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3 ﬁb;c ggﬂnventlon provides a process for the preparat |Qe M&‘Sach

corrpound 0 formula (1) which conprises cyclisation of a conpound

formula (11). : In a preferred enbodi nent, the cycllsatlonls'

carried out i'n the presence of ' bIFy In a sol vent,

optionally in the presercas 5 per oxi de saI t,
and is followed, where necessary, by neut raI [ sat ion of the reaction 10

m xture.’ A suitabl e base may be selected fromthe group

consi sting of Taeh®iettionaklat®d to a processGpethd prEparatjoraditaeaompound of
Cerr]-C-err] cycloal kanol, a (Cerr]-Clerr] cy ylaCerr]-Jerr]

al kanol , formula gmoni a, a C[err] C err] al kyl am]ne, F?Eﬂ:é e, é err|

al kyl)smne a (Jerr]-Cerr] cycloal kyl anine, a & %Te?rr] SG: F
cycloalFkyl)-N(Cerr]-Cerr] alkyl)amne, a di( Dés]cnﬂoﬁrr —F
cycloalkyl)amne, a ((err]-(err] 1 cyghpal kyp ) errd] ﬁkylpgﬂ"f%'e
a N(Cerr]-derr] cycloal kyl)Jerr]}{ erf] 3al ki @%err “Berry- to paged ..... :
al kyl ) am ne, al\l—(C[erréC{_| | kyN) C[ er paged ------- o pag

al kyl -N- ([ err] - err]Ctyers3 gi [ (PRerberact” : pageq]. o7 T ko pigat —
cycloalkyl)C[err]-Clerr] alkyl]anmige and -3 het eroey -1 act.ed from’

t he group consi sti ng-8 i dazagle, rlazole pyrroI|d|ne plperldlne

hept amet hyl enei ni ne, CH.CH.CH )
AR A

/N
SO,N NCH,
/"
known as 5-[2-ethoxy-5-(4-methylpiperazin-1-ylsulphonyl)phenyl]-1-methyl-3-n- -
| propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one or sildenafil, and also to
10 intermediates used therein. S|Idenaf I, which was originally disclosed i in EP-A-
0463756, has been found to be partlcularly useful in the treatment of, mte alia
male erectile dysfunction: see WO-A-84/28902. |
More specifically, the invention concerns a process for the preparation of
“sildenafil which is more efficient than that disclosed in EP-A-0463756 and which,
15 surprisingly, can provide directly sildenafil of clinical quality standard, thus
obviating the need for subsequent purification steps. In this context, sildenafil of
clinical quality standard means material of sufficient purity for administration to
humans.
The key step in the over-all process involves the ring-closure of the

20 immediate precursor to sildenafil, i.e. the bis-amide of formula (ll):

il



mor phgt i ne, thionorpholine and a 1-(Cerr]-Cerr] al kyl)piperazine; a netal
hydride, 20 fluoride, hydroxide, oxide, carbonate and bi carbonate; wherein

the netal is selected fromthe group consisting of lithium sodium
potassi um rubidium cesium beryllium nagnesium calcium
strontium barium alum nium indium thallium titanium zirconi um
cobal t, copper, silver, zinc, cadmum mércury and cerium and a
Cerr]-Cerr] bicyclic am dine. 25 Preferably the base is selected
fromthe group consisting of an alkali or

- 3- , al kaline earth netal salt of a @}e{r]-qerr]al kanol, a
Cerr]-Clerr] cycloal kanol and ay(Nberr] - Obﬁ err] cycl oal kyl)
Cerr]-Clerr] alkanol; an alkali fetal I of ammonia, a N (secondary or

tertiary C[err]-C[err]ch,@{_hbl\l-(prirrarj/, s?ﬂco_ndary or tertiary
Clerr]-derr] alkyl)amné& & Jerr]-d 5 cycloal kyl am ne, a
N-(Cerr]-Cerr] cycloal kyl )N (prg@Nry, $econdary or tertiary
Cerr]-Cerr] al kyl) gar a dH C3-EB.cpctpal kyl ) apj,ne and

1- net hyl pi perazi ne; and an i or Al'kAl'i e eartm)
hydr oxi de,” oxi de, carbonat exgpe” bi carbonate; 1, 5-

di azabi cycl o[ 4. 3. 0] non-5-ene |and - di azabi cycl o[ 5. 4. 0] undec- 7- ene.
A suitabl e solvent nmay be sellect rom t he group consisting of a

f
Clerr]-C[err] 10 alkanol, aSPdr]- NG} cycl oal kanol, a (derr]-derr]

nmet al hydri de,

cycloalkyl)(err]-(err] al kanol, err]-Cerr] al kanone, a
Cerr]-Cerr] cycloal kanone, a CJerr]-(ferr] al kyl ether,
1, 2- di met hoxyet hane, 1, 2- di et hoxyet hane, diglyne, tetrahydrofuran,

1, 4-di oxan, be_ﬁ‘%q%g , toluene, x or obenzene, di chl orobenzene,
I

, |
acetoni®ril e, nvgre#%hesa\@@%naim%ﬁaﬁ éﬁ’f&,ne preparafpfof 8qaMeRerid ok,

di net hyl a ' r Q)b L2 < Fgip-2- A5 one,
pyri di ne gﬁhﬂg\}aatd@w%ﬁ?%é urse cz' etfrbgg?@sem%ﬁﬁ@bf%r@rué gﬁabl y the
sol vent is sellact prkféfredehitodiment) tiseogdlishtion isotarfied @0 n thé-presence of a

propanol, a secondarg or tertiary (JQerr]-Cferr] alkanol, a (Jerr]-(err]
cycl oal karfise, spreéerablyrip a solventcppiienallyjin the prepensaiok Aydiogea paroxideana or

Grerr] b ERTEREe sPoBhl i ioRe: Wikle RécdssatnduiiRlon ir fitaekion
tetrahygr ghihag, 20 1, 4-di oxan, toluene, xylene, chlorobenzene,
1, 2-di chl orobenzene, acetonitrile, di met hyl sul phoxi de, sul phol ane,
di met hyl f or narA deitable feiskyhay beslelatited froonthe group cppsisting ef amdetahsealt of and
m xtures tah(eJr-eC(T; alkanol , a C;-C,; cycloalkanoal, a (C;-Cg cycloalkyl)C,-Cq alkanol,
ammonia, a C4-C,, alkylamine, a di(C4-C;, alkyl)amine, a C5-Cg cycloalkylamine, a
N-(C53-C; cycloalkyl)-N-(C4-C,, alkyl)amine, a di(C,-Csg cycloalkyl)amine, a (C5-Cs
15 cycloalkyl)C,-C4 alkylamine, a N-(C3-C4 cycloalkyl)C,-Cg alkyl-N-(C,-C,,
alkyl)aminé, a N-.(Cs-Ca cycloalkyl)C4-Cg alkyl-N~(C;-Cg cycloalkyl)amine, a di[(C,-
Cg cycloalkyl)C,-Cq alkyllamine and a heterocyclic amine selected frorh the group
consisting of imidazole, triazole, pyrrolidine, piperidine, heptamethyleneimine, |
morpholine, thiomorpholine and a 1-(C4-C, élkyl)piperazine; a metal hydride,
20 fluoride, hydroxide, oxide, carbonate and bicarbonate; wherein the metal is
selected from the group consisting of lithium, sodium, potassium, rubidium,
cesium, beryllium, magnesium, calcium, strontium, bariﬁm, aluminium, indium,
thallium, titanium, zirconium, cobalt, copper, silver, zinc, cédmiu.m, mercury and
cerium.; and a C;-C,, bicyclic amidine. " -

25 Preferably the base is selected from the group consisting of an alkali or



Further preferred features are that the quantity of base enployed is from
0o - to 5.0 nol ecul ar equivalents and that the reaction is carried out
: at from50 to 25 170C for from3 to 170 hours. In a nore

- preferred process the base is selected fromthe group consisting of

the lithium sodiumand potassiumsalts of a Clerr]-Cerr] alkanol, a
~derr]-Cerr] cycloal kanol - ammoni &~ cycl ohexyl ani ne and

hyl he h f |
o AR A A M GO sl LB oo sadiimand o
fromthe ghelaIgaS|-8idnarRfl; & ARG Mmetd! $4 éf AhmmoRlLE - (gé&fr{dlaq%f:ohol a

tertiary

CLer r] - C dertiarg Cot@gpaikpihd-(prirsanyabgehratany antertiany- %GgatkylaaWrm;@t(bﬁCgr ile,
the reaction

rr out a 60 to Candthe antit
o e oiepigplkyarging, SN+ Ce Gagyolon kv)zﬁszwaﬁefcaPa?n@ b eAntrC g e Y

Even nore X dyi g@'ﬁﬁ e
group consa?{ |ﬁ%'ﬁ§f tdﬁ(ecac(f{)sersri-%sejéri'ﬁgl ox| de an%'bﬁy%%egngg“r[ gkgp
lithium siiciline exrth metal hyﬂﬁﬁ@smdmxxdaomdbdcarbenatemﬁdcweiammé ande and
cesium carbonate; the sol vent | s selected fromthe _group consisting

of et hanodiazabigycinié 3.0lnoarf-ena @agHoS- dlalzablcycb[S Aediugdes éasigexanol |

t et r ahydr of ur 1. 4-di pxan; s 10. .con for from
3 to 60 hours A'siitkibie ‘solven m&grt}q %ﬂ?éﬁ?ﬁ%ﬁﬁeﬁ%@& nsisking gta q‘? {:hgﬂz wher ei n
the bage fiahl,arted,f cpBlobik@nol, a(CEICP)U@W@I)@,LOBQaREnéPQ'G'”CEt hoxi de,
sodi um t - but oxi de po assi um t - but oxi de and sodi um hydr% d and the
sol vent | slkaploaet acc.,f-cqmytcﬂmllgﬂnnm adbsCsd alhyj siferet t%cdmhethbxyethane byganol ,
t-anyl (ﬁohol and tet fura n thgﬁabove definitions,

unl ess ot AGHPetane. Q'Y tﬁnyd&éﬁ{' c?r'4‘6’i9:3‘la8a fg#ene, tolugpagayirie.

b hed | b
ol at ed SgHRRARE 9%?&"%’8%%%%’}%ﬁ&Fm”‘éO?EﬂﬁWhﬁje'emﬁg? SRR nen
(1) is pranepdiibmmaniid, dirfetlylstetahide, Nymethylpierdlidin-2-oaki ppretditl2e

optionally prediluted reaction m xture, followed by collection of t he
produd® bone, pyrding endexatenancomixuesd h@fe@ﬁal crystal lisation thereof.

Preferably the solvent is selected from the group consisting of ethanol, 2-
propahol, a secondary or tertiary C4-C;, alkanol, a C,;-C,, cycloalkanol, a tertiary
C4-C,4, cycloalkanol, a secondary or tertiary (C;-C; cycloalkyl)C,-Cq alkanol, a C-
C, alkanone, 1,2-dimethoxyethane, 1,2-diethoxyethane, diglyme, tetrahydrofuran,

20 1,4-dioxan, toluene, xylene, chlorobenzene, 1,2-dichlorobenzene, acetonitrile,
dimethyl sulphoxide, sulpholane, dimethylformamide, N-methylpyrrolidin-2-one,
pyridine and water, and mixtures thereof. ,

F urtl'ier pre.ferred features are that the quantity of base employed is from 1.0
to 5.0 molecular equivalents and that the reaction is carried out at from 50 to

25 170°C for from 3 to 170 hours.

In a more preferred process the base is selected from the group consisting of
the lithium, sodium and potassium szlts of a C,-C,, alkanol, a C,-C,, cycloalkanal,
ammonia, cyclohexylamine and 1-methylpiperazine; the hydride salts of lithium,
sodium and potassium; cesium carbonate; and barium oxide; the solvent is

30 selected from the group consisting of ethanol, a tertiary C,-C,q alcohol, a tertiary



At erngtively, the conpound of fornula (1) nay be conveniently isolated
ard/ or  purified by standard chromat ographic procedures. The
conpound of formula (11) required for the preparation of the conpound 25
of formula (1) may be obtained by the route depicted in the foll ow.ng
reaction schenme usi ng conventional procedures. - 5-
SCHEME [err] -4- - 6-
Thus the c u ' hbor ] ation
of 2-et hoxyge Ny g’?%'%"c‘%ﬁ{"%tg‘?h(’{d@f“%ﬁﬁ r?? %@%ﬁﬁ%ﬁm l?’l ‘ﬁw?%?ﬁﬁ Yy,
(11'1) is agdeted out at fréma@D focEO5°Qoamdl the aquianitity of badwuinployadlis fregwi V. toof
t hi onyl chl oride and about 4 nol. 5 equivs. of chlorosul phonic acid,

whi | st nai diGmaleeulanequivalentson t enperature bel ow 25[err]C, the
reactio% is th al | owed %

o _continue at roomt erature untj)l copmpl ete.
Conver sifon of VG TE% HETED BAR SEFHIRIFR (E148 S ereatreirop te
to O R R oS 4 Ny aidfPadd BP0
of 1- potassium, sodamide, sodium cyclohexylamide and cesium carbonate; the solvent
is selected from the group consisting of ethanaol, t-butanol, t-amyl alcohol, 1-
methylcyclohexanol, tetrahydrofuran énd 1,4-dioxan; and the reaction is”
10 conducted for from 3 to 60 hours. |
A particularly preferred process is that wherein the base is selected from the
group consisting of sodium ethoxide, sodium t-butoxide, potassium t-butoxide and
sodium hydride; and the solvent is selected from the group consisting of ethanol, t-
butanol, t-amyl alcohol and tetrahydrofuran.
15 In the above definitions, unless otherwise stated, an alkyl chain or cycloalky!

ring may branched or unbranched.

The compound of formuia (I) may be isolated and purified by conventional
techniques. For example, when (1) is produced in the form of a salt, by
20 neutralisation of the optionally prediluted reaction mixture, followed by collection of
the product by filtration/extraction and optional crystallisation thereof.
Alternatively, the compound of formula (1) may be conveniently isolated
and/or puﬁﬂed b.y standard chromatographic procedures.
The compound of formula (1l) required for the preparation of the compound
25 of formula (1) may be obtained by the route depicted in the following reaction

scheme using conventional procedures.



10 ~qethylpiperazine are added to an aqueous sUspension of (1V) at about 1

S

D[err] C, whi | st maintaining the reaction tenperature below 20[err]C,
the tenperature of the resulting reaction mxture is then held at
about 10[err]C Alternatively, the quantity of 1- net hyl pi perazi ne can
be reduced to about 1.1 nol. equiv. by enploying about 1 nol. equiv.

of sodi um hydroxi de as auxiliary base. ¥ a two-step procedure, a 15
solution of (1V) in a suitable solve HeME acetone, is added to a m xture

of about a 10% excess of 1 -ne razi ne and about a 10% excess
of a suitablg agif acceptor, e.g. a ¢®ﬁﬁy?ry base such as
tri et hyl am ne? I'l'st nmaintaining the reaction nper at ure bel ow

20[err] C. When et hGPgMi ne i s enpl oyed as aps
i ntermedi ate hydroghl ori de-trigthiylamne doub 3
the 20 conpound. of) formula (VA), is isolated™ ki s salt may be transforned
to (V) by treatnent wwth water. A conveni ent alternative
route to (V) is to efploy a (err]-Clerr]-al kyl SQ.CI (\8t hoxybenzoat e
(obtai ned by conventional esterification of (l111)) as the

chl or osul phonyl ati on substrate, followed by treatnent of the resulting

sul phonyl 25 <chloride with 1-nethyl piperazine as described above, then

hdry 2base, an
It of (V), identified as

subsequent standard hydrol ysis of the ester group. Qther synthetic
options for obtaining (V) from” salicylic acid and its derivatives wl|
be apparent to the person skilled in the art. Coupl i ng of (V)
with the conpound of formufa (VII) may be achi eyed by any of the

pl et hora of am de bond-form ng reactions well known to those skilled in the
30 CH.CH.O ) CH,CH,0 -7- art.

For exanple, thie &prboxylic acid functi-on of ( IS ';§t of all activated
usi ng about & f&dess of a reagent su ,qk-

car bonyi di i m daz n a suitable® sol ve .g. ethyl acetate, at

from about room
the intermedi ate 1Y

perature to about 80[err]C foll owed by reaction of
i d ide with (VI1) at fromlabodt 20 to about
60[err] C. n he an@ngpyrazole (VI1) isS@plai naPCby co nti onal
reduction of the \_coy'respondi ng nitropyrazol e | , €e.g. USB%S

pal | adi um cat al ysed hydrogenation in (tﬁ?dH&ﬁFhﬁCﬁO|Vent such as et hyl
acetate. The resulting solution of (VIlI) may be

|

SO,

i CH, CH
. HNoC_ I HNOC. |\
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10. usgd directly, after filtration, in the coupling reaction with (V).

The cyclisation reaction of (l11) to provide the conpound of formula (1) has
been achieved in yields of up to 95% Thus the over-all yield of (1) based
on the benzoic acid derivative (I11) as starting material, depending
on whet her the one- step or two-step sul phonyl ation procedure i s used,
can be as high as 51.7%or 15 47. 8@6resﬁ%ctively. Thi s conpares very

bver BT Vi ol o ToHS B ERrERtt bR (b may be EreAsRATY oo o Vieligh,
(1'11) al soof asaummntbetadnaeu @Cthéi c@hipaundaofd@rrmmat(lwe TypiRalhe (Hﬁﬁ@%@&@&'

quantitatively therefrom i 6% In an alternative coOnparis
over-al | yfegqice-coolet r(ukjureazf@@ouhhmm equivophthionyl ehloxitie acdraboet asmbil gh

85.2%in_th tly,20. di whi | st th
G sl osBd FUE. & GeRsulphoie SGTcyRETm gm?a‘?r?@ﬁéma'r%ictpn)tgmp@%ty%??uiiv 23.1

% 25°C:$hedkh¥iddRtheh ré@o@qﬂeﬁ% RB3htiNGe %??e%gel%lta L:anh ‘ijete

her ei nbef ore can be consi derably nore e |C|en van age us than
that previ ousl @odversiarsefdVptudthe compdumd afcfermalil &) ésachieted byinne (11 ) (V)
and (VA) also form part of the invention Al ternativel t he

cycl i sat i otH!BhoRYlgtivmel hdﬂem%m@fame(ané mLaM be eanfystarting one-steg or twa-a (1)

b d
Tt o) oo ifiGeeilE REAAA I pPERiU, BB 5B auive of 11 .USnZh y
i n the1Qr epelvipipbrazisdbreatidéd & an aqnewﬁl@bép’ens}bri BE(IVY g686® -2

dehydrating 30 agent and/or nechanical water-renoval system e.g. a
Dean- St ar kWhilgianaintaining the reaction temperature below 20°C; the temperature of the

of 1,2 resulinsrchabunei s Bendii A abf il Fo MR dhe duanth ol "0
N met hyl pyq. bl gng[be%a RE cBRthe reduceBts Bbliflh - Ao RBuNARY o hg‘fqg%&mreof |
re I C sul

e SO vent s 1,2 | or obenzZene, ne or N
nret hyl pyr rbmcm equ’dv asfesodium hydroxide AS:amuﬂlaw bashehWa m/oampagmmemva' e

selected fromthe oup consisting o nhydr ous pot assi um car bonat e,
anhydr saoguéqqnﬁ &ybmggn a@gm\gse g. acetone is added to a mixture of about a

10% excess of 1-methylpiperazine and about a 10% excess of a suitable acid
acceptor, e.g. a tertiary base such as triethylamine, whilst maintaining the reaction
temperature below 20°C. When triethylamine is employed as auxiliary base, an
intermediate hydrochloride-triethylamine double salt of (V), identified as the

20 compound of formula (VA), is isolated. This salt may be transformed to (V) by
treatment with water.

A convenient alternative route to (V) is to employ a C,-C, alkyl 2-
ethoxyben‘zoate .(obtained by conventional esterification of (ll)) as the
chlorosulphonylation substrate, followed by treatment of the resuiting sulphonyl

25 chloride with 1-methylpiperazine as described aboVe, then subsequent standard
hydrolysis of the ester group. Other synthetic options for obtaining (V) from
salicylic acid and its derivatives will be apparent to the person skiiled in the art.

Coupling of (V) with the compound of formula (VIl) may be achieved by any
of the plethora of amide bond-forming reactions well known to those skilled in the

30



magnesi um sul phat e, anhydrous- sodi um sul phate, phosphorus pentoxide and 10

nol ecul ar si eves. Preferably the dehydrating agent is nol ecul ar
si eves. Preferably also, the reaction is carried out at from 180
to 220[err]C for fromO0.5 to 72 hours. Under acidic

conditions, the cyclisation is carried out by reaction of a 15 conpound of
formul a (II) wth a protic acid or Lewi s’-aci d, optionally in the

Prom the GibapoLe¥ERble, ihe sbgyic &'ﬁ*%oﬁ*ébno.fﬂvz 3 150G, A BRI B pon: o
acid, an wmﬁn@@%@@aegbea%agemcﬁras N,N'- 8BanpdiRid¥2eM inCa 8Gitshie 20

Pr ef erabl y the protic acid is concentrat ed sul phuric acid, phosphoric acid
or p &Qb\remnegu etiybacetata,iat from about roonntestparabire to abbst 825G may be

1 o o defoves By PeaetBrcok e e nere RrRraidegutt LYY a0t ko e,

silicon t o%?@b@d‘}.' de, silicon tetrabrom de, stannic chloride, stannic 25
brom de, phosphorus pentachl ori de, phosphorus pentabrom de, titanium

tetrafl uori deTHa ammdpmawle a¢inl |srubthmabletbayrnamenmnalnedmntldm offtRéri c
chloride, zinc oride, zinc chloride, nc brom de, zinc iodide,
mercuric &QFV@F’@@C"”MW){T@ZOIG (VDp e Sriuginapall aﬁm&ataéyse&dwmogenaﬂon in

P f bl I [

0 Ter s it RS toRefl ot 45 BANPAGSEIE | 16 16K 'ﬂrfdr%“ﬁ#“ B By ©' ' COn
Chl oritge ekedidictly, aﬁe?fﬂltﬁéitidiﬁ in the coupling reaction with '
-9- A suitable solvent may be sel ected rom t he

consi sting of ThAeGyshisgtion| reaction of(ll)atpma@\edeawecx@npqmrq@ffqr (lbgakane, a

) kanone: ”k[%mkqav%%'péry? 4$ o e SR TS e S rleieibh Baska dnthe
1, 2-di et h%rﬁéaeamw %Q('upra% sthﬁwgamﬁfgr@i,we%@ndﬂwg%mwaé%r theBrane,
ene oro enze .

t ol uene,

step or two-step sulphonylation procedure is used, can be as high as 51.7% or

15 47.8% respectively. This compares very favourably with the process disclosed in
EP-A-0463756 in which the over-all yield of (1) from 2-ethoxybenzoyl chloride (and
thus from (lll) also, assuming that the acid chloride derivative can be generated
quantitatively therefrom) is 27.6%. In an alternative comparison, the over-all yield
of (I) based on the nitropyrazole (V1) can be as high as 85.2% in the presently

20 disclosed process whilst, in the process disclosed in EP-A-0463756, the over-all
yield of (1) from (VI) is 23.1%.

Clearly then, the alternative process to (l) disclosed hereinbefore can be
cons-ideraﬁly mo.re efficient and advantageous than that previously disclosed, and
the intermediates of formulae (If), (V) and (VA) also form part of the invention.

25

Alternatively, the cyclisation of a compound of formula (ll) to a compound of
formula (1) may be conducted under neutral or acidic conditions.

Under neutral conditions, the compound of formula (1l) is heated, optionally
in the presence of a solvent and/or optionally in the presence of a dehydrating

30 agent and/or mechanical water-removal system, e.g. a Dean-Stark apparatus.



di chl orobenzene, nitrobenzene, dichioromethane, di br ononet hane, 1, 2-
i chl oroet hane, acetonitrile, dinethyl sul phoxide, sul phol ane,

di et hyl f or mam de, di met hyl acet am de, N-nethyl pyrrolidin-2-one and
pyfrolidin-2-one, and m xtures t hereof. 10 Preferably the
solvent is glacial acetic acid, tetrahydrofuran, 1,4-dioxan or

chl or obenzene. . Preferably also8-the reaction is carried out at

f 65 210 g f f 1.6 00 h .. 15 . Th
S;/(I’)l{n hesegoof t gsrur B%O%ﬁer{}?”%%f’tﬁ%??cfﬂ ?faﬁ‘dt“t%lrj@ég%’%FBPﬂém%PE%-zr hgr eto

are descri @i@mdrabérﬁ“z%n@leﬁﬁ\%??slLgiﬁfﬁé’ﬂ?cﬂ@ﬁsLﬁ’ﬂ%lfﬁéﬂ@fnﬁ’étg(}‘l???roﬂi&npﬁéﬁé ere

t he conpound of formul a was not 1solated an necessary
purified, pyreolidimi2dene, and mixturesfthevené det er mi ned, and reacti on m xtures
anal yseg, by quantitative thin r. chromat ogr aPhy (TLO), using Merck

. laye
silica gel 60 Predfe@diyihe 385“!"8I'%é@e@'ﬁﬁ%ﬁ%%zéﬂ'esﬁ‘ﬂlphi’?08815 Nrqueous anmni a
m Xt ures A , and/ or high performance liquid
chr omat og?@ﬁﬁy%ﬁ%@ryﬁfgﬁg G | son equi pnent . with a 15 cmreverse -

phase Cl18 col ussupabletddhytfatingagdeit PRasbéd eeieetatCiromitéig@bup consistihqapeous
acetonitrile: methanol m xtures as nobil e phases. [err] H Nucl ear

magnet i ¢ rafyies potavELT sadonateansydiss apsium sampnetesanhydrous Unity 300
ST uct ur ednegREsuET BfiptfteC sbRARES s8R SLBRhe Phpsai§rbBi e and
part s-a®r -fAbldehRf? sieves. downfiel d fromtetranet hyl silane using conventional
abbrevi ati ons for designation of significant peaks: e.g. s, singlet;
d, doubl et; t, Prefembittheqiehydeatingtagemt isheolexujarrgieves. nul ti plet; br,
P 28?0" 30 Preferabl‘gqfoﬁgno,ttggeg;gt%owig cg?r?erasq&t%_t ?q%@ﬁ@m@m% for from 0.5

to 72 hours. '

Under acidic conditions, the cyclisation is carried out by reaction of a
156 compound of formula (Il) with a protic acid or Lewis acid, optionally in the

presence of a solvent.

A suitable protic acid may be selected from the group consisting of an
inorganic acid, an organo-suiphonic acid, an organo-phosphonic acid and an
organo-carboxylic acid. '

20 Preferably the protic acid is concentrated sulphuric acid, phosphoric acid or
p-toluenesulphonic acid.

A suitable Lewis acid may be selected from the group consisting of boron
triﬂu‘oride,. boron. trichloride, boron tribromide, aluminium chloride, aluminium
bromide, silicon tetrachloride, silicon tetrabromide, stannic chloride, stannic

25 bromide, phosphorus pentachloride, phosphorus pentabromide, titanium
tetrafluoride, titanium tetrachloride, titanium tetrabromide, ferric chloride, zinc
fluoride, zinc chloride, zinc bromide, zinc iodide, mercuric chloride, mercuric
bromide and mercuric icdide. _

Preferably the Lewis acid is boron trifluoride, aluminium chioride, silicon

30 tetrachloride, stannic chloride, titanium tetrachleride, ferric chloride or zinc

chloride.



5- [ 2<Et hoxy- 5- (4- nethylplpera2|n 1 -yl sul ohonyl)phenyl]- 1

Anethyl 3-n-propyl-1,6- 5 dihydro-7H oyrazol o[ 4. 3-d] pyri m di n-7-one
EXAMPLE 1 Pot assiumt-butoxide (3.37 g, 0.030 nol) was added to
a‘'stirred suspension of the title conpound of Preparation 4 (12.32 g,
0.025 nol) in t-butanol (61 m) 10 and the resulting m xture heated under
reflux for 8 hours, then allowed to coof to roomtenperature. \Water

o o T et KRB BPvENE el SEBUle Pom3RL o lconsistidd 4L ©

speck-free fl ropw sé W

concent r at by & L0, %b]‘éaﬂ@n@ 62 3CY alkamoisaich, é@z &, atkanol TAE,-C,

preci pitated product was granul ated at pH = and 10[err]C for 1 hour,
col | ect ed aikarfdrie, r@.ﬁsfﬁ]g alleyl etheshb@- dmhweéha%d‘ disdaoxyedeans;acuum t o

give the tjtle co C. Found:

9 ve LI e ettt L Piaer, brpoe o DePe g hGEbE Gzen o
H, 6. 37, Ndjrghlgrjooé)eg&%% M&?Lﬁéé ??Igﬁ&bh‘]éthaﬁe Qﬂiﬁl%%ér))eth%nézﬁ 3t 1),

1. 73(2H h) br s), 2.76(2H,t), 2.88(4H br s),

4. 14( 3H, s)dicHlorbét?ahe)Jacetonitrile] difiéthyl sijiphdxigie( Qlulphjal,anezdlmatn}*lfdmm)'mdép
Anal ysis of the product by HPLC and gquantitativeTL di cated that clinical

qual i ty mslimethylaceiamises N-aisthylpga ligdt- @C‘?”%/af‘ﬁj@%frpﬁ@“r q0e. il mixtures
The yield l'?f cI | nical quality material can be increased to 95% by
conductiné " the cyclisation under nore concentrated conditions. 25

EXAMPES 2-5 preferably th&sbiVenitls glaeibi doetipacid] tetranpdrofirtnaj naddibyavari ati on
of the solvent, using procedures simlar to that described in Exanple

1, as sumchidrebenzenelabl e 1. As for Exanple 1, the reactions were

ond 5 whore A RrefRseb Al e raaRsEn. s PR ol i Tfy 65 1 TA°E Bl rbrtfERS ©° 2
300 hours.

15 The syntheses of the compound of formula (1) and the intermediates thereto
are described in the following Examp!es and Preparations. In cases where the
compound of formula (I) was not isolated and (if necessary) purified, the yields
thereof were determined, and reaction mixtures analysed, by quantitative thin
layer chromatography (TLC), using Merck silica gel 60 plates and

20 toluepe:methylated spirit:0880 aqueous ammonia mixtures as solvent systems,
and/or high performance liquid chromatography (HPLC), using Gilson equipment
with a 15 cm reverse phase C18 column and triethylamine:phosphoric acid buffer
in aqueoué acetsnitrile:methanol mixtures as mobile phases.

'H Nuclear magnetic resonance (NMR) spectra were recorded using a

25 Varian Unity 300 spectrometer and were in all cases consistent with the proposed

structures. Characteristic chemical shifts () are given in parts-per-million
downfield from tetramethylsilane using conventional abbreviations for designation
of significant peaks: e.g. s, singlet; d, doublet; t, triplet; q, quartet; h, hextet; m,
multiplet; br, broad. |

30 Room temperature means 20-25°C.



JABLE 1 REACTI ON EXAVPLE

*SOLVENT TI ME % YI ELD

( HOURS) 2 t-amyl al cohol 5 78

3 et hanol 9.5 83 4

t et rahydrof uran’ 32 81 5 1

- met hyl cycl ohexanol 4 -10-65 5

EXAMPLES 6-9 Clini cal qu%yft e 1ﬁhomas obt ai ned by variation of

t he sol vent and the base, usrn&J%ggg%d§¥Es—sinilar to that described in
Example 1, as summarised in Table 2. The reactions were carried out at
reflux tenperature, except in the case 10 of Exanple 9 where a tenperature

of 100[ er 5{Z:Eihsx\ehiilape ig ' Isulphonyl BIEE 2

REACTI . LE LE ASE . . SCLVENT TI ME %

Yl ELD ihvdro-7H-oyrazolo{4,3- rimidin-7-one ( HOURS) 6

sodi um t - but anol 10 86 et hoxi de 7
sodi um et hoxi de et hanol 7 82.5 8 sodi um
hydri de tetrahydrofuran 48 AMPIg2 1 9 cesi um '

t-anyl al cohol 17 71 car bonat e
v Potassium t-butoxide (3.37 g, 0.030 mol) was added to a stirred suspension

of the title compound of Preparation 4 (12.32 g, 0.025 mol) in t-butanol (61 ml)

10 and the resulting mixture heated under reflux for 8 hours, then allowed to cool to |
room temperature. Water (62.5 ml) was added and then the resulting solution
filtered into a speck-free flask and treated dropwise with a speck-free solution of
concentrated hydrochloric acid (2.3 ml) in water (62.5 ml). The precipitated
product was granulated at pH =7 and 10°C for 1 hour, collected by filtration,

15 washed with water and dried under vacuum to give the title compound (10.70 g,
90.2%) m.p. 189-190°C. Found: C,55.55; H,6.34; N,17.69. CyH3oNgO,S requires
C,55.68: H,6.37; N,17.71%. & (CD;SOCD;): 0.94(3H,1), 1.32(3H,t), 1.73(2H,h),
2.15(3H,s), 2.35(4H,br s), 2.76(2H,t), 2.88(4H,br s), 4.14(3H,s), 4.18(2H,q),
7.36(1H,d), 7.80(2H,m), 12.16(1H,br s).

20 Analysis of the product by HPLC and quantitativeTLC indicated that clinical
quality material had been obtained directly from the reaction.

The yield of clinical quality material can be increased to 895% by conducting

the ¢yclisation under more concentrated conditions.

25 XA ES 2-5
Clinical quality material was obtained by variation of the solvent, using
procedures similar to that described in Example 1, as summarised in Table 1. As
for Example 1, the reactions were carried out at reflux temperature, except in the

cases of Examples 2 and 5 where a temperature of 100°C was employed.



-12- EXAMPLE 10 C i ni cal
qual "ty material (88% was obtained by variation of the cation, using

a procedure sinmilar to that described in Exanple 1, when sodi umt-butoxi de
was 5 used as base and the reaction was conducted for 24 hours. .

EXAMPLE 1 1 Clinical quality material (71 %9 was obtai ned by
variation of the nolar ratio of basel- using a procedure simlar to

t hat described in Exanple 1, when potassiumt- 10 butoxide (5.0 nol.equiv.)
was used and the reaction was conduct SABME tef| ux tenperature for 18
hour s. EXAMPLE 12 Furt her
variation of the reaction conditions of Exanple 1, using 1.6 nol. 15 equiv.
of potassfumt=butoxidg (4.29 g, 0.040 mpl) REAGPI®N]C [ or 55 hours,

provi ded EXtAWPUEt | & corrpgérﬂq/E({\ﬁJ% of puritp g99% by HPLQ% W@LSLC

anal yses. MPLE 13

Title conpaund (87% of! purity >0Q04 by was 20

obt ai ned, | usi ng 2 procddur d-amyhialeghalo that desc?ibed in Exanpl @ 1, wheh
1,4- -oxaiwas—aged—as S\"}]I vcr.t atrdtire .chstiuu was—condteiet—at
100[err]d for 4 %hours. ethanc : MPLE 14

Title conpound (5% Of PUf; Tedpy HPLC and33LC anallyses wagq 25
obt ai ned, | usi ng a procqdure Fsa?%ar&zr to that described in Exanple 1, when
1,2- di met Ipxy et hgnemutisylopaichexansb| vent ardl the rdacti on 6@s
conduct ediLfor 30 QuUrS .

EXAMPLES 6-9
Clinical quality material was obtained by variation of the solvent and the
base, using procedures similar to that described in Exémple 1, as summarised in
Table 2. The reactions were carried out at reflux temperature, except in the case

10 of Example 9 where a temperature of 100°C was employed.

TABLE 2
REACTION
EXAMPLE BASE SOLVENT TIME % YIELD
. : (HOURS)
6 - +  sodium t-butanol 10 86
' ethoxide
7 sodium ethoxide ethanol 7 . 82.5
8 sodium hydride | tetrahydrofuran 48 84
9 cesium t-amyl! alcohol 17 71
carbonate -




-13: . ' EXAMPLE 15 Title

'icorrpound (83% of purity >99% by HPLC and TLC anal yses was obt ai ned,
using a procedure simlar to that described in Exanple 1, when 3, 7- 5

di'met hyl oct an- 3-ol was used as solvent and the reaction was conducted at
-100[err] C for 16 hours.

EXAMPLE 16 Titl e conpound (74%@-of purity >99% by HPLC and TLC
anal yses was 10 obtai ned, using a procedure simlar to that described in
Exanpl e 1, when sodi um n- decoxEJAMEBLE JOed as base, 1, 4-di oxan was

used as sol Ver&lmallga qua rr%gt%trth{bs% wag\%%té;ﬂggﬂg&%ﬂﬁﬁ@ %r}g'%c%t o]ncufsa‘%{gt 20

hours.

conpound @Er@geﬂbré)HHl tG %Y%@%cﬁf’é&rﬁﬂiﬁarﬁbfé ﬁWéﬁ@édMﬁﬁtm%utomd%b&é‘é ned

using a procedure sim ar to that described in Exanple 1,
sodanm @ waedusebzgsahdsiee regcliodiveasacondusted fal 24shaukvent and the reaction

was conducted at 100[err]C for 18 hours. 20

EXAMPLE 18 Title conpound (91% of purity >99%by H PLC and TLC
anal yses was obt ai ned, using agRARAECEHE simlar to that described in
Exanpl e 1, when sodi um cycl ohexylam de was used as base, 1, 4-dioxan

was used as sqtigddl q@@dtytrhetenal (7 1%6pwhs obtained by Nduatmd oﬁtheh&ﬁ[afrraﬂld:of or
6.5 hours. 25

Titl e combhasedusiagog prsicegure sinilaotwiha) deseibechin ﬁﬁﬁ‘ﬁ'ﬁé w@%n Rﬁt@sswm t-

10 butoxide (5.0 mol.equiv.) was used and the reaction was conducted at reflux

temperature for 18 hours.

EXAMPLE 12
Further variation of the reaction conditions of Example 1, using 1.6 mol.
15 equiv. of potassium t-butoxide (4.49 g, 0.040 mol) at 80°C for 55 hours, provided
the title compound (87%) of purity >99% by HPLC and TLC analyses.

EXAMPLE 13
Title compound (87%) of purity >99% by HPLC and TLC analyses was-
20 obtained, using a procedure similar to that described in Example 1, when 1,4-

dioxan was used as solvent and the reaction was conducted at 100°C for 4 hours.

E PLE 14
Title compound (85%) of purity >99% by HPLC and TLC analyses was
25 obtained, using a procedure similar to that described in Example 1, when 1,2-

dimethoxyethane was used as solvent and the reaction was conducted for 30

hours.



obt ai.ned, using a procedure similar to that described in Exanple 1, when

Fodi um 4- met hyl pi perazi de was used as base, 1, 4-dioxan was used as
solvent and the 30 reaction was conducted at 100[err]C for 8 hours.
- 14- EXAMPLES 20-21 Under

reaction conditions simlar to-those described in Exanple 1, the use of
sodi um net hoxi de i n net hanol for 32 howlg-furnished a four-conponent

m xture 5 fromwhich the title conpound was isolated in a chronmatographed
yield of 34.5% whi | st the use&ﬁ%&é—s@ um t - but oxi de in nethanol for

. 40 hours affor r o L: ' by T and , NVR
spect roscopi cﬁ%Fé@@ggqgg%éﬁ)%g%w%ﬁs |/° t@ELC dnd ;&él%a&se@%@%f t he
title compbtaifled, uéi_ﬂ? a procedure similar to that described in Example*\\Viidn %2/-
Under reaction conditions simlar to those described in Exanple 1, the use
of S pdimethiviontaniSuolonasiesed aasoMend ésddhevedntionsuép hord utted st 1009 err] C
for 50 hoyrs af forded a crude product (88% w. yield) which, by TLC
and HPLC #9fal6 beurs. contai ned an estimated yield of 24%of the title
conpound. 15 _ EXAMPLE 23
Under reaction conditions simlar to those described in Exanple 1, the use
of magnesi um et hoxi de in pyri deEKAMRLE 8l ux tenperature for 96 hours
gave a crude product (79% wt . which, by TLC and HPLC anal yses,

ield
contai ned an Tdleceompaved ({4%) af BErY/ER3%h byHPLE ard Bdanaivses was
EXAMP 2 . . d f.] i L th d ri bed
o 0 Botpined wsing B1BEAGRAL: (ERRL beSibel MEBnAI { VR Sl o
et hanol ) hidcoidad wak ¢RBa astbask, AM-8idxan WS used as solvent and the reaction

" "~ was conducted at 100°C for 20 hours.

EXAMPLE 17
15 Title compound (85%) of purity >89% by HPLC and TLC analyses was
obtained, using a procedure similar to that described in Example 1, when
sodamide was used as base, 1,4-dioxan was used as solvent and the reaction

was conducted at 100°C for 18 hours.

20 EXAMPLE 18
Title compound (91%) of purity >99% by HPLC and TLC analyses was
obtained, using a procedure similar to that described in Example 1, when sodium
cyclohexylamide was used as base, 1,4-dioxan was used as solvent and the
reaction was conducted at 100°C for 6.5 hours.
25
EXAMPLE 19
Title compound (84%) of purity >99% by HPLC and TLC analyses was
obtained, using a procedure similar to that described in Example 1, when scdium
4-methylpiperazide was used as base, 1,4-dioxan was used as solvent and the

30 reaction was conducted at 100°C for 8 hours.



25 20 hours provided a crude product (76.5%w . yield) which, by TLC and
HPLC anal yses, contained an estimated yield of 75.5%of the title
conpound. EXAMPLE 25

Under reaction conditions similar to those described in Exanple 1, the use
of 30 titanium ethoxide in pyridine at 100[err]C for 90 hours furm shed a

crude product (82% W . yield) whichl4by TLC and HPLC anal yses,
contai ned an estimted yield of Swt itle conmpound.
EXAMPLE 26 Under react ‘) simlar to those described

i n Exanple 1, rre C
for 98mﬁours af rgé gcﬁagncc%ndétl%r?éégml?r?%g@ébsﬁ sbﬁb@d”l'd ék &fﬂéﬂth%(us% 6f1“-c

and HPLC zsndiwaelsethomdtaam mesthanoldfst BRorids mrmbtled)fa four-comb&ném wixtilee title
conpou

Under %aé"ﬁ”&ﬂ""é@hﬁ]qﬁ'%%o@PPr‘i‘W‘%Wa%s?'ﬁ@e’“(fegypm?éﬂgraﬁhega\/ﬂﬁwé’f@4 &%e use

cr ude pr o0uIEt e (e bt BtESKLAT GRS B REnBol Er B Hours afbrdad iyt © °

(due to almlmune WhisHE !By TLC an@mmps@dtmnbpneﬁnamtewcamtainédoén esfimafed he

title conpoun EXAMPLE 28 15
Under readteﬂfﬂ)ﬁlf683(@Df'ﬁh@rtgles¢qmp%l-ﬂndo those described in Exanple 1, the use
of atotal of 3.6 nol. equiv. (1.2 nol. equiv. added in three stages)
of lithium di i sopropylam de (as a 1.5M solution of the

mono( 4@t r ahydr of uran) conplex in XAMEIppgxane) in anhydrous 1
,4-dioxan, initially at O[err]C for m nutes, then at room

Under reaction condifions similar to those described in Example 1, the use of
potassium t-butoxide in anhydrous dimethyl sulphoxide at 100°C for 50 hours
afforded a crude product (88% wt. yield) which, by TLC and HPLC analyses,
contained an estimated yield of 24% of the title compound.

15
EXAMPLE 23

Under reaction conditions similar to those described in Example 1, the use of
magnesium ethoxide in pyridine at reflux temperature for 96 hours gave a crude
product (79% wt. yield) Which, by TLC and HPLC analyses, contained an

20 estimated yield of 16% of the title compound.

‘ o EXAMPLE 24
" Under reaction conditions similar to those described in Example 1, the use of
barium ethoxide (as a 10% w/v solution in ethanol) in t-amyl alcohol at 100°C for
25 20 hours provided a crude product (76.5% wt. yield) which, by TLC and HPLC

analyses, contained an estimated yield of 75.5% of the title compound.

EXAMPLE 25
Under reaction conditicns similar to those descrited in Example 1, the use of
30 titanium ethoxide in pyridine at 100°C for 90 hours furnished a crude product (82%
wi. yield) which, by TLC and HFLC analyses, contained an estimated yield of 32%

of the title compound.



tenperature for 1 hour and subsequently at 100[err]C for a total of 140
Rours, 20 furnished a crude product (60.5%w. yield) which, by TLC and
HPLC anal yses, contained an estimated yield of 55.5%of the title
conpound. EXAMPLE 29 .
Under reaction conditions simlar to those described in Exanple 1, the use
of 25 2.0 nol.equiv. of 1,8-diazabicycr6P5.4.0]undec-7-ene in pyridine at

100[err]C for 44 hours aff ordegxgwgqggsproduct (6.5% w. yield)

whi ch, by TLC and HPLC anal yses? ed an estimated yield of 3.3%
of the title aon@er@dction conditions similar to those described in Example 1, the use of
-16- EXAMPLE 30 ' Under

reacti on caupdictétbaxideiimpyadine at 1R0%C fore¥® howsdafiondetk amplide produws (88 8%of
potassium flupride ip - | al ¢ | at 1 00[ert]C for 44 hours gave a
P ude: 18 oot bedwpigobud Loyarel L Atlysas, Conersnnpebmains yokest

cont ai ned Sidamt j of 3.5% of the title conpound.
EXAMPLE- 311%?5% 6ftﬁ§tﬁl@£ﬁ'&}%ﬂ%si um hydroxi de pellets (3.96 g, 0.06 nol)

were added to a stirred 10 suspension of the title conmpound of Preparation

4 (9.85 g, 0.02 nol) in ethanol 230 mgi foll owed by the addition of

water (30 m) which produced a cle . The reaction m xture

Fanoved by ovasidrisean St diRh b B8 gbSGi b Sl 1ithe yfE S
was didgit egtmididmWatiedutéide T pyridihé aPhoeel wrtr2chd s Gaysierudicl grbgugul phuri c

acid and 15 the precipitated product granulated for 30 mnutes. The solid
was col | esthéch,thy TLC arfd HPLE&tanalysesastmtdinedt hmsxtreuma(dde do isbmimiua isaitacuum

t id dyct. (7,96 ), 6. 40 whi ch hoer oy ERLC
(0 Pr v 92 BPEL) (90 i oeedlol ot Cthp Sovn. Y L

EXAMPLE 28
15 Under reaction conditions similar to those described in Example 1, the use of
a total of 3.6 mol. equiv. (1.2 mol. equiv. added in three stages) of lithium
diisopropylamide (as a 1.5M solution of the mono(tetrahydrofurgn) ‘complex in
cyclohexane) in anhydrous 1,4-dioxan, initially at 0°C for 15 minutes, then at room
temperature for 1 hour and subsequently at 100°C for a total of 140 hours,
20 furnished a crude product (60.5% wt. yield) which, by TLC and HPLC analyses,

contained an estimated yield of §5.5% of the title compound.

E PLE 2
Under reaction conditions similar to those described in Example 1, the use of
25 2.0 mol.equiv. of 1,8-diazabicyclo[5.4.0]Jundec-7-ene in pyridine at 100°C for 44
hours afforded a crude product (6.5% wit. yield) which, by TLC and HPLC

analyses, contained an estimated yield of 3.3% of the title compound.



EXAVPLES 32-34 20 Under reaction conditions simlar to those described
Fn Exanple 1, the use of barium oxide in acetonitrile at refl ux
tenperature for 52 hours gave the title conmpound (89% of purity >99%
by HPLC and TLC anal yses. Repetition using dinmethylformam de as
solvent at 100[err]C for 31 hours provi ded a crude product (75.5% w .
yi el d) which, by TLC and HPLC anal yses,-1856 contai ned an estinmated yield of

54% of the title conpound. Furt her repetition using pyridine as
solvent at 100[err]C for 16 hours fﬁf—&m crude product which, by

TLC and HPLC 0 Qﬁg . rpumesalt o
cont ami nat i on)eunﬁé 83 uogw §‘Brzcl QB@?)‘&* Eé‘#ﬂf{égfﬁ@e%b%é%ﬂale fth& use of
-17- potassium ﬂuonde in t-amyl alcohol at 100°C. foF4AMRJrs 3ave a crude prodider

reaction conditions simlar to those described in Exanple 1, the use of

cesi umﬁ:ar(Bﬁ?rfawé weid)tlwmghhby gékt and PlRiKeanalgses; icontaibed gh dséitmted yisld 1
OO[err]Cf % h?grs afforged a crude product (18.5% w . yield) which,
by TLC an® QP?_ of the ti@ PJIPOUNAc ont aj ned an estimated yield of 13%of the
title conpound. EXAMPLE 36

Under reaction conditions simlar to those described in Exanple 1, the use
of 10 potassi um bi carbonate in t- am at 100[err]C for 115 hour s

gave a crude éjproduct (82.5%w. yield TLC and HPLC
anal yses, conBfmE@tagsium hyd@é‘ﬂ‘i@rﬁ?'@isﬁ@ﬁcﬂ @fOGZM)dNe’E%%dQQCHOea shirpdund.

w8 ol o Vo OB o ATF A ol e, ™

al | oved t p3G64) fbnbw&pﬂ}:tmednﬂéu oBwater (GOTHI?WH produdeg aEestsdIuNGs.
di ssol ved 'in dichloro hane m ) and then
The reaction mixture was heated under reflux for 5 hours and then the bulk of the
ethanol removed by evaporation under reduced pressure. The resulting mixture
was diluted with water (60 ml), its pH adjusted to 7 using dilute sulphuric acid and
15 the precipitated product granulated for 30 minutes. The solid was collected by
filtration, washed with water and dried under vacuum to provide a product (7.96 g),

96.4% of which was shown, by HPLC analysis, to be the title compound.

XAMPLES 32-34
20 Under reaction conditions similar to those described in Example 1, the use of
barium oxide in acetonitrile at reflux temperature for 52 hours gave the title
compound (89%) of purity >99% by HPLC and TLC analyses.
' Repetition using dimethylformamide as solvent at 100°C for 31 hours
provided a crude product (75.5% wt. yield) which, by TLC and HPLC analyses,
25 contained an estimated yield of 54% of the title compound.
Further repetition using pyridine as solvent at 100°C for 16 hours furnished a
crude product which, by TLC and HPLC analyses, contained a maximum (due to

barium salt contamination) estimated yield of 80% of the title compound.



purified by chronatography on silica gel, using increasingly polar mxtures
rof - nmet hanol in dichl oronethane as eluant Evapor ati on under vacuum of
the 20 appropriate single conponent fractions provided the pure (by [err]H
nir anal ysi s) title conpound (1 76 g, 14.8%, whilst a batch of |ess
pure title conpound (0.87 g, Ai was obtained from further
fractions. Further chronatographlc proc 55|ng of the latter gave an

addi tional quantity (0.48 g) of purEZAMF*LE ggnpound, the total yield
being 2.24 g, 18.8% 25 EXAMPLES 38-40

A stirred m xUpderpéadtion ddddhtﬁ:r@cumﬂantb mbsé’ldepemtaéd Exaraple. B2hg use.di25
nol ) and 1, 2-di chl orobenzene was heated under reflux for 72

hours. Theesium carbonsts lﬁlg4-mﬁtky|9¢6tﬁﬁ' Zﬁéét(mﬁh%'%@m@ Kedeng)|at JWEECter cool |

L e e 30 SRl QTR0 50 Aod0f A GRRH, PYREOA R BT
oi | (17. 5énﬁ%{se§8%&%%r@%dan Pest ¥eatlyi eld of13%ofthetutleccﬁﬁﬁbmd material of

whi ch was LC ana yses to be the title conpound.
Repetition using suI phol ane as sol vent at about 205[err]C for 5 hours

provided a 5 crude product (14%§! eﬂ E!gg whi ch, by TLC and HPLC
anal yses, contained an esti mat f 12% of the title conpound.
Furt her repet

D05 D0y er 1y CUngEP reeds QiRioRS fiacty Hlode Bseamanonkaiie fine use of

whi chqgby pdidesitg b'ii'.%‘fﬁbnate m@-@ﬂ*l;b!%mhoﬂlaﬂﬂ@ﬂ)q@%raﬂsaﬁurﬁ@heé aydratid Of 6. 5%
of the ti PI e conpound. 10 EXAMPLE 41

Under r eaptaduct (BR8P wangeld) wiicy, byd ihepd HR(E enalyges rcaptainp@rss, except
that the reaction was cog c%t ed or 24 hoars in the presence of 4A
mol ecul ar estimatag gldsof 20% gt Jag fi l%&ﬂF‘é’ioHP g product was obtained, 6.0% of
t he sol vent-excluded 15 material of which was shown, by HPLC analysis, to
be the title compound.

XAMPLE 37

15 The title compound of Preparation 4 (12.32 g, 0.025 mol) was heated at 213-
220°C for 40 minutes and the resulting melt allowed to cool to room temperature.
The tarry crude product was dissolved in dichloromethane (25 mi) and then
purified by chromatography on silica gel, using increasingly polar mixtures of
methano.l in dichloromethane as eluant. Evaporation under vacuum of the

20 appropriate single component fractions provided the pure (by 'H nmr analysis)
title compound (1.76 g, 14.8%), whilst a batch of less pure titte compound (0.8__7 g,
7.3 %) was obtained from further fractions. Further chromatographic processing -
of the lattér gavé an additional quantity (0.48 g) of pure title compound, the total
yield being 2.24 g, 18.8%.

25

EXAMPLES 38-40
A stirred mixture of the title compound of Preparation 4 (12.32 g, 0.025 miol)

and 1,2-dichlorobenzene (61 ml) was heated under reflux for 72 hours. The
resulting dark brown reaction mixture was allowed to cool, diluted with

30 dichloromethane (60 mi) and fittered. Evaporation under reducsd pressure cf the

filtrate gave a solvent—cohtaining dark brown oil (17.51 g), 28.2% of the scivent-



EXAVPLE 42 Concentrated sul phuric acid (1.0 m, 1.84 g, 18.75
fmol ) "was added to a stirred suspension of - the title conpound of
Preparation 4 (12.32 g, 0.025 nol) in 20 chl orobenzene (61 nm) and then the
resulting m xture heated until solvent began to distil out. Wen the
distillate was no | onger cloudy (after collection of ca. 20 m), the
reaction m xture was allowed to cool tof8omtenperature and a further
gquantity (20 m ) of chlorobenzene added before it was heated under refl ux

for 20 = exchsigdmaterial @dwhichewas sbawni RY L& apd HPLSagralys®s, o be the title

di chl or oneg OO0 M) to 25 forma solution, followed by water (100
m). The”&q@oeqrfé resulting mxture was adjusted to 7 using 5M

aqueous sodi URpiitioNi kg SlilghbRAe dd'edlvéMtaatFBaN26e5°C for PHAFE ﬁ&ﬂ’a‘égfﬁggé

conbined with a dichloronethane extract (50 m) of the aqueous
and evdporcavdsl prodiet (14%uet digid)essicheby dLCuand BRLE amdlysks( 8ohthindd ah. 5% of

v ch VS Ml Pl 5 £2AE S e oSl e e orPound 0
Co d ' hd,d LS. d
stirred sorut RS reter s Sl o TR e AR

in gl aci al3 hduragrévidedd ctutid brodictdnd. sobhevtr wieldh Whidh, ByXtLCE andeftiad at
100[err]C for 115 hours. The sol vent was renoved by evaporation under

reduced pesshses, confainedsanigstimated yigldeafi6. d¥eef theititla coolpsend. (2 x 50 m)
and tg% resulting oil (10.5 g) shaken with water (60 m) to give a
crystalline solid which was coll ected, washed with water (10 M) and

dried. This crop (2.03 g) was COWi%?M’P‘EE&‘.Q second crop (3.48g) 10
obt ai ned by neutralisation of the fiT{rate wth 20% aqueous sodi um

hydr oxi de Undier neaciion dariditinpsdcsitmjlacta these idescrivexdsini Exxaraple 38, \6xogpas
before, tg provide the crude rodHct (5.51 whi ch, by TLC and HPLC
anal yses, tnﬁfﬁh%ifﬂ%@‘%wﬁppﬁﬁ%"éédyf‘g@ﬂ ours indhe pisgancetqidA inplesul&npound.

sieves, a solvent-containing product was obtained, 6.0% of the solvent-excluded

15 material of which was shown, by HPLC analysis, to be the title compound.

EXAMPLE 42
Concentrated sulphuric acid (1.0 ml, 1.84 g, 18.75 mmol) was added to a
stirred suspension of the title compound of Preparation 4 (12.32 g, 0.025 mol) in
20 chlorobenzene (61 mi) and then the resulting mixture heated until solvent began
to distil out. When the distillate was no longer cloudy (after collection of ca. 20
mi), the reaction mixture was allowed to cool to room temperature and a further
quantity (20 ml) of chlorobenzene added before it was heated under reflux for 20
hours. The cool reaction mixture was treated with dichloromethane (100 mi) to
25 form a solution, followed by water (100 ml). The pH of the resuiting mixture was
adjusted to 7 using 5M aqueous sodium hydroxide solution, then the organic
phase separated, combined with a dichloromethane extract (50 ml) of the aqueous
phase and evaporated under reduced bressure to furnish a solid (.51 g), 5.5% of
which was shown, by HPLC analysis, to be the title compound.
30



15 °, ~ EXAMPLE 44 A stirred
*m xture of the title conpound of Preparation 4 (6.16 g, 12.5 mol) and
gl acial acetic acid (31 m) was heated at 100[err]C for 7 hours and the
resul ting solution allowed to cool. TLC analysis of the reaction

m xture showed t hat none of the title conpound was present at this
stage. 20 85% Aqueous phosphoric at¥-d sol ution (0.5 mM) was added and

the resulting m xture heated %X%WLgE%C’ intermttently, for a total

of 300 hours, then evaporated ced:pressure. The residue was

"azeotroped" WdreehfhteRNSuigHSHc acid (10SaRVE1LY, 18 ¥irenolf Asrdddedttben the pH
of the stirred aqueous solution adjusted to i th 20% aqueous sodi um

hydr oxi de sﬁUEdIts:ohﬂi.ong.tfithe titlg gmoﬁﬁﬁtqf rﬂi@aﬂaéiiraﬂn ad é@vgga Jr& ,mmzléin glasial

i pi | , itk 0 o AL,
o Bef R T SR IRe e ek el b 3005 G AREES. e ang
HPLC | sBRBY R88reft QLA L) apbrdiith dRidtFediccbrbsdel fidfeddigatitie

conpound.

stirred maddstped” withabluenesaixsonilcard thie resaling dilat6.5 §) sHaken WitlH30 nol )
and chl orobenzene (100 m) was heated under reflux until all the water had
been water (60 ml) to give a crystalline solid which was collected, washedyjth water

d, ' -Stark t : " :
Ferper at uf 0 ) Sne aRge “rPia e bR TR os et SRt 2608 oidp (28860 o
was a%edoegﬂné@sg neutrali$2ft dfQRe Mitieite Withs20% reiedns ebdiveh hydrdxide 24 hours,
then allowed to cbdol. To the 5 resulting m xture was added

di chl or onsblution, {dHoWediby colléctien, evastinmand drying aspiefore, to pegyidaiiheserudet o 7
S B R e L SR B, E05efatl et
Z)ﬂﬂeiﬂipﬁrﬁﬁﬁé‘% I e CCcir e To affard an of f-vhi te solid (24.86
)
15 ~ EXAMPLE 44
A stirred mixture of the title compound of Preparation 4 (6.16 g, 12.5 mmoi)
and glacial acetic acid (31 mi) was heated at 100°C for 7 hours and the resulting
solution allowed to cool. TLC analysis of the reaction mixture showed that none of
the title compound was present at this stage.
20 85% Agueous phosphoric acid solution (0.5 mi) was added and the resulting
mixture heated at 100°C, intermittently, for a total of 300 hours, then evaporated
under reduced pressure. The residue was “azeotroped” with toluene and
dissolved ‘in watc.ar (50 ml), then the pH of the stirred aqueous solution adjusted to
7 with 20% aqueous sodium hydroxide solution. Stirring was continued for 2
25 hours, then the precipitate collected, washed with water (20 ml) and dried under
vacuum at 50°C, to give the crude product (5.21 g) which, by TLC and HPLC

analyses, contained an estimated yield of 9.1% of the title compound.

EXAMPLE 45
30 A stirred mixture of p-toluenesulphonic acid mondhydrate (5.71 g, 0.030 mol)

and chlorobenzene (100 mi) was heated under reflux until all the water had been



10 7.3% of which was shown, by TLC and HPLC anal yses, to be the title
tompound. EXAMPLE 46
Titaniumtetrachloride (3.3 m, 5.69 g, 0.030 nol) was added to a stirred
suspension of the title conpound of Preparation 4 (12.32 g, 0.025 nol) in
15 anhydrous 1, 4-dioxan (61 m), durigg whi ch vi gorous evol ution of a gas
was not ed. The stirred reaction Qture was heated at about 70[err]C

for 7.5 hours, gl | owed bo cool tdothr o%r}? teggerat r@e and t hen treated
with wat e SY6Int§Ng HOEBHALAT AR @nd then 3lowed ih corl © reomiteraperatyre o
give a cl egy, | , i 3 645 els oM Lchi met hane
and its pH gd?tﬁasﬁﬁa?gnfigﬁﬁﬁrﬁé%%ggueous@odwmvya? ggfjgg%glgqhgol ution;
it was theeastionr midufeostiriddl omdertrefuafa 24 soyrs| thentdliewesaidiousictd Thdhéd usi ng
5M hydrochl ori.c acid. The preci sre

)i t at d by filtrati d hed
with 5 TesHng myxitre Miss qdsed %*dgfﬁeny?f%faﬁsr(%@')ﬁ%%ﬁ%@rr &pbﬁﬁaf %m“ﬁzni .

hi . , i ed
Under P sa B pdusted 55 o M BBicads SodfitiiRfokte salbnl Bl BHOBIRANE o
shown, by pﬁb%@é@al’ﬁé@aﬁﬂéﬂd{ﬁtﬁﬁed WithZbdieBldrbmethdriecearam 400 mi) of the

EXAMPLES 47- Under reaction conditions simlar to those
descri bed aqneguappree 4G hetapebined ofganiaphasrs weraweashed mithouaten (6@ i) n

Table 3. apLeLnaiue, er aficla euirdsY M IR RMRRELSH 1aghan) O 1TU

[éWBLE ﬁAJCl 7.3% of which was shown, by TLC and HPLC analyses, to EbLé[:)%Qﬁle%mpWLE
( HOURS) 47 BF[ err] t et rahydr of ur an 72 7.0
EXAMPLE 46
Titanium tetrachloride (3.3 ml, 5.69 g, 0.030 mol) was added to a stirred
suspension of the title compound of Preparation'4 (12.32 g, 0.025 mol) in
15 anhydfous 1,4-dioxan (61 ml), during which vigorous evolution of a gas was noted.
The stirred reaction mixture was heated at about 70°C for 7.5 hours, allowed to
cool to room temperature and then treated with water (200 mi) and concentrated
hydrochloric acid (50 ml) to give a clear solution. The solution was washed with
dichloromethane and its pH adjusted to 12 using 40% aqueous sodium hydroxide '
20 solution; it was then stirred for 10 minutes and its pH further adjusted to 7 using
5M hydroéhloric acid. The precipitate was removed by fiitration and washed with
dichlorom_ethane; (2 x 200 mi), then the combined dichioromethane washings were
used to extract the aqueous filtrate and evaporated under reduced pressure to -
give a solid (11.36 g), 33.7% of which was shown, by TLC and HPLC analyses, to

25 be the title compound.

EXAMPLES 47-52
Under reaction conditions similar to those described.in Example 46, the

variations of which are summarised in Table 3, aiternative Lewis acids provided

30 the corrected yields of titte compcund shown.



48 Al C[err] 1, 4- di oxan 30 7.8 49

FeCl[err] t et rahydr of uran 24 6.3 50

Znd [err] t et rahydr of ur an 72 2.8 51

SiC[err] 1, 4- di oxan 44 20.5 52 _
Snd [err] 1, 4- di oxan : 48 30.8 * as the diethyl
et herate -21- o -22-
PREPARATI ON 1 5- Chl or osul phonyl%g%%vbenzoi c acid '

Mol ten 2-et hoxybenzoic acid (25.0 g, |) was added to a stirred,

i ce- S| cool'ed mXxture of thionyl chloride (11 RTEAdﬁ@ﬁl mol ) and

chl orosull pheghgpiced | | ewid Ak 1. s%:@?égﬁ‘n') | Nt 29Ny g f he
t enper at yre of the repct1 on m xt ur Ll@flj The resultl ng
Iaru

m xt ur e rnnmfnwnnv afao aRd—-then pnu]r ed
i r'red4

into a s i xturle of?%ﬁ (27( Tﬁt}'alé@hﬁ?@r (60 Fr?) to [give &R

of f - whi t g prec tatey Ty V\klb o) d—fior—t o the—t uct
was 10 ol |l ec z%gj filt AFH va Héﬂa\[ﬂ% wat er a%%) dried unMum
to provi fle Theqg Tl il eF@@TfPOUﬂﬁﬂtﬁﬁhﬁﬁoﬁ)ran ref'epgnce sanpl €5 3m p.

=31

115-116[err] C._was obftai ned by crystallisdtion from hdxane:tol uenel
Found: C{41.02%0H, 3.27. ClZeQlj H el t¢iCalydrofiranriequi ré2 C, 402.84;

H, 3. 43% [ferr] ((‘I’Y‘anjr}_\r' 1. 64(8H t3 4. A5 2K )7 26(1 1H d) 8 20(]

H, dd), 8 E'Bb( 1 H BiCl, 1,4fdloxan 44 205
PREPARATFON—2 Et-ho ety mietazim=ti= un plrunyn enrzote—aci d
(a): onetstep %%ocedq SﬁC‘L 1*!\7&9@1@??& per azi n% (33.4d .3@ % njol )

was added TO a stirred suspension.Z20 of the tI1tle conpoun or Preparati on
1 (34.4 g, 0.130 nmol) in water (124 m) at about 1 O[err]C, whil st
mai nt ai ni hgs the diesthylethérate of the reaction mxture bel ow 20[err] C.
The resulting solution was cooled to about 10[err]C and, after 5 m nutes,



crystallisation of a solid conmenced. After a further 2 hours, the solid
was collected by filtration, washed with ice-water and dried under
vacuumto furnish 25 the crude product (36.7 g). A sanple (15.0 g) was
purified by stirring it in refluxing acetone for 1 hour; the resulting
suspensi on was allowed to cool to room 5 tenperature and the crystalline
solid collected by filtration and dried ahder vacuum to afford the
title conpound (11.7 g), mp. 198 ARMTfoNMI0se [err] H nnt spectrumis
identical with that obtained for e product of procedure (b) bel ow.

-23- 5-ChlaroswiohetdP-gthoxebemzoic acid A solution of the title

d of P [ 1 (50.0 g, 9 [ t 150 m
Caed dr opvi SOAEr-StRoRERRRPI b (250 8. RetaR B yasaddaet o B stites. feg. 4,
0.208 npl ' d.anj i | intaining th
terrperggt) uacgaolég‘ @Lﬂé@rﬁeﬁéﬁ {6‘82?%(@6%‘?&{1)9’8%%%@} %@Wﬁfoﬁ%l{lgﬁ%ﬂ§§#g In?ne ©
sol i d for g3 mi, 0.621uAioNg whilst mdifitaininy thedesiperaturgofhe reacidmypdufedr a

further 1.5 hours. Filtration, fol | owed by washing with acetone and
dryi ng un&elow 28iamTbe rerultipg daistiire was stirrgst ghfiogeantermerature for 18 hours

et S ) W R e
H » o S « . . , i 5,
o1 OIS i SSung B S ol e lotingS )

2. 15( 3R, skollected p§Hiltoation), waahed(vath watergnd drieaPysdergjacuum to protiiebeq)

7.32(1 H d), 7.78(1 H.dd), .7.85 H d). The. doubl alt (30.0
was gt irr Eée FH"W&(U@F’ (?@-ﬁ%ﬁ eb) )E{éfé[ﬁr&g%q%nalﬁ, m-%@ﬁ-i@gﬁ,gfgﬁs SB‘IZ?HQQ)‘(HY f ro?n)

whi ch cr B i f L4 i [ 4O e . t he
solid mgﬁ@%ﬁlgﬁfggﬁﬂfqﬁg rﬁgtté‘gﬁﬁé\a/a‘:g@eﬁg' %ﬂbﬁﬁgfﬂangglﬁ?@%éﬁﬁagwﬁacuum
to gCy40.8AeH(3.85%. COODCNG 1.64(3H, )02 455218, ap7.26( 190 k), B.28( 1HEd€y, ence
sanple, mp. 201[err]C, was obtained by recrystallisation from aqueous
et hanol . 8&0{HH.4}, 51. 09; H 6.16; N,8.43. (err]Herr]Nerr]Jerr]S
requires C 51.21; H,6.14; N, 8.53% [err] (CDOerr]SOCDerr]): 20

1. 31(3, ,t), 2.12(3H,s), 2.34(4H,brs), 2.84(4H, brs), 4.20(2H q),

7.32(1H, d), 7.80(1 H dd), 7.BREPARATION 2
2-Ethoxy-5-(4-methylpiperazin-1-ylsulphonyl)benzoic acid
(a). one-step procedure
1-Methylpiperazine (33.6 mi, 0.303 mol) was added to a stirred suspension
20 of the title compound of Preparation 1 (34.4 g, 0.130 mol) in water (124 ml) at
about 10°C, whilst maintaining the temperature of the reaction mixture below
-20°C. The resulting solution was cooled to about 10°C and, after 5 minutes,
crystallisaiion of'a solid commenced. After a further 2 hours, the solid was
collected by filtration, washed with ice-water and dried under vacuum to furnish
25 the crude product (36.7 g). A sample (15.0 g) was purified by stirring it in refluxing
acetone for 1 hour; the resulting suspension was allowed to cool to room
temperature and the crystalline solid collected by fiitration and dried under vacuum
to afford the title compound (11.7 g), m.p. 198-189°C, whose 'H nmr spectrum is

identical with that obtained for the product of procedure (b) below.



PREPARATI ON 3 4- Ami no-1 - net hyl - 3- n- propyl pyrazol e- 5- car boxani de 25
-A stirred suspension of 1-methyl-4-nitro-3-n-propyl pyrazol e-5-carboxam de
(EP- A-0463756; 237.7 g, 1.12 nol) and 5% pal | adi um on charcoal (47.5 g) in
et hyl acetate (2.02 1) was hydrogenated at 344.7 kPa (50 psi) and 50C
for 4 hours, when t he upt ake of hyﬁéogen was conplete. The cool
reacti on m xture was filtered, théf*the filter pad washed w th ethyl

acet at e, gpg D&B@éﬁﬁﬁégldlu}é ate and 30 washings thus furnishing an ethyl
acetate s | e conmpound ( EP-A- 0463756) whi ch was of
sufficient purd §alution ofthedtitteeedrhyountd bhEreparation #¢80.0fg, MBI mol) iheact i on

sequence (see Preparation 3
- 24- acetone (150 ml) was added dropwise to a stirreghppixiqrerptitmaethyipiperazine

or ooy Byt (20R1 S CEN el B Hiedvnth RETEL DIAFORRN, WRtsTorBt h%'ms%eé,

1.30 nol) t%ée%ﬁ@& th@tréa@hoﬁmwlﬂ@ below ZWGSm%ité%rﬁtalhﬁ@s%hd ound
of- Preparation 2 (40 4 mol) in ethyl acetate u5| ng

et hyl acedstiag the aeditlpnamdi stimng waelcontipued icma turtheatl ohautrs. Flltrat155[ err]C

f 0.5 h th d fl f f 2 h bef o b

L oo "ol el ot e S S R E oo e

titl 204
o | 1°15° nEfied e fiftrofhBRBEHicaing afiblcISaitlr fE ehe CORUEARUTTBIN 20

room tiénpe),ahip. € 660t6GPL. evurl: 5 aBBPH(B.14; N,9. GGO(EIy&DaJ Io,nezoug@g whi ch was
col |l ected bé filtration and dried under vacuum tl e conmpound

(425 @), 1sMid4C |2®GPE¢$FG§1 BRus. 70598Nf9e@2vﬁ%7(§5r’(bl ﬁé@%ﬁ@l@%

i quor, AlTHOR3E %%H@%ﬁ?@*‘ﬁ%ﬁée%ﬁoﬂ%%@”a&zséfﬂéa”ﬁty“”
N 17 o7 & T e R L SR, TSR PO s 4 Hb. 55 . 17. 06%

[err] (CDO | eﬂ'hie)doubléaﬁ(lﬂﬁow g) was8tigEdtin watec@Rnintg producear2alrdddts) ,

ﬁ 4&35 "Higt patiay, inouieh crystaysaUpNG @R AAAP Y BqUETA) ARer 20U brs) .
the solid was collected by filtration, washed with water and dried under vacuum to
give the title compound (14.61 g) as a white solid. A reference sample, m.p.
201°C, was obtained by recrystallisation from aqueous ethanol. Found: C,51.09;
H,6.16; N,8.43. C,,H,oN,OsS requires C,51.21; H,6.14; N,8.53%. & (CD;SOCD;):

20 1.31(3H,t), 2.12(3H,s), 2.34(4H,br s), 2.84(4H, br s), 4.20(2H,q), 7.32(1H,d),

7.80(1H,dd), 7.86(1H,d).

PR RATION 3

4-Aming-1-methyl-3-n-propylpyrazole-5-carboxamide

25 A stirred suspension of 1-methyl-4-nitro-3-n-propylpyrazole-5-carboxamide
(EP-A-0463756; 237.7 g, 1.12 mol) and 5% palladium on charcoal (47.5 g) in ethyl
acetate (2.02 I) was hydrogenated at 344.7 kPa (50 psi) and 50°C for 4 hours,
when the uptake of hydrogen was complete. The cool reaction mixture was
filtered, then the filter pad washed with ethyl acetate, the combined filtrate and

30 washings thus furnishing an ethyl acetate solutien of the title compound (EP-A-
04637586) which was of sufficient purity to use directly in the next stage of the

reaction sequence (see Preparation 4).



PREPARATI ON 5 Met hyl 2- et hoxybenzoat e : Concentr at ed

-sul phur| c acid (0.5 mM) was added to a solution of 2- . et hoxybenzoi c
acid (50 g, 0.301 nol) in nmethanol (500 m) and the resulting 25 m xture
heated under reflux for 70 hours, then evaporated under reduced

pressure to give an oil which was di ssoéved i n di chl oronmet hane (300 m).

Thi s sol uti on was washed successiV y wth water (150 m ), aqueous
sodi um bi carbonate sol ution EgfpRRATION yater (150 m), then
evapor at ed under reduced pressure to give the title conpound (49.7 Q)
as an oi | .4-[2EtHoxyP@-hesthylpipetaza-10Aslibhond) 8 z3tnidSH] sethdl-33- (2H, q) ,
6.95 (2H, M, 7.44 (1H), 7.78 (1H d).

- 25- proovipyrazoie-5-carboxamide PREPARATI ON 6 Met hyl 5-ch

536 0 g, 0 Do EaEa R0 L' 30l s WitRl oﬁg%{nes geparaion
i ce-cool egug é%u@ﬁldﬂﬂ’ﬂ@ﬂﬂéc Tp@ub&%f?’réﬁaraﬂo@@ (aob)e 124m ?{?1&! The

malntalnlng eterrperatureo the reaction m xture eow2
reaction cetated!\68d) usingratblylacetate i 36rpandthe BESLﬂIInngMmerheateﬂ@m t hi onyl

Foom - S5 GipED B A hergisit rEfilor BULRBRY £ heBrs bere PeiarAllade of

530 d with
Idlcghl( or orrg% hanfejtov@tjﬁ{tfégo rﬂgg‘ﬁg Wﬂ%tﬁgr%e co%@%e@@gtg]g@nﬁ%%oﬁgﬁ gd "

under 1r0elereplarratneasaJ(2e185)Kglof€sold1mnmum¢mmng 204 g1 1.¢2amopsfumdinefwa87 g) as a
white solid. A reference sanp mp. 99-1 00[err]C, was obt ai ned by
crystall i §§ﬁ¢6@mrmmrea¢M@lmP@r$t]rrqdcﬁ@pm femperatuse fors72 hpurstogsffqrdH, s) |

4.25 (2H g) rgfétaﬁ“ﬁe(ﬁ@ ﬁ%}?lcﬂw]a% éohgct%’by%l&%iér%gng%)ned%n%%r(l%cHugr)n 'I:Ih5

PREPARATI
2- et hoxy- §tié éoﬁﬁd‘uhHRuﬂﬁ@Zﬂnrp o4 sed°0h ety obRiPivEs combined with 250! ution

of the crude title conpound of Preparation 6 (27.87 g) in acetone (140
m) was aflttherdrop(r@g) whioh wes mcnyew by cancantration, oftbemmihbeﬁlqwl Aion of

ﬁ& ) 1 ' Pé/tjepe %rs?azn'w&‘é gnll 9&6 90890 was og)t)am réfjby recryshtélllsggl n from >-3m, 0.11
aqueous methanol. Found: C,53.65; H,6.54; N,17.07. C,,H2,NgO5S requires
C,53.64; H,6.55; N,17.06%. & (CDCl3): 0.96(3H,1), 1.58(3H,1), 1.66(2H,m),
2.27(3H,s), 2.45(4H,m), 2.52(2H,t), 3.05(4H,br s), 4.05(3H,s), 4.40(2H,q),
5.61(1H, brs), 7.61(1H,d), 7.65(1H, br s), 7.90(1H,dd), 8.62(1H,d), 9.25(1H,br s).

20
PREPARATION §
thyl -€ h ben oate
Concentrated sulphuric acid (0.5 ml) was added to a solution of 2-
ethoxybenzoic acid (50 g, 0.301 mol) in methanol (500 ml) and the resuiting
25 mixture heated under reflux for 70 hours, then evaporated under reduced
pressure to give an oil which was dissolved in dichloromethane (300 mi). This
solution was washed successively with water (150 ml), agueous sodium
bicarbonate solution (150 ml) and water (150 ml), then evaporated under reduced
pressure to give the title compound (49.7 g) as an oil. & (COCl,): 1.44 (3H,t), 3.90
30 (3H,s), 4.12 (2H,q), 6.95 (2H,m), 7.44 (1H.1), 7.78 (1H,d).



acetone (140 m ), whilst maintaining the tenperature of the reaction

‘i’ Xt ure bel ow 20C. A white precipitate forned during the addition and
stirring was continued for a further 4 hours. The resulting mxture
was filtered, the filtrate evaporated under reduced pressure and the
resi due azeotroped with toluene to provi ge a pale 25 brown gum (41.9 Q).
Thi s crude product was granul ated by stPeri ng with water (100 m) for

2 hours and the resulting mterialP%%k%ﬁﬁ@%g% filtration, washed with
water (2 x 50 m) and dried under err]Cto furnish the title
conmpound, Methyl SaohlorddGiphdd-2-pfoxlbédixdteerr]): 1.48 (3H,t), 2.27 (3H,s),

2.47 (4H,t), 3.03 (4H,t), 3.90 (3H_s), 4.18 ng, g 7.04 (1H,d), 7.81
(1H, dd), 8.15 T(hg_t,l compound of Preparation 5 (36.04 g, 0.20 mol) was added dropwise

thar 5 pRyaL AR gl R et I OfeR SRRy Sp BT iR b § il el M
conpound @fhilst niZiRBHiIRS EHH‘te%gpéature ogghé Fé&ftt)iﬁﬁrrﬁixnﬁéfb‘é%w hora| S€

hydrol ysis of the conpound obt ai ned above afforded a product

i denti cal readtiont imatturef wis efiged tat coord temperature for 18 hours, then thionyt
-27- process for

the prepaChiarige [df-&mi g8 umne) €ﬂd?‘?)ﬁﬁﬂltae %ﬁl%/rl’sg solution st edAat room
temperature for 6 hours, then poured into a stirred mixture of ice (530 g) and water

10 (120 ml). The quenched mixture was extracted with dichloromethane (2 x 200 rhl)
and the combined exfracts evaporated under reduced pressure to give the crude
title compound (44.87 g) as a white solid. _ A reference sample, m.p. 99-100°C,
was obtained by crystallisation from toluene. & (CDCl,): 1.52 (3H,t), 3.93 (3H,s),
4.25 (2H,9), 4.25 (2H,q9), 7.12 (1H,d), 8.12 (1H,dd), 8.46 (1H,d).

15 |

PREPARATION 7
M 1 2-ethoxy-5-(4-methylipiperazin-1-yisulphonyllbenzoat
. A solution of the crude title compound of Preparation 6 (27.87 g) in acetone

(140 ml) was added dropwise over 10 minutes to a stirred, ice-cooled solution of

20 1-methyipiperazine (11.02 g, 0.11 mol} and triethylamine (15.3 mi, 0.11 mol) in
acetone (140 ml), whilst maintaining the temperature of the reaction mixture below
20°C. A white precipitate formed during the addition and stirring was continued for
a further 4 hours.. The resulting mixture was filtered, the filtrate evaporated under
reduced pressure and the residue azeotroped with toluene to provide a pale

25 brown gum (41.9g). This crude product was granulated by stirring with water
(100 mi) for 2 hours and the resulting material collected by filtration, washed with
water (2 x 50 mi) and dried under vacuum at 50°C to furnish the title compound,
m.p. 110-111°C. § (CDCl;): 1.48 (3H,t), 2.27 (3H,s), 2.47 (4H,t), 3.03 (4H,t), 3.90
(3H,s), 4.18 (2H,q), 7.04 (1H,d), 7.81 (1H.,dd), 8.15 (1H.d).



5 ) - ] [err] whi ch
-coipri ses cyclisation of a conpound of fornula (I1): [err] 10
wherein the cyclisation is conducted under basic, neutral or acidic

condi ti ons. 2. A process according to claim1l wherein the

cyclisation is carried out in the 15 presence of a base, preferably in
a solvent, optionally in the presence of26-

The compound obtained as abo 2 was shown to be identical with that
produced by conventional methyl esterification of the title compound of
Preparation 2.

5 | Furthermore, conventional base hydrolysis of the compound obtained as

above afforded a product identical with that of Preparation 2.



hydr eagen peroxi de or a peroxide salt, and is foll owed, where necessary, by
neutralisation of the reaction m xture. _
- 28- 3. A process according to claim2 wherein the base is selected
fromthe group consisting of a metal salt of a (Jerr]-(err]
al kanol, a (err]-(err] cycloal kanol, a%;(C[err]-C[err]
cycloalkyl)(err]-Cferr] al kanol, ammnT a (Jerr]-Cerr] alkylamne, a
di(derr]-Cerr] 5 al kyl ) am neﬁ%_,%rr]-qerr] cycl oal kyl am ne, a
N(Cerr]-Cerr] cycloalkyl)-N(C[errJ- ] al kyl )am ne, a
di(derr]-Cerr] cycloalkyl)am'ne a (C[err] derr]
cycloal kyl)(err]- al kylamne, a N((err]-Cerr]
cycl oal kyl i -d e‘?‘PIQ‘@[SérfPI tha R'Selpal‘ﬂit(o@[@'r& FO'UP@HH? Oéfq{‘mujaiﬂﬁ ne, a N((err]-
Clerr] gycloalkyl)(err]-Cerr] alkyl-N-(Clerr]-C[err] cyctoal kyl)amne, a
dif(derr]-Cerr] cycloalkyl)C[err]- Cerr] alkyl]am ne and a
het erocyclic am ne selected fromthegQyrou ﬁonsisti ng 10 of im dazol e,
triazole, pyrrolidine, piperidine, h¢ptame p? ¥l enei m ne,
nor phol i ne, thionorphol jine and a_ 1- rr]gClerr] al kyl)pi perazine;, a netal
hydri de, f 1IGHG hydy oxi d { de, carbonate and bicarbonate;
wherein the netal is | ect gd jromthe group consisting of
lithium sodium potassiu W cesium beryllium
magnesi um cal cium stront r&lﬁ 15 ()i ndium thallium
e dd

pari um al

titanium zirconium cobal opper, silv 13 cadm um

mercury and cerium and a Cgfr]-Cerr] bi cycllc am di ne; and
the solvent is selected fromjthe gro consisting of a CJerr]-Cerr]

al kanol , a Clerr]s Narr] QycHoal kanol, a (Clerr]-Cerr]

cycl oal kyI)C[err] Clerr] al kano errf-Cerr] al kanone, a
Cerr]-Cerr] cycloal kanone, a C[err -Cerr] alkyl ether,

1, 2- di mret hoxyet hane, 1,2- 20 di et hoxyet hane, diglyne,
tetrahydrofuran, 1,4-dioxan, benzene, toluene, - xyl ene,

chl or obenzenewhchmdxbmpnmm;atlmefara:nmpdtmd aofifortdigl(l1pul phoxi de,

sul phol ane, di net hyl formam de, di nethyl acetam de, N nethyl pyrrolidin-2-
one, pyrrolidin-2-one, pyridine and water, and m xtures thereof. 25 4.
A process according to claim3 wherein t base is selected fromthe group
consisting of an alkali or al ka%g@@ earthymdtal salt of a CJerr]-Cerr]

al kanol, a (Jerr]- cyciNoal kanol and a ((Jerr]-(err]

cycl oal kyl)( err] -C[eré] C?chngl an alkal 1N netal salt of
H;CH,

.
CON
H  CH,CH,CH, an
L N\
- SO,N  NCH,
10 | e

wherein the cyclisation is conducted under basic, neutral or acidic conditions.

2. Aprocess according to claim 1 wherein the cyclisation is carried out in the
15 presence of a base, preferably in a solvent, optionally in the presance of
hydrogen peroxide ora peroxide salt, and is followed, where necessary, by

neutralisation of the reaction mixture.
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arrrmnla a N-(secondary or tertiary (Jerr]-Clerr] alkyl)-N-(primry,

—secondary or tertiary CJerr]-Cerr] alkyl)amne, a
Cerr]-Cerr] cycloalkylamne, a NN(([err]-Cl[err] cycloal kyl)-N
- 29- (primary, secondary or tertiary (Jerr]-Cferr] alkyl)am ne,
a di(Cferr]-Cerr] cycloal kyl)amn ne and 1-net hyl pi perazi ne; an
al kali or aI kal i ne earth netal hydride 'Zﬁydrom de oxi de,
carbonat e za b - 5
di azabi cycl o[ @ 91'%3?9938‘5‘9‘7 @né Elaft 2UHAEI S %3%115%;50 ven H’s?iq gé‘?ed

or tertiary (Jerr]-Cerr] alkanol, a (err] -C[errl cycl oal kanol, tertiary
Cerr] - err] cycloalkyl)C,-Cs alkanabaanmania, %Cs'é'-boﬁﬂ@ amioe, aali(G, eﬁﬁé

Sl kanofe, 1. 2B L Creeveisalofirbing 2§ e rIBIAET Co'C
tetrahydrofurark lénﬁn@“é)dm? Cts%&/lél@amyl)ébﬁnﬁ?é'% @ahtgepasamgmécl 2-

di chl or obenzene, "acetonitri Y hoxl de
di et hyl f or rraaikdlammleneﬂ\hﬁp@a lcw:loalkly )QJ-,&geglk\ﬂ‘sN-l(@{ R aikgﬂ)amnrmr, a HA,-

et o1 1t he r EacyPiBARISCT-Co AINTETT Rl aiie MBS TE oty g'@@m@g Lo 4
f h n
ngm ?t ;001}7861 %‘ﬂé@pfmne gnd a%etei%o%f?&%ﬁ?né‘ﬁél%&%d‘%r@%ﬁ ﬁg{’@c H@S{,ﬁd n the

equi vdbent s. Bf)lmldazolé triafole;, pyrskidine cpipdridiget beptbmethﬁembmmen the base is
selected fromt he consisting of the lithium sodi um and

pot assi um sal t'@fblﬁ ecfl'g@mprmcgqnp]argj &dni&h- Caalkyl)plperazme @ @etal-hyddde]

Py ar i de oo t SNSRI O S, ARe R At kb Bteft B fa hOBLisy 25
bar i um oxi de; séneeteaqwﬁrfﬁe b?olgb@rﬁ‘élﬁﬂwg‘ SOhiURE SOHAIM, SGRASSIEH, wbiafurﬁ]t hanol ,

a tertiary (Jerr]-(Jerr] alcohol, atertlary Cerr]-Cerr
cycl oal kanol , cesitmabgolnmormagndsigm, calcium, strontxum barium, aluminium,

fromthe gr ouponglﬁn%%bf ammetal sslhahalC,- cz,zmlloanmoé C3-Cy2 wcioalkanoii 5@3009” y

15 indium, thallium, titanium, zirconium, cobalt, copper, silver, zinc, cadmium,
mercury and cerium; and a C;-C,, bicyclic amidine;
and the solvent is selected from.the group consisting of a C,-C,, alkanol, a
C4-C;2 cycloalkanol, a (C5-Cg cycloal.kyI)CrCs alkanol, a C;-C,4 alkanone, a
C4-C,q cycloalkanone, a C5-C,; alkyl ether, 1,2-dimethoxyethane, 1,2-

20 diethoxyethane, diglyme, tetrahydrofuran, 1,4-dioxan, benzene, toluene,
xylene, chlorobenzen'e, dichlorobenzene, acetonitrile, dimethyl sulphoxide,
sulpholane, dimethylformamide, dimethylacetamide, N-methylpyrrolidin-2-

: one.'pyrroli'din-Z-one, pyridine and water, and mixtures thereof.

25 4. A process according to claim 3 wherein the base is selected from the group
consisting of an alkali or alkaline earth metal sait of a C,4-C4; alkanol, a C5-
C,, cycloalkanol and a (C3-C4 cycloalkyl)C4-Cg alkanol; an alkali metal salt of
ammonia, a N-(secondary or tertiary C,-Cg alkyl)-N-(primary, secondary or
tertiary C,-Cq alkyl)amine, a C1-Cq cycloalkylamine, a N-(C4-Cy cycloalkyl)-N-

. [ L M 1 *



di oxan and acetonitrile, the reaction is carried out at from60 to
-105[érr] C and the quantity of base enployed is froml1l.1 to 2.0

mol ecul ar equi val ent s. 30 8. A process according to claim7 wherein the

base is selected fromthe group consisting of the Jerr]-Cerr]

al koxi de and hydride salts of lithium 2 d| um and

- 30- pot assi um sodam de, fum cycl ohexyl am de and cesi um

carbonate; theprimary, seccrar;déﬂr' oraeHiarg cgeiee@lkﬂ?brﬁrn@nhtdw(@sgmg)ml@mﬁ)éiﬁmeg of

et hanol, t-butanol,” t- 1- met hyl cycl ohexanol
t et r ahydr of ur @dahinethylpiesazing; amalkeher aligline eartheraetaul bydiide, hydauéded f or
from3 to 60 hou Wnerenthe

base is sel ecOSfS Famq%eene&&aorﬁ’gﬁg e 1 b ebf S O B Bt B e

sodi umgt - but o { de and sodi um hydri de; and
t he solsvent |§iseb'@e§@§ %’ Qvg%up consi sting of 10 et hanol ,

t - but anol , t - anylthalsobieok |sassie¢tedrfadmm@gmmconsnstmg ost@har#olpZ(m@;sawol

accordlngto claiml1 wherein the ycllsatlorei carrie
heating a conBa@s@Ndany of tlemiary (ar§ 12 ARNYn2 §/§12r?3’9ﬁ‘?@"ﬁ§1”8§é1@é“§ﬁ/ G&-Gal vent

and or "opt | ongl Litainb(1s UERRBRFoRery R0 2 bRaIgRRIL: ABdk ey grehan ca

15 wat er -1 enova ess to'cl

wherein the salkgpdhel $ %@h@h@dja‘tiﬁ@fﬁﬁ t1h2-d|ethoxyethan@rd3%_9nﬁ0n5| sting of
1, 2-di chl or obenzene, dlnethyl sul phoxi de, sul phol ane,

met hyMByr r ol i tatrahydeefuramd  dydioxan, luene opene shlofpkensese, fir eof ; 20

and t he dehydr ent is eI e th r,Qu si sting of

anhydr ous pot @s’"‘?fgpﬁ %;ﬁcé orgtﬁlfﬁ,afrggﬁhy?g lpﬁﬂ%ggrglgnﬁﬁgn anhydr ous
dimethylformamide, N-methylpyrrolidin-2-one, pyridine and water, and

mixtures thereof.

15 5. A process according to any one of claims 2 to 4 wherein the reaction is
carried out at from 50 to 170°C for from 3 to 170 hours.

6. A process according to claim 5 wherein the quantity of base employed is
from 1.0 to 5.0 molecular equivalents.
20
7. A process according to claim 6 wherein the base is selected from the group
consisting of the lithium, sodium and potassium salts of a C;-C,, alkanol, a
: C4-C12 cycfoalkanol, ammonia, cyclohexylamine and 1-methylpiperazine; the
hydride salts of lithium, sodium and potassium; cesium carbonate; and
25 barium oxide; the soivent is selected from the group consisting of ethanol, a
tertiary C,-C,q alcohoal, a tertiary C5-Cg cyéloalkanol, tetrahydrofuran, 1,4-
dioxan and acetonitrile, the reaction is carried out at from 60 to 105°C and

the quantity of base employed is from 1.1 to 2.0 molecular equivalents.

30 8. A process according to claim 7 wherein the base is selected from the group

consisting of the C;-C., alkoxide and hydride salts of lithium, sodium and

5 L



nagqe5|un1sulphate anhydr ous. sodi um sul phat e, phosphorus pent oxi de
>and rol ecul ar si eves. 25 12. A process according to claim 1l wherein the
sol vent is 1, 2-dichl orobenzene, sul phol ane or

N- et hyl pyrrolidi n-2-one; the dehydrating agent is nol ecul ar

sieves; and the reaction is carried out_ gt from 180 to 220[err]C for from
0.5 to 72 hour s.

- 31- 13. pchapsione Sedamidy, dodurh ayclohiexylamideeasd oesibem carbbhat e i s
carried out in the presence of a protic acid or Lew s aci d,
optionally in ﬁ%‘éerﬁr'%%‘ﬁ@t?dd‘fma the group consigiilg,efgthanolst-butanoli, Mam)ﬂl process

o oup. consi st (A T rRREldheRarticl anTatoheel Af TPt B, or gano-

phosphogi ¢ acidagfich AcoidlRike RRFRAX 3 Itb GOAIUS, - the Lewis acid is
selected fromthe group consisting of boron trifluoride, 10 bor on

trichloride, borontribrom’de al um ni um chl ori de, al um ni um brom de;
silicon tetrachl oride, 'HW Eotetrg ﬁmde st anni ¢ chloride, stannic

bromide, S Zproce 5158 DaKe ZHisianthe barRsismeiaried ERmithesrog,
titaniumtetrg B%‘hhg%lsgdtu eethoxxdet fsbamn‘t'f"bh&?xfo%c Rlotddsilfn ttb'utté'%ﬂ:{ié'ghge

tetrabrom de, ferric ri zinc fluoride

zi nc brom de, sudium ihgdride; andathasolmrﬁhds seledied fremahe igeoly consistiranef 15
mercurj c iodide | vent is selected fromthe group

consi std ng of eéh@y:ldilgutgngbﬁ-@mﬂalcoho and tetralyygdrefura.er r | cycl oal kane, a
Clerr]-Cerr] alkanoic acid, a Cferr]-Cferr] alkanol, a CJerr]-Cerr]
al kanone, a Cerr]-Cerr] al kyl ether, 1,2-dinethoxyethane,

1, 2- di et hopgy etﬁhﬁftﬂ;ess accordubg to elih Y Wherefi hehyy@hisdtionds catrict SUONAN,
benzene t ol uene, xyl ene chl or obenzene, dichl or obenzene,

ni t r obenzene, h@naﬂhg(ammpcbmrbpf formula (1), optmrtallmmtm pranence of a solvent
1, 2-di chl oroeth cetonitrile, dinet
Surohor ane. s aReler arterRlhin e RiksSRIE pa deRVBHNS RaRt Agtsy meshagica! 2-

15 water-removal system.

11. A process according to claim 10 wherein the solvent is selected from the
group consisting of 1,2-dichlorobenzene, dimethyl sulphoxide, sulpholane, N-
methylpyrrolidin-2-one and pyrrolidin-2-one, and mixtures thereof; |

20 . and the dehydrating agent is selected from the group consisting of
anhydrous potassium carbonate, anhydrous sodium carbonate, anhydrous
" magnesium sulphate, anhydrous sodium sulphate, phosphorus pentoxide

. and molecular sieves.

25 12. A process according to claim 11 wherein the solvent is 1,2-dichlorobenzene,
sulpholane or N-methylpyrrolidin-2-one; the dehydrating agent.is molecular
sieves; and the reaction is carried out at from 180 to 220°C for from 0.5 to 72

hours.

I



one and pyrrolidin-2-one, and mxtures thereof. 25 15. A process
raccording to claim14 wherein the protic acid is concentrated
sul phuric acid, phosphoric acid or p-toluenesul phonic acid;, the Lewis acid

IS boron trifluoride, alumniumchloride, silicon tetrachloride,
stanni ¢ chl ori de, titaniumtegpachloride, ferric chloride or zinc
chloride; the solvent is glacial acetic acid, tetrahydrofuran,

1, 4- di oxan3or ACHHRESY aBESRIfg R Elai ¢ wikarelr B dyelistion is carfed bLEH tREt at
from65 to 210[err]C for from6 to 300 hours. '
-32- 16 presareepafianpradit doid aul-ewisl 29id, optionally in the presence of a

err 5
[ ] solvent.

14. A process according to claim 13 wherein the protic acid is selected from the
group consisting of an inorganic acid, an organo-sulphonic acid, an organo-
phosphonic acid and an organo-carboxylic acid; |
the Lewis acid fs selected from the group consisting of boron triflucride,

10 boron trichloride, boron tribromide, aluminium chloride, alumi_nium bromide,
silicon tetrachloride, silicon tetrabromide, stannic chloride, stannic bromide,
phosphorus pentachloride, phosphorus pentabromide, titanium tetrafluoride,
titanium tetrachloride, titanium tetrabromide, ferric chioride, zinc fluoride, zinc
chioride, zinc bromide, zinc iodide, mercuric chloride, mercuric bromide and

15 mercuric iodide;
and the solvent is selected from the group consisting of a Cs-C,, alkane, a
Cs-C4 cycloalkane, a C,-C,; alkanoic acid, aC,-C, alkanol, a Cs-Cq
alkanone, a C;5-Cy, alkyl ether, 1,2-dimethoxyethane, 1,2-diethoxyethane,
diglyme, tetrahydrofurah, 1,4-dioxan, benzene, toluene, xylene,

20 chlorobenzene, dichlorobenzene, nitrobenzene, dichloromethane,
dibromomethane, 1,2-dichloroethane, acetonitrile, dimethyl sulphoxide,
sulpholane, dimethylformamide, dimethylacetamide, N-methyipyrrolidin-2-

.one and py'rrolidin-2-one, and mixtures thereof.

25 15. A process according to claim 14 wherein the protic acid is concentrated
sulphuric acid, phosphoric acid or p-toluenesulphonic acid; the Lewis acid is
boron trifluoride, aluminium chloride, silicon tetrachloride, stannic chioride,
titanium tetrachloride, ferric chioride or zinc chloride; the solvent is glacial
acetic acid, tetrahydrofuran, 1,4-dioxan or chlorobenzene; and the reaction is

30 carried out at from 65 to 210°C for from 6 to 300 hours.
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17.* A compound of formula (V)':

- 10 . or the hydrochloride-triethylam ne double salt thereof,
a Cerr]-Cerr] alkyl ester t her eof .
-32-

16. A compound of formula (I1):

CH,
H,NOC
\
CH,CH,O I y N
CON
CH,CH,CH, ().
/N
SON NCH,
_/
5
17. A compound of formula (V):
CH,CH,O
CO,H
M),
SO,N NCH,

[err]

or the hydrochloride-triethylamine double salt thereof, or a C;-C, alkyi ester

thereof.
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