and evaporatdd to give
menthane-3-carboxyicacid (33.2 g, 61%) s,a’Hys lline solid, 00 LI -
50.3 dog (c=1, C 5 C). Me ]hane -3-carbonyl ¢hloride 10133]
Menthane-3-carbg d (54.35g) was refluxed with 80 ml of thionyl
chloride for 3 hours™~he”SOSL2Was ove distillation, and the acid
chloride was distilled at 114-115 C (8 Tom). (Lit. b.p. 84-85C at 3.5 Torr).
Yield: 50 g (84%). General prdeedure for preparation of
menthane-3-carboxamides [0134] To a stirred solution of 0.2 mmol of the -
wh%mmﬁ IR drukQi AGSIRNINIE QétMEyfiQ%p AMGLDIPEA was added
022 ml of menthane-3-carbonyl chloride. The reaction mixture was
shaken fosckebiodimnk-aylosd reddliye amines, the mixture was heated
(60C) and shaken for 24 hours. The product was purified from the rude
reactiBhiiResiE HymBee ?ﬂ'ﬁ“@%@%l@’é}ﬁ%ﬁ‘t’ Mﬁ@%lh&e{é ’Lfmlng .05%
whERi Ry EHRE N et @BB%%6 TEA in 1120) and evaporated to dryness.

Example 2 % i}re(')%slof %Bﬁd‘g&ggﬁmg{%‘l %IollkCEomg)ounds of Formula
e e

1-E1 IS examp scloses og%// for the synthesis of

dihydgghgazqimidazehkiine 8irvgduatapsathermpiatit-amindVO
2007/095340PCT/US2007/004053 4-Methoxv-2-fluoro-1-nitrobenzene
[0085] Within certain exemplary compounds of Formula I-C, R, is H; R» is phenyl; Rs is

selected from, methylene, ethylene, propylen'e, and butylene; Rj is selected from

propionylamino, ethoxy, propoxy, and ethylamino; and/or Ry is selected from H and methyl.

[0086] Exemplified herein are compounds of Formula I-C comprising a group selected
from 2-(2-amino-propionylamino)-2-phenyl-ethyl, 2-(2-amino-ethoxy)-2-phenyl-ethyl, 2-(2-
amino-ethoxy)-2-phenyl-ethyl, 2»(3-aminb—propoxy)—z—phenyl—ethyl, 2-(2-dimethylamino-
ethoxy)-2-phenyl-ethyl, and 2-(2-amino-ethylamino)-2-phenyl-ethyl.

[0087} Within still further related embodiments, the present invention provides small-
molecule Trp-p8 modulators and derivatives thereof wherein the small-molecules include

compounds of the following Formula I-D:
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10136] A 2L round bottom flask equipped with a stir bar and reflux
condenser was charged with acetonitrile (IL), 1C2CO3 (263 g, 1.9 mot)
and 4-hydroxy-2-fluoro-I-nitrobenzene (100 g, 0.64 mol). Methyl iodide
(271 g, 1.9 mot) was added to the reaction mixture and heated at reflux
temperatures with vigorous stirring for 5 h. The acetonitrile was removed
andxajhyl-asstate (IL) and H20 (700 mL) were added. Theggigtagonaeys
mixture was transferred to a separatory funnel where the aqueous phase
was separated and re-extracted with ethyl acetate (2 x 200 nalL). The
organic phases were combined and washed with H20 (2 x 500 ralL), brine
(500 mi..), dried over Mg804, filtered and concentrated under reduced
wherssBuiestedisdfita Hedirdohpiaoricylazrd, siglamyiafistlow solid (107 g,
98%). 0-N.0"0 [2-(b-Methox -g-nitrophenylamino)-ethyll-earbamic
acid &%’fsbsﬁlfﬁtggf%m%ﬁ%’ﬁal task equipped with a stir bar was
charged Wil ISR, (800 leloAk2003Gikigy1L.6 mol) and
4-methoxy-2-fluoro-1 -nitrobenzene (100g, 0.58 no!). Mono-N-Boc-L2-
diaminestiaae(Sog, 1, 85yinbd)ewalk doddadtdaikgl raaction mixture-and
stirred for 12 h at 60 C. The reaction mixture was triturated with ice cold

wateRere By pgthie v e nlr ot Brdeip A e 8REed by vacuum
rooblifatigns The preciniiaie Was.washedrsevatal {ifmes With WAl (R%ed fdm

and dried on a high,vacuum for 48 h ive the desired product as a
ph%iﬁlgzﬁ)td )Péﬁg qals%ﬂg’l}iafé sz eés:éei% . oIn Mme y%ne, e&xylene, propylene, llj)ugy ene,

mefylamife REX DI RTBY RS AR HEHBhiIA ASrbki e/ A TeTletieg ITstdt
and@%881L-A 2 L round bottom flask equipped with a stir bar was charged with
a suslﬁensio_n of 20% PngH)Z (gg(?f nd 114i 'oxane_£800 mLJ. cted
OO - et B 2 T e PR NG et Sarbaimic Acit tert-butyl ester
from B (D azpinersiiviareabend sk dsgeminsnetd vheretioriigist & s
amhypehagdhabesty(kaliooltiiph 48h (until the starting material had been
consumed) followed by the addition of K2CO3 (100g) was added to the

000 PE R ShATRST TP ah R ARP P T PRSP AR BT WREYY. The
moleeglseTroioh meky firssedd dervatiosetime P et b o oheruieh @ditate
comfaardsod ik tbRosexg stepunthmut farther purification (yield not

determined).
p=="

/ D H
D
R
0 0

wherein A, B, C, and D are independently selected from CR and N; wherein at least one of
A, B, C, and D is CR;; wherein R is selected from H, alkyl, heteroalkyl, aryl, arylalkyl, and
halogen; wherein when two adjacent of A, B, C, and D are CR, the two Ris may combine to

form a single aryl, cycloalkyl, or heterocycloalkyl group;
R; is selected from alkyl, heteroalkyl and arylalkyl;

R; is selected from H, alkyl, heteroalkyl, and arylalkyl; and
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12-(6-Methoxy-2-0x0-2 3-dihydrobenzoimidazol-1-v1)-ethyll-carbamic acid
tert-butyl ester [0139] The above solution was treated with an excess of
carbonyl diinaidazole (104 g, 0.64 me)) and heated at 90 C for 4 h. The
1,4-dioxane was removed and the residue was triturated with water (1.5
L). The resulting precipitate was collected by vacuum filtration and
washeeheaveral times with water (5 x 500 mL). The crude pro@dsgbnasss
dried at 70 C on the high vacuum for 12 h and used without further
purification (66 g, 67% vyield for 2 steps):
(24342-I1so_propyl-5-methylevelohexanecarbonyl)-6-methoxv-2-oxo-2,3-
dihydrobenzoimidazol-I-v11-ethyllrcarbamic acid tert-butyl ester 10140] A
2 L fldskeedRippesthovivrith SembmetrEosn Avee aviinptirnsins. 2, 3-
dihydrobenzoimidazolThyl)-ethylkcar Ic ert-butyl ester (40g, 0.20
(0052 @,\ﬂwfggn 53 ané?) d"é{%-l i?tg%g%u Menthoyl chloride
(40 9 @ %Qmpﬂbwmeﬂﬂqﬂ ﬂ&ﬂ&%@&&vgfe&ﬁ%mm@mdtmd stirred
B R0RINERIIBSIAISPb el A ISARIORMIIHR, Was i ienched

TAnd’stirréd foF an ad ona min. T %he rogeneous

phﬁ%&ﬁ?@%&?‘??&ﬁff@?@'d%%@’é&?ﬁnB’ﬁe‘h’ﬂli’ﬁ erHéfe thueous phase
Wﬁs S@B%algdsﬁ%aﬁ%%&sgpﬁ@%%m&%%%%% g%ggﬁﬁetigaeﬂgaggo
ase ere C ned an | X
fﬁ’fy s A S S E B over
%ﬁ°ﬂt@?€$§?&°§bﬁ@éﬁ?€f§’&’i¥m¥ dIPFEREFHE. The crude
pfodui:t 'R, 1S2aeCN SABIOHRE R 0RHAA Rbk itk g,?@m thiygh
% u]rnls

plug of silica gel’(10% hexane/eth ac tat for elu the

hf/&é%ﬁ?&%r%fa% R S E 35 g /03“**“\11’-_‘2{
phgopiuxikimp eielaheis sheayyrsnapElesRe R ee 4 bony 1)-5- metho
xy-13 bg ydroshenzaimiazolie 19“7‘% (GQMPRURd RS 103 HhAnsD A0t

round ttom fFaskwasc argB with

Dy s BRI Y BRI RS h &Y b AT 18 4E B ¥y drobenzo
phm%z@ﬂéyk}h@tﬁﬁ}l%b’émbépé&ﬂﬂxwﬂhﬁm’l‘}?}l@é‘ﬁé@(@@@”@lﬂg mol) and

95% TEAL120 8%89{%'*) e reactiopwas,stirred fon.2 1,204 fhe LA
was re o{/ed u(n er redUcecf pressure to etﬁe crude product as a thick
msﬁﬂli(\nkﬁﬂ?%mé§‘kﬁdﬂ‘ﬁfﬂ’ﬁfﬁﬂé’lfé’é9ﬁyh;géfﬁf%’fmw& Brak Pyeret iy
difthg orisdetipiophsoty g idisgotuetiony 809k deasyithtesatol dredzplirified by
mm!@l&ﬁ@ﬁugﬁéal@ﬁwp&agw@um@l&@msmg @c#BaH0Yfmethyl, and
gg%g&g HidkgQ i -1% TFA) gradient. The pure fractions were

concentrated and lyophilized to give a light fluffy colorless solid
(79g, MY MS:(EBIRWX BHetefivR-edd) R getbatltfofm morpholine, piperazine,
pigetrndninaadig 1-5-ethoxv-1-(2-isonropvl-5-methylcyclohexanecarbonvl

)-1,3- dihydro-benzoimidazol-2-one (Compound # 38)
(vil) Ry is selected from methylene, ethylene, propylene, and butylene;

(viii) Rpis ethyleneand R3isH
(ix) R,is CF; or halogen.

[0092] Exemplified herein are compounds of Formula I-E comprising a group selected
from 3-(2-amino-ethyl)-5-methoxy-1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-5-
(3-hydroxy-propoxy)-1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-5-ethoxy-1,3~
dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-5-methanesulfonyl-1,3-dihydro-
benzoimidazol-2-one, 3-(2-Amino-ethyl)-5-(2-hydroxy-ethoxy)-1,3-dihydro-benzoimidazol-
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101421 In a procedure similar to the synthesis of Compound #36,
Compound #38 was prepared from 4-ethoxy-1-2-fluoro-1 -nitrobenzene
(prepared from ethyl bromide and 4- hydroxy-2-fluoro-1-nitrobenzene. MS
(ES 1) nilz 387 (1ve + 1). TFA salt of
1-(2-Aminocthyl)-3-(2-isopronyl-5-methylcyclohexanecarbonyl)-1,3-dihydr
obewaaimigdazol-2-one (Compound # 50) [01431 In a proaeduwesiméasto
the synthesis of Compound # 36, Compound # 50 was prepared from
2-fluoro-1-nitrobenzene. MS (ESI) m/z 344 (VI+ 1). WO
2007/095340PCT/US2007/004053 TFA salt of
3-(2-aminoethyl)-5-(3-hvdroxyPronoxv)-1-(2-isopropyl-5-
2-qnethylcieloheiaRetansch BjbydmifyHroepens oo inesid amide, 3-
{Gampannyl i)y rsalpraeeders s izl 10 dhe Synthesis-ethyl)-5-
mé&&mgﬁ #?@hﬁﬁ%ﬂ%ﬁ)ﬁé& W@ﬁe@%@@{%@%{ﬂyl) 2- oxo—z 3-d1hydro-
1 b%%z%ex{rg e- XYPID O c am r81e I’Oki)neol’_] Enl é% SQ %r?j ro
H_l. romo- -(fer 6?} OXy @e an cIr )2[ uofo- nltro%g %r%e
2 W(E:Sll)eﬁ?&rﬁlfgz?h@,;mef ppzetﬁjﬁ_-)AZ%? &fB dlhydro-IH-benzmmldazol-
5-@oBdeavritvoitivy|}-64 Adrudrekybthoxy 2.3-(hidopidPldrgoimidazole-5-carboxylic
aciyefiyiavaiohexanaaadmwnydlotod dillsidiobanseinidaidatole Brgirboxylic acid
pyﬁﬁ%&%&ﬁieﬁ 34&)Amino-ethyl)-2-oxo~2,3-dihydro—l H-benzoimidazole-5-carboxylic
acid (2-methoxy-ethyl)-amide, 1—(2—Amino—ethy1)-1,3-dihydro-benzoimidazol-'z-one, 1-(2-
Amino-ethyl)-1,3-dihydro-naphtho[2,3-d]imidazol-2-one, 3-(2-Amino-ethyl}-2-0x0-2,3~
dihydro-1H-benzoimidazole-5-carboxylic acid (2-hydroxy-ethyl)-amide, 3-(2-Amino-ethyl)-
5-propoxy-1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-1,3-dihydro-imidazo[4,5-
cJpyridin-2-one, 3-(2—Amin0—ethyl)-2~oxo-2,3-dihydro~er-benzoimidazole—4—carboxylic acid
(2-diethylamino-ethyl)-amide, 3-(2- Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-
carboxylic acid pyridin-4-ylamide, 3-(2-Amino-ethyl)-1,3-dihydro-imidazo{4,5-b]pyridin-2-
one, 1-(3-Amino-propyl)~1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-2-0x0-2,3-
dihydro-1H-benzoimidazole-5-carboxylic acid phenylamide, 3-(2-Amino-ethyl)-2-0x0-2,3-
dihydro-1H-benzoimidazole-5-carboxylic acid [2-(2-hydroxy-ethoxy)-ethyl]-amide, 1-(2-
Amino-ethyl)-5-trifluoromethyl-1,3-dihydro-benzoimidazol-2-one, 1-(2-Amino-ethyl)-1,3-
dihydro-imidazo[4,5-¢]pyridin-2-one, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid benzylamide, 3-(2-Amino-ethyl)-5-(morpholine-4-
carbonyl)-1,3-dihydro-benzoimidazol-2-one, 3-(2- Amino-ethyl)-5-(2-0x0-2-phenyl-ethoxy)-
1,3-dihydro-benzoimidazol-2-one, 3-(2-methylamino-ethyl)-1,3 -dihydro-b enzoimidazol-2-
one, 3-(2-Amino-ethyl)-5-butoxy-1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-2-
ox0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid methyl-phenyl-amide, 4-[3-(2-
Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carbonyll-piperazine-1-carboxylic
acid ethyl ester, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid
diethylamide, 3-(2-Amino-ethyl)-2-ox0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid
phenethyl-amide, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic
acid (2-hydroxy-1-hydroxymethyl-2-phenyl-ethyl)-amide, 3-(2-Amino-ethyl)-2-0x0-2,3-
dihydro-1H-benzoimidazole-5-carboxylic acid carbamoylmethyl-amide, 3-(2-Amino-ethyl)-
2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid (2-hydroxy-1-hydroxymethyl-
ethyl)-amide, N-{2-[2-0x0-2,3-dihydro-benzoimidazol-1-yi}-ethyl }-guanidine, 3-(2-Amino-
ethyl)-5-benzyloxy-1,3-dihydro-benzoimidazol-2-one, and 1-(4-Amino-butyl)-1,3-dihydro-
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[0145] In a procedure similar to the synthesis of Compound 4 36,
Compound # 40 was prepared from
4-(2-tert-butoxyethoxy)-2-fluoro-I-nitrobenzene (prepared from 1-bromo-3-
tert-butoxy ethane and 4-hydroxy-2-fluoro-1-nitrobenzene). MS (ESI) yn/z
404 (2vl+ +1). TFA salt of
1-(ZvBmin@s2#AR)-methidethyl)-3-(2-isopropyl1-5-triethylcvalohexaneaashon
v1)- 1,3-dihydro-benzoirnidazol-2-one (Compound #45) [0146] In a
procedure similar to the synthesis of Compound # 36, Compound # 45
was prepared from 2-fluoro-1 -nitrobenzene and
(2-amino-1-(R)-ethyDcarbamic acid tert-butyl ester. MS (ESD m/z 358 (M4
benzdijnExainpien® Withithesi sueheddodmshDinydroduarike teiteredes-(2-Amino-

etHPINTRRLNAF S S SaHRILY & v Eloh O ddarbbig 1P arRplexdisslagaamethodology
befx%lm%a%ﬁ‘g‘%és of dihydrobenzoimidazole Tip-p8 modulators of Formula
-E. 45 WO 2007/095340PCT/USZOO7/004053

Synthesis of Small-molecule Trp-p8 Modulators

[0093] As noted above, compounds of the present invention include compounds of Formula
I, Formula I-A, Formula I-B, Formula I-C, Formula I-D, and Formula I-E. Within certain
aspects, compounds can be made using commercially available starting materials by
employing synthetic methodology readily available in the art. Compounds of Formula I,
Formula I-A, Formula I-B, Formula I-C, Formula I-D, and Formula I-E may be isolated using
typical isolation and purification techniques known in the art, including, for example,

chromatographic and recrystallization methods.

[0094] Those of skill in the art will readily recognize that compounds suitably included in
the compositions and methods of the present invention can exist in a number of cis and trans
is\omers, E/Z forms, diastereomers, as well as optical isomers. Thus, compounds used in the
compositions and methods of the present invention include all such combinations and

variations.

[0095] In compounds of Formula [, Formula I-A, Formula I-B, Formula I-C, Formula 1-D,
and Formula I-E, carbon atoms to which four non-identical substituents are bonded are
asymmetric. Accordingly, compounds of Formula I, Formula I-A, Formula I-B, Formula I-C,
Formula I-D, and Formula I-E may exist as enantiomers, diastereomers or a mixture thereof.
The enantiomers and diastereomers may be separated by chromatographic or crystallization
methods, or by other methods known in the art. The asymmetric carbon atom may be in one
of two configurations, R or S, both of which are within the scope of the present invention.
The presence of small amounts of the opposing enantiomer or diastereomer in the final

purified product does not affect the therapeutic application of such compounds.

[0096] Compounds of Formula I, Formula I-A, Formula [-B, Formula I-C, Formula I-D,
and Formula I-E may be further treated to form pharmaceutically acceptable salts. Treatment
of a compound of the invention with an acid or base may form, respectively, a
pharmaceutically acceptable acid addition salt and a pharmaceutically acceptable base

addition salt, each as defined above. Various inorganic and organic acids and bases known in
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3-Fluor0-4-nitrobenzoic acid methyl ester. [0148] A 1 L round bottom flask
equipped with a stir bar and reflux condenser was charged 1-12504 (4
mL), methanol (400 mL) and 3-fluoro-4-nitrobenzoic acid (10 g). The
reaction mixture was heated at reflux temperatures with vigorous stirring
for 18 It The methanol was removed and the crude residue was triturated

withslaexangsand concentrated to give a colorless solid (9. 39@uthab Was:s
used without further purification.

3-(2-tert-Butvoxycarhonylaminoethylamino)-4-nitrobenzoic acid methyl
ester [0149] A 2 L flask equipped with a stir bar was charged with
1,4-dioxane (300 mL), DiVif (40 mL), K2CO3 (10 g) and
the3ufiliorbudingitholratreoibed diet (i@ s g)e. vhon beNsBo-df2ctdigrrincethane tig. 6
salg)) was added to the reaction mixture and stirred for 12 h at 60C. The
reaction mixture was concentrated and the residue was dissolved in
[00SH 2 Che yroerhinvatine MO {BES tmehaPaectite i greaspiebis irtxwapehydiates,
andraineierr ettt posapareroniflan Bdmbiare AN Eoaaule 085 Phast WasFormula I-
D, %ﬁ@%@x‘iﬁ@a@@ @oﬁﬁ%@%‘%ﬁ WéEIQ QH%Q@%&? Asd Q0 HIG ARG and

ases Werec with 5.X OOdrle ve
e R LS e Sl i
‘S"&ﬁ‘ﬁﬁﬁﬁf‘?ﬂtﬁ@%ﬁ orange SO|Id (149, 84%) WO

[0(%%27/ 9@?%&8&%5) :HE%%QQ yggég p:%odru denvatwes of the compounds of Formula

minp-3-(2-(c?rt-butoxycarban amlno -ethylamino)-benzoic acid methyl

L Respavidy "R%‘E‘rguﬁ%“ﬂ%lﬁér% SERA il 5ad Tormaedef-pabsiag
“ProdEtg e RFP @ dEISHENBIOA BF EUTsUB ANy Aind reautrs R B O ALY
eitherpriner8dR-te i puteky odrhionlyd engwnioe toylieasa Glelpersnoieug Citkrriatyydre
va@ ik d4dg WhSASt8E intia S P EBSIAN. I ReKRACLANHHINAG-WaSrmula
I @meqn@%m ferAgh %mumfva;@m %mﬁsgm@gm&@e upder
mgsumed) folloyed by the addlion, of KaCO8,(100 ) was,added (o the

s Xlure an |rre an a Iition ?r_’i.léoﬁ O remove traces o ?er. The

rhaaseviisely Rl fifterse wBerehssvedrepal oy %%w@&cwem‘ﬁﬁ%
or wisrgs etkzymtltie drexddstep. Withowhiplrtiyerqingicationogy GhaBmay be suitably
employed with the compounds of the present invention is the protease activated cancer
therapy (PACT) technology described in detail within U. S'. Patent Application No.
10/156,214 and PCT Application Publication No. WO 02/095007, both of which are

incorporated herein by reference.

[0099] Synthesis of compounds of Formula I, Formula I-A, Formula I-B, Formula I-C,
Formula I-D, and Formula I-E may be achieved by reacting an acid chloride, obtained by
reacting p-menthane-3-carboxylic acid with thionyl chloride, with the appropriate amine. As
noted below, typically, the reaction is carried out in solution at room temperature in the

presence of a hydrogen chloride receptor (e.g., sodium hydroxide).

[0100] The basic p-menthane structure is a chair-shaped molecule that can exist in cis or
trans form. Substitution of the carboxyl or amide group into the 3-position gives rise to four
configurational or geometric isomers depending upon whether the substitution is axially or
equatorially into the cis or trans isomer, the four isomers are related as menthol is to

neomenthol, isormenthol, and neoisomenthol.

[0101] In exemplary embodiments, compounds of Formula I, Formula I-A, Formula I-B,

Formula I-C, Formula I-D, and Formula I-E are synthesized with a particular stereochemistry
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0 3(2-tert-Butoxycarbonylaminoethyl)-2-oxo-2
3-dihydro-1H-benzoimidazole-5-earboxylic acid methyl ester [0151] The
above solution was treated with an excess of carbonyl diimidazole (26.8 g,
4 eq.) and heated at 90C for 4 h. The 1,4-dioxane was removed and the
residue was triturated with water (1.5 L). The resulting precipitate was
collgetesaysyacuum filtration and washed several times Widiryedar (&sos3
500 mL). The crude product was dissolved in a minimal amount of
CH2C12 and purified by flash chromatography on silica gel (10%
methanol/CH202 for elution) to furnish the desired product as an off white
solid (11.8 g, 85%).

witerZn e r Batiox yeashxbiaiyliany Aaethidrdokeri3gdihcdt of Mbitewidied zole 5

WHGRIPAXVHE AG L0 RRI AR hflask SguiBRgcithanstisanmaseharged
with 1;4-dioxane (70 mL), 3-(2-

[01621- b Rorhyearbothpkdiniin tetbrgb2torel28difkyo Btk drEasinld &2ele-5-c

FaRRexs BeidunetbyFesiera (1D, 4ng)rantld OisRll-gpBistoNpgsnnbiRilators

of Y BBk 1 G S AT SAIMH RNV mARHOOH340PC170S2007/094053
was stirred for 6 h at 65 C. The mixture was concentrated and the crude
residue was dissolved in 1-120. The solution was neutralized with conc.
HCI (ag.) and the resulting precipitate was collected by vacuum filtration.

Ceppposifions omnpisiag Smallapaleedle HB-p3 ML § dried on the high

m\fé@u ug) SNEINEIUIR IR LhE:HRRUGH PIACHES RAANHASRNALPS80 O
TFA salt o

mgdﬂlf %Hﬁ%“&%ﬁ"&ﬁ B e[ e i A e s TaT e e onvai')e “6xe-2,
actiyityiof dire-RS-DEHbBi st SRBRE M et ire-BR rOfOIpsT Areaepaisthipat are, in
caigaictionessebadeifaohvitingstitibainflasicl rmudediviitvT Héel{ 20pmising the
T WARCh B @) @BAC Within alternative embodiments, Trp-p8 modulators are antagonists

oﬁrﬁépt@sam%mr mmﬁaxngeqmgy%pm goe,u;llggggmggole 5

- -carb ox lic acid % %‘ he reaction mixture was cooled to 0C and

ated
gt R L e S T
PhEFBFApTaTH f@mwra?afe“émﬁl é@ﬁ*é@f?«i{ﬁat@a epenof disprisoip fiatfg vith
TG 1R SR {Em Stk addedsitifiteshatding Bribopeswrikiureivasciapsfe oed
ol @ Sepatil onedwher s HBenanueous pRASE BYFsEeparalahants 1-D
ax{ﬁ%mﬁgﬁeg A@{%&Mﬂﬁ&t@&ﬁ& gom&LfFQﬁnq{g@m&m@q% WEIa 1
B blned and %f"fs:%l # E%)é ogé) 5%5%"3& brlq)ve1 100
nﬁf?“&raéé: ove B A O Camtraled Unda radu e
OHP@E%EF?@"“‘FPF@?%}MG@W&é"lﬁﬁﬂﬁé’d"b?‘ﬂ&’éﬁ‘chromatography on silica gel

“‘sf'gﬁl dC?igZCleZnAIHf for &lution) providad he Jilg sempaYRds as.saloriess

modulators in combmahon with a pharmaceutically acceptable exmplent such as sterile saline

or other medium, water, gelatin, oil, etc., to form phannaceutlcally acceptable compositions.
The compositions and/or agonists may be administered alone or in combination with any
convenient carrier, diluent, etc. and such administration may be provided in single or multiple
dosages. Useful carriers include, but are not limited to, solid, semi-solid, or liquid medium

including water and non-toxic organic solvents.

[0105] Pharmaceutical compositions of the present invention may be prepared by mixing
one or more Trp-p8 agonist of Formula I, Formula I-A, Formula I-B, Formula I-C, Formula I-
D, and/or Formula I-E with a pharmaceutically acceptable carrier or agent. Alternatively,

pharmaceutical compositions may be prepared by mixing one or more Trp-p8 antagonist of
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WO 20071095340PCUUS20071004053 TFA salt of
3-(2-Amino-ethyl)-1-(2-isoprophyl-5-methvl-cvelohexanecarbonyl)-2-oxo-2
3- dihydro-111-benoimidazole-5-carboxylic acid amide (Compound # 41)
[0154] In a 10 mL reaction vessel equipped with stir bar was charged with
DMF (5 mL), 3-
(2-avoin-etey)-1-(2-isopropyl-5-methylcyclohexanecarbamylys 200 3-
dihydro-1Hbenzoimidazol-5-carboxylic acid (1.5g, 3.9 rninol), EDC (824
mg, 4.3 mmol), HOBt (581 mg, 4.3 mmol), DIEA (1.11 g, 8.6 mmol) and
NH4C1 (230 mg, 4.3 mmol). The reaction mixture was heated via
microwave at 600C for 10 min and poured into a mixture of ethyl acetate

Fos@lanl. FemhiN-0 Fs 0w )BT Framdedr6g Boravia IfbhandenvastrimisFetigor
phfrfaGeparyatydititie bwhearer tenageddisiph abermassegaraiposainos may
fufBLXIERRIEL I&%t@wbﬂ%@t&ﬁ%ass%lee)hJJ@l@ﬁsz@msﬁbaaasxw&%med
combined € hedlw@sl c BII'_) Ha € eq SHJ' hzer
e e I e e R
dikyspisantrhtdikeradirartiedss @%gfﬁ}@ﬂwwe dig a@w&ge&}fﬁbﬂ% "fﬁd%%
déjdripdk; 1@ -angstinr EQ doingtoe nheonsentiatSdichibes, ¢ Ytk ddisbing 8s.»
eAissolusshin 3 peeiapitiedmiR0 spdpuwited mreparadive RRb&e to
thgltugile]n%s e H&QQgQJ SRLURING & D 994%@9%&9&&@1@4@&9&%&9 A%

radient. The pure actlons were orrib inec conc ntrated and
PROBBATI AN e %ﬁndn(f R RS S T Y &g)asﬁﬁgj flféuf’)
lopy fgc@@ylwlghlyep‘q:ﬁgg Sél&h srpolyarginine, protems, such as serum albumin, gelatin,
or3n{@vhnginosithiyhikbpilis orisopyl-Siein etlvedoy eloiekasddarbany 1)-2-0x0-2,
mgmﬂﬁwékﬁhﬂa}ﬂybﬁiﬁEQiHBd@ﬁ{&@@cﬁ&@M%iﬁﬁﬁ@ﬁ lidinone, amino acids such as
gzusﬂé SHhvIAmNes ﬂ};c\gumgg Q@&E‘BQ&J neb#4Lnhd0 AREOCRAN S SITIR]

nthes 1%1 ound # 4 tCfom ound#44 was prepared from
?ﬁn‘fe‘i h aﬁﬁl‘nse (ESIF 2 4 T g

agze@M%%WAW%MMWWA%&%WO counterions such as
sogifi Ardtiaraibyly-<hef2cinas soply kO MBEIN; ke polgtitiesteneglycol.
anecarbonyl -2-0X0-2,3- dihydro-1H-benzoimidazole-5-carboxylic acid
(o406} AifbE TELRBT AR R 1o CoRSELqps 413 R ERL BYRTIHP (3 TRESe @
cagppitreses Kskmdripbemaily B4, BombRdFaurisdCoFepavied-Potrddthy |
Farmifel- MGt Bigd radzildiSvii ont drjmord tsAcsalb@fpeutic agent. Alternatively,

th3 Jgnﬁsmmseémt) prab2atspiieRY axhelby ieiehaxanesarho nbindaRX0s2,
ﬂmgreomufbfezpam midazgle-2acarboxylic Ae 'S RUdInGr Y AIEGyitn

ompound
one or more cancer therapeutic agent. That i is, the compound of Formula I, Formula I-A,

Formula I-B, Formula I-C, Formula I-D, and/or Formula I-E and the cancer therapeutic agent

are separately formulated.

[01071 Suitable cancer therapeutic agents include, but are not limited to, antimitotic agents
inchuding, but not limited to, paclitaxel, vincristine, and etoposide; alkylating agents
including, but not limited to, mechlorethamine, cyclophosphamide, and carmustine;
antimetabolites including, but not limited to, methotrexate, gemcitabine, lometrexol, 5-
fluorouracil, and 6-mercaptopurine; cytotoxic antibiotics including, but not limited to,
doxorubicin, daunorubicin, bleomyecin, mitomycin C, and streptozocin; platinum agents
including, but not limited to, cisplatin and carboplatin; hormonal agents including, but not
limited to, anti-estrogens such as tamoxifen and diethylstilbesirol as well as anti-androgens

such as flutamide; antiangiogenesis agents; and farnesy! transferase inhibitors.
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10157) In a procedure similar to the synthesis of Compound #41
Compound #48 was prepared from pyridine-3-ylamine. MS (ESL) rth 464
(M+ + 1). Example 4 Synthesis ofAdditional Dihydrobenzoimidazole
Compounds Formula I-K (01581 This example discloses methodology for
the synthesis of dihydrobenzoimidazole Trp-p8 modulators of F oimula
I-Ewd\ied720640.095340PCT/U82007/004053 PCT/US2007/004053
12-(5-Methyl-sulfany1-2-nitro-phenylaminO-ethyl1-carbarnic acid
tart-butyl ester [0159] In a 1 liter round bottom flask equipped with a stir
bar was charged with DMSO (200 mi.), IC2CO3 (13 g, 0.10 mol) and
2,4-difluoro-1 -nitrobenzene (5 g, 0.03 mol). The reaction mixture was
[01f1}latdul sethin\asa\eBureunds didiorinvleth fpenEad; 8. Bormbd) [dh & gtirrted-at
C, Psnbigent-1s mperaturedRn ek Soedismrdbanetboxitie (2itB4 ¢ndeD3 mol)

he¥fS.R048d: 18N8 L eAGtRR MbHEeANCaliyedhfalfd bl 6Qfux! he

reaction mixture was cooled to OC and triturated with water (800 nalL) and
[01ti%¢ yallotvepasgipiaieripaniorigcdwds IcBliectbdizy Taoudni-BitFationlaTia
Fo@GIRIRIBMNAF WAShatkSeY eIAlAITes Wb WRIRK (R ¥%iBhid: hand dried
adagtg?%%‘.V@%!%Ta{o%fiééuﬁiﬁg, 6. INGdRTI1SH RIRsich At ARHENT ¥elaW.
I-Aq Bopgndl : Fome CsEnam bReASHRE S ficarbamic acid tert-butvl
[Oﬁﬁ}erxﬂg 91%111%4@oﬁxqge’%%t%ﬂ_é}%ﬁﬁ%éﬁﬁlé@@dmﬁﬂwfBh@xﬁﬂ&éﬁ%awas

¢ a[ggl with eOHtXZ t 21’1 be administ terally, topically, orally, or
corflf?(%- J&f é-%ﬁf?ﬁ%ny Qﬁ-‘h?ﬁ%-pﬂeﬁa aIammnllﬁsq f—e%ﬁfﬁ%a%é’fm@ acl ’ter:-%’utyl
localtye rlwegt,a@.e?%uhamamzlmg gerapesitions P RaTEstted seespteelly;
e.g\NaB bidoGsTyg 0 OB uwelyyw dsradkdeellfinefontramsedipdytidm aheemhedimattion
thelPREHE MBS R BrividREi BsinfosiGent Toraddiitena wasicempleieibefgastan
colfXIHES MRS,SIE A IR A0, additional i, Buae: ka0 M- shand ehyl acslate

. ecr)o mL) were added to the reaction mixture. The heterogeneous mixture
was transferred to a separatory funnel where the aqueous phase was

[o19gpanaed RNE kRuexiasRehpith B thyy 8eeiaind @ ili0EME:diaPnefgmiC
solf 1558510 SRS AN NASDRT MDD ATRHAR M ISR ML),

ried over MgSO4, filtere andlconcentrlated nder reduced pressure to
maéﬁ\?é“ﬁ’bﬁ%?&i?ﬁ%é‘?&ﬂl& FREH e BB s SRS B R L BR8P
carpgte ppddhrildeparated into two 100 mL round (50mL in each) and both
[Ol\gl%ﬁ fg%%%?ogglaatgrgir%gga i%rq,egol%ncpeoqn%rsecﬁﬁgg %r%g]e%tlilrs{’vee(rjltyc\)lg I’r]r%lgjrtbfeu ﬁxﬁl%ﬂ ed in

finely G vided Syma AR Vi A Q0RISHY PR REm oL B AR AR 2B thy
are| gl festayd o1 Tt tere S EnzCipile et png o TR I B GRTHR &Ptps, such as

caproic, actanoic, lauric, palmitic, stearic, linoleic, olesteric, and oleic acids.

[0113] Compositions of the present invention may be administered by injection, i.e.
intravenously, intramuscularly, intracutaneously, subcutaneously, introaduodenally, or
intraperitoneally. Alternatively, compositions may be administered by inhalation, such as

intranasally, and may be administered transdermally, such as through a patch or the like.

[0114] 1t will be understood that the actual preferred formulation of compositions,
including pharmaceutical compositions, will vary according to the mode of administration as
well as the particular disease being treated. The optimal formulations and modes of
administration will be routinely determined on a disease by disease and patient by patient
basis by those of skill in the art.

34



[01611 In a procedure similar to the synthesis of Compound # 36,
Compound # 42 was prepared from the crude
12-(2-amino-5-Methvl-sulfanyl-phenvlamino)-ethyll-carbamic acid
tert-butyl ester. MS (ES!) m/z 390.1 (M+ 1). WO
2007/095340PCTTUS2007/004053
3-2vidgminneeiay 11-1-(2-isopropyl-5-methyl-cyclohexanecasbponichsmosasih
ylsulfinvl-1 3- dihydro-benzoimidazol-2-one (Compound # 43) 101621 A
10 mL reaction flask was charged with
3-(2-Amino-ethyl)-1-(2-isopropy1-5-
methyl-cyclohexanecarbonyl)-5-methylsulfanyl-1,3-dihydro-benzoimidaz
ol-2-one (Compound #42, 300 mg) and 1% TFA/DIVISO (1 mL). Oxygen
was bubbled through the reactlon mlxture for 20 m|n and sealed. The
Me 1 v i ofs Etwas purified by
21 523 cashilbanad: Oum) C18Q) using a 40-60%
[Oﬁ%ﬂogltréle/Hzo g\gnth % TFA) radient. The Rure fra t|o Wer.
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of Formul a -
antagonists having efﬁcacy in the treatment of disease(s) associated with Trp-p8 expression

include small molecules that result in one or more of the following: (1) protect Trp-p8
expressing cells from toxic effect of agonists in in vitro model system (2) inhibit growth of
and/or kill cancer cell line with endogenous Trp-p8 expression (3) are efficacious in one or

more animal model systems of human disease.

[0117) Thus, within certain embodiments, the present invention provides methods for
identifying Trp-p8 agonists comprising the step of contacting a Trp-p8 expressing cell with a
candidate Trp-p8 agonist for a time and in an amount sufficient to inhibit the growth and/or
decrease the viability of a Trp-p8 expressing cell, wherein the inhibited growth and/or
reduced viability indicate that the candidate Trp-p8 agonist is capable of activating Trp-p8
expressed by the cell.

[0118] Other embodiments provide methods for identifying Trp-p8 agonists, comprising
the step of contacting a Trp-p8 expressing cell with a candidate Trp-p8 agonist for a time and
in an amount sufficient to induce influx of calcium and/or other cations into the cell, wherein

increased cation influx is correlative of increased cellular toxicity.



101641 This example discloses methodology for the synthesis of
dihydrobenzoimidazole Trp-p8 modulators of Formula I-A
2-1sopropyl-5-methyl-cyclohexanecarboxylic acid
(4-methoxy-2-nitrophenyll-amide (0165] 4-Methoxy-2-nitroaniline (59,
0.018 mol) was dissolved in pyridine (50) and treated with mentheyl
chlayislendBeBs89, 0.018 mol). The reaction mixture was heatedt8.56/£1853d
stirred vigorously for 6h. The reaction mixture was cooled to room
temperature and poured into a mixture of CH2C12 (100 mL) and IN HCI
(100 mL)). The heterogeneous mixture was transferred to a separatory
funnel where the aqueous phase was separated and re-extracted with
[013H 2 R Bt B mbbyididns prgddéarptimde HdeatiépneiimepBagdnivashed
coMptisidy 1HEsefS Kol b n RO ANAARO HR dDbMkREEn(Znmb DY, ddide

md ks d ﬁ,ﬁqh J{?Mg§% £E%§Qt§£@a&&’&c§{‘¥&t§x§ NPESLISHYUSEE: the

pressure e residue was purified by

S0 P1 BB ABETRIRSHD ?’)86&6%%0&‘!% r‘B Fﬁ%&&r‘é‘ﬁ‘iﬁ’/ydﬂ"é?ﬁ%a%j%? FAhR
of Bgwmimply Macrdath exaerarore eflintbhitisrnfiertbehwethitiadsshep of peppiass,
indieloneshaodids(4:90r 83%dsePsisapibDpithemnethviinyel effrxanetac@ppic
agbgr@mino-4-methoxvphenvl)-amide [01661
2-Isopropyl-5-methyl-cyclohexanecarboxylic acid
0128 eTherieRmitroptiemyQudvideciody fonds idistidicatidin il seipp entsionigf
in 380 IR doChéTE)-pR anfaicinitikalkiilsid TbRise Batn henxiuneas!) in vitro assay
syﬂé’ﬁ@&e&‘%&ﬁ &%rpgge%lda (3@1‘_1988]‘ 4@&&'&'@1@ ﬁ@rquﬂclwd@:@&%?ﬁ‘rw
mlxture s fi ered a,n(‘j) (:oaﬁlscentratt(;)rn té) ive the Xt\h ror%p OWntgl n
aﬁﬂ‘nmeh Eurl y oaﬂs'enlrfv i éx?sréaaétlon wi Bt RiARer pur cation.
or cancer cell line endogenously expressing Trp-p8; (3) in vivo animal model

cancer cell an
systems whereby one or more candidate Trp-p8 antagonist is administered to an animal
having one or more neoplastic cell that expresses Trp-p8 for a time and in an amount
sufficient to inhibit the growth of and/or induce apoptosis and/or necrosis in the cell thereby

increasing the survival of the animal.

Methods for Use of Trp-p8 Modulators

[0121] Small-molecule Trp-p8 modulators of the present invention may be suitably
employed in methods for modifying (i.e. activating or reducing) Trp-p8-mediated calcium
influx in a cell and therapeutic methods for the treatment of one or more diseases associated
with expression of Trp-p8. For example, and as noted above, it has been observed that
abnormal Trp-p8 expression is associated with a neoplastic phenotype in a variety of
cancerous tissues including breast, colon, lung, and prostate tissues. Tsavaler et al., Cancer

Research, supra.

[0122] Thus, within certain embodiments are provided methods for activating Trp-p8-
mediated calcium influx in a cell, such methods comprising the step of contacting the Trp-p8
expressing cell with an amount of a Trp-p8 agonist for a time sufficient to inhibit growth of
the cell and/or to induce necrosis and/or apoptosis in the cell. Exemplary methods for

activating Trp-p8 are provided within the Examples presented herein.
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2- 2-1-5-metholohexanecarboamino 5-meth -.hen learbamo fl
ethyBearbamic acid tert-butyl ester [01671
2-Tsopropyl-5-methyl-cyclohexanecarboxyliO
(2-amino-4-methoxyphenylkamide (5g, 0.016 mol), EDC (4.2g, 0.022 mol),
HOBLt (2.97g, 0.022 mol) and DIEA (8.53g, 0.066 mot) were dissolved in
DIVEo(5fisand stirred at 45 C for 6h. The reaction mixtuerwascooied
to room temperature and poured into a mixture of ethyl acetate and 1N
HC1 (100 mL). The heterogeneous mixture was transferred to a
scparatory funnel and the phases where separated. The aqueous phase
re-extracted with ethyl acetate () and the organic phases where combined,

[01985h SuberitmhNdHEHE KODresryt inYHien ovYifle)hempasiereodsiorhe x

treh e a4 distines 6L nndd) with et (B804 TTiltet echeindetioisentnptisthd thg istep

of%ﬂigﬂgngg}llkomh h}q oA erdaity r?%mt%ﬂ q{ﬁ@%ﬁﬂ@@p@@&ﬁt@é@h\!@a

urifie ash chrgmatography. with silic

CORPSEAIRTS omgns’ %fﬁt?’on%tép 9 |¥(ér i3 eswe gréé;? agsfé,g%lo)érltgggego lid

aneios@)m%%wméf@zxem@%&ﬁ%@@%‘roéﬂb% hegesa e RO

“tiigepticaiiy ebartothyhooyt] offesam trearboxy i compound that, when

BG4S PrAminRRIARI RdAMINQ)s4sa) albaryiphenyltamiden (Gamnmpafodie
di e)as ]I%e]‘ therapeutloally effective amount” will vary dependmg upon the compound, the

-{242 .-Isopropyl-5-methyl- cyco exan carbon Ino1-5-methoxyph
d*mc%ﬁ?ﬁﬁwyeﬁﬁ?%ﬁ%?a% et BORA es%er%;) wasg’dlssolved in

[o? 0 T@%’J&@Qe@ﬂﬂ ftineedfondhs T‘h%aﬂ%@ﬁ@ﬁ fabdiavasiseacantrated
pavsdhecrude, Oducé was %g %QP%EO&@QQEL%QO%%BW
5 y preparative #‘ﬁc? l| ft usm% . ¢
maEERHEAY- ‘i%mmsadf%ﬂ?éﬁ%? éiﬁfs TR B ?“58%%ns" RETR e
thediiaine@) boivarsthectisense hyo pririiael AT yivdng grieneimmaiafdss solid
di68R0B1G): Mibi¢H Shnpbms; i (M&lidviby theFdisegadt 4. causing regression of the
dieAs QPIRRYIRaMS sty clohexaneearboxvlic acid
[2-(2-amino-ethvlaminol-4- methyl sulfanyl-phenvll amide (Compound #
[056 9[Whil OB siileqwuryldnd dosref 6 keatiippeimsinh will feysdependtagiingy
siildedR4e R miResbanagidns by phosyirmitayeikyl-eatamic acid
céﬁgoQH%lf%ﬁIﬁlM@%B%ﬁ&quW@ELﬁ59&)&@1@%&%&9} Qdzomol).

The reaction mlxakjre was coojed to 0C g\(r)] a[f_ yl chloride ga/ﬁgbo 008
h

FoRB %a{:é;aéatagﬁ oadr\rflvlfé’@t%?/elr"atl i erlo & reACton mixture Was

mam@zp%1%9m%garﬁmltfem@a&w&ﬁﬁeﬁfw@oﬁm‘%ﬁdw&ﬁﬁm|a‘§dess

thaithe Bipgnormdiperotibe tovan dids Sheserfisatim dipage maYRerinerad 2ati2

otk pesrifieckiysfiashhaRkamatography on silica gel (10% hexane/ethyl
acetate for elution) which resulted in a sllghtly yellow solid (1.76g, 61%).

IOfRE purifrest iRsiRer st iREadmed %ﬁ%@?ﬁﬂ%@?@%hﬂwﬁ?ef‘éﬂt&‘%‘hﬁed
afbiededby chg ordernittadechsThesgsisddcproduct Wwakegmspivad 4hF309sla 1,

Fmgmw@@fl%gaanﬂ pusiiad y, prenaratine.HtPl:G e 201Hum) C1

omg may%e a%mlmstered orally, parenterally, intraduodenally, and intranasally.

Typxcany, such compositions comprise one or more such compound in combination with one
or more pharmaceutically acceptable carrier or diluent, as described in further detail herein

above.

[0127] Other embodiments of the present invention provide combination therapies wherein
one or mote compound of Formula I, Formula I-A, Formula I-B, Formula I-C, Formula I-D,

and/or Formula I-E is administered in conjunction with one or more cancer therapeutic agent,
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WO 2007/095340PCT/US2007/004053 anetonitrile/H20 (with 0.1% TEA)
gradient. The pure fractions were combined, concentrated and lyophilized
to give a light fluffy colorless solid (1.41g). MS (ES!) m/s 364 (M++1)00
12-(4-Fluoro-2-nitro-benzovlamino)-ethyl]-carbamic acid tett-butyl ester
10170) In a 100 mL round bottom flask equipped with a stir bar was
chawgedonitisacetonitrile (40mL), EDC (1.12g, 5.9 mmol), R®B{A074686,
5.9 mmol), DIEA (3 76 mL, 21.6 mmol) and
Mono-N-Boc-1,2-diaminoethane (0.865g, 5.4 mmol). The reaction mixture
was stirred for -18h and concentrated. The residue was dissolved in a
mixture of ethyl acetate (50 mL) and IN HC1 (50 mL). The heterogeneous
as fsquibedvirlithendstail darein abspatsion Ausnietivhe retieangliottiserissse
anWhisngepaliadetantbir-mbasiech nithneaihytac et ate@a LR 00 by d/bhen
an%géx%@‘ezp@fﬁ%%ﬁ‘éf%n%&m%g &%W@&B?QWH&NMQ& (@oiophiBk), H20
%{x 50 ng@é sat NaHCO3 0Hobrl elq, qu)[ grlpd ovet | M%Smula

thera woor orecgn 5]
Bre ‘toncentrate Ir)1dmr reduced réssure The residue Was

I“%Lﬁﬂ%’&ilbﬁ/lﬁaaé‘ﬂ/ GRiteliaretiol] Faﬁrﬁ;?‘?f?f’gﬁ’i‘?fﬁdgeé‘f‘féW“ﬂ&‘%“@%‘éﬂﬁl"q“enm“y

toae@meﬂﬁeixarré f@ﬂf@@}ﬂwgﬂ@vmed the title compounds as sllghtly purple
solid 630/

[OE Z%ﬁtlgo ph%)rﬁril lélfar%'i%rb) B “)?I h@é?ﬁ?ﬁfe%%f&’?@ Ropt ustyl

caé@f’eﬂmm ﬁf@ﬁ’@#@é@t@%@s%@%@ﬁb‘éﬂ@ﬂﬂ?b@%ﬁ%&%ﬁ?ﬁharged

copgighubD\admimistyreN Sty fel(OyE6 By t1i2. Senmi oboardnd, as well as wherein the

seb3Ad HpEand 9 UEQRRAZEVI ABIBA D Yk aasRampeaeid TR bl R5E8 can

ool Bt el ESRAGURN PN 069 ALABBITLIEMAR Ak e
re(ﬁlﬁ_ mﬂfglﬁé%oure into a’mixture of ethyl'acetate (20 aiL) and H20 (25

&SGeneous mixture was transferred to a separatory funnel

[oY$9greftineAGUARUS AiaseuaseRsIaled Andiee sl asied it g1yl

negstiate (2x 10 mL). The organic phases were combined and washed with
IN HCI (2 x 10 mL), H20 (Ix 10 mL), sat NaHCO3 (2 x 10 miL), brine (10
mL), dried over

EXAMPLES

Example 1

Synthesis of Menthane-3-carboxamide Compounds

[0130] This example discloses methodology for the synthesis of Menthane-3-carboxamide

compounds.

Menthane-3-carboxylic acid

[0131] Water (300 ml) was placed in a 2-L Erlenmeyer flask with a large stir bar. Sulfuric
acid (500 ml) was added carefully with stirring. The solution was allowed to cool to 75°C,
and N-ethyl-p-menthane-3-cartboxamide (62.5 g) was added. The temperature was
maintained at 75°C with a hot plate, and sodium nitrite (31 g) was added carefully. Two
more 31 gram portions of NaNO, were added at 1-hour intervals, and the mixture was stirred
overnight at 75°C.

[0132] The mixture was cooled to room temperature, diluted with ~1L of ice water,
and extracted with ~500 ml of ether. The ether layer was separated, washed with water,

and extracted with 2 x 350 ml of 1M NaOH. The aqueous layer was made acidic with
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Mg304, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel (30% to 50% ethyl
acetate/hexane for elution) provided the title compounds as slightly yellow
solid (500 mg, 61%). 0
N-(2-Amino-ethy1-2-1(2-isopropyl1-5-methyl-cyclehexanecarbonyllamino-
4-meghyisbkanyl-benzamide (Compound #2) [0172] In a pagesdvraosisrdlar
to the synthesis of Compound #42, Compound # 2 was prepared from the
[245-Methyl-sulfanyl-2-nitro-phenylamino)-ethyl]-carbamic acid tertbutyl
ester. MS (ES!) m/z 392 (Mi. + 1). Example 6 Synthesis of Compounds of
Formula I-B [0173] This example discloses methodology for the synthesis
corgfuiihtpd idEmpekiderdl evifrotps. hbelelfeadryiPe dniedavitBMay@ and
evadORWORIIAORLTAIS 2OV NIHORIA (33.2 g, 61%) as a crystalline solid, 0 O=—

50.3 deg (c=1, CHCl3, 25 °C).
Menthane-3-carbonyl chloride

[0133] Menthane-3~carboxylic acid (54.35 g) was refluxed with 80 ml of thionyl chloride
for 3 hours. The SOCI; was removed by distillation, and the acid chloride was distilled at
114-115 °C (8 Torr). (Lit. b.p. 84-85°C at 3.5 Torr). Yield: 50 g (84%).

General procedure for preparation of menthane-3~carboxamides

[0134] To a stirred solution of 0.2 mmol of the amine in 1 ml of acetonitrile or NMP and
0.4 mmol of DIPEA was added 0.022 ml of menthane-3-carbonyl chloride. The reaction
mixture was shaken for 3 hours. For less reactive amines, the mixture was heated (60°C) and
shaken for 24 hours. The product was purified from the crude reaction mixture by HPLC
{40-95% gradient over 10 minutes using 0.05% TFA in CH3CN and 0.05% TFA in H,0O) and

evaporated to dryness.

Example 2

Svuthesis of Dihvdrobenzoimidazol Compounds of Formula I1-E

[0135] This example discloses methodology for the synthesis of dihydrobenzoimidazol
Trp-p8 modulators of Formula 1-E.
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Scheme 5. 2-(5-Amino-3-phenyl-pyrazol-1-y1)-ethanol 10174]
Benzoylacetonitrile (25 g, 0.17 mol) was suspended in a mixture of 125
niL reagent grade anhydrous alcohol and 20 mL glacial acetic acid.
2-Hydroxyethylhydrazine (14.4 g, 1.1 equiv) dissolved in 35 m1.2 alcohol
was added all at once. The mixture was heated at reflux for 4 h, cooled,
watebuwagasided to make 500 inL total volume and the sobdtiainas0Mé8
2007/095340PCT/US2007/004053 chilled in a refrigerator overnight.
Crystals were filtered cold on a Buchner funnel, washed with cold water
and dried on high vacuum to give the desired product (27.2 g, 79%).
2-Isopropy1-5-methvl-cyclohexanecarboxylic acid 12-(2-hydroxy-ethv1)-
5-yhenvl-2H-pvrzol-3-kamigé [01751 The o~

2-(_-amino-3- phenéll pyra yl)@th&n@%’i‘@"% g, mol) was

nde re o O mL WW )
an chllled |n>@§1/|ce bath. oyI c orlde 100 g, 145, equiv) was

dlssolved in dichloromethane (200 mL) and added drop wise from an
addition flume protected by a CaCl2 drying tube. After the 45 min required
for complete addition, the ice bath was removed and stirring continued for
3 h. 1M HC1 (aq, 29,0 mL)) was added was added and the phases\}v\ere

sepg%e he organic phases was re- extraclted with IM HCI (at}’ﬂ.)OO
QJLM_&&wa @ in addefl apd the d+e|§48%emeth @ Nbved
unﬂézﬁ@d’i‘ﬁf@d preyéuretesultg i proﬁﬁ‘gé’ ?—.?i?ﬁ?ltatln precipitate
was coftt by vacutith filtratiorPand the solid Was wasH&g with water
several times. The solid residue was triturated with 400 mL 1:1
ether/hexanes (rapid stirring for 212). The solid was filtered on a Buchner

funn | and washed witlvhexanes. r air drying overnight,frther drying

fected on hlgh um fo?? h to give a colorless @Slﬁ/%gz

&
N
AN 0 95% TFA N—
DMAP, cHzcl2 87% O
3 O Z o

% %
96% P P
[o Lot
O=N, é|=
0

4-Methoxy-2-fluoro-1-nitrobenzene

[0136] A 2L round bottom flask equipped with a stir bar and reflux condenser was charged
with acetonitrile (1L), K2COj (263 g, 1.9 mol) and 4-hydroxy-2-fluoro-1-nitrobenzene (100
g, 0.64 mol). Methyl iodide (271 g, 1.9 mol) was added to the reaction mixture and heated at
reflux temperatures with vigorous stirring for 5 h. The acetonitrile was removed and ethyl
acetate (1L) and HoO (700 mL) were added. The heterogeneous mixture was transferred to a
separatory funnel where the aqueous phase was separated and re-extracted with ethyl acetate
(2 x 200 mL). The organic phases were combined and washed with H,O(2 x 500 mL), brine
(500 mL), dried over MgSQOy, filtered and concentrated under reduced pressure to give the
desired product as a slightly yellow solid (107 g, 98%).
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Methanesulfonic(5-12-isopropyl-5-methyl-cyclohexanecarboyl)-arninol-3-
phenyk Sint 1 ester [0176] 2-Isopropyl-5-methyl-cyclohexanecarboxylic
acid [2-(2-hydroxy-ethyl)-5-phenyl- 2H-pyrzol-31-amide (140 g, 0.38 mol)
was suspended in CH2C12 (500 mL) and pyridine (47 mL, 1.5 equiv) was
added followed by methanesulfonyl chloride (44 mL, 1.5 equiv) at ice bath
tempemsitnesside solution was allowed to warm to room tarapesadseana
was stirred for an additional 12 h. Water (500 mL) was added and the
mixture was stirred for 0.5 h. Dichloromethane was removed by
evaporation leaving a precipitate of It. yellow granular chunks.
Decantation was followed by treatment with an additional 500 mL water
and decantation again. A figell 500 mL quantity of water was used to
transfer the solid to a Buchirer funnel where it was suction dried (yield not
determined). 2-Thoprop met Q,h ne carboxylic
acid-12-azido-ethyl)-5-ohe H?I nyrzol -amide [0177] The crude
mesylate (0.38 mol) was dii; ssulved in DN 80 (500 mL) with sodium azide
37 g, 1.5 equiv). The mlxture was heated to 70 C for 6 h Upon cooling,

,,u; X y-2Z=tutnopheny lamino)-ctiyrearbamic acid
[off'}?k%[‘iﬂ &&?Q&rgtgwmah IJ?%L%XE&X\&%%}?B%@ Anehthe sganic

er was,washed se entlall h 200 quantitie water, saturated
g’Hy AR BIRE 2 TR BTG ANE fé‘f/%nre\ﬁb 1o ﬁzsg ﬁ%\d%gf ?feaé’anted
dl%@ﬂ#@@dﬁfb&ﬂéﬁmwww@ﬁ@i tOtS9 A5 CHIB R REES ﬁ’éft slistes fofridch at 60°
C. beeatseithenproduetswitsmied giiidctred i soh@ Rt efor themenvitige gethey
pradeieRs 2olRRIOPWaRnREt e Clohaxanpiet MaXWiEhed several times

w&%t&%ﬁft‘ 'fJPaE&'Mla 05n Q*}l %}Y&a&@n%lz@ WO B AHIE G Blfriuds azido

pound was dissolved L reagent grade absolute alcohol and
b“ﬁ'&é’fé‘&‘%ﬁﬂt’%(é "Seve carbon This was stirred for several hours and
filtered through Celite. Apprgximately 300 mL solvent was removed on the
rotovap and replaced with flesh solvent. 10% Pd-C (4.8 g, -50%-wt. H20)
was added, and a steady gam of h drog was maintained over the
reaction mixture with rapid™$ |r m/\fef ydrogen was disconnected
and conc. HCI (32 la) was éﬂdded slowly? Aft filtration through Celite, the
flltrate was WO 2007/09534OPCI/C 82007/004053 concentrated on the
2 = RGSERyI ether was

Fje(}xtﬁ’ ﬁ%%g%%l%?#%ﬂﬁ%& E@}l\%%%@ GRRIQ Qtjt‘fv@a? %Eragv{/%g 'gt%f%ugpéngi ?;[Eﬁ
z%’r %O}%ﬁé Btigdr e 6|t51ro%uce g%g Qe(ﬂtr% E‘%};’O Glls).

carbamic acid tert-butyl ester (100g, 0.32 mol) was added to t e suspension. The reaction

mixture was hydrogenated (balloon) for 48h (until the starting material had been consumed)
followed by the addition of K>COj; (100g) was added to the mixture and stirred for an
additional 12 h to remove traces of water. The suspension was filtered to remove the
Pd(OH), and K,CO;. The filtrate was used in the next step without further purification (yield

not determined). .
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TFA salt of 2-Isopropyl-5-methyl-cyclohexatie carboxylic
acid42-amino-ethyl)- 5-phenv1-21-1-pyrzol-3-v11l-amide (Compound # 16)
[0179] Conversion to the tritluoroacetate salt: the solid was neutralized
and partitioned in a separatory funnel by shaking with 500 mL ether and
150 mL 2 N NaOH When the solid was completely dissolved, the layers
wergsepasedad and the organic phase was dried with Naz€©ds2007/004053
Decantation and mixing with 23 mL trifluoroacctie acid was followed by
evaporation of solvent and drying on high vacuum. The foam was crushed
and triturated with 300 mL hexanes (rapid stirring for 3 h) which, upon
frltratron produced a whrte powder contarnrn nlruch less ether Solvent

A )]

umld 04 g, 0.6
1-ami e m oun

molpay foptsd 2P & &b‘bédﬁr% et He rgwﬁréﬁedareaﬁ?ﬁs AR
wiomapo (8l 4. 1 Theasupheperstbitrtmy & fullsyletbyoniteiien diffgation and washed

sedeRy dieereinlianeazineo hhjs matadad was.pusifienibypreperative L C
va%éhm 120 LRI GABGA KNG &AHCQM(@&% ew}rsld'a'?& fwith9-1%

TPAsaI f2|s r-5m Iohexane %
o0 AL T e

TEA) gradient. MS (EST) m/z 144 (M4 + 1)
2-Isopropyl-5-methyl-cyclohexangtarboxylic

acid-12-(2-amino-ethyl)-5-(1-
methyl-111-pyrrol-2-y1)-21-i-p ol- 3 ylkg\mgj&&ompound #17) [0181]
In a procedure similar th offCompound # 16, Compound #
17 was prepared from 1-tnethlyl -2H-pyrrole-2-carbaldehyde and

2- hydroxyethylhydra2|n/\I‘h|s material was purified by preparative IIPLC
A1Mir0 A20.4R41). 4. 80) 15109,8.40:6006 Ageianiiali20 (with -1% TFA)

gradient. VIS Asalt

diBvdrabenzoi midazol- AL ¢ ‘o.u, acid tert-butvl ester
OPTO0Y v X S Carigoxy

{0@2@ 12. %%W%W xé%ga stir bar was charged with [2-(2-ox0-2,3-

1 1H pyrazal- 3 d if
F] Procer ure srm lt Fﬁ Xrﬁ) fthesis o?tc,gr?xges g@%@%m(ﬂ% dg}?ﬂ
& 550 SHET TP Zhor AL EHEE AR O-20mo wes added drop wise
o\@-tlicizeimpkatbyiyl cadistarsitabeichtarienyinsstore Thid bnatbe st puttiied
whyqneagambkir BPLC bt 6f 10 uia)Hci8Q) usingraedd+&0%eneous mixture
wAEEIAURIANT 2Q:LMER L. Ak ok F/ANS RIS M ol Sl h g 3B Sa(dnd £ 1)-
extracted with CH,Cl; (2 x 200 mL). The organic phases were combined and washed with

1N HCI (2 x 300 mL), H,O (300 mL), saturated NaHCO; (aq) (2 x 300 mL), brine (300 mL),

dried over MgSOs, filtered and concentrated under reduced pressure. The crude product was

FA salt of

dissolved in a minimal amount of CH,Cl, and eluted through a plug of silica gel (10%
hexane/ethyl acetate for elution) to furnish the desired product as a colorless solid (93g,
96%).
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NH2 TFA salt of 2-isopropyl-5-methyl-eyelohexane carboxylic
atid-12-(2-amino-ethyll-5-(1-
methyl-1H-pyrrol-2-y11-2H-pyrazol-3-y11-amide (Compound if 18) WO
2007/095340PCT/US2007/004053 [0183] In a procedure similar to the
synthesis of Compound # 16, Compound # 18 was prepared from
2-beozoylassionitrile and (3-diazenyl-propyl)-carbamic acia tertabarylaoss
ester. This material was purified by preparative HPLC (Ultro 120 (10utn)
CI 803 using a 40-60% acetonitrilefl-120 (with 0.1% TEA) gradient. MS
(ESI) rn/z 383 (M+ + 1). Example 7 Synthesis of Compounds of Formula
- C [0184] ThIS example dlscloses methodology for the synthe5|s of

dihvdro-benzoimidazol-2-one (Compound # 36).

[0141] A 500 mL round bottom flask was charged with {2-[3-(2-Isopropyl-5-
methyleyclohexanecarbonyl)-2-ox0-2,3-dihydrobenzoimidazol-1-yl]-ethyl}-carbamic acid
tert-butyl ester (90 g, 0.19 mol) and 95% TFA/H,0 (200 mL). The reaction was stirred for 2
h. and the TFA was removed under reduced pressure to give the crude product as a thick oil
(which solidifies to form fragile foam upon standing under vacuum). The crude product was
dissolved in 30% acetonitrile/H>O and purified by preparative HPLC (Ultro 120 (10um)
C18Q) using a 40-60% acetonitrile/H;0 (with .1% TFA) gradient. The pure fractions were
combined, concentrated and lyophilized to give a light fluffy colorless solid (79g, 94%). MS
(BSD) m/z 374 (M" +1).

o

TFA salt of 3-(2-Aminoethyl}-5-ethoxy-1-(2-isopropyl-S-methyicyclohexanecarbonyl)-1.3-

dihydro-benzoimidazol-2-one (Compound # 38)

[0142] In a procedure similar to the synthesis of Compound # 36, Compound # 38 was
prepared from 4-ethoxy-1-2-fluoro-1-nitrobenzene (prepared from ethyl bromide and 4-
hydroxy-2-fluoro-1-nitrobenzene. MS (ESI) m/z 387 (M' + 1).

N; W{N-\/\ NH,

1-5-methylcyclohexanecarbonyl)-1,3-dihydro-

benzoimidazol-2-one (Compound # 50)

[0143] In a procedure similar to the synthesis of Compound # 36, Compound # 50 was
prepared from 2-fluoro-1-nitrobenzene. MS (ESI) m/z 344 (M + 1).
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25-methclohexanecarbo e acid (2-bydroxv-2-phenvl-ethvliamide [0185] A
500 mi. round bottom flask equipped with stir bar was charged with
CH2C12 (200 mL), DIEA (28g, 0.219 mol), and 2-Amino-I-phenyl-ethanol
(10g, 0.073 mol) and cooled to 0 C. Menthoyl chloride (14.8g, 0.073 mot)
was added drop wise over a 15 mm period. Once the addition was
comyaleterikesseaction was allowed to warm to ambient temgetabdsfiE
2097/095340PCT/US2967/004053 and stirred 2 h. CH2C12 (100 mL) and
1N BC! (100 mL) was added to the reaction mixture and stirred for an
additional 20 min. The heterogeneous mixture was transferred to a
separatory funnel where the aqueous phase was separated and
re-extracted with CH2C12 (2x 100 mL). T, g organic phases were
combined and washed with IN HC1 (8 100 mL), 1120 (Ix 200 mL), IN
NaOll (2 x 100 mL), brine (100 mL Pdried over Mg804, filtered and
concentrated under reducejl pre The residue was eluted through a
plug of silica gel (50% et et N for elution) provided the title
compounds as colorless sq| . %). TFA salt of
2-Isp_propy1-5-methyl- evefo\h ane»:arboxyllc
[2-(2-amino-4- ethoxy) -2- phenylethy13 amlde (Compound # 30) [0186] A
ok . ’ yaropasscharged with

0

JEHLRRE

[mathyl)rxamiﬂﬁeawem&m 1008 sPdetcsis sy@rﬁaammpmm Boree
pragir"eta%w (§tkgr? @JQE(MOBU%‘MW stepnad &%ﬂﬁr@%ﬁ%ﬁeﬂ) 1-bromo-3-

teri; B%?S“’eth nc?ro }dj(ﬁgg&l) b r&%@&&@n@'ﬂd@(@% Pk gpckNayy.
558 M wer

additional equwalent of NaH (.87g, 0.036¢Hol) was added and stirred an

ed to the reaction mixture and stirred for 2h. An

additional 2h. The excess Nail was
mixture onto ice. Ethyl acetate (2
for 20 min. The heterogen

nched by pouring the reaction

L) and 1120 were added and stirred
re was transferred to a separatory
funnel where the aqueou ardted and re-extracted with
ethyl acetate (2x 100 mL). T; grga Ic phases were combined and
washed with H20 (Ix 100 m/)\brlne (100 mL), dried over MgSO4, filtered

and . co trated under e ced pressu The cr product was
Thgrsgt e e&‘ ] Qﬁ {I‘I I3 ypr%%aratl\éeH LC (Ultro
e
e S R PR L o -
terp EOBYGHALS %t‘hwdt’f%?(o%@%ﬁ SeAERYRE - %S éﬁ"ﬁ e 248N

2-phenvl-ethyll-amide (Compound i ) 101871 In a procedure similar to

the synthesis of Compound ¥ 30 po nd # 31 was prepared from
2-isopropyl-5-methyl-cycla near oxyiteagid
(2-hydroxy-2-phenyl-ethyl) amite g 1-Brornopropy1-3-amine hydrogen
bromide. This material Was/meﬁEd b?/ preparative HPLC (Uhro 120
(10um) CI8Q) using a 40-60% acetonitrile/H20 (with .1% TPA) gradient.
MS (ESI) m/z 361 (Mt + 1).
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Ex ampleB_ Synthesis of Additional Dihydrobenzoimidazole Compounds
of Formula I-D [0188] This example discloses methodology for the
synthesis of dihydrobenzoimidazole Trp-p8 modulators of Formula 1-13
WO 20071095340PC MS2907/004053 Scheme 7.
2-Isouropvl1-5-methyl-cyclohcxanecarbovlic acid
12-¢hmmesatienyl)-ethyll-amide (01891 A 100 mL roundebottemy flasbss
equipped with a stir bar was charged with CH2C12 (30 tut),
2-bromo-phenethylamine (1.0 g, 5.00 mmol) and triethylamine (684 fl,
5.05 mmol). The reaction solution was treated with menthoyl chloride

(1 02 g, 5 05 mmol) |n one portron and strrred at ambrent temperature for

,wﬂlhmﬂi&réﬁao&rﬁ@ﬁdnbbr@(g&ﬂﬂbﬁa&em\mas drred over anhydrous sodlum

sulfate and concentrated under reduced pressure to give a thick oil (1.8g).

(046l uEt fuiscades Tovile i Seeyywithio of ormertibt 36y fompound # 45 was
pi2007d GOLBAMRGI-NIGE /00408 B2-Thihstl{R)fethyl)carbamic acid ferz-butyl

estA SRR eRy Ml wrcyghpbexanecarbovlic acid
{2-12-(2-amino-ethylarning): phenyThethyli-amide (Compound # 33)

Example 3

Svnthesis of Additional Dihydrobenzoimidazole Compounds of Formula I-E

[0147] This example discloses methodology for the synthesis of dihydrobenzoimidazole
Trp-p8 modulators of Formula I-E.

on b b
NBoc H, / PA(OH
MeCGH N/\/ _H2/Pd(OH),
— AN THF or Dioxane
F H,50, F K;COy DMSO N \H/Oﬁ/

NO, NO, NO, H
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© 0,
H CDI LIOH
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N
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o)

: oE ;\m
NI
95% TFA b N~
’ _

/—\



[0190] A 25 mL microwave reaction vessel equipped with a stir bar was
charged with neat diaininoethane (10 mL),
2-isopropyl-5-methyl-eyelohexaneearboylic acid
[2-(2-bromophenyl)-ethyThamide (1.5 g, 4.1 mmol) and Cu powder (390
mg, 6.147 mmol, 1.5 eq.). The reaction vessel was subjected to
mickav@ata80 C for 40 minutes. The reaction mixture wasdsansierad
to a round bottom flask and concentrated. The residue was dissolved in
DMSO (1 niL) and purified by preparative HPLC (Vitro 120 (bum) C18Q)
using a 10-40% aectonitrile/1120 (with 0.1% TFA) gradient. The pure
fractions were combined, concentrated and lyophilized to give a colorless
solid (19, 52%) (MS (ES1) m/z 346 (1\4+ +1).

2-1sooropvl1-5-rnethvl- evelohexa arboxyllc acid
[2-(2-cyano-phenvl1l1-ethyll- -amid, 91] A 20 mL microwave reaction
vessel equipped with a stir bar arged with 2-
isopropy1-5-methyl-cyclanexanec: r:boylle acid
[2-(2-bromo-phenyl)-ethyl]Jamide®(1.%4 g, 4.2 mmol), CuCN (0.60 g, 6.4

mmol) and NMP (10 ng The reaction vessel was subjected to
= B Eiiites. The reaction mixture was transferred
[ofr@s? raung Q@L@mttmh@m@q@%e@mt@gﬂmmuﬂ terauifieddyilaci
3 %ﬁa&ax ?l’ihgé“ci)sgmd(sl%‘yg Syl @8@5%2@{1% f@ﬂé@@&&g

glve a calorless soli g 2- Iso ropy v1- - t{;ylrﬁg dpﬁgﬁnec

mlﬁwweﬁtﬁﬁeﬂ‘ze%?ﬁﬁ?&ﬂf‘é 20l hyigf@fh ? oun

rert Qg 20dAhe OOdR Lesr@uwmnm%wfebﬂ}méa%mﬁcalgﬂﬁ & B

coRiREgadiaitty &) ieprapydedwitetimfaaietphafienmoarboxylic acid
[2-(2-cyano-phenyl)-ethyllamide (125 g, 4.0 mmol) and methanol (50 mL).
NiC12 (1.149, 8.8 mmoleg a@d Nallll4 (0.64 g, 16.8 mmol). NaBH4 was
added in small portion overfa 30 mm. period and.stirred for Ib. Nal3H4
(0.20 g) was added and r on mlxture and stirred an additional 20

minutes. The reaction mi %fbt&;@ugh a cake of celite and
réssure. lack residue was dissolved in

concentrated under reduge X
a minimal amount of acetonitrile and passed through a C18 silica gel

3-GFidaR, and Rusifieh by ArRarate. iidentblireid 2041 1Guten) C18Q)
using a 10- 40% acetonitrileff120 (with 0.1% TFA) gradient. The pure

[o1rR3tion S Wéreksuninpbwitbarstic bar atetrhmec aphiliZetiotreni@08 BhloRAsS

(460hi0), (T @) (1M bS8y Mmabzo3rigbenrol) 2 et MSBiprtBsis!,2-
gliﬁt%gﬁ.!d&{% h@fgm;%gua@am E{BV%{%A %i%%é’aélldlmﬁmma diselesese
methodology for the 0 maduy

re%g} }ngg 3[5 &Q_Pﬁjl % 815 6 e was ISSO n%ﬁ%m@ ln%) A%/(p

H,0 (500 mL). The heterogeneous mixture was transferred to a separatory funnel where the

aqueous phase was separated and re-extracted with CHzClz (2 x 100 mL). The organic
phases were combined and washed with HyO (5 x 100 mL), dried over NaSOq, filtered and
concentrated under reduced pressure to provide the title compound as an orange solid (14g,
84%).
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OH Scheme 7. 2-Isopmpyl-5-tnethyl-cyclohexanecarboxylic acid
(2-0x0-2-phenyl-ethyll-amide [0194] A 20 mL round bottom flask equipped
with a stir bar was charge with 2-Isopropyl5-methyl-cyclohexanecarboxylic
acid (2-hydroxy-2-phenyl-ethyl)-amide (100 mg, 0.33 mmol) and acetic
acid (ImL). A solution of Cr03 (36 mg, .363 mmoles, 1.1 eq) in acetic acid
(508mbpandswater (100 pl) was slowly added to the reactiegmisisr@osbize
reaction mixture was stirred at ambient temperature for 15 mm and diluted
with ethyl acetate (30 mL) and saturated NallCO3 (aqg.) (30 mL). The
heterogeneous mixture was transferred to a separatory funnel where the
aqueous phase was separated and re extracted wrth ethyl acetate (2x 10

1 brlne [ dr ed ove Na Q4, filtered . and
“’f;‘%ﬁcem?alt)e* %er rer(?luceanE)%z b% ézfo‘rbaé‘rﬁ %dﬁ%dﬂ%ﬁ&m of
(t/r“e%‘gﬁ)rlé?zfﬁ‘eIrégi‘dﬁ@’%ﬁgodﬂh}reﬂ‘%?‘ﬂ%éﬁ%%ﬁt’é?éé‘fﬁbw@ﬁ%ﬂta gel
oti3baning )38t avkiasetatetexahe) forsslddidnd grovigedsibe title reaction
meAMPGUNREIRSNIHEEAIDAPRMEL B3%0)he starting material had been consumed)
fo%%%ﬁ) 'ERH}{L ?d&ﬁ?otxbgt" Q@Bha&%§%@%¥y%qg& mixture and stirred for an

({3 ming- hen ethé/ -amid
itional 12 o remove trace$ of water. The suspension was filtered to remove the
Pd(OH), and KoCOs. The filtrate was used in the next step without further purification.

acid methyl ester

[0151] The above solution was treated with an excess of carbonyl diimidazole (26.8 g, 4
eq.) and heated at 90°C for 4 h. The 1,4-dioxane was removed and the residue was triturated
with water (1.5 L). The resulting precipitate was collected by vacuum filtration and washed
several times with water (5 x 500 mL). The crude product was dissolved in a minimal
amount of CH,Cl, and purified by flash chromatography on silica gel (10% methanol/CH,Cl,
for elution) to furnish the desired product as an off white solid (11.8 g, 85%).

O &)

Butoxyecarbonylaminoethyl

S-carboxvlic acid

[0152] A 2 L flask equipped with a stir bar was charged with 1,4-dioxane (70 mL), 3-(2-
tert-butoxycarbonylaminoethyl)-2-0x0-2,3-dihydro-1 H-benzoimidazole-5-carboxylic acid
methyl ester (10.4 g) and LiOH (3.7 g) dissolved in H20 (300 mL). The reaction solution
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[0195] A 25 mL microwave reaction vessel equipped with a stir bar was
charged with 2- isopropy1-5-methyl-cyclohexanccarboxylic acid
(2-0xo-2-phenyl-ethyl)-amide (80 mg) and ammonia (1.5 mL, 7 M in
methanol). A drop of acetic acid and NaCNBH3 (20 mg) were added to
the reaction mixture and subjected to microwave at 80C for 80 min. The
residoedmasstaken up in ethyl acetate (30 mL) and saturatediNakd6@3os3
(ag.) (30 mL). The heterogeneous mixture was transferred to a separatory
funnel where the aqueous phase was separated and re-extracted with
ethyl acetate (2x 10 mL). The organic phases were combined and washed
with sat NaHCO3 (3 x 10 mL), H20 (10 mL), brine (10 mL), dried over
wapPSO Srififerttd dhd Bemeshtiared cridertideassresdaresidrgves a solid
diskdbvem i) H{Q- {RelsbRrisnpropyghbaiinethylticyclohéKataoardchy fepdting
prera@[%m?a%ﬁéax&agrb@eml thhm@;%wl Feashiamissanichieebarty hasien {0196
rad reaction vessel e ed w S r
o BBl B M
& %r@oles) EDO (53 mg, 0.273 mmoles) and TEA (37 il, 0.273 mmoles).
The reaction mixture was stirred fog 15 min. whereupon
2-isopropyl-5-methyl-cyclohex anec F oxyllc acid
(2-amino-2-phenyl-ethyl)- agnide g, 0.248 nunol) was added and
stirred for an additional 3 thy tate 10 mL) and H20 (10 mL) were
added to the reaction mixture- t@ enéous mixture was
transferred to a separator%un | whiere the aqueous phase was
separated and re-extracted With ethyl acetate (2x 10 mL). The organic

TR@RET Yera cambinad apd Q@ngsvvmh%f;héza&a&@g))mgogmo
m&. Ic,gthaHC(RB 5§5Xcargoxy|ﬁ¢ brige (10 mL), dried over MgSO4, filtered

€nzoimi
na concentrated under reduced pressure. The residue was purified by

[ofash chrammtagrapivheassiliequiel(@oth etitdracatetiatrexancTior ¢l0tar)
PRI fag e 99%%@%@&9@@&%@%9&%@& BlghydFAsalt of

2 Iso 5- carb xv IiC. o
B SRR R SRR vae st oo s s
WS ML ke e A R £
temrithe LB94nT RAYEHREd.212Md{l (aq) (50mL) and CH,Clz (50 mL) was added. The
he{@d2nisaprapyte Sy ethyi-eyelphesxpnacayiomel wasminel-drahe pidetuyica
segr {E_trpéé/g\a}rgwacﬁfar@m&ﬁq&@ﬁét@utyd)@ﬁﬁgr @Q%sgar@mth silgrge:for Ib.
e was remoy Si
oY S oD T B PR gaa%ﬁﬁ.%?f i over
Mé?@p&?ﬁ?ﬁ?@ qnivtcecwrﬁfedmwa "éfé@%“{fm eafei A Puﬂﬁed by flash
chgmettositilef tIPOlwith 019G HECR]GHE de alutiPhenmrifd ot deidirscorapeunds as
cot@rabingd,(eapcentyated and lyophilized to give a colorless solid (17.7 mg)
(MS (ESI) rn/z 374 (M+ + 1). Example 10 Expression of Trp-p8 in CIIO0
Cells 101981 Human Trp-p8 transféetdk CHO cells (referred to herein as

CHO/Trp-p8) were generated for in experiments of the present
invention. Expression of Trpp8 eptide in this transfeetant and the
absence of any endogen xpr sigI iR _the,non-transfected CHO was
conlinned by western blot ard i thiorescence using a Trp-p8

specific antibody (052. 20)/a’§\we‘fl as ﬁ1e calcium flax assay with leilin
(142-hydroxypheny1]-443-
nitrophenyli-1,2,3,6-tetrahydropyrimidine-2-one) and menthol
(2-isopropy1-5-methylcyclohexanol). Non-transfected 0110 cells were
used to establish the specificity of the effects of the compounds observed
with CHO/Trp-p8. WO 2007/095340PCT/US2007/004053
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Example 11 Trp-p8-mediated Decrease in Cell Viability followinz
Exposure of CHO/Trp-p8 Cells with Candidate Trp-p8 Azonist Compounds
at 37C [0199] This Example discloses an ATP viability assay suitable for
screening for effective Trp-p8 agonists. The ATP viability assay described
herein employs CHO cells expressing an exogenous Trp-p8 cDNA. This
exawpierfustber establishes that Trp-p8 agonists of the pregentsiv@niign
are effective in decreasing the viability of Tip-p8 expressing cells. 10200]
The concentration of intracellular All' declines very rapidly when
metabolically active cells undergo necrosis and/or apoptosis. The ATP
concentratlon and consequently the relatlve ceII V|ab|I|ty can be measured

ggm:tstseﬁeﬁn@ggmsthad@lomadis@iﬁﬂeddwmn_m pound that

specifically decreases the viability of CHO/Trp-p8 cells is referred to as an
[0334hin&t 210201 1eEen persshegumnekbiforisfreaess shrtesp sbth aiyFdP mL), 3-
(agonisibybatietivemaniransidcierticdQrarmitCriOiTpp8 Téitydueid-
beB¥RRRRAA0 L 25KIIR Mi@{ 183! SompRUNES i o Himeshyisiifexids (581
mfD Lﬁ'\QSO &, 1Al ét"ﬁ% @8%92) 10,98 &1?53*8' rf%ktﬂ%%%nb'%g,’g%wed

[-culturé treated Wast e solvent for all of the cog}ptqhupds

mt’&&t%tifa%‘tt’é?e%z‘aé’@‘ﬁ%‘ﬂ?&eatf 576 e CRR ML P KB AP RTE
acgistrdnmadieridteFithednlin AteeitarnfnesEEreE s arnTEmeide
sepoBmefciadlyvavuai lhb e yeng ehiskitvas Ephrditib G lo-tRreodgei\itgisoetate
Wi Relative ahilinhtse mea@taﬁsa@aaaanagﬁ&wﬁmﬁ meeliptrpaied with
X %HT] l@& g%eﬁtﬂt??&ex 1%% aIE))ei;nneg m J%‘(&ﬁd@sﬁﬁ”ﬁl £?e§t$% with

alone, was a measure of the ag on|st act|V|t of the can ﬁate
°°88‘?t\‘b36‘iﬁw‘a“‘tﬁ‘eft8tﬁ8? Bﬁ%*%}“vuéhﬂﬁ??“lﬁee"ﬁfo%sﬁbt"e% e/‘TT HESBNist.
stEEHOr Zhlassconseateiiad riin strde profghat @em}eeéamé@&(atéem%lsfﬂzo
and GONRTRIS Bt petar iy TS (g 12D itguat) 1R gengst tertBRitabionye/H,0
(a(%gﬁ%&ﬂ@f'@@déaelrm gaytaaﬁg?pt?rs[@aaeau@,t&ﬁcawmfanﬁtga/gﬂﬁad
0 in.relativ iabili Xe rp- gonists
R T B Bl Bl A G o e D e
Foimula I-E, that were efficacious in the viability assay are presented
herein in Tables 1-5. EC50 data is de&g%geg(as follows: A = < 0.020 uM;
B =0.021 - 0.050 uM; C = 0.051 - O 10 . [0203] In Tables 1-5, the
structures provided are of the form
2007/095340PCT/US200710040 ) Wherein chemical names axe
provided for X and/or Y. W re n S are provided for "X/Y", the names
are inclusive of the n|trog oup 1 Q.QS’_[‘Wablllty of CHO/Trp p8 cells
following treatment with exey p ry p p8 agonists is presented in Figure
L Table 1

[0155] In aprocedure similar to the synthesis of Compound # 41, Compound # 44 was
prepared from N/, N'-Diethylethan-1,2-diamine. MS (ESI) m/z 486 (M + 1).
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Exemplary Compounds of Formula' I-A Compound Structure ECSO X ; A

2-(2-am i.no-propionylamino)-4-m ethoxy- phenyl 2 cjiirlica.,..-," A
N-(2-Arnino-ethyl)-2-amino-5-mothylsulfanyl-

WO 2007/095340

PCT/US2007/004053

o I
N
H
N N\/\NH?_
P

TFA salt of 3-(2-Amino-ethyl)-1-( 2-isopropyvl-5-methyleycloh exanecarbonyl)-2-0x0-2.3-

dihydro-1£-benzoimidazole-5-carboxylic acid ethyl amide (Compound # 47)

[0156] In aprocedure similar to the synthesis of Compound # 41, Compound # 47 was
prepared from ethyl amine. MS (ESI) m/z 415 M* +1).

0,

A
é N\(N\/\NHZ
A~ 0 °

TFA salt of 3-(2-Amino—ethvl)—1—(2~isonrcnvl-5-methvlcvclohexanecarbonvl)-2-oxo—2,3-

dihydro-1H-benzoimidazole-5-carboxylic acid pyridine-3-yl amide (Compound # 48)

[0157] In a procedure similar to the synthesis of Compound # 41 Compound # 48 was
prepared from pyridine-3-ylamine. MS (ESD) m/z 464 oM+ 1),

Example 4

Syuthesis of Additional Dihvdrobenzoimidﬁzole Compounds of Formula I-5,

[0158] This example discloses methodology for the synthesis of dihydrobenzoimidazole
Trp-p8 modulators of Formula I-E.
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phenyl 3).1"CI5 A 1-(2-amino-ethoxy)-naphthalen-2-y1 WO
2007/095340PC171182007/004053 4 0 A
2-(2-amino-ethylamino)-4-methylsulfanyl- phenyl 5 0

WO 2007/095340 PCT/US2007/004053
' -
F F S
H?.N/\/NHBOG NaSMe ©\ g R
BN o
F DMSO, K,CO N/\/N \‘/ DMSO, K;COs N hg \l/
NO, T NO, o

~
: 2 W
Nict d o
i NH
NaCNBH3 X /\/N \*/ 1Ll N\(Nf
NHy \I £

[0159] 1In a1 liter round bottom flask equipped with a stir bar was charged with DMSO
(200 mL), K2COs (13 g, 0.10 mol) and 2,4-difluoro-1-nitrobenzene (5 g, 0.03 mol). The
reaction mixture was treated with Mono-N-Boc-1,2-diaminoethane (5 g, 0.32 mol) and stirred
at ambient temperature for 18 h. Sodium thiomethoxide (2.24 g, 0.03 mol) was added to the
reaction mixture and stirred for 12 h at 60° C. The reaction mixture was cooled to 0° C and
triturated with water (800 mL) and the yellow precipitate that formed was collected by
vacuum filtration. The precipitate was washed several times with water (5 x 500 mL) and

dried on a high vacuum for 48 h to give the desired product as a bright yellow solid (8.7 g,
71%).
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A N-(2-Amino-ethyl)-5-methoxy-benzamide 6 a
2-(2-amino-butyrylamino)-4-methoxy-phenyl 7 e 2-(2-a
mino-3-hydroxy-proplonylamino)-4- methoxy-phenyl tr9 S

WO 2007/095340 PCT/US2007/004053

[0160] In a 500 mL round bottom flash equipped with a stir bar was charged with MeOH
(200 mL), [2-(5-methyl-sulfanyl-2-nitro-phenylamino)-ethyl}-carbamic acid tert-butyl ester
(5 g, 0.02 mol) and NiCl; (19 g, 0.05 mol) and cooled to 0°C. NaBHa (1.7 g, 0.05 mol) was
added (in four equal portions) to the reaction mixture over a 1 h period. Once the addition
was complete the reaction mixture was stirred for an additional 2 h. Brine (100 mL) and
ethyl acetate (200 mL) were added to the reaction mixture. The heterogeneous mixture was
transferred to a separatory funnel where the aqueous phase was separated and re-extracted
with ethyl acetate (2x 100 mL). The organic phases were combined and washed with H,O
(3x100 mL), brine (100 mL), dried over MgSOsj, filtered.and concentrated under reduced
pressure to give a black residue. The crude product was dissolved in 100 mL of CH,Cl; and
separated into two 100 mL round (50mL in each) and both were concentrated under reduced

pressure and used without further purification.

s

N \«N\/\ NH,

/é\o o

1-5-methvl-cyclohexanecarbonyl

dihvdro-benzoimidazol-2-one (Compound # 42)

[0161] In aprocedure similar to the synthesis of Compound # 36, Compound # 42 was
prepared from the crude [2-(2-amino-5-Methyl-sulfanyl-phenviamino)-ethyl]-carbamic acid
tert-butyl ester. MS (ESI) m/z 390.1 (M" + 1).
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B 3-(2-amino-ethylamino)-naphthalen-2-y1 9 0 B
N-(2-Amino-ethy9-2-amino-benzam He WO
2007/095340PCT/US2007/004053 10 t4 ..--:--... i1 &
2-(2-amino-3-hydroxy-propionylamino)-4-

WO 2007/095340 PCT/US2007/604053

N\\<N~\//\I {Hy
/-\\ lo] o]

3-2-Amino-ethyl)-1-( 2-isopropv1-5-methvl-cvclohexanecarbonvl)—s-methvlsulﬁnvl—1 3

dihvdro-benzoimidazol-2-one (Compound # 43

[0162] A 10 mL reaction flask was charged with 3-(2-Amino-ethyl)-1-(2-isopropyl-5-
methyl-cyclohexanecarbonyl)-5-methylsulfanyl-1,3 -dihydro-benzoimidazol-2-one
,(Compound # 42, 300 mg) and 1% TFA/DMSO (1 mL). Oxygen was bubbled through the
reaction mixture for 20 min and sealed. The reaction mixture was stirred for 18 h and crude
product was purified by preparative HPLC (Ultro 120 (10um) C18Q) using a 40-60%
acetonitrile/H20 (with .1% TFA) gradient. The pure fractions were combined, concentrated
and lyophilized to give a light fluffy colorless solid (296 mg 94%). MS (ESI) m/z 406 (M" +
D.

/é\O

3-2-Amino-ethyl)-1-( 9-isopropyl-5-methvl-cyclohexanecarbonyl)-5-methyl sulfonyl-1.3-~

dihvdro-benzoimidazol-2-one (Compound # 39)

[0163] A 10 mL reaction vessel equipped with a stir bar was charged with 3-(2-amino-
ethyl)-1 -(2-isopropyl-5-methyl-cyclohexanecarbonyl)-5 -methylsulfanyl-1,3-dihydro-
benzoimidazol-2-one (Compound # 42), Oxone (1g) and 20% aqueous methanol (5 mL). The
reaction mixture is titrated with sat: NaHCOj; (aq) to a pH of ~5. Reaction mixture is stirred
for 1h. The reaction mixture is filtered and concentrated. The crude product was dissolved in
30% acetonitrile/H,O and purified by preparative HPLC (Ultro 120 (10um) C18Q) using a
15-50% acetonitrile/H,O (with 0.1% TFA) gradient. The pure fractions were combined,

concentrated and lyophilized to give a fluffy colorless solid (79g, 94%). MS (ESI) m/z 422
™t +1).
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methoxy-phenyl 11 C 2-(2-amino-acetylamino)-phenyl 12 C
2-(2-amino-3-hydroxy-butyrylamino)-4- methoxy-phenylamide 13 C
2-(2-amino-acetylamino)-4-methoxy-phenyl

WO 2007/095340 PCT/US20067/004053

Example 5

Synthesis of Compounds of Formula I-B

[0164] This example discloses methodology for the synthesis of dihydrobenzoimidazole
Trp-p8 modulators of Formula I-A

Oy
% NO, u N
A0 l H3 /7 10% Pd-C N l
idine H i
NO; Pyridi A o P o

2T

NH,

Boc-D-Ala

EDC, HOBt, DIEA
DMF

>.m.

2-Isopropyl-5-methyl-cyclohexanecarboxylic acid (4-methoxy-2-nitrophenyl)-amide

[0165] 4-Methoxy-2-nitroaniline (5g, 0.018 mol) was dissolved in pyridine (50) and treated
with menthoyl chloride (3.57g, 0.018 mol). The reaction mixture was heated to 50° C and
stirred vigorously for 6h. The reaction mixture was cooled to room temperature and poured
into a mixture of CH2Cl; (100 mL) and 1N HC1 (100 mL)). The heterogeneous mixture was
transferred to a separatory funnel where the aqueous phase was separated and re-extracted
with CH,Clz (2% 100 mL). The organic phases were combined and washed with 1IN HCI (8 x
100 mL), HzO (1x 100 ml.), 1N NaOH (2 x 100 mL), brine (100 ml.), dried over MgSQyq,

filtered and concentrated under reduced pressure. The residue was purified by flash
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Table 2 Exempl_ary Compounds of Formula I-B Object ID Structure EC50
X 14 A 2-(2-amino-ethyl)-5-furan-2-y1-2H-pyrazol-3- YI WO
2007/095340PCI/US2007/004053

WO 2007/095340 PCT/US2007/004053

chromatography on silica gel (20 to 50% ethyl acetate/hexane for elution) provided the title
compounds as colorless solid (4.9g, 83 %). '

2.Isopropvl-5-methyl-cyclohexanecarboxylic ( 2.amino-4-methoxyvphenyl)-amide

{0166} 2—Isopmpy1-5-methyl-cyclohexanecarboxylic acid (4-methoxy-2-nitrophenyl)-
amide (4.9g) was dissolved in a suspension of 10% Pd-C (5g) and THF (150 mL). The
reaction mixture was hydrogenated over 20 % Pd(OH), for 48h with a balloon. The reaction
mixture was filtered and concentrated to give the desired compound in sufficient purity to use

in the next reaction without further purification.

(1-12-[2-Isopropyl-53-methyl-cyclohex anecarbonyl)-amino]-5-methoxy-phenylcarbamoyl}-
ethyl)carbamic acid tert-butyl ester

[0167] 2-Isopropyl-5-methyl-cyclohexanecarboxylic (2-amino-4-methoxyphenyl)-amide
(5g, 0.016 mol), EDC (4.2g, 0.022 mol), HOBt (2.97g, 0.022 mol) and DIEA (8.53g, 0.066
mol) were dissolved in DMF (50 mL) and stirred at 45° C for 6h. The reaction mixture was
cooled to room temperature and poured into a mixture of ethyl acetate and 1N HC1 (100 mL).
The heterogeneous mixture was transferred to a separatory funnel and the phases where
separated. The aqueous phase re-extracted with ethyl acetate () and the organic phases where
combined, washed with 1N HCI (5 x 100 mL), H,O (100 mL), saturated 1N NaOH (2 x 100
mL), brine (100 mL), dried (MgS04), filtered and concentrated to give a slightly yellow solid
(7.5g). A portion of the crude product (1 .5g) was purified by flash chromatography with
silica gel (Si0,, 30% ethyl acetate/hexane for elution) to give the desired product as a
colorless solid (1.6g).



15 < 2 2-am ino-propyl)-5-phenyl-2H-pyrazol-3-y1 16 A
2-(2-amino-ethyl)-5-phenyl-2H-pyrazol-3-y1 17 A
2-(2-amino-ethyl)-5-(1-methyl-1H-pol-2-yty 2H-pyrazol-3-y1 18

WO 2007/095340 PCT/US2007/004053
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TFA salt of 2-Isopropyl-S-methyl-cyclohexanecarboxylic acid-[2-( 2-aminopropionylamino)-

4-methoxylphenyl]lamide (Compound # 1)

{0168] (1-{2-[2-Isopropyl-5-methyl-cyclohexanecarbonyl)-amino]-5-methoxy-
phenylcarbamoyl}-ethyl)carbamic acid tert-butyl ester (1g) was dissolved in 95% TFA/H20
and stirred for 1h. The reaction mixture was concentrated and the crude product was
dissolved in 30% acetonitrile/HzO and purified by preparative HPLC (Ultro 120 (10um)
C18Q) using a 40-60% acetonitrile/H,O (with 0.1% TFA) gradient. The pure fractions were
combined, concentrated and lyophilized to give a light fluffy colorless solid (880mg) MS
(BSY) m/z 376 (M" +1).

NH,

I
Q. ﬁj\s/

TFA salt of 2-Isopropyl-5-methyl-cvclohexanecarboxylic acid [2-(2-amino-ethylaming)-4-

methylsulfanyi-phenyl] amide (Compound # 4).

[0169] A 100 mL round bottom flask equipped with a stir bar containing crude [2-(2-
amino-5-methyl-sulfanyl-phenylamino)-ethyl]-carbamic acid terz-butyl ester was charged
with THF (50g) and DMAP (1.8g, 0.02 mol). The reaction mixture was cooled to 0°C and
menthoyl chloride (1.5g, 0.008 mol) was added drop wise over a 5 min period. The reaction
mixture was allowed to warm to ambient temperature and stirred for an additional 30 min.
The crude product was dissolved in a minimal amount of CH,Cl, and purified by flash
chromatography on silica gel (10% hexane/ethyl acetate for elution) which resulfed ina
slightly vellow solid (1.76g, 61%). The purified material was dissolved in 20 mL of 95%
TFA/H,O and stirred for 1 h and concentrated. The crude product was dissolved in 30%
acetonitrile/H,0 and purified by preparative HPLC (Ultro 120 (10um) C18Q) using a 40-60%

56



A 2-(2-amino-propyl)-5-phenyl-2H-pyrazol3-0 19 B
2-(2-amino-ethyl)-5-(4-amino-pheny1)-2H- pyrazol-3-yl1 20 B 242-am
ino-ethyl)-5-(4-hydroxy-phony0-2H- pyrazol-3-y1

WO 2007/095340 PCT/US2007/004053

acetonitrile/H,O (with 0.1% TFA) gradient. The pure fractions were combined, concentrated
and lyophilized to give a light fluffy colorless solid (1.41g). MS (ESD) m/z 364 ™M+ 1)

F

0

j)L
N%_HN
oo T~ o/k

[2-(4-Fluoro-2-nitro-benzoylamino)-ethyl]-carbamic acid tert-butyl ester

[0170] In a 100 mL round bottom flask equipped with a stir bar was charged with
acetonitrile (40mL), EDC (1.12g, 5.9 mmol), HOBt (0.796g, 5.9 mmol), DIEA (3.76 mL,
21.6 mmol) and Mono-N-Boc-1,2-diaminoethane (0.865g, 5.4 mmol). The reaction mixture
was stirred for ~18h and concentrated. The residue was dissolved in a mixture of ethyl
acetate (50 m1.) and 1N HCl (50 mL). The heterogeneous mixture was transferred to a
separatory funnel where the aqueous phase was separated and re-extracted with ethyl acetate
(2x 100 mL). The organic phases were combined and washed with 1N HCL (2 x 50 mL),
H,0 (1x 50 mL), sat NaHCO; (3 x 50 mL), brine (100 mL), dried over MgSO, filtered and

concentrated under reduced pressure. The residue was purified by flash chromatography on

silica gel (30% to 50% ethy! acetate/hexane for elution) provided the title compounds as
slightly purple solid (1.12g, 63%).

[0171] In a 10 reaction vessel equipped with a stir bar was charged with DMF (5 mL),
NaSMe (0.162g, 2.3 mmol) and [2-(4-fluoro-2-nitro-benzoylamino)-ethyl]-carbamic acid
tert-butyl ester (0.757g, 2.3 mumol). The reaction mixture stirred at ambient temperature for 2
h and poured into a mixture of ethy! acetate (20 mL) and H;O (25 mL). The heterogeneous
mixture was transferred to a separatory funnel where the aqueous phase was separated and re-
extracted with ethyl acetate (2x 10 mL)., The organic phases were combined and washed with
INHCI (2 x 10 mL), H,0 (1x 10 mL), sat NaHCO; (2 x 10 mL), brine (10 mL), dried over
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WO 2007/095340PCT/US2007/004053 21
2-(2-methylamlno-ethy1)-5-phenyl1-2H- pyrazol-3-yl 22 B
2-(2-amino-prop)-5-phenyl1-2H-pyrazol-3-y1 23 B
2-(2-amino-ethyl)-5-(3-cyano-pheny1)-2H-

WO 2007/095340 PCT/US2007/004053

MgB0,, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (30% to 50% ethyl acetate/hexane for elution) provided the title
compounds as slightly yellow solid (500 mg, 61%).

S/

(0]
NH HN
Y \/\NH2
AL ©

N-(2-Amino-ethyl-2-[(2-isopropyll-5-methyl-cyclohexanecarbonyl)-

amino-4-methylsulfanyl-benzamide (Compound # 2

[0172] In aprocedure similar to the synthesis of Compound # 42, Compound # 2 was
prepared from the [2-(5-Methyl-sulfanyl-2-nitro-phenylamino)-ethyl]-carbamic acid zer-
butyl ester. MS (ESI) m/z 302 (M" + 1).

Example 6

Synthesis of Compounds of Formula I-B

[0173] This example discloses methodology for the synthesis of dihydrobenzoimidazole
Trp-p8 modulators of Formula I-B.
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2-(5-Amino-3-phenvl-pyrazol-1-yl)-ethanol

[0174] Benzoylacetonitrile (25 g, 0.17 mol) was suspended in a mixture of 125 mL reagent

grade anhydrous alcohol and 20 mL glacial acetic acid. 2-Hydroxyethylhydrazine (14.4 g,
1.1 equiv) dissolved in 35 mL alcohol was added all at once. The mixture was heated at

reflux for 4 h, cooled, water was added to make 500 mL total volume and the solution was
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C 2-(2-amino-ethy1)-5-(3-amino-phenyl)-2H- pyrazol-3-yl WO
2007/995340PCUUS2007/904053 27 C
2-(2-amino-ethyl)-5-(3-hydroxy-pheny1)-2H- pyrazol-3-yl Table 3
Exemplary Compounds of Formula I-C Compound

WO 2007/095340 PCT/US2007/004053

chilled in a refrigerator overnight. Crystals were filtered cold on a Buchner funnel, washed
with cold water and dried on high vacuum to give the desired product (27.2 g, 79%).

OH

2-Tsopropyl-5-methvl-cyclohexanecarboxvlic acid [2-(2-hydroxy-ethyl)-
S-phenyl-2H-pyrzol-3-]-amide

[0175] The 2-(5-amino-3-phenyl-pyrazol-1-yl)-ethanol (87.3 g, 0.43 mol) was suspended in
a mixture of dichloromethane (500 mL) and pyridine (40 mL) and chilled in an ice bath.
Menthoyl chloride (100 g, 1.15 equiv) was dissolved in dichloromethane (200 mL) and added
drop wise from an addition funnel protected by a CaCl, drying tube. A fter the 45 min

required for complete addition, the ice bath was removed and stirring continued for 3 h. 1M
HCI (aq, 200 mL)) was added was added and the phases were separated. The organic phases
was re-extracted with 1M HCI (aq, 100 mL). 1M HCI was again added and the
dichloromethane was removed under reduced pressure resulting in profuse precipitation. The
precipitate was collect by vacuum filtration and the solid was washed with water several
times. The solid residue was triturated with 400 mL 1:1 ether/hexanes (rapid stirring for 2 h).
The solid was filtered on a Buchner funnel and washed with hexanes. After air drying
overnight, further drying was effected on high vacuum for 24 h to give a colorless solid
(144.4 g).

OMs

Methanesulfonic acid-2- {5-[2-isopropyl-5-methvi-cyclohexanecarboyl}-aminol-3-phenyl-

pyrzol-1-yltethyl ester
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# Structure EC50 X 28 A 2-(2-amino-propionylamino)-2-phenykethyl 29
A 2-(2-amino-ethoxy)-2-phenyl-ethyl 30

WO 2007/095340 PCT/US2007/004053

[0176] 2-Isopropyl-5-methyl-cyclohexanecarboxylic acid [2-(2-hydroxy-ethyl)-5-phenyl-
2H-pyrzol-3-]-amide (140 g, 0.38 mol) was suspended in CH,Cl, (500 mL) and pyridine (47
mL, 1.5 equiv) was added followed by methanesulfonyl chloride (44 mL, 1.5 equiv) at ice
bath temperature. The solution was allowed to warm to room temperature and was stirred for
an additional 12 h. Water (500 mL) was added and the mixture was stirred for 0.5 h.
Dichloromethane was removed by evaporation leaving a precipitate of It. yellow granular
chunks. Decantation was followed by treatment with an additional 500 mL water and
decantation again. A final 500 mL quantity of water was used to transfer the solid to a

Buchner funnel where it was suction dried (yield not determined).

N3
(5\(“ N/..)
i PN

N0

2-Isopropyl-5-methvl-cyclohexane carboxylic acid-[2-azido-ethyl)-5-phenyl-

2H-pyrzol-3-yll-amide

[0177] The crude mesylate (0.38 mol) was dissolved in DMSO (500 mL) with sodium
azide (37 g, 1.5 equiv). The mixture was heated to 70 °C for 6 h. Upon cooling, water (1 L)
and ethyl acetate (500 mL) were added and the mixture was shaken in a separatory funnel.
The layers were separated and the organic layer was washed sequentially with 200 mL
quantities of water, saturated NaHCO3, and brine. The organic layer was d::‘ied with NapSQy,
decanted, and the solvent removed on the rotovap. Yield was not determined because the

product was not quite free of solvent before moving to the next step.

2-Isopropyl-S-methyl-cyclohexane carboxylic acid-[2-amino-ethyl)-

S-phenvl-2H-pyrzol-3-yll-amide

[0178] Crude azido compound was dissolved in 500 mL reagent grade absolute alcohol and
treated with 5 g activated carbon. This was stitred for several hours and filtered through
Celite. Approximately 300 mL solvent was removed on the rotovap and replaced with fresh
solvent. 10% Pd-C (4.8 g, ~50%-wt. H»O) was added, and a steady stream of hydrogen was
maintained over the reaction mixture with rapid stirring for 24 h, Hydrogen was disconnected
and conc. HCI (32 mL) was added slowly. After filtration through Celite, the filtrate was
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A 2-(2-amino-ethoxy)-2-phenyl-ethyl WO
2007/095340PCT/US2007/004053 31 . Fa
2-(3-amino-propoxy)-2-phanyl-ethyl 0 32 "-T

WO 2007/095340 PCT/US2007/004053

concentrated on the rotovap resulting in profuse precipitation. Still wet, diisopropyl ether was
added to the residue and the suspension was stirred rapidly for 0.5 h. The solid was filtered

into a Buchner funnel and washed with.diethyl ether. Air dried white powder was produced.

Yield: 108.6 g (71 % over three steps).

NH,
H
N N,
H N

AN 0 £

TFA salt of 2-Isopropyl-5-methyl-cyclohexane carboxvlic acid-[2-amino-ethyl)-

5-phenyl-2H-pyrzol-3-yl]-amide (Compound # 16)

[0179] Conversion to the trifluoroacetate salt: the solid was neutralized and partitioned in a
separatory funnel by shaking with 500 mL ether and 150 mL 2 N NaOH When the solid was
completely dissolved, the layers were separated and the organic phase was dried with
NapCO;3. Decantation and mixing with 23 mL trifluoroacetic acid was followed by
evaporation of solvent and drying on high vacuum. The foam was crushed and triturated with
300 mL hexanes (rapid stirring for 3 h) which, upon filtration, produced a white powder
containing much less ether. Solvent was finally removed completely by heating in a round
bottom flask at 80 °C for 6 h.

TFA salt of 2—Isogrogyl-S—methyl-cyclohex‘ane carboxylic acid-[2-(2-amino-ethyl)-
S-furan-2-yl-2 H-pyrzol-3-yll-amide (Compound # 14)

[0180] 1In a procedure similar to the synthesis of Compound # 16, Compound # 14 was
prepared from 2-furoylacetonitrile and 2-hydroxyethylhydrazine. This material was purified
by preparative HPLC (Ultro 120 (10um) C18Q) using a 40-60% acetonitrile/H,O (with 0.1%
TFA) gradient. MS (ESD) m/z 344 (M* + 1).
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4a< C 2,-(2-amino-ethylamino)-2-phenyl-Mhyl Table 4 Exemplary
Compounds of Formula I-D Compound # Structure ECSO X A

WO 2007/095340 . PCT/US2007/604053

TFA salt of 2-Isopropyl-5-methyl-cyclohexane carboxvlic acid-[2-(2-amino-ethyl)-S-(1-

methyl-1H-pyrrol-2-v1)-2H-pyrazol-3-yl]-amide {Compound # 17)

[0181] In a procedure similar to the synthesis of Compound # 16, Compound # 17 was
prepared from 1-methyl -1H-pyrrole-2-carbaldehyde and 2-hydroxyethylhydrazine. This
material was purified by preparative HPLC (Ultro 120 (10um) C18Q) using a 40-60%
acetonitrile/H,O (with .1% TFA) gradient. MS (ESI) m/z 372 (M" + 1).

TFA salt of 2-Isopropyl-5-methyl-cvclohexane carboxylic acid-[2-(2-amino-ethyl

methyl-1H-pvrrol-2-y)-2H-pvrazol-3-yll-amide (Compound # 15)

[0182] In a procedure similar to the synthesis of Compound # 16, Compound # 15 was
prepared from 2-benzoylacetonitrile and (2-diazenyl-ethyl)-carbamic acid ters-butyl ester.
This material was purified by preparative HPLC (Ultro 120 (10um) C18Q) using a 40-60%
acetonitrile/H,O (with 0.1% TFA) gradient. MS (ESI) m/z 383 (M" + 1).

2-amino-ethyl)-5-(1-

methvl-1H-pyrrol-2-y)-2H-pyrazol-3-yl]-amide (Compound # 18)
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35 B 2-[(2-amIno-acetyl)-nhenyl-amino)-othyl Table 5 Exemplary
Compounds of Formula I-E

WO 2007/095340 PCT/US2007/004053

[0183] In aprocedure similar to the synthesis of Compound # 16, Compound # 18 was
prepared from 2-benzoylacetonitrile and (3 -diazenyl-propyl)-carbamic acid tert-butyl ester.
This material was purified by preparative HPLC (Ultro 120 (10um) C18Q) usinga 40-60%
acetonitrile/H,O (with 0.1% TFA) gradient. MS (ESI) m/z 383 M+ 1.

Example 7

Synthesis of Compounds of Formula I-C

[0184] This example discloses methodology for the synthesis of dihydrobenzoimidazole
Trp-p8 modulators of Formula I-C

H
HZN Br /\/NHJBK'
NaH
DIEA, CHCly THF
INHZ
H
N.
i
A9
Scheme 6.
OH

/2\0

2-Isopropyl-S-methyl-cyclohexanecarboxylic acid ( 2-hydroxy-2-phenyl-ethyl)-amide

[0185] A 500 mL round bottom flask equipped with stir bar was charged with CH,Cla (200
mL), DIEA (28g, 0.219 mol), and 2-Amino-1-phenyl-ethanol (10g, 0.073 mol) and cooled to
0° C. Menthoyl chloride (14.8g, 0.073 mol) was added drop wise over a 15 min period.

Once the addition was complete the reaction was allowed to warm to ambient temperature
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Compound # Structure EC50 X/Y 36 0 A 3-(2-Am
ino-ethyl)-5-melhoxy-1,3-dihydro- benzolmidazol-2-one 37 A
3-(2-Amino-ethyydroxy-propoxy}l1,3- dihydro-benzoimidazol-2-one

WO 2007/095340 PCT/US2007/004053

and stirred 2 h. CH,Cl, (100 mL) and 1N HCI1 (100 mL) was added to the reaction mixture
and stirred for an additional 20 min. The heterogeneous mixture was transferred to a
separatory funnel where the aqueous phase was separated and re-extracted with CH,Cl; (2x
100 mL). The organic phases were combined and washed with 1N HCI (8 x 100 mL), H,O
(1x 100 mL), 1N NaOH (2 x 100 mL), brine (100 mL), dried over MgSQ,, filtered and
concentrated under reduced pressure. The residue was eluted through a plug of silica gel
(50% ethyl acetate/hexane for elution) provided the title compounds as colorless solid (18.8
g, 85%).

TFA salt of 2-Isopro

ethyll-amide (Compound # 30}

{0186] A 500 mL round bottom flask equipped with stir bar was charged with anhydrous
THF (200 mL) and 2;isopropyl-5-methyl-cyclohexanecarboxylic acid (2-hydroxy-2-phenyl-
ethyl)-amide (10g, 0.03 mol). NaH (.87 g, 0.04 mol) was added in one portion and stirred for
10 min (until H, stopped being produced). 1-Bromoethyl-2-amine hydrogen bromide (6.74g,
0.033 mol) and NaH (.87g, .036 mol) were added to the reaction mixture and stirred for 2h.
An additional equivalent of NaH (.87g, 0.036 mol) was added and stirred an additional 2h.
The excess NaH was qﬁenched by pouring the reaction mixture onto ice. Ethyl acetate (200
mL) and H,O were added and stirred for 20 min. The heterogeneous mixture was transferred

. to a separatory funnel where fhe aqueous phase was separated and re-extracted with ethyl
acetate (2x 100 mL). The organic phases were combined and washed with H,O (1x 100 mL),
brine (100 mL), dried over MgSO;, filtered and concentrated under reduced pressure. The
crude product was dissolved in 30% acetonitrile/H,0 and purified by preparative HPLC
(Ultro 120 (10um) C18Q) using a 30-60% acetonitrile/H0O (with 0.1% TFA) gradient. The
pure fractions were combined, concentrated and lyophilized to give a light fluffy colorless
solid (9.4g, 62%). MS (BESI) m/z 347 (M" + 1).

65
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3-(2-Amino-ethyl)-5-methanesulfony1-1,3- dihydro-benzoimidazol-2-one
40 ."...

WO 2007/095340 PCT/US2007/004053

TEA salt of 2-Isopropyl-5-methyl-cyclohexanecarboxylic [2-(3-amino-4-propoxy)-
2-phenyl-ethyl]-amide (Compound # 31)

[0187] In a procedure similar to the synthesis of Compound # 30, Compound # 31 was
prepared from 2-isopropyl-S-methyl-cyclohexanecarboxylic acid (2-hydroxy-2-phenyi-ethyl)-
amide and 1-Bromopropyl-3-amine hydrogen bromide. This material was purified by
preparative HPLC (Ultro 120 (10um) C18Q) using a 40-60% acetonitrile/H,O (with .1%
TFA) gradient. MS (ESI) m/z 361 (M" + 1).

Example 8

Synthesis of Additional Dihvdrobenzoimidazole Compounds of Formula I-D

[0188] This example discloses methodology for the synthesis of dihydrobenzoimidazole
Trp-p8 modulators of Formula I-D
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dihydro-benzoimidazol-2-one 41 A
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amide 42 ITt'CL3i--C-N- A 3-(2-Amino-ethyl)-5-methylsulfany1-1,3-
dihydro-benzoimidazol-2-one 43
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f NH; 180°C (microwave) NaCN
H;N Cu (cat)

CN

NiCl, | Na(CN)H;

NH,

Scheme 7.

Br

2-Isopronvl-5-methyl-cvclohexanecarbovlic acid [2-(2-bromo-phenyl)-ethyll-amide

[0189] A 100 mL round bottom flask equipped with a stir bar was charged with CH2Cl; (30
mL), 2-bromo-phenethylamine (1.0 g, 5.00 mmol) and triethylamine (684 pl, 5.05 mmol).
The reaction solution was treated with menthoyl chloride (1.02 g, 5.05 mmol) in one portion
and stirred at ambient temperature for 30 minutes. The reaction was diluted with CH.Cl,
(50mL) and washed with water (3 x 100 mL). Organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to give a thick oil (1.8g). Product

was used for next step without purification.
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i, A 3-(2-Amino-ethyl)-5-methanesulfiny1-13-
dihydro-benzoimidazol-2-one 44 :111"f, A
3-(2-Amino-ethyl)-2-oxo0-2,3-dihydro-1H- benzoimidazole-5-carboxylic acid
(2-, dlethylamino-ethyl)-amide WO 2007/095340PCT/US2007/004053 45
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TFA salt of 2-Isopropyl-5-methyl-cyclohexanecarbovlic acid {2-[2-(2-amino-ethylamino)-
phenvl]-ethyl}-amide (Compound # 33)

[0190] A 25 mL microwave reaction vessel equipped with a stir bar was charged with neat
diaminoethane (10 mL), 2-isopropyl-5-methyl-cyclchexanecarboylic acid [2-(2-bromo-
phenyl)-ethyl}-amide (1.5 g, 4.1 mmol) and Cu powder (390 mg, 6.147 mmol, 1.5 eq.). The

reaction vessel was subjected to microwave at 180° C for 40 minutes. The reaction mixture

was transferred to a round bottom flask and concentrated. The residue was dissolved in
DMSO (1 mL) and purified by preparative HPLC (Ultro 120 (10um) C18Q) using a 10-40%
acetonitrile/H,O (with 0.1% TFA) gradient. The pure fractions were combined, concentrated
and lyophilized to give a colorless solid (1g, 52%) (MS (ESI) m/z 346 oM+ 1)

[0191] A 20 mL microwave reaction vessel equipped with a stir bar was charged with 2-
isopropyl-5-methyl-cyclohexanecarboylic acid [2-(2-bromo-phenyl)-ethyl]-amide (1.54 g, 4.2
mmol), CuCN (0.60 g, 6.4 mmol) and NMP (10 mL). The reaction vessel was subjected to
microwave at 180° C for 40 minutes. The reaction mixture was transferred to a round bottom
flask and concentrated. The residue to purified by flash chromatography on silica gel (10%
ethyl acetate/hexane for elution) to give a colorless solid (1.25 g, 81%).

NH,

pns

O
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A 3-(2-Amino-propyl)-2,3-d ihydro- benzoimidazol-2-one 48 A
[3-(2-Amino-ethy)-2-o0xo0-2,3-dihydro-1H-
benzolmidazol-8-yloxyl-acetonitrile 47 ---, 3-(2-Arn
Ino-ethy0-2-oxo0-2,3-dihydro-1H- benzoimidazole-5-carboxylic acid
ethylamide 48

WO 2007/095340 PCT/US2007/004053

{Compound # 34)

[0192] A 100 mL round bottom flask equipped with a stir bar was charged with 2-
isopropyl-5-methyl-cyclohexanecarboxylic acid [2-(2-cyano-phenyl)-ethyl]-amide (1.25 g,
4.0 mmol) and methanol (50 mL). NiCl, (1.14 g, 8.8 mmoles,) and NaBH, (0.64 g, 16.8
mmol). NaBH, was added in small portion over a 30 min. period and stirred for th. NaBH,
(O‘.20 g) was added and reaction mixture and stirred an additional 20 minutes. The reaction
mixture was passed through a cake of celite and concentrated under reduced pressure. The
black residue was dissolved in a minimal amount of acetonitrile and passed through a C18
silica gel cartridge and purified by preparative HPLC (Ultro 120 (10um) C18Q) using a 10-
40% acetonitrile/H,0O (with 0.1% TFA) gradient. The pure fractions were combined,
concenirated and lyophilized to give a colorless solid (1.1 g). MS (ESI) m/z 317 (M* + 1).

Example 9

Synthesis of Additional Compounds of Formula I-C

[0193] This example discloses methodology for the synthesis of Trp-p8 modulators of
Formula I-C
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r A 3-(2-Amino-ethyl)-2-oxo-2H- ,3-dihydro-1 benzolmidazole-5-carboxylic
acid pyridin-3- ylamide 49 tj A 3-(2-Amino-ethyl)-2-oxo-2,3-dihydro-11-1 -
benzoimidazolo-5-carboxylic acid (2- methoxy-ethyl)-amide 50

WO 2007/095340 PCT/US2007/004053

cl
CH,Cl,, DIEA 4 \/)\© AcOH, H,0

o NH;, Na(CN)BH;

o
>

Boc-D-Ala

EDC, HOBt, TEA

\}/

N
95% TFA I
@’/ i :

N9

Scheme 7.

2-Isopropyl-5-methyl-cyclohexanecarboxylic acid (2-0x0-2-phenyl-ethyl)-amide

[0194] A 20 mL round bottom flask equipped with a stir bar was charge with 2-Isopropyl-
5-methyl-cyclohexanecarboxylic acid (2-hydroxy-2-phenyl-ethyl)-amide (100 mg, 0.33
mmol) and acetic acid (ImL). A solution of CrO; (36 mg, .363 mmoles, 1.1 eq) in acetic
acid (500u1) and water (100 pl) was slowly added to the reaction mixture. The reaction
mixture was stirred at ambient temperature for 15 min and diluted with ethyl acetate (30 mL)
and saturated NaHCO; (aqg.) (30 mL). The heterogeneous mixture was transferred to a
separatory funnel where the aqueous phase was separated and re-extracted with ethyl acetate
(2x 10 mL). The organic phases were combined and washed with sat NaHCOs (3 x 10 mL),
H20 (10 mL), brine (10 mL), dried over NaxSQy, filtered and concentrated under reduced
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A 1-(2-Amino-ethyl)-1,3-dihydro-benzoim idazol- 2-one WO
2007/095340P C TIC007/004 05351 A
1-(2-Amino-ethyl)-1,3-dihydro-naphtho[2,3- cllimidazol-2-one 52 A
3-(2-Amino-ethyl)-2-oxo0-2,3-dihyciro-1 H-

WO 2007/095340 PCT/US2007/004053

pressure. The residue was purified by flash chromatography on silica gel (30% to 50% ethyl
acetate/hexane for elution) provided the title compounds as white solid (92 mg, 93%).

[0195] A 25 mL microwave reaction vessel equipped with a stir bar was charged with 2-
isopropyl-5-methyl-cyclohexanecarboxylic acid (2-oxo0-2-phenyl-ethyl)-amide (80 mg) and
ammonia (1.5 mL, 7 M in methanol). A drop of acetic acid and INaCNBH; (20 mg) were
added to the reaction mixture and subjected to microwave at 80°C for 80 min. The residue
was taken up in ethyl acetate (30 ml.) and saturated NaHCO3 (ag.) (30 mL). .The
heterogeneous mixture was transferred to a separatory funnel where the aqueous phase was
separated and re-extracted with ethyl acetate (2x 10 mL). The organic phases were combined
and washed with sat NaHCOs3 (3 x 10 mL), H>O (10 mL), brine (10 mL), dried over Na;SOs,

filtered and concentrated under reduced pressure to give a solid (75 mg).

~

HN o}

ethyl-carbamic acid tert-butyl ester

[0196) A 15 mL reaction vessel equipped with a stir bar was charged with THF (15mL),
Boc-(R)-alanine(52 mg, 0.273 mmoles), HOBt (37.87 mg, 0.273 mmoles), EDCI (53 mg,
0.273 mmoles) and TEA (37 pl, 0.273 mmoles). The reaction mixture was stirred for 15 min.
whereupon 2-isopropyl-5-methyl-cyclohexanecarboxylic acid (2-amino-2-phenyl-ethyl)-
amide (75mg, 0.248 mmol) was added and stirred for an additional 3h. Ethyl acetate (10 mL)

and HoO (10 mL) were added to the reaction mixture. The heterogeneous mixture was
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benzoimidazole -5-carbolic acid (2-hydroxy-ethyl)-amide 53 :11511-,, A
3-(2-Amino-ethyl)-5-propoxy-1 ,3-dihydro- benzoimidazol-2 -one 64
6714 _7-ri B 3-(2-Amino-ethyl)-1,3-dihydro-imidazo[4,5- c]pyrldin-2-one 55

WO 2007/095340 PCT/US2007/004053

transferred to a separatory funnel where the aqueous phase was separated and re-extracted
with ethyl acetate (2x 10 mL). The organic phases were combined and washed with 1N HCI
(2 x 10 mL), HyO (1x 10 mL), sat NaHCOj (3 x 10 mL), brine (10 mL), dried over MgSQy,
filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (20% ethyl acetate/hexane for elution) provided the title

compounds as colorless solid (30 mg).

2-phenvl-ethvl]-amide (Compound # 28).

[0197] A 5 mL round bottom flask equipped with a stir bar was charged with 10%
TFA/CH:Cl, and (1-{2-[(2-isopropyl-5-methyl-cyclohexanecarbonyl)-amino]-1-phenyl-
ethylcarbamoyl}-ethyl)-carbamic acid tert-butyl ester (30 mg) and stirred for 1h. The TFA

" was removed under reduced pressure and the residue was dissolved in 30% acetonitrile/H,O
(with 0.1% TFA) and purified by preparative HPLC (Ultro 120 (10um) C18Q) using a 10-
40% acetonitrile/H,O (with 0.1% TFA) gradient. The pure fractions were combined,
concentrated and lyophilized to give a colorless solid (17.7 mg) (MS (ESI) m/z 374 (M" + 1).

Example 10

Expression of Trp-p8. in CHO Cells

[0198] Human Trp-p8 transfected CHO cells (referred to herein as CHO/Trp-p8) were
generated for use in experiments of the present invention. Expression of Trp-p8 polypeptide
in this transfectant and the absence of any endogenous expression in the non-transfected
CHO was confirmed by western blot and immunofluorescence using a Trp-p8 specific
antibody ((382.20) as well as the calcium flux assay with Icilin (1-[2-hydroxyphenyl]-4-[3-
nitrophenyl}-1,2,3,6-tetrahydropyrimidine-2-one) and menthol (2-isopropyl-5-methyl-
cyclohexanol). Non-transfected CHO cells were used to establish the specificity of the
effects of the compounds observed with CHO/Trp-p8.
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0 B 3-(2-Amino-ethyl)-2-o0x0-2,3-clihydro-1H- benzolmidazole-4-cerboxylic
acid (2- diethytamino-ethyl)amide 56 a CO 3-(2-Amino-ethyl )-2-oxo-Z 3-d
ihyd ro-1 H- benzoimidazole-5-carboxylic acid pyridin-4- ylamide WO
2007/095340PCT/1JS2007/004053 57

WO 2007/095340 PCT/US2007/004053

Example 11

‘ Trp-p8-mediated Decrease in Cell Viability following Exposure of
CHO/Trp-p8 Cells with Candidate Trp-p8 Agonist Compounds at 37°C

[0199] This Example discloses an ATP viability assay suitable for screening for effective
Trp-p8 agonists. The ATP viability assay described herein employs CHO cells expressing an
exogenous Trp-p8 ¢cDNA. This example further establishes that Trp-p8 agonists of the

present invention are cffective in decreasing the viability of Trp-p8 expressing cells.

[0200] The concentration of intracellular ATP declines very rapidly when metabolically
active cells undergo necrosis and/or apoptosis. The ATP concentration and consequently the
relative cell viability can be measured by established methods using commercially available
reagents. In the agonist screening methodology disclosed herein, a compound that

specifically decreases the viability of CHO/Trp-p8 cells is referred to as an agonist.

[0201] As a primary screen f.or efficacy and specificity for agonists, both the non-
transfected CHO and CHO/Trp-p8 cells were exposed to 1 or 10 pM of test compounds in
1% dimethylsulfoxide (DMSQO) or 1% DMSO (control) in a 96~-well black walled, black-
bottomed, cell-culture treated plate. DMSO was the solvent for all of the compounds tested.
After 24 —26 hours at 37°C, the cells were lysed and ATP concentration determined via a
chemiluminescence assay using a commercially available reagent kit -- Cell Titer-Glo
(Promega; Madison, WI). Relative viability (%), expressed as the ATP level in cells treated
with compounds expressed as a percentage of ATP levels in cells treated with the DMSO
alone, was a measure of the agonist activity of the candidate co.mpound -- the lower the %
viability, the more potent the Trp-p8 agonist. ECsp values were determined for the most
active candidate Trp-p8 agonists at 37°C by measuring viability at 8-10 agonist
concentrations. (ECsg is defined herein as the agonist concentration at which there is a 50%

reduction in relative cell viability).

[0202] Exemplary Trp-p8 Agonists of Formula I, Formula I-A, Formula I-B, Formula I-C,

Formula I-D, and Formula I-E, that were efficacious in the ATP viability assay are presented
herein in Tables 1-5. EC50 data is designated as follows: A =< 0.020 uM; B = 0.021 - 0.050
uM; C=0.051-0.10 uM.

[0203] In Tables 1-5, the structures provided are of the form:
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Ciilicc t, B 3-(2-Amino-ethyl)-1,3-dihydro-imidazo[4,5- b]pyridin-2-one 58
4 B, 1-(3-Amino-propyr)-1,3-dihydro- benzoimidazol-2-one 59
B 3-(2-Am Ino-ethyl)-2-oxo-2,3-dihydro -1 I-1-

n N

WO 2007/095340

PCT/US2007/004053

[0204] Wherein chemical names are provided for X and/or Y. Where names are provided

for “X/Y”, the names are inclusive of the nitrogen group.

[0205] Viability of CHO/Trp-p8 cells following treatment with exemplary Trp-p8 agonists

is presented in Figure 1.
Table 1 )
Exemplary Compounds of Formula [-A
Gompound Structure EC50 X
1 ﬁj\‘f A 2-(2-amino-propionylamino}-4-methoxy-
phenyl
f
5 [5\[\/\“ A N-(2-Amineo-ethyl)-2-amino-5-methylsulfanyl-
phenyl
A
N
3 A 1-(2-amino-ethoxy)-naphthalen-2-yl
A EEE)
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benzoimidazole-5-carboxylic acid phenylamide 60 B
3-(2-Amino-ethyl)-2-ox0-2,3-dihydro-1 H- henzoimidazole-5-carboxylic
acid [242- hydroxy-ethoxy)-ethylFamide 61 B
1-(2-Amino-ethyl)-5-trifluoromethyl-1,3- dihydro-benzolmidazol-2-one 62

WO 2007/095340 PCT/US2007/004053
' N 2-(2-amino-ethylamino)-4-methylsulfanyi-
4 1 Wi A phenyl
PN

5 @ES\(" A N-(2-Amino-sthyl}-5-methoxy-benzamide

6 (5\55\«%/" B 2-(2-amino-butyrylamino)-4-methoxy-phenyl

7 i " B 2-(2-amino-3-hydroxy-proplonylamino)-4-
* ~o methoxy-phenyt
A

N
8 ;\“T B 3~(2-amino-ethylamino)-naphthalen-2-yi

BN,
9 d:k("l ¥ " B N-(2-Amino-ethyl)-2-amino-benzamide




1,1119.,.._/-N B -(2-Am ino-ethyl)-1,3-dihydro-im Idazo[4,5- c]pyrid
in-2-one WO 20071095340PCT/ITS2007/004053 63 (11:11- to
3-(2-Amino-ethyl)-2-oxo0-23-dihydro-1 H- benzoimidazole-5-carboxylic acid
benzylamide 64

WO 2007/095340

PCT/US2007/004053

N
10 B 2~(2-amino-3-hydroxy-propionylamino)-4-
1 ° methoxy-phenyl
A i
P
11 % (o4 2-(2-amino-acetylamino)-phenyl
X
12 d:H/ I c 2-(2-amino-3-hydroxy-butyrylamino)-4-
methoxy-phenylamide
AN
f
Ao
13 i]TN\@\ c 2-(2-amino-acetylamino)-4-methoxy-phenyl
A o’
Table 2
Exemplary Compounds of Formula I-B
Object ID Structure ECS50 X
14 A 2-(2-amino-ethyl)-5-furan-2-yl-2H-pyrazol-3-

N
e

v
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B 3-(2-Amino-ethyl)-5-(morpholine-4-carbony1)-
1,3-dihydro-benzoimidazol-2-one 65 rb_crio .A. B
3-(2-Amino-ethyl)-5-(2-oxo-2-phenyl-ethoxy).
1,3-dihydro-benzoimidazol-2-one 66 P ...{-----,/ B
3-(2-methylamino-ethyl)-1,3-dihydro-

WO 2007/095340 PCT/US2007/004053
15 b », 2~(2-amino-propyl)-5-phenyl-2H-pyrazol-3-yi
16 /\ P N\g 2-(2-amino-ethyl)-5-phenyl-2H-pyrazol-3-yl
17 & 2-(2-amino-ethyl)-5-(1-methyl-1H-pyrrol-2-yi)-

P 2H-pyrazol-3-yl
W
P
/’r N

18 P ) 2-(2-amino-propyt)-5-phenyl-2H-pyrazol-3-yl
19 Y ) 2-(2-aming-ethyl)-5-(4-amino-phenyl)-2H-

N pyrazol-3-yl
0 Y ) 2-(2-amino-ethyl)-5-(4-hydroxy-phenyl}-2H.

N pyrazol-3-yl
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benzoimidazol-2-one 67 C 3-(2-Amino-ethyl)-5-butoxy-1 ,3-drhydro-
benzolmidazol-2-one 68 C 3-(2-Amino-ethyl)-2-oxo-2,3-dihydro-.1H-
benzoimidazole-6-carboxylic acid methyl- phenyl-amide WO

2007/095340PCT/US2007/004053

WO 2007/095340

PCT/US2007/004053

s
o

2-(2-methylamino-ethyl)-5-phenyl-2H-

21 pyrazol-3-yl

22 %\Eg 2-(2-amino-propyl})-5-phenyl-2H-pyrazol-3-yl
(/' 2-(2-amino-ethyl)-5-(3-cyano-phenyl)-2H-

23 A ) pyrazol-3-yl

o4 (7 2-(2-amino-ethyl)-5-(3-methoxy-phenyl)-2H-

.

pyrazol-3-yl

. | S

4-{1-(2-Amino-ethyl)-1H-pyrazol-3-yl}-
benzoic acid methyl ester

g

2-(2-amino-ethyl)-5-(3-amino-phenyl)-2H-
pyrazol-3-yl
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69 C 4-(3-(2-Amino-ethyl)-2-oxo-2,3-dihydro-1H- benzoim
iciazole-5-carbonyll-piperazine-1- carboxylic acid ethyl ester 70 C
342-Amino-ethyl)-2-oxo-2,3-dihydro-IH- benzoimldazole-5-carboxylic acid
diethylamide 71

WO 2007/695340 PCT/US2007/004053

AN pyrazot-3-yl

o7 E;jy“\f\ C 2-(2-amino-ethyl)-5-(3-hydroxy-phenyl)-2H-

Table 3
Exemplary Compounds of Formula I-C

COmzound Structure EC50 X

28 @/ ° A 2-(2-amino-propionylamino)-2-phenyl-ethyl
i

29 éT A 2-(2-amino-ethoxy)-2-phenyl-ethyl
A

30 A 2~(2~-amino-ethoxy)-2-phenyl-ethy}

>.,
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C 3-(2-Am ino-ethyl)-2-oxo-2,3-dihydro-1H- benzaimidazole-5-carboxylic
acid phenethyl- arnide 72 C*- L:lilt C
3-(2-Amino-ethyl)-2-oxo0-2,3-dihydro-1H- benzoimidazole-5-carboxylic acid
(2-hydroxy- 1-hydroxymethyl-2-phenykethyl)-amide 73 C

WO 2007/095340 PCT/US2007/004053

31 (!DY B 2-(3-amino-propoxy)-2-phenyl-ethyl
LY
N
32 C!;)j" I c 2-(2-amino-ethylamino)-2-phenyl-ethyl
AN
Table 4
Exemplary Compounds of Formula I-D
Com?#ound Structure ECS50 X

N

33 %, ”/rl A 2-[2-(2-amino-ethylamino)-phenyl}-ethyl

N
34 dlg/\/\é A 2-(2-aminomethyl-phenyl)-ethyl
3
/;\ \

80




3-(2-Amino-ethyl)-2-oxo0-2,3-dihydro-1H- benzoimidazole-5-carboxylic acid
carbamoylm ethyl-amide 74 C 3-(2-Amino-ethyl)-2-oxo-2,3-dihydro-1 H-
benzoimidazole-5-carboxylic acid (2-hydroxy- 1
-hydroxymethyl-ethyl)-amide WO 2007/095340PCT/US2007/004053 75

C
WO 2007/095340 PCT/US2007/004053
35 %N\/\ N B 2-[(2-amino-acetyl)-phenyl-aminc}-ethyi
A
Table 5
Exemplary Compounds of Formula I-E
Compound # Structure EC50 Xy
36 d A 3-(2-Amino-ethy!)-5-methoxy-1,3-dihydro-
N . benzoimidazol-2-one
Y b
P
37 A 3-(2-Amino-ethyl}-5-(3-hydroxy-propoxy)-1,3-
éY dihydro-benzoimidazol-2-one
A
ag dj A 3-(2-Amino-ethyl)-5-ethoxy-1,3-dihydro-
benzoimidazol-2-one
N
A0 ©
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3-(2-Amino-ethyl)-5-benzyloxy-1,3-dihydro- benzoimidazol-2-one 76 rw. C
1-(4-Amino-buty0-1,3-dihydro-benzoimidazol- 2-one Example 12 Screen
and Characterization of Trp-p8 Agonist Compounds by Measuring
Calcium Influx in CHO/Trp-p8 cells at 37C [0206] This example discloses
a CHO/Tip-p8-based calcium influx assay used to furthex assess the
actiwtyef-mafxdidate Trp-p8 agonists of the present inventigpr Q287 bo40s3
Calcium influx was measured using a Flexstation Microplatc Fluorescence
Plate Reader (Molecular Devices; Sunnyvale, CA). A typical assay for
calcium flux was performed as follows. Cells in DMEM/Ham's F-12 based
medium, typically at a density of 30,000 cells/well/100 p.1, were plated in

a 96-well
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3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid amids

42

g

)=

3-(2-Amino-ethyl)-5-methylsulfany!-1,3-
dihydro-benzoimidazol-2-one

43

3-(2-Amino-ethyl)-5-methanesulfinyl-1,3-
dihydro-benzoimidazol-2-one

44

3~(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid (2-
~ diethylamino-ethyl)}-amide
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WO 2007/095340PCT/US2007/004053 concentrations of compounds (at
5-times the final concentrations) were added to each well using the robotic
multi-channel pipettor. The compounds were preincubated at 37C for at
least 30 minutes before performing the assay (at 37C). Signals were read
with dual excitation wavelengths of 340 and 380 nm and emission
waveieihahd 10 nm with a cut-off filter at 495 nm. The SigRakYsas04053
reported as the ratio of emission when excited at 340 run to the emission
when excited at 380 rim [Relative Fluorescence Units (RFU)]. lonomyein
was routinely used as a positive control. [0209] In the case of the agonist
assay, the compounds at different concentrations were added to the

dye-loaded cells (as described above).
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g methoxy-ethyl)-amide
{
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Based upon Protection aressi Cells torn Toxic A 1sttounds 102131 This
example discloses an assay system for identifying and characterizing
candidate Trp-p8 antagonist compounds. 102141 Trp-p8 antagonists were
identified by employing a cell viability assay with CHO/Trp-p8 cells at 37C
(see Example 1) with the following modification. Within the context of the
pregethifvertion, compounds that protect CHO/Trp-p8 calisfssmvibadaxic
effect of a control agonist thereby maintaining the viability of the
CHO/Trp-p8 cell exposed to a Trp-p8 agonist is defined as antagonist. As
a primary screen for antagonists, CHO/Trpp8 cells were exposed to 10 nM
of test compounds in 1% dimethylsulfoxide (DMSO) or 1% DMSO plus a
toxic congentration of a contral agonixt] The relative viability at 10 pM,
determined as described in Example 11, was a measure of the potential of}| .
the comppun rp-p8 antagonist -+ the, highetths. viahility. the.mess.
potént the a xemplary fesults are presenietarofigiore 4.
Example 15 i Vitro en using a Calcium Flux Assay for Trp-p8
Antagonist Compounds Based upon their Abilities to Suppress the

. ) L _ s 1
This example discloses an in yitro assay system employed to further
screen grd charagterize candidate Trp{p8.2 I@QQQJQR§I)I£%Q]ST&Q§&§~1H~
antagonigts were alsb &treendd and characterized vaiBgraealsium flux
assay at 37C as descfibed in Example 12 3tFPeREsatt iRy Riethy)-amide
distinctions: (1) the compound was prejmixed with the control agonist or
only the dontrol agonist is added to the cells and suppression of the
response|to the agonist is a measure of the potency of the compound as
an antagonist and (2)/the compound, at different concentrations, was

added to the calls lowed by @ddition pf thé-EaTPRUSImSed S iy dro-

minutes gnd tliels ession of response induced by agesst was a
measure pf potency*of the compound ags an antagonist. Exemplary results
are presented in Figure 5. WQ 2007/0953401'CT/US2007/004053
‘Example L6 An Animal Model |[System fpr Assavin2 the In vivo Efficacy of
Candidate Tro-p8 A%onists and Anta2opists for the Treatment of Cancer

Y

3-(2-Amino-ethyl)-1,3-dihydro-imidazo[4,5-

54 clpyridin-2-one

B

AN

C 3-(2-Amino-ethyl)-2-ox0-2,3-dihydro-1H-
55 X B benzoimidazole-4-carboxylic acid (2-
W diethylamino-ethyl)-amide
/\ L)
Q 3-(2-Amino-ethyl)-2-oxo-2,3-dihydro-1H-
56 B benzoimidazole-5-carboxylic acid pyridin-4-
" ylamide

P
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[0217] This Example provides an animal model system suitable for
doh-Hitiming the in vivo efficacy of candidate Trp-p8 modulators -
including both agonists and antagonists. [0218] Human prostate cancer
xenografts expressing Trp-p8 (LuCaP, from Dr. Robert Vessella's lab in
University of Washington -- as assessed by in situ hybridization,
quanbtavepaymerase chain reaction, and immunohistoghangistoy ssisg
a protein specific rabbit polyclonal antibody, T-904), as well as cell lines
engineered to express Trp-p8, including CHO (Chinese Hamster Ovary)
and EL-4 (Mouse Thymoma) cell lines, were used to establish tumor
models in mice. Trp-p8 expression in the transfectants was confirmed by
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1-{2-Amino-ethyl)-1,3-dihydro-imidazo[4,5-
clpyridin-2-one
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III'IV Chemical Formula C211131N303 C20}129N302 C22.11321140
C211134N202 Molecular Weight 373 343 368 346 In vitro Activity

WO 2007/095340 PCT/US2007/604053

3-(2-Aminao-ethyl}-2-0x0-2,3-dihydro-1H-
B benzoimidazole-5-carboxylic acid
benzylamide

63

1,3-dihydro-benzoimidazol-2-one

64 ljm‘?':g B 3~(2-Amino-ethyl)-5-(morpholine-4-carbonyli)~

65 \,,’J B 3-(2-Aming-ethyl)-5-(2-0x0-2-phenyl-ethoxy)-
: M 1,3-dihydro-benzoimidazol-2-one
A,
66 Q B 3-(2-methylamino-ethyl)-1,3-dihydro-
AT benzoimidazol-2-one
Al
67 c 3-(2-Amino-ethyl)-5-butoxy-1,3-dihydro-

benzoimidazol-2-one

3~(2-Amino-ethyl)-2-ox0-2,3-dihydro-1H-
C benzoimidazole-5-carboxylic acid methyl-
phenyl-amide

68
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[0222] As summarized in Table 8, the compounds demonstrated a high
degree of potency and specificity towards killing cells that express Trp-p8.
Typically, >1000x higher concentrations of compound were required to kill
cells lacking Tip-p8, compared to cells that express Trp-p8. Compounds I,
I, and 1V showed similar activity in this assay, while Compound | was
appwbgdaiedyys times more potent. Table 8 Results of ATRVighidhhassay
for several preferred compounds Compound I Il Il IV C1-10/Trp-p8ECso
(uM) 0.003 0.01 0.01 0.01

4-[3-{2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
C benzoimidazole-5-carbonyll-piperazine-1-
carboxylic acid ethyl ester

69

3-(2-Amino-ethyl}-2-oxo0-2,3-dihydro-1H-
C benzoimidazole-5-carboxylic acid
diethylamide

. L%%;;

3-(2-Amino-ethyl}-2-0x0-2,3-dihydro-1H-
c benzoimidazole-5-carboxylic acid phenethyl-
amide

7

3-(2-Amino-ethyl)-2-ox0-2, 3~-dihydro-1H-
(o benzoimidazole-5-carboxylic acid (2-hydroxy-
1-hydroxymethyl-2-phenyl-ethyi)-amide

72

3-(2-Amino-sthyl)-2-ox0-2,3-dihydro-1 k-
C benzoimidazole-5-carboxylic acid
carbamoylmethyl-amide

73

3~(2-Amino-ethyl)-2-ox0-2,3-dihydro-1H-
C benzoimidazole-5-carboxylic acid (2-hydroxy-
1-hydroxymethyl-ethyl)-amide

74
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ParentCHOECso (uM) >10 >10 >10 >10 In viva Activity [0223] As
illustrated in Figure 9A and 9B, Compounds I, I, and Ill produced
prolonged exposure after a single oral administration in both rodents
(Figure 9A) and Beagle dogs (Figure 9)3). Compared to mice, rats require
approximately twice the oral dose (based on body weight) to achieve
compaimblesexposure, and dogs require less than a third. Kensisteniath
the sustained plasma levels (t1/2 911), a single oral dose affords a
prolonged durable response in the CHO/Ttp-p8 xenograft model. [0224]
As illustrated in Figures 10A and 10B, oral dosing of these compounds
afforded durable responses in the CHO/Trp-p8 xenograft madel

Substantial inhibition of tumor growth was seen after a single dose as low
as 10 mg/kg, and n@3ignificant toxicity was evident at 100 mg/kg; a
therapeutic window-of > 10x. [0225] As ilusikatasl dimyhighERye-ganBRARES
of Bormyla | te Nsubstantia(fly briefer exposenevigagesaie
intraperitonealimettion as compared tp oral administration. As illustrated
in Figures 8A and 813, intrapé¢ritoneal jnjection of these compounds in

miceresuitshrieferresponges i thg CHO/TTp-p8 Xenograft model and
appear less durable after cessation of |I' dosing. [0226] To demonstrate
that efficacy is mediated by Trp-p8, Figure 11 illustrates the evaluation of
Compound (&N}@mt,ch”ed GHOQTrptP8Y B8 E Tt RS ="
proposed meshariism of actioh, Compound | did not show significant

efficacy at 100 mg/kg in this model; a dose 10 times higher than an
efficacious dase in the analogous CHO/Txp-p8-model {02271 As

illustrated in Figure 12, the LuCaP model appeared to respond
comparably or arguably better tgan,fhe $HO/Trp-p8 model. CHO/Trp-p8 is
a fast-growingtumr' }Ereatment,wit ompound | éutenu%g% growth, but

. reen and Characterization ol 1rp-p& Agonist Compouna ) )
did not cadsetegressiorn. ontrast, Lucar 1S a SIower-growing tumor;
treatment caudesuragsiwely SYnHB LA VPR KSHS 86344| as

(o8 wiihhis bikitiemr discibissinsaOCRp hibhiclcAl viendgraicanaoeled xhibited
2sJ6NEhs QfTIR-PR somparalledothe CHPETIRBS: agdeb.As measured by

immunohistoehemistry of tumor tissues excised from the mice.
[0207] Calcium influx was measured using a Flexstation Microplate Fluorescence Plate

Reader (Molecular Devices; Sunnyvale, CA). A typical assay for calcium flux was
performed as follows. Cells in DMEM/Ham’s F-12 based medium, typically at a density of
30,000 cells/well/100 pl, were plated in a 96-well black-walled, clear bottomed tissue culture
plate (Greiner Bio-one) and incubated for 16-20 hours at 37°C. Cells in each well were
incubated for one hour at 37°C with a Fura2-AM Fluorescent Dye/Pluronic F-27 mixture
(Molecular Probes; Eugene, Oregon) and dissolved in the medium containing Probenecid.
Typical final concentrations were: 5- 8 uM of Fura2—AM, 0.01% Pluronic F-27, and 2.5 mM
Probenecid (an anion exchange inhibitor that reduces transport of the hydrolyzed dye from
inside the cell thereby minimizing loss of dye during the experiment). After one hour, cells
were washed in a buffered solution (20 mM HEPES and Hanks Balanced Salt Solution with
1.26 mM CaCly), pH 7.4 containing Probenecid at a final concentration of 2.5 mM and pre-

incubated for at least 30 minutes at the assay temperature of 37°C.

[0208] Typically, the above described HEPES/HBSS-based buffer containing either no

additional calcium or with calcium to increase the concentration to 2 mM and various
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[0228] The highest dose orally administered to mice, 100 mg/kg, did not
result in significant toxicity for any of the compounds. Since a single oral
dose of 10mg/kg of Compound 1 produced significant efficacy in the
CHO/Trp-p8 xenograft model, a therapeutic window of > 10 is achievable
with Compounds of Formula I. This has been expanded upon by
toxigelagy@xagriments in rats, where the compounds coul@d-bes2007/004053
administered at higher dose levels. In toxicology studies performed in rats,
oral doses of 250 mg/kg did not induce any observable toxic effects.
Single Doses of 500 mg/kg and 1000 mg/kg resulted in mild to moderate
toxicity, but the MTD was not reached. These data, representing the

comigitmationsh&capeoticinim dowssibhibvd bte it Gom petrrds et tFerehutalll,

usHE BFHERAE 2201 BnTaHRIGifet WY OrROQHIONI4 QRfe bfid BN BAOE Jor at
Ta J)e { Ra ortaldoslgf (‘m

le%ft mlnube]s etore %e o) T’lg;%(gx)e%gg & V?\C}IQE{}J rﬁl%??aIst%l'gl‘Xa,d with dual
omparablemouse oral dose (mg aﬁ lultipledflowest efficaciousoraldose
exgitatipewavelengths of 340 and 380 nm and emission wavelength of 510 nm with a cut-off
filter at 495 nm. The signal was reported as the ratio of emission when excited at 340 nm to
the emission when excited at 380 nm [Relative Fluorescence Units (RFU)]. Ionomycin was

routinely used as a positive control.

[0209] In the case of the agonist assay, the compounds at different concentrations were
added to the dye-loaded cells (as described above). The increase in RFU was a measure of

potency of the compound as an agonist. Exemplary results are presented in Figure 2.

Example 13

Increase in Apoptosis following Exposure of CHO/Trp-p8 Cells

with Trp-p8 Agonist Compounds at 37°C

[0210] This example discloses the effectiveness of Trp-p8 agonist compounds ifh inducing

apoptosis in Trp-p8 expressing cells.

[0211] An Apnexin V/Propidium Iodide (PI) flow cytometry assay was used to provide
additional insights into the mechanism of cell death induced by Trp-p8 agonist compounds.
Annexin V staining detects translocation of Phosphatidylserine to the outer layer of plasma
membrane, an event characteristic of apoptosis, while PI staining indicates dead cells with

compromised membranes.

[0212] Cells were treated with compounds in 1% DMSO or with a 1% DMSO (control) for
24-26 hours at 37°C. The cells were briefly trypsinized under controlled conditions and
stained with an Annexin V/PI reagent kit following the methodology provided by the supplier
" (e.g., Southern Biotech; Birmingham, Alabama). Exemplary results are presented in Figure
3.

89



250 None 125 12.5 500 Mild 250 25 000 Moderate 500 50 [0229]
Although the present invention has been described in some detail by way
of illustration and example for purposes of clarity of understanding,
changes and modifications can be carried out without departing from the
scope of the invention which is intended to be limited only by the scope of

the wppaALed slaims. PCT/US2007/004053

Example 14

In Vitro Screen using a Cell Viability Assay for Trp-p8 Antagonist Compounds

Based upon Protection of Trp-pS-expressing Cells from Toxic Agonist Compounds

[0213] This example discloses an assay system for identifying and characterizing candidate

.Trp-p8 antagonist compounds.

[0214] - Trp-p8 antagonists were identified by employing a cell viability assay with
CHO/Trp-p8 cells at 37°C (see Example 11) with the following modification. Within the
context of the present invention, compounds that protect CHO/Trp-p8 cells from the toxic
effect of a control agonist thereby maintaining the viability of the CHO/Trp-p8 cell exposed
to a Trp-p8 agonist is defined as antagonist. As a primary screen for antagonists, CHO/Trp-
p8 cells were exposed to 10 pM of test compounds in 1% dimethylsulfoxide (DMSO) or 1%
DMSO plus a toxic concentration of a control agonist. The relative viability at 10 pM,
determined as described in Example 11, was a measure of the potential of the compound as a
Trp-p8 antagonist -~ the higher the viability, the more potent the antagonist. Exemplary

results are presented in Figure 4.

Example 15

In Vitro Screen using a Calcium Flux Assay for Trp-p8 Antagonist Compounds

Based upon their Abilities to Suppress the Calcium Influx Induced by Trp-p8 Agonists
in CHO/Trp-p8 Cells

[0215] This example discloses an in vitro assay system employed to further screen and

characterize candidate Trp-p8 antagonists.

[0216] Trp-p8 antagonists were also screened and characterized using a calcium flux assay
at 37°C as described in Example 12 with the following two distinctions: (1) the compound
was pre-mixed with the control agonist or only the control agonist is added to the cells and
suppression of the response to the agonist is a measure of the potency of the compound as an
antagonist and (2) the compound, at different concentrations, was added to the cells followed
by addition of the control agonist after 2-3 minutes and the suppression of response induced
by agonist was a measure of potency of the compound as an antagonist. Exemplary results

are presented in Figure 5.
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ME S L. L. P Claims: A compound of Formula I-E:  wherein A, B, C, and
D are independently selected from CR1 and N; wherein at least one of A,
B, C, and D is Cltt; wherein R1 is selected from H, alkyl, heteroalkyl, aryl,
arylalkyl, halogen; and wherein when two adjacent of A, B, C, and D are
CR1, the two R1 's may combine to form a single aryl, cycloalkyl, or
hetgygeygiealisyl group; and R2 is ethylene, propylene or brgtylehesandsR3
is H, methyl or -C=NH(NI-12). 2. The compound of claim | wherein R.1 is
methoxy. 3. The compound of claim | wherein the moiety: B A is
selected from the group consisting of 3-(2-amino-ethyl)-5-methoxy-E3-
dihydro-benzoimidazol-2-one,
3-(2-Amino-ethyl)-5-(3-hydroxy-BremelgAE 3-dihydro-

An Animal Model System for Assaving the In vivo Efficacy of

Candidate Trp-p8 Agonists and Antagonists for the Treatment of Cancer

[0217] This Example provides an animal model system suitable for determining the in vivo

efficacy of candidate Trp-p8 modulators — including both agonists and antagonists.

[0218] Human prostate cancer xenografts expressing Trp-p8 (LuCaP, from Dr. Robert
Vessella's lab in University of Washington -- as assessed by in situ hybridization, quantitative
polymerase chain reaction, and immunohistochemistry using a protein specific rabbit
polyclonal antibody, T-904), as well as cell lines engineered to express Trp-p8, including
CHO (Chinese Hamster Ovary) and EL-4 (Mouse Thymoma) cell lines, were used to
establish tumor models in mice. Trp-p8 expression in the transfectants was confirmed by
western blots and immunofluorescence using a Trp-p8 specific antibody (GS 2.20) as well as
by response to known agonists in a calcium influx functional assay. In addition, the
transfected cell lines were susceptible to killing by Trp-p8 agonists as evident from the ATP

viability and apoptosis assays (as described herein in Examples 11 and 13).

[0219] A tumor model in mice was established by subcutaneously injecting CHO/Trp-p8
cells in SCID mice. Trp-p8 expression in tumors excised from these mice was confirmed by
RT-PCR, immunohistochemistry, and western blot analysis. Further tumor model
development is carried out using the human prostate cancer xenografts described above in
athymic nude or SCID mice and using an EL4/Trp-p8 transfectant in normal mice. Prostate
xenografts from other sources and other cell lines that may be engineered to express Trp-p8

are also potential candidates for building more model systems.

[0220] Based on results from in vitro and in vivo evaluations, a set of Trp-p8 agonists will
be chosen to determine efficacy in mice. The in vitro evaluations would include potency in
cell killing assay, aqueous solubility, plasma binding study and metabolic stability (potential
for a compound to be metabolized by liver as determined by using hepatocytes and/or mouse
microsomes). The in vivo evaluations would include pharmacokinetics and toxicity studies.
The chosen compounds will be administered to mice with Trp-p8 expressing tumors by
different routes [oral, intravenous, intraperitoneal, subcutaneous, intramuscular]. Tumor
reduction and survival of these mice will be evaluated at different dosages of these
compounds. The compound most effective in fighting tumor will be chosen for further

investigations
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MCSLLP benzoimidazol-2-one,
3-(2-Amino-ethyl)-5-ethoxy-1,3-dihydro-benzoimidazol-2-one, 3-(2-
Amino-ethyl)-5-methanesulfony1-1,3-dihydro-benzoimidazol-2-one,
3-(2-Amino-ethyl)-5-(2- hydroxy-ethoxy)-1,3-dihydro-benzoimidazol-2-one,
3-(2-Amino-ethyl)-2-oxo0-2,3-dihydro-1Hbenzoimidazole-5-carboxylic acid
amigle 2007/095340 PCT/US2007/004053
3-(2-Amino-erhyl)-5-methylsulfanyl-1,3-dihydrobenzoimidazol-2-one,
3-(2-Amino-ethyl)-5-methanesulfinyl-1,3-dihydro-benzoimidazol-2-one,
3-(2-Amino-ethy1)-2-oxo-2,3-dihydro-1H-benzoimidazolc-5-earboxylic acid
(2-diethylaminoethyl)-amide,

3-(2-Amino-propy0-2,3- dihydro%@@@&ﬂaﬁdazol 2-one,

[3-(2-Amino- eth )-2- on acetonitril
e, 3-(2- A% - )l - -5- %r]boxyllc
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expreeniiemfid €,081¢gunds II, 11T, and IV showed similar activity in this assay, while
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[2-(2-hydroxy-othoxy)- ethyl]-amide, 1
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12. The compound according to any of claims | to 9 for use in decreasing
cell viability and/or inhibiting cell growth. MCSLLP 13. The
compound according to any of claims 1 to 9 for use in treating a disease in
a mammal, the treating comprising administering a therapeutically

effective amount of the compound. 14. The compound of claim 13
wheysigyeastsnammal is a human. 15. The compounirdoislaiuds3d
wherein said disease is cancer. 16. The compound of claim 13

wherein said disease is cancer of the prostate, lung, breast and colon.

17. The compound according to any of claims 1 to 9 for use in treating a

disease in a mammal, wherein the treating comprises administering the .
[02thpdundostrated irefigurmdi8/cart Eitharhpesinie d ¢fenes:ompoundd gfoFfel
duesRpaposkafiaanT D/ mhese eibg dhaabing CubyHsas adpioiste ing.the

ngQfﬁ'%‘EQMJQWdQEJQQf&%%%m@R&HQ9@9&5&% simuliApgously.
evé%ntf’h% ounﬂ}of claim 17 Whe¥eln said mammal is a human.

SRS B PRTA S T &t iA%aid disease is cancer. 21.
(03 cammaunsboiiginbT w&gsem&%do%ﬂﬁ%&mamalpme
exééQQreWS% %Qqn%% Opitoneal inj ecgm;r el;lsecgnqga]p 9%9 g)rgl al n{ﬂn'{ggai%,? n

claims 1 to 9or use In treating a . .
illustrated in Figures 8A and 8B, intraperitoneal injection of these compounds in mice results

in briefer responses in the CHO/Trp-p8 xenograft model and appear less durable after

cessation of IP dosing.

[0226] To demonstrate that efficacy is mediated by Trp-p8, Figure 11 illustrates the
evaluation of Compound I in the matched CHO (Trp-p8-) model. Consistent with the
proposed mechanism of action, Compound I did not show significant efficacy at 100 mg/kg
in this model; a dose 10 times higher than an efficacious dose in the analogous CHO/Trp-p8

model.

[0227] As illustrated in Figure 12, the LuCaP model appeared to respond comparably or
arguably better than the CHO/Ttp-p8 model. CHO/Trp-p8 is a fast-growing tumor; treatment
with Comipound I attenuated growth, but did not cause regression. In contrast, LuCaP is a
slower-growing tumor; treatment caused statistically significant regression, as well as
growth-inhibition. In this instance, the LuCAP xenograft model exhibited levels of Trp-p8
comparable to the CHO/Trp-p8 model, as measured by immunohistochemistry of tumor

tissues excised from the mice.

[0228] The highest dose orally administered to mice, 100 mg/kg, did not result in
significant toxicity for any of the compounds. Since a single oral dose of 10mg/kg of
Compound I produced significant efficacy in the CHO/Trp-p8 xenograft model, a therapeutic
window of > 10 is achievable with Compounds of Formula I. This has been expanded upon
by toxicology experiments in rats, where the compounds could be administered at higher dose
levels. In toxicology studies performed in rats, oral doses of 250 mg/kg did not induce any
observable toxic éffects. Single Doses of 500 mg/kg and 1000 mg/kg resulted in mild to
moderate toxicity, but the MTD was not reached. These data, representing the minimum

therapeutic windows achievable with Compounds of Formula 1, are summarized in Table 7.
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disease or condition in a mammal wherein a Trp-p8 receptor is indicated
and modulation of receptor function is desired.
according to any of claims 1 to 9 for use in modulating Trp-p8 receptor
24. The compound according to any of claims 1 to 9 for
use in treating or preventing a disease or Trp-p8 receptor related

congiyiendaessso  25. The compound according to any of claimsshde&ies
use in treating a disease associated with Trp-p8 expression.

function.

23. The compound

Table 7
Rat oral dose| Observed degree | Comparable mouse | Multiple of lowest
(mg/kg) of toxicity oral dose (mg/kg) efficacious oral dose
in mice
250 None 125 12.5
500 Mild 250 25
1000 Moderate 500 50
[0229] Although the present invention has been described in some detail by way of

illustration and example for purposes of clarity of understanding, changes and modifications

can be carried out without departing from the scope of the invention which is intended to be

limited only by the scope of the appended claims.



MCSLLP

Claims:

1. A compound of Formula I-E:

wherein A, B, C, and D are independently selected from CR; and N; wherein at least one of A,
B, C, and D is CRy; wherein Ry is selected from H, alkyl, heteroalkyl, aryl, arylalkyl, halogen;
and wherein when two adjacent of A, B, C, and D are CRy, the two R;’s may combine to form a

single aryl, cycloalkyl, or heterocycloalkyl group; and

R; is ethylene, propylene or butylene; and Rj is H, methyl or -C=NH(NH).

2. The compound of claim 1 wherein R; is methoxy.
3. The compound of claim 1 wherein the moiety:
_—C
B="\_

[T

is selected from the group consisting of 3-(2-amino-ethyl)-5-methoxy-1,3-

dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-5-(3-hydroxy-propoxy)-1,3-dihydro-
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MCSLLP

benzoimidazol-2-one, 3-(2-Amino-ethyl)-5-ethoxy-1,3-dihydro-benzoimidazol-2-one, 3-(2-
Amino-ethyl)-5-methanesulfonyl-1,3-dihydro-benzoimidazol-2-one, 3~(2-Amino-ethyl)-5-(2-
hydroxy-ethoxy)-1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid amide, 3-(2-Amino-ethyl)-5-methylsulfanyl-1,3-dihydro-
benzoimidazol-2-one, 3-(2-Amino-ethyl)-5-methanesulfinyl-1,3-dihydro-benzoimidazol-2-one,
3-(2-Amino-ethyl)-2-ox0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid (2-diethylamino-
ethyl)-amide, 3-(2-Amino-propyl)-2,3-dihydro-benzoimidazol-2-one, [3-(2-Amino-e£hyl)-2-oxo—
2,3-dihydro-1H-benzoimidazol-5-yloxy]-acetonitrile, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid ethylamide, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid pyridin-3-ylamide, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid (2-methoxy-ethyl)-amide, 1-(2-Amino-ethyl)-1,3-dihydro-
benzoimidazol-2-one, 1-(2-Amino-ethyl)-1,3-dihydro-naphtho[2,3-d]imidazol-2-one, 3-(2-
Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid (2-hydroxy-ethyl)-
amide, 3+(2-Amino-ethyl)-5-propoxy-1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-1,3-
dihydro-imidazo[4,5-c]pyridin-2-one, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-4-carboxylic acid (2-diethylamino-ethyl)-amide, 3-(2-Amino-ethyl)-2-0x0-2,3-
dihydro-1H-benzoimidazole-5-carboxylic acid pyridin-4-ylamide, 3-(2-Amino-ethyl)-1,3-
dihydro-imidazo[4,5-b]pyridin-2-one, 1-(3-Amino-propyl)-1,3-dihydro-benzoimidazol-2-one, 3-
(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid phenylamide, 3-(2-
Amino-ethyl)-2-ox0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid [2-(2-hydroxy-ethoxy)-
ethyl]-amide, 1-(2-Amino-ethyl)-5-trifluoromethyl-1,3-dihydro-benzoimidazol-2-one, 1-(2-
Amino-ethyl)-1,3-dihydro-imidazo[4,5-c]pyridin-2-one, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-
IH-benzoimidazole-5-carboxylic acid benzylamide, 3-(2- Amino-ethyl)-5-(morpholine-4-
carbonyl)-1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-5-(2-0x0-2-phenyl-ethoxy)-1,3-
dihydro-benzoimidazol-2-one, 3-(2-methylamino-ethyl)-1,3-dihydro-benzoimidazol-2-one, 3-(2-
Amino-ethyl)-5-butoxy-1,3-dihydro-benzoimidazol-2-one, 3-(2-Amino-ethyl)-2-0x0-2,3-
dihydro-1H-benzoimidazole-5-carboxylic acid methyl-phenyl-amide, 4-[3-(2-Amino-ethyl)-2-
0x0-2,3-dihydro-1H-benzoimidazole-5-carbonyl]-piperazine-1-carboxylic acid ethyl ester, 3-(2-
Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid diethylamide, 3-(2-
Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid phenethyl-amide, 3-(2-
Amino-ethyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid (2-hydroxy-1-
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hydroxymethyl-2-phenyl-ethyl)-amide, 3-(2-Amino-ethyl)-2-0x0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid carbamoylmethyl-amide, 3-(2-Amino-ethyl)-2-0x0-2,3-
dihydro-1H-benzoimidazole-5-carboxylic acid (2-hydroxy-1-hydroxymethyl-ethyl)-amide, N-{2-
[2-0x0-2,3-dihydro-benzoimidazol-1-yl]-ethyl} -guanidine, 3-(2-Amino-ethyl)-5-benzyloxy-1,3-
dihydro-benzoimidazol-2-one and 1-(4-Amino-butyl)-1,3-dihydro-benzoimidazol-2-one.

4, The compound of claim 3 wherein said compound is 3-(2-Amino-ethyl)-1-
(2-1sopropyl-5-methyl-cyclohexanecarbonyl)-5-methoxy-1,3-dihydro-benzoimidazol-2-one.

5. A pharmaceutical composition comprising a compound of claim 1 or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.

6. A pharmaceutical composition of claim 5 wherein said composition is

formulated with a pharmaceutically acceptable carrier or agent.

7. The compound 1-(2-Amino-ethyl)-1-(2-isopropyl-5-methyl-

cyclohexanecarbonyl)-1,3-dihydro-benzoimidazol-2-one.

8. The compound 3-(2-Amino-ethyl)-1-(2-isopropyl-5-methyl-

cyclohexanecarbonyl)-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic acid amide.

9. The compound of claim 4, 7 or 8 in isolated and purified form.

10. The compound according to any of claims 1 to 9 for use in the treatment
of cancer.

11. The compound according to any of claims 1 to 9 for use in inducing

apoptosis and/or necrosis in a cell expressing Trp-p8.

12. The compound according to any of claims 1 to 9 for use in decreasing cell

viability and/or inhibiting cell growth.
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13. The compound according to any of claims 1 to 9 for use in treating a
disease in a mammal, the treating comprising administering a therapeutically effective amount of

the compound.

14, The compound of claim 13 wherein said mammal is a human.
15. The compound of claim 13 wherein said disease is cancer.
16. The compound of claim 13 wherein said disease is cancer of the prostate,

Iung, breast and colon.

17. The compound according to any of claims 1 to 9 for use in treating a
disease in a mammal, wherein the treating comprises administering the compound and one or

more cancer therapeutic agents.

18. The compound of claim 17 wherein the treating comprises administering

the compound and the one or more cancer therapeutic agents simultaneously.

19.  The compound of claim 17 wherein said mammal is a human.
20.  The compound of claim 17 wherein said disease is cancer.
21. The compound of claim 17 wherein said disease is cancer of the prostate,

lung, breast and colon.
22, The compound according to any of claims 1 to 9 for use in treating a
disease or condition in a mammal wherein a Trp-p8 receptor is indicated and modulation of

receptor function is desired.

23, The compound according to any of claims 1 to 9 for use in modulating

Trp-p8 receptor function.
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24.  The compound according to any of claims 1 to 9 for use in treating or

preventing a disease or Trp-p8 receptor related condition.

25.  The compound according to any of claims 1 to 9 for use in treating a

disease associated with Trp-p8 expression.
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