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SODIUM CHANNEL MODULATORS FOR THE TREATMENT OF PAIN

[0001] This application claims the benefit of U.S. provisional application No. 61/787,618

filed March 15, 2013, which is incorporated by reference herein in its entirety.

1 FIELD

[0002] Provided herein are sodium channel modulating compounds, in particular NaV1.7
modulating compounds. In particular, provided herein are processes for the preparation of,
intermediates used in the preparation of, pharmaceutical compositions comprising, and
therapeutic methods comprising administering compounds. In particular, provided herein are

compounds for the treatment of pain.

2  BACKGROUND

[0003] Voltage-gated ion channels play a critical role in the electrical activity of neuronal
and muscle cells. Large families of voltage-gated ion channels (e.g., sodium channels) have
been identified. These ion channels have been the target of significant pharmacologic study, due
to their potential role in a variety of pathological conditions. Biophysical and pharmacological
studies have identified the sodium channel isoforms NaV1.3, NaV1.7, NaV1.8, and NaV1.9 as
particularly important in the pathophysiology of pain, in particular neuropathic pain. Recently,
gain-of-function mutations in SCN9A, the gene which encodes NaV1.7, have been linked to two
human-inherited pain syndromes, inherited erythromelalgia and paroxysmal extreme pain
disorder, while loss-of-function mutations in SCN9A have been linked to complete insensitivity
to pain. Dib-Hajj et al, Pain Medicine 10(7):1260-1269 (2009) (abstract). Pain conditions affect
approximately 100 million U.S. adults at a cost of $560-635 billion annually in direct medical
treatment costs and lost productivity. Relieving Pain in America, National Academies Press,
Washington, DC (2011), page 2. Unfortunately, current treatment options typically provide only
partial pain relief, and are limited by inconvenient dosing and by side effects, such as
somnolence, ataxia, edema, gastrointestinal discomfort and respiratory depression. Therefore,
novel compounds are desirable to address the shortcomings of presently available treatment

options.
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3 SUMMARY

[0004] Provided herein are compounds of Formula (1),
o
(Ra)m (Ra)n \\s _ANAR
N Oy
N,
Y
Formula (I)

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof, wherein:
Z is -O- or -S-;
Y is —X-C(=0)NR4R;5, —(CH;)3-NRoR ¢, or 4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-(2-yl or
3-yl);
X is (Ce-Cyp)aryl or 5- or 6-membered heteroaryl;
R, is a partially unsaturated or aromatic 5- or 6-membered heterocycle;
R, is independently at each occurrence —F, -Cl, -Br, -CH; or -CN;
R; is independently at each occurrence —H, -F, -Cl, -Br, -CF3, -OCF;, -CN, (C;-Cy)alkyl, or
(Ci-Cyp)alkoxy;
R4 and Rs are each independently H, (C;-Co)alkyl, (C4-Ci2)cycloalkyl, or R4 and Rs together
form a 5- to 7-membered heterocycloalkyl ring; with the proviso that:
R4 and Rs are not both H; and
at least one of R4 and Rs independently or said heterocycloalkyl ring formed by
R4 and R together is substituted with 1 or 2 substituents selected from the group
consisting of -CO,H, -CO;R, -CN, -OH, -CONR;Rg, and -NR;Rg; wherein:
Rs 1s (C1-Cip)alkyl;
R7 and Ry are each independently H, (C,.Ci,)alkyl, or Ry and Rg together
form a 4- to 7-membered heterocycloalkyl ring;
Ry is (C1-Co)alkyl, (C5-Cs)cycloalkyl, pyrazolyl or pyridinyl; wherein Ry is optionally further
substituted with 1 or 2 substituents selected from the group consisting
of -COOH, -COOR};, -CONR Rz, -SO2R;1, -SO;NR 1R 12, -OH, -CN, -OR 3,

and -NR;;R»; wherein R;; and R, may form a 6 membered heterocycloalkyl ring
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I
A/k ©
O
Ry is Ry, <COR;1, -COOR 1, -SO;R 1, 5-methyl-2-0x0-1,3-dioxol-4-yl, ©

, -COO-CH(CH3)OCOCH(CHas),; or Rg and Ry together form a piperazinone or a 4-to 8-
membered heterocycloalkyl ring, wherein said heterocycloalkyl ring is substituted with 1
or 2 substituents selected from the group consisting of -COOH, -COOR;,, -CH,-
COORy3, -OH, -NHj, -CN, and (C;-Cs)alkoxy;

Rj; and Ry are independently H or (C;-Cs)alkyl, optionally substituted with 4- to 8-membered
heterocycloalkyl ring; and

m and n are each independently 1, 2, 3, or 4.

[0005] In a certain embodiment, the compounds of Formula (I) are those wherein Y

iS -(CH2)3-NR9R10.

[0006] In a particular embodiment, the compounds of Formula (I) are those wherein R; is
an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[0007] In a particular embodiment, the compounds of Formula (I) are those wherein R; is
pyridyl or pyrimidinyl.
[0008] In a particular embodiment, the compounds of Formula (I) are those wherein R, is

an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (I) are those wherein R; is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(1) are those wherein R; is thiazolyl. In a particular embodiment, the compounds of Formula (1)

arc those wherein R, is 1,2,4-thiadiazol-5-yl.

[0009] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

independently at each occurrence —F or -CL.

[0010] In a particular embodiment, the compounds of Formula (I) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein n is 2.
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[0011] In a particular embodiment, the compounds of Formula (I) are those wherein Z is
—O-.
[0012] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is

independently at each occurrence -H, —F, -Cl, or -Br. In a particular embodiment, the
compounds of Formula (I) are those wherein R3 is —H or —Cl. In a particular embodiment, the

compounds of Formula (I) are those wherein R3 is —CI.

[0013] In a particular embodiment, the compounds of Formula (I) are those wherein m is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein m is 1.

[0014] In a particular embodiment, the compounds of Formula (I) are those wherein Ry is
(C;-Cg)alkyl; wherein Ry is optionally further substituted with 1 or 2 substituents selected from
the group consisting of -COOH, -COOMe, -CONH,, and -NH,. In a particular embodiment, the
compounds of Formula (I) are those wherein Ry is methyl or ethyl. In a particular embodiment,

the compounds of Formula (I) are those wherein Ry is further substituted with -COOH.

[0015] In a particular embodiment, the compounds of Formula (I) are those wherein Ry
is —H, -COMe, -COOEt. In a particular embodiment, the compounds of Formula (I) are those
wherein Ry is -H or -COMe. In a particular embodiment, the compounds of Formula (I) are

those wherein Ry is -H.

[0016] In a particular embodiment, the compounds of Formula (I) are those wherein Ry
and R, together form a 4 to 8 membered heterocycloalkyl ring, wherein said heterocycloalkyl
ring is substituted with 1 or 2 groups selected from the group consisting of -COOH, -COOMe, —
COOEt, -CH,-COOH, and -NH;, In a particular embodiment, the compounds of Formula (I) are
those wherein Ry and R together form a 4 to 8 membered heterocycloalkyl ring, wherein said
heterocycloalkyl ring is substituted with 1 or 2 groups selected from the group consisting of —

COOH, -CH,-COOH, and -NH;

[0017] In a particular embodiment, the compounds of Formula (I) are those wherein Ry
and Ry together form a piperidine substituted with 1 or 2 groups selected from the group
consisting of -COOH, -COOMe, —COOEt, -CH,-COOH, -CH,-COOMege, -CH,-COOEt,

and -NH;. In a particular embodiment, the compounds of Formula (I) are those wherein Ry and

4-
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Rjo together form a piperidine substituted with 1 or 2 groups selected from the group consisting

of -COOH, -CH,-COOH, and -NH,.

[0018] In a certain embodiment, the compounds of Formula (I) are those wherein Y

18 -X-C(:O)NR4R5.

[0019] In a particular embodiment, the compounds of Formula (I) are those wherein R; is
an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[0020] In a particular embodiment, the compounds of Formula (I) are those wherein R; is
pyridyl or pyrimidinyl.
[0021] In a particular embodiment, the compounds of Formula (I) are those wherein R, is

an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (I) are those wherein R; is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(1) are those wherein R; is thiazolyl. In a particular embodiment, the compounds of Formula (1)

are those wherein R is 1,2,4-thiadiazol-5-yl.

[0022] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

independently at each occurrence -F or -Cl.

[0023] In a particular embodiment, the compounds of Formula (I) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein n is 2.

[0024] In a particular embodiment, the compounds of Formula (I) are those wherein Z is
—O-.
[0025] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is

independently at each occurrence -F, -Cl, or -Br. In a particular embodiment, the compounds of
Formula (I) are those wherein R3 is —H or —CI. In a particular embodiment, the compounds of

Formula (I) are those wherein R3 is —Cl.
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[0026] In a particular embodiment, the compounds of Formula (I) are those wherein m is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein m is 1.

[0027] In a particular embodiment, the compounds of Formula (I) are those wherein X is
5- or 6-membered heteroaryl. In a particular embodiment, the compounds of Formula (I) are
those wherein X is pyridyl or pyrimidinyl. In a particular embodiment, the compounds of

Formula (I) are those wherein X is pyridyl.

[0028] In a particular embodiment, the compounds of Formula (I) are those wherein Ry is

H and Rs is (C;-Co)alkyl.

[0029] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is
methyl or ethyl, substituted with 1 or 2 substituents selected from the group consisting

of 'COZH, -COzR@, and -CONR7R8.

[0030] In a particular embodiment, the compounds of Formula (I) are those wherein R is

(Cl-C6)alkyl.

[0031] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is

methyl or ethyl, substituted with -CO,H.

[0032] In a certain embodiment, the compounds of Formula (I) are those wherein Y is
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-(2-yl or 3-yl). In a particular embodiment, the
compounds of Formula (I) are those wherein Y is 4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-

3-yl.

[0033] In a particular embodiment, the compounds of Formula (I) are those wherein R; is
an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[0034] In a particular embodiment, the compounds of Formula (I) are those wherein R, is
pyridyl or pyrimidinyl.
[0035] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
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atoms. In a particular embodiment, the compounds of Formula (I) are those wherein R; is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(1) are those wherein R; is thiazolyl. In a particular embodiment, the compounds of Formula (1)

are those wherein R is 1,2,4-thiadiazol-5-yl.

[0036] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

independently at each occurrence -F or -Cl.

[0037] In a particular embodiment, the compounds of Formula (I) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein n is 2.

[0038] In a particular embodiment, the compounds of Formula (I) are those wherein Z is
—O-.
[0039] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is

independently at each occurrence -F, -Cl, or -Br. In a particular embodiment, the compounds of
Formula (I) are those wherein Rz is —H or —CI. In a particular embodiment, the compounds of

Formula (I) are those wherein R is —Cl.

[0040] In a particular embodiment, the compounds of Formula (I) are those wherein m is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein m is 1.

[0041] In a certain embodiment, the compounds of Formula (I) are those wherein the
compound is
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)acetic acid,
5-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)pentanoic acid,
4-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)butanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)picolinamido)propanoic acid,
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(R)-2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-(6-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)acetic acid,
(S)-2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-cyanophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2,5-difluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
3-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)amino)propanoic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-4-carboxylic acid,
3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
4-amino-1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-4-carboxylic acid,
2-amino-4-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)butanoic acid,
2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-3-carboxylic acid,
2-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-
fluorophenoxy)phenyl)propyl)amino)acetic acid,
2-((3~(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
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yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
3-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
3-((3-(5-chloro-2-(2-cyano-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,

methyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetate,
3-((3-(2-(2-chloro-5-fluoro-4-(N-(thiazol-4-yl)sulfamoyl)phenoxy)-5-
fluorophenyl)propyl)amino)propanoic acid,
3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanamide,
2-(N-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)acetamido)acetic acid,
2-(1-(3-(2-(4-(N~(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)piperidin-4-yl)acetic acid,
3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)-N-methylacetamide,
5-chloro-4-(4-chloro-2-(3-((2-(methylsulfonyl)ethyl)amino)propyl)phenoxy)-2-fluoro-N-
(thiazol-4-yl)benzenesulfonamide,
1-(3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)piperidine-4-carboxylic acid, or
5-chloro-4-(4-chloro-2-(4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrimidin-3-yl)phenoxy)-2-fluoro-N-
(thiazol-4-yl)benzenesulfonamide; or a pharmaceutically acceptable salt, or a stereoisomeric or

tautomeric form thereof.

[0042] In a particular embodiment, the compounds of Formula (I) are those wherein the
compound is

2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)acetic acid,

3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

9.
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chlorophenyl)picolinamido)propanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid, or
3-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)amino)propanoic acid; or a pharmaceutically acceptable salt, or a

stereoisomeric or tautomeric form thereof.

[0043] Provided herein are methods for treating neuropathic pain comprising
administering to a subject in need thereof, a therapeutically effective amount of a compound of

Formula (I), or a pharmaceutically acceptable salt, solvate or tautomeric form thereof.

[0044] Provided herein are methods for treating pain comprising use of a compound of
Formula (I), as a voltage-gated sodium channel inhibitor. In a particular embodiment the
methods are those, wherein the pain is neuropathic, nociceptive or inflammatory pain. In a
particular embodiment the methods are those, wherein the voltage-gated sodium channel is

NaVl1.7.

[0045] Provided herein are pharmaceutical compositions comprising a compound of
Formula (I) and a pharmaceutically acceptable carrier. In a particular embodiment the
pharmaceutical compositions are those, wherein the composition is suitable for topical, oral,

subcutaneous, or intravenous administration.

[0046] Provided herein are methods for prevention or treatment of pain in a subject,
wherein the method comprises administering to the subject in need of such prevention or
treatment a therapeutically effective amount of a compound of Formula (I). In a particular
embodiment the methods are those, wherein the therapeutically effective amount is effective to
alleviate pain in a subject, wherein the compound of Formula (I) shows a reduction in pain
response in the Formalin Assay (in phase 1 or phase 2, or both) (see Section 5.1.2) at a dose
between 0.1 mg/kg and 1,000 mg/kg, at a dose between 0.5 mg/kg and 100 mg/kg, at a dose
between 1 mg/kg to 50 mg/kg, or at a dose of 5 mg/kg. In certain embodiments, a compound of
Formula (I) provided herein shows a reduction in pain response in the Formalin Assay (in phase
1 or phase 2, or both) by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%,
99%, or 100%, or by ranges between any of the recited percentages (e.g., 10-20%, 10-30%, 10-

-10-
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40%, 20-30%, or 20-40%) relative to a vehicle control. In a particular embodiment the methods
are those, wherein the pain is nociceptive pain, such as that resulting from physical trauma (e.g.,
a cut or contusion of the skin; or a chemical or thermal burn), osteoarthritis, rheumatoid arthritis
or tendonitis; myofascial pain; neuropathic pain, such as that associated with stroke, diabetic
neuropathy, luetic neuropathy, postherpetic neuralgia, trigeminal neuralgia, fibromyalgia, or
painful neuropathy induced iatrogenically by drugs; or mixed pain (i.e., pain with both
nociceptive and neuropathic components); visceral pain; headache pain (e.g., migraine headache
pain); CRPS; CRPS type I, CRPS type II; RSD; reflex neurovascular dystrophy; reflex
dystrophy; sympathetically maintained pain syndrome; causalgia; Sudeck atrophy of bone;
algoneurodystrophy; shoulder hand syndrome; post-traumatic dystrophy; autonomic dysfunction;
autoimmune-related pain; inflammation-related pain; cancer-related pain; phantom limb pain;
chronic fatigue syndrome; post-operative pain; spinal cord injury pain; central post-stroke pain;
radiculopathy; sensitivity to temperature, light touch or color change to the skin (allodynia); pain
from hyperthermic or hypothermic conditions; and other painful conditions (e.g., diabetic
neuropathy, luetic neuropathy, postherpetic neuralgia, trigeminal neuralgia); chronic pain; or

acute pain.

[0047] Provided herein are methods modulating the activity of a voltage-gated sodium
channel, wherein the method comprises contacting a cell that expresses the voltage-gated sodium
channel with a compound of Formula (I). In a particular embodiments the methods are those,
wherein the voltage-gated sodium channel is NaV1.7. In a particular embodiments the methods

are those, wherein the method results in inhibition of the voltage-gated sodium channel.
4 DETAILED DESCRIPTION

4.1 Definitions

[0048] A “Compound” or “Compounds” as used herein comprise a compound of
Formula (I), a compound of Formula (Ia), a compound of Formula (Ib), a compound of Formula

(Ic), a compound of Formula (Id), a compound listed in Table 1, or a compound listed in Table 2.

[0049] A “pharmaceutically acceptable salt(s)” refers to a salt prepared from a
pharmaceutically acceptable non-toxic acid or base including an inorganic acid and base and an

organic acid and base. Suitable pharmaceutically acceptable base addition salts of the
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Compounds inhibitors include, but are not limited to metallic salts made from aluminum,
calcium, lithium, magnesium, potassium, sodium and zinc or organic salts made from lysine,
N,N’-dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine,
meglumine (N-methylglucamine) and procaine. Suitable non-toxic acids include, but are not
limited to, inorganic and organic acids such as acetic, alginic, anthranilic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethenesulfonic, formic, fumaric, furoic, galacturonic, gluconic,
glucuronic, glutamic, glycolic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic,
mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacetic, phosphoric,
propionic, salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acid, and p-toluenesulfonic acid.
Specific non-toxic acids include hydrochloric, hydrobromic, phosphoric, sulfuric, and
methanesulfonic acids. Others are well known in the art, see for example, Remington’s
Pharmaceutical Sciences, 18th eds., Mack Publishing, Easton PA (1990) or Remington: The
Science and Practice of Pharmacy, 19th eds., Mack Publishing, Easton PA (1995).

[0050] A “stereoisomer” or “stercoisomeric form” refers to one stercoisomer of a
Compound that is substantially free of other stereoisomers of that Compound. For example, a
stereomerically pure compound having one chiral center will be substantially free of the opposite
enantiomer of the compound. A stereomerically pure compound having two chiral centers will
be substantially free of other diastercomers of the compound. A typical sterecomerically pure
compound comprises greater than about 80% by weight of one stereoisomer of the compound
and less than about 20% by weight of other stereoisomers of the compound, greater than about
90% by weight of one stercoisomer of the compound and less than about 10% by weight of the
other stereoisomers of the compound, greater than about 95% by weight of one stereoisomer of
the compound and less than about 5% by weight of the other stereoisomers of the compound, or
greater than about 97% by weight of one stereoisomer of the compound and less than about 3%
by weight of the other stereoisomers of the compound. The Compounds can have chiral centers
and can occur as racemates, individual enantiomers or diastercomers, and mixtures thereof. All
such isomeric forms are included within the embodiments disclosed herein, including mixtures
thereof. The use of stercomerically pure forms of such Compounds, as well as the use of
mixtures of those forms, are encompassed by the embodiments disclosed herein. For example,
mixtures comprising equal or unequal amounts of the enantiomers of a particular Compound

may be used in methods and compositions disclosed herein. These isomers may be

-12-



WO 2014/151472 PCT/US2014/025809

asymmetrically synthesized or resolved using standard techniques such as chiral columns or
chiral resolving agents. See, e.g., Jacques, J., et al., Enantiomers, Racemates and Resolutions
(Wiley Interscience, New York, 1981); Wilen, S. H., et al., Tetrahedron 33:2725 (1977); Eliel,
E. L., Stereochemistry of Carbon Compounds (McGraw Hill, NY, 1962); and Wilen, S. H.,
Tables of Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame
Press, Notre Dame, IN, 1972).

[0051] “Tautomers” refers to isomeric forms of a compound that are in equilibrium with
cach other. The concentrations of the isomeric forms will depend on the environment the
compound is found in and may be different depending upon, for example, whether the compound
is a solid or is in an organic or aqueous solution. For example, in aqueous solution, pyrazoles

may exhibit the following isomeric forms, which are referred to as tautomers of each other:

H
/N\ IN
HN, NQ |

[0052] As readily understood by one skilled in the art, a wide variety of functional
groups and other structures may exhibit tautomerism and all tautomers of the Compounds

provided herein are within the scope of the present disclosure.

[0053] An “aryl” group is an aromatic carbocyclic group of from 6 to 14 carbon atoms
having a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl or anthryl). In
some embodiments, aryl groups contain 6-14 carbons, and in others from 6 to 12 or even 6 to 10
carbon atoms in the ring portions of the groups. Particular aryls include, but are not limited to,

phenyl, naphthyl and the like.

[0054] A “heteroaryl” group is an aryl ring system having one to four heteroatoms as ring
atoms in a heteroaromatic ring system, wherein the remainder of the atoms are carbon atoms. In
some embodiments, heteroaryl groups contain 5 to 6 ring atoms, and in others from 6 to 9 or
even 6 to 10 atoms in the ring portions of the groups. Suitable heteroatoms include oxygen,
sulfur and nitrogen. In certain embodiments, the heteroaryl ring system is monocyclic or
bicyclic. Examples include, but are not limited to, groups such as pyrrolyl, pyrazolyl,

imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiadiazolyl (e.g.,
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1,2,4-thiadiazolyl), pyrrolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, thiophenyl,
benzothiophenyl, furanyl, benzofuranyl, indolyl, azaindolyl (for example, pyrrolopyridyl or 1H-
pyrrolo[2,3-b]pyridyl), indazolyl, benzimidazolyl (for example, 1H-benzo[d]imidazolyl),
imidazopyridyl, pyrazolopyridyl, triazolopyridyl, benzotriazolyl, benzoxazolyl, benzothiazolyl,
benzothiadiazolyl, isoxazolopyridyl, thianaphthalenyl, purinyl, xanthinyl, adeninyl, guaninyl,

quinolinyl, isoquinolinyl, tetrahydroquinolinyl, quinoxalinyl, and quinazolinyl groups.

[0055] A “partially unsaturated or aromatic heterocycle” is a partially unsaturated or
aromatic ring system having one to four heteroatoms as ring atoms in a heteroaromatic ring
system, wherein the remainder of the atoms are carbon atoms. If the “partially unsaturated or
aromatic heterocycle” is an aromatic heterocycle, then the aromatic heterocycle is a “heteroaryl”
as defined above. In one embodiment the partially unsaturated or aromatic heterocycle is a
partially unsaturated or aromatic 5- or 6-membered heterocycle. Examples of partially
unsaturated heterocycles include, but are not limited to, groups such as 2,5-dihydro-1H-pyrrolyl,
2,5-dihydrofuranyl, 2,5-dihydrothiophenyl, 4,5-dihydrooxazolyl, 4,5-dihydrothiazolyl, 4,5-
dihydro-1H-imidazolyl, 4,5-dihydro-1H-1,2,3-triazolyl, 1,2,5,6-tetrahydropyridinyl, and 1,4,5,6-
tetrahydropyrimidinyl groups.

[0056] A “heterocycloalkyl” group is a non-aromatic cycloalkyl in which one to four of
the ring carbon atoms are independently replaced with a heteroatom from the group consisting of
O, S and N. Examples of a heterocycloalkyl group include, but are not limited to, morpholinyl,
pyrrolidinyl, piperazinyl, (1,4)-dioxanyl, and (1,3)-dioxolanyl. Heterocycloalkyls can also be
bonded at any ring atom (i.e., at any carbon atom or heteroatom of the heterocyclic ring). In one

embodiment, the heterocycloalkyl is a 5- or 6-membered heterocycloalkyl.

[0057] An “alkyl” group is a saturated straight chain or branched non-cyclic hydrocarbon
having, for example, from 1 to 12 carbon atoms, 1 to 9 carbon atoms, 1 to 6 carbon atoms, 1 to 4
carbon atoms, or 2 to 6 carbon atoms. Representative alkyl groups include -methyl, -ethyl, -n-
propyl, -r-butyl, -n-pentyl and —n-hexyl; while branched alkyls include -isopropyl, -sec-

butyl, -iso-butyl, -tert-butyl, -iso-pentyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 2,3-
dimethylbutyl and the like.
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[0058] A “cycloalkyl” group is a saturated cyclic alkyl group of from 3 to 12 carbon
atoms having a single cyclic ring or multiple condensed or bridged rings. In some embodiments,
the cycloalkyl group has 4 to 12 ring members, whereas in other embodiments the number of
ring carbon atoms ranges, for example, from 3 to 5, 3 to 6, or 3 to 7. Such cycloalkyl groups
include, by way of example, single ring structures such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, and the like, or multiple or bridged ring structures such as

adamantyl and the like.

[0059] A “subject in need thereof” refers to a mammal (e.g., human, dog, horse, or cat) in

need of treatment with any method provided herein.

4.2 Compounds

[0060] Provided herein are compounds of Formula (1),
o
(R3)m (Ro)n \\s/ NHR¢
N Oy
N,
Y
Formula (T)

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof, wherein:

Z is -O- or -S-;

Y is —X-C(=0)NR4Rs —(CH;);-NRgR ¢, or 4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-(2-yl or
3-yl);

X is (Ce-Cyp)aryl or 5- or 6-membered heteroaryl;

R is a partially unsaturated or aromatic 5- or 6-membered heterocycle;

R, is independently at each occurrence —F, -Cl, -Br, -CH; or -CN;

R; is independently at each occurrence —H, -F, -Cl, -Br, -CF3, -OCF;, -CN, (C;-Cy)alkyl, or
(Ci-Cyp)alkoxy;

R4 and Rs are each independently H, (C;-Co)alkyl, (C4-Ci2)cycloalkyl, or R4 and Rs together
form a 5- to 7-membered heterocycloalkyl ring; with the proviso that:

R4 and Rs are not both H; and
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at least one of R4 and Rs independently or said heterocycloalkyl ring formed by
R4 and R together is substituted with 1 or 2 substituents selected from the group
consisting of -CO,H, -CO;R¢, -CN, -OH, -CONR~Rg3, and -NR7Rs; wherein:
Rs 1s (C1-Cip)alkyl;
R7 and Ry are each independently H, (C,.Ci,)alkyl, or Ry and Rg together
form a 4- to 7-membered heterocycloalkyl ring;
Ry is (C1-Ce)alkyl, (Cs-Cs)cycloalkyl, pyrazolyl or pyridinyl; wherein Ry is optionally further
substituted with 1 or 2 substituents selected from the group consisting
of -COOH, -COOR};, -CONR Rz, -SO2R;1, -SO;NR 1R 12, -OH, -CN, -OR 3,

and -NR ;R 5; wherein R;; and Ry, may form a 6 membered heterocycloalkyl ring

I
A)\ ©
Ry is Ry1, -CORy1, -COOR 1, -SO,R 1, 5-methyl-2-0x0-1,3-dioxol-4-yl, ©

, -COO-CH(CH3)OCOCH(CHj3),; or Rg and Ry, together form a piperazinone or a 4-to 8-

membered heterocycloalkyl ring, wherein said heterocycloalkyl ring is substituted with 1

or 2 substituents selected from the group consisting of -COOH, -COOR;,, -CH,-

COOR;, -OH, -NH,, -CN, and (C;-Cs)alkoxy;

Rj; and Ry, are independently H or (C;-Ce)alkyl, optionally substituted with 4- to 8-
membered heterocycloalkyl ring; and

m and n are each independently 1, 2, 3, or 4.

[0061] In a certain embodiment, the compounds of Formula (I) are those wherein Y

18 -(CH2)3-NR9R1().

[0062] In a particular embodiment, the compounds of Formula (I) are those wherein R; is
an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[0063] In a particular embodiment, the compounds of Formula (I) are those wherein R, is

pyridyl or pyrimidinyl.
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[0064] In a particular embodiment, the compounds of Formula (I) are those wherein R; is
an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (I) are those wherein R; is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(1) are those wherein R; is thiazolyl. In a particular embodiment, the compounds of Formula (1)

are those wherein R is 1,2,4-thiadiazol-5-yl.

[0065] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

independently at each occurrence —F or -CL.

[0066] In a particular embodiment, the compounds of Formula (I) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein n is 2.

[0067] In a particular embodiment, the compounds of Formula (I) are those wherein Z is
—O-.
[0068] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is

independently at each occurrence -H, —F, -Cl, or -Br. In a particular embodiment, the
compounds of Formula (I) are those wherein R3 is —H or —Cl. In a particular embodiment, the

compounds of Formula (I) are those wherein Rj is —CI.

[0069] In a particular embodiment, the compounds of Formula (I) are those wherein m is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein m is 1.

[0070] In a particular embodiment, the compounds of Formula (I) are those wherein Ry is
(C1-Cg)alkyl; wherein Ry is optionally further substituted with 1 or 2 substituents selected from
the group consisting of -COOH, -COOMe, -CONH,, and -NH,. In a particular embodiment, the
compounds of Formula (I) are those wherein Ry is methyl or ethyl. In a particular embodiment,

the compounds of Formula (I) are those wherein Ry is further substituted with -COOH.

[0071] In a particular embodiment, the compounds of Formula (I) are those wherein Ry
is —H, -COMe, -COOEt. In a particular embodiment, the compounds of Formula (I) are those
wherein Rjg is -H or -COMe. In a particular embodiment, the compounds of Formula (I) are

those wherein R, is -H.
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[0072] In a particular embodiment, the compounds of Formula (I) are those wherein Ry
and R, together form a 4 to 8 membered heterocycloalkyl ring, wherein said heterocycloalkyl
ring is substituted with 1 or 2 groups selected from the group consisting of -COOH, -COOMe, —
COOEt, -CH,-COOH, and -NH;, In a particular embodiment, the compounds of Formula (I) are
those wherein Ry and R together form a 4 to 8 membered heterocycloalkyl ring, wherein said
heterocycloalkyl ring is substituted with 1 or 2 groups selected from the group consisting of —

COOH, -CH,-COOH, and -NH;

[0073] In a particular embodiment, the compounds of Formula (I) are those wherein Ry
and Ry together form a piperidine substituted with 1 or 2 groups selected from the group
consisting of -COOH, -COOMe, —COOEt, -CH,-COOH, -CH,-COOMege, -CH,-COOEt,
and -NH;. In a particular embodiment, the compounds of Formula (I) are those wherein Ry and
R together form a piperidine substituted with 1 or 2 groups selected from the group consisting

of -COOH, -CH,-COOH, and -NH,,

[0074] In a certain embodiment, the compounds of Formula (I) are those wherein Y is —
X-C(=O)NR4Rs.
[0075] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[0076] In a particular embodiment, the compounds of Formula (I) are those wherein R, is
pyridyl or pyrimidinyl.
[0077] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (I) are those wherein R, is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(1) are those wherein R; is thiazolyl. In a particular embodiment, the compounds of Formula (1)

are those wherein R is 1,2,4-thiadiazol-5-yl.

[0078] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

independently at each occurrence -F or -Cl.
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[0079] In a particular embodiment, the compounds of Formula (I) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein n is 2.

[0080] In a particular embodiment, the compounds of Formula (I) are those wherein Z is
—O-.
[0081] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is

independently at each occurrence -F, -Cl, or -Br. In a particular embodiment, the compounds of
Formula (I) are those wherein R3 is —H or —Cl. In a particular embodiment, the compounds of

Formula (I) are those wherein R is —Cl.

[0082] In a particular embodiment, the compounds of Formula (I) are those wherein m is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein m is 1.

[0083] In a particular embodiment, the compounds of Formula (I) are those wherein X is
5- or 6-membered heteroaryl. In a particular embodiment, the compounds of Formula (I) are
those wherein X is pyridyl or pyrimidinyl. In a particular embodiment, the compounds of

Formula (I) are those wherein X is pyridyl.

[0084] In a particular embodiment, the compounds of Formula (I) are those wherein Ry is

H and Rs is (C;-Co)alkyl.

[0085] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is
methyl or ethyl, substituted with 1 or 2 substituents selected from the group consisting

of 'COZH, -C02R6, and -CONR7R8.

[0086] In a particular embodiment, the compounds of Formula (I) are those wherein R is

(Cl-C6)alkyl.

[0087] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is

methyl or ethyl, substituted with -CO,H.

[0088] In a certain embodiment, the compounds of Formula (I) are those wherein Y is

4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-(2-yl or 3-yl). In a particular embodiment, the
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compounds of Formula (I) are those wherein Y is 4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-

3-yl.

[0089] In a particular embodiment, the compounds of Formula (I) are those wherein R; is
an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[0090] In a particular embodiment, the compounds of Formula (I) are those wherein R, is
pyridyl or pyrimidinyl.
[0091] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (I) are those wherein R, is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(1) are those wherein R; is thiazolyl. In a particular embodiment, the compounds of Formula (1)

are those wherein R is 1,2,4-thiadiazol-5-yl.

[0092] In a particular embodiment, the compounds of Formula (I) are those wherein R; is

independently at each occurrence -F or -Cl.

[0093] In a particular embodiment, the compounds of Formula (I) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein n is 2.

[0094] In a particular embodiment, the compounds of Formula (I) are those wherein Z is
—O-.
[0095] In a particular embodiment, the compounds of Formula (I) are those wherein Rs is

independently at each occurrence -F, -Cl, or -Br. In a particular embodiment, the compounds of
Formula (I) are those wherein Rs is —H or —Cl. In a particular embodiment, the compounds of

Formula (I) are those wherein R is —Cl.

[0096] In a particular embodiment, the compounds of Formula (I) are those wherein m is

1,2, or 3. In a particular embodiment, the compounds of Formula (I) are those wherein m is 1.
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In a certain embodiment, the compounds of Formula (I) are those wherein the

compound is selected from the group consisting of the compounds in Table 1 or a

pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof.

[0098] Table 1
Example | Compound structure Chemical name*
1 Sfo\N 3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-
cl I Q‘S\IH 5-fluorophenoxy)-5-
0 ° chlorophenyl)picolinamido)propanoic acid
~ Cl
o
HN
O
OH
2 S’N\?N 2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-
a & 5-fluorophenoxy)-5-chlorophenyl)picolinamido)acetic
ks
0 acid
Z Cl
\N | O
HN
OJ\OH
3 S'::\N 5-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-
cl i Q‘s\;NH 5-fluorophenoxy)-5-
o]
Y chlorophenyl)picolinamido)pentanoic acid
=
o
HN
HYO
OH
4 S'N\?N 4-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-
c [ 5-fluorophenoxy)-5-chlorophenyl)picolinamido)butanoic
ks
0 acid
z Cl
> | QO
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Example | Compound structure Chemical name*
5 s’N:\N 2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-
ol T QNH 5-fluorophenoxy)-5-
5 /<j/ \ chlorophenyl)picolinamido)propanoic acid
P cl
s AN
N
Qm:E;
6 SIN=\N (R)-2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-
F Q%:54 chloro-5-fluorophenoxy)-5-
cl X
5 chlorophenyl)picolinamido)propanoic acid
C
f l H o
N .
QD:LD
7 S:Nz/\N 2-(6-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-
N 1 Q\SIH 5-fluorophenoxy)-5-chlorophenyl)picolinamido)acetic
o/:i: ° acid
N cl
O, I Z
NH
HOLO
8 Ssz\N (S)-2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-
o T Qé]@ chloro-5-fluorophenoxy)-5-
o ° chlorophenyl)picolinamido)propanoic acid
Z Cl
s AR
N
OHOIO
9 S/NT\N 3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-
- o\}S,\NrH cyanophenoxy)-5-chlorophenyl)picolinamido)propanoic
o/[%:]/ ° acid
= {
\N | 6] N
HN
(0]
OH
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Example | Compound structure Chemical name*
10 Sle\N 3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2,5-
o 1 O\\S\\/NH difluorophenoxy)-5-
(¢]
o/©/ chlorophenyl)picolinamido)propanoic acid
Z F
o
HN
(6]
OH
11 J /S 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
o ] q‘s\;NH yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid
0]
o
Cl
HN
Q.
OH
12 ' 3-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-
SYN
. ] o\‘s\;NH chloro-5-fluorophenoxy)-5-
o]
?\O chlorophenyl)propyl)amino)propanoic acid
Cl
HN
HO/EO
13 S/?N 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
cl I O“S\;NH yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid
6]
O
Cl
HN
O,
OH
14 "D /S 1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
e

yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-4-

carboxylic acid

3
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Example | Compound structure Chemical name*
15 - /S 3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
cl ] Qg H yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic
b
?\o/g acid
Cl
HN
e
16 D 4-amino-1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
o Q (thiazol-4-
i >l yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-4-
HZNlO“ carboxylic acid
HO o
17 g /S 2-amino-4-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
N T QH (thiazol-4-
\Ea\o yl)sulfamoyl)phenoxy)phenyl)propyl)amino)butanoic
Cl
NH, acid
Hoj)])\/\u
18 S/\?N 2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-2-
cl iF Q‘s\;NH yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid
(¢}
O
F
HN
O,
T
19 g /S 1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
al I QN yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-3-
ks
?\o carboxylic acid
Cl

4.




WO 2014/151472 PCT/US2014/025809

Example | Compound structure Chemical name*
20 S,N\;\N 2-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-
] O\‘\\/NH chloro-5-fluorophenoxy)phenyl)propyl)amino)acetic acid
(6]
(6]
Cl
HN
O,
OH
21 N//;; 2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
o i QunH | ylsulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid
ke
F
HN
o
OH
22 g /S 3-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
o ] Q‘S\;NH yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic
o]
o acid
F
HN
HO™ ~0O
23 N//;/j 3-((3-(5-chloro-2-(2-cyano-4-(N-(thiazol-4-
al Na QNH yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic
[ [ o
o acid
HN
HO™ 0O
24 N methyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
. F: Q»S%NH (thiazol-4-
\%0 f yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetate
NH
0]
o\

5.
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Example | Compound structure Chemical name*
25 S%_/\\N 3-((3-(2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
. T %¥NH yl)sulfamoyl)phenoxy)-5-
\(ai o © fluorophenyl)propyl)amino)propanoic acid
Cl
NH
O~ "OH
26 z\;\\N 3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
ol T QNH yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanamide
ke
O
Cl
NH
Oj\NHz
27 B /S 2-(N-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
F . .
o O\\s\\,NH yl)sulfamoyl)phenoxy)phenyl)propyl)acetamido)acetic
0] .
5 acid
o Cl
NN
(0]
OH
28 S:N=\N 2-(1-(3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-
N N Q\S\\IH chloro-5-fluorophenoxy)-5-
6] . . g . .
\(E\LOI IF chlorophenyl)propyl)piperidin-4-yl)acetic acid
Nol
0~ "OH
29 N 5 3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
o i Q\S]\J/H yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic
\b X
5 acid
c

26-
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Chemical name*

Example | Compound structure
30 S((\\N 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
F Ry NH yl)sulfamoyl)phenoxy)phenyl)propyl)amino)-N-
Cl N
5 /©/ © methylacetamide
cl
NH
‘\(O
HN__
31 N\ 5-chloro-4-(4-chloro-2-(3-((2-
cl L Ows\/NH (methylsulfonyl)ethyl)amino)propyl)phenoxy)-2-fluoro-
\%o ? N-(thiazol-4-yl)benzenesulfonamide
Cl
NH
o"g\
32 e 1-(3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-
o
0=s=0 5-fluorophenoxy)-5-chlorophenyl)propyl)piperidine-4-
F
/©/ carboxylic acid
Cl (0]
LT
Cl N
33 T 5-chloro-4-(4-chloro-2-(4,5,6,7-tetrahydropyrazolo[1,5-

H
O\\S,N N>
0\ \[\

a]pyrimidin-3-yl)phenoxy)-2-fluoro-N-(thiazol-4-

yl)benzenesulfonamide

* Chemical Names automatically generated with ChemDraw Ultra, Version 12.0.

[0099]

In a certain embodiment, the compounds of Formula (I) are those wherein the

compound is selected from the group consisting of the compounds in Table 2 or a

pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof.
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[00100] Table 2
Prophetic Compound structure Chemical name*
Example
34 cl /éfs“ /N/ 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
O s
T (thiazol-2-
/\oj\N yl)sulfamoyl)phenoxy)phenyl)propyl)(ethoxycarb
thH onyl)amino)acetic acid
F H
35 cl Q}S\\’N\r/\'\‘/)
5 ° s ethyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
cl (thiazol-2-
N yl)sulfamoyl)phenoxy)phenyl)propyl)amino)aceta
H(O\/ te
(0]
H
36 o " O\\S\\,N\r/\[\}
o ° s ethyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
cl (thiazol-2-
N yl)sulfamoyl)phenoxy)phenyl)propyl)(methyl)ami
S(o\/ no)acetate
(0]
37 cl I o‘\s’H N
O/©/ ° 57 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
cl (thiazol-2-
0PN yl)sulfamoyl)phenoxy)phenyl)propyl)((5-methyl-
:'(o:’C H(OH 2-0x0-1,3-dioxol-4-yl)methyl)amino)acetic acid
o]
38 cl I O‘\S’H N
/©/ b §.4 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
T (thiazol-2-
2 1 j\ yl)sulfamoyl)phenoxy)phenyl)propyl)((1-
ﬁ)\o T o (isobutyryloxy)ethoxy)carbonyl)amino)acetic
S( acid
39 F o\\ /H

2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-
(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)(((5-methyl-
2-0x0-1,3-dioxol-4-
yl)methoxy)carbonyl)amino)acetic acid

8-
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Prophetic Compound structure Chemical name*
Example
40 T RN
Cl S\\O \Sr \/7
© ) 5-chloro-4-(4-chloro-2-(3-(3-oxopiperazin-1-
yl)propyl)phenoxy)-2-fluoro-N-(thiazol-2-
) N(\ N yl)benzenesulfonamide
(6]
41 N AN N
\\o $ /
O
c 5-chloro-4-(4-chloro-2-(3-((3-morpholino-3-
N oxopropyl)amino)propyl)phenoxy)-2-fluoro-N-
r (thiazol-2-yl)benzenesulfonamide
42 T QNN
Cl S\b \Sr \/7
© I 4-(2-(3-((1H-pyrazol-4-yl)amino)propyl)-4-
chlorophenoxy)-5-chloro-2-fluoro-N-(thiazol-2-
HN yl)benzenesulfonamide
7
HN—I{J

* Chemical Names automatically generated with ChemDraw Ultra, Version 12.0.

[00101] For the proposes of this disclosure, Table 1 and Table 2 serve to define that a
particular structure is associated with a particular name. Whenever a particular name is recited
in this disclosure or the claims, the chemical structure associated with that particular name shall

be the structure identified in Table 1 or Table 2.

[00102] In a particular embodiment, the compounds of Formula (I) are those wherein the
compound is

2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)acetic acid,
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid, or

3-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

220
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chlorophenyl)propyl)amino)propanoic acid;

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof.

[00103] Further provided herein are compounds of Formula (Ia),
0
Ram Ro)n \\s _ANHR
N T
N,
NRgR1q

Formula (Ia)
or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof, wherein:
Z is -O- or -S-;
R, is a partially unsaturated or aromatic 5- or 6-membered heterocycle;
R, is independently at each occurrence —F, -Cl, -Br, -CHj; or -CN;
R3 is independently at each occurrence —H, -F, -Cl, -Br, -CF3, -OCF3, -CN, (C;-Cj,)alkyl, or
(Ci-Cyp)alkoxy;
Ry is (C1-Cy)alkyl, (Cs-Cs)cycloalkyl, pyrazolyl or pyridinyl; wherein Ry is optionally further
substituted with 1 or 2 substituents selected from the group consisting
of -COOH, -COOR};, -CONR Rz, -SO2R;1, -SO;NR 1R 12, -OH, -CN, -OR 3,

and -NR;;R»; wherein R;; and R, may form a 6 membered heterocycloalkyl ring

I
A/k ©
O
Ry is Ry1, -CORy1, -COOR 1, -SO,R 1, 5-methyl-2-0x0-1,3-dioxol-4-yl, ©

, -COO-CH(CH3)OCOCH(CHj3),; or Rg and Ry together form a piperazinone or a 4-to 8-
membered heterocycloalkyl ring, wherein said heterocycloalkyl ring is substituted with 1
or 2 substituents selected from the group consisting of -COOH, -COOR;,, -CH,-
COOR;, -OH, -NH,, -CN, and (C;-Cs)alkoxy;
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Rj; and Ry are independently H or (C;-Cs)alkyl, optionally substituted with 4- to 8-membered
heterocycloalkyl ring; and

m and n are each independently 1, 2, 3, or 4.

[00104] In a particular embodiment, the compounds of Formula (Ia) are those wherein R
is an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[00105] In a particular embodiment, the compounds of Formula (Ia) are those wherein R

is pyridyl or pyrimidinyl.

[00106] In a particular embodiment, the compounds of Formula (Ia) are those wherein R,
is an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (Ia) are those wherein R; is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(Ia) are those wherein R; is thiazolyl. In a particular embodiment, the compounds of Formula

(Ia) are those wherein R, is 1,2,4-thiadiazol-5-yl.

[00107] In a particular embodiment, the compounds of Formula (Ia) are those wherein R;

is independently at each occurrence —F or -Cl.

[00108] In a particular embodiment, the compounds of Formula (Ia) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (Ia) are those wherein n is 2.

[00109] In a particular embodiment, the compounds of Formula (Ia) are those wherein Z is
—O-.
[00110] In a particular embodiment, the compounds of Formula (Ia) are those wherein R

is independently at each occurrence -H, —F, -Cl, or -Br. In a particular embodiment, the
compounds of Formula (Ia) are those wherein R; is —H or —Cl. In a particular embodiment, the

compounds of Formula (Ia) are those wherein Rz is —Cl.

[00111] In a particular embodiment, the compounds of Formula (Ia) are those wherein m
is 1, 2, or 3. In a particular embodiment, the compounds of Formula (Ia) are those wherein m is

1.
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[00112] In a particular embodiment, the compounds of Formula (Ia) are those wherein Ry

18 (C;-Ce)alkyl; wherein Ry is optionally further substituted with 1 or 2 substituents selected from
the group consisting of -COOH, -COOMe, -CONH,, and -NH,. In a particular embodiment, the
compounds of Formula (Ia) are those wherein Ry is methyl or ethyl. In a particular embodiment,

the compounds of Formula (Ia) are those wherein Ry is further substituted with -COOH.

[00113] In a particular embodiment, the compounds of Formula (Ia) are those wherein Ry,
is —H, -COMe, -COOQEt. In a particular embodiment, the compounds of Formula (Ia) are those
wherein R is -H or -COMe. In a particular embodiment, the compounds of Formula (Ia) are

those wherein Ry is -H.

[00114] In a particular embodiment, the compounds of Formula (Ia) are those wherein Ry
and R together form a 4 to 8 membered heterocycloalkyl ring, wherein said heterocycloalkyl
ring is substituted with 1 or 2 groups selected from the group consisting of -COOH, -COOMe, —
COOEt, -CH,-COOH, and -NH;, In a particular embodiment, the compounds of Formula (I) are
those wherein Ry and Ry together form a 4 to 8 membered heterocycloalkyl ring, wherein said
heterocycloalkyl ring is substituted with 1 or 2 groups selected from the group consisting of —

COOH, -CH,-COOH, and -NH;

[00115] In a particular embodiment, the compounds of Formula (Ia) are those wherein Ry
and Ry together form a piperidine substituted with 1 or 2 groups selected from the group
consisting of -COOH, -COOMe, —COOEt, -CH,-COOH, -CH,-COOMege, -CH,-COOEt,

and -NH;. In a particular embodiment, the compounds of Formula (Ia) are those wherein Rg and
Rjo together form a piperidine substituted with 1 or 2 groups selected from the group consisting

of -COOH, -CH,-COOH, and -NH,,

[00116] In a particular embodiment, the compounds of Formula (Ia) are selected from the
group consisting of

2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
3-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)amino)propanoic acid,

2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
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yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-4-carboxylic acid,
3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
4-amino-1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-4-carboxylic acid,
2-amino-4-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)butanoic acid,
2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-3-carboxylic acid,
2-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-
fluorophenoxy)phenyl)propyl)amino)acetic acid,
2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
3-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
3-((3-(5-chloro-2-(2-cyano-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
methyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetate,
3-((3-(2-(2-chloro-5-fluoro-4-(N-(thiazol-4-yl)sulfamoyl)phenoxy)-5-
fluorophenyl)propyl)amino)propanoic acid,
3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanamide,
2-(N-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)acetamido)acetic acid,
2-(1-(3-(2-(4-(N~(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)piperidin-4-yl)acetic acid,
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3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)-N-methylacetamide,
5-chloro-4-(4-chloro-2-(3-((2-(methylsulfonyl)ethyl)amino)propyl)phenoxy)-2-fluoro-N-
(thiazol-4-yl)benzenesulfonamide, and
1-(3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)piperidine-4-carboxylic acid;

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof.

[00117] In a particular embodiment, the compounds of Formula (Ia) are selected from the
group comprising

2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)(ethoxycarbonyl)amino)acetic acid,

ethyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetate,

ethyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)(methyl)amino)acetate,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-yl)sulfamoyl)phenoxy)phenyl)propy)((5-
methyl-2-0x0-1,3-dioxol-4-yl)methyl)amino)acetic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-yl)sulfamoyl)phenoxy)phenyl)propy)((1-
(isobutyryloxy)ethoxy)carbonyl)amino)acetic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-yl)sulfamoyl)phenoxy)phenyl)propy )(((5-
methyl-2-0x0-1,3-dioxol-4-yl)methoxy)carbonyl)amino)acetic acid,
5-chloro-4-(4-chloro-2-(3-(3-oxopiperazin-1-yl)propyl)phenoxy)-2-fluoro-N-(thiazol-2-
yl)benzenesulfonamide,
5-chloro-4-(4-chloro-2-(3-((3-morpholino-3-oxopropyl)amino)propyl)phenoxy)-2-fluoro-N-
(thiazol-2-yl)benzenesulfonamide, and
4-(2-(3-((1H-pyrazol-4-yl)amino)propyl)-4-chlorophenoxy)-5-chloro-2-fluoro-N-(thiazol-2-
yl)benzenesulfonamide;

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof.
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[00118] Provided herein are compounds of Formula (Ib),
0
Ra)m Ro)n \\s _NHR
DEes

N,
X 0

NR4Rs

Formula (Ib)

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof, wherein:
Z is -O- or -S-;
X is (Ce-Cyp)aryl or 5- or 6-membered heteroaryl;
R, is a partially unsaturated or aromatic 5- or 6-membered heterocycle;
R, is independently at each occurrence —F, -Cl, -Br, -CHj; or -CN;
R3 is independently at each occurrence —H, -F, -Cl, -Br, -CF3, -OCF3, -CN, (C;-Cj,)alkyl, or
(Ci-Cyp)alkoxy;
R4 and R are each independently H, (C,-Cy)alkyl, (C4-Cy)cycloalkyl, or R4 and Rs together
form a 5- to 7-membered heterocycloalkyl ring; with the proviso that:
R4 and Rs are not both H; and
at least one of R4 and Rs independently or said heterocycloalkyl ring formed by
R4 and R together is substituted with 1 or 2 substituents selected from the group
consisting of -CO,H, -CO;R¢, -CN, -OH, -CONR~Rg3, and -NR7Rs; wherein:
Rs 1s (C1-Cip)alkyl;
R7 and Rg are each independently H, (C,.Cz)alkyl, or R;7 and Rg together
form a 4- to 7-membered heterocycloalkyl ring; and

m and n are each independently 1, 2, 3, or 4.

[00119] In a particular embodiment, the compounds of Formula (Ib) are those wherein R;
is an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.
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[00120] In a particular embodiment, the compounds of Formula (Ib) are those wherein R;

is pyridyl or pyrimidinyl.

[00121] In a particular embodiment, the compounds of Formula (Ib) are those wherein R;
is an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (Ib) are those wherein R is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(Ib) are those wherein R is thiazolyl. In a particular embodiment, the compounds of Formula

(Ib) are those wherein R; is 1,2,4-thiadiazol-5-yl.

[00122] In a particular embodiment, the compounds of Formula (Ib) are those wherein R,

is independently at each occurrence -F or -Cl.

[00123] In a particular embodiment, the compounds of Formula (Ib) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (Ib) are those wherein n is 2.

[00124] In a particular embodiment, the compounds of Formula (Ib) are those wherein Z is
—O-.
[00125] In a particular embodiment, the compounds of Formula (Ib) are those wherein R3

is independently at each occurrence -F, -Cl, or -Br. In a particular embodiment, the compounds
of Formula (Ib) are those wherein R3 is —H or —Cl. In a particular embodiment, the compounds

of Formula (Ib) are those wherein R is —Cl.

[00126] In a particular embodiment, the compounds of Formula (Ib) are those wherein m

is 1, 2, or 3. In a particular embodiment, the compounds of Formula (Ib) are those wherein m is

1.

[00127] In a particular embodiment, the compounds of Formula (Ib) are those wherein X
is 5- or 6-membered heteroaryl. In a particular embodiment, the compounds of Formula (Ib) are
those wherein X is pyridyl or pyrimidinyl. In a particular embodiment, the compounds of

Formula (Ib) are those wherein X is pyridyl.

[00128] In a particular embodiment, the compounds of Formula (Ib) are those wherein R4

is H and R is (C;-Cy)alkyl.
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[00129] In a particular embodiment, the compounds of Formula (Ib) are those wherein Rs
is methyl or ethyl, substituted with 1 or 2 substituents selected from the group consisting

of 'COZH, -COzR@, and -CONR7R8.

[00130] In a particular embodiment, the compounds of Formula (Ib) are those wherein Rs
is (C;-Ce)alkyl.

[00131] In a particular embodiment, the compounds of Formula (Ib) are those wherein Rs

is methyl or ethyl, substituted with -CO,H.

[00132] Provided herein are compounds of Formula (Ic),
0
Ram Ro)n \\s _ANHR
N T
S N
=
AN | o
N
NR,Rs

Formula (Ic)
or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof, wherein:
Z is -O- or -S-;
R is a partially unsaturated or aromatic 5- or 6-membered heterocycle;
R, is independently at each occurrence —F, -Cl, -Br, -CH; or -CN;
R3 is independently at each occurrence —H, -F, -Cl, -Br, -CF3, -OCF3, -CN, (C;-Cj,)alkyl, or
(Ci-Cyp)alkoxy;
R4 and R are each independently H, (C,-Co)alkyl, (Cs4-C)z)cycloalkyl, or R4 and Rs together
form a 5- to 7-membered heterocycloalkyl ring; with the proviso that:
R4 and Rs are not both H; and
at least one of R4 and Rs independently or said heterocycloalkyl ring formed by
R4 and R together is substituted with 1 or 2 substituents selected from the group
consisting of -CO,H, -CO;R, -CN, -OH, -CONR;Rg, and -NR;Rg; wherein:
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R6 i (Cl-Clz)alkyl;
R; and Rg are each independently H, (C,.Cy,)alkyl, or R; and Rg together
form a 4- to 7-membered heterocycloalkyl ring; and

m and n are each independently 1, 2, 3, or 4.

[00133] In a particular embodiment, the compounds of Formula (Ic) are those wherein R
is an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[00134] In a particular embodiment, the compounds of Formula (Ic) are those wherein R

is pyridyl or pyrimidinyl.

[00135] In a particular embodiment, the compounds of Formula (Ic) are those wherein R,
is an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (Ic) are those wherein R; is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(Ic) are those wherein R, is thiazolyl. In a particular embodiment, the compounds of Formula

(Ic) are those wherein R; is 1,2,4-thiadiazol-5-yl.

[00136] In a particular embodiment, the compounds of Formula (Ic) are those wherein R;

is independently at each occurrence -F or -Cl.

[00137] In a particular embodiment, the compounds of Formula (Ic) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (Ic) are those wherein n is 2.

[00138] In a particular embodiment, the compounds of Formula (Ic) are those wherein Z is
—O-.
[00139] In a particular embodiment, the compounds of Formula (Ic) are those wherein R

is independently at each occurrence -F, -Cl, or -Br. In a particular embodiment, the compounds
of Formula (I) are those wherein Rs is —H or —Cl. In a particular embodiment, the compounds of

Formula (Ic) are those wherein Rj is —CL.
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[00140] In a particular embodiment, the compounds of Formula (Ic) are those wherein m
is 1, 2, or 3. In a particular embodiment, the compounds of Formula (Ic) are those wherein m is

1.

[00141] In a particular embodiment, the compounds of Formula (Ic) are those wherein X
is 5- or 6-membered heteroaryl. In a particular embodiment, the compounds of Formula (Ic) are
those wherein X is pyridyl or pyrimidinyl. In a particular embodiment, the compounds of

Formula (Ic) are those wherein X is pyridyl.

[00142] In a particular embodiment, the compounds of Formula (Ic) are those wherein R4

is H and Rs is (C;-Co)alkyl.

[00143] In a particular embodiment, the compounds of Formula (Ic) are those wherein Rs
is methyl or ethyl, substituted with 1 or 2 substituents selected from the group consisting

of 'COZH, -COzR@, and -CONR7R8.

[00144] In a particular embodiment, the compounds of Formula (Ic) are those wherein Rg

is (C1-Cg)alkyl.

[00145] In a particular embodiment, the compounds of Formula (Ic) are those wherein Rs

is methyl or ethyl, substituted with -CO,H.

[00146] In a particular embodiment, the compounds of Formula (Ic) are selected from the
group consisting of
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)acetic acid,
5-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)pentanoic acid,
4-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)butanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)picolinamido)propanoic acid,
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(R)-2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
(S)-2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-cyanophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid, and
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2,5-difluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid; or

a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof.
[00147] Provided herein are compounds of Formula (Id),

(R3)m\ \ (Ra)n \\ /NHR1
| F /O/

X %
Y
\ AN

N

U

Formula (1d)

~<

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof, wherein:

Y is 4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-(2-yl or 3-yl);

Z is -O- or -S-;

R, is a partially unsaturated or aromatic 5- or 6-membered heterocycle;

R, is independently at each occurrence —F, -Cl, -Br, -CHj; or -CN;

R3 is independently at each occurrence —H, -F, -Cl, -Br, -CF3, -OCF3, -CN, (C;-Cj,)alkyl, or
(Ci-Cyp)alkoxy; and

m and n are each independently 1, 2, 3, or 4.
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[00148] In a certain embodiment, the compounds of Formula (Id) are those wherein Y is
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-(2-yl or 3-yl). In a particular embodiment, the
compounds of Formula (Id) are those wherein Y is 4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrimidine-

3-yl.

[00149] In a particular embodiment, the compounds of Formula (Id) are those wherein R;
is an aromatic 5- or 6-membered heterocycle, with 1-3 heteroatoms independently selected from

the group consisting of N, O, and S.

[00150] In a particular embodiment, the compounds of Formula (Id) are those wherein R;

is pyridyl or pyrimidinyl.

[00151] In a particular embodiment, the compounds of Formula (Id) are those wherein R,
is an aromatic 5-membered heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur
atoms. In a particular embodiment, the compounds of Formula (Id) are those wherein R is
thiazolyl, isothiazolyl, or thiadiazolyl. In a particular embodiment, the compounds of Formula
(Id) are those wherein R; is thiazolyl. In a particular embodiment, the compounds of Formula

(Id) are those wherein R; is 1,2,4-thiadiazol-5-yl.

[00152] In a particular embodiment, the compounds of Formula (Id) are those wherein R,

is independently at each occurrence -F or -Cl.

[00153] In a particular embodiment, the compounds of Formula (Id) are those wherein n is

1,2, or 3. In a particular embodiment, the compounds of Formula (Id) are those wherein n is 2.

[00154] In a particular embodiment, the compounds of Formula (Id) are those wherein Z is
—O-.
[00155] In a particular embodiment, the compounds of Formula (Id) are those wherein R

is independently at each occurrence -F, -Cl, or -Br. In a particular embodiment, the compounds
of Formula (Id) are those wherein R3 is —H or —Cl. In a particular embodiment, the compounds

of Formula (Id) are those wherein R is —Cl.
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[00156] In a particular embodiment, the compounds of Formula (Id) are those wherein m
is 1, 2, or 3. In a particular embodiment, the compounds of Formula (Id) are those wherein m is

1.

[00157] In a particular embodiment, the compound of Formula (Id) is 5-chloro-4-(4-
chloro-2-(4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidin-3-yl)phenoxy)-2-fluoro-N-(thiazol-4-
yl)benzenesulfonamide; or a pharmaceutically acceptable salt, or a stercoisomeric or tautomeric

form thereof.,

[00158] It should also be noted the Compounds provided herein can contain unnatural
proportions of atomic isotopes at one or more of the atoms. For example, the Compounds may
be radiolabeled with radioactive isotopes, such as for example tritium CH), iodine-125 (‘*1),
sulfur-35 (*°S), or carbon-14 (**C), or may be isotopically enriched, such as with deuterium (*H),
carbon-13 (**C), or nitrogen-15 (°N). As used herein, an “isotopologue” is an isotopically
enriched Compound. The term “isotopically enriched” refers to an atom having an isotopic
composition other than the natural isotopic composition of that atom. “Isotopically enriched”
may also refer to a Compound containing at least one atom having an isotopic composition other
than the natural isotopic composition of that atom. The term “isotopic composition” refers to the
amount of each isotope present for a given atom. Radiolabeled and isotopically enriched
Compounds are useful as therapeutic agents, e.g., cancer and inflammation therapeutic agents;
research reagents, e.g., binding assay reagents; and diagnostic agents, e.g., in vivo imaging
agents. All isotopic variations of the Compounds as described herein, whether radioactive or
not, are intended to be encompassed within the scope of the embodiments provided herein. In
some embodiments, there are provided isotopologues of the Compounds, for example, the

isotopologues are deuterium, carbon-13, or nitrogen-15 enriched Compounds.

[00159] In certain embodiments, a Compound provided herein modulates the activity of a
sodium ion channel, such as a voltage-gated sodium ion channel. In more specific embodiments,
such a voltage-gated sodium ion channel is NaV1.7 (whose alpha subunit is encoded by the

human gene SCN9A).

[00160] In certain embodiments, a Compound provided herein reduces the sodium ion flux

through NaV1.7 by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, 99%,
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or 100%, or by ranges between any of the recited percentages (e.g., 10-20%, 10-30%, 10-40%,

20-30%, or 20-40%) relative to the activated channel in the absence of the compound.

[00161] In certain embodiments, a Compound provided herein increases the sodium ion
flux through NaV1.7 by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%,
250%, 500%, 750%, or 1000%, or by ranges between any of the recited percentages (e.g., 10-
20%, 10-30%, 10-40%, 20-30%, or 20-40%) relative to the activated channel in the absence of

the compound.

[00162] In certain embodiments, a Compound provided herein, desensitizes the response
of NaV1.7 to the change in membrane potential such that the channel requires at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%, or ranges between any of the recited
percentages (e.g., 10-20%, 10-30%, 10-40%, 20-30%, or 20-40%) higher change in membrane

potential to be activated relative to the channel in the absence of the compound.

[00163] In certain embodiments, a Compound provided herein, sensitizes the response of
NaV1.7 to the change in membrane potential such that the channel requires at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%, or ranges between any of the recited
percentages (e.g., 10-20%, 10-30%, 10-40%, 20-30%, or 20-40%) lower change in membrane

potential to be activated relative to the channel in the absence of the compound.

[00164] In certain embodiments, a Compound provided herein, affects a voltage-gated
sodium ion channel, e.g., NaV1.7, in one or more of the following states: deactivated (closed),

activated (open), or inactivated (closed).

[00165] In certain embodiments, a Compound provided herein, affects activation,

inactivation, or deinactivation of a voltage-gated sodium ion channel, e.g., NaV1.7.

[00166] In certain embodiments, a Compound provided herein, modulates NaV1.7
specifically, i.e., the compound modulates NaV1.7 to at least 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 100%, 250%, 500%, 750%, or 1000% higher degree than another voltage-gated
sodium ion channel (such as NaV1.1, NaV1.2, NaV1.3, NaV1.4, NaV1.5, NaV1.6, NaV1.8,
and/or NaV1.9), or to a higher degree between any of the recited percentages (e.g., 10-20%, 10-
30%, 10-40%, 20-30%, or 20-40%) than another voltage-gated sodium channel.
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[00167] Any assay known to the skilled artisan can be used to test the effect of a
compound provided herein on a voltage-gated sodium ion channel. In certain embodiments, a
cell culture assay is used, wherein the voltage-gated sodium ion channel is recombinantly
expressed in the cultured cells. In certain more specific embodiments, the alpha subunit of the
voltage-gated sodium ion channel is expressed but no accessory proteins are recombinantly
expressed in the same cell. In a specific embodiment, SCN9A and SCNIB1 and SCNIB2 are
co-expressed in the same cell. In other embodiments, the alpha subunit of the voltage-gated
sodium ion channel is expressed and at least one accessory protein (e.g., a beta-subunit) is co-

expressed in the same cell.

[00168] In certain embodiments, an FDSS membrane potential assay can be used to test
the activity of the voltage-gated sodium ion channel (see the Section entitled “FDSS Membrane
Potential in vitro Assay” below). In other embodiments, the membrane potential is measured
directly using. In certain embodiments, the current through a voltage-gated sodium ion channel

is tested using the patch clamp method.

4.3 Methods for Making Compounds

[00169] A compound of Formula (Ia) can be synthesized according to synthetic Scheme 1.
An Rj substituted 2-hydroxybenzaldehyde or 2-mercaptobenzaldehyde is reacted under Horner—
Wadsworth—Emmons (“HWE”) conditions with formylmethylene-triphenylphosphorane to give
an o,B-unsaturated aldehyde, Intermediate A. Intermediate A is reacted with HNRgR o under
reductive amination conditions using, for example, sodium borohydride, to give Intermediate B.
Intermediate B is then reduced to give Intermediate C using, for example, hydrogen in the
presence of metal catalyst, such as palladium on carbon. Intermediate C is reacted with a fluoro-
substituted phenylsulfonamide, wherein the sulfonamide nitrogen is optionally protected by a
group (“PG”), such as rert-butoxycarbonyl (“BOC”) or 2,4-dimethoxybenzyl, in presence of a
base, such as potassium carbonate, to give Intermediate D. Deprotection of the sulfonamide

group of Intermediate D by using, for example, hydrochloric acid, gives a compound of Formula

(Ta).
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Scheme 1
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[00170] A compound of Formula (Ib) can be prepared according to synthetic Scheme 2. A

Suzuki coupling between an Rj substituted 2-hydroxy-boronic acid or 2-mercapto-boronic acid
and derivative of X, wherein X is, for example, a (Cs-Cjg)aryl or 5- or 6-membered heteroaryl,
such as a 4-halo-picolinonitrile or a 4-halo-picolinic ester (e.g., a methyl picolinate), wherein the
halo substituent is, for example, a chloro or bromo substituent, provides Intermediate E.
Intermediate E is reacted with a base, such as potassium hydroxide, to give Intermediate F.
Intermediate F is reacted with NHR4Rs to form the amide Intermediate G using, for example, 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide (“EDC”) and 1-hydroxy-1H-benzotriazole
(“HOBt”). Intermediate G is reacted with a fluoro-substituted phenylsulfonamide, wherein the
sulfonamide nitrogen is optionally protected by a group, such as BOC or 2,4-dimethoxybenzyl,
in presence of a base, such as potassium carbonate, to give Intermediate H. Deprotection of the
sulfonamide group of Intermediate H by using, for example, hydrochloric acid, gives a

compound of Formula (Ib).
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Scheme 2
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[00171] A compound of Formula (Ic) can be prepared according to synthetic Scheme 3. A

Suzuki coupling between an Rj substituted 2-hydroxy-boronic acid or 2-mercapto-boronic acid
and pyridine derivative, such as a 4-halo-picolinonitrile or a 4-halo-picolinic ester (e.g., a methyl
picolinate), wherein the halo substituent is, for example, a chloro or bromo substituent, provides
Intermediate I. Intermediate I is reacted with a base, such as potassium hydroxide, to give
Intermediate J. Intermediate J is reacted with NHR4Rs to form the amide Intermediate K using,
for example, EDC and HOBt. Intermediate K is reacted with a fluoro-substituted
phenylsulfonamide, wherein the sulfonamide nitrogen is optionally protected by a group, such as
BOC or 2,4-dimethoxybenzyl, in presence of a base, such as potassium carbonate, to give
Intermediate L. Deprotection of the sulfonamide group of Intermediate L by using, for example,

hydrochloric acid, gives a compound of Formula (Ic).
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Scheme 3
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[00172] A compound of Formula (Id) can be prepared according to synthetic Scheme 4.

Phenylacetonitrile derivative M with a protected hydroxy or thiol group, such as a methyl
protected hydroxy group, i.e., a —OMe group, is formylated by using, for example, Na/ethyl
formate or NaOEt/ethyl formate to give Intermediate N. Intermediate N is reacted with
hydrazine to provide Intermediate O. Intermediate O is reacted with dihaloalkanes, such as 1,3-
dibromopropane, under basic conditions, for example, in presence of NaH or Cs,COs, to give
Intermediate P. Intermediate P, after deprotection of the phenol or thiol, for example, by
reacting a methyl protected hydroxy group with BBr3, can undergo same synthetic sequence as
described Scheme 1, Scheme 2,0r Scheme 3 to give compound S, which is a compound of
Formula (Id). Furthermore, Intermediate W, which is deprotected and subjected to the
procedures described and referred to in this paragraph to give compounds of Formula (Id), can be
obtained as follows: Intermediate T is reacted under Suzuki conditions in presence of a base and
a palladium catalyst with Intermediate U or U’, wherein R of Intermediate U or U’ is a nitro
group or a suitably protected amino group, to give Intermediate V. Intermediate V is subjected
to conditions, which reduce the nitro group to an amino group or deprotect the nitrogen to release
an amino group, such as zinc in acetic acid or hydrogen and Raney-Nickel, to give Intermediate

W.
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Scheme 4
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4.4 Methods of Use
[00173] Provided herein are methods for the treatment or prevention of pain in a subject in
p p )

need thereof, wherein the methods comprise administering to the patient in need of such

treatment or prevention a Compound provided herein (i.e., a compound of Formula (1), a

-48-



WO 2014/151472 PCT/US2014/025809

compound of Formula (Ia), a compound of Formula (Ib), a compound of Formula (Ic), a

compound of Formula (Id), a compound listed in Table 1, or a compound listed in Table 2).

[00174] Provided herein are methods for managing pain comprising administering to a
subject in need thereof, a therapeutically effective amount of a Compound, or a pharmaceutically

acceptable salt, solvate or tautomeric form thereof.

[00175] Provided herein are methods for treating neuropathic pain comprising
administering to a subject in need thereof, a therapeutically effective amount of a Compound, or

a pharmaceutically acceptable salt, solvate or tautomeric form thereof.

[00176] Provided herein are methods for treating pain comprising use of a Compound, as a
voltage-gated sodium channel inhibitor. In a particular embodiment the methods are those,
wherein the pain is neuropathic, nociceptive or inflammatory pain. In a particular embodiment

the methods are those, wherein the voltage-gated sodium channel is NaV1.7.

[00177] Provided herein are methods for treating or preventing a NaV1.7-dysfunction-
associated disorder comprising administering to a subject in need thereof, a therapeutically
effective amount of a Compound, or a pharmaceutically acceptable salt, solvate or tautomeric

form thereof,

[00178] Provided herein are methods for prevention or treatment of pain in a subject,
wherein the method comprises administering to the subject in need of such prevention or
treatment a therapeutically effective amount of a Compound. In a particular embodiment the
methods are those, wherein the therapeutically effective amount of a Compound is effective to
alleviate pain in a subject, wherein the Compound shows a reduction in pain response in the
Formalin Assay (in phase 1 or phase 2, or both) (see Section 5.1.2) at a dose between 0.1 mg/kg
and 1,000 mg/kg, at a dose between 0.5 mg/kg and 100 mg/kg, at a dose between 1 mg/kg to 50
mg/kg, or at a dose of 5 mg/kg. In certain embodiments, a Compound provided herein shows a
reduction in pain response in the Formalin Assay (in phase 1 or phase 2, or both) by at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, 99%, or 100%, or by ranges between
any of the recited percentages (e.g., 10-20%, 10-30%, 10-40%, 20-30%, or 20-40%) relative to a

vehicle control. In a particular embodiment the methods are those, wherein the pain is
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nociceptive pain, such as that resulting from physical trauma (e.g., a cut or contusion of the skin;
or a chemical or thermal burn), osteoarthritis, rheumatoid arthritis or tendonitis; myofascial pain;
neuropathic pain, such as that associated with stroke, diabetic neuropathy, luetic neuropathy,
postherpetic neuralgia, trigeminal neuralgia, fibromyalgia, or painful neuropathy induced
iatrogenically by drugs; or mixed pain (i.e., pain with both nociceptive and neuropathic
components); visceral pain; headache pain (e.g., migraine headache pain); CRPS; CRPS type I;
CRPS type II; RSD; reflex neurovascular dystrophy; reflex dystrophy; sympathetically
maintained pain syndrome; causalgia; Sudeck atrophy of bone; algoneurodystrophy; shoulder
hand syndrome; post-traumatic dystrophy; autonomic dysfunction; autoimmune-related pain;
inflammation-related pain; cancer-related pain; phantom limb pain; chronic fatigue syndrome;
post-operative pain; spinal cord injury pain; central post-stroke pain; radiculopathy; sensitivity to
temperature, light touch or color change to the skin (allodynia); pain from hyperthermic or
hypothermic conditions; and other painful conditions (¢.g., diabetic neuropathy, luetic

neuropathy, postherpetic neuralgia, trigeminal neuralgia); chronic pain; or acute pain.

[00179] Provided herein are methods modulating the activity of a voltage-gated sodium
channel, wherein the method comprises contacting a cell that expresses the voltage-gated sodium
channel with a Compound. In a particular embodiments the methods are those, wherein the
voltage-gated sodium channel is NaV1.7. In a particular embodiments the methods are those,

wherein the method results in inhibition of the voltage-gated sodium channel.

[00180] In certain embodiments, a Compound provided herein, is administered to a patient
population with a gain of function mutation in a gene encoding the alpha subunit of a voltage

gated sodium ion channel, such as NaV1.7.

[00181] In certain embodiments, a Compound provided herein is administered to a patient
population diagnosed with erythromelalgia, primary erythromelalgia, paroxysmal extreme pain

disorder (PEPD), or NaV1.7-associated fibromyalgia.
4.5 Pharmaceutical Compositions and Routes of Administration

[00182] Provided herein are pharmaceutical compositions comprising a Compound

provided herein and a pharmaceutically acceptable carrier. In a particular embodiment the
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pharmaceutical compositions are those, wherein the composition is suitable for topical, oral,

subcutaneous, or intravenous administration.

[00183] Provided herein are compositions comprising an effective amount of a Compound
and compositions comprising an effective amount of a Compound and a pharmaceutically
acceptable carrier or vehicle. In some embodiments, the pharmaceutical composition described

herein are suitable for oral, parenteral, mucosal, transdermal or topical administration.

[00184] The Compounds can be administered to a patient orally or parenterally in the
conventional form of preparations, such as capsules, microcapsules, tablets, granules, powder,
troches, pills, suppositories, injections, suspensions and syrups. Suitable formulations can be
prepared by methods commonly employed using conventional, organic or inorganic additives,
such as an excipient (e.g., sucrose, starch, mannitol, sorbitol, lactose, glucose, cellulose, talc,
calcium phosphate or calcium carbonate), a binder (e.g., cellulose, methylcellulose,
hydroxymethylcellulose, polypropylpyrrolidone, polyvinylpyrrolidone, gelatin, gum arabic,
polyethyleneglycol, sucrose or starch), a disintegrator (e.g., starch, carboxymethylcellulose,
hydroxypropylstarch, low substituted hydroxypropylcellulose, sodium bicarbonate, calcium
phosphate or calcium citrate), a lubricant (e.g., magnesium stearate, light anhydrous silicic acid,
talc or sodium lauryl sulfate), a flavoring agent (e.g., citric acid, menthol, glycine or orange
powder), a preservative (e.g., sodium benzoate, sodium bisulfite, methylparaben or
propylparaben), a stabilizer (e.g., citric acid, sodium citrate or acetic acid), a suspending agent
(e.g., methylcellulose, polyvinyl pyrroliclone or aluminum stearate), a dispersing agent

(e.g., hydroxypropylmethylcellulose), a diluent (e.g., water), and base wax (e.g., cocoa butter,
white petrolatum or polyethylene glycol). The effective amount of the Compound in the
pharmaceutical composition may be at a level that will exercise the desired effect; for example,
about 0.1 mg/kg to about 1000 mg/kg or about 0.5mg/kg to about 100mg/kg of a patient’s body

weight in unit dosage for both oral and parenteral administration.

[00185] The dose of a Compound to be administered to a patient is rather widely variable
and can be the judgment of a health-care practitioner. In general, the Compounds can be
administered one to four times a day in a dose of about 0.1 mg/kg of a patient’s body weight to

about 1000 mg/kg of a patient’s body weight in a patient, but the above dosage may be properly
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varied depending on the age, body weight and medical condition of the patient and the type of
administration. In one embodiment, the dose is about 0.05 mg/kg of a patient’s body weight to
about 500 mg/kg of a patient’s body weight, 0.05 mg/kg of a patient’s body weight to about 100
mg/kg of a patient’s body weight, about 0.5 mg/kg of a patient’s body weight to about 100
mg/kg of a patient’s body weight, about 0.1 mg/kg of a patient’s body weight to about 50 mg/kg
of a patient’s body weight or about 0.1 mg/kg of a patient’s body weight to about 25 mg/kg of a
patient’s body weight. In one embodiment, one dose is given per day. In another embodiment,
two doses are given per day. In any given case, the amount of the Compound administered will
depend on such factors as the solubility of the active component, the formulation used and the

route of administration.

[00186] In another embodiment, provided herein are methods for the treatment of pain
comprising the administration of about 7.5 mg/day to about 75 g/day, about 3.75 mg/day to about
37.5 g/day, about 3.75 mg/day to about 7.5 g/day, about 37.5 mg/day to about 7.5 g/day, about
7.5 mg/day to about 3.75 g/day, about 3.75 mg/day to about 1.875 g/day, about 3.75 mg/day to
about 1,000 mg/day, about 3.75 mg/day to about 800 mg/day, about 3.75 mg/day to about 500
mg/day, about 3.75 mg/day to about 300 mg/day, or about 3.75 mg/day to about 150 mg/day of a
Compound to a patient in need thereof. In a particular embodiment, the methods disclosed
herein comprise the administration of 1 mg/day, 5 mg/day, 10 mg/day, 15 mg/day, 20 mg/day, 30
mg/day, 40 mg/day, 45 mg/day, 50 mg/day, 60 mg/day, 75 mg/day, 100 mg/day, 125 mg/day,
150 mg/day, 200 mg/day, 250 mg/day, 300 mg/day, 400 mg/day, 600 mg/day, 800 mg/day,

1,000 mg/day, 1,500 mg/day, 2,000 mg/day, 2,500 mg/day, 5,000 mg/day, or 7,500 mg/day of a

Compound to a patient in need thereof.

[00187] In another embodiment, provided herein are unit dosage formulations that
comprise between about 7.5 mg to about 75 g, about 3.75 mg to about 37.5 g, about 3.75 mg to
about 7.5 g, about 37.5 mg to about 7.5 g, about 7.5 mg to about 3.75 g, about 3.75 mg to about
1.875 g, about 3.75 mg to about 1,000 mg, about 3.75 mg to about 800 mg, about 3.75 mg to
about 500 mg, about 3.75 mg to about 300 mg, or about 3.75 mg to about 150 mg of a

Compound.
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[00188] In a particular embodiment, provided herein are unit dosage formulation
comprising about 1 mg, 5 mg, 10 mg, 15 mg, 20 mg, 30 mg, 40 mg, 45 mg, 50 mg, 60 mg, 75
mg, 100 mg, 125 mg, 150 mg, 200 mg, 250 mg, 300 mg, 400 mg, 600 mg, 800 mg 1,000 mg,
1,500 mg, 2,000 mg, 2,500 mg, 5,000 mg, or 7,500 mg of a Compound.

[00189] In another embodiment, provided herein are unit dosage formulations that
comprise a Compound dosage that achieves a target plasma concentration of the Compound in a
patient or an animal model. In a particular embodiment, provided herein are unit dosage
formulations that achieves a plasma concentration of the Compound ranging from approximately
0.001 pg/mL to approximately 100 mg/mL, approximately 0.01 pg/mL to approximately 100
mg/mL, approximately 0.01 pg/mL to approximately 10 mg/mL, approximately 0.1 pg/mL to
approximately 10 mg/mL, approximately 0.1 pg/mL to approximately 500 pg/mL, approximately
0.1 pg/mL to approximately 500 pg/mL, approximately 0.1 pg/mL to approximately 100 pg/mL,
or approximately 0.5 pg/mL to approximately 10 pg/mL in a patient or an animal model. To
achieve such plasma concentrations, a Compound or a pharmaceutical composition thereof may
be administered at doses that vary from 0.001 pg to 100,000 mg, depending upon the route of
administration. In certain embodiments, subsequent doses of a Compound may be adjusted
accordingly based on the plasma concentrations of the Compound achieved with initial doses of

the Compound or pharmaceutical composition thereof administered to the subject.
[00190] A Compound can be administered once, twice, three, four or more times daily.

[00191] A Compound can be administered orally for reasons of convenience. In one
embodiment, when administered orally, a Compound is administered with a meal and water. In
another embodiment, the Compound is dispersed in water or juice (e.g., apple juice or orange
juice) and administered orally as a suspension. In another embodiment, when administered

orally, a Compound is administered in a fasted state.

[00192] The Compound can also be administered intradermally, intramuscularly,
intraperitoneally, percutaneously, intravenously, subcutaneously, intranasally, epidurally,
sublingually, intracerebrally, intravaginally, transdermally, rectally, mucosally, by inhalation, or
topically to the ears, nose, eyes, or skin. The mode of administration is left to the discretion of

the health-care practitioner, and can depend in-part upon the site of the medical condition.
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[00193] In one embodiment, provided herein are capsules containing a Compound without

an additional carrier, excipient or vehicle.

[00194] In another embodiment, provided herein are compositions comprising an effective
amount of a Compound and a pharmaceutically acceptable carrier or vehicle, wherein a
pharmaceutically acceptable carrier or vehicle can comprise an excipient, diluent, or a mixture

thereof. In one embodiment, the composition is a pharmaceutical composition.

[00195] The compositions can be in the form of tablets, chewable tablets, capsules,
solutions, parenteral solutions, troches, suppositories and suspensions and the like.

Compositions can be formulated to contain a daily dose, or a convenient fraction of a daily dose,
in a dosage unit, which may be a single tablet or capsule or convenient volume of a liquid. In
one embodiment, the solutions are prepared from water-soluble salts. In general, all of the
compositions are prepared according to known methods in pharmaceutical chemistry. Capsules
can be prepared by mixing a Compound with a suitable carrier or diluent and filling the proper
amount of the mixture in capsules. The usual carriers and diluents include, but are not limited to,
inert powdered substances such as starch of many different kinds, powdered cellulose, especially
crystalline and microcrystalline cellulose, sugars such as fructose, mannitol and sucrose, grain

flours and similar edible powders.

[00196] Tablets can be prepared by direct compression, by wet granulation, or by dry
granulation. Their formulations usually incorporate diluents, binders, lubricants and
disintegrators as well as the compound. Typical diluents include, for example, various types of
starch, lactose, mannitol, kaolin, calcium phosphate or sulfate, inorganic salts such as sodium
chloride and powdered sugar. Powdered cellulose derivatives are also useful. In one
embodiment, the pharmaceutical composition is lactose-free. Typical tablet binders are
substances such as starch, gelatin and sugars such as lactose, fructose, glucose and the like.
Natural and synthetic gums are also convenient, including acacia, alginates, methylcellulose,
polyvinylpyrrolidine and the like. Polyethylene glycol, ethylcellulose and waxes can also serve

as binders.

[00197] A lubricant might be necessary in a tablet formulation to prevent the tablet and

punches from sticking in the die. The lubricant can be chosen from such slippery solids as talc,
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magnesium and calcium stearate, stearic acid and hydrogenated vegetable oils. Tablet
disintegrators are substances that swell when wetted to break up the tablet and release the
compound. They include starches, clays, celluloses, algins and gums. More particularly, corn
and potato starches, methylcellulose, agar, bentonite, wood cellulose, powdered natural sponge,
cation-exchange resins, alginic acid, guar gum, citrus pulp and carboxymethyl cellulose, for
example, can be used as well as sodium lauryl sulfate. Tablets can be coated with sugar as a
flavor and sealant, or with film-forming protecting agents to modify the dissolution properties of
the tablet. The compositions can also be formulated as chewable tablets, for example, by using

substances such as mannitol in the formulation.

[00198] When it is desired to administer a Compound as a suppository, typical bases can
be used. Cocoa butter is a traditional suppository base, which can be modified by addition of
waxes to raise its melting point slightly. Water-miscible suppository bases comprising,

particularly, polyethylene glycols of various molecular weights are in wide use.

[00199] The effect of the Compound can be delayed or prolonged by proper formulation.
For example, a slowly soluble pellet of the Compound can be prepared and incorporated in a
tablet or capsule, or as a slow-release implantable device. The technique also includes making
pellets of several different dissolution rates and filling capsules with a mixture of the pellets.
Tablets, capsules, or pellets can be coated with a film that resists dissolution for a predictable
period of time (the coating may comprise, for example, polymethylacrylates or ethyl cellulose).
Even the parenteral preparations can be made long-acting, by dissolving or suspending the

Compound in oily or emulsified vehicles that allow it to disperse slowly in the serum.
5 EXAMPLES

5.1 Biological Examples
5.1.1 In Vitro Assays

[00200] Recombinant NaV Cell Lines

[00201] In vitro assays were performed in recombinant cell line that stably express a
heterotrimeric protein of interest from an introduced nucleic acid encoding the alpha subunit

(hNav1.7, SCN9A), the beta subunit (SCNB1) and the beta subunit (SCNB2). The cell line was
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constructed in Human Embryonic Kidney 293 cells. Additional cell lines stably expressing
recombinant Nav1.7 or Nav1.5 alpha subunit alone or in combination with various beta subunits

can also be used in in-vitro assays.

[00202] To make cells and cell lines provided herein, one can use, for example, the
technology described in U.S. Patent 6,692,965 and W0O/2005/079462. Both of these documents
are incorporated herein by reference in their entirety. This technology provides real-time
assessment of millions of cells such that any desired number of clones (from hundreds to
thousands of clones) expressing the desired gene(s) can be selected. Using cell sorting
techniques, such as flow cytometric cell sorting (e.g., with a FACS machine) or magnetic cell
sorting (e.g., with a MACS machine), one cell per well is automatically deposited with high
statistical confidence in a culture vessel (such as a 96 well culture plate). The speed and

automation of the technology allows multigene recombinant cell lines to be readily isolated.

[00203] FDSS Membrane Potential In-Vitro Assay

[00204] Membrane potential dye(s): Blue membrane potential dye (Molecular Devices

Inc.), or membrane potential-sensitive dye, HLB021-152 (AnaSpec) combined with a
fluorescence quencher e.g. Dipicrylamine (DPA), Acid Violet 17 (AV 17), Diazine Black (DB),
HLB30818, FD and C Black Shade, Trypan Blue, Bromophenol Blue, HLB30701, HLB30702,
HLB30703, Nitrazine Yellow, Nitro Red, DABCYL (Molecular Probes), FD and C Red NO. 40,

QSY (Molecular Probes), metal ion quenchers (e.g., Co™", Ni*', Cu®"), and iodide ion.

[00205] Assay agonists: Veratridine and scorpion venom proteins modulate the activity of

voltage-gated sodium channels through a combination of mechanisms, including an alteration of

the inactivation kinetics.

[00206] The resulting activation of sodium channels in stable NaV1.7-expressing cells
changes cell membrane potential and the fluorescent signal increases as a result of

depolarization.

[00207] Veratridine and scorpion venom from Leiurus quinquestriatus quinquestriatus can

be purchased from Sigma-Aldrich (St. Louis, MO). Stock solutions were prepared as 10mM

-56-



WO 2014/151472 PCT/US2014/025809

(veratridine) in DMSO and as 1mg/ml (scorpion venom) in de-ionised water. The sodium
channels agonists were diluted in assay buffer to a 4x concentration with final concentration

being 2-25 uM for veratridine and 2-20 pg/ml for scorpion venom.

[00208] Test compounds were prepared as 2 - 10mM stock in DMSO. The stock solutions

were further diluted in DMSO in serial dilution steps and then transferred to assay buffer as 4x of
the final assay concentrations. Test compounds were added during the first addition (pre-
stimulation) step in the kinetic read. All test compound concentrations were evaluated in

triplicate.

[00209] Cells stably expressing NaV1.7 a, B1 and 2 subunits were maintained under
standard cell culture conditions in Dulbecco’s Modified Eagles medium supplemented with 10%
fetal bovine serum, glutamine and HEPES. On the day before assay, the cells were harvested
from stock plates using cell dissociation reagent, e.g., trypsin, CDB (GIBCO) or cell-stripper
(Mediatech), and plated at 10,000 - 25,000 cells per well in 384 well plates in growth media.

The assay plates were maintained in a 37°C cell culture incubator under 5% CO, for 22-48
hours. The media was then removed from the assay plates and membrane potential fluorescent
dye diluted in load buffer (137 mM NaCl, 5 mM KCl, 1.25 mM CaCl,, 25 mM HEPES, 10 mM
glucose) was added. The cells were incubated with the membrane potential dye for 45-60 mins
at 37°C. The dye-loaded assay plates were then placed in the high-throughput fluorescent plate
reader (Hamamatsu FDSS). The kinetic read was started with assay plate imaging every second.
After 10 s, the assay buffer alone, or test compound diluted in the assay buffer, were added to the
cells (1** addition step) and the kinetic read continued every 2 s for 2 mins total after which cells
were stimulated with veratridine and scorpion venom (2™ addition step) diluted in assay buffer to

evaluate the effects of the test compounds.

[00210] Control response elicited by veratridine and scorpion venom with buffer only
(without test compounds added) was taken as the maximal response. Assay results are expressed
in relative fluorescence units (RFU) and can be determined by using the maximum signal during
the 2™ addition/stimulation step or by computing the difference of maximum and minimum

signal during the 2™ addition/stimulation step. The signal inhibition was estimated for each test
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compound concentration in triplicate. The data were analyzed using GraphPad Prism 5.01

software to determine the IC50 value for the test compound.

[00211] Examples 1, 2, 3, 12, 13, 16, 26, 32 showed IC50 values less than 0.13 uM;
examples 4, 5, 6,7, 8,9, 10, 15, 18, 20, and 28 showed 1C50 value between 0.13 and 1.0 uM;
examples 14, 17, 19, 21, 22, and 23 showed 1C50 values greater than 1.0 uM and 20.0 uM.

[00212] Patchliner Electrophyvsiological In-Vitro Assay

[00213] The recording of sodium current from stable HEK293 cell lines expressing
NaV1.7 or NaV1.5 was done on a Patchliner® instrument, Nanion Technologies. The
Patchliner® is a fully automated bench-top patch clamp platform and can record simultaneously

from up to eight single cells with GQ seals.

[00214] For patch-clamp experiments, cells were grown under standard culturing
conditions in Dulbecco’s Modified Eagles medium supplemented with 10% fetal bovine serum,
glutamine and HEPES. Cells were harvested and kept in suspension for up to 4 hours with no
significant change in quality or ability to patch. Whole cell patch clamp recordings were
conducted according to Nanion’s standard procedure for the Patchliner®. Experiments were

conducted at room temperature.

[00215] Voltage protocols were designed to establish: 1) peak current amplitude (Imax),
2) test potential (Vmax) and 3) half-inactivation potential (V1/2) for each of the eight individual
cells. To determine V1/2, a standard steady-state inactivation protocol was executed using a
series of fifteen 500 ms depolarizing pre-pulses in 10 mV increments (starting at -130mV) and
immediately followed by a 10 ms test pulse to Vmax. To estimate test compound affinity to the
inactivated state of sodium channel (K1), the holding potential for each cell was set automatically
to the V1/2 calculated from a steady-state inactivation data. The current was activated with the
following voltage protocol: holding at V1/2 for 2-5 seconds, return to the -120mV for 5-10ms to
relieve fast inactivation, stepping to test potential (Vmax) for 10-20 ms. This voltage protocol
was repeated every 10 seconds to establish the baseline with 2-3 buffer additions followed by the
test compound addition. The dose-dependent inhibition was analyzed using Nanion's Data

Analysis Package.
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[00216] Examples 1,2, 5, 6, 8, 11, 12, 13, 15, 16, 20, 24, 26, 28, 29 and 32 showed IC50
values less than 0.1 uM; examples 14, 17, 18, 19, 21, 22, 23, 25 and 33 showed IC50 value
between 0.1 and 1.0 uM.

[00217] In-vitro Cytochrome P450 (CYP450) assay for measuring drug metabolism

[00218] We evaluated interaction of drug candidates with cytochrome P450 enzymes
which are a major determinant of drug clearance via oxidative metabolism using a high
throughput compatible, fluorescence based CYP450 screening assay (Vivid® CYP450,
Invitrogen) according to manufacturer's directions. In brief, test compounds at four different
concentrations (UM- 6.0, 2.0, 0.7, 0.2), a positive control (Ketoconazole) and a solvent control
were incubated at room temperature in unique wells of a 96-well microtiter plate with CYP3A4
enzyme complex for 20 minutes. A pre-read fluorescence (Ex- 485 nm / Em- 530 nm) was
measured at the start of the incubation using a Tecan Safire” microplate reader-monochromator
to determine background fluorescence. At the end of the incubation period, enzyme substrate
and co-enzyme were added and the reaction was kinetically monitored for 1 hour by measuring
fluorescence every minute. Effect of test compounds on inhibition of CYP3A4 metabolism of
provided substrate was determined by calculating the ratio of the effective reaction rate in

presence of test compound to that in the absence of inhibitor.

[00219] Examples 9, 11, 13, 14, 15, 17, 18, 19, 21, and 22 showed 0-25% CYP3A4
inhibition at 6 uM test concentration; examples 5, 6, 8, 10 and 16 showed 25-50% CYP3A4
inhibition at 6 uM test concentration ; examples 1, 2, 3, 4, 12, 20 and 32 showed 50-100%

CYP3A4 inhibition at 6 uM test concentration.

5.1.2 In Vivo Assays

[00220] Method for Formalin Test

[00221] The Formalin Test (pain behaviors) produces two phases of response, phase 1 (0
to 10 minutes post-formalin injection) is related to direct damage on nociceptors at the sensory
nerve endings and mimics post-surgical pain and wound pain, while phase 2 (11 to 40 minutes
post-formalin injection) is related to neuro- inflammation pain which mimics inflammatory

arthritis (joint pain).
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[00222] Each animal is acclimatized for 2-3 days prior to tests. Following acclimatization,
a test compound, a positive control, such as mexiletine or lidocaine, which are well-known to
inhibit pain, or a vehicle control, such as saline, is administered by intraperitoneal injection or
oral gavage 15-20 minutes prior to administration of formalin. The time of administration of test
compound is recorded. Formalin solution (1.25%) in PBS is injected subcutaneously (s.c) in a
volume of 50 pL into the dorsum of a hindpaw of each rat at time (T)=0 minutes. Each animal is
then placed in a clear observation chamber. Observation is started at T= 1 minute to 60 minutes
post-injection. The number of flinches (licking, biting, or shaking) per minute is recorded for
cach animal by an automated nociception analyzer. This is accomplished by measuring the
movement of a small metal band (0.5 grams) that is placed on the ankle near the injected paw 15-
30 minutes before administration of the test compound. Formalin is injected into the paw with
the band and the animal is then placed without restraint inside the observation chamber over an
electromagnetic detector system. The paw flinches are detected by the system and counted
automatically using a computer. At the end of the test, a file is written that contains identifying
information for each animal and the number of flinches per minute over time. The Foot fault test
is conducted 75 minutes post-dosing. Other observations of changes in movement such as
immobility and seizure are recorded during the whole study period. At the end of study, the

animals are euthanized.

[00223] Examples 1, 2, 6, 8 and 12 showed reduction in pain response of 24-78%
(formalin assay, phase 1) and 29-73% (formalin assay phase 2) relative to vehicle control at

doses of 3 to 30 mg/kg via the intraperitoneal route.

[00224] Example 1 showed reduction in pain response of 14% (formalin assay, phase 1)
and 17% (formalin assay phase 2) relative to vehicle control at a dose of 75 mg/kg via the oral

route.

[00225] Example 12 showed reduction in pain response of 13-24% (formalin assay, phase
1) and 29-43% (formalin assay phase 2) relative to vehicle control at a dose of 150uL of 1 or 2%

w/v solution via the topical route.
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[00226] Method Of Partial Sciatic Nerve Ligation (PSNL)

[00227] The Partial Sciatic Nerve Ligation Model is associated with neuropathic pain such

as spinal disc bulge and diabetic nerve damage.

[00228] 250-350g male Sprague-Dawley rats from appropriate animal resources are
anesthetized with 2.5% isoflurane. A hind leg is shaved, and the skin is sterilized with 0.5%
iodine and 75% alcohol. All surgical instruments are sterilized before surgery and between
animals. An incision (1 cm) is made at the middle of the thigh in parallel with the muscle and
sciatic nerve distribution. The muscle is exposed and dissected at the joint of two muscles
(biceps femoris) indicated by the light colored (white) fascia line. The sciatic nerve is just
beneath the muscle and is hooked out using an 18-20G feeding needle (90 degree curved); the
sciatic nerve is flat on the feeding needle and approximately one-half the diameter of the nerve is
tightly ligated with 7-0 silk suture. A response of the injured leg twitch indicates the success of
ligation. After checking hemostasis, bupivicaine 0.1-0.2 ml (0.125%) is given at the incision
arca, the muscle and the adjacent fascia are closed with 5-0 absorbable sutures. The skin is
sutured with absorbable suture and tissue glue. Sham surgery animals (about 8-10 animals)
undergo the same surgical procedure but with no ligation. Animals are returned to their home

cage after recovery from anesthesia.

[00229] The following behavioral tests were conducted started on day 3 and thereafter

once weekly following surgery.

[00230] Thermal Hvperalgesia:

[00231] The plantar test quantitatively assesses the thermal threshold of the hindpaw.
Rats are placed on the glass surface of a thermal testing apparatus (Model 336, IITC/Life Science
Instruments, Woodland Hills, CA) and are allowed to acclimate for 10 min before testing on the
glass surface at room temperature. The animals are placed in chambers with the temperature of
the glass surface maintained constant at 30-32°C. A mobile radiant heat source located under the
glass is focused onto the hindpaw of each rat. The device is set at 55% (heating rate ~ 3°C per
sec) heating intensity with a cut-off at 10 sec. The paw withdrawal latency was recorded by a

digital timer. The thermal threshold is determined as the mean withdrawal latency from two to
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three consecutive trials of both hindpaws The cutoff of 10 s was used to prevent potential tissue

damage.
[00232] Mechanical Hyperalgesia
[00233] The paw pressure test assesses nociceptive mechanical thresholds, expressed in

grams, and is measured with a Ugo Basil Analgesimeter (Varese, Italy). The test is performed
by applying a noxious (painful) pressure to the hindpaw. By pressing a pedal that activates a
motor, the force is increased (32 g/s) on a linear scale. When the animal displays pain by
withdrawal of the paw or vocalization, the pedal is immediately released and the nociceptive
pain threshold read on a scale (a cutoff of 150 g is used to avoid tissue injury) (Courteix et al.
1994). Both hindpaws are used for assessment of mechanical hyperalgesia. At least two trials,
separated by 10 min, are performed in each rat, and the mean value is used. A testing session for
a particular rat begins after 5 min of habituation or as soon as the rat stops exploring and appears

acclimatized to the testing environment.

[00234] Tactile Allodvnia

[00235] The Von Frey test quantifies mechanical sensitivity of the hindpaw, The test
utilizes a non-noxious stimulus, and is therefore considered to measure tactile allodynia.
Animals are placed under clear plastic boxes above a wire mesh floor, which allowed full access
to the paws. Behavioral acclimation is allowed for at least 5 min. Mechanical paw withdrawal
thresholds (PWTs) are measured with the up—down testing paradigm. Von Frey filaments in log
increments of force (2.0, 4.0, 6.0, 8.0, 10.0, 15.0, 26, 60 g or size 4.31, 4.56, 4.74, 4.93, 5.07,
5.18, 5.46, 5.88) are applied for a duration of 2-3 s to the mid—plantar paw in neuropathic pain
(i.e. PSNL) animals. Application is to the central region of the plantar surface avoiding the foot
pads. The 4.0-g stimulus is applied first. Whenever a withdrawal response to a given probe
occurs, the next smaller von Frey probe is applied. Whenever a negative response occurs, the
next higher von Frey probe is applied. The test continued until (1) the responses of four more
stimuli (total 3-5 trials) after the first change in response has been obtained or (2) the
upper/lower end of the von Frey hair is reached (bending). If the animal shows no response to
any of the von Frey hairs, a value of 26 g, corresponding to the next log increment in potential

von Frey filament, is assigned as the threshold. The testing is continued until the hair with the
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lowest force to induce a rapid flicking of paw is determined or when the cut off force of
approximately 26 g is reached. This cut off force is used because it represent approximately
10% of the animals' body weight and serves to prevent rising of the entire limb due to the use of
stiffer hairs, which would change the nature of the stimulus. The value of each hair is confirmed
weekly by measuring the magnitude in grams exerted by the hair when applied to an electronic
balance. The hair is applied only when the rat is stationary and standing on all four paws. A
withdrawal response is considered valid only if the hind paw is completely removed from the
platform. Although infrequent, if a rat walks immediately after application of a hair instead of
simply lifting the paw, the hair is reapplied. On rare occasions, the hind paw only flinches after
a single application; as the hind paw is not lifted from the platform, this is not considered a
withdrawal response. A trial consists of application of a von Frey hair to the hind paw five times
at 5 s intervals or as soon as the hind paw is placed appropriately on the platform. If withdrawal
does not occur during five applications of a particular hair, the next larger hair in the series is
applied in a similar manner. When the hind paw is withdrawn from a particular hair either four
or five times out of the five applications, the value of that hair in grams is considered to be the
withdrawal threshold. Once the threshold is determined for the left hind paw, the same testing

procedure is repeated on the right hind paw after 5 min.

[00236] Weight Bearing

[00237] Rats are tested for hypersensitivity and spontancous pain in the weight-bearing
test, using an Incapacitance tester (Linton Instruments, Norfolk, UK). The rat is placed into the
plastic box of the device. The integrated paw pressure during this period (1-2 seconds) is
displayed separately for the right and left leg. The ratio between the pressure of the right and left
leg is calculated as left/right hind leg weight distribution ratio. The weight bearing assay is

repeated 3 times in 5 minutes. The mean distribution ratio of 3 assays is calculated.

[00238] Examples 1 and 2 showed recovery of pain response of 49-62% (paw pressure
test), 59-73% (plantar test) and 50-66% (weight bearing) relative to vehicle control at a dose of

30 mg/kg via the intraperitoneal route.
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[00239] Writhing Model

[00240] The Acetic Acid Writhing Model is associated with visceral pain (abdominal pain,

such as stomach pain, and pain caused by, for example, bile duct congestion and kidney stones).

[00241] A writhing test assesses acute peritoneovisceral pain. After acclimation of 2-3
days, a test compound, positive control or vehicle control is administered by intraperitoneal
injection (i.p.) or by oral gavage 15-30 minutes prior to administration of acetic acid. The time
of administration of test compound is recorded. For mice: 0.6% Acetic acid solution in saline is
injected 1.p in a volume of 10 ml/kg. For rats: 4% acetic acid in saline is injected i.p in a volume
of 2 ml/kg at T= 0 minutes. Each animal is placed in a clear plastic cage. At T =5 minutes, the
number of writhing movements is counted over a 45 minute period. Alternatively, the writhing
movements are counted over a 5- minute period and repeated every 5 minutes, starting at T=5

minutes over a 45- minute period.

[00242] Example 2 showed reduction in pain response of 48-58% relative to vehicle

control at doses of 10 to 30 mg/kg via the intraperitoneal route.

5.2 Examples of NaV Modulators
5.2.1 General Methods
5.2.1.1 LCMS Method

[00243] Method-A

[00244] LC-MS was carried out on Acquity H-Class UPLC, PDA and SQ Detector. The
column used was BEH C18 50 X 2.1 mm, 1.7 micron and column flow was 0.55 ml /min.
Mobile phase were used (A) 0.1 % Formic acid + 5SmM Ammonium Acetate in water and (B) 0.1
% Formic acid in Acetonitrile. The UV spectra were recorded at its lambda Max and Mass
spectra were recorded using ESI technique. The following gradient is used to monitor reaction

progress and analyze final products.
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Time (min) %A %B
0.01 95 05
0.40 95 05
0.80 65 35
1.20 45 55
2.50 00 100
3.30 00 100
3.31 95 05
4.00 95 05
[00245] Method-B
[00246] LC-MS was carried out on Waters LC alliance 2995, PDA 2996 and SQ Detector.

The column used was X-BRIDGE C18 150 X 4.6 mm X5 micron and column flow was 1.0 ml
/min. Mobile phase were used (A) 0.1 % Ammonia in water and (B) 0.1 % Ammonia in
Acetonitrile. The UV spectra were recorded at its lambda Max and Mass spectra were recorded
using ESI technique. The following gradient is used to monitor reaction progress and analyze

final products.

Time (min) %A %B
0.01 90 10
5.00 10 90
7.00 00 100
11.00 00 100
11.01 90 10
12.00 90 10
[00247] Method-C
[00248] LC-MS was carried out on Waters LC alliance 2995, PDA 2996 and SQ Detector.

The column used was X-BRIDGE C18 150 X 4.6 mm X35 micron and column flow was 1.0
ml/min. Mobile phase were used (A) 0.1 % Ammonia in water and (B) 0.1 % Ammonia in
Acetonitrile. The UV spectra were recorded at its lambda Max and Mass spectra were recorded
using ESI technique. The following gradient is used to monitor reaction progress and analyze

final products.
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Time (min) %A %B
0.01 100 00
7.00 50 50
9.00 00 100
11.00 00 100
11.01 100 00
12.00 100 00
[00249] Method-D
[00250] LC-MS was carried out on Waters LC alliance 2995, PDA 2996 and SQ Detector.

The column used was X-BRIDGE C18 150 X 4.6 mm X35 micron and column flow was 1.0
ml/min. Mobile phase were used (A) 20mM Ammonium Acetate in water and (B) 100%
Methanol. The UV spectra were recorded at its lambda Max and Mass spectra were recorded
using ESI technique. The following gradient is used to monitor reaction progress and analyze

final products.

Time (min) %A %B
0.01 90 10
5.00 10 90
7.00 00 100
11.00 00 100
11.01 90 10
12.00 90 10

5.2.1.2 HPLC Method

[00251] Method-A

[00252] HPLC was carried out on Waters €2695, PDA Detector. The column used was
Phenomenex Gemini, C18 150 X 4.6 mm, 5 micron and column flow was 1.00 ml /min. Mobile
phase were used (A) 0.1 % Formic acid in water and (B) 0.1 % Formic acid in Acetonitrile. The

UV spectra were recorded at its lambda Max. The following gradient is used.
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Time (min) %A %B
0.01 90 10
7.00 10 90
9.00 00 100
13.00 00 100
13.01 90 10
17.00 90 10
[00253] Method-B
[00254] HPLC was carried out on Waters ¢2695, PDA Detector. The column used was

Phenomenex Gemini, C18 150 X 4.6 mm, 5 micron and column flow was 1.00 ml/min. Mobile
phase were used (A) 0.1 % Formic acid in water and (B) 0.1 % Formic acid in Acetonitrile. The

UV spectra were recorded at its lambda Max. The following gradient is used.

Time (min) %A %B
0.01 100 00
7.00 50 50
9.00 00 100
13.00 00 100
13.01 100 00
17.00 100 00
[00255] Method-C
[00256] HPLC was carried out on Waters ¢2695, PDA Detector. The column used was X-

BRIDGE, C18 150 X 4.6 mm, 5 micron and column flow was 1.00 ml/min. Mobile phase were
used (A) 0.1 % Ammonia in water and (B) 0.1 % Ammonia in Acetonitrile. The UV spectra

were recorded at its lambda Max. The following gradient is used.

Time (min) %A %B
0.01 90 10
7.00 10 90
9.00 00 100
13.00 00 100
13.01 90 10
17.00 90 10
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[00257] Method-D

[00258] HPLC was carried out on Waters ¢2695, PDA Detector. The column used was X-
BRIDGE, C18 150 X 4.6 mm, 5 micron and column flow was 1.00 ml/min. Mobile phase were
used (A) 0.1 % Ammonia in water and (B) 0.1 % Ammonia in Acetonitrile. The UV spectra

were recorded at its lambda Max. The following gradient is used.

Time (min) %A %B
0.01 100 00
7.00 50 50
9.00 00 100
13.00 00 100
13.01 100 00
17.00 100 00

5.2.1.3 PREP HPLC Method

[00259] Method-A

[00260] PREP HPLC was carried out on Shimadzu UFLC, LC-20 AP, and UV Detector.
The column used was Sunfire OBD, C18 250 X 19 mm, 5 micron and column flow was 18.00 ml
/min. Mobile phase were used (A) 0.1 % HCL in water and (B) 100% Acetonitrile. The UV

spectra were recorded at its lambda Max. The following gradient was used.

Time (min) %A %B
0.01 90 10
7.00 10 90
9.00 00 100
13.00 00 100
13.01 90 10
17.00 90 10
[00261] Method-B
[00262] PREP HPLC was carried out on Shimadzu UFLC, LC-20 AP, and UV Detector.

The column used was Sunfire OBD, C18 250 X 19 mm, 5 micron and column flow was 18.00 ml

/min. Mobile phase were used (A) 0.1 % Formic acid in water and (B) 0.1% Formic acid in

-68-



WO 2014/151472

PCT/US2014/025809

Acetonitrile. The UV spectra were recorded at its lambda Max. The following gradient was

used.

[00263]

[00264]

Time (min) %A %B
0.01 90 10
7.00 10 90
9.00 00 100
13.00 00 100
13.01 90 10
17.00 90 10
Method-C

PREP HPLC was carried out on Shimadzu UFLC, LC-20 AP, and UV Detector.

The column used was X-BRIDGE, C18 250 X 19 mm, 5 micron and column flow was 18.00 ml

/min. Mobile phase were used (A) 0.1 % Ammonia in water and (B) 0.1% Ammonia in

Acetonitrile. The UV spectra were recorded at its lambda Max. The following gradient was

used.

[00265]
[00266]
[00267]
[00268]
[00269]
[00270]
[00271]
[00272]

Time (min) %A %B
0.01 90 10
7.00 10 90
9.00 00 100
13.00 00 100
13.01 90 10
17.00 90 10

5.2.1.4 List of Abbreviations

Ac = Acetyl

EtOAc = cthyl acetate

Bn = Benzyl

Boc = tert-Butoxycarbonyl

Bzl = Benzyl

DBU = 1,8-Diazabyciclo[5.4.0Jundec-7-ene
DCC = 1,3-Dicyclohexylcarbodiimide
DCM = Dichloromethane
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[00273]
[00274]
[00275]
[00276]
[00277]
[00278]
[00279]
[00280]
[00281]
[00282]
[00283]
[00284]
[00285]
[00286]
[00287]
[00288]
[00289]
[00290]
[00291]
[00292]
[00293]
[00294]
[00295]
[00296]
[00297]

DEAD = Diethyl azodicarboxylate

DIC = Diisopropylcarbodiimide

DIPEA = Diisopropylethylamine

D. M. water = demineralized water

DME = 1,2-Dimethoxyethane

DMF = N,N-Dimethylformamide

DMSO = Dimethylsulphoxide

EDC = 1-Ethyl-3-(3-dimethylaminopropy)carbodiimide hydrochloride
Et,0O = Diethyl ether

HOBt = 1-Hydroxybenzotriazole

IPA = Isopropyl alcohol

KHMDS = Potassium bis(trimethylsilyl)amide
LAH = Lithium aluminium hydride

LDA = Lithium diisopropylamide

LHMDS = Lithium bis(trimethylsilyl)amide
MOM = Methoxymethyl

NaHMDS = Sodium bis(trimethylsilyl)amide
NBS = N-Bromosuccinimide

Ph = Phenyl

PMB = p-Methoxybenzyl

Py = Pyridine

TEA = Triethylamine

TFA = Trifluoroacetic acid

THF = Tetrahydrofurane

Tol = p-Toluyl
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5.2.2 Examples

Example 1: Synthesis of 3-(4-(2-(4-(N-1,2,4-thiadiazol-5-ylsulfamoyl)-2-chloro-5-

fluorophenoxy)-5-chlorophenyl)picolinamido)propanoicacid

Scheme 5
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[00298] Step 1: Preparation of (5-chloro-2-hydroxyphenyl)boronic acid.

[00299] A solution of 5-chloro-2-methoxyphenylboronic acid (10.0g, 53.6 mmol) in
dichloromethan (100ml) was cooled to temperature between 5-10 'C. To the above mixture,
100ml 1M solution of borontribromide in DCM was added drop wise using a pressure equalizing
dropping funnel, over a period of 30 minutes. The resulting reaction mixture was then stirred
room temperature for 30 minutes. After completion of reaction, the mixture was poured drop
wise on to an ice cold saturated sodium bicarbonate solution (600ml). The resulting mixture was
allowed to stir at room temperature for 1 hr. The DCM layer was separated out and the aqueous
layer thus collected was cooled to temperature between 10-15 "C. 1N solution of dilute
hydrochloric acid was then added to the above cooled aqueous layer and this resulted in

precipitate formation. The solid was filtered off under vacuo and dried to afford 9 g (yield:

97%) of product. LC-MS: m/z=170.9 (M+H).

[00300] Step 2: Preparation of 4-(5-chloro-2-hydroxyphenyl)picolinonitrile

[00301] To a solution of 4-Chloropicolinonitrile (1.0g, 7.2 mmol) in
IPA:toluene(7ml:7ml) were sequentially added (5-chloro-2-hydroxyphenyl)boronic acid (1.49g,

8.65 mmol) and potassium carbonate (3.99g, 21.64 mmol) at room temperature. The resulting
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reaction mixture was degassed for 15 minutes by purging with nitrogen. Thereafter calculated
quantity of Tetrakis (0.416g, 0.36 mmol) was added to the reaction mixture, nitrogen purging
was further continued for next 20 minutes. The resulting reaction mixture was then refluxed at
100 'C for 20 hours. After completion of the reaction, the mixture was concentrated under
vacuo. To the resulting crude mass water (50ml) was added and the mixture was extracted with
ethyl acetate (3 x 25ml). The combined organic extract was washed with water (20ml), brine
(20ml), dried over sodium sulfate and concentrated under vacuo to get the desired crude product.
The crude product was purified by column chromatography using normal phase silica gel. The
desired product eluted at around 20-30% ethyl acetate in hexane. Evaporation of the product

fractions gave 0.8¢g (yield, 48%) of desired product as a solid. LC-MS: m/z=231.1 (M+H).

[00302] Step 3: Preparation of 4-(5-chloro-2-hydroxyphenyl)picolinic acid)

[00303] To a solution of 4-(5-chloro-2-hydroxyphenyl)picolinonitrile (0.5g, 2.17 mmol) in
THF(20ml) was added a solution of potassium hydroxide (4.276g, 14 mmol) in water (10ml)
solution at room temperature. The resulting reaction mixture was then refluxed at 100 C for 5
hours. After completion of the reaction, the mixture was concentrated under vacuo. Ice cold
water was added in to the reaction mixture, the resulting mixture was then acidified between pH
3 - 6 with IN HCI. The resulting solid precipitate was filtered and dried to afford 0.5g (yield,
93%) of product as a solid. LC-MS: m/z =249.8 (M+H).

[00304] Step 4: Preparation of methyl 3-(4-(5-chloro-2-hydroxyphenyl)-

picolinamido)propanoate)

[00305] To a solution of 4-(5-chloro-2-hydroxyphenyl)picolinic acid (0.6g, 2.40 mmol) in
THF (20ml) was sequentially added EDC (0.69g, 3.61 mmol) and HOBT (0.49g, 3.61 mmol) at
0 'C. The reaction mixture was stirred at 0 C for 30 minutes. Beta-alanine methyl ester (0.40g,
2.88mol) was added at 0 ‘C. The reaction mixture temperature was then allowed to rise to room
temperature and stirred for 20 hours. After completion of reaction, water (50 ml) was added in
to the reaction mixture. The resulting mixture was then extracted with ethyl acetate (3 x

25ml). The combined organic extract was washed with water (20ml), brine (20ml), dried over
sodium sulfate and concentrated under vacuo to get the desired crude product. The crude

product was purified by column chromatography using normal phase silica gel. The desired

72



WO 2014/151472 PCT/US2014/025809

product eluted at around 0-5% Methanol in dichloromethane. Evaporation of the product

fractions gave 0.72g (yield: 89%) of desired product. LC-MS: m/z = 335.6 (M+H).

[00306] Step 5: Synthesis of methyl-3-(4-(5-chloro-2-(2-chloro-4-(N-(2.4-
dimethoxybenzyl) -N-(1.2.4-thiadiazol-5-yl)sulfamoyl)-5-

fluorophenoxy)phenyl)picolinamido)propanoate)

[00307] To a solution of methyl 3-(4-(5-chloro-2-
hydroxyphenyl)picolinamido)propanoate) (0.72g, 2.15 mmol) in DMF (10ml) was added K,COs
(0.59g, 4.3mol) in one portion under nitrogen atmosphere at room temperature. The resulting
reaction mixture was then allowed to stir at room temperature for 15 minutes. To the above
reaction mixture was then added calculated quantity of 5-chloro-N-(2,4-dimethoxybenzyl)-2,4-
difluoro-N-(1,2,4-thiadiazol-5-yl)benzenesulfonamide (1.0g, 2.15mol). The resulting reaction
mixture was further allowed to stir at room temperature for 3 hours. After completion of
reaction, water (10ml) was added and the resulting mixture was extracted with ethyl acetate (3 x
25ml). The combined organic extract was washed with water (20ml), brine (20ml), dried over
sodium sulfate and concentrated under vacuo. The crude product was purified by column
chromatography using normal phase silica gel. The desired product eluted at around 20 to 25%
cthyl acetate in hexane. Evaporation of the product fractions gave 1.0g (yield: 60%) of desired
product. LC-MS: m/z =776.3 (M+H).

[00308] Step 6: Preparation of 3-(4-(5-chloro-2-(2-chloro-4-(N-(2.4-dimethoxybenzyl) -

N-(1,2.4-thiadiazol-5-yD)sulfamoyl)-5-fluorophenoxy)phenylpicolinamido)propanoic acid)

[00309] To the solution of methyl-3-(4-(5-chloro-2-(2-chloro-4-(N-(2,4-
dimethoxybenzyl)-N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-5-
fluorophenoxy)phenyl)picolinamido)propanoate) (1.0g, 1.28 mmol) in THF (10mL) was added a
solution of Lithium hydroxide monohydrate (0.27g, 6.43 mmol) in water (Sml). The resulting
reaction mixture was then allowed to stir at room temperature for 3 hours. After completion of
reaction, ice cold water was added in to the reaction mixture, the resulting mixture was acidified
between pH 4-6 with 1IN HCI. The resulting acidic aqueous was extracted with Ethyl acetate (3
x 25ml). The combined organic extract was washed with water (20ml), brine (20ml), dried over

sodium sulphate and concentrated under vacuo. The crude product was purified by column
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chromatography using normal phase silica gel. The desired product cluted at around 0 to 5%
methanol in dichloromethane. Evaporation of the product fractions gave 1g (yield: 99%) of

desired product. LC-MS: m/z = 762.8 (M+H).

[00310] Step 7: Preparation of 3-(4-(2-(4-(N-1,2.4-thiadiazol-5-ylsulfamoyl)-2-chloro-5-

fluorophenoxy) -5-chlorophenyl)picolinamido)propanoicacid

[00311] To the solution of 3-(4-(5-chloro-2-(2-chloro-4-(N-(2,4-dimethoxybenzyl) -N-
(1,2,4-thiadiazol-5-yl)sulfamoyl)-5-fluorophenoxy)phenyl)picolinamido)propanoic acid) (1.0 g,
1.3 mmol) in DCM (10ml) was added drop wise 4N solution of hydrochloric acid in ethyl acetate
(0.5ml) at room temperature. The resulting reaction mixture was further stirred at room
temperature for 2 hour. After completion of reaction, pentane (20ml) was added in to the
reaction mixture which resulted in precipitation of solid. The solid thus obtained was washed
twice with pentane (15ml) and dried under vacuo. The resulting crude material was further
purified by Prep HPLC using 0.1% HCI in water:acetonitrile mobile phase. Evaporation of the
pure Prep fractions gave 0.29¢g (yield: 34%) of desired product as HCl salt. LC-MS: m/z =
612.9 (M+H). 1H NMR (DMSO-d6), 8 9.03 (br, 1H), 8.71 (d, /= 4.8 Hz, 1H), 8.51 (s, 1H),
8.20 (s, 1H), 7.88 (d, /= 7.2 Hz, 1H), 7.80 (br, 2H), 7.60 (d, /= 8.4 Hz, 1H), 7.28 (d, /= 8.4 Hz,
1H), 7.22 (d, J=10.8 Hz, 1H), 4.01 (br, 2H).

[00312] The following nine compounds were synthesized according to the synthetic

scheme described for example 1.
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Example 2: 2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)picolinamido)acetic acid

[00313] Compound 2 was synthesized according to the procedure described for the
synthesis of example 1 by replacing beta-alanine methyl ester with glycine methyl ester
hydrochloride in step 4. LC-MS: m/z = 598.5 (M+H). 1H NMR (DMSO-d6), 3 9.03 (t, J=6.0
Hz, 1H), 8.71 (d, /= 4.8 Hz, 1H), 8.53 (s, 1H), 8.19 (s, 1H), 7.88 (d, J = 7.2 Hz, 1H), 7.78 — 7.81
(m, 2H), 7.60 (dd, J=2.4, 8.8 Hz, 1H), 7.29 (d, /= 8.8 Hz, 1H), 7.22 (d, /= 10.8 Hz, 1H), 4.00
(br, 2H).

Example 3: 5-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)picolinamido)pentanoic acid

[00314] Compound 3 was synthesized according to the procedure described for the
synthesis of compound 1 by replacing beta-alanine methyl ester methyl 5-aminopentanoate in

step 4. LC-MS: m/z = 640.2 (M+H).
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Example 4: 4-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)picolinamido)butanoic acid

[00315] Compound 4 was synthesized according to the procedure described for the
synthesis of compound 1 by replacing beta-alanine methyl ester with methyl 4-aminobutanoate
in step 4. LC-MS: m/z =626.6 (M+H). 1H NMR (MeOH-d4), 5 8.65 (d,/=4.8 Hz, 1H), 8.27
(s, 1H), 8.26 (s, 1H), 7.91 (d, /= 6.8 Hz, 1H), 7.74 (d, /= 4.4 Hz, 1H), 7.71 (d, J = 2.4 Hz, 1H),
7.60 (dd, J=2.8, 8.8 Hz, 1H), 7.24 (d, /= 8.8 Hz, 1H), 6.94 (s,1H), 6.78 (d, /= 10.8 Hz, 1H),
3.75 (br, 2H), 2.41 (t,J=7.2 Hz, 2H), 1.97 (t, J = 7.2 Hz, 2H).

Example 5: (Rac)-2-(4-(2-(4-(N-1,2,4-thiadiazol-5-ylsulfamoyl)-2-chloro-5-fluorophenoxy)-

5-chlorophenyl)picolinamido)propanoic acid

[00316] Compound 5 was synthesized according to the procedure described for the
synthesis of compound 1 by replacing beta-alanine methyl ester with DL-alanine methyl ester
hydrochloride in step 4. LC-MS: m/z = 613.8 (M+H). 1H NMR (McOH-d4), 6 8.65(d,J=5.6
Hz, 1H), 8.27 (s, 1H), 8.25 (s, 1H), 7.90 (d, /= 6.8 Hz, 1H), 7.74 (dd, /= 1.6, 4.8 Hz, 1H), 7.70
(d,/J=2.4Hz, 1H), 7.59 (dd, /=28, 8.8 Hz, 1H), 7.23 (d, /= 8.8 Hz, 1H), 6.78 (d, /= 10.8 Hz,
1H), 4.63 (q,J= 7.2 Hz, 1H), 1.56 (d, /= 7.6 Hz, 3H).

Example 6: (R)-2-(4-(2-(4-(N-1,2,4-thiadiazol-5-ylsulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)picolinamido)propanoic acid

[00317] Compound 6 was synthesized according to the procedure described for the
synthesis of compound 1 by replacing beta-alanine methyl ester with D-alanine methyl ester
hydrochloride in step 4. LC-MS: m/z = 613.8 (M+H). 1H NMR (McOH-d4), 6 8.67 (d,J=5.2
Hz, 1H), 8.27 (s, 1H), 8.25 (s, 1H), 7.91 (d, /= 7.2 Hz, 1H), 7.75 (dd, /= 2.0, 5.2 Hz, 1H), 7.71
(d,/=2.8Hz, 1H), 7.60 (dd, /= 2.4, 8.4 Hz, 1H), 7.24 (d, /= 8.8 Hz, 1H), 6.78 (d, /= 10.8 Hz,
1H), 4.63 (q,J= 7.2 Hz, 1H), 1.56 (d, /= 7.6 Hz, 3H).
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Example 7: 2-(6-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)picolinamido)acetic acid

[00318] Compound 7 was synthesized according to the procedure described for the
synthesis of compound 1 by replacing 4-Chloropicolinonitrile with 6-chloropicolinonitrile in step
2. LC-MS: m/z=1597.7 (M+H). 1H-NMR (MeOD), & 8.19 (s, 1H), 8.00 — 8.07 (m, 4H), 7.9s
(d, J=6.8 Hz, 1H), 7.59(dd, /=2.4,8.8 Hz, 1H), 7.25 (d, /= 8.8 Hz, 1H), 6.72 (d, J = 10.4 Hz,
1H), 4.09(s, 2H).

Example 8: (8)-2-(4-(2-(4-(N-1,2,4-thiadiazol-5-ylsulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)picolinamido)propanoic acid

[00319] Compound 8 was synthesized according to the procedure described for the
synthesis of compound 1 by replacing beta-alanine methyl ester with L-alanine methyl ester
hydrochloride in step 4. LC-MS: m/z=612.6 (M+H). 1H NMR (DMSO-d6), 5 8.85 (d, /J=7.6
Hz, 1H), 8.71 (d, /= 5.6 Hz, 1H), 8.52 (s, 1H), 8.19 (s, 1H), 7.88 (d, /= 7.2 Hz, 1H), 7.78 — 7.80
(m, 2H), 7.60 (dd, J=2.4, 8.8 Hz, 1H), 7.28 (d, /= 8.8 Hz, 1H), 7.22 (d, /= 10.8 Hz, 1H), 4.47
(q,/=7.2Hz, 1H), 1.42 (d, /= 7.2 Hz, 3H).

Example 9: 3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-cyanophenoxy)-5-

chlorophenyl)picolinamido)propanoic acid

[00320] Compound 9 was synthesized according to the procedure described for the
synthesis of compound 1 by replacing 5-chloro-N-(2,4-dimethoxybenzyl)-2,4-difluoro-N-(1,2,4-
thiadiazol-5-yl)benzenesulfonamide with 3-cyano-N-(2,4-dimethoxybenzyl)-4-fluoro-N-(1,2,4-
thiadiazol-5-yl)benzenesulfonamide in step 5. LC-MS: m/z = 584.8 (M+H). 1H-NMR
(MeOD), 6 8.63 (d, /J=4.8 1H), 8.23 (s, 1H), 8.19 (s,1H), 8.14 (d, /= 2.0 Hz, 1H), 7.95 (dd, J =
2.4,8.8 Hz, 1H), 7.74 — 7.76 (m, 2H), 7.63 (dd, J = 2.4,8.8 Hz, 1H), 6.97 (d, /= 10.0 Hz, 1H),
3.68(t, /= 6.8 Hz, 2H), 2.65 (t, J = 6.8 Hz, 2H).
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Example 10: 3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2,5-difluorophenoxy)-5-

chlorophenyl)picolinamido)propanoic acid

[00321] Compound 10 was synthesized according to the procedure described for the
synthesis of compound 1 by replacing 5-chloro-N-(2,4-dimethoxybenzyl)-2,4-difluoro-N-(1,2,4-
thiadiazol-5-yl)benzenesulfonamide with N-(2,4-dimethoxybenzyl)-2,4,5-trifluoro-N-(1,2,4-
thiadiazol-5-yl)benzenesulfonamide in step 5. LC-MS: m/z = 595.8 (M+H). 1H-NMR
(MeOD), 6 8.66 (d, J=4.8 1H), 8.28 (s, 1H), 8.26 (s,1H), 7.69 — 7.77 (m, 3H), 7.56 (dd, J= 2.8,
8.8 Hz, 1H), 6.94 (dd, /= 6.4,10.0 Hz, 1H), 3.70(t, /= 6.4 Hz, 2H), 2.67 (t, /= 6.8 Hz, 2H).

Example 11: Preparation of 2-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-thiazol-4-
ylsulfamoyl)phenoxy)phenyl)propylamino) acetic acid

Scheme 7
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[00322] Step 1: Preparation of 3-(5-chloro-2-hydroxyphenyl)acrylaldehyde

[00323] To a solution of 5-chloro-2-hydroxybenzaldehyde (20g, 127mmol) in THF
(300ml) was added (formylmethylene)triphenylphosphorane (43g, 140mmol) at room
temperature. The resulting reaction mixture was refluxed at 100 °C for 20 hours. The reaction
mixture was cooled to room temperature, and extracted with water (200ml) and ethyl acetate (3 x
250ml). The combined organic phase was washed with water (200ml), brine (200ml), dried over
sodium sulphate and concentrated under vacuo to give the desired crude product. The crude

product was purified by column chromatography using normal phase silica gel. The desired
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product eluted at around 20- 30% ethyl acetate in hexane. Evaporation of the product fractions

gave 20g (yield, 87%) of desired compound as yellow solid. LC-MS: m/z= 183.4(M+H).

[00324] Step 2: Preparation of methyl 2-(3-(5-chloro-2-hydroxyphenyl) allylamino)
acctate
[00325] To a solution of 3-(5-chloro-2-hydroxyphenyl)acrylaldehyde (5g, 27mmol) and

glycine methyl ester hydrochloride (4.1g, 32mmol) in dichloromethane (80ml) was added
magnesium sulphate (6g, 50mmol) and triethylamine (12ml, 82mmol) at room temperature. The
above reaction mixture was stirred at room temperature for 18 hours. The resulting reaction
mixture was then concentrated under vacuo. The concentrated mass thus obtained was dissolved
in methanol (50ml) and cooled to a temperature between 5-10 °C. To the above mixture, sodium
borohydride (3.0g, 82mmol) was added in small portions over a period of 20 minutes; during
addition temperature of the reaction mixture was maintained between 10 - 20 °C. The reaction
mixture was allowed to stir at room temperature for 2 hours and concentrated under vacuum.
Water (100ml) was added to the above crude mass and the resulting mixture was extracted with
ethyl acetate (3 x 100ml). The combined organic extract was washed with water (50ml), brine
(50ml), dried over sodium sulphate and concentrated under vacuo to get the desired crude
product. The crude product was purified by column chromatography using normal phase silica
gel. The desired product eluted at around 1-5% methanol in dichloromethane. Evaporation of
the product fractions gave 4g (yield, 58%) of desired compound as yellow solid. LC-MS:
m/z=256.43 (M+H).

[00326] Step 3: Preparation of methyl 2-(3-(5-chloro-2-hydroxyphenyl) propylamino)
acctate
[00327] To a solution of methyl 2-(3-(5-chloro-2-hydroxyphenyl) allylamino) acetate

(3.5g, 13.6mmol) in methanol (80ml) was carefully added 10% Palladium on carbon with 50%
moisture (0.145g, 1.3mmol). Hydrogen gas was then bubbled into the reaction mixture at room
temperature for a period of 30 minutes. After completion of the reaction, the reaction mixture
was filtered through celite. The celite bed was carefully washed with some amount of methanol.
The filtrate thus obtained was concentrated under vacuo to afford 3g (yield, 85%) of compound

as colorless liquid and used as is in the next step. LC-MS: m/z=258 5(M+H).
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[00328] Step 4: Preparation of methyl 2-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-

vl) sulfamovyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl) propylamino) acetate

[00329] To a solution methyl 2-(3-(5-chloro-2-hydroxyphenyl) propylamino) acetate
(0.7g, 2.7mmol) in DMF (8ml) was added K,COs (1.2g, 8. Immol) in one portion under nitrogen
atmosphere at room temperature. The resulting reaction mixture was then stirred at room
temperature for 15 minutes. To the above mixture was added tert-butyl 5-chloro-2,4-
difluorophenylsulfonyl(thiazol-4-yl)carbamate (1.22g, 2.9mmol) at room temperature and the
resulting reaction mixture was stirred at room temperature for 3hrs. After completion of
reaction, water (10ml) was added and the resulting mixture was extracted with ethyl acetate (3 x
25ml). The combined organic extract was washed with water (20ml), brine (20ml), dried over
sodium sulphate and concentrated under vacuo. The crude product was purified by column
chromatography using normal phase silica gel. The desired product eluted at around 20 to 25%
Ethyl acetate in Hexane. Evaporation of the product fractions gave 0.6g (yield, 36% )of desired
compound as a solid. LC-MS: m/z = 648.4 (M+H).

[00330] Step 5: Preparation of 2-(3-(2-(4-(N-(tert-butoxycarbonyl)- N-(thiazol-4-

v)sulfamovyl) -2-chloro-5-fluorophenoxy)-5-chlorophenyl)propylamino)acetic acid

[00331] To the solution of methyl 2-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-yl)
sulfamoyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl) propylamino) acetate (0.6g, 0.9mmol) in
THF (10mL) was added a solution of lithitum hydroxide monohydrate (0.0529, 4.6mmol) in
water (6ml) at room temperature. The resulting reaction mixture was stirred at room temperature
for 3 hours. After completion of reaction ice cold water (15ml) was added in to the reaction
mixture, the resulting mixture was then acidified between 4-6 pH with aqueous 1N hydrochloric
acid. The resulting acidic aqueous was extracted with ethyl acetate (3 x 25ml). The combined
organic extract was washed with water (20ml), brine (20ml), dried over sodium sulphate and
concentrated under vacuo to afford 0.5g (yield, 85%) of compound as white solid. This material

was used in the next step as is.
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[00332] Step 6: Preparation of 2-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-thiazol-4-

vylsulfamovl) phenoxv) phenvl) propylamino) acetic acid

[00333] To the solution of 2-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-
yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl)propylamino)acetic acid (0.5 g,
0.78mmol) in dichloromethane (15ml) was added drop-wise a 4N solution of hydrochloric acid
in ethyl acetate (0.5ml) at room temperature. The resulting reaction mixture was stirred room
temperature for 2 hours. After completion of reaction, pentane (20ml) was added in to the
reaction mixture which resulted in precipitation of solid. The solvent layer was decanted off; the
solid thus obtained was washed twice with pentane (15ml) and dried under vacuo. The resulting
crude material was further purified by Prep HPLC using 0.1% hydrochloric acid in Water:
Acetonitrile mobile phase. Evaporation of the pure product fractions obtained from Prep HPLC
provided HCI salt of the desired product (0.16g, 38% yield). LC-MS: m/z=533.9 (M+H). 1H-
NMR (MeOD), 6 8.77 (d, /= 2.4 Hz, 1H), 8.03 (d, /= 6.8 Hz, 1H), 7.49 (d, /= 2.4 Hz, 1H),
7.37(dd,J=2.8, 8.8 Hz, 1H), 7.12 (d, /= 2.4 Hz, 1H), 7.03 (d, J=8.8 Hz, 1H), 6.76 (d, /=
10.8 Hz, 1H), 3.8 (s, 2H), 3.09-3.05 (m, 2H), 2.68 (t, J= 7.6 Hz, 2H), 2.04-2.01 (m, 2H).

[00334] The compounds 12 to 32 were synthesized according to the synthetic scheme

described for example 11.
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Example 12: 3-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-

chlorophenyl)propyl)amino)propanoic acid

[00335] Compound 12 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with beta alanine methyl ester in
step 2, and replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-yl)carbamate with
5-chloro-N-(2,4-dimethoxybenzyl)-2,4-difluoro-N-(1,2,4-thiadiazol-5-yl)benzenesulfonamide in
step 4. LC-MS: m/z =549.6 (M+H). 1H-NMR (MeOD), & 8.27 (s, 1H), 8.05 (d, /= 7.2 Hz,
1H), 7.49 (d, J= 2.4 Hz, 1H), 7.36 (dd, /= 2.8, 8.8 Hz, 1H), 7.03 (d, /= 8.8 Hz, 1H), 6.78 (d, J
=6.4 Hz, 1H), 3.26 (t, J=6.4 Hz, 2H), 3.08 (t, /= 7.6 Hz, 2H), 2.68 — 2.75 (m, 4H), 2.01 -
2.06 (m, 2H).
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Example 13: 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid

[00336] Compound 13 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-
yl)carbamate with 5-chloro-N-(2,4-dimethoxybenzyl)-2,4-difluoro-N-(thiazol-2-
yl)benzenesulfonamide in step 4. LC-MS: m/z = 533.8 (M+H). 1H-NMR (MeOD), & 7.94 (d, J
=6.8 Hz, 1H), 7.52 (d, /=5.8, 1H), 7.35 - 7.38 (dd, /= 2.4, 8.8 Hz, 1H), 7.33 (d, /=4.4 Hz,
1H), 7.11 (d, J= 8.8 Hz, 1H), 6.91 — 6.94 (m, 2H), 3.60 (s, 2H), 2.80 (m, 2H), 2.56 (m, 2H), 1.99
(m, 2H).

Example 14: 1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)piperidine-4-carboxylic acid

[00337] Compound 14 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with methyl piperidine-4-
carboxylate in step 2. LC-MS: m/z = 589.8 (M+H).

Example 15: 3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid

[00338] Compound 15 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with beta alanine methyl ester in
step 2. LC-MS: m/z =547.8 (M+H). 1H-NMR (MeOD), 8 8.77 (d,/=2.0 Hz, 1H), 8.03 (d, J
=10.8 Hz, 1H), 7.49 (d, J=2.4 Hz, 1H), 7.35 - 7.38 (m, 1H), 7.12 (d, /= 2.8 Hz, 1H), 7.03 (d,
J=8.4Hz, 1H), 6.76 (d, /=10.4 Hz, 1H), 3.26 (br, 2H), 3.07 (br, 2H), 2.67 — 2.76 (m, 4H), 2.02
(br, 2H).

Example 16: 4-amino-1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)piperidine-4-carboxylic acid

[00339] Compound 16 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with methyl 4-((tert-
butoxycarbonyl)amino)piperidine-4-carboxylate in step 2. LC-MS: m/z = 602.8 (M+H). 1H-
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NMR (MeOD), § 8.77 (d, J = 2.0 Hz, 1H), 8.02 (d, J= 7.2 Hz, 1H), 7.52 (d, /= 2.8 Hz, 1H),
7.36 —7.38 (dd, J=2.8, 8.8 Hz, 1H), 7.12 (d, /= 2.0 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 6.77 (d,
J=10.4 Hz, 1H), 3.25 — 3.70 (m, 6H) 2.67 —2.71 (m, 2H), 2.50 (br, 2H), 2.27 (br, 2H), 2.12 (br,
2H).

Example 17: 2-amino-4-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)butanoic acid

Scheme 10
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[00340] Step 1: Preparation of (S)-4-amino-2-(tert-butoxycarbonylamino)butanoic acid
[00341] To a solution of (S)-5-amino-2-(tert-butoxycarbonylamino)-5-oxopentanoic acid
y y P

(2g, 8.1mmol) in DMF: water (1:1,v/v,18ml) was added pyridine (1.3ml, 16.2mmol). The
resulting reaction mixture was stirred at room temperature for 5-10 minutes. lodobenzene
diacetate (3.92g, 12.1mmol) was added and further stirred for 4 hours. After completion of
reaction D.M. water (100ml) was added and the resulting mixture was extracted with ethyl
acetate (3 x 100ml). The combined organic extracts was washed with D.M. water (100ml), brine
(100ml), dried over sodium sulphate and concentrated under vacuo to get the desired crude
product. The crude product was purified by triturating with diethyl ether. Evaporation of the
product fractions gave 1.1g (yield, 62%) of desired compound as brown solid. LC-MS: m/z =
219.1(M+H).
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[00342] Step 2: Preparation of (E)-3-(5-chloro-2-hydroxyphenyl)acrylaldehyde

[00343] To a solution of 5-chloro-2-hydroxybenzaldehyde (20g, 127mmol) in THF
(300ml) was added (Formylmethylene)triphenylphosphorane (43g, 140mmol) at room
temperature. The resulting reaction mixture was then refluxed at 100°C for 20 hrs. After
completion of reaction, the reaction mixture was allowed to cool to room temperature. D.M.
water (200ml) was added and the resulting mixture was extracted with ethyl acetate (3 x 250ml).
The combined organic extract was washed with D.M. water (200ml), brine (200ml), dried over
sodium sulphate and concentrated under vacuo to get the desired crude product. The crude
product was purified by column chromatography using normal phase silica gel. The desired
product eluted at around 20- 30% ethyl acetate in hexane. Evaporation of the product fractions

gave 20g (yield, 87%) of the desired compound as yellow solid. LC-MS: m/z = 183.4(M-+H).

[00344] Step 3: (S.E)-2-(tert-butoxycarbonylamino)-4-(3-(5-chloro-2-

hydroxyphenyl)allylamino)butanoic acid

[00345] To a solution of 3-(5-chloro-2-hydroxyphenyl)acrylaldehyde (0.5g, 3.2mmol)and
(S)-4-amino-2-(tert-butoxycarbonylamino)butanoic acid (0.769g, 3.52mmol) in dichloromethane
(80ml) was added magnesium sulphate (0.77g, 6.4mmol) and triethylamine (1.34ml, 9.615mmol)
at room temperature. The above reaction mixture was stirred at room temperature for 12 hours.
The resulting reaction mixture was then concentrated under vacuo. The concentrated mass thus
obtained was dissolved in methanol (20ml) and cooled to a temperature between 5-10°C. To the
above mixture, sodium borohydride (0.36g, 9.61mmol) was added in small portions over a
period of 10 minutes, during addition temperature of the reaction mixture was maintained
between 10-20°C. After completion of addition, the resulting reaction mixture was allowed to
stir at room temperature for 2 hours. After completion of reaction, the reaction mixture was
concentrated under vacuo. D.M. water (40ml) was added to the above crude mass and the
resulting mixture was extracted with ethyl acetate (3 x 60ml). The combined organic extract was
washed with D.M. water (50ml), brine (50ml), dried over sodium sulphate and concentrated
under vacuo to get the desired crude product. The crude product was purified by column

chromatography using normal phase silica gel. The desired product cluted at around 1-5%
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methanol in dichloromethane. Evaporation of the product fractions gave 0.4g (yield, 32.5%) of
the desired compound as a brown liquid. LC-MS: m/z = 385.2(M+H).

[00346] Step 4: (8)-2-(tert-butoxycarbonylamino)-4-(3-(5-chloro-2-

hydroxyphenyl)propylamino)butanoic acid

[00347] To a solution of (S,E)-2-(tert-butoxycarbonylamino)-4-(3-(5-chloro-2-
hydroxyphenyl)allylamino)butanoic acid (0.4g, 13.6mmol) in methanol (10ml) was carefully
added 10% Palladium on carbon with 50% moisture (0.120g, 1.3mmol). Hydrogen gas was then
bubbled into the reaction mixture at room temperature for a period of 15-20 minutes. After
completion of the reaction, the reaction mixture was filtered through celite hyflow. The celite
bed was carefully washed with some amount of methanol. The filtrate thus obtained was

concentrated under vacuo to afford 0.35g (yield, 87.06%) of the desired compound as a colorless

liquid. LC-MS: m/z = 387.4(M+H).

[00348] Note: For this particular step, we also observed occurrence of dechlorination, its
proportion remained variable. This step was thus monitored cautiously and worked up soon

upon completion.

[00349] Step 5: (8)-4-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-yl)sulfamoyl)-2-
chloro-5-fluorophenoxy)-5-chlorophenyl)propylamino)-2-(tert-butoxycarbonylamino)butanoic
acid

[00350] To a solution (S)-2-(tert-butoxycarbonylamino)-4-(3-(5-chloro-2-

hydroxyphenyl)propylamino)butanoic acid (0.350g, 2.7mmol) in DMF (0.7ml) was added
K,CO3(0.375g, 2.7mmol) in one portion under nitrogen atmosphere at room temperature. The
resulting reaction mixture was then stirred at room temperature for 15 minutes. To the above
mixture was added tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-yl) carbamate
(0.408g, 0.99mmol) and the resulting reaction mixture was stirred at room temperature for 3
hours. After completion of reaction, D.M. water (20ml) was added and the resulting mixture was
extracted with ethyl acetate (3 x 30ml). The combined organic extract was washed with Ice cold
water (100ml), brine (50ml), dried over sodium sulphate and concentrated under vacuo. The

crude product was purified by column chromatography using normal phase silica gel. The
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desired product eluted at around 1 to 2% Methanol in DCM. Evaporation of the product
fractions gave 0.4g (yield, 56.8%) of the desired compound as a brown liquid. LC-MS: m/z =
777.6(M+H).

[00351] Step 6: Preparation of (S)-2-amino-4-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(\N-

thiazol-4-ylsulfamoyl)phenoxy) phenyl)propylamino)butanoic acid

[00352] To a solution of (S)-4-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-
yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl)propylamino)-2-(tert-
butoxycarbonylamino)butanoic acid (0.4g, 0.78mmol) in dichloromethane (10ml) was added
drop-wise a 4N solution of hydrochloric acid in ethyl acetate (2ml) at room temperature. The
resulting reaction mixture was stirred room temperature for 2 hours. After completion of
reaction, pentane (20ml) was added in to the reaction mixture which resulted in precipitation of
solid. The solvent layer was decanted off; the solid thus obtained was washed twice with
pentane (15ml) and dried under vacuo. The resulting crude material was further purified by Prep
HPLC using 0.1% Formic acid in Water: Acetonitrile mobile phase. Evaporation of the pure
product fractions obtained from Prep HPLC provided the desired product as HCI salt (0.0253g,
8.6% yield). LC-MS: m/z=576.8 (M+H).

Example 18: 2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-2-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid

[00353] Compound 18 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-
yl)carbamate with N-(2,4-dimethoxybenzyl)-2,4,5-trifluoro-N-(thiazol-2-yl)benzenesulfonamide
in step 4. LC-MS: m/z=517.8 (M+H). 1H-NMR (MeOD), 6 7.81 — 7.85 (dd, J= 6.4, 10.4 Hz,
1H), 7.46 (d, J=6.4, 1H), 7.31 — 7.34 (dd, /= 2.8, 8.8 Hz, 1H), 7.17 (d, /= 4.8 Hz, 1H), 6.99 (d,
J=8.4Hz, 1H), 6.86 — 6.90 (dd, /= 6.4, 10.0 Hz, 1H), 6.81 (d, /= 4.8 Hz, 1H), 3.92 (s, 2H),
3.08 —3.12 (m, 2H), 2.75 (t, ] = 8.0 Hz, 2H), 2.03 — 2.08 (m, 2H).
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Example 19: 1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)piperidine-3-carboxylic acid

[00354] Compound 19 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with methyl piperidine-3-
carboxylate in step 2. LC-MS: m/z = 589.8 (M+H).

Example 20: 2-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-
fluorophenoxy)phenyl)propyl)amino)acetic acid

[00355] Compound 20 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing 5-chloro-2-hydroxybenzaldehyde with 2-
hydroxybenzaldehyde in step 1. LC-MS: m/z = 500.8 (M+H). 1H-NMR (MeQOD), & 8.90 (s,
2H), 8.51 (s, 1H), 7.97 (d,J="7.2 Hz, 1H), 7.41 — 7.44 (dd, J= 1.6, 7.2 Hz, 1H), 7.26 — 7.34 (m,
2H), 7.07 (dd, /= 1.2, 8.0 Hz, 1H), 6.81 (d, /=10.8 Hz, 1H), 3.89 (s, 2H), 2.93 (br, 2H), 2.57 -
2.61 (m, 2H), 1.92 (br, 2H).

Example 21: 2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid

[00356] Compound 21 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-
yl)carbamate with tert-butyl 2,4,5-trfluorophenylsulfonyl(thiazol-4-yl)carbamate in step 4. LC-
MS: m/z=517.8 (M+H). 1H-NMR (MeOD), & 8.77 (d,J=2.0 Hz, 1H), 7.79 — 7.83 (dd, J =
6.4,10.0 Hz, 1H), 747 (d, /J=2.4 Hz, 1H), 7.32 - 7.35 (dd, /=2.4,8.4 Hz, IH), 7.11 (d, /=24
Hz, 1H), 7.02 (d, J=8.8 Hz, 1H), 6.85 - 6.89 (dd, /= 6.4,10.4 Hz, 1H), 3.92 (s, 2H), 3.09 —
3.16 (m, 2H), 2.73 (t, J="7.6 Hz, 2H), 1.99 — 2.07 (m, 2H).

Example 22: 3-((3-(5-chloro-2-(2,5-difluoro-4-(\N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid

[00357] Compound 22 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with beta alanine methyl ester in

step 2, and replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-yl)carbamate with
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tert-butyl 2,4,5-trfluorophenylsulfonyl(thiazol-4-yl)carbamate in step 4. LC-MS: m/z=531.8
(M+H). 1H-NMR (MeOD), 6 8.78 (d,J=2.4 Hz, 1H), 7.79 - 7.83 (dd, J= 6.4, 10.4 Hz, 1H),
7.47(d,J=2.4Hz, 1H), 7.32-7.35(dd, /= 2.4, 8.4 Hz, 1H), 7.11 (d,J=2.4 Hz, 1H), 7.01 (d,
J=8.8Hz, 1H), 6.85-6.90 (dd, /= 6.4,10.4 Hz, 1H), 3.27 (t, J= 6.8 Hz, 2H), 3.07 (t,/ = 8.0
Hz, 2H), 2.71 - 2.78 (m, 4H), 1.97 - 2.05 (m, 2H).

Example 23: 3-((3-(5-chloro-2-(2-cyano-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid

[00358] Compound 23 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with beta alanine methyl ester in
step 2, and replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-yl)carbamate with
tert-butyl (3-cyano-4-fluorophenyl)sulfonyl(thiazol-4-yl)carbamate in step 4. LC-MS: m/z =
520.9 (M+H). 1H-NMR (MeOD), 8 8.77 (d, J=2.0 Hz,1H), 8.30 (d, /= 2.0 Hz, 1H), 8.03 (dd,
J=2.4,9.2Hz, 1H), 7.52 (d, /= 2.4 Hz, 1H), 7.39 (dd, /= 2.8, 8.8 Hz, 1H), 7.16 (d, /= 2.0 Hz,
1H), 7.14 (s, 1H), 6.96 (d, J=9.2 Hz, 1H), 3.09 (t, J = 6.8 Hz, 2H), 3.09 (t, J = 8.0 Hz, 2H),
2.76 (t,J=6.4 Hz, 2H), 2.69 (t, J = 8.0 Hz, 2H), 1.99 — 2.07 (m, 2H).

Example 24: methyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)acetate

[00359] Compound 24 was synthesized according to the procedure described for the
synthesis of compound 11 without hydrolysis of methyl ester (step 5). LC-MS: m/z = 548.4
(M+H). 1H-NMR (MeOD), 6 8.77 (d, /= 2.4 Hz, 1H), 8.02 (d,/J=6.8 Hz, 1H), 749 (d, /=24
Hz, 1H), 7.35-7.38 (dd, /J=2.4, 8.4 Hz, 1H), 7.12 (d, /= 2.4 Hz, 1H), 7.02 (d, J=8.8 Hz,
1H), 6.75 (d, J=10.4 Hz, 1H), 3.99 (s, 2H), 3.85 (s, 3H), 3.08-3.12 (m, 2H), 2.68 (t, J=7.6
Hz, 2H), 2.00 - 2.08 (m, 2H).

Example 25: 3-((3-(2-(2-chloro-5-fluoro-4-(N-(thiazol-4-yl)sulfamoyl)phenoxy)-5-

fluorophenyl)propyl)amino)propanoic acid

[00360] Compound 25 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing 5-chloro-2-hydroxybenzaldehyde with 5-fluoro-2-
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hydroxybenzaldehyde in step 1, and replacing glycine methyl ester with beta alanine methyl ester
instep 2. LC-MS: m/z=531.9 (M+H). 1H-NMR (MeOD), 6 8.77 (d,/=2.4 Hz,1H), 8.01 (d, J
=6.8 Hz, 1H), 7.23 (dd, J= 2.4, 8.8 Hz, 1H), 7.11 — 7.13 (m, 3H), 6.65 (d, /= 10.8 Hz, 1H),
3.25(t,J=6.8 Hz, 2H), 3.06 (t, J = 8.0 Hz, 2H), 2.73 (t, ] = 6.4 Hz, 2H), 2.66 (t, J = 7.6 Hz, 2H),
1.99 —2.03 (m, 2H).

Example 26: 3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)propanamide
Scheme 11
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[00361] Step 1: Preparation of 3-(5-chloro-2-hydroxyphenyl)acrylaldehyde
[00362] To a solution of 5-chloro-2-hydroxybenzaldehyde (20g, 127mmol) in THF

(300ml) was added (formylmethylene)triphenylphosphorane (43g, 140mmol) at room
temperature. The resulting reaction mixture was then refluxed at 100°C for 20 hrs. After
completion of reaction, the reaction mixture was allowed to cool to room temperature. Water
(200ml) was added and the resulting mixture was extracted with ethyl acetate (3 x 250ml). The
combined organic extract was washed with water (200ml), brine (200ml), dried over sodium
sulphate and concentrated under vacuo to get the desired crude product. The crude product was
purified by column chromatography using normal phase silica gel. The desired product eluted at
around 20- 30% cthyl acetate in hexane. Evaporation of the product fractions gave 20g (yield,
87%) of desired compound as yellow solid. LC-MS: m/z= 181.34(M-H).
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[00363] Step 2: Preparation of methyl 3-[3-(5-chloro-2-

hydroxyphenylallylamino Jpropanoate)

[00364] To a solution of 3-(5-chloro-2-hydroxyphenyl)acrylaldehyde (1.0g, 5.47mmol)
and B-Alanine methyl ester hydrochloride (0.917g, 6.57mmol) in DCM (20ml) was added
magnesium sulphate (1.317g, 1.09mmol) and TEA (2.3ml, 16.41mmol) at room temperature and
the resulting reaction mixture was stirred at room temperature for 12 hours. The reaction
mixture was then concentrated under vacuo. The concentrated mass thus obtained was dissolved
in methanol (20ml) and cooled to 5-10 °C. To this cold reaction mixture, sodium borohydrate
(0.620g, 16.41mmol) was then added in small portions over a period of 10-20mins, during
addition the temperature was maintained in between 10-20°C. After completion of addition the
resulting reaction mixture was allowed to stir at room temperature for 2 hours. After completion
of the reaction, it was concentrated under vacuo. To the resulting crude mass water (50ml) was
added and the mixture was extracted with EtOAc (3 x 25ml). The combined organic extract was
washed with water (20ml), brine (20ml), dried over sodium sulphate and concentrated under
vacuo to get the desired crude product. The crude product was purified by column
chromatography using normal phase silica gel. The desired product cluted at around 1-5%
Methanol in DCM. Evaporation of the product fractions gave 0.9g (yield, 61%) of desired
compound as white solid. LC-MS: m/z=270.6 (M+H).

[00365] Step 3: Preparation of methyl 3-[3-(5-chloro-2-hydroxyphenyl)propylamino]
propanoate)
[00366] To a solution of 3-[3-(5-chloro-2-hydroxyphenyl)allylamino]propanoate) (0.35g,

1.3mmol) in methanol (20ml) was carefully added 10% Palladium on carbon with 50% moisture
(0.104g, 0.065mmol). Hydrogen gas was then bubbled into the reaction mixture at room
temperature for a period of 30 mins. The reaction mixture was monitored on TLC using ethyl
acetate as mobile phase. After completion of the reaction, the reaction mixture was filtered
through celite. The celite bed was carefully washed with some amount of methanol. The filtrate
thus obtained was concentrated under vacuo to afford 0.3g (yield, 85%) of desired compound

colorless liquid. m/z =272.6 (M+H).
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[00367] Step 4: Preparation of 3-[3-(5-chloro-2-hydroxyphenyl)propylamino]

propanamide)

[00368] A solution of methyl 3-[3-(5-chloro-2-hydroxyphenyl)propylamino] propanoate)
(0.3g, 1.08mmol) in methanolic ammonia (10mL) was heated at 100°C in sealed tube (35mL) for
a time period of 12 hours. After completion of reaction methanol was evaporated under vacuo.
The crude product was purified by column chromatography using normal phase silica gel. The
desired product eluted at around 30- 40% ecthyl acetate in hexane. Evaporation of the product
fractions gave 0.16g (yield, 33.9%) of the desired compound as a colorless liquid. m/z=257.2
(M+H).

[00369] Step 5: Preparation of methyl 3-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-

vl) sulfamovyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl) propylamino) propanoate

[00370] To a solution 3-[3-(5-chloro-2-hydroxyphenyl)propylamino] propanoate) (0.09g,
0.35mmol) in DMF (2ml) was added K,COs; (0.145, 1.05mmol) in one portion under nitrogen
atmosphere at room temperature. The resulting reaction mixture was stirred at room temperature
for 15 minutes. To the above mixture was added ters-butyl 5-chloro-2,4-
difluorophenylsulfonyl(thiazol-4-yl)carbamate (0.143g, 0.35mmol) and the resulting mixture was
stirred at room temperature for 3 hours. After completion of reaction, water (10ml) was added
and the resulting mixture was extracted with ethyl acetate (3 x 25ml). The combined organic
extract was washed with water (20ml), brine (20ml), dried over sodium sulphate and
concentrated under vacuo. The crude product was purified by column chromatography using
normal phase silica gel. The desired product eluted at around 20 to 25% ethyl acetate in hexane.
Evaporation of the product fractions gave 0.15g (yield, 66.2%) of desired compound as a solid.
This material was used for the next step without any further purification and analysis. The

material was used directly for the next step.
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[00371] Step 6: Preparation of 3-(3-(5-chloro-2(2-chloro-5-fluoro-4-(N —thiazol-4-

vlsulfamov)phenoxy)phenyl)propylamino)propanamide fluorophenylsulfonyl(thiazol-4-

yl)carbamate

[00372] To a solution of 3-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-yl) sulfamoyl)-
2-chloro-5-fluorophenoxy)-5-chlorophenyl) propylamino) propanoate (0.15g, 0.23mmol) in
dichloromethane (5ml) was added drop-wise a 4N solution of hydrochloric acid in ethyl acetate
(0.5ml) at room temperature. The resulting reaction mixture was stirred room temperature for 2
hours. After completion of reaction, pentane (20ml) was added in to the reaction mixture which
resulted in precipitation of solid. The solvent layer was decanted off; the solid thus obtained was
washed twice with pentane (15ml) and dried under vacuo. The resulting crude material was
further purified by Prep HPLC using 0.1% Formic acid in Water:Acetonitrile mobile phase.
Evaporation of the pure product fractions obtained from Prep HPLC provided the desired
product as HCI salt. (0.009g, 7.1% yield). LC-MS: m/z = 548.8 (M+H). 1H-NMR (MeOD), 6
8.75(d,J=2.4Hz, 1H), 8.01 (d,/=7.2 Hz, 1H), 7.48 (d, /J=2.4 Hz, 1H), 7.34 - 7.37 (dd, J =
2.4,8.8 Hz, 1H), 7.06 (d,/=2.4 Hz, 1H), 7.01 (d, J=8.4 Hz, 1H), 6.73 (d, /= 10.4 Hz, 1H),
3.22(t, J=6.4 Hz, 2H), 3.02 - 3.06 (m, 2H), 2.62 — 2.70 (m, 4H), 1.99 —2.03 (m, 2H).

Example 27: 2-(N-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)acetamido)acetic acid
Scheme 12
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[00373] Step 1: Preparation of (E)-3-(5-chloro-2-hydroxyphenyl) acrylaldehyde

[00374] To a solution of 5-chloro-2-hydroxybenzaldehyde (20g, 127 mmol) in THF (300
ml) was added (formylmethylene)triphenylphosphorane (43g, 140mmol) at room temperature.
The resulting reaction mixture was then refluxed at 100°C for 20 hrs. After completion of
reaction, the reaction mixture was allowed to cool to room temperature. Water (200 ml) was
added and the resulting mixture was extracted with ethyl acetate (3 x 250ml). The combined
organic extract was washed with water (200ml), brine (200 ml), dried over sodium sulphate and
concentrated under vacuo to get the desired crude product. The crude product was purified by
column chromatography using normal phase silica gel. The desired product eluted at around 20-
30% ecthyl acetate in hexane. Evaporation of the product fractions gave 20g (yield, 87%) of the
desired compound as a yellow solid LC-MS: m/z = 183.4(M+H).

[00375] Step 2: Preparation of (E)-methyl 2-(3-(5-chloro-2-

hydroxyphenyl)allylamino)acetate

[00376] To a solution of (E)-3-(5-chloro-2-hydroxyphenyl)acrylaldehyde (1.0g, 5.4mmol)
and glycine methyl ester hydrochloride(0.590g, 6.55mmol) in dichloromethane (20ml) was
added magnesium sulphate (1.5g, 10.9mmol) and triecthylamine (2.28ml, 16.38mmol) at room
temperature. The above reaction mixture was stirred at room temperature for 12 hours. The
resulting reaction mixture was then concentrated under vacuo. The concentrated mass thus
obtained was dissolved in methanol (20ml) and cooled to a temperature between 5-10°C. To the
above mixture, sodium borohydride (0.606g, 16.38mmol) was added in small portions over a
period of 10 minutes; during addition temperature of the reaction mixture was maintained
between 10-20°C. After completion of addition, the resulting reaction mixture was allowed to
stir at room temperature for 2 hours. After completion of reaction, the reaction mixture was
concentrated under vacuo. Water (40ml) was added to the above crude mass and the resulting
mixture was extracted with ethyl acetate (3 x 60ml). The combined organic extract was washed
with water (50ml), brine (50ml), dried over sodium sulphate and concentrated under vacuo to get
the desired crude product. The crude product was purified by column chromatography using

normal phase silica gel. The desired product eluted at around 2-3% methanol in
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dichloromethane. Evaporation of the product fractions gave 0.8¢g (yield, 57.4%) of the desired
compound as a brown liquid. LC-MS: m/z = 256.07(M+H).

[00377] Step 3: Preparation of methyl 2-(3-(5-chloro-2-

hydroxyphenyl)propylamino)acetate

[00378] To a solution of (E)-methyl 2-(3-(5-chloro-2-hydroxyphenyl)allylamino)acetate
(0.8g, 3.13mmol) in methanol (50ml) was carefully added Palladium hydroxide (0.199¢g,
0.09mmol). Hydrogen gas was then bubbled into the reaction mixture at room temperature for a
period of 30 minutes. After completion of the reaction, the reaction mixture was filtered through
celite. The celite bed was carefully washed with some amount of methanol. The filtrate thus
obtained was concentrated under vacuo to afford 0.7g (yield, 86.81%) of compound as colorless

liquid. LC-MS: m/z = 258.07(M+H).

[00379] Step 4: Preparation of methyl 2-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-

vD)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl)propylamino)acetate

[00380] To a solution of methyl 2-(3-(5-chloro-2-hydroxyphenyl)propylamino)acetate
(0.7g, 2.72mmol) in DMF (7ml) was added K,CO; (1.12g, 8.17mmol) in one portion under
nitrogen atmosphere at room temperature. The resulting reaction mixture was then stirred at
room temperature for 15 minutes. To the above mixture was added tert-butyl 5-chloro-2,4-
difluorophenylsulfonyl(thiazol-4-yl)carbamate(1.22g, 2.996mmol) and the resulting reaction
mixture was stirred at room temperature for 3 hours. After completion of reaction, water (20ml)
was added and the resulting mixture was extracted with ethyl acetate (3 x 50ml). The combined
organic extract was washed with water (20ml), brine (20ml), dried over sodium sulphate and
concentrated under vacuo to afford 0.54 g (yield, 30.64%) of the compound as a white solid.
LC-MS: m/z = 646.20(M-H).

[00381] Step 5: Preparation of methyl 2-(N-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-

4-yl)sulfamovl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl)propyl)acetamido)acetate.

[00382] To a solution of methyl 2-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-
yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl)propylamino)acetate (0.35g, 0.54
mmol) in THF(5 mL) was added triethyl amine (0.22ml, 1.62mmol). The resulting reaction
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mixture was stirred at 0°C for 5-10 minutes. Acetic anhydride (0.102ml, 1.08mmol) was added
at 0°C. The resulting reaction mixture was then refluxed at 80°C for 12 hours. To the reaction
mixture water (30ml) was added and the resulting mixture was extracted with ethyl acetate (3 x
50ml). The combined organic extracts was washed with water (30ml), brine (30ml), dried over
sodium sulphate and concentrated under vacuum to get the desired crude product. The crude
product was purified by triturating with diethyl ether. Evaporation of the product fractions gave

0.35g (yield, 94.01%) of the desired compound as a brown solid. LC-MS: m/z = 690.5(M+H).

[00383] Step 6: Preparation of 2-(N-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-

v)sulfamovyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl)propyl)acetamido)acetic acid

[00384] To the solution of methyl 2-(N-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-
yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl)propyl)acetamido)acetate (0.35g,
0.50mmol) in THF (5ml) was added a solution of lithium hydroxide monohydrate (0.212g,
5.07mmol) in water (0.5 ml) at room temperature. The resulting reaction mixture was stirred at
room temperature for 3 hours. After completion of reaction ice cold water (15ml) was added in
to the reaction mixture, the resulting mixture was then acidified between 4-6 pH with aqueous
IN hydrochloric acid. The resulting acidic aqueous was extracted with ethyl acetate (3 x 25ml).
The combined organic extract was washed with water (20ml), brine (20ml), dried over sodium
sulphate and concentrated under vacuo to afford 0.3g (yield, 87.49%) of the compound as a
white solid. This material was directly used for next step without any further purification and

analysis. LC-MS: m/z = 676.41(M+H).

[00385] Step 7: Preparation of 2-(N-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-thiazol-4-

vylsulfamovl) phenoxy) phenyl) propyl)acetamido)acetic acid

[00386] To the solution of 2-(N-(3-(2-(4-(N-(tert-butoxycarbonyl)-N-(thiazol-4-
yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-chlorophenyl)propyl)acetamido)acetic acid (0.3g,
0.44mmol) in dichloromethane (4ml) was added drop-wise a 4N solution of hydrochloric acid in
cthyl acetate (1ml) at room temperature. The resulting reaction mixture was stirred room
temperature for 2 hours. After completion of reaction, pentane (20ml) was added in to the
reaction mixture which resulted in precipitation of solid. The solvent layer was decanted off; the

solid thus obtained was washed twice with pentane (15ml) and dried under vacuo. The resulting
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crude material was further purified by Prep HPLC using 0.1% Hydrochloric acid in water:
acetonitrile mobile phase. Evaporation of the pure product fractions obtained from Prep HPLC

provided the desired product as HCl salt (0.060g, 23.47% yield). LC-MS: m/z = 575.92(M+H).

Example 28: 2-(1-(3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-
S-chlorophenyl)propyl)piperidin-4-yl)acetic acid

[00387] Compound 28 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with methyl 2-(piperidin-4-
yl)acetate in step 2, and replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-
yl)carbamate with 5-chloro-N-(2,4-dimethoxybenzyl)-2,4-difluoro-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide in step 4. LC-MS: m/z=601.2 (M+H).

Example 29: 3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid

[00388] Compound 29 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with beta alanine methyl ester in
step 2, and replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-yl)carbamate with
5-chloro-N-(2,4-dimethoxybenzyl)-2,4-difluoro-N-(thiazol-2-yl)benzenesulfonamide in step 4.
LC-MS: m/z=547.9 (M+H). 1H-NMR (MeOD), 4 8.05 (d, /= 6.8 Hz,1H), 7.49 (d, J=2.8 Hz,
1H), 7.34 (dd, /=2.4, 8.4 Hz, 1H), 7.17 (d, /= 4.4 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 6.80 (d, J
=44 Hz, 1H), 6.75(d, J=10.4 Hz, 1H), 3.14 (t, J = 6.4 Hz, 2H), 3.04 (t, ] = 8.0 Hz, 2H), 2.71
(t,J=8.0 Hz, 2H), 2.49 (t, J = 6.4 Hz, 2H), 2.00 — 2.03 (m, 2H).

Example 30: 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yDsulfamoyl)phenoxy)phenyl)propyl)amino)-N-methylacetamide

[00389] Compound 30 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with 2-amino-N-methylacetamide in
step 2. LC-MS: m/z =547.1 (M+H). 1H-NMR (MeOD), 8 8.77 (d, /=2.4 Hz,1H), 8.01 (d, J=
7.2 Hz, 1H), 7.48 (d, /= 2.4 Hz, 1H), 7.35 (dd, /=24, 8.4 Hz, 1H), 7.10 (d, /= 2.0 Hz, 1H),
7.02 (d, J=8.8 Hz, 1H), 6.73 (d, J=10.4 Hz, 1H), 3.70 (s, 2H), 2.97 — 3.02 (m, 2H), 2.80 (s,
3H), 2.65 - 2.69 (m, 2H), 1.96 — 2.06 (m, 2H).
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Example 31: S-chloro-4-(4-chloro-2-(3-((2-(methylsulfonyl)ethyl)amino)propyl)phenoxy)-

2-fluoro-N-(thiazol-4-yl)benzenesulfonamide

[00390] Compound 31 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with 2-(methylsulfonyl)ethanamine
instep 2. LC-MS: m/z = 581.8 (M+H). 1H-NMR (MeOD), 6 8.77 (d,/=2.4 Hz,1H), 8.02 (d, J
= 6.8 Hz, 1H), 7.48 (d, /J=2.4 Hz, 1H), 7.36 (dd, J=2.8, 8.8 Hz, 1H), 7.10 (d, /= 2.4 Hz, 1H),
7.02 (d, J=8.4 Hz, 1H), 6.73 (d, J=10.4 Hz, 1H), 3.33 - 3.50 (m, 4H), 3.03 (s, 3H), 2.99 —
3.01 (m, 2H), 2.65 — 2.68 (m, 2H), 1.95 —2.03 (m, 2H).

Example 32: 1-(3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)piperidine-4-carboxylic acid

[00391] Compound 32 was synthesized according to the procedure described for the
synthesis of compound 11 by replacing glycine methyl ester with methyl piperidine-4-
carboxylate in step 2, and replacing tert-butyl 5-chloro-2,4-difluorophenylsulfonyl(thiazol-4-
yl)carbamate with 5-chloro-N-(2,4-dimethoxybenzyl)-2,4-difluoro-N-(1,2,4-thiadiazol-5-
yl)benzenesulfonamide in step 4. LC-MS: m/z = 589.6 (M+H).

Example 33: S5-chloro-4-(4-chloro-2-(4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidin-3-
yl)phenoxy)-2-fluoro-N-(thiazol-4-yl)benzenesulfonamide
Scheme 13
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[00392] Step 1: Preparation of 5-chloro-2-methoxybenzaldehyde

[00393] A solution of 5-chloro-2-hydroxybenzaldehyde (20g, 128mmol) in DMF (70mL)
was cooled to a temperature between 5-10°C. Sodium hydride (7.69g, 192mmol) was added to
the above solution in small portions over a period of 20 minutes. Methyl iodide (23.8ml,
384mmol) was then added drop wise to the above reaction mixture whilst maintaining its
temperature below 15°C. After completion of addition the reaction mixture was stirred at room
temperature for 2 hours. Thereafter the reaction mixture was poured in to cold saturated
ammonium chloride solution (250mL) to get white precipitates. The precipitates thus formed
were filtered off and dried under vacuo. The resulting solid was triturated with 100 ml of
pentane:diethyl ether (4:1) to afford 18g (yield, 82.58%) of the desired compound as a white
solid. LC-MS: m/z =170.1 (M+H).

[00394] Step 2: Preparation of (5-chloro-2-methoxyphenyl) methanol

[00395] A solution of 5-chloro-2-methoxybenzaldehyde (18g, 105.8mmol) in methanol
(100mL) was cooled to temperature in between 5-10°C. To the above solution sodium
borohydride (11.8g, 317mmol) was added in portion over a period of 30 mins. After completion
of addition the resulting reaction mixture was allowed to stir at room temperature for next ~2
hours. The reaction was monitored on TLC using ethyl acetate:hexane (1:1) as mobile phase.
After completion of the reaction, it was concentrated under vacuo. To the resulting crude mass,
cold water (200 ml) was added to get white precipitate. The precipitate thus formed was filtered
and dried to afford 16g (yield, 87.8%) of desired compound as white solid. The material was
used directly for the next step.

[00396] Step 3: Preparation of 4-chloro-2-(chloromethyl)-1-methoxybenzene

[00397] A solution of 5-chloro-2-methoxyphenyl)methanol (16g, 94mmol) in DCM
(100ml) was cooled to a temperature between 5-10°C. To the above solution thionyl chloride
(11ml, 140mmol) was added drop wise over a period of 30 minutes. After completion of
addition the resulting reaction mixture was allowed to stir at room temperature for 4 hours. After
completion of the reaction, it was concentrated under vacuo. To the resulting crude mass, cold

water (150ml) was added to get white precipitates. The precipitate thus formed was filtered off
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and dried under vacuo to afford 12g (yield, 67.9%) of the desired compound as a white solid.

The material was used directly for the next step.

[00398] Step 4: Preparation of 2-(5-chloro-2-methoxyphenyl)acetonitrile

[00399] To a solution of 4-chloro-2-(chloromethyl)-1-methoxybenzene (12g, 63.15mmol)
in DMSO (60mL) was carefully added sodium cyanide (4.4g, 95.6mmol) at room temperature.
Above reaction mixture was then heated at 100°C for 3 hours. After cooling to room
temperature, the reaction mixture was poured in to cold water (200mL) to get precipitates. The
precipitate thus formed were filtered off and dried under vacuo to afford 10g (yield, 87.46%) of

the desired compound as an off white solid. The material was used directly for the next step.

[00400] Step 5: Preparation of 2-(5-chloro-2-methoxyphenyl)-3-oxopropanenitrile

[00401] To a solution of 2-(5-chloro-2-methoxyphenyl)acetonitrile (10g, 47.84mmol) in
cthyl formate (50mL) was added sodium metal (4.4g, 95.6mmol) at room temperature. The
resulting reaction mixture was heated at 100°C for 3 hours. After completion of the reaction, it
was cooled to room temperature, water (100ml) and dichloromethane (100ml) were added to the
reaction mixture and the solution was adjusted to pH-3 with the help of concentrated
hydrochloric acid. The layers were separated and the aqueous layer was extracted with
dichloromethane (2 x 100ml). The combined organics were washed with saturated aqueous
sodium chloride solution (150ml), dried over sodium sulphate, filtered and evaporated in vacuo.
The crude product was purified by column chromatography using normal phase silica gel. The
desired product eluted at around 0.7 to 0.9% methanol in dichloromethane. Evaporation of the
product fractions gave 9g (yield, 77.94%) of the desired compound as a white solid. LC-MS:
m/z =208.0(M-H).

[00402] Step 6: Preparation of 4-(5-chloro-2-methoxyphenyl)-1H-pyrazol-5-amine

[00403] To a solution of 2-(5-chloro-2-methoxyphenyl)-3-oxopropanenitrile (9g, 43mmol)
in ethanol (90mL) was added hydrazine hydrate (4.3g, 86.12mmol) and glacial acetic acid
(2.7mL, 51.6mmol) at room temperature. The reaction mixture was then heated under reflux for
3 hours. After completion of the reaction, the reaction mixture was cooled to room temperature

and quenched with aqueous sodium bicarbonate (150ml). The resulting mixture was extracted
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with dichloromethane (3 x 100ml). The combined organic layers were washed with brine, dried
over sodium sulphate and concentrated in vacuo. The crude product was purified by column
chromatography using normal phase silica gel. The desired product cluted at around 0.9 to 1.1%
methanol in dichloromethane. Evaporation of the product fractions gave 7g (yield, 72.8%) of the
desired compound as a white solid. LC-MS: m/z = 224.1(M+H).

[00404] Step 7: Preparation of 3-(5-chloro-2-methoxyphenyl)-4,5.6,7-

tetrahydropyrazolo[1.5-a]pyrimidine

[00405] A solution of 4-(5-chloro-2-methoxyphenyl)-1H-pyrazol-5-amine (3g,
13.45mmol) in dry DMF (15mL) was cooled to a temperature in between 5-10°C. Sodium
hydride (0.806g, 20.17mmol) was added to the above solution in small portions over a period of
30 minutes. The resulting reaction mixture was stirred for 30 minutes at S-IOOC, thereafter 1, 3-
dibromopropane (1.78ml, 17.48mmol) was added drop wise to the above mixture. The resulting
reaction mixture was heated at 100°C for a period of 4 hrs. After completion of reaction, the
solution was diluted with cold water (100mL) and the product was extracted with ethyl acetate (3
x 100). The combined organic layers were washed with brine, dried over sodium sulphate and
concentrated in vacuo. T he crude product was purified by column chromatography using normal
phase silica gel. The desired product eluted at around 1.2 to 1.5% methanol in dichloromethane.
Evaporation of the product fractions gave 0.65g (yield, 18.36%) of the desired compound as a
semisolid. LC-MS: m/z = 264.2(M+H).

[00406] Step 8: Preparation of 4-chloro-2-(4,5.6.7-tetrahydropyrazolo[ 1,5-a]pyrimidin-3-
yl)phenol
[00407] A solution of 3-(5-chloro-2-methoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-

a]pyrimidine (0.65g, 1.9mmol) in dichloromethane (30mL) was cooled to a temperature between
5-10°C. To the above solution, boron tribromide in dichloromethane (4.7mL, 4.75mmol) was
added drop wise over a period of 30 minutes. After completion of addition, the resulting reaction
mixture was stirred at room temperature for 4 hours. After completion of reaction, the solution
was diluted with cold water (40mL) and the product was extracted with ethyl acetate (3 x 30mL).

The combined organic layers were washed with brine, dried over sodium sulphate and
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concentrated in vacuo to afford 0.65g (yield, 81.24%) of desired compound as white solid. LC-
MS: m/z =250.2(M+H).

[00408] Step 9: Preparation of tert-butyl 5-chloro-4-(4-chloro-2-(4,5,6.7-

tetrahydropyrazolo[ 1.5-alpyrimidin-3-yl)phenoxy)-2-fluorophenylsulfonvl(thiazol-4-

yl)carbamate

[00409] To a solution 4-chloro-2-(4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrimidin-3-yl)phenol
(0.5g, 2.008mmol) in DMF (8ml) was added K,COs (0.556g, 4.016mmol) in one portion under
nitrogen atmosphere at room temperature. The resulting reaction mixture was stirred at room
temperature for 15 minutes. To the above mixture was added tert-butyl 5-chloro-2,4-
difluorophenylsulfonyl(thiazol-4-yl)carbamate (0.989¢g, 2.409mmol) and the resulting reaction
mixture was stirred at room temperature for 3 hours. After completion of reaction, water (10ml)
was added and the resulting mixture was extracted with ethyl acetate (3 x 25ml). The combined
organic extract was washed with water (20ml), brine (20ml), dried over sodium sulphate and
concentrated under vacuo. The crude product was purified by column chromatography using
normal phase silica gel. The desired product eluted at around 40 to 50% ethyl acetate in hexane.
Evaporation of the product fractions gave 0.4g (yield, 31.18%) of the desired compound as a
white solid. LC-MS: m/z = 640.1 (M+H).

[00410] Step 10: Preparation of 5-chloro-4-(4-chloro-2-(4,5.6.7-tctrahydropyrazolo[1,5-

alpyrimidin-3-y)phenoxy)-2-fluoro-N-(thiazol-4-yl)benzenesulfonamide

[00411] To a solution of tert-butyl 5-chloro-4-(4-chloro-2-(4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidin-3-yl)phenoxy)-2-fluorophenylsulfonyl(thiazol-4-yl)carbamate (0.4g, 0.626mmol) in
dichloromethane (15ml) was added drop-wise a 4N solution of hydrochloric acid in ethyl acetate
(0.8ml) at room temperature. The resulting reaction mixture was stirred at room temperature for
2 hours. After completion of reaction, pentane (20ml) was added in to the reaction mixture
which resulted in precipitation of solid. The solvent layer was decanted off; the solid thus
obtained was washed twice with pentane (15ml) and dried under vacuo. The resulting crude
material was further purified by Prep HPLC using 0.1% Hydrochloric acid in Water:Acetonitrile
mobile phase. Evaporation of the pure product fractions obtained from Prep HPLC provided the
desired product as HCl salt (0.130g, 38.6% yield). LC-MS: m/z=539.78 (M+H). 1H NMR
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(400 MHz, Methanol-d4) 6 8.76 (d, J = 2.4 Hz, 1H), 8.02 (s, 1H), 7.95 (d, J = 7.2 Hz, 1H), 7.61
(d,J=2.4Hz, 1H), 7.54 (dd, ) =2.4, 8.4 Hz, 1H), 7.27 (d, I = 8.4 Hz, 1H), 7.09 (d, J = 2.0 Hz,
1H), 6.62 (d, J = 10.8 Hz, 1H), 4.14 (¢, J = 6.0 Hz, 2H), 3.40 (t, J = 5.6 Hz, 2H), 2.14 (p, ] = 6.0
Hz, 2H).

[00412] The embodiments described herein are intended to be merely exemplary, and
those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, numerous equivalents to the specific procedures described herein. All such
equivalents are considered to be within the scope of the present invention and are covered by the

following embodiments.

[00413] All references (including patent applications, patents, and publications) cited
herein are incorporated herein by reference in their entirety and for all purposes to the same
extent as if each individual publication or patent or patent application was specifically and

individually indicated to be incorporated by reference in its entirety for all purposes.
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CLAIMS
WHAT IS CLAIMED IS:
1. A compound of Formula (I),
o
Ra)m (Ro): \\s _NHRq
N Oy
N,
Y
Formula (T)
or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof,
wherein:
Z is -O- or -S-;

Y is -X-C(=0)NR4Rs, —(CH;)3-NRgR ¢, or 4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrimidine-
(2-yl or 3-yl);
X is (Ce-Cyp)aryl or 5- or 6-membered heteroaryl;
R, is a partially unsaturated or aromatic 5- or 6-membered heterocycle;
R, is independently at each occurrence —F, -Cl, -Br, -CHj; or -CN;
R; is independently at each occurrence —H, -F, -Cl, -Br, -CF3, -OCF;_ -CN, (C;-C))alkyl,
or (C;-Cyp)alkoxy;
R4 and R are each independently H, (C,-Co)alkyl, (C4-Cy)cycloalkyl, or R4 and R
together form a 5- to 7-membered heterocycloalkyl ring; with the proviso that:
R4 and Rs are not both H; and
at least one of R4 and Rs independently or said heterocycloalkyl ring formed by
R4 and R together is substituted with 1 or 2 substituents selected from the group
consisting of -CO,H, -CO;R¢, -CN, -OH, -CONR~Rg3, and -NR7Rs; wherein:
Re is (C1-Cip)alkyl;
R7 and Ry are each independently H, (C,.Ci,)alkyl, or Ry and Rg together
form a 4- to 7-membered heterocycloalkyl ring;
Ry is (C1-Ce)alkyl, (C3-Cs)cycloalkyl, pyrazolyl or pyridinyl; wherein Ro is optionally

further substituted with 1 or 2 substituents selected from the group consisting
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of -COOH, -COOR11, -CONR11R12, 'SOZR]], -SOzNRllRlz, -OH, -CN, -OR11,
and -NR ;R ;; wherein R;; and Ry, may form a 6 membered heterocycloalkyl ring

Rio 1s Ry1, -CORyy, -COOR 1, -SO2R 4, 5-methyl-2-oxo-1,3-dioxol-4-yl,

I
Ao
O
© | _COO-CH(CH:;)OCOCH(CHs),; or Ro and Ry together

form a piperazinone or a 4-to 8- membered heterocycloalkyl ring, wherein said
heterocycloalkyl ring is substituted with 1 or 2 substituents selected from the
group consisting of -COOH, -COOR,, -CH,-COOR;;, -OH, -NH;, -CN, and
(C;-Cy)alkoxy;

Rj;1 and Ry are independently H or (C;-Ce)alkyl, optionally substituted with 4- to 8-
membered heterocycloalkyl ring; and

m and n are each independently 1, 2, 3, or 4.
The compound of claim 1, wherein Y is -(CH;)3-NRoR j.

The compound of claim 2, wherein R; is an aromatic 5- or 6-membered heterocycle, with

1-3 heteroatoms independently selected from the group consisting of N, O, and S.
The compound of any of claims 2 or 3, wherein R; is pyridyl or pyrimidinyl.

The compound of any of claims 2 or 3, wherein R, is an aromatic 5-membered

heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur atoms.

The compound of any of claims 2, 3, or 5 wherein R, is thiazolyl, isothiazolyl, or

thiadiazolyl.
The compound of any of claims 2, 3, 5, or 6, wherein R, is thiazolyl.
The compound of any of claims 2, 3, 5, or 6, wherein R is 1,2,4-thiadiazol-5-yl.

The compound of any of claims 2-8, wherein R is independently at each occurrence —F

or -Cl.
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22.

23.

24.
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The compound of any of claims 2-9, whereinn is 1, 2, or 3.
The compound of any of claims 2-10, wherein n is 2.
The compound of any of claims 2-11, wherein Z is —O-.

The compound of any of claims 2-12, wherein Rs is independently at each occurrence -H,

-F, -Cl, or -Br.

The compound of any of claims 2-13, wherein R is —H or —CL
The compound of any of claims 2-14, wherein Rs is —CL.

The compound of any of claims 2-15, wherein mis 1, 2, or 3.
The compound of any of claims 2-16, wherein m is 1.

The compound of any of claims 2-17, wherein Ry is (C;-Cg)alkyl; wherein Ry is
optionally further substituted with 1 or 2 substituents selected from the group consisting

of -COOH, -COOMe, -CONH,, and —-NH,.

The compound of any of claims 2-18, wherein Ry is methyl or ethyl.

The compound of any of claims 2-19, wherein Ry is further substituted with -COOH.
The compound of any of claims 2-20, wherein Ry is —-H, -COMe, -COOE:?.

The compound of any of claims 2-20, wherein Ry is -H or -COMe.

The compound of any of claims 2-22, wherein Ry is -H.

The compound of any of claims 2-17, wherein Ry and R together form a 4 to §
membered heterocycloalkyl ring, wherein said heterocycloalkyl ring is substituted with 1
or 2 groups selected from the group consisting of -COOH, -COOMe, —COOEt, -CH,-
COOH, and -NH,
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36.

37.
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The compound of any of claims 2-17, wherein Ry and R together form a 4 to 8
membered heterocycloalkyl ring, wherein said heterocycloalkyl ring is substituted with 1

or 2 groups selected from the group consisting of -COOH, -CH,-COOH, and -NH,

The compound of any of claims 2-17, wherein Ry and R together form a piperidine
substituted with 1 or 2 groups selected from the group consisting of —-COOH, —-COOMe,
—COOEt, -CH,-COOH, -CH,-COOMe, -CH,-COOEt, and -NH,,

The compound of any of claims 2-17, wherein Ry and R together form a piperidine
substituted with 1 or 2 groups selected from the group consisting of -COOH, -CH,-
COOH, and -NH;,

The compound of claim 1, wherein Y is —X-C(=0)NR4Rs.

The compound of claim 28, wherein R; is an aromatic 5- or 6-membered heterocycle,

with 1-3 heteroatoms independently selected from the group consisting of N, O, and S.
The compound of any of claims 28 or 29, wherein R; is pyridyl or pyrimidinyl.

The compound of any of claims 28 or 29, wherein R; is an aromatic 5-membered

heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur atoms.

The compound of any of claims 28, 29, or 31 wherein R, is thiazolyl, isothiazolyl, or

thiadiazolyl.
The compound of any of claims 28, 29, 31, or 32, wherein R is thiazolyl.
The compound of any of claims 28, 29, 31, or 32, wherein R, is 1,2,4-thiadiazol-5-yl.

The compound of any of claims 28-34, wherein R; is independently at each occurrence -F

or -CL.
The compound of any of claims 28-35, wherein nis 1, 2, or 3.

The compound of any of claims 28-36, wherein n is 2.
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The compound of any of claims 28-37, wherein Z is —O-.

The compound of any of claims 28-38, wherein Rj is independently at each

occurrence -F, -Cl, or -Br.

The compound of any of claims 28-39, wherein R; is —H or —CL.

The compound of any of claims 28-40, wherein Rj is —CL.

The compound of any of claims 28-41, wherein mis 1, 2, or 3.

The compound of any of claims 28-42, wherein m is 1.

The compound of any of claims 28-43, wherein X is 5- or 6-membered heteroaryl.
The compound of any of claims 28-44, wherein X is pyridyl or pyrimidinyl.

The compound of any of claims 28-45, wherein X is pyridyl.

The compound of any of claims 28-46, wherein R4 is H and Rs is (C;-Co)alkyl.

The compound of any of claims 28-47, wherein Rs is methyl or ethyl, substituted with 1
or 2 substituents selected from the group consisting of -CO,H, -CO;R¢, and -CONR5Rs.

The compound of any of claims 28-48, wherein R is (C;-Cg)alkyl.

The compound of any of claims 28-48, wherein Rs is methyl or ethyl, substituted

with -CO,H.

The compound of claim 1, wherein Y is 4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-(2-
yl or 3-yl).

The compound of claim 51, wherein Y is 4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrimidine-3-
yl.
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The compound of any of claims 51 or 52, wherein R; is an aromatic 5- or 6-membered

heterocycle, with 1-3 heteroatoms independently selected from the group consisting of N,

0O, and S.

The compound of any of claims 51-53, wherein R; is pyridyl or pyrimidinyl.

The compound of any of claims 51-53, wherein R; is an aromatic 5-membered

heterocycle with 1 or 2 nitrogen atoms and optionally 1 or 2 sulphur atoms.

The compound of any of claims 51-53, or 55 wherein R is thiazolyl, isothiazolyl, or

thiadiazolyl.

The compound of any of claims 51-53, 55, or 56, wherein R; is thiazolyl.

The compound of any of claims 51-53, 55, or 56, wherein R, is 1,2,4-thiadiazol-5-yl.

The compound of any of claims 51-58, wherein R; is independently at each occurrence -F

or -Cl.

The compound of any of claims 51-59, wherein nis 1, 2, or 3.
The compound of any of claims 51-60, wherein n is 2.

The compound of any of claims 51-61, wherein Z is —O-.

The compound of any of claims 51-62, wherein Rs is independently at each

occurrence -F, -Cl, or -Br.

The compound of any of claims 51-63, wherein Rz is —H or —CL.
The compound of any of claims 51-64, wherein Rs is —Cl.
The compound of any of claims 51-65, wherein m is 1, 2, or 3.

The compound of any of claims 51-66, wherein m is 1.
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The compound of claim 1, wherein the compound is
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)acetic acid,
5-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)pentanoic acid,
4-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)butanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
(R)-2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-(6-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)acetic acid,
(S)-2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-cyanophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2,5-difluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
3-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)amino)propanoic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-4-carboxylic acid,
3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
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4-amino-1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-4-carboxylic acid,
2-amino-4-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)butanoic acid,
2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
1-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)piperidine-3-carboxylic acid,
2-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-
fluorophenoxy)phenyl)propyl)amino)acetic acid,
2-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetic acid,
3-((3-(5-chloro-2-(2,5-difluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
3-((3-(5-chloro-2-(2-cyano-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
methyl 2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)acetate,
3-((3-(2-(2-chloro-5-fluoro-4-(N-(thiazol-4-yl)sulfamoyl)phenoxy)-5-
fluorophenyl)propyl)amino)propanoic acid,
3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanamide,
2-(N-(3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)acetamido)acetic acid,
2-(1-(3-(2-(4-(N~(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)piperidin-4-yl)acetic acid,
3-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-2-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)propanoic acid,
2-((3-(5-chloro-2-(2-chloro-5-fluoro-4-(N-(thiazol-4-
yl)sulfamoyl)phenoxy)phenyl)propyl)amino)-N-methylacetamide,
5-chloro-4-(4-chloro-2-(3-((2-(methylsulfonyl)ethyl)amino)propyl)phenoxy)-2-fluoro-N-
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(thiazol-4-yl)benzenesulfonamide,
1-(3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)piperidine-4-carboxylic acid, or
5-chloro-4-(4-chloro-2-(4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrimidin-3-yl)phenoxy)-2-
fluoro-N-(thiazol-4-yl)benzenesulfonamide

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof.

The compound of any of claims 1 or 68, wherein the compound is
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)acetic acid,
3-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid,
2-(4-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)picolinamido)propanoic acid, or
3-((3-(2-(4-(N-(1,2,4-thiadiazol-5-yl)sulfamoyl)-2-chloro-5-fluorophenoxy)-5-
chlorophenyl)propyl)amino)propanoic acid;

or a pharmaceutically acceptable salt, or a stereoisomeric or tautomeric form thereof.

A method for treating neuropathic pain comprising administering to a subject in need
thereof, a therapeutically effective amount of a compound of Formula (1), or a

pharmaceutically acceptable salt, solvate or tautomeric form thereof.

A method for treating pain comprising use of a compound of Formula (I), as a voltage-

gated sodium channel inhibitor.

The method of claim 71, wherein the pain is neuropathic, nociceptive or inflammatory

pain.

The method of claim 71, wherein the voltage-gated sodium channel is NaV1.7.

A pharmaceutical composition comprising a compound of any one of claims 1 to 69 and a

pharmaceutically acceptable carrier.
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The composition of claim 74, wherein the composition is suitable for topical, oral,

subcutaneous, or intravenous administration.

A method for prevention or treatment of pain in a subject, wherein the method comprises
administering to the subject in need of such prevention or treatment a therapeutically

effective amount of a compound of any one of claims 1 to 69.

The method of claim 76, wherein the therapeutically effective amount is effective to
alleviate pain in a subject, wherein the compound of any one of claims 1 to 69 shows a
reduction in pain response in the Formalin Assay in phase 1 or phase 2, or both, at a dose
between 0.1 mg/kg and 1,000 mg/kg, at a dose between 0.5 mg/kg and 100 mg/kg, or at a
dose between 1 mg/kg to 50 mg/kg.

The method of claim 76, wherein the pain is nociceptive pain, such as that resulting from
physical trauma (e.g., a cut or contusion of the skin; or a chemical or thermal burn),
osteoarthritis, rheumatoid arthritis or tendonitis; myofascial pain; neuropathic pain, such
as that associated with stroke, diabetic neuropathy, luetic neuropathy, postherpetic
neuralgia, trigeminal neuralgia, fibromyalgia, or painful neuropathy induced
iatrogenically by drugs; or mixed pain (i.e., pain with both nociceptive and neuropathic
components); visceral pain; headache pain (e.g., migraine headache pain); CRPS; CRPS
type I; CRPS type II; RSD; reflex neurovascular dystrophy; reflex dystrophy;
sympathetically maintained pain syndrome; causalgia; Sudeck atrophy of bone;
algoneurodystrophy; shoulder hand syndrome; post-traumatic dystrophy; autonomic
dysfunction; autoimmune-related pain; inflammation-related pain; cancer-related pain;
phantom limb pain; chronic fatigue syndrome; post-operative pain; spinal cord injury
pain; central post-stroke pain; radiculopathy; sensitivity to temperature, light touch or
color change to the skin (allodynia); pain from hyperthermic or hypothermic conditions;
and other painful conditions (e.g., diabetic neuropathy, luetic neuropathy, postherpetic

neuralgia, trigeminal neuralgia); chronic pain; or acute pain.

A method for modulating the activity of a voltage-gated sodium channel, wherein the
method comprises contacting a cell that expresses the voltage-gated sodium channel with

a compound of any one of claims 1 to 69.
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80.  The method of claim 79, wherein the voltage-gated sodium channel is NaV1.7.

81.  The method of claim 79, wherein the method results in inhibition of the voltage-gated

sodium channel.
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T3 2 F A B IR 9T A R R 2 R R A R i, o s (D BTG
PL 0. Img/kg Z 1, 000mg/kg 175 LA 0. bmg/kg & 100mg/kg K755 LA 1mg/kg & 50mg/
kg MRS B LA Smg/kg IR AL /R SR (ZEMTE: | Bl B 2, Bl M B ) (20
5. 1.2/ ) RIHJINEIR RN o 7EFELL ST 7 S, A SCRR AR (D) AL G R I H
FEAR /R S hRitEe (ZEMT B 1 BB B 2, BN B ) b B B b 20 109620 %
30%40%50% 60 % 70% .80 % .90 % .95 % .98 % .99 % . B, 100 % , B A5 AT 2 [ F1 25 (1) B
Sy L YE EE 22 18] (4, 10-20 % . 10-30 % . 10-40 % . 20-30 % « 5 20-40% ) (156 Bl 4 1 9 i
RN o AEBARST T 2, Frid J7 5 R A LU T BTN J5E A5 0, i A
P S BRI (B, 2RI UT B4 s B 22 e B AR 1 ) B DR 28 L R KR 1 R
T 98 BUVLIE 28 5 VLT FEE T 5 40 28 1 2 » 5 Hp XU B PRI P o 280 A i PR 4 200 T IR
Y2 JE AT — AP A1 4E N - B3 Hh 25970 = Y5 M 1 75 - 100 2 7 A 4o 2 3 AR O (1) # 48
PEZOR BRSPS (RN, B 05 E MR 2t 54 B9 ) s PN TIRZNR sSkom ( g, i
3kJ ) sCRPS ;CRPS T A ;CRPS 1T 2 sRSD s R PEMAIME EFRAR s RFWEEHRAR 5
R ERFIR LR O s AT B RS R AR BTG O EE
FAR s HENRERENG ; B & %A CHIETR 5 2 5EAH ORI I hE AH G IR s XU B0
18 VI 57 25 B AIE s TR G R s 0 B D YRR s 2R i AR s PR RS 5% Rz JBR iR
R i e A A R BB TR B ) s T v R R E IR 5 A B R e
(0, A3 PR P i 225 I B PE PR 2205 L IR JE PR s — SO ) 12RO B
PRI o

[0101]  ZRSCHEAE 1 4% L AR P e 1 v VR I g v, LR BriR 5 iR B G R A L
A B gl e 50 (D Btk &Y. 78 Bkt X, Frid Jr i Hrp i i &
RPN IEE Ry NaV . 7 B 75 R BARSE )7 20, Frid 5 2 T 20| i HomEahE
N R R

BARERAR

[0102] 4.1 %X

[0103] WA “HAEH (compound) ” B “ Z b &4 (compounds) ” f& = (1) Ktk
&#9.:0 (Ta) FIEY. X (b)) Wik&%.530 (o) FIL&EY. X (Id) K& 5Tk 1
&P B T3 2 BFIeE

[0104]  “—Fpal 2 Mnr 24 I 27 2 58 AL o LR BRI A HLER BLIR Y v 245 F 1 o 2
1) R Bk 1) 2% 1 3k o A5 A ) 0 7 5o X T 245 P PR R it 3k AL, (RN PR T AR S
BRLBE VB VENAD BRI B R L BRI ER W N, N - AR 4 T S S R AL L
CFENG O R R (N- R R I ) A & R AT A HLEL . SEM EENRE
i, (HAR T MR A VLR, 40 O 18 W PR IR AR R 3508 FH R L R R IR 2R HH R AR I R 7R
FIE IR CIRRETR R ST M IR HRIR 1 LR RS IR . 8] %) DB R AT B IR . Y IR L LT
MR ZIRIR 2R IR 72 SRR FLIR VU T 485 1R P IR IR S i kIR  HH TR KL IR L A R \ WU 2%
TR IZ IR 7K TR B TR« TN TR /K R - B JIE TR« BRH IR X & B R T R B TR WY /1 TR AR X6
FHORTEIR . BRI CEE (IR A5 SRR S IR IR B IR L T IR FH R IR o 4 401 338 24 i 1) LAt
TFHHIRS W LN, B A0 252, 55 18 i, Mack H R4 H R, 52 47 5 e M A0 A T (1990
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4 ) (Remington’ s Pharmaceutical Sciences, 18th eds.,Mack Publishing, Easton
PA(1990)) B3 W - 25 22 RL 2 55 S, 55 19 il Mack HYRAE HE R 5% 47 325 Je SIE M B
it (1995 4 ) (Remington :The Science and Practice of Pharmacy, 19th eds., Mack
Publishing, Easton PA(1995)) .

[0105]  “SEARFERAR” B LRI RISV — ML AR R RAE, Z S YR A
AEH AR AR B, B AT O LR R A SRR EAE
WEH S m R . B AT O AR R A G ER EAEH 2 E
Wi HA X B e i A . MUY () ST AR S A A4 SR B K T4 80 & % i A ) — Fl
SR SRR AN T2 20 HLE %A S HARSTAR A AR, K T4 90 B %A Y)
(1) —Fh AR TR 4R I BN T2 10 B8 % 240 S AR AR 4, KT-2) 95 & %1%
B —Fh AR R AR FE H /N T2 5 58 %A & W HAR S AR A 4k, BOR T4 97
HE % IZNE W — ML R R I H AN T2 3 R %z &Y B H AR AR i k. 4k
G AT LA TPt 3 LR RLRL AR @ 4 o BN Xof B S ) AR BB o) B e g 45 L DA A EATT I
REH I I X2 54 T B FEEA ST A TF 0 92t 7 b, BFEENIRR S . {8
FHIX ek 251 (1) 37 AA S A Ak 4 T 2 DA B A8 FH X 978 2000 VR 6 P A0 35 7E AR ST A T IR S
Tt 77 o A, A SO A TF R T AR AP rhn] DU A AL BRI S i 45 Y El R
LR AT DU IARAEEOR , i T PR BT AR 20 AR Bk B X 2
ik, Z W, BN, Jacques, J. &, B EIIR AN AR AR 73 (BORES 2 BHRLE H R
., A %7,1981 4 ) (Jacques, J. et al., Enantiomers, Racemates and Resolutions (Wiley
Interscience, New York, 1981)) ;Wilen, S.H. £, i 14,33:2725(1977 4 ) (Wilen, S.
H.,et al., Tetrahedron 33:2725(1977)) ;Eliel,E. L., Bk ft & ¥ 1 57 1K 4k 2%, 22 4%
5% F5 IR, A £9,1962 4 (Eliel, E. L., Stereochemistry of Carbon Compounds (McGraw
Hill,NY, 1962)) ;LA Wilen, S.H., #fx7r FIMDGT #E 315135, %6 268 7T (E. L. Eliel, Ed.,
R R K2, Notre Dame, IN, 1972 45 ) (Wilen, S. H., Tables of Resolving Agents
and Optical Resolutions p.268(E.L.Eliel, Ed., Univ.of Notre Dame Press, Notre
Dame, IN, 1972)) .

[0106]  “H AR IR R ILAL T SV SR IR S b % 2K IR P Bk
THEYPE R PRI B AT DIARRE B a0 240 & 42 B AL 2 A AL R BK i A =] o 41
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ARG T, IF HLHAR R Y B AL E 6-12 BUEEE 6-10 MIRJE T BRI D7 B AHE, EA
PR T IR E: RS

16



CN 105188694 A i BB B 9/68 T

[0110]  “uT5 38" FEPR AL 77 B IMA R BAT 1-4 MR FAE NI 7105 B R,
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B EIRIN AR R 5 T4, WA BRI b i) “ A5 87, 75— At 7 A,
853 AR 1 B TS B R 1) A I 3B 4 R AN S 55 F R I 5 TR IR B 6 JTeA . R
TOFN) A I S L, (EAN R T8 dn o N2 <2, 5— & —1H- MErg L. 2, 5— SR
He 2, 5- A EWy R 4, 5- T EUEM R 4, 5- TA(MEMERL 4, 5— A —1H- BRI 4, 5- —
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[0112]  “IRIREdL” JE[A 2 AR 07 BRI b, Horb 1-4 DI IE B 0. S N 4L Rl 4 1) 2%
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ACHER (1,3) - R . FI R LG AR TS I R b CHY, 7EAT = Ak
JRFER IR H RS b ) o AR ST R, RN GE A B TR b AR R 6 TuAR IR
[0113]  “fedit” Bk A2 M B Bl S BE AR MRS, B A a0 1-12 MR 1-9 ANk
R 16 N T 14 AR IR B 2-6 AN SR o S0 1) e S B P A3 - I R - 22 - OF
IS, — IR T 3, - IR REAT - IR OB T S B 204 — R, — T8 - R TR - L
TEEL - AR 2 R RR 3 AR 4 IR E 2, 3- AR T AR AR

[0114]  “IRJedd” FEP1e A B2 M & IR BRI 3-12 ANk SR MR AN AR e 2k
FM. A2 7 2, IR AR 12 B 4-12 NEC0, TR HAth STt 7 =, 3
W R T HIE RGN 3 £ 5,803 £ 6,803 £ 7 HTEEN. XEIHREEREB O, Flhn, R A
BN T B VBRI PR OB PR B L PR SR BRI B, BN 4 W I 5 1 22 BA B B
g5

[01158]  “HILFTREL)ZIAE 7 181072 75 L H AR B AR 5 iEia 7 I FLsh 4 (5,
N By B .
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[0118]
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B
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[0128] R FI R 57 £ 7 — AN QU ST M 4 B0 R AT R S— 2 T B A BT 348 % 2R Joe 2 34 43 i 1
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[o136]  fEEARS T A, K (D) KL EYIE R TT IR 5 U8 6 LRI MNEY,

HEA M HE NG OVFT S AR T iy 1-3 MR T

[0137]  7EHARS 7 20, 5 (D A2 RN e ZE Bl ng 2L 11k 590
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[0141] 7 HARSH 7 =0, 58 (D ME2E 72 8 -0- &4
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[0144] 7R BEARSH T 204, 5K (D MAAEYE RN (C —Cy) FiEMb &) 3, RATIE
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WL &2 RN -H IS
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[o148]  FEHELLst 7=, X (D MHEE Y 8 -X-C( = ONRR;IILED.
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19



CN 105188694 A W B P 12/68 T
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[0297]  fEHARSE T KA, K (Te) I EYE RAERHIR I ST H o —F . —C1 B -Br 1)
e, fERAS T X F, (D MAEDZ R -HE-Cl WM&, £ RS T
A, X (Te) MAEYE RN -CL BIHL &)

[0208]  fERAKRS T, X (Te) MHLEYIE m A 1.2 803 LAY . (£ B AR 7
H, 50 (Te) MHERE m A 1 L&D,

[0299]  fEEARSZE 7 = 0H, 20 (Te) MALEWE X O 5 Juae )7 380 6 o4 5 b &4
7EHARSTH 7 20, 30 (Te) I B2 X At ne 25 sl e 22 (1) AL &4« 78 B AR st 77 :CH
X (Te) ML &M= X Nnne &4

[0300]  7EHEARS T, X (Te) BB AR R H H RSN (C—Cy) iR &,
[0301]  7ERARSZHE T A, X (Te) MALEY2 ROAHEE E i —C0 ,H. —CO,R,- F1 —CONR,Ry
HISAIH R 1 8% 2 ANSHREERAR ) LB o A&

[0302]  FEBARSETT K, K (Te) G2 RN (C —Cy) FEFEMIAE.

[0303]  FE BRI T =, X (Te) LA P2 Ro9HE —CO H BRI R 2L B 2 B &
LB

[0304]  7EEARSH T 0, 30 (Te) 5 H B DL T ST A A -

[0305]  3-(4-(2-(4-(N-(1, 2, 4— Mg M —5- Sk ) ZURMEEHE ) -2- & -5 FAEHL ) -5 &
RHE ) MEBERLZHE ) IR

[0306]  2-(4-(2-(4-(N-(1, 2, 4— ME M4 —5- B ) ZIESE ) —2- & -5- HAEKE ) -5 &
IRIE ) MERERLIZEE ) LR

[0307]  5-(4-(2-(4-(N-(1, 2, 4— ME W —5- J& ) GG ) —2- & -5 FAREHRE ) -5 &
IRHE ) MEREBENGHS ) JRER

[0308]  4-(4-(2-(4-(N-(1, 2, 4— BE Mg —5- & ) GMEIEEIE ) —2- & -5 BAEEIE ) -5- &
IRHE ) MEREMEIGIL ) TR

[0309]  2-(4-(2-(4-(N-(1, 2, 4— Mg — M —5- FE& ) SAEEIE ) -2- & -5- EAH
IRHE ) MEREMEIEIL ) NER.

[0310]  (R)—2-(4—(2-(4=(N—(1,2,4— Mg — Mg —5— JE ) & fifk fE 25 )—2- & 5 @l F &
) -5 FOREL ) MEREMEEL ) IR,

[0311]  (S)-2-(4-(2-(4-(N-(1,2,4- g — M —5- £ ) S M Bt 2 ) 2- & 5 & K &
B ) -5 FORE ) MbrEFEERL ) NER.

[0312]  3-(4-(2-(4-(N-(1, 2, 4 ME g —5— L ) FMEIEEIE ) —2- B IE ) -5- &KL )
ML e B s ) IR 0

[0313]  3-(4-(2-(4-(N-(1, 2, 4- e M —5- & ) EMHELIL ) -2, 5- & ARE I ) -5- 5K
) MEREME RS ) VIR 5K

[0314] A5 HH (£, B H AT A S i TR 2k AR S T

[0315]  ASrHEft 15X (Id) Hitk&4,

[0316]

i
it
C?j
2

36



CN 105188694 A W B P 29/68 T

Rs - \\ NHR,
(]i\ e | <
Z NN
Y J}P‘ %
- N/ \ N/ \
\UH \UH

A (Id)

[0317]  BRWTZ5 R EE, B H A AR R il T B B AR i T 2, Ho
[0318] Y s2 4,5, 6, 7- VUSMEMEIE [1, 5—a | MENE — (2- FEE) 3- 3% )
[0319] 7 & -0 8 -S—;
[0320] R, A&HBAARMAIIIE S R 5 ToARIFEL 6 ToRIA 5
[0321] R ZEEFRHES AN —F. —C1. -Br. —CH ,8% —CN ;
[0322]  RyfERFIR IS AM ST 4> —H.—F.—C1.—Br.—CF ;. —0CF,.—CN. (C,—C,,) ¥t3L 5% (C,~C,,)
fre AL A
[0323]  m Al n ¥YPMSTHIAE 1.2.3 8L 4.
[0324]  fER:ses A, X (Id) FIEMR Y A 4,5,6, 7- PUAMEMEI [1, 5-a ] B
WE —(2- JEal 3- 3% ) &, RS, A (Id) MAERY N4, 5,6, 7-
ML (1, 5-a ] MEBE -3- 1) BIE.
[0325]  FERAKRSE A, K (1d) B G2 ROV T 5 JUHFREL 6 eI b &4,
HEAMATHE [ NSO S AR ALY 1-3 DN RJE T
[0326]  7EHAKRSL A, K (Id) Kb &2 RO s msne b &4
[0327]  FERARS A, K (Id) KL EWR ROV TTE 5 LA b &9, HHAA 1 8
2 MNEURF I HAR M AT 180 2 MR . 8BRSt =0, 30 (Id) B & RN
A M JEE | S M P I | R ISR AL A . 7R ARSI T R, 2 (Td) B2 RO E
MR G . e ARSI A, X (Td) B &2 RN 1, 2, 4- BEZ M —5- BL &
Yo
[0328]  7ERARSG 7, K (Id) B &2 RAERRIR BN A -F 8¢ -C1 itk &
I
[0329]  7ERARS 7 A, X (Td) FHL &2 n A 1.2, 803 LAY 7 BRI 7 5
H, 3 (Td) A YE n R 2 LEY.
[0330]  7E HAKRSE 20, X (1d) Btk &2 2 -0- KL &9,
[0331]  7ERARSH 720, X (Id) MLEYE RERRIR H B O A -F —C1 .81 -Br [
&, EBARSTT A, X (1d) FIfb &2 RO -H 8 -CL ’ifb &4, 178 BARSL 7
Ao, X (Td) MEYE RO -CL B &9
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[0332]  fERAKRS T, K (Id) FHLEYI2 m A 1.2 803 A . (£ B RS 7
H, A (Id) MEYEn A L EY.

[0333]  fERARSZIE T, X (Id) MbER 5- & -4-(4- & -2-(4, 5, 6, 7- DY NLmE
I (1, 5-a ] mang —3- 3k ) I ) —2— Ji -N- (EME —4- 3L ) ZEREELIE 5] 28 0 L L 5l
HAT AR SF M T B AR i T

[0334] IO iR R R, A IR ST IAE — AN AR T8 R B A LB 1 R T
[FIRL 2. 1, AT LU RO M R AL 2=, il ansm CH) i —125 (1) VB -35 (7S) 5%
B —14 (MC) VERUF I RIAL R FRIC, B0AT PARIS. R E A anm CH) Bk 13 (PC) B4 15 (FN) o 4
AT R R FHAR7 ERMREEIMLEY. RB“FMNEEEMERLEEAAMHE
TAZJE T 10 R A R AL 2 R Rl A A R )i “ TR R s AR 1 TR M BB AR T1%
JF B R AR R 2R 20 e Rl A 2R H R 2/ — N R F IR & Y. ARG “[RIA R A 81
e RERL T R AR RO R & . O R AL AR IS A R R SR AL G2 T ARG
I7 750, A5G0, e i A0 SERE IR YT R0 B FERGR), a0, 25 A ) s RS R, A, 44 o Rk
G55 ARSCHR A S RITA R R AR, o2 15 NI, & 7R AL S PR A SRR AL 5k
W77 VG N o E— LSl 77 o, $e it TA S I RIAT 2= i, B an, [F67 2 = ik
NEF T 1380 - 15 LA,

[0335] 7Rl 77 3 HR, A SCHR AL I A0 A 8 1 A T I TS M, Qo R R A
B . 7E 5 BRI St 7y 2, X R O A S @i S NaVL. 7 (H o WEEf A
DR SCNOA 4wt ) .

[0336]  7EHE s 7y U, AR SCHR R AL &9 LU A7 A0 2 A0 6 1) B B0 e sk b 22 /0
10%.20%.30% 40% .50 % 60 % 70 % 80 %90 % .95 % .98 % .99 % . B, 100 % , BRAEAT &
HIF 28 65 1 23 e e 22 18] (fltn, 102096 .10-30% + 10-40 % . 20-30%  BZ 20-40% ) F¥) 7 [
P ZE ST NaVl. 7 ANE il .

[0337]  7F sl st Jy S, AR SCR AL A W) L AR 240 & 90 B0 B00E 1B I8 18 n &
/110 %20 % .30 % 40 % .50 % 60 %70 % .80 %90 % .100 % 250 %500 % .750 % &,
1000 % , BLAEAE B R F1 25 1) 11 43 L YE B 2 18] (454, 10-20 % . 10-30 %6 . 10-40 % . 20-30 % «
87 20-40% ) HIJEE A ZEat NaVl. 7 BN S i

[0338]  7F b skt 5 = A, AR SCHEHE A4 & W0 Al NaV1. 7 %o o A8 5 B 57 1) i J97 AN B0 JR%
FRIEE AT ZRSYRIEEEREHE D 10%.20%.30% 40 % .50 % 60 % .70 %
80% .90 % 5% 100 % BLIEAT = HIF145 1 & 43 FLya L2 8] (14, 10-20%.10-30% . 10-40% -
20-30% 5% 20-40% ) 0] A 1 5 EE AN, SR B0

[0339] 7 HE Ll STt 7 3K HH, AN SCHE AL A9 A0 S A8 NaV1. 7 5o 2o A% i e A7 14 Pl . i Je
RIEIE LA ZIR AV I8 8 2R E D 10%.20 %30 %40 %50 % .60 % .70 %
80% 90 % 5% 100 % BL{EAT R HIANA5 1 H 43 FLya L2 8] (45114m, 10-20%10-30% . 10-40% -
20-30% 5% 20-40% ) F5E ] A 1 S F S SR B0

[0340]  FERELLST 7 U, AR SCIRAE AL G TE — AN B0 AN T O IRAS 32 M) R ARG 1
BB TEIE (i, NaVl. 7) EBOE (RED) VBeE (PR ) BeRBeE (RH ) .

[0341]  7E 3 ST g 3 Hb, A SCHR B (1 A6 & 10 52 i W R 40 8 PR B S T aE (4
NaV1. 7) FOBeE AT B 8
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[0342] 7 2l sl 75 =0, AR SCHR AL B9 AL A W B o 2 Navl. 7, B, iZ 4k S TR i
NaVl. 7 b6 5 —AN L R RO I N 2 -3 (45140, Navl. 1. NaVl. 2, NaVl. 3. NaVl. 4. NaVl. 5,
NaVl. 6. NaVl.8 1 / 8% NaVl.9) = & 7 10 %20 %30 %40 % .50 % .60 % .70 % .80 % «
90%+100%250% +500% 750 % 8% 1000 % FFESE , B34 b 75— A B AR 1k i i = T
FIB A 23 H (5, 10-20% . 10-30%  10-40% . 20-30 % B, 20-40% ) HIFESE .

[0343]  HiAR N 53 0 AT AR 056 v DA DA A SCER At () 4k A v flL S A9 3 M A o 7
T TE R o 7S s 77 5, (5 40 B 7R 56, 7R 3% 77 (1 4 e Hp 5 20 30 i e AR s vk
PNESTIEE . RS T AR S T S, SRk T iR AR AN B s Y o AR, (H2
TER— MR AN AR LI E . EBARSIE T X F, SCN9A FI SCNIBL LA K SCNIB2 7F:
[ — 4 LRI R . 7R HAR ST S, 308 7 WL R RO AN B T IEE ) o KR, R H
fEF—gaf It RIRE 2D —FABIE S (Fla, B k).

[0344]  FEHELEst 77 20, FDSS B R A 3050w DA A -0 5 i s A4 i 1 60 125 I T 140 v 12k
( Z W T 3B A“FDSS LA AR AMRES /NS ) o FEHARSERE T b, 8 B S i .
P e St 77 2, A8 FH RS SRR B 42 00 e o v A 2 A T ) FL U

[0345] 4.3 ¥ EWIHITTE

[0346]  MR#EA TR 1 AN (Ta) A . REUVRE 2- FRIE K RSB 2- SR ORTEE
PR — IRZEIRE - REEH (“HWE”) 260 5 H R H 2k — — R B I i A5 2 R [A] P24 A, B -
a, =B — RUFNEE . a4 A 7538 R A 2 4 38 48 F 9 il A Ak 495 HNRGR, o S5 B A
BN R =Y) Bo SRJG R =4 B I fEAF RS B AR (andlik ) BeRE T~ EH B an s
SRR AR B R =) Co AR B P24 C FEATAER, ( WBRIRET ) BIfE I T 5 AR IR S e i
N, LS B R ] =4 D, H A iR 2 nT e b 2 A ( “PG”) , a4 kA ( “BOC”)
By 2, 4- T HEESRERIT . A DI e 2 a5 49 dn 2R R 2 AR A LAAS B X
(Ta) FILED.

[0347] %1l

[0348]
(Ra)m (Ra}m
(R ) (RS)m
3m
S Ph
| o PrEss, TERES ZH_NHRoRio N
ZH e
CHO Rg.
Z=0,8 N
PG 0 R
2)n sV (R3) (R )
A S‘b R Rgm R ™
T e
F
Rg. D
N R10
R4o

[0349]  RAEA T % 2 A& (Th) K& £ REUUH 2- FILOIRER 2- ZRILTH IR
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X BT A 2 1A R B AR AR SR AL R [a] 4 B, Hodr, X 2 F10 (C-C,,) 75581 5 Juik
75 FE G 6 TCAR Uy Ak, W 4- p AT L RE i Bl 4- AL RE R (540, Y ERERE ) , Forp s B
FRH N EGREEE . = E S (WS A ) RS LS| FE =Y F. Hare
Yy F il i g 1- £ -3-(3- AN ) ik =iz ( “EDC”) i 1- k- 1H- K
FE=me ( “HOBt”) 5 NHR,R; /N LATE BB Ji v 18] 724 o Hr el =4 G AEARAER ( QnBRiER
BRI OU R 5 AR SR G Ml S S, DAAS 2 R R =4 L, A i 5T gt e 2 1A, 1
0 BOC Y 2, 4— ZH S LIRS . R =4 H )R i i 22k P e ok s FH 451 4 336 1 2 O 4 A
321z (Ib) MLEM.

[0350] /%2

[0351]
(R3)m (Rﬂm\\
(Ro)m (R:") l
B g P X_ O
ZH R X<coOoH \f
BOH:2  R=CN, COMe XR . N
=08 E
0
0 (Rs) (R2)n \\'i
Rm RO N o ™ v
& R /\, Sppeied | | H
| | : S s
y.4 X (@]
R OUO X (0]
5 S NR 4Rs
NG at Visht
| N NR,Rs
. P PG H &

[0352]  HR#EA A% 3 Al (Te) MALED. 76 REUVRH 2- B EEMIBR R 2- SR
FuemE ATAEY) (an 4- A - FEENERE B 4- <A - iERElE (flan, FEEERE ) Z AR
AR S A R ] =4 T, A i O 2R 2 SR AR . R Al =4 T 58 (s E Ak
) RN LAFRN Y T F a4 J Al 451 EDC A HOBt 55 NHR,R, R M AT Rk
R [a]7= 4 Ko H B P-4 K ZEAPAEDR (QnBRFREH ) 1B N 5 SRR SR e i ) B, LA 2
R =4 L, e PP R R e 2 ) e i el R 4, 48 BOC 8% 2, 4— — HAREAR IR a4 L

A P e 22 P 3 ot A P 43 m 6 R 2 R4 LAAS 2128 (Te) I &4
[0353] &3
[0354]
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R
3)m (Ra)m (Ra)m N
(RS}m WA X & |\\“ I
Z~
[j;:lx [jlil\ 7 zH 7>z HNR4Rs ZH
= 7 | Ry
B(OH) ~ | \N N‘R
Z=0,8 R = CN, COs;Me N R N COsH 5
| J K (@)

[0355]  ARIEAATTR 4 G (Id) PbEY. BA SR R R szt R 4] (il
FEARY SR, B —OMe &[] ) 2K Z MG RAT A4 M i@ i 48 491 1 Na/ R £L G B NaOEt/
HE CBREAT H AL AAS 20 R =40 No TR =4 N S5 SO AR R [B] = 49) 0. Hh ] =
Yy O FERME S AE T, B, TEA71E NaH 8% Cs,CO.254F F, 5 ke ks, B, 1, 3— R4,

SN CALS 2 R [R] P2 40) Po AR M BB BE I 25 (R 97 2 5, 191 ansd i R RS2 AR (R 2 R Bk ]
BBy B2, H[H]) =4 P o] LT W7 & 1 7 2 BT & 3 iR & By AR 24540
S, BP (Td) B &Y. sk, 2730 I H & A B h ik B3 A it #2 LA 210 (Td) 19
&R a4y W r] DAL RR a0 R 77 NERAT R IR T CEAEAE BRI AL A AR A 48 AR 2% A
NEHEEY) U BCCU” S RAF R A v, e, sRTRL Y U BCCUT ) R R SRR A BlE
YORY BRI A o ARV 2R DU 2 DAAR 2 )72 W, Bk 2% A A il i 2 58 SR
F a2 2 A Bl AR R ARSI R A ], G0 LR P B B E A B R

[0356] 4

[0357]
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3) (Ra)m
(R3)m ( 3)m\ N 3)m rn 3 \\“'--..
e | PG /~2H
| = PG e C___» Z —
H
N NHz (NN HN— ]
NZ z-=05s N-= N\,) < N-N
M N o) P Q
PG o ° o H
O\\ r:,l \\S’N"R (2)n ‘\S’ R
(Rz)n\\ S‘\’ "Ry (Rs)m\ﬁh |\\ \b 1 (S)m\a...,_ |\\ W 1
o)
/O/ \ i \_/ b
F _ .
HN— | HN— ]
( N-N N-N
R S
halo (R3)"”\ N (RS}m\ N
(Ro)m ; | oG |
|\\ g < N5 N,-PG
= PG N —_—— K \ T
B(OH), U N N~ ~NH
H
halo
T v
I )
\H R %
U 0 H
R=NO,, N(PG) (Re, -N.
2 R1

Rimes o
Lo

@

[0358] 4.4 i Ffl J7ik

[0359]  ASCHRAL 7 TR T BT A I 75 B 2 IR B O v iz o i e s
AR A (BRI, 3 (D k&30 (Ta) K &9.50 (Ib) Btk &9.50 (Te)
Pt EY. 20 (Td) MAED HI TR 1 RS PES]TR 2 FRIWEY ) 4525 T XX
BIT B TR R .

[0360]  ASCHIEME 7 H T B HERM A, ik G B GT A A E N SRR T A
R () R B S R B B AR A T 2Us 25 T e 7R 1 32

[0361]  ASCFEAE 7 H TR M RN 7, Frid miE M6 T B = A& ek
TBIT A R R B A B B A R A T A 2 TR LR E R 32 .

[0362] AL 7 TR IT IR BTV, ik 7 VA AFE 8 AL G A F R RO e
TEANHF o 7E BAR ST 7 TN, 3R E8 7 75 A e P IR IR D A 28 P 0 - 7 3 1 e B % R R
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JEEI T AR HARSTE T AP, X e T 2 A ) B R AR M A TE Sy Navl. 7 BV
[0363] A SCHRAL T TR IT BT NaVl. 7 DhfRg RS A o i RS it 7 5, Fridk 5 v 4
BBIT A ME I BRI A R EN RS E N S B R G 24 T A LR
(1523

[0364]  ASCHEME T FH T TR 8697 32 R M 7 vk, o prid kR IT
MBI 25T 75 BX Py 80a T M52 . e B AR sTit r Xr, Frid gk 2 Hd
(IR IT A B AL & PR 52 TR IR A S 7 v, P iRtk &9 LA 0. 1mg/kg
%1, 000mg/kg 771 & . LL 0. 5mg/kg & 100mg/kg M7 & LA Img/kg & 50mg/kg ) 71 & 8§,
dmg/kg MIFIETEAR /R GAIRLE (FEM B 1 3B B 2, BN B ) (05, 1.2 /81T ) &
I NI SN o 7E S S 7 T, ASCHR B A BRI B TR AR R SRR (FERY
B 1 s B 2, B AP B ) A e B I gD 2220 109612096030 %6 .40%6 .50 % .60 %
70%+80%.90%.95 %98 %99 % - 5%, 100 % , BRAEAT 2 (1) 51) 4% 1 & 43 LLvE B 2 18] (1 4m,
10-20%10-30% 10-40% . 20-30 %  B%, 20-40% ) 0 N 28 N o 7 FLAA S i 7 5%
W, BT 77 VR SR S 9 A % TR 7325 0 S5 VR, an R 3B 4 T 3 . (o, B
JR BT B A5 5 BAL 22 e A BRI ) B DG 98 2R R MR T 2 BOLIE 78 5 LA B o&
IR AR PR, 5 T 5 b R HRE BRI T 05 MR I A 0 L RIS SR A AR = X
PRI 21 24 LS B ER 245470 I Y05 b 175 5 ) 0 2 4 49 A DG R 22 P VARG 5 B BR9K
g (BRI, BA 07 VA 2 Ve B2 B PC0R ) s IR Sk (04, AR Sk ) sCRPS ;CRPS
I B ;CRPS IT Y ;RSD s AHEMA M EFRA R R EFRAR B A LR IRLR
A KR RSO B M EERAR B TS 0 EERAR s H EHLAE
BT ;B o BE A O IR 5 28 FEAH DGR I i A O IR s KU B0 518 1% 57 25 A AIE
FAR GBI CE B0 TR 25 5 KSR AR 0k R BR R) B B B Ea A
P EBUBYE (IR DEERER ) 35T Ry FAER AR AE R s AN LB R i (9, 3 R s 1
PRI A AR R 2 JG A . = R ) 12 AR B a P

[0365]  ZRSCHEME 145 B AR PR e T VS MR i, AR BT IR 5 A LR R IS B R
MR BN T8 B4R 5 A Y . AR AR SIETt T ZUH, i 77 v AR R R ARG 1
WIE N NaVL. 7 )ik AEFARSE 7 sHr, BT v 2 5 S0 il B Fe A0t 2 ke 1 1) 7
%o

[0366]  7EHELLs A, AR ST AL S04 25 T 7R g i 8 I AR AN B T (49l
1, Navl. 7) ) a NEERGEEPR b B RS DhRERAZ (1) B 38 N HE .

[0367]  7E 2L 5T 75 2\, A SCHRRAAE 4L B 9045 245 T 32 Wi v 21 B8 14 R RE - TRk M 41
PO R IRIE < B R AR P RS (PEPD) Bl NaV1. 7 A o< (€T 4R LR 1) £ N

[0368] 4.5 W) &AL 25ig4%

[0369]  ATSCHRGE T ZGWA & W, SN S WA TE A ST AL AL S W R TT 24 R E AR
TE BRIt 7 =N, 25 &9 2 BT i A G 00 F T R 3048 29 TR 24 BT T 4 45 245 B
HERKZE 202 A A -

[0370]  ATSCEEME T BIEH R E ML EVIIA G, UK BTEA SR LS YRR 25 1)
BARBBEN M EEY) . £ 2250 )7 b, RS R -GPE R T RG24 % B
AN 2 KRR GR 25 V4 R R BRI R 4R 24
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[03711  PriR G n] DL LW Rl & T 20, B an, e 28 IO 2 v 71 ROk 771 S B0 B
24 R R TR VSRR VRS R SR, DL IR 8 A e 2577 SNER 25 1 R . A I8 B R AT
DA T s FH o B A HLECTC AL 0 7538 5 K FH B 7 3k i 4, B an e sm (Bl , Epk i
HrH B PR L BUEE L FURE R A4 R I O TR B IR ), AR R (plan, A4
F IR R A 4R R IR BRI e L R 24 JE L e I B RS S BT AE AR 2R
O BEFERREIE R ), A (B0, VERn R IR AT 4E R R N B UE R (IR T Jh 4 4
F IR TR N B S AT R TR A ) VAR A (A, BB R IRR B5, B2 o LK AR IR , VA R B BE
FEWRIREN ) RS (0, Frame s AT e H =& BREUE R ), B 877 (i an, 78 H RN
BRI EUEN 0 R JE R R FR R Bl P2 B FRIR A I8 ), Ao 7 (9, A7 TR AT AR FR BN R &
R ), &I (flhn, FARA4E 2R R 20 e o B s Al R R £ ) » 43 BGT) (9, 72 TR 6 R Ok
SRR ) BB (o, K, RS (D, BEF . B LB RECR 2 2% ) « 29 EY)
WAL YD B R T DA ST 5 RCR B 7K -, 0, S AR AR TE 25 24, 29 0. 1mg/kg
BERE 2 2) 1000mg/kg B F R FEBLL) 0. Smg/kg HEH A H 2] 100mg/kg 7 AT 1 547
Prili= 8

[0372] #2525 T B AL-A YD B & 0T AH 24 FE 2 A4k, FF L AT DL A R A Ak >k
FIWr . —Mm S, Fridfb &9 mT LLELZ 0. Img/kg B R HE 5229 1000mg/ kg &35 14K 5 177 &=
FR 14 IR 25T 135, (H 2 Ll 57 & mT DUMLHR 28 38 () 4 o 47k B A R 7 R 0 LA S 25 24528
RS AR . FE— ANt 77 X, Brid A& 229 0. 05mg/kg B3R EH 222 500mg/kg 3
fREE 0. 05mg/kg & A HE 2] 100mg/keg B FH R E 2 0. dmg/kg HH 1R HE £ %) 100mg/ ke
BERE 2 0. Img/kg BHEREL) 2 2) 50mg/kg FBERE  BE 27 0. Ing/kg BEIRE 2L
25mg/kg A E . £ AL b, R GE—WE. 5y N, R G
SE WA TS o FEARATER BB O T, 45 24 B4 -& 9 B 5K R T 1 G 14 2 0 POV e B2 A
(IR BN 25 2 A SR R 2R

[0373] 1 5y — AN sk 7 A, ARSCIR AL 7 TRy IR B B TR, IR T iR B 4
7.5mg/ KB 2 T5g/ K. #)3.75mg/ K E %) 37.5g/ K+#)3.75mg/ K EZ)1.5g/ K2
37.5mg/ KREL)T7.5g/ R4 7.5mg/ REL) 3. 75/ K% 3. Tomg/ REZ] 1.875g/ K4
3. 75mg/ KEZ) 1,000mg/ K2) 3. Tomg/ KEZ] 800mg/ K 2] 3. T5mg/ KEZ) 500mg/ K+
29 3. 75mg/ REZ] 300mg/ K E& 3. Thmg/ REZ] 150mg/ K EMLE LT T E 1)
B, BRI A, R ATFR FEBEREE Ing/ K. 5mg/ K.10mg/ K. 15mg/ K.
20mg/ < 30mg/ K .40mg/ K 45mg/ K.50mg/ K .60mg/ K.75mg/ K.100mg/ K.125mg/ K
150mg/ K+200mg/ & +250mg/ K.300mg/ K.400mg/ K .600mg/ X.800mg/ K1, 000mg/ K-
1, 500mg/ K+2, 000mg/ K2, 500mg/ K5, 000mg/ K 5% 7, 500mg/ KM A 2T H I
e il

[0374]  7E 57— SEit 7 sUH, AR SCHRAE 1 B 7 B A, B I By A B R AR L) 7. Bmg
BY)T5g %) 3. 7omg B2 37.5g. %) 3. Tomg 4] 7. 5g %] 37. 5mg %) 7. 5g. %] 7. bmg B
3. 75g %] 3. 7omg 4] 1. 875g. %) 3. 7omg &% 1, 000mg~ %] 3. 75mg £ %) 800mg. %] 3. 75mg &
#) 500mg+ %7 3. 75mg %% 300mg~ BLZ) 3. 75mg 4 150mg [F1bLEH).

[0375]  7F B A STt 77 s, AR SCH At 7 B AL ) R AL, ik B A R B R A AR 2 Ing,
5mg.10mg+15mg.20mg.30mg.40mg-45mg-50mg.60mg.7omg-100mg.125mg.150mg-200mg.
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250mg+300mg.400mg.600mg.800mg. 1, 000mg. 1, 500mg.2, 000mg.2, 500mg.5, 000mg. &Y
7, 500mg L&

[0376]  fE 55—t 7 IR, AR SCIR B 1B R R R Y, i A ) AR ) A AL AE AR
& B YRR ok B4 S VI AR L3RR AL S . AR H AR St U7 U, AT
7 A TR B R A, Pk B 7 R ) B AR BB B R A rhik B K ) 0. 001 1 og/ml K
£ 100mg/mL~ K %) 0.01 » g/mL % K #) 100mg/mL K £ 0. 01 1 g/mL £ K% 10mg/mL. K %]
0.1ug/mL & K2 10mg/mL. K% 0. 1ug/mL & KZ)500ug/mL. K% 0.1ug/mL & K%
500 1 g/mLy K#Z) 0.1 ug/mL %K% 100 1 g/mL 8L K2y 0.5 0 g/mL 22 K% 10w g/mL 1)1k
SV MLIRIKEE . N T 3B BRI L, A& ) s L 250 285 W) m] AR I 45 24 3845 LA
0.001 1 g % 100, 000mg o Bl N 77 & 25 24 . FEREEE ST 7 AU, J5 2R A G 1571 & mT L
AR FH 25 24 T 326 (W) 46 700 1A & ) B EL 25 W) 40 5 WD A (R AR5 100 1) L 5 Ak 52 A
AT IS

[0377] AW LA REG 25— IR PR IR I DU IR B 22 1K

[0378] T I7 BRI IREA, ST LA AR S 240 7 — St 7 AUrh, 2 RG240,
Y5 REERNK—ka 2. 185 — it 0, ik a4 70 BE K BUER (filtn, S92t
) O AR MR EA D IRGS 25 7251 — DSt 7 2Urh, 2 RS 250 (b S eSS
WETE.

[0379] Fridtb MW A L NG NN G BIRNGA ENEY
(intradermally) ;ERIKIN A2 s B NeR 2 s BN 2 s BENRANA 20 s R 4R 2 s ININ R 24
FHIE N R 2 s & 2287 (transdeermal ly) s ELWAZR 2 SRR 2 s NSR 2 B REA 25T
H B HRE R . 25 2407 2 AR Ak B s, O BLAT LS s B o T B2 7 IR0
AL R

[0380] £ NSt /7 T, A SCHRAE 1AL Ak S W T AAT BN B B TR 77 B AP
ifiiE -

(03811 7E 5 — st Jy b, ASCIR M 1B A R A& AT ] 2 T ) 3 s i 2
RIZH-E 4, Forb ] 245 I 3R sl g A 0 m] DU FEIBOTE ) M R R B B o 72— St 7 =X
H, TR AL &V R AN ED) .

[0382] BT 2G4 R] LA Fr 70 PELIR 3 JBS S A VR i A1V VU B B A T AT VR )
S o WA RT DA ] s g ) B B AL H R, B I R D5 AR 40, AT DA B
R EBAA ) T (EAR R A — A Sl 7 2, BTk VAR P bl 2% . — R &, AR s
LA BT TR & T a1 G Y5 618 R sl R AR & 9F H
W IR R IR & V) AL IR mT DAt 8 e o FH A B AR R 0 B 465 (B AS BRTH1 1
¥y R 5 anve 22 AR R R B TERD IR AT 4E 3R, JU LR 45 M AN st 2T 4R 31 W an SRml L T &R
BT AR - B DA AR P Bk K

[0383] W DAIE IS B4 ) MRV R B T2 R R 4 o BT R AL 15 AR RE TR R
2579 IV R AR LA AR B . SR RO MR SR, A, S Ah 2R Y BT Ry L LR T R
PRI | =0 L R IR Y B RS s JoHLEL, D, SALENFIE R o BIRET4E R ATAE Yt vl H
o FE—ASEME 7 A, ik 25028 S A & U . SR ZY B0 Fr SRR 5 7 e ) iy« B JRE AT
LR N NG Rl TN N v ey D b s Gl | PRSI R A T VAR (B v o
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VRS R R OGS RIS . B TR ORGSR DL RS 5
[0384]  7E v A5 o n] B 75 EEE T R LA 1 AR L (pouch) 7ELES (die) ko
AR DA B 60 I A, 45 g A R i TR 5 AD R i TR 45 1 i PR AN S AL AL o v 71 A A
FEAETE TR B K CUBE B 71 R & ot . BATTEFETE Ry A L AR B
AR o B H AR E, BT DM T BRI R AN SO 48 S e My PR R 4T 4 L B IR L T R 4F
HEZ HPIR R ARIEAR L P A B b i S B TR S JIU/R B A SR RN 3R B L 24 4 %, DL A A i
FERRIREN 7 TT CABR A FEAE 9 AU R RN 2 4 571 B30 iR R AR 771 DA A% 71 1) 35 A
PERE. 4N, Jd ik 78 550 2 b R A9 G B R IE D5, i 256 0 AR R DATEC A1) R RE S
[0385] A B A PR AR R4 2, T D A 2k . BB il A5 G A 7R 2
b, AT DU ik AR w2 DR e L sk el o T AT K TR A EAR AR, R R B
HMTEMNE LR

[0386] PRk AR v L i IE A P IC J7 SRIB RR B o 514, BTk A 5 0 1 vl 2%
TR T DA & HE B R FIBUREE T, BB (RSB TR B . XRS5
2 JUPAS RIS s 2R kRl 3 H R REEL IR S IR I IR 2 . 7 7i IR B BORLRL AT AR A
TEAE T T HA R[] B2 P BT L3 A D S (i J2 T LA, 9 a5 FF R TR O PR i B & ik 1 4
) o I ATIRAL S P BRIV AR SOV A PSR 43 B I R A I 1 B LRI
SRR IR i75 =R P U B S v @

[0387] 5 SLjif

[0388] 5.1 A=y

[0389] 5. 1.1 f&R#MALE

[0390]  EE 4] NaV 4l g 5

[0391] fE EH H 40 R A AT R AN K5, Z E A4 M R MM a I T
(hNav1. 7, SCN9A) . B EHLJG (SCNB1) A1 B EHLIG (SCNB2) [ 5] N HIA% FR Ao fE Hb ik 8
AT =R A 1240 RENRIEIRE 293 i Fy . ZER ARG ot A DLt ] B
M EGAE S & Fh B A TCHa E Rk E LK Navl. 7 8% Navl. 5a VBTGB 40 2
[0392]  Jly 1 ffil) % A SCHE AL 1 1 AR R 40 B &R, ] BLASE A 1 o 38 [ & R 6, 692, 965 Al
W0/2005/079462 ik B FE AR o 3X W s SCRRIE I 51 430 5 AR o bEARFRAL [ S PF
T AR, G AT DU R T R R R HAEN e E (N 28T
W) o A FHAM 2 IR BOAR, 9 G A M A R L 2 i (54, A FH FACS AILAS ) BSR4 40 i 45
i (B, {4 A MACS BLES ) , FEREZR I (ltm, 96 FLEE RN ) Th A&t BA5 E B shi R
LA ORI B AN B Sh ik SRV 5 o B 2 B EH A A & .

[0393]  FDSS Jf& B Av7 4 1

[0394]  JEEER A7 Bkl (s) : 5 R G KGRI &5 & 1 I e B A Qe Bl (Molecular Devices
Inc. ) BB AU GU L, HLB021-152 (AnaSpec) , il 4n, i (DPA) JRMESE 17 (AV 17) |
I (DB) . HLB30818. FD il C Black Shade.&Wy# (Trypan Blue) JJRE}# . HLB30701.
HLB30702HLB30703 \ fiff W % A FE £1 \DABCYL ( 4> F-#8%%t ) <FD F1 C Red NO. 40.QSY ( 73T
)& BB TE R (Bltn, Co® W NI, Cu®) FIRLES T,

[0395] LS I )51 - 8 )~ i R ey 25 2 (1 0 Jk 7 2B ATL ) O 1 R A A A e T v A, B
FE RGN )1 3R
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[0396]  FEASE ) NaV1. 7 R IAZH M A A4 1 Fr T 75 A0 9 P o502 40 P s e 7 1 L 2% 645
SHT RS,
[03971  AJLALAM\ Sigma—-Aldrich(St. Louis, MO) Wg3EZk B DL £ 06 1) 28 A i Al i 25 . R
TRAE DMSO Hr il 2% f 10mM ( 22, ) I HLAE 25 B8 1 /K R il £ i 1mg/ml (455 ) o BNIEIE SN
FULEAREE 22 157 TP M R R 4 RS FE , B IR BE AL Pk 2-25 n M LA BB 7 2-20 u g/ml .
[0398]  £E DMSO rf it Ak & W i 8 i 2—-10mM JR{K . SRR AE DMSO o LI L i Bt 45 B i —
W RRE, SR G FE A5 BRI L2 ph ANE N IR &R IR 10 4 %o TEBNRETRI IS —an (T
W) BRI S, BrA R A R 1 DL — X = A A T A
[0399] & FKIANaVl.7a. B1 Al B2 WEICHILIHTEH 10 % it 2F M5« 2 2= Bk i F1
HEPES #M78 /) Dulbecco’ s Modified Eagles ¥53RILh 4ERFEFRMEMIIRIE R &M T . R
SO TRT — K, 18 FH 40 A 2 2577, 1 o g B T g . CDB (GIBCO) R 4m M 8577 (Mediatech) ,
JE BRI 2 P, - HAE A=K 55 R S R 7E 384 FLES 7R L PAEEFL 10000-25000 ™21 A B i
RIGHTE 5% CO,MI2% M TAE 37°C 4 s = A 4EHF 22-48 /BT . AR5 MR IO AR 2 R 8%
Fidk, I RN ERESE i (137mM NaCl.5mM KC1.1. 25mM CaCl,.25mM HEPES. 10mM % %]
W) FRR R R HL AT 98 e Ukt . 4TBE 5 IS A Ykl — kL fE 3T CHLE 45-60 43 8h. SR 5k 4
RE_EFE ISR BB 7R = O R A (Hamamatsu FDSS) H. BhREISHOT IR AP XSk
MRS . TE 10 FPJT, BRI6 G i B | B 00 G v ik w6 R (1 e 5 0 28 4
(BB aR) v, I HahReise i de s, 5 2 B, Bt 2 2%, it g AR a8 g2 v
TR IO 22 7 Bl AN e 5 ) . (28 B 38 ) AVRAS b S R0
[0400] AN EA MR ARG EE CRESINIIHALAY)) 51 H IS R e B2 Ay 5 K
o IRI0EE F AN 98 Y 5 (RFU) 3R I HLnT U 7R 55 s N/ 3 B S0 1) 4 F
KAG 5 B F @IS A N/ RS BRI (Rl F S e KRN e /M 5 B 22 5ok tf g« L
MR A PR B LA — K =0 VP45 5 30 . Al GraphPad Prism 5. 01 #A4SK 73 Hr 3 DA
fif e ML A 1 1650 1H
[0401]  SEJff 1.2.3.12.13.16.26.32 FKEH 1C50 fEH/NT 0. 13 u M 3L/t 4.5.6.7.8.9+
10.15.18.20 F1 28 B IC50 {HAE 0. 13 & 1. 0 uM Z ] ;SZjtifs) 14.17.19.21.22 F1 23 &
B 1C50 { T 1.0 wM A1 20. 0 u M,
[0402]  Patchliner HLAEFARIMALE
[0403]  7fPatchliner® % (Nanion Technologies) Fid3K £k Navl. 7 8 NaVl. 5
fR)% 5 () HEK293 4 it 2 )4 e i« Patchliner® 24 [ zh & R 4HF & - Hal U G Q
T R TSR I 8 AN SR 4T D
[0404] o A #5256, A AR 10 % i 2F 13 22 & BE % A0 HEPES £h 78 1 Dulbecco” s
Modified Eagles B5FRIEH PIARMERE IR M T AEK  OGRAN ML, I ELK 40 B R FRAE B2l
FRIE A NI R B R BB BE A PR AR K . #R 4 Nanion [ Patchliner® (AR HEFE 7 12t
ATREAN B i . SEIRTE IR kT,
[0405]  AETTHL R G SR LAY < 1) WE(E L IEE (Imax) , 2) MK AL (Vmax) F1 3) 8 /> B gl
(R PP AN B2 SR AT . O T TfE VL2, PUTARERR S S0 T B — &R 41 15 4
500ms ALK, 10mV (& (7F -130mV JF48 ) , BREE 2 10ms MR kb £ Vmax, K
TP A 5 i TE (Ki) 0 K RES (2R 7, BN 20 M B AR $ FeLAL B 3% B
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AR RIEHAR T E R VL/2. B AT R T7 880 AE V1/2 £REF 2-5s, IR [0 2] -120mV
FF4E 5-10ms CAZEAAPLIE R TG, TR BIDAR B4 (Vmax) #7482 10-20ms . SLH &5 248 10s H
82—, L0 2-3 IR ZZ PR IE Ja I8 IR AL A 0ok e a3t 2% . i@ i f# A Nanion 2048 04
AR A A R = AOR PEA

[0406] 52 Jifi 7] 1.2.5.6.8.11.12.13.15.16.20.24.26.28.29 F1 32 % W] 1C50 {& /) T
0.1 M ;52 14.17.18.19.21.22.23.25 1 33 8] 1C50 fHAE 0. 1 & 1.0 u M Z[H],
[0407]  F T 25 YA AR Ab A i 5 & P450 (CYP450)

[0408] i FH AR 45 il i g Fi 5 140 v 0 A A I 2 T OB 1 CYP450 i i 5 ( Vivid®
CYP450, Invitrogen) SRIFAL 254 5 KT 5 41 i (1 &R PAS0 B A AR, Z 4l ta R4 b
AR AYERMNEERERN R, @M E 2, WA FRWKE (nM-6.0.2.0.0.7.0.2)
PIIRAL G IR R (B BRI ) ROV I EAE B CYP3A4 BB S 510 96 FLIME T & ik
fnfE— L R = TR A 20 2080 fEEE T Tecan Safire TR isEEAS — B (L
B (Ex—485nm/Em—-530nm) LARME B 500G RIS M Beah A, U8 0 e 2 A 4
i, F H 3 i Ao B & 5 Ve R BN ARSI N 1 /NE o RAL S P2 R I R () CYP3A4
AR %) 52 e 388 5 1 A AR A P A 80 B 28 5 AN A7 78 F0 1) 770 R A 2880 B e 2 1)
LEAE KA 72

[0409]  SEjfs] 9.11.13.14.15.17.18.19.21 1 22 FLHALE 6mM PR 0-25 % ) CYP3A4
P ;5251 5.6.8.10 F1 16 FREHTE 6mM MR E 25-50 % [ CYP3A4 $lif ;5261 1.2.3.4.12,
20 1 32 R EHTE 6mM W ECIRE 50-100% 1) CYP3A4 #Hi]

[0410] 5. 1.2 &A%

[0411] AR EARIREO AT Ty

[0412] /R EARIINA CPIBAT ) P2 AR BOR R, 1 FrEe (HEZR SRS /S 0 22 10 4
Bl VU S B B 2 RN I A T RS2 A% I BB R S R A DR, T 2 B B
(ARZR MRS 11 2 40 2058 ) W R A5 SOREPE T & ( OCTHTIRIR ) HIMHE K R IEIH o
[0413]  BEANSIIAENHR Z BNERE 2-3 Ko EERLZ 5, MR AY) IEXT IR (B an i) y&
JHAGNE TR EA Z R A ) s EX R (a0, A2 2R ERK ) 7R Tt AR /R S AR Z BT 15-20
3B 3o I s P 9 S B R T o A SR FH DAk S B TR PBS HIAR 2K E ARV
(1.25% ) ZEINFE] (T) = 0 4384 L 50 u L BARFR B RS (s.¢) B R REE AT+ . 24
RN EATHMWEZE . EFENE T =1 7082 60 28 JFiEMEE. @it A3
13 B2 i AT AL SR B S B 0 B ) R 4 (R W ERE S2 ) IRE . 3 38 e W & £ it FH il
B AW Z 1T 15-30 43 Bl B AL S TMHE FIER ST By b @y (0. 5g) MISIR LI
R S PRV ST 2 B G s T, SR 5 4 sh A0 A 52 240 A T30 E A8 W ¢ = i ook F padorss il
Zaitrill. N4 RGN B TEN B3t ENHRE RN, 5B A 55843
YIRS B LS BN TR AR A A 73 B R R 8 B . (B4R 245 75 et il AT s P Sl . /a5
AN ST A, 0 SR IS BIARAL, 51, ASBh AT R T AR

[0414]  SZjff] 1.2.6.8 Al 12 FREIFES fh IS N v S A2 11 3-30mg/kg FIEAHXT T2 H
SR 24-78% (AB/R GMIRLE, 1B ) A1 29-73% (AR SMRREE, 2 B BY ) AP I
AVARS

[0415] St 1 FRBALEL 1 1 ARIRAR 1K) Tomg/ ke FIEARXS T 45 X IR/ 14% (FE/R G
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Makde, 1 BB ) A1 17% (AR GHRREE, 2 BB ) ORI IR M

[0416]  SEZjtfs] 12 KUIEL B Rl gn 291120 1 %688 2% w/v (] 150 u L FfIEAX T2 H
Xt REI D 13-24% (AE/R SAkikEe, | BrBe) A1 29-43% (AE/R SARiRER, 2 BrEr ) MR R
A8

[0417]  ERorAL-E PS5, (PSNL) I 7¥E

[0418] o Ab-E R g f LB S 7m0 4N, 5 MEME 8] 35 B2 Hi AR bR s #2245
1) FHZR.

[0419]  SREE AW BEIRT 250-350g #EME SD KER (Sprague-Dawley rats) H 2.5%
SEEBEREE . SRR E, AR 0. 5% LA 75% ZETH TR . BT A TR ESWAEF AR Z A7
HAEFWZ [0V . 15 WL AFIAL B2 A AT R RR S P Y1  (Tem) o AEILPIHE
Fr, FFHAERA (BE) BHEELRRMIPRENA (L) BEEkATIHF. Al
AN T T7, S8 5 A 18-20G M2 et (Z5Hh 90 FE ) B M AR M 48V TR R 51 3¢
HA 7-0 486 2 8 E B WA RA—FEHR. 2001 )V RS FLRE .
FERE LM 5, 450 X4 0. 1-0. 2m1 (0. 125% ) AALL-REK, B 5-0 Wl 422k 5t A LA
FARASHI N . R TR eS8 & A A 48 & o BRF AR (29 8-10 Az ) &
AR TR, (HRALESL . SWE BRI S E 2 5 1R B2 EA TR TR .

[0420] DA MATHNMRAAES 3 RIFAG, IF Hib g — B —IREL R TR,

[0421]  #AJg it Bl

[0422] RS X 8 = 1 VP AG 5 N I RIAE . K BUBCE AR A sk & (A5 336, TITC/
Life Science Instruments,Woodland Hills, CA) I IERM b, 3F B A E SR N
R _E M JE S 10 8h . K sh W) icE AE W 58 = A, 35 398 ThD ) U 1 e Hh 4 R A
30-32°C . A7 T3S T 7 S sl PR R AR FORBI AN Ee W& BB A 55% (N
IRA~ 3°C /s) INFAGREE, /£ 10 FPAUE . 8 I 0T 5 B S VAR [V AR ) o i)
138 NP8 R G IO IR B8 = TG B 56 PR 1~ 350 44 [ 9B AR IS [A] o 10 A0k H By LR AR i 2H 24
A% o

[0423] I o i

[0424] K &
Analgesimeter (Varese, Italy) . 1ZMB0EE A5 B B R ) & kit
17 I N BB BIA BN, 1 DL PE BRI G K (32g/s) » shpididt 4 nl e K 5 &
RILPIRINT, 37 RURE O AR I BAEZI B B e s 3 IRz M A (150g ek 1k FH T2k 4
HLH45 ) (Courteix T5,1994) o W A5 JIVESH T PRAS AR e i 8. & RORR AT 220
P9 A, TRIRR 10 20, 3 BT FI3ME . e KR I AR 7E 5 70 8hid B J5 TH4E , B
FAE KR — BAF (E IR FF R I H 18 SO A T 46

[0425]  fuoid S 3 1A A0

[0426]  Von Frey M b5 INAHURBUR M . 2R F AR R0, 35 H A el 4 1E
I ko S PR SIPTELAE B 2 MBI @S SRl & T, X s a5 il
FEVF /D 5 3BT NIE N - AUAE TCEBIAE. (PWT) FH 7 At Ye 4 gt 47 0 i 76 i TOp 22
P (R, PSNL) [ah¥ bihnies: 2-3s ILARTEG N /) (2. 0.4. 0.6. 0.8. 0,10. 0.15. 0,
26.60g B RK/NA 4. 31.4. 56.4. 74.4.93.5. 07.5. 18.5. 46.5. 88) ] Von Frey 4122, Jiti in{E
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T TH ) A0 DX 3, T s I E STt N 4. Og IR B 200 45 7 IR AL 1R 48 SONLIN, Jiti i
—ANFE/NE Von Frey #8%F . &7 A M B, Tt 0~ — AN w1 Von Frey #8%t. Ml
FraE 2| (1) fECARIRIG IR NS Z JE R 2T 4 IR ROV, (3 3-5 It )
o (2) 152 Von Frey & E/ T () o WERSIPIXAEST Von Frey £FBEA RN,
26g ME, 5 F —AN LA BN L IK) Von Frey dH22 % N, %36 & NBRE . ZMHR 4
B E 51 I T B AR A, 8l iR 2R Z) 26g Al m IR Af FHIZ#L
BRI 7, BN EAGR SR I K Z) 10% - H A -85 1k B T8 B i 2R B a4 e
JiZ , 1K 23 SO IR A5 o 38 I A AR TSCEL AR P RSP AN LA v 1R K /N R
Ji — RN AR A B RE . A KRR ER I H A AN s L 4B . 45 N
G BTN IR RN A L SR, (R i SRR RN 4 & 2 J& S RIE B A
AN, B4 BN A . EARRIE LT, 5 TR B I 2 Ja 845, TR M
FEREE I EABN AR IR S I EHE UL 5 FhEIBE7E 5 N Lt Von Frey 4%
5, B — H G TUE Y HUBCE AR 5 L itihn Von Frey -8, WIHRAE 5 K4 €4 &
AR A R AR, 3k AR X A R4 R —NECRIA £, 245 )IVFE 5 IR
(1 4 REL 5 R MWREE I AF BB 4a R, LAod tH 4 BER W AR B4 RME. —Hifix 7
A e B BTBIME, 7E 5 438 2 Ja i A JE I AR R B A

[0427] 7K

(04281  FERRE WA, /[ Incapacitance tester(Linton Instruments, Norfolk, UK)
DK BRI R RO B AN [ Rt R . R BRUCE R R & R G FER IR (1-2s) , #F X
A B R A il B B R — AR T T2 A BB ZC R 0 1 1 I EE SR RAE N / A Ja I E =
SAitt. FREIRIGIE 5 BN EE 3 . 1HHE 3 R T 541 L

[0429]  SKTifif5] 1 AT 2 3R BHAE Z8 b B EE A 1 SR 42 1) 30mg/kg )R E AN T8 0 BRI &
49-62% (K78 ) <59-73% (BRI ) F150-66% (4K ) KT o

[0430] 4 & Y

[0431]  ZPRAAAA R NS 5 IR ( BEIR, 490 40 B, LA A5 4n el AR 4 28 A0S 450 5
AT ) A

[0432]  HHAA S SR VEAG SRR AR » 753G 2-3 R 5, WAk &4 IEX RS (A
X HELE Tt ] G < BT 15-30 434l BEIE N vEST (1. p.) BUENEREH o 10 3% H Ak
St S A] o 6FF /N B« PR P 95 10m1 /kg AR AR 3 27K Fh 0. 6% ZFRAIATR . Xt
TR AERTA] T-0 20 B IE NS 2ml/kg AR A BEER K 4% BRI . BANBhT)
BB R E . £ T = 5 0%, £ 45 2) S it 18] B N e A [ Wiz 3 BT 3
AP EACHE, HAR [ IS SN AE 5 208 N AT THEOE B 5 0 BhdHAT L, E 45 Zp BT TR BN
T = 5 55 JF 4G .

[0433] S5 2 3¢ WIAE £ iy G N v S R A2 1 10—-30mg/kg 711 8 AH X -2 13 X Het gk 2>
48-58 %6 I M o

[0434] 5.2 NaV iR 7 fr) sz

[0435]  5.2.1 —f& )i

[0436] 5.2.1.1 LCMS Jyi%k

[0437] F¥EA
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[0438]  LC-MS 7 Acquity H-Class UPLC. PDA A1 SQ ¥ 8 FHE4T. 18K 1452 BEH
C18 50X 2. ImmX 1. 7 #K, H HAEWR 2 0. 55ml/ 434f. RN (A)0. 1% HIEZ +5mM B
FREL 7KW LA K (B) 0. 1% R LBV . AN D RAEH N S KME, JFHAEH
EST vHEGE Fmiis. DR BEEE A T I R NgEFE I H A i e 4740

[0439]

) (o3t ) | % A % B
0.01 95 05
0. 40 95 05
0. 80 65 35
1.20 45 55
2.50 00 100
3.30 00 100
3.31 95 05
4.00 95 05

[0440] J7V£B

[0441]  LC-MS £ Waters LC alliance 2995, PDA2996 1 SQ &l 25 FiEAT. M H I T
/& X-BRIDGE C18 150X 4. 6mm X5 ek, 7 HAAWRZ 1. Oml/ 08P, JmahffdEAH (A)0.1%
BUKLATZ (B) 0. 19 BE Z B, SEAMAGHHERIEIE N B, I FLFR EST 3 Mt
i, LA A U AR5 ELA 7 B,

[0442]
i) (4380 ) | % A % B
0.01 90 10
5. 00 10 90
7.00 00 100
11. 00 00 100
11.01 90 10
12. 00 90 10

[0443] ¥ C
[0444] LC-MS 7£ Waters LC alliance 2995. PDA2996 11 SQ k& lae AT, ¥ FHKIE-T
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FE/& X-BRIDGE C18 150X 4. 6mmX 5 K, 3 HAFEFAZ 1. Oml/ 2% mshMlff (4)0.1%
FOKLAS (B) 0. 1 %82 (1) G . BAMRGHEICRAE R N f o KME, I BAEA EST -0l %

JFi o LR RGP H  MEREAR I H o M i 287 )

[0445]
i) (5380 ) |% A % B
0.01 100 00
7.00 50 50
9. 00 00 100
11. 00 00 100
11.01 100 00
12. 00 100 00

[0446] J7VED

[0447]  LC-MS 7E Waters LC alliance 2995.PDA2996 Al SQ & il 2% Fi#k47 . 18 F A B 4
#& X-BRIDGE C18 150X4. 6mmX5 K, 3+ HAERZ 1. Oml/ 738, FishaafE i (A) 20mM B
FREL HI /KB LA Je (B) 100% FIEE . RAME L AR N B KA, FF HAEH EST vH-#id 5%

. DLRAG R T e S SRR I B A i 2 )

[0448]
i) (438 ) | % A % B
0.01 90 10
5. 00 10 90
7.00 00 100
11. 00 00 100
11.01 90 10
12. 00 90 10

[0449]  5.2.1.2 HPLC J5ik

[0450]  J7i%A

[0451]  HPLC {E Waters e2695.PDA fll#s F3E4T. 14 FH )& -F41 /& Phenomenex Gemini,
C18 150X 4. 6mmX 5 fCK, H HAER & 1. 00ml/ 4340 . JahAEAER (A) 0. 1% 9 IR B 7K i i
PAAe (B)O. 1% HERI LIFIH . BRAM IR ilsRAEH N s KA. EHBL IR .

[0452]
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a4 ) | % A % B
0. 01 90 10
7.00 10 90
9.00 00 100
13. 00 00 100
13.01 90 10
17. 00 90 10
[0453]
[0454]  HPLC 7E Waters e2695.PDA ¥l 28 347 . 5 )2 744 & Phenomenex Gemini,

C18 150X 4. 6mmX 5 fik, F: HAEVAE 1. 00ml/ 435t FRahAB4E A (A)0. 1% HER /KB

LAz (B) 0. 196 IR LHEHR. BRANEI IS IC AR N HoKME. AT,

[0455]
i) (o380 ) | % A % B
0.01 100 00
7.00 50 50
9. 00 00 100
13. 00 00 100
13.01 100 00
17. 00 100 00

[0456] V£ C

[0457]  HPLC 7t Waters e2695. PDA f& il 28 b #F17. ¥ A 19 & + #% /& X-BRIDGE, C18
150 X 4. 6mm X 5 ek, I HAER A2 1. 00ml/ 4340 . JRaiMER (M) 0. 1% /KA (B)0. 1%
B OGRS AEH N o KE. (LTI

[0458]
i) (435 ) | % A % B
0.01 90 10
7.00 10 90
9. 00 00 100
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13.00 00 100
13.01 90 10
17.00 90 10

[0459] 7V D

[0460]  HPLC 7t Waters e2695. PDA £ I #% L #t 17. 4 H 19 & 1 4 & X-BRIDGE, C18
150X 4. 6mmX 5 K, I H AL Z 1. 00ml/ 2Bk B0 AR A (A)0. 1% 2 KW LA &%
(B) 0. 1% LBV . RAMEIGIEICFAR N KA. HHFERE.

[0461]

I TE] (238t ) | % A % B
0.01 100 00
7.00 50 50
9.00 00 100
13. 00 00 100
13.01 100 00
17.00 100 00

[0462] 5.2.1.3 PREP HPLC J7i%

[0463]  J7VEA

[0464]  PREP HPLC 7£ Shimadzu UFLC.LC-20AP I UV #5128 E#E4T. B 74 Sunfire
0BD, C,8 250X 19mm X 5 f¥CK, I HALF 2 18. 00ml/ 434t . WEhAEM A (A)0. 1% HCL [k
WA (B) 100% L. AN LIl R AEH N SR LA RERE.

[0465]

i) (238 ) | % A % B
0.01 90 10
7.00 10 90
9. 00 00 100
13. 00 00 100
13.01 90 10
17.00 90 10
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[0466]
[0467]

VLK (B)0. 1% RS 2 ST

[0468]

[0469]
[0470]

PAR (B) 0. 1 % B i) LG BRANEOCIELRAE R N S KA. A LU B .

[0471]

[0472]
[0473]
[0474]
[0475]
[0476]
[0477]

1% B

PREP HPLC £F Shimadzu UFLC.LC-20AP A1 UV kil 2% Fit4T. B-F4(# ] Sunfire
OBD, C18 250X 19mmX 5 15k, JE HAEW 2 18. 00ml/ 43048t IR (A)0. 1% B ERI1I7K

) (o3t ) | % A % B
0.01 90 10
7.00 10 90
9. 00 00 100
13.00 00 100
13.01 90 10
17. 00 90 10

Jii%C

SHOMOEHHE AR N | KE. BT

o AR

PREP HPLC £F Shimadzu UFLC. LC—20AP F1 UV %) 2% 3647, 18 FH 05 F 4 2
X-BRIDGE, C18 250X 19mm X 5 K, 3 HAF /& 18. 00ml/ 4358, yiahAfdE ] (A)0. 1% 2K

i) (438 ) | % A % B
0.01 90 10
7.00 10 90
9. 00 00 100
13. 00 00 100
13.01 90 10
17.00 90 10

5.2.1. 4 455 %7)#
Ac = 2.9t
EtOAc =R LR
Bn =4k

Boc =T 4k
Bzl =%
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[0478] DBU = 1, 8- —%& 4% —3F [5.4.0] + % —7- 15
[0479] DCC = 1, 3- ¥ 3Emk — W ji%
[0480] DCM = & H ke

[0481]  DEAD ={H% — H ik — &g

[0482] DIC = _ RN W%

[0483] DIPEA = _RNFE 2%

[0484] D.M.water =%#4k/K

[0485] DME = 1, 2— Z % — Wi

[0486]  DMF = N, N— . 1 35 FHI ik fit

[0487]  DMSO = — HHELVAK

[0488]  EDC = 1- £J& -3-(3- —HIRENME ) LM LR
[0489] Et20 = Z. ik

[0490]  HOBt = 1— ¥2JE 2 I =M

[0491]  IPA =R

[0492]  KHMDS =X ( —FHRLAiEHE ) L4
[0493] LAH =& fk454

[0494]  LDA = - FiFta S

[0495]  LHMDS =XV ( = HIREHRL ) &L
[0496]  MOM = FR&RFL 3t

[0497]  NaHMDS =X ( = HIRERL ) E M
[0498]  NBS = N— JRAR B IAME W i

[0499] Ph =R}

[0500]  PMB =X F 4R i 2k

[0501] Py =TMtiE

[0502] TEA == Z 3%

[0503] TFA = =%/

[0504]  THF = U4 kg

[0505]  Tol =X} — HIZREIE

[0506] 5. 2.2 St

[0507]  SEjitifdl 1 : & % 3— (4- (2— (4-(N—1, 2, 4— M — M —5— FE G SR 3L ) —2- & -5 fl A
AL ) -5 FURE: ) WEMLrE M E R ) IR
[0508] &5

[0509]

56



CN 105188694 A W B P 49/68 T

a Ci
cl ey, | #rRa KOH o ham
: ~0” o NPNeN T2 EDC, HOBt
BOH)2 B(OH)2 - | N
R N COH N
o

N CN

F o N F o qi Y
0, a
K:CO3 ’@, /& N 1. LIOH ’Q/
- o
F N—\ =
C OA N H -
'@r \/\r Y

[0510] %FE%% 1: ?EIJ% (5- & —2- ¥R HE ) WiFR.

[0511] &M% (100ml) A 5- & —2- ALK IEMER (10. 0g, 53. 6mmol) BHI % 5-10°C
Z B RE o A 35 R S VR S HE 30 43 ) I T8) B AE L VRS W Hp P IZE Vs n DCM A =
BALHRE) 100m]l  IMIEW . iSRS ZR THid: 30 708t RN G, K
RSV BRI P AR IR A (600ml) H. VPRSI N HFEIRE ST 1
INET o 43 HE DM JZ, - HH BRUEE /K ME E A E1 2 10-15°C Z [0 IR o SR 5 K Akt 2 R
() IN A IR _L IR A H K2, H B BITUE A . FAARTE B 25 T8 T8 DL
Bt 9g (F2FR 97% ) F2H). LCMS :m/z = 170. 9 (M+H) .

[0512] D% 2: il 4- (5— & —2— FRHL AL ) WAL g I

[0513] fE = MK RIS (- & 2- F R R 5L ) iR (1. 49¢g, 8. 65mmol) A % & &
(3.99g,21. 64mmol) %] 4- & FHEM e (1. 0g,7. 2mmol) fE TPA : FH & (Tml :Tml) BB
W BT B R SIR A S B SR 15 8RR bETHEE R Tetrakis (0. 416g,
0. 36mmol) #MERMIBEWH, B PR T — 20 540, TBERRBIESGY
SRIGAE 100°C a3 20 /NI o FESE R M. Z )5 R B2 FIRARIR G Y. (EFT B e Ee i
K (50ml) , SR JE H LR B8 (3X25ml) $REGE A . &5& A VIFRIIH K (20ml) | kK
(20m1) e, I8 DR ER AN T, I HLAE 028 N R4 LIRS B 75 R 9 o 43 IR A IR aE ik
R AL . BT a5 P AE K2 20-30% LR B Ok e i . P sy 75 K 15
BIMEZS) 0. 8g (73 48% ) P ™ 4. LC-MS :m/z = 231. 1 (M+H) .

[0514] DR 3: 4 4- (5— F -2 ¥l Rk ) mbme g )

[0515]  fE 4-(5— & —2- FRHE ) HEEMAENS (0. 5g,2. 17mmol) ) THF (20ml) AIVEHH ¥
INEEAR (4. 276g, 14mmol) HIZK (10ml) WV . AT1E R BIRGHSR S AE 100°C B3 5 /)
o FETERUR N G, FE RS M IRAETZIR AW o KUK HKE N R BR-EYH, S8 5 L IN
HCL RRALF SR A 2 pH 3-6. I JEIFTI5 B A5 B [ A4 0 v P DABR AL [E 25 1 0. 5g (773
93% ) M. LC-MS :m/z = 249. 8 (M+H) .

[0516]  DUE 4. Hf W —3— (4— (56— G —2- FIEFEIL ) — nthmg R M et ) P TRRINE )
[0517]  FEO°C N, 7E 4-(5- & —2- 7 4L ) Mtng R (0. 6g,2. 40mmol) f¥J THF (20ml)
MR AR I0 EDC (0. 69g, 3. 61mmol) 11 HOBT (0. 49g, 3. 61mmol) o SN IE-SYIAE 0°CHidE 30 5
B, 72 OCTR, %l B - NEBHIES (0.40g,2. 88mol) o ARG o VF N IR I I B T s 38
i, HEHBFE 20 /N TESERUR N Z G, KK (50ml) IS INENR MR AT SR IEH 1R
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a@‘a (3X25ml) $EWFFHIEEY . FE AR AK (20ml) (Eh7K (20ml) e, 18
A RN TR, JF AR B k4 LLSRAS BT 75 A =400 . s IR AR A SR i i A = A 44k A
P BT P AAE KL 0-5% R — & e e it . P9 oy 282 RAG 2] 0. 72g (F= %
89% ) FrFE M= M). LC-MS :m/z = 335. 6 (M+H) .
[0518] b BB 5.4 p H 3 -3-(4-(5- & —2-(2- & 4-(N-(2,4- — H & F&
FH)-N-(1,2,4- Mg —5- FL ) FREE ) -5 FOEHEH Pk % H i
[0519]  FEZRURMIER T, EH 2L -3-(4- (- & —2- %Z—:%za%) ML RE PBE IS ) IR IE )
(0. 72g,2. 15mmol) [1) DMF (10m1) [ a8 In—10 K,C0, (0. 59g, 4. 3mol) o A5 MR &
M ARVFEZR R T 15 408h. AR5 LR R BSRGPIEITH &R 5- & -N-(2, 4- ZH%H
H) -2, 4- ZHR-N-(1, 2, 4-mE gk —5- L) SRAEENZ (1. 0g, 2. 15mol) « fTfS I MR G )it —
W RVFE IR TR 3 /N RSB N J5 , B insK (10ml) , 28 J5 F 22 4.1 (3 X 25ml)
RIUGEEY. 455 MANRIIAEK 20ml)  3hK (20ml) phik, ik iR B #8115, H H7E
BTG A= il i AR AR BTk 4ith . BT M= 7E K2 20-25% £
R 2B Ok Vel . P A K83 1. 0g (722 60% ) FrE =M. LCMS m/z =
776. 3 (M+H)
[0520] DR 6: fill 25 3- (4= (5- & —2- (2~ G —4-(N-(2, 4~ " HHEFEFIE ) -N-(1,2, 4- 1%
-5 L) FEANE ) -5 FOREIE ) ORAL ) MEmERERGEL ) NER )
[0521] TEF'ﬁé -3-(4-(5—- S 2-(2- & 4-(N-(2,4- = HEAE R T )I-N-(1,2,4- B —
W —5- J ) FRMEE ) -5 WUORAE ) JRAL ) MErE ML ) NER H R ) (1. Og, 1. 28mmol) )
THF(IOmL) HIE R R — K &S E AL (0. 27g, 6. 43mmol) HI7K (5ml) HITEW . FifE [ B
RE RV E IR TR 3 /N o TETERUR L2 5, 0K BK s N2 ) RER-E 4, A IN
HC11 AL PR B IR S 2 pHA-6. PRSI /KIEH 1R .88 (3x 25ml) $2H0. 4561
AR HK (20m1) | #h7K (20ml) e, @IS SR EREAT-158, FF HAE 23 Nk . M= 9)iE
AT TE AR IR AT AT SR 4lidh . BT TR P K2 0-5% FEER) &R e sl 74
T 7ZEREE] 1g (73 99% ) iR = 4y. LC-MS :m/z = 762. 8 (M+H) .
[0522] LU 7. 4% 3— (4—(2—(4-(N—1, 2, 4— I — Wk —5— FEG AR 2L ) —2- & -5 BUER
) -5 FORSL ) brEmk gt R
[0523] FE=IR N, 7£ 3-(4-(5- & —2- (2- & -4~ (N- (2, 4- ZHIREFEETFTHR) -N-(1, 2, 4-BE—
M —5—JL ) FUREME ) —5— R AL ) ARHE ) MEREMEIZEE ) NIR) (1. 0g, 1. 3mmol) fYDCM (10m1)
IR IR I B R 1) LR 415 (0. 5ml) (19 ANV - FTS IR BV A it — PR =il
FE2 /N o FETERUR N Z S5 b (20ml) ERINEN R SIRA Y , 15 2 EZSTTEYD . 3RS
(R4 ke (15ml) Phepiix, 3F HAE B 54 T ). AR 0. 1% HCL 7K SR BhAH
i i) £ HPLC it — B 4l pir 45 kR . Al )] 08 7 28 K45 20 0. 29g (773 34% ) i it
PR, N HCL Y EL . LC-MS :m/z = 612. 9(M+H) » 1H NMR (DMSO-d6), 8 9. 03 (br, 1H), 8. 71 (d
, J =4.8Hz, 1H), 8. 51 (s, 1H), 8. 20(s, 1H), 7. 88(d, ] = 7. 2Hz, 1H), 7. 80 (br, 2H), 7. 60 (d, J
= 8.4lz, 11), 7. 28(d, ] = 8. 4liz, 111), 7. 22(d J =10. 8Hz, 1H), 4. 01 (br, 2H) .
[0524]  ARPESTHEH] 1 FIA WA BT R E LT 9 Fiib &4,
[0525] &6
[0526]
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N= N=
M=\ d X = N=y L
SN Y SN SN e
Fo FQ Fo I Fo L F Q
W NH g 5-NH QN QNH sNH
c S X c sl s Cl R
o o b o) (o]
© ° cl O = : cl
cl
Q | 2 cl 2 cl =y
= o) X O I | H = N
N N \N o] \N N N l
HN
HN;\ HN Cho"\(o G0N0
o 0 3 : :
4
2 3 0% oH
OH
N:.-\ N N=\ N=
/N S‘I =\N S’ /N 5 j\N
e
F F O Y 0\ F Q, IH
WL W
Cl S cl “s\\ NH cl Stb cl 5
% o}
(o) o o o
N el i cl Z ] H Z ] F
o M~ % | SN o S\ o
NH I HN HN
L Cho : \IYO \I\f
o
HO” S0 = 8 g 4 0 L

[0527]  SEjiff] 2 :2- (4-(2-(4-(N-(1, 2, 4— g M —5- JE ) SUREMERE ) -2- & -5 AR
) -5 FURIL ) MEREMLIZIE ) 4R

[0528] it H R B HER IR S B AP 4 B — NI e, M4 sef 1 & i pr
) ARk A A & 2. LCMS :m/z = 598.5(M+H) . 1H NMR(DMSO-d6), 69.03(t, J
= 6.0Hz, 1H),8.71(d, ] = 4.8Hz, 1H), 8.53(s, 1H), 8.19(s, 1H), 7.88(d, ] = 7. 2Hz, 1H)
,7.78-7.81(m, 2H), 7.60(dd, ] = 2.4,8.8Hz, 1H),7.29(d, ] = 8.8Hz, 1H),7.22(d, ] =
10. 8Hz, 1H), 4. 00 (br, 2H) .

[0529]  SEjitiff] 3 :5-(4-(2-(4-(N-(1, 2, 4— e M —5— F& ) SREMERE ) -2- & -5 AR
B ) -5 FORHL ) MEREMENGELE ) IR .

[0530] &P IR 4 B - TNERR HE 65— ZAEKRF S, RIS 1 105 L
KA HRALE) 3. LC-MS :m/z = 640. 2 (M+H) .

[0531]  SEjtif] 4 :4- (4= (2-(4-(N-(1, 2, 4- e M —5— FE ) SRS ) —2- & -5 BAA
5 ) -5 Fz*ﬁ%) M e Wh s ) T IR

[0532] LA HE 4- EETBRHERBERPE 4P B - NER T, LAY 1 G
TR I ke & Ak &4 4. LC-MS :m/z = 626. 6 (M+H) - 1H NMR (MeOH-d4), 8 8.65(d, J
= 4.8Hz, 1H), 8. 27 (s, 1H), 8.26(s, 1H),7.91(d, ] = 6.8Hz, 1H),7.74(d, ] =
4. 4Hz,1H),7.71(d, ] = 2.4Hz, 1H),7.60(dd, ] = 2.8,8.8Hz, 1H),7.24(d, ] =
8.8Hz, 1H), 6.94 (s, 1H), 6.78(d, J] = 10.8Hz, 1H), 3. 75(br, 2H), 2. 41(t, ] =
7.2Hz, 21),1.97(t, ] = 7. 2Hz, 211) .

[0533]  SZHfifA 5 : (R) —2— (4— (2— (4— (N-1, 2, 4— & — W} —5— JLE Ik ) —2- & -5- A AL
5 )-5- Fzﬁi;% ME e Pk i s ) IR

[0534]  JExL H DL- N2 iR FER Eh IR SR B AP BR 4 TP i) B - N PR, AR & 1 &
FSITIA i A& A &4 5o LC-MS :m/z = 613. 8 (M+H) . 1H NMR (MeOH-d4), 8 8.65(d, J
= 5.6Hz, I1H),8.27(s, 1H), 8.25(s, 1H),7.90(d, J] = 6.8Hz, 1H),7.74(dd, ] =

il

il

il
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1.6, 4.8Hz, 1H),7.70(d, ] = 2.4Hz, 1H),7.59(dd, ] = 2.8,8.8Hz, 1H),7.23(d, ] =
8. 8Hz, 1H), 6. 78 (d, J = 10. 8Hz, 1H), 4. 63(q, ] = 7. 2Hz, 11), 1. 56 (d, ] = 7. 6Hz, 3H) .
[0535]  SEJafdl 6 : (R)—2- (4—(2— (4— (N-1, 2, 4- MgE — M —5- FLEURsEE ) —2- &0 -5- AR
H ) -5- EORHL ) MEnEBtiEIE ) AR

[0536]  JEid A DL- N R R ER MR ER B AP IR 4 iy B - IR FH IR, ARIEIL & LN
FSPITIA i R & A &4 6. LC-MS :m/z = 613. 8 (M+H) . 1H NMR (MeOH-d4), 6 8.67(d, J
= 5.2Hz, 1H),8.27(s, 1H), 8.25(s, 1H),7.91(d, ] = 7.2Hz, 1H),7.75(dd, ] =
2.0,5.2Hz, 1H),7.71(d, ] = 2.8Hz, 1H),7.60(dd, ] = 2.4,8.4Hz, 1H),7.24(d, ] =
8. 8Hz, 1H), 6. 78 (d, J = 10. 8Hz, 1H), 4. 63(q, ] = 7. 2Hz, 11), 1. 56 (d, ] = 7. 6Hz, 3H) .
[0537] S5 7 :2-(6-(2-(4- (N-(1, 2, 4— W& — M —5- 3& ) SR L ) —2- & -5- I AE A
) -5 FORE ) MWk ) 4R

[0538]  JE I AH 6— S AR ML RE S B AP IR 2 i 4- SR Rk B iRIEAL S L A
B i ) i R Sk S A & 7. LC-MS :m/z = 597. 7 (M+#H) . 1H-NMR (MeOD), 8 8.19(s, 1H
), 8.00-8. 07 (m, 4H), 7.9s(d, ] = 6.8Hz, 1H), 7.59(dd, ] = 2.4, 8.8Hz, 1H),7.25(d, ] =
8.8Hz, 1H), 6.72(d, J = 10. 4Hz, 1H), 4. 09 (s, 2H) .

[0539] S5 8 : (S)—2-(4-(2— (4—(N-1, 2, 4- 188 M —5- JEEURE L ) —2- & -5- AR
) -5 FOREE ) MEnE WAL ) TNER

[0540] I A L- W R IR SRS 4 1) B - W F R, RI\IEY 1S
BT IR i RSk & A &40 8o LC-MS :m/z = 612. 6 (M+H) . 1H NMR (DMSO-d6), & 8.85(d, J
= 7.6Hz, 1H),8.71(d, J = 5.6Hz, 1H), 8.52(s, 1H), 8. 19(s, 1H), 7.88(d, ] = 7. 2Hz, 1H)
,7.78-7.80(m, 2H), 7. 60(dd, ] = 2.4, 8.8Hz, 1H),7.28(d, ] = 8.8Hz, 1H),7.22(d, ] =
10. 8Hz, 1H), 4. 47(q, ] = 7. 2Hz, 1), 1. 42(d, ] = 7. 2Hz, 3H).

[0541] St 5 9 :3—(4—(2-(4—(N-(1,2, 4— & — M —5— &) A ML L ) 2- L E F A
) -5 FORAE ) MEREM L ) HER

[0542] @t A 3- &I -N-(2, 4- = W &R0 2 % 2 ) —4— 3 -N-(1, 2, 4— W — mk —5- 3L )
KM SR D IS Ry 5 & -N-(2,4- = F & & )-2,4- & -N-(1,2,4- B —
M —5- %) REE LI, RIEAL G 1 A TR LR & Btk &4 9. LC-MS :m/
z = 584.8(M+H) . 1H-NMR(MeOD), 88.63(d, ] = 4.81H), 8.23(s, 1H), 8. 19(s, 1H), 8.
14(d, ] = 2.0Hz, 1H),7.95(dd, ] = 2.4,8.8Hz, 1H), 7. 74-7. 76 (m, 2H), 7. 63 (dd, ] =
2.4,8.8Hz, 1H), 6.97(d, ] = 10. OHz, 1H), 3. 68 (t, ] = 6. 8Hz, 2H), 2. 65 (t, ] = 6. 8Hz, 2H) .
[0543] St 10 :3-(4-(2- (4-(N=(1, 2, 4- M Mg —5- 3 ) SMEMEEE ) -2, 5- /AR
B ) -5 FORE ) mbrE ML ) R

[0544] Gt R N-(2, 4- —HIEFEHEI ) -2, 4, 5- =5 -N-(1, 2, 4— g Mg —5- F£ ) FEpih
FERE B AR 38 5 i 5- & -N=-(2, 4 “H &L ) -2, 4- 40 -N-(1, 2, 4— M 4 —5- 3t )
ARTEE N, RIS 1 G R B ek & Btk &4 10, LC-MS :m/z = 595. 8 (M+H) .
1H-NMR (MeOD), 88.66(d, ] = 4. 81H), 8. 28(s, 1H), 8. 26 (s, 1H), 7. 69-7. 77 (m, 3H), 7. 56 (d
d, J=2.8,8.8Hz, 1H), 6. 94 (dd, ] = 6. 4, 10. OHz, 1H), 3. 70 (t, ] = 6. 4Hz, 2H), 2. 67 (t, ] =
6. 8Hz, 2H) .

[0545] S 11 )4 2- (3— (5- 4 —2— (2- &0 -5 % —4- (N— MEMe —4— JLGUREMmESL ) %
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AL ) RE) NERER) 4R
[0546] H&ET

[0547]
Cl Boc
cl H~N\)‘k ~
- —."
—t E= F"—\_O it 1TEA-'HgSOd
NaEI-L,‘MeOH HN
=0
F O Y ‘é
‘s N
N___/ LiOH O N-../
KO3
THF:H20 FELOAC HHCL
HN HN

/Of .
O

[0548]  DUE 1. #1145 3-(5- & —2- ¥ IEIL ) PiIdmE

[0549] {EEIR T, 5- & —2- HEFEHEE (20g, 127mmol) f) THF (300m1) AV T s b
(B F 2L ) —ORFEIERE (43g, 140mmol) o FTf3 1 R MAVR-GHIAE 100°C R [ 20 /N o
Bz NIR EYA R B =R, I H K (200ml) A28 ZE (3X250ml) #2580, 45 &AL
FHIAZK (200mD) « #h7K (200ml) #hife, 0 B BN 118, I HLAE 5028 T4 LAIRAS Iir 75 1A
P i A EARRE R W AR EAT AR . BT R PRI R L) 20-30% LR LRI bt
HE . PRI R R A BB CE S 20g (PR 87% ) MATHR AL &Y. LCMS /7 =
183. 4 (M+H) .

[0550]  ZDIE 2. il 8 H Bk 2- (3— (5 & —2- FHRIL ) IGHNFEAIE ) MR

[0551] FE=RiR N, 7F 3-(5- & —2- F2 K &) W%M(Bg 27mmol) H =R B B £ R
£ (4. 1g, 32mmol) 11 — & ke (80m1) ¥ ¥ 4 ¥ I i TR 5 (6g, 50mmol) FI = 7, % %
(12ml, 82mmol) » ik sk B yRAWITE Eil FHiHE 18 /M), FﬁﬁaE’JJir“/tm%%FTE
ks, RIS R G IE AR EE (Goml) o, I HAHE 5-10°CIIIRE. 7 EiRE
S, LE RONAIR S B TR IN TG R AE 10-20°C J 1], 8 20 434 sk 18] B 3 v Jn 28 8 7>
A LEN (3. 0g, 82mmol) o EE L FHEFEIZ X NIBR AW 2 /I HEE B2 N k. ¥
K (100m1) 802 LRk Pkl F B TS RGP 4R 4Fs (3X100ml) $2HL. 45AMA
MLAREI K (50ml) #h7K (50ml) phife, B B BR AN T, HF BLTE B 25 R ik 4 AR it 7
(PR =4 . A0 IE AR B IE I A E AT AR P2 BT 7 P TE R 1-5% H BRI — &
i, PEim s 25 k183 4g (2% 58% ) BAFSMITELEY. LC-MS im/z =
256. 43 (M+H) .

[0552] DR 3: il g H I 2- (8- (5- G —2- FRHLRIL ) NI EIE ) LRI

[0553]  FEHIJE 2-(3-(5— &l —2- AR 3L ) IR N &L ) OFRIEE (3. bg, 13. 6mmol) [ H
i (80m1) FIVATR AR /Ny IR 50% 7K 43 (0. 145g, 1. 3mmol) FJ 10% Ak 73R40 2R )5
R FRESTE 30 48 RS 8] P S B I TR BP0 o 18 5E MU N 2 5 1 O TR
A R A e SR RN O e PR . R RS U A N IR
A LAIRAL 3g (773 85% ) N BRI G, H HAE N — DR lEAE . LC-MS im/z
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= 258. 5(M+H) .
[0554] 2D B8 4: il £ H 3L 2- (3— (2= (4= (N= (U T &0 FE Bk Rt ) -N— (W e —4— JE ) o fifk
90— & -5- FUEEEL ) -5 EUER) NEEH) B
[0555] FEB/AAMBASIR N, EHFE2-C-G-F 2- ) HERE) ik
(0. 7g, 2. Tmmol) 1¥) DMF (8ml) MM ¥ In—13 K,CO, (1. 2g, 8. lmmol) o ZRJSFE =R T i
FIfS SR A 15 43 8h . fEZE T, 7 LR &R as iU T 38 -5- & -2, 4- R A1
T (MEME —4- KL ) SEEFHRES (1. 22g, 2. 9mmol) , 7E =i T HeEE TR 1 R MR AW 3 /N
B o TESERUR N Z I ik (10ml) , 2R J5 F TR .1 (3X25ml) R R G . FK
(20m1) < Eh7K (20ml) Pei4h & A VIR, @ RN 15, H HAE U N k4s. A IE
AHAE IR I A EAT AR = . B @R =7 K2 20-25% LR s ke b et . =418
A RAFBIEASE 0. 68 (773 36% ) Irasfb &, LC-MS :m/z = 648. 4 (M+H) o
[0556] P BR 5: il & 2-(3-(Q2- (- (N= (0 T & Kk B¢ J ) -N- (e me —4- Jt ) 51 fif
Bk ) —2- & -5- FORSEIE ) -5 SUOEI ) NHEIH) 28
[0557] 7F =N, 78 B 3E 2- (3- (2- (4~ (N= U T 403 e 3k ) -N- (g g —4— it ) (s
M ) —2- S -5- R EL ) -5 FUREE ) INIEE L) LR g (0. 6g, 0. 9mmol) () THF (10mL)
(I s I — 7K & A A A8 (0. 0529, 4. 6mmol) 7K (6ml) FIVATR. TSI SRS W)
R RHEFE 3 /N o TESERURN 2 5, KA 17K (15ml) s in 2 s SR A4, 2R )5
K IN SRR RT3 IR S pH 4-6. PSR ME KGR 4R 2l (3X 25ml) $2
B, 7K (20m1) #h7K (20m1) HEde& & A HUEREUY), JE B IR AN T8, JF BLAE B2 R4
PIFRAIE 0. 5g (7% 85% ) HGEESIILAEY . 15 F 25 4 A H te A Al
[0558]  LIE 6 £ 2- (3— (5 & —2- (20— & —5— & —4— (N— MEME —4- FLaU R IEIE ) ZEE0IE)
KE) HHEEE) o8
[0559] FE = i T, 7£ 2-(3-(2-(4-(N-C B0 T & 2 B 56 ) -N-( e Mk —4- 5L ) o 1
Bt ) -2- G -5 WK A ) -5- WKL) PREEIE) £ (0.5, 0. 78mmol) ) = 5T
(15ml) ¥ W 20 AN 0 AR R 1) R .85 (0. 5ml) f AN ¥ . fE =R FHFEITRHI =
RIIREY) 2 /NN o FETE IR B2 5, # ke (20ml) #8021 Je SR A P, 43 21 & S P TE
Y. FEHRIERE, AN (16ml) Peigk b3k fEAS P IR, I HAE B2 5640 T T {6
0. 1% B KK - 2B BN, 38 i 1 £ HPLC #E— b 4l fk B 25 B RE . M %5 ) HPLC
SRAFHILE =YD 08 o R R AR T T =4 (0. 16g,38 % P25 ) HIE MR Eh. LC-MS :m/z =
533.9 (M+H) . 1H-NMR (MeOD), 6 8.77(d, J] = 2. 4Hz, 1H), 8.03(d, ] = 6. 8Hz, 1H),7.49(d, J
= 2.4Hz, 1H),7.37(dd, ] = 2.8,8.8Hz, 1H),7.12(d, ] = 2.4Hz, 1H),7.03(d, ] =
8. 8Hz, 1H), 6. 76 (d, ] = 10.8Hz, 1H), 3.8 (s, 2H), 3. 09-3. 05 (m, 2H), 2. 68 (t, ] =
7.6Hz, 2H), 2. 04-2. 01 (m, 2H) .
[0560] R SEH 11 FR 1A KT & L&) 12-32.
[0561] &8
[0562]
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N=y /\ s s
SYN SYN N\l) N~
F o F Q o) £ Q
cl ‘\S\CNH c X cl X “ X -
(o} ko) 0 (o}
0 o) o)
cl Cl @] cl
HN HN N HN
Oﬁ) HO 5
- 14
HoNo 12 OH o — HO" YO B =
S__N Z
,;—S P j)
I N Fo l F QN
N cl AN X
% .NH P 0
& q\ _NH cl 3 o
cl 3 © o [
o 5 1 ¢
O cl
Cl NHz HN N
HO\H)\/\N o 19
N H 18
o CO.H S
/B
HO™N% SP’:\N N.-'.r_ S N N Q _NH
P y
§ 1. F o Q. NH

cl F HN
HN HN HN 264146
o] HO
OH 20 ’ OH g HO” N0 -
[0563] THE9
[0564]
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S
m S 3
F o F o F o
F O NH F ‘é:NH cl % NH & V5-NH
) J@ b ° ° :
(8] QO O
Q
cl Gl Cl 5 cl
NH NH NH NJ\
o) 27
o] 24 j\ 25 i 26
O 0” oH O N, L S
d N NS Q! F %’N
- Y O\ H

Q
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T
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e
(=g ‘Z

N NH NH I\
o] -
.S
T
28 29 HN\ 30 o 6
0% ~oH

[0565]  SEZHfif 12 :3-((3-(2- (4= (N-(1, 2, 4— ME — M —5— 3L ) SIEMER: ) —2- & -5- &K
AUk ) -5 SUREL) IR ) &) AR
[0s66] JEITH B- ANZRFE BT 2 i H AR FER, JFHH 5- & N-(2,4- —
AR R )-2,4- — & N-(1,2,4- W — M 5- ) K@ EER L B4dT BT
B -5- & -2, 4- TEHECSILREmE R (mEME —4- 3L ) FIEE TS, MBS Y 11 A TR
I R sk & A &4 120 LC-MS :m/z = 549. 6 (M+H) . 1H-NMR (MeOD), & 8.27 (s, 1H), 8.0
5(d,J = 7.2Hz, 1H),7.49(d, ] = 2.4Hz, 1H),7.36(dd, ] = 2.8, 8. 8Hz, 11),7.03(d, ] =
8. 8Hz, 1H), 6. 78 (d, J = 6. 4Hz, 11), 3. 26 (t, ] = 6. 4l1z, 21), 3. 08 (t, ] = 7. 6Hz, 2H), 2. 68—
2.75(m, 4H), 2. 01-2. 06 (m, 2H) .
[0567]  SEZftifs 13 :2- ((3-(5— 5 —2- (2— & -5 f —4— (N—- ( mEme —2- 3L ) EAIEE ) R4
H) ORE) ) BE) 4R
[0568]  JHILA] 5- G -N-(2, 4- “HISEFE ) -2, 4- TR -N- (M —0- ) JEREEL I A
BRA PR HE -5- & -2, 4- ZRORIEREEESE (mEME —4- L) FALHRRNE, IR E Y 11
16 OB IR ) Rk & Ak &4 13 LC-MS :m/z = 533. 8 (M+H) . ITH-NMR (MeOD), 8 7.94(d, J
= 6.8z, 1H), 7.52(d, ] = 5.8, 11),7.35-7.38(dd, ] = 2.4,8.8Hz, 1),7.33(d, ] =
4.4Hz, 1), 7. 11(d, J = 8. 8Hz, 1H), 6. 91-6. 94 (m, 2H), 3. 60 (s, 2H) , 2. 80 (m, 2H), 2. 56 (m, 2
H), 1. 99 (m, 2H) .
[0569]  SEjEfsl 14 :1-(3—(5— 5 —2- (2 & —5— Rl —4- (N- (e Mk —4- 3L ) SR AL ) R4
) kAR ) AL ) UREE ) 4- IR
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[0570] iy A ERURAE —4- FR IR LB B AP IR 2 i H =R T, IRABIL & 11 16 %
BT iR ()l F ke & A &4 14. LC-MS :m/z = 589. 8 (M+H) .

[0571]  SEZJtiff) 15 :3- ((3-(5- 5 —2- (2— & -5 i —4— (N—- ( mgEme —4- 3% ) SRR ) R4
) ORE) ) &JE) R

[0572] LA B- WERRHFE MR DE 2 h i H &R H s, RIS 11 195 AT
R Rk A A & 15, LC-MS :m/z = 547. 8 M+H) . 1H-NMR (MeOD), 68.77(d, ] =
2. 0Hz, 1H), 8.03(d, ] = 10. 8Hz, 1H), 7.49(d, ] = 2. 4Hz, 1H), 7. 35-7. 38 (m, 1H), 7. 12(d, J
= 2.8Hz, 1H),7.03(d, ] = 8.4Hz, 1H), 6.76(d, ] = 10. 4Hz, 1H), 3. 26 (br, 2H), 3. 07 (br, 2H
), 2.67-2.76 (m, 4H), 2. 02 (br, 2H) .

[0573]  SEjiff] 16 :4— &% —1-(3— (5- & —2- (2— & —5— F —4— (N- ( MEME —4- 5 ) SRk
i) RS ) R ) L) URIE -4- RIR

[0574] @I AW JEA-(ORT A BB ) &) IRE-4- R OB EBNR P E2 F
) H 2 B F R, ARE LS 11 G BT iR 1 2 R & ik & 4 16, LC-MS m/z =
602. 8 (M+H) o 1H-NMR (MeOD), 6 8.77(d, J = 2. 0Hz, 1H), 8.02(d, ] = 7. 2Hz, 1H), 7.52(d, J
= 2.8Hz, 1H),7.36-7.38(dd, ] = 2.8,8.8Hz, 1H), 7.12(d, ] = 2.0Hz, 1H),7.03(d, ] =
8. 4Hz, 1H),6.77(d, ] = 10. 4Hz, 1H), 3. 25-3. 70 (m, 6H) 2. 67-2. 71 (m, 2H), 2. 50 (br, 2H), 2.
27 (br, 21), 2. 12 (br, 2H) .

[0575]  SKCjififfl] 17 :2- 20k —4- (3 (5— & —2-(2— & -5 8 —4— (N- (PEEME —4- Jt ) ket
Be) RS ) RIE) ML) &) TR

[0576] HFE 10

[0577]
cl e o
1. TEAMgSO4 N
+Ph-— —_— Cl OH
S _\_o Tax "NaBI—l.dMeOH HN_ O
o i
o]
YO cl \[\> \E\)
\’N N D: U
S \E\)
j@: &Elonclrmiu
PdC
Ka C03 DMF NH NH HH
Y ir" e
o]
oo

[0578]  ZDUE 1. #il4e (S)—4- S -2~ (T EEIR) T

[0579] 7 (S)-5— % J& —2— (U T % 5 B % ) -5 A AKX R (2g, 8. lmmol) HJ DMF : 7K

(1:1, v/v, 18ml) HIERE P AMALSE (1. 3ml, 16. 2mmol) « SR JE7E 2535 N A kE i g I N IR &

Yp 5-10 23 %h . IIN— ZERMEZE (3.92g, 12. Immol) FF Hdk—254i$k 4 /. RSN 2

Ja» BSIN 37K (100ml) , SR G F R .18 (3X100m1) $EBUEAY . F 377K (100ml) .
EhK (100ml) ¥essh & A MU I, B TR ER 88106, I AL7E B2 R ik 46 LAIRAS I s 1

=9 it = CREEWR ALK = . P08 78 KA R 1. 1g (P23 62% ) FRta s
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IR &9. LCMS :m/z = 219. 1 (M+H) .

[0580] DU 2: #il5% (B)-3-(5- & —2- HIIRIL ) HIGEE

[0581] FEZIE T, 7E 5 & —2- FHEIEHEE (20g, 127mmol) ) THF (300m1) I ¥R H ¥ b
(AL B 3L ) = 2R L TERE (43g, 140mmol) o ZRJ5 £ 100°C R [AIAL BT 15 1 S ST A4 20 /)
o TESERMURINZ G, RVTFRBIEEIEHI B ZE . BmInLET/K (200ml), R 5 H R 2
g (3X250ml) FEM AR &Y. HEBT/K (200ml) #h7K (200ml) Hras & 1A HLER I
Wy, IR R AT, F HAE 3028 T IWRAE LASRAS B i AL =4 o A TR AR sl i A =
W= BT IF=I7E K2 20-30% ZFR Z BRI Cbe R e it . F=0i8 5 8 K155 20g (77
H81% ) M OREAKPFrFE M. LCMS m/z = 183. 4 (M+H) o

[0582]  DUE 3: (S, E) —2- GRUT SR PRI A SE ) —4- (3 (5= G —2- FR AL KAL) IR )
Igﬁ

[0583] FEE UL T, £ 3-G6-& —2- F I K I ) HE B (0.5g, 3. 2mmol) F1 (S) -4~ &
B -2- ORTEREBIES L) T (0.769g, 3. 52mmol) =5 H 4 (80ml) HIE IR h s N
FREE (0. 77g, 6. 4mmol) A= Z FEf% (1.34ml, 9. 615mmol) » 7EE IR FHiHE LR R NIEGY)
12 /N o SRS TR LA R IRAG AR I S SRS o DR IGSRAS IR AR VD Vs Al AE R (20m1) 1,
I HAH A 5-100°C IS . /£ ERIB-EYIT, B SN IR A YD A In BE 4ERF7E 10-20°C
6], 75 10 238 B9 R TR) B P9 s /N30 23 (A A (0. 36g, 9. 61mmol) « TESERININZ J& » 75
FIR NI R BSR S 2 /N o RSN 2 G, FE RS ke IR G ST
K (40ml) @B YR BH 48 4B (3X60ml) FEUAIIRAY . HEEFK
(50ml), Eh7K (50ml) Pesh & A VIS, @i B R4 16, I BLAE L2 T ik 4 LRk AR
Fr &5 B o A0 AR e Jd A SR AT AU 2 BT R B AR R 2 1-5 9% ) —
AT BT, IR ERAGE 0. 4g (F7E 32.5% ) KRS HITFE RS . LC-NS :
m/z = 385. 2 (M+H) .

[0584]  DEE 4: (S)-2- GRUT SR AL ) —4-3-(5- S —2- AR HL ) RS ) |
E§

[0585] #E (S,E)—2- (T LA )4-3-G- W 2- B HER) BN ERERE) TR
(0. 4g,13. 6mmol) FIFFEE (10ml) [y B /N ORI 50% 7K 43 (0. 120g, 1. 3mmol) [
10 % R AR EE . SR FE IR R ESAE 15-20 205 382 1) N s 8 ) SR &9 . 76
SESRS N 2 B N TR A Y (e v A A e . R G RN O e e e
TR, RIS IS8 MAE 2 IR 4E LASR A 0. 35g ( F7 K 87.06% ) LRI T4 &
). LC-MS :m/z = 387. 4 (M+H) .

[0586]  VER X TIXAMFFE D IR, IS 23 R L L SUE L LU AR B AR A . DR i T
i 0 1 R I HLAE 58 W I AT S AL B

[0587] D B 5: (S)-4-(3-(2-(4-(N- (A T A & f JE )-N-(mE i —4- Bt ) 5 Gl
I ) —2— S —5— SRS ) -5 FURIE ) WAL ) -2- CGRUT AR AL ) T

[0588] FERAAMHERERL T, O-2-( M THEREEIE)4-C-G-" 2- %
BORE) HAEE E) T ® (0.350g, 2. Tmmol) [¥) DMF (0. 7Tml) [ 3% W& 1 ¥ 0 —
K,C04(0. 375g, 2. Tmmol) « RJSTEZE I T HHE IS SIREY) 16 7080, 72 LIRTR G
TRCT % —5- & -2, 4- RS mEmE AL (MEmk —4- 3L ) S RS (0. 408g, 0. 99mmol) , I
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HAEZR FHEEIA R SIEEY 3 /N 7EFER N 2 5, NI B 17K (20ml) , SR 5
H 4 4B (3X30ml) 3REUEAY. FUVKATK (100ml)  #h7K (50ml) PEikas & 1A Pl
W, il RN 5, I AR LS MR o 8 IEAHRE B A ST Al AR =4 . 75 K&
1-2% I S B e R e AT TR = PRIy 28 A5 3 0. 4g (7222 56. 8% ) KRyl
SHFIFEAEY . LCMS :m/z = 777. 6 (\M+H) .

[0589]  ZDUE 6: il (S)—2— &Ik —4-(3— (56— —2-(2— & —5— F —4— (N— WEM —4— FLEfik
[0590] 7E ZE & T, 7 (S)-4-(3-(2-(A-(N-C U T % #¢ ik ) -N-( g mk —4- gt ) 5
fih I ) —2- G0 -5 M R A B )5 SR L) TR AR & A ) 2-(U T Al ARk &) T R
(0. 4g, 0. 78mmol) )= HFHE (10ml) FIER H IZ TS IR 1) LR B (2ml) 1 AN IR
I TSR R SIEEY) 2 /N o FESERUR N 2 5, # 1d (20ml) A N2 KRR G
Vb, 1 BIE S DU . AR, B (15m1) yhide B b3 A B E AP 5 R, LR 5
TEMAET TR A 0. 1% HERMIK : KGR s @ £ HPLC 3 — 0 24k e 45 R kL .
M 2% ) HPLC 3845 B 45 7= )18 7 28 SRt /R 0 724 (0. 0253g, 8. 6% 722 ) (1) EhIR£R .
LC-MS :m/z = 576. 8 (M+H) .

[0591]  SEZjfs 18 :2- ((3—(5- 4 —2- (2, 5— — & —4- (N—( MgEme —2— 3L ) SRR R ) K4
B oRdk) WAL ) &) R

[0592] @I N-(2, 4— —FARIEAEIE ) -2, 4, 5— =/ -N-( MEME —2— L) FEREEACDIE 4
W] 3 -5 50 -2, 4— L RRFEME LS (MR —4-FL ) L EREE, ARPEAL S 11 1Ak
FIF I B3 ke & Ak & 18, LC-MS :m/z = 517. 8 (M+H) . TH-NMR (MeOD), & 7. 81-7.85(dd, J
= 6.4, 10. 4Hz, 1H), 7. 46(d, ] = 6.4, 1H), 7. 31-7.34(dd, ] = 2.8,8.8Hz, 1H), 7. 17(d, J
= 4.8Hz, 1H), 6.99(d, ] = 8.4Hz, 1H), 6.86-6.90(dd, ] = 6.4, 10. OHz, 1H), 6.81(d, ] =
4. 8Hz, 1H), 3. 92 (s, 2H), 3. 08-3. 12 (m, 2H), 2. 75(t, J = 8. OHz, 2H), 2. 03-2. 08 (m, 2H) .
[0593]  SEJtif 19 :1-(3-(5- & —2- (2- & —5- & —4- (N- ( WEM: —4- 5L ) EREEE R ) K4
) ) ) WRAE ) 3- R

[0594]  JE F T AEWRAE —3- IR MR B AP IR 2 R H 2R P IR, AR\ AW 11 K6 L
Bkt FE R & AL &4 19, LC-MS :m/z = 589. 8 (M+H) .

[0595]  SEjifdi] 20 :2- ((3—(2— (4= (N-(1, 2, 4— M —mp —5- 3L ) FRAmEIE ) —2- &0 -5- &k
AAE) RE) WE) &%) OB

[0596]  JELH 2- FRAEGHEE BT 1 ) 5- & —2- FRHERHE, RI\HEY 11 WS
R RS S & A &4 200 LC-MS :m/z = 500. 8 (M+H) . 1H-NMR (MeOD), & 8.90 (s, 2H), 8
.51(s, 1H),7.97(d, J = 7. 2Hz, 1H), 7. 41-7. 44 (dd, ] = 1. 6, 7. 2Hz, 1H), 7. 26-7. 34 (m, 2H),
7.07(dd, J =1.2,8.0Hz, 1H), 6. 81(d, ] = 10. 8Hz, 1H), 3. 89 (s, 2H), 2. 93 (br, 2H) , 2. 57-2.
61 (m, 2H), 1. 92 (br, 2H) «

[0597]  SEJE A 21 :2-((3—(5- 5 —2- (2, 5— i —4— (N- ( mgEme —4- 38 ) SREEEIE ) A
B RE) HE) &%) 4R

[0598] JE ik U T K -2,4,5- R OR SRR R MR (MEmM 4- ) AR HRE S
TR A4 R I BT R -5 -2, 4 R R B e R AR (neE Mk -4 B ) AR W IR R,
Wi EWILW A KR SRR EG il &% 21, LC-MS mm/z = 517. 8 (\M+H) .
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IH-NMR (MeOD), 68.77(d, ] = 2.0Hz, 1H), 7. 79-7.83(dd, ] = 6.4, 10. OHz, 1H), 7.47(d, J
= 2.4Hz, 1H),7.32-7.35(dd, ] = 2.4,8.4Hz, 1H), 7. 11(d, ] = 2.4Hz, 1H),7.02(d, ] =
8. 8Hz, 1H), 6. 85-6.89(dd, ] = 6.4, 10. 4Hz, 1H), 3. 92 (s, 2H), 3. 09-3. 16 (m, 2H), 2. 73 (t, J
= 7.6Hz, 2H), 1. 99-2. 07 (m, 2H) .

[0599]  SEjifhl 22 :3— ((3— (5- & —2- (2, 5— 48 —4- (N- ( WEmE —4- JE ) SUREEE ) KA )
ARHE) AL ) &) IR

[o600] JHITH B-NAMRHEBERPE 2 P HIZMRHPEIFBHMT 2 -2,4,5- =
SRR LRI (MEME —4- L) EIAEH R B AP IR 4 R IRCT 2 5 & -2, 4 ZROR
FEREME AL (MEME —4- BR) AL HIRER, IR EY 11 MG TR Rk G L &) 22,
LC-MS :m/z = 531. 8 (M+H) . 1H-NMR (MeOD), 6 8.78(d, J] = 2. 4Hz, 1H), 7. 79-7.83(dd, ] =
6.4, 10. 4Hz, 1H),7.47(d, ] = 2.4Hz, 1H), 7.32-7.35(dd, ] = 2.4, 8.4Hz, 1H), 7. 11(d, J
= 2.4Hz, 1H),7.01(d, ] = 8.8Hz, 1H), 6. 85-6.90(dd, ] = 6.4, 10. 4Hz, 1H), 3.27(t, ] =
6. 8Hz, 2H), 3. 07 (t, ] = 8. OHz, 2H), 2. 71-2. 78 (m, 4H), 1. 97-2. 05 (m, 2H) .

[06011  SEjifdl 23 :3— ((3- (5 & —2— (2- &t —4— (N- (mEmek —4- JE ) SR ) KAL) %
B W) @A) NI

[0602] JEILH B - NRAMRHESEAOLE 2 HIHZIRFE - BT 2 (3- 7 -4- &
L) R MR (MM -4- ) HEFRE BT RRRUT A -5 -2, 4 T
IRFETE IR L (R —4- 0t ) SRR, MIEAE Y 11 & B iR B R A i &
W) 23, LC-MS :m/z = 520.9 (M+H) o IH-NMR(MeOD), 8 8.77(d, J = 2.0Hz, 1), 8.30(d, J
= 2.0Hz, 1H),8.03(dd, ] = 2.4,9.2Hz, 1H),7.52(d, ] = 2.4Hz, 1H),7.39(dd, ] =
2.8,8.8Hz, 1H),7.16(d, ] = 2.0Hz, 1H), 7. 14(s, 1H), 6.96(d, ] = 9. 2Hz, 1H), 3. 09(t, J
= 6.8Hz, 2H),3.09(t, ] = 8.0Hz, 2H),2.76(t, ] = 6.4Hz, 2H),2.69(t, ] =
8. OHz, 2H), 1. 99-2. 07 (m, 2H) .

[0603]  SLjififs] 24 « I HE 2—- ((3-(5— & —2— (2— & —5— % —4— (N— (EME —4— JE ) S RSPBERL )
REE) REL) NE) &) AR

[0604]  FEFMRIA AKME (IR 5) BIEOL T, RIBILED 11 B)E TR 2R G
&M 24, LC-MS :m/z = 548. 4(M+H) . 1H-NMR (MeOD), 6 8.77(d, ] = 2. 4Hz, 1H), 8.02(d, J
= 6.8Hz, 1H),7.49(d, ] = 2.4Hz, 1H), 7. 35-7.38(dd, ] = 2.4,8.4Hz, 1H),7.12(d, ] =
2. 4Hz, 1H), 7. 02(d, ] = 8. 8Hz, 1H), 6. 75(d, J = 10. 4Hz, 1H), 3. 99 (s, 2H), 3. 85 (s, 3H), 3. 0
8-3.12(m, 2H), 2. 68(t, ] = 7. 6Hz, 2H), 2. 00-2. 08 (m, 2H) .

[0605] S Jife 5] 25 :3-((3-(2- (2~ & -5 % —4— (N—-( W& Mg —4- FE ) & fif ik 3 ) &
B -5 ot ) NE) &) AR

[o606] L H 56— 2-FRERAHFBENR SR LIPS & 2- R ERHEIFH
HB-WRBRHBEERLPE 2P HRARFE RIBELED LSRR
&k & &t & W25, LC-MS :m/z = 531.9(M+H) . 1H-NMR (MeOD), 8 8.77(d, J =
2.4Hz, 1H),8.01(d, ] = 6.8Hz, 1H),7.23(dd, ] = 2.4,8.8Hz, 1H),7.11-7. 13 (m, 3H), 6
.65(d, ] = 10.8Hz, 1H),3.25(t, ] = 6.8Hz, 2H), 3. 06(t, ] = 8.0Hz, 2H), 2. 73(t, ] =
6. 4Hz, 2H), 2. 66 (t, ] = 7. 6Hz, 2H), 1. 99-2. 03 (m, 2H)

[0607] S 26 :3- ((3—(5— & —2- (2— & —5— 4 —4— (N- (MM —4- JE ) S MmEEHRL ) K%

il
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B ORE) WE) JE) WBE
[0608] & 11

[0609]
Cl c
cl o] - S
cl Rh = H;N’\)Lo’ -
¢ Pl c—— OH PdC
OH Ph =0 ga z NH v NH
1.TEA/MgSO,
X -1 ym-3
H O 2 NaBHy/MeCH
w2 o” "Oo— o” 0~
Oa0
al E g 99 o Y %N N
v NN noNC N ol a 5
v \E\> cl cl 5 \E\> X I*}
- bo) | g OU Q g o} S
F F 4
Y HNE3 cl K«CO}DMF AEEt0Ac Y #HCI
» NH r—— =
yR-4 i W5 MNH ymE MNH
S 07 NH,

[0610] DIE 1. #i£% 3- (65— @ —2- ¥R IEH ) HMim

[0611]  fEZIR T, 7E 5 & —2- FREILHEE (20g, 127mmol) [ THF (300m1) FI¥ R H 8 I
( BRI F 3L ) = 2RFEIEBE (43¢, 140mmol) o ARJSLE 100°C R [V BT [ VR &4 20
INBS o FETERR N Z S R NIR G YA AR EIR . IIN25E 77K (200ml) , 285 H 4
2.1 (3% 250m1) HEHLFTRRE S, FH/K (200m1) < Eh/K (200m]) Weikss & A LI, il
I BRER AN T4, FF HAE 3123 N4 DORTS FT 75 A P24 o 3 A TR AR R Jis o ot A 2 A A A A
PP TERZ) 20-30% LR BRI Ot e B 55 =4, PR 7 25 k15 3 20g (7= %
87% ) I EZMTH U EY) . LCMS :m/z = 181. 34 (M-H) »

[0612]  BUE 2. il 3-[3—(5— & —2—- ¥RFLHEHRL ) WAL EIL | WM )

[0613]  FEZEIR T, 7F 3—(5— &l —2- FRHLIRIL ) WMEEE (1. 0g, 5. 47Tmmol) F1 B — P2 IR H
Ms Eh IR L (0. 917g, 6. 57mmol) ] DCM(20ml) ¥ VR s I g 2% (1. 317g, 1. 09mmol) A
TEA (2. 3ml, 16. 41mmol) , F HAE = I FHFE TSI R BIR-EY) 12 /N o ARG 7R 3028 T k4
ONIREY . I IRIS IR AR VA e FEE (20m1) o, 3 HAEIE 5-10°C o 7F SN 4
FFLE 10-20°C 2 [AIHATA], 7E 10-20 438 B B[R] P 170 44 B4 s 82 VEE 4 A o s n /N 0 B S A
(0. 620g, 16. 41mmo1) » FESERENINZ JG , £ E I FHEFEITS IR NAIR AW 2 /N o 7R SE AR
W2, FE R R IRGIZIR AV FERTR PR o msK (50ml) , 248 f5 H EtOAc (3 X 25ml)
FEURAY . /K (20ml) L #h7K (20m1) #ksh & 1A HLEREY) , B R BN T8, H AR &
2N IRGE CASRAR B R AL =) o A8 IE AR R I A E ST AR = . BT AR B K2
1-5% HEEH) &P rh el I8 2 KA 2 0. 9g (7% 61% ) QARESHFLE
Yo LCMS :m/z = 270. 6 (M+H) .

[0614] DI 3. #ig¢ 3-[3-(5— & —2- ¥RILHEHRL ) PRt | IR IR )

[0615]  7F 3-[3-(5— & —2- FRHERAL ) IR ARzt ] IR 4B ) (0. 35g, 1. 3mmol) H I
(20m1) FOVETR AR /N OB INEAT 50 % 7K 4 (0. 104g, 0. 065mmol) f 10 % B i #k4l. 2R J5
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EZRE NEBEASSER R BIREYF 30 70480, [ AR AERE MRS FITE TLC B
RVREY) . AETER ML 5, M ik i i e R MR G . P — LS 1 N O b e ek
LR FEE N IRAADR BLRAS U AR At 0. 3g (772 85% ) Ltk "L &4.
m/z = 272. 6 M+H) »

[o616]  2DUE 4. 5 3-[3-(5- & —2- HEFHE ) WNIHEEIH ] HltE)

[0617]  3-[3-(5- & —2- ¥R L2 ) NHERE | WK 4B ) (0. 3g, 1. 08mmol) [ H i &
(10mL) (IEMRAE S B (35ml) Fm#AE] 100°CIRIR 12 /M. FERMRNZ G, EEE T
AR HE . S AR A AT AU = . 72K Z 30-40% LR LRI CbeH e i
P Ir=wn. Fevnii o 28 R3] 0. 16g (725 33.9% ) LRSI HRED . n/z =
257. 2 (M+H) .

[0618] 2D BR 5: il & H 3 3— (3—(2— (4= (N= (U T A0 Bk Ok ) -N— (Mo W —4— it ) 0 i
B ) —2— & -5- EAEEIE ) -5- EOEHL ) FIEIE ) HRRfE

[0619] FERSAA FHAESRE TN, £ 3-[3-6- & —2- }edL ok 5 ) WREH | Ak O
(0. 09g, 0. 35mmo1) [ DMF (2m1) [P IN—43 K,CO, (0. 145, 1. 05mmol) » ARG E=EIR T
PP R MNAIR G 15 438 . £ LRGP npUT & —5- & -2, 4- o oK SL M I 2
(MEME —4- HE ) S IEFERAEE (0. 143g, 0. 35mmol) , 3F HAE S IE N EEFT R RS 3 /N o
TESERUR N 2 S5, ik (10ml) , 88 )5 H GR g (3X25ml) $RBUREAY. F7K (20ml) #:
7K (20ml) Peigk s & A PUIREY, B RN T-15, JF HL7E B2 Nik4e . 8 IE A RERE
AR EM AR . AR K Y 20-25% LR LRI Ce s e I B F 07 . PR oy
ARRAGH] 0. 15g (F=% 66.2% ) FIEHIFTFRUAEY . EAEIALME—PIRAVR 2 Hr 11
DR, ZAME T R — 0. MEEEHT P,

[0620]  2DUE 6. il 25 3- (8- (5 & —2—- (2— & —5— 4 —4— (N— ME Mk —4— FEG{ R IEE ) I )
L) RS ) AL S ORI (MR —4- JL ) S PR

[0621]1  7E = i T, 7F 3-(3-(2-(4-(N-( B0 T 5 & o 55 ) -N-( e Mk —4- 6 ) o s it
F)-2- 5 BUORE S )5 FORE ) WAEZRKE) WEEE (0. 15g, 0. 23mmol) [ — & F
fi (5ml) HOER M SRR 418 B8 (0.5ml) B AN VW 76 =18 P B R8I0 | W
RAY) 2 /N 7258 RN 2 5, B ke (20ml) 0 B I MR A R, 45 3 B 25 DT
Yo HEHERE, FbE (15ml) i Rt 3R 75 00 18] 44 9 O, I HLAE B8 264 F T 4. A8
F1 0. 1% FES I K - LGB, 38 L 1) 4% HPLC 3k — B 4lifk pr 5 HookURE . I 4% 1 HPLC
SRAFI 2L 7= R oy 28 RARGBE T 10774 (0.009g,7. 1% 773 ) [ EhER£h. LC-MS m/z =
548. 8 (M+H) o 1H-NMR (MeOD), 6 8.75(d, ] = 2.4Hz, 1H),8.01(d, ] = 7. 2Hz, 11), 7.48(d, J
= 2.4Hz, 1H), 7.34-7.37(dd, ] = 2.4,8.8Hz, 1H),7.06(d, ] = 2.4Hz, 1H),7.01(d, ] =
8. 4lz, 1), 6. 73(d, ] = 10. 4Hz, 1H), 3. 22(t, ] = 6. 4Hz, 2H), 3. 02-3. 06 (m, 2H) , 2. 62-2. 70
(m, 4H), 1. 99-2. 03 (m, 2H) .

[0622]  SLjififf 27 :2— (N-(3— (5 & —2- (2— & —5— i —4— (N- (MEME —4- 38 ) SREEESE ) 2K
AL ) RE) BE) MR ) 4R

[0623] %12

[0624]
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" NH. (o] cl 0. 0
E
(=] | a OS N
¢ o OH 2N o 3
N
Ph THE / 813 1.TEAMgSO, PdC I
-« Ph-P n?.i.' OH - - K£OyOME 9
OH =0 R 2 MaBH, /MeOH Hz MeOH PR cl
CHO dno W2 HN W3 HN
H
0 Oy HN
o
0. 0 s
0s, -0 F o N
F o cl L % F o
cl . N . 5 N 5 & s MH
e ks b o1 EEWACH HHCI =
o » a a . o
b2 S cl R > FR-7 o©
o 0 o N
o OH COB-408

[0625] DIE 1. #8% (B)-3-(5— & —2- I ) NG

[0626] fE=IE T, 7E 5 & —2- FIEIEHEE (20g, 127mmol) ) THF (300m1) I ¥R H ¥ I
( BRI F3E ) = 2KFEIEBE (43¢, 140mmol) o ARJSLE 100°C R FTfE I I BVE AP 1A 20
NI o TETERURN Z 5 A RV R NIR AP HI B =R . IInE BT /K (200ml) , 2R )5 2
R 2l (3X250ml) $2HXFTAHRE&4. F7K (200ml) « £h7K (200m1) st & 1B MR,
AR RN TG, I HAE S R k4 LLSRAS Bir i (PR =4 . A8 TR AR i A A 4dik
=4 BTG IF= P R 20-30% 2R BRI Qe R Bl P2y o 28 K A5 3 20g (7= 2%
87% ) W EAEENFTRAEY . LC-MS :n/z = 183. 4 (M+H) .

[0627]  BEE 2. Hilf (B)— HIHE 20— (3—(5— 4 —2- ¥R LML ) NI EIL ) 2

[0628] FEZET,TE (B)-3-(5- & —2- BHEIREL) NIAEE (1. 0g, 5. 4mmol) FNH %R H g
W EL (0.590g, 6. 55mmol) A & FHEE (20ml) FIVATR T INGRERE: (1. 5g, 10. 9mmol) F
= CHENE (2.28ml, 16. 38mmol) o TEEIR FHHE LR NIEEY) 12 /N, SRJGFE 2 K
TSI R SR EY) o K B SRS (IR G A B (20m1) H, HE HAH1 A 5-100°C 1)
TR . VRV i B A 2 10-20°CATR], 78 10 43 Ryt (A1 B N 1) E3R TR -S4
HHS /NS 23 (AL (0. 606g, 16. 38mmol) o FESE RN INZ J& , (T 15 [ B VR A WITE =
BB 2 /N, TESERR N Z JG  TE B R IRAR R NIR G, KoK (40ml) ¥ in3)_LisAH
Ykl B R 85 (3x60ml) $REUVFITEHIESY. F/K (50ml) (#h7K (50ml) Feikss & i
AHISEEY, B BREREN T15, o ELIE B2 NIk 4E AR AT 75 BRI =9 o 3 FH I AR RSB
FEZATEECHL = . 15 RZ) 2-3% FHEER & R R e & 0074 . =i R R A5 3
0.8g(f=# 57.4% ) FFEMERIFTT WA . LC-MS :m/z = 256. 07 (M+H) .

[0629]  ZDUE 3: il g HIE 2- (8- (5- & —2- BRI ) IR ) LFRIR

[0630] 7 (E)- HZ& 2- (3-(5- & —2- R ) AN A ) 4N (0. 8g, 3. 13mmol) 7 H
g (50ml) FIVATR /N O HE RN E AR (0. 199g, 0. 09mmol) o 4R )5 7L % iR K& S AE 30
a3 B IR SR R] N SR B R B A . FETEROUR N 2 S5 38 I R i R R A
FH — e (1) /N O iy e ek 8 LR . TR SRAS VR E B 2 IR LA AL 0. Tg (/=%
86.81% ) TLEIEMHIMAR . LCMS :m/z = 258. 07 (M+H).

[0631] 2D 3% 4: il & 1 3 2- (3— (2 (4= (N= (R J™ A0 Bl Ok ) -N— (e W —4— It ) o fik

71



CN 105188694 A i BB B 64/68 T

ftk 73 m

[0632] FERAAURFHARR T, EHE2-3-5- & 2- B4 ) WEAE) BRI
(0. 7g, 2. 72mmol) () DMF (7Tm1) M A I0—47 K,CO, (1. 12g, 8. 17mmol) - 2R JG 7E 2 i T %
FEFTS SR G 15 5080 o (£ EIRIBEY RT3 -5 & -2, 4- ORI (o
e —4- 5L ) FEEFRNE (1. 22g, 2. 996mmol) , FF HAEZE IR FHHE TS KR SR G 3 /N
TESERR N 2 S5, i sk (20ml) , SR J5 FH ZFR Z.g (3X50ml) $RHUE &M, F/K (20ml) £k
7K (20ml) Ve & A VLRI, I BREREA 115, H HLAE 12 Nk AR 0. 54g (=%
30.64% ) AEFESKLAEY. LC-MS :m/z = 646. 20 M-H).

[0633] DR 5: fill £ H AL 2- (N- (3= (2= (4= (N= GRUT SR B A ) -N- (e g —4— 5L ) S fik
P ) —2— G —5- SEAREIE ) —5- FUORSE ) AL ) CEEIE ) CRAS.

[0634]  7FHIJE 2— (3 (2— (4= (N- CRUT Sk et ) —N—- (e e —4- L ) SR ) —2- &0 -5- 9
HREHE ) -5 FOEKE ) WEEHR ) Mg (0.35g, 0. 54mmol) [¥) THF (5mL) FIER =
Ol (0.22ml, 1. 62mmol) o SRJGFE O°C FHEFEFTIR R BIRAY) 5-10 438 . £ 0°C RN
PRI (0. 102m1, 1. 08mmol) « #RJG7E 80°C N [RIVLHT 1R I [ VIR 12 /NI o TR R BIVRA
Hs K (30ml) , 3 HH 48R LEg (3x50ml) $EEUT AR A, F7K (30ml) #h7K (30m1)
PRI 6 A WIS, Jd i R BR AN 158, I BL7E B2 Nk 4 RS BT 75 R =4 . Jsad
OB TR ALK A . PRI 25 A5 3 0. 35g (FRER 94, 01% ) AREEES AT R AL
Yo LCMS :m/z = 690. 5 M+H) .

[0635] 2D % 6: il £ 2- (N=(3— (2= (4= (N= (U T 480 5 B O ) -N— (8 M —4— B ) & fi
B ) —2- & —5- FOREIL ) -5 FEIL ) NI ) AFEIE ) O

[0636]  FEEJE K, 7F FFJE 2- (N-(3- (2= (4= (N= CRUT R IR 0 38 ) -N- ( ME Mk —4- I ) (i
W) -2- & -5~ HOARARE )5 SRR ) HE) AR ) 4, (0. 35g, 0. 50mmol) ]
THF (5ml) FIVER T RIN—/K &S840 (0. 212g, 5. 07mmol) FIZKIEW (0. 5ml) o ZEIE N
PP TS I NTR S 3 /NI o ESE RN 2 S5 P 0KV 7K (16ml) ER N3 B A4
SRJE S 7K IN SRR AL TS IR G ZE pH 4-6. T 2R 2 HE (3X25ml) $REU A3 H Rz
PR . 7K (20m1) < 2h7K (20m1) Yeikd & AL I), M i iR T, 3+ HAE B =
TIRGE LR 0. 3g (7% 87.49% ) AAESIMLEY . [EAGZEARTIE— Doyt
PITEOL T MR E R T F — AP, LCMS :m/z = 676. 41 (M+H) »

[0637]  DER 7. il % 2- (N=(3—(5— S —2—(2— G —5— %l —4— (N- MEME —4- FLETRREEIL ) oK
L) IR ) N ) AFEREIL ) 2R

[0638] 7E = N, 7F 2= (N=- (3~ (2- (4~ (N= (U T 4 368 i 2L ) -N- (e g —4- 3t ) & fifh
T ) —2- & -5 R ) -5- JARHE) WE) 4FHER) 4/ (0. 3g, 0. 44mmol) 5 H
Bt (4ml) BB TIZMEERE I 2R 208 (Iml) B AN IV 76 S0 NIRRT S S N TR &
)2 /NI o FETERR L Z G, B Ikt (20ml) ER N2 SR &Y, 15 8BS TTEY) . FEH
WA E, FIGE (15mL) e DA bR A5 B AR Y I, FF HAE L2254 T 1. [ 0. 1% 3R
(K17K = SR sl AR L 6] € HPLC 1 — B a0k B S IRLRE . M 1K HPLC 3143 () 4l = 1 i
YR IEETTE = (0. 060g, 23. 47% 73 ) [FEEREE . LC-MS :m/z = 575. 92 (M+H) ,
[0639]  SLZjififd 28 :2— (1-(3—(2— (4— (N=(1, 2, 4— Mg —mp —5— JE ) SR ) —2- & -5- 7R
AL ) -5 EUOREL ) THHE ) WRAE —4- 3L ) 2R
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[0640] Wt FH I 2E 2- (MR AE —4- ) ZREBE RS E 2 H =B F e, 5 HH
5- S -N-(2, 4 —HIE I ) -2, 4- 9 N-(1, 2, 4- ME =Mk —5- 3L ) FRREE IR B DR 4
AT 3 -5 G -2, 4— AR (mEmE —4- FE ) RN, IR AW 11 &K
BT i F ke & Ak &4 28. LC-MS :m/z = 601. 2 (M+H) .

[0641]  SEZftiff 29 :3- ((3-(5— 5 —2- (2— & -5 f —4— (N- (mgEme —2- JE ) EAHEEE ) K4
B RFR) ) &) NI

[0642] JHITH B- NERHFEBMRPE 2 F I HRARHFEE, JFHH 5- & -N-(2,4- =
FHAE( Ok ) -2, 4— O -N- (e —2- Ji ) ORI i B R 4 TR U T 2 -5- | -2, 4- =
SRR SE R L AL (MR —4- AR ) SRR, AREA S 11 & Bk i RSk A A &
Y 29, LC-MS :m/z = 547.9(M+H) . IH-NMR(MeOD), 88.05(d, J = 6.8Hz, 1H),7.49(d, J
= 2.8Hz, 1H), 7.34(dd, ] = 2.4,8.4Hz, 1H),7.17(d, ] = 4.4Hz, 1H),7.02(d, J
= 8.4Hz, 1H),6.80(d, ] = 4.4Hz, 1H),6.75(d, ] = 10.4Hz, 1H), 3. 14(t, ] =
6. 4Hz, 2H), 3. 04 (t, J=8. OHz, 2H), 2. 71 (t, J=8. OHz, 2H), 2. 49 (t, ] = 6. 4Hz, 2H), 2. 00 -
2. 03 (m, 2H) .

[0643]  SEZftif5) 30 :2- ((3—(5— & —2- (2— & —5- f —4— (N- (MgEme —4- 3L ) SRS ) K4
g ) R ) L) &) -N- Ok

[0644]  JEIdFH 2- 2k -N- A OB P IR 2 () H &R R, RIS 11 &
T i ) i R Sk A B Ak A 300 LCMS :m/z = 547. 1 (M+H) . 1H-NMR (MeOD), 8 8.77(d, J
= 2.4Hz, 1H),8.01(d, J = 7.2Hz, 1H),7.48(d, ] = 2.4Hz, 1H),7.35(dd, ] =
2.4,8.4Hz, 1H),7.10(d, ] = 2. OHz, 1H), 7. 02(d, ] = 8. 8Hz, 1H), 6. 73(d, J = 10. 4Hz, 1H),
3.70(s, 2H), 2. 97-3. 02 (m, 2H), 2. 80 (s, 3H), 2. 65-2. 69 (m, 2H) , 1. 96-2. 06 (m, 2H) .

[0645]  SEfi] 31 :5- & —4-(4- & —2-(3-((2-( FIAEESE ) 45 ) &) W) XE
) -2- & -N-(MEME —4- B ) ARG

[o646]  JEIHH 2-( HIEmEME AL ) R REB PR 2 R H 2R R, RIBILE 11 &
P R ) R Sk A Ak A 31, LCMS :m/z = 581. 8 (M+H) . 1H-NMR (MeOD), 6 8.77(d, J
= 2.4Hz, 1H),8.02(d, ] = 6.8Hz, 1H),7.48(d, ] = 2.4Hz, 1H),7.36(dd, ] =
2.8,8.8Hz, 1H),7.10(d, ] = 2. 4Hz, 1H), 7. 02(d, ] = 8. 4Hz, 1H), 6. 73(d, J = 10. 4Hz, 1H),
3.33-3. 50 (m, 4H), 3. 03 (s, 3H), 2. 99-3. 01 (m, 2H), 2. 65-2. 68 (m, 2H), 1. 95-2. 03 (m, 2H) .
[0647]  SEZjitiff 32 :1- (3— (2— (4— (N—(1, 2, 4— ME M —5- & ) FMEREEIE ) —2- & -5 BER
B )-5- FORE ) N ) URIE —4- RIR

[o648] B I HH H BNk 4- R MR LIMERPE2H W HARYF N HHH
5- A -N-(2,4- “HIEIE ) -2, 4- “H -N-(1, 2, 4- e —5- ) FREEEIE B IR 4
AR T 3 —5- 5 -2, 4— “HORILMEEE L (mEmk —4- 5 ) FIEHIRES, RIELAED 11 E K
FITiR (L FE ok & A &4 32, LC-MS :m/z = 589. 6 (M+H) .

[0649]  SZjifl 33 :5- &0 —4-(4- & —2-(4, 5,6, 7- YA MEMEFF [1, 5-a ] MEng —3- 3L ) 2
AL ) —2- B -N- (HEME —4- JL ) DRTE IR A%

[0650] /7% 13

[0651]
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a cl
NaH NaBH4 SoCl, NaCN
— ” e / e
1 CH;' MeOH yR3 R4
ym-2 cl ]
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[0652]  DUE 1. il 5- & —2- AR HEE

[0653] Kf 5- & —2- FAILEHEE (20g, 128mmol) Y DMF (70mL) FIVETRA H % 5-10°C iR
FE . 7 20 SRR R A B S AAN (7. 69g, 192mmol) BUNER AN S Bk . RIEHE
¥ BRI BNR S AERF IR T 15°C R, K e (23. 8ml, 384mmol) & ¥ N2 ik
RMAREYH o FESERININZ G, 7R 200 TR NI G 2 /NS o 6 5 I B IR A {51
AN MR S AL (250mL) LASRTE B ETTEY) - 38 H RIE S itiE ) BAE RS T
T4 PRI FEARH 100ml ks : — 28 (4:1) BERELARME 18g (/7% 82.58% ) HEAFA
HIFr B E9). LCMS :m/z = 170. 1 (M+H) .

[0654] DU 2: #il£ (5- & —2- FAFLRIAL ) HEE

[0655] ¥ 5- & —2- FAE LR EE (18g, 105. Smmol) FFFEE (100mL) AOVEMA Z1 4 5-10°C
PIREE o 7E 30 23 I (Rl P[] ERi  ds nsss o il AN (11, 8g, 317mmol) o 7E 58K
ININZ )5, TS I BV AL =0 N IHEL 2 /N i 28R 16 2 (1 :1) 1E R sh
FHAE TLC RIS . fETERUR M Z 5, fE T FIRGER S . ERTE R i K
(200m1) PAZRAT 2 EITED) . lﬁhﬁ,ﬁkﬁﬁ/ﬂﬁ%% i eI TR DAL 16g (772 87.8% )
HEESMFRNEY. MREZEHT T

[o656] DU 3: il & 4- A —2- (H I )—1— H ALK

[0657] #5- 50 —2- HAEIEEE) WEE (16g, 94mmol) Y DCM(100ml) HIVERAH1E 5-10°C
I o 7E 30 43 Bh B[R], ) B3R ¥ B s I AR B S (11ml, 140mmol) o 7 58 s
M Ja, AR TIPSR R G 4 /N o FETERUR N Z 5, fE R N IRAFIE A Y. 1E
B oS R A 7K (150ml) DRERIS A EPTRE . BRITE BT vt g i 9F HAE 1S
NI 125 (P72 67.9% ) ABBESMFRAE. MEEZERTT—

[0658] LIE 4. #il & 2-(5- W —2- WEEFERE) 2

[0659]  FEZJE NAE 4- S -2- (G H 3 ) -1- FHAEEKE (12g, 63. 15mmol) [ DMSO (60mL) [
RN O HUES INEALEN (4. 4g, 95. 6mmol) « SR 5K ik S RIR-A P Im#AE] 100°C Hri 3
NI TEAHIB R 2 S5, BN IR AR K (200ml) HLERIFHTIEY) . 38 3 R
FRIPUTIE YD I HAE L SR LUK 10g (773 87. 46 % ) HEHAKI T FH &Y. t1k
HERTT—%.
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[0660] DU% 5: il f 2- (5— & -2 HUAEFEIRIL ) -3 FARNIE

[0661]1 fEZIE N, 7E2- (5~ —2- FHEZERIL) 4N (10g, 47. 84mmol) [ HTR £ (50mL)
PRSI T8N (4. 4g, 95. 6mmol) o ¥ BT AT 1) )R NVR A PN #AE] 100°C - rRIE 3 /)
o 55 MUR N 2 5 K BT A I I S DA H & 2= 0, #7K (100m1) AT = &UH &2 (100ml) ¥
A NAR SV, It SRR AR G T B N 2 pH-3. XEEE N, JFHH &
Fr (2X100ml) FEHE /KT E . FBFN & KSR (150ml) YeEkss & A v,
W BT, £ 1 T I 2 k. A8 H IR AH A IRl i A R AT AR PP . KR E
0. 7-0. 9% FBER S e R Be BT =5 I F=4 . P8 2R A5 3] 9g (P22 77.94% ) A
B AT EL S . LC-MS :m/z = 208. 0 (M-H) .

[0662]  DUE 6: il f 4- (5— & —2— HIJEIRHL ) —1H- mkw —5- %

[0663] FEZIE T, TE 2- (5- & —2- HAEHE KAL) -3- ARG (9g, 43mmol) ) ZEE (90mL)
IR RIS G HE (4. 3g, 86. 12mmol) FYKEEEE (2. TmL, 51. 6mmol) « PR JSFERIFRIFHL T
INFRBREY) 3 /N o TESE RN Z 5 5 W s SR -G 074 30 22 %05, H H BRI AR /K I
(150m1) K. A=W L (3X100ml) FERFFAR G . FEKERESNANE, 18
S RREREN T4, JF BAE B N RkYE . [ IEA R AR E T AR = . B R P TR
KZ10.9-1. 1% HEER) — & B h et . F=Miin 2 Kk8 2 1g(F=3 72.8% ) HAEFEEST
b &W. LCMS :m/z = 224. 1 (M+H) .

[0664] DU 7. il £ 3—(5— & —2- HEJEIRHL )4, 5,6, 7- PUAMEMEIE [1, 5-a] BELE
[0665] FF 4—(5— & —2- A LR L ) —1H- mE e —5- B (3g, 13. 45mmol) [ DMF (15mL)
IR H A 5-10°C IR . 75 30 78 I H] PO oK &AL 8 (0. 806g, 20. 17mmol) BAZNER
SREINE FRER . AR 5-10°C FHHE TR B SR -EY) 30 8, IS TE EiR k&
BN L, 3- IRMAKE (1. 78ml, 17. 48mmol) o K5 BT 15 S STE A P03 100°C AR
4 /NI o FESERUR L Z J5, FHYA 7K (100ml) #BRiE R, 7 B H 48 Gl (3X100ml) $&H™
Yo RER KRGS RANZ, BRI T5, I BAE L N IR . Al IR AR s A
JEMT ALK ). BT B AR K2 1. 2-1. 5% B — S e e . i 2 K15
2] 0.65g ("% 18.36% ) FREISMFFRNAY . LC-MS :m/z = 264. 2(M+H) .

[o666]  DUE 8. #ilf 4- F —2-(4,5,6, 7- PUSMEME I [1, 5-a] W —3- 3£ ) HFH

[0667] # 3-(5- & —2- W & & K £ )-4,56,7- 0 & it M I [1,5-a] w5 0g
(0. 65g, 1. 9mmol) F) ~& H ke (30mL) HIVATRAEIZE 5-10°CHIIRE . 76 30 438P I TE Py,
1) b A O S I = R AR ) = SR BRI (4. Tl 4. T5mmol) o {ESERGNINZ J5 » 15
FiR NIRRT R NIREY) 4 /N o FETERUR L G, A IK (40mL) FRETR, 3F B &
fR g (3X30ml) 2R, FHEKEESRE S MANE, B R T%, e B NK
HELAFRAE 0. 65g (773 81.24% ) ABBSHII T EY . LC-MS :m/z = 250. 2 (M+H) .
[o668] 2 B 9: ] £ AW T Kk -5- G —4-(4- W -2-(4,5,6,7- PUS LM IE [1,5-a] B
W —3-% ) KAL) -2 HORFEMAMERE (e —4- 5t ) FIE HIERIE

[o669] TE & A A A N H £ = i T, £ 4 & -2-(4,56,7- 4 & Mt » Jf
[1,5-a] % g —3—- %K) 2 By (0.5g, 2. 008mmol) f¥) DMF (8ml) f ¥ W ¥ I — 4
K,CO, (0. 556g, 4. 016mmol)) « 4R J57EE i PR LTS X NIREY) 156 734 . £ IR &Y
ISIIARUT 2 —5- 5 -2, 4- “HOR LML (memk —4- 38 ) ZUEHIRES (0. 989¢, 2. 409mmol) ,
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I HAE =R NI RBIR S 3 /N . E5E RN Z J5 , I 7K (10ml) , 4R J5 H 2
R WS (3X25ml) $RHUEAY). FI/K (20ml) L £h7K (20ml) Peikss & 1A IR EA) , it i
FRAN T, I HAE L2 Nk A8 AR ol A S AT ali AUk =9 . BT & B P-4 4 K &
40-50% LR LBE M Ol RSl . P A RS 0. 4g (772 31. 18% ) B tA A BT e
HIHLEY0. LCMS :m/z = 640. 1 (M+H) «

[0670] B8 10: il #% 5- & -4-(4- & —2-(4,5,6, 7= DY MEmME I [1,5-a ] g -3- 3 )
AT ) —2— G -N- (e —4- B ) IR

[0671] 7E Z & N, £ T % —5- & —4-(4- & —2-(4,5,6, 7- WY & ML e 3F [1, 5-a] 1
W -3 k) AEIL ) 2 FORILMENEIL (mEME —4- 3 ) I FERREE (0. 4g, 0. 626mmol) ]
AT (16ml) FATRH B IR R 1) TR 2,15 (0. 8ml) 1) AN VAR . TE= I FHiHEpT
PRI NRE D) 2 /N o FESERUR N Z Ja , # bE (20ml) @802 e BR-EPh, 15 21 [ 2
DUEN . FERIEAZE, BT (15m1) g PRI SR A5 0 AR P VK, H HLAE 28 564 T 1)
0. 1% shBR KK « Z I R BH AR I8 L 1] 4% HPLC 3k — 25 4k AT 45 ikRE . AN 4% 1) HPLC
SIS 4l P2 Wi 4y 28 R AR BT B 1724 (0. 130g,38. 6% 2% ) (KRR 3h. LC-MS :m/z =
539. 78 (M+H) . 1H NMR (400MHz, FEZ —d4) 8 8.76(d, J = 2. 4Hz, 1H), 8. 02 (s, 1H), 7.95(d, J
= 7.2Hz, 1H),7.61(d, ] = 2.4Hz, 1H),7.54(dd, ] = 2.4, 8. 4Hz, 1H),7.27(d, J
= 8.4Hz, 1H),7.09(d, J = 2.0Hz, I1H),6.62(d, ] = 10.8Hz, 1H), 4. 14(t, ] =
6. OHz, 2H), 3. 40(t, ] = 5. 6Hz, 2H), 2. 14(p, ] = 6. OHz, 2H) .

[0672]  ASCHTIAR ) St 77 AN & FE R B VR, FE BLARSUS B EAR N 51 52 2\ 11 21 5%
REAE A AN I 5 S8 1 L T 58 A il 1) B B B vF 2 S5 R 2. BT ix B 4%
A SN 9 TE AR 2 B 5 B P 9 HL el DL Sy 20 25

[0673]  ASCHIHMIFTA 25 CHR (IS TR R TR AT ) #@id sl 77 L4355
HoN T BT B BIFE NSO, i [E) S B ) 8 T Bl R Bl B 1) 38 & ) HL B o 3% B 18
o5 T 08 7T B A AR,
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