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Title: METHOD FOR THE PREPARATI ON OF CI TALOPRAM [err]  Absigr@ghpepfgt hod
for the preparation of cital opramwherein the al dehyde of orrm?a PI ) 1s
converted towldRseRs r espondi ng 5-cyano conpound of formul gotbkeiassh i s

al kyl ated to formcitalopram which is isolated in the formof the base or
an acid addition salt thereof. 25 October 2004 WO 01/ 62754 PCT/ DKO1/ 00122
Met hod for the Preparation of C tal opram The present invention relates to a
met hod for tMethod iy thefreparatim of GEalgIPM | nown anti depressant drug

ci tal opram 1-[ 3- (di net hyl am no) propyl ]-1-(4-fl uorophenyl)-1, 3-dYhydro-5-iso

benzof ur an- LI L G f _the. ' Cital.opram.,,s a
nel knoan aniil? kol SRS RARH I o Db B Wefiindr) B PRLB R o
yedrs and 1eiaipaesm hB-(digiethyiammgrnpylt-(4fleropheyl)-1,3-dihydro-5-isobenzofuran-

5 carbonittile.

Background of the Invention

Citalopram is a well-known aﬁﬁdeprmsant drug that has now been on the market for som;s years and
10 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

15  reported in several publications, eg. J. Hyttel Prog. Neuro-Psychopharmacol. & Biol. Psychiar.
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.

20 Citalopram was first disclosed in DE 2,657,013, corresponding 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-

25 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

30 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



F' It is a selective, centrally acting serotonin (5 bydr
5-HI') reuptake inhibitor, accordingly having anti depress%ﬁtyé%c% \%Bp

The anti depressant act|V|ty of the compound has been 15 reported in
several puldaatisens, eg.1l. Hyttel Prog. Neura- Psychapharregmikeoéa2Br al .
Psychrat. 1982, 6, 277 295 and A- G avemActa Psychiatr. Scand1987,
'75,478-486. The conpound bas further been disclosed to show effects in the
treatnent of d i a and cerebrovascul| ar rders,. EP-A-474580. 20

G tal opr anfRSER Fr by SorSonit s favaaend ba gerco i wu i rglobistha
4,136, 193. (mmﬁMnlproppmﬂbmﬁbmdmlmmaloﬁm preparation of cital opram
by one nethod and outlines a farther nmethod which may be used for

prepari ng]g tal opram  According to the process described, the corresponding
1- (4-f1 uor bﬁ b erprisigely) Beam fowssl that citalosamsay by maeieetsA Py # pevel Bivourblact ed

W t h 3- ( NGprockissreis ML&WWPD&MMM&BHW&@W@@&Hng closure

met hyl sul f | .al

pr epar ed flr)%%} cﬂ&%ﬁ: ﬂ%ﬁﬂg""ﬁﬁﬁf’g? 'ﬂ}%-o?bﬁ %&(/@ aay ragag’? ?/ﬁﬁeh
cuprous cykft W@F‘E‘ﬁdr(d'r ugraphenyl)-58 Phlodepisobmzafan. WO 98/ 019511
di scl oses a pr ocess for the manufacture of 30 cital opram wherein a

(4- (cyano, c.arb or al kylaminocarbonyl)-2-hydroxynet yl phenyl -
(4-f1 uorop%“’m‘gyr?iﬁgﬁo 8%%npound is subjected to ring closure. The

resul ting arhonyly, 4

al kyl am no'gll 45% Yt{egféye? P‘uor c‘)lf) Bw nyt)’ ethgd foﬁ%le B eSE P EPTFan is 25

Cct ober O@EWQ’JS@IP@}Q"FEM“HDW%&VGMZZ 2 converted to the correspondi ng
5-cyan derivative and the 5-cyan derivative is then alkylated with a

HOGG COOH
O G

is reduced fo form a compound of formula

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

formula
HO
(>

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

)




(3-di net hyl am no) propyl hal ogenide in order to obtain cital I as
now, surprisingly, been found that cital opram may be nanufégfzt?ﬁ?%ecfébogﬁa

novel favourable process via

1- (4-fl uorophenyl)-1, 3-df fiydroi sobenzofi uane-5-fornmal dehyde prepared by
ring closure of 2,4-dihydroxynethyl-I{1-@4& fluorophenyl)-1
bydnmxy- 1- met hyl ) benzene and oxi dation of the resulting S

hydr oxynet hyl -1 - (4-fl uor ophenylgpe duhydr oi sobenzof nm . Summary of the
I nvention An aspect of the present gt hon thus provides, a method for

(1V) is subjected to ring closure to for conmpound having the formula M
F and the conpound of formula (V) oxidi o formthe conpound of formula
(U 25 Cctober 2004 2a nn which is reacted.ydth NH2OH fol | owed by SOCl 2 and
t hereby converted to the corresponding 5-cyan conpound of fornula (1) and
then alkylated to formcital opramwhich is ifsol®ited in the formof the base

or an acid - .
which is reacted with NELOH followed by SOC}, 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 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



addition salt thereof. In a particularly preferred enbodi %cto%md@grrpound
of fornmula (11) nmay be prepared by reduction of a conpound of formula 25
COct ober 2004 WD 01/ 62754 PCT/ DKO1/ 00122 3 to forma conmpound of formula 5
fol |l owed byWoag2t¥#osure to forma conmpound havi ng the foPgEDXIMOL which
is may then be oxidised to formthe conmpgund of fornmula (I11). Another
enbodi nent nmay relate to the internediate having the fornmula (a} or a salt
thereof. 25 October 2004 WO 01/ 62%54 P&/ D@1/ 00122 4 A further enbodi nent
may relate to an anti depressant pharffracepiti cal conposition conpri sing

ci tal opram nanuf actured by a processtof 4heAnvention. According to yet
anot her preferred enbodi nent, the al kylTatiop may be carried out by reaction
of a conpound of formula (1) with a 3-(di | am no) propyl hal ogeni de as
described in US 4, 136, 193.

, to form a compound of formula

10 which is may then be oxidised to form the compound of formuta (II).

Another embodiment may relate to the intermediate having the formula

or a salt thereof.



Det ai | ed description of the Invention According to the pr Oﬁép\éggjll on,
the cital opraminternedi ates having the formulas (I) and ?

prepared by the p==illustrated in the follow ng reaction schene HOOC Mh%
(V) OHC 1) wlbz@#s4 2) SOLI 0) The conversion of the conpop@ghpRiydegsanul a
(I11) to a conpound of formula (V) may bg carried out using conventional
techni ques. Thus, the reducing agent used for reduction ofthe conpound of

(111) may ,benhereamﬁ,ehaﬁw&lmblaaﬂa@ms&t pm%éﬁﬁ%&@ﬁg &%@Eé 'ﬁ goe Y

anot her suitabl e uci he ri.ng closure
formul a (I\i‘ néa gaﬁgaﬁt?rrel Ctes’s‘lg %I‘@Fﬁ‘/‘ﬂﬁ“atlon usi ng mneral acids such as
H3PO4, H2SO4, HCl or anot her swtabl e dehydrating agent or by ring closure

of the corrasaengiRe a@dtﬂe)"ﬁ‘reﬁ%d%ﬁxbéd’ihleq{ ﬁé 9?35‘1%09;1 eg%%ed o%‘tsbygegagt%éé are :j eldn OE’ILD

347 066. The 00X tion e conpoun

usi ng M02i° &C}? Qgﬂlﬁd imeth Ya’BWEWB‘E“HB’ﬁ""S"&P%@@P@dwl di ng agent.
Conver si on Qﬂ“‘ Phedx ormal dehyde group of the conpound of formula (Il1) to a
cyan group may be carried out by reaction with hydroxylam ne foll owed by
treat ment Wetdiled debeliptisodféiRgna@bod such as SOCI 2. Qther nethods are
described in WD 99130548, see in particul ar page 6.

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
MnQ,

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.



25 Cctober 2004 WO 01/62754 PCT/ DKO1/00122 5 The COWDOUH%%CJ[E,QJF%QQ (M
may be: prepared by oxidation of the correspondi ng di nmethyl conpound as

descri bed i . am kkhin, B.V.Salov, A S. dagoleva zZh shshei
Xhimi 1964, A?%ggl 998. 5 The al kyl ati on_ of the conpoundu%(?ﬁ#%%u a(l) to

formcital opram may be perfornmed accordi to the process of US 4,136, 193
or WO 98/019611. Alternatively, the alkylation my be carried our as

descri bed i nThegoppowdd afodla{BPniay be prepareiiby Pridationobo@E8spondingdimeindi ng t o

t hi s procesSeoniphindladBdsébed § NS BRIghREN 1Y VEhisy, 208 GRBolSf: DnFRlORUE; Biimt;Or mul a
(1) wth a £ u%ggp ving the formula R wherein R is halogen or -0-S02-X
wherein X is %F’E@f, F @I, aral kyl or alkylaryl and R is 15 di net hyl am no,
-.O-SM2- X wherein Xis alkyl, aryl, aralkyl or alkylaryl, or hal ogen;

provi ded tshagy Ry eRBIPER MBERIRY) td Bt biBREM B R DertdrRbd AUEEDY

i solation of cital opr w'ﬁe §{¢r§ﬂ/ glﬁet hyl am no, or followed by reaction
of ‘the resul BFAGEY 3q 9% wherein R2 is hal ogen or a group of
formula -0-502 X wherein Xis as defined above with dinethylamn or a netal
salt thereof“&g{g- . | GhdoRbe . : mgal |y
accept abl e aci ggl |’?|E%irlf&§g?dtﬂt}lﬁg%d£%°%aes al kyl E{l gin %%ﬁa%%ﬁgﬁgﬁ
conpound of #WPMEFH (1) is reacted with a conpound of formula (VI)

10
According 1o this process, citalopram is prepared by alkylation of a compound of formmia (T)

with a compoumd having the formula
. R\/\/R'
Y
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



25 is suitably carried out by treatnment of the conpound oOfycf ) with
a base such as for exanple LDA (lithiumdiisopropylarni ng)s,@%?%%\%gb‘l '

(1'i thi um hexgi; di silazane), Nail, NaRMDS (sodi um

hexanet hyl d@lblrbg;g%#e), or NaOVe in an aprotic organic sol véT PRIV THE
25 COct ober 2004 WO 01/ 62754 PCT/ DKO1/ 00128 6 (tetrahydrofarane), DMF

(di met hyl f ormam de), NWP (N net hyl pyrrolidon), ethers such as

di et hyl et her (tetehydghfiersee), INEY (dindthydonantid AR (N-akthglpyolias:), bk Foklay " €S

t hereof The @QhA&nd Ur@Rdatk Cfknb S FaeUR f formmulag. (V)
wher eby a group o El(r’fo nul a -tgl'-ll%}:’ CHZ-@% . \ééoérnﬁa grou%&ggﬁgﬂm%%ﬁz-
CE2-CR2 N( oﬁﬁ%@%‘ﬁ‘&&&%ﬂmﬂ PV vBirely ®grovref frapls @l CHyCH:- R gr &
system The zrompsfmsiulb -CHL CHLHCH,-NNCH), it Hirbduesd it p6diad l\b‘f{hbis@i)eﬂﬁiﬁhﬂﬁ{% or .
a netal sgltglhgreof, such as M, 'N(CH3)2 wherein Wis Li or Na+.” The

reaction is suitably carried out in an aprotic organic solvent such as
TLIF (tetrahydrofurane), DWVF (diinethylformam de), NMP (N nethyl !

pyr 1 ol | don)  The Ot o8 o8l (AT il eh ARt R iy SR a IS IOMHEN st e

benzene, orﬁi%and mxtures thereof The reaction con

etc. used forft FOreid 848 O MNse dThersirtionissuistbiy cemictl oW an epostiti argavios
for such reaolvedacha’ FHR( etQR@dfyate], MF i BAfbn¥nmide) PeIP Ul-nigl iyt he
art. 15 %heeghepset glod . &&%ﬁ hedﬁl K Iatilon@ﬁl?ka co our)ld of_@%ﬁg’%?%&%’o
formcital oprarn are P & ?:ﬂ%“%g’-'ﬁ%g‘?%@’e{% #damixyres tereef 0000404.

According to the processes described herein, cital opram nmay be prepared by:

20 a) Reaction of a compound of formula (1) with a conpound of formula
HCO- ( CHI - N( ahg)'ezcuon conditions, solvents, etc. used for the reactions described above are conventional

conditions for such reactions and may easily be determined by a person skilled in the art.

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



followed by dehydration to forma conpound of fornula (VI lk)nghk gduction
of the'conpound of formula (VII1) to formcitalopram 25 b) Reaction of a
conmpound of r (1) with a conpound of formula 25 Cct

SaRosny PeBR by O fol lowed by, dehydration to ?g‘?‘rr’r‘?’é&@glﬁpy\gund of
formula (MIIl1) as above and reduction to form citalopram or 5 c) Reaction
of a conpound of fornmula (1) with a conpound of forrmula Y-M2-CH=H2 wherein
Y is a suitable leaving group to gorm a conggynd of formula 10 foll owed by
per oxi dati on of the double bond a eactigmwith dinethyl amne to forma
conpound of formula (VI11) and reéductt of™~he conpound of formula (viin)
to formcitalopram The al kyl ation step where the cgﬁﬁbund of fornmula (1)

wi tth a conpound of fornmula HCO (CH2)2- N(CH3)2, Y-CH2-CH=M2, or of fornula
(IX) is suit@adwedbndathiyedtiaith fam :datsuhdedoraiy (Bl 8s aboltind feditGbd ol a
conmpound of formula (1) with a conpound of formula (VI). O her methods for
al Kyl ati on of ound of fornmula (I) to formcital opram are described in
co- 15 pendi ng DK applications Nos PA 200000401, PA 200000403, PA

2000004044 Ptﬁ‘ 20Q00Q4 A ¢ @&qlpou% 03891999&)]%& aztgmpomd of formula Y-CH,-CH=CH,

wherein Y is a suitable leaving group fo form a compound of formula

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 where the compound of formula (I) with a compound of formula HCO-(CH,),-
N(CH,),, Y-CH,-CB=CH,, or of formula (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.



Ctalopramis on the market as an antidepressant drug in tzge)gt&gemz@mthe
racemate. However, in the near future the active S enantioner

ci tal opram |‘§ odePs§0i Ng to be introduced to the nmarket. SB fbﬁbﬂtﬂﬁﬂn may
be prepared by Separation of the optically active isoners by

chr omat ogr aphy. Thr oughout the speC|f|cat on and cl ai ns, the terra al kyl

refers to a qﬁhgﬁ C roup havi n om. on S
car bon atonsﬂ ncl us 5§&Sg)u%&§'sgr%r’e% Loclyﬁl 'f)?fo'ff'gfucln’ E ﬂtﬁ)ﬂs
butyl, 2 bLHI?PIHCIEm@MI - 2-propyl, 2 2- di met hyI -l-ethyl and 2- et hyl -

propyl. 25 Cctober 2Q04 WO 01162754 PCT/ DK01/ 00122 8 The term aryl refers
to a nono- qr, bicycljc carbocycli c aromatic gh(;i such as phenyl and

napht hyl, i Fheferrtamig] EorpR ey Lo LTRheraingh jias fefmed abovey ar yi - al kyl |
wher ei n asyl and al kyl is as defined above 5 Hal ogen neans chl oro, br oo
or iodo. ram used the free base or as a pharmaceutically
accept abl e ;quh%ep na%‘??"éﬁ?lfm“t‘ reof As acid addition salts, such salts
formed with organic or inorganic acids nay be used 10 Exenpl ary of such
organi c salt re th evmthrr% e ric I.C., CCII’IIC
oxalic, bi s(fﬁfteatﬁ =mn§staal Tey ebr?‘e??fgﬁgalw% y cé‘{ﬂ H’i‘ tacetic,
propi oni c, t@MrmmMﬂlhmalmmhm fcwmedgilhnrgumc@rmb@mMmdsybeusem:andel ic,
Ci nnam C 3o Cigiyeiy SRAkiE ?ﬂ(ﬁ! bed % c%ggﬁ

p- am nobenzai c, SSQP"‘ut g“rr‘?c%e%%ﬁ%@%%@rﬁzg&%n ﬁ’eop i I ne ace |C acF’ds
as wel | as th@e@mp%%l%emamsﬂ@@c stepnedisutionid, acetic, mmmmmysahtha citric,

Exenpl ary ofghsidsid, lh&iﬁrxﬁéﬁ'rﬁanaéict&nﬁhﬁ: LibR3Kc, adpartidl &&Mﬂm&%@&& glycolic,
hydrobrom c, sul furi c, su tam phosph0J| c and nitric. acid
' p-amino ne sulfonic and theophylline acetic acids, aswellasthe&
ha]oﬂ:leophyllmes, 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.



The acid addition salts of the conpounds may be prepared by d@bhedeoknown
in the art.- The base Is reacted with either the cal cul ated anount of acid
i a water ' g1$ol vent, such as acetone or et hanol, ﬁ@ﬁﬂkﬁm)ﬁ@quent

I sol ation of he salt by concentration arbd cool ing, or with an excess of
the 20 acid in a water immscible solvent’, such as ethylether, ethylacetate

or dichloro ratl ont aneousl y. The
phar naceutlgﬁite conpomﬁ)ns sﬁ%ﬁkﬁ?ﬁo@@ oh I%S;'/ be adm nistered in any

suitable way and in any suitable form for exarrple orally in the form of
tablets, ca e1 POWders or syrups or 25 parenterally in the form of
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Step 2: 5-Hydroxymethyl-1-(4-fluorophenyl)-1,3-dihydroisobenzofurane.
- HsPO, (200 mL, 60%) is added to triol 2,4-dihydroxymethyl-1-[1-(4-fluorophenyi)-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 filtered off. Recrystallization from EtOH/water ((1:3), 400 mL). Yield:
20 44 grams (90%, total for step 1 and 2). Mp: 101-03 C. *H NMR (DMSO-d;, 500 MHz): 4.51 (26,
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.
‘7 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 (1XLs).
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 EtOH (10 L) is added NELOH,HCI (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



Example 1 5 1{4fl uorophenyl)-1, 3-dl ydr oi sobenzof ur an- 5- ca@g%‘qt‘?t{)'rb@o@t ep 1
2,5 D hydroxynethyl -1 (1-(4-fluoro-phenyl)-1- hydroxy-1 nethy enzene
LiAIH4 (15.2_9,.0.6 nole) is covered with tol uene (800 ni) M) is
added.  4- Fl“ﬁgr"ﬂg’éﬁ%phenone-z' .4 —dicarboxylic acid 1) (55‘%'5589@% e) is
added in portions of about 10 10 grans. Th¥%e tenperature is allowed to rise
to 50 C.. The m xgure is heated at reflex tenperature for 1 Y2 hour. After
cool 1 ng t 0 T USd 1A T St S0 Beh 1 7. ABEE 50 peeie TaHS sikdded
and the susqepmidofiis vako kicile il copotidi crystilized fréh hdptaat.ivadld: it (@bg)| es
are evapor atlggcgfft)i%qacua. Yield (50 g, 95% . The title conpound is

obt ai ned as SPFeY- 11 NMR (DMVBO-d5,, 500 MHz): 4.28 (213, s), 4.41 (2H,
s), 5.75 (1H N$)DoktniiGe, B.\BSal¢v7 WS, GlagnlSh cApurdal Chshifieit KismiiEIoHhyB; 395(998.

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

nmet hyl ] - benzene (50 g) and the mxture is heated to 80 C for 2 hours. On
cooling, the title conmpound crystallises and is filtered off:
Recrystallization from ROE/water ((1:3), 400 nL). Yield: 20 44 grans (90%
total for step 1 and 2). Md:101-03 C. 1H NWR (DVMSO-d,, 500 MHz): 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 sobenzofurane 5 fornal dehyde.
The hydroxynet hyl phthal an .

Shydr oxynet hyl - 1- (4-f 1 uor ophenyl ) - 1, 3- dl hydr oi sobenzofurane (24 25 grans,
0.1 nole) is dissolved in DCM (500 nL). M% (52 grans) is added in three
portions.. The mxture is stirred for 16 hours at roomtenperature. After
filtration using apad of filter help and silica the solvent is evaporated
off in vacua and the title conpound is obtained as an oil. Yield: 24 g




(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 g that a conpound of

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

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



formula HOCC is reduced to forma conpound of formula (N) o5hsigppeeund of
formula (IV) is subjected to ring closure to forma conpound havi ng the

“ formula (V) and the conmpound of formula (V) oxidised to formthe conpound
of formula (ED 25 Cctober 2004 12 Mwhich is reacted with N920H fol | owed by
SOCl = and thereby converted to the corredponding 5-cyano conpound 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
claiml wherein the al kylati on #¥ade b reactlon of the conpound of
formula | with a 3-(di nethyl am no)p

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.



