1 22 Septenber 2003 NOVEL PHARMACEUTI CAL This invention relates to a novel
phar maceutical, to a process for the 5 preparation of the pharmaceutical and
to the use of the pharmaceutical in medicine. International Patent
Application, Publication Nunber W94/06659 discloses g2rdgytBmber 2003
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20 Accordingly, the present invention provides a polymorphic form of 5-[4-[2-
(N-methyl-N-(2-pyridyl)amino)ethoxy]benzyljthiazolidine-2 4-dione, maleic acid salt
characterised in that it:

1D provides an infra red spectrum containing peaks at 1752, 1546, 1154, 621, and
602 cm-!; and/or

(ii)  provides a Raman spectrum containing peaks at 1751, 1243 and 602 cm-!;
and/or
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(i)  provides a solid-state nuclear magnetic resonance spectrum containing peaks
at 111.9,114.8, 119.6, 129.2, 134.0, 138.0, 144.7, 153.2, 157.1, 170.7, 172.0 and
175.0 ppm;
30 and/or
(tv)  provides an X-ray powder diffraction (XRPD) pattern which gives calculated
lattice spacings of 6.46, 5.39, 4.83, 4.68, 3.71, 3.63, 3.58, and 3.48 Angstroms.
In one favoured aspect, the Polymorph provides an infrared spectrum
substantially in accordance with Figure I.
35 - . Inone favoured aspect, the Polymorph provides a Raman spectrum
substantially in accordance with Figure II.
In one favoured aspect, the Polymorph provides a solid-state nuclear magnetic
resonance spectrum substantially in accordance with Figure I and/or Table I.
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Compound (1) in the required amount of denatured ethanol at an elevated temperature,
for example 60°C or 70°C.
20 Conveniently the Polymorph is recovered from the denatured ethanol by
filtration and subsequent drying.

In a further aspect, the invention provides a process for converting Polymorph
to Compound (I), wherein a solution of Polymorph in a suitable solvent, such as
acetone or ethanol, is seeded with Compound (I); preferably the reaction is carried out
in an inert atmosphere, such as nitrogen. Generally, the solution of Polymorph is
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obtained by dissolving Polymorph at an elevated temperature in the solvent, such as
acetone or ethanol.
Compound (1) is prepared according to known procedures, such as those
disclosed in WO94/05659. The disclosures of WO94/056359 are incorporated herein
30 by reference
For the avoidance of doubt the term "Compound (I)" as used herein refers to the form
of 5-[4-[2-(N-methyl-N-(2-pyridyl)amino)ethoxy]benzyljthiazolidine-2,4-dione,
maleic acid salt as disclosed an characterised in International Patent Application,
Publication Number W094/05659.
35  When used herein "denatured ethanol” means ethanol containing small amounts of
methanol, usually up to 5% v/v of methanol, such as from 0.9% v/v to 5% v/v of
methanol, for example ethanol containing 4%v/v of methanol.
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As mentioned above the compound of the invention has useful therapeutic
properties: The present invention accordingly the Polymorph for use as an active

20  therapeutic substance.

More particularly, the present invention provides the Polymorph for use in the
weatment and/or prophylaxis of diabetes mellitus, conditions associated with diabetes
mellitus and certain complications thereof.

The Polymorph may be administered per se or, preferably, as a pharmaceutical
composition also comprising a pharmaceuticaily acceptable carrier. The formulation
of the Polymorph and dosages thereof are generally as disclosed for Compound (I) in
International Patent Application, Publication Number W094/05659 or W0O98/55122.

Accordingly, the present invention also provides a pharmaceutical
composition comprising the Polymorph and a pharmaceutically acceptable carrier
30  therefor.

The Polymorph is normally administered in unit dosage form.
The active compound may be administered by any suitable route but usually
by the oral or parenteral routes. For such use, the compound will normally be
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employed in the form of a pharmaceutical composition in association with a
pharmaceutical carrier, diluent and/or excipient, although the exact form of the
composition will naturally depend on the mode of administration.

Compositions are prepared by admixture and are suitably adapted for oral,
parenteral or topical administration, and as such may be in the form of tablets,
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blending, filling, tabletting or the like. Repeated blending operations may be used to
distribute the active agent throughout those compositions employing large quantities
of fillers. Such operations are, of course, conventional in the art.

Oral liquid preparations may be in the form of, for example, aqueous or oily

20  suspensions, solutions, emulsions, syrups, or elixirs, or may be presented as a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending agents, for
example sorbitol, syrup, methyl cellulose, gelétin, hydroxyethylcellulose,
carboxymethyl cellulose, aluminium stearate gel or hydrogenated edible fats,

25  emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; non-aqueous
vehicles (which may include edible oils), for example, aimond oil, fractionated
coconut oil, oily esters such as esters of glvcerine, propylene glycol, or ethyl alcohol;
preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic acid, and if
desired conventional flavouring or colouring agents.

30 For parenteral administration, fluid unit dose forms are prepared containing a
compound of the present invention and a sterile vehicle. The compound, depending
on the vehicle and the concentration, can be either suspended or dissolved. Parenteral
solutions are normally prepared by dissolving the active compound in a vehicle and
filter sterilising before filling into a suitable vial or ampoule and sealing.

35  Advantageously, adjuvants such as a local anaesthetic, preservatives and buffering
agents are also dissolved in the vehicle. To enhance the stability, the composition can
be frozen after filling into the vial and the water removed under vacuum.
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par ent er alPCARFAIFATGPEREORFFRFY unit dose forms are prepared containing a
As used herein the term "pharmaceutically acceptable' embraces compounds,

compositions and ingredients for both human and veterinary use: for example the term
20 'pharmaceutically acceptable salt’ embraces a veterinarily acceptable salt.

The present invention further provides a method for the treatment and/or
prophylaxis of diabetes mellitus, conditions associated with diabetes mellitus and
certain complications thereof, in a human or non-human mammal which comprises
administering an effective, non-toxic, amount of the Polymorph to a human or

25  non-human mammal in need thereof.

Conveniently, the active ingredient may be administered as a pharmaceutical
composition hereinbefore defined, and this forms a particular aspect of the present
invention.

In the treatment and/or prophylaxis of diabetes mellitus, conditions associated

30  with diabetes mellitus and certain complications thereof the Polymorph may be taken
in doses, such as those described above.

Similar dosage regimens are suitable for the treatment and/or prophylaxis of

non-human mammais.
In a further aspect the present invention provides the use of the Polymorph for
35  the manufacture of a medicament for the treaument and/or prophylaxis of diabetes
mellitus, conditions associated with diabetes mellitus and certain complications
thereof.
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suspending in the sterile vehicle. Advantageously, a surfactant or wetting
agent is included in the conposition to 5 facilitate uniformdistribution of
the active conmpound. In addition such conpositions may contain further
active agents such as anti-hypertensive agents and diuretics. In addition,
t he Pol ynorph may be used in conbination with other antidiabetic agents
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t hereof and nethods of admnistration are as described in the above

menti oned publications. The fornulation of the Pol ynorph and dosages
thereof in said conbinations are generally as disclosed 15 for Conpound (1)
in the above nmentioned publications. As is comon practice. the
conpositions wll usually be acconpanied by witten or printed directions
for use in the nedical treatnent concerned. As used herein the term

" pharmaceutical ly acceptabl e’ enbraces conpounds, conpositions and
ingredients for both human and veterinary use: for exanple the term 20

' pharmaceutically acceptable salt' enbraces a veterinarily acceptable salt.
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(2.10 o) aslyfolghr (13:0 Y el fided tb 2ndiiel dilahoP(DIA) \EHBONEhebENTHL ]
t hi azol i dlrgﬁﬂﬁ h-ﬁl* ncew%%i tO %iﬂvgal{xeet%etat d~to g?%& H}Bdenat gr ed hanol (60
m, 5%/'\ e o%ar"un PrE R QR ES t 7Y &t LU ICHRREYITSERE resul t ant
sol ution WA | {hs wutionwashetditared wra preheaind vesseh(3656) aed thedilgn- 25C. The
resul ting veashsd aithi hoe denamreditetvae! (10rier He afthperuasdofitheifiitratedezat ur ed
ethanol ( 1Qjusted B drandnat cA&d with\sarity. t 8t §5¢eeBIRYMIRY RbadH- 61

with Compound (I) (0.4 g) and cooling, with stirring, continued. The resulting

slurry was stirred at ambient temperature for 1 h, and the solid isolated by

fileration, washed with denatured ethanol and dried at 50°C in vacuo to give 8.4 g

(84%) Compound (I).

Example 3: Conversion of Polymorph to Compound ()

Polymorph (5.0 g) was added to acetone (170 ml) and the mixture was stirred and
heated to reflux temperature. After complete dissolution, the solution was heated
at reflux for 30min, then filtered. The filtered solution was concentrated by
distillation at atmospheric pressure (120ml of distillate was collected). The
remaining solution was stirred and cooled at about 1°C/min and at 50°C seeded
with Compound (I) (0.2 g). Cooling was continued at 1°C/min, and when the
slurry reached 20°C stirring was continued for 1 h. The solid was isolated by
filtration, washed with acetone and dried in vacuo at 50°C to give 4.2 g (84%) of
Compound (I).

CHARACTERISING DATA: The following characterising data were generated
for the polymorph:

A Infrared

The infrared absorption spectrum of a mineral oil dispersion of the Polymorph was
obtained using a Nicolet 710 FT-IR spectrometer at 2 cm*! resolution. Data were
digitised at | cm-! intervals. The spectrum obtained is shown in Figure I. Peak
positions are as follows 1752, 1709, 1642, 1613, 1576, 1546, 1514, 1412, 1359,




g, 83% . Exanple 2: Conversion otPolynorph to Conpound (1) Polynorph (10.0
g) was added to denatured ethanol (90 ml) under nitrogen. The resulting

m xture was stirred and heated to 68C, and held at this tenperature for 30
mn. The solution was hot filtered toga preheated vesgel g¢fmbangodle
filter washed with hot denatured ethanol (10m ). The tenperature of the

filtrate ad d a t hen, caal e j t,hostirri At ,55C t he

sol ution a%?éégié@qwli’-@gg%bﬂ#@d ??'(]%'%ﬂ’g éM‘ar‘&"‘f:-'olollf’l“'n Plﬁmlﬁ H—?’sti rring,
cont i nued!09%hd 07 &si36i hE52.d0EPr Y66wAS 75718 986, 841. 84Bi &t 8DRIH3s Z6Ure for | h,
and the spl3,dlbs@aicéd, 830, 61 ) 60RtSk0N54 WEShedd\§ioFknetenat ured et hanol and
dried at 50C in vacua to give 8.4 g (84% Conpound (I). Exanple 3:

Conver si on of EIOl nor ph to Conpound (1) Pol ynorph (5.0 g) was added to
acetone (870 nfP¥™3hd the nixture was stirred and heated to refl ux

t enper at ufke Rafmae spexmrh of thedclgmbth was rdcheedahitugha glass vidaiseg a at ref | ux
for 30m MperkieBin{drX0BURGpedRinbict hef fl- SRLUILHBA 285 HRVGERIALEYT DY
di still ation_at_ at nqsg%e | C pressure 120 g ;S al e vva§ col |l ected).
The remdr Ty SEBV B PERSREsY S F0 S A EbSiE St 90 €it-n and at 50C
seeded viExataonpasdehieryd poing adyd: YeuGltasey (106é roonwith agabvar ofifurnfi, and when
_theI tsl gr‘mo mgaCf@ﬂc BOSRIGHSI dré h@ﬂoly&t@ﬁs:qqmj ms%siigpi 1588 15H7e 1564, 1 dt s

i sol ate 44 natyj; 0 c IV 0
v s Do A I3 OTyReRs ot e TR BRI B S TR oo

char act er?q@is o2 fa bt & 9g 60drdiZed 70,1428, 4A6 19¥ apdoiZdem A | nfrared The

i nfrared absorption spectrumof a mneral oil dispersion of the Pol ynorph

was obt aj ned %*gg a Nicolet 710 FT-1R spectroneter at 2 cm1 resolution.
Dat a wer di g ed at | cml intervals. The spectrum obtained is shown in

Figure I|. L 3 | 642, 1613, 1576, 1546,
1 5% 4 14 ];Iﬁee%j;i%%ﬁﬁ? 11232@ %—)ﬁ%ﬁ%gb\;}%%&s&e ﬁo?%%orp% 15 Shown in
tgure 1II. 'Chemical s are tabulated in Table 1. Data were recorded at

ambient temperature and 10 kHz spinning frequency on a Bruker AMX360

spectrometer, with 1.6 ms cross polarization, and a repetition time of 15 s.

Chemical shifts were externally referenced to the carboxylate signal of a glycine

test sample at 176.4 ppm relative to tetramethylsilane, and are regarded as

accurate to within +/- 0.5 ppm.

Q)

-

Table 1.
13C Chemical Shifts of the Polymorph.

Chemical Shift (ppm)

38.0 62.8 129.2 153.2 175.0
49.4 111.9 134.0 157.1
51.9 114.8 138.0 170.7
57.6 119.6 144.7 172.0

D X-Ray Powder Diffraction (XRPD)

The XRPD pattern of the Polymorph is shown below in Figure IV and a summary
of the XRPD angles and calculated lattice spacings characteristic of the
Polymorph is given in Table I




1329, 1317, 1291, 1261, 1242, 1220, 1212, 1204, 1182, 1171, 1154, 1126,
1112, 1097, 1075, 1056, 1032, 1016, 966, 937, 918, 906, 861, 842, 821, 809,
792, 762. 743, 715, 665. 656, 650, 621, 602, 560, 541, 524 and 507 cm1. B
Raman The Raman spectrum of the Polyngrph was recordedat §£0ughhé 9b63s Vi al
using a Perkin El nmer 2000R spectroneter at 4 cm t resolution and is shown
in Figured| Xsaxi s _showso| nt ensi Y- axis ws Raman.shift cm1, 1800 -
200 cm f) .ﬂ’a‘%xcf? AU e B ce%d&%%i“ﬁggmmﬁ%&@m%‘é?’“ ri}é%é'%) with a
power out [E§PIEHY coobsasd wishr Gyoaode.arvimany eind se¢asidanunBoller 3G, 21683, 1614.
1586, 154%eccndialy mohdditromiad@andl S4xkillalidd Aetektd3 The FdMowihk&tquibitd, 1076,
1016, 991,938 onSdbre 84ea: 773, 742, 652, 637, 619, 602, 513, 470, 428, 406,
350 and 325 cm1. CIN 4R The 90.56 MHz 13C CP- MAS NWI R spectrum for the
Polym)rph.[ié shgén in Fing%ure 111. Chemical shifts are tabulated in Table 1.
Data were €&6rded at andi‘ent tenperature and 10 kHz spinning frequency on
a Bruker AWRSEWOr €pEeRy ond#P&Y with 1.6 ns cross pol arization, and a
repetiti oGenerazorofurdent:s. 4Chesi cal shifts were externally referenced to the
car boxyl ateg, phgilal of a ghyciyae test sanple at 176.4 ppmrelative to
tetrameth I age% and arg_rq,ggrded as accurate to within +/- 0.5 ppm
Table I. BB cal shi P9 t he Pol ynorph. Chenical Shift (ppm

38. 062. 8123¢:psiB3. 2175. 0 40.02r28. 9134. 0157. 1 51.9114. 813 8.0170. 7

57.6119. 6 T4he perep: D X- Ray fowder Diffraction (XRRPD) The XRPD pattern of

t he Pol ynorph is shown belowin Figure IV and a summary of the XRPD angl es
and calculated lattice spacings characteristic of the




Pol ynorph is given in Table Il. 9 22 Septenber 2003 Data were acquired on a
Bruker D8 Advance X-ray diffractoneter with theta/theta geonetry configured
with a Cu anode, primary and secondary Soller slits, a secondary
nmonochronator, and scintillation detggor. The fol | owpRIS@s@wisdrt 2003
conditions were used: Tube anode: Cu Generator tension:40 kV Generator
current:40 mA Start angle:2.0 20 End angle: 35.0 20 Step size:0.02 20 Tine

per step: 2. ST bied12%. gtP%‘JJ&%F B%%gtlgt"f‘ Rn%%?ﬂ.ggiéeaﬁ%itF@Y_\%&qeg faf ] ac%?gh

Angl es and Ca culated Lattic ac1 1?
Diffraction Angl eLattice Sp fREsEolgme ey, 29. 63 11.67. 65 12.37. 17
13.76.46 14.06.3? 14.76.03 14. 95. 95 15 35 77 16.45.39 18.44.83 18.74.74
Diffraction Angle Lattice Spacing

(°26) (Angstroms)

9.2 9.63

11.6 7.65

12.3 7.17

13.7 6.46

14.0 6.32

14.7 6.03

14.9 5.95

15.3 577

16.4 5.39

18.4 4.83

18.7 4.74

18.0 4.68

19.3 4.59

20.0 4.44

21.0 4.22

219 4.07

225 3.94

233 3.81

24.0 3.7

24.5 3.63

249 3.58

25.6 3.48

26.2 3.40

27.2 3.28

27.7 3.22

28.7 311

29.2 3.05

29.6 3.02

30.2 2.96

30.8 2.90

31.0 2.88

317 2.82

323 2.77




19.04. 68 19.34.59 20.04.44 21.04.22 21.94.07 22.53.94 23.33.81 24.03.71
24.53. 63 24.93.58 25.63.48 26.23.40 27.23.28 27.73.22 28.73.11 29.23.05
29.63.02 30.22.96 30.82.90 31.02.88 31.72.82 32.32.77 11 22 Septenber 2003
32.9 2.72 33.4 2.68 342 2.62 12 22Septenber 2003 ChAl §Btember 2003




1. A polynorphic formof 5-[4-[2-(N-nethyl-N-(2-
pyri dyl)am no) et hoxy] benzyl }t hi azol i di ne-2, 4-dione. naleic acid salt (the
Pol ynorph) 5 characterised in that it provides: (i) an infra red spectrum
containing peaks at 1752, 1546, 1154,12621, and 602 cnpzlgemafiikyr 2003 a
Raman spectrum cont ai ni ng peaks at 1751 1243 and 602 cm 1 ; and/or (iii)
a solid-st @lleAYM®S| ear nmagneti c resonance spectrum contai ni ng peaks at 11
.9, 10 114.8, 119.6, 129 2, 134.0, 138.0, 144.7, 153.2, 157.1, 170.7,
172.0 and 175.0 ppmp and/or (ivy) an X-ray powder di ffraction (XRPD) pattern
whi ch gi ved- cal chp%vgwmiaﬁtfv%of éﬂéc{l-r@smhm-m 5.39, 4.83, 4.68, 3.71,
3. 63, 3. S8pyrad)atnih8)ANGBIBATY I Hiazdidide- POLABRE A BR ORI PG AR

a co

whi ch p_row des” an in red sp ectrum subst ant |’ y 1n ac
Fi gure-1. &haraet F%?'-';‘Elrfﬁr‘gﬂ 1%1%’88 Png to claim1 or claim2, which provides a

Raman speg;rummawspaémlcanmag@emmw Figun gsd '6212&1d450~°eq1 J.

Pol ynor ph according to any one of clafms whi ¢h prOV|Hes a so
state nucl eadt™ dﬁﬁgnetlc resonance spectrun1substant|ally i n accordance with

Figure || I(lx)andbﬂa:ﬂ'aiiﬁpecﬂrmn%nﬁlmﬁg hygRIITS | ALY Hidupot GndnyppBe of cl ai ms
1to 4, V\:h prohg% r%/ ‘é er diffracti on (XRPD pattern
substantla A SAECSFE e% FEORHG AT ORARF ORGP BT CPRBIng|Peds 25 1119,

Pol ymidfph hb‘b&rhﬁrﬁg 128. mymnman by nesal2, 674, 170.7 $71.0kad 1f790r19pm7 A

Pol ynor ph gecarding to any one of claims 1 to 6, in pure form
Pol ynmor ph according to any one of clains | to 7, in crystalline form 35 9.

Ahprocessl(ﬂ@r piieSaray ny EPdifﬁram:prhOéREthpmgnt»mmhgim ﬂ:alcuhlt?dfddﬁitﬁg ised in
t hat t t
a1 2 sol 4k 6 BaTpRuNAs Y i denaiureds shanal g an el evated

t enper at ur cool ell"s0’ ds"t o provi e Crys
after which the Polynorph is

15 2 A Polymorph according to claim 1, which provides an infra red spectrum
substantially in accordance with Figure I.

3. A Polymorph according to claim 1 or claim 2, which provides a Raman
| spectrum substantially in accordance with Figure II.

20
4. A Polymorph according to any one of claims 1 to 3, which provides a solid-
state nuclear magnetic resonance spectrum substantiaily in accordance with Figure III
and/or Table L.

25 5 A Polymorph according to any one of claims 1 to 4, which provides an X-ray
powder diffraction (XRPD) pattern substantially in accordance with Figure IV and/or
Table II.

6. A Polymorph according to any one of claims 1 ta 3, in isolated form.

30

7. A Polymorph according to any one of claims 1 to 6, in pure form.
8. A Polymorph according to any one of claims 1 to 7, in crystaliine form.
35 9 A process for preparing a Polymorph according to claim 1, characterised in

that a solution of Compound (I) in denatured ethanol at an elevated temperature is
cooled so as to provide crystallisation of the Polymorph after which the Polymorph is
recovered from the denatured ethanol.




recovered fromthe denatured ethanol. 13 22 Septenber 2003 10. A

phar maceuti cal conposition conprising an effective, non-toxic amount of a
pol ynmor ph according to any one of Clains 1 to 8 and a pharnaceutically
acceptable carrier therefor. 11. A pgj ynorph accordi Bg tepambaN2ooB C ains
1 to 8 for use as an active therapeutic substance. 12. A pol ynorph
according to any one of Clains 1 to 8, for use in the treatnent and/or

prophyl agi s of pHhbRbRfcalRbinpbsifien CORPHEIMBNS SF6QARAhBALIMiE hinthabefas
mellitus and certain conplications thereof. 13. The use of a pol ynorph
accor di pglymwrpinypcemdingf toGinyi pae of (Jaigist brio t& engranphizamacaudicalby a%ﬂﬁ%@i%arrent
for the trea}f mer}l and/ or prophylaxis of diabetes nellitus, conditions

associ af&§® l}eﬁe @i abetes nellitus and certain conplications thereof. 14. A
process for preparing ~Conpound |I" (5-[4-[2-(N-nmethyl-N(2-

pyri dyl ) am no) et hoxy] benzyl ] t hi azol i di ne- 2, 4- di gne, | eic acid sal.t) froma
pol ynor ph- aét d’loﬂa)imhi#ffcaﬁ%ﬂ&)ﬁé By Meaphllaims, 1gto" By 4o MSE @8 Tk 3FYS si ng

the ste ! ring a solution of the polynorph in a suitable
sol vent %(ﬁe)uglgé%l%:{aglgét he solution with Conmpound I; and (iii) recovering

Compound 1. 15. A process as clainmed in claim 14 wherein the solution is

prepared_at an el evated tenperature. . A.prcess in clainmed in ¢laim 14
or clai r]n_215 &}1_@?%}9“&%@‘3@&1 %anygnagéﬂl?m@s&ﬁo%ef%élﬁ%}q t%i%eat&leﬂk %cggrs as

cl ai med k@hﬁiﬁi%fl&amg Rlellitdd) SofdtidRssbato® AU E8bt&@S MaNidls antBeerAidr Ocess
as C|8.II’¢E n any one of clainms 14 to 17 carried out in an inert

at nospheomplidgBionAtlhpradess as clained in claim18, wherein the inert

at nosphere is nitrogen.

13.  The use of a polymorph according to any one of Claims 1 to 8 for the manufacture
of a medicament for the treatment and/or prophylaxis of diabetes mellitus, conditions

associated with diabetes mellitus and certain complications thereof.

14. A process for preparing ‘Compound I'  (5-[4-[2-(N-methyl-N-(2-
pyridyl)amino)ethoxy]benzyl]thiazolidine-2,4-dione, maleic acid salt) from a polymorph
as claimed in any one of claims 1 to 8, the process comprising the steps of (i) preparing a
solution of the polymorph in a suitable solvent; (ii) seeding the solution with Compound I;

and (iii) recovering Compound I.

15. A process as claimed in claim 14 wherein the solution is prepared at an elevated

temperature.

16. A process in claimed in claim 14 or claim 15 wherein the solvent is acetone or

ethanol.
17. A process as claimed in claim 16 wherein the solvent is denatured ethanol.

18. A process as claimed in any one of claims 14 to 17 carried out in an inert

atmosphere.

19. A process as claimed in claim 18, wherein the inert atmosphere is nitrogen.




