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(587) Abstract: The present invention relates to a method for the preparation of citalopram or any of its enantiomers and acid addition
salts thereof comprising reaction of a compound of formula (II), with a diene having formula (II), wherein X is O, S, SO,, -N=N-,
-CO-0O-, -0-CO-, or with a diene having formula (IV) wherein R is alkyl or optionally substituted aryl or arylalkyl. The invention
also relates to intermediates used in the new process for the preparation of citalopram, as well as citalopram prepared according to

the new process.
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Method for the Preparation of Citalopram

The present invention relates to a method for the preparation of the well known anti-
depressant drug citalopram, 1-[3-(dimethylamino)propyl]-1 -(4-fluorophenyl)-1,3-dihydro-5-

isobenzofurancarbonitrile.

Background of the Invention
Citalopram is a well-known antidepressant drug that has now been on the market for some

years and has the following structure:

NC
O NMe,
o )

F )

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
having antidepressant activities. The antidepressant activity of the compound has been
reported in several publications, e.g. J. Hyttel, Prog. Neuro-Psychopharmacol. & Biol.
Psychiat., 1982, 6, 277-295 and A. Gravem, Acta Psychiatr. Scand., 1987, 75 , 478-486.
The compound has also been disclosed to show effects in the treatment of dementia and

cerebrovascular disorders, EP-A 474580.

Citalopram was first disclosed in DE 2,657,271 corresponding to US 4,136,193. This patent
publication describes the preparation of citalopram by one method and outlines a further

method that may be used for preparing citalopram.

According to the process described, the corresponding 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chloride in the
presence of methylsulfinylmethide as condensing agent. The starting material was prepared

from the corresponding 5-bromo derivative by reaction with cuprous cyanide.

CONFIRMATION COPY
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According to the second method, which is only outlined in general terms, citalopram may be

obtained by ring closure of the compound:

Br OH
NMe,
OH -

F
in the presence of a dehydrating agent and subsequent exchange of the 5-bromo group with
cyano using cuprous cyanide. The starting material of formula II is obtained from 5-
bromophthalide by two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium

chloride and N,N-dimethylaminopropyl magnesium chloride, respectively.

A new and surprising method and an intermediate for the preparation of citalopram were

described in US Patent No 4,650,884 according to which an intermediate of the formula

NC OH
NMe,
OH

F
is subjected to a ring closure reaction by dehydration with strong sulfuric acid in order to
obtain citalopram. The intermediate of formula III was prepared from 5-cyanophthalide by
two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium halogenide and

N,N-dimethylaminopropyl magnesium halogenide, respectively.

Further processes are disclosed in International patent application Nos. WO 98/019511, WO
98/019512 and WO 98/019513. WO 98/019512 and WO 98/019513 relate to methods
wherein a 5-amino-, 5-carboxy- or 5-(sec. aminocarbonyl)phthalide is subjected to two
successive Grignard reactions, ring closure and conversion of the resulting 1,3-
dihydroisobenzofuran derivative to the corresponding 5-cyano compound, i.e. citalopram.

International patent application No. WO 98/019511 discloses a process for the manufacture
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of citalopram wherein a (4-substituted-2-hydroxymethylphenyl-(4-fluorphenyl)methanol
compound is subjected to ring closure and the resulting 5-substituted 1-(4-fluorophenyl)-
1,3-dihydroisobenzofuran converted to the corresponding 5-cyano derivative and alkylated

with a (3-dimethylamino)propylhalogenide in order to obtain citalopram.

Finally, methods of preparing the individual enantiomers of citalopram are disclosed in US
Patent No 4,943,590 from which it also appears that the ring closure of the intermediate of

formula III may be carried out via a labile ester with a base.

It has now been found that citalopram may be obtained by a new process in which the

citalopram skeleton is formed by Diels-Adler reaction of a dihydrobenzofurane with a diene.
Summary of the invention

Accordingly, the present invention relates to a novel method for the preparation of

citalopram, its enantiomers and acid addition salts thereof comprising:

Reaction of a compound of formula

MesN
F : )

with

a) adiene having the formula III

e
X
N

wherein X is selected from O, S, SO,, -N=N-, -CO-O- and -O-CO-, followed by oxidation

(1)

to form citalopram,
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or with

b) acompound of formula

R— O\Ecw
\C)-b

V)
5
wherein R is alkyl, or optionally substituted aryl or arylalkyl, followed by conversion of the
resulting compound of formula
RO I
. NMe; V)
wherein R is as defined above to a compound of formula
10

0
%
NM
£ YY)

which is converted to a compound of formula

NC
' i
I NM€,
F

(VID)

15 followed by oxidation of the compound of formula VII to form citalopram.
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The reaction of the compound of formula II with the diene of formula III is carried out using
the conventional reaction conditions for carrying out reactions of the Diels-Adler type.
Thus, the reaction is suitably carried out in a solvent, such as benzene, toluene, 1,3,5-

trimethylbenzene; at a temperature between 60 and 180 °C, preferably at reflux.

Initial reaction of the compound of formula II with the diene of formula III leads to the

formation of the intermediate having the formula

NC.

F

Me,N

ar)

wherein X 1s as defined above.

Oxidation of the intermediate of formula II" leads to the formation of citalopram.

The oxidation of the intermediate of formula II' is carried out in presence of oxygen and

agents such as Pd/C, S, dideoxyquinon, and chloranil.

In some cases, 1.e. where the compound of formula III is a 3-cyanofuran, the conversion of
the intermediate of formula II' to citalopram is carried out in presence of a Lewis acid or a
mineral acid. Suitable Lewis acids include ZnCl,, TiCls, BF; Et,O etc. Suitable mineral

acids include hydrochloric acid, sulfuric acid etc.

When the compound of formula III used in the process is the 3-cyanofuran, the intermediate

of formula I' may be isolated.

The reaction of the compound of formula IT with the compound of formula IV is carried out
using the conventional reaction conditions for carrying out reactions of the Diels-Adler type.

Thus, the reaction is suitably carried out in an inert solvent, such as benzene, toluene, 1,3,5-
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trimethylbenzene; at a temperature between 60 and 180 °C, preferably at reflux. The aryl

and arylalkyl substitutents R in formula IV may be substituted with substituents such as
halogen, alkyl, alkoxy, etc.

The conversion of the compound of formula V to a compound of formula VI is suitably

carried out in an agueous acidic media or in an aqueous alkaline media.

The introduction of the cyano group into the compound of formula VI, is suitably carried
out by reaction of a compound of formula VI with NaCN, KCN, or TMSCN in an aqueous
media followed by dehydration using conventional dehydrating agents such as
thionylchloride, POCl3, P,Os or a Vilsmeier reagent. When TMSCN is used, the reaction is

suitably carried out in presence of a Lewis acid such as ZnCl,, Znl, or BF;, Et,0.

The compound of formula VII is oxidised to form citalopram in presence of oxygen and

agents such as Pd/C, dideoxyquinon, chloranil etc.

In a further aspect, the invention relates to the above processes in which the compound of

formula II is used in the form of the S-enantiomer.

In yet another aspect, the present invention relates to citalopram and S-citalopram
manufactured by the process of the invention, and an antidepressant pharmaceutical

composition comprising citalopram or S-citalopram manufactured by the process of the

invention.

According to the present invention, the compound of formula II may be prepared from a 4-
fluorobenzoic acid derivative and transformed to citalopram and its salts by a process,

comprising:

1) Reaction of a 4-fluorobenzoic acid of the formula VIII

: _COY
F

(VIID)
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wherein Y is halogen, especially chloro, -O-alkyl, -NR'R" wherein R' and R" are selected
from hydrogen, alkyl, alkoxy or R' and R" together form a ring, with M*, *C=C-CH,-0-Z,
wherein M" is a metal ion and Z is a protection group or hydrogen, followed by removal of

the protecting group Z;

ii) reacting the resulting compound of formula IX

o]

OH

(Ix)

with a Grignard reagent having the formula HalMg(CH,);NMe, wherein Hal is chloro or
bromo;
10

iii) reduction of the resulting compound of formula

to form a compound of formula

NMe;  (XI)

15 which is treated with a dehydrating agent to form a compound of formula II.

The reaction of the compound of formula VIII with M', *C=C-CH,-0Z is suitably carried
out in tetrahydrofuran, EtO or toluene. Suitable protecting groups Z include

tetrahydropyran, trialkylsilyl, etc. = The protecting group is removed according to

20 conventional methods for removal of protecting groups.
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Reaction of the compound of formula IX with the Grignard reagent is carried out using
conventional reaction conditions for Grignard reactions. Suitable solvents for Grignard

reactions include tetrahydrofuran, Et,O and toluene.

5 Reduction of the compound of formula X 1s carried out in water or ethanol using Raney-Ni

or a Lindlar catalyst as the reducing agent.

Treatment of the compound of formula XI with a dehydrating agent is suitably carried out in
toluene, EtOAc or tetrahydrofuran. Suitable dehydrating agents include tosylchloride,

10 methanesulfonylchloride etc.

Alternatively, the compound of formula II may be prepared from 4-fluorobenzaldehyde

and transformed to citalopram and its salts by a process, comprising:

: .CHO
F

(x)
15 iv) reaction of 4-fluorobenzaldehyde of the formula

with M", *C=C-CH,-O-Z, wherein M is a metal ion and Z is a protection group or
hydrogen; followed by
20

v) oxidation of the resulting compound of formula XIII

0z

(X1I)

25 and removal of the protecting group Z to form

OH

(IX)
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vi) reaction of the compound of formula IX with a Grignard reagent having the formula
HalMg(CH;);:NMe; wherein Hal is chioro or bromo;, followed by conversion of the

compound of formula X to the compound of formula II as described above.

The reaction of the compound of formula XII with M* ,"C=C-CH, -OZ is suitably carried
out in tetrahydrofuran, Et;O or toluene. The protecting group Z may be tetrahydropyran
trialkylsilyl etc.

Oxidation of the compound of formula XIII is carried out in presence of oxygen, suitably

in presence of agents such as Pd/C, DDQ, chloranil etc.

The protecting group Z is removed according to conventional methods for removal of

protecting groups.

According to a third embodiment of the invention , the compound of formula II may also be
prepared from dimethyl aminopropyl-4-fluorobenzophenon and transformed to citalopram

and its salts by a process, comprising:

viii)  reaction of a compound of formula

NMe;  (XIV)

with a Grignard reagent having the formula HalMgCCCH,0OMgHal wherein Hal is chloro or
bromo; followed by conversion of the resulting compound of formula X to a compound of

formula II as described above.

Reaction of the compound of formula XIV with the Grignard reagent is carried out using
conventional reaction conditions for Grignard reactions. Suitable solvents for Grignard

reactions include tetrahydrofuran, Et,O and toluene.
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According to a preferred embodiment of the invention, the diene of formula III used for the
preparation of citalopram is selected from 3-cyanofurane, 3-cyano-thiophen 1,1-dioxide, 4-

cyano-pyridazine and 2-oxa-2H-pyran-5-carbonitril.

The total synthesis of citalopram as outlined above, comprises the use of novel intermediates
for the preparation of citalopram. The novel intermediates of formula (II), (XI) and (X)

illustrated above also form part of the present invention.

The starting materials of formula IIl are known or may be prepared by conventional

methods.

Thus, 3-cyano-furane is a known compound which may be prepared from the corresponding

3-bromo-furan, 3-formyl-furan or 3-carboxy-furan using conventional methods.

3-cyano-thiophene 1,1-dioxide may be prepared by oxidation of 3-cyano-thiophene, using
e.g peroxide. The 3-cyano-thiophene is known from the literature and can be prepared from

the corresponding 3-bromo-, 3-formyl- and 3-carboxy-thiophenes.

4-cyano-pyridazine can be prepared by oxidation of benzopyridazine using e.g. KMnO; as
the oxidation agent, followed by decarboxylation of the resulting pyridazine-4,5-
dicarboxylic acid and conversion of the carboxylic acid to a nitrile using conventional

methods.

2-Oxa-2H-pyran-5-carbonitrile can be prepared from the corresponding carboxylic acid
using conventional methods for the conversion of a carboxy group to a cyano group. 2-
Oxa-2H-pyran-5-carboxylic acid can be prepared as described in Organic Synthesis, IV, p.
201-202.

The intermediates of formula II, X, XI, XIII in the form of enantiomers, may be obtained

using conventional separation techniques or as described in US-A-4.943.590.

It is advantageous to treat the compounds with an optically active acid, for example with (-)-

or (+)-tartaric acid or (-)- or (+)-camphor-10-sulfonic acid, in order to separate the
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diastereoisomeric salt mixture and to isolate the optically active compound as free base or as

a salt thereof.

The salts of the compounds (II), (X) and (XI), may be any acid addition salt, including
pharmaceutically acceptable acid addition salts mentioned above, for example the

hydrochloride, hydrobromide, etc.

The compound of general formula I may be used as the free base or as a pharmaceutically
acceptable acid addition salt thereof. As acid addition salts, such salts formed with organic
or inorganic acids may be used. Exemplary of such organic salts are those with maleic,
fumaric, benzoic, ascorbic, succinic, oxalic, bismethylenesalicylic, methanesulfonic,
ethanedisulfonic, acetic, propionic, tartaric, salicylic, citric, gluconic, lactic, malic,
mandelic, cinnamic, citraconic, aspartic, stearic, palmitic, itaconic, glycolic, p-
aminobenzoic, glutamic, benzene sulfonic and theophylline acetic acids, as well as the 8-
halotheophyllines, for example 8-bromotheophylline. Exemplary of such inorganic salts are

those with hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

The acid addition salts of the compounds of the invention may be prepared by methods
known in the art. The base is reacted with either the calculated amount of acid in a water
miscible solvent, such as acetone or ethanol, with subsequent isolation of the salt by
concentration and cooling, or with an excess of the acid in a water immiscible solvent, such

as ethylether, ethylacetate or dichloromethane, with the salt separating spontaneously.

The pharmaceutical compositions of the invention may be administered in any suitable way
and in any suitable form, for example orally in the form of tablets, capsules, powders or

syrups, or parenterally in the form of usual sterile solutions for injection.

The pharmaceutical formulations of the invention may be prepared by conventional methods
in the art. For example, tablets may be prepared by mixing the active ingredient with
ordinary adjuvants and/or diluents and subsequently compressing the mixture in a
conventional tabletting machine. Examples of adjuvants or diluents comprise: Corn starch,

potato starch, talcum, magnesium stearate, gelatine, lactose, gums, and the like. Any other
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adjuvant or additive colourings, aroma, preservatives etc. may be used provided that they

are compatible with the active ingredients.

Solutions for injections may be prepared by solving the active ingredient and possible
additives in a part of the solvent for injection, preferably sterile water, adjusting the solution
to the desired volume, sterilisation of the solution and filling in suitable ampoules or vials.
Any suitable additive conventionally used in the art may be added, such as tonicity agents,

preservatives, antioxidants, etc.
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Claims:

1. A method for the preparation of citalopram or any of its enantiomers and acid addition

salts thereof comprising reaction of a compound of formula

MeoN
F ()

with

a) adiene having the formula

/
X
S

wherein X is O, S, SO,, -N=N-, -CO-O-, or -O-CO-; followed by oxidation to form

(1)

10 citalopram; or with

b) acompound of formula

15 wherein R is alkyl or optionally substituted aryl or arylalkyl, followed by conversion of the

resulting compound of formula

NMe, V)
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wherein R is as defined above, to a compound of formula

[0)

NM
. &2 (v

which is converted to a compound of formula

NC
‘ ’
i NME,

F

followed by oxidation of the compound of formula VII to form citalopram;

(VD

and thereafter optionally converting the free base or an acid addition salt of citalopram, thus

obtained, to a pharmaceutically acceptable salt thereof

2. The method according to claim 1 characterized in that the compound of formula II is

prepared by

1) reaction of a 4-fluorobenzoic acid derivative of the formula

: .COY
F

(VI

wherein Y is halogen, especially chloro, -O-alkyl, -NR'R" wherein R' and R" are selected
from hydrogen, alkyl, alkoxy or R' and R" together form a ring, with M", “*C=C-CH,-0-Z,
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wherein M" is a metal ion and Z is a protection group or hydrogen, followed by removal of

the protecting group Z; and

i1) reaction of the resulting compound of formula IX

o]

OH

Ix)

with a Grignard reagent having the formula HalMg(CH,;):NMe, wherein Hal is chloro or

bromo;

10  ii1) reduction of the resulting compound of formula

NMe, x)

to form a compound of formula

NMe, XN

which is treated as a dehydrating agent agent to form a compound of formula II.
15
3. The method according to claim 1 characterized in that the compound of formula

II is prepared by

vi) reaction of 4-fluorobenzaldehyde of the formula of the formula XII



10

WO 01/47909 16 PCT/DK99/00739

CHO
E” :

(X11)
with M, *C=C-CH,-O-Z, wherein M" is a metal ion and Z is a protection group or

hydrogen,;

v) oxidation of the resulting compound of formula XIII

OH
0z
F

(X1

and removal of the protecting group Z to form a compound of formula IX

0]
OH
F

axj

vi) reaction of the compound of formula IX with a Grignard reagent having the formula

HalMg(CH,);:NMe, wherein Hal is chloro or bromo;

vii) reduction of the resulting compound of formula

HO }: OH
F
N )

Me,

to form a compound of formula
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OH
OH
F

NMe, [0,4)

which is treated with a dehydrating agent to form a compound of formula II.

4. The method according to claim 1 characterized in that the compound of formula

5 Il1is prepared by

viil)  reaction of a compound of formula
0]
NMe;  (XIV)

with a Grignard reagent having the formula HalMgCCCH,0OmgHal, wherein Hal is chloro

10  or bromo;

vix) reduction of the resulting compound of formula
HO }____ OH
-F
NMe, x)

to form a compound of formula

OH
OH
F

NMe;  (XI)
15

which is treated with a dehydrating agent to form a compound of formula II.
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5. A compound having the formula

NMe, X

5 any of its enantiomers and acid addition salts thereof.

6. A compound having the formula

NMe, [0,4)

10

any of its enantiomers and acid addition salts thereof.

7. A compound having the formula

o]
. Meat W0

15

any of its enantiomers and acid addition salts thereof.

8. A method according to claim 1 wherein the compound II is used in the form of the S-

enantiomer.

20

9. Citalopram prepared according to the method of claim 1.
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10. S-citalopram prepared according to the method in claim 8.

11. A pharmaceutical composition comprising a compound according to claim 9 or 10

5 suitable together with one or more pharmaceutically acceptable carriers or diluents.
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