1 DESCRI PTTON TETOM LAST POLYMORPHS TECHNI CAL FI ELD [ 0001] The
present invention relates to a novel tetomlast crystal. 5 BACKGROUND ART

[ 0002] WO 2007/119496 2- (3, 4-di et hoxyphenyl) - 4- ( 2Pcarbmoy/o931
pyridyl)thiazole (or ‘
6-[2-(314-diethoxyphenyl)thiazol4-y|]p§ridin-2-carboxy|ic acid) is a known
conpound. 10 This conpound is nampgdqagthbetgpilast. This tetom | ast has
active oxygen inhibitory action, cytokine generation inhibitory action,
adhesion inhibitory action, etc., and it is useful for the treatnent of

ul cerative colitis, Crohn's di SELYEASISTHNHORERY the 15 Iike (J2-A-5-51318
(paragraph [0015], Exanple 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 ternms of tHEHWISAR EGEADI on property and di ssol ution property of
tablets. [0003] WO 2007/119496PCT/JP20071055931 2 ' According to
Exanpl e 371 d0O09RIA-5-51318, an anhydrous tetomilast crystal (hereinafter
referred to as an "anhydrous tetom | ast type B crystal") is produced by

al | owi ng 3, 4- di et hoxyt BR8bEAgaANHelnverehol , rElaked to a novel
2-(2-ch|oroagg%yl)-G-Eyridine carboxylic acid and then recrystallizing the
obt ai ned t et &PESE2EFUBEYPFBYuct from ethanol, for exanpl e.

5 BACKGROUND ART
fOOOZ]
2—(3,4—diethoxyphenyl)—4—(2—carboxy—6—
pyridyl)thiazole (or 6-[2-(3, 4-diethoxyphenyl)thiazol-
4d-yl]lpyridin-2-carboxylic 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 1like (JP-A-5-51318 (paragraph [0015], Example 371) and
JP-A-10-152437 (paragraphs [0024] and [0029]). 1In
addition, tetomilast is also useful as a therapeutic
agent for chronic obstructive pulmonary disease (JP-A-
2003-104890) . Moreover, such a tetomilast crystal is
20 stable towards heat and moisture, and is excellent in
terms of the disintegration property and dissolution
property of tablets.
[C003]



[ 0004] Furthernore, according to Journal of 10 Medicinal Chem stry, 1995,
38, pp. 353-358, such an anhydrous tetom | ast type B crystal is produced by
al | owi ng Wd2ediabddyexyt hi obenzam de to react with 2-(2- PCT/IP2007/055931

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

met hyl 6-[2-(3,4- 15 di et hoxyphenyl)tht azol -4-yl]pyridin-2-carboxylic acid

nmet hyl ester, and then | L]z the ai ped tetom | ast crude
product from et hyl ace%\gtggga%gojg? }%}_%va\%%i; fﬁ ne %‘%ﬁ%@ﬂﬁs’ t&t oni | ast
type B 20 cryghalr-bas t usi ng clogging, Lf su an

anhydr ous tetom9l ast t%%gf)ﬁiggﬁt%g%&%r @J‘cl’eu%eelarl ?%er?%?ﬁfe?ifﬂi%al
recrystallizati g8 "ghROHroR8 i i.ci-ency significantly
deteriorates during fi?t f%ti oﬁ@%ﬁﬂ%}g&l ?E%Bsé:(ﬁf?%/%su ‘:tgl t)o Jpsroduce anhydr ous

25 tetoni | asprogpee® B¢YstBbSi Id; j : ol ume, Accordingly,
progpeed vy ihadyssrdaldyed ﬁé@grg%gl%% y_:%sacq-__ gly

it is strongly desired that a novel tetom/last crys

advant agebuswith t 2+ (B-¢lil o nekusd 12l - RIS 194 5 %]Ccci]% gp%ql VO
2007/ 119496PCT/ JP20071055931 3 DI SCLOSURE OF THE | NVENT %FL 0 Z)]

It is a maintlod) ececoystdbl priasenthd AN ttedyovide ahenel tetom | ast
crystal that is 5 industrially produced in a |arge volune. [0007]

The present P¥REMorErémvetvomiuctied iedzendiese studies directed towards
achieving the aforenentioned object. As a result, the inventors have 10
found that alHRAl tetomilast crystal, which can be produced industrially
in a large volune, can_ be obtained by stirring anhydrous tetomlast type B
crystals in an aqueous’ WtRARHOreand@ooRaditge tabdwairnal of

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

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

[0005]
However; since an anhydrous tetomilast type B

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

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

terms of industrial mass production, be developed.



tetom |l ast crystal is further recrystallized using a 15 suitable solvent,

or is further heated while it is suspended in a specific solvent, so as to
obtai n a wetid1a®s crystal having vari ous physical propertype®7/058a& present
i nvention has been conpl eted based on éhese findi ngs. 20[0008]

That is to say, the present invention telates to the follow ng tetom | ast
crystal and i gal 1. Atetomlast hydrate crystal
havi ng a powgggtggggggaéﬁnggrac??%%fg%ectrun1that is substantially the
same as the peypder X-ray diffraction spectrumshown in Fig. 2. 2. An

anhydr ous tetonllast type A crystal haV|ng WO 2007/ 119496PCT/ JP20071055931

4 a powder X-ray diffraetign %%H%r S8 tiall sane as the
powder X-ray diffraction spe%trum S j;: éﬂﬂ 1 %’ EH%
tetom | ast tyDEpﬁbﬁi&ét@Jn$ngrﬁbébﬁhjgygkgr J action spectrun1that

is substantially the sane as the powder X—ray dlffrac |on spectrum-shown in

Fig. 8. 8. Antetonidbsy ;&@@ﬂ@@édriﬂ%mr\qﬁ argnyst al having a powder X-ray
diffraction spectrumthat is 10 substantially the sane as the powder X-ray

diffraction §peetrum shown in Fig. 10. 5. A mixture of the anhydrous
tetom | ast type A crystal described initem 2 and an anhydrous tetom | ast
type B crystal. 15 6. Alphaymessit i oaterdomeosiavieotGRiiydes Ng at

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

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

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

20 [0008]

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

1. A tetomilast hydrate crystal hafing 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



| east one type of tetom | ast crystal selected fromthe group consisting of
a tetom |l ast hydrate crystal, an anhydrous tetom | ast type A crystal, an
anhydr ouswbevemitbast type C crystal, and a tetom | ast 2@cagetoonvimosl e

sol vate crystal. 7.The pharmaceutical conposition according to item6,
which is an agent for preventing and/ of treati ng gastroi ntestinal ulcer, an

or preventi ageanirar (LT adt FRGL oY BaSVAREAr AN oF SEhSE o 11 ver and ki dnt

for preventing and/or treating Cerenrov r and ki dney

function | MpEQYSEaHEeH.E or ¢l SELEr 55 cabsed by | &?%fﬁ%%mn "o

mcrocirculation failure; etc., or an age

2007/ 119496P ééeggﬁ7§955§3§n5ﬂéga4j ng Behcet's di sease, cutaneous
vasculitis, ulcerative colitis, nalignant rheumatism arthritis,

arteriosclerdsis or diaheigs d%J@%@é}ﬁﬁ{?&&&Jgﬁ?A Ccogqussgatll Cflnaov%?igm ding to
r trea

5item6, which is an agent for preventing an I'ng chr

rheumat oi 8 aathowties, Xenapt @Xf fir SHOCHn gﬁ[&rgnpeg ithr n, asthma, chronic
heart failure, nyocardial infarction, viral nyocarditis, or an agent for
preventing asdberanteatlngriisched oy epey fdsidy 3 @Rnenma il 44 ansition
fromSIRS (systemc inflammtory response syndrone) to organ flal ure,

mul tipl e orgePedarimrshowmfiramiegt.ord. bowel di sease, autoi nmune di sease,

nmet astasi s, i nmunol ogi cal rejection occurring during transplantation,
nonocl onal Bicel|l 15 dbrivttaitikast polefoirdrialil® celllvaaknemyaltisty, atrial

xoma, Castlenpgn' s syndrone, prinmar
ny having a powder X-ray diféraction 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, a liver and kidney function improver used for
disorders caused by transplantation, microcirculation

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



gl onerul onephritis, mesangial proliferative nephritis, cancer cachexi a,
Lennert's |ynphoma, psoriasis, atopic dermatitis, Kaposi's sarcoma

devel opedvOueoa9AsDS, 20 postmenopausal ost €oporosi s, PEPUPTBMDIFI3I
inflammat ory di sease or chronic obstructive pul monary di sease. 9. The
phar maceuti cal conposition according t® item 8, wherein the inflammtory

intestinal di Ispulcerative colitis or Crohn's disease. 25 10.The
phar maceut i cgﬁggg%gs}a?#%]&aécé?ﬁ?"ﬁ@et oCrERASEUS W BU} KBSy agent for

reventing a ceatjng. chronic, obstructive pul nonary di sease. 11. A
Br ocess fgr ?gég%?é%ggahggﬁgﬁ P ARt st ey tism, arthritis,

2007/ 119496Pg{éf§99;}_@§ﬁg§; o h%/g%%énf gWhich is characterized in that it

conprises stirring an anhydrous ast type B crystal in an aqueous

i f. an anhydr ous tetom | ast
sol vent . d2. A pr OC’§1§§C§>]IQ£J:I{L§8€LPEJ.€ : ﬁé%rﬁ%so%‘%loébrﬁﬁc%/og ng ?:o ~

type A crystal, which is aracteri ze

_ ; . - | Vi nhydr ous
recrystal bi zat&®ne f 1@ éh Spk Udn g%?grg_r RSk t}:}’rléé% endp;%lcq?;bsxa

tetom | ast type B crystal in a vent . according to

item 12, whetedatime dirsolyerteirtatadhanolona08tone, Qi Aq6t pitiers aer
(wherein the acetone content is 40%or nore). 14. A process for the

preparati on ZRD&n Emwycr busutet ersdiast, oA ChHstdl raWieh,is
characterized in that it conprises recrystallization froma solution 15
formed by dimwgstasidipd ninf st vient, ati dedasty coreer diype ,0fort eholykast crystal
selected fromthe group consisting of a tetom |last hydrate crystal, an
anhydr ous for preventing and/or treating ischemic 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 cell abnormality, atrial
myxoma, Castleman's syndrome, primary
glomerulonephritis, mesangial proliferative nephritis,
cancer cachexia, Lennert's lymphoma, psoriasis, atopic
dermatitis, Kaposi's sarcoma developed due to AIDS,
20 postmenopausal osteoporosis, septicemia,‘inflammatcry
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



ilast type Ccrystal, and a tetom|ast acetonitrile solvate crystal.
t28t irSn The prggess ac%:/ordi ng to item 14, wherein the solvent is a m xed
sol vent cwonstiipgeof water, and at |east one organic setvrgrtooseisest ed fr(2)r5n
the group consisting of nethanol, et ha6nol, acetone, and tetrahydrofuran. I
16. A process for the preparation of an’ anhydrous tetom | ast type C crystal,

which is chapgglerézeghi tDQtCﬂlérg‘%%%%e?t%%gr E;\S%gllttl icgzi%g%ns%om a

solution forned by di sso?k\lli ng an an (

acoording Lo | (a6, ehara ke S vERe ek e ek Rhar 15, A

M1
according to item 16, whereln the solven

i 16 ' C crystal,
rocess for sheepiepsspidon. of an anhydrous 5 tetomlast type
a/hich is charg%terized inthat it conprises recrystallization froma

. . . . | ast
solution forned by di S5WMbdWkd NES S YMeRrd & qne typ of tetom
crystal selected ?‘/r om tﬁie group consi st%% a tetom IAst y&%rgﬂlg crystal,

, . : : itrile
an anhydrbustdforetasi |tagie tzy par Aty Stdlicrand aHglund ast agatonitril
sol vat)e/ crystal. 19. The production nmethod according to’item 18, wherein

the sol vent tlsatetthareipmirseet hanolyst2Q.1 iAapiese s Pl ke wRreparation of a
tetom | ast '

formed by dissolving an anhydrous tetomilast type B

crystal in a solvent.

13. The process according to item 12, wherein the

10 solvent is ethanol, acetone, or acetone-water (wherein
the acetone content is 40% or 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 1le. 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



15 acetonitrile solvate crystal, which is characterized in that it
conprises recrystallization froma solution formed by dissolving an

anhydr ouswpebemitbast type B crystal in acetonitrile. 2lpcAvJproozesssfor the
preparation of an anhydrous 20 tetonilast acetonitrile solvate crystal,
which is characterized in that it corﬁ)rl ses recrystallization froma

i i j i tetom | ast
sol ution for di ssol ipn a solvent at |east one type of
crystal sel eg?gap%(%o%ﬁt%eggggﬁﬁgtonsi sting of a tetomlast hydrate crystal,

i | nd an anhydrous tetonilast type
Corysial 35 A procoss Rerad EeSkiing I I e i et ng of an
tetor ' 71055931 8 an
anhydrous tesombRstis YRSk RsYSE Rl o+ R 007/ 119496PCT/ JP200710:s .
an )e/mhydrous ?et%ﬁ?l%st type B cryseta \ v&"n ch is characterized in that it

. . . . . . Lving the
conprises retgystal lizatpodcedd o3 SR Wi d0ored by diss

anmdr ous tetom | ast typpe B crystal in Lat;se_g%lventlrger}a %.afhear&y(ﬁ;cré)g_?- )
accordi ng5t otet@m 225t wheggei @ dhpgssol Ve dis acelhpne; wat rze((%/\/nl%rm n the
acetone content is 40%to 95% by volune). 24. A process for theé preparation

of a mi xtur etlconsitstéangpofsemn wrdeteUs itetand astod ko%d&ugr%%t al 10 and an
anhydrous tetomlast type B crystal, which is characterized in that it

conpri ses rebrymeadhliy zhits ol firgmism 20 |salivemfroraed &y tdiche0lVinRg Jen a
solrr\rl)ent at Ieajgsﬁ%’fE one type of tetomlast crystal selected fromthe group
consi sting ofeePieiasih [Gsts taldrsatle abegstfalom aihe group consisting

of a tetomilast hydrate crystal, an anhydrous
10 tetomilast type A crystal, and a tetomilast
acetonitrile solvate crystal.
19. The production method according to item 18,
wherein the solvent is methanol or ethanol.
20. A process for the preparation of a tetomilast
15 acetonitrile solvate crystal, which is characterized in
that it comprises recrystallization from a solution
formed by dissolving an anhydrous tetomilast type B
crystal in acetonitrile.
21. A process for the preparation of an anhydrous
20 tetomilast acetonitrile solvate crystal, which is
characterized in that it comprises recrystallization
from a solution formed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
25 anhydrous tetomilast type A crystal, and an anhydrous
tetomilast type C crystal.
22. A process for the preparation of a mixture

consisting of an anhydrous tetomilast type A crystal



15 anhydrous tetom |l ast type A crystal, a tetom | ast acetonitrile solvate

crystal and an anhydrous tetom|ast type C crystal. 25. The process
accor di ngvoeoévamog4, wherein the sol vent is acetone-warerJpywoensos t he
acetone content 20 is 40%to 95% by volune). [0009] In the

present invention, the term "novel t et®ni | ast clryst al s" i ,SA g;ed tot rrFanaﬁ
t | ast h a - rous, teto ast pe crysta
;ﬁhS(Tr 032 tetgg% f %E%@&%chﬁg %(Ea%ttié}’%?n StY SRt onf¥¢h elf”;sol vgte
crystal, and hydr ous tetomlast t crystal and an
an%ydr ous tefgﬁn@lagg!t%tf?%ée %Hc‘?@% Q W 26077 ﬂ%@%‘%@f Yo 55931 9t .
[0010] In ad@k&inog sbﬂuﬁf@npf&srﬁé'& i V&m%(gapvlﬁﬁ SR 8 om |l ast crysta

is used to sinply nean a generlc Ui | ast crystals

and an 5 anhydremsiiet asg type-B ciys is a known as a _
tetom | ast crystal. BR?%DESCRI TI ON %ﬁf%&%&v NGS [0223] Fig. 1is a

view showbng2ghe 10 t hesemgrave setdydid ey e iale {x;t}ejnqjhe%aﬂyscl 1S, of thtza
tetom | ast hydrate crystal obtained in Exanple Fig

is a view shevinent hiss povetesn-watye di (fﬁ}{eajglrpl’ty@ dha IRt Wi diast hydrate
crystal obtained in Example 5 (1);
is 40% to 95% by volume).
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
tetomilast type C crystal.
25. The process according to item 24, wherein the
solvent is acetone-water (wherein the acetone content
20 1is 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.



15Fig. 3 is a view showing the thenogravinetry/differential thermal

anal ysis of the anhydrous tetomlast type A crystal obtained in Exanple 1
(1); Fig.wé2we/maamsew showi ng the powder X-ray 20 diffractrijomoobssohie
anhydrous tetonilast type A crystal obtained in Exanple 1 (1); Fig. 5is a
vi ew showi ng the thernogravinetry/di ffor ential thermal analysis of the _
anhydr ous tet[gfﬁb st type B crystal obtained in 25 Reference exanple 1 (2);
Fig. 6 is a view zhovvi ng the powder X-ray diffraction of the anhydrous

tetom | ast type B crystal 7/ 119496PCT/ JP20071055931 10 obtained in
Ref erence exanple 1 (2?? acdft 26, E&Ftﬁbe. e A E R HRRE ngE e

. . - . | ast
t her nogr avi netey/ diffgrenttal | sks_of _the anhydrous tetom
type C crystal obtained in Ex%n%%geé% Zfélalweé to Slmi}@-m I?Saa Vi ew c
shovi ng the pondercXnsdy ot fsaaliaof the.pniydrous Jetomlast type
crystal obtained in Exanple 2; Fig. 9 is a viéw show-ng e :
theogravi setayhgdtbdes enttahiider oAl 4si S of 48 s a2 known as

a tetomilast crystal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0223]

Fig. 1 is a view showing the

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

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

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

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

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

Fig. 5 is a view showing the
thermogravimetry/differential thermal analysis 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



tetom | ast acetonitrile solvate crystal obtained in Exanple 3;

Fig. 10 is a view showi ng the powder X-ray diffraction of the tetom | ast
acet oni t rwbeosmiivase 15 crystal obtained in Exanple 3; PCT/JP2007/055931 Fig. 11
is a view show ng the the/nogravi rretr%{/di fferential thermal analysis of the
m xture consi sting of an anhydrous te 8ni | ast type A crystal and an

anhydr ous tegpmi@&% Jt.é(p&ef%f;ééféé aéxgjg)gloebtlaid{%e)d_ in Exanmple 4(1);

Fig. 12 is a view show ng e powder ray fraction of the m xture

consi sting of an anhydfous 4e i | t A crystal and an anhydrous
2 Of) 1om 1 ast, :Xs)f%armﬁpr\gcf{rﬁ;

tetom | ast type B cryst tained 1n 25Fig. 13 is a view

showi ng t he thenmmasvinty)di {ferantial dhenml Analysis of the mxture

consi sting of an anhydrous tetom |l ast type A cryst dr ous

tetonilast tygieyddary sied o 2007 A9496RCT/IR200; § tai;ned in

Example 4(2); and Fig. 14 is a view shovvirﬁ}gthe pgt\]ﬁgglr%%iﬁrnaéx%%?ﬁreacti on of
the m xtuvse Zonsi sting of an anhydrous tetom |l ast type A crystal and an
anhydrous tetonmlast 5 type B crystal obtained in Exanple 4 (2). BEST MODE

FOR CARRYI NG OUT THE IENVENH Q% [004iEw Felartingashehydrale sLystal The
tetom | ast hydrate crystal of the present 10 invention includés 0.5 to 3
hydrate crystalfsaciisng athe etantidastishyeitahng lesystagbe of ckherpnesent

i nvention, a nonohydrate crystal has the physicochem cal properties

descri bed i PREBLDES (3 Exaimgke 2;

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

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

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

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

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



15 [0012] (1) The nonohydrate crystal has an endothermc
curve that is substantially the same as the thernogravinetry/differential
ther mal awel2y&imofssenperature-rising rate/ nmn) endot her rcd/sernyessshiown 20
in Fig. 1. Specifically, such a nnnohﬁgrate crystal is characterized in
that it has an endot herm c peak arouna-189C and a w de peak around 102C.

25 ray
0013 : : hydrate crystal has a powder X
Eji ffr!acti on gkp)ggtl?ﬁ% %ﬂa%g%%gggbg?gﬁti%?ﬁy the sane as the powder X-ray

i i i i ; i ficall it has characteristic
peaks at 20 = Vo gg‘o?fq%%ﬁgp%? 3507 e 1@?09%?%%??‘,?&232. 1, 22.3
and 25.0. [0@18fréetidheoopRdydi ater-Lrysid SISl g ar
absorption bands at 3516, 3433, 1742, 1%%% %%76 1747 # a?ﬁj?rf r‘%éﬂfgl r]1040,
758, and 716teverilast heypdR A KBrysEPECIAYML [ABLR]- NS hod for, pr. 9
tetom | ast hydrate crystal

5 type B crystal obtained in Example 4 (2).

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

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

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

[0013]

(2) The monohydrate crystal has a powder X-

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

2. Specifically, it has characteristic peaks at 20 =



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 owoano7anbpdr ous tetonmil ast type B crystal obtai med/spyorhsoset hod as
descri bed bel ow. [0016] 15Such an aqueigus solvent is a m xed sol vent

obt ai ned by m xi ng an organi ¢ sol vent “Such as net hanol, ethanol,

i sopropanol , jgcgbong, &f %tlhil’”eﬁ%'%*eta?&f’az%({oh wat er. Exanples of such a

m xed sol vent may’ i ncl ude "M hanol Wt & hanol content of 10%to 20
80% by vol umepgigthanol -water (an ethanol content of 10%to 70% by vol une),
i sopropanol -wat er (an isopropanol content of 10%to 60% by vol une),

acetone-water (an acetopge opid et %4 0.809 vol une) .. and

et hyl met hyl ket one-wat er (an et hylnnet%%/jloﬁ% o%é%(?)%el}ﬁs Z%I%ql%r{to 80% by
volune). O ihe€sereacshoMEpRSE bk aget e Confent 09 60% by

vol une) and et hyl et hyl ket one-water (an ethyl mtﬁ’l klg{zloz:—fe{%%(f\bt’ent of 10%

to GO% by5volbs®) aeezpar2éculierdy, prefer ade. an®0716 cm™® in th
2007/ 119496PCT/ JP20071055931 13 Acet one-wat er (an acetone conteént of 35%to

55% by vol unE} (SBnbrepertefwerabl e. [0017] The anount of an
aqueous solvent used is not 5 limted. It is used in an anmount of at | east
10 m, and pte®Evhbly between 10 and 50 m, with respect to 1 g of an
anhydrous tetonilast type B crystal.
Method for ‘producing tetomilast hydrate crystal
The tetomilast hydrate crystal of the present

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

[0016]

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

20 80% by volume), ethanol-water (an ethanol content of
10% to 70% by volume), 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 ethylmethylketone 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.



[0018] The stirring tenperature is not particularly 10 limted. It is
preferably between approxi mately 10C and 35C, and nore preferably between
appr oxi mawvel2go2Q@9and 30C. The stirring tine is preferalpcyJpsipwesast

approximately 5 mnutes and 3 hours, g%d nor e preferably between
approximately 30 and 90 m nutes. 15[0 In addi tion, when a
tetomlast h [o I an drou om | ast type B
crystal, it %gégxr)g e‘&%{l %g t%ﬁa % o%l%’gw"y&:rat stal produced
by the af or eg@mgmgpegsnf%{n@dpggf @tely to exist as a seed crystal in a
suspensi on. [0020] time of adding a seed crystal is not
particularlyrbonvted. It is preferable to add such a seed crystal before or
during stirring. 25[0021] The obt a| ned tetom I ast hydrate

crystal can be separ at®ge bymdga] adf oh QRRIAHONS 81%)
concentration, or extraction. Mreover, ~ W 2007/ 119496PCT/ JP2 1055931 14

after sep‘érallrmnt;edihe Bepss aist QerySsIrﬁlant&ihtb%fS% aeke¢ 1@ a1drying
treatnent by a known nethod. Furthernore, the crystal can be purified by a

known puri fized ipreopealaly dretwed022] and 50 ml, withheekhestobbaiined
tetom | ast hydrate crystal has a purity of 95% or nore, and it can be
crushed usi ) @h 3t diHaErdr orustedron(iflers texame & cafysa'raclm zer). Thus, a
tetom | ast c[r ushe ]d product having a mnmean
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 anhydrous tetomilast type B
crystal, it is preferable to allow the tetomilast
hydrate crystal produced by the aforementioned method
20 separately to exist as a seed crystal in a suspension.
[0020] |
The time of adding a seed crystal is not
particularly limited. It is preferable to add such a
seed crystal before or during stirring.
25 [0021]
The obtained tetomilast hydrate crystal can

be separated by isolation operations such as

filtration, concentration, or extraction. Moreover,



10 particle size between 10 and 50 gmand a 90% cunul ative particle size of

80 pmor snaller, which is suitable for fornulation, can be obtained.

[0023] Amnwpaoouodeet omi | ast type B crystal 15An anhydr oweTtetoomvisast type B

crystal has the physicochem cal properltl es described in (4) to (6) below

[ 0024] (4) The anhydrous fet oni | ast type B crystal 20 has an
sane as the

dot her ni i 5, substantially th o
e B M S TRl 1
/m rve D, , (
;ﬁthgd;noz)s_ tegfilg&mﬂg%g%&tgﬁe%/Bd@%?ﬁ%asen%%trséogfea[iﬁ%gﬂ;r} e i ¢ has(g)S he
ot oue ¢ BIOE i staﬁ1 R éojepg)vx%eﬁ]%?ofay & 194 i on

anhydrous tetoni |l ast type B cr has spectrum

. . he
that is WO ROOf 1394060 e]LPaZCQQ)Bl_OSSQBl_ 15 _substantl a! I y t he same as t
powder X-ray diffracti on(i%ect rumshown in Fig. 6. Specifically, it has

characterbsti@jmwiks at 20 = 4.10, 8.1, 11.9, 16.1, and 24.2. 5[0026]

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

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

[0023]
Anhydrous tetomilast type B crystal

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

[0024]

(4) The anhydrous tetomilast type B crystal

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

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

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

has a powder X-ray diffraction spectrum that is



(6) The anhydrous tetom |l ast type B crystal has significant infrared
absorption bands at 3298, 3090, 1744, 1593, 1474, 1348, 1269, 1132, 1045,
762, and wOGo@ldsd in the IR (KBr) spectrum 10[0027] PCT/JP2007/055931The
anhydrous tetom | ast type B crystal can be produced by the nethod descri bed
in JP-A-5-51318 or Journal of MedicinaP Cheni stry, 1995, 38, pp. 353-358.

[ 0028] 15Mor , ous tetom.,l ast type crystal may be obtai ned
by conpl et el 58%%%%#\9/%%8}?2%%v%?m? o 'f}easﬁiowﬁ%ts?%rﬁiyn B Ifgarmdritonni | e
stirring undgkeheathng&:e, ref b d then .al.l owi.ng t.he obtai ned sol ution
to stand to %%%I. Herein, sﬁihﬂaji;g'n%'el %%lglc?rﬁmlé’gt lgr@?tsal can be used
singly or asciafh&t LsCONSISHENG, Ofxdf WO 0n0MDge, d ypes. J 0029]

Exanpl es of a sol vent nmay is%cl udgatlosztg):)ro;gleir%of,é'e‘tL Hyﬁela'c‘get'aaé']lahd a m xed
sol vent 25 thed enf,29.0030]- The anobunt of a solvent used is not
particularly limted, as long as it is able to WO :

2007/ 119496P@0J20071055931 16 conpletely dissolve a novel tetom| ast
crystal while stirring under heating to reflux. In the case of isopropanol,

the anount used is pref@ralfihe keferRuél tardmB08sH tYokher espeetto 1 g of
a novel tetomlast 5 crystal. In the case of ethyl acetate, it iIs
preferably Betswsior8(iamht300 ifardd hbsespedbnt bahdg ak 320gvel tetonil ast
crystal. Wien a m xed sol vent

3090, 1744, 1593, 1474, 1348, 1269, 1132, 1045, 762,

and 706 cm™ in the IR (KBr) spectrum.

10 [0027]

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, pPp. 353-358.
[0028]

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

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

[0029]

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

25 thereof.

[0030]

The amount of a solvent used is not

particularly limited, as long as it is able to



consi sting of isopropanol and ethyl acetate is used, isopropanol is mxed
with ethyl acetate at any given 10 ratio, and the amunt of such a m xed
sol vent usedoerenodde adj usted so as to conpletely di ssol veTarrovessos

tetom | ast crystal while stirring undﬁr heating to reflux. [0031] 15The
obtained solution is cooled to approxi fat el y 30C over about 5 mnutes to 1

hour, or i's Bahyiatlyycasled:yso, asoter ablaln AN Anhydrous fetomi last type

B crystal. Further, after the suspension €en s it my be

cool ed at 2058 Eemgr abuse @éatlﬂcgogo'%g% and praferahly Bt a temerature

bet ween approxi mately 0C and 10C." By t '_er Ion, an anhydrous
tetom | ast typepPopsnsiplths abb@inakal & m:%}?éra)ﬁl‘;)y%ea:l[v%%%zbo

25Furt hernore, such an anhydrous tetom | ast type B cryst I's al'so obtained

by all owi ng andas0e wbmpbiindrdspact 1 1B Noyels RN kaslgrnystal S0 as to
formsalts, dissolving the salts in a suitable aqueous WO

2007/ 119496 Rey JR2007 1055984 dakes @ vV esthylandtddae ,adei ng sui table acid to
t he obtai ned sol ution. [0033] Exanples of a basic conpound nay incl ude
preferably between 30 and 300 ml with respect to 1 g of
a novel tetomilast crystal. When a mixed solvent
consisting of isopropanol and ethyl acetate is used,
isopropanol is mixed with ethyl acetate at any given

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

[0031]

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

20 a temperature of 10°C or lower, and preferably 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 agueous



5 carbonate, alkali netal hydroxide, and alkali earth nmetal hydroxide. O
these, alkali netal hydroxide is particularly preferable. Exanples of

car bonat ewomyonedoede sodi um car bonat e, potassi um car borergp2®odisasn

bi car bonat e, and potassi um bi car bonat 27 Exanpl es of 10 al kali netal

hydr oxi de may i ncl ude sodi um hydr oxi de’and pot assi um hydroxi de. Exanpl es of

al kali eart hsgg{,é}lthygﬁgxhg%n on%%{c(ljie I ude Cl%aJOC' um 3S/dorar Iel(js%? barium

hydr oxi de, and nagnesi um These y or as a
m xture of t¥eI@FEi8Rre types. 15 O these, potassium hydroxide and sodi um
hydr oxi de are particularly preferable. [0034] The additive
anount of notopagticularly limted. It is a basic conpound is generally 1
equi val ent 20 or greater, and preferably between approximtely 1 and 1.5

equi val ent, with respectar e'lsQfEJIaVQJEPSI’]_tC (o} 78 I t crystal to
be treated. [0035] oL Exanpl es o tdr}gl\ﬁgénobﬁtlglggg?{%bed acid may

25 include icmrigamice AG g SUGRRS. TSRl Graci- gkaﬁli' kukkg acid, and
hydrobrom c acid. [0036] The additive anount ‘of acid is generally 1 18

equi val ent (metaY diydatsiote anmMttheste ,ghaaarn, n@%lphﬁftﬂ%%@lﬁ bgt ween
approximately 1 and 1.5 equivalent, with respect to the above descri bed

basi c C0npoum@rigguﬂaﬁﬂyxpanerable 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 typeé.
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 1 and
1.5 equivalent, with respect to 1 equivalent of a novel
tetomilast crystal to be treated.
[0035]
Examples of the above described acid may
25 include inorganic acids such as hydrochloric acid,
sulfuric acid, and hydrobromic acid.
[0036]

The additive amount of acid is generally 1



Exanpl es of an aqueous sol vent used herein may include those as descri bed
above in the method for producing a tetomlast hydrate crystal. Among
others, asetormrwater (an acetone content of 30%to 70%Poy/Jkibovoisase) is
particularly preferable. [0038] The anmpunt of an aqueous sol vent used is
not limted. It is 5 m or greater, plléferably bet ween 5 and 300 m ,

d 70 m, 1 ith respect to 1 g of a novel
Fetom | st ofjararoFpobBT i EoL EEEeOn Satsr TSt bl i on 1 <
f bly b ]@QQE id i dded, .[Q040] 20A solution is
ggﬁvg;?edyt oﬁgggﬁg%%ggi on e;)&gd%ﬁ]%%%%ea%?i afhdusl, 'qng‘Fccl’r”aV nsion is

cool ed gener gO& ' r ¢ ; enperat ure bet ween
0C and g%OC, gﬁtgsﬁ%% effiorl'(r:? ent yabe%aﬁﬂa%%% ?Sf)lucg ({oé%r{j.(;oﬁichst_ type B
crystal. 25[Q844] - In addition, these nethods are applied to
anhydrous tetonmlast type B crystals, so as to obtain anhydrous tetom|ast
type B crygstaps3m th higher WO 2007/ 119496PCT/ JP20071055931 19 purity.

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

10 volume) is particularly preferable.

[0038]

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

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

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

[0040]

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

25 [0041]

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

anhydrous tetomilast type B crystals with higher



[0042] Anhydrous tetom |l ast type A crystal An anhydrous tetom | ast type A
crystal has 5 the physicochem cal properties described in (7) to (9) bel ow
[0043] wWO02007/119496( 7) The anhydrous tetom | ast type A ecygpalo7/bsse3@an

endot herm c curve that is substantialhﬁ the sane 10 as the

t hernmogravimetry/differential thermal “@nalysis (tenperature-rising

rate/ mn) endgt-herm c curve shown in Fig. 3. Specifically, such an
anhydrous tetom | ast type A crystal is characterized in that it has an
endot herm ¢ pegakzoaround 188C. 15[ 0044] (8) The anhydrous
tetom |l ast type A crystal has a powder X-ray diffraction spectrumthat is

substantialIynhygrgaget@§oﬁfmg§gwg§ge)gr iffraction spectrumshown in
Fig. 4. Specifically, it has 20 characté%%ggéc peaks at 20 = 10.5, 13.10,

18.4, 21.9, and 25.8. AROAHydrous tetomildSH) thife %@ﬂ;&%g tom | ast type
A crystal has significant infrared absorption bands at 3306, 3084, 1746,

1593, 1473, 1Bd8ph2¥docHddid;all Gmpehbd.e Atk Q4 a8 L nhed Ro(KBr)
spectrum [0046] Method for produci ng anhydrous tetom | ast type A WO
2007/ 119496PaT1a¥P20071055931 20

[0043]
(7) The anhydrous tetomilast type A crystal
has an endothermic curve that is substantially the same
10 as the thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermic curve shown
in Fig. 3. Specifically, such an anhydrous tetomilast
type A crystal is characterized in that it has an
endothermic péak around 188°C.
15 [0044]

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

20 characteristic peaks at 28 = 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



crystal The anhydrous tetom | ast type A crystal can be obtai ned
by recrystallization froma solution that is obtained by dissolving a known
anhydr ouswbevemiibast 5 type B crystal or an anhydrous tetonri@msbsvype B
crystal obtained by the aforenentioned nethod in a suitable solvent. [0047]
Exanpl es of the aforenentioned sol ven Ot hat 10 can be used herein may
include et happl,;+3¢etone, and acetone-water (an acetone content of 40% or
nore by vol une). t hese, acetone-water (an acetone content of 40% or nore
by volune) is particul y I 048 5The anmount, of a sol vent
used i s not particul aril%é‘l ?lﬁnﬁf%%,g&gs@?toénngl%;asg?t yre a%l%rX%tag]orﬁﬂrbt ely

di ssol ve an pahygt Qusecl ebPni-dasyst %%ﬁr&ftﬂom"m%'ﬁfoﬁ}stiejﬁ ;{%&‘%gder

heating to reflux. In the case of ethano he ano ferably

bet ween 20 705 apigl: 400ar byt ddSSIPES  Grbooth UnrBfyANNY JQus, Letomi | ast

type B crystal. In the case of acetone, It iIs preferably between 30 and 120
m with réspegpet® drgstil thie aboueanfyd eus datomd a:§}pet ype B crystal. In
the case of acetone-water (an acetone content of 40%to"25 80% by vol une),

it is preferabyytdltoisen B4 and 520 afo reirdh HiesReC ndt® ok 9 0f, t he above
anhydrous tetom | ast type B crystal. [0049] WO

2007/ 119496 FOH U209 79958981. 21 Such an anhydrous tetonilast type B crystal
is preferably dissolved in a solvent while stirring under heating to
reflux. At t%éﬁ4?ﬁ nme, the heating tenperature is not particularly linited.

It 1s Examples of the aforementioned solvent that

10 can be used herein may include ethanol, acetone, and
acetone-water (an acetone content of 40% or more by
volume). Of these, acetone-water (an acetone content
of 40% or more by volume) is particularly preferable.
[0048]

15 The amount of a solvent used is not
particularly limited, as long as it is able to
completely dissolve an anhydrous tetomilast type B
crystal while stirring under heating to reflux. 1In 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. In the case of acetone, it
is preferably between 30 and 120 ml with respect to 1 g
of the above anhydrous tetomilast type B crystal. In
the case of acetone-water (an acetone content of 40% to

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]



5 generally between approximately 40C and 85C, and preferably between
approxi mately 55C and 80C. [0050] After such dissolution, the tenperature
of the obWeiznevhisebuti on is decreased, so that the 10 amrbydezozosseson | ast
type A crystal of the present inventi 29 can be crystallized. [0051]

The tenperature-decreasing rate is not~particularly limted. Wen ethanol

is used as a 15 sol veng,fog egﬁﬁﬁ t enper at yre- decreasing rate is
preferably 0.8C/mn or [ess. In d%e?lf%rt}ceewg]ﬁlaa%%ﬁﬁ’r?@ %atcécrys( acet one

content of 4086 9refBrELDY YPLMB)ed S; solvent, .the .
t enper at ur e-dec?easi ng er%t eis pree(% errggﬂe%cgl.svf%ltmwﬁuﬁ‘re SEETBY 20 setting

the tenper atunde dee2ashao s ater Mzt hi MSUGL 2 Jange . ihe anhydr ous
tetonm |l ast type A crystal of the present inventior can be ob & ned nore

ef fici enty.t¢mesR] tihen aoesonRrWiLRI AR, 806ty cortent, of 40% 25 or
nore by volune) is used as a solvent, the aforenentioned solution is

retai ned at gOC1ol 5YOEred aigntbanaaielonges, 1aadgsic i sthen cool ed, so
t hat an anhydrous tetom | ast type A crystal can be WO
2007/ 119496 FCR URA00IM 055982 2ppaopdtraltiel ze 4 5°dhend egper at ur e- decr easi ng
rate during the aforenentioned cooling does not particularly affect
crystallizati®@P®f the anhydrous tetonilast type A crystal. 5[0053]
After such dissolution, the temperature of
the obtained solution is decreased, so that the
10 anhydrous tetomilast type A crystal of the present
invention can be crystallized.
[0051]
The temperature-decreasing rate is not
particularly limited. When ethanol is used as a
15 solvent, for example, the temperature-decreasing rate
is preferably 0.8°C/min or less. In addition, when
acetone-water (an acetone content of 40% or more by
volume) is used as a solvent, the temperature-
decreasing rate is preferably 0.4°C/min or less. By
20 setting the temperature-decreasing rate within such a
range, the anhydrous tetomilast type A crystal of the
present invention can be obtained more efficiently.
[0052]
When acetdne4water (an acetone content of 40%
25 or more by volume) is used as a solvent, the
aforementioned solution is retained at 40°C to 50°C for

60 minutes or longer, and it is then cooled, so that an

anhydrous tetomilast type A crystal can be



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 4080 206M190625C, or OC to 10C, the solution is 1@csupzaedssher
approximately 30 mnutes to 5 hours, 2 that the tenperature nay be
decreased in a stepw se manner. In thi$ stepw se tenperature-decreasing

nmet hod, at a i b e C.and 50 an anhydrous tetom | ast type
A crystal, V\ﬁly:gﬁpﬁagi%ée%h 1 prgﬂnﬁ%ﬁ%ﬁ%r%%%ﬁs T8-S 5 a seed
crystal. [O00BAL af tiolbg € ; nhydr.ous tetom | ast type A
crystal is produced by using a ﬁ%(gie%n(fgc?%erﬁaﬂ%% F%:/arrytsltcét‘1la(l?s:'%’cI i an

anhydrous t e&gy@t@ﬁigy@ﬁsrﬁ &f y@ﬂ@lgn%p?%&g E\?edcfo(?{ifa@ec r&olﬁ\/\én&zinhydr ous
all1zing |

tetom | ast type B crystal, and recryst roma so formed by

di ssol vi ng tbeysbove novel . tetomlast crystal in a suitable solvent.
Specifically, an anhydrous tetom | ast type A 25 crystal is produced by
recrystal bi z&90%® from a sol ution fornmed by dissolving in a solvent at

| east one type of tetom | ast crystal selected fromthe group consisting of
a tetomlast hydrate citystduitiam, 2Bianty deis o ele@Pcast itype L crystal,
and a tetom | ast acetonitrile solvate crystal. Herein, a novel tetom | ast
crystal is userssiatgine ormvlesl ea e thampecantsirst iirg ref-atiwedor nnor e types.

5[ 0055] Such an anhydrous tetom | ast type A crystal can al so be produced by
suspendi ng t Y Kow SERYETOrS tetnass astcht wse 4B°Cryst 30°@yr 0°govel

tetom | ast cyystal _(excluding an anhydrous tetomlast type A crystal) in 10
an aqueous s{)¢/§en95g% Yater Cgor‘?tl’el’i)t Coto9d0bGr thessddyption is

10 stirred for approximately 30 minutes to 5 hours, so
that the temperature may be decreased in a Stepwise
manner. In this stepwise temperature-decreasing
method, at a temperature between 40°C and 50°C, an
anhydrous tetomilast type A crystal, which has been

15 produced separately, may be added as a seed crystal.
[0054]

Moreover, such an anhydrous tetomilast type A
crystal is produced by using a novel tetomilast crystal
(excluding an anhydrous tetomilast type A crystal)

20 instead of the known anhydrous tetomilast type B
crystal, and recrystallizing from a solution formed by
dissolving the above novel tetomilast crystal in a

suitable solvent.
Specifically, an anhydrous tetomilast type A
25 crystal is produced by recrystallization from a
solution formed by dissolving in a solvent at least one
type of tetomilast crystal selected from the group

consisting of a tetomilast hydrate crystal, an



volune), and then stirring the suspension. [0056] _ Exanpl es of an
aqueous sol vent that can be used herein nay include mxed solvents forned
by mi xi ngvd20@mgassisc sol vents having high conpati bil ity peirtiresavens1l such as
nmet hanol , et hanol, acetone, or tetrah¥ rofuran, wth water. _
Specifically, the aqueous sol vent that™“can be used as a m xed solvent is

consisting o st _one_or solvent selected fromthe
group cong|S%Pﬁgag?usaﬂﬁano%gQS%ha%%? a%%¥%% fdﬁgi}%t?iigﬁﬁ}ﬁﬁﬁfnw ;nis
articular, aeetgnRecWaiegrsdph,ace ntent o oto o by vol une
Breferable as such an aqu%ousa§% %gﬂ%t£§5[0057] The tenperature

of a suspensiiencts, natnpadt Leudarlyadi ML N OG, L 1100, 1015

n 0C and 65C, and pre etmeen _
3605 T10400neTed % The stirring tine

2007/ 119496 PEThI 200 1858984+ 2y GOE. tv&@%_g]more tdy 0
is generally between 10 m nutes and 48 hours, preferably bet ween 1

m nut es 55an@0@5&purs. [0059] I n addltlon these nethods are
applied to anhydrous tetonilast type A crystals, so as to obtain anhydrous

tetonilast type A crystwatls am tanhyders ki quarilast type A crystal
can also be produced by suspending the known anhydrous
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]
bExamples of an aqueous solvent that can be
used herein may include mixed solvents formed by mixing
15 organic solvents having high compatibility with water,
such as methanol, ethanol, acetone, or tetrahydrofuran,
with water.
Specifically, the aqueous solvent that can be
used as a mixed solvent is consisting of water, and at
20 least one organic solvent selected from the group
consisting of methanol, ethanol, acetone, and
tetrahydrofuran. In particular, acetone-water {an
acetone content of 30% to 60% by volume) is preferable
as such an 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



[ 0060] The obt ai ned anhydrous tetom |l ast type A crystal can be
separated by isolation operations such as filtration, concentration, or
extracti owo 2bowaemer, 15 after separation, the separat eg¢cerpsiabssomy be
subjected to a drying treatnment by a known nethod. Furtheiniore, the
crystal can be purified by a known pu?ﬂfication operation. [0061] 20The
thus obt ai negygnhydrous tetOrlast type A crystal has a purity of 95% or
nmore, and it can be crushed using an ordinary crusher (for exanple, an
atom zer) . T@y§58? tetom | ast crushed product having a nmean particle size
bet ween 10 and 50" gm and a 90% 25 cunul ative particle size of 80 gmor

smal l er, which is suitmhl f i.on, obt ai ned. .[ 0062

Anhydr ous tetonil ast t%%%q%g%$§g%%ﬁyb®éfﬁ%d?%%%ﬁ%gébgf%ﬂﬁfﬁbﬂ%bSS9%1 25 An

anhydr ous t ehofitastady P GAIYs! %n%g?%%%ib%%%%gj G ppers ! es
e r

described in (10) to (12) below [00 anhydr ous -ast type
C cryst al 5hasnan3 emslotdermi ¢ curve that is substantially the sane as the

t hernogravinetry/differential thernmal analysis (tenperature-rising
rate/mn) enfo@hey m c curve shown in Fig. 7. Specifically, such an
anhydrous tetom |l ast 10 type C crystal is characterized in that it has
endot her mi ¢ peaks arouimd lRUE iamg arhesed r3¥Cds] @@84hpplied to

anhydrous tetomilast type A crystals, so as to obtain
anhydrous tetomilast type A crystals with higher

10 purity.

[0060]

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

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

[0061]

20 The thus obtained anhydrous tetbmilast 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 um and a 90%

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

[0062]

Anhydrous tetomilast type C crystal



11) The anhydrous tetom | ast type C crystal ( _
Cper 4 is 15 substantially the sane as the powder X-ray diffraction

spectrum t hat X
5 it has charact ercstipmopessst at 20 =

spect rumwbaesr/iimoki g. 8. Specifically,
12.0, 16.4, 24.7, and 25.9._[0065] 20(12) The anhydrous

tetom | ast type C crystal has si gnifi% nt infrared absorption bands at

088, 1744, 159 1045, 754, and 704 cm 3-
fﬁgol R3( KBr) spectrum ?ﬁl‘[t Oﬁ&d%ﬁﬁeﬁ&%%%ﬁs%%&gc &3S tet omi | ast

4.2, 8.2,

has a powder X-ray diffraction

in

type C cryst o st al be produced by
r)écrz)r yst al ?/I z%ltl?on 3?gom a soluti gﬁlo?ﬂ %&ﬁ? eﬁ% é‘llﬁﬁ 36071055931 26

i's obtained pby2disspdwyi ng the known anhydrous tetom | ast type B crystal

an anhydrous tetom | ast type B crystal
method in a puwid®apl e sol vent. 5[ 0067] Exanpl es of a sol vent
that can be used herein may include nmethanol and ethanol. O these,

met hanol %s particul ar{}0)prefeerzably@rous tetomilast type C crystal

10

15

20

25

has an endothermic curve that is substantially the same
as the thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermic curve shown
in Fig. 7. Specifically, such an anhydrous tetomilast
type C crystal is characterized in that it has
endothermic peaks around 184°C and around 189°C

[0064]

(11) The anhydrous tetomilast type C crystal
has a powder X-ray diffraction spectrum that is
substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 8. Specifically, it has
characteristic peaks at 20 = 4.2°, 8.2°, 12.0°, 16.4°,
24.7°, and 25.9°.

[0065]

(12) The anhydrous tetomila;t type C crystal
has significant infrared absorption bands at 3300,
3088, 1744, 1593, 1476, 1346, 1267, 1132, 1045, 754,
and 704 cm™ in the IR (KBr) spectrum.

[0066]
Method for producing anhydrous tetomilast type C
crystal

. The anhydrous tetomilast type C crystal can

be produced by recrystallization from a solution that

obt ai ned by the aforenentioned

or



[ 0068] 10The anmpunt of a solvent used is not particularly limted, as |ong
as it is able to conpletely dissolve the aforenenti oned anhydrous

t et omi | aswotgerriBoer ystal while stirring under heating totretdowsssedine
anount of a solvent used is pref erablﬁ615 bet ween 70 and 200 m, and nore
preferably between 80 and 120 m, witfi'respect to 1 g of the aforenentioned

anhydrous tetonmyhast nLYPE,By [.Q069]_ After .such dissolution, the
temperature of 20 the obtai ngégi%ﬂﬁq Ot%lel glnc%“ér? YU tenperature

bet ween 10C @@Qoﬁﬂ%s@%&ﬁ@%@ﬁ@{ﬁhyd&?% taq{n}%%'rg?% et%gogqjgﬁgﬁrtxstal of the

present invention can be crystallized. The te g rate is

not particul eypy Bistyedal Whska e 39} et %ﬁf@&{}g%%%edatme%ﬁ JIBY e

approximately 0.4C to 0.6C/ mn. \Wen ethanol 1s u Sot vent " t he

obt ai ned sol ait swhtaeye r &pi ey be cool ed at a tenperature-decreasing rate of
5C/rain or nore, and preferably of 10C/ mn or nore. By setting WO

2007/ 119496PI0EGPR0071055931 27 the tenperature-decreasing rate within such
a range, the anhydrous tetonm | ast type C crystal of the present invention
can be obtained nore effdmplerd lof { G16kent nhaddididrome Sl aaranhRydrous
tetomlast type C crystal is produced by recrystallization froma solution
obt ai ned by f@méslé}@/]m%e inethanglt ayide esblavedt. a afowelesteet arithasbicr yst al
(excl udi ng the anhydrous tetom: ast type C crystal) that is used instead of
the 10 knownSiiidriciislabmyefsirablse B crystal . Specifically, the known

anhydr ous te[t(ﬁfg’é}ast

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

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

[0069]
After such dissolution, the temperature of

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

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



type B crystal is first added to nmethanol, and it is then dissolved therein
while stirring under heating to reflux. The obtained solution is stood to
cool to hsoapprasdsertely 30C for about 40 minutes to 1 Irowp20bhessear ter,

t he suspensi on obtained by the afor enggtl oned cooling is cooled at 10C or

| ower, and preferably at a tenperaturé 'between approximately 0C and 10C,

o1 30, mut g8el oageboutscastl balsil 20 pvehote, elom Last tyoe €

crystal of the present !Eyen{:i)on can r efon L ast, Lype C crystal is
0071 th hypREEhS! £8toMi1d taébgéf u yst &
E)r odu!:ed by regrigtglgl i zation %%%m_ga so?u‘%%nt7g1r(ﬁ€dt%? %%%hfﬁ/l pgul n a
sol vent at | easénenentyne BE &Bﬁé’ﬂhé@%ﬁo% yéfficf%gf%?d romt | € ? ; pe A
consisting of a tetom|last hydrate crystal,. an anhydrous tetom | as yp

crystal, and[aove}omi |ast 28 acetonitrile solvate crystal. Herein, a novel
tetom |l ast crystal is used singly or as a mxture consisting of two or nore

types. Thé sol vent andimesdystbbhj zakdiomicandistdanss appld ein are 5
eégi valent to those in the case of using the aforenenti orﬁ nown anhydr ous

tetonm | ast typee B ceysitedl abs apsdduddd Oymadertdyi ta 11007201 Wprooyer, the
aforenentioned method is 10 applied to anhydrous tetonilast type C
crystals, soS@kuikpmimbdiainethylly olissdatond dst & ype (G Salvient th hi gher
purity. [ 0071§<lve-rlheteotbc;[n?:ilnaesdt acnrhgsdtraolus( ;xeg[l?lré]iln?gs tth:[ey F?aei'lhc;/drous
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 cooling is cooled at 10°C or lower, and
preferably at a temperature between approximately 0°C
and 10°C, for 30 minutes to 3 hours, so that the
20 anhydrous tetomilast type C crystal oflthé 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, and a tetomilast



15 crystal can be separated by isolation operations such as filtration,

concentration, or extraction. Mreover, after separation,

t he separated

crystal muyp2be/mumssected to a drying treatment by a knowaTaerdoodssosi
Furthernore, the crystal can be purlflﬁd by a known 20 purification

operation. [00741 The thus obtai ned gﬁ us |
t ed. usin
oo exct oSERSSGLERL S, SRl B B L RS 1 B

(for exanpl e, atom zer

mean partlclgeﬁbﬁl@@&%&a@ %?c?"% éﬁfg 39;8%? %”“'

of 80 pmor smaller IS suit 1%t ion-

ydrous tetom | ast type C crystal has

ordi nary crusher
product having a
e particle size
Y %e obt ai ned.

WO 2007/1194855@3&@{3@Q}@Q§§9§$f%%3£$0%ﬁ% etqﬁk%qﬁgggﬁﬁgon%}rlle sol vate

crystal A tetom|ast acetonit e so crysta

physi cochem gabr P&OPET 148 sl sedndad ddy (al;?ﬁlltéa hdrka)h helow [0076]
(13) The tetom | ast acetonitrile solvate crystal has an endot her mi ¢ curve

that is shbseanivaldyt the wasse as e (hesdegr adimR fdi fferential therml
10 analysis (tenperature-rising rate/mn) endothermc curve shown in Fig.

9. Speci fi cadfyremarchi anddtionwrasinaeion tiddomiselseat tg,f%r ystal is

characterized in that it has endotherm c peaks around
around 189C.crystal as a starting material.

[0072]

around 176C, and

Moreover, the aforementioned method is

10 applied to anhydrous tetomilast type C crystals, so as

to obtain anhydrous tetomilast type C crystals with

higher purity.
[0073]

The obtained anhydrous tetomilast type C

15 crystal can be separated by isolation operations such

as filtration, concentration, or extraction.

Moreover,

.after separation, the separated crystal may be

subjected to a drying treatment by a known method.

Furthermore, the crystal can be purified by a known

20 purification operation.

[0074]

The thus obtained anhydrous tetomilast type C

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

crushed using an ordinary crusher (for example, an

25 atomizer). Thus, a tetomilast crushed product having a

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

cumulative particle size of 80 pm or smaller, which is

suitable for formulation, can be obtained.



15 [0077] (14) The tetom | ast acetonitrile solvate crystal has
a powder X-ray diffraction spectrumthat is substantially the sane as the
powder X-weywoaifip4oacti on spectrum shown in Fig. 10. Speecfijezdobyssost has 20
characteristic peaks at 20 = 3.6, 7.1, 10.6, 14.2, and 24.8. [0078]

(15) The tetom | ast acetonitrile sol vaPe crystal has significant infrared
absorption b g§5?t 25 3300, 3090, 2249 (nitrile group), 1744, 1593, 1476,
1346, 1269, quZ, 1045, 752, and 704 mu-1 in the IR (KBr) spectrum [0079]

V0 2007/ 119456 B JE20070R033Y 30 Jkhad, fgr, fraduci ng tetomi| ast

acetonitrile solvate crystal The tetomlas nitrile solvate crystal

can be produced by reqfystadli ZAld Qbdi M SY WiiaR thatd.g gbtai ned by
Fous tetom ype

dissolving in acetonitrile the known anhydr |"ast -t _frystal or
an anhydroustﬁénpnﬁéiﬁﬁcﬂémﬁtéi(ﬁﬁﬁﬁéﬂtﬂggfﬁég%}ﬂﬁédtE%t%ﬁgﬁe%Eﬁt'Oned

met hod. [0080] 10The anount of acetonitrile used is no
5 (15) below:

[0076]

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

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

15 [0077]

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

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

[0078]

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

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

[0079]



particularly limted, as long as it is able to conpletely dissolve the
above anhydrous tetom | ast type B crystal while stirring under heating to
refl ux. TWe 2ammumosof acetonitrile used is preferably betwgeno70s585 and 150
m , and nore preferably between 70 ang 100 , Wth respect to 1 g of the
above anhydrous tetom |l ast type B cry Pal [0081] The above

anhydrous t eyopj S£°%y§t°éh8 g&tg%F in%% %&%:sgghy d |n ac tonitrile

while stirring un |ng
di ssol ution, cthecyenperature of the solutlon i n which the anhydrous
tetomlast type B crystal has been dissolved is decreased, so that the

tetom | ast 25 acetonltThéetéﬁgﬂgﬁéggxéggggnfgrlfga f§§yg Jd-yention can be
crystallized. The tenperature-decreasing rate s no partic Iarﬂy limted,

and it rmy beabeseasiodpps®Xhatel socalﬁlrﬂa& f1r| Mgy, FAG L et om | ast
WO 2007/119496PCT/JP20071055 31 31 acetonltrl sol vate crystaP of the

present ifverttatonid sowod i pad tb;ﬁtdlaisid&vaﬂr{g%tr?%c@ko%li@h@e the
t enperature-decreasing rate, and it can preferably be obtained. [0082]

5Speci fi cal |1mowmean¢mmmmgﬂmm avidaad chppeaiBoer ygtal is added to
acetonitrile, and it is then dissolved therein while stirring under heating
to reflux. Wwhysbiounede wmidtason typestoart st adoelbthdnadpbexirat el y 30C for
about 30 minutes to 8 hours. 10 Thereafter, the suspension obtained by the
aforenentloﬁ%&PRﬁ%ﬁﬂWﬁ?ﬂ%ﬁ(ﬁﬁﬂh&ﬁ-at 10C or lower, and preferably at a
tenperature @Hiwﬁen approximately 0C and 10C, for 30 mnutes to 3 hours, so
that the tet st acetonitrile solvate crystal of the present 15

i nventi can be obtained in the foLn of a crystal. [00831
QHJ f1 amount of acetonltrl{e used is not

particularly limited, as long as it is able to
completely dissolve the above anhydrous tetomilast type
B crystal while stirring under heating to reflux. The
amount of acetonitrile used is preferably between 70

15 and 150 ml, and more preferably between 70 and 100 ml,
with respect to 1 g of the above anhydrous tetomilast
type B crystal.
[0081]

The above anhydrous tetomilast type B crystal

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



In addition, such a tetom | ast acetonitrile solvate crystal is produced by
recrystallization froma solution obtained by dissolving in acetonitrile a
novel 20 wetweiiia®t crystal (excluding the tetonilast aeetrgridriisessol vate
crystal) that is used instead of the 5?0““ anhydrous tetom | ast type B
crystal . Specifically, an~tetom | ast acetonitrile solvate

crystal is pgpedusgd e | i i froma 25 solutjon forned by
di ssolving in acet oﬁ?}tz%iél gégfgﬁéeag%%%%ft%et F PETOTIT StV Yl sel ected

fromthe group fedshsttouirpyigtpmBiast, Dydrate crystal, . an anhydrous
tetonilast type A, gnd an_ anhydr ous V%?ﬁﬁb7%%%%i§6?%ﬁ9%%§ﬁﬁ%1055931 32
tetom | ast typeré&aciygt hte Heh:0d Nit &IOSl £LLOM | 851 5gq$§§gdis used

singly or as a mxture consisting of two or nore ¥ypes. e sol vent and

recrystallizado0®n] conditions applied herein are equivalent to those in 5
t he case of using the aforenenti oned known anhydrous tetom | ast type B

crystal ab a starting Sm¢etiatal({084]e MHSAY inhidie S AfEmAtiped net hod
is applied to tetom | ast acetonitrile solvate crystals, so 10 as to

obtain tetoniyRetB aceroiil ris edid ate auratsiralisr Mid,h figher iRURHLY. [ 0085]
The obtained tetom | ast acetonitrile solvate crystal can be separated by

i sol ation opétatebrrd siltereaim aghifld trtdtirimg conkentraatdion, ter extraction.
Moreover, after separation, the separated crystal nay be subjected to a
drying treat Why g e R aetash ¢ o Lnfrdome o rséoach e cc opstlattocan be
purified by a known purifigcatiaon operation. 20[ 0086 The thus
obt ai ned tet%ﬁﬁﬁ%ﬁﬁm%§§ﬁ¥NﬁQF% 8rsePY’t e38r pépEFeRatOal piery. of 95% or

atom 2o} THIZ e on I SPA0ne B fgea o
aforementioned cooling is cooled at 10°C or lower, and
preferably at a temperature between approximately 0°C
and 10°C, for 30 minutes to 3 hours, so that the
tetomilast acetonitrile solvate crystal of the present

15 invention can be obtained in the form of a crystal.
[0083]
In addition, such a tetomilast acetonitrile
solvate crystal is produced by recrystallization from a
solution obtained by dissolving in acetonitrile a novel
20 tetomilast crystal (excluding the tetomilast
acetonitrile solvate crystal) that is used instead of
the known anhydrous tetomilast type B crystal.
Specifically, an tetomilast acetonitrile
solvate crystal is produced by recrystallization from a
25 solution formed by dissolving in acetonitrile at least
one type of tetomilast crystal selected from the group
consisting of a tetomilast hydrate crystal, an

anhydrous tetomilast type A, and an anhydrous



25 nean particle size between 10 and 50 gm and a 90% cunul ati ve particle
size of 80 gmor smaller, which is suitable for formul ation, can be

obt ai ned.wpQ0@71194983 M xt ure consi sting of anhydrous teomipawtoisgpe A
crystal and anhydrous tetomlast type 55 crystal As a m xture
consi sting of an anhydrous tetom|l ast P type A crystal and an anhydrous

tetom | ast 5:typei BiSE yﬁ%ucﬁ%&%a% t& \ﬁarl oys 1 p;ﬁﬂ%fg\lr gtslﬁ_’los are

gener at ed dependi ng on conditions. an xture

havi ng the physse€orhedm caly ORer i ag r 6 Q (18). bel ow can
be gener at ed: %0[00881 e 3} S %ITH{1 eve C%l teﬁ‘% ermi ¢ peak

depends on thgo MXingd atjeof thpe s%l%re)f&t ahy aad.Lhe, B ehyspals. Fo. 1l

shows the endot herm c peak of a sanple having a m xing Fati’o

40: 60. The lbomdxtitres Cislisdd r}ggr@lrﬁraxen@q%&%%eh%t B hagkct Ype A crystal
and an anhydrous tetomilast type B crystal has an en ot herm c curve that is

subst ant i@l |yhe heasane asime dHeegeasnebhradikhbeheahhdkbhgr mal
anal ysis (tenperature-rising rate/ mn) endothermc curve Shown 20 in Fig.

11. Speci fi cedtionilash taypd B unystalchar ackenirzedg pathat st has
endot herm ¢ peaks around 175C and around 189C. [0089] (17) The powder X-ray
diffraction &%}ﬂ[]rum 25 of the mixture consisting of an anhydrous
tetom | ast type A crystal and an anhydrous tetom |l ast type B crystal is the
sum of the powder X-r¥pr@oreractihenaspsemeniioned patbodnhydrous tetonil ast

type A cr stal .34,
yp y plied to tetomilast acetonitrile solwvate crystals, so

10 as to obtain tetomilast acetonitrile solvate crystals
with higher purity.
[0085]
The obtained tetomilast acetonitrile solvate
crystal can be separated by isolation operations such
15 as filtration, concentration, or extraction. Moreover,
after separation, the separated crystal may be
subjected to a drying treatment by a known method.
Furthermore, the crystal can be purified by a known
purification operation.
20 [0086]

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

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

[0087]



and the powder X-ray diffraction spectrumof a pure anhydrous teton | ast
type B crystal The strength of a peak derived fromeach crystal formis
af f ect ed Wy 2bdmer1pdgsi ng rati o between the anhydrous tet orcirastoot/yse3iA 5
crystal and the anhydrous tetomilast type B crystal. Fig. 12 shows the
powder X-ray diffraction spectrum of &3sanple having a nixing ratio of the

1 . ;. th hyd s tetomlast type B
cryotal = a0Ye0 LES ] 6O¥BTF 18y Shestakpretha qe%ér‘ézlﬁ&?%?é’im ool the

] .. the anhydrous tetom | ast type
??Siféfui Zg?%gkﬁggt%ﬁéﬁ??ﬁX%ﬁ%a%ﬁ#%Eﬁ%&#%@%dF%ﬁ$0% Gardsaht 3298, 3088,

1744, 1593, 15 1474, 1348 269, 4L§ 1045, 760, and 704 cm 1 in the IR
(KBr) spectrum |n addi ti%nl?I 3 devi a%?%lns%Jfﬁ%c P b iterated in an

absorption peakofltez50 aygifierpnse, 1 X0 ratiq het ween .the
anhydrpous tgtom'ol ast typ%HA cr ys?al jén%dﬁ(%]ﬁaeﬁnag\rmp Fous &e% o%vj\ﬁfﬁt 20 type B

crystal. BOOOpe B crystal, MiiLoyess & SANR 'éﬁ%” é%'H i ‘r%}io of AB
= ){0: 90 hgs t%ﬂé physiicfzochem' cal properties dLgLscrl b‘ggbln (fié{ggctloo (21) bel ow

25[ 0092] are generdd&y d@@%ﬁdﬁﬁ&(bﬂugidﬁhéﬂygﬁfggﬂéf%ﬁ&%ye thhat is
substantially the same as the thernogravinetry/differential thermnal
anal ysis W32 09nid 02,0 6PGT1 3200 HDBHRB I h3b physicochemical
properties described in (16) to (18) below can be
generated:
10 [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 = 40:60. The
15 mixture consisting of an anhydrous tetomilast type A
crystal and an anhydrous tetomilast type B crystal has-
an endothermic curve that is substantially the same as
the thermogravimetry/differential thermal analysis
(temperature-rising rate/min) endothermic curve shown
20 in Fig. 11. Specifically, such a mixturevis
characterized in that it has endothermic peaks around
175°C and around 189°C.
[0089]
(17) The powder X-ray diffraction spectrum
25 of the mixture consisting of an anhydrous tetomilast
type A crystal and an anhydrous tetomilast type B

crystal is the sum of the powder X-ray diffraction

spectrum of a pure anhydrous tetomilast type A crystal



erature-rising rate/mn) endotherm c curve shown in Fig. 13. _
(Stpgtr:r})fi cally, suchga sanpl e i)s characterized in that it has endothermc
peaks arowmododi7Gawand around 189C. 5[ 0093] ~ PCZ0Op200hves@anpl e has
a powder X-ray diffraction spectrumthat is substantially the sane as the
powder X-ray diffraction spectrum showd in Fi g. 14. Specifically, it has

i sti - : 24.2, 25.1,
250 and 273 [OgoRTrael X-2ad alPeSicPien “Sateriin et b s cant
1132 1046, J08 IR DR R LA P PR e ot Hhe TOBORIEY Meidhod fof
d, in m ,e LSt 0 hydr tetom ] ast e Acrystal and
gaﬁyg(r:oug te?gﬁlkl ggfﬂféf/%efg%né%%s%%%lmi Wel_%o%fs%%&%% R %ﬁj‘[ alnhyd;]ogz
tetom | ast typeiAgCryeidlpapfean @rp@yg{lg%:(;@g 0%45}?%1%%?%3[8 crys a ca

e
produced by recrystallization froma solution tha ai y

di ssol vi ng i bras®51 sahd abhe Sohy@Rius %Mﬂ%@@;&%&% é@iagdg last type B
crystal or an anhydrous tetom | ast type B crystal tal ne y the

af orenent i onEignethoshofH0G6 pIMAO O kD 4BERGH HRZADTAIRRI3 of

a sample having a mixing ratio of the anhydrous
tetomilast type A crystal: the anhydrous tetomilast
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 +5cml
may be generated in an absorption peak due to a
difference in the mixing ratio between the anhydrous
tetomilast type A crystal and the anhydrous tetomilast
20 type B crystal.
[0091]

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

25 [0092]

(19) The sample has an endothermic curve

that is substantially the same as the

thermogravimetry/differential thermal analysis



36 The type of the aforenentioned solvent is not particularly
limted. Acetone-water (an acetone content of 40%to 95% by volune) is

pr ef er ablwo 2p@0QFJ965The anpbunt of the aforenenti oned solpecenproozessoss not
particularly limted, as long as it is_able to conpletely dissolve the
above tetom | ast crystal while stirri ﬁé under heating to reflux. The anount

of the solven | I | y_between 30 d 160 m, and 10 nore
preferably bé%?\géﬁgibégﬁdf%%{%?,é{%?%% speébqoactq}?rfué: G %% SABW¥e anhydr ous
tetom | ast typepB,crystal The .abave tetoni | ast crystal
may be di ssol vedﬁi;n t he a%%%%%%?%%’d Ss%cfhveantsam%ee Stirri ng under 15

heating to rehbixctépl-Exapl g adi q{dé’sf Lﬁgaoéh%%magf%;%g?{sﬁgﬁo%dgﬂe

anhydrous tetoni |l ast type 13 di ssolve ecreased,

anhydrous tetlpeid asid tyeendAfilgeecsuch the solution in which crystal has
been the m xture consisting A crystal and an 20 anhydrous tetom | ast type
B crystal5of [ah@3present invention can be obtained. The

t enper at ure-decreasi ng rate nay be between approxi mately 0.4C/ m n and

1.9C min. In particul af20)t herieenpeisAtdtesdec peagieRgx-a2hte i s adj usted, so as
to control the mxing ratio of 25 the m xture consisting of an anhydrous

tetoni | ast typfyRctimt apearittuan tantty dsousibsebanibasy typesBmer ygtal of the
present | nventi on.
the powder X-ray diffraction spectrum shown in Fig. 14.
Specifically, it has characteristic peaks at 206 = 4.1°,
10 11.9° 16.1° 17.2°, 19.3° 24.2° 25.1°, 25.9° and
27.3°.
[0094]
(21) The sample has significant infrared
absorption bands at 3298, 3090, 1744, 1593, 1474, 1348,
15 1269, 1132, 1045, 756, and 706 cm™ in the IR (KBr)
spectrum.
[0095]
Method for producing mixture consisting of anhydrous
tetomilast type A crystal and anhydrous tetomilast type
20 B crystal
A mixture consisting of an anhydrous
tetomilast type A crystal and an anhydrous tetomilast
type B crystal can be produced by recrystallization
from a solution that is obtained by dissolving in a
25 suitable solvent the known anhydrous tetomilast type B
crystal or an anhydrous tetomilast type B crystal
obtained by the aforementioned method.

[0096]



[0099] WO 2007/ 119496PCT/ JP20071055931 37 Specifically, the anhydrous
tetomlast type B crystal is first added to acetone-water (an acetone
content oW0o400h1104985% by volume), and it is then di ssol vead/pieressasmhil e
stirring under heating to 5 refl ux (ﬁgproxi mately 60C). The obtai ned
solution is stood to cool to approxi 16er 30C for about 15 mnutes to 1

hour. Thereafter, the @nggnsi on_ obt ai ned %{ t he a%frementi oned cooling is
TrOHt A e T e BhERACH L7 et not

e A a0 o Lo igjqf; S e en, 10 o ovre: se {hat the mxture

Cetom | ast tyBe a”‘l"ydiﬁfoget"”‘ NS K OTyordl Wi i anmydrows

tetom | ast t r 2 3 . nth

formof a crggfgﬁglﬁ'?a caseO \/\%Bgr gfﬁg&s% e[})t ioh %ﬁﬁéﬁ Safter 15 stirri ng

i [ i i led to
under heatingotg7reflux is-quenched (for exanple, the solution is coo
10C or Iower?J andT preferably to a tenperature between approxi mately 0C and

10C, for gbout 5 m nut®se tanckirhoWn ,tif @f@fgngehy G 313kQ ?{SGEOE/hSe 5

anhydrous tetomlast type A 20 crystal: the a rous tetomlas
crystal = apps axbirapattyi L0  Wainghled,atd )1 £RN fe iebtiai ned. (Q100] The

ratio of the mxture consisting of the anhydrous tetomlast type A crystal
and the anhyerubet25ly etionidlast thepeBves fsstainiils stotcathilcyhanky |inited.
[0101] stirring under heating to reflux. The amount of the
solvent used is preferably between 30 and 160 ml, and
10 more preferably between 30 and 50 ml, with respect to 1
g of the above anhydrous tetomilast type B crystal.
[0098]
The above tetomilast crystal may be dissolved
in the aforementioned solvent while stirring under
15 heating to reflux, for example. After such
dissolution, the temperature of the solution in which
the anhydrous tetomilast type B crystal has been.
dissolved is decreased, so that the mixture consisting
of an anhydrous tetomilast type A crystal and an
20 anhydrous tetomilast type B crystal of'thé present
invention can be obtained. The temperature-decreasing
rate may be between approximately 0.4°C/min and
1.9°C/min. 1In particular, the temperature~decreasing
rate is adjusted, so as to control the mixing ratio of
25 the mixture consisting of an anhydrous tetomilast type
A crystal and an anhydrous tetomilast type B crystal of

the present invention.

[0099]



In addition, the aforenentioned m xture can al so be produced using a novel
tetomlast crystal 38 (excluding the m xture consisting of an anhydrous

t et om | aswotgpriideoer yst al and an anhydrous tetom | ast type/JB0orysbal )

i nstead of the known anhydrous tetom lLast type B crystal. Specifically, the
5 aforementi oned m xture i s produced 5>7/ recrystallization froma sol ution

formed by dissolving i e at, .l east, one type of tetom |l ast crystal
sel ected fromthe grou;g)p%?)]rs'lgll(\é( ﬁn\é{ 0% atrgi%cﬂﬁ‘?‘é%tte?ﬁfﬂ?%taestcrt;yﬁeala an
anhydrous tetppiLlast Lty C I n.anhydrous 10 tetom|ast type C
crystal, and ay%etomllgag?rg%e%%%?rm 2acseo ovrg ewag‘}%t%ﬁn. 2fFEO0R vent and

S oot T S 108 ) U S Wl 1 e

case of using the aforenentioned k a

crystal as adstaslivag PRELEIAlyhiQl0); ¢ gxggﬁfrgdrﬁ}ig}e@%}%r g consi sting of

an anhydrous tetom last type A crystal an _ ous Tetom | ast type B
crystal chn berbepa(abpeobimd sl aldcon) 20 oRer 8bkana.guEB1aE LAl LLati on,

concentration, or extraction. Mreover, after separation, the separat ed

crystal may deosdbjectesl tio aghnoxigatticast ment Y razkBwn §ehiodres )
Furthernore, the crystal can be purified by a known purification operation.

25[ 0103] to 1 houfThe Thriseadiiteai,n et emisxisics sA@mS iobiiangeaf bgntaghydr ous
tetom | ast type A crystal and an anhydrous tetonilast type B crystal has a
purity (the TorEdmnt3neditdarlona He avjddoas tePOMdE abdwéypeardd cryst al
and the anhydrous tetom |l ast type B crystal to the total content) of 95% or
nore, and i PRI Rhed hasibegadirer betaegnc pppexifnhoelexafpl e, an

at om zer Thus, .
iO anésld%c, for 30 minutes to 3 hours, so that the mixture

consisting of an anhydrous tetomilast type A crystal
and 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 after
15 stirring under heating to reflux is gquenched (for
example, the solution is cooled to 10°C or lower, and
preferably to a temperature between approximately 0°C
and 10°C, for about 5 minutes to 1 hour), a mixture
having a ratio of the anhydrous tetomilast type A
20 crystal: the anhydrous tetomilast type B crystal =
approximately 10:90 (weight ratio) can be obtained.
[0100]
The ratio of the mixture consisting of the
anhydrous tetomilast type A crystal and the anhydrous
25 tetomilast type B crystal is not particularly limited.
[0101]
In addition, the aforementioned mixture can

also be produced using a novel tetomilast crystal



5 tetomlast crushed product having a nean particle size between 10 and 50
gm and a 90% cunul ative particle size of 80 gmor snaller, which is
sui tabl e wonodmnmskati on, can be obtained. [0104] 10 Phacraemwt/issas
conposition The phai maceuti cal corrp05| t| on of the present invention
conprises at |east one type of t et omi Pést crystal sel ected fromthe group

i sti d tetom |l ast 15 type
Aoryatals arcSakiarlusTie A (I R md el Frbiraton | ast
acetoni tri etéeéaa@;ﬁsr,ﬂ%fﬁ@'za L0308l The, pper cel tllg%’qeai'sq lglgés{t'ygg of the

present invention conprl es an an npr|ses .
crystal. An g BfsSHLN Bq?@?a{in%ﬂf Heal qﬁ{rp on co

m xture consrz i ng of %n anhydrous te om a r% aélsk%y t t alnd ?ncr o
anhydrous tetopbhabist YPFHB Bysidla1 [ 0K etonil as ys

of %/he present inventi otﬁﬁ?\as acﬁvﬁy of suppre55| ﬁét € rel ease of active

oxygen from aesttemphi i Sne®rmoitigtd fﬂ&gﬁﬂd@ﬂ;d&ﬁ(ﬁf Ve EeN 1SReGRS;  Thus,
t he above novel WD 2007/ 119496PCT/ JPZ2007105593
from a solution formed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
anhydrous tetomilast type A crystal, an anhydrous
10 tetomilast type C crystal, and a tetomilast
acetonitrile solvate crystal.
The solvent and recrystallization conditions applied
herein are equivalent to those in the case of using the
aforementioned known anhydrous tetomilast type B
15 crystal as a starting material.
[0102]

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

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

25 [0103]

The thus obtained mixture consisting of an

anhydrous tetomilast type A crystal and an anhydrous

tetomilast type B crystal has a purity (the content



40 tetom last crystal has action to prevent generation of peroxide lipid in
a living body, or to decrease such generation. Accordingly, the novel

t et om | aswoeoystisdosof the present invention is useful agcanramenssofior 5
preventing and/or treating various types of disorders or diseases that are
caused by the aforementioned excessivé®generation of reactive oxygen

speci es, acc L at | on, of roxide lipidjn a living body, or a defect in
def ense nechg%?léﬁﬂ {)]gvv%l?o sgméjéoﬁﬁem%%ﬁ]afasfb R Apeei¥iahaland an agent
conprising t p i conposition of the present invention is
useful, in a}egﬁa?ﬁ% eu(?lilﬂ%:af&%?né g%)s%stﬁﬁﬁe a%ec?ﬁyﬁ 1 ot iGRFatar i ous types
of tissue ce L 5C 1 IS er.s assqciated with |
revascul ari zg%li%%%lﬁgsnu%ﬁ %%na(gr %%%en%q{cfolrt pcraer{/g?ﬁ |c?1r§}15£ﬁ§j§ dt° % & ng
gastroint estw@inyfyeér&@géydiﬂgr %éa@ri;?é{' CEl a0 8 %gt fo{&pﬁr eventing

[

and/or treating cardiac i schemc es such as ar di i'nffar ct or

arrhythii o, eecagenst ofrpiIRUenti b AN A eating, qenstiayascylar 20
di seases such as cerebral henorrhage, cerebral infarct, or transient

i scheni ¢ at tiaskyeen | 1y emarsh Kirdnay funeki eRn TRRAVES Hised Har (digor ders
caused by transplantation, mcrocirculation failure, étc.; or an agent for

suppr essi ng var8@usn typesnadfl eagl lwhiirjhuriys tshdt 229 SR o rhe 16a4¥sad by
active oxygen that is abnornmally generated due to causes ot her than

i schem a, suedn dee abtagertd.for preventing and/or treating Behcet's disease,
cut aneous vasculitis, ulcerative colitis, malignant WO

2007/ 119496 P 320071055931 41 rheumati sm arthritis, arteriosclerosis or

di abet es [0]197]] Mor egver, the novel tetom |l ast crystal of the
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 anhydrous tetomilast

15 type A crystal, an anhydrous tetomilast type C crystal,
and a tetomilast acetonitrile solvate crystal.
[0105]
The pharmaceutical composition of the present
invention further comprises an anhydrous tetomilast
20 type B crystal. An example of such a pharmaceutical
composition comprises a mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal.
[0106]
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



present invention is effective for various types of 5 diseases associ ated
w th abnormal generation of cytokines, and particularly, abnornal

gener at i onoaboiliwa, |L-p, IL-6, IFN-11, etc., or varioweTuypeosb3di seases
associated wth an acceleration state of adhesive action. In particular,
the novel tetomlast 10 crystal of théopresent i nvention can preferably be
used: as an - prevent. and/or treating various di seases such as
chronic rheumi%ﬁ%ﬂi%& h#fxs%‘sa}i gﬁaosot%ﬁW%ﬁ@che RS Sfisedypracd dent al
ingestion of gast{iL J 4 Ge,: L oxic gas, .or, septicem a, thermal burn 15 or
asthna, or ryocar d(?%Iijlan irlc i%nljt 19 ibs?dé”n}%c%lodi ChedSFermUcist ate, viral
nyocarditis guch-as; 4 he acite & of_,vir rdi.tis, chronic heart
failure such as ischenic nyocéﬁﬁggsg,t?ﬁbﬁ%&ﬁ@%%%%&ﬁ%%ﬁ&?(ﬁﬁxﬁ opat hy,

etc.; and aspAanrgeMedat A RIRVQR! R0 RARHQr L et ia%

g schem c
reper fusi on abnormality occurring during coronary<arfery bypass surgery

(CABG) or5 dustdigeritingiserdifoardddzitaingl vReath saRgpkdngs Hhansitien from SRS
(systemc inflamatory response syndrone) to organ failure (grave acute 25
pancreatiti sgr RiGeapies Jhaar afd Haplsedobganntablrdi-eneaused Ry grave acute
pancreatitis , liver failure occurring after hepatectony for liver

cancer, et c. ;exqHdsdmmatgene redvieln difseases isuCchbxggefr 8BRS di Sease, WO

2007/ 119496PCT/ JP20071055931 42 ulcerative colitis,etc.; a series of

aut oi nmmune iXREES t6i9eh ofs pleyperig@miaglidbuhi aeiaingybbeawi, coer ¥t hemat odes
(SLE) or multiple sclerosis, netastasis, inmunological rejection occurring
during 5 tr Antlat 96t engendelchaalisB telhrdbnbheati phefinyehama, etc.),

pol ycl o cell abnarmality, atrial mnmyxoma, Castleman's syndrome, primary
gloneru?@Le i% iSPeCHELRAGAl BPRoPUEBEAEPYRTABHAYI Ehe, cancer cachexi a,
Lennert's Ié&pQ%ggb soriasis atggic 10 dermatitis, Kaposi's sarconmm

devel oped die toATHS CEosFRERG5AGSAP 85t EBporBeFent diaberEsonsEpt | ceni a,
arterioscl erQsiss,; or..inflan [ i seases,such as angitis_or hepatitis or
an agent fofgﬁﬁz&énﬁpng Eﬁ&?@%8?¥g§ ?%gfﬁﬁ%ihi%so%%t?gﬁ?FvgoﬁulnDnary

di sease. 15&@%@%kting various types of tissue cells from ischemia

and disorders associated with revascularization, such

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

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

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

cutaneous vasculitis, ulcerative colitis, malignant



Specifically, the novel tetomlast crystal of the present invention has
action to inprove a decrease in lung functions, such as airflow

obstruct iwo,20@emdodss exhi bits an extrenely hi gh therapeurce/seidgeisosipon 20
chroni c obstructive pul nonary disease.4 [0109] The tetonllast
crystals of the present invention can Be used with at |east one of the

menbers sel e th . consjisting o :_251. | eukot.ri ene
biosynthesisgﬁﬁﬁpéﬁ$gﬁé %%gﬁf#%%xyg%ﬁ§%€9$%ﬁi?ﬁ?%ﬁ% &n %?QﬁtQQ-poxygenase
activating preigyn (FLAP) antagonists); 2. receptor antagonists for

| eukotrienes 43 [TB4{ LTC4, FTD4 or LTE4; 3. PDE4 inhibitors
i ncludi ng inhibitors ofioisafor MBREAR o1 tetomil%st Crﬁ%ERaikﬁﬁ xygenase
inhibitors and a 5- 5 |ipoxygenase activating protei n t ni sts;

o cdual Lohi biésest ofnferki RGENANG A AVAIYLSLS OLpAl glhet actvating

factor (PAF); 6. leukotriene antagonists ( )" ncl udi ng
those for5LTdised &4, adslddh arutl WwhRdi akdhbrnfNt iJingd 2P inC JH1 recept or
ant agoni st s; 8. H2 receptor antagonists; 9. a

and a2 adr encleptioresgaid tpamsieeansting, Cladhosynaljeom-aetig agents
adm nistered orally or topically for decongestant use;

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

20 preventing and/or treating ischemic reperfusion
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 orgah 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,



1510. al and a2 adrenoceptor agonists in conbination with inhibitors of
5-lipoxygenase; 11. anticholinergic agents; 12. pl- to 134- adrenoceptor
agoni st s;wb2oommbdisyl xant hi nes; 2014. sodi um cronogl i cat eCT/JP2007/055931  15.
nmuscarinic receptor (M, M2 and M3) antagoni sts; o 16. NSAI Ds
(Non-steroid anti-inflanmatory drugs)4?ncl gdl ng COX-1 inhi b|1t70r?’ns$ix;12| e
Groncn 1ot or SLLPLARE P P RIS o ausoimmna ] i e, 5
Cof whi ch s F’%ﬂl%?%%%f 3990 elﬁfﬁzee%%?m?glOk’_ulk_)inzémizgfcﬁ pigse inhibitors:
2o B R I P MRV e T O LY
immunological rejection occurring during
5 transplantation, monoclonal B cell abnormality
(myeloma, etc.), polyclonal B cell abnormality, atrial
myxoma, Castleman's syndrome, primary
glomerulonephritis, mesangial proliferative nephritis,
cancer cachexia, Lennert's lymphoma, psoriasis, atopic
10 dermatitis, Kaposi's sarcoma developed due to AIDS,
postmenopausal osteoporosis, diabetes, septicemia,
arteriosclerosis, or inflammatory diseases such as
angitis or hepatitis or an agent for preventing and/or
treating chronic obstructive pulmonary disease.
15 [0108]
Specifically, the novel tetomilast crystal of
the present invention has action to improve a decrease
in lung functions, such as airflow obstruction, and it
exhibits an extremely high therapeutic effect upon
20 chronic obstructive pulmonary disease.~
[0109]
The tetomilast crystals of the present
invention can be used with at least one of the members
selected from the group consisting of:
25 1. leukotriene biosynthesis inhibitors (5-
lipoxygenase inhibitors and a 5- lipoxygenase

activating protein (FLAP) antagonists) ;

2. receptor antagonists for leukotrienes



24. antitunmor nucrosis factor (TNF-a) agents; 25. DVARD (including
| efl unom de); 1026. TCR pepti des; 27. interleukin converting

enzyne (IWBRoamhpdst ors;

28
adhesi on nol ecul e inhibitors includin%ﬁa 15 VLA-4 antagoni sts;

30. cat hepsi ns; 31. MAP k

ase inhibitors;

| MPDH i nhi bi t oP&T/JP2007/055931

32.

29.

gIucose-6-phB§BQatﬁgggpyg%Bgeg§SET£§hibitors; 2033. kinin-Bl or kinin-B2

receptor antagonfs
group in conbi nation
| MMmunosuppr essi ve age

I nhi bitors; §§ofb%ﬁcﬁﬁﬁib? agents; 39. antitunor agents;

10

15

20

25

4. 5-lipoxygenase inhibitors and a 5-
lipoxygenase activatind protein (FLAP) antagonists;

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

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

7. Antihistaminic Hl1 receptor antagonists;

8. H2 receptor antagonists;

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

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

11. anticholinergic agents;

12. Bl- to P4- adrenoceptor agonists;

13. methylxanthines;

14. sodium cromoglicate;

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

16. NSAIDs (Non-steroid anti-inflammatory
drugs) including COX-1 inhibitors, COX-2 selective
inhibitors, and nitric monoxide;

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

18. ciclesonide,

4. gold in the foimof an aurothio

s, PBESE RE e ol ettt snie ki dace



WO 2007/ 119496PCT/ JP20071055931 45 40 growt h hornmpne secret agogues;

41. MVWP(matrix netal |l oproteases) inhibitors; 42. TG--P(transform ng growth
factor); wW®.20P0@965. pl atel et -derived growth factor); PCT/JP2007/05593144:
fibroblast growmh factor (for exanple, basic fibroblast growth factor:

b- FGF) ; 45. granul ocyt e- #4cr ophage col ony stimul ﬁlt(ilng gaﬁl}(gr
GVt CSF) ; 1046. capsaigin cre . A7. tachykinin | an
Eeceptoa ant agoni st s; £o7 fafalia IUBCOPHt RIS ntohivikeh side

49. PDE3 i nhibi ; 50, 4 H4 receptor antagoni st or a inverse agonists;
51. anti oxi d%g‘f&(g%?én%;éﬁ?d‘?%%‘?)(:al scavengi ng agents;

20. tryptase inhibitors;
21. platelet activating factor antagonists;
5 22. monoclonél antibodies active against
endogenous inflammatory entifies;
23. IPL576;
24. antitumor nucrosis factor (TNF-a) agents;
25. DMARD (including leflunomide) ;
10 26. TCR peptides;
27. interleukin converting enzyme (ICE)
inhibitors;
28. IMPDH inhibitors;
29. adhesion molecule inhibitors including a
15 VLA-4 antagonists;
30. cathepsins;
31. MAP kinase inhibitors;
32. glucose-6-phosphate dehydrogenase
inhibitors;
20 33. kinin-Bl or kinin-B2 receptor
antagonists;
34. gold in the form of an aurothio group in
combination with hydrophilic groups;
35. immunosuppressive agents;
25 36. antigout agents;
37. xanthine oxidaze inhibitors;
38. uricosuric agents;

3%. antitumor agents;



53. conbi nations of P2 adrenoceptor agonists 20 and gl ucocorti coids;

54. agents increasing protein |evel of hypoxia-inducible factor-1la

(1-11F- 1ayp 2007/119496 55. anti oxi dant proteins upregrcatieshohysbbiFl a;
2556. vascul ar endothelial growmh factor (VEGF) secretagogus; and 57. VEGF
receptor agonists. [0110] WO 2007/119496PCT/ JP20071055931 46 The nove

tetom |l ast crystal of %@e.Present invention is generally used in the form
of a conmon phar maceut T CaIT Prep ATV SRIE R RBIG™Cceut i cal preparati on

is prepared using co I d.diluents or 5 excipients such as a filler,
an extender, a bi nder,H;' W'W%@%ﬁ?‘?ta&%ﬁ%%@g’%bﬁn@@m@t ant, or a
| ubricant. For such a apﬂﬁﬁ_ tical preparation, variqus types of forns
can be sel ected depend?%g on t Qﬁ%ﬂﬂﬁﬁﬁr ﬁﬂﬂwﬂﬁﬂ¥ihT3%F%éFjﬁorns of such a
10 pharmaceuti cal pregﬁgpgkﬁﬁwnay include a tablet, a pill, a powder,

sol ution, suspension, enul'sion, a granule, a capsule, a suppository, and an

i njectiom (%ﬂéﬁéﬁh—wig‘i‘&rtﬂ Ga) en the present tetom |l ast crystal
is nolded into the formof atablet, f%xb i ous types of carriers, which

have previously been Kﬂﬂw@i%&o%ﬁ%sﬁr%§%%%hfE%E@orcﬁ%d@!Q%%&é?% used.

Exanpl es of such a carrier that can be used herein may inc e’ excipients
such as | actleselc shitolrlese, ggeti-umreki-erd.de, ragrape sugar, urea, starch,
cal cium 20 carbonate, kaoline, crystalline cellulose, or silica; binders

such as water, ethanol45.pgupandbcysierpbersphage gbapayse@amuilBrater .,
starch solution, gelatin solution, carboxynmethyl cellul ose, shell ac,
met hyl cel | ulfe$&E o di@s€iSEm phosphat e, or pol yvinyl 25 pyrrol i done;
di sintegrators such as dry starch, sodium al gi nate, agar powder, |ami naran
powder , “Sodi um bi car bdRat aPgaieiancearbonat e, pol yoxyet hyl ene sorbitan
fatty acid esters, so%gunklaur | sul fate,

. tachykinin NK1 and NK3 receptor

antagonists;
48. elastase inhibitors;
49. PDE3 inhibitors;
15 50. H4 receptor antagonist or a inverse
agonists;
51. antioxidant agens;
52. radical scavenging agents;
53. combinations of B2 adrenoceptor agonists
20 and glucocorticoids;
54. agents increasing protein level of
hypoxia-inducible factor-la (HIF-la);
55. antioxidant proteins uprequlated by HIF-
lo;
25 56. wvascular endothelial growth factor (VEGF)

secretagogus; and

S57. VEGF receptor agonists.
[0110]



WO 2007/ 119496PCT/ JP20071055931 47 nonogl yceri de stearate, starch, or

| act ose; disintegration inhibitors such as saccharose, stearin, cacao
butter, owohyewagesated oil; absorbefacients such as quaCeIRZNYOFORONI UM
base or sodiumlauryl sulfate; 5 humectant such as glycerin or starch
adsorbents such as starch, |actose, R&oline, bentonite, or coll oidal
silica; and IubricantsTﬁuch as. purified talc, stearate, boric acid powder,

or pol yethyl ene gl ycol- %u%%?%?t%ﬁﬁ%ﬂl%ﬁﬁFtﬁ?ﬁ%ﬁ%huﬂf phec &ssEenint o a
tablet, o geratralhll B0 PHBr RN R et Ahe SR (ihoocomo | m coat ed
01 Sl nonten e el & L\ yer Lol er s Teccssery
e used.  ExanmTie ey Sheh PRt Ye Rt G BB AR ol ude:
Vogerabl e or Ry PEPR IR o | SRRt a1 Uit BR008 IblBR B Chdereq

tragacant h, gelind, ag¥niet hanpls: g Gt egr, agtgmgh @’E Lam naran or
agar. Wen the present tetonilast crystal is nolded int6 the formof a

supposi t ory,luwaridarts., whhchnhﬁwg,@m@ﬁmyéEMXnggnpgggg@akgohbg pr esent
field, 25 can widely be used. Exanples of such a carrier may include
pol yet hyl eneragtymsd |t waa hifidrers, caingber salleehel, dbbghaingl sghol esters,
gelatin, and sem synthetic glyceride. As a capsule, an active 48
therapeutic purpose. Typical forms of such a
10 pharmaceutical preparation may include a tablet, a
pill, a powder, solution, suspension,qemulsion, a
granule, a capsule, a suppository, and an injection
(solution, suspension, etc.). When the present
tetomilast crystal is molded into the form of a tablet,
15 wvarious types of carriers, which have previously been
known in the present field, can widely be used.
Examples of such a carrier that can be used herein may
include: excipients such as lactose, saccharose,
sodium chloride, grape sugar, urea, starch, calcium
20 carbonate, kaoline, crystalline cellulqse; or silica;
binders such as water, ethanol, propanol, simple syrup,
grape sugar in water, starch solution, gelatin
solution, carboxymethyl cellulose, shellac,
methylcellulose, potassium phosphate, or polyvinyl
25 pyrrolidone; disintegrators such as dry starch, sodium
alginate, agar powder, laminaran powder, sodium

bicarbonate, calcium carbonate, polyoxyethylene

sorbitan fatty acid esters, sodium lauryl sulfate,



i ngredi ent conpound is generally mxed with various types of carriers as
descri bed above according to a common net hod, and the obtained mxture is
then fillwdnewnoachard gel atin capsule, a soft capsul epceueobens’s the
present tetom | ast crystal is nolded | nto an injection, it is preferable
that a liquid agent, an enul sion, and 13 suisp_en5| olndbg jstterl Isluéﬁdaapgrg]e .
tonic to en.t he resent stal is nolded into .
!tflges of di Irﬁéén (glyiy)\% eh%?/ A0 ci}l'be%lh ta®ePse the present field,

ncl ude
can be used.4 f%%g? a{){ogulcﬁf lI,Cuoerns"ts t hat cg%cbc used lhgg[el n.my i

wat er, et hyl macrog ., prop yI |1§ostearyl

al cohol , pol yoxyl at.ed- ts P%{ydr@e%%{%%d 01n_Ld Iagﬁ%o%% hyl ene sor %It tan

fatty 15 acid esters. i s cas I's poss , grape

sugar, or gla@%da{be%ﬂx&gﬂdﬂlﬂnqj ror£ac;s% lu(h?| éﬂgr atsl:f%n i_n an anount

sufficient to prepare an isotonic sol ution. I's a t€’that a

common so$ ubidng@tantb i@l .asapt élqrﬂ%%ntst H:"e RQ ke g gdded to the
phar maceuti cal preparation. Fﬁlt}{laer itis also’ poss?Db l§l[ a col oring

agent, a preserstatrals, mwﬁmtm&h@ef ! %‘é@xft,orﬁt%v\e%&e%%ﬁio&’aa?t her
pharmaceuticals, be mxed into the phar maceuti cal preparation, as

necessary. ELl[l(afRM]an‘H]ehﬁumwﬁnmf saichaels e riifgedi-ant, cgrgggggqecont ai ned
in the above pharmaceutical preparation is not particul ar | y limtéd, and it
i s appropri &8y ADREOHIEII49EPEHLYR2007E065931c49 .sekaehed from a wide
range. In general, approximately 1% to 70% by wei ght of such an active

i ngredi ent  CGHRIGII @Y eh e Uedieai pedceasete iptepar abbdpt coated

10 with an ordinary tablet coat, such as a sugarcoated
tablet, a gelatin-coated tablet, an enteric-coated
tablet, a film-coated tablet, a double-coated tablet,
and a multiple layer tablet, as necessary. When the
present tetomilast crystal is molded into the form of a

15 pill, carriers, which have previously been known in the
present field, can widely be used. Examples of such a
carrier that can be used herein may include:
excipients such as grape sugar, lactose, starch, cacao
butter, hydrogenated vegetable oil, kaoline, or talc;

20 binders such as gum Arabic, powdered t:agécanth,
gelatin, or ethanol; and disintegrators such as
laminaran or agar. When the present tetomilast crystal
is molded into the form of a suppository, carriers,
which have 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



[0112] 5The adm nistration nethod of the above pharnmaceutical preparation
is not particularly limted, and the pharmaceutical preparation is

adm ni st ewedoylisuoset hod t hat depends on various types eCrphzmessest i cal
forns, the age, sex, and other conditions of a patient, 10 the degree of

di sease, etc. For exanple, in the casé8of a tablet, a pill, solution,
suspensi on, enul si on, . a ranul e, and a cafsul e, these preparations are
oral |y adm ni8YEFEUCIFnCPRROLAd el B I¢ReRR I Hrimixed i witnt vawienous| y

adm ni st er edt§| le YeOL_as.a mxture Wt h 15 an ordinary replacenment fluid

such as grapé&’Rugar- of *ahi ib° at? dFeFurtiRe  akeve g s i njection is
adm ni st ered i use, ;intramuscul arly, intradermally,,

subcut aneousf%%%%ﬁ%@r??%n@ﬁl : %%?é)ﬁ%]s‘f*ilb‘??%% haR rﬁléfc]éﬁded _
intrarectal 'i’ntgo;hk?aggsigfa@ n t0e, above pharm CCS%ESI@ZGL preparation is

appropriately sel ected depending on USdge, 3 a ot

conditions ofh& pPatient . +dHigy ‘ﬁ%/ﬂ{)st‘g sei%s%iolecé:c% c;,lrbnc;og%gueral , the anount

of an active ingredi ent conmpoun e det'érmmne approxi mat el y

0.2 to 200 npnpestken ofibody welaltaiper day. {0413 Wih regard to the
tetom | ast hydrate WO 2007/ 1%%496§CT/JP200715[0%€]§de\5N@9{:&rn§:§tan, anhydr ous

tetom | ast temelsAaiysded ,a aniysiiiod @omdast] tXRe GLhystal , tetonil ast
acetonitrile solvate crystal, and a m xture of the above anhydrous

tetom | ast tipecohior yisi ddlentl anwhamhydicows dRiramd@astiaa tivpaoBgeryst al  of
the present invention, the crystal forns thereof are easily controlled by

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. 1In this case, it is possible that common
salt, grape sugar, or glycerin, be mixed into a
pharmaceutical preparation in an amount sufficient to
prepare an isotonic solution. It is also possible that
a common solubilizer, buffer, soothing agent, or the

20 like, be added to the pharmaceutical p:eparation.
Further, it is also possible that a coloring agent, a
preservative, an aromatic, a flavor, a sweetener, or
other pharmaceuticals, be mixed into the pharmaceutical
preparation, as necessary.

25 [0111]

The amount of an active ingredient compound

contained in the above pharmaceutical preparation is

not particularly limited, and it is appropriately



recrystallizati

on,

and these crystals are excellent in ternms of

filterability. Thus,
product i owo 2ﬁ®7yﬁ§4bﬁ]
have perfornmance that _ _
tetompl ast type B crystal, in teins ofi9stability towards heat and noisture,

and the 15 disintegration property and dissolution property of tablets.
Accordi ngly, S?%%%%‘% e‘%

phar maceutical conpos

be descri bed nore i

and formul at | 0116], Anal ytical method 25 (1)

Ther nmogr avi n&e%; gl ifea&er%:{(? AT Jﬁh%%!pgseparatlor%, _
yjdifferential thermal analysis was carried out using TAGONS

V\% 2007/ 119496PCT/ JP20071055931 51 DTG 60A

t her nograyi netry/ di ffq@té%iﬁi@f@'o%nﬂe\ﬁﬂo% %frntlhtea%%ous nmeasuri ng
| z

Ther mogr avi meg {
control |l er and

i nstrunment manuf act ured by

nﬁ

these crystals are suitable for industrial nass
I n addition, these teteorlasb7/ossyst al s
is equivalent to or greater than that of an anhydrous

O | ST S % ca! &%E%iaa]bl yam?mt@lty "
it . EXAMPLES [0115] 20The present invention w
Icﬁe\lf g"?éslq}?‘lft t‘?l\g FHH &Rt fF TSt rideedbenipl es, exanpl es,

madzu rporation.” Speci c?é’lely, usi ng the

af or ement i ongth ARRANALUSES prRdad 24 S 1Qf n%tS%EEJt‘ic‘ﬁﬁ%rﬁyhei%}ﬁ%e‘&r,Om 20C
(roomtenperature) to 250C at "a
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, intramuscularly,

intradermally, subcutaneously, or intraperitoneally. A

suppository is administered intrarectally.

20

The dosage of the above pharmacéutical

preparation is appropriately selected depending on

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

the degree of disease, etc. 1In 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



tenperature-rising rate of 5Crain in a dry nitrogen atnosphere. As a

ref erence substance, a-alum na was used. [0117] 10 (2) Powder X-ray

di ffractiwo 2007/119496 The powder X-ray diffraction spectiuemowessseasured
in an angle of diffraction that ranged from3 to 40, according to the
general test method of the Phar macopogiii of Jap?n tu5| SgbRAg ZBku eni
diffractoneter radi.ation saource: a) manuf acture y ga

During the n%ﬁiﬁﬁ%@%b el ?%e?%?ﬁr?@rﬁsﬁ/\d'sy%%tp* &ryefady) zohypirozsd t he

d 0118J The m ratio of a mxture
igﬁgl :Itoleﬁg \3?85%%%5%%% roucs[?@fsb S radte tc%?rﬁg%tcﬁ%ethn Wd@n inhydr ous
tetonilast t r was._obt ai ne conparing the powder X-ray
diffraction %%gc%%r#%&%g{%l %Dnove M5t ee Q/émcﬁl Npd rPé?y‘F

diffraction f t r pr drous
tletom | ast t?/%g&f&{%g%rty teg}pg( éya%g %u?g%ana\r%‘yc? tOéJtS e% \éﬁﬁe B crystal

at various r ]g;;,lslt dyd SPaGLS (P&ci%pll ct%gal
2007/ 119496P /JP200 1055931 52 Tr]idgtre%% speglt FUm wad measdr e 8%857 th

met hod. forms thereof are easily controlled by

e KBr

recrystallization, and these crystals are excellent in
terms of filterability. Thus, these crystals are
suitable for industrial mass production.

10 [0114]

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

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

preferably be used as pharmaceutical compositions.

EXAMPLES
[0115]

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

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

analysis was carried out using TA60WS controller and



[0120] (4) 1H NMR neasurement 5The ' H NWR spectrum was nmeasured in DVSO d6,
using TM5 as a reference. [0121] (5) Purity neasurement The purity was
measur ed weizogr/hpgbe 10 performance |iquid chronat ogr aphycCHPLG) /05595
measur enent conditions were as follows. Sanple: 0.03 g of a sanple was
dissolved in 80 nl of acetonitrile, afd 20 ni of water was then added to

' ' measur enent was
car i od out ”BE?‘H’S@%&§F9%$8?%‘Zi@%ﬁ€¥”}§é§%%%%§% Ot:iégﬁlk e
lle)}ng:/: gl ;e)thaggl?&%gglt%lr)\?%?ﬁ%%%ﬁ%{nnéﬂ%%g%éﬁfﬁ%wq%/%osphori c acid
(500:500: 1) §RikZdzu corporation. Specifically, using the
aforementioned apparatuses, 5 to 10 mg of a sample was
5 heated from 20°C (roomltempérature) to 250°C at a
temperature-rising rate of 5°C/min in a dry nitrogen
atmosphere. As a reference substance, a-alumina was
used.
[0117]
10 (2) ©Powder X-ray diffraction
The powder X-ray diffraction spectrum was
measured in an angle of diffraction that ranged from 3°
to 40°, according to the general test method of the
Pharmacopoeia of Japan, using RAD-2B diffractometer
15 (radiation source: CuKa) mapufactured by Rigaku Denki.
During the measurement, voltage/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.aﬁd 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



(6) Particle size neasurement For the nmeasurement of the particle size, 0.1
25 g of particles to be neasured was suspended in 20 m of n-hexane

sol uti on wbabomwamoai ned 0.2 g of 0.1 w v pol yoxyet hyl enectifooneisgsiphenyl
ether, and ultrasonication was then perforned on the suspension. 53
Thereafter, the measurement was carried out using a par]El clte S|dz§

di stribution neasure t i prent (M crotrac HRA; manufacture y
Mcrotrac). [0123] 5”?%6@8’?3%‘?%%%‘} JE TdEAfEfchtdy the KBr The

noi sture conjal in the sanpl e was neasured by the Karl Fischer nethod.
[0124] (8) Melting point neasurenent (corrected) 10For the neasurenent of
the nelting iy, the sanple was heated using a heater (product nane:
LK6000PM manufactured by Japan Hi gh Tech Co., :_t_d.) under the f(ﬁndltl on of
a tenperatureryri synguirateQf,REALN, and the nelting state was en
obsemed usiﬁg a 15 VH 7080Crmg§r oscope manufactured by Keyence
Corporati®dn. [0125] Reftey eRCAMAX8PBLErdm was measured in DMSO-dg,

using TMS as a reference.

[0121]
(5) Purity measurement
The purity was measured using high
10 performance liquid chromatography (HPLC). The

measurement conditions were 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
(UV 254 nm)
Column: Wakosil 5C18 HG
20 Mobile phase: Acetonitrile/lQ mM Na,SO,
aqueous solution/phosphoric acid (500:500:1)
[0122]
(6) Particle size measurement
For the measurement of the particle size, 0.1
25 g of particles to be measured was suspended in 20 ml of
n-hexane solution that contained 0.2 g of 0.1 w/v %
polyoxyethylene (10) octylphenyl ether, and

ultrasonication was then performed on the suspension.



Production of anhydrous tetom | ast type B crystal 20An anhydrous tetom | ast
type B crystal was produced by the nethods described in (1) to (3) bel ow
[0126] wWO02007/119496(1) An anhydrous tetom | ast type B crystatoonassosibt ai ned
by the nmethod described in Journal of 25 Medicinal Chem stry, 1995, 38, pp.
353-358. That is to say, an anhydrous>Petonilast type B crystal was

obtained b i ng,_nethod. [0127 WO 2007/ 119496PCT/ JP20071055931
4 y EHSE%$£%?¥‘ ggﬁlm%gf%;%%?aylwas carried out using a

di et hoxyphen .az0olr4-y ridin: 2-carboxylate (49 g; 127 mmol) and 10%
sodi um hydr oé%%l%b%%oéﬁ?? %ggré%%{e] R} TGS G. 994IPMeHe t he obt ai ned
m xture was 9yiphg i r  f 4 ryneating to reflux. Amjority
of sol vent vvgs el ?‘tnfén%t%kgzg? rr@%xﬁ%@%*%f%cr% d lv‘élo il J?%%f) and wat er and et hyl

acetate wererphen) added to the residue for separation. The water |ayer
obtained as a result of the separation was changed to 10 acidic by addition

of 10% hydr o¢hj oniie: ftgids +01hOWeeh Ayrfudifiaction with ethyl acetate.
Thereafter, the extract was quickly washed with a saturated sodi um chl ori de

aqueous sol ution, and mes dhdiestwid ashrovEm AN 19X GEsS i M AMPYAL, of magnesi um
sul fate. The obtained 15 m xture was recrystallized fromethyl acetate, so

as to obtai messwardty drnoushd eHaoni | BisdcHapenaB heyystal . [01281 A
part of the obtai ned anhydrous tetom |l ast type B crystal nelted around
175C, and it[@&stlchanged

(8) Melting point measurement (corrected)

10 For the measurement of the melting point, the
sample was heated using a heater (product name:
LK6000PM; manufactured by Japan High Tech Co., Ltd.)
under the condition of a temperature-rising rate of
5°C/min, and the melting state was then observed using a

15 VH-7000C microscope manufactured by Keyence
Corporation.

[0125]
Reference example 1
Production of anhydrous tetomilast type B crystal

20 An anhydrous tetomilast type B Crystal was
produced by the methods described in (1) to (3) below.
[0126]

(1) An anhydrous tetomilast type B crystal
was obtained by the method described in Journal of

25 Medicinal Chemistry, 1995, 38, pp. 353-358. That is to
say, an anhydrous tetomilast type B crystal was
obtained by the following method.

[0127]



20 to a needle crystal. Thereafter, the above crystal conpletely nelted
(deconposed) at a tenperature between 187C and 190C.

anhydr ouswbevemiibast type B 25 crystal was subjected toPCT/IP2007/055931

[ [ [ [ it was found
thernogravimetry/differential thermal_ analysis. As a result, i
t hat t%e sane endot hernic peaks as thode shown in Fig. 5 were observed.

2007/119496PCT/JP200719§§§§1 53852}58%5%??32 wder X-ray diffraction

spectrum of the obtaine

anhydr “type B crystal was

[ 01291 The obt ai ned

)

d. As j : d,that the sane 5 spectrum as that shown
B o 6 vasohbeetvRne by BRI R Ry P B e Srbiniihed 0"
i ctyst e , W
?Rgd[ ﬁgsohfg?r@e%ﬁ%ﬂ%f%@ 11(:)% e?%%%sﬁ@%%l% cf@%@ﬂl)ha‘ﬂe%@f gni fi cant

infrared absgagélionobanglsnat 8298.1,3090,
1045, 762, and 706 cm1 in the IR

1132,

5

10

15

20

25

then stirred for 4 hours under heating to reflux. A
majority of solvent was eliminated from the obtained
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
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 sulfate. The obtained
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
Lo a needle crystal. Thereafter, the aboVe crYstal
completely melted (decomposed) at a temperature between
187°C and 190°C.

[0129]

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

observed.

T GG Yaonsa)



15(2) 5 g of an anhydrous tetom|ast type A crystal obtained by the nmethod
of Exanple 1 as described [ater was dissolved in 400 nl of isopropanol

whil e stiwoizogyusder heating to reflux. The obtained solpatriyemowassogiool ed to
approxi mately 30C over about 1 20 hour, and it was then further cooled at
10C or lower for 1 hour, so as to obt §§5n the precipitated crystal by
filtration. ‘E’Q§ gbove precipitated crystal was dried at 50C for 3 hours, so
as to obtain % 8 of an anhydrous tetom |l ast type B crystal in the form of

a 25 while needle crys ' 929 . 33], A part of the obtained
anhydrous tetomnil ast t%}gée Eéié/v%:(%]gt}élr Iqlgefgtl%?%iﬁﬂipli@%rﬁh 9% ft}[bf‘? cPﬁgged
WO 2007/ 119496PC 2 edl e crys ) erea ,

above crystal c%%%gt%%3 mai tetljt é%:%n%o@gcéspeatézé‘yﬁy@%ﬁ‘ér &A% e bet ween 187C

and 190C. [ Ods4dundde ol ai rkeég@@ydirtoqqsaﬁt efi(ﬂmd %I%tatt Xﬁz%sgggnreystal was

subj ected to thernogravimetry/di ff'er enti a ermal” "ana As a result,
it was fosndspdatras sOowut Biduh & ERAOYGIE GHRegks wer e observed

around 177C and 188C. 10[ 0135]
[0131]
The IR(KBr) spectrum of the obtained
anhydrous tetémilast type B crystal was measured. As a
result, it was found that the obtained anhydrous

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

[0132]

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

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

25 while needle crystal (yield: 92%).

[0133] |
A part of the obtained anhydrous tetomilast

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



The powder X-ray diffraction spectrumof the obtained anhydrous tetom | ast
type B crystal was neasured. As a result, it was found that as shown in
Fig. G tweabmuenerystal had characteristic peaks at 2@ctAr200%0s59318. 1,
11.9, 16.1, and 24.2. [0136] The IR(KBr) spectrum of the obtained anhydrous
tetom | ast type B crystal was neasured® As a result, it was found that the

i 1 d significant infrared
bsor pt i on bande. Areqb8ectReD 1 AFF 1 e A CEXA11132, | 1045,

j ’ spectrum thereof. [0137] 25(3) 10 g of an
;gﬁild?ggs7?2%%@*%%?1%?%%1%(&s&i/e}s(foa POBtHI fed Dyt FIRE TR b@ftWB?é‘rrp_ le 1 as
‘described | ageic wagy diggsel ved in 400 ml of ethyl acetate while stirring
under heating to reflux. The WD 2007/ 119496PCT/JP20071055931 57 obt ai ned

. ; i t hen
sol ution was;gppipd to approxi mately 30C over about 1 hour, and it was
further cool%d atPIOC or lower for 1 hour, so as to obtain the precipitated

crystal by filtration riheabave PHRIALE SISl S yas dried at 50C

for 3 hours, so as to obtain 9.3 g of "an anhydrous teto type B

crystal in tdwydtormefs asudide deed enerydialavivie 4/ 93% H0138] A part
of the obtained anhydrous tetom | ast
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]

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

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

[0137]

25 (3) 10 g of an anhydrous tetomilast type A

crystal obtained by the method of Example 1 as

‘described later was dissolved in 400 ml of ethyl

acetate while stirring under heating to reflux. The



10 type B crystal nelted around 175C, and it was changed to a needle
crystal. Thereafter, the above crystal conpletely nmelted (deconposed) at a
t enper at uwe 2oetme@s 187C and 190C. [0139] 15The obt ai nedcanhydrossst
tetomlast type B crystal was subjected to thernogravinmetry/differential

t hermal anal ysi s As a result, it was®found that the same endot herm c peaks

t hose sho were observ [01401 he powder
?(—Sray di ffracti on és:pec?]‘rifljif‘r%ct))li‘l 3 %Ooejeﬁ%ﬁ:d’ f\ﬂﬂfd%wtt%ltyorﬁq Qstﬁﬂype B

crystal was gjg@,;yrfdho@? g%rti&:syét aézgih[v\e%i L%? that t he sarre sgg&gg; utmhgs

that shown in Fig.” 6 was' observe

aresult, it
obt af ned anhdigused o as! {ybe B oiystal Sﬂ%ﬁﬁasure % ystal had

was found that the obtaine

f t an 8 1744, 159 1474,
T:%?lgl Ilggg %%%@P%Aﬁg@%g}d%n%drpmg%gﬁiaf%%% l‘phe%%%l(t@re)d § é’ét%fé&m t her eof .

5[0142] Exanple drR¥@duction ebranhydreds ket 9mi Last,Lype é\§ré’séf' An

anhydrous tetoni |l ast type A crystal was
an anhydrous tetomilast type B crystal in the form of 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 190°C.

[0139]

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

20 [0140]

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

25 [0141]

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

result, it was found that the obtained anhydrous



produced by the nethods described in (1) to (7) below 10[0143]

(1) 5 g of the anhydrous tetom | ast type B crystal obtained in Reference
exanmpl e WwO3pomassedi ssol ved in a solution consisting of pt4Qpmlo7/0fs9zcCet one
and 35 m of water, while stirring under heating to 15 reflux. The obtai ned
sol uti on was cool ed to 40C over about 800 minutes (at this point, an
anhydrous te 1]l ast _type A ¢rysta S precipitated), and it was then
further coolég%%%liﬁfﬁoEyPS r¥r¥3L5£a@%go%}%th%%%n réefprreded crystal by
filtration. 2 r,eci pi d t s dried at_60C for 18
hours, so asgpgogg?ggﬁ gégda %E gﬁgghh§@§§ugi¥¥?bnf$%%t 1per ALl#stal in
the formof a,uhil | u C tal (i d:.BOW%b 0144] 25The obt ai ned
anhydr ous tetoﬁ?(ag%ggypgagﬁérzé ala%%lvﬁé‘?ﬁecé BgﬁdeaﬁKﬁrfenperature
bet ween 187Cspad: 189G nEPd4p] WO 2007/ 119496PCT/ JP20071055931 59

The obt ai ned anhydrous tetom | ast type A crystal was subjected to

t her nogragi mepryggi fferential thermal analysis. As a result, it was found
that as shown in Fig. 3, an endotherm c peak was observed 5 around 188C.

[ 0146] Example 1
Production of anhydrous tetomilast type A crystal

An anhydrous tetomilast type A crystal was

produced by the methods described in (1) to (7) below.
10 [0143]

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

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

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

[0144]

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

[0145]



The powder X-ray diffraction spectrum of the obtai ned anhydrous tetom | ast
type A crystal was neasured. As a result, it was found that as shown in 10
Fig. 4, tweabmueser ystal had characteristic peaks at 2@cEJbfo055943. 1,
18.4, 21.9, and 25.8. [0147] The I R(KBr) spectrum of the obtained anhydrous
tetom | ast type A crystal was neasured? As a 15 result, it was found that

t he obt ai ned anhydrous tom last .type A crystal had significant infrared
absor ption bands  at 33“6%? %’%ﬁ?ni@h : &%@%‘%gl‘i%?mﬁlﬁﬁat, yoEl A 1132, 1045,
758, and 704.apsl in,the ; ectrumt hereof,. 20[.0148] (2) 5 g of the
anhydr ous tetcogisl gstwtgpse&%é(grgéaétg(ﬁ %E?%?%Ylﬁn%& teyeptiad descri bed
later was di sgelysd LR APO; & of ehgpg! ide stiryin der heating to
refl ux. The obtained s%?ﬁgtjfon Was g(i:oo edl% J2?5Vg‘lapsprf(’)ox ;{315& 3%C over about
1 hour, and khowAsithenyfusther Soebemdal; ol ok hour, so as to
obtain the precipi tatgglgcr ystal by fi trajtﬁlg)%aq#ﬁg%\gg%vseer&e&i pitated
crystal was droeddats®QC for 3 WD 2007/ 119496PCT/ JP20071055931 60 hours,
so as to obtain 4.3 g of an anhydrous tetom last type A crystal in the form
of a while co0id@dnr crystal (yield:86%. The Melting point of

t he obtai ned anhydrous 5 tetom |l ast type A crystal was between 188C and
190C (deconposition). The powder X-ray diffraction spectrum of the

obtained anhydrous tetomilast type A crystal was
measured. As a result, it was found that as shown in

10 Fig. 4, the above crystal had characteristic peaks at 20
= 10.5° 13.1° 18.4°, 21.9° and 25.8°.
[0147]

The IR(KBr) spectrum of the obtained

anhydrous tetomilast type A crystal was measured. As a
15 result, it was found that the obtained anhydrous
tetomilast type A crystal had significant infrared
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,
1271, 1132, 1045, 758, and 704 cm™ in the IR (KBr)
spectrum thereof.
20 [0148]

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

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

above precipitated crystal was dried at 50°C for 3



[ 0149] The obt ai ned anhydrous tetom | ast type A crystal was
subjected to thernogravinetry/differential 10 thermal analysis. As a

result, iwowas/fisdsad that the sane endot herm c peak as Phatpshowssosin Fig. 3
was observed. [01501 The powder X-ray diffraction spectrum
of the 15 obtai ned anhydrous tet omi | adp type A crystal was neasured. As a

result, it und -t hat . th pgctrumas that shown in Fig. 4 was
obser ved. [gﬁél gThg°|E?KE§)82§§c r%h?o? ?ﬂga%b? YEPBY L bt
tetom | ast typgeAnC S : aresult.. it was found that the
obt ai ned anhygggué Fg§%g%%2§§ ?@%eﬁéf@raéﬁafﬂﬁb YR Y HE+ar ed
absorption bapdsiat 3gQ%) 3084, 1746, 1593/ 1474, 1348, 1271, 1132, 1045,

758, and 704 cm1l in the IR (KBr) 25 spectrumthereof. [0152] WO
2007/ 119496PCT/ JP2007 19559341 ©i, fﬁ@sgéwgggdbﬁgg%ég éHh etone while

stirring under heating to reflux. The obtai ned solution wa cooted to

appr oxi mabel ye80Gi dyet apoaita lohpital afk ide st heyyobuLhRer ogool ed at 10C
or lower for 1 hour, so as to 5 obtain the precipitated crystal by

filtration. THecaboveipiec) pitated 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 form of

a while col uh$a¢9trystal

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

crystal obtained in Example 1 (6) as described later



. . . |
ield:83%. 10[0153] The obtai ned anhydrous tetom | ast type A crysta
%I ted (de/?:orrpo[sed) at a tenperature between 188C and 190C. [0154] 15The

obt ai ned wohyavaueet et omi | ast type A crystal was subj ectred/sPmo07/055931
thernogravimetry/differential thernal analysis. As a result, it was found
t hat the sanme endot hermc peak as thaflshown in Fig. 3 was observed. 20

f th bt ai ned anhydr ous
'Eg'}i?nll ;2? F@%g crys igl b rme{&] eé‘:(%#%l?oé@lﬂfe Oﬁﬁl%élgf 1 Eat t he
Fig..4 observed. 25[Q156] The
PROKEN) spemteniy oo LPEhary Lol e d o hian | HpeR SR Sl v
d As d he obtain r ous
'Erg'?zlrjnr Fast t?/peng)%%:%%%?%}? %@? glgél’%l %ggltﬁt r1i E‘P%rean bdbr %?o?n DBAnds at
3306, 3084, #AbhedSO1dd 4 13%8or lower for 1 hour, so as to

5 obtain the precipitated crystal by filtration. The
above precipitated crystal was dried at 50°C for 3
hours, so as to obtain 8.3 g of an anhydrous tetomilast
type A crystal in the form of a while columnar crystal
(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
thermal analysis. As a result, it was found that the
same endothermic peak as that shown in Fig. 3 was
observed.

20 [0155]

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

25 [0156]

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

result, it was found that the obtained anhydrous



1271, 1132, 1045, 758, and 704 cm1 in the IR (KBr) spectrumthereof.
5[0157] (4) 10 g of the anhydrous tetom |l ast type A crystal obtained in
Exanpl e wbO@pomaogdescri bed | ater was dissolved in a sol eCramoons9st i ng of
320 Ml of acetone and 80 ml of water, while stirring under 10 heating to
reflux. The obtained solution was cool68d in a stepw se manner, to 30C over

about 3 hourg v lyisttgen copoled to 20C over 1 hour, and it was then
further cool 893 BE-oVEPCO’ SCﬁ%%J?%l 199 bheanh imeraredi pit at ed

crystal by f The above pr it stal was dried at 50C
for 3 hours, %gggéjc? BoBedtn 8t 3%5,%7 gcﬁé‘g'nh%‘fgusl oM 4t 1340 A
crystal in the-for a | e | ummar ystal yiel d: 83 [ 0158] 20The
obt ai ned anhygréhsﬂ%g%omlg\@asst ¥§é) Cgr7y(g ar™ mafL%‘ !Bﬁ dEBor%/%Eéd) at a
tenperature Qgg(\ygﬁrllmlgg&gégg 1890 [ 0159] The obt ai ned anhydrous tetom | ast
type A 25 crystal was subjecied to thernogravimetry/differential thernal

anal ysis. sAsjaisgpult, it was found that the sanme endothermi c peak as that
shown in Fig. 3 was observed. WD 2007/119496PCT/ JP20071055931 63

(4) 10 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) as described later
was dissolved in a solution consisting of 320 ml of
acetone and 80 ml of water, while stirring under

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

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

[0158]

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

[0159]

The obtained anhydrous tetomilast type A

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

observed.



[0160] The powder X-ray diffraction spectrum of the obtained anhydrous
tetom | ast type A crystal was nmeasured. As a result, it was found that
t he sane wopertipdsen as t hat shown in Fig. 4 was observeadcT{i8dd1hssdkhe

| RCKBr) spectrum of the obtained anhydrous tetom l'ast type A crystal was
nmeasured. As a result, it was found tRdt the obtained anhydrous 10

tetom | ast t{@g éﬁ\] crystal had significant infrared absorption bands at
3306, 3084, % 1593, 1474, 1348, 1271, 1132, 1045, 758, and 704 cnil in

the IR (KBr) spectrum r 62 (1§.( 5 of the anhydrous tetom | ast
type A ?:r%/_st al obtai ?eﬁgﬁ%%i%ﬁ Jﬁl‘—’}f’(’ l%atfé%t?rldi 3bsé?fo qtd-'tué‘}’ %fh(rﬁ saﬁ: ?/gd
in a solutiogyeonsisti et.one an of water,
stirring under heati ngﬂ?% roelﬁsux. anﬁielagso AHEd S5 STTHT G WeS cool ed to 20

appr 0xi Mt el e JAC-GYET POt et 1 e e Wi Tt hep cool ed at 10C

or lower for 1 hour, so as to obtain the precipitated Cr by

filtratiob. Jhectahovepracivpidahed Gf wstal Mmas dri 0C for 3 hours, so
as to obtain 4.2 g of an anhydrous tet otr%al ast ZSS&tb%%e OI(S:'rystal in the form

of a while cpbigijar crystal (yield:84% . [0163] The obtai ned anhydrous
tetom | ast type A 64
The IR(KBr) spectrum of the obtained

anhydrous tetomilast type A crystal was measured. As a
result,‘it was found that the obtained anhydrous

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

[0162]

15 (5) 5 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) as described later
was dissolved in a solution consisting of 450 ml of
acetone and 300 ml of water, while stirring under
heating to reflux. The obtained solution was cooled to

20 approximately 30°C over about 1 héur, 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 4.2 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



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

The obtai ned anhydrous tetom | ast type A 5 crystal was subjected to

t her mogr avoredwyddsf f erential thermal analysis. As a resuglrtupdot/ossast f ound

that the sanme endotherm c peak as that shown in Fig. 3 was observed. [0165]

X-ray diffraction spectr@h of the obtained anhydrous
tot o Poute! d : a result, it was found that the

ilast t r measur ed.
;:?rgmspgcs:tru%qe gé?ﬁa%(géﬁé%%?%cw%?sﬁgﬁd%s%aif‘brl%dieqw | R( KBr)OI
ectrum of o | opnhydrous tetom | ast type A crystal was measured.
,SAE a result,&?tg (32% ggjﬁbdat'hat t he obtai ned anhydrous tetom | ast type A
crystal had spggificant infrared absorption bands at 3306, 3084, 1746,
1593, 1474, 1348, 20 1271, 1132, 1045, 758, and 704 cm1l in the IR (KBr)

ctrumthereof. [016fje o : . f | 3-axo- 3-(6-
spe [016Wie obtained an%&?o{ﬁsé&é%t\%g&la%@%gaes

met hoxycar hony1- 2- pyri dyl ) propi onate Ina ution

consi sting ofrg2tal wis viaieTedndy 4l Hﬂeﬁioﬁa%h&%g/%?ff%%ql%ﬁ obt ai ned

solution was then cooled to a tenperature between ereafter, a
sol ution obtahaeds byarth sl N 3% Gnf, WR 20Q7/:L19406PCYH 1R20071055931

same endothermic peak as that shown in Fig. 3 was
cbserved.
[0165]

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

[0166]

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

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

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

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

Thereafter, a solution obtained by dissolving 35.6 g of



65 sulfuryl chloride in 83 m of ethyl acetate was added dropwi se to the
above cool ed sol ution over approximately 30 m nutes, while stirring.

Ther eaf t ewp 20ém11ed6ai ned m xture was stirred at a tenpereruprmodoszesmeen 10C
and 20C for 1 hour. Subsequently, the reaction solution was heated up to
approximately 90C, while the sol vent ®as distilled away fromthe reaction

solution. Th ho ution cont | nuqus heated at a tenperature

bet ween appr%gli?rggghggggja%% Jlrbvqu?fpf%# %C )r/asc%ﬂqee Y&15 rardcmiH)

Thereafter, &P%QP%)% ggd%géxggo§éls ensi D%é%%ni;%ir nci}lvnegFocrystal s) was cool ed
10C, an I

t o approxi mat el It was then s ur, followed by
filtration, $808SxiRa001@iy 4f; of 2-(2-¢chl or.oacetﬁ;lfz - 6-pyridi ne
carboxylic 1 aciﬁ iarll thy;l for n%r(%?c%se’l Iwokglv-Jber osvc\cmlrc Jﬁjsgt'al atﬁ'/tr‘?d:'poi nt:

184C t0 189G:h®usht¥ind8%1:6- 9 Nyad QLG 20 g of
2- (2-chl oroacetyl)-6-pyridi ne car baoxyl I ?Jraecc} tar'lad tf?.p rg?g: ©

3, 4- di et hoxybdi wbeanzariclend0 20et ef gl Ssohyed i ng l,on, cansisting O 100
m of water and 200 m of di nethoxyethane. The %%%f%ge%% ution was heated

to reflux fare@ctioon ssothitiorstidy iNtgitcandd ke K i hut ig@R~Was then
cooled to 5C or lower, so as to obtain a ;?tel I ow%%rgg\i{n%&;??%%%i@agé 25 by
filtration. wile3he solvent wasSuliseduerid wwalherahovaepPregai-piilat ed
crystal was dissolved in a solution forned by dissolving 6.18 g WO
2007/ 119496 PO/ WHX007 1 08893266 ioh potlassionmwhydroxicdaubas3y2 M of water.
The obt ai ned solution was extracted with ethyl acetate twice (186 ml x 2).
Thereafter, k?ad:ecﬁ Hctd ARG realEen brgvegddedptroxtihetsépapat@danat er | ayer,
ion was then stirred at approximately 30C for 30

ﬁinﬁut 25 I%Tﬁgiogjsate PEO%EEOHEFW%’EJ@% st polnewms Teemseltdy, fiherati on, and
_ : ’ ,
372 m of a%ﬁﬁ%ﬂﬁm&ﬁ%ﬁ%%dzs%spension (containing crystals) was
cooled to approximately 10°C, and it was then stirred
for 1 hour, followed by filtration, so as to obtain
27.99 g of 2-(2-chloroacetyl)-6-pyridine carboxylic
15 acid in the form of yellow-brown crystals (melting
point: 184°C to 189°C; purity: 98% to 99%) .
[0168]
20 g of 2—(2—chloroacetyl)—6—pyridine
carboxylic acid and 22.6 g of 3,4-diethoxythiobenzamide
20 were dissolved in a solution consisting of 100 ml of
water and 200 ml of dimethoxyethane. The obtained
solution was heated to reflux for 2 hours while
stirring, and the reaction solution was then cooled to
5°C or lower, so as to obtain a yellow-brown precipitate
25 by filtration.

[0169]

Subsequently, the above precipitated crystal

was dissolved in a solution formed by dissolving 6.18 g



of concentrated hydrochloric acid were then added to the obtained filtrate,
So as to obtain a suspension (a 10 m xture consisting of a tetom | ast
hydrat e cwpv@114d an anhydrous tetom | ast type B crystalryprdomosmosier to
transfer the m xture consisting of a tetom | ast hydrate crystal and an
anhydrous tetom | ast type B crystal t §an anhydrous tetom | ast type A

tal, th b . | h d. at _60C f 30 mnutes, and it
wes then cooPLabbEeF Sbitt BAEPATtr oin ob hat P BHHET o BBt Al by
filtration, ! hyd tetom |l ast t A crude crystal
(34.82 g et St ares P ot B8 G e LR Fy AR di ssol ved i n
a solution cepsistingg 12;32;11 ofh%?e%@@%erlrg dcﬁifqﬁi&%‘lﬁ\!ﬁteg aby heating at

60C without drying it, Tollowed by ra te.
Subsequent | yeatbsn ohiai §8g=fidd r in,_and dissqlution of 25
e Pt T e Y Bl e d0%a o 500

the crystal was then confirnmed. Thereafter,

79 my of Bn aphyciousss BLOMA akds Lt A crisI Rl s, Addada3.13 shed orysta

to the cooled filtrate, and the obtained m xture

2007/ 119496PEAY JR20ATANEEO3L Bretdient st iR Alr & LemPeaiidne et ween 42C
and 50C (internal tenperature) for 2 hours. Thereafter, the obtained

sol ution wasreuored by 200 overorpRraxidva elly o20 d¥didRs anand 1i.b was then
stirred at a tenperature 5 between 19C and 25C for 2 hours. Thereafter, the
sol uti on wasCkoetrekEnio B berd 3 fianite sciandiere Wasnt Bedest kered at a

t enperature between 4C and 5C for 2 hours, so as to obtain the precipitated
crystal by fi1e retiaedriel Hyate prscias ttat edbterystalsusasndibed (20 at 80C

over ni ghf SO. as to obtain '7'25)59 of an
0 mixture consisting of a tetomilast hydrate crystal and

an anhydrous tetomilast type B crystal). 1In 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
tﬁen cooled to room temperature, so as to obtain a
crystal by filtration, thereby obtaining an anhydrous
tetomilast type A crude crystal (34.82 g; wet state).
[0170]

20 8.67 g of the crude crystal waé dissolved in
a solution consisting of 213 ml of acetone and 53 ml of
water by heating at 60°C without drying it, followed by
filtration during a hot state. Subsequently, the
obtained filtrate was heated again, and dissolution of

25 the crystal was then confirmed. Thereafter, the
filtrate was cooled to 50°C. 79 mg of an anhydrous
tetomilast type A crystal was added as a seed crystal

to the cooled filtrate, and the obtained mixture was



anhydrous tetonilast type A crystal (whose yield was 78.4% when

6-chl oroacetyl-2-pyridine carboxylic acid was used as a reference). The ;

HPLC pur iwy 2067/tib@sobt ai ned anhydrous tetom | ast type Apcrystmb/ossast 99. 9%
15 [0171] A part of the obtained anhydrous tetom | ast type A

crystal nelted around 175C, and it wa§7changed to a needle crystal.

Th fter, ve crystal .conpl etel | ted (deg)orrposed)oat a

te(ranr):?at 3;e %kg V\/ea%én)l%beciffc %ntaenég?@mt‘{%l%te"ie;d 4t20C andTRB°®bt ai ned
hydrous te i ty, ( al - wa _ _

?Re)r/rmgr avi rréﬁ%%%lf ere é!%éiccr‘%%:(r rFe(ﬂrt %23’10383%55'. %“eﬁera@fr\t;é;lhfb%\gfvggund

that the 25 SHE ; . .

[0?73] '?'he pomderr?é)z(i-jgaé}q{ﬂo%rg%tl é:?l)%éﬁecitfjum%\gg PHET %@Pr?’rlmatf y .

2007/ 119496 PQT/mhiPRAQEL 09598 1it6§,asottth@nn%qi?Ongxnidd%t%E%ttt[eetﬁlg)ggg st _type

r
crystal was neasured. As a result, 1t was Spectrum as

that shoun isethicn 49%saplsersediof Ol Hlusalhe LRUKRI). speqhium of the
obt ai ned anhydrous tetonilast type A crystal was mneasured. a result, i

was found t hatlutierobizai et 1ashyd ces seE0NBE astntype AighYySst al,had
significant infrared absorption bands at 3306, 3084, 17412, %gé 1474,

1348, 10 12%henlE32rrdd45t 258 cmprdatQ4ecchblwikBnt Bec | R4 KB Spest rum
t hereof. [0175] _ o
hours, so as to obtain the precipitated crystal by
filtration. The above precipitated crystal was dried
10 at 80°C overnight, so as to obtain 7.25 g of an
anhydrous tétomilast type A crystal (whose yield was
78.4% when 6-chloroacetyl-2-pyridine carboxylic acid
was used as a reference). The HPLC purity of the
obtained anhydrous tetomilast type A crystal was 99.9%.
15 [0171]

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

20 187°C and 190°C.
[0172]

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

25 same endothermic peak as that shown in Fig. 3 was
observed.

[0173]

The powder X-ray diffraction spectrum of the



The obtai ned anhydrous tetom |l ast type A crystal was crushed with an

atom zer, so as to obtain 15 powders having a nean particle size of 30.4 gm
and a 90%vounul@abisse particle size of 57 gm [0176] (7) r82uBthogoszhst he
tetom | ast hydrate crude crystal obtained in Exanple 5 (2) as descri bed
later 20 was dissolved in a solution €8nsisting of 197 m of purified water

and 793 m o e eat i at_approxi mately 60C, followed by
filtration d%??%@%&]haorﬁy% ate %ﬁ%&f@rﬁ I5YP] He Gsfidded ™S | trate was
heat ed again, gg% { SS t] f-.the cryst wa hen 25 confi rned.
Thereafter, the ﬁgt'r a?lésuv\%aggcsglo t%d o “%Caflﬁ@'ﬁisﬁé?a&f ¢ SFFdr ous

tetom | ast type-A-af st alp H'aoqge tq..the cooled.filtrate, and the
obt ai ned mi xtEEér\Ce was t hen a\é{"t’aissrre gln %&@'f St "2 ORS8 VBhereafter, the WO

2007/ 119496PH 1420071055931 69 obtai ned sol ution was cooled to 20C over
about 1 hour, and it was then stirred at a tenperature between 20C and 24C

for 2 houss. Thereaftamne tirere!)utdRRWRs 6e0ked to%t%gn%}ﬁer about 2 hours,

and it was then 5 stirred at a tenperature between - and 5C for 2 hours,
so as to obtaitydrvasprreciopiiliatsed teipshal ¥ thinl that eas Fhe abgye,

precipitated crystal was dried at 80C for 4 hours, so as to obtain 24.11 g
of an anhydrmmsmilttet drri wast fioypel Ahetyshal obt8i8E47hnhydrous The
obt ai ned anhydrous tetonmi | ast type A crystal was subjected to
t her nogr avi rettopidiefteitamei & criyetmdl hadakyshsfilana fesuhiedit was found
that the sanme endotherm c peak as that shown in Fig. 3 was
absorption bands at 3306, 3084, 1746, 1593, 1474, 1348,
10 1271, 1132, 1045, 758, and 704 cm™* in the TR (KBr)
spectrum thereof.
[0175]
The obtained anhydrous tetomilast type A
crystal was crushed with an atomizer, so as to cbtain
15 powders having a mean particle size of 30.4 pm and a
90% cumulative particle size of 57 um.
[0176]
(7) 32.36 g of the tetomilast hydrate crude
crystal obtained in Example 5 (2) as described later
20 was dissolved in a solution consisting of 197 ml of
purified water and 793 ml of acetone by heating at
approximately 60°C, followed by filtration‘during a hot
state. Subsequently, the obtained filtrate was heated
again, and dissolution 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



15 observed. [0178] The powder X-ray diffraction spectrum of
the obtained anhydrous tetom | ast type A crystal was nmeasured. As a result,
it was fowododdabssshe sanme 20 spectrum as that shown i nPErgP20470&931
observed. [0179] The I R(KBr) spectrum of the obtained anhydrous

tetom | ast type A crystal was neasuredd As a resElé, it W?_s fo;mpl ]Ehat Ejhe
i . tomlast type A crys ad significant infrare
ggtsglr B? idoﬁnBégggyg‘?ag%ﬁ?gg%%ivfa17%‘2‘?1%%9%%/ é‘itjﬁ,o‘ffﬂ@, opt7d hpug, 1045,
704 i [ ectrumthereof. WO .
5887/ i28496P%§' J%’EO@%%B@%%@%%%%@E@E aEx%?'RﬁeerathﬁeodTF&"i’%ﬁtP ot0 §n2y2;325a|
tetom |l ast t I ft rous . tetaom.l as pe :
obt ai ned in %(qgn%?‘e\dxjﬁt 6)2 %aoglr i'sstgl%\?%%%%%egootme gplﬁg‘rlﬁ&néﬂa,s whi l e

tirring und t4 f h i.ne ol:ut {.Qn s cooled to
prr oxXi ?rat el ségg%@o%g%dgggﬁt%rlwﬁ)g&}, %aglghl@ts’wgg@t ﬁgnkﬂgﬁrt &f cool ed at 10C

or lower forsdihesd,atSG aSedge Qtatd Hé’iﬁﬂﬁ]&wgfle I g age&l‘r’g@(% al’ by

filtration. The above precipitated crysta s dried at f'or 3 hours, so

as to obtai nhQuBsg of & ENREA0US Rl PHdagi dateel C5/shal,j n the form of
a while platy crystal (yield: 76% . 15[0181]
filtration. The above precipitated crystal was dried

at 80°C for 4 hours, so as to obtain 24.11 g of an
anhydrous tetomilast type A crystal.
10 [0177]

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

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

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

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

spectrum thereof.



A needl e crystal was generated fromthe crystal surface of the obtained
anhydrous tetom |l ast type C crystal at 184C, and the above crystal nelted
(deconposwoRo@tiisgobenper at ure bet ween 187C and 190C. 20Ppr@8Rb7/055931

The obt ai ned anhydrous tetom | ast typg C crystal was subjected to
thernogravimetry/differential thernal Snal ysis. As a result, it was found
that as showpphgokig. 7, endotherm c peaks were observed around 25 184C and
around 189C. [018 1 The powder X-ray diffraction spectrum of

t he obt ai nedEﬁgﬁgggogs tetom | ast type C crystal was WO
2007/ 119496PCT/ JP20071055931 71 neasured. As a result, it was found t hat as

shown in Fi gpr8dutheoabeyeach Z%@Eah Wq&%({ at 20 = 4.2,
8.2, 12.00, 16.4, 24.7, and . 10184 e | secrumof the

obt ai ned anhydr ous tet@r@l@ﬁttﬁg%b@ﬁaﬁg A e aS MRS YT A&% aresult, it
was found that the obtained anhydrous tetomlast type crystal had

si gni ficabt tnfsasbdoabsDigd iin mandsi atl 3@D0,va3088,5sbA4Aq 15931476,
1346, 10 1267, 1132, 1045, 754, and 704 cm1 in the IR (KBr) spectrum

t her eof . [0385]of methanol while stirring under heating to reflux.
The obtained solution was cooled to .approximately 30°C
over about 1 hour, and it was then further cooled at
10°C or lower for 1 hour, so as to obtain the

10 precipitated crystal by filtration. The above
precipitated crystal was dried at 50°C for 3 hours, so
as to obtain 3.8 g of an anhydrous tetomilast type C
crystal in the form of a while platy crystal (yield:
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 around 189°C.
[0183]
The powder X-ray diffraction spectrum of the

obtained anhydrous tetomilast type C crystal was



Exanpl e 3 Production of tetomi|ast acetonitrile solvate crystal 155 g of
the anhydrous tetom |ast type A crystal obtained in Exanple 1 (6) was

di ssol vedworoe®Qosvk of acetonitrile, while stirring undectheamingeso ref

| ux. The obtained solution was cool ed_to approxi mately 30C over about 1
hour, and it was then 20 further cool &4 at 10C or |ower for 1 hour, SO as

| f||tr t|o The aboye precipitated
E:?yg?;ial ) tf}%ﬁ%ﬁé&l t?(‘,éef orf%ﬁ%lgcms f mtifthéltn? £ ; wo lélsz e]t omi | ast
i I of _a i pl a
?;C/ietelogl t(r:]lua%;li at VESI% y%5186ﬁ dh};esr]%bt al netgfhtaéa&#'lelralﬁ%l&cé’te ?fﬁ St A gf%sol vat e

crystal becamy cglogudedoat1906: and sohe ve cr lgo 72 nelted .
(d)e/conposed) at a tenperature ‘bet vweeh ?[37 ancflC}l/%%9 [[0187] The obt ai ned

tetom | ast auetgmitrile solvate 5 crystal was subjected to _
t hermogravimetry/differential thermal analysis. As a result, it was found

that as shown in Fig. 1he erdaBigr Bhecpeaks cWekg 0B \{ggdaround 91C, around
176C, and around 189C. [01881 10The powder X-ray g ?%r action spectrum of

t he 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 3300, 3088, 1744, 1593, 1476, 1346,

10 1267, 1132, 1045, 754, and 704 cm™ in the IR (KBr)
spectrum thereof.
[0185]
Example 3
Production of tetomilast acetonitrile solvate crystal
15 5 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) was dissolved in 400
ml of acetonitrile, while stirring under heating to
reflux. The obtained solution was cooled to
approximately 30°C over about 1 hour, and it was then
20 further cooled at 10°C or lower for 1 hqur, 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 solvafe 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



obtained tetom | ast acetonitrile solvate crystal was neasured. As a result,
it was found that as shown in Fig. 10, the above crystal had characteristic
peaks at WO 20731164967. 10, 10.6, 14.2, and 24.8. 15[ 0189] pThariie(/sBo}1
spectrum of the obtained tetom | ast aﬁgtonltrlle solvate crystal was

neasured. As a result, it was found th&t the obtained tetonilast_
infrared 20 absorption bands

itrile t d_significant X
at eéggbf 3091(51,@%%@9??%{3@#%65 o%%)ig FReravyse Rogeen s/ °C198d, 1132,
1045, 752, apdpaP4 cm 1l in the IR (KBr) spectrumthereof. [0190] The NWMR
(DMBO-dO0 spectrum of the obtained 25 tetom | ast acetonitrile solvate
crystal was ppagwied. As a result, it was found that a methyl group peak of
acetonitrile was observed at 32.1 ppm [0191] 73 Exanple 4 Production of

m xture consisting of my%@yfné@twéﬁfaéﬁ/pfcé;&?ﬁgi le g,%‘iv%’%@’drous

tetom last type B crystal S5A m xture consisting n anhydrous
5 crystal was subjected to thermogravimetry/differential

thermal analysis. As a result, it was found that as
shown in Fig. 9, endothermic peaks were observed around
91°C, around 176°C, and around 189°C.

[0188]

10 The powder X-ray diffraction spectrum of the
obtained tetomilast acetonitrile solvate crystal was
measured. As a result, it was found that as shown in
Fig. 10, the above crystal had characteristic peaks at
20 = 3.6°, 7.1° 10.6°, 14.2°, and 24.8°.

15 [0189]

The IR(KBr) spectrum of the obtained
tetomilast acetonitrile solvate crystal was measured.
As a result, it was found that the obtained tetomilast
acetonitrile solvate crystal had 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]



tetom | ast type A crystal and an anhydrous tetom | ast type B crystal was
produced by the nethod described in (1) or (2) below [0192] 10(1) 10 g of
t he anhydwousomboei | ast type A crystal obtained in Examghrarioo(/63sovas

di ssolved in a solution consisting of 320 m of acetone and 80 ml of water,
while stirring under heating to refluxX3 The obtained sol ution was cool ed to
appr oxi mat el y §H&%vgr 15 about 1 hour, and it was then cooled to 10C over
about 10 m nuteées. Thereafter, the solution was further cooled at 10C or

|l ower for 1 Boyg, s . to obtain the precipitated crystal by filtration.
The above prgc?%}l%g?% %%yrg%}éﬁuﬁ%scﬂ??gﬂtﬁ?gwﬁgﬁ Y& ¥HYUrs, so 20 as to
obtain 8.5 grgfo@; M Xt Sl St of an anhydrous_ tetom|gst type A
crystal and an %n%ydroﬂ%@%ﬁ%%ﬁ%ﬁ?& ygpneég-"@} At (Tﬁtéjml%%d'jyaeg t he
formof a whglgrgetammar crystal (yield: 85%. [0193] 250nly a small part
of the obtained m xture consisting of an anhydrous tetom | ast type A

crystal apd an anhydr qusyiet@rd | astsiwpeB £ V. ]._Egg%] at 178C, and it
was crystallized in the formof a nseedl e d?)V\iD 233%% 923{902%CT/JP20071055931

74 crystal . Toesebld®r,tide A xtydenmeided ( dearmesedh alof 1emper ature
bet ween 188C and 190C. [0194] The obtai ned m xture consi stoi ng aof an 5

anhydrous t ety | Bistristpel Avad stadudst Bn arhy@d s RsilRst itype B
crystal (A:B = 40:60) was subjected to thernogravinetry/differenti al
t hermal anal {5} sor A&)a bredlsantt, it was found that as shown in Fig. 11,
endot herm c Poelagkzs] wer e observed around 175C and around
10 (1) 10 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) was dissolved in a
solution consisting of 320 ml of acetone and 80 ml of
water, while stirring under heating to reflux. The
obtained solution was cooled to approximately 30°C over
15 about 1 hour, and it was then cooléd to 10°C over about
10 minutes. Thereafter, the solution was further
cooled at 10°C or lower for 1 hour, so as to obtain the
precipitated crystal by filtration. The above
precipitated crystal was dried at 50°C for 3 hours, so
20 as to obtain 8.5 g of a mixture consisting of an
anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal (A:B = 40:60) in the form of
a while columnar crystal (yield: 85%).
[0193]
25 Only a small part of the obtained mixture
consisting of an anhydrous tetomilast type A crystal

and an anhydrous tetomilast type B crystal melted at

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



10 189C. [0195] In addition, the powder X-ray diffraction

spectrum of the obtained m xture consisting of an anhydrous tetom | ast type

A crystalwendoansshydrous 15 tetonilast type B crystal pCAuB200748960) was

measured. As a result, it was found that as shown in Fig. 12, the above

m xture had characteristic peaks at 2(74— 4.2, 11.9, 13.2, 16.2, 17.3, 24.3,
reover, the %KBr) spectrum of the

(2)§t gi ngg ?n'xf%uys %%hsi @?Jﬁ%a%?eﬁn Té]ﬂ?lfﬂ%’éﬁ%r? é?%]rﬁefdas d%%@a%ﬁéstils gnd
= was neasu
?gsﬁlrl?ydir;)ug %egog]?llgg&taa#% 4] 1?8%%’5 ajr%%’gf n)?lt ﬁg& ;d significant infrared

absorption bapdg,pt 3298, 3088, 1744, 1593, 1474, 1348, 1269, 1132, 1045,
760, and 704 cml inthe IR (KBr) spectrumthereof. WO

2007/ 119496PCT/ JP20071@5§9§&&7§{1%@]I\?7%%§12Q X9, Ssont\gggofanf}gdr ous tetom | ast

type A crystal obtained in sol ution

consi sting 0oinB¢@r&ihs Ofe@GRl 0N %@% rgv%g quentccﬁ aél }[Mgl stl rring under

heating to reflux. The obtained ution over 30
monutes, so estémiDddnitydde pELdtL ateds & Yskalo )by, 'stufg QR The above

pr eci pltated crystal was dried at 50C for 3 hours, so as t Sbtain 7.8 g of
a mxture consitshempgfavimetry/differential thermal analysis. As
a result, it was found that as shown in Fig. 11,
endothermic peaks were observed around 175°C and around
10 189°C.
[0195]

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

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

20 [0196]

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

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

IR (KBr) spectrum thereof.



10 an anhydrous tetonilast type A crystal and an anhydrous tetonilast type
B crystal y(A: B = 10:90) in the formof while powders (yield: 78%. A part

of the obWei;nevhipiost ure nelted at 176C, and it was crystarlipzedossast he form
of a needle crystal. Thereafter, the pmixture 15 nel ted (deconposed) at a
tenperature between 187C and 190C. [01@8] The obtai ned m xture consisting
of an anhydregsqtetom | ast type A crystal and an anhydrous 20 tetom|ast
type B cryst P ?A. B = 10:90) was subjected to thernogravinetry/differenti al

thermal analysis. As a ses yo | s found . that as shown in Fig. 13,

endot hermi ¢ peaks wer e(%gsgiréle%l (%fr \g%ned ?g@@%ﬁ*f a)ﬁ'ediﬂ;f&%fe?ct@i(zz?ﬂl g of
The powder i f i ; of. t obt ai ne xtur.e

an aﬁhydrou?%g%/%%lég?&%%% lngm%gsr#@e alnd@n "Sith Sc?l?rs?"—teéjtj&tﬁ I“ast type B

v 20071 L1OISOREH 2NN 10 30 Yol s (R el Grdl0hyva3 pasured. s

aresult, it was found that as shown | ove mxtdre had

char act er § stust@eaksnhate 28 7 kD unkie 9 h ek t%7-r%’fl%9c.3’5‘%‘é:2’ 25. 1,
25.9, and 27.3. 5[0200] The I R(KBr) spectrum of the obtained m xture

obtained solution was quenched to 10°C over 30 minutes,
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 7.8 g of a mixture consisting of

10 an anhydrous tetomilast type A crystal and an anhydrous
tetomilast type B crystal (A:B = 10:90) in the form of
while powders (yield: 78%). A part of the obtained
mixture melted at 176°C, and it was crystallized in the
form of a needle crystal. Thereafter, the mixture

15 melted (decomposed) at a temperature between 187°C and
190°C.
[0198]

The obtained mixture consisting of an

anhydrous tetomilast type A crystal and an anhydrous

20 tetomilast type B crystal (A:B = 10:90) was subjected
to thermogravimetry/differential thermal analysis. As
a result, it was found that as shown in Fig. 13,
endothermic peaks were observed around 176°C and around
189°C.

25 [0199]

The powder X-ray diffraction spectrum of the

obtained mixture consisting of an anhydrous tetomilast

type A crystal and an anhydrous tetomilast type B



consisting of an anhydrous tetomnilast type A crystal and an anhydrous
tetomlast type B crystal (A:B = 10:90) was nmeasured. As a result, it was

f ound t havokOothesoebt ai ned mi xture had significant infracedpaisospsi on
bands at 3298, 3090, 1744, 1593, 1474l7 1348, 1269, 1132, 1045, 756, and 706
cifil in the IR (KBr) spectrumthereof’® [0201] 15 Exanple 5 Production of

1 t I A tetom | ast nonohydrate crystal
o e By A B e BLEE) e el OB BSRTEORRS ot
18.7 g of 2-(2schlgrgacgtyl) =6 gl‘ljldl ne.. carppxylic acid an .19
3, 4- di et hoxyt At obenzam g_e me?esxglmésolrl%/edl?'g ?g'soilgﬁ '%@?ﬁwﬁiﬁgwﬁfg ?ﬁenm
SI i \rN?tegr a’?ng%%)?&?hngtgggkgg%b??%%%%%ﬁ& 4{Z]e‘lﬁ)d)u?@ BT’ne i ngd sol ution
was cool ed to75€%, ang, it \Q@s.zbhezfg.s]goilr rzgql_gfapr h r30S0 as to obtain a
yel l owbrown precipitate by filtratién ~The’ a %‘\j/eggr%m pitate was di ssol ved

. . . . 5 78
in a solugiopotoomed by WO 2007/119496PCT/ JP20071055931 77 dissol ving !
g of potassi Bm hydroxide in 348 m of water. The obtained m xture sol ution

was washed with 174 mTioé mmr)ac@@@@wdﬁ.th@%&gﬁ%rd B3t i on

fo/ med by suspending 0.9 g of activated carbon in
consisting of an anhydrous tetomilast type A crystal

and an anhydrous tetomilast type B crystal (A:B =
10:90) was measured. As a result, it was found that

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

[0201]

15 Example 5

Production of tetomilast monohydrate crystal

A tetomilast monohydrate crystal was produced
by the methods described in (1) to (3) below:
[0202]

20 (1) 18.7 g of 2—(2—chloroac¢ty1)—6—pyridine
carboxylic acid and 21.1 g of 3,4-diethoxythiobenzamide
were dissolved in a solution consisting of 94 ml of
water and 187 ml of dimethoxyethane, and the obtained
mixture was then stirred at approximately 80°C (reflux)

25 for 2 hours. The obtained solution was cooled to 5°C,
and it was then stirred for 1 hour, so as to obtain a
yellow-brown precipitate by filtration. The above

precipitate was dissolved in a solution formed by



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

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

m nut es. wbenemfib@s, the activated carbon was renoved bycfrisptaoabssos, and
348 m of acetone was then added to the obtained filtrate. 10 Subsequently,
10.4 g of concentrated hydrochloric aéi’d was added thereto while stirring,

d the obtajned xtur s then stirred for_ 1 hour. Thereafter, the
Spem pi t at eddi‘,ﬁ/%in%]rngvag %I ge‘&fe@PWE’ﬂW MMIERR IR 4Bt afas

% d
suspended i m and e 15 t ined m xture was then stirre
aLta tegperQYEj)rF betgh/gee:?g?% Jpé/ fi Iiit?% Jrrﬁriééabi ai ne}ﬁﬁﬁtt aIt h\i/as

obt ai ned cry

washed with g% %\??%ngc gl%fj Sy 'ar?d S$5YHLOB wat er,

SO as to obtghfdd 129 93 y@t@}g);&ryoﬁadﬁnotyeﬁg st aI [02031

The obtai ned tetom I ast ate

| own in
ther mogr ayi et 1y didd e antd laddierdle ana S gﬁ% SLig,;(g ?3,@?1 er,

Fig. 1, an 25 endothe/ m c peak was observe a

i de peak wamobserumt@leUAdAD3G, (2041 Hhe powler, Xetay di{racton

spectrumof the 78 obtained tetom|ast nonohydrate crys Was “measur ed.
As a resul t betsvesOVBDCN abhidg 312 Fér VBG douikd hatride phove ghystal had

characteristic peaks at 20 = 10.6, 12.9, 21.1, 22.3, and 25.0. 5[ 0205] The
| R(KBr) Speo$$ﬁwnaﬁedfﬂﬁnﬂﬂﬁﬂW&ﬁiremoved 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
precipitatedlcrystal was collected by filtration. This
crystal was suspended in 348 ml of water, and the

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

20 29.53 g of a tetomilast 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 189°C, and further,
a wide peak was observed around 102°C.

[0204]

The powder X-ray diffraction spectrum of the



tetom | ast nonohydrate crystal was neasured. As a result, it was found that
the obtained crystal had significant infrared absorption bands at 3516,
3433, 10 Ww@4By7/14908, 1587, 1472, 1267, 1143, 1040, 758, pemdrrobGoxsods i n t he
IR (KBr) spectrumthereof. [0206] (2) 50 g of the anhydrous
tetonmilast type A crystal obtained in7xanple 1 (6) was dissolved in a 15
sol ution for i | vi, . 33 of potassi um hydroxide in 500 m of
water. This rs%lql??lylg% 3% Ofnil?g?gt 88?8’%}’.61656% ArYdFahcEednBeamaretien added to
t he obtainedbi Ltratgy+Thereafter, .13 -m (1.1, eq) of concentrated

hydrochl ori ¢ ac:ad waslgéldga Fﬁ%t Stwht¥e %O %’fiq%"f‘F ngPhet brodeee

preci pitat ed abvthat ki rous. tetom | ast pe B crystal). The
obt ai ned sol Sti gn vvag Sf{é‘?r}rﬁf’gg gﬁa?%%%’ng EhpeT HTUT &S £ BY % p‘roﬁi' tely 10

m nut es. Aft@Q,gm,rrpjp,tjognzgf.g)bpeaﬁ&i%51(5@{, 2.5 g of the tetom | ast

nonohydrate crystal 25 obtained in the aforenentioned Exanple 5 (1) was
added as 3 sgedosrystal to the resultant, and the obtai ned m xture was
continuously stirred for 2 hours (During such stirring, transfolLmation

progressed via the WIROOTR (#OAP6EKI4IRZOANGRI3 73 sl vent. If the

stirring time was short, a mxture consisting of a tetomlast hydrate
crystal and aatamhyasousoneh pitdastctyyre B iy sied syvasy obta ned. ) The
precipitated crystal was collected by filtration, and 5 the obtai ned
crystal was ¥penlbushendes fourdochdt dfhevatkerairkhe abisidiethad xt ure was
stirred at a tenperature between 20C and 30C for 30 m nutes. Thereafter,
the crystal %Haentbltartt enbyared takadnntiemdandsies t3566 Welissd with 80 ni
of aceto et one content of 50% by volune). The resultant

i 0
was dri eﬂsumﬁ'r(eﬂﬁoc%d ]%C%E'su]r@?al 1126 Tghtl 140 4940 olsttai mrBil 7369 of a

tetom | ast nahydr af e y I 0207] The obtained tetom | ast nonohydrate
crystal 15 \Angnsl s% j?& egﬁt stﬁér%%ﬁ?%%ﬁ%ﬁhw%‘?#ferenti al thermal analysis.

As a result,[éﬂ%}sama endot herm ¢ peak as that shown in Fig. 1 was
obt ai ned.

(2) 50 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) was dissolved in a
15 solution formed by dissolving 8.33 g of potassium
hydroxide in 500 ml of water. This solution was
filtrated, and 500 ml of acetone was then added to the
obtained filtrate. Thereafter, 13 ml (1.1 eq) of
concentrated hydrochloric acid was added thereto while
20 stirring (The product precipitated at that time was an
anhydrous tetomilast type B crystal). The obtained
solution was stirred at room temperature for
approximately 10 minutes. After completion of the
stirring, 2.5 g of the fetomilast monohydrate crystal
25 obtained in the aforementioned Example 5 (1) was added
as a seed crystal to the resultant, and the obtained
mixture was continuously stirred for 2 hours (During

such stirring, transformation progressed via the



[0208] The powder X-ray diffraction spectrumof the 20 obtained tetom | ast
nonohydrate crystal was neasured. As a result, the same Spectrum as that
shown i n Wogoo721wes observed. [0209] The I R(KBr) spectr wargb2doivessobt ai ned
25 teton | ast nonohydrate crystal was_neasured. As a result, it was found
that the obtained crystal had signifiéant infrared absorption bands at

3516, 3433, 70 87, 1472, 1267, 1143, 1040, 758, and 716 80 cm1
inthe IR (K%rzgges%%bt ?qum Fiheersetolflf.rl[r@zl’tdf[fe was Shorft' 3 HLxruze Ig oz(g?e
anhydrous te 1 \ r.yst.al_ qbtai ned in_Reference exanpl e was
5 sﬁspended %%%aiﬁ#nté iogﬁ %otﬁest-‘log%lialr?QS%ofLrly a%‘le §FY5E810RB%AR 50 il of

wat er, and tﬂ%ﬁ%&j&%ﬂgnﬁlﬁsgtsmfé%e%r?/tsltrarl?gi[afOrlg%ggégéi.ggt ﬁh}éegd

S O
m nutes. Theredfter, a tetom rate-crys wa

tal tot ] 2 +=and. the t t ai,n i re was .10 further
gw?rgd a? 0C %%V%%gw@ﬁeﬁcﬂfgt %IOl\%%g:t%gl Fgc?gé%éwwfrﬁpfion! and it
was then 3ir itk abtt0Ged lcrisdll, wa@ 8Behos0BbahA4- 34 908f nd @%tom | ast

hydrate crystal. [0211] 15The noi sture val ue of the obtalne etom | ast
hydrate crystziemas The63WtaThics walktereagaal BBStrEheatr 2
temperature between 20°C and 30°C for 30 minutes.
Thereafter, the crystal 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 monohydrate crystal.
[0207]
The obtained tetomilast monohydrate crystal
15 was subjected to thermogravimetry/differential thermal
analysis. As a result, the same endothermic peak as
that shown in Fig. 1 was obtained.
[0208]
The powder X-ray diffraction spectrum of the
20 obtained tetomilast monohydrate crystal was measured.
As a result, the same spectrum as that shown in Fig. 2
was observed.
[0209]
The IR(KBr) spectrum of the obtained
25 tetomilast monohydrate crystal was measured. As a
result, it was found that the obtained crystal had
significant infrared absorption bands at 3516, 3433,

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



sanme as the theoretical noisture value (4.64% of a tetom | ast nonohydrate
crystal. [0212] 20The above nonohydrate becane .cl ouded around |100C, and
nel ted (deocoppuedy at a tenperature between 188C and 18eCuridd248p3iThe
obtained tetom | ast nonohydrate crystal 25 was subjected to

t hermogravi metry/differenti al thernal88nalysis. As a result, the sane

endot herm ¢ ak .as at..s in Fig. 1 s_obtained. [0214] WO .
5007/ 110406PEH I AZ05Y ogggg%ﬁ%i Spetfrum Sévge*i*ﬁB%powoler X-ray diffraction
spectrum of theigbtained tetom [ ast nonohydrate crystal was measured. As a
result, the sane Spectrumas that shown in Fig. 2 was observed. 5[0215]

h L am ohydr.ate .crystal was
masured. As o result Tt vaS folndt (Rt T BT nadarg SR

significant Bnéfasess absospdon pands A 1 RL42, 1709, 1587,
1492, 1267, 1143},al 1040, 758, and 716 cmn%]e?haé%ﬁ%s(lﬁé?) Spect rum t her eof .

5 suspended in a solution consisting of 50 ml of acetone
and 50 ml of water, and the obtained mixture was then
stirred for approximately 5 minutes. Thereafter, a
tetomilast hydrate crystal was added as a seed crystal
to the above mixture, and the thus obtained mixture was

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

[0211]

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

[0212]

20 The above monohydrate became'clbuded 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]



[ 0216] Exanple 6 Thermal transformation from anhydrous tetom |l ast type B 15
crystal to anhydrous tetom |l ast type A crystal Thermal transformation from
an anhydrwooé7tios| ast type B crystal to an anhydrous tetrgrrdoasisosype A
crystal was confirnmed by the neans described in (1) to (3) below 20[0217]
(1) The anhydrous tetom |l ast type B c%stal obtained in Reference exanple 1

(3) was left at a tenpgrature between 20, nd 30C for approxinmately 1 year,
and thereafter, the crys?a?o‘?%%n){\ﬁ%aryeéﬁ U5 Ak FRGET BY OPokder  X- r ay

A I Y M

mai nt ai ned t orm as an anhydr ous

2007/ 119496 P(J/ J PROO {105 ( of the anhydrous
tetom | ast type B cryst'a%t%ﬁnneedgaeﬁtﬁé’peragn(%:%hagcx%rﬂﬂwg b %)“—%ag suspended

in a solutiomsonssstyay, of 40 m of acetone and 10 ml of water, and the
obtained m xture was then 5 stirred at 20C At that time, sanpling was

carried omt pi2igfervals of 15 mnutes, 30 mnutes, 60 mnutes, and 120
m nut es, and each of the obtained sanpl es was subjected to powder X-ray

diffraction to exam nerideriret)alspeetPurAS fa thes it ilhkgcoul d be confirned
that 10 each of the sanples collected after stirring for 15 mnutes, 30

m nut es, and-80m adte spominyatraitee d riyse af OksamearuaBRydr st et om | ast
type 13 crystal.
result, it was found that the obtained crystal had
significant infrared absorption bands at 3516, 3433,
10 1742z, 1709, 1587, 1472, 1267, 1143, 1040, 758, and 716
cm™ in the IR (KBr) spectrum thereof.
[0216]
Example 6
Thermal transformation from anhydrous tetomilast type B
15 crystal to anhydrous tetomilast type A crystal
Thermal transformation from an anhydrous
tetomilast type B crystal to an anhydrous tetomilast
type A crystal was confirmed by the means described in
(1) to (3) below:
20 [0217]
(1) The anhydrous tetomilast type B crystal
obtained in Reference example 1 (3) was left at a
temperature between 20°C and 30°C for approximately 1
vear, and ﬁhereafter, the crystal form théreof was
25 examined by powder X-ray diffraction. As a result, it
was confirmed that the above crystal maintained the

form as an anhydrous tetomilast type B crystal.

[0218]



On the other hand, it could be confirmed that the sanple collected after
stirring for 120 mnutes was 15 a m xture consisting of an anhydrous

t et om | aswotzgpriiBioer ystal and an anhydrous tetonilast typedfeorysbal (A B =
70:30). [02191 (3) 5 g of the anhydrous tetonilast type B 20 crystal
obtained in Reference exanple 1 (3) wé3 suspeﬂdedbln a Zolut;on con5|fL|ng
of 40 m of acetone an of water, and the obtained m xture was en
stirred at 40C. At tha&”tlﬁyg Sfhpiien @S Toatsr it amitlawt inyper Bal s of 15

30 nln tes, d 25 120 m nutes, and each of the
gLP;}ﬁZd sanpt €3 %géﬂé 41 %%Hﬁﬂﬁﬁ RX2HP 1@ 1f r &t e t o ann1PF thed
crystal for sult oul d be confirnmed that the sanple collecte
af¥er stirring ﬁ? nlnuteéiaﬁs 0 &ong ﬁ?ﬁfﬂﬁé”%6%%ﬁ§tPﬁga§ﬁt&ﬁeanhydrous

I I h dro t.et o ype A crystal (A:B =
ggfgg;.afgzt%?fél 9&%2h§t ar éﬁp' ﬁ%& 536 %Pfﬁ d Effatth&8ch o;utgg
sarples (yats o heqn g o0ylor 75 sfﬂfﬁgt S3BPy v oS basiTed ovien

was changed to an anhydrous tetom yhe

tetom | ast orystalesvuiitd of ffsehaRlscetystyl Hhanmsqar gioplaiped depgnding on
the type of ;ysolvent used, the obtalneg c?&stalsfoﬁgsg'o nSF dg nd on the

crystal for meofieiess, askd eawst B thsedpas | haw @%&?ﬁb@' Thus, an
exanpl e of using an anhydrous 15 tetom |l ast type A crystal fpurlty of

99.9% was giutgredtereitn. pshelrraxreuel diereratkash ebyskahigthehet han the
anhydrous tetom | ast type A crystal was used as well, the sane results were
obt ai ned. crystal form. As a result, it could be confirmed that
10 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
15 a mixture consisting of an anhydrous tetomilast type B
crystal and an anhydrous tetomilast type A crystal (A:B
= 70:30).
[0219]
(3) 5 g of the anhydrous tetomilast type B
20 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. At that time, sampling was carried out
at intervals of 15 minutes, 30 minutes, 60 minutes, and
25 120 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



[0222] 20 Formul ation exanpl e A table conprising 5 ng of an
anhydrous tetom |l ast type C crystal, 132 ng of starch, 18 ng of nagnesi um
st ear at e wododHip®eof | actose, in a single tablet, was pcodemedoirgsa common
met hod. 84 CLAIMS 1. Atetom|last hydrate crystal having a powder X-ray
di ffraction spectrum having characterBstic peaks at 20 10.6, 12.9, 21.1,
22.3 and 25.0. ,2, A pharnpceutical conposition conprising at |east one
type of tetofti PAEFUERySPAFISRIRE @ 38 AR Qo Upe omsl att iyt B
tetomlast h dra%e cr ﬁtal as q§£ined inclaiml. 3. The pharnaceuti cal
conposi tion SEEBFAT nﬁX o1 B O Dt elR I th gt vl /Forenyrsatli nigh: B
gastrointesthgb_gé er, for preventing and/or treating cardi aci schem c

di sease, for preventing and/or treating cerebrovascul ar di sease, |iver and
ki dney functtggzgjsorders caused by transplantation, mcrocirculation
failure, etc., or for preventing and/or treating Behcet's disease,

cut aneousgvasculitis, t i Qlitis,. | i gnant rhe tism arthritis,
arteri oscl5erosi s or di%gﬁé:.de%fﬁégdﬁhérgn%coé&qag%ﬂ R &ed Shedccor di ng
to claim2, &8enpsevent idgyandd qn, di eald R Shr nlirq:e@%rra%%i d arthritis,

Cc

endot oxi n shock, ARDS, thermal burn, asthma, ronic heart failure,

myocar di al imfiedd 0re0 Viiralt dB,0GHAINICS mihth RY: Qv e lad ;and/ gf, treating
i schem ¢ reperfusion abnormality, transition frém S R %sgétenlc

i nf | ammat or yanteghonse tsydridre)t o garfaidaure, multiple organ failure,

i nfl ammat ory bowel di sease, autoi nmune di sease, netastasis, inmunol ogi cal
rej ection oct@44liing during transpl antation, nonoclonal B cell abnormality,
polyclonal B cell abnormality, atrial nyxoma, Castleman's syndrone, prinary
gl onerul bhephritis, mi¥wagitaltopridlastecatiste lseptitit id ffeanaer cachexi a,
Lennert's | ynphoma, psoriasis, atopic dermatitis, Kaposi's sarconma

devel oped due- %334 BSIMFosfe fhiadesd dspepgongsis, tieptiypendad, a

i nfl anmat ory qise se 85 %% ch%anc obstructive pul nonary di sease. 5. The
pharnaceutié%?‘@%&b&?’ ' cOO@iRGSt 6T¥PhRM SorfiFerei ACthdepahfammat or y
bowel disease, i.s ul hve colitis or Crohn's disease. 6. The
pharnaceuti%%itiﬁhﬁ% F?%%n%ggggr8?ﬁ58F8m&?8?ﬁ1&FYFBP Br B8Rt fRgrard/ or
treati ng chrQ¥G t r uegt,i.ve I diisease, 7. A prqcess for the
preparationlfﬁﬂéglﬁg%dniEEEF'hggrgggﬁééedé?iﬁ%ﬁngnagl3?ﬁ¥ TOWhich is

char act ery zeddonitibat ikt peO0RPEL tikL-ng,an<-aghyde ou e 1]l ast type B
crystal in a m xed solvgﬁt ob?g?§§8§b§bﬁ$£?%ggﬁe?Eégéf,ﬁa%h%%g%%

i sopr opanol heaedthonewaenethyibrret hykbkehonawtt Bryat 81, oWHEE €L R $ai K. anhydr ous
tetom | ast type B crystal has a powder X-ray diffraction spectrum having
char act eri steinhiydeaks aet2@itadtltyBelB, ctfsOal 16ad andd24s 2uell,

the same results were obtained.
[0222]
20 Formulation example
A table comprising 5 mg of an anhydrous
tetomilast type C crystal, 132 mg of starch, 18 mg of
magnesium stearate and 45 mg of lactose, in a single

tablet, was produced by a common method.



8. Use of a tetomlast hydrate crystal as defined in claiml, in the

manuf acture of a nedi canent for preventing and/or treating gastrointestinal
ul cer, for preventing and/or treating cardiaci schem c di sease such as
nyocardi al infarct or arrhythma, for preventing and/or treating
cerebrovascul ar di seases such as cerebBal henorrhage, cerebral infarct, or
transient ischemc attack, for preventing and/or treating |liver and ki dney
function disorders caused by transplﬁﬂ ?&éon or mcrocirculation failure,
or for preventing and/or treating Behce di sease, cutaneous vasculitis,

ul cerative colitis, malignant rheumatism arthritis, arteriosclerosis or

diabetes., 9. Use of & Hgtiondd@asty dprat e st @iax?i%djeéc'ﬂ'&%@déf' glaigqm 1, in
the manufacture of a medi cament for preventlng and/ or treating chronic

r heumat oi% T A" SR&TdtEkiN? S HGE IEN 3RS, © thdr ifal P4, 2 tast Amd,  chr oni ¢
heart failloures,, mpacer,dizal. inf @xtiomnwiaaloayocarditis, or for preventing
and/or treating ischemc reperfusion abnormality, transition from SIRS
(systemc inflamatory response syndrone) to organ 86 failure, nultiple
organ faid-.ure, i nfPamrerorrddvielaldicesss 1 tduoismme dirseaste, Leestast asi s,

| mmunol ogh2al el eat ko JeoWdd et ng Jranspl antat lan, dwgg' onal B cell

abnormality, ycl onal cell abnormality, atrial myxona | eman' s
syndr one Coﬁﬁlr?éfrlﬁlggloén@r d‘ietfr%‘k}hlﬁscq @qugira}dStr?r]olqsf tined nbphri ti s,

cancer caachexi a,. Lennert's |ynphoma, psoriasis, atopic dermatitis, Kaposi's
sarconma devel oped due to Al DS, postnenopausal osteoporosis, septicenia,

i nfl ammatory di sease or chronic obstructive pul nonary di sease. 10. The use
of cl ai m39 wherein tihe ipifa rararetoriyc dlowedmpdi ssigaisen isscadobirat | ve cbdimis or

aohn s &,56258 pr ok 1S WSk ALy CAMRd Ya AAVGNING AN O cLE 2aEL PO
chroni ¢ obstructive pul nonary
preventing and/or treatlng card1ac1schemlc disease, for

preventing and/or treating cerebrovascular disease, liver and
kidney function disorders caused by transplantation,
microcirculation failure, etc., or for preventing and/or
treating Behcet's disease, cutaneous vasculitis, ulcerative
colitis, malignant rheumatism, arthritis, arteriosclerosis or

diabetes.

4. The pharmaceutical composition according to claim
2, for preventing and/or treating chronic rheumatoid
arthritis, endotoxin shock, ARDS, thermal burn, asthma,
chronic heart failure, myocardial infarction, viral
myocarditis, or for preventing and/or treating ischemic
reperfusion abnormality, transition from SIRS (systemic
inflammatory response syndrome) to organ failure, multiple
organ failure, inflammatory bowel disease, autoimmune
disease, metastasis, immunological rejection occurring during
transplantation, monoclonal B cell abnormality, polyclonal B
cell abnormality, atrial myxoma, Castleman's syndrome,
primary glomerulonephritis, mesangial proliferative
nephritis, cancer cachexia, Lennert's lymphoma, psoriasis,
atopic dermatitis, Kaposi's sarcoma developed due to AIDS,

postmenopausal osteoporosis, septicemia, inflammatory disease



85

or chronic obstructive pulmonary disease.

5. The pharmaceutical composition according to claim
4, wherein the inflammatory bowel disease is ulcerative

colitis or Crohn’s disease.

6. The pharmaceutical composition according to claim
4, for preventing and/or treating chronic obstructive

pulmonary disease.

7. A process for the preparation of a tetomilast
hydrate as defined in claim 1, which is characterized in that
it comprises stirring an anhydrous tetomilast type B crystal
in a mixed solvent obtained by mixing methanol, ethanol,
isopropanol, acetone or ethylmethylketon with water,
wherein said anhydrous tetomilast type B crystal

has a powder X-ray diffraction spectrum having characteristic
peaks at 20 = 4.1°, 8.1°, 11.9°, 16.1° and 24.2°.

8. Use of a tetomilast hydrate crystal as defined in
claim 1, in the manufacture of a medicament for preventing
and/or treating gastrointestinal ulcer, for preventing and/or
treating cardiacischemic disease such as myocardial infarct or
arrhythmia, for preventing and/or treating cerebrovascular
diseases such as cerebral hemorrhage, cerebral infarct, or
transient ischemic attack, for preventing and/or treating liver
and kidney function disorders caused by transplantation or
microcirculation failure, or for preventing and/or treating
Behcet’s disease, cutaneous vasculitis, ulcerative colitis,
malignant rheumatism, arthritis, arteriosclerosis or

diabetes.

9. Use of a tetomilast hydrate crystal as defined in
claim 1, in the manufacture of a medicament for preventing
and/or treating chronic rheumatoid arthritis, endotoxin
shock, ARDS, thermal burn, asthma, chronic heart failure,
myocardial infarction, viral myocarditis, or for preventing
and/or treating ischemic reperfusion abnormality, transition

from SIRS (systemic inflammatory response syndrome) to organ
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failure, multiple organ failure, inflammatory bowel disease,
autoimmune disease, metastasis, immunological rejection
occurring during transplantation, monoclonal B cell
abnormality, polyclonal B cell abnormality, atrial myxoma,
Castleman's syndrome, primary glomerulonephritis, mesangial
proliferative nephritis, cancer cachexia, Lennert's lymphoma,
psoriasis, atopic dermatitis, Kaposi's sarcoma developed due
to AIDS, postmenopausal osteoporosis, septicemia,
inflammatory disease or chronic obstructive pulmonary

disease.

10. The use of claim 9 wherein the inflammatory bowel

disease is ulcerative colitis or Crohn's disease.

11. The use of claim 9 for preventing and/or treating

chronic obstructive pulmonary disease.
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