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METHOD FOR THE PREPARATION OF 5-CYANOPHTHALIDE

The present invention relates to a novel process for the preparation of 5-
cyanophthalide which is an intermediate used for the manufacture of the well known
5  antidepressant drug citalopram, 1-[3-(dimethylamino)propyl}-1-(4-fluoropheny1)-1,3-
dihydro-5-isobenzofurancarbonitrile. ‘

Background of the Invention.

Citalopram is a well known antidepressant drug that has now been on the market for

10 some years and has the following structure:

) NC - . EII\{;H
g

F Formula 1

It 1s a selective, centrally active serotonin (5-hydroxytryptamine; 5-HT) reuptaker

15 inhibitor, 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
" Psychiatr. Scand., 1987, 75 , 478-486, '

20 Citalopram is prepared by the process described in US Patent No 4,650,884, according
to which 5-cyanophthalide is subjected to two successive Grignard reactions, i.e. with
4-fluorophenyl magnesium halogenide and N,N-dimethylaminopropyl magnesium
halogenide, respectively, and the resulting compound of the formula
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of formula (1V) whetein Xis 0 or S; Rerr]-Rerr] are each independently
sel ected from hydrogen and Cferr].[err]alkyl, or Rerr] and &} guybooa

t oget her foamwgpofdigersr]-[err]al kyl ene chain thereby form ngraTamesemisi ng;
Rlerr] is selected fromhydrogen and Cer]-[er]alkyl, Rerr] is selected
from hydrogen, C[err]-[err]alkyl, a t%ﬁ'ieboxy group or a precursor group
therefore, or R err] and NB , r forma Cerr]-[err]al kylene chain
thereby formng a spiro-ring; h a deh dratgﬁp agent or alternatively

where X is S, thernmally cleav thiazgline ring or treatnent with a
radical initiator, such as perdXi W ThAT0hgg., to form

5-cyanopht hal i de, which is an inportlant internedi dte used in the
preparation of the antidepressant=dr )p citalopram 13 July 2004 WO

01/ 51477 PCT/ DKOO 00016 1 METHOD KOR THE PREPARATI ON OF 5- CYANOPHTHALI DE
The present invention relates to a™RevVel process for the preparation of 5-
cyanopht halide which is an internedilate used for the manufacture of the
wel | known 5 antidepressant drug ci tfal opram Formula II
1- [ 3- (di et hyl am no) propyl ] -1-(4-fl uorophenyl )-1, 3- di hydro

- 5- i sobenzof uisbigeted i 2 ring dosuBrereion by dehydrating wigysiieps swlfurGiackd. opram i s a
wel | known anti depressant drug that has now been on the market for 10 sone
years and has the following structure: NC Formula | It is a selective,

central |y act Euant®eron dvitalopfanimaly bxyrepared by thiemasthdsl dd§oribed ipUSkiatent Blo

activity of t A eoRfctind) ety SRAFPRAR o 6L oG Fan oG

Hyttel, Prog. pbiforirfing éinytibselebiiveripailosu® iBiofder toRsitdih ridesiretBantidmer2 7 7- 295
and A. Gravem Acta Psychiatr. Scand., 1987, 75, 478-486. 20 Citalopramis
prepared by the process described in US Patent No 4, 650,884, according to

whi ch 5- cyanoghidaldyfitsphfhaBdtil 8 frfisbriaRt ihienSliste B he/Batdth@nalof cftA8HEMmONS .,
i.e. with 4-fluorophenyl magnesi um hal ogeni de and N, N-di net hyl am nopr opyl
magnesi um and it is important to produce this matenial in an adequate quality, by a convenient

10  process and in a cost-effective way.

A method for the preparation of 5-cyanophthalide has previously been described in
Bull. Soc. Sci. Bretagne, 1951, 26, 35 and in Levy and Stephen, J. Chem. Soc., 1931,
867. By this method 5-aminophthalide is converted to the corresponding 5-

15  cyanophthalide by diazotation followed by reaction with CuCN. 5-Aminophthalide
was obtained from 4-aminophthalimide by a two step reduction procedure.

Synthesis of certain alkyl- and phenylniﬁles from acid chlorides is described in
Tetrahedron Letters, 1982, 23, 14, 1505 - 1508, and in Tetrahedron, 1998, 54, 9281.

20
It has been found that 5-cyanophthalide may be prepared in high yields by a
convenient, cost-effective procedure from the 2-(1-oxo-1,3-dihydroisobenzofuran-5-
yl)oxazoline or -thiazoline intermediates of Formuia IV.
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hal ogeni de, respectively, and the resulting conpound of the Eywt&m
CONFI RVATI.ON COPY 13 July 2004 WO 01/51477 PCr/ DKOO/ 00016 ormula ||

i s subjected 54%419 closure reaction by dehydration with strong sulfuric
acid. Enantio r@'{) cital opram nmay be prepared by the net hRETHEEOOPHEd i n
US Patent No 5 4,943,590, i.e. by separéti ng the enantioners of the
i nternedi ate péscﬁﬁ{iamhpthlelin%goperfor m ng enantiosel ective ring closure in
order to obtain the desired enantionmer. Thus, 5-cyanophthalide is an
inmportant internediate for the manufacture of citalopram and it is

inmportant to thi .ak in an adequate lity, by a convenient
to process an &::an %otg% EQ‘%"?% té?[‘}lﬁgtéoﬁlya‘?/‘.“ R 1Y ﬁgaieﬁ*'g???fﬁégawwm PHPr of
5- cyanopht hal éydeophéwlige enmnpurisirpytreatent o:s@inpoesd bfForRulalny Soc. Sci .
Bretagne, 1951, 26, 35 and in Levy and Stephen, J. Chem Soc., 1931, 867.
By this nmethod 5-am nophthalide is converted to the corresponding 5 15
cyanopht hal i de by di azotati Rol | owed by reaction with CuCN '
5- Ami nopht hal i de was obt ai ne m 4- am nopht halim de by a two step
reduction procedure. Synt i.g off certain alkyl- and phenylnitriles from
acid chlorides is describe817 mg-Te
1508, and in Tetrahedron, 1998, 54, 1. @0 It has been found that

) ieI ds by a convenient,
cost-effective procedure fromthe 2-(1-ox@-1, 3-di hydroi sobenzof uran- 5- ,
yl )oxazol ine or -thiazoline intermedi ates of Fodgmdal¥. 25 13 July 2004 WO
01/51477 PCThMsedh 8GO dor §3 Description of the invention Accordingly, the

present invention, provides a novel nmethod for the preparation of 5-
- R" are each independently selected from hydrogen and Ci.¢ alkyl, or R' and R®

together form a Cy.5 alkylene chain thereby forming a spiro-ring; R is selected from
10 hydrogen and Cy alkyl, R* is selected from hydrogen, C, alkyl, or a carbdxy group,
orR? and R* together form a Cy.5 alkylene chain thereby
forming a spiro-ring; with a dehydration agent or alternatively where X is 8, thermally
cleavage of the thiazoline ring or treatment with a radical initiator, such as peroxide or
with light, to form 5-cyanophthalide having the formula
15
“NC

o

Formula I

The dehydration agent may be phosphoroxytrichloride, thionylchloride,
phosphorpentachloride, PPA (polyphosphoric acid), and P4Oyo. The reaction may be

20  carried out in the presence of an organic base, such as pyridine or a catal.ytic amount
of a tertiary amide.

Preferably, the compound of Formula IV is treated with SOCl, as a dehydrating agent

and the reaction is carried out in toluene comprising a catalytic amount of N,N-
25 dimethylformamide.



cyanopht hal i de conprising treatnment of a conpound of Fornul a,féyulg R -
Formula IV wherein Xis 0O or S R - R2 are each independently s Fected

from hydrogewansi4® al kyl, or R and R2 together form a CRCHDE)ENe
chain thereby forming a Spiro-ring; R3 i% selected from 10 hydrogen and

Cl-6 alkyl, R4 is.selected fromhydrogen, C:6 alkyl, or a carboxy group,
o Ra and ReANGRRITE o AR R e & ARt ey Ce. o
Spiro-ring; Wnid id féifRy @E&E&dﬁﬂn a9 e Rhlofihatdlp! pefapicy@itly Whasid cKidkde S.g.

thermally cleavage of the thiazoline ring or treatnment with a radical
initiator, sBeMmeeRs. per®Ride ofhlonge; nh thigayl t shlpadsn 5-ehpsphaseryehloride havi ng

the fornmul a ide! b Semvo chibl Foma JTBY
phosphor oxyt %&%ﬁﬁ)’f@ggﬁhﬂ#b%‘%@ﬁ?ori %e, p(ﬁosp%g:%sent a%%ﬁg?ﬁegg} t%Pﬁ

( pol yphosphotdiphagéng), andisaighioronyatieyl) ecachanete, nalse bgielly geferreédicowts i n t he
presence of an organiC _hase,. s py It dl NRr Q1 I t; of a
tertiary am ?i‘gpg 81 et gﬁ@y? tfﬁgﬁgtﬁ%u%‘%hoés gbl\?r?u i Sﬁ@%&#egﬁnggaﬁt h
SCC12 as a ddhalgiditanagidegent N, Nvdandiiydacemands. oh classic Milsimegeromthgann id dleuene

conprising a catal ytic anmount. of. N, 5 .di get hyl.f or.mam de.. 13 J 004 WO
01/51477 PCTF ipetp BNty FOERGS The YOHRa gt donr e Db a
Vil sneier 'rgREsRH in kinfby addifgihe ehtbrinittigCdpehStof Dmiitdte Rynthdapt the Btaftinga
chlorinating agent, preferably an acid chl orqinge, e.g. phosgene, oxalyl

chl or i de 10 t hP&aFglingen thiazelne dshvaAlYR OF FompEla 1y rand &be teriaiysmge-pent achl ori de,

trichloromethyl chloroformate, also briefly referred to as 5 "di phosgene",
or bis(trichloronethyl) carbonate, also briefly referred to as
"t ri phosgeneWheniX is Shandethe comversion efdhe thigzoline stonp Hiteriheloypfcogmumisdoadsr a

N by thermal transformation, the thermal decomposition of compound IV is preferably
carried out in an anhydrous organic solvent, more preferably an aprotic polar solvent,

15 such as NN-dimethylformamide, N,N-dimethylacetamide, dimethylsuifoxide 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 conveﬁiently be carried out by.reﬂux m a suitable solvent,

preferably acetonitrile. The thermal cleavage may conveniently be carried out in the

20 presence of oxygen or an oxidation agent. Compoumis of Formula IV where X is S

and R? is a carboxy group can also be converted to citalopram by treatment with a radical

initiator such as light or peroxides.

- Throughout the specification and the claims, Cy¢ alkyl refers to a branched or
25  unbranched alkyl group 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—dimeﬂ1y1-1-

ethyl and 2-methyl-1-propyl.

Accordingly, by the process of the invention, 5-cyanophthalide is obtained in high
30 yields and the process is much more convenient than the known process. It is a so-
called robust process. The usage of CuCN is eliminated thereby minimisiﬁg the
amount of undesirable by-products and making an environmentally ;::ompaﬁble

process.



di al kyl al kanam de, e.g NN-di anet hyl acetami de. A classic Vil sneyer reagent
is the chloronethyl enedi methylimniumchloride. The Vil sneief3 IpoeEy 1S
preferably pr¥B4a8d7in situ by adding the chlorinating agenpckRidobiord Ur €
containing the starting to oxazoline or #hiazoline derivative of tornula
'V and the teri ' Wien X is. S and the conversion of the thiazoline
group into themc?%lﬁlcl)&g@?q Sb thesityenljgn rqlafes; ta @ ethod for pesperingpthe amermicliiatetdrer mal
deconposi ti on kskmobriFawnprisdgi s preferably carried out in an anhydrous
organi c solvent, nore preferably an aprotic polar solvent, 15 such as N,
N-di met hyl f ormam de, N, N ditnet hyl acet am de, dinethyl sul f oxi de or
acetonitril e. ajhactiipRhéidnbRie IbEh. r gl cO ition transforns
the 2- thiazolyl group to a cygﬁ%%PgES$§@§@%@°n°%%@% 140 C. The
thermal déconposition may conveniently be carried out by reflux in a
suitabl e solvent, preferably aoeionitrile. The thermal cleavage may
conveniently be carried out in the 30 phesance of oxygen or an oxidation
agent. Conmpounds of Fornula |V wheréd >’and R4 is a car boxy group can
al so be converted to citalopramby treatmght with a radical initiator such
as light or peroxides. Throughout the specofiﬁ%&liu%rvand t he clains, CI.

al kyl refers to azﬁg nched or 25 unbranched al'kyl™ group having fromone to
si x carbon at 3HE 3% Ve 2-ggecaptasthamatting of Fethwih VI1- propyl , 2-propyl, 1
-butyl, 2-butyl, 2-nethyl-2-propyl, 2,2-dinmethyl-I1- ethyl and

2-met hyl - 1- propyl . Accordingly, by the process of the invention,

5-cyanopht halide is obtained in Rig 30 yields and the process is nuch
nore conyeni ent than the known proggess. Nﬁz is a so called robust process.
The usage of CuCN is elim natedggter ni2ni m sing the anmount of

‘undesi rabl e by-products and mal ting environnmental |y conpati bl e process.
13 July 2004 WO 01/51477 5 PCT/ DK &¥016_In a further aspect, the
invention relates to a nethod for prepari ngFP%ﬂ?mernedi ate of Formula IV
conpri si nf  dh whichcX,i Rig- B dreacddfv@bbader i vative of 5-carboxypht hal i de of
Formula V 5

(b) submitting the amide of Formula VII thus obtained

R1
i —
4 0
'“':) 0 Formula VI

715 inwhich X, R' — R* are as defined above, to a ring closure by dehydration;

thereby obtainigg the 2-(1 -0xo-1,3-dihydroisobenzofuran-5-yl)oxazoline or -thiazoline
of Formula IV

R4
R3
R
R1
0

20 Y Formula IV




HOOC Fornmula V with a 2-hydroxy- or 2-nercaptoethanam ne of Fornula Vi
R3 10 in which X, R - R4 areas defined above, Fornula VI (biggmpm)@,_tl ng
the am de of Rpggpb@sv!! thus obtained R HX Fo | VII rmu a 0 1@ X

R - R4 are as defined above, to a ring ckosure by dehydratlon er eby

obt ai ni ng the

2- (1- oxo- 1, 3-di hydr oi sobenzof ur an-5-yl ) oxazol i ne or

-t hi azal i ne dfrefecablyylthe FivicRdnal dedicatine nged M sléb d)isyan2€fet, sudh) 43 1lMloddstef,
PCT/ DKOD/ 00016 .6 Pr ef er

he ,f t | d [
an ester, sucH &S I&ﬂ Jé:%’lesge rG§Trgvn ‘E‘%‘O r éi%&?m%g?’gr%?d%‘i P%FM%G ofI

5- car boxypht haderitativeast Sasartaaipihindlidde derivative of 5-carboxypht hal i de.
Preferably, the dehydrating agent used in step b)

nost preferably SOCI 2. The reaction in step b) is carried out neat or

sui tabl e sqf V%fer&!?hh@ﬂeﬁy@}dﬁﬂg%gent%lﬂ o

when a sol vent

10

15

20

25

30

is used, a catalytic anount
preferably SOCL.

The reaction in step b) is carried out neat or in a suitable solvent, such as toluene,
sulfolan or acetonitrile. Furtﬁermore, when a solvent is used, a catalytic amount of
N,N-dimethylformamide may be needed, in particular when the dehydrating agent is
SOCIl,. Preferably, toluene is used as the solvent, if necessary in the presence of a
catalytic amount of N,N-dimethylformamide.

The reaction in step b) is carried out at elevated temperature, preferably at the reflux
temperature of the solvent.

The reaction time is not important and may easily be determined by a person skilled in
the art.

The 5-carboxyphthalide used as a starting material may be obtained by the methods
described in US patent No 3,607,884 or German patent No 2630927, i.e. by reacting a
concentrated solution of ferephthalic acid with formaldehyde in liquid SOz or by
electrochemical hydrogenation of trimellithic acid.

In a preferred embodiment of the process of the invention, R? is methyl or ethyl.

5-Cyanophthalide may be isolated in a conventional way, e.g. by addition of water,
filtration and subsequent washing of the crystals. Further purification may, if desired,
be performed by recrystallisation.

Accordingly, by the process of the invention, 5-cyanophthalide is obtained by the
novel use of the 2—(1—oxo—l,3-dihydroisobenzoﬁjran-5-yl)oxazoline or -thiazoline

intermediates of Formula TV as reactants. Using these reactants, process conditions

NI

5

in

ﬁg?% 9SO IFgd] and PEiL REJshor €,

IS S@lZ, POC13 and PC15,
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to NN-di net hyl f or manmi de may be needed, in particular when the dehydrating
agent is $0C12. Preferably, toluene is used as the solvent, {4 ngeespary
in the presenwmaisig7 catal ytic anount of NN-di methyl forrram 16
reaction in step b) is carried out at el evated tenperature, prg%era?ﬁy at
the reflux 15 tenperature of the solvent. The reaction time is not

i nport ant  and falpueth B1oF, coyepantcthan ﬂ@dcobsllﬂ&nm!esmnsls Idebdribeld iim thd keovat t . 20

The 5-carboxy I g be o ed by the
o hods  desthiben 1 ipeas enorEhadisn sifial Qo B 8 et Bstonr
i.e. by reactﬂd@maﬂmg@a%ﬁntrated sol ution of terephthalic acid with
formal dehyde in |liquid SG3 or by electrochen cal hydrogenation of
trimellithic acid. 25 In a preferred enbodi nent of the process of the

i nventi on, 5 R3Examples hyl or et hyl . 5- Q/anopht hal i de nmay be isolated in a
conventi onal tion filt rat ion and subsequent
washi ng of thgﬁ%irn)‘}%l{tgflés %Eﬁ?rth Ggm\ﬂﬁaﬁ%ﬂg FEPlSst desired, be

per f or med by recrystallisation. 30 Accordi ngly, by the process of the
i nventi on, §¥anoE thalide is obtained by the novel use of the
2- (1-oxo-1, 3- sobenzof uran-5-yl)oxazoline or -thiazoline

i nt er nedi at eSPPé SFRIR S £IGHAY actant s s
conditions 13 July 2004 %01/ 5747 ﬁf%@ﬁ#%%‘?{ By T imigo): gmethsi-
conveni ent®t h&wr@mt’bondl tions previously described in the known process
for preparing i al,l jth t se of SOCl2 as_a
dehydrat j ng aagﬁrf%xﬂg’%%( 4262?5 ‘Ilhimﬁﬁ é‘ﬁfl?%tt‘?% l&?’f‘ﬁ’é? (719 19 pad tgn BNt he
foll ow ng ex admﬂeﬁxylfoﬁumpé a2Inby 1emﬂ’eaﬁtdplﬁr1§éf The mixture is heated at reﬂux for 1 hour
2-[[ (21-oxo-1, de]jih ﬁi‘rm Sﬁg rF]zof S-% nyl]am no{f 10
1-propanol . 535 f ‘?‘%@ﬁi Iri uced BregaEe QJIW&WEIHG@IWW i de
(950 nL) and éﬁﬁ&aﬂbﬂ‘d—wﬁh toluene (2 x 50 mL) to give a solid residue. The crude acid chloride is
15  then taken up with 1000 mL of tetrahydrofuran. To a solution of 2-amino-2-methyl-1-
propanol (400.5g, 4.5 mol) in tetrahydrofuran (500 mL) » cooled to +5°C, the acid
chloride solution is added dropwise whilst maintaining the temperature between
+5->+10°C. After the addition is completed, the cooling is removed and the mixture is
stirred overnight at ambient temperature. Then the mixture is poured into deionized water
20 (2000 mL) and the organic solvent is removed under reduced pressure at 50 °C. After
‘coolmg and stirring for 2 hours, the solid product is filtered off and washed with
deionized water (2 x 100 mL). The obtained product is dried at 70 °C for 36 hours under
o) reduced pressure. Yield: 285.3g (76%) of an off-white product having a purity (HPLC,
peak area) = 90%. 'H NMR (DMSO d-6, 500 MHz): 1.18 (3H,s), 1.32 (3H,s), 3.55
25 (2H,s), 5.45 (2H,s), 7.88 — 7.98 (3H,m), 8.07 (1H,s).

Example 2

Preparation of 4,4-dimethyl-2-(1-0x0-1 »3-dihydroisobenzofuran-5-yl)oxazoline,

To thionyl chloride (130ml), cooled at ~10 °C, 2-[[(1 -0x0-1,3-dihydroiso -benzofuran-5-
30 ylcarbonyljamino]-2-methyl-1-propanol (85g, 0.34mol) is added portionwise with

stirring. The temperature is maintained at ~10 — -5 °C for 1.5 hours whereafter the

cooling is removed and the reaction is stirred overnight at ambient temperaﬁue. It is then

cooled to 0 °C and tetrahydrofuran (860 mL) is added dropwise keepiﬁg the temperature



di net hyl formanmi de (12 nl) is added dropwi se. The m xture is heated at .
reflux for 1 hour and the thionyl chloride is destilled off yhggy26@puced.

pressure foll y successive evaporations with toluene (gc¥pRbodtbls L O
give a solid resi The crude acid chlogide is 15 then taken up wth 1000
mL of tetrahydrofuran To a solution of 2-am no-2-nethyl-I- propanol

(400. 59, 4.5 melow +& °¢EIheaib§miiedfsummIQIBEQCMd¢r stiadrigefdr £ hoth5 Gt 5 Pdﬂ,emaaheh

chl oride sol utj on |s dded in he te ture

bet ween  +5- X oy %a“ﬁh‘?‘?ﬁwﬁﬁ‘m@wmﬁ@%ﬁ‘ﬁ ‘F lsfﬁmed
and the m xt Uriﬂdblszéd wmee(zloomnmn@bkpmls adjbﬂaﬂﬁo 9 EBP@RE alddifien ofl 1N aqueBus

m xture is poured into dejionized water 20 ( mL) and the organl c sol vent

i s removed undEHOGER Jhsgoli s ddisred, washsd wath dﬁ\\"P’éFd walsb prd driedfar &4 hoyrs gl

2 h t ! t
e 1 Sl ) gl g £ i

s
reduced pr eSSlIHELCYPeakdaI%QS‘SS’% Iy DR (PMRO d1% S0 ME2)p L 38 (6K, shalihGHhs),

purity (HPLC, r 1.18 (3H,s),
1.32 (3H,s), 5 RECKG! 'F%Q ?%Qgﬁ 3%5&%31&@ égﬁzﬁgg%@m 8.07 (IH s).
Exanpl e 2 Preparation of

4, 4-di net hyl - 25 1-@x§- 1, 3-di hydr oi sobenzof uran-5-yl )oxazoline. To thionyl
chloride (13( MBSl ed at -10 C, 2-[[(]-oxo-1, 3-di hydroi so - benzofuran-5-
30 yl)car Q@nylﬂ;aﬁambnafmymdphkhmdepanol (859 0. 34nol) is added

portionwise with stirring. ture |nt i ned a -+,.-5 C
for 1.5 hours Vhar¥sRespn it ,@mﬁéﬂ gﬂ?%gf”é‘a% 6????2?15“3 :
stirred overni @2 lﬁa?llﬁﬁﬁo iy EReHad BB%L)'lE slbﬁil)t é)ﬂed NGQQkfsthyiforfatidnd )

tetrahydrofura is a opwi se _keeping the tenperature 13 July

2004 WO 01/ 5% Iif@erlsmz;d@md asrq@emcfw } bowr anliiherhpllgiedelg cookipe9emon i s
kept under St'%ﬁgﬂﬂ# Chver TR 'fﬁcn5toﬁ @E‘Soté]ﬁﬁ %d 3%@@ I&;{systals

washed with te uran 0Om). |sso v
dei oni zed sat e&lte(etb@ldm)aalmdd“dthdolpbm € a&deanIédTéle ‘Qetlcrbﬂjﬁﬂlsmc dkgntinton of

25% aqueous n| L S ) ter
and dried for rs gl.@gmg? unggr l?e@ﬁg%%pér]gg‘ge#rigﬁ%ﬁeeﬁgé%. g (80%
of a white prom:t(sbhhMln@ecbaqdlwashgd withiBtiGhizglbwaktenZead0 mlsdﬁﬁ dtied &R °CDVSO
d-6, 500 MHz):

J=11. 3Hz), 8. L frll;qd E;)alal S%fkgé}&k‘*élfg)qiﬁ? g? a4n S& Whn?e product gav*nﬁg A purity

(HPLC, peak area) = 92%. An analytical pure sample is obtained by crystallisation
20 from acetic acid or toluene. 'H NMR (DMSO d-6, 500 MHz): 548 (2H,s), 8.04
(2H,s+s), 8.22 (1H,8)

25



Exanple 3 1o Preparation of 5-cyanoplithalide. To a suspensipngf 2004
4, 4- di nmet hyl - 2- (1- oxo- 1, 3-di hydr oi sobenzof uran-5-yl ) oxazol i ne %% lg,
0.1mol) in twomdiaohl oride (36 nL) is slowy added NN-di ne;@g),*gmpude
(5m,). The solution is heated at refluxefor 1 hour and then o]
cool to room tenperature over 3 hours. Then toluene (150 nL) is added and
the suspension is 15 filtered and washed with toluene (2 x 50 nL). The wet
crystals arecygipgpn into deionized water (150 nL) and the pHis adjusted to
8.0 with 25% aqueous ammonia. The solid is filtered and washed with

dei oni zed water (2 x 50 nL) and dried at 60 C under reduced pressure.
Yield: 11.9qg4(739 n off-white product having a purity (HPLC, peak
area) = 92% 1Anéa?nlgtﬁ§/‘% ?%raf}'epﬂf%aritﬁ’ﬁp?fg rEangphthalifiegcamprismes tredtinestasf an 20
from acet $c eempound of BomaneIv' H NVR (DMSO d-6, 500 MHz): 5.48 (2H,s), 8.04
(2H,s+s), 8.22 (1H,s) 25 13 July 2004 WD 01/51477 9 PCT/ DKOO 00016 C ai s
. A nethod for the preparation of 5-cyanophthalide Conprising treatnent
of a 5 conpound of Fornula rV R4 FormnulalV wherein Xis Oor S; R - R
are each i ndependently sel ectfd ' from hydrogen and Cl -6 alkyL or R and R~
10 together forma C2-5 al kgt-epe ghain thereby formng a spiro-ring; Wis

sel ected from hydrogen andrCr- A e_|s selected fromhydrogen, Cl-6
al kyl, or a carboxy group, or

a 4 t oget her forma C2-5 al kyl ene
chain thereby formng a spiro-ring; W a/dehydration agent or
alternatively where Xis S, thermally avage. of the thiazohne ring or
treatnent with a radical initiator, such as pEomwmid® or 15 with light, to

form 5-r-yan@§g}ahq{js@on§}vi ng the formul a
R’ - R? are each independently selected from hydrogen and C, alkyl, or R! and R? |
10 together form a C,.5 alkylene chain thereby forming a spiro-ting; R? is selected fiom

hydroger; and C,-s atkyl, R* is selected from hydrogen, C,.¢ alkyl, or a carboxy group,
or R® and R* together form a Cy.5 alkylene chain thereby '

forming a spiro-ring; with a dehydration agent or alternatively where X is S, thermally
cleavage of the thiazoline ring or treatment with a radical initiator, such as peroxide or
15 with light, to form 5-cyanophthalide having the formula

NC
O

0 Formula IT1

2. The method of Claim 1 characterised in that the compound of Formula IV is
20  prepared by a process comprising:

a) reacting a functional derivative of S-carboxyphithalide of Formula V



NC Formula I'll | The nmethod of Claim1l characterised in that the conpound
of Formula IV is 20 prepared by a process conprising: a) reafingy 2004
functi onal derweatsN® of 5-carboxyphthalide of Fornula V 13 Pairmpxdedsbie WO
01/ 51477 PCT/ DKOO/ 00016 10 HOOC Formula MOwith a 2-hydroxy- or

2- mer capt oet hanam ne of Forrrulah\éc RAR3 5inwhich X R -- R4 are as
defi ned above, Formula VI (b) su%m gyt he am de of Formula VII thus
obtained R1 R2 Fornula VII 10 in whif RO - R4 are as defined above, to
a ring closure by dehydration; thereb @l ni ng the

2- (1 - oxo- 1, 3-di hydr oi sobenzof ut an-5-yl ) oxazgl ine or -thiazoline of formnula
IV R4 15 Formula IV in which X, R - R4 are a9"888Vned above. 3. A nethod
for the preparvwiti HP-h9droRy-Gy 2nagbipiadiiatdanie eoFeini@ Vo any of clainms |- 20 2
wherein, the conpound of fornmula IVis treated with a dehydrating agent
selected 13 July 2004 WO 01/51477 PCT/ DKOO' 00016 ||

Rl R2
HX N,
R4
R3 Formula VI
5  inwhich X, R! — R* are as defined above,
(b) submitting the amide of Formula VII thus obtained 3
Rl R2
E—CO
4 O
O Fomula VII

10  in which X, R' — R* are as defined above, to a ring closure by dehydration;

thereby obtaining the 2-(1-0x0-1,3-dihydroisobenzofuran-5-yl)oxazoline or -thiazoline

of formula IV
R4 \)
R3 .
R2>2\ i
RI7 N
O
15 7 O Formula IV

in which X, R! — R* are as defined above.

3. A method for the preparation of 5-cyanophthalide according to any of claims 1-
20 2 wherein the compound of formula IV is treated with a dehydrating agent selected



from phosphoroxytrichloride, thionylchloride, phosphorpentacfy _QM 8694 PPA
(pol yphosphoric acid) and P40Olo or a Vilsneier reagent, eventually 1n
conbinati on WOWBNIsEI or gani ¢ base, preferably pyridi ne or apgegipKoybéots
amount of a tertiary amde. 5 4. The net hbd of claim 3 wherein the conpound
of formula N Ls tre 2 as a_dehydrating agent and the reaction

ted with 5%1

is carried out®™ tpﬁf’ilj’ HE* ¥XGRHPTS: ngthipnyichlosids,t | phespherpentaghloride, PPA

NN- di met hy| f ofpolphbshori®acidy 4Rt f i 5- cyanopht hal i de
according to an ofﬁgl ai msﬁl- 1387(2]0\/\%}(@? g?%“?ﬁﬁg?éee?{ﬁglg%@]lyelﬁféﬁ@"'@ % he

t hi azol i ne riwgﬁiav OFgapi§ pptu PIgTesAblY pyridineoriatatalitie pmodnticf aSertiaryaatidd. ed out in
presence of oxygen or an oxidizing agent. 6. A nethod for the preparation .
of 5:<cyanopht halide according to any of clains 1- 2 wherein the thiazoline
ring of a Tonpounbheshethet efidlam|3vivinnein chetompofdotdomdili B/ iskRaRahl®Xy | S

treated with ' lqni.Li ator ch as |ight. or peroxides. 7. The method
of any of cl a?‘r)rgg%gg%@“{?ﬁet‘r“éi%ﬁe ‘f* emﬁgn ‘Sg?mé‘? fytin tojgeng compsipge hod of
any of cl ai nscapalyticfanountvil 3 N-dihethgttbyaknsidé.ng agent used in step .b) is
SOC12, POC13 or PO 5, preferably SOC12. 9. The nethod of any of clains 2 -
8 wherein the reaction in step b) is carried out neat or in a suitable

sol vent, suchs.as A aletipddor the pfephatioPsf 2 \thdiiab & Hi’jﬁ% rB010F of 5
t ol uene. 10. Th% net hod of alr:: egof cl ai m&ﬁ%@%ﬂ vvhere‘iwr? t &’a@%ﬁ’%“p‘ﬁ%g agent
used in si%p dyhpiein Wekermally, gleavage o€ thet thisroling ringrofiscwmpontnd of fopmularly

conpri sing a wrdrant §Gs Smddut ﬂfﬂ}leéyhcéjﬂ)frﬁ%fgéﬁl drh g%mz%eg ag%x?t.

6. A method for the preparation of 5-cyanophthalidc according to any of claims 1-
2 wherein the thiazoline ring of a compound of formula IV where X is S and R? is

15 carboxy is treated with a radical initiator, such as light or peroxides.

7. The method of any of claims 1 - 6 wherein R’ is methyl or ethyl.

20 8. The method of any of claims 2 - 7 in which the dehydrating agent used in step
b} is SOCl,, POCI; or PCls, preferably SOCL.

9.  The method of any of claims 2 - 8 wherein the reaction in step b) is carried out
neat or in a suitable solvent, such as toluene, sulfolan or acetonitrile, preferably in

25  toluene.

10. The method of any of claims 8-9 wherein the dehydrating agent used in step b} is
SOCI; and the reaction is carried out in toluene comprising a catalytic amount of N,N-
dimethylformamide.
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