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METHOD FOR THE PREPARATION OF S-CYANOPHTHALIDE

The present invention relates to a novel process for the preparation of 5-cyanophthalide
which is an intermediate used in the manufacture of the well known antidepressant drug

5 citalopram, 1-[3-(dimeﬂlylamino)propyl]-l-(4-ﬂuorophenyl)s1,3—dihydro-5-
isobenzoﬁxrancarbonit_rile-. : P

Background of the Invention.

10 Citalopram is a well known antidepressant drug that has now been on the market for some
years and has the following structure:

(> &

NC

Formula I

- 15 It is a sclective, centrally active serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
accordingly having antidepressant activities. The antidepressant activity of the compound - .
has been reported in several publications, eg. J. Hyttel, Prog. Neuro-Psychopharmacol. &
Biol. Psychiat., 1982, 6, 277-295 and A. Gravem, Acta Psychiatr. Scand., 1987, 75, 478-486.

20 Citalopram is prepared by the process described in US Patent No 4,650,884, at:cording to
which 5-cyanophthalide is subjected to two successive Grignard reactions, i.e. with 4-fluoro-
phenyl magnesium halogenide and N,N-dimethylaminopropyl magnesium halogenide, re-
spectively, and the resulting compound of the formula '

25 Formula I

is subjected to a ring closure reaction by dehydration with strong sulfirric acid.
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Enantiomers of cltalopram may be prepared by the method descnbed in US Patent No.
4,943,590, i.c. by separating the enantiomers of the mtermedlate of Formula IT and perform—
ing enantioselective ring c]osure in order to obtam the desn'ed enanuomer :

Thus, 5-cyanophthalide is an important 1nterrned1ate for the manufacture of citalopram and it
is important to produce this material in an adequate quahty, by a convénient process and in a
cost-effective way.

A method for the preparation of 5-cyanophtha1i¢e has previously been described in Bull. ch;

Sci. Bretagne, 26,-1951, 35 and in Lev_y and Stephen, J. Chem. Soc., 1931, 867. By this
method, S-aminophthalide is converted to the corresponding 5-cyanophthalide by diazotation
followed by reaction with CuCN. 5-Ammophtha11de was obtamed from 4-amxnophthahm1de
by a two step reduction procedure. =

Synthems of certain alkyl- and phenylmtnles from acid chlorides is described in Tetrahedron
Letters, 1982, 23, 14, 1505 - 1508, and in Tetrahedron, 1998, 54, 9281.

" Though a number of other methods failed, it has been foi_md that 5-cyanophthalide may be

30

: prepared in high yields by a convenient, cqst-effective procedure from 5-carboxyphthalide.
20 : '
Description of the invention )

" Accordingly, the present invention provrdes a novel method for the preparanon of 5-cyano-
phthalide from S-carboxyphthahde comprising

a) | cerlverting S-carboxyphthelide to an amide of 'Fortnule IV
| H | | : | - NHR
0 - 0
O FormulaIll - ' | | O  FormulalV

in which R is hydrogen or C, 4 alkyl, and

b) then reacting the amide of Formula IV with a dehydreting agent thereby obtaining 5-cya-
nophthalide '
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O FormulaV

The conversion of S-carboxyphthalide to the amide of Formula IV may be carried out via an
ester of Formula VI or an acid chloride of Formula VII or via the ester and the acid chloride:

R, 1

0 0

o  FormulaVI 0 Formula VII

wherein R, is C, ; alkyl or phenyl. The acid chloride is conveniently obtained by treatment of
S-carboxyphthalide with POCI,, PCI, or SOCI], neat or in a suitable solvent, such as toluene
or toluene comprising a catalytic amount of N,N-dimethylformamide. The ester is obtained
by treatment of 5-carboxyphthalide with an alcohol R,OH, wherein R, is as defined above, in
the presence of an acid, preferably a mineral acid or a Lewis acid, such as HC],'HZSO.; POCl,,
PCl; or SOCL,. Alternatively, the ester may be obtained from the acid chioride by reaction
with an alcohol. The ester of Formula VI or the acid chloride of Formula VII is then con-
verted to the amide of Formula IV by amidation with ammonia or an C,.s alkylamine, prefer- -
ably t-buty]l amine. '

Throughout the specification and Claims, C,.¢ alkyl refers to a branched or unbranched alkyl
group having from one to six carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-pro-
pYl, 1-butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl and 2-methyl-1-propyl.

The dehydrating agent used in step b) may be any suitable dehydrating agent, and the optimal
agent may easily be determined by a person skilled in the art. Examples of suitable dehy-
drating agents are SOCL,, POCI, and PCL,, preferably SOCI,.

The reaction in step b) is carried out neat or in a suitable solvent, such as toluene, sulfolan or
conveniently acetonitrile. When the reaction is carried out in a solvent, 1.0 - 1.5, preferably
1.0 - 1.2 equivalents of dehydrating agent is used per equivalent of the amide of Formula V.
Furthermore, when a solvent is used, a catalytic amount of N,N-dimethylformamide may be
needed, in particular when the dehydrating agent is SOCI,. Preferably, toluene is used as the
solvent, if necessary in the presence of a catalytic amount of N,N-dimethylformamide.
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The reaction in step b) is carried out at elevated temperature, preferably at the reflux tem- -

perature of the solvent.

I_ _."I'he reaction tirrxe is not impprt_ant and 'm__a_y easily be detenrtined by a person skilled in tbe art.

B -Cyanophthahde may be 1solated in a conventlonal way, €.8. by addition of water, ﬁltratlon
E and subsequent washing of the crystals Further punﬁcatlon may, if desired, be performed by
o recrystalhsatlon

In a preferred embodnnent of the process of the mventlon, Rin Formula IV isH or t—butyl '
‘When the reaction in step a) 1s carried out via an ester, R, is preferably methyl or ethyl.

Ina particularly' preferred embodiment of the invention S-carboxyphthalide of Formula IIl is
* reacted with an ‘alcohol, R,OH preferably ethanol, in the presence of POCl,, in order to ob-

tam the correspondmg ester of Formula VI, which is then reacted with ammonia thereby giv-
ing 5-carbamoylphthalide, whlch in tum is reacted with SOCl2 in toluene comprising a cata-
Iytic amount of N N- dlmeﬂlylformannde

Surpnsmgly, .substantlally no reachon takes place at the ]actone rmg Accordmgly, by the

. process of the invention, 5-cyanophthahde is obtamed in ]ngh yields and the process is much -

more convement than the known process and uses more convenient and cheaper reactants and

condltrons

30

35

‘The 5-carboxyphtha11de used as a starting material may be obtamed by the methods described

inUS patent No. 3,607,884 or German patent No. 2630927, i.e. by reacting a concentrated
solution of terephthahc acid w1th formaldehyde in liquid SO3 or by electrochemical

hydrogenatlon_ of trimellithic acid.

Examples :
The invention is further lllustrated by the followmg examples .

Example 1 _
Preparation of 5-Cyanophthalid

S-Chlorocarbonylphthalld

5-Carboxyphthalid (53 g, 0. 3 mole) was suspended toluene (200 mL) and thlonylchlonde
(44 g, 0.6 mole). N. N-dlmethylformamlde (DMF) (1 mL) was added and the mixture was
heated at reflux temperature for 3 hours. The mixture was cooled to room temperature and
n-heptane was added (200 ml). The crystals formed were collected and washed with
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5.
heptane (100 mL). Yield 52 8, 88%. DSC onset: 131 °C. 'H NMR (CDCl,, 500 MHz):
5.47 (2H, s), 8.06 (1H, d , J= 75Hz),828(lH d,J= 75Hz) 8.3 (1H, s). ¥C NMR
(CDCl,, 125 MHz): 69.4, 125.1, 126.1, 131.1, 131.6, 137.8, 146.6, 167.4, 169.0,

S-tert.Butylcarbamylphthalid
Method A):

5-Carboxyphthalid (36 g, 0.2 mole) was suspended in thionylchloride (100 mL) DMF (1.5
mL) was added and the mixture was refluxed for 1 hour. Toluene (200 mL) was added and
the solvents were evaporated in vacuo. The residue was dissolved in tetrahydofuran (THF)
(200 mL) and added to a solution of tert. butylamme (31 g, 0.42 mole) in THF (200 mL) at _
5 °C. The mixture was allowed to warm to room temperature and stirred overnight. The reac-
tion was then poured into ice water (400 mL) and the precipitated crystals were filtered off.
The crystals were washed with water (100 mL)Yield: 41 g, 87%. DSC onset: 189.5 °C.

Method B):

A solution of 5-chlorocarbonylphthalid (39 g, 0.2 mole) in THF (200 mL) was added to a -
solution of tert-butylamine (19 g. 0.25 mole) and triethylamine (26 g, 0.25 mole) in THF
(200 mL) at room temperature. The mixture was stirred for 1 hour. The reaction mixture:

was then poured into ice water (500 mL). The crystalline material formed was collected
and washed with water (100 mL).

- Yield 42.5 g, 91%. DSC onset; 192 °C. Purity: 99.5% (hplc, peak area). 'H NMR"

(DMSO-d,, 500 MHz): 1.4 (9H, s), 5.46 (2H, s), 7.88 (1H, d, J=7.5Hz), 7.95 (1H, d, -
J=7.5 Hz), 8.04 (1H, s). *C NMR (DMSO-d,, 125 MHz): 28.5, 51.2, 70.0, 122.0,
124.6, 126.6, 128.2, 141.3, 147.2, 165.5, 170.1.

S-Ethoxycarbonylphthalid

Method A):

5-Carboxyphthalid (37 g, 0.2 mole) was suspended in ethanol (400 mL). POCI, (10 g, 0.07
mole) was added drop-wise and the reaction mixture was heated to reflux temperature for 5
hours. Upon cooling to room temperature, the title compound crystallised. The crystals
were filtered off and washed with ethanol (50 ml). Yield: 35 g, 87%. DSC onset: 151 °C.
'H NMR (DMSO-d,, 250 MHz): 1.36 (3H, t, J=7 Hz), 4.38 (2H, q, J=7 Hz), 5.48 (2H,

s), 7.95 (1H, d, J=7.5Hz), 8.12 (1H, d, J=7.5 Hz), . C NMR (DMSO-d, 62.5 MHz):
14.5, 61.5, 70.1, 124.0, 125.2, 128.8, 129613481476 164.9, 169.8. '

Method B): _
5-Chlorocarbonylphthalid (39 g, 0.2 mole) was suspended in ethanol (200 mL). The
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mixture was heated to reflux for 15 minutes. After cooling, the crystalline material formed

was filtered of and washed with ethanol (50 ml). Yield: 36 g, 88%. DSC onset: 151 °C.

5-Carbamylphthalid.

Method A): : SRR
5-Ethoxycarbonylphthahd (41 g, 0.2 mole) was suspended in ammonia (10M solution in
methanol, 200 mL) in a pressure reactor. The reaetlon temperature was held at 80 °C for
20 hours. After cooling, the reactlon mixture was poured onto ice (250 g) and pH was
adjusted to pH=1 usmg concenttated hydroehlonc acid. The mixture was stirred for 2

hours. The crystals formed were filtered off and washed with water (4x100 mL) and drxed '

in vacuo. Yield: 33 g, 93%. DSC onset: 237 °C 'H NMR (DMSO-dG, 250 MHz) 5.47

(2H, s), 7.65 (1H, s(NH)),792(lH d J -75Hz),806 (lH 4,J= 75Hz),8 14 (1H, |

s), 8.22 (1H, s (NH)). BC NMR (DMSO-d., 62 5 MHz): 70.0, 122. 2, 124.9, 127.2,
128.2, 139.7, 147.4, 167.1, 170 1.

Method B):

5-Chlorocarbony1phthahd (20 g, 0. 1 mole) was drssolved in THF (100 mL) and added to
ammonium hydroxide (50 mL) in ice water (300 mL) The mixture was stirred for 30
minutes and the precrpltated crystals were filtered off. The erystals were washed with

water (100 mL) and dried in vacuo. Yield: 17.1-g, 97%. DSC onset: 237°C. -

- 5-Cyasiophthalid.

25

30

35

Method A):

Dry 5-carbamylphthalid (36 g , 0.2 mole) was suspended in toluene (600 mL) and thlonyl-
chloride (36 g, 0.3 mole) was added. DMF (2 mL) was added. The reaction mixture was
heated at 75 °C for 6 hours. Toluene (100 mL) was removed by destillation' and the
remaining solution was eooled to room temperature. The crystals formed were filtered off
and washed with toluene (150 mL) and water (100 mL). The product was recrystallised

from toluene. Yield: 22 g, 80%. DSC onset:203 °C.

Method B)

Tert.-Butylcabamylphthalid (23.3 g, 0.1 mole) was suspended in thlonylchlonde (100 mL).
The mixture was heated to reflux for 30 min. Toluene (100 mL) was added and the
solvents were removed in vacuo. The title product was erystailised from acetic acid or
toluene.

Yield 15.5 g, 93% from _toluene. DSC onset: 203 °C. Purity: 98% (hplc, peak area).
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CLAIMS
1. Amethod for the preparation of 5-cyanophthalide comprising

a) conversion of 5-carboxyphthalide to an amide of Formula IV

NHR

a . O

O  Formula II O  FormulalIV
in which R is hydrogen or C, , alkyl, and '

b)  then reacting the amide of Formula IV with a dehydrating agent thereby obtaining 5-
cyanophthalide

NC
0
O FormulaV

2.  The method of Claim 1 wherein the conversion of 5-carboxyphthalide to the amide of
Formula IV is carried out via an ester of Formula VI: ' L

OR,

o
0

0 Formula VI

wherein R, is C, ¢ alkyl or phenyl, by treatment of S-carboxyphthalide with an alcohol R,OH
in the presence of an acid and subsequent amidation of the ester of formula VI with ammonia
or an C, ; alkylamine. '

3.  The method of Claim 1 wherein the t:bnversion of 5-carboxyphthalide to the amide of
Formula IV is carried out via an acid chloride of Formula VIIL:

* [+ L L] s *
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e} Formula VII

by treatment of S—carboxyph_thalidc with POCI,, PCl;0r SOC, and sﬁbsequent amidation of
the acid chloride of formula VII with ammonia or an C,., alkylamine.

4. The method of Claim 1 wherein the conversion of S-carb'oxyphthalide to the amide of
Formula IV is carried 'out via an acid chioride of Formula VII and an ester of Formula VI:

o _FprmulaVI A . 0  FormulaVI

.wherem R,is C,_s alkyl or phenyl by treatment of 5- carboxyphthahde with POCI,, PClsor

. SOCI,, reactmg the acid chlonde of F ormula VII thus formed with an alcohol Rl ;OH and per-

20

25

30

fonnmg am1datxon of the ester of Fonnula VI thh ammoma or an Cis alkylamme

5; The method of Claxm 2 wherem the acld used isa mmeral acxd ora LeW1s acid,
preferably HCIl, H,SO, POCl,, PCls, SOCl2 '

6. :The method of Claim 2,; 4 or 5 wherein R, is methyl or ethy].

7. The method of any of Clalms 1-6in wlnch the dehydratmg agent used in step b) is

SOCl,, POCI, or PCl,, preferably SOCIz

- 8. The method of any of ClaimS 1-7 w.heréin the reaction in.'step b) is carried out neat or

ina S_uitable solvent, such as toluene, sulfolan or acetonitrile, preferably in toluene.
9. The method of dny of Claim 8 wherein the dehydrating agent used in step b) is SOCl, -
and the reaction is carned out in toluene compnsmg a catalytic amount of N, N-dlmethylfor-

mamide.

10. The method of any of Claims 1-9 wherein R is H or tert-butyl

W
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11.  The method of Claimn 2, wherein the 3-carboxyphthalide of Formula HII is reacted with
an alcohol R,OH, preferably éthanol or methanol, in the Presefice of POCL,, in order to obtain
an ester of Formula VI, which is then reacted with ammonia, thereby giving 5-carbamoyl-
phthalide, which in turti is reacted with SOCL, to 5-cyanophthalide,

12.  The method of Claim 11, wherein the S-carboxyphthalide of Formula III is reacted with
ethanol in the presence of POCL, in order to obtain the ethy] ester of Formula VI, which is
then reacted with ammonia in methanol, thereby giving 5-carbamoylphthalide, which in turn
is reacted with SOCI, to 5-cyanophthalide.

NN VIR IR RN svesmmure sheer e 2
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