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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:

CONFIRMATION COPY



ance Notes on Codes and Abbrevi ations"appearing at the 2@ of each
regul ar issue of the PCT Gazelle. O (54) Title: METHOD ,&RATIO\I
OF Cl TALORROW/Gs#4>7) Abstract: A nethod for the prepar atIO@quD hk@g39pram
conprising reaction of a conpound of formnula 5-anrinonethyl-| (&]

di met hyl am no- propyl)-1-(4-fl uoro-phenyl )- 1, 3-di hydr o- |sobenzofuran with an
oxi di sing agent to prepare citalopram 1 Novenber 2004 WO 01/85712

PCT/ DKO ./ 00333 Met hod for Bhe Prgpa @HI@}Q of Cital opram The present
invention relates to a nethod eparation of the well-known anti -
depressant drug cital opram 1- FD}‘Fam ng) propyl )-1
(4-fluorophenyl)-1.,3-di hydro- 5 ancarbonitrile. Background
of the Invention Citalopramis a wel IE nown antidepressant drag that has

now been on the market for sonme 1o 18 and has the follow ng structure:
NC It is a selective, centrally act ger ot oni n (5- hydroxytryptam ne;
5-HT) reuptake inhibitor, 15 accordrfgly having anti depressant activities.
The antidepressant activity of the cofjpound has fagghafieported in several
publications, eg. J. Hytt(4 Prog. Neuro Psychophannacol. & Biol. Psychiat.

%._282 6, Hﬁéﬁ&s?i&d ofia d&y@mﬁg aghat @d%ﬁ%u@ﬁtrexclﬁﬁf@é\@f ﬂJ%%SﬂromBEgro §'1t11486]c
derent o e Bav iy e iR Holpha todlar iR Bt gt Errotiopiiindy
first di scﬂmssthtvSﬁ%VBE}IigI_@Bim@Q@nscm m&péffmnr@hbnyluﬁ;@gﬁﬂﬁ cga%de'ﬁnﬂif lrf-d
pat ent 9”b&mﬂ%ﬁlﬁgﬁ@wﬁgﬂe&@ﬁl@ﬁ@%ﬁ*ﬁ%@@éC' tal opram by one metho

and outlines d for preparing cital opram

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.



2s According to the process described, the correspondinq

1- (4-f 1 uor ophenyl ) - 1, 3-di hydr o- 5- i sobenzof urancar bont r i1P&NGveMbeage¥Y wit h
3- (N, N-di met hyl am no) propyl -chloride in the presence of

met hyl sul fi nyl met hi de as condensi ng agent. The starting material was
prepared fromthe correspondi ng 5-brdmw derivative by reaction with
cuprous cyani de.- 30 According to the method, which is only outlined in
general t conpound:
genera Tﬁi‘éﬂ“@%@aﬁ@ds @Wﬁéﬁbﬁ%ﬁh@ﬁdwﬁ%@%ﬁh}ﬁgm% of élaﬂjp%pa%y H@clgsfgd Itrlr}@s co
presence dtateat Heifh43 400 Hemadichit alsedrraatdls theming elesraniyhe iptermetéatsotbr onp
group wit fronﬁawmuﬁygyéazlﬁéa%utmsla%h@éswrwhms%r' al of Formula Il is
obt ai ned from 5-bronopht halide by two successive Gignhard reactions, i.e.
wi th 4-fl uorophenyl nagne5|un1chlor|de and NN 5 dlnethylanlnopropyl
magnesi umn:ﬁus%wds%rprfsﬁgg%‘éeh ¥thd At di %%@%B{ahéﬁa&emb (gbeﬁnd an
internmediate for the préparation of citalopramwere describedin US Patent
No 4, 650, afevpuma@@aﬁ e progesuigisias cayenien saripgimateBalsf the fornula NC 10 is
subjected to a ring closure reaction by dehydration with strong sulfuric
acid in order to obtain citalopram The internediate of Fornula Il was
prepar ed fHamayo)thedpremtani de by two successive Grignard reactions, i.e.
wi th 4-fluorophenyl magnesi um hal ogeni de and N, N—dinethylaninopropyl
magnesi um hal ogeni de, respectively. 15 Further processes are disclosed in

| nt er nat i ghrst gacecaf thepissantigyingen Moy desamnaign 1 %Eqprwtmg@mgbp@rrand VO
98019513. ‘Mgbgggéggggn@pgmy%%gﬁg§g§g§ﬂgﬁ}ate to nethods wherein a

5-am no-, b5-carboxy- or (sec. am nocarbonyl)phthalide is subjected to two
successive &ignard reactlo s, ring closure and conversion of the resulting

1.3 H,N

Formula IV

with an appropriate oxidising agent to afford citalopram

¥ Tormula I

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.



20 di hydr oi sobenzofiiran derivative to the correspondlnaﬁf cyan cquound
i.e. citalopram |International patent application No Nryg1hsn 20

di scl oses a process for the manufacture of citalopramwherein a
(4-substituted 2-hydroxymnet hyl phenyl - (4-fl uor ophenyl ) nmet hanol conpound is
subjected to ring closure and the resuding 5-substituted

1- (4-fluorophenyl)- 1, 3-di hydroi sobenzofiran converted to the corresponding
5-cyan de rA ¥&Bl’1d’2§ é’(\!ﬂbﬁﬁe f)r’ésentzlﬁvcﬁ’\ 1&}'1;@'&1@& avt\,‘ofnpoﬁd of Formula V

(3-di net hyl anlno)propy al ogenide i'n order to obtain citalopram 10
Novenber 2004 3 Finally, nethods foO preparing the individual enantioners
of citalopramare dischpged in.US Hatent No. 4,943,590 fromwhich it also
appears that the ring closury e\i nternediate of Formula Il may be
carried out via a |abile estg Dbase. It has now, surprisingly, been
found that cital opram may be hwAtfagtured by a novel favourable and safe
procedure using convenient starting|materials. Summary of the invention A
first aspect of the present inven provi des a nmethod for the preparation
of cital opram conprising reacti of a conmpound of Forrmula IV with an
appropriate oxidising agent to af raxd cital opram NC mhich is isolated as
the base or a pharmaceutically acceptable salt,th According to

embodi nents, there may be provi ded Fethods for® ‘gﬁ rlng t he internediates
of Forrmula IV. 10 Novenmber 2004 3a A second aspect of the present invention
provi des & gwﬁﬁmﬁd)f Hfe psenvifvantign@rgyiessa method for the preparation of an

intermediate of Formula V ¢omprising a ring closure reaction of a compound of Formula

X1
HOOC COOH
Ly

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.



Formula V A third aspect of the present invention provides a nmethod for the
preparation of an internediate of Formula V conprising '8 Novggber 44 e
reacti on ofygrogerpound of Forrmula xm HOOC Fornmul a XM w t h weSpikéialabs
reduci ng agent. In a fourth aspect, the present invention provides an

ant i depressent pharnmaceutical conpositipn conprising cital opram

manuf actured by ‘the nethod di sclosed in the invention. 10 Novenber 2004 WO
01/ 8712 P&pribrongreoarerding futheHavention, tha compdinds ¢foFarivald BV emtyi onprepived
conpounds Rf gifrereRimaihbdsmy be prepared by different nethods. One of these
met hods i ncCludes the follow ng steps: 5 HOOC ROOC VI HO ROCC

6- car boxy- 3- (44l uor ophenyl )phthalide is reacted with an al cohol., R -OH,
wher ei n RO of plieat aicabibds ihelueds thd F¥bwidmsépspr ef erably Me, in the presence
of a depydr ating agent, io preferably SO(E,)I 2_ The resulting conmpound of
Formula™ V1l is alkylated with

. 0 0 o
HOOC L ROOC @ g o ROOC @ y gl\ L
| - Y O vi | Vil

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



15 wherein X is a leaving group in the presence of a swtabl e base. S
preferably hal ogen or sul phonate. Optionally, the alkyl QNQY@mF’@%%QQ“on is a
stepw se awgyd@sien. In this case, the resulting conpoundl,@fr,ﬂf&mwsg VT is
al kylated with a conpound having the fornula 20 wherein X is sui tabl e

| eavi ng group and R is -CH2 OPg, -CH2 NPg1Pg2, -CO N(CH3) 2,

-CH(CRl)( 034%40?8)511(1@ S wherein. Pg is a 25 protection
group for r AH bFO&B%OPB B ﬁ?&ﬁ’ﬂ?@éf¢maghmp§2‘tﬂ4&arbam no
10 Novenbeatoaﬁ%dmmmwdaﬁa@ﬁ@iq]k 1,%9}1& ardliyiand R2 are al kyl
groups or and R2 together forma chal n of 2y carboh atons and R3,

R4, R5 and R6 are al kyl, al kenyl, alkynyl, aryl or aral kyl; to forma
conmpound ofOﬁUﬂMb&lp)&\ﬂldbe@ﬁlﬁlﬁXF[Eornul a XVf' wherein R is as defined
above; followed by conversion of the group R to a di met hyl am nonet hyl
group. The resulting conRound of Formgila VI1 is reacted with a reduci ng
agent such as Li AH4, 33 or activated forns. of NaBH4, e.qg.
NaBH4s Me2SO4; NaBH4, 12i NaBH4 O, or B2H6i foll owed by treatnment
with acid or another dehydrati Rg to performring closure to formthe
compound of Formula VIII. The al cohol|™® la VIIl is conveniently
activated by tosylchloride or nesyl Ilri de to 15 formthe correspondi ng

substituted sul phonate; or the alco s converted into the

¥ 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 ofit.

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



correspondi ng benzylic halide. This conversion is preferably carried out
with SOBr2 or SOC12. The corresponding sul phonate or hdPiNgvem§eefqQder
convert edyih hpshly to the conpound of 20 Fornula TV by regefs !
l'iquid ammnlba; or by a reaction with a netal salt of pht hgﬁ}%\%ﬁle&ﬁg
preferably potassium phthal am de followed by treatment with NHZNH2 or by

treatnent with an amne in an alcohol, i.e. RBNH2/R4-OH, wherein R8 and RO
are | ower al kyl, ef er abl 7| or ethyl, & met hyl am ne i n ethanol ;
25 or by &A°Fegchion wit N i de, HHORES

et wth egtcing @' as| Pd
hydrate source such as Li AlH4 or |NaBH4 or et T
] F i ncl udes the fa
steps: 30 1 0 No ber, 2004 WO '§ 712 6 i ; AX PCT/ DKO1/ 003
6- car boxy- 3- (4-fl uprophenyl ) phthalide is conveni éhtly reacted wiFh
dehydrating agent such as thionylohloride, followed by am nolysis of the
resul ting activat e&h cid derivatiyve. 5 The resulting conpound of Fornula IX
i s al kyl aPEdREY - QP@Oﬁh%YJ)eh@ah@aw PRPVERISDILY F‘Pﬁctq%ewﬁbe% delexsiragings agent
sui tabl e lgaceas tonglchiciide) Miiowel Bl agRibifis offifle sdshRiRg 218G FatedRGd 8GR} AtiXe, t e

al kyl atjog reaction is a stepw se al kyl ation anal ogous to e stepw se
Ikltg t t | kyl at I to th t

“The resulting compound of Formula IX is alkylated with
A~

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

OO O,

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



al kyl ati on described above. 15 The resulting conpound of Fornula X is
reacted with a reduci ng agent such as Li ALH4, Red Al, APN®VEMPe:t(0at ed
forns of Na¥issmzg. NaBH4, Me2SO4; NaBH4, Z1; NaBH4, BF3pEfafike1d633s 116i
followed by treatnent with acid or another dehydrating agent to perform
ring closure to formthe conpound of Forfula IV. 20 According to a third

met hod for i he ¢o nd of Eornula IV, the corresponding 6-cyano
subst it ut e§e’ra@ﬁ|ﬂ§za{g‘??/@z 3?865%#6%@7‘? Ferhybyiasnen ¢/ *fe&bi@qaang @gentssuch as
prepar ed. PREloadlaouitablesolvant, mehias tatuddeer reacted with SOC7z fol |l owed by

t r eat ment %éﬁs‘%ﬁ%%‘igﬁ%fﬁc?ﬁ@g?ﬁﬁgﬂwtﬂg agent such as SOCI 2 to

prepare the cyano derivative o or reacted with an al cohol
R-OH in the presence of acid foll owed by tre[atmant with ammonia and
finally reacted with SOO 2; or reagted jn aypne-pot process such as with 10
Novenmber 2004 WO 01/85712 PCT/ DKO1/ 3 "SC2(NH2) 21 SOC12 and

sul fol are, or with tent-butylam ne, a dehydrating agent such as POC 3 and
a suitable solvept, such as toluene. The resulting conpound of Fornula Xl

i s al kyl at@ﬁeﬁﬁiﬂt 152 ({REIG Fovp Isths presense ol agutahie base: Keisprefershlychalégen or
sui t abl e badphon¥iel s preferably hal ogen or sul phonate. Optionally, the

al kyl ating reaction is a stepwi se al kyl ati on anal ogous to the stepw se 10
al kyl ation_described above. The resulting conpound of Fornmula X1 is

react ed wi Onptienallpddhei alkylagiast resciivh iasa lstepdise, alkiRation Analopdud3 0 thea slopwaleed
fornms ofy -ofd&cﬂg@pﬂﬁm_wezsm; NaBH4, 12; NaBH4, BF3.Et20 or B2H6;
followed by treatnment wth-acid to performring closure to formthe

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:

COCI

o]
Hooc COOH  HOOC
U . © AICI, O 2 KMnO, 0 O ZniHe O 0
————— ——— ——— .
F J () )
XIv X 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.



15 conpound of Fornmula N. OQther reaction conditions, sol é{or t he
reacti ons descri bed above are conventional conditions f%q\l%vﬁm Fg%% i ons

and may eawwd yi/dzgizdet ermi ned by a person skilled in the artpcEBkbilo@get her
aspect, the present invention provides the novel internediate of Fornmula V.

In a further aspect the invention. relatges to methods for preparing the
I ntermedi a IaV 2 St ro fo reparlngthe

i nt er nedi a%ﬁfeﬁ’lfatl acc\?ll?% I(T sanHfgw P%‘\Rﬁl'eg&%gﬂ ﬁl—&%’ oamyula
m xyl ene amdaﬁﬂhadoldmbmg(wdpméﬂmueds& whi ch are commercial ly avai l abl e
compounds are reacted in the presence of AIC13 to afford the conpound of

For mul a XI T swe®Pound 30013y 0xj- ] e, preferably
KMO4 or NaMhOA '?ng the resu PXITT, which is

/85712 PCT/ DKO§# T , the corrpound

Yo >§ﬁ|fromthe coQp byx\t,pe fol |l ow ng
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stepw se process:

‘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



The conpound of Fornula = is reacted with a reduci ng agent,, such a | ALH4,
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closure to formthe conmpound of Fornula XV. The al cohol of Fornmula XV is
conveniently activated by tosylchloridegr nmesylchloride to 10 formthe
correspondihn:_.s stitut.ed sul phgnate; or the alcohol is converted into the
cor r espondiTEFR ni A leaving SioyR in Ho Rresoper, of & Futeblesbase.oX as prsfepably Palpgen et

wi t h SOBr 2ulphond®€C 2. The correspondi ng sul phonate or halide is either
converted directly to the conpound of 15 Fornula XVI1 by reaction with

| i quid anmmoni a; or by a reaction with a netal salt of phthalim de,

pr ef er abl {PpHonalési then dkylatinearsackion is ol dtepveide bkyiatimat meldgows tih thiHBMAseor by
t reat ment JWividlicAeadAA ahgvean al cohol, i.e. RsNH2/ R9-OH, wherein R$ and RO
are lower alkyl, preferably methyl or ethyl, e.g. nethylamne in ethanol;
20 or by a reaction with netal azide MN3, M preferably being Na or K;

fol I owed Optibnally tenstepsidd the alleydativni 4@l BHnvaHoR 18ShEY fmoddiviBvd arcdin
hydri de SS@%&sﬁe%ﬁ%}}sg Lc'oA{rHZ" or BH4 or . a{m activated farmth of. 25 The
resul ti ng EONpoURa 6 WECITRITEC%YA freicyang ServatEqis pepfprmed befpre fhe r
2004 WO 01/85712 PCT/DKO /00333 9 wherein X is a leaving group in the
presenge Ghrdhohli I ; S ciRingf r ul nate.
ot on 1 Bty (8 Denfefion oty e drks Bo8F TP r Go R AP0 o
t he st ep\,\%@gched or unbranched 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
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35 The acid addition salts of the conpounds may be prepared by nethods

known il

R té]oeiui%ﬁs' 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
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tal cum nagnesium stearate, gelatine, |actose, guns, and the |ike. Any
other adjuyvant or additive, colouring, aroma, preservative etc. may be
used provi 356‘6“19‘%1 £ they are conpatible with the active ingredients. 15

Sol uti-ons {GialoprhmcHBPNS may be prepared by dissolving the active
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i nvention ep add qd; Mﬁs‘h@ﬁﬁé@f%‘yaﬁﬁléwﬂdbﬂ%m E@’ﬂ@xaﬁmeé@ cideride (1.8 g,
1.8 mmol) was added, and the mixture was stirred overnight. The mixture was poured onto

15 ice, and the pH of the mixture was adjusted to >9 by 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
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15 (bs, 1H), 8.24 (bs, 1H), 8.24 (dd, 1K), 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). '
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time the sGiz‘ak?pchnssol ved. The thionyl chloride was then evaporated, and the

d 357, [ he [ e wa
Seirred i ”n%? Rl fof P iRf AR o EBRIDE Rl pRBHS e
precipitatbh @rlS pezoduian dO gndhs mlé?ﬁpbﬂlahbmmﬁhﬁwt(mlﬂéﬂada@ied@s
partiti oneﬁh@@&%@%ﬁa@sﬁm&m@ﬁ&bm RyeR62iME ¥ ml ; 0.2 M in K,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).
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the title conmpound was forned. Yield: 7.8 g (62%. 'H NVR (d6-DMSO):. S
6.87 (s, -1H), 7.26 (t, 2H), 7.42 (dd, 211), 7.58 (d, 111), 8.18 (dd, 1H),
8.48 (s, 1H). NC '

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



25 Exanple 6 5-Brononethyl -1 -(4fluoro phenyl)-1, 3- d|hyq &gﬂggqﬁﬁfuran A
suspensi on of 5-hydroxynethyl-1-(4-fl uoro- phenyl) 1, 3- d| r -1 sobenzof uran
(2 g, 8.2 womwmigi7ibn toluene (20 nmL) was heated until the Sﬁbhﬂxﬂyﬁggjved.
Heating was then stopped. 30 Thionyl bromde (2.2 g, 10.6 nmol) was added,
and the mxture was stirred for 1 h. Siljsca (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 iltrate was evaporated to give the title
conpound as a red-orange B3 d. "H NVR (d6 DMBO): S 4.72 (s,

2H), 5.11 (d, 1H), 5.28 (d, 1 %, lkb |7.047(d, 1H), 7.17 (t, 2H)
7.33 (d, 1H), 7.38 (dd, ZFD 7.4 : HQ\hbvenber 2004 WO 01/85712
PCTI DKOL1/ 00333 13 Exanple 7 5 Am noi ne hyI-I -(4
Fl uor o- phenyl ) -1, 3-di hydr o-i soberr zof 3 A suspension of 5

brononet hyl -1 - (4-fl uorophenyl)-1, 3-di_hydjfo-i sobenzofuran (1.96 g, 6.4
mml) was stirred in liquid re-distil"Ned ammonia (200 nl) under
nitrogen/amonia at 5 -33 C'for 2V2 days. The amp s allowed to
evaporate, and the residue was stlrredanth a mixture of et hyl acetate and
aqueous sul furic acid (2 W The aqueous phase was separated and was washed
with ether. The aqueous phase was then basified to pH > "9 using aqueous
anmoni um hydr oxi de solution (25% W v), and was extracted with toluene. The
tol uene ex.r ik metesdkofiltiac?, aharacterbyd iwtis: MRIRGEhHAS 8f Fah@1AVHATEY apor at ed

to g il (0.63 g, 40%. 'H NVR

(a6 ety PP %ﬂ‘fe%cﬁfgﬁs%”%%@ﬂﬂ?ﬁ%ﬁ%@w@i%g(edé" e 3 (s 1),

6.96 (d, 1H), 7.17 (t, 2H), 7.20 (d, , 7.32 (s, 1H), 7.36 (dd, 2H).
ROOC

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



Exanple 8 15 Citaloprarn To a stirred sol ution of
5- am nonet hyl - 1- ( 3- di net hyl am no- propyl )-1-(4-fl uoro- phggﬂcsviember 2004

1, 3-di hydragd @gsanzofuran (0.5 g, 1.5 nmmol) in dichl or onet RgRgykdiRosds) Was
added an aqueous sol ution of potassium bisulfate and sodi um hydroxi de (19
m; 0.2 Min K2S208, 3.8 mml; 0.4 MingaOH, 7.6 mmol), followed by an
aqueous solution of nickel sulfate 20 (1.5 nL, 40 M 61 p.nmol). The

m xture was stirred vigorously for 4 d&/s, and was then filtered through
celite. The filtrate was pEPACL] o gt ween aqueous sul furic acid (2 M
and toluene. The aqueous | ayer wa ted, and the pH of the m xture was
adjusted to >9 by the addition Us ammoni a solution (25% w v). The

dried over magnesium sulfate and 25 evdporated to give the free base of
citalopramas a very pale yellow oil g, 70% . Exanple 9

1- (4Fl uor ophenyl ) - 3-o0xo0-1, 3-diliydro nzof uran-5-carboxylic acid Zink
(38 g, 0.58 nol) was suspended in acetwe acid (400 nL). The m xture was
heated to 30 60 C 2, 4-dicarboxy-4'-flluoro-benzopfighprg (21 g, 0.075 nol)
was added in portions of 5 grans. Af t &Y addition, the reaction m xture was
heated at fwithlatsldoRBPRIGH i thelpRésehodb QR PdratidiifzshtisPENsi on was filtered
while it was still hot. The filtrate was added to ice-water (1 kg) and the
title conpound was isolated by filtration. Yield 17.8 g (90%9. 'H NWR (d6
DVMBO): 8 6.84 (s, 1H), 7.17 (t, 2H), 7.43 (dd, 21), 7.59 (d, 1H), 8.31 (d,

1H), 8.35 s, e 4 . [55712 PCT/ 00 14 dains
1. A me hoé' f%lfreliql%ﬂel&%r? g@ar a 1‘%}?%% %lfe:églfl ?tgﬁ'? E%%%@%‘S#Pgﬁﬁﬁé’ds of a
conmpound oprepEed hyreactipg the compound of Formula X - '

O

N

F Formula X

f)

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



S F with an oxidising agent to afford cital opram Fornulg @VeN@eF?UEWi ch is
I sol ated as the base or a pharnaceutically acceptable salt thereof. 2. The
met hod of whah/gs#e characterised in that the internediate IV is
prepared by activating the al cohol of Fornmula VIII HOis bgégﬁg{qi}@}?“f ut ed
sul phonate or converting the al cohol intg a beazylic halide or another
activated derivative fol l,owed by am nolysis to formthe conpound of Fornula
|V 10 Novermber 2004 WO 01/85712 PCTIDRO /00333 15 3. The nmethod of claim

2, characterised in that ENOGQt € 'te of Formula VIl is 5 prepared by
reacting the conpound of Fornul 3
The nmethod of claim 3, characte

0 ROOC with a reducing agent. 10 4.
infhat the intermediate of Formla
VIl is prepared by al kylating the
optionally by stepw se al kyl ati on.

conpound of Forrmula VI 0 ROOC Fornul a VI

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

HOOC
o

F Formula V

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




15 5. The nethod of claim4, characterised in that the i I ' of
Formula VI is prepared by reacting the conpound of For%gfhgv%gég%@lﬂovenber
2004 WO 01 / DKO1/ 00333 HOOC Formula V with an alc - in the
presence o?&gz%’ézgzg:ati ng agent. 5 6. The nmethod of claim ?%REP@E’F@i sed
in that the internediate of Formula N is,,prepared by reacting the conpound
of Formula X 0 HHNOC with a reducing ageﬂl? followed by ring closure to form
t he conpound of Fornula IV 10 The nethod of claim®6, characterised in
that the internedi ate of FNf phepar ed by al kyl ati ng the conpound
of Formula 1X 10 Novenber 2004 85792 PCT/ D}(Ol/ 00333 17 0 H2NCC
ERyTafld o 5 &N_The nethod of claim?7,
characterised in that the intermediate jof FormilayX is prepared by

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



Formula V with a dehydrating agent such as thionylchl or kg ydvehbavesh4dy
amnolysis of the resulting 1 o activated acid derivative; 9. The nethod
of claim lywodimspgterised in that the intermedi ate of For mpapdiossss
prepared by reacting the conpound of Fornula XU O NC 15 with a reducing
agent followed by ring closure to formtfwe conpound of Fornmula N 10
Novenber 2094 DKOL1/ 00' 33 18 10. The nethod of claim9,
characteri gg |c§\gpﬁé#§?€%&fn§g¢nedi ate of Fornmula XIl is prepared by

al kyl ating the conmpound of Formula XI @ NC 5 optionally by stepw se

al kylation. Fornmula Xt 11.gdde claim 10, characterised in that
the internediate of Fornula Xl p-pkepared by converting the conpound
of Fornmula V HOOC F to the corrje [
Formula V 15

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




1 0 November 2004 WO 01/55712 12. A conmpound of For mul aynh9eRbd/ J3631100333
HOOC Formula V 13. A nethod for the preparation of an |nterrre late of claim
12 conpri siyih ng closure 5 reaction of a compound of FK

- -- Forrrula1 3}hlliZ with a suitable reducing agent. 10 14. 'Eﬂ;re nmet ﬁ%éé'%of
claim 13, wherein the reducing agent is 4n in acid, preferably acetic

acid. 15. The nethod of claim 1, characterised in that the internediate of
Formula IV is is prepared by s ating the conpound of Fornula XVH
Fornmula XVII optionally bygNStep ation to formthe conmpound of
Formula 1V 10 Novenber 2004 WO PCTI DKO|1100333 20 16. The net hod
of claim 15, characterised in tha orvedii e of Formula XVII is
prepared by am nolysis the conpound of JFormula XVl 5

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



Hal Formula XVI 17. The nethod of claim 16, characterisgg Nd?;eHBéFzédlﬁ
internmediate of Fornmula XVI is prepared by activating the al cohol of

For mul a Xvoldsssi@z Formul a XV by a substituted sul phonate opcemregudssng t he
al cohol into a benzylic halide or another activated derivative. 15 10
Novenber 2004 WD 01/ 85712 PCT/ DKOl/ 0033331 21 18. The nethod of claim 17,

char act erjy i n t er t FEor a xVvis
reacting %%eﬁk 8%1@&0‘}1{%%#n3fl’a rF'F l?:ﬂ?—%qﬁ%ﬂe%e@%e %ﬁr’:&‘%ﬁeﬁﬁ'&?ng
agent f ol pesresdby resciing Bledestons of Fofmule X conpound of Fornula ATV. 19. An

anti depressant pharnmaceutical conposition conprising citalopram
manuf actured by the rretHr&()jCof any of the clains 1-11 and 13-18. 10

COOH
Ly

¥ Forrmula 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



