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THE | NVENTI ON Field of the Invention Fhils 4 nvention relates to a
crystalline formof 1-

10( 0- D- gl ucopyr anosyl ) - 4- et hyl - 3-[ 5- (4-fl uorophenyl) - 2-

t hi enyl nmet hyl ] benzene hem hydrate I nhi bitor of

sodi um dependent gl ucose_transportletﬁgqﬂc}@tgﬁqus for its preparation
and i sol at i drydtelghaendogut ofal -¢prposltdepsr s sshl )i ricimedd yllhg - [5-
conpound and hgablL | ;
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20WD 2005/ 012326 panphl et di scloses a class of conpounds that are

i nhi bitogs of sogrumceeprpdent gt upgsNETgnsporter (SGLT) and thus of
t herapeutic use for treatment of di abetes, obesity, diabetic
conplications, .and the |like. There is described in WO 2005/012326 25
panphl et 1- (3-E39gEc 588, IRBEREION. et hy1- 3- [ 5- (4-

fl uor ophenyl) - 2-t hi enyl met hyl Thenzene of forrmula (1): HO (I)

This invention relates to a crystalline form of 1~

10 (B-D-glucopyrancsyl)-4-methyl-3-[5-(4-fluorophenyl) -2~
thienylmethyl])benzene hemihydrate useful as an inhibitor of
sodium—-dependent glucose transporter, to methods for its
preparation and isolation, to pharmaceutical compositions
which include the compound and a pharmaceutically
15 acceptable carrier, and to pharmaceutical methods of

treatment.

Description of the Related Art

20 WO 2005/012326 pamphlet discloses a class of
compounds that are inhibitors of sodium-dependent glucose
transporter (S5GLT) and thus of therapeutic use for
treatment of diabetes, obesity, diabetic complications,
and the like. There is described in WO 2005/012326

25 pamphlet 1-{p-D-glucopyranosyl)-4-methyl-3-[5- (4~
fluorophenyl)-2-thienylmethyllbenzene of formula (I):

CHs

-S .
O () )
HO - OH

OH

In general, for commercial use it is impoftant that
a product should have good handling qualities. Additionally,

30 there is a need to produce the product in a pure and



In general, for comercial use it is inportant that a product
shoul d have good handling qualities. Additionally, 30 there is a need
t o produceMOr8oificdéct in a pure and WO 2008/ 069327 PCTPOREIOZ/00373Y 29
- 2 - crystalline formto enable fornulations to neet exacting

pharmaceutical requirenments and specifications. And it is
desirabl e that the product should be in a forn1that s readily
filterable and easily dried. 5 Addj glo ally, | s _econom cal |
desirabl e thGtY3 %ﬁqﬁd§8Fmb§°sF85# e £ 6T %ﬁﬁﬁ&f 5&r P68 8Fa?¥h%9

wi t hout the pﬁﬂﬁhédyutipaa!abqn&ﬁeméﬂtag&ndxnphdmﬂﬂmatlBus t here have
been difficulties W0 g ob%aﬁglggffra le %%I %grgh %qufgqgggﬂf of
sofvents. €eé h

formula (1) fron1organ| as n I scovere at
the conpoundfaxm ftdertulis @Bﬁdhémiﬁ?ﬂt%uiblﬁuﬁﬂﬂaqmﬂmdUcé@lEﬁ a

crystal l igne nper :r.e » |
B it i A e

crystalline h?%rsfﬁa@flehéﬁﬂfhﬁlﬁfiﬁf’ée@fP‘?W%rﬁfo&ﬁ%}‘eof"lﬁ:BPHﬁl bhe|peed Lor
novel naterigdacialiRakt sebkagel BopAaF t@eeUtical ly acceptable form

But there have been difficulties in obtaining a
crystal form of the compound of formula (I} from organic

10 solwvents.
It has now been discovered that the compound of

formula (I) hemihydrate can be produced in a crystalling

form in a manner reproducible on a commercial scale.

15 SUMMARY OF THE INVENTION

= The present invention provides a crystalline form of
hemihydrate of the compound of formula (I) as a novel
material, in particular in pharmaceutically acceptable form.
20
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1:
X-ray powder diffraction pattern of the crystalline
25 of hemihydrate of the compound of formula (I). -
Figure 2:
Infra-red spectrum of the crystalline of hemihydrate

of the compound of formula (I}.

30 DETAILED DESCRIPTICON OF THE INVENTION

The invenfors of the present invention have found
that the compounds of formula (I) can be crystallized from a
water-containing solvent and the crystalline form of
35 hemihydrate of the compounds (I) have good handling

qualities and characteristics.



20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1: X-ray
powder diffraction pattern of the crystalline 25 of hem hydrate of

t he conpouW® 2608/d68¥2ful a (1). Figure 2: 1 nf r a- r eRCBHBEATHEATRDOF
the crystalline of hem hydrate of the cogmpound of forrmula (I).
30DETAI LED DESCRI PTI ON OF THE | NVENTI ON The inventors of the

present invention have found that the conmpounds of formula (I) can be
crystallized froma water-containing solvent and the crystalline form
of 35 hem hydrate of the conpounds (1) have good handling qualities
and characteri sti caccoXi 2§Dg/ GGR32HEEERIP2Q0EH0737 20s -dBrected to:
Accordingly,, the pf_\eég%téﬁ/ﬁpet iQn He%ig&rdg,gttgdo%oi_(ﬁ_llj_A crystalline

of hem hydrat'e of

1- (p- Dgl ucomiraepyyanosy ikt hyte 8y 15-34-5 (dorid plegpphpngl ) 52-

thi enyl met hyly;ReRAGReny1 FrehzElyst al line of hem hydrate of

1- (p- Dgl ucopyranosyl) - X met hy1- 3- (5-(4-fl uorophenyl) - 2-

t hi enyl met hyl Thenzene characterized by a powder x-ray 10 diffraction
adi aton B30 Oz e S P 2 20.80 0.2
radi ati on: 4. : . 2, : : : : . 2.
3. A cryst a|q%Uﬁé>Pé'frahsﬁ%§a‘#a%%tzlb»rl-%-(f%g-fﬂ-%}goropgenyl9-2-

gl ucopyr anoHierdmethyliBehberfel-dHamaayehded) b2- a powder x-ray

Lhi enyl #Bt gl:lheneeqgy Baytag, SUBRLANY he! B8128IBng S8V PRNET

diffractron pattern-as
measured using CuK, radiation: 4.36 + 0.2, 13.54 % 0.2,

16.00 + 0.2, 18.32 + 0.2, 20.80 + 0.2.

3. A crystalline of hemihydrate of 1-(pB-D-
15 glucopyrancsyl)-4-methyl-3-[5-(4-fluorophenyl)-2-
thienylmethyllbenzene, having substantially the same X-ray

powder diffraction pattern as set out in FIG. 1.

4. A crystalline of hemihydrate of 1-(B-D-
20 glucopyranosyl)-4-methyl-3-[5-(4-fluorophenyl)-2-
thienylmethyl]benzene, having substantially the same IR

spectrum, as set out in FIG. 2.

5. A process for the preparation of a crystalline of
25 Themihydrate of 1-(p-D-glucopyranosyl)-4-methyl-3-[5-(4-
fluorophenyl)-2-thienylmethyl]}benzene, which comprises
forming a sclution of 1-(R-D-glucopyranosyl)-4-methyl-3-
[5-(4-flucrcophenyl)-2-thienylmethyl]lbenzene and
crystgllizing said hemihydrate from the sclution by

30 precipitation or recrystallization.

6. A pharmaceutical composition comprising an
effective amount of a crystalline of hemihydrate of 1-(f-
D-glucopyranosyl)-4-methyl-3-[5-(4-fluorophenyl)-2-

35 thienylmethyllbenzene and a pharmaceutically acceptable

carrier.



4. A crystalline of hem hydrate of 1-(p-D 20

gl ucopyr anosyl ) - 4- met hyl - 3-[ 5- (4-fl uor opheny1l) - 2-

t hi enyl met WPl ppfde288he, havi ng substantially the sane | RPEHERET7OMR72HSs
set out in FIG 2. 5. A process for the preparation of a
crystalline of 25 hem hydrate of

1- (8- D gl ucopyranosyl) - 4- net hyl - 3-[ 5- (4-

fl uorophenyl) - 2-thi enyl net hyl ] benzene, which conprises formng a
sol ution of- 1-(8-D gl ucopyranosyl) - 4- et hyl -

[ 5- (4- f | uor opheny1h- fethoéngbiet tyd jrizertz exe daddytny stiad | pzoguge sl coh
hem hydrate f{ éﬂg%qe %OQEEESQeQVmé§h£%§§”Fﬁféﬂékgﬂ @Ltinopath .
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ef fective arbiaitetdfc ae@r?QﬁEthn@a%ﬁeﬁkﬂnﬁﬁnhiapétbﬁr1dg€3¥ed wound

D‘9|UC0p$raQQ§M!%.4 qﬁ%hiln ré§1ééaﬁé@oﬁﬂ&ﬁﬁﬁﬂ¥he%la35

t hi enyl net hyl ]benzene and phar maceut'i cal’| %.acce ptable carrier. WO
&

2008/ 069327|ﬂf<ym@@w19?3m29f glevated Rpkaqsly ieyeler edt ﬁ%ﬁ?yo?cb%?'ayl ng
the progr esSémfa&redomabaojedea@e&mgmaﬁdlus hygeabebi 8ehed rwaaglrtyy

di abet i t hy, .di abet de| h :
O o oo R an 8PS PR x VAR UG B P00
| evel s of fzﬂﬁ@enmscde:oeheyabedhypemnhdsﬂnﬂ s whfichl gompoises

hyperli Rbden@scﬁrunt‘%%%%ﬂ}é Qyz‘?ﬁé}éﬂg)&%CﬂlJSﬁ’@f%eew?XMErQﬁgu%(t gabeti

conplicafio eroscferosi s nsi on conprises 10
adn1n|ster|rq;y§tﬁﬂéﬂa§eeﬁlb%miWY@#¢%QWQﬁui1d@U@ngl§¢°EY€@9@$$&X14ﬂ3 of

hem hydr at e ;f n11Q3-[P5 gl(@C?Pﬂéﬁﬂﬁﬁ I) 4—2 thlenylmethyl]benzene
met hyl - 3-[ 5- (4-fl'uor opheny1l) - 2 |enylnethy ] benzene. As di scussed,

t he present invention includes a
: As discussed, the present invention includes a

15 certain solid state crystalline form. Several methods for
characterizing such forms exist, and the invention should
not be limited by the methods chosen or the instrumentation
used in characterizing the compounds of the present
invention. For example, with regard to x-ray diffraction

20 patterns, the diffraction peak intensities in the
experimental patterns can vary, as is known in the art,
primarily due to preferred orientation (non-random
orientation of the crystals) in the prepared sample. As
such, the scope of the present invention must be considered

25 in light of the wvariability of characterization that is

appreciated by those skilled in the art.

X-ray Powder Diffraction
The crystalline form of the present invention (I)

30 1is characterized by ité X-ray powder diffraction pattern.

The X-ray diffraction pattern of the crystalline of

hemihydrate of the compound (I) was measured on an X-ray

diffractometer (RINT-TTR III, Rigaku, Tokyo, Japan) with

measured using CuKq radiation. Methodoleogy of X-ray powder
35 diffraction is as follows:

Scanning rate: 2.00 degree/minute.



15 certain solid state crystalline form Several nethods for
characterizing such fornms exist, and the invention should not be
linmted byWMOR808#6PHAds chosen or the instrunentati on usBCI/JR007/073729
characterizing the conpounds of the present invention. For exanple,
with regard to x-ray diffraction 20 patterns, the diffraction peak
intensities in the experinental patterns can vary, as is known in the
art, primarily due to preferred orientation (non-random orientation
of the crystals) iRaFABtprEepBr-ed sanple. As such, the scope of the
present invention Wuitabe:cbmskdered 25 in light of the variability
of characterizatiop_ t (S preciated by those skilled in the art.
X-ray Powder D'ffrggf?gﬁtTh%@Qr@gtalIine formof the present
invention (1) 30 i §cgharasgerifzeenby e A0K-0O aegeader diffraction

pattern. sThe X—raysgﬁﬁiigﬁt& wats edgpPfaddiecrystal line of
ouhd %I

hem hydrate of the conpou was neasur on an X-ray
diffractoneter (RINT-TTR Il1, Rigaku, Tokyo, Japan) w th neasured

usi ng CuEc raditireq sMethedsl ogy of X-ray powder 35 diffraction is

as follows: Scanning rate: 2.00 degree/ nm nute. .
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The infra-red spectrum of crystalline compound (I}
hemihydrate is shown in the accompanying drawing in which
the ordinate is the transmittance in % and the abscissa is
‘the wavenumber in cm™ .

15
Thermogravimetfic'Analysis

The crystalline form of the present invention has
been observed to exist in a hemihydrate form. The
theoretical water content of the crystalline of the

20 present invention is 1.98%. The thermogravimetric analysis
for the crystalline of the present invention shows a mass
loss of 1.705%.
Methodology of thermogravimetric analysis is as
follows: about 8 mg of compound (I) hemihydrate is weighed
25 and transferred in an aluminum cell holder for TG-50
{Shimadzu, Japan), and then, the thermegravimetric (TG)
thermal curve of crystalline compound (I) hemihydrate is
determined at a heat rate of 5 °C /minute. Typical
measuring range is from ambient to 150 °C.
30

The present invention also provides a process for
producing the crystalline form of hemihydrate of the
compound (I) which comprises forming a solution of
compound {I) and precipitating the crystalline form from

35 sclution.



The infra-red spectrumof the crystalline formof the present
invention in mneral oil conprises the 10 foll ow ng mai n peaks: 1626,
1600, 1549WO2088/®887 cm 1. The infra-red spect r BEW/H2007/073729
crystal line conmpound (1) hem hydrate is ghown in the acconpanyi ng
drawing in which the ordinate is the transmttance in % and the
abscissa is the wavenunber in cml. 15 Thernogravinetric Analysis
The crystalline form qf Ee pr esent |nVﬂ1t|on has begen, observed to
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for TG 50 (Shimadzu, Japan), and e rm ravinmetric (TG
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contal ning a poor sol vent onet | nes sone | urit
hemihydrate of the compound (I) and a pharmaceutlcally

acceptable cdrrier.

15 The crystalline compound of the present invention
possesses activity as inhibitors of sodium-dependent
glucose transporters, and show excellent blood glucose
lowering effect.

The crystalline form of the present invention are

20 expected to be useful in the treatment, prevention or
delaying the progression or onset of diabetes mellitus
{type 1 and type 2 diabetes mellitus, etc.), diabetic
complications (such as diabetic retinopathy, diabetic
neuropathy, diabetic nephropathy), postprandial

25 hyperglycemia, delayed wound healing, insulin resistance,
hyperglycemia, hyperinsulinemia, elevated blood levels of
fatty acids, elevated blood levels of glycercl,
hyperlipidemia, obesity, hypertriglyceridemia, Syndrome X,
atherosclercsis, or hypertensicn. _

30 The crystalline form of the present invention or a
pharmaceutically acceptable salt thereof may be
administered either orally or parenterally, and can be
used in the form of a suitable pharmaceutical preparation.
Suitable pharmaceutical preparations for oral

35 administration include, for example, so0lid preparations

such as tablets, granules, capsules, and powders, or



crystallization inhibitors, and inpurities need to be renpved using a
conventional manner, such as silica gel colum chromatography.
However, tWe 2008/¢RI| i ne of hem hydrate of the conpoundP@¥f/JH200710G3729
(I') can even be 10 obtained fromrel atively inpure conpound (1). The
present invention also provides a pharnaceutical conposition
conprising the crystalline of hem hydrate of the conpound (1) and a
phar maceutically acceptable carrier. 15The crystalline conpound of
the present SHEHAORISRETESILESacFRFPEYSHRN | PFFRA ¥ Ot emulsion
Slodi um dfpeﬁﬂ%ﬁaﬁﬁﬁﬂﬁe %i]ﬂnﬁﬁéf w]ﬁe‘, amfitsdmwf @fﬁ&ﬁd&%@btbb@@d

gl ucose | owering eff.ect. e crystalline formof the presen

i nventi on arperef%régﬁé’&seéotropﬁégﬁtgfﬁjr ?W%%sﬁ?ae%}%rﬁq&ﬁdtee\/eﬁﬂron
or del ayi ng edfzenpireqgrsesgpiocitorieaseinpécui aatwsparddidnes ot ype 1 and
type 2 diab |1 tus,..et | e [ J 5 a

di abet i cgr ete‘L %ﬁ%ﬁg%ﬁlﬁutsd?jgﬁgt Pééﬁég%g‘g‘%‘%,&%e@%ﬂlﬁ@ﬁé ?)%g#ﬁ:yif,or
post pr andi alimi®dniesr gloyyerracddes hyeal Werineb healdmPr iamgous

resi stance, ARG “eamtaonhyRREI Dk inem Sre®l @Ml bl 00d | evel s of
fatty acids,” elevated blood | evels of glycerol, hyperlipidem a,

obesity, hypertri §'§cBPREBAFELL Syabir oAPOS 1 G e disdsdifodiig gfontain,
thertensi prpelrl?:@i’éis@g@r )(1315.{%',' én.g. f Otarmm?t hea g Ese N tpdwaleant iiglj e@tri]an,
phar maceyti ca acceptabl e salt_there may, he a ni ster ei.t her
o ToCal  Sherbsi iy, “egoRaniobl Tha v IS ahas Srok pagie
phar maceut i cal/ kor épargbuonl0Sung Abd eoqdrarwesicenit i (qate fereypdiyatiivons f or
oral 35 adm_nij rati~on_Jj ude, e sal i a [ ch
e bl et o ahent B 09N nk Ry 166 abOte METRY g d gy oA ErRRSESYS
2008/ 069327 HcPm) pPoOk/ 678912ma/kg to about 30 mg/kg) of the active

ingredient, and may be given at a dosage of from about

15 0.01 mg/kg/day to about 100 mg/kg/day (preferably from
about 0.01 mg/kg/day to about 50 mg/kg/day and more
preferably from about 0.01 mg/kg/day to about 30
mg/kg/day). The method of treating a disorder described in
the present invention may also be carried out using a

20 pharmaceutical composition comprising the crystalline form
as defiﬁed herein and a pharmaceutical acceptable carrier.
The dosage form will contain from about 0.01 mg/kg to
about 100 mg/kg (preferably from about 0.01 mg/kg to about
50 mg/kg; and, more preferably, from about 0.01 mg/kg to

25 about 30 mg/kg) of the active ingredient, and may be
constituted into any form suitable for the mode of
administration selected. The dosages, however, may be
varied depending upon administration routes, the
requirement of the subjects, the severity of the condition

30 being treated and the compound being employed. The use of
either daily administration or post-periodic desing may be
employed.

The crystalline form of the present invention may

be used, if necessary, in combination with one or more of

35 othexr anti-diabetic agents, antihyperglycemic agents

and/or agents for treatment of other diseases. The



- 7 - solution preparations, suspension preparations, emulsion
preparations, and the |ike. Suitable pharmaceutical preparations for
par ent er al W&R8#68327 at i on i ncl ude, for exanpl e, supposiPCF/IR2807/073729
injection preparations or 5 intravenous girip preparations, using
distilled water for injection, physiological saline solution or
aqueous gl ucose solution; and inhal ant preparations. The

phar maceuti cal conpositions herein will contain, per dosage unit,

e.g., tabl ePTreEEHuIETPRGRASr 2rAnFREEE oNERAD RI/IHOTINBF VPE t easpoonf ul
and the |ikeddindetabed 0. Qhenghke d6sabhoutordP0 o/ kg Dadpanitght
(preferably frgmdabout .01 /E to.about 50 ng/kg; and, nore
preferably, FFom“a563€ 6°6T ﬁgl 8 ) 8Potit™ 30 g/ kg) of the active

i ngredi ent, and naYhéedgszen af Ehakesagpendfs fmragnmvabbguectbr@ifg to,

ng/ kg/ day t [kg/d p bl Q- te 0..Q1

my/ kg/ da% tg"gﬁ%&%“"‘é’ggﬁgﬁ%g? dagxggd&%o e@’pr%?r(e&r%?psro;bofm%a(%&fl 5701
mg/ kg/ day t @dadsdetzetagnkgruhagy. e detadrl Birmseating a di sorder
described in the pigsgdtphiMeitd LAY RndR N icALM had BUt cHging a 20
pharmaceutical .cqonmposition conprising the crystalljne form as defined
herei n and éd‘pﬂ%&ﬂﬁﬁééﬁ?i cal ma@a%b%%@%%% &QC%%WW SrAPESY |
cgnt ai 8 fr1 Omp/&EQUhna. gzbgafgg lég t;aﬁab@s:&%eloﬁoﬂg/d@, ]gmﬁbﬁfaaﬁ;:]lcne,f I’ﬂagﬂlet,
about t 0 about ng ._an nor e preferably, .from abqut
001 Ry FAPSE EnoBEoaY PR oRothe fne h A VA oA, SARiTARG=RAY be
consti t ut ed innttbeadipriopm $ujeabien forepdws tnioge afr ddrtimanstsedilyonor
sel ected. The dpsages,, tgﬁ"‘@l‘gﬁsdé@ﬁ(apepéﬁféﬂ ed dependi ng upon

adm ni stration routes, e requirenent. of the subjects, the severi tg/

of the condition 3bh®efhigstakhingl fora offe heaipydnatBePRgtkapreyreun
The use of oei tBenudal l(Y)adghmhetpAld O PIE RIS ta RERRAGIC cFOShRY NMBY
be enpl oyed. The crystalline formof the present invention
may be ﬁgedFOF‘POHBéeéggr y& %ﬂo‘goﬁ%]r‘f‘%ﬁfi Gt SFe OBt 1egRd L8f 35
ot her anti - doabethntnggenpsorandlymer gl ycem ¢ agents and/ or agents
for treatment of OE£§%pfg§qgé%ﬁﬁxgg%lvents which have been found
suitable include ketones (e.g., acetone, 2Z2-butanone),
esters (e.g., ethyl acetate, methyl acetate), alcohols
20 (e.g., methanol, ethanol, i-propanol), and a mixture of
these solvents. Examples of poor solvents include alkanes
(e.g., hexane, heptane), aromatic hydrocarbons (e.g.,
benzene, tbluene), ethers (e.g., diethyl ethexr, dimethyl
ether, diisopropyl ether) and a mixture of these soclvents.
25 One preferred preparétion of the crystalline form
of hemihydrate of the compound of formula (I) typically
involves dissolving in a good solvent (e.g., ketones or
esters) crude or amorphous compound of formula (I)
prepared in accordance with the procedures described in WO
30 2005/012326 pamphlet, and adding water and a poor solvent
(e.g., alkanes or ethers) to the resulting solution,
followed by filtration.
In case that a good solvent is scluble in water, a
poor solvent needs not be used and water may be added to

35 the sclution of the compound of formula (I} in the good



WO 2008/ 069327PCT/ JP2007/ 073729 - 8 - present conpounds and these

ot her agents may be adm nistered in the same dosage form or in a
separ at e oW&I200/ayE form or by injection. TheCTrseny®7iyee
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m xture.qf t re rat f .t
Xt ur g8 esenaalisals ofo0e pretelnsdn snpratlan o ie

typically |@W®b¢e§adﬂ§sdEVﬁn@lnﬁda good solvent (e.g., ketones or

esters) crude or a@P&@POH§e§é”EEHHE¥anJ(NEP#s%aﬁhthEQBﬂrSQn'n
accordance with the_procedures describ in"WO 30 2005/012326

panphl et , aﬁ&e§8&ﬁﬁéymﬁ?eFaéﬁHe% ®6Bra%cﬂ\%9ﬂeq%9mgamh&ﬁ%§n€§ or
ethers) to thevaesdl tengesatutéon, followed by filtration,

0t “be bed and vall TP 1L Sdted T 55 PHE CUFREr Bnohr CoRecCRPUTIG
of fornmula @E)fbmmuhe gbbdls significantly easier to isolate than
amorphous form of the compound and can be filtered from
the crystallization medium after cooling, and washed and
dried. Also, the crystalline form of the present
20 invention is more stable than the amorphous form of the

compound of formula (I}.

Examples

25 EXAMPLE l: Crystalline 1-(f-D-glucopyranosyl)—-4-methyl-3-
- [5-({4-flucrophenyl)-2-thienylmethyl]benzene hemihydrate

- (B-D-glucopyranosyl)-4-methyl-3-[5-(4-
fluorophenyl)-2-thienylmethyl]benzene was prepared in a
30 similar manner as described in WO 2005/012326.



WD 2008/ 069327PCT/ JP2007/ 073729 - 9 - solvent so the solubility of

t he conpound of fornula (1) can be decreased in the solution. In case

that a pooWOX§P8/sAI27i s used, water is preferably used i PCHIRINNTO7HRY 1

to 10 nolar equivalents to 5 the conmpound of formula (1), the good

solvent is preferably used in amount of 10 to 100 tines of vol une of

wat er, and the poor solvent is preferably used in anmpbunt of 0.1 to 10

times of volune of tihe good sol vent. The precise conditions under

which the crystalling reihydeat e of the conpoupdufidoy is formed

may be enpirically ) — Under TRese conditions,

crystal lization can preferably be carried ou toms| ower ed, anbi ent

or elevated terrperature1 15The crystall ijg f of hem hydrate of the

conpound of formula (1) is significantly eaSi er f¥5i sol ate than

anor phous form of the conpound and can be fij)t &f%d fromthe

crystallization nmediumgfter cooli ng, and washed angl dried.- Al so, the

crystalline form of the nventlonls nork t he
Ji?fo

[5 (4 fl uorophenyl) 2- i 8 yl met hyl ] benzene hem h
st hy1- 3-[ 5- (4- HO
fI uorophenyl) 2-t hi enylasmt hyl ] benzene was prepared én a 30 sinmilar

manner as described in WO 2005/ 012326. HOOHHOOH1/ 2H20 OHOH
(1) To a solution of 5-bromo-1-[5-(4-fluorophenyl)-

2-thienylmethyl]-2-methylbenzene (1, 28.9 g) in
tetrahydrofuran (480 ml) and teoluene (480 ml} was added n-
5 butyllithium (1.6M hexane solution, 50.0 ml) dropwise at -

67 to -70 °C under argon atmosphere, and the mixture was
stirred for 20 minutes at the same temperature. Thereto
was added a solution of 2 (34.0 g) in toluene (240 ml)
dropwise at the same temperature, and the mixture was

10 further stirred for 1 hour at the same temperature.
Subsequently, thereto was added a solution of
methanesulfonic acid (21.0 g) in methancl (480 ml)
dropwise, and the resulting mixture was allowed to warm to
room temperature and stirred for 17 hours. The mixture was

15 cooled under ice - water cooling, and thereto was added a
saturated aqueous sodium hydrogen carbonate solution. The
mixture was extracted with ethyl acetate, and the combined
organic layer was washed with brine and dried over
magnesium sulfate. The insoluble was filtered off and the

20 solvent was evaporated under reduced pressure. The residue
was triturated with toluene (100 ml) - hexane {400 ml) to
give 1-(l-methoxyglucopyranosyl)-4-methyl-3-[5-(4- '
fluorophenyl) -2-thienylmethyl]-benzene (3) (31.6 g). APCI-
Mass m/Z 492 (M+NH,).

25 {(2) A soluticon of 3 (63.1 g} and triethylsilane
(46.4 g) in dichloromethane (660 ml) was cooled by dry ice

— acetone bath under argon atmosphere, and thereto was



34 (1) To a solution of 5-brono-1-[5-(4-fluorophenyl)-
2-t hi enyl net hy11- 2- met hyl benzene (1, 28.9 g) in tetrahydrofuran (480
m) and t oW@exes/(ed80 nl ) was added n- 5 butyllithium (1IPGINHIGTARIT2O
solution, 50.0 m) dropwi se at - 67 ta 440-C under argon atnosphere,
and the m xture was stirred for 20 mnutes at the sanme tenperature.
Thereto was added a solution of 2 (34.0 g) in toluene (240 m)
dropwi se at th ame tenperature, and the m xture was 10 further
stirred for AHRFICLAPYHRE Laren dmjdlypnide SuﬁE]élﬁJue‘ﬁ?lP?/r TR ERD was
added a sol ut§mro efil)r;etahanesw irarstmracwds(a&:_ﬁrgc)l ah et hearmd (480
m ) dropw S€ anedatthuerere It|n mxt%rae ?no wed to war nato r Qo
t enperature and stirred for ours Thé y?ﬁ WA 552 00l ed
ice - water sigotdewy,famd thtpelrret oAmashadaemeatsrapwat\edeacmmmmm
hydr ogenccar d t

5 at!ﬂ@lﬁe CO%%JI iy g‘lPrdPa%eH' ELYEER YRS §8§%&%€6r’? 6 B *W

acet at e, and anli c a er was was rine an
dri ed over ARSI lﬂﬁdsmhfeaﬁfeXt'Fﬁé Wﬁ§oﬁ%réevba%01r|$@ermermﬁs e t he

20 sol vent AU YALRGLURER! cHegdHe8HcAr 888LF erecﬂf@ed qﬁ%ws and
triturated w t ol.uene (100 m) hexane (400 2 cg
1-(1- et hoxfd'ieu&?ﬁwjélr‘?o %Pﬂuﬁﬁfihfrf’tg Tates- and extra ted with ethyl

f | uor opheny Bee-athi e:mf)dldmt Y] obhearnenel §3¢r (W3ds GvaRheARGI YR E U8Z 492

[ ai ehtr ot ithe Pash ap-wectestal sftteyt | B Rt S 1 O

under ar gonaa:rtam@mﬁ%e#e:ar@m t Bbeetosodgblyvas filtered off and the

20081069327RGH, LPA0AE0 L ER8 acld anfdicfosboni se baran iid Luaridle

et hyl ether conpl ex e mxture was stirre

sane tenper 33§ 1SR vr“'FidxtlE}r éﬂh&% arebakd {30 Wditih t rrd G%tﬂ viered

for 2 hours.adifed R ctaRR LERBEr abD0Em] P S5d WAL Q¢ R13queadsSmEadivm
hydroge car bonatte sol ution was added, and the ture was

st i rred or Y36 MtndEEs a?héOéngﬁ?‘BAE%F%%tow ordted-Ander
reduced presswrdpidadet wasr esililaetwds xpmﬂn@aﬂ wintlo enatyer aared agxt ract ed

s ot O, SRV, SRS The 01 ORI oL ALY WAL U o
carbon. The foegoltgbPeragsrei teegave of £ ( Bmie- 3 hecamyinantts vids dewaepdbyat-ed
under reduced [@anse&eorzpﬁeﬁﬁﬂ dyetmﬁiﬁéem%éﬁw@ﬂeﬂ% %%%e
(300 m and there to were added diethyl™ ether (‘600 n1)
éb as colorless crystals. mp 98-100° APCI Mass m/Z
462 (M+NH4). 'H-NMR (DMSO-dg} & 2.26 (3H, s), 3.13-3.28
(4H, m), 3.44 (iH, m), 3.69 (1H, m), 3.9%6 (1lH, 4, J 9.3
Hz), 4.10, 4.15 (each 1H, d, J = 16.0 Hz), 4.43 (1H, t, J
= 5.8 Hz), 4.72 (143, 4, J = 5.6 Hz), 4.92 (2H, d, J = 4.
25 Hz), 6.80 (1iH, d, J = 3.5 Hz), 7.11-7.15 (2H, m), 7.18-
7.25 (3H, m), 7.28 (1H, d, J = 3.5 Hz), 7.5% (2H, dd, J
8.8, 5.4 Hz). Bnal. Calcd. for Cp;HysFOsS5- 0.5H,0: C, 63.56;
H, 5.78; F, 4.19; 8, 7.07. Found: C, 63.52; H, 5.72; F,
4,08; S, 7.00.

n

co

30
Example 2
An amorphous powder of 1-(B~D-glucopyranosyl)-4-
methyl-3~[5~(4~fluorophenyl)-2-thienylmethyl]benzene (1.62
g) was dissolved in acetone {15 ml}), and thereto were
35 added Hz0 (30 ml) and a crystalline seed. The mixture was

" stirred at room temperature for 18 hours, and the



15 was stirred at roomtenperature overnight, and the precipitate was
coll ected, washed with ethyl acetate - diethyl ether (1 : 4) and

dri ed undeWOr8eRs&87pr essure at room tenperature to gi VRCT/IP2007/073729

1- (J3- D gl ucopyranosyl ) - 4- net hyl 3-[ 5- (44fl uor ophenyl) - 2-t hi enyl et hyl
) benzene hem hydrate 20(33.5 g) as colorless crystals. np 98-100C.
APCl - Mass m Z 462 (M+rNH4) . 1H NVR (DMSO d6) 6 2. 26 (3H s), 3.13-3.28

4H, 3. 44 (1H, H, = 9.3 4.10,
51 15 ?)each 1ﬁ$é%ller2$elé’a§ ﬁ%ﬁle&tz?é‘ (TﬁShtg% nghsa e 22'272? ‘H
d, J 5.6 Hz),30 .02 (i2id, dtied mnded 2EHRyed6pBOsfuts ed:, 'voom 3. 5 5 Hz),

7.11-7.15 ( 8+ o/ A 3H _ ) 7 59
(2H, dd. J E%?F?,ra&%ijelﬁzt)"’. givel 1aaTby ol p€Boidthotin P bpehifias

63. 56; H, 5.OthHQODQRh?PY$)-2r@h;eﬁwéﬁathﬁi]B€n%§nelhEM¥HM§raieA4 08;
S, 7.00. 530 Exa@wlg 2s colorleAB aupEphdyS REVEIEF1@I°C.

1- (13- D gl ucopyranosyl ) - 4-

met hyl - 3-[ 5- (4-f |l uorophenyl) - 2-t hi enyl net hyl i benzene (1.62 g) was
di ssolved in acetone (15 n), and thereto were 35 added H20 (30 m)
and a crystalline seed. The m xture was stirred at roomtenperature
for 18 hours, and the WD 2008/069327PCT/JP2007/073729 - 12 -
precipitate was col |l ected, washed with acetone - H20 (1 : 4, 30 m)
and dried under reduced pressure at roomtenperature to give

1- (13- 0- gl ucopyranosyl ) - 4- met hyl- 3-[ 5-

(4-fl uorophenyl)-2-thienyl methyl ] benzene hem hydrate 5(1. 52 g) as
colorless crystals. np 97-100C



- 13 - The invention clained is: 1. A crystalline form of
1- (13- D-gl ucopyranosyl ) - 4- net hyl 345- (4-fl uor ophenyl) - 2-t hi enyl net hyl ]
benzene hem hydrate. 2. A crystalline form of
1- (3-D gl ucopyranosyl ) -4-nmet hyl- - 13 -~
315- (4-fl uorophenyl)-2-t hi enyl net hyl ] benzene hem hydrate of claim1,
having a powder x-ray diffraction pattern conprising the follow ng 26
val ues neasured using CuKaradi ation: 4.360.2, 13.540.2, 16.000. 2,
19. 320. 2, and 20. 800. 2. 3.Acrystalline formof 1
-((3-D gl ucopyranosyl )-4-nethyl - 3 45- (4-fluorophenyl)-2 -thi
enyl net hyl ] benzen@h@ﬁﬂkhﬂdﬂ@h&mﬂﬂ1$Iain11 havi ng substantially the
same X-ray diffract gfﬁg AL RriSofae -Wﬁgicﬂpﬁ'ﬁos 1}-4-meﬂm\

s i

A uor SShfeﬁWTé SRR AT AT

havi ng substanti @idt§ the same IR spectrum as set out in FIG 2. 5.
A process for the preepasedlinnfosn ¢ 1cf-Bl- hicbpﬁrah@syfl\)df Fméthyl-

f 3-D-gl ucopyra 1
t§1| enyl %'et hylp¥he|? 44)%1]%()&3%&:%2%&11&@1 I’WBQ%EW ) femih ges form ng
a solution of 1- 8@1‘55)9&‘3&& 13859 PO t’ﬁﬂy E@?H@IH@HP@ phenyl)

- 2- t hi enyl net hy| {timprieing thmﬂylhwﬂgéhﬁl viadiesgneasudedhestng ¢ akapre- fr om t he

sol ution by precai@mbﬁtup@(m 2rqt3r:vmjzl 130090, 1982+:6 Dhatdraceuti cal
conposition corrpgggg E)za fective anount of a crystailine form of "
Syhy= 4.

1- (13- D gl ucopyr
met hy1- 345- (4-fl uo thie | Thenzene, h rate of
claim1 and a phar Ag %@éﬂ? rﬁ%‘?ﬁ@%(@ g‘!ﬁ%’ﬁﬁé’r@s‘l) fmehﬂﬂ

3-[5- (4 ﬂuorophem 1)-2-thienylmethyljbenzene  hemihy-

drate of claim 1, having substantially the same X-ray diffrac-

tion pattern as set out in FIG. 1.

4. A crystalline form of 1-(3-D-glucopyranosyl)-4-methyl-
3[5-(4-fluorophenyl}-2-thienylmethyl |benzene hemihydrate
of claim 1, having substantially the same IR spectram, as set
ouf in FIG. 2.

5. A process for the preparation of a crystalline form of
1-(B-D-glucopyranosyl) -4-methyl-3-[5-(4-fluorophenyl)-2-
thienylmethyl]benzene hemihydrate of claim 1, which com-
prises forming a solution of 1-(3-D-glucopyranosyl)-4-me-
thyl-3[5-(4-fluoro-phenyl) -2-thienylmethyl]benzene and
crystallizing said hemihydrate from the solution by precipi-
tation or recrystallization.

6. A pharmaceutical composition comprising an effective
amount of a crystalline form of 1-(§-D-glucopyranosyl)-4-
methyl-3-[5-(4-fluorophenyl)-2-thienylmethyl]benzene
hemihydrate of claim 1 and a pharmaceutically acceptable
carriet.



