Office de la Propriete Canadian CA 2740559 C 2016/02/16

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 740 559
Findustie Canada Industry Canadz 12) BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2009/10/14 (51) Cl.Int./Int.Cl. CO7C 259/06 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2010/04/22 (72) Inventeurs/Inventors:
- _ GORE, VINAYAK G., IN;
(45) Date de delivrance/lssue Date: 2016/02/16 PATIL. MADHUKAR'S.. IN:
(85) Entree phase nationale/National Entry: 2011/04/13 BHALERAO, RAHUL A.. IN:
(86) N° demande PCT/PCT Application No.: GB 2009/051376 MANDE, HEMANT M., IN;
MEKDE, SANDEEP G., IN
(87) N° publication PCT/PCT Publication No.: 2010/043904 ,
S (73) Proprietaire/Owner:
(30) Prioritée/Priority: 2008/10/15 (IN1746/KOL/2008) GENERICS [UK] LIMITED, GB
(74) Agent: OSLER, HOSKIN & HARCOURT LLP

(54) Titre : PROCEDE AMELIORE
(54) Title: IMPROVED PROCESS

(57) Abrege/Abstract:

The present invention relates to an improved process for the preparation of the active pharmaceutical ingredient vorinostat. In
particular it relates to a process for preparing vorinostat substantially free from impurities, involving suberic acid, aniline and
hydroxylamine as starting materials.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02740559 2011-04-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
22 April 2010 (22.04.2010)

(10) International Publication Number

WO 2010/043904 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

w0 2010/043904 A3 | /I RA 0100 A PRS0 AR AR

International Patent Classification:
CO07C 259/06 (2006.01)

International Application Number:
PCT/GB2009/051376

International Filing Date:
14 October 2009 (14.10.2009)

Filing Language: English
Publication Language: English
Priority Data:

1746/KOL/2008 15 October 2008 (15.10.2008) IN

Applicant (for all designated States except US):
GENERICS [UK] LIMITED [GB/GB]; Albany Gate,
Darkes Lane, Potters Bar, Hertfordshire EN6 1AG (GB).

Inventors; and

Inventors/Applicants (for US only): GORE, Vinayak,
G. [IN/IN]; Mylan India Private Limited, Plot 1 A/2,
M.L.D.C. Industrial Estate, Taloja, Panvel, District
Raigad, Maharashtra 410208 (IN). PATIL, Madhukar,
S. [IN/IN]; Mylan India Private Limited, Plot 1 A/2,
M.I.D.C. Industrial Estate, Taloja, Panvel, District
Raigad, Maharashtra 410208 (IN). BHALERAQO, Rahul,
A. [IN/IN]; Mylan India Private Limited, Plot 1 A/2,
M.L.D.C. Industrial Estate, Taloja, Panvel, District
Raigad, Maharashtra 410208 (IN). MANDE, Hemant,
M. [IN/IN]; Mylan India Private Limited, Plot 1 A/2,
M.I.D.C. Industrial Estate, Taloja, Panvel, District
Raigad, Maharashtra 410208 (IN). MEKDE, Sandeep,
G. [IN/IN]; Mylan India Private Limited, Plot 1 A/2,
M.L.D.C. Industrial Estate, Taloja, Panvel, District
Raigad, Maharashtra 410208 (IN).

(74)

(81)

(84)

Agents: ELEND, Almut et al.; Venner Shipley LLP, By-

ron House, Cambridge Business Park, Cowley Road,
Cambridge Cambridgeshire CB4 OWZ (GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

(83)

(534) Title: PROCESS FOR THE PREPARATION OF VORINOSTAT

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
16 September 2010

(57) Abstract: The present mvention relates to an improved process for the preparation of the active pharmaceutical ingredient
vorinostat. In particular it relates to a process for preparing vorinostat substantially free from impurities, involving suberic acid,
aniline and hydroxylamine as starting materials.




10

15

20

25

CA 02740559 2011-04-13

WO 2010/043904 PCT/GB2009/051376

21 -
Improved Process

Field of the invention

The present invention relates to an improved process for the preparation of the active
pharmaceutical mgredient vorinostat. In particular it relates to a process for preparing

vorinostat substantially free from impurities.
Background of the invention

Voriostat, represented by structural formula (I) and chemically named as N-hydroxy-N'-
phenyl-octanediamide or suberoylanilide hydroxamic acid (SAHA), 1s a member of a larger
class of compounds that inhibit histone deacetylases (HDAC). Histone deacetylase
inhibitors (HDI) have a broad spectrum of epigenetic activities and vorinostat 1s marketed,
under the brand name Zolinza®, for the treatment of a type of skin cancer called cutaneous
T-cell lymphoma (CTCL). Vorinostat 1s approved to be used when the disease persists, gets
worse, ot comes back during or after treatment with other medicines. Vorinostat has also
been used to treat Sézary’s disease and, 1n addition, possesses some activity against

recurrent glioblastoma multiforme.

H
AN _OH

o

(D

Vorinostat was first described in US patent 5369108, wherein four different synthetic

routes for the preparation of vorinostat are disclosed (Schemes 1 to 4).

The single step process illustrated 1n Scheme 1 involves coupling of the diacid chloride of
suberic acid with antline and hydroxylamine hydrochloride. However, the yield of this

reaction 1s only 15-30%.
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-
RT, 30 min P ) 1
(1)
Scheme 1

5 'The multistep process illustrated in Scheme 2 begins with the monomethyl ester of suberic
acld, which undergoes conversion to the corresponding acid chloride. Further coupling
with aniline gives the methyl ester of suberanilic acid. Hydrolysis of the ester and further
coupling with benzyl protected hydroxylamine gives benzyl protected vorinostat which on
deprotection gives vorinostat.
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O Cl
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H . H
N (CH,) OH © H,N-OBn, DCC, /N (CH,), NHOH
N \'r 6T pyridine, RT, overnight I/\ T T
/

Scheme 2

75 In addition to the disadvantage of being a five-step process with overall yields reported as

35-65%, this process suffers from further disadvantages such as the use of the expensive

monomethyl ester of suberic acid.
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Scheme 3

The two step process illustrated in Scheme 3 involves coupling of the diacid chloride of
suberic acid with aniline and O-benzyl hydroxylamine and then deprotection. However, the

overall yield of this reaction 1s only 20-35%.

X Cl (CH,), Cl
+ \"r \I( +  H,N—OTMS
-
NH, O O
(i) NEt,, CHCl,, (CH,), NHOH
RT, overmght O/ \“/ \”/

(11) deprotecﬁon

Scheme 4

The process illustrated in Scheme 4 1s similar to that illustrated in Scheme 3, with the
exception that O-trimethylsilyl hydroxylamme was wused instead of O-benzyl
hydroxylamine. The overall yield of this reaction 1s reported as 20-33%.

Another process for the preparation of vorinostat has been reported in J. Med. Chem.,
1995, vol. 38(8), pages 1411-1413. The treported process, illustrated in Scheme 5, begins
with the conversion of suberic acid to suberanilic acid by a high temperature melt reaction.

Suberanilic acid is further converted to the cotresponding methyl ester using Dowex resin
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and the methyl ester of suberanilic acid thus formed 1s converted to vorinostat by treatment
with hydroxylamine hydrochloride. However, this process employs high temperatures
(190°C) 1n the preparation of vorinostat which adds to the mnefficiency and high processing
costs on commercial scale. The high temperatures also increase the likelihood of impurities

5  being formed during manufacture and safety concerns. The overall yield reported was a

poot 35%.
H
HO\[‘r(CHZ)G\I.rOH l/\ 1900(:, /\/N (CHZ)() OH
i Omin | Y \ﬂ/
O O \/\NHZ \/ O O
H
MeOH, Dowex, N\”/ (CHy)g TOI\/IC
¢ ot
22 houts o !
ﬁ (CH NHOH
NH,OH.HCl, MeOH, e Ve \Ir 2)67]/
¢ ot
NaOMe, 26 houts l\/ O O (I)
10 Scheme 5

Another process for the preparation of vorinostat has been reported in OPPI Briefs, 2001,
vol. 33(4), pages 391-394. The reported process, illustrated in Scheme 6, involves
conversion of suberic acid to suberic anhydride, which on treatment with aniline gives
15 suberanilic acid. Coupling of this suberanilic acid with ethyl chloroformate gives a mixed
anhydride which upon treatment with hydroxylamine gives vorinostat in an overall yield of
58%. In the first step, there 1s competition between the formation of suberic anhydride and
the linear anhydride and consequently 1solation of pure suberic anhydride from the reaction
mixture 1s very difficult. This process step is also hindered by the formation of process
20  impurities and competitive reactions. In the second step, there 1s formation of dianilide by
reaction of two moles of aniline with the linear anhydride. In the third step, suberanilic acid
1s an inconvenient by-product as the suberanilic acid 1s converted to a mixed anhydride

with ethyl chloroformate, which 1s highly unstable and is converted back into suberanilic



CA 02740559 2011-04-13
WO 2010/043904 PCT/GB2009/051376

_5

acld. Consequently, 1t is very difficult to obtain pure vorinostat from the reaction mixture.

Although the reported yield was claimed to be 58%, when repeated a yield of only 38% was

obtained.

O (CH,),. _OH Q\
Ac, 0O, reflux, NH
— —— e < -
O O 1 Bt ~ THF, RT, 30 min
3 O

H H
X /N\H/(CHZ)(,TOH CLCO-OBt THA, X1 /N\”/(CHQ)()TO\H/OE‘I
|\/ O O THF, OOC, 10 min l\/ O O O
ﬁ (CH,) NHOH
NH,OH, MeOH, |/\/ \I( 6\n/
Scheme 6

A further process for the preparation of vorinostat has been reported in J. Med. Chem.,
10 2005, vol. 48(15), pages 5047-5051. The reported process, llustrated in Scheme 7, involves
conversion of monomethyl suberate to monomethyl suberanilic acid, followed by coupling
with hydroxylamine hydrochloride to afford vorinostat in an overall yield of 79%.

However, the process uses the expensive monomethyl ester of suberic acid as starting

material,

15
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H
“ - |
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Scheme 7
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In conclusion, the major disadvantages of the processes disclosed in the priotr art for the

preparation of vorinostat can be summarised as follows:

¢ The reaction schemes can involve lengthy process steps to obtain vorinostat and/or

are low yielding.

¢ The reagents used in the processes can be vety expensive and not cost effective for

commetcial manufacture.

e 'The product i1s obtained only after column chromatography or extensive purification
steps and this reduces the overall yield and puts severe restrictions on the feasibility of

the process for scale-up to commercial production.

e All the processes generally requite isolation and/or purification of reaction

intermediates.

In view of the importance acquired by vorinostat for the treatment of cancer, there 1s a
great need for developing an alternative, relatively simple, economical and commercially

feasible process for the synthests of vorinostat with commercially acceptable yield and high

purity.
The present inventors have sutprisingly found that vorinostat can be prepared with very

high purity employing a simple, efficient process starting with the readily available

precutsor subetic acid.

Object of the invention

It 1s therefore an object of the present invention to provide a simple, economical and
commercially feasible process for the synthesis of high purity vorinostat with commercially
acceptable yield.

Summartry of the invention

The term “votinostat” as used herein throughout the description and claims means

votinostat and/otr any salt, solvate ot polymorph thereof.
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For the purposes of the ptresent invention, a compound is “substantially pure” if it
comprises less than 1% mmpurity by HPLC, preferably less than 0.5%, preferably less than
0.3%, preterably less than 0.2%, preferably less than 0.1%.

The present invention provides an efficient and economical synthesis of vorinostat which is
high yielding and affotds the product with very high purity on a commercial scale, whilst
avolding the need for cumbersome purification techniques of the final product ot of any

synthetic intermediates.

A first aspect of the present invention provides a process for the preparation of vorinostat
comprising:
(a) reacting suberic acid with aniline, or a salt thereof, to form suberanilic acid; and

(b) teacting the suberanilic acid formed in step (a) with hydroxylamine, or a salt
thereof.

Preferably, the process according to the first aspect of the present invention comptises the
use of a coupling agent in step (a). Preferably, the coupling agent in step (a) is not 2
haloformate. Preferably, the coupling agent in step (a) is selected from a carbodiimide, a
1,1'-carbonyl compound, or a mixture thereof. Preferably, the coupling agent in step (a) is
selected from 1,3-dicyclohexylcarbodiimide (DCC); 1,1'-carbonyldiimidazole (CDI); 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (water soluble carbodiimide
hydrochloride, WSC.HCD); 1,3-ditsopropylcarbodiimide (DIC); or a mixture thereof.

Most preferably, the coupling agent in step (a) 1s a mixture of 1,3-dicyclohexylcarbodiimide
(DCC) and 1,1'-carbonyldiimidazole (CDI). Preferably, the mixture of CDI and DCC used
in step (a) 1s 0 a molar ratio range of 0.1:10 to 10:0.1 CDL:DCC, more preferably in a
molar ratio range of 1:5 to 5:1 CDL:DCC, even more preferably in a molar ratio range of

1:2 to 2:1 CDL:DCC, and most preferably in a molar ratio of about 1:1.6 CDL:DCC.

Preferably, the total amount of coupling agent used in step (a) with respect to the suberic
acid 1s between 1 to 5 molar equivalents, more preferably between 1 to 3 molar equivalents,
even more preferably between 1 to 1.5 molar equivalents, and most preferably is about 1.3

molar equivalents.
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Preferably, in a process according to the first aspect of the present invention, step (a) is
carried out 1 an organic solvent, preferably where the organic solvent is selected from
dimethylformamide (DMF), tetrahydrofuran (I'HF), dichloromethane (DCM), acetonitrile,
1,2-dichlorobenzene, ethanol or mixtutres thereof. Most preferably, the organic solvent

used 1n step (a) 1s THF.

Preferably, the total amount of aniline, or its salt, used in step (a) of the process of the first

aspect of the present invention, with respect to the suberic acid 1s about 1 molar equivalent.

Preferably, in a process according to the first aspect of the present invention, step (a) is
carried out at a temperature of between 10-60°C, more preferably at a tempetature of

between 15-40°C, and most preferably at a temperature of between 25-30°C.

Preferably, the process according to the first aspect of the present invention comptises the
use of a coupling agent in step (b). Preferably, the coupling agent in step (b) is not a
haloformate. Preferably, the coupling agent 1n step (b) 1s selected from a carbodiimide, a
1,1'-carbonyl compound, or a mixture thereof. Preferably, the coupling agent in step (b) is
selected from 1,3-dicyclohexylcarbodiimide (DCC); 1,1'-carbonyldiimidazole (CDI); 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (water soluble carbodiimide
hydrochloride, WSC.HCI); 1,3-diisopropylcarbodiimide (DIC); or a mixture thereof. Most
preferably, the coupling agent in step (b) is 1,1'-carbonyldiimidazole (CDI).

Preferably, the total amount of coupling agent used in step (b) with respect to the
suberanilic acid is between 1 to 5 molar equivalents, more preferably between 1 to 3 molatr

equivalents, and most preferably 1s about 2 molar equivalents.

Preferably, in a process according to the first aspect of the present invention, step (b) is
catried out in an organic solvent, preferably where the organic solvent is selected from
dimethylformamide (DMF), tetrahydrofuran (THF), dichloromethane (DCM), acetonittile,
1,2-dichlorobenzene, ethanol or mixtures thereof. Most preferably, the otganic solvent

used 1n step (b) 1s DMF.
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Preferably, in a process accotding to the first aspect of the present invention, in step (b),

~ hydroxylamine 1s used in the form of a salt, most preferably the hydrochloride salt.

Preferably, the total amount of hydroxylamine, oz its salt, used in step (b) of the process of
the first aspect of the present invention, with respect to the suberanilic acid is between 1 to
10 molar equivalents, more preferably between 1 to 6 molar equivalents, even more

preferably between 2 to 5 molar equivalents, and most preferably is about 4 molar

equivalents.

Preferably, in a process according to the first aspect of the present invention, step (b) is
carried out at a temperature of between 10-60°C, more preferably between 15-40°C, and

most preferably between 25-30°C.

Preferably, 1n a process according to the first aspect of the present invention, step (a) and
step (b) ate catried out in the same organic solvent; preferably selected from
dimethylformamide (DMF), tetrahydrofuran (IT'HF), dichloromethane (DCM), acetonitrile,
1,2-dichlorobenzene, ethanol, or a mixture thereof; more preferably selected from THEF,

DMF, or a mixture thereof.

Preferably, in a process accotrding to the first aspect of the present invention an activating
agent is used in step (a) and/or step (b). Preferably, the activating agent is selected from
cyanuric chloride, cyanuric fluoride, catecholborane, or a mixture thereof. The activating

agent 1s preferably used in combination with the coupling agent.

A second aspect of the present invention provides a process for the preparation of

vorinostat comprising:

(a) reacting suberic acid with hydroxylamine, or a salt thereof, to form N-hydroxy-7-
carboxy-heptanamide; and

(b")  reacting the N-hydroxy-7-carboxy-heptanamide formed in step (a') with aniline, or a

salt thereof.

Preferably, the process according to the second aspect of the present invention comprises

the use of a coupling agent in step (a'). Preferably, the coupling agent in step (a') is not a
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haloformate. Preferably, the coupling agent in step (a') 1s selected from a carbodiimide, a
1,1-carbonyl compound, or a mixture thereof. Preferably, the coupling agent in step (a') is
selected from 1,3-dicyclohexylcatbodiimide (DCC); 1,1'-carbonyldiimidazole (CDI); 1-
ethyl-3-(3-dimethylaminopropyl)catbodiimide hydrochloride (watet soluble carbodiimide
hydrochloride, WSC.HCI); 1,3-dusopropylcarbodiimide (DIC); or a mixture thereof. Most
preferably, the coupling agent in step (') 1s 1,1'-carbonyldiimidazole (CDI).

Preferably, the total amount of coupling agent used in step (a) with respect to the suberic
acid 1s between 1 to 5 molar equivalents, more preferably between 1 to 3 molar equivalents,
even mote preferably between 1 to 1.5 molar equivalents, and most preferably is about 1.3

molar equivalents.

Preferably, in a process according to the second aspect of the present invention, step (a') is
carried out in an organic solvent, preferably where the organic solvent is selected from
dimethylformamide (DMF), tetrahydrofuran (THF), dichloromethane (DCM), acetonittile,
1,2-dichlorobenzene, ethanol or mixtures thereof. Most preferably, the organic solvent

used 1n step (a') is DMF.

Preferably, in a process according to the second aspect of the present invention, in step (a'),

hydroxylamine 1s used 1n the form of a salt, most preferably the hydrochloride salt.

Preferably, the total amount of hydroxylamine, or its salt, used in step (a') of the process of
the second aspect of the present invention, with respect to the suberic acid is about 1 molar

equivalent.

Preferably, 1n a process according to the second aspect of the present invention, step (a') is
carried out at a tempetature of between 10-60°C, more preferably between 15-40°C, and
most preferably between 25-30°C.

Preferably, the process accotding to the second aspect of the present invention comptises
the use of a coupling agent in step (b'). Preferably, the coupling agent in step (b') is not a
haloformate. Preferably, the coupling agent in step (b)) 1s selected from a catbodiimide, a

1,1-carbonyl compound, or a mixture thereof. Preferably, the coupling agent in step (b') is
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selected from 1,3-dicyclohexylcarbodiimide (IDCC); 1,1'-catbonyldiimidazole (CDI); 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (watetr soluble catrbodiimide
hydrochloride, WSC.HCI); 1,3-dusopropylcarbodiimide (DIC); ot a mixture theteof.

Most pretferably, the coupling agent in step (b) 1s a2 mixture of 1,3-dicyclohexylcarbodiimide
(DCC) and 1,1'-carbonyldiimidazole (CDI). Preferably, the mixture of CDI and DCC used
in step (b') is in a molar ratio range of 0.1:10 to 10:0.1 CDI:DCC, mote preferably in a
molar ratio range of 1:5 to 5:1 CDLDCC, even more preferably in a molar ratio range of

1:2 to 2:1 CDLI:DCC, and most preferably in a molar ratio of about 1:1.6 CDI:DCC.

Preferably, the total amount of coupling agent used in step (b') with respect to the N-
hydroxy-7-catboxy-heptanamide is between 1 to 5 molar equivalents, more preferably
between 1 to 3 molar equivalents, even more preferably between 1 to 1.5 molar equivalents,

and most preferably 1s about 1.3 molar equivalents.

Preferably, in a process according to the second aspect of the present invention, step (b") is
cattied out 1 an organic solvent, preferably where the otganic solvent is selected from
dimethylformamide (DMF), tetrahydrofuran (THF), dichloromethane (DCM), acetonitrile,
1,2-dichlorobenzene, ethanol or mixtures thereof. Most prefetably, the otrganic solvent

used in step (b') 1s THF.

Preferably, the total amount of aniline, or its salt, used in step (b") of the process of the
second aspect of the present invention, with respect to the N-hydroxy-7-carboxy-
heptanamide 1s between 1 to 10 molar equivalents, more preferably between 1 to 6 molat

equivalents, and most preferably between 1 to 2 molar equivalents.

Preferably, in a process according to the second aspect of the present invention, step (b") is
carried out at a temperature of between 10-60°C, more preferably at a temperature of

between 15-40°C, and most preferably at a temperature of between 25-30°C.

Preferably, in a process according to the second aspect of the present invention, step (a')

and step (b') are carried out in the same otganic solvent; preferably selected from

dimethylformamide (DMF), tetrahydrofuran (I'HF), dichlotomethane (DCM), acetonitrile,
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1,2-dichlorobenzene, ethanol, or a mixture thereof; more preferably selected from THF,

DMF, or a mixture thereof.

Preferably, 1n a process according to the second aspect of the present invention an
activating agent is used i step (a') and/or step (b'). Preferably, the activating agent is
selected from cyanuric chloride, cyanuric fluoride, catecholborane, or a mixture theteof.

The activating agent 1s preferably used in combination with the coupling agent.

Preferably, the process according to the first or second aspect of the present invention is

carried out at a temperature of less than 170°C, preferably less than 130°C, preferably less
than 100°C, more preferably less than 70°C.

Preferably, any reaction intermediates of the process according to the first or second aspect
of the present mvention are not purified. Preferably, the process according to the first or

second aspect of the present invention is carried out without isolating any reaction

intermediates.

Preferably, the process according to the first ot second aspect of the present invention is

carried out without the use of chromatography.

Preterably, the process according to the first or second aspect of the present invention is

cartied out on an industrial scale, preferably to obtain vorinostat in batches of 100g, 500g,

lkg, 5kg, 10kg, 25ke or more.

Preferably, the vorinostat 1s obtained in a yield of 30% or more, preferably 40% ot mote,

preferably 45% or more, preferably 50% or more, from suberic acid.

Preferably, 1n a process according to the first or second aspect of the present invention,
vorinostat 1s obtained with an HPLC purity of motre than 99%, more preferably vorinostat
is obtained with an HPLC purity of more than 99.5%, even more preferably votinostat is
obtained with an HPLC purity of more than 99.8%, and most preferably vorinostat is
obtained with an HPLC putity of more than 99.9%.



10

/15

20

25

30

CA 02740559 2011-04-13

WO 2010/043904 PCT/GB2009/051376

~13 -

In a third aspect of the present invention, there is provided vorinostat as prepared

according to a process according to the first or second aspect of the present invention.

In a fourth aspect of the present invention, there is provided substantially putre vorinostat
as prepared according to a process according to the first or second aspect of the present

mnvention.

In a fifth aspect of the present invention, there 1s provided substantially pure vorinostat.

Preferably, the vorinostat according to the third, fourth or fifth aspects of the present
invention 1s suitable for use in medicine, preferably for treating cancer, preferably skin

cancet, more preferably cutaneous T-cell lymphoma (CTCL).

In a sixth aspect of the present invention, thete 1s provided a pharmaceutical composition
comptising the vorinostat according to the third, fourth or fifth aspects of the present
invention. Preferably, the pharmaceutical composition according to the sixth aspect of the
ptesent invention is suitable for treating cancer, preferably skin cancer, more preferably

cutaneous T-cell lymphoma (CTCL).

In a seventh aspect of the present invention, there is provided the use of the vorinostat
according to the third, fourth or fifth aspects of the present invention and the use of the
pharmaceutical composition according to the sixth aspect of the ptresent invention, in the
manufacture of a medicament for the treatment of cancer. Preferably the medicament is

suttable for the treatment of skin cancet, most preferably the treatment of cutaneous T-cell

lymphoma (CTCL).

In an eighth aspect of the present invention, thete is provided a method of treating cancet,
comprising administering to a patient in need thereof a therapeutically effective amount of
the votinostat according to the third, fourth or fifth aspects of the present invention ot a
therapeutically effective amount of the pharmaceutical composition according to the sixth
aspect of the present invention. Preferably, the method is for the treatment of skin cancet,
most preferably the treatment of cutaneous T-cell lymphoma (CTCL). Preferably, the

patient 1s 2 mammal, preferably a human.
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Detailed description of the invention

The present inventors have surprisingly found that vorinostat can be prepared with

commercially acceptable yield and purity employing an extremely convenient process

starting from suberic acid.

The present inventors explored the idea of reacting suberic acid directly and sequentially
with aniline and hydroxylamine, in either order. The present inventors found that this
ditect reaction was possible using coupling agents for selective activation of the carboxyl
functional groups in suberic acid. Surprisingly, the direct reactions were high yielding and

afforded intermediates and products with very high purity.

Subetanilic acid was prepared by the direct reaction of suberic acid and aniline, very
efficiently with good vyields and purity, using coupling agents such as 1,3-
dicyclohexylcarbodiimide =~ (DCC);  1,1'-carbonyldiimidazole  (CDI);  1-ethyl-3-(3-
dimethylaminopropyl)carboditmide  hydrochloride  (water  soluble  carbodiimide
hydrochlotide, WSC.HCI); 1,3-duisopropylcarbodiitmide (DIC); or a2 mixture thereof.

Surprisingly, it was found that the use of 1,3-dicyclohexylcarbodiimide (IDCC) and 1,1'-
carbonyldiimidazole (CDI) in combination for the coupling of suberic acid and aniline
controlled the formation of impurities to afford a very pure product and suberanilic acid

was obtained with high yield (60-65%) and very high purity (typically greater than 99.5% as
measured by HPLC).

In a second stage, 1nitial attempts to convert suberanilic acid to vorinostat by using prior art
methods such as teacting suberanilic acid with methyl chloroformate and hydroxylamine
atforded poor yields and high levels of mmpurities. Consequently, even with repeated

putification, the ICH controlled impurity profile for vorinostat could not be obtained.

However, the present inventors found that they could control impurity formation, in the

convetsion of suberanilic acid to vorinostat, by using coupling agents such as CDI, DCC,
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WSC.HCI or DIC to yield vorinostat with very high purity (typically greater than 99.5% as
measured by HPLC).

Therefore, 1n a preferred embodiment, the present inventors have found that subetanilic

5 acid can be reacted with commercially available hydroxylamine hydrochloride, using a

coupling agent such as CDI, 1n a polar solvent such as DMF or THF, to afford votinostat

having a purity of greater than 99.5%.

Preferably, the vorinostat prepared by the process according to the present invention can

70 be turther purified by crystallization from a suitable solvent or mixture of solvents.

A preferred embodiment of the first aspect of the present mnvention is illustrated in Scheme
8.

M
HOT(CHZ)GTOH O\NHZ N /N\[r (CHQ)GTOH
O O DL

DCC, CDI . O O

suberic acid suberantlic acid

H

N (CH?_)G NHOH
wonmac [N Y
-
P O O

/5 suberoylanilide hydroxamic acid (I)

Scheme 8

Optionally, an activating agent can be used in step (a) and/or step (b) to afford products
20  with high yields and purity. Preferably, the activating agent is selected from cyanuric
chloride, cyanuric fluotide, catecholborane, or a mixture thereof. The activating agent is

preferably used in combination with the coupling agent.
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A preferred embodiment of the process according to the first aspect of the present
invention comprises the following steps:

(V) taking a mixture of THF, CDI and DCC;

(11) adding suberic acid;

(1)  adding aniline in THF to the solution from step (ii);

(tv)  stirring at 25-30°C;

(V) filtering off the solid dicyclohexyl urea formed in the reaction;

(vi)  concentrating the filtrate in vacuo;

(vi)  adding a solution of KOH in watet;

(viit)  filtering off the solid by-product;

(1x)  heating the filtrate;

() adding aq. HCI;

(x1)  1solating suberanilic acid,;

(x11)  mixing the suberanilic acid and CDI in DMF;

(x111)  adding hydroxylamine hydrochloride as solid to the mixture from step (xii);
(xtv)  1solating vorinostat from the mixture obtained in step (xiii);

(xv)  adding acetonitrile and aq. ammonia to the vorinostat from step (xiv);

(xv1)  heating the mixture;

(xvil) cooling the mixture to 20-27°C; and

(xviit) 1solating pure vorinostat from the mixture obtained in step (xvii).

Preferably, by utilising the same organic solvent in steps (a) and (b), pure votinostat can be

obtained without isolation of any synthetic intermediate(s).

A preferred embodiment of the second aspect ot the present invention is illustrated in

Scheme 9.
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\"( \”/ NH,OH.HC, \[r T
—— -
O O DCC, CDI O O
suberic acid N-hydroxy-7-carboxy-heptanamide
H
O\ N._ ]/(CHZ)G\”/NHOH
NH,
- O O
DCC, CDI

suberoylanilide hydroxamic acid (I)

Scheme 9

The process according to the first or second aspect of the present invention is a vety shott,
efficient process for the production of substantially pure vorinostat with no requirement
for cumbersome purification techniques. Therefore the process of the present mnvention is

extremely suitable for commercial production of substantially pure vorinostat.

The pharmaceutical composition according to the sixth aspect of the ptesent invention can
be a solution or suspension, but is preferably a solid oral dosage form. Preferred oral
dosage forms in accordance with the mvention include tablets, capsules and the like which,
optionally, may be coated if desited. Tablets can be prepared by conventional techniques,
including ditect compression, wet granulation and dry granulation. Capsules are genetally

formed from a gelatine material and can include a conventionally prepared granulate of

excipients.

The pharmaceutical composition according to the present invention typically comprises
one or mote conventional pharmaceutically acceptable excipient(s) selected from the group
comptising a filler, a binder, a disintegrant, a lubricant and optionally further comprises at

least one excipient selected from colouring agents, adsorbents, sutfactants, film-formers

and plasticizers.

If the solid pharmaceutical formulation is in the form of coated tablets, the coating may be

ptepared from at least one film-former such as hydroxypropyl methyl cellulose,
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hydroxypropyl cellulose or methacrylate polymers which optionally may contain at least
one plasticizer such as polyethylene glycols, dibutyl sebacate, triethyl citrate, and other

pharmaceutical auxiliary substances conventional for film coatings, such as pigments, fillers

and others.

The details of the invention, its objects and advantages are illustrated below in greater detail

by non-limiting examples.

Example 1

Stage 1: Convetsion of suberic acid to suberanilic acid
A mixture of CDI (0.5eq) and DCC (0.8eq) 1n THF (15 vol) was stitred for 1 hour at 25-
30°C. Suberic acid (leq) and aniline (leq) in THF (1 vol) was added and the mixture stitred

for a further 16-20 hours. The solid by-product was temoved by filtration and the filtrate
was concentrated 1n vacuo at 50°C. The solid residue obtained was treated with a solution
of KOH (2eq) in water (10 vol) and stirred for 30 minutes at 25-30°C and any solid by-
product formed was removed by filtration. The filtrate obtained was heated at 60°C for 3-4
houts and cooled to 20°C before addition of an aqueous solution of HCI (17.5%, 3 vol).

The mixture was stitred for 30 minutes and the solid filtered, washed with water (2x5 vol)

and dried under vacuum at 60-65°C.
Molar Yield = 60-65%
Purity by HPL.C = 99.5%

Stage 2: Conversion of suberanilic acid to crude vorinostat

The suberanilic acid (leq) obtained in stage 1 was dissolved in DMF (5 vol) and CDI (2eq)
was added at 25-30°C and maintained for 30 minutes under stitting. Hydroxylamine
hydrochloride (4eq) was added and stitring continued for 30 minutes. Water (25 vol) was
then added and the mixture stirred for 2 hours. The precipitated solid was filtered, washed

with water (2x5 vol) and dried under vacuum at 50°C.
Molat Yield = 70-75%
Purity by HPL.C = 99%
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oe 3: Purification of ciude votinostat
Aqueous ammonia (2.5 vol) was added to the crude votinostat (leq) in acetonitrile (15 vol)
at 25-30°C. The mixtute was then maintained at 55-60°C for 1 hout before being cooled to
20-25°C and being stitted for a fusthet hout. The resulting solid was filteted, washed with
acetoniteile (2x0.5 vol) and dried under vacoum at 45-50°C for 5 houts.
Molar Yield = 55-60%

Purity by HPL.C = 99.8%

Example 2

Stage 1: Conversion of suberic acid to cinde votinostat

A mixtare of CDI (0.5eq) and DCC (0.8eq) in THF (15 vol) was stirted fot 1 hour at 25-
30°C. Suberic acid (leq) and hydroxylamine (leq) in THF (1 vol) was added and the
mixture stitred for a further 1 hour. Then CDI (0.5eq), DCC (0.8eq) and aniline (1eq) were
added to the mixture and the mixtore was stitred for a further 16-20 hours. The solid by-

product was tetnoved by filtration and the filtrate was concentrated in vacuo at 50°C to

obtain crude vorinostat.
Molar Yield = 55-60%
Purity by HPLC > 95.8%

> 2: Putificatio votinostat

Aqucous ammonia (2.5 vol) was added to the crude vorinostat (1eq) in acetonitrile (15 vol)
at 25-30°C. The mixture was then maintained at 55-60°C for 1 hour before being cooled to
20-25°C and being stirted for a futther hout. The tesulting solid was filtered, washed with
acetonitrile (2x0.5 vol) and dried under vacuum at 45-50°C for 5 houss.

Molar Yield = 35-40%

Purity by HPLC = 99.8%

It will be understood that the ptesent invention has been desctibed above by way of

example only. The examples are not intended to limit the scope of the invention.
The scope of the claims should not be limited by the preferred embodiments set
forth in the examples, but should be given the broadest interpretation consistent

with the Description as a whole.
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The embodimeénts of the present invention for which an exclusive property or privilege 1s

claimed are defined as follows:
1. A process for the preparation of vormostat comprising;
(a) reacting suberic acid with aniline, or a salt thereof, to form suberanilic acid; and

(b) reacting the suberanilic actd formed 1n step (a) with hydroxylamine, or a salt thereof;

wherein step (4) involves a coupling agent selected from the group consisting of a carbodumide,

1,1’-carbonyldiimidazole (CDI), and a mixture thereof.

2. A process according to claim 1, wherein the coupling agent in step (a) is selected from
the group consisting of 1,3-dicyclohexylcarbodiimide (IDCC); 1,1'-carbonyldumidazole (CDI); 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (WSC.HCI); 1,3-
dusopropylcarbodimide (DIC); and a muxture thereof.

3. A process according to claim 1 or 2, wherein the coupling agent in step (a) 1s a mixtute of

1,3-dicyclohexylcarbodiimide (DCC) and 1,1'-carbonyldiimidazole (CDI).

4. A process according to claim 3, wherein the mixture of CDI and DCC 1s in a molar ratio

range of 0.1:10 to 10:0.1 CDL:DCC.

5. A process according to claim 3 or 4, wherein the mixture of CDI and DCC 1s in a molar

ratio range of 1:5 to 5:1 CDI:DCC.

0. A process according to any one of claims 3 to 5, wherein the mixture of CDI and DCC 1s

in a2 molar ratio range of 1:2 to 2:1 CDL:DCC.

7. A process according to any one of claims 3 to 6, wheremn the mixture of CDI and DCC 1s

1n a molar fatio of about 1:1.6 CDI:DCC.

8. A process according to any one of claims 1 to 7, wherem the total amount of coupling

agent used in step (a) with respect to the suberic acid 1s between 1 to 5 molar equivalents.

9. A process according to any one of claims 1 to 8, wheren the total amount of couphng

agent used in step (a) with respect to the suberic acid 1s between 1 to 3 molar equivalents.

10. A process according to any one of claims 1 to 9, wherem the total amount of coupling

agent used 1n step (a) with respect to the suberic acid 1s between 1 to 1.5 molar equivalents.
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11. A process according to any one of claums 1 to 10, wherein the total amount of coupling

agent used in step (a) with respect to the suberic acid 1s about 1.3 molar equivalents.

12. A process according to any one of claims 1 to 11, wherein step (a) 1s cartied out in an

organic solvent.

13. A process according to any one of claims 1 to 11, wherein step (a) 1s carried out in an

organic solvent selected from the group consisting of dimethylformamide (DMF),
tetrahydrofuran (THF), dichloromethane (DCM), acetonitrile, 1,2-dichlorobenzene, ethanol, and

a mixture thereof.

14, A process according to any one of clauns 1 to 13, wherem step (a) is carried out in THI.

15. A process according to any one of claums 1 to 14, wherein step (a) 1s carried out at a

temperature of between 10-60°C.

16. A process according to any one of claims 1 to 15, wherein step () 1s carried out at a

temperature of between 15-40°C.

17. A process according to any one of claims 1 to 16, wherein step (a) 1s carried out at a

temperature of between 25-30°C.

18. A process according to any one of claims 1 to 17, wherein step (b) involves a coupling
agent.
19. A process according to any one of claims 1 to 17, wherein step (b) involves a coupling

agent selected from the group consisting of 1,3-dicyclohexylcarbodumide (DCC); 1,1'-
carbonyldiimidazole (CDI); 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(WSC.HCI); 1,5-dusopropylcarbodumide (DIC); and a mixture thereof.

20. A process according to any one of claims 1 to 17, wherem step (b) involves a coupling

agent, wherein the couphing agent 1s 1,1'-carbonyldumidazole (CDT).

21. A process according to any one of claims 18 to 20, wherein the total amount of couphng

agent used m step (b) with respect to the suberanmilic acid 1s between 1 to 5 molar equivalents.

22. A process according to any one of claims 18 to 21, wherein the total amount of coupling

agent used 1n step (b) with respect to the suberanilic acid 1s between 1 to 3 molar equivalents.
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23. A process according to any one of claims 18 to 22, wherein the total amount of coupling

agent used m step (b) with respect to the suberanlic actd 1s about 2 molar equivalents.

24. A process according to any one of claims 1 to 23, wherein step (b) is carried out 1 an

organic solvent.

25. A process according to any one of claims 1 to 23, whetein step (b) 1s carried out in an
organic solvent selected from the group consisting of dimethylformamide (DMF),

tetrahydrofuran (THF), dichloromethane (DCM), acetonitrile, 1,2-dichlorobenzene, ethanol, and

a mixture thereof.
20. A process according to any one of claums 1 to 25, wherein step (b) 1s carried out n DMFE.

27. A process according to any one of claims 1 to 26, wherein in step (b) hydroxylamine is

used in the form of a salt.

28. A process according to any one of claims 1 to 27, wherem 1 step (b) hydroxylamine is

used 1n the fo.fm of a hydrochlonide salt.

29. A process according to any one of claims 1 to 28, wherein the total amount ot
hydroxylamine, or its salt, used 1n step (b) with respect to the suberanilic acid 1s between 1 to 10

molar equivalents.

30. A process according to any one of claims 1 to 29, wherein the total amount of
hydroxylamuine, or its salt, used 1 step (b) with respect to the suberanilic acid 1s between 1 to 6

molar equivalents.

31. A process according to any one of claims 1 to 30, wherein the total amount of
hydroxylamine, or its salt, used in step (b) with respect to the suberanilic acid 1s between 2 to 5

molar equivalents.

32. A process according to any one of claims 1 to 31, wherein the total amount of
hydroxylamine, or its salt, used in step (b) with respect to the suberanilic acid 1s about 4 molar

equivalents.

33. A process according to any one of claims 1 to 32, wherein step (b) 1s carried out at a

temperature of between 10-60°C.
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34, A process according to any one of claims 1 to 33, wheremn step (b) 1s carried out at a
temperature of between 15-40°C.

35. A process according to any one of claims 1 to 34, wherem step (b) 1s carried out at a
temperature of between 25-30°C.

36. A process according to any one of claims 1 to 35, wherein step (a) and step (b) are
carried out 1n the same organic solvent.

37. A process according to any one of claims 1 to 36, wherein step (a) and step (b) are

carried out in the same organic solvent selected from the group consisting of dimethylformamaide

(DMFE), te "3113?drofuran (THF), dichloromethane (DCM), acetonitrile, 1,2-dichlorobenzene,

ethanol, and a mixture thereof.

38. A process according to any one of claims 1 to 37, wherein step (a) and step (b) are
carried out 1 the same organic solvent selected from the group consisting of THE, DMF, and 2

mixture thereof.

39. A process according to any one of claims 1 to 38, wherem an activating agent 1s used

step (a), step (b), or step (a) and step (b).

40. A process according to claim 39, wherein the activating agent 1s selected from the group

consisting of cyanuric chloride, cyanuric fluoride, catecholborane, and a mixture thereof.

41. A process for the preparation of vorinostat comprising:

(2') reacting suberic acid with hydroxylamine, or a salt thereof, to form N-hydroxy-7-

carboxy-heptanamide; and

(b") redcting the N-hydroxy-7-carboxy-heptanamide formed in step (2") with aniline, or a

salt thereof;

wherein step (a') mvolves a coupling agent selected from the group consisting of a

carbodmmide, 1,1’-carbonylditmidazole (CDI), and a mixture thercof.

42. A process according to claim 41, wherein the coupling agent in step (a') 1s selected from

the group consisting of 1,3-dicyclohexylcarboduimide (DCC); 1,1'-carbonyldumidazole (CDI); 1-
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cthyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (WSC.HCl); 1,5-

diisopropylcarbodiimide (DIC); and a mixture thereof.

43, A process according to claim 41 or 42, wherein the coupling agent in step (a') is 1,1
carbonyldumidazole (CDI).

44, A process according to any one of claims 41 to 43, wherein the total amount of coupling

agent used in step (a') with respect to the suberic acid is between 1 to 5 molar equivalents.

45. A process according to any one of claims 41 to 44, wherein the total amount of coupling

agent used in step (a') with respect to the suberic acid is between 1 to 3 molar equivalents.

46. A process according to any one of claims 41 to 45, wherein the total amount of couphing

agent used in step (2") with respect to the suberic acid is between 1 to 1.5 molar equivalents.

47. A process according to any one of claims 41 to 40, wherein the total amount of coupling

agent used in step (a') with respect to the suberic acid 1s about 1.3 molar equivalents.

48. A process according to any one of claims 41 to 47, wherein step (a) is cartied out in an

organic solvent.

49. A process according to any one of claims 41 to 47, wherein step (a') 1s catried out n an
organic solvent selected from the group consisting of dimethylformamide (DMF),
tetrahydrofuran (THF), dichloromethane (DCM), acetonutrile, 1,2-dichlorobenzene, ethanol, and

a mixture thereof.

50. A process according to any one of claims 41 to 49, wherein step (a') is cartied out in
DM,
51. A process according to any one of claims 41 to 50, wherein in step (a) hydroxylamine is

used in the form of a salt.

52. A process according to any one of claims 41 to 51, whetein in step (a) hydroxylamine is

used in the form of a hydrochlornide salt.

53. A process according to any one of claums 41 to 52, wherein the total amount of
hydroxylamine, or its salt, used in step (a') with respect to the suberic acid 1s about 1 molar

equivalent.
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54. A process according to any one of claims 41 to 53, wherein step (a') 1s carried out at a
temperature of between 10-60°C.
55. A process according to any one of claims 41 to 54, whetein step (a') 1s carried out at 2
temperature of between 15-40°C.
56. A process according to any one of claims 41 to 55, wherein step (a') 1s carried out at a
temperature of between 25-30°C,
57. A process according to any one of claims 41 to 56, wherein step (b') involves a coupling
agent.
58. A process according to any one of claims 41 to 56, wherein step (b') mnvolves a coupling

agent selected from the group consisting of 1,3-dicyclohexylcarbodiimide (DCC); 1,1'-
carbonyldiimidazole (CDI); 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(WSC.HCI); 1,3-dusopropylcarbodiimide (DIC); and a mixture thereof.

59. A process according to any one of clauns 41 to 56, wherein step (b') involves a coupling
agent, whetein the coupling agent 1s a mixture of 1,3-dicyclohexylcarboditmide (DCC) and 1,1'-
carbonyldiimidazole (CDI).

60. A process according to clatm 59, wherein the muxture of CDI and DCC 1s in 2 molat

rat1o range of 0.1:10 to 10:0.1 CDIL:DCC.

61. A process according to claim 59 or 60, wherein the mixture of CDI and DCC1s1mn a
molar ratio range of 1:5 to 5:1 CDI:DCC.

62. A process according to any one of claims 59 to 61, wherein the mixture of CDI and

DCC 1s 1n a molar ratio range of 1:2 to 2:1 CDI:DCC.

(3. A process according to any one of claims 59 to 62, wherein the mixture of CDI and

DCC 1s in a molar ratio of about 1:1.6 CDI:DCC.

64. A process according to any one of claums 57 to 63, wherein the total amount of coupling
agent used i step (b') with respect to the N-hydroxy-7-carboxy-heptanamide 1s between 1 to 5

molar equivz{lcnts.
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05. A process according to any one of claims 57 to 64, wherein the total amount of coupling
agent used in step (b') with respect to the N-hydroxy-7-carboxy-heptanamide is between 1 to 3

molar equivalents.

066. A process according to any one of claims 57 to 65, wherein the total amount of coupling
agent used 1n step (b') with respect to tlie N-hydroxy-7-carboxy-heptanamide 1s between 1 to 1.5

molar equivalents.

67, A process according to any one of claims 57 to 66, wherein the total amount of coupling
agent used 1n step (b') with respect to the N-hydroxy-7-carboxy-heptanamide 1s about 1.3 molar

equivalents.

68. A process according to any one of claims 41 to 67, wherein step (b') 1s carried out 1n an

organic solvent.

69. A process according to any one of claims 41 to 67, wherein step (b') 1s carried out 1n an
organic solvent selected from the group consisting of dimethylformamide (DMF),
tetrahydrofuran (THF), dichloromethane (DCM), acetonitrile, 1,2-dichlorobenzene, ethanol, and

a mixture thereof.

70. A process according to any one of claims 41 to 69, wherein step (b') 1s cartied out in
THF.
/1. A process according to any one of claimns 41 to 70, wherein step (b') 1s carried out at a

temperatufe of between 10-60°C.

72. A process according to any one of claims 41 to 71, wherein step (b') is carried out at a

temperatutre of between 15-40°C.

73. A process according to any one of claims 41 to 72, wherein step (b') is cartied out at a

temperature of between 25-30°C.

74. A process according to any one of claims 41 to 73, wherein step (a') and step (b} are

carried out in the same organic solvent.

75. A process according to any one of claims 41 to 74, wherein step (a') and step (b') are

carried out in the same organic solvent selected from the group consisting of dimethylformamide
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(DMF), tetrahydrofuran (THF), dichloromethane (IDCM), acetonitrile, 1,2-dichlorobenzene,

ethanol, and a mixture thereof.

70. A process according to any one of claims 41 to 75, whertein step (a') and step (b') are

carried out in the same organic solvent selected from the group consisting of THF, DMF, and a

muixture thereof.

77. A process according to any one of claims 41 to 76, wherein an activating agent 1s used in

step (a'), step (b"), ot step (a") and step (b").

78. A process according to claim 77, wherein the activating agent 1s selected from the group

consisting of cyanuric chloride, cyanuric fluoride, catecholborane, and a mixture thereof.

79. A process according to any one of claims 1 to 78, wherein vorinostat is obtained with an

HPLC purity of more than 99%.

30. A proéess according to any one of claims 1 to 79, wherein vorinostat 1s obtained with an

HPLC purnity of more than 99.5%.

31. A process according to any one of claims 1 to 80, wherein vorinostat 1s obtained with an

HPLC purity of more than 99.8%.
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