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PROCESS FOR THE PREPARATION OF GEFITINIB

Field of the Invention. .

5 The present invention relates to a novel process for:the preparation of gefitinib (formula

I) and to novel intermediates which are produced during the course of .carrying out the:

novel process.

Background of the Invention
10 ‘

Gefitinib is an anilinoquinazoliné which is useful in the treatment of a certain type of

lung cancer (non-small cell lung cancer or NSCLC) that has not responded to

chemotherapy. The chemical name for gefitinib is 4-(3'-chloro-4'-fluoroanilino)-7-

methoxy-6-(3-morpholinopropoxy) quinazoline. Its structural formula is :

15
O N
\ @)
\ / \/\/ \j\l Cl
H.C =
370 N
Formula I
Gefitinib

The earliest known synthesis of gefitinib was first disclosed in the patent application

20 WO 96/33980. The synthetic method employed is depicted in the following reaction

scheme 1.
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The process invoives selective demethylation of 6,7-dimethoxy quinazoline-4-one using
methanesulfonic acid and L-methionine to get its 6-hydroxyl derivative, which is
protected by acetylation. The acetoxy compound is chlorinated and condensed with

chloro-fluoroaniline. Hydrolysis of the acetoxy compound followed by etherification with

3-morpholinopropyl chioride gives crude gefitinib which is purified by column - -

chromatography. The proéess suffers from many disadvantages as it involves several
protection and deprotection steps. The selective demethylation using methionine
results in isomeric impurities and has to be purified or else the impurity carries over to
subsequent steps in the preparation of gefitinib making it more difficult to isolate a pure
product. The process also leads to formation of an N-alkylated impurity at the final

stage which must be separated by column chromatography to obtain gefitinib.
Several other approaches are also described in the literature to make gefitinib.

WO 2004/024703 discloses a process for the preparation of gefitinib starting from 3-
hydroxy-4-methoxy benzonitrile which involves condensation of 3-hydroxy-4-methoxy

benzonitrile with morpholino propyl chloride, nitration, reduction with sodium dithionite
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3
to amino compound, hydrolysis of nitrile to amide, cyclisation in the presence of
formamide to obtain quinazoline, chlorination with phosphorous. oxychloride and finally
condensation with chloro-fluoro aniline to ob_tain_ gefitinib. The process involves multiple

steps and hence is time consuming.

WO 2005/023783 discloses a process for the manufécture of gefitinib starting from 2- . -

_amino-4—methoxy—5:(3-morpholinopropoxy)benzonitrile. The process -involves a . -

rearrangement reaction of 3-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)3,4-dihydroqunazoline-4-imine. The process is not feasibie
industrially, as the basic raw material is not readily available on a commercial scale and
involves the use of excess 3-chloro-4-fluoroaniline which is expensive. A further draw
back of the process is in the isomerization of the 4-imine compound which requires
anhydrous conditions at high temperature for a longer duration of 96 hours. All the
problems associated with this prior art process are overcome by the novel process of

the present invention.

WQ02005/070909 discloses a process for the preparation of gefitinib starting from

isovanillin as depicted in scheme 2
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HO CHO O N\/\/O CHO / \ .
N/ : - : (¢ N oL CHO .
O s ~ O \ / \/\/
» l MeO NO,
(¢} : N\/\/O . _CN / \ ) S
: S . O N O X B
. .. MeO - . NO, S - . .
: = E MeO NO, -
— O —\
l (0) N (6]
O N (¢}
\ / \/\/ j@fJ\NHz R A ) \/\/ NH._,
MeO NO, MeO NH,

. _ .
/
MeO N MeO N)

(X=Cl, OAc, OMs, OBs, OTs)

MeO N

The WO’ 909 process has disadvantages as it forms cis—trans geometrical isomers of

the oxime, which have different reactivities. Furthermore, the process uses a large

5 excess of acetic anhydride to convert the oxime to the nitrile at higher temperature.

The patent applications 901/CHE/2006 and 903/CHE/2006 disclose another route for

preparing gefitinib starting from isovanillin. The process involves formation of a

formamido compound [N’-[2-cyano-4-{3-(4-morpholinyl)propoxy}phenyl]-N,N-dimethyl

10 formamide], which is unstable and may result in undesired impurities in the final

condensation with 3-chloro-4-fluoro aniline, thereby making the process less feasible

on an industrial scale.
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5

‘The processes disclosed in the prior art are cumbersome. Therefore; there exists a

need for a more‘e'c;onomical and efficient method of making gefitinib which is suitable

for industrial scale-up.
The process of the present invention avoids use of reagents such as sodium dithionite, - -
acetic anhydride and allows substantial reduction in the number of problems

associated with these reagents.

Objects of the Invention

The object of the present invention is to provide an improved process for preparing

gefitinib.

Yet another object of the present invention is to provide an improved process via new

intermediates for the synthesis of gefitinib.

Yet another object of the present invention is to provide a process which is simple,

economical and suitable for industrial scale-up.

Statements of Invention

According to a first aspect of the present invention, there is provided a process for -

preparing a compound of formula V

0
L P
B v
Formule ¥

comprising converting a compound of formula Il
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6
: ol NO,
Farmula I

to the compound of formula V whereln X |s selected from fluoro chloro, bromo or |odo

Preferably, X is chloro or bromo most preferably chloro

In an embodiment, the compound lll is converted to the compound V via the

intermediate compound of formula IV

X _~_DO D:COOH
HLo NH,

Formula IV

wherein X is as defined above.

Compound [l may be converted to compound IV by oxidation followed by nitro

reduction.

The oxidation may involve reacting compound Ill with a base and a peroxide. The base
may be an alcoholic NaOH solution. The alcohol may be methanol. The peroxide may'
be H,0,, for example an aqueous solution of H,O,. The pH of the reaction may be
maintained at a pH of 10.5 to 11.5, for example by addition of further alcoholic NaOH
solution. After reaction completion, the pH of the reaction mass may be adjusted to 2.0
to 3.0 using an acid such as hydrochloric acid. The oxidation may be carried out at a

temperature ranging from 40 to 50°C, preferably 45°C.

The reduction involves hydrogen in the presence of a noble metal catalyst. A preferred
noble metal catalyst is palladium. The source of hydrogen may be hydrogen gas or a

hydrogen—donating compound such as ammonium formate or hydrazine hydrate. A
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7
suitable solvent, such as ethyl acetate, may be used for reduction using hydrogen gas.

The reduction may be carried out at a temperature ranging from 30 to 45°C, preferably

.35 to 40°C.

In an embodlment the mtro reductlon |s carried out using a- hydrogen -donating .

:compound such as “ammonium formate or hydrazme hydrate in the presence of .

hydrogen transfer catalysts.

Suitably, the hydrogen donating compound is hydrazine hydrate.

Suitably, the hydrogen transfer catalyst is selected from FeCl;.6H,0-activated carbon,
Fe (lll) oxide hydroxide or Fe (lll) oxide, Zn-C, Fe-C, Pd-C, Pt-C, Raney Ni, graphite

and clays.

In an embodiment, the nitro compound together with hydrazine hydrate is supported on

“a solid material such as alumina, silica gel or clay, and this provides a reduced reaction

time, easier work-up procedure and enhanced selectivity and reactivity without

racemization.

In an embodiment, the reduction is conducted in refluxing alcoholic solvents or dioxane.-

A suitable alcoholic solvent is methanol.

In another embodiment, the nitro reduction is carried out using ammonim formate and a

hydrogenation-dehydrogenation catalyst in the presence of an inert solvent.

Suitably, the inert solvent employed is selected from alcohol solvents such as
methanol, ethanol, isopropyl alcohol, butanol or polar aprotic solvents such as
acetonitrile, DMF, DMSO or THF.

Suitably, the hydrogenation-dehydrogenation catalyst comprises a noble metal catalyst

such as palladium, ruthenium or rhodium supported on carbon, clay, silica or alumina.
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8

In this embodiment, the reduction is carried-out at a temperature ranging from about

.25° C to about the reflux temperature .of the solvent used.

Compound 1V may be converted to compound V by the Niementowski synthesis. This

-synthesis is-well known to those skilled in the art. - The synthesis may involve reaction

' ‘of:—compound 1V with HCONHz and  ammonium formate.- The temperature. of the ..

10

15

20

reaction mass may range from 160 to 190°C, preferably from 170 .to 180°C. After
reaction completion, the temperature of the reaction mass may be reduced and the

product isolated, for example by filtration and drying under vacuum.

According to another aspect of the present invention, there is provided a process for

preparing gefitinib of formula |

HN
0[_\\/\/0 Cl
HC )

Gefitmb  Formulal

comprising converting a compound of formula V to gefitinib, wherein the compound V

has been prepared by a process as described above.

The conversion may be carried out by any suitable process. In an embodiment, the
conversion comprises chlorinating the compound V to produce a compound of formula
Vi

Cl
X ~sAL B
HC 2
Fomula VI

25 wherein X is as defined above.
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The conversion to ‘gefitinib- may further comprise reacting the compound- VI with : -

morpholine to produce.compound VI

Cl

P . . L N
"0 Na~UP s N
S
. ‘ H,C 0 N/) :
5 Farmula VII

The conversion to gefitinib may further comprise condensing compound VII with 3-

chloro-4-fluoroaniline.

10 The process of the present invention is advantageous as the process for preparing
intermediate 111 does not involve the use of an oxime compound, nor the conversion of
an oxime compound to a nitrile compound. By contrast, in W0O2005/070909 (see
Scheme 2 above), there is disclosed a process for preparing an intermediate in the
synthesis of gefitinib, which process involves the formation of an oxime and conversion

15 of the oxime to a nitrile. This has disadvantages as it forms cis—trans geometrical
isomers of the oxime which leads to poor yield at the oxime stage. Futhermore, these
isomers have different reactivities, which affects the rate of reaction at the nitrile stage.
Still further, conversion of the oxime to the nitrile is not suitable industrially as the
reaction is carried out at a high iemperature of 120-125°C using at least 5.4 times of

20 acetic anhydride.

Another advantage of the process of the present invention is that it involves the use of
compounds Il and V which do not have a morpholinyl moiety. This is advantageous as
3-morpholino propyl halide is a more expensive reagent compared to compound Il of
25 the present invention. The process of W02008/070909 involves the use of 3-
morpholino propyl halide. The process of the present invention for preparing gefitinb is
more economical than that of W02005/07090 as the former uses morpholine towards

the end of the process for which is less expensive.
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10
According to another-aspect of the present invention, there is provided a compound of
formula Il

e e NO,
Farmula [T

wherein X is selected from fiuoro, chloro, bromo or iodo. Preferably, X is chloro or

bromo, most preferably chloro.

According to another aspect of the present invention, there is provided a process for

preparing a compound of formula [Il comprising converting a compound of formula ||

HO CHO
H3c*o: : :NOI )
Formaula I

to the compound lll. The conversion may involve reacting compound 1l with a
compound of formula X(CH-)sX, wherein each X is independently selected from fiuoro,
chloro, bromo or iodo. In an embodiment, one X is chloro and the other X is bromo.
The conversion may be carried out in the presence of a suitable solvent such as
acetonitrile and a base such as K,COs;. The reaction mass may be extracted for

example with water and methylene chloride.

Compound Il may be prepared by nitrating isovanillin. This step is disclosed in US

6,297,257 and may be carried out in accordance with the process disclosed therein.

According to yet another aspect of the present invention, there is provided a process for

preparing a compouhd of formula XI
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11
H.U; ‘(H.
Fommula X1

comprising cohverting a compound of formula X

HO COOR
HC :C[m
) \0 e

Formuis X

to the compound Xl. In an embodiment, the conversion takes place in the presence of
formic acid, or a reactive derivative thereof. The formic acid derivative may be

formamidine acetate. The process may be carried out in a suitable solvent, such as

methanol.
In an embodiment, the compound X is prepared by reducing a compound of formula IX
HO COOR
BC, mo;
Famuha IX

to the compound X. The reduction may involve hydrogenation using Pd/C. The
hydrogenation may be carried out in the presence of a suitable solvent such as ethyl
acetate.

In an embodiment, the compound IX may be prepared by nitrating a compound of
formula VIII
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12

HO COOR
:O/
HC L
~0

Famulx VII

The nitration may involve the use of an acid, such as acetic acid, and nitric acid.. The -

reaction mass may be extracted, for example with water and methylene chloride.
The compound VIII may be prepared by oxidising isovanillin, followed by esterification.

The oxidation may involve reacting isovanillin with a base and a peroxide. The base
may be an aicoholic NaOH solution. The alcohol may be methanol. The peroxide may
be H,0,, for example an aqueous solution of H,O,. The pH of the reaction may be
maintained at a pH of 10.0 to 12.0, preferably 10.5 to 11.5, for example by addition of
further alcoholic NaOH solution. After reaction completion, the pH of the reaction mass
may be adjusted to 2.0 to 3.0 using an acid such as hydrochloric acid. The oxidation
may be carried out at a temperature ranging from 40 to 50°C, preferably 45°C.

The esterification may involve reacting the oxidised product with an alcoholic acid
solution. The acid may be hydrochloric acid and the alcohol may be methanol. The

reaction mass may be extracted with water and methylene chloride.

The process of the present invention for preparing compound Xl, reduces or
substantially elimiates isomeric impurities. In contrast, WO9633980 discloses a |
process in which 6,7-dimethqu-3,4-dihydroquinazolin-4-one is demethylated using
methionine to prepare a compound of formula XlI. The reaction is carried out at high
temperature (above 200°C) and is not selective, thus it results in formation of 10-15%
of the isomeric impurity 6-hydroxy-7-methoxy-3,4-dihydroquinazolin-4-one and 10-15%
of 6,7-dihydroxy-3,4-dihydroquinazolin-4-one (the desdimethylated compound). Hence,
the WO09633980 process requires purification of intermediate Xl; otherwise, these

impurities carry over to subsequent steps.
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According to a still further aspect of the present invention, there is provided a process
for. preparing gefitinib comprising converting a compound of formula: XI to gefitinib,

wherein the compound Xl| has been prepared according to a process as defined above.

5 The conversion to gefitinib may be carried out in accordance with. the process
described in WO9633980.

In an embodiment, the conversion to gefitinib comprises acetylating the compound X

to obtain 6-acetoxy-7-methoxy-quinazoline of the formula XII;

(6]
AcO .
NH
H.C ~
3N O N
10 Formula XII

chlorinating the 6-acetoxy-7-methoxy-quinazoline compound Xl to obtain 6-acetoxy-4-

chloro-7-methoxyquinazoline of formula Xill;

Cl
AcO XN
e AL S
15 . _ Formula XIII

condensing the acetoxy compound XIll with 3-chloro-4-fluoro aniline to obtain 6-

acetoxy-4-(3'-chloro-4’-fluoro-anilino)-7-methoxyquinazoline of the formula XIV;

20 Formula XIV
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hydrolyzing the. compound XIV by conventional ‘methods to obtain 4-(3"-chloro-4'-

fluoro-anilino)-6-hydroxy-7-methoxyquinazoline of the formula XV;

) F
"HNT

HO :
XN Cl
H,C /)
N0 N
Formula XV

5 and coupling 4-(3"-chloro-4"-fluoro-anilino)-6-hydroxy-7-methoxyquinazoline compound
formula XV with a 3-morpholinopropane derivative .of the formula XVI

X,CH)—N O

Formula XVI

10 wherein X, is a displaceable group, in the presence of a base to obtain gefitinib of the

formula I.

The present invention also provides compounds lil, V and IlX prepared according to any
one of the processes described above. Further, the present invention provides gefitinib
15 prepared according to any one of the processes described above. The gefitinib so
prepared may be formulated with one or more pharmaceutically acceptable excipients
to provide a pharmaceutical composition. Such excipients and compositions are well

known to those skilled in the art.

20 The invention is hereinafter detailed in greater details, no part of which may be

construed as restrictive to the scope of the instant invention.

Detailed Description of the Invention
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In an embodiment of the present invention, there is provided an improved synthesis of-

gefitinib from isovanillin , as depicted below in reaction scheme 3.

X ~_O0 CHO
_ X(CH2)3 .
— % HC. ~o “NO,

Step a 0, step b
isovanillin Formula I Formula III

‘ 1. Oxidation

Step ¢ 2. Reduction
Niementowski X 0 COOH

NH synthesis ~ N j@[
i H.C
N/) HCONH, 70 NH,
stepd
Formula V Formula IV
step e Chlorination
Cl HN 0] . Ci
X (0] / 0]
~TN NN Morpholine O\ /N\/\/ SN
H,C ~Z H.C. =
70 N/' step f 770 N)
Formula VI Formula VII
NH,
Where X=Cl, Br, 1 (:L step g
Cl
F
3- Chloro-4-fluoroaniline E
0 N 0
NN X Cl
— J
T N

Gefitinib Formulal

Accordingly, in an embodiment, the present invention provides a process for the.

preparation of gefitinib of formula |, comprising:

10 nitrating isovanillin i.e 3-hydroxy-4-methoxy benzaldehyde of the formula:
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S HO:‘/CHO
H.C. O
2o o
isovaillin

to obtain an intermediate, 5-nitro isovanillin of the formula Ii:

HO CHO
o NO,

Formula IT

reacting the compound of formula |l with compound X(CH,)3X, wherein each X is
independently a fluorine, chlorine, bromine or iodine atom, preferably chlorine or
10 bromine, in the presence of a base to yield a compound 3-(3-halopropoxy)-4-methoxy-

6-nitro benzaldehyde of the formula Il1:

Formula III
wherein X is as defined above;
15
oxidizing the 3-(3-halopropoxy)-4-methoxy-2-nitro-benzaldehyde of the formula lll to
the corresponding carboxylic acid and reducing the nitro group to obtain compound 2-

amino-4-methoxy-5-(3-halopropoxy) benzoic acid of the formula IV:

20 Formula IV
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wherein X is as defined above;

cyclizing the compound 2-amino-4-methoxy-5-(3-halopropoxy) benzoic -acid - of the

formula IV using formic acid or a reactive derivative thereof to- obtain 6-(3- - -

5 halopropoxy)-7-methoxy-3H-quinazoline-4-one of the formula V: . - -

S : (0]
X\/\/O
NH
H.C /)
3 \O N

Formula V

wherein X is as defined above;

10 chlorinating, 6-(3-halopropoxy)-7-methoxy-3H-quinazoline-4-one of the formula V to
obtain an intermediate, 4-chloro-6-(3-halopropoxy)-7-methoxy-quinazoline of the

formula VI:
cl
X\/\/O XN
H,C /J
3 \O N

Formula VI
wherein Xis as defined above;
15
‘condensing, the intermediate of formula VI with morpholine to obtain 4-chloro-7-

methoxy-6-(3-morpholino propoxy) quinazoline of the formula VII:

Cl
0O N\/\/O
__/ N

Formula VII
20
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condensing, 4-chloro-7-methoxy-6-(3-morpholino propoxy) quinazoline ‘of the formula
VII with 3-chloro-4-fluoroaniline to obtain gefitinib of formula I.

An alternate route for the synthesis of gefitinib from isovanillin according:-to the present - -

5. invention is depicted below in reaction scheme 4. =

HO< CHO HO COOR o HO COOR
i Oxidation Nitration
3C\ VN 0 NO

H3C\O ii Esterification H o N
Stepa Step b
Isovanillin Formula VIII Formula IX
R = alkyl
Step ¢ Reduction
(o] 0}
HO COOR
AcO NH acetylation HO NH HCONH,
) D —— H,‘C\
H,C = H,C = 6] NH,
Y N Stepe Y N Step d
Formula XI1 Formula XI . Formula X
Step ‘ POCI,
NH
: F
Cl HN
Cl AcO
AcO XN I XN Cl NH3
_——- P
H,C{ /) H,C{ /)
(¢ N Stepg o N Steph
Fprmula XIIi Formula XIV
/ \ F
HN F  X,/(CH);—N 0 HN
/ \ HO
O N\/\/O XN Cl Formula XVI NN Cl
— e B
HJC\O N/) K,CO, E N o N
Step i
Formula | Formula XV

10 Accordingly, in an embodiment, the invention provides an improved process for the

preparation of gefitinib of the formula | which comprises:
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oxidizing isovanillin to the corresponding ‘carboxylic acid and subsequently esterifying

the acid to obtain a compound of the formula VIII

~HOL .~ _~COOR
H3C\Oﬁ ' .

Formula VIII

wherein R is an alkyl group;

nitrating the compound of formula VIIl using a nitrating reagent to obtain a nitro

HO COOR
o NO

2

intermediate of the formula 1X

Formula IX

wherein R is as described above;

reducing the nitro compound of formula 1X to obtain an anilino compound of the formula

X:
HO COOR
H.C j@
o NH,
Formula X

wherein R is as described above;

cyclizing the anilino compound of formula X with formic acid, or a reactive derivative

thereof to obtain intermediate quinazoline of the formula XI;



WO 2008/125867 PCT/GB2008/001343

20
0
HO
NH
H.,C /)
o N
Formula X1

5 acetylating the quinazoline of formula Xl to obtain 6-acetoxy-7-methoxy-quinazoline -

of the formula XII;

(0]
AcO
NH
H.C ~
"o N
Formula XII

chlorinating the 6-acetoxy-7-methoxy-quinazoline of formula Xll to obtain an

10 intermediate, 6-acetoxy-4-chloro-7-methoxyquinazoline of formula XIlii;

Cl
AcO XN
1 N/)
Formula XIII

15 condensing the acetoxy compound of Formula Xl with 3-chloro-4-fluoro aniline to
obtain 6-acetoxy-4-(3 -chloro-4"-fluoro-anilino)-7-methoxyquinazoline of the formula
XIV;
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Formula XIV

hydrolyzing the compound of formula XIV by conventional methods to obtain 4-(3'-

chloro-4’-fluoro-anilino)-6-hydroxy-7-methoxyquinazoline of the formula XV;

5
QF
HN
HO Xy al
Formuila XV
and

coupling 4-(3’-chloro-4’-fluoro-anilino)-6-hydroxy-7-methoxyquinazoline of the formula
10 XV with 3-morpholinopropane derivative of the formula XVI

X,(CH)7—N O

Formula XVI

wherein X, is a displaceable group in the presence of a base to obtain gefitinib of the

15 formula l.

Gefitinib obtained according to the process of the present invention, for example by
~ following scheme 3 or 4, may be further purified by acid/base treatment or by
crystallization from solvents to obtain pharmaceutically acceptable grade gefitinib of

20 formula l.
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Gefitinib was prepared by following the process of the present invention, using

appropriate solvents, reagehts and reaction conditions.

The details of the invention given in the following examples, which are provided below

for illustration only, and therefore these examples should not be construed to limit the - -

scope of the invention.

Example 1: Prepafation of 4-(3';chiofo-4'-ﬂuoroaniIino)-7-methoxy-6-(3-
morpholindpropoxy)-quinazoliné (gefitinib) (formula I)

Methanol (1200 ml) and 6-(3-morpholino propoxy)-7-methoxy-4-chloro quinazoline
(200gm) were stirred for 15 minutes at 25-30°C, then a solution of 4-fluoro-3-
chloroaniline in methanol (213 gm in 400 ml) was charged and refluxed for 6 hours.
The reaction mass was cooled to 15-20°C, hydrochloric acid (40 ml) was added drop
wise, and stirred at 5-10°C for 30 minutes. The solid obtained was filtered and washed
with chilled methanol (150ml). The solid was dissolved in a mixture of toluene (30
volume) and methanol (5 volume), the reaction mass was concentrated to half the
volume and cooled to 5-10°C. The solid obtained was filtered, washed with toluene
(200 ml) and dried at 45-50°C to yield the title compound (183 gm, 70% yield).

Example 2: Preparation of 6-(3-morpholino  propoxy)-7-methoxy-4-
chloroquinazoline (formula ViI)

DMF (3 It), 6-(3-chloropropoxy)-7-methoxy-4-chloro quinazoline (200 gm) and
morpholine (210 gm), were heated to N70-75°C for 6-8 hours. The reaction mass was
cooled to room temperature, and methylene chloride (2.5 It) and water (2.5 It) were
charged. The layers separated and the aqueous layer extracted with methylene
chloride twice (500 ml). The combined methylene chloride layer was washed with
water, dried over sodium suiphate (10 gm) and concentrated completely at 35-40°C to
yield the title compound (200 gm, 85% yield).

Example 3: Preparation of 6-(3-chIoropropoxy)—7-methoxy-4—chIoroquinazoline
(formula VI)

-6-(3-chloropropoxy)-7-methoxyquinazoline-4-one (400 gm), thionyl chloride (3.2 1t) and

DMF (100 ml) were refluxed for 7-8 hours. Thionyl chloride was distilled off completely
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under reduced pressure below 45°C. Methylene chloride (2.5 ity and water (1.5 It) were

- charged, ‘stirred for 30 minutes at room temperature and the layers separated. The

.. methylene chloride layer was ‘washed with 1% sodium bicarbonate ‘solution. (1 It), dried . .
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aqueous layer was extracted twice with methylene chloride (500 ml), the combined

over sodium-sulphate (20 gm) and concentrated under reduced pressure ‘at: 35-40°C.
The residue was stirred with isopropyl alcohol (400 ml) at 40-45°C for 1 hour, cooled to
0-5°C, the solids filtered, washed with chilled isopropy! alcohol (200 mil) and dried under
vacuum at 45°C to yield the title compound (406 gm, 95% yield).

Example 4: Preparation of 6-(3-chloropropoxy)-7-methoxyquinazoline-4-one
(formula V)

2-amino-4-methoxy-5-(3-chloropropoxy)benzoic acid (450gm), formamide (2250 ml) -
and ammonium formate (200 gm) were heated to 170-180°C for 3-4 hours. The
reaction mass was concentrated under reduced pressure at 140-150°C. The residue
was stirred in methanol (1000 ml) at 45-50°C and cooled to 5-10°C. The solid obtained
was filtered to yield the title compound (420 gm, 90% yield).

Example 5: Preparation of 2-amino-4-methoxy-5-(3-chloropropoxy) benzoic acid
(formula IV)

a) Preparation of 3-(3-chloropropoxy)-4-methoxy-6-nitrobenzoic acid

Methanol (4 It), 3-<(3-chloropropoxy)-4-methoxy-6-nitro benzaldehyde (560 gm) and
30% methanélic NaOH solution (5 ml) were heated to 45°C. To this reaction mass 35%
of H,0O, solution (1200 ml) was added drop wise in 3-4 hours maintaining a pH of 10.5 -
11.5 with 30% methanolic NaOH solution. The reaction mass was quenched into ice
water (10 kg) and the pH adjusted to 2.0-3.0 using hydrochloric acid. The solid obtained
was filtered, washed with 50% aqueous methanol (500 ml) and dried at 45-50°C to
yield the title compound (510 gm, 86% yield). '

bi) Preparation of 2-amino-4-methoxy-5-(3-chloropropoxy)benzoic acid — using
hydrogen gas

Ethyl acetate (3 It), Pd/C (50 gm) and 3-(3-chloropropoxy)-4-methoxy-6-nitrobenzoic
acid (500 gm) were hydrogenated under a hydrogen pressure of 5-6 kg at 35-40°C for
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3-4 hours. The reaction mass was filtered and the clear-filtrate ‘was distilled under

reduced pressure at 45-50°C. To the residue, hexane (1 It) was charged, stirred at

. room temperature, the solids filtered and dried at 45-50°C to yield the title compound
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(bii) Preparation of 2-amino-4-methoxy-5-(3-chloropropoxy)benzoic acid — using -~ -
hydrazine hydrate ' _
3-(3-chloropropoxy)-4-methoxy-6-nitrobenzoic acid (100 gm),hydrazine hydrate (50
gms), neutral alumina (20gms), charcoal (10 gms), water (50 ml) and methanol (500: .
ml) were mixed together. The reaction mass was heated to 50°C. A solution of ferric
chioride (2 gms, 0.012M) in 50 ml methanol was introduced slowly at 55-60°C. The
reaction mass was filtered over hyflo and the clear filtrate evaporated. The residue
obtained was dissolved in 1.0-lit ethyl acetate, washed organic extract with water,

evaporated to obtain title compound. (75 gms, 83.6%)

(biii) Preparation of 2-amino-4-methoxy-5-(3-chloropropoxy)benzoic acid — using
ammonium formate

3-(3-chloropropoxy)-4-methoxy-6-nitro benzoic acid (165 gms), 5% Paladium on carbon -
(16.5 gms) and DMF (0.66 lit) were mixed together. The reaction mass was heated to
40°C. Ammonium formate (82.5 gms) was charged in lots maintaining temperature
below 50°C. The temperature of reaction mass slowly raised to 70°Cand maintained
for 2 hours. The reaction mass was cooled to 30°C and catalyst was removed by
filtration and the clear filtrate evaporated. The residue“ was dissolved in ethyl acetate
(0.825 lit), washed with water and evaporated to yield the titte compound. (125 gms,
84.5%)

Example 6: Preparation of 3-(3-ch|oropropoxy)-4-methoxy-6-nitro benzaldehyde
(formula Ill) '

5-nitro isovanillin (500 gm), acetonitrile (3.5 Its), K,CO; (750 gm) and
chlorobromopropane (780 gm) were refluxed for 4 hours. The reaction mass was
filtered hot, washed with acetonitrile (1 It) and the filtrate was distilled off to remove
solvent. The residue was dissolved in methylene chloride (4 It) and washed with water.

Water (3 It) was charged to the methylene chloride layer, the pH adjusted to 7.0 to 7.5
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with acetic acid, the methylene chloride layer separated, dried over sodium sulphate

(50 gm) and distilled out completely under reduced pressure below 40°C. The residue

was stirred with 2 volumes of n-Hexane at 40-45°C, cooled slowly to 0-5°C, the 'solids . -
filtered, washed with n-Hexane- (250 ml) and dried at 40-45°C to vyield the ‘title
-compound (638 gm, 92% yield). R o

Example 7: Preparation of 5-nitro isovanillin (formula H)

Isovaniliin (500 gm) and acetic acid (1750 ml) were cooled to -5 to 0°C. To this solution,
nitric acid (750 ml) was charged siowly at -5 to 0°C with stirring. The temperature of the
reaction mass was slowly raised to 25-30°C and maintained for 12 hours. The reaction
mass was quenched into ice water (4 kg), the solids filtered and washed with water (2
It). The solids were stirred with a 1% sodium bicarbonate solution (1 It), filtered and
dried at 45-50°C. The solid was dissolved in 6 volumes of ethyl acetate, ethyl acetate
was distilled off up to half the volume and 3 volumes of n-Hexane were charged slowly
at 45-50°C. The reaction mass was cooled siowly to 0-5°C, maintained for 1 hour, the
solids filtered, washed with 0.5 volumes of 1:1 mixture of ethyl acetate:n-Hexane and
dried at 45-50°C to yield the title compound (423 gm, 65 % vyield) .

Example 8: Preparation of Methyl-2-hydroxy-3-methoxy benzoate (formula Vill)

a) Preparation of 3-hydroxy-4-methoxy benzoic acid

Methanol (350 ml), isovanillin (50 gm) and 30% methanolic sodium hydroxide solution
(1 ml), were heated to 45°C.V:To this solution, 35% hydrogen peroxide solution (107 ml)
was charged slowly maintaining pH at 10.5 to 11.5 using methanolic sodium hydroxide
solution over a period of 2-3 hours. The reaction mass was quenched into chilied water
(1 It) and the pH adjusted to 2-3 using hydrochloric acid. The solids were filtered,
washed with 50% aqueous methanol (50 ml) and dried at 45-50°C to yield 3-hydroxy-4-

methoxy benzoic acid.

b) Preparation of Methyl-2-hydroxy-3-methoxy benzoate
The solid obtained in step a), was refluxed with 10% methanolic hydrochloric acid
solution (250 ml) for 6 hours. The reaction mass was quenched into chilled water (1 It)

and repeatedly extracted with methylene chloride (250 ml). The combined methylene
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_ chloride layer was washed with water (100 ml x 2)-and methylene chloride distilled out

completely at 35-40°C. The residue was stirred in hexane (150 ml), at 25-30°C. The

- solid -obtained was filtered, washed: with. hexane (25 ml) and dried at 40-45°C to yield .
- 'the title compound (50 gm, 83% yield).

Example 9: Preparation of Methyl-5-hydroxy-4-methoxy-2-nitro benzoate (formula.

1X)

Methyl-2-hydroxy-3-methoxy benzoate (50 gm) and acetic acid (175 ml) were cooled to
0-5°C. To this solution, 70% nitric acid solution (75 ml) was charged- slowly at 0-5°C -
under stirring and the reaction mass was further stirred for 18 hours. The reaction mass

was quenched into chilied water (800 ml) and extracted repeatedly with methylene

- chloride (400 ml). The combined methylene chloride layer was washed with water,

- followed by 1% potassium carbonate solution (100 ml), dried over sodium sulphate and
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methylene chloride distilled off completely at 35-40°C. The residue was dissolved in
10% aqueous methanol (250 ml). The filtrate was gradually cooled to 0-5°C and
maintained for 1 hour. The solid obtained was filtered, washed with 10% aqueous
methanol (100 ml) and dried at 40-45°C to yield the title compound (46 gm, 74% yield).

Example 10: Preparation of Methyl-2-amino-5-hydroxy-4-methoxy benzoate (X)

Ethyl acetate (300 ml), methyl-5-hydroxy-4-methoxy-2-nitfo benzoate (50 gm) and 10%
palladium/carbon (5 gm) were hydrogenated under a hydrogen gas pressure of 5-6 kg
fpr 4 hours. The reaction mass was filtered to remove catalyst. The filtrate was distilled

6ff to remove solvent. The residue obtained was stirred in n-hexane (100 ml) at 0-5°C

- The solid obtained was filtered and washed with n-hexane (25 ml) to yield the title
25

compound (40 gm, 93% yield).

Example 11 : Preparation of 6-hydroxy-7-methoxy-quinazoline-4-one (formula Xl)
Methyl-2-amino-5-hydroxy-4-methoxy benzoate (50 gm), methanol (400 ml) and
formamidine acetate (30 gm) were refluxed for 10 hours. The reaction mass was
gradually cooled to 5-10°C and stirred for 1 hour. The solid obtained was filtered and
washed with methanol (150 ml) and dried at 50-55°C to yield the title compound (45
gm, 92% yield).
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Example 12 : Preparation of Gefitinib -

_ Acetonitrile (500 ml), N-(4-fluoro-3-chloro phenyl)-6-hydroxy-7-methoxy quinazoline-4-

10

16

amine (50 gm), 3-morpholinopropyl chloride (35.gm) and tetrabutyl ammonium bromide. :

(5 gm) were refluxed for 16 hours. The reaction mass was distilled off-to. remove -

‘acetonitrile completely at 40-45°C.  To the residue, water (500 ml) -was charged and -
stirred for 15-.minutes at 25-30°C. The: solid - obtained was filtered, washed.-with

methanol (50 ml) and dried at 45-50°C. The crude solid was dissolved in a mixture of
toluene (1200 ml) and methanol (200 ml). The reaction mass was distilled off under
reduced pressure at 40-45°C to 400 ml volume, cooled to 10-15°C, stirred for 30
minutes, the solid filtered, washed with toluene (40 -ml) and dried to yield gefitinib (28
gm, 40% yield). -

It will be appreciated that the invention may be modified within the scope of the

appended claims.
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Claims .
1.... ~Aprocess for.preparing a compound of formula V
T o
XWOI:ELNH
. HC W
5 FormulaV_

comprising converting a compound of formula Ili

x\/\v;a \ CHO
H3Cb: : :NO:
Farmula IT
10

to the compound of formula V, wherein X is selected from fluoro, chloro, bromo or iodo.
2. A process according to claim 1, wherein X is chloro or bromo.

15 3. A process according to claim 1 or 2, wherein the compound Il is converted to
the compound V via the intermediate compound of formula IV

X _~_DO COOH
Hﬁc‘o: : :NH

Formula IV

20

wherein X is as defined in claim 1 or 2.

4 A process according to claim 3, wherein compound lil is converted to compound
IV by oxidation followed by reduction.
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5. A process according to claim 4, wherein the oxidation comprises reacting
~. compound Il with a base and a peroxide.
6. A .process according to claim 5 wherein the base is an alcoholic NaOH solution. -
7. A process according to claim 6, wherein the alcohol is methanol.
8. A process according to claim 5, 6 or 7, wherein the peroxide is H;0,.
9. A process according to any one of claims 4 to 8, wherein the pH of the reaction
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is maintained at a pH of 10.5 to 11.5.

10. A process according to any preceding claim, wherein after reaction completion,

the pH of the reaction mass is adjusted to a value ranging from 2.0 to 3.0.

11. A process according to any preceding claim, wherein the oxidation is carried out

at a temperature ranging from 40 to 50°C, preferably 45°C.

12. A process according to any one of claims 4 to 11, wherein the reduction

comprises hydrogenation in the presence of a noble metal catalyst.
13. A process according to claim 12, wherein the noble metal catalyst is palladium.

14. A process according to claim 12 or 13, wherein the source of hydrogen is
hydrogen gas or a hydrogen—donating compound.

15. A process according to claim 12, 13 or 14, wherein the hydrogenation is carried

out in a solvent comprising ethyl acetate.

16. A process according to any one of claims 12 to 15, wherein the reduction is

carried out at a temperature ranging from 30 to 45°C.
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10

15

20

WO 2008/125867 PCT/GB2008/001343

30
17. A process according to any preceding claim, wherein compound 1V is-converted

to compound V by the Niementowski synthesis. -

“compound IV to compound V comprises reaction of compound IV with - HCONH; and . -

ammonium formate.

19. A process according to claim 18, wherein the temperature of the reaction mass
ranges from 160 to 190°C.

20. A process for preparing gefitinib of formula |

HN
0/_\1\/\/0 Cl
H,C )

Gefitinb  Formulal

comprising converting a compound of formula V to gefitinib, wherein the compound \Y

has been prepared according to any one of claims 1 to 19.

21. A process according to claim 20, wherein the conversion comprises chlorinating

the compound V to produce a compound of formula VI

Cl
X W’O . o
HC -
Formmla VI

wherein X is as defined in claim 1 or 2.
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- .22. A process according to claim 21, wherein the conversion to gefitinib further

comprises reacting the compound VI with morpholine to produce compound-VII:

| 1o N”
Farmula VII

23. A process according to claim 22, wherein the conversioh to gefitinib further

comprises condensing compound VIl with 3-chloro-4-fluoroaniline.

24. A compound of formula lll

10
XD CHO
HSC‘o: : :NOI

Farrula III
wherein X is selected from fluoro, chloro, bromo or iodo.
15 25. Compound lll according to claim 24, wherein X is chloro or bromo.
26. Compound lii acco.}ding to claim 24 or 25, wherein X is chloro.

27. A process for preparing a compound of formula Il according to any one of

20 claims 24 to 26, comprising converting a compound of formula ||

HO CHO
H3C‘o: C :NO:_ '

Formula I

to the compound lll.
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28. A prdcess according to.claim 27, .wherein the conversion comprises reacting

compound Il with a compound of formula X(CHz)sX, wherein each X is independently -

. selected from fluoro, chloro, bromo or iodo.

29. A process according to claim 28, wherein one of the X groups is chioro and the. -

other X group is bromo.

30. A process according to claim 27, 28 or 29, wherein the conversion is carried out

in the presence of acetomtnle and K,COs.

31. A process according to any one of claims 27 to 30, wherein compound Il is

prepared by nitrating isovanillin.

32. A process for preparing a compound of formula XI

comprising converting a compound of formula X

HO COOR
: \0 s

Formula ¥

to the compound XI, wherein R is an alkyl group.

33. A process according to claim 32, wherein the conversion takes place in the

presence of formic acid, or a reactive derivative thereof.
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34. - A .process according to claim 33, wherein the formic acid derivative is

formamidine acetate.

35. A process according to claim 32, 33 or 34, wherein the compound X is prepared -

“by reducing a compound of formula IX-

HGC COOR
3 -‘“ﬂ . 01’
Famula ¥

to the compound X wherein R is as defined in claim 32.

36. A process according to claim 35, wherein the reduction comprises hydrogenation

in the presence of a noble metal catalyst.
37. A process according to claim 36, wherein the noble metal catalyst is palladium.

38. A process according to claim 36 or 37, wherein the source of hydrogen is
hydrogen gas or a hydrogen—donating compound.

39. A process according to claim 36, 37 or 38, wherein the hydrogenation is carried

out in a solvent of ethyl acetate.

40. A process according to any one of claims 35 to 39, wherein the compound IX is

prepared by nitrating a compound of formula VIII

HO COOR
T
HC
Lo .

Famula VIII
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wherein R is as defined in claim 32.

41. A process according to claim 40, wherein the compound VIIl is prepared by -

oxidising isovanillin, followed by esterification.

42. . A process according to claim 41, wherein  the oxidation comprises reacting.

isovanillin with a base and a peroxide.

43. A process according to claim 42, wherein the base is an alcoholicc NaOH

solution.
44. A process according to claim 43, wherein the alcohol is methanol.
45. A process according to claim 42, 43 or 44, wherein the peroxide is H,O,.

46. A process according to any one of claims 41 to 45, wherein the esterification

comprises reacting the oxidised product with an alcoholic acid solution.
47. A process according to claim 46, wherein the acid is hydrochloric acid.

48. A process for preparing gefitinib of formula |

F
HN
0 Na~_P XN cl
N/
ACo ¥

Gefitinb  Formula I

comprising converting a compound of formula Xl to gefitinib, wherein the compound Xl

has been preparéd according to any one of claims 32 to 47.
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49. A process according to claim 48, wherein the conversion to- gefitinib comprises

acetylating the compound Xl - to obtain 6-acetoxy-7-methoxy-quinazoline of the formula - - -

XIt;

Formula XII

chlorinating the 6-acﬁetoxy-7-methonyquinazoline compound Xll to obtain 6-acetoxy-4-

chloro-7-methoxyquinazoline of formula XiIll;

Cl
AcO XN
s N/)
Formula XIII

10

condensing the acetoxy compound Xlil with 3-chloro-4-fluoro aniline to obtain 6-

acetoxy-4-(3"-chloro-4’-fluoro-anilino)-7-methoxyquinazoline of the formula X1V,

F
HN .

AcO
N Cl
HC J
o N
Formula XIV

15
hydrolyzing the compound XIV by conventional methods to obtain 4-(3'-chloro-4'-

fluoro-anilino)-6-hydroxy-7-methoxyquinazoline of the formula XV;
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‘ F
HN
HO
N Cl
H.C /)
N0 N

’ _ _ _ Formula XV _ ‘ ‘ _
and coupling 4-(3 -chloro-4"-fluoro-anilino)-6-hydroxy-7-methoxyquinazoline compound

formula XV with a 3-morpholinopropane derivative of the formula XVI

X,(CH);—N O
/

5 Formula XVI

wherein X4 is a displaceable group, in the presence of a base to obtain gefitinib of the

formula .

10 50. A process substantially as herein described with reference to the examples.
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