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 10] 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 Xxture veeBsirst] Nehdfadoren@ntMBhEd tivdi@fod ERe sol vent and
recrystallization conditions applied herein are 5 equivalent to those in

t he case a0 usppli¢deccabohederats onecbnkiiawt appy dC oy stetleon kasést ype B
crystal as a starting material. .
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.



[ 00721 Moreover, the aforenentioned nethod is 10 applied to anhydrous
tetom |l ast type C crystals, so as to obtain anhydrous tetomlast type C
crystals with higher purity. [0073] The obtai ned anhydrous tetom | ast type
C 15 crystal can be separated by isolation operations such as filtration,
concentration, or extraction. Mreover; after separation, the separated
crystal may beogwubjected to a drying treatment by a known nethod.
Furthernore, the crystal can be purified by a known 20 purification

operation. [ODIddmiliestt Bustoblained sankydeoysyd@ion last type C crystal has
a purity of 95%or nore, and it can be crushed using an ordinary Crusher

(for exanple, an 25 at @nteetofiladtusceaohetoiié asilvateshegspaddued having a
mean particle size between 10 and 50 gmand a 90% cunul ative particle *size
of 80 gm or sHRe IRWYsigRichamiealk Hropecsiber désemillest iion (18antbe obt ai ned.

29 [0075] getgfgfﬁihpﬁgetonitrile sol vate crysta
[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]



A tetom | ast acetonitrile solvate crystal has t he physi cochem ca
properties described in (13) to 5 (15) below [0076] (13) The
tetom | ast acetonitrile solvate crystal has an endotherm c curve that is
substantially the same as the thernogravinetry/differential thermal 10
anal ysis (tenperature-rising rate/m nf%endot hermic curve shown in Fig. 9.

Specifically, t om it rd. | \ |,
char act ori zoa EAEPRESF AR ha bR BB e SR I 00 1760, ana
around 189C. 15,E0977] (14) The tetom | ast acetonitrile

sol vate crystal "has a powder X-ray diffraction spectrumthat is

substantially the sane mf tlaecpOvded a6ty idiviisagsiwrespegstam shown in
Fig. 10. Specifically, it has 20 characteristic peaks at 20 = 3.6, 7.1,
10. 6, 14.2, apdn2de 8orddXE8] by recrystalliz@iSpnTeor et eoillibstnacetonitrile
solvate crystal has significant infrared absorption bands at 25 3300, 3090,
2249 (nitrid et§pbupy ,cbtaipediBpFisspiging34p, acgeonitride the45, 752, and
704 cm1l in the IR (KBr) spectrum_ [0Q079 30 Met hod for producing
tetonilast ac PB“?tquXQQQHSVE?EPQﬁ%ﬁS%ﬂt e B crystaltpg @8t oni | ast

acetoni trile sohy@lSud dettli 1580 RpPBOWERLL DYoL ELR! B! g2t on froma
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



5 that is obtained by dissolving in acetonitrile the known anhydrous
tetam |l ast type B crystal or an anhydrous tetom | ast type B crystal

obtai ned by the aforenentioned nmethod. [0080] 10The anmpunt of acetonitrile
used is not particularly limted, as Jong as it is able to conpletely

di ssol ve' t he above anhydrous tet om | ast type B crystal while stirring under

heating to reflxonTHhe; gl gggh itrd used is preferably between 70
15 and 150 ni?cananﬁggg pre?gﬁgély e?&bgg %geaﬁaeﬁfﬁFrﬁ?vQﬂFfﬁnrespect to 1
g of the abovesanbydsous dakeni! astedoserd shystal nliﬁl%%h - The
above anhydrous tetom | ast tygg B crystaF§20 may be€a |ssol5gd in
acetonitril e vecteasing rdatg, uadéritheatn pgereraiywe Jtaigsanple. After
such dissolution, the tenperature of the solution in which the anhydrous
tetonilast typ8082krystal has been dissolved is decreased, so that the

tetom | ast 25 acetonitrile solvate crystal of the present invention can be
crystallized. The tenp&PChEéecybkfeidengneun cankydrauspietonilasty |inited,
.10 mn ,and 1.5C m n. The tetom | ast

a0 11 ey, bechELPS ARRON TRy 0 L A L Se . Thg Lot

ok by boSLAREH A DXeRHED, ARTREC AL g R B, 20 1 o

teton | ast reflux. The obtained solution is stood 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



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 approximtely 30C for about 30 mnutes to 8 hours. 10 Thereafter,
t he suspensi on obtai ned by the aforenmentioned cooling is cooled at 10C or
| ower, and preferably at a tenper at ur 82 bet ween approximately 0C and 10C,

for 30 m nut e%e’i:Bmi%likoé” S@ tﬁ?}%tglh_e Hte%te%p |§:SJ10 | Lt%{yﬁ%ri-}l'agﬁ]sg} v:t e

crystal of the present 1571 nve on can be obtai ne

crystal. [0083kystal is used! BiRGH tdOMs %Uﬁhx@uﬁ@tégﬁéf§ﬂin?C8%On'tr'l?
solvate crystal is produced by recrystallization froma solution obtained
by di ssol vi ngtiva eceiad thibks. a Ty eJol@nteandi tastyarapgtakt{excl udi ng the
tetom | ast acetonitrile solvate crystal) that is used instead of the known
anhydrous t et oandidisionsypppBiedylstmdin are equival@pedid ithakkyinan tetoni| ast
acetonitrile solvate crystal is produced by recrYstallization froma 25
sol uti on f@&rnBesAA éﬂs%vﬁtﬁg the afarsaentipeedt K1@ys anddreype of
tetom | ast crystal,selected fromth roup consjsting of a tetom | ast
hydrate cr ysté?‘?owaéiﬁh%éf%u@ ‘f”e‘f%‘rﬁa gsstat $h NG MR 18hhydr ous 32
tetom | ast tyigog;lxltcrystal. Herein, a novel tetom|last crystal is used.
singly or as m Xture consisting of two or nore types. The sol vent and

recrystal lization condibi-88%e APRIHE G REERER: B fe LM RERNL to those in 5
t he case of using the aforenenti oned known anhydrous tetom | ast type B

crystal as'a sppliddgonateomilast R4bnitrile solvader eeyetalsheso
af orenmentioned nethod is applied to tetomlast acetonitrile solvate
crystal s, 180 39 % obfasbt herontanti lagstonteriors tydlivateokyusaks ystals with

hi gher purity.. [.0085 _ The obtained tetom | ast acetonitrile
sol vate cryst% é}bg’rjrg}?gfrsgbﬁil*%‘f'ed by isol ation operations such

[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]



15 as filtration, concentration, or extraction. Mreover, 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. 20 [00861 The thus obtained tetom | ast acetonitrile
solvate crystal has a purity of 95% oB3nore, and it can be crushed using an

ordinary crusher (for exapnple, an atom zer). Thus, a tetom|ast crushed
product  havi ndH&taEe neeRsbRrinacPé enbwrisdeiondlant BIPYM and a 90%

| ati i i f. 8 | | whi ch i itable f
1(‘: g;ru rru?alt ;/gnl,oa(r:cghgkgl z‘l%%‘gi%gy&fg‘%%t&@ﬁ%;ftﬁgl %oﬁ’lé?%ttsa} I gaof ean(r)l;/dr ous
tetom last type A crystgl gqﬂ&g?gd&m%&%@rﬂo#a% LYRsuBy yst al
et om

As a m xture consisting of an anhydrous ast ty A crystal and an

anhydrous tet @gkbmasiade tipe B ekystal  adf HalhesyWk-blis iadd s abypes of
rati os are generated dependi ng on production conditions. As an exanple, a

m xt ure havd ngybbeB piwsss todc hertixtake propet tviaegd odeseypdedd ratioéy to (18)

bel ow can be generated: 10 [0088] (16) The level of an

endot her m ¢ pesk deperrizeddepesdingi oy prdustdbnt gpediiomsst aks and type B
crystals. Fig. 11 shows the endotherm c peak of a sanple having a m xing
ratio of A B 2M40X@Plephe Pixrure havishdiher PRYS PO IR dr ous t et oni | ast

ehdot her m o CRFORTRARS (e SeraeRsntr a1 e ERToPaEoY R v8° "
t her nogr avi rretggxég;gg@:r ential thermal analysis (tenperature-rising
rate/ mn) endothermc curve shown 20 in Fig. 11. Specifically, such a
m xture isiechgoaggerized in that it has endotherm c peaks around 175C and
around 189C.
(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



[ 0089] (17) The powder X-ray diffraction spectrum 25 of the

m xture consi sting of an anhydrous tetom | ast type A crystal and an
anhydrous tetonm |l ast type B crystal is the sumof the powder X-ray
diffraction spectrum of a pure anhydrous tetonm | ast type A crystal 34 and
the powder X-ray diffraction spectrum34f a pure anhydrous tetom|ast type B

crystal. The re h of .a ak deri.ved fromeach crysfal formis affected
byyt he m xi ngsa&la i@%gb%?%eernef_ﬁgyaﬁﬁﬁjf%ﬁ%lqnets@ﬁcltﬁ% ?%/ BRI® crystal and

t he anhydrous ah@%@%ﬁ@%eédﬁﬁﬁa?tcrcgééaé ‘o J&aﬂ? %%}A%t%%]’e‘-{*ﬁ‘g%%ﬁr X-ray

diffraction spectrumof a sanple having a-mXing ra ﬁydrous

tetom | ast typeak eeybiad £ridieecabhyErpiteal & LashriyPe Py ¥okal = 40: 60.
10 [0090] (18) The sanple having a mxing ratio of the

anhydrous t et oikliiagt ratyige bétwepat ghe diteydnusdteusmt Biamidyast at ype B
crystal = 40:60 has significant infrared absorption bands at 3298, 3088,
1744, 1593,5 15ryskal agighe) 2ebyd19e?, teiE 1a360typadB Oy stall. in the IR
(KBr) spectrum, In_addition, a deviation of 5cm 1 may be generated in an
absor ption pedR9dut? tOVsditheePENERY | ¥ 4ae dHEErAGteR | Pasarm@entt he

anhydrous tetqm_l type A crystal and .the _anhydrous tetom |ast 20 type B
crystal . [009%] safifle kyal%rlngl\/ﬁréW%?? =8 Ifgtpfév?%y%r%% ng ratio of A B

;51?:0882?615 t RecByBIARoGhRY Rak-PLOPEr tiy dBRGEEDRY ddtdiThsto (21) below

type B crystal = 40:60.
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



(19) The sanple has an endotherm c curve that is substantially the sane as
the thernogravinmetry/differential thermal analysis 35 (tenperature-rising
rate/ m n) endotherm c curve shown in Fig. 13. Specifically, such a sanple
is characterized in that it has endotherm c peaks around 176C and around

189C. 5 [0093] (20) The sdAple has a powder X-ray diffraction
spectrum that 8,54 Jdally t as_th er X-ray.diffraction
spect rum shovvn( i ﬁ@F?gﬁ%ﬁgﬁé i ?Eg y,) e ggggxﬁg? AT SPP¥peaks at 20

= 4.1, 10 11.9n ¥8gl,13.7. BpelIrdca?y 2.5u&h & sdmpfe @nd 27.3. [0094]
(21) The sanple has significant infrared absorption bands at 3298, 3090,

1744, 1593, 14RdradBdsizeth ih268at 118%hasl QhBotH5Fmi@nstak@baghudqi N the IR
(KBr) spectrum %;0095] Met hod for producing m xture consisting of
anhydrous t et ébtGsand ppeund ck8&Cal and anhydrous tetonilast type 20 B
crystal A m xture consisting of an anhydrous tetonilast type A
crystal and arﬂo%m/drous tetom |l ast type B crystal can be produced by

recrystallization from ol ﬁ‘tﬁl on that is obtaicti"led by dissolving in a 25
suitabl e sol vent the krf anfyd? § BesnfI B9}y fe BYcrystal or an

?ggggious teteg}ffggtfaﬁpgpécﬁfgatéﬂae3angﬂsgt£Q%f;riyakggeggﬂéﬂgged met hod.

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]



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 anount of the aforenentioned solvent used is not
particularly limted, as long as it is able to conpletely dissolve the
above tetomlast crystal while stirrig§ under heating to reflux. The anount
of the solvent used is preferably between 30 and 160 ni, and 10 nore

preferably between 30 a §@pﬁ1?¥mf?% Fergsaentigned SQfvee 180898 anhydr ous
tetom |l ast ty : CF 3 ] T, gve tetonilast .crystal may be
@?ﬁg%%%Y%%ég 1:RQP28] d&g% e w%mﬁflgén acetqﬁé

di ssol ved enment 1 one vent StiTri under 15 heating

to reflux, foroaxampler At eb 55¢H¢l weQlndhi 94, pLoEeLARErature of the
solution in which the anhydrous tetom | ast 'type B crystal has been

di ssolved i s dé6pensed, so that the m xture consisting of an anhydrous
tetom | ast type A crystal and an 20 anhydrous tetom | ast type B crystal of
the presentd invention ddwe bmoubt adhethe Hferemspeiated soleeneagkag rate nay
be between approximately 0.4C mn and 1.9C min. In particular, the

t enper at ur e- dé&r s iRRFtigréarky abimisiast, asolangt@s cidntisokbiketai xi ng rati o

of 25 the m xture consisting of an anhydrous tetom | ast type A crystal and
an anhydr ous F%?%&ﬁﬁ%iﬁ:dﬁﬁﬁglﬁFé? t%QOWEft?ﬁgmb}ﬁﬂéﬁFyﬁﬁ§inthh$ [0099] 37

Specifical'y,sébﬁnﬁﬂﬁxﬂ@ﬁﬂshééﬁfHQ'é%”ie%ﬁeﬁ.B 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]



crystal is first added to acetone-water (an acetone content of 40%to 95%
by volune), and it is then dissolved therein while stirring under heating
to 5 ref lux (approxinmately 60C). The obtained solution is stood to cool to
approximately 30C for about 15 mnutes to 1 hour. Thereafter, the

suspensi on obt ai ned by the af orenenti®hed cooling is cooled at 10C or

| ower, and preferably at a.te ature between approximtely 0C 10 and 10C,
for 30 minutes to 3 ho %‘a,cgéggﬁgf' 1€ APRYdrave orRtEiRgEoE VAR Binhydr ous

tetom | ast tygggétgiyf%aéir%@daag%gwgr Qus g‘tqo?é%a é}tﬁytg‘%égf B crystal of the

. . on
present invention can be obtarned in the rorm . ?n a case where

the solution eBhatmedalfr 15064 ivy hgumader 5 (?a}_ti_ ng teehefl ux i s quenched
(for exanple, the solution is cooled to 10C or Iower, ang preferably to a

t enper at ur e batveelvappnderat ehildGraredia§Cunder mAYL5tei nutes to 1
hour), a m xture having a ratio of the anhydrous tetom | ast type A 20
crystal: tl%e zahidks olsprrezametaby GO/QE. B Threy isdainedppo bxitimat dlsy 10: 90
(weight ratio) can be obtained. [0100 The ratio of the m xture
consi sting of SEped githywodu$ot appray elypd0L dorsehbubnth ttHawwdsisydr ous 25

tetom | ast tyge g crystal is %)t articularly Jimted. [0101] In
addi tion, the“3for i GHEHSAT 587ur £PEaRUSPERSHRN RRGGdREE R%itHRE a novel

tetom | ast crx%%men q}oéﬁggxgégﬂr{bg itﬁhgoglé&ué £ sio tjfgvgero,f a%l:éyanhydrous

tetom | ast type crys and an “anhydrous tetom [as ype 'B stal)

i nstead of thgrknowyi3nhydpotsmd&t-Arbastehyde %ﬁdﬁhﬁkelfp@n@fi cally, the
5 aforenentioned m xture is produced by recrystallization Troma solution

formed by1di ssmdtVviatg, i fioa ZDInienteat td entiownnne tsppenat tied aidcask crystal
sel ected fromthe group consisting of a tetom |last hydrate crystal, an
anhydrous t eteeRs$ighingypé Ancanhiidgiousahebemiriusyre Retovstalkt type C
crystal, and a tetom : ast acetonitrile solvate crystal. The solvent and

recrystal lizat?ofc fiF8ﬁ_§ tHdasheF @S %r‘é’:w&ilva_lfeﬁ?et o those in the
case of usi ng%f&een%f Qﬁggﬁgibx‘?{@aqz[ gggg‘ﬁ}téﬁh‘g&”ﬂ}’%&eetf%%' ggtatype B 15

crystal as a starting materia
crystal. In a case 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



The obtained 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. Moreover,
after separation, the separated crystal may be subjected to a drying
treatment by a known nethod. Furtherndge, the crystal can be purified by a
known purification operation. 25 [0103] _ The t hus obt ai ned

m xture consi dekafudinqrrbgnmigrone esgmtiast ofype FMrdEaus and an

anhydrous tetom | ast type B crystal has a puri the caontent 39 ratio of
t he  anhydr ous tEEPBHsisitRPpE BrEFRL AndaR PHB;Q%‘PI r “P@F(?ﬁi | ast type B

crystal to the_ tot I?#:i)ﬁrgag_gg%og’egg%f)rth@p%goysn%lj&é?&g_{%be crushed usi ng

an ordinary c v8fie an atom zer tetom | ast

crushed produgt;Bayi ng. acyggagog%?g{ﬂ.e %ﬁﬁ%g}@gﬁ IG@and 50 pmand a 90%

cunul ative particle size or sma which 1s suitable for

formul ation, @&Br&fe@bictadeai xEQ284]s Hiddhaeambguisenysteameaitioan The
pharmaceutical conposition of the present invention conprises at |east one

type of tetomfkasta csgisttdlons €ébentédoyf rdimsbhigiggoip @ ossiwdntngtof a
tetom | ast hydrate crystal, an anhydrous tetomlast 15 tge A crystal, an
anhydrous t et dgbhsena ypeweCoér petemi Lagid cxyeErdnpebestet &i7em tPRl e sol vate

crystal. [0105 '
y [ gLoup 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



The pharmaceutical conposition of the present invention further conprises
an anhydrous tetom |l 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 of peroxide Iipig in.a living

grﬂg over

body, or to dEBfcHYWEPYT JEREFLIFTN.CYREC ¥kt the atet oni | ast
crystal of the esent Jdnyention is usef s_an_agent. f.or reventing
and/ or treatiﬁagé%ﬁ$%d§gE§5e3r0$o%ﬁ%5¥le#% g?n %eaéﬁ%m¥ﬁgf§3$é§%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 vari ous tymee phaehteuttijcaly cbhrpdsPbiceant tthebereaased by
active oxygen that is abnornally generated due to causes other than

i schem a, suchnvwentivragemprises prlevi@aasitngnantiyee ¢ d:atiomg1Behcet ' s di sease,

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



cut aneous vasculitis, ulcerative colitis, malignant 41 rheumatism
arthritis, arteriosclerosis or diabetes. [0107) Mrreover, the novel

tetom | ast crystal of the present invention is effective for various types
of 5 diseases associated with abnormal generation of cytokines, and
particularly, abnormal generation of 4NF-a, IL-A |L-6, IFNL-y, etc., or
various types of djseases associated with an acceleration state of adhesive
action. In paFerettiast creshatetas adiPraby REFERsOsnespting pfesent
invention can_preferahl.y.he.,used:. as a ent f reventin nd/ or
treating vari Bg Oxlc'[seeg% 3 sﬁ%haglslvclﬁ’rgog’fjggf h%ﬂrr‘gc{ cﬁ%ﬁ?:ae hr Fgfl ,. endot oxin
shock, ARDS c accj (jNgestkLo gasididiG alsii ic gas, or
septicem a, tﬁ%ﬁﬁ%%&r‘n %ggg%é%%#lﬁgna?hgrﬁﬂg%%ar di allq'ialr?:‘ﬂ a(régyls%%i(t hat is a
nmyocar di al i sghepis pHedbft VhtadtiBrOGar dsbfel sAicharasgehe asute stage of
viral nyocarditis, chronic heart failure such as ischem c nyocardosis,

spont aneou$ dptetterctinar dhdfyopatdatingt cariamsl Ggean ofigdhtokaexr20 preventi ng
and/or treating ischem c repeifusion abnormality occurring during

coronary- art eey digresessuhgerarg GaRGpdobydire mfauemensaoptdartificial heart
and lung, transition fromSIRS (system c inflamuatory response syndrone) to
organ fail ur eS¥ERSBATCa8GRET DL h R SREFELES DPINTSTSESFLe8r nultipl e organ

failure caused b rave_acpt e pancyeatiti.s, i.vier. failure occurring after
hepat ect ony f%?c%%g;%lg%n% r?‘a’e’?%x.:%({e a?‘ﬁf?a}ﬁim olrl;?’r lﬁlg\AE@Pagf sBases such as

Crohn's di seag€fect in defense mechanism towards these phenomena.

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



42 ul cerative colitis,etc.; a series of autoi mune di seases such as

hyper gammagl obul i nem a, system c erythematodes (SLE) or multiple sclerosis,
nmet astasi s, inmunol ogical rejection occurring during 5 transplantation,
nonocl onal B cell abnormality (nyeloma, etc.), polyclonal B cel
abnormality, atrial myxona, Castlenan4% syndrone, primary ‘

gl onmer ul onephr i t] angi.al . l'iferat.ive. nephritis,..cancer cachexi a,
Lennert's | yn%h%hn%?t%’g%r {;%lglg]s:,lgé%bp?%%oﬁgllﬁﬁgﬁ? o I%iﬁ%?l ©€-sarcom
devel oped due hegA DS, postnenopausal osteoporosis, diabetes, septiceni a,

arteriosclerosis, or inflammatory di seases such as angitis or hepatitis or

an agent for preventingloaagier, t fiatidve1CREBBIEL DS tdBhY EopUEfDNAr Y

di sease. 15 [0108] Specifically, the novel tetom|last crystal of
t he present i|inpvesgnbrinvastacti bs ¢ffdafpiveyvéoa decieaseypesl oag functi ons,
such as airflow obstruction, and it exhibits an extrenmely high therapeutic
ef fect upoR 201gPrRf @sspsinted Wit bmorany deresaidon 0£09] The
tetomlast crystals of th dﬁéesent i nvention can be used with at | east one

of the nenberSYS¥HEtE%ed 2PRNTT HECY Y- c BRBPERFhPBRrasien pEukotri ene
acti vating proveity (RLRe) At ngail 9Cepioz Pecebrane antagbmists for
| eukotrienes giseases associated with an 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,



43 LTB4, LTC4A, FTD4 or LTE4; 3. PDE4 inhibitors inc!ud!ng

I nhi bitors of isoform PDE4D; 4. 5-,lipoxygenase inhibitors
and a 5- 5 |ipoxygenase activating protein (FLAP) antagonists; _ _

5. dual inhibitors of 5-1ipoxygenase and antagoni sts of platelet activating

factor (PAF); 6. | eukotri®he aRtagﬁnists_(LTRﬁi) inclgding
those for LT . LTD4 .and LTE4; 107. Antihistanminic recept or
antagonists;BﬂlC‘!Jaq-fllve €0 }%%E’?%%@pfbﬁeéﬁﬁégBEi%%Qﬁlmmune 9. al and

a2 adi enocept ToTalyl! asqc | r hom net i nts adm ni stered
orally or top?%%?ly f%%xzeggngggéégﬁaﬁ% é?£g2? ?mn%’éﬁﬁgggggdrenoceptor

agoni sts i n cepptmaidtied (BLENNDIkARS p9E 3:iiPoxNIenRs8stddis,
anticholinergic agents; 12. 131- to 134- adrenoceptor agonists;” 13.
met hyl xant hi nespuiiibticaddiraiectiomM@Pdctarehg during
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



15. muscarinic receptor (ML, M and M3) antagoni sts; 16. NSAI Ds
(Non-steroid anti-inflammatory drugs) including COX-1 inhibitors, COX-2
selective 25 inhibitors, and nitric nonoxi de; 17. insulin like
grow h factor-1 (IG--1) and its mnetics; 18. ciclesonide, 44
19. inhal ed glucocorticoids (of which4side effects are reduced);

20. tryptase i_nhi b 21. Platelet activating factor

ant agoni st s; %f?f'h%ﬁégicﬁﬁﬂ4 &t LB es active agai nst endogenous
0l armmLory Sttt eo) 7 a2 AR TG BBl Laghor (TN-2)
27. interleukijgoegpyesigdty enzyme (I CE) inhibitors; 28. | MPDH
i nhi bitors;
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,



29. adhesion nol ecule, inhibitors including a 15 VLA-4 antagoni sts;

30. cat hepsi ns; 31. MAP ki nase inhibitors; 32.

gl ucose- 6- phosphat e dehydrogenase inhibitors; 2033. kinin-Bl or kinin-B2
recept or antagoni sts; 34. gold in the formof an aurothio group
in conbination with hydrophilic groupgiz 35. i mMunosuppr essi ve

agents; 2536. antigout agents; 37. xanthine oxidaze inhibitors; 38.
uricosuric agents; 39. Inhtiinhemiedagbmtssortd®oddsgrofitwhivdr rile
secr et agogues; 41. MVP(matrix netal |l oproteases) inhibitors;
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;



42. TGF-P(transformng growh factor); 43. PDG-( 5 platelet-derived growth
factor); 44, fibroblast growh factor (for exanple, basic
fibroblast growh factor: b-FGF); 45. granul ocyt e- macr ophage
colony stinulating factor (GwWCSF); 1046. capsaicin cream 47.
tachyki nin NKI and NK3 receptor antagéhi sts; 48. el astase

I nhi bitors; 49. PDE3 inhibitors; 1550. H4 receptor antagoni st
or a inverse agonists; 40 growth hormone SecrghpgeIi®int agens; 52. radical

scavengi ng agents; . 53. .¢ I nat i ons ,of, P2 adrenocept or
agoni sts 20 and gl ucocdrti CBF fRatrix tiet 82781 e IN I REFREST ng protei n

| evel ‘of hypoxi a-inducigyl erEacs Af-drd fohkr rowth £ . 55. antioxi dant
proteins upregul ated by HIFIa;ﬁEHr 2d¥row actor) ;

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]



2556. vascul ar endothelial growmh factor (VEGF) secretagogus; and 57. VEGF
receptor agonists. [0110] 46 The novel tetom |l ast crystal of the present
invention is generally used in the formof a common pharnmaceuti cal
preparation. Such a pharmaceutical preparation is prepared using comonly
used diluents or 5 excipients such ast@ filler, an extender, a binder, a
wetting agent, a disintegrator, a surfactant, or. a |ubricant. For such a

phar maceut i cal prepar atP5n OVt i GO YBES SFYFiin®Tc sheneressnt ed

dependi ng on ti, .. Typi,.ci.l for of such_a 10 pharmaceuti cal
pr epar ati on n%&%%%édégaggé%?%ﬁy él%%ldl i ‘ghepg%&f ,0%88| EPTBH suspensi on,
emul sion, a g5l : S poSt Y. Wl ion (solution,
suspensi on, gE'ltSc. ) .&\?ﬁgﬁetgﬁeﬁ%ér\%%%rﬁ%?ét okr)ﬁt“]g[gsat pgl%%??gfh?isgﬁ%l ded into the

form of a tabpmdparbbivariousrdpHIesl abifgr &bichliWakeh AavEam¥£Vdously been
known in the present field, can wdely be used. Exanples of such a carrier

that can bk uwswirienésnsualy and dddleexcami @tfiehdenshaasihdet 0%,
saccharose, sodiumchloride, grape sugar, urea, starch, calcium 20
carbonate, katitiag eggstal? iHsiosepaibee, oswifeictantbiowers such as

wat er, et hanaql ropanol ., sinple syrup, grape sugar in water, starch
sol uti on, gel%éijrp ?ggut i B0 éxyﬁﬁgfh?‘l’e‘tfélqad% BE¥EPaEHe} e,

thyl cel | ul Qsg.; Qt ASS { | yvinyl. 25 pyrrol i done;
i si ntogr at ore Soen. £eosy LM L8 o84 PehbtRR befSul e RRer | ami naran

powder, sodi WReagaBBASErpSR).Cl BPLEAE DO JpoLYLXYet 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, propanocl, 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
ent eri c- coat e FHHiRdration; RS efS %aﬁﬁﬁﬁﬂ%g%oégﬁﬁr%%blet, and a
mul tiple | ayer_tablet, as necgssary. n the present.tetonilast, crystal is
nol ded into tﬁ%F?%nqﬁﬁﬁera 5 €¥$ ?3%§§¥E?e9%?'m§?%$f§$ 536§g%i%€%?y 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 i'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 escri 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

nmol ded i nto arebIyecla gelatinicoguerl eabhke, t hatewtddiptcdadgént, an
emul si on, and a suspension be sterilized and be isotonic to bl ood. Wen the
present crystables.n@l dddm-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



into such a form all types of diluents, which have 10 commonly been used
in the present field, can be used. Exanples of such diluents that can be
used herein may include water, ethyl alcohol, macrogol, propylene glycol,

et hoxyl ated i sostearyl al cohol, polyoxylated isostearyl alcohol, and

pol yoxyet hyl ene sorbitan fatty 15 acidgesters. In this case, it is possible
that common salt, grape sugar, or glycerin, be mxed into a pharnaceuti cal
preparation i dngmedbemt cwidduodens genguadpar eiandi sbtbrvarisalution. It is
-al so possible that a common sol ubilizer, buffer, soothjng agent, or the 20
li ke, be addedYP8StPE FHaritgSeati dascpashrRovenacreFding toi e is al so
possi bl e that a col ori

t, tiv ticG, f,l ,
Sweet ener . or CSPHER BHHIHCEHE EOP SOPTH AAEIXERES he- Fiaridieht i cal =

preparation, e V. .[.O of active

i ngredi ent co%%ggn%e%%%{ ﬁer%egll[qn&%#eﬂa%m?e Sf))f%r ﬁ%-ggﬁ?éltgg%%cﬁr eggggti on is
not particuy aghy bi&ddfd.+alehihbhst ScARRAPMIsahBhded 4higelected froma wide
range. In general, approximately 1% to 70% by wei ght of such an active

i ngredi ent codpeestismy e ieopkaFapsblia thae pr epaudd i agent,0242] 5The

adm ni stration nethod of the above pharmaceutical preparation is not
particul arly kemnnisteh, ard sheuphensbredts cdlkerplépad aandrba s adm ni st ered by

a nethod that depends on various types of pharpmaceutical, forps, the age,
sex, and ot hetsebpRie itthPlerda plRe¢writhe PresRBtdeEY R biisuredded, etc. For

exanple, in the_case  of t abl e\i a pill, ohuti n, suspension, emul sion, a
granul e, and &E&peifih 2 %?é@é Brepafiaid Sis & 3631931 1% Jacglrn'hﬁlivgtered. In the
case of 1 §oeCkbilonl} Hed MELAVENOUN YRR Fieiad Siidey ueqas a mxture
with 15 an ordinary Teplacement fluid such as grape sugar or amno acid.
Further, as ngg&fSBEY .ofSWefthi Bl Beéniad) Hhatadahnbst @&l IisrednSinagl € use,
intramuscul arly, 1 ntradermally, subcutaneously, or intraperitoneally.
supposi tory i $natndeaiwstteredetthyt azottadll,y macrogol, propylene
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



20The dosage of the above pharmaceutical preparation is appropriately

sel ect ed 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

i ngredi ent conmpound nay be determ ned to be 25 approximately 0.2 to 200 ng
per kg of body wei ght per day. [0113] 4%Wth regard to the tetom | ast hydrate
50 crystal, anhydrous tetom | ast type A crystal, anhydrous tetom | ast type
C crystal, tetseiebhsd et enivticel easge vatle gepstral, aprroaximaredyve of the
above anhydrous tetonm | ast type A crystal and,an anhydrous tetom |l ast 5
type B cryst all%otot hgd freseedightno&ntiehh an REEEFGstAPLeGISAL t hereof are
easily controlled by recrystallization, d thesng{ stals are excellent in
terns of fil t@Pﬁ‘BPPg‘?WaYI' ,Coflﬁéélé\e‘gr%t S PArB sﬁl%/%rb‘l e for industrial
mass producti ?}%11% [ 0114] In addition, these tetom|last crystals
have perfor mance at is equivalent to or greater than that of an anhydrous

tetomlast gype B cryst@le dahih€E8Bafors kbt p£t emersisoeat and noisture,
and the 15 disintegration property and dissolution property of tablets.

Accordingly, thesRat&ititdlapirephyatads amotr phetabiyaliey udedtad,
pharmaceuti cal conpositions. EXAMPLES [0115] 20The present invention wll
be descri bed mmrdethe pharmaceutical preparation is administered by a

method that depends on various types 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



in detail in the follow ng reference exanples, exanples, and fornul ation
exanple. [0116] Analytical nethod 25 (1) Thernogravinetry/differential

t hermal anal ysis Thernogravinetry/differential thermal analysis was carried
out using TAGONS controller and 51 DTG 60A thernogravinetry/differential

t hermal anal ysis sinultaneous neasuri®fg instrunment manufactured by Shinmadzu
Corporation. Specifically, using the aforenentioned apparatuses, 5 to 10 ny
of a sanpl e wesyStalbataaliyfirons 208 qridamtt sipertdidtale 28bizgusy

t t -ri Si t f 5C/mn i d | t t . As

o7 or ence. SubSERARELSSE SYEM ReCHER AlnodetPBNAH T2 LPORer X ray

di ff ti T wd X-, di f ' d
n an angle oP°HTRYS SEFLRLE RAES PN P ot 31 90 aanV SR to the
general test mgthed Qf th5<PRAARGQR0GLA 9h JARAhoUsS BERID:L3

di ffractoneter
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



15 (radi ati on source: CuKa) manufactured by Rigaku Denki. During the
nmeasurenent, voltage/current was set at 35 kV/20 mA, and the scan speed was
set at 5Amin. (0118J The mixing ratio of a m xture consisting of 20 an
anhydrous tetonilast type A crystal and an anhydrous tetom|ast type B
crystal was obtained by conparing theSpowder X-ray diffraction spectrum of

diffraction spectrumaof a m xture
ngnggo\tgs mxfdr%gegogu%ﬁe?e%rpn%r%rvo £F%{%§{_¢%§@Wg %"g\ ?%‘&c a;’?tiélﬂénd a pure
anhydrous tet eiighasknbype n%a%ﬁ)éﬁ'gslﬁétﬁﬂénc&uﬁxaﬁakégéu%écg (3) Infrared

spectroscopi c analysis 52 The pectrum was neasure y the KBr met hod.
[0120] (4) 1HshiiRadeascsaimRitidahe dhedIVR SneGt rystv@scygeasured in DVBO d6,

using TMS as a reference. [0121]
aforementioned apparatuses, 5 to 10 mg of a sample was
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



(5) Purity measurenent The purity was neasured using high 10 performance
| i qui d chromat ography (HPLC). The neasurenent conditions were as foll ows.
Sanple: 0.03 g of a sanple was dissolved in 80 m of acetonitrile, and 20
m of water was then added to the solution, so as to prepare a sanple 15

sol ution. The neasurenent was carried%ut using 10 R of the sanple
U.traviol et $hoto tric detector (UV 254 mm)

sol ution. ctor,

Col uim: Wakosil 5C18 %%ok/gb??%‘:tp%“sé’?s&% VMRS iDYe P68 KRF Na2SO4 aqueous
sol uti on/ phospbidL acid (500:500: 1) [0122] (6) Particle size neasurenent
For the measurenment of the particle size, 0.1 25 g of particles to be
measured was pasgpgnded in 20 mM of n-hexane solution that contained 0.2 g
of 0.1 wv pol yoxget hyl ene (10) octyl phenyl ether, and ultrasonication was
t hen perfor met¥)on "HREMR usgsensiemant 53

5 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.



Thereafter, the nmeasurenent 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 ature-rigsj te: . ing state s then observed
ugirrﬁgra liS VI-I-p;'1 Oggign' %%%cd@%r%gﬁﬁggﬂtr{lj%gsﬁg%& R&yEREEF Wt hor ati on. [ 0125]

Ref erence exanplierdtPioduet; %ﬁﬁmé@@%&%m&%&@@%@ft type B crystal 20An

anhydrous tetoni |l ast type B crystal was produced he nethods descri bed
in (1) to (3) [ivekdw. [0126] (1) An anhydrous tetom | ast type B
crystal was obtained by the nethod described in Journal of
(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] |



25 Medicinal Chem stry, 1995, 38, pp. 353-358. That is to say, an anhydrous
tetom |l ast type B crystal was obtained by the follow ng nethod. [0127] 54
First, nethyl 6-[2-(3,4- diethoxyphenyl)thiazol-4-ylipyridin-Z-carboxylate
(49 g; 127 mmol) and 10% sodi um hydroxi de (100 mM) were added to et hanol
(1.4 L), and the obtained m xture was5% then stirred for 4 hours under
heating to reflux. A nagprity of solvent was elimnated fromthe obtained

sol ution, and water and Je?srﬁfl metbydt 8- \&T Et%en added to the residue for
separation. T r tained as, a r.esult. of 1the separation was
changed to loggﬁ%%glgﬂfl&ﬁldi%qg%oéfglﬁ%%r&rdéghkof%éﬁ’&’i‘?&f d*%wed by
extraction w tfr ebhyhyacet 10%h X t i ckly. washed
with a saturatd;d sodi u%)ghaléﬁ(filge gégg%%g{%do ut idgnf(ﬁ'ggdmfm\g?etq%en dried over

an excessive amuedt tofetmgiasi(amus) f sl thiee 0pbh2h8@ thika JHXtidke Was
recrystallized fromethyl acetate, so as to obtain an anhydrous tetom | ast

type B cryst althep0§28dred for 4 houAspaidemthenhéngbtai netlwanhydr ous
tetom | ast type B crystal nelted around 175C, and it was changed 20 to a
needl e cryst afP2IPhéEeat olviens whsveliorinsttaed Eoapl ehelgbladinedd
(deconposed) at .a tenperature between 187C and 190C. [01291 The obt ai ned
anhydrous t et SREPESPP 1 e Ba38TpY< i b MlaSC8tBFRCYRER tidien added

hat t he- same “Enint Herrie, 2or SERIT R0 Y ORY vafef e observed.
obtained as a result of the separation was changed to
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 formof a 25 while needle crystal (yield: 929%. _

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



[ 0133] A part of the obtained anhydrous tetom | ast type B
crystal nelted around 175C, and it was changed 56 to a needle crystal.
Thereafter, the above crystal conpletely nelted (deconposed) at a
tenperature between 187C and 190C. [01341 5The obtai ned anhydrous
tetom | ast type B crystal was subject&@ to thernogravinetry/differential
thermal analysis. As a result, it was found that as shown in Flg. 5,

endot her mi ¢ p&ak3 BRAIBLOLELIEFRY- ar?ﬁﬁﬁf%fﬁ?éraﬁ8318%QYe:ﬁ?ﬂﬂﬁf 5]

The powder X-ra iffractign.s ctrunlof t alned anh S tetom | ast
type B crystaf® %Bg AT dAE %.?%ﬁﬁﬁ%g) SRR 12 ge%%egﬂomn in

Fig. 6, the a@qu:%§%§ g ad characteristic peaks at 20 15 = 4.1, 8.1,
11.9, 16.1, and 24 F 36] The IR(KBr) spectrum of the obtained anhydr ous

tetom | ast tygélﬁﬁ prystal was neasured. As a result, it was found that the
obt ai ned anhydrous 20 tetom last type B crystal had significant infrared
absor ptionsbands at 32%fhe 3090indd &hhyth®ds 14¥4milash8,tyb268, 1132, 1045,
762, and 706 cm1l in the IR (KBr) spectrumthereof.
crystal was subjected to thermograv1metry/dlfferentlal
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



[0137] 25(3) 10 g of an anhydrous tetom | ast type A crystal obtained by the
met hod of Exanple 1 as .described |later was dissolved in 400 m of ethyl
acetate while stirring under heating to reflux. The 57 obtained solution
was cool ed to approxi mately 30C over about 1 hour, and it was then further
cool ed at 10C or lower for 1 hour, so®As to obtain the precipitated crystal

by filtrat t d 50C f
h)(;urls ;g :agn'f)ggggn tarn Og'u%rl%ﬁl Pé%ﬂécgon y{j%gug}l’)??? Sﬁteé{yeg)ggé Y Eryg'[ al in
the formof aapbiter rkﬁﬁdd,eaﬁayﬁ ahad WnehdruPBflr QK %3’] af Pged Qf the

obt ai ned anhydrous tetom | ast 10 type B crystal nelt around 175C and it
was changed t domeneish & twoyst abo dhereabtein the mhovieienyssal conpletely
nmel ted (deconposed) at a tenperature between 187C and 190C. [0139] 15The
obt ai ned anhydrpeisak dnofiillssetigpe Bhecabeval prwesisithitedt edysical
thernogravi metry/differential thermal analysis. As a result, it was found
that the s&nevahdHiiRet mtc SPEaIESTas hABsE sHO@P it® FPEail %t & ofserved. 20

[01401 an anhydrous tetomilast type B crystal in the form of a

X

while needle crystal (yield: 93%).
[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



The powder X-ray diffraction spectrum of the obtai ned anhydrous tetom | ast
type B crystal was neasured. As a result, it was found that the sane
spectrum as that shown in Fig. 6 was observed. 25 [01411 The | R(KBr)
spectrum of the obtai ned anhydrous tetom | ast type B crystal was neasured.
As a result, it was found that the obP& ned anhydrous 58 tetonilast type B

crystal had si.gnjf}i i.nfrar Rty ar 3298, 3090, 1744,

1593, 1474, 1?%3%51%%{ ef%?z,% %géig?g%%d %‘Egp%gg%ﬁéin'ﬁ?rteﬁ’e IR (KBr)
spectrum t her agkorpbidiD WbalisExanpbes 1 Fypduglisan e&ognhygdioussygt omil ast
type A crystal An anhydrous tetom |l ast type A crystal was pf oduced by
the nethods degépj bErB4,n 10L5,t 06¢7)ake! 7. che* @148k TR (KBr) (1) 5 g of
t he anhydrous tetom last type B crystal obtained in Reference exanple 1 (3)
was di ssol vedspacrwoltiteredfconsi sting of 140 ml of acetone and 35 nml of
water, while stirring under heating to 15 reflux. The obtai ned solution was
cool ed to 40CIBY%2] about 100 minutes (at this point, an anhydrous

tetom | ast type A crystal was precipitated), and it was then further cool ed
to 10C or Iomgf‘,m@oeéls to obtain

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]



the precipitated crystal by filtration. The above 20 precipitated crystal
was dried at 60C for 18 hours, so as to obtain 4.0 g of an anhydrous
tetom | ast type A crystal in the formof a while columar crystal (yield:
809 . [0144] 25The obtai ned anhydr ous5 etom | ast type A crystal nelted
(deconposed) at a tenperature between~187C and 189C. [0145] 59

The obtai ned anhydrous ft epi-Last 4t LY shabn, Messisukj ected to
t her nogravi netry/differenti g}t tﬁ%?né{arpﬁ'éir?ﬁ )§SI S. Y réttg)lﬁet?& it was found

that as showncirgsEhl.wad sab)eadedhes m&ﬂ@@%ame@@fmi\ﬁ%régeﬁgﬁnd 188C.
[0146] The powder X-ray diffraction spectrum of the obtalined anhydrous

tetom | ast typbesnel ystadlysias nbasarsskulAs atresslfound taas heund that as
shown in 10 Fi g 4, the above crystal had characteristic peaks at 20 =
10.5, 13.1, 13_anzmggﬁgana,zgngendothermic peak was observed

5 around 188°C.
[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



[0147] The IR(KBr) spectrum of the obtained anhydrous tetom | ast type A
crystal was neasured. As a 15 result, it was found that the obtained
anhydrous tetoni |l ast type A crystal had significant infrared absorption
bands at 3306, 3084, 1746, 1593, 1474 1348 1271, 1132, 1045, 758, and 704
cmlinthe IR (KBr) spectrumthereof 020 [ 0148] (2) 5 g of the anhydrous
tetomlast ty cr -0 n 1 cn ed | ater was
di ssol ved in ggﬁés g? g%hancﬁtw%ﬁlg %g?%%?ﬁﬁ aﬁé%&r eatl gaFEflux. The

obt ai ned sol utiyge Wesr$OEdRd nl @na5rERRT MK i THheh ¥ é@ﬁnﬂi/a%r &S;Qt 11 hour, and
(0]

it was then further cooled at 10C or lower for 1 hour, obtain the

precipitated dwieldt bgeg)ltrati on. The above preC|p|tated crystal was

dried at 50C for 3 60 hours, so as to obtain 4.3 g of an anhydrous

tetom | ast type A cryst®ie melthegfpoeintofofativki beteiladmamhyaryssal (yi el d:
8699 . The Melting point of the obtained anhydrous 5 tetom | ast

type A cryst aﬂ:eﬁﬁ@lb%‘%‘%\ééﬁ?el&erﬁﬁﬁa)ig@@ bgsweapokid’Coand 190%9]

The obt ai ned ?$h¥d ous, tet?nllast type A crystal was subjected to

t her nogr avi nmet PP AYal 10 t her mal analysis. As a result, it was
found t hat th?oi@ﬁ? endot herm ¢ peak as that shown in Fig. 3 was observed.

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



[ 0150) The powder X-ray diffraction spectrumof the 15
obt ai ned anhydrous tetom | ast type A crystal was neasured. As a result, it
was found that the same spectrumas that shown in Fig. 4 was observed.
[0151] The I R(KBr) spectrum of the obtained 20 anhydrous tetom | ast type A

crystal was neasured. As a result, it®ohas found that the obtained anhydrous
i nfrared absorpti on bands at

tetom | ast type A c¢rystal, had significant : orp
3306, 3084, 197%& di%é%%"eﬂtﬁ‘, 4?%4’8!} IS PCetrrgr whia 53t inydnganedend cm1 in
the IR (KBr t eof 0 . (3) 1 ,of the an r ous

tetonil gst %y%%azgggyfs%jar%é%%t&éi ne éi%baélél(r?pq) 302“1%6‘3]“ d%asdggé’%ge’a‘ﬂ ater 61
was di ssol ved apprénale1sf saeelong: wWible thobinGuynder hsaling to reflux.

The obtained sol ution was cool ed to approxi mately over about 1 hour,
and it was thénrthet hesoleabhedieic LRClowek0r8s f Moul, h9¥ras s as to 5

obtain the precipitated crystal by filtration. The above precipitated
crystal wa® debbdimttis0@recipstitoed ssrystadsbyofbbtaitiod.3 ghef an anhydrous
tetom | ast type A crystal in the formof a while columar crystal

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



(yield: 83%. 10 [0153] The obt ai ned anhydrous tetom | ast type A
crystal nelted (deconposed) at a tenperature between 188C and 190C. [ 0154]
15The obtai ned anhydrous tetom | ast type A crystal was subjected to

t hernogravinetry/differential thermal analysis. As a result, it was found
that the same endotherm c peak as that2shown in Fig. 3 was observed. 20

[ 01550 The powder X-ray diffraction spectrum of the obtained
anhydrous tet mtloasilasyp*éme &%Vatawmlédcar\fg nfeEd, it was found
that the sane spectrum as that shown was bserved (%5 [ 01561 The

| RCKBr) spect ARPCSPTLHR AR ﬁ§d3§9ﬁyd}%4sr tle7t4(§m Ilé §'t35/f)74'A ﬁ)sstal was
nmeasured. As almisu&b%all%%g Sggz:ﬂ#}é’ua}ql}tg obt ai nedlﬁngggrous

tetom | ast type crys g i can rare absor ption bands at
3306, 3084, 174G +1al3%: érgo 1348, 1271, 1132, 1045, 758, and 704 cm | in
the IR (KBr) s ectrumt ereO. 5 [0157] (4) 10 g of the anhydrous

tetom | ast §yg®147]

(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.



crystal obtained in Exanple 1 (6) as described | ater

was dissolved in a

solution consisting of 320 m of acetone and 80 m of water, while stirring
under 10 heating to reflux. The obtained solution was cooled, in a stepw se
manner, to 30C over about 3 hours, it was then cooled to 20C over-1 hour,

and it was then further cooled to 10CéBver 0.5 hours,

so as to obtain the

precipitated crystal by filtration. The above 15 precipitated crystal was
dried at 50C flde681hours, so as to obtain 8.3 g of an anhydrous tetom | ast

a 83% . [0158]

type A crystal in the formof a ile col ar ,cryst

20The obt ai ned anhydr ofr@let @togl%elrmgfr?%/églf%%ﬁ%f’ﬁ s%?tt’é%“ f’éeEB fiposed) at a
tenperature b FAOR - als MRS ?,ggj anhydrous tetom | ast
type A 25 cryg%ﬁﬁgaaégéu C3§d%§%o%§§ééﬂ g VIHE%§¥ ferential thermnal
anal ysis. As gech8aH,d, 'PIS \&a%eéey’ed ma&ast E%uﬁan@h%dgw%ramec peak as that

shown in Fig. 3 was observed. [

The powder X-ray

di ffracti ors sppetttim ais tﬂnxatol@hamem ae'ﬂ@/dmouastebmﬁas.t type A crystal

was
[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

20 approximately 30°C over about 1 hour, and

was cooled to

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



neasured. As a result, it was found that the sane 5 spectrum as that shown
in Fig. 4 was observed. [0161] The I R(KBr) spectrum of the obtained
anhydrous tetoni |l ast type A crystal was neasured. As a result, it was found
that the obtained anhydrous 10 tetonilgst type A crystal had significant
infrared absorption bands at 3306 308 1746, 1593, 1474, 1348, 1271,

1132, 1045, 758,304 A% & R r ther eof . [01621
15(5) 5 g of the anhydr ous J&F%g Fgg?& f%§%A¥gr§8£é ggﬁheg in Exanple 1

(6) as descri li@Betadmd 18@SCc di ssolved in a sol ution conS|st|ng of 450 m of
acetone and 300 m of water, while stirring under heating to reflux. The
obt ai ned sol uti0d®4was cooled to 20 approxi mately 30C over about 1 hour,
andwas then further cooled at 10C or lower for 1 hour, so as to obtain the
precipitated crystal byl (cbitatned. amiusizaisy bepemtlait dtvee arystal was
dried at 50C for % Eours Q as to obtain 4.2 g of an anhydrous tetom | ast
25 type A C y§tfé{|5 7 ﬂﬁrFB?datmf\eé“@sraﬁﬁa?tlaf%s{faﬁer@wew 849 .

FREMIEN A R UL RN e
same endothermic peak as that shown in Fig. 3 was
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



[0164] The Obtai ned anhydrous tetomlast type A5 crystal was subjected to
thernogravinetry/differential thermal analysis. As a result, it was found
that the sane endotherm c peak as that shown in Fig. 3 was observed.
[0165] 10The powder X-ray diffraction spectrum of the obtained anhydrous

tetom | ast type A crystal was neasure > As aresult, it was found that the
same spectrumgagg dhat sHow; 1 <Fi §: ryed. [01661 15The | R(KBr)
spectrum of the ob'lt%gi ned an y&rﬁogg @é%#ﬁ@? ?%%a‘[ﬁ«e CVFSFS de&as measur ed.

As a result, idropasstotdidtinabobBecobial ned@nbydspus tetonmilast type A
crystal had significant infrared absorption bands at 3306, 3084, 1746,

1593, 1474, 134®ro20mdadly 3D182nuieds whiAie, sandr7f4. crnbrdarthe | R (KBr)

spectrum t her eof . é0167] ) (6) 41.4 g of ethyl 3-oxo-3-(6-
net hoxycar bonyie20bbainRd yixsproned® stdsreidssbl & etkrigem t2Fesol uti on
water and 414 m of ethyl acetate, and the obtai ned

consi sting of 42 ni g{o )
sol ution wes PREHCERGIEE B2 a2V EnpeFat tidihet WBbACGCatY,1(GBe Thereafter, a

sol ution obt airgggtPé/n dsio %%li\éinn\gagﬁie%t%doglp to approximately 8Q°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 99%).
[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



65 sul furyl chloride in 83 m of ethyl acetate was added dropwi se to the
above cool ed sol ution over approximately 30 m nutes, while stirring.
Thereafter, the obtained m xture was stirred at a tenperature 5 between 10C
and 20C for 1 hour. Subsequently, the reaction solution was heated up to
approxi mately 90C, while the solvent ®&s distilled away fromthe reaction

solution. The Lon. sol.ution.was.continuously heated . at a tenperature
bet ween approf#ﬁgggkggtéﬁg%ﬂé °f9 fobﬁléi% WGU%§tﬁﬁil "G irring.

Ther eaf ter, tlg:abhahngsh toed yspensi and GARLALPEDO Llksil ) vas cool ed

to approximately 10C, and it was then stirre our, ftollowed by

filtration, seawdsetQiobtm ix 27.9' Shdhrtfridy(21Chl 9F 0RGEtMELy6- pyri di ne
carboxylic 15 acid in the formof yellowbrown crystals (nelting point:
184C to 189C, cpubphywadddeal 8% he (¥GHated water laydk,Ja@l the
2-(2-chloroacetyl)-6-pyridine carboxylic acid and 22.6 g of

3, 4- di et hoxdyt ﬁbgaéﬂﬁérﬁ@él@@nvw{ié therssibiedtednah sppadsiioatedgsBetd ng 6f 100
m of water agd 22@ nm} _of dinethoxyethane. The obtained solution was heated
to ref lux fof°% AOUMIYHFS-e SREFREHEL atder et 6aked BRrbORUYRSN was t hen

Fo0l g 10 5C, BhnbPU8 sy ¥1132ab 2RV AL" A1V L' O REQNLLLSY B 151 25 B
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



66 of potassium hydroxide in 372 ml of water. The obtained solution was
extracted with ethyl acetate twice (186 m x 2). Thereafter, 1 g of
activated carbon was added to the separated water |ayer, and the 5 obtained
solution was then stirred at approxinmately 30C for 30 m nutes. Thereafter,
the activated carbon was renoved by féltration, and 372 m of acetone and

11.2 g of conggntr t ed réxdroch oric acid \gege t hen added to the obtained
filtrate, so &8P obrEh 3% BuLPErNSasH CaPeEvirkiir e @BAsPSG ng of a

tetom | ast hyq?ﬁ.{:gnﬁgly% ﬁkeggguf@) 3y dr Rgﬁrg_et 'elr sa}ftt&peag%cr ystal). In

order to transter the mxture consisting of a tetorilast hy te crystal

and an anhydr gysaifdPEclast oh YiEs Bdoivst 8b 20 aphydroys; ) | 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 s heated again, and dissolution of 25
the crystal wasSH RarTEsht A F e Lerhese HF?Z?‘?UYW f%%Ft PRt e> WadCEobl ed to 50C.

79 nmg of an fil]d"{'mé% ggt%ﬁé‘ﬂ%lié’}ﬁég?néﬁ%n@%ﬂt%%&ggsgtﬁina seed crystal

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 stirddydzous tebprilasir &vpet heeryd@lan@hoeef yieddhmas, so as to
o atm s’ iy VRSSO Bactly ) D e TARRIRIY T IS P 12t o
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



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 obtai ned anhydrous
tetom | ast type A crystal was 99.9% 15 [01711 A part of the
obt ai ned anhydrous tetonilast type A éBystal nelted around 175C, and it was

changed to a needle crystal. Thereafter, the above crystal conpletel
o1 £ 20 (deconBEedse B A e SR a8 BV 0G| 0172

The obtai ned gaixdroys el gmLagt. (vpe A Ciuslal uas sublaged Lo

thernogravinmry ere ernhl ~analysis. result, it was found

that the 25 sapR-eRURINEWHE RBBIN Sty 1R, ShQwl bBs&beq.3 Was observed.
[0173] 68 obtained anhydrous tetom | ast” type A crystal was neasured. As a

result, it wagohogpd that the same spectrum as that shown in Fig. 4 was
observed. [0174] 5The I R(KBr) spectrum of the obtained anhydrous tetom | ast
type A crystal was neaslireedR (K8ra spsceiirum ioff whs bbtmthddchat the obtai ned
anhydrous tetonm |l ast type A crystal had significant infrared absorption
bands at 3306anBgguous AeFomidest 4y A xagtaiovagmeasupss. 18852 758, and
704 cm 1. in trre]guiis, (J}.%Brv)ass%%%%rriu&attgl etrheeOfobtgg.]riZg] anhydrous
tetomilast type A crystal had significant 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 coocled filtrate, and the obtained mixture

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



The obtai 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 pm
and 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 descri bed

| ater 20 was dissolved in a solution &38nsisting of 197 nml of purified water

d 793 m of . b ' ' |y _60C, fall db
1ttt on durig BoROTo SHes! “aancaquehir g Lo ne ot AR MO
heat ed in, . i Ly d Jo :
Thor caf Lo, | REoT 11 Tat o e SAaoTad 1o JachEsdg i ore area R or

tetonil ast typ@dA26ry Sl 2Wasussldedri-daltecepoted ddlddidkewaand the
obtai ned m xture was then stirred at 45C for 2 hours. Thereafter, the 69

obt ai ned sol utdoolledaso 390l edet calZBE Qv e@louvaBpuénd houras ak@dni t was t hen
stirred at a tenperature between 20C and 24C for 2 hours. Thereafter, the
sol ution wds cdalrsddtat SCtewperaboue Retwaars ~18hdand SkEsfoheh 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 far 4_hours, .50 as Lo obtain 2%. él oL n_anhydr ous
tetomlast ty a1k E\t']f/%rf al “fo F’@Y??&reaplta € C%‘?ﬁ ?)gt"éai‘% 1.§ﬁ1hydrou.s
Ba) "ot YBR, BOSC Mokl Ke-s el gt T i e e
as that shownanhAyfigus Tetdmilast 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.



15 observed. [0178] The powder X-ray diffraction spectrum of the
obt ai ned anhydrous tetom | ast type A crystal was neasured. As a result, it
was found that the same 20 spectrumas that shown in Fig. 4 was observed.
[0179] The 1 R(KBr) spectrum of the obtai ned anhydrous tetom | ast
type A crystal was neasured. As a resuldt, it was found that the obtained

anhydrous 25 t[e%,lggl | ast type A crystal had significant infrared absorption
bands at 3306 4 1746, 1593, 1474, 1348, 1271, 1132, 1045, 758, and 704

cmlinthe IR x(a@ ?pectrumthereof. 70 [0180] Exanpl e 2 Production of
anhydrous tetomlast type C crystal 5 g of the anhydrous tetom | ast type A

o orystal obt aiadekRokxafMtylrbl) ¥BSof Satl ¥ogel 0 80w of methanol,

while stirring under heating to reflux. The obtained sol ution was cool ed to
approxi mately 30C over shpuwtf thbodhhyansus ttamamitthed tysd lrer cool ed at 10C
or lower for 1 hour, so as to obtain the 10 precipitated crystal by
filtration.5 Theyalieleopraigiar tiat Bdanpysthl (dlasagr dédsaiveadanf G003 hours, so
as to obtain 3.8 of an anhydrous tetom | ast tyge C crystal in the form of
a whil e pl aty ™ p&t BRthanqd,dwhibey stisrimy gmger” heating 'to reflux.

The obtained solution was cooled to.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

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



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

t hernmogravi netry/differential thermal7hnalysis. As a result, it was found

that as shown_in_Fi 7, endot herm ¢ .peaks were observed, around 25 184C and
around 189C. - Bs'a res‘%ﬁs’ gowddr &ovag What AsceP8HspRct rum of t he

obt ai ned anhygyousg t etQmbast ﬁg:%%etag %{aﬁzgggrg\@&ﬂ?gﬁigﬁeg%gggd £Aga result,

it was found that as shown in ove Crys characteristic
peaks at 20 ==44 2°,8822° 12.000°16.6%.4°2427,76nd 145289, 94.0184] 5The | R(KBr)

spectrum of the obtai ned anhydrous tetonm | ast type A crystal was neasured.
As a result, [@l8&s found that the obtai ned anhydrous tetom | ast type A
crystal had significant infrared absorption bands at 3300, 3088, 1744,
1593, 14762 1346, 10 1Z&%, IR{E) Ep4SLr#B4ofatue *hbiadmed in the IR (KBr)
spectrum t hereof. [0185] Exanple 3 Production of tetom|ast acetonitrile
sol vat e Cryst%ﬂhydrous 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 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



155 g of the anhydrous tetom | ast type A crystal obtained in Exanple 1 (6)
was dissolved in 400 mM of acetonitrile, while stirring under heating to
refl ux. The obtained solution was cool ed to approxi mtely 30C over about 1
hour, and it was then 20 further cooI%d at 10C or lower for 1 hour, so as
to obtain the precipitated crystal by Filtration. The above precipitated
crystal was dry t haur g, as_,to obtain 5. of tetom | ast
acetonitrile sldoelqggtae(g(?%g?%fs%r% %lﬁegf J(C)%gﬁ%lfatél%%e wosn p#af§ gP§st al

(yield: quantincgegye). [0186] The obtained tetom | ast
acetonitrile solvate crystal becanme clouded at 90C, and the above crystal
72 nmelted (ded®dfdsed) at a tenperature between 187C and 190C. [0187] The
obtained tetom | ast acetonitrile solvate 5 crystal was subjected to

t her nogr avi net ry/ di f f erBm iclitaihednb¢temidlasti scefsnatrEsldolviatewas found
that as sh in Fig- 9, endotherm c peaks were observed around 91C, around
176C, and g\gﬁﬁé{sﬁ%‘gd’aﬁ FLRIECEethEC peridogkavapetiky f dififisrentdpéct r um of

t he obtai ned 1] ast_-acetonitrile solvate crystal was neasured. As a
result, it vva%‘ﬁ%%ggr‘lid ?%aa]tysé?sh%anairr?ﬁﬂ 1§, YEReTARA &h@tydfal had

Characteristighgﬁgkﬁl%ﬁg%09f éngotgéﬁmiéu%égkslﬁé%é ggg%f%id8éround

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]



15 [ 01891 The I R(KBr) spectrum of the obtained tetom | ast
acetonitrile solvate crystal was neasured. As a result, it was found that
the obtained tetonmilast aoetonitrile solvate crystal had significant

i nfrared 20 absorption bands at 3300, _3090, 2249 (nitrile group), 1744,
1593, 1476, 1346, 1269, 1132, 1045, 78 , and 704 -1 i amn the IR (KBr)
spectrum t her eifampf 8190] The NVR (DMSO-dO spectrum of the
obtained 25 tetom |l ast acetonitrile solvate crystal was neasured. As a

result, it warbduotdidhads ainRulgl cehoMLBRAKFOENAGEEORME LTIl e was observed
at 82.1 ppm [0191] 73 Exanple 4 Production of mixture consisting of

anhydrous t et a#itbastasly pypk ér ysyatahrahdarinpgtevast etosmiiast type B crystal
5A m xture corésic%t,isggl of an anhydrous
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



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
t he anhydrous tetom |l ast type A crystal obtained in Exanple 1 (6) was

di ssolved in a solution consisting of 320 ml of acetone and 80 ml of water,
while stirring under heating to reflux'4 The obtai ned solution was cooled to

About 10 m nut oo Fher carrar e Soburt SRR iRe (et T100 or

about 10 minutes. Thereafter, thé so on was

| over for 1 haiy a sempsrdtubirichebhe; PsRCLpLt aogdt crystal by filtration.
The above precipitated crystal was dried at 50C for 3 hours, so 20 as to

obtain 8.5 g df0l&4ii xture consi sting of an anhydrous tetom | ast type A
crystal and an anhydrous tetom | ast type B crystal (A:B = 40:60) in the
formof a while col umatheoptpahedyinbkidur85Ynsif0i8g]o25mly a small part
of the obtagined m xture consisting of an anhydrous tetom | ast type A
crystal and aRPB¥AYARS Jetoridastaype yhecystpyspadl aelardydaous78C, and it

mxt ur & ol e CLABPATO SRR B S50t Erpel Lo 4het DbotroL FeR aRedo0C. [ 0194
The obtai ned HoXEHEnd¥SimkLPY/8] e80vential 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.



5 anhydrous tetom | ast type A crystal and an anhydrous tetom last type B
crystal (A:B = 40:60) was subjected to thatnogravintry/differential thernal
analysis. As a result, it was found that as shown in Fig. 11, endothermc
peaks were observed around 175C and around 10 189C. [0195] In
addi tion, the powder X-ray diffractioﬁsspectrun1of t he obtained m xture
consi sting of rgagaphydrous tetonmlast type A crystal and an anhydrous 15
tetom | ast type B crystal (A:B = 40:60) was neasured. As a result, it was

found that as shown in fig 1525 Sheembaumyishyr echiah Il agberhstic peaks
at 20 = 4.2, 11.9, 13.2, 16.2, 17.3, 24.3, 25.3, 25.9, and . 5.7 20 [0196]

Mor eover, theckREKSE )okspdanieruim ofxdryel «Olit gisnegani disdd ve@nshski ng of an
anhydrous tetom | ast type A crystal and an anhydrous tetom|ast type B
crystal (A B £°4pt50) capsistasared. 326 md pésakbetond a6 W@smioupd that the

obt ai ned n%gturg had significant infrared absorption bands at 3298, 3088,
1744, 1593 143487 g 1o sgerringundegabeatrspg bpdrsfdaem Then the | R (KBr)

trumth .75 14197 ft hyd
etom last ©ygarainds b s mirkednppel ' 6y ehadd S Rd | n

sol ution COﬂSEétégwkdﬁbb%%Qn”thé”pfgéﬁﬁi%ﬁtéadc§95€Ql‘ﬂ} 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



ile stirring under heating to reflux. The obtained solution was
gu\é\ﬁgﬁ;a }tM(;I 18C over 38 mnutes, so as to obtain the precipitated crystal
by filtration. The above precipitated crystal was dried at 50C for 3 hplurs:[
so as to obtain 7.8 g of a m xture congsi sting of 10 an anhyd.roui tg?g(r)n a?‘
type A crystal and an anhydrous tetom'l"ast type B crystal (A:B = 10:90) i

f } : ined m xture
the form of whid ats. = (10800 wi8%ead b qf the gbtai &
nelted at 176C, yasr;c(?a:/\? was crystallized in the formof - a ndedle crystal .

fter, th@sribouodetist red tshdwhdesorpsad), dhedabordafialeye bet ween
;rg%:egnd 190C., [0198] The obtained m xture consisting of an

&bpragher isteioy peaks aatd 26h =ashy ey aus 920 1@toyi | ast type B
2?%?29% ';)Iet &ﬂj 10:]9 )9bvvas tgluwbj ected to thernmogravimetry/differential
t her mal anal y§17s.2 As g’?es%‘?t%o'i £5whs £8ufd taed 2ds38hown in Fig. 13,
endot her m ¢ pq@% re observed around 176C and around 189C. 25 [0199] f
The powder X-ray 8y\?fracti on spectrum of the obtained m xture consisting o

d tetom | ast Y, d an,anhydrous tetom | ast type B
76 crystal (A B o 10 o0y ae AeEL SR o2 BT EREFGR (hat as
shown in Fig. ctdsisbenghavannbxh &d}’a@e%tﬁﬁ‘gégr?t@é ? F:%%Sff -

11.9, 16.1, 17.2, 19.3, 24.2, 25.10, 25.9, an S
The | R(KBr) spedtammumfyddoasobeeomicth st XypeeBCcopsisd na . af —an anhydr ous
tetom | ast tyES:éO)Crv)v/ass:[ ?illeasured. 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



and an anhydrous tetom | ast type B crystal (A:B = 10:90) was Measured. As a
result, it was found that 10 the obtained m xture had significant infrared
absor pti on bands at 3298, 3090, 1744, 1593, 1474, 1348, 1269, 1132, 1045,
756, and 706 cm1l in the IR (KBr) spectrumthereof. [0201] 15 Exanple 5
Production of tetonilast nonohydrate ¢fystal A tetonil ast

hydr at d by, th hqds_descri i 1) t 3
el ow [ 0202] SBcar i A gRoH 88 HeaatirBRbaR e i el et howy 1 ¢ aci d
d 21.1 f di K .6l R0 a tion
ggnsi sti ng gf Wgﬁéﬁi | gffﬂpm%?hgggqﬁ%%g%% %?ig}:rgr%rt??\vg%(s\;g%ﬁg}%g, wgﬁ%ut Ihe

obt ai ned mmi xt are mBsof hamyat heeeskattvappr OxirABESS # BOCA( L8| H¥In 25 for 2
hours. The obtai ned solution was cooled to 5C, and it was then stirred for
1 hour, so asfoomebtla mumppetiogrbrownofr ectpraedéd dwbonl thati®n. The above
precipitate was dissolved in a solution formed by 77 dissolving 5.78 g of
pot assi um Ry dibxeHevaterasgsnhdéed it &he Fepavdted nedteri thver, soiditi on was
washed with 174 m_ of, ethyl acetate twi ce. Thereafter, a solution formed by
suspendi ng 0. 8% ?Ht%%éﬂéﬁuﬁ%r%tpﬁnﬁ@lﬁr?ﬁ‘ af andespevakuzRided to the

separ at ed wat ElynoAN JAbtai ned m xture s then stirred at a
t enper at ur e bg%%e?r%l f&céa%%‘& 23%08f% rg@ M-RUt&s: \‘?ﬁ}é‘?‘%@:ﬁ terr £Re activat ed
carbon was regovak EEEEBEI%éHLré%BQe§4§yn%iltration, and 348 ml

of acetone was then added to the obtained Ffiltrate.

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



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 mxture was then stirred for 1 hour. Thereafter, the precipitated
crystal was collected by filtration. T{gas crystal was suspended in 348 m
of water, and the 15 obtained m xture s then stirred at a tenperature

between 27C aneb@iGdtegnil MM Gonol§REEAL &ysddie A ALOGA LIYSt Al was

collected by filtration. The obtalned crysta S was a sol ution
consi sting of BS arreshilaceaonehand i35rmy. of, W 6fas $OuA8 £RaOBiRI N 20 29-53
g of a tetomlast nonohydrate crystal. [0203] The obt ai ned
tetom | ast nornRRSME gE¥stayshad olesastbibstid denks at 20 = 10.6°, .
thernogravimetyy/ differential thernal anoal ysis. As a result, as shown in
Fig. 1, an 25 @/TcPoth Ini’e BéaR’m@®doB8ebiied around 189C, and further, a

w de peak VRS @%«;rmd around 102C. [0204] The powder X-ray diffraction
spectrum of "th é obt ai ned tetom | ast nonohydrate crystal was neasured.

Charact eri st peaks at b R UFrd. SrBErlO Bl S0t atadRor e " I Ca0s] The
| RCKBr) spect rigtonl 1kbe mbicyepdrketppit ast,sonehydrage c{ystal was
nmeasured. As a result, it was found that the obtained crystal had
significant infesaiéd abserpticondbands e Fpk&ind433rystal had
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
obtainéd 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



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 in Exanple 1 (6) was dissolved in a 15
solution forned by dissolving 8.33 g of pot assi um hydroxide in 500 m of
water. This solution was filtrated, afhd 500 ml of acetone was then added to

the obtained ELhtgate. 1 gﬂg ga&£§£ l&é;#qm (%8; S0 r0f A cgq&ggtrated

hydrochloric acid was a ere stirri’ng p?oduct

precipitated abnshetirdd B8 waseBOmANMMINQUEatet OFfdraSt ahpenB crystal). The
obt ai ned solution was stirred at roomtenperature for approximtely 10

m nut es. Aft eankpdnbwet itenonl lade isipe B rgysPab wrofokttadntat pritiast
monohydrate crystal 25 obtained in the aforenentioned Exanple 5 (1) was
added as a sep¥e¢iyidtadiedt orvpeat emad tepdleched hef idhtraitned, nind ur e was
contlnuously stirred for, 2 hours (During such stirrin transformation

pr ogr essed V|5.?rﬂ?taﬁyegoFVXﬁ?alIWa%I¥?e§tFF?P?EF§qI%? %&9 Bhotf, a nixture
consi sting of teto Ias# %FéStal and an ydrous t et oni | ast type
B crystal was"o ?aln Rty Fel2dryist & 8ol 1 ected by

filtration, af@np'iertah:%rgbf)@{ﬂ@éjn Cédbétéﬁ%"%%ct ?89 sospanged 1 n 400 7 of

wat er. The obtalned m xture was stirr at a tenperature between 20C and

30C for 30 miTnéesmrther enrét &fysddie wakysbaledass &9 lr@ategde by, fil tration,
and it was then washed with 80 m of acetone-water (an 10 acet one cont ent

of 50% by volamk)it Fae tbemlW&shedeatdrBednhnﬁémc@&dueedapéﬁsamﬂe al |
night, so_as to obtain 51.5 of a tetom | ast nonohydrate crystal. [0207]
The obt ai h€d 3Rt é}@flt%%cﬂﬁ/cﬁ%ﬁ bycvobene) 15 Thes regbjberediao

t her nogravi e / |fferent herna an As a result, the sane
endot hernic p rﬁ{e A& PERA TS |erel§|sBrelai\%smt%]t i figgas to obtain

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



[0208] The powder X-ray diffraction spectrumof the 20 obtained tetom | ast
nonohydrate crystal was neasured. As a result, the sane apectrum as that
shown in Fig. 2 was observed. [0209] The I R(KBr) spectrum of the obtained
25 tetom | ast nonohydrate crystal was neasured. As a result, it was found
that the obtained crystal had si gnifi@é’nt I nfrared absorption bands at

3516, 3433, 17 1:&¥3%F %QSZ%B}ﬂl%¥K%%%%bf%é§§Of}040, 758, and 716 80 -1 i

cmn the IR (KBr) sp rum t héereo (3) 2.37 g of the
anhydrous tetomidiagt type B crystal obtained in Reference exanple 1(3) was
5 suspended in a solution consisting of 50 mMl of acetone and 50 m of

wat er, and the obtai ned(®j Xty wastt bre sihydetst eetaphrasd raRl y 5
m nutes. Thereafter, a tetom|ast hydrate crystal was added as a seed
crystal to the asbxyetain sbtaimedand Rbferduse oixtzapdedl (B ktwase 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]



10 further stirred at 30C for 1 hour. The crystal was collected by
filtration, and it was then dried at 60C all night, so as to obtain 2.34 g
of a tetomlast hydrate crystal. [0211] 15The noi sture val ue of the

obtained tetom | ast hydrate crystal mgi 4.68% This value was al most the
sane as the theoretical noisture valué~(4.64% of a tetom | ast nonohydrate

| . [0212] 20Th nohyd ; ¢l ouded 0 00C, and
Tl ted (decampused) at oY d R BRI e %3] Tho

obt ai ned t et ordbtashedObOIMENAR RENSHRIraAR WaSs8UYRi £S48 GbdsBreqd.
t hernmogravimetry/differential thermal analysis. As a result, the sane

endot her ni ¢ péek aaseshit, shewsaha fpertdumas ehtai Sesn [0214]. 81
The powder X-ray diffraction spectrum of the obtained tetomlast
nmonohydr at e crM#st absam¥sedreasured. As a result, the sanme spectrum as that

shown in FH?'[%ZT@? observed. 5 [0215]

The IR(KBr) 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]



The I R(KBr) spectrum of the obtained tetom | ast nonohydrate crystal

nmeasured. As a result, it was found that the obtained crystal had
i nfrared absorption bands at 3516, 3433, 10 1742, 1709, 1587,

signi ficant

1472, 1267,
[0216] Exanpl e 6 Thermal traf&formation fron1anhydrous tetom | ast

t her eof .

was

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

S 094pgre®gat 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



(2) 5 g of the anhydrous tetom |l ast type B crystal obtained in Reference
exanple 1 (3) was suspended in a solution consisting of 40 mM of acetone
and 10 m of water, and the obtained-m xture was then 5 stirred at 20C. At
that tinme, sanpling was carried out at intervals of 15 m nutes, 30 m nutes,
60 minutes, and 120 minutes, and each8f the obtained sanpl es was subjected

to powder X-r i ctl.on exam ne the crystal for As a result, it
coul d be conf ?ér/nuggftglﬁgtéﬁrg&estggﬁlgof)ﬂ fié %Mr sc&FF@HQ%F%qué’te $tirring for

15 m nutes, 3QRishytesnd ] i -nf Al t he form.as.,ag anhydrous
tetom | ast typeﬁB crystalaepr;i a%%y%guge@%w&?hle%%t% ehlgm ,yslftalcga‘l’g be
confirnmed that= tthe58anpl e coll ected after stirring for 120 m nutes was 15 a
m xture consi sting of an anhydrous tetom | ast type B crystal and an
anhydrous tet dfi2R8%t 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

wat er, and the oBta%nt%(tjﬁmxtﬁre was then stirred at 40C. At that tine,
sanpl i ng was E&FFi 8 SZePlRtekhat hast Pesnaskiresd B @hutes, 60

m nutes, and 23 ég%) m nd ea h]eﬁ{ t.he obtai ned sanpl es was subj ected
to powder X-ray drfrr aécytjlgng'r?imft%séx%ﬁn RERBEGEr alas ofiAn9RS EordBult, it
p ay R !
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 A cryfstal . 0221% )
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.



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

th th diffract h 5 A
it ur 6 consi SLPAGSBLAHY ThARBRCSE Sl PASE - JpEA o éf?a d25cor di ng 1o

claim2 and an,apbygh ARwheligmrhgstatype B crystal . A pharnaceutica
conposi tion conprising at
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



| east one type of tetom | ast crystal selected fromthe group consisting of
a tetom |l ast hydrate crystal, an anhydrous tetom | ast type A crystal, an
anhydrous tetonilast type C crystal, and a teton|ast acetonitrile solvate
crystal. 7. The pharnmaceutical conposition according to claim®6, which is
an agent for preventing and/or 85 tr@ating gastrointestinal ulcer, an
agent for preventing and/or treating cardi aci schem ¢ di sease, an agent for
preventi ng and/xsatingagesiraierastovatculerr diageasgentafor ver and ki dney
function inprover used for%fis?;ders caused, by transpl antati on,

mi crocircul at iRFF R DM CLGRLIRY SRFALF cb?@%&n 1 %4nd S treating
Behcet's di sease, ,cutaneous vascullti s, ,ulcerative litlS,.,malignant
rheumat i sm af?ﬁ??i%gf %f?%ﬁ%%iﬁglg?%é?g %ﬁeal%ggeggggg ?ﬁ%ﬁ?ﬁ)%grnaceutical
composi tion acadisag L0y 3l Aif6y; WL ¢ e AR nA9RPEsTOF WMLV QYL Ng and/ or
treating chronic rheumatoid arthritis,” endotoxin shock, ARDS, thermal burn,
asthma, chroniggheaelsf @dldd® by 083681 & tdtifod, Chili 8RocVid@latwacarditis, or
an agent for preventing and/or treating ischem c reperfusion abnormality,
transition frdaiSuke, (syst enic annbbamretor \pregepthsg aydtbrone) to organ
failure, multiple organ failure, inflammtory bowel disease, autoi mmune

di sease, netadtrasiting| hehertl 'Gyidéapasej ecttianeovsc YRFFREL A ng

transpl antation, nonoclonal, B cell _ abnormality, polyclonal B cel
abnor il i 1y, SCPARCRY O (aget PRhIPaS B SBy | FRiHFLtis,
gIonerulonephr&&%§ioggfggggf§ ogrgkgggg ive nephritis, cancer cachexi a,

Lennert's Iynﬁhona, psoriasi's, atopic dermatitis, Kaposi's sarcoma

devel oped duegto Al DS, pAStyMAARBNGE] cLBIRAPREIE1Sn SERIIGHY 2o
i nfl ammat ory di sease or chronic obstructive pul nonary di sease. 9. The

phar maceut i cakcladmpésiwhicgh decandagent ofoBrevantmify avfod n t he
inflammatory intestinal disease is ulcerative colitis or Crohn's disease.
10. The phar mé¢eatiedl cummgesirhpunateicdratithyitdsel ande@xinhisiiecks an agent

for preventing_and/or treating chronic ostryctive pul npnary di sease. 11. A
process for t DﬁreE%?Eﬂ%iJ#“&%'aaFEQTﬁﬁI%hﬁ?nﬁﬁdbﬁﬁﬁg %%?Eﬂ"%s characteri zed
inthat it co I + ST rd a 1.l ast_1yhe ystal in an
aqueous sol vent. . process for € preparation of an arhydrous

o Sol vorpobegg: 1 38, n@:}/%m@otc%;am?, ol YAt _agﬁﬁg .
tetom | ast typerApeéySiting Whghri Sr&aimiftischafici Repdiddudilonconpri ses

recrystallization froma solution formed by dissol ving an anhydrous

tetom | ast typbnBroaystsl tmnaitbdweftom 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



13. The process according to claim 12, wherein the 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 characterized in that it conprises recrystallization from
a solution formed by dissolving in a 86lvent at | east one type of

tetom |l ast crystal selected fromthe group consisting of a tetom | ast
hydrate cryst 21808 anffiglicdds thet snflartatonye ictepyinal  dimedss g6t ani | ast
acetonitrile sglvatge. crysta : gﬁfss according to claim 14,

.. 15. . T
wherein the sdl SSH?E?i?ef%%%$éﬁ gﬁlgﬁéﬁaﬁg) iS§fPRg of water, and at |east
i I i Sti f h |,
one organi c sglvent selggt ?ﬁfgﬁg%&@c‘ﬂr %Rogz‘cfggsé%éﬁﬁﬁ% +qet hano

et hanol, acetone, and tetr ran. 16. process preparation of

an anhydrous tehofi § ASinilonPe sCafr ¥§dt 1fd¥‘ip%QvEﬁt§H%ré’r?dﬁfrj zed in that it
conprises recrystallization froma solution formed Dy dissolving an

anhydr ous t et arehabig totp@nBcCbypst alict ived ps0vaAky dideasEhe process
according to claim 16, wherein the solvent is nmethanol or ethanol. 18. A
process for thé-prepar & ipewcebsaficariharoepatretdon| ata thakenClesy st al
which is characterized in that it conprises recrystallization froma

sol ution for nBY9RYtR S8dch A§ Fherdwniasd in thaktibmompyisest tetonil ast

crystal selected fromthe grqup consisting.of a tetomlast hydrate crystal,
an” anhydr ous ?gfﬁﬁqgasatn ?37%%’8}5\8%? Vet nfll?%& %W%t%n‘ﬁ%& ALdBtBRitrile

sol vate crystghyeodd-soliR@npr oduction method according to claim18, wherein

the solvent is nethanol or ethanol. 20. A process for the preparation of a

tetonilast aceponitrila pebvase £6ysiRl prebhehtisn Ccmraa;cfa%hi[yagduén that it
conprises recrystallization froma solution fornmed by dissolving an

anhydr ous t et betdmistasty pgrB Brgsysiiali,nwadehohst chhdxmctdtized pnocess for the
preparation of an anhydrous tetom | ast acetonitrile solvate crystal, which
i s charact eri 2R i ¥ REPriset onprEdalidenfion| fromtd GPtdARa sol ution

formed by dISEggﬁgdu%f @igsgfbyggtaéuanhggrous tetomilast type B

crystal in a solwvent.

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



| 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 type B crystal, which is characterized in that it
conprises recrystallization froma sofltion forned by di ssolving the

hyd ] ; | ] I . 23. Th
anhydrous Lo auLLectly B BoELELE! RS Kelloo 29, The Y ocess

according to vent ‘i s 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).



