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SUBSTITUTED HETEROCYCLIC DERIVATIVES FOR THE
TREATMENT OF PAIN AND EPILEPSY

Cross-Reference to Related Applications
[0001] This application claims benefit of U.S. Provisional Application No.
61/240,013, filed September 4, 2009, which is hereby incorporated by reference.

Field of the Invention
[0002] The invention relates to compounds useful in treating conditions
associated with calcium channel function, and particularly conditions associated with
sodium channel and T-type calcium channel activity. More specifically, the invention
concerns compounds containing piperazine-N-arylacetamide and piperazine-aryl-
1soxazole derivatives that are useful in treatment of conditions such as epilepsy,
cancer, pain, migraine, Parkinson’s Disease, depression, schizophrenia, psychosis,

and tinnitus.

Background of the Invention

[0003] Voltage-gated sodium (Nay) channels are present in neurons and excitable
tissues where they contribute to processes such as membrane excitability and muscle
contraction (Ogata et al., Jpn. J. Pharmacol. (2002) 88(4) 365-77). Nine different
transmembrane o-subunits (Nay1.1-1.9) from a single Nay1 family combine with
auxiliary B-subunits that modify channel function to form functional Nay channels.
Of the nine Nay1 a-subunit isoforms, five are expressed in the dorsal root ganglion
where they are involved in setting the resting membrane potential and the threshold
for generating action potentials, and also contribute to the upstroke as well as firing of
action potentials during sustained depolarization. In particular, the tetrodotoxin (TTX)
sensitive Nay1.7 and TTX- insensitive Nay1.8 channel subtypes act as major
contributors to both inflammatory and neuropathic pain (Momin et al., Curr Opin
Neurobiol. 18(4):383-8, 2008; Rush et al., J Physiol. 579(Pt 1):1-14, 2007).

[0004] Calcium channels mediate a variety of normal physiological functions and
are also implicated in a number of human disorders. Examples of calcium-mediated

human disorders include but are not limited to congenital migraine, cerebellar ataxia,
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angina, epilepsy, hypertension, ischemia, and some arrhythmias (see, e.g., Janis et al.,
Ion Calcium Channels: Their Properties, Functions, Regulation and Clinical
Relevance (1991) CRC Press, London). T-type, or low voltage-activated, channels
describe a broad class of molecules that transiently activate at negative potentials and
are highly sensitive to changes in resting potential and are involved in various medical
conditions. For example, in mice lacking the gene expressing the 3.1 subunit,
resistance to absence seizures was observed (Kim et al., Mol Cell Neurosci 18(2):
235-245, 2001). Other studies have also implicated the 3.2 subunit in the
development of epilepsy (Su et al., J Neurosci 22: 3645-3655, 2002).

[0005] Novel allosteric modulators of the slow-inactivation sodium or the slow-
inactivation calcium channel are thus desired. Modulators may affect the kinetics
and/or the voltage potentials of the slow-inactivation of one or any combination of

Nayl1.7, Nay1.8 or Cay3.2 channels.

Summary of the Invention
[0006] The invention relates to compounds useful in conditions modulated by
sodium and/or calcium channels. The compounds of the invention include substituted
piperidine/piperazine-N-arylacetamide, piperidine/piperazine-N-aryl-isoxazole
derivatives, and piperidine/piperazine-benzimidazole derivatives.
[0007] In a first aspect, the invention relates to a compound having a structure

according to the following formula,

/ |_\ X
HN 7 ‘
/ (I), or a pharmaceutically acceptable salt, solvate,
prodrug, or stereoisomer thereof, where
X is an optionally substituted alkylene (1-3C);
Zis N or CR%

A is selected from

(1) = R )m, or
— D (R2),

(ii) N

B is N-R? or an optionally substituted isoxazolyl;

2
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Y is a bond or an optionally substituted alkylene (1-3C);
m is an integer between 0-5;
n is an integer between 0-6;
o is an integer between 0-4;
5 each R' and R? is, independently, selected from halo, CN, NO,, COOR’,
CONR’,, OR’, SR’, SOR’, SO,R’, NR’», NR’(CO)R’, and NR’SO;R’, wherein each
R’ is independently H or an optionally substituted group selected from alkyl (1-6C),
alkenyl (2-6C), alkynyl (2-6C), heteroalkyl (2-6C), heteroalkenyl (2-6), and
heteroalkynyl (2-6C); or R and R?> may independently be one or more optionally
10 substituted groups selected from alkyl (1-6C), alkenyl (2-6C), alkynyl (2-6C),
heteroalkyl (2-6C), heteroalkenyl (2-6C), or heteroalkynyl (2-6C); and wherein each
R' may further be selected from =O and =NOR’;
R’ is H or an optionally substituted alkyl (1-3C); and
R* is H, methyl, fluoro, hydroxyl or cyano.
15 [0008] In some embodiments, the compound has a structure according to:

(R"n

AR NP
\__/ \©—<R2>m
(II). In some embodiments, R' or R? is

CF; or OCF;.

[0009] In some embodiments, B is N-R>.

[0010] In other embodiments, X is substituted by =0O. In further embodiments, X
20 15 -CHyC(=0)- or -C(=0O)CH;-. In further embodiments, X is -CH,C(=0)-.

[0011] In certain embodiments, n is an integer between 0-3. In some

embodiments, n is 0.

[0012] In some embodiments, Y is a bond.

[0013] In certain embodiments, R' is independently halo, methyl, CF3, or =O.
25 [0014] In other embodiments, m is 0-3. In further embodiments, mis 2 or 3. In

some embodiments, R? is independently halo, methyl or CFj.



WO 2011/026241 PCT/CA2010/001386

[0015] In certain embodiments, the compound has a structure according to the

following formula,

(R, 7
| T (R?
HN/_ _\N/X\N ~ "

I
R3 (III). In some embodiments, X is -

CH,C(=0)- or -C(=0O)CH,-. In further embodiments, X is -CH,C(=0)-. In certain
5  embodiments, R® is H. In other embodiments, independently, nis 0 or 1, and
mis 2 or 3. In still other embodiments, n is 1 and R' is =O.

[0016] In some embodiments, the compound has a structure according to
HN  N—X-NH R? HN  N—X-NH
(RMn (RMn R%

R R (IV)or R2b (V) , where
R'is =0;nis 0 or 1; and each of R%, R, and R* is selected, independently,
10 from halogen and substituted 1C alkyl. In still other embodiments, the compound has

a structure according to
HN N—X—NH R2% HN N—X—NH
(o] (o) R2a

R R?(IV-a)or R2b (V-a). In certain
embodiments, X is -CH,C(=0)-.

[0017] In still other embodiments, the compound has a structure according to

(R"n2 (RMn2
HN N—X—NH HN N—X—NH
(R")p1 R2a (R")n7 R2a
15 R20 (VI) or R2b (VID),

where R! is =0; n1 is 0 or 1;n2 is 0 or 1; each R**, R®, and R® is selected,
independently, from halogen and substituted 1C alkyl; and wherein at least one of nl

and n2 is 0. In some embodiments, both n1 and n2 are 0.
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[0018] In certain embodiments, the compound has a structure selected from the

group consisting of’

o) (VIID), o (IX), and

(X), where each R*, R, and R is selected,

5 independently, from halogen and substituted 1C alkyl. In some embodiments, X is -
CH,-. In other embodiments, the halogen is fluoro and the substituted 1C alkyl is
CF;.

[0019] In some embodiments, the compound is selected from any of the
compounds of Table 1.

10 Table 1

Compound
No.

N-(3,5- /\[(
1 bis(trifluoromethyl)phe

nyl)-2-(2-oxopiperazin-

1-yl)acetamide

2-(2-oxopiperazin-1-

, y1)-N-(2,4.5- /\“/
trifluorophenyl)acetami

Name Structure

de;

1-2-(3,5- ) j\/ F
3 difluorophenylamino) \ <

acetyl)piperazin-2-one Y

F
H

N-G.5- / N\ N CF

bis(trifluoromethyl)phe | HN N/\”/
4 nyl)-2-(3,3-dimethyl-2- M 5

oxopiperazin-1- 0

yDacetamide CF4
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Compound Name Structure
No.
H
N-(3,5- o \N/\[(N CFs
5 bis(trifluoromethyl)phe N /
nyl)-2-(piperazin-1- 0
yl)acetamide
CF3
—\ H
N-(3,5-difl henyl)- | HN N N F
-(3,5-difluorophenyl)- /\”/
6 2-(piperazin-1- 8
yl)acetamide
F
2-(piperazin-1-yl)-N- /\ n E
. (2,4,5- HN N/\"/
trifluorophenyl)acetami __/ o
de F F
H
N-(3-fluoro-5- W N N CF3
(trifluoromethyl)phenyl N/ /\’(
8 ) .
)-2-(piperazin-1- o
yl)acetamide
F
/\ N
N"'(3,5' HN N/\[rN CF3
9 bis(trifluoromethyl)phe
. . O
nyl)-2-(3-oxopiperazin- )
1-yl)acetamide 0
CF,
7 H
4-(2-(3,5- / N\ N CF4
bis(trifluoromethyl)phe | HN N
10 : :
nylamino)acetyl)pipera )—/
zin-2-one o}
CFs
0]
4-(2-(3-fluoro-5- /\ H CF,
1 (trifluoromethyl)phenyl | HN N
amino)acetyl) )——/
piperazin-2-one 0o
F
4-(2-(3,5 7 H
By /N N CF
bls(tnﬂuo.romethyl) HN N 3
12 phenylamino)acetyl)-
3,3-dimethylpiperazin-
2-one ©
CF3




WO 2011/026241

PCT/CA2010/001386

Compound
No.

Name

Structure

13

N-(3,5-
bis(trifluoromethyl)phe
nyl)-2-(5,5-dimethyl-2-
oxopiperazin-1-
yl)acetamide

2 H
HNK 0]
CF;

14

1-((3-(3,5-
bis(trifluoromethyl)phe
nyl) isoxazol-5-
yl)methyl)piperazin-2-
one

15

1-((3-phenylisoxazol-5-
yl)methyl)piperazin-2-
one

16

1-((3-(2-
fluorophenyl)isoxazol-
5-yl)methyl)piperazin-
2-one

17

N-(3,5-
bis(trifluoromethyl)phe
nyl)-2-(2-oxopiperazin-
1-yl)propanamide

18

N-(3,5-difluorophenyl)-
2-(2-oxopiperazin-1-
yl)acetamide
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Compound
No.

Name

Structure

19

N-(3,5-
bis(trifluoromethyl)phe
nyl)-2-(piperidin-4-
yl)acetamide

20

N-(3,5-
bis(trifluoromethyl)ben
zyl)-2-(2-oxopiperazin-
1-yDacetamide

F
NH
N
HN\)

21

N-(3,5-
dichlorophenyl)-2-(2-
oxopiperazin-1-
yl)acetamide

22

N-(2-(2-oxopiperazin-
1-yl)ethyl)-3,5-
bis(trifluoromethyl)ben
zamide

o]

23

3-fluoro-N-(2-(2-
oxopiperazin-1-
yhethyl)-5-
(trifluoromethyl)benza
mide
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[0020] In some embodiments, the compound is

HN
CF3 or

[0021] In still other embodiments, the compound has a structure according to the
following formula,

(RMn

-

\_/Z_X_</ I}—(Rz

5 (XI). In some embodiments, Z is N. In other
embodiments, n is 0-3. In further embodiments, n is 0. In some embodiments, n is 1
and R, is =0O. In other embodiments, X is -CH,C(=0)- or -C(=O)CH»-. In further
embodiments, X is -CH,C(=0)-.

[0022] In a second aspect, the invention relates to a pharmaceutical composition

10  that includes any of the compounds described herein (e.g., a compound according to
any of Formulas (I)-(XI) or any of compounds 1-23) and a pharmaceutically
acceptable carrier or excipient.

[0023] In some embodiments, the pharmaceutical composition is formulated in
unit dosage form. In other embodiments, the unit dosage form is a tablet, caplet,

15  capsule, lozenge, film, strip, gelcap, or syrup.

[0024] In a third aspect, the invention relates to a method to treat a condition (e.g.,
pain or epilepsy), where the method includes administering to a subject in need of
such treatment an amount (e.g., an effective amount) of any of the compounds
described herein (e.g., a compound according to any of Formulas (I)-(XI) or any of

20  compounds 1-23), or any of the pharmaceutical compositions described herein. In
some embodiments, the condition requires modulation of sodium and/or calcium
channel activity (e.g., Nay 1.7, Nay1.8, or Cay 3.2 channel activity, or any
combination thereof of sodium and calcium channels).

[0025] In some embodiments, the pain is inflammatory pain or neuropathic pain.

25 [0026] In other embodiments, the pain is chronic pain. In further embodiments,
the chronic pain is peripheral neuropathic pain (e.g., post-herpetic neuralgia, diabetic

9
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neuropathic pain, neuropathic cancer pain, failed back-surgery syndrome, trigeminal
neuralgia, or phantom limb pain), central neuropathic pain (e.g., multiple sclerosis
related pain, Parkinson disease related pain, post-stroke pain, post-traumatic spinal
cord injury pain, or pain in dementia), musculoskeletal pain (e.g., osteoarthritic pain
and fibromyalgia syndrome; inflammatory pain such as rheumatoid arthritis, or
endometriosis), headache (e.g., migraine, cluster headache, tension headache
syndrome, facial pain, or headache caused by other diseases), visceral pain (e. g,
interstitial cystitis, irritable bowel syndrome, or chronic pelvic pain syndrome), or
mixed pain (e.g., lower back pain, neck and shoulder pain, burning mouth syndrome,
or complex regional pain syndrome).

[0027] In some embodiments, the pain is acute pain (e.g, nociceptive pain or post-
operative pain).

[0028] Exemplary, non-limiting conditions modulated by sodium and/or calcium
channel activity include pain, epilepsy, migraine, Parkinson’s disease, depression,
schizophrenia, psychosis, or tinnitus.

[0029] In a fourth aspect, the invention relates to a method of modulating a
voltage-gated sodium channel or a calcium channel, where the method includes
contacting a cell with any of the compounds described herein (e.g., a compound
according to any of Formulas (I)~(XI) or any of compounds 1-23), or any of the
pharmaceutical compositions described herein.

[0030] In another aspect, the invention relates to the use of any of the compounds
described herein (e.g., a compound according to any of Formulas (I)-(XI) or any of
compounds 1-23) for the preparation of medicaments for the treatment of any of the
conditions described herein (e.g., a condition requiring modulation of sodium and/or
calcium channel activity (e.g., Nay 1.7, Nay1.8, or Cay 3.2 channel activity, or any
combination thereof of sodium and calcium channels)).

[0031] In some embodiments, two or more of the particularly described groups
are combined into one compound: it is often suitable to combine one of the specified
embodiments of one feature as described above with a specified embodiment or
embodiments of one or more other features as described above.

[0032] As used herein, the term “alkyl,” “alkenyl” and “alkynyl” include straight-
chain, branched-chain and cyclic monovalent substituents, as well as combinations of

these, containing only C and H when unsubstituted. Examples include methyl, ethyl,
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isobutyl, cyclohexyl, cyclopentylethyl, 2-propenyl, 3-butynyl, and the like. Typically,
the alkyl, alkenyl and alkynyl groups contain 1-8C (alkyl) or 2-8C (alkenyl or
alkynyl). In some embodiments, they contain 1-6C, 1-4C, 1-3C or 1-2C (alkyl); or 2-
6C, 2-4C or 2-3C (alkenyl or alkynyl). Further, any hydrogen atom on one of these
groups can be replaced with a halogen atom, and in particular a fluoro or chloro, and
still be within the scope of the definition of alkyl, alkenyl and alkynyl. For example,
CF;is a 1C alkyl. These groups may be also be substituted by other substituents.

[0033] Heteroalkyl, heteroalkenyl and heteroalkynyl are similarly defined and
contain at least one carbon atom but also contain one or more O, S or N heteroatoms
or combinations thereof within the backbone residue whereby each heteroatom in the
heteroalkyl, heteroalkenyl or heteroalkynyl group replaces one carbon atom of the
alkyl, alkenyl or alkynyl group to which the heteroform corresponds. In prefel_'red
embodiments, the heteroalkyl, heteroalkenyl and heteroalkynyl groups have C at each
terminus to which the group is attached to other groups, and the heteroatom(s) present
are not located at a terminal position. As is understood in the art, these heteroforms
do not contain more than three contiguous heteroatoms. In preferred embodiments,
the heteroatom is O and/or N.

[0034] To the extent that alkyl is defined as 1-6C, then the corresponding
heteroalkyl contains for example 1-5C, and at least one N, O, or S atom such that the
heteroalkyl contains at least one C atom and at least one heteroatom. Similarly, when
alkyl is defined as 1-6C or 1-4C, the heteroform would be 1-5C or 1-3C respectively,
wherein at least one C is replaced by O, N or S. Accordingly, when alkenyl or
alkynyl is defined as 2-6C (or 2-4C), then the corresponding heteroform would also
contain 2-6 C, N, O, or S atoms (or 2-4) since the heteroalkenyl or heteroalkynyl
contains at least one carbon atom and at least one heteroatom. Further, heteroalkyl,
heteroalkenyl or heteroalkynyl substituents may also contain one or more carbonyl
groups. Examples of heteroalkyl, heteroalkenyl and heteroalkynyl groups are
CH,OCH3, CH;N(CHs),, CH,OH, (CH,),NR,, OR, COOR, CONR,, (CH), OR,
(CHz)n COR, (CH),COOR, (CH,),SR, (CH2),SOR, (CH,),SO:R, (CH,),CONRs,
NRCOR, NRCOOR, OCONR;, OCOR and the like wherein R is H or alkyl wherein
the group contains at least one C and the size of the substituent is consistent with the

definition of alkyl, alkenyl and alkynyl.
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[0035] As used herein, the terms “alkylene,” “alkenylene” and “alkynylene”
refers to divalent or trivalent groups having a specified size, typically 1-2C, 1-3C, 1-
4C, 1-6C or 1-8C for the saturated groups and 2-3C, 2-4C, 2-6C or 2-8C for the
unsaturated groups. They include straight-chain, branched-chain and cyclic forms as
well as combinations of these, containing only C and H when unsubstituted. Because
they are divalent, they can link together two parts of a molecule, as exemplified by X
in the compounds described herein. Examples are methylene, ethylene, propylene,
cyclopropan-1,1-diyl, ethylidene, 2-butene-1,4-diyl, and the like. These groups can
be substituted by the groups typically suitable as substituents for alkyl, alkenyl and
alkynyl groups as set forth herein. Thus C=0 is a C1 alkylene that is substituted by
=0, for example.

[0036] Heteroalkylene, heteroalkenylene and heteroalkynylene are similarly
defined as divalent groups having a specified size, typically 1-3C, 1-4C, 1-6C or 1-8C
for the saturated groups and 2-3C, 2-4C, 2-6C or 2-8C for the unsaturated groups.
They include straight chain, branched chain and cyclic groups as well as combinations
of these, and they further contain at least one carbon atom but also contain one or
more O, S or N heteroatoms or combinations thereof within the backbone residue,
whereby each heteroatom in the heteroalkylene, heteroalkenylene or heteroalkynylene
group replaces one carbon atom of the alkylene, alkenylene or alkynylene group to
which the heteroform corresponds. As is understood in the art, these heteroforms do
not contain more than three contiguous heteroatoms.

[0037] “Aromatic” moiety or “aryl” moiety refers to any monocyclic or fused ring
bicyclic system which has the characteristics of aromaticity in terms of electron
distribution throughout the ring system and includes a monocyclic or fused bicyclic
moiety such as phenyl or naphthyl; “heteroaromatic” or “heteroaryl” also refers to
such monocyclic or fused bicyclic ring systems containing one or more heteroatoms
selected from O, S and N. The inclusion of a heteroatom permits inclusion of
5-membered rings to be considered aromatic as well as 6-membered rings. Thus,
typical aromatic/heteroaromatic systems include pyridyl, pyrimidyl, indolyl,
benzimidazolyl, benzotriazolyl, isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl,
thienyl, furyl, pyrrolyl, thiazolyl, oxazolyl, imidazolyl and the like. Because
tautomers are theoretically possible, phthalimido is also considered aromatic.

Typically, the ring systems contain 5-12 ring member atoms or 6-10 ring member

12
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atoms. In some embodiments, the aromatic or heteroaromatic moiety is a 6-
membered aromatic rings system optionally containing 1-2 nitrogen atoms. More
particularly, the moiety is an optionally substituted phenyl, 2-, 3- or 4-pyridyl,

indolyl, 2- or 4- pyrimidyl, pyridazinyl, benzothiazolyl or benzimidazolyl. Even more
particularly, such moiety is phenyl, pyridyl, or pyrimidyl and even more particularly,
it is phenyl.

[0038] Halo may be any halogen atom, especially F, Cl, Br, or I, and more
particularly it is fluoro or chloro.

[0039] In general, a substituent group (e.g., alkyl, alkenyl, alkynyl, or aryl
(including all heteroforms defined above) may itself optionally be substituted by
additional substituents. The nature of these substituents is similar to those recited
with regard to the substituents on the basic structures above. Thus, where an
embodiment of a substituent is alkyl, this alkyl may optionally be substituted by the
remaining substituents listed as substituents where this makes chemical sense, and
where this does not undermine the size limit of alkyl per se; e.g., alkyl substituted by
alkyl or by alkenyl would simply extend the upper limit of carbon atoms for these
embodiments, and is not included. However, alkyl substituted by aryl, amino, halo
and the like would be included. For example, where a group is substituted, the group
may be substituted with 1, 2, 3, 4, 5, or 6 substituents. Optional substituents include,
but are not limited to: 1C-6C alkyl or heteroaryl, 2C-6C alkenyl or heteroalkenyl, 2C-
6C alkynyl or heteroalkynyl, halogen; aryl, heteroaryl, azido(-N3), nitro (-NO,), cyano
(-CN), acyloxy(-OC(=O)R’), acyl (-C(=O)R’), alkoxy (-OR”), amido (-NR’C(=0)R”
or —-C(=0)NRR’), amino (-NRR’), carboxylic acid (-CO,H), carboxylic ester (-
CO,R’), carbamoyl (-OC(=O)NR’R” or -NRC(=0)OR’), hydroxy (-OH), isocyano (-
NC), sulfonate (-S(=0),0R), sulfonamide (-S(=0),NRR’ or -NRS(=0),R"), or
sulfonyl (-S(=0),R), where each R or R’ is selected, independently, from H, 1C-6C
alkyl or heteroaryl, 2C-6C alkenyl or heteroalkenyl, 2C-6C alkynyl or heteroalkynyl,
aryl, or heteroaryl. A substituted group may have, for example, 1,2,3,4,5,6,7, 8, or
9 substituents.

[0040] The term an “effective amount” of an agent (e.g., a compound according to
any of Formulas (I)-(XI) or any of Compounds 1-23), as used herein, is that amount
sufficient to effect beneficial or desired results, such as clinical results, and, as such,

an “effective amount” depends upon the context in which it is being applied. For
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example, in the context of administering an agent that is a modulator of sodium or
calcium channels, an effective amount of an agent is, for example, an amount
sufficient to achieve a change in sodium or calcium channel activity as compared to
the response obtained without administration of the agent.

[0041] The term “pharmaceutical composition,” as used herein, represents a
composition containing a compound described herein (e.g., a compound according to
any of Formulas (I)-(XI) or any of Compounds 1-23) formulated with a
pharmaceutically acceptable excipient. In some embodiments, the pharmaceutical
composition is manufactured or sold with the approval of a governmental regulatory
agency as part of a therapeutic regimen for the treatment of disease in a mammal.
Pharmaceutical compositions can be formulated, for example, for oral administration
in unit dosage form (e.g., a tablet, capsule, caplet, gelcap, or syrup); for topical
administration (e.g., as a cream, gel, lotion, or ointment); for intravenous
administration (e.g., as a sterile solution free of particulate emboli and in a solvent
system suitable for intravenous use); or in any other formulation described herein.

[0042] A “pharmaceutically acceptable excipient,” as used herein, refers any
ingredient other than the compounds described herein (for example, a vehicle capable
of suspending or dissolving the active compound) and having the properties of being
nontoxic and non-inflammatory in a patient. Excipients may include, for example:
antiadherents, antioxidants, binders, coatings, compression aids, disintegrants, dyes
(colors), emollients, emulsifiers, fillers (diluents), film formers or coatings, flavors,
fragrances, glidants (flow enhancers), lubricants, preservatives, printing inks,
sorbents, suspensing or dispersing agents, sweeteners, or waters of hydration.
Exemplary excipients include, but are not limited to: butylated hydroxytoluene
(BHT), calcium carbonate, calcium phosphate (dibasic), calcium stearate,
croscarmellose, crosslinked polyvinyl pyrrolidone, citric acid, crospovidone, cysteine,
ethylcellulose, gelatin, hydroxypropyl cellulose, hydroxypropyl methylcellulose,
lactose, magnesium stearate, maltitol, mannitol, methionine, methylcellulose, methyl
paraben, microcrystalline cellulose, polyethylene glycol, polyvinyl pyrrolidone,
povidone, pregelatinized starch, propyl paraben, retinyl palmitate, shellac, silicon
dioxide, sodium carboxymethyl cellulose, sodium citrate, sodium starch glycolate,
sorbitol, starch (corn), stearic acid, stearic acid, sucrose, talc, titanium dioxide,

vitamin A, vitamin E, vitamin C, and xylitol.
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[0043] The term “pharmaceutically acceptable prodrugs” as used herein,
represents those prodrugs of the compounds of the present invention that are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of
humans and animals with undue toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio, and effective for their intended
use, as well as the zwitterionic forms, where possible, of the compounds of the
invention.

[0044] The term “pharmaceutically acceptable salt,” as use herein, represents
those salts of the compounds described here (e.g., a compound according to any of
Formulas (I)-(XI) or any of Compounds 1-23) that are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of humans and animals
without undue toxicity, irritation, allergic response and the like and are commensurate
with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well known
in the art. For example, pharmaceutically acceptable salts are described in: Berge et
al., J. Pharmaceutical Sciences 66:1-19, 1977 and in Pharmaceutical Salts:
Properties, Selection, and Use, (Eds. P.H. Stahl and C.G. Wermuth), Wiley-VCH,
2008. The salts can be prepared in situ during the final isolation and purification of
the compounds described herein or separately by reacting the free base group with a
suitable organic acid.

[0045] The compounds of the invention may have ionizable groups so as to be
capable of preparation as pharmaceutically acceptable salts. These salts may be acid
addition salts involving inorganic or organic acids or the salts may, in the case of
acidic forms of the compounds of the invention be prepared from inorganic or organic
bases. Frequently, the compounds are prepared or used as pharmaceutically
acceptable salts prepared as addition products of pharmaceutically acceptable acids or
bases. Suitable pharmaceutically acceptable acids and bases are well-known in the
art, such as hydrochloric, sulphuric, hydrobromic, acetic, lactic, citric, or tartaric acids
for forming acid addition salts, and potassium hydroxide, sodium hydroxide,
ammonium hydroxide, caffeine, various amines, and the like for forming basic salts.
Methods for preparation of the appropriate salts are well-established in the art.

[0046] Representative acid addition salts include acetate, adipate, alginate,
ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,

camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate,
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dodecylsulfate, ethanesulfonate, fumarate, glucoheptonate, glycerophosphate,
hemisulfate, heptonate, hexanoate, hydrobromide, hydrochloride, hydroiodide, 2-
hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate,
picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate,
toluenesulfonate, undecanoate, valerate salts and the like. Representative alkali or
alkaline earth metal salts include sodium, lithium, potassium, calcium, magnesium
and the like, as well as nontoxic ammonium, quaternary ammonium, and amine
cations, including, but not limited to ammonium, tetramethylammonium,
tetracthylammonium, methylamine, dimethylamine, trimethylamine, triethylamine,
ethylamine and the like.

[0047] The term “pharmaceutically acceptable solvate™ as used herein means a
compound as described herein (e.g., a compound according to any of Formulas (I)-
(XI) or any of Compounds 1-23) where molecules of a suitable solvent are
incorporated in the crystal lattice. A suitable solvent is physiologically tolerable at
the dosage administered. For example, solvates may be prepared by crystallization,
recrystallization, or precipitation from a solution that includes organic solvents, water,
or a mixture thereof. Examples of suitable solvents are ethanol, water (for example,
mono-, di-, and tri-hydrates), N-methylpyrrolidinone (NMP), dimethyl sulfoxide
(DMSO), N,N’-dimethylformamide (DMF), N,N’-dimethylacetamide (DMAC), 1,3-
dimethyl-2-imidazolidinone (DMEU), 1,3-dimethyl-3,4,5,6-tetrahydro-2-(1H)-
pyrimidinone (DMPU), acetonitrile (ACN), propylene glycol, ethyl acetate, benzyl
alcohol, 2-pyrrolidone, benzyl benzoate, and the like. When water is the solvent, the
molecule is referred to as a “hydrate.”

[0048] The term “prevent,” as used herein, refers to prophylactic treatment or
treatment that prevents one or more symptoms or conditions of a disease, disorder, or
conditions described herein (for example, pain (e.g., chronic or acute pain), epilepsy,
Alzheimer’s disease, Parkinson’s disease, cardiovascular disease, diabetes, cancer,
sleep disorders, obesity, psychosis such as schizophrenia, overactive bladder, renal
disease, neuroprotection, addiction, and male birth control). Preventative treatment
can be initiated, for example, prior to (“pre-exposure prophylaxis”) or following

(“post-exposure prophylaxis™) an event that precedes the onset of the disease,
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disorder, or conditions. Preventive treatment that includes administration of a
compound described herein (e.g., a compound according to any of Formulas (I)-(XI)
or any of Compounds 1-23), or a pharmaceutically acceptable salt or solvate thereof,
or a pharmaceutical composition thereof, can be acute, short-term, or chronic. The
doses administered may be varied during the course of preventative treatment.

[0049] The term “prodrug,” as used herein, represents compounds that are rapidly
transformed in vivo to the parent compound of the above formula, for example, by
hydrolysis in blood. Prodrugs of the compounds described herein may be
conventional esters. Some common esters that have been utilized as prodrugs are
phenyl esters, aliphatic (C1-C8 or C8-C24) esters, cholesterol esters, acyloxymethyl
esters, carbamates, and amino acid esters. For example, a compound that contains an
OH group may be acylated at this position in its prodrug form. A thorough discussion
is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14
of the A.C.S. Symposium Series, Edward B. Roche, ed., Bioreversible Carriers in
Drug Design, American Pharmaceutical Association and Pergamon Press, 1987, and
Judkins et al., Synthetic Communications 26(23):4351-4367, 1996, each of which is
incorporated herein by reference. Preferably, prodrugs of the compounds of the
present invention are suitable for use in contact with the tissues of humans and
animals with undue toxicity, irritation, allergic response, and the like, commensurate
with a reasonable benefit/risk ratio, and effective for their intended use.

[0050] In addition, the compounds of the invention may be coupled through
conjugation to substances designed to alter the pharmacokinetics, for targeting, or for
other reasons. Thus, the invention further includes conjugates of these compounds.
For example, polyethylene glycol is often coupled to substances to enhance half-life;
the compounds may be coupled to liposomes covalently or noncovalently or to other
particulate carriers. They may also be coupled to targeting agents such as antibodies
or peptidomimetics, often through linker moieties. Thus, the invention is also
directed to compounds (e.g., a compound according to any of Formulas M-(XI) or
any of Compounds 1-23) when modified so as to be included in a conjugate of this
type.

[0051] As used herein, and as well understood in the art, “to treat” a condition or
“treatment” of the condition (e.g., the conditions described herein such as pain (e.g.,

chronic or acute pain), epilepsy, Alzheimer’s disease, Parkinson’s disease,
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cardiovascular disease, diabetes, cancer, sleep disorders, obesity, psychosis such as
schizophrenia, overactive bladder, renal disease, neuroprotection, addiction, and male
birth control) is an approach for obtaining beneficial or desired results, such as
clinical results. Beneficial or desired results can include, but are not limited to,
alleviation or amelioration of one or more symptoms or conditions; diminishment of
extent of disease, disorder, or condition; stabilized (i.e., not worsening) state of
disease, disorder, or condition; preventing spread of disease, disorder, or condition;
delay or slowing the progress of the disease, disorder, or condition; amelioration or
palliation of the disease, disorder, or condition; and remission (whether partial or
total), whether detectable or undetectable. “Palliating” a disease, disorder, or
condition means that the extent and/or undesirable clinical manifestations of the
disease, disorder, or condition are lessened and/or time course of the progression is
slowed or lengthened, as compared to the extent or time course in the absence of
treatment.

[0052] The term “unit dosage form™ refers to a physically discrete unit suitable as
a unitary dosage for human subjects and other mammals, each unit containing a
predetermined quantity of active material calculated to produce the desired
therapeutic effect, in association with any suitable pharmaceutical excipient or
excipients. Exemplary, non-limiting unit dosage forms include a tablet (e.g., a
chewable tablet), caplet, capsule (e.g., a hard capsule or a soft capsule), lozenge, film,
strip, gelcap, and syrup.

[0053] Because some of the compounds described herein (e.g., a compound
according to any of Formulas (I)-(XI) or any of Compounds 1-23) readily form acid
addition salts and such salts may be advantageous for handling or stability, in some
embodiments the compound is preferably a pharmaceutically acceptable salt.

[0054] In some cases, the compounds of the invention contain one or more chiral
centers. The invention includes each of the isolated stereoisomeric forms as well as
mixtures of stereoisomers in varying degrees of chiral purity, including racemic
mixtures. It also encompasses the various diastereomers and tautomers that can be
formed.

[0055] The compounds described herein (e.g., a compound according to any of
Formulas (I)-(XI) or any of Compounds 1-23) are also useful for the manufacture of a

medicament useful to treat conditions requiring modulation of sodium and/or calcium
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channel activity, and in particular Nay 1.7, Nay 1.8, and Cay 3.2 channel activity, or
any combination thereof of sodium and calcium channels.
[0056] Other features and advantages of the invention will be apparent from the

following detailed description, the drawings, and the claims.

5
Brief Description of the Drawing
[0057] Figure 1 shows the antiallodynic effects of Compounds 1 and 9 compared
to baseline and post-SNL as measured in the Von Frey assessment of tactile allodynia.
10 Detailed Description of the Invention

Compounds
[0058] The invention features compounds that have a structure according to the
following formula,
(RMn
HN/_|_\ X
/ (I), or a pharmaceutically acceptable salt, solvate,
15  prodrug, or stereoisomer thereof, where
X is an optionally substituted alkylene (1-3C),
Z1sNor CR4;

A is selected from

é—B/ \G 2
® P , Or
S

N
E—%NI}W)O
20 (i) H ;
B is N-R? or an optionally substituted isoxazolyl,
Y is a bond or an optionally substituted alkylene (1-3C);
m is an integer between 0-5;
n is an integer between 0-6;
25 0 is an integer between 0-4;
eachR! and R? is, independently, selected from halo, CN, NO,, COOR’,
CONR’;, OR’, SR’, SOR’, SO;R’, NR’;, NR’(CO)R’, and NR’SO,R’, wherein each
R’ is independently H or an optionally substituted group selected from alkyl (1-6C),
alkenyl (2-6C), alkynyl (2-6C), heteroalkyl (2-6C), heteroalkenyl (2-6), and
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heteroalkynyl (2-6C); or R' and R? may independently be one or more optionally
substituted groups selected from alkyl (1-6C), alkenyl (2-6C), alkynyl (2-6C),
heteroalkyl (2-6C), heteroalkenyl (2-6C), or heteroalkynyl (2-6C); and wherein each
R! may further be selected from =0 and =NOR’;

R’ is H or an optionally substituted alkyl (1-3C); and

R* is H, methyl, fluoro, hydroxyl or cyano.

Other embodiments (e.g., Formulas (II)-(XI) and Compounds 1-23),

exemplary methods for the synthesis of these compounds are described herein.

Utility and Administration

[0059] The compounds described herein (e.g., a compound according to any of
Formulas (I)-(XI) or any of Compounds 1-23) are useful in the methods of the
invention and, while not bound by theory, are believed to exert their desirable effects
through their ability to modulate the activity of sodium and/or calcium channels,
particularly the activity of Nay 1.7, Nay1.8 or Cay3.2 channels. This makes them
useful for treatment of certain conditions where modulation of sodium or T-type
calcium channels is desired including pain, epilepsy, migraine, Parkinson’s disease,

depression, schizophrenia, psychosts, and tinnitus.

Modulation of Sodium Channels

[0060] The nine Nay! a-subunit isoforms Nay1.7 and Nay1.8 channel subtypes
act as major contributors to both inflammatory and neuropathic pain (vide infra).
Recently, mutations have been identified in the Nay1.7 channel that lead either to a
gain of channel function (Dib-Hajj et al., Brain 128:1847-1854, 2005) or more
commonly to a loss of channel function (Chatelier et al., J. Neurophisiol. 99:2241-50,
2008). These mutations underlie human heritable disorders such as erythermalgia
(Yang et al., J Med Genet. 41(3) 171-4, 2004), paroxysmal extreme pain disorder
(Fertleman et al., Neuron. 52(5) 767-74, 2006), and congenital indifference to pain
(Cox et al., Nature 444(7121):894-8, 2006). Behavioral studies have shown in mice
that inflammatory and acute mechanosensory pain is reduced when Nay1.7 is knocked
out in Nay1.8-positive neurons (Nassar et al., Proc Natl Acad Sci U S A.
101(34):12706-11, 2004). In addition, siRNA of Nay1.7 attenuates inflammatory
hyperalgesia (Yeomans et al., Hum Gene Ther. 16(2) 271-7, 2005). The role of
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Nay1.8 in inflammatory (Khasar et al.. Neurosci Lett. 256(1):17-20, 1998),
neuropathic and mechanical hyperalgesia (Joshi et al., Pain 123(1-2):75-82, 2006) has
also emerged using molecular techniques to knockdown Nay 1.8, which has been
shown to reduce the maintenance of these different pain states.

[0061] Lacosamide is a functionalized amino acid that has shown effectiveness as
an analgesic in several animal models of neuropathic pain and is currently in late
stages of clinical development for epilepsy and diabetic neuropathic pain. One mode
of action that has been validated for lacosamide is inhibition of voltage-gated sodium
channel activity by selective inhibition with the slow-inactivated conformation of the
channel (Sheets et al., Journal of Pharmacology and Experimental Therapeutics,
326(1) 89-99 (2008)). Modulators of sodium channels, including clinically relevant
compounds, can exhibit a pronounced state-dependent binding, where sodium
channels that are rapidly and repeatedly activated and inactivated are more readily
blocked. In a simplified scheme, voltage-gated sodium channels have four distinct
states: open, closed, fast-inactivated and slow-inactivated. Classic sodium channel
modulators, such as lidocaine, are believed to exhibit the highest affinity for the fast-
inactivated state. However, alteration of the slow inactivated state is also clinically

relevant.

Modulation of Calcium Channels

[0062] The entry of calcium into cells through voltage-gated calcium channels
mediates a wide variety of cellular and physiological responses, including
excitation-contraction coupling, hormone secretion and gene expression (e.g., Miller
et al., Science 235:46-52 (1987); Augustine et al., Annu Rev Neurosci 10: 633-693
(1987)). In neurons, calcium channels directly affect membrane potential and
contribute to electrical properties such as excitability, repetitive firing patterns and
pacemaker activity. Calcium entry further affects neuronal functions by directly
regulating calcium-dependent ion channels and modulating the activity of
calcium-dependent enzymes such as protein kinase C and calmodulin-dependent
protein kinase II. An increase in calcium concentration at the presynaptic nerve
terminal triggers the release of neurotransmitter, which also affects neurite outgrowth

and growth cone migration in developing neurons.
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[0063] Calcium channels mediate a variety of normal physiological functions, and
are also implicated in a number of human disorders as described herein. For example,
calcium channels also have been shown to mediate the development and maintenance
of the neuronal sensitization and hyperexcitability processes associated with
neuropathic pain, and provide attractive targets for the development of analgesic
drugs (reviewed in Vanegas et al., Pain 85: 9-18 (2000)). Native calcium channels
have been classified by their electrophysiological and pharmacological properties into
T-, L-, N-, P/ Q- and R- types (reviewed in Catterall, Annu Rev Cell Dev Biol 16: 521-
555, 2000; Huguenard, Annu Rev Physiol 58: 329-348, 1996). The L-, N- and
P/Q-type channels activate at more positive potentials (high voltage-activated) and
display diverse kinetics and voltage-dependent properties (/d.). T-type channels can
be distinguished by having a more negative range of activation and inactivation, rapid
inactivation, slow deactivation, and smaller single-channel conductances. There are
three subtypes of T-type calcium channels that have been molecularly,
pharmacologically, and elecrophysiologically identified: these subtypes have been
termed oG, o1y, and aqp (alternately called Cav 3.1, Cav 3.2 and Cav 3.3
respectively).

[0064] T-type calcium channels are involved in various medical conditions. In
mice lacking the gene expressing the 3.1 subunit, resistance to absence seizures was
observed (Kim et al., Mol. Cell Neurosci. 18(2): 235-245 (2001)). Other studies have
also implicated the 3.2 subunit in the development of epilepsy (Su et al., J. Neurosci.
22:3645-3655 (2002)). There is also evidence that some existing anticonvulsant
drugs, such as ethosuximide, function through the blockade of T-type channels
(Gomora et al., Mol. Pharmacol. 60: 1121-1132 (2001)).

[0065] Low voltage-activated calcium channels are highly expressed in tissues of
the cardiovascular system. There is also a growing body of evidence that suggests
that T-type calcium channels are abnormally expressed in cancerous cells and that
blockade of these channels may reduce cell proliferation in addition to inducing
apoptosis. Recent studies also show that the expression of T-type calcium channels in
breast cancer cells is proliferation state dependent, i.e. the channels are expressed at
higher levels during the fast-replication period, and once the cells are in a non-
proliferation state, expression of this channel is minimal. Therefore, selectively

blocking calcium channel entry into cancerous cells may be a valuable approach for
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preventing tumor growth (e.g., PCT Patent Application Nos. WO 05/086971 and WO
05/77082; Taylor et al., World J. Gastroenterol. 14(32): 4984-4991 (2008); Heo et al.,
Biorganic & Medicinal Chemistry Letters 18:3899-3901 (2008)).

[0066] T-type calcium channels may also be involved in still other conditions. A
recent study also has shown that T-type calcium channel antagonists inhibit high-fat
diet-induced weight gain in mice. In addition, administration of a selective T-type
channel antagonist reduced body weight and fat mass while concurrently increasing
lean muscle mass (e.g., Uebele et al., The Journal of Clinical Investigation,
119(6):1659-1667 (2009)). T-type calcium channels may also be involved in pain
(see for example: US Patent Publication No. 2003/0086980; PCT Publication Nos.
WO 03/007953 and WO 04/000311). In addition to cardiovascular disease, epilepsy
(see also US Patent Application No. 2006/0025397), cancer, and chronic or acute
pain, T-type calcium channels have been implicated in diabetes (US Patent
Publication No. 2003/0125269), sleep disorders (US Patent Publication No.
2006/000398S), Parkinson’s disease and psychosis such as schizophrenia (US Patent
Publication No. 2003/0087799); overactive bladder (Sui et al., British Journal of
Urology International 99(2): 436-441 (2007); US Patent Publication No.
2004/0197825), renal disease (Hayashi et al., Journal of Pharmacological Sciences
99: 221-227 (2005)), anxiety and alcoholism (US Patent Publication No.
2009/0126031), neuroprotection, and male birth control.

[0067] The modulation of ion channels by the compounds described herein (e.g., a
compound according to any of Formulas (I)-(XI) or any of Compounds 1-23) can be
measured according to methods known in the art (e.g., in the references provided
herein). Modulators of ion channels, e.g., voltage gated sodium and calcium ion
channels, and the medicinal chemistry or methods by which such compounds can be
identified, are also described in, for example: Birch et al., Drug Discovery Today,
9(9):410-418 (2004); Audesirk, “Chapter 6-Electrophysiological Analysis of Ion
Channel Function,” Neurotoxicology: Approaches and Methods, 137-156 (1995);
Camerino et al., “Chapter 4: Therapeutic Approaches to Ion Channel Diseases,”
Advances in Genetics, 64:81-145 (2008); Petkov, “Chapter 16-Ion Channels,”
Pharmacology: Principles and Practice, 387-427 (2009); Standen et al., “Chapter 15-
Patch Clamping Methods and Analysis of Ion Channels,” Principles of Medical
Biology, Vol. 7, Part 2, 355-375 (1997); Xu et al., Drug Discovery Today, 6(24):1278-
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1287 (2001); and Sullivan et al., Methods Mol. Biol. 114:125-133 (1999). Exemplary

experimental methods are also provided in the Examples.

Diseases and Conditions

[0068] Exemplary conditions that can be treated using the compounds described
herein include pain (e.g., chronic or acute pain), epilepsy, Alzheimer’s disease,
Parkinson’s disease, diabetes; cancer; sleep disorders; obesity; psychosis such as
schizophrenia; overactive bladder; renal disease, neuroprotection, and addiction. For
example, the conidition can be pain (e.g., neuropathic pain or post-surgery pain),
epilepsy, migraine, Parkinson’s disease, depression, schizophrenia, psychosis, or
tinnitus.

[0069] Epilepsy as used herein includes but is not limited to partial seizures such
as temporal lobe epilepsy, absence seizures, generalized seizures, and tonic/clonic
seizures.

[0070] Cancer as used herein includes but is not limited to breast carcinoma,
neuroblastoma, retinoblastoma, glioma, prostate carcinoma, esophageal carcinoma,
fibrosarcoma, colorectal carcinoma, pheochromocytoma, adrenocarcinoma,
insulinoma, lung carcinoma, melanoma, and ovarian cancer.

[0071] Acute pain as used herein includes but is not limited to nociceptive pain
and post-operative pain. Chronic pain includes but is not limited by: peripheral
neuropathic pain such as post-herpetic neuralgia, diabetic neuropathic pain,
neuropathic cancer pain, failed back-surgery syndrome, trigeminal neuralgia, and
phantom limb pain; central neuropathic pain such as multiple sclerosis related pain,
Parkinson disease related pain, post-stroke pain, post-traumatic spinal cord injury
pain, and pain in dementia; musculoskeletal pain such as osteoarthritic pain and
fibromyalgia syndrome; inflammatory pain such as rheumatoid arthritis and
endometriosis; headache such as migraine, cluster headache, tension headache
syndrome, facial pain, headache caused by other diseases; visceral pain such as
interstitial cystitis, irritable bowel syndrome and chronic pelvic pain syndrome; and
mixed pain such as lower back pain, neck and shoulder pain, burning mouth
syndrome and complex regional pain syndrome.

[0072] In treating osteoarthritic pain, joint mobility can also improve as the

underlying chronic pain is reduced. Thus, use of compounds of the present invention
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to treat osteoarthritic pain inherently includes use of such compounds to improve joint
mobility in patients suffering from osteoarthritis.

[0073] The compounds described herein can be tested for efficacy in any standard
animal model of pain. Various models test the sensitivity of normal animals to
intense or noxious stimuli (physiological or nociceptive pain). These tests include
responses to thermal, mechanical, or chemical stimuli. Thermal stimuli usually
involve the application of hot stimuli (typically varying between 42 -55 °C) including,
for example: radiant heat to the tail (the tail flick test), radiant heat to the plantar
surface of the hindpaw (the Hargreaves test), the hotplate test, and immersion of the
hindpaw or tail into hot water. Immersion in cold water, acetone evaporation, or cold
plate tests may also be used to test cold pain responsiveness. Tests involving
mechanical stimuli typically measure the threshold for eliciting a withdrawal reflex of
the hindpaw to graded strength monofilament von Frey hairs or to a sustained
pressure stimulus to a paw (e.g., the Ugo Basile analgesiometer). The duration of a
response to a standard pinprick may also be measured. When using a chemical
stimulus, the response to the application or injection of a chemical irritant (e.g.,
capsaicin, mustard oil, bradykinin, ATP, formalin, acetic acid) to the skin, muscle
joints or internal organs (e.g., bladder or peritoneum) is measured.

[0074] In addition, various tests assess pain sensitization by measuring changes in
the excitability of the peripheral or central components of the pain neural pathway. In
this regard, peripheral sensitization (i.e., changes in the threshold and responsiveness
of high threshold nociceptors) can be induced by repeated heat stimuli as well as the
application or injection of sensitizing chemicals (e.g., prostaglandins, bradykinin,
histamine, serotonin, capsaicin, or mustard oil). Central sensitization (i.e., changes in
the excitability of neurons in the central nervous system induced by activity in
peripheral pain fibers) can be induced by noxious stimuli (e.g., heat), chemical stimuli
(e.g., injection or application of chemical irritants), or electrical activation of sensory
fibers.

[0075] Various pain tests developed to measure the effect of peripheral
inflammation on pain sensitivity can also be used to study the efficacy of the
compounds (Stein et al., Pharmacol. Biochem. Behav. (1988) 31: 445-451; Woolf et
al., Neurosci. (1994) 62: 327-331). Additionally, various tests assess peripheral

neuropathic pain using lesions of the peripheral nervous system. One such example is
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the “axotomy pain model” (Watson, J. Physiol. (1973) 231:41). Other similar tests
include the SNL test which involves the ligation of a spinal segmental nerve (Kim and
Chung Pain (1992) 50: 355), the Seltzer model involving partial nerve injury (Seltzer,
Pain (1990) 43: 205-18), the spared nerve injury (SNI) model (Decosterd and Woolf,
Pain (2000) 87:149), chronic constriction injury (CCI) model (Bennett (1993) Muscle
Nerve 16: 1040), tests involving toxic neuropathies such as diabetes (streptozocin
model), pyridoxine neuropathy, taxol, vincristine, and other antineoplastic agent-
induced neuropathies, tests involving ischaemia to a nerve, peripheral neuritis models
(e.g., CFA applied peri-neurally), models of post-herpetic neuralgia using HSV
infection, and compression models.

[0076] In all of the above tests, outcome measures may be assessed, for example,
according to behavior, electrophysiology, neurochemistry, or imaging techniques to
detect changes in neural activity.

[0077] Exemplary models of pain are also described in the Examples provided
herein.

[0078] In addition to being able to modulate a particular sodium or calcium
channel, it may be desirable that the compound has very low activity with respect to
the hERG K channel, which is expressed in the heart: compounds that block this
channel with high potency may cause reactions which are fatal. See, €.g., Bowlby et
al., “hERG (KCNH2 or Ky11.1 K Channels: Screening for Cardiac Arthythmia
Risk,” Curr. Drug Metab. 9(9):965-70 (2008)). Thus, for a compound that modulates
the sodium or calcium channel, it may also be shown that the hERG K" channel is not
inhibited or only minimally inhibited as compared to the inhibition of the primary
channel targeted. Similarly, it may be desirable that the compound does not inhibit
cytochrome p450, an enzyme that is required for drug detoxification. Such

compounds may be particularly useful in the methods described herein.

Pharmaceutical Compositions

[0079] For use as treatment of human and animal subjects, the compounds of the
invention can be formulated as pharmaceutical or veterinary compositions.
Depending on the subject to be treated, the mode of administration, and the type of
treatment desired-- e.g., prevention, prophylaxis, or therapy--the compounds are

formulated in ways consonant with these parameters. A summary of such techniques
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is found in Remington: The Science and Practice of Pharmacy, 21° Edition,
Lippincott Williams & Wilkins, (2005); and Encyclopedia of Pharmaceutical
Technology, eds. J. Swarbrick and J. C. Boylan, 1988-1999, Marcel Dekker, New
York, each of which is incorporated herein by reference.

[0080] The compounds described herein (e.g., a compound according to any of
Formulas (I)-(XI) or any of Compounds 1-23) may be present in amounts totaling 1-
95% by weight of the total weight of the composition. The composition may be
provided in a dosage form that is suitable for intraarticular, oral, parenteral (e.g.,
intravenous, intramuscular), rectal, cutaneous, subcutaneous, topical, transdermal,
sublingual, nasal, vaginal, intravesicular, intraurethral, intrathecal, epidural, aural, or
ocular administration, or by injection, inhalation, or direct contact with the nasal,
genitourinary, gastrointesitnal, reproductive or oral mucosa. Thus, the pharmaceutical
composition may be in the form of; e.g., tablets, capsules, pills, powders, granulates,
suspensions, emulsions, solutions, gels including hydrogels, pastes, ointments,
creams, plasters, drenches, osmotic delivery devices, suppositories, enemas,
injectables, implants, sprays, preparations suitable for iontophoretic delivery, or
aerosols. The compositions may be formulated according to conventional
pharmaceutical practice.

[0081] In general, for use in treatment, the compounds described herein (e.g., a
compound according to any of Formulas (I)-(XI) or any of Compounds 1-23) may be
used alone, as mixtures of two or more compounds or in combination with other
pharmaceuticals. An example of other pharmaceuticals to combine with the
compounds described herein (e.g., a compound according to any of Formulas (I)-(XT)
or any of Compounds 1-23) would include pharmaceuticals for the treatment of the
same indication. For example, in the treatment of pain, a compound may be
combined with another pain relief treatment such as an NSAID, or a compound which
selectively inhibits COX-2, or an opioid, or an adjuvant analgesic such as an
antidepressant. Another example of a potential pharmaceutical to combine with the
compounds described herein (e.g., a compound according to any of Formulas (I)-(XT)
or any of Compounds 1-23) would include pharmaceuticals for the treatment of
different yet associated or related symptoms or indications. Depending on the mode
of administration, the compounds will be formulated into suitable compositions to

permit facile delivery. Each compound of a combination therapy may be formulated
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in a variety of ways that are known in the art. For example, the first and second
agents of the combination therapy may be formulated together or separately.
Desirably, the first and second agents are formulated together for the simultaneous or
near simultaneous administration of the agents.

[0082] The compounds of the invention may be prepared and used as
pharmaceutical compositions comprising an effective amount of a compound
described herein (e.g., a compound according to any of Formulas (I)-(XI) or any of
Compounds 1-23) and a pharmaceutically acceptable carrier or excipient, as is well
known in the art. In some embodiments, the composition includes at least two
different pharmaceutically acceptable excipients or carriers.

[0083] Formulations may be prepared in a manner suitable for systemic
administration or topical or local administration. Systemic formulations include those
designed for injection (e.g., intramuscular, intravenous or subcutaneous injection) or
may be prepared for transdermal, transmucosal, or oral administration. The
formulation will generally include a diluent as well as, in some cases, adjuvants,
buffers, preservatives and the like. The compounds can be administered also in
liposomal compositions or as microemulsions.

[0084] For injection, formulations can be prepared in conventional forms as liquid
solutions or suspensions or as solid forms suitable for solution or suspension in liquid
prior to injection or as emulsions. Suitable excipients include, for example, water,
saline, dextrose, glycerol and the like. Such compositions may also contain amounts
of nontoxic auxiliary substances such as wetting or emulsifying agents, pH buffering
agents and the like, such as, for example, sodium acetate, sorbitan monolaurate, and
so forth.

[0085] Various sustained release systems for drugs have also been devised. See,
for example, U.S. patent No. 5,624,677, which is herein incorporated by reference.

[0086] Systemic administration may also include relatively noninvasive methods
such as the use of suppositories, transdermal patches, transmucosal delivery and
intranasal administration. Oral administration is also suitable for compounds of the
invention. Suitable forms include syrups, capsules, and tablets, as is understood in the

art.
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[0087] For administration to animal or human subjects, the dosage of the
compounds of the invention may be, for example, 0.01-50 mg/kg (e.g., 0.01-15 mg/kg
or 0.1-10 mg/kg). For example, the dosage can be 10-30 mg/kg.

[0088] Each compound of a combination therapy, as described herein, may be
formulated in a variety of ways that are known in the art. For example, the first and
second agents of the combination therapy may be formulated together or separately.

[0089] The individually or separately formulated agents can be packaged together
as a kit. Non-limiting examples include, but are not limited to, kits that contain, e.g.,
two pills, a pill and a powder, a suppository and a liquid in a vial, two topical creams,
etc. The kit can include optional components that aid in the administration of the unit
dose to patients, such as vials for reconstituting powder forms, syringes for injection,
customized IV delivery systems, inhalers, etc. Additionally, the unit dose kit can
contain instructions for preparation and administration of the compositions. The kit
may be manufactured as a single use unit dose for one patient, multiple uses for a
particular patient (at a constant dose or in which the individual compounds may vary
in potency as therapy progresses); or the kit may contain multiple doses suitable for
administration to multiple patients (“bulk packaging”). The kit components may be
assembled in cartons, blister packs, bottles, tubes, and the like.

[0090] Formulations for oral use include tablets containing the active
ingredient(s) in a mixture with non-toxic pharmaceutically acceptable excipients.
These excipients may be, for example, inert diluents or fillers (e.g., sucrose, sorbitol,
sugar, mannitol, microcrystalline cellulose, starches including potato starch, calcium
carbonate, sodium chloride, lactose, calcium phosphate, calcium sulfate, or sodium
phosphate); granulating and disintegrating agents (e.g., cellulose derivatives including
microcrystalline cellulose, starches including potato starch, croscarmellose sodium,
alginates, or alginic acid); binding agents (e.g., sucrose, glucose, sorbitol, acacia,
alginic acid, sodium alginate, gelatin, starch, pregelatinized starch, microcrystalline
cellulose, magnesium aluminum silicate, carboxymethylcellulose sodium,
methylcellulose, hydroxypropyl methylcellulose, ethylcellulose,
polyvinylpyrrolidone, or polyethylene glycol); and lubricating agents, glidants, and
antiadhesives (e.g., magnesium stearate, zinc stearate, stearic acid, silicas,

hydrogenated vegetable oils, or talc). Other pharmaceutically acceptable excipients
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can be colorants, flavoring agents, plasticizers, humectants, buffering agents, and the
like.

[0091] Two or more compounds may be mixed together in a tablet, capsule, or
other vehicle, or may be partitioned. In one example, the first compound is contained
on the inside of the tablet, and the second compound is on the outside, such that a
substantial portion of the second compound is released prior to the release of the first
compound.

[0092] Formulations for oral use may also be provided as chewable tablets, or as
hard gelatin capsules wherein the active ingredient is mixed with an inert solid diluent
(e.g., potato starch, lactose, microcrystalline cellulose, calcium carbonate, calcium
phosphate or kaolin), or as soft gelatin capsules wherein the active ingredient is mixed
with water or an oil medium, for example, peanut oil, liquid paraffin, or olive oil.
Powders, granulates, and pellets may be prepared using the ingredients mentioned
above under tablets and capsules in a conventional manner using, e.g., a mixer, a fluid
bed apparatus or a spray drying equipment.

[0093] Dissolution or diffusion controlled release can be achieved by appropriate
coating of a tablet, capsule, pellet, or granulate formulation of compounds, or by
incorporating the compound into an appropriate matrix. A controlled release coating
may include one or more of the coating substances mentioned above and/or, e.g.,
shellac, beeswax, glycowax, castor wax, carnauba wax, stearyl alcohol, glyceryl
monostearate, glyceryl distearate, glycerol palmitostearate, ethylcellulose, acrylic
resins, dl-polylactic acid, cellulose acetate butyrate, polyvinyl chloride, polyvinyl
acetate, vinyl pyrrolidone, polyethylene, polymethacrylate, methylmethacrylate, 2-
hydroxymethacrylate, methacrylate hydrogels, 1,3 butylene glycol, ethylene glycol
methacrylate, and/or polyethylene glycols. In a controlled release matrix formulation,
the matrix material may also include, e.g., hydrated methylcellulose, carnauba wax
and stearyl alcohol, carbopol 934, silicone, glyceryl tristearate, methyl acrylate-
methyl methacrylate, polyvinyl chloride, polyethylene, and/or halogenated
fluorocarbon.

[0094] The liquid forms in which the compounds and compositions of the present
invention can be incorporated for administration orally include aqueous solutions,

suitably flavored syrups, aqueous or oil suspensions, and flavored emulsions with
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edible oils such as cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as
elixirs and similar pharmaceutical vehicles.

[0095] Generally, when administered to a human, the oral dosage of any of the
compounds of the combination of the invention will depend on the nature of the

5 compound, and can readily be determined by one skilled in the art. Typically, such

dosage is normally about 0.001 mg to 2000 mg per day, desirably about 1 mg to 1000
mg per day, and more desirably about 5 mg to 500 mg per day. Dosages up to 200
mg per day may be necessary.

[0096] Administration of each drug in a combination therapy, as described herein,

10 can, independently, be one to four times daily for one day to one year, and may even

be for the life of the patient. Chronic, long-term administration may be indicated.

Synthesis
[0097] The reaction scheme and Examples are intended to illustrate the synthesis
15 of arepresentative number of compounds. Accordingly, the Examples are intended to
illustrate but not to limit the invention. Additional compounds not specifically
exemplified may be synthesized using conventional methods in combination with the
methods described herein.
[0098] The compounds described herein can be prepared according to methods

20 known in the art, as shown in Scheme 1.

Scheme 1
(T’)n PN coupling (T1)n
H-N - /N
pa-N  NHe © \@(Rz)’“ N TETNTN
(a) ./ R N-deprotection —/ l o R
(R"), D R coupling (R AN
R X\(\ ~ " — . oG N/‘l’\N PN\ y (RO
(b) PG—N\ /NH " O~'\f) N-deprotection ./ O- ,47

1
(B coupling (R'n

N

/_I_\ A I N

PG—N NH+ X< @(Rz)o HN/— _\N_X_</ m\_(RZ%
© —/ H N-deprotection j— N Z

25  InScheme 1, PG may be H or an N-protecting group. The term “N-protecting group,”

as used herein, represents those groups intended to protect an amino group against

undesirable reactions during synthetic procedures. Commonly used N-protecting
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groups are disclosed in Greene, “Protective Groups In Organic Synthesis,” 3™ Edition
(John Wiley & Sons, New York, 1999), which is incorporated herein by reference. N-
protecting groups include acyl, aryloyl, or carbamyl groups; sulfonyl-containing
groups; carbamate forming group; alkaryl groups such as benzyl; and silyl groups.
Exemplary N-protecting groups include formyl, acetyl, benzoyl, pivaloyl, t-
butylacetyl, alanyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc), and
benzyloxycarbonyl (Cbz).

EXAMPLES

Example 1: Synthesis of N-(3,5-bis(trifluoromethyl)phenyl)-2-(2-oxopiperazin-1-
yl)acetamide (Compound 1)

H
/~\ N CFs
HN N/\”/
_< o)
o)
CF,

A. Synthesis of 2-(4-tert-butoxycarbonyl)-2-oxopiperazin-1-yl)acetic acid
0]

HJ\N/\rOrOH

~-N
boc

[0099] Under nitrogen and at room temperature, to a solution of 1-Boc-3-
oxopiperazine (10.4 g, 51.9 mmol) in anhydrous DMF (100 mL) was added NaH
(60% in mineral oil, 2.50 g. 62.3 mmol) portionwise. After addition, the mixture was
stirred at room temperature for 30 min and then at 65 °C for 1 h. After the mixture
was cooled to room temperature, ethyl chloroacetate (7.63 g, 62.3 mmol) was added.
The reaction mixture was stirred at room temperature for 30 min and at 65 °C for 2 h.
Water (5 mL) was added, and the solution concentrated. Brine (100 mL) was added,
and the reaction mixture was extracted with EtOAc (5 x 100 mL). The combined
extracts were washed with water (100 mL) and dried over anhydrous Na,SO,. After
filtration, the filtrate was concentrated by rotary evaporation, and the residue was
purified by flash chromatography on silica gel (EtOAc/hexances: 1/1 v/v) to give the
desired product as a white solid (13 g, 87%).
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[00100] The solid was dissolved in methanol (50 mL) and treated with aqueous
NaOH (2.5 N, 50 mL) for 2.5 h. The methanol was removed, and the residual
aqueous solution was repeatedly acidified (carefully to pH = 2 each time) and then
extracted with EtOAc (10 x 100 mL). The combined extracts were dried over
anhydrous Na,SO; and concentrated to afford the acid as a white solid (11.2 g, 85%).

B. Synthesis of N-(3,5-bis(trifluoromethyl)phenyl)-2-(2-oxopiperazin-1-

H
/ \ N CF3
HN /\”/
< 0
0]
CF;

[00101] A 500 mL, single-necked, round-bottomed flask equipped with a magnetic

vl)acetamide

stir bar was charged with 2-(4-tert-butoxycarbonyl)-2-oxopiperazin-1-yl)acetic acid
(13.0 g, 50.3 mmol), 3,5-bis(trifluoromethyl)aniline (12.6 g, 55.3 mmol), and O-(7-
azabenzotriazol-1-yl)-N,N,N’, N -tetramethylruonium hexafluorophosphate (HATU)
(22.8 g, 60.0 mmol) in DMF (100 mL). Diisopropylethylamine (DIPEA) (10.3 g,
80.0 mmol) was added. The reaction mixture was stirred at room temperature for 16
h and then concentrated to ~60 mL by rotary evaporation. Saturated NaHCO3
aqueous solution (200 mL) was added, and the mixture was extracted with EtOAc (2
x 200 mL) and water (200 mL), and was dried over anhydrous Na,SO4. After
filtration, the filtrate was concentrated by rotary evaporation, and the residue was
purified by flash chromatography on silica gel (CH,Cl,, then EtOAc/hexanes, 1:1 in
v/v) followed by recrystallization from CH,Cl,/hexanes to give a white solid (20.0g,
85%).

[00102] The solid (17 g, 36.2 mmol) was treated with saturated HCI in EtOAc (350
mL) for 10 min to affort the desired compound quantitatively. Purity (HPLC): 100%.
'H NMR (400 MHz, D,0) 6 3.61 (t, 2H, J=5.4 Hz), 3.71 (t, 2H, J=5.4Hz), 3.96 (s,
2H), 4.32 (s, 2H), 7.73 (s, 1H), 7.88 (s, 2H). ES-MS m/z 370.2 (M+H). Anal. Cacld.
For C14H3F¢N30,-1.0HC1-0.63H,0: C, 40.37; H, 3.68; N, 10.09; C1 8.51. Found: C,
40.42; H, 3.75; N, 10.00; Cl, 8.50.

[00103]} Compounds 2-4 were prepared in an analogous manner.
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Example 2: Synthesis of N-(3,5-bis(trifluoromethyl)phenyl)-2-(piperazin-1-
yhacetamide (Compound 5)

H
/ \ Q/
@]
CF3

A. Synthesis of tert-butyl-4-(2-(3,5-bis(trifluoromethyl)phenylamino)-2-

oxoethyl)piperazine-1-carboxylate

(\N/\[(HQ/C&
OYN 0]
O\K CF,

[00104] A mixture of N~(3,5-bis(trifluoromethyl)phenyl-2-chloroacetamide (1.60
g, 5.23 mmol), tert-butyl piperazine-1-carboxylate (1.46 g, 7.85 mmol), K,CO; (2.17
g, 15.7 mmol), and KI (cat.) in CH3CN (50 mL) was stirred at room temperature
overnight. The reaction was then diluted with EtOAc and washed with water. The
organic layer was dried with Na,SOy, filtered, and the solvent was removed in vacuo

to provide a solid. The solid was purified via automated flash chromatography

(EtOAc/petroleum ether) to provide the product as a solid in excellent yield.

B. Synthesis of N-(3,5 -bis(trifluoromethyl)phenyl)-2-(piperazin-1-yl)acetamide

/\ N oF4
HN
T
CF,

[00105] A solution of tert-butyl 4-(2-(3,5-bis(trifluoromethyl)phenylamino)-2-
oxoethyl)piperazine-1-carboxylate (2.00 g, 4.39 mmol) in CH,Cl, (25 mL) was
treated with 2M HCl in Et,0 (120 mL). The reaction was stirred at room temperature
overnight. At this time, the solvent was removed under reduced pressure to provide
the product as a white powder (HCI salt) in quantitative yield.

[00106] Compounds 6-8 were prepared in an analo £ous manner.
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Example 3: Synthesis of N-(3,5-bis(trifluoromethyl)phenyl)-2-(3-oxopiperazin-1-
yDacetamide (Compound 9)

H
/ \ N CF4
HN N/\ﬂ/
> 0]
(0]
CF3

[00107] A mixture of N-(3,5-bis(trifluoromethyl)phenyl)-2-chloroacetamide (0.20
g, 0.65 mmol), piperazin-2-one (0.10 g, 0.98 mol), K,COs (0.18 g, 1.31 mmol), and
KI (cat.) in CH3CN (10 mL) was stirred overnight at room temperature. The reaction
mixture was then diluted with EtOAc, washed with water, dried with Na,ySQOq, filtered,
and the solvent was removed in vacuo to provide a white solid. The residue was
purified by adding CH,Cl,, centrifuging, and pipetting off the supernatant (2 times).

This provided the product in moderate yield and excellent purity.

Example 4: Synthesis of 4-(2-(3,5-
bis(trifluoromethyl)phenylamino)acetyl)piperazin-2-one (Compound 10)
0]

H
/N /u\/N CF3
HN, N
o
CFs

A. Synthesis of ethyl 2-(3,5-bis(trifluoromehtylphenylamino)acetate

S
/\O

[00108] A mixture of 3,5-bis(trifluoromethyl)aniline (4.43 g, 19.33 mmol), ethyl 2-
chloroacetate (2.37 g, 19.33 mmol), potassium carbonate (5.34 g, 38.66 mmol),
potassium iodide (0.1 g, cat.), and acetonitrile (50 mL) was stirred at 20 °C for 2 days.
The reaction mixture was then diluted with ethyl acetate (200 mL). The organic layer
was subsequently washed with aqueous saturated sodium bicarbonate (2 x 20 mL)
followed by water (2 x 20 mL), and the organic was then dried over anhydrous

sodium sulfate. The solvent was removed in vacuo, and the residue was diluted with
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petroleum ether (20 mL). A white solid precipitated out to provide the desired
compound (1.10 g, 18% yield). MS: 316.4 (M+1).

B. Synthesis of 2-(3.5-bis(trifluoromethyl)phenylamino)acetic acid

H

CF,
[00109] A mixture of ethyl 2-(3,5-bis(trifluoromethyl)phenylamino)acetate (1.10 g,
3.48 mmol), lithium hydroxide (0.58 g, 13.93 mol), dioxane (5 mL), and water (5 mL)
was stirred at room temperature for 3 h. The solvent was removed in vacuo, and the
reaction product was then diluted with water (10 mL) and acidified with acetic acid to
pH of about 4. A white solid precipitated to give the desired product (0.85 g, 85%
yield). MS: 286.1 (M-1).

C. Synthesis of 4-(2-(3,5-bis(trifluoromethyl)phenylamino)acetyl)piperazin-2-one

HNQ jv“ CFs

O
CF3

[00110] A mixture of 2-(3,5-bis(trifluoromethyl)phenylamino)acetic acid (0.20 g,
0.70 mmol), piperazin-2-one (0.07 g, 0.70 mmol), (O-(7-azabenzotriazol-1-yl)-
N,N,N’,N -tetramethyluronium (0.27 g, 0.70 mmol), and N,N,-diisopropylethylamine
(0.11 g, 0.84 mmol) in anhydrous dimethyl formamide (5 mL) was stirred at 20 °C for
2 days. The volatile components were then removed in vacuo. The residue was then
dissolved in ethyl acetate (100 mL), washed with saturated aqueous sodium
bicarbonate solution (2 x 20 mL) followed by water (2 x 20 mL), and dried over
anhydrous sodium sulfate. The solvent was then removed in vacuo to provide the
crude product, which was then purified using flash chromatography (ethyl
acetate:petroleum ether 1:2) to obtain a white solid (0.20 g, 78% yield). MS: 370.6
M+1).

[00111] Compounds 11 and 12 were prepared in an analogous manner.
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Example 5: Synthesis of N-(3,5-bis(trifluoromethyl)phenyl)-2-(5,5 —~dimethyl-2-

oxopiperazin-1-yl)acetamide (Compound 13)

0] H F
N
HLN/\H/ ) F
HN% O
F
F7OF

A. Synthesis of tert-butyl 2-amino-2-methylpropylcarbamate
H

N«
/Q Boc

HoN
[00112] A mixture of 2-methylpropane-1, 2-diamine (1.8 g, 21 mmol), Boc,0 (2.0
g, 10 mmol), and triethylamine (3.0 ml, 21 mmol) in dichloromethane (5 mL) was
stirred at room temperature for 1 day. The solution was concentrated to dryness by
rotary evaporation, and the residue was purified by automated flash chromatography

on silica gel (MeOH/dichloromethane: 10:1) to give a white solid (2.40 g, 86%).

B. Synthesis of methyl 2-(1-(tert-butoxycarbonylamino)-2-methylpropan-2-

ylamino)acetate

0.0 N
e \E k \BOC
N
H

[00113] A mixture of tert-butyl 2-amino-2-methylpropylcarbamate (0.90 g, 4.8
mmol), methyl 2-chloroacetate (0.51 g, 4.8 mmol), and potassium carbonate (0.66 g,
4.8 mmol) in acetonitrile (5 mL) was stirred at room temperature for 1 day. The
solution was concentrated to dryness by rotary evaporation and the residue was
purified by automated flash chromatography on silica gel (Hexanes/EtOAc: 1/1) to
give a white solid (0.54 g, 43%).
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C. Synthesis 5, 5 —dimethyl-3-oxopiperazin-2-one

[00114] A mixture of 2-(1-(tert-butoxycarbonylamino)-2-methylpropan-2-
ylamino)acetate (0.54 g, 2.07 mmol) and 2 N HCI in MeOH solution (5 mL) was
stirred at room temperature for 3 hours. The solution was concentrated to dryness,
and to the crude product were added triethylamine (1.0 mL, 7.0 mmol) and
acetonitrile (5 mL). The mixture was heated at reflux overnight. The solution was
concentrated to dryness by rotary evaporation, and the residue was purified by flash
chromatography on silica gel (EtOAc/hexanes: form 30% to 100%) to give a white
solid (0.245 g, 94%).

D. Synthesis of tert-butyl 5, 5 —dimethyl-3-oxopiperazin-2-one

j\NH
Boc~ %

[00115] A mixture of 5, 5-dimethylpiperazin-2-one (0.245 g, 1.90 mmol), Boc,O
(0.70 g, 3.5 mmol), and DIPEA (0.56 g, 4.4 mmol) in DMF (5 mL) was stirred at
room temperature for 1 day. The solution was concentrated to dryness by rotary
evaporation, and the residue was purified by automated flash chromatography on
silica gel (EtOAc/hexanes: gradient elution from 30% to 100%) to give a white solid
(0.40 g, 92%).

E. Synthesis of 2-(4-(tert-butoxycarbonyl)-5, 5-dimethyl-2-oxopiperazin-1-
(?\N/YOH
MO
Boc

[00116] This compound was prepared using the procedure as described for 2-(4-

ylacetic acid

tert-butoxycarbonyl)-2-oxopiperazin-1-yl)acetic acid, using fert-butyl 5, 5 —dimethyl-
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3-oxopiperazin-2-one (0.40 g, 1.7 mmol). The desired acid was obtained as a white
solid (0.34 g, 70%).

F. Synthesis of N-(3,5-bis(trifluoromethyl)phenyl)-2-(5,5 —dimethyl-2-
oxopiperazin-1-yl)acetamide (Compound 13)

0 .y F
N
(U\N/\fr N
HN% 0
F

F7OF

[00117] To a solution of 2-(4-(tert-butoxycarbonyl)-5,5-dimethyl-2-oxopiperazin-
1-yl)acetic acid (0.34 g, 1.2 mmol), 3.5-bis(trifluoromethyl)aniline (0.191 g, 1.2
mmol), and O-(7-azabenzotriazol-1-y1)-N,N,N’,N -tetramethyluronium
hexafluorophosphate (HATU) (0.50 g, 1.3 mmol) in DMF (5 mL) was added DIPEA
(0.350 g, 2.75 mmol). The reaction mixture was stirred at room temperature for 16 h,
and the mixture was then concentrated to dryness. Saturated NaHCOj; aqueous
solution (10 mL) was added, and the mixture was extracted with EtOAc (20 mL).
The extract was washed with saturated NH4Cl aqueous solution (10 mL) and water
(10 mL), and the extract was dried over anhydrous Na,SOy4. After filtration, the
filtrate was concentrated by rotary evaporation, and the residue was purified by
automated flash chromatography on silica gel (EtOAc/hexanes, 1: 2 in v/v) to give a
white solid. The solid was treated with saturated HCI in EtOAc (10 mL) for 30 min.
The acidic solution was neutralized with diluted K,COj solution to pH =9 and
extracted with EtOAc (3 x 30 mL). The combined extract was dried over anhydrous
Na,SO; to afford the titled compound (0.345 g, 72%). Purity (HPLC): 97.0%. ES-
MS m/z 398.6 (M+H).
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Example 6: Synthesis of 1-((3-(3,5-bis(trifluoromethyl)phenyl)isoxazol-5-
y)methyl)piperazin-2-one (Compound 14)
FaC

FiC

e

A. Synthesis of (E)-3,5-bis(trifluoromethyl)benzaldehyde oxime
Fa
FC “Now
[00118] A mixture of 3,5-bis(trifluoromethyl)benzaldehyde (1.2 g, 5.0 mmol),
hydroxyamine hydrochloride (0.69 g, 10 mmol), and sodium hydroxide (0.40 g, 10
mmol) in ethanol (95%, 20 mL) was refluxed overnight. The solution was
concentrated to dryness, and the residue was dissolved in EtOAc (20 mL) and washed

with water (2 x 20 mL). The organic layer was dried and concentrated to give a white
solid (1.23 g, 96%).

B. Synthesis of (3-(3,5-bis(trifluoromethyl)phenyl)isoxazol-5-yl)methanol)
Fa

F3C AN

OH
[00119] A mixture of (E)-3,5-bis(trifluoromethyl)benzaldehyde oxime (3.6 g, 14

mmol), N-chloro-succinimide (2.20g, 16.7 mmol ) and pyridine (150 uL, 1.9 mmol)
in THF (15 mL) was heated at 60°C for 30 min.. A solution of prop-2-yn-1-ol (1.0
mL, 15 mmol) and triethylamine (2.4 mL) in THF (2 mL) was added at 30°C. The
reaction mixture was stirred overnight and concentrated to dryness. The residue was
dissolved in dichloromethane (20 mL) and washed with 1N HCI (20 mL x 2). The
organic layer was dried and concentrated; the residue was purified by flash
chromatography on silica gel (EtOAc/hexanes, 1:4 v/v) to give a white solid (1.40 g,

27%).
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C. Synthesis of 3-(3,5-bis(trifluoromethyl)phenyl)-5-(chloromethyl)isoxazole
Fa

F3C /N\

—

Cl
[00120] A mixture of (3-(3,5-bis(trifluoromethyl)phenyl)isoxazol-5-y)methanol
(4) (1.40 g, 4.5 mmol), and thionyl chloride (1 mL, 13.9 mmol) in toluene (15 mL)
was refluxed overnight. The reaction mixture was concentrated to dryness, and the
residue was purified by flash chromatography on silica gel (EtOAc/hexanes, 1:10 v/v)
to give a brown oil (1.20 g, 81%)).

D. Synthesis of 1-((3-(3,5-bis(trifluoromethyl)phenyl)isoxazol-5-
yl)methyl)piperazin-2-one
F4C,

FiC OT N
HJ

[00121] Under nitrogen, at room temperature, to a solution of 1-Boc-3-
oxopiperazine (200 mg, 1 mmol) in anhydrous THF (5 mL) was added NaH (60% in
mineral oil, 100 mg, 2.5 mmol) portionwise. After addition, the mixture was stirred at
room temperature for 30 min and then at 65 °C for 1 h. After the mixture was cooled
to room temperature, 3-(3,5-bis(trifluoromethyl)phenyl)-5-(chloromethyl)isoxazole
(300 mg, 0.91mmol) was added. The reaction mixture was stirred at room
temperature overnight. Water (5 mL) was added, and the solution was concentrated.
Brine (100 mL) was added, and the reaction mixture was extracted with EtOAc (3 x
10 mL). The combined extracts were washed with water (10 mL) and dried over
anhydrous Na;SO,. After filtration, the filtrate was concentrated by rotary
evaporation, and the residue was purified by flash chromatography on silica gel
(EtOAc/hexanes; 1/1 v/v) to give the desired product as a white solid. The solid was

dissolved in trifluoroacetic acid (2 mL) and dichloromethane (2 mL), and the mixture

was stirred at room temperature for 3 hours. The solution was concentrated to
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dryness, neutralized with diluted K,CO; solution to pH = 9, and extracted with EtOAc
(3 x30 mL). The combined extract was dried over anhydrous Na,SO, and
concentrated to dryness. The residue obtained was purified by flash chromatography
on silica gel (MeOH/dichloromethane: 1/20 v/v) to give the desired neutral product as
a white solid. The solid was dissolved in dichloromethane and added 2N HCI ether
solution to afford the titled compound (0.106 g, 47%). Purity (HPLC): 99.5%. ES-
MS m/z 394.3 (M+H).

Example 7: Mass Spectrometric Analysis

[00122] Following the general procedures set forth in Examples 1-6, the following
compounds listed in Table 2 below were prepared. Mass spectrometry was employed
with the final compound and at various stages throughout the synthesis as a
confirmation of the identity of the product obtained (M+1). For the mass
spectrometric analysis, samples were prepared at an approximate concentration of 1
ng/mL in acetonitrile with 0.1% formic acid. Samples were then manually infused
into an Applied Biosystems API3000 triple quadrupole mass spectrometer and
scanned in Q1 in the range of 50 to 700 m/z.

Table 2
Com- Mass
pound Name Structure Spec
No. (m/z)
H
o N-(3,5- HN/ \N/\'(N CF,

1 b1s(tnﬂuoromethyl)phenyl)- 370.2
2-(2-oxopiperazin-1- g 0 )

yl)acetamide © oF

3

H
2-(2-oxopiperazin-1-yl)-N- N F
trifluorophenyl)acetamide 0 F F
(0]

3 difluorophenylamino)acetyl)
piperazin-2-one

1-2-(3,5- N \va“ F

)
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Com- Mass
pound Name Structure Spec

No. (m/z)
H
N-(3,5- HN/ \N/WN CF3
4 bis(trifluoromethyl)phenyl)- 3971
2-(3,3-dimethyl-2- M O '
oxopiperazin-1-yl)acetamide O
CFs
/\ N cF
N-(3,5- HN N/\"/ 3
5 bis(trifluoromethyl)phenyl)- -/ o) 355.1
2-(piperazin-1-yl)acetamide
CF4
S\ N F
N-(3,5-difluorophenyl)-2- | N N/ﬁ]/
6 “\0,0-quiluorophenyl)-=- | TN/ 255.1
(piperazin-1-yl)acetamide 0
F
7\ N
o | 2-(piperazin-1-y)-N-Q2.4,5- | N/w/ F 2731
trifluorophenyl)acetamide __/ o )
F F
/ \ H CF
N-(3-fluoro-5- HN N/\”/ :
8 | (tiflworomethylphenyl)-2- | —/ ] 305.1
(piperazin-1-yl)acetamide
F
H
N-(3,5- HN’ \N/\(N CF3
bis(trifluoromethyl)phenyl)-
9 . . o) 369.1
2-(3-oxopiperazin-1-
yl)acetamide 0o
CF5
0]
H
4-(2-(3,5- oy \N)bN CF3
10 bis(trifluoromethyl)phenylam > / 369.1
ino)acetyl)piperazin-2-one d
CF3
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Com- Mass
pound Name Structure Spec

No. (m/z)
)]\/ N
4-(2-(3-fluoro-5- HN N N CFs
11 (trifluoromethyl)phenylamin 319.1
o)acetyl)piperazin-2-one d
F
H
4-(2-(335' / \ N CF3
bis(trifluoromethyl)phenylam| HN N
12 . 397.1
1no)acetyl)-3,3-
dimethylpiperazin-2-one o]
CF5
N-(3,5-
bis(trifluoromethyl)phenyl)-
13 2-(5,5-dimethyl-2- 397.1
oxopiperazin-1-yl)acetamide
1-((3-3,5-
14 bis(trifluoromethyl)phenyl)is 393.1
oxazol-5-
ylmethyl)piperazin-2-one
N
H
A
1-((3-phenylisoxazol-5-
15 yl)methyl)piperazin-2-one O\\[ N J 257.1
1-((3-(2-
16 fluorophenyl)isoxazol-5- o 275.1
yl)methyl)piperazin-2-one T N J
N
H
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Com- Mass
pound Name Structure Spec
No. (m/z)
[ F
H
N-(3,5- y N .
bis(trifluoromethyl)phenyl)- F
17 2-(2-oxopiperazin-1- HN\) © 383.29
yl)propanamide .
F F
F
N-(3,5-difluorophenyl)-2-(2-
18 oxopiperazin-1-yl)acetamide HN/w HN Fo | 20925
]
0]
R F
F
F
N-(3,5- .
19 bis(trifluoromethyl)phenyl)- o 354.29
2-(piperidin-4-yl)acetamide F
NH
HN
F
F. F
N-(3,5-
20 bls(tnﬂuoromethyl)benzyl)- ¢ | 383.29
2-(2-oxopiperazin-1- o
yl)acetamide F
NH F
’/U\ N /\”/
HN\) u
0
H
N Cl
: N
21 N-(3, 5 -dlchilorophenyl)-2-.(2- /\”/ 302.16
oxopiperazin-1-yl)acetamide | yy )
Cl
F
N-(2-(2-oxopiperazin-1-
2 yDethyl)-3,5-

383.29
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Com- Mass
pound Name Structure Spec
No. (m/z)

=
3-fluoro-N-(2-(2- ]
23 oxppiperazin— 1 -yl)ethyl)TS- H\/\ ) 333.28
(trifluoromethyl)benzamide | « /[i/\‘
F e} NH
(@]

Example 8: Cay3.2 Voltage-Clamp Electrophysiological Assays

[00123] Prior to recording currents from Cay3.2 T-type Ca®* channels expressed in
HEK cells, the culture media was replaced with extracellular solution (ECS)
containing (in mM): 142 CsCl, 10 D-glucose, 2 CaCl,, 1 MgCl,, 10 HEPES, pH
adjusted to 7.4 with CsOH. Borosilicate glass patch pipettes, pulled on a P-97
micropipette puller (Sutter Instruments, Novato, CA) with typical resistances of 2-4
MW, were backfilled with intracellular solution containing (in mM): 126.5 Cs-
methanesulphonate, 2 MgCl,, 10 HEPES, 11 EGTA, 2 Na-ATP, pH adjusted to 7.3
CsOH. Voltages were recorded in the whole-cell configuration at room temperature
(~ 21 °C) using an Axopatch 200B (Molecular Devices, Sunnyvale, CA) patch-clamp
amplifier. Recordings were low-pass filtered at 1 kHz (-3 dB 4-pole Bessel filter),
digitized at 2 kHz with a Digidata 1322A interface (Molecular Devices), and acquired
using pClamp 9.2 (Molecular Devices). No leak subtraction was used. Test
compounds, prepared as 30 mM stock solutions in DMSO and diluted in extracellular
buffer, were applied through a gravity driven multi-barrelled array of capillaries (24
gauge) connected to reservoirs controlled by solenoid valves. The effects of
compounds on Cay3.2 slow and fast inactivation were evaluated using four different
voltage protocols. The voltage dependence of fast and slow channel inactivation was
examined using a two pulse protocol. Data were analyzed and fitted using OriginPro
v.7.5 (OriginLab, Northampton, MA) software. Data obtained according to these

methods are shown in Table 3.

46



WO 2011/026241

10

PCT/CA2010/001386
Table 3
Fraction | 1 recovery | t recovery Fraction of
Vin fast | Vip slow current
} S . current | from fast | from slow
iCompoundhnactlvatlom inactivation N R P L recovered
emammg&mactwahon mactivation
(mV) (mV) at5.1s
at -40 mV|  (ms) (ms) .
interval
Control 61 275 0.62 270 533 0.96
ECS ) ) ’
1 -66 *.80 0.51 311 **684 0.87
2 -65 -80 0.58 260 448 0.98
9 *%_83 *¥%(),32 **472 * 700 *(.80

V. voltage-dependence of half inactivation; * P <0.05, ** P <0.005

Example 9: Nay1.5/1.7/1.8 Voltage-Clamp Electrophysiological Assays

[00124] To examine the effects of compounds on enhancement of slow inactivation

of Nay1.7 and Nay1.8 channels expressed in HEK cells the cuiture media was

replaced with an extracellular solution containing (in mM): 137 NaCl, 4 KC], 1.8
CaCl,, 1 MgCl,, 10 HEPES, 10 glucose, pH adjusted to 7.4 with NaOH. The
intracellular solution contained (in mM): 130 KCl, 1 MgCl,, 5 EGTA, 10 HEPES, 5
K,ATP, adjusted to pH 7.3 with KOH. Whole-cell recordings, preparation and

application of test compounds were performed in a similar manner to the Cay3.2

electrophysiological assays. Voltage protocols were applied to quantify the effects of

test compounds to enhance slow inactivation for Nay1.7 and Nay1.8. Data obtained

regarding inhibition of Nay 1.7 channels are shown in Table 4.
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Table 4
Concentration Fraction
Compound current n cells
tested s
remaining

1 30 uM 0.40 6
10 10 uM 0.91 4

100 uM 0.74 4
20 30 uM 0.87 4
23 30 uM 0.91 5

[00125] Inhibition of the TTX-resistant Nay1.5 sodium channel, a key cardiac ion
channel, can have profound effects on the duration and amplitude of the cardiac action
potential and can result in arrhythmias and other heart malfunctions. To assess the
potential cardiac liability of compounds at an early stage in the drug discovery
process, a Nay1.5 sodium channel screening assay is performed on Molecular
Device’s PatchXpress™ automated electrophysiology platform. Under voltage-calmp
conditions, Nay1.5 currents were recorded from HEK cells expressing the human
Navl.5 channel in the absence and presence of increasing concentrations of the test
compound to obtain an ICsy value. The external recording solution contained (in
mM): 90 TEACI, 50 NaCl, 1.8 CaCl, 1 MgCl,, 10 HEPES, 10 glucose, adjusted to pH
7.4 with TEA-OH and to 300 mOsm with sucrose (if necessary), while the internal
patch pipette solution contained (in mM): 129 CsF, 2 MgCl,, 11 EGTA, 10 HEPES, 3
Na,ATP adjusted to pH 7.2 with CsOH and to 290 mOsm with sucrose (if necessary).
Nay1.5 channel currents were evoked using a cardiac action potential waveform at 1
Hz, digitized at 31.25 kHz and low-pass filtered at 12 kHz. As shown in Table 5, the
tested compounds did not act as inhibitors of the cardiac Nay 1.5 channe] and are thus

selective inhibitors.
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Table 5

Compoundno. | T8 1
1 100000
S 40000
9 80000

Example 10: L5/L6 Spinal Nerve Ligation (SNL) - Chung Pain Model

[00126] The Spinal Nerve Ligation is an animal model representing peripheral
nerve injury generating a neuropathic pain syndrome. In this model experimental
animals develop the clinical symptoms of tactile allodynia and hyperalgesia. L5/L6
Spinal nerve ligation (SNL) injury was induced using the procedure of Kim and
Chung (Kim et al., Pain 50:355-363 (1992)) in male Sprague-Dawley rats (Harlan;
Indianapolis, IN) weighing 200 to 250 grams.

[00127] Anaesthesia was induced with 2% isofluorane in O; at 2 L/min and
maintained with 0.5% isofluorane in O,. Rats were then shaved and aseptically
prepared for surgeries. A 2 cm paraspinal incision was made at the level of 1L4-S2.
L4/L5 was exposed by removing the transverse process above the nerves with a small
rongeur. The LS5 spinal nerve is the larger of the two visible nerves below the
transverse process and lies closest to the spine. The L6 spinal nerve is located
beneath the corner of the slope bone. A home-made glass Chung rod was used to
hook L5 or L6 and a pre-made slip knot of 4.0 silk suture was placed on the tip of the
rod just above the nerve and pulled underneath to allow for the tight ligation. The L5
and L6 spinal nerves were tightly ligated distal to the dorsal root ganglion. T he
incision was closed, and the animals were allowed to recover for 5 days. Rats that
exhibited motor deficiency (such as paw-dragging) or failure to exhibit subsequent
tactile allodynia were excluded from further testing.

[00128] Sham control rats underwent the same operation and handling as the
experimental animals, but without SNL.

[00129] Prior to initiating drug delivery, baseline behavioural testing data is
obtained. At selected times after infusion of the Test or Control Article behavioural

data can then be collected again.
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A. Assessment of Tactile Allodynia — Von Frey

[00130] The assessment of tactile allodynia consisted of measuring the withdrawal
threshold of the paw ipsilateral to the site of nerve injury in response to probing with a
series of calibrated von Frey filaments (innocuous stimuli). Animals were acclimated
to the suspended wire-mesh cages for 30 min before testing. Each von Frey filament
was applied perpendicularly to the plantar surface of the ligated paw of rats for 5 sec.
A positive response was indicated by a sharp withdrawal of the paw. For rats, the first
testing filament is 4.31. Measurements were taken before and after administration of
test articles. The paw withdrawal threshold was determined by the non-parametric
method of Dixon (Dixon, Ann. Rev. Pharmacol. Toxicol. 20:441-462 (1980)), in
which the stimulus was incrementally increased until a positive response was
obtained, and then decreased until a negative result was observed. The protocol was
repeated until three changes in behaviour were determined (“up and down” method)
(Chaplan et al., J. Neurosci. Methods 53:55-63 (1994)). The 50% paw withdrawal
threshold was determined as (lO[Xf+k8])/ 10,000, where X¢ = the value of the last von
Frey filament employed, k = Dixon value for the positive/negative pattern, and & = the
logarithmic difference between stimuli. The cut-off values for rats were no less than
0.2 g and no higher than 15 g (5.18 filament); for mice no less than 0.03 g and no
higher than 2.34 g (4.56 filament). A significant drop of the paw withdrawal
threshold compared to the pre-treatment baseline is considered tactile allodynia. Rat
SNL tactile allodynia were tested for Compounds 1-4 and 9-12 at 60 minutes compred
to baseline and post-SNL. Compounds 1, 9, and 13 showed significant anti-allodynia

as shown in Figure 1 and in Table 6 below.
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Table 6
Compound Rat SNL Tactile Allodynia (% Antiallodynia)
e 1 hour 2 hours 4 hours
1 52 55 37
3 1 -- 4
9 36 - -
10 10 13 15
11 9 4 1
12 9 11 4
13 16 8 5
19 47 39 39
B. Assessment of Thermal Hypersensitivity - Hargreaves

[00131] The method of Hargreaves and colleagues (Hargreaves et al., Pain 32:77-8
(1988)) can be employed to assess paw-withdrawal latency to a noxious thermal
stimulus.

[00132] Rats may be allowed to acclimate within a Plexiglas enclosure on a clear
glass plate for 30 minutes. A radiant heat source (e.g., halogen bulb coupled to an
infrared filter) can then be activated with a timer and focused onto the plantar surface
of the affected paw of treated rats. Paw-withdrawal latency can be determined by a
photocell that halts both lamp and timer when the paw is withdrawn. The latency to
withdrawal of the paw from the radiant heat source can be determined prior to L5/L6
SNL, 7-14 days after L5/L6 SNL but before drug, as well as after drug administration.
A maximal cut-off of 33 seconds is typically employed to prevent tissue damage.
Paw withdrawal latency can be thus determined to the nearest 0.1 second. A
significant drop of the paw withdrawal latency from the baseline indicates the status
of thermal hyperalgesia. Antinociception is indicated by a reversal of thermal

hyperalgesia to the pre-treatment baseline or a significant (p < 0.05) increase in paw

51



WO 2011/026241 PCT/CA2010/001386

10

15

20

withdrawal latency above this baseline. Data is converted to % anti hyperalgesia or %
anti nociception by the formula: (100 x (test latency - baseline latency)/(cut-off -
baseline latency) where cut-off is 21 seconds for determining anti hyperalgesia and 40

seconds for determining anti nociception.

Example 11: 6 Hz Psychomotor Seizure Model of Partial Epilepsy

[00133] Compounds were evaluated for the protection against seizures induced by
a 6 Hz, 0.2 ms rectangular pulse width of 3 s duration, at a stimulus intensity of 32
mA (CC97) applied to the cornea of male CF1 mice (20-30 g) according to
procedures described by Barton et al, “Pharmacological Characterization of the 6 Hz
Psychomotor Seizure Model of Partial Epilepsy,” Epilepsy Res. 47(3):217-27 (2001).
Seizures are characterised by the expression of one or more of the following
behaviours: stun, forelimb clonus, twitching of the vibrissae and Straub-tail
immediately following electrical stimulation. Animals were considered “protected” if
following pre-treatment with a compound the 6 Hz stimulus failed to evoke a
behavioural response as describe above. Exemplary results using this assay are

shown in Table 7.

Table 7
Epilepsy 6 Hz (% protected
Compound P s ) Epilepsy 6
No. | 025hr| 05hr | 1hr 2hr | 4hr | Hz(EDs)
1 75 100 75 - - 128
9 75 25 88 75 0 90
19 100 100 100 100 0 -
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Example 12: GAERS (Genetic Absence Epilepsy Rats from Strasbourg)
Epilepsy Model

[00134] The GAERS (Genetic Absence Epilepsy Rats from Strasbourg) is noted
for its long and frequently recurring absence seizure episodes. Investigators have
determined, using electrophysiological recordings from neurons within the thalamus,
that the activity and expression of the low-voltage calcium channels is significantly
increased in GAERS. Eight female GAERS rats, bred in the Ludwig Institute for
Cancer Research, were used for this study. Rats weighed between 180 and 250g and
aged between 18 and 26 weeks at the start of the experiment.

[00135] Electrodes can be made by soldering together gold-plated sockets (220-
S02 Ginder Scientific, VA, Canada), stainless steel teflon coated wire (SDR clinical
technology, NSW, Australia) and a small stainless steel screw (1.4 x 3 mm, Mr.
Specks, Australia). Animals can be anaethetised with inhalation of Isoflurane in equal
parts of medical air and oxygen (5% induction, 2.5 — 1.5% maintenance) or
alternatively by intraperitoneal injection with xylazine (10mg/kg) and ketamine (75
mg/kg). The animals can be fixated in a stereotaxic frame by means of ear bars. A
midline incision on the scalp was made, skin and connective tissue 1s scraped and
pushed laterally to expose underlying skull. Six holes are drilled bilaterally, two in
the frontal bone and four in the parietal bone, approximately 2mm anterior to bregma,
and four and 10 mm posterior to bregma. Six electrodes are then implanted in the
holes, and gold-plated sockets were clipped into 9-pin ABS plug (GS09PLG-220,
Ginder Scientific, Canada). Two side-anchoring screws can be placed laterally into
skull to improve strength of cap fixation. Caps can then be held in place with dental
cement.

[00136] Post-operatively, animals are given the analgesic Rimadyl (4mg/kg),
placed in their cages on a heat mat, and observed until recovery. Rats are caged
separately throughout the study, weighed and health-checked daily, and are allowed 7
days to recover prior to commencement of the experimental procedures. Rats are
typically allowed free access to rodent chow (brand, WA stock feeders) and water
under 12:12 light dark conditions in the Biological Research Facility of the
Department of Medicine (RMH).

[00137] Prior to first drug treatment, rats are tested for absence-type seizures,

which are accompanied by generalised spike and wave discharges (SWD) on an EEG
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recording. Testing, and all further experiments are performed in a quiet, well lit room
with rats in their home cages. Rats are connected via 6-channel wire cables, which
are cut and soldered to six gold-plated pins inserted into a 9 pin socket. Cables can be
connected to a computer running CompumedicsTM EEG acquisition software
(Melbourne, Australia). Three rats that do not have adequate baseline seizures at the
start of the study can be commenced in week 2 and their treatments can be made up
for at the end according to the schedule. On week 1, day 1, after the acclimation
period following surgical implantation of subdural electrodes, four animals can be
habituated with the cable connected for 15 minutes, and then have their SWDs
recorded for 60 minutes as baseline. Immediately following baseline, rats are given
one of the test, reference, or control articles according to the treatment schedule, and
target period is recorded from 15 minutes after injection for 120 minutes. Animals
are monitored throughout the experiment, and are kept quietly wakeful during
baseline and target periods.

[00138] The seizure expression for the 60 minutes pre-injection and 120 minutes
post-injection EEG recording (starting 15 minutes post-drug administration) are
quantified by marking the start and finish of the burst of SWDs. This can be done
with the assistance of SWCFinder® software which has been custom designed to
quantitate GAERS seizures, and researchers are blinded to the nature of the drug
administered, whereby the analysis is performed blinded. Standard criteria for
GAERS seizures is an SWD burst of amplitude of more than three times baseline, a
frequency of 7 to 12 Hz, and a duration of longer than 0.5s. From this, the total
percent time spent in seizure over the 120 minutes post-injection EEG recording can

be determined (percentage time in seizure) as the primary outcome variable.

Example 13: Mouse Rotarod Assay

[00139] To assess a compound’s undesirable side effects (toxicity), animals were
monitored for overt signs of impaired neurological or muscular function. In mice, the
rotarod procedure (Dunham andMiya, J. Am. Pharmacol. Assoc. 46:208-209 (1957))
is used to disclose minimal muscular or neurological impairment (MMI). When a
mouse is placed on a rod that rotates at a speed of 6 rpm, the animal can maintain its
equilibrium for long periods of time. The animal is considered toxic if it falls off this

rotating rod three times during a 1-min period. In addition to MML, animals may
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exhibit a circular or zigzag gait, abnormal body posture and spread of the legs,
tremors, hyperactivity, lack of exploratory behavior, somnolence, stupor, catalepsy,
loss of placing response and changes in muscle tone. Exemplary data obtained using

this assay are shown in Table 8.

Table 8
Con;[:fun d % Impaired e
025hr | 0.5hr 1hr 2 hr 4 hr
1 0 0 0 0 0 300
9 0 0 0 0 0 -
19 0 75 100 100 100 -

Example 14: Lamina Assay and Data
Recordings on Lamina I/Il Spinal Cord Neurons.

[00140] Male Wistar rats (P6 to P9 for voltage-clamp and P15 to P18 for current-
clamp recordings) were anaesthetized through intraperitoneal injection of Inactin
(Sigma). The spinal cord was then rapidly dissected out and placed in an ice-cold
solution protective sucrose solution containing (in mM): 50 sucrose, 92 NaCl, 15 D-
Glucose, 26 NaHCO;, 5 KCl, 1.25 NaH,POq4, 0.5 CaCl,, 7 MgSOy4, 1 kynurenic acid,
and bubbled with 5 % CO,/ 95 % O,. The meninges, dura, and dorsal and ventral
roots were then removed from the lumbar region of the spinal cord under a dissecting
microscope. The “cleaned” lumbar region of the spinal cord was glued to the
vibratome stage and immediately immersed in ice cold, bubbled, sucrose solution.
For current-clamp recordings, 300 to 350 um parasagittal slices were cut to preserve
the dendritic arbour of lamina I neurons, while 350 to 400 pm transverse slices were
prepared for voltage-clamped Nay channel recordings. Slices were allowed to recover
for 1 hour at 35 °C in Ringer solution containing (in mM): 125 NaCl, 20 D-Glucose,
26 NaHCO3, 3 KCl, 1.25 NaH,POy4, 2 CaCly, 1 MgCl,, 1 kynurenic acid, 0.1
picrotoxin, bubbled with 5 % CO,/ 95 % O,. The slice recovery chamber was then
returned to room temperature (20 to 22 °C) and all recordings were performed at this

temperature.
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[00141] Neurons were visualized using IR-DIC optics (Zeiss Axioskop 2 FS plus,
Gottingen, Germany), and neurons from lamina I and the outer layer of lamina II were
selected based on their location relative to the substantia gelatinosa layer. Neurons
were patch-clamped using borosilicate glass patch pipettes with resistances of 3 to 6
MQ. Current-clamp recordings of lamina I/Il neurons in the intact slice, the external
recording solution was the above Ringer solution, while the internal patch pipette
solution contained (in mM): 140 KGluconate, 4 NaCl, 10 HEPES, 1 EGTA, 0.5
MgCly, 4 MgATP, 0.5 Na,GTP, adjusted to pH 7.2 with 5 M KOH and to 290 mOsm
with D-Mannitol (if necessary). Only tonic firing neurons were selected for current-
clamp experiments, while phasic, delayed onset and single spike neurons were
discarded (22). Recordings were digitized at 50 kHz and low-pass filtered at 2.4 kHz.

[00142] Data obtained according to this protocol are shown in Table 9.

Table 9
LAMINATAND II
Compound ———
no. a\/i)eszﬁ:kﬁ /Cr;:fee % Spike % Spike Change | _ .
> & Change SEM P<0.05 50
from control)
1 -47.3 83 10 482
9 -35.5 12.1 1o B
19 -30.3 9.2 o ~

Example 15: Pharmacokinetic Parameters

[00143] Preliminary exposure characteristics of the compounds were evaluated in
an in vivo Rat Early Pharmacokinetic (EPK) study design (Table 10), and the data
show that the compounds are orally bioavailable. Male Sprague-Dawley rats were
dosed via oral (PO) gavage in the detailed formulation. Blood samples were collected
from the animals at 6 timepoints out to 4 hours post-dose. Pharmacokinetic analysis
was performed on the LC-MS/MS measured concentrations for each timepoint of

each compound. Exemplary data are shown in Table 10.
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Table 10
r Dose
Dose Normalize
Compound Dose Normalized d AUC T max
No. (mg/kg) | Route | Formulation Cmax (nM) (nM*h) (hr
1 3 PO PG 438 1,118 0.25
5 3 PO PG 48 108 1.8
9 3 PO PG 484 1,120 1.4
10%
10 30 PO | DMSO/90% 355 1,192 1.2
CMC
10%
13 30 PO | DMSO0/90% 172 458 0.67
CMC
PG: Propylene glycol
DMSO: Dimethyl sulfoxide
CMC: 0.5% Carboxy methyl cellulose
Other Embodiments
5 [00144] While the invention has been described in connection with specific

embodiments thereof, it will be understood that it is capable of further modifications
and this application is intended to cover any variations, uses, or adaptations of the
invention following, in general, the principles of the invention and including such
departures from the present disclosure come within known or customary practice
10 within the art to which the invention pertains and may be applied to the essential
features hereinbefore set forth.

[00145] All publications, patents and patent applications are herein incorporated by
reference in their entirety to the same extent as if each individual publication, patent
or patent application was specifically and individually indicated to be incorporated by

15  reference in its entirety.
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Claims
What is claimed is:
1. A compound having a structure according to the following formula,
(RMn
HN/_ ‘"\ X
/ (I), or a pharmaceutically acceptable salt, solvate,

prodrug, or stereoisomer thereof, wherein
X is an optionally substituted alkylene (1-3C);
Zis N or CR%;

A is selected from

\O (Rz)m

= D ®%

(i1) H 5

B is N-R? or an optionally substituted isoxazolyl;

Y is a bond or an optionally substituted alkylene (1-3C)

m is an integer between 0-5;

n is an integer between 0-6;

o is an integer between 0-4;

each R! and R? s, independently, selected from halo, CN, NO,,
COOR’, CONR’,, OR’, SR’, SOR’, SO;R’, NR’;, NR’(CO)R”’, and
NR’SO,R’, wherein each R’ is independently H or an optionally substituted
group selected from alkyl (1-6C), alkenyl (2-6C), alkynyl (2-6C), heteroalkyl
(2-6C), heteroalkenyl (2-6), and heteroalkynyl (2-6C); or R! and R* may
independently be one or more optionally substituted groups selected from
alkyl (1-6C), alkenyl (2-6C), alkynyl (2-6C), heteroalkyl (2-6C), heteroalkenyl
(2-6C), or heteroalkynyl (2-6C); and wherein each R' may further be selected
from =0 and =NOR’;

R’isHoran optionally substituted alkyl (1-3C); and

R* is H, methyl, fluoro, hydroxyl or cyano.
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2. The compound of claim 1, wherein said compound has a structure according

to:

- (R,
SN
HN Z B
\__/ \©—<R2>m
(ID).

3. The compound of claim 2, wherein R! or R%is CF; or OCF;.

4, The compound of any of claims 1-3, wherein B is N-R®.

5. The compound of any of claims 1-4, wherein X is substituted by =O.
6. The compound of claim 5, wherein X is -CH;C(=0)- or -C(=0)CH,-.
7. The compound of claim 6, wherein X is -CH,C(=0)-.

8. The compound of any of claims 1-7, wherein n is 0-3.

9. The compound of claim 8, wherein n is 0.

10.  The compound of any of claims 1-9, wherein Y is a bond.

11.  The compound of any of claims 1-10, wherein each R! is independently halo,
methyl, CF3, or =0.

12.  The compound of any of claims 1-11, wherein m is 0-3.
13.  The compound of claim 12, wherein m is 2 or 3.

14.  The compound of any of claims 1-13, wherein each R? is independently halo,

methyl or CFs.

15.  The compound of any of claims 1-14, wherein n is 1 and R!is =0.
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16.

17.

18.

19.

20.

21.

22.

The compound of claim 1, wherein said compound has a structure according

to the following formula,

(R1)n / __I_(R2
H /ﬂ—\N/X\N N "
N |

R3 .
The compound of claim 16, wherein X is -CH,;C(=0)- or -C(=0)CH,-.
The compound of claim 17, wherein X 1s -CH,C(=0)-.
The compound of any of claims 16-18, wherein R*is H.

The compound of any of claims 16-19, wherein, independently, nis O or 1,

and mis 2 or 3.
The compound of claim 20, wherein nis 1 and R'is =0.

The compound of any of claims 16-18, wherein said compound has a structure

according to
HN N—X—NH R2a HN  N—X—NH
(RYy, (R, R
RZ*  R®(IV)or R2P (V) , wherein
R'is =Q;

nisOor1;and
each of R%, R, and R* is selected, independently, from halogen and

substituted 1C alkyl.
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23.  The compound of claim 22, wherein said compound has a structure according
to
/N /N
HN  N-X-NH R?2 HN  N—X-NH
0 0 R2a
R R (IV-a)or R20 (V-a).

24.  The compound of claim 22, wherein X is -CH,C(=0)-.

25.  The compound of any of claims 16-18, wherein said compound has a structure

according to

(RN (R"n2
HN N—X—NH HN N—X—NH

(RY1 R2a (R")n7 R2a

R20 (VD or R2® (VID),
wherein

R'is =0;
nlisOorl;
n2is 0 or 1; and

each R?, R®, and R is selected, independently, from halogen and
substituted 1C alkyl;

and wherein at least one of nl and n2 is 0.
26.  The compound of claim 25, wherein both nl and n2 are 0.

27.  The compound of claim 1, wherein said compound has a structure selected

from the group consisting of:

R2a
HN  N-x— | HN  N-x— I
o-N g o

o) (VIID), o) (IX), and
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R2b
/\ / R20
HN  N=X i
\ s O’N
o} (X), wherein each R*, R*, and R™ is selected,

independently, from halogen and substituted 1C alkyl.

28. The compound of claim 27, wherein X is -CHj-.

29.  The compound of any of claims 22-28, wherein said halogen is fluoro and said
substituted 1C alkyl is CFs.

30.  The compound of claim 1, wherein said compound is selected from the group
consisting of:
N-(3,5-bis(trifluoromethyl)phenyl)-2-(2-oxopiperazin-1-yl)acetamide;
2-(2-oxopiperazin-1-yl)-N-(2,4,5-trifluorophenyl)acetamide;
1-(2-(3,5-difluorophenylamino)acetyl)piperazin-2-one;
N-(3,5-bis(trifluoromethyl)phenyl)-2-(3,3-dimethyl-2-oxopiperazin-1-

yl)acetamide;
N-(3,5-bis(trifluoromethyl)phenyl)-2-(piperazin-1-yl)acetamide;
N-(3,5-difluorophenyl)-2-(piperazin-1-yl)acetamide;
2-(piperazin-1-yl)-N-(2,4,5-trifluorophenyl)acetamide;
N-(3-fluoro-5-(trifluoromethyl)phenyl)-2-(piperazin-1-yl)acetamide;
N-(3,5-bis(trifluoromethyl)phenyl)-2-(3-oxopiperazin-1-yl)acetamide;
4-(2-(3,5-bis(trifluoromethyl)phenylamino)acetyl)piperazin-2-one;
4-(2-(3-fluoro-5-(trifluoromethyl)phenylamino)acetyl)piperazin-2-one;
4-(2-(3,5-bis(trifluoromethyl)phenylamino)acetyl)-3,3-dimethylpiperazin-2-

one;
N-(3,5-bis(trifluoromethyl)phenyl)-2-(5,5-dimethyl-2-oxopiperazin-1-

yl)acetamide;
1-((3-(3,5-bis(trifluoromethyl)phenyl)isoxazol-5-yl)methyl)piperazin-2-one;
1-((3-phenylisoxazol-5-yl)methyl)piperazin-2-one;
1-((3-(2-fluorophenyl)isoxazol-5-yl)methyl)piperazin-2-one;

N-(3,5-bis(trifluoromethyl)phenyl)-2-(2-oxopiperazin-1-yl)propanamide;
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31.

32.

33.

34.

35.

36.

37.

38.

N-(3,5-difluorophenyl)-2-(2-oxopiperazin-1-yl)acetamide;
N-(3,5-bis(trifluoromethyl)phenyl)-2-(piperidin-4-yl)acetamide;
N-(3,5-bis(trifluoromethyl)benzyl)-2-(2-oxopiperazin-1-yl)acetamide;
N-(3,5-dichlorophenyl)-2-(2-oxopiperazin-1-yl)acetamide;
N-(2-(2-oxopiperazin-1-yl)ethyl)-3,5-bis(trifluoromethyl)benzamide; and
3-fluoro-N-(2-(2-oxopiperazin- 1-yl)ethyl)-5-(trifluoromethyl)benzamide.

The compound of claim 1, wherein said compound is

F
F

F

/N

HN

H
N CF,4
N/\[]/ o .
< 0 NH
O HN
CF; or

The compound of claim 1, wherein said compound has a structure according

to the following formula,

(Thn
/N N—"X
J— 4 1 /p2
HN Z X—(N | (R,
H

(XD).

The compound of claim 32, wherein Z is N.

The compound of claim 32 or 33, wherein n is 0-3.

The compound of claim 34, wherein n is 0.

The compound of claim 32, wherein n is 1 and R; is =O.

The compound of any of claims 32-36, wherein X is -CH,C(=0)- or -
C(=0)CH,-.

The compound of claim 37, wherein X is -CH,C(=0)-.
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39. A pharmaceutical composition comprising the compound of any of claims 1-

38 and a pharmaceutically acceptable carrier or excipient.

40.  The pharmaceutical composition of claim 39, wherein said pharmaceutical

composition is formulated in unit dosage form.

41.  The pharmaceutical composition of claim 39, wherein said unit dosage form 1s

a tablet, caplet, capsule, lozenge, film, strip, gelcap, or syrup.

42. A method to treat a condition modulated by sodium or calcium channels, or
any combination thereof, said method comprising administering to a subject in
need of such treatment an amount of the compound of any of claims 1-38 or

the pharmaceutical composition of any of claims 39-41.

43, The method of claim 42, wherein said sodium or calcium channel is the Nay

1.7, Nay 1.8, or Cay 3.2 channel, or any cominbation thereof.

44,  The method of claim 42, wherein said condition is pain, epilepsy, Parkinson’s

disease, depression, psychosis, or tinnitus.

45.  The method of claim 44, wherein said psychosis is schizophrenia.

46.  The method of claim 42, wherein said condition is pain or epilepsy.

47.  The method of claim 46, wherein said pain is inflammatory pain or

neuropathic pain.

48.  The method of claim 46, wherein said pain is chronic pain.

49.  The method of claim 48, wherein said chronic pain is peripheral neuropathic
pain; central neuropathic pain, musculoskeletal pain, headache, visceral pain,

or mixed pain.
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50.  The method of claim 49, wherein

said peripheral neuropathic pain is post-herpetic neuralgia, diabetic
neuropathic pain, neuropathic cancer pain, failed back-surgery syndrome,
trigeminal neuralgia, or phantom limb pain;

said central neuropathic pain is multiple sclerosis related pain,
Parkinson disease related pain, post-stroke pain, post-traumatic spinal cord
injury pain, or pain in dementia;

said musculoskeletal pain is osteoarthritic pain and fibromyalgia
syndrome; inflammatory pain such as rheumatoid arthritis, or endometriosis;

said headache is migraine, cluster headache, tension headache
syndrome, facial pain, or headache caused by other diseases;

said visceral pain is interstitial cystitis, irritable bowel syndrome, or
chronic pelvic pain syndrome; or

said mixed pain is lower back pain, neck and shoulder pain, burning

mouth syndrome, or complex regional pain syndrome.

51.  The method of claim 49, wherein said headache is migraine.

52.  The method of claim 46, wherein said pain is acute pain.

53.  The method of claim 44, wherein said acute pain is nociceptive pain or post-

operative pain.
54.  The method of claim 53, wherein said acute pain is post-operative pain.
55. A method of modulating a voltage-gated sodium channel or a calctum channel,

said method comprising contacting a cell with the compound of any of claims

1-38, or the pharmaceutical composition of any of claims 39-41,
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Box No. IV

Text of the abstract (Continuation of item 5 of the first sheet)

Compounds of formula (T) which are useful in ameliorating conditions characterized by unwanted sodium and/or calcium channel activity,
particularly unwanted Na, 1.7, Na, 1.8, or Ca, 3.2 channel activity are disclosed. Specifically, a series of compounds containing piperidine
or piperazine linked through an amide, isoxazole or similar linker to an aryl ring are described and are shown to be useful for the treatment

of pain or epilepsy.
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X

P.X

P. X

>

P. X

P. X

>

P, X

>

ZECHEL, C. et al. Bioorg. Med. Chem. Lett. 2003, 13, 165-169
*Table 1, intermediates of 11a, 11b and 20a*

CA 2198084 A1 (BURKHOLDER, T.P. et al.) 29 February 1996 (29-02-
29) *Example 31*

WO 0121615 A1 (TAKAYAMA, K. et al) 29 March 2001 (29-03-2001)
*CAS Registry number 330948-09-9*

US 5559127 A HARTMAN, G.D. et al.) 24 September 1996 (24-09-
1996) *scheme 6, column 31, 32 and 41-42*

CA 2022451 A1 (CARR, A A. etal.) 02 April 1991 (02-04-1991)
*Example 4*

WO 2010053120 A1 (ISHIL, T. et al.) 14 May 2010 (15-05-2010)
*compounds 3 and 12*

CA 2497827 A1 (CARRUTHERS, N.I et al.) 18 March 2004 (18-03-
2004) *see examples*

WO 0250061 A1 (DARTOIS, C.G.Y. et al.) 27 June 2002 (27-06-2002)
* Example 3 and 4*

PESSON, M. M. et al. Eur. J. Med. Chem. 1975, 10, 567-572
*intermediate 4j*

WO 2010023196 A2 (PETERS, D. et al.) 04 March 2010 (04-03-2010)
* Table 1*

WO 2010023197 A2 (PETERS, D. et al.) 04 March 2010 (04-03-2010)
*whole document*

CA 2711977 A1 (PETERS, D. et al) 23 July 2009 (23-07-2009)
*whole document*

CA 2695496 Al (PETERS, D. et al.) 05 February 2009 (05-02-2009)
*whole document*

US 5198449 A (SHANKLIN Jr., J. R.) 30 March 1993 (30-03-1993)
*claims*

CAS Registry number 1027575-54-7 12 June 2008 (12-06-2008)

CA 2345210 A1 (SMALLHEER, J. M. et al.) 25 May 2000 (25-05-2000)
*Scheme 1* and CAS Registry numbers 764635-79-2 and 270594-01-9

WO 2009146540 A1 (PAJOUHESH, H. et al.) 10 December 2009 (10-12-
2009) *Example 1*

WO 2009136625 Al (TSUZUKI, Y et al.) 12 November 2009 (12-11-
2009) *compound formula (II)*

1, 8,9, 12,32, 34, and 35

1,8,9, 12, 32, 34, and 35

1,8,9, 12,32, 34, and 35

1, 8,9, 12, 32, 34, and 35

1,8,9, 12, 32, 34, and 35

1,8, 9, 12, 14 and 32-35

1,8, 9, 11-14, 32-35 and 39-41

1.8, 9, 12, 14 and 32-35

1. 8,9, 12 and 32-35

1,2,4,5, 8-10, 12-14, 16, 20, 39-41

and 42-55

1,2, 4-10, 12-14, 16-20, 29, 39-41,
42-55

1-5, 8-10, 12-14, 16, 20, 22, 39-41
and 42-55

1,2, 4, 8-10, 12-14, 16, 20, 39-41
and 42-55

1-4, 8-10, 12-14, 16, 19, 20, 22 and
39-41

1,2,5,8,9, 10, 12 and 13

1,2, 8-11 and 39-41

1-5, 8,9, and 11-13

1.2,4,5,8,9, 12 and 13
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Citation of document, with indication, where appropriate, of the relevant passages
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X

P. X

>

P. X

>

CA 2703106 Al (SUGASAWA, K. et al.) 30 April 2009 (30-04-2009)
*compound 791%*

WO 2010102663 Al (BESWICK, P.J. et al.) 16 September 2010 (16-09-
2010) *Intermediate 11, 13 and 14*

WO 2010087399 A1 (MARUMOTO S. et al.) 5 August 2010 (05-08-
2010) *page 49*

WO 2008109175 A1 (HARBESON, S.L. et al) 12 September 2008 (12-
09-2008) *Example 4*

US 20090105251 Al (JONES, B. et al.) 23 April 2009 (23-04-2009)
*example 33*

CA 2659512 A1 (CLARK, R. B. et al) 21 December 2007 (21-12-2007)
*example 151*

WO 2007118323 Al (PAJOUHESH, H. et al.) 25 October 2007 (25-10-
2007) *whole document, example 9*

CA 2605603 Al (SEVERANCE, D. L. et al.) 02 November 2006 (02-11-
2006) * example 28*

WO 2009064388 A2 (LIU, J.O. et al.) 22 May 2009 (22-05-2009)
* pages 23 and 24*

WO 2008157844 Al (BISCHOFF, A. et al.) 24 December 2008 (24-12-
2008) *scheme 1*

CA 2665736 A1 (MOFFAT, D.F.C. et al.) 02 May 2008 (02-05-2008)
*example 14, page 81*

1,2,4,8,9, 12 and 39-41

1,2,4,5,8,10-14, 16, 19 and 20

1,2,4-6, 8,9, 12-14, 16, 17, 19, 20

and 22

1,2, 4-10, 12-14, and 16-20

1,2,8,10, 12, 14 and 39-41

1,2,5,8,9, 10, 12 and 39-41

1,2,8.9, 10, 12, 14, 39-41, 42-55

1,2,8,9,10, 12, 14 and 39-41

1,2,4,5,8,9, 12, 16 and

1,2,4,5,6,8,9, and 12

1,2,4,8,12 and 13

39-41
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B2 e T8 25 TS IR R Ay AR S5SN8 0 T BRI s 2k PR R TR L Bt
SRR TR FLIR A7 15 IR B A IR, AT Rk 6 1 S0 A AL B0 L S A & iﬂjﬁ.@r\%ﬂ”ﬂf
Bl o5 i o T 2 B R B ) 2% 7 V2 50 A A ARSI T I E
[0077]  AREPERIRR N Eh A HE 4R Eh . & IR EL B IR L (PR MR £ R A2 IR £ 7R T
MR Eh R PR A IR AL h ﬁﬂﬂ@&ib TR AR R B AR TR R AT AR R Eh BRI T R
i ﬁﬁ]ﬁ%@&ﬁ'ﬁ += Fﬁﬁ #h SRR T M R L I PR R AR L H R 2h L
\ZEYEE?Z_:I‘J:E IR R E IR R 2- FR AL - TR LB IR £
R EE CERIR L DoRIR R VI R 2 FRAR 2h . 2- ZRTAPR #h
ER PRI R Eh RO 2R R 2h R R IR #h ik i R B L 3- ARFE A
REBGRR R IR 2h R IR R Bh  BEFIR 2h VAR IR Bh WA IR R IR
R ERER . AR MER IR B - 4 R AL RE B BB L BESE UL
B AR EAR T8 DY PR D) o3 Pk Pk, =
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[0078] WA AT FHIARTE “ 25% LRl B2 KIS HIa W) e A SCRR &4 (B,
R (D-XD PE—FRALEWEAEY 1-23 T RE—Fh ), Horbod R R 5+ LA
M A AR Ao T A F RS T FE T AR ERT 32 1. B, al @t A& H L
R KBCE T RVRS YIS a P45 W BUTUE , Hl 3 WA . 38 I 77 1 SE 9
LT (e, - = - F= - K& ) « N- FIEnEme e fd (NMP) « — FTEAK (DMSO) « N,
N’ - ZHEEPELZ OMF) N, N - ZHIE AWz (DMAC) 1, 3— — L —2— BKMEIbkEld (DMEU) .
1,3- ZM3E -3,4,5,6- P& -2- (1H) - WERe il (DMPU) « £JiF (ACN) VA I\ LR L BR W 2k
B 2— LM BERR 2 T R IE S . KRBT, 2 FHEFR A “K G,

[0079]  WIASL I FH B ATE: “ s~ $8 U7 A ST Ik () 9295 « B A B8O hes. (9 dan, P (49
W, A BRSO R ) U S BT I R M A A 4 R ER Lo I B PR R R
15 N PHESEE ARG PR 1 DA 1 2 20 | 5% it 5 i S ' o R 2 AR 3P L R R B3 P )
(1) —Fh B 2 PlE IR B 1 1 TS5 697 BIRTT » 040, W] 7E5E T G B i T iR 3T
2 fr (C“PUBER T ) Bl fe (“BiEE ™) BT MRy . BissG 7 A
Pk & (Ban, i =X (D - XD PE—Fa sl 69 1-23 fEE—fp) 83
25 BTS2 I SR B A B L 2 AL A B TR PR VR T AT O SR R R . 7R
B e va T R A B2 T IR E TR AN .

[0080]  4HASCHT FHIIATE “ BT 2457 e a0, G ik 75 33 oK A, 7E 1R N PR 64 O E Bk
BAEDRMEY) . ARSI KIAL-S VIR HT 25 7] A SR RE . O 2ol A A 24 1) 2l
T R RIS IR (C1-C8 Bk C8-C24) Mg MH &l i /8 | e 4e. 2 AR S5 195 2 256 P IR IR FH 2 S5 1R
Mo i, fEH AT 25 P 3 OH ZE R AL G T AR AL B B4 . 7E T. Higuchi AN
V. Stella, YE TR 25 R G HIRT 24, A. C. S. Symposium Series [ 14 4% Edward B. Roche,
Y, et TP I AR T A, 56 [ P & F1 Pergamon HE AR, 1987 F Judkins 4,
Synthetic Communications,26(23) :4351-4367, 1996 24t T A K16, EA14> Al it
SIHE G TAI . RRPAEY IR ZEE T 5 A A 235, BA 751
R AR R R Y S, A BRI R/ RS LU AR AR I LT S A A R

[0081] &b, AR AL AW n] ik S HUAE A 2 4k Bt ok 5 1) 58 e BE R AR
W 1 b Bk, AR B P A RE R e St B . Bl R E R O
RS 2P R I s DA S A BEARIE I B G 2  TUABUE & 2 B R R
o ARAE AT I BSRER A e AME A 28 1 R PR SURES ) . R, k(s
T AL S TR R AL (R AL Hu i rh I, A I ws B &4 (i, A= (D - XT) s E—
AL SIS &Y 1-23 RIAT—FF )

[0082] AT fi FH R LA B AS s 56 4 AR B, “VRIT 7 0 B ) “ 3BT (an, AL
JIT I B 1 A A (A, 1 M B M AR ) IR SR 2R B B < AR PO o L
IR B PR e R R 5 1 I JREE RS 0 1 QRS o 2 SR B e O PV B S B e R
TRAP BT E ) 2P H m sl E R ROR, W iR SO 1R A m el A R ROR
AIALHE AR T, kR B — P 2 PR B 1 980D 5 Bl B e (1)) AR AL
FE P  FEAS BURAE FPRAS CRI, ANRAL ) 5 BT 595 « BE0S BOv iE IR A 7 5 48 2% B 12 9
T B B B IE R R RS s 5 BRSO AE () 5035 BB A s G 18 1] B2 i A AN R 8¢t il 1)
GeR (BRIl A ) o “OREFE” N A BT B e, 5 A VAT IR RN [A) iR R A
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LG, B B AG BOPAE IR R R/ BOAN AR PR PR SR AR o D R/ B S () I ) E R o i 12
BREEK

[0083]  ARiH “HprFIAEL” $oiE A1 I AN ZIHTT BRI EW A MIg —H 2 Lo
AT, 5 BT B A A3 B 5 — P 2 R 2 RO ) — & 20 S5 B R il iR o7
BRI PUE SIS M o - F = BRI T SR SR AL G R (9, PELORE 9 ) L B ) e
50 (Ao, Ao s BE T mh R ) ) VBE TR AN R B S RO 2 )

[0084] P FIELEACHTIR AL A4 (B, i =X (D) - XD TP sk &4
1=23 FRE—Fl ) 5 TR ISR, BIX vl G R F A BLRIAR 2 , 7ERE 2L S0 7 2,
WAL Z 2 LTz 1 k.

[0085]  FERELEIHNL T, KRHWUAEW EH AR ANFHA L. AR HAHEE T 5 1)
AR SR T B R B AR TR R I 5 AR A AR R AW, AR SNE TR G Y. EIE
i ] R8T B85 i A B4 W SR A R FH AR SR 1

[0086] A SCATRMIAL A (Bltn, HER (D - XD E—Mrtb & etk &4 1-23
AT—Fp ) K H2 FH R IGTT T S TR/ S @ E s P, HIJUH 2 Nay 1.7 Na, 1.8
F Cay 3. 2 X8 P BB R AT 6 0 AT 20 A 1R PR R 1 2590

[0087] g ik LA R VER  BEIFIBCREE SR, A BH ) e e R R s 25 20 2 D o

[oos8] KT

[0089] & 1 Bon 5 andrfiid 5 o MBS Von Frey YPAS T 72 AEE 2k A0 SNL JE AR E, 4k
AW 1R PR SRR

[0090] AR

[0091] L&

[0092] AUk BHEIRFAESE T BA MR LN A&t &9

(R"n
00] N x SRIEE EATHE N R A R SR, B
/ @

[0004] X 2 RIEHUCHIE S (1-3C) 5
[0095] 7 #& Nk CR;

[0096] AikH

[0097]

e NN
@) \© (Rz)m, %
N
%—(NI}(R?)O

(ii) H ;
[0098] B j& N-R* BUEILHUARIR AR mEE

[0099] Y 28 e R AR R (1-30) ;

[0100] m &/ T 0-5 2 [ fr3%

[0101]  n BT 0-6 2 [ fr3%y

[0102] o 2/ T 04 2 [A] (5]
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[0103] &N R FIR® fhor ik B s L3 . CNL NO,. COOR’ . CONR” ,. OR”, SR’ SOR’ . SO,R’ .
NR” ,» NR” (CO)R”, FIINR” SO,R”, HoAr 34~ R” Ahor il H skik At (1-60) JJhZe (2-60) .
FIE (2-6C) ZRkedt (2-60) JJuMfdE (2-6) FZRbhIt (2-6C) MFEEBURKIFE ;5 R" Al R?
AT HL A R F R (1-60) Ve (2-60) VB (2-60C) Akt (2-60) \A¥iZE (2-6) B
PEE (2-60) [1— D EEZMEIEBRER] FH P& R w[iE—P 1k B = 0 fl= NOR” ;
[0104]  R® 4 H BATIEEURHIFEEE (1-3C) 51

[0105]  R* 24 H. A3 UEE R L sl F 3k

[0106]  ERAI AT Szt & (Fitn, X (1D -XI) P& 1-23) & X2 &1
N IREWIRER

[0107]  ZAHHFIZE 24

[0108]  ASCATRALEY (Blan, 4R (D -XD PAE—F i SEL &Y 1-23 h
AR T AR5, REAE T3, Feak ) @ Hof - ar / sl @ i v,
JEIHAE Nay 1. 7 Nayl. 8 8K Ca,3. 2 M0 1E TG PE I RE ) RIS T5 VE » XA nTH iR
I7 T BN ER T 24 I T R, L RE IR O DR SR T R T S SIAITAE K
O3 2R G Ao AR EL R

[0109]  BHiE TE ¥ 75T

[0110] 9 Ff Nayl a — W 3E[F T2 Na,1. 7 1 Na, 1. 8 i 38 W72 6f R 5E M2 M2 (AR
W) W R RN BRER . TR, C4TE Nay 1. 7 BIE %0 H SEGSRIEI R
(Dib-Hajj Z¢, Brain 128 :1847-1854,2005) B3 HH Wi SECEE Th e (Chatelier
2%, J. Neurophisiol. 99 :2241-50,2008) (58324, X LEERAR MG | & A K W] 15 4% 5 15 1
WAL R RAE (Yang 25, J Med Genet. 41 (3) 171-4,2004) B & PERIIRE (Fertleman 2%,
Neuron. 52 (5) 767-74, 2006) Fl 4R MG % (Cox 25, Nature 444 (7121) :894-8,2006) .
NEIGAT AT R M, 24 7E Nay 1. 8= BHPERRZ T rh ZE BRI B Nay L. 7 I, RGEFN S PENLI
PR R R U (Nassar 28, Proc Natl Acad Sci U S A.101(34) :12706-11,2004) . 1t
A8, Nayl. 7 1] siRNA 952 R MR e k8 (Yeomans %%, Hum Gene Ther. 16 (2) 271-7,2005) o
g R 7R S8 (knockdown) Nay, 1. 8, &I H Nay 1. 8 fE & M (Khasar %% . Neurosci
Lett. 256 (1) :17-20, 1998) AL HEFIH I ME R Wi 80 (Joshi 2§, pain 123(1-2) :75-82,
2006) HVER, IX CLEE R BH , 1 R AN RIS AR U0 1) 4 B (IR 55 o

[o111]  Fu R (Lacosamide) 2 ThBeMEZ AL IR, & A MM A MEAIR T LM ki
R HAE R R RCR R AL T OB R ek 2 MR I R T R . &
SR UE SRR ) — R 75 X 0 I DAGZ 12 % 7 (1038 T8 A4 3 e e Pt o), Il e Hs 1)
VRN ETETE (Sheets 2%, Journal of Pharmacology and Experimental Therapeutics,
326 (1)89-99 (2008) ) o A1 1E I 157, ALFE I RAH DAL S, T R I &35 KPR MO 1t 55
A, Horpr PR B 205 AN 2 % () A TE 5 ) A BHL T o 75 AR b, P RS 1) 5 R Y
FOASTEINEPRZS <P DG P S PRI SRS RIS I3 o AR T PR 2 v RS, BL2EY (1 A 1 1
5, WA 2 R, R R m SR A TR AR, A8 R IRAS B O A IR R AH S
[o112] 40 IE1E Y

[0113] AW ik g s 1) 428 05 10 TE 0k N 48 1, 3 20 o A R A 38 2 B, B 6 M A — WA
e R W R R L 18 (l4n, Miller 28, Science235 :46-52(1987) ;Augustine 2%,
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Annu Rev Neurosci 10 :633-693 (1987)) o FEANEZEJCHY , 475 18 18 1 B2 5 Wi S 07 02 Jiz HRL 1k
B W% Ay B S MO N G 1 o B30 NG R T — RO - R T R
B — fOR T G N C AP R AR B - WO O T RTE M — A e e e D e
SR i AR 220 AR TR 0 R PR 0 5 | e A 2 368 i (AR T, " 3 S Wi e FE TR TR 22 T TR IRl 22
S AR KRS
[0114]  HIEIEN T 2R E R EFLIh e, M X2 R AR SCITR 05 . i, th O a3k
I, PH TR IE /) 3 5 P T IR AT DS I A 8 TR R B Y 1 e R A R RN YE R, I A4
TR T AL WS IR (458 T Vanegas %%, Pain 85 :9-18(2000)) . CLZHRHEIH
FEL A 2 N 2 B M T, o AR TR I 43 2 T— L- N=. P/Q— F R- B! (45 F Catterall,
Annu Rev Cell Dev Biol 16 :521-555,2000 ;Huguenard, Annu Rev Physiol 58 :329-348,
1996) o L-N-Fll P/Q- BUHE L 2 IE B TN (R isAt ) JFRILH AR I3 75 %
ML — Ol BT (Td. ) o AT 3E e 5 0 F 350 [ (R AL i L DR 2R3 L G218 Bl A R B /)
) PR TE FL S, R T- BRI . O T BRI AR B B T AP IRIE )
SRR XTI @ o oy M a  (ERE S RIFRA Cav 3. 1. Cav 3.2 fil Cav 3.3) .
[0115]  T— BUEGIEE W o 2 Pl PR . ARk Z PRI R IX 3. IJEﬁUEKJ/J\ﬁEF WMEEHI KA
KAERIHCPT (Kim 25, Mol. Cell Neurosci. 18(2) :235-245(2001)) . Eﬁﬁ&ﬁ%ﬁf
IR EFRW K 3.23 ]Eﬁ” (Su 2%, J.Neurosci. 22 :3645-3655 (2002)) A LA |
UK, W5 W S HE N, 1@k BH W T- BT AL /E A IIEYR (Gomora %%, Mol. Pharmacol. 60 :
1121-1132(2001)) »
[o116] A1 FL A 35 A4 1R 75 38 1 fa7 2 3R 08 T 0 I %«JLE/JQE//\ o A AN W B I AR
a2 W, T- B IE S RIS T A0 N, IR DT BH W X L8l TE P REBR A A ML T2
AN I8 ek /D 40 M 8 TE . A U A 9T A 3R B, LR A b T—iﬂ’%x.ﬂéﬁ’]i%lifsiiﬁh
AR, B, 75 R 5 B, 8T8 DL SE e B K 3Rk, M — HLAi Ak T AR RS A R A
B R IE F /e IR I, 3 B 1 kb BE o 80 8 0 N i 41 M T BE A2 T %H*ﬁiﬁﬁ’]ﬁ
Y8 1 F B (B dn, PCT & F B3 5 WO 05/086971 1 W005/77082 ;Taylor 2%, World
J. Gastroenterol. 14(32) :4984-4991 (2008) ;Heo %%, Biorganic&Medicinal Chemistry
Letters 18 :3899-3901 (2008)) .
[0117]  T- BUEGIEIE L P BEW S 53 b E P . e M BFTIE R B, T- B4 8 15
PO ) BT o i 0 B Y AR G . BB, 45 Tk FE I T- A E 15 HR b
A TR0 TG 0 5 R, () B b0 R UL PR s (49 G, Uebele %%, The Journal of Clinical
Investigation, 119(6) :1659-1667 (2009)) . T— Y40 E 1 th 7] fe i K&sm (0Ll 3%
E L H 2 H-5 2003/0086980 ;PCT /a5 WO 03/007953 FIWO 04/000311) o [50o I 55
W (2 W3 [ LR BG5S 2006/0025397) R FIE ML B SRR 2 A, T- TG HE L
KBEPRTE (SEEER A TS 2003/0125269) | HEARRERG (36 E LA A TS5 2006/0003985) |
WE) <R D0 ARG ol 15 RS A 0 20 (SR 1 M) 22 IT5 2003/0087799) 555 Dt ik B2 v BE
(Sui 2%, British Journal of Urology International 99(2) :436-441(2007) ;3£ HEEH|
WIS 2004/0197825) .59 (Hayashi 2, Journal of Pharmacological Sciences 99 :
221-227(2005)) AEEAIEHS thEE (3£ EH LR AT 2009/0126031) | ff 48 x4 A1 53 4 79

—Zé:o
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[o118]  WIHRHE AL AN ) 773 (U, 7R AR ST AL I 225 SOk ) 5 I8 AR SC Tk i)
E (ol R (D -XD P E—FRAE B E W 1-23 HERE—F ) XTE 118
TE T o B I, B, S )5 A R A T R U Y AN e A 2E BT DL X
BAE Y TR T, 0 :Birch 28, Drug Discovery Today,9(9) :410-418(2004) ;
Audesirk, “6 = — B9 7~ 18 Ih BE () B8 A= B 242 42 M7, ” Neurotoxicology :Approaches and
Methods, 137-156 (1995) ;Camerino %, “4 & : B T il 18 J& W YA JT J7 7%, 7 Advances in
Genetics, 64 :81-145(2008) ;Petkov,“16 & — & T-ifiid, "Pharmacology :Principles and
Practice, 387-427(2009) ;Standen 5,15 & — JB -8l 77 VA1 B 1018 5 8, "Principles
of Medical Biology,7 %%, 2 #4y,355-375(1997) ;Xu %%, Drug Discovery Today,6(24) :
1278-1287(2001) ;f1 Sullivan 2, Methods Mol.Biol. 114 :125-133(1999) . i 7E K jifs)]
TR 2845 1 S T VR

[0119]  JRIFAHAE

[0120]  WISR A SR 4G a7 st e G 2m (an, B s e % )
T B0 7K U R W) <6 8k K S B PRV 5 s REERIR RS s AT BIIE K #0000 1 L0k A 7 2R0E
JE W FE R BIPAE 5 B0« AR 22 DR AP R R o 910, P W] R 2 (A, ph 22 MR PRI B Ji5 9K
IR ) R e ST A < R o IS RS A 40 20 RS A Bl H S

(01211 Gur AR SC B FH PR 0, 55 (AN PR T80 20 o R A 185 0t 00 2R A R A 2 5
MeRAER R B / AR A .

[0122] WA S By R e B FEAELAS R T S0 e o 20 B 40 L 08g IR b 22 JS 0088 T 471)
Wi BB AT AR PR 5 i L e B R 4 g e L R 0 e R R R O S
[0123] WA i ) S M R (H AN R T 5 I S2 M IR R AR S5 9% » 1 M B ds
THANBR T 40 8 1t PR 1 G s RS2 J A 220 il PR b 20 PR TR L b 2 M s g
HEFARRM LRGSR = XA A LR s AR AR 2 PRI a0 22 ke ML AR 5SS T  T
SRR TR AH ISP P RS AR S A0 i B a0 0 Tk AR R e o R AR UL A B e v
W KA A YE DR SR A AE 5 22 PR WS AR DG 2R+ 5 W RS AT s SKIR i
Wi S BRI S B Rt SRR SR A ik TR L R S RS T SRR 5 N IR AR 1 T
VRIS DR W 2 B S AR AU I B S PR SR G A MR 5 1k AR v G e SR R S 1 1
EEEERNE e R SR A 1k

[0124]  {EVGY7 B R, B 7 7L R P R I, R TR sl PR T s AL, R
A R A G067 B 08719 AR Bt AL FE SR IR A B ) O SR B 01T R R 1K
W

[0125]  WI/ETRIAEFIFRAES) DB AL IR A ST IR AL S 38T« 2 P B IE
BN s ZY B T (AR PR E s RO MO ) B o X R A RE T R
BUBHAITAY, 27 SR e [ o PRI 0 A i (ML RS AE 42-55°C [R)AZ40 ) (), £
T, 0 et RE GRS R ) i TR B PEE S ORISR ) PaX
B AU 5 TR R R AN A o RNV 7K TN i 28 2 B34 A X 36t P FH SR I K4 2T il 7
W BT R 0 3K SHL 28 e 00 5 TR 43 S5 R IR 9 2 F 22 von. Frey B R BN TR RS2 K
Jy Ry A R g R EEIAE (140, Ugo Basile JAUEAY (analgesiometer)) . MEm] &
X BR AR 50 PR o R ARE SR N [R) o 22 SR FH AR 2 SN S 086 B2 Dk LI DG B A B (9
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BRI BRI ) it n s A A A (040, BB T SEIUIR ATP AR /R B AR &
%) I Y

[0126]  hAl, 22 A iak 00 Tok ) 52 YA Aot 28 008 B85 1 7 B 8 P AR50 2 ) 2 P O A8 VA i i
. FEIX b, AT s R AR DL R e 0 s A 2R s (T, BT AR R SRR
JOR AL 15 2R AR E T3 ) A AN R CRIV, vy 8 55 25 2 P ) e 1
(17240 ) o Alm Rk SR (B AR (a0, HEE slORE In b 2= ) ) sl
AT YE RO, AT AR (BRI, A0 R AT 4 s A 3 AR 2 R A T A
TR AR ) .

[0127] Ay &0 Jo) 98 SR o I B0 R A 1 552 1y FF 1 22 o 2 6 A1 ml SR AT AL
WIS (Stein 2, Pharmacol. Biochem. Behav. (1988) 31 :445-451 ;Woolf 2%, Neurosci.
(1994) 62 :327-331) o U4, 2 ik 50 K H 40 o 22 28 40 I 40 4 VP 0 90 J ot 8 P 9 g o
— AN X FE Y S 2 R B 2L IR A R (axotomy pain model) ” (Watson, J. Physiol.
(1973)231 :41) o« HERLURE TG LG 1B AL 453, (Kim Bl Chung Pain (1992) 50 -
355) « G IR i Sel tzer B (Seltzer,Pain (1990) 43 :205-18) | AE4% 55 M A
24545 (spared nerve injur, SNI) 457 (Decosterd 1 Woolf, Pain (2000) 87 :149) .18
FeiE MG (CCT) 457 (Bennett (1993)Muscle Nerve 16 :1040) [f) SNL iR %, v A P8
PTG WOBR R e (e BB ) (IS B AP A B KB BT L e hi 20 5
(R ZE 0 (R 5, 0 S A2 it b R g RASEAY ({51, J [l fsh 22 S CFA) 3R FH HSV Je e
(37 PRI 2 i o 2 TR A 2 R A AR 2R R 6 o

[0128]  FEAFILL FIRES b, B0, WIARAEAT 4 L AR BEAE AL A BOSUR BOR, PR I &
gE 5L, DI 2 5 AR AL

[0129] 7B (TR L IR 363 T AR SCER AL (1 St 9]

[0130] [ BETH 17y i (BN B4 18 A1, )8 1] F5 AL AW R IA T O JE 1 hERG K+ Jf 1 H
A AR 3P« B ) PR 8 18 14k & mT B 5 | RSB R M. 22 0L, f6i 4, Bowlby
%%, “hERG (KCNH2 BY K, 11. 1K™ 18 1 - 0 2 2% W ES (% §% 2, ” Curr. Drug Metab. 9(9) :
965-70 (2008) ) o [, Xf T 1A 15 B sl A5 18 4k &4, BT BER I hERG K+ 1B Kl
i, B 5N ) (1% 32 BLIE 3 A0 A b S A AR D R . SR ABIHE, WA AL S AN Al
M 2% p450, PR e I s B —Fh . X RAA W] RERr A H AR SO R 1 7724
[0131]  ZHHIAEY

[0132] 4 HIAE N RIZW W52 1697 & BRIETT , WK AR R WAL -G W e il i 2 FH B8 e FH 4L &
Yo AR EIRIT 21697 3 20 2907 SRR (K A 7 2828 — g, B 1k TR s 7 — LA
XS0 7 LB AW . X ERIMEAR ] &I T Remington il 25 R} 5 5
B, %5 21 B, Lippincott Williams&Wilkins, (2005) ;#1254 AR K4, J. Swarbrick F
J. C. Boylan %##, 1988-1999, Marcel Dekker, 14y, ‘CA14 @t 5| &4 A
[0133]  ASCATRKAL &Y (Bltn, i85 (D - XD E—Ftb & etk &4 1-23
[FAE—F ) AT LA S R Em LT 1-95% BRI ELAAE. TLUE TXH. Q0.9
A (N, EK LN ) B BB R R E R N VB B FE P R P A
PR A 20 BRI 25 24 1500 28, Bl I A VRN B G A PR AR B A B i | AR
BRI R, SR A A, BRI, 25 LG mT 2, a0, Fran) ISR LR R
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TR ORI 7] YR A ) LI V) e ) A A5 K S AR ) B A ) R R R R TR
7] (drenches) 5% 1% 2525 & 70 EIGF ES ) AEAY) B 7 G T 5 1 BB 2
HIFE R NI AR B 24 SE B B HI 259 .

[0134]  — ik, A H TRI7, Al sl A A PR ECE 2 Rk G TR G S e 4
B A SCRTIR AL A4 (B, iRAE X (1) - XD TR 58k 54 1-23
FAE—H) o BEARSCFTRIIAEY (B, iR9EX (D - XD FAE—Fb G869
1-23 ATl ) BEA IS R SEBPE B RE VA T7 AR RIS RCE R 259 . 40, ZE IR 1)
BT BV 5 T RIS AR TT W0 W1 NSATD BE BRI HP ] COX-2 IAL-A 1 B
v B B BUR RS BT ARG . B EASOITIARL G (i, AR (D - XD i
— PG EAL S 1-23 R E—F0 ) BEE I TE 25 1 o5 — S A dE v 7 AN [FHE
AR SR G NAE I 258 . NARYR S 203815, AL G W BC il & T34 24 (1038 24 41
HW o AL O 2 R 7 I RIS BT I S AL S . a0, ] — RS ) TG B
HVRTT RIS AR R . T RN B LT RN 45 2, Ay B — S A 3 — R A
21

[0135]  WIACAII AN IR, AR S BHAL G40 mT B ol 2% FFRAE A0 B8 B AR SO IR AL &4
(i dn, i 9 (1) - (XD FAE—F b S s &9 1-23 RIE—Rh ) 12525 L8521
BAAB LA HAGYATH . RSt Ty b, G aEE 2D WA AN R 255 1
A2 IR B Ak

[0136] LI 425 45 2801 HBUR R 2511 7 Uil 45 i) o 4 B dilsn) st x40 (49
i, LN BRI N BB V5T ) e R, sl T AT T4 B L 2ok R sl 1 iR T o 4 o 58
WA AL FE R DA, 7E RS , S Bh A 22 ) B S o ] DUIR R4 & 4 sl A
NG TAED)

(01871 o T3 568, TT AR by v AV 8 71 B VR B, B 1B g 33 17 Y B i skl s v
P VRS [ A T 28, B VR L3, 4 2 HUR A B wF) . 18 R e 50 e, 41
W, 7K R KRR AR . a0, IR R S v AL — o i R JE R B ) T A
FIEFLALT S pH ZE )5, v W1, ZBREN . 5 H B IR (L AL T MR 2%

[0138] L& Wit tH AWM 2 M SR IR S 00, i, SEH £4)'5 5, 624, 677, Hil
dEI & TR,

[0139] 4= B 25 i v AL FEAH X HEAE R N T3 v, W AR FHAR TR 325 1z W 701 G2 R i 3o 2 i
W 2. DIRMIE AR A G . WAL AR 1, 18 H T RS R A
5o

[0140]  Xf TBNWIERN 32167 & 45 24, A R AL B YRI5 & m] 2, 49 4, 0. 01-50mg/ kg ( 441]
U1,0. 01-15mg/kg 5X 0. 1-10mg/kg) o FA0, FIET] A 10-30mg/keg.

[0141]  WIARSCHTAR, W] LAARGUE O 01 2 P77 sCBE e G vy 7 IR A &4 iin, il —
AL B T EC IR A YR IT B — R R 2.

[0142] 3 5B FHBCHI R 25 ] B e — A AN 257 & AEFR MR SL ol e 56, (AR T,
BB BT AT — A FFF— B R — A FEFF— R e M A PSS F
IR 2R . 57 v BAEA B T 245 7 3 S R & AT 24 Bl 7 o Wi T 3
FCIR AR T SN HEE I 5 2% 2 I TV IS 25 R4 N 2855, BeAb, safr ) B 255

24
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AN TALE &g T ULH A5 o 255002 S F T — A SR I B A
BT R A 2 AT AR ( DA B AN A S T B T T
MR REE ) sEEAR SV S HE TS T2 EFRNZ MR (Hdttde”) . g
FE ST A A N ER S SRR . E%,

[0143] RS FH B0 48 & A 5 e T 10 252 b mT e 52 RO SRR & (R M7 16
o XL LI T] g, 450 4, i PR RE SR BIE 7850 (490, B o (L B OB L H R IO AT
Y22 TER TG SRR B UER IR BREY « UL FLBE L B IR A I B BB RR N ) sRLAL IR AR
fFEF (B, T4 ZRT ARV AR AT 4 2 e B D Bk AR P AT 4E RN
PR LR BBETR ) SRS AT (o Lar, TEERH | R 220 1L B L TR A1 R R TR TR AN W TR T
B VE RS R 4T 4 R R AR R P A Y R PR A = R NEF R4 %
CHEAAYEZ IR LIRS el 558 £ 1 ) ANV ) B A B as & ) (), 458 i R
BRI IRIREE R IR IR . — A BB A ) o HE 2t BRI IR A
TR TR 3 5 5] R ) B S

[0144]  PURhEE Rl -SR] 6 A ) IR B s B AN YIRS A, 8 R 73 It 12
— NS S R AE WAL S AR A S TSR R SRS NES, LSR5
LA — AL S R I AR

[0145] i3 W] A Ay W] REL OGS v ) B8 Ay Rl B 2 s 51, G v ) 1 ol 2 5 1 A DT A 7 B 51
(0, B2 ek FURE O AT 4 25 VIR RS R B A B 1 ) VR G, BV N IR B
), Forb RS T Lo SR B BT, 040, AR A I R A I BRSO v VR G, R 1R
o AR, U, JRA 4 AR e B B 25 T 2%, AR R, AR B SO B silRi i
ST P4 S ) Tl A AR ORL RS AL o

[0146]  FIXTALA W) TR SR T /N FUFHI SSCRIORE ) i) )3 =5 B0 A, B Tl iRk S W 45
IS A, S B B R . R ] Re L EE LR ) — ek 2 R Ak ) T
R/ 8, BN, HUBe g . glycowax . BBRIE « VG ARAR I A AR L i R A AR AR S L ok —
Bf AR IR I AR R A IR R H VB R . IR AT HE 3R VIR TR IR L d 1 - ZEFLIR (BETR T IR4T 4E %%
BRI R OIG SRS LG FEM S e 58 0 8 2R NI B IR - TP 26 T8 A e P 5 L 7P
TR 2- B IE S IR NG TR RE KBRS 1, 3- T — L. L RN IG IRl / 88 o —
B, EFR BRI BRI T, 28 FUM LIS v AL EE, 40, KA TR IR LT 4E 2% | VG Bt i R A IR I o
WAL 934 Tk . A5 i R H Ol R AR R TR - IR A IR S R RS R LR/ B
< Ak WAL S -

[0147]  FTPAE AR &5 5 I A 2 BHAL A W0 RN AL -S40 16 A T AL T8 ZK VA ) S 38 2R 1)
B ) AP B e Y B R FH B FH YR 1 An AT 7o 2 Rl B Y S A e R ) L) B
S BRI ZALL ) 25 FH A ) o

[0148] 1@, M5 T AW, AR BHAA DTS P TR SR Bk T4 & P 1t
JBU, FF 075 Ty MU AR ST RN G e BRI, ISR S 8 2 0. 00 1mg—-2000mg & H ,
AL H A 27 1mg—1000mg & H A1 B ELAEHL 4 2 5mg-500mg & H . 22 % 200mg & H 155 & ]
RE AT LT

[0149]  WIARSLATIR, BK-A V697 T IR A 25 )25 T, ISR 14 K Fr8—4F, &
P EF LA S K2,
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[0150] &Rk

[0151]  FT 45 H S S JAL A A0 S it 491 15 B AR T 2 S AL S IR e BRI, % S5 it 461
UL T AN BRIA R B o PTR 5 AR ST IR T 45 G 10 U715 A A e S 28401 1) S
e EY.

[0152]  GifiAE L TR, WIARYE A ST N ) 75 il 2 A ST TR AL &) o

[0153]  ViifE 1

[0154]
1
R"n Y PN (R"n
+ H_N/ b |
PG—N/—I_\ e 3 \@(Rzm YR Rt )
@ R N- &R Y | R
(R")
‘T”” " 73 w0 e iy /@(R?)m
N e % PG—N  N—X—F
(b) O~’\1 N- ‘2"’-‘"*# O‘,\f)
(T% " R (T’)n
Yot A %4 N
PN NH+ X< ]| SR, i Nx— Ij—mz)
_/ N N- 4597 N/ N = °
© ; H

[0155]  FEVAE 1+, PG W] 4 H 8 N- Cr4PEEET . WA SO FH R TE “N- fR4P 2R 17 3R
T ARAE A R - T R 2 ik e T AN AR A S B IR FE [T o FH ) N- DRAP R A T T
Greene, “HHLE P HRIIE”, 58 3 it, (John Wiley&Sons, New York, 1999) , Hifi it 5| H
i TR o N- ORI IE DI FEBEIE 05 IR sl A8 ESE s S A iR 2k 4] s 2 R PR
BETE I A st 05 FE RS SRR gk o 79 1K) N— DR SE AL 6 FRBESE L SBE2E R
P R DGR BT B AR T 2 AR AR AR AL L R Ik L BUT IR AL (Boe) HITRAR
FEPAE (Chz) o

L5

[0156]  SEZjifs] 1 :N-(3,5- X ( =5 A ) I ) -2- (- FAWRME -1- 3% ) W% (s
YD AR

[0157]

o)
0O

Sgacs

CF,

fo158] A, 2- (4 U T SRBE B ) 2 SUAIRIE —1- ) ZBRIIA
[0159]
O

Ko
boc’N\) o
[0160] FER/SHIZEIR T, 1 1-Boc—3- S ACWRMEE (10. 4g,51. 9mmol) I JEK DMF (100mL) 3%
AN NaH (60 %5, 2. 50g. 62. 3mmo1) » AN, I8 FHiFERAS Y 30min 85
T 65°C T HiH: 1he FEREGWA R EER)G, AR LR LEE (7. 63g,62. 3mmol) o =i i
26
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PR NVIRAY) 30min, T 65°C NiH: 2he JIAZK (5mL) , IRFEH . A ER/K (100mL) , A
EtOAc (5X 100mL) ZHUR NIBEH . HI/K (100mL) A FEIZEEY), 207K Na,So, 45
LR ST G 75 R IRAE IR, TR R ARER PR Z T2 (BtOAc/ CFt 1/1v/v) 4lifk, 133
2 H G AR Y (138,87% ) .

[o161]  fd[dl PRy fE T FEE (50mL) FH NaOH (2. 5N, 50mL) 7K ARTE 2. bho % FEE, K
RIRWFE RKE (RRR/NOHEZ pH = 2), 4R 5 H EtOAc (10X 100mL) ZHX . A FFHIAEEL
W2 TEIK Na,SO, T4, W4, 133 2 A AR (11. 2g,85% ) .

[0162]  B.N-(3,5- XU ( =HFHE) I ) —2- (2 EAUKIE -1- 2% ) SELII&

[0163]
CF3

[0164] ] e A 1 ) 4 F 4 1Y 500mL 5350 5] Ji5 B 26 N DMF (100mL) H 1) 2— (4— AL
TR ) 2- AR -1- 3k ) O (13.og,50.3mmo1) 3,6 X ( = P E) Kl
(12. 6g,55. 3mmo1) FH O—(7— Z A% K H =M —1-F& ) -N, N, N”, N — DY FF L iR 7 3L % PR i
(HATU) (22.8g,60. 0mmol) » HIA RN Z % (DIPEA) (10. 3g,80. Ommol) » =& T Hi #F
R NVRAEY) 16h, P4 5 38 1 e 4% 28 R R4 222 60mL. i A AT NaHCO, 7K %5 ¥ (200mL) H]
Et0Ac (2X200mL) FH7K (200mL) ZEHURAY), F42 07K NapS0, 5. ik, e 78 Rk
ARVE, TR AR AR R Z 5 (CH,CL,, 2RJ5 EtOAc/ TC%t, 1 ¢ lin v/v) 4ifk, bif5 A
CH,C1,/ bt &G i, 193 A AlE & (20. 08,85% ) o

[0165]  FHI7F EtOAc (350mL) FPAIHAT HC1 ALFR[E K (17g, 36. 2mmol) 10min, 7& 15 3 AHZE
A&, 455 (HPLC) :100% . 'H NMR (400MHz,D,0) 3. 61 (t, 2H, J = 5. 4Hz) , 3. 71 (t, 2H,
J = 5.4Hz),3.96 (s, 2H) ,4. 32 (s, 2H) , 7. 73 (s, 1H) , 7. 88 (s, 2H) . ES-MS m/z 370. 2 (M+H) ,
X C,HsFN;0, » 1. OHC1 0. 63H,0 [ 43 #7 it 548 :C, 40. 37 ;H, 3. 68 5N, 10. 09 ;C1 8.51. Szl
{8 :C,40. 42 ;H, 3. 75 ;N, 10. 00 ;C1, 8. 50.

[o166] AU VEdI &AL A9 2-4.

[0167]  SEJfEfs) 2 :N-(3,5- X ( =9 AL ) Ik ) -2-(WRPE -1- %5 ) Sz (&4 5)

S5
/\ N CF
HN
Oy
CF3

[0168]

[0169] A, 4-(2-(3,5- X ( =g T2k ) AFREERIH ) -2- FANLEE ) WRIE —1- FRIRA T BRI
=Y

[0170]
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AT LT
&k

[0171]  FEE N N-(3,5- W ( ZH P ) K& -2- f LB (1. 60g,5. 23mmol) (WK
% —1- BRI AUT EE (1. 46g, 7. 85mmol) \K,CO, (2. 17g, 15. Tmmol) FKI (cat.) 7% CH,CN (50mL)
TR AW B A M BtOAc Fike e I, K BEE: . AHUEZE NaySO, T4k, i 38, FUA kR
FUE), BRI A A2 APk EHTE (BEtoAc/ £ sk ) 4ifk, LU HI15 845 5] 5 [
=) o

[0172]  B.N-(3,56- XU ( = FEE ) K3 ) -2- (WRMNE —1- &) ZBERHIA Rk

[0173]
H CF,
)Y
I \Q/
CF;

[0174] ] Et,0(120mL) 7 2M HC1 Ab P 4-(2-(3,5- X ( = 3L ) HREHE ) 2-
HEHE) WRE —1- FRERAUT B (2. 00g, 4. 39mmol) ¥ CH,C1, (25mL) ¥l i T BRSO
AR BEI, AR IR T R ER R, DUE B RG22 A @R AR (HC1L#) .
[0175]  AISRUTEHI &AL &4 6-8.

[o176]  SEHlEfl 3 :N-(3,5- X ( =@ WA ) K% ) -2- (- = MIREE -1- 5 ) LBz (s

Y 9) WA R
— H
HN N/YN\Q/CF:«
}‘ 0
0
CF;

[0177]

[0178] =i FHiRE N-(3,5- X ( =H L) KIL) -2- S LBEERZ (0. 20g, 0. 65mmol) Wk
i —2- i (0. 10g,0. 98mo1) \K,C0, (0. 18g, 1. 3lmmol) F KI (cat.) 7E CH,CN(10mL) VR4
Wit . AR5 EtOAc M R NVIRA 1), FH KRGS, 48 NapSO, T4, 1 uE, (R R, 19
FE@E R, WA CHCL,, BRI R VBT (2 k) Ak, LUE SRR
A ESRAL ) o

[0179]  SEjfd] 4 4-(2-(3,5- R ( =R ) REEEL) SBEE) RE 2- 8 (1G9
10) 14 %

[0180]
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W BA
—\ H
HN /ﬁ\/N\@/CQ

CN 102656151 A

0
CFy
[o181]  A.2-(3,5- XU ( ZHAEERERE ) LM OEMEN A

[0182]

[0183] 20 °C F Hi # 3,5- X ( =5 F &) K% (4. 43g,19. 33mmol) \2- & & & & I
(2.37g,19. 33mmol) REEH (5. 34g,38. 66mmol) JHALEF (0. 1g,cat.) FIZFE (50mL) FRIVRE
EW 2 Ko RIGH R LB (200mL) FkE [ NIR-EY). B 26 e R Rk R SV 7K v v
(2X20mL) FI7K (2X20mL) PEFANLE, R GA WL KRR T1E . B2 BRZE5H, 1
A mmE (20mL) MRETR R . UTUE H A AR, 15 2IAEERAAEY (1. 10g, 18% 135 ) . MS
316. 4 (M+1).

[0184]  B.2-(3.5- X ( =@ ) KEZR ) SBRINE K

[0185]
H
HOOC\/N\[;:TCFS

CF,
[o186] =L FHEHE 2-(3,5- X ( =) RERAKEL) L LME (1. 10g,3. 48mmol) (&
AL (0. 58g,13.93mol) A ZYFR Ok (BmL) FI7K (5ml) VRS 3h. B[R F2¥5,
RIG K (10mL) #é e N =), H CIRIRAL 2R pH 2 4. DL H (A [l A4, 15 BB I =4
(0. 85g,85% /3% ) o MS :286. 1 (M-1).

[0187]  C.4-(2-(3,56- X ( AL ) FEZIKE ) LB ) REE —2- FilIA R

[0188]
1 \ /ﬁ\/n\(;/c':a

HN )_/1
0
CF,

[0189]  20°C T i 2-(3,5- A ( = ) REZ ) LB (0. 20g,0. 70mmol) | Wk

1% —2- fi (0.07g,0.70mmol) « (0—(7— & 2428 3 =M —1- £ )-N, N, N’, N’ — PU FF 2L iR 855

(0. 27g,0. 70mmol) FIN, N, - — NI L% (0. 11g,0. 84mmol) fETE/K — A B ELZ (5mL)

VRS 2 Ko RIEEFBEHERMEL S . RIGHHRSMEIET 218 218 (100mL) , 5555

FHATR B SN K VAR (2X 20mL) 7K (22X 20mL) PRV, & /KRR T4 . SR)E E A2

FEH, 132, AN E R PORE TS (LR AHE © AmEE 1 ¢ 2) 4difk's, 193] 3 b4
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(0. 20g, 78% 3% ) o MS :370. 6 (M+1).

[0190]  FHZRUT vl &G4 11 Fl 12,

[0191]  SEHEH] 5 :N-(3,5- W ( =5 L) K ) -2-(5,5- Z K -2 FACIRM: -1- %)
LW (A& 13) BIA R

[0192]
N Fr
HN 0]

F

N
[0193] A, 2- &k —2- FILNEEEIL IR T BEM 5 K
[0194]

H

N<
/l;i Boc
HoN

[0195] =y FHiHE 2- FEEAHE -1, 2- — % (1. 8g, 21mmol) \Boc,0(2. 0g, 10mmo1) 1=
ff% (3. 0ml, 21mmol) 7E 5 F%E (5GmL) THNREGY) 1 Ko KIEHEARRGERE T, R
Z QMR RIOE E T (MeOH/ &L <10 1) 4ifk, BRI AEFEE (2. 40g,86% ) .
[0196]  B. 2-(1-(HUT IRzt ) —2- WAL ST —2- Jhad Bt ) SR PR IIA

[0197]
0.0 N
e \E /Q \BOC
N
H

[0198] T =i MHiFE 2- &L —2- RAENE AT AT E (0. 90g,4. 8mmol) \2- S L&
FIlE (0. 51g,4. 8mmol) FIRKERAH (0. 66g,4. 8mmol) 7ELNE (5mL) HIFREW 1 K. Llek
BRWAER LT, R W& At R JZ M (Cbt /EtO0Ac :1/1) 4k, 15 31 E (5 [
% (0. 54g,43% ) o

[0199]  C. 5,5~ —F3k -3 GUARIRHE —2- i (1) & A

[0200]

NH

HN%

[0201]  Zi FHERE 2- (1- (U T SRR 2 ) —2- ALt —2- 222 ) 1R TR (0. 54g,
2.07mmo1) F1 2N HC1 7€ MeOH #5398 (5mL) A HIVRAY) 3 /DI IRZEHE 2T, U= A
=% (1.0mL, 7. Ommo1) FIZJE (BmL) o MR G « LR 25 RIRGEE IR 2T
WA ATE e E AT (EtOAc/ T8 - H 30% & 100% ) 4ifk, 153 [ @4 (0. 245g,

94% ) o
[0202] D. BT 3 5,5 —FFEE -3- SACIRME —2- Wi (14
[0203]
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1,
Boc” ;><3

[0204]  =iE FHiHE 5,5- — FIEEIRIE -2- il (0. 245g, 1. 90mmol) « Boc,0 (0. 70g, 3. Smmol)
A DIPEA (0. 56g, 4. 4mmo1) fE DMF (5mL) "FHEEY) | Ko QNEHARIRGERET, TR
Ve BB RER R JZ TR 4L (EtOAc/ CFE : H 30% 2 1002 B RVEME ) 752 (i 14
(0. 40g,92% )

[0205]  E.2-(4- CRUT SBEIRAE ) -5, 5- — Ak —2- SUARRIE -1- 2k ) ZMRIN4 K

[0206]
(ﬁi on
N
N 0]
Boc~ ;><{

[0207]  FHAER R 2- (4= BUT SR EERIE ) —2- AR —1- 2% ) SERPTiR IRy, KRBT
%5 5,5- L -3— S(ACRIE —2- fid (0. 40g, 1. Tmmol) , #il % 1AL G4 . 19312 A A B KK
MR (0.34g,70% ) .

[0208]  F.N-(3,5- X ( =@ &L ) #5E)-2-(5,5- L —2- RIRIE —1- 2 ) SBLi%
(LB 13) BIA R

[0209]

0 ’ F
N/\H/N F
HN% o}

F

F”OF
[0210] ) 2-(4- (R T SR FEE PR 55 ) -5,5- — 3 —2- | AR R —1- 3% ) 4R (0. 34g,
L. 2mmol) 3. 5= X ( =H &) K% (0. 191g, 1. 2mmol) Fl O- (7 EAKFH =M —1- 35 ) N,
N, N7, N7 = U F 25 0% 885 7S R0 B B2 3 (HATU) (0. 50g, 1. 3mmol) [f) DMF (5mL) %5 ¥ fin A
DIPEA (0. 3508, 2. 75mmol) » ZI& N HiHk: X NIRA4) 16h, SR 5B IR GG R T . A
H1 NaHCO, 7K ¥ (10mL) , H EtOAc (20mL) ZEHUR-AY). I HIF NH,C1 /K ¥ (10mL) F7K
(10mL) PEERAHA, ZHU 2 T07K Na,S0, T i85 , Sl 28 RIRAR IS, TR R4 B
SIALRE SR Z M (BtOAc/ TF%, 1 1 2(v/v)) 4ifk, 153 Bl 44 . FI{E EtO0Ac Hh )t Al
HCT AbFE (10mL) [ £ 30mine F# K,CO5 ¥ H AR MV 22 pH = 9 FFH EtOAc (3 X 30mL)
FH B IFMZEI 2 TeK Na,S0, T4, 19 285 54 (0. 345g,72% ) o 4% (HPLC) -
97.0% . ES-MS m/z 398. 6 (M+H).
[0211] St 6 :1-((3-(3,5- X ( =FFHE) AFL) FUEME —5-FL ) FIEE) WRE —2- K
(WED 14) 16 Ak
[0212]
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+H
FsC
g
H
[0213] A, (F)-3,5- X ( = &) KRB HE K

[0214]
F3

/N\

F3C OH
[0215]  [AI 3,5- W ( =) ZXFEE (1. 2g,5. 0mmol) TR B FE M (0. 69g, 10mmol) F
SEALEN (0. 40g, 10mmol) 7 28 (95%, 20mL) HHIE SR . WA T, k&
Hfi# T EtOAc (20mL) , 7K (2X20mL) Pk, ANUEZL TN, /33 Bk (1. 23g,
96% ) .
[0216]  B. (3— (3,56 X ( =K ) I ) mlEmM —5- 35 ) FEE) KE K
[0217]

FisC

OH
[0218] T 60°C FAn# (E)-3,5- X ( =5 FE) KFEENT (3. 6g, 14mmol) N- 5 — BEHEL
T (2. 20g,16. Tmmol) FHMLRE (150 1 L, 1. 9mmol) 7F THF (15mL) " {IVE 44 30min. 30°C
TN -2 F —1-EE (1. OmL, 15mmo1) F1=Z % (2. 4mL) ) THF (2mL) Y& . Hidk v ik
YR WA 2T R RYE T & 5 (20mL) , H IN HC1 (20mL X 2) $E¥ . ANLZ
LT IRARYE T R AR R ENTE BtOAc/ B, 1 ¢ 4v/v) 4ith, 153 A6 1%
(1. 40g,27% )

[0219]  C.3-(3,5- B ( = AEE) K )-5-(FFE) RUEMHE

[0220]
Fa

FsC A,

—_—

Cl
[0221]  [A[3f (3-(3,5- XU ( =4 I ) #IL) lEm: —5-JL) PR (4) (1. 40g, 4. 5mmol)
AERR LS (ImL, 13. 9mmol) 7EFZE (15mL) RS . KRG RIR AW 2T, &
MARER PR Z ML (EtOAc/ T, 1 @ 10v/v) 4ifk, 1528 A (1. 202,81% ) .
[0222]  D. & 1-((3—(3,5- X ( =G HE ) K ) FlEme: —5- %) ) R -2- i
[0223]
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FsC

N~
gy O
—

OQZTN

HJ

[0224]  FERSEERT, M 1-Boc—3- A AIREE (200mg, Immo1) ¥ JG7K THF (5mL) %5 ¥ 7
HEIA Nat (60 % 7247 9 47, 100mg, 2. 5mmol) o« MIAJG, Zii N HFEIR-EG4 30min, A5 T
65°C T HitE the MEIREGWRH R EIRE, A 3-(3,5- X ( =P ) K )-5-(&F
55 FLEME (300mg, 0. 91mmol) o ZE N iR S NVIR A WIS . MAIK (5mL) , W45 H W -
IIAERZK (100mL) , A EtOAc (3X 10mL) U MWIREH . HIZK (10mL) PG H 2,
207K Na,S0, T4 i yk ST, L0 4 75 RIRAG IR, T RV EAERR PLUE JZ 4T (EtOAe/ ©
Bt s1/1v/v) 4ifk, 1528 2 A E BRI AZE R Y. EEAEH T =/ ) (2ml) 2%
gt (2mL), iR FHHIRG W 3 /N o WRAEHE 2T, FH K,CO, ¥ h AT A pH = 9, A
EtOAc (3X30mL) #HL. & IFIZAIEA JoK NayS0, T1E, WA 2T SRR KA
K PGEJZ M7 MeOH/ S Bt :1/20v/v) 4ifk, £33 2 (@ E AR ARZE K =, AR
IR T ST HEIF NN 2N HC BEAWE, A3 2R @59 (0. 106g,47% ) o 40 (HPLC) -
99.5%. ES-MS m/z 394. 3 (M+).

[0225]  SEjifs] 7 < JFiE A A

[0226]  JZBASLIA] 1-6 PR HAE TR, il N R 2 S LU ML G . wim &G
YRIAE & B R IR 22 4 i BRI, A 43 B0 R AR B9 A (WD) o X5 T BT 43 47
DAIZER 0. 1% PR LIEH L 1 g/mL 3Kk &K, ARG KRFET T4 Applied
BiosystemsAPI3000 — 8 PURKAT STl 75 50-700m/z Ju[H LL QL F34 .

FiC

[0227] %K 2
[0228]
i
oot 5 2k 45y (;n; )
Z
' H
N-3,5- (=R F L)X HN/ \N/\"/N CF3
1 )-2-Q-8KkH-1-1) \_< 5 \Q 370.2
LBLIR 0 e
3

2-(2- B AH-1-

/N N F
2 | B)N-Q4s-ZREL)| ™ <“/\[( :@i .
A9 v O F :

[0229]
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i
w45 2 4% o) A
(m/z)
o
; 1-2-(3,5-— AR E K HN N - A
B LB )RS -2- B \—< -
0
F
H
N-3,5- 3 (Z A F )X HN ‘N/WN CF;
4 | B)2-B3FAEA| M 5 397.1
RkH-1-38) LR o
CF,
H
N-G,5- (= A FHR)FK N \N/\[(N CF3
5| R)2-(kE-1-2) Tk /4 355.1
i3
CF,
/N N F
N-(3,5-=# R &)-2-(% |  HN N
6 (= RE)2H N/ /\f 255.1
%-1-3) TBLIE
F
H
2-(%%-1-2)-N-(2,4,5- /N N F
I R N 273.1
F F
. " — H
N-3-#-5-(Z=RFH)XR HN N/\‘rN CF3
8 | A)2-(kE-1-£)TE ~— 305.1
iz 3
F
‘ H
N-(3,5- (=R F L)X N \N/\H/N CF4
0 )-2-(3-AMIKkA-1-24) }—/ 5 369.1
LB o
CF,

[0230]
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i % 2 7 L4 s
(m/z)
0]
CROSRERTR| /TN N CF,
10 |[FRARK)TEBX)%RSE }_/ 369.1
-2-BF o)
CF,
FQCRSERTE) N\ N CFy
11 [ REARR)TEE )RS > / 319.1
-2-BF o
F
LQOSRERTE) | TN N CF s
| FERBLREIS | T 397.1
=¥ KokR-2-ER o
CFs
z ar 0 ‘
N-(3,5-R(Z AT H)XK HkNAn/n CF,
13 | F)-2-(5,5-=F K-2-1 i 7% 5 \©/ 397.1
Kok-1-4) LB o
3
FaC
- N~o
14((3-(3,5- (= AT &) (_
14 PRI)RIEL S )T A) fc o ) 393.1
ok -2-FA TJ
N
H
/N\o
5 |G REATESR) o/ 257.1
ESV T W TNJ ’
N
H
[0231]
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v o5 27 4 Hy nE
(m/z)
F
/N\O
1-((3-(2- A ) A =
16 275.1
S5-30) F )Tk -2-FF OTNJ
N
H
(o] . F
N-(3,5-R(Z AT £)% i
17 )-2-2-BAK%%-1-2) \)N F 383.29
HN (o]
) Bk A%
F F
F
N-(3,5-= AR HK)-2-(2- /@\
18 |, ‘ 269.25
Rk SR-1-28) T HNﬁ N "
N\/K
[o]
(o]
R F
F
N-(3,5-3(Z AT A) K -
19 | H)2-(ho-a-2) LBk . "l 35429
. F
s NH
H
F
F F
N-(3,5-3 (= A F £)F
20 |FH)-2-(2-BRTKkE-1-%) F | 383.29
B (E\ F
/\”/NH F
N
HN\) o
[0232]
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Fn ik

(m/z)

o]
H Coal
N-(3,5- = & #)-2-(2- “/ﬁf
21 \) i 302.16

fARkE-1- R B | ™

b5 & AR LEM

Cl

N-(2-(2-B A %R-1-3)
22 |ZA)3SM(EATR) ; “ 383.29
K P B TNy

F
F o NH
o

3-A-N-(2-(2- BB
23 | -1-R)THR)-S5-(EAT ; N 333.28
BETRE | N @

[0233]  SZjiifd] 8 :Ca,3. 2 WA Hs 4 oo AR 2 iR i

[0234]  {E40 3ok B K& T HEK 40 M 7 (9 Ca,3. 27— A1) Ca™ T i 2 07, & A (#%
mM ) :142CsC1.10D- % 2 #.2CaCl,. IMgCl,. 10HEPES. fi] CsOH i % pH & 7. 4 ¥ 40 g
ShE I (ECS) B . & A (LimM i) <126, 5Cs— H il iR £ 2MgCl, . 10HEPES,
11EGTA2Na-ATP. pH i 15 £ 7. 3CsOH [ 40 L P9 %5 ¥ (1] 38 ] P-97 4k & W B & 7 il (X
(micropipette puller) (Sutter Instruments, Novato, CA) LLHiLZY K 2—-4AMW [H 1y +7 HE ()
RAERR Eh I T I R S (Borosilicate glass patch pipettes). ZEid (4 21C) |
DL 40 kiR Axopateh 200B Molecular Devices, Sunnyvale, CA) g &l #5840
KHUE. 20K L 1kHz (-3dB 4- 1% Bessel BT ) M@ IEE, H Digidata 13227 FHiH
(Molecular Devices) LA 2kHz 20740 IR pClamp 9. 2 (Molecular Devices) 38E(. &
MR (leak subtraction) . I 43 pi FEURZ 16458 30 1) 00 2R 16 5 SR B (1) 22 8 B 40 B 4
B (24 A% (gauge)) JINAE 4 DMSO A i) 30mM J5 k¥ 8 I £ 40 1 41 9% s v b 74 B ol
AN A K 4 FIA R B T7 RPN AL G4 Cay3. 2 G218 AP I 2 35 AR
F o SR PIRR K 7 S PRd A S 4% 18 10 2R 1 F R MO 0 A 280 7K H OriginPro
v. 7.5(0riginLab, Northampton, MA) #FULG . MRYTIXLET7VELS B HEE R R T3 3.
[0235] % 3

[0236]
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A0mV T | A&k g1kl s BT
Vip ik [Vip 8RB L ] ) A IR L m“
Wt ) ) HEAY [ F TR ¥t kE WREWRA
% & (mV)| % (mV) o
AR | A (ms) (ms) B3R
stTE ECS -61 75 0.62 270 533 0.96
1 -66 *_80) 0.51 311 **684 0.87
2 -65 -80 0.58 260 448 0.98
9 *%_83 *%(),32 *%472 * 700 *().80
[0237]  V,, 2P R3E ) HE A S ;™P << 0. 05, ™P << 0. 005
[0238]  SEJifif] 9 :Na,1. 5/1.7/1. 8 My FRAH A A= B 22 iR 06
[0239] A #S WAk A W) 0) 26 3 T HEK 40 Mo 1¥) Na, 1. 7 F11 Nay1. 8 18 18 1K) 2218 2 3% I 33 1

L, &% (BLmM ¢ ) :137NaCl.4KC1. 1. 8CaCl,. IMgC1, LOHEPES. 10 % 2%, F NaOH 1477
2 7. 4pH (M40 AN R A IR 58 . MBS A (LhmM #F ) :130KC1. 1MgCl,.5EGTA,
10HEPES 5K, ATP, H KOH #7542 pH 7. 3. HIZRILT Ca,3. 2 M AR BE A= E0 i 77 vA EAT I AL
G HI ALl AN A o N RS 77 58 PAEAL IR AL S e F Nay, 1. 7 1 Nay, 1. 8 2%
B IGEAR . P Na, 1. 7 BES R NEEE RS TE 4.

[0240] X4
a4 MK R B KAWANH | n@ih
1 30 M 0.40 6
100 M 0.74 4
20 30 M 0.87 4
23 30 M 0.91 5
[0242] X0 TTX ) Nay L. 5 BNIETE , 58 A /0o i 25 - 18 18 fr 305 w] e %o I 3 7 AT Fe) e

SIS TR) A B2 B B AR, AT BE S ELL BA SIS O DY RefERG . AT RIS
£ 190 5L BP0 A A 40 (9 98 78 00 IE B9 BT 1), FH Molecular Device’ s PatchXpress™ H 3
HI AR B 251 65 10547 Nay L. b BB TE T AT 5050 . 78 RAHAAE T, 7EB Z FIA77E 3G ik B iyl
RS WRIE LT, 835k B %15 A Navl. 5 383 (1K) HEK 40 J2f¥) Na, 1. 5 HL, 153 1C,, {4
MBS A (LA mM 3t ) :90TEACL.50NaCl . 1. 8CaCl. 1MgCl,. 10HEPES . 10 %% i, A
TEA-OH 75 22 pH 7. 4 FURH RERETR Y 42 300mOsm ( WId53E ) , M IS H & v &4 (L
mM ) :129CsF.2MgC1,. 11EGTA. 10HEPES. 3Na,ATP, [ CsOH V45 % pH 7. 2 A R &
290mOsm ( WIFF 4L ) o KA 1Hz TR0 BN E BLAT i T 7 A= Nay 1. 5 T8 HLIAL, BL 31. 25kHz £
FALFF UL 12kHz AREJER . WIFER 5 TR HT, WAL S WAL Lo Nay L. 5 S8 (141 )
FWE R, BRI A B P ) o
38
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[0243] K5
[0244]
Ew5 HNA, 1. 50 AP 1Hz 1Cs,
1 100000
5 40000
9 80000

[0245]  SZjfifs] 10 :L5/16 B4 (SNL) —Chung B Hs 1Y
[0246] A5 pRER G54 2R R E M MR 5 SR A R A 83 B AL . 7R
o, SEER ANk FE Mg S i PR AR A BRI RRER o KA Kim AT Chung FOFE /7 (Kim
2, Pain 50 :355-363(1992)) /SR 200-250 7 KIHEYE Sprague—Dawley K (Harlan ;
Indianapolis, IN) [ L5/L6 HML454L (SNL) $i4.
[0247]  H O, () 2% ki BA 2L/min /3 RIEF T 0, 11 0. 5% S abidids. R4
KEBBRANTE, A FARIEWES . UL LA-S2 BT 58 i 2em MESE ) 1 oG8 1 A /i BH R 2 4l
2 LR R TR L4/L5. Lb F A& AR I [ I P AR A] WP 2 i BRI, IF e 5
I ME. L6 et TRHE M T 7. B #1338 Chung B8 4F L5 5L L6, #4756 4T 11
4.0 22534 10545 (slip knot) B TIEMFEMEZ R TIEG IT N 7 AT 22 [ 45 4L
W L5 R Le fF i B i R B 45 3L . 285 V100, A3k R 5 K. RILHBEF)Ek
Fa (W 4n4E)K (paw—dragging)) sk ANRILH Bl 5 A 55 PR &R (tactile allodynia)
(R R AR — B RS P
[0248] T AR IOK FREE DT 5 L5 4 —FEAH R ARFAL B, H R FEAT SNL,
[0240]  FEFFUHIEEZ AT, 15 BIFEEAT A MR AR . AR5 T4 s B4 5 () 2 1) 1R
FBCEAT A -
[0250]  A. fishifs = HEAR I VEAT —Von Frey
[0251] g S 5 PRSP BRI X FH — RS ZIEL 1) von Frey 4042 (e 3%
SR ) PR e 7 ) 4 2 A0 A TR e I B . 7RSI, A3 B0 I A 1 42 I )
MR 30 B4R von Frey 422 3 Bl in T K W Z5FLNEI P 5seco H SRS IR 7R IE W0 RY.
TR, 28— RIRa 224 4. 31, EL TRy 2 iz &, T E . H Dixon dES
#uyk (Dixon, Ann. Rev. Pharmacol. Toxicol. 20 :441-462 (1980)) #f5& 4 JIN i {80, H A 5] 38
BTN, ERS 2w A, AR S D RIS E RN B A R BRI, BRI ST NI
=Mk (¢ ETF7E) (Chaplan 4%, J. Neurosci. Methods 53 :55-63 (1994)) . 50 % 45 /T
{EHfsE A (1077°7) /10,000, b X, = FT 55 19 von Frey 4122 {4k, k = IE / 718531
Dixon fE Al & =HIBIAIMATEZE .. KEAIRAEAMRT 0. 2¢ MAE T 15g (5. 18 422 ) ;
XN AT 0. 03g FIASE T 2. 34g (4. 56 4042 ) o 5GP RS AR LL, 4 B
() S 2 IR A AR s o M . ISR SNL S AHLE, 60 23 BRI X4k &4 1-4 Fi19-12
DR B SNL s 7 R . e B 1 RNIAE T3 6 o BRI, a4 1.9 A 13 RILH 2
HHU R T .
[0252] %6
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B} KA SNL i FF A (Y%odist ®HAR)
-5
1 /J~ae 2 B 4 B
1 52 55 37
3 1 - 4
9 36 - -
[0253]
10 10 13 15
11 9 4 1
12 9 11 42
13 16 8 5
19 47 | 39 32

[0254]  B. HHEURE VAN —Hargreaves

[0255]  W]KH] Hargreaves Fl[E Ff] /77 (Hargreaves Z%,Pain 32 :77-8(1988)) {4 Xt
A 5 AR 1 e T AR B

[0256]  FIRE KBRS T3 W SBCIE A b IR0 b8 IR 30308 = O Y. 30 23 Bhe RS RT FH O INE AR
ARSI (T, AR AL Ak RS B SR AT I ) FRER AR T A TR BRI A2 TCRY B I
245 JTCH, 38 Job G PRKT R0 e 2% 1 o Lt R A 7 45 TV AR 3. PT#f g L5/L6SNL i L5/
L6SNL JE{HAEZE 25T T-14 R UL K25 2 Jia A 5 FA5 B0 4 T AR o LY b SR FH e K ek
{ (maximal cut—off)33 FPTMEHLALHIAN . BRI w]Ke 48 TR R & 22 S Bl 0. 1 75
75 T R B 2421 2 T B I e v ik B ) IR 400 o T O PV i i S e 2 AL R L
46 TR IIAE R ez B E 2 (p <0.05) MMM BLERKZ. H T AEEPREL
N Yo BUIR A B Yo B T AT - (100X (CIREyE AR — &y R ) / (Il 7 — R4k
), HoAdr o e D Se ik SR IE SR 21 Fh A A e oA FE RS 1 A2 40 #b.

[0257] S 11 3073 BUE 1) 6Hz KAz 3l B i 15 24

[0258]  #i 4 Barton 55, “#&f 73 28 JiK 1) 6Hz A5 A 1z ) B0 A5 2 1K) 24 3 22 R AR,
Epilepsy Res.47(3) :217-27(2001) #ii HIFE 7, CE5E N34 2L CFL /ML (20-30g) HIHR
FAMEE 32mA (CCOT) IR AE N, VR S OR3P S TRl 3s FFEEI 8] ) 6Hz 0. 2ms HJE ik
M FEA TR R R IEAE TR I DU AT ) — R B B - B R S5 1
= 2 BB B 2R il B A ke 55 A 28 R ) . (Straub—tail) o 41SRAE AL G T EE 5
6Hz R BES A2 40 BT ik AT A e B, s A i sh ) « 2 frdr 7 K RS 7R 45 R 3R
TR T,

[0259] K 7
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M 6 Hz (Y RP) FM 6 Hz
Wt 5 ’
0.25hr | 0.5hr lhr | 2hr | 4hr (EDsp)

[0260] 1 75 100 75 -- -- 128

9 75 25 88 75 0 90

19 100 100 100 100 0 --
[0261] St 12 :GAERS (2K H Strasbourg [ H AP 2 A A B, ) e i 7Y
[0262]  GAERS (K H Strasbourg [1ast A& M R AR K B ) BRI LA HHRIAI 2 52 1) % i

i RAET 25 4« SRR B RN P A2 o ) L AR B AR 40 5%, iF 90 3% L4800, 78 GAERS 1K)
(G F S0 30 (v PR R AR B N AR T Ludwig i it T Bifts 8 HUMEYE GAERS K
SO AT ST SEB THAR I K BRAA AR 180 1 2508 2 [H], MIAFREAE 18 1 26 JAlZ H],
[0263]  FHIERAE—RAIEBE &Sl (220-S02 Ginder Scientific, VA, JIEEK ) \AHHIE
VU A ZEL (SDR clinical technology,NSW, AR ) F/PNAEEANIZET (1. 4 X 3mm,
Mr. Specks, K HIWE ) A il £ WL Bk W] R WO\ 48 0y 30 B 8 O (B % A 3
2.5-1. 5% DREF ) ) e R e BUAE DRy 1k R b aE I IR PN HEE B E (10mg/kg) U1 Wil
(75mg/kg) BRIFZNY. 158 ear bars KB & RN SLAREAA o 72 Sk —A 4
I, RTF B2 R 2R, AT % s LA B2 38 1R e o IS 6 1L, 2 DMERTE
AANTETHA , ZERT X BT 4 2mm, FILERT K5 4 A1 10mm,. SR J544 6 4> AR N LA, $ 08 G AL
i\ 9 & ABS HiJ% (GSO9PLG-220, Ginder Scientific, Canada) . 4% EHRAT MM i i
NP E $ e e ] o RS R o AR i FH A U R ] 5 68 i o
[0264]  ARJ5, 45 T EUR Rimady 1 (4mg/ke) , & T #E EREATRE S, W& H 3
5o ARG AR R B R MO R JE T B H BRI K, AR R SEIR R T AR E T R,
ARG 2B T T A E 92 1 ie (Biological Research Facility of the Department of
Medicine) (RMH) A7, 7F 12 & 12 JEMESIE T, 388 R VR B & A s AL (rodent
chow) ( Fibr, WA stock feeders) Fl7K.
[0265] {15 —FP 25 A AL BEAT, WK BT R A — B0, AR 48 BEG 25k, Hofb ) iz 1t bk
BRIB (SWD) o PN HL B A0 S0 H AR 227 O B R 1% o 18] i FH AR HL 6 5 P 1 K Bl
1To RIZR 6 WIE B g 3, HOAHATRUE L 240\ 9 FH4d AR 1) 6 MRS g i dk
21547 CompumedicsTM EEG KA (Melbourne,Australia) HItHE L. PIAE 2 FGET
A TEAERE I A6 I R B M IR R 16 3 HOR B, nIRAE  HEE i e kA e T Ak B . 7
FARMNMEE T B FIEN ARG 1 BRI 1R, vl 4 Rani 0 i mE g
15 738, SR G 20 FL SWD 60 43 B E A FEEL . R YR AL TE 22 HE, 37 R FEFE 2R 25 7 K B A
SO I I — P, BHEE S 16 2Bl HAR I 120 438h. BN SEI0 R b i il 3))
W, FEAETRE AN B by I (R) PR F5 2 AR
[0266] I A ic SWD [ ZEIR R AR AR MEE |, BFAE 60 43 B Al A 120 23 Bh i f5
EEG 203k (45255 ITTAR 16 4080 ), 8 EMUW R X W) 4 %€ & GAERS i M5 0l 8
i1 SWCFinder @ AF LI, W53 & ANFNTE LS T 250 (W PE BT, IIMIEATE 73 H71. GAERS M
PRS2 I = A5 R R (W ARIR 7T 12Hz (R FIRE I 0. 5s IFRRSEI [A][) SWD 58 % » H
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b, R AEREANHETE JE 120 23 BR BEG 2053 Hh BRSO o FH G IR 71 23 B (AR 00 R e [h)
FrE) MESE N L EE RS EL.

[0267]  SLjtife] 13 /N ER G HESL L
[0268] NP ALEWIRIARE R EIVER (FYE ), WIS 6 35345 i) #0248 s UL A Zh RE 1)

bR . RS (Dunham and Miya, J. Am. Pharmacol. Assoc. 46 :208-209 (1957)) 45
NN RE DDA SR MDD o 295 UBTE L 6rpm 18 B H B 1 EIN, gl {R
FEILA T (R (P10 o 0 SRAE 1 0 BB TR Y MO R 48T 30K, BV B S o Bk MMT 4F,
HYIE V] RER I ML B2 F IR i R R R G5 VS B i VBR Z HRRAT N hE
AR AT L 5 2 TR R NV RNL IR 5K AR A SR FHZ SE 30 15 B s 91 5508 7R T3 8.

[0269] £ 8
%A% 1%
o5 TDs
025hr|0.5hr |1hr 2 hr 4 hr

[0270] 1 0 0 0 0 0 (300

9 0 0 0 0 0 |--

19 0 75 100 100 100 | --
[0271]  SEHf) 14 AR )Z R
[0272]  FRIEMUE 1/11 BHEME T T,
[0273]  JE L JESE N HEVE Tnactin (Sigma) , BRERMEME Wistar KB, O T HL R #T40 5% P6-P9

HOR T LA 20 5% P15-P18) o 2R PRI & H B B8 JF B T UK VORI I E B v v
HAAR (BLmM it ) 50 FERE.92NaCl | 15D— 4 2§ . 26NaHC0,. 5KC1 1. 25NaH,P0,,0. 5CaCl,.
TMgSO, - 14— FR Rk —2— 1%, 31 5% C€0,/95% 0, /<. 1EMET S T B BE L X
B S T R RS AR R TR o T35 0 B D A RS BIR B DI A WL AL BRI AVKS
SOEE A I BERA T . AT VR 2SR, U1 T 300-350 um AR EY) L RAERZE T Mt
(IR S, 1T A FEL P T Na, B 2057 046 350-400 wm BEY) Fro 35°C R, B8 A (LlmMit) -
125NaCl. 20D— % %58 . 26NaHC0, 3KC1 . 1. 25Nal, PO, 2CaCl,. IMgCl, 14— ¥R FEMEk —2— 214 |
0.1 ENpF 2 H3%, H 5% €0,/95% 0, 5K Ringer WP IKE 1 /M. SRR IRE
HWERE (20-22°C ) , GHE PRz,

[0274] KH] IR-DIC Jt#34f (Zeiss Axioskop 2FS plus, Gottingen, Germany) {# %2
TCIE G, IRAE AR T RO BUZ IAE, BAUZE T FZ 11 KSNZIEFEME T, KA
FeE T R SBCIR R  W Y, A 3-6M Q FBH, IR FT il e seBET) i P R Z 1/11 st
(¥ LA 40 3%, AN AL SR B Ringer W, 1M PSR A Wi B VW& (BomMat) -
140K % % % £k . 4NaC1 . 10HEPES ., 1EGTA.0. 5MgC1,4MgATP 0. 5Na2GTP, | 5M KOH i & pH
7.2 1 D- H EEEE A1 E 290m0sm (U1FREE ) o ST HO ST EH SEI0 Ak B Ak MR I L £ T,
T HE B A GE SR FN SR BN 22 TG (22) o 7F 50kHz FELFALLLFIFLE 2. 4kHz G JED: .
[0275]  RHEiZT7T 453 BRI R8s T38 9.
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[0276] 9

LAMINA I #= II
ReDd TomEMN(FA; % |
’ % E SEM | %R EAL P<0.05 | EC
BB T) | ’ 0
[0277] 1 473 8.3 no 482
9 -35.5 121 no -
19 -30.3 9.2 no -

[0278] St 15 25 B) ) 25K

[0279]  FH 1A P9 K BLH 29 25 W AR 8 ) 2% (BPK) AF 57 B ok VR AL & 0 1 ) U 2 5 5
it (% 10), AR KA, AL G P2 O RAED TR B . H R4 s FI2 0 (PO) 58 4] % A
Sprague-Dawley K HZj. fEMZIG 4 /NG HT 6 NI ) S A PR R . I LC-MS/
MS & PR 25 A0S 0 HE 25 A ) TR) S RV B, AT 290 80 1 24 0 o Rl R R T
%10,

[0280] % 10
[0281]
[0282]
e | AE EFHE EFHE Tnax
Y5 | (mgkg) | &E ) Cmax (nM) | AUC (nM*h) | (hr)
1 3 PO PG 438 1,118 0.25
3 PO PG 48 108 1.8
3 PO PG 484 1,120 1.4
10%
10 30 PO DMSO0/90% 355 1,192 1.2
CMC
10%
13 30 PO DMSO0/90% 172 458 0.67
CMC
PG: & —B%
DMSO: =% LK
CMC: 0.5% RF AL %%

[0283] St &

[0284] R O 45 G L BAR ST /7 SRR AR B, AR S B AR, 0F — DA A2 T BRI, HL
— UL, A B T IR s AR AR R BH 1% S PR A S B FRI A AT AR AL L B BG40, LA AR 2
T 13X 285 25 A1 VR AE AS B BT 8 A3k Y 149 8 n sl 15 () SE i R O T E B SR R
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W BRFAE
[0285]  FITAT R4 L MIAN LR Hag #SE I 5 1] A 43055 & T A, REUn A & 1)
AN 73 S 3 B 2% T LA A R sl A B AR I 5 | A S & 5 Ao —#E
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1/1 71

50%%5 )N B4E(g)
(3545 t SEM)

15
10+ o
5 =
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N
) o \“0
& d o
A
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K1
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