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PROCESS FOR MAKING SALTS OF N-HYDROXY-3-[4-[[[2-(2-METHYL-
1H-INDOL-3-YL)ETHYL]AMINO]METHYL]PHENYL]-2E-2-
PROPENAMIDE

.BACKGROUND OF THE INVENTION

Field of the Invention )
[0001] This invention relates to processes for making salts of N-hydroxy-3-[4-
[[[2-(2-methyl-1H-indol-3-yl)ethylJamino]methyl) phenyl]-ZE-Z-propenamiqe.

Related Background A1t

[0002] The compound N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3- |
yi)ethyl]amino] methyl}phenyl]-2E-2-propenamide (aiternatively, N—hydfdxye3-
(4-{[2~(2-methyl-1H-indol-3 ;yl)-ethylamino]-methyl } -ﬁhenyi)-acrylazﬁide) has
the formula o
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] 3 0

i |
{0003] as described in WO 02/22577. Valuable pharmacological ;Sroperties are
attributed to this compound; thus, it can be used, for example, as a histone
deacetylase inhibitorrusef‘ul in therapy for diseases which respond to inhiEitio'n of
histone deacetylase activity. WO 02/22577 does not disclose any specific salts or
salt hydrates or solvates of .N-hydroxy-_%~[4~[[{2—(2-methyl-1H-indol-3-
yl)ethyl]amino]methyl]phenyl] -2E-2-propenamide.

SUMMARY OF THE INVENTION '
[0004] The present invention is directed to a method of pfeparing a crystalline
salt of N—hy’d:oxy-3-[4_-[[[2-(2-methyl-1H-indoi-3- A
yl)ethyl]amino]methyi]ph.enyl]-2E-2-propenamide comprising the steps of: {a)
dissolving or sﬁspel_lding N—hydroxy-3-[4-[[[2-(2—methyl—lH-indoi-B- |
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yDethyl]aminojmethyl]phenyl]-2E-2-propenamide free base in an appropriate
amount of solvent; and (b) tr'eatiﬁg the N»hydroxy~3~[4-[{[2-(2-'methy1—1 H-indol-
3-yDethylJamino]methyl]phenyl]-2E-2-propenamide free base at an appropriate
temperature with a salt forming agent, wherein the salt formiﬁg agent is selected
from the group consisting of suppliers of hydrochloride, lactate, maleate,
mesylate, tartgrafe, acetate, benzoate, citrate, fumarate, geﬁtisate, malate,
malonate, oxalate, phosphate, propionate, suifate, succinate, sodium, potassium,
calcium or zinc ions. '
[0005] The. present invention is further directed to a method of preparing the
hydroéhloride salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethyl]amino]methyl}i)henyl]¢2E-2-propenamidé comprising the steps of: (a)
suspending N-hydroxy-3-[4-[[[2-(2-methyl-1H-indo]-3-
yl)ethyl]amino]methyljphenyl]-2E-2-propenamide free base monohydrate in |
ethanol; (b) a_ddihg hydrochloric acid dropwise with stirring at ambient
temperature, wherein the hydrochloric acid is present in a 50% molar excess
amount; (¢) stirring the reaction mixture for a time sufficient to cause

o precipitation of the hydrochloride salt; and (d) cooling the reaction mixture; and
bpt_ibnally (e) isolating the precipitated hydrochloride salt of N-hydroxy-3-[4-
[[[2-(2-methyl-1H-indol-3-y])ethylJamino]methyl]phenyl}-2E-2-propenamide; (f)
washing the salt with cold ethanol; and (g) drying the salt.
[0006] The present inventioﬁ is further directed to a method of preparing the I-
tartarate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethyl]amino]methyl]phényl]-2E-2-propenamide comprising the steps of: (a)
suspending N-hydroxy-3-[4-[[[2-(2-methyi-1 H-indol-3- :
yl)ethylJamino]methyl}phenyl]-2E-2-propenamide free base monohydrate in
ethanol; (b) adding I-tartaric acid dropwise with stirring at 60°C, wherein the I-
tartaric acid is present in a 10% molar excess amount; (c) stirring the reaction
mixture for a time sufficient to cause precipitation of the l-tartarate salﬁ; and (d)
cooling the reaction mixture; and optionally (e) isolating the precipitated I-
tartarate salt of N—hydroxy—B-[4;[[[2-(2-methy1-1H-ind01—3-' , ‘ .
yDethyljaminoJmethyl]phenyl]-2E-2-propenamide; (f) washing the salt with cold
ethanol; and (g) drying the salt.
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[0007] The present invention is further directed to a method of prepaﬁng the
. lactate mdnohydrate salt of N-hydroxy-3-[4-[{[2-(2-methyl-1H-iridol-3-
yl)ethyllaminoimethyl]phenyl]-2E-2-propenamide comprising the steps of: (aj
suspending N-hydroxy-3-[4-[[[2-(2-methyl- 1H-indol-3-
yl)ethylJamino]methyljphenyl]-2E-2-propenamide free base monchydrate in
acetone; (b) adding lactic acid dropwise with stirring at ambient temperéture,
wheréin the lactic acid is present in an equimolar amount; {c) stirring the reaction
mixture for a time sufficient to cause precipitation of the lactate moniohydrate
salt; and (d) cooling the reaction mixture; and optionally (e) isoiating the
precipitated lactate monohydrate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-
indol-3 -yl)ethyl]axnino]methyi]phenyi]—2E—2-pr6penamide;‘ (f) washing the salt
with cold acetone; and (g) drying the salt. , |
[0008] The present invention is further directed to a method of prepérihg the
anhydrous lactate salt of N-hydroxy-3-[4-{[[2-(2-methyl-1H-indo]-3-
yDethylJamino]methyl]phenyl]-2E-2-propenamide comprising the steps of: (a)
providing .a solution of lactic acid; (b) suspending N-hydroxy-3-[4-{[[2-(2- '
methyl-1H-iridoi-3-yl)ethyl}amino]methyl]phenyl]f2E—2—propenamide free base
in water; (c) heating the suspension to an appropriate temperature; (d) adding the
solution of lactic acid to form a solution; (¢) seeding the solution witha
‘suspension of the anhydrous lactate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-
indol;3-yl)eth}'r}]amino]methyl]phenyl]-2E-2—propenamide; (f) stirring the
solution for a time; (g) heatiﬂg the solution to a second appropriate tempe:;ature;
(h) stirring the solution for a time; (i) cooling the solution; and (j) stining'the
solution for a time sufficient to precipitate the anhydrous lactate salt of N-
hydroxy~3-[4-[[[2-(2-methy1-1H—indol-3-y1)ethy]jamino]methyl}phenyl]-2E—2-
propenémide; and optipnaliy (k) isolating the precipitated anhydrous lactate salt
of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-yl)ethyljJamino]methyl]phenyl]-
2E~2—propenamide; (I) washing the salt with water; and (m) drying the salt.
[0009] This invention is further directed to a method of preparing the anhydrous
lactate salt of N-hydroxy-3-[4-[[[2- (2—methyl 1H-indol-3-
yl)ethyl]Jamino]Jmethyl]phenyi]-2E-2-propenamide comprising tbe steps of* (a)
providing a solution of lactic acid; {b) suspending N-hydroxy-3-[4-[[[2-(2-



WO 2007/146717 ' . -PCT/US2007/070562
-4-

methyl-1H—indol-3-yl)ethyl]a_rnino]methyl]phenylj-ZE-Q-propenamide free base
in a 1:1 mixture of ethanol and water; (c) heating the suspensioh to an appropriate
temperature; (d) adding the solution of ‘lactic acid to form a solution; (e} cooling
the solution; (f) seeding the solution with anhydrous lactate salt of N-hydroxy-3- '
[4-[[[2~(2-methyl-1 H-indol-3 ~ylethyl]amino Jmethyl]phenyl]-2E-2-propenamide;
(g) stirring the solution for a time; (h) cooling the solution; and (i) stirring the
solution for a tinie sufficient to precipitate the anhydrous lactate salt of N-
hydroxy-3 -[4- [i2- (2-rnéthyl- 1H-indol-3-yl)ethyl Jamino]methyl]phenyl]-2E-2-
propenamide; and optionally (j) isolating the precipitated anhydrous lactate salt
of N- hydroxy~3 -[4-[[[2-(2-methyl-1H-indol- 3—yl)ethyl}ammo}methyi}phenyl]
2E-2-propenamide; (k) washmg the salt with water; and (1) drying the salt.

{0010] The present invention is further directed to a method of preparing the‘
mesylate sait of N-hydroxy-3-[4~[[[2—(2-methyl-1 H-indol-3- |
' yljethyl]amino]rhethyl]phenyl]—QE—Z-propenamide comprising the steps of: (a)
suspending N-hydroxy-3-[4-{[[2~(2-methyl-1H-indol-3-
yl)ethyl]axﬂino]mcthyl]phenyl]-2E—2—propenamide free base monohydrate in
ethyl acetate; (b) addAing methanesulfonic acid dropwise with stirring at ambient
temperature, wherein the methanesulfonic acid is present in an equimolar
amount, to produce a precipitate; (c) heating the reaction mixture to a temperature
ranging from about 40°C to about 50°C for a time ranging from about 2 to about
4 hburs; and (d) cooling the reaction mixture to precipitate the mesylate salt; and
optionally (e} isolating the precipitated mesylate salt of N-hydroxy-3-[4-[[[2-(2-
methyl-1H-indol-3 —yi)ethyl]amino]methy}]phenyl]-2E—2-pr0penamide; ®
washing the salt with cold ethyl acetate; and (g) drying the salt.

[0011] The present invention is further directed to a method of preparing the
maleate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethyl]ammo]methyl]phenyk] 2E-2-propenamide comprising the steps of: (a)
suspending N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yDethyl]lamino]methyl]pheny!]-2E-2-propenamide free base monohydrate in
acetone; (b} adding maleic acid dropuﬁse with stirring at 45°C, wherein the
maleic acid is present in an equimolar amount; (¢) stirring the reaction mixture

for a time sufficient tocause precipitation of the maleate salt; and (d) cooling the
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reaction miﬁture; and optionally (e} isolating the precipitated maleate salt of N-
hydroxy-3 -[4;[[[2—(2_—methyl—1H-indol—3-yi)ethy}]amino]methyl]phenyl}—2E—2—
propenamidé; (f) washing the salt with cold acetone; and (g) drying the salt.

~ DETAILED DESCRIPTION OF THE INVENTION ‘
[0012] As used herein, “salt” refers to a compound prepared by the reaction of an
orga.ﬁic acid or base drug with a pharmaceutically acceptable mineral or organic
acid or base; as used herein, “salt” includes hydrates and solvates of salts made in
~accordance with this invention. Eﬁemplary pharmaceutically acceptable mineral .

or organic acids or bases are as listed in Tables 1-8 in Handbook of .
Pharmaceutical Salts, P.H. Stahl and C.G. Wermuth (eds.), VHCA, Zurich 2002,
pp. 334-345. Co-pending U.S. Patent Applicétion No. XX/XXKXXX (Attomey—
Docket No. 50249), filed concurrently herewith, addresses ﬂ"lé actual salts of N-
hydroxy-3-[4-‘[{[2-(2-methy1-1H-indol-?:-yi)ethyi]amino]methyl]phenyl]-ZE-Z- |
propenamide; the disclosure of that co-pending application is incorporated in its
entirety by reference herein. As used herein, “polymoria ” refers to a distinct
~“crystal modification” or “polymorphic form™ or “crystalline foﬁﬁ”, which
differs from another with respect to x-ray powder diffraction pattérn,
physicochemical and/or pharmacokinetic properties, and thermodynamic
étabiiity Co-pending U.S. Patent Application No. xx/xxx,xxx (Attorney Docket .
No 50249), filed concurrently herewith, addresses the various polymorphm |
forms of N-hydroxy-3-[4- [[[2 {2-methyl-1H-indol-3-
yl)ethyl]amino]methyl]phenyl]-2E-2-propenamide and salts thereof; the
disclosure of that co-pending application is incorporated in its entirety by
reference herein. | . |
[0013] The first embodiment of the present invention is directed to a method of
preparing a crystéiline‘salt of N-hydroxy-3-{4-[[[2-(2-methyl-1H-indol-3-
yDhethylJamino]methyl]phenyl]-2E-2-propenamide comprising the steps of (a)
dissolving or suspending N-hydroxy-3-[4-[[{2- (Z-methyl—lH-andol 3-
yl)ethyl]ammo]methyi]phenyl] -2E-2-propenamide free base in an approprlate
amount of solvent and (b) treating the N-hydroxy-3- [4 ([{2- (Z-methyl -1H-indol-

—yl)ethyl]ammo]methyi]pheny]]-2E-2-propenam1de free base at.an appropriate
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temperature with a salt forming agent, wherein the salt forming agent is selected
from the group consisting of suppliers of hydrochloride, lactate, maleate,
mesylate, tartarate, acetate, benzéate,_ citrate, fumarate, gentisate, mélate,
malonate, oxalate, phosphate, propionate, sulfate, succinate, sodium, potassium,
calcium or zinc ions.
[0014]} In the ﬁ_rét step of the inventive method, N-hydroxy-3-[4-[{{{2-(2-methyl-
1H-indol-3-yl)ethylJamino]methyl]phenyl]-2E-2-propenamide free base is
dissolved or suspended in an appropriate amount of solvent at an appropriate
temperature. N-hydroxy-3-[4-[[[2-(2-methyl-1H-indo}-3-
yi)ethyl}amino]methyl]phenyl]-2E-2-propenamide free base suitable for use in
the present invention can take any hydrate, solvate or polymorphic form. Ina
preferred embodiment of the present invention, N-hydroxy-3—[4-[[[2-(2—methy1-
1H-indol-3-yl)ethyl}amino]methylJphenyl |-2E-2-propenamide free base
monohydrate form Hy is employed. ‘
[0015] Solvents suitable for use in the present invention include, without
. limitation, éthanoi, isopropyl alcohol, acetone, ethyl acetate, ethanol/water
. mixture, isopropyl alcohol/water mixture, acetone/water mixture, .acetonitrile,
tetréhydrofura.n, 2-propanol and mixtures thereof. _
[0016] In the second step of the present inventive method, the N-hydroxy-3-[4-
[[[2-(2-methyl-1H-indol-3-yl)ethyl]amino]methyl]phenyl]-2E-2-propenamide
free base is treated at an appropriate temperature with an éppropriate salt forming
agent selected from suppliers of hydrochloride, lactate, maleate, mesylate,
‘tartarate, acetate, bcnzoate; citrate, fumarate, gentisate, malate, malonate, oxalate,
phosphate, propionate, sulfate, succinate, sodium, potassium, calcium or zinc
ions. The appropriate temperature typically ranges from about 0°C to about 60°C,
more preferably from about ambient temperature to about 60°C. Moth of the
potential salt forming agents are capable of forming a salt at ambient temperature;
~ suppliers for citrate, tartarate and propionate required elevated temperéture for
salt formation. |
[0017] Suitable suppliers of hydrochloride, lactate, maleate, n.lesylate., tartarate,
acetate, benzoate, citrate, fumarate, gentisate, malate, malonate, oﬁa]ate,

phosphate, propiohate, sulfate, succinate, sodium, potassium, calcium or zinc ions
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include correspond'ing acids, i.e., hydrochloric acid, lactic acid, malei.cr acid, " .
methanesulfonic acid, tartaric acid, acetic acid, benzoic acid, citric acid, fumaric
acid, gentisic acid, malic acid, malonic acid, oxalic acid, phosphoric acid,
propionic acid, sulfuric acid, succinic acid, NaOH, KOH, CaCl_z, and ZnCl;.
Suitable suppliers include, without limitation, those listed above, as Weli as
variously substituted countefparts of those listed above. One of ordiﬁary skill in-
the art will readily understand that the suitable suppliers are the salt forming
agents used in the methods of this invention. |
[0018] Typically the salt forming agent is provided in an equimolar amount as
compared with the amount of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3- .
yhethylJamino]methyl]phenyl]-2E-2-propenamide used. In other embodiments
of the invention, the salt forming agent can be provided-in an excess, i.¢., in é .
molar ratio of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yDethyl]amino]methyl]phenyl]-2E-2-propenamide to salt forming agent ranging
from about 1:1 to about 1:2.
[0019] In optional steps of the present inventive method, the temperature of the
mixture of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
ylethyl]lamino]methyl]phenyl]-2E-2-propenamide and salt forming agent is
lowered, the salt is isolated by filtration or some other suitable means and the
isolated salt is dried to remove residual solvent. For example, where the mixture
of N-hydroxy-3-[4-{[[[2-(2-methyl-1H-indol-3-yl)ethylJamino]methylJphenyl]- .
2E-2-propenamide and salt forming agent affords a clear soluﬁon, it has been
found helpful to lower the temperature to about 4°C in order to produce a -
precipitate. '
[0020] It is important to note that variation of the parameters of the present
inventive method results in the achievement of various polymorphic forms of the
salts of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yDethylJaminolmethyl]phenyl}-2E-2-propenamide. This is made clear in the

| below-presented examples and in co-pending U.S. Patent Application No.
xx/xxx,xxX (Attorney Docket No. 50251). ‘

" [0021] A preferred embodiment of the present invention is directed to a method

of preparing the hydrochloride salt of N—hydroxy-34[4-[[{2—(2~methyl-1H-indol—'
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_3-yl)ethyl]amino]methyl]phenyl]—ZE—2-prdpenamide cofnprising the steps of* (a)
suspending N-hydroxy-3-[4-J[[2-(2-methyl-1H-indol-3-~
‘yDethyljaminoJmethy!]phenyl] -2E—2—pfopenamide free base monohydrate in’
ethanol; (b).adding hydrochloric acid dropwise with stirring ét ambient |
temperature, wherein the hydrochloric acid is preseﬁt in a 50% molar excess
amount; (c) stinihg the reaction mixture for a time sufficient to cause
precipitation of the hydrochloride salt; and {(d) cooling the reaction mixture.
Optional steps for this embodiment of the invention include (¢) isolating the
precipitated hydrochloride salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethyl]amino]mcthyl]pheny]}—2E-2-propenamide; (f) washing the salt with cold
ethanol; and (g) drying the salt.

[0022] Another preferred embodiment of the present invention is directed toa
method of preparing the I-tartarate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H- |
indol—?:-yl)cthyl].amino]methyl]phenyl] -2E-2-propenamide comprising the steps
of: (a) suspending N-hydroxy-3-[4-[{[2-(2-methyl-1H-indo]-3-
yDethyl]lamino]methyl]phenyl}-2E-2-propenamide frec base monohydrate in
ethanol; (b) adding I-tartaric acid dropwise w_ith stirring at 60°C, wherein the 1-
tartaric acid is present in a 10% molar excess amount; (c) stirring the reaction
mixture for'a time sufficient to cause precipitation of the |-tartarate salt; and (d)
cooling the reaction mixture. Optional steps for this embodiment include ()
isoiating the precipitated l-tartarate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-
indol-3-yl)ethyl]amino]methyl]phenyl}-2E-2-propenamide; (f) washing the salt
with cold ethanol; and (g) drying the salt. '

[0023] Yet another preferred embodiment of the present invention is directed to
a fnethod of preparing the lactate monohydrate salt of N-hydroxy-3-[4-[{[2-(2-
methyl-1H-indol-3-yl)ethyl]Jamino Jmethyl]phenyl]-2E-2-propenamide
comprising the steps of: -{a) suspending N-hydroxy-3-{4-[[[2-(2-methyl-1H-
indol-3-yl)ethylJamino]methyl]phenyl]-2E-2-propenamide free base
monohydrate in acetone; (b) adding lactic acid dropwise with stirn;ng at ambient
temperature, wherein the lactic acid is present in an equimolar amount; (c)
stirring the reaction mixture for a time sufficient to cause precipitation of the

lactate monohydrate salt; and (d) cooling the reaction mixture. Optional steps for
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this embodiment include (e) isolating the precipitéted lactate monohydrate salt of
N-hydr(_)xy'-3;[4-[[[2-(2-methyl-1H-indol-3 -yl)ethyl]lamino]methyl]phenyl]-2E-2-
propenamide; (f) washing the salt with cold acetone; and (g) drying the salt. ‘
[0024] Still another preferred embodiment of the present invention is directed to '.
a method of preparing the anhydrous lactate salt of N-hydroxy-3 -[4-[{[2-(2-_
methyl-1H—indol-3-yl)ethyl]émino]methyl}phenyl]~2E-2-propengmide ‘
comprising the steps of: (a) providing a solution of lactic acid; (b} Suspending N-
hydroxy-3-{4-[[[2-(2-methyl-1H-indol-3-yl)ethyllaminoJmethylphenyl}-2E-2- ‘

. propenamide free base in water; (¢} heating the suspension to an appropriate
temperature such as about 48°C; (d) adding the solution of lactic acid td forma
.st)lution; (e) seedihg the solution with a suspensilon of the anhydrous lactate salt
of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-yl)ethyl]amino]methyl] phenyf]— :
2E-2-propenamide; (f) stirring the solution for a time; (g) heating the solution to a
second appropriate temperature; (h) stirring the solution for a time; (i) cooling the
solution; and (j) stirring the solution for a time sufficient to precipitate the
anhydrous. lactate salt of N-hydroxy-3-{4-[[[2-(2-methyi-1H-indol-3~
'yi)ethjrl]amino]methyl]phenyl]—2E—2-propenamide. Preferably lactic acid is
provided in an amount ranging from about 1.1 molar equivalent to about 1.3
molar equivalent with respect to the free base. Preferably the lactic acid solution
is added slowly 0§er a period of time such as over 30 minutes. Preferably
crystéllization takes place at a temperature ranging from about 15°C to about
50°C. Optional steps for this embodiment include (k) isolating the precipitated,
anhydrous lactate salt of N-hydroxy-3-[4-[{[2-(2-methyl-1H-indol-3-
yDethyl]lamino]methyl]phenyl]-2E-2-propenamide; (1) washing the salt with
water; and (m) drying the salt. Drying is preferably conducted in vacuo at a
temperature of about 50°C. In a preferred embodiment, step (a) is accompiisﬁed
by diluting DL-lactic acid in water, heating to a temperature of about 90°C for a
peﬁod of time of about 15 hours and then cooling. ‘

| [0025] Still another preferred embodiment of the present invention is directed to
an alternative method of prepaﬁng the anhydrous lactate salt of N-hydroxy-3-[4-
[[{2-(2-methyl-1 H-indol-3-yl)ethyl]amino]methyi}phenyi] -2E-2-propenamide

comprising the steps of: (é) providing a solution of lactic acid; (b) suspending N-
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hydroxy-3-[4—[[{2-»(2-meihyl-lH-indol-3-yI)ethyI]éIniné]methyl]phenyI]-QE-Z-
propen:amide free base in a 1:1 mixture of ethanol and water; {é) heating the
suspension to an appi‘()priate temperature such as about 60°C; (d) adding the
solution of lactic acid to form a solution; (e) cooling the solution; (f) seeding the

 solution with anhydrous lactate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-
3-yl)ethyl]lamino}methyl]phenyl}-2E-2-propenamide; {g) stirring the solution for
a time; (h) coolifxg the solution; and (i) stirring the solution for a time sufficient to
precipitate the anhydroﬁs.lactate salt of N-hydroxy-3-[4-[{[2-(2-methyl-1H-indol-
3-yl)ethyl]zimino]methyl]phényl]~2E~2-propenamide. Preferably the lactic acid

~ solution is added slowly over a period of time such as over 30 rhihutes. Optional
steps for this embodiment include (j) isolating the precipitated anhydrous lactate
salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethylJaminoJmethyl]phenyl]-2E-2-propenamide; (k) washing the salt with
water; and (1) drying the salt. Drying is preferably conducted in vacuo at a
temperature of about 45°C. In a preferred embodiment, step (a) is accomplished
by diluting DL-lactic acid in water, heating to a temperature of about 90°C for a
period of time of about 15 hours and then cooling.
[0026] Still another preferred embodiment of the present invention is directed to
a method of preparing the mesylate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-
indol-3-yl)ethyl]aminolmethyl]phenyl]-2E-2-propenamide comprising the steps
of: (a) suspending N—hydrox§-3-[4-[[[2-(2—methyl-1H-indoi-3-
yl)ethyl}amino]methyl]phenyl]-2E-2—propenamide free base monohydrate in
ethyl acetate; (b) adding methanesulfonic acid dropwise with stirring at ambient
temperature, wherein the methanesulfonic acid is present in an equimolar
amount, to produce a precipitate; (c} heating the reaction mixture to a temperature
ranging from about 40°C to about 50°C for a time ranging from about 2 to about

| 4 hours; and (d) cooling the reaction mixture. Optional steps for this embodiment

. include (e) isolating the precipitated mesylate salt of N—hydfoxy-3-[4-f[[2~(2—'
methyl-1H-indol-3-yl)ethyl]lamino}methyl]phenyl]-2E-2-propenamide; (f)
washing the salt with cold ethyl acetate; and (g) drying the salt. It is noted thata
yellow powder is initially formed in step (b); the yellow powder is a polymorph

of the mesylate salt that contains more than the equimolar amount of
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methanesulfonic acid. Asa result, this solid is vefy highly hygroscopic. .
However, upon gentle heating in step (c), the yellow powder is converted to a
white crystalline solid that contains an equimolar amount of the methanesulfoﬁic
acid. This salt is non-hygroscopic. It is important to add the methanesulfonic '
acid at ambient temperature and to then increase the temperature; addition of the
methanesulfonic acid at a higher temperature afforded immediate precipitation of
the salt as a soft and gummy material. |
[0027] Yet another preferred embodiment of the present-invention is directed to
- amethod of preparing the maleate salt of N-hydroxy-3-[4-{{[2-(2-methyl-1H-
indol-3 -yl)ethyl]amino}methyl}phen'yl]-2E-2—pmpenamide comprising the steps
of: (a) suspending N-hydroxy-3-{4-[[{2- (2-methy1 1H-indol-3-
yDethyllamino]methyl]phenyl]-2E-2-propenamide free base monohydrate in
acetone; (b) adding maleic acid dropwise with stirring at 45°C, wherein the
maleic acid is present in an equimolar amount; (c) stirring the reaction mixture
for a time sufficient to cause precipitation of the maleate salt; and (d) cooling the
reaction mixture. Optional steps-for this embodiment include (e) isoiating the
preciplitated maleate salt of N-hydroxy~3—-[4—[[{2—(2—mefhyl—1H—ind01—3¥
yhethyl]amino]methyl]phenyl]-2E-2-propenamide; (f} washing the salt with eold
acetone; and (g) drying the salt. .
[0028] Specific embodiments of the invention will now be demonstrated by
reference to the following exernples. It should be understood that these examples
are disclosed solely by way of illustrating the invention and should not be taken
in any way to limit the scbpe of the present invention.
10029] In the following examples, with regard to crystallinity, “excellent” refers
to a material havmg XRPD main peaks which are sharp and have intensities
above 70 counts; “good” refers to a material having XRPD main peaks which are
shzﬁp‘ and have intensities within 30-70 counts; and “poor” refers to'a material
having XRPD main peaks which are broad and have intensities ‘below 30 counts.
| In addition, “loss on drying” (LOD) refers to weight loss determined between
ambient and decomposition temperatures. The later is approximated by the onset
of the first derivative of the thermogravimetric curve vs. temperature. This is not

the true onset, since weight loss does not occur with the same rate for all the salts.
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Hence, the actual decomposition temperature may be lower than that stated. Salt

~ formation, stoichiometry, and thé presence or absence of solvents is confirmed by

| . _observmg the "H-NMR chemical shifts of the correspondmg salt forming agents

' and reaction solvents (the tables contain one characteristic chemical shift for salt
forming agents or solvents). Water content could not be extracted from the NMR
data, becauvsc_the‘ water peaks were broad. The extent of protonation of the free
base is assessed by the change in the chemical shift of the benzylic (Hb,_) protons.
Further, salts of the present invention precipitated out as free-flowing powders
(FEP), sticky amorphous materials (SAM) (which had a gummy consistency that
tended to agglomerate, forming a single spherical mass or stick ta the walls of the
reaction vessel) or arnoi'phous.gels (AG). Finaliy,.“—“ indicétes a measurement

not taken,
EXAMPLE 1

. o Preparation of Acetate Salt
[0030] About 40 to 50 mg of N—hydroxy—3-[4-[[[2-(2—meﬂ1yl-1H—'indol-?:-

| yi)éthyl]amino]methyl]phenyl]—2E—2—propenamide free base monohydrate was
suspended in 1 ml of a solvent as listed in Table 1. A stoichiometric améunt of
acetic acid was subsequently added to the suspens'ion. The mixture was stirred at
either 60°C or ambient temperature (where a clear solution formed, stirring |

. continued at 4°C). Solids were collected by filtration and analyzed by XRPD,
TGA and in some instances lH-NMR.

Table 1.
Solvent T, °C Physical | Crystallinity { LOD, % "H-NMR
Appear, and Form T docomposition :
. (Tdaso!vallon) . i
Acetone ambient | FFP Excellent 13.5{107.9) | 1.89 {(acetate, 3H)
Sa 147.9 2.08 {acetone, 6H)
_ 3.74 (Hy;)
IPA 60 FFP Good ~10.5(72.5) | —
A 148.7
AcOEt 60 | FFP Good 9.3 (105.1) 1.89 (acetate, 3H)
A 147.9 3,73 (He) .
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[0031] The salt fofming reaction in acetone pr_odﬁced a highly crystalline salt,.
with the ratio of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indo}-3-
yDethyl]amino]lmethyl]phenyl]-2E-2-propenamide to acetate of 1:1, identified as )
a stoichiometric acetone solvate Sa. The salt forming reaction in isopropy! '
alcohol and ethyl acetate at 60°C produced the same crystal]iné, non—soivated '
acetate salt (form A). The accompanied weight loss above 105°C is either due to

the loss of water (if the salt is a hydrate) or loss of acetic acid or both.
EXAMPLE 2

Preparation of Benzoate Salt
[0032] About 40 to 50 mg of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethyl}amino]methyl]phenyl]-2E-2-pfopenamide free base ﬁlonoh)./drate was
su3pended in 1 ml of a solvent as listed in Table 2. A stoichiometric amount of
benzoic acid was subsequently added to the suspension. The mixture was stirred
at ambient temperature (where a clear solution formed, stirring continued at 4°C).
Solids were collected by filtration and analyzed By XRPD, TGA and in some
instances "H-NMR.

Table 2.
Solvent T/°C Physical | Crystallinity | LOD % 1 TH-NMR
) Appear., | and Form T decomposition T
EtOH:H,C | ambient | FFP excellent 1.5 —
(1:005) o Sa prior to dec.
. ' at110°C -
IPA:H.O ambient | FFP excellent 63~ 1.02 {IPA, 6H)
(1:0.05) ~ Sg , (isothermal | 3.83 (Hyo)
‘ at 120 °C) .
EtOH - ambient | FFP- excellent 52* 1.04 (EtOH, §H)
: Sa "t (isothermal 3.43 (EtOH, 1H)
at 120 °C) 7.93 (benzoate, 2H)
_ 3.85 (Hyz)
IPA ambient | FFP Excelient 1.5 % prior — :
Ss dec. at 100
°C
Acetone ambient | FFP- Excellent 0.5% 7.93 (benzoate, 2H)
- A 160.2 3.84 {(Hy)

* [sothermal hold at 120°C for 10 minutes
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[0033] The salt fdrming reaction in ethanol alone and with water produced the

same e:thanol solvate Sa. The stoichiometry of the protonated |

" base:benzoate:ethanol is 1:1:0.5 by NMR. Solvent loss and decomposition are

| clbsely spaced events at the heating rate of 10°C/min, and the ethanol content
could not be determined initially. Eventually, it was determined by holding at
120°C for 10 min. The LOD of 5.2 % comresponds to 0.5 moles of ethanol per
formula unit. Isépropyl alcohol alone and with water produced the same
isopropanol (IPA) solvate SB. The s_toichibmetry of the protonated base:benzoate -
is 1:1 by NMR. Solvent loss and decomposition are closely spaced at the he_aiting

 rate of 10°C/min, and the isopropanol content could not be determined initially.
Eventually, it was determined by holding at 120°C for 10 min. The 6.3% LOD
corresponds to 0.5 moles of IPA per formula unit. Based on solvent content énd
XRPD patterns; the two solvates SA and SB appeared to be isostructural. The
salt forming geaétion in acetone produced benzoate sait that did not contain any
solvent or water, a 1:1 stoichiometric salt of excellent crystallinity and high

decomposition temperature (form A).
EXAMPLE 3

Formation of Hydrochloride Salt
[0034] About 40 to 50 mg of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
- . yDethyl]amino]methyl]phenyl]-2E-2-propenamide free base was suspended in 1
ml of a solvent as listed in Table 3. A stoichiometric amount of hydrochloric
acid was subsequently added to the suspension. The mixture was stirred at either
60°C or ambient temperature (where a clear solution formed, stirring continued at -
4°C). Solids were collected by filtration and analyzed by XRPb, TGA and in
_some instances 'H-NMR.

Table 3.

Solvent T, °C Physical Crystallinity | LOD, % TH-NMR
Appear. and Form T docomposit

EtOH:H,O | 60 Clear solut. to Excelient 0.5 4,20 {Hy,)

(1:0.05) FFP A ‘

EtOH Ambient | Clear solut. to excellent 1.1 4.19 {(Hyp2)
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FFP A 232.3 :
IPA | Ambient | FFP - excellent —_ 4,18 (Hpa)
: yellow to white | A .
powder
Acetone Ambient | FFP to SAMto | excellent —_— 4,18 (Hp,)
FFP A L
AcOEt Ambient | FFP to SAM o | excellent —_ —
FFP A

[0035] All the above five reactions produced the same crystallme salt. The salt
was anhydrous and decomposed at high temperature,

'EXAMPLE 4

Formation of Hemi-Citrate Salt _
[0036] About 40 to 50 mg of N-hydroxy-3-[4-[{[2-(2—methyl¥1H—indol-3- -
yDethyl]amino]methyl]phenyl]-2E-2-propenamide free base was suspended in 1
ml of a solvent as listed in Table 4. A stoichiometric amount of citric‘ acid was
subsequently added to the suspension. The mixture was stirred at either 60°C or
ambient temperature (where a clear solution formed, stimring contiﬁued at 4°C)..
Solids were collected by filtration and analyzed by XRPD, TGA énd in some
instances 'H-NMR. |

Table 4. ,
Solvent T,°C Physical | Crystallinity LOD, % "H-NMR
| Appear. and Form T docomposit . _
IPAH,0 60 SAM to excellent 0.4 3.98 (Hyp) -
{(1:0.05) | FFP A 184.3
Acetone ambient | FFP to excellent 50t05.8 | —
60 . | SAMto A
FFP
E{OH 60 SAM to excellent —_ —
7 | FFP A
IPA:H;O 60 SAM to excellent 0.3. —
(1:0.025) | FFP . A 181.0
IPA:H-0 60 SAM to excellent — —
(1:0.05) FFP A _
Acetone:H, | 60 SAM to excellent — —
0 (1:0.025) FFP A
Acetone:H, | 60 SAM to excellent 0.7 —
0 {1:0.05) FFP A 177.0
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[0037] Hea_ting to 60°C (acetone and ethanol), as well as the introduction of
water (isopropyl alcohol and water, acetone and water at 60°C) yielded a highly
cr'ysfélline salt that does not contain any solvent or water. A high LOD value for -
acetone at ambient/60°C is due to the presence of amorphous material within the
crystalline powder. The stoichiometry of the salt could not be determined by 'H-
NMR in DMSO-de, since the expected peak for the citrate ion coincides with that

of the solvent. However, PC-NMR spectroscopy indicated the presence of two

BC = O signals at 177.3 and 171.6 ppm. The former is due to the protonated -

" carboxylic group and the latter to the unprotonated carboxylate. Therefore, the

salt stoichiometry is either 2:1 (most likely) or 1:1.

EXAMPLE 5

Formation of Hemi-Fumarate Salt
[0038] About 40 to 50 mg of N-hydroxy-3-[4-{[[2-(2-methyl-1H-indol-3-
yl)ethyl]amind]methyi]phenyl]—ZE—2~propenamide free base monohydrate was

suspended in 1 ml of a solvent as listed in Table 5. A stoichiometric amount of

fumaric acid was subsequently added to the suspension. The mixture was stirred

at either 60°C or ambient temperature (where a clear soiution formed, stirring

continued at 4°C). Solids were collected by'ﬁltration and analyzed by XRPD,
- TGA and in some instances 'H-NMR.

Table 5. .
Solvent T,°C Physical | Crystallinity | LOD, % 'H-NMR
Appear. and Ferm T docomposit.
EtOH ambient | FFP to excellent 1.1+1.7 3.93 (Hyz)
SAM to B (2-step) 8.50 (1H, fumarate)
FFP 213.2
IPA ambient | FFP consists of 34+8.0 3.91 (Hyz)
: oneintense | (2-step) B.50 (1H, fumarate)
peak 1569.8 only small amount of
Ha iPA
EtOH:H;O | ambient | FFP to excelient 0.7 3.80 (Hpy)
{1:0.05) g?;ﬂ to A 217.4 6.49 (1H, fumarate)
JPAHO ambient | FFP excellent 1.5 —_
{1.0.05)
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A 208.2
IPA'H,0 | ambient | FFP | excellent | — =
(1:0.08) | : A
| EtOH:H,O | ambient | FFPto | poor 0.7 - —_
(1:0.025) SAM to A 154.8
: FFP .
EtOH:HO { ambient | FFP fo excellent 0.9 3.80 (Hyy)
(1:0.05) | ‘ EQ;‘," to | A 2171 6.49 (1H, fumarate)

[903.9] The salt forming reaction in isopropyl alcohol and acetone at ambient
temperature produced fumarate salts of stoichiometry 2:1 (protonated
base:fumarate), i.e., herﬁi-fmnarate salts. Although none of them was a solvate,
they had poor crystallinity and a low decomposition tempe_raiture. The LOD for |
isopropyl alcohol at ambient temperature was most likely associated with the loss
of water (most likely Ha form). The salt forming reaction in ethanol, ethanol and
water, and isopropyl alcohol and water, all at ambient temperature or 60°C,‘ ‘
produced a ﬁlﬁlafate salt of stoichiometry 2:1 (protonated base:ﬁimarate) ), L.e.,
hemi-fumarate salt. The salt forming reaction in ethanol and water and isopropyl
alcohol and water (1:0.05), ambient or 60°C, produced identical XRPD spectra
(anhydrous Form A). The spectrum of the salt formed by ethanol at ambient
temperature, albeit similar, displays some small differences and it may represent |

a unique, hemi-fumarate polymorph (Form B) of similar structure,
EXAMPLE 6

~ Formation of Gentisate Salt
[0040] About 40 to 50 mg of N-hydroxy—B-[4-[[{_2-(2-meﬂ1yl-1H~indoi-3-
yDethyllamino]methyl]phenyl] -2E-2-propénamide free base was suspended in 1
ml _of a solvent as listed in Table 6. A stoichiometric amount of 2,5- ' |
dihydroxybenzoic acid (gentisic acid) was subsequently added to the suspension,
The mixture was stirred at either 60°C or ambient temperature (where a clear
solution formed, stirring continued at 4°C). Solids were collected by filtration

and analyzed by XRPD, TGA and in some instances 'H-NMR.
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Table 6.
Solvent | T,°C | Physical | Crystallinity | LOD, % TH-NMR

- | Appear. | and Form Taocompast.
EtOH:H,O . | 60 Clear | excellent 0.3 4.18 (Hp.) |
{ (1:0.05) solut. to | A 235.5 6.61 (1H, gentisate)

FFP

[0041] The gentisate salt prepared was highly crystalline, anhydrous, and
decomposed at a very high temperature. The stoichiometty of the salt is 1:1 by
NMR. | |

EXAMPLE 7

Formation of Monohydrate Lactate Salt
(0042] About 40 to 50 mg of N-hydroxy—3-[4»{[{2-(2—methyl—1H—indol-3~
'yl)ethyl]aniino]methyi]phenyl]—2E-2—propenamide free base was suspended in 1
ml of a solvent as listed in Table 7. A stoichiometric amount of lactic acid was
subsequently added to the suspension. The mixture was stirred at ambient
temperature 'aﬁd when a clear solution formed, stirring continued at 4°C. Solids

were collected by filtration and analyzed by XRPD, TGA and 'H-NMR.

Table 7.
Solvent T,°C Physical Crystallinity LOD, % "H-NMR
. Appear. and Form {Tgosotvation)
Tdncompnslt.

IPA 4 . | FFP excellent 1 4.3 (79.3) —

‘ ' Ha 166.3

Acetone 4 FFP excellent 4.5 (77.8) 4.18 (Mu,)

Ha | 149.5

[0043] The salt forming reaction in isopropyl alcohol and acetone at 4°C
produced a stoichiometric (1:1) lactate salt, a monohydrate. The salt is

crystalline, begins to dehydrate above 77°C, and decomposes above 150°C.
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EXAMPLE 8

Formation of Maleate Salt

[0844] About 40 to 50 mg of N-hydroxy-3-[4-[{[2-(2-methyl-1H-indol-3-
yDethyl]amino]methyl]phenyl]-2E-2-propenamide free base monohydrété was’
suspended in 1 ml of a solvent as listed in Table 8. A stoichiometric amount of
maleic acid was subsequently added to the suspension. The mixture was stirred
at either 60°C or ambient temperature (where a clear solution formed, stirring

- continued at 4°C). Solids were collected by filtration and analyzed by XRPD,
TGA and in some instances TH-NMR.

Table 8. .
Solvent T,°C | Physical | Crystallinity | LOD, % "H-NMR.
) Appear. and Form T decomposit

EiOH RTto | Clear Excellent 6.2 (RT) 4.22 (Hp).

4 solut. to | H,? 150 6.01 (2H, maleate)

. | FFP o ‘

IPA 60 SAMto | Excelient 0.2 4.22 (Hyy)

. FFP A 178.1 6.01 (2H, maleate)
Acetone | 60 SAMto | Excellent 0.2 4.22 (Hp)

FFP A 176.1 6.01 (2H, maleate)

[0045] The salt forming reaction in isopropyl alcohol and acetone at 60°C
produced highly crystalline, anhydrous solids that decompose above ~180°C.
Maleic acid was the only dibarboxy}ic acid that produced a 1:1 salt with N-
hydroxy-3 -[4?{[{2-(2~meﬂ1yl- 1H-indol-3 -yhethyljaminomethyl|phenyl]-2E-2-
propenamide. Its IH_-NMR-spectrum displays a resonance at 6.01 ppm,
corresponding to the two olefinic protons, and a resonance at 10.79 'ppr_n due to
one unprotonated carboxylic acid, Maleic acid also formed a salt-with high water
content that is lost under mild heating conditions. It is likely that the salt forming -

reaction in ethanol (RT to 4°C) produced a hydrate (form Ha).



WO 2007/146717

-20-

EXAMPLE &

, Formation of Hemi-Malate Salt
[0046] About 40 to 50 mg of N-hydroxy-3-{4-[[[2-(2-methyl-1H-indol-3-
yl)ethyl]amino]methyl]phenyl]-2E-2-propenamide free base monohydrate was

PCT/US2007/0770562

suspended in 1 ml of a solvent as listed in Table 9. A stoichiometric amount of

malic acid was subsequently added to the suspension. The mixture was stirred at

either 60°C or ambient temperature (where a clear solution formed, stirring

continued at 4°C), Solids were collected by filtration and analyzed by XRPD,
TGA and in some 1nstances 'H-NMR.

Table 9.
Solvent T, *C Physical | Crystallinity | LOD, % "H-NMR
Appear. | and Form T dscompos.
1 EtOH:H,O 60 SAMto excellent 1.9 3.96 (Hpy)
(1:0.08) FFP A 206.0 3.83 (0.5H, malate)
EtOH 80 SAM to excellent 0.4 —
. FFP A 199.3

IPA 80 SAMto excellent — ' —

‘ FFP A
Acetone 60 SAM to excellent 0.6 3.97 (Hea) -

, FFP Sa 95 3.84 (0.5H, malate)

EtOH:H,O 1 ambient | SAMto excellent — —
(1:0.05) FFP A

[0047] The salt forming reaction in ethanol and water, ethanol and isopropyl

alcohol produced the same crystalline and anhydrous hemi-malate salt. The

difference in LOD between ethanol and water (1:0.05) and ethanol may reflect

varying amounts of amorphous material in the two samples. The salt forming

reaction in acetone afforded a different hemi-malate salt that continuously loses
- weight above ~95°C. This salt is an acetone solvate (form Sa). Solvent loss and

decomposition are closely spaced thermal events.
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EXAMPLE 10

lj"ormati(;n of Hemi-Malonate Salt
[0048] About 40 to 50 mg of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yhethyl]amino}methyl]phenyl}-2E-2-propenamide free base was suspeﬁdcd inl
ml of a solvent as listed in Table 10. A stoichioihetric amount malonic acid was.
subséquentiy added to the suspension. Tﬁe mixture was stirred at either 60°C or
ambient temperature (where a clear solution f_orméd, stirring continued at 4°C). »
Solids were collected b}f filtration and analyzed by XRPD, TGA and in some
instances 'H-NMR.

Table 10.

Solvent T, °C Physical | Crystallinity | LOD, % 'H-NMR

‘ Appear. | and Form T docompos.
EtOH 60 - SAM to poor 1.0 -
FFP A 169.5 .
iPA 60 SAM to good 1.5 4.00 {Hyz)
FFP A 174.1 2.69 (1H, malonate)
Acetone 80 SAM to good — —
FFP A
Acetone ambient | FFP to good —_ —
SAM to A
FFP

[0049] All reactions afforded the same hemi-malonate salt. The crystalliﬁity is |
usuaﬂy good, although an amorphous halo could be seen in all the XRPD spectra.
The water associated with thése materials is likely due to increased moistﬁre
sorption by the amorphoﬁs component. Ambient conditions during synthesis _

appear to produce a better quality salt.
EXAMPLE 11

Formation of Mesylate Salt

© [0050] About 40 to 50 mg of N-hydroxy-3-{4-[{[2—(2—methyi-1H—indol-3'—
yl)ethyl]amino]methyl]phenyl] -2E-2-propenamide free base monohydrate was
suspended in 1 ml of a sol{rent as listed in Table 11. A stoichiometric amount of

methanesulfonic acid was subsequently added to the suspension. The mixture

PCT/US2007/0706562
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was stirred at either 60°C or ambient temperature (where a clear solutior formed,
stirring continued at 4°C). Solids were collected by filtration and analyzed by
XRPD, TGA and in some instances 'H-NMR.

Table 11.
Solvent T, °C Physical | Crystallinity | LOD, % "H-NMR
‘ Appear. | and Form Taecompos, | ‘
Acetone 60 SAM to Excellent 1.6 4.22 (Hyz)
FFP A+B? 172.8 2.33(~ 5H, methane
' | sulfonate)
AcOEt ambient | FFP Excellent 1.3+1.3 | 4.22 (Hy)
: A (2-step) 2.36 (~ 5H, methane
1709 suifonate)

[0051] The salt forming reaction in ethyl acetate afforded a yeilow salt, upon
stirring at room temperature. The salt (form A) is crystalline, diéplays a 2-step

.' weight loss and, by NMR, does not contain any solvent but appears to have more
than one molecule of methanesulfonate (mesylate). The salt forming reaction in
acetone afforded isolation of a white powder after heating at 60°C. It displayed
excellent crystallinity but may be a composite of more than one polymorphic
form (forms A and B). By NMR, it does not contain any solvent but appears to
contain more than one molecule of methanesulfonate. Another salt forming
reactibn in ethyl acetate, in which reaction is initiated at ambient temperature and
then thé obtained yellowish powder suspens.ion is heated to 50°C, afforded

isolation of a new form B, as shown in Figure 5.
EXAMPLE 12

Formation of Oxalate Salt
[0052] About 40 to 50 mg of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethyl]amino]methﬁ]phenyl]-2E-2-propenamide free base was suspended in 1
- ml of a solvent as listed in Table 12; A stoichiometric amount of salt forming
agént oxalic acid was subsequeﬁtly added to the suspension. The mixture was
stirred at either 60°C or ambient temperature (where a clear solution formed,
stirring continued at 4°C). Solids were collected by filtration and analyzed by

XRPD, TGA and in some instances 'H-NMR.
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Table 12. _ , .
Solvent T, °C | Physical | Crystallinity | LOD,% | 'H-NMR
Appear. | and Form T dscompos.,
EtOH:H,O | 60 FFP Poor — —
(1:0.05) ‘
1 IPAH0 60 FFP Poor —_ —_—
(1:0.05) .
EtOH ambient | waxy Amorphous — —_—
_ : solid '
IPA ambient | waxy Amorphous — —
" | solid '
Acetona ambient | waxy Amorphous’ | — —
solid .

[0053} Oxalate salts, although pfécipitated irﬁmediately upon addifi'on of oxalic
acid to suspensions of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethylJamino]methyl]pheny!]-2E-2-propenamide, were hard to isolate and

appear to absorb water during filtration.
EXAMPLE 13

Formation of Phosphate Sali
[0054] About 40 to 50 mg of N-hydroxy-3-{4-[{[2-(2-methyl-1H-indol-3-
yl)ethyl]amino}methyl]phenyl]-2E-2-propenamide free base monohydrate was
suspended in 1 ml of a solvent as listed in Table 13. A stoichiometric amount of
phosphoric acid was subsed_uently added to the suspension. The mixture was

stirred at either 60°C or ambient temperature (where a clear solution formed,

stirring continued at 4°C). Solids were collected by filtration and analyzed by

XRPD, TGA and in sonie instances 'H-NMR.

Table 13.
Solvent Ti°C Physical | Crystallinity | LOD % "H-NMR .
_ Appear. | and Form T decompos. :

EtOH:H,0 | 60 1FFP | excellent 7.0 . 1 3.94 (Hyy)

(1:0.05) Ha 179.6

EtOH ambient | FFP good ~8.6 1.1 {~1.5 H, EtOH)

Sa 4.00 {Hy,)

IPA ' ambient | FFP excellent ~7.0 1.02 (34 H, IPA)
: ' Ss : 4.00 (Hez)

Acetone RT1060 | SAMto | excellent | 1.0 | 4.00 (Hyy)
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FFP A 187.4
AcOEt RT tc 60 | SAM to good 1.2 —
~ FFP A 175.5

[0055} The salt forming reaction in ethanol and isopropyl alcohol gave ethanol

and isopropanol hemi-solvates (fbrms Sa and Sp, respectively). In ethanol and

water, only traces of ethanol were detected by NMR, in spite of the large LOD.

The material is either hygroscopic or a hydrate (form H,) that loses water upon

gentle heating and vacuum conditions (the loss of water measured by TGA is

complete in by ~60°C at 10°C/min). The salt foﬁning reaction in acetone and -

ethyl acetate produced the same crystalline and anhydrous phosphate salt (form

A). The stoichiometry is most likely 1:1. The salt displays a high decomposition

temperature.

EXAMPLE 14

Formation of Propionaté Salt
[0056] About 40 to 50 mg of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
- ylethylJamino}methylIphenyl]-2E-2-propenamide free base monohydrate was

suspended in 1 ml of a solvent as listed in Table 14, A stoichiometric amount of

propionic acid was subsequently added to the suspension. The mixture was

stirred at either 60°C or ambient temperature (where a clear solution formed,

. stirring continued at 4°C). Solids were collected by filtration and analyzed by

XRPD, TGA and in some instances 'H-NMR.

Table 14.
Solvent T,*C Physical | Crystallinity | LOD, % H-NMR
Appear. | and Form T decompos.
IPA 60 FFP excellent 161 0.97 {3H, propionic)
Sa 1.02 (~4 H, IPA)
, 3.73 (Hp)
| Acetone 60 FFP | Excellent 7.0 '0.97 (3H, propionic)-
A 98.9 3.73 {(Hbz)
AcOEt 60 FFP . Excellent 8.3 —
A | ~100
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[0057] A salt forming reaction in ethanol affo:de& the unreacted free Base (mbst
likely form Hg). Isopropyl alcohol produced an IPA solvate of the propioﬁaté
salt (form S A). Based on NMR, the IPA content is ~0.5. The salt shows a weight
loss of 15%, which corresponds to the loss of IPA plus an unidentified
component. The salt forming reaction in acetone and ethyl acetate produced the
same crystalline and unsolvated sait (form A). A weight loss of 6.3 té 7%, that
starts at ~100°C, is due to water (if the salt is a hydrate), propionic acid ora
decomposition product. Upon completion of weight loss (~140°C), the salt

. decomposes. It should be pointed out that when the material is dissolved in
DMSO for NMR, free propionic acid and only traces of propionate were
detected. | g

EXAMPLE 15

Formation of Sulfate Salt :

[0058] About 40 to 50 mg of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yDethylJamino]methyl]phenyl]-2E-2-propenamide free base rnoncihyﬁrate was
suspended in 1 ml of a solvent as listed in Table 15. A stoichiometric amount of
sulfuric acid was subsequently added to the suspension. The mixture was stirred
at either 60°C or ambient temperature (where a clear solution formed, stirﬁng :
continued at 4°C). Solids were _colIected by filtration and analyzed by .XRPD, '_
TGA and in some instances "H-NMR. ‘

Table 15.

Solvent T, °C Physical | Crystallinity | LOD, % TH-NMR
Appear. and Form T decompos,
iPA 60 SAM to excellent 89tc12 | 1.02(6H, IPA)
: FFP Sa 162 1.10 (3H, IPA")
4,22 (Hy)
AcOEt ambient | FFP Poor 1~8.7 4.22 (Hpy)
‘ A ~ 160

[0059] The salt forming reaction in isopropyl alcohol afforded isolation of a
white crystalline salt. It was identified as an isopropanol solvate (form S,),

containing 1.5 mol of IPA per formula unit. In DMSO, 0.5 mol of IPA is
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protonated. The salt forming reaction in ethyl acetate afforded isolation of a
yellow hygroscopic powder (form A). During filtration, the safnple visibly

absorbed moisture, and its poor crystallinity is attributed 1o this effect.

- EXAMPLE 16

Formation of Hemi-Succinate Salt
[0060] About 40 to 50 mg of N-hydroxy—S—[4—[{[2-(2-methyl—§H—indol-3-
yl)ethyllamino]methyl}phenyl]-2E-2-propenamide free base ménohydrate was
suspended in 1 ml of a solvent as listed in Table 16. A stoichiometric amount of
succinic acid was sﬁbsequently added to the suspension, The mixture was stirred
at either 60°C or ambient temperature (wWhere a clear splution formed, stirring
continued at 4°é). Solids were collected by filtration and analyzed by XRPD,
TGA and in some instances 'H-NMR.

Table 16.
Solvent T, °C Physical | Crystallinity | LOD, % 'H-NMR
‘ Appear, and Form Tecompos.
EtOH:H,O | 60 | SAM to Excellent 1.1 2.31 (2H, sdccinate)
(1:0.05) FFP A 203.7 3.86 (Hux)
IPA:HO - 60 1 SAM to Excellent 4.6 2.31 (2H, succinate)
(1:0.05) FFP Ha 3.85 (Hoz)
| EtOH ambient | FFP to Excellent 1.1 2.31 (2H, succinate)
- SAMto | A 194.6 3.86 (Hz)
| FFP ,
‘IPA ambient | FFP Good 28+46 |1.02(~3H,IPA)
' Sa {90.6) (2- | 2.32 (2H, succinate)
. - | step) 388 (Hy)
155.8
Acetone ambient | FFP Good 1.5+ 1.3 | 2.31{2H, succinate)
B (2-step) 3.86 (Hy,)
162.3
ACOEt ambient | FFP Good 1.3+29 | —
' B 164.5
EtOH 60 SAM to Exceilent — —
‘ " 1 FFP A
EtOH:H,O | 80 SAM to Excellent 1.0 2.31{2H, succinate)
(1:0.025) FFP A 197.3 3.85 (Hyz)
EtOH:H,0 | 60 SAMto | Excellent | — | =
(1:0.05) FFP A
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{0061] Four distinctly different hemi—succinété salts were isolated: a
moﬁohj{fdrate (form A) (ethanol at ambient), a hemi-solvate of isopropanol (form
Sa) (isopropyl aicohoi)', and two unsolvated forms A and B. Form A displays
higher crystallinity, minimal weight loss up to 200°C, and higher decomposition
temperature. In addition, it could be synthesized reproducibly, as del.nonsfrated _

in ethanol and ephanol and water at 60°C.
EXAMPLE 17

Formation of Hemi-Tartarate Salt
[0062] About 40 to 50 mg of N-hydroxy-3-[4-[[{2-(2-methyl-1H-indol-3-.
yDethyl]lamino]methyl]phenyl]-2E-2-propenamide free base monohydrate was )
suspended in 1 ml of a solvent as listed in Table 17. A stoichiometric amouht'of
tartaric acid was subsequently added to the suspension. The mixhre was stiﬁed
at either 60°C or ambient temperature (where a clear solution formed, stirring
continued at 4°C). Solids were cbllécteé by filtration and analyzed by XRPD,
TGA and in some instances 'H-NMR. |

Table 17. ‘
Solvent T1°C | Physical | Crystallinity |LOD% | H-NMR
Appear. and Form T decompos. :

EtOH:H,O0 | RTto 60 | FFP to Excelient 0.5 3.86 (1H, tartarate)
(1:0.05) SAM to A 206.9 3.95 (Huo)

: FFP. '
| EtOH:H,O | 60 .| SAM to Excellent — —

(1:0.025) .| FFP A '

EtOH:H,0 |60 | SAMto Excellent 0.5 3.86 (1H, tartarate)
(1:0.05) . FFP A 207.6 3.95 (Hyy)

EtOH 60 . SAM to Excellent — —

o FFP A 4
IPAH0 60 SAM to Good 1.8 and 3.80 (1H, tartarate)
{1:0.05 FFP -lB 3.4 | 3.96 (Hyy)
> 160 °C

[0063] The salt forming reaction of the free base with tartaric acid required
heating to elevated temperatures. A highly crystalline, anhydrous salt that

decomposed above 200°C was isolated as a hemi-tartarate and was labeled as
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form A. Form B was isolated once in isopropyl alcohol and water at 60°C and,
although very similar in structure with A, significant differences were seen in its
" XRPD pattern..

EXAMPLE 18

Formation of Anhydrous Lactate Salt
[0064] DL-lactic acxd (4.0g, 85% solutionin water, correspondmg to 3.4 g pure
DL-lactic acid) is diluted with water (27.2g), and the solution is heated to 90°C
(inner temperature) for 15 hours. The solution is allowed to cool down to room
temperature and is used as lactic acid solution for the following salt formation
step. |
[0065] N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-

- yDethyljamino]methyl]phenyl]-2E-2-propenamide free base (10.0 g) is placed in
a 4-necked reaction flask with mechanical stirrer. Demineralized water (110.5 g)
is added, an& the suspension is heated to 65°C (inner temperature) within 30
minutes. The DL-lactic acid solution is added to this suspension during 30 min at
65°C. During the addition of the lactate salt solution, the suspension converted
into a solution. The addition funnel is rinsed with demineralized water (9.1 g),
and the solution is stirred at 65°C for an additional 30 minutes. The solution is
cooled down to 45°C (inner temperature) and seed crystals (10mg N-hydroxy-3-

. [4-{[[2~(2~methyl-1H-indol-3~y1)ethyi]amino]methy]}phenyl]-2E—2-propenamide
lactate monohydrate) are added at this temperature. The suspension is cooled
down to 33°C and is stirred for additional 20 hours at this temperature. The
suspension is re-heated to 65°C, stirred for 1 hour at this temperature and is
cooled to 33°C within 1 hour. After additional stirring for 3 hours at 33°C, the
product is isolated by filtration, and the filter cake is washed with demineralized
water (2x 20g). The wet filter-cake is dried in vacuo at 50°C to obtain the
anhydrous N-hydroxy-3-[4-([[2-(2-methyl-1H-indol-3-
yl)ethyi]amirio]methyl]phenyl]-2E—2—prbpenamide lactate salt as a crystalline
product. The product is identical to the monohydrate salt (form H,) in HPLC and
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in 1H-NMR, with the exception of the integrals of water signals in the TH-NMR
spectra. ‘ .' ' |
[0066] In additional salt formation experiments carried out according to the
procedure described above, the product solution was filtered at 65°C before
cooling to 45°C, seeding and crystallization. In all cases, form A (anhydrate

form) was obtained as product.
EXAMPLE 19

Formation of Anhydrous Lactate Salt
[0067] DL-lactic acid (2.0g, 85% solution in water, corresponding to 1.7 g pure
DL-lactic acid) is diluted with water (13.6 g), and the solution is heated to 90°C
(inner temperature) for 15 hours. The solution was allowed to cool &own_to room
temperature and is used as lactic acid éolution for the following salt formation
step. :
[0068] N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yDethyllamino]methyl]phenyl]-2E-2-propenamide free base (5.0 g) is placedina
4-necked reaction flask with mechanical stirrer. Demineralized water (54.85 g) is
added, and the suspension is heated to 48°C (inner temperature) within 30
minutes. The DL-lactic acid solution is added to this suspension during 30
minutes at 48°C. A solution is formed. Seed crystals are added (as a sﬁsp‘ensidp
of 5mg N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3- | ‘
ylethyllaminoJmethyl]phenyl]-2E-2-propenamide lactate salt, anhydrate form A,
in 0.25g of water) and stirring is continued for 2 additional hours at 48°C. The
temperature is raised to 65°C (inner temperature) within 30 minutes, and the
suspension is stirred for additional 2.5 hours at this temperature. Then the
temperature is cooled down to 48°C within 2 hours, and stirring is continued at
this temperature for additional 22 hours. The product is isolated by filtration and
the filter cake is washed with demineralized water (2x 10g). The wet filter-cake
is dried in vacuo at 50°C to obtain anﬁydrous N-hydroxy-3-[4-{[[2-(2-methyl-1H-
indol-3-yl)ethyllamino]methyl]phenyl]-2E-2-propenamide lactate salt (form A)

as a crystalline product.
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EXAMPLE 20

~ Conversion of Monohydréte Lactate Salt to Anhydrous Lactate Salt

[0069] DL-lactic acid (0.59 g, 85% solution in water, corresponding to05¢g
pure DL-lactic acid) is diluted with water (4.1 g), and the solution is heated to
90°C (innef temperature) for 15 hours. The solution is allowed to cool down to

. room tempei*éture and is used as lactic acid solution for the following salt
formation step. '
[0070] 10g of N-hydroxy-3-[4-][[2-(2-methyl-1H-indol-3-
ylethylJaminc}methyllphenyl]-2E-2-propenamide lactate salt monohydrate is
placed in a 4-necked reaction flask. Water (110.9 g) is added, followed by the
addition of the lactic acid solution. The addition funnel of the lactic acid is rinsed
with water (15.65 g). The suspension is heated to 82°C (inner temperature) to |
obtain a solution. The solution is stirred for 15 minutes at 82°C and is hot filtered
into another reaction flask to obtain a clear solution. The temperature is cooled

. down to 50°C, and seed crystals are added (as a suspension of ‘1 Omg N-hydroxy-
3-[4-[[[2-(2-methy1—1H-indol-3-yl)ethyl]amino]methyl]phenyl] -2E-2-
propenamide lactate salt, anhydrate form, in O.Sg of water). The temperature is
cooled down to 33°C and stirring is continued for additional 19 hours at this
temperature. The formed suspension is heated again to 65°C (inner temperature)
within 45 minutes, stirred at 65°C for 1 hour and cooled down to 33°C within 1
hour. After stirring at 33 °C for additional 3 hours, the product is isolated by
filtration and the wet filter cake is washed with water (50 g). The product is dried
in vacuo at 50°C to obtain crystalline anhydrous N-hydroxy-3-{4-[[[2-(2-methyl-

1H-indol-3-yl)ethyl]amino]methyl]phenyl]-2E-2-propenamide lactate salt {form

A). '

EXAMPLE 21

. Formation of Anhydrous Lactate Salt
{0071} DL-lactic acid (8.0g, 85% solution in water, corresponding to 6.8 g pure
_DL-Iactic acid) was diluted with water {54.4 g), and the solution was heated to

90°C (inner temperature) for 15 hours. The solution was allowed to-cool down to
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room temperature and was used as lactic acid solution for the folIowiﬁg salt ~ .
. formation step.
[0072] N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-
yl)ethyl]amino]methyl]phenyl]-2E-2-propenamide (20 g} is placed ina 1L glass
reactor, and ethanol/water (209.4 g of a 1:1 w/w mixture) is added. Thé light
yellow suspension is heated to 60°C (inner temperature) within 30 minutes, and
the lactic acid solution is added during 30 minutes at this temperature. The _
* addition funnel is rinsed with water (10 g). The solution is cooled to 38°C within )
2 hours, and seed crystals (20 mg of N-hydroxy-3;[4-[{[2-(2-methy1-1H-indol-3-
_yl)ethyl]mnino]methyl}phenyl]-2E-2-propenamide lactate salt, anhydrate form)
are added at 38°C. After stirring at 38°C for add_itional 2 hours, the mixture is
cooled down to 25°C within 6 hours. Cooling is continued from 25°C to 1‘0°VC
within 5 hours, from 10°C to 5°C within 4 hours and from 5°C to 2°C within 1 .
hour. The suspension is stirred for additional 2 hours at 2°C, and the produet is
isolated by filtration. The wet filter cake is washed with water (2 x 30g), and the
product is dried in vacuo at 45°C to obtain crystalline anhydrous N~deroxy-3—[4- :
[[[2-(2-methyl-1H-indol-3-yl)ethyl] amino]methyl]phenyl}-2E-2-propenamide
lactate salt (form A).

EXAMPLE 22

Formation of Sodium Salt
{0073] About 50 mg of N-hydroxy-3-{4-[[[2-(2-methyl-1H-indol-3-
yhethyllamino]methyl]phenyl]-2E-2-propenamide free base monohydrate was
suspended in 1 ml of methanol. A stoichiomettic amount of sodiuin hydroxide
was subsequently added to the suspension. The mixture was stirred at 50°C; -
Once a clear solution formed, stirring continued at 4°C. Solids were collected by
filtration and analyzed by XRPD and TGA. The sodium salt of N-hydroxy-3-[4-
| [[[2-(2—methyl-1H-indol-3-yl)cthyl]arnino]methyl]phenyl}-ZE—2-proiJenaxﬁide v
was isolated as a yél!ow highly hygroscopic powder, which absorbed moisture

during filtration.
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EXAMPLE 23

. Formation of Potassium Salt
[0074] About 50 xﬁg of N~hyd'roxy-3-[4-[[[2-(2-methyl-1H-indoI-B-
yDethyl]amino]methyl]phenyl]-2E-2-propenamide free base monohydrate was
Suspended in 1 ml of methanol.. A stoichiometric amount of potassium hydroxide
was subseciuently added to the suspension. The mixture was stirred at 50°C.
Once a clear solution formed, stirring continued at 4°C. Solids were collected by
filtration and analyzed by XRPD and TGA. The potassium salt of N-hydroxy-3-
[4~[[[2-‘(2-methyl-1H-indol—3-yl)ethyl}amino]methyl]phenyl]-2E-.2-propenamide
was isolated as a yellow highly hygroscopic pow;vdér, which absorbed moisture

during filtration.
EXAMPLE 24

Formation of Calcium Salt
[0075] About 50 mg of N—hydroxy—3-[4-[[[2~(2~methyl-lH—indpl'-B-
yl)ethyi]amino}methyl]phenyl]-2E~2-propenamide free base monohydrate was
suspended in 1 ml of methanol. A stoichiometric amount of sodium hydroxide
was subsequently added to the suspension. The mixture was stirred at 50°C.
Once a clear solution formed, a stoichiometric amount of calcium dichloride was
added causing an immediate precipitation of yellowisﬁ solid. Solids were
collected by filtration and analyzed By XRPD and TGA. The calcium salt of N-
hydroxy-3-[4-[[[2-(2-methy]l-1H-indol-3-yl)ethylJamino]methyl]phenyl]-2E-2-
propenarnide was 1&_:ss hygroscopic than the sodium or potassium salt of N-
hydroxy-3-[4-[[[2;(2—methyl-1 H-indol-3-yl)ethyl] amino]methyl]phenyl]}-2E-2-

. propenamide and could be readily isolated.
EXAMPLE 25
Formation of Zinc Salt

[0076] About 50 mg of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indo]-3-
yDethyljamino]methyljphenyl]-2E-2-propenamide free base monohydrate was
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suspended in 1 mi of methanol. A stoichiometric. amount of sodium hjfd:oxide -
was subsequently added to the suépension. The mixtire was stirred at 50°C. _
Once a clear solution formed, a stoichiometric amount of zinc sulfate was addéd ,
causing an immediate precipitation of yellowish solid. Solids were collected by
filtration and analyzed by XRPD and TGA. The zinc salt of N-hydroxy-3-[4-{[[2-
(2-methyl-1H-indol-3-yl)ethylJamino]methyl]phenyl]-2E-2-propenamide was
less hygroscopic than the sodium or potassium salt of N-hydroxy—3-.{4-['[[2-(2-
methyl-1H-indol-3 -yl)ethyi]amino]methyl]phenyi]-2Ef2-propenamide and cbuld
be readily isolated. | : ‘

EXAMPLE 26 -

Formation of Hydrochloridg Salt A
[0077} 3.67 g (10 mmol} of the free base monohydrate (N-hydroxy-3-[4-{[{2-(2-
methyl-1H-indol-3-yl)ethyl]amino]methyl]phenyl]-2E-2-propenamide) and 40 ml ‘
of absolute ethanol were charged in 2 250 ml 3-neck flask equipped with a

-magnetic stirrer and an addition funnel. To the stirred suspension were added
dropwise 7.5 m! of 2 M HCI (15 mmol, 50% excess), affording a clear solution.
A white solid precipitated out within 10 minutes, and stirring continued at
ambient for an additional 2 hours. The mixture was cooled in an ice bath for
approximately 30 min, and the white solid was recovered by filtration. It was
washed once with cold ethanol (10ml) and dried overnight under vacuum io'yigld
3.72 g of the chloride salt of N-hydroxy-3-[4-{[[2-(2-methyl-1 H-indol-3-
yDethylJamino]methyl}phenyl]-2E-2-propenamide (96.2%).

[0078] It should be noted that HCI was used in excess to improve'the yield,

. although equimolar amounts afforded yields of greater than 80%.4 Di-salt
formation via protonation of the methyl-1H-indol-3-yl ring does not occur‘even
when HCl is used in large excess. Reactions with 1, 1.5, and 2 equivalents of
HCl afforded the same monochloride salt as a product. In addition, NMR data '
show no shifts for any of the protons in the vicinity of the ring, as it would have

_ happened upon protonation.
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EXAMPLE 27

_ Formation of L-Tartarate Salt
[0079] 3.67 g (10 rhmol) of the free base monohydrate (N -hydroxy-B-[4-[[[2-(2—
methyl-1H-indol-3-yl)ethylJamino]methyl|phenyi]-2E-2-propenamide) and 50 ml
of absolute ethanol were charged in a 250 ml 3-neck flask equipped with a
. magnetic sﬁrrcr and an addition funnel. The mixture was heated to 60°C, and to

the hot suspension were added drépwise 0.83 g (S.~5mmol, 10% excess) of 1
tartaric acid dissolved in 15 ml absolute ethanol. Initially, large yellow
agglomerates formed that prévented adequate stirring, but overtime these wére
converted to free flowing and stirrable yellow powder. Stirring continued at
60°C for 2 hours. The mixture was subsequently cooled to room temperature and
placed in an ice bath for approximately 3l0 min. The yellow powder was ,
‘recovered by filtration and washed once by cold absolute ethanol (10ml). It was
dried overnight under vacuum to yield 4.1 g of the l-tartarate (hemi-tartarate) salt
of Nnhydroky-B -(4-[[[2~(2-methyl-1H-indol-3-yl)ethylJamino]methyl Jphenyl]-
2E-2-propenamide (96.6%). | -

EXAMPLE 28

Formation of Lactate Monohydrate Salt
[0080] 3.67g (10mmol) of the free base monohydrate {N-hydroxy-3-[4-[{[2-(2-
methyl-1H-indol-3-yl)ethylJamino]methyl]phenyl]-2E-2-propenamide) and 75 ml
of acetone were charged in a 250 ml 3-neck flask equipped with a magnctic
stirrer and an addition funnel. To the stirred suspension wére added dropwisé 10
ml of 1 M lactic acid in water (10 mmol) dissolved in 20 ml acetone, affording a
clear solution. Stirring continued at ambient and a white solid precipitated out
after approximately 1 hour. The mixture was cooled in an ice bath and stirred for
an additional hbur. The white solid was recovered by filtration and washed once
with cold acetone (15ml). It was subsequently dried under vacuum to yield 3.94 -
g of the lactate monohydrate salt of N-hydroxy-3-{4-[[[2-(2-methyl-1H-indol-3-
ylethyllamino]methyl]phenyl)-2E-2-propenamide (86.2%).
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EXAMPLE 29

Formation of Mesylate Salt
[ﬁ081] 3.67 g (10 mmol) of the free base monohydrate (N-hydroxy-3-[4-[[[2-(2- |
methyl-1H-indol-3-yl)ethyl]amino]methyljphenyl]-2E-2-propenamide) é.n_d 75 ml
of ethyl aéetate were charged in a 250 ml 3-neck.ﬂask equipped with a
mechanical stirrer and an addition funnel. To the stirred suspension were added
dropwise 0.65 ml (10 mmol) of methane sulfonic acid dissolved in 20 ml of ethyl
_acetate, affording a stirrable suspension of a ﬁee flowing yellow powder. The
mixture was heated to 50°C and kept there overnight, and during that time the
yellow powder converted to a white solid. The suspension was cooled to room
temperature and the white solid wés recovered by filtration. Tt was washed once
with cold ethyl acetate (15 mi) and dri.e.d overnight under vacuum to yield 4.38 g
of the mesylate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3- |
ylethyljamino]methyl]phenyl]-2E-2-propenamide (98. 3%).
[0082] 1t is noted that the initially formed yellow powder is a polymorph of the
mesylate salt that contains more than the equimolar amount of methane sulfonic -
acid. As aresult, this solid is very highly hygroscopic. Upon gentle heating to
40 or 50°C and within 2 to 4 hours, the yellow powder converts to a white
crystalline solid that contains the equimolar amount of the methane sulfoﬁic acid.
This salt is non-hygroscopic. It is also advised that addition of the methane
sulfonic acid is done at ambient temperature and the temperature increased
afterwards. It was observed that addition at higher temperature afforded the

immediate precipitation of the salt as a soft and gummy material.
EXAMPLE 30

Formatmn of Maleate Salt
[0083] 3.67 g (10 mmol) of the free base monohydrate (N-hydroxy-3-[4- [[{2 (2-
methyl-1H-indol-3-ylethyl]amino]methyl]phenyl]-2E-2-propenamide) and 75 mi
of acetone were charged in a 250 m! 3-neck flask equipped with a mechanical
stirrer and an addition funnel, The mixture was heated to 45°C, and to the hot

suspension were added dropwise 1.16g (10mmol) of maleic acid dissolved in 25
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ml acetone. Although the addition was stow, the salt precipitated out as a soft
gummy solid hindering stirring. Stirring continued overnight at 45°C and during
that time the solid converted to a thte free-flowing powder. The mixture was
cooled to room temperature and placed in an ice bath for approximately 30 min.
The white solid was recovered by filtration, washed once with cold acetone (15
ml}), and dried overnight under vacuum to yield 4.21 g of the maleate salt of N-
hydroxy-3-[4-[[[2-(2-methy1-lH~indoi-3-yl)ethyl]gmino]methyl]pheriyl]~2E-2—
propenamide (90.5%). - 7 '
[0084] It i§ noted that 4 more preferable solvent for synthesis is 2-propanol.
During optimization, however, it was observed that, in addition to the desired
form, anofher polymorph with a low decomposition temperatﬁre (118.9°C) could
be isolated from 2-propanol as a yellow powder, |
[0085] While the invention has been described above with referencé'to specific
émbodiments thereof, it is apparent that many changes, modifications, and
variations can be made without departing from the inventive concept disclosed
herein. Acéordingly, it is intended to embrace all such changes, modifications,
and variations that fall within the spirit and broad scope of the apiaended claims.
All patent applications, patents, and other publications cited herein are
incorporated by reference in their entirety.
[0086] EXAMPLE 31
[0087] Formation of the Lactate Salt
A flow diagram for the synthesis of LBH589 lactate is provided in Figure
A. A nomenclature reference index of the intermediates is provided below in the
Nomenclaure Reference Index:
Nomenclature reference index

Compound Chemical name

1 4-Bromo-benzaldehyde

2 Methyl acrylate ‘

3 (2E)-3-(formylphenyl)-2-propenoic acid, methyl ester

4 3-[4-[[[2-(2-Methyl-1H-indol-3-yl)ethylJamino]methyl}phenyl]-2-

propenoic acid, methyl ester, monohydrochloride
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5 (2E)-N-hydroxy-3-[4-[[[2-(2-methyl-1H-indo]-3-
. yl)ethylJamino}methyl]phenyl]-2-propenamide

6 2-hydroxypropanoic acid, compd. with 2(E)-N-hydroxy-3-[4-[[[2-
{2-methyl-1H-indol-3-yDethylJamino]methyl]phenyl]-2- '
propenamide | |

Z3a 2-Methyi-IHQindole-S-ethanamine

Z3b 5-Chloro-2-pentanone

Z3c Phenylhydrazine

Figure A: Synthesis of LBH589 Lactate
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‘ ~ The manufacture of LBH589 lactate (6) drug suBstance is 'via a convergent
- synthesis; the point of convérgenqe is the condensation of indole-amine Z3a with
‘aldehyde 3. | ' '
| Thé.synthesis of indole-amine Z3a involves reaction of S-chloro-2
pentanone (Z3b) with phenylhydrazine (Z3¢) in ethanol at reflux {variation of
Fischer indole synthesis). ' |

Product isolation is by an extractive work-up followed by cryétallization.
Preparation of aldehydé 3 is by palladium catalyzed vinylation (Heck-type
reaction; PA(OAc)2/P(o-Tol}3/Bu3N in refluxing CH3CN) of 4-bromo-
benzyiadehyde (1) with methyl acrylate (2) with product isolation via precipitation
from dilute HCI solution. Intermediates Z3a and 3 are then condensed to an imine
intermediate, which is reduced using sodium borohydride in methanol below 0 °C
(reductive amination). The product indole-ester 4, isolated by precipitation from
dilute HCI, is recrystallized from methanol/water, if necessary. The indole ester 4
is converted to crude LBHS89 free base 5 via reaction with hydroxylamine and
sodium hydroxide in water/methanol below 0°C. The crude LBH589 free base 5

 isthen purified by rebrystallizationfrom hot ethanol/water, if necessary. LBH589
free ‘base 5 is treated with 85% aqueous racerﬁic lactic acid and water at ambient
temperaﬁxre. After seeding, the mixture is heated to approximately 65°C, stirred at
" this temperature and slowly cooled to 45-50°C. The resulting slurry is filtered and
washed with water and dried io afford LBH589 lactate (6).

If necessary the LBHS589 lactate 6 may be recrystallised once again from
water in the presence of 30 mol% racemic lactic acid. Finally the LBH589 lactate
is delumped to give the drug substance. If a rework of the LBH589 lactate drug
sﬁbstance 6 is required, the LBHS89 lactate salt is treated with sodium hydroxide
in ethanol/water to liberate the LBH589 free base 5 followed by lactate salt
formation and delumping as described above.

All starting materials, reagents and solvents ﬁsed in the synthesis of
LBH589 lactate are tested accbrding to internal specifications or are purchased

from established suppliers against a cestificate of analysis.
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WHAT IS CLAIMED IS:

1. A method of preparing the lactate monohydrate salt of
N-hydroxy-3-[4-[[[2-(2-methy]-1H-indol-3-yl)ethylJamino]
methyllphenyl]-2E-2-propenamide comprising the steps of:

(a) suspending N-hydroxy-3-[4-[[[2-(2-methyl-1H-1ndol-
3-yDethyl]amino]methyl]phenyl}-2E-2-propenamide
free base monohydrate in acetone;

(b) adding lactic acid dropwise with stirring at ambient
temperature, wherein the lactic acid is present in an
equimolar amount;

(c) stirring the reaction mixture for a time sufficient to
cause precipitation of the lactate monohydrate salt; and

(d) cooling the reaction mixture.

2. The method of claim 1 further comprising the steps of:

(e) isolating the precipitated lactate monohydrate salt of
N-hydroxy-3-[4-[[[2-indo]-3-y])ethyl]aminojmethy]]
phenyl]-2E-2-propenamide;

(f) washing the salt with cold acetone; and

¢) drying the salt.

3. A method of preparing the anhydrous lactate salt of
N-hydroxy-3-[4-[[[2-(2-methy]-1H-indol-3-yl)ethylJamino]
methyljphenyl]-2E-2-propenamide comprising the steps of:

(a) providing a solution of lactic acid;

(b) suspending N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-

3-yDethyl]amino|methyl]phenyl]-2E-2-propenamide
free base in water;

(c) heating the suspension to an appropriate temperature;

(d) adding the solution of lactic acid to form a solution;

(e) seeding the solution with a suspension of the anliydrous
Jactate salt of N-hydroxy-3-[4-[[[2-(2-methyl-1H-in-
dol-3-yl)ethyl]amino]methyl]phenyl]-2E-2-propena-
mide;

(f) stirring the solution for a time;

(g) heating the solution to a second appropriate tempera-
ture;

(h) stirring the solution for a fime;

(i) cooling the solution; and

(3) stirring the solution for a time sufficient to precipitate
the anhydrous lactate salt of N-hydroxy-3-[4-{[[2-(2~
methyl-1IT-indol-3-yl)ethyl]amino]methyl]phenyl]-
2E-2-propenamide.
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4. The method of claim 3 further comprising the steps of:

(k) isolating the precipitated anhydrous lactate salt of
N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-y])ethyl]
amino]methyl]phenyl]-2E-2-propenamide;

(1) washing the salt with water; and

(m) drying the salt.

5. A method of preparing the anhydrous lactate salt of
N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-3-yl)ethylJamino]
methyl]phenyl]-2E-2-propenamide comprising the steps of:

(a) providing a solution of lactic acid;

(b) suspending N-hydroxy-3-[4-[[[2-(2-methyl-1H-indol-
3-yDethyllamino]methyl]phenyl]-2E-2-propenamide
free base in a 1:1 mixture of ethanol and water;

(¢) heating the suspension to an appropriate temperature;

(d) adding the solution of lactic acid to form a solution;

(e) cooling the solution;

() seeding the solution with anhydrous lactate salt of N-hy-
droxy-3-[4-[[[2-(2-methyl-1H-indol-3-yl)ethylJamino]
methyl|phenyl]-2E-2-propenamide;

(g) stirring the solution for a time;

(h) cooling the solution; and

(i) stirring the solution for a time sufficient to precipitate
the anhydrous lactate salt of N-hydroxy-3-[4-[[[2-(2-
methyl-1H-indol-3-yl)ethyljaminomethyl]phenyl]-
2E-2-propenamide.

6. The method of claim 5 further comprising the steps of:

(j) isolating the precipitated anhydrous lactate salt of N-hy-
droxy-3-[4-[[[2-(2-methyl-1H-indol-3-yl)ethyl Jamino]
methyl]phenyl]-2E-2-propenamide;

(k) washing the salt with water; and

(1) drying the salt.



