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PURE ERLOTINIB

Field of the invention

The present invention relates to processes for the preparation of etlotinib and salts and
polymotphs theteof, preferably of high putity. The present invention also relates to
etlotinib and salts and polymorphs thereof preparable by said processes, to medical uses of
said etlotinib, salts and polymotphs, and to pharmaceutical compositions comprising the

same,
Background of the invention

Hilotinib hydtochlotide (1), chemically named as IN-(3-ethynylphenyl)-6,7-bis-(2-meth-
oxyethoxy)-4-quinazolinamine monohydtochloride, is an inhibitor of oncogenic and proto-
oncogenic protein tyrosine kinases, e.g. epidermal growth factor receptor (EGER).
Ftlotinib is thetefote useful in the treatment of proliferative disordets and is cuttently

matketed for the treatment of lung cancet and pancreatic cancet,

s

HN
o O ‘/\ )\\
Oy AN T
(Eilotintb Hydtrochloride)

(1)

It has been tepotted that etlotinib hydrochlotide can exist in different polymorphic forms.
The manufactuting ptocess for many pharmaceuticals is hindeted by the fact that the
otganic compound which is the active ingredient can exist in mote than one polymorphic
form. It is essential in phatmaceutical development to ensure that the manufacturing
ptocess fotr the pteparation of the active ingredient affords a single polymotrph with a

consistent level of polymorphic putity. If the manufacturing process produces a product
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with vatying degtees of polymotphic putity and/or ot where the process does not conttol
polymorphic intet-convetsion, it could lead to setious problems in dissolution and/ot

bioavailability in the finished pharmaceutical composition comptising the active ingtedient.

Erlotinib hydtochloride is disclosed in patent US 5,747,498 and details of the disclosed

method fot the pteparation of etlotinib hydrochloride ate described in Scheme 1.

J | No N SN NaHCO,
/O\/\O N/ g 0 HCI »
NH, P \/\O N/

(4) (1)

Scheme 1

4-Chloto-6,7-bis-(2-methoxyethoxy)quinazoline (2) was reacted with 3-ethynylaniline (3) ot
its hydrochlotide salt using vatious solvents and pyridine as a base to yield etlotinib
hydtochlotide (1) which was treated with a biphasic mixture consisting of satutated
aqueous NaHCO,, chlotoform and methanol, to form etlotinib base (4). The base (4)
obtained in the otganic phase was putified by flash chromatography to afford putified
etlotinib base. The putified base was further treated with hydrochlotic acid in the presence
of diethyl ethet and chlotroform to yield etlotinib hydrochloside. This isolation of putified
etlotinib base trequited the use of a lengthy workup process including column

chromatogtraphy and requited the chlotinated solvent, chloroform, which is not patticulatly



10

15

20

25

30

CA 02806273 2013-01-22

WO 2012/028861 PCT/GB2011/051394

_3 .

suitable fot commetcial production of pharmaceuticals. Furthetmore, the putification by
column chromatogtaphy is neithet economical not feasible at industrial scale. In addition,

substantially pute etlotinib could not be obtained.

T'wo crystalline fotms of etlotinib hydrochlotide (polymorph A and polymotph B), wete
charactetized by XRPD in patent application, WO 01/34574. Exlotinib hydrochlotide can
be obtained in form A ot in a mixtute of polymorph A and B, by refluxing 3-ethynylaniline
and  4-chloro-6,7-bis-(2-methoxyethoxy)-quinazoline in a mixture of toluene and
acetonitrile. This afforded polymotph A ot a mixture of polymorph A and B. It was also
disclosed that the formation of polymoiph A was favoured by reducing the amounts ot
acetonitrile with tespect to toluene. Futthetmote, etlotinib hydrochloride polymotph A can
be comverted into polymotph B by refluxing the polymotph A with alcohol/water.
Consequently, in the disclosed methods, thete was always contamination of form A with
form B and vice-vetsa. In addition, the products of the reaction ate not chemically pute
and difficult to purify thereaftet. Consequently, these methods are not suitable for

prepatration of commetcial quantities of pute polymorph A,

A process for the prepatration of etlotinib hydrochloride, polymotph E by condensation
reaction of 3-ethynylaniline and 4-chloro-6,7-bis-(2-methoxyethoxy)quinazoline in (o:,0,00)-
trifluorotoluene and HCl was disclosed in U.S. Patent application 2004/0162300.
Polymorph E was chatactetized by XRPD, IR and melting point. Howevert, (o,0,0)-
trifluorotoluene is a highly flammable and dangerous solvent for the environment and is

not suitable for commercial production.

A process for the pteparation of etlotinib hydrochloride, polymotph A by teaction of
etlotinib base with aqueous ot gaseous HCl was disclosed in US 2009/0131665. In this
method, toluene, a mixtute of toluene and methanol, TBME, ethyl acetate, 1-butanol ot
MIBK were used as a solvent. However, when DCM, diethyl ether, isopropyl acetate, was
used as a solvent, polymorph B was formed. In practice, it has been found that the
disclosed methods are inconsistent and afford polymorphic mixtures. In patticulat,
example 1 of US 2009/131665 was repeated and etlotinib hydtochloride was obtained with
only 97% putity. In addition, XRPD analysis showed that the example affotded form B or

mixtutres of forms A and B. Futthermote, sevetal ctystallizations of erlotinib hydrochloride,
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obtained from tepetition of the example, using various solvents and theit combinations

would not yield a ptoduct pute enough to comply with ICH guidelines.

A process fot the pteparation of a hydrate of erlotinib hydrochlotide comptising
crystallization of etlotinib hydrochloride using watet as solvent, preferably in the absence
of organic solvent was disclosed in US 20080167327. This patent also disclosed the ptrocess
to ptepate hemihydrate polymorph form I as well as form II.

A process for the pteparation of etlotinib hydrochloride, polymotph M, N and P by

reaction of etlotinib base and aqueous or gaseous HCI dissolved in otganic solvents was

disclosed in WO 2008/102369.

A process for the ptreparation of etlotinib hydrochloride by condensation treaction of 4-
chloto-6,7-bis-(2-methoxyethoxy)-quinazoline and 3-ethynylaniline in isoptopyl alcohol as a
solvent and pyridine as a base was disclosed in Molecules Journal (Vol, 11, 286, 2006) but

no details on the polymorph wetre disclosed.

A method for the pteparation of etlotinib hydrochloride polymotph A comprising passing
hydtochlotide gas onto solid etlotinib base containing residual amounts of isopropanol was
disclosed in WO 2010/040212. Howevet, in practice it was found that the process did not
afford chemically ot polymotphically pute product. Repetition of example 1 (page 8) of
WO 2010/040212 to prepate etlotinib hydrochloride, by reaction of etlotinib base and

gaseous HCl in TPA as a solvent, afforded a mixture of polymorph A and polymotph B (as
checked by XRPD).

A process fot the preparation of acid salts of etlotinib by teaction of 4-chloto-6,7-bis-(2-
methoxyethoxy)-quinazoline and 3-ethynylaniline or an acid salt of 3-ethynylaniline undet
acidic conditions to form the cottesponding etlotinib salt was disclosed in US
2010/0094004. In order to complete the teaction, several hours (6 houts) of reflux was
required and hence it is not a cost effective process. In addition, in practice it was found

that the ptocess did not afford chemically or polymotphically pute product.
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A process fot the prepatation of etlotinib base, polymotph G1, G2 and G3 was disclosed
in WO 2009/002538 and WO 2010/05924.

O O
O HO
e :Cﬁl\NH HBr or _ :C(U\)NH Aceticanhydride
~ Z  Pyridine/ HC 2 -
0 N HO N
(6)

(5)

* Cl
o L > ) — -
CH4COO N CH;COO N
(7) (8)
CH,COO N HO Q
)N Hey 24 ammonia _ /’I\’ ~ 2-lodo-ethylmethy! ether *_
7 y
CH,COO N HO N
(9) (10)
Q\Q Q\Q
HN N
\O/\/O XN HCI \o /\/O Ny
O~ ) g O ) HCI
(4) )
b
Scheme 2

A method for the pteparation of etlotinib hydrochloride was disclosed in US
2009/0306377. The method, illustrated in Scheme 2, involves treating 6,7-dimethoxy-
10 4(3H)-quinazolone (5) with hydrobromic acid ot pyridine-hydrochlotic acid to afford 6,7-
dihydroxy-4(3H)-quinazolone (6), which was diacetylated with acetic anhydtide to afford
diester (7), which was treated with oxalyl chloride/DMF to affotd 4-chloto-6,7-
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diacetoxyquinazoline (8). Compound (8) was condensed with 3-ethynylaniline to afford IN-
(3-ethynylphenyl)-6,7-dihydroxy-4-quinazolinamine hydrochlotide (9), which was convetted
into the diol N-(3-ethynylphenyl)-6,7-dihydtoxy-4-quinazolinamine (10) by treatment with
aqueous ammonia/methanol. The diol (10) was treated with 2-iodo-ethylmethyl ether to
yield compound (4) which on treatment with HCI afforded etlotinib hydrochloride (1).
Howevet, this preparation of etlotinib hydtochlotide is a long synthetic route and gives low
yields and tequites vety toxic teagents like pyridine, HBt and controlled reagents like acetic

anhydride. Hence, it is not suitable for latge scale production.

Object of the invention

The ptiot att processes desctibed above for the preparation of etlotinib and its salts have
majot disadvantages with tespect to the formation and temoval of process related chemical
and polymorphic imputities; poot commercial viability due to the use of hazatdous
reactants; expensive, time consuming separation methods such as column chtomatogtaphy

and/or low yields and putity of final and intermediate products.

As the commetcial production of etlotinib hydrochlotide is of great impottance, fot the
treatment of cancet, and in view of the above disadvantages associated with the ptiot art
thete is a real need for alternative and improved ptrocesses for the prepatation of etlotinib
hydrochloride which do not involve multiple steps and futther eliminates the need for
cumbetsome purification techniques, patticularly for the removal of the chemical and
polymotphic imputities. The altetnative processes must be economical and high yielding

and provide etlotinib and its salts with a high degtee of chemical and polymotphic purity.

Thetefote, the objective of the ptesent invention is to develop improved and efficient
processes for the prepatation of erlotinib base and salts with highet putity and higher yields
than in the processes disclosed in the ptiot att, Another objective is the prepatation and
purification of erlotinib hydtochlotide polymorph A, substantially free from polymorph B
and othet polymotphs. A futther objective is to provide etlotinib and etlotinib

hydrochlotide free of all chemical and polymotphic imputities.
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Summary of the invention

The present inventots have sutprisingly developed new processes which citcumvent the
ptoblems associated with the prior att, as described above, which allow the prepatation of
etlotinib base and its salts, such as the hydrochloride salt, with very high chemical and

polymotphic purity.

Therefote a fitst aspect of the present invention provides a process for the prepatation of
etlotinib base, ot a salt thereof, comptising reacting 4-chloro-6,7-bis-(2-
methoxyethoxy)quinazoline and 3-ethynylaniline in a reaction solvent, whetein the teaction

mixtutre does not contain an external acid ot base.

As used herein, an “external acid ot base” tefets to any acid or base other than the 4-
chloto-6,7-bis-(2-methoxyethoxy)quinazoline, the 3-ethynylaniline, the reaction solvent, any
reaction products theteof and any impurities therein, Preferably the 4-chloro-6,7-bis-(2-
methoxyethoxy)quinazoline and/otr 3-ethynylaniline are used in their free base form, i.e.

not in the form of acid addition salts thetreof.

As used hetein, an “impurity” refers to any substance present in the reaction mixtute in an
amount of less than 1% (w/w). Preferably, any impurity is present in the reaction mixtute
in an amount of less than 0.5% (w/w), less than 0.2% (w/w), ot less than 0.1% (w/w).
Mote prefetably, any imputity is present in the reaction mixtute in an amount of less than

0.05% (w/w), ot less than 0.01% (w/w).

In one embodiment of the first aspect of the present ivention, an “acid” refets to any
compound ot ion with a pI, (relative to water) of less than 0. Optionally, an “acid” refets

to any compound or ion with a pK, of less than 5, ot less than 10.

Similatly, a “base” may refer to any compound or ton wherein the conjugate acid of that
compound ot ion has a pK, (telative to watet) of more than 9. Optionally, the conjugate

acid has a pI<. of mote than 5, ot mote than 0.
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pK, values of acids and conjugate acids are known in the att, for example from Table 8.1

on pages 250-2 of “Advanced Otganic Chemistry” by J. March, 4™ Ed., 1992.

In another embodiment of the first aspect of the present invention, the reaction solvent is

not an acid or a base.

The teaction solvent may be an apolar solvent, a polar protic solvent, a polat aprotic
solvent ot a mixture thereof. Preferably the reaction solvent is a polar protic

solvent.

In one embodiment of the first aspect of the present invention, the reaction solvent 1s not

2-propanol.

In anothet embodiment of the first aspect, the present invention provides a process for the
ptepatation of substantially pure etlotinib base, or a substantially pure salt theteof,
comprising teacting 4-chloro-6,7-bis-(2-methoxyethoxy)quinazoline and 3-ethynylaniline in

a reaction solvent, whetein the teaction mixtutre does not contain an external acid or base.

Preferably, the reaction solvent in the first aspect of the present invention is a straight
chain, branched ot cyclic C, to C; alcohol, mote preferably, the reaction solvent is selected
from methanol, ethanol, propanol, 1-butanol ot mixtures theteof. More preferably still the
reaction solvent is selected from methanol, ethanol, or mixtures theteof, and most

preferably, the reaction solvent 1s methanol.

As used hetein, a “straight chain, branched ot cyclic alcohol” refers to any straight chain,
branched ot cyclic hydrocarbon that is substituted with at least one hydtoxyl gtoup.

Optionally said hydrocarbon may be futthet substituted.

Preferably the “straight chain, branched ot cyclic alcohol” is R'OH, whetein R' is
selected from an optionally substituted alkyl, alkenyl, alkynyl, aryl, arylalkyl,
arylalkenyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylatyl group. Preferably R’ is an
optionally substituted alkyl or atylalkyl gtoup. Mote ptefetably R' is an optionally
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substituted C, to C,, alkyl gtoup, mote preferably still R' is an optionally substituted C, to
C,, alkyl group. Preferably R'OH is monohydric.

For the putposes of the ptresent invention, an “alkyl” group 1s defined as a monovalent
satutated hydrocarbon, which may be straight-chamned or branched, ot be ot include cyclic
groups. An alkyl group may optionally include one ot mote heteroatoms N, O ot S 1 its
catbon skeleton. Examples of alkyl groups are methyl, ethyl, #»-propyl, ~propyl, #-butyl, s
butyl, #butyl and #-pentyl groups. Preferably an alkyl group 1s straight-chained or branched
and does not include any heteroatoms in its catbon skeleton. Preferably an alkyl group is a
C,-C,, alkyl group, which is defined as an alkyl group containing from 1 to 12 catbon
atoms. Mote preferably an alkyl group is a C,-C; alkyl group, which is defined as an alkyl
group containing from 1 to 6 catbon atoms. An “alkylene” group is similarly defined as a

divalent alkyl group.

An “alkenyl” group is defined as a monovalent hydrocarbon, which comptises at least one
cathbon-catbon double bond, which may be straight-chained or branched, ot be ot include
cyclic groups. An alkenyl group may optionally include one or mote heteroatoms N, O ot
S in its carbon skeleton. Hxamples of alkenyl groups are vinyl, allyl, but-1-enyl and but-2-
enyl groups. Preferably an alkenyl gtoup is straight-chained or branched and does not
include any heteroatoms in its carbon skeleton. Preferably an alkenyl group i1s a C,-C,,
alkenyl group, which is defined as an alkenyl group containing from 2 to 12 catbon atoms.
Mote preferably an alkenyl group 1s a C,-C; alkenyl group, which is defined as an alkenyl
group containing from 2 to 6 catbon atoms. An “alkenylene” group is similatly defined as

a divalent alkenyl group.

An “alkynyl” group is defined as a monovalent hydrocatbon, which comptises at least one
catbon-catbon triple bond, which may be straight-chained ot branched, ot be ot include
cyclic groups. An alkynyl group may optionally include one ot mote heteroatoms N, O o
S in its catbon skeleton. Examples of alkynyl groups are ethynyl, propargyl, 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 catbon skeleton. Preferably an alkynyl group is a C,-C,
alkynyl group, which is defined as an alkynyl group containing from 2 to 12 carbon atoms.

Mote prefetably an alkynyl group is a C,-C; alkynyl group, which 1s defined as an alkynyl
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group containing from 2 to 6 catbon atoms. An “alkynylene” group is similatly defined as

a divalent alkynyl group.

An “atyl” group is defined as a monovalent aromatic hydrocatbon. An atyl group may
optionally include one ot more heteroatoms N, O ot S in its carbon skeleton. Examples of
atyl groups ate phenyl, naphthyl, anthracenyl and phenanthrenyl groups. Preferably an atyl
group does not include any heteroatoms in its carbon skeleton. Preferably an atyl group is
a C,-C,, atyl group, which is defined as an aryl group contamning from 4 to 14 catbon
atoms. Mote pteferably an aryl group is a Ci-Cy, atyl group, which is defined as an aryl
group containing from 6 to 10 catbon atoms. An “arylene” group is similatly defined as a

divalent aryl group.

For the putposes of the present invention, where a combination of gtoups is teferred to as
one moiety, for example, atylalkyl, arylalkenyl, arylalkynyl, alkylatyl, alkenylatyl oz
alkynylatyl, the last mentioned group contains the atom by which the moiety is attached to

the test of the molecule. A typical example of an atrylalkyl group 1s benzyl.

Fot the putposes of this invention, an optionally substituted alkyl, alkenyl, alkynyl, atyl,
atylalkyl, arylalkenyl, arylalkynyl, alkylaryl, alkenylaryl, alkynylatyl or hydtocatbyl gtoup may
be substituted with one ot mote of -F, -Cl, -Bz, -1, -CF,, -CCl,, -CBz,, -Cl,, -OH, -SH,
NH,, -CN, -NO,, -N,, -COOH, -R“O-Rf, -R“S-R?, -R“-SO-R?, -R*-SO,-R¥, -R*-SO,-OR,
R“O-SO,-R*, -R“SO,N(RH, -R-NR-SO,-RF, -R‘O-SO,-ORP, -R*O-SO,-N(RM),
R“NRE-SO,-ORP, -R“NRP-SO,-N(RP),, -R“NR"),, -R-NRH,", -R“PR"),, -R*Si[R",,
R%“CO-R?, -R-CO-OR!, -R*O-CO-Rf, -R“-CO-N(RP),, -R“NRF-CO-R¥, -R*O-CO-OR?,
R*‘O-CO-NRP),, -R“NR-CO-ORF, -R“NR’-CO-NRP), -R*“CS-R’, -R*“CS-OR,
R*O-CS-R®, -R“CS-N(RH,,  -R“NR"CS-R, -R*‘O-CS-OR’, -R“‘O-CS-N(RP),
R%“NRP-CS-OR®, -R“NRP-CS-N(R?),, -RP, a bridging substituent such as -O-, -S-, -NR"- ot
R%, ot a m-bonded substituent such as =O, =S or =NR’, In this context, -R*- is
independently a chemical bond, a C;-C,; alkylene, C;-C,, alkenylene or C,-C,, alkynylene
oroup. -RP is independently hydrogen, unsubstituted C,-C4 alkyl or unsubstituted C;-C,,
atyl. Optional substituent(s) are preferably taken into account when calculating the total
number of catbon atoms in the patrent group substituted with the optional substituent(s).

Preferably an optionally substituted alkyl, alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl,
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arylallynyl, alkylaryl, alkenylatyl or alkynylaryl group is not substituted with a bridging
substituent. Preferably an optionally substituted alkyl, alkenyl, alkynyl, atyl, arylalkyl,
arylalkenyl, arylalkynyl, alkylatyl, alkenylaryl or alkynylaryl group is not substituted with a n-
bonded substituent, Preferably a substituted group compzises 1, 2 ot 3 substituents, mote

preferably 1 ot 2 substituents, and even mote preferably 1 substituent.

Any optional substituent may be protected. Suitable protecting groups for protecting
optional substituents are known in the att, for example from “Protective Groups in
Organic Synthesis” by T.W. Greene and P.G.M. Wuts (Wiley-Intetscience, 4" edition,
2000).

In a preferred embodiment of the fitst aspect of the present invention, the reaction mixture
consists of:

(2) 4-chloto-6,7-bis-(2-methoxyethoxy)quinazoline;

(b) 3-ethynylaniline;

(c) a teaction solvent selected from methanol, ethanol and mixtures thereof;
and
(d) any teaction products and impurities theteof.

Mote preferably still, the reaction mixture consists of:
(a) 4-chloto-6,7-bis-(2-methoxyethoxy)quinazoline;
(b) 3-ethynylaniline;
(c) methanol; and

(d) any teaction products and tmputities theteof.

In one embodiment of the fitst aspect of the ptresent invention, from 1 to 100 volumes of
the reaction solvent are used, ie. for evety 1g of 4-chloro-6,7-bis-(2-methoxyethoxy)-
quinazoline starting matetial, from 1 to 100ml of the reaction solvent ate used. Preferably
from 5 to 50 volumes of the reaction solvent ate used, mote preferably from 10 to 30

volumes. Most pteferably about 20 volumes of the reaction solvent ate used.

In another embodiment of the fitst aspect of the present invention, from 0.5 to 5

equivalents of 3-ethynylaniline ate wused, relative to the 4-chloro-6,7-bis-(2-
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methoxyethoxy)quinazoline. Preferably from 1 to 2 equivalents of 3-ethynylaniline ate used,
more preferably from 1.05 to 1.50 equivalents. Most preferably about 1.1 equivalents of 3-

ethynylaniline are used.

Preferably, the teaction mixtute is heated in the process according to the fitst aspect of the
ptesent invention. Preferably, the reaction mixture is heated at about the reflux tempetatute

of the teaction solvent or alternatively, the reaction mixture is heated at 35-40 °C.,

In one embodiment, the teaction mixture may be heated for between 10 minutes and 43
houts. Preferably the reaction mixtute is heated for between 30 minutes and 24 houts,
mote preferably for between 1 hout and 12 houts, and most preferably for between 2

houts and 4 houts.

In one embodiment, the reaction mixture is heated to a first temperature of 35-40°C fot a
first period of time and then is heated to about the reflux tempetatute of the solvent for a
second petiod of time. Preferably the first period of time is from 5 to 60 minutes, moie
preferably from 10 to 30 minutes and most preferably about 15 minutes. Preferably the
second period of time is from 30 minutes to 24 houts, mote prefetably from 1 hout to 12

houts, and most preferably from 2 houts to 3 houts.

Preferably, in the process according to the first aspect of the present invention, the salt of

etlotinib is the hydrochloride salt.

In a preferred embodiment of the fitst aspect of the present invention, etlotinib

hydtochloride is crystallised and/or isolated from the reaction mixture,

Optionally, the process of the first aspect of the ptesent invention furthet comprises the
step of treating a salt of etlotinib with a base to yield etlotinib base. Preferably the salt of
etlotinib is etlotinib hydrochloride, which may optionally have been crystallised and/ot

1solated from the reaction mixture.

The base may be an organic base such as an amine, ot an inorganic base such as ammonia,

a hydroxide, a catbonate or a bicarbonate. Preferably the base is a catbonate ot 2
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bicatbonate. More preferably the base is a metal ot ammonium catbonate ot bicatbonate,
such as sodium catbonate, sodium bicatbonate, potassium catbonate, potasstum
bicarbonate, ammonium carbonate ot ammonium bicatbonate. Most preferably the base 1s

sodium catbonate.

Typically, from 1 to 10 equivalents of base may be used, relative to the salt of etlotinib.
Preferably from 1.5 to 5 equivalents of base ate used, and most ptrefetably about 2

equivalents of base ate used.

In one embodiment of the fitst aspect of the present invention, the step of treating a salt of
erlotinib with a base to yield etlotinib base may be petformed in the teaction solvent.
Alternatively, a sepatate solvent may be used. In eithet case, the salt of etlotinitb may be
suspended in the solvent ot dissolved in the solvent. Preferably the salt of etlotinib is

suspended 11 the solvent.

Whete a separate solvent is used, the solvent may be selected from an apolat solvent, a
polar protic solvent, a polar aprotic solvent, or a mixture theteof. Preferably the
solvent is a polar protic solvent such as watet ot a straight chain, branched ox cyclic
alcohol, ot a mixtute thereof. The straight chain, branched or cyclic alcohol may be
a C,-C,, alcohol. Preferably the alcohol is a C;-C,, alcohol, mote ptrefetably a C,-C;
alcohol such as methanol, ethanol, 1-propanol, 2-ptopanol, 1-butanol, 2-methyl-1-
propanol, t-butanol, 1-pentanol, cyclopentanol, 1-hexanol, cyclohexanol, or a

mixtute thereof.

In a preferred embodiment of the fitst aspect of the present invention, the step of treating
a salt of etlotinib with a base to yield etlotinib base is performed in a solvent comprising

methanol and/or ethanol. Optionally said solvent further comptises watet.

In a particulatly preferred embodiment, the step of treating a salt of etlotinib with a base to
yield etlotinib base is petformed in a solvent consisting of (a) methanol and/ot ethanol,

and (b) optionally water.,
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Most preferably, the step of treating a salt of erlotinib with a base to yield etlotinib base 1s

petformed in a watetr and methanol mixture.

Whete the step of treating a salt of etlotinib with a base to yield etlotinib base 1s petformed
in a solvent comptising a mixture of watet and a straight chain, branched or cyclic
alcohol, it is preferred that the water and the alcohol are present in a ratio of from
1:19 to 19:1 by volume. Mote preferably the water and the alcohol ate present in a
ratio of from 1:3 to 3:1 by volume. Most preferably the water and the alcohol are

present in a ratio of about 1:1 by volume.

In one embodiment of the first aspect of the ptesent imnvention, from 1 to 100 volumes of
solvent are used for the step of tteating a salt of etlotinib with a base to yield etlotinib base,
i.e. for evety 1g of the salt of etlotinib, from 1 to 100ml of solvent atre used. Preferably
from 5 to 50 volumes of solvent ate used, more preferably from 10 to 30 volumes. Most

preferably about 20 volumes of solvent are used.

In another embodiment of the first aspect of the present invention, the step of tteating a
salt of etlotinib with a base to yield etlotinib base 1s petformed at a temperatute of from 0
to 100°C. Preferably the step is petformed at a temperature of from 10 to 50°C. Most

preferably the step is petformed at a temperature of from 25 to 30°C.

Typically, the step of treating a salt of etlotinib with a base to yield etlotinib base may be
petformed over a petiod of time from 15 minutes to 24 houts, mote prefetably from 30

minutes to 6 houss, and most preferably over a period of about 2 houts.

Preferably, etlotinib base is isolated in the process according to the fitst aspect of the
present invention. For instance, the etlotinib base may be isolated by ctystallisation from
the solvent in which the step of treating a salt of erlotinib with a base to yield etlotinib base

1S pei*formed.

Preferably, the isolated etlotinib base is further purified, typically by ctystallization from a

solvent, wherein the solvent is preferably a straight chain, branched ot cyclic C; to C
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alcohol, wherein the solvent is more prefetably selected from methanol, ethanol, propanol,

1-butanol or mixtutes thereof and most preferably, the solvent is 1-butanol.

Alternatively, the isolated etlotinib base may be further putified by ctystallisation from a
solvent whetein the solvent is a straight chain, branched ot cyclic C, to C,, alcohol,
Preferably the solvent is a straight chain, branched ot cyclic C, to G,, alcohol, ot C, to Cy
alcohol such as 1-butanol, 2-methyl-1-propanol, t-butanol, 1-pentanol, cyclopentanol, 1-

hexanol, cyclohexanol, 1-heptanol, 1-octanol, ot a mixture theteof. Most prefetably the

solvent is 1-butanol.

Whete the isolated etlotinib base is futthet putified by crystallization from a solvent, the
ctystallisation may optionally be petformed by heating the isolated etlotinib base in the
solvent at a first temperatute until the etlotinib base has dissolved, and then cooling the
solution to a second tempetatute to allow the putified erlotinib base to ctystallise,
Preferably the first tempetatute is from 60 to 100°C, and more preferably from 80 to 90°C.

Preferably the second tempetatute is from -10 to 40°C, and more preferably from 25 to
30°C.

Optionally, the isolated etlotinib base is dissolved in the solvent and treated with activated

chatcoal, also known as activated catbon, ptior to ctystallisation from the solvent.

Preferably, whetein the isolated etlotinib base is further purified by ctystallisation from a
solvent, between 1 and 20 volumes of solvent ate used, i.e. for evety 1g of isolated erlotinib
base, from 1 to 20ml of solvent are used. Mote preferably between 3 and 15 volumes of

solvent are used, Most preferably between 6 and 8 volumes of solvent are used.

Preferably, the crude etlotinib base is putified by dissolving in 1-butanol, optionally with
activated charcoal, at a temperatute between 65°C and 100°C, more preferably wherein the

tempetature is between 80-90°C.

A preferred process according to the first aspect of the present invention is when the

isolated etlotinib base, which is optionally futther putified as described above, 1s convetted

into etlotinib hydtochlotide by reaction in a solvent with aqueous HCI ot non-aqueous
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HCL, Prefetably, the solvent is a straight chain, branched ot cyclic C; to C; alcohol, mote
preferably, the solvent is selected from methanol, ethanol, propanol, 1-butanol, 1-pentanol

or mixtures thereof and most preferably the solvent is 1-pentanol.

Altetnatively the isolated etlotinib base, which is optionally further purified as desctibed
above, may be convetted into etlotinib hydrochloride by teaction in a solvent with aqueous
HCl or non-aqueous HCI, whetein the solvent is a straight chain, branched ot cyclic C; to
C,, alcohol. Preferably the solvent is a straight chain, branched oz cyclic C; to C;, alcohol,
or C, to C, alcohol such as 1-pentanol, cyclopentanol, 1-hexanol, cyclohexanol, 1-heptanol,

1-octanol ot mixtutes thereof. Most preferably the solvent is 1-pentanol.

Where the isolated erlotinib base is converted into etlotinib hydrochloride by reaction in a
solvent with aqueous HCI or non-aqueous HCI, preferably from 1 to 100 volumes of
solvent ate used, i.e. for evety 1g of etlotinib base, from 1 to 100ml of solvent ate used.
Preferably from 5 to 50 volumes of solvent are used, mote preferably from 10 to 30
volumes. Most preferably about 20 volumes of solvent are used. Preferably the etlotinib

hydrochlotide crystallises from the solvent.

In one embodiment, where aqueous HCI is used, the isolated etlotinib base 1s converted
into etlotinib hydtochlotide at a temperature of from -10 to 40°C, more prefetably from O

to 30°C, and most preferably from 5 to 10°C.

Where aqueous HCl is used, it is preferred that the concentration of the aqueous HCI is
from 10 to 50% (w/w). Mote preferably, the concentration 1s from 20 to 40% (w/w), more

preferably still from 30 to 38% (w/w). Most preferably, the concentration is about 35%
(w/w).

In another embodiment, whete non-aqueous HCl is used, the etlotinib base is converted
into etlotinib hydtochlotide at a temperatute of from -10 to 40°C, mote prefetably from 0O
to 30°C, and most ptrefetably from 20 to 25°C.

Where non-aqueous HCI is used, it may be used as a gas, ot as a non-aqueous solution.

Preferably, the non-aqueous HCl is a non-aqueous solution, such as a solution of HCl in a
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straight chain, branched ot cyclic alcohol. Optionally, the same solvent is used for

dissolving the HCIl as is used for the convetsion of etlotinib base into etlotinib
hydrochlotide.

Where HCl is dissolved it a non-aqueous solvent, typically the concentration of the HCl in
the non-aqueous solvent may be from 1 to 50% (w/w). Preferably, the concentration is
from 10 to 30% (w/w), mote preferably from 15 to 20% (w/w). Most preferably, the

concenttation is from 16 to 18% (w/w).

Preferably the isolated etlotinib base is converted into erlotinib hydtochlotide by teaction
in a solvent with aqueous HCI ot non-aqueous HCI over a petiod of from 5 minutes to 24
houts, more preferably from 15 minutes to 6 hours, more preferably still from 30 minutes

to 3 houts and most preferably for a period of about 1 hout.

Preferably, the etlotinib hydrochloride obtained by the process according to the fitst aspect
of the present invention is further putified by crystallization from a solvent. Preferably, the
solvent is a straight chain, branched ot cyclic C; to C; alcohol, more preferably, the solvent
is selected from methanol, ethanol, propanol, 1-butanol, 1-pentanol ot mixtutes theteof

and most preferably, the solvent is 1-pentanol.

Alternatively the etlotinib hydrochloride obtained by the ptrocess accotrding to the fitst
aspect of the ptesent invention is further purified by crystallization from a solvent selected
from a straight chain, branched or cyclic C; to C,, alcohol. Preferably the solvent is a
straight chain, branched ot cyclic C; to C,, alcohol, ot C; to Cg alcohol such as 1-pentanol,
cyclopentanol, 1-hexanol, cyclohexanol, 1-heptanol, 1-octanol or mixtutes thetreof. Most

preferably the solvent is 1-pentanol.

Whete the etlotinib hydtochloride is further purified by ctystallization from a solvent,
preferably from 1 to 100 volumes of solvent are used, ie. for evety 1g of etlotinib
hydtochlotide, from 1 to 100ml of solvent are used. Preferably from 5 to 50 volumes of
solvent ate used, more pteferably from 10 to 30 volumes. Most preferably about 20

volumes of solvent are used.
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In one embodiment, the etlotinib hydrochlotide is further purified by ctystallization from a
solvent at a temperature of from -10 to 40°C, mote preferably from 0 to 30°C, and most

preferably from 5 to 10°C.

In another embodiment, the etlotinib hydtochlotide is further putified by crystallization

from a solvent at a temperatute of from 20 to 25°C.

Preferably, the etlotinib hydtrochlotide is isolated as the form A polymotph.

As used herein, the “form A” polymotph of etlotinib hydrochloride refers to the
polymorphic fotm which exhibits an X-ray powder diffraction (XRPD) pattetn comprising
at least three characteristic peaks selected from 5.6, 6.2, 7.5, 8.0, 8.7, 9.8, 11.3, 13.3, 15.1,
15.5, 16.2, 17.0, 18.4, 18.9, 19.5, 21.2, 21.3, 22.4, 22.7, 23.5, 24.2, 24.6, 25.4, 26.2, 26.6, 27.1,

29.2. 30.0, 30.7, 32.8, 34.4, 36.2, 37.4 and 38.9 £ 0.2 degtees 20, as measured using a Cu
anode, Ko, = 154056 A and Ka, = 1.54439 A, Thus, fot instance, form A may exhibit an

X-ray powdet diffraction pattern comprising at least the characteristic peaks 5.6, 9.8, 18.9,

22.7 and 23.5 + 0.2 degtees 20.

Preferably form A exhibits an X-ray powder diffraction pattern comptising at least fout, at
least five, at least ten, ot all 34 chatactetistic peaks selected from 5.6, 6.2, 7.5, 8.0, 8.7, 9.8,
11.3,13.3, 15.1, 15.5, 16.2, 17.0, 18.4, 18.9, 19.5, 21.2, 21.3, 22.4, 22.7, 23.5, 24.2, 24.6, 25 4,

26.2, 26.6, 27.1, 29.2, 30.0, 30.7, 32.8, 34.4, 36.2, 37.4 and 38,9 * 0.2 degtees 20.

Accordingly, as used hetein, “form A” is substantially as desctibed in WO 01 /34574, albeit

optionally in a higher degtee of purity.

A second aspect of the ptesent invention provides a process for the preparation of
etlotinib base, comprising reacting a salt of etlotinib with a base in a solvent consisting of:
(2) methanol and/or ethanol; and

(b) optionally watet:
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In one embodiment of the second aspect of the present invention, the base may be an
organic base such as an amine, or an inorganic base such as ammonia, 2 hydroxide, a

catbonate or a bicatbonate. Preferably the base is a carbonate or a bicatbonate.

A third aspect of the ptesent invention provides a process for the prepatation of etlotinib
base, comprising reacting a salt of etlotinib with a catbonate or bicatbonate base in a

solvent consisting of one ot mote polar protic solvents.

In one embodiment of the thitd aspect of the ptresent invention, the solvent may consist

of water or a straight chain, branched or cyclic alcohol, or a mixtute thereot.

Preferably the straight chain, branched ot cyclic alcohol is a C-Cy, alcohol. Motze
preferably the alcohol is a C;-C,, alcohol, more preferably still a C,-C; alcohol such
as methanol, ethanol, 1-ptopanol, 2-propanol, 1-butanol, 2-methyl-1-propanol, t-
butanol, 1-pentanol, cyclopentanol, 1-hexanol, cyclohexanol, ot a mixtute thereof.
Most preferably the straight chain, branched ot cyclic alcohol is methanol and/os

ethanol.

In a preferted embodiment of either of the second or third aspects of the ptresent

invention, the solvent consists of water and methanol.

In either of the second or third aspects of the present invention, the salt of etlotinib may
be suspended in the solvent ot dissolved in the solvent. Preferably the salt of etlotinib is

suspended in the solvent.

In a preferred embodiment of either the second ot third aspects of the present invention,

the salt of etlotinib is etlotinib hydrochlotide.

Optionally the salt of etlotinib is prepated by a process according to the fitst aspect of the
ptesent invention. In one embodiment of the second ot third aspects of the ptesent
invention, the solvent is the same as the teaction solvent used in the first aspect of the

present invention. Alternatively, a sepatate solvent may be used.



CA 02806273 2013-01-22

WO 2012/028861 PCT/GB2011/051394

10

15

20

25

30

- 20 -

Whete the base used in accordance with the second ot third aspect of the present invention
is a carbonate ot a bicatbonate, preferably the base is a metal or ammonium catbonate ot
bicatbonate, such as sodium catbonate, sodium bicarbonate, potasstum carbonate,
potassium bicatbonate, ammonium catbonate or ammonium bicarbonate. Most preferably

the base 1s sodium carbonate.,

Typically, from 1 to 10 equivalents of base may be used, relative to the salt of etlotinib.
Preferably from 1.5 to 5 equivalents of base are used, and most preferably about 2

equivalents of base ate used.

Whete the process of the second or third aspect of the present invention is petrformed in a
solvent consisting of a mixture of water and a straight chain, branched ot cyclic alcohol,
it is preferted that the water and the alcohol are present in a ratio of from 1:19 to
19:1 by volume. Mote preferably the water and the alcohol are present in a ratio of
from 1:3 to 3:1 by volume. Most preferably the water and the alcohol atre present in

a tatio of about 1:1 by volume.

In one embodiment of the second or third aspect of the present invention, from 1 to 100
volumes of solvent ate used, i.e. for evety 1g of the salt of etlotinib, from 1 to 100ml of
solvent are used. Prefetably from 5 to 50 volumes of solvent ate used, motre preferably

from 10 to 30 volumes. Most preferably about 20 volumes of solvent are used.

In another embodiment of the second ot third aspect of the present invention, the process
is petformed at a temperatute of from 0 to 100°C. Preferably the process is performed at a

tempetatute of from 10 to 50°C. Most preferably the process is performed at a tempetatute

of from 25 to 30°C.

Typically, the process of the second or thitd aspect of the ptesent invention may be
petformed ovet a period of from 15 minutes to 24 hours, mote prefetably from 30 minutes

to 6 houts, and most preferably over a petiod of about 2 houts,
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Preferably, the etlotinib base is isolated following the process according to the second ot
third aspect of the ptresent invention. For instance, the etlotinib base may be isolated by

crystallisation from the solvent.

A foutth aspect of the present invention provides a process for the prepatration of etlotinib
base, comptising the ctystallisation of etlotinib base from a solvent comprising a straight

chain, branched ot cyclic C, to C,, alcohol.

Preferably the process of the foutrth aspect of the present invention putifies the etlotinib

base.

The etlotinib base used in the foutrth aspect of the present invention may optionally be

ptepated by a process according to any of the fitst to third aspects of the present invention.

In one embodiment of the fourth aspect of the present invention, the solvent is a straight
chain, branched ot cyclic C, to C,, alcohol, ot C, to Cg alcohol such as 1-butanol, 2-methyl-
1-propanol, t-butanol, 1-pentanol, cyclopentanol, 1-hexanol, cyclohexanol, 1-heptanol ot 1-

octanol, Preferably the solvent is 1-butanol.

In another embodiment of the fourth aspect of the present invention, the ctystallisation
may be petformed by heating the etlotinib base in the solvent at a first temperature until
the etlotinib base has dissolved, and then cooling the solution to a second temperatute to
allow the putified etlotinib base to ctystallise. Preferably the first tempetature is from 60 to
100°C, and mote pteferably from 80 to 90°C. Preferably the second temperature is from -
10 to 40°C, and mote preferably from 25 to 30°C,

Optionally, the etlotinib base is dissolved in the solvent and treated with activated charcoal,

also known as activated catbon, priot to ctystallisation from the solvent.

In another embodiment of the fourth aspect of the present invention, between 1 and 20
volumes of solvent ate used for the crystallisation, i.e. for evety 1g of etlotinib base, from 1
to 20ml of solvent are used. Mote preferably between 3 and 15 volumes of solvent are

used. Most preferably between 6 and 8 volumes of solvent are used.
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In a preferred embodiment of the fourth aspect of the present invention, etlotinib base is
putified by dissolving in 1-butanol, optionally with activated chatcoal, at a temperature

between 65°C and 100°C, mote pteferably whetein the tempetature is between 80-90°C.

In any of the fitst to fourth aspects of the present invention, the etlotinib base ot salt

thereof may be substantially pute.

In one embodiment of any of the first to fourth aspects of the present invention, the
HPLC putity of the etlotinib base ot salt obtained is more than 97%, mote preferably mote
than 98%, mote preferably more than 99%, more preferably motre than 99.5%, mote
pteferably mote than 99.8% and most preferably more than 99.9%. Preferably, the salt
obtained is the hydrochloride.

As used hetein, the petcentage HPLC putity is measured by the area normalisation method.

Where etlotinib base is isolated, it may in one embodiment be isolated as a hydrate.

Preferably said hydrate has a water content of < 5% (w/w).

In another embodiment, whete etlotinib base is isolated, it may be isolated as an anhydrate.
Preferably said anhydtate has a water content of = 0.5% (w/w). Mote prefetably, said

anhydrate has a watet content of < 0.2% (w/w).

A fifth aspect of the ptesent invention provides etlotinib base or a salt thereof with a
HPLC putity of more than 99.0%, more preferably more than 99.5%, mote pteferably
more than 99.8% and most preferably more than 99.9%. Preferably, in the fifth aspect of

the present invention the salt is the hydrochlotide.

In one embodiment of the fifth aspect of the ptesent invention, etlotinib base with a
HPILC putity of = 99.80% is provided. More preferably erlotinib base with a HPLC putity
of > 99.85% is provided, and most preferably etlotinib base with a HPLC putity of 2
99.90% 1s provided.
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The etlotinib base of the fifth aspect of the present invention may optionally be a hydrate.

Preferably said hydtate has a watet content of < 5% (w/w).

Alternatively, the etlotinib base of the fifth aspect of the present invention may optionally
be an anhydrate. Preferably said anhydtrate has a water content of < 0.5% (w/w). Mote

preferably, said anhydrate has a water content of < 0.2% (w/w).

In anothetr embodiment of the fifth aspect of the ptesent invention, etlotinib hydrochlotide
with a HPLC purity of = 99.85% is provided. Mote preferably erlotinib hydrochlotide with
a HPL.C putity of = 99.90% is provided.

A sixth aspect of the present invention provides a process for the preparation of etlotinib

hydrochloride form A, comptising crystallization of etlotinib hydrochlotide ftom a solvent.

Optionally, the etlotinib hydrochlotide may be prepared by a ptocess accotding to the fitst

aspect of the present invention, and/or be etlotinib hydrochlotide accotding to the fifth

aspect of the present invention.

A seventh aspect of the ptesent invention provides a process fot the prepatation of
etlotinib hydrochloride form A, compiising dissolving erlotinib base in a solvent and
mixing with aqueous ot non-aqueous HCI and crystallization of etlotinib hydtochlotide

from the solvent.

Optionally, the etlotinib base may be prepated by a process accotding to any of the first to
fourth aspects of the present invention, and/ot be etlotinib base accotding to the fifth

aspect of the present invention,

In one embodiment of the seventh aspect of the ptesent invention, whete aqueous HCI 1s
used, the etlotinib base is converted into etlotinib hydrochloride at a temperatutre of from

-10 to 40°C, mote preferably from 0 to 30°C, and most preferably from 5 to 10°C.

Whete aqueous HCI is used, it is preferred that the concentration of the aqueous HCI 1s

from 10 to 50% (w/w). Mote prefetably, the concentration is from 20 to 40% (w/w), mote
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preferably still from 30 to 38% (w/w). Most preferably, the concenttation is about 35%
(w/w).

In another embodiment of the seventh aspect of the present invention, where non-aqueous
HCl is used, the etlotinib base is converted into etlotinib hydrochloride at a tempetatute of

from -10 to 40°C, mote preferably from 0 to 30°C, and most preferably from 20 to 25°C.

Where non-aqueous HCI is used, it may be used as a gas, or as a non-aqueous solution.
Preferably, the non-aqueous HCl is a non-aqueous solution, such as a solution of HClin a
straight chain, branched ot cyclic alcohol. Optionally, the same solvent as used for

dissolving the HCl as is used for dissolving the etlotinib base.

In one embodiment of the seventh aspect of the present invention, whete HCl is dissolved
in a non-aqueous solvent, the concentration of the HCl is from 1 to 50% (w/w).
Preferably, the concentration is from 10 to 30% (w/w), mote ptefetably from 15 to 20%

(w/w). Most ptefetably, the concenttration is from 16 to 187 (w/w).

Preferably the erlotinib base is allowed to react with the aqueous HCI or non-aqueous HCl
over a petiod of from 5 minutes to 24 houts, more preferably from 15 minutes to 6 houts,
mote preferably still from 30 minutes to 3 houts and most preferably for a period of about

1 hout.,

Tn one embodiment of the sixth or seventh aspects of the ptresent invention, the solvent is
a straight chain, branched ot cyclic C, to C; alcohol, prefetably selected from methanol,
ethanol, propanol, 1-butanol, 1-pentanol ot mixtures thereof. Most ptreferably the solvent 1s

1-pentanol.

Altetnatively the solvent may be a straight chain, branched ot cyclic Cg to Cy alcohol.
Preferably the solvent is a straight chain, branched ot cyclic Cy to Cy, alcohol, or C; to Cg4
alcohol such as 1-pentanol, cyclopentanol, 1-hexanol, cyclohexanol, 1-heptanol, 1-octanol

ot mixtutes theteof. Most prefetably the solvent is 1-pentanol.
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In another embodiment of either the sixth ot seventh aspects of the present invention,
from 1 to 100 volumes of the solvent are used, i.e. fot every 1g of etlotinib hydrochloride
ot etlotinib base respectively, from 1 to 100ml of solvent are used. Prefetably from 5 to 50
volumes of the solvent are used, motre preferably from 10 to 30 volumes. Most preferably

about 20 volumes of the solvent are used.

Preferably the crystallization of eithet the sixth or seventh aspects of the present invention
occuts at a tempetatute of from -10 to 40°C, more preferably from 0 to 30°C, and most:

prefetably from 5 to 10°C.

In anothet embodiment, the ctystallization occuts at a tempetature of from 20 to 25°C.

Where etlotinib hydrochlotide form A polymozph is isolated in a process accotding to the
present invention, it preferably comprises less than 3% (w/w), morte prefetrably less than
2% (w/w), mote preferably less than 1% (w/w), and most preferably less than 0.5% (w/w)

of etlotinib hydrochlotide in form B ot other polymorphic forms.

The extent of form B ot othet polymotphic forms in the etlotinib hydrochloride form A

polymotph may be determined by techniques such as XRPD.

Any etlotinib hydrochlotide according to the fifth aspect of the present invention Is
preferably form A. Preferably the etlotinib hydrochloride form A accotding to the fifth

aspect of the ptesent invention comprises less than 3% (w/w) of etlotinib hydrochlotide imn

form B ot othet polymorphic forms.

An eighth aspect of the ptesent invention provides etlotinib hydtochloride form A
comptising less than 3% (w/w) of etlotinib hydrochloride in form B ot othet polymotphic

forms.

Preferably the etlotinib hydrochlotide form A accotding to the fifth ot eighth aspect of the
present invention comptises less than 2% (w/w), more prefetably less than 1% (w/w),
most preferably less than 0.5% (w/w) of etlotinib hydrochlotide in form B ot other

polymotrphic forms.
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A ninth aspect of the present invention provides etlotinib base, or a salt theteof, prepatable
by ot when ptepated by a process according to any of the fitst to fourth, sixth ot seventh

aspects of the present invention.

A tenth aspect of the ptesent invention provides etlotinib base, ot a salt thetreof, accotding
to any of the fifth, eighth or ninth aspects of the present invention, for use in medicine.

For instance, the etlotinib base, ot salt theteof, may be used to inhibit protein tyrosine

kinases.

An eleventh aspect of the ptesent invention provides a pharmaceutical composition
comprising etlotinib base, ot a salt theteof, according to any preceding aspect of the
ptesent invention ot when prepated by a process according to any preceding aspect of the
present invention. Preferably the pharmaceutical composition futther comptises one ot

mote phatmaceutically acceptable excipients.

Preferably, the phatmaceutical composition according to the eleventh aspect of the present
invention comptises a combination with one ot mote other active ingredients, ot is for use
in combination with one or mote other active ingtedients. Preferably, the one or mote

other active ingredients is an anti cancer drug, preferably gemcitabine.

A twelfth aspect of the ptesent invention provides etlotinib base, ot a salt theteof,
according to the tenth aspect of the present invention, or a pharmaceutical composition
according to the eleventh aspect of the present invention, fot use to treat or prevent a
disotdet whetein inhibiting protein tytrosine kinases is beneficial. Preferably, the disordet is

a cancet and mote prefetably, the cancer is lung cancer ot pancteatic cancet.

A thirteenth aspect of the present invention provides a use of etlotinib base, ot a salt
theteof, according to any of the fifth ot eighth to tenth aspects of the present invention, for
the manufactute of a medicament fot the treatment ot ptevention of a disorder whetein
inhibiting protein tyrosine kinases is beneficial. Preferably, the disorder is a cancet and

mote prefetably, the cancet is lung cancer ot pancreatic cancet.
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A foutteenth aspect of the present invention provides a method of treating o preventing a
disorder wherein inhibiting protein tyrosine kinases is beneficial, comprising administering
a therapeutically ot prophylactically effective amount of erlotinib base, ot a salt theteof,
according to any of the fifth ot eighth to tenth aspects of the present invention, ot of a
phatmaceutical composition according to the eleventh aspect of the present invention, to a
patient in need thereof. Preferably, the disotder is a cancer and mote pteferably, the cancet

is lung cancer ot pancreatic cancet.

In a preferred embodiment of the fourteenth aspect of the present invention, the patient is

a mammal. Mote preferably the patient is a human.

The term “etlotinib” as used hetein throughout the description and claims means etlotinib
base, ie. N-(3-ethynylphenyl)-6,7-bis-(2-methoxyethoxy)-4-quinazolinamine, and/ot any

salt, solvate ot polymorph thereof, unless otherwise specified.

Likewise the term “etlotinib base” includes solvates, such as hydrates, and polymotphs
theteof, unless othetwise specified. Preferably however, the etlotinib base as referred to

hetein is anhydtous and/or non-solvated.

Similatly, any “salt of etlotinib” such as erlotinib hydtochloride includes solvates, such as
hydtates, and polymotphs thereof, unless otherwise specified. Preferably howevet, any salt

of etlotinib as refetted to herein is anhydrous and/or non-solvated.

Unless otherwise specified, the compounds of the present invention can be used both, in
their free base form and their acid addition salt form. Fot the putposes of this invention, a
“salt” of a compound of the present invention may be an acid addition salt. Acid addition
salts are preferably pharmaceutically acceptable, non-toxic addition salts with suitable acids,
including but not limited to inorganic acids such as hydrohalogenic acids (for example,
hydtofluotic, hydrochlotic, hydrobromic ot hydroiodic acid) or other inorganic acids (for
example, nittic, petchlotic, sulphuric ot phosphotic acid); ot organic acids such as otrganic
catboxylic acids (for example, propionic, butyric, glycolic, lactic, mandelic, citric, acetic,
benzoic, salicylic, succinic, malic or hydroxysuccinic, tattaric, fumaric, maleic,

hydtoxymaleic, mucic ot galactatic, gluconic, pantothenic or pamoic acid), otrganic
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sulphonic ~ acids  (for  example, methanesulphonic, trifluoromethanesulphonic,
ethanesulphonic, 2-hydroxyethanesulphonic, benzenesulphonic, toluene-p-sulphonic,
naphthalene-2-sulphonic or camphorsulphonic acid) or amino acids (for example,
ornithinic, glutamic ot aspattic acid). The acid addition salt may be a mono- ot di-acid
addition salt. A preferred salt is a hydrohalogenic, sulphutic, phosphotic ot otganic acid

addition salt, A mote preferted salt is a hydrochlotic acid addition salt.

In addition to phatmaceutically acceptable acid addition salts, other acid addition salts ate
included in the present invention, since they have potential to serve as intermediates in the
putification ot preparation of othet, for example, phatmaceutically acceptable, acid addition

salts, ot are useful for identification, characterisation ot putification of the free base.

Fot the putposes of the present invention, the etlotinib or its salts are “substantially pure™
if they comprise less than 3% (w/w), preferably less than 2% (w/w), pteferably less than
1% (w/w), preferably less than 0.5% (w/w), preferably less than 0.2% (w/w) and most

preferably less than 0.1% (w/w) of chemical imputities and/or polymotphic imputities.

Fot the avoidance of doubt, insofar as is practicable any embodiment of a given aspect of
the ptresent invention may occut in combination with any other embodiment of the same
aspect of the present invention. In addition, insofar as is practicable it is to be undetstood
that any prefetted ot optional embodiment of any aspect of the present invention should
also be consideted as a preferred or optional embodiment of any other aspect of the

present invention.

Detailed description of the invention

Convenient ptrocesses fot the preparation of chemically pute and polymotphically pute
etlotinib and etlotinib salts, such as the hydrochloride salt, have been provided by the
ptesent invention. These processes use mild conditions and low tempetatutres thus
minimizing the occurtence of polymorphic intet-convetsion and producing etlotinib

hydtochloride form A with very high polymozrphic putity.
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Preferred embodiments of the processes accotding to the present invention ate desctibed

in more detail below.

Preferably, the present invention provides processes for the ptepatation of
erlotinib  hydtochloride comptising teaction of 4-chloro-6,7-bis-(2-methoxyethoxy)-
quinazoline (2) and 3-ethynylaniline (3) in methanol without the use of external acid ot

base. External acid ot base has been used as a catalyst in prior art processes.

The purification of ctude etlotinib base (4) is preferably petformed by ctystallisation from
1-butanol to afford a ptoduct with very high yield and purity with an impurity profile well
within ICH guidelines.

The purified base (4) is ptefetably converted into erlotinib hydtochloride (polymotph A)
(1) by ctystallisation from 1-pentanol and aqueous HCI, or altetnatively gaseous HCI

dissolved in 1-pentanol.

A preferred embodiment of the present invention is illustrated in Scheme 3.

Another preferted embodiment of the present invention ptrovides a process fot the
prepatation of etlotinib hydrochloride (1) comprising the condensation teaction of 4-
chloto-6,7-bis-(2-methoxyethoxy)-quinazoline (2) and 3-ethynylaniline (3) by tefluxing in a
straight chain, branched ot cyclic C; to C4 alcohol solvent without the use of extetnal acid

ot acid salt of 3-ethynyl aniline ot base.

In another prefetred embodiment of the present invention, the ctude etlotinib
hydtochlotide (1) obtained is suspended in a solvent, such as methanol, and treated with a
base, such as sodium catbonate, to yield ctude etlotinib base (4). If required, an anti
solvent, such as water can be added to precipitate the ctude etlotinib base. The etlotinib

base is typically isolated by known methods such as filtration or centrifugation.

The base used to isolate the etlotinib base is preferably sodium catbonate but any suitable

base may be used as an alternative. Preferred alternative bases are selected from the group
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consisting of sodium hydroxide, potassium hydroxide, potassium carbonate, ammonia,

4 Q\Q

1 HIN
O
\O/\/ N A N2
o /) + Methanol ™o N
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pytidine and triethylamine.
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HN HN
\°/\/OTQ@ \"/\/Oﬁh
| g HCl
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5-10°C
Form A
(4) (1)
5
Scheme 3

Preferably, the putification of crude erlotinib base (4) to pute etlotinib base (4) was

achieved by ctystallization from 1-butanol/activated charcoal. Preferably, the putified
10  etlotinib base is obtained with a HPLC putity >99.9%.
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Preferably, the putified erlotinib base obtained has a water content not more than 5%

(w/w). The putified etlotinib base may also be dried at 65-75°C to obtain an anhydtous

base.,

Preferably, etlotinib hydtochloride polymorph form A is prepared by teaction of the
purified etlotinib base (4) in a suitable solvent with aqueous HCl ot gaseous HCL

Preferably, the solvent is 1-pentanol. Preferably, the etlotinib hydto chloride 1s obtained
with a HPLC putity >99.9%.

Preferably, the etlotinib hydtochloride obtained was substantially putre and free from

polymotph B ot other polymotphic forms.

A patticularly preferted embodiment of the present invention for the ptepatation of
etlotinib hydrochloride (1) comptises the following steps:

(a) condensation of 4-chloto-6,7-bis-(2-methoxyethoxy)quinazoline (2) and 3-
ethynylaniline (3) in an otganic teaction solvent to yield crude erlotinib hydtochlotide (1);
(b) treatment of the ctude etlotinib hydtochloride (1) with base, such as sodium

catbonate, to yield crude erlotinib base (4);

(c) crystallisation of the ctude etlotinib base (4) from 1-butanol to afford pute etlotinib
base (4);

(d) crystallisation of the putified erlotinib base (4) with aqueous HCl in 1-pentanol to
afford etlotinib hydtochlotide form A.

Preferably, in step (a), the reaction solvent is a straight chain, branched ot cyclic C; to C;
alcohol. Most prefetably, the solvent is methanol. Preferably, 5 to 50 volumes, mote

pteferably 20 volumes of solvent ate used.

Preferably, the 3-ethynylaniline was added into a solution of 4-chloro-6,7-bis-(2-
methoxyethoxy)quinazoline in methanol at 25 to 45°C and mote preferably at 35 to 40°C.

Preferably, aftet complete addition of 3-ethynylaniline into a solution of 4-chloro-6,7-bis-

(2-methoxyethoxy)quinazoline in methanol, the reaction mixture was heated to reflux for 1

to 5 houts, mote preferably 2 to 3 houts.
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Preferably, crude etlotinib hydrochloride was isolated by filtration at 25-30°C.

Preferably, the base, such as sodium catbonate, was added between 10 to 40°C and mote

prefetably between 25 to 30°C.

If required, the volume of anti solvent, such as water added is preferably 5 to 15 volumes,

mote preferably 10 volumes.

Preferably, the isolated ctude etlotinib base was dtied under reduced pressute at 40 to

80°C, mote preferably 65-70°C.

Preferably, the dried crude etlotinib base has a water content of not mote than 30% (w/w)

and mote preferably not mote than 10% (w/w) determined by Katl Fischer titration (ICF).

The putification of ctude etlotinib base is preferably achieved by crystallisation from
solvents selected from an alcoholic solvent such as methanol, ethanol, propanol, isopropyl

alcohol, butanol and 1-pentanol and most preferably 1-butanol.

Most preferably, the putification of crude etlotinib base was achieved by ctystallisation

using 6 to 8 volumes of 1-butanol and activated carbon at 75-80°C.

The drying of putified etlotinib base was prefetably petformed at a temperatute ranging
from 50 to 100°C and mote preferably 65 to 75°C undet reduced pressure ranging from
600 mm Hg to 50 mm Hg to afford etlotinib base hydrate having a watet content of not
mote than 5% (w/w), as determined by KF.

In another embodiment of the ptresent invention the purified etlotinib base obtained i1s

dried at 65-75°C to obtain an anhydrous form of erlotinib base with a water content of not

mote than 0.2% (w/w).

In a preferred aspect of present invention, erlotinib base was converted into etlotinib

hydrochloride by using the following sequence:
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(1) etlotinib base was added into 1-pentanol;
(11) aqueous HCl was added;
(i)  the mixtute was stirred; and

(v)  the resulting solid was 1solated

In a preferred embodiment, in step (1), etlotinib base is added into 1-pentanol at a
temperatute between 0 to 30°C, mote preferably at a tempetatute between 5 to 10°C.

Preferably, 1-pentanol is used in the range from 10 to 30 volumes and more preferably 20

volumes.

Preferably, in step (if), hydtochlotic acid was slowly added to a solution at a temperatute
between 0 to 30°C, mote preferably between 5 to 10°C. The hydrochlotic acid used is
preferably in the form of aqueous hydrochloric acid or in the form of hydrogen chloride
gas ot hydrogen chloride dissolved in the 1-pentanol. Preferably, the hydrochlotic acid was
used between 0.25 volumes to 2 volumes of aq. HCl and more preferably 0.5 volumes of
aq. HCL Typically, the concentration of the aq. HCl used was around 35% (w/w).
Preferably, after hydrochloric acid addition, the teaction was stirred for at least 1 to 3

houts, more preferably for about 1 hout.

Preferably, the etlotinib hydrochloride was isolated by filtration at a temperatutre ranging
from 0 to 30°C, more preferably between 5 to 10°C,

The white crystalline etlotinib hydrochlotride polymorph A obtained had an impurity profile
compliant with ICH guidelines. The HPLC purity obtained was preferably more than

99.5%, mote preferably mote than 99.8% and most preferably mote than 99.9%.

The erlotinib hydrochlotide, ctystalline polymotph form A, was characterized by XRPD.
The XRPD pattern and 26 values are in good agreement with the form A characterised in

the ptior att (e.g. in document WO 01/34574), although the form A of the present

invention is mote pure.

The pharmaceutical composition according to the present invention can be a solution ot a

suspension but is preferably a solid oral dosage form. Preferred oral dosage forms in
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accordance with the invention include tablets, capsules and the like which, optionally, may
be coated if desited. Tablets can be ptrepared 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 inhvention.

The pharmaceutical composition according to the present invention typically comptises
one ot mote conventional pharmaceutically acceptable excipient(s) selected from the group
comptising of a filler, a bindet, a disintegrant, a lubricant and optionally further compztises
at least one excipient selected from colouting agents, adsotbents, surfactants, film formers

and plasticizers.

If the solid pharmaceutical formulation 1s in the form of coated tablets, the coating may be
prepared from at least one film-former such as hydroxypropyl methylcellulose,
hydroxypropyl cellulose or methactylate polymers which optionally may contain at least
from one plasticizer such as polyethylene glycols, dibutyl sebacate, triethyl citrate, and other

pharmaceutical auxiliaty substances conventional for film coatings, such as pigments and

fillets.

Preferably the pharmaceutical compositions according to the present invention atre in unit
dosage form comprising etlotintb in an amount of from Img to 500mg, such that the

amount of etlotinib administered is from 0.1mg to 100mg per Kg per day.

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

by non-limiting examples.

Examples

Example 1: Prepatation of crude etlotinib base

4-chloro-6,7-bis-(2-methoxyethoxy)quinazoline (50 g, 0.1598 mol) was added to methanol
(900 ml, 18 vol.) and the mixture was heated to 35-40°C to obtain a uniform suspension, 3-
Fthynylaniline (20.6 g, 0.1758 mol) was mixed with 100 ml (2 vol.) of methanol and added
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drop wise into the uniform suspension of 4-chloro-6,7-bis-(2-methoxyethoxy)quinazoline
over a period of 15 min at 35-40°C. The temperature of the reaction mixture was slowly
raised to 60-65°C and maintained for 2-3 hours. The reaction was monitored by TLC as
well as HPLC, When the 4-chloro-6,7-bis-(2-methoxyethoxy)-quinazoline content in the
reaction mixture was not mote than 3%, the teaction mixtutre was cooled to 25-30°C and
ctude etlotinib hydrochlotide was isolated by filtration. The cake was washed with 100 ml
(2 vol.) of methanol and suck dried.

The wet cake of ctude etlotinib hydrochlotide was added to 500 ml (10 vol) of methanol
under stirring at 25-30°C to obtain a suspenston. Sodium catbonate (33.8 g, 0.3197 mol)
was added to the mixture at 25-30°C and stitred for one hour at 25-30°C. 500 ml (10 vol.)
of water was added to the reaction mixture and stitred for one hour. The crude etlotinib
base was isolated by filtration and suck dried before adding it to 250 ml (5 vol)) of watet at
25-30°C and stitred for 30 min. The etlotinib base was isolated by filtration and washed
with 50 ml (1 vol.) of watet and suck dried to get 70 g as a wet cake. This wet cake was
dried undet teduced pressure at 100 mm Hg for 3 hour at 60-65°C to afford 63g of

etlotinib base as an off-white powder.

Molar yield = 100%
HPLC purity >99%.

Example 2: Further purification of ctude erlotinib base

60 g of crude etlotinib base was added to 480 ml (8 vol)) of 1-butanol under stitring at 25-
30°C. The mixtutre was heated to 80-85°C to obtain a cleat solution and maintained for one
hout at 80-90°C. The solution was slowly cooled to 25-30°C and the product was isolated
by filtration and washed with 120 ml (2 vol.) of 1-butanol. The wet cake was again added to
360 ml (6 vol.) of 1-butanol and the mixture heated to 80-90°C to obtain a cleat solution.
2.7 g Activated chatcoal (Notit B) was added into the clear solution and maintained for 1
hout at 80-85°C. The reaction mixture was filtered through a Celite® bed at 80-85°C and
the Celite® bed was washed with 1 volume hot 1-butanol. The combined mothet liquot was

slowly cooled to 25-30°C and stitred for 1 hour. The product was isolated by filtration and
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washed with 120 ml (2 vol.) of 1-butanol. The putified etlotinib base was dried at 65-75°C

for 8 hours, undet reduced pressute (160 mm Hg) to afford 35 g as a white powdet.

Molat yield = 58.3%
HPILC putity 99.9%

Example 3: Preparation of etlotinib hydtochloride polymosph form A

115 g (0.292 mol) of etlotinib base was added to 2300 ml (20 vol)) of 1-pentanol at 25-
30°C. The mixtute was cooled to 5 to 10°C and stitred for 30 min. to obtain a suspension.
57.5 ¢ of aqueous hydrochlotic acid at a concentration of 35% (w/w) was added drop wise
at 5-10°C and the mixture stirted for 1 hout. The product was isolated by filtration and

washed with 230 ml (2 vol.) of 1-pentanol. The product was dried undet reduced ptressute

(50 mm Hg) at 0-60°C to obtain 113 g of etlotinib hydrochlotide polymorph A as a white
solid,

Molat yield= 90%
HPLC purity 99.85%

No polymotphic form B ot any other polymorphic form could be detected in the product
by XRPD. (Limit of detection 0.2% (w/w); limit of quantification 0.4% (w/w)).

Example 4: Alternative prepatation of erlotinib hydrochlotide polymorph form A

In a 2.0 litre, 4 neck, round bottom flask equipped with a mechanical stitrer, a thetmometer
pocket and a treflux condenser, 420 ml of 1-pentanol (16.8 volumes with tespect to
etlotinib base) and 25 g (0.0635 mol) of N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)-4-
quinazolinamine (etlotinib base) was charged at 25-30°C undet stitting. The teaction
mixture was then cooled to 20-25°C to obtain a suspension. 30 ml of 1-pentanol-HCI
solution (prepatred by sctubbing HCI gas into 1-pentanol to a concenttation by assay of 16-
18% (w/w)) was added dtop wise over a petiod of 15 minutes at a temperatute of 20-25°C.

The treaction mixture was stitted for a further 1 hout. The ptoduct was isolated by
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filtration, washed with 25 ml of 1-pentanol, and dried under reduced ptressute (50 mm Hg)
at 50-55°C, to give 25 g of etlotinib hydtochloride polymorph A (loss on drying < 0.5%).

Molar: yield = 91.5%
HPLC putity >99.8%

No polymotphic form B or any othet polymotphic form could be detected in the product
by XRPD. (Limit of detection 0.2% (w/w); limit of quantification 0.4% (w/w)).

It will be undetstood that the present invention has been desctibed above by way of
example only. The examples are not intended to limit the scope of the invention, Various
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. A process for the preparation of etlotinib base, or a salt thereof, comptising
teacting 4-chloro-6,7-bis-(2-methoxyethoxy)quinazoline and 3-ethynylaniline in a reaction
solvent, whetein the reaction mixture does not contain an external acid or base.

2. A process according to claim 1, wherein the reaction solvent is not 2-propanol.

3. A process according to claim 1 or claim 2, wherein the reaction solvent is a straight

chain, branched ozt cyclic C, to C; alcohol.

4. A process according to claim 3, wherein the reaction solvent is selected from

methanol, ethanol, propanol, 1-butanol or mixtures theteof.

5. A process according to claim 4, wherein the reaction solvent 1s selected from

methanol, ethanol, ot mixtures thereof.

6. A process according to claim 5, wherein the reaction solvent is methanol.

1. A process according to any preceding claim, wherein the salt of erlotinib 1s the
hydrochloride salt.

8. A process according to any preceding claim, further comprising the step of treating

a salt of etlotinib with a base to yield etlotinib base.

9. A process according to any preceding claim, whetein etlotinib base is 1solated.
10. A process according to claim 9, wherein the isolated etlotinib base is further
purified.

11. A process according to claim 10, wherein the isolated etlotinib base is further

purified by crystallization from a solvent.
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12. A process accotding to claim 11, wherein the solvent is a straight chain, branched
ot cyclic C, to C; alcohol.
13. A process according to claim 12, wherein the solvent 1s selected from methanol,

ethanol, propanol, 1-butanol or mixtutes thereof.

14. A process according to claim 13, wherein the solvent is 1-butanol.

15. A process according to claim 9, whetein the isolated erlotinib base, which is
optionally further purified according to any of claims 10 to 14, is converted into etlotinib

hydrochlotide by reaction in a solvent with aqueous HCl ot non-aqueous HCL

16. A process according to claim 15, wherein the solvent is a straight chain, branched

ot cyclic C, to C; alcohol.

17. A process according to claim 16, wherein the solvent is selected from methanol,

ethanol, propanol, 1-butanol, 1-pentanol ot mixtures theteof.

18. A process according to claim 17, whetein the solvent is 1-pentanol.

19. A process according to claim 7 ot any of claims 15 to 18, whetein the etlotinib

hydrochlotide 1s further purified by crystallization from a solvent.

20. A process according to claim 19, whetein the solvent is a straight chain, branched

ot cyclic C, to C; alcohol.

21. A process according to claim 20, wherein the solvent 1s selected from methanol,

ethanol, propanol, 1-butanol, 1-pentanol or mixtures thereof.

22. A process according to claim 21, wherein the solvent is 1-pentanol.

23. A process according to claim 7 or any of claims 15 to 22, whetein the etlotinib

hydrochloride is isolated as the form A polymotph.
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24. A process according to any preceding claim, whetein the reaction mixture is heated.
25. A process according to claim 24, whetein the reaction mixture is heated at the

reflux temperature of the reaction solvent.

26. A ptrocess accotding to claim 24, wherein the reaction mixture 1s heated at 35-40°C.

27. A process according to claim 14, whetein the crude etlotinib base 1s dissolved in 1-

butanol, optionally with activated charcoal, at a temperature between 65°C and 100°C.

28. A process according to claim 27, whetein the temperatute is between 80 and 90°C.

29. A ptocess for the preparation of erlotinib base, comprising reacting a salt of
etlotinib with a base in a solvent consisting of:
(a) methanol and/ot ethanol; and

(b) optionally water.

30, A process for the preparation of etlotinib base, comprising teacting a salt of
etlotinib with a catbonate ot bicatbonate base in a solvent consisting of one ot mote polat:

protic solvents.

31. A process for the preparation of etlotinib base, comptising the crystallisation of
etlotinib base from a solvent comprising a straight cham, branched or cyclic C; to C,

alcohol.

32. A process according to any preceding claim, whetein the etlotinib base ot salt

theteof is substantially pure.

33. A ptocess according to any preceding claim, wherein the HPLC putity of the
etlotinib base or salt obtained 1s:
(a) mote than 97%; ot

(b) mote than 98%,; or
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(c) mote than 99%; or
(d) mote than 99.5%; ot
(e) mote than 99.8%; ot
(f) more than 99.9%.

34, A process according to claim 33, wherein the salt is the hydrochloride.

35.  Erlotinib base ot a salt theteof with a HPLC purity of:
(a) more than 99.0%; ot
(b) mote than 99.5%; ox:
(c) more than 99.8%; ot
(d) more than 99.9%.

36.  Eilotinib according to claim 35, wherein the salt 1s the hydrochloride.

37, A process for the preparation of erlotinib hydrochloride form A, comptising

ctystallization of etlotinib hydrochloride from a solvent.

38, A process for the preparation of etlotinib hydrochlotride form A, comprising
dissolving etlotinib base in a solvent, mixing with aqueous ot non-aqueous HCIl and

crystallization of etlotinib hydrochloride from the solvent.

39. A process according to claim 37 or claim 38, wherein the solvent 1s a straight chain,

branched ot cyclic C; to C; alcohol.

40, A process according to claim 39, wherein the solvent is selected from methanol,

ethanol, propanol, 1-butanol, 1-pentanol ot mixtures thetreof,

41. A process according to claim 37 or claim 38, whertein the solvent is a straight chain,

branched o1 cyclic C; to C,, alcohol.

42. A process according to claim 40 or claim 41, wherein the solvent 1s 1-pentanol.
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43, A process according to claim 23 ot any of claims 37 to 42, wherein the form A
polymozrph isolated comprises:
(a) less than 3% (w/w) of erlotinib hydrochloride in form B or othert
polymorphic forms; ot
(b) less than 2% (w/w) of etlotinib hydrochloride in form B ot othet
polymotphic forms; ot
(c) less than 1% (w/w) of etlotinib hydtochloride in fotm B or othet
polymotphic forms; ot
(d) less than 0.5% (w/w) of etlotinib hydrochloride in form B or othet
polymotphic forms.

44,  FBrlotinib hydrochlotide according to claim 36, as the form A polymorph.

45.  Etlotinib hydtochlotide form A according to claim 44, comptising less than 3%

(w/w) of etlotinib hydrochloride in form B or othet polymotphic forms.

46.  Eilotinib hydtochlotide form A, comprising less than 3% (w/w) of etlotinib

hydrochlotride in form B ot other polymorphic forms,

47.  Erlotinib hydtochloride form A according to claim 45 or claim 46, comptising:
(a) less than 2% (w/w) of etlotinib hydrochlotide in form B or other
polymotphic forms; or
(b) less than 1% (w/w) of etlotinib hydrochloride in form B or other
polymotphic forms; ot
(c) less than 0.5% (w/w) of etlotinib hydrochloride in form B ot othet
polymotrphic forms,

48.  Eilotinib base, ot a salt theteof, when prepared by a process according to any of
clatms 1 to 34 or 37 to 43.

49, Etlotinib base, ot a salt thereof, according to any of claims 35, 36 or 44 to 48, for

use in medicine.
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50. A pharmaceutical composition comprising etlotinib base, or a salt thereof,

accotrding to any of claims 35, 36 ot 44 to 49,

51. A phatmaceutical composition according to claim 50, which comprises a

combination with one ot more othet active ingredients.

52. A phatmaceutical composition according to claim 51, wherein the one or mote

othet active ingredients is an anti cancer drug,

53. A pharmaceutical composition according to claim 52, whetein the one ot mote

other active ingredients is gemcitabine.

54, Erlotinib base, or a salt thereof, according to claim 49, ot a phatmaceutical
composition according to any of claims 50 to 53, for use to treat or prevent a disordet

whetein inhibiting protein tyrosine kinases is beneficial,

55. Etlotinib base, ot a salt thereof, or a phatmaceutical composition according to

claim 54, whetein the disorder 1s a cancet.

56.  Etlotinib base, ot a salt theteof, or a phatmaceutical composition according to

claim 55, whetein the cancer is lung cancer ot pancreatic cancet.

57.  Use of etlotinib base, or a salt thereof, according to any of claims 35, 36 or 44 to
49, for the manufactutre of a medicament for the treatment or prevention of a disorder

whetein inhibiting protein tyrosine kinases is beneficial.

58. A use according to claim 57, wherein the disordet is a cancet.

59. A use according to claim 58, whetein the cancet is lung cancer ot panicreatic cancet.
60. A method of treating or preventing a disorder whetein inhibiting protein tyrosine

kinases is beneficial, comptising administering a therapeutically ot prophylactically effective

amount of erlotinib base, or a salt thereof, according to any of claims 35, 36 ot 44 to 49, ot
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of a pharmaceutical composition according to any of claims 50 to 53, to a patient in need

thereof.

61. A method according to claim 60, wherein the disorder is a cancet.
62. A method according to clatm 61, whetrein the cancer is lung cancer or pancreatic
cancet,
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