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WO 01/62754 : PCT/DK01/00322

Method for the Preparation of Citalopram

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

Background of the Invention

Citalopram is a well-known aﬁﬁdeprmsant drug that has now been on the market for som;s years and
has the following structure:

It is a selective, centrally acting 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. Hyltel Prog. Neuro-Psychopharmacol. & Biol. Psychiat.
1982, 6, 277-295 and A. Gravem Acta Psychiatr. Scand. 1987, 75, 478-486. The compound has
further been disclosed to show effects in the treatment of dementia and cerebrovascular disorders,
EP-A-474580.

Citalopram was first disclosed in DE 2,657,013, cotresponding to US 4,136,193, This patent
publication describes the preparation of citalopram by one method and outlines a further method
which 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.

International patent application No. WO 98/019511 discloses a process for the manufacture of
citalopram wherein a (4-(cyano, alkyloxycarbonyl or alky]aminocarbonyl)-Z—hydrdxymethylphenyl—
(4-fluorophenylymethanol compound is subjected to ring closure. The resulting 5-( alkyloxycarbonyl
or alkylaminocarbonyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran is
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Summary of the invention

An aspect of the present invention thus provides, a method for the preparation of citalopram
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and then alkylated to form citalopram, which is isolated in the form of the bage or an acid
addition salt thereof,

In a particularly preferred embodiment, the compound of formula (II) may be prepared by
reduction of a compound of formula
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Another embodiment may relate to the intermediate having the formula

or a salt thereof.
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Detailed description of the Invention

According to the prosent invention, the citalopram intermediates having the formulas (I) and QII)
may be prepared by the process illustrated in the following reaction scheme:

O
MnO,

The conversion of the compound of formula (I1) to a compound of formula (V) may be carried out
using conventional techniques. Thus, the reducing agent used for reduction of the compound of (TII)
may be LiAlH,, NaATH,(OCH,CH,O0Ms),, NaBH,/BF;-Et;0, NaBH,/J; or any another suitable
reducing agent, the ring closure of the compound of formula (IV) may be carried out by dehydration

 using mineral acids such as H;POy, HSO;, HC or another suitable dehydrating agent or by ring
closure of the comresponding active ester in presence of a base as described in EP 347 066. The
oxidation of the compound of formula (V) may be canied out using MnO,, NiQ,, (NH,),CeNO;)s
or another suitable oxidixing agent.

Conversion of the formaldehyde group of the compound of formula (I) to a cyano group may be
carried out by reaction with lrydroxylamine followed by treatment with a dehydrating agent such as
SOCl,. Other methods are described in WO 99/30548, see in particular page 6.
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Al ternati velgcccoidhgtcaﬂhkpfoa&is @Mﬂ@mhp@ﬂﬂﬁy@&yhﬁﬁnﬁ&o&ﬁm&lﬁﬁdﬁmmo- pendi ng
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wherein R is halogen or -0-80,-X wherein X is alkyl, aryl, aralkyl or alkylaryl and R'is
15 dimethylamino, -0-S0z-X wherein X is alkyl, ary}, arelkyl or alkylaryl, or halogen; provided that R
is not halogen when R! is dimethylamino, followed by isolation of citalopram where R is
- dimethylamino, or followed by reaction of the resuliing compound of formula

.20 wherein R? is halogen or 2 group of formula -O-SO,-X wherein X is as defined above with
dimethylamin or a metal salt thereof; and thereafter isolation of citalopram or a pharmaceutically
acceptable acid addition salt thereof.

ey The alkylation step where the compound of formula (F) is reacted with a compound of formula (VI)
25  is suitably carried out by treatment of the compound of formula (I) with a base such as for example
LDA (lithium diisopropylamine), LIEMDS (lithium hexamethyldisilazane), Natl, NaHMDS
(sodium hexamethyldisilazane), or NaOMe in an aprotic ofganic solvent such as THF
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15  Other methods for the alkylation of a compound of fornmla (I) to form citalopram are described in
co-pending DK application No 200000404,

According to the processes described herein, citalopram may be prepared by:

20

a) Reaction of a compound of formula (I) with 2 compound of formula HCOACH,),-N(CHz),
followed by dehydration to form a compound of formula (VIII)

N

and reduction of the compound of formula (VIII) to form citalopram;
25

b) Reaction of a compound of formula (T} with a compound of formula
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foll owed by dehydration to form aleonp d of~forml a (VII'1) and reduction
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corpound of fornmula (1) with a conpound of formula 25 October 2004 WO

01/ 62754 PCTiosib$ Adhgdratioh t&fori@lcbipuack dfyfordRRAY WD bi 6ve d fedicinptodmpound of
formula (VII IZI‘ as _above and reduction to form citalopram or 5 c) Reaction
of "a conpoun Pl a (1) with a conpound of forrmula Y-M2-CH=H2 wherein
Y is a suitable leaving group to forma conmpound of forrmula 10 fol |l owed by

per oxi dat i-onyof tﬂ? i ! ] ; @W{Cﬁ*—?ﬁ@ ~4o forma
conpound SoPc)fo[nu_a ?%’H ; E@n%"?@%ﬁct onhlo %ﬁggﬂfﬁnd of ‘tformiAa (V1)
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with a conpound of fornula HCO (CH2) 2-

followed by peroxidation of the double bond and reaction with dimethyl amine to form a compomﬁ
of formula (VII) and reduction of the compound of formula (VIII) to form citalopram.

10
The alkylation step whete the compound of formula (I) with a compound of formula HCO-(CH,),-

N(CH;),, Y-CH,-CH=CH,, or of formuia (IX) is suitably carried out as described above for the
reaction of a compound of formula (I} with 2 compound of formula (VI).

Other methods for alkylation of a compound of formm!a (1) o form citalopram are described in co-
15 pending DK applications Nos PA 200000401, PA 200000403, PA 200000404, PA 200000414 and
PA 200000415.

Citalopram is on the market as an antidepressant drug in the form of the racemate. However, in the
near future the active S-enantiomer of citalopram is also going to be introduced to the market.

20
S-citalopram may be prepared by separation of the optically active isomers by chromatography.

Throughout the specification and claims, the term alkyl refers to a branched or unbranched alkyl
_ group having from one to six carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-propyl, 1~
25 butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl and 2-methyl-1-propyl.
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halotheophyllines, for example 8-bromotheophylline, Exemplary of such inorganic salts are those

15  with hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and nittic acids.

‘The acid addition saits of the compounds 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

20 acid in a water immiscible solvent, such as ethylether, ethylacetate or dichloromethane, with the salt
separating spontaneously.,

The pharmacentical 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
25 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 maschine,

30 Examples of adjuvants or diluents comprise: Corn starch, potato starch, talcum, magnesium stearate,
gelatine, lactose, gums, and the like. Any other 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
35 part of the solvent for injection, preferably sterile water, adjusting the solution to the desired volume,

sterilising the solution and filling it in suitable ampoules or vials. Any suitable additive

conventionally used in the art m.ay be added, such as fonicity agents, preservatives, antioxidants, efc.
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an excess of the 20 acid in a water inmm scible solvent, such as ethylether,
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m xture i \iﬁp%éiﬁé;&! 5 | Ad Ry ﬁ" !@Q- | s or

di l uents 1(Ifzjo%rl se: n stgsrq%v?&g%{ta%to st%girﬂé ) aﬁ?ﬁ%@ﬁegﬁﬁgﬁ%@éear ate,

gel ati ne, | abtbew, Afarreolingited 0C6evatar KE0 ) §s addel] earefallly. (ReE08 (160 g)dslatided and,

col ouri ngs, ﬁ%si SRRk YW L F%\{i ggﬂ . are

conpla{\t i bl e Wlﬁ% emg%:tj ve&?trs{lgl%égﬁi ents. %of‘%??%ﬁ%qﬁgr 1 N| ecﬁlgﬁ%mém%;éi%e

prepar ed by GBE\A5H) Theditlyeqmneand i gtaierd eyan ofin d NYBLPMSE-Gal ONTDA.24(2H, 35

part of the gpi_Mgmsj,g_r-ystmggg_gpﬂﬁ@H’gferabl y sterile water, adjusting the
solution to the desired volune, sterilising the solution and filling it in

sui tabl e 1ﬁrrpoul es or vials. Any suitable additive conventionally used in
the art may $tep Rdd@droxmutiyl- bt fuorphdnbly-1,3glptrisobpizefarmalat i ves, anti oxi dants,
etc. 25 ot opgly £ s 6ol L A8 A8 el 4- PR 00%EA-1-[1-(4-faorophenyl)-1-hydroxy-1-
methyl]-benzene (50 g) and the mixture is heated to 80 °C for 2 hours. On cooling, the title
compound crystallises and is filiered off. Recrystallization from EtOH/water ((1:3), 400 mL). Yield:
20 44 grams (90%, total for step 1 and 2). Mp: 101-03 C. "HNMR (DMSO-ds, 500 MHz): 4.51 (2H,
s), 5.08 (1H, d J=12.5 Hz), 5.26 (1H, d J=12.5 Hz), 6.14 (iH, 5), 6.96-7.4 (7H).

Step 3: I-(¢-Fluorophenyl)-1,3-dihydroisobenzofurane-5-formaldehyde.
; "j The hydroxymethyl phthalan 5-hydroxymethyi-1-(4-fluorophenyl)-1,3-dihydroisobenzofirane (24
25 grams, 0.1 mole) is dissolved in DCM (500 mE). MnQ, (52 grams) is added in three portions. The
mixture is stirred for 16 hours at room temperature. After filtration using a pad of filter help and
silica the solvent is evaporated off in vacuo aud the title compound is obtained as an oil. Yield: 24 g
(100%). 'H NMR (CDClL,,, 500 MHx): 5.22 (1K, d }=12.5 Hz), 5.36 (1H, d J=12.5 Hz), 6.15 (1H, s),

7.0-7.73 (7H), 10.00 (1Hs).
30
. Step 4: I-(4-Fluorophenyl)-1,3-dikydroisobenzofurane- S-carbonitrile.
To aldehyde 1-(4-fluorophenyl)-1,3-dilydroisobenzofirane- 5-formaldehyde (2.4 grams, 0.01 mole)
' dissolved in BtOH (10 mL) is added NE,OEHCI (1 gram, 0.015 mole) and NaOH (0.6 gram, 0,015

. mole) dissolved in water (25 mL). The mixture is heated at reflux temperature for ¥ hour. After
35 cooling to room temperature, the reaction mixture is left for 2 hour. The crystals ave filiered off and .
-washed with cold water (2 x 10 mL) and dried. The oxime is suspended in toluene (10 ml.) and



9 The invention is further illustrated by the follow ng ex anpl e
1 5 1{4fl uorophenyl)-1, 3-dl ydroi sobenzof uran- 5- carbonltrlle &%%Tfogi 5
Di hydroxyneth | -1_(1-(4-fluoro-phenyl)-1- hydroxy-1 nethyl i Al H4
(15 2 0, ﬁﬂ#@? s covered with toluene (800 nL). THE (§€3&§§9&“z}
Fluorobenzophenone 2' 4 dicarboxylic ad d 1) (58 g, 0.2 nole) is added

in porti-ons qut_.10 ans, Th erature is.allowed o rise to 50
ot o o A TRy TIE ST AA S e LB LS
cooling to h&qﬁnmmaﬂﬁﬁwﬂ&@@mmméhﬂéﬂﬁﬁ&ﬁﬁdu&ﬁﬁﬁﬂﬂk&ﬂmmK&ﬁﬁa\&&&Qig&mhﬁmaﬁded
and the sugéﬁgg B %f stirred for Y2 hour. After filtration the volatiles
are evapor at (%acua Yield (50 g, 95% . The title conpound is

obt ai ned as AN.Sdbdkamiliibd, BNVRIGDNSSElagn]cva SBGrniik@hshchd Kioni( 958,34, 395:998. 41 (2H,
s), 5.75 G1lH, s), 6.95-7.35 (7H). 15 Step 2: S Hydroxymethyl-1-(4

fl uor ophenyl ) -1, 3-di hydr oi sobenzof urane. H3PO4 (200 nlL, 60% is added to
trial 2,4-dl hydroxynethyl-I|-[1-(4-fiuorophenyl)-1 hydroxy-I-

nmet hyl ] - benzene (50 g) and the m xture is heated to 80 C for 2 hours. On
cooling, the title conmpound crystallises and is filtered off:

Recrystal lization from ROE/water ((1:3), 400 nL). Yield: 20 44 granms (90%
total for step 1 and 2). Mo 101-03 C 1H NWR (DVSO-d,, 500 WHz): 4.51 (21],

s), 5.08 (11L d J=12.5 Hz), 526 (1H, d 1=12.5 Hz), 6.14 (IH, s), 6.96-7.4
(713). Step 3:1-(4-Fluorophenyl)-1, 3-di hydroi sobenzof urane 5 fornal dehyde.
The hydroxynet hyl phthal an -

5hydroxynethy| 1- (4-f 1 uorophenyl) -1, 3-dl hydr oi sobenzof urane (24 25 grans,
0.1 nole). is dissolved in DCM (500 nmL). M% (52 grans) is added in three
portions. The mxture is stirred for 16 hours at roomtenperature. After

filtration using a pad of filter help and silica the solvent is evaporated

off in vacua and the title conpound is obtajned as an oil. Yield: 24 ¢

I'S added.



(100% . 111 NMR (CDC6., 500 MHz): 5.22 (1H, d?12.5 Hz), 5. J=12-5
Hz), 6.15 (1H, s), 7.0-7.73 (7H),10.00 (1H,s). 30 Step 230didokt 206l
4:1-(4-Fl uorophenyl) -1, 3-di hydr oi sobenzof urane- S-carbonitrile. To al dehyde
1- (4-fluorophenyl)-1, 3-dl ydroisobenzofilrane- 5-formal dehyde (2.4 grans,
0.01 nmole) dissolved in EtOH (10 ral) Lls added NHZOH, HCI (1 gram 0.015
nol e) and NaOlL (0.6 gram 0.015 nole) dissolved in water (25 nL). The

m xture is heated at ref |lux tenperature for ;/2 hour. After 35 cooling to
room tenperature, the reaction m xtuldAIMS| eft for 2 hour. The crystals are
filtered off and .washed with cold water (2 x 10 nlL) and dried. The oxine
~is suspended kn t@m@wdfc(rﬂﬁpmha)aﬁam&cﬁﬁop@iﬁmmgﬁﬁﬂmm%o e

PCT/ DKO1/ 0012@mhfs SOC12 (1.3 mL) is added. The mixture 1s heated to 80 C
for 1 hour. After cooling, the volatiles are evaporated off in vacuo and
the title conmpound is crystallized fromheptane. Yield. 2.0 gram (84% DSC
(onset): 98 C. N. S. Dokt ndchi hayeo®,_V,.Sal owees A. S. A agol eva. Z7l urnal Ghshchei
Khirnii 1964, 34, 995-998. 5 25 Cc N 2004 11 CLAIMS 1. A nethod for the
preparation of cital opramcharacte i that a conpound of formula HOCC

the compound of formula (IV) is subjected to ring closure fo form a compound having the

formula
HO
o

w
¥

and the compound of formula (V) oxidised to form the compaund of formula (I



is reduced to forma conpound of formula (N) the conpoundsgfpdigiarvhas (1V)
is subjected to ring closure to forma conpound having the formula (V) and
" the conpound of forrmula (V) oxidised to formthe conpound of fornula (ED 25
Oct ober 2004 12 Mwhich is reacted with N920H fol | owed by SOCI = and t hereby
converted to the corresponding 5-cyano daanpound of formula (1) (1? and
then alkylated to formcitalopram which is isolated in the four, of the
base or an acid addition salt thereof. 2. The nethod of claim| wherein
the al kylation is nade by react f¥n e.compound of formula | with a

3- (di net hyl am no) propyl hal ogeni de '

which is reacted with NH,OH followed by SQCI; and thereby converted to the corresponding
S-cyano compound of formula (T}

and then alkylated to form citalopram, which is isolated in the form of the base or an acid
addition salt thereof,

2, The method of ¢laim 1 wherein the alkylation is made by reaction of the compound of
formula Y with 2 3-(dimethyl aminojpropyl halogenide.





