WHAT IS CLAIMED:

1. A compound of formula (I):

or a pharmaceutically acceptable derivative thereof, wherein:
R, i5 -halo or -CFs;
Ryis-H or -CHjy;
each Ry and Ry is indepgfidently -H, -halo, -CHj, -CFs, -QCHj, -OCF;, -OCHxCHs, -

10 CH,OCH;, or -C{O)
Ryp is -(C;-Cy)al
each halo is ingépendently -F, -Cl, -Br, or -I; and

m is the intefer O or 1;

provided that if Ry is -H then m is }; and

15 (2) provided that if Ry is -H and the carbon atom at the a position of the a-b bond is

in phe (5) configuration, then the methyl group bonded to the piperazine ring is a (5)-2-

ethyl group, a (S5)-3-methyl group, or a (R)-3-methyl group.

2. The compound of claim 1 or a pharmaceutically acceptable derivative thereof,

wherein it is further provided that:
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(3) if R4 is -H, the carbon atom at the a position of the a-b bond is in the (S)
configuration, Ry is -H, and Ry is -halo, then the methyl group bonded to the piperazine ring
is a (R)-3-methyl group;

(4} if R4 is -H, the carbon atom at the a position of the a-b bond is in the (S)
configuration, Ry is -F, and Ry is -F, then the methy] group bonded to the piperazin
{5)-2-methyl group or a (§}-3-methyl proup; and

(5)if Ry is -CHj, the carbon atoms at the a and ¢ positions of the a-b bbnd and the c-
d bond are each in the (S} configuraiion, Rg is -H, Ry is -halo, and mis 1, t
group bonded to the piperazine ring is a (5)-3-methyl group or a (£)-3-plethyl group.

3. The compound of ¢laims 1 or 2 or a pharmaceutically accepflble derivative thereof,
wherein R, is -F, -Cl, or -CF; and preferably is —F,

4, The compound of any one of claims 1-3 or a pharmag
H.CHs,.

aceutically acceptable derivative
Ha, -OCF;, -OCH,CH,, -CH,OCHj3,

tically acceptable derivative
thereof, wherein R, is -CHj; or -CH>CHj; and preferably is
5. The compound of any one of claims 1-4 or a pt
thereof, wherein R, is -H, -F, -Cl, -Br, -CH,, -CF;, -
or -C(QYOCH.CH; and preferably is -H.
6. The compound of any one of claims 1,5 or a pharmaceutically acceptable derivative
thereof, wherein Ry is -H, -I, or -CHj, and preferably is -F or -CH;,.
7. The compound of any one of clgtms 1-6 or a pharmaceutically acceptable derivative
thereof, wherein

(i) R4 is -CHj and the car

d bond are each in the (S) confjguration; or

n atoms at the a and ¢ positions of the a-b bond and the c-

(ii) R, is -CH; and tife carbon atoms at the a and ¢ positions of the a-b bond and the
c-d bond are each in the #) configuration; or
(iii) R4 is -H #nd the carbon atom at the a position of the a-b bond is in the (S)

configuration or

The compound of any one of claims 1-8, wherein the pharmaceutically acceptable
derivative is a pharmaceutically acceptable salt, radiolabeled form, a co-crystal, or a
combination thereof, and wherein preferably
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(i) the pharmaceutically acceptable derivative is a pharmaceutically acceptable salt,
radiolabeled form, or a hydrochlorate, tartrate, benzenesulfonate, p-toluenesulfonate, or
fumarate co-crystal, and more preferably, the pharmaceutically acceptable derivative is a
hydrochloride salt, a sodium salt, a potassium salt, a p-toluenesulfonic acid salt, 2 fum
acid-salt, or a fumarate co-crystal; or

(ii) the pharmaceutically acceptable derivative is a fumaric acid-salt, a ffnarate co-
crystal, or a combination thereof.

10 The compound of claim 7 option (i) or {ii) or a pharmaceutically apteptable

12 The compound of claim 10 or a pharmaccutical

which is
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13. A compound of formula (I1):

or a pharmaceutically acceptable deriyative thereof, wherein:
Ry is-H or -CHs;

Ry is -H, -F, or -CHj;
Ry is -H, -halo, -CHj;, -CF;, OCHs, -OCF;, -OCH,CHj, -CH,0CH;, or -C(O)OCH,;CHj; and
each halo is independently’-F, -Cl, -Br, or -I;

(1) provided théat if R4 is -H and the carbon atom at the a position of the a-b bond is
in the {S) configuragion, then the methyl group bonded to the piperazine ring is a ()-2-
methyl group, a
14, The
wherein it £s further provided that:

-3-methiyl group, or a (K)-3-methyl group.

mpeund of claim 13 or a pharmaceutically acceptable derivative thereof,

2) if R4 is -H, the carbon atom at the a position of the a-b bond is in the (§)
conjfouration, Ry is -H, and Ry is -halo, then the methyl group bonded to the piperazine ring

ig/a (R)-3-methyl group;

224



10

15

20

(3) if R4 is -H, the carbon atom at the a position of the a-b bond is in the (5)
configuration, Ry is -F, and R, is -F, then the methyl group bonded to the piperazine ring is a
(S)-2-methy! group or a (S)-3-methyl group; and

{4) if R4 is -CHj, the carbon atoms at the a and ¢ positions of the a-b bond and
d bond are each in the (S) configuration, Ry is -H, and R, is -halo, then the methyl grdup
bonded to the piperazine ring is a ($)-3-methyl group or a {R)-3-methyl group.
15. The compound of claim 13 or a pharmaceutically acceptable derivativethereof,
wherein

(1) Ry is -CH; and the carbon atoms at the a and ¢ positions of thf a-b bond and the c-
d bond are each in the () configuration or

(ii) Ry is -CIH; and the carbon atoms at the a and ¢ positiop$ of the a-b bond and the
c-d bond are each in the (R) configuration,
16. The compound of claim 13 or claim 14 or a pharmageutically acceptable derivative
thereof, wherein R, is -H and the carbon atom at the a pofition of the a-b bond is in the (S)
configuration.
17. The compound of claim 13 or a pharmacefically acceptable derivative thereof,
wherein Ry is -I1 and the carbon atom at the a p@sition of the a-b bond is in the (R)
configuration.
18. The compound of any one of claipfis 13-17 or a pharmaceutically acceplable
derivative thereof, wherein the methyl Sroup bonded to the piperazine ring is

(i) a {8)-3-methyl group,

(ii) a (S)-2-methyl groupfor

(iii) a (R)-3-methyl gpbup.

19. The compound of Any one of claims 13-18 or a pharmaceutically acceptable
derivative thereof, wheptin Ry is —H and/or Ry is -F,

20. The compoydd of any one of claims 13-19, wherein the pharmaceutically acceptable
derivative is

(i) a pHarmaceutically aceeptable salt, or a fumarate co-crystal, and preferably
ide salt, a sodium salt, a potassium salt, a p-toluenesulfonic acid salt, a fumaric
acid-saly or a fumarate co-crystal; or

(i1} a fumaric acid-salt, a fumarate co-crystal, or a combination thereof.
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21. The compound of claim 13 or a pharmaceutically acceptable derivative thereof,

which is



10

15

20

25

(i1} a free base.

23, A compound which is
HsC s F CH: 8 F
Ho— N 7\ HN—QI:[ HO — HN*<\:©/
R VN N—{ N F o, ) N N N ,
HO Y “~ o0 HO — 0
F

or a pharmaceutically acceptable derivative thercof,
24, A compeosition comprising the compound of gty one of claims 1-23 or a
pharmaceutically acceptable derivative thereof ang/a phanmaceutically acceptable carrier or
excipient.
25. Use of a compound of any one of cldms 1-23 or a pharmacentically acceptable
derivative thereof in the manufacture of a/nedicament for the treatment of pain, pain
itis, U, an ulcer, IBD, or IBS.

1 function in a cell comprising contacting a cell

associated with osteoarthritis, ostecart]
26. A method of inhibiting
capable of expressing TRPV1 with an effective amount of the compound of any one of
claims 1-23 or a pharmaceutigally acceptable derivative thereof.

27. The product of copibining the compound of any one of claims 1-17, 18 option (i) and
(iii) or 19-21 with fu
Compound of Formgla (I) or (I1)):(fumaric acid).

ric acid, wherein the molar ratio in the product is about 1:0.5 of (the

ition comprising the product of claim 27 and a pharmaceuticaliy
acceptable cagfier or excipient.

29. Us# of a product or a composition of claims 27 or a pharmaceutically acceptable
derivatiye thereof in the manufacture of a medicament for the treatment of pain, pain
assopiated with osteoarthritis, osteoarthritis, Ul, an ulcer, IBD, or IBS.

A method of inhibiting TRIPV1 function in a cell comprising contacting a cell

capable of expressing TRPV1 with an effective amount of the product of claim 27.
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31. The compound, product, or composition of any one of ¢laims 1-30 or a
pharmaceutically acceptable derivative thereof, wherein the % ee of the compound is at least

about 90%, and preferably is at least about 93%.
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WHAT IS CLAIMED:

1. A compound of formula (I):

o)
or a pharmaceutically acceptable derivative thereof, wherein:
R, is -halo;
R, is -H;

each Rg and R, is independently -H, -halo, -CHj, or -CF;;

each halo is independently -F, -Cl, -Br, or -I; and

m is the integer 1;

wherein the methyl group bonded to the piperazine ring is a (S)-2-methyl group; and the
carbon atom at the a position of the a-b bond is in the (5) configuration;

wherein the pharmaceutically acceptable derivative is selected from the group consisting of a
pharmaceutically acceptable salt, polymorph, pseudopolymorph, solvate, co-crystal,

radiolabeled form, and/or tautomer.

2. The compound of claim 1 wherein the pharmaceutically acceptable derivative is a
pharmaceutically acceptable salt, radiolabeled form, or a hydrochloric acid, tartaric acid,

benzenesulfonic acid, p-toluenesulfonic acid, or fumaric acid co-crystal,
221



3. The compound of claim 2, wherein the pharmaceutically acceptable derivative is a

fumaric acid-salt, a fumaric acid co-crystal, or a combination thereof.

4. A compound of claim 1 having formula (II):

4 OH

N 4

N
PN
0O NH

)\S

N

R Rg

(1D

or a pharmaceutically acceptable derivative thereof, wherein:

R,is-H;

R; is -H, -F, or -CH;;
10 Ryis-H, -halo, -CH,, or -CF;; and

each halo is independently -F, -Cl, -Br, or -I;

wherein the methyl group bonded to the piperazine ring is a (S)-2-methyl group; and the

carbon atom at the a position of the a-b bond is in the (S) configuration;

and wherein the pharmaceutically acceptable derivative is selected from the group consisting
15  of a pharmaceutically acceptable salt, polymorph, pseudopolymorph, solvate, co-crystal,

radiolabeled form, and/or tautomer.

5. The compound of claim 4, wherein the pharmaceutically acceptable derivative is
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(i) a pharmaceutically acceptable salt, or a fumaric acid co-crystal; or

(ii) a fumaric acid-salt, a fumaric acid co-crystal, or a combination thereof.

0. The compound of claim 5 option (i), wherein the pharmaceutically acceptable
5 derivative is a hydrochloride salt, a sodium salt, a potassium salt, a p-toluenesulfonic acid

salt, a fumaric acid-salt, or a fumaric acid co-crystal.

7. The compound of claim 4 or a pharmaceutically acceptable derivative thereof, which
is
CH, S
HO y N ,— HN—
R "N N— N
HO = Y~ ©
10 F :
CHy S
o~ IO
3 N N N F
HO = “~ ©
F bl
QHg S CHS
HO 7 N /—\ HN— :©/
< Y—N N —<\ N
HO — O
F , or
CHy 8 F
HO J N ,—/— HN—
N
> N N N F
HO — O
F

2

wherein the pharmaceutically acceptable derivative is selected from the group consisting of a
15  pharmaceutically acceptable salt, polymorph, pseudopolymorph, solvate, co-crystal,

radiolabeled form, and/or tautomer.

8. The compound of any one of claims 1 or 7, which is
(i) a fumaric acid-salt, a fumaric acid co-crystal, or a combination thereof, or

(ii) a free base.

20
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9. A compound of any one of claims 1-8 or a pharmaceutically acceptable derivative
thereof for use in the treatment of pain, pain associated with osteoarthritis, osteoarthritis, UI,
an ulcer, IBD, or IBS, wherein the pharmaceutically acceptable derivative is selected from
the group consisting of a pharmaceutically acceptable salt, polymorph, psendopolymorph,

solvate, co-crystal, radiolabeled form, and/or tautomer.

10. The product of combining the compound of any one of claims 1-8 with fumaric acid,
wherein the molar ratio in the product is about 1:0.5 of (the Compound of Formula (I} or

(ID):(fumaric acid).

11. A composition comprising
(1) the compound of any one of claims 1-8 or a pharmaceutically acceptable
derivative thereof; or
(ii) the product of claim 10;
and a pharmaceutically acceptable carrier or excipient, wherein the pharmaceutically
acceptable derivative is selected from the group consisting of a pharmaceutically acceptable

salt, polymorph, pseudopolymorph, solvate, co-crystal, radiolabeled form, and/or tautomer,

12. A product of claim 10 or a pharmaceutically acceptable derivative thereof for use in
the treatment of pain, pain associated with osteoarthritis, osteoarthritis, UT, an ulcer, IBD, or
IBS, wherein the pharmaceutically acceptable derivative is selected from the group

consisting of a pharmaceutically acceptable salt, polymorph, pseudopolymorph, solvate, co-

crystal, radiolabeled form, and/or tautomer.

13. A compound of claim 4 having the structure:
LH; _<S
HO N ,— HN~ :@\
R =" N— N F
HO X “~ ©
F

or a fumaric acid co-crystal thereof.

14, The compound of claim 13 in the form of a co-crystal of combining the compound
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HO V; N ,— HN—
YN N={ N F

HO < “~— ©
F

with fumaric acid, wherein the molar ratio in the co-crystal is about 1:0.5 of (the

Compound):(fumaric acid).

15. A fumaric acid co-crystal of claim 13 or claim 14 having an x-ray powder diffraction

pattern comprising a peak at each of 6.5°+ 0.2°, 12.5°+ 0.2°, 16.8°+ (0.2°, and 25.3°+ 0.2°.

16. A fumaric acid co-crystal of claim 13 or claim 14 having an x-ray powder diffraction
pattern comprising a peak at each of 6.5°+ 0.2°, 8.6°+ (.2°, 12.5°+ (0.2°, 14.0°+ 0.2°,
16.8°+ 0.2°,18.7°£ 0.2°, and 25.3°+ 0.2°.

17. A fumaric acid co-crystal of claim 13 or claim 14 having an x-ray powder diffraction
pattern comprising a peak at each of 6.5°+ 0.2°, 8.6%+ .2°, 12,5°+ 0,2°, 14.0°+ 0.2°,

16.8°+ 0.2°, 18.7°+ 0.2°, 20.4°+ 0.2°, 21.3%+ 0.2°, 22.0°% 0.2°, 23.2°+ 0.2°, 25.3%: (.2°, and
38.5°+ 0.2°,
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