MANUFACTURE OF 2-(5-BROMO-4-(4-CYCLOPROPYLNAPHTHALEN-1-YL)-
4H-1,2 A-TRIAZOL-3-YLTHIO)ACETIC ACID
BACKGROUND OF THE INVENTION
[601]  Uric acid is the result of the oxidation of xanthine. Disorders of uric acid metabolism
include, but are not limited to, polycythemia, myeloid metaplasia, gout, a recurrent gout attack,
gouty arthritis, hyperuricaemia, hypertension, a cardiovascular disease, coronary heart disease,
Lesch-Nyhan syndrome, Kelley-Seegmiller syndrome, kidney disease, kidney stones, kidney
failure, joint inflammation, arthritis, urolithiasis, plumbism, hyperparathyroidism, psoriasis or
sarcoidosis.
SUMMARY OF THE INVENTION

[662] Efficient synthetic procedures are often required for large scaie pilot plant syntheses of
chemical compounds. Provided herein are certain scalable processes and methods for the

synthesis of compounds of Formula (I):

N OR
A B

AN Formula (I);
wherein
R is H, -C,-Cyq alkyl, -C;-Cy alkenyl, -C;-Cyp cycloalkyl, -Cs-Cyq cycloalkenyl, or R is a
counter ion; and
Yis H, OH, NH,, F, Cl, Br,or L
[003] The compounds of Formula (I) described herein are useful for the treatment of disorders
of uric acid metabolism.

[064] In one aspect, there is provided a process for preparing a compound of formula (I1I):

NN
FA
Br/QN)\S/\n/OR
. O

-

Formuia (IH);

comprising contacting a compound of Formula (II):



N
\
.N)\S/\’_(OR

i

Formula (11);
wherein R is -C1-Cyy alkyl, -C-Cyq alkenyl, -C;5-Cyy cycloatkyl, or -C5-Cyy

~Z

cyeloalkenyl;
with N-bromosuccinimide (NBS} and a solvent.

[004a] In one aspect, there is provided a compound 3 or Compound 3-A:

Br/E:i\s I N B/E;{E\\s/\g/o\/
C
A AN

{Compound 3) {Compound 3-A)

obtained by the process as described herein.

[084b] In one aspect, there is provided a Compound 4:

/& &\S/\_]/O' Na‘*

Br N

S

obtained by the process as described herein.

[0€4¢] In one aspect, there is provided a Compound 1:

NN
TR
Br/LN)\S/\ﬂ/OH

|
£\
obtained by the process as described herein.

la



[004d] In one aspect, there is provided a reaction mixture comprising a compound of

Formula (II):

N
!

—N
y 3 S WOR
CO
/\
Formula (};
wherein R is -C1-Cyy alkyl, -C-Cyq alkenyl, -C3-Cyp cycloalkyl, or -C3-Cyg
cycloalkenyl;
a brominating agent; and
a solvent.

[004e] In one aspect, there is provided a reaction mixture comprising a compound of

formula (III)
Y

o
£\
Formula (1I);
wherein R is -C-Cyp alkyl, -C-Cyp alkenyl, -C3-Cyg cycloalkyl, or -C3-Cyg
cycloalkenyl;

a base; and

a solvent.

Ib



[604f] In one aspect, there is provided a reaction mixture comprising Compound 4:
f;I~N
v - Riat
B%’/AN/\S/\H’O Na
O

/\
{(Compound 4);

an acid; and
a solvent.

[684g] In one aspect, there is provided a Compound 2 or Compound 2-A:

* Y
h\
L P g O &N)\S o
Q °
AN AN
{Compound 2) (Compound 2-A).

1004h| In one aspect, there is provided a compound 2 or Compound 2-A, obtained by the
process as described herein.

[004i] In one aspect, there is provided a reaction mixture comprising Compound 5:
i’\’!—N
\
L en

/\
{(Compound 5);

a compound of Formula (IV):

0
X\)j\o/ R
Formula (IVY;

wherein:

ic



X is a leaving group; and
R is -C-Cyp alkyl, -C;-Cyg alkenyl, -C5-Cyp cycloalkyl or -C3-Cig
cycloalkenyl;

a base; and

a solvent,

[004j] In one aspect, provided herein is a process (Process 1) for preparing:
H ON
S SR o
ook >ON
AN {(Compound 1) or /N {(Compound 4)

comprising contacting a compound of Formula (II), or a salt thereof,

1d
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NN

Formula (I
wherein R is H, -C-Cop alkyl, -Ci-Cy alkenyl, -Ca-Cip cyeloalleyl, or -Ca-Chg oycloalkenyl,

with N-bromosuccinimide (NBS) and a solvent to provide a compound of structure:

T OR
TS

j

R I O

VAN Forpaula (1),
{0057 In some embodiments of the process deseribed above, R is -C-Cyg alkyl, -C-Cyo
alkenyl, -Ca-Cig cyeloalleyl, or -Cs-Chp cycloalkenyl. In some embodiments of the process
deseribed above, R is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, isoamyl,
pentyl, hexyl, heptyl, octyl, nonyl, terpenyl, bornyl, allyl, linalyl or geranyl.
HB061  In certain embodiments of the process deseribed above, R (s methyl or ethyl, Jn some
specific embodiments of the process described above, B 1s methyl.
H07]  In some embodiments of the process described above, the reaction mixture is stirred for
at least 12 hours at a temperature of between about room temperature and about 32°C.
FOOR] some embodiments of the process described above, the reaction mixture assay shows
< 1.5% area by HPLC of the compound of Formula (11}
10891 In some embodiments of the process described above, the reaction mixture assay shows
= 0.2 % arca by HPLC of the compound of Formula (1)

{0161 In one embodiment of the process described above, the process further comprises
(i) contacting the compound of Forroula (111 with a sodium hydroxide solution to
provide Compound 4; and
{i1} oplionally contacting Compound 4 with an acid to provide Compound 1.
{0331 In further embodiments of the process described above, step (1) further comprises
optionally crystallizing Compound 4 from an aqueous sodium hydroxide solution.
[012]  Insome embediments of the process described above, the process further comprises
{a) dissolving Compound 4 in water and adding ethyl acetate to the mixture,
{b) contacting the biphasic mixture of step (a) with an acid and separating the
organic phase to provide Compound |

p
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613]  In cortain embodiments, the acid of step (b) is hydrochloric acid, hvdrobromie acid,
acetic acid, sulfuric acid, or phospheric acid. In some specific embodiments, the acid of step (b)
is hydrobromic acid.

{014} In some embodiments of the process described above, the process further comprises
recrystallization of Compound 1 from ethyl acetate. In such an embodiment, the process further
coraprises optionally adding n-heptane to the mixture.

e

{015} Provided herein is Compound 3, obtamable by the process descrived above, and having

the structure:

NN
HONL e
Br Ay

{Commpound 3).
[016] Provided heren is Compound 3-A, obtainable by the process deseribed above, and

having the structure:

Br <TS
I
T
oty
Y
"-«\.,/f' S _:9"'//!
VAN {Compound 3-A).

171 Provided herein is Compourd 4, obiainable by the processes described above. Insome
! i {
embodiments, Compound 4 is a crystalline polyvmorph characterized by peaks at 4.90, 9.83, and
- A o 2 k
25.29°20+0.1°268. In some embodiments, Compound 4 1s erystalline polymorph form AL
{181 Provided herein 1s Compound 1, obtamable by the process described above.
{191 In one agpect, provided heremn is Compound 1 having no more than 0.1% of Compound 2
] ] i

by ares on an HELC assay

A\ (Compound 2).
10207 in one embodiment, Compound 1 having no more than 0.1% of Compound 2 is obtained

by the processes described above.
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[022)  In another aspect, provided herein s Compound 1, having no more than 6.1% of
Compound 3 by arca on an HPLC assay.

10221 In onc embodiment, Compound [ having no more than 0.1% of Compound 3 15 gbiained
by the processes described above.

[623] In a further aspect, provided herein s Compound 1, having no more than 0,1% of
Compound 2, and no more than 0.1% of Compound 3 by arca on an HPLC assay.

i{24]  In some cmbodiments, Compound 118 a crystalline polvmorph characterized by peaks at
10,32, 18,84, and 20,75°2040,1°20, In cortain embodiments, Compound 1 is crystalline

polymorpi form 1 In other embodiments, Compound 1 1s a erystalline polymorph characterized

by peaks at 1040, 18,76, and 19.83°204.0.1°28. In certain cmbodiments, Compound 113
crystailine polymorph form 2,

{925] Provided herein i some embodiments is a reaction mixture comprising a compound of

Formula (1T, or a salt thereof

PN Formuda (11);
wherein & 15 H, -C-Cop alleyl, -C-Uog alkenyl, -Cs-Ciy eyelealloyl, or -Cs-Chg
cycloalkenyl;
a brommating agent; and a solvent.

{626)  In some embodiments of the reaction mixture described above, R is ~C-Cyp alkyl, -Cy-
Cop alkenyl, «Ca-Chp eycloalkyl, or ~Ca-Typ cycloalkenyl In certain embodiments, the
brominating agent 1s N-bromosuccinirride {(NBS). In some embodiments, the solvent s THF,
DME, acetonitrile, or MTBE. In certain embodiments, the solvent 18 THE, In further or
additional embodiments of the reaction mixture described above, 2 compound of formula (111} is

produced.

L
,/‘"-:;}T,/;‘:\ O
LA

}:‘ Formula (1T
wherein Roag H, ~C-Cho alkeyl, -04-Cop alkenyl, -Cs-Cho eyeloalkyl, or -Cs-Chy cycloalkenyl;

a solvent; and a basce.
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-~ O,

19271 n some embodiments, a compound of formula {11) 15 produced, wherein R 15 -Cy-Cyg
alleyl, -C-Chp alkenyl, -Ca-Chy eyeloalkyl, or -C5-Chg cycloalkenyl,
H628] Some embodiments provided herein desoribe a reaction mixture comprising a compound

of formula (1I1)

N N
Br,»— \ / p ’\F OR
" *\T/ \":;1
,;éj\//"
A Formula (111,

-y 4

wherein Rois H, -C-Cyy alkeyl, -C-Cap allkenyl ‘o eyveloalloyl, or <Ca-Cyg cvcloalkenyl,

[629F  In some embodiments of the reaction mixture deseribed above, R is ~C-Cyg alieyl, -Cy-
Cap alicenyl, -CUs-Cyp cycloalkyl, or -Th-Chg cycloalkenyl, In some embodiments, the solvent is
water. in further or additional embodiments, the acid is hydrobromic acid. in further or

additional embediments of the reaction mixture described above, Compound 4 15 produced.

ih

I “Na
ST R O N a
2r Y - 5 ’
Qtﬂ ©
r - ; "
N
)“3 (Compound 4)

10361 Other embodiments provided hercin deseribe a reaction mixture comprising Compound 4

NN .
/4/\ &\ e e N

AN {(Cornpound 43
a solvent; and an acid.
1831]  In some embodiments of the reaction mixture described above, the acid is hydrobromic
acid. 1o some embodiments, the solvent 18 water. In further or additional embodiments of the

reaction mixture described above, Compound 1 is produced,

Lh
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(Compound 1)
{32] o one aspect, a compound of Formula (13), used m Process | above, is prepared by a

process (Process 2) comprising confacting a compound of structure:

{Compound 5)

with a base, a solvent and & compound of Formula (VY

i
X =
T Formula {(1vy

wherein X is hale, tosyiate, mesylate, triflate, or besvlate, and R s -C-Cyp alloyl, ~C4-Cy
alkenyl, ~Us-Chg oveloalkyl, or -Cs-Chy oyeloalkenyl;

to provide a compound of Formula (I1):

|
i{\ ,}f\\n P OR
N
/\\"QT r::‘\ O
e
/ Formula ().

{8331 In some embodiments of the process deseribed gbove, the compound of Formula (IV) is
selected froma methyl bromoeacetate, ethyl bromoacetate, methyt chloroacetate, and cthyl
chloroacetate,

[934]  In some embodiments of the process described above, the process further comprises
stirving the reaction mixfure at a temperature between about 25°C and about 40°C for at least
one hour .

[635] In some embodiments of the process described above, the crude reaction product
comprising a compound of Formula (11} 1s washed with a cocled mizture of Ethyl Acetate

(EtOAc) and isoprapancl.
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{036] Provided herein is a compound of structure:
’N"N
L g OMe
JL i
R o
:i/ 4 g
LN (ﬁ@mpeuné 2).

19371 Provided herein is Compound 2, having an HPLC purity of at least 98%. Provided
heremn 18 Compound 2, having en HPLC purity of at least 9%,
18381 In one emboediment, Compound 2, Compound 2 having an HPLC purity of at least 98%,

or Compound 2 having sn HPLOC purity of at Jeast 99%, is obtained by the processes described

5391 Provided herein is & commound of structure:
(0391 Provided herein is a compound o cture
NN

/" )\/\’ \_/

) Q:b- //L"n_:&
L
”\H); o e

/k {Commound 2-A).

R
[B40]  In one embodiment, Campound 2-A s obtained by the process described above,
{0411 Provided herein in some embodiments 18 a reaction mixture comprising a compound of

forrula (1V):

T
A \/l-. D/ R

wherein X is 2 teaving groun; R g ML OOy alkyl, ~C-Chp alkenyl, -Cy-Cyy
cycloalkyl, or -Cs-Chy oycloalkenyl, Compound 5; a base; and a golvent. in some embodiments
ot the reaction mixture described above, the compound of formula (1V) is methyl bromoaecstate,
ethy! bromoacetate, methyichloroacetate, or ethyl chloroacetate. In certain embaodiments, &

L

compound of Torraula {1

RN
L JOR
NS
T/L\b /\\Q\ O

N

/ix, Formula (11}



wherein R s H, -Ci-Cag alkyl, «C-Cop atkenyl, -Ca-Chy cyveloalkyl, or -Cy-Cyy

cycloalkenyl is produced in the reaction mixture described above. In certain embodiments, a

Compound 2 or 2-A 15 produced in the reaction mixture described above,

N=N wa
(A 4
( )‘\ /’\/,/Of\fie L /\’“\ P /‘O\/’
| ST
. L. e O
{I/ \'\]/ :%E © izl/ S Ry
L\ P N
Z\\ {Compound 2) A& (Compound 2-A)
10427 Inone aspect, Compound 3, used in Process 2 described above is prepared by 2 process

Process 3 comprisim
(Process 3) comprising

{5-1) contacting a compound of structure:

(Compound 6}

with nitric acid, water and a solvent (© provide a compound of structure:

s {Compound 7Y,

{511y contacting Compound 7 with hydrogen, palladium on charcoal, and one or more solvents

to provide a compound of structure:

NH,
/’1\\\:‘} ( j
U“\/'; J\\;’/

£ {Compound 8);
{5-n1) comtactimg Compound 8 with an acid 1o provide a salt of Compound 8;
{5-1v) contacting the sait of Compound 8 of step (54111} with a base, thiophosgene and 2 solvent

and stirring the mixture at about 5°C to provide a compound of structure:

i‘ii s
R R

\/f \///;
.. {Compound 9



(5-v} contacting Compeund 9 with formyt hydrazine and a solvent to provide a compound of

structure:

OayrNa
MNH
H
A
H’\I' g
//\/j
LN {Compound 10); and

-vi} contacting Compound [0 with a base, water and a solvent to provide Compound 5

T
Lh

ol

_ {Compound 5},

{0431 In some embodiments of the process deseribed above, the acid in step (5-1i1) is selected
from hydrochloric acid, oxalic acid and tartaric acid. In a specific embodiment of the process
described above, the acid in step (5-1i1) 18 oxalic acid.

10441 in one embodiment of the process described above, the salt of compound 8 in step (5-iv)

is an oxalate salt.

{3451 Provided heremn is Compound 8 oxalate salt, and having the structure

i
! Ho oo
THP )
q/ " =
i\( e
VAN {Compound 8-A).

in one CHRT, Con NS yund 8-A 13 obtained oy the Processcs UC’%LUbuU above.

Provided hereln in some embodiments 15 a reaction mixture comprising Compound 9, a

L As
J
AN {Compound 9)
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48

48] In some embodiments of the

aydrazine, In cortain embodimenis,

above,

19491 Alszo provided herein s a rea

solvent, In some embodiments, the

hicarbonate, sodinm carbonste, or ce
3 H

138449135

reaciion mixture described asbove, the nucleophile is formyl

Compound [0 5 produced in the reaction mixture described
i
N
i MH
i g
P
FHN ot
('\C S
; :
P9
‘\:"}/\\ff
AN {Compound 10}
ction mixture cornprisimg Compound 10, a base and a
base is potassium bicarbonate, potassium carbonate, sedium

stumn carbonate. In certain embodiments, Compound 5 18

by

produced in the reaction mixiure described herein,

e
P9
o /f?

We531  In one aspect, Compound 5,

(Process 4y comprising

{Compound &}

used in Process 2 deseribed above is prepared by a process

(5-1) contacting a compound of structure:

with nitric acid, water and a solvent

{5-11y contacting Compound 7 with

(’/b\hr Ry
ij‘\ __"uj)cf\\\f}/']

{Compound 6}
te provide a compound of structure:

N,

i/Liz» Sy

-~
I
f,r' s.\

pe
AN

-
o

T

{Compound 7

hydrogen, palladium on charcoal, and one or more solvents

to provide a compound of strocture:

i



{5-11-A} contacting Compound 8 with sodium thiocyanate, water and 2 5
o provide a cormpound of structure:

(Compound 8);

muxture al o femperature of at least 130°C

(5-1v-A) comtacting Compound 9 ¢
provide 2 compound of structure:
H

w

Ox

Y

{5-vi} vontacting Compound 10 ¢

Compound 5

NN
W

a;

fatep (S-1v-Aj with

e

A

10
(0531 Provided herein is Compound ¢

e

10521 Provided herein is Compound 35, o

3 obtainal

olvent, and heating the

ypound 9,

{Co

PO of step (5-11-A) with formvi hvdrazine and a solvent to

{(Coropound 10); and

a hase, water and & solvent

{ if‘a‘}r}’;puuz"id. 51,

{Compound 35).
tainable by Process 3 or Process 4 describad above,

ble by Process 3 or Process 4 described above.
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e by Process 3 or Process 4 described above.

(0547 Provided herein 18 Compound 10, obtains
H3E5]  Provided hereimn 18 Compound 1, having af least 98% purity by area on an HPLOC assay,
[056]  Provided herewn is Compound 1, having at least 98% purity by area on an HPLC assay
and which is ebtained by the processes described above. In one embodiment, Compound 115
prepared using Process 1, Process 2 and Process 3 deseribed above. In another embodiment

Compound 118 prepared using Process 1, Process 2 and Process 4 described above.

[i571  In one aspect, provided herein is a process (Process 5) for preparing

i
‘f i ih - /\ P T 31_4-
ATNPOUn OF (\.,-(:‘Hl OUNG =
r N |
(;:O?ﬁg;'?ﬂ. Siﬂg:

{1y contacting a compound of structure

S
Z’_K {Compound 11}
with a base, a solvent and a compound of Formula (IV):
i
X\““"”‘\C‘f/R Formula {1V},

wherein X 1s halo, tosylate, mesylate, triflate, or besylate, and R 15 -C-Cyg alkyl, -0-Cog
alkenyl, ~Us-Co cyeloalkyl, or -Cs-Cyy oyeloalkenyt;
to provide a compound of Formula (1)

NN

HoNT™ OR
E 4
- ;\.:\:\‘/\\ﬁ 0]

\\/'/ /,f/l

L Formula {VY;
{11} contacting the compound of Formula (V) with copper (11} bromide, potassium nitrite and a
solvent at a temperature between about 14°C and about 22°C to provide a compound of

structure:



—— Forroula (115,
(111} contacting a sotution of the cempound of Formula (115 of step (31) in 2 solvent with

agueous sodium hydroxide solution to provide a compound of structure:

‘1_\ S

e Pt N d-wo Na
S |
P 0

4{\ {Compound 4); and
{(iv) oplionally contacting an aqueous sohution of Corapound 4, of step (1), with an acid to
provide @ mixture compmising Compound 1.
(0587  In some cmbodiments of the process described above, R 18 methyl, ethyl, propyl,
iopropy!, butyl, isobutyl, tert-butyl, isoamyl, pentyl, hexyl, heptyl, octvl, nonyi, terpenyi,
bornyl, alivi, linalvt or geranyl.
831 In corfain embodiments of the process described above R s methyl or ethyl. In some
speciiic ermbodiments of the process deseribed above, R is methyl.
0] In some embodiments of the process described above, the me)(*u; d of Formula (V) of
step {1} 15 selected from methyl bromeacetate, cthyl bromeacetate, methy! chloroncetate, and
othyl chloroacetate.
sl In some embodiments of the process described above, the acid of step (iv) is
hydrochloric acid, hydrobromic acid, scetic acid, sulfuric acid, or phosphoric acid. In some
specific cmbodiments of the process described above the actd of step {iv) is hydrobromic acid.
10627 In some emboduments ot the process deseribed above, the process further comprises

filtering the mixture of step (v} to provide Compound 1 as a solid.

(0631 In some embodiments of the process described above, the process further comprises
wiracting the mixture of step {(Iv) with Ethyl Acetate and removing Ethyl Acetate to provide

Compound 1 as a solid.

H064]  In some embodiments of the process desceribed above, the process further comprises

receystaliizing Compound | from Ethyl Acetate,

{3651 Provided herein 15 Compound 1, obtainable by the process described above.
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[366] Provided herein is Compound 3, obtainable by the process deseribed above, und having

the structure:

O~
i

iy

Br /‘A N )\\SH/\YS}/
Ef"’l‘\ﬁ;’

AN {Compound 3).

{671 Provided herein (s Compound 3-A, obtainable by the process described above, and

having the structure:

{Compound 3-A).
{668] Provided herein is Compound 4, oblainable by the process described above.
10697 Provided herein 1s Compound 12, obtainable by the process described above, and having

the structure:

4.0 {Compound 12},
{764 Provided herein is Compound 12-A, obtainable by the process desceribed above, and

having the stracture:

{(Compound 12-A).
FO71] Ipa further aspect, any of the processes described above are suitable for synthesis of any

compound of Formula {I).

14
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{721 Inone aspect, ided herein (s a process (Process
] i

formula (1)

1a) for preparing a compound of

=N
-

\ .
AR
B W ET Y
Ll 0

o =

Formula (171}

corprising contacting 2 compound of Formula (1)

£ I OR
W= ]
! . s
-~ Q“CQ‘E./ \“-. "
i
ﬁx/’u\de

)_\ Formula {11);

wheren R 18 -C =Ty alkyl, OO alkenyl, -Cs-Che cveloalkyl, or -Cy-Cro cycloalkenyl; with N-

bromosuccinimide (NBS) and a solvent. In some embodiments, R 18 methyl, ethyl, prepyl,

isopropyvl, butyl, isebutvl, tert-butyl, isoamyl, pentyl, hexyl, heptyl, octvl, nonyl, terpenyl,

bornyl, allyl, Hnalyl or geranyl, In certain embodiments, B s methy! or ethyl, o some

cmbadiments, the compound of Fornula (3, the NBS and the solvent are stirred for at jeast 12

hours, and at & teroperature of between about reom temperature and about 32°C.

731 Insome emcbodiments of the Process Ta described above,

, further comprises contacting

the compound of Formula (11 with 2 sodium hvdroxide solution to provide Compound 4:

f )
(! OV Mat
. - i 2
B e e
O
PR N
f 1
l\\[;’;:' e
AN {Compound 4.

in cortain embodiments, the process comprises orystallizing Compound 4 from the aqueous

sodinm hydroxide solution. in alternative embodiments, the process further comprises
contacting C t]

‘ompound 4 with an acid to provide Compound 1

et
o5



{(Compound 1},

in certain embaodiments the acid is hydrobromic acid. o another alternative embodiment, the

process further comprises {a) dissolving Compound 4 in water and adding cthyl acetate to the
mixture; and (b} contacting the biphasic mixture of step (a) with an acid and separating the
organic phase to provide Compound 1.

{741 Provided herein is a Compound 3 or Compound 3-A:

N~
oo o
B \ji/\SAii” ~7
8
| L KL
{Compound 3) {Compound 3-A)

obtained by the processes according fo Process 1a described above,

1751 Provided here 15 2 Compound 4:

{(Compound 4}
obiained by the processes according to Process la degseribed above.

{1761 Provided here 13 a Corpound 1

Y
A8 OH

BrooCnT TR Ty
A O

P

LI. /"L\ e
\( "

AN (Compound 1}
obtained by the processes according to Process la described above. In some cmbodiments,
Compound | is a crystalline polvmorph characterized by peaks at 10.46, 18.76, and

19.83°26840.1°28. In certam embodiments, Compound 1 is the crystalline polymorph form 2.

[y
ol
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{77 In another aspect, provided here 15 a reaction mixture comprising a compound of

Forrrula (1)
RV
[ P
! - D
N7 B
Jo o D
i S
R
AN Formula {11);
wherein B s ~CCop allyl, <O alkenyl, -Os-Cho oveloaikyl, or -Cs-Cho oyeloalkenyl

"n H

a brominating agent; and a solvent. In some embodiments, the brominating agent is M-
bromosuccinimide {NBS)
[078]  In a further aspect, provided herein 1s a reaction mixture comprising a cempound of

Forrmula (1)

3T
3 9,
D~ OR

— Forrnula (171,
wherein R 18 -C3-Cyp alleyl, -C1-Cop alkenyl, ~Us-Chg eycloatkyl, or -O5-Cyp oycloalkenyl,
a base; and a solvent. In some embodiments, the base 18 sodium hydroxide,

{791 Inanother aspect, provided herein 18 a reaction mixtore compiising Compound 4.

} ' . 5 BT
fﬁ}”ﬂ/\ /\\t\:/\\ ,D Ha

I J
L\ T:r//l‘\\ o
J‘\
£ {(Compound 4,

embodiments, the acid 13 hydrobromic acid.

an acid; and a soivent.

~

?‘33’5@’ i?i one aspect, f',"i'i"(}\/’}'dCd hﬁ}."ﬁi-ﬂ 'if‘; 4 DIOOoKS ?TGLCS.; ).(‘i r\fh(fv‘ h(., COTNDoN 3}( {61

E i E i

F{;‘I‘iﬁl‘lul? (E ﬂ,. U“J(’A In *C’i&)m‘) i 53 ﬂ:b‘UVCa E-S ‘i’ﬂ.“f:-i’)i"lf."cfd lD 7 DTGCLess © }?T&'f’f“iﬂi“ i f:OI‘l'iﬁCtﬂ‘iu
bt . i b # £

ompound 5.
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{Compound 5),

with a base, a solvent, and a compound of Formula (IV):

x. MR -
S Formuda (IV);

whereim:
A is helo, tosylate, mesylate, triflate, or besylate; and
Rois -C-Cop alkyl, -C)-Chp alkkenyl, ~Cs-Cop oycloalkyl, or -Ch-Cyp oyeloatkenyl.
In some embodiments, the compound of Formula (IV) 18 selected from methyl bromoeacctate
ethyl bromoacetate, methyl chioroacetaie, and ethyl chloroacetate. In certain embodiments, 2
crude reaction product comprising a compound of Formula (1) 1s washed with a cooled mixture

of ethyl acetate and isopropanol.
10811 Also provided herein is a Compound 2 or Compound 2-A:

2\5 —d /axi ----- i\i
R AP R P = g
B ”ﬂ/ b “1*1:
| O

{Compound 2-A).

{Compound 2)
q certain embodiments, the Compound 2 or Compound 2-A are obfained by the processes

aecording to Process 2a described above.
provided herein 18 a reaction mixture comprising Compound 5;

182 In anocther aspect,

Bafe
£

‘\

,.—{."..
\r“’
7
;
U Bl
&

=
x\wﬁ(/
/

\\
/
5

-

E

4 {(Cormpound 5,

a compound of Formula (IV);

{1
x_ M »
J o Formuda (IVy;

18
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5

JOAT L

=
S
F

wherein;
%18 & leaving group; and
oA *

Roas -C-Cop alkeyl, -C)-Cop atkenyl, -Cs-Cg cycloalkyl or -Cs-Cyg cyeloalkenyt;

a base; and a solvent. In some embodiments, the compound of Formula (1V) {s methyi

brorncacetate, ethyl bromoacetate, methyl chloroacetate, or ethyl chloroacetate.

S
HIBRT

iy Process 2a above, is prepared by & process comprising:

In another aspect, provided herein is a process {Process 3a) wherein Compound §, used

L3

{(5-1y  contacting Comnound 6:

A {Compound 6);

with nifrie actd, water and a solvent to vrovide commound 7:
¢ H

4
/X {(Cormnpound 7);

(5-11)  contacting Compound 7 with hydrogen, palladium on charcoal, and one or more solvents

to provide Compound &:

MH,

|

(5-1v) confacting the salt of Compound 8 of step (5-111) with a base, thicphosgene and a solvent

hj

w0 provide Compound 9

R
|

|
AN (Compound 9},

{5-v} contacting Compound 9 with formyl hydrazine and a solvent to provide Compound 10;

sy
o
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\w-
o

{Compound 10}, and

{5-vi} contacting Compound 10 with a base, water and a solvent to provide Compound 5

{Compound 5).
{84)  Also provided herein is a compound selected from Compounds 1-X:
d-{d-{4-cyclopropylnaphthalen-1-y1)-4H-1,2 4-triazol-3-ylthioacetic acid {Compound 1}; 2-(4-
{4-cyclopropylnaphthalen-1-vl)-5-hydroxy-4H-1,2 4-triazol-3-vithiolacetic acid {Compound 11);
2-{5-amino-4-{(4d-cyclopropyinaphthalen-1-y1)-4H-1,2 4-triazol-3-yithio)acetic acid (Uompound
HIY; 2-(5-bromo-4-(i-cyclopropyinaphthalen-2-yD-4H- 1,2 4-triazol-3-yithio)acetic acid
{Compound 1V}, 2-(5-bromo-4-{(4-methylnaphthalen-1-.yh-48-1.2 ddriazol-3-vithiojacetic acid
(Comnpound VY 2-(S-bromo-4-{4-propylnaphthalen-1-y1»-41-1,2 d-trigzol-3-yithiojacetic acid
{Compound Vi), 2-{5-bromo-4-(S-cyclopropyhaphthalen-1-v{-4H-1,2 4-triazol-3-ylthic)acetic
acid (Compound V1), 2-(5-bromo-4-(naphthalen- L-yAH 1,2 4-riazel-3-yithioacetic acid
(Compound Villy, 2-(5-chlore-4-(4-cyclopropylnaphthalen- 1-yD-451,2, dutriazol-3 -
vithioyacetic acid (Compound 10 and 4-{5-{carboxymethylthioy-4-(4-cyclopropyinaphthalen- L-
w14 H-1 ,2,4——-&1‘;’azol-—’ﬁ--y%ar'ni'r"s(} F-oxobutancic acid {Compound X). I some embodiments, a
sarnple of 2-(5-bromo-4-{4-cyclopropyinaphthalen- T-vi}-4H- 1,2 d-triazol-3-ylthioacetic acid
comprises less than about 2%, less than abont 1.5%, less than about 1.0%, less than aboul §.3%,
less than about 0.4%, Tess than about §.3%, legs than about 0.2%, less than about G.1%, less than
about 0.05%, less than 9.02% of any one of Compounds 1-X, In preferred embodiments, a
sample of 2-(5-bromo-4-(d-cyclopropylnaphthalen-1-yh-41-1,2 4-triazol-3-vithiojacetic acid

comprises less than about 0.5% of any one of Compounds 1-%.

H
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FEREMNCIT
10851 All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each ndividual publication, patent, or

patent application was specifically and individually indicated to be imcorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

m"

p.‘zl

10861 The novel features of the invention are set forth with particularsty in the appended
clatms. A better understanding of the {eatures and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth iliustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:

[087] FIGURE ] represenis an illugtraiive Xoray Powder Diffraction Patiern of Polymorph
form 1 (Raw Data).

1588 FIGURE 2 represents an tlustrative Xeray Powder Diffraction Pattern of Polymorph
torm 1 (Background Subtracted and Ko2 Siripped).

[B8ST FWGURE 3 represents an illusirative Differential Scanning Calonimetry patiern of

Polymorph form 1.

{8 FIGURE 4 represents illustrative Thermogravimetnie Analyses () Rep 1and (b Rep 2
of Polymorph form 1
W] FRCURE 5 represenis an illustrative Xeray Powder Diffraction Pattern of Polymaorph

form 2 {Raw Data),

1+

H392] FIGURE 6 represents an ilustrative Xeray Powder Diffraction Pattern of Polymorph

form 2 {Background Subtracted and KoZ Stripped).

{931 FIGURE 7 represents an lustrative overlay of Xeray Powder Driffraction Patterns of
Potymorph form 1 (ower) and form 2 (upper).

"t

I8 represents an illustrative Ditferential Seaoning O

aloriretry pattern of
Polymorph fomm 2.

SE VT Y T . M Ty i 4- ~
FIGURE 9 represcots an ithustrative ' H NME (DMSO0-dq) spectrum of Polymorph form

1096] FIGURE [0 represents an illustrative HPLC race of Polymorph form 2,

16971 FIGURE 11 represents an ilustrative Thormogravimetric Analysis trace of Polymorph
form 2.

[G98] FIGURE 12 represents an ilustrative Gravimetric Vapor Sorption study of Polymorph

form 1 and 2.
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098] FHGURE 13 represents an illustrative X-ray Powder Diffraction Pattern of Polymorph
Form A |

(0106] FIGURE 14 represents an ilfustrative Differential Scanning Calorimetry patiern of
Polymorph Form A.

(@

i

QD

163} FIGURE 15 represents an illustrative infrared spectrum of Polymoerph Form A.

(3307] FIGURE 16 represents an ilustrative Raman spectrum of Polymorph Form A,

19103] FIGURE 17 represents an tHustrative Xeray Powder Diffraction Pattern of Polymerph
Form B,

[304] FIGURIE I8 represents an illustrative Differential Scanning Calorimetry patlern of
Felymorph Form I,

{0105} FIGURE 19 represents an diustrative Xeray Powder Diffraction Pattorn of Pelymorph

{166] FIGURE 20 represents an illustrative Differential Scanning Calorimetry pattern of

Folymorph Form B

FTION OF THE INVENTIOMN

107} Good manufacturing practices are usually required for large scale manufacture of
chinicalty usetul drug candidates. Provided herein are certain processes and methods for the

manufacture of compounds of Formuda (1)

Formula (I},

Rois H, 01Uy alleyl, -C-Cy alkenyl, -Cs-Chp oycloatkyl, -Cs-Chg oycloalkenyl, or R is a

108} The processes and methods of syntheses provided herein overcome certam
n';;mufa,cl‘Lx.i'i'i:tg drawbacks and allow for synthesis of high purtty compounds while reducing
waste and/or by-products, and reducing the use of corrosive materials. The improved processes
and methods of synthesis of compounds of Formula (I} described herein allow for large-scale

production compliant with good manufacturing practice (GMP) guidelines.

]
[
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Certain Chemical Terminology

10109 Unless defined otherwise, ail technical and scientific terms used herain have the same
meaning as is commonly understood by one of skill i the art to which the claimed subject
matter belongs. In the event that there 18 & plurality of definitions for terms herein, those in this
secfion prevail.

{B110] Itis to be understood that the foreguing general description and the following defailed
description are exemplary and explanatory only and are not restrictive of any subject matter
ciatmed. In this application, the use of the singular inclodes the plural unless specificaily stated
othervwise. Hmust be noted that, as used in the specification and the sppended claims, the

1,1t

singular forms "a”, "an” and "the" ipclude plural reforents unless the context clearly dictates
otherwise. If should also be noted that use of "or" means "and/or"” unless stated otherwise.

Furthermore, use of the term "including” as well as other forms, such as "include”, "includes”,

and "included” is not imiting,
{0118] Definttion of standard chemistry terms may be found in reference works, including

Carey and Sundberg "ADVANCED ORGANIC CruMisTRY 47 ED." Vols. A (2000) and B (2001),

Plenum Press, Mew York, Unfess otherwise indicaled, conventional ruethods of masy

spectroscopy, MME, BPLC, IR and UV/Vis spectroscopy and pharmacology, within the skill ¢
the art are craploved. Unless specific definitions are provided, the nomenslature employed
herew are the standard definitions. Standard techniques can be used for chermical syniheses,
chemical analyses, pharmacentical proparation, formulation, and delivery, and treatment of
dividuals, Reactions and purification techniques can be pcrf‘brm sd ez, using kits of
ranufacturer’s specifications or as commaonly accomplished 1o the art or as described herein,
Fhe toregoing technigues and procodures can be generally performed of conventional methods
well known i the art and as described in various general and more specific references that are
cited and discussed throughout the present specification. Throughout the specification, groups

and substituents thereof can be chosen by ane skilled in the field to provide stable moietios and

compounds,

{31121 Where substituent groups are spectiicd by their conventional chemical formulas, written
from left to vight, they c;-c:;r..‘safi'y encompass the chemically identical substituents that would resul
from writing the structine right to left. Ay anon-limiting exarnple, ~CH,O- 1g equivalent to
-0 H,-

{61 13] Unless otherwise noted, the use of peneral chemical terms, such as though sot Himited to
Talky " Tamune,” "aryl,” are equivalent to thelr (‘pimnaﬂy substituted forms. For example,

Malleyl,” as used herein, inclodes optionally substituted alkyl

23
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{114} In some embodiments, the compounds presented herein possess one or more
stereocenters. In some embodiments, the stercocenter 15 1n the R configuration, the 5
configuration, or combinations thereof. In some embodiments, the compounds presented herein
possess one or more double bonds. In sorme embodiments, the compounds presented herein
possess one or more double bonds wherein each double bond exists i the E {srans) or 7 {cis)
conliguration, or combinations thereof. Presentation of one parficular sterecisomer, regioisomer,
diastercomer, enantiomer or epimer should be understood to include all passible stercoisomers,
regioisomers, diastereomers, enantiomers or epimers and mixtures thereof. Thus, the compounds
presented herein inciude all separate configurational stereoisomeric, regioisomeric,
diastercomeric, enuptiomeric, and epimeric forms ay well as the corresponding mixtures thercof
Technques lor inverting or leaving unchanged a particular stersocenter, and those for resolving
mixtures of stereoisomers are found, for example, Furmniss ef af. (eds)), VOGEL'S
ENCYCLOPEDIA OF PRACTICAL ORCGANIC CHEMISTRY 5sup. TH BD., Longman
Scientific and Technical Ltd., Essex, 1891, K09-816; and Heller, dco. Chem, Res. 1994, 23, 128,
IRLE5T The terms "molety”, "chemical moiety”, "group™ and "chemical group”, as used herein
refer o a specilic segment or functional group of a molecule. Chemical moieties are ofte
recognized chemical entities embedded m or appended to a molecule.

10118) The ferm "reactant.” as used herein, refers to a nucleophile or electrophile used to create

covalent linkages.

6117] The term "bond” or "single bend” refers to a chemical bond between two atoms, or fwo

s

moistics when the atoms joined by the bond are considered 1o be part of larger substructure,
(31181 The term "optional” or "ophionally” means that the subsequently described event or
circumstance may or may not oceur, and that the description includes instances where said event

vy

or circurnstance occurs and instances 1 which it does not. For example, "optionally substituted

alloyl™ means cither "alkvl” or "substituted alkyl” as defined below. Further, an 0;‘.‘)*1‘10.:%!1_y
suostifuted groun may be un-substituted {(e.g., -CHUHy), fully substituted {¢.g., ~-CHE.CFs),
mona-substityied {e.g., -UH substituted at o level anywhere in-between fully

S

substituted and mono-substituted {¢.g., ~CHyUHF,, -OHOF, -CHFCH;, OFHCHT,, ete), Ttwill

be understood by those skilled m the urt with respect to any group containing onc¢ or more

substitnents that such groups are not intended to introduce any substitution or substitution

patterns {e.g., substttuted alkyl mcludes optionally substituted cycloalkyl groups, which in furn
¢ detined as including optionally substituted alkyl groups, potentially ad infinifum) that are

sterically impractical and/or synthetically non-feasible. Thus, any substituents described should

generally be understood as having a maximum molecular weight of about 1,000 daltens, and
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more typically, up to about 500 daltons (except in those instances where macromeolecular

substituents are clearly intended, e.g., polypeptides, polysaccharides, polvethyvlene glycols,

DMA, RINA and the Hike).

10119 As used hevetn, C-Cy ineludes C-Co, -y L -0 By way of example only, a group
esignated as "Cp-Cy" indicates that there are one to four carbon atoms in the moiety, i.c. groups

cantaming ! earbon atom, 2 carben atoms, 3 carbon atoms or 4 carbon atoms, as well as the

Pl

ranges - and OOy Thus, by way of exampie only, "Cy-Cy alkyl™ indicates that there are

g
one to four carbon atoms in the alkyl group, Le., the alkyl group 1s selected from among methvl,
cthyl, propyl, iso-propyl, i’i----fj)?,;‘.i}f”_i.‘ iso-tratyl, sec-butyl, and ~butvl, Whenever it appears herein, a
numerical range such as "3 to 10" refers to cach integer in the given range; e.g., "1 to 10 carbon
atorns” means that the group may have 1 carbon atom, 2 carbon atoms, 3 carbon atoms, 4 carbon
atoms, 5 carbon atoms, § carbon atoms, 7 carbon atoms, 8 carbon atoms, 9 carbon atoms, or 10
carbon atoms

[1Z0% The term "alkyl” as osed herein, alone or in combination, refers to an optionally
subsiityted straight-chain, or optionally substituted branched-chain saturated hydrocarbon
menoradical having from one to about ten carbon atoms, more preferably one to six carbon
atoms. Examples include, but are nof limited to methyl, ethyl, n-propyl, isopropyl, 2-methyl-1-
propyl, 2-methyl-Z-propyl, Z-methyl-L-butyl, 3-methyl-1-butyl, 2-methyl-3-buiyl, 2 2-dimethyl-
t-propyl, Z-methyl-T-pentyl, J-methyl-l-peatyl, 4-methyl-{-pentyl, 2-methyl-2-pentyl, 3-
methyl-2-pentyl, 4-methyl-Z-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyi-1-butyl,
n-butyl, isobutyl, sec-butyl, Shutyvl, n-peniyl, isopentyl, neopentyl, tert-amyi and hexyl, and
longer alkyl groups, such as hepivl, octyl and the like, Whenever it appears herein, a numerical
range such as "C-Cg allyl™ ot "Crg alkyl”, means that the alkyl group may consist of 1 carben

atom, Z carbon atoms, 3 carbon atoms, 4 carbon afoms, 5 carbon atoms or & carbon atems,

although the present definition alse covers the ceawrrence of the term "alkyl™ where no

o

numerical range is designal

01241 The term "elkyt

sed berein, alone or In combination, refers to o divadical derived

from the sbove-defined monoradical, alikoyl .if}ilx:m}.pics mclude, but arve not limited o methylene

(-CHa-), cthylene (-CUHCTHa-3, propylene (-C o=, 1sopropylene (SCHCHCH,-) and
the like,

[0122] The term "alkenyl" as used hereln, alone or in combination, refers to an optionally
substituted straighi-chain, or opfionally substituted branched-chain hydrocarbon monoradical
having one or more carbon-carbon double-bonds and having from two to about ten carbon

atoms, more preferably two (o about six carbon atoms. The group may be in either the cis or

i
iy

F o
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irans conformation about the double bond(s), and should be understood to include both isomers
Examples include, but are not limited to ctheayl (-CH=CH,), T-propeny! (-CH,CH=C,),
wopropenyl [-C(CHL)=C Hg], butenyl, 1.3-butadienyl and the like. Whenever it appears herein, a
numerical range such as "Cyp-Cy alkenyl” or "Chg alkenyl”, means that the alkenyt group may
consist of 2 carbon atoms, 3 carbon atoms, 4 carbon atoms, 5 carbon atoms or 6 carbon atoms,

" where no

although the present definition also covers the occurrence of the term "alkeny
murnerical range is designated.

1231 The term "alkenylene” as used hevein, alone or in combination, refers to a diradical
derived from the above-delined monoradical alkenyl, Examples include, but are not lmited to
o ~CHRCHAUR- and -C{UH=CH-) and

H
i

ethenylene (~CH=1), i

the like

e proponylens isomers (2.

\l"'

31241 The term "aliphaiic” ag used herein, alone or in combination, refers to an optionally
substituted, straight-chain or branched-chain, non-cyclic, saturated, partially unsaturated, or fully
unsaturated nonaromatic hydrocarbon. Thas, the term collectively includes alkyl, alkenyl and
alkynyl groups.

(312571 The term "carbon chain” as used herein, alone or in combination, refers to any alloyl,
atkenyl, allcynyl, heteroalkyl, heteroalkenyl or heteroallynyl group, which is linear, cyclic, or
any combination thereof. Ifthe chain is part of a finker and that linker comprises one or more
tings as part of the core backbone, for purposes of calculating chain length, the "chain® only
mciudes those carbon atoms that compose the bottom or top of a given ring and not both, and
where the top and bottorn of the ring(s) are not equivalent in length, the shorter distance shall be
used in determining the chain length, If the chain contains heteroatoms as part of the backbone,
those atoms are not caleulated as part of the carbon chain fength.

{8126] The terms "eyele”, "eyelic", "ring” and "merabered ring" as used herein, alone or in
compination, refer o any covalently closed structure, including alicvelic, heterooyelic, aromatic
hetercaromatic and polyeyelic fused or non-fused rog systerns as deseribed herein. Rings can be
opticnally substituted. Rings can form part of & fused ring system. The ferm "membered” is
meant to denote the number of skeleial atoms that constitute the ring. Thus, by way of example
only, cyclohexane, pyridine, pyran and pyrimidine are six-membered rings and cyclopentane,
pyrrole, ietrahydrofuran and thiophene are five-membered rings.

18127] The term "fused” as used herein, alone or in cornbination, refers to oyelic structures in
which two or more rings share onie or more bonds.

191281 The term "cycloalkyl™ as used herein, alone or 1n combination, refers fo an optionally

bstituted, saturated, hydrocarbon monoradical ring, containing from three to about fifteen ring

26



carbon atoms or from three to about ten ring carbon atoms, though may include additional, non-
ting carbon atoms as substitnents (e.g. methyievelopronyl). Whenever it appears herein, a
numerical range such as "Cs-Cg eyeloaliyl ¥ or "Cag cycloatkyl ™, means that the cycloalkyl
group may consist of 3 carbon atoms, 4 carbon atoms, 5 carbon atoms or 6 carbop. atoms, 1.e., 18
eyclopropyl, cyclobutyl, cyclopentyl or cycloheptyl, although the present definition alse covers
the occurrence of the term " cycloalkyl " where no numerical range is designated. The term
ncludes fused, non-fused, bridged and spiro radicals, A fused cycloalkyl may contaim from two
fo four fused rings where the ring of attachment is a cycloalkyl ring, and the other individual
rings may be aiif;jfciia heterocyelic, aromatic, hetercaromatic or any combination thereof
Examples imelude, bul are not limited to eyclopropyl, eyclopentyl, cyelobexvi, decalinyl, and
bicyclo [2.2.1] heptyl and adamantyl ring systems. Hlustrative examples include, but are not

limited to the following moieties:

0000 OO0

<J'“>,/ >( J( jfﬁ\

G129 The term "cyeloalkeny!” as used herein, alone or in combination, refers to an optionally

—
e
e

and the ke,

substituted hydrocarbon non-aromatic, monoradical ring, having one or more carbon-carbon
double-bonds and {rom three to about twenty ring carbon atoms, three to about twelve ring
carbon atorns, or from three to about fen ring carbon atoms. The term includes fused, non-fused,
bridged and spiro radicals. A fused cycloalkenyi may contain from two to four fused rings where
the ring of attachment is a cycloalkenyl ring, and the other individual rings may be alicyctic,
heterocyelic, arpmatic, heteroaromatic or any combination thereof. Fused ring systems may be
fused across o bond that 1 a carbon-carbon single bond or a carbon-carbon double bond.
Hxamples of cycloalkenyls include, bui are not limited (o eyelohexenyl, cyclopentadieny! and

bicyelel 2.2 Tihent-Z-cne ring sy

tems. Hlustraiive examples include, but are not limited to the

following moieties:

o w 0.0 C

O (1) =z ,;\

[0130] The terms "alicyclyl” or "alicyelic” as used herein, alene or in combination, refer to an

optionally substituted, saturated, partially unsaturated, or fully unsaturated nonaromatic
hydrocarbon ring systems containing from three to about twenty ring carbon atoms, three to

27
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about twelve ring carbon atoms, or from three to about ten ring carbon atoms. Thus, the terms
collectively include eycloalioyl and cycloalkenyt groups.
[$131] The term "carboeyelyl™ as used herein, alone or in combination, refers collectively to
alicyelyl and aryl groups; i.e. all carbon, covalently closed ring structures, which may be
saturated, partially unsaturated, fully unsaturated or aromatic. Carboeyelic rings can be formed
by three, four, five, six, seven, eight, nine, or more than nine carbon atoms. Carbocycles can be
optionally substituied. The term distinguishes carbocyelic from heterocyelic rings in which the
ring backbone contains at feast one atom which is different from carbon.

10132] The terms "halogen”, "hale™ or "halide” ag used herein, alone or in combination refer to
fiugro, chlore, bromo and iodo.
[0133] The term “hydroxy" as used herein, alone or in combination, rofers to the monoradical -
OH.
(31341 The terms "carboxy” or "carboxyl™ as used herein, alone or in combination, refer to the
moiety -C{OYOH, which may also be written as -COUH. A “carboxylate anion” is a
aeprotonated carboxyl moiety and is written as —COO0 or -CO0"
{B135] 1t is to be understood that in instances where two or more radicals arc used in succession
o define a substituent attached to a structure, the frst named radical is considered to be terminal
and the last named radical is considered to be attached to the structure in question. Thus, for
xaraple, the radical arylaikyl is aifached to the structure in question by the alkyl group.

[D136] As used herein, “3,5-disubstituied 4-(4-R%naphthalon-1-y1-4F-1,2.4-triazele” refers o

1 2
Vo d

1371 Ag used heretn, “3-substituted-5-bromo-4-{4-cyclopropyinaphthalen-1-y-4H-1,2,4-

iravole” vefers to

1 2
Y
B " F
J 4
= T
C 1
oy

[0138] The term "polymorph form 1" refers to a crystalline lorm of 2-(5-bromo-4-(4-

cyclopropyl naphthalen-1-yi-4 51,2 d-triazol-3-ylthiojacctic acid that exhibits an x-ray powder



diffraction pattern substantially the same ag that shown in FIGURE 1, and/or FIG 2 and/or

a differential scanning calotimetry profile substantially the same ag that shown in FIGURE 3.

£
1

(01397 The term "polymorph form 27 refers to a crystalline form of 2-(5-brome-4-(4-
cyclopropyl naphthalen-1-yD)-4/7-1,2 d-triazol-3-ylthio)acetic acid that exhibits an x-ray powder

diffraction pattern substantially the same as that shown in FIGURE 5, and/or FIGURE 6 and/or

I

a differential scanning calonimetry profile substantially the same as that shown in FIGURE 8.

{148 The term "polymorph form A” refers to a erystalline form of sodium 2-(5-bromo-4-{4--

v

velopropylnaphthalen- 1-yi3-44-1,2 4-triazol-3-ylthio)acetate that exhibits an x-ray powder
diffraction pattern substantially the swme ag that shown n FIGURE 13, and/or a differential

scanning calorimetry profile substantially the sare as that shown in FIGURE 14,

(314711 The torm "polymerph form B refers to a crystalline form of sodium 2-(5-bromo-4-(4-

cyclopropyinaphthalen-1-vi}-4H-1,2 4-wiazol-3-vithiojacetate that exhibits an x-ray powder
diffraction patiern substantially the same ag that shown in FIGUR and/or a differeatial

' El

£l

scannimg calormmetry profile substantially the same as that shown in FIGURE 18,

21 The term "polymorph form B' 7 refers to a orystalline form of sodium 2-{5-bromeo-4.-{4..
cyclopropyinaphthalen- 1-yD)-47/4-1,2, 4-triazol-3-vithio)acetate that exhibits an x-ray powder
diffraction pattern substantially the same as that shown in FIGURE 19, and/or a differential
scanning calorimetry profile substantially the same as that shown in FIGURTE 20,

{1431 As used herein, a “counter ion” is an on the presence of which allows the formation of
an averall neatrally charged specics, Accordingly, i one instance, a counter ion s a positively
charged ion, e.g., for a compound of Formula (1), which balances the negative charge associated
with a carboxylate anion of & compound of Formula (1) and allows the formation of an overall
neatrally charged species. Bxamples of counter tons for compounds of Formula (D) inclade and
are not Hmited to Nat, K4 Lit, Cat, Mgt Fobdt, Al or any other pharmaceutically
aceeptable organic or tnorganic cation. Where the cation has more than one unit charpe {e.g., &
Mgy, it is understood that one or more carboxylate anionic moieties (¢ g, carboxylate
moietics of componnds of Formula (1)) will be needed to form an overall neutrally charged
species, Inanother instance, a counter on 18 a negatively charged ion. For examgﬂe, for
Compound ¥, a negatively charged counter 1on balances the positive charge associated with
protonated fomm of Compound 8. Dxamples of such negatively charpged counter iong include and
are not linuted to oxalate, citrate, tartarate, acetate, chioride, bromide, fluoride, or any other

pharmaceutically receptable organic or inorganic anlon.
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fnitinl attempis

(6144} Initial efforts for identification of optimal conditions for synthesis of compounds of
Formula (1) including e.g., Compound | and Compound 4, focused on Compound 11 (G-amino-
A-(d-cyclopropylnaphthalen- L-vD-1H-1.2 4-triazole-5(4H -thione} as the starting material,

Scheme 1 shows an exemplary synthesis of Compound 1 and Compound 4,

Scheme |
NTNH g p—
P L g ) e OH
HQN’J\N)MS Bre A M" -~ /AW( Br”QN/“ S /(

8]
h/l\_ Formula (l\f} e (“uBr; KNG, )\\ % T NaGH H,0
TN e L/ J e M i AR RAC el
\E’/‘\J M L N CHON i L V,;J 2, Akt i
M/_‘_‘ 14 I Formusba (¥} /\L

,,,,,, Formula (i) __ k

i OH
/1{ ,\«\"--, e "‘“:(
ST
MNAORUFO L’jjiﬁwmw PN
H
2. EtOhch-ftep S
A\ 1

18145] Starting with Compound 11, a reaction with a compound of Formula iV} in the presence

of DMF as a solvent provides a compound of Formula (V). Any reagent of Formula {IVy may
be used. In one embodiment, the reaction of Compound 11 is carricd out with bromo methyl

j ]
e tf’ Bi’\\’/*\ox

Ci\ A
P TaT ' ‘/ "
aceraie @]

or chloro methyi sce io provide a compound of Formula (V3
wherein R 1s methy! {Compound 23, in a different embodiment, the reaction of Compound 11 18
o

[
Bi‘\/f‘“[\o/’\\ o . Lo C[~\/J\ T

carried out with bromo ethyl acetate or chloro ethyl acetate 0" o

provide a compound of Formula (V) wherein R 15 ethyl ({Compound 2-A). in another
5
ernbodiment, the rcaction of Compound 11 18 carried out with bromoscetic acid Br\")LOH to
provide a compound of Formula (V) wherein B is H. Any suitable solvent iy used, Inone
cinbodiment, the solvent is DME. In alternate embodiments, the solvent is diozane, acetonitrile,
chioraform, dichloromethane, tetrahydrofuran {THF), N-methyl pyrrotidone {(NMEP)
dimethylsulfoxide (BMEO) and the like
[0146] The compound of Formula (V) is then subjected to a reaction with Copper (I1) bromide
in the presence of potassium nitrite and a solvent and the reaction temperature 15 maintained at
about room temperature or below, to provide a compound of Formuta {11}, In some
embodiments, the compound of formula (V) 15 subjected to CuCly/KNG, CTalCly/MNanNG,,

CuBry/NaNGy, 0 TsOH/MNaMNOy/KBr, or Bry. In one embodiment, the reaction temperature 18
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between about 14°C and about 22°C. Ip another embodiment, the reaction temperature 1s
between about 12°C and sbout 25°C. Any suitable sofvent 1s used. In one embodiment, the
solvent 18 acetonitrile, in a different embodiment, the solvent is dichloromethane, WMP,
dioxane, THE and the like, In one embodiment, the reaction provides a compound of Formula
{111y which 1s Compound 3. In another embodiment, the reaction provides a compound of
Formula (111 which is Compound 3-A, In another embodiment wherein R is H, the reaction
provides Compound 1,

(81471 Contemplated within the scope of compounds of Formula (11) are ester compounds that
are prodrugs of Compound 1. Examples of such esters inchude and ave not limited to methyl,
cthyl, propyl, sepropyl, butyl, isobutyl, tert-butyl, isoamyl, pentyl, hexyl, hentyl, octyl, nonyi,
terpenyl, bornyl, allyi, linalyl and/or geranyl esters.

[6148] The ester group 1n the compound of Formula (185 13 hydrolyzed using any suitable a
including and not limited o acetic, triflucroacetic, sulfuric, nitric, phosphoric, hydrochloric or
hydrobromic acid to provide Compound 1.

[8149] Cormpound 1 18 then converted to a salt. In one embodiment, Compound 1 i3 stirred in
aquecus sodium hydroxide to provide Compound 4. In some embodiments, Compeund 4 is a
crystallineg polymorph characterized by peaks at 4.90, 9.83, and 25.28°28£84.1°29, In some
embodiments, Corapound 4 is erystailine polymorph form A, In alternate embodiments,
Compound 115 stirred i aguecus potassium hydroxide, Hihium hvdroxide, cosium hydroxide or
any other suitable basic solution to provide a compound of Formula (1) where in R 18 a counter
jor. Insome of such embodiments, an alcohol {e ., methane!, cthanol, {sopropanot) is used as a
co-solvent for the reaction step comprising conversion of Compound 1 1o 2 8a

HE58] An aqueous solution of Compound 4 {or the compound of Formulza (1) in which R i
counter jon) is acidified using a suiiable acid such as hydrobrommic acid, Other acids that are
suitable for thiy step nclude and are not himited 1o acetic, itluorcacetic, sulfuric, nitric,
rhosphoric, hydrochiore acid, and the Iike, "The mixture is extracted with a suitable organic
solvent such as Ethyl acetate. Other soivents suitable for exiraction mclude and are not Hmited
to dichloromethane, tert butyl methyl ether, tert-butano! and the like. Compound 1 s then
optionally reerystallized from EtOAc, In some embodiments, Compound 1 is recrystallized
from Ethyl Acetate and using n-heptanes as a counter solvent, It will be appreciaicd that any
other suitable solvent or combination of solvents may be used for recrystallization of Compound
1.

16158] in some embodiments, Compound T 15 a crystalline polymeorph characterized by peaks at

10.32, 18.84, and 20.75°26=0.1°28. In cortan embodiments, Compound 1 is crystalline



WO ROTGETes PLTATSZEI 3049135

pelymorph form 1. in other embodiments, Compound 1 1s a erystaliine polymorph characterized
by peaks at 10.46, 18.76, and 19.33°26+0.1°28. In certain cmmbodirents, Compound 1 1g

crystalline polymorph form 2

Svnihesis of Compound 11 - first method
161521 The synthesis of Compound 11, described in Scheme 1, was achieved, in one exemplary

embodiment, using the sequence of reactions deseribed in Scheme 2.

Scheme
OH
(j‘\sr/‘;\"b
NCH 1 ALPdfC!, i, HO
o s, SR . » o ethanct or
g“f’"' \T Ty [/" Mg Ec:f\l-i/ Ty, HNO; [%/L e \?;:E mathanol {// i
_ T . . o P i
*[/ [MiCls{dpppi, l\:-q/j\;ﬂj DCM or SN g.%xahc NP
Br THF /L 1,2-DCB A[\ aci
“g =y = ga
NElp HOI
FN={
HN-NH ANH
i NH; HCI '
. NCS HM:{’ 2 S H?,\/( g
2 ‘ )
KOH (/ L HIN=NH, PN NaOH /H
i [ - , Bt j
DEM S DMF “ H\ 2 DM, o
o i waltar
oluene ; 2
£ JANEE AN §
18153] Starting with I-bromenaphthalenc, a reaction with a suitable Grigpard reagent provides

Compound 6.

H154] Compound 1118 then prepared by a process {Process 0) comprising

{11-1) contacting Compownd 7 with hydrogen, paliadium on charcoal, m one or more suitable
solvents to provide a compound of structure:

B H-
?HZ

S

A

FAN (Compound 8};

-
e

{11-11} contacting Compound 8 with oxalic acid to provide an oxalate salt of Compound 8;

(

{11-111) contacting the exalate salt of Compound 8, of step {111}, with a base, thiophosgene and
a solvent and stirring the mixture at a temperature below room temperature to provide a

compound of structure:
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»J‘

Ry
m “5“/’L"9/
_/& (Compound 9),

{11-19) contacting Compound 9 from step (11-01) with amineguanidine hydrochloride, and a

base and 2 solvent to :EO\fI{iL i LDI"’”)O&JTIG of struchire:

Hn==
HINNH
e
Py
HNT S
(5? e, l - :ﬂ‘:\:}i
L\Z‘Q/,/!' J;/”’
é\
L {Compound 13); and
{11-v) contacting Compound 12 of step (11-1v) with a base, water and a solvent to provide

Compound L1

[0185] Provided herein 18 Compound 9, prepared by Process 6 described above, Provided
herein is Commound 11, prepared by Proceas 6 described above. Provided herein is Compound

13, prepared by Process 6 deseribed above,

IS8T In one embodiment, a solvent suitable for vse in step (11-1) of Process 6 described above
is methanol, ethanol, or dichlorobenzene, or any combination thereof, In one embodiment, a
solvent suitable for vae in step (11-1) of Process 6 is mcthanol. in another embodiment, ¢

solvent suitable for use in step (11-1) of Process 6 18 ethanol. Alternate solvents such as, for

example, THE are also contemplated within the scope of erbodiments presented herern.

D157 Conternplated within the scope of embodiments presented herein is the use of other acids

and/or acid salts 1 step (11-11) and (1 1-110) of Process 6 described above, including and not

Hrnited to the use of ¢itric acid, tartarie acid, acetic acid, hydrochloric acid and the like
preparation of corresponding acid salts of Compound &,
[15E] In one embodiment, a solvent suitable for use in step {11+ of Process 6 18 tolucne. In

alternate embodiments, a solvent suifable for use in gtep (11411) of Process 6 is dichlorobenzene,
dichloromethane, xviencs, or any other suitable selvent. In some cagses the reaction mixture of
step (11-ity of Process 6 1s stivred at a temperature of between about 0°C and about 10°C,

i["(‘;

between abou {and about 15°0, or betwaen about 5°C and about 25°C. In some cases, the
reaction mixture of step {11115 of Process 6 1s stirred at about 5°C. In some cascs, the reaction

roixture of step (11-1110) of Process © 1y stivred at about room temperature.
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[GEEG] In further ernbodiments, a base suitable for the reaction in step (11-111) of Process 6 is
selected from potassium hydroxide, sodivm hydroxide, lithiam hydroxide, potassium carbonate,
cesium carbonate, potassium phosphate or any other suitable base. In some embodiments, a
base suitable for the reaction in step (1 1-101) of Process 6 is potassium hydroxide.
[#168] In further emnbodiments, a base suitable for the reaction in step (11-1v) of Process 6 is an
organic or an morganic base. MNon Dimiting examples include triethylamine, dilsopropyl amine,
diisopropyiethyl amine, potassium hydroxide, sodium hydrozide, lithium hydroxide, notassium
carbonate, cestum carbonate, potassium phosphate or any other suitable base. In one
embodiment, the reaction of step (11-1v) of Process 6 described above is carried out in the
presence of dilsopronyiethyl amine (IMEA) or sodium hydroxide. Any suitable solvent is
selected for the reaction in step {11-1v) of Process 6 including, for example, DMFE, THE,
acetonttrie, dioxane, NMP or the Iike. Tn one embodiment, the reaction in step {11-ivy of
Process & s carried out 1n DME,
({0161} In one embodiment, a solvent suwitable for use in step (11-9) of Process 6 1s DMF. o
alternate embodiments, a solvent suitable for use in step (11-v) of Process 6 is toluenc,
dichlorobenzene, wylenes, NMP, acetonitrile, dioxane, or any other suitable solvent. In further
einbodiments, o base suitable for the reaction in step (11-v) of Process & is selected from
potassivm hydroxide, sodium hydroxide, lithivm hvdroxide, potassium carbonate, cesium
carbonate, potassium phosphate or any other suitable base. In some emboediments, a base

suitable for the reaction in step (11-v) of Process 6 15 sodium hydroxide,

Synthesis of Compound 11 - second method
[$162]) fn a different exemplary embodiment, the synthesis of Compound 11, deseribed in

Scheme 1, was achicved using the sequence of reactions deseribed in Scheme 3.
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(#1631 Starting with I-bromoenaphthalene, a reaction with a suitable Grignard reagent provides

Compound 6.

54} Compound [ g then prepared by a process (Process 7) comprising

S

B1

(11--A) contacting Compound 7 with hivdrazine hydrate and a solvent to provide a compound

of structure:

LA {Compound 3);

{11-ii-A) contacting Compound § with hydrochlovic acid and a solvent to provide a

hydrochioride salt of i'.,{m};‘ammd 35

{(11-1i1-A) protec 11

strictures,
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{Compound 14);

{11-iv-A) contacting Compound 14 with hydrochloric acid and ethanol fo provide a
hydrochloride salt of Compaund &

{11-v-A) contacting the hydrochloride salt of Compound 8 from step (1-iv-A) with a base,

thiophospene and a solvent to provide a compound of siructure:

TCS
- ;t‘-:?: . i//l‘\\
I
S
!
i

>

S (Compound 9}
{11~vi-A} contacting Compound 9 from step (1 1-v-A) with aminoguanidine hydrochloride, a

base, and a sotvent o provide a compound of structure:

Ny HOI
HN=(

FN N\H
jo
H i\ii/ 8
f’_; \/ﬂ/ /:‘N\j
S
\
AN {(Corapound 13); and
{1 1-vit-A) contacting Compound 13 from step (11-vi-A) with a base, water and a solvent to
provide Compound 11
HH65] Provided herein 1s Compound 9, prepared by Process 7 described above. Provided
herein is Compound 11, prepared by Process 7 deseribed above. Provided herein is Compound
.

13, prepared by Process 7 deseribed above. Provided herein is Compound 14, prepared by
Process 7 described above,
i66] Provided herein s a Hydrogen chloside salt of Compound 8, obtainable by Process 7

described above and having the structure:

Ny . HC!

{Compound 8-B).

36
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(31571 In one embodiment, a solvent suitable for use in step (1 1--A) of Process 7 described
shove 18 methanol, cthanol, oy dichlorobenzene, or any combination thereof. in one
embodiment, a solvent suitable for use m step (11-1-A) of Process 7 1s methanol. In another
embodiment, a solvent sutltable for use in step (11-1-A) of Process 7 is ethancl. Alternate
solvents such as, for example, THE arc also contemplated within the scope of embodiments
prescnted herein.

(108! Contemplated within the scope of embedirments presented herein is the use of other acids
and/or acid salts in step (11ai-A), (1148-A% and (11-v-A) of Process 7 described above,
meluding and not limited to the use of citric acid, tartaric acid, acetic acid, hydrochloric acid and
the like for preparation of coresponding acid salts of Compound 8. Contemplated within the
soope of embodiments preseated hercin s the use of a suitable solvent in step (i I-it-Ayof

Process 7 including THE, dioxane, diethyl cther, methy tert butyl ether (MTRBEY or the Tike. Tn

one embodiment, a solvent used m step (1 11-A) of Process 718 MTRE,
I3169] In one embodiment, a protecting group used i step (1 1-05-A) of Process 7 18 tort

hutvioxy carbonyl. Any other suitable amine protecting group may be used. Inone
embodiment, the reaction m step (11-11i-A} of Process 7 15 carried out 1o the prosence of
Sutyloxyvearbonyt anhydride, ethanel, tricthyl amine, and MTRE to provide Compound 14.
HE7G] In one embodiment, a solvent suitable for use m step (11-v-A) of Process 7 s
dichloromethane. In alternate embodiments, a solvent suttable for use in step (11-v-A) of
Process 7 is fotuene, dichlorobenzene, xylenes, or any other suitabie solvent. In some cases the
reaction mixtare of step {1 1-v-A} of Process 7 13 stivred at o temperature of between about 0°C

gl

and about 1070, between anout 5°C and about 15°C, or between about 5°C and about 25°C. In
sotne cases, the reaction mixture of step (11-v-A) of Process 7 s stirred af about 5°C. In some
cases, the reaction mixture of step (11-v-Aj of Process 7 s stirred at about room femperature.
{3174 In further embodiments, a base suitable for the reaction i step {11-v-A) of Process 715
gelected from potassium hydroxide, sodivm hydroside, bihium hydeoxide, potassium carbonate,
cesium carbonate, potasstum phosphate or any other suttable base. In some embodiments, a
base suitable for the reaction in step (1 1-v-A) of Process 7 18 potassium hydroxide.

{

an organic or an jnorganic base. Mon lmiting examples mclude triethylamine, dilsopropyl

=

1721 In further embodiments, a base suitable for the reaction in step (1 1-vi-Aj of Process 713

amine, ditsopropylethyl amine, potassium hydroxide, sodium hydroxide, Hthium hydroxide,
potassium carhonate, cesium carbonate, potassium phosphate or any other suitable base. Inone
embodiment, the reaction of step (1 1-vi-A) of Process 7 described above is carried out in the

presence of diisopropyiethyl amine (DIEA) or sodium hydroxide. Any suitable solvent is
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selected for the reaction in siep (1 1-vi-A) of Process 7 including, for example, DME, THE
acetonitrile, dioxane, NMP or the like. In one embodiment, the reaction in step (1i-vi-A) of
Process 7 1s carried out in DME.

{31731 In one embodiment, a solvent suitable for use in step (11 -vii-Aj of Process 7 is DME. In
alternate embodiments, a solvent suitable for use in step (1 1-vii-A) of Process 7 is toluene,
dichlorobenzene, xylenes, NMP, acetonitrile, dioxane, or any other suitable selvent. In further
embodiments, a base suitable for the reaction in step (H-vii-A) of Process 7 is selected from
notassium hydroxide, sodmwim hydroxide, lithium bydroxide, potassium carbonate, cesivnm
carhonate, potassivm phosphate or any other suifable base. In some embodiments, & base

suitable for the reaction 1o step (HLvi-Ad of Process 7 s sodium hydroxide,

Drawhacks in initia] atfempis

10174] The sequence of reactions deseribed in Scheme 1 requires the use of copper (1) bromide

which generates waste material and requires additional expense for disposal of the waste, An

additional drawback of this procedure is that Compound 1 1s isolated twice to achieve the
desired levels of purity.

{2175] Further, the synthests of Compound 11 requires a lengthy sequence of steps as described

in Scheme 2 and Scheme 3 above, and the use of aminoguanidine hydrochloride. The removal

of Compound 13 also requires additional punfication steps. In addition, as shown in Scheme 3,

Compound 8-B 15 1solated twice n order to achieve the desived levels of purity for Compound

[

Fwiproved processes
181761 In order to avoid the drawbacks of the procedures deseribed above and in Schernes 1-3,

L

aliernate procedures tor the synthesis of compound of Formala (1), including Compound | and

Compoond 4, wers investigated. The improved procedures described below have certain
“‘,‘)

adwaniages. Theimproved procedures reduce the number of steps required for the manufacture
of compounds of Formula (), inchuding Compound 1 or Compound 4. The improved processes

]

aliow for easier purification of the target compounds and do not require duplicative 1solations of

the same corpound. The improved processes avoid the use of aminoguanidine hydrochloride

and the consequeat additional purification steps required for vemoval of Compound 13, Further,

the mmproved processes desceribed below avoid the use of corrosive chemicals and reduce waste
such as the waste from the copper bromide reaction described in Scheme | above.

(177 Accordin g!y,‘ certain new processes for the synthesis of compounds of Formula (1),

inctuding Compound | and Compound 4, were designed as described below and in the summary

38
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Ak

of the invention seetion. The improvement in the new processes is the use of & compound of
Formula (1) as an intermediate for the synthesis of compounds of Formula (1), An additional

] i3
improvement (0 the new process is the use of formyl ydrazine, instead of aminoguanidine, for
the synthesis of a triazole. The employment of formyl hydrazine avoids the formation of

F ¥ a5

semicarbazides such as Compound (3 of the old process and reduces the purification steps
required for removal of the infermediate semicarbazides such as Compound 13 of the old

Process.

HLE é’{; f-ﬁh‘ﬁg}ul@

Sy s of Formui (1)
16178 In one embodiment, Scherme 4 below describes an excmplary synthesis of compounds of
Formula {1},

Seheme 4
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[B1779] Provided herein tn some embodiments i3 a process to synthesize compounds of formula
{1y, In some combodiments, Compeound 6 is tranaformed to a compound of formula (1 (e g,
Cormapound 2). In some embodiments, Compound 6 18 transformed o Compound 7. In some

e

erebodiments, Compound 7 is transformed to Compound 8. In further and additional

embodiments, Compound ¥ s ransformed to Compound 2. In further and additional

N

I TR L N S PSRRI B o S N S . B o SRS B I £ il e 1004
crabodiments, Compound 9 is transformed io Compound 10, In further or additional

crbodiments, Compound 18 s transformed to Compound 5. In some embodiments, Compound
5 s transformed to a compound of formuls (31).

HOE8G] In some embodiments, Compound 6 is transformed to Compound 7 in the presence of
one or mere nitrating agenis. Mon-limiling examples of suttable nitrating melude HNG,, HNOG,
with acid {e.g., FoSOy), WHaMNOy/trifluorcacetic acid, 1soamyl nitrate/BF+ Bt O, isoamyl

nitrate/ THOH, CoMNOsYTFAA, ApNGY/THO, and Hg{ING:)/HMNCa. Any suitable solvent is

34
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used for the nitration reaction. In some embodiments, a suitable solvent used for the reaction 18

halobenzene (e.o., 1, Z2-dichlorobenzene), toluene, water, 1onic limuds, or combinations thereof,
Fan') k 3 * k

'=.wa

[G181] In some embodiments, Compound 7 1s reduced o provide Compeound 8 in the presence
of one or more reducing agents. In some embodiments, suitsble reducing agents include
paliadiom (e.g., palladium on carbon, 5% palladizm on carbon, 10% palladium on carbon,
paliadiurn on bartum sulfate, paliadium chloride on carbon), platinum oxide, Raney nickel, iron
metal in acetic acid {e.g., Fe/HCT m aqueous ethanol), FeCly/HOL, tn () chiorde m acid, zine
metal, sodium dithiontte, hthivm aluminum hydride, di’isobuEyi.al.umi num hydride, super
hydride, samarium ditodide, samarium metal {o.g., S {4 equiv)y/MNELCL in methanol), sodium
sulfide {e.g., sedim sulfide/NHCl in aqueous NHLOH), hydrogen sulfide/base, titaninm (1)
chionde or any other suitable reduction mothod. Any suttable solvent may be used for the
reduction. In some embodiments, the solvent 18 water, acetonitrile, DME, THY, toluene,

ryienes, dioxane, butanol, methanol, ethanol, diethyl ether, acetone, hexane, pentane, heptane,

ethyl acetate, dichleromethane, dichloroethane, dichlorobenzene, MMP or combinations thereof

{BIEZ] In one combodunent, Compound 8 comprising an amino group, is optionally converted to

an acid salt. Mon-limiting examples of acids that are employable for synthesis of acid salts of
Compound ¥ include oxalic acid, tartaric acid, citric scid, fornric acid, malonic acid, maleic acid,
adipic acid, formic acid, chioroacetic acid, dichloroacetic acid, trichloreacetic ucid,
trifluoroscetic acid, benzoic acid, hydrochloric acid or any other suitable acid. In some

ernbodiments, the it

ce amine of Compound 8 is used m further steps,
IB183Y In some embodiments, Compound & 15 transformed to Compound 9 in the presence of a
thionyl transfer reagent. In some embodiments, the th i.(:myi transfer reagent is thiophosgene. In
some embodiments, Coimpound 8, or an acid salt thereof, 18 converted to a thioisoeyanste in the
presence of thiophosgene and a suitable base. In some embodiments, the base is potassium
bicarbonate, potassium carbonale, potassium acetale, potassium hydroxide, sodium acetate,
sodivm benzoate, sodium bicarbonate, sodrum carbonate, sodium hvdroxide, sodium
metasihicate, sodium sesquicarbonate, trisodium phosphate, caleium carbonaie, calcium
wydroxide, ferrous hydroxide, lithivm hydroxide, bactum hydroxide, cestum hydroxide,
strontium hydroxide, rubidium hydroxade, cesium carbonate, potassium t-butoxide, or potagsium
phosphate. In certain embodiments, the base 15 butyl Lithium, lithium disoprepylamide, lithium
diethylamide, sodivm amide, sodivm hydride, sodium lithinm bis(trmmethvlslyDamide, lithium
bis{trimethylsilyDamide. In other embodiments, the base is ammonia, fricthylamine,
propylamine, methylamine, dimethylamine, trimethylamine, methyldiethylamine,

diisopropylethylamine, aniline, piperidine, pyridine, 1,8-diazabicycle [5.4 Gfundec-T-ene
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(DBELY, or pyrrolidine. Any suttable solvent may be used for the nucleophilic addition
transformation.

H184] In some embodiments, the thionyl transfer reagent 18 carbon disulfide, sodium
thiocyanate, thiocarbonyl difmidazole, potassium thivcyante, zing thiccyanate, silver thiocyante,
or ammoenium thiocyvanate, In some mstances, Compound 8, or a salt thereot, 15 converted to a2

thioisocyanate i the presence of carbon disulfide (C52). In further or addibonal embodiments,

the reaction further comprises agueous NELGH, bllowed by the addition of lead nitrate
{?'b(?.‘-l*i)g}g). I alternative embodiments, the reaction of Compound 8 or an acid salt thereof and
°5y further comprises a base and a solvent {e.g., THE) followed by TsCl In alternative
embodunents, Compound 8, or an acid salf thereof (e.g., Compound 8-A), ts converted to a
thioigooyanate in the presence of thiocarbonyl dilmidazole and & solvent (c.g., DM, In other
embodiments, Compound 8, or a salt thereof, is converted {o a thivisocyanate in the presence of
a thiocyanate {e.g., sodivm thiocyanate). In certan embodiments, the reaction of Compound 8
with a thiscyanate {e.g., sodium thicoyanate) provides a thiourea infermediate. In further or
additional cobodiments, climination of aramonia from the thiourea wiermediste provides
Compeound 9, In cortain embodiments, the thioures intermediate ig heated to high temperatures
(o, 10070, LLG°C, 120°0, 130°C, 140°C, 150°C, 160°C, 176°C, 180°C, 190°C, or 200°C) to
provide Compound 9. In some embodiments, the solvent used for any transformation of
Compound 8 to Compound 9 18 acetonitrile, DME, THE, toluene, xylenes, dioxane, butanol,
methanol, ethanol, diethyl ether, acctone, hexang, pentane, heptane, ethyl acciate,
dichloromethane, dichloroethane, dichlorobenzene, MMP or combinations thereof.

)

of

1185 In some embodiments, Compound 9 13 transformed to Compeund 10 in the

T ' :

nucleophile, In some embodiments, the nucicophile is formyt hydrazine. Any suitable solvent
may be used for the nucleophilic addition transformation. In some embodiments, the solvent ig
water, acetonitrile, DMFE, THE, toluene, zylenes, dioxase, butanol, methane!, ethanol, diethyl

sther, acetone, hexasne, pentane, hoptanc, cthyl acetate, dichloromothane, dichlorcethane,

dichlorobenzene, NMP or combinations thoreof

5 e

ame embodiments, Compound 18 1 cyclized o provide Componnd 5 in the presence

b
g

186]

G
w

of one or more bases. Any suitable base may be used in the cvehzation reaction. In some
smbodiments, the base is potassiur bicarbonate, potassium carbonate, pofassium acetate,
potassium hydroxide, sodium acetate, sodivm benzoate, sodium bicarbonate, sodium carbonate,
sodivm hydroxide, sodium metasilicate, sodium sesquicarbonate, irisodium phosphate, caleium
carbonate, calcium hydroxide, ferrous hydroxide, thium hydroxide, bartum hydroxide, cesium

hydroxide, strontium hydroxide, rubidium hydroxide, cesium carbonate, potassium t-butoxide,
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or potassium phosphate. In certain embodiments, the base s butyl Hthium, Hthiom
ditsopropylamide, lithium diethylamide, sodivm amide, sodium hydride, sodivm Lithivm
bis{trimethylsiiyiiamide, lthium bis{trimethyisilylyamide. In other emboediments, the base is
ammomia, tricthylamine, propylamine, methylamine, dimethylamine, frimethylamine,
methyldiethylamine, disopropylethylamine, aniline, piperidine, pyridine, 1,8-diazabicyelo
[5.4 0lundec-7-cne (DBU), or pyrrolidine. Any suitable solvent may be used for the
nucleophilic addition transformation. In some embodiments, the solvent is water, acefonitrile,
DMIF, THE toluene, xylenes, dioxane, butanol, mothanol, ethanol, diethyl ether, acetone,
hexane, pentane, heptane, cihvi acetate, dichloromethane, dichlorocthane, dichlorobenzene,
1P or combinations thereot.

{0187} In seme embodiments, Compound 5 undergoes a nucleophilic substitution to provide a
compound of formula (1) m the presence of an electrophile. In sorme embodiments, the

[
XA R
~ ie

electropiile has the structure 07 Inosome embodiments, ¥ is a leaving group.
certain embodiments, X 18 halo (e.g., bromo, 1edo, or chlore), tosylate, mesylate, begyiate,
riflate, nonaflates, tluorosulfonates, or O, In some embodiments, R is alkyl. In other

=y

embodiments, R s Oy alkyl, O qgaliyl, Crgalkyl, or s alkyl In some embodiments, R is
nethyl, ethyl, propyl, sopropyl, butyl, isobutyl, tert-butyl, isoamyl, pentyl, hexyl, heptyl, actyl,
nounyl, terpenyl, borayl, allyl, inalyl, and/or geranyl ethers. In some embodiments, R is BL Any
suitable solvent may be used for the nucleophibic substitution transformation. In some
embodiments, the solvent 1s water, acetonitrile, DME, THE, foluene, xylenes, dioxane, butanol,
methanol, ethanel, diethyl ether, acetone, hexane, pentane, heptane, cthyl acetate,
dichloromethane, dichiorocthane, dichlorobenzene, NP or combinations thereofl

{188 In some embodiments of the process discussed above {Bchome 4), the Compounds o1
intermediates are 1solated and used 1 subsequent synthetic steps without any forther purification
steps. In certain embodiroents, the Compounds or intermediates (e.p., Compound 7, 8, 9, 10, 5,
or a compound of formula 1T} are used without intermediate 1selation or purification steps. In
seme embodiments, the Compounds or intermediates are purified before vsed in further
synthetic steps. kn certain embodiments, the Compounds or intermediates are purilied by
crystallization. in some embodiments, the Compounds or intermediates are purified by
distillation, column chromatography, reverse phase chromatography, preparative thin layer
chromatography, or combinations thereof,

FEEE9) In a further embodiment, Scheme 5 below describes an alternate exemplary synthesis of

compounds of Formula (11).
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Formuta (1)
{31908] Referming fo Scheme 5 deseribed above, starting with Compound 0, & nitration reaction
nrovides Compound 7. The nitro group in Compound 7 is reduced to an amine (Compound 8)
using any suifable reduction method. In one embodiment, the reduction is carried out z.;si_ng_;
hydropen gas and palladium on charcoal, in the presence of a suitable solvent, In some

3 i

embodiments, a catalytic amount of palladium 15 used {e.g., 0.001%, 8.605%, 0.01%, 0.42%,

0.05%, 0.1%, 8.2%, §.5%, 1%, 2%, 3%, 4%, 5% or 10%). In some embodimoents, a

stotchiometric amount of pa]_i.a,{_‘i'i.um on charcoal 1s used. in one embodiment, a selvent suitable
for the catalytic hydropenation is selected from methanol, ethanol, tert-butanol, THE,

dichlorobenzene, or any combination thercof.
{3191 In one embodiment, Compound ¥ comprising an amine group, 1s converted o an acid
salt {c.g., oxalate salt). In one embodiment, an acid salt of the amine (Compound 8) is used in

Further steps {e.2., as shown in Scheme 5.

12192} In one embodiment, as shown 1n Scheme 5, Compound 8, or an acid salt thereof (e.g,
Compound 8-A) s converted to a thiotsooyanate (Compound 9) in the presence of thiophosgene

and a suitable base. ln some of such cmbodiments, a solvent suitable for the synthesis of

Compound 9 from {_Tostnpz}tmd &, or a salt thereot] 15 toluene. In alternate embodiments, a
solvent suitable for the syathesis of Cormpound 9 from Compound &, or a salt thereof] according
o Bcheme 4, 15 dichlorobenzene, xylenes, dichloromethane, or any other guitabie solvent. In
some cases the reaction mixture is stirred al a temperature of between about 0°C and about

"y

OO0 between about 3°C and about 1570, or between about 3°C and about 25°C. In same
cases, the reaction mixture is stirred between about 5 to about 100°C. Iy some cases, the

reaction mixture is stirred at about 5°C, In some cases, the reaction mixture i stirred at about
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rootr temperature. in further embodiments, a base suitable for the synthesis of Compound 9
from Compound 8, or a salt thereof, s sclected from potagsium hydrexide, sodinm hydroxide,
lithiurn hydroxide, potassium carbonate, cesivm carbonate, potassium phosphate or any other
sultable base. In some embodiments, a base suitable for the synthesis of Compound 9 from
Compound &, or a sali thereof, is potassium hydroxide.
10193 In an alternate erabodiment, the free base of Compound 8 18 converted to the
thioisecyanate Compound 9 in the presence of sodium thiscyanate and water, In one
mbodiment, the selvent emploved for the reaction is butanol, ethaneol, water, acetonitrile,
dioxane, tolune, xylenes, DCR, DME, NMP or any other suitable solvent. Tn one embodiment,
the reaction mixture 15 stitved at a temperature of at least 160°C, 110°C, .}2(}0‘{'7, 13070, 140°C or
E507C, In some specific embodiments, the reaction of the free bage of Compound 8 with
sodium thiocyanate 1s carried out in the presence of water and xylenes at a temperature of at
ieast 130°C. Also contemplated within the scope of embaodiments nresented herein is the use of
other thiocyantes such as potassium thiceyante, zine thiocyanate, silver thiveyanie, ammonizm
thiccyanate, or other suitable reagents.
(0194} The thiotsocyanate Compound 9 is converted to Compound 10 in the presence of formyl
hydrazine and a suitable solvent. Inone embodiment, the solvent 18 DMFE. In aliernate
nbodiments, the solvent is acetonitrile, THE, dioxane, dichloromethane, dichlorobenzene,
MMEP or any other suitable solvent. Advantageously, this step avoids the formation of
Compound 13 as desceribed above in Scheme 2 and Scheme 3,
[01935] Compound 1018 cyehized to Compound 5 using a suitable base, water and a solvent. In
one embediment, the base 15 potassium bicarbonate. In alfernate embodiments, the base i3
selected from potassivim hydroxide, sodium hydroxide, sodium bicarbonate, lithium hydroxide,
potassium catbonate, cesium carbonate, potassium phosphate or any other suitable base. fn one
embodiment the solvent employed for the conversion of Compound 10 to Compound 5 is DME.
in other embodiments, the solvent employed for the conversion of Cormpound 10 to Compound
5is THE, acetonitrile, BDUM, DUEB, cthanol, methanol, dioxane, NMP or any other suitable
sotvent,
{0195] Compound 5 1s converied to 2 compound of Formula (1) in the presence of any suitable
Bage and an acctate ester of Formula (IV) comprisig a leaving proup. In one embodiment, the

o
. o i Sr‘-\/-s”L\ e 1 1
reaction of Compound 5 with bromo methyl acctate 0" or chloro methyl acetate

o
Sl F TTY we i mnden I3 e . SR, :

0" proviages a compound of Formula {11} wherein R is methy! (Compound 2).
different embodiment, the reaction of Compound 5 is carried out with bromo ethyl acetate

A
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o o’ chioro ethyl acetate ™ > "o

w0 provide a compound of Formula (i)
wherein R is ethyl (Compound 2-A). Any suitable solvent is used. In one embodiment the
salvent is DMFE. In alterpate embodiments, the solvent is dioxane, acetonitrile, chloroform,
dichloromethane, tetrahydrofuran (THE), Memethyl pyrrolidone (NMP), dimethylsulfoxide
{DMBE0) and the like, In enc embodiment, a compound of Formula (1) 18 solated a5 a wet cake

which is optionally washed with cooled ethyl aceiate and isopropans and/or a combination

thereof

Synthesis of compounds of Formuia (3 from compornds of Formuly (11

/1 Scheme 6a describes an exemplary 3 ym‘nmv of compounds of Formula {1).

N1 Ny N - OH
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/ ~ -~ i ’ -
&1’\ ’\/ "‘o'/ 5 R” ’”_Q’k 3 T - ) o /J’{ "\/\\'S/ “ Br/—& /\\ Sf‘" ﬁ
U BT TS Er ‘ o O
1 9] : 0 O -
o~ .

) o
A A

——3 —
Formuta (H) Formula (1-A) 1

Formula (1)

{01928] Provided heremn in some embodiments 15 a process to synfhesize Compound 1. The
synthesis of compounds of formula (1) bas been described sbove {e.g., Schemes 1, 4, and 5}, In
some embodiments, & compound of formula (11 18 transformed fo Compound 1. In some
embodiments, a compound of formula (1) is ransformed to a compound of formmla (8. in
some embodiments, a compound of fornyula (111 15 transformed to & compound of formula (-
A% In further or additional erabodiments, a compound of formula (1A 19 fransformed into
Compound 1.

(33199] in some embodiments, a compound of formula (1) s brominated in the presence of a

ek

brominating agent to provide a compound of formula (11D, In some embodiments, bromination
of a compound of formula (1) wherein R = H provides Compound 1. In certain embodiments,
the brominating agent 1s Nebromnosuccinimide (NBSY, ey, B/ B,
tetrabutviammeniumtribromide, ammonium bromide/oxone {10 methanol and/or waters,
selenium dibromide, FeBry/Br, AlCK/Bry, Felly/Br, ZnClh/Bry, 1, 2-dipyridintumiribromide-
ethane, NBS/acid (triflucromethanesulfonic acid and BE-HLO), NBS/concentrated sulfuric acid,
NES/tetrabutylanunonium bromide, LiBr/Phi/m-chioroperbenzoic acid/TsOl, AuCl/NBE,
BES/PAOACK, NN N N'-tetrabromobenzene- 1, 3-disulfonylamide/poly[MN-bromebenzene-1,3-
disulfonylamide], LiITMP/ZnCly/Bro [HCODYOMe) b/Bopiny/dtbpy/Coldrs or

[ (CODYOMe o/ Boping/dtbpy/CuCly. Any suitable solvent may be used for the bromination.
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in some emboditaents, the solvent is water, acetonitrile, DME, THE, foluene, xylenes, dioxane,
butanol, methanol, ethanol, diethyl cther, acetone, hexane, pentane, heptane, ethyl acetate,
dichloromethane, dichloroethane, dichlorobenzene, NMP or combinations thereof

{02081 In some embodiments, a compound of formula (It} 1s optionally hydrolvzed in the
presence of a base to provide a compound of formula {I-A) wherein M is a cation. In certain

r 1

embodiments, v ected from Ma', LiT, K7, Cs™, Ba+, Cat or any other suitable cation. In
some embodiments, the base 15 sodium hydroxide, lithtum hydroxide, potassium hydroxide,
costum hydroxide, barium hydroxide, ferrous hydroxide, calcium hydroxide, ammonia, or any
other sultable base. In certain embodiments, the base is potassivm bicarbonate, potassium

&

ite, potassium hydroxide, sodium acetate, sodium benzoate, sodium

carbonate, polassium acet
bicarbonate, sodium carbonate, sodinm hydroxide, sodivm metasilicate, sodinm sesquicarbonate,
trisodium phosphate, caleiem carbonate, caleium hydroxide, cesium carbonate, or potassium
phosphate. Any suitable solvent may be used for the bromination. In some embodiments, the
solvent 18 water, acetonttrife, DME, THI, toluene, xylenes, dioxane, butanol, methanol, ethanol,
diethyl ether, acetone, hexane, pentane, heptane, ethyl acetate, dichloromethane, dichlorocthane,
dichlovobenzene, NMP or combinations thereol. Tn some embodiments, the solvent is water.
{2611 In some embodiments, a compound of formula (1-A) 1s optionally treated with an acid
provide Compound 1. In some embodiments, the acid 18 hydrobromic acid, sulfuric acid,

ydeochloric acid, hydroiodic acid, nitric acid, phosphoric acid, flusroantimoenic acid,

fluoroboric acid, hexafluorophosphoric acid, trifluoroacetic actd, acetic acid, methanesuifonic
acid, ethanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, trifluoromethanesulfonic

acid, citric acid, formic acid, gluconic acid, lactic acid, oxalic acid, maleic acid, malonic acid,

tartaric acid, or any suitable acid. Any suitable solvent may be used for providing the free acid

comnpound 1. In some embodiments, the solvent is waler, acetonitrile, DME, THE, toluenc,

"

xylenes, dioxane, butanol, methanol, cthanol, dicthyl ether, acctone, hexane, pentane, heptane
¥ : ; )

"

ethyl acetate, dichlioromethane, dichloreethane, dichlorobenzene, MNMP or combinations thereof
3 b

in sorne cmbodiments, the solvent is ethyl acetate and he

HATZ] In some embodiments of the process discu

ssed above (Scheme Ga), the compounds (e.g.,
cotnpounds of formula (1), (1-A) and Compound 1) are isolated and used in subseguent
synthetic steps without any further purification steps. In certain embodiments, the compounds
{c.g., compounds of formula (IT1), (1-A) and Compound 1) are used without intermediate
wsolation or purification steps. In some embodiments, the compounds {e.g., compounds of
formula (1), (1-A) and Compound 1) are purified before used in further synihetic steps. In

N

certain embodiments, the compounds (e.g., compounds of formula (11, (1-A) and Compound 1)

A
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are purified by crystallization, In some embodiments, the compounds {e.g., compounds of
formula (1), (i-A) and Compound 1} are purihied by distiflation, column chromatography,
reverse phase chromatography, preparative thin layer chromatography, or combinations thereof.
152073 Scheme 6b describes an exemplary synthesis of compounds of Formula {1}, including

Compound 1 and Compound 4.

T

Scheme 6D
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Formula G S Formula (1) Formula (1.4}
[0204] Reaction of a compound of Formula (1) with M-bromosuccipimide (NBS)Y 1 a suitable
solvent furnishes a compound of Formula (111} Solvents suttable for the NIBS-mediated reaction
melude DME, acetonitrile, MTBE or any other suitable solvent, The ester group in a compound
of Formula (11D is opfionally hydrolyvzed to provide an acid salt of a compound of Formula (1),
i, a compound of Formula (I-A) wherein M is selected from Na', Li', K, Cs” or any other
suifable cation. The acid salt is optionally solated and/or crysiallized. The compound of
Formuda (1-A) 1s converied {6 Compound 1 in the presence of an acid, Compound 118
optionally crystailized from a suitable solvent ormixture of solvents,

[2205] In a specific embodiment, Scheme 7 deseribes the synthesis of Compound 1 and
Compouand 4,

Seheme 7
_ - A
N ) G E ﬁ'{\ - O J}i E ()Nq /},‘\ ﬁ L {(3f1
ey B N L < . \!O

s -
A NeoH_ /j NS
L .
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steparing Compound 1 having

the following structure:

(s
'\\ri"’ \\;f,
VAN {Compound 1});

the improvement in the process being contacting a compound of structure

47
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_._» {Compound 2)
with a brominating agent {e.g., N-bromosuccinimide (NBS)) and a solvent.
192071 In one embaodiment, the solvent is THE. In alternate embodiments, the solvent is DME,
acetonitrite or any other suiiable solvent
{B28%] In one instance, the NBS is added to a solation of Compound 2 in THE while the THF
solution 1 maintained at a temperature of between about room temperature and about 32°C, In

one embodiment, the reaction raixture is then stivred for at least12 hours at a temperature 6f

(-rw

between about room temperature and about 32°C. In alternate embodiments, the reaction
mixture 18 stirred for al least 2 hours, 4 hows, 6 hours, 8 hours, 10 hours, 12 hours, 14 hours, 20
hours, 24 hours or longer. In one case, i the content of Compound 2 in the reaction mixture

an additional

assay 18 = 1.5% area by High Performance Liguid Chromatography (HPLC) a
guantity of MBS s added to the reaction mixture. Tn one embodiment, after stirring the reaction
mixture for af least 12 hours, and/or a}pi;i(mﬁ.ily adding an addifional quantity of MBS, the
reaction mixture assay shows < 1.5% arca by B of Compound 2. in another embaodiment,
after stirring the reaction mixture for at least 12 hours, and/or optionally adding an additional
quantity of NBE, the reaction mixiture assay shows < 0.2 9% area by HPLC of Compound 2.

o

(520691 In one embodiment, a process for synthesis of Compound | fucther comprises

(1-1) exiracting the reaction mixture with a solvent (.., toluene) while maintaining the mixture
at a temnperature of between about 2°C and about 7°C;

{1-11) back-extracting the organic phase from step (1-1) with a sodium disuifitc solution one or
more trmes until NES s undetectable in the agueous phase by HPLO assay;

{1-31) washing the organic pl from step {1-11) with water,

A5

{1-1v) washimg the orgasic phase from step {(1-111) with 2 sodium bicarbonate solution one or

more Himes until the agueous phase has a pH ol at least 8; and

1

{1-v) collecting the organic phase comprising 4 compound of structure:

o
" | PN o OMe

/& (Compound 3).

48



{02181 fn one case, the process further comprises optionally concentrating the organic phase of
step (I-v) under reduced pressure to obtain Compound 3.

[G211) In one case, the process further comprises the sieps of

{1-v1) contacting the organic phase in step ({-v) of claim 7 with 2 solution of a base {e.g
sodium hydroxide) until the peak area of Compound 3 in the organic phasc is lower than 50
mAU b'}',/ HPLC assay; and

collcoting the aqueous phase comprising a compound of strociure:
g 4]

Br w7y \‘%f
/Lf-?\ R ©
(L
I\._\E,;? RN
A, (Compound 4),
19212} 1n one case the process further comprises the steps of

{1-viii) concentrating the aquecus phase in step (1-vii} of claim & under reduced pressure;
(1-1x) adding water to adjust the volume of the mixbure in step {1-vii) fo about 5.5 £ 5% the

caleulated HPLO assay weight of Compound 1 in the aqueous phase of step {1-viii)

{1-x} coolimg the mixture of step (1-ix) to obtain a suspension comprising crystaliine Compound
4: and

(1-x1y filtermyg the suspension of step (1-x) to obtain a wet cake comprising crystalline
Compound 4.

{02131 In one case, the process further comprises optionally drying the wet ceke of step (1-xi) to
obiain Compound 4.

16214] In one case, the process further comprises the steps of

{1-x11) dissolving the wet cake comprising Commpound 4 of step (1-xi) of claim 10 in water;
(1-xiity adding a solvent {e.p, ethyl acetate) to the solution of step (T-xii);

{I-x1v) adding an acid {e.g., 24% hydrobromic acid) while maintaining the temperature of the
reaction mixture below 35°C, and maintaining the pH of the reaction mixture between about 2.0
and about 4.0 and

{ L-xvy separating the organic phase compriging Compound 1.

10215 In onc case, the process further comprises

{1-xv1) concentrating the organic phase of step (1-xv} of claim 10 under reduced pressure:
{1-xvi} stivning the mixture of step {1-xv1) between abont 32°C and about 38°C for at least 8

hours;
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(I-xviii} adding a co-solvent {e.g., n-heplane) to the mixture of step (1-gvii} and cooling the
mixture; and
{(l-xix) fltering the suspension of step (1-xviii) to obtain Compound |

"t

10218} In one embodiment, step {L-xix) above yields crystalline Compound 1. Crystalline
polymorphs of Compound 1 are described in PCT International Appl. No. PCT/UST /20233,
and PCT International Appl. No. PCT/US11/67657 and the disclosure of polymorphs of
Compound | and/or Compound 4 described in PCT international Appl. Wo. PCT/UST1/20233,
and POT International Appl. No. POUAISTI/67657 is incorporated herein by reference.

FO2171 In one aspect, provided herein is Compound 1, having no more than 0.1% of Compound
3 by arca on an HPLO agsay. In one embodiment, Compound | having no more than 0.1% of
Compound 3 15 oblained by the processes described above. In a further aspect, provided herein
15 Compound 1, having no more than 0.1% of Compound 2, and no more than §.1% of
Compound 3 by area on an HPLC assay. In yet another aspect, provided herein is Compound |
having a ;ﬁ'ﬂ_nfii'y of > 98%. In a further aspeot, provided herein is Compound 1 having a purity of
= 99%. Inany of the atorementioned embodiments, the purity is determined by an HPLC assay.
in any of the aforementioned embodiments, Compound 1 is prepared by Process 1, Process 2,

9] o

Process 3, Process 4, Process 5, Process 6, Process 7, or Process 8, or any combination therect.

¥
F

Further Forms of Compounds of the Compounds Disclosed Herein

Isomers

PO2ABT In some embodiments, the compounds deseribed herein exist as geometric isomers. [n
some embodiments, the compounds described herein possess one or more double bonds. The
compounds presented herein inclade all cig, trans, syn, anti, entgegen (E), and zusammen (7))
somers as well as the corresponding mixtures thereof. In some sifuations, compounds exist as
tautomers. The compounds described herein include all possible tautomers within the formulas
described herem, In some situations, the compounds described herein poassess one or more chirsl
centers and each center exists in the B configuration, or 5 confirguration. The compounds
deseribed herein include all diastercomeric, enantiomeric, and epimeric forms as well ag the
corresponding mixtures thereot. In additional embodiments of the compounds and methods
provided herein, mixtures of enantiomers and/or diastercoisomers, resulting from a single
preparative step, combination, or inferconversion are useful for the applications described
herem. In some embodiments, the compounds described herein arc prepared as their individual
sterecisomers by reaciing a vacemic muxbure of the compound with an optically active resolving

agent to form a pair of diastereoisomeric compounds, separating the diastereomers and

recovering the ophically pure enantiomers. In some embodiments, dissociable complexes are

a6
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preferred (e.g., erystalline diastereomeric salis). In some embodiments, the disstereomers have
distinet physical properties (e.g., melting points, bodling points, solubilities, reactivity, etc.) and

are separated by taking advantage of these dissimilarities. in some embodiments, the
diastercomers are separated by chiral chromatography, or preferably, by separation/resolution
techniques based upon differences in solubility. In some cmbodiments, the optically pure
cnantiomer 18 then recovered, along with the resolving agent, by any practical means that would
not result in racemization,

Labeled compounds

(2191 In some embodiments, the compounds described herein exist in their isotopicatiy-labeled
forms. In some embodiments, the methods disclosed herein include methods of freating diseases
by admanistering such isotopicaliv-labeled compounds. In some embodiments, the methods
disclosed herein include methods of treating discases by administering such isotopically-iabeled
compounds as pharmaceutical composttions. Thus, in some embodiments, the compounds
disclosed herein include isotopically-labeled compounds, which are identical to the

herein, but for the fact that onc or more atoms arc replaced by an atom having an atomic mass or

mags number different from the atormic mass or mags number usually found in nature. Examples

oi 1sotopes that can be neorporated into compounds of the invention inchude isotopes of
hy rogen, carbon, nitrogen, oxygen, L,hcmphmma, sulfur, fluorine and chloride, such as "H,
B M B B o e e Be PR and 200 res pectively. Compounds deseribed hereln,
and the metabolites, pharmaceutically acceptable salts, esters, prodrugs, solvate, hydrates or
derivatives thereo! which contain the aforementioned isotopes and/or other isotopes of other
atoms are within the scope of this invention. Certain 1sotopically-labeled compounds, for

Jrq ,

; 14 .
example those inte which radicactive isotopes such as "H and 7C are incorporated, are uscful in,

3 Y g ay dom e s KRN INLS NI S LI, : 3y . KT o A
diug and/or substrate tigsue distribubion assays. Tritisted, 1. e, "H and carbon-14, 1, ¢, ""C,

wotopes are particularly preferred for their ease of prf::f';::z.ra.ﬁon and detectability. Purther,

2
substitution with heavy isofopes such as deuternum,

F, produces certain therapeutic
advantages resulting from greater metabolie stability, for example increased in vive half e or
reduced dosage requirements. in some embodiments, the isotopically labeled compounds,
shgrinaceutically accentable salt ester. vrodmy. § Ivate. lrvdrate or dertvative there fig
RRarnacounically accopiapie saly, esier, Proarig, sGIvate, Hyarg oF dernvanye wnergor 1s
prepared by any suitable method.

1327261 In some cmbodiments, the compounds described herein are labeled by other means,
mehuding, but not imited to, the use of chromophores or fluorescent moieties, bioluminescent

tabels, or chemiluminescent labels

%41
s
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Pharmuaceutically accentable salis

{02211 In some embodiments, the compounds described herem exist as thelr pharmaceytically
acceplable salts. In some embodiments, the methods disclosed herein include methods of
treating diseases by administering such pharmaceutically acceptable salts. Tn some
mbodiments, the methods disclosed herein include mothods of treating diseases by
administering such pharmacentically ecceptable salts as pharmaceutical cormpositions.

02271 in some erabodiraents, the compounds described herein possess acidic or basic groups
and therefore react with any of a number of inorganic or organic bases, and inorganic and
organic acics, to form a pharmaceutically acceptable salf. 1n some embodiments, these salts are
prepared in sifu during the final iselation and purification of the compounds of the invention, or

o~

free form with a suitable acid or base, and

by separately reacting o purifisd cormpound in i

w‘_

isolating the salf thus formed.

F8223] Exaroples of pharmaceutically acceptable salts include those salis prepared by reaction of
the compounds described herein with a mineral, organic acid or inorganic base, such salts
including, acetate, acrylate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate,
bisulfite, bromide, butyrate, butyn-1,4-dioate, camphorate, camphorsulionate, carroate,
caprylate, chlorobenzoate, chioride, citrate, cyclopentancpropionate, decanoate, digluconate,
dihydrogen phogf)harm dinitrobenzoeate, dodecylsulfate, ethanesulfonate, formate, famarate,
glucoheptanoate, glycerophosphate, glyeolate, hemisulfate, hoptanoate, hexanoate, hexyne-1,6-
dicate, hydroxybenzoate, y-hydroxybutyrate, hvdrochioride, hydrobromide, hydroiodide, 2-
hiydroxyethanesulfonate, odide, igobutyrate, lactate, maleate, malonate, methanesulfonate,
mandelate. metaphosphate, metharesulfonate, methox ybenzoate, methythenzoate,
monohydrogenphosphate, 1-napthalenesulfonate, Z-napthalencsuifonate, nicotinate, nitrate,
palmoate, pectinate, persulfate, 3-phenyipropionate, phosphate, picrate, pivalate, propionate,
pyrosulfate, pyrophosphale, propiolate, phthalate, phenylacetate, phenyibutyrate,
propanesullonate, salicylate, succinate, sulfate, sulfite, succinate, suberate, sebuoate, sulfonate,
tartrate, thiceyanate, tosviate undeconate and xylenesulionate

427

&) Further, the compounds described heveln can be prepared as pharmaccuiicatly acceptable
salts formed by reacting the free base form of the compound with a pharmaceutically accepiable
mnoTganic or arganic acid, including, but not limited fo, inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nifric acid, phosphoric acid metaphosphoric acid, and the
like; and organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic

acid, glyeolic acid, pyruvic acid, laclic acid, malonic actd, sucecinic acid, malic acid, maleic acid,

fumaric acid, Q-toluenesulfonic scid, tartaric acid, trifluoroacetic acid, ¢itric acid, benzoic agid,
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3-{(4-hydroxybenzoylibenzoic acid, cinnarmic acid, mandelic acid, arylsulfonic acid,
methancsulfonic acid, cthanesulfonic acid, 1,2-cthancdisalionic acid, 2-hydroxyethanesulfonic
acid, benzenesulfonic acid, Z-naphthalenesulionic acid, 4-methylbicyelo-{2.2 2l00t-2-ene-1-
carboxylic acid, glhicoheptonic acid, 4,47 -methylenebis-(G-hydroxy-2-ene-1 -carboxylic acid), 3-
phenylpropionic acid, trimethylacefic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic
actd, ghitamie acid, hydroxynaphthoic acid, salicylic acid, stearic acid and muconic acid. In
some embodiments, other acids, such as oxalic, while not in themselves pharmaceutically
aceeptable, are employed in the preparation of salfs useful as intermediates in obtaining the
caompounds of the invention and their pharmaceutically accepiable acid addition salis.

H2251 In some embodiments, those compounds described hercin which comprise o free acid
group react with a suitable base, such as the hvdroxide, carbonate, bicarbonaie, sulfate, ol a
pharmaceuticaily acceptable metal cation, with ammonia, or with & pharmaccutically aceeptable
organic primary, secondary or tertiary amine. Representative alkall or alkaline earth salts include

the irthiom, sodium, potassivm, caleium, magnestum, and alumunum salts and the bke.

I3
fil

Hlustrative examples of bases include sodium hydrexide, poiass

E

i hydroxide, choling

hydroxide, sodium carbonate, W70, 4 alkyly, and the like,

102261 Representative organic amines useful for the formation of base addition salts include
ethylamine, diethylamine, ethylenediaming, ethanolamine, dicthanolamine, piperazine and the
like. it should be understood that the cornpounds described herein also include the
quaternization of any basic nitrogen-contaiming groups they contain, In some embodiments,
water or oil-soluble or dispersible products are obtained by such quaternization. The compounds
described herein can be prepared as pharmacentically acceptable salts formed when an acidic
proton present in the parent compound either is replaced by a metal ion, Tor example an alkali

1

metal ion, an alkaline earth wn, or an aluminum 1on; or coordinaies with an organic base. Base

addition saits can also be prepared by reacting the free acid form of the cormpounds described
teretn with a pharmaceutically acceptable tnorganic or organic base, including, but not hmited

+

to prganic bas

1eh as ethanelamine, dicthanolamine, tricthansiamine, trometh

g

methylglucamine, and the ke and morganic bases such as aluminum hydioxide, caleium
hydroxide, potassiim hydroxide, sodium carbonate, sodiom hydroxide, and the like. In addition,
the salt forms of the disclosed compounds can be prepared using salts of the starting materials or
intermediates.

Solvates

2277 In some embodimnents, the compounds described horem exist as solvates. The invention

vrovides for methods of treating discases by administering such solvates. The invention further

Tl
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provides for methods of treating diseases by adnvinistering such solvates as pharmaceutical
compositions,

{3228 Solvates contain either stoichiometric or non-stoichiometric amounts of a solvent, and, in
some embodiments, are formed during the process of crystallization with pharmaceutically
acceptable solvents such as water, ethanol, and the like. Hydrates are formed when the solvent is
water, or alcoholates are formed when the solveot is alcohol. Selvates of the compounds
described herein can be conventently prepared oc formed during the processes described herein,
By way of example only, hydrates of the compounds described herein can be conveniently
prepared by reorystalizzation from an aqueous/organic solvent mixture, using organic solvenis
including, but not hwited to, dioxane, tetranvdrofuran or wethanol. ln addition, the compounds
provided heretn can exist in unsolvated as well as solvated forms. In general, the solvated forms
are considered equivalent to the unsolvated forms for the purposes of the compounds and

methods provided herein.

{228} In some embodiments, the compounds described herein exist as polymorphs. The
invention provides for methods of treating diseases by administering such polymerphs. The
invention further provides for methods of treating discases by administering such polymorphs ag
pharmaceutioal compositions
(0230] Thus, the compounds deseribed herein include all their crystalline forms, known as
polymorphs. Polymorphs include the different crystal packing arrangements of the same
elemental composition of a compound. in certain instances, polymorphs have different X-ray
diffraction patterns, infrared spectra, melting points, density, hardness, erystal shape, optical and
electrical properties, stability, and solubility. In certain instances, various [actors such as the
recrystaliization solvent, rate of erystallization, and storage temperature cause a single crystal

form to dominate.

Potvmorph Form 1
1 n one embodiment, 2-(S-bromo-4-{(4-cyclopropyinaphthaler i-1.2, d-triazol-3-

yithiojacetate polymorph Form | exhibits an x-ray powder diffraction pattern characterized by
the diifraction pattern summarized in Table 1A or Table 1B, In some embodiments, provided
herem 18 a polymorph of 2-»(:’5~‘bmm()--A%»(éfmcyc-iopro;;‘y?.mphihaE@;m« L-ylj-4H-1,2 4-riazol-3-
vithioYacetate comprising at least 3 peaks of (£0,1920) of Table 1A or [B. In certain
embodiments, provided herein is 2 polymorph of 2-(5-bromo-4-(4-cyclopropylnaphthalen-1-y1)-
4H-1.2,4-rtazol-3-yithioyacetate comprising at least 4 peaks of {£0.1°28) of Table 1A or 113, at

least 5 peaks of (#0.1°20) of Table A or 18, at least 6 peaks of ££0.1°28) of Table 1A or 15, at

iy
ERY
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A ASOREGA

fcast 8 peaks of (£0.1°20) of Table [A or 18, ot least 10 p

15 peaks of (0.1

“28y ofl

s of (£0.1°268) of Table 1AL
TABLE IR

ot (£0.1°28) of Table LA, or at least 30 peak
TABLE 1A
form &

20 | dspace (A) | Intensity (%)
16.32 8.562 e
18.84 4,706 327
20.75 4277 232
27.28 3266 136
27.60 3229 1]
21.54 4,123 0.4
25.53 3,487 9.8
5.8 12,989 9.4
24.97 3.563 G.1
28.43 5137 8.4
15,08 4441 6.9
2935 3.040 6.7

1588 5.577 5.4
7313 3.842 4.8
26.34 3.38] 4R
18.56 LT 4.1

{02321 In one embodimen

cyclop

diftractio

;wo-'i.ym()i‘ph. form

2553, 2728 and 2

sropyinaphthalen-

npattern peaks at 10

i is further characterized by at least one peak appearing a

760920441

t provided herein,
Loyl-d -1 ,2,4-~i_ria:}z,@lm-ﬁ_%~yi'ih.ia:»)dcc afe i

3. by further ¢

C

£

L 1R.84d) and

7
Ny

,\

-~

°26. In further embodiments, the po

A
AN

aks of (£0.1°20) of Table 1A, at least

Fable 1A, at feast 20 peaks of (£0.1°28) of Table 1A, at least

form i

°28 d space (A) | Intensity (%)
1032 | 8562 100
18,84 47706 32.7
70.75 4277 232
2728 3766 i34

the polymorph §

31704

v 1 of 2-(5-bromo-4-{4-

characterized by x-ray powder

snbodiments, the

&.60, 21,

lymorph form 1 i further

characterized by at least two peaks appearing at §.80, 21.54, 24 97, 2553, 27.28 and
27.60°26:0.1°26. In vet still further embodiments, the polymorph exhibits an x-ray powder

diffraction paltern substantially the same as the x-ray powder diffraction pafier

FIGURE 1.

T AROWE IR

25 peaks

54,7248
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Folymorpl Form 2
[3233] In one embodiment, 2-(5-bromo-4-(4-cyclopropyinaphthalen~-1-yl3-4H-1,2,4-triazol-3-
ylthio)acetate polymorph Form 2 exhibits an x-ray powder diffraction pattern characterized by
the diffraction paticrn summarized 1n Table ZA or Table 2B. in some embodiments, provided

triazol-3

nerein 15 a polymorph of 2-(5-bromo-4-{4-cyclopropylnaphthalen- 1-y)-4H-1,2,4
yithioyacetate comprising at least 3 peaks of (0
embodiments, provided herein 15 a polymorph of 2-(5-bromo-4-(4-cyclo
4H-1,2 d-iazol-3-ylithiojacetate comprising af lea
least 5 peaks of (0. 1°29) of
least 8 peaks of (£0.1°28) of
15 peaks of (£0.1°20 of Table ZA, at e

of (10.1°28) of Table

TABLE DA

Table ZA or 28, at |

st 4 peaks of (£0.1°20) of 7

Table 2A or 213, at least 6 peaks of (0

1A

cast 10 peaks of (0,17

ZA, or at least 30 peaks of (E0.1728) of Table 2ZA.

A°28) of Table 2A or 28, In certain

propyinaphthalen-1-vi)-
"able 7A or 7R af

AC28) of Table 2A or 28, at
29y of Table 24, al least

ast 20 peaks of (£0.1°28) of Table ZA, at least 25 peaks

form 2 Observed form 2
28 d space (A} | Intensity (%) 26 d space (A} Intensity {%)
7.57 11.086 3.8 19.83 4,474 160.0
9,66 9,143 26.1 10.46 R.445 838
10.46 .44 R3.8 18.76 4,727 §1.4
11.96 7.364 413 1821 4.867 740
12.55 7.046 16.7 7308 3.850 56.1
12.94 6.836 157
13.82 6402 | 416
16.19 5471 49.8
1321 4,867 74.0

4777 1.4

1,662 35.6

4.548 159
1983 1 4474 100.0
2040 1349 13.4
71.36 4.157 123
2250 3,948 36.7
22.8% 1884 30.6
23.08 3.850 58.1
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‘Ohserved form 2 &pm&;e; tative
26 d space (A) | Intensity {%) 26 dspace (A) | Intensity (%)

2401 3,704 42
2515 3.539 35
2546 3,496 20,
26.06 3.417 13
26.51 3.36
27.97 3.187 26.

29.93 2.983 37.

Jo—

[

N RS A o

bl

<o

%
s
s
by
[
D
ot
-
I
s

3177 2814 71

32.35 2.765 382
3426 2.615 2.8

IR0 2366 16.5
1% 88 2114 10.0

(3234} In one embodiment provided herein, the polymorph form 2 of 2-(5-bromo-4-{4-
cyclopropylnaphthalen-1-y-477-1,2 4-triazol-3-ylthicjacetate is characterized by w-ray powder
diffraction patiern peaks at 10,46, 18,76, and 19.83°28+0. 1926, In further embodiments, the
polymorph form 208 further characterized by at least one peak appearing at 18,21, or
2308920401728, In further embodiments, the polymorph form 2 s further characterized by two
peaks appearing at 18.21, or 23.08%28:0.1°26. T yet still further embodiments, the polymorph
form 2 exbibity an x-ray powder diffraction pattern substantially the same as the x-ray powder
diffraction patiern shown in FIGURE 5

HUE35] In certain mstances, the crystalline polymerphs of 2-{5-bromo-4-{4-

cyclogropyinaphthslen- [-yD-4H-1,2 4-triazol-3-vithioyacetate were found to exhibit increased
stability i comparison to the amorphous solid state form of the carboxylic acid, In some

ingtances, improved stability of the crystalline polymorphs of 2-(3-bromo-4-{4-
cyclopropyinaphthalen- ~y¥}—4§*’-§'—l,2,4-—1‘1‘%:;12:@&— ylthic)acetate provides for the preparation of

pharmaceutical dosage forms displaying reduced variability in the dosage present in 2 given

dosage form, reduction in the presence of impurities in the final pharmaceutical product, and an
improved shelf life of formulated dosage forms when compared to the pharmaceutical dosage
form prepared with the amorphous solid state form of the carboxylic acid. In some

embodiments, a polymorph described herein (c.g., Farm 1 or Form 2) demonstrates no

e

37
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degradation (e.g., less than 0.01%, less than 0.1%, less than 0.5% by wit.} for at least 2 months
under accelerated conditions {e.p., 40°C-75% RH), for at least 4 months under accelerated
conditions (e.g., 40°C-75% RH), for at least 5 months under accelerated conditions (e.g., 40°C-
75% R, for at least 6 months under accelerated conditions (e.g., 40°C-75% RH), for at least 9
months under accelerated condiions {e.p,, 40°C-75% RH), for at least 12 months under
acceleraled conditions {e.g., 40°C-75% RH), and/or (ii) for at least 12 months uinder long-term

WL

condifions (e.g., 25°C-60% RH), for at least 18 moriths under long-term conditions {e.g., 25°C-
00% RI), for at least 24 months under long-term conditions (e.g., 25°C-60% RI3).
18236) Addifionally, in cerfain lustances, the crystalling polymorphs 0'?,”;{w{;’a'vﬂg}z'z}rnod—i~~{4~--

T 'y B

cyclopropyinanhthaien-1-y-4H- 12 Ariazol-3-vithiojacetate were found 1o exhibit decreased
5 1 -

<

4

hygroscopicity compared to other solid state forms as determined by gravimetric vapor sorption
(G Sy studies. FIGURE 12 illustrates a GVS study of form 1 and form 2. Form 1 was found to
adsorb <0.2% w/w at high humidity and Form 2 was found to adsorb <0.1% w/w at high
humidity, This property of decreased hygroscopieity greatly aids in the preparation of solid
pharmaccutical dosage forms.

Polymorph Form 4
102371 In one embodiment, sodium 2-(5-bromo-4-{4-cyclopropylnaphihalen-1-yD-4H-1,2 4~
triavol-3-yithiojacetate polymorph Form A exhibits an x-ray powder diffraction patiern
charactorized by the diffraction pattern summarized in Table 1A or Table 153, In some
embodiments, provided herein 18 & polymorph of sodivm 2-(5-bromo-4-(4-
cyclopropylnaphthalen- t-y1-4H-1 2 d-riazol-3-yithiojacetate comprising at least 3 peaks of
{(F0.1°20) of Table 1A or 18, In cortain embodiments, provided hereln is a polymorph of sodium
2-{S-bromo-4-{4-cyclopron vh!dpin ialen-L-yD-4H-1,2 d-triazol-3-ylthio)acetate comprising at

.

least 4 peaks of (£0.1°20) of Table LA or 1B, at least 5 peaks of (£0.7°20) of Table 1A or 18, at

least & peaks of (£0.1°26) of Table 1A or 1R, at least 8 peaks of (£0.1°28) of Table 1A or 18, at

least 10 peaks of (:0.1°20) of Table 1A, at least 15 peaks of (0.1728) of Table 1A, af east 20
peaks of (=0.1920) of Table 1A, at teast 25 peaks of (+0.1°20) of Table 1A, or af least 30 peaks

of (0.1928) of Table 1AL

Fapets '
20 d space (A) Intensity (%) 28 d space {A) Intensity (%)
490010 | 180270375 7! 490010 | 18027 03751 71
6656 +0.10 | 12891 £46.191 | 100 666010 | 12891 4,191 | 100
841010 | 10512 +0.126 | 61 BATE0I0 | 10512460126 | 6]
283010 | 899640097 163 GBI EGH0 | 2899640092 |63
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Table 1A

20

d space (A)

Intengity (%)

Ve

20

d space (A)

Intensi L:\/ (%)

1012 +0.40

8730 = 0.087

a7

16134010

8730+ 0.087

g7

1060010 | 8346 £ 0.079 | 16 1792010 1 49500028 170
11.9240.10 | 742450063 |45 23305010 | 3850 £ 0017 155

12324010

TR R 0059

2525 £ 01D

35272 +0.014

7.047 £0.055

2k (052

14412010

6,322 £ 5045

(448010106118 £6.042 135
'if!.i'%i}:;_ir{}.}i? 5588+ 0.041 23

5152010

1608 =010

5850k 0.039

4 0.033

16,70 - 0.10

5300 20032

[6.90£0.10 | 5246 +0.031 |22

17524010 | 4.956£0.028 |70
1 0.025 |36

255+ 0.020 | 42

ST

’9 4+ 0.019

e
LA

6 -+ 0.018

L
oo

23.10x0.10

et

e
joce)
n
Pty
L

+0.017

L
L

ZAEA L0010

3780+

0.016

20

2395+ 0.10

A5 £0.615

37

R0 04

44

25725 k010

0014

2658010 | 3379 £0.013 | 33
2696=0.10 | 3.3070.012 |33
DTO3 010 32294 0,012 | 22
830201013147 x0.011 29
290701401 3.072=0.010 135
[9238! In one embodiment provided herein, the polymorph form A of sodium 2-{5-bromo-4-{4-

cyclopropylnay

nhithalen-1-y

yD-4I-10,

defriapcl-3-

ol

5%

vithiojacetate is characterized by x-ray powder




WO 280 POTUEI 30491355

diffraction pattern peaks at 4.90, 9.83, and 25.29°268+0.1°28. In further embodiments, the
polymorph form A is further characterized by at least one peak appearing at 6,86, 8.41, 1013,
17.92, and 23.10°28+0.1°20. In. further embodiments, the polymorph form A is further
characterized by al least two peaks appearing at 6.86, 8 41, 10,13, 17.92, and 23.10°268+0.1°720.
In yet still further embodiments, the polymorph exhibits an x-ray powder diffraction pattern
substantially the same ay the x-ray powder diffraction pattern shown n FIGURE 13,
FPolymorph Form B
{8239} In one embodiment, sodium 2-{5-bromo-4-{4-cyclopropylnaphthalen-1-yD-4H-1,2.4-
triazol-3-vlthicjacetate polymorph Form B exhibits an x-ray powder diffraction pattern
characierized by the diffraction pattern summarized in Table 2A or 2B. In some embodiments,
provided herein is a polymorph of sodium 2-(5-bromo-4-(4-cyclopropyinaphthalen-1-yi -4 H-
1,24 -tviazol-3-ylthiojacetate comprising at least 2 peaks of (:0.1°20) of Table 2A or 2B. In
certain embodiments, provided herein is a polymorph of sodium 2-{5-bromo-4-(4-
yelopropylnaphthalen-1-yi3-4H-1 2 d-triazol-3-ylthio yacetate comprising at least 3 peaks of
(£0.1°28) of Table 2A or 2B, at least 4 peaks of (+0.1°20) of Table 2A or 28, at least 5 peaks of

(=0.1°26) of Table 24, at loast 6 peaks of (#:0.1°28) of Table 24, at least 8 peaks of (£0.1°28) of

.

Table ZA, at least 10 peaks of (£0,1°28) of Table 2ZA, at least 12 'pc:aks of (=0.1°26) of Table 2A,
at least 14 peaks of (£0.1°28) of Table ZA, or at least 16 poaks of (£0.1°28) of Table 2A.

TABLEZ

A B

Ay Intensity (%0} 26 d space (A) Intensity (%)
4224010 508 1 100 4224010 | 20939 £ 0508 | 100

§514 0,10 | 1039240123 | 79 o T8sTH 000 110230250123 79
12.800.10 1 6,917+ 0.054 |40 12804610 | 6917 + 0.054 | 40

1307 L0.10 | 6.337£0.045 |20 1 T16.95 0,00 [ 5231 £0.031 143

MAG 010 16,126+ 0,042 | 23

16104416 54750034 |22
1695 2010 1 5231 0,031 145

CIRAQ 010 | 4.821 4 0.006 | 22

PO 132030 1 463010024 |26

1948 £0.10 1 455840023 |24

200301014433 20022 125
DEZ2E A0 41760019 |23
225640301 39420017 32
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gt d space (A} Intensity (%) | | 26 d space (A) Intensity (%)
2290010 388324017 |27

2353 £ 010 3781+ 0016 | 24

2564+ 010 744 0013 23

e
iy
~1

[

2727010 +£0.012 |18

LD
b
N

2837 =000 | 30680011 (15
BT 0.10 ) 3108+ 0.9 19
{02407 In one embodiment provided heremn, the polymorph form B of sodium 2-(5-bromo-4-(4-

cyclepropyloaphthalen-1-yih-47-1.2 4-iriazol-3 —y'E thicyacetate 15 characterized by w-ray powder
diffraction pattern peaks at 4.22, 8.51, and 16.95°26+0.1°26. in a further embodiment, the
polymorph form B s further charvacterized by a peak appearing at 12.80°20+0.1°20. In yet suill
further embodiments, the polymorph exhibits an w-ray powder diffraction pattern substantiaily
the same as the x-ray powder diffraction pattern shown i FIGURE 17,
Polymorph Form 5°

62411 In one conbodiment, sodium 2-(5-bromo-4-{4-cyclopropylnaphthalen-1-y1)-411-1,2 4~
triazol-3-vithiclacetate 'f;:(}’iyz"ﬁmjp}1. Form B’ exhibits an x-ray _p(}'wd.@r diffraction pattern
characterized by the diffraction pattern summarized in FIGURY 19,

Admixture with amorphous pofid siaie forms

(02421 In certain embodiments, any of the polyimorphs described herein (e g, Form |
!. o E } ; %7

optionally comprises (or is intermixed or in combination with) o certain amount of amorphous 2-

o~

S-bromo-4-(4-cyclopropylnaphithalen-1-yD-4/7-1,2 d-triazol-3-yHithio)acetate, In some
embodiments, the areorphous component of the polymorph {e.g., Form 1) or polymorph

combination comprises loss than 50 wt. % of the polymorph or polymorph combination, less
I A S

than 25 wi. % ol the polyrmorph or polymoerph combination, less than 15 wt. % of the polymaorp!

- .

or potvimorph combination, less than 10wt % of the polymorph or polyng

phi combination, or
less than 5 wi % of the nolymorph or pelymerph cornbinatior

102437 In cortain embodiments, any of the polymorphs described herein (e g, Form A)
optionally comprises {(or 18 intermized or in combination with) 2 certain amount of amorphous
sodium 2-{5-bromo-4-(4-cyclopropyvinaphthalen-1-y)-4FH-1,2 d-triazol-3-yithioYacetate, In some
embodiments, the amorphous component of the polymorph {e.z., Form A) or polymorph
combination comprises less than 50 wt. % of the polymorph or polymorph combination, less

than 25 wit. % of the polymorph or polymorph combination, fess than 15 wi, % of the polymorph
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or polymorph combination, less than 10 wt. % of the polymorph or polymorph combination, or
less than 5 wi. % of the polymorph or polymorph combination.
Particle Size

10244} In certamn embodiments, provided berein 1s a 2-(5-bromo-4-(4-cyclopropylnaphthalen- 1-
yi)-4H- 1,2 4-riazol-J-yithiojacetate polymorph particle (e.g., crystalline, or comprising a
crysteliine component). In sormme cmbodiments, pr@virjcr_ﬁ! herein 18 a 2-(5-hromo-4-(4-
cyclopropylnaphthalen-1-yD-4A- 1,2 4-triazol-3-yithioyacetate polymorph (c.g., crystalline, or
comprising a crystalline component) having a particle size of about 5-50 micrens. In some
embodiments, the average particle size is at least 10 microns, 15-50 microns, 15-35 microns, 35-
45 microns, 35-40 microns, about 40 microns, or the like. In some embodiments, particles of 2-
(5-bromo-4-(4-cyclopropyinaphthalen-1-y}-4/-1,2 d-triazol-3-vithioacetate (c.g., crystalline,
or comprising a crystalline component, such as a polymorph of Form 1) having an average
diameter of greater than 3 or 10 microns have improved stability parameters compared to
smaller dizmeters,
Prodrugs
{B245] In some embodiments, the compounds described herein exist in prodrug form. The
mvention provides for methods of treating discases by administering such prodrugs. The
imvention further provides for methods of treating discases by administering auch prodrugs as
pJ 1ar Tﬂrit(‘l!l cul LQT"‘[’)O%’H{‘H%
15246] Prodrugs are generally drug precursors that, following administration to an individual
and subsequent absorption, are converted fo an active, or a miore achive §pecies via 50mMe process,
such as conversion by a metabolic pathway. Seme prodrugs have a chermcal group present on
the prodrug that renders it less active and/or confers solubility or some other property to the
drug. Once the chemical group has been cleaved and/or modified from the prodrug the active
drug is generated, Prodrugs are often useful because, in some situations, they arc casier to

minigter than the parent drag, They ave, for instance, bioavailable by oral administration
whereas the parent s not. In certain instances, the prodiug also has improved solubility in
pharmaceutical compesitions over the parent drug. An example, without limitation, of a prodrug

[

would be 2 compound as described herein which is administered as an ester (the “prodrug”™) to
tacihtate trangmittal across a coll membrane where water solubility is detrimental to mobiiity but
which then 1s metabelically hydrolyzed to the carboxylic acid, the active entity, once inside the
cell where water-solubility 1s beneficial. A further example of a prodrug might be a short peptide
{polyamino acid} bonded to an acid group where the peptide is metabolized fo roveal the active

P

moiety. (See for example Bundgaard, "Design and Application of Prodrugs™ in 4 Texthook of
Yot ] B :

6k
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LDirug Design and Development, Krosgaard-Larsen and Bundgaard, Ed., 1991, Chapter 5, 113-
191, which is incorporated herein by reference).

{2471 In some embodiments, prodrugs are designed as reversible drug derivatives, for use as
modifiers fo enhance drug transport to site-spocific tissues. The design of prodrugs to date has
been to increase the effective water solubility of the therapentic compound for targeting fo
regions where water 18 the principal soivent.

{62481 Additionally, prodrug derivatives of compounds described herein can be pregared by
methods described herein are otherwise known in the art {for further details see Saulnicr ef al.,
Bioorganic and Medicinal Chemisiry Letiers, 1594, 4, 1985). By way of exampzle only,
appropriate prodrugs can be preparcd by reacting a non-derivatized compound with a suitable
carbarmnyiating agent, such as, but not limited to, 1, 1-acyloxyaikylearbancchioridate, para-
nitrophenyi carbonate, or the like, Prodrug forms of the herein described compounds, wherein
the prodrug 1s metabolized in vivo to produce a derivative as set forth herein are included within
the scope of the claims, Indecd, some of the herein-described compounds are prodrugs for
another dertvative or active compound.

(02451 In some ernbodiments, prodrugs include compeunds wherein an amine acid residue, or a
polypeptide chain of two or more (2. g, two, three or four) amino acid residues is covalenfly
joned through an amide or ester bond to a free amine, hydroxy or carboxylic acid group of
compounds of the present invention. The amine acid residues include but are not limited to the
28 naturally ocourring amine acids and also includes 4-hydroxyproline, hydroxylysine,
demosine. isodemosine, 3-methylhistidine, norvaline, beta-zlanine, gamma-aminobutyric acid,
cirtuilinie, homocysteine, bomosering, ornithine and methionine sulfone. In other embodiments,
prodrugs include compounds wherein a nucloic acid residue, or an oliponucleotide of two or
morve {e. g., two, three or four) nucleic acid residues is covalently joined to a compound of the
present invention. In some embodiments, prodrugs Include compounds compriging as alky!
ester. In some of such embodiments, an alkyl ester is cleave in vivo to provide Compound 1
MNon-tiniting examples of ester prodrags include methyl, ethyl, propy!, tsopropyi, butyl,
1sobutyl, tert-buiyl, iscamyl, pentyl, hexyl, heptyl, octyl, nonyl, terpenyl, bornyl, allvl, linalyl or
geranyvl esters,

{02507 Pharmacentically acceptable prodrugs of the compounds described herein also include,
but are not limited to, esters, carbonates, thiocarbonates, N-acyl derivatives, M-acyloxyalkyl
dertvatives, quaternary derivatives of fertiary amines, M-Mannich bases, Schiff bases, amino
acid conjugates, phosphate estors, metal salts and sulfonate esters. Compounds having free

amine, amido, hydroxy or carboxylic groups can be converted into prodrugs. For instance, free
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carboxyl groups can be derivatized as amides or alkyl esters, In cerfain instances, all of these
prodrug moieties (ncorporate groups including but not Hmited to ether, amine and carboxylic
acid funchionalities,
{02511 Hydroxy prodrugs include esters, such as though not ltmited to, acyloxvalkyl (o
acyloxymethyl, acvioxyethyl) esters, alkoxvearbonyloxyalkyl esters, alky! esters, aryl esiers,
phosphate esters, sulfonate esters, sulfate caters and disulfide containing esters; ethers, amides,
carbamates, hemisuccinates, dimethylaminoacetates and phosphoryloxymethvioxycarbonyls, as
outlined in Advanced Drug Delivery Reviews 1596, 19, 115,

[0252] Amine derived prodrugs include, but are not lmited to the following groups and

combinations of groups:
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as well as sulfonamides and phosphonamides

T A AP

{02531 The examples and preparations provided below further ilustrate and exemplify the
compounds of the present invention and methods of preparing such compounds. 15 to be

understood that the scope of the present invention is not iimited {n any way by the scape of the

o

following examples and preparations.

Foxampde LA Bvithesis of Compovnd 2
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{02541 Charge dimethylformamide (2,63 kgt 5% <> 2.8 L+ 5%) to a reactor. Heat the
dimethytformamide to a temperature between 27°C and 35°C, Charge Compound 5 (1.0 kg ok

1%%) 1o the same reactor in portions whilst maintaining the temperature between 27°C and 35°C,

Add methyl bromoacetale (0.6008 /M x 100 kg = 1% <> 03620/ M x 100 L+ 1%) 1o the
¥ g

2
i



reaction mixiure whilst maintaining the temperature botween 27°C and 35°C, e.g,, between 28°C
and 33°C, where M 15 the purity of the methyl bromoacetate by GC in % area. The methyl
bromoacetate addition s slightly exothermic.

{B255] Stir the mixture for at least 10 minutes and not more than 20 minutes, at a temperature
between 27°C and 35°C, e.g., between 28°C and 33°C.

10258] Add to the reaction mixture sodium bicarbonate (0.314 kg 4 194} in portions whilst
malntatning the temperature between 27°C and 35°C, over a period of at least 30 minufes and
not rmore than 7¢ minutes. During the portion additions of sodinm bicarbonate paseous carbon

Lioxide 15 released.

P2ET] St the mixture for at least 1 hour and not morve than 4 bours, at a temperature between
27°C and 35°C, e.g., between 28°C and 33°C. Cool the reaction mixture to a temperature
between 57C and 10°C, and then sample for HPLC analysis,

[I258] The reaction is considered complete 1f the content of Compound 3 is below 0.50% arca
by HPLU, preferennially below 0.20% area by HPLC. I reaction completion is not achieved
after the second sample, heat the reaction mixture (o a temperature between 27°C and 35°C.
Add methyl bromoacetate (0.0172 /M x 100 kg £ 1 = 00103/ Mo 108 L+ 1% to the
reaction mixture whilst maintaining the femperature between 27°C and 35°C, ¢.g., between 28

-

and 33°C. Bty the mixture for at least 30 minules and not more than 2 hours, at a temperature

J/O‘

between 27°C and 359, e.g., botween 28°C and 33°C, then sample for HPLC analysis.
HEZE0T i reaction is complete, add to the reaction mixture over at least 15 minutes, while

naintaining the temperature between 5°C and 20°C, ozonated defonised water (9.0 L+ 5

5
.
fow
N
h
L
a2
R

During the addifion the gascous carbon dioxide can be released, The ozonated deionised water

addition is siighily exothermic. Stir the mixture for at least 30 minutes while maintaining the

temperature between 5°C and 1070

PRAE0] Add to the mixiure, over al least 16 minutes, while maintaining the teraperature between
590 and 20°C, a solution previously prepared by dissolution of sodium bicarbopate {0, 1€

T

1%y in ozonated defonised water (147 1 5%), uniil a

H of the mixture botween 6.7 and 8.0,

i

e.g., between 6.9 and 7.3, Stir the suspension for at least 60 minutes while maintaining the
tomaperature between 5°C and 10°C, Filter the suspension. Wash the wet cake with ozonated
detonised water (2.0 L & 5%) previously cooled to 2 temperature between 5°C and 10°C, twice
102611 Wash the wet cake with a mixture of ethyl acetate {0.09 kg = 5% <> 0.1 L £ 5%) and
wsopropyl aleohol {0.79 kg 4 5% <= 1.6 L & 5%) previously cooled o a temperature betwoen

3°C and 590, twice.

o
L
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HYA821 Dry the wet cake under vacuum at a temperature below 45°C, until the water content {bv
arl Fischer analysis) is lower than, or equal to, 0.5% w/w, preferentially lower than, or equal
to, 0.1% w/w, the content of cthyl acetate by GC s lower than, or equal to, 200 ppm, the content
of isopropyl alcohol by GC 15 lower than, or cqual to, 600 ppm and the content of

dimethylformamide by GC is lower than, or equal to, 10000 ppm.

Fxampie 1B: Synthesis of Compound 2

Laree-Scale Preparation of Methyl 2-((4-d-cvclopropyvinaphthalen-1-vi-4FH-f 2 4-trigzol-3-

yiithiclacetate

12631 "The batch size for the large-scale preparation methyl 2-((4-(4-cyclopropyinaphthalen-1-
yi-4H- 1,2 d-triazol-3-yDthicacefate 18 1.0 ko, The stoichiometric vicld 1s caloulated to be
126.95% w/w, with the exnected vield being 120 + 6% w/iw (95 & 5% molar).

SEERL

16264] Charge dimethylformamide (2. 80kg £ 5%, 3.05L £ 5%) to a reactor, and heat to15-23°C.
Add 4-{4-cyclopropyinaphthalen-1-yi-4H-1,2 A-triszole-3-thiol {1 0kg £ 1.5%) to the reactor in
portions, mamtaining the temperature between 15°C and 23°C. Add sodium bicarbonate

{0.16 kg + 1%) to the reactor, maintaining the temperature between 153°C and 23°C. Add
methyl bromoacetate (0.6095ky + 1%; 0.367ZL + 19) fo the reactor, maintaining the
ternperature between 15°C and 30°C, preferably between 17°C and 21°C.

H07265] I methyl bromoacetate purity 18 <2 89.0%, (by GC) then add the quantity according to the
formula: 0.6065 /7 M 100 kg & 1%, 0.3654 7 M = 100L £ 1%, where M 15 the purity of the
methyl bromoacetate (by GO in % area). The methyl bromoacetate addition 15 slightly
exothernue. Rinse the charging line with dimethylformamide {019 kg -+ 5% 021 + 5%,

adding the rinse to the reactor, maintaining the temperature between [5°C and 30°C, preferably
between 17°C and 21°C.

HiZ661 Str the mixture for at least 20 minutes and not more than 40 minutes, maintaining the

1R

temperature between 15%C and 30°0, preferably botween 17°C and 21°C. Add sodium
bicarbonate (0,161 kg o+ 194} to the reactor in portions, over at least 20 minutes but not more
than 120 minutes, mamtaining the temperature between 15°C and 306°C. Mote, the addition of
sodium bicarbonate is endothermic, and gaseous carbon dioxide s released. SHr the mixture for
at feast 1 hour and not more than § hours, maintaining the temperature between 15°C and 36°C,
preferably between 17°C and 21°C.

{0267] The reaction is considered cornplete when the content of 4-{(4-cyclopropyinaphthalen-1-

yh-4H-1 2 d-triazele-3-thiol 1s below 1.0% area by HPLC, preferably below 6.50% area by

&y
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HPLC, Hreaction s complete, proceed with STEP 3. Hreaction s not complete, take another
sample for HPLC analysis; if reaction is still not complete, proceed with STEP 2.
STHPZ
{268 Add methyl bromoacetate (0.01146ke + 1%, 6.00683 1L 4 19%) to the reactor, maintaining
the temperature between 15°C and 30°C, preferably between 17°C and 21°C,
{0269 1T methyl bromoeacetate purity is < 99.0%, {(by GO then add the quantity according fo the
formula: 0.0114 /M x 100 kg £ 1%; 0.0068 / M x 1001, + 1%, where M is the purity of the
miethyl bromeacetate (by GO m % area). Rinse the charging line with dimethviformamide
¥ J B 3
(4. Tky - 5%; 51+ 5% - Axed quantityy, adding the rinse to the reactor, mamiaining the
K }.) E 1 o o l./
temperature between 1390 and 30°C, preforably hetween 1790 and 210
§ y b
2741 Stir the mixtire for at least 30 minutes but not more than 2 hours, maintaining the
temperature between 15°C and 30°C, prefoerably between 17°C and 21°C. The reaction is
considerad complete when the confent of 4-(4-cvclopropylnaphthalen-1-yD-4H-1,2 4-triazole-3-
S CYODTOR YT
thinl is below 1.0% arca by HPLC, preferably below 0.50% area by FIPLC,
(0271 it reaction is complete, proceed with 3TEP 3. if reaction is not complete, take annthes
I i

sample for HPLO analysis. I reaction s still not complete after the second sample, repeat STEP

Yad ozonated, detonised water {351 £ 3% to the reaction mixture over at least 15
minutes, mamtaining the iemperature between 10°C and 30°C. The addition s slightly
exothermuc and may release gaseous carbon dioxide. Stir the mixture for ot least 30 minutcs,
maintaining the temperature between 10°C and 30°C, during which time a procipitate may form,
which is slightly excthermic.

J02731 Add a second portion of ozonated detonised water (8,51, + 59%) to the reaction mixture

over al least 30 minutes, mamtaining the temperature between 10°C and 30°C, during which

ased,

time the product precipiiates.

The addition 1s exothermic and carbon dioxide may be roles
19274] Cool the suspension to 5-10°C, Measure the pH of the suspension, I necassary, adiust
the pH o between 0.3 and 8.3, preferably between 6.9 and 7.3, by adding over at least 16
minutes, a previously nrepared solution of sodium bicarbonate (0.105keg + 1%} in ozonated
detomised water {1,471, & 5%, rmaintaining the temperature betwesn 5°C and 16°C.

(32751 Add ozonated delomsed water (1.0L £ 5% over at least 10 minutes, maimntaining the
temperature between 5°0 and 10°C. Stir the suspension for at least 60 munutes, mamtaining the

temperature between 5°C and 14°C.

5
~1
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HE276] Filter the suspension. Wash the wet cake with ozonated, deiomised water (2.01 1 5%)

L2

reviously cooled to between 5°C and 10%C. Wash the wet cake a sccond time with nzonated,
, Y :

detonised water {2.0L & 5%) previcusly cooled to 5-10°C. Wash the wet cake with a solution of
cthyl acetate (0.0%g £ 5%; 0.1L £ 5%) and 1sopropyl aleohol (6.79%kp £5%; 1.OL £ 5%)

previously cooled to -5 °C. Wash the wet cake with a solution of ethyl scetate {0.0%kg + 5%;
0.1L £ 5%) and sopropyt aleohol {0.79%g + 5%:; 101 + 5%) previously cooled o §-5 °C.
(277 Dy the wet cake under vacuumn below 60%C, until the water content (by Kart Fischer
analysis} is <0.2% w/w, preferably <0.1% w/w; the ethyl acefate content (by GC) is =200 ppimy
the sopropyl aleohol content (by GOY 15 <600 ppm; and the dimethyiformamide content by 430

15 <10600 pom.

3 &M

Eyample TA: Svnil of Compound 1 and Compoung 4
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{0278] Charge Compound 2 (1.0 kg £ 19%) to a reactor. Add tetrahvdrofuran (6.2 kg = 1% <>
7.0 L £ 1% to the same reactor. Heat the mixture to a temperature between 35°C and 42°C
Stir the muxture for at least 10 minutes at a temperature between 35°C and 42°C o obtain a clear
solution. CTool the reaction muxture to o temperature between 27°C and 32°C.

12797 Add N-bromosuceinimide (0734 kg £ 19%) to the reaction mixture whilst maintaining the

ternperature between 27°0 and 32°C, e.g., between 2770 and 30°C. Sty the mixture at a

temperature between 27°C and 32°C, e.g

“Ehy

between 27°C and 30°C, until the reaction 18

ompiete.

=%

FI2801 The reaction is considered complete when the content of Compound 2 15 lower than 1.5%

arca by BPLC, preferentiatly lower than 0.2% arca by HPLC,
18281] The reaction 15 sampled for HPLC analysis after 20 to 40 minutes of stirting for the

1

determination of the Compound 2 content. Based on HPLC analysis, optionally add extra
guantity of M-bromosuccinimide (0.105 kg & 19 while maintaining the temperature between
27°C and 32°C, e.g., 2770 and 34°C. Otherwise, continue with the stirring at a temperature

between 27°C and 32°C, ez, between 27°C and 30°C, undi] the reaction is complete.

68
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1282] Cool the reaction mixture to a temperature between 2°C and 7°C, e.g., between 270 and
59C. Add toluene (4.33 kp + 5%) to the mixture, while maintaining the temperature between
2°C and 7°C, e.g., between 2°C and 5°C.

13283) Add to the reaction muxture, over at least 10 minutes, while maintaining the temperature
between 2°C and 7°C, e.g., between 2°C and 5°C, ozonated deionised water (5.0 1.+ 5%). The
addition of the ozonated deionised water i3 exothermic and during the addition gasecus release
may oceur. Stir the mixture for at least 30 minutes maintaining the temperature between 2°C

and 7°C, e.g., between 4°C and 6°C.

4% Stop stirring and aljew layers to separate for at least 30 minutes. Discharge the aqueous

1

{lower phase). Add to the orge

')

e phase, over at feast 10 mnules, while maintaining the

temnerature between 2°C and 7°C, a solution previousty nrenared by dissoluion of sedivm
f , [ pref

disulfite (0.112 kg + 1%%) n ozonated detonised water (5.0 L 39%). The addition of the sodium
disulfite solution is exothermic. During the addition gaseous release may occur.

Stir the suspengion for at least 30 mingtes maintaining the temperature between 2°C and

riera

. Take a sample of the mixture. #f the aqueous phase of the sample is pale yellow, conduct

o~

another wash gtep with sodium disulfite. I the aqueous phase of the sample s coloriess then
send sample for HPLO analysis. If the peak of M-bromoesuceinimide s detected by HPLOC then
conduct another wash with sodium disulfite and repeat the HPLU analysis 61 the MBS 13 not
longer detectable by HPLC.

12861 Stop stirring and allow layers to sepavate for at least 15 minutes. Discharge the agqueous
phase {tower phase) and combine with the previous aquecus phase. Heal the organic phase
comprising Compound 3 to a temperature between 1870 and 257C. Add to the organic phase,
maintaining the temperature between 180 and 257C, ozonated delondsed water (5.0 L & 5%).
Stir the mixture for at least 15 mmutes maintaining the teraperature between [8°0C and 25°C,
Stop stirring and allow layers to separate for at feast 15 minutes. Dhscharge the aqueous phase
{lower phase),

Ny
¥

6 O
i

T Add 1o the Grgan: {5 rm.f.*:ﬁ,\c maintii nmw the femperaire betwoeen 1R and 25%

solution previously prepared by digsolution of sodium bicarbonate (0.35 kg £ 19%) in ozonated

tiik}

deionised water (3.0 L 4 8% Stir the mixture for at least 15 minufes maimtaining the
temperature between 18°C and 257C. Blop stirring and allow layers to separate for at least 15

minutes. Discharge the aqueous phase (Jower phasey.
[6288] If the pH of the discharged aqueous phase is below 8.0, repeat the wash step with sedium

bicarbenate until the pH of the agueous phase 1s sbove 8.0

6%



[328591 Add 1o the organic phase, comprising Compound 3, over at least 10 minutes, while
matntaining the temperature between 18°C and 25°C, a solution previously prepared by
digsolution of sodium hydroxide (pure) {0.1473 kg £ 19%) 1n ozonated deionised water (3.01 L &
5%).

{250 Sur the mixture at a temperature between 18°C and 25°C for at least 2 hours until the
reaction is comptlete. The reaction 18 considered complete when the peak area by HPLC of

Compound 3 in the organic phase 18 lower than 50 mAT]. If reaction is incomplete then stir the
reaction mixture an exira 2 hours before ve-sampling. If reaction cempletion is not achieved

after & hours strring, add extra quantily of sodium hydroxide agueous solution end re-sample 3
hours atter {he addifion. The reaction mixture has two phascs at this point. Stop stirring snd
allow layers to separvate for at least 30 minutes. Dischorge the aqueous phase (lower phase) to o
reactor or reeeiver. Repeat this step and combine the agueous lavers, Discharge the organic
rhase (upper phase) for disposal.
2911 Concentrate the aguecus phases under a vacuum at g temperature lower than, or equal to,
4G°C until no distillates are collected using a vacuum pressure not lower than 75 mbar,

&

[6292] Take a sample of the agueous phase for determination of the content of Cempound 4 1
the concentrated aqueous phase. Adjust the volume of the concentrated agucons nhase to 2
volume of about 5.5 x W L & 5% where W is the amount of Compound | in Kg caleulated from
the assay sample,

192931 Cool the mixture to a temperature between 370 and 0°C over at least 2 hours. Stir the
mixture for af least 2 hours maintaining the femperature botween §°C and 5°C. Crystatlization
of the sodium salt, i.o., Compound 4, occurs at ths pont.

182941 Heat the suspension to a termperature between 17°C and 19°C. S¢ir the mixture for at
leagt 1 hour raaintaining the temperature between 17°C and 19°C. Compound 4 sodium sult
remaing erystallized after this stirring period.

& i

192951 Cool the muxture to a temperature between 15°C and 13°0 over at least 4 hours. Cool

,ﬁ»
r.

the mixtire to a temperature between 5°C and 0°C over af least 2 hours, Stir the mixture for at
least 2 hours, and preferentially not more than 4 howes, mawmtaining the temperature bobween
(°C and 59,

102581 Filter the suspension. Wash the wet cake up 1o 3 times with szonated detonised water
{0.50 L. = 5%) proviously cooled to a temperature between 0°C and 5°C under nitrogen flow
combined with vacoum

(0297 Dissolve the wet cake comprising Compound 4 with ozonated deionised water (4.5 L

5%y at a temperature not higher than 35°C, and transter the solution to @ reactor or a receiver,
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Take a sample of the aqueous selution for determination of the Compound fcontent (W2), W2
i the amount of Compound 1 in Kg calculated from the assay sample
167298] Add to the aqueous solution ethyl acetate (5.0 x W2 kg £ 5% <> 10.0 x WI L £ 5%)
Add to the mixture, while maintaining the feraperature below or equal to 35°C, hydrobromic
acid 24% i water (variable quantity), until a pH of the mixture 18 between 2.0 and 4.0, c.z.,
between 3.0 and 4.0, Add sodivn hydroxide aqueous solution fo mixture if pH (f?'f_’{};‘:)é'\: below 2.0,
Stir the mixture for at least 30 minutcs maintaining the termperature between 30°C and 35°C.

Stop stiring and allow lavers to separate for at least 30 minutes.

97299 Discharge the organic phase (upper phase) to a reactor or a recetver and take & samplie of

the agueous phase for HPLC analysis. I the peak arca by HPLOC of Compound 1 ig higher than
500 mAl then repeat the wash with hydrobronuc acid and combine the aqueocus phases
comprising Compound |

(B384 Add to the aqueons phase ethyl acetate (09 x W2 kp 2 5% <> 10 W2 L3 %} while
maintaining the iomperature between 30°C and 35°C. Stir the muxture for at least |
meinfaining the tomperature between 30°C and 35°C. Btop stirring and allow lavers to separate
for at Least 30 munutes,

(93417 Discharge the organic phase {upper phase) to a reactor or a receiver and fake a sample of

the aqueous phase for HPLO analysis. IT the peak area by HPLC of Compound 1 is higher than

500 mAU then repeat the oxiraction with othyl acetate
(33072} Discharge the aqueous phase (lower phase) for disposal, Add to the combined organic

phage, while maintaining the temperature between 30°C and 353°C, ozonated deiorisad water
(2.0 W2 L4 5%). Stir the mixture for at least 38 mioutes mamtaining the temperature
between 30°C and 35°C. Stop stirring and allow layers to separate for at feast 30 nuinutes,
Prscharge the aqueous phase {ower phase) for disposal.

[0303] Filter the organic phase thicugh a fiter with porosity not higher than 1 micron, and
franster the filtrate to a reactor or a recetver. Concentrate the Tiltered organic phase under
vacuuen at a temperature below or equal to 38°C, ¢.g., at a temperature between 18°0 and 257C,
until a final volame between 7.3 x W2 Land 7.7 x W2 L. Compound 1 can crystatlize at this
point.

10364] Heat the mixture to a femperature between 35°C and 42°C, c.p., between 38°C and 40°C
and stir over at least 3 hours, and not more than § houry, e.g., between 3 and 5 hours, while

maintaiy m a the temperatyre.

-3
oy
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[385) Optionally free acid seed of Compound | is added as a solid or suspended in n-heptane
{0.5 x W2 L — fixed quantity) previcusly filtered through a filter with porosity not higher than 1
TNICTON.

{386} Concentrate the filtered organic phase under vacuum at a temperature below or equal to
I8°C, e.g., at a temperature between 18°C and 25°C, until a final volume between 3.8 x W2 L

and 4.2 x W2 L.

2@3‘3@7 § Add to the suspension, while maintaining the temperatore between 35°C and 42°C, e g,

vetween 38°C and 40°C, n-heptane {0.68 x W2 kg + 5% <> 1.0 x W2 L £ 5%) previously
filtered through a Nilter with poresity not higher than 1 micron. Stir the mixture for at least |

A7 Je

hour maintaining the temperature between 35°C and 42°C, preferably between 38°C and 40°C.
Cool the mixture to a temperature between 10°C and 5°C over at least 2 hours. Filter the
BUBDCNSICIL

[0508] Wash the wet cake with a solution of ethyi acetate (063 x W2 ke £ 5% <> 07 x W2 L&

5% and n-heptane (048 x W2 kg + 5% <> 0.7 x W2 L+ 5%) previously cooled to a
temperature between 5°C and [0°C and filtered through a Gilter with poresity not higher than |
micron. Pry the wet cake under vacuam af a temperature lower or egual fo 36°C, untl the

content of n-heptane by GC is lower than, or equal to, 5600 ppm, the content of ethy! acetate by

”

2500ppm, and water content (by

0 is lower than, or equal to

Karl Fischer analysig) is lower

2

than, or equal to, 0.5% w/w.

Pl

mnie 2 Svothesis of Componnd 1 and Componnd 4

Large-Scale Prepuration of 2-(5-Bromo-4-(4-cvclopropyvinaphihalen- {-vi-4H-1 2 4-triazol-3-

M@:é{&i{%@ﬁfé&%
19349] The batch size for the large-scale preparation of 2-(5-bromo-4-{4-cyclopropylnaphthalen-
Ley-dbi-1,2,4-triazol-3-ylithiojacetate 15 1.0 k:g. The stoichiometric yield is calculated to be

P

119.4% w/iw, with the expected yield being 89 & 24% whw (75 & 20% molar).

Charge methyl 2-((4-(4d-cyclopropynaphthalen-1-y-4H- 1,2 d-triazol-3-yDthiolacetate
{1.0kg = 2%) to areactor. Add tetrahydroforan (6.0kp + 1%; 6 8L + 194) to the veactor. Heat
the mixture fo a temperature between 25°C and 35°C, preferably between 29°C and 31°C.

10311} Add N-bromosuccinimide {38128 kg + 1%} to the reactor in <3 hours, maintaining the
temperature between 25 °C and 40 °C, preferably between 31°C and 34°C. Rinse the charging
ling with tetrahydrofuran {0.18kg £ 1%; 0.20L :+ 194) ac {img the rinse to the reactor, maintaining

the temperature between 25°C and 40°C, preferably betweer and 34°C.
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[0312) Stir the mixture at a temperature between 25°C and 40°C, preferably between 31°C and
34°C, untid the reaction 15 complete. The reaction is considered complete when the content of
methyl 2-((4-(4d-cyclopropyl naphthalen-1-yD-411-1,2 d-triazol-3-yIithio)acetate is <1.5% area
by HPLAC, preferably <6.2% arca by HPLC, If reaction is not complete after 3 hours consider
adding extra M-bromosuccinimide (0.052 kg + 19) at 25-40°C, preferably Ucth on 31°C and
34°C, rinsing the charging line with tetrahydrofuran {0.18 kg + 1%, 0.20 L + 1%) and adding the
ringe o the reactor while maintaining the temperature at 25-40°C, preferably between 31°C and

3AC. Age after the additional M-bromosuceinimide charge before re-sampling,

= /-\()/1

“ool the reaction mixture to 2-7°C, preferably between 2°C and 5°C. Add toluene

(5. 20k + 5%; 6.0L £ 5%) to the reactor, maintaining the temperature between 2°C and 7°C,

1"(“5 M

nreferably between 2°C and -

[0314] Add ozonated, deionised water (5,00 & 5%) to the reactor over at least 10 minutes
matniaining the teraperature betweea 2°C and 7°C, preferably between 2°C and 5°C. The

addition 13 cxothermic and gaseous release may occur. Stir for at least 30 minutes maintaining
/}-{}

the temperature between 270 and 7°C, preferably between 4°C and 6°C. Stop stirming and aliow

3

layers to separate for at least 30 minutes. Fan comulsion is obtained add toluens (©.43ke + 5%,
-’) 'y )

055 & 5%, maintaining the temperature between 2°C and 7°C, preforably between 4°C and 6°C
and stir the mixture for 15 minutes before re-settling the phases. Discharge the squeous, lower

phase.

10315

To the organic phase, add a previousty prepared solution of sodium disulfite (0.154kg +
[%) 10 ozonated, delonised water (5.05 & 59%), over at least 10 minates, maintaining the
temperature between 2°0 and 7°C. The addition is exothermic and gaseous release may ocour.
Dhuring sodinm disulfite sohution preparation, add extra sodinm disulfite (3.028ky + 19%) for cach
exira guaniity of N-bromosuccinimide (0.052kg £ 1%) added during the bromination reaction

up foa maximum charged qoantity of sodinm disuliite
(o3

70 Biop shir

%),

Stir the suspension for at least 30 minutes maintaining the temperature between 2°C and

ring and allow layers to separate for af least 15 minutes. Discharge the agueous

phase, Jower phase and combine with the previcusly discharged agquecus phase.

193171 Heat the organic phase to 18-25 °C. Add ozonated, deionised water (5.01. -+ 59) to the
organic phase, mainfaining the temperature between 18°C and 25°C. Stir for at least 15 minutes

maintaiing the temperature between 18°C and 25°C. Stop stirting and allow layers {o separate

for at least 15 minutes, Discharge the aqueous phase, lower phase.
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H318] Add a previously prepared solifion of sodium bicarbonate {3.42kg + 1%) in ozonated
detonised water (6.0 1+ 5%) to the organic phase, maintaining the temperature between 18°C
and 25°C. Gascous release may oceur during the addition. Stir for at least 15 minutes
maintaining the temperature between 18°C and 25°C. Stop stirring and allow layers to separate
for at Jeast 15 minutes, Discharge the agueous phase, lower phase. Measure the pH of the
discharged agueous phase. 1t s below 8.0 proceed with STEP 3. it 15 above 8.0 proceed

with 5TEP 4,

{03181 Add a previously prepared solution of sodium bicarbonate {0.42kg + 1% in ozonated
deiomised water (6,01 1 5%) to the organic phase, maintaining the temperature between 18°C
and 25°C. Gaseous release may ocour during the addition, Stir for at least 15 minutes
maintaining the temperature between 18°C and 25°C. Stop stivring and allow layers (o separate
for at least 15 mimrtes. Discharpe the aqueous phase, lower phase, Measure the pi of the
discharged aqueons phase. It pH s below 8.0 repeat 5TEP 3. 1€ pH is above 8.0 proceed with
STEP 4.

STHEP 4

[03201 Add a previcusly prepared solution of pure sodium hydroxide (6.1473kg + 1% in
ozonated, deionised water (3,610 £ 5% to the {)z'gani_c pij}abc over at least 10 munutes,
maintaining the tempeorature between 20°C and 30°C. Sur the mixture at o temperature between
..... °C and 30 °C for at least 2 hours vntil the reaction s complete. The reaction 1s considered
complete when the peak area by HPLC of methyl 2-{{5-bromo-4-(4-cyclopropylnaphibalen-1-
yh-4Ei- 1,2, 4-triazol-3-ylthiojacetate in the organic phase is lower than 150 mA U {at 292 nm).
Measure the pbl after 2 hours of stirring. I the pH 15 =12.0, analyze the mmpl > by HPLC for
peak ares of methyl 2-({5-bromo-4-{4-cyciopropylnaphthalen-1-y1)-4H-1 2 4-4riazol-3-
yiyhiojacetate in the organic phase. Ithe pli of the resction mixture is <12.0 add a previously
prepared solation of pure sodiim hydroxide (0.01 {8kg £ 194) in ozonated, deionised water
(0,201, 4 5%, and re-sample for pH and/or HPLC after 7 hours of stirving. The extra addition of

e

sodium hydroxide solution 15 repeated until the HPLL peak arca of methy! 2-{{5-bromo-4-(4-
e . :

il 2

en-1-v-4H-1,2 4-riazal-3-ylthioyacetate 15 <12.0

cyclopropylnaphtha
{3321 The reaction mixture has two phases at this point, stop stirring and allow layers to
separate for at least 30 minutes, Discharge the aqueous, lower phase (0 a reacior or receiver.
103

ozonated, deionised water (2.0L & 5%) to the organic phase, maintaining the temperature

221 Add a previously prepared solution of pure sodium hydroxide (6.002kg + 1%} in

f

[ Vot

Cand 25°C.

between 18% stir for at least 30 muinutes maintaining the temperature between 18°C

T
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and 23°C. Stop stirring and allow layers to separste for at least 30 minutes. Discharge the lower
aqueous phasc and combine with the provicus aqueous phase. Discharge the upper organic
phase for disposal,

{3237 Take a samnple of the combined aqueous phases for determination of 2-((5-bromo-4-(4-
cyctopropyinaphthalen-1-yD-4H-1,2 4-triazol-3-yiithiojacetic acid content. Concentrate the
aquenus phases under vacuum at <50°C, preferably between 35°C and 45°C, until a final volume
between 5.0 and 5.6 x W L, (where W 13 the amount ot 2-((5-bromo-4-(4-

cyclopropylnaphthalen- Lyh-4H-1 .2 4-triazel-3-ylihiojacetic acid ("free acid") in kg calculated

from the assay sample. The jacket temperature of the resctor should not exceed 55°C.

103241 Cool to 0-5°C, over at least 2 howrs, and stiv for at least an additional 2 hours,
maintaintag the temperature between 0°C and 5°C. Crystallization of sodium 2-({4-{4-
cyclopropyl naphthalen-1-yi-4H-1,2 d-triazol-2-yijthioyacetate should occur at this point. Heat
the sugpension to 17-19°C, and sty for at least an additional 1 hour, maintaining the terperature

between 17°C and 19°C. The salt Na should remain crystaliized during this stirring period. Cool
ey

t 13-15%0 over af least 4 hours. Cool further to §-5%C over at least 2 hours, Stir for at least 2

nours, and preferably not more than 4 hours, maintaining the temperature at 0-5°C.

> suspenston at §-5°C. Part of the mother liquors may be used to rinse the
product from the reactor walls. It required, wash the wet cake up to three times with ozonated,
detonised water {0.45 x W L+ 5%) previcusly cooled o 0-5°C. Use nitrogen flow cominned
with vacuum. Upon franster, material should be on hold in the filter prior to hitration for &
mintmum of 30 roinutes,

L7

ssolve the wet cake moozonated detonised water (4.0 x W L 4+ 5%) at a temperature
<EG°C, preferably between 35°C and 45°C, and transfer the solution 1o 2 reactor or receiver. The

o

acket temperature of the reactor and/or filter should be <55°0C. Wash the reactor and filter with
ozonated deionised water {05 x W L & 5%) and combine the wash with the previous aqueous
solution. Again, wash the reactor and filter with ozonated deionised water (0.5 x W L + 5%)
and combine the wash with the previous aqueocus solution.

HI3271 Remove a sample of the dissolived sodium salt solution for determination of 2-((5-
bromo-4d-{4-cyclopropylnaphthalen-1-y1)-4H-1,2 4-iriazol-3-yithio)acetic acid ("free acid™; W2)

content. 1T W2 15 3% lower m relation W, than use W2 mstead of Win STEPS 10 and 11
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10328] Add othyl acetate (9.9 x W ikg £ 5%:; 11.0 x W L £ 3%). Add hydrobromic acid 24% in
water {(varable quantity), {0 achieve a pH of between 2.0 and 4.0, preferably between 2.5 and
3.5, maintaining the temperature <38°C, preferably between 28°C and 33°C. The expecied

quantity required ig about 0.80 x W kg;

g, 0.66 x W L of hydrobromic acid solhution. Add agqueous
sodiurn hydroxide solution if pH deops below 2.0

FO37297 Stir for at least 30 minutes maintaining the temperatire <38°C, preferably between 28°C
anc 33°C, Stop stirring and allow layers to separate for at least 30 minutes, Discharge the upper
organic phase to a reactor or a receiver and remove a sample of the aqueous phase for HPLC
spalysis. I the peak area by HPLC of the free acld is >500mAU* (292 nm) procecd with STEP

8. ifthe peak area by HPLC of the free acid 15 <300mALT (292 nm) proceed with STEP 9.

HI330] Add ethy! acctate (0.9 x W2 kg + 5%, 1.0 x W2 L & 3%) to the agueous phase,
rnaintaining the teraperature <38°C. preferably between 28°C and 33°C. Stir the mixture for at
teast 30 oinutes maintaining the temperature <38°C, preferably between Z8°C and 33°C. Stop
stirring and allow layers to separate for at least 30 mumutes. Discharge the upper organic phase
10 a reactor or a recetver, combining with the previous organic phase, and remove a2 sample of
the agueocus pha:ﬁc for HPLC analysis. Wthe peak aren by HPLC of the free acid 1§ >500 mA L
(292 nm) repeat STEP 8. I the peak area by HPLO of the free seid 15 =500 mAU* {292 nm)

proceed with BTHEP Y.

L

(83311 Add ozonated, delonised water (2.0 3 W 1+ 59 to the combined organic phase

maintaining the temperature between 30°C and 35°C, Bir for at feast 30 minutes meinfaiming
the terpperature between 30°C and 35°C. Stop stirring and allow layers to separate for at least 30

mantes. Dascharge the lower, aqueous phase for disposal.

153321 Add ozonated deionised water (2.0 x W 1 4 5% o the vrganic phase, maintainmg the

femperature between 30°C and 330, Stir for at least 30 minutes maintaining the tcmperature

between 30°C and 35%C. Stop stirring and allow layers to separate for at least 30 minutes.
Discharge the lower, aqueous phase {or disposal. Filter the organic phase {Qlter porosity <Ium)
and trangter the filirate to a reactor or a receiver., Wash the reactor and filter with ethyl acetate

)

(045 x Wke &

Yo, 0.5 ® W L & 5% and fransfer the filtrate fo a reactor or a receiver.

18333] Concentrate the filtered organic phase under vacuum at <38°C, preferably between 18°C
and 25°C (Gacket temperature of the reactor should not exceed 42“{7), to a final volume of 7.3-7.7
w WL, during which time the product may crystallize, Heat to 35-42°C for at least 3 hours,

"
T
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preferably 3-5 hours. Stir the mixture for at least 4 hours, preferably <8 hours, maintaining the
temperature between 35°C and 42°C, proferably between 38°C and 40°C, The product should
bave crystaihized by the begmning of this step. 1{erystailizafion is not observed after 1 hour

stirring at 35-42 °C, the batch may be seeded, added as a solid (verizbie quantity) or suspended

i n-heptane (0.5 x W L — fixed quantity) previously filtered {(filter porosity <1um).

=, preferably ata

(0334] Concenlrale the filtered organic phase under vacuum at <38°C

temperature between 18°C and 25°C( jacket temperature <42°C), to a final volume between 3.5 %
W Loand 3.8 x W L. Heat to 35-42 °C for at least 1 hour, preferably not more than 4 hours. Add
-heptane (0.85 % W ke 4 5% 1.25 3 W L & 5%) previousty filtered (filter norosity < lum) o the
suspengion over af least 1 hour, maintaining the temperahure botween 35°C and 42°C, preferably
between 38°C and 40°C. Stir for at least 1 hour maintaining the lemperature between 35°C and

o

42°C, preferably between 38°C and 40°C. Coolto 5-10°C over at least 2 hours. Stir for at teast 2

hours at 3-10%.
STEP 1]

[#335] Filter the suspension. If necessary use part of the mother liquors to vinse the product
from the reactor walls prior to n-heptane wash. Wash the wet cake with a sotution of ethyl
acctate (0.63 x W kg £ 5%; 0.7 x W L £5%) and n-hoplane (048 x W kg £ 5%, 0.7 x W L +
5% previcusly cooled to between -5 and 10°C, pedf*mui 7 0-537C, and Giltered {filter porosity
<lpm). Dry the wet cake under vacuum at <60°C, until the content off n-heptane by G0 is
<5006 ppim; ethyl acetate by GC is <2500ppm; and waler (by Karl Fischer analysis) is <0.5%

W/

Fxample 200 Sonthedds of Coraponad 1 and Componnd 4

Optimization of Bromination Step: Bromination of Compound 2 to Yield Compound 3

1336] Several combinations of brominating agents, solvents, reaction Hmes & temperatures
were aftempted to determine the optimal conditions for the bromination step. The results are

summartzed in the table below.

g: o = e
. erai Starting Produet
i HBrovminafino FrReranhes 8 A e
Salvent PrOTARE | 5-( ) i_fa.m,@a“ al HPLL
li{; et ;E }‘{: EEERT 1 D A 7“‘ )
HIPLC % Ve
THE NBS 4 36 0.0 G944
CTHE TEMIPO MBS (.25 30 0.0 592
THF NS -+ Bry 3 30 L7 81.6
THE MTRE )
1 MBS 24 30 0.6 9.1
3 { cbf | f
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. Starting Produst
. Brominating Pime | Temperatoyre " y
Solvend o Material [iEaTe
apent b "

HPLC % %

Tolzene MRS 30 20 0.9 752

DM NBS 30 20 0.0 76.

o
O
5

PME NBS 30 20 3472

L
Rj‘t

2
Acetonitrile NES 24 29 536
-’7
7

Accione NES 20 29 416 29
Methano! WEE 30 26 465 2972
1PAC O NgsS 30 70 292
Acw NBS 24 30 37
Ethyl Acetate NRS 24 29 40

MTREE NES 24 29 943 477

Cyclohexane NBE 24 30 96.1 3.3
THE 1% water N85 4 30 G6.2 2.1

THY Bry 3 30 7.2 0.8

¢ Brhyl Acctate ‘
yraseme NBS 3 20 0.0 0.0
% Acetic acid

drawmple 3 Preparvation of Cormpound 5 from Coranound 8 ~ thisevanais method
H
2 0=
NCS i HIN-NH NN
N Nasen,  C8 o=( e .
L/;\JT Sy HaO. /\”/\ HN-NH, My S NTS
'\\E/ P ylenes ”*j/ ~E bwe ~ i Qj e r T
o Moz DMF Ny
S ., 1
é/u& L\\ \/ 7 waler

S 1 o 5
10337] Ce«mpomnd 8 is suspended in xylenes together with sodium thiocyanate and water is
added. The mixture is heated to 90°C until Compound 8 s consumed, The mixture is further
heated to 140°C, while water i3 distilled off, until the isothiocyanate Compound 9 is formed.

Silicage!l 15 added and the s

i8 filtered. The solids are washed with xylenes and the
filtrate &5 extracted twice with aquecus HCL Subsequently the solution is concentrated in
vacuo as much as possible and the residue s dissolved in DMF. A solution of formyl
hydrazine in DME is added. The mixture iy stirred at 50-35°C and an agueous sohution of
potassium carbonate 15 added. Subsequently the mixture is stirred uniil complete conversion,
cooled and the pH 15 adjusted to 6-7 by addition of sulfiric acid. The product is isolated by
filtration, washed with isopropanol and water. After drying the product Compound 5 s
78
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isolated as a yellowish solid, Optionally C campoumi 5 15 further purificd by dissolving in
isopropanol under reflux and treatment with charceal.  The mixture is filtered and the product

16 agam crystallized by concentration in vacuo.

sapde 4: Prevaration of Compound 5 from Comooungd -4 — thicohosrene methad
OH
()g\ /"Q}
1 Mi, HO
hita dipotassium ] )
r/ . ’“ﬁ oxglate e \!T/\\\" 1. KOH
\\\(/l i “*I*\ﬁ’ 2, C,‘-,»Llp Lj\
g = BA £y g
]
fJ :'_‘l<
by N—M
’ HiN lj};[ PN
o= MNT S W SH
__.Eih_j_}:“_l?‘» ;ﬁ'i‘\ g < Hg?f [//\T Ry
[dF L ,! . ,,»;J LMF, [\‘w/‘L.\;"f
- waler ;

A
A 40 AN &
[2338] Compound 8, (44 ), 200 mL toluene, and 475 g of 20% dipotassium oxalate are stirred

vigorously and the mixture comprising Compound 8-A 15 cocled to 5°C. Thiophosgene (1.5 L
) B ] .

18 added over §hour, The mixture 1s filtered through celite and the cake iy washed with toluene.

trate is collected and the toluenc 1s romoved i vacus. The residue is dissolved in 1601
Hexanes:

Eihyl acctate and the mixture is filtered through silica gel. The filtrate 13 collected and

the solvents removed in vacuo to provide Compound 9 as a solid (69 g).

F333%5] 6 gof Compound 9 is suspended in 12 mb acetoniivile and the mixture is heated 1o 35
168 g of tormyl hydrazide is added in three portions over twenty minuies and the mixture i

stirred for 2 h at 35°C, then cooled to 4°C aud stirved overnight. The reaction mixture is filtered,

the cake 1 washed with 5.1 hexaneiethyl acetate and dried at 40°C (o provide 5.85 g of

Compound 5.
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Taample 8 Svathests of Componnd § from Compound 11

- e}
&S MY S
AT S B8 ji PR ~ )\3/\\(
™~

N . “/\\ Ry, uBry KbG,

N
NsoH O A

Z DIF P CHAON 2. AcOM Lz
§ 4 AN Vi i
RN ONa N OH
R\ “ S
ar—t s Y BF/J\N/\ - i(\/)
O

MaOHI 0 2
T U e
e 2. E1OACh-hep \\f\\j/

A 4 ‘{_\A €

185401 Compound 11 and methyl bromoacetate were dissolved in DMEF and stirred at a
temperature between 14 and 22 °C o give Compound 12, The product was isolated by conling
the reaction mixture to a temperature of 10-15 °C followed by an adjustment of the pH with
agueocus sodium bicarbonate. The resulting solid, Compound 12, was filtered and was washed
with water first, then with cold (-5 °C) ethyl acetate,

[3417 Compound 12 was mixed with copper (11} bromide and potassiom nitriic in acctonitrile
and stirred at a temperature between 14 and 20 °C untl reaction completion. After addition of
agquecus sodium hydroxide and citric acid to the reaction guxture, the product, Compound 3, was
extracted using toluene and the organic layer was washed several times with aqueous solutions
of ammoenium hydroxide and sodium citrate to remove copper salts.

103421 Crude Compound 3 in solution underwent base-mediated hydreolysis with the addition of
an aqueous sodium hydroxide solation. The biphasic mixture was stirred at 18-25 °C unhil

21

completion of the ester hydrolysis then the pii of the acucous layer was adjusted Lo between 8

o

and 9 using an aqueous selution of hivdrobromic acid. After separation of the two phases, ethyl
acetate was added o the agueous l,aj.fc?:zg and the pH was adjusted fo between 5,15 and 5.35 (o

=

extract the product, Compound 1, into the organic laver,

e A

This process was repeated several tirnes

unhilall of Compound | was extracted. The combined organic layers were heated at 30-35 °C
then circulated through a bed of activated carbon and then through a filter with porosity lower
than 0.5 micron. An aqueous sofution of sodium bicarbonate was added to exiract Compound |
into the agueous layer, the layer was concentrated under reduced pressure atb a temperature
below 40 °C and acctic acid was added while maintaining the temperature between 40 and 60 °C.
163431 The mixture was heated to a temperature between 73 and 77 °C and crude free acid of

Compound 1 erystallized, at which point water was added. The crude free acid was filtered at 7-
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13 °C, washed with a cold muxture of acetic acid and water, and dried under reduced pressure at
a temperature below 56 °C.

11344] The sodivm salt (Compound 4) was formed by addition of an equimolar aqueous solution
of sedium hydroxide to 2 suspension of crude Compound 1 in water stirred at 18-25 °(C.
Compound 4 crystallized upon cocling of the aqueous mixture, was filtered and washed with
cold water, then was dissolved in warm water and filtered through a filter with porosity no
higher than 1 micron. Bthyl acetate was added, the biphasic mixture was heated fo 30-33 °C and
an aqueous solution of hydrabromic acid was added. Compound | was extracted into the organic
fayer after addition of ethyl acetate, The organic layer containing the product was washed with
water then concentrated under reduced pressure. Compound 1 erystailized from the solution.

Variations 1n the amount of n-heptane are added to complete the orystallization. The crystalline

Compound 1 was filtercd and washed with a mixture of ethyl acetate and n-heptane and dried

under reduced pressure while maintaining the temperature of the drier below 50 °C
Buample 6: Sypthesis of Compound 11 — method
o[%!
O,
70
N P/, i, HO
N " L’ihamﬂ ar
rL/*" ‘\{r/‘\‘ﬂj }/‘—Mgﬁr [{//\I S HMNCO, ,;,\3\ N ’//’] NCN
) Oy s Oy e )
R INICL{dpo P, SN DO ar S j\// 2, Qxa!ic \ P
I e ‘ 12:-DCR acid
Br THF ’ K
X i T} - Z,,,A o
5 7 A
Ny HCH
PN
PN NTNKH
s iy HCI b .
v - L
CECh, “ HN= Hi S Hzi o
KO N P i L NaOH -
AR { | g e AN _ NaQH PN
DOM \*\, \“\"/':fﬂ [aliti E j[ » DMF )

] B s ) - ( N
. bt * -
or ( = water
fohene
A g

oute, cyclopropyimagnesium bromide was added to a solution of

bm'l"ﬂOi}&jjﬁﬂ:}’aafcnc i totrahydrofuran sticred at 8-5 °C i the presence of a catalyiic amount of
[1.3-ms{diphenyiphosphinepropaneldichloronickel(1) to form cyclopropyinaphthalene, which
wag diluted with ethyl acetate and washed.

{0246] Cyclopropylnaphthalene {Compound 6) was dissolved in dichloromethane or 1,2-
dichlorobenzene, then niric acid was added s 0 °0 and the reaction mixture was allowed to

warm to ambicnt temperature.  Alter reaction completion, the mixture was neutralized with

o
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sodium bicarbonate then washed with water, and |-cyclopropyl-4-nitronaphthalene (Compound
7y was used 1n the next step without further purification.

183471 Compound 7 was dissolved 1n ethanol or methanol, and hydrogenated in the presence of
palladium on charcoal. The resulting L-amino-4-cyelopropyinaphthalene (Compound 8) was
crystallized as an oxalate salt (Compound 8-A) then dissolved in dichloromethane or toluene and
treaied with thiophosgene in the presence of potassium hydroxide to generate the corresponding
mmhz{)gydncm intermediate {Compound 9).

0248} |-Cyclopropyl-4-isothiocyanatonaphthalene (Compound 9} was solvent exchanged with
DME and condensed with aminoguanidine hydrochioride to generate the (_tnm'e:sp{mdin i
substituted thiosemicarbazide {Compound 13). This intermediate Compound 13 was heated n
the presence of aqueous sodium hydroxide to form Compound 11, which was purified by

erystallization from a mixture of cthanol and water or a mixture of methanol, DM and water.

mnie 7r Svnthesis of Compoun:d

. 5?](32 ;;;:Jr‘,fré;zine ;Jh) HC
D AN T MinBy - & e
IS e 490 RNy mean
S - . iy . j
i [NICT(dppp)l o Tanr 5 Gise
Br THF A e ' o
[ 23 7
“\L !
. L i
TN NHy MO NCS A
- HCE, 2 P =
1. Boes0, i s Ethanol 2 &3
ethanal, NEf A i T e 591“7 S HN—NH,
T > SN ,L\ o Lhoz CM -‘ ey /‘« = Cowr
2. MTBE A T o Y D MF
: ; toluena :
A AN A
14 a2 0
NE o HO
P
HN—NH NN
b A e
HN/ \S E‘{«EN Iji g
i
A taGH
3/ '\‘If’ RN e o 4 i}'/ J
Ny DMIF, SN

T e water T
Z\.) ER: Z A 14

103491 Cyclopropylmagnesium bromide was added {o a solution of bromonaphthalene in
tefrahydrofuran stirred af 0-5 °C in the presence of catalytic amount of [ 1.3~

bis(diphenylphosphinoypropaneldichloronickel(IT) to form cyclopropvinashthalene, which was
diluted with ethyl acetate and washed.

(0350} Cyclopropylnaphihalence (Compound 6) was dissolved in dichloromethane, then nitric

acid was added at 0 °C and the reaction mixture was allowed to warm o ambient temperatire

@2



Adier reaction completion, the mixture was neutralized with sodium bicarbonate then washed
with water, and 1-cvclopropyl-d-nitronaphthalene {Compound 7) was used mn the noxt step

without further purification.

{1351] Compound 7 was dissolved in methanol, and hydrogenated with hydrazine huydiate at
refiux temperature. The crude l-amino-4-cyclopropylnaphthalene (Compound BY was dissolved
i ethanol and reacted with di-zerr-buiyl dicarbonate in the presence of triethylamine to give rert-
utyl 4-cyclopropylnaphthalen- I-ylcarbarate (Compound 14)ywhich was precipitated from
raethyi rert-butyl ketone.

[3s

! The protecting group in Compound 14 was rernoved by hydrochloric acid in ethaned (o
afford amino-4-cyclopropylnaphthalene which crystaliized as an hydrochloride salt {compound
8-

{6353] 4-Uyclopropyvinaphthalen-1-amine hydrochlonde (Compound 8-B was dissolved in
dichlovomethane and treated with thiophosgene in the presence of sedivm hydroxide to generate
the corresponding isothioeyanate mtermediate COmpound 9.

v g1

¢l

i-Cyclopropyl-d-isothiocyanatonaphthalene was solvent exchanged with BME and
condensed with ammoguanidine hydrochloride to generate the corresponding substituted
ithiosemicarbazide (Compound 13}, Compound 13 was heated in the presence of agueous
sodium hydroxide to form Compound 11, which was purified by crystallization from a mixture

of ethanol and water, then reerystallized from a mixtuwre of dimethyiformamide and water,

While preferred embodiments of the present mnvention have been shown and described

herein, ibwill be obvisus 1o those

skilled in the art that yuch embodiments are provided by way

of example only. Numerous variations, changes, and substitutions will now occur o those

- 1

skilied in the art withouat departing from the inveniion. [t should be understood that various

alternatives to the embodiments of the tnvention described herein may be employed in practicing

i
the invention. 1t is miended that the following claims define the scope of the invention and that
methods and eiructires within the scope of these clatms and thelr equivaients be coversd

therchy.

s Prageention of 2-05-bromo-d-{4-ovelovropyinanbihalen LoyD-4

iojacetic acid-n 1worph form 1

(83598 2-(5-Bromo-4-{4-cyclopropyinaphthalen-1-y4H-1.2 Atriazol-3-yithio)acetic acid-form
i y } X ]
s prepared from crude sodium 2-{5-bromo-4-(4-cyclopropyinaphthalen- 1-yl-48-1,2 4-trinzol-

J-yithio)acetate as described below:

"3
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“*““N ) i N\
)\ N A L\ . OH
\iT/ Reorystallization k2 /\1/

&3 fram water Acetic acid

H\ J wuDE (Lj\j FORM 1

Step 1t Sedium 2-(5-bromo-4-(4-cyclopronylnaphthalen-1-yh-41H-1,2 4-4riazol-3-vithio)acetate

{60 g) and water (300 mL) were stirred and briefly heated (40-50°C) untit all solids dissolved.

The solution was cooled and stirred in an ice bath for 1-2 hrs, after which time crystals began fo
form {or il erystallization had not begun, the solution was seeded with a small amount of sodium

2-{5-bromo-4-{4-cyclopropyinaphthaleo-1-vi)-4H-1,2,4-triazol-3-vithio)acetate crystals).
b b ¥

&)

Stirring in the ice bath was continued until crystallization was complete, and then the solid
isolated by filtration through a sintered filter funnel {mediom porosityy under vacuum, The filter
cake was washed with ice-cold water (sufficient to cover the filter cake) and the liquid
completely dramed under vacuun to provide wet filter cake (126.5 g).

Step 2: The filter cake was dissolved in water {(~70 g present in the filter cake pins 130 mi;
concentration 200-250 mg/mb) at 60-70°C, and slowly added to acetic acid ( 200 mi). The
acetic acid/water {1:1 v/v) solution was cooled to room temperature under continuous stirring,
and then further covled to 0°C, resulting in the formation of crystals which were isolated by
vacuum liltration over a medium porosity sintered flter fumnel. The solids were washed with
ice-cold aeid/water (1:] w’v} and dried in a vacuum oven to provide 2-(5-bromo-4-{4-

cyclopropylnaphthalen-1-yh-4H-1 2 d-triazol-3-yithioYacetic acid (39.5 g, 78%).

o

vinnie 90 Presaration of 2-(5-prome-d-{d-cvelonronvinanh e d -y a1 7 detring

yvithiolaretic acld-polvimornh form 2

{0357} 2-(5-Bromo-4-{4-cyclopropylnaphthalen-1-y1)-4H- 1,2 d-triazol-3-ylthiojacetic acid-form
215 prepared from sodivm 2-(S-bromo-4-(d-cyclopropylnaphthalen- -y D=4 1,2 4-trinzol-3

vithio)acetate as described below:

fdming
A\ -
{ M
¥ 7(
J\ 1OHAr ey 2 EOAChwaler
f” [/ Ty S B
(S /

e

10358] A suspension of sodiam 2-(5-bromo-4-{4-cyclopropylnaphthalen- {-y-AH-1,2 4-triazol-
3-ylthiojacetate (50.0 g of crude sample 97 6% o/, KE=12.6%; 433 g calculated actual) and
deronized water (217 wl) was heated (30-35°C) with vigorous stirring for 16-15 min, during
which time the slurry dissolved leaving only trace solids. The mixture was filtered through a

R
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mediuro-frit filter funnel and the clear fltrate cooled to 10°C, Approximately one halfof &
mixture of agqueous §"syd370gcn bromide solution (48wt%, 18 g, 106.8 mmol, 1.05 eq) and
detonized water (~13 miL) was added to the filirale over 10 min, at 10-15°C, during which time
some solids were formed. Ethyl acetate (347 mL) was added with vigorous stirring resulting in
dissolution of all solids. The rematming hydrogen bromide solution was added over 10 min at
10°C, and stirring continued for 3-10 min, during which time a cloudy suspension formed.
stirring was stopped, the phases allowed to separate and the aqueous layer removed. The organic
iaver was washed with delonized water (116 mb) with vigorous stirring for 5-10 min, and affe

e

phase separation the aqueous tayer removed, The organic layer was heated 1o 45-50°C and
solvents removed using gentle vacuum, resulting in the formation of a slurcy {Boal volume ~200

o

inl.), which was warmed (45-50°C) with moderate sbirring for 1 b, gradually (3-4 h) cooled to

20-25°C, and held &t 20-25°C for an additional 12 h, and finally cooled to 5-10°C and held for
20-30 min, The slurry was then filtered under vacuum through a Buchner funmel Hined with

Iy

Whatman No. 3 {ilter paper. Theve were fast filtering solids and the mother Hquer was eyeled

through the vessel to recover residual solids which were collected with the initial batch. The
solids were washed with cold (5°C) othyl acefate (26 mi) and allowed to dry on the funnel for at
teast 10 min, then soaked in n-heptane (30 mL) for at least 16 min and the vacuum reapplied for
~0 1. The solids were transferred to a drying dish and dried in a vacuum oven (25 mmMg) for at
leagt 16 hat 35-40°C, with nifrogen sweep. 2-(5-Bromo-4-(4-cyclopropyinaphthalen- 1-yl)-4H-
1,2, 4-triazol-3-yithic)acetic acid-form 2 was obtained ag a free flowing off-white solid {28 39 p,

69 93, containing trace arnounts of water (0,16 wi%) and ethyl acetate (706 ppm).

Wiateriats Aanoun

Sedium 2-(5-bromo-4-(4-cyelopropyl naphthalen- [ -yl3-4H-1 ,".,,Ar 50.0 g crude

triazol-3-yithiojacetate {433 o correctad)
3 . ;

y bromde (48 wils) 1840 ¢

Water 217 mb

2467 mi

Water (wash 1) 1083 il
Water (wash 7) 1083 mL
Fihyl acetate (wash) ) 26 mkL
n-Heoptane {wash) 30 mi




Haamnde 10: Conversion of Z-(5-bromo-é-{d-cyclopropyinasphthalen- LvivaH-1. 2, d-trtarol

3 Tori & fo Polvmornh form 2

Fthyl acetate (260 mL) was added to a solution of 2-—(5—b'1'0'm0—4-{4—

velopropylnaphthalen- L-yh-4H-1,2 A-triazol-3-ylthioyacetic acid-polymorph form 1 (30 gy in
acetone (200 mb) at 60°C. A portion of the solvent (~200 mL) was removed under low vacoum
and fresh ethyl acctate (200 mb) was added, followed by another distillation cycle, during which
crystafiization began. The temperature of the water bath was slowly increased to 70°C, during
which time four additional ethyl acetate addition/distillation cycles were carried ouf fo a final
volume of ~200 mL, The muxture was sllowed to cool slowly to room temperature and then
rlaced w the fridge overnight. Solids were isolated by Hitration, washed with ice-cold ethyl
weotate and deied in e vacuum oven fo provide of 2-(5-bromo-4-(4-cyclopropyinaphthalen-1-yl)-
AHL1.2 d-triazol-3eyithioyacetic acid-form 2.

God 2

183601 A solution of 2-{5-bromo-4-{4-cyclopropylnaphthalen-1-y-4H-1,2 4-triazol-3-
vithioyacetic acid-form 1 in one of the solvents listed below wag slowly evaporated at room

i

temperature to crystallize, refrigerated, the solid crystals isolated and washed with solvent k&

produce Solid Polymorph form 2, containing trace amounts of solvent and water, as indicated.
o . Holvent Water et Polymorph
el e J
Solvent . vt (07 | ERTEEY .
< st {0 | content {9%) Form
35 0.36
Pufan-2-ong G"""j\ K?'; 2 2
0,49 053
(.32 6.17 G4%
1-Butanol - 4%, 2
2.72 U . "
T ECH
Dichioromethane | 0.3 0.5 2

)

o 3

{561 Solid Polymorph form | was held in equilibrium with its saturated acctonitrile, ethyl
acetate or foluene solution at 50°C for 6 days to produce Solid Polymorph form 2.

Solid Polvmorph form 1 held in equalibrium with s saturated acetone solution at 66°C

for 6 days resulted m decomposition,
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{03631 Solid Polymorph form 1 and solvent (20 ul) were heated at 66°C for 13 days to produce

Solid Polymorph form 2.

form 1 {mg)

Solvent

Polymorph Form Isolated

928

DMF

2

G227 Dioxane 2
G832 m Acetic acid 2
QA4 Toluene )
844 Accionitrile/ioluene {2011, cachy)

24 Acetonitrile

Leo-Frapanol

W ater

w7

Evampie 11 A: Analvals of o

#

SRy

Hine nolvmoersh form 1

Xeray powder diffraction

data} and 2 (background subtracted and Ko strippedy; observed and representative peaks in the

ARPD pattern are shown in the tables below (generated on background corrected and KoZ

stripped file).

The J-ray powder diffraction pattern of polymorph form 1 is shown in FIGURES |

(SN

form 1 Observed form | Representative
amy 2 : Iy e 1 c R s, i
26 | dspace (A) | Intensity (%) 20 d space {A) Intensity (%)
10.32 8.562 100 10.32 8.562 100

18,64 47056 327 18,84 4.706 32,7
20,75 4.277 23.2 20.75 4.277 232

9154 4173 10.4
25.53 3 487 4.3
6.80 {0989 9.4
24.97 3.563 o
28.43 3.137 R4

1998

-
w2
()

0 15

()

R

7

2728 | 3266 3.6 27.2% 3.266 57
27.60 | 3.229 T
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form 1 Observed ! form ! Representative
28 | dspace (f\} intenaity (%) l 20 ‘ d space {A) intensity (%)
2343 3.842 438
26.34 3381 4.8
18.56 4777 4.1

Differential Scanning Calovimenry (DSC)

M2651 The differential seanning calorimelry trace for form 1 s shown in FIGURE 3, 4
fransition temperature of 150790 was recorded,

Scanning Electron Microscopy (SEM)

(03661 BEM analysis showed form | primary crystals are composed of agelomerates {typical

D

oy

size ~25 wm) of plate-hike crystals (size ~5 um).

Thermogravimetric analysts (TGA)

[6267] Replicate TGA scans for form | are shown m FIGURES 4 (a) and (b}, indicating the
material does not contain significant levels of volatiles

Solubility

HI368] Form 1 (~25 mg) and acctate buffer (25 mM, pH 5, 4 mi.), prepared with and without
sodinm chloride (fonio strength adjusted to = 0.1M), were placed in a glass vial which was
scaled and pleced on a laboratory rotator 1 2 25°C incubator. After 1, 5, and 7 days the samples

were filtered and assayed by HPLO, Form 1 solubility (mg/mi.), at the various time points, with

and without sodium chioride, is shown in the able below:

Day 1 Day 5 } Day 7
Mo Nall 0.2652 (pFL 4.95) | 0.2134 (pH 4.85) | 0.1560 (pt 4.75)
NaCH=0.1) 0.2995 0.2566 (pH 4 /f}} 0.3045 (pFH 481}

riyshs of ory

Koray powder diffraction

1i36%] The Xeray powder diffraction pattern of polyinorph form 2 15 shown in FIGURER 5 (raw
data) and 6 (background subtracted and Xo2 stripped); observed and representative peaks in the
HARPD pattern are shown in the tables below (penerated on background corrected and a2

stripned file).

o
Sy
ool
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T

Represeniative

28 d space (A) | Intensity (%) WA d space (A} Intengity (%o}

7.97 11.088 138 1983 4.474 100.0

G.66 9. 148 26.1 1046 | §.449 838
10.46 §.449 838 18,76 4727 ]1.4

11.96 7,354 413 18.21 4867

12.55 7046 167 23.0% | 3850

12.594 0.836 157

BEXY) 6.407 416

3539 5.2
3546 3496 205
| 26.06 3417 134
26,51 2,360 35.7
27.97 187 26.8
25,93 2.9%3 370
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{03707 FIGURE 7, shows an overlay of the XRPI} Patterns (y-axis offset) of form [ {ower) and

form 2 (upper).

Differential Scanning Calorimetry (DSC)
{0371} The differential scanning calorimetry trace for form 2 is shown in FIGURE §, a melting
point at 174.7°C wag recorded.

1 NMR Spectroscopy

n FIGURE S

cpmrn g g [ ) ) . N -
10372} The 'H NMR spectrum, taken in DMEB0O-ds, of polymorph form 2 is shown i

and the major pesks Hsted in the table below:
Pl peak | indegration
12,56 s | 100
""""" 8.58 d [0l
7.74 i 1.01
7.65 m 2402
7.4 d 1.01
7.16 d 1.09
3.95 d 2.02
2.49.2.58 m 1.00
16 n 2.03
0.88 d 2.0
|
APLC
F0373] The HPLC trace of polymerph form 2 1s shown in FIGURE 10, The peak listing for the
trace 18 given in the table below:
Widih Aren Ares
Peak # Type
{min) (AU {9%)
| G111 BB | 0.0671 5.24158 0.0438
2 11.514 VB |0.1157 39.57644 0.331)
3 13.741 0.1436 2.56681 0.0215
4 43676 | BB | 0.1463 302621 0.0253
5 17.604 BB | 0.1785 3.37245 0.0282
6 18.791 BB | 0.2269 11,881.6 59,3031
7 19.491 BB [ 0.2502 5.15241 0.043 1
8 32.169 BB 0.1785 R.54182 0.0715
9 41.636 BR [ 0.1163 506670 0.0424

Bk
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Scanning Electron Microscopy (SEM)

1374] SEM analysis showed form 2 primary crys stals are composed of agglomerates {typical
size ~25um) of column-like crystals (size ~10pm).

Thermogravimetric analysis (TGA)

10375 Overlay of TOA scans for form 2 are shown in FIGURE 11, indicating the material doe
not contain significant fevels of volatites.

Solubiliry

10376] Form 2 (~25 my) and acetate buffer (25 mM, pH 5, 4 ml), prepared with and without
sodiun chloride Gonie strength adjusted to = 0.IM), were placed in a glags vial which way
sealed and placed on a labovatory rotator in a 25°C incubsaror. Attor 1, 5, and 7 davs the samples

were ftered and assayed by HPLC. Form 2 solubility {mg/ml), at the various time points, with

and without sodivm chlonde, 18 shown in the table below:

frav i Day 8 § e
Mo Malll D867 (pH 491 | 01957 (pH 473y | 01337 (pH 4.79)
121 {I=0.1) 0.2192 02447 (ol 4 02157 (pH 4.85)
|
19377] Form 2 of 2-(5-bromo-4-{d-cyclopropylnaphthalen- Toyl-4H- 1,2 401 e
_ ! L Propy i

ylthio)yacetate was tested under various covditions to determine drug substance stability stability,
Me degradation ol packaged Form 2 was observed for 1 month under accelerated conditions

(AGVCT5% REL or 2590-00% RH). Packaging was in a double low density polyethylene plastic

bags inside a HOPE contamer,

{378 Stability of erystalline polymorph 2-(5-bromo-4-{4-cyclopropylnaphthalen-T-y-4H-

2 4-triazol-3-yithiojacetate

16379] The crystalline polymorphs of 2-(5-bromo-4-{4-cyclopropylnaphthalen-1-y 04812 4-

triazol-3-ylthiojacetate were found to exhibit increased stability in comparison to the amorphous

solid state form of the carboxylic acid. The improved stability of the crystalline polymorphs of

2-{5-brotoo-d-(4-cyclopropylnaphthalen-1-yD-4H- 1.2 4-trigzel-3-vithioucetate nrovides for the
preparation of pharmaceutical dosage forms displaying reduced variability in the dosage present

i
3

m a given dosage form, veduction m the presence of imipuritics in the final pharmaceutical
product, and an draproved shelllife of forraulated dosage forms when compared to the
pharmaceutical dosage form prepared with the amorphous solid state form of the carboxylic

acid,

91
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Foramaple 1724: Joray powder diffvaction (XEPDHY

(0380] XRPD patterns were collected on o Broker D8 Advance diffractometer in the Bragg-
Brentano theta/theta configuration. An meident x-ray beam was produced using a Culia
(h=1.5418A) anode (tube voltage = 40KV, current = 40mA), made parallel with a 1 Omm
primary Soller shit on the source side and 1.0mm secondary Soller slit on the detector side.
Cuklf} radiation was removed with 2 grashite monochromator slit of 1.0mm on the detector side.
A seintillation detector (Nal) was used with slit of 0. 1mm, A continuous scan of 6.02°20 step
size and 5s per step from 2-50°28 was used. Approximately 25myg of material was carefully
pressed onto a 51 zero background wafer to ensure a flat preparation. Data were collected using
Bruker Diffrac™ ¥R Commander v2.3 software. Peak lists were generated using Bruker

plus 1oy Y e PRSI A ot i er
MEEV A V9.0 soltware with background subiraction and Ka2 stripping. The instrument

Criffrach
alignment check was done with a MIST alumina standard SRM 1976, XRPID (Bruker 18

Advanse) instrueent conditions are sumimarized in the table below:

instrummont Farameter Seffing

iy

~Brentano Theta/the

Configuration

Detector Tyne Seintitlation {(MNabh
Vi )

Culla = 1.5418 A

mary soller St IO mm

Pietector Secondary Soller St | 1.6 mm

iretector Sht 0.1 mm

Monochrorsator (graphite) Bht | 1.0 mm

Secan Range 2t 50020
Step Size 0.02 728

c per Siep 3 see

el

diferential Beanning Ualor

A scanning calorimetry was performed usmg a TA instrumenis (230

L

differential seanning calerimeter. Tomperature ca Zibra.’:érm was performed using NIST traceable

indrum metal, Duplicate samples were propared by sealing approximately 2 — 5 mg (accurately

recorded) of material into & TA Tzoro non-hermetic pan. A Tzero non-hevmetic pan/lid was

weighed and used on the reference side of the cell. Bamples were heated at a rate of 10 “C/min
from 25°0C to 200°0, using a 50 mL/min nitrogen purge gas flow rate. The melting temperature

[ )

(T and the heat of melting (AH,) were measured uging TA Universal Analysis software v4 4,

)
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Byiampie 120 Scannine Wlectron Micrescopy (BEMD

[A3821 SEM images were collected on g JEGL SEM model JSM-6100. The sample was
sprinkled onto an SEM stub containing donble-sided carbon tape and was sputter coated with
goid for 60 5 using the Denton Desk H unit. The SEM was operated at 15 KV accelerating
voltage. Images were collected using software IIPS v2.5 (Digital Imaging Processing System)

with the slow scan set to 800 x 640 pixels and inteprator af 50 ps with no averaging. Images

were collected at magnification ranging from 50X to S000X,

Fosis (TGA)
383 Thermogravimetric analysis (TGAY was performed using a TA Instrament Q5000

Welght calibration was chocked using a certified 50mg weight. Duplicate samples were prepared
by wetghing ~5-10mg material into a TA Pt pan, Samples were heated at a rate of 10°C/min to

200°C, using a 25 ml/min nitrogen purge gas flow rate. Weight losgses were measured using TA

Universal Analysis software vd 4,

Eaample 134 Presaration of crystalliog soelvomornb Farm A of sodivim 2-5-brorgo-4-{d-

eyelonropvinanhihalen--vi-

EEE S

(33841 Deionized water (0.5 mL) was added to a stired suspension of amorphons sodium 2-(5-
bromo-4-{4-cyclopropyinaphthalen-1-yi-4H-1 2 d-triazol-3-ylthiojacetate (1.00 g containing 1.8
wiVs water) and othyl acctate {4 mL) producing a bi-phasic mixiure, which was gfirred at room
temperature for 18 hours. The resulting sharry was filtered under vacuum and the sobids washed
with ethyl acetate (2 x 10mL). The filter cake was dried in vacuo at 18-20°C with a nitrogen
sweep for 4.5 hours to give 0.78 g sedium 2-{5-bromo-4-{d-cyclopropylnaphthalon- 1-y1-4H-

1,2, 4-trizzol-3-ylthio)acetate containing 13.0 wt¥ water (70.3% recovery, snhydrous basis). The

isolated solid was designated Form A,

e notvmmornh Form A

I-viy-dd-1.2.4-1vin

wray powder diffraciion
'Y i)

[385] Gne Papalytical and one Inel XRPD paticrn were analyzed. The reproducibility and
Of

relative pesk mtensities were m g{)()d agreement between the x-ray powder diffraction patferns,

mdicating good particle and oricntation statistics. The XRPD pattern for Form A iy shown in

=

Pigure 13; observed and representative peaks i the XRPD pattern are shown in the tables

below:

53
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Torm A

Observed

Form A

Representative

26

d space (A)

fntensity (%)

4

d space (A)

intensity (%)

490+£0.10

18.027+0.375

71

490010

18027 £ 07375

6.86 £0.10

12891 £8.191

190

6861010

12891 20191

8414010

61

841010

10531240126

983010

63

9831010

5.995 4 0.092

013+ 010

87363 0.087

0.13£0.10

8,730 0.087

RIA46 £ 0079

17.92 4016

4950+ 0028

1192010

7.424 + 0683

23310+ 0,10

385020017

7183 £ 0,059

25294010

<>

3572 £ 0.014

2322000
257010

7041 =0.056

1
13072010

6772 £ 0.052

14012010 1632200.045 | 21
14482010 | 611810042 | 35
14802010 | 5988 = 0.641 | 23

5.850 4 9.039

1670010

1600 4010
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Harm A Observed Form A Representaiive
20 d space (A) Intensity (Yo | | "28 ’ d space (A) Intensity (%)

28362010 31470011 129

290720101 3.672+L0010 135

r

1386 The differential scanning calonmetry frace for Form A ts shown in Figure 14
133871 The infrared ahsorption spectrum of Form A 15 shown in Figure 15,

[§388] The Raman spectrum of Form A is shown in Figure 16,

BO7 Form A of sodivm 2-(5-bromo-d-(4-cyclopropylnaphthalen-1T-vi-41-12, d-triazol-3-

Hthiolacetate was tested under various conditions to detormine thermmodynamic stability. Mo

(e gn&(!ahm; of packaged Form A was observed for 6 months under accelorated condilions

I
(AG°C-T75% REDY. Moveover, no degradation of packaged Form A wag observed for 12 months
under ong term conditions (25°C-60% Ry, Packaging was m a double low density
polyethylene plastic bag inside a heat sealed anhydrous foil bag in an HDPE container. The
stability results of Form A demonstrated an improvement over the solid state smorphous free

acid,

Hoamede 14A: Prepsration of crvstailine polvimorph Formg B o irn Ao Bedirnpmg-dod do

4

s:%,f&.“:}ia’m%"{;‘»@‘?i«i::r@a::xsj_z»h‘}z}fj"a;ﬂwm_'%.. g H-1 2 ddrian ol Sy it i yaretate

W390] Preparation it A mixsture of sodium 2-(5-bromo-4-(4-cyclopropyinaphthalen- Lyiy-AH-
L2 Axtriazol-3-ylthiojacetate (3.02 g, Forra A) and water-saturated ethyt acctate (6 m1L) was
stirred at 45-30°C for 16 hours producing a bi-phasic mixture, which was graduafly cooled to
room temperature over 2 hours and stirred for an additionsl 21 hours 0 give & umform
suspension. The suspension was vacuurn Hltered, washed with elhyl acetate and the filter cake
dricd in vacuo at 18-26°C with a nitropgen sweep for 2 howss to give 2.77 g sodinm 2-(5-bromo-
d-{d-cyclopropvinaphthalen-1-yD-dH-1.2 4-trinzol-3-yithioyacetate contatning 12.9 wi% water
(51.7% recovery, anhydrous basig.

P393 Preparation i Sodium 2-(5 b'?‘(}m{3»4----{4—%3‘;%‘.1(}‘p'f'(}pyi,}"iéi,_p}'}ﬂ'},ﬂ30?1--—,E ~yiyed -1 Asiriazol-
Jeylthioacetate (Form Ay was stitred at ~50°C in water-saturated ethyl acetate (0.5 mb)
avernight, converting the solids to o1l The oil was seratched with a dental pick and left to stir at
ambient temperature, After ~3 days, optical microscopy indicated crystalline solids. The liquid
was removed by decantation and the selids 1solated.

03921 The wolsted sohids were designated Form B.

WS
[
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Frample 148 Anabvsis of crvstalline polvmorph Form B of Sediam 2-(5-bromo-4-{4-

evelopronvinaphthalen-t-vi-4H-1 2 d-tvigrol-2-vithiciacetate

Keray powder diffraction

(83931 One Panalytical and one Inel XRPD pattern were analyzed. The reproducibility and
relative peak intensities were in good agreement between the x-ray powder diffraction patterns,
mdicating good pariicle and orientation statistics. The XRPD pattern for Form B is shown in

figure 17, observed and representative peaks in the XRFPD pattern are shown in the tables below:

Hyrm B Chserved Form B Representative
"4 d space (A) Intengity (%3 | | 720 d space (A) fntensi iy {9%)

42240610 | 20839+ 0.508 | 100 4224010 | 20939+ 0508 | 100

8310010 1029220123179 8514010 1 1039240123179

o

12800101 6917+ 0.054 | 44 128040101 691740054 |40

1397 £0.10 | 6337+ 0.045 |20 16955010 | 5231 £0031 |45

(4461 0.10 | 6,126 - 0.042 | 21
(6,194 0.10 | 5475+ 0.034 | 23
16,954 0.10 | 5.231£0.031 |45
1840010 148210026 | 22
639+ 0.024 | 76
558 +0.023 | 24
2003 £0.10 | 4.433 40,022 | 25
212840000 [ 4176 £ 0.019 | 23
2256+ 0.10 | 3942+ 0.017 |32
2290 +0.10 | 2883+ 0.017 |27

e

N3
o
Helob
ol ©
)
e

s
RN

5642010 247420013 | 28
D707 E G0 32710012 |18

CEIT 010 Y1681 0.011 | 15

28720101 3.108+0011 1 19

1

18394] The differential scanning calorimetry trace for Form B 1 shown in figure 18,
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Yxamnle 154 Preparation of ervsialline nolymorsh Form B of sadinum 2-(5-bhromo-d-{d-

cyeionronyinanhibalen-i-vD-d -1 2 d-triazel-3~vithiolacetate

{0395] Sodium 2-(5-bromo-d-{4-cyclopropylnaphthalen-1T-yly-4H- 1,2 d-triazol-3-yithio)acstate
(Form B containing [2.9 wi% water) was dried under vacuum at ambient temperature for 1-3
days resulting in an off-white solid, designated as form B

19396] Example 158 Analysis of crystalline polymorph Form B of sadivm 2-(3-bromo-4-{4-
yelopropyinaphthalen -1yl H- 1,2 4-triazol-3-ylthiojacetate

103971 The xeray powder diffraction pattern for Form B, shown i figure 19, resembles that of
Foren BB, however with non-uniform peak shifis between the patterns, suggesting a different
solvation state ol the same polymorph. The differential scanning calorimetry trace of Form B' is
showr in figure 20,
Stabifity of crvstaliine polymorph sodium 2-(5-bromo-4-(4-cvclopropyinaphithalen-1-yl)-4

1,2 d-triczol-3-plthio)acetate

13398] The crystalline polymeorphs of sodium 2-(5-bromo-4-{4-cyclopropyinaphthalen-1-y1-41-
§,2 A-triazol-3-ylthio)acetate were found to exhibat increased stability in comparison to the
amorphous solid state form of the carboxylic acid. The improved stability of the ¢rystalline
polymorphs of sodivm 2-(5-bromo-4-(d-cyclopropyloaphthalen-1-y-4H- 1,7 A-triazol-3-
yithiojacetate provides for the preparation of pharmaceutical dosage forms displaying reduced
variability in the dosage present in a given dosage form, reduction in the presence of impuritics
n the final pharmaceutical product, and an mproved shelf life of formulated dosage forms when
compared 0 the pharmaceutical dosage form prepared with the amorphous solid stale form of

the carboxylic acid.

3

tifled by Samples of Compound 1 Prepared Using the

v ~

owing compounds (Compounds -0 were identified as impurities in samples of
Compound 1, which was prepared using the processes deseribed herein, including Examples |
and 2
2-(4-{4-cyclopropyinaphthalen-1-yD-4H-1,2 4-iriazol-3-yithiojacetio acid;
2-{4-(4-cyclopropylnaphthalen-T-y1)-5-hydroxy-4H-1 2 4-iriazol-3-vithioacetic acid;
2-{5-amno-4- (/i cyclopropyinaphthalen-1-yh-4H-12 4-tnazol-3-vithiolacetic acid,
2-{5-bromo-4-(t-cyclopropylnaphthalen-2-yD-4H- 1,2, d-triazol-3-yithio)acetic acid;
2-{5-bromo-4-{ :4»r:11c:thylna.;f)hfha.}.enw Loyly-4b-1,2 4-triazol-3-ylthio)acetic acid;
2-(5-bromo-d4-(4-propylnaphthalen- t-yh-4H- 1,2 d-iriazol-3-ylthiolacetic acid;

2o 5-bromo-4-(3-cyciopropylaaphthalen- T-yD-4H-1,2 4-triazol-3-vithiojacetic acid;

w7
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2-{S-bromo-4-{naphthalen-T-yl)-4H-1,2 4-triazol-3-vlthio)acetic acid;
2-{G-chloro-4-{4-cyclopropyinaphthalen-1-yl}-4H-1,2 detriazol-3-ylthiojacetic acid; and
4-{5-{carboxymethylthio}-4-(4-cyclopropylnaphthalen~1-y-4H-1,2,4-triazol-3-ylamino )-4-

oxehutaneic acid.




CLAIMS

What is clmmed 1s:

1. A process for preparing a compound of formula (III):

N—N
(Y
.BY/Z\N)\S/\H/OR

.. O

{‘I \! I

N
Formula (3111

comprising contacting a compound of Formula (I1}:
BN
/
OR
NSy
O

Ry
A

Formula (11);
wherein R is -Cy~Coyg alkyl, -Ci-Coy alkenyl, -Cs-Ciy cycloalkyl, or -Ca-Cyp
oveloalkenyi;

with N-bromosuccintmide (NBS) and a solvent.

2. The process of claim 1, wherein R 1s methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl. iscamyl, pentyl, hexyl, heptyl, cctyl, nonyl, terpenyl, bornyl, allyvl, lmalyl or
geranvl

3. The process of claim 1, wherein R 1s methyl or ethyl.

4. The process of any one of claims 1-3, wherein the compound of Formula (11}, the NBS

and the solvent are stirred:
for at least 12 hours; and

at a temperature of between about room temperature and about 32°C.

o
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The process of any one of claims 1-4, further comprising contacting the compound of

Formula (IIT) with a sodium hydroxide solution to provide Compound 4:

N—N

/N et
Brxw)\s/\_(/@ Na
R ,/ﬁ O

{Compound 4),

The process of claim 5, comprising crystallizing Compound 4 from the aqueous sodium

kydroxide solution.

The process of claim 5, further comprising contacting Compound 4 with an acid to

provide Compound 1:

N-N
(A
Br//\‘N/\S/\(OH

(Compound 13
The process of claim 7, wherein the acid is hydrobromic acid.

The process of claim 35, further comprising
{a} dissolving Compound 4 m water and adding sthy! acetate to the mixtore; and
(b} contacting the biphasic mixture of step (a) with an acid and separating the organic

phase to provide Compound 1.

A reaction mixture comprising a compound of Formula (1)

N-N
;oo
(\N)\S/\IE/O’R
8]

>
! y

NN

A



Formula {II);
wherein R is «Cy-Cyp alkyl, -C-Cap alkenyl, -Cy-Cyg eyeloalkyl, or -Ca-Chp
cveloalkenyl,

a brominating agent; and

a solvent,

11. The reaction mixture of claim 10, wherein the brominating agent is N-bromosuccinimide
{(NBShL

12, The process of claim 1, wherein a compound of Formula {11} is prepared by a process

comprising contacting compound 5

7N
P en

{Compound 5},
with:
a base;
a sobvent;, and

# compound of Formula (IVY:

x\/li\o/i:a

Formula (IV};

wherein X is halo, tosyiate, mesylate, triflate, or besyiate; and
Ro1s -Cy=Coq alkyl, -Cy-Coyp alkenyl, -Cs-Chg cyeloalkyl, or -Ca-Cyyg
cycloalkenyl.

i3, The process of claim 12, wheremn the compound of Formula (TV) is selected from methyl

bromoacetate, ethyl bromoacetate, methy! chloroacetate, and ethyl chloroacetate.

14, The process of claim 12, wherein a crude reaction product comprising a compound of

Formula (11} is washed with a cooled mixture of ethyl acetate and 1sopropanol,

15, Compound 2 or Compound Z-A:
101



N--N
N S/ﬁrO\ &N&\S/}(O\/
o

0l o0

AN
(Compound 2} (Compound 2-A).
16. A reaction mixture comprising Compound 5:

Y
.

AN
(Compound 5);

a compound of Formula (IV):

x\)OJ\O/R
Formula (IV);
wherein:
X is a leaving group; and
R is -C1-Cyp alkyl, -C1-Cyq alkenyl, -C3-Cy cycloalkyl or -C3-Cyq cycloalkenyl;
a base; and

a solvent.

17. The reaction mixture of claim 16, wherein the compound of Formula (IV)} is methyl

bromoacetate, ethyl bromoacetate, methyl chloroacetate, or ethyl chloroacetate.

18. The process of claim 12, wherein Compound 5 is prepared by a process comprising:

(5-i)  contacting Compound 6:

/N

102



{Compound 6);
with nitric acid, water and a solvent to provide compound 7:
NG
o0
A
A
(Compound 7};
{5-11) contacting Compound 7 with hydrogen, palladium on charcoal, and one or more
solvents to provide Compound 8:
NH,

Sy

A
A

(Compound 8);
(5-iii) contacting Compound & with an acid to provide a salt of Compound &;
{5-iv} contacting the salt of Compound & of step (5-it1) with a base, thicphosgene and a
solvent to provide Compound 9:

NCS

”/\/‘“\\
\/\/

A
{(Compound 9);
(5} contacting Compound 9 with formy! hydrazine and a solvent to provide

Compound [0

{Compound 10}; and
(5-vi} contacting Compound 10 with a base, water and a solvent to provide Compound

5:

103



(Compound 5).
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