1 DESCRI PTI ON TETOM LAST POLYMORPHS TECHNI CAL FI ELD [ 0001] The
present invention relates to a novel tetomlast crystal. 5 BACKGROUND ART
[ 0002] 2- (3, 4-di et hoxyphenyl) - 4- ( 2- car boxy- 6-

pyci dyl )t hi azol e (or

6-[ 2- (3, 4-di et hoxyphenyl ) t hi azol 4-yl ] pyri di n-2-carboxylic acid) is a known
conpound. 10 This conpound is naned as tetonllast This tetom | ast has
active oxygen inhibitory action, opgekiper@eneration inhibitory action,
adhesion inhibitory action, etc., and it is useful for the treatnent of
ulcerative colitis, Cohn's di sgasgiasdStdifRorpasd the 15 like (JP-A-5-51318
(paragraph [0015], Exatple 371) and JP- A-10-152437 (paragraphs [0024] and
[0029]). In addition, tetomlast is also useful as a therapeutic agent for
chroni c obstructive pul nonary di Sease (JP-A2003-104890). Moreover, such a
tetom |l ast crystal is 20 stable towards heat and noisture, and is excellent

in terns of thgQivgeRte jion property and dissolution property of
tabl et s. [OOOQF: g%bﬂi BidiD According to Exanple 371 of JP-A-5-51318, an

anhydrous tetopgdoagt crystal (hereinafter referred to as an "anhydrous
tetom | ast type B crystal") is produced by all ow ng

3, 4- di et hoxyt hi obenzam Tiee tpraeatt inbet idh F(12teB! 8502CE4YEE) - 6- pyri di ne
carboxylic acid and then recrystallizing the obtained tetomlast crude

product from éitemolast orrwstadpl e. [ 0004]

5 BACKGROUND ART
[0002]
2-(3,4~-diethoxyphenyl)-4-(2-carboxy-6-
pyridyl)thiazole (or 6-{2-(3, 4-diethoxyphenyl)thiazol-
4-yllpyridin-2-carboxylic acid) is a known conpound.
10 This compound is named as tetomilast. This tetomilast
has active oxygen inhibitory action, cytokine
generation inhibitory action, adhesion inhibitory
action, etc., and it is useful for the treatment of
ulcerative colitis, Crohn's disease, asthma, and the
15 1like (JP-A-5-51318 (paragraph [0015], Example 371) and
JP-A-10-152437 (paragraphs [0024] and [0029]). 1In
gddition, tetomilast is also useful as a therapeutic
agent for chronic obstructive pulmonary disease (JP-A-
2003-104890) . Moreover, such a tetomilast crystal is
20 stable towards heat and moisture, and is excellent in
terms of the disintegration property and dissolution
property of tablets.
(00031



Furthernore, according to Journal of 10 Medicinal Chem stry, 1995, 38, pp.
353-358, such an anhydrous tetom |l ast type B crystal is produced by

al | owi ng 3, 4-di et hoxyt hi obenzam de to react with .2-(2-
bronpacetyl)-6-pyridi ne carboxylic acid, then hydrolyzing the obtained

met hyl 6-[2-(3,4- 15 di et hoxyphenyl)thj azol -4-yl]pyridin-2-carboxylic acid
nmet hyl ester, and then recrystallizing the obtained tetomlast crude

product from ethyl acetmécordi®Q0sh Hewgyer 3731 Bge ADa MYAdQUS Jfet oni | ast
type B 20 crystal has the property of causing clogging, if such an
anhydrous t et ghydseus yietdBiidapst abystsalprbeuesda byet hes ameantbonal

recrystallization nethod, an operating efficiency significantly
deteriorates @drPRg FrIYFERISoRetIRLEASY ttvips 8i E£VstAl™)t dspr oduce anhydr ous

25 tetom last _type B grystals.indysgrially in a large volunme. Accordingly,
it is strongl ?régg??%}g ﬁ;ﬁoﬂlﬁgv 1 'tcjéte&?i"lxé@u@?%%aé‘lﬂ-,dw\ﬁpc Kepet.

D1 SCLOSURE P TER T UENTIER tobok) -0 pveiBiRe S G BRYG R8T o1 e
present | venthen i&eyddide ang oMl RLIALAELESINA! Ak, | S O

industrially produced’in a largé volu e present

i nvent or s havercduchiciresh eBhansiyersyt wdtbap1directed towards achieving the
af orenenti oned object. As a result, the inventors have 10 found that a

novel tetomnil 88804k ystal, which can be produced industrially in a |large
vol une, can be obtained by stirring anhydrous tetom | ast type B
Furthermore, according to Journal of

10 Medicinal Chemistry, 1995, 38, pp. 353-358, such an
anhydrous tetomilast type B crystal is produced by
allowing 3, 4-diethoxythiobenzamide to react with 2-(2-
bromoacetyl)-6-pyridine carboxylic acid, then
hydrolyzing the obtained methyl 6-[2-(3,4-

15 diethoxyphenyl)thiazol~4;yl]pyridin—2-carboxylic acid
methyl ester, and then recrystallizing the obtained
tetomilast crude product from. ethyl acetate.

[0005]
However; since an anhydrous tetomilast type B

20 crystal has the property of causing clqgging, if such |
an anhydrous tetomilast type B crystal is produced by
the conventional recrystallization method, an operating
efficiency significantly deteriorates during
filtration. Thus, it is difficult to produce anhydrous

25 tetomilast type B crystals industrially in a large
volume. Accordingly, it is strongly desired that a

novel tetomilast crystal, which is advantageous in

terms of industrial mass production, be developed.



crystals in an aqueous solvent, and that the above tetomlast crystal is
further recrystallized using a 15 suitable solvent, or is further heated
while it is suspended in a specific solvent, so as to obtain a tetom | ast
crystal having various physical properties. The present invention has been
conpl eted based on these findings. 20 {0008] That is to say, the
present invention relates to the followng tetom|ast crystal and

phar maceut i calDISMPSSRE| o THE WvEREeok! ast hydrate crystal having a powder
25 X-ray diffraction spectrun1that is substantially the sane as the powder

X-ray diffracti0®®6dpectrum shown in Fig. 2. 2. An anhydrous tetomnilast type
A crystal having 4 "a gomder X-ray diffraction spectrumthat is

subst ant i aI I y t he sama 5 ihe pevdepbliestyofithier prebseont shamtrfﬁilasnshom in
Fig. 4. anh us tetonilast type C crystal having 5 a powder X-ray
di ffracti on s &PF a"’t qeéfeé-u[‘}??%’ﬁ%i/ Y} yangdadaibabisis he powder X-ray

di ffract At | ast acetonitrile sol vat
crystar ot ng 8 Bomar Sebpelfet e e BB 1o
[0007]

The present inventors have conducted
intensive studies directed towards achieving the
aforementioned object. As a result, the inventors have

10 found that a novel tetomilast crystal, which can be
produced industrially in a large volume, can be
obtained by stirring anhydrous tetomilast type B
crystals in an aqueous solvent, and that the above
tetomilast crystal is further recrystallized using a

15 suitable solvent, or is further heated while it is
suspended in a specific solvent, so as to obtain a
tetomilast crystal having various physical properties.
The present invention has been completed based on these
findings.

20 [0008]

That is to say, the present invention relates
to the following tetomilast crystal and pharmaceutical
composition:

1. A tetomilast hydrate crystal having a powder

25 X-ray diffraction spectrum that is substantially the
same as the powder X-ray diffraction spectrum shown in
Fig. 2.

2. An anhydrous tetomilast type A crystal having



10 substantially the sane as the powder X-ray diffraction spectrum shown in
Fig. 10. 5. A mxture of the anhydrous tetom | ast type A crystal described
initem2 and an anhydrous tetom | ast type B crystal. 15 6. A pharnmaceuti cal
conposition conprising at |east one type of tetom | ast crystal selected
fromthe group consisting of a tetom | gast hydrate crystal, an anhydrous
tetom |l ast type A crystal, an anhydrous tetom |l ast type C crystal, and a

tetonilast 20 agetalkirt Ki-key shffakettbl Stget Al MaRhas mMaceut i cal
conposition according to item6, which is an agent for preventing and/or

treating gast roistestiadly Uihsesananaagend gowdair Qveali duf &gbGrort r eat i ng
cardi aci schem c di sease, an 25 agent for preventing and/or-treating
cerebrovascul§WG&W§B§5%?°%PF$VéFgan@-kidney function inprover used for

di sorders cau§pd by tra&;plﬁptation m crocirculation failure, etc., or an

agent for preveénting a 6?1?grPFéaf?HﬂmﬁﬁﬁﬁéFY§eqFs%%%ﬁ%aknhﬁydagus
vascull 1 5.5 Vesghabbroncl) Wive Bl gl dheraiien ar s, L
A e S S

spectrum shown in Fig. 8.

4. A tetomilast acetonitrile solvate crystal

having a powder X-ray diffraction spectrum that is

10 substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 10.

5. A mixture of the anhydrous tetomilast type A
crystal described in item 2 and an anhydrous tetomilast
type B crystal.

15 6. A pharmaceutical .composition comprising at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
anhydrous tetomilast type A crystal, an anhydrous
tetomilast type C crystal, and a tetomilast

20 acetonitrile solvate crystal.

7. The pharmaceutical composition according to
item 6, which is an agent for preventing and/or
treating gastrointestinal ulcer, an agent for
preventing and/or treating cardiacischemié disease, an

25 agent for preventing and/or- treating cerebrovascular
disease, & liver and kidney function improver used for

disorders caused by transplantation, microcirculation

failure, etc., or an agent for preventing and/or



ARDS, ther mal

burn, as

viral nyocarditis, or o at i
reperfusion 10 abnormality, transition from SIRS (systenm c inflanmtory

response syndrone) to organ failure, multiple organ failure, inflammtory

bowel di sease,

thma, chronic heart failure, nyocardial infarction
an agent for preventing and/or treating ischemc

aut oi mune di sease, netastasis, |munol ogical rejection

occurring during transplantation, nonotlonal B cell 15 abnormality,

pol ycl onal B celktahgosambd vy dakbhal, BXOMMLoAILLER £, Syndrome, | primary

gl orrer ul onephritis,

nmesangi al proliferative nep

'S, carfcer cachexi a,

Lennert's | ynploraatpsercalsits.s, amapignates Hddnat1 sK2P2SEN:S 1331, CONa
devel oped due to AIDS, 20 postmenopausal osteoporosis, septicem a,
*i nf | ammat or y 2dtssheecteratiromirc dbls¢temt i ve pul nonary di sease. 9. The

phar maceuti cal conposi

intestinal di Sease is f

tion according to item8, wherein the inflammatory
hepheirpacedficals apmpassliibs acewakieg 26 10. The

har maceut iccal,, conposi tiqn .according to item38, which is an agent for

Br eventi ng S(einé}:sllnng‘r e‘gﬁ"%’g l@htaBn?‘ée’gtb FuPLeyerpiingomdArdi sease.  11. A

process for t??e@fﬁ&?r
I n tha

characterized : )
crystal in anaAROSLOYSerS@1YBikn, astifna,AJM:BGE8SnbOF: 1A RIgParation of an

anhydr ous

10

15

20

25

myocardia

! . o which i
ﬁlloglg rcr:grglhg‘éﬁs‘aeés %TrHr lra%%&}‘r&#ﬁ:\ ﬁ%’g‘?‘bﬁi’g‘llg‘e?é;‘i* ast type B

1 infarction, viral myocarditis, or an agent

for preventing and/or treating ischemic reperfusion

abnormality, transition from SIRS (systemic

inflammatory response syndrome) to organ failure,

multiple organ failure, inflammatory bowel disease,

autoimmune disease, metastasis, immunological rejection

occurring

during transplantation, monoclonal B cell

abnormality, polyclonal B cell abnormality, atrial

myxoma, Castleman's syndrome, primary

glomerulonephritis, mesangial proliferative nephritis,

cancer cachexia, Lennert's lymphoma, psoriasis, atopic

dermatitis, Kaposi's sarcoma developed due to AIDS,

postmenopausal osteoporosis, septicemia, inflammatory

disease or chronic obstructive pulmonary disease.

9.

The pharmaceutical composition according to

item 8, wherein the inflammatory intestinal disease is

ulcerative colitis or Crohn's disease.

10.

The pharmaceutical composition according to

item 8, which is an agent for preventing and/or

treating chronic obstructive pulmonary disease.

11.

A process for the preparation of a tetomilast



5 tetomlast type A crystal, which is characterized in that it conprises
recrystallization froma solution formed by dissolving an anhydrous
tetom | ast type B crystal in a solvent. 13. The process according to
item 12, wherein the 10 solvent is ethanol, acetone, or acetone-water
(wherein the acetone content is 40%or; nore). 14. A process for the
preparation of an anhydrous tetom | ast type A crystal, which is

charact eri zedhiytrdtat whicGORBr EB&BadtRGivedakhi 284t O fa&@ﬁsggl ution 15
formed by dissolving in a solvent at |east one type of tetom |l ast crystal
sel ected fronstherigrpep eohgdstusgeatfond lhetonybassy dwydtateiarystal, an
anhydrous tetonlast type Ccrystal, and a tetonllast acetonitrile solvate
crystal. 20 1899%@'9H ¢8taccording to item 14, wherein the solvent is a

m xed sol vent_gonsisting of water, and at |east one organic sol vent
sel ected fron%?he groupt BOASESE | FRr JbenPERRABRt IR fhain aabedspies and

t r ahydr of, . s f.or, the,preparation of ,an aphydrous
E:t (r)ﬁi Ya;?_S?;gf%t ?‘raégt gp,-,BéO ?‘gﬂy?tsaldhgsé%egfz 1fa_r‘f:tter’rﬁérlzeFlt 1Ronpri ses
recrystal | i zathan i @BhBreeby 10| AUTRY 0¥; 0 SEOLY NG 30, a0y dr ous

tetomlast type B 7 crystal in a“solven procéssTaccording to

item 16, wher eoindch@ysal¥eplvisg Nl hanglirehs etd@dPllast type B
crystal in a solvent.
13. The process according to item 12, wherein the

10 solvent is ethanol, acetone, or acetone-water (whérein
the acetone content is 40% or more).

14. A process for the preparation of an anhydrous
tetomilast type A crystal, which is characterized in
that it comprises recrystallization from a solution

15 formed by dissolving in a solvent at least one type of
tetomilast crystal selected from the group consisting
of a tetomilast hydrate crystal, an anhydrous
tetomilast type C crystal, and a tetomilast
acetonitrile solvate crystal.

20 15. The process according to item 14, wherein the
solvent is a mixed solvent consisting of water, and at
least one organic solvent selected from the group
consisting of methanol, ethanol, acetone, and
tetrahydrofuran.

25 1e. A process for the preparation of an anhydrous
tetomilast type C crystal, which is characterized in
that it comprises recrystallization from a solution

formed by dissolving an anhydrous tetomilast type B



18. A process for the preparation of an anhydrous 5 tetomlast type C
crystal, which is characterized in that it conprises recrystallization from
a solution forned by dissolving in a solvent at |east one type of

tetom | ast crystal selected fromthe group consisting of a tetom | ast
hydrate crystal, an anhydrous 10 tetom | ast type A crystal, and a

tetom | ast acetonitrile solvate crystal. 19. The production nethod

accordi ng to Frgstal invgeseilmenhe sol vent is nethanol or ethanol. 20. A
process for tﬂg preparation of a tetom|ast 15 acetonitrile solvate

crystal, which’ts char d8€ePF2E8SP rRqPding EenpEemeks r stheypstial theation from
a solution fo d .di ssolving an hydrous tetom | ast type B crystal in
acetonitrile. ggﬁverﬁyﬁrsoéngggap8? ?]ﬁee%&rat i on of an anhydrous 20
tetom | ast acegonitril I Lch.is characterized in that it
conprises recrystalli zgt ?glﬁg%grﬁ%ﬁ/%%up%\gggﬁﬁ%ﬁ %€ o}l ?é‘bVéF‘ﬁ‘ési n a

sol vent at sl egstominestty pgpef ct etyiadiastingkyst al om.the group
consisting of a tetom!| ag%) hydrabfgeE crystal, an %IZ%%%? rgfﬁg ?}étom' | ast type

A crystal, anthan ianlepdpoises et adiysAal 1EYRE1IEN CE¥SE & -s01dRi0d Process for
the preparation of a m xture consisting of an anhydrous tetom | ast type A
crystal 8  formed by dissolving in a solvent at least one type of
tetomilast crystal selected from the group consisting
of a tetomilast hydrate crystal, an anhydrous
10 tetomilast type A crystal, and a tetomilast
acetonitrile solvate crystal.
19. The production method according to item 18,
wherein the solvent is methanol or ethanol.
20. A process for the preparation of a tetomilast
15 acetonitrile solvate crystal, which is characterized in
that it comprises recrystallization from a solution
formed by dissolving an anhydrous tetomilast type B
crystal in acetonitrile.
21. A process for the preparation of an anhydrous
20 tetomilast acetonitrile solvate crystal, which is
characterized in that it comprises recrystallization
from a solution formed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate érystal,.an
25 anhydrous tetomilast type A crystal, and an anhydrous
tetomilast type C crystal.
22. A process for the pfeparation of a mixture

consisting of an anhydrous tetomilast type A crystal



and an anhydrous tetom | ast type B crystal, which is characterized in that
it conprises recrystallization froma solution fornmed by dissolving the
anhydrous tetonilast type B crystal in a solvent. 5 23. The process
according to item 22, wherein the solvent is acetone-water (wherein the
acetone content is 40%to 95% by volune). 24. A process for the preparation
of a m xture consisting of an anhydrous tetom | ast type A crystal 10 and an
anhydrous tet G#d a8t arRislramscitesemilashitrs 8 chushet ervided iis that it
conprises recrystal]ization froma, solutionforned by dissolving in a

solvent at | e&S*8fi ef’yﬁfé’l oft £BEbntF L™ aFeskY e ¥ gatdent he group
consi sting of ﬂ_o}nego&]lt&%tonh%g%%t?gl%Z%jfsss;, an 1 gnarmglrr%%%t ghﬁydlrga; type

A crystal, a tétom | ast aceton é’lg?ys al ;,

Leton |ast tyReconeldd dype b ERysThe M Q08B BREOTdING to item 24, whereln
! : t

the solvent is acetone-water rein e acetone content 20 is 40%to 95%

by vol ure) .5 [ 2809] The prokBsthgcdbREeRt tbnyeshi BN, WJHechar fhenovel
tetom | ast crystals" is used to nean a tetonil ast hycfrate crystal, an
anhydr ous t et soiltrast itsy peeRoBb-gayst alwhearianhleratstdred adnkagt type C
crystal, a tetom|ast acetonitrile solvate crystal, and a m xture of an
anhydrous t et &fi #@%ttq W98 RAvcrobeme) and an anhydrous tetom | ast type B

crystal. 9 [2 101 In addition, in the present jnvention, the term
"tetonilast c gstal " & BERESTD LRTIRE BESRARAGENRGT AEPER such novel

tetom | ast Crxgﬂéiéify@do%nan anhydrous tetomilast type A crystal
10 and an anhydrous tetomilast type B crystal, which is
characterized in that it comprises recrystallization
from a solutionformed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
15 anhydrous tetomilast type A crystal, a tetomilast
acetonitrile solvate crystal, and an anhydrous
tetomilast type C crystal.
25. The process according to item 24, wherein the
solvent is acetone-water (wherein the acetone content
20 is 40% to 95% by volume).
{0009]

In the present invention, the term "novel
tetomilast crystals"” is used to mean a tetomilast
hydrate crystal, an anhydrous tetomilast type A

25 crystal, an anhydrous tetomilast type C crystal, a
tetomilast acetonitrile solvate crystal, and a mixture
of an anhydrous tetomilast type A crystal and an

anhydrous tetomilast type B crystal.



5 anhydrous tetom | ast type B crystal that is a known as a tetom | ast
crystal. BRI EF DESCRI PTI ON OF THE DRAW NGS (0223) Fig. 1 is a view show ng
the 10 thernogravinmetry/differential thernmal analysis of the tetonll ast
hydrate crystal obtained in Exanple 5 (1); Fig. 2 is a view
showi ng the powder X-ray diffraction of the tetom|last hydrate crystal

obtained in EX@H/’:[I% 5 (1); 15Fig. 3 is a view showi ng the
t her nogr avi netry (S)ifferential t hermal anal ysis of the anhydrous tetom| ast

type A crystal obtainedygj amhe i, (He Hi g, b i ew W ng
t he. poWler' X-ray 20 di ffrgacl:(%%i&on of 1 eéﬂaenr%?(fr%gﬁlg It"é‘tfgnr#fogls’t sc?l%pe A crystal

obtai ned in BExaapl etdtéhiladt Grydrdd" &/ RAUSROWSAELT Peean a
t hernogravi nmetry/differential thernmal anal ysis of t%e anhydr ous
tetoni |l ast tygenBricysimt fr aunkdnoveRTRehdlaseeceystglls ahd( 2h;

Fig. 6 is a view showing the powder X-ray diffraction of the anhydrous
tet0n1|astﬁiyﬂ@hgdgpygttﬁtommjast type B crystal that is a known as

a tetomilast crystal.

BRIEEF DESCRIPTION OF THE DRAWINGS
[0223]

Fig. 1 is a view showing the

10 thermogravimetry/differential thermal analysis of the
tetomilast hydrate crystal obtained in Example 5 (1);

Fig. 2 is a view showing the powder X-ray
diffraction of the tetomilast hydrate crystal oﬁtained
in Example 5 (1);

15 Fig. 3 is a view showing the
thermogravimetry/differential thermal analysis of the
anhydrous tetomilast type A crystal obtained in Example
1 (1):

Fig. 4 is a view showing the.pOWder‘X—ray

20 diffraction of the anhydrous tetomilast type A crystal
obtained in Example 1 (1);

Fig. 5 is a view showing the
thermogravimetry/differential thermal analeié of the
anhydrous tetomilast type B crystal obtained in

25 Reference example 1 (2);

Fig. € is a view showing the powder X-ray

diffraction of the anhydrous tetomilast type B crystal



obtained in Reference exanple 1 (2); Fig. 7 is a view show ng the
thernogravinetryidifferential thermal analysis of the anhydr ous
tetom | ast type C crystal obtained in Exanple 5 2; Fig. 8is a
vi ew showi ng the powder X-ray diffraction of the anhydrous tetom | ast type
C crystal obtained in Exanple 2; Fig.1® is a view showing the 10

t her nogr avi ne I ential thermal analysis of the tetomlast
acetonitrile Es)%%l%/%gec{ gﬁlygtegﬁr%?%i %)%ag‘ﬁiﬁ :'Exg%)pfl e j; Fig. 10 is a view

showi ng the powder X-rayq 7 diffrachi apopind g detomlast acetonitrile
solvate 15 crystal obtained in Exanple 3; Fig. Il is a view
showi ng the t besmmgiravimetey)differentihal chherd®laanglysi s¢ofnd he m xture
consi sting of an anhydrous tetom | ast type A crystal "and an anhydrous
tetonmlast typehBlirongstatoflabt aiyredCi orfxtaiplobtdibed in Example Fig. 12
is a view showi ng the powder X-ray diffraction of the m xture consisting of
an anhydrofs #etomi|last type A crystal and an anhydrous tetonilast type B
crystal obtained in Exanple 4(1); 25Fig. 13 is_a view showi ng the

t her mogr avi met ry/ di ffe?ggt i 81 L1% feriel ShaYiRg &her powderi ¥t¥R¥® consi sting of

an 2nnydrous dEtANGLash b¥PES HlinaBhs VAN AW LU SN tYPe B

obtained in Example 2;
Fig. 9 is a view showing the
10 thermogravimetry/differential thermal analysis of the
tetomilast acetonitrile solvate crystal obtained in
Example 3;

Fig. 10 is a view showing the powder X-ray

diffraction of the tetomilast acetonitrile solvate
15 crystal obtained in Example 3;

Fig. 11 is a view showing the
thermogravimetry/differential thermal analysis of the
mixture consisting of an anhydrous tetomilast type A
crystal and an anhydrous tetomilast type B érystal

20 obtained in Example 4(1);

Fig. 12 is a view showing the powder X-ray
diffraction of the mixture consisting of an anhydrous
tetomilast type A crystal and an anhydrous tetomilast
type B crystal obtained in Example 4(1);

25 Fig. 13 is a view showing the
thermogravimetry/differential thermal analysis of the
mixture consisting of an anhydrous tetomilast type A

crystal and an anhydrous tetomilast type B crystal



11 obtained in Exanple 4(2); and Fig. 14 is a view show ng the powder X-ray
diffraction of the m xture consisting of an anhydrous tetomlast type A
crystal and an anhydrous tetomlast 5 type B crystal obtained in Exanple 4
(2). BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0011] Tetom | ast hydrate

crystal The tetom | ast hydrate crystalllof the present 10 invention includes

0.5 to 3 hydr ta ng t tet mlast hydrate crystals of the
pr esent |nven?%§ﬁ&£¥§ 3%?@? 4é?$3 has t he physi cochem cal properties

described in (1) to (3)rfelqw ;15,5 [Qgég]ShOWln tP?a??éé%ﬁt %gggnggy?Lgte

crystal . has an endotherm™ curve that subs

t her mogr avi metdiykdaét asends ahet hexflte %ﬁisﬁ%kinét SFPLY aéd‘f{}%'rro'u@ ng

rate/ mn) endotherm d curve shown 20 in Fig. 1. Specif 'y, such a
monohydr at e crtgsbailast dypeadt eryzesl iand kat ahhyasuananrgatibgem ¢ peak
around 189C and a wi de peak around 102C. [0013] (2) The
nonohydr at @ ctygeaP ¢astalpehlisingd in Example 4 (2).

BEST MODE FOR CARRYING OUT THE INVENTION
[0011]
Tetomilast hydrate crystal
The tetomilast hydrate crystal of the present
10 invention includes 0.5 to 3 hydrate crystals. Among
the tetomilast-hydrate crystals of the present
invention, a monohydrate crystal has the
physicochemical properties described in (1) to (3)
below:
15 [0012]

(L) The monohydrate crystal.has an
endothermic curve that is substantially the same as the
thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermic curve shown

20 in Fig. 1. Specifically, such a monohydrate crystal is
characterized in that it has an endothermic peak around
189°C and a wide peak around 102°C.

[0013]

(2) The monohydrate crystal has a powder X-

25 ray diffraction spectrum that is substantially the same
as the powder X-ray diffraction spectrum shown in Fig.

2. Specifically, it has characteristic peaks at 20 =



25 ray diffraction spectrumthat is substantially the sane as the powder
X-ray diffraction spectrumshow in Fig. 2. Specifically, it has
characteristic peaks at 20 = 12 10.6, 12.9, 21.1, 22.3, and 25.00. [0014]
(3) The nonohydrate crystal has significant infrared absorption bands at
3516, 3433, 1742, 1709, 5 1587, 1472,12267, 1143, 1040, 758, and 716 cm1

in the IR (KBryg.gpecid wm in@S]zgggho%.fo? ppoduci ng tetonilast hydrate
crystal The tetom | ast hydrate’crystdl o Ré present 10 invention can be

obt ai ned by stfioodimg i n an aqueous sol vent the known anhydrous tetom | ast
type B crystal or an anhydrous tetom | ast type B crystal obtained by the

met hod as described bel G4 [0616dndinRiiciteanrgguaDUsas o \piitEilcsnd Ni xed
sol vent obtained by m xing an organi c sol vent such as nethanol, ethanol,

i sopropanol , &8&tdhed ahsogphypadeandkettodd 16w BA3hatEr42,E440p, es of such a
m xed sol vent i ud t hanol -water (a methanol confent of 10%to 20
80% by vol me)ITgBZt h{;‘ﬁcﬁ'- %ﬁggr 13 ettt géént%‘# B¥6 195 tim 0% by vol une),
i sopr opanol - er nJ gpanol content of 10%to 60% by vol une),
acetone-mater@%a&Kéﬁkf%%%eégﬁtent of 10%to 80% by vol une), and

et hyl met hyl ketgpespat er (an et hyl met hyl ket one cont ent

Method for producing tetomilast hydrate crystal
The tetomilast hydrate crystal of the present

10 invention can be obtained by stirring in an aqueous
solvent the known anhydrous tetomilast type B crystal
or an anhydrous tetomilast type B crystal obtained by
the method as described below.

[0016]

15 Such an aqueous solvent is a mixed solvent
obtained by mixing an organic solvent such as methanol,
ethanol, isopropanol, acetone, or ethylmetﬁylketone,
with water. Examples of such a mixed solvent may
include methanol-water (a methanol content of 10% to

20 80% by volume), ethanol-water (an ethanol content of
10% to 70% by volume), isopropanocl-water (an
isopropanol content of 10% to 60% by volume), acetone-
water (an acetone content of 10% to 80% by volume), and
ethylmethylketone-water (an ethylmethylkefone content

25 of 10% to 80% by volume). Of these, acetone-water (an
acetone content of 10% to 60% by volume) and
ethylmethylketone-water (an ethylmethylketone content

of 10% to 60% by volume) are particularly preferable.



25 of 10%to 80% by volunme). O these, acetone-water (an acetone content of
10% to 6056 by vol une) and et hyl net hyl ket one-wat er (an et hyl net hyl ket one
content of 10%to 60% by volune) are particularly preferable. 13

Acet one-wat er (an acetone content of 35%to 55% by volune) is nore
preferable. [0017] The anount of an addeous solvent used is not 5 limited.

It is used in_an_amount of at |least 10 nl, and prefera etween 10 and 50
m, with respfCEPBETVYEE @7 ﬁﬁﬁJ&‘a‘?‘%L%orit@cn&molfgégiﬁt%g% g’lyyst al . [0018]

The stirring %%é?;yﬁgé%ng%ggséﬁ&ul arly 10 limted. It is preferably

bet ween appr oxi and nore preferably between

approxi matel y fgggzand 30C. The stirring tinme is preferably between
approximately 5 mnutes and 3 hours, and nore pref erably between
approxi mately 30 and 90rhd nuicest 46 di@kfHeous solvent uded d@dnbton, when a
tetom | ast hydrate crystal is produced froman anhydrous tetom | ast type B
crystal, it5igdipieédrablie itsouakdoim tdre aretuort bésat hielsit 6 0cmyst al produced
by the aforenentioned net hod 20 separately to_exist as a seed crystal in a
suspensi on. [ @pdopreferably betwapr G mndyS0aadi nyith seaspesity§eal i s not

particularly limted. It js preferahle to add_such a seed crystal before or
during stirri ﬁg&zﬁn[ rous tetomilask,Lvps: B AE¥St%t-oni | ast hydrate

crystal can b%ﬁfg]arat ed by isolation operations such as

The stirring temperature is not particularly
10 limited. It is preferably between approximately 10°C
and 35°C, and more preferably between approximately 20°C
and 30°C. The stirring time is preferably between
approximately 5 minutes and 3 hours, and more
preferably between approximately 30 and 90 minutes.
15 [0019]
In addition, when a tetomilast hydrate
crfstal is produced from an anhydrous tetomilast type B
crystal, it is preferable to allow the tetomilast
hydrate crystal produced by the aforementioned method
20 separately to exist as a seed crystal in a suspension.
[0020]
The time of adding a seed crystal is not
particularly limited. It is preferable to add such a
seed crystal before or during stirring.
25 [0021]
The obtained tetomilast hydrate crystal can
be separated by isclation operations such as

filtration, concentration, or extraction. Moreover,



filtration, concentration, or extraction. Mreover, 14 after separation,
the separated crystal may be subjected to a drying treatnent by a known
nmet hod. Furthernore, the crystal can be purified by a known purification
operation. 5 [0022] The thus obtained tetom | ast hydrate crystal has a
purity of 95% or nore, and it can be tfushed using an ordinary crusher (for

exanple, an atqQm zer). Thus, a,tetom]ast crushed. produyct having a nean 10
particle IS: zeagg‘?ﬁe%%f)al@@dﬁa‘%ﬁg%n?%a e&o%rgﬁﬁﬁlralf‘?w “article size of 80
gmor snaller AL ch, | i L e f | at.i gn : tai ned. [0023]
Anhydr ous tet g%wgége(%;S/cpoZ%Bh%%g?a&e%t%{ﬁ%gnggdgo]ﬁ%&?%t%hﬁgét type B
crystal has tparphysheQchemeCalyPropen 8% das¢Eibgthy i (hbwho (6) bel ow

purification operation.
5 [0022]

The thus obtained tetomilast hydrate crystal
has a purity of 95% or more, and it can be crushed
using an ordinary crusher (for example, an atomizer).
Thus, a tetomilast crushed product having a mean

10 particle size between 10 and 50 pum and a 90% cumulative
particle size of 80 pm or smaller, which is suitable
for formulation, can be obtained.

[0023]
Anhydrous tetomilast type B crystal

15 An anhydrous tetomilast type B crystal has
the physicochemical properties described in (4) to (6)
below: '

[0024]

(4) The anhydrous tetomilast type B crystal

20 has an endothermic curve that is substgntially the same
as the thermogravimetry/differential thermal analysis
(temperature~rising rate/min) endothermic curve shown
in Fig. 5. Specifically, such an anhydrous tetomilast
type B crystal is characterized in that it has

25 endothermic peaks around 177°C and around 188°C.

[0025]
(5) The anhydrous tetomilast type B crystal

has a powder X~-ray diffraction spectrum that is



[0024] (4) The anhydrous tetom | ast type B crystal 20 has an endotherm c
curve that is substantially the sane as the thernogravinetry/differential
thermal analysis (tenperature-rising rate/mn) endotherm c curve shown in
Fig. 5. Specifically, such an anhydrous tetom | ast type B crystal is
characterized in that it has 25 endothermc peaks around 177C and around

188C. [0025] ubstantially the sa as t mder ay diffraction
spectrun1showﬁugﬁ§??2fa %b@c???%aﬁ? § P°H §r a?%ﬁniif@§PFElB%aks at 20

4.1, 8.1, 11. eg@ 4? éﬂg&n?é?r gd[gggg%@£§¥lggfﬁg§ adr s tetom | ast type

B crystal has |gn| cant tion 98, 3090, 1744,
1503 1474, 1348:2d26%stht3Bealt@iBe K62 4amd 7Gocrel gon thed R (KBr)
spectrum 10 [0027 he anhydrous t et omi | ast type B crystal can
be produced bynahg4n£thod descrlbed in JP-A-5-51318 or Journal of Medicinal
Chem stry, 1995, 38, pp. 353-358. [00281 15Moreover, the anhydrous
tetoni | ast 5 ypHeoss]

(6) The anhydrous tetomilast type B crystal
has significant infrared absorption bands at 3298,
3090, 1744, 1593, 1474, 1348, 1269, 1132, 1045, 762,
and 706 cm™ in the IR (KBr) spectrum.

10 [0027]1

Thé anhydrous tetomilast type B crystal can
be produced by the method described in JP-A-5-51318 or
Journal of Medicinal Chemistry, 1995, 38, pp. 353-358.
[0028]

15 Moreover, the anhydrous tetomilast type B
crystal may be obtained by completely dissolving a
novel tetomilast crystal in a solvent while stirring
under heating to reflux, and then allowing the obtained
solution to stand to cool. Herein, such a novel

20 -tetomilast crystal can be used singly or as a mixture
consisting of two or more types.

[0029]

Examples of a solvent may include
isopropanol, ethyl acetate, and a mixed solvent

25 thereof.

[0030]
The amount of a solvent used is not

particularly limited, as long as it is éble to



crystal may be obtained by conpletely dissolving a novel tetom | ast crystal
in a solvent while stirring under heating to reflux, and then allow ng the
obtai ned solution to stand to cool. Herein, such a novel 20 .tetom | ast
crystal can be used singly or as a m xture consisting of two or nore types.
[ 0029] Exanpl es of a solvent may incl tble i sopropanol, ethyl acetate,

and a m xed S%’\‘{?%“rﬁ% %@gggged%org%pﬁllo%etomﬂ st S%%qgglﬂg of a sol vent

used is not part imte g as it i% conpl etely

di ssol ve a nogelrisiPMinR@st hesYSi@ tdMidraugt i M h Nhdingdat heating to reflux.
In the case of isopropanol, the anount used is preferably between 70 and

600 M with réspecipdrml] ghef amousty alsddetienplasérdbigr vetaken! Mot he case of
ethyl acetate, it is preferably between 30 and 300 m with respect to 1 g
of a novel tetodi $GHsmicmitharespten to I wedfsalverdl detsinglast of

i sopropanol_ and ethyl acetate is used, isopropanol is mxed with ethyl
acetate at 2angr¥fven 10 Bheocasmeh kEhyhoanetate sddhig ni xed sol vent used

Ty be_ad) usted 085, BeEaTE) Sl pLlamohr S RoveL et o Lot prystal

cool 0 10, 08 AR SokoAlia syt AR Sy SRR by o7 ' el

after the suseansis¥ngasrbessh&IRbit an8oetnyl tadBhtleisopbed, at
isopropanol is mixed with ethyl acetate at any given

10 ratio, and the amount of such a mixed solvent used may
be adjusted so as to completely dissolve a novel
tetomilast crystal while stirring under heating to
reflux.

[0031]

15 The obtained solution is cooled to
approximately 30°C over about 5 minufes to 1 hour, or is
naturally cooled, so as to obtain an anhydrous
tetomilast type B crystal. Further, after the
suspension has been stood to cool, it may be cooled at

20 a temperature of 10°C or lower, and preﬁerébly at a
temperature between approximately 0°C and 10°C. By this
operation, an anhydrous tetomilast type B crystal is
obtained at a higher yield.

[0032]

25 Furthermore, such an anhydrous tetomilast
type B crystal is also obtained by allowing a basic
compound to act on a novel tetomilast crystal so as to

form salts, dissolving the salts in a suitable aqueous



20 a tenperature of 10C or lower, and preferably at a tenperature between
approxi mately 0C and 10C. By this operation, an anhydrous tetom | ast type B
crystal is obtained at a higher yield. [0032] 25Furthernore, such an
anhydrous tetom | ast type B crystal ig.also obtained by allow ng a basic
conpound to act on a novel tetomlast "crystal so as to formsalts,

di ssol vi ng t hescalehs, | Bn@ il aBLenQaseOUDH 11 %54l he ¥ptal addi ng
suitable acid to the obtained sol ut?on. [ 0033] (:Exa)rdr(glngese g’?’ gaﬂggi c conpound

may include 5 sdnlsgnate, al kali netal hydroxide, and al kali earth netal
hydroxi de. O these, alkali netal hydroxide is particularly preferable.
Exanpl es of cd@¥8date may incl ude sodi um carbonate, potassium carbonate,
sodi um bi car bonat e, and_pot assi um bi carbonate. Exanples of 10 al kali netal
hydr oxi de may i ncl ude SttAMRHeRyaf okikRSigh@operusdimay Hypglogdede. Exanpl es of

al kali eart | _hydroxi.de .may, i ncl ude cal ci um_hydr oxi de, barium

hydr oxi de, “an %gaﬁ% Furft grio%gl&%fchpf‘f&é’ lgﬁrrpﬁﬁﬁd%“%ﬁlé g8&bbsingly or as a
m xture of t Res. €S8, .pot assi hydr oxi de and sodi um
hydr oxi de ar 2&835%% a%}?i%%ﬁr eégr?ﬁ%ﬁl’ [%g(ﬁg]l meéafrﬁyd%oxﬂ’ﬁ% Widitive

arm_untlofta bpakeieOTRAUNGrese PS1 LA tHxGHHAELYoF | S tRathtnly generally 1
equi val en
include sodium carbonate, potassium carbonate, sodium

bicarbonate, and potassium bicarbonate. FExamples of
10 alkali metal hydroxide may include sodium hydroxide and
potassium hydroxide. Examples of alkali earth metal
hydroxide may include calcium hydroxide, barium
hydroxide, and magnesium hydroxide. These compounds
are used singly or as a mixture of two or more types.
15 Of these, potassium hydroxide and sodium hydroxide are
particularly preferable.
[0034]
The additive amount of a basic compound is
not particularly limited. It is generally 1 equivalent
20 or greater, and preferably between approximately 1 and
1.5 equivalent, with respect to 1 equivalent of a novel
tetomilast crystal to be treated.
[0035]
Examples of the above described acid may
25 include inorganic acids such as hydrochloric acid,
sulfuric acid, and hydrobromic acid.
[0036]

The additive amount of acid is generally 1



20 or greater, and preferably between approximately 1 and 1.5 equival ent,
wth respect to 1 equivalent of a novel tetom|last crystal to be treated.
[ 0035] Exanpl es of the above described acid nay 25 include

i norgani ¢ acids such as hydrochloric acid, sulfuric acid, and hydrobrom c
acid. [0036] The additive anpunt of aktdd is generally 1 18 equival ent

l'izati t ., and bl y between gpproxinmately 1
nd 1. 5 equi varsPREl RbulbER ey anBuBLE Gedieibed basfe. compound
used. 5 [0037}breferably bethXeiPAkisHindle 2YULOLIS SOlveRt s Used,er ei n may

i ncl ude those as descri bed above in the nethod for producing a tetonil ast

hydrate crystaith Arayp@cet Ber She aaRiveNae¥8k Ehed BhAGCIRRBoGRAL eNt of 30% to
70% by 10 volune) is particularly preferable. [0038] The anount of an

aqueous sol vemsedised is not limted. It is 5 m or greater, preferably
bet ween 5
5 [0037]

Examples of an aqueous solvent used herein
may include those as described above in the method for
producing a tetomilast hydrate crystal. Among others,
acetone-water (an acetone content of 30% to 70% by

10 volume} is particularly preferable.

[0038]

The amount of an aqueous solvent used is not
limited. It is 5 ml or greater, preferably between 5
and 300 ml, and more preferably between 30 and 70 ml,

15 with respect to 1 g of a novel tetomilast crystal.
[0039]

The temperature of a solution is preferably
between 10°C and 30°C when acid is added.

[0040]

20 A solution is converted to a.suSpension by
addition of acid. Thus, such a suspension is cooled
generally at 10°C or lower, and preferably at a
temperature between 0°C and 10°C, so as to efficiently
extract an anhydrous tetomilast type B crystal.

25 [0041]

In addition, these methods are applied to
anhydrous tetomilast type B crystals, so as to obtain

anhydrous tetomilast type B crystals with higher



and 300 m, and nore preferably between 30 and 70 m, 15 with respect to 1
g of a novel tetomlast crystal. [0039] The tenperature of a
solution is preferably between 10C and 30C when acid is added. [0040] 20A
solution is converted to a.suSpension by addition of acid. Thus, such a
suspension is cooled generally at 10Cl8r lower, and preferably at a

t enperat ure betme%n 0C and 10C, so as to efficiently extract an anhydrous

tetom | ast tyﬁ%mg grystal. 25 [0041] In addition, these nethods

are applied tognahydrous tetomlast type B crystals, so as to obtain
anhydrous tetom |l ast type B crystals with higher 19 purity. [0042]

Anhydrous t et giinyasbub Y& ohidh¥st 8pe A crystal An anhydrous tetom | ast
type A crystal has 5 the physicochem cal properties described in (7) to (9)

bel ow. [0043] An dnhydTbes atdtytiQastt eiypai A astystgpenhlscrystal has
an endothermc curve that is substantially the sanme
5 the physicochemical properties described in (7) to (9)
below:
[0043]
(7) The anhydrous tetomilast type A crystal
has an endothermic curve that is substantially the same
10 as the thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermic curve shown
in Fig. 3. Specifically, such an anhydrous tetomilast
type A crystal is characterized in that it has an

endothermic peak around 188°C.
15 [0044]

(8) The anhydrous tetomilast type A crystal
has a powder X-ray diffraction spectrum that is
substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 4. Specifically, it has

20 characteristic peaks at 26 = 10.5°, l3.}°; 18.4°, 21.9°,
and 25.8°.
[0045]

(9) The anhydrous tetomilast type A crystal
has significant infrared absorption bands at 3306,

25 3084, 1746, 1593, 1474, 1348, 1271, 1132, 1045, 758,
and 704 cm™ in the IR (KBr) spectrum.
[0046]
Method for producing anhydrous tetomilast type A



10 as the thernogravinetry/differential thermal analysis
(tenmperature-rising rate/mn) endotherm c curve shown in Fig. 3.
Specifically, such an anhydrous tetom last type A crystal is characterized
in that it has an endot herm c peak around 188C. 15 [ 0044] (8)
The anhydrous tetonilast type A crystal has a powder X-ray diffraction
spectrumthat is substantially the sanme as the powder X-ray diffraction
spect rum show& ¥at&rg. 4. Specifically, it has 20 characteristic peaks at

20 = 10.5, 13.1; 18.4, 21.9 8 9 he anhydr ous
) ahh@ggogés @eto%@q_lé%%r EY%% % b%r sta(l lza y

tetom | ast type A cryst has<signi fica

ption bands at

3306, 25 308441446, 1 laP3y 14is séé%gﬁza%55$1fégﬁza_ééﬁﬁ%idé5%ha€nd 704 cm 1

in the IR (KBr) spectrum [ 0046

Met hod for produci ng anhydrous tetom | ast

type A 20 cryst@btained by -dis$bevaithydkouent ehhpiltass tetpmiMastystal can

be obtained by recrystallization froma solution that

i s obtained by

di ssol vi ng ;a kgpenB athyslradusrt et oambabtous tppemBlasystyte & an anhydr ous

tetom | ast type B crystal obtained by the aforenentioned nethod in a
sui t abl e sol vemystal obtained by the aforementioned method in a

suitable solvent.

[0047]

Examples of the aforementioned solvent that

10 can be used herein may include ethanol, acetone, and

acetone-water (an acetone content of 40% or more by

volume). Of these, acetone-water (an acetone content

of 40% or more by volume) is particularly preferable.

(00481

15 The amount of a solvent used is not

particularly limited, as long as it is able to

completely dissolve an anhydrous tetomilast type B

20

25

crystal while stirring under heating to reflux. In the
case of ethanol, the amount used is preferably between
70 and 400 ml with respect to 1 g of an anhydrous
tetomilast type B crystal. In the case of acetone, it
is preferably between 30 and 120 ml with respect to 1 g
of the above anhydrous tetomilast type B crystal. In
the case of acetone-water (an acetone content of 40% to
80% by volume), it is preferably between 30 and 500 ml
with respect to 1 g of the above anhydrous tetomilast
type B crystal.

[0049]



[0047] Exanpl es of the aforementioned solvent that 10 can be used herein
may i nclude ethanol, acetone, and acetone-water (an acetone content of 40%
or nore by volunme). O these, acetone-water (an acetone content of 40% or
nore by volune) is particularly preferable. [0048] 15The anmount of a

sol vent used is not particularly lim#&d, as long as it is able to

conpl etely dissolve an anhydrous. tetoml ast type crystal ile stirring
under heating to refl uﬁlq aphgn%%tgreo%sf & &ﬁ%g?tt %%m?ﬁty\é\%? dis

pref erably betyeep. 20, 0 A0 400y I8 M th JoSS0REL O ot 19k18g anhydr ous

tetom | ast type cryst e case of acetone, 1t 1s preferably between

30 and 120 mM yphth KesDeft thordfiuPf tHe raheveimahydHobeatehgn | ast type B
crystal. In the case of acetone-water (an acetone content of 40%to 25 80%

by vol une), itempepaeins dkl nobepareic\Birdyd 15A0ted. Wiltth iisespect to 1 g of

t he above anhydrous tetom | ast type B crystal. [0049] 21 Such an anhydrous
t et omi | ast 5t ygen8ralistimtwiesnpapproxinatediys $6f¢ emdi 85 sainent whil e
stirring under heating to reflux. At that tipe, the heating tenperature is
not particul aPF9ferahkedetreepsamprRidiadely Betied@d &Bdroxi matel y 40C and
85C, and pref ié@%f bet ween approxi mately 55C and 80C. [0050]

After such di ion, the tenperature of the obtained solution is

decreased, so that thekﬁter such dissolution, the temperature of
' the obtained solution is decreased, so that the
10 anhydrous tetomilast type A crystal of the present
invention can be crystallized.
[0051]
The temperature-decreasing rate is not .
particularly limited. When ethanol is used as a
15 solvent, for example, the temperature-decreasing rate
is preferably 0.8°C/min or less. In addition, when
acetone-water (an acetone content of 40% or more by
volume) is used as a solvent, the temperature-
decreasing rate is preferably 0.4°C/min or less. By
20 setting the temperature-decreasing rate within such a
range, the anhydrous tetomilast type A crystal of the
present invention can be obtained more efficiently.
[0052]
When acetone-~water (an acetone content of 40%
25 or more by volume) is used as a solvent, the
aforementioned solution is retained at 40°C to 50°C for
60 minutes or longer, and it is then cooled, so that an

anhydrous tetomilast type A crystal can be



10 anhydrous tetom last type A crystal of the present

i nventi on can be

crystallized. [0051] The tenperature-decreasing rate i s not
particularly Iimted. Wen ethanol is used as a 15 solvent, for exanple,
the tenperature-decreasing rate is preferably 0.8C/rain or less. In
addi ti on, when acetone-water (an acet®fie content of 40% or nore by vol une)

0 el 2% 2 2ghseli ADE | RRC LA S R0 LBRRLIG KR 5 ced dREERE" o0 Y

setting Tper at ur e- dec

0.4C/ mn or | €Ss.

easing ra

wi t hin such

a range, the %ﬂ@ygfeyéné&tig%haé&oi[%egg ﬁ%e%r wetaba i &g Reagrbct nvention

can be obtained nore efficiently.

content of 40%rZbtoI1IMNtE oBY o¥ Ot KEEInH eI rdeedtasoni BtV afjip

af orenentioned solution is retained at 40C to 50C for

When acet one-Wat ér (an acetone

e hhe
60 m nutes or | onger,

and it is theergebdkd, so that an anhydrous tetom|last type A crystal can
be 22 crystallized. The tenperature-decreasing rate during the
af or ement i ed080d] i ng does not particularly affect crystallization of the

anhydrous tetom | ast t%ﬁf A crystal y [ 0053

decrease in the

5 I n_addi tion, during such a
addition, during sucL a ddcrease 1n the 9

temperature, while the temperature is retained in

several temperature ranges such as 40°C to 50°C, 30°C to

40°C, 15°C to 25°C, or 0°C to 10°C, the solution is

10 stirred for approximately 30 minutes to 5 hours, so

that the temperature may be decreased in a stepwise

manner. In this stepwise temperature-decreasing

method, at a temperature between 40°C and 50°C, an

anhydrous tetomilast type A crystal, which has been

15 produced separately, may be added as a seed crystal.

[0054]

Moreover, such an anhydrous tetomilast type A

crystal is produced by using a novel tetomilast crystal

(excluding an anhydrous tetomilast type A crystal)

20 instead of the known anhydrous tetomilast type B

crystal, and recrystallizing from a solution formed by

dissolving the above novel tetomilast crystal in a

suitable solvent.

Specifically, an anhydrous tetomilast type A

25 crystal is produced by recrystallization from a

solution formed by dissolving in a solvent at least one

type of tetomilast crystal selected from the group

consisting of a tetomilast hydrate crystal, an



tenperature, while the tenperature is retained in several tenperature
ranges such as 40C to 50C, 30C to 40C, 15C to 25C, or 0Cto 10C, the
solution is 10 stirred for approxinmately 30 mnutes to 5 hours, so that the
tenperature may be decreased in a stepwi se manner. In this stepw se

t enper at ur e- decreasi ng nethod, at a tenperature between 40C and 50C, an

anhydrous t et anhyasdusd ¥ReoA La¥StB)pe \thicehshas, baen é%&%ﬁ%gsﬁ separately,
may be added as a seed crystal. [OOPS4] Mor eover, such an
anhydrous t et apttasitaiypesdlvaystatystalpr oduced by using a novel tetonil ast
crystal (excluding an anhydrous tetom |l ast type A crystal) . 20 instead of
the known anh§@¥oty refeortl abetanidast crystal  imntbaariygial bizasng from a
sol ution forned b}}/ di ssol ving, the above novel tetomlast crystal in a

sui tabl e sol vBMXFECFPRELFTINT Hf &MRyAF ORQLS i¥fiS-ast type A 25 crystal
i's produceg bgoc?%gr ystallization froma solution fornmed by dissolving in a
sol vent at | eas ne type of tetom|last crystal selected fromthe group

consisting of a tetom kast ré}}/dgrﬁ{y%r%ﬁgs{:%?rmsﬁz%g %naygrrgg?saf et om | ast

type C crystal, and a teto ast “acet oni e sol vdte crys Herein, a
novel tetom |eat aUspsbal prsdutsRfl by BUbYeRlin$ thdViRHOWRE afRPGESEd NY of two
or nore types.
tetomilast type B crystal or a novel tetomilast crystal
(excluding an anhydrous tetomilast type A crystal) in
10 an aqueous solvent (a water content of 90% or less by
volume), and then stirring the suspension.
[0056]
Examples of an aqueous solvent that can be
used herein may include mixed solvents formed by mixing
15 organic solvents having high compatibility with water,
such as methanol, ethanol, acetone, or tetrahydrofuran,
with water.
Specifically, the aqueous solvent that can be
used as a mixed solvent is consisting of water, and at
20 least one organic solvent selected from the group
consisting of methanol, ethanol, acetone, and
tetrahydrofuran. In particular, acetone-water (an
acetone content of 30% to 60% by volume) is preferable
as such an agueous solvent.
25 [0057]
The temperature of a suspension is not
particularly limited during stirring. It is generally

between 0°C and 65°C, and preferably between 10°C and



5 [0055] Such an anhydrous tetom | ast type A crystal

can al so be produced

by suspendi ng the known anhydrous tetom | ast type B crystal or
tetom | ast crystal (excluding an anhydrous tetom|last type A crystal) in 10
an aqueous solvent (a water content of 90% or |ess by vol une),
stirring the suspension. [0056] 24 Exanpl es of an aqueous sol vent
that can be used.herein may include m xed sol vents fornmed by m xing 15

organi ¢ sol vent's " havi ng high conmpatibility with water, such as
Speci fically,

et hanol , acetq@@58?r tetrahydrofuran, with water.
t he agueous sol ven

that can be used as a m xed sol vent

a novel

and t hen

met hanol ,

is consisting of

water, arid at 20 | eastrHen@t@kgank Cr 5 VeNlgengkeci ghdinnt kg group
consi sting of nethanol, ethanol, acetone, and tetrahydrofuran.

particul ar, améhohesveatkns(-abuaspt ane LeTeeabl 9f bSOMedrD 100%: hyr ol une) is

preferable as such an aqueous sol vent. 25 [0057]

The

of a susperfsi 8adi 8 wtrparticularly limted during stirring. It
general ly between 0OC and 65C, and preferably between 10C and 24

[0059]

In addition, these methods are applied to

anhydrous tetomilast type A crystals, so as to obtain

anhydrous tetomilast type A crystals with higher

10 purity.
[0060]

The obtained anhydrous tetomilast type A

crystal can be separated by isolation operations such

as filtration, concentration, or extraction.

15 after separation, the separated crystal may be

subjected to a drying treatment by a known method.

Furthermore, the crystal can be purified by a known

purification operation.

[0061]

In

t enperature
IS

Moreover,

20 The thus obtained anhydrous tetomilast type A

crystal has a purity of 95% or more, and it can be

crushed using an ordinary crusher (for example, an

atomizer). Thus, a tetomilast crushed product having a

mean particle size between 10 and 50 pum and a 90%

25 cumulative particle size of 80 um or smaller, which is

suitable for formulation, can be obtained.
[0062]

Anhydrous tetomilast type C crystal



60C. [0058] The stirring tine is generally between 10 m nutes
and 48. hours, and preferably between 10 m nutes 5 and 3 hours. [0059]
In addition, these nethods are applied to anhydrous tetom | ast type A
crystals, so as to obtain anhydrous tetom | ast type A crystals w th higher
10 purity. [0060] The obt a#hed anhydrous tetonilast type A

Coneont ration. or oxtr 48 POy RBTL GV 8k FEbe SHALRin 2P he Separ at ed
I(;trj)r/tS thglr rmn?)é, b? ﬁ%u@r@ﬁ%%h%g%é%gr%%%%%g% ggﬁ%%%? ilgﬂ?}ﬁlpi) (r:rg{)ihgg. operation.
[0061] 20The tthps wbisi:ned anhydrous tetom last type A crystal has a purity
of 95% or nore, and it can be crushed using an ordinary crusher (for
exanpl e, an atfo063gr). Thus, a tetom | ast crushed product having a nean
particle size between 10 and 50 pmand a 90% 25 cunul ative particle size of
80 pmor sraller, whicHli03 Thetabiwidows tetomibtsoriypsal beysbahi ned.
[0062] Anhydrggg zsxr? té)nrgolt?lztrmg.gpc?ur%ecrt %E:alis substantially the same
as the thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermic curve shown
in Fig. 7. Specifically, such an anhydrous tetomilast
10 type C crystal is characterized in that it has
endothermic peaks around 184°C and around 189°C.
[0064]
(11) The anhydrous tetomilast type C crystal
has a powder X-ray diffraction spectrum that is
15 substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 8. Specifically, it has
characteristic peaks at 20 = 4.2°, 8.2° 12.0° 16.4°,
24.7°, and 25.9°.
[0065]
20 (12} The anhydrous tetomilagt type C crystal
has significant infrared absorption bands at 3300,
3088, 1744, 1593, 1476, 1346, 1267, 1132, 1045, 754,
and 704 cm™ in the IR (KBr) spectrum.
[0066]
25 Method for producing anhydrous tetomilast type C
crystal
. The anhydrous tetomilast type C crystal can

be produced by recrystallization from a solution that



25 An anhydrous tetom | ast type C crystal has the physicochem cal
properties described in (10) to (12) below [0063] 5(10) The anhydrous
tetom | ast type C crystal has an endothermic curve that is substantially
the sane as the thernogravinetry/differential thermal analysis
(tenperature-rising rate/ mn) endotheZ®ic curve shown in Fig. 7.

Specifically, ;such an a drqus tetom |l ast 10 type crystal is

char act eri zed IFnoPFatned WadisRabvHE e %@8%5 g&%ﬂ%ﬁ“f%4c and around 189C.
(0064] . T n e ' I | has a
powder X-ray BEF?%%#%# %eé%t %%?%%totﬁ tsa?l%hgggg{%%ﬁegﬁ&;}xtg %g sanme as the
powder X-ray dibEr ACLE M SPREHEUARS M HEN aFbGenBnt SHRG] fheeBblyinit has
characteristic peaks at 20 = 4.2, 8.2, 12.0, 16.4, 24.7, and 25.9. [0065]
20(12) The anhydnotsbietsniveast 'type C crystal has significant infrared

absorption bands at 3300, 3088, 1744, 1593, 1476, 1346, 1267, 1132, 1045,
754, and 74 ¢a0d&71n the IR (KBr) spectrum [00661

Examples of a solvent that can be used herein
may include methanol and ethanol. Of these, methanol
is particularly preferable.

[0068]

10 The amount of a solvent used is not
particularly limited, as long as it is able to
completely dissolve the aforementioned anhydrous
tetomilast type B crystal while stirring under heating
to reflux. The amount of a solvent used is preferably

15 between 70 and 200 ml, and more preferably between 80
and 120 ml, with respect to 1 g of the aforementioned
anhydrous tetomilast type B crystal.

[0069]

After such dissolution, the temperature of

20 the obtained solution is decreased to a temperature
between 10°C and 30°C, so that the anhydrous tetomilast
type C crystal of the present invention can be
crystallized. The temperature-decreasing rate is not
particularly limited, when the solvent is methanol. It

25 may be approximately 0.4°C to 0.6°C/min. When ethanol
is used as a solvent, the obtained solution may rapidly
be cooled at a temperature-decreasing rate of 5°C/min or

more, and preferably of 10°C/min or more. By setting



25 Met hod for producing anhydrous tetom | ast type C crystal . The
anhydrous tetom | ast type C crystal can be produced by recrystallization
froma solution that 26 is obtained by dissolving the known anhydrous
tetom | ast type B crystal or an anhydrous tetom | ast type B crystal
obt ai ned by the aforenentioned nethod2in a suitable solvent. 5 [0067]

Exanpl es of a solvent that can be used herein i nc] ude net hanol and
ethanol . O t F&€e SRS O FEREIRY I &t %/WﬁFgEérﬁﬁF%.a(ﬁﬁﬂ%ﬁ' 10The anount

f I d_j ' |i1m I [ bl
comi atel y i S0 Rty Berdin BBk ladic ShyaBsy BERAS 2ledBes Cryeta

conpl etely di ssol ve
Xnord@r@qeuRh: 0 a sol vent used is
d

while stirri anV@H@ioxhe@éﬂ fﬂ% Rrhehby
preferably 15 between 70 and 200 m, and nore preferably between 80 and 120

m, with respgop7op 1 g of the aforenenti oned anhydrous tetom | ast type B
crystal. (0069] After such dissolution, the tenperature of 20 the obtained
sol ution is5 decreased tin addinpenat sueh et webydiOTsahet @i asgo that the
anhydrous tetom last type C crystal of the present invention can be
crystal lized. tyge ¢ epuataluds peedvasd Ry reCcaypsahdtzpaien dHsy By limted,
when the solvent |is nethanol

[t 25 b i t 0.4C 0.6C/ m n.
When et hanol F@lHE%RPzﬂ?E?%ﬁﬁdvgﬁt$l§$gﬁ%ﬂﬁ§agﬁgéééggg?g%% Sy BFdIy b21n
cooled at a t%@@éiaéeg;o ;ié%%{tﬁ%?:&ggaiai&éﬁudiggmcﬂeognﬂ})&foué”md preferably

of 10C/ m n or nore.
tetomilast type C crystal) that is used instead of the

10 known anhydrous tetomilast type B crystal.
Specifically, the known anhydrous tetomilast
type B crystal is first added to methanol, and it is
then dissolved therein while stirring under heating to
reflux. The obtained solution is stood to cool to
15 approximatelyA30°C for about 40 minutés to 1 hour.
Thereafter, the suspension obtained by the
aforementioned cooling is cooled at 10°C or lower, and
preferably at a temperature between approximately 0°C
and 10°C, for 30 minutes to 3 hours, so that the
20 anhydrous tetomilast type C crystal of'thé present
invention can be obtained in the form of a crystal.
[oo71]
Specifically, an anhydrous tetomilast type C
crystal is produced by recrystallization from a
25 solution formed by dissolving in a solvent at least one
type of tetomilast crystal selected from the group
consisting of a tetomilast hydrate crystal, an

anhydrous tetomilast type A crystal, and a tetomilast



27 the tenperature-decreasing rate within such a range, the anhydrous
tetom |l ast type C crystal of the present invention can be obtai ned nore
efficiently. [0070] 5In addition, such an anhydrous tetom | ast type C
crystal is produced by recrystallization froma sol ution obtained by
dissolving in a suitable solvent a no¢@l tetomnilast crystal (excluding the

anhydrous tetom | ast, type C.crystal) that js used_ instead of the 10 known
anhydrous tet &‘ﬁeﬂiagftlfiflp% s8LypyEt ‘éFg'Stari' erelnSp%c??Yegal ly, the known

anhydrous tet g:%itlﬁﬁﬁaée/%ﬁgg&y%aﬁsééugniii{gfi& gdded 1 Q.4 nol, and it is

t hen di ssol ve erern Stifrin heating to ref 1ux. The

obtai ned sol uldo8158; % A t8 620hotd thpcaRPr OKé NBéBleht3QGdf or about 40
mnutes to 1 hour. Thereafter, the suspension obtained by the

af or ement i onegeeeobtalizatdoal ednaltildfs epplowdrhesnih prref erably at a
tenperature between approximately 0C and 10C, for 30 mnutes to 3 hours, so
that the 26 aekudvalent éoofrhbast it yihe Casey ofabsiig thhe present invention
can be obtained in the formof a crystal. [0071] Specifically, an

anhydr ous t et 8fPresentipnedckapyat aphydransodgten st dampsBal i zation from a
25 solution formed by dissolving in a solvent at | east one type of

t et oni | ast crﬁﬂ’ﬁFaﬁé}seé‘t égaF!Fb’g‘?t’Fﬁateg?&}p consisting of a tetom | ast

hydr at e cryst%bmgr anhydrous tetoni |l ast type A crystal, and a teton | ast
28 acetonitril'e solvate crystal. Herein, a novel tetomlast crystal is used

singly or as a m xture measksti Neh®faforenehtiBh&d tdi@fod ERe sol vent and
recrystallization conditions applied herein are
10 applied to anhydrous tetomilast type C crystals, so as
to obtain anhydrous tetomilast type C crystals with
higher purity.
[0073]
The obtained anhydrous tetomilast type C
15 crystal can be separated by isolation operations such
as filtration, concentration, or extraction. Moreover,
after separation, the separated crystal may be
subjected to a drying treatment by a known method.
Furthermore, the crystal can be purified by a known
20 purification operation.
[0074]

The thus obtained anhydrous tetomilast type C
crystal has a purity of 95% or more, and it can be
crushed using an ordinary crusher (for example, an

25 atomizer). Thus, a tetomilast crushed product having a
mean particle size between 10 and 50 ym and a 90%
cumulative particle size of 80 pm or smaller, which is

suitable for formulation, can be obtained.



5 equivalent to those in the case of using the aforenenti oned known
anhydrous tetom | ast type B crystal as a starting material. [00721

Mor eover, the aforenmentioned nethod is 10 applied to anhydrous tetom | ast
type C crystals, so as to obtain anhxﬁ ous tetom | ast type C crystals with
hi gher purity. [0073] The obtai ned an %drous tetom | ast type C 15 crystal
can be separatggyby isolation operations such as filtration, concentration,
or extraction. Mreover, after separation, the separated crystal may be

subj ected to Bethnyingt beatopNirile adinawe spfdtad. Furthernore, the crystal
can be purified by a known 20 purification operation. [0074] The thus
obt ai ned anhydr ous t et @nickbenilagie aCetoystalldasolaraer ckysoil 959 or nor e,
and it can be crushed using an ordinary Crusher (for exanple, an 25

atoni zer). ThitRe rRhvsdcosherieal mrspedtpesddescidgdndna (ABantparticl e size

bet ween 10 anﬂlgokgﬁ:aqd a 90% cunul ative particle *size of 80 gm or
smal | er, wWhi chtls i¥abl e for formul ation, can be obtained. 29 [0075]

[0076]

(13) The tetomilast acetonitrile solvate
crystal has an endothermic curve that is substantially
the same as the thermogravimetry/differential thermal

10 analysis (temperature-rising rate/min) endothermic
curve shown in Fig. 9. Specifically, such a tetomilast
acetonitrile solvate crystal is characterized in that
it has endothermic peaks around 91°C, around 176°C, and
around 189°C.

15 [0077]

(14) The tetomilast acetonitrile solvate
crystal has a powder X-ray diffraction spectrum that is
substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 10. Specifically, it has

20 characteristic peaks at 26 = 3.6°, 7.1°, 10.6°, 14.2°,
and 24.8°,

[0078]

(15) The tetomilast acetonitrile solvate
crystal has significant infrared absorption bands at

25 3300, 3090, 2249 (nitrile group), 1744, 1593, 1476,
1346, 1269, 1132, 1045, 752, and 704 cm™® in the IR
(KBr) spectrum.

[0079]



Tetom | ast acetonitrile solvate crystal A tetom|ast acetonitrile solvate
crystal has t he physi cochem cal properties described in (13) to 5 (15)
bel ow. [ 0076] (13) The tetom | ast acetonitrile solvate crystal
has an endotherm c curve that is substantially the sane as the

t her nogr avi met ry/ di fferent ial thermal 390 anal ysi S (terrperat ure-rising

rate/ mn) end h ecl a such a
tetom | a)st ace gﬁlg e so %tlggg?%/{;?tﬁll%ﬁt @ﬁgg%{'t—e}fjﬁze glﬂ"ﬁagﬁat it has
endot herm ¢ peal §t§10und 91C, around 176C, and around 189C. 15 [0077]
(14) The tetom last acetonitrile solvate crystal has a powder X-ray
diffraction spectrumthgfe itetonbbdsthtdctloyitthe1 s ag@® st Beypoyder X-ray
diffraction spectrumshown in Fig. 10. Specifically, it has 20

characteri sti capelb&sprd@@d=bg. fecystalli@ationsfPom @ando2dtBon [ 0078]

(15) The tetom |l ast acetonitrile solvate crystal has significant infrared

absor pti on %afaatats z@o%@@d Qm%ﬂsmn@nmr pretopidup)le tha4, 1593, 1476,
1346, 1269, 1132, 10 752, and 704 c in the IR ( KBr% spectrum [ 0079]
30 Method for <pPERIAR W@Foﬁ??%{@tlaasctettgﬁﬁt Pi FEYSIAL Se2Br yst al

anhydrous tetomilast type B crystal obtained by the
aforementioned method.
[0080]

10 The amount of acetonitrile used is not
particularly limited, as long as it is able to
completely dissolve the above anhydrous tetomilast type
B crystal while stirring under heating to reflux. The
amount of acetonitrile used is preferably between 70

15 and 150 ml, and more preferably between 70 and 100 ml,
with respect to 1 g of the above anhydrous tetomilast
type B crystal.

[0081]
The above anhydrous tetomilast type B crystal

20 may be dissolved in acetonitrile while.stirring under
heating to reflux, for example. After such
dissolution, the temperature of the solution in which
the anhydrous tetomilast type B crystal has been
dissolved is decreased, so tﬂat the tetomilast

25 acetonitrile solvate crystal of the present invention
can be crystallized. The temperature-decreasing rate
is not particularly limited, and it may be between

approximately 0.1°C/min and 1.5°C/min. The tetomilast



The tetom | ast acetonitrile solvate crystal can be produced by
recrystallization froma solution 5 that is obtained by dissolving in
acetonitrile the known anhydrous tetam|last type B crystal or an anhydrous
tetom | ast type B crystal obtained by_the aforenentioned nmethod. [0080]
10The anount of acetonitrile used is bt particularly limted, as |long as

it is able togeeph j e baoye, anhydrous tetomlast type B
crystal whiIeaStirr?%gt%%g%$§ﬁggt?ﬁgﬁfg PéfFﬁ?.gﬁﬁ%ﬁﬁﬁnﬁﬂ%?ngﬁoﬁcetonitriIe

used is prefergbhyt hedmeem1421$52 80t tba0p suaRUa RLG AV 8leEabl y between 70
and 100 mM, with respect to 1 g of the abdve anhydrous tetom | ast type B

crystal. [008%pcreasing rate, dhe¢ Bbeae prBYdrauSytied BPdHaaskqt ype B crystal

20 may be dissolved in acetonitrile while stirring under heating to refl ux,

for exanple. APP82]l such dissolution, the tenperature of the solution in

whi ch the anhydrous tetom | ast type B crystal has been dissolved is

decreased, %0 that the SPeCahirakty 2%hgcknownt anhydemis degoniyastal of the
The tenperature-decreasing rate is

ot par ] cul PG 1T MRl ok T4 FohaCEERUEER: Lo fht 6F yoRERCl i n and
o oy (RS el R AL S 581 U P
rate, and it gafgy.ef ehabbytdenPtd0edon[ PP ood to cool to

approximately 30°C for about 30 minutes to 8 hours.

10 Thereafter, the suspension obtained by the
aforementioned cocling is cooled at 10°C or lower, and
preferably at a temperature between approximately 0°C
and 10°C, for 30 minutes to 3 hours, so that the
tetomilast acetonitrile solvate crystal of the present

15 invention can be obtained in the form of a crystal.
[0083]

In addition, such a tetomilast acetonitrile
solvate crystal is produced by recrystallization from a
solution obtained by dissolving in acetonitrile a novel

20 tetomilast crystal (excluding the tetomilast
acetonitrile solvate crystal) that is used instead of
the known anhydrous tetomilast type B crystal.

Specifically, an tetomilast acetonitrile
solvate crystal is produced by recrystallization from a

25 solution formed by dissolving in acetonitrile at least

one type of tetomilast crystal selected from the group

consisting of a tetomilast hydrate crystal, an

anhydrous tetomilast type A, and an anhydrous



5Specifically, the known anhydrous tetom | ast type B crystal is added to
acetonitrile, and it is then dissolved therein while stirring under heating
to reflux. The obtained solution is stood to cool to approximately 30C for
about 30 mnutes to 8 hours. 10 Thereafter, the suspension obtained by the
af orenenti oned cooling is cool ed at 18€ or |ower, and preferably at a

t enperat ure b%%}@@ﬁfla?é’cprtgﬁe”@ f@lﬁysé}aﬁ.ar}gégg, ;oljim? rge@%gngza%g 3 hours, so

that the tetomlast acet triFe*solvate crystal o he pr 15

i nvention canchesent aﬂsﬂ%@ehnsm?lg}%ma%f 20k Y8t&l cod BQ83Lg of In
addition, such a tetom | ast acefonitrile solvate crystal |g produced by

recrystal |l i zatiwonof mupea typkst | oho®aliveed byd dtestfstiangizatasetonitrile a
novel 20 tetomlast crystal (excluding the tetom|ast acetonitrile solvate
crystal) that coadisierhs mppéaddofietdion layewagabhhytierousd ehosel ist type B
crystal . Specifically, an tetom|ast acetonitrile solvate
crystal is2prbBacerFoyE ssingt bhe afanesentiontd wplaphydnotsr ned by
dissolving in_acetanitrile at |east one type of, tetom|last crystal selected
from the groupSthsidsth AgPEf B CERRGH PSs i E Ling E%réﬁ}'an anhydr ous
tetom | ast ty?ﬁogﬁ” and an anhydrous 32 tetomlast type C crystal. Herein,
a novel tetomlast crystal is used singly or as a m xture consisting of two

or more types. The sol ygpbop8s, rafd Lebakhbieléuh GRNdicki 99 applied herein
are equivalent to those in 5 the case of using the aforenentioned known

anhydrous t et opplizst toypetButlyst alceiohatsibe tsolgratat ekiyatal$ 0024]
Moreover, the aforenentioned nethod is applied to tetomlast acetonitrile
sol vat e cifstas ko shtagnatetonblnsli rcesrohttiokt sdatadei criseaksl vat e

crystals wt hwﬂi‘}g e;:Lrgh %rgagitlLPOBS]
[0085]
The obtained tetomilast acetonitrile solvate
crystal can be separated by isolation operations such
15 as filtration, concentration, or extraction. Moreover,
after separation, the separated crystal may be
subjected to a drying treatment by a known method.
Furthermore, the crystal can be purified by a known
purification operation.
20 [0086]

The thus obtained tetomilast acetonitrile
solvate crystal has a purity of 95% or more, and it can
be crushed using an ordinary crusher (for example, an
atomizer). Thus, a tetomilast crushed product having a

25 mean particle size between 10 and 50 um and a 90%
cumulative particle size of 80 pum or smaller, which is
suitable for formulation, can be obtained.

[0087]



The obtained tetom | ast acetonitrile solvate crystal can be separated by
i solation operations such 15 as filtration, concentration, or extraction.
Moreover, after separation, the separated crystal nay be subjected to a
drying treatnent by a known nethod. Furthernore, the crystal can be
purified by a known purification operasion. 20 [ 00861 The thus
obt ai ned tetom | ast acetopitrile solvate crystal has a purity of 95% or
nore, and it CHFCBESCFORMRIFING R aRh¥ERURaLPtorisAsE ¥¥RF Zexanpl e, an

atom zer). Thus etom | ast, crushed product having_a 25 nmean particle
si ze between f&yﬁﬁﬁiﬁgﬁ diré’“éo/(?‘é?fmaaitﬁ &é(pﬁa t?a’%t ize of 80 gm or
smal ler, which is suit o] dh ol 4 J C ]Irbqlq [0087] 33
M xture consisting of an %r@&shge%%ﬁia%lntgygg %ﬁc%%}?% and anhydr ous

tetom | ast typetBmelyst alype A crystal And W %hULEr6Q8Sistididast an
anhydrous tetom | ast type A crystal and an anhydrous tetomlast 5 type B

crystal, miXxtuayps Bi ¢tdystaal,oudxtypes with atirdsuar eypesnesftragdidependi ng on
production conditions. As an exanple, a m xture having the physi cochem cal
properties deagei gpereratdd glepending)obampiducinohecgedictiared: 26 [ 0088]

(16) The |l evel of an endotherm c peak depends on the m xing ratio of type A
crystal s and BPp@*ERISsthmExtprg havingfhe Ph¥stracheiGAlc peak of a

sanple having_a mxing ratio.of A.B = 40:60. e, 15 m xture consisting of
an anhydrous F&PBH laegi C?efﬁgl gy P8¢ 5 %%ak® a{ﬂiggnﬂ?/ %€ &%ni | ast type B
crystal has agegpdotdierm c curve that is substantially the sane as the

t hernogravi netfry/differential thermal analysis (tenperature-rising

rate/ m n) Endgpbegm c curve shown

(16) The level of an endothermic peak
depends on the mixing ratio of type A crystals and type
B crystals. Fig. 11 shows the endothermic peak of a
sémple having a mixing ratio of A:B = 40:60. The
15 mixture consisting of an anhydrous tetomilast type A
crystal and an anhydrous tetomilast type B crystal has
an endothermic curve that is substantially the same as
the thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermic curve shown
20 in Fig. 11. Specifically, such a mixture is
characterized in that it has endothermic peaks around
175°C and around 189°C.
[0089]
(17) The powder X-ray diffraction spectrum
25 of the mixture consisting of an anhydrous tetomilast
type A crystal and an anhydrous tetomilast type B
crystal is the sum of the powder X-ray diffraction

spectrum of a pure anhydrous tetomilast type A crystal



20 in Fig. 11. Specifically, such a mxture is characterized in that it has
endot herm ¢ peaks around 175C and around 189C. [0089] (17) The
powder X-ray diffraction spectrum 25 of the m xture consisting of an
anhydrous tetonm | ast type A crystal and an anhydrous tetom | ast type B
crystal is the sumof the powder X-rayp4diffraction spectrumof a pure

anhydrous tetqmj| t Agcrystal .34 and the powder _X-ray diffraction
spect rum of a%prﬂlcjlr gﬁ%n%%‘gfeorugt’%%ﬁilffgﬁc?w’e SBEGHF UL aPL aI'ﬁ?é'}/rsecrength of a
peak derived fi@Heaed LtidlaskOrbk Sp ted by, Lhe ndxi rati o between
t he anhydrous atne om | ast tyﬁe a,g SEgyflstZr%gl%?\cgeit'he)fg%h%%{goﬁﬁ?&fgﬁi | ast type

B crystal. Fi geak?dshDvsd tf1omP@WERS c2Xysey) Hddd 36t hefeSREF W MHRT a sanple
having a m xing ratio of the anhydrous tetom last type A crystal: the
anhydr ous t et aixlingt ratyjze Hateegat dhe iy fidusl @ek6f0dst type & (18) The
sanple having a mxing ratio of the anhydrous tetom | ast type A crystal:
t he anhydr dus Ckgsbad | thepenBydrows afetomi(agd hype sB grnyistednt i nfrared
absor pti on bangs ai 3298, 3088, 1744, 1593, 15 1474, 1348, 1269, 1132,
1045, 760, andl904'ZmbPevs fhenpoveey kEryaxk fd&frantiom sprAteuanota devi ati on
of 5cm1 may he t%d i n_an.absorpti.on e‘a:F?due to a difference in the
e

mxing ratio e_ts\%&'ﬁert 109 FaPsBERT et B &5t TPFpRAW LRt al and t he
anhydrous tet Q@\:o&@f&s@@y&:}é@ﬁogr%$ﬁ’§i:al 'th[eogﬁgxizd;[rﬁus etomil'gg'i:eover’ a

sanpl e having a mxing rarti B = 10: 90 e physicochem cal
properties degsgpeb®crystald: 20:621) bel ow
10 [0090]

(18) The sample having a mixing ratio of the
anhydrous tetomilast type A crystal: the anhydrous
tetomilast type B crystal = 40:60 has significant
infrared absorption bands at 3298, 3088, 1744, 1593,

15 1474, 1348, 1269, 1132, 1045, 760, and 704 cm™ in the
IR (KBr) spectrum. In addition, a deviation of +5cm™
may be generated in an absorption peak due to a
difference in the mixing ratio between the anhydrous
tetomilast type A crystal and the anhydrous tetomilast

20 type B crystal.

[0091]

Moreover, a sample having a mixing ratio of
A:B = 10:90 has the physicochemical properties
described in (19) to (21) below:

25 [0092]

(19) The sample has an endothermic curve

that is substantially the same as the

thermogravimetry/differential thermal analysis



25 [ 0092] (19) The sanple has an endothermi c curve that is
substantially the sane as the thernogravinetry/differential thernal
analysis 35 (tenperature-rising rate/mn) endotherm c curve shown in Fig.
13. Specifically, such a sanple is characterized in that it has endothermc

peaks around 176C and around 189C. 5 F5093] (20) The sanpl e has
a powder X-raydi i . t ty i ntially the sane as the
powder X-ray F%?%%%?g%%ggﬁégggu%gg%%gﬁwiﬁ%gﬁgﬁé%ﬁécéﬁgg%fﬁg8WFy, it has

characteristignpeaks 2. 2@p‘ecéficai9§,11su%h $6sdmp el i 19.3, 24.2, 25.1,
25.9, and 27.3. [0094] (21) The sanp?e has significant infrared

absor ption bactasratt&82i%d 309Qhat 784, hakb adotddAnid B ksl rdidhy, 1132,
1045, 756, and 706 cm1l in the IR (KBr) spectrum [0095] Met hod for
produci ng ni x8dFE cadsrsoung ¥9°8nhydrous tetonilast type A crystal and
anhydrous tetaom |l ast type 20 B crystal A m xture consisting of
an anhydro&% £8P3% | ast type A crystal and an anhydrous tetom | ast type B

crystal can be produce recrystallization froma solution that is
obt ai ned by dissolvingqgﬁxa gges%ﬁTEﬂﬂ éa§onE9Hé%4u§15%&wn anhydr ous

oot BB B A TS L AT, LA,
the powder X~ray diffraction spectrum shown in Fig. 14.
Specifically, it has characteristic peaks at 20 = 4.1°,
10 11.9° 16.1° 17.2° 19.3° 24.2° 25.1°, 25.9°, and
27.3°.
[0094]
(21) The sample has significant infrared
absorption bands at 3298, 3090, 1744, 1593, 1474, 1348,
I5 1269, 1132, 1045, 756, and 706 cm™ in the IR (KBr)
spectrum.
[0095]
Method for producing mixture consisting of anhydrous
tetomilast type A crystal and anhydrous tetomilast type
20 B crystal
A mixture consisting of an anhydrous
tetomilast type A crystal and an anhydrous tetomilast
type B crystal can be produced by recrystallization
from a solution that is obtained by dissolving in a
25 suitable solvent the known anhydrous tetomilast type B
crystal or an anhydrous tetomilast type B crystal
obtained by the aforementioned method.

[0096]



[ 0096] 36 The type of the aforenentioned solvent is not
particularly limted. Acetone-water (an acetone content of 40%to 95% by
volune) is preferable. [0097] 5The anmount of the aforenentioned sol vent
used is not particularly limted, as long as it is able to conpletely

di ssol ve the above tetonilast crystal 3®hile stirring under heating to

refl ux. The anmount of the sol ven sed | s preferably between 30 and 160 i,
and 10 nore preferably ”@be[ &fi 3 %ﬁ% afpramenfiioRed e3pidtantt ds1ngtof the

above anhydro I t; . B | . [0098] _The above tetom | ast
crystal may bg,% éfcgég{%}e%ﬁ llhxlegdf hgi%%noﬁ}leene“lﬁt%ﬁgnéﬁn sacﬁe\%é’ﬁ‘te while stirring

under 15 heat icagtéft r&f 1408, £h055SXATR Sunflyt 35 gygﬁeﬂbﬁ%@ ution, the
tenperature of the solution in which the anhydrous tetom| ast type B

crystal has bd€adsdjssol ved i s decreased, so that the m xture consisting of

an anhydrous tetom |l ast type A crystal and an 20 anhydrous tetom | ast type

B crystal & the preserfthei amewmtt orf care efomkhanhbched B®lvent used

t enper at ure-decreasing rate may be between approximately 0.4C/ mn and

|.9C/ nmin. |n pariedsrticuhart enpiaridiaf e agedpprasangly diseabdeatipust ed, so as

to control the mxing ratio of 25 the m xture consisting of an anhydrous
tetonilast typ&" %ﬁ"%&é‘t Sﬁﬂgv%nt%‘fnrﬁ?’(?rvﬁu§eF8¥‘bH$%ﬁryls5%6é Bhékgstal of the
present invengiop.; {PQAAL - ﬁgéting to reflux. The amount of the
solvent used is preferably between 30 and 160 ml, and
10 more preferably between 30 and 50 ml, with respect to 1
g of the above anhydrous tetomilast type B crystal.
[0098]
The above tetomilast crystal may be dissolved
in the aforementioned solvent while stirring under
15 heating to reflux, for example. After such
dissolution, the temperature of the solution in which
the anhydrous tetomilast type B crystal has been
dissolved is decreased, so that the mixture consisting
of an anhydrous tetomilast type A crystal and an
20 anhydrous tetomilast type B crystal of the present
invention can be obtained. The temperature~-decreasing
rate may be between approximately 0.4°C/min and
1.9°C/min. 1In particular, the temperature~decreasing
rate is adjusted, so as to control the mixing ratio of
25 the mixture consisting of an anhydrous tetomilast type
A crystal and an anhydrous tetomilast type B crystal of
the present invention.

[0099]



Specifically, the anhydrous tetom|last type B crystal is first added to
acetone-water (an acetone content of 40%to 95% by volune), and it is then
di ssolved therein while stirring under heating to 5 ref |ux (approximtely
60C). The obtained solution is stood to cool to approximately 30C for about
15 minutes to 1 hour. Thereafter, the3Buspension obtained by the

af orenenti oned cooling |s caqled at 10C or | ower, and preferably at a
t enper at ure bet ween apﬁ%ﬁ%&?@f%y'oé%a&hé{dféﬁ? FromdgasintyeR Bo 3 hours,

S e g, AN skindaale a0 3ARYARQUSLE! OB Bobelape B CTYSLe!

and an anhydrou om |ast crysta rmvention can be

obtained in tRegnfORiN O @CLYSHE by RoBuk@FE YHET tig;e ?lghuti on obt ai ned
after 15 stirring under heating to reflux IS quenche z:or exanpl e, the

solution is caakesived Hherefinl WNETe sanerphgl @hadF ndadiagt egperature between
approximately 0C and 10C, for about 5 mnutes to 1 hour), a m xture having
a ratio of & heedhlwy dfeguscoizémahel nAO°CYype TaL binrajskdl solnelanhbyydr ous

tetom | ast type B crystal = approximtely 10:90 (weight ratio) can be

obt ai ned. [018bpod to cool tyhappraxigaselyhadiq »Goar ebevhsisimimptes t he

anhydrous tetom | ast type A crystal and the anhydrous 25 tetom | ast type B
crystal is noFoer QYU arP§rER '?red.i:%ﬁofﬁi ensidn obtaineg BYdihg on, the

o rement Sney i, S8R PhoR A 0 Soieed ypipsgpoualedeigm oSt |

crystal 38 excluding t e consisting an—an

type A crystabrafckan,28RYdr o&igod 2ork | BstwddP e Dxxshaklyi fgt ead of the
known anhydrous tetom|l ast type B crystal. Specifically, the 5

af or ement LOnesandi X°qy efos 30 admaeds byo redostsgl IsiozahbOntHe adxdusel uti on
formed by dissolving in a solvent at |east one type of tetomlast crystal
sel ect ed fronsenrlsfrisgpofoasi anlivdyous betemblastadtypeydr aresttaystal, an

anhydrous tetom| ast e A crystagl, an anhydrous 1Q tetom | ast type C
crystal, and %nn‘]ii &bﬁ?‘#‘%@@%e‘f%‘?ﬂ%ﬁ% EWPS R FNSStaPt ¥ sol vent and
(S YStaL L) 9S00 o0 KR HEL RO U SRR 40 Lose L e
crystal as a &tytding WAt 8ré@de where the solution obtained after
15 stirring under heating to reflux is quenched (for
example, the solution is cooled to 10°C or lower, and
preferably to a temperature between approximately 0°C
and 10°C, for about 5 minutes to 1 hour), a mixture
having a ratio of the anhydrous tetomilast type A
20 crystal: the anhydrous tetomilast type B crystal =
approximately 10:90 (weight ratio) can be obtained.
[0100]
The ratio of the mixture consisting of the
anhydrous tetomilast type A crystal and the anhydrous
25 tetomilast type B crystal is not particularly limited.
[0101]
In addition, the aforementioned mixture can

also be produced using a novel tetomilast crystal



[0102] The obtai ned m xture consisting of an anhydrous tetom | ast
type A crystal and an anhydrous tetom | ast type B crystal can be separated
by isolation 20 operations such as filtration, concentration, or
extraction. Mreover, after separation, the separated crystal may be
subjected to a drying treatnent by a E®wown nethod. Furthernore, the crystal
can be purified by a known purifi cation operation. 25 [0103] The
t hus obt ai ned (gkgieding dhsi sikhgrof cupigthpdr 6fisat 2 IS type A cryst al

and an anhydrous tetom | ast type B crystal has urit nt ent
ratio of the §ﬁﬁ9‘6+%fh%t ttPenF §EYStRHenA éPyEPQng?fbs telﬁet ﬂﬁ?&gous

tetom | ast ty%e Balg% q:r?{} o th‘e.e gtatl(fog_mkg%)l gltxhlzd's % nore, and it can

be crushed u5| I exa om zer). Thus, a 5

tetom | ast cr ‘d%agﬂlf’a(soéj hgvbggs@apea@pg@&;ﬁggghsl zg,between 10 and 50 pm

and a 90% cunul ative particle si mor snaller, which is suitable

for formul af i gRor&mdh iyt &hﬂ@dxe[Q&%odh@eahayna@@wsmllc‘z@weﬁl tion The
pharmaceutical conposition of the present invention conprises at |east one

type of tetonfkasta csglsttdlons €bentedoyf rdimsbhgiggoip atosmslmntngtof a
tetom | ast hydrate crystal, an anhydrous tetomlast 15 tge crystal, an
anhydrous t et eRbRsena ypwweCoér yetaini Lastd CéfY?éFénﬁ?h%@t%}% o thel e sol vate

crystal.
y group consisting of a tetomilast hydrate crystal, an

anhydrous tetomilast type A crystal, an anhydrous

10 tetomilast type C crystal, and a tetomilast
acetonitrile solvate crystal.
The solvent and recrystallization conditions applied
herein are equivalent to those in the case of using the
aforementioned known anhydrous tetomilast type B

15 cryétal as a starting material.
[0102]

The obtained mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal can be separated by isolation

20 operations such as filtration, concent;ation, or
extraction. Moreover, after separation, the separated
crystal may be subjected to a drying treatment by a
known method. Furthermore, the crystal can be purified
by a known purification operation.

25 [0103]

The thus obtained mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous

tetomilast type B crystal has a purity (the content



[ 0105] The pharmaceutical conposition of the present invention further
conpri ses an anhydrous tetom | ast 20 type B crystal. An exanple of such a
pharmaceutical conposition conprises a m xture consisting of an anhydrous
tetom | ast type A crystal and an anhydrous tetom | ast type B crystal.

[ 0106] 25The novel tetomlast crystal3®f the present invention has activity
of suppressing the rel ease of active oxygen fromneutrophils, or of

el i m nating r@a§i¢V@fd&yg@nhyée@¢%§xﬂﬂmﬁg§8théyn@d%enn@v@ﬂ ang tetonl ast
crystal has action to prevent generation in.a living

of Eeroxide Iipig i
body, or to JdEBFeRW RIS JEREFLLFITN LYRECHr BFXEFY thehsoveratet oni | ast
crystal of the esent Jdnyention is usef s_an_agent. f.or reventing
and/ or treatiﬁ@gé%ﬁf%dggp 5e8ro$°%ﬁ%5¥le#§ g?n eaéﬁ%m¥ﬁgf§3 ég%aused by
t he af orenent| [RV2 ratd of ,pe bV, Xy g egi es,
accunul ation g%%@i ge Hégl gf?ﬁ %Zan@\?ieﬁga%oge{)ﬁ%%ﬂ de?ggtwi% def ense
mechani sm tsowaggsninese Rhenesepredukd Makengpgchéisaldnticas ageat
conprising the pharmaceutical conposition of the present invention is
useful, in a pbakeacall iatdl 50i phdgndhe 8G%agentliivenotntdilagsvasi ous types
of tissue cells fromischem a and disorders associated with
revascul ari zabEo®Q wuekr sBaddenn wyeh isopupkebbatioy fovgudrtierati ng
gastrointestinal ulcer including stress ulcer; an agent for preventing
and/ or treatiﬁ@nc%ﬁcﬁ9591P§éhenic di seases such as nyocardial infarct or
arrhythm a; an, ad t for preventing and/or treating cerebrovascul ar 20
di seases such 8 cerebral henorrhage, cerebral infarct, or transient
i schem ¢ gt aKarfladdM8lcadnNdokbepyidinction inprover used for disorders
caused by transplantation, mcrocirculation failure, etc.; or an agent for
suppressi ng various tymee phaeedtedtijoaly colpbsition of the present

invention comprises at least one type of tetomilast
crystal selected from the group consisting of a
tetomilast hydrate crystal, an anhydrous tetomilast

15 type A crystal, an anhydrous tetomilast type C crystal,
and a tetomilast acetonitrile solvate crystal.
[0105]

The pharmaceutical composition of the present

invention further comprises an anhydrous tetomilast

20 type B crystal. An example of such a phatmaceutical
composition comprises a mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal.
[C106]

25 The novel tetomilast crystal of the present
invention has activity of suppressing the release of
active oxygen from neutrophils, or of eliminating

reactive oxygen species. Thus, the above novel



25 seemto be caused by active oxygen that is abnormally generated due to
causes ot her than ischem a, such as an agent for preventing and/or treating
Behcet's di sease, cutaneous vasculitis, ulcerative colitis, malignant 41
rheumatism arthritis, arteriosclerosis or diabetes. [0107) Mreover, the
novel tetomlast crystal of the preseft invention is effective for various
types of 5 diseases associated with ahnornmal generation of A cytokines, and

particul arly, “abPbiAat GEXEFati'os GCUIRR- RO PEERNY @gerREipRyOTetc., or
vari ous types Oéogﬁ%fiigﬁga%i%e%: Jtvég‘g tng?nifgC‘-%el r&ltelaglg gﬁaﬁe of adhesive

action. In paPtieu crysta & present

. ti . | . f . ti /
i nvention cangprefaraply R@cgﬁggégl?ﬁ,r %ReaQSﬂél At i GUER b??lsgé‘f' or

treating various di seases suc onic rheumatoid arthri , . endot oxin

shock, ARDS cggsgtk Rycaeatdentadtidigast ugeref LAy lagehiti €6r toXic gas, or
septicem a, thermal burn 15 or asthma, or myocardial infarction that is a
nyocar di al 5i sphevartisigatad/ot riateaniogardrioss styglesasft Hésaedées st age of
viral nyocarditis, chronic heart failure such as ischenm c nmyocardosis,

spont aneous db* adictasgesdibaly oper ausedcby el afprgmeagéanetor 20 preventing
and/or treating i schem c repejfusion abnor rral%@/ occurring during

cor onar y- ar t e?¥CHRFIIEs ISBRHRF PN ABELAGEL BRI PFHFINEPGEESSf artificial heart
o U0, | SRR S R Sob I ST agPonzey Syndrore) o
failure causegefctInaveeReME RUMIR3K EbFardd ItH¥sel BhbHbfena.

10 More specifically, an agent comprising the
pharmaceutical composition of the present invention is
useful, in a pharmaceutical field, as an agent for
protecting various types of tissue cells from ischemia
and disorders associated with revascularization, such

15 as an agent for preventing and/or treating
gastrointestinal ulcer including stress ulcer; an agent
for preventing and/or treating cardiac ischemic
diseases such as myocardial infarct or arrhythmia; an
agent for preventing and/or treating cerebrovascular

20 diseases such as cerebral hemorrhage, qerébral infarct,
or transient ischemic attack; a liver and kidney
function improver used for disorders caused by
transplantation, microcirculation failure, etc.; or an
agent for suppressing various types of cell injury that

25 seem to be caused by active oxygen that is abnormally
generated due to causes other than ischemia, such as an
agent for preventing and/or treating Behcet's disease,

cutaneous vasculitis, ulcerative colitis, malignant



occurring after hepatectony for |iver cancer,etc.; , inflammtory bowel

di seases such as Crohn's disease, 42 ulcerative colitis,etc.; a series of
aut oi nmune di seases such as hyper gammagl obul i nem a, system c eryt hemat odes
(SLE) or nmultiple sclerosis, netastasis, inmunological rejection occurring
during 5 transplantation, nonoclonal 8'cell abnormality (nyeloma, etc.),

pol ycl onal B | i rial xomg,  Cast | eman’ ndrome, primry
gloneruloneph%ﬁ F%?P%%ég%§%§¥15$%1i?%ﬁe ﬁquﬁﬁéﬁﬁ}?tqudifiﬁgéf'cachexia,
Lennert's | ynpbeg®; psoriasis, atopic 10 dermatitis, Kaposi's sarconm

devel oped due to AIDS, postnenopausal osteoporosis, diabetes, septicem a,

arteriosclerosis, or inoraswetpryndimraiesesbablas agiskhs 9F Hgpatitis or
an agent for preventing and/or treating chronic obstructive pul nonary

di sease. 15 [pi€84nt invention Bpesffdaatdivieyforhearowsl tiypkenbrkast crystal of
the present invention has action to inprove a decrease in lung functions,
such as ai Pf | Sipedias @sspehatetdiith abmiopines aenesatdemel§ hi gh t her apeutic
ef fect upon 20 chronic obétructjve pul nonary di sease. [0109] The

0
tetonilast cr¥tAFSST PRE PRESEMLATIVenePBAREh $R0F8EdoRi @R at | east one
i osynt hesi o DYEh oo (E8%51 ine Bl oM R e Be ke o771  poxygon

bi osynt hesi s 1 nhiBi tor poxygdeén | i poxygenase
activating pr@f&ddsdSeABbcAMAHRNSH Sh acceleration state of

adhesive action. In particular, the novel tetomilast

10 crystal of the present inventidn can preferably be
used: as an agent for preventing and/or treating
various diseases such as chronic rheumatoid arthritis,.
endotoxin shock, ARDS caused by accidental ingestion of
gastric juice, toxic gas, or septicemia, thermal burn

15 or asthma, or myocardial infarction that is a
myocardial ischemic state, viral myocarditis such as
the acute stage of viral myocarditis, chronic heart
failure such as ischemic myocardosis, spontaneous
dilated cardiomyopathy, etc.; and as an agent for

20 preventing and/or treating ischemic repeffusion
abnormality occurring during coronary-artery bypass
surgery (CABG) or during the use of artificial heart
and lung, transition from SIRS (systemic inflammatory
response syndrome) to orgaﬁ failure (grave acute

25 pancreatitis, DIC, etc.), or multiple organ failure
caused by grave acute pancreatitis , liver failure
occurring after hepatectomy for liver cancer,etc.; ,

inflammatory bowel diseases such as Crohn's disease,



2. receptor antagonists for |leukotrienes 43 LTB4, LTC4, FTD4 or LTE4;
3. PDE4 i nhi bitors including inhibitors of isoform PDEAD; . 4,
, | i poxygenase inhibitors and a 5- 5 |ipoxygenase activating protein
(FLAP) ant agoni st s; 5. dual inhibitors of 5-1ipoxygenase and
ant agoni sts of platelet activating fatfor (PAF); 6. |eukotriene

ant agoni sts ( ncl u those for LTB4, LTC4, LTD4 and LTE4; 107.
Antihistaniniﬁ1£§§%%%e g g%?dﬁ&ﬁlsfbserles of autoigmus | ecept or

antagoni sts; giseases su ¥é§%§f%%l§qﬁggggg tor a Oﬂl% cvasoconstrictor

synpat homi netic agents a n1n|s icd decongest ant
use; 1510. al eppth@@tadic@NQSER] Wr dRAMIPLS 581&96@5.@3%&33%5 Inhibitors

of 5-1ipoxygenase; 11. anticholinergic agents;
adr enocept or agomasicayichl. rapedylomridtureshg durlng
5 transplantation, monoclonal B cell abnormality
(myeloma, etc.), polyclonal B cell abnormality, atrial
myxoma, Castleman's syndrome, primary
glomerulonephritis, mesangial proliferative nephritis,
cancer cachexia, Lennert's lymphoma, psoriasis, atopic
10 dermatitis, Kaposi's sarcoma developed due to AIDS,
postmenopausal osteoporosis, diabetes, septicemia,
arteriosclerosis, or inflammatory diseases such as
angitis or hepatitis or an agent for preventing and/or
treating chronic obstructive pulmonary disease.
15 [0108]

Specifically, the novel tetomilast crystal of
the present invention has action to improve a decrease
in lung functions, such as airflow obstruction, and it
exhibits an extremely high therapeutic effect upon

20 chronic obstructive pulmonary disease.
{0109]

The tetomilast crystals of the present
invention can be used with at least one of the members
selected from the group consisting of:

25 1. leukotriene biosynthesis inhibitors (5-
lipoxygenase inhibitors and a 5- lipoxygenase
activating protein (FLAP) antagonists);

2. receptor antagonists for leukotrienes



2014. sodi um cronogli cate; 15. nmuscarinic receptor (M, M and

M3) ant agoni sts; 16. NSAIDs (Non-steroid anti-inflammatory
drugs) including COX-1 inhibitors, COX-2 selective 25 inhibitors, and
nitric nonoxide; 17. insulin like growth factor-1 (1G--1) and
its mmetics; 18. cicl esoABde, 44 19. inhal ed
glucocortic0| 0 si de effecgs are reduced); 20.
tryptase inhlgi gr LTC FTD4 or LTH47 Platelet activating factor

ant agoni sts; 522. mono an ai, ndogenous

I nflammatory entities; %3%%%%?8‘35"6‘% lu% Pgnhﬁﬁiﬂlﬁs %% ltor (TNF-a)
agents; 25. DMQB@bghn§éggbrugl ef |l unom de) ; 1026 TCR pepti des;

27. interleukin converting enzynme (ICE) inhibitors;

4. 5-lipoxygenase inhibitors and a 5-

5 lipbxygenase activating protein (FLAP) antagonists:;

5. dual inhibitors of 5-lipoxygenase and
antagonists of blatelet activating factor (PAF);

6. leukotriene antagonists (LTRAs) including
those for LTB4, LTC4, LTD4 and LTE4;

10 7. Antihistaminic H1 receptor antagonists;

8. H2 receptor antagonists;

9. al and a2 adrenoceptor agonist
vasoconstrictor sympathomimetic agents administered
orally or topically for decongestant use;

15 10. ol and a2 adrenoceptor agonists in
combination with inhibitors of 5-lipoxygenase;

11. anticholinergic agents:;

12. Bl- to P4- adrenoceptor agonists;

13. methylxanthines;

20 14. sodium cromoglicate;

15. muscarinic receptor (M1,M2 and M3)
antagonists;

16. NSAIDs (Non-steroid anti-inflammatory
drﬁgs) including COX-1 inhibitors, COX-2 selective

25 inhibitors, and nitric monoxide;

17. insulin like growth factor-1 (IGF-1) and

its mimetics;

18. ciclesonide,



28. | MPDH i nhi bitors; 29. adhesion nol ecule, inhibitors
i ncl uding a 15 VLA-4 ant agoni sts; 30. cat hepsi ns;
31. MAP ki nase inhibitors; 32. gl ucose-6-phosphat e
dehydr ogenase i nhibitors; 2033. kinin-Bl or kinin-B2 receptor antagonists;
34. gold in the formof an aurothio gugup in conbination wi th hydrophilic
gr oups; ~35. i mmunosuppressive agents; 2536. antigout agents;
37. xant hi ne oxi daze i ritfl biinbedpd3glucwdedsgoidsagentwhi@0.siakt i t unor
agents; 45 40 grow h hornobne secretagogues;
effects are reduced);
20. tryptase inhibitors;
21. platelet activating factor antagonists;
5 22. monoclonal antibodies active against
endogenous inflammatory entities;
23. IPL576;
24. antitumor nucrosis factor (INF-a) agents;
25. DMARD (including leflunomide);
10 26. TCR peptides;
27. interleukin converting enzyme (ICE)
inhibitors;
28. IMPDH inhibitors;
29. adhesion molecule inhibitors incliuding a
15 VLA-4 antagonists;
30. cathepsins;
31. MAP kinase inhibitors;
32. glucose-6-phosphate dehydrogenase
inhibitors;
20 33. kinin-Bl or kinin-B2 receptor
antagonists;
34. gold in the form of an aurothio group in
combination with hydrophilic groups;
35. immunosuppressive agents;
25 36. antigout agents;
37. xanthine oxidaze inhibitors;

38. uricosuric agents;

39. antitumor agents;



41. MVWP(matrix netal |l oproteases) inhibitors; 42. TG--P(transform ng growh
factor); 43. PDG( 5 platel et-derived gromﬂh factor); 44,
fibroblast growmh factor (for exanple, basic fibroblast growth factor:

b- FGF) ; 45. granul ocyt e- macr ophage col ony stinulating factor
(G CSF); 1046. capsaicin cream 45 47. tachykinin NKI and NK3
recept or antagoni sts; el astase i nhibitors; 49,
PDE3 i nhi bitors; 1550. ‘¥MgFQEEBtQﬁﬂ%ﬁﬁhﬁéﬁF§Faﬁ?g%?§mverse agoni st s;

combinat fons of Pa. adr dioc HHE R ByohT BLe B0 AR AT oo PGP B!
SﬁiF?%:?Fs I ncreasing prRot 8P4 BYEl 30 RYRGXS Aot it uei Rl g factor-1a
( ’ 43. PDGF(
5 platelet-derived growth factor);
44. fibroblast growth factor (for example,
basic fibroblast growth factor: b-FGF):
45. granulocyte-macrophage colony stimulating
factor (GM-CSF):;
10 46. capsaicin cream;
47. tachykinin NK1 and NK3 receptor
antagonists;
48. elastase inhibitors;
49. PDE3 inhibitors;
15 50. H4 receptor antagonist or a inverse
agonists;
51l. antioxidant agens;
52. radical scavenging agents;
53. combinations of B2 adrenoceptor agonists
20 and glucocorticoids:;
S54. agents increasing protein level of
hypoxia-inducible factor-la (HIF-la):
55. antioxidant proteins upregulated by HIF-
la;
25 56. vascular endothelial growth factor (VEGF)
secretagogus; and
57. VEGF receptor agonists.
[0110]



55. antioxi dant proteins upregulated by H Fl a; 2556. vascul ar endot heli al
grom h factor (VEGF) secretagogus; and 57. VEGF receptor agonists. [0110]
46 The novel tetom | ast crystal of the present invention is generally used
in the formof a common pharnmaceutical preparation. Such a pharnmaceuti cal
preparation is prepared using conmmonl46 used diluents or 5 excipients such
as a filler, an extendeéﬁ a binder, a_wetting agent, a disintegrator, a

t

surfactant, or a |ubri ¢aft PO¥St SrOfid2pharheiath icfalhprepesert on, vari ous
types of for . I ependi.ng_opn t herapeutic purpose. Typicil
f)c/)rpms of such@%‘?é%gtlﬁaggmggﬁ%l%gjlﬁpglrsg_ga?%t?%% © cfiu‘d‘g““ﬁg? abl et?/pa pill,
a powder, SO'Mdﬁ&ce%‘?ﬁegﬁ%%a%@iloﬁ'.OnSué‘hge[%J?x‘élr?ﬁacg?wgﬁ? ple, a

suppository, and an injection (solution, suspersion, When t he
present tetonptasiratipat ab peegidedsiAG Ocdhiforf 19 Wseli aii@bi&l o5 various
types of carriers, which have previously been known in the present field,
can w del y5beexsigd.enEsaaptiesafa fidhea, car ré:atenideal, sabifdetised herein may
i ncl ude: excipients such as | actose, saccharose, sodium chloride, grape
sugar, urea, “ddisly, aganki umdEcioseboabee, kaolnfastastystmld i ne cel | ul ose,

or silica; binders such gs wat er, ethanol, propanol, sinple syrup, grape
sugar in wat erPIECAPEn SEPTtTWR 2gBParPrcetinaloRrepardeiSvet hyl cel | ul ose,

shel l ac, net %ﬁ%lulﬁug %Er' ‘th&%-'ﬁ‘iﬁu@g% ?%Pﬁheglf%tﬁg 8g8%%%3;1{1%| 25 pyrrolidone;

di sintegrators suc y starch, Sier, | ani nar an
powder, sodi WReHagaHEORAberpdidl.Cl BPheaE DORAE, JROLY¥EXYEt hyl ene sorbitan

fatty acid esters, sodiumlauryl sulfate,
10 pharmaceutical preparation may include a tablet, a

pill, a powder, solution, suspension, emulsion, a
granule, a capsule, a suppository, and an injection
(solution, suspension, etc.). When the present
tetomilast crystal is molded into the form of a tablet,

15 wvarious types of carriers, which have previously been
known in the present field, can widely be used.
Examples of such a carrier that can be used herein may
include: excipients such as lactose, saccharose,
sodium chloride, grape sugar, urea, starch, calcium

20 carbonate, kaoline, crystalline cellulqse; or silica;
binders such as water, ethanol, propanol, simple syrup,
grape sugar in water, starch solution, gelatin
solution, carboxymethyl cellulose, shellac,
methylcellulose, potassium phosphate, or polyvinyl

25 pyrrolidone; disintegrators such as dry starch, sodium
alginate, agar powder, laminaran powder, sodium
bicarbonate, calcium carbonate, polyoxyethylene

sorbitan fatty acid esters, sodium lauryl sulfate,



47 nonogl yceride stearate, starch, or |actose; disintegration inhibitors
such as saccharose, stearin, cacao butter, or hydrogenated oil;
absor bef aci ents such as quat ernary anmoni um base or sodium |l auryl sulfate;
5 hunectant such as glycerin or starch; adsorbents such as starch, |actose,
kaol i ne, bentonite, or colloidal silign; and lubricants such as purified
talc, stearate, boric acid powder, or polyethylene glycol. Such a tablet
may be furthepropedkwcsydde steanatabldnrcdat ed 1834y an ordinary tabl et
coat, such as _a sugarcoated,tabl et, a§ggkatin-coated t ab

¢ . t, _an
enteric-coateﬁlﬁ%&ﬂ%ﬁﬁaﬁéopiFH@%Q%EQQ? efS %aﬁﬁﬁﬁﬂ%g%oégﬁar%%blet, and a
mul tiple | ayer_tabl ett as neces aorg}/ena\éyé%noritﬂ? [ESE net tc%%ﬁ%!&?é crystal is
MRS £5 BYHH© th h

nol ded into tH2°td carrrers, € previousty been

known | 0t he pg eseite 4.6l anfa i dalk e Usafln XA eSu0kasuch 3 car T er

that can be used herein y 1 nclude: excipients such as grape sugar,
| act ose, shargimeSaaA0 ieht 85, gy Aaebat eda¥enpet addriRinks kaehi ne, or

talc; 20 binders such as gum Arabic, powdered tragacanth, gelatin, or
et hanol ; and &s sstrdregr,atlacsosachkad inapi bandonbte agar coiendédhe present
tetom|last crystal is nolded into the formof a suppository, carriers,
whi ch have preidisss] pandednbkhosmtd rpuche agr eyohfied diadc.25teamwdel y be

used. Exanples of such a carrier may include polyethyl ene glycol, cacao
butter, highé?eRTHTH PRIGREr A aﬂﬁaﬁtg‘é’l‘rjs%, gb%?%&-i nSUSRd®seni synt heti ¢

gl yceri de. Ai?%bﬁ§??%%§?e§?u%€ﬁéyS¥§é%gs%agigg%§§9:Qﬁgﬁogggtégigenerally

mxed with v ous “carri descri ~above according to a
common netBody; @G ReQhbalNesh i idbe, | subhels fd |dR@iricBheea hard gel atin

capsule, a soft capsule, etC. Wen 5 the present tetomlast crystal is
nol ded i nto afeblet, a gelatin-coated tablet, an enteric-coated
tablet, a film-coated tablet, a double-coated tablet,
and a multiple layer tablet, as necessary. When the
present tetomilast crystal is molded into the form of a
15 pill, carriers, which have previously been known in the
present field, can widely be used. Examples of such a
carrier that can be used herein may include:
excipients such as grape sugar, lactose, starch, cacao
butter, hydrogenated vegetable oil, kaoline, or talc;
20 binders such as gum Arabic, powdered t;agécanth,
gelatin, or ethanol; and disintegrators such as
laminaran or agar. When the present tetomilast crystal
is molded into the form of a suppository, carriers,
which have previousiy been known in the present field,
25 can widely be used. Examples of such a carrier may
include polyethylene glycol, cacao butter, higher
alcohol, higher alcohol esters, gelatin, and

semisynthetic glyceride. As a capsule, an active



injection, it is preferable that a liquid agent, an enulsion, and a
suspension be sterilized and be isotonic to bl ood. Wien the present crystal
is nolded into such a form all types of diluents, which have 10 comonly
been used in the present field, can be used. Exanples of such diluents that
can be used herein may include water, 4ethyl al cohol, macrogol, propylene

gl ycol, ethoxyl ated isostearyl alcohol, polyoxylated isostearyl al cohol,
and pol yoxyet iygeadiewr bidrmouhdt 1y dSremsld yestiged. wivh thsionase, it is
-possi ble that common_salt, grape sugar, or glycerin, be mxed into a

phar maceut i caltYpRepaf a3 0r-ahs afafAPiFERas ﬁ%@l"énﬁc?%r%%&oeaan i sotonic

lution. It is al i ble that bil j zer, buyf t hi
20ent, or 1 he SBRPT ARGl aGRAI TS CHE IR ARGEHEPCH? DISparatFin.  Furter,

. t . | . | ! |. . 1 H t 1
Havor. o swodtbnes, o s Lo gl Bt ERBRIRE, e O PRee ™ ©

phar maceut iakngr gpAE A Abtor3 188€6SS@A L1 243 [B1ddd into an The anount
of an active ingredi ent conpound contained in the above pharnaceuti cal

preparation i snfettped,t iiduliar byeFéradled thandal Ligsidppyeaiy,i ahely 49
selected froma wde range. In general, approximately 1%to 70% by wei ght
of such an acemuésiony edidert suepposivch ey sterddhzad e ibe t he preparati on.
[0112] 5The adm nistration nmethod of the above pharnmaceutical preparation
is not partic&PaEPYLS itA td@Cdand R HhitaPresenti eaystilepd FoiterRdi s

adm ni stered by _a nethod t hat depends on varioQus. types. of .pharmaceuti cal
forns, the agé?{tgeil,lc}hﬁad ft&rﬁ‘éraggnmﬁsoﬁsf %ﬁ&geﬁgﬁ e'ﬁ'flcq’l&atvﬁe degree of

di sease, ol SRhoRKATU Wola! B GRS PReAc! 2blel, @Pidd ussal ution,
an

suspensi on, emulsion, a granule, ~a capsule, these preparations are
oral |y adm ni gkenglks IJT tSARhCaASBuditd redt ican, betuséd inddeAvenays! y
adm ni stered singly or as a mxture with 15 an ordinary replacenent fluid
such as grapeisabade ovat@mri,nethyl drldaitihemacaognbe azspytenguch injection is
adm ni stered as a single use, intramuscularly,
glycol, ethoxylated isostearyl alcohol, polyoxylated
isostearyl alcohol, and polyoxyethylene sorbitan fatty
15 acid esters. In this case, it is possible that common
salt, grape sugar, or glycerin, be mixed into a
pharmaceutical preparation in ‘an amount sufficient to
prepare'an isotonic solution. It is also possible that
a common solubilizer, buffer, soothing agent, or the
20 like, be added to the pharmaceutical preparation.
Further, it is also possible that a coloring agent, a
preservative, an aromatic, a flavor, a sweetener, or
other pharmaceuticals, be mixed into the pharmaceutical
preparation, as necessary.
25 [0111]
The amount of an active ingredient compound

contained in the above pharmaceutical preparation is

not particularly limited, and it is appropriately



intradermal |y, subcutaneously, or intraperitoneally. suppository is

adm nistered intrarectally. 20The dosage of the above pharnaceuti cal
preparation is appropriately sel ected dependi ng on usage, the age, sex, and
other conditions of a patient, the degree of disease, etc. In general, the
anount of an active ingredient conpouad may be determ ned to be 25
approximately 0.2 to 200 ng per kg of body wei ght per day. [0113] Wth
regard to the sedtohed aStorhydwdtie r&fger ysiralgengnhydr apprasdmerelast type A

crystal, anhydrous tetonmlast type C crystal, .tetom|ast acetonitrile
sol vate cryst d®, tand0% b wedodtopft HEChFEY @CAANG BT | ast type A

crystal and an anhydrous tetom | ast i B_crystal.of the present
i nvention, t h@%‘??é‘f‘%lmafyorbﬁs Wﬁgﬁéﬁ?éé%q:g’fspfﬁgééﬁ{:’r%% ed by
recrystalli zat[iogl)'g2 and these crystals are excellent in terns of
filterability. u%, these crystals are suitable for industrial mass

production.5 10 [0114] ghe adminibPr@ddid itnothegethetideast crystals have
performance that is equivalent to or greater than that of an anhydrous

tetonilast typRaBuséy@ialal ipreparabiod i albitl bhytiowsarly Hdatitadd moisture,
and the 15 disintegration property and dissolution property of tablets.
Accordingly, thdsth¢ qtteniraasutirydtptepaxatipneter agninirtareddbasa
pharnaceutlcaL@%gggqgﬂég(gg;énggAgEngiiéﬁgli pes of pharmaceutical

forms, the age, sex, and other conditions of a patient,

10 the degree of disease, etc. For example, in the case
of a tablet, a pill, solution, suspension, emulsion, a
granule, and a capsule, these preparations are orally
administered. In the case of injection, it is
intravenously administered singly or as a mixture with

15 an ordinary replacement fluid such as grape sugar or
amino acid. Further, as necessary, such injection is
administered as a single use, intramuscularly,
intradermally, subcutaneously, or intraperitoneally. A
suppository is administered intrarectally.

20 The dosage of the above pharmaceutical
preparation is appropriately selected depending on
usage, the age, sex, and other conditions of a patient,
the degree of disease, etc. In general, the amount of
an active ingredient compound may be determined to be

25 approximately 0.2 to 200 mg per kg of body weight per
day.

[0113]
With regard to the tetomilast hydrate



20The present invention wll be described nore in detail in the follow ng
reference exanpl es, exanples, and fornul ati on exanple. [0116] Anal yti cal

met hod 25 (1) Thernogravinmetry/differential thernmal analysis
Thermogravimetry/differential thermal analysis was carried out using TAGOAS
controller and 51 DTG 60A thernogravsoetry/differential thermal analysis

si mul t aneous neasuring instrunent manufactured by Shinmadzu Corporation.
Speci fical | y, cugstrl + Behaflopescirtanid@sappapatbisedystaly o22ydgpud a sanpl e
was 5 heated from 20C (room tenperature) to, 250C at a_t rature-risin
rate of 5C/ m Retemblafty t¥PEro %‘%%sﬁﬁ@@é?f?%t a?c?eé:f)élﬁggg € subst ance, ’

ponder X1y GPLTE ST dR EPbCIDIR G RERA0F o Y earar L875%i £ £ racti on
that ranged fEQE&ﬁ&last type A crystal and an anhydrous tetomilast
5 +type B crystal of the present invention, the crystal

forms thereof are easily controlled by

recrystallization, and these crystals are excellent in

termé of filterability. Thus, these crystals are

suitable for industrial mass production.

10 [0114]

In addition, these tetomilast crystals have
performance that is equivalent to or greater than that
of an anhydrous tetomilast type B crystal, in terms of
stability towards heat and moisture, and the

15 disintegration property and dissolution property of
tablets. Accordingly, these tetomilast crystals can

preferably be used as pharmaceutical compositions.

EXAMPLES
[0115]

20 The present invention will be described more
in detail in the following reference examples,
examples, and formulation example.

[0116]
Analytical method
25 (1) Thermogravimetry/differential thermal analysis
Thermogravimetry/differential thermal

analysis was carried out using TA60WS controller and



to 40, according to the general test nethod of the Pharmacopoei a of Japan,
using RAD-23 diffractoneter 15 (radiation source: CuKa) manufactured by
Ri gaku Denki. During the measurenent, voltage/current was set at 35 kV/20
mA, and the scan speed was set at 5Ami n. (0118J The mxing ratio of a

m xture consisting of 20 an anhydrous>tetonilast type A crystal and an

) t al bt ai.ne conpar i t.he powder
Xray i1 actish cohec ke R Crn TR fidReT BHeFoTh e ronaes X 1 ay
diffraction spaghiyghobud n@&éﬁxﬁ!&ﬁ%fﬂ%@m%\f‘xtmméhﬂg?g%% éagz't“hydrous

tetom | ast type A 25 crystal and pure anhydrous t t type B crystal
at various ratsih(iﬁtadkﬁld&z}pdr&);ibﬂfr%@@cisﬂ%tlﬂgfcﬁﬂiﬁ%% ysis 52 The IR

spectrum was measured by the KBr nmethod. [012 (4) 1H NMR neasurenent 5The
1H NMR spect r @fonesenebsedcadpparEMsR 6,5 usi 19 hYySoasa aangfler ease.
5 heated from 20°C (room temperature) to 250°C at a

temperature-rising rate of 5°C/min in a dry nitrogen
atmosphere. BAs a reference substance, o-alumina was
used.
[0117]

10 (2) Powder X-ray diffraction

The powder X-ray diffraction spectrum was

measured in an angle of diffraction that ranged from 3°
to 40°, according to the general test method of the
Pharmacopoeia of Japan, using RAD-2B diffractometer

15 (radiation source: CuKa) mapufactured by Rigaku Denki.
During the measurement, volfage/current was set at 35
kV/20 mA, and the scan speed was set at 5°/min.
[0118]

The mixing ratio of a mixture consisting of

20 an anhydrous tetomilast type A crystal_add an anhydrous
tetomilast type B crystal was obtained by comparing the
powder X-ray diffraction spectrum of the above mixture,
with the powder X-ray diffraction spectrum of a mixture
formed by mixing a pure anhydrous tetomilast type A

25 crystal and a pure anhydrous tetomilast type B crystal
at various ratios.
[0119]

(3) Infrared spectroscopic analysis



[0121] (5) Purity measurement The purity was neasured using high 10
performance |iquid chromatography (HPLC). The neasurement conditions were
as follows. Sanple: 0.03 g of a sanple was dissolved in 80 m of
acetonitrile, and 20 ml of water was then added to the solution, so as to
prepare a sanple 15 solution. The nea®urement was carried out usi ng 10 R

of the sanple solution Detector: Utraviolet photonetric
detector (W 254 mm) Corgnit SRR gﬁﬁ?ﬁf‘?ﬁﬁ\%ﬁi’! &hphEsE:

Acetonitril e/ 4&-pad Na2SH4 aqueous sol uti on/ phosphoric acid (500:500: 1)
[0122] (6) Particle size measurenment For the nmeasurenent of the particle
size, 0.1 25 powfojparticles to be neasured was suspended in 20 m of

n- hexane sol ution that contained 0.2 g of 0.1 w v pol yoxyet hyl ene (10)
octyl phenyl etder ‘HalidR uhdasasenieasit i on was t hen performed on the

suspensioné The 'H-NMR spectrum was measured in DMSO-dg,
using TMS as a reference.
f0121]
{(5) Purity measurement
The purity was measured using high
10 performance liquid chromatography (HPLC). The
measurement conditions weré as follows.
Sample: 0.03 g of a sample was dissolved in
80 ml of acetonitrile, and 20 ml of water was then
added to the solution, so as to prepare a sample
15 solution. The measurement was carried out using 10 ul
of the sample solution.
Detector: Ultraviolet photometric detector
(UV 254 nm)
Column: Wakosil 5C18 HG
20 Mobile phase: Acetonitrile/10 mM Na,SO,
aqueous solution/phosphoric acid (500:500:1)
[0122]
(6) Particle size measurement
For the measurement of the particle size, 0.1
25 g of particles to be measured was suspended in 20 ml of
n-hexane solution that contained 0.2 g of 0.1 w/v %
polyoxyethylene (10) octylphenyi ether, and

ultrasonication was then performed on the suspension.



53 Thereafter, the neasurenent was carried out using a particle size

di stribution nmeasurenent equipnment (M crotrac HRA, manufactured by .
Mcrotrac). [0123] 5 (7) Moisture val ue neasurenent The noi sture
contained in the sanple was nmeasured by the Karl Fischer nmethod. [0124] (38)
Mel ting point measurenment (corrected) S80For the nmeasurenent of the nelting

point, the sanple heated using a heater (prqduct name: LK6000PM
manuf act ur ed @efg\évgﬁeﬂ g el'é‘tel’?ség.er,“e’ﬁ‘? d'3° GRdELSEhauk oRing én of a

t t -risi te: . lL.ng state s then observed
using o 15 VHITO00C o o Bt S Bt A A B Rl e P or at on. [o125

Ref erence exanplierdtPioduet; %nﬁﬁ?aé@@ﬁ’éﬁ%&sbdti%ﬁrg'ﬂhééft type B crystal 20An
anhydrous tetom |l ast type B crystal was produced by the nethods described
in (1) to (3) [weeay. [0126]
5 (7) Moisture value measurement
The moisture contained in the sample was
measured by the Karl Fischer method.
[0124]
(8) Melting point measurement (corrected)
10 For the measurement of the melting point, the
sample was heated using a heater (product name:
LK6000PM; manufactured by Japan High Tech Co., Ltd.)
under the condition of a temperature-rising rate of
5°C/min, and the melting state was then observed using a
15 VH-7000C microscope manufactured by Keyence
Corporation.
[0125]
Reference example 1
Production of anhydrous tetomilast type B crystal
20 An anhydrous tetomilast type B crystal was
produced by the methods described in (1) to (3) below.
[0126]
(1) An anhydrous tetomilast type B crystal
was obtained by the method described in Journal of
25 Medicinal Chemistry, 1985, 38, pp. 353-358. That is to
say, an anhydrous tetomilast type B crystal was
obtained by the following method.
[0127] |



(1) An anhydrous tetom | ast type B crystal was obtained by the nethod
described in Journal of 25 Medicinal Chem stry, 1995, 38, pp. 353-358. That
is to say, an anhydrous tetom |last type B crystal was obtained by the
foll owi ng nethod. [0127] 54 First, nethyl 6-[2-(3,4-

di et hoxyphenyl )t hi azol - 4-yli pyri di n- Z5dar boxyl ate (49 g; 127 mol) and 10%
sodi um hydr oxi de (100 mere added to ethanol (1.4 L), and the obtained
m xture was 5 then stir 'oﬁmﬁhﬁéuﬁs %nﬁ%r'heatlng to reflux. A mjority

f I | d t d ethyl
cetate were thanaeneRre el Ao BB bR B ARl oy ar
obtained as a e%@btmﬁéd)t Uﬁxoﬁ‘i@@-r gbag&n"@fm‘b&%@e‘hb@ D) %&% A ¢ by addition

of 1096hydroch oric aci raction th eth acet at e.

Thereafter, theidest taCétmaﬁﬂquckzl ¥y, Vﬁﬁ:het(ﬂle\/\ﬂoblﬂaﬂnéétﬁﬁtﬁde_ $adi um
chl ori de aqueous sol ution, and was then dried over an excessive anmount of

magnesi um sul ftaee. sTherabtf@@imddhbbral widere hesasingctystatlvszedaf rom et hyl
acetate, so as to obtain an anhydrous tetom | ast type B crystal. [01281
A part of theTgBeaiRedamlFestsvaetohiniastedyfsoB thy sikalaimeldt ed ar ound
175C, and it was changed 20 to a needl e crystal. Thereafter, the above

crystal conpl@PZF l?&ﬂt%ﬂ? @&E@Bnﬁ%@éﬂ?ﬂgtaéeFéﬁﬁeV%f%w¥?Qﬂﬂﬁﬁ§§ﬁ 187C and

190C. [01291 gﬁetggtfggyaaea%g¥g gggrteionll L %X 25 crystal was

subj ected to er nogr avi metry er%n 14l erna s. As a result,
it was found bBekitd® ARE rRBHOL NGF Mt %%i’:%%aé?.oﬁh@é& ag%%d' BoFi 9. 5 were

observed.
10 acidic by addition of 10% hydrochloric acid, followed

by extraction with ethyl acetate. Thereafter, the
extract was quickly. washed with a saturated sodium
chloride aqueous solution, and was then dried over an
excessive amount of magnesium sulfaée. The obtained
15 mixture was recrystallized from ethyl acetate, so as to
ocbtain an anhydrous tetomilast type B crystal.
[0128] |
A part of the obtained anhydrous tetomilast
type B crystal melted around 175°C, and it was changed
20 to a needle crystal. Thereafter, the above crystal
completely melted (decomposed) at a temperature between
187°C and 190°C.
[0129]
The obtained anhydrous tetomilast type B
25 crystal was subjected to thermogravimetry/differential
thermal analysis. As a result, it was found that the
same endothermic peaks as those shown in Fig. 5 were

observed.



55 [0130] The powder X-ray diffraction spectrum of the obtained anhydrous
tetom |l ast type B crystal was nmeasured. As a result, it was found that
the sane 5 spectrumas that shown in Fig. 6 was observed. [0131] The

| RCKBr) spectrum of the obtained anhydrous tetom |l ast type B crystal was
measured. As a result, it was found tRat the obtained anhydrous 10

tetom | ast typﬁbl%o?rys'[ al had significant infrared absorption bands at
3298, 3090, 1744, 1593, 1474, 1348, 1269, 1132, 1045, 762, and 706 cm1 in

the IR (KBr) spectrum tfes @fwdelO%32hy 10{2r 219 oRf sﬁ&@wwﬂget etom | ast
i be

type A crystal obtained by the nethod of Exanple 1 as descri | at er was

di ssol ved i n 4@ athedf anisiroopatetomhidsr Hyiper BNgrysiter Wagating to reflux.
The obt ai ned sol uti on was cool ed to approxi mately 30C over about 1 20 hour,
and it was th&eapurefer Aoal edsalt 10 orad disendf thatl #ieursameo as to obtain
the precipitated crystal by filtration. The above precipitated crystal was
dried at 5RC PEPCETRBAS theg ghovn bmtlHir # wag opsemveshhydrous tet onil ast

type B crystal[oilgﬁ he form of a

The IR(KBr) spectrum of the obtained
anhydrous tetomilast type B crystal was measured. As a
result, it was found that the obtained anhydrous

10 tetomilast type B crystal had significant infrared
absorption bands at 3298, 3090, 1744, 1593, 1474, 1348,
1269, 1132, 1045, 762, and 706 cm™* in the IR (KBr)
spectrum thereof.

[0132]

15 (2) 5 g of an anhydrous tetomilast type A
crystai obtained by the metﬁod of Example 1 as
described later was dissolved in 400 ml of isopropanol
while stirring under heating to reflux. The obtained
solution was cooled to approximately 30°C over about 1

20 hour, and it was then further cooled at 10°C or lower
for 1 hour, so as to obtain the precipitated crystal by
filtration. The above precipitated crystal was dried
at 50°C for 3 hours, so as to obtain 4.6 g of an
anhydrous tetomilast type B crystal in the form of a

25 while needle crystal (yield: 92%).

[0133]
A part of the obtained anhydrous tetomilast

type B crystal melted around 175°C, and it was changed



25 while needle crystal (yield: 92%. [0133] A part of the
obt ai ned anhydrous tetom | ast type B crystal nelted around 175C, and it was
changed 56 to a needle crystal. Thereafter, the above crystal conpletely
mel ted (deconposed) at a tenperature between 187C and 190C. [01341 5The
obt ai ned anhydrous tetom | ast type B Béystal was subjected to
thernogravinetry/differential thermal analysis., As a result, it was found

that as showntPn2pPrgedls cgygseher mRESEHES Tne tBE oRRRYS € YAF8dnd 177C and
188C. 10 [0135 The  powder X-nay. diffracti ) rum of the
obt ai ned anhyﬁ#ﬂﬁ%eY%ﬁ¥nﬂﬁl§§p {€?ﬁ9W?Q§3¢gtéF fa eﬂ?@ﬁéﬁkﬁfP%%éwge?esult, i t
was found tha he Fig. 6, the above crystal had characteristic
peaks at 20 1%82§:%%?ME?Q?L11.9, 16.1, and 24.2. [0136] The | R(KBr)
spectrum of thgiebfai ned anhydrous tetom |last type B crystal was neasured.
As a result, it was found that the obtained anhydrous

5 The obtained anhydrous tetomilast type B

crystal was subjected to thermogravimetry/differential
thermal analysis. As a result, it was found that as
shown in Fig. 5, endothermic peaks were observed around
177°C and 188°C.

10 [0135]

The powder X-ray diffraction spectrum of the
obtained anhydrous tetomilast type B crystal was
measured. As a result, it was found that as shown in
Fig. 6, the above crystal had characteristic peaks at 26

15 = 4.1°, 8.1° 11.9° 16.1° and 24.2°.
[0136]

The IR(KBr) spectrum of the obtained
anhydrous tetomilast type B crystal was measured. As a
result, it was found that the obtained anhydrous

20 tetomilast type B crystal had significant infrared
absorption bands at 3298, 3090, 1744, 1593, 1474, 1348,
1269, 1132, 1045, 762, and 706 cm™ in the IR (KBr)
spectrum thereof.

[0137]

25 (3) 10 g of an anhydrous tetomilast type A
crystal obtained by the method of Example 1 as
‘described later was dissolved in 400 ml of ethyl

acetate while stirring under heating to reflux. The



20 tetom | ast type B crystal had significant infrared absorption bands at
3298, 3090, 1744, 1593, 1474, 1348, 1269, 1132, 1045, 762, and 706 cm1 in
the IR (KBr) spectrumthereof. [0137] 25(3) 10 g of an anhydrous tetom | ast
type A crystal obtained by the nethod_of Exanple 1 as .described |ater was
di ssolved in 400 m of ethyl acetate While stirri ng under heating to

reflux. The ! t] e r,OXi gl y..30C over
about 1 hour,ééﬁgpé%mr%gﬁg# ?%?t%%ﬁegggkegpgfo%%tée YF?M 67 1 hour, so
as to obtain kheuprecidid,aked ¢f pdalnRy Fhbihat i bichharabgae Jyrecipitated
crystal 5 was dried at 50C for 3 hours, so as to obtain 9.3 g of an

anhydr ous t et dowéasfor Yip@oBrer ystad Honobbeihothe raxiphi-heedeedl e crystal
(yield: 93%9. [0138] A part of the obtained anhydrous tetom l-ast 10 type B
crystal neltedrgsGaindyl T3Ctrahtont Whe shangepré¢aip tadedl ergstyst al .

Thereafter, the above crystal conpletely nelted (decorrpose%)n at a
t enper at ur @ bEREHeBAE SAKE EC3 houndi S5 HFe tebrhtave Arihadiedus

{oLom act 188 BalthakaoR AU ket St e g R Cerental
as those shovgnifl FQqia Ve[ PPSRALSE: 933 .
[0138]

A part of the obtained anhydrous tetomilast

10 type B crystal melted around 175°C, and it was changed
to a needle crystal. Thereafter, the above crystal
completely melted (decomposed) at a temperature between
187°C and 190°C.

[0139]

15 The obtained anhydrous tetomilast type B
crystal was subjected to thermogravimetry/differential
thermal analysis. &As a result, it was found that the
same endothermic peaks as those shown in Fig. 5 were
observed.

20 [0140]

The powder X-ray diffraction spectrum of the
obtained anhydrous tetomilast type B crystal was
measured. As a result, it was found that the same
spectrum as that shown in Fig. 6 was observed.

25 [0141]

The IR(KBr) spectrum of the obtained
anhydrous tetomilast type B crystal was measured. 2As a

result, it was found that the obtained anhydrous



20 [ 01401 The powder X-ray diffraction spectrum of the obtained
anhydrous tetom | ast type B crystal was neasured. As a result, it was found
that the sanme spectrumas that shown in Fig. 6 was observed. 25 [01411 The
| RCKBr) spectrum of the obtained anhydrous tetom |l ast type B crystal was
measured. As a result, it was found tR&t the obtained anhydrous 58

tetom | ast t a Lonifi I;nf rat bsorpti on bands at

3208, 3000, LURIRILT Gy Brfgtal 5Ret Si%‘?&%ﬁgl%’%’?ﬁhd 706 cm 3. in
the IR (KBr) speeiptiBid hrRef at 526814%00Exambe is&%PQHﬁM'0&32§,a”hydrous
tetom | ast type A crystal An anhydrous tetomilast type A crysial’was
produced by theeaptiusds dedsri bed, i ahd Hoet em(™ )inbehewrr 10xd,9143]

(1) 5 g of the anhydrous tetonm | ast type B crystal obtained in Reference
exanpl e 1 (3) spastdisddleredfi.n a sol ution consisting of 140 ml of acetone
and 35 nm %; %%Eer while stirring under heating to

427
Example 1
Production of anhydrous tetomilast type A crystal

An anhydrous tetomilast type A crystal was
produced by the methods described in (1) to (7) below.

10 [0143]

(1) 5 g of the anhydrous tetomilast type B
crystal obtained in Reference example 1 (3) was
dissolved in a solution consisting of 140 ml of acetone
and 35 ml of water, while stirring under heating to

15 reflux. The obtained solution was cooled to 40°C over
about 100 minutes (at this point, an anhydrous
tetomilast type A crystal was precipitated), and it was
then further cooled to 10°C or lower, so as to obtain
the precipitated crystal by filtration. The above

20 precipitated crystal was dried at 60°C for 18 hours, so
as to obtain 4.0 g of an anhydrous tetomilast type A
crystal in the form of a while columnar crystal (yield:
80%).

[0144]

25 The obtained anhydrous tetomilast type A
crystal melted (decomposed) at a temperature between
187°C and 189°C.

[0145]



15 reflux. The obtai ned solution was cooled to 40C over about 100 m nutes
(at this point, an anhydrous tetom | ast type A crystal was precipitated),
and it was then further cooled to 10C or lower, so as to obtain the
precipitated crystal by filtration. The above 20 precipitated crystal was
dried at 60C for 18 hours, so as to oBgai n 4.0 g of an anhydrous tetom | ast

type A crystal in the fTHéﬂbBEa§F$@i$§§%§¥4§g2?$§§%¥f%éﬁféﬁge? d: 80% . [0144]

25The obt ai ned anhydrous tetom | ast econposed) at a

tenperature betryeeal LBECsabded88€. td Odnog28vimetry/difra R+ 9RY @i ned
anhydrous tetom | ast type A crystal was subjected to

t her mogr avi netthgtual faredysial t heraatesanal, ystswadsfaunesuat, skt was found
that as shown in Fig. 3, an endotherm c peak was observed 5 around 188C.
[0146] The powBevn it digdi Bf r ast ¢ndoEpenticupeak wark disieaivedd anhydr ous
tetom | ast _type A(gr stal was neasured. As a result, it was found that as
shown in 10 Fgﬁo e~above crystal had characteristic peaks at 20

[0146]

The powder X-ray diffraction spectrum of the
obtained anhydrous tetomilast type A crystal was
measured. As a result, it was found that as shown in

10 Fig. 4, the above crystal had characteristic peaks at 20
= 10.5° 13.1° 18.4°, 21.9° and 25.8°.
[0147]
The IR(KBr) spectrum of the obtained
anhydrous tetomilast type A crystal was measured. As a
15 result, it was found that the obtained anhydrous
tetomilast type A crystal had significant infrared
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,
1271, 1132, 1045, 758, and 704 cm™ in the IR (KBr)
spectrum thereof.
20 [0148]

(2) 5 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) as described later
was dissolved in 400 ml of ethanol while stirring under
heating to reflux. The obtained solution was cooled to

25 approximately 30°C over about 1 hour, and it was then
further cooled at 10°C or lower for 1 hour, so as to
obtain the precipitated crystal by filtration. The

above precipitated crystal was dried at 50°C for 3



= 10.5, 13.1, 18.4, 21.9, and 25.8. [0147] The I R(KBr) spectrum of the
obt ai ned anhydrous tetom | ast type A crystal was neasured. As a 15 result,
it was found that the obtai ned anhydrous tetom | ast type A crystal had
significant infrared absorption bands at 3306, 3084, 1746, 1593, 1474,

1348, 1271, 1132, 1045, 758, and 704 éfh 1 in the IR (KBr) spectrumthereof.
20 [0148] (2) m@sof SEh ydr efom | ast type A crystal ,obtained in
Exarpl e 1 (6) as Sésgéi%Se?l{]é’t%é‘?ﬁa/axé'%igs"of\?élda?(‘ﬁy% o C P AShol whi | e

stirring underyheahi Bgyseay okl ¥xe Fhen QX @ %@1@%&%&&#’%@%@8&“ to 25

approxi mately 30C over about 1 hour, and it was then further cooled at 10C

or |ower for Xyleld; s®ew)s. to obtain the precipitated crystal by
filtration. The above precipitated crystal was dried at 50C for 3 60
hours, so as to obtai n Zhe3 mglofingnpaitiy drifotibet ebbainastanhydecAscrystal in

the formof a while columar crystal (yield: 86%. The Melting
poi nt of tMe GEtaMALISEiKPe BusTESER oS RetweopeldB°Sr §udalodiss bet ween

188C and 190C,(.deconposition). [0149] The obt ai ned anhydrous
t et oni | ast tyééeﬁ9%§%%§%ﬂ°dxas subj ected to thernogravimetry/differential

[0149]
The obtained anhydrous tetomilast type A
crystal was subjected to thermogravimetry/differential
10 thermal analysis. As a result, it was found that the
same endothermic peak as that shown in Fig. 3 was
observed.
[0150]
The powder X-ray diffraction spectrum of the
15 obtained anhydrous tetomilast type A crystal was
measured. As a result, it was found that the same
spectrum as that shown in Fig. 4 was observed.
[0151]
The IR(KBr) spectrum of the obtained
20 anhydrous tetomilast type A crystal was measured. 2As a
result, it was found that the obtained anhydrous
tetomilast type A crystal had significant infrared
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,
1271, 1132, 1045, 758, and 704 cm™ in the IR (KBr)
25 spectrum thereof.
[0152]
(3) 10 g of the anhydrous tetomilast type A

crystal obtained in Example 1 (6) as described later



10 thermal analysis. As a result, it was found that the sanme endothermc
peak as that shown in Fig. 3 was observed. [0150) The powder
X-ray diffraction spectrumof the 15 obtained anhydrous tetoni|ast type A
crystal was neasured. As a result, it was found that the sanme spectrum as

that shown in Fig. 4 was observed. [0851] The I R(KBr) spectrum of the
was neasured. As a result,

obt ai ned 20 an drdous %et n | %Qt pe_A crystal v asy

it was found tHat tR&° Yﬁcgi]ﬁ‘eg nﬂ%u‘i’%lﬁceﬁ ni"hase $Higeindcepdenl had

ignificant inpfrLak i,on d t. 3306, .3084, 1746, 1593, 1474,

1348 1271, |1%53?&§g4%?3%§§$‘5‘énd@%49%%1ﬁdﬂSP%QH? (W@ﬁrfOE%eapE%trum

thereof. [0152bpf8kidddl Pi30bdeRhueoaus 1t fL.o0 |.asf 1EY08s Auﬁ%yst al
e

obtained in Exanple 1 (6) as described |ater 1 was di ssolv in 400 mM of

acet one whi | e farthef ngpalrdentheetd rg toweel Fox.1 HRODE8I Agd sol ution was
cooled to %(p;pr oxi mately 30C over about 1 hour, and it was then further
cool ed at Cobtainvigre frmeciphbatred sryasatloby obltatatilohe preei pitat ed

crystal by filtration. The
above precipitated crystal was dried at 50°C for 3
hours, so as to obtain 8.3 g of an anhydrous tetomilast
type A crystal in the form of a while columnar crystal
(yvield: 83%).

10 [0153]

The obtained anhydrous tetomilast type A
crystal melted (decomposed) at a temperature between
188°C and 190°C.

[0154]

15 The obtained anhydrous tetomilast type A
crystal was subjected to thermogravimetry/differential
thermal analysis. As a result, it was found that the
same endothermic peak as that shown in Fig. 3 was
observed.

20 [0155]

The powder X-ray diffraction spectrum of the
obtained anhydrous tetomilast type A crystal was
measured. As a result, it was found that the same
spectrum as that shown in Fig. 4 was observed.

25 [0156]

The IR(KBr) spectrum of the obtained
anhydrous tetomilast type A crystal was measured. As a

result, it was found that the obtained anhydrous



above precipitated crystal was dried at 50C for 3 hours, so as to obtain
8.3 g of an anhydrous tetom |l ast type A crystal in the formof a while
columar crystal (yield: 83%. 10 [0153] The obt ai ned anhydr ous
tetom | ast type A crystal nelted (deconposed) at a tenperature between 188C
and 190C. [0154j 15The obtai ned anhydepus tetom | ast type A crystal was
subjected to thermogravinetry/differential thermal analysis. As a result,

it was found tiedomihastahrredderisiad dakad wd fiigantshotwadad Fig. 3 was
observed. 20 [0155J owder X-ray diffracti.on trumof the
obt ai ned anhyd’t%&@Fé?%n’??‘H%sc attyagog( c}%‘]t'aln%és Héggur]eﬁ"l Ai'%g%r esult, it

was found that s as t g S, observed. 25

[ 01561 The IR(]‘»EE?) ggg%tr é o%$2%0n422: anhﬁjr(?ﬁe If{et%e@ )I ast type A
crystal was gge@eﬁ(j_esult it was found that the obtained anhydrous
62 tetom | ast ype A crystal had significant infrared absorption bands at

3306, 3084,5 17446571593, 1474, 1348, 1271, 1132, 1045, 758, and 704 crell in
the IR (KBr) spectrumthered. 5 [0157]
(4) 10 g of the anhydrous tetomilast type A

crystal obtained in Example 1 (6) as described later
was dissolved in a solution consisting of 320 ml of
acetone and 80 ml of water, while stirring under

10 heating to reflux. The obtained solution was cooled,
in a stepwise manner, to 30°C over about 3 hours, it was
then cooled to 20°C over-1 hour, and it was then further
cooled to 10°C over 0.5 hours, so as to obtain the
precipitated crystal by filtration. The above

15 precipitgted crystal was dried at 50°C for 3 hours, so
as to obtain 8.3 g of an anhydrous tetomilast type A
crystal in the form of a while columnar crystal (yield:
83%) .

[0158]

20 The obtained anhydrous tetomilaét type A
crystal melted (decomposed) at a temperature between
187°C and 189°C.

[0159]
The obtained anhydrous tetomilast type A

25 crystal was subjected to thermogravimetry/differential
thermél analysis. As a result, it was found that the
same endothermic peak as that shown in Fig. 3 was

observed.



(4) 10 g of the anhydrous tetom last type A crystal obtained in Exanple 1
(6) as described |later was dissolved in a solution consisting of 320 m of
acetone and 80 m of water, while stirring under 10 heating to reflux. The
obt ai ned sol ution was cooled, in a stepw se manner, to 30C over about 3
hours, it was then cooled to 20C overs3 hour, and it was then further
cooled to 10C over 0.5 hours, so as to obtain the precipitated crystal by
filtration. TH&1&Bbve 15 precipitated crystal was dried at 50C for 3 hours,

So as to obtain 8.3 g an _anhydrous tetom | ast type A cryst in the form
of a while columar cr ealpo(";é]e)él g:"r%‘é"f?’tfof[%fgéfnz &5t gi%ngheanhydrous
and 189¢. [ 0188F° HieY chPy Rl SR ARE eI 38k PasPrivie ks crystal was
subj ected to tRgsaPedaviNRl Yediiferantial rohgamha@naly Yage As a result,
It was found that the sane endotherm c peak as that shown in Fig. 3 was
observed. %3 sp@%6Ohm as that shown in Fig. 4 was observed.
[0161]
The IR(KBr) spectrum of the obtained
anhydrous tetomilast type A crystal was measured. As a
result, it was found that the obtained anhydrous
10 tetomilast type A crystal had significant infrared
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,
1271, 1132, 1045, 758, and 704 cm™ in the IR (KBr)
spectrum thereof.
[0162]
15 (5) 5 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) as described later
was dissolved in a solution consisting of 450 ml of
acetone and 300 ml of water, while stirring under
heating to reflux. The obtained solution was cooled to
20 approximately 30°C over about 1 hour, apd'it was then
further cooled at 10°C or lower for 1 hour, so as to
obtain the precipitated crystal by filtration. The
above precipitated crystal was dried at 50°C for 3
hours, so as to obtain 4.2 g of an anhydrous tetomilast
25 type A crystal in the form of a while columnar crystal
(yield: 84%).
[0163]

The obtained anhydrous tetomilast type A



The powder X-ray diffraction spectrum of the obtai ned anhydrous tetom | ast
type A crystal was neasured. As a result, it was found that the sanme 5
spectrum as that shown in Fig. 4 was observed. [0161] The I R(KBr) spectrum
of the obtai ned anhydrous tetom | ast txpe A crystal was neasured. As a
result, it was found that the obtai ned anhydrous 10 tetom | ast type A

crystal had sighidii=ga iy r pt.j angd 6, .3084, 1746,
1593, 1474, 13%},&?%7%1&1%2@9‘%%2“%?%;@8,étgr%dt% zéﬁénélirg%goeﬁ%’eeeh (KB )
spectrum t her exgfg°c[ &IH62B01S(5) 5 g of the anhydrous tetom |l ast type A
crystal obtained in Exanple 1 (6) as described |ater was dissolved in a
sol uti on consilXlieddg of 450 ml of acetone and 300 ml of water, while
stirring under heating to reflux. The obtai ned solution was cooled to 20
approxi matel y 30C over Hiogbtainedrantusihwas thbemilasthérypeodl ed at 10C or
| ower for hour F%{? as to qgbtain the precipitated crystal by filtration.

The above pt eGFtat Pt AFRISCtRAsEAfhegmeprapEnelory/Alifderentialas to
btain 4.2 t ilast .25 t A l in the formof a
ohi te coi umarrerial MHlyRLR ! 430y ARbks) HHPEREuRHRE Frahnybr us

tetom | ast tyRamA efdothermic peak as that shown in Fig. 3 was

O

observed.
[0165]

10 The powder X-ray diffraction spectrum of the
obtained anhydrous tetomilast type A crystal was
measured. As a result, it was found that the same
spectrum as that shown in Fig. 4 was observed.

[0166]

15 The IR(KBr) spectrum of the obtained
anhydrous tetomilast type A crystal was measured. As a
result, it was found that the obtained anhydrous
tetomilast type A crystal had significant infrared
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,

20 1271, 1132, 1045, 758, and 704 cm™ in the IR (KBr)
spectrum thereof.

[0167]
(6) 41.4 g of ethyl 3-oxo-3-(6-
methoxycarbonyl—-2-pyridyl) propionate was dissolved in a

25 solution consisting of 42 ml of water and 414 ml of
ethyl acetate, and the obtained solution was then
cooled to a temperature between 5°C and 10°C.

Thereafter, a solution obtained by dissolving 35.6 g of



crystal nelted (deconposed) at a tenperature between 188C and 190C. [0164]

The Obtained anhydrous tetom | ast type A 5 crystal was subjected to
thernogravinmetry/differential thernal analysis. As a result, it was found
that the sanme endotherm c peak as that shown in Fig. 3 was observed.

[0165] 10The powder X-ray diffraction6§pectrup;othhei?baggnfg §3h¥ﬂ;?ufhe
1l ast t S agured.
Same Spect r Ui S R Share B o0 et bRl St et et AsRHE | R ker)

sane spectrum as that shown 1 n was o rve

spectrum of t hirophtiabnes tranhydkeUsos BIPHJ1a8E ohYPFA Crystal was measured.
As a result, it was found that the obtai ned anhydrous tetom |l ast type A

crystal had siappicbktaatelnfilamedusdsorptilen shapdsnt 330623984, 1746,
15%3, 1474, 1348, 20 1271, 1132, 1045, 758, and 704 cm1 in the IR (KBr)

spectrum t her é5f. opbald mixture was (B)intedday afteigutatirexo- 3- (6-
i onate was di ssolved in a 25 solution

gg;g?ﬁ%’fﬁé%g%éﬁ%ﬁ&m%%&rio W 528 Hhair-et Bypbsageently, die t he obt ai ned
sol ution was EQSQt&éﬁ”é%iukgo% &gs %éﬁkﬁr%pbgé“553251%&?@11&055°c,
while the solvent was distilled away from the reaction
solution. The reaction solution was continuously.
heated at a temperature between approximately 90°C and
10 100°C for 2 hours while stirring. Thereafter, the
obtained mixed suspension (containing crystals) was
cooled to approximately 10°C, and it was then stirred
for 1 hour, followed by filtration, so as to obtain
27.99 g of 2-(2-chloroacetyl)-6-pyridine carboxylic
15 acid in the form of yellow-brown crystals (melting
point: 184°C to 189°C; purity: 98% to 59%).
[0168]
20 g of 2-(2-chloroacetyl)-6-pyridine
carboxylic acid and 22.6 g of 3,4-diethoxythiocbenzamide
20 were dissolved in a solution consisting of 100 ml of
water and 200 ml of dimethoxyethane. The obtained
solution was heated to reflux for 2 hours while
stirring, and the reaction solution was then cooled to
5°C or lower, so as to obtain a yellow-brown precipitate
25 by filtration.
[0169]
Subsequently, the above precipitated crystal

was dissolved in a solution formed by dissolving 6.18 g



Thereafter, a solution obtained by dissolving 35.6 g of 65 sulfuryl
chloride in 83 m of ethyl acetate was added dropw se to the above cool ed
sol ution over approximately 30 mnutes, while stirring. Thereafter, the
obtained m xture was stirred at a tenperature 5 between 10C and 20C for 1
hour. Subsequently, the reaction sol uffon was heated up to approxi mately

react | on Sol Ut oR WS KURCPRUBUEFS Wt B4 h OF UERBE: arii between

reacti on sol ution was conti‘nuou

approxi mat el 39G1aRd 1014005 (86 ZAOUISPNIR SLIGY M cTherealter, the

obt ai ned m xed suspension (contalning crystals ed To approxi mately

10C, and it wawitben1sé iy ed2for InbeudscdQl hoyeds bycfidatkeati on, so as to
obtain 27.9'9 g of 2-(2-chloroacetyl)-6-pyridine carboxylic 15 acid in the

form of yel | owabbonnwas yesidelds tonehe | spaniteld wiB4E 10yek§9GndpURELY: 98%to
999 . (0168£ . 20 g of 2-(2-chloroacetyl)-6- p_yji di ne carboxylic
aci d and 22 6°ofteinsd sqfiuitivoxyehi tiem Arinted20t weprer aiisgeckigd307C a
sol ution ConSithtig'&ﬂrg{ 100 ni OL vvaft er and 20g m of di rlrcetohoxyejt hane. The
obt ai ned sol ufPon heS H&Sed TBeFRITTane ftoe chbvateduniarbost weeing, and the
D, Son RS LSRR, LB PO Ol ao0 o TG 2
of concentrated hydrochloric acid were then added to
the obtained filtrate, so as to obtain a suspension (a
10 mixture consisting of a tetomilast hydrate crystal and
an anhydrous tetomilast type B crystal). In order to
transfer the mixture consisting of a tetomilast hydrate
crystal and an anhydrous tetomilast type B crystal to
an anhydrous tetomilast type A crystal, the above
15 suspension was heated at 60°C for 30 minutes, and it was
then cooled to room temperature, so as to obtain a
crystal by filtration, thereby obtaining an anhydrous
tetomilast type A crude crystal (34.82 g; wet state).
[0170]
20 8.67 g of the crude crystal was dissolved in
a solution consisting of 213 ml of acetone and 53 ml of
water by heating at 60°C without drying it, followed by
filtration during a hot state. Subsequently, the
obtained filtrate was heated again, and dissolution of
25 the crystal was then confirmed. Thereafter, the
filtrate was cooled to 50°C. 79 mg of an anhydrous

tetomilast type A crystal was added as a seed crystal

to the cooled filtrate, and the obtained mixture was



[0169] 66 of potassium hydroxide in 372 ml of water. The obtained
solution was extracted with ethyl acetate twice (186 mM x 2). Thereafter, 1
g of activated carbon was added to the separated water |ayer, and the 5
obtai ned solution was then stirred at approximately 30C for 30 m nutes.
Thereafter, the activated carbon was #&noved by filtration, and 372 m of
acetone and 1 |l oric acid were_ then added to the

2 f trated hyd
obt ai ned filt rlcg?]%?s%orrcg{]lggnSL%f?%e%y@&gggﬁEV%ﬁn(%Zo_foaﬁiix'f’%ce consi sting of
a tetom | ast WHE%rf‘alcr@éﬁl éka@@e)a%a:!‘@y%gyé tefoegfiela%sc}e g@ﬁ?’B crystal).

In order to transfer the xture consisting of a 0 drate crystal

and an anhydr gysaifdPEclast oh YiEs Bdoivst 8b £enaphydroys; ) | ast type
A crystal, the above 15 susBensi on was heated at 60C g%rb%()r&aencite% tes, and it

was then cool 20 hinutee) LAGPEE atdd &heBOs8Srtod Ot &l Rtehpeh¥staé by
filtration, thereby obtaining an anhydrous tetom | ast type A crude crystal
(34.82 g; \ietbsetwaay) 100150d 2208. 67r @ dfoutrse cTheeeafiyst,altheas di ssol ved in
a solution consisting of 213 m of acetone and 53 m of water by heating at
60C wi t hout dPFYHHGt WaBoFPRbRd tsy 5FF | evast iBn mdaritry, aandtitswaise.
Subsequently, the qQhtained filtrate and di ssol ution of 25

t ed in,
the crystal wasSH RarTEsht A F e Lerhese H%‘F(rgg?t‘l??‘%‘a%%w?’éfléo\ﬁa@ﬁo%l ed to 50C.
79 f t pmi . 1 d t al
i Wi 1607 W el s G g o Seed it

to the cool e rate, and t ure was stirred at a

tenperature beimeeridaC amte Movd PLEENS t4€IPUAIMES) wher aihipurs.
Thereafter, the obtained solution was cool ed to 20C over approximately 20

m nut es, and at 8046 ovemigghitr,r ed as to tebreematiupe § betawen 19C and 25C for
2 hours. Thereafter, the solution was cooled to 5C. over 35 mnutes, and it

was then stirddydgeus terpekasi dypet heervat@landhoeef yiedd was

78.4% when 6-—chloroacetyl-2-pyridine carboxylic acid

was used as a reference). The HPLC purity of the

obtained anhydrous tetomilast type A crystal was 99.9%.
15 [0171]

A part of the obtained anhydrous tetomilast
type A crystal melted around 175°C, aﬁd it was changed
to a needle crystal. Thereafter, the above crystal
completely melted (decomposed) at a temperature between

20 187°C and 190°C.
[0172]

The obtained anhydrous tetomilast type A
crystal was subjected to thermogravimetry/differential
thermal analysis. As a result, it was found that the

25 same endothermic peak as that Shown in Fig. 3 was
observed.
[0173]

The powder X-~ray diffraction spectrum of the



hours, so as to obtain the precipitated crystal by filtration. The above
preci pitated crystal was dried 10 at 80C overnight, so as to obtain 7.25 g
of an anhydrous tetom | ast type A crystal (whose yield was 78. 4% when

6- chl oroacetyl-2-pyridine carboxylic acid was used as a reference). The
HPLC purity of the obtained anhydrous¢Betonilast type A crystal was 99. 9%

15 [01711 , A part of the optained anhydrous tetom | ast type A
crystal mel t e®PhAORRY ﬁé&ﬁéiogﬁdt?F°W%&?§ﬁu%ﬂ9§dAt8r¥§?ﬁﬁﬁﬂQ§ crystal .

Thereafter, t %a§99¥ Dck%iéa%%§8¥gggﬁgk%¥g§%h%g ggggqggg%ﬁgk at a

t enper at ure between obt ai ned

anhydrous tet QuLl-8stm taP & ACEKSIAl i¥as SUD) §akedbtOrved. |
thernogravimry/differential thermal andlysis. As a result, it was found

that the 25 sgme7endot herm c peak as that shown in Fig. 3 was observed.
[0173] 68 obtained anhydrous tetom | ast type A crystal was neasured. As a
result, it Sas found tHite (IRdKBahesppactuumfashehabtahmath in Fig. 4 was
observed. [0174] 5The I R(KBr) spectrum of the_obtained anhydrous tetom | ast
type A cryst aRnpddrohiftemi LASTt atyRe f} tCriistakayas oteRSu4RAt: t A€ Bbt ai ned

aohyrous SeLOTLEE! LR A ELUS' Bl S U ST agred, absorpLion,
704 cm 1. in ttg%oxlnﬁa(é@rt)yp%picEgyg{éfq{aq,pfs'ignificant infrared
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,
10 1271, 1132, 1045, 758, and 704 cm™* in the IR (KBr)
spectrum thereof.
[0175]
The obtained anhydrous tetomilast type A
crystal was crushed with an atomizer, so as to obtain
15 powders having a mean particle size of 30.4 pum and a
90% cumulative particle size of 57 pm.
[0176]
(7) 32.36 g of the tetomilast hydrate crude
crystal obtained in Example 5 (2) as described later
20 was dissolved in a solution consisting of 197 ml of
purified water and 793 ml of acetone by heating at
approximately 60°C, followed by filtration during a hot
state. Subseqguently, the obtained filtrate was heated
again, and dissolufion of the crystal was then
25 confirmed. Thereafter, the filtrate was cooled to 45°C.
290 mg of an anhydrous tetomilast type A crystal was
added to the cooled filtrate, and the obtained mixture

was then stirred at 45°C for 2 hours. Thereafter, the



[ 0175] The obt ai ned anhydrous tetom |l ast type A crystal was
crushed with an atom zer, so as to obtain 15 powders having a nean particle
size of 30.4 pmand a 90% cunul ative particle size of 57 pm [0176] (7)
32.36 g of the tetom | ast hydrate crude crystal obtained in Exanple 5 (2)
as described later 20 was dissolved i ®% sol ution consisting of 197 m of

urified water _and_793 aof acetone eat,| at _approxi mately 60C,

1I‘Ool | owed by ficlk}%;aéflfegns%ﬂ][ﬁ‘ﬁ?é‘ gaﬁof:ogf‘%‘? g'to gt?gge%‘ﬂ%]f‘lt UG He BBBE ai ned
filtrate was [ .di.ggol ut i r ol.hen 25
clonfi r med. Th%a?gegggt%eer’?%ﬁﬁrggtgé ‘\%\gsé %é(ﬁgg%{ﬂ%x%%é%%%\"ﬁ% gf an
anhydrous tet qiid astc tasRe2An66¥S! al THB%3¢ded £ tée waQhegakiltrate, and

the obtained m xture was then stirred at 45C for 2 hours. Thereafter, the
69 obt ai ned saodlleantoeBSCcootedabaut?@Choves, abnditid urcheand it was then
stirred at a tenperature between 20C and 24C for 2 hours. Thereafter, the
sol uti on wes cddiraddtar SCtemperabone Pethmars ~18Gdand Sf@sfoheh 5 stirred at
a tenperature between -1C and 5C for 2 hours, so as to obtain the

preci pi tated &OpEEal SHRF bt PRERSA. L rasdwd tpEeedi prystal kerystal was

dried at 80C 195 2.hours. 129 3848 SRLALN 2hehtogy elapn Anydigus
at 80°C for 4 hours, so as to obtain 24.11 g of an
anhydrous tetomilast type A crystal.
10 [0177]

The obtained anhydrous tetomilast type A
crystal was subjected to thermogravimetry/differential
thermal analysis. As a result, it was found that the
same endothermic peak as that shqwn in Fig. 3 was

15 observed.
(0178}

The powder X-ray diffraction spectrum of the
obtained anhydrous tetomilast type A crystal was
measured. As a result, it was found that the same

20 spectrum as that shown in Fig. 4 was observed.
[0179]

The IR(KBr) spectrum of the obtained
anhydrous tetomilast type A crystal was measured. As a
result, it was found that the obtained anhydrous

25 tetomilast type A crystal had significant infrared
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,
1271, 1132, 1045, 758, and 704 cm™* in the IR (KBr)

spectrum thereof.



The obt ai ned anhydrous tetom | ast type A crystal was subjected to
thernogravinetry/differential thermal analysis. As a result, it was found
that the sanme endotherm c peak as that shown in Fig. 3 was 15 observed.
[0178] The powder X-ray diffraction spectrum of the obtained
anhydrous tetom |l ast type A crystal wd® neasured. As a result, it was found
that the sane @gﬁ)ﬂectrum as that shown in Fig. 4 was observed. [0179]

The I R(KBr) sp m of the obtained anhydrous tetom | ast type A crystal
was neasured. jgesult, it was found that the obtained anhydrous 25
tetom | ast type K crystal had significant infrared absorption bands at

3306, 3084, 1MAGJuteddn It Hhhyd3d8s ’é&?c;miﬂajs%ztﬁzﬂa@451cz_7§5§balfind 704 cm1lin
the IR (KBr) spectrumthereof. 70 [0180] Exanple 2 Production of anhydrous

tetom | ast type C crystalg f0thk bhRyanhysirutenrtiebeti tysd Aype A 5 crystal
obtained in Exanple 1 (6) was dissolved in 500 m of nmethanol, while
stirring urierchdys&gilngbtaimeef LoxExFhelebt al Gledasobussolveagsincddi0ed t o
approxi mately 30C over_ about 1 hour, and it was then further cooled at 10C
or lower for Mlhedrmethangl,t ghdbeashlenbng onstesc PerEbred mspftlar - by

25 to obtain 476 QOERLATH AMIVEEB0SEE S FRREC TR R The Torm of
a while platyo e%sggbué¥£§k9&q7§%@'it was then further cooled at
10°C or lower for 1 hour, so as to obtain the
10 precipitated crystal by filtration. The above
precipitated crystal was dried at 50°C for 3 hours, so
as to obtain 3.8 g of an anhydrous tetomilast type C

crystal in the form of a while platy crystal (yield:

15 [0181]

A needle crystal was generated from the
crystal surface of the obtained anhydrous tetomilast
type C crystal at 184°C, and the above crystal melted
(decomposed) at a temperature between 187°C and 190°C.

20 [0182]

The obtained anhydrous tetomilast type C
crystal was subjected to thermogravimetry/differential
thermal analysis. As a result, it was found that as
shown in Fig. 7, endothermic peaks were observed around

25 184°C and around 189°C.
[0183]
The powder X-ray diffraction spectrum of the

obtained anhydrous tetomilast type C crystal was



15 [ 01811 A needl e crystal was generated fromthe crystal
surface of the obtained anhydrous tetom | ast type C crystal at 184C, and

t he above crystal nelted (deconposed) at a tenperature between 187C and
190C. 20 [0182] The obt ai ned anhydrous tetom |l ast type C crystal
was subjected to thernogravinetry/differential thermal analysis. As a

cbserved ar ot S8 Shachand Broung tgocad sebnd that as SRoRRTES NS ray
was 71 moasurch o 2o aear e, i R S R SRR 20 e
above crystal=hagocharact ani gt cdadksoat 720 474408, 98. 2, 12.0, 16.4, 24.7,
and 25.9. [0184] 5The I R(KBr) spectrum of the obtalned anhydrous tetonil ast
type A crysta[OVes] neasured. As a result, it was found that the obtained
anhydrous tetom | ast type A crystal had significant infrared absorption
bands at 3300, 3088, 17h&, IRGKBY) BPEELru846f Hide K28AIned32, 1045, 754, and
TO e L s bt R T A et Ty h O ystat s meashred. As a
result, it was found that the obtained anhydrous
tetomilast type A crystal had significant infrared
absorption bands at 3300, 3088, 1744, 1593, 1476, 1346,
10 1267, 1132, 1045, 754, and 704 cm™ in the IR (KBr)
spectrum thereof.
[0185]
Example 3
Production of tetomilast acetonitrile solvate crystal
15 5 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) was dissolved in 400
ml of acetonitrile, while stirring under heating to
reflux. The obtained solution was cooled to
approximately 30°C over about 1 hour, and it was then
20 further cooled at 10°C or lower for 1 hour, so as to
obtain the precipitated crystal by filtration. The
above precipitated crystal was dried at 50°C for 3
hours, so as to obtain 5.1 g of a tetomilast
acetonitrile solvate crystal in the form of a while
25 platy crystal (yield: quantitative).
[0186]

The obtained tetomilast acetonitrile solvate

crystal became clouded at 90°C, and the above crystal



Production of tetom |ast acetonitrile solvate crystal 155 g of the
anhydrous tetom | ast type A crystal obtained in Exanple 1 (6) was dissol ved
in 400 mM of acetonitrile, while stirring under heating to reflux. The

obt ai ned sol ution was cool ed to approximtely 30C over about 1 hour, and it
was then 20 further cooled at 10C or I’éwer for 1 hour, so as to obtain the

preci pitated I I iqn. T bove precipitated crystal was
i od at 50C fotsindurer e ol 35 appamir e iy GFeher: ShFadRe
acetonitrile selgv@s e crystal in the formof a while 25 platy crystal
(yield: quantitative). [0186] The obtai ned tetom | ast
acetonitrile d6l9@ie crystal becane clouded at 90C, and the above crystal
72 nelted (deconposed) at a tenperature between 187C and 190C. [0187] The
obt ai ned tetonilast acekhmiahtisiaedotetiml Bty peeabniasiskjodehed to

t her nogr avi ferential thermal analysis. As a result, it was found

that as sh tclg‘%/sg‘%‘ vag ubjsckefinte Hhanroanevémebsefdidifenentndl91C, ar ound
176C, and aro%gn&%q% 4101588 1 Theelpomq% )_(-tr ay di leracti on spectrum of
the obtained tetomTast  dcetoni t7i F e SBtvat &tcFost Spunthdhdbaddred. As a
::ﬁ;:’JI'iE:',[ ei’its}[,\?%h%)glgﬂ% ;E:l%t. as ahauehd Ay %‘ea}cg’ wel€ oag)soevr%e(c:ir giggxlttdhad
91°C, around 176°C, and around 189°C.
[0188]
10 The powder X~ray diffraction spectrum of the
obtained tetomilast acetonitrile solvate crystal was
measured. As. a result, it was found that as shown in
Fig. 10, the above crystal had characteristic peaks at
20 = 3.6° 7.1° 10.6° 14.2°, and 24.8°.
15 [0189]
The IR(KBr) spectrum of the obtained
tetomilast acetonitrile solvate crystal was measured.
As a result, it was found that the obtained tetomilast
acetonitrile solvate crystal had significanf infrared
20 absorption bands at 3300, 3090, 2249 (nitrile group),
1744, 1593, 1476, 1346, 1269, 1132, 1045, 752, and 704
cm™ in the IR (KBr) spectrum thereof.
[0190]
The NMR (DMSO-ds)} spectrum of the obtained
25 tetomilast acetonitrile solvate crystal was measured.
As a result, it was found that a methyl group peak of

acetonitrile was observed at §2.1 ppm.

[0191]



20 = 3.6, 7.1, 10.6, 14.2, and 24.8. 15 [01891 The | R(KBr)
spectrum of the obtained tetom|ast acetonitrile solvate crystal was
measured. As a result, it was found that the obtained tetom |ast
aoetonitrile solvate crystal had significant infrared 20 absorpti on bands
at 3300, 3090, 2249 (nitrile group), 1744, 1593, 1476, 1346, 1269, 1132,
1045, 752, andixé@ielsi amn the IR (KBr) spectrum thereof. [0190]

The NVMR (DMBO-dO spectrum of the obtained 25 tetomi|ast acetonitrile

sol vate cryst @rodastimassf ed.xthgecactesiltling brvasn{qusmes t hat a methyl group

peak of acetonitrile was observed at 82.1 ppm [0191] 73 Exanple 4
Production of teitsnitasitdngiesti ngyetahnindmahydi-etiont dasii tasee thper yst al and
anhydrous tet %mclrggéafype B crystal
5 A mixture consisting of an anhydrous
tetomilast type A crystal and an anhydrous tetomilast
type B crystal was produced by the method described in
(1) or (2) below:
[0192]
10 (1) 10 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) was dissolved in a
solution consisting of 320 ml of acetone and 80 ml of
water, while stirring under heating to reflux. The
obtained solution was cooled to approximately 30°C over
15 about 1 hour, and it was then cooléd to 10°C over about
10 minutes. Thereafter, the solution was further
cooled at 10°C or lower for 1 hour, so as to obtain the
precipitated crystal by filtration. The above
precipitated crystal was dried at 50°C for 3 hours, so
20 as to obtain 8.5 g of a mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal (A:B = 40:60) in the form of
a while columnar crystal (yield: 85%).
[0193]
25 Only a small part of the obtained mixture
consisting of an anhydrous tetomilast type A crystal

and an anhydrous tetomilast type B crystal melted at

178°C, and it was crystallized in the form of a needle



5A mi xture consisting of an anhydrous tetom | ast type A crystal and an
anhydrous tetom | ast type B crystal was produced by the nethod described in
(1) or (2) below [0192] 10(1) 10 g of the anhydrous tetom | ast type A
crystal obtained in Exanple 1 (6) was dissolved in a solution consisting of
320 nl of acetone and 80 m of water, Mhile stirring under heating to

flux. The o j S J S I t o _appneXi ely 30C over 15 about
rlehour, and i?@ass@%?ﬁeﬁ&%%%ﬁ%\gﬁé %8‘% Iggié?%‘é ouggéf}%%ﬁé&?seﬁ%ereafter,

the sol ution was of geiperatiod edraber0ss0% LAWLIodey, 1 hour, so as to obtain
the precipitated crystal by filtration. The above precipitated crystal was

dried at 50C fl®193lhours, so 20 as to obtain 8.5 g of a m xture consisting
of an anhydrous tetom | ast type A crystal and an anhydrous tetom | ast type
B crystal (A:B = 40: 60)Then obffeihedmubktaremiidneisoingnaf «uy ystal (yiel d:
85% . [019 é%%hlg a small part of the obtained m xture consisting of an
anhydr ous tet GREVIEPUT hREoRidagst hypar enysiahyanduen tasthydroast type B

crystal melte@ and it was al li n the formof a needle 74

crystal . Ther egg%%:r%:?g%é:yﬁexbu%y%% gég‘(%é:céﬁgéééd‘}a%ts@j@éﬁﬁér ature

bet ween 188C %BdtﬂéEHBgﬂg%ﬁﬁékry/differential thermal analysis. As

a result, it was found that as shown in Fig. 11,

endothermic peaks were observed around 175°C and around
10 189°C.

[0195]

In addition, the powder X-ray diffraction
spectrum of the obtained mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous

15 tetomilast type B crystal (A:B = 40:60) was measured.
As a result, it was found that as shown in Fig. 12, the
above mixture had characteristic peaks at 20 = 4.2°,
11.9° 13.2°, 16.2°, 17.3° 24.3°, 25.3°, 25.9°, and
27.5°.

20 [0196]

Moreover, the IR(KBr) spectrum of the
obtained mixture consisting of an anhydrous tetomilast
type A crystal and an anhydrous tetomilast type B
crystal (A:B = 40:60) was measured. As a result, it

25 was found that the obtained mixture had significant
infrared absorption bands at 3298, 3088, 1744, 1593,
1474, 1348, 1269, 1132, 1045, 760, and 704 cm™ in the

IR (KBr) spectrum thereof.



The obtained m xture consisting of an 5 anhydrous tetom | ast type A crystal
and an anhydrous tetom | ast type B crystal (A:B = 40:60) was subjected to
thatnogravimry/differential thermal analysis. As a result, it was found
that as shown in Fig. 11, endotherm c_peaks were observed around 175C and
around 10 189C. [0195] In agdition, t he powder X-ray diffraction
spectrum of theightai ned m xture consisting of an anhydrous tetom|ast type
A crystal and an anhydrous 15 tetonm |l ast type B crystal (A B = 40:60) was

measured. As a result, {2) was Hospdcidaini@tirsheWhet st :lzgp tje_above
m xture had characteristic peaks at 20 = 4.2, 11.9, 13.2, 1 .5, 17.3, 24.3,

25.3, 25.9, apdy27ab.ohin@iiofh Example 1 (Mhr @avedisddierdsRGKBg) spectrum of
t he obtained m xture consisting of an anhydrous tetomnilast type A crystal
and an anhydr 883uEenmansdstippeoB M0 stlabf( AcBtondBrB0BOWad oeasured. As a
result, it 25 s found that the obtained mxture had significant infrared
absor pti on %aﬂ\é\geﬁt whige s§pEhing mnder| beating7ho nefjgx.-1288e 1132, 1045,

760, and 704 ngg'izgend ts% ultlj:.{o{lKvliD’ag qs e%% Eagn]cghfzi‘gc()fober?go[rgi:.l'r?gées,
SO0 as to obtain the precipitated crystal by filtration.
The above precipitated crystal was dried at 50°C for 3
hours, so as to obtain 7.8 g of a mixture consisting of
10 an anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal (A:B = 10:90) in the form of
while powders. (yield: 78%). A part of the obtained
mixture melted at 176°C, and it was crystallized in the
form of a needle crystal. Thereafter, the mixture
15 melted (decomposed) at a temperature between 187°C and
190°C.
[0198]
The obtained mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
20 tetomilast type B crystal (A:B = 10:90) was subjected
to thermogravimetry/differential thermal analysis. As
a result, it was found that as shown in Fig. 13,
endothermic peaks were observed around 176°C and around
189°C.
25 [0199]
The powder X-ray diffraction spectrum of the
obtained mixture consisting of an anhydrous tetomilast

type A crystal and an anhydrous tetomilast type B



(2) 10 g of the anhydrous tetom | ast type A crystal obtained in Exanple 1
(6) was dissolved in a solution consisting of 320 ml of acetone and 80 ni
of 5 water, while stirring under heating to reflux. The obtained sol ution

was quenched to 10C over 30 m nutes, sg as to obtain the precipitated
crystal by filtration. The above preci %itat ed crystal was dried at 50C for

3 hours, so asctystell qRAB7=8 @ 0 F251 XL E-LPNSI tgng Q!htlo ;0 anhydr ous
tetom | ast type A crystal and an anhydrous tetom [ ast ?ype ‘B crystal (A B =

10: 90) in the Was moshdwhhée gowiews. if yre}.d:1478%he Apded tmidfc e obt ai ned

m xture nmelted at 176C, and it was crystallized in the formof a needle

crystal . Ther &¥f eharppberistiier peaks et t26d < detdmidsed) B6.1®,t enperat ure
0198] The obtai ned m xture consi sting of

bet ween 187C 190C . .

an anhydr ous ta@?gm I]a%téoty%‘é'%'c?%}c al 28n8° arprghiydBdus 20 tetomi | ast type
B crystal (d pi[:O§05 10: 90) was subjected to thernogravinetry/differenti al

t hermal anal ysi s. aresult, it was found that as shown in Fig. 13,

cpdot ner i pesks er e SRR ALOE AU T ABRC, 22 (0159
To LGP coenicint o e RSanBEIVe R SolpglL e (YPe
shown i n Fi g. and, ar hentaltboesntateniel dzad tobar Bcteydsti qapgaks at 20 = 4.1,
11.9, 16.1, 17,2, 19.3, 24.2, 25.10, 25.9, and 27.3. 5 [0200]
10:90) was measured. As a result, it was found that

10 the obtained mixture had significant infrared

absorption bands at 3298, 3090, 1744, 1593, 1474, 1348,

1265, 1132, 1045, 756, and 706 cm™ in the IR (KBr)

spectrum thereof.

[0201]
15 Example 5

Production of tetomilast monohydrate crystal

A tetomilast monohydrate crystal was produced

by the methods described in (1) to (3) below:

[0202]
20 (1) 18.7 g of 2-(2-chloroacetyl) -6-pyridine

carboxylic acid and 21.1 g of 3,4~diethoxythiobenzamide

were dissolved in a solution consisting of 94 ml of

water and 187 ml of dimethoxyethane, and the obtained

mixture was then stirred at approximately 80°C (reflux)
25 for 2 hours. The obtained solution was cooled to 5°C,

and it was then stirred for 1 hour, so as to obtain a

yellow-brown precipitate by filtration. The above

precipitate was dissolved in a solution formed by



The I R(KBr) spectrum of the obtained m xture consisting of an anhydrous
tetom | ast type A crystal and an anhydrous tetom | ast type B crystal (A'B =
10: 90) was Measured. As a result, it was found that 10 the obtai ned m xture
had significant infrared absorption bands at 3298, 3090, 1744, 1593, 1474,
1348, 1269, 1132, 1045, 756, and 706 ¢Mm1 in the IR (KBr) spectrumthereof.

0201] 15 Ex i f_t.etom | ast hydr at t
Atetom [ast ABRSRVUPN & cfy St aF RAG Brolubsd By the ool Bbscri bed in

1) t 3) b 0 i, f » chl 1) - 6 id
gazbogyfil aghgﬂgﬁg %?g%(§Q%%£3%2F3F2¥%05§%&?% %H@%ﬁ?@b%égzg?tlggglbgg in a

sol ution consistiny &f &yl agbtaes afviadd 18Hepbaffcdi %B%BQ?W&M“G’ and
the obtained m xture was then stirred at approxi mately 80C (reflux) 25 for

2 hours. The Obtméddry suispehdhnga®. ToobEdatdi bikednthribonvwas 1 hen stirred
for 1 hour, so as to obtain a yellowbrown precipitate by filtration. The
above precidpi Phtef \ia-edi a6l added - thel aeparater medelry 1ayd@r, dirssol vi ng

5.78 g of potassi hydroxiide in 348 m of water. The obtained m xture
sol uti on was a%% tfg??%nteﬁi PrAtUTe gfasethp sebrzed atwiscsenppsrieea er, a

solution forngg by, SURENdLN%9c% % Yo aebiyaled farhon I 1,
activated carbon was removed by filtration, and 348 ml
of acetone was then added to the obtained filtrate.

10 Subsequently, 10.4 g of concentrated hydrochloric acid
was added thereto while stirring, and the obtained
mixture was then stirred for 1 hour. Thereafter, the
precipitated'crystal was collected by filtration. This
crystal was suspended in 348 ml of water, and the

15 obtained mixture was then stirred at a temperature
between 27°C and 30°C for 30 minutes. Thereafter, the
obtained crystal was collected by filtration. The
obtained crystal was washed with a solution consisting
of 35 ml of acetone and 35 ml of water, so as to obtain

20 29.53 g of a tetomilast monchydrate crystal.

[0203]

The obtained tetomilast monohydrate crystal
was subjected to thermogravimetry/differential thermal
analysis. As a result, as shown in Fig. 1, an

25 endothermic peak was observed around 189°C, and further,
a wide peak was observed around 102°C.

[0204]

The powder X-ray diffraction spectrum of the



5 mM of water was added to the separated water |ayer, and the obtai ned

m xture was then stirred at a tenperature between 30C and 31C for 30

m nutes. Thereafter, the activated carbon was renoved by filtration, and
348 m of acetone was then added to t obtained filtrate. 10 Subsequently,
10.4 g of concentrated hydrochloric acid was added thereto while stirring,

and the obt ai neskdtindau k@tbﬁﬁ:?léé@@no%toih&ﬁf?té Oérﬁ&%%asTﬂgégﬁs%f.&ést he

precipitated crystal was collected by filtration. Thi's cry

suspended in 348 arireshilbat &s, sieowth tihe F1§. bt ai e irstiHAeLN@S deen stirred
at a tenperature between 27C and 30C for 30 m nutes. Thereafter, the

obt ai ned cryst¥ovgasrystibchad dhprckeraston.pebies abt abnedi@rggst al was
washed with a sol ytion consisting of 35 m of acetone and 35 ml of water,
so as to obt aif?“?o'Z@lS]Srgz%ﬁa P&800AP @St nonohydrate crystal. [0203]

The obt ai neg tﬁﬁ%gill ast nonohydrate crystal was subjected to
t hernogravi netry/drfferential thermal analysis. As a result, as shown in

W de peak s observed round HU3CBROGHHT Ofnd orBEr e ay di f1ract | on
spectrum of t hestofi8185t aidishebed Eéﬁta[@%@’%%ﬁrﬁ&ys%é avas measur ed.
As a result, as shown in Fig. 2, it was found that the above crystal had
characteristi cepedks &t w2 FolDd6thd®. the 2bthindd. dryaesh 0. 5 [0205] The
| RCKBr) spectrum of the obtained
significant infrared absorption bands at 3516, 3433,
10 1742, 1709, 1587, 1472, 1267, 1143, 1040, 758,-and 716
cn™ in the IR (KBr) spectrum thereof.
[0206]
(2) 50 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) was dissolved in a
15 solution formed by dissolving 8.33 g of potassium
hydroxide in 500 ml of water. This solution was
filtrated, and 500 ml of acetone was then added to the
obtained filtrate. Thereafter, 13 ml (1.1 eq) of
concentrated hydrochloric acid was added thereto while
20 stirring (The product precipitated at that time was an
anhydrous tetomilast type B crystal). The obtained
solution was stirred at room temperature for
approximately 10 minutes. After completion of the
stirring, 2.5 g of the tetomilast monohydrate crystal
25 obtained in the aforementioned Example 5 (1) was added
as a seed crystal to the resultant, and the obtained

mixture was continuously stirred for 2 hours (During

such stirring, transformation progressed via the



tetom | ast nonohydrate crystal was neasured. As a result, it was found that
the obtained crystal had significant infrared absorption bands at 3516,
3433, 10 1742, 1709, 1587, 1472, 1267, 1143, 1040, 758, and 716 cm1l in the
IR (KBr) spectrumthereof. [0206] (2) 50 g of the anhydrous
tetom | ast type A crystal obtained in7%xarrpl e 1 (6) was dissolved in a 15

sol ution forngd;by,di ssod gS§i§§-xgga;g&H§88§§ﬂs'éo fydr gyide in 500 ni of

! ha
water. This solution was FI ['trat ed]f 4cet oné “was then added to

the obtained tbhéisdshg DEeneabthilast Wydkdtd &&stefl eeacept rat ed
hydrochl oric acid was added thereto while 20 stirring (The product

precipitated athydiatud iteomalasth oy & eugstal omd agitatiyed. B cristal ). The
obtai ned solution was stirred at roomtenperature for approximtely 10

m nut es. Aft ePreohpitatiedncoystak wis moligeted Py Gl tinasibet oand ast

nonohydr at% crystal 25 gbtained in the aforenentioned Exanple 5 (1) was

added as aZsebl® GREAIERY: 6TYRER} d8n (tRRR, SusRERIRE 3Bt 4PRe®l okt ure was
continuously stirred,for % hourg Dyring such stirring, transformation
®s8 § I

progressed vi%THe Vamnts ECSFRP iy 19N E \Was short, a nmixture
consi sting of ¢ aud SLATLLABLLRNL APCCLYS | Hocally 2 aifdiqus teton [ast type

B crystal was obtalned.) The preclipitated cryst I"'ect ed by

filtration, argkfedfterpbtiné nesysdaistak wesidban vysgendedis, 400 nl of
wat er. The obtained m xture was stirred at a tenperature between 20C and

30C for 30 mand dd. wiEketbat tvweashdderichy80 ahl vals aceltbaetedtdy fdd trati on,
and it was_then washed with 80 nml of acetone-water (an 10 acetone content
of 50% byl@oldfRbereTRarEeril eam0%wky upiereunddher sggudtapt essure al |

ni ght, so as (%o.egfn_t ai.n 51.% f a tsetom' g}as&i rﬁ%nog%dggtgo%gtst,al. [ 0207]
The obt ai ned PEtShi PSSt H% %%Fgrpﬁeé Urgst ght, ain
51.5 g of a tetomilast monohydrate crystal.

[0207]
The obtained tetomilast monohydrate crystal
15 was subjected to thermogravimetry/differential thermal
analysis. As a result, the same endothermic peak as
that shown in Fig. 1 was obtained.
[0208]
The powder X-ray diffraction spectrum of the
20 obtained tetomilast monohydrate crystal was measured.
As a result, the same spectrum as that shown in Fig. 2
was observed.
[0209]
The IR(KBr) spectrum of the obtained
25 tetomilast monohydrate crystal was measured. As a
result, it was found that the obtained crystal had
significant infrared absorption bands at 3516, 3433,

1742, 1709, 1587, 1472, 1267, 1143, 1040, 758, and 716



15 was subjected to thernogravinetry/differential thermal analysis. As a
result, the sanme endotherm c peak as that shown in Fig. 1 was obtai ned.

[ 0208] The powder X-ray diffraction spectrumof the 20 obtained tetom | ast
nonohydrate crystal was neasured. As a result, the sane apectrum as t hat
shown in Fig. 2 was observed. [0209] e | RCKBr) spectrum of the obtained

25 tetom | ast no te,C al asur As a result, it was found
that the obt ai%gd %%/%ht%a?Rh %ﬁé)l gsl | can %lﬁﬁgg%’ed absorpti on bands at
3516, 3433, 17@R10%4709, 1587, 1472, 1267, 1143, 1040, 758, and 716 80 -1 i
cmn the IR (KBr) spectrumthereof. [0210] (3) 2.37 g of the

anhydrous tetom | ast typ®) Bxrysyabfobhai agtlddvuBetetenteasgxaiplese 1(3) was
5 suspended in a solution consisting of 50 mM of acetone and 50 m of
wat er, and t he® chyataédobtiadngde inaBefhrance example 1(3) was
5 suspended in a solution consisting of 50 ml of acetone

and 50 ml of water, and the obtained mixture was then

stirred for approximately 5 minutes. Thereafter, a

tetomilast hydrate crystal was added as a seed crystal

to the above mixture, and the thus obtained mixture was

10 further stirred at 30°C for 1 hour. The crystal was
collected by filtration, and it was then dried at 60°C
all night, so as to obtain 2.34 g of a tetomilast
hydrate crystal.

[0211]

15 The moisture value of the obtained tetomilast
hydrate crystal was 4.68%. This value was almost the
same as the theoretical moisture value (4.64%) of a
tetomilast monohydrate crystal.

[0212]

20 The above monohydrate became clouded around
100°C, and melted (decomposed) at a temperature between
188°C and 189°C.

[0213]
The obtained tetomilast monohydrate crystal

25 was subjected to thermogravimetry/differential thermal
analysis. As a result, the same endothermic peak as
that shown in Fig. 1 was obtained.

[0214]



stirred for approximately 5 mnutes. Thereafter, a tetom|last hydrate
crystal was added as a seed crystal to the above m xture, and the thus
obtained m xture was 10 further stirred at 30C for 1 hour. The crystal was
collected by filtration, and it was tggn dried at 60C all night, so as to
obtain 2.34 g of a tetom |ast hydrate®crystal. [0211] 15The nvisture val ue

of the obtained tetom | gt ;Q%Qir ate_gr . 4, 68% This | ue was al nost
the sane as the theoret?i?:al m)lesture %;cflaéef[%%iéﬂ% S%?C%queto\éﬁitﬁﬁst

monohydrat e crytadhed| 82821 128ThRoadONe- RN QLY AL 2L e, becane clauded around
100C, and nelted (deconposed) at a tenperaturé bet wvéen 188(11l and 189C.

[0213] The obtisi medebelipmihasisamenapyataie agr ¥ahal sRSyvas st egted to
t hernogravinmetry/differential thernmal analysis. As a result, the sane
endot hermi ¢ p&aR aBseregd.shown in Fig. | was obtained. [0214] 81

The powder X-r é g'bffracti on spectrum of the obtained tetom| ast
nonohydr at cr@ ¢ was neasured. As a result, the sane spectrum as that

shown in Fig. 2 was Ob%ﬁky%ﬁxKBr) spectrum of the obtained
tetomilast monohydrate crystal was measured. As a
result, it was found that the obtained crystal had
significant infrared absorption bands at 3516, 3433,
10 1742, 1709, 1587, 1472, 1267, 1143, 1040, 758, and 716
cm™ in the IR (KBr) spectrum thereof.
[0216]
Example 6.
Thermal transformation from anhydrous tetomilast type B
15 crystal to anhydrous tetomilast type A crystal
Thermal transformation from an anhydrous
tetomilast type B crystal to an anhydrous tetomilast
type A crystal was confirmed by the means described in
(1) to (3) below:
20 [0217]
(1) The anhydrous tetomilast type B crystal
obtained in Reference example 1 (3) was left at a
temperature between 20°C and 30°C for approximately 1
year, and ﬁhereafter, the crystal form thereof was
25 examined by powder X-ray diffraction. As a result, it
was confirmed that the above crystal maintained the
form as an anhydrous tetomilast type B crystal.

[0218]



5 [0215] The I R(KBr) spectrum of the obtained tetom | ast nonohydrate
crystal was neasured. As a result,
had signi ficant

1587, 1472,
[0216] Exanpl e 6 Thermal trah&formation fron1anhydrous tetom | ast

t her eof .

It was found that the obtained crystal
i nfrared absorption bands at 3516, 3433, 10 1742, 1709,

1267, 1143, 1040, 758, and 716 -1 i cmn the IR (KBr) spectrum

Ther nal

t B 15 crystal to a us tetaml ast stal
t?gﬁsfornatlgn from an aﬁ g %usgte ”ﬁggfgﬁ§p€ :V§FaFYPS Bn anhydrous
tetoni| ast tYEQ%&é?IYc%t%hn\’é’as1ﬁ0@éfér@1@eb¥ﬁ§@§lgefn G ibed 1n (1) to

(3) below 20 [

The an

ous t ast type B crystal

obt ai ned i n Refisperal axaapkeldt{d asikelbgabsad %ﬂD%rfafaBé‘éoHSt ween 20C
and 30C for approximately 1 year, and thereafter, the crystal formthereof

was 25 exani neadbid powdér witeay ahid fuhacbboaindd miemd tasi thwas confirmed
t hat the above crystal maintained the formas an anhydrous tetom | ast type

B crystal.

10

15

20

25

[Ogggqred at 20°C. At that time, sampling was carried out

at intervals of 15 minutes, 30 minutes, 60 minutes, and
120 minutes, and each of the obtained samples was
subjected to powder X-ray diffraction to examine the
crystal form. As a result, it could be confirmed that
each of the samples collected after stirring for 15
minutes, 30 minutes, and 60 minutes, maintained the
form as an anhydrous tetomilast type B crystal.

On the other hand, it could be confirmed that
the sample collected after stirring for 120 minutes was
a mixture consisting of an anhydrous tetomilast type B
crystal and an anhydrous tetomilast type A crystal (A:B
= 70:30).

[0219]

(3) 5 g of the anhydrous tetomilast type B
crystal obtained in Reference example 1 (3) was
suspended in a solution consisting of 40 ml of acetone
and 10 ml1 of water, and the obtained mixture was then
stirred at 40°C. At that time, sampling was carried out
at intervals of 15 minutes, 30 minutes, 60 minutes, and
120 minutes, and each of the obtained samples was
subjected to powder X-ray diffraction to examine the
crystal form. BAs a result, it could be confirmed that

the sample collected after stirring for 15 minutes was



82 (2) 5 g of the anhydrous tetom | ast type B crystal Obtained
in Reference exanple 1 (3) was suspended in a solution consisting of 40 m
of acetone and 10 m of water, and the obtained-m xture was then 5 stirred
at 20C. At that time, sanpling was carried out at intervals of 15 m nutes,
30 minutes, 60 mnutes, and 120 ninut&s, and each of the obtained sanples

was subj ected . r.%s diffraction tp examne the crystal form As a
result, it cou51t %l%gﬂggn?%gn%ﬁnﬁapflﬁne%@w 31 Utshé'fe§8¥°rbr%%t doPeeBted after
stirring for 1&E-RutLsd ' ?@& 1N , Lnt.ai.-neq the form as
an anhydrous tetyglrsi | ast tasigfﬂépyél%gg?a ; rbrd B %&Sgcﬁms‘%ilhgg"ﬁand, it
coul d be confi+ medsohat the sanple collected after stirring for 120 m nutes
was 15 a m xture consisting of an anhydrous tetonil|last type B crystal and
an anhydrous tl®28fil ast type A crystal (A:B = 70:30). [0219] (3) 5 g of the
anhydrous tetom | ast type B 20 crystal obtained in Reference exanple 1 (3)

was suspenddd in a sol 1 dhecofbest hand ofit4@omildobe acet Dinmeandhad nl  of
re was then stirred at 40C. At that tine,

wat er, and the oBt a%n'%ijﬁmxtﬁ :
sanpl i ng was E&FFi 8 SZePlRtekhat hast Pesnaskiresd B @hutes, 60
m nut es, and é% m nd ea h]eﬁ{ t.he obtai ned sanpl es was subj ected
to powder X-rgén ? i aécytjlgng'r?imft%séx%ﬁn FERREGSr ala? oTHANIRE BordRult, it
p ay c X
coul d be conf hﬁﬁygrélt@ttétlaﬁiggg@@ngé)lpl ggggqagf_ter stirring for 15 m nutes
was 83 a mixture consisting of an anhydrous tetom | ast type B crystal and
an anhydrous téeganjl ast type A crystal (A:B = 50:50). [0220] 50n the other
hand, it could be confirned that each of the sanples that had been stirred
for 30 miAdftes, 60 m nihes tahdmilgstrianysts)swastic hanffedehtt an anhydr ous
tetom | ast tyge Acryfstal. )
rystal “forms are obtained depending on the type of a
solvent used, the obtained crystal forms do not depend
on the crystal forms of tetomilast crystals used as raw
materials. Thus, an example of using an anhydrous
15 tetomilast type A crystal (purity of 99.9%) was given
herein. When a novel tetomilast crystal other than the
anhydrous tetomilast type A crystal was used as well,
the same results were obtained.
[0222]
20 Formulation example
A table comprising 5 mg of an anhydrous
tetomilast type C crystal, 132 mg of starch, 18 mg of

magnesium stearate and 45 mg of lactose, in a single

tablet, was produced by a common method.



[0221] 10When tetom |l ast crystals wth different crystal forns are obtai ned
dependi ng on the type of a solvent used, the obtained crystal forns do not
depend on the crystal forns of tetomlast crystals used as raw materi al s.
Thus, an exanpl e of using an anhydrous 15 tetom | ast type A crystal (purity
of 99.9% was given herein. Wien a no8dl tetom | ast crystal other than the
anhydrous tetom | ast type A crystal was used as well, the sanme results were
obt ai ned. [02221 20 Fornul ation exaﬁ% A table conprising 5 ng

of an anhydro tetom | ast .t C 132 f _starch, 18 of
nmagnesi um st e;fat e and g%ewaﬁﬁc{‘@%‘%ef ,?rg(sggﬁgﬁgv{-%%@etpowﬁgsr pr oduced
by a conmon SA! t t stal havi ng a
powder X—rayngufl%%act?é% speocl}:<'t5rgjJ éﬁﬁxﬁ %Qés%%stgﬁtg?%fl%%% same as the
powder X-ray disir ast {8 R’ HIrsPoM It A Eien gpegtruﬁi? apdrious
tetom | ast type A crystal having a powder X-ray diffraction spectrun1that
i s substanti alfliy.t e sane as the powder X-ray diffraction spectrum shown in
Fig. 4. 3. An anhydrous tetom | ast type C crystal having a powder X-ray
diffraction s@ectrumt st ainbyslmbwamﬁmill)astthwgar@ asysteel pawdey X-ray

diffraction spectrumshown in Fig . Atetom|ast acetonitrile solvate
crystal having Qoﬁéﬁﬁé¥ﬂﬁﬁ¢éﬁf§FP?F%ﬁﬁ|§ﬂ?Q§5§8tFﬁﬁ¥th%t i's substantlally

Lhe o 2o\ D5pREELanty BheChLinoct |90 eSO A R 10, o
y ste Ttype cordlng to
claim2 and agp@eg¥gﬁqy§”&pggnbge§t4;ype B crystm
3. An anhydrous tetomilast type C crystal having
a powder X-ray diffraction spectrum that is
substantially the same as the powder X~ray diffraction
spectrum shown in Fig. 8.
4. A tetomilast acetonitrile solvate crystal
having a powder X-ray diffraction spectrum that is
substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 10.
5. A mixture consisting of the anhydrous
tetomilast type A crystal according to claim 2 and an
anhydrous tetomilast type B crystal.
6. A pharmaceutical composition comprising at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
anhydrous tetomilast type A crystal, an anhydrous
tetomilast type C crystal, and a tetomilast
acetonitrile solvate crystal.
7. The pharmaceutical composition according to

claim 6, which is an agent for preventing and/or



6. A pharmaceutical conposition conprising at |east one type of tetom| ast
crystal selected fromthe group consisting of a tetomlast hydrate crystal,
an anhydrous tetom | ast type A crystal, an anhydrous tetom last type C
crystal, and a tetom |ast acetonitrile solvate crystal. 7. The
pharmaceutical conposition according 868 claim®6, which is an agent for
preventing and/or 85 treating gastrointestinal ulcer, an agent for
preventi ng and/xsatingagasigraidarigisdénathehter diageagentaforgent for preventing
and/or treating cerebrovascul ar di sease, a_liver_ and kidney function

i nprover used FGVERELBP FRAY VatEEathY t FRFEASSCRENLR, HiESei Ul ati on
failure, etc.,_or.an agent faqr. prey ing_and/ar t i hcet' s di sease,
A 2of Pavaitiiol SUffer S alind hrERalihatiy

gl ce C,
cut aneous vasc ceratl vé CO nan eunat | arthritis,

art eri oscl er 0%i;5 Qedi AOPLAS: AaTREGRDD! FRCAULIC ahpLOMRPSIddOFaCCOr ding o

claim6, which 1s an agent-for preventing and/or treating chronic
rheunat oi d ar tdiigolris rs EAA QXY EhaEKE 1 ARBR 1 dnhemiBlobifdul aaslhn®, chronic
heart failure, nmyocardial infarction, viral nyocarditis, or an agent for
preventi ng andfadilutregattag icechenagemniepbsd ysievenabngramdidyy, transition
from SIRS (system c inflammtory response syndrone) to organ failure,
mul ti pl e or garrreatingeBehedl Engasenye bovtiangioysayascalitvismune di sease,
nmet astasi s, | nmunol ogi cal rej.ection, occurring during transpl.antation,
monocl onal B CeiPTEbABE nEdt FprP£%¢QﬁEﬁ q?%%ﬂaFlﬁﬁno?¥£h§4%}F'atriaI
nmyxona, CaStl%E%@%§o§¥f§¥é§§% o LMBL Y, gl onerul onephritis, mesangi al

Frers,

proliferative nep cancer cachexra, Lennert's |ynphoma, psoriasis,

atopic dermatigtis, Kapopie $reamee8Rt feye! pebsdueochOadddiRingosbmenopausal
osteoporosis, septicema, inflamatory di sease or chronic obstructive

pul monary di sedaaém 6, Titeighasmaaeagéecial foomreseht ong aaodfali ng to 86 claim
8, wherein the inflannatory intestinaj disease.is ulcerapive colitis or
Crohn' s di seag&eatdng THRrqiiar Fhevnaiekd adhydsiier opndelewtidi w§ock . cl ai m 8,

which is an agent for preventing and/ or treating chropi c obstructive
oul monary di s6RDS: SheImAL Fithe oaF LInE 1 SRR BEFBh THL LRt o | ast

ot st o o BeSHBLP SRR, Hks Wb LSES 51 L Wt anhvorous
for preventing and/or treating ischemic reperfusion
abnormality, transition from SIRS (systemic
inflammatory response syndrome) to organ failure,
multiple organ failure, inflammatory bowel disease,
autcimmune disease, metastasis, immunclogical rejection
occurring during transplantation, monoqlohal B cell
abnormality, polyclonal B cell abnormality, atrial
myxoma, Castleman's syndrome, primary
glomerulonephritis, mesangial proliferative nephritis,
cancer cachexia, Lennert's lymphoma, psoriasis, atopic
dermatitis, Kaposi's sarcoma developed due to AIDS,
postmenopausal osteoporosis, septicemia, inflémmatory

disease or chronic obstructive pulmonary disease.

g. The pharmaceutical composition according to



12. A process for the preparation of an anhydrous tetom |l ast type A
crystal, which is characterized in that it conprises recrystallization from
a solution forned by dissolving an anhydrous teton |l ast type B crystal in a
solvent. 13. The process according to claim 12, wherein the solvent is

et hanol, acetone, or acetone-water (wlBérein the acetone content is 40% or
more). 14. A process for the preparation of an anhydrous tetom|ast type A
crystal, whi cﬁl?émcf‘lar"glﬁ@#nzégei prflamgtoryonptesbsnak Hipeasel iLgati on from

| uti f d_by. di | i, ' t at | t t f
Ceton | ast crJUEAFabblbertd tPoRFL REPHF GUSSBASPSt | ng of a L etoni | ast
hydr at t b, 1 t tetam | t
ydrate crystal, an anq;ﬁcggj:@rh%&qﬁjhcgaslpr%&ég)%sgt%xs%?énogrﬁq%g g tetamlas

acetonitrile solvate cryst cessaccor 0°claim 14,

wherein the sehyents) siadd %@dagohyant ANSrebbRginl WA and at | east
one organi ¢ solvent selected fromthe group 87 conSisting of methanol,

et hanol , acet opreatimg diaiondley dbst et vel pulhophogesdssdaye.t he preparation of
an anhydrous tetom | ast type C crystal, which is characterized in that it
conpri ses recitystalli za@t ipeoeckponfear sdlaipmepatretied of aitetohiilagtan
anhydrous tetom |l ast type B crystal in a solvent. 17. The process

accordi ng to BYSF#tae6 ¥ eSnChmerEniasd s mbehakblcgPrdeganol .  18. A

process for the.preparatig f an anhydr,ou eton | ast type C crystal,
which is char ﬁgfgﬂ“ &4 ﬁnﬂﬁgfc’ﬁ E‘%r%‘ﬁlggz: %@8? t%Wsi‘%'t Bn3Prom a

sol ution forngd, by, di3Qkyng in a solvent at |east one type of tetomlast
crystal selected fromthe group consisting of a tetom|last hydrate crystal,

an anhydrous getonil ast pypeeds CrysSttle prBadat €606 a5l aaaohesutrile
solvate crystal. 19. The production nmethod according to claim18, wherein

t he sol vent ibkebenhlasdl typeebharpdtal ,2@hishpiscessrdatrertizedpieparati on of a
tetom | ast acetonitrile solvate crystal, which is characterized in that it
conpri ses reckBR¥ ath icraPréfes r serey tRldizahienr Feem By sHleEePRi ng an

anhydrous tetpnm | a type B.crystal in acetonjtrile. .21. A process for the
preparation O?O%%ecghygggﬁgli%’%{%nﬂ ﬁ@y@g@ygnﬁwm@ass& &é’?g gr ystal, which
i s characterigggsddy tihat sbi¢onprises recrystallization froma solution

formed by dissolving in a solvent at
13. The process according to claim 12, wherein

the solvent is ethanol, acetone, or acetone-water
(wherein the acetone content is 40% or more).

14. A process for the preparation of an anhydrous
tetomilast type A crystal, which is characterized in
that it comprises recrystallization from a solution
formed by dissolving in a solvent at least one type of
tetomilast crystal selected from the group consisting
of a tetomilast hydrate crystal, an anhydrous
tetomilast type C crystal, and a tetomilast
acetonitrile solvate crystal.

15. The process according to claim 14, wherein
the solvent is a mixed solvent consisting of water, and

at least one organic solvent selected from the group



88 | east one type of tetom | ast crystal selected fromthe group consisting
of a tetomlast hydrate crystal, an anhydrous tetom | ast type A crystal,
and an anhydrous tetom | ast type C crystal. 22. A process for the
preparation of a m xture consisting of an anhydrous tetom | ast type A
crystal and an anhydrous tetom | ast t%ge B crystal, which is characterized
inthat it conprises recrystallizatiofh/froma solution forned by dissol ving

t he anhydrous i t yst.al_in a_solvent. 3. The process
according to gFﬁ%%]Eb,sﬁﬁ%¥§?%£%§%’§% G%ﬁ@*iggsﬁa?%ﬁé% ter (wherein the
acetone cont eRbtishdP%iRa92% by volume). 24. A process for the
preparation of a mXxture consisting of an anhydrous tetom | ast type A

crystal and améanhydr ous piretest| st S erBpeENsigh . o CAnhashas act eri zed
inthat it conprises recrystallization froma solutionformed by dissol ving

in a solvent &etbdmblktstorngpeyfecofstat,ombliabt ier ysdrdciealieetieinfrom t he
group consisting of a tetomilast hydrate crystal, an anhydrous tetonil ast
type A crystafFhal tetapmprisesatecwritialiligassprafronray stodlutiamd an anhydr ous
tetom | ast tygg C crystal. _25. The process according to claim 24, wherein

the sol vent i$OHR e AEERL VIR biaR Y& O cE B tkAftte #YPRSB 40% t 0 95% by

vol ume). crystal in a solvent.
17. The process accbrding to claim 16, wherein
the solvent is methanol or ethanol.
18. A process for the preparation of an anhydrous
tetomilast type C crystal, which is characterized in
that it comprises recrystallization from a solution
formed by dissolving in a solvent at least one type of
tetomilast crystal selected from the group consisting
of a tetomilast hydrate crystal, an anhydrous
tetomilast type A crystal, and a tetomilast
acetonitrile solvate crystal.
19. The production method according to claim 18,
wherein the solvent is methanol or ethanol.
20. A process for the preparation of a tetomilast
acetonitrile solvate crystal, which is characterized in
that it comprises recrystallization from a solution
formed by dissolving an anhydrous tetomilast type B
crystal in acetonitrile.
21. A process for the preparation of an anhydrous
tetomilast acetonitrile solvate crystal, which is
characterized in that it comprises recrystallization

from a solution formed by dissolving in a solvent at



88
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
anhydrous tetomilast type A crystal, and an anhydrous
tetomilast type C crystal.
22. - A process for the preparation of a mixture
consisting of an anhydrous tetomilast type A crystal
and an anhydrous tetomilast type B crystal, which is
characterized in that it comprises recrystallization
from a solution formed by dissolving the anhydrous
tetomilast type B crystal in a sol‘ventT
23. The process according to claim 22, wherein
the solvent is acetone-water (wherein the acetone
content is 40% to 95% by volume).
24. A process for the preparation of a mixture
consisting of an anhydrous tetomilast type A crystal
and an anhydrous tetomilast type B crystal, which is
characterized in that it comprises recrystallization
froﬁ a solutionformed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
anhydrous tetomilast type A crystal, a tetomilast
acetonitrile solvate crystal, and an anhydrous
tetomilast type C crystal.
25. The process according to claim 24, wherein
the solvent is acetone-water {(wherein the acetone

content is 40% to 95% by volume).



