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Background Art en a certaln conpoun

crys?allige states, these different crystalline states 20 are referred
to as pol ynor pfffeghnical iBilmheral | y known

The present invention relates to a technique for
controlling polymorphs, which is important in the case
where a pharmaceutical composition comprising a useful

10 compound as a drug is supplied in a qualitatively stable
manner. More particularly, it relates to a method of
producing a polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-
4-methyl-5-thiazolecarboxylic acid. This compound has an
activity to regulate biosynthesis of uric acid in vivo

15 and can be used as a therapeutic agent for hyperuricemia.

thlazolecarboxyllc aci d.

Background Art
When a certain compound forms two or more
crystalline states, these different crystalline states
20 are referred to as polymorphism. It is generally known
that the stability varies with each polymorph (crystal
form) of polymorphism. For example, Japanese Unexamined
Patent Publication (KOKAI) No. 62-226980 describes that
two polymorphs of prazosin hydrochloride each having a
25 different stabiiity, thus exerting an influence on the
results of the long-term storage stability. Also,
Japanese Unexamined Patent Publication (KOKAI) No. 64-
71816 describes that a specific one among different
polymorphs of buspirone hydrochloride is advantageous in
30 view of retention of specific physical properties under
storage or manufacturing conditions.
As described above, a specific polymorph is superior
in stability, sometimes. Accordingly, in case where a
plurality of polymorphs are present, it is important to
35 develop a technique of preferentially producing each
polymorph. Particularly, in case where a pharmaceutical
composition comprising a useful compound as a drug is



that the stability varies with each pol ynorph (crystal form of
pol ynor phi sm For exanpl e, Japanese Unexam ned Pat ent Publication
(KOKAI') sNo. 62-226980 descri bes that two pol ynorphs of prazosin
hydrochl ori de each having a 25 different stability, thus exerting an
I nfl uence on the results of the lomg2term storage stability. Al so,
Japanese Unexam ned Patent Publication (KOKAlI) No. .64- 71816
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However, the above-mentioned publication does not
describe polymorphism, and therefore, the crystal form of
2-(3—cyano—4-isobutyloxyphenyl)-4—methyl—5—.
thiazolecarboxylic acid studied in the publication is not

20 clear. It is only assumed from the experiméntal
operation described therein that it is an ethanolate.
The evaluation of the activity described in that
publication is not conducted in a'solid state and,
therefore, there is not any description about

25 characteristics of the polymorph. _

Polymorphism is meaningless unless solid physical
properties exert an influence on biological activity,
physiochemical properties or an industrial manufacturing
method of the substance. For example, when using as a

30 solid preparation in animals, it is important that the

' 'presence or absence of polymorphism is confirmed in
advance and a technique of selectively producing a
desired polymorph is developed. In case where the
substance is stored for a long period of time, a question

35 is how the crystal form can be retained in a stable
manner. It is also an important object to develop a
technique of producing the crystal form in an



superior specific polynorph. As described in Internationa
Publication® 5 W92/ 09279, it is known that 2-(3-cyano-4-

i sobut yloxyphenyl) - 4- met hyl - 5-t hi azol ecarboxylic acid represented by
the followng fornula has an activity for i nhi bi ting xanthine

oxi dase. 10 [err] 15 Fbﬁeger, t he above-nenti oned
publication does not descri be polynDrph[snl and therefore, the
crystal form of industrial3yceasy- andsveprytugyphenmapndrnet hyl - 5-

t hi azol ecarboxylic acid studied in the publication is not 20 clear. It

is only assuned_fromthe experinental operation described therein
Lhat i¥ is an ePﬁﬁﬁgbﬁPﬁg o8 theTRBVERELQBt i on of the activity described in
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properties or aphhBdugtrigh B?Qgéﬁﬁtﬂﬁbggtion provides a technique of
selectively producing desired various polymorphs if
polymorphism is present after confirming the presence or

10 absence of polymorphism.

The present inventors have intensively studied, and
found that at least six polymorphs including an amorphous
compound and a solvate are present for 2~(3-cyano-4-
isobutyloxyphenyl)—4-methy1—5—thiazolecarboxylic acid.

15 It has been found that the solvate includes two members
(methanolate and hydrate). ,It has also been found that
all polymorphs other than the amorphous compound exhibit
characteristic X-ray powder diffraction (XRD) patterns.

Each polymorph has a specific 20 value. Even in case

20 where two or more polymorphs are present simultaneously,
the content of about 0.5% can be detected by X-ray powder
diffraction analysis.

Each of all polymorphs including the amorphous
compound exhibits a characteristic absorption pattern in

25 infrared (IR) spectroscopic analysis. Furthermore,
sometimes, each polymorph exhibits a different melting
point. In this case, the polymorphism can also be
analyzed by differential scanning calorimetry (DSC).

Also the present inventors have studied a method for

30 producing those polymorphs and found a technique for
obtaining 2-(3-cyano-4—isobutyloxyphenyl)-4-methyl-5-
thiazolecarboxylic acid in the desired crystal form.

Thus, the present invention provides a polymorph of
2-(3—cyano-4-isobutyloxypheny1)—4-methyl—5~

35 thiazolecarboxylic acid (hereinafter also referred to as
crystal A), which shows a X-ray powder diffraction
pattern having characteristic peaks at a reflection angle



met hod of the substance. For exanple, when using as a 30 solid
preparation in animals, it is inportant that the presence or absence
of pol ysorphismis confirned in advance and a techni que of

sel ectively producing a desired polynbrph is devel oped. In case where
t he substance is stored for a |ong be?ibd of time, a question 35

Is how the crystal formcan be retained in a stable manner. It is
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confirmng the presence or
reflection angle 26 of about 6.76, 8.08, 9.74, 11.50,

12.22, 13.56, 15.76, 16.20, 17.32, 19.38, 21.14, 21.56,
23.16, 24.78, 25.14, 25.72, 26.12, 26.68, 27.68 and
10 29.36°; '

a polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-4-
methyl-5-thiazolecarboxylic acid (hereinafter also
referred to as crystal C), which shows a X-ray powder
diffraction pattern having chéractéristic peaks at a

15 reflection angle 20 of about 6.62, 10.82, 13.36, 15.52,
-16.74, 17.40, 18.00, 18.70,.20.16, 20.62, 21.90, 23.50,
24.78, 25.18, 34.08, 36.72 and 38.04°;

a polymorph of 2-(3-cyano-4-isobutyloxyphenyl)~4-

methyl-5-thiazolecarboxylic acid (hereinafter also

20 referred to as crystal D), which shows a X~-ray powder
diffraction pattern having characteristic peaks at a
reflection anglé 26 of about 8.32, 9.68, 12.92, 16.06,
17.34, 19.38, 21.56, 24.06, 26.00, 30.06, 33.60 and
40.34°; and

25 a polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-4-
methyl-5~thiazolecarboxylic acid (hereinafter also
referred to as crystal G), which shows a X-ray powder
diffraction pattern having characteristic peaks at a

reflection angle 26 of about 6.86, 8.36, 9.60, 11.76,

30 13.74, 14.60, 15.94, 16.74, 17.56, 20.00, 21.26, 23.72,
24.78. 25.14, 25.74, 26.06, 26.64, 27.92, 28.60, 29.66
and 29.98°.

According to infrared spectroscopic analysis, the
crystal A has a characteristic absorption, which can be

35 distinguished from that of other polymorphs, at about



10 absence of pol ynor phi sm The preéent I nventors have
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thiazolecarboxylic acid (crystal a) hav1ng a
characteristic absorption, which can be distinguished
15 from that of other polymorphs, at about 1678 cm™ in
infrared spectroscopic analysis; -

a polymorph of 2-(3-cyano—4-isobutyloxyphenyl)—4-
methyl-5-thiazolecarboxylic acid (crystal B) having
characteristic absorptions, which can be distinguished

20 from that of other polymorphs, at about 1715, 1701 and
1682 cm™ in infrared spectroscopic analysis;

a polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-4-
methyl-5-thiazolecarboxylic acid (crystal C) having
characteristic absorptions, which can be distinguished

25 from that of other polymorphs, at about 1703 and 1219
cm™? in infrared spectroscopic analysis;

a polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-4-
methyl-5-thiazolecarboxylic acid (crystal D) having a
characteristic absorption, which can be distinguished

30 from that of other polymorphs, at about 1705 cm™ in
infrared spectroscopic analysis; and

a polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-4-
.methyl-5-thiazolecarboxylic acid (crystal G) having
characteristic absorptions, which can be distinguished

35 from that of other polymorphs, at about 1703 and 1684
cm™” in infrared spectroscopic analysis.

The present invention also provides an amorphous



-4- | 2[err] of about 6.62, 7.18, 12.80, 13.26, 16.48, 19.58,

21.92, 22.68, 25.84, 26.70, 29.16 and 36.70[err]; . "a pol ynor ph
of 2-(3-cyano-4-isobutyl oxyphenyl) - 4- met hyl - 5-t hi azol ecar boxylic
acid (hereinafter also 5 referred to as cLysta! B), which shows a X-ray
powder diffraction pattern having chlracteristic peaks at a

' ' 56
reflection angle 20 of about 6.76, 8.08, 9.74, 11.50, 12. 22, 13.56,
15. 76, 16.20,91?9§29u29.Qg,221314Y32Qr56;SObUtY1023ph§ny24rl8me25y145-

' : 49. 3 Lyaorph of
B beiclenlS i i ey HRR
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[ f [ istic peaks at a 15
powder di ahaagsiien pattern having characteris 21
reflection angle 20 Qut 6.62,,10.82, 13.36, 15, 52, ) .74,
17. 40, 182%0, 18.70,Qéﬁggﬁfmﬁﬁ?sthﬁlP§8?e§§.SBYentlon pyevidesog mgthod

34.08, 36.72 andf3prodpeiny;crystal a, whﬁcnﬁb?mgfﬁﬁggfnysta%liz%ng gzid
-(3- -4-i h hyl - 5:t hi azol ecar boxylic
(nerei natter al 3. b Ao RIFRbL e gxypnenl) I agthf o8

ég&;g;nafter alggigzoleca§b§;§fic acid under -the condit?oigogﬁOSnX;;aZhe
region I in Fig. 1, which are defined by a temperature
10 and a composition of a mixed solvent of methanol and
water;

a method of producing crystal D, which comprises
recrystallizing 2-(3-cyano—4—isobutyloxypheﬁyl)-4-methyl-
5-thiazolecarboxylic.acid under the conditions shown as

15 the region II in Fig. 1, which are defined by a
temperature and a composition of a mixed solvent of
methanol and water;

a method of producing crystal G, which comprises
recrystallizing 2—(3—cyano-4-isobutyloxyphenyl)—4-methyl—

20 5-thiazolecarboxylic acid under the conditions shown as
the region III in Fig. 1, which are defined by a
temperature and a composition of a mixed solvent of
methanol and water;

a method of producing crystal B, which comprises

25 drying crystal G under a reduced pressure with heating;

a method of producing crystal C, which comprises
heating 2-(3—cyano-4—isobutyloxyphenyl)-4—methyl-5-
thiazolecarboxylic acid suspended in a mixed solvent of
methanol and water in the presence of a small amount of

30 crystal C of 2-(3-cyano—4—isobutyloxyphenyl)-4—methyl—5—
thiazolecarboxylic acid; _

a method of producing crystal G, which comprises
recrystallizing of 2-(3-cyano-4-isobutyloxyphenyl)-4-
methyl—S-thiazolecarboxylic acid from a mixed solvent of

35 2-propanol and water;

a method of producing crystal G, which cémprises

air-drying crystal D under a normal atmosphere; and



i ffraction pattern having characteristic peaks at a reflection angle
go of abOut-g.32, 9. 68, 1%.92, 16. 06, 17.34, 19.38, 21.56, 24.06,

26. 00, 30.06, 33.60 and 40. 34[ err]; and 25 _ a pol ynorph of

2- ( 3-cyano-4-i sobut yl oxyphenyl ) - 4- shyl S5-thi azol ecarboxylic acid
(hereinafter also referred to as cryst'alr G, which shows a X-ray
powder diffraction pattern having characteristic peaks at a

refl ection angle 20 &f ™8k6@€ efsprodugdnggag)ambvrphéus3eomponrd]4whiths0,
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di sti ngui_she
can be g 1, which are defined by a temperature and a composition

of a mixed solvent of methanol and water;

10 a polymorph (crystal D) obtained by crystallizing 2-
(3-cyano-4-isobutyloxyphenyl)-4-methyl-5~
thiazolecarboxylic acid under the conditions shown as the
region II in Fig, 1, which are defined by a temperature
and a composition of a mixed solvent of methanol and

15 water;

a polymorph (crystal G) obtained by crystallizing 2-
(3-cyano-4-isobutyloxyphenyl)-4-methyl-5-
thiazolecarboxylic acid under the conditions shown as the
region III in Fig. 1, which are defined by a temperature

20 and a composition of a mixed solvent of methanol and
water;

a polymorph (crystal B) of 2-(3-cyano-4-
isobutyloxyphenyl)-4-methyl—5-thiazolecarboxylic acid
(crystal B) obtained by drying crystal G under reduced

25 pressure with heating;

a polymorph (crystal C) obtained by heating 2-(3-
cyano-4—isobutyloxyphenyl)-4-methyl-S-thiazolecarboxylic
acid suspended in a mixed solvent of methanol and water
in the presence of a small amount of crystal C;

30 a polymorph (crystal G) obtained by crystallizing 2-
(3-cyano-4-isobutyloxyphenyl)-4—methyl—5-
thiazolecarboxylic acid from a mixed solvent of 2-
probanol and water;

a polymorph (crystal G) of 2-(3-cyano-4-

35 isobutyloxyphenyl)-4-methyl—5-thiazolecarboxylic acid
obtained by air-drying crystal D under a normal
atmosphere; and



5 fromthe other polynorphs, at about 1703 and 1219 cnjerr]; t he

crystal D has a characteristic absorption, which can be _
di stingui shed fromthat of other polynorph, at about 1705 cnferr];
and the crystal G has characteristic absorptions, which can be
di stingui shed fromthe other 10 polynDrp% at about 1703 and 1684
cnjerr]. That is, the present |nvent|on provi des a pol ynor ph

of 2-(3-cyano-4- |sob%%y?@&?@h@%?lqompﬂ@m®y¢f52 (3-cyanohdazol ecarboxylic
acid (crystal A&sbﬁﬁt?ﬂo§¥%henyl)Sbﬁmé%ﬁfi'§ltﬁ$§§§f££5%§5ky¥%§Cchgn be

I stingui shed 15 of ot her_pol at about g cmerr]
?nSt ° |nfra?%3a%$ %t?%s %gaﬁaPQ%Y@QrPh of crystal D pengenr padeted
2- (3- cyano- 4- i sphesyhox yphehyheading. net hyl - 5-t hi azol ecar boxylic acid
(crystal havi ng characteristic absorptions, which can be
di sti ngui shed 20 fromthat of other polynorphs, at about 1715, 1701 and
1682 cnierr]- iBrief rResckipeton ostopie Rrmbisgs: a pol ynor ph

of 2-(3-cyano- & sobguy| oxvpbegudydearrzat B Wdaded haogh ecar hoxy i c
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di sti ngui shed lymex t%ttlaﬁ mwnfpolwipmn n réhandlVOdagex 1219
cnferr] in infr@mﬁdeﬁ@ectroscoplc anal ysi s; a pol ynor ph of

2- (3-cyanq- 4-i sobuty. pxyppen I met hyl - 5-t hi azol ecar boxylic acid
(cEystle rl%) havi ng ag‘ g ’c%a% oo sﬁl?‘?f”-"a}'tﬁd?‘ifﬁ | rpodiment of HeXRD

di stingui shed 3fattefn ovf tties @fysﬁehErAFmﬁ VRS Fﬁlseséﬁt aﬂ%&n@f&? cnferr] in
I nfrared spectrosco

2- (3- cyano- 4- |sobut5¢o?<yp eéln%hs Uh showing, qne ?‘%%%Far%@l%@ aci d

(crystal G hawafgtern of the crystal B of the present invention.
Fig. 4 is a graph showing one embodiment of a XRD

15 pattern of the crystal C of the present invention.
Fig. 5 is a graph showing one embodiment of a XRD

pattern of the crystal D of the present invention.
Fig. 6 is a graph showing one embodiment of an XRD

pattern of the crystal G of the present invention.

20 Fig. 7 is a graph showing one embodiment of an IR
absorption curve of the crystal A of the present
invention.

Fig. 8 is a graph showing one embodiment of an IR
. absorption curve of the crystal B of the preéent
25 invention.

Fig. 9 is a graph showing one embodiment of an IR
absorption curve of the crystal C of the present
invention. o

Fig. 10 is a graph showing one embodiment of an IR

30 absorption curve of the crystal D of the present
invention.

Fig. 11 is a graph showing one embodiment of an IR
absorption curve of the crystal G of the present
invention.

35 Fig. 12 is a graph showing one embodiment of an IR

absorption curve of an amorphous compound of the present
invention.



characteristic absorptions, which can be distinguished 35 fromthat of

ot her pol ynorphs, at about 1703 and 1684 ~cnferr] ininfrared
spectroscopi ¢ anal ysis. The present invention also provides an
anor phous 9 -6- conmpound of
2- (3-cyano- 4-i sobut yl oxyphenyl ) -4-nmethyl -5-7 ~ ~thiazol ecarboxylic acid,
whi ch shows an absorption pattern as shown in Fig. 12 in infrared_
spectroscopi c analysis. 5 Furthernore, the present

i nvention provi gestanseEhedr ¢ Ry BRLILRENSRGEY A, which conprises
crystalllang 2- ¢ a%gryllso but # ﬁen f%@ﬁ met hyl - 5-

thlazolecarboxyllc athf %ﬁﬂ@gdtﬂg EBHGP?%B%SV§ﬁbQHSaBO%ﬂﬁorP s acgegdangl

in Fig. 1, whlcboathedpfesedtbynﬁeﬁEﬂaﬂrﬁﬁ@l@dé@ var 288samELABAS, t hRA of a
m xed solwpnt 0 a net hod of

pr oduci ng crystEYSE;angéﬁﬁegﬁ% Fgggeg@ sre 22cF9LLarPt i ng
2- (3-cyano- 4-i sobut yTheyphestéal - A- het byl the form 5fth|méﬂheﬁabbéxaky§témld

h
under the Cond'EbPHS%ﬁQOfQ gﬁtéﬁn%d 4h8e L Sk nC&A%#Qégﬁgx%%°¥§Té%an

defined by a erature and a conposition
region in Fig. 1, Wthh are defined by a temperature
and a composition of a mixed solvent of methanol and
10 water, using a methanol/water reprecipitation method.

The methanol/water reprecipitation method is a
method of dissolving 2-(3-cyano-4-isobutyloxyphenyl)-4-
methyl-5-thiazolecarboxylic acid in methanol containing
water or anhydrous methanol with heating, adding water

15 slowly with stirring, initiating cooling after or during
the addition of water, cooling to a predetermined
temperature, collecting the crystal by filtration, and
drying the crystal. '

At this time, the following crystallization

20 condition is preferred to exclusively obtain a desired

- crystal A. Regarding the solvent used when 2-(3-cyano-4-
isobutyloxyphenyl)-4—methyl—s-thiazolecarboxylic acid is
dissolved with heating, a ratio of methanol to water is
from 100:0 to 80:20, and preferably from 100:0 to 90:10.

25 The dissolving temperature may be 50°C or higher, but is
preferably a reflux temperature. The reason is as
follows. That is, if the amount of water is increased or
the dissolving temperature is low, the solubility is
drastically lowered and a large amount of the solvent

30 must be used so as to dissolve a predetermined amount of
2-(3—cyano-4—isobutyloxyphenyl)-4-methy1-5—
thiazolecarboxylid acid with heating, which is not
economical. The amount of the solvent is influenced by
the composition, but may be an amount capable of

35 completely dissolving it on heating. Specifically, the
solvent is added in a 5- to 20-fold, preferably 8- to 15-
fold amount by weight relative to the amount of 2-(3-



met hanol and wat er; a met hod of producing crystal G which

conprises recrystal lizing 2-(3-cyano-4-isobutyl oxyphenyl)-4-nethyl -
20 5-t hi azol ecarboxylic acid under the conditions shown as t he
region Il in Fig. 1, which are defined py _ tenperature and a
conposition of a m xed sol vent of met'ttanol and wat er; a

met hod of producing crystal B, which conprises 25 drying crystal G.under
a reduced BressEYénﬂrﬂhlﬁééﬂFHé9XYPhenyl)-4-aethho&-bhlpzo&ecangoxy¥$Cal

C, which conpriaesd. TheheahkBf is as follows. That is, if the amount.
2- (3-cyano- 4-i sgbut yl ox E nyl ) - 4- nmet hyl - 5- tﬁlazofegar xyl'i'c “aci d
suspended in a ﬁFx% 035%5 ﬁt ghemical Rurpi¥orfakBewkeepltingherpssadnie of

a smal | amount pbo30 oOncthetethérohand, if the amount of the solvent is

S A - 4- - 5 | azol ecar boxyl 1 c_ acl d;
2 (S oyangy 4| SERUUORPEIL do PN o Rioen an’ Tha”PREILOON £l
2- (3-cyano- 4- i spbui§iedyphedyty- ds loweredeﬁhméthébLazolecarbogyhgchgglgf
L:gghgigbxgsyzfgreggWa%Fgﬁtﬁﬁﬁ%?gg§§3ﬂ9k°gﬂa?§?%§§?ﬁg°ér%5{3r?¥ﬁﬁﬂa T a
nor mal atnDsphegggbgﬁnloxyphenyl)-4-methy1-5-th1azolecarboxyllc acid,
' water is added to generate a crystal. 1In this case, the
10 amount of water to be added can be defined as the amount
so that a final ratio of methanol to water is within a
range from 70:30 to 55:45. In case where a ratio of
methanol to water is about 70:30, a final cooling
temperature is preferably adjusted to 45°C or higher. 1In
15 case where a ratio of methanol to water is about 60:40, a
final cooling temperature ig preferably adjusted to 35°C
or higher. 1In case where a ratio of methanol to water is
about 55:45, a final cooling temperature is preferably
adjusted to 30°C or higher. Cooling is preferably
20 initiated after the ratio of methanol to water reaches
about 80:20, but may be initiated immediately after the
completion of the addition of water.

Any crystal form of 2-(3-cyano-4-isobutyloxyphenyl)-
4-methyl-5-thiazolecarboxylic acid can be used as far as

25 the crystal is dissolved completely before the addition
of water is initiated.

The temperature of water to be added is not
critical, but may be controlled in case where an internal
temperature change is expected depending on a scale of an

30 operation. The temperature is suitably within a range
from 5 to 95°C, but is preferably from about room
temperature to 80°C. A small amount of the crystal A as
a seed crystal of the crystal A may be suspended in water
to be added. '

35 A crystal B is obtained by drying a crystal G under
reduced pressure with heating. 1In this case, the heating
temperature is usually 50°C or higher, and preferably



-7- a nmet hod of producing an anorphous conpound, which
conprises drying crystal D under reduced pressure with heat i ng.
Furthernore, the present invention prOV|des a b5 pol ymor ph (crystal A)
obt ai ned by crystallizing 2-(3-

cyano- 4-i sobut yl oxyphenyl) - 4- nethyl-5-th|a%&lecarboxylic aci d under
the conditions shown as the region | in Fig. 1, which are defined by
a tenperature afiom €3nposlePoR. If the tempereatevevesnttod hewhaiol and
water; 10 takds P! yaﬁgphuﬁéwétféléaséb&@t@@dopyc Y4 %ié#ﬂanz

(3-cyano-4-isobu |az ecar Ic acid

tyl ox [0)%¢
under the cond|V?¥ﬁ§ gg o %u%ﬁgg £t 5 Pr?%ﬁﬂ%ﬁﬂl¢s?n Fg. the R are
defined by a tehardatifethe temp@f@t@r@oﬂi)oﬁcbél Bf endl XemsOLY ephr Pty

h I d 15, t al ob alned by
g?;sﬁgfli nng ots 1¥ﬁe£y(§°c?%n%9%¢¥§%ﬂﬁYy%%%? cr¥s %Q? esired

thiazolecarboxysubsaandeundEhet#mcuumddégres 3$mmmnﬁﬂté@eaccordlngeﬂbonf||
in Fig. 1, whic e er r copgposition of a
m xed sol vent ? %Q€{+§ e%ﬁgg;g{&yy gﬁy féz@gualfp 2% T@ﬁg { Stal
B) of 2-(3- cyanBererably $%ﬁ%§%¥l@ﬂ@®h@hyl?sﬂ-nethyI 5- thlazolecarboxyllc

o es Uh heat | oY SuE Cots B SO e B e B ol ned b
pressur e %9 Sgiymgrphlc tran51tlo£0 yngépsofve E €L bé used is y

heating
cyano- 4 |sobutypnaﬁehahyy)a4safﬁawt-fhthﬂamlBcespﬁyaﬁ¢£4—

isobutyloxyphenyl)—4—methyl—5-thiazolecarquylic acid is
slightly soluble. A mixed solution of methanol and water
is usually used. The ratio of methanol to water is from
15 - 80:20 to 50:50, and preferably from 70:30 to 60:40. An
excess crystal is suspended_ in such a solvent and a small
amount of crystal C is added, followed by heating with
stirring. The amount of the crystal C to be added or
heating temperature exerts an influence on the completion
20 time of the conversion into the crystal C. Generally,
the amount of the crystal C is preferably 2% by weight or
less relative to the amount of 2-(3-cyano-4-
isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid to
be converted into the crystal C, and usually 1% by welght
25 or less. The crystal form of 2-(3-cyano-4-
isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid to
be converted into the crystal C does not exert an
influence on the results of the conversion. The heating
temperature exerts an influence on the time required to
30 complete the conversion, but it is not critical as far as
the conversion occurs finally. The heating temperature
is generally 50°C or higher, and usually 60°C or higher.
Crystal D is a methanolate and is obtained by drying
a wet product, which has been obtained by recrystallizing
35 from a methanol solvent or a mixed solvent of methanol
and water, at a low temperature under a reduced pressure.
When this wet product is air-dried at a room temperature



acid suspended in a m xed sol vent of nethanol and water in the

presence of-a small anmount of crystal C, 30 a polynorph (crystal Q
obtained by crystallizing 2- _
(3-cyano- 4-i sobut yl oxyphenyl ) - 4- net hyl - 5- t hi azol ecar boxylic acid
froma m xed sol vent of 2- propanor'aHﬁ Wat er ; a pol ynor ph

(crystal G of 2-(3-cyano-4- 35
i sobut yl oxyphenyPfez- genpymas.- PﬁﬁéigréaaﬂﬁwﬁyﬁlcGaesdobtalnedbtaDne&hBy

ai r-drying cryspghel Hﬁﬁﬁr @hear ERk wet Pr%HHE%pﬁgrﬁrléﬁdat a high
- 8- an annrﬁyous conpound o 3-cyano- 4-

|sobutyloxyphen§F?P$rﬁ§P I“BdﬁﬁlézEFéBSPSoP?Pﬁéuﬁéudan amorphpugi ned by
drying a pol yrmf:pbpehnar ist abtRineder redte¢ddng the dp e.aguaenwﬂthohe%kng

grystalllzafroﬁegg Bﬁh%ﬂtgﬁaFFYFg%iwb gihﬁoF?WB?ﬁﬁ?“EF gﬁe“ﬁPé%i¥t35 ¢

i nvention in nebiadowkwaf end prefezablgn®5°C or lower. In case where -
the wet product is dried at a room temperature under a
reduced pressure to obtain an amorphous compound, the
heating temperature is usually 50°C or higher, and

10 preferably from 65 to 100°C. If the heating temperature
is too low, it takes a long time to release methanol,
which is not suited for practical use. On the other
hand, if the temperature is too high, the chemical purity
is likely to be lowered by decomposition of the desired

15 substance. The vacuum degree is adjusted according to
the heating temperature, but is usually 25 mmHg or'less,
preferably several mmHg or less. Another method for
obtaining the above-described wet product includes a
methanol/water reprecipitation method for obtaining the

20 crystal A, wherein the addition of water is terminated
when the ratio of methanol to water reached 70:30 and the
mixture is cooled as it is and stirred for a long time.
In this case, the temperature on stirring for a long time
varies depending on the amount of methanol, but the

25 desired wet product can be obtained by maintaining the
temperature at 30°C or lower in case where the ratio of
methanol to water is 70:30.

The crystal G is a hydrate and is obtained by
crystallizing a sodium salt of 2-(3-cyano-4-

30 isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid
from an acid, or drying a wet product, which has been
obtained by recrystallization from a mixed solvent of 2-
propanol and water, at low temperature under a reduced
pressure or air-drying the wet product under a normal

35 pressure. It was previously described that crystal B is
obtained when the resulting wet product is dried under a
reduced pressure with heating. The ratio of 2-propanol



10 Fig. 2 is a graph showi ng one enbodi mrent of a XRD pattern

of the crystal A of the present invention. Fig. 3 is a graph
showi ng .one enbodi nent of a XRD pattern of the crystal B of the
present invention. Fig. 4 is a graph showi ng one enbodi ment of a
XRD 15 ~pattern of the crystal C of thé& gﬁesent I nventi on.

Fig. 5 is a graph showi ng one enbodi nent of a XRD pattern of the
crystal D of theopwatentisnfeomiapout 90:10 to $9y506 |BowevempHRenvkkeg

one embodi rrent Qﬁoaﬁtﬁp water Pﬁéf@é&?ﬁé’f ihe §61’1§}5§11@0{st@f‘aﬂ%§ﬂt%

t nventi on. how ng one enbodi nent of an
absor pti on curvb°U¢r?%ea%¢ys¥%?r¢@%¥ethbtp+%s%ﬂ?essary FAVRRRPSRLY

Fig. 8 is a graph1ebehs &ﬁ@uﬁﬂbOdrH@ném@ﬁnafbf Rehe mlxe@sgdsmema efrze of
the crystal B of the 8 esent I nvention g a graph
ry

showi ng ore enbBHEPRER ?nghw???r is ng s%r5f+5hc%h Q%CB?rth 4 C of
t he present mixédveolvent is used in &i §- 40 28- ﬁogdappreﬁemahyyo&e

oot ion O 280! F53Pp1q ARSORD'EINELNE PL1ALEVETYS ' Bhe Cafibuhltop! 20N

i nventi on. how n of an IR
absor ption curvé3etyahe- éfySQQHtIJOKYPhenblbsénmethyl 5Tnvent|on 35

Fig. 12is a gr@HQaEBQ&bQQbQQﬁlf@bgéiaﬁﬂé BE @BediRusuallyabsonetéppseaLive
of an anDQPhous conpound resent I nvent i on.
G is also obtalned by air-drying a wet product of the

crystal D, which is obtained by the above-described
method, at room temperature under a normal pressure.

Oon the other hand, an amorphous compound can be
obtained by drying the crystal D under a reduced pressure

15 with heating. In this case, the heating temperature is
usually 50°C or higher, and,pfeferably from 65 to 100°C.
If the heating temperature is too low, it takes a long
time to release methanol contained, which is not suited
for practical use. On the other hand, too high

20 temperature should be avoided to prevent lowering of the
chemical purity caused by decomposition of the desired
substance. The vacuum degree is adjusted according to
the heating temperature, but is usually 25 mmHg or less,
preferably several mmHg or less. _

25 Each of these various polymorphs of the present
invention has characteristics for industrial production
and physicochemical characteristics for original drugs as
described below.

The crystal A is positioned as a metastable crystal

30 within a normal operation range in the region I. This
crystal form is retained for a long period of time under
normal storage conditions (e.g. relative humidity of 75%,
25°C, etc.) and is chemically stable.

The crystal C is positioned as a stable crystal

35 within a normal operation range in the region I.

However, solvent-mediated polymorphic transition into
this crystal form usually requires several days and it is



-9- Best Mbde for Carrying Qut the Invention The net hod
of produci ng various pol ynorphs accordi ng to the present invention

i ncl udes various nethods, and 5 typi cal exanples thereof are as

fol |l ows. The crystal Ais in the formof a netastable crysta
formand i s obtained under the conditions stfowh as the region | in
Fig. 1, which are defined by a tenperature and a conposition of a

m xed sol vent ofliféitumhbl tandreuce wheecryssahgCaineahanotnesaréally

reprecipitationgggahgﬁgrod cible ?aHHSr”Et@ﬁ@?éé&@&?r1&695§Ch3b5§559? 4

nethod is a di ssol ving 2-(3-cyano-47i sob ¥ enyt) -
net hyl - 5- th|azoFEEErBBﬁyFPEVQEFH°Fnlﬁeﬁﬁﬁﬂépeéohﬂaﬁnﬁhﬁrt imey, Yer or

anhydr ous nethaaebemethtmﬁgttne caddeaslbatay d5certaliaWhgtnblh stbrring,
on_o COO|Inﬁ to

| i
a"pr edet orin ned2ccetoE EEanEng PBYeEsPet ARG OPRESELYEL SF Byar PBL RaPPBR
and dryi ngrybeatr p§t ahe crystal C iAt at btatei wherehehéotkgstad is

g;g??gglizatiOnsagpendgapdghhoﬂegéiBBeBSBEﬁdiEOrgéﬁkgghYel¥h99tgkgs%al
form is retained for a long period of time under normal
storage conditions (e.g. relative humidity of 75%, 25°C,
10 etc.) and is chemically stable.

The crystal G loses water of crystallization by an
operation of drying under a reduced pressure with
heating, thereby changing into crystal B. This crystal
form is retained for a long period of time under .normal.

15 storage conditions (e.g. relative humidity of 75%, 25°C,
‘etc.) and is chemically stable. '

The crystal B absorbs water, thereby to be converted
into crystal G in case where the crystal B is stored
under normal storage condition (e.g. relative humidity of

20 75%, 25°C, etc.). That is, the crystal G can be produced
only by allowing to stand the crystal B under a normal
humidity condition and is a significant crystal form in a
respect that various crystal forms can be selectively
made. '

25 In the same manner as in case of the crystal B, the
crystal D is converted into crystal G only by allowing to
stand under a normal humidity condition and is a
significant crystal form in a respect that various
crystal forms can be selectively made. The crystal D is

30 only one intermediate capable of producing an amorphous
compound by drying it under reduced pressure with
heating.

As described above, any crystal form is useful, but
crystals A, C and G are useful in view of retention of
35 crystal form due to storage for a long period of time.
Among them, a crystal A is preferred in view of
industrial superiority.



crystal A Regarding the solvent used when 2-(3-cyano-4-

I sobut yl oxyphenyl ) -4-net hyl - 5-t hi azol ecarboxylic acid is di ssol ved
with heating, a ratio of nethanol to water is from 100: 0 to 80: 20,
and preferably from 100:0 to 90:10. 25 The di ssolving tenperature may be
50[err] C or higher, but is preferabTyld Teflux tenmperature. The
reason i s as follows. That is, if the anobunt of water is increased or
the dissolving tenperature is low, the solubility is drastically

| onered and a | grgaagaunt of the solvent 30 must be used so as to

di ssol ve a predeterm ned anmount, of .

2- (3- cyano- 4- i sobut yT&fy SRéAPWiLNg. pxampiles. further; dilinsteddend@ i c acid
with heating, wpredent A@vention €®0deFadal,. bulte taBDPreseht! Havedliemt iisS
influencedsby Lhetc ng&s%%ion, but g%¥ be an anount capable of 35
conpl et el y° di ss8FF AFTEeGh PYe&tiPRE S*8PRLE i cal Iy, the sol vent is
added in a 5- to 20-f{@xdmpieeflgrably 8- to 15- fold amount by wei ght
relative to thepanpit Qf (3 no-4- -
10 - cyano- 4-1 :

acid. The reasoiSO® ' rA-IeE NV 013

10 5~thiazolecarboxylic acid, 114 mL of methanol was added
and the compound was dissolved by heating to 65°C with
stirring. To the resulting solution, 114 ml of water in
which 20 mg of crystal A of 2-(3-cyano-4-
isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid was

15 added over 1 hour. Then, the mixed solution was cooled
to 35°C. The crystal was collected by filtration and
dried at 80°C under a reduced pressure of 2 mmHg for 4
hours. As is apparent from data of XRD and IR, the
reSulting crystal was crystal A.

20 [Example 2]

Production of crystal C of 2-(3-cyvano-4-
isobutzloxyphenyl)-4-methyl—S—thiazolecarboxylic acid
To 10 g of 2-(3-cyano-4-isobutyloxyphenyl)-4-methyl-

5-thiazolecarboxylic acid, 100 mL of a mixed solution of

25 methanol and water in a mixing ratio of 70:30 was added,
followed by heating to 65°C with stirring. To the
resulting solution, 20 mg of crystal C of 2-(3-cyano-4-
isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid was
added. The crystal was collected and stirred until'

30 conversion into a crystal C is confirmed by IR. After
cooling, the crystal was collected by filtration and
dried at 80°C under a reduced pressure of 2 mmHg for 4
hours. As is apparent from data of XRD and IR, the
resulting crystal was crystal C.

35 [Example 3]

Production of crystal D of 2-(3-cvano-4-
isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid



Is too small, chem cal purity of the resulting crystal is poor. On
-the other hand, if the anmount of the solvent is 5 too large, it is not
econoni cal and the recovery of the purified product is | owered

soneti nmes. Wth stirring a uni fgrm sol ution of 2-(3-cyano-4-

I sobut yl oxyphenyl ) - 4- et hyl - 5-t hi azol ecarboxXylli ¢ aci d, wat.er i s added
to generate a crystal. In this case, the 10 anount of water to be added
can be defined as tHEo akbuntof 2-(3-seyanertéd-aigobutyiexyphedyhpthanethy b=
water is withi nsﬁthlazolé@éwoﬁg%m 539 t@oﬁ‘wéf rhéltﬁé’é&vwgé €adqédti o of

met hanol to water_]s about |na1 [ofe]0) erature i s
preferably adj UEQEEPYeA 48 i93ting "FFPgQﬂ\arC WhtHSStlr’éJa%% V\/n @ng ¥Rgio of

rret]tlanOLl to \évat@fy%ﬁantwaéﬁ Pl Yébtéd and sEifh?édQ?@iiI‘gcémﬁv\h fé#rﬁrtlté f

refera adj usted, t err n case where a ratio o

Iron=3t hanol )r(-’o wat &Y ?Eaf ¢ ‘La%b‘]tﬁﬁf’s%“%ob%h#]?halp*@b%’?|‘Fl‘b°JtJe?ﬁ)er+alP%re i s

preferably crysha&twnbtmnIEﬁemad(bwaiﬂtﬁumloﬁxmmdrmxiédpaefzsﬁggyzgo
tiated aft t

i i ated aft g 2} Gy Mo dTBNALd 00 Snd§LESY nours AL $OI20:

but may be initiate | etion of

of water. aPParerymesd%ﬂ'—af@f ARP and SI%yam)e Axésobil yg om;/pﬁkreamyl ) -
4- et hyl - 5-t hi agod pC acid can be used as far as 25 the crystal
i s dissol ved conpl2§§$ before the addition of water is initiated.
The tenpélature of wEt%A™RY® bl added is not critical, but nay be

controlled in cRsedwdieien aff iditwstel G of 21 eIMeyfieuwe- change is expected
dependi ng on a fé:ol t ture ls sut ably
wi thin a range P im-is)

To 10 g of 2 (3 cyano 4—1sobutyloxyphenyl) -4-methyl-
S5-thiazolecarboxylic ac1d, 90 mL. of methanol was added

15 and the compound was dissolved by heating to 65°C with
stirring. To the mixture, 90 mL of water was added over
30 seconds. The solution was cooled to 25°C. The
crystal was collected by filtration and air-dried for 2
days. As is apparent from data of XRD and IR,'the

20 resulting crystal was crystal G.

[Example 5]

Production of crystal G of 2-(3-cyano-4-
isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid
(recrystallization from 2-propanol/water solvent)

25 To 30 g of 2-(3-cyano-4-isobutyloxyphenyl)-4-methyl-
S-thiézolecarboxylic acid, 900 mL of a mixed solution of
2-propanol and water in a mixing ratio of 50:50 was
added, followed by heating to 80°C with stirring. This
mixture was filtered in a hot state, dissolved again with

30 heating and then cooled to a room temperature. The
deposited crystal was collected by filtration and air-
dried on a filter paper overnight. As a result of Karl
Fisher's water content measurement, the resulting crystal
had a water content of 2.7% by weight. As is apparent

35 from data of XRD and IR, the resulting crystal was
crystal G. |

[Example 6]



tenperature to 80[err]C. A small amount of the crystal A as a seed

crystal of the crystal A may be suspended in water to be added. 35

A crystal B is obtained by drying a crystal G under reduced pressure
with heating. In this case, the heating 17 tenperature is usually
SO[err] C or higher, and preferably - - fromo65 to 100[err]C If
the tenperature is too | ow, takes a long tine to rel ease water of
crystalI|zatlonTIQQEQL;QQLQﬁ_ESXEEE_sﬁLgéd_iﬁﬁ_gxathAaI use. On the other

hand, if the teﬁB@BﬁEEin&PhEHQl@LghmeEHEIQnghEQEOQHE%Eﬁoxgllc %Elh'kely
to be | ower ed by deconmposit{ion, 0 e desire subst an € vacuum
degree is adj usé&8< e £ pethane; - &) but is

uCrsual Ily 25 mHg gr |SSEA g of Zfllsf-gf{a{&b}l43Q§65§’tyMBk|§pﬁéner??gﬁxsnle%-.lhg%-
t r e ent - neda
Thgssglveﬁis b g %§§85°¥§Car °xbe8f8Fé§IVa§ §6F§8h¥nangﬁh5§ﬁ BL(9f:fano- 4-

|sobutyloxyphenmhﬁtnreebﬁymeﬁhahoazahdcaabexyhncaamndlng ratio B8lfi gBtby
sol uble. A m xed sglytiqg QEtHEEQ§99En8?d WRLEE the mixture was heated
with reflux at an external temperature of 85°C, 119 ml of
water was added gradually. Then, 150 mg of crystal C was
10 added and the mixture was continuously heated at reflux

for 4 hours. After cooling, the reaction product was
dried at 80°C under a reduced pressure of 2 mmHg with
heating for 6 hours to obtain 33 g of crystal G. As is
apparent from data of XRD and IR, the resulting crystal
15 was crystal G.
[Example 7]

Production of crystal G of 2-(3-cvano-4-
isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid
(production from crystal D)

20 The resulting crystal D obtained in Example 3 was
air-dried on a filter paper overnight. As a result of
Karl Fisher's water content measurement, the resulting
crystal had a water content of 2.6% by weight. As is
apparent from data of XRD and IR, the resulting crystal
25 was crystal G.
[Example 8]

Production of crystal B of 2-(3-cyano-4-
isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid

The crystal G obtained in Example 4 was dried at
30 80°C under a reduced pressure of 2 mmHG with heating for
2 days. As is apparent from data of XRD and IR, the
resulting crystal was crystal B.
[Example 9]

Production of amorphous compound of 2-(3-cvano-4-
35 isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid

The crystal D obtained in Example 3 was dried at
80°C under a reduced pressure of 2 mmHg with heating for



is usually used. The ratio of nethanol to water is from 15 80:20 to

50: 50, and preferably from 70:30 to 60:40. An excess crystal is
suspended in such a solvent and a snal | - anount of crystal C is added,
foll owed by heating with stirring. The anmpbunt of the crystal C to be
added or heating tenperature exerts i'nfl uence on the conpletion 20
time of the conversion into the crystal C. Generally, t he anount of

the crystal C i$4 Pr¥Per aBPyisopppagenghfrem data ofeXBDrahdt IRe tbet he

amount of 2-(3-¢ka809t4ng crystal was amorghous_comgognd.'
i sobut yl oxyphenyl) - 4- -5-thiazol ecarboxylic acid to be converted

met hy|
into the crystal C &ﬁﬁaﬁéﬁﬁlﬂ9]1@6by wei ght 25 or less. The crystal
formof 2-(3-cygfabdlity test

I sobut yl oxyphenyl ) -4:net hyl: 5t hi azol ecarb lic acidt be converted
into the é?ystal C dggg ﬁg?bg%éEY §§s€ S gﬁ%f?ﬁgﬁgggﬁngfhg'rQSUﬁt?nafgthe
conversi on. Thwageapthdycted undempthet Grdlewéngscandihfibnsnce on the tine
required 1o 80 cogebehgel BEnGRRYBASAONstBYbal bnki8:"BbngikEbEE! oBS far as
the conversion occurs finally. The heating tenperature s géneral ly
50[err] C or hi gA8rC/3AY E§&§¥P~Y96@F§FP‘}'—E bR Ri §Raled state for Brapdab Dis
a net hanol at e apdnikgsobt ai ned by drying a wet product, which has been

obtainedday recrystallizing 35 ... froma nethanol solvent or a m xed
sol vent met hanol Storagg,gopdikionae : oSFehetcHpers: GPRAGRABRSaOfeduced

pressure. 4WRer76Ri pedatipeodunbitg fhrafll 1fgedlled E0ARE! €BBENARHAE
3 months ' )

As a result, conversion of crystals B and D into

crystal G could be confirmed by X-ray powder diffraction
15 and infrared spectroscopic analysis after three months

under the storage condition ,l1 and after one month under

the storage condition 2. It was confirmed that the

crystal G after conversion retains a crystal form of the

crystal G after six months under the storage condition 1
20 and after three months under the storage condition 2.

On the other hand, conversion of the crystals A, C
and G into other polymorphs could not be confirmed after
six months under the storage condition 1 and after three
months under the storage condition 2.

25 During the whole test period, no change in total
amount of impurities of each polymorph was recognized as
compared with that before the beginning of the test.



- 12 - under a normal pressure, crystal Gis obtained. On the

other hand,. when the wet product is dried at a high ___ tenperatdre—under
a reduced pressure, an anor phous conmpound i s obtalne the
drying condition for 5 obtaining the crystal D,

usually 35[err]C or | ower, and preFeﬁé%ly 25[er Iﬂ case
wher e the wet product is dried at a roon1tenperature under a

reduced pressure to obtain an anorphous cZiggkMehd, the heat i ng

tenperature is usuallyy SOQeFO%gmggpglg@egh(gngy;go_ _Q%gggg§qg&y5mgﬁpag_xo

100[err]C. If the heatln too | qw t akesS a
time to release4mmﬁ¥ﬂm&-5 thiazojgregbpgyide é&ﬁ@edWP&thP Scd XgE&Y On

the ot her gy idi fifhe cleadpe patteen hab&aghc@hxabmrcﬂsmm@ieamsr iatty
is likely to be |l owered by deconp03|t|on of the desired 15 5
pacadare.

The vacuunbdegr @e nief lagitione@ngdordi R§ aBout 6 -5¢me Thefri Ag -8
but is usually 23 "0 Y. 5'893521 92, 22P%%f enably Sewera, BHY eladess.

Anot her net hod fo obt'ai'ni'ng "t he ‘abdve-descri bed wet product incl udes
a . nethamﬂ&ﬁmﬁ&n reprecipitation method for obtaining the 20

crystal A wherein the adg n@r@t@b&r 2'—5(3L%ry@rﬁﬁi4e-d.sobutyl\di@@>kié‘tﬁﬂr)&tlo

of met hanol to water reache 0 an coole as |t S
and stirred for 4y 1azo eclarij‘lq%ﬁy(;l(?asaé:ld{nhe’%ﬁ?ﬁbe%ﬁ

stirring figr a |5QMliéﬁ ras.ffractwﬂ lmu&mmm@mmmtm pEEtH‘&ar&ﬂ

but the 25 desired wet product can be obtalned b
a reflectlé% angle 26 of about 76,y q%lnt%lglng h%o,

12.22, 13.56, 15.76, 16.20, 17.32, 19.38, 21.14, 21.56,
23.16, 24.78, 25.14, 25.72, 26.12, 26.68, 27.68 and
29.36°. '

15 3. A polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-
4-methyl-5-thiazolecarboxylic acid, which shows a X-ray
powder diffraction pattern having characteristic peaks at
a reflection angle 286 of about 6.62, 10.82, 13.36, 15.52,
16.74, 17.40, 18.00, 18.70, 20.16, 20.62, 21.90, 23.50,

20 24.78, 25.18, 34.08, 36.72 and 38.04°.

4, A polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-
4-methyl-5-thiazolecarboxylic acid, which shows a X-ray
powder diffraction pattern having characteristic peaks at

a reflection angle 20 of -about 8.32, 9.68, 12.92, 16.06,

25 17.34, 19.38, 21.56, 24.06, 26.00, 30.06, 33.60 and
40.34°.

5. A polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-
4-methyl-5-thiazolecarboxylic acid, which shows a X-ray
powder diffraction pattern having characteristic peaks at

30 . a reflection angle 26 of about 6.86, 8.36, 9.60, 11.76,
13.74, 14.60, 15.94, 16.74, 17.56, 20.00, 21.26, 23.72,
24.78. 25.14, 25.74, 26.06, 26.64, 27.92, 28.60, 29.66
and 29.98°.

_ 6. A polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-

35 4-methyl-5-thiazolecarboxylic acid having a



tenperature at 30[err]C or lower in case where th hanol

to water is. 70: 30. : The crystal Gis a hy ned by
crystall.izing a sodiumsalt of 2-(3-cyano-4- 30 mﬁ“ﬂ i“\mm \m
i sobut yl oxyphenyl ) - 4- net hyl - 5- thlazolecarbo§yllc aci pONs an* aci

or drying a wet product, which has been ~ “obt ai ned by recrystalllzatlon
froma m xed sol vent of 2- propanol and water, at |ow tenperature
under a reducedcharactpréssﬂceabsoaptidnyiwgichecaetbgrdﬂatingnﬂehed nor mal
35 pressure. pLev y t t -1

obt ai ned when t 5B#e§ﬁ§Flég bQHéL gfiﬁékéﬁ%rlg 3%%%? gk7§ & lauced
pressure Wth héafrﬁﬁedTﬁEe¢§¥P§CGPlQ PRBJERDE -

- 13 - to water |5Afﬁ6myﬁ89§h 89 30(80cH8nb04 - tbﬁﬁﬂﬁylo ﬁﬁeh?ﬁ)-

anount of mater |ncrg i g b g ubi ;1 s dra tb ¥ gd and,

therefore,it i & PMEEBYLaPyEPO2RPOBERF oxy118 881 8- PaY hRIAFBARRS ?ﬁ%s fiBunt

of the m xed sobbeokpefoids, 5wh1chroaanbé didtiageishednftrom thatloﬁ#

factor, but the | vept n 2 | d.-1ipef er abl y

8- Yo 15 PEPETaREuFeRBR e R e pbBaEEr 18", 57Ph o epe fu P
infrared spectroscoplc ana1y51s

8. A polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-
10 4-methyl-5-thiazolecarboxylic acid having characteristic
absorptions, which can be distinguished from that of
other polymorph, at about 1703 and 1219 cm™ in infrared
spectroscopic analysis.

9. A polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-

15 4-methyl-5-thiazolecarboxylic acid having a
characteristic absorption, which can be distinguished
from that of other polymorph, at about 1705 cm™ in
infrared spectroscopic analysis.

10. A polymorph of 2-(3-cyano-4-isobutyloxyphenyl)-

20 4-methyl-5-thiazolecarboxylic acid having characteristic
absorptions, which can be distinguished from that of
other polymorph, at about 1703 and 1684 cm™ in infrared
spectroscopic analysis.

11. An amorphous compound of 2-(3-cyano-4-

25 isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid.

: 12. A polymorph obtained by crystallizing 2-(3-
cyano-4—isobutyloxyphenyl)—4-methyl—S-thiazolecarbokylic
acid under the conditions shown as the region I in Fig.
1, which are defined by a temperature and a composition

30 of a mixed solvent of methanol and water.

13. A polymorph obtained by crystallizing 2-(3-
cyano-4-isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic
acid under the conditions shown as the region II in Fig.
1, which are defined by a temperature and a composition

35 of a mixed solvent of methanol and water.

14. A polymorph obtained by crystallizing 2-(3-

cyano-4-isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic



(3- cyano 4-1 sobut yl oxyphenyl) - 4- nethyl t hi azol ecarboxylic acid to
be used usually. The crystal 10 Gis also obt @i med by alr-drylnﬁ a wet

product of the crystal D, which is obtained ri bed
met hod, at room tenperature under a nornal ressurgm‘wm“mm‘mﬁm t he
ot her hand, an anorphous conpound can be™ ~ obtarnetl by dtryi’ngthe

crystal D under a reduced pressure 15 with heating. 1In this_case,.the
heating tenper ahoié usder the usomditiows c?hown ;S HilPeFeIoR bF &f BR 2bHF§-

from65 to 100[§rr i 4& l t
h £ 4 NGeth @télr £nd Sat @6mpoORitidnt akes
a long % Fel 8hse net angﬁﬁcontajigggfmhlch I S not EU|ted

for practical ugé acnixed sekeenhaff MebRARPYHRBS WateEperat ure shoul d be

ggggﬁggst? greVEn:hlggerlﬂg p8iyh6&eph obtaﬁh@ﬁ15%|dpyingycrpﬂtaﬁ @yof 2-
ition o e des The, yacudm degree i s adjusted
according %o (3‘C¥ﬁ3°héa%FﬂBuFX%ﬁﬁyagﬁ?%f?Bﬁ ?ghﬁguglly 25 mHg orJIess
preferably severgkagsitigcarbbggiic28cid underFacheducetiepresanreuwith

pol ymor phs  of tg Eresent i nvention has characteristics for

i ndustri al pr odd€ and physi cochem cal characteristics for

original drugs as 16 dasppilpedrbbl otained by heaphpgclyépafyanpsé-

positioned as a La3 h
the region I Eﬁ%&&%&?gﬁéﬁ?&ﬁ 409ﬁFFgW¢2ttPﬁgzaQéﬁakbGﬁ?lablaﬁlﬁange in

ti me undeto0 suﬁ@eﬁéﬁdsﬂarég@l&&ﬁdﬁ?#8ﬁ§t(8 me?&?&?%v&“ﬁuﬁﬁgg%;ggf% %
25[err]C, etc. )p%@%én%eﬁBE”EC%hhllShﬁbhﬁt of a crystalh@ ofy2+4B-Cyano-

positioned as a stable CryStabﬁPY&éa.aﬁsghg ngh quggggbbggll@ng%lan t he

region |I. |c transit
17. A polymorph- obtalned by crystalllzlng

cyano-4-isobutyloxyphenyl)-4-methyl-5- thlazolecarboxylic
15 acid from a mixed solvent of 2-propanol and water.

18. A polymorph obtained by air-drying crystal D of
2-(3-cyano-4-isobutyloxyphenyl)-4-methyl-5-
thiazolecarboxylic acid under a normal atmosphere.

19. An amorphous compound obtained by drying

20 crystal D of 2-(3-cyano-4-isobutyloxyphenyl)-4-methyl-5-
thiazolecarboxylic acid under a reduced pressure with
heating.

20. A method of producing crystal A of 2-(3-cyano-
4-isdbutyloxyphenyl)—4-methyl—S—thiazolecarboxylic acid,

25 which comprises crystallizing under the conditions shown
~ as the region I in Fig. 1, which are defined by a
temperature and a composition of a mixed solvent of
methanol and water.

21. A method of producing crystal B of 2-(3-cyano-

30 4—isobutyloxyphenyl)—4—methyl—5—th1azolecarboxy11c acid,
which comprises drying crystal G of 2-(3-cyano-4-
isobutyloxyphenyl)—4fmethyl—5-thiazolecarboxylic acid
under a reduced pressure with heating.

22. A method of producing crystal C of 2-(3-cyano-

35 .4-isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid,
which comprises heating 2-(3-cyano-4-isobutyloxyphenyl)-
4-methyl-5-thiazolecarboxylic acid suspended in a mixed



this crystal- formusually requires several days and it is

- 14 - * difficult to produce the crystal Cin an |ndustr|ally

good reproduci bl e manner. Therefore, it was necessarﬂmmumummmum
conversion is attained in a short tine by acce ersion
by a certain nethod. To 5 accel erate the conver5|on an ‘opdrafi oh of
addi ng a seed of the crystal Cin a state where the crysta

is suspenﬁgaveﬁﬁ g%eﬁ?FH@“ﬁba?ﬂ i $ak@fuirebhe TRTgsengetaf a smallorm
i s retai ned foramounbgopecrpstal ¢ioE RO(SLcPRRGBL- 1sobuﬁ§i€i§g§eﬁfﬂf|&'ons

5% er etc.) and i s themta
g?agler6|atlve Hgghg% E€é§?ﬁ?i%§? g%§;§;fe? cif-crystallization by an
operation of drying &&derAameEUudedfppeedchngnéhystalcheﬁtzﬂQB éﬁ&ﬁsgy

h toc _ ai
pori od of Time. tnsee Rorery PREYE L emeshlr o (b Seb R HEey e Uac 28
humidity of 7504hdShegemprises crﬁ‘ea}lmungsun@emtlaewondmens shown

The crystal B ahsothe 8yeon 11O1£0Vig0 PP GRIVETAAY derined P £TyStdl G

where the cr stored
In case € mpe¥ature ang a composition of a mixed solvent of

methanol and water.

10 : 24. A method of producing crystal G of 2-(3-cyano-
4-isobutyloxyphenyl)—4—methyl—S-thiazolecarboxylic acid,
which comprises crystallizing under the conditions shown
as the region III in Fig. 1, which are aefined by a
temperature and a composition of a mixed solvent of

15 methanol and water.

25. A method of produging crystal G of 2-(3-cyano-
4—isobutyloxyphenyl)-4—methyl—S-thiazolecarboxylic acid,
which comprises crystallizing from a mixed solvent of 2-
propanol and water.

20 26. A method of producing crystal G of 2-(3-cyano-
4-isobutyloxyphenyl)—4-methyl-s-thiazolecarboxylic acid,
which comprises air-drying crystal D of 2-(3-cyano-4-
isobutyloxyphenyl)-4-methyl-5—thiazolecarboxylic acid
under a normal atmosphere.

25 27. A method of producing an amorphous compound of
2-(3-cyano—4—isobutyloxyphenyl)—4-methyl—5—
thiazolecarboxylic acid, which comprises drying crystal D
of 2-(3-cyano—4—isobutyloxyphenyl)—4-methy1-5-
thiazolecarboxylic acid under a reduced pressure with

30 heating.



under nornal storage condition (e.gi relative humidity of 20 75%
25[err]C, etc.). That is, the crystal G can be produced only by
allowing to stand the crystal B under a nornal ~hum dity condition and
is asignificant crystal formin a rgﬁyect t hat various crystal forns
can be selectively made. 25 T 197 tthe sane manner as in case of
the crystal B, the crystal Dis converted into crystal G only by
allowing to stand under a nornal HABSIRAGT condition and is a
significant crystal formin a respect that various: crystal forms can
be sel ectively made. The crgstaI,D is 30 only one internedi ate capabl e
of producing an anor pR§uBreSent ipxgptAAnLPravifag At teahniquedafed

Presspre mﬁ%hl sglechéaéﬂygprodufing acgéﬁéﬂggcbbbﬁﬂo§B§VSf §P¥39&¥§BBL
R R L s o J L EAE T
Anong them a crystafhf prepeateinvednthoni ehsof providesnduséthal of
superiority. producing various polymorphs of 2—(3—éy&§o—4—
isobutyloxyphenyl)—4-methyl-S—thiazolecarboxylic acid,
which comprises crystallizing under the conditions
10 defined by a specific temperature and a composition of a
mixed solvent of methanol and water, and polymorphs
obtained by the method.
The present invention further provides a method of
producing the other polymorphs or amorphous compounds by
15 drying a specific polymorph under a reduced pressure with

heating, and the other polyporphs or amorphous compounds
obtained by the method.



Exanpl es The follow ng exanples further illustrate the

present invention in detail, but the present inventionis 5 not -limted
by these exanpl es. [ Exanpl e 1] Production of crystal A of
2- (3-cyano- 4- i sobut yl oxyphenyl ) - 4-net hyl - 5-t hi azol ecar boxyl i c acid
To 10 g of 2-(3-cyano-4-isobutyl oxyphenyl)-4-nethyl- 10

5-t hi azol ecarboxylic acid, 114 nlL of hanol was added and the
conpound was di ssol ved by heating to 65 Qr]C W th stirring. To the
resulting solution, 114 m of water in which 20 ng of crystal A of

2- (3-cyano- 4- i sobut yl oxyphenyl) - 4- net hyl - 5- thlazolecarboxyllc acid
was 15 added dver II hour. Then, The mMXed SolUrion was Toorena to
35[err]C. The crystal| was collected by filtration and drigfd at
80[err] C under a|reduted pressure of 2 mHg for 4 hours./ Ak is
apparent from datja of | XRD and IR, the resulting crystal/wap crystal
A. 20 [ EXanpl ¢ 2] Production of crystal C of 2/(3-gyano-4-

i sobut yl oxyphenyl]) - 4- net hyl - 5-t hi azol ecar&oxylic acid To 10 g of
2- (3- cyano- 4-i soljut yl dxyphenyl ) - 4- met hyl -3 -t hi ylic acid,

100 nL of a m xed sol ing ratio of

70: 30 was added, r&pg. To
t he resul tilng sol™ on, 20 ng of crg§tal C of 2-(3 - WO '
i sobut yl oxyphenylf) - 4- mg 5-thiazol ecarboxylic acid was added. The

ed until 30 conversifon into a rystal C

crystal was coll ¢cted &
is confirmed by IR

70
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cooling, the crystal was collected by filtration and dried at

80[err] C under a reduced pressure of 2 mHg for 4 hours. As is
apparent- fromdata of XRD and IR, the resulting crystal was crystal
C 35 [ Exanpl e 3] Production of crystal D of 2-(3-cyano-4-
i sobut'yl oxyphenyl) - 4-met hyl - 5-t hi azol ecar boxyl i c acid
- 16 - To 10 g of 2-(3-cyang-4-isobutyl oxyphenyl) - 4-net hyl -
5-t hi azol ecarboxylic acid, 80 nmL of net ol was added, fol |l oned by
heating to 65[err]C with stirring. Therd, ‘the crystal was coll ected
and stirred until-conversion into 5 crystal C was confirned by HR
After cooling, the . crystal was collected by filtration and fE?ed at
25[err] C umder a reduced pressure of 2 mmtHg for 4 hours. As|is
apparent fromdafa of XRD and IR, the resulting crystal wag] cryst al
D. 10 : [ Exanpl e 4] Production of crystal G of 2-(3-dyano-4-
|sobutyloxyphenyl) 4- et hyl - 5-t hi azol ecar boxylic aC|d o 10 g of
2- ( 3- cyano- 4-i sobut yl oxyphenyl) - 4--net hyl -
o
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5-t hi azol ecarboxylic acid, 90 nL of nethanol was added 15 and the

conmpound was di ssol ved by heating to 65[err]C with stirring. To the
m xture,- 90 nL of water was added over 30 seconds. The sol ution was
cooled to 25[err]C. The crystal was collected by filtration and
air-dried for 2 days. As is apparent fromdata of XRD and IR, the 20
resulting crystal was crystal G 3 [ Exanpl e 5] Production of
crystal G of 2-(3-cyano-4- 1%
i sobut yl oxyphenyl ) - 4- et hyl - 5-t hi azol ecar boxylic acid
(recrystallization from 2- propanol/mater sol vent) 25 To 30 g of
2- (3-cyano- 4-i soh & acid,
900 nmL of a m xed sol ution of 2-propanol and water in a mx{ng ratio
of 50:50 was added, followed by heating to 80[err]C with stffrring.
Thi s m xturfe was filtered in a hot state, dissolved again th 30
heating and thenjcooled to a roomtenperature. The deposi t{ed cryst al
was collected by (filtration and air- dried on a filter papgf
overnight. As a rlesult of Karl Fisher's water content neasgrenent,
the resulting crystal had a water content of 2.7% by weightff As is
apparent 35 frilomdata of XRD and IR, the resulting crystal wa
crystal G [ Exanpl e 6]
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17 -
i sobut yl oxyphenyl

Production of crystal
-5-thi azol ecarboxylic acid

(recrystallization from met hanol /wat er sol vent)

) - 4- et hyl

G of 2-(3-cyano-4-

2- ( 3-cyano- 4-i sobut yl oxyphenyl )-4-nethyl- 5

was di ssolved in

m xing ratio of 95:5

heat ed

wat er was added gradual ly. Then,
the m xture was contlnuously heated at
t he reaqt+

cool i ng,
_pressure of 2
G As is

was crystal G
2- (3-cyano- 4-
(production from
Exanmpl e 3 was
Karl Fisher's wat
wat er content of
| R, the resulting

334 nL of a

g wWith
D 20

crystal

j crystal

by heatlng
with reflux at an externa

nixture of net hanol
stirring. Wiile the m xture was

?nperature of 85[err]C, 119 nL of
C added and

150
reflux

apparent fromdata of XRD and IR,
[ Exanpl e 7]

i sobut yl oxyphenyl ) - 4- net hyl
The resulting crystal
air-dried on a filter paper overnight.

er content neasurenent,
2.6% by wei ght.

As is

rystal

the resulting
apparent fromdata ¢

33.4 g of

and wat er

C was 10
for 4 hours.

heatlng for 6 hours to obtaln 33 @

the resulting

Production of crysta
-5-t hi azol ecar box
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As a
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25 was crystal G [ Exanpl e 8] Production of crystal B

of 2-(3-cyano-4- i sobut yl oxyphenyl) - 4- et hyl - 5-t hi azol ecar boxylic
acid . The crystal G obtained in Exanple 4 was dried at 30
80[err] C under a reduced pressure of 2 mHG with heating for 2 days.
As is apparent fromdata of XRD and IR, the resulting crystal was
crystal B. [ Exanpl e 9] - 5 Pr oducti on of anorphous conpound of
2- (3-cyano-4- 35 i sobut yl oxyphenyl ) * t hyl - 5-t hi azol ecar boxylic aci.d
The crystal D obtained in Exanple 3 was dried at 80[err] C under a
reduced pressure of 2 mmHg with heating for o

- 18 - 4 days. AS is apparent fromdata of XRD and IR thgu

resul ting crystal| was anorphous conpound. [ Exanpl e 10 _
Stability test 5 The stability test of the crystals A B, C, D and
G was condycted under the follow ng conditions. St or age

condition 1: storled under conditions of

DIFFRACTION ANGLE/26
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40[err]C/ 75% rel ative density in a sealed state for 3 and 6 nont hs 10

Storage condition 2: stored under conditions of 40[err]C/ 75% rel ati ve
density in an unsealed state for 1 and 3 nont hs As a
result, conversion of crystals B and Dinto " crystal G could be
confirmed by X-ray powder diffraction 15 and infrared spectroscopic
anal ysis after three nonths underr the storage condition 1 and-after
one nont h under t he storage condi n 2. It was confirned that the
crystal G after conversion retains a crystal formof the crystal G
after six nonths under the storage condition 1 20 and after three nonths
under the storage conditiom 2: OTttre—other—hantd—eoryvEs Si on of
the crystals A |C and G into other polynorphs could not bd| confirned
after si x fmont hs under the storage condition 1 and after tlhree
nont hs under the storage condition 2. 25 During the whoJe test
period, no change in total anmount of inpurities of each pg] ynorph was
recogni zed as conpared with that before the begi nning of e test.
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CLAI V5 - 1. A polynorph of 2-(3-cyano-4-isobutyl oxyphenyl) -

4- met hyl - 5-t hi azol ecarboxylic acid, which shows a X-ray powder
diffraction pattern having characteristic peaks at 5 a reflection angle
2[err] of about 6.62, 7.18, 12.80, 13.26, 16. 48, 19.58, 21.92, 22.68,
25.84, 26.70, 29.16 and 36. 70. 2. A pol ynorph of
2- (3-cyano- 4-i sobut yl oxyphenyl ) - - et hyl - 5-t hi azol ecar boxyl i c aci d,
whi ch shows a X-ray 10 powder diffra ']'%)n pattern having characteristic
peaks at a reflection angle 2[err] of about 6.76, 8.08, 9.74, 11.50,
12.22, 13.56, 15. ég ég 20, 17.32, 19.38, 21.14, 21.56, 23.16, 24.78,
25.14, 25.72, 26.&2, .68, 27.68 and &9.36. 15 S - A
pol ynor ph of 2-(3uzyamo- 4-i sobuty oxyphenyl 5 o~
4- net hyl - 5-t hi azoBtcdPboxylic ac, which s#ws a X-ray - Cpapder
di ffraction pattedpr—hirng—charadteristicpdaks at arefl esti@n angle
20 of about 6.62, [10. 3 : 16. 74, 17.]40, 18.[0& 18. 70,
20. 16, 20.62, 21.490—23 24,78 25118 34 08 136 72 d
38.04[err]. —72pot yobr ph of 3- (3- cyano- 4-i sobutlyl oxyphenyl ) -
4- et hyl - 5-t hi azoljeca Ei c aciid, which shows a X-ray powder _
diffraction patterin hi 9charag¢teristic pgaks at a refjl ecti on angl e
20 of about 8.32, |9. 68 . 94z, 16.06, 25 17.34, 19.38, 21.56, 24.06,
26. 00, 30.06, 33.40-an U'SEL._A..ﬂ)_%qg(ZI‘I‘] 5. A pol ynorph of
2- (3-cyano-4-isobdtyl ¢ yT)- | 4- mgt hyl - 5-t hi g4zol ecarjboxyl i ¢ aci d,
whi ch shows a X-rdy ysz8
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powder diffraction pattern having characteristic peaks at 30 a

reflection angle 20 of about 6.86, 8.36, 9.60, 11.76, 13.74, 14.60,
15.94, 16.74, 17.56, 20.00, 21.26, 23.72, : 24.78. -25.14, 25.74,
26. 06, 26.64, 27.92, 28.60, 29.66 and 29 98[err] 6. A

pol ynor ph of 2-(3-cyano-4-isobutyl oxyphenyl ) -
4- met hyl - 5-t hi azol ecarboxylic acid havigng a

- 20 - characteristic absorptiorfqphi ch can be distingui shed
fromthat of other ponnDrphs at about 1678 cn[err] in i nfrared
spectroscopi c analy Ap olynnrgf
2- (3-cyano- 4- |sobutqiox?phenyl) 5 O 4-nethyl hlazolecarbéiﬁﬁlc acid -
havi ng characteri st4 S absor pt i@ns, which can be distingg ghed from
t hat of ot herpolsynor ph, at about 1715, 17%1 and 1682 ch1€?cj.|n
i nfrared spectroscoprcgratysTs: 8—A-potyrerph—of =
2- (3-cyano- 4-i sobut yl oxly ggdy - 10 4- et hyl - 5 -thlazolecartoxyfgc aci d
havi ng characteri stiT ptrpns—whi-th—cgn—be—e-strgyi-ghed from
t hat of ot her | pol out 1703 and [1219 cnferr] |if infrared
spectroscopi ¢ anal y$i s.
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9. A polynorph of 2-(3-cyano-4-isobutyl oxyphenyl)- 15

4- met hyl - 5-t hi azol ecarboxylic acid having a characteristic
absorption, which can be distingui shed fromthat of other polynorph,
at about 1705 cnferr] in - infrared spectroscopic anal ysis.
10. A pol ynorph of 2-(3-cyano-4-isobutyl oxyphenyl)- 20
4- met hyl - 5-t hi azol ecarboxylic acid havig1 characteristic absorptions,
whi ch can be distinguished fromthat of ot her pol ynor ph, at about
1703 and 1684 cnierr] in infrared spectroscopi ¢ anal ysi s.
11. An anor phous corrpound of 2- (3-cyano-4- 25
| sobut yl oxyphenyl) - g -5-thi@zol ecarlg@xylic a O «— 12. A
pol ymor ph obt ai ned ccbystal i zgg 2- (3-18 ng 8 o
cyano- 4-i sobutyl oxygherd ) - 4- net kgl - 5-t hi a@ol ecar boecryl iC ~N %icg nder
the conditions showj-asithe regign | in Fi ich are debijped by
a tenperature and a con‘d) sition 510 of a| m xed sofvent of Heth gl Sand
wat er . 13— Al oty gregyht ai ned{ by crystallizing 2- (3
cyano- 4-i sobut yl oxyghenylf) - 4- met Hyl - 5- t hi agol ecar bokylic _ a[ci d under
the conditions show| as ¥ 1l in Fag. 1, which |arg defined by
a tenperature and a corrp f:‘; of al m xed solvent of nethanol and
wat er . 14. obt ai ned by cryst alliéi ng 3-(3
cyano- 4- i sobut yl oxy-;th L) Aty =S=TTitaz0lGeAl bLL
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-21 - acid under the conditions shown as the region IIl in Fig.

1, which are defined by a tenperature and a conposition of a m xed
sol vent of methanol and water. 15. A pol ynor ph obt ai ned by
drying crystal Gof 2- 5 (3-cyano- 4-i sobut yl oxyphenyl ) - 4- met hyl -

t hi azol ecarboxylic acid under a reduced pressure with heat i ng.

16. A pol ymorph obtained by heating 2-4§,cyano-4-
isobutyloxyphenyl)-4-nethy|-5-thiazo|e9&ﬁgoxylic acid 10 suspended in a
m xed sol vent of methanol and water in the presence of a small anount
of a crystal C of 2-(3-cyano-

4-i sobut yl oxyphenyl ) - 4- net hyl - 5-t hi azol ecar boxyl i ¢ aci d. 17. A

pol ymor ph obtai ned by crystallizing 2-(3-

cyano- 4-i sobut yl oxyBhé&gyl ) - 4- net h& - 5-t hi azol g ar boxylic &5 gtid froma
m xed sol vent of 2-grepanol and V\@;er o 18. Acgol yrm&ph obt ai ned
by air-drying crystal % o

2- (3 cyano- 4- i SObUt-}'H—O nhen |&Eﬂd et h\ll t hi azol ecarboxy d)CEaCI d
under a nor nal atnnsphere. 19. An anor phous cofrpound- oggakned by
drying 20 cryst O-of syaa6-187 Lsabut yl oxyphenyl ) + 4- net iyl - 5-
t hi azol ecarboxylic acid undgr dduced pressuyre with heatlng.
20. A nmethod of producj ng cryst alygfgof 2-(3-cyano- _ :
4-i sobut yl oxyphenyl } - 4 net "EZ-"L‘SgaZO' ecar boxylic acid,
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25 whi ch conprises crystallizing under the conditions showmn as

the regiont in Fig. 1, which are defined by a tenperature and a
conposition of a m xed sol vent of met hanol and wat er.
21. A nmethod of producing crystal B of 2-(3-cyano- 30
4-1 sobut yl oxyphenyl ) - 4- met hyl - 5-t hi azol ecar boxylic acid, whi ch
conprises drying crystal G of 2-(3-cyanq-4-
i sobut yl oxyphenyl) - 4-met hyl - 5-t hi azol ecafgoxylic acid under a
reduced pressure with heating. 22. A nethod of producing
crystal C of 2-(3-c anoz, 35
4-isobutyloxyphenyl¢34-apthyl-5-thiazo|ecarb&%y|ic aci d, ¥hi ch
conpri ses heating 2 SEgzano-4-isobutyloxypheﬁyl)- <
4- et hyl - 5-t hi azol egar ylic acid suspended“in a ni xed o5
- 22 . sol vedt—of anol_and water i the presence of aj saplg
anmount of crystal C p Ny -1 sobut yl gxyphenyl ) - 4- Qv
met hyl - 5- t hi azol eca# A -__,73%5, 23. A nethod of profducing
crystal D of 2-(3-cyano{ 5 __===_,995
4-i sobut yl oxyphenyl )|- 4- frethFEIEET hir&zol ecar bgxyl i ¢ aci d, vhi ch
conprises crystalliZing EE&?%BQ%ggonditions shown as the region Il
in Fig. 1, which arg deffged by a .
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tenperature and a conposition of a m xed sol vent of met hanol and

water. 10 .- 24. A nethod of producing crystal G of 2-(3-cyano-
-4-i sobutwyl oxyphenyl ) - 4- net hyl - 5-t hi azol ecar boxyl i ¢ aci d, whi ch
; conprises crystallizing under the conditions shown as the region I1
~in Fig. 1, which are defined by a tenperature and a conposition of a
m xed sol vent of 15 nmet hanol and weq 25. A met hod of
produci ng crystal G of 2-(3-cyano- r//é
4-1i sobut yl oxyphenyl ) - 4-met hyl - 5-t hi azol'ecar boxyl i ¢ acid, whi ch
conpri ses crystallizing froma m xed sol vent of 2- propanol and
wat er. 20 A nmet hod of producing crystal G of 2-(3-cyano-
4- |sobutyloxyphenyh¢ &gnethyl 5- thlaéglecarboxyllc é@(x - ®hich
conprises air-dryi ystal D of 2-(&-cyano-4- ) w
i sobut yl oxyphenyl ) <&- get hyI 5-t hi azol®Lcar boxyl ic acﬂé’ undet @ qor mal
at nosphere. 25 - am%#Mm&4m@m@dof
2- (3-cyano- 4- isobutyloxyphenyl gggﬁ yI 5- t hif azol ecar bo§yl~c “aci d,
whi ch conprises dr yrg—erystal 8°E6Y
2- (3-cyano- 4-i sobut lyl ogxyphe mﬁﬁhyl - t hiiazol ecarboXylic acid
under a reduced prepsure w 30 heating.
4’199
—8°G9L
-9'GZ8
7°CL6
L'856 g
gE70L geloL S
-,
G AARA
N =6 72t
et '\'\r_
. 1 ——=FEeeL £°962Z1
D Cg_
; 76271
- <t L8 8
LL — AL o
= 0081 e
K .
[ ——fus0
J—
Q
o
o
0°0€ZZ 8
ﬁ-}-—»
Q
o
o
o
~J

60.00
45.11

%T
103.57
£100.00
80.00



