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ABSTRACT

A process for the preparation of citalopram and the pharmaceutically acceptable salts therof is
disclosed by reacting 5-cyanoprhthalide with a 4-fluorophenyl magnesium halide, reducsing the 3-
hydroxymethyl-4-(4-fluorobenzo yl)benzonitrile with an agent reducing ketones to alcohols,
submitting the thus-obtained 3- hydroxymethyl-4- [(4-fluorophenyl)hydroxymethyl) benzosnitrile to a
cyclization reaction to give 1-(<4-fluorophenyl)-1,3-dihydro-5isobenzofurancarbonitrile without 1,1-
bis(4-fluorophenyl)-1,3-dihydro-5- isobenzofurancarbonitrile and treating 1,1-bis(4 flucrophenyl)-

1,3-dihydro-5- isobenzofurancarbonitrile with a 3-(dimetylamino)propy! halide in the pressence of a
base.
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PROCESS FOR THE PREPARATION OF A CYANO-
ISOBENZOFURAN '

The present invention concerns a proce=ss for the preparation, with
a sole series of reactions, of pure 1-(4-Eluorophenyl)-i,3-dihydro-5-
isobenzofurancarbonitrile  and for its cormversion into the 1-{(3-
(dimethylamino)propyl}-1-(4-fluorophenyl)-1,3-&ihydro-5-
isobenzofurancarbonitrile and its pharmaceuticaal acceptable salt.

Said  cyano-isobenzofuran, 1-[(3-( dimethylamino)propyl]-1-(4-
fluorophenyl)-1,3-dihydro-5-isobenzo furancarkoonitrile, represented by the
formula A

NC

Iy
N(CH,),

F (A)

known with its International Non—pro'prietary Naame “citalopram” is an active
principle of drugs used, in form of its hydrobroemide, for the preparation of
pharmaceutical compositions for the treatment of depression.

Citalopram was described for the first time in the Belgian patent
850,401 (corresponding to US 4,136,193) &and many methods for its
preparation have been patented.

Document US 4,136,193 discloses aa family of compounds of
formula A’

R,

o
\©:\ M_(CHy),

R)
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wherein Ry and R; represent each a halogen, a trifluoromethyl group, a
cyano group or a group‘ R-CO- in which R is C¢-C4 a&lkyl. According to said -
document, the compounds of formule A’ may be prepared by reaciion of

. compound of formula B’

(N4

Ry

90
J

R,

8)

wherein Ry and R, are as defined above, with a 3—(dimethylamino)propy!
halide in the presence of a base. The same document does not say how
the compounds of formula B’ in which Ry is cyano and R; is fluoro are
prepared, but in two examples it provides the preparation of a compound
of formula B’, in which R4 is bromo and R; is flu oro, by reaction of 5-
bromophthalide with 4-fluorophenyl magnesium bromide, reduction of 3-
hydroxymethyi-4-(4-fluorobenzoyl)bromobenzene  thus obtained “with
Bithium aluminium hydride and cyclization of the diol thus obtained of

formula C’
OH
OH

Ra

4

wvherein R4 is bromo and R is fluoro, with 60% phospheoric acid. From this
document an ordinary expert infers that the method for the preparation of

i-he compounds of formula A' is of general characier and thet the reaction
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with 4-fluorophenyl magnesium bromide may be performed on the 5-
cyanophthalide too. ‘

In fact, EP 171,943 discloses @ method of synthesis which uses two
Grignard reactions starting from 5-cyanophthalide, the first one being with
4-flourophenyl magnesium bromide and the second, on the magnesium
derivative obtained, with 3 ~(dimethylamino)propyl magnesium chloride to

obtain a diol, precursor of csitalopram, of formula D

NC
O OH
OH
N(CH,),
S

F

which is cyclized to citalopram.

Analogously, the document WO 98/19511 (corresponding to US
6,291,689) discloses a process wherein the 3-hydroxymethyi-4-(4-
fluofdbenzoyl)benzonitri!e i s reduced with sodium borohydride to obtain
the diol of formula C’, wheerein R4 is cyano and R, is fluoro, which is
cyclized to 1-(4-fluoropheryl)-1,3-dihydro-5-isobenzofuran carbonitrile in
its turn converted to citalopram by reaction with 3-(dimethylamino)propyl
chloride in the presence of a base. According to this document, the
process may be carried out by isolating the intermediates or without
isolating them, but said document does not give any information on how to
carry out the process in a sole operation.

Furthermore, the process described in WO 98/19511, which
substantially overlaps that disclosed in the preceding documents BE
850,401 and US 4,136,193, provides 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile (compound of formula B’ in which Ry = CN and
R, = F) in ayield of 29% on ly.

It has been hypothessized and experimentally demonstrated that the

reaction of 4-fluorophenyl magnesium bromide with 5-cyanophthalide
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leads to a mixture in which, beside the desired 3-hydroxymethyi-4-(4-

' fluorobenzoyl)benzonitrile, the 3-hydroxymethyl-4-[bis(4- -

fluorophenyl)hydroxymethylloenzonitrile is present in not negligible
amounts. In the subsequent cyclization this by-product, which remains
unaliered during the reduction, for exemple with LiAlH, or MaBH,, gives
the 1,1-bis(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile which,
being difficulty separable from the intermediate 1-(4-fluorophenyl)-1,3-
dihydro-5-isobenzofurancarbonitrile, involves noteworthy problems in the
synthesis of the final citalopraam. The confirmation of the formation of the
above-mentioned by-products was possible by treatment of 5-
cyanophthalide with an excess of 4-fluorophenyl magnesium bromide
whic;h, by favouring the formation of the 3-hydroxymethyl-4-[bis(4-
fluorophenyl)hydroxymethyl] toenzonitrile, allowed the isolation and the
characterization of this by-product. The same principle has been applied to
the preparation of 1,1-bis(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile which has thus been isolated and characterized.
Through the study of the solubility of 1,1-bis(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile and of the 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile, it weas possible to succeed in the separation of
the two products in the course of the synthesis of citalopram starting from
5-cyanophthalide.

In particular, thanks to the identification of the by-products, it has
been found that, by operating according to Example 3 of BE 850,401 (US
4,036,193), starting from 5-cyanophthalide, after the reaction with 4-

fluorophenyl magnesium halid e, the subsequent reduction to diol (C)

OH

OH

F.

NC

©
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and the cycliiati on to 1-(4-fluorophenyl)-1,3-dihydro-5- -

isobenzofurancarbonitrile (B)

NIC

O ’ )
g

F

it is possible to isolate th e mixture containing the 1-(4-fluorophenyl)-1,3-
dihydro-5-isobenzofurancarbonitrile and the 1,1-bis-(4-fluorophenyl)-1,3-
dihydro-5-isobenzofuran «carbonitrile and to treat said mixture with a
solvent capable of dissolving the 1,1-bis-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile under condition in which 1-(4-fluorophenyl)-1,3-
dihydro-5-isobenzofurancarbonitrile is practically insoluble, for example
with isopropanol or with mmethyl-t-butylether. Under these conditions, the
pure 1-(4-fluorophenyl)--1,3-dihydro-5-isobenzofurancarbonitrile (B) is
recovered in very high yie Ids while the by-product 1,1-bis-(4-fluorophenyl)-
1,3-dihydro-5-isobenzofurancarbonitrile remains in solution and is thus
eliminated.

The reaction sequesnce takes place according to Scheme 1 below,
wherein a preferred embo diment is illustrated.

From 1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile
thus obtained, by reaction with a 3-(dimethylamino)propy! halide in the
presence of a condensing agent such as an alkaline metal, for example
sodium amide or potassitum amide, butyl lithium, phenyl lithium, sodium
hydride and the like, as described in BE 850,401 (US 4,136,123), it is
possible to obtain the citalopram in a high degree of purity in form of free
base or of one of its non toxic acid addition sals.

The expressions “pure citalopram” and “citalopram at high purity

degree” indicate citaloprarm or a pharmaceutically acceptable salt thereof,

PCT/EP2004/002522
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in particular the hydrobrormide, in which the 1,1-bis(4-fluorophenyl);1,3—
dihydro-5-isobenzofurahcarbonitrile is not detectable in the NMR spectrum
obtained with a Bruker AM? < 400 MHz apparatus.

The terms “soluble” and “insoluble” and the expression “capable of
dissolving” indicate a solumbility degree of the above compounds which
allows an average skilled in the art to dissolve a product under normal
conditions, namely at a re asonable concentration and temperature or to
consider that, at said reasonable concentration and temperature said
product does not dissolve , taking into account that in the case of 1-(4-
fluorophenyl)-1,3-dihydro-5 -isobenzofurancarbonitrile and of 1,1-bis(4-
fluorophenyl)-1,3-dihydro-5 -isobenzofurancarbonitrile it is a matter of
evaluating a difference of solubility between the two compounds. In an
indicative but not limiting rmanner it may be considered that a solvent is
suitable to the separation of the two compounds if, in said solvent, the
1,1'-bis(4-fluorophenyl)-1,3 -dinydro-5-isobenzofurancarbonitrile is “very
soluble”, “soluble” or “fairly soluble” according to the criteria of the
European Pharmacopea or of the United States Pharmacopea (USP)
while, in the same solvent, the 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is “very slightly soluble” or “practically insoluble”.

Figure 1 illustrates the characteristics of the 3-hydroxymethyl-4-
[bis(4-fluorophenyl)hydroxymethyllbenzonitrile in the 'H-NMR and "C-
NMR spectra obtained witlw a Bruker AMX 400 MHz apparatus.

Figure 2 illustrates the characteristics of the 1,1-bis(4-fluorophenyl)-
1,3-dihydro-5-isobenzofuraancarbonitrile in the 'H-NMR and "°C-NMR
spectra obtained with a Briker AMX 400 MHz apparatus.
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Scheme 1
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Figure 3 illustrates the characteristics of the pure 1-(4-flucorophenyl)-
1,3-dihydro—~5-isobenzofurancarbonitrile in the "H-NMR and 'C-NMR .
spectra obtained with 2 Bruker AMX 400 MiHz apparatus. |

Thuss, it is an object of the present invention to provide & gorocess for
the preparation of 1-(4-fluorophenyl)-1,3--dihydro-5-
isobenzofurancarbonitrile which comprises:

(a) reacting 5-cyanophthalide with a 4-fluorophenyl rmagnesium
halide;

(b) treating the mixture thus obtained, containingg the 3-
hydroxymethyl-4-(4-fluoro- benzoyl)benzonitrile and the 3-hydr-oxymethyl-
4-[bis-(4-flu orophenylhydroxymethyl] benzonitrile; with an agert reducing
ketones to alcohols;

(c) swbmitting the mixture thus obtained, containimg the 3-
hydroxymethyl-4-[(4-fluorophenyl)hydroxymethyllbenzonitrile (C) and the
3-hydroxymeethyl-4-[bis-(4-fluoro- phenyl)hydroxymethyllbenzoritrile, to a
cyclization reaction and isolating a mixture containing the 1-(4-
fluorophenysl)-1,3-dihydro-5-isobenzofurancarbonitrie and ®&he 1-(4-
fluoropheny#l)-1,3-dihydro-5-isobenzofurancarbonitrile (B) and the 1,1-
bis(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile;

(d) treating the mixture thus obtained with a solvent ecapabie of
dissolving the 1,1-bis(4-fluorophenyl)-1,3. -dihydro-5-
isobenzofurancarbonitrile and in which the 1-(4-fluorophenyl)-1 ,3-dihydro-
5-isobenzofurancarbonitrile (B) is insoluble and recovering the pure 1-(4-
fluoropheny1)-1,3-dihydro-5-isobenzofurancarbonitrile (B).

~ Steps «a), (b) and (c) are carried out without isolating the in termediate
compounds according to known literature methods, for example= according
to the methaod cited in US 4,136,183 and specifically describead, starting
from 5-bromophthalide, in examples 1 and 3 of said document.

In partiicular, step (a), consisting of the treatment of 5-cyarmsophthalide
with a 4-flu orophenyimzagnesium hzlide, occurs according to 2 classical
Grignard reaction procedure, for example under the conditions described
in Example- 1 of US 4,136,193 for ‘the 5-bromophthalide, by treating
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1,05+1,35 equivalents of a Grignard solution, titred at 15+20%, said
solution being prepared from p-fluoro bromobenzene and magnesium
turnings in an ether, for example in tetrabhydrofuran, with &-cyanophthalide
and by adding said Grignard reagent in the amount capable of consuming
practically the whole starting 5-cyanophithalide. In practice, the operator
cantrols the course of the reaction by HPLC [column: Develosil C18 4.6 x
250 mm, 5p; DETECTOR: UV 240nm; FLOW: 1.5 mi/min; GRADIENT. A:
aqueous NH4H,PO4 + H3PO,4 at pH = 2.85 / B: CH3CN/H-0 = 9/1 (viv)]
and stops it when 2+3% of unreacted 5-cyanophthalide remains. The
product thus obtained is directly submitted to the next step (b) consinsting
of a reduction with an agent reducing ketones to alcohols for example with
NaBH,, or with LiAlH, as described in Example 3 of US 4,136,193, to
obtain the corresponding 3—hydroxymethyl-4-[(4-fluorophenyl)
hydroxymethyljbenzonitrile.

According to a preferred embodiment, which allows the large scale
preparation under conditions of safety, the reduction is carried out with an
aqueous solution of NaBH, and sodium hydroxide. Said aqueous solution
is added at a temperature not higher than 15°C and the reaction is
complete at the end of the addition. Thus, it is sufficient to eliminate the
aqueous phase, to evaporate the organic solvent and to submit the
residue to the subsequent step (c).

Step (c), consisting of the diol cyclization, is conducted by treating the
material obtained at the end of step (b)' with 60% phosphoric acid as
described in Example 1 of US 4,136,193 for the corresponding 3-
hydroxymethyl—4-[(4-ﬂuorophenyl)hydroxymethyl]—brdmobenzene.

According to a preferred embodiment, the method described in US
4,1 36,193 is rendered easier by dissolving the material obtained at the
end of step (b) in an organic solvent, preferably ethyl acetate or
tetrahydrofuran, and by carrying out the reaction with 60% phosphoric acid
in 2 biphesic system, thus avoiding the formation of waxy residues which

are difficult to treat. In practice, the residue obtained according to the
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preferred mode of conducting step (b) is dissolved in ethyl acetate a nd,
after the addition of 60% phaosphoric acid, the reaction is carried out i n a -
biphasic, for example weter/ssthyl acetate, system.

In step (d), the crude material thus obtained, conizining the 1—(4-
fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile (B) and the 4,1-
bis(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile is treated vvith
2 solvent capable of dissolving the 1,1-bis(4-fluorophenyl)-1,3-dihydrce-5-
isobenzofurancarbonitrile un der conditions in which the 1-(4-fluorophereyl)-
1,3-dihydro-5-isobenzofuran«carbonitrile (B) is practically insoluble, for
example with isopropanol or with methyl-f-butylether.

According to a preferred embodiment, the process of the pressent
invention is carried out “one-pot”, i.e. without isolating the intermediate
products, until a 1-(4-fluorop henyl)-1,3-dihydro-5-isobenzofurancarbonitrile
practically devoid of 1,1-bis(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is obtained, said 1-(4-fluorophenyl)-1,3-dihyc3ro-
5-isobenzofurancarbonitrile being subsequently converted into citalopram.
In practice, a Grignard solution is prepared by adding a solution off 4-
fluorobromobenzene in tetrahydrofuran to magnesium turnings in the
presence of traces of iodine at a temperature of about 70°C and, a fter
about 30 minutes, at the same temperature, the solution is adcded
portionwise to a suspension of 5-cyanophthalide in tetrahydrofuran aat -
20+0°C, preferably at -10+0O°C. At the end of the reaction, namely whhen
less than 5% of the starting 5-cyanophthalide is present, the magnes@um
derivative is decomposed wi-th water or, better, with an aqueous solutiom of
ammonium chloride and the cold tetrahydrofuranic sblution, containing the
3-hydroxymethyl-4-(4-fluoroloenzoyl)benzonitrile and the 3-hydroxymet.hyl-
4[bis(4-flucrophenyl)hydroxy-methyljbenzonitrile, is treated with an
aqueous solution of NaBH4 &nd of NaOH. .

The obtained mixture, containing the 3-hydroxymethyl-4—[(4-
fluorophenyl)hydroxy methy IJbenzonitrile (C) and the 3-hydroxymethysl-4-
[bis(4-fluorophenyl)hydroxyrethyl] benzonitrile, is extracted with e-thyl

acetate. The organic phase is concentrated, the residue is taken up with
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an 6rganic sOlvent, preferably with ethyl acetate, and the soluation is
treated with 60% phosbhoric acid and heated. At the end of the resaction, -
after separaticon of the phases, the organic phase, conigining thes 1-(4-
fluorophenyl)- 8 ,3-dihydro-5-isobenzofurancarbonitriie and the 1,1—bis-(4-
fluorophenyl)-4,3-dihydro-5-iso  benzofurancarbonitrile, is washed with
water, decolo rized with activated charcoal and concentrated under
vacuum. The oily residue is treated with the selected solvent, pre-ferably
with isopropanl| or with methyl-f-butylether, then the solvent is evapsorated
under vacuum_ If needed, the operation of treatment with the solve=nt and
of subsequent evaporation is repeated several times until, by tak ing up
with the solveent, a crystalline suspension consisting of pure 1-(4-
fluorophenyi)-1 ,3-dihydro-5-isobenzofurancarbonitrile (B) is obtéined. This
compound is #¥solated in a 70+75% yield, calculated in respect of the
starting 5-cyan«<ophthalide, by simple filtration. In general, the productt thus
obtained, having a purity higher than 98%, contains the 1,1-bis(4-
fluorophenyl)-1 ,3-dihydro-5-isobenzofurancarbonitriie in a percent lower
than 0.5%, thuss allowing the subsequent preparation of a citalopram with a -
high degree of purity, or of pharmaceutically acceptable sait therezof, by
treatment with & 3-(dimethylamino)propy! halide in the presence of a basic
condensing agent. This mode of operating is illustrated, in a pre-ferred
aspect thereof, in Scheme 2 below.

The ‘ 1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile
containing the 1,1-bis(4-fluorophenyl)-1,3-dihy«ro-5-
isobenzofurancarbonitrile in a percent lower than 0.5% is a new product
which representts a further object of the present invention.

~ The pure= 1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile
(B) obtained at the end of steps (a)-(d) above may be further maade to
react with a 3-Cdimethylamino) propyl halide in the presence of a basic
condensing agent to isolate citalopram at a high purity degree, or a
pharmaceutically acceptable salt thereof, in vields which are higher than
those obtained with any other known process using 5-cyanophthalicie as

starting material .
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Thus, it is another object of the présent inveration to provide a
process for  the preparation of citalopram or of a pharmaceutically -
ecceptable =alt thereof, which comprizes:

(a) re acting 5-cyanophthalide with a 4-fluoropihenyl magnesium
halide;

(b) trezating the mixture thus obtained, cosntaining the 3-
hydroxymetiyl-4-(4-fluora benzoyl)benzonitrile and the &-hydroxymethyl-4-
[bis-(4-fluorophenyl)hydroxymethyl] benzonitrile with a reducing agent of
ketones to aalcohols;

(c) ssubmitting the mixture thus obtained, containing the 3-
hydroxymetiyl-4-[(4-fluorophenyl)hydroxymethyl]lbenzon itrile (C) and the
3-hydroxymesthyi-4-[bis-(4-fluoro phenyl)hydroxymethyll benzonitrile to a
cyclization and isolating a mixture containing the 1-(4 —fluorophenyl)-1,3-
dihydro-5-issobenzofurancarbonitrile (B) and the 1,1-biss(4-fluoro phenyl)-
1,3-dihydro—5-isobenzofurancarbonitrile;

~ (d) treating the mixture thus obtained with a ssolvent capable of
dissolving the 1,1-bis(4-fluorophe= nyl)-1,3-dihydro-5-
isobenzofuraancarbonitrile and in which the 1-(4-fluoropkenyl)-1,3-dihydro-
5-isobenzof-urancarbonitrile (B) is insoluble and recovering the pure 1-(4-
fluoropheny-1)-1,3-dihydro-5-isobenzofurancarbonitrile (B );

(e) treating the  pure 1-(4-fluorophe=nyl)-1,3-dihydro-5-
isobenzofur ancarbonitrile (B) with a 3-(dimetylamino)pmropyi halide in the.
presence of a basic condensing agent and isolating «citalopram as free
base or as & pharmaceutically acceptable salt thereof.

Stepss (a)-(d) are carried out as described above and the pure 1-(4-
fluoropheny-1)-1,3-dihydro-5-isobenzofurancarbonitrile (B3) obtained at the
end of step (d) is submitted to the subsequent step (e).

in stezp (e), the chloride, the bromide or the iodide may indifferently
be used as halide, the chloride being preferred.

As a condensing basic agent, anyone of the bas=s commonly usad
in the alkylaation reactions, such as sodium amide, potassium amide, butyl

lithium, phe nyl lithium or sodium hydride may be employwed.
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l’ MaH , CCH,),;N(CH,), , HBr

citalogoram (A) hydrobromide

The condensation is carried out in an inert solvent, preferably in

dimethyl sulfoxide.
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Advantageo usly,. the 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile (B) as obtained at the end of step (d@ is
dissolved in dimetiyl sulfoxide, the solution thus obtzined is added to &
suspension of sod ium hydride in dimethyl sulioxide, the mixture is ikhen
freated with 3-(dinmethylaminopropyl) chloride and the citalopram winich
forrﬁé is isolated a ccording to the conventional methods, in form of Free
base or of a salt thexreof.

According to a preferred embodiment, at the end of the reacEion
water is added, c:ftalopram is extracted with ethyl acetate and, a-fter
suitable washings with water, the organic phase containing citalopram is
concentrated to an oil, essentially consisting of citalopram base, which, by
treatment with HBr in acetone, affords a citalopram hydrobromide wher-ein
the 1,1-bis(4-fluorcophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile is not
detectable in the NIMR spectrum obtained with a Bruker AMX 400VBHz
apparatus. The product thus obtained may be subsequently purified
according to known. methods, for example by repeated washings with ¢ old
water.

Thus, the process of the present invention allows the preparatiors of
citalopram hydrobromide in yields much higher than those obtained by all
of the methods employing the 5-cyanophthalide as starting mater ial.
Furthermore, by avoiding the use of intermediates containing a prcursor- of
the CN group, the process of the invention is easier to be carried out aand
affords a citaloprama with high purity in very satisfactory yields.

In the prepar-ations given hereinbelow the by-products that form in
the synthesis startimg from 5-cyanophthalide are isolated. They represent
the reference standards for the control of the process of the invention.

The followingw examples illustrate the invention.

PREPARATION I
20% Solution of 4%-fluorophenylmagnesium bromide in tefrahydrofurair

In a 4-1 flask, under nitrogen flow and at room temperature, 53.5 g

of magnesium turnimgs and 0.3 g of iodine particles are charged, then t he

mixture is heated to 70°C and, in one hour, a solution of 369.5 g of 4-
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fluorobromasbenzene in 1960 ml of tetrahydrofuran is dropped &hereinto. At
the end of addition th'e mixture is heated at reflux at 68+~ 0°C for 30 -
minutes, thesn the obtained solution is cooled to 25°C. There is obiained
2000 g of a 20% solution of 4-flucrophenylmagnesium brommids, to be
stored in the dark and in nitrogen atmosphere.
PREPARATION i
. 3-hydreoxymethyl-4[bis(4-fluorophenyl)hydroxymethyllben=onitrile

(a) S ynthesis

To & suspension of 20 g of 5-cyanophthalide in 150 ml of
tetrahydrofuiran, under nitrogen flow, at 25°C, 422.6 g of the 20% solution
of 4-fluorophenylmagnesium bromide obtained in PREPARATION | are
added and a rise in temperature of the mixture to about 35°C is observed.
The mixture is kept under stirring until, by a HPLC control [cOLUMN:
Develosil C18 4.6 x 250 mm, 5 p; DETECTOR: UV 240 nma; Frow: 1.6
mi/min; GRADIENT: A: aq. NH4HPO4 + H3PO, — pH =2.857B: CH3;CN/H0
= 9/1 (vlv)], the disappearance of 5-cyanophthalide is observe-d. When the
reaction is ever, 200 m! of a 15% aqueous solution of ammon ium chloride
are added, maintaining the temperature not higher than 30=C, then the
phases are separated and the organic one is concentrated urder vacuum
to obtain 52 g of a yellow oil, the raw 3-hydroxymethhyl-4-[bis-(4-
fluorophenyl)hydroxymethyl] benzonitrile, with a purity of 92.12%.

(b) Furification

In & 250-ml flask, 20 g of raw 3-hydroxyme-thyl-4-[bis(4-
fluorophenyl) hydroxymethyllbenzonitrile obtained in the= preceding
synthesis aand 100 ml of ethyl acetate are charged. The mixtwure is stirred
until a soluttion is obtained, wherein 30 ml of silica gel 60 are added, then
the solvent is evaporated under vacuum until a dry powder is obtained.
Separately, a §-cm diameter column is prepared with 300 mAl of silica gel
60 (particless & 0.063-0.200 mm) for gravimetric column, usimng a mixture
hexane/eth vl acsiate 9/1 (v/v) as eluent. The product pravioussly adsorbed

on silica gesl 60 is charged into the column prepared as described and is
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eluted with the mixture itself. The fractions containing the product are

collected and concentrated under vacuum at 50°C with Rotavapor® (the -
solution is getting foaming, o that during the concentration must be faken
the due precautions). The oily residue obtained is treaied with 100 ml
dichloromethane and the solution is concentrated to give 11.6 g of 3-
hydroxymethyl-4-[bis(4-fluorophenyl)hydroxymethylloenzonitrile as white
crystals with m.p. = 66.4+72.3°C and purity (HPLC) = 97.36%.
~ "H-NMR and "*C-NMR product dat-a are indicated in Figure 1.
PREPARATION il

1,1-Bis(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile

(a) Synthesis

In a 500-ml flask 22 g of raw 3-hydroxymethyl-4-[bis(4-
fluorophenyl)hydroxy
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methyl]lbenzonitrile obtained in the preceedirg step (a) of PREPARATION
Il and 100 mi of 60% H3;PO, are charged and the mixture is heated to -
100°C. After 3'/>-hour stirring at the same. temperature, ths reaction is
over: & control by HPLC [coLumn: Develo sil C18 4.6 xx 250 mm, 5 p;
DETECTOR: UV 240 nm; FLow: 1.5 ml/min; GRADIENT: A: aq. MH4HPO, +
H3PO4 — pH = 2,85 / B: CH3CN/H,O = 9/1  (v/v)] detects the presence of
0.2% starting material. The mixture is treaiexd, after cooling at 25°C, with
100 mi of ethyl acetate and 125 g of water —+ ice, then it is stirred at 25°C
for 30 minutes. The phases are separated, the organic phase is collected
and the aqueous one is extracted with 100 rml ethyl acetate. The aqueous
phase is eliminated and the collected organiac phases are washed with 150
ml of water. The separated organic phase is decolorized by treatment with

1 g activated charcoal. After 30-minute stirring at 25°C, the charcoal is

eliminated by filtration through a Celite™® layer and the filtrate is
concentrated under vacuum at 50°C until a orange-yellow oil is obtained.
Thus 23 g of raw 1,1-bisC4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile are obtained, with a purity (HPLC) = 88.6%. |

(b) Purification

In a 1-I flask 21 g of raw 1,1-bisC4-fluorophenyl)-1,3-dihydro-5-
isobenzofuran carbonitrile obtained in (a) and 400 ml of hexane are
charged. The mixture is heated at reflux for- 30 minutes, is cooled at 0°C
and is let under stirring for 2 hours at thiss temperature. The product is
recovered as light yellow crystals by filtratiorn and is washed with 20 ml of
cold hexane. Thus 23 g of 1,1-bisC4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile are obtained, with m.p. = 104.7+106.2°C and
purity = 97.7%.

'H-NMR and "*C-MMR product data a re indicated in Figure 2.

EXAMPLE i
Pure 1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile
To a suspension of 95 g of 5-cwanophihzalide in 710 ml of

tetrahydrofuran, previously cooled at —10°C, 384 g of a 20% solution of 4-
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fluorophenylmagnesium bromide in tetrahydrofuran obtained &n
PREPARATION | (“Grignard solution”) are dropped thereinto, in two hours .
at a temperature not higher than =5°C, then, in the same conditions, #&n
three times, 230 g, 115 @ and 49 g of Grignard solution a2re droppexd
thereinto. When the reaction is over, 875 ml of a 15% aqueous solution of
ammonium chloride are added in about one hour, maintaining thee
temperature lower than 0°C. The phases are separated, the aqueous omne
is exiracted with 285 ml of tetrahydrofuran and the organic phase 1s
collected.

The organic phase (950 ml), containing a theoretical quantity of 150
g of 3-hydroxymethyl-4-(4-fluorobenzoyh)benzonitrile, referred to thwe
starting 5-cyanophathalide, and about 14+16% of 3-hydroxymethyl-4-[bis(<1-
fluorophenyl)hydroxymethyllbenzonitrile, is cooled at 0+5°C, under
nitrogen atmosphesre. A solution of 23.3 g of NaBH,4, 230 ml of water and 1
ml of 30% NaOH i s added to the mixture dropwise, in 30 minutes and at a
temperature not h igher than 15°C. At the end of the addition a control by
HPLC [coLumN: Develosil C18 4.6 x 250 mm, 5 p; DETECTOR: UV 240 nnn;
FLow: 1.5 mli/min; GRADIENT: A: aq. NH4H,PO4 + H3PO4 — pH = 2.85 / B:
CH3CN/H,0 = 9/1 (viv)] detects the disappearance of 3-hydroxymethyl-<1-
(4-fluorobenzoyl)benzonitriie. The temperature is kept to 25°C, the
aqueous phase is eliminated and tetrahydrofuran is evaporated under
vacuum at 50°C. 100 ml of ethyl acetate are added to the residue and thhe
solvent is evaporated under vacuum at 50°C, then other 350 ml of ethyl
acetate are adde d. The phases are separated, the organic phase #s
collected and the aaqueous phase is extracted with 230 m! of ethyl acetate.
The phases are separated, the aqueous phase is discarded and the
organic phases are collected obtaining 720 ml of a solution in ethyl acetate
containing 150 o) of 3-hydroxymethyl-4-[(<-
fluorophenyl)hydrosxymethyllbenzonitrile and ‘the same quantity of 3-
hvdroxymethyl-4-[lois(4-fluorophenyl)hydroxymethyllbenzonitrile  containesd

into the starting so lution.
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To this solution, 930 ml of 60% HiPO, are added at 25°C and the
biphassic mixture water/ethyl acetate (81+82°C) is heatsed at reflux for 2 .
hours . A control by HFLC (see above) shows the disaappearance of 3-
hydro xymethyl-4-[(4-fluorophenyl) hydroxymethyllbenzo nitrile and of 3-
hydro xxymethyl-4-[bis(4-fluorophenyhhydroxymethyl] ben=onitrile contained
in the= starting solution. In the mixture thus obtained, containing the 1-(4-
fluoro phenyl)-1,3-dihydro-5-isobenzofurancarbonitrile armd about 14+16%
of 1,¥-bis(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancaarbonitrile, 750 mi
of water are dropped thereinto, then the phases are separated. The
orgarmic phase is collected and the aqueous one is extracsted with 600 mi of
ethyl acetate. After separation of the phases, the organic phases are
collected and the aqueous one is extracted with additioryal 450 ml of ethyl
acetate. The aqueous phase is discarded and the collected organic
pha'ses are washed with 750 ml of water containing NaCl. The organic

phase is decolorized with 4.6 g of activated charcoal and, after 30 minute-

stirrin g at 25°C and subsequent filtration on Celite® lamyer, the filtrate is
conceantrated under vacuum at 50°C until an oily residwie, that is treated
with 150 ml of isopropanol. The solution is concentrate under vacuum at
50°C until a light yellow residue is obtained, which is treated with
additi onal 150 ml of isopropanol. The suspension thus obtained is let
under stirring for 30 minutes at 25°C, then for 156 hours at 0+56°C, and
finally it is filtered. After washing on the filter with 2 x 30 ml of isopropanol,
the product is dried under vacuum at 50°C to giwe 94 g of 1-(4-
fluorasphenyl)-1,3-dihydro-5-isobenzofurancarbonitrile wi th a 65.8% yield
evalu ated on the starting 5-cyanophthalide, with a purity (HPLC) =
98.2+98.5% and with a 1,1-bis(4-fluorophemyl)-1,3-dihydro-5-
isobe nzofurancarbonitrile content lower than 0.5%.
"H-MMR and *C-MMR product data are indicated in Figure 3.
EXAMPLE 2

Fure 1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofuramncarbonitrile
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To a suspension of 95 g of 5-cyanophthalide in 710 ml of
tetrahydrofuiran, previously cooled at —~10°C, 384 g of a 20% solution of 4- .
fluoropheny/imagnesium bromide in tetrahydrofuran obiainesd in
PREPARATTION | (“Grignard solution”) ars dropped thereinto, in two- hours,
at a tempexrature not higher than -5°C, then, in the same conditi ons, in
three timess, 230 g, 115 g and 49 g of the same Grignard solutlion are
dropped thereinto. At the end of addition, 675 ml of a 15% aeueous
solution of ammonium chloride are added in about one hour, maimtaining
the temperature not higher than 0°C. The phases are separated, the
aqueous ome is extracted with 285 ml of tetrahydrofuran. After separation
of the phasses, the aqueous one is discarded and the organic phases are
collected (950 ml) containing the theoretical quantity of 150 g of 3-
hydroxyme=thyl-4-(4-fluorobenzoyl)benzonitrile, referred to the stawting 5-
cyanophthalide, and about 14+16% of 3-hydroxymethyl-4-[«4-bis(4-
fluorophen yi)hydroxymethyl] benzonitrile. The solution is cooled at 0+5°C
und'er nitrogen atmosphere and a solution of 23.3 g of NaBH,4, 230 ml of
water and 1 m! of 30% NaOH is added 'to the mixture dropwise, in 30
minutes -and at a temperature not higher than 15°C. At the enA of the
addition a control by HPLC (see Example 1) shows the disappear-ance of
3-hydroxyrmethyi-4-(4-fluorobenzoyl)benzonitrile. The mixture temperature
is brought to 25°C and the phases are separated; the aqueouss one is
eliminated and tetrahydrofuran is evaporated under vacuum at 50 °C. Thg
residue ob»tained is taken up with 100 mi of ethyl acetate and the solvent is
evaporated under vacuum at 50°C, then it is treated with additionall 350 m|
of ethyl acetate. The phases are separated, the organic one is c-ollected
and the aaqueous one is extracted with 230 ml of ethyl acetat e. After
separations of the phases, the aqueous one is discarded and the organic
ones are collected obtaining 720 ml of a solution containing a thesoretical
quentity of 180 g of 3-hydroxymethayi-4-{(4-
fluorophemyl)hydroxymethyllbenzonitrile, referred to the starting 5-
cyanophtihalide, and the same quantfty of the by-product 3-hydroxymethyl-
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4-[bis(4-fluorophenyl)hydroxy methyl]lbenzonitrile con tained in the starting
solution. ‘ ‘

To the solution thus obtained, 230 ml of 60% H3PQ4 are 2ddad at
257°C and the mixture is heated at reflux for 2 hours (& 1+82°C), after which
a confrol by HPLC (see Example 1) shows the edisappearance of 3-
hydroxymethyl-4-[(4-fluorophenyl)hydroxy methyllbemzonitrile and of 3-
hydroxymethyl-4-[bis(4-fluorophenyl)hvdroxymethyl] toenzonitrile coniained
in the starting solution. To the mixture obtaineed, containing 1-(4-
fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile and about 14+16%
of 1,1-bis(4-fluorophenyl)-1,3-dihydro-5-isobenzofuraancarbonitrile, 750 mi
of wnater are added, then the phases are separated. The organic phase is
col lected and the aqueous one is extracted with 600 mi of ethy! acetate,
the=n the organic phases are collected and the agueous one is extracted
with additional 450 ml of ethyl acetate. After separati on of the phases, the
aquieous phase is discarded and the collected organi ¢ phases are washed
wit h 750 ml of water containing NaCl. The separated organic phase is .

deccolorized with 4.6 g of activated charcoal and, afte-r 30-minute stirring at

25=C and subsequent filtration on Celite® layer, the Filtrate is concentrated
under vacuum at 50°C until an oily residue, that is treated with 50 mi of
mesthyl-t-butylether. The mixture is concentrate under- vacuum at 50°C until
a liight yellow residue is obtained, which is treated wiith additional 50 ml of
mesthyl-t-butylether. The suspension is stirred for 30 mminutes at 25°C, then
for 15 hours at 0+5°C, and finally it is filtered. It is wa=shed with 2 x 30 ml of
cold methyl-t-butylether and dried under vacuum at 5.0°C. Thus 101 g of 1-
(4- fluorophenyi)-1 ,3-dihydro-5-isobenzofurancarboniﬁrile with a purity
(HWPLC) = 98.2+98.5% and with a 1,1-bis(4-fluorophenyl)-1,3-dihydro-5-
isosbenzofurancarbonitrile content lower than 0.5%5 are obtained. The
moother liquors are concentrated under vacuum at 50°C, the residue is
tre ated with 100 m! of methyl-t-butylether and the stuspension obtained is
let under stirring at 25°C for 30 minutes, then at 0+5.°C for 1& hours. After
filtr-ation, the residue is washed with 2 x 15 mli of maethyl-t-butylether and
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dried under vacuum at 50 °C for 5 hours. Thus, additional 5.2 g of pure 1-
(4-ﬂuorophenyl)-'i,3—dihydro-5-isobenzofurancarbdnitrile are obtained.
Toial yield: 106.2 g = 74-.4% of the theoratical quantity, referred to fhe
starting 5-cyanophthazlide.
EXAMPLE 3
Citalopram hydrobromide

To 2 mixture 5.42 g sodium hydride in 120 mi of dimethylsulfoxide,.
previously heated at 60°C for 30 minutes, under nitrogen flow, a solutiorm
of 30 g of 1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile=
obtained in Example 2 i 75 ml of dimethylsulfoxide is added, withoul
exceeding 25°C. The solution is maintained under stirring for 30 minutes
and, in 10 minutes, 33 g of 3-(dimethylamino)propylchloride are added
without exceeding 25°C. After about 2-hour stirring at 25°C, the mixture is
cooled at 10°C and 300 rl of water are added dropwise and then 120 m |
of ethyl acetate. The mixture is stirred and diluted with 1650 ml of watew
and 120 ml of ethyl acetate. The mixture is let 1 hour under stirring, them
the phases are separatecd; the organic one is collected and the aqueous
one is washed with 3 x 150 mi of ethyl acetate. Atfter separation of the
phases, the agueous one is discarded and the collected organic ones are
washed With 900 ml of water. The organic phase is dehydrated witih
anhydrous Na,SO,4 and is concentrated under vacuum at 50°C until an o#!
is obtained, which is treated with 60 ml of acetone. The mixture is stirred im
order to obtain a solution that is cooled at 10°C and treated with about 10
ml of 48% HBr in order to adjust the pH value from 9.8+9.5 to 7.0. After 1
hour-stirring at pH = 7 constant, the solvent is evaporated under vacuun
at 50°C and the residue i=s treated with 100 ml of acetone. The suspensior
is stirred at 25°C for 30 rinutes, then it is cooled at 0+5°C and it is let emt
cold for 15 hours. The product is filtered, weshed with cold acetones
(0+5°C) and is dried under vacuum at 50°C. Thus 34.86 g of citalopramn
hydrobromide with a puriky (HPLC) = 99.15% are obtained.
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CLAIMS _

1. A process for the preparation of pure 1—(4-fluorophenyl)-1,3- .
dihydiro-5-isobenzofurancarbonitrile which comprises:

(a) reacting S-cyanophthalide with a 4-fluorophenylmagnasium
halidie;

(b) treating the mixture thus obtained, containing the 3-
hydr oxymethyl-4-(4-fluorobenzoyl)benzonitrile and thes 3-hydroxymethyl-4-
[bis- (4-fluorophenyl)hydroxy methyllbenzonitrile with a reducing agent of
keto nes to alcohols; |

(c) submitting the mixture thus obtained, containing the 3-
hydroxymethyl-4-[(4-fluorophenyl)hydroxymethyllben=onitrile (C) and the
3-hy*droxymethyl-4-[bis-(4-fluoro phenyl)hydroxymethhyllbenzonitrile to a
cyclezation reaction and isolating a mixture containing the 1-(4-
fluowrophenyl)-1,3-dihydro-5-isobenzofurancarbonitrilee (B) and the 1,1-
bis(«-fluorophenyf)-1,3-dihydro-5-isobenzofurancarbOnitrile; and

(d) treating the mixture thus obtained with a solvent capable of
dissalving the 1,1-bis(4-fluorogohenyl)-1,3-dihydro-5-
isoloenzofurancarbonitrile and in which the 1-(4-fluowophenyl)-1,3-dihydro-
5-is obenzofurancarbonitrile (B) is insoluble and recovering the pure 1-(4-
fluo _rophenyl)-1 ,3-dihydro-5-isobenzofurancarbonitrile (B).

| 2. A process according to claim 1, wherein, in step (b) the
redwuction is carried out with NaBH,4 in water and sodiium hydroxide.

3. A process according to claim 1, wher-ein, in step (c), the
cyc lization is carried out with phosphoric acid in a biphasic water/organic
solwent medium.

4. A process according to claim 3, wherein said biphasic medium
consists of water/ethyl acetate.

5. A process according to anyone of claims i to 4, wherein, in step
(d). isopropanol or metyl-t-butylether is used as a solvent capable of
dis=solving the 1,1 -bis(d-fluorophenyl)-1,3-dihydro-5-
iso benzofurancarbonitrile and in which the 1-(4-fluorophenyl)-1,3-dihydro-

5-issobenzofurancarbonitrile (B) is insoluble.
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6. A process according to anyone of -claims 1 to 5, wher-ein the 1-
(4-fluorophenyl)- ‘l,3-dihydro-5—isobenzofurancarbonitrile (B) i=s further .
reacted with a 3-(dimetylamino)propyl halide in the presence of 2 baéic
condensing ageni and citalopram is isolaied as free base or zs
pharmaceuticallyr accepiable sali thereof.

7. A process according to claim 6, wherein the chioride i.s used as
an halide, sodiu m hydride is used as a basic condensing agemt and the
condensation is «<carried out in dimethylsulfoxide.

8. A process for the preparation of citalopram or of a
pharmaceuticallyw acceptable salt thereof, which comprises:

(a) reacting 5-cyanophthalide with a 4-fluorophenylnmagnesium
halide;

(b) treating the mixture thus obtained, containing the 3-
hydroxymethyl-4--(4-fluoro benzoyl)benzonitrile and the 3-hydroxwmethyl-4-
[bis-(4-fluorophe=nyl)hydroxymethyl] benzonitrile with a reducing agent of
ketones to alcolmols;

(c) submi-tting the mixture thus obtained, containingg the 3-
hydroxymethyl-4-~[(4-fluorophenyl)hydroxymethyllbenzonitrile (C?) and the
3-hydroxymethyl-4-|bis-(4-fluoro phenyl)hydroxymethyljbenzoni-trile to a
cyclization reacttion and isolating a mixture containing the 1-(4-
fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile (B) and the 1,1-
bis(4-fluorophemyl)-1,3-dihydro-5-isobenzofurancarbonitrile;

(d) treatirmg the mixture thus obtained with a solvent capable of
dissolving the 1,1-bis(4-fluorophenyl)-1,3—dihydro-5-
isobenzofurancarbonitrile and in which the 1-(4-fluorophenyt)-1 _ 3-dihydro-
5-isobenzofuran carbonitrile (B) is insoluble and recovering the pure 1-(4-
fluorophenyl)-1, 3-dihydro-5-isobenzofurancarbonitrile (B) ;

(e) treatimg the pure 1-(4-fluorophenyl)-1,3—dihydro-5-
isobenzofurancazrbonitrile (B) with a 3-(dimetylamino)propyl ha_lide in the
presence of a Rozsic condensing agent and isolating citalopraam as free

base or as pharsmaceutically acceptable salt thereof.
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9. A processs according to claim 8, wherein, in step (b) the
reduction is carried out with NaBH4 in water and sodium hydroxid e.

10.A processs acceording to claim 8, wherein, in siep= (c), the
cyclization is carrie«d out with phosphoric acid in a biphasic water/organic
solvent medium.

11. A process=s according to claim 10, wherein said biphasi ¢ medium
consists of water/fethyl acetate.

12.A processs according to anyone of claims 8 to 11, wrherein, in
step (d), isopropan ol or metyl-t-butylether is used as a solvent capable of
dissolving the 1,1-bis(4-fluorophenyi)-1,3- dihydro-5-
isobenzofurancarbsonitrile and in which the 1-(4-fluorophenyl)-1, 3-dihydro-
5-isobenzofuranca rbonitrile (B) is insoluble.

13.  1-(4-Fluorophenyl)-1,3-dihydro-5-isobenzofurancarkbonitrile
containing less than 0.5% of 1,1-bis(4-fluorophenyl)-1,3—dihydro-5-
isobenzofurancarb onitrile.
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FIGURE 1

NiiR CHARACTERI_ ZATION-

'H-NMR (DMSO-d6)

(p.p.m) [MULTIPLICITY | N°H RSSIGORENT

8,01 s 1 Hs
7,62 -7,60 d 1 H7
7,19-7,17 m 8 H1eH2

6,96 s 1 H3
6,74 -6,72 d 1 H6
5,29 - 5,26 t 1 H5
4,39 - 4,38 s 2 H4

3C-NMR (DMSO-d8)
8 (p.p-m.) ‘m.mcn'y ASSTGNMENT

163 ~ 161 d B

149 s C8

145 5 C6

143 s C4
131~130 m C9+C3+C11+C12

119 S C13

115,7-115,5 d c2

111 s C10

- 81 S Cc5

61 s C7
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FIGURE 2 .

NMR CHARACTER IZATIOi‘J ’

'H-NMR (DMSO-d6)
S (p.p.m.) ]T'ilmflPLIcnY N°H | ASSTGERENT
7,89 s 1 H4
7,82 -7,81 d 1 H5
7,61-7,59 d 1 H6
7,32-7,15 m 8 H1 + H2
5,16 s 1 H3
*C-NMR (DMSO-d8)
§(p.p.m.) (MILTIPLICITY | ASSIGNMENT
163 — 161 d c1
149 s cs8
141 - 140 2s C7 +C4
133 s C10
129,9 - 129,8 d C3
125 - 127 2s C12 +C9
119 C13
116,1-115,9 d c2
111 s C11
92 5 C5s
71 s C6
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FIGURE 3

NMR CHARACTERIZATION

'H-NMR (DMSO-d6)
8 (p.p.m) |MOITIPLICITY | N°H |ASSIGRENT
7,96 s 1 H5
7,81-7,78 d 1 H6
7.61-7.26 m 5 |H1+H2+H7
6,34 5 1 H3
5,44 --5,41 d 1 H4
5,26 - 5,23 d 1 H4’
*C-NMR (DMSO0-d8)
8 (p.p.m.) MULTTPLICITY| ASSTGNMENT
163 - 161 d C1
147 s of:]
141 s C4
138 s c7
133 s C10
129,54 — 129,46 d C3
126 - 123 2s Cg + C12
118 s C13
116,3 — 116,1 d C2
111 s c11
85 s C5
73 s (o3
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