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(57) Abstract: A method for the preparation of
S-cyanophthalide comprising treatment of a compound
of foraula (EV) wherein X is O or S; RIR? are each
iudepende.nﬂysebctedﬁomhydmgenandcl.@lkyl,cr
R‘andthogedwrfonnaA(‘/‘.,ﬁlkylemchaiulhaeby
forming a spiro-ving; R3 is selected from hydrogen and
Crealkyl, R* is selected from hydrogen, Cpealkyl, a
carboxy group or a precursor group therefore, or R® and
R* together form a C, salkylene chain thereby forming
aspiro—ﬁng;wiﬂladehydraﬁonagentora]wunﬁve]y

WhanisS,liﬂma]lychavageofmelhiamﬁmringmk&@mtwithamdicaliniﬁﬂor,mdmspmﬁdeaw&&ﬁghnmfom

5S-cyanophthalide, which is an important intermediate used in the

preparation of the antidepressant drag citalopram.



Abstract: A nethod for the preparation of 5-cyanophthalide conprising
treatment of a conpound of fornula (I1V) whetein Xis 0 or S 1@&@%Qboﬂerr]

are each indepehgest!y selected fromhydrogen and Cerr]. [ or
Rlerr] and Rlerr] together foama. Cerr}-[err]al kyl ene chaﬁ{l&#ﬂé’é@/ﬁ

formng a spiaro-ring; Rerr] is selected from hydrogen and

d err]-[ er] al METH@DIGR THE PRERARATHON OF 8/ 0VaNOPHTHAINDHE err] al kyl, a
carboxy group or a precursor group therefore, or Rerr] and Rferr]
together forma Clerr]-[err]al kyl ene chain thereby formng a spiro-ring;

wi th a dehydrBite gresememiventionalrélaenabi ¥ ehoveibdesX fos e progkdRb! ¥r .eavage

of the thiazoline reatment with a radical initiator, such as

ring or.
per oxi de or wPRR°RHdpe ,th‘% 1§ 8 hfermediate ysgshion the ragnufagtire pf the well Xnowor t ant

i nter nedi at e agideproRanithitug cedeHrah] RB-(dhethNSmEHM _£$5 13

ci tal opram %ﬁhﬁg _2804 g\3\!0 01/ 51_471;B &’CT/ Dﬂwﬁ%{’sﬁ%ﬁﬁ?ﬁ?ﬂéﬁg&%ﬁ%)f%
PREPARATI ON TEvA cBl’l"”!‘#‘i@ak“~present I nvention relates to a novel
process for the preparation of 5- cyanophthalide which is an internedi ate
used for the manufacture of the well known 5 anti depressant drug

cital opram Mackeyemgeof the Iaventiopor opyl | - 1- (4- f | uor ophenyl ) - 1, 3- di hydro

- 5-i sobenzof l(f-émgﬂnqq)sn; telp! he I nvention. Citalopramis a
wel | known antid pr essant ﬁ%ﬁtg‘ﬁgt% agﬂncg&vﬁgjgghascﬂ?“fnﬁe@nﬁﬁr%{“mfkﬁ for1o sone
years andlthassomigeyedrs bdbhisrige followiog sinecturbiC Fornula | It is a sel ective,

centrally active serotonin (5-hydroxytryptainine; 5-HT) reuptake 15
I nhi bitor, accordingly having anti depressant activities. The anti depressant

activity) of NC
N
_ ~CH

3
F Formula I
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

CONFIRMATION COPY




t he conpound has been reported in several publications, eg. |. Hyttel, .
Prog. Neuro- Psychopharmacol. & Biol. Psychiat., 1982, 6, 277123ay QQ@4A
G avem Acta wrsyigdigatr. Scand., 1987, 75, 478- 486. 20 G tal qrmrmnomsoum
prepared by the process described in US Patent No 4, 650,884, according to
whi ch 5-cyanophthalide is subjected to two successive Gignard reactions,
i.e. with 4-fluorophenylNg geni de and N, N-di net hyl am nopropyl
magnesi um hal ogeni de, resped and the €Hgul ti ng conpound of the
OBwo 0]i51477 PCr/ DKOO/ 00016 2 NC
actpgn by dehydration with
strong .sul furic acid. Enantioners ofl _cital opram rréy be prepared by the
met hod described in US Patent No it 043,590, i.e. by separating the
enantiomers of the internedi ate of la Il and performng
enantiosel ective ring closure in orgef to obtain the desired enantiomner.
Thus, 5-cyanophthalide is an inportdnt internediate for the manufacture of
cital opram and it is inportant to E‘roduce this matgpehflai N an adequate
quality, by a convenient to process and in a cost-effective way. A nethod
for the prepaistubisptcdto Stingelnmphnenctiondy debylrpicnvigusiops pelfuricsislr i bed i n
Bull. Soc. Sci. Bretagne, 1951, 26, 35 and in Levy and Stephen, J. Chem
Soc., 1931, 867. By this method 5-am nophthalide is converted to the
cor respondi ngEﬁam‘@nEysaofwiﬂppammgybwpmpa@bmﬁemmdldemﬂmdhymmm with

CuCN. Am_no de al dfr m4- L nopht hal | m b t step
reductlon Brog’?&g’?gb 393% tﬁ%er aln alcf?ﬁl? ﬁ%%?&nﬁ?#’ll gs;\‘,@r
acid chlori de%eﬂfﬁmﬂﬂgiaianﬁﬁélebﬁve iy dleslieedn ofdel af dirdin thelddSizad ehdntickder. 1505 -
1508, and in Tetrahedron, 1998, 54, 9281. 20

Thus, 5-cyanophthalide is an important intermediate for the manufacture of citalopram
and it is important to produce this material 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.

25



It has-been found that 5-cyanophthalide may be prepared |n m:gmjlybgdépls by a
conveni ent, cost-effective procedure fromthe

2- (1- oxo- 1, 3- ‘q/ p')(/g%‘ sobenzof uran-5- yl)oxazoline or -thi azoI i ne

i nt er medi at es"'8 Ia V. 25 13 July §004 WO 01/51477 PCRIREHOO46 3
Description of the invention Accordingly, the present invention provides a
novel nethod ﬁ@&rlgh@ngfﬁgqﬁ%hgﬁl of 5- cyanophthalide conprising treatnent
of a compound of Formula IV 5 R4 Fornula IV wherein Xis Oor S; R - R
are each i ndependently selected from hydr ogen and Cl1 alkyl, or R and R2

t oget her for Lnthereb iro-ring; R3is

sel ected f ro%&fgj%é)&r ogé}r??%gd%% PV ??Af’e" ?e@gpg@ttgﬁm’eﬂ’%‘?ﬂlﬂf%en

C -6 al kyl, otyasophthalidxgomprising, treatiienR3f Bivshpddnd 60RHAGL Ifor m a C2_5 al kyl ene
chain thergby . formng a spiro-ring; with a dehydration agent or
alternatively where Xis S, thermally cleavage of the thiazoline ring or
treatnent with a radical initiBtor, such as peroxide or with light, to

f orm 5- cyanopht hal i de havi ng~the forrrul a 15 NC Formula Il The dehydration
agent may be phosphor oxyt rk&h or\de t hi onyl chl ori de,

phosphor pent achl ori de, PPAR{poOlyphQs acid), and P4010_ The reaction
may be 20 carried out in the prese f am organi c base, such as pyridine
or a catalytic anobunt of a tertiar M '

Formula IV
wherein XisOorS;
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
10 hydrogen and C, ¢ alkyl, R" is selected from hydrogen, C,¢ alkyl, or a carboxy 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.



Preferably, the conpound of Fornula IV is treated with SOC1244$,82004 -
dehydrating agent and the reaction is carried out in toluene cohprising a
cat al yti c anmond1/50477N, N 25 di net hyl f or mam de. 13 July 2004 PQDDKDH/BWAY 7
PCT/ DKOO 00016 4 Alternatively, the dehydrati on agent may be a Vil sneier

'reagent, i. a copgpoun ich is formed by,.reaction of a chlorinatin
agen? . pref eg%tmﬂ‘e?wféﬁf ge@m;%}opdaécme%ﬁeﬁng@&@ﬂgf I"Gﬁ%’}ty}'e'canF‘E}F‘P?}E‘,% °
thionyl chl owhfls,is RiR%ABYTEXY6R Ok IcHBrinat IZGRBRMO pREMAE Bh atitid8ioride, e.g.

trichloromethyl chlorofornmate, also brjefly referred to as 5 "di phosgene”,
or bis(trichplseeas hyl9xalyar boshdgride, a| dBiopYl of Fllorids, o rRhpsphprepychioride,

"tri phosgeneg?%%%xﬁ]mga&%ﬁeﬁwc%%ﬂ@mﬁyQﬂloﬂ)?o hak¥, d:il%e%flé(ﬁ} %fs@?;} 46 L a

N, N- di al kyl e, e.g NN-dianethyl acetam de. classic sneyer
reagent i% thdiphashénst.omet fys(enkidromethy]) i sarbongiey cHborbridly Toferred | toredser
reagent is preferabl e r?ig i | t Y, afdi ! L orj nati igent to
a mxture con?lgﬁ?ﬁgﬁrée“t P]‘g{hsg ZtF [ ggmfdg %hfgz%sl ﬁlﬁgﬁ%‘r‘%foﬂéﬁf r?egrdgpllq\}\gt I ve of
formul a |V adidlkytdkanemideae)y NN-devetWisrtatids S chnde tliBmegerviengenois @fe t he
thiazoline group into the no_.group. i. e t.hermal transforpption,
the ¢ her nal  HaeEmsITeed B B EY dhioride: S0 upsif joReeny i< ieGabD! n an
anhydr ous or gaphed SPMERY addiBy thethRk@staly JeftoaPinbinis coRthidngS@E ¥Rfting 15
such as N, N-di net hyl formam de,. N, N di.tnet hyl acet am de, di nmethyl sul f oxi de or
acet oni t 19 | e oxapriing eriiszolingderytviet Lrmplad Viand thedertasc@migesi ti on transforns
the 2- thiazolyl group to a cyano group is between 60 C and 140 C. The
thermal deconposition may conveniently be carried out by reflux in a

sui t abl e sol YWawn X isgfi arfdethe boyversian efithe thigzelinergroup inde thelcyancegoupis mede
conveniently.be carri - n %9; f 93?[% %i i on
agent . CorrpoB er%l?l it—agn(rg%)u%éuql\’/tﬁvﬁ‘nh%re Q%%@Lgﬁiagﬁigﬁﬁ a ggyb%rj’y grg p can
al so be convestied otitdn @h taahyaisrorganid soeeniyamdre prefdratdy ma dpotit polansdlvatt,or such

as light or peroxides. .Thr hout . 1 h cif.ieation and the clai.ns, CI.
al kyl r L sg‘fc 38 gﬁ;[l-gwéq}i%a.&rmamldte, eI\Ij\]Q(%meihyfacetalmde, ethylsiifoxide ' 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.



25 unbranched al kyl group having fromone to six carbon atons inclusive,
such as nethyl, ethyl, 1-propyl, 2-propyl, 1 -butyl, 2-butyl, » 13 July 2004

2- met-hyl - 2- pr o¥POISHTR- di met hyl -1 - ethyl and 2- et hyl - 1- pi opYlymkoomoos

Accordingly, by the process of the i nvent$on, 5-cyanophthalide is obtalned
in high 30 yigldg: qllsé&?ﬂ?r oces. %gmj(:h nor e conveni ent than the known
process. It is a so calted Tobue “”bf esle 2 meythod o5 prsparingBhChitérmediniergrnat ed

t her eby mi ni mifirmglatiNecorrpnismpgt of undesirabl e by-products and nmal ting an
environmental | y conpati ble process. 13 July 2004 WO 01/51477 5
PCT/ DKOO/ 00016 In a further aspect, the invention relates to a nmethod for

preparing t he a) riactingeivat@nal de ri-si ng. a), reacting a

funct i onal derl vative of 5- cargg%vg‘ﬁtkﬁahvg)gﬁgpja o?%oﬁm@aéﬁm Formula V
with a 2- hydroxy or 2-nercaptoet hanam ne of Formula VI NI R3 10 in which
X, R - R4 areas defined abovemgobgrnula VI (b) submtting the am de of
Formula VI1 thus obtained RI HX Fo o '

0 Formula V
with a 2-hydroxy- or 2-mercaptoethanamine of Formula VI

Rl R2

) - NH,

R3 R4

Formula VI
10 inwhich X, R —R* are ag defined above,

(b) submitting the amide of Formula VII thus obtained
R1
- —
4 8]
'“':) 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
RI
0

20 0 Formula IV




rmu a 15 in which X, R - R4 are as defined above, to a ring closure by
dehydrati on; thereby obtaining the 13 July 2004

2-(1-oxo-1, 3- L@é-sobenzof uran-5-yl)oxazol i ne or -thiazol |P@e Jobué mul a
|V R4 20 For nuq’}"!9 PV 13 July 2004 WO 01/5%477 PCT/ DKOD/ 00016 Ig&eper ably,

the functional derivative used in step a) is an ester, such as aI kyl ester,
aryl ester or abrifetably|ths fimxcticed ﬁvﬂwtiveueéd b step bpisyphédoa) km,asaﬂkﬁé‘ster

aci dhal i de derivative o hall : Preferably, the dehydrating
agent used in TVEYH)% gﬁ%@%f “p v§ P (élqaa?ooﬁﬁé‘qthal@?’ef"ér%fbl‘}?‘ & The
reaction in st&piviaive of Scartidxgghtilideneat or in a suitable solvent, such as

toluene, sulfolan or acetonitrile. Furthernore, when a sol vent is used, a
catal ytic anmount of to NN-dinethyl formam de may be needed, in particular

when the dehyds@ferdbly, %@ﬂ&hyd&hn§%éra uskd &f QﬂéﬁlU)}is SR SRR §nd’§)@qjs dtost he

solvent, if necessary in the presence of a catalytic anount of

NN- di et hy| f orpreferaly Qﬁh- reaction in step b) is carried out at el evated
tenperature, preferably at the reflux 15 tenperature of the solvent. The
reaction time is not inportant and nmay easily be determ ned by a person
skilled in tHEheareactiopOnFlep 1)-is aadies pphnénd [of de asuitablasolvenstsuch iam dplueteer i al

may be obt ai ned t he d SCL bed | [ent No 07, 884 o
Cer man pat ent %ﬁ %&% SF'B@%ree{ec’tW g QSH%')'R errdaf‘e‘% Lffn?oélﬂtf}
t er epht hal ic adNIdimetiylfoanamide etiyde rneaddd, ﬁupaituSﬂB' whienlije 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

15 temperature of the solvent.

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

20  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.

25 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.

30
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



el ectrocheni cal hydrogenation of trinellithic acid. 25 In a preferred
enbodi nent -of the process of the invention, R3 is nethyl or e1j1yu|y2004

5- Cyanopht hal maeersmrzbe i solated in a conventi onal way, e. chq.y,?] Jbdzg on of
water, filtration and subsequent washing of the crystals. rt

purlflcatlon may, if desired, be performed by recrystallisation. 30
Accordingly, B THeh B?"éf'cé@‘é’%‘fmttﬁ@ iheveonditions pBvioysly olebdrivad iislehd Enodat ai ned

by the novel phsessOfort b h uran r‘%] oxazol i ne
or -thiazoline int eorrrre gs of Eﬂh 'ﬁé ng’%‘g!’l?)}e)g@@aﬁ} s“seug? C%Ihé"§ea

reactants, prdéb@ﬁﬂtméﬁmans 13 July 2004 W01/51477 PCT/ DKOO 00016 7
are much nore conveni.ent than the conditions previously described in the

known- process for preparing 5-cyanophthalide, especially with the use of
SOC12 as a5 dEwmgmipksi ng agent. 5 Exanples The invention is further

211 (1 oxo- 1, otRgiPa it BAAER Bty BPg mprspien mo - 2-met hyl - 10

1- propanol . 5-carboxyphthalide (267g, 1.5npl) is added to thionyl chloride
(950 nL) and then N— di mret hyl formam de (12 nL) is added dropw se. The
mxture is heSt®IPEL reflux for 1 hour and the thionyl chloride is

destilled off P%ﬂ?&tldnewf[ﬁ -HELS Y “5"'?9‘5‘;&%&8 _§_¥ﬁg§,§) ﬂ%’i“'ﬁ'{,’\féﬁg‘g'ﬁﬂ %%qll ons

with toluene (2 x 50 0 givé a resi T de
is 15 t heh®t ak-@n Eﬁpwwth 1000 mL of tetrahydrofuran. To a solution of

" ool ed 1o StrpRpbEiE Gt 3 elP o) Slhbu halediee SR B iben 8- T

nai n]c a 't n 21 ngt ':1 ﬂumethy:lﬁ:anmﬂﬁ @2bet)ie ecn:{egI ﬂﬁ)ﬁ?érl's'bo'ﬂ;e mixhee tstﬂéﬁte&‘dfjﬂehhﬁﬁ)r'l%our
conplete fnd“ e thi 1%71 cﬁlonﬁe 1V3esi1ﬁler}1 o melderpré uléerade pll'eisure followed by successive

evaporations with 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, tﬁe 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
") reduced pressure. Yield: 285.3g (76%) of an off-white product having 2 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



stirred overnight at anbient tenperature. Then the mixture is poured into
dei oni zed water 20 (2000 nL) and the organic solvent is renoves yndens
reduced pressw l?stl A0 C. After cooling and stirring for 2 p@y,bﬁoo,(;ohﬁ;
solid product 'tered off and washed gmth deionized water (2 x

m.). The obt ai ned product is dried at 70 C for 36 hours under reduced
pressure. Vi elbdlovﬁ%°egl‘l(elﬂ‘)%nedfsumnm:i rs\Mabmmdprsﬁd&ngt foh2wbing ag5 pO) dridythen

(HPLC, peak z};)% w : #;18 3H.s),,.1..32
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Exanpl e 2 Pr epateibhi@ed Whter (400 mL) and the pH is adjusted to 9.1 by the addition of 25% aqueous
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t et r ahydr of ur aﬁ%@?&ﬁ?tﬁaaﬁs g @r’g%\@\nﬁs% Jeelgﬁ%lﬂflg q?ﬁ’nger ature 13 July
2004 WO 01/51477 PCTI DKOO' 00016 8 beI ow +8 C. The obtai ned suspension is
kept under St:ﬁ 50r 2 hours at 5 C, and then filtered and the crystals
washed with tEtPam8rof uran (150 nL). The wet solid is dissolved in

dei oni zed 1At @repMdtionlof Sapshdphehdlide) s adj usted to 9. 1 by t he addition of

25% aqueous ammnl a. The so s, filtere shed dei zed wat er
and dried for 142aysRegsigp ‘5"0‘{‘3'%@?%&'{1 3‘@%%?@58 f“‘ﬂ“égﬁbowlgﬁ (80%) .
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deionized water (150 mL) and the pH is adjusted to 8.0 with 25% aqueous ammonia.
The solid is filiered and washed with deionized water (2 x 50 mL} and dried at 60 °C
under reduced pressure. Yield: 11.9g (75%) of an off-white product having 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



(5m ,). The solution is heated at reflux for 1 hour and the ?Jdl??@(ﬁhto
cool to reom tenperature over 3 hours. Then toluene (150 nL n& I's” added and
t he -suspensi woossidfs filtered and washed with tol uene (2 x Er(_) @kﬁ “Qﬁte wet
crystals are taken into deionized waterg (150 nL) and the p F ?ﬁ ed 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: 11.90ci{@3 of an off-white product having a purity (HPLC, peak
area) = 92% An analytical pure sanple is obtained by crystallisation 20
fromacetic acid or toluene. 'H NVR (DMSO d-6, 500 MHz): 5.48 (2H,s), 8.04
(2H, s+s), 8.22 2004 01/51477 9 PCT/ DKOO 00016 C ai s
. A net hodgf oé‘llﬁ tg))dpr%(gr ealfrf%%a gg&%ﬁh@ﬂ&h SRENTISng redtmgntt ofat ment
of a 5 cénpoempowntl ofFbomilalvV R4 Forrrul alV wherein Xis Oor S R - R
are each independently selected 'fromhydrogen and Cl-6 alkyL or R and R~
10 together forma C2-5 al kylene chain thereby formng a spiro-ring; Wis
selected from hydrogen and Cl-@&4al kyl, e is selected from hydrogen, Cl-6
al kyl, or a carboxy group, and R4 together forma C2-5 al kylene
chai-n thereby formng a spik
alternatively where X is S, ritfie avage. of the thiazohne ring or
treatment with a radical initiator, aspperoxide or 15 with light, to
form 5-r-yanopht hal i de having the fo

wherein X is Q or S;
1 _p2 . ' '
R’ - R” are each independently selected from hydrogen and C;4 alkyl, or R! and R?
10 together form a Cy.5 alkylene chain thereby forming a spiro-ring; R? is selected from

hydrogen and Cy.¢ atkyl, R? is selected fiom hydrogen, C,.4 alkyl, or a carboxy group,
or R® and R* together form a C,.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



Formula 111 | The nmethod of Claim1 characterised in that the conmpound .of
Formula IV is 20 prepared by a process conprising: a) readi ngguly 2ou4 i onal
derivative of weessidtxypht hal i de of Formula V 13 July 2004 WOTMK0bAHTE
PCT/ DKOO/ 00016 10 HOOC Fornula V with a 2¥hydroxy- or 2-nmercaptoet hanam ne
of Fornula VI RA R3 5in “hﬁﬁﬂx¥’ R -- R4 are as defined above, Formula
VI (b) submtting the am de of "For a~x hus obtained R1 R2 Fornula VII
10 in which X, R - R4 are as defin'eveoto a ring closure by
dehydrati on; thereby obtaining the
2-(I-oxo-1,3-dihydroisobenzofutan-S-yI)oxa}pli e or -thiazoline of formula

IVRA 15 Formula IV -in which X, R - R4 are a9"88f%ned above. 3. A method
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

R4
R3 Formula VI

5  inwhich X, R! — R* are as defined above,

(b) submitting the amide of Formula VII thus obtained

O Formula 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



WO 01/ 51477 PCT/ DKOO 00016 Il from phosphoroxytrichlori-de, 45 July 2004
t hi onyl chlori de, phosphorpentachl oride, PPA (pol yphosphoric aci dg and
P40lo or a Viweneswr7 reagent, eventually in conbination w tphrakopo@adi C
base, preferably pyridine or a catalytictanount of a tertiary amde. 5 4.
The net hod of .cl ai E;PS \q,herei.n thg conpound of forrmula Nis treated with
SOC12 as a defSHr atPPPIYQERFCIARAS hethionyichiagde, s phesphompentanioride, t (RAene
conprising a (poiiphbyphbic adauald o, NNs:d ide. .5.. A method for
t he preparation, of %thyanopht hal ii%’e"'\%’gig?%’?ﬁé‘f‘?‘f‘)&g‘fﬁ&’%@"éﬁ’alf‘r?ﬁg%“a o 2
wherein the t ¥ithan Pigapic daspaprstestbly prriding ot Actafaipic rmogntaff agertiayatiagl of
formula IV where Xis Sis carried out in presence of oxygen or an

oxi dizing agent. 6. A nethod for the preparation of 5-cyanophthalide
accordi ng 10 4ny Bfc mtthihel daim3 wineeirithe donpottd eAotmiulelV isgaf wamconpound

of formula I\ s | d R4 | 15.carboxy.is treated wth a radical
initiator, SUE Fsﬁfﬁawrag?ggé?néﬁ?dd@g .rea?'?lonl"ﬁgm'ﬁé‘{l AYdn tluepg gomprigpgeis | - 6
wher ei n R3 i scatadytinydmaont ef MN-dinizthyBormldisideret hod of any of clainms 2 - 7 in
whi ch the dehydrating agent used in step .b) is SOCl12, POCl3 or PC 5,
preferably SOC12. 9. The nethod of any of clainms 2 - 8 wherein the reaction

in step b) is5.carAinethodbr the har@fior Hf Scyidb }ﬁﬁﬂlﬁeﬁéﬂo% ‘°@§¢gﬁ§g§ p! uene,

sul fol an or g,zce onitrile, ﬁ)réeferabl in’ 25 tol uene. d of any
of clai ms!%- ghels e tovalie plsavage oh thedbismlingsing ofia eotrpouin] of Hrm@AIV2 and

the reaction ; it} M dul; | Si .catalytic anmount of N, N-
di met hyl f or mmﬁeéggrlgg%aﬁ%d duffirt ﬁbééﬁé@"&a%gn ot aff g’“%lz(fﬂg ageXt-

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.
30



