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Polymorphs

Field of the invention

The present invention relates to crystalline forms of the active phatmaceutical ingredient

vorinostat, processes for their preparation and their use in pharmaceutical compositions.

Background of the invention

The manufacturing process for many pharmaceuticals is hindered by the fact that the
otganic compound, which is the active ingredient, has handling difficulties duting the
manufacturing process and may impart undesirable properties to the final drug or dosage
form. In addition it can be difficult to control the polymotphic form of the active

pharmaceutical ingredient throughout the manufactuting process.

For pharmaceuticals in which the active ingredient can exist in mote than one polymotphic
form, it is particularly important to ensure that the manufactuting process for the active
ingredient affords a single, pure polymorph with a consistent level of polymorphic purity.
If the manufacturing process leads to a polymorph with varying degtees of polymotphic
purity and/ot where the process does not control polymorphic interconversion, serious
problems in dissolution and/ot bioavailability can result in the finished pharmaceutical

composition comprising the active ingtedient.

Votinostat, represented by structural formula (I) and chemically named as N-hydroxy-N'-
phenyl-octanediamide or suberoylanilide hydroxamic acid (SAHA), is 2 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 is marketed,
under the brand name Zolinza®, for the treatment of a type of skin cancet called cutaneous
T-cell lymphoma (CTCL). Vorinostat is approved to be used when the disease petsists, gets
worse, or comes back duting or after treatment with other medicines. Vorinostat has also
been used to treat Sézary’s disease and, in addition, possesses some activity against

recurrent glioblastoma multiforme.
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Votinostat was first described in US patent 5369108, but no polymotphic data was
mentioned. Five crystalline forms of vorinostat, designated fotms I to V tespectively, were
disclosed in documents US 2004/0122101 and WO 2006/127319. However, the five forms
disclosed in these documents suffer from several disadvantages which do not make them
ideal forms for pharmaceutical development. In particular, the disadvantages associated
with the prior art forms I to V include discolouration, polymotphic imputities and
instability. The prior att processes to prepare forms I to V, and in patticular form III,
suffer from the disadvantages of being inconsistent and difficult to teproduce, and they
produce polymorphically impure products. The prior art processes ate patticularly

inconvenient for large scale production.

If ctystalline forms are made with polymotphic imputities, this causes instability and it can
accelerate significant interconversion to another polymorphic form. Therefore it is crucial
to produce crystalline forms with very high polymorphic putity to avoid this

interconversion.

In view of the importance acquited by vorinostat for the treatment of cancer, there is a
great need for developing an alternative, relatively simple, economical and commetcially
feasible process for the synthesis of vorinostat ctystalline forms with commercially

acceptable yield, high polymorphic putity and polymotphic stability.

Object of the invention

Therefore an object of the present invention is to provide a new polymorphic form of
vorinostat, which is convenient to manufacture, and which has imptoved propetrties
suitable for formulation development and as a matketed phatmaceutical composition. An
additional objective is to improve existing processes to ptepare known polymorphs of

vorinostat and to improve the polymorphic purity of known polymorphs.
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Summary of the invention

The present inventors have sutprisingly developed a new polymotphic form of votinostat,
designated as form VI, with improved properties which citcumvent the problems

associated with the polymorphic forms reported in the priot att as described above.

The present inventors have also developed convenient processes for the preparation of
votinostat form III and novel vorinostat form VI under conditions which are very
teproducible and produce vorinostat form IIT and vorinostat form VI in very high

polymozrphic purity.

Therefore, in a first aspect of the present invention thete is ptovided a ctystalline vorinostat
form VI, characterised by an XRPD spectrum comprising three ot mote (pteferably four or
more, preferably five or more, preferably six or more, preferably seven or mote, preferably
eight or more, preferably nine or more, preferably ten or more, preferably twelve ot mote,
preferably fifteen or more, or preferably all seventeen) of the following degtees 26 peaks:
5.01, 7.50, 9.23, 9.92, 10.51, 12.46, 14.90, 17.32, 19.35, 19.86, 22.36, 23.85, 24.20, 24.74,

25.81, 26.93, 27.85 £ 0.2 degrees 20. Prefetably the crystalline vorinostat form VI according
to the first aspect of the present invention has an XRPD specttum substantially as shown

in Figure 1.

The crystalline vorinostat form VI according to the fitst aspect of the present invention
may be further characterised by a differential scanning calotimetry (DSC) trace with
endothermic peaks at about 148.2 + 2.0°C and about 163.5 = 2.0°C, preferably with
endothermic peaks at about 148.18 £ 2.0°C and about 163.46 * 2.0°C. Preferably the
crystalline vorinostat form VI according to the first aspect of the ptesent invention has a

DSC trace substantially as shown in Figure 2.

Preferably the crystalline vorinostat form VI according to the fitst aspect of the present

invention has a TGA trace substantially as shown in Figure 3.
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In a second aspect of the present invention there is provided a process for ptrepating
crystalline vorinostat form VI, comprising the steps of:

(2) mixing vorinostat, or a salt thereof, in an organic solvent and an aqueous solution
of ammonia; and

(b) isolating the vorinostat form VI from the mixture.

Preferably, the organic solvent is selected from an alcohol, a nitrile, an ester, a ketone, an

amide or mixtures thereof.

Preferably, the organic solvent is an alcohol, preferably a straight chain, branched ot cyclic
C; to Cy alcohol. More preferably, the alcohol is selected from methanol, isopropanol or

mixtures thereof.

Preferably, the organic solvent is a ketone, preferably selected from acetone, methyl ethyl

ketone, methyl isobutyl ketone, diethyl ketone ot mixtutes thereof.

Preferably, the organic solvent is an amide, preferably selected from N,N-

dimethylformamide, N,N-dimethylacetamide ot mixtures thereof.

Preferably, the organic solvent is an ester, preferably selected from ethyl acetate, methyl

acetate or mixtutes thereof.

Preferably, the organic solvent is a nitrile, preferably selected from acetonittile,

propionitrile or mixtures thereof.

Preferably, the concentration of the aqueous solution of ammonia used in the process of
the second aspect of the present invention is between 10 to 50% (w/w). More prefetably,

the concentration of the aqueous solution of ammonia is about 25% (w/w).

Preferably, the ratio of organic solvent : aqueous ammonia used in step (a) is from 5:1 to

3:1, preferably the ratio of organic solvent : aqueous ammonia used in step (a) is about 10:3.
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Preferably, for each gram of vorinostat about 30-50ml of solvent (otganic solvent and
aqueous ammonia together) are used in step (a), preferably about 35-50ml of solvent,

preferably about 39ml of solvent.

Preferably, in the process according to the second aspect of the present invention, the
mixture is heated to dissolve the vorinostat or its salt. Preferably, the mixture is heated

between 40 to 100°C, mote preferably at about 60°C.

Preferably, in the process according to the second aspect of the present invention, the
mixture is cooled before isolation of the vorinostat form VI. Preferably, the mixture is

cooled to between 5 to 30°C, mote preferably to about 25°C.

In a third aspect of the present invention thete is provided ctystalline vorinostat form VI,

as prepared by a process according to the second aspect of the present invention.

Preferably, the crystalline vorinostat form VI according to the first ot third aspect of the
present invention comprises less than 10% of votinostat in other polymotphic forms,
preferably less than 5%, more preferably less than 1%, even mote prefetably less than
0.5%, and most preferably less than 0.2%, preferably as measuted by XRPD ot DSC,
preferably as measured by XRPD.

In a fourth aspect of the present invention thete is provided ctystalline votinostat form VI,
comprising less than 10% of vorinostat in other polymortphic forms, preferably comptising
less than 5% of vorinostat in other polymorphic forms, mote preferably comptising less
than 1% of vorinostat in other polymorphic forms, even mote preferably comptising less
than 0.5% of vorinostat in other polymorphic forms, and most preferably comptising less
than 0.2% of vorinostat in other polymorphic forms, preferably as measuted by XRPD ot
DSC, preferably as measured by XRPD.

Preferably, the crystalline vorinostat form VI according to the first, thitd ot fourth aspect
of the present invention has a chemical purity of at least 95%, mote preferably at least 98%,
more preferably at least 99%, more preferably at least 99.5%, even more preferably at least

99.8%, and most preferably at least 99.9%, preferably as measured by HPLC.
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Preferably, the crystalline vorinostat form VI according to the fitst, third ot fourth aspect
of the present invention can be used to prepare other polymotphic forms of vorinostat,

including known polymorphic forms of votinostat such as form II1.

Preferably, the crystalline vorinostat form VI according to the first, third ot fourth aspect
of the present invention is suitable for use in medicine, preferably for treating cancer,

preferably for treating skin cancer, preferably for treating cutaneous T-cell lymphoma
(CTCL).

In a fifth aspect of the present invention there is provided a phatmaceutical composition,
comptising the crystalline vorinostat form VI according to the first, third or fourth aspect
of the present invention. Preferably, the pharmaceutical composition furthet comprises one
or mote pharmaceutically acceptable excipients. Preferably, the phatmaceutical
composition according to the fifth aspect of the present invention is suitable for treating
cancer, preferably for treating skin cancer, preferably for treating cutaneous T-cell

lymphoma (CTCL).

In a sixth aspect of the present invention there is provided the use of the crystalline
vorinostat form VI according to the first, third or fourth aspect of the ptresent invention or
the use of the pharmaceutical composition according to the fifth aspect of the present
invention, in the manufacture of a medicament for treating cancet. Preferably, the
medicament is for the treatment of skin cancer, mote preferably for the treatment of

cutaneous T-cell lymphoma (CTCL).

In a seventh aspect of the present invention there is provided a method of treating cancet,
comprising administeting to a patient in need theteof a therapeutically effective amount of
the crystalline vorinostat form VI according to the fitst, thitd or fourth aspect of the
present invention or a therapeutically effective amount of the phatmaceutical composition
according to the fifth aspect of the present invention. Preferably, the method is for the
treatment of skin cancer, more preferably for the treatment of cutaneous T-cell lymphoma

(CTCL). Preferably, the patient is a mammal, preferably a human.
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In an eighth aspect of the present invention there is provided a process for the preparation
of crystalline vorinostat form III, comprising:

(2) mixing vorinostat form VI in either ethanol or acetonittile, and aqueous ammonia
to form a slurry; and

(b) isolating the vorinostat form I1I formed.

As used herein throughout the specification and claims, the term “vorinostat form III”
refers to the vorinostat form III as described and characterised in US 2004/0122101 and
WO 2006/127319. Preferably the vorinostat form IIT is characterised by an XRPD
specttum comprising three or more (preferably four or more, preferably five or more,
preferably six or more, preferably seven or more, preferably eight ot more, preferably nine
ot mote, preferably ten or more, preferably twelve or mote, preferably fifteen or more,
pteferably twenty or more, or preferably all twenty-two) of the following degrees 260 peaks:
10.1,12.1, 13.8, 15.1, 17.7, 18.5, 18.8, 19.6, 20.2, 20.9, 21.7, 23.8, 24.5, 25.0, 25.4, 26.1, 26.8,
35.6, 37.1, 40.9, 42.4, 44.8 + 0.2 degrees 20, when measuted using a Siemens D500

Automated Powder Diffractometer equipped with a copper radiation source with a
wavelength of 1.54 A. Preferably the vorinostat form III is chatactetised by a differential
scanning calorimetry (DSC) trace with endothermic peaks at about 123.5°C + 2.0°C and
about 148.9°C £ 2.0°C, when measured using a Perkin Elmer insttument, over a
temperature range of from 50°C to 30°C above the obsetved melting temperature, at a

heating rate of 10°C/min, using a standard aluminium pan and cover as crucible.

Preferably, the concentration of the aqueous ammonia used in the process of the eighth
aspect of the present invention is between 10 to 50% (w/w). Mote preferably, the

concentration of the aqueous ammonia is about 25% (w/w).

Preferably, the ratio of ethanol or acetonitrile : aqueous ammonia used in step (a) is from
5:1 to 3:1, preferably the ratio of ethanol or acetonitrile : aqueous ammonia used in step (a)

is about 10:3.

Prefetably, for each gram of vorinostat about 10-30ml of solvent (otganic solvent and
aqueous ammonia together) are used in step (a), preferably about 10-25ml of solvent,

preferably about 19.5ml of solvent.
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Prefetably, the slurry is heated to dissolve the vorinostat, preferably the slurty is heated
between 40 to 100°C, mote preferably at about 60°C.

Preferably, the slutry is cooled before isolation of the votinostat form III, mote preferably

the slurry is cooled to between 5 to 30°C, most preferably to about 25°C.

In a ninth aspect of the present invention there is ptovided ctystalline vorinostat form III,

as prepared by a process according to the eighth aspect of the present invention.

Preferably, the crystalline vorinostat form III according to the ninth aspect of the present
invention comprises less than 2% of votinostat in othet polymotphic forms, preferably less
than 1%, more preferably less than 0.5%, even mote preferably less than 0.2%, and most
pteferably less than 0.1%, preferably as measured by XRPD or DSC, pteferably as
measured by XRPD.

In a tenth aspect of the present invention there is provided crystalline vorinostat form III,
comprising less than 2% of vorinostat in other polymorphic forms, preferably comprising
less than 1% of vorinostat in othet polymotphic forms, more preferably comprising less
than 0.5% of vorinostat in other polymorphic forms, even mote preferably comprising less
than 0.2% of votinostat in other polymorphic forms, and most preferably comptising less
than 0.1% of vorinostat in other polymorphic forms, preferably as measuted by XRPD or
DSC, preferably as measured by XRPD.

Preferably, the crystalline vorinostat form IIT according to the ninth ot tenth aspect of the
present invention has a chemical putity of at least 95%, mote pteferably at least 98%, more
preferably at least 99%, more preferably at least 99.5%, even more preferably at least

99.8%, and most preferably at least 99.9%, preferably as measured by HPLC.

Preferably, the crystalline vorinostat form III according to the ninth ot tenth aspect of the
present invention is suitable for use in medicine, preferably for treating cancet, preferably

for treating skin cancer, preferably for treating cutaneous T-cell lymphoma (CTCL).



10

15

20

25

WO 2010/061219 PCT/GB2009/051596

In an eleventh aspect of the present invention thete is provided a pharmaceutical
composition, comprising the crystalline votinostat form IIT according to the ninth ot tenth
aspect of the present invention. Preferably, the pharmaceutical composition further

comptises one ot more pharmaceutically acceptable excipients. Preferably, the

phatmaceutical composition according to the eleventh aspect of the present invention is .

suitable for treating cancer, preferably for treating skin cancer, preferably for treating
cutaneous T-cell lymphoma (CTCL).

In a twelfth aspect of the present invention there is provided the use of the crystalline
votinostat form IIT according to the ninth or tenth aspect of the present invention ot the
use of the pharmaceutical composition according to the eleventh aspect of the present
invention, in the manufacture of a medicament for treating cancer. Preferably, the
medicament is for the treatment of skin cancer, more preferably for the treatment of

cutaneous T-cell lymphoma (CTCL).

In a thitteenth aspect of the present invention thete is provided a method of treating
cancet, comptising administering to a patient in need theteof a therapeutically effective
amount of the crystalline vorinostat form IIT according to the ninth or tenth aspect of the
present invention or a therapeutically effective amount of the phatmaceutical composition
according to the eleventh aspect of the present invention. Preferably, the method is for the
treatment of skin cancet, more preferably for the treatment of cutaneous T-cell lymphoma

(CTCL). Preferably, the patient is a mammal, preferably a human.
Brief description of the accompanying figutes
Figure 1 shows an X-ray powder diffraction (XRPD) spectrum of vorinostat form VI.

Figure 2 shows a differential scanning calotimetry (DSC) trace of votinostat form VL.

Figure 3 shows a thermo-gtavimettic analysis (IGA) trace of votinostat form VL.
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Detailed description of the invention

As outlined above, the present invention provides a new crystalline form of vorinostat,
form VI, which is non-hygroscopic, polymorphically putre and stable and has beneficial

properties which avoid the problems associated with ptior att forms.

In addition, a new process has been developed for the prepatation of ctystalline vorinostat

form ITI, which can produce the form IIT in vety high polymorphic purity.

Preferred embodiments of the processes according to the present invention are described

below.

In a preferred embodiment of the process of the second aspect of the present invention,
vorinostat is mixed with one or more organic solvents and an aqueous ammonia solution
(~25% w/w). The resulting suspension is pteferably heated at about 60°C for about one
hour under stirring. Preferably, the clear treaction mixture is then cooled to about 25°C and
filtered. The crystalline vorinostat form VI obtained is prefetably dried at about 60°C under

vacuum until a constant weight is obtained.

Preferably, the organic solvent is selected from an alcohol, a nitrile, an ester, a ketone, an
amide or mixtures thereof. Preferably, the organic solvent is an alcohol, preferably a
straight chain, branched or cyclic C, to Cg alcohol. Mote pteferably, the alcohol is selected
from methanol, isopropanol or mixtures thereof. Preferably, the organic solvent is a
ketone, preferably selected from acetone, methyl ethyl ketone, methyl isobutyl ketone,
diethyl ketone or mixtures thereof. Preferably, the organic solvent is an amide, pteferably
selected from N,N-dimethylformamide, N,N-dimethylacetamide or mixtures thereof.
Preferably, the organic solvent is an ester, preferably selected from ethyl acetate, methyl
acetate ot mixtutes thereof. Preferably, the organic solvent is a nitrile, preferably selected

from acetonitrile, propionitrile or mixtures theteof.

The major advantages of this invention are the reproducible conditions of the process to

obtain the novel polymorph and the polymorphic putity and stability of the vorinostat
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form VL. The polymorphic form of the present invention also allows votinostat to be easily

purified and obtained in vety high chemical purity.

In addition, the present inventors have sutptisingly found that the novel crystalline
votinostat form VI can be conveniently used to prepate othet known crystalline forms of
votinostat, such as form III, and particulatly surprisingly, that the form III afforded is

characterised by a very high polymorphic putity.

A preferred process for the preparation of vorinostat form III comprises mixing vorinostat
form VI in ethanol (or acetonitrile) and aqueous ammonia, heating the slurry at about
60°C, cooling, and filtering the votinostat form III formed. The vorinostat form III is then

preferably dried to constant weight.

Preferably, the vorinostat form VI and form III obtained are dried until the moisture

content falls below about 1%, preferably to below about 0.5%.

The pharmaceutical composition according to the fifth and eleventh aspect of the present
invention can be a solution or a suspension, but is preferably a solid oral dosage form.
Prefetred oral dosage forms in accordance with the invention include tablets, capsules and
the like which, optionally, may be coated if desired. Tablets can be prepared by
conventional techniques, including direct compression, wet granulation and dry
granulation. Capsules are generally formed from a gelatine material and can include a

conventionally prepared granulate of excipients in accordance with the invention.

The pharmaceutical composition according to the ptesent invention typically comprises
one ot mote conventional phatmaceutically acceptable excipient(s) selected from the group
comprising a filler, a binder, a disintegrant, a lubricant and optionally further comptises at
least one excipient selected from colouting agents, adsotbents, surfactants, film-formets

and plasticizers.

If the solid pharmaceutical formulation is in the form of coated tablets, the coating may be
ptepated from at least one film-former such as hydroxypropyl methyl cellulose,

hydroxypropyl cellulose or methactylate polymers which optionally may contain at least
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one plasticizer such as polyethylene glycols, dibutyl sebacate, triethyl citrate, and other
pharmaceutical auxiliary substances conventional for film coatings, such as pigments and

fillers.

Prefetably, the pharmaceutical compositions accotding to the present invention are in unit
dosage form comprising vorinostat in an amount of from 1 mg to 500 mg, such that the

amount of votinostat administered is from 0.1 mg to 100 mg pet kg per day.

Preferably, the pharmaceutical compositions according to the fifth and eleventh aspect of
the present invention are for use in the treatment of cancet, preferably in the treatment of

skin cancer, and most preferably in the treatment of cutaneous T-cell lymphoma (CTCL).

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

by non-limiting examples.

Examples

Al XRPD analyses were cattied out on a Bruker D8 Advance instrument, equipped with a

coppet radiation soutce with a wavelength of 1.54 A.

All DSC analyses wete cartied out on a Perkin Elmer instrument, over a temperature range
of 25°C to 250°C, at a heating rate of 10°C/min, using a closed aluminium pan with a

pinhole as ctucible.

AI'TGA analyses were cattied out on a Perkin Elmer instrument, over a temperature tange

of 25°C to 250°C, at a heating rate of 10°C/min, using an open ceramic pan as crucible.

All Drift IR analyses were carried out on a Perkin Elmer instrument, at a temperature of

25°C, using KBt.

Example 1: Preparation of Crystalline Vorinostat Form VI

Votinostat (10g) was charged to a reaction flask containing methanol (300ml) and aqueous

ammonia (~25% w/w, 90ml) and the suspension was heated at 60°C for one hour under
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stirring. The resultant clear solution was cooled to 25°C and filtered to obtain a solid
product, which was dried at 60°C under vacuum until a constant weight was obtained.
Yield = 7.5¢g (75%)

Chemical purity 2 99.9% (as measuted by HPLC)

Example 2: Preparation of Crystalline Votinostat Form VI

Votinostat (10g) was charged to a reaction flask containing acetone (300ml) and aqueous
ammonia (~25% w/w, 90ml) and the suspension was heated at 60°C for one hout undet
stitring, The resultant clear solution was cooled to 25°C and filtered to obtain a solid
product, which was dried at 60°C under vacuum until a constant weight was obtained.
Yield = 8.1g (81%)

Chemical purity 2 99.9% (as measuted by HPLC)

Example 3: Preparation of Crystalline Votinostat Form VI

Votinostat (10g) was chatged to a reaction flask containing acetonitrile (300ml) and
aqueous ammonia (~25% w/w, 90ml) and the suspension was heated at 60°C fot one hour
under stirring. The resultant cleat solution was cooled to 25°C and filteted to obtain a solid
product, which was dtied at 60°C under vacuum until a constant weight was obtained.
Yield = 8.3g (83%)

Chemical purity = 99.9% (as measured by HPLC)

Example 4: Preparation of Crystalline Vorinostat Form VI

Votinostat (10g) was charged to a reaction flask containing ethyl acetate (300ml) and
aqueous ammonia (~25% w/w, 90ml) and the suspension was heated at 60°C for one hour
under stirring, The resultant cleat solution was cooled to 25°C and filtered to obtain a solid
product, which was dried at 60°C under vacuum until a constant weight was obtained.
Yield = 7.8g (78%)

Chemical purity 2 99.9% (as measured by HPLC)

Example 5: Preparation of Crystalline Votinostat Form VI

Votinostat (10g) was charged to a reaction flask containing N,N-dimethylformamide
(300ml) and aqueous ammonia (~25% w/w, 90ml) and the suspension was heated at 60°C

for one hour under stirring. The resultant clear solution was cooled to 25°C and filtered to
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obtain a solid product, which was dried at 60°C under vacuum until a constant weight was
obtained.

Yield = 7.9g (79%)

Chemical purity = 99.9% (as measured by HPL.C)

XRPD and DSC analysis data for the products obtained from examples 1 to 5 are shown in
Figures 1 and 2 respectively and confirmed that the products obtained were a novel

polymorph of vorinostat. TGA analysis data ate shown in Figure 3.

The novel polymorph obtained, crystalline form VI, was substantially pure polymorphically
with no levels of other forms detected (>99.7% polymorphically pure). Specifically, the
ctystalline form VI prepared was free from polymotphic forms I and IIT as confirmed by
Drift IR and free from polymorphic forms II, IV and V as confirmed by XRPD and DSC

data.

The crystalline form VI was also found to be vety stable polymorphically with no
convetsion over time to other polymorphs, when kept at a temperature of 40°C + 2°C and

a relative humidity of 75% & 5% fot 6 months.

Example 6: Preparation of Crystalline Vorinostat Form 111

Votinostat form VI (10g) was charged to a reaction flask containing ethanol (150ml) and
aqueous ammonia (~25% w/w, 45ml). The tesulting suspension was heated at 60°C for
one hour under stitring. The reaction mixture was cooled to 25°C and filtered. The solid
product was dried at 60°C under vacuum until a constant weight was obtained.

Yield = 6.2g (62%)

Chemical purity = 99.9% (as measured by HPLC)

Example 7: Preparation of Crystalline Vorinostat Form ITT

Votinostat form VI (10g) was charged to a reaction flask containing acetonitrile (150ml)
and aqueous ammonia (~25% w/w, 45ml). The resulting suspension was heated at 60°C
for one hour under stitring. The treaction mixture was cooled to 25°C and filtered. The

solid product was dried at 60°C undet vacuum until a constant weight was obtained.

Yield = 6.4g (64%)
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Chemical purity = 99.9% (as measutred by HPLC)

'H-NMR analysis of the products obtained from examples 6 and 7 indicated formation of
vorinostat. XRPD and DSC analysis data confirmed that the products obtained were
crystalline form III of votinostat, in accordance with the data disclosed in US

2004/0122101 and WO 2006/127319.

The samples of crystalline vorinostat form IIT prepated in examples 6 and 7 were found to
be substantially pure polymorphically with no levels of other forms detected (>99.7%
polymorphically pute), as confirmed by XRPD and DSC data.

The samples of crystalline votinostat form I1T prepared wete also found to be very stable
polymozrphically with no convetsion over time to other polymorphs, when kept at a

temperature of 40°C + 2°C and a telative humidity of 75% =+ 5% for 6 months.

It will be understood that the present invention has been desctibed above by way of
example only. The examples atre not intended to limit the scope of the invention. Vatious
modifications and embodiments can be made without departing from the scope and spirit

of the invention, which is defined by the following claims only.
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Claims

1. Crystalline vorinostat form VI, charactetised by an XRPD specttum comptising
three of more of the following degtrees 20 peaks: 5.01, 7.50, 9.23, 9.92, 10.51, 12.46, 14.90,
17.32,19.35, 19.86, 22.36, 23.85, 24.20, 24.74, 25.81, 26.93, 27.85 + 0.2 degrees 26.

2. Crystalline vorinostat form VI according to claim 1, charactetised by a differential
scanning calorimetry (DSC) trace with endothermic peaks at about 148.2 + 2.0°C and
about 163.5 £ 2.0°C.

3. A process for preparing crystalline vorinostat form VI according to claim 1 ot 2,
comprising the steps of:

(2) mixing vorinostat, or a salt thereof, in an organic solvent and an aqueous solution
of ammonia; and

(b) isolating the vorinostat form VI from the mixtutre.

4, A process according to claim 3, wherein the organic solvent is selected from an

alcohol, a nitrile, an ester, a ketone, an amide or a mixtutre thetreof.

5. A process according to claim 4, wherein the otganic solvent is an alcohol.

6. A process according to claim 5, wherein the alcohol is a straight chain, branched ot

cyclic C; to C; alcohol.

7. A process according to claim 6, whetein the alcohol is selected from methanol,

isopropanol or a mixture thereof.

8. A process according to claim 4, wherein the organic solvent is a ketone.

9. A process according to claim 8, whetein the ketone is selected from acetone,

methyl ethyl ketone, methyl 1sobutyl ketone, diethyl ketone or a mixture theteof.

10. A process according to claim 4, wherein the organic solvent is an amide.
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11. A process according to claim 10, whetein the amide is selected from N,N-

dimethylformamide, N,N-dimethylacetamide ot a mixture thereof.

12. A process according to claim 4, wherein the otganic solvent is an ester.

13. A process according to claim 12, wherein the ester is selected from ethyl acetate,

methyl acetate or a mixture thetreof.

14. A process according to claim 4, whetein the organic solvent is a nitrile.

15. A process according to claim 14, whetein the nitrile is selected from acetonitrile,

propionitrile or a mixture theteof.

16. A process according to any one of claims 3 to 15, wherein the concentration of the

aqueous solution of ammonia is between 10 to 50% (w/w).

17. A process according to claim 16, whetein the concentration of the aqueous solution

of ammonia is about 25% (w/w).

18. A process according to any one of claims 3 to 17, whetein in step (a) the mixture is

heated to dissolve the vorinostat or its salt.

19. A process according to claim 18, wherein the mixture is heated between 40 to
100°C.

20. A process according to claim 19, whetein the mixtute is heated at about 60°C.

21. A process according to any one of claims 3 to 20, whetein the mixture is cooled

before isolation of the vorinostat form V1.

22. A process according to claim 21, whetein the mixture is cooled to between 5 to

30°C.
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23. A process according to claim 22, whetein the mixture is cooled to about 25°C.

24. Crystalline vorinostat form VI, as prepated by a process according to any one of

claims 3 to 23.

25. Crystalline vorinostat form VI, comprising:

(2) less than 10% of vorinostat in other polymorphic forms; ot
(b) less than 5% of vorinostat in other polymorphic forms; ot
(© less than 1% of vorinostat in other polymorphic forms; ot
(d) less than 0.5% of vorinostat in other polymorphic forms; ot
(e less than 0.2% of vorinostat in other polymorphic forms.

26. The crystalline vorinostat form VI according to any one of claims 1, 2, 24 ot 25, for

use in medicine.

27. A pharmaceutical composition, comprising the ctystalline votinostat form VI

according to any one of claims 1, 2, 24, 25 or 26.

28. The crystalline votinostat form VI according claim 26 or the pharmaceutical

composition according to claim 27, for treating cancet.

29. The crystalline vorinostat form VI or the pharmaceutical composition according to

claim 28, for treating skin cancet.

30. The crystalline vorinostat form VI or the pharmaceutical composition accotding to

claim 29, for treating cutaneous T-cell lymphoma (CTCL).

31. Use of the crystalline vorinostat form VI according claim 26 ot use of the
pharmaceutical composition according to claim 27, in the manufactute of a medicament for

treating cancet.
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32, The use according to claim 31, in the manufactute of a medicament for treating

skin cancer.

33. The use according to claim 32, in the manufactute of a medicament for treating

cutaneous T-cell lymphoma (CTCL).
34. A method of treating cancer, comptising administeting to a patient in need thereof
a therapeutically effective amount of the ctystalline vorinostat form VI according claim 26

ot the pharmaceutical composition according to claim 27.

35, A method according to claim 34, wherein the method is for the treatment of skin

cafncetr.

36. A method according to claim 35, wherein the method is for the treatment of

cutaneous T-cell lymphoma (CTCL).

37. A method according to any one of claims 34 to 36, wherein the patient is a

mammal.

38, A method according to claim 37, wherein the mammal is 2 human.

39. A process for the preparation of crystalline vorinostat form III, comprising:
(2) mixing vorinostat form VI in ethanol and aqueous ammonia; and

(b) isolating the vorinostat form IIT formed.
40. A process for the preparation of ctystalline vorinostat form III, comprising:
(a) mixing vorinostat form VI in acetonitrile and aqueous ammonia; and

() isolating the vorinostat form IIT formed.

41, A process according to claim 39 ot 40, wherein the mixture is heated between 40 to
100°C.

42. A process according to claim 41, whetein the mixture is heated at about 60°C.
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43. A process according to any one of claims 39 to 42, whetein the mixtute is cooled
before isolation of the votinostat form II1.
44, A process according to claim 43, whetein the mixture is cooled to between 5 to
30°C.
45, A process according to claim 44, wherein the mixture is cooled to about 25°C.,

46. Crystalline vorinostat form III, as prepated by a process according to any one of
claims 39 to 45.

47. Crystalline vorinostat form III, comprising:

(2) less than 2% of vorinostat in othet polymotphic forms; or

) less than 1% of vorinostat in othet polymotphic forms; or

(© less than 0.5% of votinostat in othet polymorphic forms; or

(d less than 0.2% of vorinostat in othet polymorphic forms; or

(e less than 0.1% of vorinostat in other polymorphic forms.

48, The ctystalline vorinostat form IIT accotding to claim 46 or 47, for use in medicine.
49. A pharmaceutical composition, comptising the crystalline vorinostat form III

according to any one of claims 46 to 48.

50. The ctystalline vorinostat form IIT according claim 48 or the pharmaceutical

composition according to claim 49, for treating cancer.

51. The crystalline votinostat form III or the pharmaceutical composition according to

claim 50, for treating skin cancer.

52. The crystalline votinostat form III or the pharmaceutical composition according to

claim 51, for treating cutaneous T-cell lymphoma (CTCL).
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53. Use of the crystalline vorinostat form IIT according claim 48 or use of the
pharmaceutical composition according to claim 49, in the manufacture of a2 medicament for

treating cancet.

54. The use accotding to claim 53, in the manufacture of a medicament for treating
skin cancet.
55. The use according to claim 54, in the manufacture of a medicament for treating

cutaneous T-cell lymphoma (CTCL).

56. A method of treating cancer, comprising administering to a patient in need thereof
a therapeutically effective amount of the crystalline votinostat form IIT according claim 48

or the pharmaceutical composition according to claim 49.

57. A method accotding to claim 56, wherein the method is for the treatment of skin

cancet.

58. A method accotding to claim 57, wherein the method is for the treatment of

cutaneous T-cell lymphoma (CTCL).

59. A method according to any one of claims 56 to 58, wherein the patient is a
mammal.
60, A method according to claim 59, wherein the mammal is 2 human.
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