DESCRTPTTON TETOM LAST POLYMORPHS TECHNI CAL FI ELD
[ 0001] The present invention relates to a novel
W0 edoomid4ast crystal . BACKGROUND ART [0002] 2- ¥Gr/JP2007/055931
4- di et hoxyphenyl ) -4- (2-carPoxy-6- pyridyl) thiazole
(or 6- [2- (3, 4-diethoxyphenyl) thiazol -
4-yl ] pyridin-2-carboxyl hgs@et®hHrd® a known conpound.
This conmpound is naned as tetom |l ast. This tetom | ast

has active oxygen inhibitorﬁ action,H cyt oki ne
gener ation i nhi bi t or SF3EHASh, PAIHEFn i nhi bitory

action, etc., and it is useful for the treatnent of
ul cerative colitis, Crohn's disease, asthma, and the

- like (JP-A-5-51318 (paragraph [0015], Exanple 371) and
JP- A- 10- 152437 (par agraphs [0024] and [0029]). In
addEEHBACAL el DR Dast is al so useful as a therapeutic
agent for chronic obstructive pul nonary di sease (JP-A-
200809b4890) . Moreover, such a tetonilast crystal is
stabl e towards heat and noisture, and is excellent in
terms of theltf PFRpativiesrioremsel sdred dics solnutviedn
property. of tablets. [0003] According to Exanple 371 of
JngF%m%ﬁ%ﬁ%,cEXFEﬁ%wdrous tetonilast crysta
(hereinafter referred to as an "anhydrous tetom | ast
type B crystal") is produced by allow ng 3

5, dp b gL hipbenzam de to react
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]



with 2- (2-chloroacetyl) -b-pyridine carboxylic acid

and then recrystallizing the obtained tetom | ast crude
wonrouae496r om et hanol , for exanple. [0004] Fur POEOIPINBYS5931

according to Journal of I\/ledio%i nal Chem stry, 1995, 38,

pp. 353-358, such an anhydrdus tetom |l ast type B

crystal is p vy, Al |

, 4-di et hoxytﬁlegggﬁg% %Iéel ﬂf}gé%r%%ec%w t9f 2R A-5-51318, an

br gnpagebyt) i, ghi oxXyl 1.C. .aci t hen

hydr ol yzi ng %ehgorg%{:%ﬁggrfnsg{%yl Mté-rcﬁjﬂa%ﬁ-refermd to

di £¢ hoxyphenyddohdi eedmtradd Mﬂedigﬂ-@r—f%rabp@yl jgc acid
e

nmet hyl ester, and then recrystalli zing-t obt ai"hed

t epoodbasd oy uslel g De 3, Ao efd e ARt Amil R0 react
However, since an anhydrous tetom’| ast typen§ crystal '

5 ha@ltﬂnez‘pfmlc}’rﬁcwﬂ@H@-E@rqgﬁ'd&3ca'rfbo§<§ﬂrlca%cid and
anhydrous tetonilast type B crystal is produced by the
c oIt T emiey s rasl ysira [theatabar inRidh et can 10Rer aliag
efficiency significantly deteriorates during
f iREEIForEromhgsshanoli,s figirf fixewiptlet.0 pr oduce anhydr ous

teﬁonilast type B crystals industrially in a |arge

VOQRﬂﬁlﬁmcordingly, it is strongly desired that a

' stal, which is advantageous in

novel tetom ] ast cr
terms of inogl}’éstst&ﬁ% Mss 2fFeddergofko geurnal of
L R g cddte+ | RUenPPon 368 -govi Bech an
Ul R AT AR GRUY RpLPB! koL 01U2LT L2butoBROEY e
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.



[0007] The present inventors have conducted intensive
studi es directed towards achi eving the aforenentioned

wohpEat4dfs a result, the inventors have foundprCiar20a7/055931

novel tetomlast crystal, mﬁ%gh can be produced
industrially in a |large vol can be obtai ned by

st prEbNgsBRRYE t ' type B crystals in an
aqueous solveng?fg%df$ﬁ§$*?ﬁ% above tetom | ast crysta
i s;bopgher recrystallized using a suitable solvent, or
is further heated while it is suspended in a specific
solvent, so B 1o AN GbI OB atte Wusldl hawldd ;on

vari ous physical properties. The prese I nvention

betn poompldd ed hased it dniasesd iddidias -u{aOEOQﬁJ That

is to say, the present invention relates to the

5f of hdweé gl 2 ket yorptadicet Vist al Jandephaymeeut i cal
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conposition: 1 . Atetom|last hydrate crystal having a
poWded7IX-ray diffraction spectrumthat is

substantially the sane as the powder X-ray diffraction
spectrum sh inreRignt 2ZnvetorAn hamey dooudsidteldon | ast
ype A crystal having. 4 a powder X-ray diffraction
pﬁ"&efrtﬁﬁ Shattydlesussiranties (bpwalrelss avd iayiniye thewder
r di ffraction spectrum shown in Fi 3 . An

X- . 4. .
arfhy U TS TG 1ok Gty pe 2 ér?@ﬁ&ﬂthaghﬁginventors have

found that a novel tetomilast crystal, which can be

t
S

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
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.

[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
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



a powder X-ray diffraction spectrumthat is

substantially the sane as the powder X-ray diffraction
wepetmmss shown in Fig. 8 . 4 . Atetomlast PCT/JP2007/055931

acetonitrile solvate crystal, having a powder X-ray

diffraction spectrumthat i s* subst anti al | y the sane as

t hg - | ' spectrum shown, in Fig.

10. g@%i&m%’;g:ﬁye&%%f%%éﬁgﬁ ye %%%r‘fr%t@?ﬁqﬁdsﬁ type A

cr y8batagessli Pedhi Ny n anhydrous .. .
tetoml aast%tgy%)g %h%rilﬁé;lrgg6&@£%%§er dut ¢Hiffraction

CO8POSt LLANSEORPN 1S aty | east one type of tetom | ast
crystal selected fromtihe group consisting of a

teBom | ast hyelr&atiey@Fiss alet Y dcfgg%é'stc{/ S%&géaiSthaving

type A crystal, an a_nhydrous tet_orri!

5cryspabdennit-ray edioffdasti Ac efaidmid & 5@l vat e .
crystal. 7 . The pharmaceutical conposition according
t oSuleepantially cthe ssare agenthd QonRleaV ®MiaRg ARGt 1 on
treating gastrointestinal ulcer, an agent for
prEfRAE T Y Hrrorin ¥at.i Bg car di aci scheni ¢ di sease, an
agent for preventing and/or- treating cerebrovascul ar
disease, a I V&t Jgtdreptonictiide isoprveter cugedaf.or
di,sorders causded t}%’a transpl antation, mcrocirculation
f Al B@ROVIS Xaxayg it fractiray spechguanthek. i5
treatd ehcet' s di sease t aneous vasculitis

10 d ; =Y - i ]

ulcerat vtga(r:}‘o Y ttl%f, S Qﬁa% °r REURREI Enradr ehfirastion
ArdRIIASH YRS 197 pdiabehes.
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 cardiacischemic 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



8. The pharmaceutical conposition according to item®6

, Wwhich is an agent for preventing and/or treating
wohowniigs heumat oi d arthritis, endotoxi n shock PCARREBN7/055931

thermal burn, asthma, chronlc heart fai'l ure,

myocardi al infarction, viral® myocarditis, or an agent

abgSEhet By 2R ahsr CF ot om S chg@féﬁegfﬂtus;
gl a9 07 sspponse synd rfa"gn e gt is,

mul t1 ple organ utre,

aup of SPLNEC th 6258, of‘ecﬁj?a% n ””“”0' ogi Ca'
rejection occurring during ransplantatlon nonocl ona

B gell abnorymdi arﬂgﬁéﬁ%fggic#%4§§é J%Nggégﬂaﬁhg to

atrial nyxoma, stleman's syn

59l e W ONEPiEH ti 5, anTRARG aéoﬂowévfe%{ﬂtd V%n%%*i“ tis,

cancer cachexia, Lennert 's |ynmphoma, psoriasi's,
attopiat ey netidriiss ﬂ*&am@toics&rmﬁ@svele%%%%ﬁ LRock,
Al DS, postmenopausal osteoporosis, septicem a,
| RREvethorynadi sease ers ttimegnichrelSly wekirte rpylpeaary
di sease. 9 . The pharmaceutical conposition accordlng
t(myqqgﬁq;al\MﬂﬁQQQtHdﬂaIwﬂﬁaﬁﬂMMQma¢dlmhestbmabn agent
di sease is ulcerative colitis or Crohn's disease. 10.
TH@”bﬁH%ﬁﬁ%@HﬂKhéﬂmbﬁﬁb6§eﬁ¢9nga9@@h@mng trepetréms8on
1Ovvhich i S agent far preventln& and/or treating
c FFonE Yoru RS IdicRo &P §il&Sadeystemia process
fq&ﬁ% ne aratlon of a tetomlast. 6 hydrate, which
i §char ac er|ze§SPﬁnﬁﬁaFy r@@ﬁﬁrF@egrgﬁprﬁﬁﬁéuﬁﬁr

a%ﬁﬂ@ﬁ%ﬂ% E&%%%’%%ﬁﬁu&%?elgfia or&nbgael 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



aqueous solvent. 12. A process for the preparation of

an anhydrous tetom | ast type A crystal, which is
wohen7aeeesi zed in that it conprises recrystaIIPzaﬂanwm%mn

froma solution forned by dk§soIV|ng an anhydr ous

tetom | ast type B crystal a solvent. 13. The

r C o) r.ei e solvent is
gtﬁgﬁﬁft@ag§¢%ﬂggl%rc%é one- ﬁ%%gfjt&ﬂggé I (gpEprises

acet PRe €@ e Ndni Bast ¥ rocess .far
the pr eprg(%atl on' }&an a%ytgﬁc[)usast et z}l)rﬁﬁAaBgt ﬁf}@lAln an
cra@mééusvgnxﬁgﬂﬁ_characterlzeq in that it conprises
recrystallization froma solution formed by dissolving

i nLa. sol venta airdasd e thep @ rdhaeiand a5t o r%‘?ﬁ%@drous .

selected fromthe group consisting of a t et o

5 hytir el Iasfsttatpe @n cayyednQushtiehoris ast by Re r$2ed in
crystal, and a tetom | ast acetonitrile solvate

cr%hﬁﬁﬂlt:E@mpﬂuﬁqawmaarysaedaﬁdamgohofmb@nblgolgmgggln

the solvent is a m xed sol vent consisting of water,
arfPed &xsdiswe loriganiso sohyembusetetoedlbsentipe B

gro cqnsi sting _of nethanol, ethanol, acetone, and

téPﬁP ahfdr 3 G &°L1Vens. A process for thelpraﬁarﬁtlon

An anhydrous tetom | ast type C crysta ichis

cﬁaracter?z@g |Hr9ﬁ3§s|PC€8ﬁﬁﬂP§e§oré§¢VSﬂablWhatemn the

med b di ssol vi ng_an anhydr ous

10 | R0 LB E R Toe Y ot a0k beREOne ThevaE friseesin
acey %'c%oh@ CLSELAD. £ UNghE 0, L, 3p! vent i s met hanol

or et
14. A process for the preparation of an anhydrous

tetomilast type A crystal, which is characterized in
that it comprises recrystallization from a solution

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

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

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

formed by dissolving an anhydrous tetomilast type B



18. A process for the preparation of an anhydrous
tetom |l ast type C crystal, which is characterized in

woOhei7/119496onpri ses recrystallization froma soPariyBw07/055931

formed by dissolving in a sqolvent at |east one type of
tetom | ast crystal selected fromthe gLogp consi sting

of ] t e crystal, an anhydrous
te%g%1F%£?1%3%eS€¥g%§%tal, and a teLon1Iast y

acetonitril I Y. 19, ,The ,productiqn .
rrefgzbd acco?%?%gﬂ%@el%érﬁéfg%rdv%neq &i%h Jt%é“ Sloe?:'v Sfgtn the
mes HEAGAL Of s fdandlol 20 AReess for the preparation

of a tetom|ast acetonitrile s&]vate crystal, which is
cheg acteri zed groddd ddr %@I%%J%Ira%r&?tcﬂé ! 'nz%tnlh%/l?:lrous
froma solution fornmed by di sSol ving an anhydrous -

5t eteminidstst yped Crasialal,n waaetonist rdHaerac?ée-riéed] iz,
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process for the preparation of an anhydrous tetom
acgtani ittr idcencstil seat ererrysitalll ivhicabn FrehaRaGari-zed
in that it conprises recrystallization froma sol ution
f ke by i selodiigd inaassblernhtattl easistoBBet ¥Rpeobs
tetom | ast crystal selected fromthe group consisting
of L& et Gt §§Wsﬁ@ér§@ée@¢?§tﬁtpmaMh&n@y@m@u&onsisting
tetom last type A crystal, and an anhydrous tetom | ast
t cteydrstohydaageocsystrdr Bheaphegavasi on of a
nhydrous tetom |l ast type A

oSl GISLeting of an snhydious, Letomlast type A
WHIeh bt cehakachenbzgd b Ehat 1t comprises
recryst all1tzation
19. The production method according to item 18,
wherein the solvent is methanol or ethanol.
20. A process for the preparation of a tetomilast
acetonitrile solvate crystal, which is characterized in
that it comprises recrystallization from a solution
formed by dissolving an anhydrous tetomilast type B
crystal in acetonitrile.
21. A process for the preparation of an anhydrous
tetomilast acetonitrile solvate crystal, which is
characterized in that it comprises recrystallization
from a solution formed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
anhydrous tetomilast type A crystal, and an anhydrous
tetomilast type C crystal.

22. A process for the preparation of a mixture

consisting of an anhydrous tetomilast type A crystal



froma solution forned by dissolving the anhydrous
tetomlast type B crystal in a solvent. 23. The

woroewassvaccording to item 22, wherein the sol vemtiP1087/055931

acetone-water (wherein the acetone content is 40%to
95% by volune) . 24. A proce%s for the preparation of

], %t .St of a nhydr o tetom | ast type A
R L R
whj j teri [ | . "

r egﬁeg%glc??gia%goﬁﬂ f%lggrént afts OCPU I?g;h jnsr %eac_ %ittcﬁjfrsbq:;ﬁallﬁﬁq
, y '
Lo SRy eetal Pl e B B Sl BT Rl

hytle el TayS te)pe 8 SAIVMHOUS, tetomijast type A
c?/yst al, a tei?{')pm | ast "acetonitrile solvate crystal,

S5ang3an anhydrieior@iads |asdoddilly CLmER22 25me8n the

10 cr
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process according to item24, wherein the solvent Ts
acet bven et eradethereivetidie GORINNIS GOR! elietioh A 0%nt@nt
95% by volunme) . [0009] In the present invention, the
t e¥9n doviet %%t dnyi Ivaslture)y.st al s” is used to nean a
tetom | ast hydrate crystal, an anhydrqus tetom I.ast

t ype- A crystfalProsesentipdr dle tetepairhasbnt pfie aCmixture
crystal, a tetomlast acetonitrile solvate crystal,

arfPE i KF € forraf namsrdusu s etemdAiasast ybgpd Arystal

rous tetonmilast type B crystal.. 9
= %%1%&%y%&o%gh¥%tom§last type B c¥§stal, %hich 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
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
is 40% to 95% by volume).
[0009]

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



In addition, in the present invention, the term
"tetomlast crystal" is used to sinply nean a generic

woamw/1fisvé such novel tetomilast crystals and aRCT/JP2007/055931

anhydrous tetonil ast type B crystal that is a known as
a tetonmilast crystal. BRI EF DESCRI PTION OF THE

[0223] Fig. 1 is a view show ng the
thernogravinetry/dif ferential ther el anal yS| S of t he

tet | ast h t ne

FlegomZ ?: a %ﬁ(ra%v&(g o%%galltrhe eal e?s nﬁ’ tflroeﬂ:'t %He
fréhe t ' t alnedln Examl e
icige LS YA 0 o 5 AT

t heemogr aviamed [yl i osil ddesrml analysled &P an

anhydrous tetonm | ast type A crysta

5 Examipy érdug Dt etfhigi 14bt Sydeviw shawiing the spowden oo 4o
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X-ray diffraction of the anhydrous tetomlast type

crysteforobtasnedrrstalxanple 1 (1) ; Fig. 5is a view

showi ng the thernogravinetry/differential thermal

anal ysi s of the anhydrous tetomlast type B crystal

obtal ned in Reference exanple 1 (2) ; Fig. 6 is a view
frig RERCRIGWIAN REr &YiFd DRAWARIGSoN of the anhydr ous

ﬁﬂ?ﬁ ast type B crystal. 10 obtained in Reference

1(2) ;

Fig. 1 is a view showing the
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);

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
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
Reference example 1 (2);

Fig. 6 is a view showing the powder X-ray

diffraction of the anhydrous tetomilast type B crystal



Fig. 7 is a view show ng the
t hernmogravi netry/differential thermal analysis of the

wanbydneee teton |l ast type C crystal obtained PAT/JP2007/055931

Exanple 2 ; Fig. 8 is a vi ei’OShOWi ng the powder X-ray
diffraction of the anhydrous tetom | ast type C crystal

obg sk Netkd rp@@gr?é ., &l IS & \Vview show ng the

t her nogr avirhrret ry d]ie?%%? e%a?naql%t hler(?rz‘eal’ anal ysis of the

tetom [ ast ageefontidle sl yahe.mof tt%lhe obtained in
oW 179

Exanple 3; Fig. 10 is a views the powder X-ray
di fd:aeid oy iofe e/ d ot QU dASTH 126Gt i l;yat
crystal obtai nedfyien Exanpl e ?? ; Fig. all aﬁngl}%\}isevov% the

s e yuly ety i 1iRtd ¥ dirksetentioal 1 hRS M8l pramp1e
anal ysis of the m xture consisting of an anhydrous :

Steétiom | ast type A crystal and an anhydrous tetom | ast
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type B crystal obtained in Exanple 4(1); Fig. 12 is a
vi ew show n@itche §pdwder emaphdivihyaehieopoatickhg—ra

m xture consi sting of an anhydrous tetom | ast type X\
criidtifRaciignawfa robydreusntkasnifype Bypeyst akystal
ob%r)ai ned in Exanple 4(1); Fig. 13 is a view show ng

t RO S PHEFADGRavFRER P &iff ferential thernal analysis of
the m xture_cgonsi sting of an anhydrous tetom | ast type
A crystal ahdY%n 9aﬁﬁygr Ja&vwt ebemindstheype B crystal .

1%hermogravimetry/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
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
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);

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



obtained in Exanple 4(2); and Fig. 14 is a view

showi ng the powder X-raydiffraction of the mxture
woansiisedong of an anhydrous tetomilast type A eCySra7/055931

and an anhydrous tetom | ast .type B crystal obtained in

Exanple 4 (2) . BEST MODE FOR CARRYI NG OQUT THE

Iwgggi@g[pg(lj%}}aﬁﬁigmlk%f’t o%%?r ate crystal The

tetom | ast hydrate crys he present itﬂventi on
includes 0.5pt0 3 ydsal e, £Lysial se p(fr@,pg e _

t et omi | ast hyd(?ate cryst:Ys of ﬁel_n esen_tpcf%%t% diftY
a dbAdRyEl Bire &f)ﬂ%@'mﬁ@@ﬁ@%cﬂ{y' QRNeR hydzous
properties described in (1) to 3%%%%\,\[ _ %8{)1821 y(dtﬁ utt
Thee tarmohystr af yeoec 1y Sd @ st IS £ PH GG, 5t

i s substantially the same as the thernogravinetry &1@%
5T et gre i Bl catyherainl okatrainesd Sir( trRrERgIaL Wr i i ng

rate/ mn) endothermic curve shown in Fig. 1.
Specifically, such a nonohydrate crystal is
characterized in that it has an endot herm c peak
arduiid MBYC FRd CRARNYIAI SRR SHEUTNVENZCON 0013] (2)

Th ohydrate crystal has a powder Xray diffraction
st

mthat is substantially the same as the powder
tion spectrumshown in Fig. 2 .

éb%e?qq%ggsg?mdtraﬁgs CAW&tadt eri stic peaks at 2q =10. 6,
12.9, 21'1’T%%'%ét%%gl%%tohy gg%g]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 =



w040@2/1194967, A 1143, 1040, 758,

(3) The nonohydrate crystal has significant infrared
absorption bands at 3516, 3433, 1742, 1709, 1587,
and 716 cni'l i n Pa®JIPIR07/055931
(KBr) spectrum [0015] Met hgg for producing tetom | ast
hydrate crystal The tetom | ast hydrate crystal of the
pregegt ijwegti an t aj by..stirring in an
aqggogs' sIo}le\e/ggﬁt Q?th 'kn?é)f\/v'ré)iZn%l)}1 rgzl?s')bt étom | ast type B
cryspakjor an anhydrous tetomlast type B crystal

obt ai ned by the nethod as described bel ow. [0016] Such
an agueous spiyventhd Sy 'f;gppa I bt.a] L BY:

m Xi ng an or S}Qni c sol vcgﬂnC{H such%syﬁg%%nﬁnglo l,cant
| sbipf opBed| abSeaitongm Winds  nethy) ketene, Mg h 104
wat er. Exanpl es of such a nixed solvent may i ncl uc?e !

5 et héhol T 4@2 erl (&7 metiiaoll oyt erds,0fant0%i1te0 0% Y +he
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vol une) , ethanol-water (an ethanol content of 10%to

7098 b{KRml wmctrumsopr opanol - wat er (an i sopr opanol

content of 10%to 60% by vol une) , acetonewater (an

acEi®hel content of 10%to 80% by vol une) , and

et hyl net hyl ket one- wat er (Can et hyl met hyl ket one cont ent

o8 of WO BN UFSRgmER tondfl astie bwdratet omgswatier (an

acetone content of 10%to 60% by vol une) and

et hyl met hyl Kétoh&rREt R Stak YEERFENEENFIEREt 6fic tbenpertent

of-r{;lv(g)/ t.0._60% b vo%agme?n re particularly

pre errgatblloél. KEér éﬁe-o fi& e%aﬁyaé&%ﬁéneoﬁfleﬁfl BAUSSYSt 0
. .

Sl wiR) Hd%wﬂoEﬁhea%gﬁéa%é%meQQ%z]type B crystal
or an anhydrous tetomilast type B crystal obtained by
the method as described below.

[0016]

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
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
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.



The amount of an aqueous solvent used is not limted.

It is used in an anmount of at least 10 m, and
wonref7anatoby bet ween 10 and 50 ml, with respect PCO/JR2097/055931

of an anhydrous tetom | ast 5 pe B crystal. [0018] The

stirring tenperature i s not %articularly Iinited It

iSA@é@éﬁé&P&ﬂ?PeLéﬁ‘?%@&H{é”%cﬂ% nY o]fo%tfc%gon a”d

nore preferab et ween approxi nately

Theostme ) i 19 héF@ SR efierabl y between appr oxi matel y
5 mnutes and 3 hours, and nore preferably between

appe@x7mat el y 30 and 90 nminutes. [0019] In addition,
when a tetom | ast hydrate crystal is produced from an

anhydrous t etlosridmsint \Wre a8 aieidls dd1ventpreker akl eor
to allow the tetom | ast hydrate crystal produced by ‘

5t hieiraf tornenttd arediseet hed asepaicaing! b it @teXiesktasoaml,
seed crystal in a suspension. [0020] The tine of
adtith e e lyr yettaledns Ifomnpasni el ariyhl rekpedt kb 1
is preferable to add such a seed crystal before or
dt iHg 3t iaivsyouys0Getpritiestbtapeed tetstialast

hy @;Eﬁcrystal can be separated by isolation
0 §lons” such as filtration, concentration, or

extraction. ver,aft r separation, the separated
crystal may F&dred ?@PﬁréFyFﬁglﬁr§8Fnﬁﬁ¥tb9uéarly
e .cr stal can, be purified

hod.. F rthernnr E
10 K :
by gﬂﬁ%%f gﬁ%l Sﬁagggr thﬁ n 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,



[0022] The thus obtained tetom | ast hydrate crystal
has a purity of 95%or nore, and it can be crushed

wagbergiane or di nary crusher (for exanpl e, an at 8ai/aeop7/055931

Thus, a tetom |l ast crushed gzrloduct havi ng a nean
particle size between 10 and*50 nm and a 90%

[ ' ' f .8 [l er, which i
e e a o o e s e o 5]
/-\nmgj j | : tal An . anhydro
tetomﬁ%&%&;gB rlyggl%ﬁ%gge%ﬁe%ﬁhfsiwg%bmegzpd'
priapentd o les ot d eyt 14k at 0 b 081wy 190244 n(il),
The anhydrous tetom I"ast type B crystal asYai

enslot herdd i siro dddlonl, s substantially the sane as
the thernogravinetry/dif ferential thermal analysis

5(tegexlature-rising rate/ mn) endotherm c curve shown

10
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in Fig. 5. Specifically, such an anhydrous tetom | ast
type B crystile ithushabieteedzedtomittBat hidkase crvstal

endot herm ¢ peaks around 177C and around 188C. [ 0025]
( P2 sTie Pavhyrdr ofs 956t omi nast, t ypd Btcewst Bk BagsBed
powder X-ray diffraction spectrumthat issubstantially
t He $emena S ndiaagayweasusieray fdif fravpilen spestomizer) .
sg%’i 1% iFZ:i %omal' S%pgciugi cgl I ¥ Ltthas characteristic
D aft >§tomdlestgcrushedopreguet hawing. 2. mg@026)

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.

[0023]

Anhydrous tetomilast type B crystal

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

[0024]

(4) The 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
in Fig. 5. Specifically, such an anhydrous tetomilast
type B crystal is characterized in that it has
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 | ast type B crystal has
significant infrared absorption bands at 3298, 3090,

wh2d0y/11946683, 1474, 1348, 1269, 1132, 1045, 762pCaup0d0a655931

cmlin the IR (KBr) spectrgg‘: [0027] The anhydrous
tetom | ast type B crystal c be produced by the

e ) j ' - A-5-51318 or, Jour nal of, i

Ved o Rar i <1y, S T bMasio sy yesmpction
am vdr tet o | .1 crystal may

b %ﬁ%’%lﬁ%dﬁ%@g '&ﬁ%%@ N s@ﬁﬁ%\?utfr%&%gﬁﬁ’gv g’ has

t ed1oir A ASd 1 I HAS ' ven il (A under ,

heat i ng tor refﬁj%eda]{}bdaﬁ?gr? al It46\;w%hg§'tﬁé olbjt'zﬁﬁhegg'a ’

sand in 2°Q stand to cool. Herein, such a novel
tetom | ast crystal can be used singly or as a m xture

5coM¥zd]ing of two or nore types. [0029] Exanples of a
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sol vent may include isopropanol, ethyl acetate, and a
m xed sol venit6)t h@heofinhyd@30f teeoanduBt efpa 8OLyeBta1
used is not particularly limted, as long as it is
aliles tdaodiicralty igifssalede absnapelohebantkast gpyst al
while stirri n% under heating to reflux. In the case of

i st opdndid, tRd3anddritd,udadsi s1phef et ably betdgensZp

and 6 | with respect to 1 g of a novel tetom| ast
c%%&’ﬂ%tr@é&é’%%ﬁ @B sxestaud- it is .
p][[eofoezrﬂbly bet ween 30 and 300 m| with respect to 1 g
0

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]

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
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
thereof.

[0030]
The amount of a solvent used is not

particularly limited, as long as it is able to



a novel tetom|last crystal. Wen a m xed sol vent

consi sting of isopropanol and ethyl acetate is used,
wozopriepanol is mxed with ethyl acetate at anpCgupmn’/os35931

rati o, and the anount of su;:[g a m xed sol vent used may

be adjusted so as to conpletély dissolve a novel

t e&@rﬂﬂai@@élgraﬁ@élwié &S Jg g'e{}gorﬁ&fhda%ft *&%3}'#(}%1 gv%ile

reflux. [0031] The obtaine Ion 1s codle

apgPE D 1 ehyd S0 We HvElg aﬁp%eébdgﬁmﬁ? i )ch QUi Or

is naturally cooled, so as to obtain an anhydrous

teloopi@sindypect: cmesirad .uddd e r A8 1N et yeen 70
suspensi on has been stood to cool, it nmay be cool ed at

a amdped @tnl evitfh MGmcd awerl, @rg B efrcabhktdhnidast
tenperature between approxi mately OQ0C and 100C . By

5 t iy Dipek at | on, then casey drous Hyat erddtaste, t YpeiB cryst al

is obtained at a higher yield. [0032] Furthernore,

s U e anlhy dredus ere t3malnals 300y pd. Bithy seabeks 8bso g of
obt ai ned by allow ng a basic conpound to act on a

név 1°%e drfiioasitl asity straisted -as Whenf er misett splvent

di ssol.ving the salts in a suitabl e aqueoussol vent, and

t iy S tEPEcRer@lt enchetblarretiasel isi vaed,

[ 03? Exanpl es of. a basic conpound may include |

cart nate, al Ral F“lﬁfgfjawlﬁ%d?ggg&e?csﬁa)éa| R&l pREaginen

10 ngtaaéiorlygr%xltq]%. t hese, _al kali_netal hydroxide is

particul arly pr efagogirall e TEXAITI gsméfiega%%ﬁ%?E Hagd 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 minutes 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



i ncl ude sodi um car bonat e, potassium carbonate, sodi um
bi carbonat e, and pot assi um bi carbonate. Exanpl es of

wabkb@liioavet al hydroxi de may i ncl ude sodi um hydPOXiBR®07/055931

and potassi um hydr oxi de. Ex?gples of alkali earth
nmet al hydroxi de may i nclude~cal ci um hydroxi de, barium

hy j pagnest wm hydraoxi,de. The C ounds ,
argééﬁes(%lg&si%]?y or g%d%&'ﬂ X ul?r')gbgfe tav%wg%‘]n% P@’ gdned
O séheseen pot assi um hydr oxi de and sodi um hydr oxi de are
particularly preferable. [0034] The additive anmount of
a pas3x] conpound is not particularly limted. It is
generally 1 equivalent or greater, and preferably

bet ween apprEwdnited Yol samd sk.b C‘%Qﬂlﬂo\(l%.ldeﬂi Wi ERude

respect to 1 equivalent of a novel 'tetomlast crystal

5 t ccdpbamreead £ ch 1 {003 %e thlamgldes xatiet hanabayv g desgpi-bgd
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acid may include inorganic acids such as hydrochloric
aciafals difdrdxcideci d Ofandhelydr abkamic maeihd. hi00361 adhes
addi ti ve amount of acid is generally lequival ent
( RARTg Eatlivop refemab)leor  §reapées affidcprbbaaabl yay
bet ween_approximately 1 and 1.5 equivalent, with
& FAdiemaserooaaseri betiabasim cempouate useddium
anpl es of an aqueous sol vent used herein may

r

i[ ??%%@%1’?&%& a2 dyeetrrpatmabbearbaneke - neEkodpies of

pEﬁﬂ%ﬁhﬂ%&%aEe %%Eggigeh%gQaggcfgégtngi@gDR§d§%£Tg§’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.
Of these, potassium hydroxide and sodium hydroxide are
particularly preferable.
[0034]

The additive amount of a basic compound is
not particularly limited. It is generally 1 equivalent
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
include inorganic acids such as hydrochloric acid,
sulfuric acid, and hydrobromic acid.

[0036]

The additive amount of acid is generally 1



acetone-water (an acetone content of 30%to 70% by
volunme) is particularly preferable. [0038] The anount
woho@aniageeous sol vent used is not limted. |tPCEIB2007/055931
or greater, preferably bet wggn 5 and 300 m, and nore
preferably between 30 and 7 , With respect to 1 g

Ofe&uf@%(fén{e Loa 1?&[ St aIa Jun§ ﬁ%%eat B(ag e

a SO utlonlsp era betwee

ac H040] 5 v d ta.a
su%%%ﬁ%onp%%ea%dl t or@]i‘soq}am%%"ﬁ}hsl Ca%s?iugh Squivalent,
SUSPER SH d& I agheral and
prefer abelgsrg/b at g&?e@rr%er at ur% i%t%gr]?%ocg% and\Q%E)[E un
asugedefficiently extract an anhydrous tetom | ast type
B crystal.. [0041] In addition, these nethods are
5appd0&d] to anhydrous tetom | ast type B crystals, so as
to obtain anhydrous tetom | ast type B crystals with

hi gher puri t Exdn@042] ofnkydroueciet esiladt e Aerein
crystal A n anhydrous tetom |l ast type A crystal has

t HeapHystlasishdfosal apr opsctriibseddedoriebed ithe( Athod( $hr
bel ow; [0043] (7) The anhydrous tetom | ast type A

c rREIBICIHE daf edpddtlrsitnibydeatee crivatails sabsthanbicakly,

t he sane
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



as the thernogravinetry/diff erential thermal analysis

(tenperature-rising rate/mn) endotherm c curve shown
woOonowEige498 . Specifically, such an anhydrous teCoaPioay055931

type A crystal is characterééed in that it has an

endot herm ¢ peak around 188C” [0044] (8) The anhydrous

tepgpitast type A crystal has a powder X-ray

diffraction spectrumthat is substantially the sane as

t heopomwler X-ray diffraction spectrumshown in Fig. 4

Specifically, it has characteristic peaks at 2q =

10nBhydBods 98k dhi R, tyatd 2%.8,s40045] (9) The

anhydrous tetom | ast type A crystal has significant

infrared absa pirilgrdhands etor33Q6:+ M 495 +5398 8 5
1474, 1348, 1271, 1132, 1045, 758, and 704 cm'l in the
S | REEKBPhy shentiramicd10 @4Gjp evtifed dedfc AARAUENG7) to (9)
anhydrous tetonilast type Acrystal The anhydrous
t dedk@ast type A crystal can be obtained by
recrystallization froma solution that is obtained by
- di %ﬁhing a known anhydrous tetom | ast type B
crystal or an anhydrous tetom | ast type B crystal
obt ai ned by tHe ERENCEONEd tetrhddaish aysei Rabrgstal

sqglvent. [O Exanpl es of the aforenentioned sol vent
t;%ﬁs(ﬁﬂw%ﬁéﬁiﬂﬁfmﬁgrQPﬁVﬁa§h?ﬁcPﬁdéu@§ﬁ3ﬁ§F?léEetbﬁe§ame

]l)a%% 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



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

volunme) . O these, acetone-water (an acetone content
wohR000%405 nore by volune) is particularly prePerabioer/055931

[ 0048] The anmount of a sol vg t used is not

particularly limted, as |lo E as it is able to

coaplstgly dissolve an anhydrous tetom | ast type B

crystal while stirring under heating to reflux. In the

case of et hamel ,aﬁﬁfd@é&u{gﬁ%&%qgg% %;efe::@%ycﬁ%glm%%r}l

70 an_d 400 M with Trespec _
t ebOGhesindy NSy B hadtal11 il tihe, g ?{1 SORLANG, t'htaf

is preferably between 30 and 120 m respect to

g D dibien ey eo RN AUS. AL O Ast agbhg)'grﬁ%éﬁ %ge%t%%%a%t

the case of acetone-water (an aceton

St ot B bycmpd taie)or dd anhiyplrefer akivsrhatuween . 3Q and
500 M with respect to 1 g of the above anhydrous
t exxyrd i alstoltgpimeBl dry sthal afo@@48hSu e eain naRhy:Er Qus a
tetom | ast type B crystal is preferably dissolved in a
sotWidmbhhigelwmtri ng under heating to reflux. At
that time, the heating tenperature is not particularly
liiHY%d. 1t is general |y between approxi mately 40C and
85C, and preferahly between approximtely 550C and
80C. [0050] SSuflk &hesslfarrBantinactespérvanir chat

t oht ai. ned, sol ut.ion is.decreased, so_that the
10 L 180 M i‘r%rleé& mﬁypénﬁiegﬁsﬁsbaaplt hacpEesent and

anhydrous te

i'QG@@adglﬁaﬁéeraﬁr&%&%Ehézgghtent 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]



[ 0051] The tenperature-decreasing rate i s not
particularly limted. Wen ethanol is used as a
weabwrane49e f or exanpl e, the tenperat ure-decr easPagJIPANB055931
is preferably 0.8C/ mn or Ig;s. In addition, when
acetone-water (an acetone content of 40% or nore by

vol une) is usgghash Rl L8 S AAsY, YPRCRCRYSERL

t enper at uredecreasing rate I's pre

| ebs. pByrseihi poatdes trmperaturedecre %/%'31'1%8 [S%%L)%ﬁ:éng

wi thin such a range, the anhydrous tetoni

crysdeat lofathey preseldventd op Gan ;he obtal re
efficiently. [0052] Wen acetone-am?é?l%(a%%%cgtggﬁggg

C oremerE r fu k) % DI 2 ity NAlaWIR) 1iisiwesd agra;g
sol vent, the aforenentioned solution is retai ned at

5 4@ R B0 Odtoreds approdmatk 1orger , 2 3@dgsdc i siidhen
cool ed, so that an anhydrous tetom | ast type A crystal
caFr Hesrasalbatrsn Bperoaipetalyr 656@csieass rg r at e
duri ns%ut he af orenenti oned cooling does not
pa[rotq larly affect crystallization of the anhydrous
tetom last type A crystal. [0053] In addition, during
such a decr 4 §9CRediefpéuhiaone, thhi temphrature of
t eratur.e is retained,in several tenperature ranges
sﬁcc é’g’tfdéetdcs) Sggé,%l%o%:st gegpeasede s P Hre0C to
10906 .on_is,stirred fo pproxi mately 30

10
m nu es?%?%_ ggk%lrlg?sgotmgt gt 'ﬁléy?]é?rgeg%t Hre pEgSHRt

decrensednl Bad SLeRW Se.TRADES; N this stepwi se

si hg

t enper at ur e- decrea
[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. 1In 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



nmet hod, at a tenperature between 400C and 500C , an

anhydrous tetom | ast type A crystal, which has been
wonroduees separ at el y, may be added as a seed cPgstiR1007/055931

[ 0054] Moreover, such an ang¥drous tetom | ast type A

crystal is produced by using®a novel tetom | ast

cr di tetom | ast type .

cr%g%g%i?%%t&ehdn%?@t e nlggv\th%%enhq)e/e Fous et dyﬁ%eagurlng

typge By Ed St il r st al {1 zd r |_ut.i on

formed by di sstoﬁ Vi ng ﬁ%yﬁ%v%d%o%ez tpgﬁryg%qigﬁrly affect

Crysystal i isidd abd &0l e r PREUSH GBI @0ne 2

anhydrous tetom | ast type Acrystal 1s pro ucea’pby

recrystall i zati on froma solution forned by dissol ving

in a solvent at |east one type of tetom |l ast crystal
Sse[@cixd fromthe group consisting of a tetoml ast

hydrate crystal, ananhydrous tetonilast type C

crystal, andra adstidnidrgstduadeiconiichi ke dselreake in the

crystal. Herein, a novel tetomlast crystal is used

si {RPBE Tt Ure » a Wiilieu tdec degipstranig ref iswoetnimetein

types. [.0055] Such an anhydrous tetom | ast type A

crRStea e &FMRISLS tHE Sp radgesd shighs aspéAtE nigp t 7P knBAC to

an rous,tetomlast type B crystal or a novel

te%pgg'rl ggté cfr%/géalc'(gfclog i B9 ﬁ% Gniydr 693 utdooniilsast
ty, tal) in_an eo sol vent (a water content
of oeg%%és§£8§o§&% Y gﬁd“‘%ﬂ&}ﬁea PrPngorks, so

i;&zﬁgcg%'h%nteLnBQ?%QLuEéaHB'ye%eo&e%QeS‘SgS%‘% soLyent, Lhat

manner. In this stepwise temperature-decreasing

10

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



used herein may include mxed solvents fornmed by
m xi ng organi ¢ solvents having high conpatibility with

woRbErL19®6ch as net hanol, et hanol, acetone, or PCT/JP2007/055931

tetrahydrofuran, with vvater2 Specifically, the aqueous
solvent that can be used as 3 m xed solvent_ls I t

copshSkl e organi ¢ sol vent .
selaglc}?ggagﬁ gEme t eﬂg?%ﬁp ns(:: S%TS%SQ@JOH?’ rrae]%ﬁa?‘}otr‘?tomllaSt

et haepbniELL ONSH1 AN tefyahydrof uran. In particul ar,
acetone?aater (an acetaﬁg content of 30%to 60% by

voher®in| Sa P&F&ET ald o] SHCh A daueI & VeNly1y o as
[0057] The tenperature of a suspension is not

pasthtxtare yedidiideihfwf "dyStdy Hd¥e difpdss, general ly

bet ween QOC and 65C, and preferably between 10C

SanfiBQE5] [ 0058] The stirring tine is generally between
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10 m nutes and 48 -hours, and preferably between 10

m nut es and Bidiowrs afiEEYud rceaddiitliaen, tyhrese meiheds
are applied to anhydrous tetoni!qst type A crystals,
SOCRHS 35 Otheainy cgvinadt dus stetpemidiast thep&nAwer wshaksous
with higher purity. [0060] The obtained anhydrous

t StORT STt Y@ eA R Opsiia le @r Be nospar aesdnbyast crystal

i spl at.i tions such as filtration, _
oMb AR GrIGRREe: (FokombrEbvEPe A crystal) in

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
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
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.

[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



after separation, the separated crystal may be
subjected to a drying treatnment by a known net hod.

weéunishaevavor e, the crystal can be purified by aPEmorwo7/055931

purification operation. [0061] The thus obtained
anhydrous tetom | ast type A?érystal has a purity of
95%pqy nore, and it can be crushed using an ordinary
crusher (for exanple, an atom zer) . Thus, a
teteotgpst crushed product having a nean particle size
between 10 and 50 nmm and a 90% cunul ative particle
size of 80 rstSimla-er .« i ch, i R for
fornulationﬁmggﬁﬂ%gagﬁggﬂﬁ%%%%Fbégﬁ%ﬁkﬁﬁggﬁgﬁgeen 10

t eh Dt &S tardy P QAINS! D AUBLLHS, kol ash M%@a;es h

C crystal has the physicochém cal properties déscri

5i mfd® Haursl2) bel ow. [0063] (10) The anhydrous
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tetom | ast type C crystal has an endot herm c curve

t hB@0%%] substantially the sane as the

t hernogravinmetry/diff erential thermal analysis

(t enper at ur d1r iagidig ioat, e/fties)e erdbbber aire apprecghewn
in Fig. 7 . Specifically, such an anhydrous tetom | ast
t YRR XSS ttaftomg aisar &0er Az edyistiaflbat sbt akaso obtain
endg%hernic peaks _around 184C and around 189C. [0064]

( PRRYRROUsh rpdeBdd asét saeadt coypsatscwyshahiphsra
powder, X-ray diffraction spectrumthat is

siB¥tAnti ally the sane as the powder X-ray diffraction

[0060]

The obtained anhydrous tetomilast type A
crystal can be separated by isolation operations such
as filtration, concentration, or extraction. Moreover,
after separation, the separated crystal may be
subjected to a drying treatment by a known method.
Furthermore, the crystal can be purified by a known
purification operation.

[0061]

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

[0062]

Anhydrous tetomilast type C crystal



spectrum shown in Fig. 8 . Specifically, it has
characteristic peaks at 20 = 4.2, 8.2, 12.0, 16.4,

wa4or/11a9d 25. 9. [ 0065] (12) The anhydrous t et 8aATUREN7/055931

type C crystal has significggt i nfrared absorption
bands at 3300, 3088, 1744, 93, 1476, 1346, 1267,

1132, 1045, x5 4 1 ..n the IR QgBr

spect rum [OOGéﬁn}ﬂl\/{sHtirhooa% fto%;goélrlc}%uscﬁ ﬁté’pfr}h é:rr)gﬁgal has
t etiosi 1dodtenE 1Y $hd¥pert1RG ahydrous, tiet grijl ast
type éhgﬁistal,can be%Lrgﬁﬁbeggky ré%%%%%%ﬁﬁiggpﬂo ©
frompa wgldid on thatis obtai ned by dissolving the
known anhydrous tetonilast type B crystal or an

anf3af3jus tetom | ast type B crystal obtained by the
af orementioned nethod in a suitable solvent. [0067]

5 Exanpl es of (ziOs)oIT\h@nhnhbaIﬁ:oQant@%oﬂﬁ.&@st&eﬁ:?ﬁﬁ BBY¥%rystal
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i ncl ude met hanol and ethanol. O these, nethanol is
pdrad aul @ndptbeefrécableve] 0B68] iTheuasuntiafila the same
solvent used is not particularly limted, as |long as

i 25 Sheplthergoggrpliaesky/difsereattiné ahermmenahabedis

anhydrous tetom |ast type B crystal while stirring
udﬁ%?ﬁﬁ%ﬁFWﬁﬁ‘FésﬁéﬂlHi.eTﬁénénﬁadpthraisobveme sisewdn

is _preferably_between 70 and 200 m, and nore
pref érdbol 3‘bets\5?/§§\|£l%8§a%ﬁr 188Ch anywpnhypespectetomilyst

o%yb%ecazg§%%gatEgnggaracterized 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 tetomilast 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



anhydrous tetom | ast type B crystal. [0069] After such

di ssolution, the tenperature of the obtained solution
wo0aasmased to a tenperature between 100C an#CBOR200%055931

that the anhydrous tetonm |l a é type C crystal of the

present invention can be crg tallized. The

{ enpesiat il Gedlogy Casiam § AP dr oo, a”'cucl.ﬁc{p%e

limted, when t sol vent

apps exh T84 St yt;Q% @t&;%tﬁaq 'Br“ 2V r}gofﬂ?;%"'t LS, “S_L%dst

as a sol vent, e obtai ned solutlon rap

c ooy s Etcﬁyéﬁm%kﬂ!aﬂrﬁ?@%% %Jr%tn?en%o%gc{nﬂ%t%%d in

nore, and preferably of 1 mn or nore y Sse
t enperEtalsiee deskwasing rate within such a range, the
anhydrous tetonmi | ast type C crystal of the present
SinMEHETlon can be obtained nore efficiently. [0070] In
addi tion, such an anhydrous tetom | ast type C crystal
is producedEbymKé@ﬁygﬁablBbéwbnm frhem @as0bkt b@Rd herein
obt ai ned by dissolving in a suitable solvent a novel
teﬁ%ﬁnq%ﬁﬁuQﬁy%ﬁéﬁﬂﬁéx@m@deﬁganhé anbydrtoeset, emerhhasl
type C tal) that ©is used instead of the known
q%%ﬁ%ﬂ1égﬁﬁﬁ¥§€18-crystal. Specifically, the

Eﬁ§Q§ganhydrous tetom | ast type B crystal is first
a t'o net hanol , and it is then dissolved therein

10 2‘31 i on |5 etoalCEg tC8 ot BOLRBPEXPRARCRS 208C Tor -
B At hea By ne &Y gﬁéWE%?f%ﬁe%e%%if%ersi STeoraa ar
1Q@ﬁpQétwaeHaSQBQVe 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



preferably at a tenperature between approxi mately 0C

and 100C , for 30 mnutes to 3 hours, so that the
wanbydnoses teton | ast type C crystal of the preeeaPr2007/055931

i nvention can be obtained in.the formof a crystal

[0071] Specifically, an anhgarous tetom | ast type C

Crygéateth ePé@QH%iQﬁ@i‘eé?ﬁ{l%gfﬂé L zat ..'grgn%lﬁ A arnae%%qge,

sol uti on Tormed i ssolv In a so

onghé yPpeh hrd @S orkt a8l 1 S5V St @be Sce'&é%s?g?g@ aﬁee S8 E

consisting of a tetoml ast drate

anhydsotison et oM baStbt ¥ D P il St 51 & V.
tetom | astacetonitrile solvate crystal. rein, a

noy@d7@kt om | ast -crystal is used singly or as a
m xture consisting of two or nore types. The sol vent

Sand recryst ald iadditotocondidh ens aappided heraidhare
equi valent to those in the case of using the
af errsrEhtd st k nicswp rmothyalrdb by tretooryidtast] itAe B from a

crystal as a starting material. [0072] Moreover, the
af P-eHel e imacthd it sasiviled tie anlsydrelise solvent a
tetonm | ast type C crystals, so as to obtain anhydrous
t VY aSt IS st GRratals (%ich uRligive it heu rinthy d odd7 3]
e SORHTATEd B Sol it pétati Rt leaeh 1aGtead of the
e Sepd i dpérati efs -
10 AL i BTSN 00,08 SHLFacLaR e over
subj ect ed t%p%d¥f6d¥115ﬂe%hgeﬂ%ogx %nh@%@guge g%gmilast
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 of the present
invention can be obtained in the form of a crystal.
[0071]
Specifically, an anhydrous tetomilast type C
crystal is produced by recrystallization from a
25 solution formed by dissolving in a solvent at least one
type of tetomilast crystal selected from the group

consisting of a tetomilast hydrate crystal, an

anhydrous tetomilast type A crystal, and a tetomilast



wanhydnee tetom |l ast type C crystal

Furthernore, the crystal can be purified by a known
purification operation. [0074] The thus obtai ned
has a pur PCY/JPR1007/055931
95% or nore, and it can be h1ushed usi ng an ordinary
crusher (for exanple, an at6fizer) . Thus, a
tefonilast L1 d Vi nean particle size
bet ween 10r and rﬁ%%n#%s%% ggerr%lgﬁi \r%le%&avretji cle

o1 £8t0ft BT Qo Sl £1u 0 Sl S, S ALe WL

fornmul ati on, CJ%:‘]S be ojbt ai ned. %ﬁ%#eta?rjri ggj%ture

aces oS §tid® ol &Lhysidle A dLt ofiHasls 1acekoni 111 e

sol vate crystal has the physi'cochenm cal properties

deseci etk 11 Ak3)ort & dnkb)t el OWp 0@ harE3), The

tetom | ast acetonitrile solvate crystal has an

5 enelpt trer Indrc: ey vihdvatin shsbksisantdfahlsy righe hgame as
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the thernogravinetry/differential thermal analysis

( tehpereniriensds i kmpwratehyidrouen dettheri Mas tC ke shown
in Fig. 9 . Specifically, such a tetom | ast
acefwitialk idse as ¢ibeattd noy ysttalriiad .characteri zed in that
it has endot herm c peaks around 910C , around 176C,
andPBfdund 189C. [0077] (14) The tetonil ast

acetonitrile solvate crystal has a powder X-ray

di ffracti on%ﬁ@@t‘ﬁe&m s aferepsstanhed methpd dane as

&%&mggggfﬁfggr g%k&%Li%%%%ﬁl%%%CEQBg‘%hgﬁgskglgigso as
to obtain anhydrous tetomilast type C crystals with
higher purity.

[0073]

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

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

[0074]

The thus obtained anhydrous tetomilast type C
crystal has a purity of 95% or more, and it can be
crushed using an ordinary crusher (for example, an
atomizer). Thus, a tetomilast crushed product having a
mean particle size between 10 and 50 um and a 90%
cumulative particle size of 80 pm or smaller, which is

suitable for formulation, can be obtained.



characteristic peaks at 2Q = 3.6, 7.1, 10.6, 14.2, and
24.8. [0078] (15) The tetom | ast acetonitrile solvate

wonrywEtiad4ohas signi ficant infrared absorpti on baaugran7/055931

3300, 3090, 2249 (nitrile gﬁgup), 1744, 1593, 1476,
1346, 1269, 1132, 1045, 7527 and 704 cm 1l in the IR
(KBsg7spectrum [0079] Met hod for producing tetom | ast
acetonitrile solvate crystal The tetom | ast

aORIOHITAd e KARGHIR QXS IRLCAR hg Aaduced by

recrystallization froma sol ution I's obtained by

di ssol vi ng i @eein@nidst |8 dihe (knawn, %QH¥QE%u%n¥stag has

tetom | ast type B crystal or an anhydrous teto

t ypes ﬁnl‘ojs}asdcaﬂhemﬁtoaﬂln@‘io@éﬂtﬁ%safd@:rs%ﬁﬁ%ﬁo'ﬂﬁd 85 hed,
[0080] The anmpunt of acetonitrile used is not

5 paftS)cudedrdwy: |inmited, as long as it is able to
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conpl etely dissol ve the above anhydrous teton | ast
tylpd®Icrystal while stirring under heating to refl ux.
The amount of acetonitrile used is preferably between
70 and 150 ril3)andheotetpméflesabbyebehikenl@0sahdatgo
with respect to 1 g of the above anhydrous
t&réfrﬁtlaésthalsyﬁ‘él Bnélﬂv@?amw[ 008YF Thetabeveubshydtdasly
t om | ast %ﬁ % st al y be dissolved in
SofPrF |aé 1 & ?%PPBFﬁgl@ﬁaév/dlfferentlal thermal

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.

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

[0079]



heating to reflux, for exanple. After such

di ssolution, the tenperature of the solution in which
woOher7andwpdr ous tetom | ast type B crystal has beemir2007/055931

di ssol ved i s decreased, so %’Bat the tetom | ast

acetonitrile solvate crystat~ of the present invention

Cafe P& ¥S & ; - decr.easi ng rat

i s not part%%% aﬁ%?gmq%t%g %}%’Ila{ %Ci}“k%la‘& %é’é?fa €
appFrpxiqmptely 0.1CG mn and 1.5C min. The tetom | ast.
31 acetonitrile solvate crystal of the present

i nvention i sttt ddidieardealfiactad by such @rygtal

t enperaturedecreasing rate, and it can preferabl

obdtam red. p {82 d Shﬁﬁ&'é‘dr%’da)&lﬂﬂ&%f@?@‘@}oﬁnIayg()‘.?ﬁﬁlon

tetom | ast type B crystal is added to acetonitril

5 anthatt iss dhbtenimids ol \vid slherieign iwhid@ tehiikiing \E'ngr
heating to reflux. The obtained solution is stood to
cdglown aapprdndumtteltprd0@sfrort yaleo® 3§ siianubesaho 8
hours. Thereafter, the suspension obtained by the
afeaTeiRse o ed sy dlaisity tivpec Bokcey st 11 0BCadnebomer thand
preferably at a tenperature between approxi mately O0C

arfd FFFET t ge Boehhr@es to 3 hours, so that the
tﬁi@:ﬁt ast acetonitrile solvate crystal of the present
' ilon can be obtained in the formof a crystal.

[0083] In addition tom | ast acetonitrile
10 ¢orvate cryg?‘al aPS'uB?oa c@&eg9nFEEF &t 4FPAzAEi Bt f r om

ap20thin A% 3090y dus3ghyl 09 LR agelgnityle a
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



tetonmlast crystal (excluding the tetomlast

acetonitrile solvate crystal) that is used instead of
woherknomn anhydrous tetom | ast type B crystal PCT/JP2007/055931

Specifically, an tetom |ast,acetonitrile solvate

crystal is produced by recrystallization froma

t &R d LSS ' [ etonitrile at | east
oo yoe o et ST Skt %%%i?%&<§%?%%?a%rzj%ﬂﬁt*ﬂyiﬁ%ﬁﬁp
consi sbdt NGapfidulst oy d Asdctdygr S n -
anhydr ouglg&t1 etjérr_i I as?ﬂ ype ?A , a desadrzlé%n‘%wyd%m 3%3:.&1?2‘:8

t eflentréasing yper & cAystal -ca‘ﬂerg?xiébe@akﬁ%y%e tgiam, ] ast

crystal is used singly or as a mxture consisting o
twb0@82hore types. The sol vent and recrystallization
conditions applied herein are equivalent to those in
Sthe case of Speaigfitdee laf,0rtére niricene toyms BN RLHRUS ast
tetonmlast type B crystal as a starting material.
[ Oogey Bvbresiter] itshedafaot dwemidetned tretikgd aingl applisedhen
to tetomlast acetonitrile solvate crystals, so as to
ol EF P Y @b erainedtids stillre isg watde rchpstrahg wiot h

hi gh urity. [Q085] The obtained tetom | ast
alc’geifg"aw"{)'ri I@%&[%léle& POLAEL 108N Lise s§epsl aedoby to
i sQl ati atj@ns_.such as filtration,

Ico%&%réxggaﬁ oegtry g)rog xEPAcEPORE RBretveFesafeed hours.

O LS B S ROV HBERBE, PRuFRer mor o, ¢ he
Cryffr@ines@ PR PHLLEEE BY BoKPQWN .+ 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



purification operation. [0086] The thus obtained
tetom | ast acetonitrile solvate crystal has a purity

wohRo@a¥05 nore, and it can be crushed usi ng aRCT/JP2007/055931
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ordi nary crusher (for exanp%g an atom zer) . Thus, a
tetom | ast crushed product ving a mean particle size

et seam dbsand o0 (mhand A S9fbelou! atiye Rartlole, o

size of 80 mmor i's "sui table f

fofigdtedl ans Yy b.ﬁrﬂﬂgﬁ'd}e%s [aogﬁytur%?’l&lglné %rtglngaﬁg

consi sting of anhydrous tetom last type Cryst

anhyslratisndres aijideas! ke B16kwnst ahaAreca aixt
consi sting ofqgﬁianhydroug tetom | astrtgpggkéégagﬁtﬁon

ancbradi tirmsd rapis itet Gdeast atrkPeqBichyshal oMixbuLes,
with various types of ratios are generated dependi ng

orthEy chuset icdn usdmdi tihensfohemieanioxadpkaowa AhXLHESus
havi ng t he physi cochem cal properties described in
(T®tamd 1ers) tygleow carystbelgenenatedrtfA§8AkteE6)1The
Ievel of an endot herm c peak depends on the m xing
rdt9084df type A crystals and type B crystals. Fig. 11
shows the endothernic geak of a sanple having a m xing
ratio of A MBreoygrgothehafarsmertienadiwethgdofsan
a o s.le and an anhydrous

ype A crystal
st t%ﬁgb 3P§% gFeEagl ﬁl%%d%?%%@h$ccén$ﬁélsr so
tggtt oﬁ%gﬁha@gk8m1¥asgeaceQEn1trlle solvate crystals

with higher purity.
[0085]

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

[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
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]



the thernogravinetry/differential thernmal analysis
(tenperature-rising rate/mn) endotherm c curve shown

woOno@Eige49dl. Specifically, such a mxture i s PCT/JP2007/055931

characterized in that it has_endot herm c peaks around
175C and around 189C. [0089]33(17) The powder X-ray

175C and _ (1 oudler X
anhyAE B0 TRTBerTRAE. By e S A cf e G L iy dus
t ' t 1S I f th
R R D R

tetomlast type; A CEys @'coz?s‘lisa&mhef paOV\?a'eﬂfmé,' 3{0%

di ffraction spectrumof a pure a rou

t yperEnLryst at ypd he éf)?@ﬂ'}sglt @éﬁ{)yﬁ% m&%’ds\/% @M st

each crystal formis affecte Xing ratio

5 bet ymers tdwey sy Arolist dLIOM 1125ty d iR A Gpest i
t he anhydrous tetom | ast typle Bvcr yst al .ﬁ;i g. %Ilfz%g‘%&\?g
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t herpoysterrakedydepdddians ion gRRRJUBOIcARIRNE . Aas
having a m xing ratio of the anhydrous tetom | ast type
A Tt ytaiple hea amwidrou havetemithas bHypgiecBhemishal =
40: 60. [0090] (18) The sanmple having a mxing ratio of
t RFoRahdrsusdexanidadsin tilse Aocriistalbeliole canhpdr ous
tetom | ast type B crystal = 40:60 has significant

i rff Ssorption bands at 3298, 3088, 1744, 1593,
1470%348, 1269, 1132, 1045, 760, and 704 cnil in the
IR{( ) spectrum In addition, a deviation of Sczrfl

(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
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
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
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



may be generated in an absorption peak due to a
difference in the mxing rati o between the anhydrous

woebwniidast type A crystal and the anhydrous teCoaPioaytss5931

type B crystal. [0091] Mor egver a sanple having a
mxing ratio of A:B = 10:9 “4has the ghlysn cocgggnzcal

r S I he n 21 el ow.
(1O ThaE SR oRREE £k "L ARRETIAT SRt Ehat (S Bure

I

fﬁgﬁﬁoﬁg%g@% rr%(ﬁy il %Ergﬁ%l 21$ Thet J%aa]t analy sysrength of a
(tpERRr 4 ad i BFo LALLMy ndP&Jh?flfTs‘ °a§#éé’teec? RO he
in Fig. 13. Specifically, such a samnp

chat aCh@r et i we thad ush@%@még ung,
176C an% around 189C.n[0093] 20 L&ﬁe sa ygD

Spowdestad raryd difid raetydroEPaddditial 4% éa fcr stal.
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substantially the same as the powder X- ray action

spety r uhd sttows i thdigpwdek: xSpegi fdicdastidn @%Ctrum of
characteristic peaks at 29 = 4.1, 11.9, 16.1, 17. 2,

198 samle hapsing P 5ixRirgnda2ia3 of[ &&%]arﬂ'@h)ro_ﬁ%e

sarrpl e has significant infrared absorpti on bands at
308 oMt e 59y stedz4, the48nhy2BRusl 122 0omi045,

7 cmllntheIR KBr
756ypeaan cr%/'fistal = 40: ( )

[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,
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
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:

[0092]

(19) The sample has an endothermic curve

that is substantially the same as the

thermogravimetry/differential thermal analysis



spectrum [0095] Method for producing m xture

consi sting of anhydrous tetom | ast type A crystal and
wanhydnews tetom |l ast type B crystal A m xtur ePCT/JP2007/055931

consi sting of an anhydrous ggtonilast type A crystal

and an anhydrous tetom | ast “type B crystal can be

tetom | ast ey tal can be
Dot o R By Coor hg % AT 11 B i e

obt ai ned by di sso ginas

anmydroys 191 oBpaste g B SN A Argan aghydrous

tetom |last type B cryst btal ne

af e ergeat d onadh mat kot [:0096] éﬂédz%%rhxgsp%gk%Pgépund

af orenenti oned solvent is not particularl I'm

ACEl 6nteawat aro(iaa agebene content of 40%to 95% by
volune) is preferable. [0097] The anmount of the

5 af gi@@Einti oned sol vent used is not particularly
limted, as long as it is able to conpletely dissolve
the above tet2di | a%te craygtlal hefdi ke pstiieki Rgrypder

heating to reflux. The anmount of the solvent used is
pr&iffeh st i dretopeet 130 ahdt166 supsandtiel@ypthéesalkyas
bet ween 30 and 50 mi, with respect to 1 g of the above
arffyRiR s aTe foravash fifypetdoor ppeak rup0sbejn The Ebovels.
S o Sl ey e ol e et 20 = 4.1,
10 11.9° 16.1° 17.2°, 19.3° 24.2° 25.1°, 25.9° and
27.3°.
[0094]
(21) The sample has significant infrared
absorption bands at 3298, 3090, 1744, 1593, 1474, 1348,
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]



heating to reflux, for exanple. After such

di ssolution, the tenperature of the solution in which
woOheo7andwpdr ous tetom | ast type B crystal has beemir2007/055931

di ssol ved is decreased, so that the m xture consisting

of an anhydrous tetom | ast ?pe A crystal and an

anhydrous t ' t B crystal of th resent .

i nventi on c%ﬁ%]eégg% a?gngtg?e ﬁflegﬁeé?ﬁ}'éﬁjaqrtﬁcg-%écvreéﬁsilﬁg not
r t gL proximately 0.4C/ mn an
1?%%:%?%1}?%#3%&”' cr:{:u ar, q%ghe neen%“éafta%lﬁrgnd@ccre ihg
ratentSnadprisied, 3 (I 1. X1 rati o of
the m xt u?%ﬂc%(%sjitsf%nﬁscﬁfﬁg%egdrlo%?]{ge%ﬁﬁ laes't type

A coystpl and an- anhydrous tetom | ast type B crystal
of the present invention. [0099]. 37 Specifically, the

Sanhydrous t etranidrasintt e tBeC ysh@ndr: ifdnfest sadded it Qseg
acetone-water (an acetone content of 40%to 95% by

volaime)t paarntd dulard yt hemidiessolaced drerei A WAkl 8p1e +o
stirring under heating to reflux (approximtely 600C )
. e Pt et ssollvel ahel sbetveod ettondQalstt @rystal while
approxi mately 30C for about 15 minutes to 1 hour.
THerearider undeg $gspéngi sp obtfdiumed Bet Amount of the
af orenenti oned cooling is cooled at 10C or | ower, and
prsteislt ysgd 45t expérarbly between 3fprogi iabeny, 0&nd
and 100C ,_for .30 m nutes_to 3 hours, so that the
10 i réDr@ofr‘?gia%tliynBGEf”eﬁﬁ 3RhpBA0BS ey oifithAstesppetAto 1
crystal.an anhydrous tetomlast type B crystal _of
t e pr esent%bi%&\?eﬁ{l%{gﬁri?gﬁ g888ﬁfiﬁﬁ5d\t’§ﬂetﬁe‘3¥wﬁ?bf a
[0098] :
The above tetomilast crystal may be dissolved
in the aforementioned solvent while stirring under
15 heating to reflux, for example. After such
dissolution, the temperature of the solution in which
the anhydrous tetomilast type B crystal has been
dissolved is decreased, so that the mixture consisting
of an anhydrous tetomilast type A crystal and an
20 anhydrous tetomilast type B crystal of the present
invention can be obtained. The temperature-decreasing
rate may be between approximately 0.4°C/min and
1.9°C/min. 1In particular, the temperature~decreasing
rate is adjusted, so as to control the mixing ratio of
25 the mixture consisting of an anhydrous tetomilast type
A crystal and an anhydrous tetomilast type B crystal of

the present invention.

[0099]



crystal. In a case where the solution obtained after
stirring under heating to reflux is quenched (for

wexenalieet he solution is cooled to 100C or | oReT/JPENT055931

preferably to a tenperature Zetmeen approxi mately 00C
and 100C , for about 5 mnutés to 1 hour) , a mxture

havi t hydrous .tetonm | ast type A
Crystal o the teRt et SR AN L R s %emyéﬁabt 7 cre 8
F ot 1.0, | rati 0) can be obtained.

T SRR S AL S %?ita&?eteﬂo?%ersw%arnﬁw@f g one

t oid | astode rysta the an r ous
Cotom Taat Ey oo R sy By o A dicarey T et
[ (0830l ve@deididm iie afanemanty %%%ﬂ“h@al&&%lgg?ﬂ -

al so be produced using a novel tetomlast crys

5 ( exef gt n@aphonindiy1e @RS St i DHe0bnaR: ABAY YL PYSion is
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tetom | ast type A crystal and an anhydrous tetom | ast
t ypeodi! crystad]) tnsippadxdhatke kBown aphySbeEs 15 minutes

tetom | ast type B crystal. Specifically, the
aftor ehgmunned hringafter, s theodusedniyon obtained by the
recrystallization froma solution formed by dissol ving
| PP LBISAEonRd |cogdtingnd st gpelefl vat GATC ast bowstaland
sel ected fromthe group consisting of a tetoml ast .
hWhshFaaysed 2 &FRekparsasPeEreaD agprpypmailt\ely gc
crystal ,,.an_anh ﬂrous tetom last type C crystal, and a
L AR I%SE £20 ahi FLRPESS o en iyt ape TRE ddis anecture
aQQnﬁﬁEﬁx%ban 5%tE%ﬁy%ggggt£8ggm%9gg%egype 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
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
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
tetomilast type B crystal is not particularly limited.
[0101]

In addition, the aforementioned mixture can

also be produced using a novel tetomilast crystal



herein are equivalent to those in the case of using
t he af orenenti oned known anhydrous tetom | ast type B

wonywEtiad49as a starting material. [0102] The obPararmo7/055931

m xture consi sting of an an?%drous tetom | ast type A
crystal and an anhydrous tetbm | ast type B crystal can

{1 (TFOR Y coke dErar D thr bt it opsvas
SL%?E%I?E%?%% yzli %}tﬁ r ear ?raéngf agl;yag{@n%nﬂ%yﬁgwilaSt
Fueperee ste cryslalq can e AL sibya ko
cr:n r %%sﬁrfl I;ﬁ}s Ieﬁ?ﬁpaé]n ghBy gfrroiﬁd;c aflg ? g %rpl%alégL tfti?{? %eq] 3 Bag:trhyeg %/ gle ﬁas

5a pividmer(thmadntentdat iie roﬁﬁ%e@qw&‘é‘&fs%taqmgz%%ﬁon

type A crystal and the anhydrous tetonilast “type B
crisimala tep futel drotfd roeentenidi seb 198 %0 nTer @o 18Rt bt
can be crushed using an ordinary crusher (for exanple,
anteRoNM e typeThufs teg aretlamit] astystals ked epreduGt-om the
having a nmean particle size between 10 and 50 nm and a
QQ%QHHnﬂQﬂﬁhﬁ¥¥%ﬁFﬂ%ﬁet@ﬁ@@ldﬁssohwdmamesmaybgal, an
whi Ahd's suitable for formul ation, can be obtained.
[c?f%m 1o reOmiileat sowpodi cruatThe pharmaydubiieal

c osi.tion of the present invention conprises at
10 gcas © @Stty%é(p(?f %t STYTiPast 2By &t hptemidasEd from t he
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g@&%ﬁo%ﬁ%%ﬁi%i%%l%%t% crystal.
The solvent and recrystallization conditions applied
herein are equivalent to those in the case of using the
aforementioned known anhydrous tetomilast type B
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
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.

[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



tetom | ast hydrate crystal, an anhydrous tetom | ast

type A crystal, an anhydrous tetom | ast type C
wonywEtiad496and a tetom | ast acetonitril e sol vat BCT/JP2007/055931

crystal. [0105] The pharmaceutical conposition of the

present invention further c%ﬁprises an anhydr ous

te ] e crystal,. An .exanple of such a
phan et | 4P TR e B S AR Ea L and
copsd Sihneq L gg?y ous tetomglast type A crystal
and an a%dé%%gtte oJ‘r]lnfaféé\%s,tq%:i)yepeIE §]%Yri):ﬁyjalt° [tg%GﬂOtﬂJre
noyshtdet Pa ¢ agds Iy of_ .t resent invention has
activity )gf suppr ess?%cg!et’heanrd;ﬁggscé—mo LTSk yiFeRg an
frora ety aphidissr ofr S Sldpinat ing eactj g oxygen
spepies.:%hus, t he gbove nggt feﬁbmﬁégﬁﬁ%¥§5taﬁ%ﬁgé a
5 act it i n i @ANh e HHRRIAN KAy 1R QX ifle rl il 1A @5 7o
l'iving body, or to decrease such generation.
Adverwiieg| 0 drhe S00yel anet anidloas bushi $kale0batRecie size
present invention is useful as an agent for preventing
analf 0 twreatd mgaldrigusihtiyhed sobuditspleers ok odinseasesn,
that are caused by the aforenenti oned excessive

geFRSt 19 eptefineghct i ve oxygen species, accumul ation of
peroxide lipid in a living body, or a defect in

de nmechani sm t owar ds t hese phenonena. Mre
speci fically, an agent conprising the pharmaceuti cal
10¢ atcieé‘rifyl ?1 FEMPPELEALT nvention is useful, in a

har maceuti gal field, as_ an ent for protectin
Various typabcoP ErlEGEiEGFRL FPBRPPAERERI AT ahle Present

dH%R%%%ﬁ%na%%ﬁﬁEgggg gktae5§¥a88gl%&Léag%ogétgggTast
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



as an agent for preventing and/or treating
gastrointestinal ulcer including stress ulcer; an

wageiT11$496 preventi ng and/ or treating cardi ac PSTHRINT055931

di seases such as nyocardial jnfarct or arrhythm a; an
agent for preventing and/or4Qreating cer ebrovascul ar

di r bral enorrhage, cerebra

i nfarct, 1£¥§P% n§$§%?1 éﬁﬂ: ggﬁvegqlgﬁgeqag}on of
m§gfy fanct spro e r disorders caused b
transplantatlﬁoa'lr}li E?crggiﬁ%'lgpﬂgh Pgiﬁﬁrgecgﬁég? &Pé&w

agfte S0 G ppﬁ%ﬂﬁn\éﬁy ,OUg o %B%lmte‘ﬁghllitlia%u Yystal

that seemto be caused active oxygen t

abﬂpmm%|pkéﬁ&ﬁﬂ§k@%nﬁ%%ntQscﬁgé?ﬁloggeéntQﬁgpt for

i schem a, such as an agent for preventing a

5 t neadvierg: iBeheeld /9 rditseasengC Whaneays t yasUbirt hS sorders
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ul cerative colitis, nmalignantrheumatism arthritis,
ardrerdissclsesosihs tok rdi abekes. b/0884] abbrerxat i ohhe
novel tetomlast crystal of the present invention is
efefsastsisigef genearitdvs bypesaotideseagsesnaspesiated
wi th abnornmal generation of cytokines, and
p&QGUELacipn gnoerakidenéintdofnos TNFing, bbdyh, okla
6 . IFN- g , etc., or various types of diseases

&Ckt dd HPERNER HEEBRBLAN bAVSTAS ethbesadhlsnyrena.
artgiular the novel tetomlast crystal of

t%%rﬁrgggﬁﬁ tRGMYT oRNCAACPF eFERRBLS RS BRRd: as an
R e PR T PR i B o E TR re“%‘%ré%k‘i&?%ﬁéﬁéﬁiw
v ST T R T
npeoaedtahgi Ghat6hs0RybBAl oF St Bssue cells from ischemia
and disorders associated with revascularization, such
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
diseases such as cerebral hemorrhage, cerebral 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
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



woéabldinewsuch as i schemc nyocardosis,

nmyocardi al ischemc state, viral nyocarditis such as
the acute stage of viral nyocarditis, chronic heart
spont aneowgP2007/055931
di | ated cardi onyopat hy, etc and as an agent for
preventing and/or treating |§chen1c reper f usion

abpee gl £ 1 ¥, 0C ur coronary-arter y
surgery Cwﬁkséégﬂfurlgg %%&E{ﬁﬁfc %h%ﬁ%l é?éﬁﬁgfﬁ
angoiymg transition fromSIRS (systemc inflamatory
response syndrone) to organ failure (grave acute

pancreatiti sqodddwert GHe ﬂHVéﬂ“ﬁéﬂHﬁ%l Qa% of the

caused by grave acut’e pancreatitis

ocersamyg afteit itepatL e iale |f‘o\.‘cervaci§%‘ﬁ%rg g o;f :
i nfl ammat ory bowel di seases such as Crohn's . ease,

542d15q&5&ﬂ|aﬂsdnﬂaﬁedxwﬂﬁﬂiabnd%maﬂWg%ieQ%téBhob%“U”e
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di seases such as hypergammagl obul i nénmi a, systemc

ergit tetiatesde SR tdcuhantliyyl ebselrerosgencmBtashasics,

I mmunol ogi cal rejection occurring during

t rAHshantlat . ofLPendéNomal eBecel br abast omd it ypes of

(myel oma, etc.), polyclonal B cell abnormality, atrial
SQ§a§Fﬁ@ﬁ&ﬁt§dsVﬁ@hoﬁ@ agcedergtion state of

g rulonephrltls nesan%lal proliferative nephritis,
TYac REXHE" - Leﬁﬁepﬁr dchyppholrae pevelatesomilast

a 's sarcoma devel oped due to

t
,Sccﬁ‘ggt ne% Sgﬁﬁrseggt &BEERG4PE, Canapeeéerably be
S%%'d“e%aana%?%‘”ﬁepZ%%%lv%hsﬁng'n%'aZs%m%%% efageases

such as angit

Sﬁ%ﬁ%ﬁg&;@é?ggggg Lheat L9 RREARLC RBSEL giévgkthrltls,

endotoxin shock, ARDS caused by accidental ingestion of
gastric juice, toxic gas, or septicemia, thermal burn
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
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 (gravé acute
pancreatitis, DIC, etc.), or multiple organ failure
caused by grave acute pancreatitis , liver failure
occurring after hepatectomy for liver cancer, etc.;

r

inflammatory bowel diseases such as Crohn's disease,



[0108] Specifically, the novel tetomnilast crystal of
the present invention has action to inprove a decrease

wonod7unggeb uncti ons, such as airfl ow obstructi oRCTAPZNOT/055931

exhibits an extremely high therapeutic effect upon
chronic obstructive puInnna?? di sease. [0109] The

s of, t he resent |nvent|on can be
ugaeggév% Qﬁl lsdneetcof’ es Herfberdt S8 e om

t.ri ene bi osynt hesis
}:ﬁ%%%§%%% % Ilpogg e aselq%#ﬁﬂ %%?@%ﬂui%¥ SmLc
NISNASSIAC | ) (E ant agoni, st i
2 Wecept or Egtér:tt a%Laéonl gstg:s&{ e"] ottﬁe) r?essls’4§16taf%§§,ls'

L Tiethau it il¥y iﬁaﬂ:@%ﬁeéilonpg%%erQ'%‘ER&%_§EC|Ud'n9

i nhi bitors of isoform PDE4D;, 4 . ['I'poxygenase

5§ nhdan dpirsn @t o ,5 mdridRQXYEEN &S @ cAGT 'atb%'@%ﬁft?t ein
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(FLAP) antagonists; 5 . dual inhibitors o

5- (nyzebopgenase: .9nd palyagenast 8 ek 1p! @E%b%?na@ci‘i:mg'tggal
factor (PAF) ; 6 . |eukotriene antagonists (

i mRgiang Gardslenfaor’ sLEBAdrbhes, kaaérgnd LTE4; 7

Anti histamnic HI| receptor antagonists; 8 . H

réﬁ%ﬁﬁﬁﬁﬂkﬂﬂgﬂ?ﬁ@b@ﬁs m@sangliadndral?fadeenoeeptphritis,

agonl st vasoconstrictor synpat hom netic agent S

addined Sa&dexia, Lennert”’s lymphoma, psoriasis, atopic
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.
[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
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:

1. leukotriene biosynthesis inhibitors (5-
lipoxygenase inhibitors and a 5- lipoxygenase

activating protein (FLAP) antagonists) ;

2. receptor antagonists for leukotrienes



wonmi7hilieess of 5-1i poxygenase; 11. anti chol i nePgIaP2007/055931
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orally or topically for decongestant use; 10. al and
a2 adrenoceptor agonists in conbination with

agents; 12. bl - to b4- adrenoceptor agonists; 13 . net

hyl xant hi ne s; sodi um cf8nogl i cate; 15. nuscarinic
re or d tagoni sts; 16. NSAI Ds
h%ﬁgété%%¢%,N8¥g@|%¥ ory drugs) including COX-I

| hi_bi .t d tric
s, S s setlie bl an e

It | &5s48. C|cleson|de 44 19. inhal ed
g|ﬁ%§%§§§l00l%ﬁ-(of whi ch side effects are reduced) ;

20. tryptasey| r%upiﬁﬂzfger?a]se Rl eﬂ &t gqvcgtl ng

factor antagonlsts nDnocIon ant Ies actlve

RIS 4 Rl 26;
24. antitunor nucrosis factor (TNB IBE% g?ﬁ%
DVARD (i ncl uli ngd ef4rimiasiede) o 26.- ﬂ%%@%tda%%s an@/ -

i nterleukin converting enzynme (1 CE) inhibitors;
antagonists of platelet activating factor (PAF) ;

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

7. Antihistaminic H1 receptor antagonists;

8. H2 receptor antagonists;

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

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,



28. I MPDH inhibitors; 29. adhesion molecule
i nhibitors including a VLA-4 antagonists; 30.

woabitapsions; 31. MAP ki nase inhibitors; 32. PCT/JP2007/055931

gl ucose- 6- phosphat e dehydro enase i nhi bitors; 33. _
ki ni n-Bl or kinin-B2 recept ant agoni sts; 34. g(r)]I din
the form of aur.ot ou conpj natl on wt

hydr ophi | i c gér]o ag%é) veefagehtah sgle

anéfggggs aagle@tls d&%c? ant hi ne oxi daze inhibitors; 38.

uricosuric agen ‘antitunor agents;40 gr owt h

hor none secrgf a rix

nmet al | opr ot eézldses; 'k‘ltnfsn ]lonrhs'\ﬂl%Pf%nasTGF b (gr ansform ng
rowth factar),; 3+ Live .
?actor) . 44, flﬁt?rob{iast <—:1(gcrtngt angf:tor (Dfrorangfgr?ﬁll&ts’

5basic fibr O@!ZaStmcﬁde’ltd?iaflagn‘% bo@'leg:)ac'tl%%éctggrinst
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gr anul ocyt e- macr ophage col ony stimul ating (
( @ddEfgngudGnfapeitdry @neamicd?. tachykinin NKI  and

NK3 receptor antagonists ; 48. elastase inhibitors ;

23. IPL576;

24. antitumor nucrosis factor (INF-a) agents;

25. DMARD (including leflunomide) ;

26. TCR peptides;

27. interleukin converting enzyme (ICE)
inhibitors;

28. IMPDH inhibitors;

29. adhesion molecule inhibitors including a
VLA-4 antagonists;

30. cathepsins;

31. MAP kinase inhibitors;

32. glucose-6-phosphate dehydrogenase
inhibitors;

33. kinin-Bl or kinin-B2 receptbr
antagonists;

34. gold in the form of an aurothio group in
combination with hydrophilic groups;

35. immunosuppressive agents;

36. antigout agents;

37. xanthine oxidaze inhibitors;

38. uricosuric agents;

3%. antitumor agents;



49. PDE3 inhibitors; 50. H4 receptor antagonist or a
i nverse agoni sts; 51. antioxidant agens; 52. radica

weeaangiong agents; 53. conbi nati ons of b2 adr eADORPODO55931
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agoni sts and gl ucocorticoids; 54. agents increasing
protein | evel of hypoxia-in#lacible factor-1 a
(HIF-1a); 55,.,antiaq iﬁg?t rotei ns upregul ated by HIFI
a; 55. vascuf@rd LGNS rRAE R SPVEGF)

ecr et agogus, ., a 7. .VEG- receptor oni st s.
?Ollo]T%egn6§€Iq@ngﬁﬁq%%ﬁ Wﬁ%éﬁiﬂpﬁﬁ% & Sir ddeyiitors;
i nvention is;ge Al in.the form of._a, commobn
pharnaceutié%' g§§2§#§€%%%%°§ﬁ&ﬁgagﬁﬁgF E8GtrLar
preparation j$ prRared using comonly used diluents

or excipients such as a filler, an extender, a binder,

apmaﬁéﬂgi4ayyyvedagq5%ggtgg&@%g@v a surfactant, or a
| ubricant. For such a pharmaceutical preparation,

various types .oftibebrs asanghewssl eated-depending 0h .,
t herapeutic purpose. Typical fornms of such a

prersiec dlitrodll aptepabathofafly ri: np-ude) @ tablet, a

pill, a powder, solution, suspension, enulsion, a
granul e, a dapsgirepudosyppesbtevphagadcabohj 8€in@Nating
(solution, suspension, etc.). \Wen the present

t ePGFIadCMcfyEt al is nol ded into the formof a

tabl et L
46. capsaicin cream;

47. tachykinin NK1 and NK3 receptor
antagonists;

48. elastase inhibitors;

49. PDE3 inhibitors;

50. H4 receptor antagonist or a inverse
agonists;

51. antioxidant agens;

52. radical scavenging agents;

53. combinations of B2 adrenoceptor agonists
and glucocorticoids;

54. agents increasing protein level of
hypoxia-inducible factor-la (HIF-la);

55. antioxidant proteins uprequlated by HIF-
la;

56. wvascular endothelial growth factor (VEGF)
secretagogus; and

S57. VEGF receptor agonists.
[0110]



various types of carriers, which have previously been

known in the present field, can w dely be used.

waxeanmplieme of such a carrier that can be used heCeuPBYs3931

i ncl ude: excipients such as | actose, saccharose,

sodi um chl ori de, grape sugaﬂ§ urea, starch, cal cium

car bonat e, oline rystalline cellulagse, or silica;
bi nders sucﬁﬁﬁ% Qﬁﬁ%iiegﬁqﬁﬁﬁﬂﬁt;ﬁﬁﬁﬁﬁﬂﬂ ofgitis1 ®resent

e i wat er tarch solutiaon, gelatin
:g{ﬁ?%%&galr%g%{&%%y y cueﬁqdul%&g%es qpet a Lommon

, hosphat e, lyvi nyl
N R O e S
al o Y5H 16 + BGRAT s PS5 d 'Hs'l?lrga%po \&ﬁr’gﬁ%ggﬁghuents or

bi carbonate, cal cium carbonate, yoxye

5 sanhit@nedad tah@acid estangersodihumla
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; el bi
sul fate, monogl yceri de stearate, starc#, of Pac%gggf’ a

divedtritiegy aigenrt | RNIdLIsiORSSEERES 2SBLERAERS AL, SLEALI N,
cacao butter, or hydrogenated oil; absorbefacients
sustprEsaguat erfivar yuahman piarbaseudh cs0dpuBbhast Ybn,

sul fate; hunmectant such as glycerin or starch
adserisarst & yReeh ofs feotrauschanl het esteckadl d8fending on
bentonite, or colloidal silica; and lubricants such as
plHiiSfa@@ utdicc Puspeseat eTyborae foruspofidenchoa

pol yethyl ene gl.ycol. Such a tablet may be further
pPUCEESEE TG la PraprEaTaeRt BAYWiRALlude or didak gt 1 abl et

coat,, such as, a sugarcoated tablet, a -gelatin-coated
t Rdi'er, aaﬁ’ogﬁitegr’iEgiBE%QB'tﬁBFB??SéOFHﬁ*i“éb%%‘é%lr a

e doubleyaat sdplabl el cond 2L BLE Laver
GBSkt TELSRL AR LUt LT B, Bl 28t
tetomilast crystal is molded into the form of a tablet,
various 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
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
pyrrolidone; disintegrators such as dry starch, sodium
alginate, agar powder, laminaran powder, sodium

bicarbonate, calcium carbonate, polyoxyethylene

sorbitan fatty acid esters, sodium lauryl sulfate,



present field, can widely be used. Exanples of such a
carrier that can be used herein may i ncl ude:

wexeirpiienss such as grape sugar, |actose, stareQT/JRROACS931

butter, hydrogenated vegetable oil, kaoline, or talc;
bi nders such as gum Arabi c, 4Eomdered tragaCﬁnth,

e nd di.sintegrat such as
ge[h(%é a¥18£rl&g]a§pé%2cn t e et ﬁ&c&ﬁ%%st cryst al

' Sdi@lr%‘éjgfﬂfoﬁ tlenkfﬁflb oq;s %uclfropOSI t0 Cag,llt es;‘:lséég&n,

whi ch have previous Known

CalbM el &er UW hﬁﬂ?ﬂﬁ:@o%%e%lf os.LliCEuat%}s%la,rrbr aé:],}&n)és such

i ncl ude pol yet'hyl en cacao

alphplat e A0 3@ Sr %Icﬁ_tdnp’la% ?/l sulfate;

sem synthetic glyceride. As a capsule

5 adtuneRitigre il GOMIgWRE 1S ogeRehaldny ?bo%‘}b%‘tg 1ch
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various types of carriers as descri bed ve accor d I'ng

t @sa stemon Neidtede andolhecpbbainhes i et %E:ecb?zlbhaﬁl
filled into a hard gelatin capsule, a sof t capsul e,

etsé-1 ivieen arive mbesienrmntisesonhl ast perysiad iks16p! dedarate,
into an injection, it is preferable that a liquid
aé@ﬁﬂc aFismposider, amdpalgespeisnenghgcsier i Bizrdaand

i sotonic to bl ood. Wien the present crystal is
n&a&’é& i Rey §@c|#uétb@ﬁfnprapﬁswgesn@b di tabhes, cohtet
havg conmonl y been used in the present field, can be

u&d? %‘Z‘aﬁﬁﬁ fagy Saehedi Faéﬁtss’éﬁbt :élaﬁ Bég%@@?ted
d macr ogo

B?ggbgehe gPy eggﬁlgegﬁ%gﬁﬁag ¥?§gs%gag9teéFEoﬁgﬁted

p%%ﬁ@é¥la%eglﬂﬁo§5 Eﬁltggfgfh 2,09 %gglgog¥e$2¥é§igt,

sorbitan fatt aC| esters

p@&alE'ﬁulh@bl@oﬂﬂ98rségﬁle9fan §g8§£3a9§,9|%§§ﬁi{he

be m xed into a

present tetomilast crystal is molded into the form of a
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;
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,
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



phar maceuti cal preparation in an anmount sufficient to
prepare an isotonic solution. It is also possible that
wa 2000mwe sol ubi i zer, buffer, soothing agent, POT/JP1v87/055931
li ke , be added to the pharmaceutical preparation.
Further, it is also possiblé&8that a coloring agent, a
ervative, an aromatic, .a flavor, a sweetener, or

ot had EE AT RBCETRPERIS 1 IS SRl b bt 9 With various
kil pre gl SR S Eit hk R L AR A A
paro R S PINIP A 68 RN e jarediidded
by e P rd el R R e hiund ay  Hren

5e gantgidicthi ntdigndranarat)ang [ e ;
adm ni?sy{ ration net hod of %}}e alovl%lp aierr?glﬁelﬁ)ﬁOcﬁn
prppeedian s Nl fardd e bondd 1 taduy;
phar maceuti cal preparation is aélirri ni st eue?q%)gteg&r‘retaﬁod

t hextu Ideipend sarah & as e iyype B e0fs HRhanmBeeU gk, of or ms,
the age, sex, and other conditions of a patient, the

delgremifc dicsddsmd .et dlheForthex piplsenti krifkeacase ablaed
tablet, a pill, solution, suspension, enulsion, a
griatifl sudn@ £agapsale, tvivese ofr dpduatitens waieh have
oral l yadm ni stered. In the case of injection, it is
10} R ErEHeUSSPradifion dreftde SrRgEptofiadda mart beeunkth
o ey SpLaceTIL (L g such, 2o o120 sugar of
R AeLRd3S 2 A9LG URS:, | RLEATUSEU ALY 1
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



intradermal |y, subcutaneously, or intraperitoneally. A
suppository is admnistered intrarectally. The dosage

wofhodhasabove pharmaceutical preparation is PCT/JP2007/055931

appropriately sel ected dependi ng on usage, the age,
sex, and other conditions of%a patient, the degree of
t he anmount of an active

di S tec. In general, ]

| nGTEUr e bt Gy B thet GrhdTEF 4 h@pproxinately
apps oxi £hy 0.2 ta 20 er kg.af bady weight per
Gobt VoI W Rttt (Drhen elmeadmoreditnt

hy, wanhydraus fetomlast type A crystal,
an%;g/ r&;ﬁ{s&/?&e oRq a8 aylﬁlfdtcl& ealp,retpétr&jfﬂoé’st

acggonitrile solvate crystal, and a mixture of the
above anhydrous tetom | ast type A crystal and an

5 anhydrous t @ty 268 o6 HEkAbaoh f REPLEEN!
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i nvention, the crysta ornms thereof are easily

C piaraldcetithyane Presadlalti Bal 1N noan ?a‘rtﬂ%ﬁ% 3%[?} ?L ] g%ged ,

are excellent interns of filterability .

crayst alhe phe rsuicatlieaflobrepduatibal 1BRSSMRHOdUELLANLy 5
[0114] In addition, these tetom |last crystals have
p&cftodatbett Hepensisequi vakebtist aypesgb€apibrinhasut hak
of an anhydrous tetom | ast type B crystal, in terns of
stigBmsit fheondrds skaat aaddonbest apediandnshef a patient,
di inte%ration property and di ssol ution property of
5%@e9§.rﬁEcBﬁdﬂﬁ@??§ethé§@-teF@ﬁiPaémpéeysialsheauase

L eantels H38d1S RO IR LSO Ll Sion,
granule, and a capsule, these preparations are orally
administered. In the case of injection, it is
intravenously administered singly or as a mixture with
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.

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 ﬁay be determined to be
approximately 0.2 to 200 mg per kg of body weight per
day.

[0113]

With regard to the tetomilast hydrate



[0115] The present invention will be described nore in
detail in the follow ng reference exanpl es, exanples,

wana7iievavel ati on exanple. [0116] Anal ytical meroodron)/055931

Thernogravinetry/differential thermal analysis
Thernogravimetry /differentP@l thermal analysis was

CALFLSEL LU0, A OIS GOy o Lo odDTC SOA, e
S PALAEIER AN 48R T SRl 2

f i i L of a sanpl e was
et ST G oo aprer) 8 Shefe’ frnaanots

t erDEs Rt W 8- idSJdNg, T, f m_n i dry .ni.troge
at nosphere. Ag%% refe eﬁ%@'gbc%fghggﬁ§§?§|Snk%goaéEaSt

5 usegbe [D1dRlstad) oROwWRRr p%-ersaeyltdiia%mgﬂo fhe eegggg%f

10 °TP6Y
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X-ray diffraction spectrumwas nmeasured in an an

di 4 e tirsr doifata ricaeged 151 @nd 162149, pgccording to the
general test nmethod of the Pharnmacopoeia of Japan,

usteng yRARIIR zditfi oby, aehdneheke( bagbabianageuE&es1 CHKR) in
manuf act ured by Rigaku Denki. During the measurement,
volamre/adurfiditerabs 1d 6ty - at TBEskVEREseAcrantal Beasean
speed was set at 5/mn. [0118] The mixing ratio of a
mSite® lCoRsrsindysetiad mpkpdpoadutetoni| ast type
st%] and an anhydrous

14]

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
disintegration property and dissolution property of

tablets. Accordingly, these tetomilast crystals can

preferably be used as pharmaceutical compositions.

EXAMPLES
[0115]

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

[0116]

Analytical method

(1) Thermogravimetry/differential thermal analysis
Thermogravimetry/differential thermal

analysis was carried out using TA60WS controller and



tetom | ast type B crystal was obtai ned by conparing

the powder X-ray diffraction spectrumof the above
woizat7ineew th the powder X-ray diffraction specropmwnbssost

a mxture formed by m xing g pure anhydrous tetomi | ast

type A crystal and a pure a Eydrous tetom | ast type B

' 1,0s.,1.0119] (3) Infrared .
ey SR ey @iﬁ#ﬁ%@%ﬁmﬁﬁ@%ﬁﬁ%wm
; . 120] nmeasu
tfﬂfhﬁ%%g@%?‘?% m %\%s rrena(r{s ﬁne##uﬁ“%@adq%?a%ﬁ?; %\VB as
a sieles&n6ecobOd2i; dP) R sRasUT eent, The, puri ty
was neasured using high péerfornance Il&ﬁ

¢ ha DB epde d HPRrat U ”%@%H{%Epgg%%ﬁgqaé%é%ﬁ e was

were as follows. Sanple: 0.03 g of "a

5 dilssote@dfiom 80°0l (eboacet@pethilife)apd 2900 110f,
wat er was then added to the solution, so as to prepare

a sanpd e sofedd ion ngl e tee aSU GegRAL n Was gagfriedi Obgen
using 10 m of the sanple solution. Detector:

U atmendmieste phdtoretrrife rdatec sab st bW c254 on Bl uf@hdMya s
Wakosi| 5C18 HG Mobile phase: Acetonitrile/10 nmV
- aqueous sol ution/phosphoric acid (500:500:1)

[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



[0122] (6) Particle size neasurenent For the
nmeasurenent of the particle size, 0.1 g of particles

woaoaismasur ed was suspended in 20 nm of n-heramaP2007/055931
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solution that contained 0.2 2 of 0.1 wv %
pol yoxyet hyl ene (10) octylpﬁ nyl ether, and
uItrasonicatj%Q S thq¥ erfornmed on the

suspensi on. Ther eat t&r. - NEds fiFemaehdy &&er K8d out

Usidig, @y particle size distribution measurenent

equl pnent (M crotrac HRA, manufactured by M crotrac)
[0%23]o)(7) Misture value neasurenent The noisture
contained in the sanple was neasured by the Karl

FisighelyoriROfle k012450 £8) Mel ting point nmeasurenent
(corrected) For the neasurenent of the nelting point,

the sanpl e was Rgaigd Ys&Pgrdnhead c )~
LK600OPM manuf act ured by Jépan_Higﬁeﬁéﬁégwaé?rﬁﬁgP)d“

uneéngt MMSc anrdiat irefe@knaet enperature-rising rate of
5Cmn, and the nelting state was then observed using
a [VH22000C mi cr oscope manuf actured by Keyence
Corporation. [0125] Reference exanple 1 Production of
alBydr 8usitst oepbasemeppe B crystal An anhydrous
tetom | ast t%pe B crystal was produced by the nethods
described i ANE1PUrdty3yaperonsufed26ing high
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
solution. The measurement was carried out using 10 pl
of the sample solution.
Detector: Ultraviolet photometric detector
(UV 254 nm)
Column: Wakosil 5C18 HG
Mobile phase: Acetonitrile/10 mM Na,S0,4
aqueous solution/phosphoric acid (500:500:1)
[0122]
(6) Particle size measurement
For the measurement of the particle size, 0.1
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.



(1) An anhydrous tetonilast type B crystal was
obt ai ned by the nethod described in Journal of
wokRdi7ciinab Chem stry, 1995, 38, pp. 353-358. TRaT/JIPHO1/055931
say, an anhydrous tetom |l ast _type B crystal was
obt ai ned by the foll ow ng method. [0127] First, nmethyl

Octhéresfeds, MG IRKXRDENG ) SRS SR AR Ol uiA g a

h ' ) ddeq to ethanaol (1.4 L), and

YRR O (208 TS UPNEL R SR it
Aeat . T ' |ty so| vent was

g In ?ﬁl{ % ate déc? %ﬁrﬁg't hrgg%ﬁ(%?tr?lel?ds %}u tl\?/loérgo t&ﬁf )V\‘/at er and

et hyloscetate were then added to the residue for
separation. The water |ayer obtained as a result of

5t he7 separiadt e Wasl e anaed dehed@l di ¢ by addition o f
10% hydrochloric acid, followed by extraction with

ethyl acet atkhe Hheraaitercortd2 nexdt Hac - HRS 16K s
washed with a saturated sodi um chl ori de aqueous
solegdured dnd thes Keheln Rirsodrowert hawl .excessi ve anount
of magnesi um sul fate. The obtained m xture was
reldthystlal | i zed fromethyl acetate, so as to obtain an
anhydrous tetom | ast type B crystal. [0128] A part of
th@%ob#ﬁ%&%@gaﬁﬁyéﬁo@§aﬁ@¢@mﬁﬁ§sﬁCPVE@CBedﬁysta
jomelted around 175 0C , and it was changed t o a needle
crystal . ThéP&aftér MOAFELER6RE eFysthal Mediphet ppynt, the

Tg%&%%eg%?%ggg%ﬁgg?U%En%'geggg£gEqurg%%%%egaégzc and
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]



The obtai ned anhydrous tetonilast type B crystal was
subjected to thernogravinetry/dif ferential thernal

wanelyidms A s a result, it was found that thePear2007/055931

endot herm ¢ peaks as those shown in Fig. 5 were
observed. [ 0130] The powder R4y ay diffraction spectrum
vas. moacur ot %% alr ettt o F e bt Touna” That the same
TP R RS T P e Dot St R SR o tate a0
| ekpriinsindupen ctost dhoyios HEAME (AGh Juhesults
bande ot 32083000 7dd.* 1065, T TH AR Rokglte vas

51182en 1948, reb 2ot HOG- £ Mrdd M Hhe: i (tPSfo)e@R&C} rym
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thereof. [0132] (2) 5 g of an anhydrous tetom] ast
t ype] A Ty stfals aibteaitheeh e 1ie i & rofn BRI oL RS
descri bed later was dissolved in 400 m of isopropanol
whi @ utskaryr jamgl wederr heeat igithitlo aceftlae. wEie @bicai Redeg
sol ution was cool ed to approxi mately 30C over about 1
hdtf? , Ehthdraidues fiemdnanaidoncoollée amtE@Clayeloner
for 1 hour, so as to obtain the precipitated crystal
by?RGa15s idsn 2 Hiss vdbons ﬁb@cismﬁéag@r y@t‘szlcgmge? to
| ed,.at .500C f.or. 3 hours, so as to obtain 4.6 g of an
gg%cslgjr%ug % &%&h%llé’& Ay d&*BhYAFOCRIL oA Ct REifer APafoned

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.
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while needle crystal (yield: 92% . [0133] A part of
t he obt ai ned anhydrous tetom | ast type B crystal

worbi7adss ound 175C, and it was changedt o a needirgP2007/055931
crystal. Thereafter, the ab?r\ée crystal conpletely

nmel ted (deconposed) at a te

erature between 187C and

19%)1030 [01341 The obtai ned anhydrous tetom | ast type

B

t her nogr avi ngtl %cﬁ}

crystal was subjected to

J:er)?ryéj J‘_t?ran%r%q%ingl e%lt“?:uonf the

result, it was oundgthat

endse et ata e, sl g 1 ang gsec

[0135] The powder X-ra

racti-on spec

ohied fletb@nhydy cus-deetion |1Q':Stwatsy&%u%cp[t¥1§ttalth\éla§ame i

nmeasured. A s a result, it was found that as showni

5 Figbed rurt hs afaie stiowst aln 8¢ Charast ehiks Ivgdpeaks at
29 = 4.1, 8.1, 11.9, 16.1, and 24.2. [0136

| R(KEBYD)] spectrum of the obtai ned anhydrous _tet om | ast
type B crystal was neasured. A's a result, it was
found that tThe dBt(&Bmed sprhyduausft ehembbastntype B

c
3
7

[

rystal had significant infrared absorpti on bands at
208 Y B, LErenilasg3typa7s, c1348a11R68, mda82red045ns a
62, and 706 cm1l in the IR ( KBrz3 spectrum t her eof .

§P§7’] LEr3iti3g épuaA &ARYdEBES obsronEHasthygpeus

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]

(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
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
while needle crystal (yield: 92%).

[0133] |
A part of the obtained anhydrous tetomilast

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



crystal obtained by the nmethod of Exanple 1 as
described | ater was dissolved in 400 ml| of ethyl

waceai7atievehi | e stirring under heating to refl uRCT/JP2007/055931

Theobt ai ned sol uti on was cool ed to approxi mately 300C
over about 1 hour, and it waS then further cool ed at

108 é’%é? L épr aﬁ‘lh'gur?ﬁﬁ %to ohtain the crystal

precipita

pr&shpl dad at 50Cfor ours

as tolp%bt afg rgé%t%@ an gjn ot taetttﬁﬁﬁed?t Ulrfp?e veen
crystal dng tihee éprm of a whi I e needle crystal (yield:
9399 . [0138] A part of the obtai ned anhydrous

tetmm4ast type B crystal nelted around 175C, and it
was changed to a needle crystal. Thereafter, the above

5crystal conpies @bta&@ﬂeﬁe@nhg’@%méo%%@onﬁtla
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tenperature between 187C and 190C. [0139J The ggt ai ned

ardytirtos weet anidjastt ey pe Bh@ﬁ:ﬁl&b@av\i@%tSrWJd‘?LQEQQeB‘elal
thernogravinmetry/dif ferential thermal analysis.
r énimali tangdysfisund Ashat rebalsane tenget I&fatzﬁuCtﬁgakﬁs
as those shown in Fig. 5 were observed. [0140] The
Xy &jadi Bf r gotobhespéct parkef welhe obtairned around

ar]Th?é dr.ous tetom | ast type B crystal was neasured. A s
sEI #0dj {88es found that the sane spectrum as t hat

S g)g}; n Fig. 6 was observed. [0141] The | R(KBr)
#dm of the obt ai ned

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
= 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
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]

(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



wanhydnewst et om | ast type B crystal

anhydrous tetom | ast type B crystal was neasured. As a
result, it was found that the obtained
had si gni f PCaIP2007/055931

i nfrared absorpti on bands at_3298, 3090, 1744, 1593,
1474, 1348, 1269, 1132, 104 ? 762, and 706 cnfl in the

I . 42]. Ex le 1

AP DA bl e T amrer
RS ST B BRI R U
S giople e cnipdisusd S s labe 8 Sl e,

obtai ned in Reference exanp
St ML QO ST St A 10fn . 146G |ab%fvea§>‘%te9:'1§i@gg 3 Mkian
ng tore Fux ~"¥Re

of water, while stirring under heat

5 obteai rkd eslat i3PICWESrC0hEErs P 49055 0VET PO 409 4 of
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m nutes (at this point, an anhydrous tetomlast type A
crays teaalh oy ecitintidtaed) typand thywasit hgnthdr theh of a
cooled to 10C or lower, so as to obtain the

preddils tretesd ec ropstsada lby viielLtie at ©8/) . The above

preci pitated crystal was dried at 600C for 18 hours,

sd %ds38lo obtain 4.0 g of an anhydrous tetomilast type

A crystal in the formof a while columar crystal

(yiel d: 80%} PIrt124] threobbtinnddanhhgdpoastetomilast

AT Y M O NN
to a needle crystal. Thereafter, the above crystal
completely melted (decomposed) at a temperature between
187°C and 190°C.

[0139]

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.

[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.

[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



[ 0145] The obtai ned anhydrous tetom | ast type A crystal
was subjected to thernogravinetry/differential thernmal

wanelyidms A s a result, it was found that as BOODMPR00TI055931

Fig. 3, an endotherm c peak was observed around 188C.
[0146] The powder X-ray difffaction spectrum of the

pegsc otk A S R ?ﬁfﬁ@lﬁ%ﬁ%&rﬁ%%@fcﬂ .
o tas
sl 0 SRS S SR Ly L P,
| R f ' L ast
|34 soostunel S0 ohia 89 grbvdh o PhOTLDSS

f oypdct hat - therobt ai ned anhydrous tetonilast type A
crystal had significant infrared absorption bands at

53306143084, 1746, 1593, 1474, 1348, 1271, 1132, 1045,
758, and 704 cm 1l in the IR (KBr) spectrumthereof.
[ Cl4&pl2)1 5 g of the anhydrous tetom | ast type A
crystal obtained in Exanple 1 (6) as described | ater
walsr aliigsiol arecb § rerdfd duoft satdranels twige ot idriishe 1
under heating to reflux. The obtained solution was
cool ed to appr cxihmdmius 3ROCHOMers tatigte B haylstadnehaist
was then further cooled at 10C or I ower for 1 hour, so
aPEIWBIRGBIRY tTHhe maddiosia stes¢rdbpst dn Ky )f itlot r(@hi delow.

lOThlg a%c%lve precipitated crystal was dried at 500C for
3hoUr ;> SO as to obtain 4.3 g of an anhydrous

tetom | ast
(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

20

25

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
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:

[0144]
The obtained anhydrous tetomilast type A

crystal melted (decomposed) at a temperature between

187°C and 189°C.

[0145]



type A crystal in the formof a while columar crystal
(yield: 86% . The nelting point of the obtained
wanhydnes tetom | ast type A crystal was bet weeaTABBE7/055931
and 190 0C (deconposition) . [0149] The obtai ned
anhydrous tetom | ast type A58rystal was subjected to

th [ 1 f. t th I | ysis. A
i e R s e
th ' [RTeR d. 15 T wder |
x ey ST o < e B Ay R e a1

tetRathastadyPes #5 CF sl al Masg, easyr e '%o%n%h%&}%l{: tﬁfs

it was found t'hat the sane spectrumas that s

Fi Shotn ws ohoeryedan [QBknHia d B )-apeliimaal

t he obt ai ned anhydrous tetom |l ast 'type A crystal wa
5neasoued. 19&°ca result, it was found that the obtained

anhydrous tetonm | ast type A crystal had significant

i nff0ld@d absorption bands at 3306, 3084, 1746, 1593,

1474, 1348, 1271, 1132, 1045, 758, and 704 cm 1l in the

| R (KBr) spdtte prawdeer éofray] @15ZacB)ohOsgeet ritheof the

anhydrous tetom | ast type A crystal obtained in

igerd Eeh ey owess heitived leatetwrs 8 ssgbted ivas400
m_of acetone while stirring under heating to refl ux.
THE BB e d ASoPutiesi kkas i&owped fpgnd 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



approxi mately 30Q0C over about 1 hour, and it was then

further cooled at 100C or lower for 1 hour, so as to
wohb@Eimdhe precipitated crystal by filtrati onPCTHR2007/055931

above precipitated crystal s dried at 500C for 3

hours, so as to obtain 8.3 of an anhydrous

t ' t I 4i he_ f f whi | ,

coromesr a0y SParO SRETET 48l 57 ot el iR divhamirast
i | ast | t

(eLopoact] ot ot cbor ST ¢ et Wi L 48C P goie o

[ 01p4b1dbhe gbtpi ned anhydrous tetonilast type A
crystal was subjected to thernogravinetry/differentia

thermal anal yisé smeASi ey @S of tt%%ﬁﬂi&%%%ﬁhfd}%us

same endotherm c peak as. that shown in Fig. wa
5obsetorila§015ade Thepontar wed aetdiddy acigeonaggestpem
of the obtai ned anhydrous tetom | ast type A crystal
wasdeeempredtioh)s. a result, it was found that the sane
spectrum as that shown in Fig. 4 was observed. [0156]
TheP342KBr) spectrum of the obtai ned anhydrous
tetom last type A crystal was neasured. A's a result,
it was foundhh&ltaHeeshaaibyed cashydtons1a62 type A

tetonilgft Eype A crystal had significant infrared
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



absorption bands at 3306, 3084, 1746, 1593, 1474,
1348, 1271, 1132, 1045, 758, and 704 cm1 in the IR

woOKB7)11sPect rum t hereof . [0157] (4) 10 g of thecT/JP2007/055931

anhydrous tetonilast type A _crystal obtained in
Exanple 1 (6) as descri bed Pater was dissolved in a

' | St 20 | of acetone and 8Q m|

o Vis BPsE0Red UG B ottty s b noTHader

j i s 600l i n st.epw se manner, to
SOt S ST, S bl (bl SRR F6°26E% g t0
1 Bk d t f r-caled to.10 over
0. dﬂis, é%ﬁégﬁ?g Eg?giﬁg%gg %rggPﬁrtngdl rV%?aWh%9
fifdreidOncoding akovigepr gei phiat-ed gr gséghrmgo déé e’go
at 500C for 3 hours, so as to obtarn 8.3 g bf an

5 andtytdrious: Heetrard d iasitt Aosee o yarut @%y iﬂ[l%filgg%%hme%hé

10

15

20

25

whil e columar crystal (yield: 839

olxtiaivee (b mrthiydrteite d etrgRilbasraly Be 1AdC LY SEabc NE) 1 ed
(deconposed) at a tenperature between 187C and 189C.

[ GUBY]s, The st dicnetbtarny @r.Guy bet anl basydkypRs detomilast
crystal was subjected to thernogravinetry/differentia
t HeMfal® &Fsfsils inAshe fesul bf Bt whadef auhdmhbat ciferal

sane endotherm c peak as that shown in Fig. 3 was
obSERISH. . te8) -

[0153]

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

[0154]

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.

[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.

[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



[0160] The powder X-ray diffraction spectrum of the
obt ai ned anhydrous tetom | ast type A crystal was

waeasine®s A s a result, it was found that thePeaIP2007/055931

spectrum as that shown in Flg 4 was observed. [0161]
The | R(KBr) spectrum of t he®ébt ai ned anhydr ous

TR el F T TR R
R 45% S a%adl 0BT 13as,
L1587 1005 1880y a0n 04 Gl 300 e LB (1) spegty

ty@lge(@tﬁglysg@ér@(pfal ned |n Exanpl e 1 (6) as described
| ater was dissolved in a solution consisting of 450 m

51 ph1mrptone and 300 m| of water, while stirring

under heating to reflux. The obt ai ned sol ution was
cool ed to approxiTmigelor IBRCOWEH AU ok JAAUT, Stancrg/pe 2
was then further cooled at 10C or lower for 1 hour,
asctystobt altdiesdriecipidmpied 1cry6yt als e Sfddilyeat |1g&er
The above precipitated crystal was dried at 50C for 3
hotas, distsa@srad iobtaisvlditZog cbna sarimydioduS20 ml of
tetomlast type A crystal in the formof a while

Wgt%ﬂ H(Jylcéi #atg49y whiflel 63]i rHiegobhaiemed

t A
10 arhélaq:r ous tetom| ast pe
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25

ing to reflux. e 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
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]

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
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.



64 crystal nelted (deconposed) at a tenperature
bet ween 188 0C and 1900C . [0164] The (bt ai ned

wanhydnews tetom |l ast type A crystal was subj eeCedP1007/055931

thernogravimetry/dif ferential thermal analysis. As a
result, it was .found that PRe sane endothermic peak
as[@f@é shown in Fig. 3 was observed. [0165] The
powder X-ray diffraction spectrum of the obtained

anhydrous t ' )€ (o al ,was neasuyred. S

a rgsul t, i?ﬁk\%\ggsg%%%xfﬁ:z@t g%%l?ﬁlecst T3 Pfathe
s hewwy 4 i ﬂ/@,gsoctg_ig; . The | R(CKBr

spect riur{rscgfagihhyéd obt ai ne m\éﬁ%fﬁ %&g}%]t (Zel’t grﬁy]sacgaﬁ tw))?ﬁe A
criysdalrepms measUnet 1A S & Lesuld, i EEx ft%‘é”%ah%gt

t he obtai ned anhydrous tetom | ast type crysta

5sigpedinantas nfisar ethoals AnPtHien Rapds 233064, 3084,
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1746, 1593, 1474, 1348, 1271, 1132, 1045, 758, and 704
cmdlaln the IR (KBr) spectrumthereof. [0167] (6) 41.4
g of ethyl 3-o0x0-3-(6- raethoxycarbonyl-2-pyridyl)

pr opi onat e e dRYEKHr)edpeatausobtit the ebASistHNg of

42 m| of water and 414 m| of ethyl acetate, and the
oREIRE® USotettiosr Lass thipe Bockgdthd amatempesatrste As a

betvve%n 5C. and 100C .
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.

[0162]

(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
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
type A crystal in the form of a while columnar crystal
(yield: 84%).

[0163]

The obtained anhydrous tetomilast type A



Thereafter, a solution obtained by dissolving 35.6 ¢

of sul furyl chloride in 83 m of ethyl acetate was
waddgdigwepw se to the above cool ed sol uti on oPer/JP2007/055931

approximately 30 minutes, while stirring. Thereafter,

the obtained mxture was stPfred at a tenperature

be 0C for 1 hour. Subsequently, the
restyeat ML CRonSiat B b AR THAISe Btwe
, Ybgée 1he ;spbyent was distilled away fromthe
reaction solution. The reaction solution was
coppipypusly heated at a tenperature between
approxi mately 900C and 1000C for 2 hours while
stirring. Theteadders, i ] p i 0
(cont ai ni ng crystalsfmﬁggngggﬁgp tgﬂ%%%?g%¥ﬁ3$§&§i%tﬂc
5, engstdl wass tdher sdddd ad for c%ﬁlé"mi lhowe ;
filtration, sghgg to obtain f%%b g o?ggFl tekential
( 2elodrtror baoetlys)i s-.6- By idideeaar,baxyibe &ouehd RubRe +he
formof yellow brown crystals (nelting point: 184C to
18%me mrdabher98% read9%s. thatb8ho?8 @nofFid- 3 was
(2-chl oroacetyl) -6-pyridine carboxylic acid and 22.6
g dIsrveddi et hoxyt hi obenzami de were dissolved in a
sol ution consisting of 100 mM of water and 200 nm of
diH%Vﬁnyethane . The obtained solution was heated to

reflux for ﬁ,hours while stirring, and the reaction
sol uti on was FhER"EES &are8 SEL6Farbher, Spechsumoot the

j I browm precipitate by filtration.
(OB Rl Skt e RERLhBy5 bvec: pi cavetser yacal
' [ ti dDb | Ssolving_6.18
TR AP UL PSSR TR TS
spectrum as that shown in Fig. 4 was observed.

10

[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



obt ai ned solution was extracted with ethyl acetate
twice (18 6 Ml x 2 ) . Thereafter, 1 g of activated

woanioandsmes added to the separated water | ayer pCaaeobhesso3t

obt ai ned sol uti on was then %%I rred at approxi mately
3A0C for 30 m nutes. ThereaPter, the activated carbon

wa, d ' rati ,.and. 37 of acetone and
e oL e LBl BT DO B A e e pdded
ad 'an%{, [ te, so.as to obtain a
su(g%g%‘g?%%h?%q?n{%t ure é::Ioéncfc,olrlzetqle 7P T SYGH | ast

h : t.et.qm.l ast pe B
e BB B A T S, LD, CREeEs ey

of t iee t G104 d S tm AL &G Ytialrand an %@Q%)gtrr%%%]raes t

tetom | ast type B crystal to an anhydrous

5t yipetweat yisi°al antihe 08 ONEr SUSRADS] Of‘s%c{ei%ar%ﬂ%,atthe
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600C for 30 mnutes, and it was then 0 ‘room
t emperiEtar esolsian tasobleaitrda ugr Yot abpk¥ «fihhteatll 8fec
t hereby obtaining an anhydrous tetomn [ast type A cr ude’
crifsitle gy B vgnt wets stiateé)llel0i%AYy 8rofi7+Be0kchb@ion
crude crystal was dissolved in a solution consisting
ofSA1F-fin -of Theetronetand 531nkioh waterohyiheatkng at
G%Wthout drying it, followed by filtration during

a WGttt &t @ SeB®egasHEryPetieebbaRPHOWinat 6l Bt BOYBSaNd

heat e aip,. and dissolution of the crystal was then
cant gn‘ggr gh%?‘éﬁ?t‘@ﬁl%l? Rt Fi et e TheFepbian tths00C

TR BR AN IYEoR, Lt pruL gt Lype A oyt sl vas
t%%OQ%BaEBerBEBkEﬁ§t$@§-1@4c, 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

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
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
by filtration.

[0169]
Subsequently, the above precipitated crystal

was dissolved in a solution formed by dissolving 6.18 g



then stirred at a tenperature between 42C and 500C
(internal tenperature) for 2 hours. Thereafter, the

wohb@Eimens sol uti on was cool ed to 20C over appr BETARI087/§55931

20 mnutes, and it was then stirred at a tenperature
bet ween 190C and 250C for 2°Rours. Thereafter, the

ty to,.5C 3 I put es, d.it was
pes R L RN LS SO e L i T
h : in.t ci pitated crystal b
NouB a1 300 25 L0c OB Al LLE MLGEL Y L led Gryptalc bt
AL BOOC OYEEMONL 250 AN D 17 220 L idhied

anhydrous tetom | ast type A crystal
78c48b M efa 6- £ O -l § ic acid
oas alyd s?eﬁza&eifdt%d& actaerbgtéy x5 30 the

was used as a reference) . HPLC purit

5 obdatt gl @MY OUSH tRiPrAHAaSts e A & %?é@ox\%ﬁtely 30°C

99.9% [0171] A part of the obtained anhydrous _

t ef@mi I@stinypes A crmsteal Fuwl,t @theal:0uNd 2L 25Cca2B8ni tras
was changed to a needle crystal. Thereafter, the above
cricared grnpl et 18 na tnigdt, e infdd@Cemp0s ed) adktdne and 11.2 g
tenperature between 187C and 1900C . [0172] The

otfai FE HsAtresu S idetomfilloadic eype Aeceyshah wdsed to
s% ected to thernogravinmetry/dif ferential thernal

artdly GRE2imed fiddmate i sonas teunbtehat at bespaneion (a

endot,her m ¢ peak .as that shown in Fi 3 was observed.

10 [ Bt a4 Py aditetPEALRER gfn’ééﬁr‘—@m:éifsthé. and
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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
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]

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
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



68 obt ai ned anhydrous tetom | ast type A crystal was
measured. A s aresult, it was found that the sane

wepeimumesas that shown in Fig. 4 was obser vedPCIOR®47/055931

The I R(KBr) spectrum of the_ obtained anhydrous
tetorrilast type A crystal wa§ neasured. A's a result,

Lm% rgn e Qbt a| ned drous tetom | ast
type A Crys C% § si gr?efl 1%ﬁl‘e@d “Losoppei 8R°C
3 £4 159 1474 271,
(:}2 eaftofgi %“5%}%%&1% Q_aor % %Ourﬁé IIgjﬁ(arEgn‘?‘)fl t&FactPEm
{naianhed OISk The W %@%@da%y%@Hso%g}s‘)g"gﬁ?gémg(@el y

A crystal was crush with an atom zér

oltainl rR@WRer k@ itNga3 %ﬁ@ﬁ RaLthele 27éet% P%6T?8fe

and a 90% cunul ative particle size of

5 ( Det32e36 19°0f ahbe26®t ordd asth Judy at e.rﬁféda%t%frysﬁ

10

15

20

25

obtained in Exanple 5 (2) as describe ater

dissdoltied wasacsolleti 0B cemséwdit NG5 ahi 1@ d 120 it was
purified water and 793 m| of acetone by heating at
afipreoxisiratrekey 600€ tefpklravedebyetvbbnatPorasiiring rar 2
hot state. Subsequently, the obtained filtrate was
héat&d agai AS &rdolitssnl bheopreftipheateystalswas bien
confirnmed. Thereafter, the filtrate was cooled to 45C
286 1hg36£°Bn aRR§dRBOESt BYOF PAsRtegperAstaysvat ombed

adgeg Lé) t he coohed f||trate and the obtained m xture
a 0 overni so as to obtain 7.25 g of an

anhydrous tetomilast 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%.
[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
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
same endothermic peak as that shown in Fig. 3 was
observed.

[0173]

The powder X-ray diffraction spectrum of the



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

69 obtai ned solution was cooled to 200C over about 1
woaw7/11eaed it was then stirred at a tenperat ur eCbaPwero55931
200C and 24C for 2 hours. Thereafter, the solution was

cooled to 50C over about 2 ﬁ%urs, and it was then

Std t ature hetween -10C and 5C for 2

ho(%ﬁEsa,eldnséc’%):¥ é\aes}1 R o?‘{b i T T citﬁﬁeaﬁe&rgﬁétlalwgﬁy ;
fi . \. eci pi tat cr a s drie
atﬁ%%sg%%r }@ﬁ(?ﬁ?%sqlsl%r ’as(EL ERES é)luﬁld?z?fthﬁ? T8f Safe
andpetiausn et eMdash dpe A rystal. Q e
obtai ned anhydrc?us%: é%%lm ['as gty|cl)lewﬂsclSD SFklve S

sufjiectied to thernogravinetry/dif ferential thernal
analysis. As aresult, it was found that the sane

5 endot her mi ¢ Tpeak rRaxBE)akpeheWin BrFige 3pWasnalserved.
[0178] The powder X-ray diffraction spectrum of the

(ﬂﬂnﬁydawuanhydbmﬂia@etQﬁbbaﬁtck¥6§a$ Gh¥ShahsWesd. As a
measured. A s aresult, It was found that the sane

spestilim a¢ what fohodnthatFige 4bvwasnebsendedrolif179]
The I R(KBr) spectrum of the obtained anhydrous

t SEGPMASE Tt fReARCcryyEaRlwasdneasUL ElicaAt sinfrasadt ,

it was found that the obtained anhydrous tetom | ast

t FPSOAPELGEL BRDAEJ 281 dAPHr cARB4i NtV 4PedlaP8or pE76n 1348,

10 Pa%93,3413306, 03084, 55748, 41383 2474, BB (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'l97 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



1271, 1132, 1045, 758, and 704 cm1l in the IR (KBr)

spectrumthereof.. 70 [0180] Exanple 2 Production of
wanhydnowe tetonilast type Ccrystal 5 g of thecTJpr2007/055931

anhydrous tetoni |l ast type A crystal obtained in

Exanple 1 (6) was di ssol ved®’n 500 m| of methanol,

SOl RER oA et CHOT B 1T ik Wil 30C oPBP GbguboRT,
fornd fES AR Tt i et i rart e
a7 Te8 & For o Rour anegEa R R R e
a6 Bl ety ervetar (yraras G647 pBiat ACReSHre

5crysiatedas geneimpeat thiemddhg &hyshak sHif gee P&é?ge
obt ai ned anhydrous tetom | ast -type C crystal at 1

s, o e ited AOSATInSA) cts o
obf lal etk darhy dfTues afoetvenigrasti ptifpe e@ eiystall Was dried
subjected to thernogravinmetry/dif ferential thernmal
aridl y&1°§. fars4ahewsal t soi aswas botabnt A4t 1AsgsbdOWaNni n
Fig. 7 , endothernm c peaks were observed around 184C
arff e fsgeomilast 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.



[0183] The powder X-ray diffraction spectrum of the

obt ai ned anhydrous tetom | ast type C crystal
woasimaasesed. A s a result, it was found that BeTIPIN055931

in Fig. 8 , the above crystjl had characteristic peaks

at 2Q=4.2, 8.2, 12.0, 16 24.7, and 25.9. [0184]

Theoh ROKBr ) spectrun1of t he obtalned anhydr ous

teton1|ast type A crystal was neasured. A s a result,

| tEyaspieupd that the obtained anhydrous tetom | ast

type A crystal had significant infrared absorption

bapdsdatt 33006 £ 388 dAAAS telb"z%% 7 a
1132, 1045, 754, and 704 cm "1 |na]st gcylpjﬁg( I;"?SGC

spect rum t hes epfof [{HSHnHEMI £ &ﬂ%fnﬁcﬂé%tt' CE@/

tetom | ast acetonitrile solvate crysta

5 anhyys ol ¢letaimddsin By iy stal et @1@%@1%01 in 500
Exanple 1 (6) was dissolved in 400 m| of
acet onf tmétlmgnathi lwhidte rstiing ivndemndeeaticag iheg ref kel ux.
The obt ai ned sol uti on was cool ed to approxi mately 300C
ovEre gt inechaalutdmd iweswasolleen thurppeoxdoalted yatocc
10C or lower for 1 hour, so as to obtain the
pr%‘(f?lblafk%ﬂ% lompstral amgl fiit] wegt ithen Thethboveooled at

quplta ed crystal mas dried at 50C for 3 hours, so
& Ot &°PHSE. 1°F brhquret dfi pasto aeetatintEhe e

10 SO AL e T 8 R ©opLaty st
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



The obtained tetom | ast acetonitrile solvate crystal
becane cl ouded at 900C , and the above crystal nelted

wOdewanposed) at a tenperature between 1870C aRdT/APIOTN55931
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[0187] The obtained teto 'Jrast acetonitrile solvate
crystal was subjected to thernogravinetry/differential

| [ d th
tsE%vmé@Jl néHl;?gm?a I%S?fotachcrerg%ykq Z[I?él\p’%ert& gg?@r@ 8“’%3 in
d 91 %@ d.1 0188
S[)EQL er 8?( %a%/@g%agctl ogn ggg&a: %%ngf%%ﬁglg t&i ﬁléa?és at 20

t et amideast aeetpnida i he g0l vage,cryst é/\%s, measur ed.
As aresult, it was found that ds s ovvn i'n"Fig. 10,

t H® 1slagve cryst al had characteristic peaks at 2Q =
3.6, 7.1, 10.6, 14.2, and 24.8. [0189] The | R(KBr)

spect rum of Thke I@KarNedptetownl 8st racebgpht pbke
solvate crystal was neasured. As aresult, it was

f eohg drivats mneomuﬂabneﬁypetantkgstaaCﬁagnméashﬁed As a
solvate crystal had significant infrared absorption
b&res1ay 33002s3090nd2RUOE (hher bbeagnedpinhidddus 1593,
1476, 1346, 1269, 1132, 1045, 752, and 704 cm1 in the
ﬁeé:RBﬂ)la%eéﬁfpewﬁt REY8bRL lp@qgegtgfrhélm (DB de &)

sggct ru %}he obtained tetom | ast acetonitrile
§8F8 P§}s aRARagt madtir ed08% s1a44esi$93, i 14Was 1346,

(OUR9, L 0akom BBLBY! 107 0up, pel, ol aceloi Lrife nas,

spectrum thereof.

[0185]

Example 3

Production of tetomilast acetonitrile solvate crystal
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

further cooled at 10°C or lower for 1 hour, so as to

obtain the precipitated crystal by filtration. The

above precipitated crystal was dried at 50°C for 3

hours, so as to obtain 5.1 g of a tetomilast

acetonitrile solvate crystal in the form of a while

platy crystal (yield: quantitative).

[0186]

The obtained tetomilast acetonitrile solvate

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



[0191] Exanpl e 4 Production of m xture consisting of
anhydrous tetom | ast type A crystal and anhydrous
woebwnidast type B crystal A m xture consi sti ngCofiPzN7/055931
anhydrous tetom | ast type A grystal and an anhydrous
tetom | ast type B crystal produced by the nethod

degeribed (ddcbhlogiaf At efk@%}ﬁr% D8l i A0 f7oEN S g

anhydrous teto typ

Exaspie 1 (6) was dlssolved in a solution consisting
of 320 ml of acetone and 80 m of water, while
st{grgnp under heating to reflux. The obtai ned

sol ution was cool ed to approxi mately 30C over about 1

hour, and ItT%%Eﬁ%@%&%ﬂl@é&@%&%ﬂlﬁﬁ%ﬁt JsQ)lé{ate

n1nutes Thereafter, the solution was further coo

SatcAptalr wamesul PEctedaiy ,trf&n@s;,xtaqrﬁ@@ﬂ&l%erenual
precipitated crystal by filtration. The above

prthﬂqmakﬂanhkygmﬁfu Ams: drdsed 9t IR0GHFOrrcqnowhst: 88
as to obtain 8.5 g of a mxture consisting of an

arfiyairous! tisimni 9 astndgiiehicr yeidls ard canbarhydtobsound
tetonmi | ast type B crystal (A'B = 40:60) in the form of

a %Flreaéeuaﬁlné%c@ysmqi WA 185%. . [0193] Only a

S | Jpart of the obtained m xture conS|sting of an
agﬁtﬁ¥§us tetom | ast type A crystal and an anhydrous

OE:etom'la_st §¥¥%E¥ﬂﬁk¥§%ﬁF nela%d at 178C, aggrh& g?sthe
ystallize 6t & 56&F§&PFS?§P
TQﬁﬁ%ﬂ.Eﬁg*téégﬁfyéé%”%%e%%hg 1&%e%%E% e 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]



at a tenperature between 188C and 190 0C . [0194] The
obt ai ned m xture consi sting of an anhydrous tetom | ast

woyenE/1Avmsyst al and an anhydrous tetom | ast typeTBP2007/055931

crystal (A:B = 40:60) was subjected to _
thermogravimetry/dif ferent7dl thermal analysis. As a
regult1itywas found that as shown in Fig. 11,

n otlh%rrri c peaks were observed around 175 0OC and

ar 5 n additian, the powder X-ray

di f??(?(g%%?%% s%%%?%%?ﬁh%? ?%%Slo%ﬁ%eodf rﬁfﬂﬁtﬁff“ I
copstShi f t ast t cr.y.st
angég%ﬁ a%%r%ﬁ% ?g?écl)%: Aot %‘“ge@ Yg&rryos%glece(%ngl:a& type
40p 60)yaes. measured. A's a result, it was found that

as shown in Fig. 12, the above m xture had

5char act eri sta Gnpeakse aioﬁﬁfti‘}xg&ofl]a-n&a]rﬁ%bd%mﬂsﬁ 2,
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17.3, 24.3, 25.3, 25.9, and 27.5. [0196 reover, the
| REdBrm)i lspectirype of dhestolit @it G nMaHye: SN Het o 2ok
an anhydrous tetom |l ast type A crystal and an

anftyrl Guss st hest drypidRciystale (atBod 4Q:s6Q) Heas in
nmeasured. A s aresult, it was found that the obtained
m Elure hed degwivfsi cant infrared absorption bands at
3298, 3088, 1744, 1593, 1474, 1348, 1269, 1132, 1045,
76prgﬂd 704 cm1l in the IR (KBr) spectrum

f the anhydrous tetom | ast
:Sg;ezf.[Ol%ak (%% %Po% %he anhydr%us 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
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
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]

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



crystal obtained in Exanple 1 (6) was dissolved in a

sol ution consisting of 320 mM of acetone and 80 m of

- wobervaehi |l e stirring under heating to refl uxPCTHR2007/055931
obt ai ned sol uti on was quenched to 10C over 30 m nutes,

so as to obtain the precipit4ted crystal by

fi Lon. e above precipitated crystal was dried
at CEESC T BTt it et ey R cemposea)
m xt ure .St an a ous t Ll ast type A
crégtélta %%E%Pn’%ygr%"ﬂ%erf% S ggfj ?%gg&B crystal (A

B r0184P0) in the formof while powders. (yield: 78%.
A part of the obtained m xture nelted at 176C, and it

was crystal ljzedpyy A@dnr@{}z&g?e( %&%ﬁ%tﬁn %;t %51

Thereafter, the m xture te econpose

51 espey @t L 1@16&@@%5@7@@% 19006 21 EeHO8H y?l?%/drous

obt ai ned m xture consi sti'ng of an anhydrous tetom ["ast

typetdniclatst aypand aryayidreus euonishdstaky ReBected
crystal (A'B = 10:90) was subjected to

t hey nidgrandgretriyledify Aoarffuriealt itthermrnanabysi§siAS aas
result, it was found that as shown in Fig. 13,
erglotemri ¢ ifeaks Weradbdertves ahowndih76Cgandiar ound
189C. [0199] .The powder X-ray diffraction spectrum of

t FOBBhEHEE Rierkisr @egensibseirvgdohranndnhyarousnd around

lot tggrp' | ast type A crystal and an anhydrous tetom | ast
t§]1)8 B16 crystal (A- B = 10:90) was neasured. A s a

reﬁjullgtalt was found that as shown in Fig. 14, the
ove m xture

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.



had characteristic peaks at 2Q = 4.1, 11.9, 16.1, 17.

2, 19.3, 24.2, 25. 1, 25. 9, and 27.3. [0200] The
WOR(KBNY496 pect rum of t he obtai ned m xture consPeTUPIODH55931

an anhydrous tetom | ast typg A crystal and an

anhydrous tetom | ast type B érystal (A B = 10:90) was

meagysef. As aresult, it was found that the obtained

m xture had significant infrared absorpti on bands at

3298, 3090, 4, 74, 134 1269, 1132, 1045,

756, and 706@311?§§9§ﬁ%%#ﬁ’65§%&%ﬁﬂﬁn %ﬁﬁ?ﬂ@?@bfype A
02 : ; ' fit ] | : hydr.at

Crysl e A ot her ReRaRar 4t & WA Ae e HdiLed

bysé het 1 hadss idasiGig j I 2021
(gﬁ 18.7 g of £9ﬁ%§¥%Eﬁgf%§£8?§f§pF%§%§?%d%ﬁ§ 6% %% of

5 cardiosy) ivhided dtAnGidl Lr@ledf ndating to reflux. The

, 4- di et hoxyt hi obenzam de were di ssol'ved in a solution
conisiasiriany wufl @4 om wasl qteheheandol80°m bvéf 30 minutes,
di met hoxyet hane, and the obtained m xture was then
St99 rasd tat Appprioxitimt elrpc8pCtatetl ux)stan Byheursrathen.
obt ai ned sol ution was cooled to 5C, and it was then
stihe ePIvsr Prefsdwi tagedasryetebt aps dryehl st botownror 3
precipitate by filtration. The above precipitate was
dif?éﬂoﬁlsxzec‘?q 752 toPhEtRréR fefnedobydi BéskuragcsnF8sying of

10 p%}assiun1h drgxide,&n 348 m of water. The obtai ned
Mot GPEYSECTE 5 CRRSLGE5hEYPGi fhcEyatal ahdeamyanhydrous

AGRLANE b Cey Ihgrealler, 581 UtigNg ) i i 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



formed by suspending 0.9 g of activated carbon in 1.9
m of water was added to the separated water | ayer,

wanaa7the9obt ai ned m xture was then stirred at ACT/IP2007/055931

tenperature between 30C and_310C for 30 m nutes.
Thereafter, the activated cdPbon was renoved by

fi Len, ,and_348. of_ acet one s then added to ,
thgkgg%g?néé'gi | t?gt@) SibsdHUENtTS - 10hs g Gsult, it
copssnkpatgd roch ' cigh dded thereto while
stirring, gngﬂfxﬁeggb%kgﬁgvhg %m%l%{?:l@@gc %éalr})%‘fq FHegure

forad BRHFactbelsafd rReipif ated, ¢ryst S
col ?ect ed %?/ filtrat ie%ené]é#%trs) 2i:él(r:yst[la'lal Wa%‘is spe %“\é%’i n

3487 npe of1 gvegoer p4apd, the j1obt abned M xtuse yas then
stirred at a tenperature between 27C and 300C for 30

5m 2@@3] Thereafter, the obtained crystal was

10

collected by filtration. The obtai ned crystal was
washed with BhsalRItHEY) GRS Of 135 It 10k d@aetense
and 35 ml of water, so as to obtain 29.53 g of a

t et 1 eisingrond mydreathy doropsst alet o203} Eipeoht airpedal
tetom | ast nonohydrate crystal was subjected to

t et ety sdite tioavidmisitalt vokee Bralryanallygass A s a
result., as shown in Fig. 1 , an endotherm c peak was
obErEd O MRRSLESS - aRe PUFEREAL,aiw despéakndashat

0 eerv% around ,1020C 50204] . The powder X-ray

di T RGO Sh ST Iheohath8oBhAL Aant et b PasE

rmcﬁ%p:)ﬂ[‘ at I d. l't,
shown '1'n ?lg%r%%,saiattmgg?ggﬁé& h&?@hzléggselé?gzt%ﬁ‘mr
ggggghgﬁggggrg%%%Q ﬁg%gsaﬁ& %86:C%Q:§h.%%b9TR2%K%i)

spectrum thereof.

[0201]

15 Example 5
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25

Production of tetomilast monohydrate crystal

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

(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)
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



wobawTdi1¢e4at t he obtai ned crystal

[0205] The IR(KBr) spectrum of the obtained tetom | ast
nmonohydrate crystal was neasured. A s a result, it was
had si gni fi caRCT/JP2007/055931
infrared absorpti on bands at 3516, 3433, 1742, 1709,

1587, 1472, 1267, 1143, 10487 758, and 716 cm 1 in the

LA REeL 4 ol 00 (20,8 81 40 o
6 L0 ng8? 5 SRR Tyt vesgem wish
oLl g SOt S LISl 2B 200 ) Shcson
Toessd Sy Smlalh b et o SRS pon i 1.

hydrochl oric acid was a

5 ( HIe g afcdr pFRciRidat ad at %%?gltr;a%d\{‘_%t%%t layer, and
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anhydrous tetonilast type B crys he o

saing iohtatated tnired Atvas0@Mehe BRE LU 8 +f QF renperature
approximately 10 m nutes. After conpletion o Pﬁe

sthetiergy 30°6 gndf 31he f@t B0 hhaistutENOhYO{ats ISt e
obtained in the aforenenti oned Exanple 5 (1) was added
ag ¢ isedec opgtain tast remoesdl bantilardttibe, obhai Bed ml
m xture was continuously stirred for 2 hours (During

s dh asstonengas tdesf eddedi 6a phegpbsseédedi diltrate.
thesolvent. If the stirring tinme was short, a m xture

c OSISEAURE LY ra etdodi PdsEORgERAFatefybydroghdioanc acid

anhydr tetom | ast type B,crystal was obtained.) The
pr '8%%%99% Sy SPalias EBFFE%P%d Byt Fher apFannednd

theahtal pad Ghus! akiwagqtbgp sugRgnded jn 200, o of
precipitatedlcrystal was collected by filtration. This
crystal was suspended in 348 ml of water, and the
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
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
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



water. The obtained m xture was stirred at a

tenperature between 200C and 3Q0C for 30 mi nutes.
wohe7aasmer, the crystal was coll ected by filtParipmwp7/055931

and it was then washed with 80 m of acetone-water (an

acetone content of 50% by v&lune) . The resul tant was
ni so as to

I
e K G R
I rate_c
&8%?2% %%g%g{“ RUpCIE R kNS d."?f”&r%m t i et the

| ak 0
anab&s%scrﬁtélrﬁé&' &ha££‘8%§al 33 dé‘ tl.h 5%

that shown in } was o ] po

X-ngy9Q|tﬁrqet|QQ specipym Hfqd-he obtalned tetom | ast
nmonohydr at e crystal was nmeasured. A s a result, the

5safe2epectrum as that shown in Fig. 2 was observeq.
[0209] The I R(KBr) spectrum of the obtained tetomlast

nonohydr at e Ty SIRIKBES sRasuned. o thed Jisldeq it Was
found that the obtained crystal had significant

i ntebertl abs onqrtélond tmire scrats 1381 6ya 343 s Uk E4R, he0Q,
1587, 1472, 1267, 1143, 1040, 758, and 716cm 1l in the
| REERBEY, slp‘édtawrﬁqm dgfat [’C@@l@ibt(aa)neﬁ ¥t ygtafl thel
anhydr ous teton1|ast type B crystal obtained in

Re¥ %h%]ecae%\ e “ahe RS sen deddsn 2k SOILE,i G433,

oanﬁ{%éijgﬁ} r;gfgs"fﬁ )ﬁ],zgcafggsnshgﬁqmw 1840,%5 587" St 716
cm™t in the IR (KBr) spectrum thereof.
[0206]
(2) 50 g of the anhydrous tetomilast type A
crystal obtained in Example 1 (6) was dissolved in a
15 solution formed by dissolving 8.33 g of potassium
hydroxide in 500 ml of water. This solution was
filtrated, and 500 ml of acetone was then added to the
obtained filtrate. Thereafter, 13 ml (1.1 eq) of
concentrated hydrochloric acid was added thereto while
20 stirring (The product precipitated at that time was an
anhydrous tetomilast type B crystal). The obtained
solution was stirred at room temperature for
approximately 10 minutes. After completion of the
stirring, 2.5 g of the 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



stirred for approximately 5 mnutes. Thereafter, a
tetom | ast hydrate crystal was added as a seed crystal

woaot7haabove ni xture, and the thus obtai ned nPETIP®07/055931
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was further stirred at 30C for 1 hour. The crystal was
collected by filtration, ant’it was then dried at 600C

: : ) |

o SR St Gt sdat b5 rFfbure
| hed ] I .68% This

\?ZJI; cﬁ%ﬁ\;\eﬁcsltr%t ?rjn?sltaat teéc%g%%tsgs%& %gt% e\é\:lr?gtg ﬁggl *hbi 8ture

. ' d [,.
F%g%g?ﬁﬂnﬁﬂ%kﬁ@hr@a%%tQ %a%tcggg@gi ngeog£¥ﬁﬁgﬂd) The

The above nonohydrate becane cl ouded aro

. ' t ; . pet
905t o tsaommasel 5k gl syoes bl g

natehythtatieeer Yetak anasasubheat 8dsbended in 400 ml of
thernogravinetry/dif ferential thermal analysis. A s a
r esuiletr;. t Taesabeaendadt hekruecprak asithad shoyn in

Fig. 1 was obtained. [0214] The powder X-ray
ditfeeggteitomres petveam 80°¢ hemdhi Eicn€d rt svomtihasts.
nonohydrate crystal was neasured. A s a result, the
S§W@r§ﬁééﬁﬁunﬁé§ Ehastehowasi poFlgetedviey Dhberaeton,
[0215], The I R(KBr) spectrum of the obtained tetom | ast
nﬁﬁ@h}h‘}r ¥PE ERGBt %{Psgﬁé WehBuBednl 0§ acetone-water (an

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
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
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
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



result, it was found that the obtained crystal had
significant infrared absorption bands at 3516, 3433,

wa2d2/1194909, 1587, 1472, 1267, 1143, 1040, 758pCaup0d1655931

cmlin the IR (KBr) spectrgn1thereof [0216] Exampl e
6 Thermal transformation froh anhydrous tetom | ast
typg-1Bigr alppt y tet | ast type A crysta
Ther ma %t¥§%s? 35?92 9$§g§$3n gﬂ%§ﬁ?%05 t et omi | ast
typgoByerystal to an anhydrous tetomilast type A
crystal was confirnmed by the neans described in (1) to

(3) below [P217]> (3h) JTher anhyds Xrﬂ{[‘@rto g t%%l%lléfﬁetype

crystal obtained in Reference e

atB act pIDET adiol £ et WeeR2Q0G Al 306 1

W
approximately 1 year, and thereafter, lhe crysta form

5t heugodnaed Fxam waditabrp e iRy o fofor agt iogn acét%ne
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aresult, it was confirned that thé above crystal
meamd &b heul tde Waorem,asman @rhydeus demmichiast wh¥penhBn
cryst al. [0218](2) 5 g of the anhydrous tetom | ast
yfﬁéusfe,d ystalappincadimed dlly Refeinenes .exaiplreatted) was
suspended in a solution consisting of 40 m| of
aci‘é%féﬁ”fél m%at@f orasasl ang ﬁldeledbtaal pederiixtuyetal
was tirred at 20C. At that time, sanpling was
caﬁch &\%ﬁo"a@t el $06F th5 fHhmst @btagaeﬁh nikeyre6@as
m ut d 120, mi n
S A e e e ete

gto g and each of the obtained

botdtr P F ay Hie fFRCEFRh Y3
e&ﬁﬁhﬂﬁﬂ%&?by'flltratlon, and it was then dried at 60°C
all night, so as to obtain 2.34 g of a tetomilast
hydrate crystal.

[0211]

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

[0212]
The above monohydrate became clouded around

100°C, and melted (decomposed) at a temperature between

188°C and 189°C.

[0213]

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

[0214]



crystal form A s aresult, it could be confirnmed that
each of the sanples collected after stirring for 15

waionr1e$496 30 m nutes, and 60 m nutes, nmai ntai nedTiPm®07/055931

form as an anhydrous tetonilfst type B crystal. On the
ot her hand, it could be conftrmed that the sanpl e

Il ected af [ fri f 1 nut 1 Xt
Consi Sting of G LGP OIS, SO AL oy o ey Ce
: : 1t ] A | (AL B =
o3 Y T s T VRS, Gy veronepaRr e

t I Ihed J le 1.(3).
uependad T S ot on EaRarert a8 o 4o Vet okt ine?

anghslopdefegvat er, and the obtained m xture was then
stirred at 400C . At that tinme, sanpling was carried

5outoAts)intervals of 15 mnutes, 30 minutes, 60

m nutes, and 120 mi nutes, and each of the obtained
sanpl es was TuhjIR(KEd )t eppevdan %fr anedibbiragtion to
exam ne the crystal form A s a result, it could be

c drefiomida sthatondhey dsanpl ergekhéctved abhetrstirriggaf or
15 m nutes wasa m xture consisting of an anhydrous

t eteomilitastit yigs BowngsthRtahbeanbaphyddousyseabnhbdst
téﬁ%'A crystal, (A: B = 50:50%_. [0220] On the other

handP 45l @8k drpea&sht rPRREIPERAR banHsoftt BB1Eanpi 33,

that, h i for_30_minutes, 60 mnutes, and
10 a0, WETendged 140An Ahbyr B880F cToh |4t 116
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t e Air? r%ﬁ,et a_JLR ([R%Zr%l]spectrum thereof.

[0216]
Example 6
Thermal transformation from anhydrous tetomilast type B
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:
[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
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]



When tetom |l ast crystals with different crystal forns
are obtai ned depending on the type of a solvent used,

woheo7abess ned crystal forns do not depend on t RET/JP2007/055931

crystal forms of tetomlast crystals used as raw
materials. Thus, an exaaneB%f u3|ng an aggydrous
tetom | ast type crys (purl of 99.9% was given
herei n. V%en&g g% d ¢ tQHﬁI%%QY st dletortidastthaypehd

| d [,
theg ame restﬁ%tngseﬁ]eﬁ%e%?e |eﬁgtr§ysé%<§§‘§\§]%sﬁg?:§dl g’tséls\gﬁ

an .a rous
CRded B G %C'I?l;é%éﬁ Sopg i dhg oAb L 88 Agespne
magnesiumistganale and 45 . 8£ta§%t Elé‘_cﬁlr@swis tﬁen

tablet, was pro uced by a conmmon et

5t Qsttqrﬂﬂe%ﬁtathW°@t e EEVEBQ{ Payd ng%%ﬂnl{b) %;w%(%gagﬁ%e% out

diffraction spectrumt i s sub

t he pewderraXsr ay disf friackian §©eﬁﬁhu%§h°\é’6 Enﬁhgs and
2 . An anhydrous t et omi I ast type A crysta avin

pdmnbmuxﬂm@$ diafhldr @aeichoBrspret pyALEABY L8mples was

substantially the same as the powder X-ray dlffractlon

s pedtregmesh tan powdBirg X-4ay 3iffAacanbydeeusxhalngi Last

type C crystal having a powder X-ray diffraction

s|gesitam tham-i sAsubstrantilal | ytt heusdnbeasohherpewdenat

X-ray diffraction spectrumshown in Fig. 8. 4 . A

10 ¢ P§th§cé?@ﬁﬂ?§|F@léécbadeaﬁtgstatlrrlng for 15
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minutes, 30 minutes, and 60 minutes, maintained the
form as an anhydrous tetomilast type B crystal.

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

[0219]

(3) 5 g of the anhydrous tetomilast type B
crystal obtained in Reference example l (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
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



wepetmwmys shown in Fig. 10. 5 .

havi ng a powder X-ray diffraction spectrumthat is
substantially the sane as the powder X-ray diffraction
A m xture consPeTAIPYODHS5931
the anhydrous tetom |l ast type A crystal according to
claim2 and an anhydrous teBdnilast type B crystal . 6

. Algha{naceutical conposi tion conprising at |east one

t yPebF T EEE oMt TR st 2 bR Y i ol lgrsduype B
consj St i of a tetom|ast hydrate crystal, an

an %/%?%%Qg‘;t‘%% ot Iaofkl?yrg%bs ﬂ?%tﬂ?@t]aﬁs,t SyeamHy diaipsal (A:B
tetom | } type C crystal, and a tetom | ast

acetoniirile solvate crystal. 7 . The pharnaceutica

co j1ion according to claim6 , which is an agent

for preventing and/ortreating gastrointestinal ulcer,

san agent foroprgventdng andior ;tre;

10

15

20

i.n .
car di aci schem ¢ di sease, an égent_?%gx%$§wéﬁfﬁﬁ§med that
ansi @ 4 aatd NGnGArabrovas ¢lan dis %%si%g & ldoyer jand

ki dney function inprover used for disorders caused by

t s eant &0 @lnuBed, 0GiHC Ut keRukalsl Uk8s 8hGngelr +8Nan
agent for preventing and/or treating Behcet's gisease,

C e rarehusi sy astinitliast dtyper at cvgseahi.tis, malignant
rheumatism arthritis, arteriosclerosis or diabetes.
8.[02Hd pharmaceutical conposition according to claim

6 , which is an agent for preventing and/or treating
chroni c rheliRghoitgtariReisti sryehddsoxiibhsHackerARDS,
thermal burn, asthma, chronic heart failure,

mfodadilalt FAFaPEE GRE2GPPSI dApSBALTEt PB, the hmpagehta

or_-preventi d/ or .treating i schem c reperfusion
f soﬂ%eﬁ% usegg %ﬂe ogtained crystal forms go not depend

on the crystal forms of tetomilast crystals used as raw
materials. Thus, an example of using an anhydrous
tetomilast type A crystal (purity of 99.9%) was given
herein. When a novel tetomilast crystal other than the
anhydrous tetomilast type A crystal was used as well,
the same results were obtained.

[0222]
Formulation example

A table comprising 5 mg of an anhydrous
tetomilast type C crystal, 132 mg of starch, 18 mg of
magnesium stearate and 45 mg of lactose, in a single

tablet, was produced by a common method.



abnormality, transition fromSIRS (systemc

i nfl ammat ory response syndrone) to organ failure,
waoubdziipdee organ failure, inflammtory bowel di Beagr007/055931

aut oi mune di sease, netastasi s, immunol ogi cal

rej ection occurring during Bfanspl-antation, nonocl onal

B cell abnormality, polyclonal B cell abnormality,

atrial nyxoma, Castleman’ §L§Wl§1r one, primry

gl orerul onephrjitis,. mesangi al proliferative nephritis,
cagéer cachggxi%e,t?f@rlﬂagﬁ‘ﬁ Wﬁi}%mﬁﬁt%m‘fa}g}%,a powder
atgpi.c..d | tis, Kaposi's rcona devel oped due tao

o By B ERLLLLRon (AR08 SRR AR P 4% e
in 1S r ron c obhstructiv ul mnary |
di %é@ggé SEB.{e %@%r%%aﬁtﬁ? a raccor‘?'ﬁ&sistﬂeéﬁrg% g’%ﬂ?”ﬁé in

togl@im8 , wherein the inflamatory intestinal
disease is ulcerative colitis or Crohn's di sease. 10.

The. phar maceist i Galv GO ors,g' R at i s
whi ch is an agent 3q‘or pr?v%r??@r%%ng r tAr (i_‘%aliti)is;rfltgaT %avmg
Cha opvbwed b SE-Fit idser A JHIRA B odictease +hht. iA process

for the preparation of a tetomlast hydrate, which is
cheulastart zed vi rthehataniet aGORPlel $R%dell KFrAg @A ffraction
anhydrous tetoni |l ast type B crystal in an aqueous
so¥ragitrun ZhoNrprigcdssy .f dr. t he preparation of an
anhydrous tetonilast type A crystal, which is

charact eri z&d igmhysagost tesepiiless tyoey§t alrlyiszatli baving
from acg%l ytion formed by dissolving an anhydrous

{ & QTR Xypd BIEAFSCATonn SRoSEFUBNERaE3L SThe
prQﬁ%;%wlggﬂﬁdig et%a%%a%g]%ﬁﬁagggggknxtggys8&%%ggc£§on
et hanol, acetone, 0 etron
spectrum shown in Fig. 8.
4. A tetomilast acetonitrile solvate crystal
having a powder X-ray diffraction spectrum that is
substantially the same as the powder X-ray diffraction
spectrum shown in Fig. 10.
5. A mixture consisting of the anhydrous
tetomilast type A crystal according to claim 2 and an
anhydrous tetomilast type B crystal.
6. A pharmaceutical composition comprising at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
anhYdrous tetomilast type A crystal, an anhydrous
tetomilast type C crystal, and a tetomilast
acetonitrile solvate crystal.

7. The pharmaceutical composition according to

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



(wherein the acetone content is 40%or nore) . 14. A
process for the preparation of an anhydrous tetom | ast
woyppE/1Amsystal , which is characterized i n thaPCriiP2007/055931
conprises recrystallization froma solution forned by '
dissolving in a solvent at Béast one type of

te ] t crystal selected fromthe group consisting
oféjgg%%f%?ﬁ ?%%‘ir%%?%%te%ar HeT rarfmaRApdto fo T
and a lt et.om | ast

tefsf&é@ﬂrlliy%gﬁl/g)a{g rietrasc;iin&g _caﬁ W%e&gisease, an

acetonitri

i e In the .solvent is a m xed
st Song Sl A et s e e
el ect r t i sti.ng_of nethanol_,
:%%ﬁ?é'aciﬂoﬁégg an t%%rn%ﬁ}; rgﬁ%@ﬁrozln l.m%_fé’.veﬂ BP&8eLsT
f Qiiédt&i@fsﬁpﬁd@écp%yoftr%@ls@l%g%@i% tetam hast LYRe: &,
crystal, which is characterized in hat" it COMpri ses
retaiisted | irad i, o eMayese! %ixoe)r%@@ﬁ%ﬁneyaﬂa?w' ving

an anhydrous tetom last type B crystal in"a solvent.
1t repie qy aegrs tdec didieaget, 0 ctl-ain@ols, vwheneinithe
solvent is methanol or ethanol. 18. A process for the
priirerratiione ofoldisnhydldgsahet anichast ikypeaCeBEYSE 3l ,
which is characterized in that it conprises
r &P SING1eq0sds Promiabstkesti on formed by di ssol ving
ig a solvent at | east one.tyEe of tetom|ast crystal
sél-ect ed frdmet RE3GP8GRUESRILsEPROBLtaonetomP ALY to
h)éQr%teér% t.al, .,an anhédrous tetom | ast type A
crystdl [ and & éfoftt d9FNEcEPENPERT PRESRY vaR@/ O
CE%%%@Hng chronic rheumatoid arthritis, endotoxin shock,
ARDS, thermal burn, asthma, chronic heart failure,
myocardial infarction, wviral myocarditis, or an agent
for preventing and/or treating ischemic reperfusion
abnormality, transition from SIRS (systemic
inflammatory response syndrome) to organ failure,
multiple organ failure, inflammatory bowel disease,
autoimmune disease, metastasis, immunological rejection
occurring during transplantation, monoclonal B cell
abnormality, polyclonal B cell abnormality, atrial
myxoma, Castleman's syndrome, primary
glomerulonephritis, mesangial proliferative nephritis,
cancer cachexia, Lennert's lymphoma, psoriasis, atopic
dermatitis, Kaposi's sarcoma developed due to AIDS,
postmenopausal osteoporosis, septicemia, inflémmatory

disease or chronic obstructive pulmonary disease.

9. The pharmaceutical composition according to



19. The production nethod according to claim 18,

wherein the solvent is nmethanol or ethanol. 20. A
worowasswbor the preparation of a tetomlast PCTJP2007/055931

acetonitrile solvate crystal, which is characterized

inthat it conprises recrysi@llization froma sol ution

formed di.ssol ving an anhydrous tetom | ast type B

NP g
i . rous tetaoml as

g g%\ecge[rgattlzl%%sfcﬁﬁq\lﬁ?ﬁnfﬁ S CCRaaltefPPEd in that it
G150l vi ng. (o L VBhE e 8dsE BRE Sy Erof PF TP ase

: I d.f consi sti.ng of
o] S Taarads o8 egnY 24 ERRPRiAR Bhr Prst
tm%amrgy%zilom%n@b@rergeﬁmﬁogalmgg},! SR c
crystal. 22. A process for the preparation of a

mixt.ure congi phiR@saf rap apbygraps Let o Last L¥Ps M ast
al ,

crystal and an anhydrous tetom last type cryst

whivelraite, Chatiaet esi zadrhotbbakelt 1ROPRELSEE comprises
recrystallization froma solution formed by dissolving
t Iséiamipdr ans ahdydrbhiastetypel Bser yghal Bi Brasssl ventan
23. The process according to claim22, wherein the
sekvents| soavendne- wat er (wherein the acetone content
is 40%to 95% by volunme) . 24. A process for the

par at i onPoPTACAPRt GPE EbasPsepagabi omnofndy drmusdrous

pré .
tetom last type A crystal and an anhydrous tetom | ast
t$ﬁ °§12P§§t§§PemﬁiEHY?Ea%haW%k@%r+§e@haha¢h%xlz¢d in

' : [ [ m a solutionf orned b
C%ﬁEEI%gSCBS§E¥§%%:%%§?§%€gl{{§gtf%n from a solutiony

di'ssol ving i
formed by dissolving an anhydrous tetomilast type B
crystal in a solvent.

13. The process according to claim 12, wherein
the solvent is ethanol, acetone, or acetone-water
(wherein the acetone content is 40% or more) .

14. A process for the preparation of an anhydrous

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

15. The process according to claim 14, wherein

the solvent is a mixed solvent consisting of water, and

at least one organic solvent selected from the group
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to cl aim,&24, erein the solvent is acetone-water
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" tetrahydrofuran.
le6. 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
crystal in a solvent.

17. The process accbrding to claim 16, wherein
the solvent is methanol or ethanol.

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

19. The production method according to claim 18,
wherein the solvent is methanol or ethanol.

20. A process for the preparation of a tetomilast
acetonitrile solvate crystal, which is characterized in
that it comprises recrystallization from a solution
formed by dissolving an anhydrous tetomilast type B
crystal in acetonitrile.

21. A process for the preparation of an anhydrous
tetomilast acetonitrile solvate crystal, which is
characterized in that it comprises recrystallization

from a solution formed by dissolving in a solvent at
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least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate crystal, an
anhydrous tetomilast type A crystal, and an anhydrous
tetomilast type C crystal.
22. A process for the preparation of a mixture
consisting of an anhydrous tetomilast type A crystal
and an anhydrous tetomilast type B crystal, which is
characterized in that it comprises recrystallization
from a solution formed by dissolving the anhydrous
tetomilast type B crystal in a solvent.
23. The process according to claim 22, wherein
the solvent is acetone-water (wherein the acetone
content is 40% to 95% by volume).
24 . A process for the preparation of a mixture
consisting of an anhydrous tetomilast type A crystal
and an anhydrous tetomilast type B crystal, which is
characterized in that it comprises recrystallization
from a solutionformed by dissolving in a solvent at
least one type of tetomilast crystal selected from the
group consisting of a tetomilast hydrate érystal, an
anhydrous tetomilast type A crystal, a tetomilast
acetonitrile solvate crystal, and an anhydrous
tetomilast type C crystal.
25. The process according to claim 24, wherein
the solvent is acetone-water (wherein the acetone

content is 40% to 95% by volume) .



