Title* METHOD FOR THE PREPARATI ON OF Cl TALOPRAM [err] Abstract: The
i nvention relates to a nmethod for the preparation of ci t%ﬁ%‘ﬁ?@ﬁ?'&%@%i si ng

reaction of und of formula (1) with a conmpound hayj ormul a
(I Merei‘ﬁo&g%}gﬁhal,ogen or -0-SO[err]X, wherein X is a?’&?ﬁfq“’gpﬁégnyu

al kynyl or optionally alkyl substituted aryl or aralkyl, and R err] is

di net hyl am no, hal ogen, -O SO[err]-X wherein X is as defined above,

provi ded t h&fethed fer the Brepprationef CitafopravR[ err] i s di methyl amino; and if R{err]
is dinmethylamno followed by isolation of cital opram base or a

phar mac e uti ‘i‘ﬁé {n¥sent imvention relates to 2 method for the preparation of the well-known antidepressant drog
citalopram, 1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile.

Background of the Invention

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

has the following structure:
10

{®

It is a selective, centrally acting serotopin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
accordingly having antidepressant activities. The antidepressant activity of the compound has been

15 reported in several I;ublicaﬁons, eg. 1. 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 freatment of dementia and cerebrovascular disorders, EP-
A-474580.

20 Citalopram was first disclosed in DE 2,657,013, comresponding to US 4,136,193. This patent
e, 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 comesponding 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 alkylaminocarbonyl)-2-hydroxymethylphenyl-
(4-fluorophenylymethanol compound is subjected to ring closure. The resulting 5- alkyloxycarbonyl
or alkylaminocarbony)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran is converted converted to the
corresponding 5-cyano derivative and the 5-cyano derivative is then alkylated with a (3-
dimethylamino)propylhalogenide in order to obtain citalopram.
' CONFIRMATION COPY



acceptabl e acid addition salt thereof, and if Rerr] is hal ogen or
-0-SO[err]-X, wherein X is as defined above, followed by eeRig®BPEI 4%t the .
resul ting corpgighsof formula wherein Rerr] is hal ogen opcgnffobins®f
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i sobenzofurancarbonitrile is reacted w 3~ (N

N- di met hyl am no) propyl -chloride in th eser
condensi ng agent. The starting naterial_sas//prepared fromthe
correspondi ng 5-brono derivative by reaction with cuprous cyani de.

I nternational patent application No. WO 98/11 di scl oses a process for

ce of met hyl sul finyl nethide as

t he manuf acture of

with a compound having the formula
15 '

R\/\/F\‘1

wherein R is halogen or -O-S0,-X wherein X is alkyl, alkenyl, alkynyl or optionally alkyl substituted
aryl or aralkyl and R! is dimethylamino, halogen or -O-80,-X wherein X is as defined above,
20 provided that R is not halogen when R! is dimethylamino;

and if R! is dimethylamino followed by isolation of citalopram base or a pharmaceutically acceptable
acid addition salt thereof,

25 .andif R is halogen or -0-SO,-X wherein X is as defined above, followed by conversion of the
resulting compound of formula



30 cital opramwherein a (4-(cyano, al kyl oxycarbonyl or

al kyl.anmmocar bonyl ) - 2- hydr oxynet hyl phenyl - (4- f | uor ophenyl $RREERRRLEO@ormpound
i s subjected to ring closure. The resulting 5-( al kyl oxycarbonyl or

al yl am nocalBI§I*4E (4-f1 uor ophenyl ) - 1, 3- di hydmi sobenzo+n FETREHESA, t ed
converted to the corresponding 5-cyan degrivative and the 5-cyan derivative
Is then alkylated with a (3- dinaethyl am no) propyl hal ogenide in order to
obtain cital opram CONFI RVATI ON COPY 1 Septenber 2004 WO 01/51475

PCT/ DK01100140 2 it has now, surprisingly, been found that cital opram may
be manufactured by a novel favourabf® Pxocess. The al kyl ati on process
according to the invention is parti ddvant ageous because the
formation 5 of by-products by pol yne { t ke al Kyl ati ng agent is
avoi ded whereby a reduction in the anount @§f al kyl ating reagent to be used
I s made possible. The process of the invep ) al so provides high yields.
10 Summary of the invention Accordingly, present invention relates to a
met hod for the preparation of cital opram comgrising reaction of a conpound
of formula with a conpound having the formul a 15 (a) erein Ris hal ogen
or -0 S02X wherein X is alkyl, alkenyl, allcynyl or optionally alkyl
substituted aryl or aralkyl and R is dinethylam no, halogen or -0-S2- X

wherein Xi s .as.def.ined above, 2 rovided fhat R is not hal ogen when R is
G et hy| am TSt Piones o e LPTRp 12 SR s By b obevhun ipfopmen,

ci t al opr am folieyed by isalatidnaf italoptiini tagd dr ¥ plaatepitieillyRccepablé acdididition SlYakdof,
thereof, ;1. 25 and if R is halogen or -O S02 X Werein Xis as defined

above, followed by conversion of the
One embodiment may relate to a method where a compound of formula (II) is reacted with a

compound of formula (IIf) wherein R is ~0-80,-X wherein X is as defined above and R'is

dimethylamino resulting in the direct formation of citalopram.

10 Another embodiment may relate to a method where a compound of formula (II) is reacted with a

compound of formula (IIT) wherein R and R' are independently selected from

halogen and -O-80,-X. The resulting compound of formula (IV) wherein R? is halogen or a group of
formula -0-S0,-X, where X is as defined above, is then converted to citalopram by reaction with

15 a) dimethylam;‘n or a metal salt thereof,
' - b) methylamin followed by reductive amination, or
¢) anazide followed by reduction to form the corresponding amino compound and thereafter
methylation or reductive amination.

20 Still another embodiment may provide the novel intermediates of the general formula (IV).

“The alkylation step where the compound 6f formula (IT) is reacted with 2 compound of formula () is
suitably carried out by treatment of the compound of formula (I) with a base such as for example
LDA (fithium diisopropylamine), LIAMDS (fithium hexamethyldisilazane), Nal, NaHMDS (sodium
‘hexamethyldisilazane), or metalalkoxides such as NaOMe, KOMe, LiOMe, NéOtertBu, KOieriBu
-and LiOter?Bu in an aprofic organic solvent such as THF (tetrahydrofirane), DMF
{dimethylformamide), NMP (N-methylpyrrolidon), ethers such as dieﬂxylcther, or dioxalane, toluene, -



resulting conpound of fornula 1 Septenber 2004 WO 01/5147§ PtCleDK 00140 3
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and thereafter methylation or reductive amination to form citalopram.

- The compound of formula (IV) may also be converted to citalopram by reaction with methylamine to

form a compownd of formula
O
O v
Sex,

F ™) '

20

followed by methylation or reductive amination to form citalopram.



benzenhe or al kanes and m xtures thereof. The anion formed_is tgeg%d eact ed
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of formula ( ] by reductive animation. According to this
pr ocedur el5 t envewsiopd f formula (V) or (M) are reacted with

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
gronp having from one to six carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-propyl, 1-

butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl and 2-methyl-1-propyl.

Similarly, alkeny! and alkynyl, respectively, designate such groups having from two to six carbon
atoms, including one double bond or triple bond respectively, such as ethenyl, propenyl, butenyl,
ethynyl, propynyl and butynyl.

30 The term aryl refers to a2 mono- or bicyclic carbocyclic aromatic group, such as phenyl and naphthyl,
in particular phenyl.

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

35  Optionally, alky] substituted aryl and aralkyl refers to aryl and aralkyl groups, which may optionally
be substituted with one or more atkyl groups.
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separating spontaneously.

The pharmaceutical compositions of the nvention 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
parenterally in the form of usual sterile solutions for injection.

The pharmaceutical formulations of the nvention 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 machine.
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 dissolving the active ingredient and possible additives in
a part of the solvent for injection, preferably sterile water, adjusting the solution to the desired
vohume, sterilising the solution and filling it in suitable ampoules or vials. Any suitable additive
conventionally used in the art may be added, such as tornicity agents, preservatives, antioxidants, etc.

The invention is further illustrated by the following examples.

BB Profiedity Mihod MohR HDAYAE TRE vaSRET al
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those-with maleic, fumaric, benzoic, ascorbic, succinic, oxalic,
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p- ammobenzoic, glutamc, benzene sul fonig and theophylline acetic acids,
as well as the 8-hal ot heophyllines, for 10 exanpl e 8-bronot heophyl li ne.
Exenpl ary of xampfe | norgani c salts are those with hydrochloric,

hydr obrom c, sulfuric, sulfamc, phosphoric and nitric acids. The acid
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di | uent;s conpri Corn starch, potato starch, talcum nagnesium stearate,
gel atine, |actose, guns, and the like. Any other adjuvant or additive,
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solution to _the desired volune, sterilising the solution and filling it in
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in the art Mynch®oaeiay.20 UEH mafl)io DE (iO’mﬁﬂgfktaﬁdedﬂfiWé gmﬂ, 7.0 momot)
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antioxidant%gégtc. 5 The invention is furt il lustrated t he follow ng

exanpl es. | pigR diporide (GAls 80 perDpies roetion guixtare was' stirred at 70 °C
20 overnight, then cooled to room temperature, poured into ice/H,O and extracted with EO (3 x 30

mL). The organic exiracts were washed with H,0 and brine, and evaporated. The residue was purified
by silica gel chromatography-(heptane, EtOAc, triethylamine 1:3:4%) and crystallised from acetone
as the oxalate salt (0.12 g, 70%). DSC (open chamber), Togse = 158.§6, Tpeax = 162.14.'"H NMR
(DMSO0-dg) 6 1.42 (1H, m); 1.51 (1H, m); 2.22 (2H, t,J = 8.0 Hz); 2.62 (6H, 5); 2.95 (2H, t, /= 8.0

25 Hz); 5.15 (1H, d, /= 14.0 Hz); 5.23 (1H, d, /= 14.0 Hz); 7.18 (2H, t, J= 9.0 Hz); 7.59 (2H, dd, J =
5.0 and 8.0 Hz); 7.74 (1H, 4, J=7.5 Hz); 7.79 (1H, d, J= 7.0 Hz); 7.80 (1H, br s). ’C NMR (DMSO-
ds) 8 19.3; 37.0; 42.3; 56.7; 71.2; 90.3; 110.7; 115.2; 115.3; 118.8; 123.2; 125.8; 127.0; 132.1; 139.9;
140.0; 148.161.4; 164.3. Anal. (CuHuN,0, CH;0y) caled. C: 63.76; H: 5.59; N: 6.76. Found C:
63.50; H: 5.78; N: 6.63. '
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Exanpl e 1 A sol ution of
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(15 L), dii YOGt anine (2.6 g 5)) at 30 C under an at nRCYNEO1@OTD
nitrogen. After stirring at -~ 30 C for 10gm nutes a solution of the alkyl
hal i de/ sul phﬁ%rﬁq £0.02 nol) in THE (25 nL) was added dropw se and al | owed
to warmto roo ?enperature and stirred for a further 60 m nutes. The
reacti on was then quenched with ice, extracted with toluene (3 x 50 nli),
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resi due was Maéifioeﬁ_b _%:Jhron%ttﬁﬂgg{rﬁgo W@ﬁpg%ﬁﬁoﬂhwléﬂwlm of n 10
hept ane/ Et ancarhopitrile (GjeloprangPrslata¥s ul ting anion is the reacted with a

conmpound &f forrmula (M. Exanple 2 Preparation of

1-[ 3- (N, N dinet am propyl]-1-(4-fl uorophenyl)-1, 3-dPaydr o-5-i sobenzofi
nau 15 car b%@&%e?@%llg%m 33&(64 efhaedl) wak@dded Sod solfiition obf-(4-fluorophenyl}-1-
1- (4- f | uor ofdfemsthineshifbryho 1]-1,3-di -isobenzo P .

p- t ol uenesul fanyl }prgﬁglﬁp"?’%g’?gf;{,déﬁé.‘%-J so%cgg@%?al@argbozn?t‘??‘ﬂé . 20
g, 0.4 nmmol ) T'Rn Sﬁﬁx%fﬁ }2" - The Freniting mizfups Was stimed of toorh terbperaftu@formblbad
and di met t hyt 6hifbfvr &in At 06lg, eleadilh miRuR W Bloborab ) HRAGH! (A mf $LULG.11aS
stirred ernight. . oled to room tenperature, V959t o

i ce/ H20 g‘snd ggéfégdt“g é“i\n"‘{“ﬂgﬁ‘ﬂg‘?@ Sclg%ﬂL)- R oreatieeximpe v avaghed with beneydial
washed wi t h 2P eyapereted Theesidemeasditiopd tadughl silbpd GROMY GBS, Qgﬁ%ﬁgﬁ.ﬁyl)
silica gel ohdVRIRQE e, . Ft iriethyl amne 1: 3: -and ™
crystahliseg from acetﬁ g‘%écé‘g‘gg{%go%l%gl 25 ?5%%)0‘5%(32("@?“ chemhen). Bee=(15p66
chanber), T mx1586b%). The NMBapeta weteNiBRticdl BNBOHOS) otfaideddBork Hihloghm. oxalate
1.51(111, nbiep z&e@iﬁeﬁ&ﬂple s 3 o And X - )9 (2H_t, J=8.0 25
e): 515 (hlis de o1 ot mﬁagb"%%@é&i@;@%%gig% 76.Foumdsx §3.57; )=
9.0 Hz): 7. 592¢bil6dd 1= 5.0 and 8.0 Hz): 7.74 (113, d, J= 7.5 Hz): 7.79
(113, d, J= 7.0 Hz); 7.80 (1H, br s). 13C NMR (DMSO- da) 8 19.3; 37.0;

42.3; 56.7; ]g?'ﬁmﬁlﬁﬁgo 3; 110.7; 115.2; 115.3; 118.8; 123.2; 125.8; 127.0;

132.1; 139. .0; 148.161.4; 164.3. Anal. (QH21N20, C2H204) calcd. C:
63.76; H 5.59; N 6.76. Found C: 63.50; H 5.78, N 6.63. 30 351

Sept enber  2pQf- 3oy O¢4 -élﬁc?opfég}ﬂ-?@&u{m%% h91)-1,3-dihydro-5-isobenzofurancarbonitsile:
20

Sodium azide (5.5 g, 80.5 mmol) was added to a solution of 1-(4-fluorophenyl}-1-[(3-methanesulfo-
nyloxy)propyl]-1,3-dihydro-5-iscbenzofurancarbonitrile (4.0 g, 10.6 mmol) in DMF (100 mL). The
resulting mixtwre was stirred at 40 °C for 3 h, and then refiuxed for 2 h. After cooling the reaction
e mixiure was poured into H,0 and extracted with Et;0 (4 x 200 mL). The organic extracts were
25 washgd with H,0 and brine, dried and evaporated to give the crude product as a brown oil (13 g,
" 45%). 'H NMR (DMSO- dg) & 1.40 (28, m); 2.22 (2H, m); 3.30 (2H, t, /= 6.6 Hz); 5.10 (IE d,J=

13.7 Hz); 5.21 (16, 4, /= 13.7 Hz); 7.18 (2H, t, /= 8.5 Hz); 7.59 (2H, dd, J=5.2 and 8.5 Hz); 7.78
(3H, s +d,J=8.1 Hy).

30 Preparation of 1-(3 -Aminopropyl)-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofirancarbonitrile:

A mixture of l-{3-azidopmpyl}—I—(4-ﬂu0mphenyl)—1,3-dihydro-5—isobenzoﬁh~ancarbo-niﬁ-ﬂe (13 g,
4.4 mmol) and paliadiur on carbon (0.6 & 5%) in ethanol (50 mL) was hydrogenated for 2 h. The
mixture was filtered through Celite and evaporated to give the crude product as a brown oil ©.8 g,
35  66%). "H NMR (DMSO- de) 8 1.11 (1H, m); 1.22 (1H, m); 2.12 (2H, m); 2.48 (21, t,J = 7.1 Hz);



8 Exanple 3 Preparation of 1-[3-(N, N-di nmethyl az

0) propyl ] -1-(4-fluorophenyl)-1, 3-d~hydra-5-i sobenzo- f urlaneRipmbaT 2994 e

(G talopznm Oxalate): 5 Dinethylainine (18 m, 100. mol, 33% i n ethanol)
was added tow@o0s514@ i on of 1-(4-fl uorophenyl)- 1- PCT/DK01/00140

[ (3- nethauesulfonyloxy opyI] 1 3 di hydro-§ -|sobenzofurancazbon|tr|Ie (1.0
g, 2.7 mol) et hanol and THE }%o The resulting m xture was
stirred at r%é?ﬁlﬁeﬂaﬂe‘r%@ﬂ ﬂ)gr lg"ﬁ-fanli” L ftof= 89 H2); A58 dPH. ol FAG,

t he react|onaﬂmwmeimm,@yﬁpga@&}edn@zﬁl}&m%ifﬁz m.) was added 10 to the
residue and extracted with Et20 (100 nL). The organic extract was washed

with brine, dried and evaporated. The residue was filtered through silica

gel . (Et CAc, heptaioeof HBH{NMNDimyiaaindpropd]-1-4-fisnehheryl)d 3alibyideoetisdbemdfiamet one
as the oxgl a skt &@%172 %éc) DSC (open chanber), T =158.56, T =
161. 59. The eé ntical with those obtained fromcital opram
oxal ate prepared I n exanpl e 2 Anal . (C20H23N20, C2H204) calcd. C 63.76;
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brown 0i | (1geB clgpmat@&i}w (BiDAc, Mkfrare DiiBlylaminy 7825t1)4@ the2dsidue g)ve tiR @Rle (piddict, )

3.30 (211, t . 7

. 7o 1g (oSl 2ol i hom Sopoig ot d bt a0t the N iyl

( 3H, s+d, J28. ifegtiral wth thpsg ;9&@@94 &emsfitalopram oxalate prepared in example 2. Anal. {(CHaNO,

1- (3- Ami nopr oybs ki, by chilsl @ @Epdﬂ@ﬁﬁ 67, X 868 FBMRIO 524 ﬁobepmw ancaxbonitrile
A nmixture of 1-(3-azidopropyl) J (4-fluo henyl)-1,,3-dihydro-5

isobenzofurancarbo nitriie (1.3 g, 4.4 mol) and palladl um on carbon (0.6
g, 5% in ethamghle 50 nL) was hydrogenated for 2 h. The

20 Preparation of 1-(4-flucropbenyl}-1-{3-(N-methylamino)propyl]-1,3-dihydro-5-isobenzofurancarbo-
nitrile, Oxalate Salt:

The compound was prepared from methylamine (60 mL, 120 mmol, 2 M solution in THF) using the
; —> method described in example 3. Yield: 760 mg, 36%. "H NMR (DMSO- dg) 3 1.40 (1H, m); 1.41 (1H,
=25 m); 2.25 (2H, f); 247 (3H,8); 2.83 (?H, t,J=8.0Hz); 5.15 (IH, d,/= 132 Hz); 5.21 (1H, 4,/=13.2
Hz), 7.18 (2H, t,J= 9.0 Hz); 7.59 (2H, dd, J= 5.6 and 7.5 Hz); 7.73 (11, 4,J=8.1 Hz);'7.81 (BH,d
+s,J=28.1 Hz).

Preparation 1-{3-(N,N-Dimethylamino)propyll-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzo-
30 firancarbonitrile, (Citalopram, Oxalate):

A solution of 1-[3-(N-methyl-ammonium)propyi}-1-{4-fluorophenyi)-1,3-dihydro-5-isobenzofuran-
carbonitrile (0.70 g, 2.24 mmol) and formaldehyde (0.5 mL, 6.7 mmol, 37% aqueous solution) in 98%
formiic acid (5 mL) was refluxed for 4 h. After cooling, 4 M HC1 (2 mL) was added and the resulting
35 mixture was evaporated. 1 M NaOH (50 mL) was added to the residue and extracted with B0 (3 x
100 mL). The organic extract was washed with brine, dried and evaporeted. The oxalate salt was



m xture was filtered through Celite and evaporated to give the crude
product as a brown oil (0.8 g, 35 66%. 'H NVR (DMVSO- d6)Septemper 20061y .
1.22 (111, Yn); 2.12 (211, m; 2.48 (211, t, J = 7.1 Hz); 1 Septenber 2004
WO 01/ 51478 WEDWWIHK®1/ 00140 9 5.15 (111, d, J= 13.7Hz); FCI/DK01/00140
5.19(111,d, J=13. 7Hz); 7. 15(211,t, J=8. 9Hz) 1@. 58 (2H,dd, J=5.2 and 8.5 Hz);
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and formal dehyde (0.44 nL, 5.4 mmol, 37%in H20) in methanol (10 nL). The .
resulting mxture was stirred at room 10 tenperature for 3 h, then was
added nore sodi um cyanoborohydride (0.17 g, 2.7 nmmol) and fornmal dehyde
(022 m., 2.7 nmmol ). After stirring at roomtenperature for | h, the mxture
was quenched with H20 and extracted with Et20. The organic extracts were
dried and evaporated. Silica gel chronmatography (Et OAc, heptane,
triethylamne 75:25:1) of the residue gave the crude product, which was

i solated as the oxalate salt fromacetone.(0.31 g, 0.8 nmol, 30 %9. The NWR
spectra were 15 identical with those obtained fromcital opram oxal ate
prepared in exanple 2. Anal. (C 01121N20, C2H204, % H20) caled. C 63. 06;
H 5.67; N 6.69. Found C. 63.28; H 5.64; N 6.67. Exanple 5 20
Preparati on of
1-(4ﬁfbuoropheny|)-1-[3-(N—nethy|anino)propyl]-1,3-dihydro--5-isobenzofuran
carbo="nitrite, Oxalate Salt: The conpound was prepared from nethyl am ne
(60 nm., 120 mml, 2 Msolution in THF) using the nethod described in
exanple 3. Yield: 760 ng, 36% 'H MM (DVSO- d6) S 1.40 (111, m; 1.41(111,

25 m; 2.25 (211, t); 2.47 (39, s); 2.83 (2H, t, J= 8.0 Hz); 5.15 (111, d,
J=132 Hz); 521(111, d, J= 13.2 Hz); 7.18 (211, t, J= 9.0 Hz); 7.59 (2H,
dd, J= 5.6 and 7.5 Hz); 7.73 (111, d, J= 8.1 Hz); 7.81 (31L d + s' J= 8.1

Hz). Preparation
1-[3- (N, N-Di et hyl am zno) propyl ] -1 -(4-fl uuorophenyl)-1, 3-di hydro-5-i sobenzo
- 30 furancarbonitrile, (Ctalopram Oxalate):



A sol-ution of

1-[ 3- ( Nret hyl - anmoni um) pr opyl ] - 1- (4-f | uor ophenyl ) -1, 3- dih?ﬁ?tﬁmgeﬁ%%enzoftn
ran "carbonitrile (0.70 g, 2.24 mmol) and formal dehyde (0.5 ni, 6 mol ,
37% aqueous Ye¥¥4%8n) in 98% fornic acid (5 nl) was refl BQ'E/E?KPH?MQ? h.

After cooling, 4 M11C1(2 nlL) was added amd the resulting 35 m xture was
evaporated. 'l M NaOH (50 nL) was added to the residue and extracted with
020 (3 x 16BAMMS. The organic extract was washed with brine, dried and
evaporated. The oxal ate salt was 1 Septenber 2004 WO 01/51478

PCT/ DK01/ 00340 1ﬁmd’.h%@fc§7ﬂﬁq;r € GlaRpRm(Rm; reastiofof a Bipol @i formiRHOCr ) »
T = 157.73, T = 160.80. The NVR- spectra were entical with those obtained
fromcital opram oxalate prepared in exanple 2 Anal . (C20H21N20, C2H204,
Y4 H20) calcd. C 63.06; H 5.67; N 6.69. Found C. 63.24; H 5.65; N
6.62. 1 1 Septenber 2004 WO 01/m8147&PCI(DKO1100140 11 CLAIMS 1. A nethod
for the preparation of cital oprai 5 ng reaction of a conpound of
formula Il 5 with a conmpound havi g le_14r mul a (B) 10 wherein R is hal ogen
or -O-SOz X wherein Xis alkyl, alkenyl, alkynyl or optionally alKkyl
substituted aryl or aralkyl and R is djme hyl am no, hal ogen, -0 SO2-X
wherein X is as defined above, provi ded R is not hal ogen when R is
dinmethylamno; and if R is dinmethylam nefgllowed by isolation of

ci tal opram base or a pharnaceutically accep{able 15 acid addition salt
thereof, and if R is halogen or -O-S%-X wherein ®is as defined above,
foll ovved by conversion of the resulting compound of formula NC

N

L) with a2 compound having the formula

N

10 wherein R is halogen or -O-SO.-X wherein X is afkyl, alkeny], alkynyl or optionally alkyl subshtuted
aryl or aralkyl and R' is dimethylamino, halogen, -0-S0,-X wherein X is as defined above, provided
that R is not halogen when R’ is dimethylamino;

and if R' is dimethylamino followed by isolation of citalopram base or a pharmaceutically acceptab]é
15 acid addition salt thereof,

and if R' is halogen or -O-SO,-X wherein X is as defined above, followed by conversion of the
resulting compound of formula

20



20 1 Septenber 2004 WO 01/51478 PCTI 0K61/ 00140 12 \/\/rlerqg mk’ ogen or
a group of formula -O-SC2 X wherein Xis as defined above' PEPE ‘3"2@4

fol lowed by n of cital opram base or a pharmaceutic tabl e
aci d addltlonés ﬁlﬁgher eof. 2. A nethod for the prepar atloﬂélléﬁl(@foﬁ’gﬁopr am

according to claim1 conprising reacting ¥2he 5 conpound of fornmula Il with

a_sul phonyl vﬁﬁ:}e%{R’h'slﬂd]Janﬁﬁ B o0 UL bl XiSas B flS 1&10?% deflgfthl) M 1

fol |l owed by %gl on of ci taI opramm ar nmaceut
accept abl e Y iseliin of siflopradiagsoy 2 permapg ?fﬁfableﬁcléa@qgné@%thmqfon of
ci tal opram accord| ng to claim1l conprising reaction of a conpound of
formul a (11) vmtlk %Otﬁnd ha |n gage formula 15 Pb) wherein R and R2 is
as defined i cl &R @’E%Wflmﬂ?élaﬂ%élﬁﬂ?ﬁ&gé@ﬁ%@?d of .
formula (% WcommdajfodnmwyhasmﬁhoMemmﬁ@Ithﬁaﬁuw hereof, 20 b) nethylanmin
foll owed by reductive am nation, or c) an azide followed by reduction to
formthe corresponding am no conpound and thereafter methylation or
reductive animation, to form ():(l t al o(pram 25 N4 The net hod according to
claims 1-3 wherein the react i Omnegf @ *8f formia (U with a
conmpound of forrmula (Ill) is carried out in presen of a base sel ected
fromLDA (lithium diisopropylanm ne), Lil3MDS (hexaret hyl disilasan
lithium, NaB NaHVDS (hexanet hyl di sil asan- sodi un) and ni et al al koxi des such
as NaOwe, KOwe, LiOwe, NaQertBu, KOertBu and Li OerfB.

wherein X is as defined in claim 1 followed by isolation of citalopram base or a pharmaseutlcaﬂy
10 acceptable acid addition salt thereof.

3. The method for the preparation of citalopram according to claim 1 comprising reaction of 2
compound of formula (I} with a compound having the formula

P ™
(HIt)
15

wherein R and R? is as defined in claim 1, followed by reaction of the resulting compound of
formula (IV) with

a) dimethylamin or a metal salt thereof,
20 b) methylamin followed by reductive amination, or
¢) an azide followed by reduction to form the corresponding amino compound and thereafter
methylation or reductive amination,

to form citalopram.

25
4. The method according to claims 1-3 wherein the reaction of a compound of formula ()
with 2 compound of formula (1II) is catried out in presence of a base selected from LDA (lithium-
diisopropylamine), LIHMDS (hexamethyldisilasan lithium), NaH, NaHMDS (hexamethyldisilasan-
sodium) and metalalkoxides such as NaOMe, KOMe, LiOMe, NaOter/Bu, KOterfBu and LiOterfB.





