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- Background of the Invention

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

NC :
(L
N

F Formula I

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,

15 accordingly having antidepressant activitics. 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. 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.

25 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.

30 According to the method, which is only ouflined in general terms, citalopram may be
obtained by ring closure of the compound:
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in the presence of a dehydrating agent and subsequent exchange of the 5-bromo group with

cuprous cyanide. The starting material of Formula IT is obtained from 5-bromophthalide by

two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium chloride and N,N-
5  dimethylaminopropyl magnesium chloride, respectively.

| patent (BF, B], CF, CG
TG . Published: - wth
e expiration of the tinme clainms and

A new and surprising method and an intermediate for the preparation of citalopram were
" described in US Patent No 4,650,884, according to which an intermediate of the formula

NC CH,OH
(L o
N

F Formula ITE
16

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

15
Further processes are disclosed in International patent application Nos. WO 98019511, WO
98019512 and WO 98019513. WO 98019512 and WO 98019513 relate to methods
wherein a 5-amino-, 5-carboxy- or 5-(sec. aminocarbonyl)phthalide is subjected to two
successive Grignard reactions, ring closure and conversion of the resulting 1,3-

20 dihydroisobenzofuran derivative to the comresponding 5-cyano compound, i.e. citalopram.
International patent application No. WO 98019511 discloses a process for the manufacture
of citalopram wherein a (4-substituted-2-hydroxymethylphenyl-(4-fluorophenyl)methanol
corapound is subjected to ring closure and the resulting 5-substituted 1-(4-fluorophenyl)-
1,3-dihydroisobenzofiran converted to the corresponding 5-cyano derivative which is

25 a}kylatcd with 2 (3-dimethylamino)propylhalogenide in order to obtain citalopram.
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(4-f1 uor oty %943é9&ﬁwmh@hlf@193ﬂpmégﬁzéﬁnﬁg @H?bﬁ?ﬁ?mﬁm@hm%kgr ound
of the |n\’f%%iﬂgﬁlQaiﬁé%ﬁéﬂ%&%a@laﬂﬁééstéf%%b%?' depressant drag that has
now been on the market for sone 1o years and has the follow ng structure:
NC It is a selective, centrally acting serotonin (5-hydroxytryptam ne;
5- HT) reupt flGowMabRisingly, bee&%uﬁ@%%c@tbl@ﬁﬂaﬂlr&%\ﬂe%ﬁﬁ&hﬂﬁw £RRNL activities.
The antidepressant ‘activity of the conpound”has been reported in several
publ i cat i (fp‘souﬁ’é'& ang safegrogqduremsigg conyeniens stmdipg wefshialinacol . & Biol . Psychi at.
1982, 6, 277-295 and A. Crravem Acta Psychiatr. Scand. 1987, 75, 478- 486.
The corrpound has further been disclosed to show effects in the treat ment of
denentia Swmayoédedyeestion ar di sorders, EP-A 474580. 20 Cital opram was
first disclosed in DE 2,657, 013, correspondi ng to US 4, 136, 193. This
patent publication descrl bes the preparati on of cital opram one net hod
and out | i rfe8rshaspeqt pf the presrat inpationprovidespgyeting farstb%iplﬁmﬂtwﬂéb%ﬂﬂi/%@%i tal opram
2s Accor digg, ﬁﬁn%ﬁéﬁ‘ct@ﬁ@@@éo?n desIrirRRshia fhe correspondi ng
1-(4- quorop enyl)-1,3-dih é)ro 5- i1 sobenzofurancarbontrile is reacted with
3- (N, N-di met hyl am no) propyl chl or| de in the presence of
met hyl sul fi nyl net hi de N The starting material was
pr epar ed

N\
¥ Formula IV
with an appropriate oxidising agent to afford citalopram
~
F F;Srmula |

which is isolated as the base or a pharmaceutically acceptable salt thereof.

According to embodiments, there may be provided methods for preparing the intermediates

of Formula IV.



fromthe correspondi ng 5-brono derivative by reaction wi th cuprous cyani de.
30 According to the method, which is only outlined in gdRdiyember 4g0

cital opram may be obtained by ring closure of the conmpound: CONFI RVATI ON
COPY 10 Novenber 2004 WO 01/85712 PCTIDKO /00333 in the presence of a
dehydrating agent and subsequent exchazge of the 5-bronp group with
cuprous cyani de.- The starting material of Fornmula Il is obtained from

5- br omopht hiadchgleashis of MO URC RN E R iENAbRALGEAGE F@RRIa Y - € Wi th _
4-fl uorophenyl magnesi um chl oride and N, N 5 di nmet hyl am nopr opyl nagnesi um
chloride, respectively A new and suQprising nethod and anintermnedi ate for
the preparation of citgppperam describedin US Patent No 4, 650, 884,
according to which an internm of, the formula NC 10 is subjected to a

ring closure reaction by dehyd on®ith strong sulfuric acid in order to
obtain citalopram The internegiFateyof Formula 111 was prepared from
5-cyanopht hal i de by two successive|Gignard reactions, i.e. with

4-fl uorophenyl magnesi um hal ogeni de 'id N, N- di met hyl am nopr opyl nagnesi um
hal ogeni de, respectively. 15 Furtl [ir ocesses are disclosed in

I nternational patent application WD 98019511, WO 98019512 and WO
98019513. WO 98019512 and WD 98019513 rel ate thods wherein a

5-am no-, 5-carboxy- or 5-(sec. aniﬁocarbonyl%%ﬂ? 4lFide is subjected to two
successive Gignard reactions, ring closure and conversion of the resulting
1,3 20 di Hythigiasnssen sheforésen invaretionpsavidee a methpéh for ghprapsigenifag 5- cyan
compound, shiefincdfitd HFBRAMY cobfiishlgliAAiRhic PALRRLFRALAGA bR VO
98019511 di scloses a process tor the manufacture of cital opram wherein a
(4- subst i tXfled 2- hydr oxymet hyl phenyl - (4-f| uor ophenyl ) net hanol  conpound is
subjected to ring cl osur BOSH. t esgbogg 5- substi tut ed

1- (4-fl uorophenyl) -

F Formula XTI

with a suitable reducing agent.

In a fourth aspect, the present invention provides ' an antidepressent pharmaceutical

composition comprising citalopram manufactured by the method disclosed in the invention.



1, 3-di hydr oi sobenzofiran converted to the correspondi ng 5-cyan derivative.
which is 25 alkylated with a (3-dinethyl ani no) propyl hal'83¥eaéer £0%% der to
obtai n ci t@lgffsdfy 10 Novenber 2004 3 Finally, nethods for gwhepRéildassst he

i ndi vi dual enantioners of cital opramare disclosed in US Patent No.
4,943,590 fromwhich it also appears tha; the ring closure of the

i nternmedi ate of - Formula II|l may be carrfed out via a |abile ester with a
base. |t Hastheoperesagoprdisg tnythe inventionf be cdmphundscoft BoroplaRY meay Wxeprepared
manuf act ungdiiliyrefs MeBls, favourable and safe procedure using convenient
starting materials. Summary of the invention A first aspect of the present

I nvention provides a nethod for the preparation of citalopram conprising
reacti on @netofGiessp asibod inflodénihafollywitigldlepgn appropri ate oxidi sing agent to
afford cital opram NC which is isolated as the base or a pharnaceutically
acceptabl e salt thereof. According to enbodi nents, there may be provided
met hods for- prepargeng the intermediggtes of Fornula ly. 10 Novenber 2004 3a
A second &8pe Qf it he presenrt_iLgvdhti on prowpad 3

HOOC For mul a '
for the preparatio
cl osure reaction @

oneprovides a nethod
Qpri-8ing aTPng

6-carboxy-3-(4-fluorophenyl)phthalide is reacted with an alcohol, R-OH, wherein R is
preferably lower alkyl, most preferably Me, in the presence of a dehydrating agent,
10 preferably SOCl,.

The resulting compound of Formula VI is alkylated with

X\/\/}L\

15 wherein X is a leaving group in the presence of a suitable base. X is preferably halogen or
snlphonate.

Optionally, the alkylating reaction is a stepwise alkylation. In this case, the resulting
compound of Formula VI is alkylated with a compound having the formula
20 '

X'wR,

wherein X is a suitable leaving group and R’ is -CH,-O-Pg, -CH,-NPg,Pg,,
-CO-N(CH,),, -CH(OR)OR?), -C(OR»)OR’)OR®) or -COOR?, wherein Pg is 2
25  protection group for an alcohol group, Pg, aud Pg, are protection groups for an amino



Formula XMwith a suitable reducing agent. In a fourth aspect, the present

I nvention provides an anti depressent pharnmaceuti cal coﬂﬁ&QV?T"Bﬁr%Qfﬁ‘pri si ng
ci tal opranwgpngbagt ured by the nethod disclosed in the invﬁéﬁ"}éﬂbﬂoﬂrﬁs
Novermber 2004 WO 01/8712 PCT/ DKO1/00333 4 Furthernore, according to the

I nvention, the conmpounds of Fornula TV r’rﬁy be prepared by different

met hods. One of : 1hese]ﬁ{net hods includes the follow ng steps: 5 HOOC ROCC VI
HO ROOC 6- 85MBo %y -and Bz aye alyh erappy phRhand Bé togethep frmed chiintofahtead cafbon. , R
- OH, wher eatond8 and R*REREGADRY Froxwyl, Ak ,augg@; Me, in the
presence of a dehydrating agent,m%?o pfﬁeyg’era I;}’%I%E % resul ting
conpound of Fornmula V1 is alkylated with 15 wherein X is a |leaving group in
t he pr esentsefoof azompotnd bEFdranda X¥IMIs pr ef erabl y hal ogen or sul phonate.
Optionally, the alkylating reaction i s a stepwi se alkylation. In this case,
the resulting conpound of Fornula Is alkylated with a conpound havi ng
the formul a 20 wherein XROP&~g _switable | eaving group and R is -CH2 O Pg,

-CH2 NPglPg2,

E Formula XVII

wherein R’ is as defined above; followed by conversion of the group R’ to a
dimethylaminomethyl group.

The resulting compound of Formula VH is reacted with a reducing agent such as LiAlH,,
10 . Red-Al AlH; or activated forms of NaBH,, e.g. NaBH,, Me,SO,; NaBH,, I,; NaBH,,

BF;. Et,0; or B,H,; followed by treatment with acid or another dehydrating agent to

perform ring closure to form the compound of Formula VIIL.

The alcohol of Formula VIII is conveniently activated by tosylchloride or mesylchloride to

15 form the cormesponding substitufed sulphonate; or the alcohol is converted into the
corresponding benzylic halide. This conversion is preferably carried out with SOBr, or
SOCL,.

The corresponding sulphonate or halide is either converted directly to the compound of
20 Formula IV by reaction with liquid ammonia;
or by a reaction with a metal salt of phthalimide, preferably potassium phthalamide
followed by treatment with NILNH, or by treatment with an amine in an alcohol, i.e.
R'NH/R*-OH, wherein R® and R’ are lower alkyl, preferably methyl or ethyl, e.g.
methylamine in ethanol; :
25 or by areaction with metal azide, MN,, M preferably being Na or K; followed by treatment
with a reducing agent such as Pd/C and H, or a hydrate source such as LiAIH, or NaBH, or
an activated form of it.

Another method for preparing the compound of Formmla IV includes the following steps:
© 30



-CO N(CH3) 2, -CH(ORL)(OR2), -C(OR4)(ORS)(OR6) or -COORS, wherein. Pgis a.
25 protection group for an al cohol group, Pgl and Pg2 ar@Nsvembet? gr oups
for an amygedéssNovenber 2004 WO 01/ 85712 PCTI DKO /00333 5 and
R2 are al kyl groups or R and R2 together forma chain of EC?I(E))%HB(%% o]

n
atonms and R3, R4, R5 and R6 are al kyl, kenyl , al kynyl, aryl or aral kyl;
to forma conpound of Fornula XVIII 5 F Formula XVf' wherein R is as

convefsi on of the oup R to a
nd of Foru

oAl ALl 33 or |

owed b
di et hyl a N _gr offﬁfxc
with a reduci nlg ageft_sugch

of NaBH4, e.g. NaB#4s Me2SO4; NaBH4, 121 Na

is reacted
ivat ed fiorns

by treatnment wt §i d or anoth déhydrati n ent to per f or ry
closure to form thRe cqppound of rpula VL. g(al cohol of Fogl a,VI 1|1
is conveniently acfivated by tosylchloride or nesylchloride to 15 rmthe

correspondi-ng substituted sul phonate; or the al cohol is converted into the
correspongicg%) benz Ihc hal i de. . Thi.s conversjon is Preferabl y carried out
with SOBr O’fsécé'z. uarephenyhpbthalided isnepnyarispidy aeastedr with| 3 debydzatinigr pgent

conver t ed sa¢h &ationylohldrite, fneped By aBinolyd Sahewsalthy a@ﬁva{t&?e{&ﬁd Q&kivilB,

liquid 5z;n’m)ni a, or by a reaction with a netal salt of phthalim de,
preferably potassi um phthal am de followed by treatnent with NH2ZNH2 or by

t r eat ment The résubimgaoinpeund ofiRomdoIXis alkylated wRBNH2/ R4- OH, wherein R8 and RO
are lower alkyl, preferably nethyl or ethyl, e.g.

X\/\/N\

wherein X is a leaving group in the presence of a suitable base. X is preferably halogen or
10 sulphonate. '

Optionally, the alkylating reaction is a stepwise alkylation analogous to the stepwise
alkylation described above.

15 The resulting compound of Formula X is reacted with a reducing agent such as LiAlH,,,,
Red-Al, AlH; or activated forms of NaBH,, e.g. NaBH,, Me,SO,; NaBH,, I; NaBH,,
BF,.E,0; or B,H,; followed by treatment with acid or another dehydrating agent to
‘perform ring closure to form the compound of Formula IV.

20 According to a third method for preparing the compound of Formula IV, the corresponding
6-cyano substituted derivative of 6-carboxy-3-(4-fluorophenyl)phthalide is prepared.

Q

gacotiin selin co 3

F

The carboxy derivative is either reacted with SOCI, followed by treatment with animonia
and finally a dehydrating agent such as SOCI, to prepare the cyano derivative of Formula

25 XI;
or reacted with an alcohol R-OH in the presence of acid followed by treatment with
ammonia and finally reacted with SOCL,; or reacted in a one-pot process such as with



met hylam ne in ethanol; 25 or by a reaction with netal azide, M\N3, M
preferably being Na or K, followed by treatnent wth a1p§{§’|¥€ri"%r%%)ént such

as Pd/ C aneigHid/ssriza hydrate source such as Li AlH4 or NaBH4 pewypiaioasshi vat ed
formof it. Another nethod for preparing the conmpound of Formula IV
i ncl udes the follow ng steps: 30 1 O Novenber 2004 WO 01/85712 6 1i2NCC | X
I
1

Fgé?ggl%OSﬁg@}gkg?%Yaﬁa%3{8%‘%0@8%% ht hal i de | s convenientl

] y
#RHnsH P Sfehydratipg agentewichyas
am nol ysi sPOClidud arsuitableisolyenis suchas exluaei d derivative. 5 The resulting

conmpound mg%ﬂﬂhgcb]ﬁggﬁ%@%ﬂgdﬁ@mgﬁgwgfﬁ -Xis a leaving group in

the presence of a sSult I's prefera hal ogen or 10 sul phonat e.
Optionally, the alkylatiog reaction is a stegpw se al kyl ati on anal ogous to
the stepwi se alkylation describedyabove. 1§ The resulting conpound of
Formula X is reacted with a reduci ng™~dge such as Li AlH4, Red Al, AIH3 or
activated forns of NaBH4, e.g. NaBH4, Me2SO4; NaBH4, Z1; NaBH4, BF3. Et 20;
or B, 116i fol |l owed b){ treatment with acid _or another dehydrating agent to
performr iwger Pﬁﬂff% AR Huothe presenss @ grsuahlabpse. Mis peeferablyoiadogen oo a
t hi rd met haudpliomatepr epari ng the conmpound of Fornula IV, the corresponding
6-cyano substituted derivative of 6-carboxy-3-(4-fluorophenyl)phthalide is
prepared. The carboxy derivative is either reacted with SOC7z fol |l owed by
treat nent Qplonallynihe alkylating reaction is a stepwise alkylation analogous to the stepwise

10 alkylation described above.

The resulting compound of Formula XTI is reacted with a reducing agent such as LiAIH,,

Red-Al, AlH; or activated forms of NaBH,, e.g. NaBH,, Me,SO,; NaBH,, I; NaBH,,

BF;.Et,0; or B,H,; followed by treatment with acid to perform ring closure to form the
15 compound of Formula IV.

Other reaction conditions, solvents, eic. for the reactions described above are conventional
conditions for such reactions and may easily be determined by a person skilled in the art.

20 In another aspect, the present invention provides the novel intermediate of Formula V.

In a further aspect, the inventiqn_ relates to methods for preparing the infermediate of
Formula V.

25 One stepwise process for preparing the intermediate of Formula V is illustrated below:

cocl HOOC COOH  HOOC 1
O g Uypee Uy T
—_— —— —_— .
F g q J
X Xl A
¥ F F
m-xylene and p-fluorobenzoyl chloride, which are commercially available compounds are
reacted in the presence of AIC), to afford the compound of Formula XIV. This compound
30 is oxidised with permanganate, preferably KMnO, or NaMnQ,, giving the resulting

compound of Formula XIII, which is finally reacted conveniently with Zn in acid,
preferably acetic acid.



and finally a dehydrating agent such as SOClI2 to preparg he % n? 4
derivative of Formula 25 Xl; or reacted with an al coho AT
presence ofw@ei/griol | owed by treatment with anmmonia and flls@-,h ol/ess ed
with SOC 2; or reacted in a one-pot process such as with 10 Novenber 2004
WD 01/ 85712 PCT/ DKO1/ 00333 7 SO2(NH2) 21 g§SOC12 and sul folane, or with

tent - but yl d h ratin nt d a suitable _solvent,
such as tofuéné. %‘XE&F (?Uﬁ]a Ogg%ﬂ% oS P@Pﬁ‘%‘zﬁ% the copp t o Qinegas
wherein X myfba\fblhgﬁf@g(stqpmseprb@spr esence of a suitable base. X is
preferably_hal ogen or sulphonate. Optionally, the alkylating reaction is a
st epwi se alRMatrRencogtal ogousiot Ovthe~st epwi se  1auwal™Ny on descri bed
above. The res Ocorrpound of UFgtmfla Xl | is react wi,£h a reducing
agent such as Li AlH4, TRed. -Al, AIH3jor activated forns NaBH4 —e-.

i 12; NaBH4, BF33Et20 or B2H6; fol#owed by treat nent
wth acidto perf Miqip cl osure toyfor he 15 conpo aof Jormul a N.
O her reaction conditions, solvents, letc. for the reactions 8& ri bed above
are conventional conditions for such reactions and may easily be
determ ned by a person skilled in the art. 20 In another aspect, the
present invention pI’OVI des the novel internediate of Formula V. In a
further aspect, ésyta ARt hods for preparing the
i nt er medi ate of

‘The compound of Formula XTII is reacted with a reducing agent such as LiAlH,, Red-Al,

5 AlH, or activated forms of NaBH,, e.g. NaBH,, Me,SO,; NaBH,, I,; NaBH,, BF,.Et,O; or
B,H,; followed by treatment with acid to perform ring closure to form the compound of
"Formula XV.

The alcohol of Formula XV is conveniently activated by tosylchloride or mesylchloride to

10 form the comesponding substituted sulphonate; or the alcohol is converted into the
corresponding benzylic halide. This conversion is preferably carried out with SOBr, or
SOCL,.

The corresponding sulphonate or halide is either converted directly to the compound of
15 Formula XVII by reaction with liquid ammonia;
or by a reaction with a metal salt of phthalimide, preferably potassium phthalamide,
~ followed by treatment with NH,NH, or by treatment with an amine in an alcohol, i.e.
R°NH,/R*-OH, wherein R® and R® are lower alkyl, preferably methyl or ethyl, e.g.
methylamine in ethanol;
20 or by a reaction with metai azide MIN,, M preferably being Na or K; followed by treatment
' with a reducing agent such as Pd/C and H, or a hydride source such as LiAlH, or NaBH, or
an activated form thereof.

The resulting compound of Formula XVII is alkylated with



HOOC KwvhO4 X'V m xyl ene and p-fluorobenzoyl chloride, h are
commercially avail abl e conpounds are reacted in the prﬁgéf?é'gm&e rA%s to
afford thewpaigeund of Formula XIV. This conpound 30 is OXpgirma&bbss
pernanganate, preferably KvhO4 or NaMO4, giving the resulting conpound of
Formula XIIl, which is finally reacted nveniently with Zn in acid,

pr ef er abl évacet{xrc] aagad 1 0 Novenber 2004 . WO 01/85712 PCI/DKO1/ 00333 8

Al t er nat | VEFTFI fis alsaving stpupsn tenrereRcars & sykblshase X iprefarbly: balsemer of
Formul a Xh]phbryatehe foll owi ng stepw se process: HO XVI XVII The conpound of
Formula = is reacted wth a reduci ng agent such as Li AlH4, Red-Al, 5 A3
or activated forns of NaBH4, e.g. NaBH4, Me2SO4; NaBH4, 12i NaBH4, BF3. Et 20
or B2H6; Qpliboeléd thy alkdaingersactnt ks acstepwise plcylasiom anafiggonk ds the stepwligr m
the comnpoungdiffon deoriBedanddé. The al cohol of Fornula XV is conveniently
activated by tosylchloride or nesylchloride to 10 formthe correspondi ng
substituted sul phonate; or the alcohol is converted into the correspondi ng

g&n:zgl i % g m@tmﬂmy He gqmommesarlfgnaﬁoﬁ ﬁfde{]ﬁlrc’i}g%&sﬁ;ﬁrtbltﬁéi c?éﬁo auﬂvtlaug@éﬂ@mo { |
n on e or | 1S el nver L rec
to the con%% 8%%?&? g%h GhoPYRT f&/#hfa P LA OIS RET AT ?Teg}ﬁ?g]ﬁléuon Y

10 Throughout the specification and claims, the terms lower alkyl or C,, alkyl refer to a
branched or uabranched alkyl group having from one to six carbon atoms inclusive, such as
methyl, ethyl, 1-propy}, 2-propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl
and 2-methyl-1-propyl.

15 Similarly, atkenyl and afkynyl, respectively, designate such groups having from two to six
catbon atoms, including one double bond and triple bond respectively, such as ethenyl,

propenyl, butenyl, ethynyl, propynyl, and butynyl.

The term aryl refers to a mono- or bicyclic carbocyclic aromatic group, such as phenyl and
20 naphthyl, in particular phenyl.

The term aralkyl refers to aryl-alkyl, wherein aryl and alkyl are as defined above.

Halogen means chioro, bromo or iodo.

The compound of general Formula X may be used as the free base or as a pharmaceutically
acceptable acid addition salt thereof. As acid addition salts, such salts formed with organic
or inorganic acids may be used. Exemplary of such organic salts are those with maleic,
fumaric, benzoic, ascorbic, smccinic, oxalic, bismethylenesalicylic, methanesulfonic,

30 ethanedisulfonic, acetic, propionic, tariaric, salicylic, citric, gluconic, lactic, malic,
mandelic, cinnamic, citraconic, aspartic, stearic, palmitic, itaconic, glycolic, p-
aminobenzoic, glutamic, benzene sulfonic and theophylline acetic acids, as well as the 8-
halotheophyllines, for example 8-bromotheophylline. Exemplary of such inorganic salts
are those with hydrochloric, hydrobromic, sulfirric, sulfamic, phosphoric and nitric acids.

35 ‘
The acid addition salts 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



or by a reaction with a netal salt of phthalimde, pref I ot um
pht hal am de, followed by treatnent with NH22NH2 or by 5@2‘@}‘%@%@ an
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pr ef er abl Wr?wasdtlﬁg%ﬁor ethyl, e.g. nethylamne in ethanol; %‘Cﬁloﬂrl&gﬁﬁ%ﬁ
reaction with netal azide MN\3, Mpreferampy being Na or K; followed by
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adjuvant or additive, colouring, aroma, preservative eic. may be used provided that they are

compatible with the active ingredients,

15
Solutions for injections may be prepared by dissolving the active ingredient and possible

additives in a 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 may be added, such as tonicity
20 agents, preservatives, antioxidants, etc.

Examples
The invention is further illustrated by the following examples.

25
Example 1
S-Aminomethyl-1-(3-dimethylamino-propyl)-1-(4-fluoro-phenyl)-1,3-dihydro-

~ isobenzofuran
~ 1-(3-Dimethylamino-propy})-i-(4-fluoro-phenyl)-3-0xo-1,3-dihydro-isocbenzofuran-5-

30 carbonifrile (5.4 g, 16.2 mmol) was dissolved in dry THF (5 mlL) and diluted with dry ether
(50 mL). This solution was added dropwise to a refluxing suspension of lthium
aluminium hydride (2.5 g, 65 mmol) in dry ether (150 mL) over 10— 15 minutes, after
which the resultihg suspension was heated at reflux for a further 4 h. The solution was

“allowed to cool to Toom temperature and was stirred at room temperature overnight. The

35 reaction was quenched with a minimum of water, and the resulting solution/suspension was
dried over anhydrous magnesium sulfate. The mixture was filtered, and the solid cake was
washed with THF. The combined filtrates were evaporated to give an oil. The oil was
dissolved in toluene (200 mL) and was stirred with an aqueous solution of sulfuric acid (10

~ml, 70 % v/v) for 3 h. The mixture was diluted with water, and the pH was adjusted to >9



20 naphthyl, in particular phenyl. The term aral kyl ref kyl ,
wherein aryl and al kyl are as defined above. Hal ogen me?ﬂ} F%F&O(%{ ono or

i odo. 25 Twe aesspaund of general Formula | nmay be used as tioamikoe@oidzase or
as a pharmaceutically acceptable acid addition salt thereof As acid
addition salts, such salts forned with otganic or inorgani C aci ds may be
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in the art
by m xi g fGo,and. @F\th?fﬂg‘? Btewas ad;uste?i to >§ %y the addition of aqueous ammonia
solution (25% w/v). The solution was diluted with toluene and filtered. The organic phase

was separated, and the aqueous was washed with further toluene. The combined organic
extracts were washed with water, dried over anhydrous sodium sulfate and evaporated.
The residue was treated with heptane and was evaporated to give an oil (11.1 g). This oil

20 was dissolved in acetone and freated with agueous hydrobromic acid (7 ml, 47% w/v). The
solution was evaporated, and the residue was dissolved in iso-propanol (100 mL). The
solution was stirred ovemight. The resulting precipitate was filtered and dried to give the
HBr salt of citalopram as a white powder (8.2 g, 66%). The filtrate was evaporated, and
the oily residue was shaken with ether and allowed to stand overnight. Filtration of the

25  solution gave further HBr salt of citalopram as a brown solid (1.7 g, 14%). "H NMR (d*-

DMSO): § 1.35-1.50 (m, 1H), 1.50-1.60 (m, 1), 2.25 (¢, 2H), 2.69 (s, 3H), 3.00-3.10 (m,

2H), 5.17 (d, 1H), 5.25 (d, 1H), 7.18 (1, 2H), 7.61 (dd, 2H), 7.77 (d, 1H), 7.82 (d, 1H), 7.83
(s, 1H), 9.27 (bs, 1H).

30 Example 3
1-(4-Fluoro-phenyl)-3-oxo-1,3-dihydro-isobenzofuran-5-carboxylic acid methyl ester
A stirred suspension of 1-(4-fluoro-phenyl)-3-0x0-1,3-dihydro-isobenzofuran-5-carboxylic
acid (1 g, 3.7 mmol) in thionyl chloride (25 mL) was heated at reflux for 25 min, during
which time the solid dissolved. The thionyl chloride was then evaporated, and the residue
35 was dissolved in toluene, and again evaporated. The residue was stirred in methanol (25
mL) overnight, during which time a heavy precipitate formed. The solvent was
evaporated, and the residue was partitioned between aqueous ammonia solution (25% w/v)
and toluene. The organic phase was separated, dried over magnesium sulfate and



lo with ordinary adjuvants and/or diluents and subseque%lfhyovg%%’grr 5 N9 t he
m xture in a conventional tabletting machi ne. Exanpl es of adjuvants or
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15 (bs, 1H), 8.24 (bs, 1H), 8.24 (dd, 1H), 8.42 (s, 1H).

Example 5

1-(4-Fluoro-phenyl)-3-oxo-1 ,3-dihydro-isobenzofuran-5-carbonitrile

A suspension of 1-(4-fluoro-phenyl)-3-oxo-1,3-dihydro-isobenzofuran-5-carboxylic acid
20 amide (13.6 g, 0.05 mole) in thionyl chloride (40 mL) and DMF (0.25 mL) was heated at

refiux for 2 hours. The thionyl chloride was then evaporated, and the residue was dissolved

in hot IPA (100 mL). On cooling, crystals of the title compound was formed, Yield: 7.8 g

(62%). "H NMR (d-DMSO): 5 6.87 (s, LH), 7.26 (¢, 2H), 7.42 (dd, 2H), 7.58 (d, 1H), 8.18
(dd, 1H), 8.48 (s, 1H).

Example 6

3-Bromomethyl-1-(4-fluoro-phenyl)- 1, 3-dihydro-isobenzofuran

A suspension of 5-hydroxymethyl-1-(4-fluoro-phenyl)-1,3-dihydro-isobenzofuran (2 g, 8.2

mmol) in toluene (20 mL) was heated uniil the solid dissolved. Heating was then stopped.
30 Thionyl bromide (2.2 g, 10.6 mmol) was added, and the mixture was stirred for 1 h. Silica

(25 g) was added, and the mixture was filiered, and the residue was washed with a 1:1 v/v

solution of ethyl acetate and heptane. The filirate was evaporated to give the title

compound as a red-orange oil (2.6 g, 90%). 'HNMR (d-DMSO): & 4.72 (s, 2H), 5.11 (4,

- 1H), 5.28 (d, 1H), 6.17 (s, 1H), 7.04 (d, 1H), 7.17 (¢, 25, 7.33 (d, 1H), 7.38 (dd, 2H), 7.45
35 (s, 1H). '



m, 70 %v/v) for 3 h. The mxture was diluted with watef,,an h H was
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addi ti on ovoagssmrs ammoni a solution (25% w v). The tol ueneCIBKIREP: at ed,
and the aqueous phase was extracted with further toluene. The conbi ned
toluene extracts were dried over anhydrBBus magnesi um sulfate, filtered and
evaporatedEggu?é/'ye the title conmpound as a yellow oil (4.4 g, 84%-. 'H NWR
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di ssol ved {SnlHbeh¥n@datid)-t reated with aqueous hydrobromc acid (7 m, 47%

wv). The solution was evaporated, and the residue was dissolved in

[ so-propang 9% POEf The solution was stirred overnight. The resulting
preci pitat PG Itered and dried to give the HBr salt of citalopramas a
white powd6ialoprang, 66% . The filtrate was evaporated, and the oi |y

{ ﬁ: i due wag, §RAKED sHhfidh &F 5 %n%%ﬂ@l—l%—ﬂm%&yfabﬁn&p?op?ﬁw gﬁhuor eny hon of
1,3-dihydro-isobenzofuran (0.5 g, 1.5 mmol) in dichloromethane (10 mL) was added an
aqueous solution of potassium bisulfate and sodium hydroxide (19 mL; 0.2 M in ¥,S,0,,
3.8 mmol; 0.4 M in NaOH, 7.6 mmol), followed by an agueous solution of nickel sulfate

20 (1.5 mL, 40 mM, 61 pmol). The mixiure was stirred vigorously for 4 days, and was then
filtered through celite. The filtrate was partitioned between aqueous sulfuric acid (2 M)
and toluene. The aqueous layer was separated, and the pH of the mixture was adjusted to
>9 by the addition of aqueous ammonia solution (25% w/v). The solution was extracted
with toluene, and this latter toluene extract was dried over magnesium sulfate and

25 evaporated to give the free base of citalopram as a very pale yellow oil (035 g, TO%j.

Example 9
1-(4-Fluoro-phenyl)-3-oxo-1,3-dihydro-isobenzofuran-5-carboxylic acid
Zink (38 g, 0.58 mol) was suspended in acetic acid (400 mL). The mixture was heated to

30 60 °C. 2,4-dicarboxy-4’~fluoro-benzophenone (21 g, 0.075 mol) was added in portions of 5
grams. After addition, the reaction mixture was heated at reflux temperature for two hours. -
The suspension was filtered while it was still hot. The filirate was added to ice-water (1 kg)
and the title compound was isolated by filtration. Yield 17.8 g (90%). *H NMR (d°-

DMSO): 3 6.84 (s, 1H), 7.17 (t, 2H), 7.43 (ad, 2H), 7.59 (d, 1H), 8.31 (d, 1H), 8.35 (s, 1H).



25 solution gave further HBr salt of citalopramas a br i 7/ g, -
14% . '"H NWR (d6- DMSO: 8 1.35-1.50 (m 1H), 1.50-1. 60‘1%&%@%5@425 (t,

211), 2.69%0xus8He, 3.00-3.10 (m 2H), 5.17 (d, 1H), 5.25pca/mikoi1/bp3337. 18
(t, 2H, 7.61 (dd, 211), 7.77 (d, 1H), 7.82 (d, 1H), 7.83 (s, 11-1), 9.27
(bs, 1H). 30 Exanple 3 1-(4 Fl uoro-phenyl4) 3-oxo-1,

3-dil zydrodléﬁﬁgr nzof uran-5-carboxylic acid nethyl ester A stirred
suspensi on 0 =(4-fluoro

phenyl ) - 3- oxo- 1, 3- di hydr o-i sobenzof uran-5-carboxylic acid (1 g, 3.7 mmol)

in thionylychhori h flux for 25 min, duri whi ch
e the s&t - URof e e o R ondin fbrine oo Somptiedt ana < ne

resi due 35Fomsulal¥sol ved in tol uene, and agai n evaporated. The residue was
stirred in nethanol (25 nl) overnight, during which tine a heavy

precipitate formed. The SELN eyapor ated, and the residue was
partitioned between agueo £ i % wv) and toluene. The
organi ¢ phase was separated, drid ek sul fate and 10 Novenber
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as a white solid (0.97 g, 92%.
1H), 7.26 (t, 2H), 7.42 (dd, 2H)),
1H). 5 Exanple 4 .
1- (4- Fl uor ophenyl) - 3-oxo0-1, 3-di hydro
A stirred suspension of Formula IV

1- (4-f | @or o- phenyl ) - 3- oxo- 1, 3-di hydr o- Fsobenzofi aran-5-carboxylic acid (1
g, 3.7 mmoWwjthian okddidngy hgetio twafietd cltddopraln) was heated at reflux for 25 mn,
during which tinme the solid dissolved. The thionyl chloride was then
evaporated, and the residue io was dissolved in toluene, and again
evapor ated. The resi due wasNGi ed jn toluene (15 "nL) and was treated
with a solution of ammnia in e a heavy precipitate forned. The
m xture was stirred overnight, th tol hene and aqueous anmoni a
sol uti on, N

- o~gi ve the title conpound
DVMSO): 8 3.92 (s, 311), 6.85 (s,
1H), 8.31(dd, 111), 8.36 (s,

F Formula I

which is isolated as the base or a pharmaceutically acceptable salt thereof.
10

2. The method of claim 1, characterised in that the intermediate of Formmla IV is
prepared by activating the alcohol of Formula VIII

F. . Formula VIII

15 by a substituted sulphonate or converting the alcohol into a benzylic halide or another
activated derivative followed by aminolysis to form the compound of Formula IV



and filtered. The residue was dried to give the title c whi te
solid (0.80 g, 80%. 'H NWR (d6 DVBO): & 6.81 (s, 111) ?H?‘%ggrqf’?{sz@fl),
7.40 (dd, Rdlyss74254 (d, 111), 7.59 15 (bs, 1H), 8.24 (Dbs, pddmkbicds4 (dd,
1H), 8.42 (s, 111). Exanple 5 1--(4-Fluoro--phenyl)-3-oxo-.1,

3-di hydr o-i sobenzof uran-5-carbonitrile Assuspension of

1- (4-fl uoro-phenyl)-3-o0xo0-.1, 3-di hydr o-i sobenzof uran-5-carboxylic acid 20
amde (13.6 g, 0.05 nmole) inAXionyl chloride (40 nm.) and DMF (0.25 nL) was

heated at reflex for 2 hidd¥s. YjAi onyl chloride was then evaporat ed,
and the residue was dissolved i d SA (100 fL). On cooling, crystals of
d: : '"H NWR (d6-DMBO): S .

the title conpound was forned. Yie 2 .

6.87 (s, 1H, 7.26 (t, 2H), 7.42 (dd, 7.58 (d, 111), 8.18 (dd, 1H),
8.48 (s, 1H). 25 Exanple 6 5-Bronone | -(4fluoro

phenyl ) -1, 3-di hydr o-i sobenzofuran A ¢nsi on of

5- hydr oxynet hyl - 1- (4-f | uor o- phenyl ) - I53<di hydr o-i sobenzofuran (2 g, 8.2
mml) in toluene (20 ml) was heated uniil the sol ucigﬁ,sol ved. Heating was
then stopped. 30 Thionyl bronide (2.% g, 10.6 niol) was added, and the

m xture was stirred for 1 h. Silica (25 g) was added, and the m xture was
filtered, and the residue was washed with a 1:1 v/v solution of ethyl
acetate and heptane. The filtrate was evaporated to give the title

(Z:a)rrpogndlﬁ The eckilosdofidaiai 2, eﬁllﬁrzﬁt@‘isegﬂ%hat tﬂsbﬂ@%ﬁ&i? a@%ﬂﬁgﬂﬁ@( § s, 2
7.33 (d,} E@?“#‘S%fe@g%%%%?m?%&ér‘F@%.’10' Novenber 2004 WO 01785712

PCTI DKOL1/ 00333 13 Exanple 7 5 Am noi n€ hyl -1 -(4
Fl uor o- phenyl ) - 1, 3- di hydrgnhsober L zof gy an -

E Formuja VII

with a reducing agent.

10 4. Themethod of claim 3, characterised iu that the intermediate of Formula VII is
prepared by alkylating the compound of Formula VI

Formula VI
optionally by stepwise alkylation.

15

S. The method of claim 4, characterised in that the intermediate of Formmla VI is
prepared by reacting the compound of Formula V



A suspension of 5 brononethyl-1|-(4-fluorophenyl)-1, 3-di = g(gbgpf uran
(1.96 g, 6.4 mmol) was stirred inliquid re-distilled gwooglfgj%%g m)

under nitr@agsgssapmonia at 5 -33 C for 2V2 days. The amonipgpygeidhianed to
evaporate, and the residue was stirred with a mxture of ethyl acetate and
aqueous sulfuric acid (2 W The aqueous ghase was separated and was washed
with ether. The aqueous phase was then basified to pH > '9 using aqueous
amoni um hydr oxi de sol ution (25% W v), $hnd was extracted with toluene. The
tol uene extracts were dri eiD@Ver 2 dnpus magnesi um sul fate and evapor at ed
to give i0 the title conpound as Iléy orange oil (0.63 g, 40%. 'H NWR
(d6-DVMSO): S 3.72 (s, 2H), 5.09 , 5.25 (dd, IH, 6.14 (s, 111),
6.96 (d, 1H), 7.17 (t, 2H), 7.20 (d, 1H), 7.32 (s, 1H), 7.36 (dd, 2H).
Exanple 8 15 Citaloprarn To a stirredlsol ution of
5- am nonet hyl - 1- ( 3- di met hyl ani no- pr ol-(4-f| uor o- phenyl ) -

[

1, 3-di hydro-i sobenzofuran (0.5 g, 1.5 | ) in dichloronmethane (10 nL) was
added an aqueous solution of potassi URbi sul fate and sodi um hydroxi de. (19
m; 0.2 Min K2S208, 3.8 nmol; 0.4 Miln NaOH, 7.8, mply, followed by an
aqueous sol ution of nickel sulfate 20 (F1.5 m., 40 M 61 p.nol). The

m xture Mﬁdﬂjtah@kﬁﬂommﬁmﬁﬂe)prés@ﬁceﬂoMEYdﬁﬁﬂg)i\@‘ﬁt.t hen filtered through
celite. The filtrate was partitioned between agueous sulfuric acid (2 M
and toluene. The aqueous | ayer was separated, and the pH of the m xture was
adjusted to >9 by the addition of aqueous ammoni a solution (25% w v). The

solutio S e ng, this.lLatter t en Jact was
dried oee\rl\@'na'lgir%teré%%q&gﬁ?wgﬁ 2’ é&‘g’iﬁg‘%ﬁ%"\}‘g'ﬂg’i‘%t %Imtt%mﬁﬁ'\%e &ﬁé@ﬁ@ﬁb‘ﬁse of

ci t al opr anprgpargd by reachag theomponndof FgouboXg, 709 . Exanple 9

1- (4Fl uor ophenyl ) - 3-oxo-1, 3-di | i ydro-i %)benzof ur an- 5-carboxylic acid Zink
(38 g, 0.58 nol) was suspended in acetifg acid (400 nL). The m xture was
heated to 30 60 C. 2,4-d DX Y<2 or o- benzophenone (21 g, 0.075 nol)
was added in portions of 5 grang teroadditiorr, the reaction m xture was
heated at reflux tenperature for N

~

F Formula X

with a reducing agent followed by ring closure to form the compound of Formula IV

F FormulaIV

10

7. The method of claim 6, characterised in that the intermediate of Formula X is
prepared by alkylating the compound of Formuta IX



The suspension was filtered while it was still hot. The ‘}‘%ﬁﬁ Y&y added
to ice-water (1 kg) and the title conpound was i sol ate tration
Yield 17. 8yg o972 'H NVR (d6 DMSO: 8 6.84 (s, 1H), 7. 17 mrﬁ% 7.43
(dd, 21), 7.59 (d, 1H), 8.31 (d, 1H), 8.35 (s, 1H). 10 Nov®

01/55712 PCT/DKO /00333 14 Cains 1. Aqethod for the preparation of

cital opram conprising reaction of a conpound of Fornmula IV5 F wth an
oxi dising agent to afford cital opram F mula TV NC 10 which is isolated as
the base or a pharmaceut iBANdg accgptalll e salt thereof. 2. The nethod of
claim1, characterised in that T diate of Fornula IVis prepared
by activating the al cohol of Fo @ HO is by a substituted sul phonate
or converting the alcohol into a ¥We¢azylic halide or another activated
derivative foll owed by amnolysis to f
Novenber 2004 WO 01/85712 PCTI DKO / pB
characterised in that the internedia
reacting the conpound of Formula VII

15 3. The nethod of claim?2,
Formula VIIlI is 5 prepared by

Formula IX
optionally by stepwise alkylation.

5 8. The method of claixﬁ 7, characterised m that the intermediate of Formula IX is
prepared by reacting the compound of Formula V

O

PN

F Formula V

HOOC

with a dehydrating agent such as thionylchloride followed by aminolysis of tﬁe resulting
10  activated acid derivative;

9. The method of claim 1, characterised in that the intermediate of Formula IV is
prepared by reacting the compound of Formula X1I

s F Formula XIT |

with a reducing agent followed by ring closure to form the compound of Formula IV




ROOC with a reducing agent. 10 4. The nethod of claim3 i5ed in.
that the internedi ate of Fornmula VII is prepared by al ﬂgﬂé@%ﬁﬁ&?@oﬁ
conmpound o 0 ROOC Fornula VI optionally by ste | at i on.
15 5. The Bv{?ﬁﬁ%ﬁ? claim4, characterised in that the inte gf@t"ﬁ‘xﬁ
Formula VI is prepared by reacti ng the E%rrpound of Formula V . 90 Novenber
2004 WO 01/85712 PCT/ DKO1/ 00333 HOOC Forfrula V with an alcohol R OH in the
presence of a dehydrating agept. 5.6. The nethod of claim 11, characterised
in that the internedi ate &fNFor ny NS, prepared by reacting the conpound
of Formula X 0 HHNOC with a reduyti ng ageﬁt fol I ojved by ring closure to form
t he conmpound of Formula IV 10 7. hod~Qf afaim 6, characterised in
that the intermediate of Fornula Xis b \al kyl ating the conpound

of Formula 1X 10 Novenber 2004 WD 01/ PCT/ DKOl/ 00333 17

F Formula IV

10. The method of claim 9, characterised in that the intermediate of Formula XII is
prepared by alkylating the compound of Formula XI

Formula X1

optionally by stepwise alkylation.

11. The method of claim 10, characterised im that the intermediate of Formula X is
10 prepared by converting the compound of Formula V

F Formula V

to the corresponding cyano substituted compound.

15



0 H2NOC Formula A optionally by stepwi se alkylation. 5 8o NHREMBEE Sstsh Of
claim?7, characterised in that the internediate of Formula I X 1s prepared
by reacti ngygdigsg@npound of Formula V HOOC Formula V with gced@edbsss Ng
agent such as thionylchloride followed by am nolysis of the resulting 1 o
activated acid derivative; 9. The nethodigpf claim 1, characterised in that
the inter I at f prepared by reacti ng the conpound of
Formul a XrLTJEg %88@0‘]&% a rec?u\%l ng agent followed by ring closure to form
t he conpound of Fornula N 10 Novenber ZP04 WO 01/85712 PCT/ DKOL/00' 33 18
10. The net hod of cl ai m 9,x®&he erised in that the internedi ate of
Formula XIl is prepared by alKky ng” fhe conpound of Formula XI O NC 5
optionally by stepw se al kyl atic Pa Xt 11. The nethod of claim 10,
characterised in that the internmedFdt eof Fornula Xl is

B Formula V

13. A method for the preparation of an intermediate of claim 12 comprising a ring closure
5 reaction of a compound of Formula X1

(L

& Formula XX

with a suitable reducing agent.

10

14. The method of claim 13, wherein the reducing agent is Zn in acid, preferably acetic
acid.

15. The method of claim 1, characterised in that the intermediate of Formula IV is
15 prepared by alkylating the compound of Formula XVII

H,N
Ly

¥ ~ Formula XVII
optionally by stepwise alkylation to forn the compound of Formula IV




I D prepa'r ed by converting the conpound of -Formula V
correspondi ng cyan substituted conpound. Fornmula V 15 ﬁ%o%@n%%0§004 V\D

01/ 55712 1go dyisspapound of Formula V 19 PCT/ DK01100333 HCII;d: Ry 13- A
met hod for the preparation of an internediate of claim12 conprising a ring

closure 5 reaction of a conpound of Forggla X11 TMOOC |- -- Formula X I
with a suitable reducing agent. 10 14. e nethod of claim 13, wherein the
reducing agent is Zn in acid, preferably acetic acid. 15. The method of

claim1, characterlsed |anNat t erredlate of Formula IVis is
grmul a YvH Fornmula XVI1 optionally
By nmul a |V 10 Novenber 2004

F Formula IV

16. The method of claim 15, characterised in that the intermediate of Formula XVII is
prepared by aminolysis the compound of Formula XVI

Hal O
8]

B Formula XVI

17. The method of claim 16, characterised in that the intermediate of Formula XVI is
prepared by activating the alcohol of Formula XV

F Formula XV
10

by 2 substituted sulphonate or converting the alcohol into a benzylic halide -or another
activated derivative.

15



WO 01/ 85712 PCTI DK01100333 20 16. The nethod of claim 1) Noq,gﬁlrbgpi(gm sed in
that the internediate of Formula XVIlI is prepared by amnolysis th

conpound whokesml a XVl 5 Hal Formula XVl 17. The net hod ptrml[@umgiﬁ,
characterised in that the internmediate of Fornula XVI is prepared by
activating the al cohol of Fornula XV 102jHO Fornula XV by a substituted

sul phonat t n al i

act i vat edf%ce)ﬁevag#l@é dfn(gm%giﬁov% J‘renﬁ%hn %?8% ég %P%’i‘f@@%g 51

18. The nitepagd by reactngiheketansafFomeula 3B i n that the internmedi ate of
Formula XV.is prepared by reacting the ketone of Fornula XII1 HOOC F
Formula XIB 5 with a reducing agent followed by ring closure to formthe
conpound of Fornul a ATVHOQLC depressant phar maceutical conposition
conpri sing cital opram manuf act by othe nethod of any of the clainms 1-11
and 13-18. 10

b Formula XTI

.5 with a reducing agent followed by ring closure to form the compound of Formula XV.

19. An antidepressant pharmaceutical composition éomprisiﬂg citalopram manufactured by

the method of any of the claims 1-11 and 13-18.
10





