wo 2011/128699 A2 [ 0K 0O OO

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

Co o
1 rld Intellectual Property Organization 2 ey
(19) Work Ttellctual Propety Orsaniation 22 | VNN RORU NN
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
20 October 2011 (20.10.2011) PCT WO 2011/128699 A2
(51) International Patent Classification: dustrial Estate, Taloja, Panvel, District Raigad, Maharash-
CO7D 403/06 (2006.01) tra 410208 (IN). BANSODE, Prakash Vishnu [IN/IN];
2 I ional Aoplication Number: c/o Mylan India Private Limited, Plot 1 A/2, M.L.D.C. In-
(21) International Application Number: dustrial Estate, Taloja, Panvel, District Raigad, Maharash-
PCT/GB2011/050752 tra 410208 (IN)
(22) International Filing Date: IS AEL2011 (15.04 2011y (74 Agents: ELEND, Almut et al; Venner Shipley LLP, By-
pri (15.04. ) ron House, Cambridge Business Park, Cowley Road,
(25) Filing Language: English Cambridge Cambridgeshire CB4 OWZ (GB).
(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
L. kind of national protection available). AE, AG, AL, AM,
(30) Priority Data: . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
1260/MUM/2010 16 April 2010 (16.04.2010) IN CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(71) Applicants (for all designated States except US): DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
GENERICS [UK] LIMITED [GB/GB]; Albany Gate, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
Darkes Lane, Potters Bar, Hertfordshire EN6 1AG (GB). KR, KZ, LA, LG, LK, IR, LS, LT, LU, LY, MA, MD,
MYLAN INDIA PRIVATE LIMITED [IN/IN]; Plot 1 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
A/2, M.LD.C. Industrial Estate, Taloja, Panvel, District NO, NZ, OM, PE, PG, P, PL, PT, RO, RS, RU, SC, SD,
Raigad, Maharashtra 410208 (IN). SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and . L
(75) Inventors/Applicants (for US only): GORE, Vinayak (84) Designated States (unless otherwise indicated, for every

Govind [IN/IN]; ¢/o Mylan India Private Limited, Plot 1
A/2, M.LD.C. Industrial Estate, Taloja, Panvel, District
Raigad, Maharashtra 410208 (IN). PATKAR,
Laxmikant Narahari [IN/IN]; ¢/o Mylan India Private
Limited, Plot 1 A/2, M.LD.C. Industrial Estate, Taloja,
Panvel, District Raigad, Maharashtra 410208 (IN).
CHOUDHARI, Bharati Pandit [IN/IN]; ¢/o Mylan India
Private Limited, Plot 1 A /2, M.LD.C. Industrial Estate,
Taloja, Panvel, District Raigad, Maharashtra 410208 (IN).
HUBLIKAR, Mahesh Gorakhnath [IN/IN]; ¢/o Mylan
India Private Limited, Plot 1 A/ 2, M.LD.C. Industrial
Estate, Taloja, Panvel, District Raigad, Maharashtra
410208 (IN). POKHARKAR, Kiran Shivaji [IN/IN]; ¢/
0 Mylan India Private Limited, Plot 1 A/2, M.LD.C. In-

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, 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, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: NOVEL PROCESS

(57) Abstract: The present invention relates to novel processes for the preparation of sunitinib and salts thereof, in particular
sunitinib (2S)-2-hydroxybutanedioate. The invention further relates to novel intermediates, their use in the preparation of sunitinib
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Novel Process
Field of the invention

The present invention relates to novel intermediates useful in the preparation of sunitinib
(VII) and salts thereof, in particular sunitinib L-malate (IV), to processes for preparing said
intermediates, sunitinib (VII) and its salts, and to sunitinib and its salts, in particular
sunitinib I-malate (IV), prepared using said processes. The invention also relates to

compositions comptising sunitinib (VII) or its pharmaceutically acceptable salts prepated
p p g p y p ptep

via said novel intermediates.
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Sunitinib is a multi-targeted receptor tyrosine kinase (RTK) inhibitor approved as the
malate salt by the FDA for the treatment of renal cell catcinoma (RCC) and imatinib-
resistant gastrointestinal stromal tumor (GIST). There is thus considerable interest in the

development of new processes for the preparation of sunitinib and its salts.

Background of the invention

There ate several processes disclosed in the ptior att for the preparation of sunitinib base
(VII) and its malate salt. These processes generally involve the condensation of a pyrrole
derivative and a 2-oxindole detivative in the presence of a base to form sunitinib free base

(VID). The free base (VII) is then converted into the malate salt by treating the free base
(VII) with malic acid.

(1) US 6573293, US 2006/0009510 and ]. Org. Chem., 2003, vol. 68(16), pages 6447-

6450 describe the condensation of an apptroptiate pyrrole derivative with a 2-
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oxindole derivative in the ptresence of pytrolidine or potassium hydroxide as a base

to afford sunitinib free base (VII).

WO 03/070725 and US 7119209 desctibe a three component condensation,
comprising reacting an approptiate pytrole detivative with a 2-oxindole detivative
and the additional step of reacting an amine with the pytrole substituted indolinone

to form sunitinib free base (VII).

US 7125905 and US 7435832 desctibe a process for the preparation of sunitinib

malate from sunitinib free base (VII) and malic acid.

Another approach for the preparation of sunitinib base (VII) is described in WO
2010/001167 whete N-|2-(diethylamino)ethyl]-2,4-dimethyl-1H-pyrrole-3-
catboxamide and 5-fluoro-3-formyl-2-oxindole ate condensed in the presence of an

acid catalyst.

An approach for the ditect preparation of sunitinib malate is desctibed in WO
2009/150523 and involves the condensation of the malic acid salt of N-[2-
(diethylamino)ethyl]-5-formyl-2,4-dimethyl-1H-pyrrole-3-carboxamide ~ and  5-
fluoto-2-oxindole (5-fluoro-1,3-dihydroindol-2-one) in the presence of an organic

amine.

There are also several patents and patent applications desctibing vatious approaches to

synthesizing the key pytrole derivatives disclosed above.

With the exception of WO 2009/150523, the above prior art processes involve the

isolation of sunitinib base (VII) before convetsion to a salt thereof. Howevet, the inventors

have found several drawbacks in working with sunitinib base (VII):

1)

Due to the low solubility profile of sunitinib base (VII) in a significant number of
typically used organic solvents, large amounts of solvent and high temperatures are
tequited for purification of the sunitinib base (VII). This is particulatly

disadvantageous on an industrial scale, whete the base (VII) may require several
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putification steps to meet the quality specifications trequited for human

consumption.

) Typically sunitinib base (VII) is a powder having a vety fine particle nature. This

5 makes processing such a powder difficult, patticularly on an industrial scale.

3) Conversion of sunitinib base (VII) to sunitinib malate involves the addition of a
solution comprising malic acid to the sunitinib base (VII). The aforementioned
problems of solubility of the base (VII) in commonly used solvents mean that the

10 initial reaction mass is a suspension. Sunitinib malate salt also has very poor
solubility in common solvents. However, compated to sunitinib base (VII), the
cottesponding malate salt is much easier to filter and is amenable to purification.
Thus the complete formation of the sunitinib malate salt duting this step is difficult

to judge due to the heterogeneous natute of the reaction mass during the reaction.

15
The ptior art processes all require the presence of a catbonyl group either on the pyrrole
detivative ot the oxindole derivative. Scheme 1 shows a generalised scheme for preparing
sunitinib malate according to the ptior art.
2
] NE F /
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N/\/ 2
H O
/ + N
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wherein one of R! and R? is CHO and the other is H
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20 H sunitinib free base (VII) H sunitinib acid salt (4)

Scheme 1
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The inventors have found that the use of pyrrole intermediates with these carbonyl groups

results in unteacted carbonyl pyrrole detivatives (VI) and (VIII) as contaminants.

O
Q A~ _-NEt
NEt N
g/\/ 2 H
/ \ / \ R-COOH
OHC N
OHC™ N (VD) H
H (VIID)

In view of the importance of pyrrole substituted indolinones such as sunitinib in the
treatment of cancer, there is a great need for developing an improved and commercially
feasible process for the preparation of sunitinib and its salts. In particular there is a need
for a process that results in pure sunitinib or a salt thetreof, in particular sunitinib malate,
without the presence of aldehyde contaminants (VI) and (VIII) or the need for a further
purification step. There is also a need for a one pot process that results in a sunitinib salt,
whetein sunitinib base (VII) does not need to be isolated separately. Any new process
should be advantageous in terms of cost and opetability in manufacturing, and result in

sunitinib or a salt thereof having high putity.

Summary of the invention

In otder to overcome the problems associated with the prior att, in particular handling
sunitinib base (VII) and prepating particulatly pute sunitinib salts such as sunitinib malate,
the inventors have found that when a sulphite intermediate (I) is reacted with 5-fluoro-2-
oxindole (II), or when a sulphite intermediate (Ila) is teacted with pytrole derivative (Ta),
preferably in the ptresence of an amine derived or ammonium detived salt, particulatly pure
sunitinib or a salt thereof comprising undetectable amounts of compounds (VI) and (VIIT)

is obtained.

Accotdingly, there is provided in a first aspect of the invention a process for prepating

sunitinib (VII) or a salt thereof comprising:

either reacting a pyrrole detivative (I)
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with 5-fluoro-2-oxindole (IT)
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wherein X is a suitable cation and nis 1, 2 or 3;

5 or reacting pytrole derivative (Ia)

Q
N/\/NEtz
H

[\

N ©

with a 5-fluoro-2-oxindole detivative (IIa)

HO ]
SO,

O

N
H
(ITa)

wherein X is a suitable cation and nis 1, 2 or 3.

10
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Scheme 2 shows a generalised scheme for preparing sunitinib or a salt thereof according to

the invention. Route A relates to prepating sunitinib acid addition salts by adding an amine

detived or ammonium derived salt of the acid to the reaction mixture. Route B relates to

the preparation of sunitinib acid addition salts by prepating sunitinib base (VII) and

15 subsequent in situ addition of the desired acid.
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Scheme 2

In a preferred embodiment of the first aspect of the invention, the inventors have found

that when sulphite intermediate (I) is reacted with 5-fluoto-2-oxindole (II), preferably in
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the presence of an amine derived or ammonium detived salt, particulatly pure sunitinib or a

salt thereof comprising undetectable amounts of compounds (VI) and (VIII) is obtained.

Accordingly, in a preferred embodiment of the first aspect of the invention, thete is
provided a process for preparing sunitinib (VII) ot a salt thereof comptising:

reacting a pyrrole derivative ()

_ 5 _
H +
HO /\ X"
N
so,, H
L. —1n
@

with 5-fluoro-2-oxindole (II)

F
T
N
H
(ID

wherein X is a suitable cation and n is 1, 2 or 3.

In preferred embodiments, a process for prepating an acid addition salt of sunitinib is
ptovided comprising adding an acid to the reaction mixture. The acid may comprise an
inorganic acid for example selected from the group comprising HCI, HBr, HNO,, H,PO,,
H,S0, and HCIO,. Alternatively the acid may comprise an organic acid, preferably the
organic moiety of the organic acid is a straight or branched chain, substituted or
unsubstituted alkyl, alkenyl, allyl, aryl or arylalkyl group, ot a heteroatom-substituted
straight or branched chain alkyl or atyl group. In particularly preferred embodiments, the
organic acid is selected from the group comprising sulfonic acids, mono-, di- and tri-
catboxylic acids. In particulatly preferred embodiments, the otganic acid is selected from
the group comprising acetic acid, formic acid, oxalic acid, D-malic acid, L-malic acid, DL-
malic acid, maleic acid, methane sulfonic acid, ethane sulfonic acid, p-toluene sulfonic acid,
salicylic acid, tartatic acid, citric acid, succinic acid and malonic acid. Preferably the acid is

L-malic acid and the resulting salt is sunitinib I.-malate Iv).
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Alternatively, in particularly preferred embodiments, acid addition salts of sunitinib may be
prepared by adding an amine detived ot ammonium detived salt of the acid to the reaction
mixture. In a preferred embodiment, the acid moiety is an inorganic acid for example
selected from the group comprising HCI, HBr, HNO,, H,PO,, H,SO, and HCIO,. In an
alternative embodiment, the acid moiety is an organic acid, preferably the organic moiety of
the organic acid is a straight or branched chain, substituted ot unsubstituted alkyl, alkenyl,
allyl, atyl or arylalkyl group, or a heteroatom-substituted straight or branched chain alkyl or
aryl group. In particulatly preferred embodiments, the otrganic acid is selected from the
group comptising sulfonic acids, mono-, di- and tri-carboxylic acids. In particulatly
preferred embodiments, the organic acid is selected from the group comptising acetic acid,
formic acid, oxalic acid, D-malic acid, I.-malic acid, DI.-malic acid, maleic acid, methane
sulfonic acid, ethane sulfonic acid, p-toluene sulfonic acid, salicylic acid, tartaric acid, citric

acid, succinic acid and malonic acid. Most advantageously the acid is L-malic acid.

Examples of organic acids, wherein the organic moiety of the organic acid is a straight or
branched chain, substituted or unsubstituted alkyl group, ate acetic acid, propionic acid,
oxalic acid, malonic acid, succinic acid, malic acid, tartaric acid, citric acid, methane sulfonic
acid, ethane sulfonic acid, trifluoroacetic acid, chloroacetic acid, glycine, pyruvic acid,
thioglycolic acid, histidine, phenylalanine and thioacetic acid. Examples of organic acids,
wherein the organic moiety of the organic acid is a straight or branched chain, substituted
ot unsubstituted alkenyl group, are maleic acid and fumatic acid. Examples of organic
acids, wherein the organic moiety of the organic acid is a straight or branched chain,
substituted or unsubstituted allyl group, are actylic acid and methactylic acid. Examples of
organic acids, wherein the organic moiety of the organic acid is a straight ot branched
chain, substituted or unsubstituted atyl group, are benzoic acid, p-toluene sulfonic acid,
salicylic acid, 3-pyridine-acetic acid and pyrazole-3-catboxylic acid. Examples of organic
acids, wherein the organic moiety of the organic acid is a straight ot branched chain,
substituted or unsubstituted arylalkyl group, are phenyl acetic acid and 4-hydroxy phenyl
acetic acid. Examples of organic acids, wherein the organic moiety of the organic acid is a
heteroatom-substituted straight or branched chain alkyl group, ate oxalic acid, malonic acid,
succinic acid, malic acid, tartaric acid, citric acid, trifluoroacetic acid, chloroacetic acid,
glycine, pyruvic acid, thioglycolic acid, histidine and phenylalanine. Examples of otganic

acids, wherein the organic moiety of the organic acid is a heteroatom-substituted straight or
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branched chain aryl group, are salicylic acid, 3-pyridine-acetic acid and pytazole-3-

carboxylic acid.

In particulatly preferred embodiments, when an amine detived or ammonium derived acid
addition salt is added to the reaction mixture, the amine or ammonium moiety is selected
from the group comprising primary amines and secondaty amines, ptreferably the amine or
ammonium moiety is selected from the group comprising cyclic amines, allyl amines,
atylalkyl amines, heteroalkyl amines, alkyl amines, alkenyl amines, alkynyl amines and aryl

amines.

Hxamples of primary amines are alkyl amines and atyl amines. Examples of secondaty
amines are dialkyl amines, alkyl aryl amines, diaryl amines and alkyl arylalkyl amines.
Examples of cyclic amines are pytrolidine and piperidine. Examples of arylalkyl amines are
alkyl atylalkyl amines such as N-methyl benzyl amine. Examples of heteroalkyl amines ate
2-amino-pyrrolidine and N,N-dimethyl ethylene diamine. Examples of alkyl amines are
ethyl amine, dimethyl amine, diethyl amine, dipropyl amine, dibutyl amine and dicyclohexyl

amine.

In the most advantageous embodiments, the amine or ammonium derived acid addition
salt is a malate salt, preferably selected from the group comprising 2-(N,N-
diethylamino)ethyl ammonium malate, 2-(N,N-diethylamino)ethyl ammonium dimalate,
diammonium malate, dipyrrolidine malate, di-(n-propyl ammonium) malate, and di-

(diisopropyl ammonium) malate.

In a preferred embodiment according to the first aspect of the invention, X is a metal
cation, preferably an alkali metal or an alkaline earth metal cation. Advantageously the

metal cation is either sodium or potassium, most advantageously sodium.

In a preferred embodiment according to the first aspect of the invention, the sunitinib or
salt thereof is isolated. In particulatly preferred embodiments, the sunitinib or salt thereof
is further purified by recrystallisation from a C,-C; alcohol : water mixture, preferably the
C;-Cq alcohol : water mixture has a v/v ratio of about 4:1. Most prefetably the C,-C,

alcohol is n-butanol.
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In cettain preferred embodiments of a process according to the first aspect of the
invention, the reaction is cartied out at a temperature of between about 0°C to about 50°C,
prefetably at between about 20°C to about 40°C, most preferably at between about 25°C to
about 35°C.

In futther preferred embodiments of a process accotding to the first aspect of the
invention, the process is carried out in an organic solvent system, preferably the organic
solvent system comprises acetonitrile and methanol. Advantageously the v/v ratio of
acetonitrile : methanol is from about 5:1 to about 1:5. Most advantageously the v/v ratio of

acetonitrile : methanol is about 3:2.

In futther advantageous embodiments according to the first aspect of the invention, the
teaction mixture has a pH of between 4.0 to 7.0, preferably between 4.0 to 6.0, most

preferably between 4.0 to 5.0.

A most preferred embodiment according to the first aspect of the invention provides a
process for preparing sunitinib malate comptising:

reacting a pytrole detivative (I)

_ . _
H +
HO / \ X?
N
so,
L -n
@

with 5-fluoro-2-oxindole (II)

F
T
N
H
a

in the presence of malic acid or an amine detived or ammonium detived malic acid

salt; and
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isolating the sunitinib malate;

wherein X is a suitable cation and nis 1, 2 or 3.

In this most preferred embodiment, prefetably the malic acid or malic acid salt used is I.-

malic acid ot an L-malic acid salt, such that the process provides sunitinib I.-malate (IV).

In this most preferred embodiment, pteferably the amine detived or ammonium detived
malic acid salt is selected from the group comptising 2-(N,N-diethylamino)ethyl
ammonium malate, 2-(N,N-diethylamino)ethyl ammonium dimalate, diammonium malate,
dipytrolidine malate, di-(n-propyl ammonium) malate, and di-(diisopropyl ammonium)
malate. Preferably the amine detived or ammonium derived malic acid salt is 2-(N,N-

diethylamino)ethyl ammonium dimalate.

In this most preferred embodiment, preferably X is sodium.

In this most preferred embodiment, preferably the sunitinib malate is further purified by

tectystallisation from a n-butanol : watet mixtute having a v/v ratio of about 4:1.

In this most preferred embodiment, preferably the temperature of the reaction is between
25°C to 35°C.

In this most preferred embodiment, preferably the process is catried out in an organic
solvent system comptising acetonitrile and methanol having a v/v ratio of acetonitrile :

methanol of about 3:2.

In this most preferred embodiment, ptefetably the pH of the teaction mixtute is between 4

to 6.

In any process of the first aspect of the present invention, preferably the sunitinib or salt
thereof is obtained in a yield of 60% or more, preferably 70% or more, preferably 80% ot
more, from the pyrrole derivative (I) and/or the 5-fluoro-2-oxindole (IT), or from the

pyttole derivative (Ia) and/or the 5-fluoto-2-oxindole derivative (ITa).
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In any process of the first aspect of the present invention, preferably the sunitinib or salt
thereof is obtained on a commercial scale, prefetably in batches of 0.5kg or more, 1kg or

more, 10kg or more, 100kg or more, 500kg ot mote, or 1000kg or more.

A second aspect of the present invention provides sunitinib ot a salt thereof prepated by a
process according to the first aspect of the present invention, having a putity as determined
by HPLC of at least 97%, preferably at least 99%, preferably at least 99.5%, most
preferably at least 99.8%. In particulatly prefetred embodiments, the sunitinib salt is

sunitinib malate, preferably sunitinib L-malate (IV).

A third aspect of the present invention provides sunitinib ot a salt thereof comprising less
than 3% of compound (VI) and/or compound (VIII), pteferably less than 1%,
advantageously less than 0.1%, most advantageously less than 0.01%. In particularly

ptefetted embodiments, the sunitinib salt is sunitinib malate, preferably sunitinib I.-malate

(V).

Preferably the process according to the first aspect of the invention provides sunitinib or a
salt thereof having a polymorphic putity such that the presence of other polymorphic
forms is undetectable. Preferably the sunitinib or salt theteof accotrding to the second or
third aspect of the invention or prepared by a process accotding to the first aspect of the
invention has a polymotphic putity of at least 97%, preferably at least 99%, preferably at
least 99.5%, most preferably at least 99.8%, preferably as determined by XRPD. Preferably
the sunitinib free base (VII) is in polymotphic form I as defined in WO 2010/023473.
Preferably the sunitinib salt is sunitinib L-malate (IV) in polymorphic form I as defined in
US 7435832.

Preferably the sunitinib or salt thereof according to the second ot thitd aspect of the
invention or prepared by a process according to the first aspect of the invention is suitable
for use in medicine, preferably for treating a protein kinase mediated disorder, preferably
for treating a cell proliferative disorder, preferably for treating renal cell catcinoma (RCC)

or gastrointestinal stromal tumor (GIST).
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A fourth aspect of the present invention provides a pharmaceutical composition
comptising sunitinib or a salt thereof according to the second ot third aspect of the
invention or prepared by a process according to the fitst aspect of the invention, and one
or mote pharmaceutically acceptable excipients. Most preferably the sunitinib salt is
sunitinib malate, preferably sunitinib L-malate (IV). Prefetably the composition is for use in
the treatment of a protein kinase mediated disorder, in certain embodiments the disordet is
a cell proliferative disorder, and in further embodiments the disorder is one of renal cell

carcinoma (RCC) or gastrointestinal stromal tumor (GIST).

A fifth aspect of the present invention provides use of sunitinib ot a salt thereof according
to the second or third aspect of the invention ot prepated by a process according to the
first aspect of the invention, or use of a pharmaceutical composition according to the
fourth aspect of the invention, in the manufacture of a medicament for treating a protein
kinase mediated disorder. Preferably the medicament is suitable for treating a cell
proliferative disorder, preferably renal cell catcinoma (RCC) ot gastrointestinal stromal

tumor (GIST).

A sixth aspect of the present invention provides a method of treating a protein kinase
mediated disorder, comprising administering to a patient in need theteof a therapeutically
effective amount of sunitinib or a salt thereof accotding to the second or third aspect of
the invention or prepared by a process according to the first aspect of the invention, ot a
thetapeutically effective amount of a pharmaceutical composition according to the fourth
aspect of the invention. Preferably the method is suitable for treating a cell proliferative
disordet, preferably renal cell carcinoma (RCC) or gastrointestinal stromal tumor (GIST).

Preferably the patient is a mammal, preferably a human.

A seventh aspect of the invention provides a pyrrole detivative (I)

Q
E /\/N Et,
HO / \ Xn+

N
- H

SOy 1,

)
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wherein X is a suitable cation and nis 1, 2 or 3.

In a preferred embodiment according to the seventh aspect of the invention, X is a metal
cation, preferably an alkali metal or an alkaline earth metal cation. Advantageously the

5 metal cation is either sodium or potassium, most advantageously sodium.

Preferably the pyrrole derivative (I) has a putity as determined by HPLC of at least 97%,
preferably at least 99%, preferably at least 99.5%, most preferably at least 99.8%.

10 Preferably the pyrrole derivative (I) comprises less than 3% of compound (VI) and/or
compound (VII), preferably less than 1%, advantageously less than 0.1%, most
advantageously less than 0.01%.

An eighth aspect of the invention provides a process fot preparing a pyttole derivative (I):

Q
H +
o / \ Xt
N
so,” H
L -'n
/5 4y ,
whetein X is a suitable cation and n is 1, 2 or 3, the process comprising reacting
aldehyde (VI):
Q
N N NEt2
i
OHC™ ™ VD

H
with a bisulphite anion of formula HSO, .

20
In a preferred embodiment according to the eighth aspect of the invention, X is a metal
cation, preferably an alkali metal or an alkaline earth metal cation. Advantageously the

metal cation is either sodium or potassium, most advantageously sodium.
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Preferably the bisulphite anion is provided by mixing a metabisulphite salt in the reaction
mixture. Preferably the metabisulphite salt is a salt of an alkali metal or an alkaline earth
metal. Advantageously the salt is an alkali metal metabisulphite salt, preferably sodium or
potassium metabisulphite, most preferably the alkali metal metabisulphite is sodium

metabisulphite Na,S,O;.

Alternatively a bisulphite salt could be used, preferably an alkali metal or alkaline earth
metal bisulphite salt. Advantageously the salt is an alkali metal bisulphite salt, preferably
sodium ot potassium bisulphite, most preferably the alkali metal bisulphite is sodium
bisulphite NaHSO,,

Preferably the bisulphite anion is used in an amount of 1 to 5 equivalents, preferably 1 to 3

equivalents, relative to the aldehyde (VI).

In certain preferred embodiments of a process according to the eighth aspect of the

invention, the reaction occurs in an aqueous C,-C, alcohol solvent system. Preferably the

C,-C; alcohol is ethanol.

In further preferred embodiments, the reaction occuts at a temperature in the range of
-10°C to reflux of the alcohol. Most preferably the reaction occuts at a temperatute in the

range of 10°C to 30°C.

In further advantageous embodiments according to the eighth aspect of the invention, the
reaction mixture has a pH of between 4.0 to 7.0, pteferably between 4.0 to 6.0, most

preferably between 4.0 to 5.0.

In cettain preferred embodiments, the pyrrole detivative (I) is further isolated, preferably

by filtration.

In the process of the eighth aspect of the present invention, prefetably the pyrrole
detivative (I) is obtained in a yield of 60% or mote, preferably 70% ot mote, preferably

80% or more, from the aldehyde (VI).
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In the process of the eighth aspect of the present invention, preferably the pytrole
derivative (I) is obtained on a commercial scale, preferably in batches of 0.1kg or more,
0.5kg ot more, 1kg or more, 10kg or more, 100kg or more, 500kg ot mote, or 1000kg or

mote.

A ninth aspect of the invention provides a 5-fluoro-2-oxindole detivative (IT=)

SO,

HQO,

Xn+
O

N
H

(I1a)

wherein X is a suitable cation and nis 1, 2 or 3.

In a preferred embodiment according to the ninth aspect of the invention, X is a metal
cation, preferably an alkali metal or an alkaline earth metal cation. Advantageously the

metal cation is either sodium or potassium, most advantageously sodium.

Preferably the 5-fluoro-2-oxindole derivative (ITa) has a putity as determined by HPLC of
at least 97%, preferably at least 99%, preferably at least 99.5%, most preferably at least
99.8%.

A tenth aspect of the invention provides a process for prepating a 5-fluoro-2-oxindole

derivative (I1a):

Xﬁ+

TZ

(IIa)

3

wherein X is a suitable cation and n is 1, 2 or 3, the process comprising reacting

aldehyde (IIb):
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CHO

N
H
(IIb)

with a bisulphite anion of formula HSO, .

In a preferred embodiment according to the tenth aspect of the invention, X is a metal
cation, preferably an alkali metal or an alkaline eatth metal cation. Advantageously the

metal cation is either sodium or potassium, most advantageously sodium.

Preferably the bisulphite anion is provided by mixing a metabisulphite salt in the reaction
mixture. Preferably the metabisulphite salt is a salt of an alkali metal or an alkaline earth
metal. Advantageously the salt is an alkali metal metabisulphite salt, preferably sodium ot
potassium metabisulphite, most pteferably the alkali metal metabisulphite is sodium

metabisulphite Na,S,0;.

Alternatively a bisulphite salt could be used, preferably an alkali metal or alkaline eatth
metal bisulphite salt. Advantageously the salt is an alkali metal bisulphite salt, preferably
sodium or potassium bisulphite, most preferably the alkali metal bisulphite is sodium

bisulphite NaHSO,.

Prefetably the bisulphite anion is used in an amount of 1 to 5 equivalents, preferably 1 to 3

equivalents, relative to the aldehyde (IIb).

In cettain preferred embodiments of a process according to the tenth aspect of the
invention, the reaction occurs in an aqueous C;-C; alcohol solvent system. Preferably the

C,-C; alcohol is ethanol.

In further preferred embodiments, the reaction occurs at a temperature in the range of
~10°C to reflux of the alcohol. Most preferably the reaction occurs at a temperatute in the

range of 10°C to 30°C.
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In further advantageous embodiments according to the tenth aspect of the invention, the
reaction mixture has a pH of between 4.0 to 7.0, preferably between 4.0 to 6.0, most

preferably between 4.0 to 5.0.

In certain preferred embodiments, the 5-fluoro-2-oxindole detivative (Ila) is further

isolated, preferably by filtration.

In the process of the tenth aspect of the present invention, preferably the 5-fluoro-2-
oxindole derivative (Ila) is obtained in a yield of 60% ot mote, pteferably 70% or more,

preferably 80% or more, from the aldehyde (IIb).

In the process of the tenth aspect of the ptesent invention, preferably the 5-fluoro-2-
oxindole detivative ([Ia) is obtained on a commercial scale, preferably in batches of 0.1kg
ot more, 0.5kg or more, 1kg or more, 10kg or more, 100kg ot mote, 500kg or more, or

1000kg ot more.

Scheme 3 shows a generalised scheme for preparing sunitinib or a salt thereof via pyrrole
detivative (I) according to the invention. Route A telates to preparing sunitinib acid
addition salts by adding an amine detived ot ammonium detived salt of the acid to the
reaction mixture, in this case the acid moiety is a catboxylic acid. Route B relates to the
ptepatation of sunitinib acid addition salts by preparing sunitinib base (VII) and subsequent

in situ addition of the desired acid, in this case a catboxylic acid.
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sunitinib free base (VII) sunitinib catboxylate salt
Scheme 3

5 Brief description of the drawings

Figure 1 shows a XRP diffractogram of sunitinib L-malate (IV) in polymotphic form I as
disclosed in US 7435832. Sunitinib L-malate (IV) in polymorphic form I has an X-ray
diffraction pattern comprising peaks at 13.2, 19.4, 24.2 and 25.5 + 0.2 degtees 2-theta.

10 Preferably sunitinib L-malate (IV) in polymotphic form I has an X-ray diffraction pattern
comptising peaks at 13.2, 19.4, 21.3, 22.1, 24.2 and 25.5 + 0.2 degrees 2-theta.
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Figute 2 shows a differential scanning calotimetry (DSC) trace of sunitinib I.-malate (IV) in
polymotphic form I as disclosed in US 7435832. Sunitinib I-malate (IV) in polymorphic
form I has an endothermic peak at about 198°C + 2°C, when a rate of heating of

10°C/min is used.

Figure 3 shows a XRP diffractogram of sunitinib free base (VII) in polymorphic form I as
disclosed in WO 2010/023473. Sunitinib free base (VIL) in polymorphic form T has an X-
ray diffraction pattern comprising peaks at 4.48 and 8.88 £ 0.2 degtees 2-theta. Preferably
sunitinib free base (VII) in polymorphic form I has an X-tay diffraction pattetn comprising
peaks at 4.48, 7.07, 8.88, 10.57, 11.38, 12.78, 13.51, 14.95, 16.41, 18.86, 19.61, 20.58, 21.59,
22.53, 22.87, 23.09, 25.68, 27.22, 28.07, 29.19, 32.61, 34.09, 36.00, 41.93 and 44.00 + 0.2
degrees 2-theta.

Figute 4 shows a differential scanning calorimetty (DSC) trace of sunitinib free base (VII)
in polymorphic form I as disclosed in WO 2010/023473. Sunitinib free base (VII) in
polymorphic form I has an endothermic peak at about 244°C + 2°C, when a rate of
heating of 10°C/min is used.

Detailed description of the invention

For the purposes of the present invention, an “alkyl” group is defined as a monovalent
saturated hydrocarbon, which may be straight-chained or branched, or be or include cyclic
groups. An alkyl group may optionally include one ot more heteroatoms N, O or S in its
catbon skeleton. Examples of alkyl groups are methyl, ethyl, #-propyl, i-propyl, #-butyl, i
butyl, ~butyl and #-pentyl groups. Preferably an alkyl group is straight-chained or branched,
and does not include any heteroatoms in its catbon skeleton. Preferably an alkyl group is a
C-Cy, alkyl group, preferably a C-C; alkyl group. An “alkylene” group is similarly defined
as a divalent alkyl group.

An “alkenyl” group is defined as a monovalent hydrocatbon, which comprises at least one
carbon-catbon double bond, which may be straight-chained or branched, or be or include
cyclic groups. An alkenyl group may optionally include one or more heteroatoms N, O or S

in its catbon skeleton. Examples of alkenyl groups ate vinyl, allyl, but-1-enyl and but-2-enyl
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groups. Preferably an alkenyl group is straight-chained or branched, and does not include
any heteroatoms in its carbon skeleton. Preferably an alkenyl group is a C,-C,, alkenyl
group, preferably a C,-Cy alkenyl group. An “alkenylene” group is similatly defined as a

divalent alkenyl group.

An “alkynyl” group is defined as a monovalent hydrocatbon, which comprises at least one
carbon-carbon triple bond, which may be straight-chained or branched, or be or include
cyclic groups. An alkynyl group may optionally include one ot more heteroatoms N, O or S
in its carbon skeleton. Examples of alkynyl groups atre ethynyl, propatgyl, but-1-ynyl and
but-2-ynyl groups. Preferably an alkynyl group is straight-chained or branched, and does
not include any heteroatoms in its carbon skeleton. Preferably an alkynyl group is a C,-C,,
alkynyl group, preferably a C,-C; alkynyl group. An “alkynylene” group is similarly defined
as a divalent alkynyl group.

An “aryl” group is defined as a monovalent aromatic hydrocatbon. An aryl group may
optionally include one or more heteroatoms N, O ot S in its catbon skeleton. Examples of
atyl groups are phenyl, naphthyl, anthracenyl and phenanthtenyl groups. Preferably an aryl
group does not include any heteroatoms in its catbon skeleton. Preferably an atyl group is a
C,-Cyy atyl group, preferably a Cy-C,, aryl group. An “atylene” group is similatly defined as
a divalent aryl group.

For the purposes of the present invention, a “heteroatom” is defined as N, O, S, F, Cl, Br

or I, preferably as N, O ot S.

For the putposes of the present invention, whetre a combination of groups is referred to as
one moiety, for example, arylalkyl, arylalkenyl, atylalkynyl, alkylaryl, alkenylaryl or
alkynylaryl, the last mentioned group contains the atom by which the moiety is attached to
the rest of the molecule. Preferably the groups, whete a combination of groups is referred
to as one moiety, comprise 4-18 carbon atoms. A typical example of an arylalkyl group is

benzyl.

For the purposes of this invention, an optionally substituted group may be substituted with
one ot mote of -F, -Cl, -Bz, -I, -CF,, -CCl;, -CBt,, -CIL,, -OH, -SH, -NH,, -CN, -NO,,
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-COOH, -R-O-R’; -R*-S-R’, -R*-SO-R’, -R*-SO,-R’, -R“-SO,-OR’, -R*O-SO,-R’,
-R™-SO,-NR"),, -R-NR’-SO,-R’, -R*O-SO,-OR’, -R*O-SO,-N(R"),, -R*NR’-SO,-OR’,
-R*-NR’-SO,-NR"),, -R“NR"), -R“N®R),", -R-PR", -R-SiR"), -R-CO-R’,
-R*-CO-OR’,  -R'O-CO-R’, -R*-CO-N(R’),, -R*-NR-CO-R’; -R*O-CO-OR’,
-R*O-CO-N{R"),, -R:-NR’-CO-OR’, -R*NR’-CO-N(R’),, -R*-CS-R’, -R*-CS-OR’,
-R*O-CS-R’,  -R*-CS-NR),, -R:-NR’-CS-R’, -R'O-CS-OR’, -R*O-CS-N(R’),,
-R*-NR'-CS-OR’, -R*-NR'-CS-N(R”), ot -R’, or a btidging substituent such as -O-, -S-,
-NR’- or -R™, or a n-bonded substituent such as =O, =S ot =NR’. In this context, -R*- is
independently a chemical bond, a C,-C,, alkylene, C,-C,, alkenylene ot C,-C,, alkynylene
group. -R” is independently hydrogen, unsubstituted C,-C; alkyl ot unsubstituted C,-C,,
aryl. Optional substituent(s) are not taken into account when calculating the total number
of carbon atoms in the parent group substituted with the optional substituent(s). Preferably
a substituted group comprises 1, 2 or 3 substituents, preferably 1 ot 2 substituents,

preferably 1 substituent.

Any optional substituent may be protected. Suitable protecting groups for protecting
optional substituents are known in the art, for example from “Protective Groups in
Organic Synthesis” by T.W. Gteene and P.G.M. Wuts (Wiley-Interscience, 3 edition,
1999).

As used herein the term “solvent system” should be taken to mean one of the following:

) a single organic solvent
) a combination of two or more organic solvents in various ptoportions
3) a combination of water and one or more organic solvents in vatious propottions

The inventors have found that utilising a novel sulphite pytrole detivative (I) in the
condensation reaction with a 2-oxindole, in particular 5-fluoro-2-oxindole (IT), provides an
alternative route to preparing pure sunitinib or a salt thereof, in particular sunitinib L-
malate (IV). Accordingly, there is provided in a fitst aspect of the invention a process for
preparing sunitinib or a salt thereof comptrising:

reacting a pytrole derivative (I)
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H +
Ho_  / \ X"
- i
N SO3 da
@

with 5-fluoro-2-oxindole (IT)

F
m O
N
H
(ID)

wherein X is a suitable cation and nis 1, 2 or 3.

In a preferred embodiment according to the first aspect of the invention, X is a metal
cation, preferably an alkali metal or an alkaline earth metal cation. Advantageously the

metal cation is either sodium ot potassium, most advantageously sodium.

In a preferred embodiment of a process according to the first aspect of the invention,
when an acid addition salt of sunitinib is prepated, the acid may be an inotrganic acid,
pteferably selected from the group comprising HCl, HBr, HNO,, H,PO,, H,SO, and
HCIO,. In an alternative embodiment, the acid is an otganic acid, preferably the organic
moiety of the organic acid is a sttaight ot branched chain, substituted or unsubstituted
alkyl, alkenyl, allyl, aryl or arylalkyl group, ot a hetetoatom-substituted straight or branched
chain alkyl or aryl group. In particulatly preferted embodiments, the organic acid is selected
from the group comprising sulfonic acids, mono-, di- and tri-carboxylic acids. In
patticularly preferred embodiments, the organic acid is selected from the group comprising
acetic acid, formic acid, oxalic acid, D-malic acid, I.-malic acid, DL-malic acid, maleic acid,
methane sulfonic acid, ethane sulfonic acid, p-toluene sulfonic acid, salicylic acid, tartaric

acid, citric acid, succinic acid and malonic acid.

The inventors have found that when an acid addition salt detived from an organic amine or
ammonium or derivatives thereof and an organic or inorganic acid is added to a reaction

mass containing pyrrole detivative (I) and 5-fluoro-2-oxindole detivative (II), the resulting
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cottesponding sunitinib salt is obtained wherein the salt moiety is obtained from the acid of
the initial organic amine or ammonium salt. The resulting sunitinib salt has surprisingly
high purity and high quantitative yield. The reaction requires relatively reduced reaction
times and most surprisingly the reaction can be cattied out ambient temperatures. This
aspect is not taught or even suggested in the prior att, which teaches reaction temperatures
of greater than about 70°C. The process of the invention utilising salts derived from
organic amines or ammonium and carboxylic acid detivatives results in a simpler, more cost
effective, one pot process for the prepatation of sunitinib salts, in particular sunitinib
malate. The process of the present invention may also be used to prepate sunitinib base
(VII) by simple condensation of pyrrole detivative (I) and 5-fluoro-2-oxindole detivative
(D). The base (VII) may then be utilised conventionally to prepare acid addition salts, such
as sunitinib L-malate (IV), by adding the desired acid, such as L-malic acid, to the reaction

mixture.

In a preferred embodiment of a process according to the first aspect of the invention,
when an acid addition salt of sunitinib is ptepared using an amine derived or ammonium
detived acid addition salt, the acid moiety may be an inorganic acid, preferably selected
from the group comprising HCI, HBr, HNO,, H,PO,, H,SO, and HCIO,. In an alternative
embodiment, the acid moiety is an otganic acid, prefetably the organic moiety of the
organic acid is a straight or branched chain, substituted or unsubstituted alkyl, alkenyl, allyl,
aryl ot arylalkyl group, ot a heteroatom-substituted straight ot branched chain alkyl or aryl
group. In particularly prefetred embodiments, the organic acid is selected from the group
comptising sulfonic acids, mono-, di- and tri-catboxylic acids. In patticulatly preferred
embodiments, the organic acid is selected from the group comprising acetic acid, formic
acid, oxalic acid, D-malic acid, I.-malic acid, DL-malic acid, maleic acid, methane sulfonic
acid, ethane sulfonic acid, p-toluene sulfonic acid, salicylic acid, tartatic acid, citric acid,

succinic acid and malonic acid.

In a pteferred embodiment of a process according to the first aspect of the invention,
when an acid addition salt of sunitinib is prepated using an amine detrived or ammonium
derived acid addition salt, the amine or ammonium molety is selected from the group
comptising primary amines and secondaty amines, pteferably the amine or ammonium

moiety is selected from the group comptising cyclic amines, allyl amines, arylalkyl amines,
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heteroalkyl amines, alkyl amines, alkenyl amines, alkynyl amines and aryl amines. Most
preferably the amine derived ot ammonium derived acid addition salt is a malate salt
selected from the group comprising 2-(N,N-diethylamino)ethyl ammonium malate, 2-
(N,N-diethylamino)ethyl ammonium dimalate, diammonium malate, dipytrolidine malate,
di-(n-propyl ammonium) malate, and di-(diisopropyl ammonium) malate. Most preferably
the amine detived ot ammonium derived malate salt is 2-(N,N-diethylamino)ethyl

ammonium dimalate.

The amine detived or ammonium detived salt of the acid can be prepared by simply mixing
the appropriate otganic amine or ammonia ot detivatives thereof and the approptiate acid
in a solvent system and isolating the resulting salt either by filtration or by evaporation of
the solvent system. The isolated salts were characterized by spectroscopic techniques to
confirm that salts were actually prepared and the solution was not just a physical mixtute of
the organic amine or ammonia ot detivatives thereof and the acid. The amine or
ammonium detived acid salts are most preferably prepated using equimolar stoichiometty
of the acid and the amine or ammonium moiety. Alternatively the acid and the amine or
ammonium moiety may be used in a ratio of from about 1:2 to about 2:1. The amine ot
ammonium moieties and the acid moieties are preferably combined in a C,-C, alcoholic
solvent. Most preferably the alcoholic solvents ate selected from the group comprising
methanol, ethanol, propanol, isopropanol, butanol, pentanol and mixtutes thereof. In
prefetred embodiments the reaction proceeds at a temperature of between about 10°C to
about 80°C, preferably between about 20°C to about 50°C, and most preferably between
about 25°C to about 35°C.

It should be noted that in the prepatation of the amine or ammonium detived acid salts the
different stoichiometry of the otganic amine or ammonium moieties and the acid moieties
results in the preparation of different salts. Fot example, 1 equivalent of 2-(N,N-
diethylamino)ethyl amine reacted with 1 equivalent of malic acid results in 2-(IN,N-
diethylamino)ethyl ammonium malate, whereas 2-(N,N-diethylamino)ethyl ammonium
dimalate is obtained when 1 equivalent of 2-(N,N-diethylamino)ethyl amine is reacted with

2 equivalents of malic acid.
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The inventors have also found that sunitinib and salts thereof prepared using pyrrole
detivative (I) do not comprise any detectable by-products normally associated with
sunitinib preparation, in particular compounds (VI) and (VIII):
Q ] NE
/\/ t2
NEt N
I}\I{/\/ 2 H
/ \ / \ R-COOH
OHC
OHC™ ™ (VI)
H (VIII)

The priot art processes all require the presence of a catbonyl group either on the pyrrole
detivative or the oxindole derivative. The inventors have found that use of pyrrole
intetmediates with these carbonyl groups results in unteacted carbonyl pyrrole detivatives
(V) and (VIII) as contaminants. The processes of the invention do not require these
carbonyl intermediates. Indeed the absence of formyl intetmediates (VI) and (VIII) was
confirmed by specttoscopic analysis (IR, 'H-NMR, HPLC) of the feaction mixture. The
compounds (VI) and (VII) were not detected at any point during the condensation

reaction of the sulphite pyrrole detivative (I) and the 5-fluoro-2-oxindole detivative (IT).

The preparation of sunitinib base (VII) ot sunitinib acid addition salts from the
cottesponding pyrrole detivative (I) is preferably achieved under the influence of an amine
detived or ammonium derived salt of the acid. This salt catalyses the condensation of the
pytrole derivative (I) and 5-fluoro-2-oxindole (IT) under acidic pH. Typically the pH of the
condensation reaction is between about 4.0-7.0, mote preferably between about 4.0-5.5. As
the pyrrole derivative (I) is prepared undet the same pH conditions as the condensation
reaction, the pytrole detivative (I) temains intact and does not tevert back to the

cottesponding aldehyde precutsor (VI) duting the reaction.

A most advantageous embodiment of the first aspect of the invention provides a process
for the preparation of sunitinib malate, preferably sunitinib L-malate (IV), comprising:

reacting a pyrrole detivative (I)
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H +
Ho_  / \ X"
B
B SO3 da
@

with 5-fluoro-2-oxindole (II)

F
mo
N
H
(ID)

in the presence of malic acid or an amine detived or ammonium derived malic acid

salt; and
tsolating the sunitinib malate, preferably sunitinib I.-malate (IV);
wherein X is a suitable cation and n is 1, 2 or 3.

In any process of the first aspect of the present invention, the tesulting sunitinib or salt
thereof may be isolated by any means available to the skilled person. The inventors have
found filtering the sunitinib or salt theteof to be patticulatly advantageous. The filtered
solid may then be washed with a solvent, preferably an organic solvent. The most
advantageous embodiments comprise washing with C,-C, aliphatic alcohols, such as

methanol or ethanol.

The washed or unwashed solid may then be allowed to dty ot pteferably is dried under
vacuum. The conditions for drying are easily obtainable by the skilled person, but the
inventors have found drying under vacuum at 55-60°C for between about 3 to 4 houts to

be particulatly advantageous.

If required the isolated sunitinib or salt thereof may be further purified by rectystallisation
from an organic solvent and/or watet. The inventots have found a mixture of a C,-C,

alcohol and water in a v/v ratio of between 1:4 to 4:1, preferably about 4:1, preferably
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whetein the C,-C alcohol is n-butanol, to be patticulatly advantageous in further purifying

the sunitinib or salt thereof,

A second aspect of the invention provides sunitinib or a salt theteof prepared by a process
accotding to the invention, having a purity as determined by HPLC of at least 97%,
preferably at least 99%, preferably at least 99.5%, most preferably at least 99.8%. Preferably

the sunitinib ot salt thereof does not comprise compound (V1) ot compound (VIII):

O
O /\/N Etz
NEt N
ﬁ/\/ 2 o
/ \ / \ R-COOH
OHC N
OHC N (VD) 3]
2 (VIIT)

It is interesting to note that when one equivalent each of the pyrrole derivative (I) was
treated with the L-malic acid salt of N,N-diethylethylenediamine, the cortesponding
expected malate salt could not be formed and isolated. However when 5-fluoto-2-oxindole
(IT) was added to the same reaction and the teaction continued, sunitinib I.-malate (IV) was

obtained.

Futther, when one equivalent each of the aldehyde compound (VI), sunitinib free base
(VII) and the L-malic acid salt of N,N-diethylethylenediamine were treacted together,
sunitinib L-malate (IV) was preferentially obtained. Similarly, when one equivalent of the
pytrole derivative (I), sunitinib free base (VII) and the L-malic acid salt of N,N-
diethylethylenediamine were reacted togethet, sunitinib L-malate (IV) was preferentially

obtained.

A fourth aspect of the present invention provides a phatmaceutical composition
comptising sunitinib or a salt thereof and one or more phatmaceutically acceptable
excipients. A pharmaceutically acceptable excipient refers to an inert substance added to a
phatmaceutical composition to further facilitate administration of a compound. Examples
of excipients without limitation include calcium carbonate, calcium phosphate, various

sugars and types of starch, cellulose detivatives, gelatin, vegetable oils and polyethylene

glycols.
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A seventh aspect of the invention provides a pytrole detivative (I)

_ o _
NEt
N/\/ 2
H +
HO /\ b
N
| SO; H

—n

)

wherein X is a suitable cation and nis 1, 2 or 3.

In a preferred embodiment according to the seventh aspect of the invention, the cation is a
metal cation, preferably an alkali metal or an alkaline earth metal cation. Advantageously

the metal cation is either sodium or potassium, most advantageously sodium.

10 A particularly preferred aspect of the invention provides a process for prepating a pytrole

derivative (I):

_ 5 _
N/\/NEtz
H +
no_  J \ X
N
| so, H 1,
@

wherein X is a suitable cation and n is 1, 2 ot 3, the process comprising reacting
aldehyde (VI):
Q
EI AN NEt,

/ \
OHC N (VD
15 H

with a bisulphite anion of formula HSO, .

Preferably the bisulphite anion is provided by mixing a metabisulphite salt in the reaction

mixture. Preferably the metabisulphite salt is a salt of an alkali metal or an alkaline earth
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metal. Advantageously the salt is an alkali metal metabisulphite salt, preferably sodium or
potasstum metabisulphite, most preferably the alkali metal metabisulphite is sodium

metabisulphite Na,S,0Os.

Alternatively a bisulphite salt could be used, preferably an alkali metal or alkaline earth
metal bisulphite salt. Advantageously the salt is an alkali metal bisulphite salt, preferably
sodium or potassium bisulphite, most preferably the alkali metal bisulphite is sodium
bisulphite NaHSO,.

In certain preferred embodiments, the reaction occuts in an aqueous C,-C; alcohol solvent

system, preferably the C;-C; alcohol is ethanol.

In further preferred embodiments, the reaction occuts at a temperature in the range of

-10°C to reflux of the alcohol. Most preferably the reaction occuts at a temperatute in the

range of 10°C to 30°C.

In further advantageous embodiments, the reaction mixtute has a pH of between 4.0 to

7.0, preferably between 4.0 to 6.0, most preferably between 4.0 to 5.0.

The resulting pyrrole derivative (I) may be isolated by any means available to the skilled
petson. The inventors have found filtering the pyrrole derivative (I) to be patticulatly
advantageous. The filtered solid may then be washed with a solvent, preferably an organic
solvent. The most advantageous embodiments comprise washing with C,-C, aliphatic

alcohols, such as methanol or ethanol, and/or water.

The washed or unwashed solid may then be allowed to dry ot preferably is dtied under
vacuum. The conditions for drying are easily obtainable by the skilled petson, but the
inventors have found drying under vacuum at between about 30°C to 50°C, most
pteferably about 40°C, until no weight change is detected, preferably for between about 3

to 4 houts, to be particularly advantageous.

The details of the invention, its objects and advantages are explained heteunder in greater

detail in relation to non-limiting examples.
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Examples

The process of the invention will be illustrated by the preparation of sunitinib L-malate

(IV) and the preparation of sunitinib free base (VII).

Example 1: Preparation of 2-(N,N-diethylamino)ethyl ammonium I-malate
2-(N,N-Diethylamino)ethyl amine (2g, 1 equivalent) was added to methanol (10ml) at 25-
30°C under stitring, followed by the addition of L-malic acid (2.31g, 1 equivalent). A clear
solution was formed which progressively became turbid. After further stirring for 1 hour,
the methanol was removed under vacuum to afford a datk yellow oil.

Yield = 4.2g (97%)

'H-NMR (DMSO-dy): 0.98 (t, 6H), 2.27 (t, 1H), 2.30-2.54 (m, 7H), 2.83 (t, 2H), 3.86 (dd,
1H).

Example 2: Preparation of the sodium salt of pytrole detivative (I)
N-[2-(Diethylamino)ethyl]-5-formyl-2,4-dimethyl-1H-pytrole-3-catboxamide  (2g, 0.0075
mol) was added to ethanol (30ml, 15vol) under stitring and cooled to 10-15°C. A solution
of sodium bisulphite (2.1g, 0.0202mol) in water (4ml, 2vol) was added dropwise to the
above solution over a time period of 15 to 20 minutes, whilst maintaining the temperature
below 20°C. The temperatute of the reaction mixture was reduced and maintained at about
10°C and the reaction mixture was stitred for a further 1 to 2 hours. The resulting
precipitate was filtered and washed with ethanol (10ml, 5vol) followed by water (4ml, 2vol).
The solid obtained was then dried in a vacuum oven at 40°C to obtain the title compound.
Yield = 2.1g (79%)

IR (KBt, cm™): 3376 (N-H str.), 3298 (O-H str.) 2976 & 2943 (ali C-H str.), 1609 (C-O
str.), 1533, 1511, 1438, 1381, 1341, 1254, 1171, 1061, 1025, 980, etc.

'H-NMR (DMSO-d,): 2.04 (s, 3H, -CH,), 2.28 (s, 3H, -CH,), 2.50 (m, 6H, 2 x -CH,-CH,),
3.34 (m, 8H, 4 x -CH,-), 4.87 (d, 1H, >CH-OH), 5.52 (d, 1H, -OH, D,O exchangeable),
6.92 (s, 1H, >NH, D,O exchangeable), 10.07 (bs, 1H, >NH, D,O exchangeable).

Example 3: Preparation of sunitinib T.-malate (IV) using the sodium salt of pyrrole

derivative (I)
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The sodium salt of pyrrole derivative (I) (10g, 0.028mol), 5-fluoto-2-oxindole (IT) (4.3g,
0.028mol) and 2-(N,N-diethylamino)ethyl ammonium I-malate (10.5¢g, 0.042mol, 1.5
equivalent) were added to acetonitrile : methanol (60ml:40ml, 6vol:4vol) at 25-30°C. A clear
solution was obtained within 5 minutes. After stirring for 3 hours at 25-30°C, a yellow solid
progtessively precipitated out of the solution. The yellow solid was isolated by filtration,
washed with methanol (50ml, 5vol) and dtied under vacuum at 55-60°C for 3-4 houts.
Yield = 10g (67%)

Chemical Purity (HPLC) > 99%

Polymozphic Putity (XRPD) > 99% (other polymotphic forms below detection limit)

IR (KBt, cm™): 3326 (broad, N-H str.), 3231 (broad, O-H stt.), 3063, 2927, 1671 (>C=0
str.), 1654, 1636, 1577, 1475, etc.

'H-NMR (DMSO-dy): 1.12 (t, 6H, J=7.14Hz, 2 x -CH,-CH,), 2.36 (m, 2H, -CH,-COOH),
2.44 (s, 3H, -CH,), 2.46 (s, 3H, -CH,), 2.55 (m, 1H, -CHOH-COOH), 2.92 (m, 6H, 3 x
-CH,), 4.02 (m, 2H, -CH,-), 6.86 (m, 1H, vinyl proton), 6.94 (t, 1H, J=10.22Hz, aromatic
ortho position), 7.64 (bs, 1H, -CONH-, D,O exchangeable), 7.73 (s, 1H, atomatic ortho
position), 7.78 (d, 1H, J=9.42Hz, aromatic meta position), 10.92 (s, 1H, -CONH-, D,O
exchangeable), 13.73 (s, 1H, pyrrole -NH-, D,O exchangeable).

PC-NMR (DMSO-d,): 9.69 (2C, 2 x -CH,-CH,, DEPT), 10.68 (1C, -CH,, DEPT), 13.46
(1C, -CH,, DEPT), 35.01 (1C, -CH,-, DEPT), 40.89 (1C, -CH,-, DEPT), 46.81 (2C, 2 x
-CH,-, DEPT), 50.57 (1C, -CH,-, DEPT), 66.40 (1C, vinyl catbon, DEPT), 106.06 (1C, d,
aromatic ortho position, DEPT), 110.08 (1C, d, aromatic ottho position, DEPT), 112.60
(1C, d, aromatic meta position, DEPT), 115.04 (1C, -CHOH-COOH), 124.91 (1C, d,
aromatic =CF-, DEPT), 119.90-136.96 (5C, 4 x Ar-C + =C indole ring), 159.86 (1C,
-CONH-), 169.52 (1C, -CONH-), 172.21 (1C, -COOH), 176.06 (1C, -COOH).

Mass (m/z): (M+1) 399 (100%), [(M+2) +1] 401 (14%).

This solid was further purified by dissolving in n-butanol : water (4:1, 20vol) at 50-60°C
and cooling to 25-30°C.

Rectystallisation Yield = 80%

Chemical Purity (HPLC) > 99.5%

Polymotphic Purity (XRPD) > 99% (other polymotphic forms below detection limit)
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The structure of sunitinib I.-malate (IV) was confitmed by NMR and HPLC retention time
with standard sample. XRPD and DSC analysis indicated polymorphic form I as shown in
Figures 1 and 2. Sunitinib L-malate (IV) polymotphic form I was obtained before and after

recrystallisation.

Example 4: Preparation of sunitinib free base (VII) using the sodium salt of pyrrole
detivative (I)

The sodium salt of pytrole derivative (I) (10g, 0.028mol) and 5-fluoro-2-oxindole (IT) (4.3g,
0.028mol) were added to acetonittile : methanol (60ml:40ml, 6vol:4vol) at 25-30°C. A cleat
solution was obtained within 5 minutes. After stitring for 3 hours at 25-30°C, a yellow solid
progtessively precipitated out of the solution. The yellow solid was isolated by filtration,
washed with methanol (50ml, 5vol) and dried under vacuum at 55-60°C for 3-4 houts.
Yield = 9.0g (80%)

Chemical Purity (HPLC) > 99%

Polymotphic Purity (XRPD) > 99% (othet polymorphic forms below detection limit)

IR (KBt, cm™): 3276 (broad, N-H str.), 3063, 2966, 2925, 2807, 1675 (>C=0 str.), 1560,
1475, etc.

'H-NMR (DMSO-d,): 0.97 (t, 6H, J=7.08Hz, 2 x -CH,-CH,), 2.42 (s, 3H, -CH,), 2.44 (s,
3H, -CH,), 2.47-2.56 (m, 6H, 3 x -CH,-), 3.25-3.31 (m, 2H, -CO-NH-CH,"), 6.83-6.87 (m,
1H, vinyl proton), 6.90-6.94 (t, 1H, J=5.9Hz, aromatic ortho position), 7.43-7.47 (t, 1H,
J=5.6Hz, aromatic meta position), 7.74-7.78 (dd, 1H, J=5.9Hz, aromatic ortho position),
7.72 (s, 1H, aliphatic amide -NH-, D,0 exchangeable), 10.90 (s, 1H, pyrrole -NH-, D,O
exchangeable), 13.68 (s, 1H, indole -NH-, D,O exchangeable).

PC-NMR (DMSO-dy): 10.64 (1C, -CH,, DEPT), 11.92 (2C, 2 x -CH,-CH,, DEPT), 13.38
(1C, -CH,, DEPT), 37.02 (1C, -CH,-, DEPT), 46.55 (2C, 2 x -CH,-, DEPT), 51.69 (1C,
-CH,-, DEPT), 105.90 (1C, d, aromatic ortho position, DEPT), 110.10 (1C, d, aromatic
ottho position, DEPT), 112.45 (1C, d, aromatic meta position, DEPT), 124.94 (1C, vinyl
carbon, DEPT), 127.22 (1C, d, aromatic =C-F, DEPT), 114.62-159.84 (5C, 4 x Ar-C + =C
indole ring), 164.60 (1C, >CO), 169.63 (1C, >CO).

Mass (m/z): (M+1) 399 (100%), [(M+2) +1] 401 (14%).
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The structure of sunitinib free base (VII) was confirmed by NMR and HPLC tetention
time with standard sample. XRPD and DSC analysis indicated polymotphic form I as

shown in Figures 3 and 4.

Example 5: Preparation of 2-(N,N-diethylamino)ethyl ammonium di-L-malate

Into 10ml of methanol at 25-30°C, 2-(N,N-diethylamino)ethyl amine (2g, 1 equivalent) was
added followed by the addition of L-malic acid (4.62g, 2 equivalent) under stirring, A clear
solution was observed. After stitting for 1 hour, the solvent was temoved under vacuum
on a rotaty evapotator to afford a dark yellow oil.

Yield = 6.5g (98%)

'H-NMR (DMSO-dy): 0.98 (t, 6H), 2.33 (dd, 2H), 2.40-2.67 (m, 8H), 2.65 (t, 2H), 4.04 (dd,
2H).

Example 6: Preparation of diammonium L-malate

Into 10ml of methanol at 25-30°C, ammonia (10% methanolic solution 5ml, 2 equivalent)
was added followed by the addition of L-malic acid (2g, 1 equivalent). A clear solution was
observed. A white solid progressively precipitated out. The solution was stitred for 1 hour
and the white solid filtered and dried under vacuum on a rotaty evaporator.

Yield = 2.4g (96%)

'H-NMR (DMSO-d,): 2.27 (dd, 1H), 2.48-2.54 (m, 1H), 3.86 (dd, 1H).

Example 7: Preparation of di-(diisoptopyl ammonium) I.-malate

Into 10ml of methanol at 25-30°C, diisopropyl amine (3g, 2 equivalent) was added followed
by the addition of L-malic acid (2g, 1 equivalent). A clear solution was obsetved. After
stitting for 1 hour, the solvent was removed under vacuum on a rotaty evaporator to afford
a dark yellow oil.

Yield = 4.9¢ (98%)

'H-NMR (DMSO-d,): 1.07 (d, 12H), 1.09 (d, 12H), 2.30 (dd, 1H), 2.65 (dd, 1H), 3.05- 3.13
(m, 4H), 3.80-3.84 (dd, 1H).

Example 8: Preparation of dipyrrolidine L-malate
Into 10ml of methanol at 25-30°C, pytrolidine (2.1g, 2 equivalent) was added followed by

the addition of L-malic acid (2g, 1 equivalent). A clear solution was obsetved after 15
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minutes. After stirting for 1 hout, the solvent was removed under vacuum on a rotary
evaporator to afford a light yellow oil.

Yield = 4g (98%)

'H-NMR (DMSO-dy): 1.78 (t, 8H), 2.01-2.09 (dd, 1H), 2.37-2.43 (dd, 1H), 3.01-3.16 (t,
8H), 3.87-3.91 (m, 1H).

Example 9: Preparation of di-(n-ptopyl ammonium) I.-malate

Into 10ml of methanol at 25-30°C, n-propyl amine (1.76g, 2 equivalent) was added
followed by the addition of L-malic acid (2g, 1 equivalent). A clear solution was obsetved.
After stirting for 1 hour, the solvent was temoved under vacuum on a rotaty evaporatot to
afford a light yellow oil.

Yield = 3.5g (95%)

'H-NMR (DMSO-d,): 0.85-0.90 (t, 6H), 1.47-1.55 (m, 4H), 2.05-2.13 (dd, 1H), 2.39-2.46
(dd, 1H), 2.63-2.68 (t, 4H), 3.84-3.89 (t, 1H).

XRPDs wete recorded on a Bruker D8 Advance Insttument, using Cu a-radiation as the X-

ray soutce, with a 20 range of from 3 to 50°, a step-size of 0.5° and a time/step of 1sec.

DSCs wete recorded on a Perkin Elmer Pytis 6, with a temperature range of from 25°C to

280°C and a rate of heating of 10°C/min.

HPLC purities were determined using:

HPLC Machine: Watets

Column: Inertsil ODS 3V (250 x 4.6mm), 5 jim

Mobile Phase: 0.05 M ammonium acetate : methanol + 0.05% acetic acid
Diluent: buffer : methanol (60:40 v/v)

Flow Rate: 1.0 ml/min

Wavelength: 235 nm

Auto-Sampler Temperature: 15 £ 2°C

The foregoing description and examples have been set forth merely to illustrate the
invention and are not intended to be limiting. Since modifications of the desctibed

embodiments incotporating the spitit and substance of the invention may occur to persons
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skilled in the att, the invention should be construed broadly to include all variations within

the scope of the appended claims and equivalents thereof.
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Claims

1. A process for preparing sunitinib (VII) ot a salt thereof comprising:

either reacting a pytrole detivative (I)

Q
- NEt

HO / \ Xn+
N
- H

| so, 1,

5 @
with 5-fluoro-2-oxindole (IT)

E
mo
N
H

(1)

wherein X is a suitable cation and nis 1, 2 or 3;

or reacting pyrrole derivative (Ia)
] NE
t
I;II/\/ 2

[\

N a
0 N (Ta)

with a 5-fluoro-2-oxindole detivative (I1a)

HO ]
SO,

O

N
H
(ITa)

whetein X is a suitable cation and nis 1, 2 or 3.

15 2 A process according to claim 1, comprising:

reacting a pyrrole detivative (I)
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t
N/\/ 2
H +
no_  / \ X
N
so,” H
L !
@
with 5-fluoro-2-oxindole (IT)
F.
T
N
H
(D
wherein X is a suitable cation and nis 1, 2 or 3.
3. A process according to claim 1 or 2 for preparing an acid addition salt of sunitinib,
comprising adding an acid to the reaction mixture.
4. A process according to claim 1 ot 2 for prepating an acid addition salt of sunitinib,

comprising adding an amine detived or ammonium derived salt of the acid to the teaction

mixture.
5. A process according to claim 3 or 4, whetein the acid is an inorganic acid.
6. A process according to claim 5, whetein the inorganic acid is selected from the

group comprising HCI, HBr, HNO,, H,PO,, H,SO, and HCIO,,

7. A process according to claim 3 or 4, wherein the acid is an organic acid.

8. A process according to claim 7, wherein the organic moiety of the organic acid is
selected from the group comptising a straight or branched chain, substituted ot
unsubstituted alkyl, alkenyl, allyl, atyl or arylalkyl group, or a heteroatom-substituted

straight or branched chain alkyl ot aryl group.
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9. A process according to claim 7 ot 8, whetein the organic acid is selected from the

group comprising sulfonic acids, mono-, di- and tti-carboxylic acids.

10. A process according to claim 9, whetein the organic acid is selected from the group
comprising acetic acid, formic acid, oxalic acid, D-malic acid, L-malic acid, DL-malic acid,
maleic acid, methane sulfonic acid, ethane sulfonic acid, p-toluene sulfonic acid, salicylic

acid, tartaric acid, citric acid, succinic acid and malonic acid.

11. A process according to claim 10, whetein the otganic acid is I.-malic acid.

12. A process according to claim 4, whetein the amine or ammonium moiety is selected

from the group comprising primaty amines and secondaty amines.

13. A process according to claim 12, wherein the amine ot ammonium moiety is
selected from the group comprising cyclic amines, allyl amines, atylalkyl amines, heteroalkyl

amines, alkyl amines, alkenyl amines, alkynyl amines and atyl amines.

14. A process accotding to claim 4, wherein the amine derived or ammonium detived

acid addition salt is a malate salt.

15. A process according to claim 14, wherein the amine detived or ammonium derived
acid addition salt is a malate salt selected from the group comprising 2-(N,N-
diethylamino)ethyl ammonium malate, 2-(N,N-diethylamino)ethyl ammonium dimalate,
diammonium malate, dipyrrolidine malate, di-(n-ptopyl ammonium) malate, and di-

(diisopropyl ammonium) malate.

16. A process according to any preceding claim, wherein X is a metal cation.

17. A process according to claim 16, wherein X is an alkali metal or an alkaline earth

metal cation.

18. A process according to claim 17, whetein X is eithet sodium or potassium.




10

15

20

25

30

WO 2011/128699 PCT/GB2011/050752

_40 -

19. A process according to claim 18, whetein X is sodium.

20. A process according to any preceding claim, wherein the sunitinib or salt thereof is

isolated.

21. A process according to claim 20, whetein the sunitinib or salt thereof is further

putified by rectystallisation from:

@ a C,;-C; alcohol : water mixtute; and/or

(i) a C;-C; alcohol : water mixture, whetein the C,-C, alcohol : water mixture has a v/v
ratio of about 4:1; and/or

(iii) a n-butanol ; water mixture; and/or

(iv)  a n-butanol : water mixture, whetein the n-butanol : water mixture has a v/v ratio

of about 4:1.

22, A process according to any preceding claim, whetein the process is carried out at a

temperature of between about 25°C to about 35°C.

23, A process according to any preceding claim, whetein the process is catried out in:
6 an organic solvent system; and/ot
(i) an organic solvent system comptising acetonittile and methanol; and/or

(iif) an organic solvent system comprising acetonitrile and methanol, wherein the v/v
ratio of acetonitrile : methanol is from about 5:1 to about 1:5; and/or
(tv)  an organic solvent system comptising acetonittile and methanol, wherein the v/v

ratio of acetonitrile : methanol is about 3:2.

24. A process according to any preceding claim, wherein the reaction mixture has a pH
of:
) between 4 to 7; and/or

(if) between 4 to 6; and/or

(ii1) between 4 to 5.

25. A process for preparing sunitinib malate comprising:

reacting a pyrrole detivative (I)
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H +
o/ \ X"
N
. so, H 1,
@

with 5-fluoro-2-oxindole (IT)

F
m O
N
H
(In)

in the presence of malic acid ot an amine detived or ammonium derived malic acid

salt; and
isolating the sunitinib malate;
whetein X is a suitable cation and n is 1, 2 or 3.

26. A process according to claim 25, whetein the malic acid or malic acid salt used is L-

malic acid or an L-malic acid salt.

27. A process according to claim 25 or 26, whetein the amine detived or ammonium
detived malic acid salt is selected from the group comprising 2-(IN,N-diethylamino)ethyl
ammonium malate, 2-(N,N-diethylamino)ethyl ammonium dimalate, diammonium malate,
dipyrrolidine malate, di-(n-propyl ammonium) malate, and di-(diisopropyl ammonium)

malate.

28, A process according to claitm 27, whetein the amine derived or ammonium detived

malic acid salt is 2-(N,N-diethylamino)ethyl ammonium dimalate.

29. A process according to any one of claims 25 to 28, wherein X is sodium.
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30. A process according to any one of claims 25 to 29, wherein the sunitinib malate is
further purified by recrystallisation from a n-butanol : watet mixture having a v/v ratio of

about 4:1.

31. A process according to any one of claims 25 to 30, whetein the temperature of the

reaction is between 25°C to 35°C.

32. A process according to any one of claims 25 to 31, whetein the process is carried
out in an organic solvent system comprising acetonittile and methanol having a v/v ratio of

acetonitrile : methanol of about 3:2.

33. A process according to any one of claims 25 to 32, whetein the pH of the reaction

mixture is between 4 to 6.

34. Sunitinib or a salt thereof prepated by a process according to any one of claims 1 to

33, having a purity as determined by HPLC of at least 97%.

35. Sunitinib ot a salt thereof according to claim 34, having a purity as determined by
HPILC of:

0 at least 99%; and/or

(ii) at least 99.5%; and/or

@)  atleast 99.8%.

36. Sunitinib or a salt thereof, comprising less than 3% of compound (VI) and/or
compound (VIII):

O
NEt N
E/\/ 2 H
/ \ / \ R-COOH
OHC N
OHC N (VD) i
H (VIII)
37. Sunitinib or a salt thereof according to claim 36, comptising:

@ less than 1% of compound (VI) and/ot compound (VIII); and/or
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(i) less than 0.1% of compound (VI) and/ot compound (VIII); and/or
(i less than 0.01% of compound (VI) and/ot compound (VIII).

38, A sunitinib salt according to any one of claims 34 to 37, whetein the salt is sunitinib

malate or sunitinib L-malate (IV).

39. Sunitinib or a salt thereof according to any one of claims 34 to 38 or prepated by a
process according to any one of claims 1 to 33, for:

@ use in medicine; and/or

(if) treating a protein kinase mediated disorder; and/or

(i)  treating a cell proliferative disotder; and/or

(iv)  treating renal cell carcinoma (RCC) or gastrointestinal stromal tumor (GIST).

40. A pharmaceutical composition comptising sunitinib ot a salt thereof according to
any one of claims 34 to 39 or prepared by a process according to any one of claims 1 to 33,

and one or more pharmaceutically acceptable excipients.

41, A pharmaceutical composition according to claim 40, wherein the sunitinib salt is

sunitinib malate or sunitinib L-malate (IV).

42. A pharmaceutical composition accotding to claim 40 or 41, for use in the treatment
of:

@ a protein kinase mediated disorder; and/or

(if) a cell proliferative disordet; and/or

(i)  renal cell carcinoma (RCC) or gastrointestinal stromal tumor (GIST).

43, Use of sunitinib or a salt thereof according to any one of claims 34 to 39 or
prepated by a process according to any one of claims 1 to 33, ot use of a pharmaceutical
composition according to any one of claims 40 to 42, in the manufactute of a medicament

for treating a protein kinase mediated disorder.

44, Use accotding to claim 43, wherein the medicament is for treating:

@ a cell proliferative disorder; and/or
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(i) tenal cell carcinoma (RCC) or gastrointestinal sttomal tumor (GIST).

45. A method of treating a protein kinase mediated disorder, comprising administering
to a patient in need thereof a therapeutically effective amount of sunitinib or a salt thetreof
according to any one of claims 34 to 39 or prepared by a process according to any one of
claims 1 to 33, or a therapeutically effective amount of a pharmaceutical composition

according to any one of claims 40 to 42.

46. A method according to claim 45, wherein the method is for treating:
@) a cell proliferative disordet; and/or

(i) tenal cell carcinoma (RCC) or gastrointestinal stromal tumor (GIST).

47. A pyrrole detivative (I)

] N /\/NE‘EZ
H
HO /\ X
N
L SO3— H —n
0

whetein X is a suitable cation and nis 1, 2 or 3.

48. A pyrrole detivative (I) accotding to claim 47, wherein X is a metal cation.

49. A pytrole derivative (I) accotding to claim 48, wherein X is an alkali metal ot an

alkaline earth metal cation.

50. A pytrole derivative (I) accotding to claim 49, wherein X is either sodium or

potassium.

51. A pyrrole derivative (I) according to claim 50, wherein X is sodium.

52. A pytrole detivative (I) according to any one of claims 47 to 51, having a putity as
determined by HPLC of:
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@

(i)
(iif)
(iv)

54.

55.
@

_45 -

at least 97%; and/or
at least 99%; and/or
at least 99.5%; and/or
at least 99.8%.

A pyrrole derivative (I) according to any one of claims 47 to 52, comprising:
less than 3% of compound (VI) and/ot compound (VIII); and/or
less than 1% of compound (VI) and/ot compound (VIII); and/or
less than 0.1% of compound (VI) and/ot compound (VIII); and/or
less than 0.01% of compound (VI) and/ot compound (VIII).
Q

Q T N ~_-NEt,
7 1 / \ R-COOH
oLC 5 - OHC N

A process for preparing a pyrrole detivative (D):

_ 5 _
NEt
N/\/ 2
H +
HO /\ X"
N
. so, H |

@

wherein X is a suitable cation and n is 1, 2 ot 3, the process comptising reacting

aldehyde (VI):
Q
N/\/NEt2
H
/ A\
OHC™ ™ (VD)
H

with a bisulphite anion of formula HSO, .

3

A process according to claim 54, whetein X is:

a metal cation; and/or
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(&)
(if)
(i)

56.

_ 46 -
an alkali metal or an alkaline earth metal cation; and/or
either sodium ot potassium; and/or

sodium.

A process according to claim 54 or 55, whetein the bisulphite anion is provided by

mixing a metabisulphite salt in the reaction mixture.

57.
@

(i)
(iif)

58.

A process according to claim 56, wherein the metabisulphite salt is:
a salt of an alkali metal or an alkaline earth metal; and/or
sodium ot potassium metabisulphite; and/or

sodium metabisulphite Na,S,0..

A process accotding to claim 54 or 55, wherein the bisulphite anion is provided by

mixing a bisulphite salt in the reaction mixture.

59. A process according to claim 58, wherein the bisulphite salt is:

@) a salt of an alkali metal ot an alkaline earth metal; and/or

(i) sodium or potassium bisulphite; and/or

(iit) sodium bisulphite NaHSO.,,

60. A process according to any one of claims 54 to 59, whetein the reaction occurs in:
@) an aqueous C,-C; alcohol solvent system; and/or

(i1) an aqueous ethanol solvent system.

61. A process according to any one of claims 54 to 60, whetein the treaction mixture
has a pH of:

@) between 4 to 7; and/or

(id) between 4 to 6; and/or

(i between 4 to 5.

62. A process according to any one of claims 54 to 61, wherein the pyrrole detivative

(D 1s further isolated.
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63. A 5-fluoro-2-oxindole detivative ([1a)

HO,

TZ

(ITa)

wherein X is a suitable cation and n is 1, 2 or 3.

04. A 5-fluoro-2-oxindole detivative (ITa) accotding to claim 63, whetein X is a metal

cation.

65. A 5-fluoro-2-oxindole detivative (IIa) according to claim 64, whetein X is an alkali

metal ot an alkaline earth metal cation.

06. A 5-fluoro-2-oxindole detivative (Ila) accotding to claim 65, wherein X is either

sodium ot potassium.

67. A 5-fluoro-2-oxindole detivative (Ila) according to claim 66, whetein X is sodium.

68. A 5-fluoro-2-oxindole derivative (IIa) according to any one of claims 63 to 67,
having a purity as determined by HPLC of:

@ at least 97%; and/or

(i at least 99%; and/or

(iif) at least 99.5%; and/or

(iv)  atleast 99.8%.

69. A process for preparing a 5-fluoro-2-oxindole detivative (ITa):
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— HO. -_
SO,
E XIH-
O
N
H
- - n
(ITa)

>

wherein X is a suitable cation and n is 1, 2 or 3, the process comprising reacting
aldehyde (IIb):
CHO

O
N
H

(IIb)

with a bisulphite anion of formula HSO, .

70. A process accotding to claim 69, wherein X is:

@) a metal cation; and/or

(i) an alkali metal ot an alkaline earth metal cation; and/or
(iif)  either sodium ot potassium; and/or

@v)  sodium.

71. A process accotding to claim 69 or 70, whetein the bisulphite anion is provided by

mixing a metabisulphite salt in the reaction mixture,

72. A process according to claim 71, wherein the metabisulphite salt is:
® a salt of an alkali metal ot an alkaline earth metal; and/or
(i) sodium or potassium metabisulphite; and/or

(iii) sodium metabisulphite Na,S,0O..

73. A process according to claim 69 or 70, wherein the bisulphite anion is provided by

mixing a bisulphite salt in the teaction mixture.

74, A process according to claim 73, wherein the bisulphite salt is:
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6 a salt of an alkali metal ot an alkaline earth metal; and/or
(ii) sodium or potassium bisulphite; and/or
(i)  sodium bisulphite NaHSO,,
75. A process according to any one of claims 69 to 74, wherein the reaction occurs in:
@ an aqueous C;-C; alcohol solvent system; and/or
(i) an aqueous ethanol solvent system.
76. A process according to any one of claims 69 to 75, wherein the reaction mixture
has a pH of:
@ between 4 to 7; and/or
(if) between 4 to 6; and/or
(i between 4 to 5.
77. A process according to any one of claims 69 to 76, whetein the pytrole detivative

(@) is further isolated.
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