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The present invention relates to a method for the preparation of the well-known anti-
depressant drug citalopram, 1-[3-(dimethylamino)propyi}-1-(4-fluorophenyl)-1,3-dihydro-5-
5  isobenzofurancarbonitrile.

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:

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

15 accordingly having antidepressant activities. 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 Psychiair. 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-fluorophenyi)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chioride in the
presence of methylsuifinylmethide as condensing agent. The starting material was prepared

from the corresponding 5-bromo derivative by reaction with cuprous cyanide.
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Summary of the invention

In an aspect of the present invention, there is provided a method for the preparation of

. citalopram, comprising reacting a compound of formula I

wherein R represents CN, OH, O-triflate, halogen, NHR’ wherein R? is hydrogen or Cy.
alkylcarbonyl, CHO, CO,R®, CONHR’ wherein R® and R” each independently are hydrogen or C; ¢

alkyl, or R is a oxazoline or a thiazoline of the formuia

R4

R3
N
o LY

wherein Uis Oor S;




di hydr oi sobenzofuran is converted to the corresponding 5-cyano derivative
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the addition.of a C 1 chain:

a) addition of a C-1 chain

b) addition of a C-2-chain, which is optionally activated with regard to step c) or includes

15 simultaneous addition of NMe; or precursor thereof

c) addition of NMe; or precursor thereof’.

d) (optional) adjusting of oxidation level

e) (optional) conversion of Rto a 5-c3;ano—group

f) (optional) conversion of NMe,-precursor to NMe,.

20

In one preferred embodiment of the above, the following steps may be performed:

a) addition of the C-1 chain
b) addition of C-2 chain and of dimethylamino-substituent
25 ¢) adjustment of oxidation level (one-pot process with b))
) (optional)“derivatising the substitutent R to a 5-cyano-group



10 This reaction may conprise of the follow ng subsequent steps, sone of
which may be perfornmed together and the order of whi thSemsmbe 20banged i'n
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NVe2 R NMe2 The Wttig reaction is known in the art and conprises an ylide
derivative of suitable stLyg in the present invention an ylide such
asPh3P=CH CH2NMe2. The pr od| ob this reaction contains a double bond
whi ch i s redlR®@tvelinwehods ™ At art. 5 Anot her enbodi ment may

relate to ttefottowmy steps

above,

The Wittig reaction is known in the art and comprises an ylide derivative of suitable
structure - in the present invention an ylide such asPh;P=CH-CH;NMe;. The product of this

~ reaction contains a double bond which is reduced by methods known in the art.

Another embodiment may relate to the following steps:
'a) addition of the C-1 |

b) Grignard reaction

c) elimihation and reduction

10 d) (optional) conversion of R to 5-cyano-group

1)base

O o 2HCOR R
or DMF

elimination
and reduction
NMe, ———>

Yet another embodiment may félate to the.addition of the C-1 group performed by conventional
methods, which may be followed by a Grignard reaction. The product from the Grignard

15 reaction is a secondary alcohol, which is subjected to elimination and subsequent reduction
of the resuiting double bond. Reduction of the double bond is performed by standard
methods. |
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In one preferred embodiment, the following steps may be performed:
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c) addition of NMe2 or a precursor for this group. d) optionally adjusting
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Reduction of the nitro group can be performed by methods known in the art. One preferred
method is H; in the presence of Pd/C.

"MCN represents metal cyanide such as NaCN, KCN, Zn(CN), or CuCN ]

Methylation of the amino group can be performed by infer alia CH;1 or by reductive
amination of formaldehyde. Prefei‘f_éd reductive compounds are NaBH; or NaCNBHa.

In another aspect of the present invention, there is provided a citalopram prepared according to the

method as defined in the above aspect and embodiments.

Detailed description of the inirention:

“The starting material of fonﬁula-(l) may be prepared as described in US patent No.
4.136.193 or as described in WO 98/019511.

The first addmon step where the compound of formula Iis reacted with a C- lor C—
reagent, 1s sultably carhed out by treatmént of the compound offormula (1) Wlth aubase such '
. as f°1‘ °Xample LDA ( ilﬂuumdusopmpylamme) LI.HNI;DS JNaH, N‘- IMDS, and NaOMe in
- an aprotlc o’tgamo solvent such as THF (tetrahydroﬁlrane) DMF (dlmethylfonnamlde)
NMP (N-methylpynohdon) ethers such as dxethylether or dloxalane toluene benzene or
 afkanes and lmxturec thereof followed by addltion of theC—I or C—2 reagent

As used herein, 2 “C-1 (C-2) 're‘a'gent‘l isa reogent which in a chemical reaction is capable of
- adding a C-1 (C-2) fragment to a molecule.
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15 The cyanide source is used in a stoichiomeiric amount or in excess, preferably 1-2
equivalents are used pr. equivalent starting material. R®)N* may conveniently be (Bu),N" .
The cyanide compound is preferably NaCN or KCN or Za(CN),.

The palladium catalyst may be any suitable Pd(0) or Pd(I) containing catalyst, such as
20  Pd(PPhs)s4, Pdy(dba)s, PA(PPh),Cl,, etc. The Pd catalyst is conveniently used in an amount of

1-10, preferably 2-6, most preferably about 4-5 mol%.

Catalytic amounts of Cu* and Zn?*, respectively, means substoichiometric amounts such as

RS

0.1 - 5, preferably 1 - 3 eg. % relative to reactants. Conveniently, about % eq. is used per eq.
25  Pd. Any convenient source of Cu” and Zn™" may be used. Cu" is preferably used in the form
" of Cul and Zn®" is conveniently used as the Zn(CN); salt.

When R is Br or I, the conversion to a cyano group also may be carried out by reaction with
Cu(CN) without catalyst. In a preferred embodiment, the reaction is performed at elevated
30 temperature.

In another aspect of the invention, the reaction is performed in an ionic liquid of the general
formula (R%),N*, X, wherein R® are alkyl-groups or two of the R’ groups together form an

ning and X is the counterion. In one embodiment of the mvention, R)NX represents



catal ytic amount of Cu{ or Zn2+, or with Zn(CN)2 in the presence a
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anounts of Cu* Zn2+, respectively, means substoichionetric anounts such
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- without added solvent. 5 The tenperature ranges are dependent upon the -
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t he range of 100-200 C. Ho e when the reaction is
10 gmost preferred range is 130-§56°%c.

If a ;:atalySt is present, the preferred temperature range is between _0 and 100 °C. More
preferred are temperature ranges of 40-90 °C. Most preferred t.emperature ranges are
between 60-90 °C.

15

Other reaction conditions, solvents, etc. are conventional conditions for such reactions and

may easily be determined by 2 person skilled m the art.

When R is Cl or Br, the conversion to a cyano group may also be carried out by reaction
20 with a cyanide source, for example KCN, NaCN, CuCN, Zn{CN); or (Rg)4N)CN where )
(R®)4 indicates four groups which may be the same of different and are selected from

hydrogen and straight chain or branched Cy.¢ alkyl, in the presence of a nickel catalyst.

The nickel catalyst may be any suitable Ni(0) or Ni(Il) containing complex which acts as a
25  catalyst, such as Ni(PPhs);, (n-aryl)-Ni(PPhs):Cl, etc. The nikkel catalysts and their
preparation are described in WO 96/11906, EP-A-613720 or EP-A-384392.

In one embodiment of the invention, the reaction is carried out in the presence of a catalytic
amount of Cu’ or Zn**,

30
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formed in situ by reduction of a Nikkel (IT) compounds using zinc.

The Ni catalysts are i.e. Ni (0), Pd(0) or Pd(II) catatysts as described by Sakakibara et. al. in
15 Bull. Chem. Soc. Jpn.1988, 61, 1985-1990. Preferred catalysts are Ni(PPh3); or Pd(PPhs)s, or
PA(PPh),Cl,. |

The reactions may be performed in aﬁy convenient solvent as described in Sakakibara et. al.
in Bull Chem. Soc. Jpn. 1988, 61, 1985-1990,. Preferred solvents are acetonitril,
20  ethylacetat, THF, DMF or NMP.

R 1s a oxazoline or thiazoline.

When R is an oxazoline or a thiazoline of the formula

R4
R
N

R2
26
wherein Uis O or S;
R! —R* are each independently selected from hydrogen and Cy.6 alkyl, or R* and R? together
form a C, 5 alkylene chain thereby forming a spiro ring; R! is selected from hydrogen and
Ci alkyl, R?is selected from hydrogen, C,. alkyl, a carboxy group or a precursor group '
30 therefore, or R! and R? together form a Cy_5 alkylene chain thereby forming a spiro ring; the

conversion to a cyano group may be carried out by dehydration or altematively where U is
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Sakaki b
Preferr
a oxazo
formul a
sel ecte
al kyl en
and C
group o
al kyl en

dihg dehydration agent Bulylbe a@i enitabBodehydmtion B@e#, coftentibfsly 1&dGn the art,
d .sol t toni t.ril, .20 ] tat, TB F, . .

SRS o 1 HrbBRe R aerids, | hisny BRBAR, e o hbpemailtridte obPin

éﬁ?;yﬁﬁn RoMb QLR @ng Pé?ug T reactidn malbeddRi&Pehk i HRPGRASRL of an

Ris'-'

e

al kyl, or and R4 together forma C2_5

rom hydrogen” an
@Qﬁﬁﬁhﬂ¥hﬁwgmypwaﬁw3ng a Spiroring; RL is selected from hydrog
1 -6 alkyl, R2 is selected fromhydrogen, C 1 -6 alkyl, a carbox

en

y

r-a precursor group 30 therefore, or RL and R2 together forma C2.5
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group may be carried out by dehydration or alternatively where Uis 10
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trichloromethyl chloroformate, also briefly referred to as “diphosgene”, or

| bis(trichloromethyl) carbonate, also briefly referred to as "triphosgene”, with a tertiary

15

20

25

amide such as N,N-dimethylformamide or a N,N-dialkylalkanamide, e.g N,N-
dimethylacetamide. A classic Vilsmeyer reagent is the chloromethylenedimethyliminium
chioride. The Vilsmeier reagent is preferably prepared in situ by adding the chlorinating
agent to a mixture containing the starting oxazoline or thiazoline derivative and the tertiary

amide,

When U is S and the conversion of the thiazoline group into the cyano group is made by
thermal transformation, the thermal decomposition of the thiazoline is preferably carried out
in an anhydrous organic solvent, more preferably an aprotic polar solvent, such as N,N-
dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide or acetonitrile. The
temperature at which the thermal decomposition transforms the 2-thiazolyl group to a cyano
group is between 60 °C and 140 °C. The thermal decomposition may conveniently be

_carried out by reflux in a suitable solvent, preferably acetonitrile. The thermal cleavage may

conveniently be carried out in the presence of oxygen or an oxidation agent. A thiazoline

 group where U is S and R® or R? is a carboxy group or a precursor for a carboxy group can

' _:ilso be converted to citalopram by treatment with a radical initiator such as light or

30

‘peroxides.

'R is CHO, CO,R® or CONHR’

t he
e or



- The dehydration agent nmay be any suitabl e dehydration agent conventionally

used'in the art, 5 such as phosphoroxytrichloride, thiBepttmnbér0dde,
phosphor pent achl ori de, PPA (pol yphosphoric acid) and P40lo. The reaction
may be cHH{&4But in the presence of an organic base, SRIEHPKEIAMSY dine.
Al ternatively, the dehydration agent mdy be a Vilsneier reagent, i.e. a
conpounciywsh i ' c ' ' agent
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the tertiary amde. 20 When Uis S and the conversion of the thiazoline
group into the _c&an roup is made by thermal transformation, the thernal
deconposVhebR 1gf- t Hie£oBY¢rpienie a pyanpereun jpay be earded outtviathe an anhydr ous

organic : e otic polar solvent, such as N, N
di et hyIc?%ﬁlmgmﬁg%WﬂﬁﬁéﬁétBﬂ%téc%p3%1!%é, di met hyl sul f oxi de or

~acetionitrile. The tenperature at which the thermal deconposition

t ransfor, th -thiazolyl group.to a cyano 25 group iis between 60 C and
190" C. e acHLeiaridh 3% Gomtsaitaiin Pbimyedclan Fesimisnt b disuacid v BT PGy of of | ux
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conveni ently be carried out In’the presence of o orcanco
agent . AfdhNadinlethdformgamnide. The estetisi abtdinahbly ReatarenfRdf he agidowithexyaleshoup or

a precu or. a.cagbox ro can, | so be cgnverted to_citalopram,b
Dot oo, eS8 B0 elned Shaye o e praseree Ghan id. ProfepbiboR misd R4 &
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obtained from the acid chloride by reaction with an alcohol. The ester or the acid chioride is
then converted to an amide of by amidation with ammonia or an C, ¢ alkylamine, preferably

t-butyl amine.

20  The conversion to amide may also be obtained by reaction of the ester with ammonia or an

alkylamine under pressure and heating.

The amide group is then converted to a cyano group by dehydration. The dehydrating agent

may be any suitable dehydrating agent, and the optimal agent may easily be determined by a

25  person skilled in the art. Examples of suitable dehydrating agents are SOCl,, POCl; and
PCls, preferably SOCl,. | - |

In a particularly preferred embodiment, the carboxylic acid is reacted with an alcohol,
RPOH, preferably ethanol, in the presence of POCI;, in order to obtain the corresponding

30  ester, which is then reacted with ammonia thereby giving the corrcspc;nding amide, which in -
tum is reacted with SOCl; in toluene comprising a catalytic amount of N,N—
dimethylformamide.



11 Wien Ris CHO the conversion to a cyan group nmay be carried out by
conversion of the fornyl group to an oxine or simlarQ ge}ﬂuﬁbémooqeaction-
with a reagent R10-V-NH2 wherein R1Q is hydrogen, Iovver aI k or
het er oarWO 41468629 is 0, N or S, followed by conversion HB"%?oup by
a comon dehydrating agent, for exarrpl @2t hi onyl chl ori de acet ic 5

anhydrid rLd ne, ridi achl ferr
r eagent ag %"H‘fw} oY Fr§ Mp@gﬂ \X/ﬁaé: e| N Hid’hﬁo o hel?wﬂ or
aryl anqs&yaﬁatéllﬁbr@rtd/mﬂtﬁ%mmmedt\bﬁh g devRir st adelt andy Allfr@fidy may

be carried’out via the corresponding acid chloride, or ester and am de. 10
The aci dasalesaitieddni RCEOHR/BA0Q32) y obt ai ned by treatnment of the acid with
POC13, PCl15 or SOCl12 neat or in a suitable solvent, such as toluene or

t ol uene conprising a catalytic amount of NN-di net hyI formam de. The ester
is olgt aippadNAR >t reatment of the acid with an alcohol R6-OH, wherein R6 is
as defined above, in the presence of an acid, preferably a mneral acid 15
or a Lewis acid, such as HC, H2SO4, POC13, PCl15 or SOCl2. Alternatively,

the est £y ' '

al cohol %ﬁ’é&eg t g}ﬁiﬁr’ %ﬁém gj%ﬁég[r' f{fééeg?ﬂé)él-s? eﬂﬁ)c%ﬁ ?%T%%lgﬁkﬁﬁﬁ%d of
by ami dajy giazothtidh @iollb@e®by adactidn etk YINIIMs! prefeaiisy 2NO, ind0tgN ani ne.
20 The conversion to amide nay also be obtai ned by. reac 1.on of the ester

wi th anresdiar NaCM are usedy When Re isGuetlkyrudepylett éﬁf&‘tﬁ‘é'é(tsl“ ctegife hydsolisisy oup

=, " ERUFEb e o AR A LA RO B Sholecient

d et er m ndedcdihedaabdve. pﬁiemyﬁrcﬂkslk g bie petfhemad ditheEiearpdie sr basis emtisinneent.
dehydrating agents are SOC 2, POC 3 and PC5, preferably SOC12. In a
particularly preferred enbodl ment, the carboxylic acid is reacted with an -

al cohol, %es p;,gf:@{;éehl a2 16 BEOdse of Bs 4 Bﬁarﬁfaﬁéﬁﬁﬁﬂy Qéceﬁ%ié’ma Addfigter to

obtalnt nding 30 ester, which is then reacted with anmoni a
t her eby sitthergof e acniadﬂ:tmmmaltsggsudmsdl@ fornied withrorganie er inorgania-acids mpy h -

SC£12 | ri)é 1(1)s|e3 eﬁxamlﬁg;p o% SUC]T grgam asaﬂs Xrt Itﬁosae%ﬁmnltnaﬁelc, %manc, benzoic, ascorbic,

succinic, oxalic, bismethylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, propionic,
tartaric, salicylic, citric, gluconic, laétic, malic, mandelic, cinnamic, citraconic, aspartic,
stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene sulfonic and
theophylline acetic acids, as well as the 8-halotheophyilines, for example 8-

20  bromotheophylline. Exemplary of such inorganic salts are those with hydrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

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
25  acetone or ethanoi, with subsequent isofation of the salt by concentration and cooling, or

with an excess of the acid in a water immiscible solvent, such as ethylether, ethylacetate or

dichloromethane, with the salt separating spontaneously.

The pharmaceutical compositions of the invention may be administered in any suitable way
30 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.
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Al ternatively, a conpound where Ris -COOH may be reatd Bebtinbdr 2004

chl orosuwﬁ)omﬁlsgai socyanate in order to formthe nitrile, m%@g@g vvi5t h a

dehydrati'ng agent and a sul fonam de as described in PCT/

_Ri sNHR5. When Ris N R5, where R5 is hifdrogen, the conversion into cyano is

-

-ascorbic,” succinlic, oxa

pr ef er alithg phefh&eiiehl fomulitibas bitheaveation fal be yespated byeambibnai tbthods
CN-.. Most preferably NaNO2 and CuCN and/or NaCN are used. Wen R5 is Cl

al kyl canp#ipart. Kor exampls; teblgisimyayshapreparediby mixiye the aptive inprediens My obt ai ni ng
a peARI : ; . ya ol orver t o
oscr | bey AR R AR YA, S BBty S HOBRERONEL 106 B8, o

envi r onrseaventionhitablettiiy mEsghiae USachpis dfladjubaste obdifwenty conspride: Corn starch,
pharmaceutically acceptable acid additjon .salt thereof .acid addition

As
Sal 3, g0 sy tal e BRBNE SR GEHS ECBHINE.HaFteen Bume and dhalike. Ay Ptheised.
Exanpl e Aty ' : iVdsteh leGas R} i c,
2Rt AR TR, B PPN . SR escd PRI MATAL
et hanedissaitdmpatible suthttheactive ogrehents. tartaric, salicylic, citric,
gl uconic, lactic, malic, mandelic, cinnamc, citraconic, aspartic,
stearic, palmtic, itaconic, glycolic, p-amnobenzoic, glutamc, benzene

- sul f oni Goffifdns FHHAARBNbAY Sy BEFbEed By Slvind theWhive fferédient and possible

8- hal ot heophyl | i nes, for €xanple 8 20 bronot heophylline. Exenplary of such
i norl§aniadditivies in apat ofithe golwenttfohipitction prefevably sterile siatesnadiusting |tk saletion

sul fam hosphoric an Ltric aclds. Theg.aci.d addi.tlon salts of, the
compoundd HPBES ity Satlints Be ASLES and AudE OnButint SRedRed foliisl T eact e
W th ei tAW/ suitaBleGaildRiVe dbAEEnABRAIR used ik drtinfayebe/aided, siick 64 RnRityAgedsl , such
as™25 acetone or ethanol, wth subsequent isolation of the salt by

 concent PaeseoRtiNeE 2pboNigas. er  with an excess of the acid in a water

i mm sci bl e solvent, such as ethylether, ethylacetate or dichl oronethane,
with the salt separating spontaneously. The pharnaceutical conpositions of
t he 1snv eFlirbwghoBthebpecifivdtion ahé tiatng, theateym alkiyl velfére tovayranched or unbranched

alkyl group having from one to six carbon atoms inclusive, such as methyl, ethyl, I-propyl,
2-propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl and 2-methyl-1-propyl.

Similarly, alkenyl and alkynyl, respectively, designate such groups having from two to six
20  carbon atoms, including one double bond and triple bond respectively, such as ethenyl,

propenyl, butenyl, ethynyl, propynyl, and butynyl.
The term aryl refers to 2 mono- or bicyclié carbocyclic aromatic group, such as phenyi and
naphthyl, in particular phenyl.
25
The term aralkyl refers to aryl-alkyl, wherein aryl and alkyl is as defined above.
Halogen means chloro, bromo or todo.

30 Example

Synthesis of Citalopram via 1-(4-flnorophenyl)-1-formyl-1,3-dihydro-5-

isobenzofurancarbonitrile:



30 and in any suitable form for exanple orally in the formof tablets,
capsul es, powders or syrups, or parenterally in the fopoBemémbaumpqsterile
- sol uti oRgohHPksep] €ction. 10 Septenber 2004 WO 01/68629 R(H/DKOddo@sH159 13
The pharnmaceutical formul ations of the, nvention nmay be prepared by

conventional nmethods in the art. For exanple, tablets nay be prepared by
m xi ng tHd-Faoropbenyilyl goimeiti!, Indihindroot-thohenzpfiadiasrboniile solutian phiérds and

subsequent | y. co 2ssing the mxture in a. .conventi.qnal t.a i<
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starch, wWa2hgid o PINERINUPIIIA YU Phnthol Hig BIF (85 mLR&i-ORC Gtk andfiflodpherd | ke.
Any ot her adjuvant or additive colourings, arohm, preservatives etc. may

be usedopnimogeedTHehaixtireayas aliowed Gmanmi ol -e40FCE Guringed aanin. \Feeshiygdistlleht s.

Sol utions faor injection y be_prepared by solving the act.ive ingredi ent

and HosFietnd famnatg g‘?-?? (Pis r{sﬁmﬁ"%éﬁaﬁ a@‘?edt*ﬁég‘é m@ﬁ%fg%@q FHreee e,

prefera . Iel .2, } MStd | | une,
Cteri1; Sl et Ep R werlihd 54 (8 FuR RO s pontednfERBLERUA! Iy

sui t abl gmaghinirh\chlozide ¢ehition) widl exri@ediwith BtDO (3xt100ayL ) Tha daeshic sitedetsas
tonicity agents, preservatives, antioxidants, etc. 15 Throughout the
speci f i wers washedavigh brings driethand evappratady Silicaresh dhrpmaiEEPhY EhEEnss ELOAF anched

al kyl graup.having from.one to six carbqn.at ' ' 3 t hyl ,
ot ol , “PYReH ety EREGP Broflg s € 3000 iR (CIGINFS 325, GHOR: ™

2, 214li nﬁzﬁ%ﬂ 7 oot avd; 7esui(12x, WAt hy s anareHz); AR V7.6 1EE i@y f =m0l Eb kyny !
respectively, designate such groups having fromtwo to six 20 carbon

atons, 7Vl &HLdglﬁgé)H@hbl e bond and triple bond respectively, such as

et henyl, propenyl, butenyl, ethynyl, propynyl, and butynyl. The term aryl
refers to a nono- or bicyclic carbocyclic aromatic group, such as phenyl )
and  naphystyEthoxyBarbanil) S PI - (BiRBYIpheryd)- 1) Sedihpdron BisabdugbfurehcewBo-ntirile.

o or o Tetibpaesphbucitate (3.1 mL. 32.8 o)) was added to 3 solution of LUA (228 ™
15  mmol) in THF (100 mL) at —30 °C under an atmosphere of nitrogen. The mixture was
stirred at this témperature for 1 h, then a‘solution of 1-(4-fluorophenyl)-1-formyl-1,3-
dihydro-5-isobenzofurancarbonitrile (5.8 g, 21.7 mmoi) in THF (50 mL) was added. The
mixture was allowed to warm to room temperature during 2.5 h, then poured into ice/H20.
The pH was adjusted to about 5 by addition of acetic acid and the aqueous phase was
20  extracted with Et20, dried and evaporated. The crude product (8.0 g) was hydrogenated in
ethanol (150 mL) using PY/C (1.7 g, 5%) as catalyst. After 16 h, the mixture was fiitered
through Celite and evaporated. Silica gel chromatography (heptane, EtOAc 5:1) afforded the
product as an oil (4.2g, 57%). IHNMR (CDCI13) 6 1.20 (3H, t,J=7.0 Hz); 2.25 (2H, m);
- 2.50 (2H, m); 4.05 (2H, q, ] = 7.0 Hz); 5.15 (11, d, J=12.7 Hz); 5.19 (1H, d, J = 12.7 Hz);
25 7.02(2H,t, J=9.0 Hz); 7.40 (3H, m); 7.50 (1H, s); 7.60 (1H, d, J = 8.0 Hz).

1-[3-(N,N-Dimethylamido)ethyl]-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofuran-
carbonitrile. Methyl chloroatuminum dimethylamide (30 ml., 20 mmol, prepared from
~ . dimethylammonium chloride and trimethyl aluminum in toluene) was added to a solution of '
30 1-[3-(ethoxycarbonyl)ethyl]-1-(4-fluorophenyl)-1,3-dibydro-5-isobenzofurancarbonitrile
(2.6 g, 7.7 mmol) in toluene (50 mL). The resulting mixture was stirred at 50 °C for 19 h,
| cooled, poured into ice /H20 and extracted with Ef20 (3 x 200 mL). The organic extracts
weré dried and evaporated to give the product as an oil (2.6 g, 100%). 1H NMR (CDCI3) &

L



30 Exanpl e Synthesis of Cital opramvia

1- (4=fl uorophenyl)-1-fornyl -1, 3-di hydro-5- isobenzof ut@aBegedberi2004] e: 10
Sept ember 2004 WO 01/ 68629 PCT/ DKOI /00159 14 1-(4-Fluorg heE%(%E%

- fornyl -Jwgﬁfﬁﬁ%ro 5-i sobenzof urancarbonitrile. A soluti d’ Topral/

- fluorophenyl) -1, 3-di hydro- 5-i sobenzof ildrancarbonitri le (2.4 g, 10 mol) in
THE ( 15;e)opites 286581 24339 dab] P2 16 4B & bnh ). 4 80 HHE gy Biglg at - 78
C under an atnDsp ere nitrogen. The m'xture was allo to Warmto -40
C duri ngndib4.Giand 1610385} 2186|(tHJ S)i 288 51 HEdns 5 (Idd,nad e 1300 ¥32);015.20 21Endl]) was

var m ng-i1a e HRGAR, ha % Thne) 4L TS S0 FOF 14T L 4t SRS um

chl ori degz$,0f. mqu,s?]amg ax, rdapizgcb W.h Et20 (3 x 100 nL). The organic
,extracts ~were washed with brine, dried and evaporated. Silica gel

chromat ography (heptane, EtOAc 4:1) of the residue gave the product (1.3
g, 509%9. 1H NMR (CDC13) S 5.35 (2H, s); 7.10i0 (2H, t, J = 9.0 Hz); 7.50
(1H, dd, J =5.2 and 9.0 Hz); 7.57 (1H, s); 7.60 (1H, d, J = 8.0 Hz);
7.70(1H,d, J=8.0Hz). I|-[3-(Ethoxycarbonyl)ethyl]-]-(4 fluorophenyl)-1,
3-di hydr o- 5-i sobenzof urancarbo-nitrile. Triethyl phosphonoacetate (5.1 ni,
22.8 mmol ) was added to a solution of LDA (22.8 15 mmol) in THE (100 nL) at
.-30 C under an atnosphere of nitrogen. The m xture was stirred at this
tenperature for 1 h, then a:solution of 1-(4-fluorophenyl)-1-fornyl-1, 3-
di hydr o- 5-i sobenzofurancarbonitrile (5.8 g, 21.7 mmol) in THE (50 nL) was
added. The mixture was allowed to warmto roomtenperature during 2.5 h,
then poured into ice/H20. The pH was adjusted to about 5 by addition of
acetic acid and the aqueous phase was 20 extracted with Et20, dried and
ev?porated. The crude product (8.0 g) was hydrogenated in ethanol (150 niL)
ustng Pt/C (1.7 g, 5/a) as catalyst. After 16 h, the mxture was filtered
through Celite and evaporated. Silica gel chromatography (heptane, EtOAc
5:1) afforded the product as an oil (4.2g, 57%. 1H NWR (CDC13) S 1.20
(3H, t, J =7.0 Hz); 2.25 (2H, m;



2.50 (2H, m; 4.05 (2H, g, J = 7.0 Hz); 5.15 (1H, d, J = 12.7 Hz); 5.19

(1H, d, J = 12.7 Hz); .25 .7.02 (2H, t, J = 9.0 Hz); 71@Beitdhberd0p47.50 (1H,
s); 7.60 (1H d.J =8.0 Hz). I-[3-(N,N D et hyl am do) et hyl JJ- 1

f I uor oph ?‘fﬁsii,%-di hydr o- 5-i sobenzof uran- carbonitrile. *@%ﬁf}?"%‘"sg

chl or oal um num di net hyl am de (30 nmL, 26 nunol, prepared from

di net hyl giumchloride and trinmethyl alumnumin toluene) was added to a
solution of 30 1-[3-(ethoxycarbonyl)ethyl]-1-(4-fluorophenyl)-1,

3-di hydro-5-i sobenzofuranc arbonitrile (2.6 g, 7.7 mmol) in toluene (50

m.). The resul Li \xture was stirred at 50.C for 19 h, cool our ed
"oto 1 odke Pobelig Tohs BEirae o ch OB SR e g8 com B E SRRy o

were dri ed(gnd evaporated to give the product as an oil (2.6 g, 100%. 1H
NVR (CDC13) "8 10 Septenmber 2004 WO 01/68629 PCT/DKO /00159 15 2.26 (2H, '
, J =8.0 Hz); 2.45 (1H, ddd, J =R4_8gnd 9.9 and 16.0 Hz); 2.59 (1H, ddd,
= 8.0 and 14.6 and 16.0 Hz); 2.86H, s); 2.88 (1 H s); 5.15 (1 H, d,

= 13.0 Hz); ); 5.20 (1 H d, J 13.0%F 7.02 (2H, t, J =8.9 Hz); 7.41 s
1H d, J=80H); 7.44 (2H, dd, J =5.2 and 8.9 Hz); 7.50 (1H, s);

7.58 (1H, d, J = 8:0 Hz). 10 Septenber WO 01/ 68629 PCT/ DKO /00159 16
Clains 1, A nmethod for the preparation of¥cital opram conprising reacting a
conmpound of forrmula (1) ti 5 wherein Rrepresents CN, OH, O-triflate,

hal ogen, NHRS wherein RS is hydrogen or Cl-6 al kyl carbonyl, CHO C02RS,
CONHR wherein R6 and R each independently are hydrogen or Cl alkyl or R
is a oxazoline or a thiazoline of the fornula R4

wherein R represents CN, OH, O-tnifiate, halogen, NHR” wherein R’ is hydrogen or Ci6
alkylcarbonyl, CHO, CO,R®, CONHR wherein R® and R’ each independently are hydrogen

or C,¢ alkyl or R 1s a oxazoline or a thiazoline of the formula

—~

R4
R3
N

208

10
wherein Uis O or S;

R' - R? are each independently selected from hydrogen and C.¢ alkyl, or R' and R? together
- form a Cy.5 alkylene chain thereby forming a spiro ring; R? is selected from hydrogen and
Cis alkyl, R* is selected from hydrogen, Cy_¢ alkyl, a carboxy group or a precursor group

15  therefore, or R? and R? together form a Cy.s alkylene chain thereby forming a spiro ring;

with reagents thereby obtaining a stepwise addition of the 3-(N, N-dimethylamino)propyl
substituent. )

20 2. The method of claim 1 wherein a one-carbon group 1s added initially.
3. The method of claim 1 wherein a two-carbon chain is added initialty.

4. The method of any of claims 1 and 2 wherein the carbon is added by reacting a compound
25  of formula (I) with DMF or HCO,R’ in the presence of a base. '

5. The method of any of claims 1 and 2 wherein the carbon is added by reacting a compound

of formula (I) with CH>O in the presence of a base.



10 wherein Uis 0 or 5, R - R2 are each independently selected from

"hydr ogen and Cl16 al kyl, or R and R2 together form al@Reherabdry206he chai n

t hereby form ng a Spiroring; R3is selected fromhydrogen and Cl1 al kyl,
R4 is seMQY&HI5Ir om hydrogen, Cl_6 al kyl, a carboxy groupPOFPKOHMer sor
group 15 therefore, or R3 and R4 together forma C2_5 al kyl ene chain
~thereby formng a Spiro ring; wth reagents thereby obtaining a stepw se
addi tion of the 3-(N, N-dinethylam no)propyl substituent. 20 2. The net hod
of cl ai ns. ThehedtRbdloPan o cledinb QAng 2 Mkherdif tHRAAEKbN 8 allded Byreactihg alddgnpBahhod of
claiml1l wherein a two-carbon chain is added initially. 4. The nethod of any
of cl ai ref formwa (B WieE O i the presenasof aibgsesdded by reacting a conpound 25 of
formula (1) with DM or HCO2R in the presence of a base. 5. The nethod of
;any of clains 1 and 2 wherein the carbon is added by reacting a conpound

of far mil. Theheted &f EHACH whetehethp caborylalepivaidveiaseductdtcShphedfeim2igt WO
01/ 68629, PCT/DKO /00159 17 6. The nethod of any of clains 1 and 2 wherein
“the car SRRV dded by reacting a conpound of formula (1) with CO2 in the
presence of a base; 5 7. The nethod of claim6 wherein the

carboxyl -derivative is reduced to the hydroxynethyl derivative. 8. The

met hod & Thaynathodcdfanyof tlaims 162, fraid 7 whereisithe sibseguebsegetions comprss ons
conprise ..activation,follJowed by al kylation via cuprate derivatives. 10 9.
The met Bv%onatﬁbog?d%y ?né{i/?o"“g'%?mg?"b‘faﬁv‘fshe two carbon chain is added
by rgaction .of the compound of formula (1) with CH3CN in the presence of
a base. 10. The nethod of any of clains 1 and 3 wherein the two carbon

chai n i & dbdewetind ofaaytof glaimg & and 3 wheretio thsdwadadfonfohaimis added)bywieadtion

acét Y €& the compound of formula (I) with CH,CN in the presence of a base.

~10. The method of any of claims 1 and 3 wherein the two carbon chain is added by reaction
15  of the compound of formula (I) with acetylene.

11. The method of any of claims 9 or 10, wherein the subsequent reactions comprise
addition of CH,0 and HNMe;.

20  12. The method according to claim 3 wherein the reaction is performed by subjection a

compound of formula I to base and X(CH,),Y wherein X and Y are leaving groups.

R R
" X(CHy),Y

13. The method according to claim 12 wherein Y is halogen.

25 |
14. The method according to any of claims 1, 3, 12, 13 wherein the compound III is reacted
with MCN or CH3NO; in the presence of base to form a compound of formula IV which is
subsequently reduced and then dimethylated by CHs!Y or by reductive amination of CH,O



11. The method of any of clainms 9 or, 10, wherein the subsequent reactions
conprise addition of CH2O and HNMe2. 20 12. The net hDdSatanbati2004t o cl ai m
3 whereiwddigsemaction is perfornmed by subjection a conppombkoindisy mul a
I'to base and X(CH2)2Y wherein X and Y are | eaving groups. R R X(CH2)2Y 13.
The met hod according to claim 12 wherein Y is hal ogen. 25 14. The net hod
according to any of claing 1, 3, 12, 13 ih the conpou is reacted

W th MO CH3 NCR o NG ve Sesce of hase Ol Myl OBAPBHIN Far e |V
which is Sequent Ty redut® t hen—eh met HyT at ed By CH3T or :
reductive amhation of CH20 1/ 68629 .18 IV 15. The net

according tao.chaim1l4 wherein e rfgh ive regeagent is NaBH4 or £ 5 NaCNBHS.
NMe2 16. The et hod according fo claigddaygherein My is added to a conpound
of formula Ili followed by addition of Me2NCH2O-al kyl. to 17. The method

according to any of clains 1-16 wherein the group Ris not a CN group and

is converted into a CN group at any suitable stage of the reactions. 18f
Cital opram prepared according to the method of clains 1-17. 10 Septenber .
2004 ' IBCThPK@thdaDacs6rding to claim 14 wherein the reductive reagent is NaBH, or

5 NaCNBH3;.

16. The method according to claim 12 wherein Mg is added to a compound of formula 111
followed by addition of Me;NCH,O-alkyl.

10 17. The method according to any of claims 1-16 wherein the group R is not a CN group and o)
is converted inte a CN group at any suitable stage of the reactions.
18, Citalopram prepared according to the method of claims 1-17.
Y





