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10  exhibits useful antidopaminergic activity and may be used. for example, as an antipsychotic
agent with a substantial reduction in the potential to cause side effects such as acute dystonia,
acute dyskinesia. pseudo-Parkinsonism and tardive dyskinesia.

. The compound of formula I is described in granted European Patent EP 240,228. This
patent describes the properties of the compound of formula I and its synthesis from

15 dibenzo[b,f][},4]thiazepine-11(10-H)-one. In this synthetic route it is necessary to prepare
and purify the compound 2-(2-hydroxyethoxy)ethyl-1-piperazine (HEEP).

E}ranted European Patent EP 282,236 describes an improved process for the
preparatiqn of the compound of formula I which obviates the need to prepare and purify the
compound 2-(2-hydroxyethoxy)ethyl)-1-piperazine since this improved process does not use

20 2-(2-hydroxyethoxy)ethyl-1-piperazine. It also obviates the need to use carboxyethyl
piperazine which is used to prepare 2-(2-hydroxyethoxy)ethy!-1-piperazine.

Many Pharmaceuticals are developed as salts of pharmacologically acceptable acids or
bases. This is usually done if the biologically active substance itself has a physical form
which makes it unsuitable to handle in manufacturing processes. Most manufacturing

25 processes involve materials handling in mixing and formulation which is facilitated by the

active materials being either a liquid or free-flowing high melting solids. Although salts can



be made wth suitable acids or bases these often add nothing to the
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20 The crystalline 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
dibenzo[b,{][1,4]thiazepine is generally provided in a substantially pure form. It is generally
preferre& that the crystalline 11-(4-[2-(2-hydroxyethoxy)ethyl]}-1-piperazinyl)-
dibenzo[b,f][1,4]thiazepine is greater than 90% pure. more preferably 99% or greater than
99% pure.

25 According to the present invention there is also provided a process for preparing
crystalline 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][1,4]thiazepine or a
pharmaceutically acceptable salt thereof which comprises crystallising 11-(4-[2-(2-
hydroxyethoxy)ethyl}-1-piperazinyl)-dibenzo[b,f][1.4]thiazepine from a non-aromatic solvent;
and whereafter, when a pharmaceutically acceptable salt is required, reacting 11-(4-[2-(2-

30 hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f]{  .4]thiazepine with an acid which affords a

pharmaceutically acceptable anion.
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Preferred salts include fumarate salts and in particular the hemi-fumarate salt. It is

genera)ly preferred that the fumerate salt of 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
dibenzo[b,f][1,4]thiazepine is bis-[11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
20 dibenzo[b,f][1,4]thiazepine] fumarate.

It is generally preferred, for example, that the solvent is dry. It is further preferred that
the 1 1‘(.4-[2—(2-hydroxyethoxy)ethyl]-1-piperazinyl)—dibenzo[b,ﬂ[l ,4]thiazepine is also dry so
that the solution formed on dissolving 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
dibenzo [b’,fj[l,4]thiazepine in the solvent is substantially free from water. More especially,

25 the solution formed in the crystallisation process should be free from water.

Thus, in a preferred embodiment there is provided a process for preparing1 1-(4-[2-(2-
hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][1,4]thiazepine, or a pharmaceutically-
acceptable salt thereof, which comprises crystallising 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-
piperazinyl)-dibenzo[b,f][1,4]thiazepine from a solution of 11-(4-[2-(2-hydroxyethoxy)ethyl]-

30 1-piperazinyl)-dibenzo[b.f][1,4]thiazepine in a non-aromatic solvent which is free from water.
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i so-butyl, sec-butyl, tert-butyl, pentyl and hexyl. Cbnvenlently, err],
Rl er rlo, aﬁﬁtme;r}methmhﬁsﬂ[betyﬂl}etmeandehﬁhyledt-fonmﬂﬁr 4C) al kyl . Specific exarrpl es

of suitable vent i ncl ude, for yl ace obut

acet at e, ?%9,"%& patifFleemestd ﬁxa@n@r}% e%*afsyﬁ@f r?esro? ty/ent s of
parti cul rrpl e. ethers. Thus, a sol vent of
parti culpgﬁnc}l%%g{rtgg%t Ié| Hl%{r@g%%gter utyl ether. The tenperature of the
sol uti on contTae mérgerathre of-thesohdtidnyebnexniag N0y 24 B3hlyHrokyethoxy)ethyl]}-1-

pi perazi nyl)-dibenzo[ b, fb&l 4]t hi azepi ne_may be decreased during the
cr yst al IPiRSEAZiH)-dibpnzpgb.§] Eihpzepinganasebidacerageeduiing th@érya@blrsea%dlrt o about

C. 190 %uﬁé}blﬁ ﬁ;[elté(mBér%{é PG @) r'éa?ec{ ® a%?&t’ v} o e(?orWeﬂ%Hﬁ%. the £ R i od of

exanp enperature 1's uecrea Y5 Binbi ent
t errper atdééreaded peidiualBpoter aapaﬂoa BE£fimk UThiE in 4 8peeRSSehniple, ab@t&np@fﬁrr:h@ over a
period greater than 1 hour and generally greater than 2 hours. In
parti culdgereasef go amhisat igmperatyre (about 25 “C) and then further decreased to about’O’C over a

period greater than 1 hour and generally greater than 2 hours. In particular, the temperature is
decreased from ambient temperature to 0°C over a period of about 2 to 4 hours, preferably
20 about 3 hours. Where a seed crystal is used it will generally be added to the crystallisation
mixture _\yhen that mixture is at ambient temperature. 1n the case where the temperature is
decreased, the seed crystal will, in general, be added just before the temperature is decreased
(from ambient temperature).
The quantity of solvent employed to crystallise 11-(4-{2-(2-hydroxyethoxy)ethyl}-1-
25 piperazinyl)-dibenzo[b,f][1,4]thiazepine will vary according to the precise solvent selected.
In particular the quantity of solvent is that which, when 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-
piperazinyl)-dibenzo[b,f][1,4]thiazepine is dissolved in it. gives a concentration (before
crystallisation) of about 120 to 160mg/ml, more particularly 130 to 150mg/ml. It is generally
preferred that the quantity of solvent is that which gives a concentration (before

30 crystallisation) of about 135 to 145mg/ml.
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decreased from anbi ent tenperature to O[err]C over a period of about 2 to 4
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gener B | dibdrzofly, B¢ ]ddazepink evikt igandaityoberedeted mdth the fumaric acid in a solvent such as
an alcohol. Examples of suitable alcohols will include methanol and ethanol. A particularly
suitable solvent is ethanol which may convenienetly be in the form of industrial methylated
spirits (IMS).
The present invention also provides a method of preparing crystallinel 1-(4-[2-(2-
20 hydroxyethoxy)ethyl}-1-piperazinyl)-dibenzo[b,f][ 1 .4]thiazepine. or a pharmaceutically
acceptable salt thereof, from a solution of 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
dibenzo-[‘b,f][l,4]thiazepine in an aromatic solvent which process comprises:

a) adding water and an acid to the solution of 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-

piperazin):l)-dibenzo [b,f][1,4]thiazepine in the aromatic solvent;

25 b) separating the aqueous and organic phases;
) adding a non-aromatic solvent and a base to the aqueous phase;
d) separating the aqueous and the non-aromatic solvent phases;
e) drying the non-aromatic solvent phase;

f) crystallising 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-

30 dibenzo[b,f][1,4]thiazepine from the non-aromatic soivent; and
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di benzo[ b, f][1,4]thiazepine will generally be reacted with the fumaric acid
in a sol v¥9%63§1 as an al cohol. Exanpl es of. suitabl e al coP@GT/&B#8/02269 ncl ude
met hanol and ethanol. A particularly sujitable solvent is ethanol which may
conveni enetly be in the formof industrial nethylated spirits (I MS). The

present inventiaon also provides a nethod of preparing crystalline
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t he non-thatthmbsqueossophaseais minkseidic and the adropntigrenfith ofbaseadded in step ¢lcy o4l
phase; f) rystallising 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
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hydr oKy eisbdxy3 ehadydilize? fotitheretizf ohHypeticticing ahibs. ffdl dhafdpld) iRARE. R&ts\Watsh an
acid which affords a pharnaceutically acceptable anion. Particular,

pr ef er r edpgaand ebecmpmaalian spesics randagditionally, for thesmaragemenieef petyehatic states
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wi || be such that thé "aquéous phase is nade
acceptable acid addition salt thereof, may be administered orally or parenterally in a

15 conventional dosage form such as tablets, pill, capsule. injectable or the like. The dosage in
mg/kg of body weight of a compound of the present invention in mammals will vary
according to the size of the animal and particularly with respect to the brain/body weight ratio.
In general. a higher mg/kg dosage for é small animal such as a dog will have the same effect
as a lower mg/kg dosage in an adult human. A minimum ;:t“fccti\'e dosage for the compound

20 of formula I will be at least about 1.0mg/kg of body weight per day for mammals with a
maximum dosage for a small mammal such as a dog. of about 200mg/kg per day. For
humans, a dosage of about 1.0 to 40mg/kg per day will be effective. for example, about 50 to
2000mg/day for an average person weighing 50 kg. The dosage can be given once daily or in
divided doses, for example, 2 to 4 doses daily. The dose may be conventionally formulated in

25 an oral or parenteral dosage form by compounding about 25 to 500mg per unit of dosage of
conventional vehicle, excipient, binder, preservative, stabilizer. flavor or the like as called for
by accepted pharmaceutical practice, for example, as described in US Patent 3,755,340. The
compound of formula I (or salt) may be used in pharmaceutical compositions as previously
described or be contained in or co-administered with one or more known drugs.

30 Thus, according to the present invention there is also provided a pharmaceutical

composition comprising crystallinel1-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
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The conpound of this invention is a central nervous system depressant and
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hydr oxy ditkaxybg} D lthiakegihé) @F a phatytacedtidalip 26debtabld shit4lrépiré? @tefidm, 0
physi ol ogically acceptable acid addition salt thereof, nmay be adm nistered
oral |y degether anithey pharmagenticallynceeniade dileanior eistielge f or m such as tabl ets,

ill, I i Ny | e. . | i . The. d | [ kg. of bod i gh
bt & compound® BREHEn Shes€ ot ELA PRemaFHisa foaosLioR S e cor di ng. Lo
the si Z%rﬂialﬁﬁk@lqmi[ﬁﬁ-h?&%g?ﬁhg 'ﬁeﬁ@]lupm%rhﬁnysmomflltlgttbaz%bﬂllel&aéxh

wei ght ratio. In genera I ghér g/ Kg dosagé for a small” anifral such as
a dog wiphhmiveewicaly ascepblfdiment asamtdrower ny/ kg dosage in an adult human.

least about LPGREFRE BTerboRFIonareidesToPobay of Br e CPs LI iRarr o

d f QL. - day. F
numan, PariseE Bnten OB BT Rac bRy G098, A ptliclafy berclpiotg ey TV 1O
exanpl e crybliie] PA41[2-(209 iRy ethyxyhethy B+ -pip eaigs] ) dbenoo il 104 thigzepiheker a The

dosage can be given once daily or in divided doses, for exanple, 2 to 4
doses d®hergmacqyficalip seceptapleselt pepaeadtthergfipmy fornul ated in 25 an oral or

par ent.eral dosage,f orm onpoundi ng _about 25 to 50 er. unit of dosage
of cgtr?vent i onal véﬂ?%rln&%xréillei F%eﬁ?l,nvg{nhwr?vép%g&eggﬁn%’éf)ea Bbi | | zer,
flavor Qkuﬁob%'chialﬁﬁ dfSrdedd, E&ﬁgﬁﬁﬁg Qd’mﬁﬁﬁ&ﬁ)ﬁfeﬂ\ ARV &R GH cridiAlhd 19€4- f Or
exanpl e, as described in US Patent 3,755, 340. The conpound of formula | (or

sal t) mdy-(Bdydrosyethoxypethylird eeperazinyl)-ditvepaoe{bif][ddithirgepine td owsty-blexledi bed or
be contained . in or co- zidm' nj s{ ered with.one or m)ré knomgg(grﬂtgs., 30

Thus, adR5RERlSYch &5 PaR 1ppatichiar the prsssm inveRtipR Proyides adnethod phtepting

phar mac : o . sing

crystal ﬁ)lg%démﬁés(ﬁﬂ g‘i Ié&%/}(‘}r%%%?h%{;% et hyl ] - 1- pi perazinyl) - -7-

di berido[ b, f ] [The 4dsbmtdaemition also pravigdsaheraseanficrgsadlliye B¢ef2-6bl e salt prepared

therefrgm, together_ w.th a phar r’r%(_:eut ically acceptable diluent or carrier.
ydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][14]thiazepine in the manufacture of a

medicament for treating neuropsychiatric disorders and in particular psychoses such as
schizophrenia. |
As mentioned above, the present invention offers advantages over known methods of
20 preparing 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][1,4]thiazepine and its
salts.
f‘i‘rstly, the present invention provides crystallinel 1-(4-[2-(2-hydroxyethoxy)ethyl]-1-
piperazinyl)-dibenzo[b,f][1,4]thiazepine. In particular the invention provides proceses for the
preparatiofl crystalline 11-(4-[2-(2-hydroxyethoxy)ethyl]}-1-piperazinyl)-
25 dibenzo[b,f]{1,4}thiazepine which is of high purity. In general, the crystalline material had a
high melting point consistent with a crystalline solid of high purity and good quality.
Previously, pure 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
dibenzo(b,f][1,4]thiazepine has been obtained by provision of a purified salt, the fumarate.
This has necessitated preparation of the hydrogen fumarate salt followed by subsequent

30 conversion to the fumarate salt. This conversion is a relatively low output process which
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In particular, there is provided a pharnmaceutical conposition conprising
‘¢rystal linell-(4-[2-(2-hydroxyet hoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][1,4
]t hi azepi WO 2946381 5 phar maceutical |y acceptabl e di | uent or PEEIGBI#P226The
present invention also provides a nmethogd of treating neuropsychiatic

di sorders (in particular, a nethod of treating psychoses, nore particularly

schi zophrenj a) using crystal]ine | . . .
11- ( 4- [ Zeaoresihe Eéy‘%trﬁ]éﬁvé‘ﬁléfiﬂ% Feactipn paxtasesto eysugs thedfoumpation of theasitpdzepi ne
0’ part | EoPies SRR e AHERRNEL: BBk BRGNS 26 RARKECEIToA, |

neur ?plslyp hi zitl Bs(z zﬂliﬁﬁg gerified crpstallinsl 1nG- A0 i dBé 6l thogy Rethyd-1 pipearagnydyount  of
crystallil nhell- -

[2}/( 2- hydibenepkh, flbh4ihiazeping, the fumeratesaliynay-be neparest i amejativalythighowpihe to a
war m bl ooded

o ovi abePRoTe Rt s R AopeyRatcehifedhe et BICRRY sk RXSHE o

ﬁ (4-[2 (-zrhel‘lﬁtr ﬁ’é%E idv@ﬂt%ﬁélﬁﬁpxﬁbﬁi@s ﬁfo@é’sisé'@ﬁ)r Ttﬁéeprﬂﬁeﬁatﬁfn off Ms@aﬂzL(izne

hydr oxy eltyuoocgyethtory)ethyl} bipiperaxaiybydipentiofsfiklod hitZepinesnd hissakkpinreemore t he
manuf acturs of a meditglament,for treat,i neurqu%éch'/atri C ,d%sorﬁ:lers and in
part i cul BfPdysdiye mpnaer than preyiously genasiod ven ey usea DAt ARG/ OBACHBIS SUCE e present

i nventi o es over known net hods of 20 preparing
11-(4-] 2@%&%?@%%?% y) et hyl ] - 1- pi perazi nyl) -di benzo[ b, f][ 1, 4] t hi azepi ne

and i16 sal t sSThdinvaition, willhewieillastratedbethiei followihg \nod dimiting skahples m

11- (4-[ 2- (2- hydr oxyet hoxy) et hyl ] - 1-

pi perazi W lc%‘ml‘fféﬁ ,‘h‘]rf"ls,e'df] t hi azepine. In particular the invention

provi des;.proc r. | ryst.al line

11- (4-[ 2-‘)?2- h“%ﬁ‘ ?3‘3?3‘%% ﬁ%e qyé(gltlﬁ@?é{%&% %?%@Fﬁm )- 25

di benzo[ épekdtiohs Metd Aot Wdnthr drsbieit thinpératiivd, ithat is, hha gdiRiatlre ih g
crystalline materiial had a high nmelting point consistent with a crystalline
sol i d ofrapgg®f Pu2f €y and good quality. Previously, pure 11-(4-

boen bt @D nese ot pEiabrenh R BHRE pRtipre s ol reamiibt duder HyREeh0° Mo
necessi t gaslr(s002080 baRala!4.510 LI OB f bR icHirRraklorbpld ged: by

subsequent 30 conversion to the fumarate salt. Is conversionis a
rel ati vekiyi). ouv geoeneltheroncess reghtions was followed by TLC and/or HPLC and reaction

times are given for illustration only;
(iv)  melting points are uncorrected and (dec) indicates decomposition; the melting points
20 given are those obtained for the materials prepared as described: polymorphism may result in
isolatiox} of materials with different melting points in some preparations;
(v) all final products were essentially pure by TLC and/or HPLC and had satisfactory nuclear
magnetic resonance (NMR) spectra and microanalytical data;
(vi) yields are given for illustration only;
25 (vil) reduced pressures are given as absolute pressures in pascals (Pa); other pressures are
given as gauge pressures in bars;
(viii) chemical symbols have their usual meanings; the following abbreviations have also
been used: v(volume), w(weight), mp (melting point), L (liters), ml (milliliters), g (grams),
mmol (millimoles), mg (milligrams), min (minutes), h (hours), IMS(industrial methylated

30 spirits); and



-8 - requires the use of relatively dilute reaction mxtures to ensure the
for mat i onygf 9?0g§81desi red fumarate salt rather than a m Xt upereoglyRseIen
fumarat e and9 umarate salt forns: By utilising purified
crystallinell-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-

di benzo[ b, f][1,4]thi azepine, the funmarate salt may be prepared in a

rel atively hifgg lQ'-{hF{QI(thyﬁfd%?%%xﬂbﬂﬁﬁ-E-B@efﬂzfnfy!l)f-‘ddbéﬂz@ﬁa,ﬂfls,%iﬁie?;ﬁxé’ww
obtaining the correct salt formare mnimsed. The present i'nvention also
pr ovi deprepavsskassisscribed in pranteddpuopenn Hateof No1ER 282,234.2This compound may also

hydr oxyet hoxy) et hy] ] - 1-pi.perazi,nyl ) -di henzol.b, 4]t hi azepine and its
salts i ezPr"r%%eéi[?%%H#Bﬁgg%m%%mgﬁFB%Bé‘{ eport ed whi ch uses pl ant
and/or materials such as solvents nore efficiently. 10 The invention
will now be illustrated by the follow ng non-limting exanples in which,

unl ess$ Exaingste dt herwi se: (i) tenperature are given in degrees Celsius
(O : operatiqgns were carried out at roomor anbient tenperature, that is,

at a t erf@er atWater (106mikwasadded & a styredpixture of 1144-(24(3-hydwoxyetbesnetillol-

I t ' ' ; Ot . d
 ouc o PRI SRR G50 BPRRN I CSie SR RURLSREY ©
(1i1). iaBideDand) wad ARied GoheaniRturé BAC e M tItOHat HirkadvagotousITifbr POEiMlitedPLC
and reaction tinmes are given for illustration only; (ivV) mel ting points

are uncat A8 Sthegphdseseasy sépathtesat es deconposition; the nelting points 20

gi ven are thqse,obtai.n ar e terial repared as descri bed:,.

pol ynot phi smﬁﬁ@yf@'th“?ﬁieﬁmf éﬁggpf\%ﬁs 6‘? °Pr§? B‘rei %%P%o%'@ﬁsedi q‘&PBﬁfoq’r’é‘F’t i ng

POI Nt'S " ifydRdide RHARAT(AS URM Henbily) 1.5/cnP) WA adAe@INEIRR niREfe G238 Sakingl ty pure
by TLC and/ or HPLC and had satisfactory nucl ear magnetic resonance (NVR)

spect r a 48 amd stiroginagorbusipfordatminutesi JThy mékiise waealipiwedrio fsettleiahd tst paseson
only; 25 (vii) r ced pressures are gjven as absql ute pressures in
pascal s v(%f?pa&tﬁﬁ%tggg'm Blasgwas gw%# ‘e{gﬂméj fsréeélﬁté*é G pndtheg.dried

by distillation at 55°C using a Dean and Stark separator. The dried mixture was allowed to

15 cool to 25°C, seeded and stirred overnight to give a solid. The mixture was cooled to 0°'C, and
maintained at 0°C for 4 hours. The solid was collected by filtration, washed with methyl tert-
butyl ether and dried in a vacuum oven at 50°C overnight.

' There was thus obtained 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
dibenzo[b,f][1,4]thiazepine (46.7g) as a white crystalline solid, m.p. 82-84'C.

20 (b) IMS (35ml) was added to free base (30.0g) and the stirred mixture was heated at 60°C

in a 100ml flask to give a solution. This solution was transferred to a S00mli reactor vessel via

‘a sinter.'w'T he 100m] flask was washed with warm (60'C) IMS (10ml) and the washings added

to the reactor vessel. The mixture in the reactor vessel was warmed to 60°C with stirring.
Fumaric acid (4.65g) and IMS (60ml) were added to the 100ml flask. The mixture

25 was heated to 60°C with stirring to give a solution which contained a small number of solid
lumps of material. The mixture was added to the reaction vessel via the sinter so as to filter
the mixture and remove the lumps. The resulting mixture in the reaction vessel was stirred to
give crystalline material.

IMS (10ml) was added to the 100ml flask, warmed to 60°C and transferred to the
30 reaction vessel. The thick crystalline mass in the reaction vessel was heated to reflux and then

allowed to cool to ambient temperature, to give a solid. The stirred mixture was cooled to 0°'C
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(viii) chem cal synbols have their usual neanings; the follow ng

abbrevi ati ons have al so been used: v(volune), w(weight), np (neltin

point), LWOI9PO&8s), m (mlliliters), g.(grams), mol (m IAGTAEBWLR260y
(mlligrams), mn (mnutes), h (hours)lol_l\/S(i ndustrial methylated 30
spirits); and -9- The

11-(4-[ 2- (2- hydr oxyet hoxy) et hyl ] - 1- pi per azi nyl ) - di benzo[ b, f][1, 4]t hi azepi ne
was pr eaaf(! tapgratics pHbg mrfuf RAntnad A e e assmtensond 510\93 1[?502 davasThi s

i ' d No.
240, 225 CUEEbERIoP kEPahGE Sl EEId S MAIRRAG TRHIPR R SRRt o°
11- (4- [ 2o tastinid rencyion hessyl)odt.nYhd solid was dried in a vacuum oven at 55°C overnight to ‘
pi perazinyl)-di benzo[ b, f]1[ 1, 4]t hi azepi ne (59g) in toluene at 40 C.
Concent gitedtishlldtol2H2drideoxaethgxy)ethyllahpiperaainyadibenzo b, flihleA Jhigzapinel and t he

m xture as_stirr Vi goreusl y. ) J AUt esat 40[err] C. The phases were
separ éteef&’?‘a‘ff?asa‘s’%tﬁ\?é?%ﬁn?%‘ﬁ{df(gétéi %%VIC?QSGM) was added to the
aqueous phase. Aqueous sodi um hydroxi de solution (15.4m, density
1.5g/cnferr]) was added and the m xture was warned to 45[err]C and stirred
vi gorou@xaniple 215 ni nutes. The mixture was allowed to settle and the phases
wer e separated. The organi c phase was washed with water (2 x 25n) at
45[err]C and then dried by distillation at 55[err] C using a Dean and Stark
separator. TRes0rd 86igi [ =Te ly_tq02B[err] C, seeded and
stirred over %g d%ig“lgw‘é&g&éo |%1I&és#ﬁe mx%&%@leggglc%gzg@ to O[err]C, and
mai ntld hgdroxyetBpenethid]flepipgratinyl)-aibehbs] bSi{ll i4gthisaspinoisas ciyerdilizngd fioni thet | on,
washed with net hgl tert- butyl ether and dried in a vacuum oven at 50[err]C
over ni gHpIvenbpied helovt i pdaceist Eretfod tert-butylether.

11- (4-[2-(2- hydroxyet hoxy) et hyl ] - 1- pi perazi nyl ) -

di benzo[ b, f][1, 4] thiazepine (46.7g) as a white crystalline solid. mp.

82- 84C. Sdbvenb) | M5 (35 ) semngid®ny to f ngeldqase (30. Og)mamgegye stirred
m xture was heated at 60[errJCin a 100m flask to give a solution. This
solution was transferred to a 500m reactor vessel via a sinter. The 100m

fl asleWﬁh}\’/i/%%e et(g M th warm (]86) C IM (10n13))‘7and t he washi ngs added

Iso-butyl acetate 97.5 70.1 83-86
Methyl iso-butylketone 99.4 69.7 83-86
Methy! iso-butylketone®™  99.3 67.8 83-86
Methy! tert-butylether 100 86 83-86
20 Methyl tert-butylether 99 81 83-86

[1] cr‘ystallised from previously isolated 11-(4-[2-(2-hydroxyethoxy)ethyl}-1-
piperazinyl)-dibenzo{b,f}{1,4]thiazepine '
[2] good solid
25 (3] 80% charge

Strength is a measure of purity. The % strength is the % of desired ingredient, 11-(4-[2-(2-
hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][1,4]thiazepine, in the weight of material

isolated.
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to the reactor vessel. The m xture in the reactor vessel was warned to
60[err] C ch@/o%fadl”' ng. Fumaric acid (4.65g) and I M5 (60M pcyepgs@desd to
t he 100m ask. The m xture 25 was heated to 60[err]Cwith stirring to
give a solution which contained a smaFtlrunber of solid |unps of material.
The m xture was added to the reaction vessel via the sinter so as to filter
the m xtExa@n@ed renove the lunps. The resulting m xture in the reaction
vessel was stirred to give crystalline. material. IM5 (10mM) was added to
the 100m flask, warmed to 60[err]C and transferred to the 30 reaction

| Th h d
eflux and ¢l e AL CW Al dothie Wiy SRR S | o
The stirdy omsmﬁgxg@s(m%&g&e Xty jilglperazh% dﬂa@Hzc%[b,ﬂ[i amagaaagggé e of

the m xturé nai ntai at this tenperatur our he "so

col | ec endizylits theteofif foo axammple anflustiated inhanyoufithe frevious Eaampley, (htmaftaon ) .
This | M5 had been used to._wash the reaction_ vessel ou The solid was dried
in a vadaismediess wompgprd X{dclonshstapeytic or prapbylectic use in humans:

bi s-[11- (4-[ 2-(2-hydroxyet hoxy) et hyl ] -1-pi perazi nyl)-di benzo[b,f][1, 4]thiaz
epine] 5 fumarate as a white crystalline solid (32.7g); 94.4%yield).

Exanpl e @) Wablef a simlar nethod to that described in Exanple 1.
11-(4-[2-(2- 10

hydr oxyet hoxy) et hyl ] - 1- pi per azi nyl ) - di benzo[ b, f] [ 1, 4] t hi azeplgAablghs

cryst sed fr the solvents listed below in place of nethyl
tert- E‘L‘; 98 Kt granp e Strength (% O eld (%
M P. ([%51]11901 foskLhyl acetate[err] 100 223.75 39.7
- [err] Tso-butyl acetate 97.5 70.1
83- 86 NB@ﬂmyctarmslrhesbtsb#ﬂuket oY (-3 99. 4 69. 7 6.0
83- 86 t hyl 1sg-butyl ketone[err] 99. 3 67.8 15.0
83- 86 ps =putyletter-- 100 86 - B
gg: gg 20 Pb Ry dropyifdeaeitlistd @ fpMmc), 99 81 225
15 Magnesium stearate...........cccoeeruveenee 3.0
(b) Capsule
COMPOUNT Xierrrrrroreeremreeerememmenes B 10.0
20 Mannitol, USP.......cccovrirnrececeans 488.5
Croscarmellose sodium........cccevreenencns 15.0
Magnesfhm Stearate.......cooverreeecerarens 1.5

The above formulations may be obtained by conventional procedures well known in
25 the pharmaceutical art. The tablets may be enteric coated by conventional means, for example

to provide a coating of cellulose acetate phthalate.
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[1] . crystallised frompreviously isolated

11-(4-[ 2-(2-hydroxyet hoxy) et hyl - 1- pi perazi nyl)-di benzo[b,f][1, 4]t hi azepi ne
[ 2] goo V@ 84638125 [ 3] 80% charge Strength is a neasurBCHGBAE0326¢. The
% strength is the % of desired ingredi_xégt_, 11-(4-[2-(2-

hydr oxyet hoxy) et hyl ] - 1- pi perazi nyl ) -di b€nzo[ b, f][1, 4] thi azepine, in the

wei ght of material isolated. - 11 - Exanple 3 The following illustrate
represer@h&% pharmaceuti cal dosage forns containing a conpound of .
11- (4-[2-(2- hydroxyet hoxy) et hyl ] - 1- pi perazi nyl ) -di benzo[ b, f][1, 4] t hi azepi ne

5 and salts thereof., for exanple as illustrated in any of the previous

Exanpl es). (hergabhBburide WhidhgslciydtaBine 10 Q@HRUDhydrokyeth6ky)eth9T]apRpipetLing)-
prophyl actic use ig humans: (a%ym'lqabl et c(lrzrrg/ft(abret {O C}(’))npglandﬁi)!(k e

50.0 nnitol, USP .......... . . . . . . ...,
223.75 Croscarnel lose sodium . ........ ... .. ...

6.0 Maize starghym omhd as-claimed in claim 1 in which the erystalline 11-(4-[2-(2-
15. 0 Hydr oxypropyl et hyl cel | ul ose (HPMC),

2. 25 15 hydagryethoupetitydjat-piperazinyl)-dibenzo{b, f]{1,4]thiazepine is greater than 90% pure.
3.0 (b) Capsule Conmpound X.......... ... .. .. ... ... ....
10.0 20 Mannitol, USP......... ... ... ... ... ......

488.5 Crepscar | i . - . ) ; {4_F2_(D_
T Naes T chRBGuROA! tHiined in claim 2 wherein the crystalline 11-(4-[2-2

1.5 10 hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][ 1 ,4]thiazepine is greater than 99% pure.

4, A process for preparing crystalline 11-(4-[2-(2-hydroxyethoxy)ethyl]}-1-piperazinyl)-
dibenzo[b,f][1,4]thiazepine, or a pharmaceutically acceptable salt thereof, which comprises
crystallising 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f}{1,4]thiazepine

15 from a non-aromatic solvent; 3
and whereafter, when a pharmaceutically acceptable salt is required, reacting 11-(4-[2-(2-
hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][ 1 .4]thiazepine with an acid which affords a

pharmaceutically acceptable anion.

20 5. A process for preparing11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-
dibenzo[b,f][1,4]thiazepine, or a pharmaceutically-acceptable salt thereof, which comprises
crystalliging 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][ 1 ,4]thiazepine
from a solution of 11-(4-[2-(2-hydroxyethoxy)ethyl}-1-piperazinyl)-
dibenzo[b,f][1,4]thiazepine in a non-aromatic solvent and in which the solution is

25 substantially free from water.

6. A process as claimed in any one of claims 4 or 5 wherein the non-aromatic solvent is

selected from an ester of formula R'CO,R? wherein R' and R? are alkyl groups; an ether of

formula R?°OR* wherein R and R? are alky! groups; and a ketone of formula R*COR® wherein
30 R’and R® are alkyl groups. |

(T
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The above formul ati ons may be obtai ned by conventional procedures well
known in bdigsaphar meceutical art. The tablets may be ent pergmesind by
conventi onal nmeans, for exanple to- provide a coating of cellul ose acetate
pht hal at e. - 12- CLAIMS 1. A ceipeund which is crystalline

11- (4-[2-(2- hydroxyet hoxy) et hyl ] - 1- pi perazi nyl ) -

di benzo[p, f][ 14 $ldcBésERRiMEd ircldim 6 whereth FOMRORIEnA R atbdelBRttd floal ai m 1 in
which the crystalline 11-(4-[2-(2-

hydr oxy et Falkert.hy | ] - 1- pi per azi nyl ) - di benzo[ b, f][ 1, 4] t hi azepine is greater
t han 90% pure. 3. A conpound as clainmed in claim?2 wherein the
crystalline 11-(4-[2-(2- 10 '
hydr oxy g hoxy) £ fhucds o ol A7 6 wheRed telddnldrbriadd {dH G SleleedPirameat ef
than 99% pure. 4. process tor preparing crystalline

11- ( 4-3 2eth@-doprdtepisyBrithbacyiats methyl dsopbytelketone ynhd methyl tert-butyl ether.

di benzo[ b, f][ 1, 4] thiazepi ne, or a pharnmaceutically acceptable salt thereof,
whi ch conprises crystallising

11- (4-[ 25 (2- hygdroxyet ho hyl ] - 1-picpekazi —di [: ' pi ne
15 1 rom % non. APDRER & RS Y i dRERAL IR e vt s B 6
accept abingth§Plelt-tutylle@tityi red, reacting 11 -(4-[2-(2-

hydr oxyet hokxy) et hyl ] - 1- pi perazi nyl )-di benzo[ b, f][1, 4] t hi azepine with an
acid which affords a pharnaceutically acceptable anion. 20 5. A

G bondd( 11 ) [ K Bteereeraptne o DA B Se A0 RPaBReOZa Y L her cor

whi ch co | r : i Si Sl s (A-12-(D- 1.

11 (a- [ RS RO R spliS cDRariing cpstalising L4 (Ao tydroyethiomletyibl: - epi ne
from a spiperaziapl)dibehzo[b4) ] 2]thidzépink framahétbylyteattuytitthdr ipitheaksencg/of) water.

di benzo[ b, f][1,4]thiazepine in a non-aronmatic solvent and in which the
solution is 25 substantially free fromwater. 6. A process as clai ned

'nany ope of glAldE & Mima HGAE foyf S GRS ABLOWRAN BY 11-84-2-2-
15 hydroxyethoxy)ethyl}-1-piperazinyl)-dibenzo[b,f][1,4]thiazepine and the non-aromatic solvent

are heated to give a solution and the temperature of the solution containing the 11-(4-[2-(2-
hydroxyethoxy)ethyl}-1-piperazinyl)-dibenzo[b,f][ 1 .4]thiazepine is decreased to ambient

temperature and then further decreased to about O'C over a period greater than 1 hour.

20 12, A process as claimed in claim 11 wherein the temperature is decreased from ambient
temperature to 0°C over a period of about 2 to 4 hours.
13. A process as claimed in claim 11 or 12 wherein the temperature is decreased from
ambient tc;rnperature to 0°C over a period of about 3 hours.

25
14. A process as claimed in claim any one of claims 4 to 13 wherein the quantity of the
non-aromatic solvent is that which, when 11-(4-[2-(2-hydroxyethoxy)ethyl}-1-piperazinyl)-
dibenzo[b,f][1,4]thiazepine is dissolved in it, gives a concentration (before crystallisation) of

about 120 to 160mg/ml.

; (L




u

selected froman ester of formula Rerr]J]CJerr]R err] wherein Rerr] and

R err] are al kyl groups; an ether of formula R err]OR[err] wherein R err]
and R err |Wap®oaiskyl groups; and a ketone of. fornul a R er r PEUQEBERPI26hher ei n
30 Rerr] and R err] are al kyl groups. - 13 - 7. A process as
claimed in claim6 wherein Rerr], R[e'r]r4]', Rlerr] and Rlerr] are sel ected
from(1-4C) al k rocess as clainmed in _claim®6 wherein the

|. 8. A pr 2 . ! .
non- ar emb®-i ¢ sél prReses asclaimed dn elgim 1 &ayhsrean theiquartity of son-argspaiicysolveabeives

met hyl i e and nethyl tert-butyl ether. 9. A process as
cl ai ned ??\35%}“&@/’8‘? clainms 4 to 8 wherein the solvent is selected from
met hyl tert-butyl ether. 10 10. A process of purifying :

11-(4-[ 2-&2- hydr oxyet hoxy) et hyl | - 1- pi per azi nyl ) - . . .

di benzo[ bof ] [ 1Agredesnascqlaimed doamy ong ofplaims dtta |1 i whigh comprises reacting
11-(4-L2-(2-hydr eth - 1- . . . . s

i por a1 YRR IV b AS i oipsrarind e b AL dlhipeepifis ity ¢ ne
absence t (LN A | j A ohai s 4
absen mgirnga% at%{]deto%ﬂffe(% Fg:_%@%% of 8B (£ A{RrbRy B Xy RRNY-1HiFerinfl)

hydr oxy edivenzo] g {1l # Jthidzepineer azi nyl ) - di benzo[ b, f][ 1, 4]t hi azepi ne and t he
non-aromati c sol vent are heated to give a solution and the tenperature of
the solution containing the 11 -(4-[2-(2-

hydr oxyetHoxy) < f= N [ 1henz ¥ ' e LS oo
decr eas e%lﬂt 0 ang |ééér?% S itgoé%gr a{ﬁt érc g)ég%r tlﬁgﬁ%?{ggthglé{o%ﬁééégggégﬁtlo&ghlcs)dtﬁnyl)

J err 1€ dibenzofb,fie), 4 Jidagepine] 6a pindiadeukioally. acééptdble salt thérdof,desh @ safutioh af med
inclaimll wherein the tenperature is decreased from anbient tenperature
to 0[ er r | E(l&f2-bydsexyethoxgictblrpiperazinyd)-gienzo[b.fBl 4 ]thiazepireja dsgrematid aj med
in clai [.el tenmperature is decreased from anbi ent
terrpera%oﬁéérggvh%‘%ﬁ%&?%@neé&gs’peri od of about 3 hours. 25 14. A process
as claingd in sddagivaeyadng 4efd ©lthé §dlutiod 6F 1134vhenaivard ettty 1of the
non-aromati ¢ solvent is that which, when

11- ( 4- [ 2piperapipbelibeseoib, ) dithiaztpine pi the peomiatiglsplvent;

?Lg?g?g[& {/]s'E é‘i‘e&%‘ llflga e%iqg?eouisgn imgg%g{cvp%gseisp it, gives a concentration
c) adding a non-aromatic solvent and a base to the aqueous phase;
d) separating the aqueous and the non-aromatic solvent phases;
e} . drying the non-aromatic solvent phase;
b)) crystallising 11-(4-[2-(2-hydroxyethoxy)ethyl]-1-piperazinyi)-

20 dibenzo[b,f]{1,4]thiazepine from the non-aromatic solvent; and
whereafter, if a pharmaceutically acceptable salt is desired. reacting the 11-(4-[2-(2-
hydroxyethoxy)ethyl]-1-piperazinyl)-dibenzo[b,f][ 1 4]thiazepine with an acid which affords a

pharmaceutically acceptable anion.
25 18. A process as claimed in claim 17 wherein the aromatic solvent is toluene.

19. A process as claimed in claim 17 or 18 wherein step (f) is carried out as claimed in

any one of claims 4 to 17.
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about, 120 to 160nmg/ m . -14 - 15. A process as clained in claim14
wherein t{e, 4uashity of non-aromatic solvent gives a 135t 1]7(4,55@62%0 16.

A process as claimed in any one of-clainms 4 to 15 in mhlch conpri ses
reacting 5 crystalline -15-

11- (4-[2-(2- hydroxyet hoxy) et hyl ] - 1- pi perazi nyl ) -di benzo[ b, f][1, 4] t hi azepi ne
With fumic a¢bRarhfcaiti¢al édﬁg;cfsuiaarcaﬁ@nﬁﬁghy@falhne 11-(4-[2-2-

11- (4-[ 2- (2- hydr oxyet hoxy) et hyl ] - 1- pi per azi iyl ) -

di ben zo[}Wdfq;{ygﬁm](y]qﬁaﬂebpmerazmﬂ)—dxbenzé[h;ﬂjBcde]ﬁmzﬁptne pné p phampceutystlznl | i nel
1-(4-[2- Iﬂ 3 getho ethyl] 1- pi perazinyl)- 10

di benzo] C?I]%/ ? 9t 9% or a pharmaceutically acceptable salt thereof,
froma solution of

11- (4-[2-(2- hydroxyet hoxy) et hyl ] - 1- pi perazi nyl ) -di benzo[ b, f][1, 4] t hi azepi ne
i n an Sr2inat i CTieaise efitrysalline] p(4 {2 Eshyphopyetinag)etin]- l-plperaz:inb'rmg wat.er and an
acid to the sglutign. of 11-(4-[2-(2- hydroxyethoxy )ethyl]-1-

pi per azi Hysnzolbilld fithiazepipe in ﬂlﬁt%q"é\‘faéfﬂrﬁé 3 pedicamgntdanireatingdleyapsychiarip)

separ atlcﬁ &é}g aqueous and organi ¢ phases; c) addi ng a non-aronatic
sol vent (5 a base to the aqueous phase; d) separating the aqueous and
t he non- aromatl c solvent phases; e) drying the non-aromatic sol vent

phase; f crystaII|S|n
é _15 (4- [2222( 2- hykheaisg of mxtyblmphw‘}-{&@ahmcmhwv)ethﬂbl-plperazmyl)- " f
t t
it o T abencale A AER R Ty s RihnuliReR B AR En L g Aol 5% 55 2.

hydr oxyet hoxy) et hyl ] - 1- pi perazi nyl ) - di benzo[ b, f][ 1, 4] t hi azepi ne with an
acid which affords a pharnaceutically acceptable anion. 25 18. A
process as clainmed in claim17 wherein the aromatic solvent is toluene. 19.
A process as clained in claim17 or 18 wherein step (f) is carried out as

claimed in any one of clainms 4 to 17.
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(57) Abstract

Crystalline 11-(4-[2-(2-hydroxyethoxy) ethyl}-1-piperazinyl)-dibenzo[b,f] [1,4]thiazepine (I) may be prepared by crystallis-
ing 11-(4~[2-(2-hydroxyethoxy)ethyll-1-piperaziny)-dibenzo[b,f][1,4]thiazepine from a non-aromatic solvent such as ethyl acetate,
isobutyl acetate, methyl iso-butylketone or methyl tert-butyl ether, preferably in the absence of water, The crystalline mate-
rial produced may be converted into a pharmaceutically acceptable salt such as a fumarate. The crystalline 11-(4-{2—(2-hydrox-
yethoxy)ethyll-1-piperazinyl)-dibenzo[b,f]{1,4]thiazepine may be used to treat psychoses.
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