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-

pyridyl)thiazole (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 tetomlast. This tetom | ast has
active oxygen inhibitory action, EYEGKIFE eneration inhibitory action
adhesion inhibitory action, etc., and it is useful for the treatnent of

ul cerative colitis, Crohn's di seaggasasbhmeore@nd the 15 i ke (JP-A-5-51318
(paragraph [0015], ExaMpl e 371) and JP- A-10-152437 (paragraphs [0024] and
[0029]). In addition, tetomlast is also useful as a therapeutic agent for
chronic obstructive pul nonary di Sease (JP-A2003-104890). Moreover, such a
tetom | ast crystal is 20 stable towards heat and noisture, and is excellent

in terns of tHBCHNECAH etfifaini on property and di ssol ution property of
tabl ets. [0003 According to Exanple 371 of JP-A-5-51318, an

2
anhydr ous tetéh?@%kt crystal (hereinafter referred to as an "anhydrous

tetom | ast type B crystal”) is produced by all ow ng
3, 4- di et hoxyt hi obenzamldé PEes@ietinvenyioh 2el2tahiter easetyl) - 6- pyri di ne

carboxylic acigd.and . th recrystallizing the obtained tetom | ast crude
pr oduct fron1e€hanoﬁﬁ%f§?y%x | e. [0004]

5 BACKGROUND ART
f0002]
2~(3,4mdiethoxyphenyl)~4“(2~carboxy~6~
pyridyl)thiazole (ox 64{2~{3,4—diethoxyphenyl)thiazolm
4~yl}pyridin~2mcarboxylic acid) is a known compound.
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 like (JP-A~5-51318 (paragraph [0015], Example 37L) and
JP-A~10-152437 (paragraphs (00241 and {0029]). 1In
addition, tetomilast is also useful as a therapeutic
agent for chronic obstructive pulmonary disease (Jp-A-
Z003-104890) . Moreover, such a tetomilast crystal is
20 stable towards heat and moisture, and is excellent in
temms of the disintegration property and dissolution
property of tablets.
[G003]



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 I owi ng 3, 4-di et hoxyt hi obenzam de to react with 2-(2-

br onpacetyl)-6-pyridi ne carboxylic acid, then hydrolyzing the obtained

met hyl 6-[2-(3,4- 15 di et hoxyphenyl)thi azol -4, -yl ]pyridin-2-carboxylic acid
met hyl ester, and then recrystallizing the obtained tetoM|ast crude
product from ethyl acet@t®rqi@gosp Lxample 371 of spHeWeVEr1gsi nge an

anhydrous tetom. |l ast type B 20 crystal has the property of causing
cl ogging, if %ﬁéﬁ SR ANty e e st et by 1adst (heypenBf cey stafe iredpreduced by t he

Son 11 cant “Getdrt SEBNIR TG s Bl St L6611 cur 1o
s e e SH I L ER R e Ry M
Gevelapea ™ 5" S om0 Y PRl G T SRR B, e
obj ect. of t hetprrestiryistueht kg tincpopvhdned Mgl LeLORLLgst crystal that
is 5 |ndustr|alkﬁlgf%guced in a large volune. [000/7] The present inventors
have conduct eyFeduc om ethanol, for example.
[0004]
Furthermore, according to Journal of
10 Medicinal Chemistry, 1995, 38, pp. 353-358, such an
anhydrous tetomilast type B crystal is produced by
allqwing 3, 4~-diethoxythiobenzamide to react with 2-(2-
bromoacetyl)-6~pyridine carboxylic acid, then
nydrolyzing the obtained methyl 6-[2-(3,4-
15 diethoxyphenyl)thiazol—4;yl]pyridinw2~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 clogging, if such |
an anhydrous telomilast type B crystal is produced by
the conventional recrystallization method, an operating
efficiency significantly deteriorates during
filtration. Thps, it is difficult to produce aniydrous
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.



i ntensive studies directed towards achieving the aforenenti oned object. As

a result, the inventors have 10 found that a novel tetom |last crystal,
whi ch can be produced industrially in a large volunme, can be obtai ned by
stirring anhydrous tetom | ast type O crystals in an aqueous solvent, and

that the above tetom |l ast crystal is farther recrystallized using a 15
further heated while it is suspended in a specific

sui tabl e solv - i

sol vent, so agﬂ%%m§§pgﬁd05tm@%dWWﬁggioﬁrystal havi ng vari ous physi cal

properties. T resent invention has been conpl eted based on these
oﬁgf

findings. 20 [0008] That is to say, the present invention relates to the
follow ng tetom | ast criystial .and.pharmaceutical conposition: 1. A
tetoni | ast hydrate crystaﬁ' gv%%égdgggﬁaefﬁ%%%?-Pﬁ?sﬂm¢ﬁwaﬁﬁﬂbpnspectrum
that is substantpabvydd he r2RR8 f8cthe NOWEL X pay, diffraction spectrum
shown in Fig. 2. 2. An anhydrous teto%WFgg ??%%:ﬁscrystal having 4 a
powder x-ra'ig anflhsactd oy spedteum 1hat lsqeubsianti ally the same as the
powder X-ray diffraction spectrumshown in Fig. 4. 3. An anhydrous
tetom last typeY€krystal having, 5 a powder X-ray diffraction spectrum
that is substantially the same as the powder X-ray diffraction spectrum
shown in Fig. 8. 4. A&t BrPFeRt iavensoirsr hhee sobvaice eer yst al

intensiva\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 Ccrystal 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



havi ng a powder X-ray diffraction spectrumthat is 10 substantially the
sane as the powder X-ray diffraction spectrumshown in Fig. 10. 5. A

m xture of the anhydrous tetom | ast type A crystal described in item2 and
an anhydrous tetom | ast type B crystal. 15 6. A pharnmaceutical conposition
conprising at |east one type of tetomd4 ast crystal selected fromthe group
consisting of a tetom|ast hydrate crystal, an anhydrous tetom last type A

crystal, an afhydroes Xetoniliéeaeyis Grerystal thand= tetonil ast 20

acetonitrile crystal. 7. The pharnmaceutical conposition according to
item 6, whi ch§?i§¥g‘£rl1§%lgaélrhy %F BRS¢t ithG RAdrer ¥Treat dhg fgastiohnt esti nal

d/pr treating cardi aci schem c di sease, an

ul cer, an agepbefOLuprHveHt i pg
25 agent for p%gveﬁf?ﬁglgﬂdkngf eat’i ng cerebrovascul ar di sease, a liver

0ot ot on a1 e, G OF nAGUR TOIOGroIee Iy anaren 5
treating Behcetpswdiirseasey GUEBNEAUSNYEsEUL il Sontl Ggrative colitis,
mal i gnant rheumatism arthritis, arteriosclerosis or diabetes. 8.The
phar maceut i cafuRgmpdsidilpntiae comdi g theSpbh@m G- 8 ghris,an agent for
preventing aqg&ggnigfgkggg fﬁﬂéﬁgucgtheunat0|d arthritis, endotoxin shock,
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, thermal burn, asthma, chronic heart failure, nyocardial infarction,
viral nyocarditis, or an agent for preventing and/or treating ischemc
reperfusion 10 abnornmality, transition from SIRS (systen c inflanmmtory
response syndrone) to organ failure, multiple organ failure, inflammtory
bowel disease, autoi mune di sease, netsastasis, immunol ogical rejection
occurring during transplantation, nonoclonal B cell 15 abnormality,

pol ycl onal B E’ég‘i‘tjal‘% eitt y, dbtedal, mytemacuSasid@ER’is, syndrome, primary

gl oner ul oneph{l' ct:(iafat .rresangi,gll proliferative nephritis, cancer cachexi a,
Lennert's | ynphons: —psoliCastss  didpisieasr rheimits) stkapashr st sar coma

devel oped due,to, Al post nenopausal osteoporosis, septicem a,
atfe Jg%le%gb 5 %?éﬂﬁg§#

"“inflamat ory di sease of chro Fctive pul monary di sease. 9. The
phar maceuti cag, conposi than ae i item8, wherein the inflammtory
intestinal disease is Ul ce?at%]\?ieégé;gl ic%l?schpp?fjoiﬁr?“s 2§CeEA%R™Y 5 10. The
phar maceut bcal tamorQosmti BN ACHOTHAG FQr-| which i s an agent for
preventing and/or treating chrona?c obst]rnu%%p\}/%tﬁ‘u nﬁ?‘ﬁlg({ffrdi sease. 11. A

process for thegsiagacaronic oframbebodi sk 16 Y Ahabeox Wi G ;S
characterized in that it conprises stirring an anhydrous tetomlﬁ’ast type B

crystal in affijuebtisrsal vantn, astBmaA promess Heaktt Beipieparation of an

anhydrous 5 tom |.ast type A crystal, which is characterized in that it
conpri ses retén f/)% 5???%&‘?/%1”911‘16’%avééﬁhtmmaﬂ@riﬁéd,byroﬁrsﬁ@iewh:ng an

anhydrous tetom LaghehyRg B NSt %!x:eé@ir?g Sicgc\é%&tib reperfusion

10 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

15 abnormality, polyclonal B ceil 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,

20 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.

25 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



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 characterized in that it conprises recrystallization from
a solution 15 fornmed by dissolving inga solvent at | east one type of

tetom |l ast crystal selected fromthe group consisting of a tetom| ast
hydrate cryst d¥9rafeantyebois teionitdeastetype €her Vst &onp@ndea tetom | ast
acetonitrile sElvaIe crystal. 20 15. The process according to item 14,

wherei n the saFvem™d §% aRPXdECsol iadwmidenti sypags ofrywaker inangd at | east

one organi c sglvent. l,ected fromthe group consisting of nethanol,
et hanol , acet oﬁe,&} n§%therﬂ1§hydrofuran. 25 16. A process for the preparation

of an anhydrous, tetom hast crystal, which is characterized in that
it conprises recrystall iga?(}éc()%effr% M4 s B TR TH Bt 1P€d 2By adpsdestud ng an

anhydr ous tetomiditiShstyRepd a T G/pshal i sol vent. 17, The process
according to item 186, vvhg]?ei n tlﬁé sol'vveq}rll?d?slsne IRGECEE2@E hidhol . 18. A

process for tHetpriepavapi deeofreayanhy i pais: &etQuy,| %S%oié( e Ccrystal,
which is characterized in that it conprises recrystalliza i%h from a

sol ution for g usd B sdbssoIugnion aa sohyériuat Jieast aoper Jypg of tetonil ast
crystal selected, fromthe oup consisting of a tetom|last hydrate crystal,

!
an anhydrous %Stté‘tloﬁ?l%lsﬁog’t‘ﬁ?ﬁé-’A crystal, and a tetonilast acetonitrile
solvate crystjgy . 19. ,}@eergprr oduction nmethod according to item 18, wherein
the solvent i's methanol  of '&FHifofccording to item 12, wherein the

10 solvent is ethanol, acetone, or acetone-~water (wheérein
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 16. 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



20. A process for the preparation of a tetomlast 15 acetonitrile solvate
crystal, which is characterized in that it conprises recrystallization from
a solution forned by dissolving an anhydrous tetom | ast type B crystal in
acetonitrile. 21. A process for the preparation of an anhydrous 20
tetom | ast acetonitrile solvate crystal, Wiich is characterized in that it

a solution forned by dissolving in a

conprises rec li.zatiaon.fror
sol vent at Ie%g?gg%% %bﬁesgﬂv?ﬁpgnilast crystal selected fromthe group

consisting of 1a tetom lagt b e crystal, an,25 anhydrous tetom | ast type
A crystal, and an anhydrou$ %g%éﬁnﬁﬁiﬁgaﬁ?get% tr§8tht,. whepeinathe ocess for

the preparatisolwnia il xeUREHEONS! $HHRG-9f an anhydrous tetom last type A
crystal 8 and an anhydrous tetom |l ast type B crystal, which is

characterizedl§n that Atpeoopss ses reer ysbahlizall o Lo ol ution forned
by di ssolving the anhydrous tetom | ast typ§£B crys?giapngggggFW§%t. 5
23. The processeaBEdrdingyre ¢ tams2al, wakt €h nid hehs0loent ,b§ Aget one-wat er

(wherein the Aeqt qRe Cont el | S otomtdr fove b, Vol ure)
ystallization 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
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 anhydroug 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 Fformed 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



24. A process for the preparation of a m xture consisting of an anhydrous
tetomlast type A crystal 10 and an anhydrous tetom | ast type B crystal,

which is characterized in that it conprises recrystallization froma

sol utionformed by dissolving in a solvent at | east one type of tetom | ast
crystal selected fromthe group consisfing of a tetom |last hydrate crystal,
an 15 anhydrous, § ef.oni t . type A crystal, a tetomlast acetonitrile

sol vate crysta " aﬁd%hgéﬁ @%r%‘ifsomtlétaéﬁi F¥Re R ypestadrywbath 25. The process
according to i&ema4erVogs e . solvent is acetone-water (wherein
the acetone content 20 is 40&%%%95% 59" Vot e SfFa6b9] Lization In the
present inventfmm at belterdn "navel Let grilast ¢rystals’ is used to nean a
tetom | ast hydrate crystal, an anhyd'r?ous te orlrll(él ég% ?W}%d‘ﬂo% crystal, an

anhydr ous t et omtoadfasypeys® @ ysyakalait el aygihast acetonitrile solvate
crystal, and a m xture of an anhydrous tetom | ast type A crystal and an

anhydrous t2t ol ast tyBe BrocgssahccoBd{iP10] item 22, wheddiaqddition, in
the present invention, the term"tetom|ast crystal” is used to sinply mnmean
a generic nan®rSFEuth Grekenersebear| adtesips the saanicbmn HrarRydr ous

t et oni | ast t;&;@ B %Eﬁ%lgégat ;s a known as a tetonilast crystal. BRIEF
DESCRI PTI ON TH N [3? %Te)ﬁ g. 1 is a view show ng the
24, A process for the preparation of a mixture
consisting of an 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
tetqmi}ast 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.



10 thernogravinetry/differential thermal analysis of the tetom|ast hydrate

crystal obtained in Exanple 5 (1); Fig. 2 is a view show ng the
powder X-ray diffraction of the tetom | ast hydrate crystal obtained in
Exanple 5 (1); 15Fig. 3 is a view showing the theLmegravinetry/differenti al
t hermal anal ysis of the anhydrous t et ofi | ast type A crystal obtained in
Exanple 1 (1); [6bgoj4 is a view showi ng the. poWderl-ray 20 diffraction of

t he anhydrous tetom |l ast type A crystal obtained in Exanple 1 (1); Fig. 5
is a view showing the ther aagiavddretiny Adif enti al tnal anal ysis of the
anhydrous tetom | ast type B crystal obtg%négél%ﬁ%guﬁé$§%gﬁte€%§anple 1(2);
Fig. 6is a vi%@P%kﬁﬁﬂﬁqwiﬂhetpmwdemlx-ﬁayugééfgéﬂgﬂdyiyoﬁegge"anhydrous
tetom | ast type B crystal 10 obtained in Reference exanple 1 (2); Fig. 7

is a view showWHY e "PHer ipgreandneoryl diéfenentdtaley/bes 1@l aanal,ysi s of the
anhydrous tetom,l ast type C crystal obtained in Exanple 5 2; '
y 5 thyd%Ousy%etomllggt type B crystal thatn?s a known as

a tetomilast crystal.

BRIEE DESCRIPTION OF THE DRAWINGS
{02231
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 oﬁtain@d
in Example 5 (1);

i5 Fig. 3 is a view showing the
thg;mggravimetry/differential thermal analysis of the
anhydrous tetomilast type A crystal obtained in Example
L (1);
Fig. 4 is a view showing the powder X-ray
20 diffraction of the anhydrous tetomilast type A crystal
ohtained in BExample 1 (1);

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

25 Reference example 1 (2);
Fig. 6 is a view showing the powder X-ray

diffraction of the anhydrous tetomilast type B crystal



Fig. 8 is a view show ng the powder X-ray diffraction of the anhydrous
tetomlast type C crystal obtained in Exanple 2; Fig. 9 is a view show ng
the 10 thernogravinmetry/differential thernmal analysis of the tetom | ast

acetonitrile solvate crystal obtained jn Exanple 3; Fig. 10
is a view show ng the powder X-ray ditffraction of the tetonil ast
acetonitrile sptyai® 15 @uystah.obi.al hn, Exampl e 3; Fig. 11
is a view showi ng the thanograS?né%%@ﬁgi?fé%%htiaI t hermal anal ysis of the

m xture consisting of aﬂganhyggqyswﬁﬁﬁgﬂgag§é1g%pe A crystal and an
anhydrous tetom | ast type. B crystal 20 obtained 1n Exanple 4(1);

Fig. 12 is a ViewcstewningtrhédpofwentXal ayhaidLr agliion; of o hg, i xture
consi sting of an anhydrous tetom | ast type A crystal and an anhydrous
tetom | ast typRP¥SMstaFoBbiasnddrien CExaymlad 4bb)kin28Fig. nddndis a Vi ew
showi ng th% t?ernngravinetry/differential thermal anal ysis of the m xture
consi sting~ of“an anhydrous tetom | ast type ,A crystal and an anhydrous

tetom | ast type B crys 1, obtai,ned in Exanple 4(2); and Fig. 14 is a
vi ew showi ng t he pomdeg%;ir%y“ﬁﬁ¥WF§8t?éﬁW%ﬂﬁ Eﬁ@ RPYE8E SXcomisi sting of an

Sctyatar o dTeS PR ML L I ERA S e *
| NVENTI ON [ 0Q&itkiFet om | medmdnedrat e cryst al

Fig. 9 is a view showing the

10 themmogravimetry/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
thermogravimetxy/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



The tetom | ast hydrate crystal of the present 10 invention includes 0.5 to
3 hydrate crystals. Anong the tetom | ast hydrate crystals of the present

i nvention, a nonohydrate crystal has the physicochem cal properties
described in (1) to (3) below 15 [0012] (1) The nonohydrate
crystal . has an endothernic curve that s substantially the same as the

t her nogr avi metdny/Ldif L herppl analysis (tenperature-rising
rate/ m n) endot hgr m %e%fgvggﬁg%%mg(gg’ i5r11n<1€—i g. 1. Specifically, such a

nmonohydrate crystal is wharaqtegi gzeg: i.n 4 g,g Ltyhas,an, endot herm c peak
around 189C and a wi de peak around 102C. Tg] pditiet SI( €2y The
nonohydr at e crjsfatcham afpowdeni Xeub do@gigkiﬁga&ﬁiéwa%ﬁ%g&%%ﬂ@that s
substantially the sane as the powder X-ray difffaction spéctrum shown in
Fig. 2. Speciftetarilast ttypesAchaysiciierdst aa peRYSrals 2Qtoniladsl0. 6, 12.9,
21.10, 22.3, and 25.0. 00141 (3) The nonohydrate crystal has significant
infrared absorgPfoh Yaitdslapbbsised 348Fxatpae, 4 1709, 5 1587, 1472, 1267,
1143, 1040, 758, and 716 cm | in the IR (KBr) spectrum [0015
p
BEST MODE FOR CARRYING QUT 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 monchydrate crystal has the
physicochemical properties described in (L) to (3)
below:
15 Joo12}
o (1) The monohydrate érystal.has an
endothernmic curve that is substantially the same as the
thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermis 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 =



Met hod for producing tetom | ast hydrate crystal The tetom | ast hydrate
crystal of the present 10 invention can be obtained by stirring in an
aqueous sol vent the known anhydrous tetom | ast type B crystal or an
anhydrous tetom | ast type B crystal o?%ained by the nethod as descri bed
bel ow. [0016] 15Such an aqueous sol veiit is a m xed sol vent obtai ned by

m Xi ng an orgdni.¢’salxv.ent suchk, as met hangl »s eghanol , i sopropanol, acetone,
O et hyl met hyl ketone, with water. Exanples of such a m xed sol vent nmay
i ncl ude net hart@Pidéter (a net hanol content of 10%to 20 80% by vol une),

et hanol -water (an ethanol .content of 10%to 70% by vol une),

i sopropanol -water (an ﬁ%op?b@&mukﬂthmaﬁtc@?sﬂéméﬁasEﬁlﬁnafiﬁghgnn),
acetone-mater,%ﬁn agft ne content of 10%to 80% by vol une), and

et hyl net hyl ket dh&? SCART P hRaRsish Atk 8bbhe Tt erit7425 aff080% to 80% by

volunme). Ok t , t oneg-wat (an acetone content of 10%to GO% by
vol ume) and e?ﬁéfhﬁ?ﬁ?ng?gﬁg5§éF%rq@éﬂ*e?ﬁ@##ﬁﬁhyTM%F%h%i@omment of 10%to

60% by vol une}ra ar.t. |y preferable. 13 Acetone-water (an acetone
Ra(@aPasbke

content of 35%to 55% by volune) is nore preferable. [0017]
The anmount of [@msgueous solvent used is not 5 limted. It is used in an
anount of at least 10 m, and preferably between 10 and 50 mM, wth respect

to 1 Method for producing tetomilast hydrate crystal
The tetomilast hydrate crystal of the presentl

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 ethylmethylketone,
with-wéter. Examples of such a mixed solvent may
include methanol-water {a methanol content of 10% to

20 80% by volume), ethanocl-water {an ethanol content of
10% to 70% by volume), isopropanol-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 ethylmethylkeﬁone 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.



g of an anhydrous tetom last type 13 crystal. [0018] The stirring
tenperature is not particularly 10 limted. It is preferably between
approxi mately 10C and 35C, and nore preferably between approxi mnately 20C
and 30C. The stirring tinme is preferably between approximately 5 m nutes

and 3 hours, and nore preferably Bétween approxi mately 30 and 90
when a tetom | ast hydrate

i nutes. 15 019 | ddi ti ,
glggtgf i's pggﬁ%%% efW%H?%n“ﬁhﬁ@ﬁ?Bﬁé %égkﬁﬁq &dt SPypeC 13 Trigpstal, it is

preferable to @lhhewthe tetonl rate crystal produced by the
af or ement i oned nethéd %0 %%%gkg?gﬁﬁg”%’exist as a seed crystal in a

suspensi on. [ Q@28 The tinme of adding a seed crystal is not
particularly limted. It is preferable to add such a seed crystal before or

during stirring. 25 [00Rdd amount of an HigiQRlakBedehetiidd ast Hhydrate
crystal can be separated by isolation operations such as filtration,
concent r at itonligitest r att iionusktr sover ,anddhtabent Separtaticonl ,t he separ at ed

crystal may be subjected to a drying treatnent by a known net hod.
Furthernore, BhE BF§SeEabloakebeepuridicad! 5Y alkneiph paspeictattioon oper ati on.
5[ 0022] The thusfobtai ed tetoFiIasi hydrate crystal has a purity of 95% or
nore, and it can bd"ch FUGsF Rt TdityRey BcPaERer. «(f or exanpl e, an

atom zer). Thyggygytetonilast crushed product having a mean

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
crystal is produced from an anh&drous 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 isolation operations such as

filtration, concentration, or extraction. Moreover,



10 particle size between 10 and 50 pm and a 90% cunul ative particle size of
80 pmor snmaller, which is suitable for formulation, can be obtai ned.

[ 0023] Anhydrous tetom |l ast type B crystal 15An anhydrous tetom | ast type B
crystal has the physicochem cal properties described in (4) to (6) bel ow
[ 0024] (4) The anhydrous tetonilast tyde B crystal 20 has an endothermc
curve that isEgﬂgwl%@tggéonthqﬂﬁane as_the thermgravinetry/differential
t hermal anal ysi's %Te era%Ur -r|§ﬁﬁﬁp?5ﬁ%9 'Qﬁy%ﬁﬁoﬂﬁérﬁ?c curve shown in
Fig. 5. Specifd,gal spch y taom last type crystal is
characterized éil%%tehgfdi Jtclgh‘ag&i’g@%ng%gﬁé?émﬁc% ed E{tné)?%urﬁ%él%c and around
188C. [0025] sbtsubsbas) i@dd kz?,lgga;@a@&l%tﬂqﬁ:ﬁg@geh X5 rayedl ffraction
spectrum shown in Fig. 6. Specifically, it has characyeristic peaks at 20
4.10, 8.10, 1@ ifi6atOon angkr24.i2n.5 [0026] (6) The anhydrous tetom | ast
type B crystal has significant infrared absorption bands at 3298, 3090,
1744, 1593,°14P4221348, 1269, 1132, 1045, 762, and 706 cm1 in the ER (KBr)
spectrum 10 [0027] The anhydrous tetom | ast type B crystal can
be produced by the net hbf dédér Phegined Jmtarg 15531 Bydradourayaitadf  Medi ci nal

Chemi stry, 19%%3 §8pu£T%y%%§@%%86r[§E¥§¥ 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 pm and a 90% cumulative
particle size of 80 pum 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:
{0024i
(4) The anhydrous tetcmilast type B crystal
20 has an endothermic curve that is substqntially 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]
{53) The anhydrous tetomilast type B crystal

has a powder X-ray diffraction spectrum that is



15Mor eover, the anhydrous tetom |l ast type B crystal may be obtai ned by
conpletely dissolving a novel tetomlast crystal in a solvent while
stirring under heating to reflux, and then allow ng the obtained sol ution
to stand to cool. Herein, such a novel 20 tetom | ast crystal can be used
singly or as a mixture consisting of #o or nore types. [0029] Exanples of

a solvent may _i ncl ude, i sopropanol , ethyl acetate, and a m xed sol vent
25 t her eof . [6ﬁgﬂ%antlally the %ﬁ@gaﬁ%JHFE %§e§o¥VEﬁﬁ Y aics Lavt

particularly l.i.mQ 0 s . it.1s abl canpl etely dissolve a
novel tetonmla ?hggggtéﬁﬁdﬁh?geﬁigfié?irﬁ?%ﬁﬁggga%%é;iiﬁyﬁﬁf reflux. In the
case of isoprepapgbsetiig aMpuRksusetyd S RN ¢é erally petyeen 79, and 600
with respect to 1 g of a novel tetomlast 5 crystal. In'the Case of ethyl
acetate, it isnpgretetably between 30 and 300 Ml with respect to 1 g of a
novel tetomlast crystal.. Wen a m xed sol vent consisting of isopropanol
and et hyl acet80@6is used, isopropanol is nmixed with ethyl acetate at any
given 10 ratio, and the anount of such a m xed sol vent used nay be adj usted
so as to conpletely di si$dl v&ha melvedraust setbastash yistred Buksicvetslirring

under heatinghto refl.ux. %8031% 15The obtained solution_is cooled to
appr oxi mat el y %6@30‘4}5&158 t VBLIR TRt SOSEEPEIARUNANGT Sts 388Bur al |y cool ed,

e on hatUhh PIOISNS, LELOM ol YBRP 145" dpasfibher after the
and 706 cm™ in the IR (KBr) spectrum.
10 [060271
The 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
novgl_tetomilast crystal in a sélvent 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
iscopropanol, 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



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 is also obtained by allow ng a basic
conpound to act on a novel tetom!l astl%rystal so as to formsalts,

di | vi h ' Wt ab 1 I h ddi
urtabl e goi drp tre bheBrREh o B FBous= B shifberoralbasi ¢ comp

suitable acid tot 1 on. b Basi ¢ conmpound

may include Ssearbonalmacal kaktidptal JRydexi de, apdabkake earth netal

hydroxi de. O these, alkali netal” hydroxide is particularly preferable.

Exanpl es of cashmnaiandIy thachmsle:ts adiedm: § ap bonate. yPobagstym gar bonat e,
sodi um bi carbonat e, and potassi um bi carbonate. Exanples of 10 al kali netal
hydr oxi de mayaidcddfdenls edicbinr dyoraxitde lagdopod assicdmebydnoxhge. Exanpl es of
al kali earth netal hydroxide may include cal ci um hydroxi de, barium

hydr oxi de, an@-¥#gresi dih hjjdresdadef Thbye eompdundstaie used singly or as a

m xt ure of tvvo% rgg{}e Fﬁy es. 15 O these,_ potassium hydroxi de and sodi um
hydr oxi de ar e FartiEua Fgwﬁ%f@r &5 30P opB4yith respect tqnk mdditive

t of a bas] IS not particylarly limted. It i Iy 1
caui val ent 20 o '5r oaCo Uk WRorBRAD » 1iat viLaH "Sps OXTH ey 1 ana 1.5

equi val ent, W ddbil-@3BECHst OsdoRpainval 6RL Of A 1 ef om t crystal to
be treated. [00353]S 8 % I%xarrpl esg%)fﬂt hg\égl%lg%g%re@séc%ﬁbed acid may

25 incl ude i norogapenati s mid asthydtpehl prdtatackd, aspl urd,c acid, and
hydr obrom ¢ aci d.

1 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 minuﬁes to 1 hour, or is
natg;ally 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 prefetébly 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



[ 0036] The additive anmount of acid is generally 1 18 equival ent
(neutralization anmount) or greater, and preferably between approximately 1
and 1.5 equivalent, with respect to the above described basic conpound
used. 5 [0037] Exanpl es of]a}n aqueous sol vent used herein may

i ncl ude those as described above in the nethod for producing a tetom| ast

hydrat e cryst alolvAnmngaed heles, aagehonaratfl Ak t.ane nt of 30%to
70% by 10 volune) is particularly p?eferablg. Fggggftﬁﬁ OBQQESQQThe anount
of an aqueous s$dlfénr.used is not limited. It is 5 nl or greater,

preferably between 5 and 300 ml, and nore preferably between 30 and 70 m ,

15 with respeé90§é]l g of a novel tetomlast crystal. [0039] The
tenperature of a solution is preferably between 10C and 30C when acid is

added. [0040] 20A sol utPGHeiLes cohvarhasd ot 6caprewsharsi onchydaddi tion of

acid. Thus,g s pension is coqled generally at 10C or |ower, and
preferablyf%tEgg?g%%giafﬁiggﬁe?ﬂﬁghqﬁgrﬁgﬂdﬁoC?“%dﬂé§lﬁoe@¥¢¢ciently

extract an anhyds OusydRhabkl ashs tRG B Q¥R A ka3l 0941 ide s

particularly preferable. Examples of carbonate may
include sodium carbonate, potassium carbonate, sodium
bicarbonate, and potassium bicarbonate. Examples 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 0f 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 I and
1.5 equivalent, with respect to 1 equivalent of a novel
tetomilast crystal to be treated.
f0035}
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



In addition, these nethods are applied to anhydrous tetom |l ast type B
crystals, so as to obtain anhydrous tetom | ast type B crystals with higher
19 purity. [0042] Anhydrous tetom |last type A crystal An anhydrous
tetom | ast type A crystal has 5 the physicochem cal properties described in
(7) to (9) below [0043] (l The anhydrous tetom | ast type A

crystal has apggngother n ve, 1 ' tantjally the same 10 as the
thernogravine???/dif?%rghgﬁgfg%ﬁgvﬁh% éﬁ%ﬁ@gféngé%%ﬁ%¥5fu?%§rising

rate/ mn) endptdEsrEb yCHEYReSh AMp iR Fhfel -1 %Hﬁucilf.isc@%hx a BAEh an
anhydrous tetom | ast type A crystal is characterized i t%a HV has an
endot her mi ¢ pe&lh arespadt 188G hel 3R44Hescribed basiC8rohpugphydr ous
tetom | ast type A crystal has a powder X-ray diffraction spectrumthat is
substanti al | y'3¢fe same as the powder X-ray diffraction spectrum shown in

Fig. 4. Spgci{éﬁgy ly, it has 20 characteristic peaks at 20 = 10.5, 13.1,
18.4, 21.9;7 a 3. 8. [ 0045] (9) The anhydrous tetom | ast type

A crystal has significggt i.nfrared absoQPtion bands at 3306, 25 3084, 1746,
1593, 1474, 1348, 1271 FY3FS P5482 38 OUh FOIaE EnPIeH merRin R (KBr )

spectrum [OQ££Q 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 aphydrous tetomilast type B cr?stalﬂ

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



Met hod for produci ng anhydrous tetom | ast type A 20 crystal The
anhydrous tetom | ast type A crystal can be obtained by recrystallization
froma solution that is obtained by dissolving a known anhydrous tetom | ast
5 type B crystal or an anhydrous tetomilast type B crystal obtained by the
af orenenti oned nethod in a suitable sdl®vent. [0047] Exanples of the

af orenent i oned sohyent that 10 can be used herein may include ethanol,

acet one, and dcetone- wat er (an acetone content of 40% or nore by vol une).
O these, acet ter (an acetone content of 40%or nore by volune) is
particularly preferable. [0048] 15The anount of a solvent used is not

particul arly lddAajdedusaget Mg aas LiplsS conpl etely dissol ve an
anhydrous tetom | ast tyﬁz B cﬁysta%pmﬁ?ﬁ§h§¥%gring under heating to refl ux.

In the case of ethanol,ai hegaeunt useshiimRr ebgeakl yrhatieen 20 70 and 400

m with respect to 1 g of an anhydrous tetom |l ast type B crystal. In the
case of acetoridie physscoriefscall yroptmeien 3@ sapdod0ia (Mi th, respect to 1 g
of the above anhydrous tetonilast type B crystal. In the case o

acet one- wat er B€3R"acet one content of 40%to 25 80% by volume), it is
preferably betgﬁgg 30 and 500 mM with respect to 1 g of the above anhydrous
tetom | ast ty& &rystal. [ 0049]

(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 Pig. 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
hasra'gowder d-ray diffraction épectrum that is
substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 4. Specifically, it has

20 characteristic peaks at 20 = 10.5°, 13.1° 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



21 Such an anhydrous tetom |l ast type B crystal is preferably

di ssolved in a solvent while stirring under heating to reflux. At that

time, the heating tenperature is not particularly limted. It is 5
general ly between approxi mately 40C and 85C, and preferably between
approxi mat el y 55C and 80C. [0050] 20 After such dissolution, the
tenperature of the obtained solution is decreased, so that the 10 anhydrous
tetom | ast tyﬁﬁyﬁtégystal of the present invention can be crystallized.

[ 0051] The t erature-decreasing.rate is not particularly
linited. Wen ethanol igﬁg§%gwg%°551%?%ﬁﬁR} t,%VBP Bxahpe ! (e o
temper at ur e degs ea3hfled A det-REEL Ll Ablus ) BN 0 oL, L £8%: i addi ti on,
when acet one-water (an acetone ctontent of 40% or noreée %y volune) is used as

a solvent, thast enperAtarsy deebeashdt Nal@r %nﬁ?@ﬁ:@ﬁ@bié‘t@nﬂgs@ n or less.
By 20 setting the tenperature-decreasing rate wwithin such a range, the

anhydrous tiet aiypkast ctypisalA car yat ahhedrdute tpresenhst nygsd ion can be
obtained nore efficiently. [0052] Wen acetone-water (an acetone content of
40% 25 or nor €cliptasl epidinesl hyethasafroienentpetihpetliol ement i oned sol ution
is retained at 40C to 50C for 60 mnutes or longer, and it is then cool ed,
so that an anfydrebset2tbiintast type A crystal can be 22 crystallized.
The tenperaturﬁ-ggfreasing rate during the aforenentioned cooling does not
particularly é P crystallization of the anhydrous tetom | ast type A

crystal. 5[0053] 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). OFf these, acétonenwater {(an acetone content
of 40% ox more by volume) is particularly preferable.
{0048]

15 The amount of a solvent used is not
particularly limited, as long as it is able to
cqmp@g?ely dissolve an anhydroué tetomilast type B
crystal while stirring under heating to reflux. In the
case of ethanol, the amount used is preferably between

20 70 and 400 ml with respect to 1 g of an anhydrous
tetomilast type B crystal. 1In 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. 1In
the case of acetone-water (an acetone content of 40% to

25 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]



In addition, during such a decrease in the tenperature, while the
tenperature is retained in several tenperature ranges such as 40C to 50C,
30C to 40C, 15Cto 25C, or OCto 10C, the solution is 10 stirred for
approximately 30 mnutes to 5 hours, so that the tenperature may be
decreased in a stepwise manner. In thf$§ stepw se tenperature-decreasing
nmet hod, at a tenperatur et 40C and 50C, . an anhydrous tetom | ast type
A crystal, which has béﬁﬁgﬁggﬁggﬁﬁggn‘égﬁgPﬁéé?ﬁ? @écﬁﬁaéﬂlas a seed
crystal. [0054} preferably dN@E@PMﬁJun§¥PEo§9e3€WM%ﬁ%P%tH?E9H§'a$t type A
crystal is produced by using a novel tetomlast crystal (eXcFuding an

anhydrous t et omiiéasiiedtypg AoCkystiat) a20thASt €agk OfcHNGckROWG anhydr ous
tetom | ast type B crystal, and recrystallizing froma solution formed by

di ssol vi ng t heeapora-ureyéls tet gmttastulanrygt almited suit abl e sol vent.
Specifically, an anhydrous tetom | ast type A 25 crystal is produced by
recryst al | Pza@®eRi 4 ¥lombetysbut dorr ddrmsd Ly 4efic solvBbY i mna sol vent at

| east one type of tetom|ast crystal selected fromthe group consisting of
a tetom | ast HK¥ %?gﬂé$b§F§F?ndﬁ*”?@lgﬁﬁ?BYoﬁ?Ctéﬂénﬁ?ﬁét type C crystal
and a tetonil2§55@§etonitrile solvate crystal. Herein, a novel tetom| ast
crystal is used singly or as a mxture consisting of two or nore types.

5[ 00551 Suchsan - anhmdrQus ok 6t 0ok | aste Fﬁgglgﬁé?%%ét can also be

produced by suspending the known anhydrous tetom crystal or a
novel tetonil@st atrysdhab texetidi NG aBcashysd ous tehenthast type A crystal)
'n 10 anhydrous tetomilast type A crystal of thé 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
acetopewwater {an acetone Conteﬁt of 40% or more by
volume) is used as a solvent, the temperature-
decreasing rate is preferably 0.4°C/min oxr 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 ox longer, and it is then cooled, so that an

anhydrous tetomilast type A crystal can be



10 an aqueous solvent (a water content of 90% or |ess by volune), and then
stirring the suspension. [0056] Exanples of an aqueous solvent that can be
used herein may include m xed solvents forned by m xi ng 15 organi c sol vents
havi ng high compatibility with water, such as nethanol, ethanol, acetone,
or tetrahydrofuran, with water. 2z Specifically, the aqueous

sol vent that as l xe | vent 1s caonsistjng,of water, and at
20 | east one g?g%%ﬁéﬂzg Ven?ﬁ%g%%%%ggg ¥%n§?3éﬁgﬁgﬁpr8%%s?%ﬁyﬁb of

met hanol , et henola £ AGRLAREon AN dAL L EhYdE T A @, A '
acet one-wat er (aﬁiacetone %%ntent 5f83096t0 60@?%%152?%%£ LE%@&ﬁceferable as

such an aqueodsyseiivenbtidd ¢OAmEL anhydrous tetbigiheapey@t ure of a
suspension is not particularly limted during stirring. 1t is generally
bet ween 0C andr@B@l.and preferably between 10C and 24 60C. [0058]

The stirring tine is generally between 10 m nutes and 48 hours, and
pref er abl y2bet%eeHd 10 minutes. 5 and 3 hours. [0059] In addition, these

nmet hods are applied to . ,
In addition, during such a decrease in the

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 anh&drous 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 dissclving in a solvent at least one
type of tetomilast crystal selected from the group

consisting of a tetomilast hydrate crystal, an



anhydrous tetom | ast type A crystals, so as to obtain anhydr ous

tetom |l ast type A crystals with higher 10 purity. [0060] The

obt ai ned anhydrous tetoni|ast type A crystal can be separated by isolation
operations such as filtration, concentyation, or extraction. Mreover, 15
after separation, the separated crystal nay be subjected to a drying

treat ment by anitkrownsneehod ladturtber 00Egysdg ehyshal-cap: pepurified by a
known purification operation. [0061] 20The thus obtained anhydrous

tetom | ast tyFEREEYstalsHasnta puystylof 95% or nore, and it can be
crushed usi ng, an .ordinary crusher (for exanple, an atom zer). Thus, a
tetonilast cr ' pft oHUER! H&FORG Lasearygiat il6l eseiizeibelwwean a0 and 50 pm
and a 90% 25 cgrgl}l(llﬁg ve article %i ze of 80 p.mor smaller, which is
suitable for FoLmilati ol Ean e 5ot%P dd MoEG06¥PeAnhydr ous tetom | ast type
C crystal 52555 An anhydrous tetom | ast type C crystal has the
physi cochem cal properties described in (10) to (12) below [0063] 5(10)

The anhydrous teton | asicH ﬁBethﬁ&i’é&s@'té{%ﬁmii‘Qfghﬁ?%Q%{ néréfls%t%rve that is
i

substantially the same as the thernogravinetry renti ter mal
anal ysi s (temper also e ipgionigeeat B dupeedaghendi enswlt Ve shownsin Fig. 7.
Specifically, such an anhydrous tetom | ast
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 thal 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, ethanocl, acetone, and
tetrahydrofuran. In particular, acetone-water (an
acetone content of 30% to 60% by volume) is preferable
as such an aqueous 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



10 type C crystal is characterized in that it has endotherm c peaks around

184C and around 189C. [0064] (11) The anhydrous tetom | ast type
C crystal has a powder X-ray diffraction spectrumthat is 15 substantially

the sanme as the powder X-ray diffraction spectrumshown in Fig. 8.
Specifically, it has characteristic péaks at 204.2, 8.2, 12.0, 16.4, 24.7,

and 25.9. [006 h:20(12) The anhydrous tetom | ast type C crystal has
significant infrared absorption bands at 3300, 3088, 1744, 1593, 1476,

1346, 1267, 118@sg1045, 754, and 704 cm1l in the IR (KI3r) spectrum [0066]
25 Met hod for produci ng anhydrous tetom | ast type C crystal The

oma S0l ution that 3615 oot aad By i Surving PRE RESWD anhydr ous.
tetom | ast typenBer pstials oo anhydpedse &S PMidA%khY PE Iﬁirg‘%yst al
obt ai ned by the aforenmentioned nethod in a suitable solvent. GTSOOG7]
Exanpl es of adwdl¥émurshat can be used herein may include methanol and
ethanol. O t 5%%%] met hanol is particularly preferable.

In addition, these methods are applied to
anhydrous tetomilast type A crystals, sco as to cbtain
anhydrous tetomilast type A crystals with higher

16 purity.
[0060)

The obtained anhydrous tetomilast type A
crystal can be separated by isolation operations such
as filtration, concentration, or extraction. Moreover,

15 after separation, the separated crystal may be
subjected to a drying treatment by a known method.
quthg;more, the crystal can be‘purified by a known
purification operation.

[0061]

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 pm and a 90%

25 cumulative particle size of 80 pm or smaller, which is
suitable for formulation, can be obtained.

£0062]

Anhydrous tetomilast type C crystal



[ 0068] 10The anmpunt of a solvent used is not particularly limted, as |ong
as it is able to conpletely dissolve the aforenentioned anhydrous
tetom | ast type B crystal while stirring under heating to reflux. The
anount of a solvent used is preferably 15 between 70 and 200 m, and nore
preferably between 80 and 120 m, withorespect to 1 g of the aforenentioned

anhydrous tetom |l ast ty a%hg/(rq%&ali%egoq&qgi]s&éiﬁésggg%}ﬁ éfgl ution, the

tenperature of 20 the obtainéd sofl ution i fifer at ur e

bet ween 10C anthe3BEys Sebdriat chil e AYArQS d%%%%é@sint@g@r?o“y“a' of the

present invention can be crystalliZed- The tenperature- easing rate is
not particul ar(ly)| beddwed, when the solvent is nethanol. It 25 may be
approximately 0.4C to 0.6C/ m n. \Wen ethanol is used as a solvent, the

obt ai ned sol uttP8hA3hay rapidly be cooled at a tenperature-decreasing rate of
5 mn or nore, and preferably of 100 mn or nore. By setting 27 the

t enper at ur €- decr easi ng F& e The tanhvdnesls detangdast Heyranly drgssat et oni | ast

type C crystaé of thergﬁ)r_ﬁsent i nventi on can be obtained nore efficiently.
[0070] 5In addftiYh,cErEReaR- arfiydicoidated snpragtantisd g Ehgstate| s

roduced by regrystall | L.on. froma.solution pbtai ned by dissolving in a
gui tabl e sgl vggt%’}zﬁg ﬁ%‘\,eéf“%%*é%gﬁﬁtggﬁﬁgsfgpgi%ﬁ&r i f"ﬁ@l&ﬁ%ﬁ/dr oug
tetonilast typeepddatstallithad dateysed) i ?ﬁ%gﬁlﬁ%%iéan%ﬁg kagwn anhydrous

tetom | ast type B crystal. Specifically, rous tetonil ast
type B crystaini®id.irst ageettio gt haneh, aanshifdrichst ReRoM] 559l ved therein

while stirring under heating to ref lux. The obtained solution iIs stood to
cool to 10 <ype 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 ﬁhat is
15 substantially the same as the powder X~ray diffraction
spectrum shown in Fig. 8. Specifically, it has
chaxaqﬁexistic peaks at 26 = 4,é°, 8.2° 12.0° 16.4°,
24.7°, and 25.9°,
[0065]
20 (12) The anhydrous tetomilast type C crystal
has significant infrared absorption bands at 3300,
3088, 1744, 1593, 1476, 1346, 1267, 1132, 1045, 754,
and 704 em™ 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



15 approxi mately 30C for about 40 mnutes to 1 hour. Thereafter, the
suspensi on obtai ned by the aforenentioned cooling is cooled at 10C or

| ower, and preferably at a tenperature between approximately 0C and 10C,
for 30 mnutes to 3 hours, so that the 20 anhydrous tetom | ast type C
crystal of the present invention can Bé obtained in the formof a crystal.

[ 0071] . eci ficall n.anhydrous tetom | ast type Ccrystal is
produced by ré@rfgggﬁP? a?¥d%y:¥§ﬁF3g2%h% YR PPSFREES by dissolving in a
solvent at |eask R LYPE iLast.crystal selected from.the group
consi sting of a FetoﬁiIas¥ﬁ%;%§%?gk%?yé¥é%y%%ﬁuﬁﬁﬁvargﬁg°$%ﬁﬁﬁ% |l ast type A

crystal, and aybetentkastal 2 12G86ANGY MRS SANALALILYSE Aerridy gln, @ novel

tetom | ast crystal is used singly or as a mxture consisting of two or nore
types. The solaventitantereerwsital | i zati on conditions applied herein are 5
equi valent to those in the case of using the aforenenti oned known anhydrous
tetom | ast 1ypg€0B7¢rystal as a starting material. [0072] Moreover, the

af orenenti oned nmethod is 10 applied to anhydrous tetom |l ast type C
crystals, so as to obtaFfRENRFdPEus skt ddett ype I crsymst dlegewint h hi gher

ggrity. [0073%§§h§?$£%%%neqaggpﬁdgo%s ;etgg}las[ t%pgec 15 crystal can be
parated by I P&t 1s %_ﬁ&@%? | t Pat FBRSe coMfd&Rtrati on, or
SUbj oot ed o 2 ary et reatmEnt by A Rhown et had. Furthermor e, the crystal
can be purifiedoby]a known
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
anhyd;qus tetomilast type B cryétal.
[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



20 purification operation. [0074] The thus obtai ned anhydrous
tetomlast type C crystal has a purity of 95%or nore, and it can be
crushed using an ordinary Crusher (for exanple, an 25 atom zer). Thus, a
tetom | ast crushed product having a nmean particle size between 10 and 50 pm
and a 90% cunul ative particle size of 80 pmor smaller, which is suitable

for formul ati o, Gan be obtained. 29 [0075] _T%{_on‘i | ast acetonitrile
sol vate crystal mperatur o deF AT RG Tate Bt 1cdorvaReTRr yst al has

th hysi hey t i [ t . (15) below [00761
(19) "The ot o 1aer " SAePen; 17T E TR ATEe 7 y et Hag Tah BOBBEREF ¢ curve

that is subst antieakhynt 86 SMCAS 48 hHes f@ﬁi%‘!ﬂe'ﬂ%.tl@y/d”fere”“a' t her mal
10 analysis (tenperature-rising rate/mn) endotherni ¢ curve shown in Fig.

9. Specificallpo7euch a tetom | ast acetonitrile solvate crystal is
characterized in that it has endotherm c peaks around 91C, around 176C, and
around 189G 15 [00771 in addition, Efhd) TFheurtstdovilsasktaaelosnitrile sol vate
crystal has a powder X-ray diffraction spectrumthat is substantially the
same as the pdwér Cxcrestall fify arodvged pertramnvshedn ipat oy, £46n a
Specifically, j u@?g 2 tch,ara}ic%eridsti c, eaks at 28 = 3.6, 7.1, 10.6, 14.2,
and 24.8. [00 Oon optaline y dissolving in a suitable solvent a
novel tetomilast crystal (excluding the anhydrous
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 approximately.30°c for about 40 minutés to 1 hour.
Thereafter, the suspension obtained by the
aforementioned cocling is coolea 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 the present
invention can be obtained in the form of a crystal.
[0071]
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, énd a tetomilast



(15) The tetom | ast acetonitrile solvate crystal has significant
i nfrared absorption bands at 25 3300, 3090, 2249 (nitrile group),

1593, 1476, 1346, 1269, 1132, 1045, 752,
spectrum [0079]

crystal

1744,

and 704 cm1 in the IR (KBr)
30 Method for producing tetom | ast acetonitrile solvate
The tetonilast acetbnitrile solvate crystal can be

produced by r%@@&%g&i%atsioggafiéﬁ%% éaql_;(t%{ieggig tggagcvies_L obt ai ned by

di ssolving in acetonitr

e the annh

rous tetomlast type B crystal

an anhydrous tetemilast dryRe.B £5Vsdd abbainsd by 4 he.aferenentioned

met hod. [0080] 10The anount of acetonitril'e used is not
limted, as |engsastidg ics abbeot aneamplyelely theselMertcthengbove anhydrous

tetom | ast type B crystal while stirring under heating to refl ux.
anount of acetrenrysidld iyssdonscoraficoas ppbeiwdamnerdinlsrand 150 n, and

nore preferably between 70 and 100 n, .
anhydrous tet 8EFFE3tenty 5& Bhepysimlthe @age] of using the
anhydrous tetonil ast .type B crystal 20 may be djssolved in acetonitrile
whi | e stirrinag]ﬂ to5e

di ssol ution, th
tetom | ast type crysta

het” Al ra e oupoF e EXEn . tAPEeB such

1 SSO

The above

particularly

The

with respect to 1 g of the above

§é§£ﬁg§rgtg%ggg%giﬁgﬁ%ghgﬁion i n which the anhydrous

ved i s decreased, so that the

or

tetom | ast 25;@getpnitrile solvate crystal of the present invention can be
crystallized. The tenperature-decreasing rate is not particularly limted,

and it may be between #Hppeoxérmtigley aFolGhanti@nd lne%Goai ns The tetoni | ast

10 applied to anhydrous tetomilast type C crystals, so as

15

20

25

to obtain anhydrous tetomilast type C crystals with
higher purity.
[0073]

The obtained anhydrous tetomilast type C
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
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
atomizer). Thus, a tetomilast crushed product having a
mean particle size between 10 and 50 pm and a 90%
cumulative particle size of 80 pm or smaller, which is

suitable for formulation, can be obtained.



31 acetonitrile solvate crystal of the present invention is not
particularly affected by such a tenperature-decreasing rate, and it can
preferably be obtained. [0082] 5Specifically, the known anhydrous
tetom | ast type B crystal is added to,acetonitrile, and it is then

di ssol ved therein while stirring under” heating to reflux. The obtained
solution is sfoodsto cool to approximately 30C for about 30 mnutes to E
hours. 10 Thereafter, the suspension obtained by the aforenentioned cooling
is cool ed at Tﬂ@tbmlammtaﬂmmﬂ@f ebabhye atr@tagnper at ure between

approxi mately 0C and 10C, for 30 minutes to 3 hours, so that the tetom | ast
acetonitrile soI vat e cﬁyé@wlﬂbﬁa!ﬁtth@cyalteseml% dadwenti onyses: gy Hbt ai ned in
t he foLm of ystal.. [0083] I n addition, such a tetom | ast

acetonitrile & Y& ep g?%&¢4%Eﬁ@@@ﬁééasbyﬁﬂé@mpgtahl (23tiom from a
sol ution oh taL d Qx_dlssoIV|ng in acetonitrile a novel 20 tetom | ast
crystal (excl dlng t1he tetom |l ast acetonitrile solvate crystal) that is

used instead gfpidle known anhydrous tetonilast type B crystal.
Specifically, an tetom | ast acetonitrile solvate crystal is produced by

recrYstal lization fromazg5 1§l nggﬂli&g{mgkéggngk?§9éVé 44, acetonitrile

at |l east one type of tetomlast crystal selecte ron1t e group consisting
of a tetonlla§03hydraaeaurw&w@hheamlanhmdko&&ateggnguﬁgidﬁaﬂgiy§ and an
anhydrous 32
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
substéﬂﬁially 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, 1478,
1346, 1269, 1132, 1045, 752, and 704 cm™ in the IR
(KBr) spectrum.

{0079]



tetom | ast type C crystal. Herein, a novel tetomlast crystal is used
singly or as a m xture consisting of two or nore types. The sol vent and
recrystallization conditions applied herein are equivalent to those in 5

t he case of using the aforenentioned kgomn anhydrous tetom | ast type B
crystal as'a starting nmaterial. [0084f Mor eover, the aforenentioned nethod

i's appl i egchoqat et pm ) ast.;aget Ot lyate crystals,.so 10 as to
obtain tetoml ast acetoﬁ%triﬁé §0|V2?%“%¥§§§§ ggﬁf%ﬁfﬁ% éﬁeyabﬁrity. [ 0085]

The obt ai ned teetyenilast acetonitrile solvate crystal can be separated by

i sol ati on operations such 15 as filtration, concentration, or extraction.
Moreover, after separ atfion tethei keparatednctysial samyptecrsybiected to a
drying treatnent by a known nethod. Furthernore, the crystal can be
purified by a“RRoWh Bifidudedaby orewpertatilonat20n [PO86]a solution  The thus
obtained tetonjlast acetonitrile solvate crystal has a purity of 95% or
nore, and ?& ghﬂebﬁsé§ﬂ§ﬂéﬁdu§Yrﬁf%ﬁ?Lﬁﬂ&Qnéﬁya@@ﬁﬁﬂﬂﬁfl@ﬁoth@xanple, an
atom zer). Th tom | ast crushed product having a 25 mean particle
si ze between %Bogﬁdggﬁggﬁﬁgn%egf <Fguﬁﬁpﬁtpv%r¥ﬁﬁﬁﬁ OFe?Rj ze of 80 pm or
smal | er, whi chnhgq:siid a8t 0Xf Qrl at i n_he .obt.ai.ned. [0087] 33
M xt ure consi sti%% of anhyIchlrouss t om%I gg?%%%e()b%aérnﬁgt Y dHd anhydr ous
tetom | ast typeoRmnysbakd method. As a mxture consisting of an
anhydrous tetonm | ast type A crystal and an anhydrous tetomlast 5 type B
crystal, mxt{®&PMith various types of ratios are generated dependi ng on
productiogoconditions. As an exanple, a m xture having the physi cochem cal

properties’described i ARE1EYOWS EEgRCpEPBULTEE hsegeneratted:

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 undex
heating to reflux, for example. After such
dissolution, the temperature of thé solution in which
the anhydrous tetomilast type B crystal has been
dissolved is decreased, so tﬁat 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



10 [0088] (16) The |l evel of an endotherm c peak depends on the
m xing ratio of type A crystals and type B crystals. Fig. 11 shows the
endot herm ¢ peak of a sanple having a mxing ratio of A B - 40:60. The 15
m xture consisting of an anhydrous tetom |l ast type A crystal and an
anhydrous tetom | ast type B crystal h an endothermc curve that is

substanti al | y aeeosaneias dhe t-herppgr.avi netry/ differential thernal
anal ysis (tenperature-rising rat e/?npn cﬁeo ttlr%r R G RY VEVEREWAT20 in Fi g.

11. Speci fi calilsy posuphrial sridturyear se ehal %EEEG% % st L -has
endot herm ¢ peaks around 175C and around 189C. [00 %T ” (17) The
powder X-ray deFrpagitorradpectndni 25 aof prB€eMhKL UrSe CONSIiSkng of an
anhydrous tet g%gh%ﬁst type A crystal and an anhydrous tetom | ast type B
crystal is th of the powder X-ray diffraction spectrumof a pure
anhydrous tsgetom last type A.crystal 34 and the powder X-ray diffraction
spectrum of a pure anh é’re(‘fﬂlgif’étjdfﬂ TRt kpgpe Bleyymtw teTheisasength of a
ected by the m xing ratio between

peak derived ¢ Lyst al rmis_af € M Xi

t he anhydrous ?g%nolﬁi I ssg\:a%[y%g %I%&QWS?SFL%%UfW'arﬁWdﬁ@uSSt@tﬁﬂm' | ast type
B crystal. Fi@isda whowsetBe,n 3 diffraction,spectrumof a sanple
having a mxing ratio of et henaﬁﬁg' rgéékg%?%rﬁ?%eslf }ﬁ?ﬁénﬁ E?yst al: the

anhydrous tetosflast UhpeoBre£iyst ablat #6n 60s é@)dap(&%ol:og%%o The sanpl e
|

having a m xing ratio of the anhydrous tetom | ast type crystal: the

anhydrous t et¥RIEdEaEgpe B6r Yot akboutdB6Mhihasesi gai f iants | nfrared
absorpti O@Ob ds atfﬂ3298, 3088, 1744, 1593, 15 1474, 1348, 1269, 1132,
1045, 760; and'*fGA-EfF1 The tHEPERSERBrobiasest tm the addition, a deviation

of 5cm 1 may 1€,,96R6F in an _absorption peak due to a difference in.the
mxing ratio bet ween{'%I lgg%n RarBdstt e‘?%%qdaﬁt t¥pe & chypstral aand t he

anhydrous t etro@itkasbiy 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 crystél.
[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



20 type B crystal. [0091] Mor eover, a sanple having a m xing
ratio of A-B - 10:90 has the physicochem cal properties described in (19)
to (21) below 25 [0092] (19) The sanpl e has an endot herm c
curve that is substantially the sane gsj the thernogravinetry/differential
thermal analysis 35 (tenperature-risi‘ng rate/ mn) endotherm c curve shown

in Fig. 13. Spegidiicaktys | e, l.S.:chara ized in that it has
endot her ni ¢ peaks around %@%?éﬁﬁg%uﬁaé% C. aSBFg%gsﬁe omllast (20)
The sanpl e has:ryspehdes weda)idyflrastion m‘g@hggnbggg_{sﬂi%gs_ lz_st antially
the sane as the powder X-ray diffraction spectrumshown 1n-Fig. 14.

Speci fically, tiwo hasmeharagtear.i sthe pehksitatnd0recydsa 0 5Li9% 16. 1% 17. 2,
19. 3% 24. 2% 25. 1% 25. 9% and 27. 3. [0094] (21) The sanpl e has

si gni ficant i fPPEi-eEons apgdserpheonibands eanig208nt 3090;hokd44y 1593, 1474,
1348, 15 1@9%: 1132, 1045, 756, and 706 cull in the IR (KBr) spectrum
[0095] Met Hod “F8r CprodiiciUigrai khar efSowsndtprgd oknahytodsotiet o | ast t ype

A crystal and.gphygfous t %teogi lc%?étglypa% '%Oslga%{i/ggtf arLaterial.
{6084]

Moreover, the aforementioned method is

applied to tetomilast acetonitrile solvate crystals, so
10 as to obtain tetomilast acetonitrile solvate crystals

with higher purity.

[0085]

The obtained tetomilast acetonitrile solvate

crystal can be separated by isoclation 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 920%
cumulative particle size of 80 um or smaller, which is
suitable for formulation, can be obtained.

[0087]



A m xture consisting of an anhydrous tetom | ast type A crystal and an
anhydrous tetom | ast type B crystal can be produced by recrystallization
froma solution that is obtained by dissolving in a 25 suitable solvent the
known anhydrous tetom | ast type B crystal or an anhydrous tetom | ast type B
crystal obtained by the aforenentione&3nethod. [0096] 36 The

type of the aforenmentioned solvent is not particularly Iimted.
Acet one- wat er ‘farUiaetonettbiftent srhudusus TRy ags] tned A s preferabl e.

[0097] 5The a f.1he aforenmentioned solvent used is not partibularly
limted, as | gclr?fygtactggi fl}lﬁisa%y%rotug %Sﬁ%[f‘fei][@ty gPEsHl GEYE R above t et oni | ast
crystal while stirring r . Ln . r.ef l ux.. The_appunt of the sol vent
used is preferably bet m%%ﬁ;(gblt}%%%blg%ﬁ%%ﬁanﬁdOfoarﬁo?rgh%(#]%?tgr ably between 30
and 50 nl, w thtbaspest t@od 0 R sthe abovs anhydroys 1}@&&@1‘51%% type B

al may

crystal . [0098] The above tetom | ast “cryst e dissolved in
t he af or enent itypedBsot yeint] Whiilkeusts rii g widens1bypeatdng g okef 1ux, for
exanpl e. After such dissolution, the tenperature o¥ the solution in which
t he anhydr ous arét eai¢exited yspeBdény stmlpdramchéen dossoiiveds .i sadecreased, so
that the m xture consisting of an anhydrous tetomlast type A crystal and
an 20 anhydr oG8 B3PV Tast Hypere Brysa|thef phielppeketitcalnventi on can be

oDl e eGP AL LSS SRELN0 ) 8 e DELUeEL, soor 04 TLELY
adj usted, so ggnpipacaptrol the mxing ratio of
16 {0088}
(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
sample having a mixing ratio of A:B = 45:60. 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 bhas endothermic peaks around
175°C and around 189°C.
[0089]

(L7) 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



25 the m xture consisting of an anhydrous tetom | ast type A crystal and an
anhydrous tetom | ast type B crystal of the present invention. [0099] 37
Specifically, the anhydrous tetomlast type B crystal is first added to
acetone-water (an acetone content of 40%to 95% by volune), and it is then
di ssol ved therein while stirring undeP?heat i ng to 5 reflux (approxi mtely

60C) The obt ai ngd $QLULLQN.J S;.St.Qod. ol to approxi mately 30C for about
15 minutes to 1 hour%Ther"egif t%télg g%%lgrécﬁtslpoélnssi%ﬁ%%’f‘a? &t B he
af orenent i onedinbgokbng is80aked 8y,dAC Qar, d.awer, cand ferably at a

t enper ature between approxi mately %pc 10 ar‘}fg %g&(?: F%I? %tgée%_%& é% fo 3 hours,
so that the miprelreéecorsi striongeath anrprtidrows 6t 9FFdAsly LyPeLA crystal
and an anhydrous tetonilast type B crystal of the present invention can be
obtai ned in tRéx{bg nfaffica beityseal the mrycasaswhetemt hesis @yl an obt ai ned

after 15 stirri ng under heat i ng to reflux is quenched (for exanple, the
sol ution i ¢ cGo¥ett Frrodher apbygrousi@toméf.estbtype & axyenparat ure bet ween

appr oxi matel y .0 a[gj 40C, for about 5 mnutes to 1 hour), a mxture having
a ratio of the gnhydr (j)f\.?gf“’t L%n??‘&‘gr t}S/ﬁéWAd?éfE?%%% :SPeé ramhydr ous
obt ai ned. [ 030y 029 Heing BRLMSTELESY, BE B A BonE ot T hg of the
anhydrous tet ostbmSTashty Rpd & ¥Sflajandthhe, YA AUS ctomilast
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-bg generated in an absorptién 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]

(13) The sample has an endothermic curve

that is substantially the same as the

thermogravimetry/differential thermal analysis



25 tetom |l ast type B crystal is not particularly limted. [01011

In addition, the aforenentioned m xture can al so be produced using a novel
tetom |l ast crystal 38 (excluding the m xture consisting of an anhydrous
tetom | ast type A crystal and an anhydrous tetomlast type B crystal)

i nstead of the known anhydrous tetom Fast type B crystal. Specifically, the

5 aforenenti 0rI@@mﬁia?ﬂéM&zJrsisE?EBdPQ@éj/np}eﬁ&r %ﬁagﬁ%‘lnﬁicza(\grgr%t fgh]gm a solution

formed by dissolving in a solvent at st onée type o Fist crystal

sel ected fromitheigroup copscstiog of, aukgt Md@ste Rydrate crystal, an
anhydrous tetom | ast type A crystal, an anhydrous 10 tetom |l ast type C

crystal, and ahtesomiizstd acetiont tit lhessehvatiesariystahixsTheose4vent and
recrystallization conditions applied herein are equivalent to those in the
case of using'fhE aner erewrd orféiCknown anhydrous tetonilast type B 15

crystal as.a ?Q@éi‘f ng material. [0102] The obtained m xture
n

consi sting 5of hydrous tetom | ast type A crystal and an anhydrous

tetom | ast type B cryst c be separated by isolation 20 operations such
as filtration, concent r‘gb?o%%rsa@?ﬂl&ag??oﬁ MedoveraYait er separati on,

t he separ at edqcfy.sial ] ed_t Iy, treatnment by a known
met hod. Furt hermﬁ%?ﬁ?@%&sﬁ i%%tr% g% %ﬁ%%%g&%g§ya€§ﬁoﬁﬂ“‘b S fication
operation. 25t§O¥RBYer X-ray diffm%tﬁbﬂssﬁm@uﬁﬁ@h%ﬁt&&Reﬁ*fé)_nsﬂ'tfti ng of an
anhydrous tetonmi |l ast type A crystal and an anhydrous tetomtast type B
crystal has aqaftiftigalihe Toriteentchalcteatdidobebhe anhygr-ous et om | ast
type A crx&tg,}s and the Danhﬁdraous tetom |l ast type B crystal to t he total
cont ent) loooor hore; andit 19ad’beorishti Wisi AG- 8 emdi nary crusher
(for exanpl e,2.-,qr§o§1tom' zer). Thus, a

[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.
{00957
Metﬁod'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 tetomilas
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}



5 tetom | ast crushed product having a nean particle size between 10 and 50
gmand a 90% cunul ative particle size of 80 gmor smaller, which is
suitable for fornulation, can be obtained. [0104] 10 Pharmaceuti cal

conposi tion The pharnmaceutical conposition of the present invention
conpri ses at |east one type of tetom Past crystal selected fromthe group

consisting of a tetoml §§th dragetcrys al , aq,anhgdrous tetom | ast 15 type
A crystal, an anhydrous tetohr| 35t T?qﬁ£Q§§ﬂ5V§98P? affl Ettetionminbast

acetonitrile sphvate gFystal+£910 ohar maceut i cal conposition of the
present invention furtﬁé? coﬁpr?éeg&%%mgﬁﬁff}Sﬁs tRtEMT%S 20 type B

crystal . An exanpéet off swehia phardmceitical 160gPesitiqn conprises a
m xture consisting of an anhydrous tetom | ast type A crystal and an
anhydrous tetdfPPakt type B crystal. [0106] 25The novel tetonilast crystal
of the present invention has activity of suppressing the release of active
oxygen from neutrophi | §heopnetnte|dirithat iafg rerast L medxygeanspessL@s. Thus,

t he above novel 40 ..

18 not particularly limited, as long as it is able to
completely dissolve the above tetomilast crystal while
stirring under heating to reflux. The amount of the
solvent used is preferably between 30 and 160 ml, and

10 wore preferably between 30 and 50 ml, with respect to 1
g of the above anhydrous tetomilast type B crystal.
[00981

The above tetomilast crystal may be dissolved

in the aforementioned solvent while stirring under

15 heating to reflux, Ffor example. After such
dissolution, the temperature of the solution in which
thevgnﬁydrous 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. In particular, the temperature-decreasing
rate is adjusted, so as to control the mixing ratio of

25 the nixture consisting of an anhydrous tetomilast type
A crystal and an anhydrous tetomilast type B crystal of
the present invention.

[0099]



tetom | ast crystal has action to prevent generation of peroxide lipidin a
l'iving body, or to decrease such generation. Accordingly, the novel
tetom | ast crystal of the present invention is useful as an agent for 5
preventing and/or treating various types of disorders or diseases that are
caused by the aforenentioned excessiv ’gener ation of reactive oxygen
speci es, accunulation o rOX] lipid ] | ivi body, .or_a defect in
def ense mechani sm tomrés(p%h%?gqgﬁén@n%réa@y%o rgggﬁgj‘gg{aﬁt’cﬁ’w, Ban agent
conpri sing therphacmmesutical 16aRROSH tdd@%o%%—%@?eprgg‘ﬁrgcét%\ﬁ%mi on is
useful, in a pharmaceutical field, as an agent for protecting various types
of tissue cel lconteom oSchEnmta and ldy seridekrs ,assqci at 24 fud:h
revascul ari zation, such 15 as an agent for preventing and/or treating
gastroi nt esti dapsoleed Ghededai nhise rdssnihgenndan lageming @6 preventing
and/ or treagi ng ardiac ischem ¢ di seases such as nyocardial infarct or
arrhyt hm a;? aff Sg‘éﬁt (3PP EGERLY neP "Ghel/ oFfhe rekidimgdc epebt buvasicul ar 20
infarct, or transient

di seases such er ebr al. henorrhage, cerebral !

i schemic att agg;gmg 1{? vErPang ﬁ?%@&’“laﬁﬁgﬁ’i gﬂ G nftovePutisbd Migrutdissor der s
caused by trapgpiantatio LCEOcl rculation failure, etc.; or an agent for
suppr essi ng vari ous L?{/pes%hg?ggie?%’i r%lﬁ&r %hgﬁ%?sﬁ%n SEERATEDRY cHhiRed by

active oxygenafhedmdrs: iaear B8bl ngenretabedqdie 1®cCaUSes,&t hel, £ han
i schem a, such as an agent for preventing and/or treating Behcet's disease,

cut aneous vaspitferiahlyulbteratémerethicki Betwddh Gfoxidbteheusmt | sm
arthritis, arteriosclerosis or diabetes. (0107] Mreover, the novel
tetom | astOcriRt di0°6 e H adantesnvent itomss ebf ebat viehd orixtakkous types
of 5 diseases ass.o%i.at ed .w th gbnormal generation of cytokines, and

r

ST GEndt A BHrSpS TREC L 1ast £ yPeL Becry Ny, etc., or

particul arl y,c%%sno
various typesaf an anhydrous tetomilast type B crystal of the

present invention can be obtained in the form of a
crystal. In a case where the solution obtained afterxr
15 stirring under heating to reflux is gquenched (for
example, the solution is cooled to 10°C or lower, and
prgfgrgbly to a temperature betﬁeen 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 typg B‘crystal =
approximately 10:90 (weight ratio) can be obtained.
{01001
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.
(01017
In addition, the aforementioned mixture can

also be produced using a novel tetomilast crystal



di seases associated with an acceleration state of adhesive action. In
particular, the novel tetomlast 10 crystal of the present invention can
preferably be used: as an agent for preventing and/or treating various

di seases such as chronic rheumatoid arthritis,. endotoxin shock, ARDS
caused by accidental ingestion of gast3ic juice, toxic gas, or septicem a,
thermal burn 15 or asthma, or, nyocardial infarction that is a nyocardi al

i schenic state@”@%PaFnﬁyUgﬁﬁﬁP?W§@sEE%S%ﬁnﬁﬁ%Cﬁb@@ea§bé@%0%$ vira

ocarditis, chrapi rt _failure such as _ischemc ocar dosi
ggontaneous qﬁ%ﬁ%@%E%g?g%%%@gthﬁﬁFagt%Qéi%ﬂ“fﬂﬁgg%ﬁugggﬁk0 %ﬁaéil preventi ng
and/ or treatlQ@pbsghgg}§t£ﬁpghg?%%%2$§nggqgkm%yaﬁggg£5ﬁgg during

coronary-artery bypass” surgery or during t se of artificial heart

and lung, transitbionaéf ol BSchgustem Csﬂéﬁilﬂmi?rwwsponse syndrome) to
organ failure (grave acute 25 pancreatitis, DIC, etc.), or nultiple organ
fail ure causedfbyegeavioreslg xpaner eatptddiced byekebaj st B i0GGULRI Ng af ter
hepat ectony for liver cancer,etc.; , inflammtory bowel diseases such as
Crohn's di seageom 42s@l et ifpemed| by i disstod.viing ser aesobfergutadi nune

di seases such as hyger ammagl obul i nem a, system c erythematodes (SLE) or
mul ti pl e scl er6&FE, Ohet A Sils Lot At o Gty arepréeFord doruw theg during 5

transpl ant at i onal. B cel | _abnar.mal.i ‘myel omg,, etc:), polyclona
B cel | abnorngﬁPfg?gﬁﬁr%%yinﬁngn%,F%éﬁﬁﬁ%%%&nkédggﬁarfﬁ%ft%;ﬁ 8 y _

gl oner ul onephihbi§rod®sanddh aBE oL E AR AgPNLL T L S, £ANGET Ccachexi a,
Lennert's | ynphoma, psoriasis, atopic 10 dermafitis, Kﬁp05|'s sar cona

devel oped Hduetkoo D&t poglenenepausal, askeaporesinslagh abet es, septicem a,
arteriosclerosis, or inflammtory di seases such as angitis or hepatitis or
an agent for preventimgecasdlioatereaystegd..chroni c obstructive pul nonary

di sease. 15 [0108% Specifically, the novel tetomlast crystal of

the present i n¥8nteoPHadndcrreRYFirligrdvenacaads e iabPaldsg f uncti ons,
such as ai rflQue oRStINCUO0va 08k T o PRI §] PfloCXLLETE Y Ui gh Jherapeutic
ef fect upon _
aforementioned known anhydrous tetomilast type B
15 cryétal as a starting material.
[0102]
The obtained mixture ;onsisting of an
anhydrous tetomilast type B crystal and an anhydrous
tgtomilast type B crystal can be separated by isolaticn
20 operations such as filtration, concentpation, 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 10103]
The thus obtained mixture consisting of an

anhydrous tetomilast type A crystal and an anhydrous

tetomilast type B crystal has a purity (the content



20 chronic obstructive pul nonary di sease. [0109] The tetom | ast
crystals of the present invention can be used with at | east one of the
menbers selected fromthe group consisting of: 251. |eukotriene

bi osynthesis inhibitors (5- |ipoxygenase inhibitors and a 5- |ipoxygenase
activating protein (FLAP) antagonistsP? 2. receptor antagonists for

| eukotri enes 43.LT134, LTC4, FTD4 or LIEA 3. PDE4 inhibitors
i ncl udi ng i nhiBi“t8r 8% of"§ AreBpEagE o last type Agcrgstali pegygenase

[nhi bi tor's and.a gyl hRoryasnase acti vali 1 protei n (FLAP) qntagon sts:

5. dual inhibitors o pox%genase et activating

factor (PM; content) of $s Leukelei engy ant aggni,st TRAS).;incl udi ng those
for LTB4, LTC4, LTD4 and LTEE; 107,'Antihista%i%?céfé%¥eceﬁ?ég gﬁtagonists;

8. 112 recept oirdantagont sii®ir (for example,9anakidndz&2) adengeeptor agoni st
vasoconstrictor synpathom netic agents adm nistered orally or topically for
decongest anfi gséenibid @lusard pRoddrienecepbon Agenisdtidlecembination with
| nhi bi tors OfbgéLéggxﬁgiggf%b pm and a 90% cumulative ticl L:
% particle size
of 80 pm or smaller, which is suitable for formulation,
can be obtained. |
{0104]
10 Pharmaceutical composition
The pharmaceutical composition of the present
invention comprises at least one type of tetomilast
crystal selected from the group consisting of a
tetomilast hydrate crystal, an anhydroué tetomilast
15 type A crystal, an anhydrous tetomilast type C crystal,
and a tetomilast acetonitrile solvate crystal.
[0105] '
The pharmaceutical composition of the presenﬁ
invention further comprises an anhydrous tetomilast
20 type B crystal. An example of such a Qhatmaceutical
composition comprises a mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal.
f0106]
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



11. anticholinergic agents; 12. in- to 134- adrenoceptor agonists; 13.

nmet hyl xant hi nes; 2014. sodi um cronogl i cate; 15. nuscarinic
receptor (ML, M and M) antagoni sts; 16. NSAIDs (Non-steroid
anti-inflammatory drugs) including COX-1 inhibitors, COX-2 selective 25

i nhi bitors, and nitric nmonoxi de; 40 17. insulin like growh

factor-1 (1 Gryd)eand;dyd ' IS, . ) 18, .ciclesonide, 44
19. inhal ed gIuc%corf%b%ﬁggg§%fﬁ%§ﬂ%ﬁ%lgpdéoe?¥%§§%§ FEer8GhERATT

20, tryptase pBRLRIAONSPId in a living BbayP! & elelycdetbyal Lng, fact or
ant agoni sts; 522. nonoclonal antibodi'es agflve agal nst endogénous

i nfl anmat ory geméidgﬂﬁn.233cb£&dﬁﬁ§1y24;hanﬁb$émnﬁeﬂamaqgggscgggﬁéﬁj (TNF- a)
agents; 25. DVARD (including |eflunom de);

of the present invention is useful as an agent for

5 preventing and/or treating various types of disorders

or diseases that are caused by the aforementioned

excessive generation of reactive oxygen species,

accumulation of peroxide lipid in a living body, or a

defect 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
fo;:prgyenting 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



: _ : : : | CE)
1026. TCR pepti des; 27. interleukin converting enzyne ( _
inhibitors? P 28. | MPDH i nhi bitors; . 29. adhesion
nol ecul e. inhibitors including a 15 VLA-4 antagoni sts; 30.
cat hepsi ns; 31. MAP ki nase inhibitors; 32.k_nin -
[

2033 ki ni n-B1 or
gl ucose- 6- phosphat e dehydr ogenase i nHi%i t ors;

receptor antaﬁ@@ﬁﬁgﬁﬂfm hrli %%teglosc é&ééyg EgrQIOf an_aurothi o group
in conmbination wth ydrop% i dr _ %ﬁﬂﬁosuppre55|ve
agents; 2536. [@i7ijgout agents; 37. xanthlne oxi daze inhibitors; 38.

uricosuric agents; 39. antitunor agents; 45 40 growth hornone
secr et agogues; Moreover, the novel tetomilast crystal of the

present invention is effective for various types of
5 diseases associated with abnormal generation of

cytokines, and particularly, abnormal generation of
INF-a, IL-B, IL-6, IFN-y, etc., or various types of
diseases associated with an acceleration state of
adhesive action. 1In 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 oxr asthma, or myocardial infarction that is a
myocardial ischemic state, wviral myocarditis such as
the acute stage of viral myocarditis, chronic heart
faiiﬁré.such as idschemic 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,



41. MVWP(matrix netal |l oproteases) inhibitors; 42. TG-O0(transform ng growth
factor); 43. PDG-( 5 platelet-derived growh factor); 44,
fibroblast growmh factor (for exanple, basic fibroblast growth factor:

b- FGF) ; 45. granul ocyt e- macr ophage col ony stinulating factor
(G CSF); 1046. capsaicin cream 42 47. tachykinin NK1 and NK3
recept or ant a,gﬂﬂ:j : C 48. el astase inhibitors; 49,
PDE3 i nhi bi tors: I%é%g.e ﬁ%lltrlesc,’@&cor’ AnFagoPt At GutgimHyed se agoni sts;

51. anti oxi daiits-AGRRS sueR- a4 3d) g3l ing agents; |, | 53.
conbi nations of P2 adfgnocaept £ gggﬁlﬁgifg&g‘bﬂgﬁ@qﬁl’uééiﬁb?rf‘}r‘boi ds;

54. agents i ner@asinagopeot gyl evel, of 1 ypaxia-i ci ctor-la

(H F-1a) ; 55. ant i oxi dant Jb[?ot gg.gr%%ﬁ?%%gu‘?% ae%ta%sg}sw Fla: 2556.

vascul ar endottreinicdbggeaim e feacton (MG ing 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, septicemisa,
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
thérprgsent invention has action to improve a decrease
in Iung 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



secretagogus; and 57. VEGF receptor agonists. [0110] 46 The novel
tetom |l ast crystal of the present invention is generally used in the form
of a common pharnaceuti cal preparation. Such a pharnmaceutical preparation

i s prepared using comonly used diluents or 5 excipients such as a filler,
an extender, a binder, a wetting agent{3 a disintegrator, a surfactant, or a

| ubricant. For ch,, harmgceutjcal preparation, various types of forns
can be selecté’gﬁgégréﬂ%ff)’ngr1 Pﬁe%gﬁghtic pur pose. Typicil forns of such a

10 pharmaceutical prepayati may..i.nclude a.tablet, a pill, a powder,
sol ution, suspension, eﬁufg@gnyg%é%éhﬁﬁﬁlé?céugéﬁgLﬁQQlQ%FQEEpBEitory, and an
injection (solkpbF®@fm IitspPension, etc.). Wien the present tetom | ast crystal

is nolded into the formof a tablet, 15 various types of carriers, which

have previously been kmows-ihpdheyd-esenhhibetdys Caly W del y be used.
Exanpl es of such a carrier that can be used herein may include: excipients

such as | act os&poxursuiacosetisadirympeblet hderLgraRe 1S@at st 4f ea, starch,
cal cium 20 carbonate, kaoline, crystalline cellulose, or silica; binders
such as water, ethanol ?-pfisphnbihibsitapkectysubipgnapaasagandi n wat er,
starch solution, gel.atin solutian, carboxymethyl cellul ose, shellac,

met hyl cel | ul o3& #9568 §iﬁﬁ1¥ﬁﬁﬁﬁﬁ%§t§?tha%ﬁ¢@ 4101258 PAFI £ ol i done;

di sintegrators such as.dr r sodi. al gi nate, agar powder, |am naran
powder , sodiun1bicarbogét%?é%éhéﬁ%?ﬁlggﬁéﬁﬁﬁﬁéis[ﬁﬁi&@fgefﬁ b or bi t an
fatty acid estisss roediupy) avod, sebialsy 1rr4;

10 7. Antihistaminic Hl receptor antagonists;

8. H2 receptor antagonists;

9. al and o2 adrenoceptor agonist
vasoconstrictor sympathomimetic agents administered
orally or topically for decongestant use;

15 10. ol and a2 adrencceptor agonists in
combination with inhibitors of S~lipoxygenase;

11. anticholinergic aéents;

12. P1l- to B4- adrenoceptor agonists;

13. nmethylxanthines;

20 14. sodium cromoglicate;

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

16. NSAIDs (Non-steroid anti~inflamnatory
drugs) 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,



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 hunmectant such as glycerin or starch; adsorbents such as starch, |actose,
kaol i ne, bentonite, or colloidal siliga;, and lubricants such as purified
talc, stearate, boric acid powder, or polyethylene glycol. Such a tablet
may be further processePi nindadetiabletocodtiedidd Wt helaiziordiqaary tabl et
coat, such as a sugarcoated tablet, a gelatin-coated tablet, an

enteri c- coat e®ifapFetarey sadumegldat ed tabl et, a doubl e-coated tablet, and a
mul tiple |ayer tablet, as necessary, Wen the present tetomlast crystal is
mol ded into the forn1oﬁﬁ5 13YpEppe” tah YRS  whi ch have previously been
known in the present fi.gld, .can,w.dely. be .used. Exanples of such a carrier
that can be used hereiﬁﬁﬁaylﬁﬁgﬁg%e§c%§@ﬁ‘PgnggcgﬁEg£g§“§¥ﬁﬁgséugar,

| act ose, st@arch, cacao t aenated%eg i aol i ne, or
talc; 20 bi%ders such é%”ghﬁﬁxfgﬁﬁig pomé%ggégtggggggéiEﬁésgelatin, or

et hanol ; and @h8biéeQrations ashiehosy diitnasan or agar. \Wen the present
tetom |l ast crystal is nolded into the formof a suppository, carriers,

whi ch have previously BegenIknbé6b;in the present field, 25 can w dely be
used. Exanples of such a carrier may include pol yethyl ene glycol, cacao
butter, higher al cohol 24i ghéitarebhvicrestier 8ackerl atiNg~cdndysenssynt heti ¢
gl yceride. As a capsul g, an ive 48 . ingredient conpound is generally
m xed with various typ??'oPMgéﬁrf%ﬂ%}%ﬁfqﬁegegf%%ﬂm%HHVe according to a

common nethod, and theZ%thhﬁeeﬁé?f%égﬁais then filled into a hard gelatin
capsul e, a soft capsule, etc. n t'he present tetomilast crystal is

nDIdeq into an injectiqnu Rhtg§1@ugg¢ﬂdagw@rﬁb§é éhg§myﬂ(chgent, an
emul si on, and a suspension be sterilized and be isotonic to bl ood. Wen the
present crystakhilsittmdsded into such a form all types of diluents, which
have 28. IMPDH inhibitors;
29. adhesion molecule, inhibitors including a
15 VILA-4 antagonists;
30. cathepsins;
31. MAP kinase inhibi£ors;
32. glucose-6-phosphate dehydrogenase
inhibitors;
20 33. kinin-Bl or kinin-B2 recgptbr
antagonists;
34. gold in the form of an aurothio group in
combination with hydrophilic groups;
35. immurnosuppressive agents;
25 36. antigout agents;
37. xanthine oxidaze inhibitors;

38. uricosuric agents;

39. antitumor agents;



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 , propyl ene glycol, ethoxylated isostearyl alcohol, polyoxylated

i sostearyl al cohol, and pol yoxyethyl ene sorbitan fatty 15 acid esters. In
this case, it is possible that comon4salt, grape sugar, or glycerin, be

m xed into a pharmaceutical preparation in an anount sufficient to prepare
an isotonic solution. 110 98 °4lEohpeenichlsecrhhrgageshmon sol ubil i zer,

buf fer, soothing agent,,.or hg? 20 like, be added to the pharnaceuti cal
preparation. Further, it ¥ (BJE ot ffabied LPREP T e %61 loring bagens; a
preservative, an aromati.c, fhavor, .a_sweetener, t her pharmaceutical s,
be mixed into the phar#ggeS?Fégﬁn%¥§6§F§%P%n?mﬁ§1h3%€g§§$9. 25 [0111] The
amount of an active ingnredbgsf conpound contained in the above

phar maceuti cal preparation is not particularly limted, and it is

appropri at el ypi#9: sel-eetcededir grawvvifdecrbange. 1 n general, approximately 1%
to 70% by wei ght of such an active ingredient conpound nay be contained in
the preparation. [0112}45Thebemnianitstirattonfaetdrod fof: thengboye
pharnaceutica$ preparation is not particularly limted, and the

phar maceut i cat®preddPaPPonst urawibnitscered By & )met hod that depends on
various types of pharnggeuticah_forns, t he age, sex, and other conditions
of a patient, 10 the dégied Vr-@ic¥EgsBacEIRragey CodRBpFBintFntimg case of a
tablet, a piltacis@l UEoRgysuspension, emulsion, a granule, and a capsul e,
these preparations are orally admnistered. In the case of injection, it is
intravenolg8ly admi ni st 6ty nOkrasna M xture with 15 an ordinary

repl acenent fluid such as grape sugar or am no acid. Further, as necessary,
such injection is adm Af stterabgkdasia BKhglel 0&8, reotpasyscul arly,
intradermal |y, subcutaneously, or intraperitoneally. A suppository is

adni ni st er ed FWEPRPEEES | y. 20The dosage of the above pharnaceutica

48. elastase inhibitors;
49. PDE3 inhibitors;
15 50. H4 receptor antagonist or a inverse
agonists;
51. antieoxidant agensf
52. radical scavenﬁing agents;
33. combinations of B2 adrenoceptor agonists
20 and glucocorticoids;
54. agents increasing protein level of
hypoxia-inducible factor-la (HIF-lo):
95. antioxidant proteins upregulated by HIF-
1o
25 56. vascular endothelial growth factor (VEGE)

secretagogus; and

57. VEGF receptor agonists.
[0110]



preparation is appropriately sel ected dependi ng on usage, the age, sex, and
other conditions of a patient, the degree of disease, etc. In general, the
anount of an active ingredient conmpound nay be determ ned to be 25
approximately 0.2 to 200 ng per kg of body wei ght per day. [0113] Wth
regard to the tetom |l ast hydrate 50 4grystal, anhydrous tetom | ast type A

crystal, anhydrous tetog%last type C crystal, tetonmlast acetonitrile
soivate crystal, and a'nfxEufe setemélapovervtmdedushe eresrdrdst type A

sl 21 SR AR I8 IR S I g

i nvention, the crystal ns

recrystall i zat{0maca0d; g ar xcellent in terms of
filterabilité% Thjg, tﬁgggﬁg? g%%nggfeEgﬁg}é%Peaf%?C?%ﬁﬁ§t ial mass

production. X-dddkdd4lon is preparelNuafdh tdPont, eéfﬁﬁ‘ﬁfﬁﬁéﬁ%%t crystals

have performance that is equivalent to or greater an that of “An anhydr ous
tetonilastdtyreiBienystabch iax teknblef, dbidiehdet pvargisagat j;and noi sture,
and the 15 disintegration property and dissolution property of tablets.
Accor di ngl y, Wevésegt egemt | astdisiyseatataan apsef-éaatdint beoused as
pharnaceutic%#%Foqpogitions. EXAMPLES [ 0115] 20The present invention wl|
be descri bed "MOFeéC2th- deth ISUCR # hehdBlacemitagal epeeremas iovanpl es, exanpl es,

and for””'at%%@i%ﬁ@“B%%ﬁlQ&;ghrms can be selected depending on

therapeutic purpose. Typical forms of such a

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 Torm of a tablet,

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

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



Anal ytical method 25 (1) Thernogravinetry/differential thermal analysis
Thernogravi netry/differential thermal analysis was carried out using TAGOAS
controller and 51 DTG 60A thernogravinetry/differential thermal analysis

si mul t aneous neasuring i nstrunment nmanufactured by Shimadzu Corporati on.
Specifically, using the aforenentioned; apparatuses, 5 to 10 ng of a sanple
was 5 heated from 20C (roomtenperature) to 250C at a tenperature-rising
rate of 5C mmoneylayainydei b ogertcat sbsphbr eoxr Asa@:a=f;er ence subst ance,
a-alum na was used. [0117] 10 (2) Powder X-ray diffraction The
powder X-ray SHIFHEHREACEpeEh FURONES SHERSHF eth ¢ agpsangFe®fimi ffracti on

that ranged from3 to 40, according to the general test nethod of the
Phar nacopoei ac%(faoJfb’%ﬁ?rus?ﬁghﬁFgfﬁg%ﬁag??f?h i oHRABPEERCEFRET at9Sh sour ce:

CuKa) manuf acgiw&%%gﬁ%%i% ba&grgpgsédg%méeaasuﬁﬁrremfae/oj t age/ current

was set at 35 € scan speed 5/mn. 101181 The

m xi ng rat 50 QinduEptt Yaen CONSYSdeRgn 06 20r 2PN hvdious L et oy ast type A
crystal and an anhydrous tetom I"ast type B crystal was obtal ned by

conparing t heapomderhX- Laytsid f naelins, spestsumof drhecabovgami xture, wth
the powder X-ray diffraction spectrumof a m xture fornmed by m xing a pure
anhydr ous t etsgniicast ahypéuldr 25ndmy stiah asndoariplireet ariydr stsatategni | ast type
B crystal at various ratios.
boric acid powder, or polyethylene glycol. Such a
tablet may be further processed into a tablet coated
10 with an ordinary tablet coal, such as a sugarcoated
tablet, a gelatin-coated tablet, an enteric-coated
tablet, a film-coated tablet, a doubkle-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 previously 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 ¥



[0119] (3) Infrared spectroscopic analysis 52 The IR spectrum was neasured
by the REIr nethod. [0120] (4) 1H NWVR neasurenent 5The 1H NVR spectrum was
nmeasured in DVSO d6, using TMS as a reference. [0121] (5) Purity
measurenent The purity was neasured using high 10 perfornmance |iquid
chromat ography (HPLC). The neasurenentgconditions were as follows. Sanple:
0.03 g of a sanple was dissolved in 80 m of acetonitrile, and 20 m of
water was thefdgg@etenlo awosstiul b odeh e ldy moxpriepatie e isiamsl e 15

“sol ution. The neasurfnent was carried qut using 10 gl
types ol carriers as described above according to a

common method, and the obtained mixture is then filled
into & hard gelatin capsule, a soft capsule, etc. When
5 the present tetomilast crystal is molded into an

injection, it is preferable that a liquid agent, an
emulsion, and a suspension be sterilized and be
isotonic to blood. When the present crystal is molded
into such a form, all types of diluents, which have

10 commonly been used in the present field, can be used.
Examples of such diluents that can be used herein may
include water, ethyl alcohol, 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'aﬁ amount sufficient to
preparelan 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 sweeltener, or
other pharmaceuticals, be mixed into the pharmaceutical
preparation, as necessary.

25 [01113

The amount of an active ingredient compound

contained in the above pharmaceutical preparation is

not particularly limited, and it is appropriately



of the sanple solution. Detector: Utraviolet photonetric detector (UV 254
urn) Col um: Wakosil 5C18 M5 20Mobi |l e phase: Acetonitrile/ 10 nM Na2SO4
aqueous sol ution/ phosphoric acid (500:500:1) [0122] (6) Particle size
measur enent For the measurenent of the particle size, 0.1
25 g of particles to be neasured was suspended in 20 ml of n-hexane
solution that contained 0.2 g of 0.1 wv W pol yoxyet hyl ene (10) octyl phenyl
ether, and ul teedsohedati@n avas deheanger f armegtremwatl heaspspensian.y 53
Thereafter, the nmeasurenent was carried out using a particle size

di stribution néadar éhkerty eqiighrent &Mizrat rasd iBRALINFaadiect ur ed by

Mcrotrac). [0123] 5 (7) Moisture value neasurenent The noi sture
contai ned in (WEPSEHDIBA GRS merdaieed bl tHE RICP2EREEMer net hod.
[0112]
5 The administration method of the above

pharmaceutical preparation is not particularly limited,
and the 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, iﬁtramuscularly,
intrademally, 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



[0124] (8) Melting point neasurenent (corrected) 10For the measurenent of
the nelting point, the sanple was heated using a heater (product nane:
LK6000PM manufactured by Japan H gh Tech Co., Ltd.) under the condition of
a tenperature-rising rate of 5 mn, and the nelting state was then
observed using a 15 VH 7000C m croscop@ nmanufactured by Keyence
Corporation. [0125] Reference exanple 1 Production of anhydrous tetom | ast
type B crystalc2GAnlanhydrwsist stomel bstt tiype B crystal, wasyaredyced by the

met hods described in (1) to (3) below [0126] (1) An anhydrous
tetonilast typetBRLystdlvifa §5Y§Fﬁéd*byiwﬁéaﬁétﬁ@@tQE%#ﬁwl@ed in journal
of 25 I\/bdlClnaIl g [ 1995, 38, . 353- 338 That is to say, an

anhydrous t et ¢if1'dst ?%% ’cﬁﬁgtﬁlmhﬁgﬂﬁbﬁgiﬁ 8 BHOYheETBIdSHENg Met hod.

0127 54 i , o
Lot hoxy omeny(ERmLAT A0 AVEFMD 4B B Shavarous tetomidastol) and 10%

sodi um hydrxiwgge( ﬁogrﬁﬁal“’%ﬁfetﬁgdﬁgeéé}l@t m@ﬁuééf e tkd Jor ﬁﬁq}} he obtai ned

m xture was 5 then stirred for hours under eatlng tor A mjority
of sol vent wasoghkntnated %ﬁ:@%&@ﬁlp%:ﬁhﬁ%@lé@' piion, and water and ethyl

acetate were then added to the residue for separation. The water | ayer
obt ai ned as arﬁesuﬁtakﬁiﬂmméosepam@tﬁh&samm&yshamgemmécnxcellent in
terms of filterability. Thus, these crystals are
suitable for industrxial mass production.
10 [0114)
In addition, these tetomllast 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.

[01L16]
Analytical method
25 (1) Thermogravimetry/differential thermal analysis
Thermogravimetry/differential thermal

analysis was carried out using TAG0WS controller and



10 acidic by addition of 10% hydrochloric acid, followed by extraction with
ethyl acetate. Thereafter, the extract was quickly washed with a saturated
sodi um chl ori de aqueous sol ution, and was then dried over an excessive
amount of magnesi um sul fate. The obtai ned 15 m xture was recrystallized
fromethyl acetate, so as to obtain an%]anhydrous tetom | ast type B crystal.

0128 TG e i -anhydrous tetom | ast type B
cryst e oung Tre Pt U B LR S0 e st ket ot al

crystal nelted around 175C, "a

Thereafter, thelrabovecenyshadsGanp! etety i d at a
t enperature between 187C and 190???I [OlZQ?@Le%%bq&g?%ggpgﬁ% rous tetoml ast

type B 25 crystuinagas: Subpectiednt o bpet mposaviyTel Y hdi ffgrential thernal
analysis. As a result, it was found that the sane endot herm c peaks as

t hose shown i RiErgregtipned giperaedses 555 [O13Q] nfhe £ povweeroDé hLaY
diffracti on, s ecttr gm_of t he obtai ned anhydrous tetomn |l ast type B crystal
was nmeasur ed. TASTEY EEHM 20Tt (i@ floune taaret heo saBC5aspect rum as t hat

shown in Fig. served. [0131] The | R(KBr) spectrum of the obtained
anhydrous tet o%mpggfag?ﬁbemﬁ‘l JyERhE Was® MERETr 87,2 Arvandssoben it was found

et ar e ShaaviaanpACr s 105 LSRR SVl o S g oo

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: CuKao) 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 and 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



1269, 1132, 1045, 762, and 706in the IR (KBr) spectrumthereof. [0132]
15(2) 5 g of an anhydrous tetom | ast type A crystal obtained by the nethod
of Exanple 1 as described |later was dissolved in 400 m of isopropanol
while stirring under heating to reflux. The obtai ned solution was cooled to

approxi mately 30C over about 1 20 hout¢ and it was then further cool ed at
10C or lower for 1 houry. .So.a ..obtain the precipitated crystal by
filtration. The above BPSC?Bi?%ééif%?rVEFaTe%%_ G iP¥dthe BT for 3 hours, so
as to obtain deHi@i.of an anhydrous tetom |l ast type B crystal in the form of
a 25 while needle crystal (yield: 92%. [0133] A part of the
obt ai ned anhyttlgifls tetom | ast type B crystal nelted around 175C, and it was
changed 56 to a needle crystal. Thereafter, the above crystal conpletely
mel t ed (deconpbsed)i-HYR andasvpemattir e bet ween 187C and 190C. [0134] 5The

obt ai ned aghydrous tetomlast type B crystal was subjected to
t her mogr avPnet ry/ di f f eFeat ifaN¥Rhepesiiranakhysinsasfised iresusd-dit was found

t hat as shown E% FE&% 5é endot herm ¢ peaks were observed around 177C and
188C. 10 [013B]"¢ M5 as a reference.
[0121]

(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 pl
of the sample solution.
- Detector: Ultraviolet‘photometric detector
(OV 254 ﬁln)
Column: Wakosil 5C18 HG
20 Mobile phase: Acetonitrile/10 mM Na,80,
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 %
poiyoxyethylene (10) octylphenyl‘ether, and

ultrasonication was then performed on the suspension.



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 as shown in
Fig. 6, the above crystal had characteristic peaks at 20 15 = 4.1, 8.1'",
11.9, 16.1, and 24.2. [0136] The I R(KBr) spectrum O the obtained anhydrous
tetom | ast type B crystal was neasureé® As a result, it was found that the

obt ai ned anhy s.40.tetonm | ast type B crystal had significant infrared
absor pti on baﬁrggﬂg?%ﬁ{m}%?o%?s&_ Nt ¥85 Cqpvhed g usisgoa 1132, 1045,

762, and 706 ¢mw-iiiisthed R pectr of . [.0137] 25(3) 10 g of an
anhydr ous tet%nilést typg §1g§$§%%§ﬁ§bh?gghégﬁééit?ﬁgﬁ%@Fﬁ d of Exanple 1 as

.descri bed | at(gf.cyas-H @@g&Vﬁgnﬁfbégg}egibngf%fBijggqtate while stirring
under heating to ref lux. The 57 obtained solution was cooled to

approxi mat el y [80Z3over about 1 hour, and it was then further cooled at 10C
or lower for 1 hour, so as to obtain the precipitated crystal by
filtration® THé) aBtistprecivpi tatiehomeseat was dried at 50C for 3 hours, so
as to obtain 9.3 g of an anhydrous tetonm|last type B crystal in the form of
a while needl e crystal Tb§i Bpéstwanscontping] im pare sefeihewabt ai ned

anhydrous tetgnilast, 10 type. B crystal nelted around 175C, and it was
RELRRY PO IR e i Rer

changed to a nee 2¢HEP%bove crystal conpletely
mel ted (deconpgsed) at a tenperature between 187C and |50C.

(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]
Referenée examnple 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, 1885, 38, pp. 353-358. That is to
say, an anhydrous tetomilast type B crystal was
obtained by the following method.

[0127]



[0139J 15The obtai ned anhydrous tetom |l ast type B crystal was subjected to
thernogravinetry/differential thermal analysis. As a result, It was found
that the sanme endotherm c peaks as those shown in Fig. 5 were observed. 20
[ 0140] The powder X-ray diffraction spectrum of the obtained
anhydrous tetom |l ast type B crystal wa$¢ neasured. As a result, it was found
that the same spectrumas that shown in Fig. 6 was observed. 25 [0141] The
| R(KBr) spectrum of the obtai RedP8hh§drous £t onil ast type B crystal was

neasured. As ar i1 . d,that the,obtained anhydrous 58
t et omi | ast tyg%e%ﬁg% gFgPdﬁgglégégT?Tiﬁlﬂyﬁlﬁfgééé %hﬁﬁﬁ%ﬁﬁeoﬁ48ands at

3298, 2000, LHA1z 1R 1404, 189400 dR0% akb30ue 104, 1792 and 706 cm-1 in
the IR (KBr) Egectrun1tﬁereof. 5 %142 Eganpleel rogﬁgtﬁgﬁeof anhydr ous

tetom | ast typedAdctysitalandn anbydrousdetas b@@éiﬁé&p@ai&tﬁ&x%% was
produced by the nethods described in (1) to (7) below 10 [014
5> then stirred for 4 hours under heating to reflux. A
majority of solvent was eliminated from the ocbtained
solution, and water and ethyl acetate were then added
to the residue for separation. The water layer
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 sulfaﬁe. The obtained
15 mixture was recrystallized from ethyl acetate, so as to
obtain 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. BAs a result, it was found that the

same endothermic peaks as those shown in Fig. 5 were

observed.



(1) 5 g of the anhydrous tetom | ast type B crystal obtained in Reference
exanple 1 (3) was dissolved in a solution consisting of 140 m of acetone
and 35 m of water, while stirring under heating to 15 reflux. The obtai ned
solution was cooled to 40C over about 100 minutes (at this point, an
anhydrous tetom | ast type A crystal s precipitated), and it was then
further cool ed;¢0,30C or lower, so as to obtain the precipitated crystal by
filtration. The above 20 precipitated crystal was dried at 60C for 18

hours, so as to obtain #® wggrag_gg?y&ifﬁj% . % A crystal in
the formof a while col urma}i?) crystal (yield: C%g%)n% (%?L['Iff]t"yggTﬁgeobt ai ned
anhydrous t et oitlkasedt ypeydhonsy stabmied 40 d ypdegoppesed) .al; a tenperature

bet ween 187C and 189C. [0145] 59 The obtai ned anhydrous tetom | ast type A

crystal was sHSpeEred- t dia Reraoglbyi Metway diofihar endt alhet karpal anal ysis. As
aresult, it was found that as shown in Fig. 3, an endotherm c peak was
observed 5 “ar GERATIEBES [thekeFhown in Fig. Phwapowterrvédray diffraction

spect r um of t%lgPLai ned anhydrous tetom | ast type A crystal was neasured.
As a result, it Wwas found that as showmn in 10 Fig. 4, the above crystal had

characteristic peaks a%h%OIR(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 (KBx)
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 mi of isopropanol
whiié éfirring 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%).
f0133]

A part of the obtained anhydrous tetomilast

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



- 10.5, 13.1, 18.4, 21.9, and 25.8. [0147] The I R(KBr) spectrum of the

obt ai ned anhydrous tetom | ast type A crystal was neasured. As a 15
result, it was found that the obtained anhydrous tetom | ast type A crystal
had significant infrared absorption bands at 3306, 3084, '1746, 1593,

1474, 1348, 1271, 1132 , 1045, 758, aﬁél 704 cm1l in the IR (KBr) spectrumt
hereof. 20 [0148 of t ys tetom | ast t A.crystal

obt ai ned in E>J<C§nlﬁl IQéggid](B(fi)gm:’i(sst‘(‘zjlesc atér \%vgg aPLED| &tlar]r 400 nl of

et hanol whi | ecghi, h yefl.u t.gin ol ution was
cooled to 25 appr%ﬁfﬁg%e Y 3 C?g%%gﬁg%%ﬁ{ khéquhgéﬁg" %QL ﬁ%ﬂ further
cool ed at 10Cierv“¢t ower 1kgprcl hour, so as to obtain the preC| pitated crystal
by filtration. The above precipitated crystal was dried at 50C for 3 60
hours, so as t6idbtain 4.3 g of an anhydrous tetomlast type A crystal in

t he forn1of a while columar crystal (yield: 86%. The Melting point of the

obt ai ned arhydrous 5 t dhenmcbasiney pombikderyst abtomslast wepr B88C and 190C
(deconpositio The obtai ned anhydrous tetom|ast type A

crystal was sﬁ%}’%{cal”ed"atso SPREPREYE A e prareT eremey/Alifferential

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 20

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

N 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.

(01373

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 7

acetate while stirring under heating to reflux. The



10 thermal analysis. As a result, it was found that the sanme endothermc

peak as that shown in Fig. 3 was observed. [0150] The
powder X-ray diffraction spectrumof the 15 obtai ned anhydrous tetom| ast

type A crystal was neasured. As a resuylt, it was found that the sane
spectrum as that shown in Fig. 4 was Bser ved. [0151] The I R(KBr) spectrum
of the obtai neght20 naghydl Quss I tsy, crystal Jmeasured. As a
result, it was found that theﬁ g@?gﬁ@%‘g%nﬁ%ﬁ@g&&@?%y Ct?‘ﬁ‘érA crystal
had si gni fi catbauf Lahedr abser piti @8s bands @t:+3306,.,3084, tléL 6r 4293, 1474,
1348, 1271, 1132, 1045, 758, and 704 cm1 in the IR KBrEB SpEect rum
thereof. [0152°weglfamsl diwsol wedas ntdddbtalinothaceteme Mhideg Stirring under
heating to reflux, The obtained solution was cooled to approxi mtely 30C

over about 1 HEWPL2andyi%ilMastinen fird kéoveopkedipttatQG efykewer for 1
by filtration. The above

hour, so as-.tQ_5 qhtain the precipitated crystal
preci pitat et grray’s At e %gdf}% FHeursr 30 mvurty, obsais $o3abtain 8.3 g of

cryetal (vield sy YBReh THE ShehPnetyahnpavoud E0om past {ype A
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 19%0°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
samé eﬁdothermic 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. As a

result, it was found that the obtained anhydrous



crystal nelted (deconposed) at a tenperature between 188C and 190C. (01541
15The obtai ned anhydrous tetom | ast type A crystal was subjected to

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

[ 01551 The powder X-ray dif?raction spectrum of the obtained

anhydrous t et agitb@sladty/peypd OF ¥y aka MamdTREgHE 8dcaAS f F85Wt, it was found
4

that the sanme spectrumas that shown in Fig. was observed.” 25 [0156] The

| R(KBr) spect ebrpoptidre kebtdai ned3aphy diooes tetopi Lass type Ajghystal was
measured. As a result, it was found that t he obtai ned anhydrous ' 62
tetonilast typéd ckyitallOldd 36nidictddt tmfr anedhabser @ion bands at
3306, 3084, 1746, 1593, 1474, 1348, 1271, 1132, 1045, 758, and 704 cm1 in
the IR (KBr) SPBeCtTdm'tereéf. 5 [0157] (4) 10 g of the anhydrous

tetonilastigyiglf?ﬁrystal obtained in Exanple 1 (6) as described | ater was
di ssolved in sol‘ution consisting of 320 m of acetone and 80 m of water,

while stirringg &f 410 heating to reflux. The obtained sol ution was
cooled, in a stepw se manner, to 30C over about 3 hours, it was then cool ed

to 20C over . Rrdwufticandsi knM@gdhen fuRt her: cagled t&ﬁg%lover 0.5 hours,
. e

so as to obtain the precipitated crystal by filtration above
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
théﬁrfﬁtther 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 ¢ of an anhydrous tetomilast type A
crystal in the form of a while colummar crystal (yield:
80%).

[0144]

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

[0145)



15 precipitated crystal was dried at 50C for 3 hours, so as to obtain 8.3 g
of an anhydrous tetom | ast type A crystal in the formof a while columar
crystal (yield: 83%. (01581 20The obtai ned anhydrous tetonilast type A
crystal nelted (deconposed) at a tenpepature bet ween 187C and 189C. [0159]
The obt ai ned anhydrous tetom | ast typé‘A 25 crystal was subjected to

t her nogr avi met ry/ di f f ersn ok ot REEMBLL ANA) WSk S 1oAP1 A g3yl L, It was found
that the same endot herm c peak as that shgvvn inOFi g. LSet\?};aég dbserved. 63

[0160] The powd@rstxiregs divbfieacttoto stﬂ%ﬁ:ﬁr{olgm‘heimét&@ﬂm@e%ﬂt%?ydr ous
tetom | ast type A crystal was measured. As a result, it was tound that

the same 5 spéRerlifd aalalystsshow & redEivgt, 41wasaobsemdednsf016].] The
| R( KBr) spectrlfllm of , t rl,e obt ai ned anhydrous tetoni|ast type A crystal was

measured. As &°P8RuM? Fi% WasaRowrdpiiesiichee bt metsamydr ous

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, 17486, 1593, 1474, 1348,
1271, 1132, 1045, 758, and 704 o in the IR (KBr)
spectrum Thereof.
20 {0148}

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

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

above precipitated crystal was dried at 50°C for 3



10 tetom | ast type A crystal had significant infrared absorption bands at
3306, 3084, 1746, 1593, 1474, 1348, 1271, 1132, 1045, 758, and 704 cm1 in
the IR (KBr) spectrumthereof. [0162] 15(5) 5 g of the anhydrous tetom | ast

type A crystal obtained in Exanple 1 % ) as described | ater was di ssol ved
in a solution consisting of 450 m of "acetone and 300 m of water, while
stirring underhcheati 8g 49 #E€fopkuXn Ih i,ne i.0 s,cooled to 20
approxi mately 30C over about 1 hour, gn%%afdﬁhgﬁﬁ?%ﬁ%e&e\gg)gllgasgt 10C or

| ower for 1 hdwpe 8ocagstal dbt ahs ther prec %gggego&j%%tralcrpgtgil tration.
The above precipitated crystal was dried at 50C for 3 hours; so as to
obtain 4.2 g dfi&hdann§efrlous tetomilast 25 type A crystal in the formof a
whil e col umar crystal (yield: 84%. [0163] The obtai ned anhydrous
tetonmilast type A 64 gt Ly i ntdedobeseilaiateda ahbppiesas ur e bet ween

188C and 190C, .[ The Obtained anhydrous tetom | ast type A 5 crystal
was subj ec%gdt?gg%"'g%sn{bgryg\?i flqud? BreRELuEen N&&Tal auhal Y8Cs. As a
result, it wasgefomndthat,ythe same endothernic peak as that shown in Fig.

3 was observed. [0165]
[0149]

The obtained anhydrous tetomilast tyvpe 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. As a
result, it was found that the obtained anhydrous
tetomllast type A crystal had significant infrared
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,
1271, 1132, 1045, 758, and 704 cm™ in the TR (KBr)
25 spectrum thereof.
[0152]
(3) 10 g of the anhydrous tetomilast type A

crystal obtained in Example 1 (6) as described later



10The powder X-ray diffraction spectrum of the obtained anhydrous
tetom |l ast type A crystal was neasured. As a result, it was found that the
sanme spectrumas that shown in Fig. 4 was observed. [01661 15The | R( KBr)

spectrum of the obtai ned anhydrous tetom | ast type A crystal was neasured.
As a result, it was found that the obPained anhydrous tetonilast type A

crystal had si.gai i sant dnfira sorption bands at 3306, 3084, 1746,
1593, 1474, 1348, 20 1271, 1511526‘ @%4@ TEg O Gnd 7y YhFPH PRESTR (KBr)
spectrum t her eebtif@lbylreflux. The odiBlindd 4090 ethyl 3-0x0-3-(6-
met hoxycar bony1- 2- pyri dyl ) pr opi onat eo was ndi ssg'?l\lllgldprf %@é Eéog(@‘? t9 on
consi sting of anprofimftalgt a0°@nde4ldbatt of bty -aget atgas q%ﬁe t he obtai ned
solution was then cooled to a tenperature between 5C and 10C. r)'I'hereafter, a

sol ution obt af WPy cgicdsal 9k ntP°8508 Howdr BF Juhbukylsshiorigde in 83 nl of
dropwi se to the above cool ed sol ution over

et hyl acet teOV\%as. adqu 1 A S
appr oxi mat 8l yO30 i AdeBreahh Hetted ervagal Ther &afftrart iothe i ai ned m xt ur e
was stirred at t rat re(f bet ween 10C and 20C for 1 hour.
b ) = . ; 3 1
Subsequent | y, “TRS FORCLPONSo] (TR hal> ekt B @5 B6°Gpproi mat el y 90C,
whi | e the solygnts was, QESEcS'JbE‘L%' y.from.the reacti on solution. The
reaction sol ution was ¢onti nuous \;\%hga el at" £ eparat i e Hdrrnten
approxi mat el yv@@Caarglystal in the form of a while columnar crystal
{yield: 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
thgpmai analysis. BAs a result, it was found that the
same endothermic peak as that shown in Fig. 3 was
observed.

20 [01557

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



10 100C for 2 hours while stirring. Thereafter, the obtained m xed
suspension (containing crystals) was cooled to approximately 10C, 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

yel |l ow-brown crystals (nmelting point: 6284C to 189C, purity: 98%to 99%.
[0168] _ 20 g of 2-(2-chloroacetyl)-6-pyridine carboxylic acid and
22.6 g of 3, 4-WGeRhoRYE i Blsedz &r 8k R0 ask e Wilddepvbdinfrarashl ut i on
consisting O . of water _an 0 of .di net hoxyet e. obt ai ned
sol ution was ﬁé%gégjcf%n et xafa'og?’%gho 854’\/\#41?144 'stl'gPl)’(i nﬁ?ﬁ%n&-gtqﬁe reaction
sol ution was t C d {0 HC I Fey s .t 0.9htapn el | ow br own
precipitate 2§b§3’f??%§bx%¢ﬁ?“ 7?%16§¥§ /éﬁg?@p6¥§§§$h§$h§§?%&ide in 372
of water. The spbtained:-isolddd on was extracted with ethyl acetate twi ce (186
m x 2). Thereafter, 1 g of activated carbon was added to the separated
wat er | ayery dRd57he obtained solution was then stirred at approxi mately
30C for 30 mnutes. Thereafter, the activated carbon was renoved by
filtration, and 372 m ©of) adét onel arde BEhi¥dyook tencentaswt egpeydrochl oric
acid were then added to the obtained filtrate, so as to obtain a suspension
(a 10 ni xt ur e SCBRER st IRiPioreda inebviinlast Hpdr a6edergisikad didean anhydr ous

Lotom et 1YReaPPLIBAL) 1o § BLERe ATSSReLIF Aot 2ot ot ing of
an anhydrous %@EQQE&QﬁﬁiQﬂpﬁdAbﬁrﬁgﬁéy,’w%qgeaggiﬁring 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, sa as to obtain the
precipitated crystal by filtration. The above

i5 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 éolumnar crystal {yield:
83%).
[0158]1

20 The obtained anhydrous tetom;laét 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.



15 suspensi on was heated at 60C for 30 mnutes, and it was then cooled to
roomtenperature, so as to obtain a crystal by filtration, thereby
bt ai ni ng an anhydrous tetom | ast type A crude crystal (34.82 g; wet
state). [01701 208.67 g of the crude crystal was dissolved in a solution
consisting of 213 m of acetone and 5%°m of water by heating at 60C

W t hout drying“hkm}follomed by filtration during a hot state. Subsequently,
the obtained filtrate was heated again, and dissolution of 25 the crystal

was then confirmed. Thepreafd®rg e-fil o { 79 mg of an
anhydrous tetom | ast type &;cr;gtglrmgs&%%¥eé%génaggéggf%?fgggFeto t he

cool ed filtratahtadanddt ehyahicAiznedtBhxlage g abirihem sfddred at a

t enperature between 42C and 50C (internal tenperature) for 2 hours.
Thereafter, tHmeagbraiinedtsal utdsedtwast cood eduna 2AE: ovies @ oxi mately 20
mnutes, and it was then stirred at a 5Stenperature between 19C and 25C for
2 hours. Ther SRFFEFUN tde Waltushennwi Biopl dd ves SGseverd.35 ninutes, and it
was t hen stirgﬁq ?ﬁ a tenperature between 4C and 5C for 2 hours, so as to
obtain the pr ig” ated crystal by filtration. The above 1Oprecipitated

Cetom | ast type A crystal Caneeeyaf el o an WReH 62bh or oacet yL 2.
pyridine carbexkiifo@dsitduans 1H8€0: R5c & IERRLENCE) 5 %gﬁ%d#@dg pyLity of the
obt ai ned anhydrous tetonilast type 15A crystal was 99. 9%

result, it was Ffound 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_d%ssolved in a sclution conéisting of 450 ml of
acetone and 300 ml of water, while stirring under
heating to reflux. The obtained solution was cooled to

20 approximately 30°C over about 1 héur, and it was then
further cooled at 10°C or lower for 1 houxr, so as to
obtain the precipitated crystal by Ffiltration. 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



[0171] A part of the obtained anhydrous tetom | ast type A crysta
nel ted (deconposed) at a tenperature between 187C and 189C. 20[0172]
The obt ai ned anhydrous tetom |l ast type A crystal was subjected to
t hermogravi metry/differenti al thernal.gnalysis. As a result, it was found
that the sanme endotherm c peak as t hat®shown in Fig. 3 was 25observed.
[0173] The powdestXirmylidd firaehi egl.rum. the 68 obtai ned anhydrous
tetomlast type A crystal wés ne£§§$§§.%%sgglﬁégﬁ#%%ué% bﬁgge?8und that the
sanme spectruml&é°® hatd §R6%N in Fig. 4 was observed. [0174] 5The | R(KBr)
spectrum of the obtained anhydrous tetom | ast type A crystal was neasured.
As a result, il0L@4% found that the obtained anhydrous tetonilast type A
crystal had significant _infrared absorption bands at 3306, 3084, 1746,
1593, 1474, 1348, 10 17Pf, 9R%apned gubydrsss telbmi04semigpennt he | R (KBr)

e obtai ned anhydrous tetom | ast type

A crystal  vias oriihed il PHoRRC b BROB0Y S i B MR Forential
thermal analysis. As a result, it was found that the
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 cw™ in the IR (KBr)
spectrum thereof.

[0167]
(6) 41.4 g of ethyl 3-0%0~3~ (6~
methoxycarbonyl—2wpyridyl)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



15 powders having a nean particle size of 30.4 Rmand a 90% cunul ati ve
particle size of 57 Rm [0176] (7) 32.36 g of the tetom | ast hydrate crude
crystal obtained in Exanple 5 (2) as described |ater 20 was dissolved in a
solution consisting of 197 m of purif.'ged wat er and 793 ml of acetone by
heating at approximately 60C, foll onedl by filtration during a hot state.

Subsequent |y, duieuebt atmed-ifd.l thate ya ' and dissol ution of
the crystal was then 25 conf ier med. Theﬁjef;l%?é?;g E?(%%!afq:l(ﬁ &t 8NMEE cool ed to

45C. 290 ny ofdrapwaahyidr s tBbedi d@sied BBEui &f VSial was added to the
cooled filtrate, and the obtained m xture was then stirred at 45C for 2

hours. Ther eafPBFOxiREelFo 30obtaitned solilti sbimasiCooked £qr2QF over about
1 hour, and i% was then stirred at a tenperature between 20C and 24C for 2
hours. Ther eaff&r oPtHdeshRikE ke i cdolreddt ot 5C tewerrabaue 2 hours, and it

was then 5. stirred at te ature between -1C and 5C for 2 hours, so as
e b D TR

to obtain the precipi atChyt fioUEr at Pehsedmntdhoveéhpr eci pi t at ed

crystal was drigd.at, 8Q oyrs, S0 as to obtain 24,11 g of an
anhydrous tetom I ast tyglelfcﬁé%f%g/% ae?tf%[‘f}a?t?‘i appmxmatelﬂ“h%g“’ébt ai ned

anhydrous tetomlasihet ¥P&vén€ )t &l 0as; Sybj Lo ;
t her mogravi metry/ di fferential ther mal an(g?l)t/)alsvfag}. %%gmatpgsﬁ‘???tﬁn was found

that the samesehdotder nite pesdctasnt Balus oW cBhEindod@s,, | S obser ved.
[0178] The powder X-ray diffraction spectrum of” the obtai ned

anhydr ous t et¥fliessett §peemparaysiral bwaseare agpredinAsedy &9 tyqit was found
that the same, Y nd
a e Qv .
26 00°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, followad by filtration, so as to obtain
27.99 g of 2m(2~chloroacetyl)h6—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—{2mchloroacetyl}~6~pyridine
carboxylic acid and 22.6 g of 3,4~diethoxythiobenzamide
20 were dissolved in a solution consisting of 100 ml of
water and 200 m]l 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 Lo obtain a yellow-brown precipitate
25 by Ffiltration.
[0169]
Subsequently, the above precipitated crystal

was dissolved in a solution formed by dissolving 6.18 o



20 spectrumas that shown in Fig. 4 was observed. [0179] The | R(KBr)
spectrum of the obtai ned anhydrous tetom | ast type A crystal was neasured.
As a result, it was found that the obtai ned anhydrous 25 tetonilast type A
crystal had significant infrared absorption bands at 3306, 3084, 1746,
1593, 1474, 1348, 1271, 1132, 1045, 7588, and 704 cm1 in the IR (KBr)

spectrum t her @@f por40 le 2 oducti on_of anhydrous tetom | ast
type C crystal 5pg ofs{%iqg’]r?ﬁy r%%sﬁ% e?f?mniqaé)& Fyhera Q'h(?rystal obt ai ned in
Exanpl e 1 (6) oasidessebMed onnyB90s:0d ;- -Qf 1anol ., ile,stirring under
heating to reflux. The obtained sol ution e%gmggo {é%w?c?cgpt)%ﬁ“gxi mately 30C
over about 1 Koife &M intl wag)t herhduastther, cook edr at-+1QG-@y | over for 1
hour, so as to obtain the 10 precipitated crystal by filtration. The above
preci pi tated ERFRPRAIYaERSRIdeReto athsG@pkart 3dhou sy 13Qe@S hAdophrain 3,8 g of
an anhydrous tﬁéom'l(gst type C crystal in the formof a while platy crystal
(yiel d: 76:’% TR e lution was thgnn ssdreed rylstalpraas ngenby as@d: f rom t he

crystal surfagge t bt ai ned anhydrous tetonilast type C crystal at
184C, and the a%g‘%oe n{(}r%ygtggl T q%&écoﬁﬁ%s%%l"a%teéi rarper avas e bet ween

187C and 190GeemBrdD fi1e . h bt ai ned anhydrous tetom | ast type
C crystal was subj ec'}gﬁ fot %:Lron%gﬁgéi r%%'rﬂr}?cﬁ’ FFERPFaf™ hiet a9 anal ysi s.
As a result, of cascehatbded Bfd@enIBOWR L0k ra +nE@RdOLREE L C peaks were

observed around _
the obtained filtrate, so as to obtain a suspension (a

10 mixture consisting of a tetomilast hydrate c¢rystal 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 cbtaining an anhydrous
tetdmiiést 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 mli 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 ng of an anhydrous
tetomilast type A crystal was added as a seed crystal

to the cooled filtrate, and the obtained migture was



25 184C and around 189C. [0183] The powder X-ray diffraction
spectrum of the obtained anhydrous tetom |l ast type C crystal was 71
neasured. As a result, it was found that as shown in Fig. 8, the above
crystal had characteristic peaks at 20 = 4.2, 8.2, 12.0, 16.4, 24.7, and
25.9'. [0184] 5The I R(KBr) spectrum of g/he obtai ned anhydrous tetom | ast
type A crystal was neasured. As a result, it was found that the obtained
anhydrous tetonm | ast type A crystal had significant infrared absorption
bands at 3300, 3088, 1744, 1593, 1476, 1346, 10 1267,. 1132, 13@5 754, and
704 cv(1 in The" I REKBPY §fect riRRhErBOFS PETE51°TExtnpt e*39Prddlicti on of
tetom | ast acetoartbil ecs@levaiisystal 25ho@raf. the: anhydeouys tthet om | ast

type A crystal obtained.in Exanple 1 s di ssolved in 400 m of
hbtoni tr11 P uh P EAoE PR HIE bT Heht P o AT B She obtal ned sol uti on

was cool ed tap@ppr oxbratel @ BOG ovess abautl 1thouwrs t@nehni stwasetthen 20

further. cool ed at 1QC orlé%mgego @:qur, a§050209%%gg the precipitated

crystaP by FTTEP S f OHE STRE SAse reC|ﬁ? a%%g:crystal was “dried at 50C for
3 hours, so Hsetoaodbtai nthel sploft pohevon kastlcatetontei beesol3bate crystal
in the fo“ﬂﬁqnékg@ilgnd it was then stirred at a temperature
between 4°C and 5°C for 2 hours, so as toc obtain the
precipitated crystal by filtration. The above
10 precipitated crystal was dried at 80°C overnight, so
as to obtain 7.25 g of an anhydrous tetomilast type A
crystal (whose vyield was 78.4% when 6~-chloroacetyl-2-
pyridine carboxylic acid was used as a reference). The
HPLC purity of the obtained anhydrous tetomilast type

15 A crystal was 99.9%.
(01711

A part of the obtained anhydrous tetomilast
type A crystal melted {decomposed} at a temperature

between 187°C and 189°C.
20 F0172]

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

25 observed.
[0173]

The powder X-ray diffraction spectrum of the



25 platy crystal (yield: quantitative). [0186] The obtained tetom | ast
acetonitrile solvate crystal becane cl ouded at 90C, and the above crystal
72 nelted (deconposed) at a tenperature between 187C and 190C. [0187] The
obtained tetom | ast acetonitrile sol v%te 5 crystal was subjected to

t hernogravinetry/differential thermal dnal ysis. As a result, it was found

that as shown dyrakhgg ShneNARLheLLE; ks r round 91C, around
176C, and arounda1§90. [ 0188] SlOT%ﬁ%)g%\%ert%r Z{y%gsfsf['}r!gc a%on spect r um of

the obtained teienirbast mcef aristint| ei 80} 1at®, Gy shat Was dmasured. As a
result, it was found that as shown in Fig. 10, the above crystal had

charact eri sti cppedksnats 2hat Ih6wn7id, Fikf. 6, whbd. 2bsande®@4. 8. 15 [0189] The
| RCKBr) spectrum of the obtained tetom | ast acetonitrile sol vate' crystal
was measured. [Ad74lresult, it was found that the obtained tetonilast

5 The IR(KBr) spectrun 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,

16 1271, 1132, 1045, 758, and 704 cm™ in the IR {KBr)
spectrum thereof.
[O1L75]
The obtained anhydrous tetomilast type A
crystal was crushed with an atomizer, so as Lo obtain
15 powders having a mean particle size of 30.4 pum and a
90% cumulative particle size of 57 um.
[G176]
. {(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. Subsequently, the obtained filtrate was heated
again, and dissoluﬁion of the crystal was then
25 confirmed. Thereafter, the filtrate was cooled to 45°C.
290 mg of an anhydrous tetomilast type A crystal was
added to the cooled filtrate, and the obtained mixture

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



acetonitrile solvate crystal had significant infrared 20 absorpti on bands
at 3300, 3090, 2249 (nitrile group), 1744, 1593, 1476, 1346, 1269, 1132,
1045, 752, and 704 cm4 in the IR (KBr) spectrumthereof. [0190]

The NVR (DMBO-dO spectrum of the obtained 25 tetom | ast acetonitrile

sol vate crystal was neasured. As a redii t , It was found that a nmet hyl group

peak of acetonigudil@qvasiabssy ved 2 o§ﬁd LQQH%C[Q%QE]db 5% ”p'e 4

Production of m xture consisting o ydrous tetom | E “Nferystal and

anhydrous tet onid ast whypendd arishab BA w&w@r&%@ %temgeg @ anhydrous
tetom | ast type A crystal and an anhydrous tetomlast ty B?crystal was

produced by tHadretfodadegchibed. i MTd)eaant<t:2) thel @muimaaslo( 1) 10 g of
t he anhydrous tetoml ast type A

cooled to 5°C over about 2 hours, and it was then

5 stirred at a temperature between -1°C and 5°C for 2

hours, so as to obtain the precipitated crystal by

filtration. The above precipitated crystal was dried

at 80°C foxr 4 hours, so as to obtain 24.11 g of an

anhydrous tetomilast type A crystal.

10 [0177]

The obtained anhydrous tetomilast type A
crystal was subjected to thermogravimetry/differential
thermal agalysis. As a result, it was found that the
same endothermic peak as that shown 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 sane
20  spectrum as that shown in Fig. 4 was cbserved.
[0L79]

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.



crystal

320 Ml of acetone and 80 m of water, while stirring under

| ux.
hour

of an anhydr ouszdreflenizl ast type A crystal

The obt ai ned sol ution was cool ed to approxi nately 30C over

and it was then cooled to 10C over about 10 m nutes.

heating to ref

Ther eafter,

crystal was

B crystal (AAB = 40:60) in the formof a while columar crystal (yield:
85% . [0193] 2B@ulurtaosnaflampartroat theceblainedpai Xt BFsEonsi sting of an
anhydrous tetom | ast tyge A crystal and an anhydrous tetom | ast type B

crystal nelted at 178C,

andd tthgasnbygstas | iaehiilast heyporan of a needl e

crystal. Thereafter, the mxture nelted (deconposed) at a tenperature

bet ween 188

i stgacoPTotA rhExaBPaf ned( @l wigr 61lseakiet iing 560 an 5

anhydrous tetqnm | ast type crystal and, an anhydrous tetom | ast type B
crystal (A B %ﬁhéggﬁf£%§¥ﬂ§uBF%@?eﬁt%Br%%%ﬁﬂﬁﬁFaQFﬁE%?@/%ﬁf33£@@ﬁbiaI

11

thermal anal ysig, A$a2 .| nd, that as_shown .in _Fi ,
endot herm ¢ peaks Om?gn%%igrl&gébgr%%%déﬁ% é'r?dagpgﬂ}ﬁjdma\i%l%@@. g[ 0195]
addi tion, the cgewdapoXe randlid f hagt Lo, SPagtHUM.efnthe.ahtai ned M xture

consi sting of an anhydrous tetom | ast type A crystal

10°C or lower for 1 hour, so as to obtain the

10 precipitated crystal by filtration. The above

and an anhydr ous

pPrecipitated 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:

76%) .

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 arcund 189°C.
fO183]

The powder X-~ray diffraction spectrum of the

obtained anhydrous tetomilast type C crystal was

obtained in Exanple 1 (6) was dissolved in a solution consisting of

15 about 1

t he

solution was further cooled at 10C or 1%wer for 1 hotr, so as to obtain the
precipitated crysiy by filtration. The above precipitated
dried at 50C for 3 hours, so 20 as to obtain 8.5 g of a m xture consisting

In

and an anhydrous tetom | ast type

74



15 tetom | ast type B crystal (A:B = 40:60) was neasured. As a result, it
was found that as shown in Fig. 12, the above m xture 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] Mor eover, the IR(K%r) spectrum of the obtained m xture
consi sting of an anhydrous tetom | ast type A crystal and an anhydrous

tetom | ast typesBrenystal £ AdBuit40;60) a5, sured ult, it 25
was found that the obtained m xture had signi caﬁ? asﬁ?}are Srhbsorptlon

bands at 3298143088, Lﬂxémo%%,ysil:é,74hac1?tﬂ&ra1;%@gas&i§2pesﬂl%5at 72@0 and 704
cmlinthe IR (KBr) ectrumthereof. '75 [0197] (2) 10 g of

t he anhydroug“ﬁe?on1@é£b Lype’ ALk Y5t 4.0t a5, 8°Exanpl e 1 (6) was

di ssol ved |n{§ %gbutlon consisting of 320 m of acetone and 80 m of 5
water, while i i ng under heating to reflux. The obtained sol ution was

guenched to 10C over S s to obtaln the precipitated crysta
by f||traﬁ?on The abggé H&%%ﬁ tﬁ?% HMaltbGagParieef at 50C for 3 hours,

Cype A cryst orgacad Slent FR e S“L% dhe SR cg s Lot oo

type A crystal and an an rous | st

the form of wﬁshEtpowe,raﬁs £l that! 8o obeBAhbaOlnf G- QRI Al ned m xtur e

nelted at 176C, and it was crystallized int ofmof a needl e crystal.
Thereafter, théom kisir eyl Aekbtest{decanpoged)yiaing 1:60Rekat Ure bet ween
187C and 190C,
absorption bands at 3300, 3088, 1744, 1593, 1476, 1346,
10 1267, 1132, 1045, 754, and 704 cm™ in the IR {KBr)
spectrum thereof.
[0185]
Bxample 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
reflﬁxl. The obtained solution was cooled to
approximately 30°C over about 1 hour, and it was then
20 further coocled 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



[0198] The obtained m xture consisting of an anhydrous tetom | ast type A
crystal and an anhydrous 20 tetom | ast type B crystal (AB = 10:90) was
subj ected to thernogravinetry/differential thermal analysis. As a result,
it was found that as shown in Fig. 13,,endotherm c peaks were observed
around 176C and around 189C. 25 [0199f"’ The powder X-ray

di ffracti on spettedimafcdipeseh) ained d8xLULe CaNSLStddg 18fo hydr ous
tetom .| ast tX&g A crystal and an anh%%ggggégﬁﬁés% tlgfge@%&% crystal
(A:B - 10:90) & -measured. As a result, it was found that as shown in Fig.
14, the above_m xture had characteristic peaks at 204.1, 11.9, 16.1,

17.2, 19.3, 2895875 1 25 9, and 27.3. 5 [0200] The | R(KBr)

spectrum of the obtai nﬁg m'gt ure consisting of an anhydrous tetom|ast type
A crystal and an anhydr8fs®PEtoiid dstomypesB eesistrdltriAeBsel 4:00) was

S ont T cant AR e by R 10 MBS ehl Bt St e 1474,
I8, 1200, AR LOEL 50, o0 TOBLEM Y L0 A0 AR UL spectrim

shown in Fig. 9, endothermic peaks were observed around
81°C, around 176°C, and around 1B9°C.
101887

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 arrééult, it was found that the obtained tetomilast
acetonitrile solvate crystal had significant 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~dg) 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]



A tetom | ast nonohydrate crystal was produced by the nethods described in
(1) to (3) below [02021 20(1) 18.7 g of 2-(2-chloroacetyl)-6-pyridine
carboxylic acid and 21.1 g of 3, 4-di ethoxythi obenzam de were dissolved in a
solution consisting of 94 m of water;and 187 m of di nethoxyethane, and

t he obtained m xture was then stirred at approximately 80C (reflux) 25 for
2 hours. The é¥e@Phed! sol ution was cooled to 5C, and it was then stirred
for 1 hour, sQ, ag to obtain a yellowbrown precipitate by filtration. The
above, preci pirtaFECeRY difs déribte | porsisdliogi ofi Aonyeebiy 77 di ssol ving
5.78 g of potagsi %iahé'dr--OXi de in 348 ml of water. The obtained m xture

sol ution was vashed it HYPPa2nfrystak iy asbrdreus icteniThetetfper, a

sol ution forngdcpjys spending 0.9 g of activated carbon in 1.9 5 m of

wat er was added to the separated water |ayer, and the obtained m xture was

then stirred at a tenperatuLg.betynean, d 31C.for 30 m nutes.
Thereafter, the activated carbon vvas%rig%gv(gﬁ ¥y FHEFSEPon, and 348 m of

acet one was t hetoradded topthe flnednhi Lt ratig,q S sently, 10.4 g of
concentrated hydrochloric aci d@%as added t her eﬁ{) Ijv\c%lsl gggﬁgﬁ?sntg and the

obt ai ned ni xt tYRe Wasryhenl svas nedderedlbhots mEharRatber 1 bhe ig{ eci pi t at ed
crystal was c Jtlect ed bg filtration. This crystal was suspended in 348 ni
of water, and hér182opPaieed ni xture was then stirred at a t enperature

bet ween 27C aMﬁSC for 30 mnutes. Thereafter, the obtained crystal was
collected bY filtration. The obtained crystal was washed with a solution

consi stinggof 35 m of ;agetgn - g% of water, so as to obtain 20 29.53
g of a tetomilast m)noély{:jrat e%ciaygfcgg b‘?&’ﬂus Teton?14st Th& Bt ai ned

tetoni | ast nonobydiasersiysd aln wasnsuR] £ctBd LA s. |
t hernogravinetry/differential ther rr%l anaﬁ%?si S. A%qgo%‘ées%ljtn, “as shown in

Fig. 1, an 25%H#éeheronsigicdak wis3pbser wad aakeund 189Go and Jfurther, a
wi de peak “a%m%gi?r%ﬁf&é”é%fyiiﬁgzgider heating t £l
g 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 holir, so as to obtain the
preéipitated 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 inp the form of a needle



[0204] The powder X-ray diffraction spectrumof the 78 obtained tetom | ast
nonohydrate crystal was neasured. As a result, as shown in Fig. 2, it was
found that the above crystal had characteristic peaks at 20 = 10.6, 12.9,
21.10, 22.3, and 25.0. 5[0205] The I R(KBr) spectrum of the obtained
tetom | ast nonohydrate crystal was measured. As a result, it was found that

t he obtai ned ceygdtall  hadhsigniifd.cant i d Qr.pti.on bands at 3516,
3433, 10 1742, 1709, 1587, 1472,’1%@?,H%%§§%3f%gggd7%§?C%HHN#¥® cmlin the
IR (KBr) spectaum thepeoitufd28lveen 188°c and(2y9®0Q g of the anhydrous
tetom | ast type A crystal obtained in Exanple 1 (6) was dissolved in a 15

sol ution forrre'&?lt%]di ssolving 8.33 g of potassium hydroxide in 500 m of
water. This solution was filtrated, and 500 nl of acetone was then added to

the obtained filtrate. HHercbiptepd n8xmrd Lobségyring edngentrat ed

hydrochl orig %9151? was dded .t hereto while 20 stirring (The product
precipitated at RAPYT i - <28k SHRG o suw stef oniidl et anmyelrBuer ystal ). The
obt ai ned sol ut-.@RL MRS StiLr.ed at room fenperature for approximately 10
minutes. After conpl esfiit)L St gt %Jéy‘gir?ﬂgphrgg?"ﬁ 80bf"ashe Wereotetast

monohydrate ceystabndfehtabeed/incthe. alaierrationed Bxaple 8 (1) vas

added as a seed crystal to the resultant, "an m xBore was

continuously stresed,fdt ZahoBbsnd AHINGsSHRD,STL] N'¥iRY, (4 ransfoi mation
progressed via the 79 solvent. If the stirring tine was $hort, a m xture

consi sting of *R%PEtumicaseaky drate aragstvall ansumn 1a?r5h&d&&glsag(§%ﬁ[)ﬁ | ast type
B crystal wasldggcai ned.) The precipitated crystal was collecte y
filtration, an ’

f0195]

In addit:ion, 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
abovg mixture had characteristic peaks at 20 = 4.2°,
1L.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,
Ld474, 1348, 1269, 13132, 1045, 760, and 704 cm™ in the

IR (KBr) spectrum thereof.



5 the obtained crystal was then suspended in 400 mM of water. The obtained
m xture was stirred at a tenperature between 20C and 30C for 30 m nutes.
Thereafter, the crystal was collected by filtration, and it was then washed
with 80 m of acetone-water (an 10 ac«z one content of 50% by vol une). The
resul tant was dried under reduced pressure all night, so as to obtain 51.5
g of a tetom I[@ge7honohydrate crystal. [0207] The obtained tetom | ast
nonohydrate crystal 15 was subjected to thernogravinetry/differenti al
thermal analysis. As a {2sullD, gtde wamengRdebher Picopaakas %Q}a}x shown in
Fig. 1 was obtai ned. !0208] The powder X-ray diffraction spg trumof the 20

obt ai ned t et ofiF¥akdl Apdfiate Rraygtlal 1wds) neasutediolAsdairegul t, the same
g. 2 was observed. [0209] The IR(KBr) spectrum

epectrum as tQai shown in Fig.
of the obtai ndd 25 YetShriasthhrotfo?dr Bileotr ysetdnavandmeasut eds As a

result, it 5wa§a.{§@91p’nql§§_?_t < he obtained crystal had si gr_lAi ficant infrared
absorption bands at % %h%%%nglfw,crﬁégifllwsw "FAFRE- 1287 1143, 1040,
758, and 716 ofhined solution was quenched to 10°C over 30 minutes,
$6 as to obtain the precipitated crystal by filtration.
The above precipitated crystal was dried at 50°C for 3
hours, so as to obtain 7.8 g of a mixture consisting of
10 an anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal (A:B = 10:90) in the form of
while powders. (yield: 78%) . A part of the obtained
mixture melted at 176°C, and it was crystallized in the
form of a needle crystal. Thereafter, the mixture
15 melted (decomposed) at a temperature between 187°C and
190°C,
[0198]
- The obtained mixture consisting of an
arnhydrous 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
188°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



cmlin the IR (KBr) spectrumthereof. [0210] (3) 2.37 g of the
anhydrous tetom | ast type B crystal obtained in Reference exanple 1(3) was

5 suspended in a solution consisting of 50 M of acetone and 50 m of
wat er, and the obtained m xture was t?gn stirred for approximately 5

m nutes. Thereafter, a tetomlast hydrate crystal was added as a seed
crystal to thexoaé rhxtue,0:30d Lhe thus,qbtained m xtyre was 10 further
stirred at 30C for 1 hour. The crystal was’:%?n egfe‘—i‘j ]f)ewa "t Fht i on, and it
was then dried?at fe0Tiathanisghthoso @as iig . obyai pp2. 34,8 Rxf.tx?'u%gt om | ast
0211] 15The noi sture value of the obtained téetom | ast

hydr at e crystgll V\é The
hydrat e cryst &f9waB8a8asgen sticspsatuetnad al oost, thessan®.as the
t heoreti cal ”EHSEW‘;nggloue (4.064% of a tetom|ast nonohydrate crystal.
[0212] 20The abofe monohydrate: betdme 2% odedndr 8ung.100C, and nel t ed

(deconposed) @h,@utenperature between 188C and 189C. [0213] The obt ai ned
tetom | ast nonohydrate crystal 25 was subjected to
t he sane

el 1! o KRl SAETI 208, XE1 S A SanSophin e
consisting of an anhydrous tetomilast type A crystal
and an anhydrous tetomilast type B crystal (A:B =
10:90) was measured. As g result, it was found that

10 the obtained mixture had significant infrared
absorption bands at 3298, 3090, 1744, 1593, 1474, 1348,
1269, 1132, 1045, 756, and 706 cm™ in the IR (KBx)
spactrum thereof. |
(CG201]

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~chloroac§tyl)~6—pyridine
carboxylic acid and 21.1 g of 3,4-diethoxythiobenzamide
were dissolved in a solution consisting of 94 ml of
watexr 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
vellow-brown precipitate by filtration. The above

precipitate was dissolved in a solution formed by



The powder X-ray diffraction spectrum of the obtained tetom | ast
nonohydrate crystal was neasured. As a result, the sane spectrum as that
shown in Fig. 2 was observed. 5 [0215] The I R(KBr) spectrum of the obtained
tetom | ast nonohydrate crystal was neasured. As a result, it was found that
the obtained crystal had significant 1 nfrared absorption bands at 3516,
3433, 10 174241 3408::kp87 7814725 6L 0, 758 nd, 7 cmin the

| R (KBr) spectrun1thé%§of?8[ f%%f%%%aﬁﬁ%%4éyq€é§%%§ 8 rgﬁgf%}ﬁéfion from
anhydrous t et eatd¢mst ThgpebBailfed mistaket oo BN QuS t,eLARE ! ast, type A

crystal Thermal transformation from an anhydrous tetom | ast type
B crystal to af 'wnifdedbygltetamteastitype Matasstal, wassganfidmed by the
means described in (1) to (3) below 20 [0217] (1) The

anhydr ous t et oPATegs Yt yHEPEREFE10al Bbe ki ad vatcReberkoseiexaml e 1 (3) was

left at a %enlﬁgrﬁurﬁ bet ween. 20C and 30C for approximately 1 year, and
thereafter the CryStaF To¥ mIqeer £6f RSB @tes natlebyl pomtemny- r ay

o 2 s 2% BT oL BT A Y B o o2
between 30°C and 31°C for 30 minutes. Thereafter, the
activated carbon was removed by filtration, and 348 ml
of acetone was then added to the obtained filtrate.

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

15 obtained mixture was then stirred at a temnperature
petween 27°C and 30°C for 30 minutes. Thereafter, the
obtained crystal was collected by filtration. The
obtéiné& 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 monohydrate 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 186°C, and further,
a wide peak was observed around 102°C.

[0204]

The powder X-ray diffraction spectrum of the



(2) 5 g of the anhydrous tetomlast 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 atmi ntervals of 15 m nutes, 30 m nutes,
60 m nutes, and 120 m nutes, and each '0f the obtai ned sanpl es was subjected

to powder X-raybtdiifratét@n t:0 eX%arkh al aresult, it
could be confirmed that 10 each of thgdé%%pfge%%gglll teq%:)%regfbieEi(:g?%{reerd'sti rring for
15 mi nutes, 3Cirianyeesltands Ghomntihesiq i, nta nad tbend aiR@s$H@n anhydrous
tetom | ast type B crystal. On the other hand, it could be
confirned that®WE shnpial deld ebredctd tisrtist pesiagaf oz0 12Q onisnut es was 15 a

m xture consi st ng n anhydrous tetomlast type B crystal and an
anhydrous tet gl%i’:ga’s?jlt'ape K ctystaf TxB-= 70:30). [0219] (3) 5 g of the
anhydrous tegt o(@igl()g?t type B 20 crystal obtained in Reference exanple 1 (3)
was suspended in a solution consisting of 40 nl of acetone and 10 m of

wat er, and the obtai nedyg ¥hukg en stirred at 40C. At that tine,
sanpling was carried out af ilent gr v%i%‘&%?lmlgfmi;ﬁ(ﬁt%%?a%dm nutes, 60

m nutes, and 26td2ZM48iNoashyansh £aCh 0t it Qgsottaég%&fe\éjjbsa Igs was subj ect ed
to powder X-ray diffraction to exam ne the crysta orm aresult, it

coul d be conf Fefelt 4 Hat wekefsanpl ehaolthecbpdaahé@residuani Rgqf or 15 m nutes
was 83 a mixture consisting of an anhydrous tetom|ast type B crystal and
an anhydrous fefdhiicRat fppeared rapoabptianBoand®: £0)351[602385350n t he ot her

for 30 m ACk 657 760 rh-Rat S607 anfl 10 iédut b4 nalbthariséd FoIH Gnhydr oUS
tetom | ast tyge*Agryst alx (kgg?lipectrum 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 acetoné was then added to the
obtained filtrate. Thereafter, 13 ml (1.1 eq) of
concentrated hydrochloric acid was added thereto while
20 stirring (The product precipitated at that time was an
anhydrous tetomilast type B crystal). The obtained
solution was stirred at room temperature for
approximately 10 minutes. After completion of the
stirring, 2.5 g of the tetomilast monohydrate crystal
25 obtained in the aforementioned Example 5 (1) was added
as a seed crystal to the resultant, and the obtained
mixture was continuously stirred for 2 hours (During

such stirring, transformation pProgressed via the



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 anhydro 15 tetom | ast type A crystal (purity
of 99.9% was given herein. Wien a novel tetom | ast crystal other than the

anhydrous teteolvast. t ygethe Csystlnghasndsess amoml | o Lhe.sAaMe results were
obt ai ned. [0222] 20 Fornul ati on exanpl e A table conprising 5 ng
of an anhydr ogsnsistioimia ast at ypeonG lersyshalirai8Zuygtefll shargh, 18 ng of
magnesi um stearate and 45 ng of |lactose, in a single tablet, was produced
by a conmmon ndbaicousgietpa st Ly Bnhywsiouls weet obibhasedt yperHa cryst al
havi ng a powder X—n%y diffraction spectrumthat is substantially the sane
as the powderP3ETRMEPRr GEYFiGH specerhirstrivby Fiftgateons andAn anhydr ous
tetom | ast <t ype r | .having an X-ray powder diffraction spectrumwth
peaks at 452%0 %}:&éﬁ%@ i%?%,aqzlf.af 5RA° 2B PG Peds ﬁ@@ L A& anhydr ous
tetom | ast ty . Cr M i.nfr KBr._spectrumw th absorption
bands at 3300%38888,$?%ﬁ}?€%\5696%? “‘?%%E,Pél‘%fjstf%?? %(1;3%, 1045, 754 and 704
cml . 10 4. Arergrindbodspd i ast 1ye e crystal (Aavik-Rg a

thernogravinetry/differential thermal analysis spectrumw th endothermc
peaks around T84EGadndraround:}y8AEL was collected by filtration,
and it was then washed with 80 ml of acetone-water (an
10 acetone content of 50% by volume). The resultant was
dried under reduced pressure all night, so as to obtain
51.5 g of a tetomilast monchydrate 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{XBr) 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,

174z, 1709, 1587, 1472, 1267, 1143, 1040, 758, and 716



5. An anhydrous tetom |l ast type C crystal having a
thernogravinetry/differential thermal analysis spectrum substantially the
same as 15 the thernogravinetry/differential thernmal analysis spectrum
shown in Figure 7. 6. A pharmaceutical_ conposition conprising an anhydrous

tetom | ast type C crystal as defined i claiml1, 2, 3, 4 or 5 and a
phar maceuti cal Lyragcepiable gk ol +10€_Ppharmaceutical conposition
according to claim®6, whi ch(?SJ:)taiﬁépjfocLa{:gﬁlélnttI g(ragg'r eventing and/or treating

gastroi ntestinglzigljcer, an agent for preventing and/or treating cardi ac

i schem ¢ di sease, an agent for preventing and/or treating cerebrovascul ar
di sease, a liver and ki dhpy Z.B7cyi ol thpravierdsed thosmlisar defe caused by
transplantation or mcrocirculation failure, or an agent for preventing
and/ or treatiny BakEel' sbihigeasén Baefaneous arasplki Li3) wixerative colitis,
mal i gnant 25 rheumatism arthritis, arteriosclerosis or diabetes. 8. The
phar maceut i 2alS'CHFPosHt +orf acdstdPhgerestttEing L whi eh & awetagent for
preventing and/nor rezti]pma (;Chroni C rEeum% oid arthritis, endotoxin shock,
ARDS, thermal B0 48t P2 e ofife HERr¢2inegr BLIX Ryt aFe dhemnf ar ct i on.,
viral 85 ny [#0a TR Y o] of preventin nd/or_ treating ischemc
reperfusion a%%%rr%h ??/r i{prgg%glgfglgg%l{’r%n‘?@%s(syg{l%ﬁ?%%eﬁ:f’l &nmat ory
response syndrienil.osorngaishal buysea uldd el 4an: fadddirg.y H.afl ammat ory
bowel disease, autoi mmune di sease, netastasis, imunol ogical rejection
occurring duritiegtheaasptantiatuen, Sndorec|tonal oBteehdd abinarial k¥,
polyclonal B cell abnormality, atrial nyxomm, Castlenman's syndrone, prinmary
gl oner ul onEphfiEitser nesbgidaptppBiG fiarati weunephitia icsystahceascachexi a,
Lennert's |ymph i riasis, atopic dermatitis, Kaposi's sarcoma

devel oped due Ctoggg?b%?qﬁ’ogflﬁ%ﬁﬁbh al 25 tidopdroshen q @énicq;C
inflammtory dh$egsenor LLanig @?éé:{xfcé,' ‘@e.gp%g”gaﬁéefom%s% se. 10 9.The
phar maceutical conposition according to claiFm8, erein the inflanmat ory
bowel di seaseniartteesatdtg.colitis or Crohn's disease. 10. The
pharmaceutical conposition according to claim8, which is an agent for

preventing andP8ilireating chronic obstructive pul nonary disease. 11. A

process for5 the preparation of an anhydrous tetomlast 15 type C crystal as
defined imxlaim1, 2, “He gojptare yalye ednphpsestaiaad seaphizasion from a

soluti on for mpdaby, &1 S8R NG L NP, S IRYS LELT Last type Bygrystal in a
same as the theoretical moisture value (4.64%) of a
tetbﬁilast nmonohydrate 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]



ess according to claim 11, wherein the sol vent _
ot hanel p;8013.A processgfor the preparation of an anhydrous tetom | ast
as defined in claiml1, 2, 3, 4 or 5, which conprises
d by dissolving in a solvent at
seélected fromthe group consi sting of

et hanol .
type C crystal

recrystallisation froma solution for
| east one type of tetom | ast crystal type sta

n r s
a tetomlast hydrate crysd adowddl anhyd &LL%I %Q;I{heégéc o Béré

tetom | ast acetonitrile solvate crystal

rocess acco

claim 13, wherditninke sotaeritasitSmoptan@t 0k rgkhaNohas measured.

10

L5

20

25

As a result, the same spectrum as that shown in Fig. 2
was observed.
[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,
174z, 1708, 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
crystal to anhydrous tetomilast Ltype A crystal

Thermal transformation from an anhydrous
tetomilast type B crystal to an anhydrous tetomilast
tybérA’crystal was confirmed by the means described in
(1) to {3) below:

[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
yvear, and Ehereafter, the crystal form thereof was
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]

i s net hano

or

and a

ding to
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(2} 5 g of the anhydrous tetomilast type B
crystal obtained in Reference example i {(3) was
suspended in a solution consisting of 40 ml of acetone
and 10 ml of water, and the obtained mixture was then
stirred at 20°C. At that time, sampling was carried out
at intervals of 15 minutes, 30 minutes, 60 minutes, and
120 minutes, and each of the obtained samples was
subjected to powder X-ray diffraction to examine the
crystal form. As a result, it could be confirmed that
each of the samples collected after stirring for 15
minutes, 30 minutes, and 60 minutes, maintained the
form as an anhydrous tetomilast type B crystal.

On the other hand, it could be confirmed that
the sample collected after stirring for 120 minutes was
a mixture consisting of an anhydrous tetomilast type B
crystal and an anhydrous tetomilast type A crystal (A:B
= T0:30}).

[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 ml of water, and the obtained mixture was then
stirred at 40°C. Al that Lime, 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

the sample collected after stirring for 15 minutes was
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a mixture consisting of an anhydrous tetomilast type B
crystal and an anhydrous tetomilast type A crystal (A:B
= 50:50}.
[0220]

On the other hand, it could be confirmed that
each of the samples that had been stirred for 30
minutes, 60 minutes, and 120 minutes, was changed to an
anhydrous tetomilast type A crystal.
[0221]

When tetomilast crystals with different
crystal 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
tetomilast type A crystal (purity of 99.9%) was given
herein., When a novel tetomilast crystal other than the
anhydrous tetomilast type A cryétal was used as well,
tﬁeréﬁﬁe results were obtained.
[0222]
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.
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CLAIMS:

1. 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.

2. An anhydrous tetomilast type C crystal having an X-ray powder
diffraction spectrum with peaks at 4.2, 8.2, 12.0, 16.4, 24.7 and 25.9 degrees 20.

3. An anhydrous tetomilast type C crystal having an infrared
KBr spectrum with absorption bands at 3300, 3088, 1744, 1593, 1476, 1346,

1267, 1132, 1045, 754 and 704 cm™.

4. An anhydrous tetomilast type C crystal having a
thermogravimetry/differential thermal analysis spectrum with endothermic peaks

around 184°C and around 189°C.

5. An anhydrous tetomilast type C crystal having a
thermogravimetry/differential thermal analysis spectrum substantially the same as
the thermogravimetry/differential thermal analysis spectrum shown in Figure 7.

6. A pharmaceutical composition comprising an anhydrous tetomilast
type C crystal as defined in claim 1, 2, 3, 4 or 5 and a pharmaceutically acceptable

diluent.

7. The pharmaceutical composition according to claim 6, which is an
agent for preventing and/or treating gastrointestinal ulcer, an agent for preventing
and/or treating cardiac ischemic disease, an agent for preventing and/or treating
cerebrovascular disease, a liver and kidney function improver used for disorders
caused by transplantation or microcirculation failure, or an agent for preventing

and/or treating Behcet's disease, cutaneous vasculitis, ulcerative colitis, malignant

rheumatism, arthritis, arteriosclerosis or diabetes.

8. The pharmaceutical composition according to claim 6, which is an
agent for preventing and/or treating chronic rheumatoid arthritis, endotoxin shock,
ARDS, thermal burn, asthma, chronic heart failure, myocardial infarction, viral
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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 AlIDS, postmenopausal osteoporosis,

septicemia, inflammatory disease or chronic obstructive pulmonary disease.

9. The pharmaceutical composition according to claim 8, wherein the

inflammatory bowel disease is ulcerative colitis or Crohn's disease.

10. The pharmaceutical composition according fo claim 8, which is an

agent for preventing and/or treating chronic ebstructive pulmonary disease.

11. A process for the preparation of an anhydrous tetomilast
type C crystal as defined in claim 1, 2, 3, 4 or 5, which comprises recrystaliization

from a solution formed by dissolving the anhydrous tetomilast type B crystal in a

solvent.

2. The process according to claim 11, wherein the soivent is methanol
or ethanol.

13. A process for the preparation of an anhydrous fetomilast

type C crystal as defined in claim 1, 2, 3, 4 or 5, which comprises recrystallisation
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 fetomilast type A crystal, and a {etomilast acetonitrile solvate crystal.

14. The process according to claim 13, wherein the solvent is methanol

or ethanol.



